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EXPERIMENTAL STUDIES OF THE HYDRAULIC ENGINES SYNCHRONIZATION PROCESS
IN A MULTI-ENGINE UNIT

Abstract: In this paper, the experimental stand of a multi-engine hydraulic drive providing the synchronous
movement of engines is described. An automated control system to move the elements of a multi-engine hydraulic
drive has been developed. The program code of the control program is based on the model to calculate the hydraulic
drive elements’ motion errors (positioning) in the conveyor. The experimental studies results of the
synchronization process regarding the motion of multi-engine hydraulic drive elements have been shown. A
method to estimate the experimental data uncertainty and to check the adequacy of the mathematical model has
been presented. The research results will form the basis for the engineering calculation methodology of the multi-

engine hydraulic drive.

Keywords: multi-engine hydraulic drive, synchronization, automated control system, experiment, the model

adequacy

Introduction

The mechanisms of a wide range of machines in
mechanical engineering, building sector, chemical
industry are moved with the help of several working
bodies driven by multi-engine drives [1,2].
Synchronization of several working bodies’ work to
provide an accurate motion of one working element
(the use of multi-engine hydraulic units) is an urgent
problem in many industries [3-7]: equipment for
pressing and forging, lifting and transporting devices,
devices to create vibration, excavating machines and
etc.

Strict coordination in motion time, speed or
acceleration of the working body (synchronization of
several working bodies’ operation to ensure an accurate
motion of one working element) is the main task that
must be solved at the design stage of the device
depending on the links motion conditions [8,9].

A promising direction of synchronization is to use
the hydraulic engines, which ensure the coordination of
the output features of the executive mechanisms with a
variable load at their input.

Background

In [10] there are study results regarding the
operation of the drive with two hydraulic engines,
working on a common load with synchronization
according to the pressure value in the cavities of the
engines. The mutual influence of hydraulic engines on
the consistency regarding the motion of the engine’s
output links is observed.

In [8] synchronous hydraulic drives to lift heavy
building structures have been reviewed, and the criteria
for their selection have been proposed, based on the
load (carrying) capacity and motion value, not taking
into account the speed synchronization errors.

The [6] observes a vibration mechanism with four
unbalanced masses, driven by four synchronized
hydraulic engines. Synchronization on the rotation
frequency of hydraulic engines shafts is carried out
through the implementation of four identical pumps,
individually feeding each engine. Authors believe that

such a scheme provides synchronism regarding the
rotation of the hydraulic engines’ shafts and observe
only the vibration mechanism dynamics, not taking into
account the synchronization errors of the rotation
frequency of the hydraulic engines’ shafts.

The proportionality of the working bodies” motion
speeds is the proportionality of the working fluid flow
rate in hydraulic engines, for mechanisms driven by
hydraulic motors. Ways to synchronize the motion of
hydraulic engines are analyzed in more detail in [3, 4,
9, 10-16].

In [5], the criteria for synchronization of two
hydraulic engines in an eccentric rotary vibration
machine are observed. The authors believe that the flow
rate of the working fluid in hydraulic engines is the
same and take into account only the effect of fluid
leakage in the gaps between the pistons and the holes in
the cylinder block of an axial-piston hydraulic engine.

The theoretical and experimental studies results of
the hydraulic engines’ motion synchronization in the
hydraulic drive using a throttle flow divider are
demonstrated in [15]. The authors observe the influence
of working fluid leaks on the accuracy of the hydraulic
engines’ motion speed synchronization.

In the considered sources, attention is usually paid
to the operation of hydraulic engines in the steady
regime, when the loads on their output links are
unchanged, the motion occurs at a constant speed.
Therefore, the dependence of the synchronization error
of the movement speed on the load asymmetry is
defined and methods for minimizing this error are
proposed [11-14].

During the operation of a hydraulic drive with
synchronized engines, there are problems in non-
stationary modes. These modes of the work are
conditioned upon the following:

- switching on (or switching off) the hydraulic
engines of the group drive. As a result, the pressure at
the inlet to the flow divider is changed, since the
overflow valve reacts to a change in flow rate with a
delay;
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- a sudden change of the load on one of the
hydraulic engines.

In [17], the synchronization control of two
hydraulic cylinders motion used to oscillate the heavy
form of a continuous casting machine by a fuzzy logic
controller is proposed. A drive, in which each hydraulic
cylinder is controlled by a servo valve independently in
an accurate closed control system, is presented.

Unlike the methods, described in the above
literature, we propose to use a flow divider, which adds
additional feedback on pressure drop in inter-throttle
divider chambers, implemented through the regulated
spool-type throttles.

Also, transient modes of the hydraulic engines’
operation are rarely mentioned, only in works [17-23]
there is general information, but there is no detailed
analysis of such modes.

Aim of the article

In parallel with checking the adequacy regarding
the created mathematical model of the multi-engine
hydraulic units’ work to synchronize the working body
motion, the problem to ensure the energy efficiency of
this process should be considered. Some approaches to
evaluate (including the exergy approach) hydraulic
drives’ work is described in [18-21]. As can be seen
from the above list of publications (which, of course, is
not complete), this topic is given special attention
considering changes in the project designers’
“worldview”, rejection of energy saving in favour of
energy efficiency, including through the compressed
environments energy use [10].

The above theses form aims of this article:

- to construct the experimental stand of the multi-
engine unit taking into account the optimization of
energy costs to implement the synchronous motion
process of the working bodies in the machine;

- to create the automated process control system
for the synchronous motion of working bodies;

- to check the adequacy of the developed
mathematical model [24, 25].

Description of research object

In order to test technological modes of the
hydraulic drive operation for the synchronous motions,
an experimental stand has been created in the
laboratory of the Applied Aerohydromechanics
Department. The computational model of the
experimental stand is demonstrated in fig. 1.

Units of the stand:

- two hydraulic cylinders (diameter of the piston is
25 mm, the diameter of the stock is 16 mm, run is 125
mm);

- distributor with an electric control;

- pipe station (supply is 6 I/min, the pressure is 25
MPa);

- flow divider;

- linear movement detectors;

- manometer to measure the pressure at the outlet
of the pump station.

The hydraulic cylinders are located vertically, they
transfer a load of 500 kg (5000 N). On half a way, one
of the hydraulic cylinders is additionally loaded with
100 kg (1000 N).

2..-—"

Fig. 1. The computational model of the hydraulic drive scheme for synchronous motions of the working bodies in

machines: 1 —valve; 2, 3 — unregulated throttles; 4, 5 —

During the experiment, the velocity of the rods
movement is measured at the place of the additional
load of the hydraulic cylinder, the length of the path,
where the measurement 5 mm + is carried out (2-3 mm
before the start of the additional load). The pressure in

hydraulic cylinders: 6 — distributor; 7 — pump station

the divider’s inter-throttle chambers is also measured
(it is evaluated simultaneously with the velocity
measurement), the pressure is 8-16 MPa, the maximum
error of the sensor is 1%.

In general, the functional block diagram of
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measurements and graphs based on the results of these  evaluations is presented in fig.2.
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A proportional integral regulator with a negative
feedback was used to control the velocity of rods’
movement. The velocity of the rod’s movement without

an additional load is taken as the reference signal. The
block diagram of the regulator is shown in fig.3.

Tp -

K

Fig.3. The block-diagram of the regulator of the rod’s velocity

Measurements were carried out by the linear  The control cabinet of the hydraulic drive is shown in
movement detectors 8740 of the Burster company, fig. 4.

measurement range — 0...100 mm, accuracy — 0.25%.

;. '
e for the synchronous motion of working bodies in machines

\ ]
\ w :

Fig. 4. The control cabinet of te hydraulic driv
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The determination of the measurement error and
the calculation results of the main features in the
experimental sample of a multi-engine gyro drive
system is based on generally accepted techniques and
recommendations [26] regarding the engineering
experiment and the data processing. Identification of
measurements error and the calculation results of the
main properties of the experimental sample of a multi-
engine hydraulic drive system is based on generally
accepted methods and recommendations [26] regarding
the engineering experiment and the data processing.

In order to define the optimal number of
investigations and to achieve the highest accuracy and
reliability degree of the obtained results, as well as
the processing of these results, the mathematical
statistics methods have been used [27, 28].

During the experiment, two types of errors may
occur, they are random and systematic [28].

A random error reduces the accuracy of the
experiment results. An analysis of this type of error is
possible using the average square deviation o
calculated by the following formula [28]:

T, Ge—xp)?

n—-1 ’ @
where x is the arithmetic mean; xis a single
parameter value;n is a number of measurements.

o=

The largest possible error of a single measurement

is determined by three sigmas rule [28, 29]
4 = 30. 2
The two-sided confidence interval of the
arithmetic mean ewas estimated by the dependence
[28] if its probability to reach the confidence interval

was 95%.
o

D \/_ﬁ' (3)
where t,— Student’s criterion [28, 29].
The standard error of indirect measurements [29]

2
0y = s (Za-x) @)
where y = f(xq,%5,...,%,).

The accuracy of the obtained regression equations
is defined by the least square method [28].

A systematic error shifts equally all the variables
that are controlled during the experiment. In order to
exclude this type of error, all the devices used during
the study were tared using exemplary devices in the
experiment. The communication of measurement
devices with devices on the control board is provided
with a maximum error of signals processing within
1.5%.

Results and discussion

The experimental studies results of the hydraulic
drive working bodies’ motion velocity and pressure in
the hydraulic cylinders are shown in figs 5-8.

e=t

16

14

210

p2(t)
p3(t1+0.0018)12
AN

p4(t1+0.002)
oo

U

N

0 0.02 0.04

0.06 0.08 01
t,t,t,tl

Fig.5. Theoretical (1,2) and experimental average (3,4) data to estimate the pressure in the hydraulic cylinders
(MPa)
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Fig. 6. Theoretical (1,2) and experimental average (3,4) data to evaluate the velocity of the hydraulic drive
working bodies’ motion (mm/s)
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Fig. 7. Experimental average data (3 — the fist cylinder, 4 — the second cylinder) to evaluate the pressure in the
hydraulic cylinders (MPa)
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Fig. 8. The experimental average data (3 — the first cylinder, 4 — the second cylinder) to estimate the velocity of
the hydraulic drive’s working bodies motion (mm/s)

According to the results of theoretical and
experimental research, the possibility to improve the
process of hydraulic engines synchronization in a
hydraulic drive thanks to the regulated throttles use in
the flow divider of the working fluid has been
confirmed.

Comparison of the results, obtained for a flow
divider with a double-slotted throttle distributor, with
results for a flow divider with unregulated throttles,
shows:

1. Implementation of the double-slotted throttle
distributor, regulated by the pressure fall in the inter-
throttle chamber, allowed reducing the error in the
velocity synchronization from 0.43 to 0.27, i.e. 1.6
times, and the relative pressure fall in the inter-throttle
chamber from 1 to 0.53, i.e. 1.9 times.

2. In the transient process there are higher-order
harmonics for the velocity and pressure, caused by the
motion of the double-slotted distributor’s throttle.

3. The higher-order harmonic in fluctuations of
pressure and velocity does not significantly affect the
operation of hydraulic engines, since the amplitude of
oscillations is insignificant.

The reduction of the synchronization error
velocity is caused by the simultaneous change of the
throttle area, which stabilizes the differential pressure
and the adjustable throttle area.

The experimental indicators deviate from the
calculated indicators in the confidence interval, so we
can conclude that the proposed synchronization method
of the hydraulic engines is effective.

The automated system enables to synchronize the
motion of the hydraulic drive elements in two modes:

1. Advisor mode. In this mode, the control
program recommends the optimal value of the process
parameters (an increase in the flow rate of the working

environment for the “lagging” link and a decrease in it
for the “advanced” link) to the operator.

2. Interactive mode. The operator, if necessary,
can adjust the formulation and conditions of the task
(for example, the minimum and maximum value of the
displacement error, the positioning parameters of the
working body), solved by the system itself when
developing recommendations for managing the
transportation process and dosing materials.

Conclusion

The conducted researches have established that
the transitional modes of synchronized hydraulic
engines’ operation have the motion velocity error. The
error is caused by the inertia of the flow divider throttle.
It is revealed in the late compensation of the changing
load effect on the pressure fall in the unregulated
throttles. Experimental studies confirmed the
theoretical conclusions regarding the reduction of the
velocity synchronization error in the implementation of
a flow divider with a double-slotted throttle distributor.
The research results confirmed the adequacy of the
proposed mathematical model [24, 25]. Based on the
results of the experiment, an improved automated
technical control system for synchronous movement of
hydraulic cylinders has been developed.
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TI'puzopves-®puoman C.H.
AO HIII «Ilonémy

AJIT'OPUTM PABOTbBI JATYNKA MNAHOPAMHOI'O OBHAPYXEHUA HEJIN U
YHUUYTOXEHUS IPOTUBHUKA 110 MOAYJINPOBAHHOMY JIABEPHOMY JIYUY B 3D -
IMPOCTPAHCTBE “JIAJOT'A-1M”

BBenenne. B cnenuanbHOM — TEXHMKE U
TexHu4eckoil nurepatype [1—3, 7—12] cymectByer
3HAYUTEIbHOE  YHCIO  AHAJIOrOB,  COJAEPXKALIUX
pa3HOOOpa3Hble THIIBI W BHUIBI JIa3€PHBIX CHUCTEM
MOCTOSIHHOTO, ~ KPYIJIOCYTOYHOTO,  BCEMOTOAHOrO
CIIEKEHHUS 33 CIYTHUKAMH U CHEIHUaIbHBIMH LEISIMHU
MNOTEHIMAIbHOTO TPOTUBHUKA KaK B  OTKPBITOM
KOCMOCE, TaK M B IUIOTHBIX CJIOSIX aTMOc(epsl 3emMiy,
TyCTOM TyMaHe, AOXKIE, CHEre, pa3IM4HbIX Trasax,
030HE W T.I. Bce 3T ananmorm wuMeroT oOmme
HEJOCTaTKH, COCTOAIME B  OdYeHb  OOJIBIIOHN
CIIO)KHOCTH, TPOMO3AKOCTH, M3JIUIIHUX Macce U
BHEUIHUX rabapurax, HEKOppEeKTHOil pabore mpu
MHTEHCUBHON O0JaYHOCTH M3-32 NMPUMEHEHHs OYEHb
MOIIHBIX JIA3€PHBIX YCTAHOBOK, KOTOpBIE I TOTO
9TOOBI “HPOOUTH” TOJICTBIC M ONTHYCCKU IIOTHBIC
CJIIOM 3eMHOM aTMocdepbl, 030Ha M JPYIHX Cpel,
BBIHY)KJCHbl YMEHBIIATh YacTOTy, T.€. yBEIUYMBATh
JUIMHY TIOTIEPEYHON 3JIEKTPOMArHUTHON BOJHBI IpHU
MHYIIHIPOBAHHOM KOTE€PEHTHOM H3Iy4eHUH (OTOHOB
B Jazepax. TeM caMbIM BBIIAIOTCS  TOYHBIE
KOOpPAMHATBl MECTOHAXOXACHUs, AJUHA M 4YacToTa
JIEKTPOMAarHUTHOM  BOJHBI  JIa3€pHBIX  CHCTEM
HaBeIEHUs M yAep)KaHHs OOHapy)XeHHOH Ielu U
00ydeHust MOTEHIINATIHHOTO MIPOTUBHUKA
TEJEeCKOIIMYECKHM JIy4OM, Ha KOTOPBIX paboTaroT
COBpPEMEHHBIE allapaThl MEJeHraluy, OOHApYKEHUS
HEeMN W YHHYTOXKEHUS MOTEHIHANBHOTO NPOTHUBHHUKA
MO MOJYJIMPOBAHHOMY JIa3€pHOMY JIydy HAaBEICHHUS.

B cratbe pa3BuBaeTcs uaes pOCCUHCKUX y4EHBIX
B 00JAaCTH TPHKJIAJHOTO MPUMEHEHHS CIICIHATBHON
Ja3epHOM TEXHUKM B aBHaWM M Ha QIoTe,
MpeJNIO’KEHHAsT BIIEPBBIE B MHpe, B padorax [4—6].
AKTyaJTbHOCTH TaHHOHM HJIeH COCTOUT B TOM, YTO cama
cUcTeMa JIa3e€pHON CBSI3H, MEJIEHTallu, 00HApPYKEHHS
U YHUYTOXKEHHH TMOTEHIMAJIHHOTO MPOTHUBHHUKA
MpUMEHSeTCS B OTKPBITOM KOCMHYECKOM

MIPOCTPAHCTBE OTHOCUTEIBHO JABHO U YCIICIIHO, HO €&
MIPUMEHEHHE B IUIOTHBIX CIIOSX 3€MHOW aTtMocdepbl
MPEACTaBIsIa  CYHIECTBEHHBIE  TEXHOJIOTHYECKHE
TPYIHOCTH, a TaKkKe OBUIO Malo HM3y4eHO B CBOEH
TEOPETUUECKON OCHOBE.

IIpu sToM cmocobe mazepHOTO OOHAPYKEHHS,
CIeXKEHHS W YHHYTOXKCHHS ILEJNU Ul HAaHECCHHS
NPeBEHTUBHOIO  y#apa 10  IOTCHIUAJbHOMY
NPOTHBHUKY WJIH arpeccopy pacxoxyeTcsi OrpoOMHOE
KOJIMYECTBO HOTPEOISIEMOIl 3IIEKTPOIHEPTHH, B CHILY

4yero ce0eCTOMMOCTh TaKOr0 paauoleseHra Ha
MOopAA0K BBIIIC, 4cM npu HCIIOJIb30BAaHUU
KJIacCHYeCKoil aHTeHHO-(uaepHOH (dopMmeI

neneHranuu. [loaTomy Takoil TUI NeNeHrauuy Leau 1
OOHapy)XeHHsl MOTEHIMAILHOTO MPOTHBHHKA BeChbMa
He 3((EKTUBCH U HE YKOHOMHYCH.

Ananu3 U peKoMeHAaluu peuieHus
npod.emsl. /{111 HaBeIeHUS paKeThl Ha LEJb, CAMOJIET-
Hapymutens win BJIA-pasBequnk, B COBPEMEHHBIX
cpenctBax I[IBO wm IIPO wucnoms3yeTcss ocoboe
YCTPOMCTBO — Ja3epHbIN Ieneykaszarenb. K Takum
YCTpOMCTBaM OTHOCUTCS W TpeularaéMblii JaT4yuK
NaHOPaMHOTO OOHApYXKECHUS LENU M YHUYTOKEHUS
NPOTUBHUKA 110 MOAYJIHPOBAHHOMY JIa3epHOMY JIydy
HaBeneHuss B 3D-mpocrpanctBe  “Jlagora-1M”,
U3Iy4Yarouuil MOAYIMPOBAHHBIA  JIa3€pHBIA  JIyd,
COCTOSIINN U3 Y3KOTO KOT'€PEHTHOI0 TIOTOKa ()OTOHOB.
[IpuHIMT HaBeNEeHMSA PaKeThl WU apTHIUIEPHICKOTO
CHapsJa OYCHb NPOCT: Ha OOBEKT HAIpPaBIACTCS
Ja3epHbId  JIyY, KOTOPBIH, oTpaxasicb  OT
0oOHapy>KEHHOH IeNH, yIaBIuBaeTcs (POTOTATIUKAMHU
X TOJIOBKH CaMOHAaBEICHHUS (C'CH).
MoaynupoBaHHbBIN JIyd — “yAEpKHUBACT  pakeTy WIH
CHapsiJA B HY)XHOM HAampaBIeHHH U 00ecleunBaeT
TOYHOE TIONalaHNe B O0OHAPY>KEHHYIO 11eJb. JlazepHbIit
nyq npunumaercs I'CH pakeTsl, koTopast OTHpaBiseT
CHUTHAJI CCTEME YIPaBICHUS PaKeTOH.
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Co6poc!

ITporpamma “Ladoga”

Copocl!

Bosspar cuéral
A

Hagano nmporpamMmmsr

/ Bo3sspar cuéral

[[{exs Nel mo mpaBoMy OOpT
cynHa oOHapy>xeHa u
MOKWHYIa  30HY  IPSIMOH]
BHIMMOCTH OGBEKTa

Ulya
cormpoBOXT
lenys renn

[lenp Ne2 mo neBomy Gopt
cynHa obOHapy>xeHa 21
HAXOQUTCS B 30HE MPSAMOH]
BHIYMOCTH OGBEKTa

Her (Llenu
uet!)

1-crynens: 0,=4+360° (£271) —yron 3axsara e,

1=t -0:= (360°-1-1 ()'gcek)/lo = 360 Hcek, T.K.
to=1-10%cex =1/ 1-10° Tu >1/1 I,

[Llese Nel 110 ipaBoMy GOpTy
cynHa oOHapy>KeHa 1
[HaXOoaUTCs B 30HE IIPSIMOiL

[BUIHUMOCTH

2-crynieHb: 0,=+180° (+mn),

t,= to -0,=180 HCEK

[lexs Nel o mpaBoMy GOpT,
cynHa obHapy>xeHa |
HAXOOUTCS B 30HE MPSIMOH]
BHOIUMOCTH OOBEKTa

3-crynenn: 03= £90° (+7/2),

t3= tp -03= 90 HCek

O6paboTka 1
BbIIa4a npukasal

OG6paboTka u
BbIJa4a NpuKasa2

O6paboTka 1
BbIJa4a NpuKasa3d

Llesie Ne3 o npaBomy GopT

cymnHa obGHapy>KeHa
IMorHTOP || [fokuHyIa 30HY  IPSIMOIA
manopamet

BHAMMOCTH OOBEKTA
loGHapyxe
Hus enu

[{leap Ne4 mo mpaBoMy OopT
cynHa oOHapy»>eHa i
MoKuHyna  30HY  HPsAMOH
BrIIMOCTH OOBEKTA

Hal 51 Buxy nens!

[[lexe Ne2 mo mpaBoMy OOpTY)|
cyaHa oOHapy>keHa |
MOKHHYJIa 30HY TIPSIMOTA|
BurMOCTH OOBEKTA

[lene Ne3 o mpaBomy GopTy)
cyaHa oOHapy>KeHa |
MOKUHYJIa  30HY  IIpsIMOH
BUIMMOCTU OOBEKTA !ﬂ

[lear Ne2 mo mpaBoMy OOpT
cynHa oOHapy>keHa
[IOKHHyJIa 30HY  HOpPAMOH
BUIMMOCTH OOBEKTa

[ ITponomkeHne IporpaMMbl ]

Jnst 5pPeKTHBHOTO MPUMEHEHHS YIPEKAAOIIEH
paKeTsl LeNb JIOJKHA OBITh B TEYEHHE HECKOJIBKHX
CEKyH]| TOJICBEYCHA Ila3epHbIM Jy4oM, 4ToObr ['CH
3axBaTWjla e€ro orpaxeHue. [lociae  BbIMycka
yOpeXJaromei pakeTsl Ielb MO-NPEeKHEMY IOJDKHA
MOJCBEUMBAThCS AN OOecmeyeHHs  TOYHOTO
HONaJaHus. Heob6xonumo IIOMHUTB, 9TO
npeanojaraeMas Ielb  4Yalle BCEro  SIBISIETCS
moABIKHOW.  OrpaHWYeHHas MOIIHOCTh  CHCTEM
MOJACBETKH IEIM  NPUBOJUT K  OTPAHUYCHUSAM
UCIIOJIB30BaHUsl JIA3€PHOTO OPY>KUS MO JAIbHOCTH JI0

30 kM u BeicoTe A0 10 kM. JlazepHsblit P
neseykaszaTesab OOBIYHO HAaXOAWTCS Ha

caMonére — HOCHTENIe OpYXHs WIM Ha caMoiére-
KOppeKTHpoBImIMKe. B o00omx cimydasx camonér
IeJIeyKa3aHNs OKa3bIBAETCSl OTPAHNYEHHBIM B MaHEBPE
U ys3BUMBIM s cpeacts [IBO u cucrem ITPO
MOTEHIIMATBHOTO MIPOTUBHUKA. Boesoe
MaHEBPHPOBaHHWE U TMOCIEAyIollee IMHKUPOBAaHHUE
camoiéra BeAyT K CPBIBY 3axBara LENH W NPOMaxy
cucTeMBbI nopaxkeHus remu [1—3, 7—12].


https://ru.wikipedia.org/wiki/%D0%9B%D0%B0%D0%B7%D0%B5%D1%80%D0%BD%D1%8B%D0%B9_%D1%86%D0%B5%D0%BB%D0%B5%D1%83%D0%BA%D0%B0%D0%B7%D0%B0%D1%82%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%9B%D0%B0%D0%B7%D0%B5%D1%80%D0%BD%D1%8B%D0%B9_%D1%86%D0%B5%D0%BB%D0%B5%D1%83%D0%BA%D0%B0%D0%B7%D0%B0%D1%82%D0%B5%D0%BB%D1%8C
https://ru.wikipedia.org/wiki/%D0%9F%D0%92%D0%9E
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A

[lens Nel mo neBomy GopTt
cynna oOHapyxeHa
HaxoIMUTCsT B 30HE HPAMOM
BuIMIMOCTH OOBEKTA

4-crynienb: 0,= +45° (£n/4),

t4= to -04,= 45 nHcex

(OG11Iee Bpemst OOHaPYy>KESHHS U
[YHUYTOXKEHHUS! IIpearnoiaraeMoit Her
enn paraukom B “JIAJIOTA-
1M paBHo tz = 0,7 MKCEK.

Ilexp Nel mo mpaBomMy GopTy
CyaHa OOHapy>KeHa U
[HAXOJHMTCsI B 30HE MPSMOit
[BUAMMOCTH

5-crynens: 0s= +22,5° (+n/8),

ts= tp -0s= 22,5 Hcex

[lens Nel mo mpaBomy GOpT
cynHa obOHapykeHa
[HaXoJUTCS B 30HE MPSMOId
BUIMMOCTH OOBEKTA

6-crynenn: 0= +11,25° (+n/16),

te=tp -06= 11,25 ncek

O6paboTka 1
BBIIaua NpuKasza4

[Hpo;[o.rmceHne pOrpamMMBbl ]

7-CTyTeHB:
0,= +5,625°
(£1/32), t7= 1o -0,=
5,625 ncex
1

8-cTynenn:

0g= £2,8125°

(£m/64), tg= to 0=

2,8125 Hcek — Benu-

YHUHaA CPEHETO 3Ha-
Het yenns yria pasz6poca
HaXOXKICHHUsA JTyda
CONIPOBOXK/ACHUA
uenu, u3-3a BU-
KosiebaHuii KopIryca
camoro camoJiéra

Wntn x

00=0°05=2,8125°

9-cTyneHb:
0o=£1,40625°
(£1/128), to= tog* 0=
1,40625 Hecex

10-cTynenn:
0,0= +0,703125°

(£1/256), t10= to" 010=
0,703125 nHcex

11-crynens:
0,,= +0,3515625°
(n/512) <
£0,5°(£1/384),
t1=to 011=
0.3515625Hcex
Nnru x

Hert

[ TIpomoKeHHe IpOorpaMMbl ]

OCHOBHOW  OTJIMYHUTEIBHOH  OCOOCHHOCTHIO
mpenjgaraeMoi KOHCTpyKuuu aatduka “Jlagora-1M”, B
OTJIMYUEC OT POCCHICKHX M 3apyOCIKHBIX aHAJIOTOB

ABJIACTCSA  BO3MOXHOCTH  YCIIEHIHO  UCIIOJIb30BaTh
MOHOXPOMATHYCCKOC KOI'€pEHTHOC H3JIy4YCHUEC
MOOYJIUPOBAHHOTO JIa3€pHOTO Jy4da

Y3KOHAIpaBJI€HHOTO aeicTBUA. OH BBINOJHEH Ha
OCHOBE IMOJIYIIPOBOJHUKOBOTO JIA3€PHOTO AMOAA WU
TBEPJIOTENBHOIO Jla3epa C HAKadKOW Ja3epHBIM
JIHOJIOM BMECTO OOBIYHOH, IJTIOCKOH,
3NEeKTpOMarHuTHoi BonHbl TEM-THma B BO3AyIIHOM
MPOCTPAHCTBE, HM3Iy4aeMOH OOBIYHON aBHAIIMOHHOM
WIIM WHOW apMeWCKOH aHTeHHOH B coBpeMeHHBIX PJIC
OMVDKHETO M JabHEeTo 00HApyKeHHS IPOTHBHUKA.
Haunbonee GM3KIM 10 TEXHHYECKON CYIIIHOCTH H
JOCTUTaeMOMY  pe3yibTaTy K  IpelIaraeMoMy
n300peTeHNI0  SABISIETCS  «YCTPOHCTBO  Jy4eBOTO
HaBeIEHUS YIPaBISIEeMOTO OOBEKTay», 3alUIIEHHOE
maTeHToM [7], mpuHATOEe 3a ONIKAWIIMIA aHaIorT
(mportoTum). HemocraTkom 3TOro ycTpoicTBa SIBISETCS
TEXHOJIOTHYECKasi CIIOKHOCTb, OOJNbIIME Macca |
rabapuTel, OTHOCHTEJIFHO Oounblnoe moTtpedlieHne
JJIEKTPOIHEPTHH, BBICOKAas Ce0ECTOMMOCTh CEaHCOB
JIa3epHOTO TeNIeHTa, OOHAPYKCHUSA LIENN U yAepKaHUSA

MPOTHBHHUKA B TEJIECKOIMMUYECKOM YIIy B MOMEHT €ro
O0JIydeHUs] MOJYJIMPOBAHHBIM JIa3epHBIM  JIy4YOM,
CYyIIECTBEHHBIE TPYAHOCTH IpU paboTe B YCIOBHAX
WHTCHCUBHOH O0OJAYHOCTH, pAa3IMYHBIX OCAJKOB,
3aJIBIMJIEHHOCTH, IUIOTHBIX CIIOEB aTMoc(hepbl 3eMITi 1
np. Ilpu co3ganmm natumka “Jlamora-1M” Ha 0Gaze
MOJTYIPOBOJHUKOBOTO  JIA3€PHOTO  AWMOJA I
TBEPAOTENBHOTO Jla3epa C HAKauyKOW JIa3epHBIM
JIMOJIOM YCTPaHEHbI yKa3aHHbIE HEIOCTaTKH.

Ha puc. 1 u 2 mpexacraBieH alroput™M pabOThI
jgatunka “Jlagora-1M”. LupKynsiLHOHHO-KpYyToOBasd,
JlazepHas I'CH IIOCTOSIHHO YAEPKUBACT
00OHapyXEeHHYIO 1eJb B 30HE MIOJTHOTO,
BceoxBarbiBatoero (360°), Teneckomuueckoro yria u
CIIEIUT 3a TIOBEJICHHUEM BBIIBIIEHHOW 1enn. U3
MpOrpaMMHOTO KoMIuTekca «Jlamoray, uepe3 Ook
ALII-LIATI, na nazepuyro ['CH moctymaer curHan o6
YMEHBIIIEHHH POBHO B 2 pa3a TEJIECKOMMYECKOro yria
oxBara oOHapyxeHHod nenu (180°). [lanmee wepes
MHOTOUYHMCIICHHBIE HTEpaluy IO CIIy4aro ApOoOJIeHUS
yIJIa 0XBaTa BBISIBICHHOH 1I€JIM POBHO Ha IIOJIOBHHY, B
UTOTE TIOJIy4aloT TOYHBIC KOOPAMHATHI LenH. Bpems
TIeJIeHTa IeJIM 1 yIepKaHHs B TEJIECKOINYECKOM yTiie
paBHO 750 HCEK.
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Kouctpykuus JaT4yuKa “Jlagora-1M”
npeamnonaraet 3(Q(QEeKTUBHYI0 OIKCIUTyaTalMid Kak
MUHUMYM JABYX MOJAYJIHMPOBAHHBIX JIa3epHBIX ITyueH,
JIBUTAIOIINXCSI CHHXPOHHO JIPYT OTHOCUTENBHO ApPYyTa,
OJMH IO YaCOBOM, a APYrol MPOTUB YaCOBOU CTPEIIKH,
yTo obOecreunBaeT A(QQGEKTUBHBIH ©  OBICTPHIN
paznuoriesIe T st O0HAPYKEHHS U YHUUTOKCHUS [eNN
[4—6].

[1] Baitbopomma FO.B.  OcHoBHI
texHuku: Kies: Beima mkoia, 1988. 383 c.

[2] ®enopoB b.®. JIazeps.OCHOBBI yCTPOHCTBA U
npumenenue. M.:JIOCAA®,1988. 192 c.

[3] Opnos B.A. Jla3epsl B BoeHHOH TexHUKe. M.:
Boeunmsgar, 1976. 174 c.

[4] T'puropseB-Opuaman C.H. IleperoBopnoe
yctpoiictBo “Jlyy” B ONTHYECKOM JUama3oHe, B
pexume “paamomondanus’. // MammHOCTpOUTEND /
M.: “Bupax-Lentp”, Ne 3, 2016, C. 29-40.

[5] T'puropeeB-@puaman  C.H.  MoOunpHOE
MIEpETOBOPHOE YCTPONUCTBO Ha 0a3e JIa3epHOTO JHOJA.
// MamuHOcTpoutens / M.:“Bupax-Llentp”, No 4,
2017, C. 39-48.

[6] I'puropse-@puaman  C.H. MobunsHoe
MEPErOBOPHOE YCTPOMCTBO Ha 0a3ze TBEPMOTEIHHOTO
jJazepa C  HAKA4KOH  Jla3epHbIM  AWoaoM.  //

JIa3epHOU

MainmHocTtpoutens / M.: “Bupax-Lientp”, Ne 5, 2017,
C.26-34.

[7] KopurynoB AN, Cropouryk O.b.
YCTpOWCTBO JIy4eBOTO HABEICHHS YIPABISICMOIO
o0bekra. [TarenT Poccun Ha nzobperenue Ne 2267733,
M.: ®UIIC. bron. Ne 1. 2006.

[8] EdpemoB A., OmenpsHayk A. XpaHUTEIH
Heba. // BozmymHo-kocmuueckas cdepa, Ne3/4(88/89),
2016, M.: “BHeBeJOMCTBEHHBIN IKCIIEPTHBIA COBET 110
BOIIpOCaM BO3IYIIHO-KocMu4eckoii chepsr”’, C. 64-68.

[9] Onprua C. IIpobiembl ONTOAIEKTPOHHOTO
MIPOTUBOACUCTBHUS. // 3apy0exHoe BOEHHOE
obo3penue, M.: “Kpacnas 3Be3ma”, Ne 9, 2002, C. 35—
41.

[10] CeménoB A. 3ammra TpakIAHCKUX
caMOJIETOB OT 3EHUTHBIX paker. // 3apyOexxHoe
BoeHHOe oOo3penue, M.: “KpacHas 3Be3mga”, Ne 12,
2002, C. 35.

[11] Cmacckuit H., HWeanos C. Onruko-
QNIEKTPOHHBIE CHUCTEMBI M Jla3epHas TEXHHKA:
Ounuknonenus XXI Bek. Tom 11, M.: Uzgar. mom
“Opyxue u Texnonorun”, 2005, 720 c.

[12] Illepbax H. IlpoTuBOAEHCTBHE 3CHUTHBIM
YIpaBJsIeMbIM pakeTaM ¢ HHPpaKpacHbIM HaBeICHHEM
(coBpeMeHHBIC OOPTOBBIC CPEACTBA). // DIEKTPOHHKA:
Hayxka. Texnonorus. buznec, Ne 5, 2000, C. 52-55.

TI'puzopves-@puoman C.H.
AO HIII «Ilonémy

JATYUK HAHOPAMHOI'O OBHAPYKEHUSA HEJIN U YHUYTOXEHUA IPOTUBHUKA
MO MOAYJUPOBAHHOMY JIASEPHOMY JIYUY B 3D — [TIPOCTPAHCTBE “JIAJIOTA-1M”

B KOHCTpyKIMHM  JaT4MKa  [TAHOPAMHOTO
OoOHapy>XeHHs IeTd U YHHUTOXKEHHS MPOTHUBHHUKA IO
MO/IyJINPOBAaHHOMY, JIA3€pHOMY JIy4y HaBeneHus B 3D-

npoctpanctee  “JIAIIOT'A-1M”, cornmacHo puc. 1
COJIEPKHUTCS Kak MHUHAMYM napa
MOJNYNIPOBOJHUKOBBIX,  JIa3€pPHBIX  JHOMOB WU
TBEPAOTENBHBIX ~ JIa3epOB €  HAKAauKOW  JIBYMS

JIa3epHBIMU JUOAaMH, 3aITUTaHHBIE OT TOJI0)KUTEIEHON
KJIeMMbI CcTabmin3aTopa HampspkeHHst 12 u Osioka
Oecniepeboiinoro muTanusi 13 Ha aHOX, a €ro KaTof
COEIMHEH MPSAMBIM TPOBOAOM, 4Yepe3 IETOYKY CTOK-
HUCTOK  TIOJEBOTO  TpaH3WCTOpa, B  KadyecTBe
KOMMYTHpPYIOLIETo ycTpoicTBa-kmouya VT1, ¢ aByms
MIEpEMEHHBIMH, ~ PETYJIMPOBOYHBIMU  PE3UCTOpPaMH,
BBHIIIOJIHEHHBIME Ha 0ase moreHrmomerpa RP1 14 u
RP2 15 wm ¢ TOCTOSHHBIMH, ITPOBOJIOYHBIMU
pesucropamy, JUIs  OTPaHUYEHUS  OPEIEIbHOTrO
3HAQYEHUS MHUTaHUS KOMMYTHPYIOUIMX YCTPOHUCTB —
IByX mousieBbIX Tpanzucropo VT1 u VT2 no toky. B
KaXI0W, W3 JIBYyX (WM HECKONbKHX!) Ja3epHBIX
nmaHopaMm 6 um 7, BHYTPH, MMEETCS CBOE, OTAEIbHOE
KOMMYyTHpYyloliee ycrpoiictBo-kmod Q1 win Q2. B
KadgecTBe menu 1 ObUT BBIOpaH, HampuMep, CaMOoJIET
MOTEHIIMATBHOTO MPOTUBHUKA. OTpaXEHHBIE OT LEJH
(MOTeHIMAIPHOTO ~ TIPOTHUBHUKA)  BHJICOIYYH 2,
BuauMoro nojauanazona (400...700 um) wm UK —
Jiana3oHa 3JIeKTPOMAarHUTHBIX BOJIH YJIABJIMBAIOTCS U
(hOKyCHpPYIOTCSI ~ BHCIIHEW, IOJBWKHON  JTMH30#
perynupyeMoro kojummaropa 3—4—>5 B npuémHou
OINTUYECKOM cucTeMe naTuuka. [laTuuk, COrnacHo puc.

1, cocTouT U3 CIEAYIOMUX DJIEMEHTOB U y3JIOB: 3 —
BHELIHSIS, MOJIBHIKHAS, onTHYecKas JIMH3a
peryjIupyeMoro  KOJJIMMAaTropa B ONTHYECKOM
MOHOKyIsipe; 4 —  OCHOBHas, CTal[lOHApHAs
(HenoxBMXKHAs), ONTHYECKAs JIMH3A PETYIHPYEMOTO
KoJuIMMaropa; S5 — BHYTPEHHSS, IIOJIBIDKHAS,
ONITHYECKasi JIMH3a PETYJIMPYEeMOTo KOJUIMMATopa B
ONTHYECKOM  MOHOKYIIIPE; 6 —  mepnasd,
MOJIOXKUTENNbHAS, JTa3epHast IaHOpaMa, paboTaroIas 1o
npuéMmy-Tiepesade Jia3epHOro Jy4a, B OJWKHEM U
YaCTUYHO B CPEJHEM, ITOTPAHUYHOM IOJHAIa30Hax,
UK - juama3oHa »3IEKTPOMArHUTHBIX BOJIH, II0
4acoOBOM CTpeJIKe, HallpuMep, Ha JUTHHE BOJHEI A = 820
HM; 7 — BTOpasi, OTpHLIATEIbHAs Jla3epHas MaHOpama,
paboraromias 1o npuémy-nepeaade Ja3epHOro Jyda, B
OMKHEM M YacTUYHO B CPEJHEM, IIOTPaHHMYHOM
nojmana3onax, MK — nuamnazona 3JeKTpoMarHUTHBIX
BOJIH, IPOTHB YacOBOI CTPEJIKH, HAIPUMEp, Ha JJIMHE
BOJIHBI A = 955 HM; 8§ — magarouuii, Ja3epHbIi JIyd,
UAYIUHA #W3 TIepBOTO Jiazepa K OOHapyKEHHOU
(yBumeHHOH) 1enn; 9 — na3epHbIN JTyd, OTPaKEHHBIH
OT LenW W TpPHUHATHIH ¢oromatankoM (Ha Oase
¢doronnoma, WM K€ COCTAaBHOTO, TPEXKACKATHOTO
(dboToTpamzucropa); 10 — magaromuid, Ja3epHBIA JIyd,
HUIYIUH U3 BTOPOTO Jiasepa K nenu; 11 — mazepHblid
Oy4, OTpaXEHHbII OT LeIM W IOPUHATHIA
(dorogaTunkoM (poronmonom UIH
¢dororpamsucropom); 12 — ONOK HCTOYHHKA
TIOCTOSTHHOTO (BBIPAMIIEHHOT0) HANPSDKEHHUS Upgyx_~
= 24 B; 13 — Onok crabuiuzaropa IOCTOSIHHOTO
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HanpsoKeHus;; 14 — mnepeMeHHbI, peryiIupoBOYHBII
pesuctop Ha ©Oaze morteHiumomerpa RP1, mis
OTpaHUYEHUsI NPEICNEHOTO 3HAYEHHS UTaHHs TOKOM
MIepBOH, MOJIOKUTEIHHOM, JTa3epHOH MmaHopambl 6; 15
— MEpEeMEHHBIH, PeryJMpoBOYHbII pe3ucTop Ha Oase
noteHmomerpa RP2, s orpannyeHus nmpeneabHOTo
3HAUEHUSI NMHUTAHUS TOKOM BTOpPOM, OTPULATEILHOM,
Ja3epHoU maHopamsl 7; 16 — BRIIPSAMUTENBHBIHN OJIOK;
17 — OoproBas cerb (HampuMmep, caMoOJETa)
HanpspkeHnss U = 27 B; 18 — kHOmKa yBemTMUeHHUS

MIAHOPAaMHOTO M300paKeHUsl ILeIM W TPOTHBHUKA
MyTéM yBEJIMUEHHST (OKYCHOTO PACCTOSIHUS MEXAY
KOJUIMMAaTopoM M  JaTyukoMm; 19 —  KHomka
YMEHBLICHUS] MaHOPaMHOTO H300paKeHUs LEeNH |
NPOTUBHUKA  MyTEM  yMEHBIIEHHS  (OKYCHOTO
PACCTOSHUSA MKy KOJUIMMAaTOPOM U JaTduKoM; 20 —
9BM (xommbioTep); 21 — 6mox AL — ITAIT; 22 —
MoHHTOp (9KpaH). CxeMa 1 mpuHIHI PaboTHl TaTINKa
“JIAIOT'A-1M” npencraBieHa Ha puc. 1.

Yoo

20 © 22

Mex 1y TOIBUKHBIMH ONITHYECKUMHE JINH3aMU 3 U
5 B peryaupyeMoM KojuimmMaTope, KoMmbsioTepoMm 20 ¢
MoHuTOpOM 22, uepe3 Omoxk ALl — LAIT 21
CYIIECTBYET MOCTOSHHO JIeHCTBYIOIIAs 0OpaTHAs CBSI3b
(OC), nnst oepaTuBHON M 3 HEKTUBHOM PETryTHPOBKU
MpOLIECCOM  IOCTHPOBKM  JIa3epHOTO  JIyda  Ha
MpeAToIaraeMylo ek U yAepKaHUe TTOTEHIIHAIEHOTO
NPOTUBHMKA B  30HE  ONTHMalbHOTO  OXBaTa
TEJIECKOTIMYECKOTO yIJia MeieHranuu [2—4].

LupKysIIMOHHO-KPYroBas FOJ0BKa HaBEICHHUS U
yAepKaHUS enu (mampumep, camodéra
MOTEHI[AJIBHOTO MIPOTHBHHKA) B 30HE
TEJIECKOTIMYECKOT0 yIiTa 0OHAPY)KEHHUS U CIIeKCHHUS 32
MOBe/IEHNEM 00HapyKEHHOM LIeJH, BHITTOJTHEHA Ha Oa3e
HOJIYINPOBOJHUKOBOTO, JIa3€PHOTO JUOAA, JIA3€PHOrO
JM0/la Ha OCHOBE JIBOWHOH TIeTepOCTPYKTYpHI U3
apcennya rayuinsi GaAS M apceHn/1a aTIOMUHHMS TaJuIns
GaAlAs unm TBEPHOTENBHOrO Ja3zepa, C HaKauyKol
MOIIHBIM CBETOJIMOAOM WM IIOJYIIPOBOJAHUKOBBIM,
naszepHbpIM auonoM. Jlazepuas 'CH, oOHapyxeHUs u
CIIeKEHHUS 32 IENBI0 TEXHOJOTWYECKH BBIOJTHEHA B
(hopmMe MHOTOCTYNEHYATHIX CJIOEB I J1a3epPHOTO
oOJIydeHUs] ~ KOTEPEHTHBIM,  y3KOHANpPAaBJICHHBIM
nmotokoM (oToHoB. JlazepHwiii myd Nel, Hampumep,
CHHXPOHHO [IBH)KETCS TIO KpPYyTy, paguaibHO, II0

Puc. 1

4acOBOM CTpEJIKe, OT JaTYMKa K 00HApyKEHHOI 1eNn U
00patHO, K poTONPUEMHON MaTpHIle CAMOr0 JaTYHKa,
Ha JUTWHE BOJIHBI paBHOU A1 =~ 820 HM. JlazepHsIil 1y4d
Ne2, Hanpumep, TakKe CHHXPOHHO JIBMKETCSI 110 KPYTY,
panuaigbHO, TIPOTHB YacOBOW CTPENKH, OT JaTdhKa K
oOHapyKeHHOH menn W o0paTHO, K (HOTOMPUEMHOM
MaTpHlle caMoro JaT4iKa, Ha JUIHHE BOJIHBI PABHOU A2
~ 955 um. Crenytomme crynenu nazepnoit ['CH
o0ydJaroT 1elh TaKXKe CHHXPOHHO JBHTasch
pagvalbHO, 10 4YacOBOM WM € IPOTUB YacOBOM
CTPETKHU, C IIMHAMH BOJH Az ~ 1250...1300 HM, A4 =
1550 aM 1 As = 2100...2150 HM COOTBETCTBEHHO H T.JI.
Bce »skcrutyaTtanioHHBIE YacTOTHI W JUIMHBI BOJIH
BBIOMpAIOTCS M3 IIOAJMANa30HOB ONMKHETO U, B
penKkoM cilyyae, IOTPaHHUYHOTO CJOSI C Ag =
3500...3885 =M, cpemHero moamuamazoHa MK-
Jrana3zoHa 9JIEKTPOMArHUTHBIX BOJIH, rae
9KCIIEPUMEHTAIbHO ~ OOHApY)XEHO  MaKCHMaJlbHOE
3HaueHue Kod(duIMeHTa NPONMyCKaHUS MOIIHOCTH
MOJIYTHUPOBAHHOTO CHTHajJa B  TENECKOTMYECKON
ToJtie JazepHoro Jdy4a [1—10].

JlaTunK TEXHOJOTHMYECKH BKIIOYaeT B ce0s
C/IBOCHHYIO, CBSI3aHHYIO CHCTEMY ABYX MOHOKYJISIPOB C
KpaTHOCTBIO  YBENWYEHHUS  WIM  YMEHBIICHHUS
HM300pakeHNs IEJTH WM HHOTO 00BEKTa B ONTHYECKON
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CHCTEME PEryJIMPyeMOro KOJUIMMaTopa, Halpumep, oT
2* 1o 100" (2 < 6 < 100¥), a taxxke 670K 1HMPOBOI
HD-Buneoxamepst tuma Digital Camera na 50-60
Megapixel 1 BEICOKUM ypOBHEM pa3pelieHus He MeHee
3000%3000 pixel [1—4].

Mukponanopama  JaT4MKa U BBITYKJIBIH,
OOBEMHBII ~ MOHHTOp TIPOWM3BENCHHI Ha  0Oase
YMEHBIICHHOH KONHMM IIaHOPaMbl BHU3YalH3alUuH U
(ukcary 0OHAPYKCHUS IPOTUBHIKA U HHOU IIEJIH, OT
MonepHusupoBaHbix PJIC-300, PJIC-500 u PJIC-
1500, ycmemno npumensomuxcsi B BKC, Borickax
TIBO u cucremax ITPO Poccun [5—10].

Bbrox onTuueckoro crabuaM3aTOpa TOYHOTO
HaBeJICHUS " TOPU30HTAILHO-BEPTUKAIIB-HOTO
MOJIOXKEHUS B TNPOCTPAHCTBE BBINOJHEH Ha OCHOBE
THPOCKOIHO# TexHomornu [2—4].

Mexnay xommbrorepoM 20 u 6mokom AIITT-ITATT
21 Bemonnena OC [yl aHanM3a M aMILIUTYJHO-
YaCTOTHOM  KOPPEKUHH  BBIXOAHBIX  HMITYJIBCOB
yIIpaBIeHNUS, TI03BOJISOIIIAS MPOTPaMMHOMY
obecieuernto  (I1O) omepaTmBHO  perynmupoBaTh
TaKTOBYIO  9YacTOTy  CJICAOBAHUS  YNPaBISIOIINX
UMITyJILCOB, ocTynaromux u3 6moka ALIT-TIIAII 21 na
3aTBOPHI KOMMYTHPYIOIIUX YCTpoiicTB — kitoueit VT1
wunmn VT2, pacnonoXeHHOTO BHYTPH, KaXIOH
NEPBOM, IOJIOKUTEIBHOU U BTOPOH, OTPULATEIILHON
Ja3epHbIX maHopam 6 u 7 [2—4].

IIpennaraeMprii gaTuuk paboTaeT ClEAYIOIIUM

obpazoMm. CeaHC  paAWONENCHTalMd [EIH U
0oOHapyXeHUs MMOTEHIHAIIBHOTO MIPOTHBHHKA
OCYIIECTBIIIIOT B YCJOBUAX  TOJNBKO  TIPSIMOH,

SJIEKTPOMArHUTHON BHIUMOCTH, B HEBHIMMOM 4YacTH
CIIEKTpa IOTIePEUHBIX AIEKTPOMATHUTHBIX BOIH (Jamie
Bcero B MK-mmamaszone). 3a peokuM HCKITIOYCHHUEM
BO3MOXeH  ynbTpaduoneroBeii  (Y®)-auanasoH,
KOTOpHIi HE TPUMEHUM B Cpele O30HOBOTO CIIOS
aTMochepbl 3eMJIH, 13-3a CHIBHOTO MOTIONICHHS BOJIH

cpernoit 030Ha. WudopmannoHHbINH CUTHAI
3aKOJMPOBAaH  TPOrpaMMOM B TIPOTPaMMHOM
KOMILJIEKCE paaruoMoT4aHus “Jlamora-1M”,

OPTaHM3aIIOHHO COOpaHHOro M3 KommbioTepa 20 u
MOHUTOpa 22, CcHenuaabHBIM BOEHHBIM KOJEPOM-
MM(GPOBATBIINKOM H MepeiaBaThcsl B OJIOK BXOAHOTO,
TpéxkackanHoro ycwnurens HY (maxomurcss BHYTpH
Ja3epHBIX TaHopaM 6 W 7), B KOTOPOM TakXe MOXET
OBITh B HWIMYMM BXOJHOW, NpEABAPUTEIHHBIN
YCWINTEIb  BHJEOCHTHAIOB, a  TaKkkKe  OJIOK
CIELHUATIBHOTO KOJIEpa IBETHOTO n3o0paxenus. Jlanee
paguocuraan u3 Onoka MpeIBapUTEIbHOTO BXOJHOTO
yeuimurenst HY, mepemaércss OKOHUATENIbHO B OJIOK
OKOHEYHOTO, JBYXTaKTHOTO YCHJIUTENS MOIIHOCTH
(6ox-YM, Takxke HAaXOAWTCS BHYTPH JIa3€PHBIX
naHopaMm 6 u 7!), TJie OH yCHJICHHBIH, KaK aHaJIOTOBBII
CUTHa&JI, JO CBOEro MAaKCUMallbHO-HOMHUHAIBHOIO
3HAUCHMS TTOCTYIAeT B MHOTOKaHaJbHBIN Oiok ALIIT-

LAIT 21, nans mpeoOpa3oBaHHMsS IIOCIEIHETO B
mudpoBon tdopmar, HE00XOIUMOT0 JUTSE
(hopmupoBanus HMITYJIbCOB YIpaBICHUS u

HOCIEAYIONIYI0 HX [epefady Ha YyIpaBJIAIOLIMI
ANIEKTPOJ — 3aTBOPHI KOMMYTHUPYIOLIUX YCTPOUCTB —
kiroueit VT1 u VT2 [2—4].

