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Abstract. The subject matter of the article is the process of troubleshooting a BMP-2 fire control system The goal
of the study is the developing a fault finding algorithm in this system and to offer suggestions for improving the
technical characteristics of the weapon stabilizer based on the analysis of design and circuit solutions and technical
characteristics of the BMP-2 fire control system. The tasks to be solved are: to conduct an analysis of the BMP-2
fire control system as a closed automatic control system provide suggestions for improving the performance of the
stabilizer; to draw up a block diagram of a rational technical diagnostics of the 2E36 stabilizer and to propose a
method for troubleshooting.General scientific and special methods of scientific knowledge are used. The following
results are obtained. It is proposed to improve the technical characteristics of the 2E36 stabilizer by reducing the
number of gyrotachometers from four to two with a parallel increase in the remaining signal branching, as well as
improving the speed characteristics by installing an additional power source - a capacitor battery, for short-term and
short-term engines. A rational technical diagnostics block scheme of the 2E36 stabilizer has been drawn up and
methods of troubleshooting in the form of rigidity tuning cards, damping and vibration of the gun and turret
stabilizer have been proposed. The diagnostic methods of elemental and group inspections are analyzed. Based on
the analysis, the basic algorithms for the diagnostic process of tower and gun stabilization were developed. Thanks to
this in the area of the task, personnel and repair units will be able to ensure the combat readiness of the equipment as
quickly as possible. Conclusions. Gun stabilizers and turrets are closed automatic control systems based on the
principle of adjusting the deviation of the adjustable value from a predetermined value. The objects of regulation in
these stabilization systems are the cannon and the tower, and the adjustable values are their angular velocities.
Feedback optimization involves reducing the number of gyro tachometers from four to two, which will increase the
power reserve and give more opportunities for further stabilizer upgrades. Acceleration of the accelerator of the
executive motor can be accomplished by installing a capacitor battery. The most long-term step in the process of
repairing the complexity of complex systems is the process of finding failed items. The scheme of rational technical
diagnostics provides the basic algorithms for carrying out the diagnostic process of stabilization of the tower and the
gun, which allows to search for problems with maximum efficiency.

Keywords: armament stabilizer BMP-2; functional logic diagram; structural diagram of rational technical diagnostics of

the stabilizer; methods of troubleshooting.

Formulation of the problem
and research tasks

Diagnosis, troubleshooting, their repair and
military repairs are decisive factors in the formation of
the system of knowledge, skills and abilities, which
depends on the technical state of armament and
maintenance of combat readiness of combat vehicles in
the units of the Armed Forces of Ukraine.

The fundamental side of this is to improve the
technique of technical diagnostics in terms of
optimizing the composition of diagnostic information
used to make a decision, as well as reducing the time to
formalize the process of processing the results of tests.

Therefore, the relevance of the work is due to the
fact that in a limited time of military repairs. there is a
need to develop simple and efficient algorithms for the
diagnostic process.

Methodological basis of the study were general
scientific and special methods of scientific knowledge.
Namely:

—theoretical foundations of the theory of
automatic control were used in the analysis of the
functioning of the stabilizers of the gun and the BMP-2
turret as a closed SAR;

—methods of system analysis in determining the
functional relationships between components and the

disclosure of the order of operation and the development
of a functional and logical scheme for turning on the
system 2E36.

Analysis of recent research and publications. As
usual diagnosis methods of complex systems are
traditional.

Practice shows that the development of military
repair of the weapons system is one of the most important
issues in maintaining a high readiness of the weapons
sample and is impossible without a qualitative analysis of
the system individually and as a whole. With a large
number of elements in the system and a malfunction, it is
difficult to distinguish logical connections between the
schema elements and the immediate causes that cause
them.

Given that a large number of mechanized units of the
Armed Forces of Ukraine have armed infantry vehicles
BMP-2, there is a need for diagnostics and military repair
of fire control systems of these vehicles. Usually, the
diagnosis of complex systems is based on traditional
methods of diagnosis. These methods include the susing
the schematic and installation schemes and reduced into
certain system of possible faults and troubles
(diagnostic tables) [1-3].

The relevance of the work is due to the fact that,
as a result of a sufficient complication of the circuit and
structural solutions of the weapons systems, the existing
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diagnostic methods are not very effective. The main
drawback of schematic diagrams is that they do not
reflect logical but functional links between the
diagnostic elements and the components of the
components.

