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©OHMb ©9g350GHM0 BodMegeo 4obolabrgdgds 99ad-
0930 bobom. 3133500 X M0l 509355300 MboggM-
Loeo LodMmagerol X* 439LodMageng, bmwm Y 3o Y*
6039OLIMMO  LodMogeol  JzglodMogangs. d590b
09350 G0 B3 s3e0:
XXV =[0G AR /(x,9)

bosg X*'xY* = {(x;y):x € X*; y € Y}, bLoddmeoe —
A, 50608bogL max . p(x) s pu(y) gLedsdols@ x @s ¥
30399,36900L 53bJ09000.

MmEgLs3 R 30856009090 X— Y, beeoe S 3085600909
Y- §, 85806 R° S, 8085609050m5 b59Gsgemo  gobo-

LoBE3MYdS F9dga0 Loboo:

Ros= | vy (unei) A s i)/ (i)
XXZ

59 LOFIMEMGOO V , S A 50b0dbs396 Fglsdsdolo
max oo min.

50 0Mdol 4odmygbgdobol, Bgdmo dmyzsbogro
055000l — Loty 3mbLEHMWI30m Lodmdomgdols Bods-
69008 3OmgdBHol GgxsLgdol s FoMMZOL MoMdIbY
M930mbdo 500 3Jmbs Tmbobergmdols Momg-
Bmdob 8339006 DML GHOgdBMmGos Lo, L, L2 L3, Ls,
Le.2.).

dmmbmgbgd0, HBMIgdLsg Mbs 9305ymBoMgd-

b 0ba30LEHMMO (33weEoL d03Mmm3bgd0L BMbJs0s

[13]. 537983500 8mggd2)@os @oby30LGmo 33wso
(x, Tx, X), 960 Lodesgwg Tx={X?}, p=1, h, 560 XP -
90900 — 39obMIM0OE  gBOWMENH 5015035530
LOAMH3EYJB0s. 3003w0m, G XER! . 53 90mbggzsdo
Tx -bOAMIZEg OEIYJOMO MbEs 0ogml d0@IH0
306HMd780b dgbodsdoloc:
(VXP € T)(VX9 € T)[p > q & (vx' € XP)(vx"
eXN >x")],p.q= 1h
653 9gMIoMgmdl 00590, HMY Mo MBGM ToMb-
Bog 8gdsmgMdL 853509090, doo WBG™ I306Y
63960 8093790036905 Tglisdsdols @g@al. goms sdobs,
206033000 dgbereggdo  gogds  HyBIPoL X
X?%; .5 X" 803790036990L 53796J30980L Bmdgdl, dg-
05Mg0L S FMMIsL, 39MM:
X(x)=1onx <X
X'(x)e[0;1), oy x > X';
X"(x)e[0; 1), oy x < X" )
X"x) =1, 00x > X",

XP
argmax{ (x)}’ = Th

Loog XP = xex?
(vx? € T) (0 < max(x? (x)A(Xp“(x))) <1)@3)
(VXP e T )Ax € X))(XP(x) = 1) (4)

9399 (L. 4) 6583969005 50b0B6EO Fgbo-

3900l 30553037900 0ElEHM30S, MMELs3 h=5

bEv-ob 3G™3gdo — Works of GTU — Tpyam I'TY
Ne3 (517), 2020

ISSN 1512-0996
www.shromebi.gtu.ge



3m33ovEgtymo dgsboghgds — Computer Science — KommeioTepHsre Hayku

(2) 306HMdgd0 3Mdogsgl, Mmd 3039036900l 53wbd-
3090l 306390 s dmErem ¢HgMdobs 3Jmbogm GHMs3g-
GO0 gm@ds. [X1; X5] 0b@gdzommadl dopds, do-
3990369008 3mbjiool 360dzbgemdgdo vbos oyml
9600L GO0, 30OMBJBO (2) © (4) 3Odowsgb X; X2
©@> X% X3 fyz0m 963900l sMLgdmdL, Moybsg
30639 89000b3935d0 56 sOLYIMBL 3Bgdsms ABLbZs-
3905, ®MIGVOM3 balosm@gds X1; X2 ¢9Mdqdo. bm-
e dgmeg d90mbggzsdo 30 [a,b] MBsbby, wobygol-
AMO (330o©L 56O Fgbodsdgds 530500 (3690s. (4)
99030 193900 3HgMdgdl, Gmdgerms do3mgbgdol
53769309000 3o19L0L BMEOTOL , ots 00 Fgdmbgggzols,
OEqbog 3oL 5J3L X * Loby

50 dgdombgqggsdo, 0bzobgb@mmmdol do@GmoiEol
(1) 999963 goo 0dbgds sts 0 s 1, o0sdg, R(x,y)
30399,36900L 53bJ300L 3603369cmdgd0 0<R(x,y)<1

50 9900m0b LEOEMLEHM30ME doB30boMo 90-
Q930 3535¢000.

3009350, X=Q (Q4,Q;.......... ) 960L goblobogrgawn
6930600 dbobErgmdol gHmy3sMmM3z960 LodMmIz3EgL
5 530 X539M0 0bFIMILYdOL LodMsgeng J=Y (). 0w
B306 21301 gd9wggmBm 08 oAU, OmI oMM Q;
X2M330, 56 5OLYIMBL 0gMMJ0MEo LEAHMWIEGHMOJdO,
396306HMdgdMmo xyxdo 9g9dszswo obwpozowgdol
93GHMO0GIGHOM, 393gBbom, IO MdOL MBI
Ubgs, 85806, A;; =1 6 4;; =0. ULobsdwgzowrgdo,
50039653, YMm39w LEMEoswE ¥yMRdo  SOLJOIMDIL
09M50Joro LEIIHOIo0 8gdmzodbmm ymggww
Q; X315390 09BHMJoo LGSGHLOL h AMHE0s (5649
0oL BgMdgdo), h =0,1,2,.... Hi. s9sbosbsgg, gawgerolb-
0mdm, GMI hy < hy < hz <+ < H;. gogwom, Hmd
s0MLYOMOL Q) 9530567d0L  KYMB0, MMIgEms Fo-

