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Yupexner B 1924 romy.
[TeprogmaHOCTS — 4 HOMEpA B TOTT

COopHUK HaydHBIX TPymoB I py3mHCKOTO
TEXHUYECKOTO YHHBEPCHUTETA SIBISETCS €Xe-
KBapTaJlbHBIM MYATHANCIHUIUTMHAPHBIM pede-
PUpPYEMBIM [TEPUOIUYECKAM U3AaHUEM, KOTO-
pO€ 3aperucTpUpPOBaHO B MEXAYHAPOIHOU
0a3e anekTpoHHBIX AaHHBIX — Index Coperni-
cus International.

3amuiens! Bce mpasa. JlroOyro omy6nu-
KOBaHHYIO B JaHHOM COOpHHKE CTaThIO (TEKCT,
(hoTO, WILTIOCTPALIN ) HEBO3MOXKHO UCTIONIB30-
BaThb HU OAHOU M3 (GOpPM MM CpeaCTBaMHU
(3JIEKTPOHHBIMU HMJIM MEXaHUYECKUMHU) Oe3
MHCEMEHHOTO Pa3peIIeHNs U3/1aTeIs.

Hapyiienne aBTOpCKHX MpaB HaKa3zyeMo
3aKOHOM.

ABTOp (aBTOpBI) HECET OTBETCTBEHHOCTb
3a coJiepKaHHe CTaTbU M 3allUTy BCeoOIIe
MPUHATHIX HOPM HAayYHON ATUKH U aBTOPCKUX
npas.

MHenne aBTopa (aBTOPOB) CTAThHU MOXKET
HE COBMNAJaTh ¢ MHeHUEM M3naTensckoro
noma.

N3narenbckuit 1oM ,,TeXHUUECKUNA yHU-
BEPCUTET ¢ OJIATOAPHOCTHIO YUITET BCE KOH-
CTPYKTUBHBIC 3aMEUaHMUsl, IPEAJIOKECHUS U UC-
MOJIB3YET UX JJI1 COBEPIICHCTBOBAHMS Jallb-
HEHIIEH NeITeIIFHOCTH.
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Abstract. During the last ten years, the role of insu-
rance business in Georgian economy and its connection
with other financial sectors has increased significantly.
It should be noted that there are numerous researches
confirming causal link between bank lending, capital
market development and economic growth. It also
should be noted that insufficient attention is paid to the
research of insurance sector in this regard. On the basis
of statistical and financial data analysis, the article
compares tendencies, which have emerged in Georgian
insurance business development. It also discusses the
factors, which assess the contribution of various fields to
the development of the national economy and in
particular the effect of insurance business on the growth

of Georgian economy.
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Introduction

Theoretical studies and empirical data show that
countries with more developed financial systems have
an advantage of faster and more stable long-term
development. Well-developed financial institutions,
including insurance companies, through direct and
indirect economic activities have a significant positive
impact on the economy of a country. Insurance, as a
means of avoiding loss and as an institutional investor in
public or private sectors, may have a significant positive

economic impact.
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In the leading industrial countries, insurance compa-
nies are one of the main investors among the financial
institutions represented in the financial markets. As of
today, none of the 7 operating companies on the Geor-
gian stock market represent an insurance company.

As a result of an above mentioned, it is urgent to im-
prove the efficiency of Georgian insurance companies.
The purpose of the research is to study the prospects of
an insurance business, as an important aspect for the

development of Georgian economy.

Main part
The stages of Georgian insurance market development

In 1997 the reform was enforced for the purpose of
establishing and developing an insurance system based
on market principles. It should be noted that in a short
period of time, in Georgia, the necessary insurance legal
framework was created, without which it is impossible
to establish and function the insurance infrastructure
similar to a modern.

The first private company on Georgian insurance
market is Aldagi, established in 1990 with the Georgian
Relief and Health fund, as an insurance medical firm.
The first organization to be insured by the company was
United Trade Unions, with a staff of 5,000 people. In
1991 Aldagi’s total premium exceeded 1 million maneti.
In 1992 it reorganized as a limited liability company and
entered the international insurance market. [1]

Year by year new companies were entering an insu-
rance market. In 1997 the insurance supervision service
was established, the registration and licensing of
insurance companies has begun, the laws on insurance
were developed. As a result to the supervisory require-
ments, numerous mergers were made in the insurance
market. Together with market development and the
creation of new products, insurance relations and re-
gulations have gradually improved.

In 2005, Georgia’s State Insurance Supervision Servi-
ce approved minimum statutory authorized capital re-
quirements for insurance companies. Before, the mini-
mum statutory authorized capital as per certain type of
insurance varied from 500 000 to 1 000 000 GEL.

b3v-ob 3Gm3gdo — Work of GTU — Tpyam I'TY
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According to the decision, statutory minimum autho-
rized capital was determined: for life insurance 600000,
for non-life insurance — 1000000, for other legal entities
— 2000000 GEL. [2]

Such an approach has accelerated the process of
consolidating and merging the insurance companies, as
a result, the number of insurance organizations has
decreased, but the quality of the companies’ activities
have significantly increased.

An important milestone for the formation of the
insurance system in Georgia began in 2007. State health
insurance programs were implemented and enforced by
private insurance companies, according to 2006-2007
data, 15 insurance companies were operating on the
Georgian insurance market, during the same period 3
companies ceased to exist. According to the amount of
premium attracted to the market during this period,
leading positions were as follows: Insurance Company
Aldagi-BCI JSC with 40 991 604 GEL, Georgian Pension
and Insurance Holding JSC with 26 911 394 GEL, Irao
International Insurance Company LLC with 15 382 862
GEL. [3]

By 2007, the companies offered 14 types of insurance
on the stock market. Currently, medical insurance is the
most demanded product on the market, which holds
38% of the market. Then the next are property insurance
(with 17% ) and land vehicle insurance (with 15%).

By 2010, 16 companies were operating on insurance
market offering 18 types of products. According to the
amount of attracted premium, medical (health) insuran-
ce is absolute leader with 68% of market share. Compa-
red to 2007, this product’s share (37.93%) has been
almost doubled. This is partly related to the impleme-
ntation and enforcement of health insurance state
programs by private insurance companies. As for the
property insurance, it is offered as a separate product:
land vehicle insurance (excluding railroad vehicle),
railroad vehicle insurance, air vehicle insurance (body
insurance), water vehicle insurance (hull insurance), and
cargo insurance. Property insurance, which is not inclu-
ded in this list, is on the second place (with 9.72%),
while land vehicle insurance (excluding railroad vehicle)
is on the third place (with 7.51%). [4]
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The volume of premiums attracted to the insurance
market from 2010 to 2016 is fluctuating. The maximum
amount reached was 515 471 427 GEL in 2012 due to the
inclusion of new beneficiaries in the state insurance
program. In addition, in 2013-2014 these programs were
substituted by state’s universal health care program. In
2014, the government of Georgia abolished the parti-
cipation of insurance companies in above mentioned
programs, and instead of private companies, Social
Service Agency was ordered to execute the programs.

It is noteworthy that in the period of 2010-2017, not
considering the state programs, there is a significant

growth in the amount of attracted premiums in all types

of insurance on the market and in voluntary health
insurance as well.

It is also important to analyze the financial perfor-
mance of insurance companies. In 2008, the total assets
of insurance companies on the market was 250 319 580
GEL, while at the end of the analysis period it amounted
580 219 624 GEL. For the year of 2010, investments in
affiliates and subsidiaries amounted to 18,4 million GEL
and had a steady growth trend until 2013, reaching a
maximum of 105,31 million GEL at the end of above
mentioned period. 51 million GEL on the following year
and at the end of 2018 it decreased to 37 million GEL. [3]

Chart 1

The dynamics of financial data of insurance business

700.00
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M Total assets: 536.46 491.68 520.37 542.30 580.22
M Equity / Equity in LLC 94.89 85.90 92.97 116.03 127.00
Net Profit for the Period / (Loss) -3.28 40.33 2.63 18.86 20.34

Source http://insurance.gov.ge/Statistics.aspx

Financial results of investment activities

Based on the financial data of Georgia’s Insurance
Supervision Service, the total income received through
insurance companies’ investment activities during the
survey period (2008-2017) amounted to 116 637 146, 77
GEL. Based on the same data, the research reveals
Georgian insurance market’s investment activities’
positive trend through steadily increasing revenue in
2008-2011 years. Even though the corresponding ratio
significantly decreases in 2012 compared to the previous
year’s indicator (by 31%), the highest indicator of total
income received through investment activity was 24 088
530 GEL in 2014, which is 8 times more than the base
indicator in 2008.
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Within the framework of the research, based on the
financial data of the Georgian insurance market, a study
of the income from pension activities was carried out,
which revealed that it was characterized by an unstable
development trend. Revenue through pension activities
in 2010-2012 is negative, which increases from 2013 and
reaches 608 794 GEL in 2017, meaning an increase by
196% throughout reporting period of the research
(2008-2017).

Investment in the insurance sector is important for
the Georgian economy. As part of the Government of
Georgia’s Resolution No. 11 of January 26, 2007 re-
garding the general plan of development of hospital
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sector, the Government has proposed insurance compa-
nies to engage in the construction project of 100 new
hospitals. According to the researches conducted in
Georgia, after embodying insurance companies into pri-
vatizing and hospital programs, as of 2012, 41% of hos-

pitals operating in the country is owned by insurance

companies. Through analyzing the hospitals owned by
insurance companies, their 80% is owned by 5 com-
panies: Aldagi BCI, GPI Holding, Irao, IC Group and
Alpha. [5]

Chart 2

Revenue Structure and Dynamics
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Source http://insurance.gov.ge/Statistics.aspx

Social and economic efficiency of insurance

Just like for any other business, for insurance business,
typical direct factor affecting the development of the
country’s economy is the share of the sector in GDP,
employment and corporate taxes. Through Georgia’s state
Insurance Supervision Service’s and National Statistics
Office’s data analysis throughout the research’s reporting
period (2007-2017) the following trends were identified.

The share of total premiums and other incomes in GDP
varies from 1,13% to 2% (see chart 1). This index is signi-
ficantly lower than the index in developed countries (8.7%)
and in developing countries (2.8%). On the one hand this
indicates the low development of the market, but on the
other, the great potential for developing the untapped
potential.

Chart 3

Attracted premiums and orders incomes share in GDP (2008-2017)
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Source http://insurance.gov.ge/Statistics.aspx
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‘We couldn’t find a quantitative indicator for one of the
direct effecting factors on the development of the
economy. We can discuss this issue according to the total
wage index in the sector (see chart 2). This indicator
amounted 37 666 855 in 2010, during 2011-15 years the
growth of an indicator is unstable, and in 2017 maximum
amount was reached with 53 398 788 GEL. This may be

due to two factors. First, the number of employees in the

field has increased, either the wage was increased, or both.
It should be noted that in any case, this has a positive
impact on country’s economic development. The dyna-
mics of tax payments to the state budget is also charac-
terized by a similar trend from 2008 to 2017, which
correspondingly increased from 904 028 GEL to 6 075 485
GEL, which undoubtedly contributes to the successful

implementation of various budget-funded programs.

Chart 4
Dynamics of total salaries in the insurance
business and paid taxes (‘000 GEL)
HmSalary expenses MTaxes
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37,667 39,216 3g3gg +1370
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Source http://insurance.gov.ge/Statistics.aspx

Conclusion
The insurance sector plays an important role in the
country’s economy. Taking into account the international

experience, insurance companies, mainly, provide long-

References

term financing through the capital market. The research
shows that Georgian insurance sector has a relatively
small contribution to the efficiency of the country’s

economic.

1. URL: http://aldagi.ge/ge/aldagis-shesakheb (in Georgian).
2. Kankadze J. Qamkhadze T, Koiava-Kajaia L., Kajaia T. Organization of bank and insurance activity. GTU. Thbilisi.

2018. (in Georgian).

3. Kharkhelauri Kh., Kajaia T. Influence of insurance business on the economy of the country globalization and the

modern challenges of business. 3™ international scientific conference proceedings. GTU. Tbilisi. 2019. (in

Georgian).

4. URL: http://insurance.gov.ge/Statistics.aspx (in Georgian).

5. Verulava T., Eliashvili T. Prospects of using insurance companies as a source of investment in the Georgian

economy. Science journal “Health Policy and Insurance”. N 1. 2015. (in Georgian).

ISSN 1512-0996
www.shromebi.gtu.ge

b3g-ols 36GIgdo — Work of GTU — Tpyas: ITY
Ne2 (516), 2020



d0BBgbo, 996gRIPBEHO ©> dMWIWAHGMWo spMogbgs — Business, Management and Accounting —
busnec, MenemxmenT u Byxranrepckuii yyer

UDC 656.681.3
SCOPUS CODE 1401

L5@sBM393M d0BOILOL 4963050 Fgbb30gd0 LodsMmzgwmdo s
dolo go3agbs Jggybol g3mbmadogzaby

bsombs 00Bbglol  5B0boLEHMOMIBOL  ©I3METIPG0,  Lodomzggmmmlb  Bgdbozmdo
bsmbgemsmeo "60390L0EIHO, bodsHMNzgwm, 0160, MdOEOLO, 8. 3MLEZL 77

E-mail: kh.kharkhelauri@gtu.ge
093560 Jox 505 00Bbglol  5B0boLEHMOMIBOL  ©I3METIPG0,  Lododmzggwmmb  Bgdbogmdo

60390L0E IGO0, LodoOmggwwm, 0160, Mmdoolo, 8. 3MLE gL 77
E-mail: t.kajaia@gtu.ge

Bobm Bsbosdgzoo  d0BBILOL  5EIOBOLEHGOMIOOL  ©I3IOGHFIBGHO,  LsdeOmzgml  Ggdbogn®o
16039ML0E IGO0, LodoOmggwwm, 0160, mdoolo, 8. 3MbEgL 77

E-mail: n.maziashvili@gtu.ge

69396B9b@g%0:
0. 3059y, LEAMY-0L LoGMIBLIMOEHM s 356496500896 gdMBOL Bo3MEWBHIEHOL 3BMBILMGO
E-mail: m.bliadze@gtu.ge

0. ©93099, LEH-0L BOBBYLEJIbMEMY0IOOL Bo3 G IEBHOL SLMEOMGOWO 3OMMBILMEOO
E-mail: t.devidze@gtu.ge

3b6M@930s. Losbmzgzm bydBHMMOL GmEo §3mb6md03gsdo s 3938060 Lbgs FobBBLYG bgdEHMOIOM6
360036903650 250D5M@s. b 500bodbmlb, M SOLYDIMBL sMOIOMO 330935, MMIJOE SLEHOIOL
90Dy bIggam0M0g 393006L BsdIb3M IIMILOGEHIO, 3930FEIWOL dsDBOOL Fob30msMYdLs s 93MbmIogME
BOHEOL JMol. Mbs 50060Tbmb oboE, MM LosH®3gzm LyJB™OOL 3309390 53 JMmbom LozdsMolo ys-
505 56O gmdmds. LAE0T0 LEBIEOLEHOZMMO s BobslvyMo Fmba3gdgdol sbseobBol Laggrdzgu by dgs-
M90m@os ol Ggbgbrogdo, GMmIgwog 499003390 LoJsMm3germdo LosbMz93™m doBBYLOL Fobzomamgdsdo.
31939 obboME0s 0l BoJGHMMGO0 MMIOMsE BoLEYOS BMYSOE 535 1¥) 08 IMAOL H3wowo gHmazbywo
93Mbm3030L 2563005090580 s 39MHIME IBLZIZ0L JBJJE0BMds JsBMEo 93mbmdozol bMsdo.