Bbrox ALII-ITAIT 21 siBasieTcs MHOTOKaHAIbHBIM
npeoOpa3oBareiieM (translator), MOCTYNAIOIINUX
CUTHAJIOB W3 aHaiorooro ¢opmara B HU(pPOBOH U
o0paTHO, C Toclenyrolel nepeaadeld B KOMITBIOTED
20, rae mporpaMMbl o 00pabOTKE BXOIHBIX JaHHBIX, B

muppoBom Popmare, IIO “Jlamora”, mpomsBoOAAT
aHAJIM3, CpPaBHEHHWE MW  AMIUIMTYAHO-YaCTOTHYIO
KOPPEKIHUIO HMITYJIECOB YIIPaBICHUS UL

mocJenyromeil nepegad HeoOXOTUMBIX KOMAaHI B
Tpertuit kanan (puc. 1) [2—4].

AHanoroBslii CUTHAN MOCTYIAET U3 ONTHYECKOIO
JaT4MKa PEryJIHpyeMoro Kkoiumaropa 3—4—5 B
OJIOK CaMOHABEACHUS W yICpXKaHHUA IIETH IO
MOJAYJIHUPOBAaHHOMY, TEJIECKOMUYECKOMY, JIa3epHOMY
nyuyy B MK-nuama3oHe 5J€KTPOMAarHUTHBIX BOJH H
OJIHOBPEMEHHO IMOJIy4aeT KOMaH bl BHEIITHEH CUCTEMBI
OOHApy)KeHHWsS W IeJCyKa3aHus, KOPPEKIUH C
TTOMOIIEI0 YIIPABIAIONINX UMIYIBCOB, MTOCTYIAFOIIIX
u3 6imoka ALIIT-ITAIT 21 [2—4].
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NEW TECHNICAL SOLUTIONS FOR THE DEVELOPMENT OF LONG-TERM FREEZING
WATER AREAS

AHHOTamusi: B cratbe u3/IOKEHA HOBAas TEXHOJOTHS COKMKCHUS TNPUPOIHOTO Ta3a, IMO3BOJIAIONIAS
OCYILICCTBUTh CXKIDKCHHE B TOJBOJIHBIX YCIOBUSAX. I[IpOCTOTY 3TOH TEXHOJOTHHM OTIMYAaeT €€ JCIICBU3HA,
00yCJIOBJICHHAS JCHICBHU3HON MOJYYCHUS XJIAQJarcHTa - JKHIKOTO BO3JIyXa, a TaKKe IOJ0KHUTCIHHBIMU
JKOJIOTUYECKUMHU MOCIICICTBUSIME UCIIOJIh30BAHUS JKUIAKOTO BO3/IyXa KaK XJIaJarcHTa B OJBOHOM cpeie

Kniouesvie cnosa: 3onupoeanue, Cegepuwiti Jledosumulii oxeaH, enyOuHa, MEXHONIO2US, CIICUIICEHUE,
NOOBOOHDIU, YC08US, HCUOKUL BO30VX, COHCUNCEHHBIL NPUPOOHDBLIL 243, (haKenbHbll 2a3, 2a3 de2a3ayuu

Keywords: zoning, Arctic ocean, depth, technology, freezing, subsea, condition, liquid air, liquid natural gas,

flaring gas, gas of degassing.

HeotnoxHocTs pemeHus mpoOiIeM OCBOCHUS
He(Tera3oBbIX  pecypcoB  POCCHHCKOTO  CEKTopa
apkrudeckux Mopeit CesepHoro JlemoBUTOrO OkeaHa
(CJIO) HecoMHEeHHa, HO PEHTA0CIBHOCTh peaTn3auu
COOTBETCTBYIOLINX MEPONPUATHH TpeOyeT He TOJBKO
TIIATEJBHOTO BBIOOpPAa COBPEMEHHBIX TEXHOJIOTUH U
TEXHUYECKUX CPEACTB, HO M pPa3pabOTKH HOBBIX
TEXHHYECKUX PELICHHH C HENpeMEHHBIM Y4ETOM
npoOJieM  IKOJOTHMYECKOH  OE€30IacHOCTH  BCETO
MupoBoro  okeaHa.  [lockombKy — 3arps3HEHHE
OKpyXaromied cpensl 1 MHpPOBOTO OKeaHa JOCTHIaeT
KPUTHUYECKOM TOYKH, oOecrieueHne Oe30MacHOCTH
MupoBoro oxkeaHa B HacTosIlee BpeMsl IO CBOeH
3HAYMMOCTH U OCTPOTE BBIXOAMT HA YPOBEHb TaKUX
npobiieM, KaK BceoO1ee pazopyxeHue,
YperylnupoBaHHE pPETHOHAIBHBIX KOHQUIMKTOB U
KPU3UCHBIX CHUTyaluil, B pa3BuTHE IOCTaBJIEHHBIX
3a/a4, HE CHUMas  akKTyaJbHOCTH  IpoOiieM
6€301acCHOTO OCBOEHHS PECYPCOB apKTHUECKUX MOPEH,
MBI B CBOMX myomukammsx [l] mpemmoxumu
KOHLETIIMIO  30HUPOBAaHMS  TIIYOMH  JUIMTEIHHO
3aMep3aloliX aKBaTOPHMH C LENbI0 CO3JaHus |
UCIIONI30BAaHMUSI ~ COOTBETCTBYIOIIMX  TEXHHMUYECKHUX
CPEACTB Ul MX OCBOCHMS IYTEM CO3MaHHS HOBBIX
pa3sHOBUAHOCTEH IIOJTBOJTHBIX TEXHUYECKUX
COOpYXEeHHI He(TerazoBoro mnpenHazHadenus [2,3].
Kpome TOro, Hamm Obula TIpemiOKEHA HOBas
TEXHOJIOTHSI ~ CKIKGHHS  INPHPOJHOTO Ta3a B
MPOTHBOTOKE C KUIKUM BO3IyXoM [4,5], peanm3arus
KOTOPOI MOJKET MO3BOJIUTH CYIIECTBEHHOE CHIDKCHHUE
3aTpaT HapsAAy HE TONBKO C  COXPaHHOCTBIO
OKpY>KalolIeH Cpejibl, HO ¥ C MOJIB30H UIs (QayHbl U
¢mnopel.  Mcnoss3zoBanue sxunkoro Bosayxa (JKB) B
Ka4yecTBE OCHOBHOI'O XJIQJAareHTa JIJsl CXKIDKEHUS rasa
000CHOBaHO Ha TOM, YTO TeMIlEpaTypa €ro >KHUAKOTO
cocTosiHusL Jocturaer Munyc 196°C B To Bpewms, Kak
NPUPOAHBIA Tra3 (IMPEUMYIIECTBEHHO COCTOSALINHA W3
MeTaHa) CKIKAeTCsl Mpu Temrepatype MuHyc 163°C
(CIII'), m »TOT TeMmepaTypHBIii H30BITOK XO0JIOIA,
0e3yCIIOBHO, MIPUBOAMT K XKEIaeMOMY pe3yiabTary. A
3¢ GEKTHBHOCTH HCIOIB30BAHMUS JKHIKOTO BO3TyXa IS
CKW)KEHHMsT MeTaHa oOycioBieHa emé W TeM, YTO

TIOTYYUTh €ro HanOoJee IeMmEBBIM ITyTEM BO3MOXKHO B
nporecce perazudukanuu CIII B myHKTe ero cObITa,
T.e. Ha TOM OeperoBoM TepMHUHaJIe, Ky1a J10CTaBIsAeTCs
CIII'' Tem caMblM MO CYIIECTBY MBI JABAXKAbI
UCTIONB3YEM  OXJIAXKJAIoUIHe CIIOCOOHOCTH  000MX
XJIAJareHTOB JIMIIb C TOH pa3HULEH, 4To I
CKW)KEHHMsST  MeTaHa Oojee 4eM  JIOCTaTOYHO
OXJIAKAAIOIIEH BO3MOXKHOCTH JKHJIKOTO BO31YXa; B TO
XKE BpeMs U CXKIDKCHHUsI BO3IyXa OXJIaKAaroIien
BO3MOXKHOCTH MeTaHa yxKe CTaHOBHTCA
HEIOCTaTOYHOH, M TIOCIE €ro OXJaXICHUS 10
temneparypel He MeHee MuHYC 150-155°C, uToOBI
JIOBECTH BO3IyX JIO JKHJIKOTO COCTOSHHS TIPHAETCS
3aTPaTUTh AOTIOJTHUTENIFHYIO SHEPTHIO, HCIIOIB3YEMYIO
TPaTUIIMOHHBIM CIIOCOOOM IS TIOJTY9EHHS JKEIaeMoro
cocTOosHUS. VIMEHHO [y JOCTIDKEHHS  3TOTro
TEMIIepaTypHOTo Tiepernaga HeoO0XOIUMO 3aTpaTUTh
SHEPTHIO, OCHOBHOM CTOMMOCTBIO KOTOpOit
OTIPENIENIAIOTCS  3aTpaThl HA TOJNyYEHHE HKHUIKOTO
Bo3lyxa. Mcxonms W3 CEeromHs — CyIIeCTBYIOIIEH
CTOMMOCTH JXKHJIKOTO Bo3xyxa (B ToproBoi cetm) 10
py©6./1, TonHa J)KB nomkHa ctaTh, 0 HalIeMy MHEHHIO,
B Tmpeenax He Ooyee 2 ThIC. pyO. (M, BOBMOXKHO, emé
MeHbplre) Ho 3To He enmHCTBEeHHOE NMPEUMYIIECTBO
npeuIaracMou TeXHOJIOTuU. bosee CylecTBEHHbIM, 110
HallleMy MHEHHIO, JUIs IOJIBOJHOM TEXHOJIOTHU B
YCIOBHAX  OTPAaHWYCHHOTO  MPOCTpPaHCTBa/00BEMA
ABJISICTCS BO3MOXKHOCTH €€ pealn3alliyl MPaKTHIeCKU
0e3 TpHUBIEUYCHHS MEpCOHANa, MOCKOIBKY Hamboiee

[JIABHBIM B Hallleil TEXHONOTHH SBISETCS CaMm
€CTECTBEHHBIN nporecc MIPOTUBOTOYHOTO
TermooOMeHa, He  TpeOyIomMH  4YeloBEYecKOro

BMEIIATENIbCTBA, U OCYLIECTBISEMBIi 10 HaJEKHBIM U
HENPEPHIBHBIM KOHTPOJIEM PA3HOTO poja AATYMKOB U
Jpyrux aBTOMAaTHYEeCKHX YcTpoiictB. Kpome Toro,
MOCKOJIbKY peanu3anus 3()(eKTHBHOTO TEeIIoo0MeHa
OyzeT TPOMCXOAWTH: IS HPUPOAHOTO Ta3a - IOJ
BO3JEHCTBUEM  IIACTOBOIO  JABIEHUsS, TO JJIA
nepekadky B mpotuBoToke JKB moTpebyercs sHeprus,
BBIpabaTeIBaeMast aBTOHOMHOI1 ATOMHOM
anekTpocTannuerd (ADC) B MOABOIHOM HCTIOJHEHHH.
IlepeuncieHHble NPEeUMyIIECTBA, B KOHEYHOM CUETE,
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BO3MOJKHO, U ONIPEIEIT NPEUIOKEHHBI HAaMU CIIOCO0
CKMXKEHHUS IPUPOJTHOTO ra3a B MOABOIHBIX YCIOBUSIX.
B oroM cioydae npuOpexHbIE  KOMILUICKCHBIE
tepmuHaisl (ITIKT) npuaércs HeCKONBKO NEPECTPOUTS,
CHAaOJIUB MX JIOTOJHUTEIbHBIMA (YHKIMSAMH B BHIE
MONYyYCHHUSI KHIKOTO BO3[AyXa, KOTOPBIH Oynmer
TPaHCIIOPTUPOBATHCS AJISI MOCIEAYIOMIETO CKIDKCHUS
rasa HETIOCPEICTBEHHO Ha  TIyOOKOBOIHBIX
ra30KOHICHCATHBIX MECTOPOXKICHUSIX,
PACIONOXXCHHBIX B 30HAaX JUINTEIBHO 3aMEP3arOIINX
akBaropuit CJIO.

Ho naxe paBaxkasl MCIOJIB30BaHHbIE HaMHU
oxnaxparomue  BosmoxsHoctw  CIII um KB
(HemocpenCcTBEHHO HAa  MECTOPOXKIEHHMM U Ha
TE€pPMHUHAJIE) HE MCUYEPIBIBAIOT NPEHMYILECTBA HOBOT'O
TexHuueckoro pemenus [4,5].  Oxnaxnaroniyio
cnocooHocts KB moxxHo m HYXKHO wncnons3oBats
TaKke B  YCIOBUAX IOJBOJHOTO  IPEOBIBaHUSA
He(Tera3oBOro COOpyKEHHS AJISI COKMKEHHS:

- Ta3a Jera3anuy, 00pa3yromerocs B BOCXOIAIEM
OypoBOM pacTBOpE B CHCTEME IUPKYISALUH OypOBOTO
pacTBopa (€CTECTBEHHO, B IIpomecce OypeHus
9KCIUTyaTaI[MOHHBIX CKBAXXHH);

- Tak Ha3blBaeMoro "¢axenpHOro" rasza (Bcem
MOPCKHMM He(TSIHHKA/Ta30BHKaM XOPOLIO M3BECTHA HA
TpaAMUHOHHBIX IuIaTdGopmax (akelbHbIE YCTAHOBKH!).

Omnepanys JerasupoBaHus OypOBOTO pacTBopa
OYEeHb NPOCTO peIIaeTcss MyTEM OpraHM3aluu cOopa
BBIJICTIMBIIECTOCS rasa c MOCJIEIYFOLIAM
nPpUHYOUmenbHbiM HArHETAHNEM €T0 B IPOTUBOTOYHBIH
TeII0OOMEHHWK ~ HaBcTpeuy KB, a  3arem
HampasisgeTcs B OOmMH MOTOK IUIACTOBOTO Tasa,
MOCTYMAIOIIETOo 3areM Ha COKIDKEHHE B
MPOTUBOTOYHBINA TeriooOMeHHUK. [logoOHBIM ke
00pa3oM ClIeyeT MOCTYIHTD U ¢ (haKeIbHBIM ra30M, HO
HaNpaBUTh €ro MpUAETCA B OTIACIBHYIO Ha TaHKepe
&MKOCTB, 4TOOBI MPe10TBpaTUTSH ero cmemenue ¢ CIIT,
MOCKOJIBKY COCTaB (haKeJbHOTO raza OTIMYaeTCs OT
cocCTaBa IUIACTOBOIO rasa, MOJUIEXkKAIIETO CXKIKEHUIO,
T.€. BpAM 1 MOXeT oTBedarh koHaunusm CIIT; ero
CllelyeT W3y4HTh, YTOOBI PEUINTh BapUAaHTHI €ro

HaﬂbHeﬁLHeFO HCIOJb30BaHMA WJIM HNOABEPIrHYTH
HU3BECTHOM yTuiun3anuu.
HpI/I IIPOCKTUPOBAHUU IIOJABOJHBIX

HedTerazoJ00bIBAIONINX COOPYKEHUH CIIEyeT y4ecTh
BO3MOXKHOCTh TaKHX IIpeoOpa3oBaHuil, 0e3 KOTOPBIX
HEMBICIINMO UX CO3JaHHE U JalbHeHmas HopMalbHas
KU3HEJCSITEIbHOCTh BHYTPH HHX; M IS 3TOTO
motpedyeTcss  JUIIb  HPEAyCMOTPETh  HaJIHM4Yue
onpeaenéHHoro (pacuéTHeIM myTéM) KommdecTBa JKB
W OTICTBbHBIC CIENHAIBFHO BBIICICHHBIE EMKOCTH Ha
YEITHOYHOM TaHKepe-Ta30BO3¢, PETYISPHO
nogso3smuM KB u orBossmum CIIIT u gpyrue
MPOAYKTBI CIKUKEHUSL.

Kpome umncro TtexHomormdyeckux (T.e. CaMbIX
TJIaBHBIX M 110 CYTH OCHOBHBIX cBOMX (yHKumii) KB
BBITIOJTHSET HE MEHee MOJIE3HYI0 U BAKHYIO (DYHKIIMIO.
KB mocne 3Toro momorpeBaercs 10 TeMIEpaTypbl

20°C u mpu HOPMAJBHOM JABJICHUH MONAETCS BO BCE
MMOMEIICHHUS MOJIBOJHOTO COOPYXKCHHUS, CO3/aBas TeM
CaMbIM )KH3HEHHO HEOOXOUMYIO BO3IYIIHYIO CPETY, B
KOTOPOH JTOJKEH HAXOJUTHCSA BECh MEPCOHAT HAIIETO
MOJIBOJTHOTO KOMIUICKCa;, Jajiee BCsI OTpabOTaHHAs
BO3/yIIHAS Macca BBIMYCKAETCS C  IOMOILBIO
BO3/YLIHBIX HArHETAaTeNe B  BOJHYIO  TOJIILY,
oboraiiasi €€ OCTATOYHBIM KOJIHMYECTBOM KHCIOPOJA,
MOJIOKUTEIBHO ~ CHOCOOCTBYS ~TeM  CaMblM  Ha
KU3HEICATSIILHOCTD Bcel (DIophl U (hayHBI XOJIOAHOTO
MOJIBOHOTO MHPa APKTHKH.

B zakmouenuwe, BO3Bpamasch K  BOIPOCY
OuuIllcHUsT aTMocepsl OKeaHa 3aMETHM, YTO
MPEJUIOKCHHBIC TEXHUUCCKUE PEUICHUS, CBI3aHHBIC C
ucnonp3oBanuem KB B KkauecTBe XJajarcHTa s
CKMKCHUS YTJICBOJIOPOTHOTO Ta3a MOTYT OKa3aThCs
MOJIC3HBPIMH W HA HBIHE CYIICCTBYIOIIHAX MOPCKHX
He(dTerazomoObBatomuX IwiargopmMax, eclid  HX
MOJICPHU3UPOBATh C UEIbI0 YTWIM3AMH Tasa
gerazaumu W (akenpHOro rasa. B aTom ciydae
nmotpedyeTcst peryJsipHo 3aBOo3uTh Ha iarhopmy KB,
WIK JKe TpHoOpecTH ycTaHoBKY monydenus JKB,
YCTaHOBHTH JIOTIOJTHUTEIIHHBIC KOMITaKTHBIC
NPOTHBOTOYHBIC  TEIUIOOOMCHHUKH, — CIICI[HATIbHBIC
HU30TEPMHUYCCKHC émKocTH, MaJiorabapuTHbIC
MEPEKAYMBAIOINE YCTPOHCTBA, PEKOHCTPYHUPOBAThH
TPyOOIIPOBOAHYIO OOBS3KY M HalaIuTh PEryJISPHBIA

BHIBO3 ~ BHOBb  IMOJNYUYEHHBIX  YIJIEBOJAOPOJIHBIX
MPOIYKTOB B JKHUIKOM BHJIC.
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Bece XXI Bek OymyT OTKpHIBaTb W OCBaWBaTh
Hedrera3zoBbie MECTOPOXKICHUS ApKTHKH,
3HAYUTENIBHOM 4acThl0 KOTOpoH Buazxeer Poccus. U,
XOTSI YK€ OCBOGHA 3HAUUTENbHAss YacTh MOPCKHUX
He(TerazoBbIX MECTOPOXKACHUH, OJHAKO JANEKO He
BCE COBPEMEHHbIE TEXHOJOTMM M TEXHHUYECKHE
peLICHUsT MOTYT OBITh pealM30BaHbl Ha aPKTUYECKUX
3aMep3aloIluX MOpSIX W HOpUAETCs  OCBauBaTh
3HAYUTEIbHYI0O YacTh MECTOPOXICHHH C IOMOIIBIO
MOABO/MHBIX TEXHHYECKUX CPEACTB M TEXHOJOTHH,
YTOOBl ~ WMCKIIOYWTH JICAOBBIC  BO3JICHCTBHA  HA
HETIO/IBYKHBIE TIaByYHe WIN HOTPY)KHBIE TI0/IBOJIHBIC
OOBEKTHI.

A TIOCKOJBKY  TOIBOJHBIE  COOPY)KEHHS,
npejHa3Ha4YeHHbIe Uil OypeHus u 1o0buuM HepTH U
rasa, JOJDKHBI JICCSTWIETHSIMH ObITh HEMOIABHKHBIMHU,
T.e. IpeObIBaTh HAa 3aJaHHBIX TOYKaX, UX HEOOXOIMMO
pEeryiaspHO CHAa0XaTh Pa3NUYHBIMM MaTepUanaMu U
pe3epBHBIM 000pYJOBaHHEM, a TAaKKE PETryJIIpHO
CMEHSAThH SKunaxH. I1o cymecTBy 3TH 00IIen3BeCTHBIE
TMIOJIO’KEHHUS He TPEOYIOT HUKaKOTO 000CHOBAHMS 1 yKe
Oosiee TONMyBEKa CTPOTO BBIOJNHSIOTCA Ha BCEX
MOpPCKHX He()Tera3oBbIX MecTOpoXAeHusx. U Tereps,

KOorga Mbl HayHEM B OmKaiieM JCCATHIICTUHA
OCBauBaTh MECTOPOXKIACHUA Ha FHy6OKOBOJIHI>IX
JJIUTCIIBHO 3aMep3aroninx APKTHYCCKUX MOpsIX,

clelyeT 3apaHee MPeayCMOTPETh TaKWe TEXHUYECKHE
peumiCHusA, KOTOPBHIE BO3MOXKHBI K p€aln3aliud B
IOABOAHBIX YCI0OBUAX, qTo, €CTECCTBCHHO, HE
WCKITIOYHT B OyIyIeM co3fanue 00iee COBEPIICHHBIX
peLIeHUH.

[lpu paGore mOx BOAOH CTOMUT OOpPATHTH
BHUMAaHHC Ha TaKOi mapameTp, Kak aBTOHOMHOCTb —
9TO JUTUTEIBHOCTh MpPEOBIBAHUS CyqHA B peiice 0e3
MOTOJHEHUs 3aMlacoB TOILIMBA, MPOBU3UH U MPECHON
BOJBI, HEOOXOIOWMBIX [UIS JKH3HH ¥ HOPMAaJbHOMN
JACATCIBbHOCTH HAXOAAMINXCA HA CYOTHE COTPYAHUKOB 1
naccaxupos [1].

ABTOHOMHOCTb TpaAULIUOHHON MOPCKOH
m1atGopmbl obecreunBaeTcs SHEPTreTUIECKON
YCTAaHOBKOW M 3amacamMy TOTUIMBa i €€ paboThl,
OTPECHUTENILHON YCTaHOBKOM, 3amacaMu MpPOBU3UH,

00BbEMOM LHUCTEPH Ui XPAHEHUs OTXOJOB U
YCJI0BUAMU OKCIUTyaTaluu, JJIsL KOTOPBIX OHa
paspaborana.  IlpakThuecku  Bce  MIaT(OpPMBI

00CITy)KMBAIOTCSl CyllaMH CHAOXEHUs, a CMEHa BaxT
HNPOU3BOJUTCSA BEPTOJIETOM. ABTOHOMHOCTh MOPCKOM
miardopmbl  Bapeupyercst ot 30 nmo 60 cyTok.
[lomonHeHne 3amacoB TMPOBHU3UM M CMEHA BaxT
MPOUCXOIUT Kaxzable 14-16 cyTOK B 3aBUCUMOCTH OT
TIOTOJHBIX YCIOBHH.

Boenno-mopckne momBomable  jomkum  (I1JI)
o0JIafaloT  MPOAOIDKUTEIBHON ABTOHOMHOCTBIO
mopsiaka 90 mHei. JIoOUThCs TOJ00HOH aBTOHOMHOCTH
OT TOJBOAHOTO OypoBOrO ammapara TEXHHYECKH
CJIO’KHO, HO BO3MOXHO 3a CYET yBETHUEHHS 00BEMa
UCTEPH U XpaHwiuil. Ho peummmts npodieMy cMeHSbI
BaxT, 3a CYET YBEIWYEHUs €€ NPOJODKUTEIBHOCTH
HEBO3MOJXKHO. OTO0  CBA3aHO  CO  CJIOKHOM
NpPOJOJKUTENbHOW paboTtoit (12 dacoBas cMeHa),
HAXOKACHHUEM B 3aMKHYTOM IIPOCTPAHCTBE MOJI BOJOH,
OTCYTCTBHEM TPAJULIHOHHOM CBS3M C BHEIIHUM
MHPOM.

PaccmaTpuBasi BO3SMOKHOCTH OCBOEHHSI MOPCKHX
IITyOOKOBOIHBIX MECTOPOXIICHHH Ha aKBaTOPHAX
ApKTHYECKUX MECTOPOXIICHHH, HEOOXOAMMO PELINThH
npoOJIeMy BOCHOJHEHHUS 3alacoB IPOBHM3HMH, CMEHBI
MIepCOHANa ¥ BBIBO3a TBEP/BIX U )KUIKUX OTXO/IOB.

B mamem wccnenoBaHMM OBUTM  TOCTAaBIIEHBI
CIIEAYIOIINE 3ada4n:

— paspaboTaTh KOHIIENTYyaJbHBIE PEIICHHUS,
KOTOpBIE  TO3BOJIAT  TPOBECTH  IEpeMEIICHHE
NepcoHana U Irpy30B MOJA BOAOH MEXTy MOJBOIHBIM
OypOBEIM anmnapaTtom u MI0JIBOTHBIM
MHOTO(YHKIIMOHAILHBIM CYTHOM CHAaOXKEHHMS;

— OIpeAeNHuTh oOmMe pa3Mepsl OCHOBHBIX
YCTPOWCTB U 3JIEMEHTOB Pa3padOTaHHON KOHIEIIINH.

Ilens wuccrnenoBaHust — ONPEAEIUTb CTEIEHb
BO3MOJKHOCTH TIPOBEICHHS MOJ{ BOJIOW CTHIKOBKH H
oOMeHa.

Memoowl u mamepuanst uccnedosanus

BBuny oTCcyTCTBHS pEanM30BaHHBIX PELICHUN U
MpopabOTaHHBIX ~ TPOEKTOB, B  HCCIECIOBAHWUU
HCIONb3yeTCs] TEOPETUUECKUN METOJ HUCCIEeNI0BaHUS,
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OCHOBAHHBIM HA CPAaBHHUTEILHOM U JIOTHYECKOM
aHaJIM3€e CXOXKHX M0 HA3HAYECHHUIO U MPHUHIIUITY PabOThI
ycrpoiicTB. TeopeTnueckuii METOJ HCCIIEAOBAHUS
MIO3BOJIHJT chopMyITHPOBATH HECKOJIBKO
KOHIENITYyalnbHBIX perreHuid. OnpeneneHue 0OIMX
pa3MepoB  YCTPOWCTB H  JJIEMEHTOB  Haubosee
NOAXOASIIeH  KOHLIENIUH  OBLIO MPOBEJCHO
SMIIUPUYECKUM METONOM HCCcieqoBaHus. biaromaps
BBIODAaHHOMY TOJXOMIy, KaK HaMm MPEJCTaBIIsAETCS,
MOJIy4eHO JIOCTATOYHO MPOPA0OTAHHOE pEIICHUE
BBISIBJICHHO# ITPOOIEMBI.

Haubonee Omu3koil paboTON MO MEPEMEIICHUIO
JIOJIel U3 OJTHOTO ammapaTa (CylHa) B JPYroil MOXKHO
YBHIETh TOJBKO B yueOHOU Wi GOEBO# omepanuu 1o

COTPYJHHMKOB TIIOJIBOJHOTO KoMmIuiekca. [lo oroi
MIPUYMHE CcrIoco0 INepeMelieHus NepcoHana u rpy3oB
JOIDKeH OBITh MaKCHMalbHO O€30macHbIM U HE
TpeOoBaTh CHENUAIBHOM MOJATOTOBKH.

PaccMorpuMm  cmoco0  3Bakyalu — MOPSIKOB-
MOABOJJHUKOB, KOTOpasi MPOBOJHUTCS C IIPUMEHEHHEM
CIacaTeNlbHOTO  TITyOOKOBOXHOTO — ammapaTra  (CM.
pucyHOK 1).

OBakyanus ¢ TOABOJHOW JIONKH IPOXOAUT
crexyrommM obpazom [2]. Ilpm momomm KomImiekca
JATYNKOB, MEXaHM3MOB M YCTPOHCTB OIpeneisercs
MOJIO)KEHWE  TOJBOJHOM  JIONKM W YCIIOBUS
OKpyXkatomieil cpensl. Ha OCHOBaHMM TOJNYyYEHHBIX
JaHHBIX IPUHUMAETCS PEIICHHE O CTHIKOBKE K HOCOBOM

CIIACEHUIO MOPSIKOB C 3aTOHYBIICH MMOJBOMHOM JOJKH.  WJIM KOPMOBOW KOMHHIC-IUIONIAJIKE ABApPUHHOTO
OTIM4Ke COCTOUT B TOM, YTO pa3MEphI CIIacaTeIbHOTO  OOBEKTA.
rryookoBogHoro ammapara (CI'A) Ha mopsaku Komunre-miomaaka CI1acaTeILHOI0 JIIOKA
MeHbIIE  pa3MepoB  moaBomHoW  Jomku. CI'A  mMoxBOXHOM JIOJKH — IPOYHOE METAJUIMIECKOE OTTOPHOE
nonHOCThE0 ommpaercs Ha IIJI. CrtomT 0OpaTtuTh  KOJBLO, obOpamisroniee cracaTeJIbHbBINA JIFOK
BHUMAaHHE, YTO MAaTPOCHI-TIOJBOJHUKH OOJAamaroT  MMOXBOXHOMU Jionkw [3].
CIIEIUAIEHON TIOJITOTOBKOM, Yero MOXXET He OBITh Y
[ Kabuxa
aKunaxa
Mapiuesbii gevraTem
[Axxysyraropsi | [Manunynsrop | [linicaosas kamspa |
Puc. 1. Tunosasn cxema CI'A
Puc. 2. Cnacamenvuwiti 2nyookosoonviil annapam «becmepy np. 18271
OnpenenuB KOMUHTC-TUIOMAAKY (HOCOBYHO WM  KOMHHIC-IUIOIIAJAKH K TOPH30HTY, HEIOCTAaTOYHOE

KopMOByt0), skunaxx CIA moaxomuT W 3aHUMaeT
MOJIOXKCHWE TOYHO Haj Hel. 3aHsaB Tpedyemoe
nonoxeHnue, npoussoautcs omyckanue CI'A na IDJL
Ilocne CTHIKOBKHM, TPOW3BOAMTCS OTKAdKa BOMABI U3
NUTIO30BOM Kamepsl B YPAaBHUTEIBHYIO LHUCTECPHY.
BuyTpu numto30Boi kKaMepbl co3naeTcs aTMochepHoe
JIaBIICHUE, B pe3yabTare 4ero BHEIIIHEe
(rugpocTaTryueckoe) naBieHne (KOTOpOe BCETa BBIIIE
atmMoceproro)  mpumaBnuBaer CIA  k  ITUL
YOeauBIINCh B COXPaHCHWM [AaBJACHHUS BHYTPHU
NUTIO30BOM  KaMepbl, OTOPAaWBAIOTCS  JIIOKH, U
MPOU3BOJUTCS «CyXOi» croco6 9BaKyaluu
noaBoaHuKoB ¢ I1J1.

OclnoxHAIOMUMA ~ (PaKTOpaMHd  MOTYT  OBITh
CUJIbHBIC [TOJIBOTHBIC TCUCHH S, OOJIBIION YOI HAKIIOHA

Ka4ecTBO 3epKajla KOMMHIC-ILIOIAAKU. JIOTHYHBIM
pelIeHueM TIOCHEIHUX JBYX (DaKTOPOB SIBJISIETCS
UCTIONIb30BaHMe JKECTKNX 3axBaToB. Ho Takoii criocod
He Oe3omaceH, TaK Kak MOXET IIPUBECTH K
pa3pylLIEeHUI0O HE TOJBKO CTHIKOBOYHOTO y3Jla, HO U
caMHX NOJBOAHBIX ammaparoB, ecan CI'A HauHeT
CMEUIaThCs, B PE3yJbTaTe pPE3KOro YBEJIHUCHHUS
0GOKOBOT'O BO3/ICHCTBHSL.

[ToaTomy mpobnema 06e30macHOTO, OBICTPOTO U
CTaOMJIBHOTO TIOTIOJHEHUSI 3a11aCOB M BAXTOBON CMEHBI
TepcoHaja Mo/IBOIHOr0 OypOBOTO armmapara sIBIsSeTCs
OJHOM M3 KIIOYEBHIX IIPU MOJBOJAHOM OCBOCHUH
MOPCKHX He(TEera3oBbIX MECTOPOXKAECHHH, pelIeHHeM
KOTOpPOW MOKHO OyZeT 3HAUWTEIbHO IPOJBUHYTHCS B
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HaIpaBJIeHUH peaslM3aluy MOABOJHBIX He(Tera30BbIX
MPOEKTOB.

CyiecTByeT TpU IyTH pEeILCHUS:

— HaJABOJHBIN;

— IOJABOJIHBIM;

— KOMOWHHPOBaHHEIH.

Peanu3anust HaABOAHOTO crioco0a MepeMenICHUs
MepCOHaNa M TPy30B TpeOyeT moxbeMa IOABOJHOTO
Oyposoro ammapata (IIBA) Ha MOpCKyrO IOBEPXHOCTH

Kaxnele 14 cyrok. B HagBOOHOM TONOKEHUH
neperpyska ¢ MHOTO(YHKIMOHAIBHOTO  CyIHA
CHa0XeHUS (MCO) Oyner MIPOBOJIUTHCA

TPaAWIOHHBIM CHOCOOOM NpPH TOMOIIM KPaHOB M
YCTPOUCTB NPHEMA/OTTPY3KH JKUAKHX M CBHITYYHX
MaTepuanoB, ycraHoBileHHbIXx Ha MCC. Omnepanun
mpoBoasaTca B mepuox  HaBuramun - MCC
CaMOCTOATENbHO, JIMOO B JIENOBBIH IEpUOJ C
UCTIONIb30BaHUEM COIIPOBOXKIAOUIEro Jienokona. Jlis
yMeHbIlIeHUs 3aTtpaT Ha npoBoiaky MCC negokoiaom
HEOOX0MMMO OyZeT MPUCTIOCOOUTH JIEMOKOJ, MPHIaB
€My JIOTOJTHUTEIbHO (DYHKIMH Cy/IHA CHaO)KEHMS.

Peanusanust mogBogHOTO criocoda rmepeMeneHust
NOTpeOyeT CO3/aHMs CIEUHAIBHOIO  I10JIBOJTHOTO
MHOTO()YHKIIMOHATBHOTO cyaHa cHaOxkeHust (IIMCC),
CIOCOOHOTO MPOU3BECTH <OKECTKYIO» CTBIKOBKY - IJIS
MepeMeIleHlsT IepcoHajsa W TBEpPABIX I'PY30B
(obopynoBaHusi), M «THOKYH0» CTBIKOBKY - ISt
MPUEMa/OTIPY3KH JKUJIKUX U CHITYYHX MaTepUaIIOB.

IlepBriii myTh pemenus — BerubiTHe I[IBA —
BO3MOJXKEH B YCJIOBHSAX OTKPBITOH BOJBI WJIM HAINYUS
HEOOJIBIIOTO JIOMAHOTO Jb/Ia, YTO BO3MOXHO OKOJIO 3-
4 wmecsimeB B roay. Ilpm BeruelTHH HeoOXoammo
OTCOEIMHUTH OYpPOBOE€ CYJHO OT BOJOOT/EINSIOIIETO
paiizepa C TOCIEIYyIOIINM COEJUMHEHHEM CcHoBa. B
ocTagIieecs Bpems — 9 Mecs1eB — B yCIOBUAX MOJTHOTO
MOKPBITUS  aKBAaTOPUM  JIBJIOM  paccMaTpUBAEMBbIi
cnoco0  3aTpyaHEH,  TOCKOJIBKY  HEO0OXOAMMO
MpoJIaMBIBaTh JEN BepXHei obpasyromiel (yCrieHHOI
KPOMKOIf) MOABOJHOTO OypoOBOro ammapara, dTo
noTpedyeT yBETWYEHHUs €ro IMPOYHOCTH WM OyneT
HE0OX0IMMO BOCIIOJIB30BATHCS JIEOKOJIOM JISL IOMKH
JbJA.

Bropoii myre pemenus —  opraHu3auus
MIOZIBOJTHOTO crocooa, KOTOPBIH TI03BOJIUT,
HE3aBHCHMO OT IOTOJHBIX YCIIOBHH Ha MOBEPXHOCTH
MOpsI, TPOU3BOJUTH CMEHY M IOINOJHEHHE 3aIacoB.
Peammzanus paccmarpuBaeMoro crmoco6a morpedyer
CO3/aHUs  TIOABOAHOTO  MHOTO(YHKIHOHAIBHOTO
CyoHa CHaO)XeHHs, pa3pabOTKH TPaHCIOPTHOTO
MUTI032, KOTOPBIA 00ECTIeYHT «KECTKOE» COeTUHEHUE
IIMCC ¢ TIBA, ycTpoiicTBa MOAKIIIOUYEHUS THOKUX
HIJTAHTOB JUIsl TPUEMA/OTTPY3KH JKUJIKUX M CBHITYYHX
MmarepuainoB. [TomumMo 3Toro norpedyercst pazpadoTka
YCTPOUCTB U AATYUKOB AJISL ONPEAEICHHS MOJIOXKEHUS
IIMCC u I1BA 1o OTHOLIEHHUIO IPYT K IPYTy, CHCTEMBI

HaOJIOZEHNs, YNPABICHHUS CIAPEHHBIMU CyJlaMHy,
CUCTEMY JUHAMHUYECKOrO II0O3MLUOHUPOBAHUA IIOJ
BOJIOM, KOTOpast CMOXET II03BOJIUTh HAXOJUTCA
IOJABOIHBIM cyapam J0JIroc BpEMs B OJJTHOM
MOJIOXKEHHUH.

Tperuii IIyTh pemeHus - CO3/1aHuE

KOMOWHHPOBAHHOTO CHOc00a, KOTOPBIA IO3BOJIUT
IPOBOJUTH BCE ONEpalMM C MOBEPXHOCTU MOps, HE

mpepsiBasi pabovero mporecca CTPOUTEIbCTBA (T.C.
Oypenus) ckBaxuH. s peanm3amnuu 3Toro crocoba
moTpeOyeTCcsl CTPOUTENLCTBO JIEOKONA ¢ (YHKIIMIMU
MHOTO(YHKIIMOHAJIFHOTO  Cy/JHAa  CHA0XCHHs, B
OCHOBAHMHU KOTOPOTrO OyJEeT pacrmojarathbCs Kamepa,
coobmaromasicss ¢ Mopckod Bomoi. Kamepa Oymer
MpeIHa3HaYeHA IS PACIIONIOKEHHS TPY30BBIX KaIICyJl
W TOABOAHOTO denHOouHoro ammapara (ITHA),
YIIPaBISIEMOTO IMCTAHIIMOHHO: MOIBOTHBII
YEJIIHOYHBIM amnmapar B COOTBETCTBUU C 3aJJaHHOU
mporpaMmoii  OyZmeT TMpOW3BOAWTH IIEpEeMEIICHUE
TPY30BBIX KAlCyJl MEXAY HAJABOJHBIM CYIHOM U
MOJIBOJIHBIM ammapatoM. [Ipuém/oTrpy3ka KUIKUX U

CBIMyYNX TIPYy30B MOXET TPOBOAMUTECS  uepes3
MOJBOJHYIO JIOAKY TIpPaXJaHCKOTO  Ha3HA4YeHUs
(IUITH). IUIT'H IIOJIHOCTBIO HJICHTUYHA

Tpamuuonnoit AITJI, Ho 6e3 BOGHHOTO BOOPYKCHUS.
Ero mecto OyayT 3aHMMaTh IUCTEPHBI (KAICYJBI) C
MaTepHaIaMH.

Oo6mas xonuenus cHaOxeHus [1IBA rpysamu n
nepcoHanoM npu nomouu [TYA cnepyromasi:

1. Cozpaércs TOABOAHOE WM  HAJBOJHOE
MHOTO()YHKIIMOHAJBHOS  CYIHO  CHAaOXXEHHUs, B
KOHCTPYKLIMH KOTOPOrO MpEeIyCMOTpeHa Kamepa,
coobmraronasics ¢ MopeM. TpaHCHOPTHBIE KaICyJbI
NOpPEACTaBIAI0OT CO00Il NpOUYHBIE U TepMETUYHBIC
KOHTEHHEpH!, CHOCOOHBIC BBIICPKUBATH aBICHUE
okpyxaromiel Boabl B 2,0 MITa (20 kr/cm?) — 3aBUCHT
OT MaKCUMaJIbHOHN TITyOHHBI HOTPYKECHHUSL.

2. Ilepen BBIXOOM B MOpE TPY30BBIEC KaIlCYIIbI
3aMOJHAIOTCS MaTepHalaMH, a BAaXTOBBIC KallCyJIbl
OCTAlOTCSl MYCTBIMHM IO Hayajga MOATOTOBUTEIBHBIX
paboT K nepeMenIeHno NepcoHara.

3. Tlocime mocTmwkeHHs MecTa pacIOJI0KEHHs
IIBA, ITYA ycraHaBmuBaeTcs Ha OJHON M3 Karcynd U
rotopurcss kK pabore. CHagama 10-0uepémHO
CITyCKaIOTCsI TPY30BbI€ KaICYIbI, 3aTEM — BaXTOBbIE. 3a
onuH noxoxa I[TYA momxeH ObITh CIOCOOEH MIEPEHECTH
TOJIBKO OJIHY KaIlCyJIy.

4. Ha IIBA nns npuémMa Karcyi NperycMOTpeH
TPAHCHOPTHBIA MOJYJb, Pa3AeiICHHBIH MEXIy COOOH
BOJIOHETIPOHUIIAEMBIMH NIEpe0OpKaMi W T'epMETHIHO
3aKpBIBAIONIMMHUCS CTBOPKAMH — BOPOTaMH — Ha
Kamepsl aius npuéMa Karcyin. Ilocie yctaHOBKM
KarcyJisl B KaMepy NMPOHMCXOAUT 3aKpBITHE KaMephl U
OTKa4Ka BOJBI.

5. B at0o Bpemsa ITHYA mnepemernaer ocTaabHBIE
KaICyJsl B IpyTHe KaMephl.

6. Korma xamcyna 3arpyxeHa oTpaboTaHHBIMU
MaTepHajlaMi, OHa 3aKpBIBACTCS; 3aPaNBAIOTCS JIOKH
1 B KaMepy HoJaéTcsi MOpCKas BOAA. 3all0IHUB KaMepy
BOMOI M, BBIPOBHSB [JaBJICHHE CHApy>XU U BHYTpH,
CTBOPKH OTKPBIBAIOTCS; M KaIlCyjla FOTOBA K BBIBO3Y
MYA.

7. K MoMeHTy mepeMelleHus MOocCiIeaHen
BAaXTOBOHW KaMepbl C IEPCOHAJIOM IepBasi rpy3oBas
KaMepa JIOJDKHA OBITh ToTOBa K e€ BeiBO3y ¢ [IBY —
JOJDKHBI OBITH BBITPY’KEHBI IPHUBE3EHHBIE MaTEPHAIIBI
1 3aTpYy>XEHbI 0TpaboTaHHBIE.

8. BaxroBasg Kamepa TPHBO3HT COTPYAHHUKOB
HOBOM CMEHBI U YBO3UT COTPYAHUKOB NPEABIAYIIECH.

9. Ilocme  3aBepmieHHS  BCEX  OIEpaIluif;
TPAHCHOPTHBIH MOJYJb 3alojHSETCd BOJOW WIH
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MOJIHOCTBIO ~ ONOPOXKHAETCA.  JTO  3aBUCUT  OT
KOHCTPYKLIMH MOJAYJSL W OIpeAensercs Ha JTare
(hopMHpOBaHUS TEXHUYECKOTO 33/IaHMSI.

[ToaBoaHBIN METO/ MEpeMEeNeHNs Ipy3a JT0IDKEH
npeaycMaTpuBaTh NpUMEHEHHE CHeLHUaIbHOTO
TPAaHCHOPTHOTO IIUTI033, YCTAHOBIEHHOTO MEXIY
JIByMs TIOJIBOJHBIMH ammapaTaMi (CynoB/Ionok). [Ipu
S5TOM Ha MPOTSHKEHHH BCETO Meproja IPOBEIACHUS
pabor o0a anmapata JOIDKHBI 3aHHUMAaTh OJHO
MOJIOKCHUN OTHOCUTENBFHO JpYyr Apyra, IOIycKas
JIIITH He3HAYUTEIBHBIC TIEPEMEIIICHIS.

Kaxmoe momBOAHOE CYAHO JIOMDKHO OBITBH
00opynoBaHo CHCTEMOi JMHAMHYECKOTO
MO3UIIMOHNPOBAHUs, KOTopass OyaeT obecre4uBaTh
TOYHOE pacrojiokeHne OypoBod miatdopMbl Haj
Toukod  Oypenus.  Cucrema  JMHAMHUYECKOTO
nosuronupoBanus (CAIT) HeoOxommma aist TOrO,
9TOOBI 00ECIEUNTh TOYHYH) KOPPEKTHPOBKY Kypca,
MOCKOJIEKY OCHOBHBIM BHHTOM 3TO CIelaTh OYCHb
CJIOJKHO.

KomreHcalysi mpoJOibHBIX CMEIICHHA TPY30B,
KOTOpast BCET/Ia UMEET MECTO, OCYIIECTBISCTCS MyTEM
3aIOJIHCHUS " OTKAauYKHU MOPCKOM BOJIBI
T PEepEeHTHBIMU IIUCTEPHAMH — HOCOBOW M KOPMOBOU
(3a 3Ty paboTy OTBEYaET CTAOMINU3ATOP TIIyOUHBI).

C Uenpio ONpeeNeHUs MOJMOKEHHUS MOJBOAHBIX
JIO/IOK B TIPOCTPAHCTBE U OTHOCHUTENBHO JIPYT JIpyra Ha
OMOPHOM  OCHOBAaHMM JIOJDKHBI ~ YCTaHABIMBATHCS
JaT4dKd ~ opHeHTaluu. Ha MOABOAHBIX  Cydax
YCTaHABJIMBAIOTCS YCTPOMCTBA JUIA MOAAYM U MpHMa
CHTHAJIOB OT JAaTYMKOB oOpueHTanuu. I[1og00HBIMEU
JATIYHKAMU u YCTpOUCTBAMU JTOJIKHBI
YKOMIUICKTOBBIBATHCS  KaXKJ0€ MOJBOTHOE CYIHO,
YTOOBI C/ICTAaTh BO3MOXHBIM CTBIKOBKY CyJIOB HAIlJIaBYy.

Marsie TiepeMeIeHusl CyJHA BO BpeMs padOThI
MOJ  BO3ICHCTBHEM  BHCIIHCH  CpEIObl  MOXHO
KOMIICHCHUPOBATh 33 CUET MPUMCHEHUS B KOHCTPYKIIHU
[UTF03a YIJIOBBIX W MPOJAOJBHBIX JeMI(DUPYIOUIHNX
y3moB. Ilo cyTd, TpaHCHOPTHBIA U3 OyAeT
MPEACTaBISITE COOOW TENECKOMMYECKYyI0 Oanky ¢
[IAPHUPAMH Ha KAXJOM KOHIIE.

Puc. 3. Cxema mpancnopmuoco winioza
1 - IIMCC; 2 — noogoouas 6yposas ycmaunoska (IIBY); 3 — mpancnopmuwiii winio3

IIpuBenénnas cxema Mo3BOJISIET KOMIIEHCUPOBATh
OCeBble IMEepeMemeHHs 3a CuUeT UIAPHUPOB U
MPOJOJIBHBIE 3a CYET TEeJIEeCKOIMYECKOro KopIryca
nutio3a. HeoOXoqMMOCTh HCIONB30BAaHUS IITI03a C
BO3MOXXHOCTBIO KOMIIEHCAllMM CMELICHUI BbI3BaHA
TEM, YTO TIOABOJHBIC JIOMKH HE CIIOCOOHBI IMTOJIHOCTHIO
3aBUCATh B TOJIIIE BOJBIL.

IIpu cTBIKOBKE /Ba MOJABOJAHBIX CYAHA JOJIKHBI
OY€Hb MEJICHHO JIBUTaThCsl OAHOBPEMEHHO C BHICOKOM
TOYHOCTBIO. 3amepkku B pearupoBannun [IMCC
MPUBEAYT K YBEITUUYCHHUIO HATPY3KH HA TPAHCTIOPTHBIN
nutro3. M kak crnefcTBHe MOXKET INPHBECTH K €ro
paspymenuro. [l TapajuiehbHOTO  IEepEeMEIICHUs
HEOOXOIMMO pa3paboTaTh CHCTEMY YIpaBICHUS,
KOTOpasi CMOMET YMPaBJsATh OJHOBPEMEHHO JBYMS
MOJBOAHBIMU  CyJIaMH, ONpeAeNsisi BeJIUYMHY U
HanpaBJICHUE JIBJKEHUSI U BBIYUCIATH HYXKHYIO
MOIIHOCTb Ha KaxkaoM asmxurene CIII.

C OobIIO¥ HOJIEH BEPOSATHOCTH MOXKHO CKa3aTh O
BBICOKOW CTENEHU TEXHUYECKOW CIOKHOCTH 3aJayu
«OKECTKOM» CTBHIKOBKH T0J] BoAiol. [ToaTomy Hamboee
MIEPCTIEKTUBHBIM SIBIISIETCSI KOMOMHUPOBAHHBIN CIIOCO0
IIPOBEJICHUS OLIEpaLMil.

B kauecTBe mpmMepa HCIIOIB30BAHHSA Ha CYIHE
KaMephl JIs TMOABOJHBIX pabOT MPUBEACH MPOEKT
AzopuaH, peann3oBaHHBIN B 1974 roxy mis nogpéma
3aTOHYBIIEH COBETCKOM MOABOAHOM Joaku «K-129»

(6].

Jnst mogbémMa COBETCKOW JIOAKH OBUT TOCTPOSH
I'momap Oxcruopep BomomsmemnieHreM 50 000 1. t0
OJHOTIATYOHOE CYTHO C «ICHTPAJIBHOH MPOPE3BIO»
pasmepamu 60,65x22,5x19,8 m(IxLIxB) ¢ Bbmkoi
Hajx Kamepod. [uryOMHa croycka 3aXBaThIBAIOIIETO
ycrpoiicrBa Kiiementuna nocturana 5000 m.

ITonBoxHast JlogKa HE CTOMT Ha MECTe M He
3aBHCAET B BOJHOH Cpesie B OJHOM IOJOXKEHHH, OHA
repeMeIiaeTcss 3a C4ET BpAIICHUS TJIABHOTO BHHTA.
Hcxona U3 3TOro, MOXKHO CIeNaTh MPEANooKeHHE,
YTO W THOABOAHBIN OypoBoit ammapar u IIMCC He

CMOXET  00€ecleuynBaTb TOYHOE  HEMOIBUKHOE
pacmoyioXeHHue B Tpolecce MpoBeAeHHUS pPadoT.
Heo6xoaumo MIPEeTyCMOTPETh YCTPOMCTBO,
KOMITEHCHUPYIOIIee MIPOJIOJILHBIE " YTJIOBBIC
nepemetienus [IbA u IIMCC.