399036905, MHMIgEodg LemEosw® XaBmsb dgwmd-
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g0g0d, 59 X3RO 50590sbgdOL Mom©gbmds >3-
6086m N, 99Lsds80bs d9a30de0s o3fgdmo [12]:

Hj
N=0+ZZN{l=Ni

i=1 h=0
09650mJoMmo  bGsGMLO  FobloBEIMZL  0gMM-
Jon bAHOAIHON begoswn® xynsdo i Ni.
9L 00 500580565 M3MEIbMBSS, MY DS bGoEMLo
Q; x3Mn300, bs3engdos h-%bg,. 95906, h LEsEmLob
306003690500 3m@Hgb30swo Q; LemEoswH Xymsdo
24960L5BEZMYPS 2o0mbobEgdOm

Nk
g (N) = ZZ:omFszm Q (5)

Qi X9B0L 3mGIBE0swo 30 FI0MOMNZILYOd> FMO-
deom
giN) = TL, Tl N i=1.2,....Q
6Hmgbsg Q =X 58 990mbggzsd0, 06306 9bEHwOH™-
3oL Ao™oEoL (1) 9emgd9b@gdos €339, 5Ms ,0% o ,1%,
565890 oBHM0(3900.
5939 Mbs 893608bmm, HMI gMmA35MM356 LemEos-

@O X3MR9030 AsbLEBEIOMWOo LEBGHMLOL bowo-

09900 b539ogdsl 435deg3l 3563390 ,,obds-
905 s0dmhobmm  gdudgmEOL  sbsliosmgdgwro

53694300L 29BLsLBOZMO350.

5003000 ©3LOBIBOS, GMB 0bagzoLEAMMO 33Ws-
ol $gMHdgdo, 3obLoBZMHMEs 0gMMJoEwo LE M-
JBIO900L 90tmEbom, 53059MmxB0gdl Bgdmod dmygs-
Boen 0bag0LEMMo (33wool d03mom3bgdol gmbd-
300L 39D M390b.

53360
B596mddo Fomdmagbowos s gobbowmmo ob-

393000 Mo  3903OGBMOIOL  Fo0gToB03wIMHo
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©900, HMIGEms Logwydzgebg dgbodagdgros 9935  39HY39G0WYdIOO 50b0dEMEO 3HM(3glgdol dstro-
3oL Jogrsddo 80dobatrg 3OHm3gLgd0 LoLEJIMGO 3oL S MJAMEOMHIOOLIMZOU.
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Abstract. A “Smart City” concept is the concept of integration, systemic modeling and control, when the city is
considered as a single dynamic unity of the processes occurring in it. This kind of method requires creating such
technology and information systems, which will automatically gather information about the processes occurring in
the city, analyze and synthesize the alternative decisions to manage the city.

We developed an integrated software package of web platform, which allows the users to register and process the
parameters typical to the city objects and the processes taking place in the city by using systemic mathematical and
software “tools”. The basic functional modules of the web platform are: 1. The module of mathematical modeling to
show spatial and time processes occurring in the city; 2. The module of mathematical and software “tools” to analyze
and control the processes taking place in the city; 3. The module to form and manage alternative decisions, and 4.
The module to provide the expertise of decisions reached. The present paper gives the analysis of the basic
mathematical methods and algorithms, which are the basis for common web platform “tools” and gives the expansion
of g-analysis method of the algebraic topology by introducing implicit sets, what, in developing the alternative
options of decisions, allows considering the minor parameters, which are usually ignored in the classical theory. Such
an approach is very important to predict and avoid catastrophic situations. The paper gives an example illustrating

the proposed method.

Key words: Fuzzy sets; modeling; Q-analysis; smart city; web platform.
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Amnnoranuda. Konnemnus «YMHOTI'O TOPOZia» - 3TO KOHLEIIWA UHTETPAIlUM, CHCTEMHOI'O MOZEIMPOBAHNA 1 YIIPaB-
JIeHUs, B KOTOPOY TOPOJZ, PacCMaTpPHBAeTCS KaK efUHOe JUHAMHYECKOe eAMHCTBO IIPOUCXOAAMINX B HEM IIPOI[ECCOB.
Tomo6HsIit mogx0x TpeGyeT CO3MAHMS TAKUX TEXHOJIOTHUH M MH(POPMAI[MOHHBIX CUCTEM, KOTOPbIe B aBTOMAaTHY€CKOM
pexume cobepyT uH(MOPMAIMIO O INPOHCXOAIMX B TOpOJe IIPOLeccaX, IIPOAHAMUBUPYIOT K CHHTE3UPYIOT
JIbT€PHATUBHBIE BapUAHTHl IPUHATHH pelleHWil O IpaBleHMH ropoja. Hamm paspaboTaH HHTETpUPOBAaHHBIN
IIPOrpaMMHBII TaKeT Be6-TIaT(OPMbI, KOTOPBII II03BOJIAET MOIb30BATEIAM 06pabaThIBaTh U BECTH yUeT CUCTEMHbBIMH,
MaTeMaTUYeCKIMU ¥ IIPOrPAaMMHBIMU «HHCTPYMEHTAMI» XapaKTepPHbBIX IIapaMeTPOB OOBEKTOB IOPOZA, IIPOLECCOB,
TIPOUCXOZSANINX B TOPOJIE.

OcHoBHBIME (QYHKIIMOHATHHFIME MOLY/IIMU BeO-11aThopMsl aBiafioTcsa: 1. Mozgyib MaTeMaTHIecKOro MOJeIn-
POBaHUS AJIA OTPRXEHUS TEKyUINX IIPOCTPAaHCTBEHHO-BPEMEHHBIX IIPOLIECCOB B ropoge. 2. MaremaTudeckuil u
IIPOTPaMMHBIN MOZYJIb «MHCTPYMEHTOB» [JIs aHAIM3a U YIIPaBIeHUS TEKYIUUMH IIpolieccaMu B ropoge. 3. Moznyis
AJIA q)OpMI/IpOBaHI/IH AJIBTE€PHATUBHBIX pe]lIeHI/Iﬁ ¥ X DKCII€PTHU3BI. 4. MOI[YJIB OKCIIEPTHU3BI IIPUHATBIX pel[[eHI/Iﬁ.

