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Frequency domain parameter identification of expanded Wiener model
Besarion Shanshiashvili, Nugzar Kavlashvili, Bega Avazneli

besoshan@hotmail.com, nkavlash@gmail.com,
Abstract

A problem of parameter identification of nonlinear manufacturing systems described by expanded
Wiener model, linear elements of which are described by the ordinary differential equation, in the
frequency domain is considered. Method of parameter identification in steady state at the input sinusoidal
influences is proposed. The solution of the problem of parameter identification is reduced to the solution
of the systems of algebraic equations by using the Fourier approximation. The parameters estimations are
received by the least squares method. Reliability of the received results is investigated in industrial
conditions at the presence of noise.

Key words:
identification, parameter, nonlinear system, model, sinusoidal.
1. Introduction

The construction of the system mathematical model by using the system identification methods is
connected with the solution of different problems depending on the a priori information about the system
[1]. The construction of the system’s optimal model in many respects depends on successfully solving the
parameter identification problem at known model structure.

Identification of systems is based basically on the linear stationary models, which are widely
applied to manufacturing processes. At the same time, many of the current dynamic processes in
industrial systems bear the nonlinear character. At the research of the nonlinear systems principally new
events appear, which are not observed in the linear systems. Application of linear or linearized models
during formalization of the regularity of the process proceeding in nonlinear systems, is possible only in
the limited area of change of variables. The research of physical events and their features in the nonlinear
systems can be examined and adequately characterized only by using the nonlinear dynamic models.

The nonlinear systems are generally represented by block-oriented models consisting of different
modifications of the Hammerstein and Wiener models [2] or general models, in particular, the Volterra
[3] and Wiener series [4] and the Kolmogorov-Gabor [5-6] continuous and discrete polynomials.

Block-oriented models are successfully used in many fields of the manufacturing processes to
identify systems of mining and smelting, ore dressing, chemical, mechanical, biological processes and
etc.

At the representation of nonlinear systems by the block-oriented models, most of the existing
developed methods of parameter identification are developed for the simple Hammerstein and Wiener
models [7-12]. Comparatively small quantity of works are devoted to the identification of parameters of
other block-oriented models [13-17]. This can be explained by the fact that the majority of such models,
except for the Hammerstein models (simple and generalized) are nonlinear relative to the parameters, and
also because of the large number of estimated parameters. Therefore, the solution of the problem of
parameter identification is analytically possible only for some block-oriented low order models.

In this work the problem of parameter identification of nonlinear dynamic systems represented by
expanded Wiener model is considered, where linear elements of model are described by the ordinary
differential equation of first order. Despite their simplicity, such models are widely used for the modelling
of manufacturing processes.

2.Classes of model and input signals

Expanded Wiener model (fig. 1) is generally described by the following equation:

y(t) = co + Wy (pu(t)+ W, (p () Ws (plu()], (1)
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where W;(p) (i =1,2,3) are transfer functions of the linear dynamic systems in the operational form, i.e.
p denotes the differentiation operation - p=d/dt. u(t) and y(t) are input and output variables,
correspondingly.

C[]

LU

—> W)
L |5

Fig.1. Expanded Wiener model

For solving the problem of parameter identification of nonlinear systems on the basis of the active
experiment it is supposed that the input variable of the system u(t) is a sinusoidal function:

u(t)= Acosat . )
3. The mathematical description of the forced oscillation

When a sinusoidal signal acts on the input of the linear element, then at the output of the element
in the steady state the sinusoidal signal with same frequency and with the amplitude and phase, which
depends on the frequency, is obtained. In this case, the sinusoidal signal with doubled frequency is
obtained on the output of quadrator. These facts were used to determine analytical expressions of the
forced oscillations on the output of models.

Let's consider the case when the transfer functions of the model’s linear dynamic parts are defined
by the expression:

1

= Toil (i=123), (3)

Wi(p)

where T, > 0 (i =1,2,3) - time constants.
Let’s consider the peculiarities of obtaining of the mathematical expressions describing the forced
oscillations obtained on the model output.
The following differential equation must be solved, when a signal type (2) is acted on the model
input, for determining the output signal of the first linear dynamic element of the model:
dy;

TIFJF y, = Acos wt . 4)

General solution of equation (4) is as follows:
t

AwT . T
coswt+%sm wt+Ce ™. (5)

y =
L 10T 1+ 2T,

The forced oscillations, obtained at the output of the first linear element of the model in the steady
state, when t — oo, are determined by the expressions:

AT, .
Y, = 55 Coswt+——=—-sinot. (6)
1+ 0°T; 1+ T
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In a similar way we get that the forced oscillations at the outputs of the second and third linear
dynamic elements are determined by the expressions:

AoT, .
Y, = 55 Coswt+——==-sinat, )
1+ 0T, 1+0°T,
AwT .
Y3 = — coswt+%sm at . ®)
1+ 0 T3 1+ T,

Let’s determine the multiplication y,y, using expressions (7) and (8):

Y,y A” cos? ot + A T Ty sin? ot +
= [0) (0]
0 0?12 i+ 0?T2) i+ 0T i+ 0°T7)
AT, + AT, .
+ C;)Z; a)232 sin ot cos wt . (9)
1+ 0?12 1+ 0?T2)
By transforming (9) we finally get:
A [+ 07T,T,) A2 (- 07T,T, )
Yo Y3 = = S+ -~ -~ CoS 2wt +
20+ 0T i+ 0?T2) 20+ 0?TE Ji+ 0?TF)
AT, +T
n 2“’(22+ 31 _sin2at. (10)
20+ 0T Ji+ 0?77
As the output signal of the model is:
Y=Yo+Y1+VY2Vs, (11)

Therefore, taking into account (6) and (10), we get that the forced oscillation at the model output is
defined by the following expression:

A%+ @?T,T AwT
(+w 2 3) COSa)t+L128ina)t+

20+02T i+ 0?77 ) 1+ 0°T? 1+ 2T]

A2 (1—0)2T2T3) A’o(T, +T;)
v T e 0’12) cot 20+ 0?Tf Ji+ T2

)sin 20t . (12)

4. Parameter identification

Let's consider the features for the parameters estimation of model using the Fourier
approximation by the method of the least squares.
The application of the Fourier approximation [18] for the output periodic signal of the system

. . . .. a . .
enables to obtain the estimates of the Fourier coeff|C|ents7°, ay, by, (k :1,2). Equating such estimates

with their theoretical values we’ll get:

&, A2 (1+ 02T, T,) )
2 20+ 0?T7 i+ 0?T2)
. A
al = 22 (14)
1+ 0 T
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" A a)Tl

, 15
o= 1+ o T2 (15)
R A? (1- w2T2T3)
8 = 272 272)° (16)
20+ T2 J1+ 0?77
- A2o(T, +T
b2 > (22 3)2 (17)
2+ 02 1+ 0?T2)
From (14) and (15) we get::
L=l (18)
a4
Using the expressions (18) at different frequencies w = (i =12,..., n) , We obtain:
61 -
Oy + ey + = (i=12..,n), (19)

1

where 4y, 61i (i=12,...,n) - values of the Fourier coefficients at the frequency o;, &; (i=12,...,n) -
errors of measurements and approximations.

Let's consider the features for T, parameter estimation by the method of least squares using the
expression (19).

The error squared sum is

n n (4 2
s=) &t =Z{2i—a)iTl] : (20)
i

i=1 i=1

Now we’ll determine the value of the estimate T, so that their substitution for T, should give the
minimal value S in the equation (20). For that purpose differentiating (20) by T,, and equating the
received results to zero, we’ll obtain the following expressions for estimating fl:

[Z o, ]Tl = Z by o, (22)

it i
From (21) we receive the value of the estimate T, by the method of the least squares:
- by

. A,
T=t (22)

2o
i=1

Let's consider the features for T, and T, parameters estimation by the method of least squares
using the expressions (16) and (17).

From (16) and (17) we get:

4, 1-0°T,T;

8 1o hls 23
b, o(T, +T,) )

Let's enter designations:

TO = T2T3 y (24)

10
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T = T2 +T3 . (25)
Using the expression (23) at different frequencies w = o (i =12,..., n) , We obtain:
b2i —bzia)iZTO _azia)iT +82i :O (l :1,2,...,n). (26)

In this case the error squared sum is

2
S= Zn:‘gzzi ZZn: (— by + by 07T, +a2ia)iT) . @7)

i=1 i=1
If we differentiate (27) at first by T, and then by T, and equating the received results to zero,

we’ll obtain the following expressions for estimating fo andT :

n n n
z (bzi of )ro + Z (@ziby T = Z by,
i-1 =) i-1

n

Z (azi byi wiz )ro + .Z;: (agi )I' = iZ;:aZi by

i=1

(28)

Solving the system of equations (28) with respect to T, and T gives

To = : : ! , (29)
n N n N n n
{ apiby; Zazibmwiz]—[z aj szia)i4 J
i-1 i=L i=L

n

n n
a,iby zbzzi wfj—[z ayiby; szia’f]
i=1 i=1

i=1

N n N n n '

apiby; zazibziwin—[z aj Z:t)ZiC"i4 ]
i=1 i=1 i=1

Estimates fz and fa can be determined through the estimates fo and T by the following
expressions:

(30)

)= (31)
T —\T?-4T,

. 2T

Ty=——————. (32)
T +4/T% 4T,

Estimates fz and f3 also can be also obtained by ratio ao—_6200 using expressions (13) and (17).
2

5. Conclusion

In this work the problem of parameter identification of nonlinear dynamic systems represented by
expanded Wiener model is considered, when linear elements of model described by the ordinary
differential equation of first order. Despite their simplicity, such models are widely used for the modelling
of manufacturing processes.

Proposed method of parameter identification in steady state based on the observation of the
system's input and output variables at the input sinusoidal influences is proposed. The solution of the

11
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problem of parameter identification is reduced to the solution of the algebraic equations systems by using
the Fourier approximation. The parameters estimations are received by the least squares method.
Reliability of the received results depends on the accuracy of the measurement of system output signals
and mathematical processing of the experimental data.

Developed parameter identification method can be used for the modelling of nonlinear
manufacturing processes when the model structure is known a priori. As the estimations of parametres are
received by the least squares method, which is noiseless, it can be used in the industrial conditions in the
presence of the noise and measurement errors. The specification of the method of identification allows to
use Fourier coefficients of various harmonics to estimate the parametres and compare the received results.
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IMapamerpnyeckas naeHTHPUKALMSA paclIMpeHHON Moiesi BuHepa B 4acTOTHOMH 00J1acTH
Buccapuon Ulanwuaweunu, Hyz2zap Kasnaweunu, bexa Asasznenu

Pe3rome

PaccmaTpuBaercs 3amaua napaMeTpUUECKOM HMICHTH()HUKAMM HEIWHEWHBIX JUHAMHYECKHX
CUCTEM IPECTaBIECHHBIX PACIINPEHHON MOJIENbI0 BrHepa, Korja ee TMHENHbIE JIEMEHThHl ONUChIBAIOTCS
OOBIKHOBEHHBIMU M (h(epeHINaTBbHEIMA YpaBHEHUAMH, B dYacToTHOW obOmactu. Ilpemoxken wmeron
MapaMeTPUYecKol HAEHTH(HUKAIMN B YCTAHOBUBINETOCS PEXKHME NPH BXOAHBIX CHHYCOWJAIBHBIX
BO3/IeicTBUSIX. PerreHne npo6ieMbl mapamMeTpuaecKoi HASHTH(GUKAIMY IPUBONTCS K PELIEHHUIO CHCTEM
anredpanyecKuX ypaBHEHUH MpH NpUMEHEHUH annpokcuMmarmu @ypee. OneHKH napamMeTpoB HOydIeHbI
METOAIOM HaNMEHBIINX KBaApaToB. MccrenoBaH BOmpoc HAAEKHOCTH MOMYYEHHBIX DPE3YyJIbTAaTOB B
WH]TyCTPHAIBHBIX YCIOBUSIX IPH IPUCYTCTBHUH ITyMa.
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JBa KpUTepHs ONTHMAJBLHOCTH B CTpaTern4eckoii urpe ,boii cTpeakoB

Buxmop Xyyuweunu

Email: otariko@yahoo.com
Pe3rome

Hccaenyercss 00ii Ha yYHMYTOXKeHHe NPOTHBHUKA MeXKIy ABYMS KOMAaHJAMM CTPEJIKOB.
CocTaBbl KOMaHA MOIYT OTJIMYAThCS KAaK KOJMYECTBOM CTPEJIKOB, TAK M HMHIMBHIYaJbHBIMH
BEPOSITHOCTSIMHM NMONAJAHNA B Ie/Ib. 321a4a COCTOMT B BbIOOpe 00eMMH KOMaHIAMHU ONTHMAJILHBIX
cxeM HamneanBanus. PaccMaTpuBalTCsi [Ba €CTECTBEHHBIX KPHTEPHUSI ONTHMAJIBHOCTH —
MAKCHMYM BepOATHOCTH I00eAbl M MHHHMYM BEpPOSITHOCTH NoOpazkeHHs. JleMOHCTpUpYyeTcs
pPa3HULIa MeKAYy HHUMHU, a4 TaKXKe CJOKHOCTh OJHOBpPEMEHHOH paldoTbl ¢ 000MMM KpHUTEpPUSIMH.
Ilpeanaraercsi KOMIPOMHUCCHBIH CKAJISIPHBIH BapHAHT KpUTepUsl KadyecTBa, IO3BOJISIOLIUIA
3¢ (peKTUBHO BBLIYHMCJIATH MIAHCHI KOMaHA Ha mnoleny, HU4YbI0 M mnopaxenue. I[IpuBoasitcs
pe3yJIbTaThl COOTBETCTBYIOLIHUX KOMIbIOTEPHBIX PAcYéTOB.

Knroueenie cnosa: 6oit CMpEIKo8, 6€PpOAMHOCM b, BEKmOPHblﬁ Kpumepuﬁ onmumaibHocmu

1. IHocranoBKa 3a1a4M

KondaukTHas cuTyanus MeXTy aHTarOHUCTAMH SIBISICTCS ITOCTOSHHBIM TPEAMETOM Hay4HBIX
uccienoBannii. KoH(IMKTEI MOryT WMeTh pa3IUuYHBIA XapakTep, W O3TOT (AKT OTPAKAECTCS B
pa3sHOoOOpa3uy YIpPOUMIEHHBIX MOJEJNEH, ONMHMCHIBAIOIINX PEAbHOCT. MBI PaccMaTpUBAEM CIIEIYIOLIYIO
MOJIETIBHYIO CUTYalluIo: ABE KOMAHIbI CTPENKOB CTPEMATCA YHUUTOXHUTH APYT Apyra. Bcem ydacTHHKaM
6051 m3BecTHa WHGOPMAIMA O MAacTEPCTBE BCEX CTPEIKOB, BBIPAXKAIOMIEMCS B WHAWBUAYAIbHBIX
BEPOATHOCTSX MOIMAAaHUSA B IeNb. boM COCTOMT M3 payHIOB, B KaXJAOM H3 KOTOPBIX CTPENKH 00enx
KoMaH/ (yLeJeBlIre MOCae HPEbIAYLIIMX PAayHIOB) MPUHUMAIOT PELICHHE KOMY B KOTO IICIUTHCS U
OJTHOBPEMEHHO OCYIIECTBISIIOT 0 OAHOMY BBICTpeny. Boil mponomkaercst 10 Tex MOp, NMOKa OJHA W3
KOMaH/1 He OyJIeT YHHYTOXEeHa MOIHOCThI0. KoMaHia cuuraercsi BRIMTpaBLIeH, €Ciii XOTs Obl OJJMH U3 e€
YJICHOB OCTAJICS B )KUBBIX, B CIy4ae B3aMMHOTO YHUUTOKEHHS (QUKCHPYETCSI HUYbSI.

OnwucaHHas cTpaTernyeckasl urpa co ciydailHOW cocraBisiomiell Obuta McciienoBaHa B paborax
[1,2], B KOTOPBIX KpUTEPHEM ONTHMAIBHOCTH CIIYXKUT Pa3HOCTH BEPOATHOCTEH BBIMIPHILIA U TIPOUTPHIIIA
koMaHpl. O4eBUAHO, UTO ITOT KPUTEPUIN SBISIETCS KOMIIPOMUCCOM MEXAY ABYMSI €CTECTBEHHBIMU
¢yHmamMeHTaNBHBIMA ~ KpuTepusiMi. OIMH W3 HUX — BEPOSTHOCTh BHIMTPHINIA, €€ Tpedyercs
MaKCHMHU3HPOBaTh, & BTOPOH — BEPOATHOCTH MPOMWTpHINIA, €& TpeOyeTcss MUHUMHU3HPOBaTh. 10, 4TO
9TH J[Ba KPUTEPHS MOTYT KOHKYpPHPOBAaTh, TECOPETHUECKHU SICHO MX TOTO (haKTa, YTO BEPOSITHOCTh HUUBEH
HE ABIIETCs HyJleBoi. Llenplo HacTosmIell CTaThy SBIAETCA PACCMOTPEHHE KOHKPETHBIX NMPAKTUYECKHX
CUTyallii, B KOTOPBIX KOJMYECTBEHHOE pACXOXKACHHE MEXIy IBYMsS YKa3aHHBIMH KpPUTEPUIMH
MIPOSIBIISIETCS B TIOJTHOM Mepe, a TAKXKE PACCy)KICHHE B MOJIB3Y OOIIEro MPUHIUIA TMPUHATHS PEIICHHS O
KOMIIPOMUCCE Ha paHHEW CTaJuM UCCIIEAOBAaHM 3a]a4 ONITUMM3ALINN U TEOPHH UTP.

2. KoHkypeHUHsI KpUTEpPHEB

PaccmoTpuM MakcHMManbHO YHOPOUIEHHBIM BapHaHT 005, COXpaHAs NpU ITOM HHTPHUTY
KOHKYPEHLIMH MeXay Kputepusamu. IlycTb mepBasi KOMaH/ia COCTOUT M3 JIBYX CTPEJIKOB OJIMHAKOBOM
50% -oit MmeTKOCTH, a BTOpas koManaa — u3 auzaepa (Nel) ¢ BepositTHOocThI0 mopaxenus 1enu gl = 95% u
aytcaiigepa (Ne2) ¢ xyammm nokaszarenem (2. JIerko M0Ka3bIBacTCs, YTO B JAHHBIX YCIOBHAX CTPEIKH
BTOPOH KOMaH/Bl JIOJDKHBI HENUTHCS B Pa3sHBIX CTPENIKOB IEPBOW KOMAaHIpBI, a OJUH M3 ITOH HEpBOi
KOMaH/Ibl 0053aTeNIbHO JTOJDKEH LENNTHCS B JIHAEpa BTOPoit KoMaHbl. OcTaéTCsl peluTh eTMHCTBEHHBIN
BOIIPOC — B KOT'O CTPEJISITH BTOPOMY CTpPEINKY HepBoi koManael? B nmunepa (cxema HanenuBanus Nel) wnu
B ayTcaiiziepa (cxeMa HanequBaHus Ne2) ?

BeposiTHOCTM BBIMTPHINIA W TPOWTPHIIA TEPBOM KOMAaHABI IS CXEMBI HarenuBaHus Nel
o0o3naunm uepe3 W1 u L1, a mus cxemsl HamenuBanusi Ne2 — coorBeTcTBeHHO uepe3 W2 u L2.
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Auroput™ pacuéra BepositHocTel maH B [1]. Ha pucyHke 1 oTpakeHa 3aBHCHMOCTb STHX YETHIPEX
BEJIMYMH OT METKOCTH ayTcaiiiepa BTOpPOH KOMaHAbI 2. DTy BEpOSTHOCTb, OTJIOXKECHHYIO IO
TOPHU30HTANIBHOHN ocH, MeHsieM B mpezaenax ot 5% no 40%. Uerbipe BEpOSITHOCTH AJISI NEPBONH KOMaHbI
(BepTHKanpHasi OCh) TaK)Xe BBIPAXEHBI B NpoleHTaX. V3 rpadukoB BUAHO, YTO TMOKa KBATU(HKAIMS
ayTcaiiiepa BTOpoif KOMaH/AbI 2 HHU3Ka, BTOPON CTPEJIOK MEepBON KOMaHABI JOJDKEH LEIUTHCS B JIHAEPA
BTOpOi1 koMaH/ibl. Ecin ke 3Ta KBaM(UKAIHsI NTPEBBICUT HEKOTOPBIH YPOBEHb, TO CXeMa HaleJIHMBaHHs
nowkHa cMeHHuThes ¢ Nel Ha Ne2. OmHOBpeMeHHO TpaMKH MOKa3bIBAaIOT, YTO YKa3aHHBIE YPOBHH, OT
KOTOPBIX 33aBUCHT TIEPEKIIIOUCHHE CXEeM, PA3IMYHBlI JJIS JIBYX HAMX (YHIAMEHTAJIbHBIX KPUTEPHEB.
[Ipn MakcuMH3anK BEpOATHOCTH BHIUrpbima (kputepuit W) 3TOT ypoBeHBs npuMepHO paBeH 32,6%, a
IpU MUHUMHU3AIMU BEPOSTHOCTU mpourpbima (kpurepuit L) - 17,4%. B ciyuae nByXKpUTEpHAIBHOM
ITIOCTAaHOBKH 3aJauM, €€ pelenue TakoBo: ecnn 2 < 17,4, To onTuMansHa cxeMa HanenuBaHus Nel, eciu
g2 > 32,6 - cxema Ne2, eciu xe (2 npuHaAIeKUT uHTepBaiy [17,4; 32,6], To onTuManbHBI 00€ CXEMBI
HarennBaHus (KOHEUHO *ke, B cMbIcie ITapeto).
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Puc. 1. 3aBucHMMOCTb BEpPOSITHOCTEW BBHIMIPHILIA U TPOUTPHILIA TIEPBOIT KOMaH/BI OT (2

[Janee mbl BapbupyeM u (1l — kBanmduKanuo nuaepa BTOPOH KOMaH[bI, T.€. €r0 BEPOSTHOCTD
nomnajsaHus B Lenb. Ha prucyHke 2 oHa OTJIOXKEHa IO TOPU30HTaIbHONW och. I1o BepTHKaIbHOW Ke OCH
OTJIOKEHA BEPOSITHOCTH (J2 — MOKa3aTelb ayTcaiaepa Toi ske koMaH bl TpeyronbHas obnacts hazoBoro
MIPOCTPAHCTBA, OINpeneiéHHas HepaBeHCTBOM (2 < (1, HKHEll M BepxXHel KpUBBIMH AEIHUTCS Ha TPU
obnactu. Ludpoii 1 nomeuena o6aacTb, B KOTOPOH ONTUMAIBHOM IS IEPBOi KOMAHIBI SABJISETCS CXeMa
HanenmuBanusg Nel, mudpoit 2 - obnacts onTuManbHOCTH cXeMbl Ne2, a 3HAaKOM Bormpoca ? — 001acTb, B
KOTOPOil HU O/IHA U3 CXeM HEe MMEEeT MPEUMYIIEeCTBA TI0 000UM KPUTEpHAM. BUaHO, 4TO ¢ yMEHBIICHHEM
METKOCTH JIujepa BTOpod KoMmaHmbl (1l pasHMmA Mexny IByMs HammMmu Kputepusmu W u L
HUBEIUPYETCS.
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Puc. 2. O6nacti ONTUMANIBEHOTO HalleTIHBaHUs B (ha3oBoii mwiockoctH (01,02)

3. BamaHc KpuTepHeB M HEKOTOPbIE Pe3yJIbTATHI PACYETOB

BapbupoBaHue mapaMeTpoB CTPEJIKOB IEPBOM KOMaHIbI 3aTPYIAHSET HCCIENOBAHUE HAIIEH
CTpPaATErn4ecKol Urpbl B YCIOBHSAX JBYX KPUTEPHEB ONTHMAaJbHOCTH, MpoOiieMa yCyryOisieTcsi, Korjia B
KOMaHJax OoJyiee JBYX CTpenakoB. boyiee mompoOHO oOmias mpobiieMa BEKTOPHOTO (PYHKIIHOHANA
paccmotpena B pabore B [3]. Ham mpencraBiseTcs, 4TO YHHBEPCAIbHBIM BBIXOJ 3aKIFOYAETCS B
NpEIBAPUTEIBHON CBEPTKE BEKTOpAa KPUTEPUEB B CKAsAp, Kak 310 cienano B [1,2], 3a cuyér yero B
UCCIe0BaHuU 0O0sl CTPEIKOB JIOCTHIHYT 3HAYMTENbHBIN porpecce (cM. [2] u Tabmuiy 1).

CocTaBsl KOMaH]T (METKOCTh yKa3aHa B %0)

Beiurpsimr (%)

Huubs (%)

[Mpowurpsi (%)

40, 30, 20 vs 80, 40 48,0 6,1 45,9

40, 30, 20 vs 80, 50 42,4 6,9 50,7

40, 30, 20, 10 vs 80, 50 58,9 2,7 38,4

40, 30, 20, 10 vs 80, 60 54,5 3,0 42,5

30, 20, 10,5 vs 70, 30 49,4 1,2 49,4

60, 50, 40 vs 99, 99 42,9 18,1 39,0

60, 50, 20 vs 95, 95 39,6 91 51,3

80, 60, 40, 30, 25, 10 vs 90, 70, 60, 50, 10, 5 42,2 0,3 57,5
40, 35, 35, 5,5, 5 vs 35, 30, 30, 15, 10, 5 42,7 0,1 57,2
40, 35, 30, 15, 10, 5 vs 35, 30, 30, 10, 10,5 57,9 0,1 42,0

Tab. 1. BCpOHTHOCTI/I pe3yIbTaTOB HepBOﬁ KOMAaHJbI UIA pa3jiIndHbIX COCTABOB KOMaH/] MIPOTUBHHUKOB
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4, 3aki0uenue

[IpoBenéHHOE WmCCleIOBaHME TOAKPEIUIIET HANly PEKOMEHIAIHI0 OOpabOTKH KpHUTEpHEB
KadyecTBa Ha PAHHEM dTale PEIICHHUS CIOXKHBIX ONTUMHI3AIMOHHBIX M TEOPETUKO-UTPOBBIX 3a1ad.

33035¢rmdOL MO0 3MoEYH0do LEBMGIR0E 1535830 ,,ALMMEIGENS dOAMES®

309096 bey0830070
69bomdy

2°6boEmos dMIMErs dmfjobssmdgaol 39bsaMMmIdCLmzoL ALGMEgEms M6 3bol
ImMol. ambgdol 9995agbarmdgdo dgodmgds oBlbls3wdMEILl MHmymeE LGMEYEs
65m@gbmdom,  sbggzg doBbsbo ImbzxEMOL 0bEOZOEMSWIMGO  5EIBIMMBJO0m.  STm3IBS
J0pdoMgmdl  mMogg  3Mbolmzol  ©sdoBbYdoL  Mm3BHodsgrMo  1dgdgdol  gMBggzsdo.
39b0boagds m3BHodsgrmdol mGo dbgdMoz0 IMoBgMomdo — gsdsmR39gd0L  SEIdSMMDOLs
35gdbodmdo s FMEHYdOL S¢EBIMBOL JobodMdo.  gIMBLEHMOMEIds bgzsmds dsom BmMols,
sbggg @G0z 3MoEgMomdmsb  ghmEmmrymo  Fmdsmdol oMoy,  35dmmsgsHgdvEros
bomolbol  3hoGgMHomdol  3md3OHMdobreo  L3owsmvmo  350M056G0, Gmdgwos 3mbogdols
dmpgd0lL, BOOLs > fFopgdol Tsbbgdol gngBHMGMI© sdMmmMZEIoL  Lsdwromadsl  0deg3s.
3my39600s 9glsdsdobo 3m330vEgHYEo o0z dol 39gagdo.

Two optimality criteria in the strategic game "*Shooters’ Battle™
Victor Khutsishvili

Summary

A battle to destroy the enemy between two teams of shooters is being investigated. Team
lineups may differ both in the number of shooters and in the individual probability of hitting the
target. The task is to select optimal targeting schemes for both teams. Two natural criteria of
optimality are considered - the maximum probability of victory and the minimum probability of
defeat. The difference between them is demonstrated, as well as the complexity of work
simultaneously with both criteria. A compromise scalar version of the quality criterion is proposed,
which makes it possible to efficiently calculate the teams' chances of winning, drawing, and losing.
Results of the corresponding computer calculations are presented.
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356Bm3MEMdOl 30MHMdYdT0. 39MAm, FobbogrmmOos 58m3s6s, LdSE s35¢IBSMS TgliEregds
bgds Mfig3do ghmbsxgbm®s boliGgdom. 3GmEgm®gdo bsfogmmdmog w@Mmo0gMmanE3ES0s.
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050013000980 3GeEgLe®ol BooMyz5MMdsB. BMBJgo0l Lsboo MOl BmEgdmeo ©sZsErgdOls
FlslE¥memgdeEs LsgoMem GobsblmMmo bsbxado, Mg dgodergds Msdgbody 3sMagBMBY oymls

050m300090o, 5aMgm3) dmEgbol batxrgdo Lsxsmodm gubdsool bsboom s6ol dmsgdoero.
€0535¢00d5m5 LoLEBgdsdo TmbggEMs BMBGHE 9O MOl goblsBIIGXIEMO, 5GTYE 5EIBSMVIMO
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Mathematical model of one problem of the scheduling theory under uncertainty
Ketevan Kutkhashvili, Vladimir Gabisonia

Summary

Mathematical model of a one-criterion problem of the scheduling theory under uncertainty is
built in the article. In particular, the problem is discussed when tasks are performed by a continuous
one-step system. Processors are partially interchangeable. The set of partial order and the amount of
additional resources are empty. Processor performance is known in advance, and the time required to
complete tasks depends on the processor type. The function has the financial costs required to
complete the task, which may depend on several parameters. Getting into the system of tasks is not
precisely defined and is given in the form of an interval and a probabilistic value. The optimal choice
is made taking into account the total cost of processing the entire system of jobs. An algorithm for the

considered problem is constructed.
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MaremariryecKas MOJeIh OFHOM 33/la4y TEOPHM PACIIMCAHUE B yCIOBHAX HEOIPe/IeIEHHOCTH
Kerepar Kyrxamsrrm, Bragummp I abucorns

Pesrome

B craTpe cTpouTCs MaTeMaTHYECKas MOJEIh OLHOKPUTEPHAIBHOM 33a4y TEOPUU PaCIIUCAHUM
B YCJIOBUAX HEOIIpeJleIeHHOCTH. B gacTHOCTH, 06Cy>KAaeTcsa Ipo6eMa, KOT/ia 3a/Ia4y BBIITOIHAIOTCA
HeINIpephIBHOM OfHOIIAroBoii cucremoii. IIporeccops! wacTMYHO B3auMo3aMeHseMBl. MHOXeCTBO
YACTUYHOTO IOPAAKA M KOJMYECTBO [OIOJHUTENBHBIX PeCcypcoB IIycTsl. lIpousBomMTENIBHOCTH
IIPOLIECCOPOB M3BECTHA 3apaHee, BpeMs, HEOOXOLWMOe JJis BBINOTHEHHWs 3aJad, 3aBUCHUT OT
pasHOBUAHOCTH Ipoueccopa. Jiaa ¢yHKkuuu 3amaHbl (GUHAHCOBBIE 3aTPaThl, HEOOXOAMMSBIE [JIA
BBIITOJIHEHUA 33Ja4H, KOTOPble MOI'YT 3aBHCETh OT HECKOJIBKHX IapaMeTpoB. Ilomamanue B cuctemy
3aJja4 TOYHO He OIpeZieieHO U 3aJaeTcs B BHJEe HHTEpBala U BEPOATHOCTHOM BeIMYMHOI.
OnTuMaNXbHEIE BBIOOD IPOM3BOJUTCA C Y4eTOM OOueidl CTOMMOCTH OOGpabOTKH BCell CHCTEeMBI

3aganuii. IlocTpoen anropuT™ paccMaTpuBaeMoH 3aJadHs.
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Abstract

In the article a new approach to plant optimal work plan estimation using multicriteria
optimization is considered. In the model it is implied, that the plant can fabricate several types of
production. The fabrication of each of them is partitioned into several steps. On each step there
exist several alternatives of production cycle performance and it is prohibited to proceed to the next
step before the previous step is over. Plant project is esti-mated by 5 principal criteria: profit, cost,
risks, quality, time. Optimal variants are to be picked from the alternatives subject to mentioned
criteria and specific boundary conditions.

In problem processing the criteria additive (linear) compression method [1] is used, for
guantitative estimation of criteria Saaty’s modified method [2] is applied, distinct from [3]. By this
way, the problem comes to binary integer programming problem, for program processing of it
MATLAB Binturong function is offered.

Key words:

weighting factors; Saaty’s modified method; criteria additive compression.

For effective control of innovative projects in order of reducing the risks connecting with
capital investments into projects it is actual to practice multicriteria optimization both in creation of
the model in whole and consideration of its separate steps. During the work with projects one of the
important step is the project examination. For getting right estimation of project by examiners it is
necessary to define the criteria under which the project will be estimated. Each company makes the
list of criteria independently.

During project construction efficiency of the plant work plan may be estimated using many
different criteria Sensibly there are considered the following criteria: profit, cost, quality, time, risks.
In our model we suppose, that the plant can fabricate several types of production. The fabrication of
each of them is partitioned into several steps. On each step there exist several alternatives of production
cycle performance and it is prohibited to proceed to the next step before the previous step is over. Optimal
variants are to be picked from the alternatives subject to mentioned criteria and specific boundary
conditions. In the article during problem processing the criteria additive (linear) compression method [1]
is used, as the experts find it difficult to estimate the criteria preferences quantitatively, for determination
of criteria weights Saaty’s modified method of hierarchy analysis [2] is applied, distinct from [3].

We introduce the following denotations:

T- considered time interval (in years);
L-the number of the production types;
H- the number of steps;

C}- the price of I-th type of production in t-th year,t = 1T
D}- the number of 1-th type of production subject to sale in t-th year,t =1,T ,D} < B/, where Blis I-th

type of production demand by prediction in t-th year,t = 1T .
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M- the number of operations performing variants on h-th step, h = LH;

Xpj-boolean variable, equals 1, if on h-th step the j-th variant of operations alternative is performing
and 0 otherwise;

wp;- the cost of j-th variant of operations performing on h-th step ;

K - the allocated amount of fund on h-th step;

Epj- depreciated cost of fixed capital after j-th variant of operations performing on h-th step;

U,- current inputs into production;

In these denotations the first functional —profit is :
— 3T L 1 pl H Mp H Mp T
P =121 CiDf — Xhoy Z]-=1 Whj xhj+2h=1 Z]-=1 Epj xhj_2t=1 U; » max

with boundary conditions:

Sh_Sh—1+Kh_Z?4=h1 Whj xh]'; Sh > 0, h :l,_H, (1)
2?’1:}11 Xpj=1, h=1H; 2)

®3)

The second functional (cost) is of the form:

C=XH_, Zyzhl Whj Xpj = min
The third functional (quality) is of the form:

Q-Tl_y B G 2y — max,

where g;,; is normalized quality of the production fabricated by means of j-th variant of operations
performing on h-th step, 0< q,; < 1;
The fourth functional (time) is:

—_V'H Mp ;
T=Xh=1 2,23 thj Xpj = min,

where t,; is the j-th variant of operations performing time on h-th step;

The fifth functional (risks) can be written in the form:

H Mp 1 :
R=Y}_1 Z]-=1 i=1 Prji Vhjixn; = min,

where Ppj; is the i-th risky event occurance probability during of j-th variant of operations
performing of on h-th step i = 1,71 ;

Vyji are the negative payoffs after fulfillment of i-th risky event, obtained during performing
of j-th variant of operations on h-th step, i = 1,1.

Suppose, that weighting vector of the criteria above, obtained by Saaty’s method is

(ay, ay, a3, ay, as). Then the goal function which is the linear compression of the functionals above,
will be

F=a,P-a,C + a3Q — a,T - asR —» max
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After simplifying considered multicriteria optimization problem reduces to the following
problem of integer programming:

M
ay(Bf=1 Xio1 CEDE = X U+ Xy Z]-=h1(0f1Ehj — (ay + aywyj + azqpj — sty —

Mp,

as Z§:1Phji Vhﬁ)xh]' - max Shzsh—1+Kh_Z]'=1 Whj xh]';Sh > 0, h :1, H,

This problem can be solved, for example, by the branch and bound method. In the case of
small dimension, we can use the function Bintprog of MATLAB for solving binary integer

programming problems.

Lsfo®mls m3E0dsgrryMo Loddsm ggadol 9gagbs dMg5MmIMoG Moo
M3&0d0Bs300ls sdmygbgdoo

@3¢m0 bobsGiemodg, 2cns089% gsbolmbos, big bst osoosbo
®9vogdy

6596Omddo  gobbommmos sbowo Foamds Lofo®dml Mm3Eodoemo Lsdmdsm gqadols
99009960L5©30 IMO3503M0EHIO0MO M3EH0T0DI300L odmyqbgdom. dmEawdo ogEolibdgds,
O™ Lofo®mBml  dgmdeos  Msdgbodg  oblibgeggdmmo  GHodol  3HMmJool  asdmdgzgds.
0000 Fomgobol Fomdmgds oyMBowos  §Eo3gdo®. Ymzqe gé¢edbg Lofo®mdmm 303wob
d9OHMEgdoL (5dYb0Tg 5 GHIMBIBH0Zs sOLYdMBIL s G989 9&o3Dg Poalizems s6 Jgodgds,
Lobsd  fobo o6 ILOMEEYds.  BofoMdml  3MMmgddHol  Fguslgds bgds  doMomss© 5
360G9MHomdoo:  dmygds,  bsbstxXgdo, olzgdo, boMolbo, @AM, LsFoMms  sOLYdMEO
3 3HMbs3H03900000 M3GH0ToMEmO 35010563 Jd0L JgMbg3zs bligbgdrwo 3Ho@gmomdgdols ©s
3960339790 G9B0M3900L  gom35¢0obiobgdom. 8  59mEbol  sdMLEbLlbgmws©  bGs@osdo
299m04g69ds  3MoGgMoMdms  soGHoMmo  bsbgggol  dgomeo  [1].  3Mo@EgMomdgdol
Mom©9bmdMm030  Fgx3sLgdolomgol Asdmygbgdmeros Saathy-b dm©ogogo®Mgdmwo dgmmeo [2]
296Lb3539000 [3]-396. 53 3B00 53M(3565 09396905 FNYEBHOEHZS 3MMYMIToMYdOL sTM(3565BY,
HIOL 3OHMAMFYEo 5dMmboblbgws FgdmmegsBgdwywos Matlab-ols Bintprog gw9bJsos.

CocraBiieHHe ONTHMAJILHOIO IIJIAHA paﬁOTbI NnpeanpuaTus ¢ HCNMOJIb30BaAHUEM
MHOI‘OR[)I/ITepI/IaJIBHOﬁ ONITUMHU3AINHU

Janu Cuxapynuose, Braoumup I'abuconus, Hyzzap Jlaouanu

Pe3rome

B pa60Te paccMaTpruBacTCA HOBBIN IoaX0J4 K COCTaBJICHHUIO OIITUMAJbHOI'O IlIaHa pa6OTI>I
npeanpuATrsa ¢ UCIIOJIb30BAHUEM MHOFOKpHTepHaJ'IBHOfI OIITUMHU3 AU, B MOZCIN NMTOAPA3YMEBACTCA, YTO
OpeAnpUATUC MOXKET BBIITYCKATb HECKOJIBKO PA3JIMYHBIX BUAOB IMPOAYKIHU. HpOI/I3BOZ[CTBO KaXXJ10ro m3
HUX JCIUTCA Ha HCCKOJIBKO 3TaIrloB. Ha KaKI0M 5Tane CymeCTBYCT HECKOJIBKO aJIbTCPHATHUB BLITTIOJTHCHU S
MPOMU3BOACTBCHHOI'O IIMKJIA U MEPEXO/] K CICAYIOLNIEMY 3Tally HEC IOIMYCKACTCs, ITIOKAa HE 6y;[eT 3aKOHYCH
HpeI[BII[yHII/Iﬁ. OHGHKa MPOCKTa NPCANPUATUA OCYHICCTBIACTCA I10 5 KPpUTCPUAM: HpI/I6I)IJ'H), CTOUMOCTD,
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pucku, Bpemsi. TpeOyercst U3 albTePHATHB BHIOPATH ONTUMAJILHBIC BAPHAHTHI C YUETOM BBIIICYKA3aHHBIX
KPUTEPHUEB U OMPEIE/ICHHBIX OrpaHudYeHUi. [Jis pelieHus 3TOM 3a[a4y UCTIONB3YETCsl METO A TUTUBHOMN
cBepTKH KputepueB [1], ajsi KOJMYECTBEHHON OIIEHKU KPHUTEPUEB HCIOIBb3YETCS MOAU(PHUIIMPOBAHHBII
Meron Saaty [2], B ommmume oT [3]. DTuM cmocoGoM 3asada CBOZUTCS K 3afade OGMHAPHOTO
LIeJIOYMCIEHHOTO INPOTPaMMMPOBAHHUSA, /[JIA IIPOTPaMMHOTO PpelleHHMA KOTOpPOM IIpejJaraercs

¢dyuxuus Bintprog Matlab-a.
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69bomdg

659(m0d0 89w dsgndmemos LEdMMdO 535MGHOL 33SEO ©R30569d0L Bgasligdolismgols
L§@ogdmddgoo 53¢ Mo sd330M9demols semam®momdo, Goadbsg LdoGol 3GMmabubs@mmols
259mygnbads  Gglisdemgdgeros  dbmenmo  3dozo 30569008 MmOl dgdmbggzsdo. gl
5¢mam™00d0 sBAbgdwIemos gslisfigmdo  dmgmol gs8mygnbgdol  gmmEby. 89dmdsggdemo
5005331M0o F5M030L SemaM™MHOmTol §B9dGIOMdS ILBGHMYdImo 0gbs s0bodbwmo oliGgdols
60oEb3000 dmyeoMydoo Matlab Lol#gdsdo.