15533960 LoEYzgdo: dmbowwo 3M980s; LdIBOZIZM BoBEYLO; Lob3gLEHOEOM Logd0sbMdS; Lobyed-
foxm ©sBL39g30L 3OHMYMsTs.

b3v-ob 3Gm3gdo — Work of GTU — Tpyam I'TY ISSN 1512-0996
Ne2 (516), 2020 22 www.shromebi.gtu.ge



d0BBgbo, 996gRIPBEHO ©> dMWIWAHGMWo spMogbgs — Business, Management and Accounting —
busnec, MenemxmenT u Byxranrepckuii yyer

UDC 656.681.3
SCOPUS CODE 1401

TeH,IIeHIJ;I/II/I Pa3BUTHA CTPaXOBOI'O 6usHeca B FPYBHH H ero BJIUAHNE Ha SDKOHOMHKY CTPaHbI

XatyHna Xapxemaypu JemapTamMeHT GU3HeC-aAMUHUCTPUPOBAHUA, [ pySUHCKUI TEXHUYECKUN YHUBEPCUTET,
I'pysus, 0160, T6mnucu, yn. M. Kocrasa 77
E-mail: kh kharkhelauri@gtu.ge

Tamapu Kamxasn JemapraMeHT OM3HeC-afMUHUCTPUPOBAHU, ['Py3SUHCKUI TeXHUYeCKUI YHUBEPCHUTET,
I'pysus, 0160, Téunucu, yia. M. Kocrasa 77
E-mail: t.kajaia@gtu.ge

Huno Masnamsuin JemapraMeHT OM3HeC-afMUHUCTPUPOBAHU, ['Py3SUHCKUI TeXHUYeCKUI YHUBEPCHUTET,
I'pysus, 0160, Téunucu, yia. M. Kocrasa 77

E-mail: n.maziashvili@gtu.ge

Penensentsr:
M. binaaze, IIpodeccop bakynbTera TpaHCcoOpTa U MamuHOCTpoeHUA I'TY
E-mail: m.bliadze@gtu.ge
T. eBunze, accomn,. mpodeccop dhakyabTeTa TPaHCIIOPTA U MamKHOCTpoeHuA I'TY

E-mail: t.devidze@gtu.ge

AnnoTanud. Poib cTpaxoBOro ceKTopa B 9KOHOMHUKE U €r0 CBSI3b C APYyrUMHU GMHAHCOBBIMU CEKTOPAMH 3HAYM-
TeabHO Bo3pocia. CieflyeT OTMETUTH, YTO CYIIeCTBYIOT MHOTOYHCIeHHbIe MCCIe0BaHMUA, KOTOPEIe IOATBEPKAAIOT
IPUYHHHO-CJIeZICTBEHHYIO CBA3h MeXy GAaHKOBCKMM KpeJUTOBaHIEM, Pa3sBUTHEM PBIHKA KallUTala U SKOHOMUYEC-
kuM poctoM. CiefmyeT Takke OTMETHUTh, YTO HEJOCTATOYHO BHUMAHUA YZeNAeTCA HCCIeJOBAaHHAM CTPAXOBOTO
CeKTOpa B 3TOH 0o6yacTu. B crarhe aHAMU3UPYIOTCA TeHIEHIIUM PAa3BUTHUA CTPaXoBOro 6usHeca B ['pysum Ha ocHOBe
aHAIM3a CTATUCTUYeCKNX M (QUHAHCOBBIX JAHHBIX. B HeM Takke paccMaTpuBalOTCA (GaKTOPHI, KOTOpPbIE B II€JIOM
CIOCOOCTBYIOT PasBUTUIO HAIIMOHAJIBHON SKOHOMUKH B IIEJIOM, Y, B YaCTHOCTH, BIMSAHUE CTPaXOBaHMUA HA POCT

sKoHOMMKH ['pysun.

KJIIO‘IeBBIe CJIOBa: rOCy,Z[aPCTBeHHaH CTpaxoBasd IIPpOrpaMMa; MHBECTUIVOHHAA OeATeIbHOCTD; IIPUBJICYCHHbBIE

IIPeMUU; CTPaXOBOii OU3HeC.

The date of review 17.01.2019
The date of submission 20.01.2019
Signed for publishing 08.07 .2020

ISSN 1512-0996 By1-0s B6Bgdo — Work of GTU — Tpyzet ITY
www.shromebi.gtu.ge 23 Ne2 (516), 2020



3m33ovEgtymo dgsboghgds — Computer Science — KommeioTepHsre Hayku

UDC 004.9
SCOPUS CODE 1705
https://doi.org/10.36073/1512-0996-2020-2-24-49

035> Lfogagdols 30deromag3sms dodmbogngs

56Bo gMobR0830e0  3m330BHIOMo  0bgobgPool  ©93sMHIIBEH0,  Ladsmzgmml  ¢gdbogm®o
16039ML0E A0, boJoOmzgem, 0160, MdoEWOLO, 0. 3MLEZL 77
E-mail: a_prangi@gtu.ge

gy 6580Bgodzowo  3m330BHgOMmo  0bgobgeool @930 HBEH0,  Ladsmzggmml  gdbogm®o
16039ML0E A0, boJoOmzgerm, 0160, MdoEOLO, 0. 3MLEZL 77
E-mail: o.namicheishvili@gtu.ge

Jdobgoqw 30330993900 0b70bgmool  ©g35GmEFgbEH0,  bogsOmzgwml  Fgdbozm@o

©395%5830@0 96039MLOEYEO0, LydsMmzgEm, 0160, MBOEOLO, 3. 3NLEZL 77
E-mail: m.ramazashvili@gtu.ge

69396B9b@gd0:

B. 3550983000, LE)-0b 06ZMMHTEHOZOLS s FsBMZ0L LOLEHJIGIOL Bo3WEHIEHOL 3OMBILMOO

E-mail: zur_gas@gtu.ge

6. 33900830000, LG¥)-0b 0EBMOTsE03oLs s T30l LOLEHYIPIOL B3N EHIGHOL 3OMBILMGOO

E-mail: galoba47@mail.ru

3BM@o30s. dmEgdEos sGLYPRWMo > Lfjsg-
@gd0L B0dEOMmMY3900L Fodmbogngs, Asbbowrvywos
bgbsfig®o 30x3Mmgd0L 458m3bmdOL sdmEsbs, sefgMo-
o5 Jugemo BEAOMIEHWOS, GGl Fgglodsdgds
@MaobEH03M6O MHga0gbosl. Caffe, Torch, Tensor Flow u
MXNet 303¢00093900U5m30L dm3gdEos dm3wg
30P9Ms,  30dWOMmMY3LML  Fmdomdol  JowgdEro
9090, M3 dmEgEgdol dbsMsdFgo GHo3godo,
JLgeol dqd+9853900L Fogo0mgdo, Jugerol Ljsgargds
Q5 BHYLEGHMY.

bEv-ob 3G™3gdo — Works of GTU — Tpyam I'TY
Ne2 (516), 2020

1533960 Lo@yzgdo: Caffe; Torch; TensorFlow;

MXNet;  2500Uobuyangdoms

3woboxy03o30s;  9bo
Python-o; B6go®Hmbyero Jugwo; bgarbsfig®o zontg-
0L 3L 353095 MBOYJEOL 5©IMBYbs; cBépTOUHEIE

CJ1ou; o6yqaloma;[ MalllTKHa.

d9Lsg5¢0

50535050 ©M3> bgoMmbwyeno Jugergdo gsdmoygbgds
(o 500m3Bsms OO MHOEb3oL  SBMLbLBYM,
OHMAMO0395 300bMBoMmGds, Labgms 4dmEbmds, dm-
65390075 89399035 o DBmgo bbgs 58mEsbs [5]. s9slmsb

ISSN 1512-0996
www.shromebi.gtu.ge



3m33ovEgtymo dgsboghgds — Computer Science — KommeioTepHsre Hayku

53538009000 538539005 M350 3B~
9990 0bLEBOMIBE0, OMBgerog GHo3wMo dmEgergdols
5 3500 Lfogzegdol 3gmmgdol H75eoBsool, 1939
A9LBH0M900L glodErgdemdsll 0dgrgzs. Sbgoo obld-
199963 900L 03b3L 3093936905 3OHMYMTIIE0 BOd-
@OM093900, ©3MMYMIOOL ghoms Ro535MHMNMIdIVO,
53690139 ©9MM30©9dgwo 96900, BHMIgdoa byoMm-
Bo dmegergdol 89Jadbols s bfjagegool dbs sgn-
A4™OH003g00L 459mygbgdols Ladmorgdsls 0derggs.

do®omso bsfjogro

1. 0®35 Logergdols sGLYIMEO dOdEPOMMYIGOOL
d0dmbogngs

30BN 3OMYMITME 2505fY39GHOwgdgOL Lbgs-

olbgs 536d30mboro 53l s dmombmgly Imdbds-
900oLob 3020boLs s F9TMEFEOWIdOL Lbgoalibgs
©mbgL.  0BLGHOMIPHEGHL Liimeos oMhgzs 9608369-
@M3560 500396, HMIgEoE 59930 gdgEo dgEgyoL

d00§930L glodegdeEmdsl 0dgrg3s wdm3egl ®mdo
5 6530900 dogrolibdgzoom [6].

d399mo» (gbGowo 1) dmygzsbowos 0bxgm®dszos
0635 bsgEgdoL THsMEOFIOOWO G03MMO T Eg-
00l dgbobgd BMA0gMmo Y39wa®y MBcdM 3bmdowo
360590 0bbGHMIghEHLbmZol. Mbws s0obod-
Bmb, Gm3 0bLEBMMI6EHIOOL Loz 56 STMOfMeY-
05 3600 BsIMMNZLWOEO ELbYGdGVOm. 57 Fot-
9mp9bowos dbmemo ol 0bliG®Hmdgh®gdo, GMmI-
@gdLoE BoMnm 094qbgdl wgl ImIbdsmgdgero.

3bcowo 1
M35 BHagergdol Bodw®o ImEgergdol IbsMsFgMs Bma0gMmo sHommE 3bmdowo
36myMs9m@o 0blEG®Magbdoom

Ne ©absbgengds 0b9HRB9IoLYdo 39653070 bob@gdgoo | FCNN | CNN RNN | Agl RBMZ

1 Caffe[7] C++, Python, MATLAB Linux, Windows, OSX + + + + -

2 Torch([8] C,Lua Linux, iOS, Android + + + + +

3 TensorFlow[9] Python, Java,Go Linux, Windows, MacOS, + + + + +
Android

4 MXNet3[10] C++, Python, R, Scala, Julia, | Linux, Windows, MacOS + + + + +

Per]l, MATLAB, JavaScript
5 Intel®neon™ Python Linux, MacOS + + + + -
Framework [11]

6 PyTorch[12] Python Linux, Windows, MacOS + + + + -

7 Theano%[13] Python Linux, Windows, MacOS + + +4 + +

8 Keraso[14] Python Linux,Vagrant + + + + +

9 Deepnet6[15] Python Linux + + - + +

10 Deepmat7[16] MATLAB Linux, Windows, MacOS, + + - + +
Solaris

11 | parch8ll7] R Linux, Windows + - - + +
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50 3bGodo dmEqdwe 0bLEHIYEE OB ©o-

3938069000 b 253909l d9dga0 d9b0dzbgdo:

1. 36Mma®msdmwo  obbGHMmdgb@goo  sbmMEogwqdl
93G™30©IMHgo0L Lbgoslbgs @odl.

2. 36maMsdmwo  0blGHOmWIFBGHIO0  SbmME0gEgdl
0m30560L  G9BEMEMEo  Fobdobgdol Lbbgos-
bbgo @o3U.

3. MXNet 9dgodegds ©sggbgl dmdoerw® dmfiym-
00@MdgdHg Raspberry Pi (m3g6sowao bob@gds

30JoGIGD-

&obomgzol), MVIDIA Jetson TX2 (39053000

Debian dsbs®bg Raspbian ARM
LobiGgds Ubuntu Arch64 dss%y).

4. 56OLHDLMBL 25O MJOEOD(309
[http://www.wildml.com/2015/09/recurrent-neural-
networks-tutorial-part-2-implementing-a-language-
model-rnn-with-python-numpy-and-theano]/ ]

5. Keras 350m0yggbgds domswo mbols API d0derom-
093900L0m30L TensorFlow, CNTK b Theano.

6. Deepnet 9gJdboeroscudamat [ https://github.com/
cudamat/cudamat] o cuda-convnet [https://
code.google.com/archive/p/cuda-convnet/]
00dEPOMMY3oMd B3DIBY. 909559500 THMISFIMO-
@0 56 5MOU.

7. Deepmat 99Jdbocnos Matlab 3scgda@ogm®o 3o-
39&0LsM30L. EF3MMYIBHIOWIIO 6 Jorcmomg-
096 3965309 LobiBYBal, MMIgEHys bgdms
9,990 LobGgdob GgbBoMgds, sdo@EHma, mbws
30350M5M©Mmm, OHMI Mm39Ms30mwo bobGgds dg-
QLsdTYds 0oL, OMIGEBY3 Fmdomdl Matlab 3o-
39G)0. 99550500 FbMIOFIOOO 56 SGI0b.

8. Darch m®M0gb&oMgdmwos bomdol 0mds Jugagd-

056 0995m05%Bg (Deep Belief Networks, DBN).

bEv-ob 3G™3gdo — Works of GTU — Tpyam I'TY
Ne2 (516), 2020

0bLGHMIghEHJoo 1-8 5095595 59dEH0wMHI© 300M-
@905 13g3050obB YOOl Jogm. MR dg@oE, 53 0bLE-
996Gl 056 sbemagl Lo3dom 3MEIO M-
39635305 5 0bobo 2s3moygbgds Lbgsalibgs Labol
3393580 0MTs Lfogegdol bgggMmsb.

0bLE®»IgBEHGOOL  mEqduwo  Bsdmbsmzgerosb
3939 bs 298m3zymm  dodommg3gdo Caffe [7],
Torch [8], TensorFlow [9] cos MXNet [10].

Caffe oo TensorFlow d00eommgzsmes 8994dbgergdo
33999396 99oMgd0m o0z s oboggd 0bEgm-
5390LgdL Python 965%9 0Mds 9mgangdmsb bsdwdomeo.
500@™0 obobo dgodengds 0gmb godmygbgdeo Lfits-
30 LEOEOLIMZOL  5TM3BIOOL  ooFMOLLL ©MTS
9000900l obToMgdom.