B crarse IIpeaCTaBI€H aHA/JIM3 OCHOBHBIX MATE€MATUYECKHX METOAZOB M aJITOPUTMOB, COCTABIAIOLINX OCHOBy
«MHCTPYMEHTOB» eIuHON BeG-TwiaTdopMsl. MeToz q-aHanu3a aare6paniecKoil TOIOJOTUU OBLI PAaCIIMpPEH 3a CYeT
BBeJIeHUS HEYEeTKUX MHOXXECTB, UTO II03BOJIIET HAM YIUTHIBATH JakKe MaJble IIapaMeTphl, KOTOpP5le UTHOPHPYIOTCS B

KJIaCCUYeCKOM TeOpUHu IIpu pa3pa60TKe AJIbTE€PHATUBHBIX BAPUAHTOB.

KirrogeBbie ci10Ba: BeG-1raThopma; MoZeInpOBaHNe; HeYeTKIe MHOXKECTBA; YMHBI ropos; Q-aHamms.
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3Mb3memEon® dM9ggdmsb ghmo dgodangds dgo-
(3939L LEWME BTN FMHYIOL. oM 5dobs, Lfog-
@gd0L 3OmEgbdo Jugeol dgbslizgergabyg dgodengds
909053l 45dmMLabgds 530JLoMGOMEO Bm-
dol dogo 30gdMobl, 993300l — 5990l (batch)
LSbom Q9TMMNZEsMS 9B39JGHVIOMOOLS s JugaErol ©s-
LHogob bLoBJsMobl 4oBMOL JoBbom. 59300 gdgEo
dgblogmgdols  Hobslo®o  Fgxuoligds  oblsBEgML3L
LHo3egdol 3MmEgEmmol Igudrvergdol dgladwgd-
@Mdsl 5OLYIME odmmMZEom MYLOLYdDY s Yo-
Ibobwegdsms lsdM8s3909w0 3539E0L dobomgdo
bmdol 9gMBg30L bodMoegdsl 0derg3s. 58 3OMEIOY)-
oL 530 GOWMDS, Ie3MJLo®, A9B30HMBYdY-
@05 0d0m, Mmd Lfogergdol 3MmEgldo odmoygbgds
3M5803Mwo  3OHMEgLmGmgdo  dgbloggdol Fgbwywy-

OO0 INENMOO.
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7. bgwbsfigho  3oxmgdol  3eslogozssool
50m396s30  3mb3MmEMEovMo Bgommbrmo Jugagdol
393mggbgdol dsgsemoomo
3Mb3me30Mo  Jugegdol 2s9mygbgdols doyo-
oM 35630b0wmm gHMIM0sbo 3mbgmervisodo
BgoOHmbmmo Jugwo bgwbsfgho 3ogmgdol 3wsbo-
53035300 53m3565d0 (L. 7).
1. 3mbgmemzon®o 86g. dgozegb 10 Bow@®U:
Beds - 9% 5 ggdqbE 0, 898mzwols doxo- 2.
2. Lo3zOEOMO P39O056930L (FogbodmTol Mm3gMs-
300m) 3M9. 9903536 10 Goan@BHEL: Bmds - 3x 3
9e9396¢)0, 399mgeol doxo - 2.
3. bLEOHMELEdIMWo M. Fgoi3eglb 10 godmdsgo
9gd963L (3sbgdol Mogbgol Jgladsdolo
9m390ve 00m;306590).

4. 5J&035300b softmax 1wbd30s.

:5x5,2 33,2 i _|:| softmax_
28x28

12x12x10 5x5x10 10x1 10x1

byyé. 7. ghondcmosbo 3mbgmeuzom®o Jugewol bE®Huddm®s

J399m0o dm@sbowos bgo®mbmwo Jugerol dmgg-
3o 5MJo@gd@GOol sofigms (wob@Gobao 1) s
Lfogangdol dgommol 356M539¢Mm9d0 (wob@obyo 2)
prototxt g3mMIoBdo, MMIgElsg 094gbgdl dodwrom-
og3o Caffe [14].
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name:
"SimpleCNN" layer {
name: "mnist" type:
"ImageData" top:
"data"
top: "label"
include {
phase: TRAIN
}
transform_param { scale:
0.00390625
}
image_data_param {
source: "mnist_dataset/train.lst"
new_width: 28
new_height: 28
batch_size: 100

root_folder: "mnist_dataset/train/"

phase: TEST
}
transform_param { scale:
0.00390625
}
image_data_param {
source: "mnist_dataset/t10k.Ist"
new_width: 28
new_height: 28
batch_size: 100

root_folder: "mnist_dataset/t10k/"

}

layer {
name: "conv"
type:

bottom: "data"

"Convolution"

top: "conv'

} convolution _param {

} num_output: 10

layer { kernel_size: 5
name: "mnist" type: stride: 2

"ImageData" top: weight_filler {

"data" type: "gaussian"
top: "label" std: 0.01

include { }
} }

} }

layer { layer {
name: "pool” name: "loss"

type: "Pooling"
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bottom: "conv" top: type: "SoftmaxWithLoss"
"pool” bottom: "ip"
pooling_param { bottom: "label"
pool: MAX top: "loss"
kernel_size: 3 }
stride: 2 layer {
} name: "accuracy"
} type: "Accuracy"
layer { name: bottom: "ip" bottom:
"ip" "label" top: "accuracy”
type: "InnerProduct” include {
bottom: "pool” phase: TEST
top: "ip" }
inner_product_param { }
num_output: 10

@obLE06a0 1. 3mbgmemzon®o Jugeol sMJoBaddmmob sefig®s Caffe dBodwomog30L 3s8mygbgdoo

net:"mnist_cnn.prototxt"
test_iter: 100

test_interval: 500

base_lr: 0.01

momentum: 0.9

weight_decay:0.0005

Ir_policy: "inv"
gamma: 0.0001

power: 0.75

display: 100

max_iter: 10000

snapshot: 5000

snapshot_prefix: "mnist_cnn/mnist_cnn"

solver_mode: CPU

@oliBobyo 2. 3mbgmwyaor®o Jugwols bfsgwgdol 356s99BMd0o
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d9-3 gbGowdo dmigdwueos bgwbsfgho 3oxmg-