Therefore, in order to improve the practical skills
of crews of combat vehicles and engineering personnel,
it is important to create a database of algorithms for
diagnosing BMP-2 stabilizers.

The goal of this work is the developing a fault
finding algorithm in this system and to offer suggestions
for improving the technical characteristics of the
weapon stabilizer based on the analysis of design and
circuit solutions and technical characteristics of the
BMP-2 fire control system.

To achieve this goal the following research tasks
are proposed: to conduct an analysis of the BMP-2 fire
control system as a closed automatic control system
provide suggestions for improving the performance of
the stabilizer; to draw up a block diagram of a rational
technical diagnostics of the 2E36 stabilizer and to
propose a method for troubleshooting.General scientific
and special methods of scientific knowledge are used.

Main material

1. Analysis of the functioning of the stabilizer
2E36 armament complex BMP-2 (Fig. 1)

The stabilizer is a combined automatic control
system designed to direct and maintain with a certain
accuracy the steady-state direction of the aiming line
and the firing line of the gun in order to increase the
efficiency of firing.

The 2E36 stabilizer is designed to increase the fire
efficiency of a cannon and machine gun when firing on
the go. The stabilizer provides the stabilized aiming of
the gun and machine gun in two planes and the
presentation of the target from the commander to the
gunner in the horizontal plane.

The 2E36 system consists of two independently-
acting stabilizers, a gun and a turret controlled by a
common control panel. The main feature of these
stabilizers is the absence of gyroscopic angle sensors.
This feature, compared to traditional ones, can
significantly increase the efficiency, reduce the weight
and dimensions of equipment, as well as facilitate
maintenance.

Fig. 1. Functional logic scheme of 2E36

The fire control system depends on the position of
the gun, for which the main sight sight BPK-2-42 is
connected through the oscillation mechanism and the
thrust with the gun 2A42. The drive vertical guidance
(VN) provides stabilization and stabilized guidance of the
gun and machine gun in the vertical plane of the VN. The
drive of horizontal guidance (GN) provides stabilization
and stable guidance of the turret in the horizontal plane of
the GN.

The vertical guidance drive includes
gyrotachometers GT-VN, GT-K (compensation), a
tachometer TG-VN, a current sensor DS-VN, an
amplifier for U-VN, and limit switches.

The principle of action of the gyrotachometer is
based on the properties of stability and precession of the

gyroscope, which when untwisted hydromotor to keep
its non-changing position of the axis of rotation in
space.

The horizontal guidance drive (HS) includes a GT-
GN gyro tachometer, a current sensor DS-GN, a P-GN
signal amplifier, a PCV targeting device, a gear reducer
with a drive actuator and a drive clutch, a limit switch.
The GT-GN measures the gun fluctuations with the
tower in the GN plane [4-7].

2. Suggestions for improving the technical
characteristics of the 2E36 stabilizer by its partially
upgrading

From the analysis of the stabilizer 2E36 it follows
that the flexible feedback in this sample is provided by
four gyro tachometers and one tacho generator, the sum
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of signals from which allows to obtain the angle of
disagreement between the sight line of sight and the axis
of the bore of the gun barrel.

Gun stabilizers and turrets are closed self-
regulating systems based on the principle of adjusting
the deviation of the adjustable value from a
predetermined value. The objects of regulation in these
stabilization systems are the gun and the tower, and the
adjustable values are their angular velocities Qg and i

Qp . For the formation of signals U,y and Uy,

equivalent to the angle of disagreement between the
aiming line and the axis of the gun, signals from four
gyro tachometers and one tachogenerator of gun and
tower stabilizers, which are equivalent to angular
velocities Q; and Q7 are given in the control unit

integrator..

Feedback optimization involves reducing the
number of gyrotachometers from four to two, which
will increase the power reserve and provide more
opportunities for further modernization of the stabilizer.
Acceleration of acceleration of the actuator can be
achieved by installing a capacitor bank.

As the stabilization of the BMP-2 weapons is
rapid, the main function in its implementation is played
by gyro tachometers.

The signals from GT-VN and GT-GN come
through the integrator to form a discrepancy angle, in
addition they branch out and the signals are proportional
to the velocities of the gun and the turrets arrive at the
adders.

With GT-K, the adder receives a signal
proportional to the velocity of the tower in the vertical
plane, and with TG - a signal proportional to the
velocity of the gun relative to the turret.