Torch d0d@ommg30L Asdmygbgds 0mbmgal dmdbds-
69000 I3MHMAMTIOL b3MO3GHwwo Lua gbol
30bsL s, 0MbgE35 580LY, g 56 oMol T9ds3se-
399900 BogdBMmM0, 3065006 gbs ToME0gz0s Sbomgo-
LGOWOE. BOBWOMMY3OL OLYMO M30BYdJOO, MMM~
60395 9mEOMEgdoL SOLFOMOS O FORIMNMIOOL T9-
LodEgdEMds, BIXIMJOJo bog3mdzgeos o0 d0d-
007930 sbsMBg350 33e9350m5 Ba@oMgdolbomgols.

MXNet 00d¢0Mmm93580 5d396G0  gooEbows
3mMOFGHMVIMO0l s 3MMyMsdmmo  0bEgPngolgdol
RBOMM B3ggBHOoL 9OLGdMBIBY. b9z MBS s0obod-
B, ®md MXNet s TensorFlow 30d¢omog3gddo
Uog3e0gool @sBdomgds MBMbggerygmaomos gabsfio-
@Yo 330l 3mbEgBEool  ydmyggbydol
09039mdom. oLobo MBGMbzgwwymal ByoMOmdugwrgdol
dobsfoergdre bffsgargdel geralidg®gd®y.
D90mblgbgdmwo  dmbabOIVIB0EB  33dmdEobMY,
3990092 2960bowgds LHimMgo gl mmbo dodoMmmg3o.
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93909905 oo Bm3Eg obslosmgds s dmygs-
Bogros olbgmo MdadEoggbo bgommbrymo Jugagdols
15530 900L5 s GILEHOMIBOL Togo0MGO0, HMAMMO3
360l molGH03MH0 MIRMILoS S JHIMOsbo 39M-
Lg3GHGMbo.

MBOM EfaMowgdom Intel®neonTMFramework obl-
&9gbBHo [11] asBobogrgds 13gE0semE o M-
GMMsdo, Gmdgwog Bm3LoMYRdYeos Intel®neon
TMFramework obb&®mdgb@ol 498mygbgds®y Mo
LHogergdol 3Gemgldo [18].

2. bgwbsfigo 30836MIBOL 3580 Ebmdols 53m3sbs

©M35 LHogergdol BodOMMYIoms 33¢930L 3OM-
39b30 A560boErgds 53m356900 bgerbsfigmo oBMIdOL
299m36mdoL  dgbobgd  2s8mlobyEngdgdbyg. sagdwyeo
Bo®Hmbyaro Jugangdol Lfsgargdols s GgbGomgdo-
Logol  209tm0ygbgds  2o0mlbsbregdsms  BoMmmE
36mdoo MNIST [19] dsbo (bwyé. 1).

41§23 +¢4€1976306g3246
47FIF\372AH 4TI\ ¥3T9
VT 758600395 L 15723 32/7
LER2S 7327 16gq4sba3 29 (9

e, 1. MNIST 35530 gogigdols
3°0mbabEngBsms dogseomgdo [20]

24580Usbwegdsms 4oMBg300mMds FmEqdwye dsHsdo
89500396L 28 x 28 30dugenls. g gedmbsbryergdgdo 0bs-
bgds bogmoLbB®OL Lbgsalibgs 0gMol Bm®Is@Edo. Ls-
0300bgeo 3098990 dg0393L 60 sl Qo8mUsbeyary-
03, boewm EGgbB@o - 10 5000L sdmbobmangdsls [21].

3. @maoLE03MOHO M9aMabool 3gLsdsdolo

Jogerdo bOOIIOTG
@®A0LG03MO MO0 Fgglisdsdgds 30MHI30MO

239303909008 MOHIM0sbo bgommbrwo Jugeo, Mmdg-

o3 9903936 LOEoddmer Mgl s 9gE039:300L

ISSN 1512-0996
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softmax 369305 (bLE. 2). BgoMmbrywo Jugarols 9g-
Laligergebg 5OoL gogboGgdmmo W " Bemdols 249-0m-
Lobrgengdo, Mmdgewog bgabsfig® 3ox®L go3sgL. go-
6500056 §y0gds 399mEbmdOL s8m3sbs, sd0EHMI ymgge
299mbobmangdsl MEomgdEs© dglsdsdobmdsdo 1B
9013v993956Mm 090L 9)EBYms®™mdol 39dE MO0, HMA 358m-
Lobrgengds 80939036905 gMo-geob 10 3ealiosb (0,
1,2,3,4,5,6,7,8,9). &gms 990090, bgo@mbmwo
Jbgeool o0masgse Mgy gobmoglbgdmeos 10 bgo-
Mmbo. 9g3mdol Bwbdgos©, GmIol dobodobsgos
b5 Imbgl, 24580m0ygbgds 3Mmb-9bEHmM30s.

© ——0 . J
_— 9 i &’)ﬁj‘ﬂ{"b@? bdro By Q)d@rg.)a:;;jgbdgngz sy

by, 2. @myoliBogHo MHyadgliool dglsdsdolo
Jogeols séjodgdoans

000936  boffoengddo  goboborgds dmEqdveo
JL9ob GmOHI0MmGIOL Fogo0mgd0, s1g39 BHogergdolbs

5 BILEAHOMJOOL 3BIM39PMOIOO .

4. d0dommy3s Caffe

4.1 33wy s0fgcs

bo@ygs Caffe Fo®dmoagbl 0byarobydo gms-
Doligob Bomgdmer s06Mg305@wGSL: Convolution Ar-
chitecture For Feature Extraction - 3mbgmevwsom®do
5MJoG9dBHNEs ©dsbolosmgdgo 60dbol sdmbomg-
050 (0m3mzgd0L sHBOOm).

Caffe 30d@ommg30L ©sddsgzgds [7] 2013 Harol
199399306 0IEObIMYMBL. 53 3MM3gLOL olsf-

gobo 53953006090 0s 30OHM3bgdLMb, GMIols
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Lobgros 056306 3Bos (0byen. Yangqing Jia), sbggg od
OB, HMEs 080 Loz mdEs ¥96 3ol Mbogg®-
LoE9BHdo s 39FomdEs BOWMLMBOOL MJGHMMOL
1533505303530 Bs8OHMIYY. 50 IMIgbEBHoEsb Caffe
000E0M™MY3L 3dBH0oMs© Mfigmdl byl dgM3wrol
bg30L5 s Logargdol 396¢®o (The Berkeley Vision
and Learning Center, BVLC) @5 ©5336™9d&qdwgdol
239903056905 GitHub-bg. 00dwommy3s 3039w @gds
BSD 2-Clause-ob erogb®ooo [21].

Caffe ©95¢00%gdwos 3OHMAMdgdol C+ gbols
2399m99bgdom, sMoL  sbggg LodmMzgwo  (Lobggzo)
Python-%g ©s MATLAB-%). m®3030sMs@ 00
0539d00s Linux s OS X m396o30me bol@gdgd-
096. 3080bsMgMdL 0lgmo 3s6dEHMgdol sdMmgd-
39053, OMIgEoa 90393l Mm@ Windows-by. Caffe
0ygbgdls BLAS (ATLAS, INTEL MKL, OpenBLAS)
000E0M™MY39L 39JBHMOMEO s T5BHMOENO godm-
03g00LomM30L. 535LMb MM, JoMg sTMI0EY-
0MEgdsms MoEbgdo dgol dodommy3qd0: glog,
gflags, OpenCV, ptoroBuf, boost, snappy, hdfs, Imdb.
23990030ms sbsBJoMgdwsco Caffe dgodengds g093-
356 GPU-%g CUDA 9d6mamgool 56 0®mds Lfsgarg-
0L 300003039006 cuDNN 003wommg30L  Lodsbm

d9LodgdEmdObL 4odmygbgdom [21].

4.2 308¢00010193560296 3+9dsmdol Bms0 dmgero.
0635 8ngegdol FbsMEsFIMOMO BHO3goo

00dE0MmmMg30L  A53MmYygbgds  3MEolbIMIL  ggso-
@300l BmMIMIILL prototxt BmEs@do, GmIgedog
500ofjgMgds dmgeol LEAOYIGHWOS s Lfogargdol
39mEOL  35653gEHMYd0. O3> TmEgeol Lfsgzeg-
05/3HqbGH0M7dS FMombM3L BOBWOM™MY30L MEHOWOE]-
0oL 25839050 356509FGHMd0L Lbgoslibgs 30M9dmwom.

bEv-ob 3G™3gdo — Works of GTU — Tpyam I'TY
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Caffe d0d@omog30L 8999369 gdo 0dengz0s6 Litrry-
WHEOINO, 3MHIMWYFONO0 > OI3NOIBGYIwo
Bo®mbyaro Jugegdol Lfsgergdobs s GgLGHoMmgdolL
F9l0degdEmdgdL. 995350 8mbsEgdgdo s QoMo-
Lobggdo 500fgMgds Mol (8gbol) 36gd00m. dgbsbgols
3mOI>EHob  Jobgz00m Fgodwgds  4odmoygbgdmeql
Lafigol dmbsgdoms dMgqdols 89990 GH03gdo:

ImageData 56U0H03653L Imbozgdms gL, G-

09003 9MHOL godmbiabvyengdoms 3MJdwYo.

Data 56L5b3ms3L dmbszgdoms dGgl, HMIgedos

b 9mbo3g9gd0 0bobgds d3Bol boboo BMEIsEdo

leveldb 6 Imdb.

HDEF5Data / HDF50utput  9mbs3gdgdol  8qdsegs-

o0 / 358m8s35¢00 369 hdf5 gm®mds@do.

WindowData 9bs3gdgdo, GmIggdog 20mongds

RbxMOL 2530000 oML YYEgdgdbY.

Lbgo.

239MHobobggd0 Fgodegds ogml dm3gdwyero dgo-
Q930 I0ggdom:

InnerProduct- LGHvyeo d3meo 96y.

Dropout - 969, H0dgwos Jugarol Lfsgangdol 36m-

39bdo BOMB39YMRL 6odsbms 39dGHMMOL 3m0-

3mbgb@Hqdol 6gdoLdogMo 30gdol gobryegdsl,
oMo sbMME0gEgdl 39d@™OOL LogMdol 3mMagd-

GoMgdsb.

Convolution- 3mbgmew0weo d6y.

Deconvolution- o93mb3mezom®o 360y

Pooling- 1036300 2590056300l d6g  (max,

average, stochastic)

Crop- 9600 demdol dmFMs dgmeg dEomdol bm-

0580@g. Blob sG0oL 0baemolb®mo BGmsbol (Binary

Large Object - mOMd0mM0 QOO Md09JE0) 5061930~

3G O MOMBOMO dMbs3gdgool dsbogl bodbagl.
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Recurrent - 69316096 wmo 96y.

RNN - 25356¢039b0 ©93096096¢:wo Jugero.

LSTM(Long-ShortTermMemory)-LSTM-x6go0

LRN (Local Response Normalization) — ¢om3sene®o

Be&doobBsgool 86y

MVN(Mean-VarianceNormalization) —3mb@®sb@Eob

B docobagools 90y

BatchNorm(BatchNormalization) -

Bea®docobogool Iy MGmIgerodg 90b603s39EH0L

dobgogom (minibatch).

505bmb  gMOE  AOMEILObZIMS  FMMT0MmGdOLSL
d90degds 999m0yggbgdmgly Lbgsalibgs sg@ogsgool
B6J30s.

(ReLU, Rectified-Linear Unit) g3v967300l 0500500000

Boffoero s Bobo 35653gEBHH0BIIMEO 35005630

(PReLU).

9Jb3mbgbE0sMMO s@fiBgozmds (ELU).

Logdmo®mo gmbdsos (Sigmoid).

3039MdmEw®o @sbygblo (TanH).

20bMewEm©o 96093690mds (Abs).

3bsmolbgds, 961 bo@obbdo syzs6s (Power).

wmystoodo (Log).

00bmBosmEo  ben®doewmeo

MASOHONTMEO
535%gM90Mdol BMbJ30s (BinomialNormal Log
Likelihood,BNLL).

DOMOdEX©Ho gmbisos (Threshold).

§obs33¢090s (Bias).

05039006 gds (Scale).

Bgo®HmJugerm®o Bmgeol vm3965L36gwo deg «xb-
5 89039309L 99300030L BBJ305L. dodommazsdo
500ob 89900930 BMbJsogdo:

Lodogom 335006000 dgamds (Sum-of-Squares

/ Euclidean Loss Layer,Euclideanl.oss).

ISSN 1512-0996
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9930m30L 3 EH0bMmT0swMo (30eobmdosenyy-

©0, 3535w f36:)w0) WmOLHOINMO Bybisos

(Multinomial LogisticLoss, MultinomialLogisticLoss).

06g3m®dsg00L  bsbMol gmbdzos (Infogainloss,

InfogainLoss).

Lo dmoEMGOHO 3MML-9bGHMM30s (Sigmoid cross ent-

ropy loss, SigmoidCrossEntropyLoss).

softmax-g3bgjiool 9Hosb dg3mdol Mol dg-

Lal3EgEbY FodEgdEwo Ggzmdob e Gobe-

3050 MmoLbEGH03MM0 BbJ30s(Softmax with

Loss,SoftmaxWithLoss).

Lbgo.

Bgdmo 39899 90990056 M dOBELIOMMY3S
3903930 565901000 ©5IHT5MY FMOL MgoaEobEosl [23].

9m©9rgdol  LBogzegdool 3Gmigbdo sdmoygbgds
™3@000Bs300L bbgo@sbbgs dgomeo. Caffe d0dom-
0930L  999Jdb6gemgdo  HomBmaz0099b36  sGegmoo
3900000 HJoe0B300L [24], gbgbos: LEHMIsLE03MMO
36500960 ©sd39ds (Stochastic Gradient Descent,
SGD), 5¢gm600d0 Lfagergdol sad@@o Lobds®oom
(Adaptive Gradient Learning Rate Algorithm, AdaGrad),
BaLEHIOM30L RJ>MHIOMEO 4ME0IbEHMIO 93905
(Nesterov’s Accelerated Gradient Descent, NAG),
seoam@omdo AdaDelta, seram®omdo Adam, seoam-
“omdo RMSprop. 356L539900050000 BsGom© 4odmyg-
6990 Ggom©os bEGMJoLEGOZMNMO FM0YbEHIO
©503900.

43 Jugeol sdm8s3900L  Fogseomo,  Jugarol
155300905 5 Bgliomgds

Caffe  d0dwommy3sdo  bgodmbrymo  Jugergdols
AM3m05, Lbsfyobo dmbs3gdgdo s Lfsgangdol
bg®bo 8mogds 3mbxg0dM3E0o B0 gdol d9d39-
®md0m prototxt RMMIsGHTo. gOHMO Boowro Jgo3ogL
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d90535¢00 (bshzMmbgero s GgbGHMo) dmbsigdgdol
5 Bgo®mbryeo Jugwol ggbgdol sefig®sl, dgmeyg
BS00o 30 - 6306mbmeo Jugerol Lfsgwgdol dgomm-
QO 35M539BMMS 50figmab. Bfogagdol/GHglGo®mgdols
3OME90MO0L  olsd3905®  godmoygbgds  MGowo-
3900, ®MIgd0o5 HoMmdmMoygbl dobstrmer gsowgdl.
9b 5350900 3000Jds LEdSBM BOBEOMMY30L Sfymdo-
Lol, GMdgEog 50 0m35¢0obobgdL  ©sds@EHgdomo
Python-%g o6

06¢9Hxgolgdol  odmygbgdsls

MATLAB-%y).
1. gbgemol sGJodadBaIk0l 58985. Jugwol sJodgd-

GO 500ffgMgds 5300l boboo prototxt geme-

o®do. 500b 99009y B0l gboFgds Labgwo

mnist_logreg.prototxt. 4399t dmyzsboeos sbgmo

53500l 359 0m0 s 30w gdom Fobobo-

@905 dobo LEHOYIGHMGS.