0oL 3eoboy035300L LoBHYLEHOL I60TZz69EXMdYdO Tm-

Boggdos MNIST  3690mwbg. obobo domgdyeos

0bgmo Jugerol ysdmygbgdom, Mmdgwog gglodsdgds

@MyoLE03YO MHaMILoSL s JMHMIM0SE 3mbgmeny-
3096 Juganb.

gbeowo 3

dmbszgdms MNIST 360939y bgabsfig®o
3083Mgd0L 3000ll0gz03s300L 99900

dgmmo Lo, %
WMP03OO GJAMILOS 90.6
960IH0s6o 97.6
30bgngog®o Jugero

8. 3mbgmemzomo Jugengdol sagdol 3Gobiodgdo
3ob30bomm 3mbgmwsom®mo Jugargdol s9d0b

Bmp0gMmo 30063030 (M93¢mdgbs3os).

1. 8g0sgsemo dmbsizgdgdol Fobslfsmo ©sdwdsggdols
296bMME0gEgds. LofzOmbgmo Bmbsiggdgdol fo-
Bobfoo @©3mBsgqds 3mbgmerz0mMo  Jugwrol
989dEHOMdOLs s Lagwgdol  36Hm39cmob
5BJo6300L Lodroegdsls 0denggs. Fobaolffs®o ©o-
08539008 BH03MM0  Boddoomos  Lafzhmbgwo
LoIMH3OL Yz9ws godmbsbmeadom dowgdwero
L53w95¢M A5FMLObEgdOL godmIangds.

2. Jugemols FomBmagbsdo «gofidm yggwol» asBgbols
56M0gds, gsblsgmmMgdom Lsfigol 1gbgddo. Jug-
@ob 5MJoGHIJGHIOOL 53900Lsl sHBOMO 5J3b mogo-
56 930300Mmm 0bx3MmMIsgo0olL 9JuEHMYBsEGO
09310035, Bmyo 09dmbggzsdo  FoMdmagbol
2396%Bmdowgds Mbs 330MHEIdMEIL sbEIms-
Bmdom 890535000 8mbo3gdg00sb Jugarol qodm-
bolgEgEsdY, gug 030 0bgmo FoMImpyqbols do-
©9059009, ®MIG0E 35dM0Yygbgds s8m3560L sdm-

ISSN 1512-0996
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Loblbgs. FoMdmagbol 3ob%Bmdoads odenggs
06g3mMs30mo  3mbBHIBEOL dosbermgdoo dg-
939L9dsL [8].

. 0O 356%mIoErgdol 3mbzmemizom®o ggbgdols

B5Bo3gmgdol gsbbmMEogmads vgmem 930y 3sb-
bmdogdol 3mbgmemzosms Lkgzom [8,9]. ©o-
@O0 (5x5,7x7 @5 «xOH™ JgBo) 356Dmdowgdol
RBOWGHMIOOL 259mygbgds MRGMm 9@ dgbmdgw
Loabocwls GOl sdM30IOgdsBy bgerol
©53go0b b8 gdsl 0deg3s, Boa®ed godmmg-
@womo bobGHdolb MZoWbsBOHOLOo  dZ30MOELO-
9090 M3gMo30s 9900¢gds 0gmb. sdol domby-
0535 85050 gbBMB0gdol BoEGHMOL 4s0m-
ggbgds 8900 gds ©3094356MmmM MBOHM EIBIWO
296DMmI0gdol o EHMYOol d0dEIIMMBOM do-
0my9bgds9¢g. LY, ToRoOMOE, JMb3zMEY300
5x5 gow@®oo d90dwgds 9903350 ml mMo dod-
©I36OMd0MO 3mbzmEwEoom 3x3 Bmdol gogn-
A®g000m (L. 8).

JmBgecraans 5x5

Jbgnegoens 3x3

L. 8. 3mb3mEvy300L BowEMom 5x5 Bboggwgds

®60 30900303000 JMbgmmyy3000
3% 3 Bmdol omEHMgdom

50 ML bgds Jugmwol 53m®IoMmYds 3561609¢-

900l 6530gd0 Hogbgzom, Top®med 00s39 Bmdols dg-
Lob3EPg00 s Fodmbsligengerol LoW®MAom.

dm@obowo 859w0m0sh dgodwmagds dmy3z9h39-

Beals, @I 3mbgmEvog9d0 3x3 BmAsDy bozwrgdo

L&g-ob IGMBYdo — Works of GTU — Tpyas: ITY
Ne3 (517), 2020


http://www.shromebi.gtu.ge/

33309@geymo dgsboghgds — Computer Science — Kommsiorepusle Hayku

00M™M39000 MLMYGOEIMs. Lobsdzowgdo 30 gl sbg
56 5G0b.

30b3mmEos 3x3 30M™M300 Jgodegds go0ds-
@mb 2x2 96 3x1 s 1x3 Dmdgdol mMo Jmbgm-
@300 30093MIMdS©, BogMsd sLgoo Mm39gMoo0l
Bo@GogdoLsl 3mMygds 356599 BHM™Ms s BoliodoMmgdgen
2399mmgmsms Mogbgzol dobggom M sl olgmo
96003690 m3560, Hmame3 fobs dsgsewomdo.

3bo©os, MHMI  3mbgmermizos Mxm  dBoOHM30M
3900¢gds  ©304356mm 3mbgmmvygosms Mx1 s
Ixm §y30@olb  250mygbgdsdg, BogMsd 3Mod@ogzs
9h39690L, MM OO 2o6BMIoEwgdol Jugeol s-
Mg 090Dy obYMo  FoMmEslobzol  godmygbgds
90595399 BH1M00. 59 OML Lodwsem (12-sb 20-3¢Y)
2396BMmBoEqdol 60dsbms Gv35%Hg 500 543L Lsfo-

65000093 989OL [8].

17+17%640

convolution

17x17%320

pooling

20

. .