653Gm030  9g0mmsz3sBYPRPMEO  SEMBGHMOO 833000l SewymGomdo  Benmdls
060836900356  3MgBHogmer m30lgdgdl: Lbzsslibgs 356sAgGEOHMmo  sMHYOOL  JMEITIZIE0
36m3glndols  3s95Mm3d  gMmTsbymBy 293wgbsls 36  sbgbl;  3MsBH0IMMS®, FIMITIZIEO
36m3gbol MM 56 MOl ES8M30EIdYIMO ©ER3056905%B] s Fgdsgagm-gs8mdsgsgro Logbsgrgdols
503em0GHM©sbY.

155 3396d™ Lo Bygzgodo:

SQOSIAN0 3033000398900, ©s33056980L  308396bsgos,  LBoBoL  5eagberbsGerdo,
8099650l sgg305690s.

1. 3gbsgsemo

Jomdmygbowo bsdGmdo d0dmzbowos LodMMd 535M5GT0  (335GOSWPO  IR3056930L
3039bLogool  LobiGgdol  539d5BY. OO 3056905  MOOYMBOMOE  S0LEBYdS  LOIHMdO
335653ob  JoMm30L  LobGgdol FMFomdol  MbsM0sbMdIBY. FOMBOL 3OMEgldo  (335MYdS©O
533096900L  30839L5300LIMZ0L  93T8539890s  SISGHMEO LoLEJds, MMIgEoE FJPJOS
M3bmdo  3o6589GMgool s FoMM30L  LoLEJIOL  oY3006900L  Tgxsligdol  gsdmdmzwgeo
LPOsx30mIJdg0o  9@3GHMEMO  ©59330090@0LOY0 s 98 OE3056900L  53tmT39bLOMYdEO
13oEOL 3OMPBMBIEMOOLOD.

159995 GOMS, MM ologrols bs@Bgbo #Hb0sbmdOL 3Myo3s@ Mo Fsmm3ol LoliEgdol
365dBH03NWo  MHJowoBs30s  dobBg  MHmwos.  3gHdmm, 030  dmombmgl  dmEgwrol
3565993HM9d0L  300MH9Jd300L MBOHMB3gEYMREL Tobogrol LodMMBdTO 45055 R0EYd0L LohdsMols
BmdoboserMo  Loool dobg3z0m, osbsg Mmd0gdBHOL 3056935  sTMI0IINME0S
9oLl Foo5Y0Wgd0L LoRJoMmgbg s 033Egds dobo Lobgmdol dobgz0m. goMms sdobo,
29L5035¢0LH0bJOY0s, BMT POMEMO sMBOM 30506930l MM BEVOW M 603369 MdL
06560PMbgdl 03 Fgdmbggzsdo, GmEs bm®E309w@gds LEIOMIOL EOMMWO s boMolbosbo
9AbabMgds (3bgbLoEoL (33ws, LEAMMD sMgdo 3bgwo 3596Mm0oL gobsfogds s Lbgs), o
9mgdgo FoMdmgdol 306HMddT0 ymggmmzol o6 Lerwmmgds [1].

BodmMAol  goblogMMEOPMe  IMIghBHL  foMmBmoabl  (33weo  ©oa3056900L
39535L900LsmM30L  LHMLx8IMJIgo 5I3EHWMO F330M90OL SEAMMOMIOL 5390, 306506
LAoGHOL  3OMPBMDOGHMMOL  259mygbgds Tglodergdgeros, OHMES OR30569ds 9O 0E3wgds. b
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159G 535M5GT0 3056900 3MB3BLSEOOL S@I3EHMMO TsMmM30l serymGH00d0

3MmMomT0 IRYdbIdME0s AoLFYMBO (FoLsBaM0) FmEgErol IgomEol yodmygbgdsby,
H™Igeog 89999953909905 LEdOMBO 535M5E0L Jgdmbgggzsdo.

2. 50053HMMO 59330M390¢0l 5¢rymM0030
20905330930 M309JGH0 500f9M9ds 89090 ORIMIBE0SWMMO FobEHMEgdom:

() + a;x(t) + agx(t)=a,u(t —1,),  x(ty) = 0; x(t;)=0. (1)

LobGgdob a, s T, MEbmdo 396639 BHEMYdol  0wYbEHORB0ISEO0LIMZOL,  slg3zg  LdoGol
3OMABMBOGHMOOL  T,5 3300069006 ©@OHMOL  3MB3gbLsgoolsmzol  9354mm  LHMRdmdgwo
5Q53¢3¥IMH0 ©593306039090.

LobGgdob x3MbJ30mboMgdol MHMOL oMMy J3906EJM35eolom30L [, Aobsfiymdo
990 503(9HMmm 890930 3obGHMEgdom:

y(O) + a1y (O)+aoy(t)=b su(t-0,), t€ Ji; ¥ (to)=05 y(t;0)=0 @

boo3 by @5 g, - IgLodsdolo (1) md0gIBHOL a, s T, doLsfgmdo 35Medg@Mgdol dm@gerol
356599&9d00.

5Q3GHIMO 593300900l s LIoGHOL  3OMYPbMBsGHMMOl B30l  LobEGgdol
LEHOMISHOYo bdgds Bobggbgdos bob. 1[1,2].

383G Mo
©53330M39dgo

In1

Outt

| In2 Otz
|
J_' Subsystem 1

y(t)

| I
| | et) *
0 U 3Omabmb 0 .
00 3bmBoGM : 336500560 J_!_I’i
v(t) Out1 In1 : Geadstro35 I
n : Paramew s sewny I
| F .
- 0019
B o e u(t) 2115+ G%{ () ﬂ
Step P1 Controller ~ransport Scope
(14s+1) (15s+1) Delay
Transmer rcn

Bob. 1 m3bmdo ©isg30569d0L 303396LsE00l sEad@MEO LobGgds

8990m303)6mm  e(t) = x(t) — y(t) Yggmds. ) (1)-U 4o0m353wgdM 89-(2) FbEHMWGPL o
293500503900  29bGHM@gdoL  FoMxggbs Boffoel, 85806 e(t) BgzmBobsmgol  gsbEHMEgdL

996905 Loby:

é(t) + aé(t)+age(t)= <5 u(t) + o<, u(t),

boo@ Xz=a, — b 4, X,= —T,a, + 0,b 4.

®3)



3302560 85633397049, bsorgbs BsGs39¢m0dy

0 53193900 ey (t) =e(t) o ey(t) = é(t)+ae(t) —<, u(t), 85806 (3) Jgodargds
§o60m35006Mmm 30639000 Mool 2obGHMmEgdsms LobGgdom, HMIgEss 39JGMOYIO B0MHI0!
996995 89890 Loby:

e(t) = Ae(t) + Z(t) «, (4)
Bsg E(t) = (&3(6), e,(), o= (65 )T, A = (:Z; (1))2 - (u?t) “g)).
(4)-0b 53mblbom dogomqdo:

e(t) = d(D)e(tp) + R(t) 5)
bosg D(¢) = @28 %28) R(t):(gi gz) - 4oBEmEgBOL 5BmBsbLBIBOS

d(t) = 40®), () = E; (6)

R(®) = AR(t) + Z(t),R(t;o) = 0. (7)

23963™@gds (5)-0b 3oM39wo LEGModmbo yowsgfigmmm dgdgao bsboo:

w(t) =q" O — Bj-1), (8)
LooE
w(t) = e (t) — ®11(t)e1(tjo)' q" () = (P1,(t),R11(t), Rz (1)), ¥ — Bjo1 = (ez(tjo)'“3'°c4)T-

w(t) s q7(t) - 3bmdowo LoEoIPBos BadOLBOYHO t-M30l; ¥ 39dBHMMO JJoEegh MdogYEOL
236md 356599GHM9RL, bmwwem ggd@mco B;(j = 0,1, N — 1 §om8m5©9bl by, 0, gEHowmbr®o
9ol Ao@oLsfYMdo 356599EHEMGd0L BMbJEosl.

000099 J; 06@9gM350bg dmbo3gdgdol s©gdoo tiy, ..., tim ©@OMOL dmdgb@gddo, dg-(8)
598600 bobEgdosb Jo@EHBoEwwo byboo dogowgdo:

d]’ = Qj(]/ - ﬁj—l)' )

Mogbgo m dgombgzs obg, MM gobEmegdsdo (9) ogmb MEbmd 3s6539@HMs MoEbg®y Bazwgdo.
dm399090 99mbggzsdo m = 3.

309060 LobEYaol (9) s3mbsblbo BsofigMagds dgdwgao Laboo:

Y= b1 =0} d,, (10)
L5053 QF - BLIZEMBYPOONBITIEO BoBHBOESo.

B 35058936900l 33wowgds J; §3906(H90350@b Jit1-09 3o@obgeolst LOXyds

39900930 6330960 BmOIoo:
ﬁj+1 = ﬁj + A"LAQ;r+1dj+1> (11)
boog A = diag (A4, ..., A3) - ©053Mbse®0 o@MOESS, MHMmIEol Yy39ws Mogbgo Ai>0.

490d@qds  0mgaol, MM 35M5FgBHMms  2oofymdol gl 3MmEglo  0E33wgds
99L3mbabEos MO, 9.0. by,0, ML  FoILHHYMBO  3565FgBHEMJOOL  Ib0T3BYEMdYdO
90mbg93s a4, T, MB0gdEHOL WEbMd 35MedgEHMHms 360d369wMdgdL [3].

00609, 0doLomzol GmI  dmzabEobmm a,, T, ®dogddHob (1) dmdogo  wEbmdo
3565993900l 0IBGHOBOE0MJOS - by, 0, FoLofymdo (2) m@gErol 35MsdgEBMHgdo  wbos
33350 (6)-(11) g9bGHMEgdgd0m SOFINOWO SEAMHONTOm.

5©bodbmemo  LobGgdol Mogbgzomo dm@gEomgds Bos@doMes Matlab-ol  3Gmy®msden
bobEgdsdo Simulink dermzwMo FmEgEomgdols ©s Control System Toolbox 39393900l
390mygbgdom  [4,5].  3mI30mEHgH o  ImEIwomgdol  89©gagd0 30 9aLEGHMHYdL
©50M053900  5EmMomTol  9BgJGHMOMdL.  Bsb.  2-Bg  bohgzgbgdos  dmgwomgdol
305330371000 3MJd0, beargm 3bMowdo 1 - 50bodbmwo LoliEgdol baGolbol dsh39bqdwgdo.
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Step Response

Amplitude

150 200 250 300 350 400
Time (seconds)
Bob. 2 ImgeoMmgdol G99a900:
1-36900035¢MM0m; 2-09mM0o 58tmbsblibo; 3 - 5dmbsblibo Mogbgomo dgommmoom.
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Adaptive control algorithm of delay compensation in the dryer apparatus
Avtandil Bardavelidze, Khatuna Bardavelidze

Summary

A fast-acting adaptive observer algorithm for estimating the variable delay of a dryer is

developed, as the Smith Predictor can only be used in the case of a permanent delay time. This
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algorithm is based on the using method of setting model. The effectiveness of the developed adaptive

control algorithm was confirmed by numerical modeling of the mentioned system in Matlab system.
The proposed adaptive observer algorithm has important practical features: the transition

processes of different parametric channels do not affect to each other; the time of the transition

process does not depend on the delay and the amplitude of the input-output signals.

AJIFOPPITM AIAIITTUBHOT'O YTIPaBJIeHI/U[ KOMIIEHCAITUH 3aria3/IbIBAaHUA B CYIIII/UIBHOM armapaTe
Asrargnr bapaapernzse, Xaryrna bapgasernzgse

Pestome

B crarpe pa3paboraH OBICTPOACHCTBYIOMNI AITOPUTM aJalTUBHOTO HaOMNIOAATENs VIS OLEHKH
MEPEMEHHON 3aJepKKHU CYIIMIKU, NOCKOJIBKY IMpeacka3aTenb CMHUTa MOXKET UCIOIb30BaThCsA TOJIBKO B
ClIydae IOCTOSHHOIO BPEMEHHM 3aICpKKH. OTOT aIrOpUTM OCHOBAaH Ha MCIOJIb30BAHUU METOAA
HAcTpOWKN Mozenu. DQPQEeKTHBHOCTh pa3padOTaHHOTO AITOPUTMA aJallTUBHOIO YNPABIEHHWS  OBLI
MIOATBEPXK/ICH YHCIIEHHBIM MOJICIMPOBAHNEM YKa3aHHOM CHCTEMEBI B cucteMe Matlab.

[IpennoxxeHHBId  aNrOpUTM  aJanTHBHOIO HAONIOAATeNsl MMEET BaXKHBIE MPAKTHYECKHUE
0COOCHHOCTH: TIEPEXOIHBIE MPOIECCH Pa3HbIX MapaMETPUYECKUX KaHAJIOB HE BIMSIOT IPYT Ha JPyra;
MIPAKTUYECKUN, BpeMs MEPEXOAHOIr0 MpOLEecca HE 3aBUCHT OT 3aACPKKU M aMIUIMTYIbl BXOAHBIX-
BBIXOJIHBIX CUTHAJIOB.
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On Immeasurable Sets
Ketevan Omiadze, Nugzar Dadiani, Dudukhana Tzintzadze,

Summary

The problems of the existence of immeasurable sets with respect to the class of G-measures in
Euclidean spaces are investigated, as well as the problems of the fulfillment of Vitali's construction in
the same class of measures. It is shown that acceptable results essentially depend on which set will be
taken as a coordinate cube in Euclidean space. Necessary and sufficient conditions for the existence of
absolutely immeasurable sets and the fulfillment of Vitali's construction in the same class of
measures, when a cube A;= [0; 1]3 is taken as a unit cube, are obtained for the relation of the class
G - measures.

O Hem3MepHUMEBIX MHOXECTBaX

Kerepar Omuazgse, Hyrsap /Jlagmnarmn, /lyayxana Llnanazse

Pe3rome

HccmenoBaHBL BOIPOCHL CYLIECTBOBAHUS aBCOMIOTHO HEU3MEPHMBIX MHOXECTB OTHOCHUTETHHO
xiacca G-Mep B eBKJIMJOBBIX IIPOCTPAHCTBAX, & TAKXKe BOIPOCH! BBIIIOIHEHMS KOHCTPYKIMK Burany B
TOM 3Ke Kiacce Mep. [I0Ka3aHO, UTO IIprueMJIeMble Pe3yJIbTaThl CyLIECTBEHHO 3aBUCAT OT TOTO, KAKOe
MHOXeCTBO OyZieT IPUHATO 32 KOOPLUHATHBIA KyG B €BKIMAOBOM mpocTpaHcrBe. [lomydeHs, 1o
orHomenuo knacca G- Mep, HeOOXOAMMBIE M [OCTATOYHBIE YCJIOBMSCYIECTBOBAHMS aBGCOIOTHO
HEM3MEepPUMBIX MHOKECTB U BBIIOJHEHHUS KOHCTPYKUMHM BHTamu B TOM XKe Kiacce Mep, KOrza 3a
enuHIaHETH Ky6 B3at Az = [0; 1]3Ky6.
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Selection, application and experimental testing using quantitative methods for
determination of synergy rate and biological effectiveness of synergistic insecticidal
composition against the Brown marmorated stink bug (Halyomorpha Halys)
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Abstract

The research is dedicated to selection and applying of relatively simple, easy-to-use
methods in the monitoring process and laboratory testing of insecticide drugs and quantitative
determination of their biological effectiveness. Calculations and results of the experimental
study show the sufficient degree of consistency of results obtained using various widely used
and newly developed methods.

Key words:

Insecticide, composition, quantitative, biological effectiveness, synergistic index, Brown
marmorated stink bug

Introduction

Successful pest control requires insecticides that can control or completely eradicate pest
populations, reduce pest resistance as well as decrease the negative impact on human health and the
environment [1]. Previous studies have shown [2] that a new insecticidal composition containing three
active ingredients is synergistic against the Brown marmorated stink bug (BMSB). An experimental
method for determining the biological effectiveness and duration of action has been developed, which has
been tested by a fundamentally new method [1-2]. This time, the consistency and relevance of the
obtained results were tested by widely approbated methods. The main components required for the
preparation of the composition are the emulsifier-dispersant Lansperse BIO 868, freshwater amorphous
diatomaceous earth (DE), and synthetic insecticides bifenthrin and malathion. Preparation of the drug is
carried out as follows: Freshwater DE is ground into micro powder 10-100 microns; The rest of the
components are dispersed in a standard homogenizer at 3000 r/m; During the next 4-8 minutes, under
constant shaking conditions, the micro powder is introduced into the dispersed components; Then the
resulting mixture is dispersed for 15-25 minutes until a stable emulsion is obtained. The ratio of active
components (diatomite, malathion, bifenthrin) is 100 : 20 : 1.

Research methodology and course

The insecticidal composition and its active substances were tested within the framework of the
State Program for the Fight against BSMB according to a memorandum for scientific research between
the Georgian Technical University and the National Food Agency of Georgia in laboratory conditions (in
wheat flour, wheat grains and on strawberry seedlings). The biological efficiency of drugs (by the classic
Abbott formula and a modified version developed during the study) and synergism of the components (by
the combined toxicity index and the Isobole method) [1-2] were assessed using a new methodology
developed under the governmental program.

Two formulas were used to determine biological effectiveness in laboratory tests:

A) The classic Abbott formula:
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BE (%) = (1-ny/n,) x 100 (1)

Where BE is the biological effectiveness of the insecticide, nl is the number of after treated
surviving insects in the test group, n2 is the number of surviving insects in the control group.
B) Abbott's formula "modified” by us:

BE (%) =[1 - (n1 + n2 )/n3] % 100 (2)

Where BE is the biological effectiveness of the insecticide, nl is the number of after treated
surviving insects in the test group, n2 is the number of insects that died in the control group, and n3 is the
number of insects that survived in the control group.

To determine the toxicity index, the so-called Isobole method [2] and the joint toxicity formula (3)
were used:

CTI = (BE -BEx)/Bx (3);

K
Br = Y BEk
1

Where CTI is the combined toxicity index of the insecticidal combination, B is the actually
measured biological effectiveness of the insecticidal combination, and BK is the biological effectiveness
of each component of the insecticidal combination, K is the total number of components.

Due to the abundance of components (3), the Isobole method was mainly used for three
combinations: a) diatomite and malathion + bifenthrin, b) diatomite and bifenthrin + malathion, c)
malathion and bifenthrin + diatomite on wheat flour, wheat grains and strawberry seedlings infected with
BMSB. All studies were carried out according to a single specially developed protocol and compliance
with the required parameters. In experimental process 54 trial and 54 control replications were studied. To
improve the accuracy and reliability of the study results, the biological effectiveness of bifenthrin was
determined in parallel for four times increase doses under the same environmental conditions. A Sample
of an Adult Population of Asian Stink Bugs, provided by the Georgia National Food Agency, was used as
a material for testing, 3,000 in total.

The biological effectiveness of the tested drugs was determined daily. To improve the accuracy
and reliability of the results, the biological effectiveness of the new composition was divided by the
biological effectiveness of bifenthrin. Taking into account the probabilistic nature of biological effects
and to exclude gross errors, a series of the obtained relative values were checked using the Dixon Q-test

[3].

For example, Table 1 shows the results of one of the replications (with corresponding errors):

Trail day 1 2 3 4 4 6 7 8 9

Biological 1.21 1.24 1.27 1.34 1.39 1.43 1.26 1.11 1.00
effectiveness

Error (%) 1.5 1.3 1.4 1.2 1.2 11 11 1.0 0

Table 1. Indicators of one of the typical replication on the ratio a new insecticidal composition and the
coefficient of biological effectiveness of bifenthrin against Asian stink bug according to the Dixon Q-test.

It should be pointed out that the use of the Dixon Q-test significantly changed the obtained results,
especially in the case of quantifying synergy and in general in the context of small laboratory tests.
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Conclusions

Conducted studies allow us to draw the following conclusions:

1. Itis essential to use new methods in small-scale laboratory studies, as well as in long-term field
trials to improve the accuracy and reliability of results;

2. Using the Q-test Dixon had a significant impact on the results of this study, but does not change
the main results.

3. The newly created insecticidal-acaricidal composition has a recording high biological
effectiveness and synergism Against BMSB.
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Bb10op, NpuMeHeHne N IKCIIePUMEHTAIbHOEe TECTUPOBAHNE CHHEPreTH4YecKoi
WHCeKTHIHMIHOH KoMno3unun npotus Mpamopsoro kiaona (Halyomorpha Halys) ¢
HCI0JIb30BAHNEM KOJIMYECTBEHHBIX METO/I0B ONpe/aeIeHUsl CTeNeHU CHHEPru3Ma u

ouosornueckoii 3¢gpdexTHBHOCTH

Maiia Amobokaosze, Huno Jlomuose, Apuun Yupaxaose, 3axapus Byauuose, Axaxuii I'ueuneuwisunu,
Mapuam Leepasa, I'va Kauapasa, Upuna Xomepuxu, Muxaun Taxmaxuweunu

Pe3rome

HccnemoBaHue MOCBAIIEHO BHIOOPY M INIPUMEHEHHIO YAOOHBIX B HCIOJIB30BAHHU
OTHOCHUTENBHO IIPOCTHIX METOJO0B B IIPOIleCCé MOHUTOPHUHIa M J1a0OPAaTOPHBIX HCIIBITAHUI
WHCeKTUIVHBIX IIPelapaToB, a TaKXe KOJIMYECTBEHHOTO OIpemeeHUs HX OMOIOTHYeCcKOi
sddexrtuBHOCTH. PacueTsl M pe3ysabTaThl SKCIEPUMEHTAJBHOIO MCCJIENOBAHUA ITOKA3BIBAIOT
NOCTAaTOYHYIO CTeIlleHb COTJACOBAHHOCTH pe3yJbTaTOB, IIONYYEHHBIX C MCIIOJIb30BAaHUEM

Pa3INYIHBIX NMTHUPOKO MCIIOJIb3YEMbIX 1 BHOBD p33p36aTBIBaEMBIX METOOOB.
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Abstract

Independent of the field of research, accuracy and reliability of the experimental
measurement data are of great importance for the correct evaluation, selection and validation
of the tested and/or monitored objects of the research and development study. This research is
directly related to the development, testing and monitoring of the results of use of high-
performance broad spectrum insecticides. A newly developed method for laboratory testing of
the biological effectiveness and high activity time interval was applied to test the new combined
insecticidal composition against the Calliptamus italicus, Leptinotarsa decemlineata, Zabrus
tenebrioides elongatus, Anisoplia alazanica and Mayetiola destructor and proof of the
reliability of the obtained experimental data using 5 especially sensitive tests: Irvin method,
Generalized ESD test, Modified Thompson Tau Test, Dixon’s Q-test, Pierce’s criterion. The
executed research showed that the developed composition is about twice more effective than
bifenthrin and that the above tests and criteria “filtering” the outliers may noticeably improve
the accuracy and reliability of measured data.

Key words

pests, outliners, Irvin method, Generalized ESD test, Modified Thompson Tau Test,
Dixon’s Q-test, Pierce’s criterion

Experimental

The new insecticidal composition contains the food grade Diatomaceous earth, a broad-spectrum
non alpha cyano pyrethroid insecticide Bifenthrin (brutto formula C23H22CIF302), a broad-spectrum
organophosphate insecticide Malathion  (brutto formula C10H1906S2P), Lankem Lansperse BIO868
100% renewable surfactant and (HEC) is a nonionic cellulose derivative (HEC) that totally dissolves in
both cold and hot water. All four components are consequently dispersed, mixed and dissolved in water
and a small amount of widely applied surfactants and solvents using a 3000-3500 r/m homogenizer.

Biological effectiveness (efficiency) of the developed insecticidal composition against Calliptamus
italicus, Leptinotarsa decemlineata, Zabrus tenebrioides elongatus, Anisoplia alazanica and Mayetiola
destructor was tested using a recently developed and tested method [1, 2] in 162 test and 162 control
replication using the modified Abbot formula. In order to increase the accuracy and reliability of the
results (to reduce the influence of uncontrollable factors), the biological effectiveness of the ,,Talstar 250
EC* insecticidal formulation was measured simultaneously. Biological effectiveness of the composition
was divided by the biological effectiveness of “Talstar and further processing of biological efficacy ratios
was carried out using the five following tests to eliminate the so-called outliers (rough measurement
errors caused by non-relevant factors): Generalized ESD test, Modified Thompson Tau Test, Dixon’s Q-
test, Pierce’s criterion, Irvin method [3-5]. The total dose of bifenthrin and malathion in the insecticidal
composition was always 4 times lower than the dose of bifenthrin in an aqueous solution of ,, Talstar 250
EC”. The used dose of bifenthrin was 2.5-times lower than given in the label.

The corrections to measured ratios of biological efficiencies (%) after applying the Generalized
ESD test are given in Table 1.
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Day of testing 1 2 3 4 5 6 7
Calliptamus italicus, +4.3 -17 | +65 | -26 | +11.2 | +3.8 | -6.9
Leptinotarsa decemlineata -8.1 -93 | +8.9 | -0.9 -2.2 | +23 | +6.4
Zabrus tenebrioides elongatus -6.9 +7.8 | -52 | +7.3 | +4.1 | 43.0 | +5.1
Anisoplia alazanica -3.2 +3.6 | +2.4 | +7.2 0 +3.9 | +5.9
Mayetiola destructor -5.4 -35 | -15 | -5.9 +1.3 | +7.3 | +14
Table 1. Corrections to measured ratios of biological efficiencies after applying the Generalized
ESD test

The corrections to measured ratios of biological efficiencies after applying the Modified
Thompson Tau Test are given in Table 2.

Day of testing 1 2 3 4 5 6 7
Calliptamus italicus, -8.2 -3.0 | +7.1 | -6,2 -4.3 0.3 | +2.9
Leptinotarsa decemlineata -1.8 +0.2 | -84 | -4.7 -3.8 | -34 | +7.3
Zabrus tenebrioides elongatus +75 | -26 | -3.0 | +81 | +64 | -5.7 | -3.3
Anisoplia alazanica +8.3 | +9.1 | -6.7 +4 +9.8 | 499 | -95
Mayetiola destructor +76 | -66 | +23 | +3.2 | -64 | -81 | +54

Table 2. Corrections to measured ratios of biological efficiencies after applying the Modified
Thompson Tau Test

The corrections to measured ratios of biological efficiencies (%) after applying the
Dixon’s Q-test are given in Table 3.

Day of testing 1 2 3 4 5 6 7
Calliptamus italicus, -4.4 -3.2 | -115 | -16 +1.8 | +2.9 | +6.0
Leptinotarsa decemlineata -4.7 +73 | +41 | -6.3 -9.5 -6.6 | -2.4
Zabrus tenebrioides elongatus -11.8 | +14.0 | -10.2 | -11.7 | +116 | -39 | +9,6
Anisoplia alazanica -6.4 +6.8 0.5 -2.3 +59 | +3.3 | 5.1
Mayetiola destructor -2.7 -7.6 +14 | +38 | +3.2 | -2.1 | +5.9
Table 3. Corrections to measured ratios of biological efficiencies (%) after applying the Dixon’s

Q-test

The corrections to measured ratios of biological efficiencies after applying the Pierce’s criterion
are given in Table 4.

Day of testing 1 2 3 4 5 6 7

Calliptamus italicus, +9.6 | +41 | 5.1 +4.7 -11.9 -9.3 4.4

Leptinotarsa decemlineata +35 | +58 | -93 | +11.6 -4.2 7.2 -12.1

Zabrus tenebrioides elongatus | -7.9 | +10.3 | -9.5 +2.4 +5.9 -12.0 -7.6

Anisoplia alazanica -88 | 493 | +44 | +6.5 +11.7 +9.2 +11

Mayetiola destructor +6.4 | +1.3 | +6.2 | +10.6 -9.7 -8.7 +10.2

Table 4. Corrections to measured ratios of biological efficiencies after applying the Pierce’s criterion

The corrections to measured ratios of biological efficiencies (%) after applying the Irvin method
are given in Table 5.

Day of testing 1 2 3 4 5 6 7
Calliptamus italicus, +1.6 -9.4 -9.1 | +10.0 | 4.0 -2.4 +5.6
Leptinotarsa decemlineata -8.5 +55 | +3.7 | +3.9 +1.8 +2.1 -8.3
Zabrus tenebrioides elongatus +5.0 +7.6 | +9.0 -7.3 -2.4 +0.5 | +3.9
Anisoplia alazanica -10.2 +8.6 | +85 | +34 +5.1 +6.7 | +4.4
Mayetiola destructor +7.8 | +10.1 | +2.2 | +3.2 +0.2 | -10.0 +5

Table 5. Corrections to measured ratios of biological efficiencies after applying the Irvin method
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Discussion and conclusions

A new insecticidal composition based on the highly safe component of biological origin
diatomaceous earth (DE), a bio-surfactant and many-fold reduced amount of two synthetic insecticides
— bifenthrin and malathion — revealed the increased biological effectiveness (compared to bifenthrin)
against the five most widespread agricultural pests that harm grain and other fruit crops. The increased
effectiveness may be explained by the high synergism between the components of the composition.

To develop the final formulation and application manual, it is necessary to know with high
accuracy the biological effectiveness of the developed composition against each of the target pests. Five
widely used tests were applied to the measurement data (see Tables 1-5) with aim to eliminate the outliers
(rough experimental mistakes) and improve the accuracy and reliability of the data in application
manuals.

Calculations showed that the corrections made due the application of all five tests were
considerable in case of all peats, although they did not affect the main results of the research. Sets of
corrections have always been random, indicating the random nature of the measurement error.

Additional detailed research is necessary to identify the most suitable test (criterion) of eliminating
of outliners and improving the accuracy and reliability of experimental measurement for each pest and for
given testing method.
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KoanuyecTBeHHOe onpeesneHue in vivo 6uosiornuyeckoii 3¢(peKTHBHOCTH HOBOM
HHCEKTUIHIHOI KoMmo3uuun nmpotuB Calliptamus italicus, Leptinotarsa
decemlineata, Zabrus tenebrioides elongatus, Anisoplia alazanica u Mayetiola
destructor U 70Ka3aTEJIHCTBO 10CTOBEPHOCTH MOJYYEHHBIX IKCIEPHUMEHTAIBHBIX
JaHHBIX € IOMOIIbI0 YUCJIEHHBIX TECTOB U KPUTEpPHEB

Maiis Amoboxkadsze, Huno Jlomuose, Apuun Qupaxaosze, 3axapus Byauuose, Axaxuti
Tueuneuweunu, Hyezap Kasnaweunu, Mapuam [leepasa, I'ua Kauapasa, Hpuna
Xomepuru, Muxaun Takmaxuweunu

Pe3rome

HezaBucumo oT 061acTM  HCCIefOBaHHA, TOYHOCTh M  HAAEXHOCTh  JAaHHBIX
SKCIIEpUMEHTAIbHBIX U3MEPEHUI NMeIOT GOJIbIIOe 3HAUYEHUe MAJI IPAaBHIBHOM OLIEHKH, BEIOOpa
Y IpUMEHEHUA TeCTUPYEMBIX H/WIN KOHTPOJIUPYEMBIX OOBEKTOB UCCIENOBAHUA M Pa3paGOTKH.
JlaHHOe HccaeOBaHME HANPAMYIO CBA3aHO C pa3pabOTKOIl, TECTUPOBAaHMEM M MOHUTOPHHIOM
KICITOJIB30BAHMSA BBICOKOI((PEKTUBHBIX WHCEKTHUIUIOB LIMPOKOTO CliekTpa meiicTBus. HemaBHO
pa3spabOTaHHEINI MeTOZ JIAOOPAaTOPHBIX HCIIBITAHWII Ouosormdeckoir dddeKTuBHOCTH U
VHTepBaJa BpeMeHM BBICOKOH AaKTUBHOCTH OBLI IIPUMEHEH /i TEeCTHUPOBAHUSI HOBOM
wHCeKTUIMAHOM KoMmnosuuuu npotus Calliptamus italicus, Leptinotarsa decemlineata, Zabrus
tenebrioides elongatus, Anisoplia alazanica u Mayetiola destructor u moxasaTenrbCcTBa
HAJIeXXHOCTU IIOJyYEeHHBIX pe3yJIbTaToB. JlaHHbBIE TECTHPOBAHUA C MCIIOIb30BaHHEM 5 0C060
YyBCTBUTENBHBIX TecToB (MeTron HMpsuua, O6muit Tect ESD, MoaubUIVpPOBaHHBIN TeCT
Tomncona Tay, Q-tect Jukcona, kpurepuii [lupca) mokasanu, 4To pa3paboTaHHAA KOMIIO3UILIMA
mpuMepHO BzaBoe 3bdekTuBHee OubEHTPMHA M UYTO yKa3aHHbIE BBINIE TECTBI M KPUTEPUHU
«(unpTpanyuu» BBIOPOCOB MOTIYT 3aMETHO IIOBBICUTh TOYHOCTh XU HAZEXXHOCTh H3MEPEHHBIX
TAHHBIX.
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Some of the major trends in the construction of large DC power calibrators
N. Kavlashvili, L. Gvaramadze, O. Labadze, P. Stavrianidi, T. Saanishvili, G. Kiknadze

Summary

Listed are the key features and characteristics that characterize the design and construction of
large DC power calibrators. The traditional problem related to the dimensions and mass of the device
is discussed .It shows how it is possible to reduce the dimensions, mass and energy costs of the device.

The method proposed by the authors and protected by the copyright certificate to improve the
metrological characteristics of the device is discussed. A method that reduces the effect of
destabilizing factors caused by external influences on the characteristics of the device;

Mlustrates the method by which it is possible to improve the output characteristics of the
output block of the machine (reduce pulsations)

Recommendations are given for the construction of large DC power calibrators using
prefabricated multifunctional inverter welding machines.

HexoTopsie OCHOBHBIE TEHJEHIIMY CO3JaHUA KATMOPaTOPOB GOJIBIIOrO IIOCTOSHHOTO TOKA

Hyrszap Kapramsnrm, Jlepar I'Bapamazse, Otap Jlabagse, [lananor CtaBpraHmgm,
Tamas Caagumsuirn, I eopruti Kuxraznse

Pestome

Ilepeuncens! KaroueBble OCOOEHHOCTM, KOTOPhIe XapaKTePHU3YIOT IM33aHH M KOHCTPYKIMIO
KaruOpaTopoB GOJBIIOrO IOCTOAHHOrO TOKa. OOCyXmaeTca TpaAULIMOHHAA IIPOGJeMa, CBA3AHHAA C
GosplIuMy rabapuTaMu M Maccoil ycTpoiicTea. I[IokasaHO, Kak MOXHO CHUSUTH rabapuTHI, Maccy U
3aTPaTHl YHEPTUH IIPH KCILTyaTalluK YCTPOMCTRaA.

O6cyxpaeTcs IpeAIOXKEHHBII aBTOpPAMY U 3allIUIEeHHBINA aBTOPCKUM CBHAETEIBCTBOM CIOCO0
yJIydlleHWs MeTPOJIOTHYEeCKMX XapaKTepHUCTHK Ipubopa. Meros, CHmXalomwi — BIUAHUE
JIeCTabMIM3UPYIOMUX (AaKTOPOB, BBI3BAHHBIX BHEUTHUMM BO3ZEHCTBHAMM, HA XapaKT€PUCTHKU
YCTPOMCTBa.

VinmrocTpupoBaH MeTOJ, C ITOMOIIBI0 KOTOPOTO MOXHO YIy4IINTh BEIXOJHBIE XapaKTEPUCTUKU
KanuGpaTopa (YMeHbIIeHNe Ty IbCAIIY BbIXOLHOTO TOKA).

JlaHBI peKOMEHZAIUY IO MCIIOIB30BaHUIO HHBEPTOPHBIX GIOKOB MaJOrabapuTHEIX CBAPOYHBIX
aIIapaToB 3aBOZCKOTO IIPOM3BO/ICTBA IIPH CO3TAHUM KaIIOPaTOPOB GOJIBIIOTO IIOCTOSHHOTO TOKA.
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Influence of vertical surface roughness on heat transfer under conditions of water film flow
Tengiz Magrakvelidze, Giorgi Gigineishvili, Avksenti Mikashavidze, Tariel Koberidze,
Khatuna Lomidze

Summary

The results of an experimental study of the effect of roughness in the form of longitudinal and
transverse protrusions and their combination on heat transfer into a film flowing down a vertical pipe
are presented in the paper.

The experiments have shown that the wires located along the film runoff have a noticeable
effect on the intensity of heat transfer, while the effect of the combined roughness created by the
longitudinal and transverse protrusions is significant. However, in this case, the effect of the latter is
less than the effect of the roughness created only by the transverse protrusions. Some considerations

are given to explain the result.

Binanue mepoxoBaTOCTH BepTHKAIBbHOI IIOBEPXHOCTH Ha TEIJIOOTAAYy B YCAOBHAX
CTE€KaHHUA BOJASHOU IJIEHKU

Terrus Marpaxseruzse, I'mopru I nrurnenmsrrn, ABrcenTnd Muxkamasnzgse, Tapuerr
Kobeprzse, Xaryra /lommzse

Pesiome

B craTbe mpejcTaBIeHBI pe3ynAbTaThl OKCIIEPUMEHTANBHOTO HCCIEJOBAHMA BIMAHUA
IIEPOXOBATOCTH B BUJE IPOZJOJIBHX M IONEPEYHHIX BBICTYIIOB M MX KOMOMHAIMK Ha TEIUIOOTAAdy B
IUIEHKY CTEKAIONIyIo II0 BePTHKATbHO Tpy6e.

ODKCIIEpDUMEHTHI ITIOKA3aJ{, 4YTO BBICTYIM, PACIOJOXEHHBIE BIONb CTeKAaHUSA IIJIEHKH,
OKa3hIBAIOT 3aMeTHOe BIMAHMe HAa MHTeHCHBHOCTh TeILUIOOTJAauM, B TO BpeMmsd, Kak 3ddext
KOMOWHMPOBaHHOH IIE€POXOBATOCTH, CO3/laBaeMOM IIPOZOJBHBIMM M TOIEPEYHBIMHM BBICTYIIAMHU,
ABNAeTcA 3HauMTenbHBIM. OZHOKO, TIpM STOM, BIMAHME IIOCHeJHe#l MeHbIle, YeM BIIMIHHE
IIepOXOBATOCTH, CO3JAHHOM JIUIIb TOJIBKO IOIMEPEeYHBIMH BBICTYIIAMHU. BBICKa3aHBI COOOpakeHU IJIA

0OBACHEHNU STOTO Pe3yJIbTaTa.
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Lboddsgmol IgMBg30L G9dmbgg3580, LOAdWszMOL godmygbgdol 3m9n0E0YbE0 3ModEH03MWo©
1-b 9godengds dowsbermgzgoqb.

On some problems of power supply and ecology of Georgia

Tengiz Magrakvelidze, Khatuna Lomidze, Manana Janikashvili, Irma Archvadze,
Levan Makrakhidze

Summary

The need for a sharp increase in the generation and consumption of electricity is underlined in
the paper. It is shown that, following from the issues of energy security, the main emphasis should be
put on the development of local energy resources. At the same time, priority should be given to the
development of hydropower resources by the construction of large as well as to small and medium-
sized power plants.

It is shown that in order to obtain electricity, the energy resources of the wind and the sun
should be used as much as possible. Environmental problems arising from the construction and
operation of power plants are also considered. There are some solutions given towards reducing
some negative environmental impacts.

O HekoTOpHIX TPOGIEMax BIeKTPOCHAOKeHu 1 3Koxoruu ['pysun

Terrms Marpaxsernzse, Xaryraa /lommzse, Marnarna /[xanauramsrry , Mpma Apupazse,
JleBar Maxpaxrzgse

Pesiome

B crathe oTMeueHa HeOOXOZMMOCTH Ppe3KOTO POCTa BBIPA0OTKHM M INIOTpeGieHus
asekTposHepruu. IlokasaHO, 4TO, MCXOZAA M3 BOIPOCOB SHEPreTHYECKOH 0e30IacHOCTH, IJIaBHBIN
aKIeHT CJIefyeT CIieJaTh Ha OCBOeHHe MEeCTHBIX SHepropecypcos. [Ipu sToM nmpuopurer oykeH OBITH
OT/IaM OCBOEHHIO I'MIPOIHEPrOopecypCcoOB CTPOUTENBCTBOM KaK KPYIHBIX, TaK M MajbIX M CPeIHHUX
DJIEKTPOCTaHIMH.