From GT-K the adder receives a signal
proportional to the speed of the tower in the vertical
plane, and from TG - the signal is proportional to the
speed of the gun relative to the tower.

However, at this stage in the development of this
type of equipment, it is inappropriate to use such a
number of gyrotachometers, especially considering that
in the new stabilizers of the SVU-500 series, their
number is reduced to two. Another important argument
in this direction is energy costs. Gyrotachometers are
powered by a voltage of 36 V at a frequency of 400 Hz
from a PT-200C voltage converter. The power spent on
each power is about 20 watts. Therefore, reducing their
number will increase the power reserve, thereby giving
more opportunities for further modernization of the
stabilizer.

The analysis allows us to obtain the necessary data
for reconnecting the gyrotachometry GT-VN and GT-
GN data, based on which a connection diagram for
gyrotachometers (Fig. 2) is developed taking into
account the reduction in their number.

With this switch, two speedometers can be used to
prevent the stabilization of the robot, and all signals will
be ignored and the main voltages come before the GT-K
and GT-SAW signals are sent to the rods. We can
respect this, but we’ve broken up the scheme for giving
a complete solution.

Of course, it’s possible to accelerate the
overclocking of the hitchhiker dvigun for the additional
installation of a capacitor bank.

3. Drawing up a rational technical diagnostics
block scheme of the 2E36 stabilizer methods of
troubleshooting

Technical diagnostics studies and develops
processes for the rational determination of the state of
technical objects. With regard to the system of
stabilization of armament, diagnostics allows the
optimal (in time and means): to determine the true
technical state of the system, the accuracy of
transmission and processing of informative signals in it,
localize the location and identify the cause of failure
(failure) in the scheme, to predict the system's
performance in the future.

In general, the solution to the problem of
troubleshooting depends on the volume and reliability
of the information obtained when assessing the status of
the BMP-2 weapons stabilization system. In the practice
of operation, the condition assessment can be carried
out on the basis of the results of checking the
serviceability, efficiency or correctness (quality) of the
system functioning.

The element-by-element check of the stabilizer
involves checking the elements one at a time in a
predetermined sequence. Each check has two results:
either the item is working or not. If the element that is
being tested is defective, then the next element is
checked, and so on until the fault is detected [8, 9].

Choosing the appropriate inspection method
involves in-depth knowledge of the composition and
operation of structural and functional circuits of
stabilizers. The group check method involves the
simultaneous checking of a group of elements that may
contain a failing element. If the test gives a positive
result, we conclude that the faulty element is in the
group being tested, and the latter is again divided into
two groups and the fault is searched among the elements
of these subgroups.

Thus, on the basis of the analysis of the 2E36
stabilizer, as an object of diagnostics, the methods of
element and group checks, and using the general
principles of construction of algorithms for carrying out
the diagnostic process, the structure of rational technical
diagnostics of the stabilizer is presented, which is
outlined in Fig. 3.

Conclusions

Gun stabilizers and turrets are closed automatic
control systems based on the principle of adjusting the
deviation of the adjustable value from a predetermined
value. The objects of regulation in these stabilization
systems are the cannon and the tower, and the adjustable
values are their angular velocities.

Feedback optimization involves reducing the
number of gyro tachometers from four to two, which
will increase the power reserve and give more
opportunities  for  further  stabilizer  upgrades.
Acceleration of the accelerator of the executive motor
can be accomplished by installing a capacitor battery.
The most long-term step in the process of repairing the
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out the diagnostic process of stabilization of the tower
and the gun, which allows to search for problems with

maximum efficiency.

complexity of complex systems is the process of finding

failed

scheme of rational technical

The

items.

diagnostics provides the basic algorithms for carrying

Fig. 2. Electrical connection scheme of the gyrotachometers GT-VN and GT-GN
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STRUCTURE OF RATIONAL TECHNICAL DIAGNOSTICS OF 2E36 STABILIZER
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Fig. 3. Structure of rational technical diagnostics of 2E36 stabilizer
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BukopucranHs Teopii aBTOMATHYHOIO0 YNPABJIIHHA JJIf MOLIYKY PALiOHAJBHUX LLIAXIB TeXHIYHOI JiarHOCTHMKH
Ta NOKPALCHHS TEXHIYHUX XapaKTepPUCTHK cTadiizaTopa 030poenns 2E36