B kauecTBe mpmmepa ycTpOWCTBa, CIIOCOOHOTO
KOMIICHCHPOBATh KauKy CyZIHa, CIEIyeT PacCMOTPETh
YCTaHOBKY MOPCKOT0 IOCTyma kommanuu Ampelmann
(Hupepnannet), m3oOpaxénHyo Ha pucyHke 5 [4].
Cucrema mpeaHa3HaueHa Il O€30TIACHON TOCTaBKH
TepcoHaa ¢ cyaHa Ha ratgopmy u oopatHo. BHauane

COTPYAHUKHU IIOJHHUMAKOTCA Ha TNEPEXOTHYIO
IUIOIIAJIKy, Ha KOTOPOH pacmojaraercs IyJbT
yOpaBIEHUS] CHUCTEMOW C  ONEpaTopoM. 3aTeM

YCTaHOBKAa NEPEXOAUT B padodee MONOKEHHUE, MpHU
KOTOpPOM TpaHc(epHas manxyda IOCTOSHHO HAXOMHUTCS
B TOPHU3OHTAJbLHOM IIOJIO)KEHUU. ITO BO3MOXKHO
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TCJICCKOIMUYECKOTO Tpalia. B Ta6J'II/IIIe 1 MpeACTaBJICHBL

IITOKAMH  JUIS ~ KOMIICHCAIMM  KAa4yKd  CYyJHA. JIOCTOMHCTBA M HEJOCTATKA TPEX PACCMOTPEHHBIX
KomneHcarust pacCTOsIHUS MEXKy CyTHOM U MOPCKHM  CIIOCOOOB.
COOpPYKEHHEM OCYIIECTBIIAETCS 3a cuér
A
I -“v . | l’!ﬂ,
T
Puc. 5. Yemanoexa mopckozo docmyna A-muna
Tabmmma 1
N . KoMOuHUpOBaHHBIH
IMMapamertp HapaBoanslii croco® IMoaBoaHblii c1ocod P
cnocoo
OTCOEJMHEHHE OT
BOJIOOTAEIISIOIIEH TpebyeTcs He TpebyeTcst He Tpebyercst
KOJIOHHBI

HaJABOAHBIC YCIIOBUA

0e3 JIeIOBbIi MepHo
WM JIOMAHBIN J1e ],

OTCYTCTBHC ITOPMA U

HEOrPaHUYCHHBIH
9KCILTyaTalHu OTCYTCTBHE IITOPMA U CHJIBHOTO BOJIHEHHS
CHJIBHOTO BOJIHEHHS
HCIIONB30BaHKE
na HET HET
JIeA0KOJIa
BpeMsi OecripepbIBHOI . . .
14 nueit 0e3 orpaHuYCHHI 0e3 orpaHHYeHHI
paboTsl

IIOIIOJIHECHHME 3a11aCOB
1 CMCHA IIE€pCoHaIa

Ha MOBEPXHOCTU BOABI

0e3 orpaHHmYCHUN

0e3 orpaHHmYCHUN

HEOOXOANMOCTh
CO31aHHS HOBBIX
THIIOB CYJI0B

nenokoir-MCC

MMOIBOTHOE CYIHO
CHAOXEHUS

nenokoi-MCC ¢
MOABOIHOM KaMepou

JOIIOJIHUTCIIbHBIC
ycTpoicTBa

He TpeOyroTCst

TPaHCIOPTHBIM 1LJIIO3,
yCTpoiicTBa
MIpUEMa/OTIPY3KH KUAKUX H
CBIITyYNX MaTEPHAJIOB,

yCTpoiicTBa
IpUeMa/OTIPY3KH JKUAKIX
U CHIIYYHX MaTepHaOB,
MOABOJHBIA  YEIIHOYHBIN
amnmnapar
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IMapamertp HaaBoansblii cmocod IToagBoaHBIH CIIOCOD KOMﬁng;fc(:%aHHbm
cucreMa JMHAMHYECKOTO
MTO3UIIMOHUPOBAHUS oz,
BOJIOM,

YCTpPOWCTBAa  ONpENEICHUs
OTHOCHTEIILHOTO
MOJIOKEHHS,

cucreMa CITapeHHOTO
YIpaBJIeHUS,

cucreMa KOHTPOJIS u
0€e30MIacHOCTH,

MEXaHH3M KOMIICHCAI[UU
MPOJONBHBIX W YIJIOBBIX
nepeMeleHu
TPAHCHOPTHOTO IITI032

W3 TaGmuiel 1 BUAHO, YTO KOMOMHUPOBAHHBIN
cnioco0 nMmeet OoJblle mpenMymiecTs. B nanpHeimem
onpejieJieHHe OOINMX pa3sMEpPEeHUH YCTPOWCTB U
3JIEMEHTOB OyJIeT IPOBENCHO SMITUPUICCKAM METOJOM
WCCIIeIOBaHMsI, HA OCHOBAaHUU HUMEIOUIETOCs OIMbITa U
ONMM3KHX aHaJIOTax.

Onpenenenue
MeXaHH3MOB

PaspabaTriBaeMbIii CIIOCOO JOJKEH IMO3BOJHUTH
nepeMenaTh OOJbIION 00BEM 3amacoB M PAa3IUIHBIX
MaTepHalioB B 00¢ CTOPOHBI. B cpeanem 3a oauH peiic
CYIHO CHAOXEHHS TOJDKHO MEPEBO3UTH MATEPHAIOB B
obbeme npumepHo 200 M* A EMKOCTH UMCTEpH
TIOJTBOTHOTO MHOTO(YHKIIHOHAIEHOTO cymHa
cHabxenust (IIMCC) momKHBI TO3BOJISITh MEPEBO3UTH
pacxomHble MaTepHansl (mu3enbHOe TommBo, ['CM,
[EMEHT, YTSDKEIUTENs OYpOBOTO PACTBOPA, MPECHYIO
BOJY U JIp.) JUIs TIOTIOJTHEHHUS 3a1acoB U OTIPYKaTh C
IIBA otpaboTaHHBIE JKHAAKOCTH (JIBSUTBHBIC BOJIBI,
OypoBBIe CTOUHBIE BOJIBI, OypOBOI pacTBOP U JIp.).

ITonnonuenue xunkux 3anacos [IBA ¢ IIMCC u
ux oTkauka ¢ [IBA MOXHO TNPOHM3BOAUTH HEpe3
KOMIUICKC TIPHEMa/OTrPy3KH JKUAKHX MAaTepHUANOB.
Ecnu HeT HE0OX0MMOCTH MepeaaBaTh TBEPABIA TPy3,
HETIOCPEACTBEHHAass CTHIKOBKa IBYX CYIOB HE
Tpebyetcs. Ilepenaya )uaKOro rpy3a OCyIieCTBISIETCS
4yepe3 THOKUE [MUIAHTH BRICOKOTO JTaBIICHHUS U BBICOKOH
MPOYHOCTH (C METAJUIMYECKUMHU OIuleTKamu). Ob6mas
KOMIIOHOBKa KOMILIEKCA COCTOUT U3 CICAYIOIINX
9JIEMEHTOB:

pa3MepeHHil  yCTPOHCTB H

[naH paxToBoi Kancynbl

1. OJOK mepeKauuBalIIUX HACOCOB — JJIf
KOKJIOW CHCTEMBl OTACIbHBIH Hacoc (OCHOBHOH H

BCIIOMOTaTENbHbIIN);

2. HapyXHas CTaHLUS IPHEMa/BBIIAYN KUIAKHX
TpYy30B;

3. Omok 3amepa  OTIPY’KEHHOTO/IIPUHSTOTO
Marepuana;

4. MaHU(OIBI NePEKAaYNBAIOIINX HACOCOB;
5. Habop rHOKHX IUTAHTOB;
6. Mexanm3sMm noxayu nuianra ot IIM®CC k

7. cucTeMa MpenoTBpAIleHIs Pa3IiBOB;

8. cucrema npoyBKH TpYOOIIPOBOJIOB;

9. cucreMa BHICOHAOIIOACHNUS;

10. cucrema ompenenenus mnonoxxkenus IIBA u
[IM®CC.

[MomBomHOE  MHOTO(GYHKIHOHAJIBHOE  CYIHO
CHAa0XXEHUS HCIIONB3YeTCs I IOTIONHEHUs/BBIBO3a
KUJIKAX ¥ CBHITyYNX MaTepHasioB. Mcmomp3yeMbie mpu
neperpyske THOKHE NUIaHTH TO3BOJNAT  YCIEIIHO
KOMIICHCHPOBATh MEPEMEIICHHs ITOIBOIHBIX CYIOB
OTHOCHUTEIIFHO APYT IpyTa.

KommdectBo  Kkamcyn — JOMKHO — 00OECIIEYHTH
IepeBo3Ky Marepuana B ob6béme okono 190 Mm% u
mepconana B kommdectBe 100 wen. (coctaB paboueit
KoMaH bl B KosmdecTBe 90 uenosek + 10 rocreit).

C menpf0  yHUQUKAIMH HW  TUIH3AIHA
pa3pabaTbiBaeMbIX pEUIeHUI; pa3Mepbl BaxTOBOH M
TPY30BOH KaICyl JOJKHBI OBITH OJJTHAKOBBIMHU.

Bup Ha GokoBble
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Puc. 6. Baxmoeas xancyna

BaxroBasi Kkamcyna CcOCTOMT M3 Kapkaca 1 ¢
JIBOMHBIM JTHOM, B KOTOPOM PAaCIOJIOKCHBI CHCTEMBI
x)u3HeoOecreueHns (CKATOro BO3AyXa, cHUCTEMa

SJICKTPONUTAHNS U OCBEIECHHsI, OaJuTacTHAsI CUCTEMA)
u obopynoBaHue (UCTOYHUKH OecmepeboitHOrO
MMUTAHUs, HACOCHI, EMKOCTH ¢ IBIXaTeIbHON CMECHIO).
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B HOCOBOII M KOpPMOBOH wYacTaXx HpPeAyCMOTPEHBI
BOpOTa 2 1JIsl YMEHBIICHHMS BPEMEHHBIX 3aTpaT Ha
MOKHUaHUEe Karcynbl. B kamcyne mpemxycMmoTpeHo 36
MOCaZOYHBIX MecT 3. VYIpaBieHHE CHUCTEMaMH
KaICyJIbl OCYIIECTBILIETCS Yepe3 MIUTHI yIpaBieHus 4.
3axBaT MO/BOJIHBIM YEITHOYHBIM alNapaToM BaxTOBOM
KaICyJIbl OCYIIECTBIIIETCS 32 ACPKATEIH 5.

I'py3oBas karncyna UMeeT aHaJIOTHYHbIE BAXTOBOM
Kalicylie BHYTPEHHHE W BHEIIHHE pa3sMmepsl. Ho
BHYTpPEHHEE IIPOCTPAHCTBO Kalcylsl IycToe, a B
KOpILyCE YCTaHOBJICHBI. CHCTEMA 3JIEKTPOCHA0KEHUS 1
GamnacTHas cuctema. bamiacTHas cucrema, 3amoHssA

ol

3 3

MIPOCTPAHCTBO MEXJY CYXUM M MOKPBIM KOpIIycaMu,
KOMIIEHCUPYET AEHCTBUE MOIBEMHON CHIIBL.

I[MYA — 53T0 HeoOHWTaeMBIH TeIeyHpaBIIEMbINA
MOJBOJHBIN ammapaT «MOKporo» wucmnonsHeHus. Ha
paMe  pacrojyararoTcst  JIBIDKHTENH, HCTOYHUKH
MUTAHUSA, pPACHpeleNUTeIbHbIC INUTBI, CHCTEMBI
OXNKACHUSA, DJCKTPOCHAOXKCHUS, YIPABICHUA WU
KOHTpOJISl,  HaONIOAEHMs,  CBSI3M, a  TaKKe
00OpyZOBaHHE W  WHCTPYMEHTBHI, IO3BOJISIOIINE
yIep>KUBaTh KaICyJbl, IepeMEIaThCs B IPOCTPAHCTBE
U IIp.

LV

Puc. 7. Cxema I1494

ITYA cocrout u3 Hecyliel pambl 1, HA KOTOPOW
YCTaHOBIICHEI MIPOJIOTIbHBIE (ocHOBHBIE) 2,
momepevHble 3 M BepTUKAIbHbIE 4 SJIEKTpUYECKHE
IBIKUTENU. [Ipy TOMOIIM NMOBOPOTHBIX 3aXBaTOB 5
MPOU3BOIUTCS yJepkaHue Karcyibl 7. O0rekareipb 6
HUMEeT OKpYyIIIyro (GopMy Il YMEHBIIEHHUS JOO0OBOTO
COTIPOTHBJICHUST TIPH [JBI)KEHUH. 3a oOTekaTeseM
pacronaralTcst ICTOYHHK MTUTAHMS, OJIOK yIpaBlIeHNSA
U KOHTPOJIA ammapatoM, a TakXKe OCTaJbHbIe
ycrpoiictsa. [1o nepumMeTpy pacnonararoTcs JaTIUKd 1
CKaHepHl, yCTPOMCTBA BUICOHAOIIOICHHUSI.

Ecnu pa3pabatbiBaTh MOJHOIIEHHBIN MOIBOIHBIN
YEeITHOYHBII ammapar Juii TEpeBO3KH TpPYy30B U
nepconana I[IBY, To ero rabaputs! OyayT JOCTATOYHO
BEJIMKH. DTO CBSI3aHO C HEOOXOAWMOCTBIO YCTAHOBKH
Gonpiioro o0béMa obopymoBaHusi B coctaBe [TYA.
IIpencraBnennas Ha pucynke 6 cxema ITYA — sto
TEeJIEeYIPABIIIEMbII MIOJIBOJHBII anmapar c
MHHHUMAaJIBHBIM HA00OpOM 000pYy/IOBAaHHS M CUCTEM.

BBIBObI

[MpuBenéunble crocoObI MOMOIHEHUS 3aacoB —
3TO KOHIICITEHI, obangaromue CBOMMU
IperMyIIeCTBAMU U HeocTaTkamMu. Ho Ha ux ocHoBe

pacCMOTpeHBbl  pEelIeHHs  OCHOBHBIX  MpolOsieM
[epeMeIeHUsT TI'Py30B M CMEHbl IepcoHana I
obecrieueHns KpYTJIOTOAUYHON 3KCIUTyaTaluu

MOJIBOTHOM OYpOBOM YCTaHOBKH.

Heo6xonnmMocTs 1 ITaBHOE BO3MOKHOCTB PaOOTHI
MOJI BOJIOW TIOJATBEp)KIAeTCcs aKTMBHOW paboTol Han
MPOEKTOM «A¥cOepr» TakuxX HW3BECTHBIX KOMITAHWH
kak Kb «Pybun», OKBM «AdpukaHTosy,
ITonurexnuueckum ynusepcureToM Iletpa Bemuxkoro,
KypuatoBckum nHCTUTYTOM M VHCTHUTYyTOM ITpOOieM
Heptm u raza PAH npu mnommepxke Ponma
HNepCHEKTUBHBIX  HccnenoBaHuil. Takke MpoOeKT
BKJIIOUEH B IIPOrpaMMy PAa3BUTHUS apKTUYECKON 30HBI
P® no 2025 1. [5].

BceoOmmii mHTEpeC K HOABOTHOMY OCBOCHHIO
apKTUYECKHUX 3alacoB YIIEBOJOPOJOB BO3PACTAET C
KaXIbIM JHeM. M celiyac ocHOBHas 3ajada cOo31aBaTh

HOBBIC MCTOABI H YCTpofICTBa AJIA yCIICHIHOI'O

OCBOCHHUS yTJI€BOJOPOAHOTIO HOTEHIMaja
apKTHYECKOTO PETHOHA HAIICH CTPaHBI.
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pa3BHBaTh 3Ty TeMaTuKy. Ml Bonmpoc nepeMerieHus moz
BOJIOM Pa3IMYHBIX TPY30B, PE3EPBHOI0 000PYIOBAHUS
M CaMOTO JKHITaXKa SBISETCS OXHUM M3 TeX BOIPOCOB,
TpeOyIoIUX CBOEro paspelieHus. PaccMoTpeHHbIe
BapHaHTHl TaKUX IIEPEMEIICHUH IO3BOJIIOT BHIOpATh
HauOonee IpPUEMIIEMBI B YCJIOBHUSX IIOCTOSHHOTO
npeObIBaHMs OypOBOTO CyIHA ITOJ BOJOM, MOCKOJIBKY
peryisipHbIe OTCOCAMHEHUS! YpEeBaThl TSHKENBIMH U

HaJIe)KHOCTH TIpoliecca OypeHHsT Ha apKTHYECKOM
menbhe OTHOCHTCS
K OJTHOI M3 CaMbIX aKTyaJbHbIX 3a/1a4 B JieJIe OCBOCHHS
MOPCKHX MECTOPOXKACHUM, U IMyOJIMKAIIMY HA 3TY TEMY
HUMEIOT NPAKTHYECKHUIl MHTEpEeC, 4TO MO3BOJIAET MHE
PEKOMEHJIOBATh 3Ty paboTy K OMyOJIIMKOBaHHIO.

HA.r.H., mpod. PI'Y medtn u raza um. ['yOxuna
B.A1. Kepmenbaym, 02.07.2019.
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BbBIBOP CEYEHMS ITPOBOAOB ITPU TIOBTOPHO-KPATKOBPEMEHHOM PEKUME
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SELECTING THE WIRE CROSS-SECTION IN THE SHORT-TERM MODE

AHHOTalIl/Iﬁ: B crarnpe MMpoaHaJIM3UPOBAHBI MMOTPEITHOCTU U3BECTHOI'O METOdA Bbl60pa CCUYCHUA MMPOBOIOB
IpU TOBTOpHO-KpaTkoBpeMeHHOM pexkume (ITIKP) anexTponmpueMHHKOB IO CpegHed TeMIepaType 3a IHKIIL
HOKaBaHO, YTO IPHU TAKOM IMOAXOAC MHTCHCHUBHOCTb M3HOCA HU30JAIHMHU MPOBOAOB IMPEBLIIIACT HOMUHAJIBHYIO B
TpHA pasa. Hpez[noxceHa HOBasi MCETOJ0JIOIrHuA BLI60pa CCUCHUA IMPOBOAOB IIPpHU MNOBTOPHO-KPATKOBPEMEHHOM
PEXKUMCE 110 HArpeBy HJIA HOMHWHAJIBLHON MHTEHCHUBHOCTH H3HOCA H30JIA1IUH. B IEPBOM cCliy4dac OIpCACIIAIOINM
SBIISICTCS TPENEeNbHO AOMYCTHMas Temriepatypa HarpeBa mpoBoga /0 °C; BO BTOpOM ciiydae IOITyCKaeTcs
KPAaTKOBPEMEHHOC IPCBLIIICHUEC MTPEACIIBHO HOHYCTHMOﬁ TEMIECPATyphbl IMMIPOBOAA B TCUCHHUE NUKJIA IIPHU YCIIOBUU
HOMHWHAJIBbHON MHTECHCUBHOCTL HM3HOCA €T0 HU30J10UHU. Hpez[nomeﬁo OIMPCACIIATL NJIUTCIIBHO Z[OHYCTI/IMHﬁ TOK
MPOBOJIHMKA IO HAarpeBy IO TOYHOH (opmyne. YuuThiBas, 4TO CEYEHHWE U IIOCTOSHHAs BPEMEHM Harpesa
BBIOMpPAEMOro MPOBOHUKA 3apaHee HEU3BECTHBI, PElIcHa 00paTHas 3ajaya — HalJeHa MpeeabHas aMILIUTY/1a
TOKa, TPH KOTOPOW MPOBOJHMK KOHKPETHOTO ceueHHsi He MNpbiBbicUT Temmeparypy 70 °C mpu 3agaHHBIX
napametpax [TKP. J{ist onepaTuBHOro BbIOOpA CeUeHHsI TPOBOIOB B quama3oHe TokoB 25 — 330 A u ceuenwii 2,5
— 150 MM? paccuMTaHbI TAOIHIIBL.

Abstract: The article analyzes the errors of the known method of selecting the wire cross-section in the re-
short-term mode (RST) of electric receivers at an average temperature per cycle. It is shown that with this
approach, the intensity of wear of the insulation of wires exceeds the nominal three times. A new methodology for
the selection of the wire cross-section in the re-short-term mode of heating or the nominal intensity of insulation
wear is proposed. In the first case, the maximum permissible heating temperature of the wire is 70 ° C; in the
second case, a short-term excess of the maximum permissible temperature of the wire during the cycle is allowed,
provided the nominal wear intensity of its insulation. It is proposed to determine the long-term permissible current
of the conductor by heating according to an accurate formula. Given that the cross section and the heating time
constant of the selected conductor are not known in advance, the inverse problem is solved-the limiting amplitude
of the current is found at which the conductor of a particular cross section does not exceed the temperature of 70
° C at the given RST parameters. For operational selection of wire cross — section in the range of currents 25 — 330
A and cross sections 2.5 — 150 mm? calculated table.

Kniouesvie cnosa: nO@mopHO-KpamKOSpeMeHHblﬁ pesrcum, nHacpee npogodoe, UHMEHCUBHOCMb U3HOCA
uzojtyuu

Keyword: intermittent operation, heating of wires, the intensity of wear of isolation of

BBenenne
IIpy  NOBTOPHO-KPATKOBPEMEHHOM  PEXHME
(ITIKP) pabotsr anekrpornpuemuuka (OI1) pacderHsrit

TOK JIJIs1 BIOOpa ITPOBOAHMKA 110 HAarpeBy B U3BECTHOM
auteparype [1, 2 u ap.] npennaraercs onpeAensaTs Mo
dhopmyie
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rae lon — aMIuIUTy IHOE 3HAaYEeHHE UMITYJIbCca TOKa
I,

Irp — JUTUTENBHO AOMYCTUMBIH TOK IIPOBOTHHKA,;

Tne — mpomomkurensHOCTh BKimodenus (I1B),

BBIpa)KEHHAs B OTHOCHUTEIBHBIX eIMHHUIIAX
JUTATENIFHOCTH IHMKIa t,; ompenenseTcs mo Qopmyre
t,
THB — umn
tl{
Metoabl

Henocrarok cymecTBylomero MeToja pacyera

YToObl YyCTaHOBUTH, sIBisieTCA-M (Gopmyna (1)
MPaBIIbHOM, HEOOXOANMO MPOBEPHUTH METOJOJIOTHIO
e TmosyuyeHHs — TIOCTAaHOBKY 3ajaud Iepeq
pa3paboTKOW METO/a M COOTBETCTBUE Pa3pabOTaHHOTO
METO/a UCXOJHBIM YCTaHOBKAM — M IPOBEPUTH METOJ
IIyTEM MPAKTUIECKOTO MPUMEHEHMUS.

VYcnoBusl MOCTAaHOBKM 3a7add BBIOOpA CEUYCHUS
NPOBOJHUKA BCeM H3BecTHBI [1]: BBIOOp HOJKEH
OCYIIECTBIISITECS TI0 HArPEBY WIIM IO CPOKY CITY’>KOBI
W30JIIIUH.

Bonee mompoOHBI — aHamH3
dopmyst (1) BeimosnaeH B padote [3].

OueBuaHo, uto ¢popmyna (1) Oblia nosrydeHa npu
YCIOBUM OAMHAKOBOI'O KOJMYECTBAa TEIUIa, KOTOpOe
BBIJIENIAETCS B MPOBOJHHUKE NpH Toke Imp 3a Bpems
nukia t;,, ¢ OJHOM CTOPOHBI, U NP AMIUIMTYIHOM
3HaueHuu Toka Ol lpp 3a Bpemst ummynbcea tum, C
JpYyTOif CTOPOHBI:

NPaBUIIbHOCTHU

2 _ 2

Iiip * Rpp -ty =I5 - Rpgp * tym, (2)
rzie Rip — aKTHBHOE CONPOTHBIEHHE MPOBOHUKA.
OnpesiennuM,  Kakyl0  MOTPEIIHOCTh  MMEET

W3BECTHBI METOJl OMPEIENCHUs PacdeTHOTO TOoKa
nposojuuka npu [IKP o popmye (1).

[Ipomlecc  HarpeBa TPOBOAHHWKA  TOAPOOHO
uccnenoBad B padbote bparura C.M. [4], oH B oOmem
BUJI€ OITMCHIBACTCS CIEAYIOMNM IU(PepeHITHaTHHBIM
ypaBHCHHEM

rae |(t) — Tok Harpy3ku B MOMEHT BpeMeHH t;
| o HOMMHAJIBHBINA IJTUTEIBHO JOIYCTUMBII TOK

HOI
MPOBOJIHUKA;

® — Temmeparypa HarpeBa H30JISIUH B MOMEHT
BpeMeHH t;

Ouov — HOMHUHAIIBHAS MJIUTEIBHO JOIYCTHMAs
TeMIIepaTypa HU30JIILHH;

Ooip — TEMIIEPATypa OKPYIKAIOIIEH CPEIbL;

T — MOCTOSIHHAs BPEMEHH HArpeBa IPOBOJHUKA;
3HAYCHUs T puBeeHs! B [1, 5 — 8].

[IpumenurensHo k pexxumy IIKP, nocne 3amenst
B dopmyne (3) I(t) = bon u | = lnp, momyunm
caepyrouyo (HopMyly sl HarpeBa HPOBOTHUKA B
TEUCHUC MMITYJIbCa TOKA Ha MHTepBaie BpeMeHH oT 0
ao tI/IMH

M

de o\ ?
TE +06= (@HOM - @oxp) : (ﬂ) + @oxp' (4)

Inp

ITpomecc oxna’kaeHWs NPOBOJHHWKA B TEUCHHUE
0eCTOKOBOM May3bl MOCIE OKOHYAHHS MMITYJIbCa TOKa
Ha WHTEpBajJe BPEMEHH OT tuyn M0 f, ommchIBaeTcs
CJICTYOLINM BBIP)KEHHEM

12 1+0=0,, ®)

Paccmorpum mpumep: Ilpu ITIKP anurensHOCTH
uKIia paBHa ty, = 10 MHUH, aMIUTMTYIHOE 3HAUYCHHE TOKa
OIl pasHo Isn = 150 A, TIB = 0,15.

I[lo d¢opmyme (1) ompenmenseM UIUTETHHO
JOIYCTUMBII TOK IPOBOJTHHUKA

Ip = Irpy[Tys = 150,/0,15 = 584.

Bribupaem mno [1] mNOpoBOAHUK C MEIHBIMU
KWIAMH, MMEIOIUMH  cedeHHme S=10 wMM2,
HOMHHAJIBHBII JUIUTEIBHO JOMYCTUMBIA TOK Inp = 60
A, JUIMTEIbHO [ONMYCTHMYIO TeMIlepaTrypy Harpesa
KHUIT Ouow = 70 °C, NOCTOSIHHYIO BpEMEHH HarpeBa
T=17,5 MuH.

YcTaHOBHUBIIASACS TeMIlEpaTypa MPOBOAHUKA HPH
JUIMTEIBHOM  pexuMe  (momaras — TeMIIeparypy
OKpykatorei cpenbl Oop = + 20 °C) paBHa

o 1? 15012
Orem = (Opons = Oup) - [Imf”] = (70 — 20) - [E =312,5°C. (6)
B Tabm 1 OPpUBEACHBI PE3YJIbTATBI pacyeTa HNHTCHCUBHOCTHU H3HOCa HN30Js1HUHn B pa60Te

TEeMIIepaTyphl MeperpeBa OTHOCUTENIBHO TEMIIEPATYPhI
OKpYXKalomiel cpessl (3a BpeMs UMITyJIbCa TOKA — I10
tdopmyne (4)) u oxmaxaeHus (3a Bpems May3bl — IO
dhopmyne (5)) mMpoBOAHKUKA B TEUCHUE IMKJIA, a TAKKE
UCIIOJIb30BAaHHBIN PECYpPC CPOKa CITy:KObI U30JISALUH 32
BpeMsi LIUKIIA.

B ouepenHoM i-ToM miare pacdera OnpeaensieTcs
IpUpamieHne TeMiepaTypsl A®i 3a  ouepenHoit
unrepBan Bpemenu At = 0,5 muH.

3HaueHHe TeMIepaTypsl ®; B KOHIE I-TOro
MHTEpBaN BpeMeHH (cM. Tpady 3) HaxoauTcs Kak @ =
®i1 + A®; (rne Oi1 — TemmnepaTypa Ieperpesa
NPOBOJIHUKA B KOHIIE (i-1)-TO MHTEpBas BpeMeHH).

WuteHcnBHOCTS M3HOCA n3omsinuu V (cM. rpady
4) ompenensercs mo QGopmyse, KoTopas ClIeayeT U3
3aKkoHa AppeHnyca U SKCIOHEHI[MAJIbHOTO OTHOIICHUS
Montcunrepa [9] u Obla amanTupoBaHa IS ONEHKU

Hukunrnaa FO.M. u Tep-Oranosa 3.B. [10] (cM. Taxke
npumeneHue Gpopmyrel B pabote aBropos [8])

V=e H[O)=Ooul

e p = 0116 —  xoddpdunueHt,
XapaKTepU3yOUHi HWHTEHCUBHOCTh CTapeHust
W30JIALHN.

OTHOCHTEIBHBIN M3HOC HM30JISIIUU 3a UK (CM.
rpady 5) onpexaensiercs mo popmyiie [9]

_1 20
L—E' i=1Vi

1
ume Vi — OTHOCHTENBHBIN W3HOC M3OILSIIAM 32 i-
ThIl UHTEPBAJI BPEMEHH.
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Tabm. 1
TEMIIEPATYPA IEPET'PEBA 1 OTHOCHUTEJIbHBIN U3HOC U30JISIIIUU TIPOBOJHUKA
3A BPEMS HUKJIA
NN Bpewms, Temnepa-typa W HTEeHCUBHOCTB U3HOCA OTHOCHTEILHEI H3HOC
n/n MUH neperpesa 0, °C n30Jsiuuu V, OTH. exl. usoAIHK 32 ket L,
OTH. 1.
1 2 3 4 5
0,0 24,77 0,053551
0,5 43,32 0,460917
1 1,0 60,68 3,452947
2 1,5 76,92 22,717119
j 2,0 71,96 12,776914
5 2,5 67,32 7,457912
6 3,0 62,98 4,507000
7 3,5 58,92 2,813613
g 4,0 55,12 1,810665
10 4,5 51,56 1,198829
3,005
11 5,0 48,24 0,815128
R 45,13 0,568198
14 6,0 42,22 0,405397
15 6,5 39,49 0,295609
1‘75 7,0 36,95 0,219989
18 75 34,56 0,166863
19 8,0 32,33 0,128843
20 8,5 30,25 0,101159
21 9,0 28,30 0,080672
9,5 26,47 0,065280
10,0 24,77 0,053551

AHamm3 Tabn. 1 TO3BONSET chenaTh BHIBOA O
3HAYUTEIIBHOM morpenrHoctu hopmyssi (1):

- JUIMTEJLHO JOMyCTHMas TEMIIEpaTypa Harpesa
KT Onon = 70 °C mipeBbiiiena Ha 76,92 — (70 — 20) =
26,92 °C;

- OTHOCHTENBHBIN N3HOC L M30IIIUH TIPEBHIIICH B
3 paza.

IIporiecc M3MEHEHUsT TEMIIEpaTypsl MPOBOJHHUKA
npu ero Beioope mo Gopmyie (1) npuseneH Ha puc. 1
(BepxHsA KpHUBasd).

Orp, °C

120

100

80

60 //

Seriel

40

Serie2

——

Serie3

20

T T T T T T T 1
1234567 8 9101112131415161718192021

t x0,5 mun

Puc. 1. Ilpoyecc usmenenus memnepamypsbi nNpo8OOHUKA NPU €20 8blbope:

P50 1 (sepxnas kpusas) — no ¢popmyne (1),
P50 2 (nusicnsas kpusas) — no nacpesy;
P50 3 (cpeonssn kpusas) — no popmyne (1)
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YTouHeHHBII MeTO BbIOOPA ceueHNns
nposoaos npu ITKP no narpesy
IIpennaraem oIpenenTh JUINTENIEHO
JIOIYCTHUMBII TOK ITpoBOoAHUKA |rip IO TOUHOH (hopmyIe
(3]
Tty
1-e T

Ipp = Iy oy .

()

Y4uThIBas, 4TO CEYCHUE S U MOCTOSTHHAS BPEMEHU
HarpeBa 1T BHIOMPAaEMOro IIPOBOAHHUKA 3apaHee
HEW3BECTHBI, W ypaBHeHHe (7) Hepaspemunmo,
1eJIeco00pa3Ho pelInTh OOpaTHYI0 3a/auy — HaWTH
Npe/IeNIbHYI0 aMIUIUTY/ly TOKa, KOTOPYIO BBIICPIKUT
MPOBOJIHMK KOHKPETHOTO CEYEHMsI S NpH 3alaHHBIX
napametpax ITKP:

ty
l1-e 7

Isp = Inp T Tupty. (8)
1-e T

[o popmyite (8) ompenennm At pacCMOTPEHHOTO
npuMepa, TOK KAaKOW TIPEAeNbHOH  aMILUTUTYIbI
BBIICP)KAT TIPOBOJHUKH C cedeHueM S1 = 10 mm?
(lnp=60 A, t=7,5Mun) n Sz = 16 mm? (Inp = 80 A,
=11 mun):

10
1—e 75
= 120,94.

_10
1—e 11
0,15+10

Iy, =80 = 173,144.

1—e 11

Pacuersl, BemmonHeHHbIe IO popmynam (4 — 6), a
Takke QopMmyrnam, TpUBEACHHBIM B TaOm. 1, maror
CJICYIOIINE PE3yIbTATHI IS TPOBOJHUKA C CCUCHUEM
S, =16 mm?:

- MaKCHMaJIbHasl TEMIIEpaTypa HarpeBa Kiil paBHa
57,5 °C;

- OTHOCHTEJNIbHBIN U3HOC L m3omsimu pasex 0,08.

[Tpouecc M3MeHEHHsI TEMIEPaTypbl NMPOBOAHUKA
mpu ero BbIOOpe MmO HarpeBy (B ITOM ciydae
TeMIlepaTypsl MPOBOJAHMKA HE JIOJDKHA mpeBbimath 70
°C) npuBeeH Ha puc. | (HIDKHASA KpUBas).

Bropoii npopoanuk (¢ ceuenuem S = 16 mm?)
MOJKET OBITh HCIIOJIb30BAaH B KAYECTBE PACUETHOTO IO
HarpeBy AJIsl pACCMOTPEHHOTO TPUMEPA, TIOCKOIBKY

o = 173,14 A> I3n = 150 A,

Pe3yabTarsl

Jns  ymoOcTBa peanmsali  HOBOTO MeETOnA
BBIOOpa  CEYEHUS]  TNPOBOJOB NPU  IOBTOPHO-
KPaTKOBPEMEHHOM  PEXHUME  aBTOpaMH  ObUIM
OINpEZEJICHbl 3HAYEHHS IPENeNIbHO  JOIyCTUMOMN
AMIUTUTYABI TOKa JJICKTPONPUEMHHUKA TIPH PA3IIMYHBIX
napamerpax IIKP i DpoBOJHHMKOB pPa3IUYHOTO
ceueHMs. OTH 3HA4YCHHUS MPUBEJCHHI B Talbd. 2 — IpHu
BBIOOpE IPOBOJHHUKOB IO HarpeBy; B Tabn. 3 — mpu
BBIOOpPE IPOBOAHMKOB 10 HOMHHAJIBHOMY H3HOCY

(6omee mompobHO cM. [8,11]).
Tabm. 2

MPEJEJBHASI AMILIUTYJIA TOKA DJEKTPOINIPUEMHUKA ITPU IIKP ITPU BLIBOPE

MPOBOJHHUKOB 10 HAI'PEBY

Cevenne S JmurenbHo IlocrosiHHas
N ' JIOITy CTUMBIH BpPEMEHH Ha- [B=0,15 | IB=0,25 | [IB=0,40 | IIB=0,60
TOK Irp, A rpesa 7, MUH
Bpewms mukia ty, = 10 Mun

2,5 25,0 15 31,42 27,74 25,90 25,22
4,0 35,0 3,0 54,79 45,71 40,05 36,96
6,0 42,0 4,8 75,64 61,53 52,17 46,47
10,0 60,0 7,5 120,93 96,71 80,08 69,38
16,0 80,0 11,0 173,14 137,10 111,96 95,34
25,0 100,0 15,7 227,38 178,89 144,73 121,79
35,0 125,0 19,5 290,98 228,25 183,85 153,84
50,0 170,0 23,5 402,47 315,04 252,97 210,83
70,0 210,0 27,5 503,25 393,33 315,14 261,89
95,0 255,0 32,0 617,33 481,89 385,38 319,49
120,0 290,0 35,8 706,75 551,24 440,32 364,45
150,0 330,0 41,0 810,0 631,23 503,56 416,09

[Iporecc M3MeHEHUsT TEMIIEpATypsl MPOBOJHHUKA
IpU €ro BhIOOpEe MO HOMHHAIBHOH HHTEHCUBHOCTH
M3HOCA TIPUBE/ICH Ha puc. 1 (cpemHsis KpuBas).
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Tabum. 3
NPEJAEJBHAS AMILVINTYJA TOKA 3.JIEKT130HPI/IEMHI/IKA ITPU IIKP ITPU BBIBOPE
MPOBOJAHUKOB 10 HOMMWHAJIbBHOU UHTEHCUBHOCTH N3HOCA

Ceuere S JnurensHo IlocrosiHHas
v ! JIOITyCTUMBIN BpPEMEHH Ha- I1IB=0,15 I1IB =0,25 I1B = 0,40 I1IB = 0,60
TOK Imp, A rpesa 7, MUH
Bpewms nukna t, = 10 mun
2,5 25,0 15 38,18 32,99 29,67 27,613
4,0 35,0 3,0 65,72 54,09 46,195 41,05
6,0 42,0 4,8 89,34 71,82 59,58 51,3
10,0 60,0 7,5 139,13 110,115 89,5 75,295
16,0 80,0 11,0 194,62 152,65 122,6 101,80
25,0 100,0 15,7 250,00 195,00 155,52 128,13
35,0 125,0 19,5 315,77 245,78 195,48 160,57
50,0 170,0 23,5 432,21 335,95 266,73 218,70
70,0 210,0 27,5 536,33 416,29 330,15 270,42
95,0 255,0 32,0 652,8 506,63 401,49 328,58
120,0 290,0 35,8 743,64 576,93 457,00 373,82
150,0 330,0 41,0 847,57 657,30 520,40 425,50

B TtomM cmyudae, ecniu mapamerper [IKP OII
(mmarenpHOCTs THWKIAa t, wm IIB) coBmamator ¢
TaOIUYHBIMM WIM OJIM3KH K HHMM, TO IO TaOJMIaM
cpasy  ompenensercs — HEOOXOOUMOE  CCUCHHE
MIPOBOHUKA.

B ToMm ciyuae, ecau mapametpsl IIKP D11 nanexu
OT TaOJMYHBIX, TO BHAayayle MO TaOJUIAM JeNaeTcs
MpeIBapUTEIHHBIN BEIOOp CEUYCHHS TNPOBOJHUKA IO
ommxkaitmum mapametpam [IKP, a okoHuaTenbHBIN
BEIOOp OCYIIECTBISIETCS TIOCIE pacdera mo (opmyie
(8) ¢ ucnonp3oBanueM peanbHbIX apamerpon [TKP.

Paccmorpum mpumep: Ilpu IIKP pnaurensHOCTB
LUKJIa paBHa Uy = 15 MuH, aMIUINTy THOE 3HAUYCHHE TOKA
OIl pasno l>n =140 A, TIB = 0,15.

ITo Tabm. 2 ompexpenseM, YTO TPOBOAHUK C
ceuenneM S = 16 MM? NpH yKa3aHHBIX MapameTpax
IIKP u t, = 10 MuH gonyckaeT OpeaesibHYI0 aMILTUTY Ly
Toka 173,14 A.

[TpenBapuTensHO BHIOMpAcM 3TOT NMPOBOAHUK U
BBIMIOJIHAEM pacueT mo ¢dopmyne (8) mpenensHO
JIOITyCTUMOH aMIDTATYIBI TOKA |5 mpw t, = 15 MunH

_tu _1s
l—e = l1—-e11
131'[ = Inp Trp Ly = 80 _0’15.15 = 160,47 A.
1—e T 1-e 11
[Hony4ueHHs1i pe3ynbTar BBIYHCIICHUI Jluteparypa:
MOJTBEPIKJIaeT MPAaBUIBHOCTH BBIOOpa MPOBOJHHUKA C 1. CmpaBo4HHK 110 IIPOEKTUPOBAHUIO

ceuenneM S = 16 mm2,

JI71st OTIEHKH M3BECTHOTO U HOBBIX MPEJIOKEHUN
paccMOTpUM MpHUMeEP.

Ipu IIKP pnurensHOCTh mukna pasHa t, = 10
muH, [1B =0,15.

Jns mposogHuKa c cedenueM S = 10 Mm2,
HUMEIOIIETO JTUTEIBHO AOMYCTHUMEIA TOK Imp = 60 A,
npefesibHas  aMIUIMTyJa HUMIyJibca TokKa o,
paccunrtanHas mo gopmyne (1), paBHa

Ly = e _ 154924
N
IlpepenbHO  fgomycTMMmasl — aMIUTUTyIa — TOKa

JNEKTPONPUEMHIKA TPU BBIOOpPE TMPOBOJHUKA TIO
HarpeBy paBHa (cM. Tao. 2)
Ion=120,93 A.

[penensHO  momycTHMasi — aMIDIMTyJa  TOKa
AIIEKTPONPUEMHHKA TIPH BBHIOOpE IIPOBOJHHUKA IIO
HOMUHAIILHO WHTEHCUBHOCTH H3HOCA paBHAa (CM.
Tabm. 3)

Ion = 139,13 A.

OKOHYATEIBHOE PEHICHHE, 10 KAKOMY METOIY
BEIOUPATh CEYCHHE TIPOBOIHHUKA — 10 MAKCHMAITEHOMY
HarpeBy WUin HOMHHAJIbHOM MHTEHCUBHOCTH M3HOCA —
MPUHUMAET IPOCKTUPOBIIIHK.
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3ypaoan A.C.
Kanouoam mexnuueckux nayx

UHAYCTPUAJBHOE JJOMOCTPOEHUS B TPEXJIYUEBOM CUCTEME KOOPJIUHAT -
JOM "JIOTOC"

Zurabyan A.C.
Candidate of Technical Sciences

MULTI-STORY BUILDINGS IN THREE RAY COORDINATE SYSTEM - HOUSE "LOTOS"

Annortanusi: [TokazaHo, 4TO CyIIECTBYIOIINE METO/IBI MaCCOBOTO HU3KOOIOPKETHOTO KPYITHOIIAHEIBHOTO 1
00BEMHO-0JIOUHOTO CTPOHUTENHCTBA HE SBJIAIOTCSA CaMBIMH JEHIeBBIMU. MOXKHO CO37aTh HHYIO KOHCTPYKTHBHYIO
CUCTEMY HHAYCTPHAIILHOTO CTPOMUTENBCTBA B TPEX Iy4EBOM CHCTEME KOOPAMHAT M CYIECTBEHHO CHM3HTh

CTOMMOCTH KBaJIpaTHOTO METpa.

Summary: It is shown, that the existing methods of mass low-budget large-panel and volume-block
construction are not the cheapest. We can create another constructive system of industrial construction in the three-
ray coordinate system and significantly reduce the cost per square meter of the building.

Bo MHOrHX cTpaHax XHIHIIHAs IpoOiieMa MmoKa
elle He pellleHa W, HECMOTPS Ha TO, YTO MAacCIITa0bl
KPYITHOIIAHEIFHOT0, KAPKACHOTO ¥ 00BEMHO-0JIOYHOTO
CTPOUTENILCTBA CYIIECTBEHHBI, HYXHBIC €IIe I0JTHe
TOJBI JJIsi 00ECIIEUCHUsT KaXI0H ceMbU KOM(OPTHBIM
KHUITHEM.

Ecim cTomMmocTh 3eMiim B COCTaBe 3aTpar
MaccoBOTO CTPOHTENHCTBA MHOTO3Ta)KHBIX
MHOT'OKBAPTHPHBIX JKWIBIX JIOMOB MHHHMAaJbHA MU
3eMJIsl TIPEIOCTaBIseTCA OECIUIaTHO, TO CTOMMOCTH

KOHCTPYKIIMU 3aHUH MOXET OBITH OIpPECIIONICH,
0C0OEHHO B CEHCMUUYECKUX pafOHaX.

Bce HONBITKH  CHIDKEHHS ~ Ce0ECTOMMOCTHU
M3BECTHBIX  Hamboyiee  OSKOHOMHYHBIX  COOpPHBIX
METOJIOB CTPOUTEIBCTBA, TAKUX KaK KPYITHOIAHEIBHOE
CTPOUTENBHCTBO, 00BITHO CBOJIUJIUCH K
COBEPILICHCTBOBAHHIO OTHENBHBIX 2JIEMEHTOB
KOHCTPYKIIMHA, K TPUMEHEHHIO Oojiee JemIeBhIX
MaTepuanoB. DPQPEKT OT ITUX MPOCKTHBIX PEIICHHUH B
Jy4IIeM cJiydae TPOBOJUT K HEOOIBIIOMY CHIKEHHUIO
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crouMocTd. TakuM 00pa3oM, TpaJULMOHHBIM ITyTEM
CYIIECTBEHHOTO 3KOHOMHYECKOro 3(deKra J0CTHYb
MPaKTUYECKU HEBO3MOXHO. Komdoprroe
KallUTaJIbHOE  KHWJIBE  OCTAeTCs  JAOPOTOCTOSIIUM
MPEAMETOM IEPBOI HEOOXOANMOCTH.

CrouMOCTh KOHCTPYKIMH B Haubojee AEHIeBBIX
KPYITHOMAHEIbHBIX JOMaX B OCHOBHOM OIIPEIENAETCS
pacxosoM OeTOHA Ha KBaJpaTHBIH METp MpoJaBaeMoi
[omagu. B  MHOTOITaXHBIX JOMax HEOOJBIION
STaKHOCTH TOJIIIMHA CTE€H U MEPEKPBITUI 3aBUCUT OT
TpeGoBaHMit 3BYKOM30JISILIUU u MI0’KapHOU
6e3onacHocTd. C TMOBBIIICHUEM 3TaXXKHOCTH, T.€. B
OOJIBIIMHCTBE CIIy4aeB, HA TONIINHY CTEH yXK€ BIHICT
X Hecymas CIIOCOOHOCTh, IO3TOMY Ha HIDKHHX
STaXaxX UX WIM YTOJINAIOT, WM NPHUMEHSIOT Ooiee
BBICOKHE Mapku OetoHa. Ilmockasi, OTHOCHTENHHO
TOHKas, cTeHa nox BBICOKOM Harpy3kou
paccUuTHIBAETCS C YUETOM €€ THOKOCTH M 3TOT (haKTop
BO MHOTOM OIpENENseT IOBBILICHHBIA PACXOH
JKEJIe300€TOHa 10 CPaBHEHUIO C MaJlOdTaXKHBIM
CTPOUTENBCTBOM. IIpH BBICOTHOM CTPOMTENBCTBE C
GONBIIMMH TOPU3OHTAIBHBIMU HAarpy3kaMu Hecyllei
CIIOCOOHOCTH TOTIEPEYHBIX W MPOIOIBHBIX CTEH YacTO
HE XBaTaeT U B pabOTy BKIIIOUAIOT HAapy KHbIE HECYIIUE
CTEHBI. JTO TPAKTUKYETCSI OCOOCHHO B MOHOJHMTHOM
JIOMOCTPOEHHH.

3HaYUTENBHOE CHIDKEHHE CTOUMOCTH
CTPOUTENIBCTBA CTAHOBHUTCSA OCYIIECTBUMBIM, €CIIH
HNEPECMOTPETh KOHIIETIIUIO MHOTO3TaKHOTO
MaccoBOTO  KpPYNHONAHEJBHOTO WIM  OOBEMHO-
6mo4HOTO JOMOCTPOEHHsI  pealn30BaHHAs B
npejaiaraeMbIX HeoOBIYHBIX JoMax «JloTocy (maTeHT
Poccuiickoit @eneparum).

OcHOBHast ues TakuX JOMOB IPH pa3paboTKe
IUIAHUPOBOYHBIX W KOHCTPYKTUBHBIX  pEIICHUI
MHOTO3TaXHBIX 3[aHui, cOOMpaeMbIX W3 COOPHBIX
3JIEMEHTOB 3aBOJACKOTO IIPOM3BOJCTBA, OCHOBaHAa Ha
3aMEHEe IUIOCKOM CTEHBl Ha CTEHOBOM 3JIEMEHT
KPUBOJIMHEHHBIM B IIaHe. Takue »3IIEMEHThl He
BIIUCBIBAIOTCS] B CUCTEMY IEKapTOBBIX KOOPJAUHAT, HO
MIPUMEHHUMBI B TPEX JIy4EeBOH CHCTEME.

B Tpex mydeBoii cucteMe onTHManIbHOHN hopMoit
MHOT'09TKHOTO 3/IaHMA SIBJIAETCS yXKe He KopoOdaras
CTPYKTYpa, npucymas KpYNHONAHEIBHOMY
JIOMOCTPOEHHIO, & TPWJIMCTHHK C TpeMs BETBSIMHU B
IUIaHE, CYUTAIOIINICS, KaK ¢ KOHCTPYKTUBHOM, TaK U C
rpaloCTPOUTENILHON  TOYKU 3pEHHsA, OJIHOM U3
ONTUMANbHBIX CTPYKTyp. IloBbImaerca miomans
CEeKIIMH, HAa OJMH JIECTHUYHO-TM(TOBBIH y3en Npu
CTaHJAPTHOM pELICHUU MPUXOJUTCA HE YeThIpe, a
mecte U Oornee kBaptup. PasBuras B 1urane ¢opma
TPWINCTHUKA TIOBBIIIAET HECYIIYI0 CHOCOOHOCTh
31aHUS [IPH BO3JIEHCTBUH TOPHU30HTAIBHBIX BETPOBBIX
U CeICMHUYECKUX Harpy3Kax.

OTKa3 OT MIOCKUX MOIMEPEYHBIX M MPOIOTBHBIX
CTEH U MPUMEHEHUE NPU BO3AECUCTBUM BEPTHUKAIBHBIX
Harpy3ok ©Ooyiee YCTOHYMBBIX M SKOHOMHYHBIX
KPHUBOJIMHEHHBIX CTEH C HanboJyiee MPOCTOH KPYIJIoi
(opMoOii B TuIaHE CO3AAET HOBYIO KOHCTPYKTHBHYIO
CTPYKTYpy 31aHusi. OCHOBHBIM COOPHBIM 3JIEMEHTOM
IPH 3TOM SIBJIIETCSI M30THYTas IO KPYTry B IUTaHE
CTEHOBAsl TaHeNb WM LIWIMHIPUYECKHH 0O0BEMHBIH
IIPOCTPAHCTBEHHBIM 3yIeMeHT. Takas naHelb WIN
MPOCTPAHCTBEHHBIH OOBEMHBIN OJIOK, MOTYT OBITH
PAacCIIOJIOKEHBI 110 BHEIIHEMY KOHTYPY KayKI0H UX TpeX

BETBEH 3MaHUs U B BUAE KPYIJIOrO sipa B LIEHTpE
Kaxao# u3 BerBei. CaMu BETBU 00bEJUHEHBI KECTKUM
JIECTHUYHO-TH(TOBBIM Y3JIOM.

EcrecTBeHHO, 4TO Takas KOHCTPYKLHUS CO3JaeT
WHOM THUN NEPEKPHITUH B BHUJE OCHOBHOM KpYIriou
TUTUTBI, KOTOPasl YK€ MOXKET OBITh BBIIIOJIHEHA B BUJIE
BBICOKOOKOHOMMYHOM MEPEMEHHON O TOJILMHE
BCHAPYIIEHHOW IUIMTBI C KOHTYPHBIM  peOpoM,
pabotatomelr ¢ pacmopoMm. ToNmuHA TakuUX I[UIAT
OIpeNieNIAeTCsl TONBKO YCIOBUSAMHU 3BYKOM3OJIALIUY,
MMOCKOJIBKY HecyIash apMmarypa pacrloiokeHa I0 ee
KOHTYpDY ¥ MOXET  OBITh  IPEIBAPHUTEIHLHO
HalpspKeHHOH. Pacxon apmaTypHOW cTaiu mpu 3TOM
MUHAMAJbHBIA M MOXET JocTturatb 3-6 Kkr Ha
KBaJIpaTHBIH MeTp IUIOMIagu IUIMTHL. VcmbITaHne
IUIUTBl  [OKa3aJd, YTO OHAa MPaKTUYECKH He
mporudaeTcsi MpH pacdeTHOW Harpyske (mporubd 1-2
MM). [IpuBenenHas TonmuHa mwiut 14 cm.

Takxum 06pa3oM, KOHCTpYKIHUs 30aHus «JloTocy B
caMOM IIPOCTOM Ciydae IIpeACTaBsieT coboii,
00BETUHEHHBIE MEXIY COOOW JeCTHHYHO-TH(TOBBHIM
y3JI0M, TpU BETBHU, COCTOSIINE U3 BHEIIHETO JKECTKOr0
KOHTYpa ¥ BHYTPEHHETO KPYTJIOTO B IDIAHE HECYIETO
anpa. BHemHUN KOHTYp COCTOMUT U3 COIPSDKEHHBIX
JPYT C OPYTOM U30THYTHIX IO KPYTY B IUTaHE CTEH.

B Takoil cucreme Hecyllas HapyXHas U30THYTas
CTCHAa Kak OBl IUIABHO MEPEXOAHWT BO BHYTPECHHIOKO
HECYLIYI0, 3aMEHssl COOOH HapyXKHbIE U MOINEpPEeYHbIC
CTCHBI KPYITHOIIAHEITFHOTO 3IAHHS. B
KPYITHONAHEJIbHOM JIOMOCTPOCHHH JKelIe300eTOHHbIE
HapY’>KHBIC CTCHBI BHITIOJNHAIOT TOJBKO OTPakIaroIIne
¢bynkuy, a 310 npuMepHo 20 % pacxona OeToHa Ha
KBaJpaTHBIA METp 0OIICH TTOIIAIH.