HoxaaaHo, 9TO AJIA IOJYY€HUA SJIEKTPOIHEPIUH MAaKCHMaJIbHO OOJIXKHBI OBITh MCITOJIB30BAHEI
SHEPTOpeCypChl BETPa U COJIHIA.

PaccmoTpensr 3KOJIOTUYeCKHe Ipo6IeMBI, BO3HUKILINE CTPOUTEIBECTBOM u
(YyHKIMOHUPOBAaHUEM 3JIEKTPOCTAaHIUU. BbICKasaHBl COOOpaKeHUsA II0 HANPABIEHUIO CHIDKEHUA

HEKOTOPBIX HeTaTHBHBIX SKOJIOTHYECKHX BO3JIeCTBUH.
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Prospects of the use of renewable energy sources in heating and air conditioning systems
Nodar Mirianashvili, Nodar Gdzelishvili, Ketevan Kvirikashvili, Venera Xatashvili

Summary

In the article are shown analysis of perspectives using of renewable energy souses in heating
and air conditioning systems in the country of Georgia, particularly existing level of using of
renewable energy souses and the forecasts of requirements in heating and air conditioning, among
them with consideration of measures of energy efficiency. As a result, in final consumption of energy,
using of renewable energy sources and measures of energy efficiency will increase their share in the
heating and air conditioning from 23.5 thousand GWh (2020) to 32.0 thousand GWh (2030). By the
result of the analyses was determined that in spite of consideration of using national plan of energy
efficiency the forecast of energy consumption will be increased by an average in about 3,5%
annually.
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IlepcriexTHBBI KCIIOIB30BaHIS BO30OHOBISIEMBIX HCTOYHHUKOB SHEPTHH
B CHCTEMAX OTOILUIEHMA M KOHAMITMOHMPOBAHH BO3/[yXa

Hozap Muprarnanrsrrn, Hogap I zserumsuin, Kereparn Kpruprkampuian, Berepa arausuian

Pestome

B craThe aHANM3UPYIOTCA II€PCIIEKTHBBI MCIIOJB30BAHUA BO3OOHOBIAEMBIX MCTOYHHKOB
SHEpruy B CUCTEMAaX OTOIUIEHHS M KOHAMIMOHUPOBAHUA BO3Zyxa B ['pysum; B 4aCTHOCTH, TeKyIIUi
YPOBEHb IIpUMEHEHMSI BO30OHOBJIAEMbBIX MCTOYHHMKOB DHEPIHMH U IIPOTHO3 CIIPOCa HA OTOIUIEHUE U
KOHZVIVOHUPOBAHYE BO3ZyXa C YYETOM Mep II0 IOBBIIEHUIO SHeProdddeKTUBHOCTH.

IToxazaHo, B pe3ysbTaTe IPOBeJeHHS MEPOIPHUATHH IIO IOBBIIEHUIO dHeproaddexTuBHOCTH
TIpY IIPUMEHEHUH BO30OHOB/ISIEMBIX MCTOYHUKOB DHEPTUY, B KOHEWHOM KCIIOTIH30BaHUY SHEPTUM KX
IOJIsL Ha OTOIUIEHIE ¥ KOHIWIMOHWPOBAaHUe BO3Lyxa yBexmunBaercs ot 23,5 Teic. I'Br-u (2020 r.) mo
32,0 Terc. I'Br-u (2030 1.).

[TpoBeneHHBINI aHAIW3 IIOKA3a, YTO HECMOTPA HA OCYLIECTBJIEHHBIE MEPOIPUATHUA,
ImpefycMOTpeHHble 10 HamuonansHOMY IUIaHy [JeiicTBuii  9HeproaddeKTHUBHOCTH [pysum,
noTpe6IeHUe DIIEKTPOIHEPTHH B CPEHEM 32 TOZ, yBEIUIUTCSA IPUMEPHO Ha 3,5 IpOleHTa.
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Multi-joint industrial robot with angular coordinate control

D.Purtskhvanidze, M.Tsertvadze, P.Stavrianidi, V.Bakhtadze, G.Kiknadze, T.Khutsishvili,
K.Kvirikashvili, M.Gegechkori

Summary

The article discusses the general design principles of an industrial robot. A systematic
methodology for assessing and controlling the technical level of industrial robots, based on an
information model, is proposed, taking into account the necessary and sufficient interconnections of
all components. Under discussion is a robotic joint developed by us for the robot, with two
servomotors rotating in an orthogonal plane. The design of a joystick required for developing the
necessary program for the functioning of the robot is presented. A device for developing and storing
the robot's program is also described.
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. Ilypyxeanuosze, M. Llepysaoze, I1. Cmaspuanuou, B. baxmaosze, I. Kuxrazgse,
T. Xyyuursurm, K. Keupuxaweunu, M. ['eceuxopu

Pesiome

B cratee oOcCyxzparoTcs OOLIMe IPUHIIWNBI IIPOEKTHPOBAHUS IIPOMBIIIIEHHOTO PpoGOTa.
ITpennaraercs cucTeMHas METOZOIOTHS OLEHKH ¥ KOHTPOJIL TEXHUYIECKOTO YPOBHS IIPOMBINIIEHHBIX
pOGOTOB, OCHOBaHHAsi Ha WH(POPMALMOHHOM MOZETH, IIOCTPOEHHOH C Y4eTOM HeOOXOJUMBIX U
IOCTATOYHBIX B3aUMOCBs3e BCeX KOMIIOHEHTOB. PaccMoTpeH paspaboTaHHBII HaMu LIapHUp poboTa ¢
IBYMS CEepBOMOTOPAaMH, BpAUAIOIIMMUCI B OPTOTOHAJIBHOM IUTOCKOCTU. [IpuBeZeHa KOHCTPYKIUA
IPKOMCTUKA, HEOOXOAMMOTO JAJII COCTAaBJIEHUA IIPOrpaMMbl (PyHKIIMOHMPOBAaHUA po6oToB. OmucaHo
YCTPOMCTBO A1 pa3pabOTKU U 3aIIOMUHAHUA IIPOrPaMMbI paboTEI poboTa.
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Implementation of hydrogen systems in the transport industry
Levan Makrakhidze
Summary

One of the urgent issues of today’s world - the searching for the ways of getting alternative
sources of energy and then its using is discussed in the paper - in particular there are given some
considerations about hydrogen as an ecologically friendly energy carrier.

The relevance and prospects of hydrogen systems for the next decades are also shown. The
issue of finding alternative energy sources is crucial for the world today, since the demand for

traditional energy sources is growing daily.

BHenpenne BoAOPOIHBIX CHCTEM B TPAHCTIOPTHOW HHIYCTPHH

Jlepar Makpaxwzse

Pesiome

Crarbsi MOCBsilIEHa OJHOW M3 aKTyaJbHBIX HPOOJIEM, CYHIECTBYIOIIMX B MHPE K HACTOSALIEMY
BPEMEHU - U3BICKAHUIO M HCIOJIb30BAHUIO AIbTEPHATUBHOTO UCTOYHUKA YHEPTUU B YACTHOCTH BOAOPOAA
KaK SKOJIOTUYECKH YUCTOrO SGHEPTOHOCHTEIS.

PaccMoTpeHBI BOIPOCH! BBIPAOOTKH M NCTIONB30BAHHS BOJOPOIA M 3KOHOMHYECKOH BBITOHOCTH.

Iloka3aHbl aKTyanbHOCTb U MNEPCHEKTHBBI BOAOPOAHBIX CHUCTEM B MEPUOJ IMOCIEAYIOIIHX
JIECATHIIETHH, TOCKOJIBKY BOIIPOC M3BICKaHUS abTEPHATHBHON YHEPIHH OCTPO CTOUT B MHpE, TEM Ooree,
YTO MOTPEOHOCTH B TPAIUIIMOHHBIX HCTOYHUKAX DHEPIHU PACTET C KaXK/IbIM JTHEM.
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Some aspects of ,meaning«—text* model development

George Chikoidze

Summary

The present paper is a brief overview of the conditions that are likely to contribute to the
modeling of language and, in particular, to the development of its individual components and levels.
These are the apparatus of lexical functions [1], morphological generations [2], layered syntax [3],
semantic roles [4] etc.

Particular emphasis is on sententional primitives (SPRs) and their role-structuring in order to
reveal the content, making it the most in-depth level task in language modeling.

HexoTopble acnieKThl pa3padoTKH MOAEH “CMBICT<>TeKCT”
Teopeuii Yuxouose

Pe3rome

Hacrosiimass crarthst mpencrapisieT coOOW KpaTKuil 0030p YCIIOBHIA, KOTOpbIE MOTYT
CITIOCOOCTBOBATh MOJICIIMPOBAHUIO SI3bIKA M, B Y4CTHOCTH, PA3BUTHIO €TI0 OTJEIbHBIX KOMIIOHEHTOB U
ypoBHeH. OTo: ammapar Jekcudeckux ¢yHkmuii [1], Mopdomorudeckne reHeparuu [2],
MHOT'OCJIOMHBIN cUHTaKkcuc [3], cemanTuueckue poinu [4] u apyrue.

OcoObIii aKIEHT IIepexXOAUT Ha CEHTCHIHMOHHBIE mnpuMuTuUBEL (SPR) m wux ponesoe
CTPYKTYPHPOBAHHUE ISl NPEJICTABICHUS COACPXKaHUs, UTO SIBIsSIeTcs HanOoJiee TiTyOOKOH 3amadeit
MOJIEJIMPOBAHUS SI3bIKA.
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608mdolongol  FMs  BIBoL  HBABoLFobM  FMOTIOOL  ogowromBy  LEGHSG05To
dm 3999905 FoMmrn30L IMEIErgd0L BMAsO Ldqds.

Logrgdbogmbm LGs@os FMol
@9dLgds FMoLI1

23963563 gds: LoBosMM 5{dgm BIbOHO ghmgEgdoLs: gsdmob, oFGol, dmd@mob, sdmFGol,
3903 360b...
dommM30L Imgwo: X FMmob Y-U (Z-om)

X sbgbl Y 30b0o3ocmo bbgomemol sb 99st0/83360030 60300090930l @gi3m®mdszost (s Y-U
gl W bsflogoq/) (8560 3060l 8dmbg Z-ob Lodoegdoo)

X< Yol Zs I W IV
[306G 3MoU] [Hobog FMoUb] [Gomsg FOou] [©59gbso FMob]
[ 59®0s: X Lsb. d6. 1 bgGos: Y Bog. B6. Z 30 dd. ¥6. W 3000. 3.
II bLgoo: X dmomb. d6. |1 Lg@mos: Y Lsb. ¥6.
[II byg®os: X og. O6. I bgMos: Y Lob. d6.
@9dLbgds (L) FMols 12

2956056 39ds: LsBosOM sHdgm BIBMOO PN MEgdoLY: gsdeal FHol, JealiFHol...
3sm»30L dmgwo: X (L)FOHoL Y-b W-U (Z-om)

X (1)FOH0ol W-50053056U, 9396569L Y-0b G003 Boffoemls (dsLM0o ool dgmbyg Z-ob
LMo gdOm)

X Yol W I Zs IV
[306 L3MoU] [G5bo bFGOL] [30Ls3/oboE bFMHOL] [Gomasg LFOOL]
I bgGos: X Lob. 6. I bg®os: Y dog. 06. IbgGos: W dog. 7 8010, D6
11 bg©os: X dmmb. 36. |l LgHos: Y bob. d6. IT bg®oos: W dog. 0. 36.
1 bg®os: X dog. 06. | bgeos: Y Lob. d6.  |III bg@os: W bso.ogos
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L5EgJLOZMBM LESE0S 0FMYdS

@9dbgds 0FMgds I1

396356 Fgds: LoBosdm  sfdym BABMOHO OGN IGOOLOMZ0L:  STMOFMHIOS, Q50 FMGDS,
2395030905, 0FMH9ds, M0 FM9ds, 90FMgds:

o300l IMmEgeo: Y 036mgds (X-ob doge)

bgds Y 30bo3memo bLbgmwol 56 894s®o/9330030 60300096Mgd0lL gn3m®doEos/oymags (X
3999D5@MM0L 0gM) (Z d5LEOO 05M5EOL LydMsgdom) (s Y ogmxs W bsfiowrsw)

Y <l X<l Z <1
[3065/653 0369d5] [30L 3096 0FG0ds] [Gomoi 0F36H00s]
1 bg®0s: Y Lsb. d6. X Boon. d6). Z 3mgo. d6.

11 bgoo: Y Lob. d6.
11 bgeos: Y Lob. d6.
b 5M0oL oMo HBIbol FoOM30l Jmgerols Bmyoo bggds, BoaMsd BIboLobgdol
©Mm™M3000 JorgdIwo BmMTGOoLbm3zol, HBIBoL LYIsbEH030sb godmdobstyg, Fglisdwrms
9m9 8o (33000 gd900L 9@ sbo.
©odMEmb, 603mbs Fomdmwygbowos mMo Lowgdbogmbm bEsGHoob, mMo bdbol
(59 FO0U, 2o8moEbmdl) sefgMs:

Loergdbozmbm LGs@os SdmFMol

9dbgds 58mFMoLI1

24963563 9ds: FOHOm 5MoEgdL MOLTY, — 58Mm3ZgL. 5MOWIdL
o300l Imgero: X s8m3mHol Y-U (Z-om)

X<l Y <l Z< 1
[306G 90m3G0L] [(5b53 58m3M0oL] [Gomsg s0mFOHol]
1 bg®os: X bob. 6. I bgHoos: Y Fogs. d6. Z dmgo. d6.
11 by oo: X dmmb. d6. 11 bg@os: Y Lob. 36,
I bgHos: X dog. d6M. I bgMHos: Y bob. d6.

Syn : 59m3390l, 59mMoEqdls
Gener : 30056030l IMM3939, Borsi bafools Fmdm®mgds
DerAo : 59m33FMHgo0, 58mFH0w0, 59mbsFMHgewro, 50mFMHgeo, 5dmbsFgmo
DerSo : 59m3co
DerVo : 50m536M0U, 59m0FM0b, 53mFMHob, 59m0oFMHgds, 59mgFMgds, 59msFMmg30b9dL
GBIl ... S2 O OM, Fo
S2-10c : dofo
Sz-insw 1 0560, BoBsdO
bhshoob..S1 1 G3sd@™M0, 396DmEM0, ©s0bEgMhglgdmeo 3060
Sz :BEIGH0s, LMsmo, BHgduBo, 39MO
S2-10¢ : Q3BgMO, Hogbo, gowdo
S2-insr 1 0 3MIOGHJO
Bon=Ver : 5379605 wws©
Gasbmb... S1 1 JoHmGyo
Sz mM0bm, Lodbogby, bm®mdgEo
S2-10c 1 Ubgyero
Sz-instr 1 3039000, WSHYMO
Bon=Ver : b99305@, 35650, Fo6M35EH 9000
Imper :50m3g6o!
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d9LoBY3909d0:
amdo 59mFMs (MGoodgbo) - Gobog goperdo 50moFHoEs, Usdz9ewo s@st 39mboo,
bsorm@© 9bs s9btrem980bs (3. F9t902.).

9dbgds 58mFMOLI2

23963563 gds: 593390, 2odmbobogls

domng0L dmgeo: X s8mFOHol Y-b (Z-om) (W-Bg, W-80)

X 3060 5333900, 5dFOHOL BOYM/Qo0MmBobIEgds/Hodfges...Y-b (dsLM0 05600 Z-0m)
(W 8sboemsby)

X | Y <l Zs W e IV
[306G 58m360bL] [G5L53 50mFHob] [Goosg 53mFGH0L] [65%93 8m3c0U]

I bg©os: X Lob. d. I bg®os: Y dog. dG. Z 3mdd. d6). W-%y, W-do

11 5g6005: X dmmb. d6. |11 bgeoos: Y Lob. d6.

1 bgGos: X dog. 6. |1 bgeos: Y Lob. d6.

Syn : FOgmo, 259mbobgs

Gener : 3653060905

DerAo : 59033690, 5dmFOH00, 5dmbLsFHgero, 50myFHgeo
DerSo : 50m36Mo

DerVo : 59mm36ob, 500030 gds, 590309306900

S1 : bBESGHO

Simsr 1 LoFMHgnge0, LoBgbo, sBgHo

Sioc : @om®bo, by, J35, dobs

Sres : 3053060, HofgMo, 3o0mbabumemgds

Bon=Ver : mb@s@w6o, 395608653500, 35600

9gbyds s8mFMHOLI3

3963563 gds: IMoFHOL o 0l sdmoizeol

0oH®M30L ImEgeo: 00399, HMMO3 (5)FOHOLI2
Syn 1 50M339000
Gener : 30>05bMdOL IMIMW3Y3o
DerAo : 59033690, 5dm3FMH00, s5dmbsFHgeo
DerSo :50m36Mo
DerVo : 59mm360ob, 5300360, 590m0FMob, 5dmoFMgds, sdmgFHhgds, s8msFMHg30690L
Smstr 1 @565, 353M53HJ0, bobxsero, L3sedgwo
Sres 1 00mbsFgMo
Bon=Ver : mb®o@vMo, 99560865350, 35G350
Imper :59m3gco

dgboGyzgde:

300005 STIMBFOS 280070 5FM2005 (B30¢» 853030).

9dbgds 58mIFMoLII

2963563 gds: IM3wgbg 5dM3s, 59030l
o300l IMEgEo: 0lige039s, HMYMO3 59mFMoLI1

X 990003 gdL Y Logowl §390m@sb Bgdmon d0dstmromvwgdoom (Z-0m)

Gener : 9900300 905/50m3gds (3Hobs)
DerAo 1 50m3 FOHg0, 53tbOFMHYE0
DerSo HRGIOK TON
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Sinstr : bbgoaslbgs Lsbol @®Mobldm®m@o
Bon=Ver :UL{i®oxs0
AntiBon=AntiVer : 65, 0obys

LoergdLogmbem gemgmeo gsdmssbmdls

@9gbgds 3odMdbmBULI1L

2396356 Fgds: 3mAL obMgdme dgedo (00Mbgdo, 39:3DY...) FMomogLgdl, sdmddogl s
L5FIGS Z96ROLL QobOUL.

0oOmmM30L IMEgEo: X 5s3gbmdlL Y- (Z-0Lgsb W -80/-by)

X 5bmdl Y-U (Z-obaob W-80): X s3%o@gdl Y 1533900 Z 36G:0mwyddobash, GHmdgembys

9mgdggdl W obwérmen bogmEgdo sOLgdmeo 350owo $gd3gMo@ e

X Y=l Ze W IV
[3063 >3bmdL] [®3bag s3bmdl] [Gobasbag B9aads Y] [[Log®Eg, Lowag 6oL Z]

1 bgeos: X Lsb. d6. I bgGos: Y dog. d6. Z-0b56 W -8o/-%g
11 bg©os: X dmmb. d6. 11 bgH0s: Y Lob. 06.
I bgHos: X dog. 6. I bgBos: Y Lob. d6.

Gener : 115339000 (3Mdgerols) dmdbowgds

DerAo 1 39003EbMdgw0, 258mbobmdo, godmbmdo, sdmabmdogo,

DerSo : 390mbmds

DerVo : 2990 3EbmdL, 253Mmw3bmdL, A58Mmo3bMd0BYdL

S1-3m60 : 379H0L IbMmdYE00, bodsbo, 3939969, 09x5MGby

Stioc : mmby, 3MObY, 3MMHoL JoMbobs

S1-3mbe. : 3mbo@gmo

Stoc : LogmboG®mM, Lyzbmdo

S2 : 299mI3b3500 3MM©UYJ30

SingS2o 1 359¢mdomo (653900, bodgbo Bsdizbgmol, 39960b...)

MultS2c : 3MOxMbmMIgmMw0o, 3d30m3560/Lo3mbodMmm bafs®do
Sres : 3™00Ligob godmdibgzsto
Lb35@lb3s Z-0Lgob InBBOEIIIEO Sres: 3O0DZO, FMIGSFMEs
Stoc-instr 1 39605 BB, BMOTs, BYGOEIwo(Mbmdol, M30bol)
AsResult : 350mI3bgzsM0
oboge8mdibzsto A2Result : 3bger-3bgero 3MGo
3™GS bbob {fob go8mdEbzsmo A2Result : 0d0w0, Md0WO, Bo53w930
9390 259m33zbzeco A2Result : d390, 353560, J3oLo30m, MdOSBO
Ver : (LOYE) IBsYmx3bsdy
Fi=Ver-bg 99®50=05¢056 : 630093)>@ 350m3bmds
Conv2F1 : QO30
Perf=Real: : 350m@3bggdos
Imper : 290mo3bgy!

9b6sbBo: 3oL 2o8m3bgzgl s 306 893505

@998 3o8moEgbMBLIIT

2963563 gds: Lobgwrsbgarm dgmbBagl, dgomombbob.
dongoL dmgeo: X ,,o3bmdb* Y-l
X 053000 Fo®mbobgzom 0ambgdl, mbbogl Y s3053L/06g30M35300L
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Xa | Yol
[306( ogbmdL] [Goboig ogbmdL]
1 bg@os: X bsb. d6. I bg&os: Y dog. 06.
11 g oo: X dmmb. d6. 11 bgGoos: Y Lob. 36,
I bgGos: X dog. dG. I bgEos: Y Lob. d6.

Gener:

0bxm®Ts3zool Ggmbbgs/dmymbads

DerAo: 959md3bgsmo
DerSo : 359m3bmds

DerVo:
Si

S2
Sioc
Perf

250m3bgnds

193360 (BYymowob, 9Mowol, 5300l ...)

: HYM0E0, 30¥) 06x5MmMT5:305, FMEMO, 530530 ...
:bLmEosMOo Jugero, 3MgLs, LoxsMm Log™Eg
1 390mo3bm

JdgboEy39d9do:
dognl 359moEbmBL 35MAS S03069dL, gsBmMm0dobgdLs.
&Yol 353msgbmdl Lobgarobgerm® Imoambgdl Ms0dg Lo®mygl.

qgbgds 3o0mEbggdsIl
239635mFgds: gobm®gder mdgerdo (mmbgdo...) Immogligdo 3mdo godmdNIgds s

L5905 35Ma0L0 2obgds

05mm30L IMEgwo: Y 3b3905/153F39eo HoYds (X-0b bLydrsEgdoom)

Yol X<l
[6o3 gb3gds] [3063 3omBotgdl]
I bgMos: Y Lob. d6. X Boo. d6.

11 bgGos: Y Lob. d6.
I bgGHos: Y Lsb. d6.

Gener
DerAo
DerSo

: 1533990L (3MIgeol) IMIBowIds
2 go8mabmdowo
: 390m3bmds

S1, S2, Sioc, Sres, Sinstr, Ver, Conv obgomo3gs, Omam® s g50moibmdlIl

Perf
sbs%by
™dEOL

: 290m@3bgs
00:
33960 3b39, 3H35, 33056 AoTM3b3Z0, FoAEA JoMPOW Aodm3bZoM.

90653 ™Mby 3bgaros — 3o Mbs godmiEbaglm.

©3bsH0

LEo@os
Gener

Syn

Anti

Der

do 459mygbgdmero wqdbozmMo gmbdEogdol 456356 @Egdgdo:

[Lat. genus] — 53mbsgoseo Co Lo@Y3olL §oGImBogemdol Bmyso  sLabgegds
0595698900~ HH56L3OH0, b3500-5395¢0;

[Lat. synonymum] — Lo@ygs, G®3gerog Gobss®lboom gdmbggzs s9mbogse Lo@yggzel
(Lobmbodo) Fbeybedo-dB5¢59;

[Lat. antonymum] — Uo@ygs, mdgwog s0bodbsgb  Co  sdmbsgsero  Lodyggol
Ls3oMoL3oM™m 603369 MdsL  (s6GHMB0T0):  bgeEro-3030, TBl-sbereml, Bsids-
3obo.

[Lat. derivatus] — 53mUbogse0 LOEY30LRY6 bofoMdmgdo Loygs, MdmIguos 93M3bol
bbgs 99¢H939wq00l bofoeml: So bdseo, Vo bdsentreadl, Ao bdsytrosbo;
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Si -0 5dBHobBHOL  @obobgwgds: Co  ¢mggpos, SiCo rggd o, 5200 0gds, S3Co
Abdgbgcro, SiCo 5900HMGHOS.

Sc Lo@moool  dgmegbos®molbmgsbo  3m33mbgbEBHgool  @sbobgargds,  HMymEOEss:
5SRO0, 05RO, F9ga0 ©s bbg.: Co 3Gog0 — Sloc(Cy) GHobgo; Co 8EGdeagms -
Sinstr(Cy) 056Gs@0o; Co 3bmzm9bs - Smod(Co) - fgbo, bhoero; Co 302306985 - Sres(Co) -
sbigmo.

Conv [Lat. conversivum] — Lo®ygzs, ®mIgeog 03539 ©9Mm300g0IEgdsl sLobogl, Galog Co
Lo@Yzs, 9699 00539  LoGnogosl  sbobogl, membo bbgs dodsOmegdoo: goslis-
Jo0M.

Ver [Lat. Verus] — 399050030, ©@sb0d6enqdolorsh dglsdsdobo, Co g430 - Ver(Cy)
bsggendaemosbo. 9. Anti Ver: Cog3z0 - Anti Ver(Cy) #)bsgg«ydacnen.

Bon [Lat. Bonus] - ‘30630’; Co fobssgds - Bon(Cy) bsbstdogcme.

Sing  [Singulus] — 3963390 Co-ol gHmo “Focol” BHodMo bobgwo;

Mult [Multum] — BodGogey’, ‘Hogemds’) Co LOIMOZEIOL, JHMOMIOMBOL EH03wMo Lbosbgwo:
Co o3¢0 - Sing(Co 30990; Cobgbo - Mult(Cy) 690s.

Perf  [Perfectus] — 8mg0ggool @abGwamgds (565 d95939@)9), 0930L0 0633030 B3zsMOL
900f939. LOHMEO S139dEHOL BMMTYO00 J9EIMO(3)s: 03358l — Bo0(339, GHIBL — AoBIbS WS
5. 0.

Ai i-7960 5dBobGHOL B30 goblsHMzMs LoEsEosdo dobo Mmoo Gmeol Jobgwzom:
Co3698L - A1(Cy) Fs369; Coeaobs - A2(Co) g6mbogro.

Imper [Lat. imperare] — d6dobgdols 3603d369ermds; Coligers -Imper(Co) bs80yc00 056!

Verb Stems in the Explanatory-Combinatorial Dictionary
Nino Javashvili

Summary

A description of verb stems for the Georgian explanatory-combinatorial dictionary is
given in the paper. Such a dictionary is very useful and important for the complete description of
any language. Unlike other dictionaries, a combinatorial dictionary aims to provide the user with
information about the semantic and combinatorial relations of a given word to the other words.

Verbs considered as lexical units in the paper are described according to the dictionary
characteristic fields. In particular, lexical functions and control models are used. For the first
time, a control model is included in the word-article description. An explanation of the used
lexical functions is given at the end of the paper.

OCHOBBI I'71aroJI0B B TOJKOBO-KOMOMHATOPHOM cJ0Bape
Humno /[orcasawieunu

Pe3rome

B cratee paercs ommcaHKWe OCHOB IJIaTOJIOB JJIS TOJIKOBO-KOMOWHATOPHOIO CJIOBaps.
Takoit cioBaph OYeHP HYXKEH M BaXKEH JJII IIOJHOTO OIMCAHUA JTI000TO s3bIKa. B oTnmyme ot
IPYTHUX cjioBapeil, KOMOMHATOPHBIHM C/I0Baph IpeAHA3sHAYEH JJI IPEAOCTaBIeHUs II0/Ib30BATENII0
“HGOPMaIUU O CEeMaHTHUYECKMX M KOMOMHATOPHBIX OTHOIIEHMAX JAHHOTO CJIOBA C APYyTHUMU
CJIOBaMHU.

I'maroner, paccmMarpuBaeMble B CTaThe KaK JIEKCHYECKHE EINMHUIIBI, OIIMCBIBAIOTCA IIO
30HaM, XapaKTepHBIM [JIf CJOBapsg. B YacTHOCTH, HCIOIB3YIOTCA JeKCHYecKHe (QYHKIHUH U
MoOJenu yIpasieHus. B cioBapHO#T cTaThe BIepBhle BKJIIOYEHO OIIMCAaHUe MOJeNu yIpasieHud. B
KOHIIe CTaThU IIPUBELEHO OOBICHEHNE UCIIONb3YEMBIX TEKCUIECKUX PYHKITUM.
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50 899mbgg3580 "3oMGH00bL yzgms 19360" sHob dmbogdoms dsBsdo goblobrzmwwo
3m0G039MH0 3¢slo, "35MGH05" 9M0L 3900 3EWOoG03NG 3wsbdo s IMbszgdms dsBob
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39630bomom d90ga0 9930mb30L dogowomo:
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306309@ M dgdmbggzsdo GeWordNet ogbom@mlbol 3sg3doMgdo Fomdmoygbowwos
Lby®. 3-5-%9.

Xmb 396 gofdo
303mBodol BBorbangs
wobggolige BonBagbogho
UgBsBhogob L3ggoseralido
3n3mbodo LaBmBoda
Lnbmbodo baBuboogmbio grbadogmbo
LobmBndo UgBomdagmio @bremaon
So3mBodo 3odmbBodo
Ly, 3.

Firth, J. R. Firth, John Rupert Firth
oo, 3. 6. cgatho, $mb H396t gahe
s@bgdome Lobgeme
o-qmanaﬁabnb oq)asnaassqm l:.)bac_:m

English linguist who contributed to linguistic semantics and to prosodic phonology and who was noted for
his insistence on studying both sound and meaning in context (1890-1960)

ot o S e

Bemsnasie aana | figrf Byluhr | qaemedn®e: Manvel Kiayan

L. 4.
303mbodo:

s®lgdomo Lsbgero: computational linguist

3®lgdomo Lsbgero: grammarian, syntactician

3®Lgdomo Lsbgaro: Hebraist

3®lgdomo Lsbgao: lexicographer, lexicologist

3®lgdomo Lsbgero: neurolinguist

3®Lgdomo Lsbgero: phonetician / @mbg@ogmlio

3®Lgdomo Lsbgero: phonologist / gmbomemyo

3®Lgdomo Lsbgero: psycholinguist

5®LYdomO Lisbgero: semanticist, semiotician / bgdsb@ozols Lagaosmob@o, Lgdsb@ozmbo, bgdom@ozmlo
3®Lgdomo Lsbgaro: sociolinguist

Ly, 5.
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http://localhost:3000/Hebraist
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http://localhost:3000/sociolinguist

GeWordNet ooglsvy@lols 350myggbgds Jsmonyemgbmgshb mosgmawe Lol gdsdo

19gdsbBHO3MO  BdsBsdo  ImMbszgdms  Fgbsbzols  LEHOYIEGMIOHOL  gomgzscobfiobgdom,
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3. 6s3mgbo oby30LEHgd0sb 08 306900l sdMmMBg3s, GMIWwgdol  Lgdsb@ozmbgdo
56056.
390Mm0535990o  doymds 0035olfjobgdl Imbsggdoms dsBol Lszdome dmgboen
00030l GeWordNet oglswHylols LoblgBgdmsb. dbgdmMogo gbol 369dgd0Ls s MyEsEoMGO
05Bol dglodsdolo EbMoEL 39wgdol LY 39380MGBEISE  FgladegdgEr0s TMOEGEOYIGMO
3bOOWgdoL 459mygbgds. 53 MML 353doM0 dgodergds 0gmlb 30030600 (35ME00L 3geo
d99L5d5090s 39l party), 56 Ggodegds BMEOTsEH0MGO0 0gml Imbsgqdoms dsBsdo Bolidwwo
dmmbmzbol Lobom, Mo dqbodwgdgero 0469ds, 800gdEo Fodmbobwyangdol K-Homdmoygbols
dmbogdms 35Bol SQL-0mmbMgbo 49Msddbom, §obsbffo® goblsBMzMmo Fodembols
209myqbgdom.

353365

B39bl b653MMITo 30639wo@os 9aMmmo35HgdMEo dmbsigdms dsBol LgdsbEHogweo
9m@gEol gs8mygbgds Joermnmgbm3azsb @oswmym® Lob@gdsdo. LobGgdol Gm®mIoMgdobs
©5 9oLo 31853900l 3MMEgLdo QoMIs3Yds GeWordNet mgbowelol boblg@gdol
393906900L dglfogms JoBoMmo gbolmgol. 33¢g30L doMm0MOEO BosbWwgs OSW MRG0
LobEgdol  0bGH9MHRIoLYdOL  FmOHIoMmYdol  sbosgo  JgmmEo,  OHMIgwog  9IYeMmgds
9m3bdom90ol 533060390 dMmMbmzbgdol Fglsdsdolo Lgdsb@GHozwmemo LEHMWJEHMHYdOL
06535 xgMHM3560 Foq05@H039MH0  FYwgdol  53gdsL. dmgEgddo godmoygbgds SK
(Subject Knowledge) 96900L g00mdbs@ggeo 99dsbobdgdo, Gmdwmgdos gobobabwgmgds K-
§o603maqbgd0l mgm®oom. 999mmsgz5H9dmwo Ggdbmemmyoom dmboggdms bgdsb@ozme
9mYwbHy ©os53dbgdwo K- §odmdmoaqbol g3m®domgdom d9goddbgds dbgd6H039bmgs60
06@9mHxggolo dmdbTomgdwol Immbmgbols sbsgroBols s O T539d0LsmM30L. STMHOYS,
19gdsb@Ho3Mmo  dmEgEwol  459mygbgdom  5sd0sbol  FogH  doffmgdmwo  BgduBo
23960 ©50J36gds 53@MI>GHWMo© ©s8Ts39d0Lm30L dgboxgge® XML 56 JSON gm®ds@o [17].
999853900 99omEol ©sbgeyzs GeWordNet mglbom®uliol GabyOLOL 3M3MWsHMdOL
29BM©OL 300093 9O 9B9JGHMOO FDos..

Using the GeWordNet thessaurus in Georgian dialogue system
Liana Lortkipanidze

Summary

The article discusses the main steps of automatic processing of the Georgian language are
described in the paper: morphological, syntactic and semantic analysis. The connection between
the semantic model of GeWordNet thessaurus, search query, inner representation of the data-
base and the dialogue system is shown.

The use the semantic model GeWordNet thesaurus in order to connect Georgian language
user interface to the databases is also proposed. The paper shows that the data of the semantic
model is transformed into an intermediate K-representation of a query, and then transformed
into its SQL database query that is based on in advance defined template.

An example of using the semantic database model of GeWordNet thessaurus with a Geor-
gian language interface user is described in the paper. There also is an example of converting a
natural language (NL) database queries into an SQL query.
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The problem of finding relevant information in the GeWordNet thesaurus database ac-
cording to the user's request that is made in natural language is solved based on the proposed
approach.

Hcnons3oBarme tesaypyca GeWordNet B I'py3HHO-SI3bIKOBBIX AHAJIOTOBBIX CHCTEMAX
/uana Jloprxkanannzgse

Pesome

B craTee paccMaTpHBAIOTCA OCHOBHBIE DTAIlbl aBTOMATUYECKOH OOPaGOTKU I'PY3HMHCKOIO
A3BIKA: MOP(OIOTHYECKUI], CHHTAKCUYEeCKUN U ceMaHTHYeCcKu aHanu3. [lokazaHa CBA3b MEXAY
cemantudeckoit mozsensio GeWordNet TesaypycoM, ITOMCKOBBIM 3aIIPOCOM, BHYTPEHHUM IIpe-
cTaBjaeHreM 0a3bl JAHHBIX ¥ JUAJIOTOBON CHCTEMOM.

ITpeparaercs uCIOIB30BaTh ceMaHTHYeCKy0 Mozens GeWordNet Tesaypyc Ais MOAKIIO-
yeHMs ['pPy3sMHO-A3BIKOBBIX IIOJB30BaTEeJIbCKUX MHTepdeiicoB k 6asam maHHbIX. [loxaszaHo, 4TO
JaHHBle CEMaHTHYECKOH MOJenu Impeo6pasyloTca B IPOMEXYTOuHOe K-mpezcraBieHue 3ampoca,
a 3aTeM IpeobpasyloTcsa B ero 3ampoc 6asbl JaHHBIX SQL Ha ocHOBe 3apaHee OIpezmeIeHHOTO
ma6oHa.

OmmcaH mpuMep HCIIOAB30BAHUA MOZEIN CceMaHTHYecKoil 6assl manHbix GeWordNet re-
3aypyc C IOJb30BaTEeIbCKUM HHTepdelicoM Ha IPy3sHHCKOM sA3bIKe. [Ioka3an mpumep npeobpaso-
BaHUs 6a3bl JaHHBIX ecTecTBeHHO-s13bIKOBBIX NL (Natural Language) 3arpocos B 3ampoc SQL.

Ha ocHOBe IpejIoKeHHOTO MOAx0na OyAeT pellleHa mpobjeMa IOMCKA peleBaHTHOM MH-
(opManuy IO 3aIpoCy IOJIb30BATEII Ha €CTECTBEHHOM fA3bIKe B 6ase maHHBIX GeWordNet Te3ay-

pyca.
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®9dbogzmbol yzgms Bmbol dg3Lgdso-g990EMYds. wgdbozmMo §xbJz0gdol  TgzLgdols
Bobo®mmdo dmdbdo®mgdgo go93bmds wgdlozmMo gmbjdzogdol LOHME BsFMmbsmzswl s

50fgmsL.  Lowgdlbozmbm  ghmgmwgdol  wgdlogwedo  gmbdgogdom  sefgms  wbs
dgLOHMEgl EXCEL-ob 3033093 90me gsowdo, Gmdgwog 990dwgds hsdmo@gzomomml
9dboznMo 5MbJ30g00L Tg3Lgdol BsbsO®DOELD. bmwm gsdBsgdmmwo Lobom sbggzg
390d@9gds 503H300HmMb gJuozmbol 390-3396MBY.

MMbmEo gbol 3963sMEGHId0m-30m3d0bsGHMOHM wgdbozmbbyg [17,18] ©sxdbgdmwo
JoOomwo gbol 3m3dobs@mOHmwo wgdbozmbol 9gddbol 4o0mEEowgdsd sb39bs, MMA 53
9005609300 J9sMg000 306 BIHLIMRJOOL OHMLIE 30 8g0dwgds oMgdwy 0gbsl
1599360960 PZoELIBOHOLOM LHObEHIMHILM s 3ModEH03Mo 5dmygbgdol 39ML3gdEowywo
390093900. HMAMGO 3 BsbL, 3OMYMToLEHIdOLs O 9bsmTg3bogMgdol dzoMmg xamxdsg 3o
doewbg  IgBoMEE s 4903399 350090d0  8godgds  dmobobml  mbwsob
3M8d0bs@HmMmmo @gdbozmbol 3mIgHEowme mby®g ©syzs6s, MmymeE dobss®bmdMogo,
ol 39609abs LsdMTHTsMGIWM F53900m. FogoWOMO, Ju s Lbgs ALAsgLO MbeEsob-
w9dbogzmbgdo, MMIwgdos ©osxmdbgdMmos 00539 JoOMwo gbol  3MmId0bsEGHMOW,
230635603 gd00m [19] s 4MmsdsBozme [20-22] wgdbozmbgd by, godwrgds gobogl 3oM3gewo
DMao0  3odmygbgdol  MerGgls  LsbsMPRwm  IGmEnd@o  Jebmwwo  gbol
990Lfogagmomgol. dgmégg, sbgmo wgdlogzmbgdo dgodergds obgl  bgwbsghgero
0bLBHOMIIBGH Mo gocgdm 9bsmdg3bogMgdol s obmsb ©s393d0MgdMEo JBMEgLogdol
033@939M900bmM30l.  dqlsdg,  3m3dobsGMOHMwo  wgdbozmbgdo  Fgodwgds  gobgl
MboggOlowmMmo  1gdsb@ozmmo (MBGHMEWMaoM®o) Jugagdol  bsgwmdzgwo, GMIob
b ©sFgMO0L o098y  Homdmmygbgwos LgdombBmwo 3MmaMgbo dmbgdcmozo  9bol
93¢ MI5BHMM0 8853930l LgggOmdo.
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Combinatorial Dictionary of Georgian Language
Liana Lortkipanidze

Summary

Paradigmatic, syntactic and syntagmatic relations between the units of Georgian language
Combinatorial Dictionary are considered in the paper. The dictionary currently contains 3
million links between 100,000 entries. Links are paradigmatic (mostly morphological), syntactic
(verb- actants relations), or syntagmatic (lexical functions). Dictionary entry words can be single
or verbose (idioms). They refer to the four main parts of the speech: noun, verb, adjective, and
adverb. Dictionary units are not lexemes, but so-called grammatical forms: for example, nouns
are represented in singular form of the nominative case; Verbs are presented by infinitives and
the future tense form of the third person singular. Phrases presented as lexical units, in turn, can
be idiomatically free forms. The parts of these phrases are the units of the same dictionary.