5

-
2

n

- -
2 2

4. 1o3MmE0mO 53935305 MBS BHIMOIOMPIL RO
3050 356%Bmdoegdol 60dsbos 9398000 o-
90mm30mo LML Fgled30MmYdMsE. JMb-
3099300L 4956bMME0gEgd0L fob dgodangds dg0-
3OOl 899535¢00 §oMmBm©ygbol Bmds gmzgen-
33960 339600 939dG0L o9 [8]. Hgscobgds
bogds  LOgOEOMO  A39MHM0s6gd0L  (pooling) o6
inception-dmwyegdol 99dm@Esbom (bw. 9). aoq6-
0056300L 3965300l godmygbgds Fgdsgzowo Mol
90056 (bwyd. 9, ToMzbgbs OsYMDs) 0f393L 0b-
5mMOIS300L ©935Mmy35L Lahgolo Fomdmepaqbol dg-
Lobgd, Gog 993939 gdl «gofMMm ggeol» sOLYdM-
05bg Jugdo. 3mb3mE00L  AsbbmME0gmgds
L6900 296Bg3000MBOL 30MHMdGdT0 (LLye. 9, Doty -
3965 ©0oa®53s) FotBmddbol @sdmmgzgmom Lom-

YL

17+17+640

pooling

lution

by 9. 6085605 B30l 356%BmBowgdol 899306M980L MmMo sedIMBsGommo o
(B995g5¢00 Gr30L Bmds 35 x 35 x 320, 358mBs35¢m0 G930l Bemds 17 x17 x 640) [8]

inception-dmwyerol  dgdm@oboo  (Lwyd. 10)
™mM039 99mEoBoL 4900FMs bmMEogergds. dm-
Yol 458mbsbgargebg bogds 0d 6odbgdols
30b3589bs30s, HMAgdoi domgdwos bodsboms
Lofigolo 30 OO MRIZ30MMBOL S0MMIYO-
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4o (9.0. BoEgdwos 306330900l A0BM3-
@obosl) s 930l B53egdo FoMHBg300MBdOL O™
929099c00 6036700 (HMIGdOE F0LGdII0s Logm-
3OO 30900056900l 9IR).
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Jugeools Loe®mdols s Logsbol sdoEsbligds.
Jbgeol Mm3E0dsg@o AFsMINGdEMO™ds dg0d-
@gds ogmb dorfigrwo ymggew 3mbzmwwygon®
09Bg FowGHMIOOL Mom©IbmdOL s Jugerol
LoE®IOL VSEIBLYdOL Fbom. Jugeol boys-
Bobs o LOEMTOL QoYIxMdJLYdsd 9g0dergds bg-
@0 99090l Rmm Jorsgro bs®olbol Jugwgdol
99gabsb. o8 M3GH0ToMH0 QoI mdglbgds
05806 990d¢gds 0yml dowfgmwo, MmEs MmO03Y
356589GM0 356059 Mo 0bBMEYdHs [8].

Filter Concat
3x%3 AN
stride 2
|
3x3 3x3
stride 1 stride 2 N\
i i .
1x1 11 ool
xh X stride 2
HHH.\,‘_ -,f’__/—
Base

by, 10. inception-0mevmeol Bemaswo bEmddn®s [8]

A5Mgds Jugeols 3s65369¢ MHEsEdIvE
dmgms BsbsEamgds 3mbgzmemmaommo dMggdom
69d0Ld0gMm0 BMBolL gs9mlsbyemgdgdmsb dmBsm-
3ol dgLsdemgdemdols MmbEHmbagmlisgmas [11].
LEOHYYEOEBdIMEo TOOL Tglsgergers@  Jmbgm-
©@30996000 608sbms 898350 ¢ xWxh bmdol
3oL 800500 99dmmsgsbgdwos dm3gdmero
GHn30L ¢ xWxh Bbmdol dJmbg €, gowEH®olb yo-

demyqbgds. ggas doomgds bodsbors ¢, x1x1

396Dmdogdol 39d@GHMM0. 35653gBHMM MoMOY-
Bmdol 999306900L oMo LMYEoEdIeE Mg
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99(33000LSL, LYo FoModdbs Jugarol Tglislig-
gbHg bbgoslibgs Bmdol 9gdsgow dmbso3gdgd-
056 3985000l Lodogdsls 0dwggzs, M3 BoM-
0OME 35000Ygbgds IM35wo 3OHMd9dol (396-
dmq, m309JGHgool ©9EgJGH0Mgd0LS s 1BabEo-
39960 1bgadgbEHoEOOL 59M(3560L) Q0O FMOLLL. Qob-
30b0wmo 855w omo (bwe. 11). sgdzsm, MHmI
090905 3o8mbsbuangdoms 3erobogo3sgool sdm-
3969, Jugeol Fglsbigzarge®y doghmgds godlbo-
900 HBmIob LYH00, Fodmboligerguwbg bog-
05 030L YBHYMOMBIMS 39JBHMMOL FmMI0MmD,
Omd 9905350  godmlsbmemgds 8093903690
30slgd0Eb  mommgmel  [11]. GabBoMgdol
90239 89333°wmo dmggdye Jugwdo LEY-
@HEBIYo IOYgB0 3Mbzngorco gbgdoo,
bore gbobgergerdg dogsfimwmo gghm oo
2390693000md0L  25dmbobmegds. 95806 Jugerol
g4m39wwo dOHob 2obHmTowgds ©sdMm30EIOIEO

96 6oL Jq0s35¢0 dmbs399900L BMIsDbY, begrm

23590bSLZEgEDBY BHYMIOMOIMS JOMO 339G M-

6oL boggws bgds 39dGHmOms dmgwo 36Mg-
0oL BMOHIOMYDS. 35Tz 39dBHMMMS Brom-

©9bmds>  3M30EIBNOs  3MB3ME 3OO0
RoWGHMIO0L Iglodem 2obeoagdsms MoEbgby
Jugolb 3060390 IHoLsmzoL. S9M0YSE, 9MS-
3bs0 Losbom, bEgds «@mEHdYbswo FsbxOOL»
(sliding window) dgomm@ol ©95¢r0Bgds. 59 gobx-
oL Bmds Jgglododgds Jugerol Tgbsligergerols
Bmdob. 1bTsbBHo3MMo bYRdgbGoool sdmEsbol
23905 FM0Ll IEYMTMJMBdS MBOM OO0, 30-
650056 59930090 0s Fo8mbsligengeols dslsdds-
000705 LHyobo godmbobmegdol Bmdsdwy.