306039 ymgolbs dmoigds Jugwo @sbobg-
@qdos:

name:"LogisticRegression"

0525¢0mgd0L  bfzMbgeo LIzl Tglode-
dobo 9gdsgoo dmbo39dgdol dMg. 458moyqbgds Jug-

@ob bfogargdol 9¢e3by:

layer{
name:"mnist"
type:"ImageData"
top:"data"
top:"label"
include{

phase:TRAIN

transform_param{
scale:0.00390625

}

image_data_param{
source:"mnist_dataset/train.Ist"
new_width:28
new_height:28
batch_size:100

root_folder:"mnist_dataset/train/"

layer - ©o(gbgM390Mo bo@yzs Mol dqlisddbgemao
name-d®ob bsbgerfiegds

type— 960l $odo

top—000¢0bstg TG0l gs8mbobgwmmgmol  alisbgangds
(399mbobwyengdols)

top —-000000b56Mg Mol godmbaligegeol  slisbgmgds
(©@2BBg30)

phase-03d 9@&o30l domomgds, MMIGBY3 godmoygbgds
Bo@300mvyeo dmboigdgdo

transform_param-53clobwergdsms

39

image_data_param-099ds3s¢» 8mbs3g0ms 356599@6900
source—gs0o gs3mbobvegdsms Loom s MOMNMYYEOly
Yoo

new_width,new_height-0mb6s:39905 g56B93000mds
batch_size —356&oob (LgHools) FmiEwyemds

root_folder—59mlobwyergdsms 99933900 OMYJEHMO0S

2960 oLobzoL
6599 M9d0(scale-dolsEod0Mgd0L 3o61509EHE0)

bEv-ob 3G™3gdo — Works of GTU — Tpyam I'TY
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AILGHOO Fo5¢0mgdOL Fglsdedolio Tgdogow dmbsggdms 9My. 359m0yggbgds Juguol GabEoMgdol MMmU:

layer{ layer—-qs69%9639099¢0 bo@yzs 3ol dglsddbgamso
name:"mnist" name-d®ob bobgerfiegds
type:"ImageData" type— 960l $odo
top:"data” top—0090bsmg MOl godmboligargerol  slabgwgds
top:"label" (980Lsbengdol)
include{ top—3030baty a60l 298mbsligangenoly
phase:TEST @oLobygds(sRbI3s)
} Phase—93s30L domomgds, GHMIgubys 3o9moygbgds
transform_param{ Bo@Z300mvyeo 3mba3gdgdo
scale:0.00390625 transform_param-53clobwergdsms 3956gddbol
] 35615893HM9gd0 (scale—oldEHd0MIOOL 356039EHM0)
image_data_param{ image_data_param—399s35¢00 30bs399900L 35653936900
source:"mnist_dataset/t10k.1st" source—gs0o gs3mbobvegdsms Loom s MOMMYYEOly
new_width:28 Joom
new_height:28 new_width,new_height-9mbs3900m5 356Bg3000Mds
batch_size:100 root_folder—59mlobwergdsms 89933900 OMIIBHMM0S
root_folder:"mnist_dataset/t10k/"
}
}

LOHME5BIMOo F6Y, HMIYELSE F0gfmgds 8905350 dmbsoigdgdo:

layer{ layer-cs69%g6H39099000 bo@yzs 86ob dgbagdbgams
name:"ip" name-960L bobgafimwgds
type:"InnerProduct” type- 960l $odo
bottom:"data" bottom-— 03 60l Labgafieaggds, Lsosbss dmol bogbswo
top:"ip" top— 39903535¢0 IMoL LobgeHimogds
inner_product_param{ inner_product_param-— lt)eoqdd<e00 60l 350s39GHMgdo
num_output:10 (num_output- g53mUsligergergools Momgbmds)

}

}

9000560 907, HMIGEoE d9gLodsdgds 5JG035300L softmax gbJ30sl s dg3™Iol wmaolEo3me i3wmbd-
3051, YBOHWD39wymal 5gE035300L softmax gmbJiool dsdmygbgdsl LMmIEsEdIMEo FMHOL yodmbsligergwwo-

LoA0 s 36MOIMBL Tg3MIOL WMYOLE03MM BMbJE0sl FoMIdEOo 2odmboligErgeol s ahbgzol ge-
6900l 2Boo:

layer{ layer—s69%gM390v9eo Lo@yzs 960l dgbagdbges
name:"loss" name—360ob Lobgarfimggds
type:"SoftmaxWithLoss" type— 960l $odo
bottom:"ip" bottom-— 03 3&ob Labganfiegogdo, Loosbss dmol Logbswo
bottom:"label" top— 359m3535¢00 IHOL Labgefirgds
top:"loss"

}
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30sb0g3035300L LOBHYLEOL Fodmm3uol FMY. 3s9m0ygbgds Jugwol GHabGHOMmgdoL g@s3byY:

layer{
name:"accuracy”
type:"Accuracy”
bottom:"ip"
bottom:"label"
top:"accuracy”
include{

phase:TEST

layer-qs69%g639099¢0 bo@yzs 86ob dgbsgdbgams
name-dmob Lobgefimgds

type- 960l $odo

bottom-— 03 60l Labgafieaggds, Lsosbss dmol ogbswo
top— 359t3535¢0 Mol Lobgarfirwgds

phase-03 9¢s30L domomgds, MMIgEby3 FodM0mZgds

LobLBY

2. 6go6mbryemo Jbgerol bfszergds. bgommbmwmo Jugerol @sbslffagwsm smEowmgdgeos sdmdblbgaol
(50m3bLbgEro 3MMAMsTol) 356adgBHMms s0fgMs prototxt BmMIsEol Boowdo. 8999y 30wl 960Fgds

mnist_logreg_solver.prototx. Laobgerfimqdo.

d390m»  49bobogds

LYo GBoool  Fogoomo:

net:"mnist_logreg.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_logreg"
solver_mode:CPU

net-3350¢0 Jugeol sOJoGgd@wyeol sefig@on

test_iter— 3gliGomgool 0FGgMoE0sms Mocm@gbmds(slidol
s — 100, 253clsbegd90% LMo Mogbzo —10000)
test_interval- 3m39gb@9d0,06m3s  LEMWEYdS  dmEgerol
A9bGHMYds (4m39wo 500 0@ME0s)

base_lr, momentum, weight_decay,lr_policy, gamma,power—

Jugarob bsgzegdo L3sMsdgEMmgdo
display—Ufjogemgdol 899900
03JMSG00)

max_iter-L{ogzengdol 0@gmsEosms dogdlodseey®omosblo
00963 900(9m39e05000

abobgs 100

(ymzgo

snapshot—3m@geol  dgbobgol
0BIM5305)

snapshot_prefix—36gg0odlo dmgumol @sbsbgangdolfjobs
solver_mode—-  Ufsgamgdol  6ggodo(CPU 56  GPU|

36m39bMOYdOL)

UHogamgdol  9@s30l  golsd39d9@  9MEOIdI0S
Caffe 500@w0m™930L MEBHOWOEHOL Fsdmdsbgds 356o-
09GHMIO0L 296339990 GOHDHMIOMdOm. Jugbos: train
- 296LoBE3MO3L JugEmsb FMJomdol 9@e3l, solver -
30MomgOL  GFool  5dmabLBgEol  (s9mdbLbgero

36O myM530L) s©fgdoom.

bEv-ob 3G™3gdo — Works of GTU — Tpyam I'TY
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$CAFFE_ROOT/build/tools/caffetrain--solver=
mnist_logreg_solver.prototxt$@

3MBOWYOWO® MBS 500608bml, GMI Jugwol
3MJoG9d@Eol  908@obotg  s0HgMoms  mobobds,
50mablibgergdol dogm, Jugeol bFsgwgdslomsb go-
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5@, LBOMEEYOs 93MINZ] BHILEHOMYdE. Tongbg-

053500 5305, BHLAEHOMYOOL 2583905 Tgodwgds (39¢39
296bm® 309w ©9U.

3. bgodemabryemo HJbgarol BgbdHogds. BHab@o-

6900L 9B30L ELLSFYJPI® SMEOWIdYIWOS

Caffe 300 @0Mmm930L “9E00EOL odmdsbgds

3561509 MO0L 25613390 JHOMDILOMIO.
qugboo: test — Jugaomsb 3mTomdol g@s3o,
model - Jugwol sGJo@gdBHvImol  sofigks,
solver - ®sowo s3mdblbgerol sofigmoom,

weights—Jbgeol  fmbgdo  (©sbsbffsgero

dmqo)

--solver=mnist_logreg_solver.prototxt\

--weights="mnist_logreg_iter_10000.caffemodel" $@

$CAFFE_ROOT/build/tools/caffe test --model=mnist_logreg.prototxt\

Jbgeol  Ggb@omgdol gy dmoigds loss
99300m30L BbJ30s @S JsLoGozs300L  accuracy

LOBMLEHOL  FB0dzbgEMds  FBHJLEHWO  LodMEgzgDY.
d390mm 9m39g3mE0s 498m@Eebol dogsromo:

11016 16:13:53.621152
11016 16:13:53.621218

6448 caffe.cpp:330] accuracy = 0.9062
6448 caffe.cpp:330] loss = 0.343764 (* 1 = 0.343764 loss)

5 dodgrommg3s Torch

5.1 dm3mg s0figs

Torch [8] - 560l d0dErOM™MY3s Ladgbogtm 4sdm-
03w900bsmz0L  96JobMMo  Lffogangdols sergmeoom-
3900L oMM dbsmrEsFgMom. ddsggds 2000 fero-
56 oligom LsdgEboghm 3956EGHMIdT0, Hmym®oiss Idiap
Research Institute, New York University cos NEC Labo-
ratories America. 30390905 BSD oggbbooom [21].

003oMmMY3s  MGooHIONIE0s  MHOM-]-575690-
OO (305Dowos)  Joomwozmed  mboggdLodg@do
99Jdbogr L3Ho3@Me Lua (3mG@. dogzatg) gbsbg C
9bobs s CUDA (Compute Unified Device Architec-
ture) 3oMOEIWNH  ASTMMZIMS  3OMYMT-
33550 5MJo@gdGMMol 2s9mygbgdoom. LfHsxgo
L3OO3GH Mo 9bs Lua, gHhommdsdo SSE, OpenMP s

ISSN 1512-0996
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CUDA  39dbm@maogdmsb, Lsdwgowgdsl

5d@93L
Torch-b ©)B3zgbml M3 0¥y oby 3o LobdsMg Lbgs
000E0M™Y3900056 89s0Mgd0m. 98555050 0Q0 053~
bgdoos Linux,iOS @sAndroid m3g®mogome Lobdg-
090056. 00O FMEEgdo FMTomdL  s3MgM39
Windows-bg3. Torch-ol ©s0m 30090890 gd9dd0s 35-
399d0 imagemagick, gnuplot, nodejs, npm s Bmyo-
9600 bbgs.

000E0M™MY30L TobILOSMJdJEO M530LgdYM-
055 8oLo BMEYMOHO 5MJ0EIIBHIOMS O JIBIONMY-
050Mds. Ym39wo Mo 3slvbolidagdgwos bgo-
O0bm Jugegdmsb ddsmdol bbgoalibgs LEGoos-
Bg. oLy, B535WOMH>, NN MO MHBOHNMBIGEYMRL
B906HmgdLgeol 3mbR0MOHOMmYISL (BMYd0LS s Bomo

3561509BHMgool  g9bLsbEaEMLL), optim  dmEMEo
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3903353L Logergdolsmzgol as8mbaggbgdger m3@odo-
bogool Lbgoalibgs 9gomml, bmeem gnuplot dmvy-
@0 dmb539805 30H¥Y9E0Ds300L LEdMoegdsls 0dwng-
35 (3055303900l 5905, 3odmbabwyegdsms B39bgds s

ol 9990099). ©353BHgd0mMO BMEIEgdol ©aygbgds

000@oMmmMY30L  BMBJzombowol  goxgsMmmgdol
LMo gdSL 0derggs [21].
5.2 30dommg3olorsd  d8smdol  Bemyswo

9m@gmo. M35 8mEgmgdols dbstsFgMomo Godgdo

OMAMO3 ¢339 9006086s, Torch dodommy3o
99009905 ImEEgdoL 2963390 LOIMIZEOLYSH.
nn dmEwo MHOHb3lgeymal Lbgswsbbgs Lo orvy-
ol 6goMmbmo Jugwgdol 30b653037MH0MdLS @
Ufogamgdsl [25], optim dmwyeo Lffogzagdolsmgol
3039630 35dmboIao M3EH0T0BsEgool Igom-
©g%0b M195¢0BYdL Sbgbl.

Torch dodwommgzs GoMwo bgodmdbgewgdol
3994960L Lsdwogdol 0drg3s 3mbEgobgMgdol dgds-
BoBdol Loxywdzguby. 2m69g0696G0 S0l bgotmd-
Lgeol  2odmEbsadmeEro  3m33mbgbE OOl 4s05gm-
000690900 3o gho Loghmm 30mbx0QMMo309,
®mgeog 9990y 90dwgds 0gml  3asggdwwo
L3 gd0L 3GMmEgMMsd0 [25]. 3mb@gobgMgdo 4sb-
Lbgsggds GHodol dobgwzom. Mds@@GHozgl dgdmb-
3939030 890d¢gds oyml dodgzmmdomo (Sequential)
©5 35MowgeMo (Parallel). 90d@g3®mdomo 3mb-
3906900 Jugerol ZmMIoMYOOL Lodr)segdsl 0dergzs
Mg 300030100l Loboo 3003000 25360 3g-
@gd0L bLEOMEsEdIMEO JugEwgdol YoosbHy. 3oMo-
Wywmo 3mb@gobgdo 30 Jugwdo Mo gEmEo
96g900L  (8@™mgdol) ggdbols Lsdrmoegdol 0dangge.