KomGrHaTOopHSBILi citoBaps I'py3HHCKOrO A35IKa
/rnama /loprrumnanmnzgse

Pesome

B craree ommcaHbl mapasgurMaTUdecKue, CUHTAaKCHUYeCKHe M CHUHTarMaTUYeCKHe CBS3H
MeX[y eSUHULIAMU KOMOUHATOPHOTrO CJIOBAaps IPY3MHCKOrO A3bIKa. B HacTosimee BpeMs CI0Bapb
comepxur 3 mutroHa ccsurok Mexay 100 000 sanuceii. CcpulKy GBIBAIOT MapagurMaTHYeCKUMU
(B ocHOBHOM MOpP(}OIOTHIeCcKre), CHHTAKCUIECKUMH (T1aroI-aKTAHTHBIE OTHOLIEHUS) UJIN CUH-
tTarMatudeckuMu (rexcudeckue ¢pyukuuu). CIoBapHbe CI0BA-CTATHY OBIBAIOT OFHO MJIK MHOTO-
cnoBHble (npnromsr). OHM OTHOCATCS K YeTHIPEM OCHOBHBIM YaCTSM PEYH: CYIIeCTBHTEIBHOMY,
[JIaroJly, IpUJIATaTeJIbHOMY, IpudacTiio. CIoBapHble eQMHULBI - OTO TAK HAa3bIBAeMble IPaMMa-
Tudyeckue GOPMBL, a He JIEKCEMBI: HAaIIPIMeD, CYIeCTBUTENbHbIEe IPeACTABIEHl B MMEHUTEIBHOM
Imajiesxe eMHCTBEHHOTO YKCJIa; [1aronsr mpefcTaBieHsl KaK HHGUHUTHUBE U B (OpMe TPEThero
JIMLA eSVHCTBEHHOrO YMCiIa Oynyuiero BpeMeHu. VmuoMsl, mpencTaBieHHbIe KaK JeKCUYECKUE
eIVIHUIIBL, B CBOIO OY€pesb, MOTYT OBITH MAMOMATHIECKH CBOOOZHBIMU (OPMaMH, YaCTH KOTOPHIX
SIBJISTIOTCS €AMHUIIAMU TOTO JK€ CJIOBapsI.
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Samples of word description with lexical functions in Georgian
N. Amirezashvili

Summary

The article discusses a brief description of the explanatory-combinatory dictionary and an attempt
to describe the Georgian language through the lexical functions developed by Zholkovsky A.K. and
Melchuk I.A, in the COMBINATORY DICTIONARY OF MODERN RUSSIAN LANGUAGE.
Lexical functions provide knowledge of the natural environment of the word in the language.

The issue is discussed on concrete examples, namely, the sample is described by three words:
aggressive, aggression and aggressor. Knowledge of the appropriate natural environment of the word
allows us to avoid the mistakes that are often made when the language is incompletely mastered.

OG6pas1bl ONMMCAHUSA CJIOB C JIEKCHYECKUMU (PyHKIMAMY Ha IPY3HHCKOM A3BIKE

H. Amupesaweunu

Pe3rome

B crarteke paccMaTpHBalOTCs KpaTKOE OMUCAHHE TOJKOBO-KOMOWHATOPHOTO CIIOBApsl U IOIBITKA
ONKMCaHMs TPY3MHCKOrO s3blka 4epe3 Jekcuueckue (GyHKIuM, pazpaboranHblie JKonkoBckum A.K. u
Mensuykom U.A., B KOMBMHATOPHOM CJIOBAPE COBPEMEHHOI'O PYCCKOI'O A3bIKA.
Jlexcnueckne (GyHKIIMH 00ECIEYMBAIOT 3HAHHWE ECTECTBEHHOT'O OKPY)KEHHS CJIOBAa B S3BIKE.
Bompoc obcyxnaercst Ha KOHKPETHBIX IIPUMEPax, & IMEHHO OIMCBIBACTCS TPEMS CIIOBAMM: arpecCHBHBIMH,
arpeccuss M arpeccop. 3HaHHME COOTBETCTBYIOILETO €CTECTBEHHOTO OKPY)KEHHs CJOBa II03BOJIAET
n30eKaTh OMMOOK, KOTOPBIE YaCTO AOMYCKAIOTCS IIPH HETIOJHOLICHHOM 3HAHHUH SI3bIKA.
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3M©bol, sbgem3zbgdol, LodgaltvEgdm MbEsGHMdOL Jomow MbL. dsswoma, bogdodm
bgarmgbgds, 396  FoMmm30L  bgem3zbgds,  bsd3bgzMgdol  3bmdol  bgwrmgbads, 39630l
bgarmgbgds, o gdol  bgwmagbads, bgbowol 5896900l  bgarmgbgds, dswol  dmgzwol
bgwmgbgds, bmnbol 39630l bgarmzbgds, oMogm®mdol bywmabads, Lsdbgotm bgwmabads, ...

50 51399dBHdo bo@ygzs ,HgXM3bgdOL" gl FoMgdm sl godmoyMgds.

1. SynN- 3350003035309, MBESGHMDS, 39db039, 3oz mds, Lodstxgq
2. Ap=A;s- dmbgdbgdewo, 358sxwmwo, 356x 39, ©MLEEGHJOMWOo
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3. Bon+ (Si(Y) 6m@gbsg dse0sb 999096 9@08056L S1(Y) Hmgeomsa Lagddol godm -
mbEBSG0, PIBIM3bgdO (359, OO 3MIBObIEHMMO - 33B0B30gdOL OO MUEEO)

4. FigurSi - mg6mb bgeogdo (bgebs 3gomdgdol mbids@o)

5. SingSinstrSmod- 399mygbgdwyemo dgommo

6. Culm - byewm369d0L bsodm, bg®bo, 3smmbo

7. PredMagn - 0090 bgermgbgdos (359. Gm®Eol go3mabmds)

8. Magn=Bon - Ls139009L™,d719MGOGE0

9. MagnPerf - (sdswe.) 3539H35gd0L ©34HMdS

10. AdviReal - 36:m33950mbsE Mo, Jg60365350, 3505t B9dE>®

11. IncepPredPlus ~ a53xmdgLgds, 3o63000569ds

12. Fi= Caus,PredPlus = UJ0056md0l 206300006985, 0obgem3bgds mogol B3gEoswmdsdo

13. FiReal: - (obgaermgbgdols 30b6oom) 360od@0z3ol 800gds, 356080 @olsbgemgbgdws.

14. Ver - 6500030000, H35¢M60O

15. Locim - Logmoms® Logddgdo

16. Oper; - byarmgbmdol gEwmds

17. F; = Caus,Oper: - bgermgbgdol om@gwgds, bgwrmabgdsdg dowfiggs.

18. Real ; = Caus; Manif - 65bgesgolb B39690s (590 gbsoi 99bsdwrgdgeos)

19. BonSingResultReal - (39g351985) 6084980, Lo zgmabe, LsbHoreo

20. FinOper; - 530b 569090

21. Facto Manif-TI—Z- (Y39l 0560sL{6Hgd00 ©ab3obs 5@sd0s6L)

22. Bon+ (Si(Y)) - boerbol s30630L bgamm3abgds, s@sdosbols odfacmgdol bgermgbgds, Lbgolo
553300l bgarmgbgds (s (Y)-80 0geobbdgds Si-ob bgae@ow®o Ladzogwo).

Q0MMU, 2530blgbmm 36Mmd0w0 58056930l 36Mmdowo BMBId0 bgwmzbgdol dglobgd:
303m305¢)0 »3DM3M9ds BobIM3rgs, bgumgzbgds oMo
3o L150e00,b90m3560 ddz9609Mgd0L d90mgdgos®;

»090M369%5  2o30Wgoom  MBOM  VBEMOIGHWos, 300609 B39b
3830dHMdM
3500 30g5Lm ,09wm3690s MYEbagl s 5dMmMYOL vyl ymgzgera3s® LodobdMMgls s

FOF9Ls
»4390 853830 bgenmgsbos, dogMsd 80535609, 58 0F0oIb go® 33990
Boforo 9gdm@BgL Tob, MrEs o0bBMEYdS;

5e0dyM 300wy L0009oMMm8o  OHMI  yzgwong@o  gboo  ogmlb  Bzgbogol,  95d0b
bgmgzgbgdsg 96 00MLYdJOS;

3MbLEHBE06] saLsbeMm©Os ,bgEMm3zbgdss MZ0M 333905 .

5439  9mpofigom  0b@gMbyBlooBgdby  dmdogder  Lbgoolbgs 98056 gd0L
99b90 5090l bgermgbgdol sGLols s 36033bgemdol dglisbgd [12-15].

e bgmgbgds 560l Lodwsegds, 5Es30s63s SOLOVIXML 3BM3ZMHYdOL FoaMAgEgdol Lsbm3zsto
™3b90s;

e bgwmgbgds aeolbdmdl 30BN, 59Eom 96 4s8mdbs@gzguwmdomo bsdmdgamgdol
999365, 53@GH™EOHOL Fomdmbobzol boFol godm39dsl;

e bgwmgbgds Logmzgumoms, 56 0sBbos MM, LoBL3zMgdo, 9bs, gMmabgds, Ldgbo o
b 9dmEool xsFZ00 350093905 9O Bgmegl;
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bo@yzs »H9m3bgdols“ egdiogwMo goMgdmls goblisBmaMs

e bgwmgbgds 5580560l ogH Lsdgs®ml 99mddqgd0mo s¢gdss;

o 390056030 bgmmabgds 50d0sbol 0bGHwgd@l  5350gdl, 59w0gMHgdl, LbvIKogho©
sbOBOMIOL. bgermgbgds 3bmzMadol 3sbwymagwo bofjowos;

e bgwmgbgdsdo 0gmmolibdgds bgwrmabgdol 30M0¢03s, bgewrmgbgdol olGmeMool dqgbfogwms
5 bgermgbgdol qlomg@ozol 3o3MEwgds;

e bgwmgbgds s Lobsdgowyg 4obmymagmo 3bgdgd0s, Foaed bgwrmgbgds Lobsdgowgl
3065306 30 565, IBdEZOHOo Lobggdom aodmUgdl;

e bgmmgbgds, 3MEIWO 253900m, 5©5805bol Fg8mddggdols s HoMdmliabgzol 1obozmeo
2300mbo@gos  BoffamBmgdgddo, GmIgmwog 59Mm05b6gdL Lobsdzowols vy dmymboeols
dbo@3OHMOo 259mbo@zoL Bbgoalibzs gm®mIGOL.

e bgwmgbgds 5@580560L Lvyerogo LsbMMs, ol FoM9dg 3953MOMOMBS 396 05MLYdIOWS;

o bgwmzsbo 50580560 396 25bIdO M) ¥396930m, IBIPYO0WBZY 5O AoBb0s 580l bodo,
396 35bgd0 ) Fo@YHOsMEO BsTYsMHM ABOBEIZL, M) 56 0gz35ML MEbYds.

o byemgbgds 9godangds ©sgnwdbml g3m®Asl, goymmel (gMfg®s, b3d@wM™S), bLodyzsl
(@o@gMsdMs), 09MsL  (3103s), MIMIMBL ((39339) 96 Tso 300MOEL  (Mgo@™o,
3060, m3969).

e bgwmgbgds, gl 60FogMHo 5@s80560l doge Lsdysmml 890mddggdomo 50gdss. 53 s@ddol
Bogmago  93m9m3bol 56> dbmmme ol 99aJdbgenl, o6odg  3Esbgdoe  ©YSTofoBy
9bm3zmad 353MOIMOMBL.

On the Lexical environment of the Word "Art"
L. Samsonadze

Summary

The essence and the meaning of "Lexical Functions" are briefly considered in the paper.

With the help of lexical functions, it is possible to create natural environment for words and to
determine the area of its usage - with which words are given units collocated, or what kind of lexical
relations are found with the other words.

The paper considers the word “Art”. Semantically appropriate categories have been selected, with
the help of which the lexical environment of this word is determined in terms of lexical functions.

Onpenesenne JeKCHYECKOH Cpeibl C10Ba KMCKYCCTBO»
J. Camconazgse

Pe3rome

B craTpe BkpatIie nepeaansl 3HaUCHUE U CYTh ,JIekcuueckux QyHKIui “.

C moMomplo JIEKCHYECKHX (YHKIMH BO3MOXHO CO3/1aHHE €CTECTBEHHOH Cpelsl CloBa,
OIIPEJIETINTh 00JIACTh €ro YIOTPEOJeHUS! — ¢ KAaKUMM CIIOBAMH COYETAETCsl JTAaHHOE CIIOBO M B KaKOM
JIEKCUYECKOM COOTHOILEHUH HAXOIUTCS OHO C IPYTUMH CIOBaMU.

B cratbe mpencraBieHO CIOBO «HCKyccTBO». IlomoOpaHbBl CeMaHTHYECKH COOTBETCTBYIOILME
KaTeropuy, ¢ MOMOILBIO0 KOTOPBIX ONpPENENICHa JIEKCUUECKas Cpeia 3TOro CI0Ba B TEPMUHAX JIEKCUUECKUX

GyHKIMA.
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On Particle ai in Georgian Language Information Structure
Anna Chutkerashvili

annachutkerashvili@yahoo.com

Abstract

A general description and the meaning of the 'ai’ particle are considered in the paper.
There is also discussed the characteristics of particle ‘ai’ and distinguished some its functions
in terms of Georgian language information structure. Particles underline, emphasize a certain
piece of information; Also, they add a specific semantic ‘colour’ to the sentence and have
lexical meaning to some extent; they usually form specific morphosyntactic constructions.
Consequently, the role of particles in the formation of the information structure of a sentence
is very important.

Key Words:
particles, information structure, emphatic function

The term Information Structure was first introduced by M.A.K. Holiday. However, some
scholars use other terms instead. For example, Chafe uses packaging instead of Information
Structure, which refers to the process of information packaging that corresponds to the
communication requirements of the speakers for a particular moment of communication. Each
language has its own information structure, in other words, how old and new information is
arranged. For example, in English language the theme (old information) is often placed in the initial
position of the sentence and this fact should be considered when determining it.

If communication means the information transmission and its optimization according to the
temporary requrements of the people involved in communication, then we should adopt a model of
information exchange that uses the concept of common ground (backgound). Initially, the notion of a
common ground was thought as already modeled information that both parties know that it has to be
shared and that constantly modifies in the process of communication. This allows to distinguish
between presuppositions - requirements for a common ground entry and statements or selected
content (preferred content) - proposed changes to the common ground output. This difference is
worth in terms of information packaging, as the common ground is constantly changing and the
information needs to be properly packaged according to what the common ground is directly at the
time of speaking.

e.g.
a) me mgavs zayli da momixda misi saseirnod c’agvana
"I have a dog and | had to take it for a walk."

b) me momixda cemi zaylis saseirnod c’aqvana da me mqavs zayli.
"I had to take my dog for a walk, and | have a dog."

The first of the given examples is correct, the second is not. In the example (a) first clause
introduces information that the speaker has a dog, and the presupposition of the second clause refers
to this very information. There is a different situation in example (b), where the second clause
sentence introduces information that the speaker has a dog, although this information is already
known at the entrance to the given common ground that is why sentence (b) is unnatural.

Participants of communication can change the common ground by adding presuppositions.
This means that non-contradictory facts can be implicitly added to the common ground, the input of
that must be of a certain type. It is for this reason that the first of the following sentences is more
likely to be expected than the second one.

e.g.
a) me momixda cemi zaylis dabana, imitom, rom is ¢'uc’qiani iqo
"I had to wash my dog because it was dirty."
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b) me momixda cemi niangis dabana, imitom, rom is ¢ 'uc’qiani iqo
"l had to wash my crocodile because it was dirty."

The notion of common ground was first applied to factual information, though it was soon
extended to discourse references. Thus, a common ground does not consist only of a set of
provisions that are shared equally (or from the conjunction of those statements that make up a single
statement), but also of units that have been included in the common ground long before. Such units
can be explicitly represented by the indefinite noun phrase (NP), or it is somehow introduced as it is
in the first example above. They are referred to by pronouns, or definite noun phrases, which, at the
same time, express requirements to a common ground. The choice of anaphoric statement depends
on how new the antecedent is, with this notion we again come to Chafe’s interpretation of
packaging.

In general, the role of particles in the formation of the information structure of a sentence is
well known, although in the Georgian special literature almost nothing is said about this function of
particles. Particles underline, emphasize a certain piece of information; In they add a specific
semantic nuance to the sentence and have lexical meaning to some extent; Therefore their
interpretation as definitely morphological markers of the topic cannot be considered. Particles
usually form specific morphosyntactic constructions. In the paper particle ai its place in the
Georgian language information structure is discussed.

According to the Explanatory Dictionary of the Georgian language, particle ai :

1. Indicates what is happening or what has to happen.
2. Same as interjection hai;
Shanidze consideres ai as an indicative particle.

Three main functions of the particle have been distinguished,;
1. Indicative function, (demonstrative):
e.g. ai, deda modis.
Here comes mother.
2. Adversative function, (contrastive):
e.g. ai es, martla k’argia.
As for this one, it is really good.
3. Emphatic function:
e.g. ai, naxati!
That is the painting!
Let’s consider other examples where the above mentioned characteristics and functions of the
particle are expressed.
e.g., aiia
Here's a violet

ai titi
Here's a finger

These famous phrases of lakob Gogebashvili are the best example to show the indicative
function of ai particle. Because of this function particle ai is an essential component of early forms
of speech in children. The speaker using the particle, points at, or shows the listener someone or
something. Such sentences are neutral in their meaning; they only serve as a pointer or indicator.
However, below is shown that similar prepositions may also acquire an additional emphatic
function.

e.g., ai ,es uk’ve sxva ambavial
Oh, that’s absolutely different thing!
In the example, the particle is represented as an adversative as well as an emphatic function.
Here the speaker emphasizes the contrast through the particle. What the addressee has done, in the
speaker’s opinion, is different from what he did or used to do before. Here the particle ai implicitly
refers to the preceding phrase, which by its meaning contradicts with the one that is uttered by the
speaker.
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Particle ai when it is represented by the adversative function often occurs together with the
particle k’I in sentences, thus highlighting the contrastive meaning.

e.g., ai ,es k’l uk’ve sxva ambavia!
As for this, this is absolutely different thing!
It’s worth mentioning that the adversative function of ai particle is often also an emphatic one.
One sentence can be neutral and emphatic by meaning at the same time. In oral speech, the
emphatic function is caused by placing a accent on a particle or pronouncing it with its specific
intonation. In written form, punctuation marks serve with this function.
e.g., ai, naxat’i (Neutral)
This is a painting

ai, naxat’i! (Emphatic)
As for this one, this is the painting!
In the first case, the particle in the sentence is neutral, the speaker simply points at the picture,

shows it to someone. In the second sentence, it is emphatic and has a adversative meaning. The
speaker emphasizes that what he is referring to is really a painting, in its form or quality, and at the
same time, through the particle, he opposes an object that is not a painting or is, but the speaker
considers it so low quality that he does not consider it a painting as a work of art. These all is
implicitly expressed in the sentence by particle ai.

In English, particle ai is given by different words or particles depending on cases. While
indicating this function of the particle is mainly expressed by the words this is and Look! When
functioning as an emphatic or adversative particle as for is used instead.

In negative and interrogative sentences, the particle does not have different properties. In
negative sentences ai particle is often used to highlight the threat, i.e. it is emphatic.

e.g. ai, ar dagic’eria davaleba da mere naxav!
If you don’t do your homework, you’ll see what will happen to you!

As we see ai is multifunctional particle and it is rather important for creating information
structure. It may occur in a sentence alone as well as together with the other particles. Some
examples are given above when ai is together with the particle K’i in a sentence. There are also some
cases when ai occurs with particle sc’ored. Using two particles for the same meaning makes text
more emphatic and easier to understand.

‘00’ B3fjogms30L Mo JoMor o gbols Lsobgm™dszom LEHMYIIEIMs8o
365 BL193905 820000
6gbogd)

LEHsG0sdo Im3gdwos 50 BofoEszol Bmaso sofigMs, dobbowrwmwos dobo
36009369wmds s M399bodg xMbJsos JoMmmmo gbsdo Loobxm®mdsgom LEHMNMIGHMOOL
M350LsBOOLom. boffos3zgdo boBL  Mligedgh, 8s9m339090 0bxm®Iszool  geM3z39)
Boffols; 505bmsbogg, obobo b3gEoxno3M® LYdsbGHozMe JuwxagMbsg Fo¢gdgb Fobswowadsl
©5, 396339990 M35wLsBOHOLom, Wgdlogm®o Fobss@bomog 0056 ©sGH30OHNMWwbo;
obobo, MmymeOE  Pgbo, Jobosd L3gzoxn03MG  INORMLOBbGHIJLMG  3MmbLEHMNMI309gdL.
dglododolo@,  bofowszgdol  Hmwo  Fobsogdol  Loobxgm®dsgom  LEGHOMIGHMOHOL
RBMOHI0M90580 doer0sb 36093690 mgsb0s.
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Poss vacTrre! 'an’ B mHGOpMaIMoHHO# cTpykType I'py3urickoro s3bka
Anrna Yyrxepamsuin

Pesome

B cratee maeTrcs oOlnee OmMCaHMEe YAaCTHIBI «aW», PAaCCMOTPUBAETCSI ee 3HAUeHHE U
HEKOTOpBle (YHKIUU C TOYKU 3PeHHA HMH(POPMAIMOHHOH CTPYKTYphl Ha I'PY3MHCKOM Sg3BIKe.
YacTuusl IOAYEPKUBAIOT, BBIZEIAIOT OIpelefeHHYI0 YacTh HMHpopManuu; B To Xe BpeMmd,
NMUJAIOT IPEeJJIOKEHUIO0 OCOOBIN CeMaHTHYeCKHUH OTTEHOK M B HEKOTOPOH CTeNeHU OHHM HOCAT
nexcuueckuit cmbica; OHUB KaK IIPaBUJIO CO3JAIOT clenududeckue MOPHOCHHTAKCHYECKUe
xoHCTpyKuuu. CirezoBaTeIbHO, POIb YacCTHI, B (GOPMHUPOBAHUM HMH(POPMAIMOHHOH CTPYKTYPHI

IIpenJIOKeHN A OYeHb BaKHa.
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In-Memory 3mbs3gdms 35Bg00
ds639¢v 3¢vm0560

manvel. kloyan@gmail.com

69bomdg

©®)356ger 30mHmdYddo Msbsdgmmgg LolEgdgdolash dmombmggds dsosb UfiGMsgo
695306905 (35, 1 §58%Bg bs3¢00gd0). ©olIBY IBmdbgdme EsbsMEre mbaggdos bol@gdgdl
56 8gmdeosm MHembzgmymb sbgmo LiMsgo 3slvybo Bsmmsb f3mdol Mmool Bgbmwzols
3500, vy bevmo B5Bs 8g0dengds ogml dgbsbymo doMoms dgbliogtgdsdo, fiamdols Gm
LsgMdbmdms 9930Mds. In-memory dmbsggdoms dsBgdo 0bobgds LgMzgMol m3gMsdome
dgblioghgdsdo. gb MBOMB3gYMEBL ©OoE M30MsGILMBNL LoBJsMmgdo, Mo@absg M3gMsgogdo
0mbs3gdgdby dgbboghgdsdo Lrmmogds 3MmEglim®ol B53wgdo GsmEgbmdols 0blEMHwdsgoom,
boeoem 9mbs3gdgomsb seek  Godol  m3gMsgogdom  fi3mdol MM sgowgdoo  dg@os -
3gM¢ 0o dgblogMgds 2amdsEmMSE agdl dgs® oligl.

BAodosdo  sofghogros  sOLgdamo  Mxdgbodyg In-Memory dmbsggdors B3y, Tomo
306053 JBMdIO0 S MIMYMI0m0 TbaMggdo. ssgag 35bboEME0s lsgmo BBl 9ggdbols dsgseomo

5 Bo@sdgdugemo gdudghodgbdgdol 3gegyo.

1553356dm Lo Byggdo:

osbsdgomezg  bolbdgdgdo, In-Memory 00bsggiors 8sY980, «p306sEgbmdgdo,
29569250000 Ib5639900.

gl dbmgwomdo  yzgwexnghmo  wbs  ogml  dogrosh  Loego.  5dsLosb,
230LomM35¢oLY0bgdgEos, GMI Bmbs3gdgdol dmEwEmds L MRMM ©d YYBOM 0HBOHEIOS.
®5b0dgMmgzg LodysMmdo ®omddol gzgwongmo 0dgdbgds Lbbgssolbgs LobiEydgdol doge.
05250M9©, 5M589IMH0s  Foblo3MmMMJOMEo  MmbErsob  FowsBooEb  godmfigMowo  s3s6500l
90MdotmdOL M35¢gwHol ©9)36905d0.

obgo  0bRMOTo300L VOMmGOIMEGds MMI 3dmbgl, LoFoMms Gggagdo Moz dgodwgds
LG5 0gmb dmfimgdmwo. vy 0bgm®mdszool dmbsdmggdmo bsFoMmms oo MM, SLgom
068306H o300l 96 996905 50565060 VOMYONEGDs. LEHBIMEHM0 0O dMbsEgdms doBOL s
3003¢gdbm@o query-0mmbmgbgdol godmygbgds 396 MbeMbzgrrymals sgm LHGSG 3olwbgdl.

39093 LmGombyg bsBg39bgd0s v Gmym® 0BOEIds amdol ™ 39bGHMmomemo
36039bmEoLY6 CPU (Central Processing Unit) coob@obgool gob®mabmsb ghmo@. Gog mucm
Q005 9l EOLEBE0s, oM MBROM OEOs F9Yym3bgds, s TLodsdoLO, 0bFMMTsE0s JoMozL
©OMGOMEGRSL.

h A
KB cPU\

> Very low
y Register

CPU Caches
(L1,L2,L3)
Capacity Latency

KB - MB

Main Memory

eB-dh (DDR4, HBM, ...)

y / Persistent Storage

Tl (SSD, HDD, ...)

High

$0bs9@gdstg bsdMMITo 5090w 0d6gds vy M5 500l In-Memory d5%s, Mo 4oblbgeggdss
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In-Memory dmbsg3ms 8sHgd0

UGobo®@men ds5Bgdls s In-Memory 359908l ImnMmol, Mo oblbzsggdss maln-Memory o In-
Memory 35%gdl dméol, In-Memory 35Hgdol w)3065Gguemdgdo s otymaomo dbsMgqdo,
M6 2bs 0yml 8940boero In-Memory 35Bs o 56L9dMEo 30 dEgdo.

In-Memory 8mbsgg0oms dsBgdo

In-Memory 8mbs3gdoms dsbs 0bobogl 0bxm®dogosl 3mddom@gmoll RAM dgbbogtMagdsdo
(Random Access Memory). 0bgm®dsgool d96mbggobsl bogds dbmerme main dgblbog®gdsloeb
d00ommzgs. gl Bmbs3gdgdbg  MBG™  LHMsxgo  3omdol  Lodwoewgdsl  odwgzs  oL3BY
©oY4Mbmdogr  LoLEJIgoMb  Fgogdom. In-Memory dobgdo  od9moygbgds  olgom
330035309030, ®MIEYdOE 803000 0wbo 50056 LG9y 3sLvbBY s Fmboggdms Jotm3oby
Mot Omdo. In-Memory 3sHgd0lgsb Lotggdgwl 6sbmemdgb olgmo 0bowliGmogdo,
HMPMM0E%  (HYwg3mINb03530900, 85630690, Lomsdsdm BdoBbglo. In-Memory dsbsb sbg3g
dmobligbogdgb MHmamM3 main dgblog®gdol dsBsl (MMDB — Main Memory DataBase), real-time
05%sL (RTDB — Real-Time DataBase) oo In-Memory 3s%ob Lol@gdsl (IMDB — In-Memory
database).

60 Idsmdl In-Memory 85

dmbsggdoms Logogo In-Memory 35Hs8d0 9ymHbmds 3md30mEgHol RAM dgblogMgdsls o6
main dgbbog®mgdsl. dmbsgdgdo 0@300M0gds In-Memory dobsdo dg3mddmer s SMMYESE30v6
gmOdoEdo. Imbsgqdgdo godmygbgdow Bm™mTsEHdos 89399d30L 96 80300l doMOYMOL AstMqadg.
b LFYSEMGdL 0dEg35 30MHPI30M T IL 0bYJbosb 39w Bg 6 LEGMOJMEDY Bogogsios.

In-Memory 83sbob LboBJotg dglodegdgeros G®Msbbodgool s Jgdodgdol bo3ergdmdol
3990, 068mOMT5300 29dm0yYgbgds 0039 BMIom, HMAMOLYE 99033l 93w03530s. dmboEgdgdmsb
§300mds 00smmgds In-Memory 35Bol do@mzol LolEgdol doge.

In-Memory 3550 sbg3g 890degds 0msdodml read-only sbsgro@Go3m@mo 35HBob Mo,
6mdgedog  0bobgds  obGHmMomwmo 0bgm®dszos Bl (Business intelligence) 530035309000
05639690 gdol dglobgd. gl odmEMoEbagl dmboggdgdol 0bgdloMgdsl, Godsi Tgladwrgdguos
39593060 IT @sbsbotxgdo. 30535wd0MmM305635 LolLEHYIdDs, 64 BG5BT 3MT301EYMHJOT>
RAM - 0ol od5¢08s 0oMgd9engdsd In-Memory 565¢00@03s ¢536m 4930390g01e00 aobos.

Mo@m0 Mbes god8mgz0g4gbmod In-Memory 3sHs?

3340035309005, OHMImgdo3 50000396 OO MIMEIBMBOL 0bBMEOTo30slL s Bomb
dmombmggds LHMsgo 3sbwgbo, Fgodargds obsMagdwmb In-Memory 35%Bol s®Jodgdd@om.
dmb5399900L  5Bs¢r0Bol 0bEMLE®M0s Ly MBMem s MBMeM bdoMs gydbmds In-Memory
05%ob LobiEyddUL.

In-Memory 350l Lobgdgeo dgo3ogl:
o M3mm LMy BHMbDodz0gdL
e M350 IMIHASMIPOYDS 3o BIL
In-Memory 3590l doM0omo@a© 099bgdgb:
o 356306900, Usgowm @04ogzgdodo, LoadgoEobm  sbsero@ozw®  ©gzs0Lgddo,
356796960 Lfogargdolmzol s doEwobym®/sdmbybEm® LoliEgdgddo
o mbws0b 0bEYModEHomw medsdgddo
¢ GIS ©5349853900L5mM30L
¢ LEH®0Tobywo bybloEoMMO 0bxrM®MIs300L Esdwdsgzadolmgzol
e B539690w0 3MmyMmsdwgeno LobiEydgdol sddsgzgdolbmgol
o HMBLEINOEHMO  LobEBYIGOOL  93¢r035309080,  JugEE  BMYYGHIMIBTo
L30@3Bgoddo
e E-3m09M300L 93¢0035:30900L 8mmbmgbgdols Gglitmvgengdobsmgol

256Lb353905 In-Memory s MsoEoMe 3519l ol
In-Memory s &Ms@030e 355906 dmemol 4oblbgeggds oMol LoLMmsgg, ImEwEMds S
3M3LEHOMMMds.  In-Memory 05sbs 0bsbogl bLEm  0bgm®mIsEosl  3mI3oEghol main
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dgbbogMgdsdo o6 RAM-0o. GHMo©oEovwo 8mbsggdms 35y 0bgm®dogosl 0mgdl oy
Q©650300056.

In-Memory 359900 G&®50030v d5H90bBg LBHMoR05, Broyd Imombmggb bozwgd CPU
0bLEBHMN3osl. g3y In-Memory 3sHgdl o6 gbotxgdsm O™ ©OLZ0EsLD 0bxm®mIszgools
§90m0gdsby.

In-Memory 359900 565LGVOWMM0S  GHMOEOE0M d5Hgdmb 89sMgd0m, o6
360l 96 Mm3gMoBHommo  IgblogMgdol  935M0MWO  AOmM0TZ0LLlL  035MYds  0bBMOTsE0s.
0653006 3o300b 50y 30 WYBOM FoMEGH0300 GHMHOEOYO B5HBOL OLINWIH.

&®5000309wo dmbsagdms dsHYd0 BMMT>GHOMGPOWMWos O3 M03700L Joge, Loog
030mbgds o 0fjggds 0bxgm®mTsEg0s. MMEs GHMOE0Mwo mbsizgdms doBol ghmo bsfowo
0005mHm53L Lbgs Boffoel, ©ob3zowsb Mbs foozombml gsblbbgeggdrmewo dermzo. In-Memory
dmboggdms  d5Bgddo  Lbgoobbgs  Boffoemgdo  8godwgds 085MMIIMEIL  30MH30M0
3090700050 gd00).

In-Memory dmbsgqdoms d5Bgdo real-time s65¢00EH030L ©s IHBMLEHIOMO 0bZMOT>300L
d00qd0L Lodwoegdsl 0derg3s.

GM5003309w0o dmbsgdms dsbgdo 9039396 BgwIYE 0bx3MMTo30sl, ML LobEgdsdo
943900 3093mb96E0L sds@Egdolals 04dbgds 0bgzmMTogools sigro.

In-Memory dmb53990m 35900l M3oMsdglmdgdo

In-Memory 8mbsggdms 859900l y3gwa®g 360d3690m3560 13065GHbMds 5edscy SOl
9mb539990%g MaOm LEGIRo (3mds. OMAMOE 30 0bgm®Ts30s Fs0GHZ0MOMYds JoMOMS©
dgbbogMgdsdo, ®bmInmo  fgomds dmbsigdgdby  dgbodergdgeros  famdol  MH™OL
3993309 O@. OO MoMmEYBMdOL IMbso3gdgd by godmmzEgdo LOHYIXYDS AOFOLII0M MGM®
LHOsxRs© LEHDBIOEHMW ©oL3Hy MOO0YbEHOMYPD Tmbsgdms dsHgdMsb FgsMgdoom. In-
Memory dmboggdmes 35Hgddo o6 sMOL 530gdgwro, Mmd gOhm a39MGEDHY 0fgMgdmEIL 9M00
GObBogdgos  Om3gdmer  dmdgb@Tdo, Moyb o oM  SMLYGIMOL  godmygbgdEo  239MEOL

3Mb395350o.

In-Memory dmbs3gdms 35300l motymauomo dbsMggdo

3060050 dgbLoghgds HoMdmayqbl 9.§. Igblioggdol sM103AMmI®E FH0odL. Mv) 350003 ds
dmdo, doMomo  dgbloghgdsdo  dgbobyeno  0bRmETo300  03MRGds.  BmdbIsMdYEIMS
3G3wgLemdsL  bs  Fgobobmli  0bgm@dogos  MBGM  bsby®dwogzo  3gMom@om 0ol
009Hgo350 25000dgds Y] 5o Twgdo. o0 WSMYMBOMO THoMOl 3030056 SBOEFOWPIWS©
3MLgdMdL Lvdo Joymdo.

9o0-ghmo  dgbodegdmdss,  NVRAM  (Non-Volatile  Random ~ Access -
999 H®MgbgHR00LsRs0  FM3009d9o  Fgdmbggzomo famds) doMomoo  dgblog®gdol
2090ygqbgds. ol 0b6sbogl 0bgMMTsiosly Jodobsg 30, MMEs 33900 96 5MOL. bbgs TgladegdEMdSS
dmb5399900L Lot bgHgm sLgrols (backup) ao39mgds gMm b FMsgsew olgby, 6 LobEgdgdol
5939000905690 dmboggdms d5BolL (slave database) ©oL3®Bg Tgbobgs  @oblbgsggdmwo
99dEHOMIMTM535000. 00 F900bz9g3500, 099 33905 56 046905, IMbs3gdgd0 03560, Tod®od
35000 50ygbs 890dwgds oLZ0Esb 96 9399 YdMGOMEO BMbsEgdms daBol LobEGdosb.
093930 LamgbgM3Mm Sbergdol 45390900l Lobdo®mol dobgwzom, dgbsdergdgwos dmbsigdgdol

09-6530 900 ©bs3oM9d0.

99b539 Bgbadergdermdss fg3ad0 33920L figs®mb (ups) psdemygbgds, Byafiggadawe 33gdob
dofimqgds. sdom  gLodergdgeros 33990L dm3wyg 3dMOM3000 A3Mf39MEro  3MMdEgdgdol

5300056 9MH0Jds. 33900l bsbaMdwogo AsdmMmM3z0L dgdmbagzsdo gl doaMmds 0bgm®mTsz00lL
LoMgBYM3M dbEol 390 YdIMHP BmMbsoggdms BBl LobEsdo dgbsbgol Lodroegdsls
00935 @5 bobGgds MM OO bbom gs0m0dml, LodmeEmM, ups - gOL Fgodegds ASFMIELOM®
33005 5 06xMOTo305 03U

In-Memory 9mbozgdoms dsBolb Lbgs wstymaomo dbstg Bbgds 0bgm®dsgool Jugeroom
203H0360LsL.  faomdol MM 0bBMEYds. sLgo Fgdmbggzsdo In-Memory dmbsggdoms d5%ol

063006H 35305 MBS 2odmygbgd o 0465l M IS MES.
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05bol LobGgdolbs s sMJoBgdGHwMOL dobgz0m, Ggodwgds 396 dmbpgl 0y039 In-
Memory dmbozgdoms 35Bob godmygbgds. gl 0dsl 608bsgl, Mmd Ggodergds 5993009090 gobgl
36HMAE53MW0 3000 (3300905, M3 IMomMbMgL 53O0 botrxl.

9mbs399g00L ImEemds, GMIgwog 89odegds 8gbsbwaro 0dbsls In-Memory dmboggdos
059500, 8MI0YOM0s 383099EHJMOOL JoMoMso IGHlogMHIOOL TMEWEMBSBY. OMYMOE 3O
do6omso dgblogMads LMo 0dbgds 2s9mygbgdmwo, dmbsoigdms d5Bs Mbs Fooghommls
Bge ol zbg 96 396 @osdGMBML EM6Bod0s.

6 0m355006mo> In-Memory 3mbsagdos dsbols 003¢rgdgb@egos?

06030653008 ©535(30L MOLIOL 53000 S30Wgdol doBboo In-memory dmbsggdoms
05Bs 890d@gds  gomdxmdglgdme 0dbsl NVRAM - ol bs8msengdom. Holomgobsg bdo®Mo
200M0yg69%s xegd dgbliog®mgds, Gobo Towswro VoMGRdMEgdol s IgblogMgdol Foofgcol
50gbmdoL  dgBem3ol  dovbgogs. ©Ibol  Asm0dgzoLsl ol gbdstgds In-Memory
dmbo3gdms dsBol 0bx3mMTo3g00ol Fgbobgsl. Bwrgdo sM0OL JM-gMm0 bodrsEgds, Jogsd dobo
0053560 b53¢05: B3wgd-dgbliog®gdol Fodwol s 3owsfgmol Mom@gbmdgdol wododo.

R900sb ozombgs MM LHMsg0s 300MHg CD ©ob30wsL. LHimMgw sd0@™I demem
OML  30maMgds NVRAM Bodgdo, 6HmIwgdos MHBOWOIgeymagb  madem  dpy®o©
dgbbogMgdsls, 30MY Bergdo.

IMDB 9mbsggdoms dsbgdol  9dMegargbemds, g0 dmbsggdms  396@®3d0  dmbsoggdoms
©5350M330L  Lofobssdgam, dmbogdgdol sLeErgdl slggg 0bsbogl  3EsbGYMOL  dMsgo
30033093gMHdo  (BoBgdoL sbegdols AsoMgds - replication). gl MHOHNYBIGEOYMRL 0Tsl, GMA
BBG9M900 96 50356705 MHMTger0dg 303309BHJMOL Jom0d30L dodm.

31O 3HMEYYIEIO0
dm39dMwo  OHMOL;30L  sMLgdmdL In-Memory 8mbsgdms dsbgdol dogero  boo.

50f9M00s G359 b0dg domysbo:

Redis

Redis 560lL open source In-Memory 0mbsggdoms ULEHOWMIEHMOOL Logsgo, ®mdgwrog
20000ygbgds Mregmey3 dmbozgdoms dabs, Jgdo s message broker - 0. ob FboML MFgOL oLy,
9mbs3g0ms  BHo3gdl, GmymMo@gss string, hash, list, set, LeaBEGHOMGPOWO set - gd0, bitmap,
hyperloglog, 39mb39d&«Mo 0bgdugdo. Redis — i gosbbos 0bGHgamomgdmmo Gg3wozszos, LUA
L3M03BH0byo, LRU eviction - 0, GHMsbbHogsogdo s on-disk 396GLOLEIOGHMMBOL bbgoslbgs
©mbggd0. ol MBOHMB39EYMRL Jowow bgwrdolsfizmdmdsls Redis Sentinel - ol Lodojogdo ©9
93¢Mdo@e partitioning - b Redis Cluster - om. Redis {fo00mopqbl key-value Loogl.