Mexay BHYTPEHHHM SAPOM U KPYIJIBIMU
IUTUTaMH MEePEKPHITHS PacCIIOIOKEHBI
TparerenJjaibHble B IUIAHE 3JEMEHTH TEePEKPHITHH,
co3jamolye TIyOMHY BeTBeW 37aHus. B jecTHUYHO-
Tu(TOBBIM y37Ie TaKKe MPUMEHEHBI KPHUBOJIMHEHHBIC
3JIEMEHTHI CTEH.

B Oomee CIOXKHBIX cIoydasx C IOBBIIICHHEM
STaKHOCTH, €CIIM HE XBaTaeT Hecylled CcliocoOHOCTH
KPUBOJMHEHHBIX CTEH, B KOHCTPYKIIHIO KaXKI0 BETBU
JNO0aBIAIOTCS paAManbHBle Hecylue CcTeHsl. llpu
HEOOXOIUMOCTH, U1 BBICOTHBIX H CEHCMOCTOMKHX
3MaHUHi, 1O  BHEIIHEMY  MEpUMETPYy  MEXIY
KPUBOJMHEHHBIMH CTEHAMH MOXET OBITh BBITIOJTHEH
MOHOJIUTHBIN  JKelne300eTOHHBIN Kapkac. Eciu B
pagMaNbHBIX HECYIIMX CTEHaX [0 pacdeTy Her
HEOOXOUMOCTH, OHH MOTYT OBITh 3aMEHEHBI JIETKUMH
neperopoakami. Ilo cpaBHeHUIO ¢ KpyIMHONAHEIbHBIM

JIOMOCTPOEHUEM, TJIe Temepb YK€ JOCTUTHYTa
BO3MOXHOCTb  CTPOUTH  JBaJUATH  MSATUITAKHBIE
3gaHus, JaoMa «JIoTOoC» TO3BOJISIOT elle OOJIbIIe

MTOBBICUTH TAXKHOCTh COOPHBIX KOHCTPYKIUH 3MaHUMN
JI0 TPHUIIATH, a ¢ MOHOJHUTHBIM KapkKacoM U Oolee
sTakeil. DTOT (PaKT BHOCHT HEKOTOPHIE KOPPEKTHBHI U
mpHu OLEeHKe 3(P(PEKTUBHOCTH C YUETOM CTOMMOCTH
3emiisl. BBICOTHOCTb yMEHBIIAeT 3aTpaThl Ha 3€MIIIO.
Eme onmuH (¢aktop BAMSIONMMIA HA TOBBIIICHHUE
3¢ (GEKTUBHOCTH C YYETOM CTOMMOCTH 3EMEIbHOTO
ydacTka — 3TO OOJbIas TUIOIIAAh CEKITMH Ha dTaxe U
OoJbIIasi IIMPUHA CEKIUH 110 CPABHEHUIO C THIIOBBIMHU
KpYIHOTIaHETbHBIMHU CEKITUSIMHU.

[Ipn npuMeHeHUH KPUBOJIMHEMHBIX CTEH M Tpex
Jy4eBOM CTPYKTYpbl TIJIaHA 3[aHUS BO3HHUKAIOT
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HCOOBIYHBIC KBapTUPbI C HAPYKHBIMU CTCHAMU
MUIHHAPHUYCCKON (DOPMBI ¥ C paHATbHBIMHU IIOCKUMH
CTCHaMH. JTO MOXXET OBITH OIPaBIAHO TONBKO ECIH

Marepualia, Korga u3 Toro xe 0OeTOHA MOXKHO co3aaTb
O CPABHCHHUIO C KPYNHONAHCIIbHBIM JOMOCTPOCHUEM
CYIECTBEHHO OOJIbIINE TI0IIa .

[TPUMEP ITJTAHA TUIIOBOI'O 5TAXA CEMHAJ/IHATU2TAXHOI'O KMJIOI'O IOMA
"JIOTOC" BAIIEHHOT'O TUITA C KBAPTUPAMUW YBEJIMYEHHOI'O PABMEPA

JOCTUTACTCS TakKas 3KOHOMUS KOHCTPYKTHUBHOT'O

S:)T = 590 le
Sy = 56 M2
Sou = 536 M2
Secexum = 8840 M2
C-1-12:2-34
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[pu Tpex my4eBoii cucTeMe ¢ MMIMHAPHIECKUMHI
0JIOKaMU PacXoJ1 KeJIe300eTOHa MOXKET ObITh CHIDKCH
Ha JBaALATh U Ooyee NMPOLEHTOB IO CPAaBHEHHIO C
0TpabOTaHHBIMK CEPHSIMHU TTaHEIbHBIX JOMOB, I'lle OH
paBen 0.74 u Gonee xKyOuyeckux MeTpoB OeTOHA Ha
KBaJpaTHBIN MeTp obmied (ImpomaBaeMoif) IUTONIaNH,
T.€. 3TO TPAKTUYECKH JONOJHHUTENIbHAs KOMHATa B
KBapTHpe. DKOHOMHS OETOHA MOXKET OBITH erie Oolee
3HAUUTENbHAs, €CIIM TIPUMEHITh BEHTWIMPYEMBIH
(hacaz, a HE TPEXCIIOMHBIC HAPYKHBIE CTCHBI.

o cpaBHEHMIO C HE THITOBBIMH XHJIBIMH JOMaMH,
HarpuMmep, € MOHOJUTHBIM KapKacoM, CHIDKEHHE
CTOMMOCTH MOXET OBITh elle 3HauuTenpHee. [l
MacCOBOTO CTPOUTEIHCTBA ITO JIIEIOHBI I[EMEHTa,
KPYITHOTO M MEJKOTO 3aI0JHUTENs, apMaTypHOIl
ctanu. Ha nBaanaTe u Oojee MpOIEHTOB YMEHBIIIAETCS
KOJIMYECTBO  KaphepoB,  CHOCOOCTBYS  OXpaHe
OKpY>Karollei cpepl.

B kaxxnoii BeTBU cexuuu JoMOB «JIoTocy MoxkeT
OBITH PacIIONOKEHO HECKOJIBKO KBapTHP, B OCHOBHOM
nBe. KBapTupbl B Takmx pomax o0pasyloTcs IIyTeM
pacroyio’)keHuss KOMHAT BOKpYr caHy3na. Pa3mepsl
KOMHAT PEeryJUpYITCs NepeMeIeHHeM NepEropoIoK.
Bo mMHOTOM 3TO XecTKasi cXxema, HO M B TaHEIbHBIX
JoMax Mpu (UKCHPOBAHHOM IIare BHYTPEHHUX CTEH
TaKk K€ OTPaHWYCHHI BapHaHTHI JeJleHUs. 1 ocTHHBIE
kBapTHp 1oMoB «JloToc»  oOpasyroTcst myTem
00BEeTMHEHNST CTAaHIAPTHOW KOMHATHI C KyXHEHW WIN
JIBYX CMEXHBIX KoMHaT. He cocraBmser Tpyna
O00BEANHHUTH JBE KBAPTUPHI B BETBSX TPUINCTHUKA
Mexay coboit. Co cropoHsl (acana Mexay OJloKaMu

PACXOJT KXEJIE3OBETOHA

[LuTel nosa 2025 m?
Hecynme cretb 2126 M3
Ileperoposku (suencThiii 6eToH) 516 M3
JlecTHUIIBE 32 M3
HUroro 4699 m?
Pacxon xene3oberona KIT/]

Ha M2 ob1uei mionaan 0.74m3/M?

Pacxoz 6etona = 0.53 m3/m2<0.74m3/m?
DxoHomusi  29%

3K

mwl& &
\

00pa3yloTcs MOJOCTH, KOTOpPbIE TPH CTPOUTEIHCTBE
BBICOTHBIX 3JJaHUH U B CEHCMUYECKUX 30HAX
3aMOHOJIMYMBAIOTCS U 00Pa3yIOT KapKac, a He B CTOJIb
BBICOKHX JIOMax CIIyaT Kak Obl TEPMOCOM 3lIaHHUSI U
MOTYT MCHOJIb30BaThCsl KaK BHYTPEHHHE IIKa(bl ast
XpaHEeHHUS.

He tpagumuonHass ¢opMa KBapTHp HMEET |
nperMyliecTBa. Bcsi He ocBellleHHas 30Ha KBapTHP
C)KaTa ¥ UMEET OTHOCHUTENIFHO HEOOJIbIINE TUTOMIa IH, a
OCHOBHas IUIOIIA/b HaXOIHUTCS B OoJiee OCBELIEHHOM
30HE M BBIXOIUT HE Ha OJHY IUIOCKOCTH (hacana, a Ha
KpPUBOJIMHEWHBIN KOHTYP.

OTX0l OT NPSAMOYTOJBHONH CHCTEMBI, Ka3aJoCh
Obl, HE TMO3BOJACT JENWUTh IUIOMAAM Ha HOBHIE
MOMEIIEHNS, HO U B MaHEJIbHBIX JOMax 3TO JICJICHHE
TIPOUCXOUT KpaliHe penko. Yame pu
HEOOXOIMMOCTH JIeJICHHS MEHSIOT KBapTHPHl Ha
6onpmme.

He mnpsmoyronabHble IuIOmaad KOMHAT ISt
paccTaHOBKHM MeOEeIH HENPUBBIYHBI, HO Y HApPY>KHBIX
CTeH MeOeJlb Pe/IKO YCTaHABIMBACTCS U Y MAHEIbHBIX
3MaHni, 37ech  HCIOJb3yeTcss ee  CBOOOaHas
paccTaHOBKA, MOCKOJIBKY Hapy)KHble KpPUBOJIUHEHWHBIE
CTEHBl YaCTHYHO TPEBPAINAIOTCS BO BHYTPEHHHE
cteHel. Ilpm 3TO BCe 3TO ONpaBIBIBACTCS WIIH
HaJM4YMeM NP TOU K€ CTOUMOCTH OOJIBIIEH TUTOIa N
i 601ee HU3KOW CTOMMOCTBIO KBapTHP.

Hecmorps ©Ha HeoObruHBIE (OpPMBI KOMHAT
Me0enb MPUMEHSEeTCS B OCHOBHOM TpaaWIOHHasA. B
CJIy4ae pa3BUTUE TAKOTO CTPOUTEIBCTBA CKOPEE BCETO
BO3HMKHET IIPUCIIOCOOIEHNEe MeOeNbHOH OTpaciu K
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TaKUM J0MaM, TeM OoJiee NpH MPUMEHEHHH TIeYaTH Ha
3]] mpuHTepax. ApPXUTEKTOpPbl M AU3aiHEpPHI MOTYT
MOMOYb NOTPEOUTEINIO B OpPraHU3alH IIPOCTPAHCTBA B
HETPaAMLUOHHEIX  (QopMax W  HM3BJIECYb  JlaXKe
npeuMyniecTBa. Hanpumep, H30rHyThIH PPOHT KyXOHb
MHHUMH3HPYET IBIDKCHHE, a paclIMpeHHas 30Ha Yy
OKOH MO3BOJISIET YCTAHABIMBATH KYXOHHBIH OCTPOB
Jla’ke B HEOONBIINX KBapTHPaXx.

He wnckiroueHo, yto MHOTHE TIOTpeOuTenn OymryT
OTAaBaTh MPEANOYTEHHE KBapTHpaM TAaKOTO THIIA,
Omaromapst ~ BO3MOXKHOCTH  TNIPHOOPECTH  KIIIbE
CYIIECTBEHHO OOJbLICH TJIOMIAAN 32 TE€ )K€ CPEJCTBa.
[Ipn coumaspHOM pacHpeneNeHHH JKWIbS MOXKHO
YBEJIMYUTH HOPMBI BBIIIENISIEMOH TUTOLIA .

B nenoM npsiMoyroibHas cUCTEMa KOOPAMHAT B
CTPOUTENBCTBE BO3HHKJIIA [UISl YIPOLICHUS JICJICHHUST U
UCTOPHYECKH, OJlarosiapsi HAIWYHMIO Jieca ¥ BOSHUKIIEH
CTOEYHO-0a09HON cucTeMbl. B pernonax rue ieca HeT
KUIbe cTposaT U apyrux ¢opm. C mosBieHuem 3]]
neyaTu JOMOB OOJBIIMHCTBO KOHCTPYKLHMH HMEIOT
n3orHyTHIe (popmbl. OTHAKO Takas BO3MOXKHOCTH €CTh
U TIPY JINTBEBON TEXHOJOTHH, IPUCYIIEH OETOHY.

Joma «JIoToc» B OCHOBHOM OallleHHOTO THIA C
Gonplie ATaXHOCThIO, YeM B KPYHMHONAHEIHHOM
CTPOUTENBCTBE, HO OHHM K€ MOTYT OJIOKMPOBATHCS B
BUJIE AYIJICKCOB WJIM B COYETaHHWU C Oosiee Y3KUMHU
CeKIMSIMH, CO3JAaHHBIMU [UIsi HEOOJBIIMX YYacTKOB
3acTpoiiku. [l y3KMX ~ yd4acTKOB  3aCTPOMKH
pa3paboTaHbl JOMa CEKIHOHHOTO THIIA, IpaBlia C
MEHBIIUM  JKOHOMHUYECKMM  3¢dexroMm.  Ilpu
MaJIOdTAKHOU 3acTpoiKe HKOHOMHYECKas
Ie7IECO00PAa3HOCTh HE CTONb NMEPCIEKTHBHA, HO NP
HaJlMuhe CO3JaHHBIX MOIIHOCTEH OHa BO3MOXKHA B
BUJI€ OPUTUHAIBHBIX THUIIOB JJOMOB.

Haubonee 3 PEeKTUBHBIM METOAOM
CTPOUTENIBCTBA JOMOB «JI0TOCY ABNIsSETCA IPUMEHEHNE
00BeMHBIX 0770k0B. OJHUM U3 OTpaHHUUYEHHH ITPU 3TOM

SIBJISICTCS HEOOXOIUMOCTh TPAHCIOPTUPOBKU
KpYIMHOTAa0APHUTHBIX JJIEMEHTOB. B CBsI3M C 3THM
paccMaTpuBaeTCs TPU CXEMBI TaKOTO MPOM3BOJICTBA.
IepBas, korga TPaHCIOPTUPOBKA OJIOKOB HE SABJISICTCS
MPEMATCTBUEM, CO3JAHHC MUHH WM IOJHOLCHHOTO
3aBOJA JUIA BHIITyCKa 00BEeMHBIX 0I0KOB. BTopas cxema
- YJICHEHUE 3aBOJICKAX COOPHBIX 00BEMHBIX JIEMEHTOB
HA CTEHBI U MEPEKPHITHA. TPEThs - 3TO MPOM3BOICTBO
OCHOBHBIX 0JI0KOB HETIOCPEICTBEHHO Ha
CTPOHMIUIOIIAAKE C JOCTaBKOM KOMIUIEKTYIOLUIUX C
MPOU3BOJACTBEHHON  0a3bl, YTO  COOTBETCTBYET
HM3BECTHOMI TEHICHITUH nepeHoca MHHH
JIOMOCTPOUTEIHLHOTO KOMOMHATa Ha CTPOUIUIOIIAIKY.
Bropas cxema ocyiecTBIMa MPAKTHUCCKU BE3JIC.
TexHonmormyeckass OCHAacTKa JiIsl  COOPHBIX
KPUBOJHUHEHHBIX 3JIEMEHTOB OTJIMYAETCS
MUHUMAaJIbHON METAJZIOEMKOCTRIO M TPeOyeT pacxona
MeTajUla MEHBIIETO, YeM [UI1 KPYIMHOMaHEIHHOTO
JOMOCTPOCHHSI TIPH TOH KE IPOM3BOJUTEIHHOCTH
MIPOU3BOJICTBA. Mensbmas METAII0EMKOCTE
obopynoBaHus (IpUMeEpHO B 2-3 pasa) oOecTieynBaeTCs
KPUBU3HOU W, B CIIEACTBUHU ATOTO, IPOCTPAHCTBEHHOM
JKECTKOCTHHO nu OTCyTCTBI/IeM HeO6XO[[I/IMOCTI/I
00eCTeYNTh KECTKUC IOMYyCKH IO OTKIIOHCHUSM OT

IJIOCKOCTH bopm. ITo CPaBHEHHUIO c
KPYIHOIIAHCIbHBIM CTPOUTECIILCTBOM, YCKOPSACTCA
MOHTaQX, TIOCKOJIBKY BC€ OCHOBHBLIC MOHTAXKHBIC

9JIEMEHTHl YCTOMYMBHI U HE TpPEOYIOT MOHTa)HBIX
KpEIUICHUM.

Takum o6pa3zom goma «JloToc» MoOryT OBITH
MPUMEHEHBI T MAacCOBOW 3aCTPOHKM B CIyYasXx,
KOTZa  ONpedeisiomel  SBIAETCS ~ CTOMMOCTH
KOHCTPYKIMHU 3HaHus. JKWuTennm MOTyT 3a Te Ke
cpeactsa nprodpectr Ha 20-30% GompIyIo MIOmANb,
YTO PaBHO3HAYHO JOMOJHHUTEIbHOM KOMHATe. D ekt
MOBBIMIACTCA TIPH CTPOUTENBCTBE B CEHCMUYECKHX
paiioHax.
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MATEMATHYECKOE MOJEJIUPOBAHUE OTCOCA 3ATPA3HEHHOI'O BO3AYIIHOI'O
BO34YXA BO3JIE ABTOJOPOT'

Summary: Development of numerical model, which allows quick computation of polluted air suction near the
road. The developed model is based on the equation of potential flow and equation of pollutant mass transfer.
Equation of potential flow is used to compute wind flow near road in the case of suction tube application. To solve
equation for potential flow method of conditional approximation was used. The implicit change — triangle difference
scheme is used to solve equation of convective — diffusive dispersion. On the basis of the developed numerical models
a computational experiment was performed to estimate the influence of suction tube application on local air pollution
near the road.

AHoranis: Po3poOka dncenpHO MOZeNi, M0 JO3BOJISAE IIBUAKO OOYMCITIOBATH BCMOKTYBaHHS 3a0pYIHEHOTO
noBiTps 0111 Hoporu. Po3pobiieHa Moens 6a3yeThCs Ha piBHSIHHI HOTCHIIHOTO IMOTOKY Ta PiBHAHHI MacOIepeHOCY
3a0pyJHIOIOYUX PEYOBHH. PiBHSIHHS MOTEHIIHHOTO MIOTOKY BUKOPHCTOBYETHCS IJIs1 OOYMCIICHHS BITPOBOTO TIOTOKY
011 JOpOTH y BUIAJKY 3aCTOCYBaHH TpyOKH BCMOKTYBaHHS. J{J1s1 po3B'a3aHHs PiBHSIHHS IS IOTEHLITHOTO IIOTOKY
OyB BUKOPHCTaHUI MeTOJI yMOBHOI anpokcuMattii. /list po3B'si3aHHs piBHSIHHS KOHBEKTHBHO-U(Dy311HOT mucnepcil
BUKOPUCTOBYETHLCS HESIBHA ITONIEPEMIHHO-TPUKYTHA cxeMa. Ha 0CHOBI po3po0JIeHUX YHCETbHUX MO/ICNIEH POBEICHO
00UKCITIOBANIbHUI €KCIIEPUMEHT JUIsl OLIIHKH BIUTMBY 3aCTOCYBaHHsI TPYOKH BCMOKTYBAHHS Ha MiCLIEBE 3a0pyAHEHHS

MOBITpSI OLIIS1 TOPOTH.

Key words: air pollution; road traffic, numerical simulation, suction tube
Kouosi crosa: 3a0pyonents nogimps,; 00pOd*CHIl PYX, UlcelbHe MOOeN0BAHH, 6CMOKMY8ANbHA mMpyoa

Introduction. Different mitigation measures are
known to reduce level of air pollution from road traffic.
For example [8]: vegetation near roads, porous asphalt,
sound walls, dust suppressants, TIO, covering of the
road, etc. Every mitigation method has its advantages
and disadvantages, which can be revealed in specific
conditions for specific road. One of the mitigation
method to remove polluted air from the road traffic is
application of suction tube connected with the system
which provides polluted air transfer from the road and
its purifying [8]. To implement this system at any part
of road it is necessary to obtain beforehand information
about its effectiveness.

Laboratory experiments to solve this problem
consume much time and are expensive [9]. More
appropriate way is an application of computer
simulation. Existing commercial codes such as
ANSYS, FlowVision, etc can solve this problem
“without tension”. As a rule, these codes use Navier —
Stokes equations coupled with different turbulent
models to compute wind flow [11]. It’s a common
knowledge, that if we use Navier — Stokes equations we
must use very fine grid to simulate vortex formation
(near solid walls, etc) in the computational region [12].
That results in huge computational time [7]. It is not
convenient for every day study and we can’t embody
this approach if we have not ‘good’ computer. The
alternative way is to develop numerical models which
can ‘capture’ the main physical processes which

influence the contamination zone formation near the
road and do not consume much computer time.

Goal. The goal of this paper is development a
numerical model for quick computing of the local air
quality near roads with account of suction tube
application to remove polluted air from the road.

Mathematical model. We study the effectiveness
of suction system near the road. This study is divided
in two steps. At the first step we compute flow pattern
in the region in case when the suction system is
installed. At the second step we simulate the pollutant
dispersion when the suction system works.

To simulate the wind flow near the road we used
model of potential flow. In this case the governing

equation is as following [5]:
a%*p | 8%p _
o =0 @)

where P is the potential of speed.
The wind velocity components are calculated as

follows:
_9p
~ ax’

__ 0P
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The computational region is rectangular one.
Boundary conditions in the computational region are
discussed in [1, 5].

Dispersion of NO, NO2 from vehicles is simulated
on the basis of mass transport equations (3, 4) [1].



[ |

36 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #7(47), 2019 EESTL
a[No] | du[No] | @ [NO NO] a a[No]
S+ o 22 = (e P + 2 (y T + QoS (x = %)8(Y = Vo), @A)
a[NOy] | du[NO,] a [NO ] NO ] 3IN0;]
et o "ay 2= 2 e TS + 5 1y DD + Quoa b (x — x0)8( = y0), (4)
a[03] | oulos] 317[03] d 9[03] d [03]
at ax ay  ox (“x ax )+ 5(“3’ ay ) ©)

where Qpo is emission rate of NO from the
vehicles; Qyp, 1S emission rate of NO, from the
vehicles; u, v are air flow velocity components; u =
(1x, 1) are coefficients of turbulent diffusion; xo, y,
are coordinates of emissions; § (x — x;), 6(y — y,) are
Dirac delta functions.

Eqg. (5) here is used to simulate O; dispersion
because we want to take into account the following
chemical transformations of pollutants [6, 10].

J
NO, + h,— NO + 0, (6)
0+ 0, - 05, ©)

k
NO + 05— NO, + 0,. (8)

In the model developed there is no 05 emission in
the computational region only it’s inflow through the
inlet boundary (section x = 0). We assume that inflow
0O; concentration is equal to it’s background
concentration which is known for the region. To
simulate chemical processes (6) — (8) the following
equations will be integrated in each computational cell
[6].

d[No

M) = K, [NO[0] +JINO,],  (9)
d[NOo

2% = ky[NOJ[0;] - JINO,L,  (10)

Al = Ky IvOI[0;] +7INO,], (1)

where k,, ] are empirical constants [6].

We can denote by ‘C’ any concentration from Eq.
(3)-(5). Then the boundary conditions for these
equations can be written as follows [1, 2, 5]:

— inlet (left) boundary, x = 0: C|;1e: = Ci, Where
Cy is known concentration ;

—outlet (right) boundary x = L: in numerical
model the condition C(i + 1,j) = C(i,j) is used (here
C(i + 1,j) is concentration in the last computational
cell, C(i, j) is concentration in previous computational
cell. This boundary condition means that we neglect the
process of diffusion at the section x = L.

— top boundary and ground surface Z—i =0.

At time t = 0 we set the background NO, NO,, O3
concentrations in the computational region.

Numerical models. Correct calculation of wind
flow is a very important step when we solve
numerically mass transport equations like Eq.(3) — (5)
because these equations are based on continuity

equation:

Ju av
—+—=0.
ox ay

(12)

So if we use any method of numerical integration
of mass transport equations we must provide, in
numerical form, implementation of ‘condition’ (12) in
each computational cell. That is one of main problems
to be solved when we develop numerical model of
pollutant dispersion.

To perform numerical integration of governing
equations rectangular grid was used.

To solve numerically Eq. (1) we used so called
‘method of conditional approximation’. In this case Eq.
(1) was written preliminary in evolutionary form [4]:

) 13)
on  9x?2 = ay?

where 7 is fictitious time.

After that Eqg. (13) was approximated and split in
two steps. The difference scheme at the first step of
splitting is [4]:

1 1 1 1 1
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At the second step of splitting the difference scheme is [4]:

1

n+s
n+l _ 2 n+1
Pl,} Pi,j [Pl+1]

Pi’:lj+ 1 Plnjt- 11 Pln}+ 1
At '

Ax?

of computational cells. The calculation is over if the

At each step of splitting the unknown parameter
P, following condition is fulfilled:

;j 1s determined using explicit formula of ‘running
calculation’. Parameter P ; is determined in the centers

|PPt —Py| <,

where P{}“ is new value of potential; P/ is the
previous value of potential; ¢ is a small number.

To begin calculations using this difference scheme
we must set ‘initial” field for potential P, for example,
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Components of wind velocity are computed on the
sides of the computational cells using the following
formulae:

uij =

vij =

Pi_1;

Pl,j_
Ax
Pi‘j_

4y

Pij1

Mass transport equations may be written in a common view as:

ac
at

ouc

dx

ave

ay_

where C is concentration (NO, NO,, O3). In case of
05 transport we have Q;(t) = 0.

ac N ouC
ot ox
ac

To solve equations from (15) we used change—
triangle difference schemes.

div(ugradC) + + Y%,

9 ac
E‘&(“xﬂ)

% = Y0 (®8( — x5 — yy).

Qi (®)6(x —x)d(y — y1), (14)

Before numerical integration of mass transport

Eqg. (14) we split it as follows:

ovC _

—=0
+ay

4 a < 6C>
ay \" 3y

(15)

The convective derivatives are represented as

following [1, 5]:
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The approximation formulae which were used are as following:
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The first equation from set (15) is numerically ci’fj —Ccr

integrated using change-triangle difference scheme. In
this case difference scheme of splitting is:
— the first step of splitting (k=n+1/4):

ck—-cr 1
LJAt ij +§(L}Ck + L;Ck) =0;
— the second step of splitting (k=n+1/2, c=n+1/4):
Cilfj B Cl(f] 1 L—Ck L_Ck =0
— g ta (L) =0
— the third step of splitting (k=n+3/4, c=n+1/2):
— 4+ E(L;C" +L,Ck) = 0;

At
— the fourth step of splitting (k=n+1, c=n+3/4):

i1
L
T 4o (Lick +15c%) = o0,

At each step of splitting the unknown parameter
C;; is determined using explicit formula of ‘running
calculation’.

The second equation from (15) was integrated
using ‘method of conditional approximation’. In this
case the difference scheme of splitting is

— at the first step of splitting:

1 1 1 1 1
n+s n+;  nts n+s;  n+s

2_p,n, _ 2 2 _ 2 2
Cij "Gy _ Cij O] o u Cij "t

At x Ax? y Ay? !

— at the second step of splitting:
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At each step of splitting the unknown parameter
C;; is determined using explicit formula of ‘running
calculation’
The approximation formula for the third equation
from (15) is:
CBY = CREA + 48 ) 0y (D8 x = )80 = 0.
At the next computing step we integrate Eq. (9) —

(11) in each computational cell using Eurler method.
To form the computational region (position of vehicles,

suction opening, etc.) we used ‘markers’. For coding
difference equations we used FORTRAN language.
Results. We used developed numerical model to
compute NO concentration near road on the basis of Eq.
1), 3)-(5), (9)-(11). Numerical experiment was
performed for three scenarios. Sketch of computational
region is shown in Fig. 1. The first scenario is an
application of barrier near the road which has a form of
vertical plate screen. The second scenario is an
application of suction tube. The third scenario is an
application of suction tube + additional screen.

Fig. 1. Sketch of computational region: 1 — suction system

Results of numerical experiments are shown
below. Fig. 2-4 show concentration field in the

computational region for all scenarios. Concentration is

oo oo

printed using format ’integer’ and every number in
these figures show percentage of concentration from

the maximum one in the computational region.
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Fig. 2. Computed NO concentration near the road (no suction, only barrier near the road): 1 — vehicle; 2 —

Fig. 3. Computed NO concentration near the road in case of suction tube installation: 1 — vehicle; 2 — opening
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vehicle; 2 — suction tube; 3 — additional screen (scenario #3)

Fig. 5 represents NO concentration
(dimensionless) near road for all scenarios. Position
x = 0 in Fig. 5 corresponds to barrier position.
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Fig. 5. Computed NO concentration (dimensionless) near the road, level y=1.7m:
1 — no suction near the road; 2 — in case of suction tube installation; 3 — in case of suction tube installation +
additional screen

One can see from Fig.5 that implementation of
suction system with additional screen can reduce
contamination at the local level near the road.

Worthy of note that computational time was about
5 sec to compute each scenario. It allows to use the
developed numerical model for practical application
when series of computational experiments must be run
to choose the appropriate parameters of the system for
reduction of air pollution near the road.

Scientific novelty and practical significance.
Developed numerical model allows to compute wind
pattern and air contamination near the road where the
mitigation measure such as suction tube is used. Model
allows to perform fast calculations. Results of
numerical experiment are presented.

Conclusions. Numerical model for estimating the
efficiency of suction system which is used to minimize
air pollution near the road was developed. Wind pattern
near the road was computed on the base of potential
flow model. Convective — dispersion equation of
pollutant transport was used to simulate air pollution
near the road. Numerical integration of governing
equations was performed using difference schemes.

Further improvement of the model should be
carried out in the direction of creating a 3D numerical
model.

List of reference links

1. benses, H. H. MonenupoBanue 3arps3HeHHS
aTMoC(epHOro BO3AyXa BBIOpPOCAMH aBTOTpPAHCIIOPTA
Ha ymuiax roponos: Mmonorpadus / H. H. benses,
T. U. Pycaxoga, I1. C. KupuueHko. —
Huenponerposck: Akuent I1I1, 2014. — 159 c.

2. benses, H. H. CFD MIPOTHO3UPOBAHUE
TIporecca 3arpA3HeHNs] BO3AYIITHON Cpeabl Ha yaunax /
H. H. bensies, T. 1. PycakoBa // Exomoris i
HIPUPOAOKOPUCTYBAHHA : 30. HayK. mp. IH-Ty npobiem
npUpoJoKoprcTyBaHHs Ta ekoisorii HAH Ykpainu. —
2013. — Bum. 17. — C. 188-194.

3. Mapuyk, . n. MaremaTrueckoe
MOJICTUpPOBaHUE B TpoOyieMe OKpyKaromeh cpenbl /
I'. . Mapuyk.— Mocksa : Hayka, 1982. —320 c.

4. Camapckuii, A. A. Teopus pa3HOCTHBIX CXeM
/ A. A. Camapckuii. — Mocksa : Hayka, 1983. - 616 c.

5. Uwucnennoe MOJIETUPOBaHUE
pacnpocTpaHeHHs 3arpsi3HEHUS B OKpYXarolleil cpeze
/ M. 3. 3ryposckuii, B. B. Ckonenkuii, B. K. Xpymr, H.
H. bensie. — KuiB : Hayk. nymka, 1997. — 368 c.

6. A new simplified NO/NO2 conversion model
under consideration of direct NO2-emissions / I.
During, W. Bachlin, M. Ketzel, A. Baum, U. Friedrich,
S. Wurzler /I Meteorologische Zeitschrift. — 2011, —
Vol. 20, Nel. —P. 67-73.

7. Deborah M.S. Madalozzo, Alexandre L.
Braun and Armando M. Awruch, A numerical model



40 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #7(47), 201

L
g EIE

for pollutant dispersion simulation in canyons.
Mecanica Computacional Vol XXXI, pags. 211-235
(articulo complete) Alberto Cardona, Paul H. Kohan,
Ricardo D. Quinteros, Mario A. Storts (Eds) Salta,
Argentina, 13-16 Niviembre 2012.

8. Auvailable at:
http://www.agmd.gov/docs/default-source/technology-
research/Technology-Forums/near-road-mitigation-
measures/near_road_mitigation-agenda-
presentations.pdf

9. Numerical simulations and wind tunnel

10. Overman, H. T. Simulation model for NOx
distributions in a streey canyon with air purifying
pavement : master thesis / H. T. Overman ; University
of Twente. — Enschede, Netherlands, 2009. — 69 p.

11. Trong Nhan Nguyen. Numerical simulation of
wind flow and pollution transport in urban street
canyons / Trong Nhan Nguyen, Thanh Chuyen
Nguyen, Van Thinh Nguyen // Advanced science and
technology letters. — 2015. — Vol. 120. — P. 770-777.

12. Jonathan T. Steffens, David K. Heist, Steven

G. Perry, K. Max Zhang. Modeling the effects of a solid
barrier on pollutant dispersion under various
atmospheric  stability  conditions.  Atmospheric
Environment, 69 (2013). — P. 76 — 85.

studies of pollutant dispersion in the urban street
canyons with different height arrangements / Cheng-
Hsin Chang, Jin-Shian Lin, Chii-Ming Cheng, Yung-
Shan Hong // Journal of Marine Science and
technology. — 2013. — Vol. 21, Ne2. — P. 119-126.

Kocmwxun Anexcandp Cepzeeguu

acnupaum,

Canxm-Ilemepbypeckuii 20cyoapcmeeHHblil YHugepcumenm uH@OpMAyUOHHbIX MeXHOL02Ul,
mexanuku u onmuxu, Paxyromem cucmem ynpaeienus u pooomomexruxu (CYuP);

PA3PABOTKA U ONIBITHASI ATPOBALIMS METOJUKHU KOHTPO.ISI MASIHBIX
COEJIJUHEHUM XKPJ[

DEVELOPMENT AND EXPERIMENTAL APPROVATION OF THE METHOD OF CONTROL
OF SOLDERED COMPOUNDS

AnHoTanusi: Bricokme TpeOoBaHMS K KaueCTBY MasHBIX COeOUHEHHUI coBpemeHHBIX JKPJI, a Tarke
0COOEHHOCTH KOHCTPYKIIMH KaMCp CropaHusl HE MO3BOJIIIOT IIPUMCHATHL T'OTOBBIC TPAAUIIUOHHBIC MCTOAUYCCKUC
MNOAXOAbl B YAaCTHU HCPA3PYyHMIAOMICTIO KOHTPOJIA. B cootBetcTBHUI TpC6OBaHI/IiIMI/I C HOpMAaTuBHO TECXHUYCCKOH
JAOKYMCHTAlMH, IPU KOHTPOJIC Ka4CCTBA MassHbIX COC,I[I/IHEHI/Iﬁ >KPI[ JAOIMYCKACTCA HUCIIOJIb30BATh aKYCTI/I‘IeCKI/Iﬁ
BUJ KOHTPOJIA METOJAAMH  OTPAKECHHOI'0 MU3JTYUCHHMsS, HOPOMICANICro MH3JIYy4YCHHA, PE30HAHCHOIO, CBO60,Z[HBIX
KoeOaHnit u  akyctuko-amuccHoHHBIM.Crenmamuctamu OO0  «HTL[ «3TAJIOH»» Opumm  TpoBeneHBI
uccienoBanus o0pas3oB kamep cropanus JKPJ] u BeiOpansl Hanbosee onTUManbHbie MeTOABI U cpeacTBa HK.
[TockosbKy KOHCTPYKTHBHBIE OCOOCHHOCTH KaMep CrOpaHus, a TaKKe CPaBHHUTEIbHO Malible JNedeKThl maiiku
HaKJIaJpIBAIOT OIPAaHIYCHHS Ha BBIOOP 000py10BaHUSA OBUIO NMPEI0KEHO HCIIOIB30BAaTh HEKIACCUUECKUI MEeTO
HK, ocHOBaHHBIII Ha TEpPMOONTHYECKOM BO30YyXKAEHHUE YIbTpa3Byka. JlaHHBIII MeTon o007amaeT BBICOKOH
YYBCTBUTCIIbHOCTBIO. OJIHaKO, Inpyu CIUIOONIHOM KOHTPOJIC MPUMEHCHHUC [TaHHOTO METOAda OKa3bIBACTCA
Helesnecoo0pa3Ho, 13-3a HU3KOH CKOpPOCTH ckaHUpoBaHUs. [103ToMy OBIJIO MPEIOKEHO UCTIONB30BATh JaHHBIN
METOA  JIA TOYHOMH OIICHKN  XapaKTCPUCTHUK /:[e(beKTa, a I[pu CIUIOOIHOM KOHTPOJIC HPUMCHATH
BBICOKOTIPOM3BOIUTENFHYIO TPAMYIO (ha3upoBaHHYIO pemieTky. ONMUCAaHHBIC BBINIC PEIICHUS JICTIH B OCHOBY
HallMCaHWs MCETOAWKHW KOHTPOJISI HasHbIX COGJ_'[I/IHGHI/Iﬁ Ha >KPI[ Pazbonrannas METOAMKa Mpouuia OMNbITHYIO
anp06aumo, rac ObLIa JOKa3aHa €€ pa6OTOCHOCO6HOCTL. B ,I[aHHOﬁ CTAaTbC TAKKE PACCMOTPEHBI BOIIPOCHI
HUHTEPIIPECTALIMN CKAHOB Ha 3KpaHEe ,I[e(i)eKTOCKOHa IIpU KOHTPOJIC MassHbIX COGI[I/IHGHI/Iﬁ >KPI[, a TAKIKE BOIIPOCHI
METPOJIOTMYECKOT0 obecreueHus Impouecca KOHTPOJIA.

Annotation

High requirements to the quality of the soldered joints of modern rocket engines, as well as the design features
of the combustion chambers do not allow the use of ready-made traditional methodological approaches in terms
of non-destructive testing. In accordance with the requirements of normative and technical documentation, when
controlling the quality of soldered LRE joints, it is allowed to use the acoustic type of control using methods of
reflected radiation, transmitted radiation, resonant, free vibrations and acoustic emission. STC ETALON LLC
conducted research on samples of LRE combustion chambers and the most optimal NDT methods and tools were
selected. Since the design features of the combustion chambers, as well as relatively small soldering defects,
impose restrictions on the choice of equipment, it was proposed to use the non-classical NK method based on
thermo-optical excitation of ultrasound. This method is highly sensitive. However, with continuous monitoring,
the application of this method is not practical, due to the low scanning speed. Therefore, it was proposed to use
this method for accurate assessment of defect characteristics, and for continuous monitoring to use a high-
performance direct phased array. The solutions described above formed the basis for writing methods for
controlling soldered joints. The loose technique underwent experimental testing, where its performance was
proved. This article also discusses the interpretation of scans on the screen of a flaw detector during the control of
soldered joints of the rocket engine, as well as the metrological support of the control process.
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Baxneiimmm arperatom JKPJI sBisercst xamepa
Cropaswusi, KoTopast odecreunBaet paboToCIIOCOOHOCTD
BCETro JIBUrateis. B cBsi3u ¢ 3TUM K Kamepe CropaHus
KPJl npenbsBisOT BBICOKME TpeOOBaHUS  II0
HaJe)XHOCTH U OesomacHoctd. Jlns obecneyeHus
HAJIC)KHOCTH W 0€30IIacHOCTH MPOBOIAT OOINbIIOE
KOJIMYECTBO HAYIHO-MCCIIEOBATENbCKUX pPabOT, B
YaCTHOCTH KOHTPOJIb KauecTBA MAsSHOTO COCAMHECHUS
[1].

CymiecTByromasi  OIEHKa  KadecTBa  IalKH
permamentupyercss OCT 92-1190 u Ha mpakTuke, B
OOJIBIIMHCTBE CIIy4aeB, CBOJAUTHCS K MPOBEICHUIO
MeTauiorpaduuecKux HCCIeJOBAaHUN HastHbIX
coenuHenuit. Takoil MeTox HcclenoBaHMS HasHBIX
COEIMHEHUI NMeeT HEKOTOpbIe HenocTaTKu. OTHUM 13
OCHOBHBIX ~ HEJIOCTaTKOB  SIBJISICTCS ~ HAJIMYUE B
MHUKPOCTPYKTYpE IIBa apTe(hakToB, 00pa3yroommecs B
mpouecce IMOATOTOBKM — HUIH(A, KOTOPbIE MOTYT
MPUHATHCS 32 TEXHOJIOTHYECKNE Ae(EKTHI (HHOPOAHBIE
Y pacTpaBJICHHBIC BKIIOYCHUS, MeK(a3HbIE TPAHHIIBI).
BTopsIM  HemoCTaTKOM  SIBISIETCS HEBO3MOXHOCTh

a\e\e\s\o\= v 1 +

<

-

00BEKTHBHO OLICHUTh IPOYHOCTH NastHoro
COC/IMHEHUsI, HANpUMEp B IpOLecce OXPYHUUBAHUS
CTPYKTYPHBIX COCTABJISIFOLIHX IIBA.

[MoaTBepxeHne KayecTBa HasHBIX COCIMHEHUH
OTIpeaeseTCs TOJILKO THPABINYECKUMU
UCIIBITAHUSAMH Ha IPOYHOCTh W ITHEBMAaTHYECKUMHU
(BO3IIyXOM) HCIIBITAHUSMU HAa TEPMETUIHOCTb.

B cBs3M C  BBIIICCKAa3aHHBIM  OYEBUIHA
HE0OXOMMOCTh HNPUMCHCHHUS METOJIOB
Hepas3pyLIaoIiero KOHTPOJIA, MO3BOJIAIOIINX

BBIABISITE HENPONAW, HECTlau M Apyrue Ae(eKTh
MastHBIX COeTMHEHHNH. B KauecTBe Takoro mMerona ObLI
BEIOpaH yJIbTPa3BYKOBOM 3Xx0-MeTon [2].

Jns  peamusauMu  BBIOPaHHOTO
HCIIOJIb30BAJIOCH Clieyloliee 000pya0BaHue:

- nmedexrockon OlympusOmniScanMX2 ¢ 32-
JJIEMEHTHOM (pa3MpOBAHHOW aHTCHHOW permreTkoi 10
MI'1 1 ipsiMoii TIpU3MOi#i (PUCYHOK 2);

- JIa3epHO-YNbTPa3BYKOBOH nedextockon Y JI-
2M c npeobpazosaremsamu [1JIY-12V-01, TIITY-611-03

[3] (pucyHox 3)

MCTOOa

Pucynox 3 — Buewnuii 6uo 1azepno-yiompaszgykosozo depexmockona YI[JI-2M

IToaroroBka K MPOBEAECHUIO KOHTPOJIA KauecTBa
HasHbIX COEIMHEHUN KaMephl cropanus asurarens P/I-
181BKroyana B ceOs:

- W3Yy4Y€HHE TEXHMYECKOM U TEXHOJIOTMYECKOMH
JIOKyMEHTallMl Ha 30HYy MEXIy 2 u 3 «3aBecammu»

Kamepbl CrOpaHust JIBUTATEIs P/I-181,
npenoctaBieHnyio AO «HITO Duepromann»

- pa3paboTKy KOMIIEKTa KOHTPOJIBHBIX 00Pa3IioB
(KO) YyBCTBUTEIILHOCTHU st OLICHKH
YyBCTBUTEIBHOCTH u HaCTPOUKH

JedexTocKomMuecKoil anmapaTypsl;



42 Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #7(47), 201

| ]I
g EIE

- pa3pabOTKy METOAWYECKHUX OCHOB KOHTPOJIS
KayecTBa NasHbIX COEIMHEHUH ¢ ncnoyibzoBanueM KO
[4];

- JIOOCHAIlEHWE W JA0pabOTKy HCHOJIb3YEMOTro
000pyI0BaHUS;

- pa3paboTky MeETOAMKH KOHTpONS KadecTBa
MasTHBIX COCIMHEHUI KaMepsl CropaHus Mexmy 2 u 3
«3aBecamu» npurarens PJ1-181

[Ipu u3yyeHun TEXHUIECKON U TEXHOIOTMUECKON
JOKYMEHTAIlMH Ha 30HY MEXIy 2 W 3 «3aBecaMm»
KaMepbl CrOpaHusl JABHTaTenss ObUIM OIpEAEICHBI
TpeOOBaHMS K KOHTPONIO (KOHTPOJIEIOCTYITHOCTS,
BO3MOXKHOCTbH HCIIOJIb30BaHMSI KOHTAKTHOM JKHJKOCTH
1 HeOOXOMMOCTh TePMETHU3AIIHH IIeJeH 2 U 3 3aBeCHI,
xapakrep Je(eKToB) W TNepeueHb HEeoOXOIMMOIo
000pyI0BaHUSI.

Janee ¢ T[pUMEHEHHEM  HPEICTABICHHOTO
000pyIOBAHUSI C YIETOM OIIBITA CO3JAHUSI K OTPAaOOTKH
MeToauKn KOHTpOJIST KadyecTBa MasHBIX COCAMHEHMH

Ha TpeIMeT HaJMuusl HECIUIOLIHOCTEH (Hemponaes,
OTpPBIBOB) pebep CTEHKH BHYTpEHHEH u
MOJIKOJITIEKTOPHOI'O KOJbLIA COIIa BEPXHEro KaMephl
neuratens 14J123 u ombiTa pa3pabOTKU METOJOB U
CPE/ICTB Hepa3pyLIaIOUIero KOHTPOJIS AJIsl BBISBICHUS
neeKToB (DPUKIIMOHHON CBApKH C PACKPBITHEM OT 2
MKM OBUI peanu30BaH 3XO METOA KOHTPOIS U
pa3paboTaHbl METOAWYECKHE OCHOBBI  KOHTPOJIS
Ka4eCTBa MasSHBIX COCTNHEHHUH.

Ha pucynkax 4-5 npencraBiieHa cxemMa KOHTPOJIA
U UHTEpIpeTanus pe3yabTaToB KOHTpossi. CHHHMH
CTpeJIKaMu u OKPY>KHOCTSIMH OTMEUECHBI
perucTpupyeMble akyCTUUECKHE CHI'HAIbl OT BIAJHH

MEXIy  peOpaMu,  KpacHBIMH  CTpEJIKaMH U
OKPYXHOCTSIMU — OTPa)K€HUS OT HENpomaeB WU
KOHCTPYKTHUBHBIX MPOTOYEK, 3€JIEHBIMU
OKPY)KHOCTSIMH — O0OJacTH B KOTOPBIX JIOJIKHEI

PETHCTPUPOBATHCS CUTHAJBI NMPH HATWIUX HEIMPOTas
WJIN OTpBIBa pedep.

n

Pucynox 4 — Unmenpemayus pe3yibmamoe KOHMpOJis NOIYYEHHbIX ¢ UCHOb308aHuem degexmockona Olympus
OmniScanMX2

¢ 2
Mponal, v Ompaxenue Y3Bom
ompaxenue Y38 Omp Y38 P
omcyrmemeyem om enadumbl

Pucynox 5 — Cxema KOHmMPOIA 2X0-MEMOOOM U COOMBEMCMBYIOWAS UHMENPEMAayus pe3yibmamos KOHMpoJis.
NOMYUEHHBIX C UCNONIB308AHUEM J1IA3EPHO-YIbINPA38YK06020 dehexmockona YJI-2M

Janee OblTa BBITIOJTHEHA 0oTpaboTka
METOOAUYECCKHUX OCHOB KOHTpOJ’ISI Ka4yeCTBa IIasdHBIX
COEIMHEHUI Ha BBIPE3KAX U3 KaMepPbl CTOPAHUS MEKIY
2 um 3 «3aBecamm» gBurarens PJI-181, koropas
HO)ITBep}II/IJ'Ia HpI/IMeHI/IMOCTL Hpe)ICTaBJ'[eHHOFO
METOJa ¥ CPENICTB K 3aIaHHOMY OOBEKTY KOHTPOJIS.

JJis OILIEHKH 9yBCTBUTEIBFHOCTH M TOCIIEIYIOIICH
HACTPOUKU JIe(PEeKTOCKOIMMYECKON aImapaTypsl MpH
MPOBEICHUN KOHTPOJs ObLT pazpaboran KO.

C ucnonp30BaHreM 00pa3iia M3rOTOBIEHHOTO U3
BBIPE3KH KaMephbl CrOpaHust MeXIy 2 U 3 «3aBecamm»
neurarens PJI-181 ¢ mnockogoHHBIM cBepieHueM 1,1
MM TOITBEP)KICHA BO3MOXHOCTH IPEICTABICHHBIX
METOJIOB M CPEACTB BBISABIIATH HEMPOIAil W OTPBIB C
pacKpbITHEM Ooee 2 MKM, LIIUPUHON
COOTBETCTBYIOIICH IIMPHHE pedpa W IIMHON BJIOJb
pebpa 6onee 1,0 M.
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Pucynox 6 — Axycmuueckuii 06pas eviseneHHbIx deghexmos 6 oopasye Nel

BrisBiieHHBIH 1e(eKT MOATBEPKACH pe3yIbTaTaAMH METaIOTrpadUIecKUX NCCICAOBAHIN (PUCYHOK 7).

ST SR

annoepauueckux Uccie008aHUll GbisIGICHHBIX 0e(eKmos

Pucynok 7 — Pezynomamst mem,

[o pe3ysibraTaM KOHTpPOJIS B 00paslie BBISBICHBI
OTpakaTeny, aMIUIMTyJa CHrHala KOTOPBIX He
npeBblana OpakOBOUHBIH V] PUCYHOK 8, 9).

< | >

Pucynox 9 — Akycmuueckuii 0bpas 8viseieHHbIX ompadicameneti  oopasye No2
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Otpaskarenb | BBISIBICHHBIH 0 HEHTPY oOpasia Otpaxarens 2 MHOATBEPXKAEH pe3ylIbTaTaMU

Tpedyer JIOTIOJTHUTEIbHBIX paspylialomux — MeTauiorpaguyeckux UCCIIeI0BaHUM u o

HCCIIeJOBAaHUH. W3MEPEHHBIM pa3MepaM He SBIACTCAd KPUTUYECKUM

nedexrom (pucyHok 10).

3 MKM

CranbHana obonouxa

CranebHan obonouka

Pucynox 10 — Pesynomamor memannoepagpuieckux ucciedosanuii oopasya Ne2

AHanu3 TOJYYEHHBIX Ppe3yJbTaTOB KOHTPOJIS
KauyecTBa TasHbIX COSIUHEHHH 00pa3loB M3 Kamephl
cropanmus geuratens PJ[-181 B 3ome mexny 2 u 3
«3aBecaMm»  TOKa3ad  pabOTOCIIOCOOHOCTH U
JIOCTOBEPHOCTh pa3paboTaHHOH METOJANKH.
[TonTBepkeHO BBISIBICHHWE HEMpomnas WM OTpbIBA C
pPacKphITHEM Goiee 2 MKM, IMPUHON
COOTBETCTBYIOIIEH MMpHHE pedpa W UIMHOM BHOIb
pebpa 6omaee 1,0 Mmm.

[Tocne BHeceHMs B METOIUKY HEOOXOJUMBIX
KOPPEKTHPOBOK,  CBS3aHHBIX C  OCOOCHHOCTSMH
KOHTpOJISI Ka4ecTBa TAsSHBIX COCAWHEHUI ABHTaTEIs
P/I-181 B ycmoBHWsSX NpemnpusATHs, ObUT BBIIOIHEH
KOHTpPOJIb KAa4eCTBa MasHbIX COCAWHEHUH ABHUTATEIS
P/I-181 Ne 13A/1B 30He Mexay 2 1 3 «3aBecamm».

Jdna  mposemenus  Y3K  um ympomeHus
WHTEPIIPETAMN  pE3YyNbTaTOB KOHTPOJISI  OOBEKT
KOHTPOJIs1 ObLI pa3ziesicH Ha 6 CeKTOPOB (prcyHOK 11).

1

0)

Pucynox 11 — Buo kamepwi czopanusa osueamens P{-181 usnympu (a) u ackuz ob6vexma KOHmMpos ¢
pazoenenuem 0oaacmu KOHMPOIs HA cekmopul (0)
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Ilepen mpoBeneHHeM KOHTpOJISL A M30eraHus
nonafaHus wucnonbdyemodl npu Y3K KoHTakTHOH
JKUAKOCTH (TJIMLEPUH) B KaHAJIbl KaMepbl CrOpaHUs

3aBechl OBIIM 3aKJCEHBl CIIEUAJIbHOW JIEHTOH, Ha
JICHTY HaHeceHa HeoOxonumas pa3mMeTka (pUCyHOK 12).