3Mb3gobgMol  3m33mbgbEgds  Fgodargds  oyml

bEv-ob 3G™3gdo — Works of GTU — Tpyam I'TY
Ne2 (516), 2020

398myggbgd o LOEXWLEITNWO s 3MbgmEw)3o:)-
60 3609900, 5JB035300L BMbd30gd0 s dgzmdol
ambd30900, sbg3g Ibo 3mbEHYobgmgdo. Torch d0d-
WwommY3> 999000930 doMm0MOEO  3MI3MbgbEgdol
9994060L Lodwyoegdsl 0dengge:
Mdo®E039Lo Moo [26]:
356539¢H0BgdM0 oMmoddbgdo (Ma3030 go6-
57365 Linear, 89(mbowo 6m&8sc00gd1emo go6-
©5Jd6s LinearWeightNorm, {5030 256sJdbs
23079bdMmgdmo Jglobgzangergdoo Sparse Linear o
Lbgs);
50053306700 LsdIBM BHbbMOWwo Tgmmg-
00 (A9LolizEgEgdoL 30M0L FoaMgds Fmboizqdms
G030b 256sddbom Copy, dmbsigdms wdEotg-
05 306390 obbmdomgdom Replicate, dgLolig-
9ol GMobldmbomgds Transpose o bbgs );
5Q33H0MgdMmo 50093530300 GHgbbmemwo
0900Mm©J00 (30BLEBEHOL sTsGJds AddConstant,
3BLEBBEHIBY 2odMs3wgds MulConstant, dobo-
9dm00L / dodLodwmdol dgobs Min/Max, Lodmogomls

3950565000905 24956%mdogdom

dmgdyeo
Mean, moom geqdgb@ol sdbmEvyEmGo 3b50dg-
Bgeomds Abs, o Lbgs,).

3Mb3gmemom®o Ihggdo [27]:
9m056BMmBogdosbo  3mbgmemog00  MHMOL
dobgz300m (9M0sbBMI0wgd0sbo Jnbgmemios
d9LobgEgeEgdol ;g Msbs8od3GM™dOL gobs-
$3603 TemporalConvolution,sub-sampling m396o-
305 gLobzaEgEms Mebsdodgztmdoo Tempo-
ralSubSampling, max-pooling ™m3qGszos dgLobg-
Yo 965000 g3mmdom TemporalMaxPooling

o Ubgs);
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mM56%mTowgd0sbo 3mbgmemzogdo gedmbobyy-
@g9d0L LodMEYGAo (MOHYBbBMT0Egd0s6o 3mbgm-
@300 odmbobyyengdsby  SpatialConvolution,
LOMWo 3MbgmE0s Fodmlsbyergdsby Spatial-
FullConvolution, sub-sampling m39®s3os godmbs-
buyegdobg SpatialSubSampling, max-pooling ™m3g-
0530

2o0mbobmeadstbg  SpatialMaxPooling,

average pooling ™3gMs305  odmbobmeErgdsHy
Spatial AveragePooling s bbgo);

L53QBBMI0EGO0s60 3bgMEME0gd0 bsTRBDM-
dogd0s6 bogMgdo (bodysbbmdowgdosbo 3mb-
30305 VolumetricConvolution, L&vyeo bsd-
2396BMmoEqdosbo  3mbgmaisos  godmbobmeng-
05, 300¢3Mr™dsbY VolumetricFullConvolution,
max-pooling m396M5305 358mBabmEgdsms J0dY3-
Hmd5bg VolumetricMaxPooling, average pooling
03965305

208mbobyangdoms 900 g3MMdsbY

VolumetricAveragePooling s bgy).

5gd3035300L 53bd30900 [28]: LogdmowMHo BMb-

Jaos (Sigmoid), 3039MdMEE0 &obygblol 13wbd-
305 (Tanh), soft-max gmbjsos (SoftMax), soft-min
g3bgoo (SoftMin), LogdmoMo gmbjiool com-
3oMomdo (LogSigmoid) cos bbgo.
8930m30L Byb30gdo: LYTIW™ 335G YIWO
99300005 MH9AMJLOOL  50EIbOL sMmEsbol sdm-
Loblbgwo  MSECriterion,  ©sd5x96Mgdmdol
33m6J300L  @@AsM0mIol  otymuomo  960d3-
Bgeomds  ClassNLLCriterion 965300 3c00l0560

3w0ll0gg035300L 53m3560LsMZ0L.

5.3 Jugeol ©s3Mmgd@gdol dsgsqomo, Jugerols
Lfogangds s Bl oMgds

Jbgob 56JoGAIIHNOL 5390, LEsgwgds @s GHb-
om0 509356905 L3IOM03GHOL ©sTMBsg39ds0g Lua
9b5%g,

MmIgoi  99ogogb ©Mds  ImE;sb

993530 Bb3o@olbgs 9Es30L Fglodsdol gMbdEosms

3M90mb.

1. b360350b 35659990900 sblbsbma®ms. 99o3o3L
LFo3egd0L 356509EHMYIOL QoBLIBEZML, BHedery-
00(3 999mOoL dMAsbgdsms LEHMOJMbOL dgdggmdom

local opt = lapp[[
-s,—-save(default "logs")
-f,--full

-p,—-plot
-1,--learningRate(default 0.05)
-b,--batchSize(default 0)
-m,--momentum(default 0)
--coefL1(default 0)
--coefL2(default 0)
-t,—-threads(default 4)

1

subdirectory to save logs
use the full dataset

plot while training
learning rate, for SGD only
batch size

momentum, for SGD only
L1 penalty on the weights
L2 penalty on the weights

number of threads
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2. Jbgerol sGJoBIAIH0b 58985. ©5043569ds
30b90bgMol 89J0bsdy s dob F93Lgds0qY

dmq9d00.

35900l 00096¢0%3035GMMYOOL JodMmEbYdS.

classes= {'1','2','3','4','5','6','7','8','9",'10"}

990535c00  459mbobmagdgdol Bmdol obogosero-
Doi0o.

geometry = {32,32}

30b@90bghols 894dbo.

model = nn.Sequential()

d6H0b 530S, OHMIgwos MBOHMB3gYmal 4o-
dbobwegdol 9905350 ToBHMogol  4oMogdbgdl
JOMNPO6BMB0gd0sb  06FHIBLOWGMBdOL  3gdEHmMo

1024 gengdgb@ol bmdoo.

model:add(nn.Reshape(1024))

LEOMESEBIMWo  FOOL TGPV,  MMIGELo3
d9Lobgergenbg 1024 Bgodmbo,  bmem  godm-

Lobigergen®y - 10 6gommbo 543l (9e9896¢)gdol Gom-
©g6mds 3aaligdol 0©YbEH0B0IoGHMM™MS dsl0gdo).
model:add(nn.Linear(1024, #classes))
3905393MM BIoBMMOL s 50 35M539EHMYdOL do-
bg300 d93Mdol 536300l 460963 gdoL dgddbs.
parameters, gradParameters = model:getParameters()

293035300L Bbdi00l FqLlodsdolbo ML sTo-

99300030 BMbBJ300L 2oblobrgMs, Mmool do-
6030Bs300 bgaob Lffagwrgdol 3hmglido bogds.

model:add(nn.Linear(1024,#classes))

39bBmEOL dgddbs Lfogergdol/@gbEomgdol dbg-
@9@dObOL 59390 dg3Mdoms TsGHMoaol dg-
Lobsbogo.

confusion =optim.ConfusionMatrix(classes)

3. bspgtobgen s bsgbder dmbspgdors  Bsch-
3005035 ©5 626535¢0Ys30s. bM309MYOS
299mbobegdgdols s Fgms BsGzommgzol
3BJgool Mgowobsgoom. gmbdisogdo b3dg-
3OB03wIO05 Imbo3gdoms ymgzgero 3Mgdwerol-
0306 s Fom0o MYoEoboios bbgsslbgoe-
Bo06o bgds mommgMe 30mb3Mg@ e 890-
ombggzsdo.

4. 6906Gcbrycmo Jbgamol bfszergdol Beybigos,
Geadgamog ghoo gdedols Ggserobgdst sb-

@96b. 0©gdL dgbobgmgwbg  Lafiz®obye

2390mbsbryengdoms L 3090w, sHgbl
8930030 113713930 EIWYOOL FgnmEOL Bgo-
@0HYdsL. 9600365 gm0 g3mgol JoMgoo-
B9d9wo gmbjsgool Im@Eebowo dsyowomo
o6 bMbzgarymal Lshzhmbywo dsgowo-
900l 9Mg35L, M3 o35¢obobgdmEos

BI0o. 893mol  M3EAHEILIOOL  FgmmEOol
model:add(nn.LogSoftMax()) 3W5L03MO B75E0DBs300d0.
function train(dataset)
-- g3cgols bemdGols obogosmmobsgosepoch
=epochorl
-- 3000bsthy Mmols Jomgds  local time
= sys.clock()

- 96m0 93mgdobgseobogosprint('<trainer>on
training set:')

print("<trainer>online epoch # " .. epoch .. ' batchSize =" .. opt.batchSize)

bEv-ob 3G™3gdo — Works of GTU — Tpyam I'TY
Ne2 (516), 2020
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-- 59L§o3@gEr F53500ms 433@8mgEo LodMgmol gsliiamog «sliGHOL» Bmdol Gmwo bsdoxomfor t = 1
dataset:size(), opt.batchSize do
--  Bg0sgoem  300mUobyamgdsms  «slioli»-890:35e00mmbysbBmdomwgdosbodgbbmmol -
dggobslocalinputs = torch.Tensor(opt.batchSize,1,geometry[1],geometry[2])
-- 3esigdolFgms Bglsdadolo «sliol»dgddbs localtargets =
torch.Tensor(opt.batchSize)

-- 39w dsg500mbY 393w«lES0»©IMmMbYIBDMI0Ed0s60EYEBMGHOL BmGIoMIdS
-- b53p96BmBogrgdosbo GbbmMgdol lodMmsgeoliasb (sdmlisbeymgdgdoliasb «sliBodo») localk = 1
for i = t, math.min(t+opt.batchSize-1,dataset:size()) do

- 06030 3535c0mols
dowmgdslocalsample = dataset[i]
-- 350mbobyyEgds

local input = sample[1]:clone()
-- 300b 3mBoEool s3mmYds39dEMM-LEHM0JmbTo (30d6MmbIdL BHgbbm®b) local _ target
= sample[2]:clone():max(1)
-- Gogbgzol domgds Bgbbm®olipsb target =
target:squeeze() inputs[k] = input
targets[k] = target k=k + 1
end

-- B539(H30L @mbgds0s 8ggmdol grybdiools 3600369cmdgdolisdgmdol gmbjgool
-- 305000963 P0LBGLBLYDdWsEIBgEol 35M3gEMgd0m(5d3L fiamads Bmbisool
-- 33590050, HMIWYdO J59MFbsEYdIM0sYMgBrIbI30580) localfeval
= function(x)
- 365096300l BHgbbmMol  gargdgbGors  sbmamgds
gradParameters:zero()

-- Jugeols 453mbsligargamgdol dodmmgans
local outputs = model:forward (inputs)

-- 8930m3ol Fbdzool gsdmmgms
local f = criterion:forward(outputs, targets)

-- fimbgdol 36083bgermdsms 3mMgdgos
local df_do = criterion:backward(outputs, targets)
model:backward(inputs, df_do)

-- 393MmIsms TsBHMoEoL dobsbargdsfor i =
1, opt.batchSize do

confusion:add(outputs[i], targets[i])

end

return f,gradParameters end

SGDbasdoxoldgltremgdssgdState

= sgdState or {
learningRate = opt.learningRate, momentum =
opt.momentum, learningRateDecay = 5e-7

}

optim.sgd(feval, parameters, sgdState)
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- 0080bsthy 3Gmacglol
sLsbgsaxlua.progress(t, dataset:size())

end

- ©EsbsOXR MO EOHMOL 2oblisbmgMstime =

sys.clock() - time

time = time / dataset:size()

print("<trainer>time to learn 1 sample =" .. (time*1000) .. 'ms')

-- 8930mdsms  IsGH®ogol  d9Fw3d
print(confusion)
trainLogger:add{['% mean class accuracy (train set)']=confusion.totalValid * 100} confusion:zero()

-- ©3BsLfs3w0 dmEgErol dgbsbgs

local filename = paths.concat(opt.save, 'mnist.net') os.execute('mkdir -p ' ..
sys.dirname(filename))

if paths.filep(filename) then
os.execute('mv ' .. filename .. "' .. filename .. .0ld') end
print('<trainer>saving network to '.filename) torch.save(filename,
model)
-- 93mgol 6mImol Bgs3zesepoch =
epoch +1
end
5. Bgo®mbmemo g3vbdzool @gliotmgdol gwbd- 300330600 35300L5 s 35dMTogowo boabs-
309. 0093L dqLslizmgw by BHILEHMOO Fodmbs- @©d0L 58mM3E0L MYoE0BYIS.

byawgdqdol  LodMmegergl. obgbl  Jugarol

functiontest(dataset)
-- 803obstgmmols dowgdslocaltime
= sys.clock()

- AIbBHIeo 0535000009000 393@admgo  LodMs3EolyIL3Mm0g«ILEOL»bmIol Gmeo
bsdoxomprint('<trainer>ontestingSet:')
for t = 1, dataset:size(), opt.batchSize do

- 309g0bstg3mHmymgliols

slisbgsxlua.progress(t, dataset:size())

-- 99853503,58mlobeErgdsms «aliol»- 899535¢0mmbasbbmdowgdosbo@gbbm®ols - 8gjdbslocalinputs =
torch.Tensor(opt.batchSize,1,geometry[1],geometry[2])
- 3esbgdol Fgms dglssdsdolo
«3bBob»dgddbslocaltargets = torch. Tensor(opt.batchSize)
-- gmgge 3535omBY 293es«sls3530» sMmbYBBMIomgdosbo BgbbmMols gm®mdomgds
-- b5396BMIoEYPd0s60 BHYEBMOHIIOL LEIMZEOLYE (godmbisbrmgdgdOLYE «@sli¢sdo»)localk = 1
for i = t, math.min(t+opt.batchSize-1,dataset:size()) do
- 0600 0sgsemomols
domgdslocalsample = dataset[i]
local input = sample[1]:clone()
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local _jtarget = sample[2]:clone():max(1) target =
target:squeeze()
inputs[k] = input targets[k]
=targetk=k+1
end

= GG 35390l «ELEHIBYJigEols  3odmlslgargrol  gsdmmgs
localpreds = model:forward(inputs)

-- 89300mT50595GHBOEOL gabsbergdsfor i =
1,opt.batchSize do
confusion:add(preds|[i], targets[i]) end

end

-- 96m0 sdmlisbremgdols GgliGoMgdol Lsdwsmmem EMHmolipsblisbugmstime =
sys.clock() - time

time = time / dataset:size()

print("<trainer>time to test 1 sample = " .. (time*1000) .. ‘ms')

-- 893mds05  Bo@MoEol 3933

print(confusion)
testLogger:add{['% mean class accuracy (test set)'] = confusion.totalValid * 100} confusion:zero()
end
6.  Upsgemgdol bmgso (03¢m0. dnigdren doyo- 5 30v1bgs39 59obd odmLaligengwro dgod-
@030 bfogzegdol 3030 MO YLsbEwEMm @905 04l M7ocr0HgdmEo gdmgdsms Hogbgzol
dobggzom.
while true do
- Lfjogergds
train(trainData)

AILBHoOgdstest(testData)