L&g-ob IGMBYdo — Works of GTU — Tpyas: ITY
Ne3 (517), 2020


http://www.shromebi.gtu.ge/

33309@geymo dgsboghgds — Computer Science — Kommsiorepusle Hayku

“tabby cat”
: = o g
% 6 220N 500730 o
%t

convolutionalization

| tabby cat heatmap

|
o -

©_ 00 .00
5° 20%30%3a®

byye. 11. 3¢05508035300b 53mE3600s6 YEIJEHOMIOOL 5mE65BY 350slgws LMEsEBIME
Aegms Bsbsaamgdom 3mbgmmesommo dtHggdoom [11]

9. 0m@gmol EIaMdEsEool 3GMdmds. GDIs
6o@bgbo Jugergdo
063> ByoMHmbmwo Jugmgdol Lsgargdols 36Hm-

3930 890dgds BIOMME (36MmdOO IZHssEOOL
365mB¢m9ds 30bowmm. 0o 999765065 3e0bgds:
Jugeol LoEMIoL PoHBOEOLLL bEgds LoBMLEOL
39X9M90> ©d F98gy 030 LB 30OIdS (©JY-
65©0M9dL). 9m (3990 3OMdMIBs 56 GOl dmEg-
ol bgdydhe@ Lfjsgergdol 8gwgao @ 8¢9
0000 369900L @bl B0gysgzsmo Hzbmbol dgzm-
90l 30093 VBO™ o 3608369 mdIWY. Lfsgwy-
B0l LOBNLAOL YYMOEI30S BoOMPL  0dsby,
™3 43900 WOs MEIEO JOMBIOMI® SOIOWH 5O
980m6HBogds m3EH080Ds30sl 0ol godm, Mmd Bbgds
3M50096@gd0L bHGMSg0 doerggs (vanishing gradient
problem) Jugerol 8906HbgdEro B0dsMI0EIGdOOD
3930 s §mbgdol 3mMgdiool 3GmEgldo.

@G35 bsBgbo Jbgergdo (Deep residual Networks)
3900BbMwos  ©IAMOI300L 3MIMBdMITOL QoEILOF-
90. B33 08 HZ3gdOLY, HMI Jugwrol g3gbos-
05 35033971000 1565008 YI3MMdS 30M306M SHbL
LodsBm sLob3z0ol 53MHMJL0TE0sL, M3, GMI gu
1396900 9bgbL 656Bgbo sbsbz0l s3MMJLoTs305L.
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077 RO LodIBM SbEBZs 5B TBYdS -
3o H(X), 85806 g9bgdols dmggdnmo 3Ggdmo-
Lomgol doowgds, MM 396gd0L s3MmJlodsos bgds

F(X)=H (X)—x sLsbgoo, beame bsdsbem sbabgs 9g00-
@gds FoMmdmgayobmm F(X)+X gm®doo, Gog 60d-
B3l 60Tsbms 13990l F9309dsl ymggero gargdgb@ol
00bg300. 331056, HMI Bsdbgbo slisbgzol m3Eodo-
D305 LEdIBM sLObZOL M3E0T0D305DY YFBOMHM 5Z0-
@09, 30650056 ORIMI6306MgdOLLL SLgmO BYbE00L
365009630 96 MmOl by, M300MMgl 90mbag-
3580, 079 03032960 H (X) = X 3560059865 5610l M3@o-
o0, 8580b bsMB3bol aygz96s Byersdeog gogowg-
0000 0ME0Y, 30Q0MY 0303490 SLEHZOL 53MMJLOT30S
56565030 g0l 06s308g3G@dom. F (X)+X
sbobgs dgodergds Ho®mdmgzsaobmom Lmsgo 3dgdol
(shortcut connection) djmbg 306530600 4930 EIJOOL
Jugerom [12] (bme. 12).

d399m0o  bsBggbgdo  m®IMosbo  demzoLamzgol
(L. 12) 496MH5gdabsly G99qa0 Lobg 5ggb:

y =F(XW,)+x=W,p(W,x)+X,

?(-) - 5d&035300b ReLU (Rectified Linear Unit)

3B 090 (babgzMofmogzo gangdgb@o):
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0, my z<0
»(2) = :
Z, 9220

bego@ 9dmbggzsdo F(X,W,) ©s X boooogdl
293U Lbgaabbgs 4o6%Bmdomgds. 53 3000Mgdol godm-
LobfmMgdEos© LogzdoMolbos gl bodbgdol
390535000 39JGH™MMOL 3MM9d(305. 89OIROW, AP~
Lobgs 990degds 8909absoMma Boofgmmb:

y=F(X,W,)+W,x,
Loog W, — 360mg3060900L 3oGO03s.

BséBgbo F () gnbgool Lsbg Lsgdsme dmdbo-
@05, 030 890dwgds Jgglsdsdgdmegl mMo sb Ig@o
d6om 9909960 dem3l.

vy 9m399 1396300l Fgglodsdgds dbmerm
900 ggbs, 35906 goMsgdbs Y =Wx+X §6Hg030 i39-
Bol 93303996 M0s, GMICOLm30Ls3, [12]-do Bo-
GoM9dmwo 9Ju39M0896¢gd0L MsbsbTdo, dmygds 56
200030bs.

X

A 4

| FrBooro By |

F(x) ReLU

X (09035960 gofis]Bbs)

| fmboon By |

F(x) +x <+>‘

ReLU

by, 12 085 Bobgbo Jugamgdol bG®HyydBmGmeo dermgo [12]

10. 063> bs®mBgbo  Jugegdol  go8emygbgdol

05g5amomo  bgmbsfigh  30gMms  Jmaliogozszool
50m(356530

393909 0bgmo ®mds bs@Bgbo Jugaols »dom-
A039b 99m365%BY, MHMIgeoE 039306 IO GHO3ME

LAHONIHNON@ dEb.
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d399m0o (Bsb. 13) dm@EHobowros sLgoo Jugeol oM-
JoGH9dEHes bgarbsfigho 30530900l 3wslogogsool
s0m@Eabobomgob.