Pucynox 12 — Buo xamepul ccopanus ¢ 3akieenHbiMu 3a8ecamu

KoHTponb BBIMOIHSJICS COIJIACHO METOAMKE B
cieyromiel nocae 0BaTeIbHOCTH:
- M30JIALMS 3aBeC M pa3MeTKa B cekTopax 1-4

(HMKHMIE CeKTopa pu TOPU30HTAIIBHOM
PacIoNIOKCHUH ABUTATEN);
- KOHTpOJIb CEKTOpoB 1-4 ¢  MHOMOIIBIO

nedexrockona OlympusOmniScanMX2;

- KOHTPOJb CIIOPHBIX U HEKOHTPOJIEIOCTYITHBIX
it (a3sMpOBaHHOM AHTCHHOW pEIIETKH YYacTKOB
Ja3epHO-yIBTPa3BYKOBEIM fedekTockornom Y IJI-2M.

- yOaJleHHWE  KOHTAKTHOH  JKUIAKOCTH H
00e3KUpUBaHNE KaMEPBI CTOPAHHS;

- IEPEeBOPOT KaMephl CrOPaHus;

- M30JIIMA 3aBeC U pa3MeTKa B CeKTopax 5 u 6
(HKHMIE ceKxTopa pH TOPU30HTAIEHOM
PacIoIoKEHUH ABUTATENIs TIOCIIe IEPEeBOPOTa);

- KOHTpPOJIb CEKTOPOB 5 M 6 C MOMOIIBIO
nedexrockona OlympusOmniScanMX2;

- KOHTPOJb CIIOPHBIX W HEKOHTPOJIEIOCTYITHBIX
it (a3sMpOBAaHHOM AHTEHHOM pEIIETKH YYacTKOB
Ja3epHO-YIBTPA3BYKOBEIM fedexTockonoM Y 1J1-2M;

- yJalleHne KOHTaKTHOW >KHUAKOCTH W H30JISILHH
KaHaJIOB, 00€3KMPHUBaHUE KaMepbl CrOpaHNs;

- QaHaJIM3 Pe3yJIbTaTOB KOHTPOJIS.

B xoJe KOHTPOJIs KauecTBa NasHbIX COCAUHEHUN
neuratens PJI-181 Ne 13A/1 B 30He mexnay 2 u 3
«3aBecaMuy c MIOMOIBIO nedekrockomna
OlympusOmniScanMX2 npedextoB (Hempomail wunu
OTPBIB C pAacKpeITHEM Oojee 2 MKM, [IHPHHON
COOTBETCTBYIOIICH IIMpHWHE pedpa W IIMHON BIOJb
pebpa 6omee 1,0 MmM) 0OHapyKeHO HE OBIIO (PHCYHOK
13). KpacHass 30Ha Ha TJIyOMHE COOTBETCTBYIOIICH
rryOMHE BO3MOXHBIX OTPa)XCHHH OT pedep sBIsIeTCS
oTpakeHHMeM OT pebpa Haxojsmerocs B obiactu
KOHCTPYKTHUBHOI MPOTOYKH (CM. CXeMY KOHTPOJISI 9XO-

METOJOM M  COOTBETCTBYIOIIAs  HMHTEIPETALUs
pe3ynbTaToB KOHTPOJIS MOJTYYEHHBIX c
HCIIOJIb30BAaHUEM JIa3ePHO-YIIBTPa3ByKOBOTO

nedexrockoma Y JI-2M Ha pucyHke 4).

[ -
Pucynok 13 — Tunosoe axycmuueckoe uzobpasicenue b6ez0ehekmuuix nasHulx coedunenuti osueamens P/-181

Ne 13A4/1 6 30ne meancdy 2 u 3 «3agecamuy

Hanee OBLT BBHINOJHEH BBIOOPOYHBIH KOHTPOJIb
KadecTBa NMasHbIX coequHeHui apurarens PII-181 Ne
13A/1B 30He Mexay 2 U 3 «3aBecaMmu» C MOMOIIBIO

Ja3epHO-yIbTpa3ByKoBoro aedekrockona Y JI-2M B
6 ceyeHMsIX Ha FPAaHUIAX MEXJY CEKTOPaMH COTIAaCHO
Meroauke. Henponaii mitv OTpBIB ¢ pacKpbITHEM Oosee
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2 MKM, MIMPUHOI COOTBETCTBYIOLICH MIMPHHE peOpa U KOHCTPYKTUBHBIX IPOTOUYEK (CM. CXeMY KOHTPOJISI 9X0-
Z[J'[I/IHOﬁ BI0OJIb pe6pa 60J1ee 1,0 MM TAKXEC METOAOM nu COOTBeTCTBy}OH.laH I/IHTel'[peTaLII/ISI
oOHapyxeHbl He ObUIM (pUCYHOK 14). 3esieHbIM  pe3yabTaTOB KOHTPOJIS IIOJIy4Y€HHBIX ¢
MAapKEpOM BbIACICHBI 06J‘IaCTI/I OTpa)KeHI/Iﬁ OT BIIaaAUH HCIIOJIB30BAHUECM JIa3€pHO-YJIbTPAa3BYKOBOI'O

Mexay pebpamu, a CHHHM - OT pebep B MecTe

T Ve Cane deah worce

o[ B B & Qlad BHRE
AU *R 0 & Yo

PSS G

nedekrockona Y IJI-2M Ha pucyHke 4).

<)@

Soowm ¥ Oox D 4 e

Pucynox 14 — Pe3ynomamvl KOHMPOIs BLINOIHEHHO20 C HOMOWBIO JIA3EPHO-YALIMPA3EYKO8020 0ePeKmOoCcKond
YIUI-2M na epanuye mesncoy cekmopamu 1-2

Ilpu otpaborke Meroauku Ha oOpasumax c
nedexTaMu ObUTH  TOJIyYCHBI aKyCTHUYECKHE
n300pakeHus Ae()EKTHBIX Y4acTKOB (PUCYHOK 15a).
ITo nmoay4yeHHBIM B X0 KOHTPOJS KaMepbl CTOPaHUs
neuratens PJI-181 Nel3A/1 mexay 2 u 3 «3aBecamu»

KpPUTHUECKHX Je(eKTOB OOHapyxeHo He Obuto. Ha
pucynke 150 mpencraBicHa THIOBas Oe3nedeKTHas
aKyCTHUYECKasI KapTHHA COOTBETCTBYIOIIAsI
MPOKOHTPOIIMPOBAHHON KaMepe CrOpaHusl.

Pucynox 15 — Axycmuueckue uzobpadicenus degpexmuuix (a) u bezdedexmuuix (6) yuacmros nasHwix
coeounenuti osueamens PI[-181 6 30ne meoncoy 2 u 3 «z3asecamur

IIpu koHTpone KauecTBa HasHBIX COEAUHEHUMH
00pa3oB U3 Kamepbl cropanust asurarens Nel3A u
Bepu(HUKAIUK  METOAMKH OBIIM  BBIABICHBI U
TIOJTBEPKICHBI KpUTHYECKHE e(EKTHI (C paCKPBITHEM
Oosiee 2 MKM, IIMPHHOW COOTBETCTBYIOIIEH HIMPHHE
pebpa m pnauHON Bmosb pebpa Gonee 1,0 MMm) u
JeekTel ¢ pa3MepaMu  MEHbIIE  NPUHSATBIX
KPUTHYECKUMH,  4YTO  MOATBEPXKIAET  BBICOKYIO
YYBCTBUTEIBHOCTh BHIOPAaHHBIX METOAOB M CPEACTB U
JIOCTOBEPHOCTh METOAMKH.

Ilo  pe3ynbraraM  KOHTPOJIS  OMpejelicHa
HEOOXOIUMOCTD:
- pa3pabOTKH  CHEUHaNbHOW  OCHACTKH U

ABTOMATH3AIIU KOHTPOJIS,
- IPOBEACHUS TOTIOHUTEIBHBIX Pa3PYIIAIONINX H
HEpa3pyIIaONUX HCCICAOBAaHUA C HW3TOTOBICHHEM
00pasIoB ¢ 3aJI0KEHHBIMH JIe()EKTaMHU.
BeinonHeHHe AaHHBIX pabOT MO3BOJIKT:
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- 00ecIeYuTh IOCTOSIHCTBO
KOHTAaKTa u, COOTBETCTBEHHO,
JIOCTOBEPHOCTH KOHTPOJIS;

- CHU3UTH TPYAOCMKOCTh KOHTPOJIS;

- pa3paboraTh TEXHOJIOTHIO KOHTPOJIS
00eCTIeYNBAOIIYI0 BBIABICHHE JE(PEKTOB MEHBIIETO
pa3mepa.
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Menvnuk Bikmopia Mukonaiena

O0OKMOp MeXHIYHUX HAYK, npoghecop,

3asidysay kageopu biomexHiKu ma iHceHepii,
Hayionanvuuii mexuiunuii ynigepcumem Yxpainu

“Kuigcoxuti nonimexuiunuti incmumym imeni leops Cikopcbkozo ™

OOPMYBAHHA HOJIA EJJEKTPUYHOTI'O PO3PAAY B TEXHOJIOI'TYHHUX JITHIAX 3A
JOIIOMOI'O10 IIVIOCKUX CTPYMOITPOBIJTHUX KIHOIBOK HEHTPAJIBHOT'O EJIEKTPOAY

Mel’nick V.
doctor of technical sciences, professor,

Head of the Department of bioengineering and biotechnics,

National Technical University of Ukraine
"lgor Sikorsky Kyiv Polytechnic Institute™

FORMATION OF THE FIELD OF ELECTRICAL DISTRIBUTION IN TECHNOLOGICAL LINES
THROUGH THROUGH THE PLANE CIRCUMSTANCES OF THE CENTRAL ELECTRICITY

Anoranis: Po3kpuBaerbest mpuposna GpopMyBaHHSA B poO0ouoMy 00’€Mi IEHTPAIBHOTO E€JIEKTPOJIY CBIUKH

3alaJrOBaHHs LIiJ'IO'l' HU3KHU IJIOCKHUX MOBCPXOHL CJICKTPHUIHOI'O PO3PANY. BuByaeThcsl MOXKIMBICTE 301IBIIEHHS
3alMHCTOCTI po0OOYOT CyMillli Ta CYTTEBOTO MiJBUIIEHHS €JIEKTPUYHOTO PO3Psy. AHATI3YIOThCS MOXIHUBOCTI
BUKOPHCTAHHSI NPOIOHYEMOTO TEXHIYHOTO pIllleHHsS JUIsi 3a0e3leueHHs] IIJIKOBUTOrO CHAJIOBaHHSI poOOYol
cyMmillli Ta 3MEHILEHHs pIBHA BHKWAIB B OTOYyroue cepeioBuile. [IpomoHyeTbcss BHKOPUCTAHHS CBIYKH
3arajiloBaHHs 3 METOI0 MEPEeIYacHOro eIEKTPOXIMIYHOTO PYyHYyBaHHs MOBEPXHI €JIeKTpoay. 3a3HaueHi HUISIXU
MIABUIICHHS TIOTYXKHOCTI IBUTYHA.

Abstract: The nature of formation in the working volume of the central electrode of a spark plug is revealed
in a number of flat surfaces of an electric discharge. The possibility of increasing the flammability of the working
mixture and a significant increase in the electric discharge is studied. The possibilities of using the proposed
technical solution for the complete combustion of the working mixture and reducing the level of emissions into
the environment are analyzed. The use of spark plugs for the purpose of premature electrochemical destruction of
the surface of the electrode is proposed. The indicated ways of increasing the engine power.

Knmouogi cnosa: enekmpuunuii po3pso, yeHmpaivHull e1eKxmpoo, CIMpYyMOnpoGioni NAACMUHU, OeMOoHAYIsL.

Key words: electric discharge, central electrode, conductive plates, detonation.

1.Bcryn BUCOKOTEMIIEPAaTYyPHUX ymoBax. Temmeparypa B

Cpiuka 3amalloBaHHSI — II€ MPHUCTPIH cucTeMun
3amaxioBaHHA OEH3WHOBOTO JBUTYHAa BHYTPIIIHBOTO
sropsianst (JIB3), 1o ciyrye ajis CTBOPEHHS iCKPOBOTO
NPOMIKKY B KOJI BHCOKOI Hampyrd 3 METOI0
3amajroBaHHS poOoUoi CyMilIi B IMIIIHPI ABUTYHA.

Caiuka 3anamroBanHs Oyna BuHaiizeHa y 1860
poui /rxoHom JleHyapom i 3 TOro dyacy He 3a3Halia
3HaYHMX 30BHINIHIX 3MiH. Bona sBise coboro
MPUCTPif, IO CKJIATAETBCS 13 JBOX €IEKTPO/IIB,
pO3TAlIOBaHMX  BCEPEOWHI  INUIIHApa  JBHUTYHA.
Bucoka Hanpyra, 1mo 3a0e3medyeTscsi CHCTEMOIO
3aMaTiOBaHHs MPU3BOINTH N0 BUHUKHEHHS 1CKPU MiX
UMY €JIEKTPOIaMH, SKa 1 3aMallfO€ MaJTUBO-TIOBITPSIHY
cymi. Ceiuka  3amajioBaHHS  IIpaIloe  y

Kamepi 3ropsHHI Moxke gocsrata 2500 °C, a tuck 50
atmocdep.

Koprryc cBiUkH BHUTOTOBIISETHCS i3 CTali Ta Mae
pi3p0Oy A1 BKPYUYBaHHS y TOJIOBKY OJIOKa IMIIIHIPIB

Ta NIECTUI'PaHHUK JUIsl  crieliagbHoro  «CBIYHOTO»
kimroya. IloBepxHst KOpITyCy — HIKENIOEThCS IS
3ano0OiraHHs Koposii. Ha KopIIyc CBIUKH

3aIPECOBYETHCS 130JIATOP.

Jnsa 3abe3neueHHs HOPMAJIbHOI POOOTH CBIUKH
BaYXJINBE 3HAYCHHS Ma€e MaTepia, 3 SIKOTO BUTOTOBJICHI
€JIEKTPOAN, OCKUIBKM BOHM IOBHMHHI 3a0e3medyBaTH

NOSIBY ickpH, Oyt CTIKIMH 10
BHCOKOTEMIIEPATYPHOTO PEXHUMY Y KaMepi 3rOpsIHHS.
MarepialoM I8 BUTOTOBJICHHS — LIEHTPAIBHOTO


https://uk.wikipedia.org/wiki/%D0%94%D0%92%D0%97
https://uk.wikipedia.org/wiki/%D0%94%D0%B2%D0%B8%D0%B3%D1%83%D0%BD
https://uk.wikipedia.org/w/index.php?title=%D0%94%D0%B6%D0%BE%D0%BD_%D0%9B%D0%B5%D0%BD%D1%83%D0%B0%D1%80&action=edit&redlink=1
https://uk.wikipedia.org/wiki/%D0%95%D0%BB%D0%B5%D0%BA%D1%82%D1%80%D0%BE%D0%B4
https://uk.wikipedia.org/wiki/%D0%9D%D0%B0%D0%BF%D1%80%D1%83%D0%B3%D0%B0
https://uk.wikipedia.org/wiki/%D0%A2%D0%B5%D0%BC%D0%BF%D0%B5%D1%80%D0%B0%D1%82%D1%83%D1%80%D0%B0
https://uk.wikipedia.org/w/index.php?title=%D0%A8%D0%B5%D1%81%D1%82%D0%B8%D0%B3%D1%80%D0%B0%D0%BD%D0%BD%D0%B8%D0%BA&action=edit&redlink=1
https://uk.wikipedia.org/wiki/%D0%9A%D0%BE%D1%80%D0%BE%D0%B7%D1%96%D1%8F
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€JIEKTPOAY CIYXHUTb XpoMoTuTaHoBa ctanb 13X25TT
ab6o Hixpom X20HS80; GiuHi eNeKTpOaU BUTOTOBISIOTH
i3 HiKenb-MapraHueBoro cmiasy HUS. biunwmit
CJICKTPOJ| 3'€HAHUH 13 CTAIbHUM KOPITyCOM 1 Mae
3a3BHYail NPSIMOKYTHHH niepepi3 abo TpanenenonioHni
[1].

PobOoTa CBiUKM 3amamioBaHHS 3al€XHTh Bif
YOTHPHOX (haKTOPIB:

e Marepian, i3 SKOTO BHTOTOBJICHI €JIEKTPOIN
cBiukd. EylekTpomy i3 MiTHOIO CEpIEBHHOIO0 MAaloTh
OLIBIIT BUCOKY 3MIATHICTH IO TEIIOBiAIaqi.

e JloBxuHa i3osiTOpa LEHTPAIEHOTO
esieKTpoja. JJoBxKuHOO i3onsiTOpa BBA)KAETHCS
BIICTaHb B KIiHIA 130JTOpa 1O Micls, J¢ BiH
3'eIHY€THCS 13 TEIUIOBHBIHOIO OBEPXHEIO.

e JloBKMHAa Ha SKy BHUCTYNa€e i30J4TOpP B
cepenuHy Kamepu 3ropsHHsA. BoHa 3'BsizaHa 3 ehekToM
JIOAATKOBOTO OXOJIOJUKEHHS aJIbHOIO CYMIIIIIIO.

e Bixcranp Big i301ATOpa  IICHTPAIBHOTO
elekTpona Ao Kopmyca. Lledt mapamerp € myxe
BOXJIMBUM, TaK SK BiH BH3Hauae 00'€M y SKOMY
IUPKYITIOIOTH Ta3M.

2. AHaji3 JiTepaTypHUX JaHMX Ta MOCTAHOBKA
npoodaeMu

[Ipornonyeme TexHIYHE PillIEHHS BITHOCHUTHCS 10
MaIIMHOOYAyBaHHS, a caMe JI0 eJIeKTPOOOJIaJHAHHS
JIBUTYHIB BHYTPIIHHOTO 3rOPSIHHS, 30KPEMa, 10 CBIYOK
3alajloBaHHs, NPU3HAYCHUX Ui 3allaJIlOBaHHS
po6o90i cymimi.

Bimoma cBiuka 3amaitoBaHHS, sSTKa MiCTHTB KOPITYC
3 OOKOBHUM €JIEKTPOJOM, YCTAaHOBIEGHHH B HOro
HEHTPAIFHOMY OTBOpi 130JIATOpP 3 IEHTPaIbHUM
€JIEKTPOJZIOM, TOpEIb SIKOTO YTBOPIOE 3 OOKOBHM
EJIEKTPOJIOM ICKPOBHH TMPOMDKOK, 1 3’€iHaHy 3
KOPIIyCOM HAacaJKy, sSika Ma€ BHYTPIIIHIO PO3IIUPEHY
Ha30BHI KOHYCHY TIOBEpXHIO, a TaKOX KaHall s
OOKOBOrO  eNeKTpoja, Hacaika 3akpilieHa B
LEHTPAILHOMY OTBOpI KopIiyca, a OOKOBHIA eJIeKTPO]
pO3TaloOBaHWN 30BHI HAcaik, IMPUYOMY KiHElb
OGOKOBOTO  €JEKTPONy, SKUIl YTBOPIOE ICKpOBHI
MPOMIXOK, PO3TAIIOBAaHUH HAJ HACA/IKOIO, SIKA MICTHTh
BEHTWIIALI#HI oTBOpH [2].

[lix wac TakTy CTHUCKY BHHHKA€ YIIUILHEHHS
poboYoi cymimri, IO CIyrye MiABUIICHHIO THCKY 1
Temriepatypu. IIpu moaadi BUCOKOBOJIBTHOI Hampyru
Ha [EHTPAIBHUN EJCKTPOJ, MOYMHAETHCS 10HI3aIlis
ICKPOBOTO MPOMIXKY. B meBHHMIT MOMEHT 4acy HacTae
npo06iif iCKPOBOTO MPOMIXKKY.

CTtpyM po3psiiy iCKpH Ma€e BHCOKY TeMIepaTypy,
10 TIPU3BOAMTH JI0 YTBOPEHHSI IIA3MEHHOT KYJbKH i
3aiimManHss  poOouoi cymimi. He3Bakaroum Ha
NPUCYTHICTh Ta30BOIO  BHXOps, IIOTYXHE II0JIe
KOHYCHOI HAacaJK{ 3aXHWINA€ BiJl PO3MOBCIOIKEHHS
NnoJyM’st B KaMepi 3ropsHHs. ['OpiHHS pO3BHBAETHCS

TUIBKM 'y  BHYTpIIIHIH  TOPOXHHUHI  CBIUKH
3amaJJroBaHHs.
[lo 3aBepmieHHi TakTy CTHCKaHHS, CBidKa

3aMaTiOBaHHSA BHCTPITIOE HAKOIMWYEHOIO TEIJIOBOIO
EHEPTi€l0 Yy BHIVISAI TMOTYKHOTO  PO3IIUPHOTO
miazMeHHoro (Qaxkemy. Ilpu pocsrHenHi Qakenom
HEHTPY KaMmepu 3TOPSIHHS, TOpiHHS
PO3MOBCIOKYETHCS CUMETPUYHO 1 JOCUTH IIBHIIKO.

HenomikoM 1bOro TEXHIYHOTO PILIEHHS HOCTAE
acCHMETpHUYHE TOPIHHS CyMillli, 1O TOTO %, Ha HaAMIpHO
MOJTOBXKEHHIN TPAEKTOPIl, MPUUIOMY, MPH ICKPOBOMY
po3psini 3HaYHA JONS  eHeprii BUTpayaeTbcs Ha
BUIIPOMIHIOBAaHHS 1 yTBOpPEHHS ynapHoi xBuwii. [lana
KOHCTPYKIiS CBIYKH 3alajlOBaHHI HE JO3BOJIIE
e(peKTHBHO BUKOPHCTOBYBATH CHEPTil0 ICKPOBOTO
pO3psdy, BHACHINOK pO3CiSHHA ii B 00’eMi Kamepu
3TOPSHHA JBHTYHAa. Bka3zaHW HEOONIK 3HIXKYE
SHEPTeTUYHUI MOTEHIia)l CBIYKM 3alajlfOBaHHS B
PO3YMIiHHI IIBHUAKOTO 1 SKICHOTO 3aiiMaHHSI poOodYOoi
cyMmili, 10, B CBOIO Yepry, He I03BOJISIE CTBOPUTH
HaliiHy 3alMHCTICTh po0OoYoi cymimn B Kamepi
3TOPSIHHSL.

Binoma Takox cBiuKa 3amagloBaHHs, sKa MICTUTb
KOpIyC 3 00KOBHM €JIEKTPOJIOM, BCTAHOBJICHUH y HOTO
LEHTPaIbHOMY OTBOpl 130JIATOP 3 ILEHTPaJIbHUM
CJICKTPOZIOM, TOpENb SIKOTO YTBOPIOE 3 OOKOBHM
EIIEKTPOJIOM ICKPOBHIA POMiXOK [3].

CBiuKka 3amamioBaHHA TIIOBMHHA TapaHTyBaTH
3aMUCTICTE POOOYOi CyMilli B HWTIHApPAX ABHTYHA
IIpU T0/a4i Ha HEl BUCOKOi Hampyru. Po3mimeHHs
CBIUKM 3alaJIlOBaHHS B TOJIOBLI OJIOKY IMIIHAPIB i
YaCTKOBO B Kamepi 3TOpsiHHsI CTBOPIOE HAJI3BHYANHO
HaIpy>xeHi yMOBH 1i poboTH.

Hemonik Takoro TeXHIYHOTO PIllICHHS IMOJISTAE y
HasBHIN JMIIE TOOAMHOKIN TNOAOBXKEHIM  JIiHIT
SJICKTPUYHOTO  PO3pPSIY, JKOPCTKHX BHUMOTax Jio
OoOME)XXEHh BEIHYMHH pOO0YOr0 00’€My CBIUKH
3aIaIfOBaHH, HEIOCTATHIN e(eKTUBHOCTI
3aMUCTOCTI POOOYOI CyMimli NMpHW TOPYIICHHI i€l
BUMOTH 1, KpiM TOTO, y TOTpedi BHUKOPUCTAHHS
CIIEKTPUYHUX CTPYMIB MIABHINCHOTO pIiBHA, IO
MBOIUTECS 10 CBIUKM 3alalilOBaHHS, a TaKOX
OOMEXEHHsI TIOBEpXHI EJIEKTPUYHOTO pO3psLy, IO
NPU3BOJMTH A0 3HMKEHHS MOTYXHOCTI JIBUI'YHA 1 10
301IBIICHHS PIBHS NIKIATUBUX BUKUIIB B HABKOJIUIITHE
CepelloBUIlE  Ta  BUHUKHEHHS  Iepea4acHOro
€JIEKTPOXIMIYHOTO pyWHYBaHHS TIOBEPXHI €JIeKTpo/Ia.

BnockoHaneHHst  CBIUKM  3amajilOBaHHS ISt
JBUTYHIB BHYTPIIIHBOTO 3TOPSHHS MOXJIMBE IILIIXOM
TiIBUIIEHHS EHEPreTUYHOTO IOTEHIIaly iCKPOBOTO
po3psany cBiuku [4, 5] Ta QopmyBaHHAM 30H
KOHIIEHTpallil TeruioBoi exeprii [6, 7, 8].

TexHiuHa peamizaimis ONTHMANBHOI ITOBEPXHI
LUJIHIPUYHOTO CTOBIA BOJIBTIB HA MOBEPXHI KPUBHX
YeTBEPTOrO MOPSIKY TpoaHaizoBana B pobori [9, 10].
Poszkpuri MOJKJIMBOCTI HaIliBaBTOMATUYHOTO
PETYIIOBaHHS CUCTEMHU 3allaTFOBaHHS BOJIEM B CaIOHI
mammman [11, 12, 13].

3. Merta i 3apaui gocaigxenn

3a memy 00OpaHO NOIIYK NUIAXiB 301IbLICHHS
KIJIBKOCTI 1 piBHS YIIIIBHEHHS HasBHUX (opm
MOBEPXOHb  €JIEKTPUYHOI'O  pO3PSAY, CKacyBaHHS
oOMeXeHb Ha BEIMYUHY pobodoro o0’eMy CBIUKH
3analoBaHHs, 3POCTaHHS 1CKPOBOIO HPOMDKKY, IIO
30UIBIINTD MOTYXXHICTh JBHI'YHA i 3MEHIINTH PiBEHb
IKIJUIMBUX BUKHUIIB B HABKOJHUIIHE CEPEIOBUIIE,
3armo0iraHHs  TepefdacHOMY  EJIeKTPOXIMIYHOMY
pyiiHYBaHHIO TOBEPXHI E€JIEKTPO/Ly, a TaKoX 3ajadi
JKBimamii 3arpo3u JeTOHaIl.


https://uk.wikipedia.org/wiki/%D0%A1%D1%82%D0%B0%D0%BB%D1%8C
https://uk.wikipedia.org/wiki/%D0%9D%D1%96%D1%85%D1%80%D0%BE%D0%BC
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3aoaui 00Ci0NHCEH S OKPECIIOIOTHCS
(opMyBaHHIM CBIUKOIO 3aIaFOBaHHS TaKOl MMOBEPXHI
CTOBIIA BOJIBTIB, sIKa O 3a0e3meunna:

- TiABHIICHHS ¢EKTHBHOCTI 3aMHCTOCTI;

- LUIKOBUTE CHAJIOBaHHs poOOYOl cymimi i, IK
HACIIOK, 3MCHIICHHA DIBHSI BHKHIIB B OTOYYIOYE

CepeloBHILE;

- 30UTBIICHHS MOTYKHOCTI JBUTYHA;

- 3MCHIUCHHS  IOTY)XHOCTI  €JIeKTPUYHOTO
IMITYJIBCY;

- YINOBUIBHEHHS II€peA4acHOro pyHHyBaHHS
MIOBEPXHI €JIEKTPOY;

- JIKBiAYBaHHA JCTOHALi B  IIMPOKOMY
iHTEepBajJi 3MIHM 30BHINIHIX KIIMAaTHYHUX YMOB —

TEeMIlepaTypy, BOJIOTOCTI, OKTaHOBOIO ITOKAa3HUKA
TOLLO.

4. Onuc KOHCTPYKUil

[IponoHyeMe TexHiUHE pilIeHHS - CBiYKa

3aMaTIOBAaHHS «ACTpa» MICTHTH KOPIYC 3 OOKOBUM
SNIEKTPOJOM, BCTAHOBJICHHII y HOTrO LEHTPaJbHOMY
OTBODI 130JITOP 3 LEHTPAIBEHHM CJICKTPOJIOM, TOPELb
SKOTO YTBOPIOE 3 OOKOBHM €JEKTPOIOM iCKPOBHH
MPOMIXOK, 3T1JHO 3asIBICHOT0 BUHAXO.y IICHTPAIbHUI
eJIEKTPO PIBHOMIPHO OOJIaHAHUI MO CBOIN TOBKHUHI
NOPSMOKYTHUMHU  PaJialbHUMH  CTPYMOIIPOBITHUMU
TUIACTUHAMH, OCHOBHA YaCTHHA SIKUX )KOPCTKO 3’ €THYE
HEHTPAIBHUN eJIEKTpoJ 1 130JTOp, a He3HauyHa
YacTHHA IUIACTUH BUCTYIAE€ Haj TOBEPXHEI0 TOPL,

nprudoMy  OMIDKHI 1 TPOTHIEXKHI  KIHIIBKH
BUCTYIAIOUMX YAaCTHH IUIACTUH 3’€IHAHI MK CO0OI0
CTPYMOIPOBITHUMH  KUNBISIMH,  IEHTPH  SIKHX

3HAXOJATHCS Ha OCi IEHTPATBHOTO EIEKTPOY.

LenTpansHuii e1eKTpo ] piIBHOMIPHO 00JIaTHAHHIA
MO CBOIH JOBXWHI IPSIMOKYTHUMH pafialIbHUMHU
CTPYMOIPOBITHUMH TUIACTUHAMH, OCHOBHA 4YacTHHA
SKAX JKOPCTKO 3’€JHY€ LEHTPaIbHUI eNeKTpon 1
130JI5ITOp, @ HE3HAUHA YacTUHA IUIACTHH BUCTYIIAE HaJ
MOBEPXHEIO TOPIS, NMPUYOMY OJNMKHI 1 MPOTHIIEXKHI
KIHI[IBKA BUCTYIAIOUMX YACTHH IUIACTHH 3’ €HAHI MiXK
cO00I0 CTPYMOIIPOBIIHUMHU KUIBISIMH, LEHTPU SIKHX
3HaXOJATHCS Ha OCI LEHTPAIBHOTO €JIEKTPOXLy, IIO
JIO3BOJISIE B poO0OYIOMY 00’€Mi JOTIOBHUTH MOOJAWHOKY
MOTYKHY TIO/IOBKEHY JIHIIO €JIEKTPUYHOTO PO3Psmy
IIJIOI0 HU3KOI0 IUIOCKMX IIOBEPXOHb PpO3PAAY Bif
TUTACTHH 1 CYTTEBO MHiJBHUIIHWTH CTYIIHb YIIiITHHEHHS
MOBEPXOHb  EJIEKTPUYHOTO po3psily B pobouoMy
00’eMi, 3HAa4YHO CIPOCTUTH BHUMOIU IKOPCTKOTO
OOMEXEHHSI BETHYMHH poOOYOro 00’eMy CBIUKH
3aMagioBaHHsA, 30UIBIINUTH  3aWMHUCTICTE  POOOYOi
CYMIIIIi, CYTT€BO IiABUIIUTH SIEKTPUIHHAN PO3PS, 110
3a0e3MeunTh 3HAYHUN MPHUPICT MOTY>KHOCTI JBUTYHA i
3MEHIINTH PiBEHb IIKIIJIMBUX BUKHU/IB B HABKOJIMIIIHE
CEepeIOBUILE, 3ano0irHy TH nepeaYacHoOMy
CJIEKTPOXIMIYHOMY pPyHHYBaHHIO TIOBEPXHI EJIEKTPOY,
a TaKOX JKBIAYBaTH 3arpo3y JCTOHAIII.

Ha puc. 1 300pakeHa cBiuKa 3amarOBaHHS
«AcTpa» B TO3J0OBXHBOMY Iepepisi; Ha pwuc. 2
MOKa3aHUW TOTIEPEYHUI Tepepi3 HUKHBOTO TOPLS
LEHTPAIBHOTO €JIeKTPOoLy (301IbLICHUH).

Cpiuka 3anaIrOBaHHS «Actpay
BHKOPHCTOBYETHCS IS 3aMIATFOBAaHHS po00Yoi cymimi
B IBUTYHAX BHYTPIIITHHOTO 3TOPSIHHS 1 MICTHTB KOPITYC
1 3 TOPOKHUHOIO 2, B sIKiil pO3MIIIEeHUN IEHTPATBEHIHA
eJIeKTpox 3, eKpaHOBAHUH Bix KOpITyCy i3omaTopom 4
(puc. 1). o 3oBHImHBOI TOBepxHI Kopmycy 1
MPUBApEHO OOKOBHH ENEKTPOA S5, SKUil yTBOPIOE
ICKpOBHH TIPOMDKOK J 3 TOpLeM 6 IEeHTpPaJIbHOTO
enekrpony 3. lleHTpanbHuil enekTpon 3 piBHOMIPHO
obyilaHaHWil TO CBOIH JOBXHHI NPSMOKYTHHUMH
panialbHUMH ~ CTPYMOIIPOBIIHMMHU IUIACTHHAMH 7,
OCHOBHa, OlNbllIa, YacTHHA SIKHX YOPCTKO 3’€IHYE
LEHTPAILHUI eNeKTpoa 3 1 i3omarop 4, a HE3HAYHA
YaCTHHA IUIACTUH 7 BUCTYIA€ HAJ/I TIOBEPXHEIO TOPI 6,
pUYOMy OJIMKHI 0 TO3IOBXKHBOI OCi 8 KIHIBKH 9
IUTacTHH 7, 3’€IHaHI CTPYMOIpPOBITHUM Kinmbrem 10
pamiyca r , a BigmaieHi kiHmiBku 11 mmactwHM 7,
3’€HAHI CTPyMOIIPOBiTHUM KinbleM 12 pamiyca R.
Hentp 13 xinbis 10 i nentp 14 kinbis 12 3HAXOASATHCS
Ha MO3I0BXKHIHN OCi 8 IeHTpaJIbHOTO eNeKTpoay 3 (puc.
1, puc. 2).

PoGora  cBiukM  3amanioBaHHA
3IIIICHIOETHCSI HACTYITHUM YHHOM.

[Tpn 3amoBHEHHI POOOYOIO CYMIMINIIO KaMepu
3TOPSIHHS JIBUTYHa IIiJi 4ac TaKTy CTHCKY, IMITYJIbC
BHCOKOI HAampyrd TIOMAETBCS HAa [EHTPaTbHUN
emektpox 3, nme Ha Horo Topmi 6 dopmyeThes
30UIbIIEHa TOBEPXHS ENEKTPHYHOTO pPO3pSIy, Le
JI03BOJISIE B p0O0OYOMY 00’€Mi TOTIOBHUTH TOOIUHOKY
MOTYXHY HOAOBXEHY JIHIIO ENEKTPUYHOTO PO3PALY
LIJIO0 HHU3KOI IUIOCKUX IIOBEPXOHb pO3psAY Bif
IUIACTUH 7 1 CYTTEBO MiIBULINTH CTYHIHb YIIUILHEHHS
MOBEPXOHB €JIEKTPUYHOTO PO3PSIy B pobouomy 06’ emi
(puc. 1, puc. 2).

Hapnauni, HasiBHICTb CTPYMOIIPOBITHUX CITIBBICHHX
kienp 10 Ta 12 chiBBICHUX 3 MO3/I0BKHBOIO OCCHO 8
LEHTPAIBHOTO E€JEKTPOXy 3 JI03BOJISE JIOJATKOBO
chopMyBaTH JBi IWJIHIPWYHI TIOBEPXHI CTOBIA
BOJIBTIB pafiyca I Ta R, mpudomy B IeHTpi poOOYI0oro
00’eMy, 3aBISKH IIOMY, 3[IHCHIOETHCS YIIUTEHECHHS
WX ABOX HITIHAPUYIHUX CTOBITIB BOJNBTIB Y poOOYIOMY
MIPOCTOPi, OOMEKEHOMY BETUYHHO ( R — 1), a TaKoX
CyTTeBe 30IJbLICHHS IOBEPXHI PO3psiy BCepeanHi
MEHIIIOTO CTOBIA BOJBTIB pajiyca I BiJ MOOAWHOKOI
TOHKOT JIiHI{ €JIEKTPUIHOTO PO3PSIAY A0 MUITIHAPUIHOT
MOBEpXHi CTOBMIB BOJbTiB. OTkKe, B CcepenuHi
pobodoro 00’eMy (opMyeThCS 3a TOTIOMOTOK JTBOX
NWIHIPUYHAX CTOBIIB BOJIBTIB paaiycamu R Tta r
YIIUIBHEHHS TTOBEPXOHb €JIEKTPUYHOTO PO3PSIY, IO
CIIyTrye 30UIBIIEHHIO TIOTY)KHOCT] JIBUT'YHA.

«Actpa»
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Puc. 1. Csiuxa 3ananiosanus «Acmpay

Kpim Toro, B pobouoMy 00’€Mi CTBOPIOIOTHCS
peampHi YMOBH [UIA YOIUIBHCHHA HasBHUX (opm
HOBEPXOHb ENEKTPUYHOTO PO3pSAAy 1 TUM CaMUMH
CKaCOBYIOTBCS KOPCTKI YMOBH JI0 BEIMYMHHE POOOUOTO
00’eMy  CBIUKH  3arajroBaHHS, T ABHIIY€THCS
epeKkTuBHICT,  3aiiMucrocti  poboyoi  cymimii,
30UIBIIY€ETHCST TIOBEPXHS €IEKTPUYHOTO PO3PAAY 1, 5K
HACIIZOK, MIiABHINYETHCS MOTYKHICTh JBHTYHA Ta
HEMHUHYYe 3MEHIIY€EThCS PiBEHb LIKIUTMBUX BUKHIB B
HABKOJIUIIIHE CEPEJOBHUIINEC Ta JIKBIAYEThCS 3arposa

HepeaYacHoro EJIEKTPOXIMIYHOTO pyHHYBaHHS
MOBEPXHI €JIeKTpo/a.

BucHoBknu

Taxum YHHOM, BUKOPHUCTAHHS CBIUKH

3aMa;oBaHHS «AcCTpa» HO3BOJUTH, 3a JOMOMOTOIO
HOBHX BIIACTHBOCTEH 30UIBIIUTH PIBEHH YIIUTEHEHHS
HasBHUX (OpPM IOBEPXOHb EIEKTPHUYHOTO PO3PSAY,
CKacyBaTH YKOPCTKI BUMOTH /10 OOMEXEHHsI BEJTMYMHU
poboyoro 00’eMy CBIYKH 3amajfOBaHHS, 3MEHIIUTH
HEOOXiJIHy MOTYKHICTh €JIEKTPUYHOTO CTPyMY, LIO
npuBeZie 10 30UIbIICHHS MOTYKHOCTI JBHIYHA,
3MEHIIHUTh PIBEHb HIKIJUIMBUX BUKH/IB B HABKOJIMIIIHE
CepeIoBHIIE, 3armo0irue epeI4acHOMY
eIEKTPOXIMIYHOMY PYHHYBaHHIO TIOBEPXHi €IEKTPOY,
a TaKOX JIKBiAy€e 3arpo3y AETOHALII.
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MODERN POSSIBILITIES OF JUDICIAL COMMODITY EXAMINATION

Monuanoe Baoum Isanoséuy

Cyoosuti excnepm

OoecbKuii HAyK080-00CIIOHUL eKCNEPMHO-KPUMIHATICMUYHUL YeHmp
Minicmepcmea enympiwnix cnpae Ykpainu

CYYACHI MOXKJIHUBOCTI CYJIOBO-TOBAPO3HABYOI EKCIIEPTHU3H

Summary. During investigation and legal proceedings of civil and criminal cases, we may need to use an
expert knowledge in the field of commaodity research, in other words-judicial commodity examination. Such
experts are dealing with different categories of criminal cases regarding thieving, product piracy, etc. The success
of the investigation depends largely on the extent to which possibilities of the expert research have been used. This
dependence comes from the fact that generally, greater part of crimes are committed veiledly, i.e. by means of
methods focused on changing and fabrication of material assets properties with a view to creating reserves for
plundering: violation of test procedures, rejection, classifying; disfiguration of documentary data concerning
parameters of accepted (sold) goods; alteration of labels content and other marks; understatement of the actual
quantity of the goods being spoilt due to wrong storage conditions, transportation, etc. Exploration of such
circumstances is impossible without calling for expert evidence in the field of commodity research.

Awnoraunis. [Ipu po3sciigyBaHHi i CyJOBOMY pO3IVIsiii KPUMIHAJIBHUX Ta LMBUIBHUX CIIPaB 4acTO BUHUKAE
HEOOXIJHICTh y 3aCTOCYBaHHI CIELialbHUX 3HAHb B 00JIACTI TOBapO3HABCTBA, TOOTO B MPOBEACHHI CYIOBO-
TOBapO3HABYOI eKCrepTU3H. Taki eKcrepTH3n NPU3HAYalOThCS 3a PIZHUMH KaTeropisiMM KpUMiHaJbHUX CIpaB,
MOB'SI3aHUX 3 PO3KpagaHHsIMH, (pagbcudikailiero ToBapis, TOIIO. YCIIiX PO3CIiAyBaHHs 0arato B 4OMY 3aJIC)KUThH
BiJl TOrO, HACKIJIbKM IIOBHO BJAJOCS BHKOPHUCTOBYBATH MOXMJIMBOCTI JaHO! eKCHepTH3H. Taka 3aJieKHiCTbh
MOSICHIOETBCSL TUM, 110 OUIBIIICTH 3JI0YMHIB BiJOYBA€THCS, K MPABHIIO, 3aByaJlipOBaHUMHU CIIOCO0aMH, B YUCII
SKUX TPUAOMH, CHpPSMOBaHI Ha 3MiHy, (albCU]IKaIlilo BIACTUBOCTEH MaTepialbHUX I[IHHOCTEH 3 METOI0
CTBOPCHHSI pE3epBiB I PO3KPaJaHHS: MOPYHICHHS TIOPSOKY Ta IPaBHJI BHUIPOOYBaHb, pO30paKyBaHHS,
COPTYBaHHS, CIIOTBOPEHHS JOKYMEHTAIBHUX NAaHUX MPO XapaKTCPUCTUKH MPUHHATUHX (BIATYIICHUX) TOBAapiB,;
3MiHa 3MICTYy TOBapHHX SIPJIMKIB Ta IHIIMX CIIOCOOIB MapKyBaHHS BHPOOIB; 3aHIKCHHS (DAKTHYHOI KiTBKOCTI
TOBApIB, Ki 3a3HANH IICYBAaHHS Yepe3 HEeNpaBWIbHI YMOBHU 30epiraHHs, TPAaHCIIOPTYBAaHHS Ta iH. BcTraHoBIeHHS
IUX 00CTaBUH HEMOKJIMBO 0€3 MPU3HAYCHHS CYI0BO-TOBAPO3HABUOT €KCTIEPTHU3H.

Keywords: commodity examination, judicial commodity examination, forensic expert, expert in the field of
commaodity research, subject and methods of commodity examination.

Knouosi  cnosa: moeapo3nasda excnepmusa, cy@oea eKcnepmusa,
mogapo3nageys, 06 €Kmu ma Memoou mosapo3Has4oi eKCnepmu3u.

cyoosuil  ekcnepm, eKcnepm-

IHocranoBka mnpoOaemu. barato excrneprus
NPOBOJUTECS Y 3BUI3KY 3 pO3IJIAIOM LUBUIBHHX

xepenamu  10ka3oBoi iH(opmamii Hepigko €
TOBapH HApOJHOTO CIIOKUBAHHS, CHPOBHHA, Tapa,

MO30BIB IO PO3ZUTy MaifHa, BiAIIKOAYBaHHS KON
NpU YIIKOJDKEHHI MaifHa abo rcyBaHHA, peasizarii
HESIKICHUX TOBAapiB.

CynoBo-ToBapo3HaBua eKCIIepTH3a
MPU3HAYAETHCS Y BUIAAKAX, KOJIM MPH PO3CIiTyBaHHI
Ta CyIOBOMY pO3TJIIAI KPUMIHAJBHHUX, IUBUIBHUX,
apOiTpaXHUX CHpaB Ta COpPaB MPO AAMIiHICTPATHBHI
MPABOMOPYIICHHS BUHHUKAE MOTpeda B CIEliadbHUX
3HAHHAX y Tally3i TOBApO3HABCTBA.

tomo. ExcriepTHe HOCHiKeHHS Takux 0O’€KTiB aae
3MOTy BHMBYMTH MOJMUIMBI iX mapaMeTpH, iCTOTHI
O3HAKH, BIACTUBOCTI, Pi3HI OOCTaBUHHM, IOB’s3aHi 31
CIIOKHBYUMH SKOCTSIMH, BIAMIOBIIHICTP HOPMATUBHIM
JOKYMEHTaM,  3pasKaM: YCTaHOBHTH  CIIOCOOHU
(danpcudikamii 3a3HaYeHWX O0’€KTIB 1 NUIAXH
3aro0iraHHs pi3HUM MPaBONOPYyIIeHHAM [1].

MeTo10 TNPOBEICHHS CYyI0BO-TOBAPO3HABYOIO
JIOCITi/PKEHHST € BUBYEHHSI 3a JOMTOMOTO0 CHEIiallbHUX
3HaHb PO TOBAp CIOXXWUBYOI 1 MIHOBOI BapTOCTI.
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BiamoBigHO 10 MOHSTTS CIIOKHMBYOI BapTOCTI TOBapy
(xopucTb BUpOOY (HMpoayKIii, TOBapy) HOro KOpHCHI
BJIAaCTMBOCTI, IpPUTaMaHHI B Tpoleci eKcIuryararii
(crio>kMBaHHS)) BUBYAIOTHCSI TOBAPHI XapaKTEPUCTUKH
o0'ekTa 3 METOI0 BCTaHOBJICHHS HOTO TOBAapHOI
MPWHAIEKHOCTI,  BIAMOBIZHO J0  KiIacudikarii,
NPUAHATOI B TOBapO3HABCTBi, (AKTHYHUHA CTaH, 1
PWYIHHHA (YMOB, 00CTaBHH) HOTO 3MiHH.

[Ipu mpoBemeHHI EKCHEPTH3W II0 KOHKPETHIH
chpaBi IIsI 3agada TOBApO3HABUOTO IOCIHIIKEHHS
YTOYHIOETHCSI B 3aJIKHOCTI BiJ] METH IPOBEICHOTO
JIOCTIJIKCHHS 1 00CTaBUH CIPaBHU, HATIPUKIIA], SKIIO €
MiJICTaBU BBa)KaTH, L0 IapaMeTpH, 3adikcoBaHi B
cepTudikaTi AKOCTI, IO HE BIIMOBIIAIOTh (aKTHIHUM
XapakTepucTukaMm, abo (aKTUUHI XapaKTEPUCTUKU
JIOCITIIKYBAHHIX 00'eKTIB HE BIAIIOBiIAIOTH
MapKyBaHHIO TOBapy ab0 XapaKTepHUCTUKaMU 3pa3Ka.

3'scyBaHHsS 3a3HAUYCHUX OOCTaBHH BH3HAYa€
MOXJIMBICTh 1 MEXi KOMIETEHINi eKcrepra-
TOBapO3HABIIS.

Buxnagenns OCHOBHOI'0 Marepiaiy

AOCTiTKeHHs1. 3a JIOIIOMOTOI0 CyI0BO-TOBAaPO3HABYOT
EKCIIEPTU3H BUPIIIYIOTHCS IIUTaHHS PO PiBEHb SIKOCTI,
¢aktuuHoro crany toBapy [2]. HesamosinbHa sKiCTh
nponayKuii Moxke OyTH O0OyMOBIEHA MOPYIICHHSM
BUPOOHMYOr0 mpolecy (HAampUKIad, TEXHOJIOTII),
HEJIOTPUMAHHSIM NPaBWI 30€peKeHHs MPOAYKIIT MpH
yIakyBaHHI, TPaHCIIOPTYBaHHI i 30epiraHHi ToBapy Ta
IHIIAMH (paKToOpamMu.

Buxonsau 3 MOHATTA «TOBap» — SIK 00'€KT CYZ0BO-
TOBapO3HABYOI €KCHEPTU3HU, BUCTYINAE AiATEKTHIHOIO
€THICTIO TBOX CTOPiH: BApPTOCTI i1 CHIOXKHMBYOI BaPTOCTI;
JO 3aBIaHb CY/ZOBO-TOBAPO3HABUOi  EKCIEPTU3HU
Hajle’kaTh 1 3aBAaHHs, IOB'A3aHI 3 BU3HAYCHHIM
BapTOCTI 00’€KTa Cy0BO-TOBApPO3HABYOI EKCIEPTH3H,
B TOMY YHCIIi 3 ypaXxyBaHHIM HOro ()akTHYHOTO CTaHy,
mepimr 3a Bce TOMY, IO CIOXHBHa BapTiCTh
CKJIQJAEThCsl MiJ] BIUIMBOM TaKUX EKOHOMIUHHMX
YMHHUKIB, SIK TOMUT Ta MPOIMO3HUIIis, 1 € Pe3yJbTaTOM
rOCIOapChKOI EKOHOMIUHOT CUTYyAIil B oMy [3].

B pamkax cynoBo-TOBapO3HAaBYOI EKCIIEPTU3U
MOXHA BUJAIIUTH KOJIO 33124, PILICHHS SKHX CKJIAJAE
3MICT  CyJIOBO-TOBAapO3HAaBYOI  EKCIEPTH3H,  MIO
BKJTFOYAIOTh BCTAHOBJICHHS [4]:

- MPUHAICKHOCTI OKPEeMHUX OJNUHHIL abo Oe3mivi
JI0 OfiHI€T rpymH (BUIY, MOJIEITi, MApKH);

- CYTHOCTi 1 CTyHEHS 3MIHM SIKOCTI MPOAYKIIi
(HasBHICTH NedeKTiB 1 iX BIUIMB Ha SKICTh TOBapy,
TICYBaHHS MPOIYKIIii);

- BIMOBITHOCTI-HEBIAMOBIJHOCTI SIKOCTI
MPOJYKIii BHMOTaM HOPMATHBHOI JOKYMEHTAIlil
(crangapTiB Ta iH.), cepTudikary sIKOCTi a00 3pa3Kam-
eTaJIoHaM;

- BIMOBIITHOCTI-HEBIMOBIMHOCTI  (haKTHYHUX
XapaKTEepUCTUK TOBapy (CKJIaj, KOHCTPYKIisl, BXKMBaH1
Marepianm, napamMeTpu, B TOMY YHCJIi TEXHIUHI Ta iH.),
MapKyBaHHIO, 3a3HaUYCHOMY Ha SIPJMKY, ETHKETI,
BHPOOi, YIIaKOBIIi;

- OOTPYHTOBAHOCTI 3aCTOCYBaHHS 1 PABMIIBHOCTI
00YHCIICHHS HOPM TIPUPOIHUX BTPAT; MOMKIMBOCTI i
JIOITyCTUMOCTI CITMCAHHS IPUPOTHOTO YOYTKY;

- BIJNOBIJHOCTI-HEBIAMOBIAHOCTI  YIMAaKOBKH
(crioco0y, 3ac00iB), yMOB 1 TEpMiHIB TPaHCIIOPTYBAaHHS
i 30epiranHs NpoIyKilii HOPMaTUBHUM BHMOT'aM;

- BIJITOBIHOCTI-HEBIAIOBIAHOCTI YMOB
eKCILTyaTallii BKa3iBKaM I10 eKCILTyaTallii, BUKJIaJIEHUX
B iH(opMarii 11 CII0KKUBaYa;

- BIUINBY KOHKPETHUX (PAKTOPiB HAa 3MiHU SKOCTI
TIPOAYKIIIT;

- BIIOBITHOCTI-HEBIAIOBIJHOCT1 TOPSIIKY
nmpuiiMaHHS Ta BUNPOOYBaHb MPOAYKIIi 32 AKICTIO Ta

HpaBHIIAM, nependadeHIMH HOPMAaTHBHOIO
JIOKYMCHTAITIEI0.
CneunianbHi 3HaHHA eKCIIepPTiB

BUKOPHCTOBYIOTBCS ISl BCTAHOBJICHHSI OOCTaBHH, SIKi
CIPHUAIOTH HA CKOEHHS IPaBONOpYIIEHHS abo
BUHHUKHEHHIO KOH(IIKTY iHTepeciB TpoMmaisH abo
FOPUINYHUX 0Ci0, MOB'sI3aHMX 3 [5]:

- MOPYIICHHAM TUSUTBHOCTI CITyx0
METPOJIOTIYHOTO  KOHTPOJIO  MIANPHEMCTB  Ta
opraHizari;

- odopmieHHAIM 1 3MICTOM HOPMAaTHBHHX
JOKYMEHTIB, 1[0 HE 3a0e3MeUyI0Th IIPpaBa CIIOXKHUBAYIB;

- NOpYWEHHSM  TOCIOJNAPChKOI  JisUIBHOCTI
OiANPUEMCTB, 1[0 COPUYMHUIO BHTCOTOBJICHHS 1
peatizalliro HesIKiCHOT PO TYKIIii.