- BsbsfgMols go39m9ds 3maliogogsgool Lsdrsmm LobylGol dglisbgd LsfigMmbge/ls@gldm LodMagmgby

ifopt.plotthen
trainLogger:style{['% mean class accuracy (train set)'] = '-'} testLogger:style{['% mean class
accuracy (test set)'] = '-'} trainLogger:plot()
testLogger:plot() end
end
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6. 500 ommY3s> TensorFlow

6.1 3dmzmg s0fgs

TensorFlow [9] - ©05 36036509¢00 d0BOM™Y39d
603b30000 25803 gd0L Rabis@s®gdems dmbogga-
095 653500900L gMoxgmo Loxgwydzgebg s 0ao Apache
2.0 03965000 459 0b. 30d0MmmY3s FgEsMgd0m
sbaewos, dobo 306MH39w0 Mawobo Tgys 2015 ol
609939630 (©a3MM9dBHgdol sfygds 2011 faroo mes-
M0MEYOS). M30930MZ9IWOE dOdEOMMY3S 83o3-
©g09Mm©s 93319360900bs s  0bg0obGmgdol doge Go-

ogleBrainTeam Google  3m335600L

XdDBOW
Machine Intelligence Research Organization 396&®do
33093509 Bo@sMgdol dobboom 356dsbmMo Lfogerg-
00bs s s bgoMmbmo Jugargdol bezgdmdo.
000E0MMY35 MJoe0Bgdmo CH gbsbyg, 5d3l 0b-
396x8golgdo Python,Java s Go 9b6gd%bg. 535L0sb
06¢96x8golgdo Java s Go 969d0%bg 9Ju3g@0dgbE -
@o0s. 8984069¢9gd0 dbs®l M Fg@gb OC Linux (Ubuntu),
Windows, Mac OS, Android m3gMsgovgen LobEgdgdb.
TensorFlow 30dgommg3sl dgmdeos m6 690030
2bdgombomgds:  FbmmwmE  3gbGH®MIWME  3OHM39-
bLeoObg (CPU-609:000) @5 Dmaoghomo m3gMozool
dbsOsFgMH00 NIVIDIA 30335600l 3605303990 36Hm-
3bm6BY

(GPU-695000).  585bmsb  GPU-0gs0d0

dmombmgl  ©sygbgde CUDA®Toolkit(doHmngol-

bEv-ob 3G™3gdo — Works of GTU — Tpyam I'TY
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CUDA, Compute Unified Device Architecture) bsdvo-
@gdsL, dgLodsdol ML039Mgdls s cuDNN d0d-

@oMmmY3oL [29].

6.2 d0dWOMMYILVIB  FMosmdols  bmyso
9009e0. M35 dmE ool FbsMsFgHOEo GH03g00

TensorFlow g50m04g69ds Hobgomo 4s8mmgerg-
B0b BoLo@sMgdWs© dmbspgdors 63350980 36539600
Lo93x9d3zgeBg o0 Tmboggdoms Bogogdol dymds-
9dsms dgboMhmbadom. 4Mox30L 33956d9d0 dgqLods-
0905 Fomg530396H Mm3gMo3090L (FbOowo 2), dsdob
OmEs Hodmgdo Tgglsdsdgds dmbsigdms IMog5¢ys6-
bmBoergdosh dsbozgoL - GIbbmEBHAL, HMIgdos
24900503905 gm0 33560096 IgmMgBy. dmEqdmewo
305530 990393L 93M9m3g L3930 Lsbol fo-
dmgoL, 9™ RN FisB0gICr ©0M0QI-
8x9¢m9898L  (controldependencies). 30s(M39 ©SIM-
30009099 gdqdL 56 F9gqbodsdgds Imboigdoms 8mdGmomds,
0o™58 obobo JoMmomgdl 0dsbg, MMI  Lafyobids
3396035 335Mm039Ww0 ©9M30JIMGIOLIMZ0L MBS
558005360 Mb GgliBrmegds 35658, 30Mg J0dMgdo 3396~
do o0fgqdl LogmbEHMHMEM EIM30EIOIEGOOL -
0v9853905L. 53M0Y5, BgoMmbmo Juguols 53900 s0-
94396905 L3gE00wMo Lsbol dImboigdms 65350gdol
360530L BMOHI0MYO9Y. Mm3gMo30505 Lsdsbm 36g-
0Ol sOLGOMBS Y39es oMo VMTs dmgerols

B0OHI0MGIOL Lod)oegdol 0dEg3s.
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3bcowo 2
TensorFlow 308@r0mm930L 0396530505 GH03gd0b dogsmomgdo [30]

0390530505 F55¢0mNYd0
89360905 (Add), 353653wwgds (Mul), aogmggs (Div), 9dudmbgb@o
(Exp), 99ymds(Greater), ¢aermds (Equ) o bbgo
39005005 (Concat), ogmas (Split), Gsbao (Rank) s bbgs
299Mo3qds (MatMul), 893616900 Bo@HoEoL d53mmzgEs
(MatrixInverse), 0o¢®M0gol  ©@JHYMTobsbGHOL  dodmmzws
(MatrixDeterminant) s Ubgs
90603905 (Assign) o Lbgs
Softmax-gbJdzos (SoftMax), bogdmommo 3mMbsos (Sigmoid),
96DM30egd0560 3Mbzmezos/b3geo (Convolution2D),
max pooling (MaxPool) s Ubgo

393030605
0509853031600 m39M530900 gargdnb@gd by

396530900 3mbs3gdms dobiogzgdmsb
5BHOOEIO M39MO30JO0

396530900 9aMBs019Mmdolmsb
Bgo®Hmbmamo Jugagdol doHomao dMggdo

L5306GHOMEM M39M5(30900 d9bobgos (Save), s0pbs (Restore)

0M3mds  Goagdmob  ©d  LOBJOMBOBsEool Moado Boygbgds (Enqueue), Goyosb s0megds (Dequeue),

396530900 d0B9duol  bgwdo  Boygds/dodoagds  (MutexAcquire),
doBgdbols (obgyem. mutex- mutual

exclusion)ys(0m)mogolvynwgds (MutexRelease) o bbgs
F96hgds  (Merge), qos0m3s (Switch), dgugws (Enter),
3o00ligms (Leave), 30809360 o@gMsios(Nextlteration)

38560390 653500l m396530900

6.3 Jugwol ©s3hmgd@gdol dsgswomo, Jugemols
LGogamgds s BglEoMgds

JbgEob sOJoBgIHYIOOL 53909, Lfagergds s Gob-
GoMgds ©0Y35690s b3M03EHdoL dgddbsdyg Python
965%g. J398Mm0 3mygz560¢0s MYOLEBH3WOHO MYYcg-
Lool 9s6gscrobgdgwo L3M03EHoL dsgswomo MNIST
dmbsggdms ImbogMmzgdmo@. Bogdowomol bmvyeo

aymericdamien/TensorFlow-Examples/blob/
master/examples/2_BasicModels/linear_regression.py 99¢9¢0%).

9mbs399900L BoBHz0Mmm35 90degds ogmls dglitrry-
@900 LEBIOEGMOo LsdMswgdgdom, sdo@Emd
39 56 5©0fgMds.

1. Jbgerob sGFodgddomol s398s. ©5094356905 dmbes-
(399095 65350L 2Mox30L gobloBL3MaY.

Lsfgobo dobofigomdos  https/github.com/

30Q0

# Jugemols dglisligergergdols syggbgds
x = tf.placeholder(tf.float32, [None, 784]) # mnist data image of shape 28*28=784 y = tf.placeholder(tf.float32, [None,
10]) # 0-9 digits recognition =>10 classes

# Jugeob fmbgdol sygbgds
W  =tf.Variable(tf.zeros([784,
tf.Variable(tf.zeros([10]))

b

101)

# 8mg@ol 3mBLGHGMOoMYdS
pred = tf.nn.softmax(tf. matmul(x, W) + b) # Softmax

# 3930m0Iob BBl goblsbmzms

cost = tf.reduce_mean(-tf.reduce_sum(y*tf.log(pred), reduction_indices=1))

# 033H080bo3goob 3gmmEol 3blsbrazms

optimizer = tf.train.GradientDescentOptimizer(learning_rate).minimize(cost)
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2. bgotiebeyemo Jlgemols bpsgangds.

# 3300500900l 0bo30sEoBE0s (360d3bgEmdsms sYgbgds sgsMvyEo Bgmsbbdgdom)init
= tf.global_variables_initializer()

# Lgbool 8ggdbs ULfogargdols Eogeol  slisdzgda
withtf.Session() assess:

# bglbools

sess.run(init)

0bogosgrobszos

# Ljogargdol 303ewo 93mgsms Momogbmdol dobggom
forepochinrange(training_epochs):
avg_cost = 0.
total_batch = int(mnist.train.num_examples/batch_size)
# 3030 93mgols gamgdgbBgdols dobgwgoom for
iin range(total_batch):
batch_xs, batch_ys = mnist.train.next_batch(batch_size)
# 33000Bsgool dgmemeols 4393905
_, ¢ = sess.run([optimizer, cost], feed_dict={x: batch_xs,
y: batch_ys})
# Lsdmom 9gamdol  gsdmmgms
avg_cost += c / total_batch
# 0000bsty dymdatigmdols  slsbgs
if(epoch+1) % display_step==0:
print("Epoch:", '%04d"' % (epoch+1), "cost=", "{:.9f}".format(avg_cost))
print(“Optimization Finished!”)

3. bg06mbeyemo Jbgemol Bglcho9s.

# 8mgob GHobGHoMgds

correct_prediction = tf.equal(tf.argmax(pred, 1), tf.argmax(y, 1))
# LoBLGHOL yodmmgmd

accuracy = tf.reduce_mean(tf.cast(correct_prediction, tf.float32))

print("Accuracy:", accuracy.eval({x: mnist.test.images, y: mnist.test.labels}))

7. 30d¢omong3s MXNet

MHM3 45590030 ML JobgobmMo Lfogwgdol

7.1 8caza0g 50fgMs
MXNet- 3obdobmtMo bfogegdol dMsgsegbmgsbo

000E0M™MY355, MHMIWOolL doMomsEo FoBsbo obws,

bEv-ob 3G™3gdo — Works of GTU — Tpyam I'TY
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©5 30335600056 Amazon Web Services, Baidu, Intel,
NYU, NVIDIA, Microsoft s sGog0omo bbgs 3bmdowo

3MOH3MMo300L

bydgfigmdoo. 3MEIC YV

Apache 2.0 gogbbooo.

003oMmMY35 Mgoobgdmeo C++ 9bsHgy. MXNet-
ol ©533MM9d3HJdwgd0 3300035HMdI6 3O MMM o
06@9mxg0LgdoL Mog GgodErgds GosMmm 13gdEGHOmU:
C++, Python, R, Scala, Julia, Perl, Matlab, JavaScript.
000E0M™MY35 5MOL  IOHMIBWOGHBMOTMNWO s Tdob
d9mdeos OC Linux, Windows s Mac OS m3gMs-
30 LobEgdgdby 9dsmds. MXNet dodommg3s
dmo0mbmgl sygbgder BLAS s OpenCV dodgrom-
093900,  306139¢0  58M0Yygbgds  FoGHOOEMO  Yo-
9m3gdol EoboBJsMmFIWsE, brmwm dgmeg - Bod)-
300030 M39M5(305005 FGLOLEOHWIEYIWSE S A9~
bgdoms Qoloogdws. TensorFlow d0dom-
0930L Abyegbs, MXNet-b dgrydenos Hmameé s CPU-,
abg3g GPU-6Mgg0030 0wdomds. GPU-6gg0d0 dmom-
bmgl 3oMogwrMo  qodmmgmgdol CUDA 3wo®)-
gm®dobs s cuDNN  300@0Mmmg30L  5OLYdMDSL.
MXNet 303ommg3s MM09bGH0MdME0s 393HgHM-
396996 (56059MHMY35MM350) F9MgdMDbY, sdoGHM™MI 5oL
Juggdol  gobsfforgdmmo Lfogargdol Lodrsangds
6509b0dg gobolgMe 3md30mEGgHby 56 Modpgbody
30553032900 3GM3LMODBY.

7.2  d30d@oMmmMYPLmsb  FMBosmdols  bmyso
9009e0. M35 ImE ool TbsMmsFgHOEo GH03gd0

MXNet 30d@0Mm935 5053LJOL YIWSMI(30vYE
LOdMEME  ASBMMNIWGOL s 033gMGHOW  BHYb-
DO 250mm3gdL. LOIBIMEWMMO FSFMMNZGOOL
2990996905 HoEbgz0mo (3MI0Egdd0L sMH™M39d0L
0530056 530@gd0L bdMoEIgdsl 0dewg3s s sTom

ISSN 1512-0996
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ObOIB39wgngL Fogergdol 36mEgbol BOM LiGag
3M905MdL.

000@0M™MY30L 0839MoG 0o bsfoo FgoEagL
3OO0 06GHIOBIoLL, Mol daogzlo SOl
NumPy 3539330. 36:0m3659mo 0bGgmggolol 0d39-
65300 bsfowol doMoms bofowl Foedmowagbl
NDArray. 3o3ob md09d@o. 59 $o3ol mdogd@gdo obgg
Gegm®i NumPy 353930 md09d3gd0, 358m0ggbgds
dmboigdms 363506 BMmIoEgdosbo  oboggdols
(H9b6DMMgdolL) FomImboygbs. Msz35ws6BMI0-
900060 FoL039gdoLYL goblbgsggdoom NumPy 3o-
39¢30 NDArray $odol mdogd@o 89o3sgl 9sh3969-
09l (pointer-ls) Igbliog®MgdoL 03 MBdI6BY, MMIgEo;
aodmgmxzowos (CPU-bgsb GPU-%bg) dmbsiggdoms dg-
Lobsbo. s80@EHMA blighgdwo mdogd@gdol 99ddbolisl
3MEOWYOY0s (3bo0o BMMHTom 0dol F0MOMYds, vy
Lo 065bgds dmbsggdoms dsboggdo. MXNet d0doM-
0930L dogs 30bEgds AsdmmMzmoms Fgldyegdols
9096&do. 6gdoLdogmo Mm3geoEos LOMMEEYds Aob-
ool dobggzom s dobo 9od390s 0d dmdxbEdo
5By, OOME> Y39s T9dsgswo ©TMI0EIBILIdS
249995009005 [31]. 3960030 A560LsBPZMGds Fmbo-
3099, 6535000L 4Mmsg300m TensorFlow dodgrommgzol
365 0mG5.