A. M. Kacimos, €. M. llInirga, O. O. I'op6os, 0. O. Kosrynos, 1. M. Kono6os, 0. B. Kpachomanka

Anotanisi. IIpeamerom nocimi/UkeHHs € HpolLec IOLIYKYy HECIPaBHOCTEH B cHCTeMi ympaBiliHHS BorHem BMII-2.
Mertor0 mocTiIKeHHs] € Ha OCHOBI aHali3y KOHCTPYKTHBHHX 1 CXEMHHUX pIlIeHb Ta TEXHIYHUX XapaKTEePHCTUK CHCTEMU
ynpasiinHs BoraeM BMII-2 po3poOuTH anroput™ IOLIYKY HECIPaBHOCTEH y NaHiil cucTeMi Ta HajaTH INPONO3MIUI 1010
MOKPAIIEHHS TEeXHIYHUX XapaKTepUCTHK crabiri3zaropa o030poeHHs. 3amaui: [IpoBecTH aHai3 CUCTEMH YIpaBIiHHS BOIHEM
BMII-2 sk 3aMKHEHOI CHCTEMM aBTOMATHYHOIO pETYIIOBAaHHS, HAJaTH MPOMO3ULIi II0A0 IOKPALICHHA TEXHIYHHUX
XapaKTepUCTHK cTabiii3aTopa; CKIACTH CTPYKTYPHY CXeMa paliOHalIbHOI TeXHi4HOI aiarHocTHku crabimizaropa 2E36 Tta
3alpONIOHYBAaTH METOAMKY HOLIYKY Henosagok. OTpuMaHi Taki pe3y/abTaTH. 3alpOIOHOBAHO MOKPALIEHHS TEXHIYHUX
xapakrepucTuk crabuizaropa 2E36 3a paxyHOK 3MEHbIICHHS KUIBKOCTI IipOTaxoMETpiB 3 YOTHUPBOX IO JIBOX 3 NapajelIbHUM
30UIBIICHHSM PO3TaTy/XKEHHS CHIHAJIB BiJl THX, W0 3aJHMIIMIMCA, a TaKoX IIOKPAIIEHHsS IIBUAKICHUX XapaKTEepHCTHK 3a
PaxyHOK BCTAHOBJICHHS JOJATKOBOIO JDKEepela JKMBJICHHA — KOHJICHCATOpHOi Oarapei mis KOPOTKOYAacHOro 3O0UIbIIEHHS
MOTY)XKHOCTI Ta CKOPOYEHHs 4acy Ha po3riH nBuryHiB. CKkiaJieHa CTPYKTypHa CXeMa paliOHAIbHOI TEXHIYHOI JiarHOCTHKU
crabimizaropa 2E36 Ta 3anpornoHOBaHi METOAMKM IIOIIYKY HENOJNAJOK Yy BHUIVIAAI KapTOK HAJAIITYBaHHS >KOPCTKOCTI,
nemriipipyBaHH 1 BiOpanii crabinizaTopa rapmaru Ta Oamrru. [IpoananizoBaHi JiarHOCTHYHI METOIM ITOSJIIEMEHTHUX 1 TPYIIOBHX
nepeBipok. Ha ocHOBI aHa3i3y po3po0iieHi OCHOBHI aropuTMH JUIsl IPOBEICHHS AiarHOCTHYHOIO Mpolecy cradimizarii oamry i
rapMary. 3aBAsKH [IbOMY Y 30HiI BUKOHAHHS 3aBJaHHS OCOOOBHI CKJIajl Ta PEMOHTHI MiJPO3JIIUIH 3MOXKYTh MAKCUMAJIbHO LIBUJIKO
3a0e3redyBaTH OO€roToBHICTH TexHikM. BucHoBkm. Cralinizaropu rapmaru i OamiTu sBISIOTH COOOK0 3aMKHEHI CHCTEMH
aBTOMATHYHOTO PETYIIOBAHHS, SKi IDYHTYIOTbCA Ha IPHUHLMIN DPEryIOBaHHS O BiIAXWICHHIO PErylbOBaHOI BEIMYMHU Bin
3ajaHoro 3HayeHHsA. OO'ekTaMM peryiaroBaHHS B LMX cucTeMax crabumizauii sBiseTbcss rapmara i Oamra, a peryiiboBaHi
BEJIMYMHM — iX KyToBi mBHAKOCTi. OnTHMIi3alis 3BOPOTHOrO 3B’A3Ky Iependadae CKOPOUCHHs KUIBKOCTI IipoTaxoMeTpiB 3
YOTHUPBOX 0 JIBOX, IO JO3BOJIUTH 30UIBIIMTH 3aIac MOTY)KHOCTI i JacTh OUIbIIe MOKIMBOCTEH JUIsl MOJAJIbINOI MOJEpHi3allii
crabimizaropa. I[IpHCKOpEHHS pO3rOHY BHKOHABUOTO JBUTYHd MOXJIMBO 3IIMCHUTH 3a JIOIIOMOrOI0 BCT@HOBJIEHHS
KOHJIeHCaTOpHOi Oarapei. HaliGiybl 1OBrOCTPOKOBUM €TaroM B HPOLIECI BiJHOBJICHHS CIIPAaBHOCTI CKJIAJHUX CHCTEM € IPOLEC
MOIIYKY eJIeMEHTIB siKi BiaMoBmiH. Cxema pamioHaJdbHOI TEXHIYHOI MIarHOCTHKM —Iependadae OCHOBHI alTOPUTMH IS
MPOBEJEHHS JiarHOCTUYHOrO Ipolecy cralimizauii Oaimrru i rapMary, IO J03BOJNSE IMPOBOAMTH MOLIYK HENONAIOK 3
MAaKCHMAaJIbHOIO €()EeKTUBHICTIO.