Jlns BUpIlIEHHS TepepaxoBaHMX 3aBJaHb MpU
NpU3HAYeHI  CyJOBO-TOBApO3HABYOI  EKCIEPTU3U
MOXYTh OyTH TOCTaBJI€HI HACTYIHI NHUTaHHA [6] —
BIIOBIIAE YN:

- HasgBHICTP 1 SKICTh (PaKTHYHO BKa3aHOI
CHPOBHHHM  JIOKYMCHTAJIbHUMH  JaHUMHU po
BHTOTOBIICHHA TpOAyKmii. Sxmo Hi, TO ki €
BIIMIHHOCTI;

- (dakTH4HI = XapaKTEPUCTHKH  MPOAYKILi
(cupoBuHa, CKJIaJ, MaTepiajM, TEXHIUHI Mapamerpw,
PO3MIpHI JaHi i iH.) MapKyBaHHI, 3a3Ha4eHOMY Ha
SIPIIMKY, €TUKETI, YIaKkoBIi. SIKmo Hi, To B yoMy ix
BIZIMIHHOCTI;

- [O3HayYeHI HAa  MapKyBaHHI  CHMBOJIH
XapaKTEPUCTUK MPOMYKIii HOPMATHBHUM BHMOTaM,
BCTAHOBJICHUM ISl JOCJIIKYBAHOTO BHAY MPOJYKIIi.
SIkmmo Hi, TO, SIKi € BIJIMIHHOCTI;

- XapaKTepUCTUKW TPOAYKIIi, 3a3HadeHi B
CYIIPOBIIHAX TOKYMEHTaX, (PaKTUIHUM. SIKIIO Hi, TO B
YOMY BiIMIHHOCTI;

- aktnuHy sKicTh  OpPOAYKUIl  BUMOram
CTaH/ApTiB, BCTAHOBJIGHUM Uil JOCIIIXKYBAHOTO
BHAY. SIKIIO Hi, TO B YOMYy BHpPa)XXEHI BiJXWJICHHS.
MosxnuBa (DomycTHMa) 4H il peanizaris, nepepoOka,
YTHII3a1lis;

- yIakoBKa TOBAapy BHMOTaM CTaHIApTiB. SIKIO
Hi, TO SIK BOHa MOTJIa BIUIMHYTH Ha 3HWKEHHS SKOCTI
TOBapYy;

- YMOBHW, B SIKMX TPaHCIIOPTYBaBCsS TOBap, IIO
BCTaHOBJICHI HOPMATHBHOIO JOKYMEHTAIIi€r0. SKIIo Hi,
TO YW MOIJIO CTaTUCS TMOTIPIIEHHS $KOCTI TOBapy
BHACJIIOK HENPAaBUILHOTO TPAHCIIOPTYBAHHS;

- yMoBH 30epiraHHi TOBapy HOPMAaTHBHUM
BUMoOram. SIKIIO Hi, TO Y4 MOTJIM BIUIMHYTH KOHKPETHI
YMOBH 30epiraHss ToBapy Ha 3HIKEHHS HOTO SKOCTI;

- TpuiMaHHA Ta BHIPOOYBaHHS MPOAYKIL]
MpaBujaM, mepeadadeHuM CTaHaapTaM. SIKIo Hi, TO,
SIKI OPYILEHHS IPaBIJI AOIYILEHI.
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- YW BIJNOBIAIOTE XapaKTEPUCTUKH BHUPOOIB
TaKHX K€ ITOKa3HUKIB 1HIIMX BUPOOIB, PEICTABICHUX
SIK 3pa3ku. SIKIO Hi, TO B YOMY BiJIMiHHOCTI;

a TaKOX:

- 4n € Ha BUpOoOi aedexTH. KO Tak, TO € BOHH
BUPOOHWYHMMH Y1 BUHHKITH B IIPOIIECi EKCILTyaTallil;

-  YM BIUIMBAaIOTH  JOe(eKTH, HasgBHI Ha
Tpel’ sBICHUX U1 OCTIDKCHHS BHpoOax, Ha iX
AKICTB. SIKIIO TakK, TO SIKHUM YHHOM;

- 91 € BUABJICHI JAe()eKTH MOMyCTUMHUMH. SKII0
Tak, TO HA CKUIBKH BiJICOTKIB 3HIKYETHCS SKICTh
BUPOOIB;

- miaibpaHi 41 BUpoOU B KOMILIEKT abo B HabOD 3a
KIJIBKICTIO, DPO3MIpOM, 3a0apBiEHHSM, BIITIHKY 1
IHIIUMY TTOKa3HWKAaMH BIiANOBITHO O BCTAHOBJICHHX
npaBwiI. SIKIO HI, TO 4YM MOXIHMBA iX MoOJaJbIIa
peaiizais;

- 4{ MPaBWIBHO HapaxOBaHHH NPHUPOAHUH criaj
IpH  KOHKPETHHX yMOBax TPAHCIOPTYBaHHA 1
30epiraHHs;

- sIKa BapTICTh BUPOOIB 3 ypaxyBaHHIM 3HOCY Ha
MOMEHT HOTO TIOIIKOKEHHS J0 MOXEX1, HAaBOJXHEHHS,
TOIILO;

- siKa BapTICTh («3aJIMIIKOBA BapTiCTh») BUPOOIB,
MOIIKO/KEHUX B Pe3yJbTaTi HABOJHEHHS, SIKIIO BOHU
NPUIATHI 7151 BAKOPUCTAHHS 33 NPU3HAYCHHSIM?

- sKa CTYHIHb 3HWXKEHHS SKOCTI 1 BapTOCTi
(«30UTOK») BUPOOIB B pe3ysIbTaTi MOMIKOIKESHHS?

SIx BUIHO, IUTaHHA, SKi MOXKYTh OYTH BHpIIICHI
32 JIONIOMOTOI0 CYJOBO-TOBapO3HABYOI EKCIIEPTH3H,
OXOIUTIOIOTH IIUPOKE KOJIO 0OCTABUH: XapaKTEPUCTUKHI
00'eKTIB 3 TOYKH 30py iX mpu3HadeHHs i oOmacTi
3aCTOCYBaHHS, (AKTUUHMHA CTaH, YHHHUKH, IO
3a0e3MeYyroTh 30€peKEHICTh TPOIYKIii; 0OCTaBHHH,
NpU SKUX BiAOYBA€ThCSl 3HMXKEHHS SIKOCTI TOBapy;
BapTICTh MPOXYKIIi, B TOMY YUCII 3 ypaxyBaHHIM ii
(haKTHYHOTO CTaHYy.

VY mpakTHii CyZOBO-TOBAPO3HABYOI EKCIEPTH3H
HEpIJIKO Tepesl eKCIepTaMH CTaBJSITHCS MUTAHHS MIPO
BU3HAYCHHS HAJIOKHOCTI OKPEMHX YaCTHH BHPOOIB /10
€IMHOTO IIJIOTO, IIPO BCTAHOBJIEHHS IiANPUEMCTBA
(kpainn) BUpOOHWKA, CIIOCIO BUTOTOBJICHHS. 3a3HaueHi1
MUTaHHI HE MOXYTh OYTH BHpIIIEHI EKCHEePTOM-
TOBapO3HABLEM, TaK SK BOHH BIJHOCATHCA 1O
IIeHTU(IKAIITHAX 3aBJaHbh | BHMAararmTb JJS CBOTO
PILIEHHS] KOMILIEKCHOTO JIOCIIi/PKEHHSI.

B Mexax cBoei KOMMETeHLIl  eKclepT-
TOBapO3HaBElb BUPILIYE 3aBJAHHS 10 BCTAHOBJICHHIO
MIPUHAJISKHOCTI BOX 1 Oinbime 00'€KTiB 7O OJHOTO
BUAYy, Mojeni, mapku (TtoOTo Trpymi). Hampuxman,
[IOCTABJIEHUI Iepell eKcreproM nuTaHHs: «Uu He
CTaHOBJIATh KypTKa Ta KalIOUIOH €JMHE IIiJIe», MOXe
Oyrn cdopmoBaHuii HacTymHMM umHOM: «He um
HaJIe)KaTh KypTKa 1 KAaIIOMIOH O OJHIET MOAENI».
HeratuBHa BIigNOBiZP HAa Take WHTAaHHI pPOOUTH
HETOTPIOHUM iIeHTH(IKAIIITHE JOCIIIKESHHS.

He BigHOCHTBCS 110 KOMIETEHLIl eKcnepra-
TOBAapO3HABIA MMTAHHS MPO MiIIPHEMCTBO-BUPOOHNKA
(xpainm) stkoro-HeOy b BUpOOy. s Horo BHpIiMIEHHS
HE0OXiTHO BCTAHOBUTH JIKEPEIIO MTOXOHKEHHS BUPOOY,
TOOTO SIKHM KOHKPETHO MiAMPUEMCTBOM (KpaiHOIO)
BUpiO BHroToBIeHO. Taki MHWTaHHS HE HAJEXaTh 10

KOMIIETEHIII eKCIepTa-ToBapo3HaBLsi, BOHU IOB'A3aH1
3 MPOIIECOM 1 OpPraHi3allier0 BUPOOHHIITBA.

[TuranHs mnpo cmocid BUTOTOBIEHHS BHPOOIB
(xycrapHuii abo ¢(aObpUYHO-3aBOJICHKOI) TaKOX He
BiJTHOCUTBCS 10 KOMIIETEHIII eKCIIepTa-TOBapO3HABIIS.
Y mpormeci AOCHIIKEHHS EKCIepPT-TOBAPO3HABEIh
BH3HAYa€ SKICTh BHPOOY, BCTAHOBIIOIOYH O3HAKH
BHTOTOBJICHHS 1 CTYMiHb BIUIUBY IX Ha €CTETHYHI 1
($yHKIiOHATTBHI BJIACTHUBOCTI BHpPOOY. Huis
BCTaHOBJICHHS CIOCOOYy BHTOTOBJICHHS, MOTpPiOHI
3HAaHHS MaTepiajiB, pi3HUX JAeTalel, KOHCTPYKIIl,
OmUMCy MoOJIeNi 1 Tepmr 3a BCe — TEXHOJOTIT
BUTOTOBJICHHS! BUPOOY. OTXKe, 11e IMTaHHS HAJEKHUTh
JI0 KOMIIETEHIII eKclepTa-TeXHoJIora, 3HaloMOoro 3
TEXHOJIOTIE€I0 BUTOTOBJICHHS THX YH IHIINX BUPOOIB Ha
MIPOMHCIIOBUX HiIIPUEMCTBAX.

Hepinko nepen excriepTaMy CTaBJISATHCS IIMTaHHS
PO MOXITUBICTh MPOBEACHHS PEMOHTHHX pOOIT IO
BiTHOBJICHHIO ITOIIKO/KCHUX BHPOOIB i MPO BapTiCTh
peMoHTy. PeMOHTHI po0®oTH, 10 BHMararoTh 3HAHHSA
TEXHOJIOTII BHUTOTOBJICHHS BHPOOIB, 3iHCHIOIOTHCS
¢axiBusAMH  BIONOBIZHUX Tady3ell BHPOOHHIITBA
(Hampukiaa, TelepadioMeXaHIKaMH TMPH  PEMOHTI
Tenepanioanaparypu). PazoM 3 THM B Mekax CBOiX
CreliabHAX 3HAaHb EKCIEePT-TOBAapO3HABELh MOXKE
BU3HAYUTH CTYMiHb 3HWKEHHS SIKOCTI 1 BapTOCTI
BUPOOIB 3 ypaxyBaHHIM HasBHUX Je(EKTIB, BUBUAIOUN
KOMIUIEKC ~ O3HaK, SKi CBiA4aTh 0Opo  3MiHY
(moripmreHHs) SIKOCTI  BHpOOy, TIpHM BHpIMICHHI
MMUTAaHHSA: «IKE 3HIDKCHHS BapTOCTI BUPOOY («30UTOKY)
B Pe3yNbTaTi HOTO IICYBaHH».

Kpim 3a3HaueHNX, Iepes eKCepTaMu CTaBISITHCS
MMUTAaHHS JOBIAKOBOrO abo TpaBOBOTO XapakTepy,
HATIPUKJIA]] PO BUHHICTh KOHKPETHHX OCi0 y IICyBaHHI
ToBapy (BHpoOiB) a00 MPO JOCTOBIPHICTH TOMEPEIHIX
eKCIePTHUX  BUCHOBKIB. [lomiOHI mOHTaHHS HE
NPUITYCTUMI 1 HE TMOBHMHHI BUPIIIYBAaTHCS CYJOBUM
€KCIIePT-TOBAPO3HABLIEM. Bupimenns NHUTaHb
NPOBMHM 1 BHUHHOCTI, JOCTOBIPHOCTI BHCHOBKIB
€KCIIEPTIiB CKJIAJIAI0Th BUKIIIOYHY IIPEPOTaTUBY CY.Ly.

OTxe, BCi €KCIIEpPTHI TOBapO3HABYi 3aBAAHHSA
MO’KHA CUCTEMAaTU3yBAaTU HACTYIIHUM YHHOM [2]:

1. BceranoBnenus TIPUHAICKHOCTI
JOCHTIDKYBAaHUX O0'€KTIiB 10 3aralbHONMPUHHATOTO
KJlacy 3 BIJIOMHM KOMIUIEKCOM BIIACTUBOCTEH, IO
BKJIOYAE MPHUBATHI 3a/1a4i:

- BU3HAUEHHs TOBApHOI NMPUHAJIEKHOCTI 00'€KTa,
HOro TIpM3HAYEHHS Ta O0JIACTi 3aCTOCYBaHHS, B TOMY
YUCJII METOAOM PEKOHCTPYKIlii o00'ekTa TO #oro
YacTHHAM;

- BCTAaHOBJICHHS  IIPUHAJIGKHOCTI  OKPEMHX
OJMHUIb a00 MHOXHH 00'€KTiB 10 ojHi€l TOBapHOI
TpyIH.

2. BcraHoBiieHHs1 ()aKTHYHOTO cTaHy 00'€KkTa, B
TOMY YHCIIi:

- HasIBHOCTI JIe(EeKTIB 1 iX BIUTUB Ha SKICTh;

- CTYNEHS 3HIWKEHHS SKOCTI 3 ypaxXyBaHHIM
HasBHHUX e(EKTiB;

- BIJIMOBIJHOCTI-HEBIAMOBIHOCTI  BJIACTUBOCTEMN
o0’ekta  0a3oBMM  (CTaHZApPTHUM,  ETAJIOHHUM)
BUMOTaM;

- TPUAATHOCTI O00'€eKTa I BHKOPHCTAHHS 3a
MIPU3HAYECHHSM;
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- BIMOBIIHOCTI-HEBIAMOBIMHOCTI  (haKTHYHUX
BJIAaCTHBOCTEH O00'€KTIB TakMM K€ JaHUM, IO
MICTUTBCSL B MapKyBaHHI a00 TOBapo-CyIpPOBIXHHX
JIOKyMEHTax.

3. BcranoBneHHs (akTHYHHX JAaHUX (YMOB,
o0cTaBuH), MOB'SI3aHUX 3 JIOTPUMAaHHSM-
HEOTPIMAHHSAM TIpaBWJI  3IifiCHEHHS  Omeparlii:
MaKyBaHHS, MapKyBaHHS, 30epiraHHs,
TPaHCHOPTYBaHHSA, TPHUHMaHH], BHUIPOOYBAaHHIM 1
eKCILTyaTartii.

ITpuBatHi 3aBAaHHA BKIIOYAIOTh BCTAHOBIICHHS
BIAIIOBIHOCTI-HEBIAIOBIIHOCTI HOPMAaTUBHUM
BUMOTaM: YIAaKOBKH, MapKyBaHHS, YMOB
TPaHCIIOPTYBAaHHS, PEXKUMY 30€piraHHsi, MOPSAKY
NpUiMaHHS, METO/1iB BUIIPOOYBaHb, YMOB
eKCIUTyaTali.

4. BcraHOBIICHHS! MEXaHi3My 3MiHH BIIaCTHBOCTEH
00'eKTa: THITy HEraTHBHOTO BIUIMBY, MOMJIMBUX 3MiH
BIIACTHBOCTEH 00'€KTa TP TEBHUX YMoOBax abo
MPUYUHM 3MIHN BIIACTUBOCTEH 00'€KTa 3arajoM.

5. BcTaHOBIIeHHS BapTOCTi 00'€KTa JOCIHTIIKEHHS
B TOMY YHCJIi 3 YpaxXyBaHHIM HOTo ()aKTHIHOTO CTaHy.

6. [IpodinakTHuHi 3aBAaHHS.

O0'ekTaMH  €KCIIEPTHOIO  TOBAapO3HABYOIO
JIOCITIJDKEHHS] MOKYTh OyTH Oy/b-siKi TOBapHi 00'€KTH:
MPOJIOBOJIbYI Ta HEMPOAOBOJIBYI TOBapH, BUPOOH, IO
Oymu y  BXUTKY, BHpOOM, SKI  BXEe  He
BUKOPHCTOBYIOThCS B Y)KUTKY, YaCTUHU BUPOOIB [5].

Pa3zoM 3 TuM 110 00'€KTIB CyJ0BO-TOBAapPO3HABYOT
eKCIIePTU3U MOXYTh OYTH BiIHECEHI He BCi 00’€KTH, a
TIIBKH Ti, $KI MaloOTh BJIACTUBOCTI (CYKYIHICTIO
BIIACTHBOCTEH), CKJIAQJAOBHMH, IO CTAHOBWIHM iX
SKICHO-KIIPKICHY =~ BH3HAUYEHICTh, IO  JO3BOJIAE
OJTHO3HAYHO BiJIHECTH O BiJIOMOi B TOBAapO3HABCTBI
Ki1acudikamifHOl  OAMHMLI:  BIACYTHICTH  O3HAK,
«BH3HAYAIOUMX» TOBAPHY HAJIEKHICTh 00'€KTa, BKA3ye
Ha Te, IO BiH HE MOXE€E BIJHOCHTHCHS 10 O0'€KTiB
CyJIOBO-TOBapO3HABUOI  EKCHEpTHU3H  (HAMPHKIA,
3aJMIIKM CHAaJeHOi Oy He JaloTh MOXKJIMBOCTI
Mi3HAHHS TaKUX BJIACTHBOCTEH, SIK KOHCTPYKTHBHI
ocobmBOCTI BHpOOy, HOTO MOAENi, SKi TO3BOJSIOTH
BiJTHECTH HOTO IO KOHKPETHOI TOBapHOi rpymn) [1].

3anexHO BiX OOCTaBMH CHpaBH, pa3oM 3
00'ekTamu CYZ0BO-TOBapO3HABUOL eKCIIePTHU3H
(mponykiiero, BUpOOaMH, iX YacCTHHAMH) EKCIepTaM
NPE/ICTABISIIOTh 3pa3KU-ETAJIOHU ISl TOPIBHSUIBHOTO
JociimkeHHs. O0'€eKTOM eKCIIEpPTHOT0 TOBAPO3HABUOTO
JOCTIDKEHHS MOXYTh OyTH 1 4acTWHH BHpPOOY, SKi
BUOYIH 3 YXUTKY. B I1IbOMy BHIQJIKy €KCIIEPTOM
BUPILIyeThCs 3aBAaHHs: «JacTHHOI SKOTO BHPOOY €
MPEICTaBICHUI Ha eKCIIEPTH3Y 00'€KTY.

B sKoCTI BHXiTHMX JaHUX WpPU IMPOBEICHHI
eKCIIEPTU3U BHBYAETHCS MapKyBaHHsS, HaHECEHE Ha
YIIaKOBKY, Oe3rocepeiHp0 Ha BUpi0, a0o sike HaHeceHa
Ha SPJIUKH, CTUKETKH, TOMIO, 1 MIiCTUTh iH(OPMAIIIO
PO TOBapHI XapaKTepUCTHUKH, BHPOOHMKA, CIIOCO0Y
MIOBOJ/DKEHHS 3 BaHTaXXeM abo IOTJIAI0M 32 BUPOOOM
(MaHimynAmiHl 3HaKkM). JlOCHIIKEHHS MapKyBaHHS
HEOoOXiHO PH BHUPIIIEHH] PSAY MUTaHb, B TOMY YHCII
MOB's13aHUX 3 panbcudikariero Topapy.

[IpakTrka BUPOOHHUITBA CYIOBO-TOBapO3HABUOL
€KCIIePTHU3H CBITYHTH, III0 HA MOMEHT MOPYIIeHHS a00
CYJIOBOTO pO3IJIsAy KPUMIiHATBHUX a00 HUBUIBHHUX

CIpaB B HAsBHOCTI 1HOJMI HE BHSBISETHCS TOTOBOL
MIPOyKLii, BUPOOIB, YIAKOBKH, SKi HEOOXIHO MOJATH
JUISL TIPOBEJCHHS JOCHi/pKeHHs. Bci omepaumii, mo
BiZIOYBalOThCS 3 TOBAapOM, TaKOXX HE MOXYTh OyTH

BHBYCHI 0€3MOCEPEHBO, OCKUTBKM IIi POIECH
BiZI0yBaIKCSI B MUHYJIOMY. Y TaKHX BUMAIKAX €IUHUM
JoKepenoM  iHGopMamii IS eKclepTra  CIy)KaTh

JOKYMEHTH, [0 MICTATH BiIOMOCTI IPO CTaH 00'€KTiB i
3IIHCHIOBAaHMX OTIEpaLii, 0 Jaf0Th iH(OpMAIIio PO
TOBap B JOCHIKYyBaHWH BiApizok dacy. o HHX
BimHOCATHCS: [7]

- TOBapoO-CYyNpPOBiIHI JIOKYMEHTH, SIKI
XapaKTepu3yloTh  AKICTb  TOBapy 1  YIHAaKOBKH
(cepTudikaTi, MOCBITYEHHS TMpPO SKICTh, TEXHIYHI
MIacCTIOPTH, SIPJIMKN), crenudikanii, paXyHKU-QpakTypH,
MaKyBaJIbHI JIUCTH;

- TOBapHO-TPAHCIIOPTHI  (BiIBaHTa)XyBaJbHi)
JOKYMEHTH, AKi MICTATh iH()OpPMAIliI0 PO YMOBH Ta
CTPOKH  TPaHCIOPTYBaHHS  (TOBapHO-TPAHCIIOPTHI
HakKJaIHI KBUTaHLil M[po mNpuilMaHHSA BaHTAXY,
3aJli3HUYHA HaKJIa{HA, KOMEPI[iHHUN aKT);

- TpUHAOMHI JOKYMEHTH (IJaHi Mpo MpUiMaHHS
TOBapy 1 MeToau BUIPOOYBaHb (JOCIIIKEHD),
nedexTHi  BIIOMOCTI, JKypHaJllM TNpHUHMaHHA Ta
pa30pakoBKH TOBapIB, NpUMaNbHO-BUTPATHI
HaKJIaIHi, nacrnopTu Ha TOBapH, aKTH
CaHeIiIeMCTaHIIIi, TOIIIO);

- CKJAJChKi JOKYMEHTH, SIKI MICTSITh BiIOMOCTI
PO YMOBH 30epiraHHs TOBapy;

- IpoUecyalbHi  JOKyMCHTH
OTJIANY, Pi3HI HOBIIKH, 3asBHU).

3anexxHo Bix 00'€KTa Ta XapaKTepy BUPIOTyBaHUX
eKCIIePTOM IIUTaHb 3aCTOCOBYIOTHCS Pi3HI NpHBATHI
METOJIMKH 1 METOAM EKCIIEPTHOTO IOCIHiKCHHS, B
TOMYy  4Mcii 1 Meromd, — po3poOieHi B
MarepiaJio3HaBCTBI,  TEKCTHJIBHOI Ta  Xap4yoBoi
HNPOMUCIIOBOCTI Ta IHIIMX O0JACTAX HAYKU 1 TEXHIKH,

(mpoTtokom

JETAIbHO BHCBITJIEHI B CTaHIapTax Ta IHIIMX
HOPMAaTHBHHX JJOKyMEHTaX.

OcHOBHa yMOBa BHpIIIEHHS  €KCIEPTHOIO
TOBaPO3HABYOTO 3aBIaHHs - JOCITIPKEHHS

ocoOnmBocTe 00'ekTa, TOOTO BHIIIEHHS 1 BUBYECHHS
THUX BIIACTHBOCTEH, SKi MAalOTh MpPaKTUYHE 3HAYCHHS
JUTSL BUPIMIICHHS ITOCTABJICHOTO MUTAaHHA [6]. Y mporeci
JOCIIKEHHST eKCIepT Yepe3 BUAUICHI O3HAKH Ii3HAE
BJIACTHBOCTI 00'€KTa, HOro CTaH, NPUYMHH 3MIHH NPU
NEBHUX YMOBAX, MMPH I[bOMY BUKOPHUCTOBYE METOIUKH
i METOIN OCITIHKEHHS B3JIEKHOCTI BIJ
JIOCITiPKYBaHOTO 00'€KTA.

OcobsuBicTh CYA0BO-TOBAPO3HABYOL
eKCIePpTH3H ToJsrac B TOMYy, IO 00'ekTamMu
JOCIIJKCHHST € SIK Oe3locepelHbO MPECTaBICHa Ha
JOCIIJKEHHS TIPOYKIisl, BUPOOH, YAaCTHHU BHPOOIB,
YNAKOBKa, TaK 1 MaTepiaii KpUMIHAJIBHUX 1 IUBUIBHUX
CrpaB, IO MICTATH iH(pOpMAIio PO 00'€KT 1 Pi3HUX
npotecax, )11 (0) BiIOyBarOTHCS 3 00'ekTOM,
BiI0OpaXKeHUX B JOKYMEHTAX.

VY 3B3KYy 3 IUM HEOOXiTHO BHIIJIUTH JBa

HaIlpaBJICHHS EKCIIePTHUX TOBapO3HABYMX
JIOCIIDKCHb, BU3HAUCHHMX O00'€KTaMM JIOCIIIKCHHS,
crieruQpiIHIMHA METOINKAMH, 3yYMOBJICHUMH

BiZIMIHHOCTSIMH B 3aCTOCYBaHHI METOJIB JOCIi>KEHHS
3a3HaYeHnX 00'€KTIB.
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ITpn ©Oe3nocepenHbOMY JOCITIKEHHI 00’ €KTIB:
INUIIXOM  BHUSBJCHHS  MOMIOHOCTI  (BIAMIHHOCTI)
BJIaCTHBOCTEH BUPOOIB 1 TOPIBHAIBHUX 3pa3KiB;
BUPOOIB 1 MapKyBaHHs; BUPOOIB i JaHKX, 3a3HAYCHUX B
CYNpPOBITHMX JOKYMEHTaX; BHpOOIB 1 JaHUX,
3a3HAYCHUX y HOpPMAaTHUBHIN JIOKyMEHTAII1,
BHUPIIIYIOTHCSI 3aBAAHHS TI0 BCTAaHOBIEHH!O [3]:

- TOBapHOI TPHHAJIEKHOCTI JOCIIIHKYBAaHOTO
00'exTa;

- CYTHOCTI 1 CTymeHs 3MiHH SIKOCTi 00’€KTa,
MPHUAATHOCTI 00'€KTa AJIS IOAAIBIIOT0 BUKOPUCTAHHS;

- BIUIMBY YMOB (YIaKOBKHM, MapKyBaHHS IIpO
croci0 30epekeHHs 1 AOrsiay 3a BUpoOOM) Ha 3MiHY
BJIAaCTHBOCTEH 00'€KTa;

- TPUYMHU 3HIDKEHHS sKOcTi a0o TCcyBaHHS
TOBapy.

[MpyuunHa 3MiHM (a0 ypaskeHHS) BIACTHUBOCTEH
00'eKTa BH3HAYAETHCS 32 XapaKTePOM YPaKEHOCTI
BIIaCTUBOCTEH 00'ekTa. JIJIs BCTaHOBJIEHHS OOCTaBMH,
AKi IIKaBIATH CIIACTBO ab0 CyI, HAMpPHUKIAA TIPO
MOJJIMBOCTI BHUHUKHEHHS Je(ekTiB MeOlliB B
pe3ynbTaTi TPAaHCHOPTYBaHHsI, 30epiraHHs, HeoOXimHi
JIOZIATKOBI JiaHl PO 3a3Ha4yeHi NpOLEecH, BUKJIAJCHI B
Marepianax CIpaBu.

IMpu nmocmijpkeHHi 00'€KTIB, MPEICTaBICHUX Ha
JIOCITIJDKEHHS, 3aCTOCOBYIOTh Taki MeToau: [5]

- OpraHoJeNTHYHUH - s BU3HAYCHHS
BJIACTHBOCTEH 00’€KTa 3a O3HAKaMHU IX 30BHIIIHBOTO
NPOSIBY;

- BUMIpPIOBaIHHAN (iHCTpYMEHTaIbHUMH,
nmabopaTopHUi) - 3IIHCHIOETBCS 32  JIOTIOMOTOIO
TEeXHIYHUX 3aco0iB 11 BU3HAUCHHSI OyHOBH

(cTpyKTYypH), MilIHOCTi 3a0apBICHHS, PO3MiPHHUX 03HAK
1 IHIIKX BJIACTUBOCTEH;

- peecTpauiifHHui — U1 BA3HAYCHHS TIOKa3HHUKIB
SIKOCT1 TIPOMYKIIi1, 3aCHOBAHWI HA MiIPaxyHKy YHCIIa
03HaK BJIACTUBOCTEH 00'€KTa;

- pO3paxyHKOBUH — JUls BU3HAYCHHS LIYKaHHUX
MOKA3HHKIB 32 POPMYIIO0 TCOPSTUIHHX 1 EMITIPUIHUX
3aJIeKHOCTEH 3  BHUKOPHCTaHHSM  I1apaMeTpiB,
BCTAHOBJICHHX BHMIPIOBAILHHUM METOJIOM;

- eKCINepHUMEHTAJbHUI - 3aCHOBaHUM  Ha
JOCITKEHH] o0'exra 1 MTOPIBHSUTBHUX
EKCIIEPUMEHTAIILHUX 3Pa3KiB, OTPUMAHUX B PE3YJIbTATI
MPOBEJICHOTO EKCIIEPUMEHTY, 3 METOI0 BCTAHOBICHHS
MOXITMBHUX MPUYNH 3MIHH SKOCTI MTPOAYKIIT 1 MOXKINBI

HACJI JIKH;
- CTaTUCTHYHHMH {3 3aCTOCYBAaHHSM TIPaBHII
MaTeMaTHYHOT SaJ'Ie)KHOCTi — JIIA BU3HAYCHHSA

YHCENbHUX ITOKA3HUKIB BIIACTUBOCTEN 00'€KTa;

- aHanorii — 3acHOBaHMM Ha BCTAaHOBJICHHI
nogiOHoCTi  (BIIMIHHOCTI) XapaKTEepUCTUK 00’ €KTa
JIOCIIIJPKEHHS M aHaJIora, KUl BUKOPUCTOBYETHCS IPU
BUpIIICHHI 3a/1a4, NOB'SI3aHUX 3 BU3HAYEHHSM BapTOCTI
00'exTa;

- MeToA MapKETHHTOBHX JIOCIIPKEHb
(hakTHYHNX TPOJNAXIB JOCIHIKYBAHOTO TOBapy abo
AQHAJIOTIYHOTO JIOCII[)KYBaHOTO;

- METOA BapTOCTHHH — JAJsl BH3HAYCHHS
BapTOCTI IPOAYKIIl HA BIATIOBIAHKH 1epiof Jacy.

IIpu Oe3mocepenuboMy AOCTIKEHHI 00'ekTa
CYZIOBO-TOBAapO3HABUOi EKCIIEPTH3H 3aCTOCOBYETHCS
CYLiTbHHAN METOH JTOCIIIIKCHHS, TOOTO

JOCIIDKYIOThCSL  Bcl  mpencraBieHi  o0'ektu. VY
PIOKICHMX  BHIAQJKaX, KOJM Ha  JIOCIIKCHHS
MIPEACTAaBISIETBCS  BEJIMKA MMApTisl TOBapy OJHOTO
HaliMeHyBaHHS, MoJedi, BUKOPHCTOBYETHCS
BUOIPDKOBUII ~ METON  JOCHIJDKEHHS,  SKIIO B
HOPMATHBHUX JOKYMEHTaXx Ha BIAMOBIIHUI BHI
MPOAYKIIil epeadadeHuil MeTol i MEeToauKa BinOOpy
3paskiB (1po0).

SIxmo ymoBH BHOIpKH HE JOTPUMaHi, pe3yIbTaTH
JIOCITIDKEHHS HE MOXYTh OYTH TIIOIIMPEHI Ha BCIO
MapTiio MPOAYKIii, a OyayTh XapaKTepu3yBaTH JIUIIIE
SIKICTh BUOIPKOBUX 3pa3KiB (mpob).

Crneungivnoro 0COOJIUBICTIO CyJI0BO-
TOBapO3HABYOT EKCIIePTU3U € MPOBEICHHS
JIOCITIJ[>KCHHS TUTBKY Ha MIICTaBl JAaHUX, BUKJIAJCHUX B
MIPEACTaBICHUX Ha JIOCHTIPKEHHS NOoKyMeHTax. Ilpum
LBOMY  MOXIIHMBICTh  TPOBEAEHHS  EKCHEPTHOTO
JOCIIKEHHST BU3HAYAETHCS TOCTATHICTIO JTOKYMEHTIB
Ta IX IPUAATHICTIO IS TOCIiIKeHHS [7].

BpaxoByroun cnenngiky o6'ekra, a came, IO
eKCIepT TOCHIIKye HE caM O00'€KT, a TiIBKH
iHpopmamito  (BiIOMOCTI) TpPO HBOTO, SKa €
pe3y/bTaToM JOCTIJUKEHHS, paHille MNpPOBEIEHOTro
JOCIHI/DKEHHST IHIIUMHM ocobamu, 1 Moxe OyTh
CIIOTBOPEHA SIK B PE3YJIbTaTi HeNpoQeciiHOro miaxoay,
TaKk 1 Hamipy, TOMY MeETOJAWKAa IOCIHI/DKSHHS NpHU
BHUPIIICHHI 3aBlaHb OCHOBaHA Ha BUSBJICHHI, aHaIi3i,
NOPIBHSHHI Ta OLIHII BIACTUBOCTEH, 3aikCOBaHUX B
JOKYMEHTaX.

AHauti3 iHpopMarlii, o MiCTUTHCS B TOKYMEHTAX,
JO3BOJISIE ~ ©KCHEpPTy  BHSBHUTH  JOCTATHICTH 1
MPUIATHICTh BUXIOHUX JaHUX [UIA  TPOBEACHHS
TOCITiKEHHS.

[lpuy  mopiBHABHOMY  aHANi3i  BHUKJIAACHI
NOKa3HUKH  3ICTaBJISIOTBCS 3~ HOPMAaTUBHUMH
JOKyMEHTaMH 3 METOI0 BH3HAUCHHS: PIBHS SKOCTI
OPOAYKINI, BIAMOBIIHOMY-HEBIAMOBIIHOMY HOPMI;
BIJITIOBITHOCTI-HEBIAMOBITHOCTI IIPOBEICHHS OTIepaIliit
NpUiiMaHHs, BUIIPOOYBaHb, TPaHCIIOPTYBaHHS,
30epiraHHs HOPMAaTMBHMM BHUMOTaM; a TaKoX 3
AHAJIOTIYHUMY, HAasBHUMH B DI3HUX IOKYMCHTaX, 3
METOI0 BCTAHOBIICHHS iX 301KHOCTI ab0 PO301KHOCTI
[4]. Po30ikHicTh B iHpOpMAIii MOXE CIYXHUTH
MiCTABOKO JJISI BUPILICHHS MUTAHHS MPO OOCTAaBHHM,
10 TIPU3BENH J0 3MIHH SIKOCTI MPOLYKITIL.

3aKJIFOYHUM €TarloM IPOBEICHHS AOCIIIKEHHS 3a
JOKYMCHTAaMH € OIliIHKa Pe3yJbTaTiB JOCIIKCHHS 3
TOYKH 30py WOTO0 TOBHOTH 1 apryMEeHTOBAHOCTI,
HeoOXigHUX 111 HOpMyBaHHS BUCHOBKIB.

BucnoBku. Ilpu excriepTHOMY TOBapO3HABUOMY
JOCITIPKeHHI  IOKYMEHTAIbHUX JaHUX OCHOBHHUMH
METO/IaMH JIOCTIJDKEHHS €:

- METOJ| JOKYMEHTAJILHOI MEepeBipKH 3 METOI0
BCTaHOBJIGHHS ~ JOCTaTHOCTI ~ Ta  HPUAATHOCTI
iHpopmarii, II0 MICTUTECI B JOKYMEHTaX, I
TIPOBEJCHHS JOCIIIIKEHHS;

- METOJA 3YyCTpiYHOi MepeBipKH, IIpU SKOMY
MOPiBHIOBATBHOMY JIOCITi DKEHHIO T ITAF0 THCS
MOKa3HUKH 3 OJHAKOBOIO HAa3BOI, BigoOpakeHi B

pi3HUX JIOKyMEHTaX. 3a3HaueHi NIOKa3HUKU
JMOCTI/DKYIOTBCSL 32 BCiMa  B3AEMOIIOB'SI3aHUM
JOKyMeHTaM. BusBiaeHy po30DKHICTH — JO3BOJISIE
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BU3HAYMTH €Tall, HAa SKOMY MOIJIa CTaTHCS BTpara
SIKOCTI TPOAYKIIii;

- METOJ] HOPMAaTHUBHOI NEpPEeBIPKU, TOOTO OIHKH
iHpopMallii, 0 MICTHUTBECA B JOKYMCHTaX, 3 TOYKH
30py BHMOT, IHI0 HPEA'SBISAIOTHCS y HOPMATHUBHO-
TeXHIYHIA JOKYMEHTAIIii.
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Mypasvesa JToomuna Bukmoposna
0.M.H., ACCUCMEHm

Capamogcko2o 20cyoapcmeenno2o noiumexuuieckozo yHugepcumema um.FO.A. I'aeapuna

BOITPOCBHI AHAJIM3A YYBCTBUTEJBHOCTH 3ATJIYBJIEHHBIX MOPCKHX

TPYBOIIPOBOIOB ITPM CEUCMHUYECKHUX BO3JIEMCTBUSAX.

QUESTIONS OF SENSITIVITY ANALYSIS OF BURIED OFFSHORE PIPELINES
TRANSPORTING.

Abstract: Dynamic behaviors of underground pipe lines during earthquakes remain unknown, while the structures in weak
ground have suffered damages from large earthquakes. From the aseismic point of view, the problems lie in the fact that the
dynamic behaviors’ of the structures have little relations to ground acceleration, but to ground deformation, and in the fact that such
structures have two dimensional extension along the surface of ground. As many investigations of the earthquake engineering treated
ground acceleration such as the one at a point, they give little information’s for ground deformation or distribution of ground
displacement along the surface.The article proposes a formula for determining the seismic load of a buried offshore
pipeline.

AHHoTanus: BaxxabM GakTopoMm, BIUSIONUM Ha O€30IIaCHOCTH IKCILUTyaTaIlliH 3arTyOJICHHBIX OJ3EMHBIX
TpyOOMPOBOJIOB, SIBJIIETCSI B3AaMMOJICHCTBHE 3ariy0JICHHOTO TPyOOTPOBOIa M OKpYIKaIOIIEero rpyHTa. Bo MHOTHX
HCCIICAOBAHUAX SGMHeTpﬂCGHI/Iﬁ Ha3€MHOC YCKOPCHHE, IIOJYYCHHOEC B O]lHOf/’I TOYKEC, aacT HEIOJHYIO
nHGOpPMALUIO 0 AeGOopMaIUsIX TPYHTAa. ABTOPOM IIPEIOKEHA METOHKA OIpeNesIeHISICEHCMIYECKONH Harpy3Ku
JUIA 3arny6neHH},1x IIOABOAHBIX pr601'lp0BOIlOB. B cratee MMPEAJIOKCHBI (bOpMYJ'ILI 0 OLCHKE YCTaJIOCTH
3ariay06JeHHoro TpyOoIpoBoaa.

Krouesvie crnosa: 3aeybnennviii MOpCKOU mpyoonposoo, celucMueckas HacpysKa, YCmaiocmy

Key word: Blown offshore pipeline, Seismic load,fatigue

Tpy6onpoBos MPU3HAHBI HaJleKHBIM, [loBeneHne NOA3EMHBIX TPYOONpPOBOJOB BO BpeMs
SKOHOMHYHBIM W 3(QQEKTHBHBIM  CPEIACTBOM  3eMJICTPSICEHUI ocTaeTcs HEM3BECTHBIM.
TPaHCHOPTHPOBKM Tra3a W Jpyrux KoMmMmepuecknx HeobxoammocTsb 3armyOneHus TpyOompoBoaa
xuakoctedt [1-4]. BaxkupiM (GakTOpOM, BIMSIIONIAM HA  OIPEIEIISIETCSA TpeGOBaHUSIMH obecrnieueHus
6e30macHOCTh 9KCIUTyaTalUH MOJ3EeMHBIX ~ HANEKHOCTH H  0€30IacHOCTH  SKCIDIyaTalluy,
TpyOOIPOBOOB, ABTISIETCSA B3aMMOJICHICTBHE  BEPOSITHOCTHIO TOBPEXKICHHS TpyOompoBomga OT

MO/I3¢MHOTO TPYOONPOBO/A U OKPYXKAIOIIEr0 TPYHTA.  BHEIIHHMX M BHYTPEHHHUX Bo3xciicTBuii[4].
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CraTpsi TOCBfIIEHA BONPOCAM  OIpPEIEICHHS
CeMCMHMYECKOH HArpy3KH ISl 3arTyOJeHHBIX MOPCKHX
TpyOOIIPOBOIOB, IPH 3EMIIETPSICCHUSIX.

JuHamMudeckoe IoBeJeHHe TpyOOoIpoBoaa UMeeT
OTHOIIEHHE K YCKOPEHHIO TPYHTOB, IeopMarusim
rpyaTa. Chemyer YYHWTHIBaTh, YTO TPYOOIPOBOIBI
UCTIBITBIBAIOT ~ JABYXMEpHbIeZehopManun  BJIOJb
MOBEPXHOCTH 3EeMITH. B HCCIIEIOBAaHUAX
3EMIICTPSICCHUH aHAIM3UPYETCsS HA3eMHOE YCKOPEHHE,
MIOJIyYUEHHOE B OJHOM TOUKe. AKceneporpammsl JAOT
HETIONIHYI0 WHpopManuio o aehopManuix TPYyHTa,
CMEUIEHNH TIpyHTa BJOJb IIOBEPXHOCTH 3EMIIH.
VBenMYeHUE TOJIIMHBI CTEHKH TpPYyO, IOBBINICHUE
Kjacca CTald, 3aluTa TPyObl C  TIOMOILBIO
TEOTEKCTHIIS- 9TO MpeAiaraeéMble METOJbl 3aIIHUTHI
TPyOOIIPOBOIOB 3EMIIETPSICCHU.

Pacuernast Mozmenb 3ariyOIEHHOTO MOABOIHOTO
TpyOOIlpoBOa MpHHATA B BHUAE LWIMHIPUYECKOTO
CTEpXKHS C  JKECTKUMH  3aKpeIUICHHSMH  II0
KOHIITaM.Macca TONIM BOABI HajJ 3ariayOJCHHBIM

TpyOOIPOBOAOM paccmarpuBaeTcs KaK
JIOTIOJTHUTENbHASI IPUCOSTUHEHHAST MaCCa.
Bpabotax  samoHckux  wucciegomarenedt  [1]

OTMEUEHO, 4TO B TPYOONPOBOIax OOJIBIIOrO TUaMeTpa
HANpsOKEHUS] M3TUOAIONMX YCHIMH CPaBHHMBI C
OCEBbIMU HamnpspkeHUsMH. lIpu nBH>XeHUM 3eMHOHI
MNOBEPXHOCTH MO  3akoHy  Y=ao-Sin(p(t-x/V)),
neopmanuu u3ruba TPyOONPOBOIA OMPEICIITIOTCS
CJICTYIOLIMM COOTHOILICHUEM;

g=2.4, 1)

2
rie fo-paguyc TpyObl, V-HaOnroqaeMasl CKOpocTh
celcMUUecKo! BOJIHBI, A -ceiicMIUUecKoe YCKOpPEHHE.
OceBast nedopmaiiusi TpyOONPOBOAA SBISETCS
npeobanaroeii| 1]. OTHOIIeHHE 0CeBOM e opMannu
K M3rHOHBIM AeopMaIusiM TpyOOIIpOBOAA 3aITUIIICTCS
B Buje[1].
P
£= —ao-;cosp(t—x/V), @
e P - KpyroBas 4acToTa JABHIKEHHS TIpyHTa
21
(paBHas ?); 8o -aMIUIATYJa TBW)KCHUS TTOBEPXHOCTH

3emutd; V-CKOPOCTh CEHCMHUYECKOiT BOJHBL.
BbIpasiM yCKOPEHHETIOBEPXHOCTH TPYHTA,

A= —ay p?sinp(t —x/V), ©)

31eCh | - Iepuo/I ABUKEHHSI 3¢ MHOM TOBEPXHOCTH.

Makcumanbhas  jgedopmanus — TpyOOmpoBoja
paBHa,
agp/V 1 TA

= ayp? AT (4)

CootHorreHue (4) TOATBEpPKIACTCSA 3aNHUCIMHU
nedopmanuu Tpyo B uccienoBaHusax|[1].

Ipu 3eMIIeTPsICCHNH, BO3HUKAET OTHOCUTEIILHOE
cMelleHre TpyOOonmpoBoia B OCEBOM HAaIpaBJICHHUH.
Bennunna nedopmanuu oTpeessieTcs
CJIE/TYFOLIMMCOOTHOIICHHEM,

AT? 1
wo v

3[IeCh Up—3HaUYEHHUE Npeesa IPOYHOCTH TPYHTA ;
Va -CKOPOCTh IIPOJOJILHOM BOJIHBI,

()

pacnpocTpaHsonieics B TpyoonpoBoe( \/%).

IIpu 3emnerpsiceHnu pa3BUBaeTCs CUia TPEHHUH] |,
no Bced JwmHMM TpyOompoBoma. Jledopmanmu

NPSIMOJIMHEWHOTO  TpyOOmpoBoJa  paBHBl  €ro

OTHOCHUTEIIFHOMY CMEIICHHIO,
Co'L CovT
&u = 4EA, = 4EAq’
rane Co 3HAYCHUETPEHUS,
€IMHUITY JJIMHBI TPYOHI.

YpaBHeHue KonebaHnii TpyOOIIPOBOIOB B OCEBOM
HATIPABJICHUUIIPH TCPEMCIICHUSIX B JHaNa3oHe U
<UOTHCHIBAIOTCS COOTHOIICHHEM,

9%y %y .
pAoo5 —EAo 5+ ky =k-aysinp(t —x/v) (7)
Pemenue ypaBaenus (7) mpeacTaBuM B BUC
Y, t) = ——————Y(x,0). (8)
() () -

YactoTsl COOCTBEHHBIX KoJieOaHui
TpyOOIpPOBOAA 3aBUCAT OT IUIOTHOCTH IKHIKOCTH,
TpaHCHOpPTHpPYeMOH 1o  TpybompoBoxy. Cpena,
HaXOAIIasICA B TpyOOIpoBOIE co3zmaer
MIPUCOCTUHECHHYI0 K cucTeMe Maccy. OHa OKa3bIBaeT
MOHMKAMOIIEe  BO3JCHCTBHE HAa  JUHAMUYECKHE
XapaKTepUCTHKH TPyOOIpoBoIa.

[Ipn aHanmm3e CeMWCMOCTOMKOCTH TOABOJHBIX
TpyOOIIPOBOIOB OILCHMBAIOT YPOBEHb HANPSIKEHUH U
JonycTumble 1edopMaluy B CTeHKax TpyOompoBoaa.

Jnst onpeneneHus CeHCMUYECKOW HArpy3ku u
HEJIOMYIICHUS SBJICHUS PE30HAHCA, HEOOXOAMMO 3HATh
COOCTBEHHBIC YaCTOTHI KOHCTPYKIIUH.

CoOCTBeHHBIC YaCTOThI CBOOOIHBIX KOJICOaHHI
3arayONIeHHOTO  TPyOOIpPOBOAATPAHCTIOPTUPYIOMIETO
ra3, Py 3alIeMJICHUH 110 KOHI[AM OTPEICIISIOTCS,

w, = \Ja;22Z + bZ;

(6)

IpuxoadImeccsa Ha

(12)

371ech ar = EF/m; b? = ﬂDmka,kx-
K03(GGHUIMEHT  JUHEHHOW  MPONOPLUOHAIBLHOCTH
MEXIy KacaTeNbHBIMH  HANPSKEHHSAMH T, B
OKpy>KaromieM TpyHTeT, = k, u(x,t).

WNuepunonHas ceiicMuueckass Harpyska Ha
TIOABOTHBIN 3aryOJICHHBIH TpyOOIPOBO,
ompeernsieTcs B BUIE:

S*ic = kad - gmyen i Be(wi ¥) - 7, (20)

smech  ky - k03 duIMEHT  yUUTHIBAIOIIHIA
BEPOSTHOCTh CEUCMHUYECKOTO COOBITHS B TEUEHHE
HA3HAYEHHOTO CPOKa CIIYKOBI COOPYXKEHHUS;

g — yckopeHue cBoboHoro naaenus (9.81m/c?);

N*i = Xix- K03ddunmeHt Gopmsr;

X; - ¢dopmbl  cOOCTBEHHBIX
TpybomnpoBoaa (6anounsle GyHKINH)

Tx— KacaTeJIbHBIMH HaIPsHKEHUSIMU;

A — BBIpaXEHHas B JONAX ¢ pacueTHas
aMIUIMTYa YCKOPEHHs OCHOBaHUS, OIpEAessieTcs 110
tabmuue CII[6].

[Ipn omnpeneneHun BETUYUHBI HHEPLMOHHON
CEHCMUYECKOIl Harpy3KH YYHTBIBaeM KO3((HUIINEHT,
3aBUCSILUN OT CTENIEHU TIOBPEXKICHUH, JOITYCKAEMBIX B
COOPY)KEHHH TIPH 3eMIIETPACEHHH[6]; 3HAUYEeHUE yria
HAIpPaBJICHUS celicMHUecKoi BOJIHBI K

KoaeOaHui

coopyxeHHro[6]cos (Ul-, ﬁo);xoa(bq)nuneHT,

YUUTBIBAIOIIHUI JAeMngupyromme CBOWCTBA
KOHCTPYKLHUHU[6].
Bosnee TouHO B BUTy Mol H3y4eHHOCTH HIenbha

1 OTCYTCTBUS CUCTEMATHU3AlIUN CEMCMHUECKHX JaHHBIX
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IO CTpaHe, CEHCMUYECKYI0 Harpy3Ky Ha IOTpy>KEHHbIE
TPYOOIIPOBOIBIHEOOXO/IMMO ~ PACCUUTHIBATE,C ~ TTOMOLIBIO
CIIEKTPAIEHOTO METO/1a, TIO CJIEIYIOIIEH METO/IHKE:

1. BwiOupatotrcs  Haumboiee  Harpy>XKeHHbIE
CEUCHUS IS aHaM3a HarnpsHKeHHO-
Te(OPMHUPOBAHHOTO COCTOSHUS TPYOBI.

2. Crposites AMIUTUTYJHO-9aCTOTHEIC
XapaKTepPUCTUKH, IJIS ONpEAeNeHUs aehopMmanuii B
BBIOPaHHBIX TOYKAX &j(w) (C yUETOM AEMI(PUPYIOMINX
CBOWCTB TPYHTOB), TJI€ (® - YaCTOTa BO30YKIArOIIETro
CEMCMHUYECKOI0 BO3IEHCTBHS, (Mo- YaCTOTA CBOOOTHBIX
KosrebaHuit TpyOoIpoBoIa.

3. AMIUIUTYIHO-4acTOTHAS XapaKTepUCTHKA

aBHa; | P(iw)|? =
P | ( )l ((‘)0(1)2_‘02)2+(2(€st+€gr)'m0(l)'w)2

4.CrekTpanbHble TUIOTHOCTH aedopmaruii B i-if
TOYKE BBIYUCIISIOTCS,
_ .2
S (w) = & (w) - §;(w), (21)
raeS;(w) - pacyeTHas CrieKTpalibHas MJIOTHOCTh
ceifcMuueckoro BozaeicTeus OanpHOCTHI[4]( TpHi.8)
5. Jucnepcuto aedopmanuii B i-it Touke,
o0
D, = [, Se(w)dw (22)
6. Hckomoe pacueTHoe 3HaueHHe Jedopmanuu

oTpezenseTcs Kak
Eip = \/D—gl (23)

7. Koaddunuent

3arny0JIeHHOTO TPYOOIPOBO/ia PaBeH:
Be(wy) = ‘U(ZJk\/ D/D.