Memcached

Memcached §o630mo@abl mo3olbm open source, dooo  [o®MToMdOL, ™dOYIEHJOOL
39906900l LobGHgdsl  gobsfowrgdmmo dgbloghHgdom. ol 4s63Mmgboeos obsdommo 390
33035309000 dL9BJsMGds IMbBs390075 BBIBY WIEZMMZ0L TgdE30MIOOL bty byY.

Memcached 560l key-value (2oLowgd0-8608369wmds) In-Memory Usgsgo dmboiggdgdol
(string-9%0b s Md09dGHgool) 35@sMs 3mMEogdobmgol. Memcached ds@@030s, 353000 derogdo.

MongoDB
MongoDB  {o60ms@ygbl document-based, distributed Omboggdms dsbsl, MMIgeos
3998600005 9659900MM39 53¢0035(30900L ©I37EM39MHgd0LIM30L s cloud - ologzol.

Bg960 In-Memory 8mbsggdms 350l MHgoeobogoolomzol s306mbogo> Node]S 3ero@gm®mds.
B3960 3OHMa™535 Fgagds Mmmbo dMmEMEoligsb: m3gMs@ommo dgblogMgdol BsMm3gs, BSOWE
Lob@gdado gblogMgdol dstmgs, CLI (Command line interface) - 3G:06530L oG35 3bLe0do,
Bo®ronveno 3938060l BsMm3z0l dmEwyeno.

360M59500 MJoobgdmmos 99090 BbJzombowo: dsbol dgddbs, d5Bol Fodams,
0590l Labgarols 4oa®ddggs, 3magdagool 99ddbs dssdo, 3megdiool Fodws, 3margdszoobomgol
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Lobgol gos6mgdggs, key-value (golowgdo-0603369mds) Bsbsfg®ol ©sdo@gds 3mengdzosdo,
BoBafgMol Fodems key (aoLomgdol) o value-l (3603369cmdol) dobggom. Bsbsfamgdol dgdbs
key qos value-l dobggoom.

36HMaEM505L 5g3b 398omdol Mo Mgg0d0: CLI s Rs®nemo 35380600l dm@ero 56 do®@GHm
CLI (%Bgdmo 50bodbmwo domwosbo 1wvbdzombscro bgwdobsfzmdos). 3s38o6Hol dmowyero
L5 gdsL 235deq3l, MM 300gb@E 53035309005 2o9M0Ygbmb d5Bol IMbo3gdgdo msgz0sbm
33035309030 (LOFMWs3OLMZOL 23543L A53mMYgbgdeo websocket 3HMEHMIMEO).

dmbsggdms d5Bob LEHMMIGHMGS FoMdmoygbowos JSON gm@ds@do. 939 Bo0EIwYH
Lobgdsdo Psfigcs begds 53539 JSON 53m@ds@do.

9939609963 7d0L 890092900 5©0FgMHOE0s FBOOWgddo. 9JudgM0dgbEo BodMs 8909y

dmboigdms dsHgdBY:

9dmbs3gdms dsBs dm9Eo 396boo
MongoDB Document store 4.2.0
Redis Key-value store 6.0.1
Memcached Key-value store 1.6.5
B3960 DB Key-value store 1.0.0

Key-value {jg30c00b Bsfig®mol odmgdo (9F)

do%bo Bobofigtgdol Mom@gbmds

1,000 10,000 100,000 1,000,000
Redis 34 214 1666 14.638
MongoDB 904 3482 26.030 253.898
Memcached 23 100 276 2813
B3960 DB 2.023 20.753 83.021 2.000.236

In-memory 35%900U g99mygqbgds dgblioghgds bofighol m3gemszoolozols (MB).

d5%bo Bobofigtgdol Mom@gbmds

1,000 10,000 100,000 1,000,000
Redis 2.5 3.8 4.3 62.7
MongoDB 56.9 263.6 365 155.9
Memcached 5.3 27.2 211 264.9
Bggbo DB 19.9 25.4 45.2 93.3

dm39dmwo key - ol dobgz00: BsbsfgMol fogzombgol ot (af)

0B Bobofigtgdol Mom@gbmds

1,000 10,000 100,000 1,000,000
Redis 8 6 8 8
MongoDB 8 10 11 13
Memcached 9 14 14 30
B3960 DB 12 18 19 46

125




In-Memory dmbsg3ms 8sHgd0

In-memory 359930l gsdmygbgds dgbliogMgdols fozombgol m3geszoolbomgols (MB)

05bd Bobogegdol Mromgbmds

1,000 10,000 100,000 1,000,000
Redis 13 13 13 1.3
MongoDB 13 2.5 2.5 1.3
Memcached 13 2.5 13 2.5
Bggbo DB 1.9 3.1 3.6 3.9

dm399mwo key - ob Bsbsfg®ol Fods dsbBsdo (aF)

dobo Bobofgegdol Momgbmds

1,000 10,000 100,000 1,000,000
Redis 0 1 0 0
MongoDB 75 88 92 355
Memcached 17 17 16 13
Bggbo DB 204 220 1023 9053

In-memory 35%900U g59tgqbgds dgbliogMgdols Hodarol m3gMsizoolbmzgol (MB)

dobo Bobofigtgdol Momgbmds
1,000 10,000 100,000 1,000,000
Redis 0 0 0 0
MongoDB 10 10 10 11.3
Memcached 2.2 2.1 2.2 2.2
Bggbo DB 22.2 225 322 45.4
33365

B396L BogH Hgowobgdeos In-memory dmbsggdms dsbgdo, G@Iwgdoz 0bxmE@Toiosl

0bsbogs  3m330vBHgeoL  doMoms  dgbloghgdsdo,  BodeMgdmds  9Ju3gM0dghEgods
Q55LEHMES, OHMI:

don  qboFoOHMgdsm  bogwrgdo MM OO  MomEobmdol  0bgm®dsgool
05399853900L5mM30L, 30MY LEBIOEHME IMbs3ETms dsBIOL;

oo 35586050 BggdolLogsb sdmY300gdge0 IMbo3gdms LEOMVEMMS;

obobo M beHbgzgerymagb domswn performance - by s B Fgymzgbgdsb.

In-memory 8mbs3gdms 35%Bgdo 56 0ygbgdgb ol3l non-change Mm39M530900LM30L (BMES
bgds dbmeme a3ombgs), s 09gbgdgb oligl change m3gMogogdolbmgol Mihosgglo
d9L5dEm aBoo.

LEObIOEMo dmboggdoms dsBgdolL in-memory 8mbogdoms dsBgdom BobozgzEgds
d0Bsbdgfimboeros 35906, MmEs LobEIFoLMZOL 9E30WGIJO 5Mds JMBLOLEIBEOMOMdS
(0mbs3gdms “MHmM0gHNIY0s6HIGOMEIMDS).
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In-Memory databases
Manvel Kloyan

Summary

Today, modern systems are required to respond very quickly (for example, less than 1 second).
Standard disk-based database systems cannot provide such a fast response due to the limited access
time. If the complete database can be stored in main memory, access times will be greatly reduced.
In-memory databases are stored in the server's RAM. This gives a huge speed advantage, since data
operations in memory are performed with fewer processor instructions, and data access times with
seek operations are much longer - RAM globally beats hard disks. The article describes several
existing In-Memory databases, their advantages and disadvantages. An example of creating such a

database and the results of experiments are also discussed.

baza gannex In-Memory
Mawger Kroan

Pe3rome

CEI‘O,HH}I OT COBPEMEHHBIX CHCTEM TPe6yIOT O4YE€Hb 6LICTPOI'0 pearnpoBaHUA (HaHPI/IMep, MEHEe
1 CeKyH,ZU:I). CTaH,I[aPTHLIe CHCTeMBI 6a3bl AdHHBIX OCHOBAHHBIE€ Hd AMCKAX HE MOIYT 00eCIIeYnuTh
TaKoOM 6BICTPI>IfI OTKJIMK H13-3d OTPaHWY€HHOI'O0 BpEMEHHM AOCTYyIld K HHUM. Eciu IIOJIHYIO 6513y AdHHBIX
MOJXHO COXpAaHHTH B OCHOBHOM ITaMATH, BpeMsa OCTyIIa 6y,ZL6T 3HAaYHUTEJIbHO COKpAIIE€HO. Bassr
AAHHBIX THWIIA IIl—IIlEIIlOl’y XpaHATCA B OHepaTPIBHOﬁ IIaMATH CepBepa. 210 Aae€T OIpPOMHO€E
IIpenMyIeCTBO B CKOPOCTH, IIOCKOJIBKY OIl€paliviyl C JAaHHBIMH B IIaMATH BBIIIOJTHAIOTCI C MEHBIIHNM
KOJIMYE€CTBOM I/IHCTPYKI.[I/Iﬁ IIpomeccopa, a BpeéMA AOCTyIlda K OJdHHBIM C OIl€panyiaMM THIIA seek
HAaMHOT'O AOJIBIIE — OII€PATHBHASA IIaMATH r7a06a1IbHO 1'[06E)K,II;EIET JKeCTKHe AUVCKH. B craTee ommcanst
HECKOJIBKO CYyIIeCTBYIOIHNX 6as AaHHBIX In—Memory THUIIA, WX IIpEMMYIIECTBAa ¥ HEAOCTATKH.

O6CY)K,ZL3€TCH TaKXe IIpUMeEp CO3JaHUA TaKo# 6a3sI AdHHBIX Y1 PE€3YyJIbTAThI DKCIIEPMMEHTOB.
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Solving the problem of medical diagnostics using the 'K nearest neighbors' algorithm
Natela Ananiashvili, Maia Mikeladze

Summary

The problem of medical diagnostics of several endocrinological diseases is considered. To solve
the diagnostic problem, one of the Data Mining methods is used - the “K nearest neighbors” method. Due
to the qualitative nature of the clinical data of endocrinological diseases, the Hamming distance was used
in the “K-nearest neighbors™ algorithm. To improve the diagnostic accuracy, the K parameter value was
selected and a modified version of this algorithm with weighted voting was applied.

Pemenue npo6saeMbl MeIMIIUHCKOM TMATHOCTUKHM € OMOIIbI0 ajgroputma «K oamkaiimux
coceaein»

Hamena Ananuaweunu, Maiia Muxenaosze

Pesiome

PaccmoTpeHa 3amaua  MEIUIMHCKON  JUAarHOCTUKU  HECKOJIBKMX  SHAOKPHHOJIOTHYECKUX
3aboneBaHui. [yt peleHuss TUarHOCTUUECKON 3a/1auM UCIIONb3yeTcs OMUH M3 MeTonoB Data Mining -
meron «K Ommwkailmmx cocenei». BBHIy KayecTBEHHOIO XapakTepa KIMHHYECKUX JaHHBIX
SH/IOKPHUHOJIOTHUECKUX 3aboneBanuii B amroputMe «K Ommkailmux cocepelt» HCHOIB30BaIOCh
pacctosiHue XeMMHUHTa. J[71 MOBBIIIEHUS] TOYHOCTH JHArHOCTUKU OBLT OCYIIECTBIEH ITOA00p 3HAYEHHMS
nmapamerpa K u npumeHeHa MoaM(GHIMpPOBAHHAas BEPCHA 3TOTO alNrOPUTMa CO B3BEIICHHBIM
TOJOCOBAHUEM.
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IIpuMeHeHne AepeBbeB pelleHuil B 3aga4e AuddepeHunanbHOH IMarHOCTUKH
¢opm caxapHoro nuadera

Mauis Mukenaosze, Baoum Paozuesckuii

mikeladzemaia@yahoo.com, v_radzievski@yahoo.com
Pe3iome

PaccmaTpuBaercs 3agaya qudepeHnmaibHoil JuarnocTuku popm caxapuoro auadera. s
pelleHHs JTOH 3a1a4U NPHUMEHSAETCH OJMH W3 METO/0B MHTE/UICKTYaJbHOI0 AHAJIM3A JAHHBIX —
MeTOJl /iepeBbeB pemieHni. JlepeBbsl peleHHil IMHUPOKO MCHOJBL3YIOTCH ISl 3224 MEJIMIIUHCKOI0
AUATHOCTHPOBAHHUS, 4YTO 00YyCJOBJICHO TAKMMH HX JOCTOMHCTBAMH, KAK. HHTEPHPETHPYEMOCTH
KJIACCH(PUKAIMOHHBIX MNPAaBWI; BO3MOXKHOCTHL PadoThl KaK C 4YHCJIOBBIMH, TaK H €
KATErOpUAIbHBIMU  JAaHHBIMH; BO3MOXKHOCTH ABTOMATHYECKOr0 O0TOOpPa  CYIIECTBEHHBIX
NPHU3HAKOB; OBICTPBIN mpouecc 00y4eHUs; AOCTATOYHO BBICOKAS TOYHOCTH KiaaccH(pUKANMOHHOI
Monean. B nanHoii padore mpH NOCTPOCHMH JAMATHOCTHYECKOIO [epeBa pelleHUil, B KadecTBe
KpHUTepHs pa30HeHHs NMPeNI0AKEHO HUCIONb30BATH IBPUCTHYCCKUI KpuTepuii HHGOPMATHBHOCTH
npusHaka. CpaBHeHHe MOJY4EHHOTI'0 /iepeBa ¢ IepeBOM, IIOCTPOCHHBIM € HCIO0JIb30BAHMEM HH/EKCA
Gini, moka3ano, 4ro MHoOrue ¢parMeHTbl JepeBbeB HIEHTHYHBI, XOTS TIJyOMHA y aepeBa ¢
KpuTepueM HHGOPMATHBHOCTH MeHbIIe, 4eM Yy AepeBa ¢ mHaekcom Gini. IIpu 3Tom 06a nepeBa
NMOKAa3aJ¥ HICHTUYHYI0 M JOCTATOYHO BBICOKYI0 TOYHOCTH JHATHOCTHPOBAHUSI HA TECTOBOIl
BBIOOpKE, YTO YKA3bIBACT HA ONpPe/e/IeHHOEe IPEeNMYIIECTBO NPEeJIOKEHHOI0 KpUTepusl pa3oueHns.

Kirouessie ciopa:

MEHIHHCKAA JHATHOCTHKA, JEDEBbA DEMEHHH, KPHTEPHE pa30HeHHd, HH@OPMATHBHOCTD
IIpH3HAKA

|. BBEAJEHUE

Ha coBpeMenHoi# cTagun pa3BuTHs 00IIecTBa HHPOPMAIIIOHHO-KOMM yHHUKAIIMOHHBIE TEXHOJIOTUH
IIMPOKO HCTIONB3YIOTCS B Pa3iMYHBIX chepax JesTebHOCTH denoBeka. OmHOM n3 aTHx cdep sBisieTcs
MeIuIMHA, T7e Bce OoJee aKTHBHO WCIIONB3YIOTCS pPAa3JIMUHble MEAWIMHCKHE HWH(OpMalnoHHbIE
CHUCTEMBI: CUCTEMBI TOICP KK MpuHATH MeauimHckux perreHnit (Clinical Decision Support System —
CDSS); snektpoHHble MeaulnHCKUe 3amiuck o nanuentax (Electronic Health Record - EHR); nanubie
MEIMIMHCKUX HcclienoBannii B 1udpoBoit ¢opme -  abopaTopHble HHPOPMAIOHHBIE CHCTEMEI
(Laboratory Information Management Systems - LIMS), paauonorndeckue MHGOPMAIMOHHBIE CUCTEMBI
(Radiology Information System - RIS), cucreMbl coxpaHEHHs MEIUIMHCKUX H300paxkeHuid (Picture
Archiving and Communication System - PACS); cucrembl OHOMOHUTOPHHTA;, anTEYHbBIC
nHdopmanmonnsie cucreMsl (Pharmacy Information System (PIS); cucremsl, obecrieunBaromnye oonieHne
MEXIy COPTYJHHKAMH M TOMJCPKKY (UHAHCOBO-aIMHHHCTPATHBHBIX (YHKIHMHA B JIe4eOHOM
yUpeXIJeHnH. B  COBOKYMHOCTM OHM MOTYT pEajM30BBIBATH  KOMIUIEKCHYIO  METUIMHCKYIO
MH()OPMAMOHHYIO CUCTEMY JICUEOHOTO YIPEXKICHHSI.

Uro xacaercs CHCTEM MOJUICPKKA TpHHATUS MemuiuHckux pemenuit (CDSS) - 310
MHTEIUIEKTyalbHble WH(QOpPMAIMOHHBIE CHCTEMBbI, NpeIHa3HAuYeHHBbIC Ul PaCIIMPEeHHs BO3MOXKHOCTEH
Bpaueil B CIIOKHOM IIpoOLiecCe NMPUHSITHS pELICHUs] Ha pa3HBIX dTamax JiedeHus. Kak mpasmio, 6aza
3HAHUH TAKOW CHUCTEMBI COAEPKUT SKCIEPTHBIC 3HAHMS, HAKOIUICHHBIE B KOHKPETHOH cdepe MeIUIUHbI,
Ha OCHOBE KOTOPBIX CHUCTE€Ma M BBIJAET KIMHHYECKHUE PEKOMEHJIAIMHU. XOTs, B IOCIEIHee BpeMs, IpH
paspaborke CDSS Bce uwaime ucrmonb3yoTcs TexHoimormu Data Mining, mo3Bonsiomue BBIABIATH
CKpBITHIC 3HAHUS W 3aKOHOMEPHOCTH M3 OOJBIIMX MAacCHBOB KIMHHUYECKHX IaHHBIX. OcoOeHHO 3Ta
TEHJCHIU IIPOCIIeKHUBAETCS MpH paspadorke quarnoctudecknx CDSS.

B nannoii pabore paccMaTpuBaeTcs 3a7a4a MEAMIMHCKONW JMAarHOCTHKH, JUIsl PEIICHUST KOTOPOit
NpUMEHsieTcsl OnMH W3 MetonoB Data Mining — wmerox aepeBbeB pemieHuid. [lpu  mocTpoeHuH
JIMarHOCTHYECKOr0 JepeBa pElIeHHH, B KadecTBE KPUTEpHsl pazOMeHMsl Npeiaraercs HCIOIb30BaTh
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IBPUCTUYECKUN KpUTEpUH MH(GOPMATHBHOCTH NPU3HAKA, KOTOPBIA YCIICIIHO BBISBIISCT CYIIECCTBEHHBIC
JIMAarHOCTHYECKHE MTPU3HAKU U 00ECIIEYNBACT JOCTATOUYHO BBICOKYIO TOYHOCTh TMATHOCTUPOBAHHUSL.

1. 3ADAYA MEJUITMHCKOM TUATHOCTUKHA

3amaya METUIIMHCKON TUATHOCTHKH MPEICTABISACT COO0H 3aauy KIacCH(PUKAIH U 3aKITF09aeTCS
B OTHECEHWH COCTOSHHS TAlMEHTa K KOHKPETHOMY 3a0o0JNieBaHHIO (KJIACCy) Ha OCHOBE CHMITOMOB H
Pe3yaBTaTOB O0CICIOBAHMUI.

Bonbimoe KOMMYECTBO CHMIITOMOB, KOTOpPBIE HEOOXOMMMO YYHTHIBATH, BEIHYXKIAaeT Bpada
Pa3IeTUTh 3TH CUMIITOMBI Ha KaTeropud. s KaIoro KOHKPETHOrO 3a00JI€BaHus, TI0 JUATHOCTHIECKOM
3HAYUMOCTH Pa3IMYaioT cnenuduueckue, HecnenupuIecKue ¥ NaTOrHOMOHUYHBIE CUMITTOMBI [1].

JuarHoctrka 3a0oneBaHus OOBIYHO OCHOBAHA HA BBIIBJICHUH CHHIPOMA 3a00JICBAHUS - CTOHKOIO
COYCTAaHUS CIEIU(PUUSCKIX W HECTICIU(PUISCKUX CHMIITOMOB, KOTOPHIC MPEICTABISIOT XapaKTEPHYIO
KapTuHY Oone3Hu. Ha mmepBoM STame MUATHOCTHPOBAHHS Bpad CTABUT INPEIBAPUTEIBHBIA JIHATHO3,
TOYHEE, HECKOJIBKO BEPOSTHBIX JUATHO30B C COOTBETCTBYIOMIECH OIIEHKOH ,.BeposTHocTH . Vcxoms w3
MPEBapUTEIFHOIO  JWAarHO3a, Bpad IUIAHUPYET KOMIUIEKC  HHCTPYMEHTAIBLHO-IA00pPaTOPHBIX
o0cie0BaHuM, pe3yabTaThl KOTOPOT'O MO3BOJAT IIOCTABUTh OKOHYATEIBHBIA JUAarHo3. [[Isi mocTaHOBKH
MIPAaBIWIBFHOTO JWArHO3a Taxke HeoOXoauMo mpoBecTd auG(hepeHIHaTbHYI0 JUATHOCTUKY - 3TO METO.
JIUATHOCTUKY, KOTOPBIA HWCKIIOYaeT 3a00JCBaHUS CO CXOAHBIMH KapTHHAMH TIPOSBICHUS, HE
MOJXOMAIINE IO KAKUM-THOO CHMIOTOMaMm, 9TO B KOHEYHOM CHYETE IOJDKHO CBECTH JHATHO3 K
SIMHCTBEHHO BeposATHOH Oone3nu. CHMITOM, O KOTOPOMY IIPOUCXOMUT WCKIIOYCHUE CXOJHOTO
3a0oneBaHus, Ha3bIBaeTCs AU HEePeHITNATEHBIM CHMITTOMOM.

Kak yxe OBUIO CcKa3aHO, 3a7aya MEIUIIMHCKOW JUATHOCTUKU TIPEICTABISCT COOOH 3amauy
knaccupukai. B 3TOM ciiydae TpUMEHSETCS CIeHapuii OOYYEeHHUsS C y4HUTelleM: HaOOp HCXOTHBIX
KIMHMYCCKUX JAHHBIX pa30WBaeTcss Ha JiBa MHOXECTBa — oOydJaromee W TecToBoe. Ha ocHOBe
00yJaromiero MHOXKECTBA CTPOUTCS KIIACCHU(DHUKANMOHHAS MOJIETh, 3 TECTOBOE MHOXKECTBO HCITONB3YeTCS
JUTSL OIICHKH TOYHOCTH Mojenu. [TomydeHHas MOIelTb MOXKET OBITh IPEACTaBICHA KIIACCU(PUKAIIMOHHBIMI
MIpaBWJIAMH, JCPCBOM PEIICHUI WM MaTeMaTHIeckod (opmymnoil. OueBUAHO, 9TO KIacCH(MUKAIIMOHHAS
MOJIeNTb, TIOCTPOCHHAS IUTS 3aJa4d OWMHApHOW KIaCCU(pHUKAIMA HA OCHOBE KIMHHUYCCKUX MAHHBIX IBYX
CXONHBIX 3a00JI€BaHUH, TO3BOIUT OCYIIECTBUTH MTUP(PEPCHINANBHYIO JUATHOCTHKY 3THUX 3a00JICBaHUIA.
CymectByer MHOKeCTBO MerogoB Data  Mining, mnpenHa3HayeHHBIX Ui PEUICHUS  3a]a4d
knaccupukamy. B qanHON paboTe paccMaTpUBaeTCsl METOM ICPEBHEB PEIICHUIA.

I1I.METO]1 IEPEBLEB PEIIIEHUIA

Mero AepeBbEB pEIICHUI SBJISETCS OXHUM M3 HauOolee YacTo HCIIONb3YeMBIX METOJOB B
3ajayax Kiaccupukamum. DTOT METOA IMO3BOJSET MPEACTaBUTh INpaBWia KIACCH(DUKALMKA B BHIC
HEepapXUYecKoro IepeBa, KaxIblil y3ell KOTOPOro MpOBepsieT OAWH atpubyT (mpu3Hak). B 3aBucumocTn
OT pe3ysbTaTa MPOBEPKH OY/AET OCYIIECTBIEH MEPEXO B OJWH M3 Y3JIOB CIEAYIOLIETO YPOBHS, a 3aTeM
OyIeT IpOBEPEHO YCIOBHE, CBA3aHHOE C ATUM y3i1oM. IIpouecc IpoBepku NPOAOIDKAETCA A0 CaMOro
HIDKHETO YPOBHS, y3JlaM KOTOPOrO HPHUIHCAaHBl MMeHa KiaccoB. CyliecTBYeT MHOXKECTBO aJITOPUTMOB
MOCTPOCHHUS IepeBbeB pelieHuit, Hanpumep, ID3, CART, C4.5 [2].

JlocTonHCTBa AE€PEBBEB PELICHUA:

—  MHTEpPIPETUPYEMOCTh KIACCU(PUKAMOHHBIX MPABUIT;

—  BO3MOXXHOCTb pabOThI KaK ¢ YHUCIOBBIMH, TaK M C KATETOPHAILHBIMHU JJAHHBIMHY;
—  BO3MOXXKHOCTh aBTOMATHYECKOr0 0TOOpa CYLISCTBEHHBIX TIPH3HAKOB;

—  OBICTpBIII porIece 00yUCHHUS,

—  JIOCTAaTOYHO BBICOKAsi TOYHOCTB KJIACCH(DUKAIUOHHON MOIEIH.

Crenyer TakKe OTMETHTB, YTO JIEPEBbs PEIICHHUH AlOT MOJIE3HBIC PEe3yIbTaThl TOJIBKO B Ciydae,
€cIM HE3aBHCHMBIX IIPU3HAKOB. KpoMme TOro, NoCTpOeHHE AEPEBHEB pEUICHHH 3aTPyAHO NPH OUYCHb
60bIIOM 00BEME UCXOIHON MH(OPMAITHH.

Korma oOBeKTBl ONUCHIBAIOTCS KAYECTBCHHBIMH MpPU3HAKAMH, JUIA  PCIICHHA 3a7avu
KJaccu(UKauy HCTIONB3YIOT OMHapHBIE AepeBbs pemeHui (puc. 1). B aTom cimydae u3 kaxmoro ysia
BBIXOAT TOJNBKO 2 BETBH: JIEBas — COOTBETCTBYIOMIAs BHIMOJHEHUIO YCIOBUS, Pa3MELIEHHOTO B y3Je, U
IpaBasi - COOTBETCTBYIOIIASl HEBBIIOIHEHHIO YCIOBHS. B cilydae MEAMIMHCKMX NaHHBIX B KauecTBE
aTprOyTOB BBICTYNAIOT CUMIITOMBI, @ YCIIOBHE MPOBEPSIET, IMEETCS JIM y MAIMEeHTa COOTBETCTBYIOLIMH
CHMIITOM.

st mocTpoenust OMHApHBIX JepeBbeB perreHnii ucnonpizyercs anroput CART. Ha kaxmnom mare
9TOr0 AJIropuTMa B y3J€ JepeBa pasMemaercss arpuOyr (IpH3HaK), OOecreuMBaroIINi HawTydiee
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pa3OueHne oOydaromiedl BbIOOpKH. JlelieHWe cyHuTaeTCs HAWIY4YIIUM, €CIM B JICBOM 4YacTH y3ia
OOJIBLIMHCTBO OOBEKTOB MPUHAICHKAT OJHOMY KJIACCY, a B IIPABOH YaCTH - BTOPOMY KJIaccy.
st oneHky KauectBa pazbuenus B anopurme CART ucnonssyercs uaaexe Gini [3]:

Gini(T) =1 —Y", p?,

rae T — obydaroiast BeIOOpKa, N — KOJMYECTBO KIIACCOB, Pi — BEPOATHOCTH I-ro Kiiacca B BoIOOpKe 7.
KauectBo pa3zouenus Bpioopku 7 Ha 1Ba MHOXKeCTBa 71 U 1> OIICHUBAETCS 1O (hOPMYIIE:

Ginigy (T) = % Gini (T,) + % Gini (T,),

rae Ni u N2 — konuaecTBo 00beKTOB BO MHOKecTBax 11 1 T» coorBerctBeHHo, N = N; + N, — konuuecTBo
00bexToB B BbIOOpKe T. Hammydmmm pa3buenneM BeIOOpKH ' OyAeT cuuTaThes pazOHeHHe, Ha KOTOpPOM
JOCTUTACTCA MUHUMYM HHICKCA GiNigy ;e (7).

s y3na GuHapHOro aepepa unaekc Gini npumer cnemyromuid Buj [3]:

2 2
- _ L n L R n i .
Ginig,;e = ™ [1 — D=1 (Z) ] +5 [1 =it \z) | 2 min,

rae L u R — xonnuecTBO 0OBEKTOB B JICBOM U IIPABOM IOTOMKE y3ia cootBercTBeHHO (L + R=N), aliur;
— KOJIMYECTBO OOBEKTOB I-I'0 Klacca B JICBOM M IIPaBOM ITOTOMKE y3Jia COOTBETCTBEHHO, | =1 ... N.

B pesymbrare ympomenus (GopMynbl KpUTEpHH OLEHKH KadecTBa pa3OMEHHs OKOHYATEeIbHO OyneT
BBITJISIACTH Tak [3]:

n

n
~ 1 1
Gt =7 ) 2 +—-n ) r? - max.
plit L i R i
i=1 '

=1

Pexe B anroputme CART ucnosnp3yroTes Apyrue Kpurtepuu pazouenus: Twoing, Symmetric Gini u jp.

B nanHOi paboTe mpH MOCTPOCHUH JMATHOCTHYECKOrO JIepeBa PELICHHU, B Ka4eCTBE KPUTEPHS
pa30ueHHs MPEeAIaraeTcsi UCIOIb30BaTh IBPUCTHUCCKUI KPUTEPHH MH(POPMATUBHOCTU TPH3HAKA B TOM
BHUJIE, B KAKOM OH OINpeiesieH B padore [4]:

I(x) =P(x) - D(xp),i1=1, ...k,

rie P(x;) = %:‘), D(x))=1- %’:‘),

P.- xonn4aecTBO 00BEKTOB B BRIOOpKE, ITPHUHAUISKAIINX Kiaccy C;

N, - KOn4ecTBO 0OBEKTOB B BEIOOPKE, MPHHAUIEKAIINX OCTAJIBLHBIM KJIaccaMm;

pc(%;) - KOMM4eCcTBO OOBEKTOB B BBIOOPKE, MPUHAICKAIIMX KIIACCY C, ISl KOTOPBIX BBINONHICTCS
ycnosue x; = 1;

n.(x;) - KOIU4eCTBO OOBEKTOB B BBHIOOPKE, NPUHAICHKAIIMX OCTAIBHBIM KJIACCAM, Uil KOTOPBIX
BBINOJNHSACTCS ycioBue x; = 1.

OueBumHO, cUMNTOM (IPU3HAK) X XapaKTepU3yeTrcss BBICOKOW HMH(GOPMATHBHOCTBHIO IO
OTHOIIEGHHIO K KJIACCY ¢, €CIM OH Habiromaercs y OOJNBIIMHCTBA MAIMEHTOB Kjacca ¢ M IOYTH He
BCTpeYaeTcs y MalMeHTOB U3 APYTUX KiIaccoB. SIcHO, 4To MH(OPMATUBHOCTH NPHU3HAKA Y OBIETBOPSET
YCIIOBHIO, 00eCIIEUNBAIONIEMY BBIOOp HAMITYUILEro pa3OneH st BEIOOPKH.

3armumemM ¢opMyay MHGOPMATUBHOCTH Ul CIydas ABYX KJIACCOB B OOO3HAUEHMSX AITOpUTMa

Cart:
L Ty Lr
P =—, D = —, I, =
1) L+n 1) L+mn ! L+r)-(L+1) o max
I, 7 L'
P(x) =—*—, D,(x)=——, I, =
X0 == D= b= Ty T

C TOuKM 3peHHs BBIYHUCIICHUH, (popMysia HHPOPMATHBHOCTH CPaBHUTEIBHO Mpomie uHaekca Gini.
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I\VV. BUHAPHBIE JIEPEBbS PEIIEHUI IJI1 JUOOEPEHIIMAJILHOMU IMATHOCTUKI
®OPM CAXAPHOI'O TUABETA

IMpakriueckas peanmsammst anmroputMa CART Obuta ocymiecTBieHa AJIsl peIICHHS 3aJadyd
muddepennmansHoil quarHocTuku GopMm caxapHoro auabdera — quadera | u |l tuma. Kak Obuto BbIme
OTMEYEHO, JIepeBO PEUICHUH Ul OMHApHOW KiacCH(UKAIMH, I/ie B Ka4eCTBE KJIACCOB BBICTYNAIOT J[Ba
CXOOHBIX 3aboneBaHust, (AKTUYECKH pemaer 3afady AudQepeHIManbHOl JTHarHOCTUKH — OTHX
3aboneBannii. IIpm 3TOM NpH3HAKOM aJEKBATHOCTH (C MEIMIIMHCKOW TOYKH 3PEHHS) IOTYYEHHOTO
JMarHOCTMYECKOT0 JepeBa SIBIISICTCS HaJWdMe B Yy3Jlax JepeBa cHeluduieckux Hu, OCOOEHHO,
i epeHInaTbHbIX CUMITOMOB 3a0oneBaHus. 13 Bcex CHMNTOMOB, MOTYIIHMX ONMCATh COCTOSIHUE
nanyenTta, ObutM BbIOpaHbl 20 CHMITOMOB, BKIIIOYAlOmMX B ceds 9 Hecnermuduueckux u 11
crnenudUIecknX CHMIITOMOB, M3 HHUX 5 aud¢epeHIManbHBIX CHMNTOMOB. KilmHHWYeckue maHHbBIE
cojiepkann aHHble 60 marueHToB ¢ auarHo3oM auadera | u 40 manmenrtoB ¢ quarsosom nuadera Il. C
YUETOM KauyeCTBEHHOI'O0 XapaKTepa CHMIITOMOB OBIIM ITOCTPOCHBI OWHApHBIE JEPEBbSI DPEIICHHH C
UCTIONB30BaHMEeM Kak HHIekca Gini, Tak u KpuTepus WHGHOMATUBHOCTH, U MPOBEACH CPABHUTENbHBIH
aHaJIM3 MOJYYEHHBIX PE3YJIbTATOB.

Kak okazanoch, mpu ManbsIx oO0bemax oOydaromiedl BBHIOOpKM o0a KpuTepusi pa3OMeHHst JaloT
WJICHTUYHBIE JIepeBbs pemeHnil. B ciryuae obydatomeii BEIOOpKH 00IbIIOro 00beMa, JAepeBbs PElIeHHH,
MIOCTPOEHHBIE 10 Pa3HBIM KPUTEPHSIM, COlEpKaIH KaK UICHTHYHbIE, TaK U pa3ian4yHble pparMeHTsl. B TO
K€ BpeMs [epeBO, IOCTPOSHHOE I10 KPUTEPUIO HH(GOPMATUBHOCTH, COJEP)KAIO MEHbIIE YpPOBHEH
(puc.1,2).

Ja
D1
a HET a HET
D1 (033
( ) D1 D1 D2
D2 (0.67)
2 — CYXOCTE EO PTY; 3 — MOMHYPHA; ¥ — oHeMeHHe HOT, 2 — YXyJOIESHHe SPEHHA;
13 — OOTIHECCTS; 18 — samax anerona; 19 — eospact 45 met B cTapme; 20 — HacaegCTEEHHOCTE.

Pac. 1. Knaccudmranmossoe gepeso pemensi gma gnatera I m II Tama, mocTpoeHHOE HAa OCHOBE
EPHTEPHA HEGOPMATHEROCTH.

B oboux crmygasx OBUIM BBIACICHBRI OMHM W TE€ K€ CHMIOTOMBL: 4 cummnromMa u3 9
Hecrienupuuecknx, 9 cumnromoB w3 11 cmemuduueckux, B TOM umciae 4 caMOTomMa u3 S
uddepeHIMATBHBIX, YTO YKa3bIBACT Ha a/ICKBATHOCTD ITONYUYCHHBIX PE3YIbTATOB C MEITUIIMHCKON TOUKH
3peHus. B To e Bpems, TpU MPOBEpKE TOYHOCTH KIAcCH(PHUKAIMM HAa TECTOBOW BBIOOpKEe oba mepeBa
Jany MACHTUYHYIO U JIOBOJBHO BBICOKYIO TOYHOCTH - 83%. Bce 3TO yka3piBaeT Ha omnpeneseHHOe
MPEUMYIIECTBO HAIETO KPUTEPHUS.

V.3AKJIIOYEHUE

Z[CPCBBH pCHICHI/Iﬁ ycrienHo HUCHOJIB3YIOTCA  JId  PCHICHUA  3aa4 MCIUIIMHCKOI'O
AUArHoCTUPOBAHU. OcHOBHBIE JOCTOMHCTBA JACPCBLCB pCHICHI/Iﬁ - HUHTCPIIPCTUPYCMOCTD
KJIaCCI/I(i)I/IKaL[I/IOHHI)IX npaBuWil; BO3MOKHOCTb pa60T},1 KaK C YHUCJIOBBIMH, TadK U C KaTCTOPUAJIbHBIMH
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JaHHBIMH, BO3MOXXHOCTH aBTOMATHUYCCKOI'O 0T60pa CYHICCTBCHHBIX ITPU3HAKOB; 6BICTPBII71 mponecce
O6y‘~IeHI/IH; JOCTAaTOYHO BBICOKAas TOYHOCTh KJ'IaCCI/I(l)I/IKaHI/IOHHOI\/'I MOACIIN.

D1(033)] [ py

D2 (0.67)
2 —CYXOCTE BO PTY; 3 — IOTHYPHA; 5 — CHeMEHHE HOT; 12 — yXyameHne SpeHuT;
13 — nOTOHMEOCTE; 18 — sanmax ameTona; 19 —Eospact 43 net v cTapme; 20 — HACTEICTECHAOCTE.

Prc.2  KnaccmdmranmoHHOE Jepeso pemernd gna guabera [ m I Tama, nocTpoeHHOE Ha oCcHOEE
HHOeECa (Fini

3amaua guddepeHINanbHON  AMArHOCTHKHA — (aKTUYECKH  sBISIeTCS  3ajadeld  OMHapHOW
KinaccuuKkanuy, rAe B KayecTBE KIAcCOB BBICTYNAIOT [JBa CXOAHBIX 3a0oneBanus. C  yueToMm
Ka4eCTBEHHOTO XapakTepa CHMIITOMOB, C JaHHOW 3ajqadeid ycmemHo copasisercss anroputm CART,
TIpeiHa3HaYeHHBIH IS IIOCTPOCHUS OMHAPHBIX IEPEBHEB PEILICHHUM.

OnHOll M3 BaXXHBIX XapaKTEPUCTUK AITOPUTMOB TOCTPOEHHS AEPEBBEB PEILEHUN SIBIISETCS
KpuTepuid pazouenns. B naHHOW pabore B kKauecTBe KpUTEpHsi pa3OMEHUs NPEUIOKEHO HCITOIb30BATH
KpUTepUi MHPOPMATHBHOCTH Ipu3Haka. CpaBHEHHE pE3yJbTaTOB MOCTPOCHUS OWHAPHBIX IEPEBHEB C
UCTIONB30BaHMEM Kak wWHAekca Gini, Tak W Kputepus HWHGOMATHBHOCTH I10KAa3ajo, YTO MHOTHE
(parMeHThl epeBbEB MICHTHYHBI W COZAEPXKAT OOJNBIIMHCTBO creU(UYecKuX U audQepeHInantbHbIX
CHMITTOMOB, XOTsI INTyOWHA Y JiepeBa ¢ KpUTEpHeM HH(POPMATHBHOCTH MEHBIIIE, YEM Y JIepeBa ¢ HHJEKCOM
Gini. Ilpu »ToM o00a JepeBa TOKAa3ald MJICHTUYHYIO W JIOCTAaTOYHO BBICOKYIO TOYHOCTh
JIMarHOCTHPOBAHMS HAa TECTOBOW BBIOOPKE, YTO YKa3blBae€T Ha OINPEACICHHOE IPEUMYILECTBO
TIPE/ITIOKEHHOTO KPUTEPHsI pa3OneHUsL.

3905{Y3930gdols bggools 35dmygbgds Fsgd®osbo osdgEol BmGIGOOL
©0x9MI6E05HO ©OsabmlGMYdOL 5333560l @owslivFMHgusm
505 Bodgersdy, 2500 Gsdogzlz30

®9body

39bobogds  GodMm0sbo  ©0sdgEHOL  BMMIGOOL  EOBIMHIBE0IWMMO  OIYBMLEHOMYBOL
36Mdgds. 53 3OHMOEGIoL  QoILOFMIWO®  A98M0Yyghgds  Bmbsigdms  0bG g oMo
3b65¢0Bob 9M0-9M000 FINMEO - FosFY39EGH0MgdOL bggdols Igommo. 39sHY39G0wgdol bggdo
ROOMME 399M0Yygbgds 1odgEOE0bm  OsABMBEBH0MGOOL 3HMIEGIJOOL  gooLOFMIS©, o3
390mf39mwos  obgmo  30MsGHIIMIJPOM,  BIMYMOOBsS:  3slogozsool  Fglgdols
06¢9M36M9Ho3ool  Gglodwgdmds; MMMz Mogbgom, oLy m30LMdMO3  IMbs3gdmMSb
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9mBomdol  GgLodgdEMmds;  9®Lgdomo  60dsb-m30l90900L  53BHMsGHGO  JgmBg30L
99L59gdMds; LHogengdol LHMoxo 3MHM3gLo; 3esloi03530IM0 dMmEIEol B5305MmE FoMsEo
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096G MO0 s bs3domE Fowowo LOoBMLEY. Y3903y gb 80MOMGIL FgoMmMsz5HYdWWo
©594Mx30L 300GgMH0Mdob 3560339210 M30MEJLMdIDBY.