500300 dgLodhbg305, HMA JugaEol 539d0LL (9.0.
I0gms 3560539¢M9doLsmzgol 3609369wmdgdol dobo-
F900Lsl) bs bgdmEgl 60dsbms Mm39d0L HBmdo-
05 obH39EMOL sMEOWGOEMBIOL AsmZoolifjobgds
M3965300L  3MOMgIBMEo guermagdobsmazol gang-
99630056 gangdgb@ by 3osligErolsb.

conv] pooll
relul
10:383,1, U—-“ u 33,1

pad=1
28x28x10

28x28x10 26x26x10

Ty
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Abstract. In the aspect of deep learning, the article considers the so-called convolutional neural networks. In
particular, the following questions are systematically stated in the work: the “convolution” operation, the general
structure of the convolutional layer, the input and output data of the convolutional network, the method of back
propagation of error for convolutional neural networks, the determination of thae number of trained parameters,
the estimation of the amount of memory needed to store the network, an example of the use of convolutional neural
networks in the problem of classifying handwritten numbers, the principles of constructing convolutional networks,
the degradation of the model, deep residual networks and an example of applying nets in the classification of
handwritten numbers. Special attention is focused on the development of convolutional neural network

architectures.

Key words: Convolution operation; deep residual network; error back propagation method; handwritten digit

classification; learning parameters; model degradation..
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AwnHoTanus. B acnexre 1ry6oKoro o6y4eHNUs CTaThs PACCMATPUBAET TaK HasblBaeMble CBEPTOYHbIE HEHPOHHBIE
cetu. B wacTHOCcTM B paboTe cHCTeMaTHYeCKHM H3JIOXKEHBI CJIeAyIOIIMe BOIIPOCHL OII€pallis «CBEPTKU», 00IIasd
CTPYKTypa CBEPTOYHOTO CJI0sI, BXOZHBIE U BBIXO/IHbIE JAHHBIE CBEPTOYHO# CeTH, MeTO;, 0GPaTHOTO PacIpOCTpaHEeHUs
omu6KY A1 CBEPTOYHBIX HEHPOHHBIX CeTell, Ollpe/ieleHre KOJIM4YecTBa 00y4aeMBIX IIapaMeTpOB, OLleHKa 00beMa
IaMATH, HeoOXOZUMOTO [JI XpaHeHHSA CeTH, IIpUMep IpPUMeHeHHUA CBEPTOUHBIX HEHPOHHBIX CeTed B 3ajade
KJIaCCUGUKAIUY PYKOIUCHBIX IUGP, IPUHIMIIE IOCTPOEHUA CBEPTOYHBIX CeTel, mpobieMa Jierpafaliuy MOZeIy,
IIy0OKMe OCTaTOYHBIE CETH M INpPHUMep NpPHMEHEHUs IyOOKMX OCTATOYHBIX ceTeil B 3afade KiIacCHPUKALUU
pyxonucusix nudp. CremuansHO GOKycHpyeTcs BHUMAaHMe Ha Pa3BUTUM apXUTEKTYpP CBEPTOYHBIX HEHPOHHBIX

ceTei.
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Abstract. The paper reviews the results of research of possibilities of well-known speech recognition systems,
considers the importance of speech recognition technology in various telephone systems for the analysis process of
voice records or current phone calls. This technology provides searching of useful information from the content of
a call and improving the customer service quality of call centre. The use of analytics of speech in real-time makes it
possible to the call centre operator to make certain conclusions based on the analysis of past calls and thus to
determine the proposed answers. The paper also analyses those challenges that are in the field of real-time speech
analytics.

The article deals with a multifunctional application developed in the call centre of emergency response, which
recognizes Georgian speech and presents received data in a form convenient for further analysis. It describes the
software technologies used for this application as well.

Keywords: Call centre; conversation analysis system; conversation analytics; database; data processing;

electronic system.
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Penensentsi:
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AnHoTauA. B cTarse OKasaHbl Pe3yIbTATH UCIOIb30BAHNA BO3MOXKHOCTEN N3BECTHBIX CUCTEM PACIIO3HABAHUSL
peuH, pacCMOTpeHa 3HAYMMOCTh TEXHOJIOTMM PACIO3HABAaHUA PeYM B PA3IUYHBIX Tele(OHHBIX CHCTEMaxX i
Ipollecca aHaJIM3a 3allKcelf rooca WK TeKyIuX TeaedOHHBIX 3BOHKOB. JlaHHAsA TeXHOIOTHUA 0bGecreunBaeT OUCK
IIOJIe3HOH MH(OPMALMH U3 COAEPXKAHMA 3BOHKA M yJydlleHue KadecTBa OOCTYy>KMBAaHUA KIMEHTOB KOJ-II€HTpa.
Wcmonp30BaHMe aHAMUTUKKM pedd B PeaJbHOM BpPeMEHM JaeT BO3MOXXHOCTb OIIepaToOpy KOJ-I[eHTpa Ha OCHOBe
aHaJIM3a BOIIEAUIMX B IIPOLUIOM 3BOHKOB, CZieJIaTh OIIpeZieleHHBbIe BBIBOZBI M HAa WX OCHOBE OIIpefiesIUTh
IpeJIIoIaraeMble OTBETHL. B cTaThe Tak)Ke aHATM3UPYIOTCA Te BBI30OBBI, KOTOPBIE CYILIECTBYIOT B chepe aHAIUTHKU
peYH B peaIbHOM BpeMeHHU.

B craTbe oImCHIBaeThCA CO3aHHAA B Tele()OHHOM LIeHTPe HEOTIOXKHOTO PearnpoBaHUA MHOIOMYHKIIMOHAIbHASL
aIIUIMKAIIYA, KOTOpas paclo3HaeT I'PysMHCKYIO peus M BXOZAININE B IEHTP AAaHHbIE IIPeACTaBILeT B yAOOHYIO IJIA
aHamu3a (OpMy; OMMCBHIBAIOTCHA IIPOTPAaMMHBIE TEXHOJIOTHH, C IIOMOIIBIO KOTOPBIX OBLIa IIOCTPOEHA JaHHAsT
AIIUTHKAI KA.