0dEs 08396500 3OHMYMTMo 0bEIMHBgo-
Lo 296L53MNMYdOT JBIJEHWO0s 630LM535, 00
bdoMsE doeby FoMGH0305 3OMGHMGH03d0E. M3gMs-
(30505 gL gdoLLL Y39WoxkgMo Mbs ogml bm-
000 {0obslfo® o8mmzols Jglobgd MHMbY 5.
LOIdMEMEOO 3OIMAMTMYWO 0BEBHIOBIOLO (3O MDY
590L 358mULfmOHGOSL. gobloBLgHXE Joboggdmsb dv-
35md0bL B33 JgEro 3dsmds GoMEgds LOTdM-
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©@mgdMB, HM@IWgdoE dg0dwgds ogmb «3mI3ogo-
690mo» b 0bEGHIMH3MYGH0MIdMOo  gbLsbmeME0Y-
@909 M3gMHSE0Ms JHMMIOMdOLM30L.[31]. 96g-
M5 QOEO M3MmEIbmdol s®LGdIMds  0bE T oLOL
LOddMEE Bofowrdo Lozdom MMYEo VMTs bgotm-
Brewo Jugargdol gm®mBomgdol bodmegdsl 0derggzs.
d4390mm dm@sboos dbmemE Bmaoghmo dodo-
50 909, MBO® ©H3MH0Gd0m0 0bxgm™mTs300l
d00gds d90dgds [32] 65960mF0sb.

Variable-d99s535¢00 8mbozgdgdol  Fo®dmggbols
dmg.

FullyConnected-69¢05003wamo 96g.

Convolution—3mb3m@vyz0v6o d6yg.

Deconvolution — ©©g3mb3mevzommo 960g.

Pooling- 993535¢00 9tbs399900L  59600056900L
™3965(300.

BatchNorm-6m®3scobsgool d6g.

1. 35690mb 3505035 @ Brbsggdors bsg060335.

Activation — 5330353008 gMbJsos. sgd@o3zs300l
2v6gd300L BHodo dmoEgds MOl 356589GHM0m. Toyo-
@womdos:“tanh” “relu” o Lbgs.

*Output  (9spo0omo, SoftmaxOutput, Linear-
RegressionOutput)—dlgerol g99mds3s¢0 36y, Gmdgeros
59535000 g9BLsBMZMagL 8g3mdol g3w96d30b.

RNN- 69396096@ 9o dég.

Dropout-36g, ®©mdgwog MHOHmbzgamymal Jug-
@ob Lsgegdol 3Gmgbdo Bodsbms 39J@™mEOL 3m0-
3mb96¢)gd0L 6gdoldogmo dsbogol gobwryargdsl, Go-
053 39JAH™O0L LogMAol 30MHgdE0MIds bEgds.

7.3  Jbgeol ©admmgd@gdol 9sswomo, Jugerols

LGogamgds s BgldoMgds
JbgEob sOJoBgIHYIOOL 53909, Lfagergds s Gob-
Go6gds 509396905 L3MO3GHOL  s3v)Ts39d58Y

Python gbs%g.

import mxnet as mx

import logging

logging.getLogger().setLevel(logging. DEBUG)

# 8mbs39g00> MNIST 3699000l Bs@gomogs

mx.test_utils.get_mnist()

# 2500b5bryEgdgd0L «slEoMIMEgbomos MmmbysbBmIomgdosbo dsliogols Labom,
# G@Igol bm0ss (batch_size, num_channels, width, height).
# 299mlobyyErgdgdLidmbszgdors MNIST 36gd0mosb sdgbys®Bggommds
# 28x28 30glgero, 530@MITgLabgewgmol bmdssmols(batch_size, 1, 28, 28)
#https://mxnet.incubator.apache.org/tutorials/python/mnist.html

# cocgoMgds stdout- do

mnist

bEv-ob 3G™3gdo — Works of GTU — Tpyam I'TY
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2. Jbgemol sGJoAIIAIP0b 53985. 59JoBgIBOHoL 53900L 9393bg 39dmoyghgds meo - IO s Symbol - 335600
3sbo. 3060390 3¢sbo YHBOHMB3gEymal mbsgdos FoMmEbobasl gbbm™mgdsw s Fmbozgdms s6g3sl. Igmtny
305bo 30 IOgms BMMIoMGOOL JgLodErgdEMdIL 0dEg3s.

# dcgemols
obogosmobsgosbatch_size=
100

# 1. 0®gBo@Mmol 3ggdbs bsfjzBmbyamo dmbaoggdgdols gowobatmhggzs
train_iter = mx.io.NDArraylIter(mnist['train_data'], mnist['train_label'],
batch_size, shuffle = True)

# 2. 0gMGMcol 3ggabs bsgzoewoaEom dmboz)dgdol gowslisMByz©

val_iter = mx.io.NDArraylIter(mnist['test_data'], mnist['test_label'], batch_size)

# 3.Jbgeol sOJoB GGl BmGIoMYds

data= mx.sym.var('data’) # dmbsggdms 8gdagsgmo By
data=mx.sym flatten(data=data)#&HgbbmMolgsb 1-o  Gem  a56%bmBogrgdoms  goopgdol  dég  fe=
mx.sym.FullyConnected(data = data, num_hidden = 10)# bit¢)e0ogddvgeoo 36y

logreg = mx.sym.SoftmaxOutput(data = fc, name = 'softmax')# sd@ogsgoob softmax gmbJzos

3. Bgodmbmero Jugeol Lfsgangds. LHsg3agdobsmazol 30wgdgwos 3mbEgobg@ols 9gddbs, Hmdgwos
§omH3moygbl Module 3esliol mdogdBL, ©o fit Igomol 4sdmdsbgds, HmIguos bOHMb3gwymal Jugwol
3561509BHMgo0L Lffogangdals.

# 0meovyeols 899abs Lfagargdobamgol
# https://mxnet.incubator.apache.org/api/python/model.html logreg_model =

mx.mod.Module(symbol = logreg, context = mx.cpu())
# Jugamols Lffagergdol 36mEgEtol gsdggdslogreg model fit(train_iter, #

bsP3hmbgamo 8mboggdgdo
eval_data = val_iter, # 135¢0Es3om dmbs3gdgdo
optimizer = 'sgd’, # ®3¢&0dobsgools gm0, 6e0gemoi 3900209496903
bfjsgargdolsboptimizer_params = {'learning rate":0.1}, # 9gomeols 305093 Mgd0
eval_metric = 'acc’, # 39035 gegdols badolbol Bgbogslydms® (LoBLEBGY)

batch_end_callback=mx.callback.Speedometer(batch_size,100),#360aMgL0b godm@sbsnum_epoch = 10)  #
bsf3Mmbgen g3mgdsms Momegbmds

4. 65060269¢m0 Jlgerol Bgbdogds. BbEHOMIOOLIMZOL 59930 GBWsE b 8gogddbal badolbol dg@mozol
0009940 s dmbgl score JgmMEOL 25dMdabgds 3mbEY0bgMoL dmEgeosb
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# o@gMs@mmols dgJdabs Lo@glim dmbszgdgdolismgols

acc= mx.metric.Accuracy()

logreg_model.score(test_iter, acc)

test_iter = mx.io.NDArraylIter(mnist['test_data'], mnist['test_label'], batch_size)
# batobbol BgbBoMgdolsl Jglsgsligdgwo dgBmozol sGBgzs

# bocolbbols 9gxsligds dmbszgdms LaggbGem  3MYdEby

# 0mbs39905 LoBLBHM 3OYPIMEWBY Jugwol FmTomdols Gggaols dYFwgs print(acc)

53360

50750500 ©M3> bgoMmbmwo Jugwgdol Lfsgwrg-
00Lm30L 99Jdboos 3GMyMmsdwge LobiEgdsms OO
5mgbmds. Tom JmOOL Y39waDy 3M3YEMIE0s
Caffe, Theano, TensorFlow, Torch s CNTK. d0dgom-
m93s Caffe - gO»-9MHMO 30H39w0s WOHTs Lfogargdol
94390sbg  3m3Medmer  LobGHgdoms JmMoL. 00
990406s  3330vGHgOMo bgzols s Lfagwrgdol
09m3olb 396@G®0o (Berkeley Vision and Learning
Center) ©s dolo Lsfiyolo 3mEgdo 3bmdowo Asbs
2014 fgaob. 98 dodWOMmmM35d0  FoMdmoygbowros
395 459mboygbgds godboadwero [obslifs®
Bobfogero dmgargdo. LobEgds Theano 9gddbogros
dmbMgoeol Mbogg®lo®g@do (3390930, 396500s). o6m-
0505, 030 049690l Python-U, 9op®™sd BOHmbBzge-
gzl dopoe IFoMImgde®mdsls 0dob asdm, Mmd
3605 Python-bg 533mBo@GM@mo@ go0s0bobgds
C++ 9bob 36HmaMms0s s 0o dbmewmE 3md3o-
s3ool 8909y bLOHMgds. TensorFlow dgddboeros
2015 §geb Google 3m335600L ToghH s TgoEegL
99%399&HwIOS 39985000L LobEgdgdl BHbBMMHYGOM6 s
36583%g dmbs3gdms Bs3509dmsb. Torch dodwromorg3s
09ypbgdlb Lua 965l o MBOHMB3gymal MATLAB
LoLE9dol Azl o056 Fbg®mbgdwme domswmbosb
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0b6@9mxgolL  35649b6mMo  LHogegdol  3HMmyMmsdsms
d9L5d9bg0o. Fowowo AFoMIMGdIWMOHMdS Joomfg3s
0b93g, Mmam®m3 Theano-8o, LobgwEMd®, 0bGI-
65300l boOxbg ©o3MHMaMsdgd0l C gbslimsb. Torch-
ol 53¢mMydds Python-ob bsggws sdxmdobgl Lua
960l 908myggbgds, gBYmds, 0do@GHmd, Hmd C s Lua
9Bsms 0bBHIRM300 MBIOM 530 0s. Microsoft 3m0-
356053 9gddbs CNTK (Cognitive Toolkit) boli@gds s
2016 §geob dobo Lofigobo 3m@gdoL gobloxsmgdsby
§93005.  bgo®mbmeo Jugegdol ®mds Lfogwrgdol
9439ws Bsdmomgzgmoe olEgdsl dgmdeos bfagwgdol
©3bBJsMYOOE MHMAMO G IMSZ5WdOMMZ0560 3~
3oLMOIBOL, 51939 AITMMZWIMS 5TBJ5MGOGdOL
3990myggbgds. 2505 5305, 0mJdol yzgws LoliEgds

(398mbszwobos, Theano) dgodangds

05350M5,
0oymb 2s9mygbgdmmo bgo®mboawo Jugugdol gobo-
fowgdmwo bfagwgdolomgol gsdmdmzumger 3¢sl-
396gd%bg. blgbgdme LobEJdgdmsb ghms, Sbg39
00bobodbsgos Keras Lo@gds, MmIgerog godmbayg-
Bado  mbgdbgder ©s FoME03  IOMAGTw
069 x3g0LL Fomdmoagbl ©®mds bgommbmwo Jug-
@900 sLLs3s. Bog®sd Keras bobEgds 56 sob

590130009090  3OMEYIGHO ©> 0go dbmerm
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Theano, TensorFlow s6 CNTK 36Hma®sde bol@gdgd-
096 9o A99M0yYygbgds. 2016 {ierosb oo Bo-
090s TensorFlow-do. Bo@oMgdwgemo obbowgosb
d90degds ©o35L33650, G®MA bgoHmbmwo Jugegdol

3657303 359myqbgdoms BoMm Ao3M(39wgds d9-

Lodegdge0s MTs Bgommbywo Jugugdol bjsgargdo-
Lom30lL IMs35¢00 dBs 2505HY39BH0WGOOL sOLHDdMOO

©5 Fom MOl Mbsdgm™Mzg  IMIZ5¢dBOMMZ0sb0
3OMEgLMOGOOL, OBMMZEms ETHIMJOEgdOL O

39bsfowgdmmo dgblog®gool ddmbg  3esliGgmgdol

9mg090gd00.
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Amnorarus. Jlan 0630p cyuecTByomux 6ubInoTeK riry60Koro o6ydeHus, pACCMOTPEHa 33/]a4a PACTIO3HABAHUS
PYKOIHCHBIX P U ONKCaHa ceTeBas CTPYKTypPa, KOTOpPast COOTBETCTBYET JIOTUCTUYECKOH perpeccu. J s 6ubnuo-
tek Caffe, Torch, TensorFlown MXNet mansl kpaTkue onucaHus, o6Imas MoAeab paboTsl ¢ GUGINOTEKOH, IOALED-

JKUBaeMBbI€e TUIIBI TTTyOOKUX MOZeIel, IpUMephI pa3paboTKU CeTH, OOydUeHNe U TeCTUPOBAHUE CETH.
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00l gMoadgbBHIRmB  gMmsE, bmyogmm  FMHowdo
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oL LoOPYEGdOL 965EMYJ0). LaBPZsHO MObOSB-
93080560 @slEd0m 5390 MmEoym3gbls s By
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5390990. LEAOMSGOYMIBOWWO© J390M0 Fobzomatg-
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Abstract. There are two structural stages in Ninotsminda sedimentary cover: lower one, autochton formed with
Paleogene marine-terrigenous and volcanic-sedimentary (turbidite) beds and upper one, presented by allochton with
north-east Neogene mollases. Meotic-Pontic is mainly composed of conglomerates. By lithostratigraphic features
Upper Sarmat is devided into two parts: upper one - conglomerates and lower - clayey sandstone suits. Middle Sarmat
is composed of clays, sandstones, siltstones and first primates. Due to regional tectonic (thrust) fault, lower intervals
of Middle Sarmat, Lower Sarmat, Middle and Lower Miocene, upper part of Oligocene are "cut out” of geological
sections of most wells. Besides Lower Miocene oil-bearing clayey-sandstone formations are observed in some sections
together with terrigenous formations of above mentioned stratons (analogy of Sakharaulo and Kotsakhuri stages).
According to our data, boundary between Oligocene composed of clayey-sandstone layers and Upper Eocene is tec-
tonic as well. Mainly, this is the reason why lower horizons of Oligocene and upper and sometimes middle parts of
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Upper Eocene are "cut out" from geological sections. Tbilisi nummulitic and Navtlughi suites are identified in com-
paratively complete sections of Upper Eocene (from top to the bottom). In lower part of the latter - Lyrolepis horizon
is observed. Thick oil-gas bearing volcanic-sedimentary complex of Middle Eoene is devided into three parts (from
top to bottom): orthotuffite, tuff and paratuffite suits. Middle section between them - into layered tuffs and sub-suits
of massive tuffs. Lower Eocene and Paleocene are composed of thick terrigenous layers. Stratigraphically Upper
Cretaceous carbonaceous (upper part of the section) and volcanic-sedimentary (lower part) formations are considered
to be developed deeper. Initial (sedimentary) distribution of above mentioned stratons supposedly was in conformity,
which later was disrupted due to numerous fault dislocations.