Cpok cmyx0bI mogBogHOTO TpyOotmpoBoaa 50 ner,
HO CeHCMHYeCKHE COOBITHS HE YKIagbIBAIOTCS, HE
MPOHCXOIAT MO pacnucaHuio. Ha cpox cirykOb1
TpyOOIIPOBO/Ia BIUSIET PEXKUM PAOOTHI, KOPPO3UOHHBIE
MOBPEKACHUS TPYOONPOBOA.

3armyOneHHBIH TpyOONPOBOA CKPBIT OT IJIa3
HaOmroaTeneil. N3menenue JIaBJICHUI
TPAaHCHOPTHPYEMOTO  TPOAYKTa,  MAJOIMKIOBOE
Harpy>keHue TpyOOIpoBO#a, MOXKET MPUBECTH K
VMHHAIMAINH 1e(EKTOB KOHCTPYKIHH.

CeiicMmuueckoe IMOBpEX/ICHHE, HEIOKAaJIbHO, OHO
3aTparuBaeT BCIO KOHCTPYKIMI0.C yd4eToM HH3KO-
IUKJIMYECKOTO Harpy>XeHus!, OOJbIINX IIACTUYECKUX
nedopmanmii, HaOMOIAEMBIX B KOJIBLIEBBIX CBAPHBIX
mBax TpyOOIPOBOAOB, HEOOXOAMMO  BBINOJHATH
OLIEHKY TIOSIBJICHHS  YCTAJOCTHOW  TpEIIMHbI B
TpyOOIpoBOie TpH  aHalKM3e CeHCMOCTOMKOCTH
3arnyOneHHoro  TtpybompoBoja.  McciemoBaHus
YCTaJOCTHBIX HapaMeTpOB 3ariayOJeHHBIX MOPCKHUX
TpyOOIIPOBOIOB HE MPOBOAMINCE. [IpeIoxeHHbII
B CTaTbe METOJ YyueTa pecypca KOHCTPYKIHH
OCHOBaH Ha OICHKE CIEKTpa  HaIpsIKEHHUH
KOHCTPYKIIHH.

YcranocTHbIE TOBPEX/ICHUSI ACCOLMHUPYIOTCS C
HOJIOCON IIUKJIOB HANIPSKCHUN

JUHAMHUYHOCTH

s E) n(oy/4mo)exp|-(c?/8mg)]b0;

5D —on _ fm — T 0 p[_"(nr 0)] r,(24)
N Aoy Aoy

e N- 4HCIO  LUKIOB  HANPSKEHMM;M-

OTpULATENBHBII HAKIOH KpHBOil ycTanoctu S-N; of —
Jana3oH HaIpsDKeHU, (pazuuna MEXIy
MaKCHUMaJbHBIM M MHUHHUMAaJIbHBIM HalpsDKCHHEM B
HKIe); A — KO3 PUIHEHT KPUBOH yCTaIOCTH MeTajlia
TpyOompoBoaa.

VYcranocTHbie MOBPEIKACHUA [Jid BCEX I0JIOC
IIUKJIIOB HaHpH)KGHI/Iﬁ OIIPEALCIIACTCS B BUAC!:
__ o n(or/4mg)exp[—(cZ/8mg)|80r
D=

ypeD . (29)
3mece A — KOX(QQUIHEHT KPHBOH YCTAIOCTH
MeTaJuia TpyOoonpoBoa.

B craTpe npencraBieHbl: METOIUKH ONIPEACICHUS
ceiicMUYecKOoil  Harpy3kum A 3ariTyOJeHHBIX
MOJBOAHBIX  TPYOONPOBOIOB, COOTHOIICHHS IS
OIPEAEIICHNUs] YCTAIIOCTH IMOJA3EMHBIX 3arilyOJICHHBIX
TpyOOIPOBO/IOB, CZEiaH BBIBOA O HEOOXOIUMOCTH
MIPOBECHUS UCIIBITAaHUH3ATITyOJIEeHHBIX
TpyOONIPOBOLOB HA YCTAJIOCTb.
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INFLUENCE OF TECHNOLOGICAL FACTORS ON QUALITY INDICATORS OF CRACKS IN
CONCRETE SLAB STRUCTURES RENOVATED WITH THE HELP OF IMPREGNATION

Monooio Onexcandp Cmanicnagosuu

KaHOUOam mexHiuHUX HayK, OOyeHm,

Kuiscokuii nayionanvHuil yHisepcumem 6yoisHuymea i apximexmypu,
Kuis, Yxpaina

IInoxyma Pycnana Onexcanopisna

acnipaum, Kuigcoxuti nayionanvruii ynigepcumem

oyoienuymea i apximexmypu, Kuis, Yxpaina

JOCJIIKEHHS BIIVIMBY TEXHOJIOTTYHUX YAHHUKIB HA SAKICHI IOKA3HUKH
BIIPEMOHTOBAHHUX TPIIMH 3AJII30BETOHHUX IVIMTHUX KOHCTPYKIIIA
IPOCOYYBAHHAM

Abstract: A significant part of buildings and structures is erected of concrete or reinforced concrete.
However, under the influence of various factors, such structures are destroyed and require repair and restoration
of operational properties. The most frequent damages to structures are cracks. According to DBN B V.3.1-2: 2016
and EN-1504, cracks with disclosure exceeding 0.4 mm are subject to repair. However, in the case of the
construction exploitation under moist or wet conditions, cracks with the disclosure of 0.3 mm require repair. This
is due to impregnation of moisture into small cracks and subsequent corrosion of reinforcement. Repair of cracks
in concrete and reinforced concrete structures is carried out using adhesion and filling with solutions in way of
injection or impregnation.

In the laboratory of State Enterprise "Research Institute of Building Production”, a series of experimental
studies were performed to determine the impact of technological factors, namely: temperature and humidity of
structures with cracks on their bonding with a repair solution using "trays".

A series of nine studies examined combinations of three humidity states of a crack (dry, wet, wet) and three
temperature conditions (20 °C, - 10 °C, - 20 °C). Before conducting experimental studies, artificial cracks were
formed on samples and the value of applied destructive effort was fixed. 96 years after soaking the specimen with
Composition Liquid "Consolid 1", a destructive effort was re-applied and its value was fixed.

Established that for specimens restored at 20 ° C, humidity of the cracks has almost no effect on the value of
repeated destructive force. At the same time at an average, it equaled: for dry samples — 98% from the value of
destructive effort applied before impregnation, for moist ones — 95% and for wet — 91% respectively. Reducing
the temperature of samples to - 10 ° C affected the value of re-destructive effort. It equaled: for dry samples — 84%
from the value of destructive effort applied before impregnation, for moist — 57%, for wet — 51%. Reducing sample
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temperatures to - 20 ° C significantly affected the rates of re-applied effort. For dry samples, the value of the
destructive effort applied to the samples after impregnation was 85%, for moist — 58%, for wet — 38% from the
values of the destructive effort of the samples before the impregnation.

AHoOTaNis: 3HaYHY YaCTHHY Oy/iBeJIb 1 CIIOPYJl 3BEICHO 3 BUKOPUCTaHHIM OeTOHY 4 3anizo0eTony. [1pore,
M Ji€f0 pI3HUX YHHHHUKIB Taki KOHCTPYKUil pPYHHYIOTBCS Ta TOTPeOYIOTH PEMOHTY 1 BiJHOBJICHHSA
eKCIUTyaTaliiHuX BIacTuBocTel. J[o HalgacTimmMX MOUTKOKeHb KOHCTPYKIIN HaIexkath Tpinmad. 3rigao 3 JJbH
b B.3.1-2:2016 Ta EN — 1504, peMOHTy mi/UIAraroTh TPIMHH, MIHPHHA PO3KPUTTS SKUX Oinbire Hix 0,4 MM.
IIpote, B pa3i poOOTH KOHCTPYKIIil y BOJOTHX YM MOKPHX YMOBaX PEMOHTY MOTPEOYIOTh TPIIIUHH 3 IIHPHHOIO
poskpurta Big 0,3 MMm. Lle 3yMOBIEHO MPOCOYEHHAM BOJIOTH y JApiOHI TPIIMHU Ta MOJANBIIOI KOPO3i€io
apMaTtypu. PeMOHT TpimuH y 6€TOHHUX 1 3aJ1i300€TOHHIX KOHCTPYKIIISX MIPOBOISATH 32 TOTIOMOTOI0 CKIICIOBAHHS
Ta 3aTIOBHEHHS PO3YHMHAMH CIIOCOOOM iH €KTYBAaHHS UM IIPOCOYCHHSI.

Ha 6a3i nabopatopii JI1 «HAIEB» Oyno npoBeaeHo psifi eKCIIEpUMEHTAIBHUX AOCIIIKEHb 31 BCTAHOBJICHHS
BIUIUBY TEXHOJIOTIYHMX YMHHHKIB TEMIIEpaTypd Ta BOJIOTOCTI KOHCTPYKILIH 3 TpIlIMHAMHU Ha IX CKIICIOBAHHSI
PEMOHTHHUM PO3YHHOM 32 JIOIIOMOTOI0 «JIOTOYKa.

Byno BUKOHAHO JIeB’SATh CEPiil JOCTIHKEHB, B IKMX PO3TJIsLAaId KOMOIHAIIT TPHOX CTaHIB BOJOTOCTI TPIIUH
(cyxwmii, BoJjOTHII, MOKpHH) Ta TppOX TemreparypHux pexumi (20 °C, minyc 10 °C, minyc 20 °C). Ilepen
MPOBEICHHSIM EKCIICpUMEHTAJIBHUX JOCIIPKeHh Ha 3pa3kaX YTBOPIOBAIM INTYYHI TpIMHU Ta QiKcyBaiu
3HA4YCHHS pPyWHIBHOTO 3ycins. Yepes 96 rof micis MpocOYeHHs 3pa3KiB KOMITO3UIiIHOIO pianHOo0 «KoHCcomin
1» 10 HAX TOBTOPHO NPHUKIAAATN pyHHIBHE 3yCcHIUIA 3 PIKCYBaHHSIM HOTO 3HAYCHHS.

BcranoBieHo, mo A7 3pasKiB, BITHOBJICHHS SKUX BinOysamocs 3a Temmepatypu 20 °C BONOTICTh TPIIIUH
MaiiKe He BIUIMBAE HAa 3HAUYEHHS MOBTOPHOTO PyHHIBHOTO 3ycHiurd. IIpu mboMy B cepeAHbOMY BOHO CTaHOBHJIO!
JUIS CyXHUX 3paskiB 98 %, nist Bostorux — 95 %, g Mokpux — 91 % Bin 3HaUeHb pyHHIBHOTO 3YCHILIS 3pa3KiB 10
MPOCOYEHHS. 3HIKEHHS TeMIeparypHu 3paskiB 70 MiHyc 10 °C BIUIMHYJO Ha 3Ha4€HHs IIOBTOPHOT'O PYyHHIBHOTO
3ycuiust. BoHO cTaHOBUITO: Ui cyXuX 3paskiB 84 %, mis Bomorux — 57 %, mis mokpux — 51 % Bia 3HaYCHb
PYHHIBHOI'O 3yCHJUIS 3pa3KiB /0 NPOCOYEHHS. 3MEHLICHHS TemiepaTypu 3paskiB no Mminyc 20 °C icTtoTHO
BIUIMHYJIO Ha TIOKa3HUKU HOBTOPHO MPUKJIAJEHOTO 3ycwust. sl CyXux 3pa3KiB 3Ha4eHHs pyHHIBHOT'O 3yCHILIS,
MPUKJIAICHOTO 0 3Pa3KiB MICNIs MPOCOYCHHS, CTAHOBIIO 85 %, mst Boorux — 58 %, s mokpux — 38 % Bin

3HAYCHb PYHHIBHOTO 3yCHILIS 3pa3KiB 10 POCOYCHHS.

Keywords: reinforced concrete structures; cracks; adhesion; impregnation, structures’ humidity, structures’

temperature.

Knrouosi cnosa: 3a1i306emonui KOHCMPYKYil;, MPiWuHY, CKIEI08AHHSA, RPOCOYEHHS, 80JI02iCMb KOHCMPYKYIL,

memnepamypa KOHCmpyKyii.

IHocranoBka mnpoOJjemMu. 3HAYHY YaCTHHY
OyaiBesb 1 CIIOPY/ 3BEICHO 3 BUKOPUCTAHHIM OETOHY
9i  3a1i300€TOHY, SKi 3apeKOMEHIyBaau cebe SIK
BUCOKOsIKICHMH OyJiBenbHuit marepian. [lpore, mif
JI€l0 PI3HOTO pojy 4YMHHUKIB ((i3WyHI, MeXaHidHi,
XIMi4HI 1 T. 1H.) Taki KOHCTPYKLIl PyHHYIOTbCS Ta
noTpeOyoTh PEMOHTY, a BiATaK 1 BiJIHOBIICHHS
eKCIUTyaTalifiHuX BiacTuBocTel. Jlo HaigacTimmx
TMOIIKO/KEHb KOHCTPYKIIH HaJeXaTh TPIUHU.

Brimno 3 JBH B B.3.1-2:2016 «PemoHT i
i ICHIICHHS Hecy4unx i OTOPOIKYBAJIBLHIX
OymiBempHUX KOHCTPYKIIA Ta OCHOB OymiBenb i
copym» [2] Ta EN — 1504 «Product and system for the
protection and repair of concrete structures -
Definitions, requirements, quality, control and
evaluation of conformity» [6], pemoHTy TimIsATaOTH
TPIIIUHA, IIUPHHA PO3KPUTTS SKUX repeBumrye 0,4 M.
IIpore, B pa3i (yHKIIOHYBaHHS KOHCTPYKIHA Y
BOJIOTHX YHM MOKPHX YMOBaxX PEMOHTY IOTPEOYIOTH
TpIlIMHK 3 MWpUHOIO po3kpurts Big 0,3 mm. Ile
3YMOBJICHO IIPOCOYCHHSIM BOJIOTH Y PiOHI TPILIMHU Ta
MOAAJBIIOI KOPO3i€r0 apMaTypu. PeMoHT TpimuH y
OETOHHHMX 1 3aJ1i300€TOHHMX KOHCTPYKLISX MPOBOAATH
3a JIOTIOMOTOI0 3aIIOBHEHHS! PEMOHTHUMH PO3YHHAMHU 3
METOI0 CKJICIOBAaHHS, 3MIIIHEHHS 1 3aXHCTy TaKoi
KOHCTPYKIii Bif BIUINBY BOJIOTH Ta arpeCHBHOTO
CepeloBHUINA.

Ananiz myOJikaunii. Haiipo3noBcromkeHinmm
CIOCOOOM 3allOBHEHHS Ta CKIICIOBAHHS TPIMIMH Yy
Oeroni € ixHe iH’ekTyBaHHS [3], O momsrae y

MPOCBEPJUTIOBaHHI ~ OTBOPIB  Y3[OBX  TPIIIHHH,
BCT@HOBJICHHI B OTBOPU MaKepiB Ta IOCTYIOBOMY
iH’€KTYBaHHI (3allOBHEHHI) TPIIMHH PEMOHTHUM
PpO3YMHOM. 3aCTOCYBaHHSI I[LOTO CIOCOOY JOIIIBHE 3a
HEBEJIMKOI KIJIBKOCTI TpIMH abo AJsi PEeMOHTY 3i
3HAYHOI IIMPHHOIO IX PO3KPHUTTS, IO IIOB’S3aHO 3
BUCOKOIO TPYAOMICTKICTIO. J[J1s BUpIIIEHHS 3aBAaHHS 3
PEMOHTY KOHCTPYKIIIH 3 BEIMKOIO KITBKICTIO IPiOHUX
TPIIMH aBTOpamMu OYyJI0 PO3POOIICHO Ta IOCIIIKCHO
CHoCci0 TMOBEPXHEBOTO TMPOCOYYBAaHHS TPINIUH
OCTOHHMX 1 3ali300€TOHHHX KOHCTPYKINSX 3a
JIOTIOMOT010  CTICI[IaJIbHO PO3POOJICHOTO MPHUCTPOI0 —
«toroukay [4, 5].

BinnoBigHO 70 peKOMeHIaIiii HOPMAaTUBHHUX Ta
MPOEKTHHUX JTIOKYMEHTIB, PEMOHTHI pOOOTH HEOOXiTHO
BUKOHYBaTH B Cyxy Temily moroay. Ilpore
TPAIUISIOTHCS BUIAJKH, KOJIM Taki POOOTH TIOBOIUTHCS
BHUKOHYBATH Ha BOJIOTMX YM MOKPHX KOHCTPYKIIiSX, &
IHKOJI — HaBIiTh Y 3MMOBHX YMOBaX. AJie JOCIIPKCHHS
Ta Oynp-fka iHmA iHGOPMAIls MIOJAO0 TEXHOJOTI]
PEMOHTY TpIIIMH Ha MOKPUX KOHCTPYKLIAX YU B
3MMOBUX YMOBaX BiICyTHS.

Mera crarti. Ha ocHOBI ekcnepuMeHTaNbHHX
JOCIIJDKEHb BCTaHOBHUTH BIUIMB TEMIIEpPaTypH Ta
BOJIOTOCTI KOHCTPYKIIIA Ha 3AaTHICTh J0 CKIICIOBAHHS
OeToHy kKommo3uIliitHO pimuHoo «Koucomig 1» 3a
JIOTIOMOT'OI0 «JIOTOYKA.

Buxknan wmarepiamy. VY maGopatopii  JIIT
«HAIBB» 6ymo mpoBeneHO pAn eKCIIepHMEHTAIHHUX
JOCITI/KEHB 31 BCTAHOBJICHHS BIUIMBY TEXHOJIOTIYHHMX
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YHHHUKIB BOJIOTOCTI Ta TEMIEpaTypu OCTOHHHX
KOHCTPYKLIA 3 TpI[UHAMHA Ha IX CKJICIOBAHHS
PEMOHTHUM PO3YHHOM.

Ly

Js  mpoBelNeHHS  eKCIEepUMEHTY  Oyio
BHTOTOBJIICHO 3pa3ku 3 Oeromy kimacy C 20/25 Ta
¢iznuarMu po3mipamu 250 x 100 x 65 MM. ApMyBaHHS
3aJ11300€TOHHMX 3pa3KiB [OKa3aHO Ha puc. 1.

044 240C
n/ﬂ/ / - 044 240C x.100
Q q R u—\‘<
N\-012 A 400C k.33 : 912 4 400C
| 250 | —j30] 60 l30f
120

Ly

Pucynok 1. Cxema 3pa3skie ma ix apmy8anus.a) apmy8anHs 3pa3Ka — 03008i#CHIU po3pis; 6) eud 1-1

Jiis yTBOpEHHS IUTYYHHX TPIIIMH HA HIDKHIHA
(po3TATHYTII) OBEpXHi 3pa3KiB 3a JOMOMOTO0 Tpeca

F

[ICY 5 mpuknamany 3ycHiuis 0 BEPXHBOI MOBEPXHI
3pa3KiB, yCTAaHOBJICHUX Ha TBOX OMoOpax (puc. 2).

F

o ! O !
,1\ AT~ mpiwunu
B N N
250

Pucynox 2. Cxema npuknadanus pyunieHo2o 3ycunis 00 3a1i300emonHo20 3paska

Ha 3paskax micinsi OpUKIAIaHHsS pPYHHIBHOTO
3yCWJUISL  YTBOPIOBAIUCS — TPIIMHH 3  IIUPUHOIO
poskputts Bix 0,15 10 0,75 mM. KitbKicTh TpIlMH Ha
KO>KHOMY 31 3pa3KiB ctaHoBMIIA B 6 10 9 mit. Cepenus

[IMPUHA PO3KPUTTS TPILIMH Ha 3pa3Ky cTtaHoBmia 0,45
MM.
3HaueHHs PyHHIBHUX 3yCHJIb HABEACHO y Taou. 1.

Taomuus 1
3HAYEHHSI PYHHIBHUX 3YCHJIb, IPUKJIAJIEHUX J10 3PA3KIB IO TPOCOYEHHS
Howmep cepii nocinimxensb 1 2 3 4 5 6 7 8 9
Cepeane sHadCHHA PYHHIBHOTO | 1160 | 4905 | 4125 | 4140 | 4065 | 4100 | 4135 | 4095 | 4110
3ycuiuisa 1o mpocodeHHs 2F1, krc

V eBporeiickkoMy HOpMaTUBHOMY JI0KyMeHTI EN
1504-5:2013 [1] BU3HAYEHO YOTHUPU MOMIIUBI CTaHU
BOJIOTOCTI TPIIIMH: CyXWH, BOJIOTHH, MOKpHil Ta 3
AKTUBHUM NPOTiIKaHHAM BOAH. OCKiNBKM PEMOHTHHUH
po3unH «KoHcomia 1», BIANOBIAHO 10 peKOMEHAAIii
BUPOOHMKA, HE MPU3HAYEHO ISl YCYHEHHS! aKTHBHHX
MPOTiKaHb, TO B €KCIIEPUMEHTAIBLHUX TOCIIHKEHHSIX
0yJ10 PO3MIISTHYTO TPH CTaHU BOJIOTOCTI TPIILIUH, a caMme:
CyxuH, Bosioruid, Mokpui. Kpim Bomorocti, Ha
MIIHICTh KOHCTPYKIIH, TPIIMHHU SKUX HIJUIATaloTh

CKJICIOBAHHIO, MOXK€ BIUIMBATH iX Temmeparypa. Jis
BUKOHAHHS  €KCHEPUMEHTy Oyno  y3sT0  TpH
temmneparypHi pexxumu: 20 °C, minyc 10 °C ta MiHyc
20 °C.

ExcniepuMeHTanbHi  AOCHIIPKEHHS 3aIIaHOBAHO
BHUKOHATH JIEB’ATbMa CEPisiMHU.

KoMm6iHoBani cepii mOCHiIXEeHh 3 BOJOTICTIO
OCHOBH Ta TEMIIEPaTYpOIO KOHCTPYKIiH MpeacTaBlIeHO
y Tabi. 2
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Tabiuws 2
CEPISI JIOCJIJI)KEHD 3 BOJIOT'ICTIO OCHOBHU TA TEMIIEPATYPOIO KOHCTPYKIIIN
) Temmeparypa koHCTpyKii, °C
Bonoricts ocHOBH
20 Mminyc 10 Mminyc 20
cyxa Ne 1 Ne 4 No 7
BOJIOTa Ne 2 Ne 5 Ne 8
MOKpa Ne3 Ne 6 Ne 9

Ilepen mowatkoM ycix cepii  TOCTiIKECHb
BUKOHAHO IATOTOBKY 3pa3KiB, IO TOjifiraja B
OYMIICHHI TOBepXHi OeroHy Bin mwry, Opyay,
[IEMEHTHOTO MOJIOYKa. JIfsl yHUKHEHHS BUTIKaHHS
PEMOHTHOTO ~ PO3YMHY 4Yepe3 TpIlIMHH 3pa3Ku
oOMamryBamy 3 YCIX CTOpiH, OKpIM CTOPOHHM, LIO
miuiaraga  MPOCOYEHHIO aKpWJIOBOKO IINMAKIiBKOIO.
[Micns 4oro 3pa3kd BUTPUMYBaJIM JBI J00M 3a
temneparypu 20 = 2 °C Ta BiZHOCHOi BOJIOTOCTI
noBiTps 60 £ 5 %.

JeTanpHIMMA OMUC MiATOTOBKA 3pa3KiB KOKHOL
cepii JoCIiKeHb HaBEACHO AT

1. Cepis pmocmimxenp Ne 1 — cyxi 3pa3ku 3
TpIIIUHAMH.

2. Cepist mocmimpkeHp Ne 2 — BoJyori 3pasku 3
TpimHaMu. Cyxi 3pa3Ke 3aHypIOBaJHM IOBHICTIO Yy
Boay. Yepes 30 xB ix Buiimanu Ta uepe3 10 xB
MPOCOYYBaIIH.

3. Cepis gocmimkens Ne 3 — MOKpi 3pasku 3
TpimuHamMu. CyxXi 3pa3Kkd 3aHypIOBAJIH IOBHICTIO Y
Bomy. Yepes 30 xB ix BuiiManmu Ta Bigpasy
MPOCOYYBAIIH.

4. Cepis mocmimkxenb Ne 4 — cyxi 3paskd 3
TpimuHaMu, 3amopoxeri. CyXi 3pasku KiIajad Yy
MOpPO3WIbHY KaMepy Ha 2 100U 3a TeMIiepaTypu MiHycC
10 °C.

5. Cepist mocnijpkenp Ne 5 — BoJyiori 3pasku 3
TpimuHaMu, 3amopokeHi. Cyxi 3pa3skd 3aHYpIOBaIH

MOBHICTIO ¥ Boxy. Yepes 30 xB ix Buitmanm 3 Boau Ta
BigcToroBanmu 10 XB, HICISA YOTO KIAH Y MOPO3MIBHY
KaMepy Ha 2 106u 3a Temreparypu Minyc 10 °C.

6. Cepis mocmimkens No 6 — MOKpi 3pa3ké 3
TpimmHaMu, 3amoposkeHi. Cyxi 3pa3Ku 3aHypIOBaJIU
MOBHICTIO ¥ Boay. Uepe3 30 xB ix BuitMasu 3 BOIU Ta
BiZlpa3y KJIalW y MOpO3WIbHY Kamepy Ha 2 100u 3a
temmneparypu Minyc 10 °C.

7. Cepis pocmimkeHs Ne 7 — cyxi 3pa3ku 3
TpimHaMu, 3amMopoxeHi. CyXi 3pa3ku KiIand y
MOpPO3WIBHY KaMepy Ha 2 o0 3a TeMIepaTypu MiHyC
20 °C.

8. Cepis mocmimxenb Ne 8 — Bojori 3pasku 3
TpimuHaMu, 3aMopokeHi. CyXi 3pa3ku 3aHyprOBaIH
noBHicTIO y Boay. Uepe3 30 xB iX BUHMaIH 3 BOIU Ta
BizicToroBayid 10 XB, MOTIM KJIadd y MOPO3WIbHY
Kamepy Ha 2 j100u 3a Temnepatypu minyc 20 °C.

9. Cepis mochimkenb Ne 9 — Mokpi 3pasku 3
TpimHaMu, 3aMopokeHi. CyXi 3pasku 3aHyprOBaId
MOBHICTIO ¥ BoxAy. Yepes 30 XB 3pa3Kku BUIMAIH 3 BOIU
Ta BiJpa3y KJIAJIK Y MOPO3WIBHY Kamepy Ha 2 100H 3a
temneparypu miayc 20 °C.

[Tepen KOXXHUM TPOCOUYBAHHAM OYJIO BHMIPSIHO
BOJIOTICTh 3alli300€TOHHUX 3pa3KiB 3a JIOTIOMOTOIO
Bosioromipa «Digital Moisture Meter MS — 300» (ta6ur.
3).

Tabmuus 3
CEPEJIHE 3BHAUEHHS BOJOI'OCTI 3PA3KIB NIEPEJ TPOCOYEHHSAM
Howmep cepii nocmimkeHb 1 2 3 4 5 6 7 8 9
Bororicts 3pa3kiB 3a
FOCT 33762 - 2016 Ccyxa | Bolora | MOKpa | cyxa | Bojora | MOKpa | Cyxa | Bojora | MOKpa
Bosoriets spaskis nepent | 105 | 475 | 267 | 11,3 | 193 | 202 | 109 | 198 | 207
MPOCOYCHHSM

[ToBepxHEBe MPOCOYCHHS 3pa3KiB BUKOHYBAJH 32
JIOTIOMOTOI0 ~ CTEIiallbHO  CKOHCTPYHOBaHOI  Ta
3aMaTeHTOBAHOI CHCTEMH «IOTO4YoK» [4, 5], sKy
MPUKPIIUTIOBAIM 1O 3pa3ka 3a JIOTIOMOTOI0 CHCTEM

3aTsDKOK (puc. 3). 3a OMOMOT0I0 CTUCHEHOTO TOBITPS
B «IOTOYOK» IIOAaBajM 3a34ajeTigb IPUTOTOBAHY
KOMITO3uIliHy pinuny «Koncominm 1» 3 mocTiiHUM
tuckom 0,5-0,6 atm. mpoTsirom 5—10 xB.
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Pucynox 3. Ilpocouenns 3aniz06emonno2o 3paska 3a 00nomMo20i0 «J10Mo4Ka»

Binmpasy micns TOBEpXHEBOTO IPOCOYEHHS BCi
3pa3Ky NOMIIAJIM B YMOBH, B SIKHUX BOHH Iepe0yBasu
1o mpocoueHHs. ToOTO 3pasku, mo mnepedyBanu y
MOPO3WIIBHIN Kamepi, Tmicist IIOBEPXHEBOTO
MPOCOYCHHS TMOBEpTANM Ha3al Yy BIAMOBIIHUI
TEeMIIepaTypHUI PpeKUM Ta 3aIMIIAIH iX Ha 4 100u.

UYepes 96 rop micis MPOBEACHHS MPOCOYCHHS
BUKOHYBaJIM MOBTOPHE TIPHKJIAJaHHA pPYHHIBHOTO
sycuins. Ilin gac Bi3yalabHOTO OTJLIY 3pYHHOBaHHX

KOHCTPYKIIA MOMIYeHO, OO0 TPIMIMHA 3 MINPHHOIO
po3kpurts g0 0,5 MM ckieinucs nosHictio. [Ipuuomy B
JESKUX MICLX TiJ Yac MOBTOPHOIO IPHKJIaJaHHs
3YCWJIISL Ha 3pa3Kax 3’sSBWIUCS TPIIIMHU MapayesbHi
ckieeHuM. Jleski TPIIMHM 3 HIMPUHOI PO3KPHUTTS
nmoHan 0,5 MM OyaM He 3alOBHEHI PEMOHTHHUM
po3unHOM. Pe3ynbTaTi MOCTiIKCHb HABEJCHO Y TaOl.

4,

Tabmuus 4

3HAYEHHA PYHHIBHUX 3YCWIb, TPUKJIAJIEHUX 10 3AJI30BETOHHUX 3PA3KIB JIO
TA IICJIA IXHbOI'O ITIPOCOYEHHSA
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SIS © o % 5B &
1 4160 20 cyxa 10,5 4085 0,9820 1,80
2 4105 20 BOJIOTa 17,5 3900 0,9501 4,99
3 4125 20 MOKpa 26,7 3755 0,9103 8,97
4 4140 Mminyc 10 cyxa 11,3 3480 0,8406 15,94
5 4065 Minyc 10 BoOJIOTa 19,3 2310 0,5683 43,17
6 4100 minyc 10 MOKpa 20,2 2115 0,5159 48,41
7 4135 Minyc 20 cyxa 10,9 3500 0,8464 15,36
8 4095 minyc 20 BOJIOTA 19,8 2390 0,5836 41,64
9 4110 Minyc 20 MOKpa 20,7 1555 0,3783 62,17

Sk BupHO 3 Tabia. 4, BOJIOTICTH 3pa3KiB Ta iXHS
TeMmrepaTypa 1iCTOTHO BIUIMBAIOTh Ha 3HAYESHHS
MOBTOPHO MPHKJIAZCHOTO PYHHIBHOTO 3yCHIIIS HICIS iX
MOBEPXHEBOTO MPOCOYCHHSI.

3a pe3ysbTaTaMy OTPUMaHUX JTaHUX MTOOYAO0BaHO
3aJIeKHOCTI, AKi BiJOOpakatoTh 3HIDKEHHS PYHHIBHOTO
3yCHJUIA  3pa3KiB 32  Pi3HOT  BOJOTOCTI  TicCIsA
CKJICIOBAHHSA TPIIIMH Ta iX TeMIepaTypu y pasi 3MiHH
MMOKa3HHUKIB TEXHOJIOTIYHNX YNHHUKIB (puc. 4-6).
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Pucynok 4. 3nudicenns pyunieHo2o 3ycuiliis RiCisi CKLCIO8AHHS 3PA3KI8 3ANENHCHO 0 6071020CMI MPIUUH 3
memnepamypu 20 °C

Sk BumHO 3 rpadika (puc. 4), 3i 30UIBIICHHAM
BOJIOTOCTI 3pa3KiB 3 TpillMHaMu 3a ix temneparypu 20
°C, 3HaAueHHs MOBTOPHOTO pYHHIBHOTO 3yCHIUISA,
NPUKIAJACHOrO /IO 3pa3KiB [michast X 3alMOBHEHHS
KOMIIO3HUIiTHOIO pimuHOIo «KoHcomia 1», 3HIDKY€eThCS

Maibke 10 9 %. BinHOLIEHHsS cepeaHbOro 3HAYECHHS
PYHHIBHOTO 3yCHJUII 1O Ta ICIs TOBEPXHEBOTO
MIPOCOYCHHS U1 CyXUX 3paskiB craHoBwio 0,98, mis
3paskiB 3 BoJoruMu TpimuHamu — 0,95, s 3paskis 3
MokpuMu TpimuHamu — 0,91.
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Pucynok 5. 3uudicenus pylinieHoeo 3ycuiiia nicis CKIeI08aHH s 3pA3KI6 3a1elHCHO 8i0 801020CMI MPIyuH 3d
memnepamypu minyc 10 °C

Ha rpadiky (puc. 5) moka3aHo, 1[0 BOJIOTICTh
3pas3kiB 3 TpimMHamu 3a Temreparypu minyc 10 oC

Mmaibke Ha 49 %. [Ipu 11bOMY, BIIHOIIECHHS CEPEIHHOTO
3HAYCHHS PYHHIBHOTO 3yCHJUII OO Ta  IiCHs
MOBEPXHEBOI'O MPOCOYCHHS Ui CYXHX 3pa3KiB
cranoBmiio 0,84, 17151 3pa3KiB 3 BOJOTMMH TPILTHHAMH —
0,57, nyst 3pa3kiB 3 MOkpuMH Tpinuaamu — 0,52.

f

/
/A‘L

,

BIUIMBA€ Ha 3HAYEHHs MOBTOPHOIO pYHHIBHOTO
3yCWIUIsSI,  NPHUKJIAACHOTO 1O  3pas3KiB  micis
MOBEPXHEBOIO  MPOCOYCHHS IX  KOMITO3HIIIHHOO
pinunoro «Koncomin 1», Ta 3HWKYe HOro 3HaYEHHS
S 70.00
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Pucynox 6. 3uusicenns pytinieHo2o 3ycunns nicis CKAe08anHs 3pA3Ki6 3a1eHCHO 8i0 801020CMI MPIUl 3d
memnepamypu minyc 20 °C
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Sk BugHO 3 rpadika (puc. 6), 3MiHa BOJIOrOCTi
TPILMH 3a TemIiepaTrypu 3paskiB Minyc 20 °C icToTHO
BIUIMBA€ HA 3HAYCHHS I[IOBTOPHO NPHKIIAJECHOTO
PYHHIBHOTO 3yCHJIISL 10 3pa3KiB IICJISI OBEPXHEBOTO
TIPOCOYCHHS iX KOMITO3HIIHHOIO pinuHO0 «KoHcomin
I» Ta 3HWXKYye Horo Ha 62,2 %. CepenHe 3HAUECHHS
BITHOIIGHHS pPYHHIBHOTO 3yCHJUIA 1O Ta IICIA
TIPOCOYCHHS U CyXUX 3paskiB craHoBwio 0,85, mms

4500
4000
3500
3000
2500
2000
1500

Pyiinigne 3ycunna nicis npocouenns, Kzc

=4000-4500
m2500-3000

m3500-4000
m2000-2500

3paskiB 3 BojoruMu TpimuHamu — 0,58, ais 3paskis 3
MokpuMH TpinmHamu — 0,38.

KpiMm  mporo, mnoOyaoBaHO  TPUBUMIPHY
3aJIeXKHICTh PYHHIBHOTO 3yCWIUIS 3pasKiB micis ix
MIOBEPXHEBOI'O MPOCOYEHHS BiJ BIUIMBY OZpa3y IBOX
TEXHOJIOTIYHUX YUHHHKIB — BOJIOTOCTI 3pa3KiB Ta iX
TemnepaTypu (puc. 7).

m3000-3500
m1500-2000

Pucynox 7. 3anesicnicmo cepednbo2o 3nauenHs pyUHi6HO20 3YCUNLIA NICIS RPOCOYEHHS 3pA3KI8 KOMNOZUYIUHOIO
piounoro «Konconio 1» 6i0 memnepamypu 3paskie ma 601020Cmi mpiujut

Sk BumHO 3 rpadika (puc. 7), Temmeparypa Ta
BOJIOTiCTh KOHCTPYKIIiii 3 TPIlIIMHAMU CYTTEBO BILIMBAE
Ha cepe/lHi 3HaUeHHs PYHHIBHUX 3yCHIIb, IPUKIIAICHUX
JI0 3ai300€TOHHMX 3pa3KiB, MICIs IX HPOCOYEHHS
KOMITO3ULIMHOIO PIAMHOIO «KoHcouix 1».
BcranoBineHo, 1o st 3pa3KiB i3 CyXMMH TpIllIMHAMUA
TeMmIiepaTypa KOHCTPYKIi CyTTEBO HE BIUIMBAE Ha
TTOKAa3HUKH 3HAYCHb PYHHIBHUX 3yCHIIb, IPUKJIAJAECHUX
JI0 3pa3KiB ITiCIIs 3aIIOBHEHHS TPIIMH, Ta CTAHOBUTH 98
% Iu1s 3paskiB, mpocodeHux 3a Temneparypu 20 °C, 84
% — qu1s1 3pa3KiB, MPOCOYCHUX 32 TEMIIEPATYPH MIHYC
10 °C, Ta 85 % — ms 3pa3KiB, NMPOCOYEHHX 3a
temnepatypu Mminyc 20 °C Bin pyiHIBHHX 3HaueHb,
OPUKIAIeHUX 10  3pa3KiB 10  I[OBEPXHEBOTO
IPOCOYEHHS.

30UIbIIEHHS BOJIOTOCTI TPIMIMH KOHCTPYKIIiH
CYITEBO BIUIMBa€ Ha 3HA4YEHHs PYHHIBHUX 3YyCHIIb,
NPHKIIaZIEHNX 0 3pa3KiB Micisd IXHOTO 3alIOBHEHHS Ta
CKJICIOBaHHSI.

Jlist 3pa3kiB 3 BOJOTUMHM TpIIIMHAMH 3HAYCHHS
PpYHHIBHUX 3yCHJIb TicCJIs X 3aIIOBHEHHS CTAHOBWIIO: 95
% nu1s1 3paskiB, mpocoveHux 3a Temneparypu 20 °C, 57
% — quIs1 3pa3KiB, MPOCOYCHUX 32 TEMIIEPATYpU MiHYC
10 °C, Ta 58 % — s 3pa3kiB, NMPOCOYEHHX 3a
temniepatypu Minyc 20 °C Bin pyiHIBHHX 3HaueHb,

MIPUKITACHUX IO
[IPOCOYEHHSI.

Jlist 3paskiB 3 MOKpUMHM TpPIIIUHAMH 3HAUCHHS
pYHHIBHMX 3yCcWJb Ticis iX 3allOBHEHHS Ta
ckietoBaHHs craHoBwio: 91 % s 3paskis,
npocoyenux 3a temneparypu 20 °C, 52 % — mis
3pasKiB, IPOCOYEHHUX Npu Temieparypi minyc 10 °C, ta
38 % — mia 3paskiB, IMPOCOUCHMX IIPU TeMIeparypi
Minyc 20 °C Bij pyiHIBHUX 3Hau€Hb, IPUKIIAJICHAX 10
3pasKiB /10 TOBEPXHEBOTO ITPOCOUCHHSI.

BucHoBOK. 3rimHO 3 aHAI30M pe3yJbTaTiB
MIPOBEJCHUX JIOCII/DKEHb BCTAHOBJICHO:

1. MiuHicTh Ha 3rHH KOHCTPYKIH 3 BOJOTUMHU
TpillIMHAMH, SIKi 3aII0BHEHO Ta CKIIEEHO 3a IUIFOCOBHX
TeMIepaTyp, Maibke He 3HM3WIACh. 3HAYCHHSA
PYWHIBHOTO 3yCHIIIS, IPUKIIAIEHOTO JI0 3pa3KiB IiCHs
3allOBHEHHS Ta CKJICIOBAHHS, 3MEHIIMIIOCS: TSI CyXHX
TpitwH B 1,02; misg Bojorux — B 1,05; s MOKpux — B
1,1 paza.

2. 3HIWKEHHS TeMIlepaTypu KOHCTPYKIIH [0
MiHyc 10 °C cyTTeBile BIUIMBa€ Ha X MIIHICTb Ha 3TUH
y pa3i 3MiHM BOJIOTOCTI KOHCTPYKIII MiJ 4ac
TIOBEPXHEBOI'O TpOcOYeHHs. [Ipu 1boMy, 3Ha4YEeHHS
PYHHIBHOTO 3yCHJUIS, IIPUKJIACHOTO /10 3pa3KiB MicCIIs
3allOBHEHHS Ta CKJICIOBAHHS, 3MEHIIMIIOCS: Ul CyXHX

3paSKiB a0 TIOBEPXHEBOT'O
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TpiuuH B 1,19; s Bostorux — B 1,76; 1Jst MOKpHX — B
1,94 paza.

3. 3HmWKEHHs TemmepaTypu KOHCTPYKLiH o
minyc 20 °C icTOTHO BIUTMBA€ Ha 3HAYCHHS PYHHIBHOTO
3YCHJUIS TICJISl 3aIIOBHEHHS Ta CKJICFOBAHHS TPIIIUH Y
pa3i 3MiHM BojorocTi KoHcTpykuid. Tak #oro
3HAYEHHS 3MEHIIWIOCA: U CyXUX TpimwmH B 1,18; mms
Bosorux — B 1,71; ams Mokpux — B 2,64 pasa.
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cnosa:

B  coBpemeHHOM  Mupe, KOrga  IOTOKH
HHQOPMALIMU H3MEPSIOTCS HE KWwiobaTaMu M He
Merabaiitamu, a rurabaiitaMu u TepabaiTamMu
BBIpAb0TaTh M MPHUHATH PYKOBOAUTEIIO (HAYaJIbHHKY)

00OCHOBAaHHOE W TPAMOTHOE PEIIECHHE CTAaHOBUTHCS
Bc€ TpyAHeH. B kparuaiiline Cpokd NOCTYHNAIOLLYIO
nH(pOPMAIIHIO HE00X0IMMO 00001mHUTH,
CKOMITOHOBATbh, OTJEIUTH JJOCTOBEPHYIO HH(OPMAIIHIO
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oT HO)KHOﬁ, MnpoaHaJIM3upPOBaATL IMOJIC3HBIC JaHHBIC,
BI)Ipa6OTaTL Pa3JIMYHBIC BapUaHThl pe€arupoBaHUC Ha
CJIOKUBIIYIOCH OGCTaHOBKy, MMPOBCCTU BBIYUCIICHUA 11O
KaXJI0MYy H3 HHX. Bcé 310 HensbexHO MPpUBOJUT K
HeOGXOI[I/IMOCTI/I pa3pa60T1<1/I, BHCAPCHUSA M TIOUCKaA

HOBBIX nyTeﬁ, a TaK¥XKC COBCPUICHCTBOBAHUC
TEXHOJIOTHI HaIpaBJICHHBIX Ha OIITUMH3AIIHIO,
aBTOMaTHU3aluIo, ABTOMAaTHU3UPOBAHUE CHCTEM,

CPEICTB, NPOTPaMMHOTO OO0ECIeUeHBS IIOAICPKKHI
TIPUHATHA penieHus [1].

loBopss 0 TeXHHWYECKHX, OpPTaHU3AIMOHHBIX,
OPTraHU3AIIMOHHO-TEXHHYECKIX CHCTEMaX Pa3TUIHBIX
BUJIOB, KJIACCOB M HA3HAYCHU I, HEOOXOMMO OTMETHUTh,
YTO WX HAJEKHOCTb U >KUBYYECTbH SIBIISIETCS BAKHOU
COCTABJISAIONICH KauecTBa M HEOOXOJIUMBIM YCIOBHEM
obecrieyeHUs 3¢ GEKTUBHOCTH pelieHus
MOCTABJIEHHBIX 3aJlad B COBPEMEHHBIX YCIOBHSIX.
OTMeTHM, YTO IJIaBHOM KOHEYHOW LENIbI0 aHaIu3a UX
HAJIC)KHOCTH SBIISIETCS CBOCBPEMEHHOE TIOJTyYCHHUE
IocTOBepHOH  mHpopMammu 0  OE30TKa3HOCTH,
PEMOHTONPUTOAHOCTA W JOJTOBeYHOCTH. JlaHHas
uHpopManus HeoOXoamMa UIA  BBIpaOOTKH U
000CHOBaHMS YIPABICHUSCKUX PpEIICHUH B 00JacTH
oOecreyeHus BBICOKOH YCTOHYMBOCTHU U
3G GEKTUBHOCTH CUCTEM Pa3IHYHBIX BHJIOB, KJIACCOB U
HazHa4yeHui [9].

CoBpemeHHas MpaKTHUKa
CTPYKTYPHO-CIIOKHBIX CHCTEM Pa3IUYHOTO
Ha3Ha4YeHHs] TpeiaraeT CTPYKTYpHI, COAepKaliuie
MHOTHE IECSATKH WM Jake COTHU TBHICSY DIIEMEHTOB,
CBSA3aHHBIX W B3aUMOICHCTBYIOIINX MEKAY co00it
CIOXXHBIM 00Opa3oM. IIpuMepoM MOTYT CIyXHTh
HHQOPMALMOHHBIE CETH CBs3H, ceTh DBM, Oompie
CHCTeMbI dHepreTukH [8].

Ha naHHBII MOMEHT B cCHUCTEMax HOJJEPKKU
MIPUHSTHS PEIIEHUN CYIIECTBYIOT Pa3IUYHbIE METO/IbI
M METOJIWKH, OCHOBaHHbIE Ha  Pa3IMYHBIX
BBIYHUCITUTENHHBIX MPUHIIMIIAX U BPEMEHHBIX PEXXUMax
paboTel. B cTaThe MOoIHUMAETCS BOTIPOC - MPUMEHEHHE
METOJUKU TIOJIJHOM M HENOJHOW JAEKOMITO3ULIMU
TOTIOJIOTHH CTPYKTYPHO-CIIOKHBIX CHCTEM Pa3IMIHBIX
BUJIOB, KJIACCOB ¥ HA3HAYCHUI.

[IpoBonss HaydHBIE HCCIEHOBaHHS B BOIPOCAX
JICKOMITO3UIIHOHHOTO alllapara, aBTOPHl CTOJIKHYJIUCH
JUIIB  C  pa3po3HeHHOH  wmHpopMmammed 1o
JIEKOMITO3UIIMA  TOTMOJOTHH  CTPYKTYPHO-CIIOHBIX
cucreM. KBuHT3CCeHmueln  Hacrosmied  paboThl
SIBIIIETCS. KOMIMJISALINSL JTEKOMITO3UITMOHHBIX METOJIUK
B ©OUHBIH KOMIUIEKC METOJUK JEKOMIIO3HIINH,
MO3BOJIIOIINN TMPOBOJIUTH TOJIHYIO /MU HEMOJTHYIO
JIEKOMTIO3UITHIO CTPYKTYPHO-CIIOKHBIX CHCTEM
Pa3sIUYHOTO  HA3HAYEHUWS Ui aHATUTHYECKOTO
aBTOMAaTU3UPOBAHHOIO BBIUMCIEHUS MOKa3aTeled uX
HAJEKHOCTH, >KMBYYECTH W CTENEHU peau3aluu
pelIeHUs] OpraHU3aMOHHBIX U IUIAHUPYIOLIUX 3a/1a4.

JIrobass TumoTe3a WM TEOpUs OMHPAIOTCS Ha
COBOKYITHOCTb DPAa3JIMYHBIX IMOHSATUH, ONpEIesIeHUH,
TEPMUHOB U TOKa3zareleil, KOTOphIe JODKHBI OBITh
CTPOTO  perIaMEHTUPYeMBl B TOCYAapCTBEHHBIX
CTaH/IapTaxX WM HOPMATUBHBIX JOKyMEHTax [2].

TepMuHBI W ONpeNeNeHHS  JalTCI K
CHUCTEMATH3UPOBAHHBIM oObekTam IEIEBOTO

MMPOCKTUPOBAHUA

Ha3Ha4YCHUA MPUMECHUTECIILHO K TCXHUYCCKHM,
OpraHn3aliMOHHBbIM, OpraHn3alMOHHO-TEXHUYCCKUM
CUCTCMaM, paccMaTpruBaCMbIM B nepuoabl
MIPOCKTUPOBAHUA, IJIaHUPOBaHU, MMpOU3BOACTBA,

9KCIUTyaTalluy U MPUMCHCHUSL.

BeiienuM  HEKOTOpBIE TEPMUHBI
TIPUMEHSEMBIE B 3asIBIICHHBIX
JEKOMITO3HIINH.

Ion cucremoii — OyzaeM NOHUMATh COBOKYITHOCTh
B3aMMOCBSI3aHHBIX 3JIEMEHTOB HEKOTOPOTO
CHCTEMHOTO  O0BEKTa WIH  OPTaHU3AIMOHHOTO
(TmaHMpPYIOMIETO0) Tpoliecca, MPpeIHAa3HAYEHHOTO JUIs
BBIMIOJIHCHUSI  OMPECIICHHBIX GyHKIMHA WM
HATIPABJICHHOTO ]I PEIICHUS TOCTABICHHBIX 3a1a4
[8].

OTnenbHBICE YacTH CHCTEMBl (KOHCTPYKTHBHO
000CcOOJICHHBIC) HA3BIBAIOTCA 3neMeHTamMu. CTOUT
oOpatuth oco0oe BHHMAaHHE, YTO ONHY H Ty XKe
CHCTEMY B 3aBHCHMOCTH OT TOH WJIM WHOH 3amadym,
KOTOPYIO  pemiaeT  HCCIeAOoBaTelb,  BO3MOXKHO,
paccMaTpuBaTh KaK CHCTEMY HJIM KaK DJIEMCHT HEKOU
0oJee KpyITHOH CHCTEMEI.

Orcroga cinefyer, 4yTo K OOHOM M TOH ke
paccMaTpuBacMOW CHCTEME, BO3MOXHO, MPUMCHUTH
HCECKOJIBKO NPUHIUIIOB ACKOMIIO3UIIUHN €€ CTPYKTYPHI.

CrnengoBaTelnbHO, HEOOXOAUMO JaTh €IIE€ OIHO
OoJiee MOJIHOE OMpe/IeIeHHEe dIIEMEHTA.

DIeMEeHT — 3TO 00BEKT, NPEACTABIAIOMUNA COO0H
HpOCTeﬁIHyIO HYaCcTb CHCTCMBbI, OTACJIBHBIC YaCTH

A TOHSTHSL,
METOAUKAX

KOTOpOW HE  MPEACTaBIISIOT  CAMOCTOSTEILHOTO
HHTEpeca B paMKax KOHKPETHOTO PACCMOTPEHHSI.
HauGonee HM3BECTHBIMH criocobamu

rpaguIecKoro MOJEIMPOBAHNS CTPYKTYPHO-CIIOKHBIX
CHCTEM SBISIIOTCA IOCIEA0BaTENbHO-TapalIeIbHbIE
CXEMBI, OJIOK-CXeMBI, Tpadbl CBA3HOCTH, AEPEBbH
COOBITHIT WIIM NepeBbs OTKa30B, MapKoBckue rpadbl
COCTOSIHHUII M TepexoJoB, CXeMbl (hyHKIHMOHAIbHOU
LEIOCTHOCTH.

ITpoToTnnom BBIUHCIICHUS IOKa3aTens
HAQIEKHOCTH M JKUBYYECTH JAEKOMIIO3HIIMOHHBIX
METOJHK CTPYKTYP CHCTEM MOCTYKHIIH:

- (I'OCT P 51901.14-2007), HamMeHOBaHUE

crannapra «CTpyKTypHass cxema HaJeKHOCTH |
OyIieBBI METOJIBI». Hacrosmmuit CTaH/AapT
YCTaHABIMBAaET  METOABI  TMOCTPOSHHS  MOJENHN

HaJIe)KHOCTH CHCTEMBI M HUCIIOJIb30BAHUS 3TOM MOJENN
JUIL BBIUMCIJICHHUS TOKa3aTelell ee O€30TKa3HOCTH WU
TOTOBHOCTH.

- OOmmii  JIOTHKO-BEPOSATHOCTHBIA  METO/I,
MOCIY)KWJI [IPOTOTUIIOM IOCTPOEHHUSI  JIOTHYECKOMN
¢yHKIMH  pabOTOCTIOCOOHOCTH  CHUCTEMBI  (maiee
JI®PC) Ha OCHOBaHHMM JIOTHYECKOTO KpPUTEPHUS
¢ynkronnposanus (nanee JIKD).