Karw4dosi caoBa: crabinizatop 036poeHns BMII-2; ¢yHuIioHaIbHO-JIONYHA cXeMa; CTPYKTYpHA CXeMa pallioHaIbHOI
TEXHIYHOI JIIarHOCTHKY CTab11i3aTopa; METOMUKH HOIIYKY HEIoJIa [0K.

Hcnonb3oBaHne TeOPUU ABTOMATHYECKOr0 YNPABJICHHUS /15 IOMCKA PAIIMOHAJILHBIX MyTeil TeXHHYeCKOii IMarHOCTHKHI
H yJyYIIeHHs] TEXHHYECKHX XapaKTePUCTHK cTa0un3aTopa Boopys:kenns 2E36

A. M. Kacumos, E. M. llImuuga, A. A. T'op6os, 0. A. Kosryrnos, 1. M. Kono6og, 0. B. Kpachomanka

AHHoTanus. Ilpenmerom uccienoBaHusl sBISIETCS IPOLECC IOUCKA HEUCIPAaBHOCTEM B CHUCTEME YIPABICHHUS OTHEM
BMII-2. Heabo MccaeN0BaHUsA SBIACTCS HAa OCHOBE aHAIUM3a KOHCTPYKTMBHBIX M CXEMHBIX PEILCHUM M TEXHHYECKUX
XapaKTepUCTUK CUCTEeMbI ynpapieHus: orHeM BMII-2 pa3zpaboTaTh anroputM HOHCKAa HEHCIPAaBHOCTEH B JaHHOW CHUCTEME U
MPEJOCTaBUTh HPEUIOKEHHS 110 YIIYUIIEHHIO TEXHUYECKHX XapaKTePUCTUK CTaOMIIN3aTopa BOOPYKEHNUs. 3aiauu: IPOBECTH aHAIIU3
cucreMsl yrpasieHus oraieM BMII-2 kak 3aMKHYTOM CHCTEMbI aBTOMaTUYECKOrO PEryJUpOBaHHUs; IPEJOCTaBUTh IPEUIOKEHHS 110
VAYYIICHUIO TEXHWYECKUX XapaKTepPUCTHK CTa0WIN3aToOpa; COCTaBUTH CTPYKTYPHYIO CXEMy palHOHAJIBHOM TEXHHYECKON
JIMarHOCTHKU crabwimmzaropa 2E36 M TpemioxuTh METOAWKY ITOMCKA Hermonauok. llomydeHsl crnexyrompe pe3yiabTaThl.
IpemioxeHo ynydlleHHe TEXHHYECKHX XapaKTepUCTuK crabnusaropa 2E36 3a cueT yMeHbIIEHHS KOJIMYECTBa THPOTAXOMETPOB C
YeThIpex 0 JBYX C MapaUieibHbIM YBEIMYEHUEM Ppa3BETBJICHUS CUTHAJIOB OT OCTABIUMXCS, a TAKKE YIy4dIIEHHE CKOPOCTHBIX
XapaKTepHCTHK 32 CYET YCTAHOBKH JIOIOIHUTEIILHOrO MCTOYHMKA MHUTAHUS - KOHISHCATOPHOW OaTapew Uil KPaTKOBPEMEHHOI'O
YBEJIMYEHUs] MOLIHOCTM M COKpAallleHHs BPeMEHU Ha pas3roH asurareneil. CocTaBiieHa CTpYKTypHas CXeMa palUOHaIbHON
TEXHUYECKOHM JANAarHOCTUKU crabuiamsaropa 2E36 u npemiokeHbl METOMKH ITOMCKa HEMCIIPAaBHOCTEH B BUJIE KapTOYEK HACTPOHKU