Application of Decision Trees in the Problem of Differential Diagnosis of Diabetes Mellitus
Forms

Maia Mikeladze, Vadim Radzievski

Summary

The problem of differential diagnosis of diabetes mellitus forms is considered. To solve this
problem, one of the Data Mining methods is used - the decision trees method. Decision trees are widely
used for problems of medical diagnostics, due to such advantages as: interpretability of classification
rules; the ability to work with both numerical and categorical data; the ability to automatically select
essential features; fast learning process; sufficiently high accuracy of the classification model. In this
paper, when constructing a diagnostic decision tree, it is proposed to use a heuristic criterion of the
informativeness of a feature as a splitting criterion. Comparison of the resulting tree with the tree built
using the Gini Index showed that many tree fragments are identical, although the depth of the tree with
the informativeness criterion is less than that of the tree with the Gini Index. Moreover, both trees showed
identical and sufficiently high diagnostic accuracy on the test sample, which indicates a certain advantage
of the proposed splitting criterion.
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Ipenioxkena ©W NPAKTHYeCKH Ppealn30BaHA HHTE/UICKTYalbHasi JAHATHOCTHYECKAs
NMOACUCTEMA VIS HHTEJIEKTYAIbHON CHCTeMBbI IOJIeP:KKH NPUHATHA BpadyeOHoro pemenus. Jlis
pellieHHs 3aJa4d MEJUIMHCKOI0 JMATHOCTHPOBAHUS HCIOJIbL3YeTCS METOJ MOMCKA ACCOLMAIMIM.
Jaércs onucaHue MOCTPOoeHHs 0a3bl JAAHHBIX, HCIIOIb3yeMOH /ISl MHTENJICKTYAJIBHOI0 aHAJIHM3a
aannpix (Data Mining). lanHas wuxesi mNoCcTpoeHMsi 0a3bl JAHHBIX MO3BOJIAET CO3AaBaTh
OTHOCHTEJIbHO YHHMBEPCAJIBbHYI0 INPOrpaMMy, KOTOpPas MOKeT ObITh HCIIOIb30BAHA BO MHOIHMX
cucTeMax NMOAIeP:KKH NPUHATHA pemieHus. He0onbmme Texunyeckue u3MeHeHHs: 6a3bl JaHHBIX U
€CaMOro TeKCTa NPOrpaMMbl MO3BOJISET A0Pad0TAaTh MPOrpamMMy Ui JUATHOCTHKH TpeldyeMbIX
3abonepanuii. IlpuBomuTes KpaTkoe ommcanme paGoTbl moacucreMbl. OObsicHAETCS TNPHHIMIIL,
NMO3BOJISIIONMI MOACHCTEMe BbIPA0ATHIBAThL pelleHHe, CBA3aHHOE ¢ INOCTAHOBKOH JUarxHosa
NManueHTa.

KiroueBkle ciioBa:

Cucmema noodepircKku npunAmMUA peuieHuil, 6a3a OaHHBIX, OUAZHOCMUKA.

B mnocnennue roapl MHPOPMALMOHHO-KOMMYHHKAIIMOHHBIC TEXHOJOTHH BCE 0OoJice aKTUBHO
UCTIONB3YIOTCS B MEIMIMHE. DTO KAacaeTcsl HE TOJBKO KOMITBIOTEPHOH M 3JEKTPOHHON METUIIMHCKOM
TEXHUKH, HO U Pa3JINYHBIX MEIUIMHCKHX WH(POPMAIMOHHBIX chcTeM. OCOOCHHOe BHUMAHHE YACISACTCS
cucTeMaM MoAAepKKU npuHaTus BpadeOHoro pemenus (Clinical Decision Support System — CDSS), B
YaCTHOCTH, UHTEIICKTYaJIbHBIM CHCTEMaM MEIUIIMHCKON THArHOCTUKH.

Kak n mobas wmHTemmextyanmpHast cucrema, CDSS pabGoraer B 1OByx pexmmax: B pexnme
npuoOpeTeHHsl 3HAHMHA M B PEXUME pelleHus 3amad. B pexxume mpuoOpeTeHHs 3HaHUN 0a3a 3HAHWIA
HHTEJUICKTYaIbHOW CHCTEMBI 3aIlONTHICTCS SKCIEPTHBIMU 3HAHUSIMH, KOTOpPBIE MO3BOJISIIOT €l B PeXKUME
pelIeHUs] caMOCTOSTENIFHO pemaTh 3afadu w3 obiactu skcneptsbl. [Ipnm paspaborke CDSS Taroke
UCTIONB3YIOTCS TexHonoruu Data Mining, mo3BoJISIOIINE BBISBIATH CKPBITHIC 3HAHUS M 3aKOHOMEPHOCTH
B OONIBIIMX MAacCHUBaX KIIMHUYECKHX JAHHBIX. J[JI MONMydeHHs: 3TUX 3HAHWHA HCIIONB3YIOTCSA Pa3IHYHBIC
METOJIbI: METOJI TIOUCKA ACCOLMAINK, METOI JepeBbeB pemenuid u ap. [1-3]. B pexume penieHus 3amaq
OCYIIECTBIISIETCS POLIECC TUATHOCTHPOBAHMS, IIPU KOTOPOM JaHHBIE O 33/1a4€ MOJI30BATENS TOCTYNAIOT
B MHTEJUICKTYaJIbHYIO CHCTEMY, KOTOpasi, B CBOIO O4Yepellb, BHIJAET COOTBETCTBYIOIIEE JUAarHOCTHIECKOE
penieHmue.

B oroii cratee Oymer paccMOTpeHa IpaKTHYeCKas pealu3alys HHTCIUICKTYaIbHOM
JUATHOCTHYECKON IMOJCUCTEMBI JJIS WHTEIUICKTYaJlbHOH CHCTEMbI MOANCPIKKH TPHHITHS BpayeOHOro
peurenus. Jlns pemeHus 3aadd MEIMIMHCKOrO JWATHOCTHPOBAHUS HCIOJNB3YETCS METOJ IIOMCKa
accouuarnuii, MoTU(GUIIMPOBAHHBIN JUIs PEIICHHUS 3a]]a9 MEIULUHCKOTO IMarHOCTUPOBaHus [1].

B pesynbraTe 00pabOTKH KIMHHYECKHX JAHHBIX THM METOJOM MBI OJy4aeM HaOOpbI IIPH3HAKOB
CJI/IYIOIIETO THUIIA:

Si,Siy -+ S Dy
rae S; S, ... S, — CUMIITOMBI, 4acTO BCTpedarommecs npu auarnose Dj. Ha ocmose stux nHabGopos
(OpMHPYIOTCS aCCOLMATUBHBIC IPABUIIA, KOTOPHIC UMCIOT BHJI:

(Si,Si, - Sy, = Dj) — “ecym nmerorcs cumnToMsI S; Sy, ... Sj,, TOTJA CTABUTCS Auartos D;”.

k°
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OtH IpaBujia BHOCATCA B 6a3y 3HAHUUI I/IHTeJIJIeKTyaJII)HOﬁ I[PIaFHOCTPI'lGCKOﬁ OACUCTEMBI  JJIA
OCYHICCTBJICHHA MNpoLecCa AUArHOCTUPOBAHUA. B xadectBe cremeHu YBEPCHHOCTU B JAHWArHO3C,
MOCTABJICHHOM I10 JAHHOMY HPaBUJTY, MOXHO paCCMATPpUBATh JOCTOBCPHOCTL 3TOI'O IIpaBUjia:

Conf (S, S, - Sy, = D;) = P(Dy] i, Sy, - Si,)

Takum 00pa3oM MBI HCIONB3YeM MPOAYKIIMOHHYIO MOJENb NPEACTABICHHUS 3HAHHH, TOYHEE, CXEMY
Hloptnudda s yuera HEYETKOCTH, HEONPEISICHHOCTH U HEMIOIHOTHI NaHHBIX U 3HaHui [4]. Kak Obu1o
BBIIIIE CKa3aHO, B KadecTBe Kod(p(uIMeHTa yBEpPEHHOCTH NPOAYKIMH MBI OepeM IOCTOBEpHOCTH
COOTBETCTBYIOIIETO acCOLMATUBHOTO TpaBWiIa, a B KadecTBe KoddduimeHTa yBepeHHOCTH (akTa —
BEPOSTHOCTHYIO MHTEPIIPETALUIO CTENIEHU BEIPAXKEHHOCTH CUMIITOMA, KOTOPYIO 3a1a€T Bpay.

B cucreme mnpon3BomMTCs IMArHOCTHKA YeTHIPEX 3a0oieBaHWM, CBS3aHHBIX C HapyIIEHHEM
SHJIOKPUHHOM CHCTEMBI YeJIOBEKa, a UMEHHO, CaXapHOro quadera IepBoro ¥ BTOPOro TUIA, M IBYX THIIOB
HapyILIEHHs JeITEeIbHOCTH IIIUTOBUIHOM JKeJIe3bl — THIEPTHPE03a U THIIOTHPEO3a.

Onumem wuHTEpdelc W TPUMEpHBIH CHeHapui paboThl  JUAarHOCTHYECKOW MOJICHUCTEMBI.
[Iporpamma paboTtaer B pexnMme auayora ¢ Iojb3oBaTeneM. [1oap30BaTento mociae10BaTeabHO 3a1aETCs
BOIIPOC OTHOCHUTEIHHO HAJMYMS WM OTCYTCTBUSI y OOJBHOTO KOHKpPETHOro cuMmnToma. IIpu orBere da
(@osb), monp3oBaTeNto mpemiaraercs BBeCTH Kod(QGUINEHT yBEpEHHOCTH, ¢ KOTOPHIM OH OTBEYaeT Ha
naHHBI  Bompoc. [locme BBoma Kod(@UIMEHTa YBEPEHHOCTH, OTBET IOJH30BATENS CO CBOUM
KOd()GUIMEHTOM YBEPEHHOCTH BBIBOAUTCS Ha dKpaH. Ilpu otBere mem (5(s) BBIBOOUTCS CIEIYIOLIUI
Borpoc. M Tak 10 Tex mop, rmoka He Habepércsi JOCTaTOYHOE KOJIMYECTBO MPHCYTCTBYIOMUMX CUMIITOMOB
JUIsl TIOCTAaHOBKM JuarHo3a. Ha ocHOBaHMM BBEAEHHBIX MOJNB30BATEIEM CHMITOMOB CTaBUTCS
BEPOATHOCTHBIH 1amarHo3 B ciydae, ecnmu wuHpoOpMamus, BBeAEHHAS IOJIB30BATENIEM, OKAXKETCS
HEJIOCTaTOYHOW JUIsS TOCTAHOBKHM JIHAarHo3a, BBIAAETCS COOOIIEHME, YTO JMArHo3 IOCTaBiIeH ObITh He
MOJKET U3-3a HEIOCTATOYHOr O KOJIMYECTBA JAHHBIX.

y39@s Lod3mdgdo 2o0my496997gmo Loddgmigdo
Loy —- 3magogogbito - 0.6 IO @RS - Jgogeide - 07
OO O3 === Jmy@ogoghhn - 0.7 53300 == 3mg@ognghiyo -+~ 0.65

33505 == 3980609500 - 0.65 frabaBo stBeyogotindememo Bagds --- 3mgmogonbo --- 0.7
feabaBo s6s8engotigdummn Budgds --- ymagogogbdo - 0.7

oxpbnbo: - gshobydhob @33330g8s dodmgnbigoom - Bradob ymggogoghheo = 0.65

Puc. 1

Ha puc. 1 mokasaH CHMMOK 3KpaHa IpOrpaMMBbl, KOTOPBIH OTOOpakaeTcsi y)Xe Iociie BBOAA
CHUMITTOMOB. B 71eBoif 4acTn 0TOOpakeHBI BCe BBEIEHHBIC MOJIB30BATENIEM CHUMIITOMBI. A B NpaBOd —
CUMITOMBI, KOTOpPBIE HCHONB3YIOTCS MPOrpaMMON [l MOCTAHOBKM JAMArHo3a. lakoe pasjelieHHe
00YCIIOBJICHO TEM, YTO HEKOTOpbIE M3 CHMIITOMOB IIallMEHTAa OKA3aJMCh HE XapaKTEPHBIMH IS
3a0oseBaHusl, BBISIBIICHHOTO y manueHTta. OJHAaKo Bpady HpeNOCTaBISIETCS] BO3MOXHOCTH BHIETH, Kak
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BCIO COBOKYITHOCTb CHMIITOMOB MAalUEHTa, TaK M TOJBKO CHMIITOMBI, CBSI3aHHBIC C BBISBICHHBIM
3a0oNeBaHHeM. JTO MO3BOJNSET Bpady OOJbIIE CKOHLECHTPUPOBATHCS HA CHMITOMAxX, CBSI3aHHBIX C
JaHHBIM 3a00JCBaHMEM MAalMEeHTa M TEM CaMbIM pa3paboTaHHas MNpPOrpaMma IOMOXKET JIydIle
NPOANATHOCTUPOBATh IMAlMeHTa. B HWXHEH yacTH pUCYHKa OTOOpaskaercs AWArHO3, MOCTaBJICHHBIH
JAHHOW MPOrpaMMOi C HEKOTOPOI CTENECHbIO YBEPEHHOCTH. B TaHHOM ciiyyae, CTeNeHb YBEPEHHOCTH B
nuar”ose pasHa 0,65.

[Mporpamma Hamcana Ha si3eike C++ Builder 10 Seattle ¢ ucnione3oBanunem 6a3bl JaHHBIX ACCESS.
Pa3paboTanHas KOHCTPYKIMs 0a3bl JAHHBIX MMO3BOJMIA CO3JaTh YHOMSHYTYIO BBIINIC YHHBEPCAJIHHYIO
nporpammy. basa JaHHBIX COCTOWT M3 ABYX TaOumi — Tabiuia Symptoms u tabnuma Names. B tabamre
Symptoms wuMeHa MONEH SIBISIFOTCS CHMITOMAaMH HCCICAYEeMbIX 3a00NieBaHHH, MPEICTABICHHBIX Ha
TPY3UHCKOM $3bIK€ M HAIMCAHHBIX JaTHHCKMMH OykBamu. Hampumep, daghliloba — smeogmds —
yeranoctb. JlaTuHCKHe OyKBbI B HMMEHaX MOJied oO0s3aTeNibHBL. [IOMHMMO CHMITOMOB 3a00JIeBaHHH,
umeercs umst monst diagnosis (auarHos). B 9To mosne 3amuchIBaroOTCS BCe pacCMaTPHBACMBIC B IIPOrpaMMe
JMArHO3BI. B TOJIS JKe CHMIITOMOB 3aIUCBIBAIOTCS €IUHUIIBI WM HYJIU B 3aBUCUMOCTU OT HNPUCYTCTBUSI
WM OTCYTCTBHS JTAHHOTO CHMMIITOMA IIPH JaHHOM 3aboneBaHud. Takum oOpasom, B Tabimie Symptoms
MONTy4YaeTcsl JBYMEpHash CTPYKTypa, KOTOpas W o00ECIeYHMBACT YHUBEPCAJIBHOCTH pa3pabOTaHHOM
nporpammbl. [Tomumo 3toro, B Tabmume Symptoms umeercs emé u none confid, B KOTOpoM 3amucaHbl
3HAYCHUS CTEMCHEH YBEPEHHOCTH JUATrHO3a [T0 HAJTHYHUIO Y TAIMEHTA JaHHBIX CHMIITOMOB.

Tabmuma Names ciayxut HekuM croBapéM. B Heil umerorcs mons fldnames u Nnames. B mons
fldnames 3amucpiBaroTCs MMeHa moneil u3 Tadmuipl Symptoms, a B moist NNames 3anuchIBaloTCs HX
TpY3UHCKHE Ha3BaHus (puc. 2). B mporpamme umeercst GpyHKLHS, KOTOpasi, UCIIONB3Ys 3Ty TaOIHIy Oa3bl

fldnames - Nnames
ﬂsqesi bggbn
2 asaki abagn
3 sisuste bnbybdg
4 daghliloba amEmommbs
5 advilad_daghla 3OI0MIE IO
6 shenelebuloba dgbgempdyemmos
7 oflianoba mgemnabmbs
8 shemcivneba dg8n3bgda
3 alebi aemydn
10 gulis_tsasvla gamob fobgema
11 subfebriliteti mbggemnmodgdn
12 febriliteti mpdnmodg@n
13 mada_normaluri Ga@s bmmdammyhn
14 mada_dagveitebuli Aags Eagzgnomgdyemn
15 mada_gadzlierebuli dages gadengfmgdyemo
16 tkivili_mucelshi Bangnmo 83gmdn
17 gulis_reva anemobmgze
18 ghebineba madnbgds
19 boyini dmynbn
20 meteorizmi dg@gmmobdn
21 diarea mnafgs
22 kgabzoba yabdmds
* simdzime_kuchis_areshe bnddndg gdob omgdy
Puc. 2

JITaHHBIX, CTaBUT B COOTBETCTBUE HA3BAHUs IOJIEH M TPY3UHCKUE Ha3BaHUS CUMIITOMOB. DTU Ha3BaHUS
CUMITOMOB HCIIOJIB3YIOTCA B BBIBOAE BOIPOCOB, MPENTIOKEHHBIX IOIb30BATENI0, & TAKKE B BHIBOJE
CHMITTOMOB ¥ B ITOCTAHOBKe Jarnosa (puc. 1).

[MpuHOun paGoTel MPOrpaMMbl OCHOBAH Ha WCIIOIb30BAaHWM YHOMSIHYTOW BbIIIE Oa3bl JaHHBIX. B

tabmuuy diagnosis, kak ObUIO YIOMSHYTO BbIlle, ObUTM BBeICHbI 3HaueHWs 0 wim 1 JUis Kaxaoro
cuMIIToMa. B Kaxoi cTpouke MOXKET XpaHWThcs MH(oOpManusi ToIbKo 00 ofHOM 3aboneBaHuu. Torna
Kak, uH(popMarys 00 OZHOM 3a00JIeBaHMM MOXKET 3aHHUMAaTh HE TOJBKO OJHY, a JIBE, TP W Ooiee
crpouek. Jlomyctnm, 4to aist mepBoro 3aboneBaHus B Tabnuie Symptoms mmeercs 3 CTPOYKH, IS
BTOpOro — 4, U1 TpeThero — 5, a [1st ueTB€proro — 6. Torga Mbl HAYMHAEM JABUTATHCS C NEPBOM CTPOUKH.
BeiBomuM mepBBIN CUMITTOM 3a00JI€BaHMS, y KOTOPOTO ISl 3TOW IEPBOM CTPOYKM 3HAYEHHE PaBHO 1.
Janee mnporpamMma 3ama€r MOIB30BATENIO BONPOC, HUMEETCS JU 3TOT CHUMIOTOM. B ciyuae
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YTBEPAUTEIIFHOIO OTBETA IPOrpaMMa BHIBOAWUT CIEAYIOMIMNA CHUMITOM W3 ITIEPBOM CTPOYKH, 3HAUYCHHE
kotoporo paBHO 1. [Ipu mampHEHTIIEM YTBEpIUTEIHHOM OTBETE MEPEXOANUT HA CICTYIONIMA CUMITOM W3
9TOM CTPOKH, 3HAUCHHUE KOTOPOTO paBHO | M Tak jaiee IO OKOHYAHWS ITOH CTPOKH Tabmumbl. Ecnm
mepexo/ia Ha CICAYIOIIYIO CTPOKY He OBUIO, TO YCTAHABIMBACTCS MPHUONU3UTENBHBIA TUATHO3 U3 ITOH
TIEPBOI CTPOYKH TAOIHUIIEI C KO3 (DUIIMEHTOM YBEPEHHOCTH, O KOTOPOM pedb MOHAET nanee. B ciaydae ke
OTPHIIATEIIFHOTO OTBETA IIOJIE30BATENl OTHOCHUTEIHHO HANUYUSA Yy HETO0 OYEPEJHOTO CHUMIITOMA,
OCYIIECTBIICTCS MEPEX0]] Ha CICIYIONIYIO CTPOKY TaOJUIIBI U BCE IOBTOpsieTcst cHOBa. [Ipu mocTmkeHnH
KOHIIa CTPOKH, YCTaHABJIMBAETCS TUATHO3, 3aIIMCAHHBIA B ATOH cTpoKe. MHaue mponu3BOIUTCS MIEpeXo Ha
CIICIYIONIYI0 CTPOKY JO JOCTH)KCHUS KOHIA Bce TaOimibel. Eciu ke OTpUIATENBHBIA OTBET
MOJIH30BATENS OYICT W HA IMOCICTHUIA CTPOKE TAONHUIIBI, TO MEPEX0]] Ha CICAYIONIYI0 CTPOKY TaOJHIIbI
yke Oymer HeBO3MOXKEH. B 3TOM ciydae MPOUCXOMUT 3aBEPIICHHE MPOrPaMMBI ¢ COOOIICHHUEM, YTO
MpOrpaMMe He TOCTAaéT JaHHBIX JUIS JUATHOCTHKU JAHHOTO 3a00JIeBaHuUs, O YéM OBLIO CKa3aHO BEIIIE.

KoaddummeHnr yBepeHHOCTH JMArHO3a BBIYHCIACTCS KaK IPOM3BEACHUEC KOXPQUIIHECHTA
YBEPEHHOCTH MpaBWia W KO3(G(GUIMEHTa YBEPEHHOCTH Npeanochutku. Koadduiment yBepeHHOCTH
MpaBwIa BRIYHUCIISICTCS B MpOrpaMMe, paccMOTpeHHOU B [1] u 3ammchiBaeTcst B 0a3y JaHHBIX B TaOIHILy
symptoms B nosie confid. KoadduieHT yBepeHHOCTH MPEANOCHUIKH €CTh MUHUMAJBLHOE 3HAYEHHE U3
BBCIEHHBIX IOJIb30BATENIeM KO3(D(UIMECHTOB YBEPEHHOCTH B OOBCKTHMBHOM CYIICCTBOBAHUH JAHHOI'O
MpHU3HAKA.

PaspaboranHas mporpamMma SIBISICTCS YHHUBEPCAJIbHOM, IMOCKOJIBKY MOXET HCIIONB30BaThCS B
WHTEJUICKTYaJIbHBIX CUCTEMaX NUATHOCTHKH JIIOOBIX 3a00JcBaHUsA, MPUIEM I HeE HE MMEET 3HAUCHHE
KOJIMYECTBO 3aboyeBaHuid. KOMUYECTBO IMArHOCTHPYEMBIX 3a00JICBAHUM 3aBHUCHT TOJNBKO OT 0a3bl
JTAaHHBIX, BKJIIOYEHHON B mporpammy. B nmaHHOM ciydae mporpamma HCIOIB3YETCSl A AUATHOCTUKU
4eThIPEX 3a00NICBaHUI.

IToMuMO MemuIMHBI, pa3paboTaHHAss HporpaMma C HEOONBIIMMHU TO0pPabOTKAMU MOXKET OBITh
HUCITIOJIB30BAaHA BO MHOI'UX )lpyT‘I/IX I/IHTCHHCKTyaHI)HI)IX CUcCTteMax HO)])]Cp)KKI/I HpI/lHHTI/lH peLﬂeHHﬁ, TAaKHUX
KaK TCXHHUYCCKasd NJUArHOCTUKa, B DKOHOMHKC W BO MHOI'MX )IpyFI/IX O6HaCTﬂX, B KOTOpI)IX MOXET 6I)ITI)
UCIIOJIb30BaHa UHTEIUIEKTYaJIbHAsI CHCTEMa TOICPIKKH IPUHSTHUS PELICHUIH.
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Intelligent Diagnostic Subsystem to Support Clinical Decision Making
Dimitri Radzievski

Summary

The diagnostic part of the program of the intelligent medical decision support system is
considered. A description of the construction of the database used in the program is given. This idea of
building a database allows you to create a relatively universal program that can be used in many decision
support systems. Minor technical changes to the database and the text of the program itself allow you to
refine the program for diagnosing the required diseases. A brief description of how the program works is
given. Explains the principle that allows the program to develop a decision related to the diagnosis of a
patient.
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Streptococcus pneumoniae 1 0,12 0,01 0,03
Streptococcus pyogenes 0 0,12 0,01 0,03
Staphylococcus aureus 1 0,12 0,06 0,12
Haemophilus influenzae 0 0,5 8-16 4
Moraxella catarrhalis 0 0,06 0,25 0,25
Legionella pneumophila 1 0,12 0,12 0,5
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Mycoplasma pneumoniae 0 0,01 0,03 0,01
Chlamydophila pneumoniae 0 0,5 0,01 0,06
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The Intelligent Drug Selection System Reflecting the Individual Characteristics of the
Manifestation of the Disease

Vadim Radzievski, Maia Mikeladze, Dimitri Radzievski, Ilia Okonian

Summary

The problem of choosing the most effective drug is considered, reflecting the individual
characteristics of the manifestation of the disease in a patient. Two methods for solving this problem are
proposed. In the first of the methods, the choice of the drug is proposed according to its effect on the
disorders manifested in a particular patient. In the second, the choice of a drug is proposed based on the
closeness of its description to the ,ideal” drug intended for the treatment of these disorders. In both cases,
drug evaluations are used according to several criteria.

I/IHTeJIJIeKTya.]'[I)HaH CuCTEeMa Bblﬁopa JICKAPCTBCHHLIX IPeEnapaToB ¢ YY€TOM
HHIAUBUAYAJTBbHBIX oco0eHHOCTel NMPOABJICHUSA 3a00/1eBaHus

Baoum Paosuesckuii, Maiis Mukenaose, /[mumpuii Padzuesckuil, Unvsi Oxomsin

Pesiome

PaccmatpuBaercs 3anada BeiOOpa Haubosee 3((PEeKTHBHOTO JIEKapCTBEHHOTO Mpenapara ¢ y4eToM
WHIMBUIYAJIbHBIX OCOOCHHOCTEH IpOosiBICHUST 3a00sieBaHUsl y manueHTa. lIpeuioskeHsl 1Ba Meroja
peuieHus 9Toi 3a1aun. B mepBoM M3 MeTOJOB MpeJyiaraetesi BbIOOp mpenapaTa no 3(Gp(eKTHBHOCTH ero
BO3JICHCTBYUSI Ha HapyIICHWs, MPOSBISIONIMECS Yy KOHKpEeTHOro OosbHOro. Bo BTOpom mnpemiaraercs
BBIOOp TIperapaTa Ha OCHOBE OJIM30CTH €ro ONMUCAHUS K “UleallbHOMY  JISKapCTBY, MPEJHa3HAaYCHHOMY
JUIS JICUCHUS TAaHHBIX HapylleHHH. B 00omx ciydasx MCHOIB3YIOTCA OIEHKH JEKApCTB MO HECKOJIBKUM
KPUTEPHSIM.
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Pe3rome

PaccmaTpuBaercs 3asa4a nmoucka MHGOPMALMM B NPOAYKIMOHHOI O0a3e 3HaHuil. Pemenne
ITOH 3aJa4d OCYHIECTBJSCTCH IYTEM CONOCTABJICHUS BXOAHOH HHGpOpPMAaNMU C YCIOBHBIMH
YaCcTAMM NPOAYKIUI, YTO MO3BO/ISET MOTYYUTh OTBET HA NMOCTaBJCHHBIN 3anpoc. Pemenne 3roi
3aja4M TpedyeT TOYHOI0 COBIAJCHHUA ONMUCAHUS BXOJAHOI CHTyalMH W ONMCAHUSA, XPAHSAIIErocs B
YCJIOBHOM 4YACTH NPOAYKHHMH. IJTO NPAKTHYECKH PEIKO OCYIIEeCTBHMO, TAK KaK  BXOJAHad
uHpopMaNus MCXOAUT OT 4YeJIOBeKa M He CTaHAapTH3oBaHa. B pafore moka3aHo, 4TO BO MHOIMX
caydasx A pa3pelieHUs 3Tod NpodjeMbl MOXKHO 000HTHCH 0e3 JIMHIBHCTHYECKOT0 AHAIH3A
NpeIoKeHHd. JTa 3agaya pemaercsi NYTEM CTPYKTYPHMPOBAHHWS ONMCAaHWIA, 3aJlaHHBIX B
NPOAYKIHUAX, KOTOPOEe OCYIIECTBJISICTCS C MCIOJIb30BAHNEM JICPeBbeB PELICHUI M BBISIBJCHHUA TAK
HA3bIBAEMbIX KJIHYEBbIX CJI0B.

KiroueBnle ciioBa:

Houck ungpopmayuu, 6a3a 3nanuil, OuazZHOCMUKA, MEOUUUHA

Ipu pemieHuu 3aja4  pacrno3HABAHUS, TUATHOCTHKU, POTHO3UPOBAHUS, YIIPABICHUS, a TAKKE
MHOTHX 3aJ[a4, CBSI3aHHBIX C AHAJIU30M CUTYAlMM U MPUHITHEM DEIICHUH, YEJIOBEK HCIOJB3YEeT CBOM
3HAHWS, TIOJYYEHHbIC B peE3y/bTaTe MPUOOPETEHHOro ombita. OUYEBHIHO, YTO HCKYCCTBEHHBIE
MHTEIUICKTyaIbHbIE CHUCTEMBI TAK)KE OJDKHBI HCIIOIb30BATH 3HAHHS, IOJTYYCHHBIC OT CIICIHATHCTA
COOTBETCTBYIOIIEH NpPEIMETHON O0JIACTH, W HCHONB30BATh ITH 3HAHUS MPH PENICHUHM MOCTABJICHHBIX
mepeq HUMH 3a7ad. 3HAHWS, NOAy4YeHHBIE OT CIIeI[HAJIICTOB, JO/DKHBI OBITH (DOPMANU30BAHEI U
MPEJ/ICTABIICHBI B KOMITBIOTEPE B BUJE COOTBETCTBYIOMIMX Mojeneil. CyIecTByeT MHOXECTBO MOJEei
MPE/ICTABIICHUS. 3HAHUN B KOMIBIOTEpEe. DTO TMpaBHia TPOAYKIIMH, CEMaHTHUECKHE CeTH, (DpeiMbl,
MOJICJIH, OCHOBAHHBIC HA JIOTHKE MPEUKATOB U JIpyrue. B nanHO# pabore OymeM UCIONb30BaTh OUH U3
METOJIOB TPEJICTABJICHHs] 3HAHHM, a MMEHHO, NpaBWia OpoAyKiuid. [Ipofykius mpeacraBiseT coOoit
MPABUIIO, UMEIOIIEE BUJ] KECITU-TO», WIN 0. — [3, TJIe O 03HAYAET HEKOTOPOE YCIIOBUE WU COBOKYITHOCTh
yciaoBuii (YCIIOBHAsi 4acTh MPOAYKIIMH), MPEACTABICHHBIX OOBIYHO HAa ECTECTBEHHOM S3bIKC WM Ha
(hopManu30BaHHOM $I3bIKE, OJM3KOM K €CTECTBEHHOMY, a [3 O3HauaeT HOBBIA (hakT (3aKIIOUUTENbHAS
YacTh MPOAYKIIMHU), BBIBEACHHBIA U3 YCIOBHMA 0. DTOT (DAaKT MOXKET pacCMaTPUBATHCA KaK 3aKIFOUCHUE
BBIBOJIA, JINOO KAaK OIEepaTrop, MPOU3BOJSIIMY HEKOTOpPOe jaeicTBUE. M3 3THUX 3IIEMEHTAPHBIX MPABHI
(dopmupyetcst 6a3a 3HAHHIA.

Ecnu 3Hanus B 0a3e 3HAHUIA NPEJCTABICHBI B BHJEC NPOMYKIUM, TO JUIS MONTYYEHHUS 3aKITFOUCHUSI
HEOOXOJMMO BXOJHYIO MH(POPMAIMIO COMOCTABUTH C YCIOBHBIMH YaCTAMH TMPOAYKIUHN, XPAHSIIUXCS B
6ase 3Hanmii. Ciienyer, OHAKO, OTMETUTh, YTO JUIS TOTO, YTOOBI cpaboTalia mpaBasi YacTh NPOAYKIMU U
ObUTIO MPUHATO PEHICHWE WM CETaHO 3aK/IOYeHHe, HEOOXOMUMO TOYHOE COBMAJCHUE OMHCAHUS
BXOJIHOM CHUTYallUd W OIMHUCAHHS, XPAHAIIEroCs B YCIOBHOW YaCTW MPOAYKIMH. B MpOTUBHOM cCiydae
npoayKuusi He cpaboraer. TOJIBKO COBMAjIEHUE BXOJHOTO OMUCAHUS C OJHUM U3 OMUCAHUM YCIOBHOMN
YacTH OJHOM W3 NPOAYKIMH B 0a3e 3HAHWN MO3BOJMT MPOAYKIHMH CpabOTaTh W pelieHue OymeT
puHATO.[1]

OOpamienrie Kk 0a3e 3HAHMUN MPOUCXOAMT C TOMOIIBIO MPEJIOKEHUN WIM BBICKA3bIBAHUH,
HCXOJSIIMX OT monb3oBarens. Creayer, OAHAKO OTMETHTh, YTO OJWH M TOT € CMBICI BXOIHOTO
MPETIOKEHHST MOXET OBbITh BBIPAXKEH IMO-Pa3HOMY. JTO TPEKAE BCEr0 3aBUCUT OT TOrO, KaKHUE W3
CHHOHUMOB OBLITH UCIOJIb30BaHbl. [103TOMY MPU COMOCTABIEHUH BXOHOTO MPEJIOKEHHS C OMMCAHUIMHU,
XpaHsIIMMUCS B 0a3e 3HAHWH, HEOOXOMUMO YTOOBI CIOBAa BXOMHOTO MPEAJIOKEHHS OBUTH HICHTHIHBI
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COOTBETCTBYIOIIUM CJIOBaM 0a3bl 3HAHUH, T.€. OBUIH OBI IIOHSATHBI KOMITBIOTEPY. DTO TpeOyeT MPOBEICHUS
TaK Ha3bIBAEMON KAaHOHU3AIUH, T.C. 3aMCHBI CIIOB BXOIHBIX IPEIUIOKCHUH CHHOHUMAMHU IOHSATHBIMU
KOMIIBIOTEPY, YTO OCYILIECTBIISIETCA MOCPEACTBOM COOTBETCTBYIOLIETO cioBapsa. OQHAKO OCYILECTBICHUE
orepanyy KaHOHU3AIMM HE TapaHTHUPYET COBMAJCHUS BXOJHOTO TPEIUIOKCEHHS C YCIOBHOH YacTHIO
OMHOW W3 TPONYKIMHA. B mpemmoxkeHnn MOXeT OBITh W3MEHEHA ITOCIEIOBATEIIEHOCTh CJIOB, MOTYT
OTCYTCTBOBAaTh HEKOTOPHIC CIIOBA WJIM IIPUCYTCTBOBATH HEKOTOPHIC IOMOTHHUTENBHBIC CIIOBA, YTO HE
MTO3BOJIMT OCYIIECTBUTH COIOCTABIICHUE C OJATONPHUATHBEIM HcXomoM. COMOCTaBICHHE NACT PE3yibTaT,
€CITM CMBICT TIPEIIOKCHUS OYyAeT 3allMcaH B CTaHHApTHOH ¢opme. s pa3pemeHns 3TOH MpoOIeMBbl
WCTIONB3YIOTCS pa3iu4Hble (OopMallbHBIC S3BIKU TpencraBieHus 3HaHuid S1.I1.3., xapakrepusyromiuecs
OTHO3HAYHOCTBIO U €IMHO00pa3neM MPECTABICHHUS OJJHOTO M TOT'O )K€ CMBICIIA.

CorjacHO NaHHBIM JIUHTBUCTUKU CYIIECTBYET HECKONBKO YpOBHEH s3bika. OAMH U3 YpOBHEH
MIPEJICTABIISICT YPOBEHh IMOBEPXHOCTHOH CTPYKTYPHI s3bIKa. Ha 3TOM ypOBHE NpEICTaBISIFOTCS CaMHU
peanpHBIC TpeIOKeHUs. Jlpyrolf ypOBeHb Ha3bIBACTCSA YPOBHEM TIIYOMHHBIX CTPYKTYp WM
CEMaHTHYeCKUd ypoBeHb. Ha »TOM ypoBHE NpeACTaBISETCS CMBICIOBOE COJAEP)KAHUE MPEIJIONKEHHUS.
[pemtoxkeHuss MOTyT OBITH MMOXOXXUMH Ha IMOBEPXHOCTHOM YPOBHE, B TO BpeMsl KakK Ha TITyOMHHOM
YPOBHE MM COOTBETCTBYET PAa3HBIH CMBICH, W Hao0OpoT. SIcHO, 9TO uIs 0a3bl 3HAHUI CYIIECTBEHCH
MMEHHO TJTYOMHHBIA YpOBEHb. Eciu mpemiokeHuss UMEIOT pa3HyI0 TTOBEPXHOCTHYIO CTPYKTYpPY, HO OJHH
U TOT XE CMBICI, TO Ha TJIyOMHHOM YpOBHE OHHU OYAYT OIMHAKOBO IIPEACTABIATHCSA. lloaTomMy
peoOpa3oBaB IMOBEPXHOCTHYIO CTPYKTYPY TMPEUIOKEHUS W 3aJaB €ro CMEBICIOBOC OIHCAaHHUE, T.C.
TIIYOMHHYIO CTPYKTYPY, IPEICTABJICHHYIO B CTaHAAPTHOW (opMe, MOXKHO YIPOCTUTH OCYIICCTBIICHHC
MIOMCKOBOM MPOUEAYPHI.

CyIIecTBYIOT pa3IMYHBIC METOIBI MIPEOOpPa30BaAHUS TOBEPXHOCTHON CTPYKTYPHI MPEIIOKEHUHA B
TIIYOMHHYIO CTPYKTYPY. DTH METOIBI TPEOYIOT MPOBEACHUS JIMHTBUCTHYCCKOTO aHAN3a, OMUPAIOTCS Ha
MHOTHE TOJIOKCHUS JIMHTBUCTUKH, W WX OCYIICCTBICHUE CBA3aHO C TpymHocTsMHu. Ecnm 6aza 3HaHWMIA
JIOCTATOYHO BEIIUKA, TO TIOUCKOBAS MPOIEIYpa MOXKET CTOIKHYTHCS C OONBIINM ITepedopoM HECMOTpSI Ha
ucnons3oBanue S.I1.3. OgHako B HEKOTOPHIX HE OUYEHb CIOXKHBIX CIydasX Uil OCYILECTBICHUS
ITOMCKOBOW TIPOIIEAYPHI YAAETCSA COKPATUTH IMepeOop MPH IMOMCKE, UCIIONB3Ys MOAXObI, HE TPeOyromme
JIUHTBUCTUYECCKOTO aHanmm3a. B wacTHocTH, WHOTAA ymaéTcs peEmuTh 3Ty NpoOIeMy, HCIOIb3YyS
MTOBEPXHOCTHBIN YpPOBEHb NPEMIOKCHUN, HE Tepexoms K DIyOuHHOH cTtpykrype. lns wmckirodeHus
mepe6opa, IpH PpeUIeHHW 33Ja4¥ HeOOXOAMMO KaKUM-TO OOpasoM YIOPALOYUTH MU
CTPYKTYPHpPOBATh OIIMCAHUSA, 33faHHbIe B IPOAYKIUAX. B maHHOI paboTe Takoe CTPYKTypHUpOBaHUE
OCYIIeCTBIIAETCS C HCIIOIb30BaHNEM KIIIOUeBBIX CJIOB MUIA CJIOBOCOYETaHHUM, ITOyIeHHBIX C IIOMOIIBIO
IepeBseB pemenwii [1,2].

[Iycte uMmeeTcs Gasa 3HAaHHI C MHOXECTBOM OIMCAHHUI KaKMX-TMGO CHUTyalruil (YCIOBHBIE
YaCcTH NPORYKIWI) U pelleHu, NPUHUMAEMBIX IPU OTUX CUTyaludx (3aKIIOYUTEIbHBIE YaCTU
mpoxykuwmit). Bee omicanus nepenyMepoBaHsl. {1 IIOCTPOSHUS AepeBa HaHAEM CII0BO, KOTOPOE BXOIHUT
MIPUOJIM3UTENFHO B ITOJIOBUHY BCETO MHOXECTBA OIMCAHWA W ITUM CaMbIM OCYIIECTBIISIET pa3OueHIE
MHOXKECTBA Ha JBa MOAMHOXecTBa. CIIOBO, OCYIIECTBILIONIEE JTO JeNIeHUE, OYAeT MepBEIM KIFOUEBBIM
ciaoBoM. Kakmoe M3 3TUX NOAMHOXKECTB, B CBOIO OYEpEIb, TAKXKE NEIUTCS Ha JIBa MOAMHOXECTBA C
TTOMOIIBIO JIPYTUX KITFOYEBBIX CIIOB U T.J. OKOHYATEIHHO KaXKIOMY TEPMUHAIBFHOMY Y37y JepeBa Oyaer
COOTBETCTBOBaTh HOMEP KaKOro-TO OAHOrO M3 omucaHuil. JlepeBo Ha puc. 1 WUIIOCTpUpYET HpoLecc
TTOMCKA KJTFOUYEBBIX CIIOB.