IMog JI®PC OymeM mnoHMMAaTh - TOYHOE U
OJTHO3HAYHOE aHAJIMTHYECKOE IIPE/ICTaBIICHUE
COCTOSIHUH CHCTEMBI, B KOTOPBIX OHa PEaJM3YET CBOE
3ajaHHOe (PyHKIIMOHAIbHOE Ha3HAYECHHE.

Hacrosmuit ctangapt, cxemMsl (GpyHKIIHOHAIEHON
LEJIOCTHOCTH, JIepeBbsi COOBITHIA, JepEeBbs OTKAa30B

MOJIPa3yMeBarOT MIPOBOIUTH JIEKOMITO3HUIIHIO
paccMaTpuBaeMOM  CTPYKTYphl ~ CHCTEMBI Ha -
(yHKIMOHAIBHEIE 3JIEMEHTHI (tme
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KOMMYHUKAIIMOHHBIC  CBA3UM paCCMaATpHUBAIOTCA B
COCTaBC (byHKI_II/IOHaJ'ILHLIX QJICMCHTOB HJIM KakK
CBA3YIOIIUE UX JIOTUYCCKUEC yCJ'IOBI/IH).

PaCCMOTpI/IM npeaiiaracmMbie aBTOpaMu

JICKOMITO3UIIMOHHBIE METOIUKH.

MeToauKH JIEKOMIIO3UIMM CUCTEM pPa3lIUYHbIX
BHUJIOB, KJIACCOB M HA3HAUYCHHH BKIIIOYAIOT B CEOI:

- METOJUKY TIOJIHOH JI€KOMIO3UIMU CTPYKTYPHI
CHCTEMBI;

- METOJIVKH HETIOTHON JIEKOMITO3UIIUH CTPYKTYPHI
CHCTEMBI.

MeTtoanka MOJHOM JIEKOMITO3UITAU
MoJipa3yMeBaeT paznesienue CTPYKTYPBI
paccmaTpuBaeMoit CUCTEMBI Ha OTZIENBHO
MpecTaBIsieMble:

- QYHKIIMOHATIBHBIC 3JIEMECHTBI, TIC KaKIbIA

JJIEMEHT HMEET CBOH IOKa3aTelb HAACKHOCTH IS
W30JIUPOBAHHBIX TEXHUYECKUX CHCTEM, ITOKa3aTelh
JKUBYYIECTH IJISI OTKPBITBIX TEXHUYECKUX CHCTEM HIIH
MOKa3aTedb YCTOHYMBOCTH JJIsI OpPTaHU3AIMOHHBIX
CHCTEM;

[Mon ycroWumBoCTEIO Oymem
CIIOCOOHOCTH CTPYKTYPHOTO TIOIpa3ICIICHIUS
COXPaHHUTh CIIOCOOHOCTH JIJISi TapaHTUPOBAHHOIO
BBINOJIHEHUS MOJydeHHOM 3amauu [1].

- KOMMYHUKAI[HOHHBIC CBS3M, TN¢ KaXKAas CBs3b
MMeEeT CBOHM MOKaszaTelb HaJeKHOCTH, KUBYUYECTH U

IIOHHUMAaThb -

II€  COCTOSHUSA IIEPEXOJOB KOMMYHUKAIIMOHHBIX
CBA3CH  IpEeACTaBICHbl  Kak  IOJHAs  Ipymmna
HECOBMECTHBIX COOBITHH.

MeTtoauku HENOTHOI JEKOMIIO3ULIUHI

MOAPa3yMEBAIOT Pa3ZeiICHUE CTPYKTYpPBl CHCTEMBI IO
TPEM NPHHIMIIAM:

[lepBrlii npUHLHKIL:

- QyHKUMOHAJBbHBIE D3JIEMEHTBI, TAE KaXKIbIi
DJIEMEHT HMMEET CBOW II0Ka3aTellb HAaJeKHOCTH s
W30JIMPOBAHHBIX TEXHMYECKUX CHCTEM, I[0Ka3aTellb
JKMBYUYECTH JIJIsI OTKPBITBIX TEXHUYECKUX CHCTEM HWIIU
NoKa3aTejdb YCTOWYMBOCTH JJIsl OPTraHU3al[HOHHBIX
CHCTEM;

- KOMMYHUKallMOHHBIE CBSI3H, T/A€ COCTOSHHSA
MIepEeX0I0B CBSA3EH, MIPEACTAaBICHBI KaK MOJHAS IPyTIa
HECOBMECTHBIX COOBITHH.

Bropoii npunuum:

- KOMMYHHUKaIlMOHHBIE CBS3M, TA€ Kakaas CBS3b
UMEeT CBOI IOKa3aTelb Ha/JeXKHOCTH, XHBYYECTH U
COCTOSIHMSI II€PEXOJIOB CBSI3E€H MpE/ICTAaBICHBI Kak
TOJIHAS TPYTIa HECOBMECTHBIX COOBITHH.

TpeTuii IpUHLMIL

- KOMMYHUKAIIMOHHbIE CBSI3U, TA€ COCTOSHUS
MepeX0JI0B CBsI3ei MPe/ICTaBICHbI KaK MOJIHAsL TPYIIa
HECOBMECTHBIX COOBITHH.

B KavyecTBe o0bekTa HCCIeJOBaHMS
paccMarpuBaeM  CTPYKTYPHO-CIIOKHYIO — CHCTEMY,
Npe/CTaBICHHYI0 B (opme rpadoBOil CTPYKTYpHI —
KOMOMHANMM BepmMH ((QYHKIMOHAIBHBIX Y3J0B) U
pebep. VY3mel rpada ONMCHIBAIOT BCE BO3MOXKHBIC
COCTOSIHHMSI ~ KOMIIOHEHTOB  CHCTeMbl M HX
COOTBETCTBYIOLINE JIETePMHHUPOBaHHbIC
XapaKTePUCTUKH, pedpa — CBS3M KOMIIOHEHTOB MEXIY
co0oi, rpad B3BEHIICHHBI OPHEHTUPOBAHHEIH [5].

PaccmoTpuM MeTOIUKY MOTHON JEKOMIIO3UINU
TOTIOJIOTUH CTPYKTYPHO-CIOXKHON CUCTEMBI.

Jng  BeUMCIEHMs] IOKas3aTels HaJeKHOCTH,
JKUBYYECTH  CTPYKTYpHO-CJIOXKHBIX ~ CHCTEM IO
(dopMyne TOJHOH BEPOATHOCTH AaHAIUTHYECKUM
crocodom Ha OCHOBE OpUEHTUPOBAHHOT'O
B3BEHICHHOTO rpada, CYIIECTBYeT M HPUMEHSETCS
TOJIBKO TPaJUIUOHHbIE (HEaBTOMATH3UPOBAHHBIC,
pYdHBIC) METOJVKH MOAEIHPOBAHNS U BHIYHCIICHHUS.

C yCnoXXHEHHEM TOIOJIOTHH OPHUEHTUPOBAHHOTO
B3BEIICHHOTO Tpada B TPaAWIMOHHONW METOIUKE II0

BBIYHCIICHUIO aHAJUTHYECKOTO MOKa3aTeIs
HAJeKHOCTH, JKMBYYECTH  CTPYKTYPHO-CIOXHBIX
cucteM 1o  QopMmyie  HOJHOW  BEPOSTHOCTH
MIPOSIBIISIIOTCSA CJIEAYIOIINE HEJOCTaTKH:

TepseTcsl  HArjIAHOCTh M MPO3PavyHOCTh
BBIYHCIICHUS;

BpeMs Ha aHalU3 CTPYKTYphl Tpada, aHaIH3
TIPUYNHHO-CIIEACTBECHHBIX CBsI3EH, MOCTPOCHHE
BEPOSITHOCTHOW (DYHKIMN YBEIMUNBACTCS;

YMEHbBIIAETCS TOYHOCTh TIPOBEJCHNUS
AQHAITUTHYECKOTO BBIYHCIICHHS;

CHIKaeTCs 3¢ PEeKTUBHOCTH MIPOBEICHNUS

BBIYHCIICHHS, TIPH HEOOXOAMMOCTH BHECTH M3MEHEHUS
B IpaUECKYI0 MOJICIIB;

OTCYTCTBYET BapUaTHUBHOCTh B MOJEIHPOBAHUH U
IpY IPOBEICHUH BBIYUCIICHHUS;

BO3HHKAIOT  CJIOXKHOCTH  C
BepUPUKALUH.

Paccmotpum Texamdeckyto cucrema (mamee TC),
KOTOpasi MPEZCTaBISAETCS B BHAE OPHEHTHPOBAHHOTO
B3BeHIEHHOT0  rpada, Beca Ha  pebpax U
KOJINUECTBEHHBIC MOKa3aTelH Y3JI0B
JETePMHHUPOBAHBI, 3a/JaHHBIC BEPOSTHOCTH SIBIISIFOTCS
HHUYEM WHBIM KaK, UYHCIEHHBIMH MeEpaMH CTENeHHU

MIPOBEJEHUEM

O6'I)€KTI/IBHOﬁ BO3MOXHOCTH JAaHHBIX YaCTHBIX
MoKa3aTejeH.
DOyHKIIMOHUPOBAHUE JJIEMEHTa TEXHUYECKOM

CHCTEMBI HA3bIBAETCS COOBITHE, KOTOPOE B PE3YJIbTATE
OTIBITA JIOJIKHO MPOU30ITH, C BEPOSATHOCTHIO COTTIACHO

(D):

0<P@) <1, 1)
Takum o0pazom, npu paccMOTpeHHuH
(GYHKIMOHUPOBAHUS €IMHUYHOTO y3Ia,

KOMMYHHKAIIHOHHO!N CBSI3M HE PaBHOH HyI0, Oyaem
TOBOPHTH, YTO JAHHBIH SIIEMEHT CTPYKTYPhI CHCTEMBI,
paborocriocobeH ¢ JAETEPMUHHPOBAHHOW  WIH
BBIYMCIICHHBIM MOKa3aTeeM HaJeKHOCTH JUIs epHo/Ia
HOPMaJbHOHN 3KCIUTyaTalluy JIEMEHTOB, KOTAa MOXHO
MIPHUHATh HHTCHCUBHOCTH OTKa30B A(¢) = A = const mo
¢dopmyne (2):
P(t) = e, )

HeBo3moxHBIM Ha3bIBaeTcs coObITHE V, KOTOpOE
B pe3yJbTaTe ONbITA HE MOXET npousouTH. s
CHCTEMBI, JIETEPMHUHHUPOBAHHBIN II0Ka3aTelb PaBHBIN
(3), o3Hauaer, YTO MOAHHBIA D3JEMEHT CTPYKTYPHI
HEHCIpaBeH U He (PyHKIMOHHUPYET.

P(V) =0. 3)

Kputepun wucxonpsmmx BecoB pébep u3 ys3na
00pa3yIOT MOJHYIO TPYIIY HECOBMECTHBIX COOBITHIA
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(4) w paBHBl eauWHUIE, TakuM oOpa3oM, st
npomexxyrouHoro 3neMenTta TC Bxoxsmero B JIOPC
JODKHAa OBITh OIpeAeieHa OJHAa WM HECKOJBKO
KOMMYHUKAIMOHHBIX CBS3€H, 4TO B PE3yJIbTaTe OIbITa
HETPEMEHHO JJOJDKHA POU30MTH XOTs ObI OZ1HA U3 HUX:
P(Al) + (AZ) + (4)

-+ P(4,) = 1.

IMox cmoxxHBIM coObITHEM OyneM NOHHMATH -
HEKOE MOJMHOXECTBO MHOXECTBA AIIEMEHTAPHBIX
coOpITHii. CII0’KHOE COOBITHE B PE3YIIbTaTE MCITBITAHMUS
HacTylnaeT TOrJa M TOJIBKO TOT/Ia, KOT/ia B Pe3yybTare
UCIIBITAaHUH TPOM3OLUIO 3JIEMEHTapHOE COOBITHE,
npuHajexamee ciaoxHomy. Crydaid — sBisieTcs
ONaronpusATHBIM COOBITHEM, €CIIH IOSBICHHUE 3TOTO
cilydasi BiedeT 3a coOOl MOSIBJICHHE MOCIETyIOUINX
coOwbrTHi [3].

Mexny CIy4aiiHBIMU COOBITHSMHU u
MHO)KECTBAaMH CYIIECTBYET CBS3b, TAK COBOKYIHOCTh
3MIEMEHTApHBIX  COOBITHH, BO3MOXKHO  Ha3BaTh
MHOXXECTBOM  (TIDOCTPAaHCTBOM)  3JIEMEHTAPHBIX
UCXOZOB, M  COOTBETCTBEHHO,  IIPOCTPAHCTBO
3JIEMEHTAPHBIX  HCXOJOB  pacCMaTpPHUBAETCS  Kak
YHHMBEPCAJIbHOE MHOXECTBO II0 OTHOIICHHIO K

ciry4aiHbIM coObITHAM. JIFoOoe ciydaliHoe coObiTHE A
COCTOUT U3 OJHOTO U 00Jee IEMEHTAPHBIX UCXOJIOB.
Ecnu snemeHTapHbI HMCX0J 0003HAYMTH 4Yepe3 ),
Torja ciy4aifHoe coObITHE 4 MOXKHO paccMaTpuBaTh
KakK TIOIMHOKEeCTBO TpocTpaHcTBa (2 (5):
A={w e Q| ocA}. (5)

BepositHoCTB TIPOU3BEACHUS HECKOJIBKUX
COOBITHI paBHA NPOU3BEICHHIO BEPOSTHOCTEH 3THX
COOBITHH, TPHUEM BEPOSTHOCTh KaX/I0TO CIIEAYIOIIETO
TIO TIOPSIIKY COOBITHS BBIYUCIISIETCSI TIPH YCIIOBUH, YTO

BCE TpeIbIAYIIHe UMeIn
MecTo (6):
P(Al-Az- ~Ak) =
P(A1)-P(A2/A1)-P(A3/A1A2)...P(A/A1A... (6)
Ay).

[Ipu mocnenoBaTeTFHOM COCIMHEHHUHU 3JIEMEHTOB
BEPOSATHOCTH OE30TKA3HOM PabOThI CHCTEMBI 33 BpeMs
MPU W3BECTHBIX BEPOSITHOCTIX O€30TKa3HOM paboTHI
oTpesieTieHa:

P.(t) = P,(t) - Py(t)...Pn(t) =

7

[Tz Pe(0), ()

rae P1(t), P2(2), ..., Pn(t) —  IIOKa3aTenn
BEPOSATHOCTH 0€30TKa3HOH pabotel 1,2,3,..., n-eo

3JIEMEHTOB CUCTEMBI 3a BpeMs 1.

CoObiTHe 4 MOXET HACTYNUTh IPH YCIOBHU
OJHOI'0 M3 HECOBMECTHBIX coObiTuii Hi, Ha, ..., Hp,
00pa3yIOIIKUX MOJHYIO TPYIITY COOBITHIH, HA3BIBAEMBIX
runote3aMu. I1ycTh W3BECTHBI BEPOSTHOCTH THIOTE3:
P(H1), P(H), ..., P(Hn) W YCIIOBHBIE BEPOSTHOCTH:
P(4/Hy), P(A/H3), ..., P(A/Hy). BeposTHOCTh COOBITHS
A, KOTOpOE MOXET HACTYIUTh JIUING IIPH YCIOBHH
MOSIBJIEHHS] OJJHOI'O0 M3 HECOBMECTHBIX coObITHI Hi, Ha,
..., Hn, oOpa3yrommux moiHyr rpymiy, paBHa cyMMe
MPOU3BEACHUIN BEPOATHOCTEH KaXJOr0 W3 ITHX
COOBITHII  HA  COOTBETCTBYIOIIYIO  YCJIOBHYIO
BeposiTHOCTD cobbrTus 4 (8) [4].

P(A) = ?=1P(A : HL') = (8)
i=1 P(H)P(A/H)).

[IpoaHanm3upoBaB MPEACTABICHHYIO METOIUKY,
CTaHOBHUTCS OYEBHAHBIM YTBEP)KACHHE TOTO, HUTO
ONTUMU3AIMSI W aBTOMAaTH3alUs TAaHHOTO Iporecca
MOBBICUT  3()()EKTUBHOCTh  OIICGHKUA  IOKa3aTels
(YHKIIMOHUPOBAHUS ~ JUCKPETHOM  TEXHHUYECKOU
CUCTEMBI, TyTEM JEKOMIIO3ULIUU €€ CTPYKTYPHIL.

ConepxaHue ONTUMH3AIUH METOJIUKA COCTOUT B
MIPUMCHCHUHN rpah)0aHaATUTHICCKOH METOJIUKHI
MOJENUPOBAaHUSI TpU TPEJCTABICHUHU 3aJaud B
rpa¢udeckoM BHAEC Ha OCHOBE OPHCHTHPOBAHHOTO
B3BEIIEHHOTO Tpada.

CopeprxaHue aBTOMAaTH3alUHd METOTUKH COCTOHT
B MHUHUMM3aLUUM JAEMCTBUM  McciieoBarens B
BEIYHCIIUTEIIFHOM IIpoIiecce U BBIIAa9d 000CHOBAHHBIX
AHATTUTHYCCKUX PEKOMEHMAINI B MPHHATHH PEIICHUI
no BbIOOPY 3((DEeKTUBHOW CTpaTerHy PEIICHUN MpH
MPOBEJICHUN KOJUYECTBEHHON OLIEHKU IOKa3aTess
HAJCKHOCTH,  JKUBYYECTH  CTPYKTYPHO-CIOKHON
CUCTEMBI.

BriBona:

[IpoGnemMa MOJENUPOBAaHUS CHUCTEM PAa3TUYHBIX
BHIOB, KIIACCOB M HAa3HAYCHHUH HE PEIaeTCs OJHUM
TONBPKO HAKOIUICHHBIM 3apaHee pa3pa0dOTaHHBIM,
TOTOBBIM  TIOAXOIOM  JCKOMIIO3HIIUH  TOTIOJIOTHH
CTPYKTYPHUPOBaHHBIX 3amad. ExxemHeBHAS MpaKTHKa 1
HEOOXOIUMOCTh BCE BpEeMs CTaBAT TaKWe 3aladd
WCCIICJIOBAHMsI, MPOCKTHUPOBAHMS, OKCIUTyaTalldd |
yHOpaBleHus, JUIsl OCYIIECTBICHUS KOTOPBIX CTaphble,
TpadapeTHble pemeHus (MOeIH) yKe HENPUIOAHbI, U
TIOCTOSTHHO TpeOyeTcsi COo3JlaHue W TpUMEHEHHE BO
MHOTOM COBEPIIEHHO HOBBIX, paHee He H3BECTHBIX
MOJIXOJIOB U CIIOCOOOB.

OmHAM W3 TEPCIeKTHBHBIX METOJOB aHan3a
0€30MacHOCTH W HAJEC)KHOCTH, XHUBYYECTH CHCTEM
SIBIISICTCS KOMIUIEKCHBIH TOAX0J K JEKOMITO3UIHH
CTPYKTYp CIIOKHBIX cucTeM. [IpenmymiecTBO JaHHOTO
MOIX0/a 3aKI0YacTcs B TOM, YTO OH IIO3BOJISCT
HCCIIeOBATEIIO!

- IyOOKO MPOaHATN3UPOBATh KOJTMYECTBEHHBIE U
KayeCTBEHHBIE ACTEeKThl 0€30MacHOCTH, HaJIEKHOCTH,

JKABYYECTH,

- IPOBECTH OIICHKY OMMACHOCTH TEXHOJIOIMYCCKIX
TPOIIECCOB;

- BI)I6paTI) IMpaBUJIBHBIC YIpaBJICHUYCCKUE

pelIeHus IpY OLIEHKE CUTYyallui;
- HOJTyYUTh TpaduuecKuii HarIATHBIM MaTepual
JUISL TIPAKTUYECKOTO TIPUHSTUS PEILICHUS.
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PASPABOTKA MAPHIPYTA IIOJIETA BO3JYIIHOI'O CYAHA C IPUMEHEHUEM
30HAJIbBHOM HABUTALIUU

Eshmuradov Dilshod Elmuradovich

DEVELOPMENT OF AIRCRAFT FLIGHT ROUTE WITH APPLICATION OF ZONAL
NAVIGATION

AnHoranusi: Bo Bpems obecriedeHnsT CaMOJICTOBOKICHNS HEOOXOIMMO BBITIONHATE OOJBIIOE KOIUIECTBO
3aJa4y, B YaCTHOCTH, IIOJIET 1O BhIOpaHHOMY Mapuipyty. IIpu cocraBneHun mapuipyra nojera HE0OXOJUMO
YUUTBIBATL MHOKCCTBO (baKTOpOB BJIMAONIME, Ha TIIOJICT BO3AYHIHOI0 CyAHa, 0CO6GHHO, BIIUSTHUC
MeTeoposiorudeckux (akropos. [Tostomy ams obecreueHus: 3pPEeKTUBHOrO Mojera BaKHOEC 3HAYCHHUE MMECT
COCTaBJIeHUE Mapuipyra nosera. IIpoaHanu3supoBaH COCTAaBJIIEHUE MaplIpyTa U IPUBEICH PEAbHBIM MapLIPyT
BO3IYIITHOTO Cy/AHA U3 aspornopTa TamkeHT Ha adponopT CaMapKkaH]| ¢ IPUMEHEHHEM 30HaJIbHONW HABUTAIIMH.

Abstract: While providing navigation, it is necessary to perform a large number of tasks, in particular, a
flight along the chosen route. In drawing up the flight route, it is necessary to take into account many factors
affecting the flight of an aircraft, especially the influence of meteorological factors. Therefore, in order to ensure
an effective flight, the preparation of a flight route is important. The compilation of the route has been analyzed
and the actual route of the aircraft from Tashkent Airport to Samarkand Airport using area navigation has been
given.

Kiouesvie crosa: nve, mapuipym, camoniemogoxicoeHue, 6030YulHble mpaccol, 6030YUHbIlL NOMOK, (PaKmopbl,
asmomMamu4eckull paduOKOMnac, paduo:—tasuzauuﬂ, 30HAJIbHAA HasuzayuA, Company routes.

Key words: leg, direction, navigation, airways, airflow, factors, automatic radio compass, radio navigation,
RNAV, company routes.

W3BecTHO, TpHM  YOpPaBIGHMH  BO3AYIIHBIM  MapuipyT MojeTa. MapuipyT IoyieTa COCTaBIseTCS
JIBIDKEHUEM Ha BO3IYLIHOM MIPOCTPAHCTBE  3apaHee M MOXET OBbITh Pa3HBIM B pa3HbIE JHH.
BBIOMparoTCs BO3/yIIHbIE TpPAaccCHl, rae Mapmpyt roJieTa COCTOUT u3
YIOPAJ0YUBAETCS NOTOKM BO3AYMIHBIX CyJdoB. s  MOCIENOBaTEIbHOCTH TaK Ha3bIBaEMBIX

KOHKPETHOTO peiica BO3LYIIHOTO cyJHa (GOPMHPYETCS  NMPOMEKYTOYHBIX MOBOPOTHBIX MYHKTOB U «JI3T0B»

Puc.1. Cemv 8030yuinvix mpacc nao Y3bexucmanom.

BBINOJIHEHMEM HaBUTALMOHHBIX 3a71a4. ba3oBeIil MeTO
HaBHTAI[UM TIPEACTABISIET COOOW TMOJIET OT OJHOTO

Ha 3ap€ aBHalluA HEOOXOJMMOCTb BBITIOJTHCHUS
TI0JIETA 110 MApIIPYTy OblIa CBSI3aHA UCKITIOUMTEIIBHO C



L
ESTL Wschodnioeuropejskie Czasopismo Naukowe (East European Scientific Journal) #7(47), 2019 71

XapaKTEepHOrO HA3eMHOT0 OpHUEHTUpa K JApPYromy.
Takoli MeToJ NPUMEHHMM IpPHU YCIOBUM BHUAUMOCTH
3eMJHM, T.6. B  BH3YalbHBIX  METEOYCIOBUSIX.
Heo6xoaumMo 0TMETHUT, 4TO BH3yallbHAsI HABUTALHS 10
CHUX IOp aKTUBHO NPUMEHsAETCA B «Maslol aBuanuuy. C

Pa3sBUTUEM  aBUallMU  TOSABUJIACH HCO6XOIII/IMOCTI)
BBIIIOJIHATE TIOJIETBI W B YCIOBHAX OTCYTCTBUSA
BUIHUMOCTH 3eMHOM TIOBEPXHOCTH, T.C.

HCKITFOYUTENFHO 10 TprudopaM. Tak mosBHIICS METON
HABUTAIlMHM, HAa3bIBaeMbIi paanoHaBuramus. CyTts
3TOT0 METOAA COCTOWUT B TOM, YTO B OMNpPEICICHHBIX
TOYKaxX MaplipyTa YCTaHABIHWBAJIHNCh PaJHOCTAHIINH,
9KMMaX Ha OOpTy Ompenensy HalpaBlIeHUE Ha
pamuocTaHIMI0O M BBINOJNHAT mnoser Ha Hee. Co
BpeMeHeM ObLT pa3paboTaH mpuOOp, Ha3bIBACMBIN
aBToMaTndeckuii paamoxommnac (APK), xoropsrit
MO3BOJIIET C BBICOKOW TOYHOCTBIO  OINpPEICIHUTh
HamlpaBJICHHE Ha Ha3eMHyI0 paauoctaHmuio. Camu
PAAMOCTAHIIMK CTalll Ha3bIBaTh «IPUBOIHBIMIY) WIIH
mo-aurmiicka NDB (non-directional beacon). Paguyc

JIEHCTBUS TaKUX MEepeAaTYNKOB COCTABIIAET 0KOJIO 250
KHJIOMETPOB, 4YTO OOYCJIaBIMBAl0O HEOOXOIUMOCTh
CO3JIaHUs JIOBOJILHO OOIIMPHON CETH CTaHIMH.

Co BpeMeHeM MOSIBUINCH OoJiee MPOJBUHYTHIEC U
tounble pamuomasku VOR, naneHOCTH JeHCTBHSA
KOTOpBIX cocTaBisieT a0 350 kwmiomeTpoB. MmeHHO
STHMH PACCTOSHUSIMH OOYCIIOBJICHA JIMHA Yy4acTKa
TPACCHI, MPH 3TOM HAJ0 MOHUMATh, YTO BBIACPIKUBATH
HAIpPAaBJICHUE MOXXHO HE TOJIbKO BBIMOIHSISI MMOJET Ha
PaaMOCTAHIINIO, HO M OT PaaHOCTaHIMH (PHUC.2).

MeTtoasl HaBUTalMK, OCHOBAHHBLIE HA HA3€MHBIX
pamuocpencTBax LIHPOKO MIPUMEHSIOTCS B
IpaXIAaHCKOW AaBWAlMH, OIHAKO CETOJTHS HOBBIM

METOJ/IOM HaBUTallMH SIBJISAETCS 30HAIbHAs HABUTAIIHS.
[Toner no-npexHeMy BBIIOJIHIETCS OT TOYKH K TOUKE,
HO Telepb OHU IPEJCTaBIAI0T COOOU JHIIL YCIOBHOE
Ha3BaHUE U reorpauyeckue KOOPMHATHI, YCTaHOBKA
KaKUX-TM00 Ha3eMHBIX CPEICTB MEXIY KOHECYHBIMH
TOYKaMH He TpedyeTcs.

®dopmupoBaHUEe MaplIIpyTa KOHKPETHOTO peiica
HalnnoHaneHON aBuakommanuu Uzbekistan Airways
OCYUIECTBIISIET oTael A’POHABUTALMOHHOTO
obecriedeHHsI, KOTOPBIA M3 UMEIOMICHCS CeTH TOYCK U
Tpacc (GopMUpyeT HECKOJIBKO BapHaHTOB MapIIPyTOB
JUI KaKJOro pefica, Kak MPaBHIO JIBYX MapIIpyTOB.

IMoaroToBKOM KOHKPETHOro peiica yxke B JEHb
BBUIETA 3aHUMAETCS MOJIETHBIA AMCHETYep, UMEHHO
9TOT CHENHAIUCT BBIOMPAET ONTUMAIBHBIH MapupyT,
OLICHUBAasT BCE OrPAHUYEHUS 10 MapupyTy U

Puc.2. Ilpusoonas paduocmanyust u 6030yuthvle MpPacchi.

Puc.3. Bapuaum mapwpyma T amkem-CaMapKaHO.

OTH MapumpyTel COXpaHSIOTCS B 0aze JaHHBIX
aBHAaKOMIITaHMM W  3arpy)kaloTci B OOpPTOBBIE
HABUTALMOHHBIE CHCTEMBI BO3JIYHIHBIX CYJIOB, HX
Ha3bIBAIOT «COmMpany routes», HalpuMep, MapuIpyT
Tamkent-Camapkann (puc.3).

METEOPOJIOTHYECKUE YCIOBHs. 3a4acTyr0 MOJIydaercs,
TaKk, 4YTO NOJIeT 10 OoJjee [UIMHHOMY MapUIpyTy
3HAYUTENBHO BBITOJHEE 332 CUET PA3IUUYHON CKOPOCTHU
1 HampaBJICHUs BETPa B Pa3HBIX paiioHax. BeiOpaHHbBII
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MapuIpyT YTBEp)KIAaeTcs M IepelaeTcsi B CIIykOy
o0CIyXMBaHHMsl ~ BO3JYIIHOTO  JBIDKCHUS,  T.C.
JUcreT4epam.

Ilepen momeToM MHWIOTHI MONYYalOT TOTOBBIH
MapuIpyT MoJeTa, B COOTBETCTBHU C KOTOPBIM U OyAeT
BBINOJIHATHCS peiic. B mporecce BRIMOTHEHUS 110JIETa B
MapupyT MOTYT BHOCHTBCS H3MEHEHHs, HalpuMep,
OPM HAIWYMH BO3MOKHOCTH JHMCHETYEP MOXKET
paspelIuTh TaK Ha3bIBAEMOE «CIPSIMICHHE», T.€.
UCKIIOYUTh M3 MapuipyTa OJHY WIH HECKOIBKO
MIPOMEKYTOYHBIX TOUEK [2].

Ananmusupys BO3/YyILHBIE MTOTOKHU Haj
Tepputopueii PecnyOnuku Y30ekucTaH, omnpeseneHo
Gonee 3arpy’keHHas Tpacca BO3/YIIHOTO
npocTpaHcTBa PecryOnuku Y30eKUCTaH — OCHOBHOM
notok. Ha atoii Tpacce mpuxoaurcs oxoso 200 BC B
CMEHY, TO3TOMY OYE€Hb CIIOXKHO JUI1 JAUcCHeTdepa
0COOCHHO HOYHOE BpeMs, IpuMepy 3 daca HOYHM, Ha
toukn TMD (TamapiOymak) B eOWUHHIYy BpEMEHU
MPUXOJAUTCS Harpyska Ha aucnertdepy okoio 20 BC,
KOTOPBIE IPSMO CIMBAIOTCA B OAHY Kydy. Kak MbI
OTMETHIIM, JUIS BHEAPEHHs 30HANBHOM HABUTallUU

JIOCTAaTOYHO TOCYIApCTBO IOJHOCTBIO MOKPBIBAJIOCH
CIyTHHKOBHIMH HaBUTAlIMOHHBIMU CpEICTBaMH. B
HAIlEM CcJy4Yae HACTOJbKO IUIOTHO YCTAHOBIICHBI
HaBUTAIMOHHBIC cpencTBa, B CamapkaHme ©u B
Hamanrane YCTaHOBJICHBI yIBTPACOBPEMEHHBIC
HABUTaLlMOHHBIE CpEICTBa, T.€. TEPPUTOPUS
Y36exncTaHa MOTHOCTHIO MOKPHITA. Jlake IMpH OTKa3e
CIYTHUKOBBIX  HABUTAI[IOHHBIX CHCTEM  MOXHO
MEPEKITIOYATCS HAa CHCTEMY HAa36MHOTO IO3HPOBAHUS
YT BBHITTOJTHATD MTOJIETHI 10 COBOKYITHOCTH, UCTIONB3YS
0o0e 3TH CHUCTEeMBI, I 4ero OyAeT OYCeHb BBICOKAs
TOYHOCTh OO€ecIeYeHa.

KpomMe Toro, mo pelieHHIO KOMAaHIHMpa MOXKET
BBIMOJHATECS O00XOJ OIMACHBIX METCOSBICHUM, Kak
mpaBujo, rpo3. Ha cerogsmiHWiA IeHb BO BCEX
ajpormpomax — Y30ekuctaHa (OHH  TOYTH  BCE
MEXIIyHAPOHBIC) HCHOJIB3YIOTCS CHUCTEMBI MOCAIKU
ILS u OITPC. Ha ocHOBe BHIIICTIPHBEICHHOTO aHAIN3a
C TPUMCHEHUEM 30HAIFHON HAaBHTAIWH, IpeasiaracM
peasbHOTO MapHipyTa W3 al’poropra TamKeHT Ha
aspomopt CamapkaHI.

Esri — Esri, DeLorme. NAVTEQ

Leaflet | Tiles

Puc. 4. @axmuuecxasn nunus nymu. Tawxenm-Camaprano.

UTTT CV1A CV/AL17 TITAR/TITAIW
UTSS
311ech:

UTTT-uersipéx OykBennslit anpec (MKAO)
aspornopta TankeHr.

CV1A-crannpaprHbiii Beixo (SID)

CV-nyHKT o6s3aTenbHoro nonecerns (NDB)

Al17-Bo3mymHas Tpacca

TITAR-rpanmmna paitona P1]

TITAIW-craugaprasiii noaxoxa (STAR)

UTSS-uetpipex OykBenHblit aapec (MKAO)
aspornopra CamapkaHI.

OOo3HaueHHe Tpacchl y)Ke BKIIOYaeT B ceds
MIOCJIE/IOBATENILHOCTh TOYEK, CaMO Ha3BaHHWE TOYKH
WIM TIPUBOAHONH DaJMOCTaHIMM YKa3bIBaeTCs B
Mmapuipyre npu cmeHe tpaccel. Cokpamenne DCT
(direct to — «mpsMo Ha») MpUMEHSIETCS B TEX CITyYasX,
KOT/1a HEBO3MO>KHO BBITIOJIHUTD IIOJIET TI0 Tpacce, TM00
OpraHoM OOCIY)KHBaHHUsS BO3AYIIHOTO JIBHIXKEHUS
paspelieHo IIaHUpOBaHKWEe MOJETOB BHE Tpacc. [Ipu
(OpMHUPOBaHNK MapIIpyTa UCTIOIB3YIOTCS IIPHBOJHBIC

palUOCTaHIIMK, YCTAHOBJICHHbIE B OIPEAEICHHBIX
PacCTOSHUAX OT a3pOAPOMOB, OJTHAKO Hapsiy ¢ HUMHU
MIPUMEHSIOTCS W HEMapKHPOBAaHHBIC HABUTAI[HOHHBIC
TOYKH.

B nponecce NOATOTOBKYM K BBUIETY ITMIIOT BHOCHUT
B OOPTOBOI HaBHI'ALIMOHHBIH KOMIIBIOTEP MapLIpyT B
BUJIE TIOCIJIEIOBATENILHOCTH TOYEK. JlaHHBIE KakInoi
TOYKM (Ha3BaHUE, KOOPIMHATHI, IIO3BIBHBIE) YXKE
comepkarcss B OopToBod 0a3e maHHBIX. Ecmun
MePEBO3YHK MPUMEHSET MIPeABAPUTEIHHO
CIUIAHUPOBAHHBIE  MApLIPYTBl COMpany  routes,
MUJIOTY JIOCTATOYHO BBIOpaTh HWHJIEKC MapIpyTa,
Hanpumep, «UTTTUTSS01». Herpyano noramatses,
yro UTTT — 510 asponopr Beuiera (Tamkenr), a UTSS

— asponopt HasHaueHus (Camapkanm), 01 -
MTOPSAKOBEIM HOMEpP BapHaHTa MapIIpyTa.
Bo3moxHO BMECTO BO3YIIHBIX Tpacc

MyONIHUKyeTCsS TONBKO HH(GOPMAIHS O HABUTAIIMOHHBIX
Toukax. [ImaHMpoBaHMe MOJETa OCYHIECTBISETCA IO
mrobomy MapIpyry, MIPOXOAIIEMY yepes
OIyOJIMKOBAaHHBIE TOYKH, IIPH OSTOM JOCTaTOYHO
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BBIOpATh TOJILKO JIBE€ TOYKHM — BX0J1a U BBIXOJIa U3 30HBI
[3].

B HacTosIee BpeMs OCYILIECTBJIEHO
HepCHeKTUBHAs pa3paboTKa, ee CyTh 3aKI4YaeTcs B
YIpa3IHEHUH IPaHUL] MEXKIY Pa3IMYHBIMU CEKTOpaMHU
VIPaBJICHUSI BO3AYIIHBIM JIBIDKCHHEM B  YacTH
IUIAaHWPOBAHUS MapuIpyToB. B pe3ympTate MOKHO
BBIIIOJIHUTD IOJIET YEPE3 BECH EBPONEHCKUI PETrHOH 110
TPSAMO¥ (30HATbHAS HABHUTAIIHS).

ITpu sToM nocTHraeTcs yMEHBIICHUS BPEMEHHU
MoJIeTa BO3IYIIHOTO CyJHa W OJKOHOMHH pacxoja

TOIUIMBA, KOTOPOE MdaeT OOJBIIOW 3KOHOMUYCCKUMN
3¢ dexT aBHaKOMIIAHUSM.
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2. OmmypanoB [1.O. 3oHanmpHAas HaBHTANHS B
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3. www.Skynav.ru
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ADAPTIVE TEST RESULTS WITH THE USE OF THE SOFTWARE COMPLEX TO
GUARANTEE THE QUALITY OF STUDENTS' KNOWLEDGE
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PE3YJBTATBI AJAIITUBHOI'O UCIIBITAHUA C UCITIOJIb30BAHUEM INIPOT'PAMMHOI'O
KOMILIEKCA JIJISI TAPAHTAM KAYECTBA 3HAHWUM CTYJIEHTOB

Abstract: this article describes the processing of the results of mathematical statistics of students' knowledge

using adaptive testing software.

AHHOTAIMSA: HACTOSIIAS CTAaThs OIUCHIBAET 00pabOTKy pe3ylIbTaTOB MAaTEMAaTHUECKON CTaTUCTUKU 3HAHUN
CTYACHTOB C UCIIOJIB30BAHUEM ITPOTPAMMHOTO obecrieueHust aJalITUBHOI'O UCIIbITAHUA.
Key words: adaptive tests, mean value, standard deviation, experimental frequency, theoretical frequency.

Knrouesvie cnosa: aoanmuenvie

UCnvlmaHu:l,

cpeOHee 3HA4YeHue, cmandapm:—toe OMKJIOHEHUe,

IKCnepumeHnmabHasd yacmoma, meopemudeckas 4acmoma.

INTRODUCTIONS.

Until recently, written and verbal exams were used
as the basic methods of diagnosis and control of
teaching in higher education institutions in the
Republic. In addition to this, in the first five years of
our independence, the pedagogical test [1] has been
added as a more objective way. But he did not find his
place as a unique method. It has its own reason and
consequences, and it has its roots and weaknesses. The
value of written and oral examinations is not only easy
to simplicity and utilization, but also allows students to
examine the student's deception. Written exam
develops the student's ability to work independently, to
express his / her thoughts in a fluent and expressive
manner, to analyze, analyze, synthesize, and argue his
/ her arguments. In the event of a dialogue between a
student and a student, the evaluator will have the
opportunity to resolve the problem of the inquiry
process. However, in the current scientific and
methodological literature, the written exam and the oral
examination are unable to provide adequate assessment
[2-4].

The theory of classical theory is widely used in
advanced foreign countries. According to the theory
test scores, the Gauss distribution law should have a
normal distribution according to the test results. This
means that the minimum and maximum results are low
(20%) and the average is 80%. The principal quality
indicator of the classical test theory is reliability and
validity coefficients [5-7].

THE RESEARCH METHODOLOGY AND
OBJECT

Adaptive test control and adaptive learning are a
modern computer version of the implementation of the
well-known pedagogical principle of individualization
of education, one of the most important for the
preparation of qualified specialists. This principle
could not be implemented in any effective manner in
the context of traditional class-lesson forms of classes
— lecture and group. In the modern version, adaptive
forms appeared recently as a result of the interrelation
of three progressive trends: computerization of
education, the increasing role of autodidactics and the
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development of the
measurements [8,9].

Computerization of education makes it possible to
reduce the unproductive costs of the living work of
teachers, to preserve the methodological potential of
professors of the older generation, to reuse the results
of materialized labor in the form of computer training
and monitoring programs. It can also help teachers
transform from the lessor to the technologist of the
modern educational process, in which the leading role
is given not so much and not only to the teaching
activity of the teacher, but to the teaching of the
students themselves.

The feasibility of adaptive control arises from
considerations of rationalization of traditional testing.
A trained student does not need to give easy tasks,
because the probability of their correct solution is high.
Lightweight materials do not have a noticeable
developmental potential, while difficult tasks for most
students reduce learning motivation. Symmetrically,
due to the high probability of a wrong decision, there is
no point in giving difficult tasks to a weak student. The
use of tasks corresponding to the level of preparedness
significantly increases the accuracy of measurements
and minimizes the time of individual testing to about 5-
10 minutes. Adaptive training allows you to ensure that
training tasks are issued at the optimal 50% difficulty
level [10].

Since the adaptive test itself is a version of an
automated testing system in which the parameters of
difficulty and the differentiating ability of each task are
known in advance. This system is created in the form
of a computer bank of tasks, ordered according to the
characteristics of the tasks. The most important

theory of pedagogical

characteristic of the tasks of the adaptive test is the level
of their difficulty obtained experimentally, which
means: first get to the bank, each task must be
empirically tested on a sufficiently large number of
subjects [11,12]. To this end, in our opinion, it is
convenient to use the method of invariant test items,
which are easily fed to the variation in both form and
content using the new method and tools developed by
us [13].

In order to implement this method, we have
developed a software framework to test the quality of
students' knowledge by using test tasks. [14]

This software package is designed to develop
students' creative activity with targeted use of invariant
test items with guaranteed quality indicators, providing
an objective assessment of knowledge and motivating
students, without the participation of an examiner, and
serves to create distance learning technology and
adaptive testing.

The program complex creates the possibility of
processing the experimental results given in
educational and research centers with predetermined
accuracy. The results of digital signal processing in the
form of a graph and a table of compression ratios.

THE RESULT OF THE STUDY.

As a result of experiments, observations and
gathering information about the phenomenon of
interest to us, statistical material accumulates, i.e. A set
of values for one or more parameters, usually in a
chaotic state. This is the so-called unordered variation
series of values. Information was gathered about the
students’ knowledge, and such an unordered variation
series of values was obtained by their examinations by
statements. Total data obtained for 25 students:

12 9 17 19 16
16 16 14 19 11
21 25 17 14 12
13 17 22 19 11
17 20 18 20 9

This random set of numbers must be put in a
certain order. To do this, first of all, it is necessary to
determine the smallest and largest values of the
evaluation points. In this example, this is 0 point and 30
point. The difference between these values is called the
range of the variation series R = 30 points. [15]

The next processing operation is to divide the
variation series into intervals. Usually almost the
number of intervals is chosen 5-12, but you can
determine the number of intervals by an approximate
formula.

K=1+33logN

Where N is the sample size, i.e. the number of

available values of the trait.

In our example, K = 6. Since the span of R = 30,
the width of the interval h = 3.75 It should be noted,
however, that the above formula for the number of
intervals does not always give a successful number.
Sometimes he uses the formula or even selects the
number of intervals without any calculation within the
above limits.

From the set of values of attributes, their number
is calculated, which fall into each interval, putting in
the corresponding line of table 1. The strokes must be
grouped into five units so that it is more convenient,
then counted. This frequency table should have six
columns:
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Table 1.
. . - Frequency
Ne interval Border spacing Mid interval Strokes Number Frequency
1 2 3 4 5 6
1 0-3,75 1,875 0 0,00
2 3,75-7,5 5,625 0 0,00
3 7,5-11,25 9,375 1l 4 0,13
4 11,25-15 13,125 111 5 0,22
5 15-18,75 16,875 1l 8 0,34
6 18,75-22,5 20,625 1l 7 0,24
7 22,5-26,25 24,375 [ 1 0,07
8 26,25-30 25,125 0 0,00

Further processing of the variation series consists
in calculating the average value of the attribute or
reliability index and the dispersion characteristic
around this average value, i.e. standard deviation or
standard values. The calculation is carried out
according to the formulas, the type of which depends
on the number of observations or the sample size.

If the sample is small N <30, then calculations are
carried out on unweighted values of the mean and
standard deviation; if the sample size is significant, i.e.
N> 30 then the calculation takes into account the
average values of the intervals of the variation series
and their weight. A summary of the formulas for
calculating the mean and standard deviation are shown
in Table 2.

Table 2.

Ne Indicators of variation range Small sample N <30 Large sample N> 30

N N

— -1 -1

1 Mean value X X= Nz X; X= NZ Xepi My

i=1 i=1

Sx
2 Standard deviation SX Sy = \/ﬁZ(Xi —X)? _ \] M XMy _ 7
N

Xcpi - the average value of the interval;
moi — experimental frequency of the i -th interval

Note: in the formula of the table: K is the number of intervals of the variation series;

An important characteristic of the dispersion of
random variables, including reliability indicators, is its
relative value, i.e. coefficient of variation, which is
calculated by the formula:

Sx
V==
X

Having the data in Table 1, you can build a
histogram of the distribution of the studied reliability
index, for example, as in the example above, the
reliability of the tests. For this, the values of the

exponent and the boundaries of the intervals of the
variational series are plotted on the abscissa axis, and
the frequency mei or frequency in absolute values or in
percentages is plotted along the ordinate axis.
Rectangles are built on each interval, the height of
which is equal to the frequency or frequency in this
interval.

The histogram for the given example of the
variation series is built in Fig.1. apparently, it has a
fairly regular symmetric shape [8,9].

Figure 1. The histogram, the distribution of the more experienced frequency (1) and a flattening curve of the
theoretical curve (2).
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The obtained histogram is approximated by a
curve of the theoretical distribution law of a random
variable. This is necessary to accomplish in order to
obtain a more general distribution, which could be
extended to the entire set of objects studied. In addition,
the creative laws of distribution are well studied, so
they can be used to more fully characterize the studied
reliability indicators.

The most common in the theory of reliability are
the law of normal distribution, the Weibull law, the
exponential law, and some others. The choice of the
most appropriate theoretical distribution law is made by
the appearance of the histogram and the magnitude of
the coefficient of wvariation. Close to symmetric
histograms and when most likely approximated by a
normal law. Constantly decreasing histograms with
V=1 indicate an indicative law. The Weibull
distribution law is usually best suited for asymmetric
histograms at V = 0.5...0.7 [16].

When choosing a theoretical distribution law, it is
necessary to take into account the physical nature of the
phenomenon being studied, the observation of which
gave a variation series of values of the indicator.

If observations were made of gradual object
failures caused by a series of independent causes and
the influence of many random factors, then the normal
distribution law should be used; distribution of failures
due to aging of materials are in good agreement with
the Weibull law. The combined effects of aging and
wear lead to the distribution of failures close to the log-
normal law. Distributions of sudden failures are in good
agreement with the indicative law.

To verify the correctness of the choice of the
theoretical distribution law, it is necessary to calculate
the so-called compliance criteria, which indicate the
degree of discrepancy between the theoretical and
experimental frequencies or frequencies. For each
distribution law  considered  further, specific
instructions will be given on determining the criteria for
compliance.

Data processing according to
distribution law

The appearance of the histogram in the example of
section 1 shows that it can be approximated by a normal
distribution curve, the formula for which is as follows:

the normal

A A e
L) = e 28y
f(L) Sv7n

To calculate the parameters of the normal
distribution and build its theoretical curve, table 3 is
compiled.

Definitions of the sample mean i. average student
knowledge:

L= 721-;1:-% =16.29
Since N> 30, the calculation of the standard
deviation is carried out according to the uncorrected

formula:
k 2. _2
5, = JHETF =439

Knowing the mean value and standard deviation
for each interval, we determine the value of the
parameter and fill in the column of the 7th table 3.

Table 3.
é = Theoretical Af\ccumula}ted
oy = requencies )
I3 2 s &
- S g Para- 32 . o
= = = B meter = — b
s| S & B | B m |, s |E| B | E |53
S| 2 5 * £ - - 3 = S < 2 2
2| £ | £ 3 N - | _L-L| & g e = 2| 2
2 £ S; S = 3 g | 2| 3
> g = t g g o x [ (]
5] o = < w LT
Z z | =&
[8a)]
1 2 3 4 5 6 7 8 9 10 11 12 13
1 | 1,875 0 0 0 -14,40 -3,429 | 0,0011 0 0,0251 0 0 0
2 | 5,625 0 0 0 -10,65 -2,536 | 0,0161 0 0,3600 0 0 0
3 | 9,375 4 37,5 351,6 -6,90 -1,643 | 0,1042 1 2,3251 4 1 3
4 | 13,13 5 65,625 | 861,3 -3,15 -0,750 | 0,3032 1 6,7668 9 2 7
5 | 16,88 8 135 2278,1 | 0,60 0,143 0,3975 1 8,8735 8 3 5
6 | 20,63 7 144,375 | 2977,7 4,35 1,036 0,2349 1 5,2431 17 4 13
7 | 24,38 1 24,375 | 594,1 8,10 1,929 0,0625 0 1,3960 18 4 14

According to the obtained values of t in the table
of the normalized function f (t), we determine its values
(entered in column 8).

Now we determine the constant coefficient in the
density formula for the normal distribution, equal to:

N*AL _ 25%3.75 _ 22,32143
SL 4,2

where AL is the width of the interval of the
variation series.

We multiply the values of the normalized function
(column 8) by the value of this coefficient and put the
result in column 9, rounding it to an integer - these will
be the theoretical frequencies mti, and divided by their
sum, i.e. Tmt will have theoretical frequencies in
column 10.

Having in table 3 the values of the experimental
and theoretical frequencies of the normal distribution of
operating time, it is possible to calculate the agreement
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criteria for checking the correctness of the choice of the
theoretical distribution that approximates the empirical
histogram.

Consider the three criteria of consent.

Pearson Consensus Criteria [17,18] or 2. This
criterion represents the sum of the squares of the
deviations of the theoretical frequencies from those
experienced in each interval, referred to the theoretical
frequency in this interval

Z (mol mr;)?

When calculatlng accordmg to this formula, it
should be borne in mind that the absolute frequency in

the interval should be at least five, therefore, with its
smaller values, adjacent intervals should be combined.
In our example, the first and last intervals have an
absolute frequency equal to three, so these intervals are
combined: the first in the second and sixth with the
seventh. Thus, in the calculation is taken K =4

According to the table, the probability P (x2) of
coincidence of the experimental and theoretical
frequencies is determined, which should be as close as
possible to unity. To determine it, it is necessary to
know the number of degrees of freedom, which is equal
to:

1=K-11.,-1=4-2-1=1

_(0-0)

G 0)?

LU= 2)? (5—7)2 L 8- 9)2

k
z el mTl)
0

i=1
(7-5)%
5

+

According to the proposed formula, the
probability valuesP (32) = 0.31

It is known [10,11] that for P (x2) <0.3, i.e. at 30%
probability of discrepancy is considered significant and
the law of normal distribution cannot be used

Thus, in our example, we obtained a condition P
(x2)> 0.30 satisfying that the discrepancy between the
theoretical and  experimental  frequencies s
insignificant and we can accept the curve of the law of
normal distribution for smoothing experienced
histograms.

The consent criteria of Professor Romanovsky

. . P
[17,18]. For its calculation, the ratio = s

determined, where 7 - is the number of degrees of
freedom.

If the indicated ratio in absolute value is less than
two, then the discrepancy between the theoretical and
experimental  frequencies can be  considered
insignificant and a normal distribution law can be
adopted. For the applied Romanovsky criterion is

|13,48254-2| =074
V22

those. less critical (0.74 << 2)

The consent criteria of Academician Kolmogorov
[17,18] establish the closeness of theoretical
frequencies by an experimental method of comparing
their integral distribution functions. The calculation of
the criterion A is carried out according to the formula

where D is the maximum value of the modulus of
the difference of the accumulated theoretical
experimental frequencies, N is the sample size (the
number of observations)

in our example, the value D = 3 and therefore, the
criterion A is equal to:

3
A= \/?5—0.6

In the probability table P (A), we find the
corresponding value. P (A) = 0.9983, which means that
the discrepancies between the theoretical and
experimental frequencies are random and the curve of

La-n?
1

2 7 9
=3,48254

the law of normal distribution approximates the
experimental histogram well.

CONCLUSIONS.

Thus, we can conclude that all three criteria of
agreement gave us when checking our results. This is
an evidence of the correctness of the complex program
developed by us and the reliability of the results
obtained. Further development of the method requires
testing it in various academic disciplines of educational
systems.
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