KimoueBble cIOBa: aHamuThKa pasroBopa; 6a3sa JAaHHbIX; KOJ-IEHTP; 06paGOTKAa JaHHbIX; CHCTEMA AHAIW3a

PasroBOpa; SIEKPOHHASL CHUCTEMA.

856bogngol mstowo 23.01.2020
G90mabzemol ovsmoeo 05.05.2020
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Abstract. It is extremely topical to make right decisions for the court structure. Herewith it is necessary to keep
the history of these decisions with the additional information. It is also highly important to automatically,
transparently distribute court cases according to judges’ loads.

By means of automatic distribution system all the current and closed cases are proceeded in the minimal period
of time, and, hence, judges and their assistants are able to distribute, redistribute cases and do other additional work
easier. In addition, it became possible to exclude inequality in loads of judges.

The article describes the application that is aimed to automatically distribute the cases among judges. Herewith
the advanteges of aforesaid electronic system are given, the experience of European countries in this regard is
analyzed, the software technologies, which have been used to build the system are discussed and the examples of

functioning the system are shown as well.

Key words: Automated distribution system; database; data processing; framework; information technology.
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Abstract. Water supply remains as one of the actual problems in modern world. Most of the people in the world
suffer from the luck of drinking water while others use non-recommended water in terms of health. In recent years,
due to the sharp increased taxes on water, many many manufacturers, companies and individuals prefer to have an
autonomous source of water supply. That’s why large amount of water boring wells are being drilled in towns and
countryside.

Water supply issues for one specific unit are presented in the article. Hydrogeological survey has been important
part to determine the hydro-dynamical and hydro-chemical characteristics of the exploitation boring well to solve
the water supply problem accurately. It shoul be noted that a geophysical method, more specifically vertical-
electrical sounding (VES), was used to elaborate and interpret borders of the aquifer. In terms of the study object, in
each observing point (AB/2)max should be 250 meters, accordingly, the depth of penetration of the electrical current
will be approximately 170 meters. By analyzing received geo-electrical cutting section upper and lower borders of
the aquifer is determined. Moreover, to understand the thickness of the aquifer more precisely, logging methods are
suggested to be done in boring wells, including natural gamma (NG), self-potential (SP), long (LN), small
penetrability electrical resistance (SN), point electrical resistance (SPR), cavernometry (Ca) and thermo-logging
(FTEMP).

Key words: Boring well; fresh water; hydrogeology; water quality; water supply.
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ITporHO3MpOBaHKe THAPOTEOIOTUIECKUX YCIOBHUIA A1 BOZOCHAGKEHHT
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Bpoxumenm I'pysus, 0160, T6unucu, yi. M. Kocrasa, 75
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Penensentsr:
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E-mail: niazjikia@gtu.ge
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Amnnoranua. CHaGxeHNe NIUTHeBOH BOJOM ABIIETCS OAHOM U3 OCTpeiuux Ipo6ieM COBpeMeHHOro Mupa. Bois-
Ias 4acTh HaceleHWs 3eMJIH HCIIBITHIBAET Ae(QHIUT ITUTheBOH BOABI, YaCTh HCIIONb3yeT HEKOHIUIMOHHYIO IJIA
IIUTHS BOAY. B CBA3M C pe3KUM POCTOM B Hallleil CTpaHe KOMMYHA/IBHBIX ILIATeXel Ha BOLY MHOTHe IIPOU3BOJCTBA,
KOMIIAHUY U YaCTHBIE JIMIIA IPeAIIOYHTAIOT MMETh aBTOHOMHBIN MCTOYHUK BogocHabxeHus. Vcxonsa us aToro, B
ropojax ¥ cejlaX UAYT UIMPOKOMACIITaOHbIe PaGOTHI IO Oy PEeHUIO BOAHBIX CKBAKUH.

B craree paccMOTpeH BOIIPOC BOZOCHAG)KeHUA OFHOTO U3 00bekToB. O6A3aTeIBHBIM CTal BOIPOC IIPOBEEHUS
THpOreosornyecKux pa6oT. C 1eIpio YCIEIIHOTO pelleHus 3aJadi BOJOCHAGKEHMs, 10 JaHHBIM IPOBeJeHHBIX
pabort, 6yyT 060CHOBaHbI IIPOTHO3HBIE THAPOANHAMUYECKHE ¥ THIPOXUMHUYECKHe TapaMeTPhl SKCIITyaTallHOHHBIX
ckBakuH. Hazo oT™MeTuTs, 4TO /711 ONpeZesieHUs IPaHUIL, BOJZOHOCHOTO TOPU30HTA TAKXKE HCIIONB3YIOTCA METOZBI
reoU3UYeCKOi pasBeIKU — BEPTUKATIBHOE DIEKTpPUUYECKOe 30HAUpOBaHUe. B ycroBHAX m3ydaeMoro oObeKTa B
KaxAo# Touke HabmiomeHUA (AB/2)max HJomKHO O6BITH 250 M, COOTBETCTBEHHO, IJIyOMHA IIPOHHMKHOBEHUA
JJIEKTpUYecKoro Toxa Gymer mpubmusutensHo 170 M. Ilo mosyueHHOMY TeO3eKTpHYECKOMy Ipodiio Oyner
yCTaHOBJIEHAa IIOJOIIBA U KPOBIA BOJOHOCHOTO CJ0s. JIIf yTOYHEHMS MOIIHOCTH TOPH30HTA Iieecoo0pasHo
IIPOBECTH KapOTaXXHbIe MCCIefOBAHNSA B CKBAXKMHAX: KOTOPhIe BKIIOYAIOT B cebsa: mpupoaHsiii rama (NA) kaporax,
KapoTrax cobcTBeHHOro moTeHnuana (SP), xapoTtaxx sierpocomporuBrenus riay6okoro (LN) wu wmazmoro
mpoHukHOBeHHa SN), Kaporax TouewHoro sierpocomporusieHus (SPR), xaBepmomerpua (Ca), TepMOKapoTax
(FTEMP).

KiroueBsie CJIOBa: ruporeoorus; Ka4eCTBO BObL; TPECHAS BOJA; CHAGKEHHUe TIMTHEBOM BOJIOM; CKBAXKITHA.
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