JKECTKOCTH, JIeMI(UpOBaHHMS M BHOparmu cradmin3aropa MymKH ¥ OamHu. [IpoaHaln3upoBaHBl THATHOCTHYECKHUE METOIBI
MIODJIEMEHTHBIX M IPYIIOBBIX IPpoBepoK. Ha ocHOBe aHa3m3a pa3paboTaHbl OCHOBHBIE arOPUTMBI ISl IIPOBEICHHS AUarHOCTHIHOTO
mporecca CTadWiM3almii OamHW W IMymKW. braromaps 5ToMy B 30HE BBINOJIHEHWS 3aad JIMYHBIA COCTAaB M PEMOHTHBIC
TIO/IPa3/IeNICHHsI CMOTYT MaKCHMaJIbHO OBICTPO o0ecreunBaTh 00ErOTOBHOCTh TEXHUKU. BhIBoAbI. CTalOmin3aTops! MyIIKy 1 OantHu
MIPE/ICTABISIOT COOOH 3aMKHYTBIE CHCTEMBI aBTOMAaTHUYECKOTO PErylUpOBAaHUS, OCHOBAaHHBIE HAa IPHHIUIE PETYIHPOBAHMUS II0
OTKJIOHEHHIO PETYIUPYEeMOil BEIHYMHBI OT 3agaHHOro 3HadeHns. OObeKTaMH PEryJaHpOBaHUs B 3THX CHCTeMax CTaOuIIM3aIiiu
SIBIISICTCS IyIIKA U OAIIHs, a PeryIUpyeMble BEIIMIHUHbI - UX YIJIOBBIE CKOpocTH. OnTuMH3anys oOpaTHOH CBS3U IPELyCMaTpHUBaeT
COKpAILICHHE KOJIMYECTBA TMPOTaXOMETPOB C UETHIPEX IO IBYX, YTO IIO3BOJIMT YBEJMYMTH 3aIlaC MOIIHOCTH M JacT Ooublie
BO3MOXHOCTEH JUIsl JanbHEHIIel MOIEpHU3aLMK CTa0WIM3aTopa. YCKOPEHHE pPa3rOHa HCIIONHUTEIBHOIO JIBUTATENs MOXHO
OCYIIECTBUTh MOCPEICTBOM YCTAQHOBJICHHMS KOHIEHCAaTOpHOH Oarapen. Haumbonee InOJNTOCPOYHBIM 3TalloM B IpoLecce
BOCCTAHOBJIEHHSI HCTIPABHOCTH CIIOXHBIX CHCTEM SBIISIETCS MPOILECC TIOMCKA MIEMEHTOB, KOTOphIe OTKa3ami. Cxema palioHaIbHOM
TEXHHYECKOH IMarHOCTHKM HPEelyCMAaTPUBACT OCHOBHBIE aITOPUTMBI JUIS NPOBEICHUS AUArHOCTUYECKOro Npolecca crabiin3aliuu
OaIlIHK | ITyIIKH, TI03BOJISIET IPOBOJUTH ITOUCK HETIONAI0K C MAaKCUMAIIBHON 3()(heKTHBHOCTBHIO.

Knawouesbie ciaoBa: crabunmsarop Boopyxkenus BMII-2; ¢yHKIMOHAIBHO-IOTMYECKAs CXeMa; CTPYKTYpHas cxema
PaLOHATBHON TEXHUYECKOH AMarHOCTUKU CTa0MIN3aTOpa; METOAUKH TIOMCKA HEUCIIPABHOCTEH.
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