BxomHoe mpemnoxeHHWe, MOCIE MPOBEPKH HAa HATWMYHE B HEM KOHKPETHBIX KITFOUEBBIX CIIOB,
[oJlydaeT HOMEp, COBNAJAIOMIMKA C HOMEpOM ojHoro u3 onucanuid. Ilycts, Hanmpumep, umeem 10
ONMCAHWN, KaXXI0€ W3 KOTOPBHIX OMHCHIBACT HEKOTOPYIO CHUTYAIIMIO. DTU OIMMCAHUS IPEICTABICHHI B
YCIIOBHBIX YacTSX COOTBETCTBYIOLIUX MPOMYKLUUHN U KaXKAOMY U3 HUX COOTBETCTBYET HEKOTOPOE PEILICHUE
[0 YIIPABIICHHUIO, TPEACTABICHHOC B 3aKIIOYUTCIBHON YacTH MPOAYKUWHU. J[Isi TpOCTOTHI ClIOBa B
omucanusx 0003HaunM OykBamu &, b, k, ¢, d, | u 1.1 Torma omucanus 6yayt umers By 1) abedv 2) kont
3) pznl 4) adtv 5) aklmz 6) ndzm 7) aklm 8) pztb 9) aknd 10)onps. Kaxnoii neBoit BeTBH IepeBa
MIPUIKCHIBAIOTCS. HOMEpa OMHCAHUM, B KOTOPBIX MPUCYTCTBYIOT KJIIOYEBBIE CIIOBA, a MPaBOM — HOMeEpa
OIMKCAaHUN B KOTOPBIX COOTBETCTBYIOIUX KIIFOUEBBIX CIIOB HET.

B kauectBe mpumepa paccMotpum omucanue 3. [locne onpenenéHHON MEpeCTaHOBKHA CIIOB 3TO
ONKCaHUe MOXKeT UMeTh BU | zpn. [IpoBeprM Ha HaMYKE KIFOYEBBIX CIIOB:

a CCTb — €CTh, IEPEXOIMM Ha JICBYIO BETBb,
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d ects — HET; I€PEX0AM Ha IPBYIO BETBb
Z €CTh — €CTh, IICPEXO0IMM Ha JICBYIO BETBb, I'IC YKa3aH HOMEP 3.

Taxum 06p330M, MMPOBEPKA Ha HAJINYHC KIHOYCBBIX CJIOB YKa3bIBACT, YTO 3TO OIMMCAHHUC TAKIKE
COOTBCTCTBYCT OIMMCAHUIO 3 B Oaze 3HaHPII7[, YTO COOTBCTCTBYCT UX UACHTUYHOCTH.

Puc. 1

IIpencraBnenne onucaHuii ¢ MOMOLIBK KJIIOUEBBIX CJIOB HWHBAPUAHTHO OTHOCHUTENIBHO
MIEPECTaHOBKHM CJIOB B ONMHCAHMHM JTO OCBOOOXKIACT IIOJIB30BATENSI OT HEOOXOAMMOCTH COOJIOAEHHUS
OTPEICIIEHHOT O MOPSI/IKA CIIOB BO BXOJHOM IIpeutoxkeHuH. Crucrema Oy/eT Ormo3HaBaTh TakXKe HETlOJTHbIE
WM YaCTUYHBIEC ONUCAHUSL.

Hcnionp3yeM 3TOT MeTOx Ul peuieHus] 3afadd MEIWIMHCKOM auarHocTwku [1]. B 3amagax
ME/IMIIMHCKOMN TMarHOCTUKK Ha OCHOBE HAOJII0OAaEeMbIX HAPYIICHUH - CHMIITOMOB CTPOUTCS 3aKJIIOUCHUE O
3a00eBaHMsAX, BBI3BABIIMX 3TH CUMNTOMBL. COOTBETCTBYIOIIME 3HAHUS HanbOoiee 3(P(HEKTUBHO MOXHO
MIPE/ICTABUTh B BUJE IMPOAYKUMWH. 37ech HaOmroJaeMble HapylIeHHs XpaHATCS B YCIOBHOW 4acTH, a
JIMarHo3 Aaércs B 3aKIIOYUTEIHHON YacTH MPOAYKIWH. J[JIs pelieHns 3ajaud WCTONb3yeM pa3OneHne
MHO)KECTBA OITMCAHUH OOJNE3HM Ha TIOJJMHOXECTBA, KaK 3TO OBUIO YIOMSHYTO BbIIIe. Takas
knaccudukanys mpencraBieHa B Buzae aepeBa. CiioBa, HaxoZsIIMecss B BEpIIMHAX IepeBa, OymayT
MIPEJCTABIATh MHOXECTBO KIIOUEBBIX CIOB. C MOMOIIBIO 3TUX KIHOYEBBIX CIIOB NMPOHCXOIUT IOUCK
COOTBETCTBYIOIIMX OIMMCAaHNK 3a00JIeBaHUH B 0a3e 3HAHHIA.

Pemenne 3amaum TmpowUIIOCTpHpYeM Ha 3ajade JAMAarHOCTUKM HEKOTOPBHIX 3aboreBaHMMA
SHJIOKPMHHOM CHCTEMBI, KOHKpETHee Ha 3a00JIeBaHMAX MapalldTOBUIHON jKene3bl. BrimumeM Ha3BaHMS
9TUX 3a00JI€BaHY !

1) Xponuueckas HaJIIOYSUHUKOBAS HEAOCTATOYHOCTD, WK 0OJIE3Hb AIUCOHA,
2) TlepBUYHBIN rUIIEPaIbACCTOPOHU3M cUHIpOM KoHHa

3) TopMOHaNTBEHO-aKTHBHBIC OIYXOJIU HAAOYCUYHHKOB

4) TunepmapaTupeos

5) Tunomapartupeos

IIpencraBum 3Tn 3a001€BaHMS W COOTBETCTBYIOIIME UM CHMIITOMBI B BHJE NPOAYKIMOHHBIX
npaBui [ 3 ] ¥ MOCTPOMM COOTBETCTBYIOLIEE JepeBO (puc2).

1) Ecauy 601bHOro HaGIIOIAETCH: XPOHHYECKAs YCTAIOCTh, MBIIICUHas! CIabOCTh, MOTEPsI Beca

W almerura, TOIIHOTA, PBOTA, IOHOC, OOMM B JKHMBOTE, HHU3KOE apTepHalbHOE JaBJICHHE,

THIEPIIUTMEHTAMs  KOXM B BHIE ISITEH  «MelasMbl  AJcoHa»,  aucdopus,
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https://ru.wikipedia.org/wiki/%D0%94%D0%B8%D1%81%D1%84%D0%BE%D1%80%D0%B8%D1%8F
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Pa3aApPa)KUTCIIbHOCTD, ,uenpeccpm; JKaxaa, TUIIOIJTIMKEMUS, TCTaHUA, I/I36HTO‘IHO€ KOJIUYECTBO
MOYH, Taxukapau, TO Yy HEro xponnqecxaﬂ HAANMOYECYHUKOBAsA HEJAOCTATOYHOCTH, WUJIHN
00J1€3Hb AIJTHCOHA.

2) Ecau y 00JibHOT0 HAGIIOIAETCS: ITOBBIIICHUE apTEPHAIbHOTO JABJICHUS, HOIOIIAs CepACYHAs
6OJ'II>, apuTMus, OCJ'Ia6J'I€HI/Ie 3pPIT€J'H>HOI>i d)YHKHI/II/I, YTOMIIAEMOCTD, cna6ocn, B MbIIIAax
HapyHmICHUA YYBCTBUTCIIBHOCTHU KOXHW, IMOJUAUIICUA, TOJUYpUSA, CYAOPOTrH, NEPUOANYCCKHUC
JIOXKHBIE NTAPAJINYHY, TO y Hero NepBUYHBII runepajbaecTopoHu3m cunapom Konna.

3) Ecam y 601BHOr0 HAGIIOOAETCH: IOBBIICHUE APTEPHAIBHOIO JABJICHUS, THIIOKAJHMEMHS,
cabocTh, yXyZAmeHne paboTOCIOCOOHOCTH, CYAOpOrW, OOMM B MBIIIAX, TO Yy Hero
FOpMOHaJIbHO-aKTI/IBHbIe OHyXO.]II/l HAANMOYECYHUKOB.

4) Ecan y 60J1bHOr0 HAOII0AAETCS: CHIDKCHHE POYHOCTH, XPYIKOCTh KOCTEH, (hopMHUpOBaHHE
KaMHeﬁ B IIOYKax, 60J'II/I B CyCTaBax, KOCTIX, cna6ocn,, 6I>ICTpaH YTOMIISICMOCTD, 60J'II/I B
JKUBOTC, TOLIHOTA, pBOTA, CHWKCHHC AalllICTUTA, ACHPECCHUSA, CHUIKCHUC IMaMATH, IMOBLIIICHUC
ApTCPUAIIBHOI'O JAaBJICHUAA. TO Yy HEro rnnepnapaTnpe03.

5) Ecuuy 60anbHOro Hadawaaercs: 60U B MBIIILAX, CYJOPOrH, HAPYIICHNE JIbIXaHus, c1a0boCTb,
YTOMIIAACMOCTD, I'OJIOBHBIC 6OJ'II/I, JAcnpeccus, TO Yy HEro rnnonapaTnpe03.

Henpeccust

Huzkoe naBnenne Aputmust
4,5
1 2 3
Cynoporu
5 4
Puc. 2

v KOHKPETHOI'O 6OJ'H)HOFO, €CTCCTBCHHO, MOXCT HC OBITH BCEX CUMIITOMOB, NPCACTABJIICHHBIX B
HpI/IBeZléHHI)IX BBIIIC TPOAYKIHAX. HeKOTOpI)Ie CUMITOMBI MOI'yT OTCYTCTBOBATb, MOI'YT OBITE
CHUMIITOMBI, HC y‘ITéHHBIG B IPOAYKLUAX. HOSTOMy B 3TUX JAaHHBIX HC 6yﬂ€T IIOJIHOI'O COBIIaACHHA C
OIMMCaHUAMHU B TPOAYKIHAX 0a3bl 3HAHWIA. PaCCMOTpI/IM HCCKOJIBKO TaKuX IIPUMECPOB IIOUCKA
I/IH(l)OpMaHI/II/I B 0Oasze 3HaAHUIL. HYCTI) y OOJBLHOIO0 UMEIOTCS CJICAYIONEC CHUMITOMBI: TTOBBLIIIICHHUC
APTCPUAJIBHOIO JaBJICHHUA, CyAOpOry, 6omu B MbIHITAX, ACTIPECCHUsL. HpOBGpI/IM Ha HAJIMYHUC KIIHOYECBBIX
CJIOB!

JAcnpeccud €CTb — Jid, MepexXoJuM Ha JICBYIO BCTBb,

JAABJICHUC MMOHMXKCHO — HET, MCPCXOAUM Ha IMPABYIO BETBb,
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Baoum Paozuesckuii, Maiin Mukenaose, Hopa /Dicanabosa, Imumpuit Pao3ueeckuii, Unva Okouan

CYJIOPOTH €CTh — JIa, IEPEXOIUM Ha JICBYIO BETBb, T/ yKazaHa mudpa 5, T.e. HOMep HMPOIYKIINH,
XpaHsIeiics B 6a3e 3HAHU 1TOT HOMEPOM 5, YTO COOTBETCTBYET 3a00JICBAaHHUIO THIIONIAPATHPEO3.

AHONOTMYHO BEHITNIONHAM TOAOOHYIO TpLEAypy st BTOporo OompHOro. Ilycte y OonbpHOTO
AMEIOTCS CICAYIONINE CUMIITOMBL: XPOHHYECKasl YCTAaJIOCTh, MBIIICYHAS cIa00CTh, JEMPECCHs, TOITHOTA,
HU3KOE€ apTepuaibHOe AaBiieHue. [IpoBepuM Ha HAIMYUE KITIOUEBBIX CIOB:

JIenpeccust €CTh — J1a, IEPEXOJIUM Ha JIEBYIO BETBb;

HU3KOC JaBlICHHWE €CTh — [a, IIEPEeXOIUM Ha JICBOIO BETBb, INe YyKa3zaHa Iudpa 1, dgto
COOTBETCTBYET 3a00JICBAHUIO XPOHMYECKAS HAAMOYEYHHKOBAS HEAOCTATOYHOCTH WJIH  0OJI€3HB
AINCOHA. DTO TAKXKE COOTBETCTBYET JEHCTBUTENLHOCTH.

[Iycte y GONBHOTO MMEIOTCS CIEAYIOIIME CHMIITOMEI: OOM B MBIIIIAX, HAPYIICHUE IBIXaHU,
CYIIOPOTH, CIIa00CTh, YTOMIIIEMOCTb, TOJOBHBIE OOJH, ETPECCHs

[IpoBepuM Ha HaJIMYME KIIIOUEBBIX CIIOB:

Jlenpeccus eCcTh — J1a, IEPEX0AUM Ha JIEBYIO BETBb;

HU3KOE JABJICHUE €CTh — HET, IEPEXO/IUM Ha MPABYIO BETBb,

CYIOpOT'd €CTh — J1a, IEPEXOIUM Ha JIEBYIO BETBb,

JABJICHUE €CTh — HET, TePEXOIUM Ha IPaBYIO BETBb, TIE yKa3aHa muppa S5, 4TO COOTBETCTBYET
3a0oneanuto ['umonapaTupeos, 4To TaK)Ke COOTBETCTBYET IEHCTBUTEITLHOCTH.

Takum 00pa3oM, HCIOIH30BAHME KITFOUEBBIX CIIOB U TIONYYCHHBIX C WX IOMOIIBIO JICPCBHEB
peIICHU TIO3BOJNISICT HAWTH TPOMYKIMIO, COOTBETCTBYIONIYIO 3a0OJICBAHUIO IMAIMEHTA, JaXe II0
HECKOJBKUM TIpu3HaKaMm. [lowck wHGpOpMAIMKA C TIOMOIIBIO KIFOUEBBIX CIIOB ITO3BOJHUT COKPATHTH
mepedop MpH PelIeHUH 3aadd TUarHOCTHKH. J1Ji1 00Hapy»KEeHHUsS aJIeKBaTHOTO OIMMCAHUs, HE TpeOyeTcs
CpaBHEHUSI BCEX CJIOB OITUCAHMS, YTO OCOOCHHO Ba)KHO IIPH aHATTN3E MATEPUAIOB aHAMHE3A.

3bols d5Bsd0 06xMMTo300L dogdolsls gssmBgzols dgd30Mgdols 3gomEo s dolo
399mygbgds 1559g0E0bMm ©osgbmls@ozols sdmi3sbgddo
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Search space reduction method for knowledge base and its use in problems of medical
diagnostics

Vadim Radzievski, Maia Mikeladze, Nora Jaliabova, Dimitri Radzievski, Ilia Okonian
Summary
The problem of information search in the production knowledge base is considered. The

solution to this problem is carried out by comparing the input information with the conditional parts
of the productions, which allows you to get an answer to the query. This requires an exact match
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MeTon cokpaieHusi nepedopa npu noucke uugopmanuu B 6a3e 3HAHHUH ...

between the description of the input situation and the description stored in the conditional part of
the production, which is practically impossible, since the input information comes from a person and
is not standardized. It is shown that in some cases, to solve this problem, one can do without the
linguistic analysis of sentences, but by structuring the descriptions given in the production rules,
which is carried out using decision trees and the identifying of so - called keywords.
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Features of scientific and electronic editions, as one urgent task of digital humanities
Maia Tsertsvadze, Veriko Bakhtadze
Summary

The article discusses the topical issue of digital humanities - the specific features of the
digitalization of scientific and literary texts and the preparation of scientific electronic editions.

Naturally, the preparation of scientific electronic editions should be carried out with the
participation of both specialists in the humanities and highly qualified programmers and information
technology specialists. They will solve the tasks set by scientists by creating appropriate databases,
algorithms and software.

To achieve the goal set in the article, a specific example is considered - the specific features of
preparing an electronic edition of personal letters - a non-fiction text of one writer, a task is set and
specific recommendations for programmers are developed. These recommendations can be
generalized both for the text of the same character by another author, and for the generally non-

fictional part of the academic editions of writers.
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OcobernHOCTH HayYHO-2/IEKTPOHHBIX M3/JaHMIi, KaK OJfHA aKTyaIbHAs 3a7a4a IudpoBoit
TyMaHHUTapUHu

Marig Ileprpazgse, Bepuro baxrazgse

Pesiome

B crarbe pacCMOTpeH aKTyaapHBIA BONIPOC LU(POBOH TIyMaHHTApUH - CclenupudecKue
0COGEHHOCTH TUTHUTAMU3AINHI HayYHO-IUTEPATyPHBIX TEKCTOB U IMOATOTOBKY HAYYHBIX 2JIEKTPOHHBIX
W3TaHUM.

EcrecTBeHHO, IOJTOTOBKA HAyYHBIX DJIEKTPOHHBIX U3/JaHUH JOJDKHA OCYILIECTBIATHCA C ydac-
THeM KaK CIIeIHaJINCTOB T'YMaHUTAPHBIX HayK, TaK ¥ BEICOKOKBAIU(GUINPOBAHHBIX TPOTPAMMUCTOB 1
CHEeIUaTNCTOB WHGOPMALMOHHBIX TeXHOMOTUH. [locTaBieHHBIe y4YeHBIMH 3aJja4¥ OHU paspellaT
IIyTeM CO3ZAaHUA COOTBETCTBYIOIIUX 6a3 JaHHBIX, A ITOPUTMOB U IIPOTPaMM.

[ mOCTIDKEeHMA IIOCTaBJIeHHOH B CTaThe LIeJIM PACCMOTPEH KOHKPETHBIH IIpuMep - crenudu-
YecKue O0COOEHHOCTH NOATOTOBKM SJIEKTPOHHOTO M3JAHUsA JIMYHBIX IIMCEM - TeKCTa HOH-(QUKIIH
OJHOTO IIMCaTess, IIOCTaBJIeHa 3aZiada U pa3paboTaHbl KOHKPETHblEe peKOMEeHAAUWH MAJIA
IIPOTPaMMUCTOB. DTH PEKOMEHJAINH MOXHO 0OOGIIUTH KaK JAJII TEKCTa TOTO XKe XapakKTepa Ipyroro
aBTOpa, TaK U [JIs B 00LIeM HOH-GUKIIEHHOM YaCcTH aKaJleMUIeCKUX U3aHUi rcaTeseil.
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DoMol 060(3003HMM0, O™ Habo, obdgbl JoLsbowrdgdger dgEYmd0bgdsL s 999y Boto 0y-
036905 M®0d0, Losg FmTBIsMGIYGL 53EMIM3sLYbg 5EHYMBOBIIL Job 3MBoEosl Mogdo.
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Customer Service Problems that
Infuriate People Most
Q 2 4 & 4 10

Can't get a human on phone
Mary phone steps needed I ————
—  LONE Wait on hold
Extras are pitched

No apology for unsolved problem
Boring hold music  ————

Scale 0-10, with 10 being the most annoying.
Source: Consumer Reporls

L96.1. dndbBoMgdOlL 29500B0s6JdgWO BsJEHMOMGdO

Do6gdol Mool 999J8bgro Lo@wszogdos:

Dm0l 33539000 Fomsero babymdemogmds. Lo@dgwgnmbm 3gbGMmOol aym3bgds bogds
BoMbg 37Fomdol IMboEm©bgeHg oo EMHMOL Aodm. sdol JobgBo Ggodwgds oyml Mm3gMs-
GO0l MYMHYdMds, 060E0sGMMmOL dogH LordMOL d9fiy39de 96 3MMdEGIoL dmagzsMgdols-
30 5930 gdIX0 358MEEOMWIGOOL SGMLIOMDS.

056593639 ms 6530m9dmds. 4oHBOOWO HoYgdo BMYXIOH M3GMOEGMOMS 553qdMdOL
99009309. 099 LBsGHIWgxEMbm 3IBGHMTo 56Mvs DoMrgdol dMEMEMBOL 3OHM3MM30IWO MoMmOYbm-
00l M396M0GHMM0, BMHIOOL OO HOYO s IMEWMEOLbOL Foowo bsba®mAw03mds oowgds.

303390900 @Ggdbmgnmaos. 3md3zgwgdvyeo 56 dmdbdsmadgebg BmwMHagdgwo La@gwg-
3Mbm 369w MHOHWDb3gmYMmas o3wgbsl sbEIbL Lo@gmwgnmbm 3gbGMOL M3gMoGmMmol
95396 3MBomdsBg. dmfiobogg Lodgwgnmbm LobEgdgdo Mm39gMsGMML BoMol 3slwmbodyg -
300056 068mMHT53058 BoMOL 0boE0sEHMMOL Fgbobgd, MoE 59E30MYAL BoBdMOL MM,

bme. 2-%g Fo@dmpgbowo Vocal Laboratories (Vocalabs)-ob dogh 994dboro @osgMsds
330P39690L [3], ®5 bsbaMmdogzmdsl Joohbyz96 IMIHAMHYPIWGDO 2TIMHMNWGDWSE FMEIMEO-
Boli ®g50880 gmxbobob. sd3g dmEgdwos dmabdscmgdegdol 3059maoegdols dsh39b69dgeo, G-
09003 35050 8mErMEobol bsbaMdwogzmdol 3OHM3MM(30vIWs© 03gdbL.

609900l beaHToMMo gobsfogdol 9g8mbggzsdo Batmxd By 3sbvmbo bgds 08 dodg3zMm-
000, OMIOoMHE 99003005 DoM0. M39MGHMMIOMN D BoMGOOL 4oOLOBIHOMGdS© LoEguwgam-
B 396¢M900 0ygbgdgh Bomgdol s3@MsEw® 4s85bsfoergdgwls (ACD — Automatic Call Distribu-
tor), ®mMIgoE 0bsbagl Badl dm3sbgbg M3gMHOGMOMOL A00530L¥IBwWYds3©Y. gU F0dEHY3OMDS
MP0399600 ©5 BsFoMMNE05605, MMIES DX e 30835600L 0bEIOHILTo Fgol, HMA Bmyogtm
Do®b MBOH™ JgBo 56 MBMM bo3wqdo 3M0MmM0GYGH0 809b0FmUL, Moz Moydo Job dosbs3gEgdsls
259m0f393L [4]. ®ogdo bmIMmOL 3GHoMMOGIEHOL 33Eogdsbg 093MTs FodBmMTs Fgodergdos
00mgd9mb. Gg0degds 3065@o@ d9bgx Mol 2owsfY39GH0wgds 0gmb, Mrmd dols dogH sdmEBge
B0IgML 35Lbols dmErmobdo bbgs bmdMgdbg bs3wgdo O™MOL godsMgds MHg3gl.

365¢0GH03MM0 LobGYds 89aMMm39de dmbs3gdgdbg OYMHDbMBOM 5390090l POMMYEO
DGl 565w oBL.

Bodmbasmgoo 8mbs3gdgdol, HmIwgdog 89330dw0s 30300Mmm Bo®ob Babsfg®moliogsb:
o D3m0l bsba®deogmds.
e 5dmEbmdowo @gduEob dmbsigdgdo:
0 Lo@ysgdol Mom@gbmds;
0 Lo3396dm Lo@yzgdol osxgodbo®mgds (3MmbxoyxmGHOMmgdsos Lodgwgzmbm 396-
AMob 39bgx 9ol Jog®);
0  53mEbmdowo GgduBol Bmaso dmbsgdoms d5Bol 89ddbs, Mog Lodwowrgdsl
3350¢93L 6gdoLA0gMO FH9JuEo 8m3zdgdbmm oMol hsbsfgMgddo.
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e 357Hg00 LordOOLLL. BatIoL Rsbsfigmdo BJoMo s babamdwogo 357Hgdol wonoduiomy-
05 89L5dgdg0s EogbToMMl MMASB0BIEOSL, o5EROBML 3HMIWGIMMO 09dgd0
31939 995835LML M3gHOEGHMOOL 3GMBILOWO JZIWOR03ZHGO0d.
o BHmbol sb5¢r0Bo. LobEHYIsl Fgydeos 50BMoBobml 0lgmo B, Lysg BoJuloMEIds
LGHOILMEO, 5MgBOMYEo s bbgs MoGymaomo gdmEogdol 9993390 bovdsMo.
B0dMgdol Jobgz0m 53 DoMgdol IxyMBIO0m LoLEHYIL Ymzgwo bmdMmobmzgol oggb
Lbgoolbbgs 3563969000, 85350000, 1odwgswm@ M58gbxge 9353V, Mg bobl wfg3l
dmemEobdo gmgbs, Mo O™ bFoMEgds Jobo 3OHMBEIGIOL TmA35MdL, GIMYME Fgz3slgdsls
530gLoMYOL Jowgder IMALobMEIdsBY s b3 sbsEoEH03MGmO dmboiqdgdo.

| Waiting on Hold

Effect of the perceived wait time to reach an agent

100%
75%
o259, % of Callers Saying Wait was Reasonable

Overall Call Satisfaction
0%
1 Minute 2-3 4-5 B+
Source: Vocalabs O |@ss Minutes Minutes Minutes

L6, 2. dmIbToMHJOgd0L sDMO FmEobol Hgy0ddo ymabsby

Lo@ggnmbm 3g6GHML 593L Ms30LvRWYds Bydolidogho dsb39690ols dobggzom 89w 339~
@b bmdgMl 3M0mM0EE0. 3OHO0MM0EIGHJOOL A9Bsfogdols s3@E™ToE0bgdmwo LolEgds bgs-

5lH35 5EAMEOHO0MNIGOOL godmYygbgdoom Jabols bnddmgdol 3H0mMo@gEgdol Losl. 58 serym®00dg-
00056 Dm0 3MHOMOOGHIGL BOEOL, Bmyo — S830MPL. 3HO0MMOGHYEGHO FJ0dEgds OMYMBOMO3
0ymb, 5699 MsOmYMRom0 3GH0MMOEGHIGOL IJmbg bmdgHhbyg 35bmbol aoEgds dmbgds MBMM 4306,
300069 0lgo bmIgHBY, HGMBgEbsg LogHMNME 56 5931 3HOMMOEGEHYEO.

fomdmoyabowo ®oagdol dommzol LobGgds doMH0moEsE TMEYGdE0s 3MBIMHEOIENO
G030l mOsb0B3E0gd0L Lodgwgnmbm 39bEGMYdBY, Bog0w0mMs, MEYRBODIE0sDY, OGMIgwog
LOEIWIBMBbM BoGOL LETMOEGO0D SHMMEFOYEIOL Lo30FMM Logdd0sbMdL. MMABOBoEOL, Bm-
99gbai 96 5943b H0ggdol JoMmz0L 935360 Fgbgdo, 89mderos osboFml 3HomMo@gEo ol bemad-
9oL, OHMIWol 35bbobsbsE Bg@ LaMAYdGEL FooMIRL. Tglsdsdol, SLgmo MMASBOBsEooLs-
30 2535600 gdME0s 53 LOLEYIOL godmygbgds.

9m39999¢00 LobiEgds 396 dmgeqds ol LoEGIWIRMbM (396GHOL, OMIgELsE 8353Mo© 5J3L
5099600 GHoggdol FoM30lL 3M0b3030. SLgmgdl 309310036908 25008MIOJO EsbTsMgdOL
Lo@ggnmbm (396G M9d0. 5333500 MEOY60DIE0Yd0 DoMgdL LEBIME MO Mool 3G0bo30m
— 000009360Md0m 35LvbMdIb.

609900l JoOmM30L LobEgds Fw9domdl F90gRbs0MO: 3M0MMOEYBHFOOL Losdo ToEqdvY-
@0 bmdMol 3M0mM0@)EHoL 3608369wmdol dglsdsdols gl bmdgho FgoEgzeol 3mbogosl s
230005065330g0L §ob 96 ©9396.

050000 3BHOMMHOGAYEH0. 319350, HMI bMTgOL 5J3b WIIdOMO 3MoMmMOoGE GO IB03-
3690000 3. v 53 6mIH0EB FobbMM3090Ids Boo Lodgwgzmbm 39b@G®d0 s dmeem-
©0b6do 5Mm0bL 6 5530560, brmdgemo 39-7 500l bozes© s0dmhbEgds 39-4 5y0wbY. 0y de-
@E0bdo dymxno BoMmgdol MomEgbmds Madm 653wgdos, 300069 6mIGOL 3GoMEOGHEGHOL 3608-
369Mds, bradgMl 35Lvbl gol39996 3590639, Mmis MHMIgE0Tg M39MoEHMMO 3500530LBEYDS.

MOHYMGBOMN0o 3H0MMO0GIH0. 300J35m, 69Ol od3l dMomMo@gEo —2. 00 dgdmbggzsdo, 0w
50 6m3M0@sb LoEgmgnmbm 396GHMT0 VoML AoBLMEE0YEGdOLSL, dmErMm©obdo 5ol 5 Bsto,
0530530039Ws© 9 bndgHo 0d6gds 89-6 5A0WDHY. vy 53 bmdgHhbg 3sbwgbol As39ds8g Mogdo
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59953905 Bb3s Bagd0o, gb bdgMo 45050b533wgdL X6 39-7, bmenm 9999y 99-8 sgowby.
2900565333090 Bbgds oglodmad MEKR G, ML Jobo 3HoMmMoE GOl 360d3bgmMds s6OL —2.
0¥y 9mbs 0bg, MM Moado o6 ogds@s BoMYdO (b gTs@S oo 3MomMoEyEOL 350d-
369wmd5%Y B53gd0 MomEgbmdol BoMo) s gb Brdgmo Mogdo 3330 30039 sYOWDY, Jo-
dob 9L Bz gdM0350 M35Lbgdgb.
3600M60GYEH00L bos Fodmoym@gds 999gabsotsc:

A&9wgxzmbols Losdo YOOl M Loo@sb  BFIMMYPIOL | 3H0MMOEGEHOL

Bmdgemo O™ 36003690 mds
111111111 17/07/2019 15:30 20/07/2019 15:30 3
222222222 16/07/2019 12:13 19/07/2019 12:13 2
333333333 17/07/2019 18:05 20/07/2019 18:05 2
444444444 18/07/2019 20:25 21/07/2019 20:25 -1
555555555 18/07/2019 14:12 19/07/2019 14:12 -2
666666666 18/07/2019 21:43 23/07/2019 21:43 -2

LobGgdol Yym3z9geo bmdMolsm30L godmm3wowo 593l bbgoalbgs sbswrodozmemo dsh3g-
69090, HMIgEms dobgzoms 9gladegdgeos dmbgl 595 099 08 ImIbToMgdeols o3G0l
HoL3oL 99x35L9d5. Fogooms©, vy ddbIsMgdol Lodwgswm dmEmEobol EM® sb dol Bo-
6Hg0bg 9MTomdol bobyMImogmds sMHol ©oRJo0DBY Fowowro, Bolo SZSMRIOL SEBICIMDS
LogMdbMdES 0BMHEYDs. sig3g dMmILIsMYOEOL M3ToYmBOEWYds J9odegds gsbzlobwzHmam dobs
3096 ©sx80dLoMmgdMWO F9i358900L Jobgz0m.

b90m0 506036990 BoJEHMMIO0 45dM0Yggbgds MHoQdo dmTbdsMgdeols 3HOMMmOEIGHOL gob-
H0LYMZ0L. FoOW0MOE, M) BoMbg d9Fomdols Jobomgdo bobamdwogmds bo@gwgnmbm (396-
&®do 5 90005 s HMIgerodg Imdbdsmgdganl dmmfios 8 96 10 Hmmo ermobo, Lol@gds dsls doo-
60390l 3H0MMOEIAHL ,+1% 0¥ gl 35639MmG ., FoLo 3MOMMOEHIGO »+2“-007 250DMEIds s 5. 3.

L0580 BMIGOL EsT5GJOS bgds 49 3IZJMWO 35O, 35 FobolBMIMYdS sBsE0EH03MMO
LobGgdol dmbs3gdgdol sd8s39d0L F9YASE. 3MH0MMOGIGHOL 53EHMT>GMEMmO (33L0wgds bg-
05 MMOL 39MH0mEol HobyMdwogmdol Gglsdsdols. ob, MY Md MM s0dmBbEgds Losdo
B03MH9gd0, 33356058 MZ300Mb FgmdEros s0MHBoMb LOLEYIOL 3MBROYMGMSEOOLLL. dm390me Togs-
0mdo 533909905, O™ Losdo bmdgmo 3 Lo gds@gds.

DoM0 3mB35600Lsm30L FYLodwrgdgEr0s 0gmls SMFoBEMBMOZ0, BoQdEOMOE, M) 0boEos-
GO0 ©69353L 2oMmNMdOL oBbom, 56 oligmo dgzombgom, HMIgwro dm3gdmwo 3md3sbools-
30 56 5GOL MYY396EMG0. 51900 DoMGOO M3GMOGHMOGOL YBMOCME MM 535(30690L s
MoMYMB005 Imddgogdl bbgs dmdbdomgdengdol dmermobol bobyMdwogmdsty.

3OBIOMBOL 3M5F0BBMIM0Z0 DBotr1gdOL STMEDMBOL FMHZ350 2By, Agoglio BsGdOL sTm3Ebm-
00LsM30L Jqlsdems A53M3094gbmo LodMOL sbsEPoEN30L LoLEGTs, MMIgWlsz d9oderos s8Mm-
03bmb LobsBdGO™M BHadbBHO s FMA3EgL BIGOL SCVTOBOMIOHOZMBOL 5¢BdSIMIOL 3HME3gbEGHWWwo
05B39690go. 51939, 95F0BbMOM0350 Fgag0dwos Bg3MZoWMm DoMgdo, HMIWgdoE M-
0905 3-5 §0959g 56 HMIgdOE 96 Fgo3EogL 2 96 3 Lo@yzsbg Ag@L (59 06BMMASE0sLOE LomdMOL
96503 030L LobiEdob 4edmygbgdom dogomgdm) [5].

DoMol, MHMAMEOE 5MH580BBbMIMOZ0lL, Fga3sligdol dgdmbggzsdo dobo Fsdmdfygdo bmdgho
393359436 ,853 Losd0®, by Babgdol Mogdo oo d3GHoMMOGYEO B30MEIYds. ) LolEYs MOW3
@OMOoL 456853¢Md5d0 ©580JLOMYPIL, MM gbs <) ol bmdgMo sbdgmemgdom sbmME0gEgdL
30035600L5m30L 5MMYY356EHME DO, 59 bMIgOL MoMsi 39MH0Mm©Om Jgo@sbl Botgdol 3G0-
MmO0G9AHJO0L L0sdo YHMYMBOMO 3HOMMOGIBHOM. FoRIWOMS©, 0¢) LOLEHIFT OsT30JLOMS,
603 13 Lss0sh 15 Loosmsdyg, bmdgMmds 456XXX aobobmMEogws 3 56500HbmdMmogo Bomo,
95806 ol 58 639l 0560FqdL 3OHOMMmOGHIAL —1. 1) 15 Lss00EOb 17 Lvsmsdg AuysgLo Batrgdo
0b93 393MdgeYds, oo 3MH0MMOGYGHO 89930Mgds —2-0g s 5. 3.
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Bo6g00l Jo0030L 3MIMMBL 593l 99990 LEHOMJGHMOS:
36000GIGHOL Godo:
public class QueuePriority
{
/1 0560l §odmafygdol Ggegnmbol 6mdgho
public string PhoneNumber { get; set; }

/1 6ad60L 36:0MmOHOE G Losdo TSEJOOL O™
public DateTime AddTime { get; set; }

/1 60360L 36:0MmM0GHIGHWI0 oL 53MEYBdOL MM
public DateTime RemoveTime { get; set; }

11360060 9E0L 36003690mds

public int PriorityValue { get; set; }

0¥9 8080bstg MM 5ol AddTime s RemoveTime 60dbw9angdly ImEob, gl 60dbsgL, H™A
939999000 bmBgeHo 5855950 3M0MmM0GYGWIos. Priority Value goblobmgMogl, 0099 Gsdgbo 3m-
D000 4505065330 gdL Im3990 BTN Ggdmlivyeo Bo®o {ob sb m3s6.
60380 3gmxzo BsMol Godo:
public class CalllnQueue

{

public CallInQueue(string phoneNumber, DateTime callDateTime)
{
PhoneNumber = phoneNumber;
CallDateTime = callDateTime;
}
/1 B560b odmmdfygdol Ggwrgambol bemdg®mo
public string PhoneNumber { get; set; }

110560l 890mbigemols ™
public DateTime CallDateTime { get; set; }

36M00MM0GYBH900L bLosdo sds@gdeo bmdMagdo:
var priorityList = new List<QueuePriority>
{
new QueuePriority
{
PhoneNumber ="111111111",
AddTime = new DateTime(2019, 07, 17, 15, 30, 10),
RemoveTime = new DateTime(2019, 07, 20, 15, 30, 10),
PriorityValue = 3
},
new QueuePriority
{
PhoneNumber = "222222222",
AddTime = new DateTime(2019, 07, 16, 12, 13, 0),
RemoveTime = new DateTime(2019, 07, 22, 12, 13, 0),
PriorityValue = 3
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3

new QueuePriority

{
PhoneNumber = "333333333",
AddTime = new DateTime(2019, 07, 17, 18, 05, 15),
RemoveTime = new DateTime(2019, 07, 18, 18, 05, 15),
PriorityValue = -1

3

new QueuePriority

{
PhoneNumber = "444444444",
AddTime = new DateTime(2019, 07, 18, 20, 25, 45),
RemoveTime = new DateTime(2019, 07, 21, 20, 25, 45),
PriorityValue = -2

I

600l 308©0bsy IamTs@Mmgmds:

var queue = new List<CalllnQueue>

{
new CalllnQueue
new CalllnQueue
new CalllnQueue
new CalllnQueue
new CalllnQueue
new CalllnQueue

"123456789", new DateTime(2020, 07, 20, 15, 21, 18)),
"123123123", new DateTime(2020, 07, 20, 15, 23, 11)),
"222222222", new DateTime(2020, 07, 20, 15, 25, 5)),
"123321456", new DateTime(2020, 07, 20, 15, 21, 43)),
"444444444" new DateTime(2020, 07, 20, 15, 20, 54)),
"333333333", new DateTime(2020, 07, 20, 15, 22, 3)),

—~ NN N A A

k

var queueWithoutPriority — queue.OrderBy(c => c.CallDateTime).ToList();
queueWithoutPriority ool ba®gdol H00, obatobbgdvwo Bsmol dgdmligerol mmol
dobgzom.
600l dEAMIsMgMds:
1: 444444444
2: 123456789
3: 123321456
4: 333333333
5:123123123
6: 222222222

var correctedWithNegative = Correct WithNegativePriorities(queue WithoutPriority);

600, OMIgEo3 306093GH0MOMW0s SMYMBOMO 3H0MMOE EHOL IJmby bmdMgdolomgol.
0oL 8MToMgmds:
1: 123456789

2: 123321456
3: 444444444
4: 333333333
5:123123123
6: 222222222

444444444 B09gMHds 3500506533ws 1-0sb 99-3 3mBoE0sBy, Hoysb dolo 3GomMo@gdo
oym -2.
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var finalCorrected = CorrectWithPositivePriorities(corrected WithNegative);
600l LodMEMmMm dEYMTsMYMds, 3MMIJEHOMIIMWO OHMYMEOEF MOOYMROMO, g3 IV~
0000 3M0MOHO0GHYEHOL brmdMHgdoli;m30b.
600l daMIsMgmds:
1: 123456789
2: 123321456
3: 222222222
4: 444444444
5: 333333333
6: 123123123
B9 3s 222222222 95005065330 39-6-0056 89-3 3mB0E0sBY, Mroysb dolo 3GM0MmEMmoEgEO
oym 3.
333333333 bmdgho siggg oMol 3HoMmMm0@ G900l bosdo, mdis dobo RemoveTime b53¢0g-
005 8080bsMg MsMOODBY. 530@MA 0l 56 0(33¢0l 3DOEOsL.

@abofmobbgdnma Bamal 2m@d@0madnmo Befymaooo 2m@]@0madnmo Befymeaooo
378mbzenab mofamab dobgmanm 3M0mMoGIGom @0 ©aEId0M IHomMo@IG0o
-2 444444444 123456789 123456789
123456789 ) 123321456 123321456
123321456 -2 444444444 3 222222222
-3 333333333 -3 333333333 -2 444444444
123123123 123123123 -1 333333333
3 222222222 3 222222222 123123123

603900L 3HOMMOEYIGHIOOL JoMmM30L LoLEGIL 593l 89300 sEIdoMO TbsEY. LoLEGHIoL
LPem6Ms© 408myqbgdol d98mbgg3sd0, dglodergdgos aogsmdxmdglimo dmdbdomgdgwms 30sgm-
10930l EMbY, 153006 53030WM™ HBMYOIMO BMIBISMIOOL OZSMY3S s Fg35830OHM™
9mobol bsba®mdwogmds. s6530HBbMdM0Z0 BoMmgdoLEmM30L WsMYMmBomo 3M0MmM0G)GHOL do-
603gd0m, obgo dmIbdoMgdadlL, OMIGOLIE MM 5J300 3MIMDdWYTs S BFOMHPIOSD
M3965GMmMOL HTMYD, MMM 5530980 EOMOL A5EMYds Brmmfiggo Mogdo. LolEgdol V306~
Agbmds slg3gg 9™l ob, MHMI Losdo BmdMgOOL TsBEHgds bEgds 93EMI>EGIMS®, SBsOGHO3MNMO
9mbo399990L 3 dsg3900l F99RO.

50 439WoRIOMb gOHMo©, LOLEHYIL 593l MoMymzgomo TboMya. 9 LobEdol godmygbgdol
89000b393590, LG gRMbM LoLEYIsL ILFOMYDS, MHMI om0 035l Mool 3mboEool godma-
3H500999 53G™MIM3oLbYHY, BP0 BMYdOL 3MBoEos Mogdo Gaodwrgds 90E3owML. Moydo
gmg3bolsl IndbToMgdgeo googambgdl LEsbsMEME GHaduAL, 8539005, ,»{bM3m sgEM-
OM® M3GOGHMOL.

Analytical System for Managing Call Queues in the Call Center
Ana Kobiashvili, Nodar Darchiashvili

Summary

The efficient operation of any call center is quite difficult to achieve, because there are

thousands of calls every day, a lot of questions will be answered and a lot of problems will be solved.
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In order to improve the quality of service, it is extremely important to introduce methods that will
reduce the duration of call service.

The article shows the factors that irritate the customer the most when calling in the call
center, analyzes the situations that create a series of calls, presents the results of customer surveys,
which relate to the needs of customers in terms of waiting time. The paper discusses the mechanism
for prioritizing calls, the algorithm for its implementation, as well as ways to manage non-targeted
calls. The article shows the pros and cons of a system for queuing priorities.

The paper discusses a program created for the automatic management of telephone call queues
during the emergency response center. The program reduces customer downtime and provides them

with more efficient service.

AnanmuTiyeckas CHCTEMA YIIpaBIeHHs OYepe/iIMH 3BOHKOB B KOJII-IIEHTpe
Arra Kobnamrsrrn, Hozap /lapunamsrrmn

Pestome

Jobutscsa a¢ddexTrBHON pabOTHI JTI060TO KOJI-IEHTPA [JOBOJIBHO CJIOXHO H3-32 TOTO, UTO
KaXIBIH eHb TaM (UKCUPYIOTCS THICSYM 3BOHKOB, OTBEYAIOT HA MHOXXECTBO BOIIPOCOB M PEIIAIOT
MHOXKECTBO IIpo6eM. [l MOBBINIEHNs Ka4eCTBa OOCIy)KMBAHUS KpalHe BA)XHO BHELPUTh METOZBI,
KOTOpBIe II03BOJIAT COKPATHTD IIPOO/DKUTEIBHOCTD OOCTY IBAaHIUS 3BOHKA.

B crarpe mokasausl (axTOPBI, KOTOpble GOJIBLIE BCETO Pa3ZpaKalOT KIMEHTA IIPU 3BOHKE B
KOJII-LIEHTP, IPOaHAIN3UPOBAHBI CUTYALUH, CO3/AIOIIIe CEPUIO 3BOHKOB, IIPECTaBIeHbl Pe3yIbTaThI
OIIPOCOB KJIMEHTOB, KOTOPBIE KACAIOTCA IOTPEOHOCTEH KIMEHTOB C TOYKU 3DEHUS BPEMEHH OXHU-
Inanus. B cratee 06Cyx/aeTcs MEXaHU3M IIPUOPUTE3ALUU BbI30BOB, aJITOPUTM €0 PeaTn3aliii, a TaK-
XxXe CHOCO6I>I praBJIeHI/IH HeneJIeBbIMH BBI3OBAMH. B cratpe moxkaszaHbI He3aBHCHMBIE U OTpHLATE/Ib-
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Court Random Case Distribution System
Zurab Maisuradze, Ana Kobiashvili, Meri Gegechkori

Summary

The main purpose of the electronic distribution of court cases is to prevent the abuse of case

distribution powers by court chairmen’s, to completely distance them from the case distribution
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process, and to ensure an equal workload for judges that in some cases leads to violations of the
deadlines from judges.

Having such a system, which will work under constant load and also have communication
with many external resources, requires a good architectural solution and proper domain
configuration. The article discusses the distribution scheme of current processes and their solution

using modern technologies, shows the structure of the system, analyses advantages of the given

system.
CxeMa 3JIEKTPOHHOTO pacCIpezeeHus TEKyIuX CyAeOHBIX e
3ypab Maricypazse, Aara Kobmamsrurn, Mepu I ereuxopu
Pesrome
OcHoBHas oeJIb 9JIEKTPOHHOI'O  pacClpeneIeHnuA CY,HE6HBIX Ageax  —  IIpemoTBPATHTH

3710ynOoTpe6IeHre TOJTHOMOYHAMU IO PacIpefieleHHIO eI CO CTOPOHBI IIpeficeflaTelbCTBYIOMNX
CyIbeif, TOMHOCTBIO OTCTPAHMTh WX OT IIpollecca paclpefieleHUd Jel U O00eCIedUTh PaBHYIO
3aTPYXXeHHOCTh cygeii. TpafuIioHHOe HedJeKTPOHHOe PpacIpoCTpaHeHMe B HeKOTOPHIX CIydadx
CpPBIBAaET CPOKH IS Ieperpy’KeHHBIX PaboToi Cy el U co3faeT MOYBY AT KOPPYNILIHH.
CymiecTBoBaHMe TaKOH B3JI€KTPOHHON CHCTeMHI, KOTOpas OyZeT IOCTOSHHO paboTaTs IIOZ,
HArpysKoif, a Tarke OyJeT MMeTh CBA3b CO MHOT'MMH BHEIIHUMH pecypcaMy, TpeGyeT XOpoIIero
apXUTeKTYpHOTO pellleHUsA M IIPaBUJIBHOM KOHOUIypaluu JoMeHa. B cTaThe paccMaTpuBaeTcs cxeMa
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Application of in-depth teaching methodology for CoVID 19 statistical data analysis on the
example of Georgia

Tengiz Bakhtadze, Irakli Rodonaya, Meri Gegechkori

Summary

This article digitally mined and presents a statistical analysis of CoVID 19 in Georgia according to
a discrete model like SIR. For forecasting, the technique of regression and correlation analysis is used,
which is widely used in machine learning with a lot of machine learning. Comparative analysis of various
types of regression analysis is carried out. The corresponding equations are given and their advantages are
shown. Visible graphs are displayed for new cases and in accordance with each active case for persons in
quarantine and under hospital supervision.

IIpuMeHeHUEe METOIUKH YIJIy0JI€HHOT0 00y4YeHHUs 11 AaHAIN3a CTATHCTHYECKUX TAHHBIX
CoVID 19 na npumepe I'py3uu

Teneus baxmaosze, Hpaxnuii Pooonas, Mepu I eceuxopu

Pe3iome

B sr0if craThe B mEdpoBoM Buae mpenctabieH cratuctudeckuid aHanmmsz CoVID 19 B I'py3un B
COOTBETCTBUH C TUCKPETHOH Mojeibio, mogoono#t SIR. I mporHO3upOBaHUS UCIIONB3YETCS METOINKA
PETPECCHOHHOTO W KOPPEJAIHOHHOTO aHANM3a, IMHPOKO HKCIOJb3yeMas IIPH TIIyOOKOM MAIIHHHOM
o0OyueHnn. [IpoBeeH CpaBHUTETHHBIN aHATN3 PA3IMYHBIX BUIOB PETPECCHOHHOTO aHaw3a. [IpuBeeHbI
COOTBETCTBYIOIIUE YPABHEHUS M MOKAa3aHbI UX MpenmMyInecTBa. OToOpaxarTcs BUIUMEIC TpaduKu JUis
HOBBIX CJIY4aeB U KaXXJIOTO OTJEIbHOI0 aKTUBHOTO CIIydas JIJIsl JIUI] B KApaHTUHHE U MOJ CTallMOHAPHBIM
HaOIIOAEHUEM.
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6596mddo gsbbogrmmos 1s3MgEOGM B3MPOOl sMEcMBBMB 293313900l bgMbo
0mbs3g9g0by oxmdbgdyero doymdol gsdmygbgdoom. gl dgmmeo Fatmdmaagbls bgommbmemo
Jugerol  (ANN) g6o-ghoo  3sblsgmmegdaxmo Godol - s33mgbmmgMols s 3sb6gsbmmo
bfogergdol  3gmsliogm®o dmegeol - @mxolBogm®o Ggamglools 3mddobsgosl, GmIgmlsg
bdoMo© 094gbgdgd MIMEOMMIOL  2sdmlsggbs. dmbo3gdgdo, GmIggdos  93GH™I6IMEIML
30gfimgds, FbmeErmE MOGYMBom (33¢0EMo GMmEbggool) bodmagdls 8gogsgl. 93 dooamdol
359mggbgdom Bgooldogho sbmIsemoio (6o gowsbMomo) Ggdmbggzol gsdmgzmgbols
©O0EO 85BLo  sOLYDMBL. LEBHIGOOL deawml dmEgdmmos 3mddoboMgdmmo seamMomdols ©s

$9060s comxoliBo3mmo MgaMgbool 3mEgeol gi3gddmmmdol gwsMgds.

1533956dm BoBYzg00: 53099632900, Bsbs6eHo bfisgemgbs, ereaxzolihozeabo (Gggigbools
Geaogerno

1. dglisgsemo

mbs0b BHEMBBog30900 21-9 L3606 gobs dM3MEsM o, Gog 0dsl Bodbsgl, Hma
9ddbds0gdgel mobbol 3oobs dgdaros Mmbesob, bogMgEOEHM B3MMOL Qodmygbgdol 4otMgdy.
d0bgs35 0dobs, HMA 5333500 LolEGgds FMLabyObYBGE0s, 0g0 dMMOL IBWMBdJGEOLMZOL
0L HoLILYE Fg0(393L. LagsFmm 3md3sb0s ,,Shift Credit Card Processing”-ol dobggom, 2018
Dol Lo3MaEOoB™M  BoMOmMIBOEIL  MoomMo  24.26  JoEr05M©O MM 0dbs
39056M0Eb 0. LsdsMsmg BRMOTol Fmbs3gdgd0L dm3szol Lbzsalibgs 4bHgdo sGLYIMBL:
050@0mJdds> dglsderms MBGEME B0 §300Mmds FM03Mm3mb BoMYOGHM dsMsMNDY s
29900ggbmb  dolo  Tmbs3gdgdo, o6  ©osdBsMb  doMIMOl  SLEro s oL 2odmoygbmb
933MH0B300LmMZ0L. M3, Y39wsBg BIoMO® BMmIMOL 0bEMGOTo305bg §3MIsl 3539M9d0
59933900 LOOGHIOOL doBgbz00 00gdgb (Credit Card Fraud Statistics, 2019).

0563900 3500 HO FHMBDog309d0L 5dMboEbmdo MmMo Lobol Boymdst 0g4gbgdgb.
3060390 doymds 9xwdbgds fglgdl, MmIwgdoE 8998s3gdme 0dbs gdudgM@gdol doge
30b3M9EHmeo 899mbggzqdol dgbfogeol 99gas. dgmeg doamds 30 sHowo GMmobBadogdol
©OE M5MEYbMdsHYs ©s8MIBIRIMEO. 30039 G30mbg)3580, MMM FoIMHOEb3gdOL
603493900l 53mEbmds bgds Fobsbffot asblabmzMmmo Fgbgdol dobgwzom, bmerm dgmey
390bg93590 - 35645660 Logargdols segm®00dgdol godmygbgdoom (Jurgovskya et al, 2018).

dombgogs  0doly, Mmd  FsbJobmGmo  Lfagengdol  semym®momdgdol  4sdmyqbgds
5350090050905, XIORIOMI0m BJ3M0  450mf393s  SOLJOMDL.  TooEoMsE, dmboizgdgdo,
OImgdoE  obobagl  BHMbBod30900L  oLEHMMOL, doewosb  J3oMg  MomEYbmdom o33l
MOQWOMYMO Q9IMO(3H3O0L BoTMTqdL. oMo 5dobs, MoEASBsE IMTboMgdEOL dmbsoigdms
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M89G9bo bsfoeo 3mbxgogbEoswMos, 8sbdebmmo Lfsgzwgdol dmgmol sbfagwrolsmgols
3039bgoMMe  byFoOHm  0bgmGIszos  bldoMo  dovfizgmdgmwos. g3y,  0OMEOMGdO
95gJLb0BoEMMO©  3OWMdYD, MM  Fs;d  Bogh  aobbmMEogwgdMo  GMmBBoJsos oM
296Lb353090MmEIL 396Mb0GMHO FoIMOEb30LAD, MG SOMYMGOL MSMEOMNYMHO BHEMBDI300l
65036900l 00mEbmdsl (Jurgovskya et al, 2018). dsG0gML JI6OL 0L FoMHGIMGOSE, MM LbgoEslibgs
Lobols 5MsLHME 3eob0g3035300L bbgoalibgs fimbs odal, Mog Bodbsgl, GMA 3O 3mBoEH03gd0Ls
@5 3099 6925303900l  5MOLYdMDS  goblbgogzgdmms Imddggdl  dmEawol  YEHYYSOHMBOL
99535L90sbg (Gomez et al, 2018).

B5dmMmdol  0Bsbos,  LozMgodm  BsMemIOol  MOMWOMNMBLMID 2933900l
5¢mOH0mMIoL FoMdmagbs dmbs399gdbg 093dbgd g0 doamdol gsdmygbgdoom. gl Igormo
foBmoygbl  Bgommbmwo  Jugerol  (ANN)  gOm-gemo  goblsogmom®mgdmo  Godob -
933™9b3m©gMols s 3964obmMo  Lfogargdol  3wslogmeo  dmgol - amxobEozn®o
69360900l 30233065305, HMIgELsg bdoGma 04)bgd9b MowEO0MMdOL godmbisgergbs.

2. H9w9356¢mHo IMmdgdo

0QWOMYMH0  BHMEBod30900L  2odmbogergbo  F330060  LolLGgdgdol  (mbsigdgd by
©o53dbgdeo  Joamds)  gobowdxmdglgdes  0bFIBLoMGO  FMTomds oo  bsobos
908@0bsMgmdL.  Bol8o  AogO05DbgdME0s  BrMmEE3  3MBEGMHMEWOoMgdoo  (supervised), oby
2653mbEMHMEoMgdoo (unsupervised) Lffogargdols sergm®00dgdo.

3MbGHOMEoMHgdso  slfogrol  dgdobggzedo,  dmbs3gdgdo, Gmdgog  dmgErol
29LH3MMNbgwo 49dm0oygbgds, [FoboliffoMss 35@JAMOHOBYIOMWO MW M b WgyoEH0IME®
G®36Bsg309050. 5eEgMbo@oggdol by (decision tree), bgermbmmo bgoHmbayeo Jugero s
dbom59FgMH0 39JBHMOJOOL senamGomdo (support vector machines) Fo®dmoagbgb yzgwoby
bdoM 45933 SEam©0mdgdl (Informatica Economica, 2019).

Jurgovskya o bbggdo o®mBmoyqbab seram®momadl, Gmdgwos G93096@ M bgodmbme
Juganl (RNN) 0yggbgdl. RNN 9653500360560 bgommbmmo Jugeol gobbszmogdmmo ¢odos,
Mmdgedog 9905350 dmbogdgdo  0bgdlo®gdymos  gmggero  GGMabbBodzool  Mmols
dobgzom. gl 30 dgbodergdgenl beol d9dsgoc dmbsgdgdl dmMmol MMdomo 353d0Mgdol
50m3bmdsl  (Jurgovskya et al, 2018). gm®IoerEo@ 98 3OMEILL dgodamgds dg3bodsdmo
ROHIE0:

St = WU(St—l) + U-xt +b (].)

boog S¢ 90b60dbsgl  yMIsMmgMdOL  39JBHMOL - M39MHIbEHMMdL. J9Bdmo, W
(693996096 @o) s U (89953500 3mbsogdo) sGob fmbol do@™Moggdo, bomwm, b - 3omdomgdols
(3005bMoL) 3ohz9b9d9wo.

Gomez 5 b3gd0 M0EOMNMIOL YsdMm3¢gbols 3OHMBEGIOL 2oobsFMIEs® bywmabymo
BgomHmbmaro Jugargdol LolEdgdl a3035BMdG6. 30390 Bsdoxo GOl ANN-0l ©sbyty3ls
9bs399900L  OLEBIWBLYIWO. BoEHMIdO0, OHMIWGO0E d0bIOWWO  3ESLOBOIIGHMMJO0S,
9dmbs39990d0 Wga0@0dMNMo  EGHMIEBId30900L M3MmEabMdsl 50-%x9gM s930M9d96. dqdwgy 30,
23980 EOWOo dmbs300900 25009496905 ANN-0b gobsfig@mbgmo (Gomez et al, 2018).

5053MBEMMEOMdI©O  LFI3oL  3H9dbozol  gsdmygbgdol MU, goLsfzMmbgws
2980bogqbgdgeo dmbozgdgdo 6 5M0lL 3esllogoEoMmgdYeo. OO 333WI35MJO0 MIWEOMNMBOL
298mbogengbo  gobobognoggd  K-wmobeomglo  89%mderol  (KNN)  o653mbEOHm@momgdswo
5¢oMMHOoMAoL 2odmygbgdsl. KNN 4936039 gdeo  oxawIBgdgmo  seam®omdos, GmIgeos

0000Mgne0 3cbs3gdl ox3MRBIOL 4ymzgwro JesbBgmobmagol doboFgdol Jwegdosb daduodwdol
3m3bol 999yo (Khodabakhshi & Fartash, 2016).
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o0bsbodbsgos,  MMI 933093560900l dogH  533HM9b3mgMo 339  godmoygbgds
05O A50BEYOOL 2983 gbo, Fo®ed 8 dgdmbggzsdo dgmmeo fogdmygbowros,
HMAmOE3 LR 9M3MBGHOMEWOMIOMEO sEamMomdo s b doymds Aoblbzeggds 0
653 ™ddo 259myqbgd Mo Boymdolysb.

Apapan Pumsirirat s Liu Yan 5933039096, ®m8 Go@aobsg 35390900 330350 (330006
050WOomMdOL FgMmEIBL, 3eslloxzoE0MgdvYo 8mbozgdgdo 53 3MHMdYIolm3ol Fodmlagyo
396 0gbgds. obobo 094gbgdab 53EHM9b3M©YML 6 sToemo FBom - 3 dMg YOO MbggEymal
990535000 dmbo399900L 963Mm©OMmPSL, brem ©sbs®hgbo 3 - Fs00 ©g3MPOMYPIL QoBMTozo
0mbo3gdgdo (Pumsirirat & Yan, 2018). s0bsbodbsgos olbog 6md, swam®00dgdol
003@939bE o300l bbgoslbgs 80ymdgdol asMs, Moy dMMINRT0 5dGH0IMs© ds0moygbgds
G®3BBog30900L  Lbbgoolbgs  Bobslosmgdegdols  33¢930L (feature engineering)
29653 MGdMwo F9db039003. Togowroms, Bahnsen s Lbggool dobgzom, owgd8ds3gdgeo
Fobobosmgdgd0o, MMYMOOEsS  GMbBodiool ID, GHMbBodzool aobbmMmEogmgdol M,
G®36Bsg300l {030, d3Msmol 6m3gmo s bbg. 396 5BMHEOL dmEgwol 9a39JE0sbmdsl, dogMsd,
d9L50¢gdqos  JobollosmMIdBOL  MHOMPIBMBOL  FoHMS, o3 3orolbIMBL  sds@Egdomo
Jobob0smgdgdoL - HMYMEOOE5 Hobs FHMIEBod300L MEYBMdS - 90350l obgdsls. sbggzg boogds
fobs  BHMbBoJ300L  gobbmME0gwgdol EMMOL  Asm35wolfobgdss. LHmMgo 3 doymdol
dobgzom, 209 dobsliosmgdgeros Bahnsen-obo @s bbggdol 33093580 g98mygbgdwyeo dmgaerols
29LH3MNbgwso (Bahnsen et al, 2016).

3. 9gomgdo

3.1. 8mbo3g9gd0 s 85070 [obsLffs®o ©sdMBoggds

5 MMH0mMIoL 3900s3900Lom30L boFoMm 9dmboggdgdo LGOI ogbo
https://www kaggle.com/-sb, dmbs399gd0 goisgws 2013 ol 93Gm3geo Imdbdsmgdergdols
9096 296bmM309w g0 284807 BHMobBogd0ol s 89039305 31 Tobsboomgdgl. 0bgm®dsgool
L9gbLOGHOMMO dmbgdOL g5dm, 28 Fobslosmgdgwo (30MHMdOM®, V1-V28) 9b3motmgdmwo ogm
o Js0 8603369wmds o6 ogm 3bmdowo. 330930000 Bmbsgdms sboerobols (exploratory data
analysis) Bo@oMgdol 8999y o0dmBbs, Mmd  Tobsbosmgdgwms  dgEglemds  bbgoolbgs
©0535Hmbdo  dghygmds; bmyoghmol d60036gwmds Bgtygmds - 0-sb 1-dg, bmerm
56oMBgbgdo - 4-ob 8-3qy. sdo@md, Scikit-learn MinMaxScaler 3ersbiol godmyggbgdom, dmbgs
9mbs399900L ©0535BMbol Fg930Mgds (L35¢0Mgds) 0-sb 1-dg. sMhgbowo Lvdo 33ws©oO,
»OMM, ,0096Md5“ - ,3sb0*“ 3BMdowo oym. ,,EMHM* 50boTBI3L MU, 30M39WLs s YMm39gw
009360 BHOMBBoJgosl  FmMol,  ,m@9bmds“  FoMImopgbl  momgmmwo  GMmBD300l
@96mdsl, bmeem ,,3slo“ dobo®wo Toh3zgbgdgwns, Lowss 0 4mEolbdmdl  wstymuom
05396909l (35¢00@MMO  BHMobbodE0s), bmwm 1 - ©sgdom 356396909l (500 MO
G®36DsJ309). MomMgMeo Fobsliosmgderols 3603369 mdol  GgLodmfdgders®  odmygbgdwyen
odbs  doMomoo  3MmI3mbgbEHMMo  Bogrobo  (PCA).  Tobslosmgdergdol  bbgssbbgs
36003690 mdgdol dobgszs®, 9gom@do 533M9b3m@aMol 3s0mygbads, GMIgwo 9905350
3mbs399900L96 F9oMgd0m 35F6S 39dBHMOL JaBob, LsTwoEgdsly 0dErg3s godmygbgdmer 0dbgls
gzgas dmbsEgdo. dm@0sbmdsdo, doowgds 8gdsgowo 3mbszgdgool 3gd@mmo 30 356539GMom,
139EOMYIOMEO VOMYPOUYGOO0 S JMMO dOBGVEO Tohz9bgdgErO.

SMEOWGOJE0s, 500b0dbml, GMmA Lofgobo Fmbo3gdgdo doosb orRoblYdgEO 0ym.
284807 &MobBogd300@0b 284315-0b ,,3¢05L0“ ogm 0 (ms@ymzomo) ©s dbmemo 492 (0.172%)
G®36B5g309L 3Jmbs @ogdomo obzgbgdgwo. LHmMgE b gocmgdmgds sHMgdL sdmEsbal,
MoYobo3 doenosb d30Mg 0gm 08 dmbozgdndol Gom@abmds, MmIgerog 9964s6wGmo Lffsgargdols
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5@amMom3gdoL  QobIFIOMBIws© (Moo BMIBBogdz0gdol  doMomoo  dmEgerol
d9loddbges) ogm bsFomm.

3.2.35530mbolingols 338cmygbgdryemo drggergdo

bacermab0 6906mbemo Jlaemo

bgmgbm®o bgodmbmewo Jugeo, HMIGEoE MOOWomMo G®MBBoJ30900L Bodwdgdol
59m3bmdologol  49dmoygbgds,  gMbgmmb  5353806090L  Mdgbody  gBmgel. 50
LAHOMIGHOOL  3OMEILMO  gOMIMYWGDO 30506 BgoMHMbIdo  5JBHO35300L  VOMGOMEGBOm.
0990535000 9mb5399900, OHMIWGBLEG 96 oEIBOMO b MIMYMBOMO 5JEHOZ5300L VOMFINEGDS
5930, 98 Jugol 3o0M39w Bsfowl Fomdmaygbgb. MdsmEHogzgl bgo®mbomw Jugardo dgdsgsero
9mbs399900L OGN Gd0 gMHo godmdsgocn dmbogdl ©393d0Mgds.

0M3s bgoMmbmeo Jugwo (deep neural network) dga9ds 00 Lobolls ANN-0bgsh, Gmdgwog
9o 36 9@ ©oTseyem Mgl 03036 Jugerols Ggdagoen s Aodsgoe Bofioegdl dmEol. Mo
B0dbogl 0dsl, M d90s35¢0 FHOL OOMYMEO JMYMEo dmdEI3bm (sdsgrmero) dMHol
g4m39¢ 6306HMBL 353806000, 8mdY36m FHOL Mommgmwo byoMmboliomzol sGlgdMdL Hrmbols
393OMOMo  gmMmds s dmdg3bm Mol  5JG035300L 8603369wmdgd0 sl fobs Mol
5943035300 3600369wmdadols s dm3g0o Byo®mbol fmbol 39d@Emeol bsd@Magero (9.9.
weighted sum - 9gfmbogro xsd0).

539296 3000960

03¢Mm9b3mgmo  ANN-ob  gobbsgmm®mgdmwo  GHodos,  MMIGEoE  330m535HMdL
36536 BHMM@0MmxdMo Bfogzegdol 3560100dsl. b bLAGWIGHMES 08500 JEyMTMYMdL, GMI
X9M bogds 999535¢00 dmbo399900L 963m©0Mgds, M3 d90aMa 3565893 MId0L IglsdEoMgdEs©
096905 9590ygb9gdv9eo, bergnm 89999 bogds 9b3m©oMmgd o dmbsgdgdol M9g3mbLEMmwz0s
5 J00wgds olgmo godmdsgseo dmbo3gdgdo, MMmdwgdog BodlbodsgryMo@ Sbermbos Lafiyol
3960LosLOSD.

93396300 gMH gL Bo0gdo@03w9M0 SOLOL Fobogdo FoMdm3z00bMmm, HMAT SGLYGDMO:

1. M0 LoIM3Wyg - P oo Q;

2. M g9bd300, MmIgelsg Qm goodgsgl Pn-do o 3mbdgos N, GmIgerlsg Pn
290034o3L Qm-do, s M 5> N ESOJOOMO FNJO MHOEFHZJd0..

5990056 2503065609, 933MYb3M©IMHO 5MOL BMBI30s, MMIYEoE FMsddbol dqdsgon
dmbo3gd x € P" Mo N(x) € P*-80. o0 @6Oml dmogo@o 00Bsbo ULbgomdol 8gdomgds s,
B9U5358065, Miny y(Th_, 4 (M o N(x), %;))-0b 303605,

v olh0 32190 93609605

@OROLEHOZMNMO MHJAOJL0s JM-gJMHMO Y39oBg 2o3M39wgdwEo dsbdsbmmo Lffsgwrgdols
5EMm©om30s, MHMIGEoE JWoboB03OE00L  3MMdEIGIGOOL  goIloFMgusE ysdmoygbgds. gl
dmEawo xX9gO o0mzwol 99dsgzowo 39d@mOmgdol dgfmbocn x5l o wdo@gol bias term-U
(3MI0gdol 50db0dzbgaro §9360). dowgdwamo 3sbbo 9909y bgds 08 gmbdiool dgdsgso
0oh39690gw0, GMIgwoz Bbdzool sOAMIIBEHL  WmKoLEHOIL oMzl GmOIMws (2 -
X oLEH0ZMMO MHJROHILo0L dmYErol J0ge Bo35MIEId0 sedsmMds) (Géron, 2017).

p=ho(x) = o(x"6) @

o @ubdzost, MdmIgeog 99035350 8mbogdol myxobEozol 0m3wol, Logdmowdo
3964300 9hmgds. 98 Bb300L LsdmEmm G0 (3ods35¢0 dmbsigdo - output) 0-sb 1-9cy
d96ygmdlL s Fglsdsdols, dobo godmygbgds 5edsmMMdOL  Tgbogsligders©  dqLsdeGdIE0.
LOIMOMMHO FbBJ300 FoMImYgboEr0s BMEOTMs 3-Fo.

ot) = —— ®3)

1+e-t
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5EdIMMBOL  Qodmm3zeol 8999y mxobGHo3MMmo  dngwo  sbgbl  dmbsggdol
3Wb0ROEOMJOL  IPIPOMO® 9B MPOYMNROMOE BMOIMs 4-80 sOfIMOo  MYO30L
2350035¢0lfobgdoom.
y=0ifp < 051ifp =205 4)

J2009¢70b 35F360065 - 5350296300090 ©5T58982Ier0 ¢re200LA02100 H98G9b0S

QO9905¢bLYOgo dmboigdqdol dabolifsges dgmmEdo gsdmoygbgds s3¢Mgbimoaco,
HMAMOE 9M53MBEMMEWOMgds©O LFO3wol BMEDs, MMIGLLSE ITMYY30IOWSE 9IS
96003690 m3560  Bobollosmgdgdol  Lagms @o  aoblobmgMs. GMymOE 339 3ob0docdo,
933963009MH500 sbgbgb IMH535¢BobolNsMGdW0sbo ImboEgdgdol gb3moMmgdsll 9gstmgdom
930ty 0sbolosmgdosbs (593069096  IMbs3qdgdoL  TobslosmgdeEgdol  MomYbmdSL
96300060 5000m) s 963MmPOMYdMEO 39dBHMOOL YIMPOMIO00 505YIBIE Lofyol dmbaoigdgdl.
@bo@os, GMI 58 3OMEgLol FoMmBsGgdmo Fo®doMmmzol dgdwgy, Lsfgolo s Lsdmermm
9dmbs399900 momddol 56 Mbs 2obLHZE3PPMPIL GMHNTsbgcOLYSD. 5J9sb godmBobaty,
dmbs  933M963m©gHol;mgol  FbMEME  YIMYMGBOMO  ,3¢0bol”  Bmboggdgdbyg  gofigmbo,
M0yo053 9Ju39M0a96EMEo Bmbs3gdgdol MIgEIuMds WGASEYMHO FHMBBod30s (MoMymaomo)
oym. 0dmbs3qdgddo dbmemE 35¢0EMMO  GHMEBoJ30900L  ©oG™MZgdoL  8gdgy  dgoddbs
933963MmgMHo gMmIMH0sbo 9b3Mm©gMom. MoYsboz G0mdsgswo 39d@™m®mol bmds 30 oym,
30639 dHgL 3Jmbeos 30 Byo®mmbo, BsGmel 80gl - 15 Bgo®Ombo s godsgacn dégl - 10.

dobgsgz5 0dols, Mmd gl doymds Ls3dom© 9R39dGWIM0s, ImbEs WMmKOLE03WOO
0930900l ToEHgds bgoMmbmwo Jugeol LEGHMWIEHMMOLm3oL. sdol dobgbo ol ogm, G™I
Dmaxgm  933™MIB3M©IN0 WP NMO  BOMBDIJ30900L 9GO E oo YOS©
3Wb0x0E0MGOSL sbEYbL. 5ol J0BYHos OEYdOMO @O 30¥) BHMIBEBoJ30gd0lL  IdSEO
29635Lb303590g00  BEMEOBdEo. Mbs  500b0dbML, M3 v 860d369wmg560s  dsO
DEMOdEXOL Jnbs, G0 Y39ws MOWEOMOHO GHMBbDoJ30s 498m3zwoboqgl, mwbsg gl dmbogl
WIRIMEOHO  A5IBEIBOL  SMLFMMO©O DO  BMBDBIJ300050  39BYMM0BoGo0l
boxbg, Moyb M IGO0  JEobogozgoEool 89d30M9ds MRG™m 3508369 mgsbos,
300009 (30 MOMYMBOMOE  JLOBOEOMGDMOlL.  Fog™sd, MGO™  bBmbGo  FggagdoL
dobo®gdo®, MY MOMYMGBOMOE 35GJAMM0DsE0s3 d0b0dmdsdwy Mbs ©sgz0glL, LimGMgw 50
doBobl  gbobwmgds  WmRoLEIMOO  MYMgLool  ImEIErol  ToBHgds  93BM9b3MEYMHbY.
WORoLAHOZMO  OJaMLbosl  doghimogds ygzgms ol dmbsggdo, MHmIgog 93GMIblMm©gcds
(fobobffot oagbowo DYWL §sdmygbgdom) EIO0MO Jesbo dosbogs s My ymggeo
GM36Dsgd300Lm30L YR MMMBOL  5¢EBdSMOOL  3OM3IBEGHMMds 95-Bg dgBos, ol Ghgds

WY OHO BHMBDOJ30900L 35BJRMO0sd0.
39020065 - ¢ 0liH0 237190 993609605, G363 bsds bolien Jmaacmo

50 doamdol 9839JEH05bMdoL M39mabs dglogaligders®, 04dbgds dmgeo dbmem
@WOXOLEHOZMNMO MHJAOIOOL godmygbgdom, Msms dol d9wgagdl 9ol 53EH™M9b3m@MOlLs

5 @MOXoLEOIMOO  MHJAMgbool  3mddobsgoom  Bogdmmo  dggagdo.  Scikit-learn-ol
train_test_split-ol  Lodvogd00 8mEgeol  obsfzOmbomwa dmbsozgdms 75% s8moygbgodos.
3M6309H Mo GHMbbogdzool 3wslogosomadol;mgzgol, wmxobEHozmmo Mmgacmglbool dmgero
DOmOdms© 0-b 0g4gbgdl, Gog 00sl Bodbogh, GMI dgfimbowo xsdobs o bias term-ol
(3M30wgdol 036033690 §930M0) X580 5M9MSMYMBOMO MbEs 0ymb, sedsmMMds ™A 0.5 56
d9@0 oymb.

4. @sliggbo

509653 MbEs0b BHGMEBoJ30900 MBOHM s MROM 3390 bEYds, oEIbEIdOL
OGO  (MLOBOOLME)  FobbmMEogEgds  S30wgdgEro s 53sLmobsgg,  9gEHMeEGOo
bogombogss. 0dol  F0Mbgszs©, OMI  EOILEOIMOOD  SMOEIGASNMO  BEBEBodz0gd0l
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dsg s 3063509, 956565 bsb0ody, ¢roDo 8s8obsdzr0¢m0, 9693¢19 0860583000, 565602 032yEd05830¢0

39003960l sd6s30 B SOLYIMBL, S¢MOH0MTYdOL J0gH MOVEOMMBdOL dg3M0 Jgdmbggze
95063 8999hbg39e0 MBYdS. 58 3BIMOMGBOL 25O FMYWs FgIMme35HgdE0s byewmgby®o
06¢9w9dGHoL 5¢rym®omdgdols gsdmygbgds, JogMsd Mosbsg Bo30mbo Ldsb3m BysMmOdgdLs s
A®36Bod3090Dg 0683MOBo300L gbgds, Imbszqdgdol MIgEgbmds 9353MOWOS IEMWO, O3
SO GdL 0G0 EBIWBLYIMO O IO FmEYEgdol  Fgddbsl, GMBEgBLSG
099000500 WGROEINYMHO S MIVLONIMHO  GHMsbBogd30gd0l goblbgoggds. 8gdmmsgsBgdLIEo
@63 bfjagergdol ghm-g6hmo g3gwsdy 983dANO0 dmEgwo - 93G™Ib3mEMo, Gmdgrogs
9bs39990mob  ©5353006M9d M0 58MEobgOOL  QosbsfyzgBo  dglobodbsgo  bgMboo,
WORoLGHOIMNMO MJAOJs0s 30 DBMLGHO  3OMABMBOMYOOLMZOL  33Wwsg 9PH-gho  9B9IGHIO
Lodmoegdo  MBgds.  FomBmaqbods  LodsBobm  s3@Mgbim©gmol  dmegeds  dgdenm,
foBoBadom  @ogbffagrs  OMYMOE 9RO,  0b)  PIVWONMO  GHMbDo30gd0L
d90mbgg3900, Mo h39bo  33¢930L  doGomso Fobsbo oym. dombgogs 0dobs, M@
Lbbgoobbgs  LEHM®MIGHMOMOL  933MIb3M©IMYPO  35FMOE5S, 0l Lo39mglm  oym,  FogMod
29999xM0dglgds 9950 5MOL Fgladergdguo, Mg dgodergds bbgs LEHMWIEBHMMOL godmygbgdsls o6
90adol  LEWMWOosE F933wlLoE  2YolbImdEIL. MFEs, MoEYsbsg  Fobolinsmgdargdols
om©9bmds dbmem 30 ogm, Gog o3 oby 193005 MTs LFI3wgdOL LEHMWIGHWOHOLMmZOL,
3830JOMdm, MM 533M9b3mYMHGdOL odmygbgds oMo J0YMdss, Jom MdgEgl, HmA Lozdom

©58508990go 89©gagoos doegdwo faednwagbowo 33wyzol bdadzgwby, OIS
3990996905 Gqbodegdgeo 04b69ds 59 LERYOHMLMD s 39380MYdMYE bbgs 33¢g390do.

Autoencoder and Logistic Regression: Algorithms for Fraud Detection and Their Results

Magda Tsintsadze, Manana Khachidze, Lizi Mamisashvili, Erekle Shishniashvili,
Anano Turkiashvili

Summary

The way to deal with the credit card fraud by using a data-driven approach is considered in the
paper. This approach is a combination of auto-encoder that is one of the special types of neural
network (ANN) - and the classic model of machine learning - logistic regression, which is often used
to detect fraud. The data supplied to the auto-encoder contains only negative (valid transaction)
samples. By using this approach there is a big chance of detecting cases that are abnormal (deviated
from the norm). At the end of the paper a comparison of the efficiency of a combined algorithm and a
purely logistic regression model is given.

ABTOSHKOZEp 1 JIOTHCTHYEeCKas perpeccHs: aJITOPHTMEI OGHapy>KeHH MOLIEHHNYIeCTBa M UX
Ppe3yJIbTaThI

Marzga I{urnazgse, Manarna Xaunzgse, /lusu Mavmucamsuirn, Sperire lunranampuiim,

Amnano Typxuamsmurmn
Pestome

Omnepamnuu «Card Not Present» (CNP) cramu mnomymapusiMmu B 21 Beke. Hapamy c
IIperMyIeCTBAMU TaKOM yJOOHOM CHCTEMSI CylecTByeT Goiblias IpobieMa, HETATHBHO BIMAIONIAS
Ha mosb3oBaTesie Gamka. HoBBIN mozxon K samuTe WHGOPMAIMM Y4ETHOH 3alMCH IOJIb30BATEILI
CBA3aH C HHTE/UIGKTyaJbHBIMH  CHCTEMaMM, OTJIMYAIOIMMH 3aKOHHBIE TPaH3aKIHU  OT
MOIIeHHUYeCKNX. B 9TO# cTaThe IIpezcTaBiIeH aBTOSHKOAEP, yMeHbmaromuii 30 nmpusHakos g0 10 Ha
cKkprITOoM cyoe. Kpome Toro, M1 06yanamn Mozesh JOTUCTUIECKOH PEerPeCcCUH, HCIIONb3Ys Pe3yIbTaThl
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33¢™963m©9M0 s EMRoLE03MMO0 HYAMIL0S: BSIMILOEHM d3MIMNIGDOOL CISWEOMMIOL ...

aBTOKOZIMPOBIIMKA. B aTOM ciTydae, TOCKONBKY MBI XOTeJIM, YTOOBI OKOHYATENBHEIM pe3ysbTaT OBLI
Goyee TOYHBIM, ITOPOr OBLI CHOBa M3MeHeH. IlockompKy MBI XOTenu, 4ToOBI Hama mogzens WMHC
CPaBHMBAJIACh C IPOM3BOAMTENBHOCTBIO KJIACCHMYECKOTO AJrOPHTMA MAIIMHHOTO OOY4YeHUs, MBI
VICIOJB30BAMM JIOTUCTUYECKYIO PerpeccHIo He3aBHCHMMO OT MCXOZHHBIX JaHHBIX. Ilocime obydenus
MOZ,eJTH MBI MCIIOTBb30BaIl KpuBYI0 PR (TOYHOCTS VS OT3HIB) A1 OIlEHKN IIPOU3BOAUTEIBHOCTH.
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