Key words: Clay; conglomerates; fold; geological section; lithology; sandstones; sediments; siltstones; straton;

suit; tectonic fault; tuffs; well.
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Amunoramua. B ocagounom nokpose HUHOIMMHICKO# TIOWAAM BRIAEASIOTCS [BA CTPYKTYPHBIX 3Taxa. Hik-
HBIH, aBTOXTOH, CJIO}K€H MOPCKMMHU TePPUTE€HHBIMU U BYJIKAaHOT€HHO-0CaJOYHBIMU TYPOUIUTHBIMHU TOJIIAMY IIAJI€0-
TeHa, a BEPXHUI, aJIJIOXTOH-HAIBUHYTHIMU Ha HETO C CeBEPO-BOCTOKA MOJIacCaMU HeoreHa. MeoTHC-TIOHT IIpeicTaB-
JIeH, B OCHOBHOM, KOHTJIOMepaTaMyl. BepxHuil capMaT 110 JTUTOIOIMYeCKUM OCOOEHHOCTSIM AEIHUTCSA Ha JABE «CBUTHI»-
BEPXHAA, KOHIJIOMEPATOBasd U HIKHAA, ecuaHO-TIuHUCcTasd. CpeHUI capMaT CIOXeH IJIMHAMU, TeCYaHUKaMU U

aJIEBpOJINTAMH. B GonpmmHCcTBE CKBa’)KMHAX, BCJIEACTBHE TEKTOHNYECKOI'O pa3phbIBa (HaZI;BI/II‘a), 13 pa3pesa BbINIafdioT
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HIDKHYE MHTepPBaJIbl CPeHETO CapMaTa, HYDKHUN capMaT, CpeJHIH-HIDKHUYM MHOIIeH ¥ BEPXHAA YacTb OJINTOLEHA.
Bmecre c Tem, coBMecTHO ¢ pparMeHTaMy TePPUTEHHBIX TOJII YIIOMIHYTBIX CTPATOHOB, B HEKOTOPHIX Pa3pe3ax BBI-
IeJIAI0TCA TIeCYaHO-TIMHUCThIe He(TeHOCHBIEe OTIOKEHNUA HIDKHEr0 MUOIIeHa (aHAJIOTH CaKapayJIbCKOTO U KOIaXyp-
CKOTO fApYCOB). I'paHMIIa MeXZY TIMHUCTO-IIECYAHUCTHIME OOpa30BaHUAMU OJIUTOLIEHA U BEPXHETO DOLEHA, IO
HaIIVM JAaHHBIM, TaKXKe TeKTOHHMYeCKOTO XapakTepa. B pesysbpTaTe M3 reojIOTHYECKOTO paspe3a BBIIAZAIOT HIDKHUE
TOPH30HTHI OJIUTOII€HA ¥ BEPXHAA, MHOTAA U CPeHAS YacTh BEPXHEro 30IleHa. B OTHOCHTeIBHO IIOJIHBIX paspesax
BEpPXHETO 30IleHa BBIZEJIAIOTCA (CBEPXY BHM3) TOMIMCCKAsA HyMMYJIMTOBAas M HAaBTAYTCKas CBUTHI; B HIDKHEH 4acTu
IIPOCJIeXXMBAETCA JIUPOJIEIIHCOBBIN TOpU30HT. HedTerasoHocHsIe ByIKAHOT€HHO-0CaZOYHbIe 0OPa30BAHUSA CPEHETO
dOIleHa JieJIATCA Ha TPU «CBUTHI» (CBepXy BHU3): 1) opTroTydduTosasd, 2) Tyddosas, gendmascsa co CBoeil CTOPOHSI Ha
CJIOVCThIE ¥ MacCUBHBIE TyQdOoBbIe «IIOACBUTHI» U 3) MapaTyddurtosas. HIDKHUI 501ieH U TaNeoleH CI0XKEeHBI MO -
HBIMU TePPUTeHHBIMHU OTI0KeHuAMU. CTpaTurpaduiecky HIDKe JOJDKHBI GBITh Pa3BUTHI BEpXHEMeIOBble KapOOHAT-
Hble (B BEpXHeH YacTH paspesa) U ByJIKAHOT€HHO-0CaZ049HbIe 06pasoBaHus (B HIDKHel yactH). [lepBonavansHoe (ce-
IUMEHTAIIIOHHOe) PaCIIOO)KeHHe YCTAHOBIEHHBIX CTPATOHOB, II0 BCel BEPOATHOCTH, OBIJIO COTJIACHOE, UTO IIO3XKE

HapyumInjIOoCh BCIEACTBHE MHOTOYNCIIEHHBIX TEKTOHHNYEKUX Pa3pPBIBOB.

KJIIO‘IeBBIe CJIOBA: aJIEBPOJIUT; TeOJIOTUYEeCKU M paspes; TJINHA; KOHIJIOMEPAT; JIMTOJIOTHA; OTIOXKEHUEe; Iecda-

HHK; CBUTA; CKBa)KMHA; CKJIdJKa; CTPATOH; TEKTOHUYEeCKUN Pa3phIB; TY(bq)
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Abstract. The role and importance of the natural gas in Georgia is analyzed in this article. Despite Georgia is
almost completely depended on the imported natural gas, it occupies the first place in the energy balance of Georgia
among the energy commodities and keeps the increasing trend. The past five-year period (2013-2017) has been
researched. During the past period technical part of the mining and transportation of natural gas has markedly
improved worldwide, using 200-300 mm and bigger diameter pillars. This is very important structural division of
the gas industry. Long distance shipping of the natural gas i.e. transportation mainly done through pipelines.

The main deposits of natural gas are found on almost every continent, though it should be noted the Middle East
countries: Kuwait, Iraq, Iran and also Russia, Romania etc. Herewith it’s worth noting that in recent years the

consumption of natural gas has rapidly increased in Georgia and reached 5-6 billion cubic meters per year.

Key words: Electricity; energy balance; energy supply; natural gas; oil products.
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Amunoraiusd. B crathe mpoaHamM3MpOBaHa POJb W 3HAYEHWE MPUPOSHOTO rasa B I'pysun. HecmoTps Ha TO, 4TO
CTpaHa IIOYTH IIOJIHOCTBIO IOTpebIgeT MMIIOPTHPyeMUll IIPUPOAHEII ra3, OH BCé POBHO 3aHMMAeT IIepBOE MECTO B
SHEpreTHYeCcKOM OajlaHCe B TeYEeHWM MHOTHUX JIeT CpeA¥ SHEpPrOHOCUTeNlel M uMeeT TeHAeHUMIO pocTta. C 3Toi
CTOPOHBI M3ydeHa cuTyanusa mociaefuux natu et (2013-2017rr). Taxke B mpollefuieM II€PHOZE BO BCEM Mupe
3HAUUTEIPHO YIYYUIMIACh TEXHMYECKAs CTOPOHA HOOBIYM M TPAHCIIOPTHPOBKM IIPHPOLHOTO Ta3a, HCIIOJIB3Ys
sKciryatanuonssle croansl guamerpoM 200-300MM u BbIlle, KOTOpBIE ABJAIOTCS 3HAYUTEIBHBIM CTPYKTYPHBIM
mompasziesieHueM ra3oBoil orpaciu. IlepeBoska rasa Ha JajabHHME PACCTOSHUA WIM TPAHCIOPTUPOBKA IPUPOAHOTO
rasa B OCHOBHOM IIPOM3BOJUTCS IIO Ta30IIPOBOJAMHU.

OcHOBHBIE 3aJI€XXU NPUPOJHOTO Ta3a HaWJeHbl IOYTH HA JIAXKAOM KOHTHHEHTe, HO HAJO0 OTMETHUTh CTpPaHBI
6mnxHero u cpegHero Bocroxa: Kyseurt, Mpax, Mipan Poccus, Pymeraua u t.4. Taxke HYXKHO OTMETHTH, YTO B
IoC/IeHYE TOABI OBICTPO pacTéT moTpebieHue IpUPOAHOTOo rasa B ['pysun u coctaBisger 5-6 MiIp,. Ky0. METPOB B TOZ.

B KxoHIIe cTaTRH IIpeACTaBIeHHBI IIPeJIOKEeHHUA 10 YIyYLUIeHHIO BOIIPOCOB rasuUKaIIH.
KimoueBbie cI0Ba: pupozHbIii ras; 371eKTpOsHepris, He TeIIPOAYKTHL; SHEIPETHIeCKHUH GalaHC; SHEPrOCHAGKEHHE.
3sb6boenzol mstomo 31.01.2019
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bgerdmfgtoemos osbsdg s 08.07.2020
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Abstract. The present article provides a theoretical and practical example of the effective management and use
of Georgian civil and military engineering resources. The state's defense system is complex. Unpredictable processes,
conduction of modern wars, combat operations, battles and the nature of individual operations, the forms and
content of their detection, territorial environment, and, the most importantly, the threats posed by strict and
necessary requirements stipulate the joint and combined operation of civilian and military components, their clearly
defined roles, functions and tasks.

The examples and the structure of participatory design are given, which fully correspond to the capabilities of
creating an artificial environment in accordance with the requirements of total defense. In case of total defense - in
emergency and military situations - they play an important role, largely related to critical infrastructure and

engineering preparations for the defense of the territory of Georgia.

Key words: Military engineer; preparation of operations area; synthesis of the country's engineering resources;

total defense.
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B ycnoBuax efuHOTO M ZeUIUTHOTO WHXXEHEPHOTO IOTEHIIMaNa, BOCCTAHOBIEHUA OOBEKTOB

06m;ero TPaAKTaHCKO-BOEHHOT'O 3HA9ECHUSA — KO,ZLOPCKOI‘O yreabsa

Mypras I'ymxemxuaru  JlemapTaMeHT Ipak[JaHCKOTO U IPOMBIIIIEHHOTO cTpouTenascTBa uM. Arymu Coxazse,
I'pysunckuii rexundeckuit yuusepcuret, I'pysus, 0160, Téwnncu, yi. M. Kocrasa, 68

E-mail: nav.qutaisi@gmail.com

PeriensenTsr:

2. MeasmapuamnBuin, npodeccop crpoutersHoro ¢axyabrera ['TY

E-mail: e.medzmariashvili@gtu.ge

T. Ily6man3e, raaBHbI HAyIHBIM COTPYAHUK VIHCTUTYTa CIELMaNbHBIX CUCTEM COOPYXEHUW M WHXEHEPHOTO
obecrnevenus I'TY

E-mail: shubladze.tengiz@gmail.com

AnHoraua. B paHHOM craThe IpeACTaBIeH TEOPEeTHIECKUA W HPAKTHIeCKHH mpumep dbQeKTHBHOrO
YIpaBleHUA U UCIIOIb30BAHUA IPYy3HHCKUX IPLXJAHCKMX M BOEHHBIX MHXEHEPHBIX pecypcoB. CrcreMa 060pPOHBI
rocyzapcrsa ciaoxHa. Hempesckasyemslie IIpoleccsl, BeZieHie COBPEMEHHBIX BOMH, 60€BBIX JEHCTBUM, CPRKEHUN U
XapaKTep OTZAENBHBIX Ollepaiuii, GopMsI U comepKaHue UX OOHAPY)XEHUs, TEPPUTOPHUAIbHASL Cpefia M, YTO CaMoe
BAXHOE, YTPO3BI, CO3[jaBaeMble CTPOTMMU X HEOOXOAMMBIMKU TpeOOBAaHMAMM, COCTABISIOT COBMECTHYIO U COB-
MellleHHYIO OIlePaIliio IPaKJaHCKOTO ¥ BOEHHOTO KOMIIOHEHTOB. UeTKO OIpeieleHHbIe POIY, QyHKIVY U 3aJa4H.

B cTatpe «B ycroBuax eguHOro u AeUIUTHOTO HH)XXEHEPHOTO NMOTEHIUAIA, BOCCTAHOBIEHUI OOBEKTOB OOIIEero
TPaXZaHCKO-BOEHHOTO 3HaueHuA - KoJopckoro yienss» IpHBeJeHBI IPUMEPHL U CTPYKTypa COBMECTHOTO IIPO-
€KTHPOBAaHUA, IIOJTHOCTBIO COOTBETCTBYIOUINE BO3MOXKHOCTAM CO3ZAHHSA MCKYCCTBEHHOH Cpefbl B COOTBETCTBHU C
TpeGOBaHUAMHU TOTAIBHON 0GOpOHEIL. Y B ciydyae TOTanbHOM OGOPOHSI - B UYPe3BBIYAMHBIX U BOEHHBIX CUTYaI[UAX-
WTPAIOT BAXXHYIO POJIb, B 3HAYUTENBHOH CTEIleHU CBA3aHHBIE C KPUTUUECKON WHPPACTPYKTYPOH U MHXKXeHEPHBIMHU

IIPUTOTOBJIEHUAMH JJIA 3aIIUTHI TeppUTOpHH ['pysun.

KiriogeBbie c/10Ba: BoeHHBI HHKeHEP; IIOATOTOBKA PaiioHa GOEBBIX AeHCTBUIT; CHHTE3 HH)KEHEPHBIX PeCYPCOB

CTPaHBI; TOTAJIbHAA O6OPOH3.
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Abstract. The article considers the field of military science as one of the most important priority areas of Georgia
and describes its role in the development of the country's self-defense forces. Great attention is paid to the issues of
harmonic actions of military science component as well. The role of military history in the development of military
art theory is described, despite the fact that Georgia was a part of the Russian Empire during the last three centuries.

The article classifies priorities in the organization of military development, deeply considers the issues of carrying
out the measures necessary for the modern warfare, as well as the modern method for the study of network centric
war, based on the capabilities of the country. Special attention is paid to the directions of network centric wars
realised in the Georgian armed forces.

Herewith the article deals with the researches and works of the last period of Georgian military science.
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Amnnortanud. B cratse paccMoTpeHa 061acTh BOGHHOM HayKH, KaK OHO M3 BOKHEHIINX IPUOPUTETHBIX HAIl-
paBieHuii I'pysuu u onucaHa eé pojb B PasBUTHH CHUJI CaMOOGOPOHBI CTpaHbL. Takke yZeneHO 60IblIOe BHUMaHMe
BOIIPOCAM B3aHMOJEHCTBUA COCTABHBIX HAIIPAaBIeHUH BOeHHO! HayKu. OIKcaHa pojb BOEHHOM UCTOPUU B Pa3BUTUH
TEOPUH BOEHHOTO MCKYCCTBa, HECMOTPsA Ha TOT (aKT, YTO Ha NPOTDLKEHUU TpeX CToyneTwil I'pysusa Haxogusaacek B
cocraBe Poccuiickoit uMmnepum.

Ha srom ¢oHe B cTaThe KIaccuUIHUPOBAHBI IPUOPUTETH. B OPraHU3AIMH BOEHHOTO Pa3BUTHA, ITyGOKO pac-
CMOTpPEHBI BOIIPOCHI TIPOBEZleHUS MEPONPUATHUI, HEOOXOZMMBIX IS BeZeHUs COBPEMEHHBIX BOMH, a TaKXe COB-
PEMEHHOTO MeTOZa MCCIeIOBAaHUA CeTelleHTPUIECKUX BOMH, UCXO/A U3 BO3MOXKHOCTel cTpaHsl. Ocoboe BHIMaHIe
yZAeeHO TeM HallpaBIeHUAM CeTelleHTPHYECKUX BOIH, KOTOpBIe OBLIM peaTr30BaHbl B CUIAX CAaMOOOOPOHSI ['pysun.

Bwmecte ¢ aTuM B cTaThe IIpe€ACTaBI€HBI MCCIIE€JOBAHMA U pa6OTI>I Hpe,Z[CTaBPITe,HefI I‘PyBHHCKOfI BOEHHOM HAayKH.
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OpraHM3anud B BOEHHOM C(bepe; IIpuneINBaHNE; PA3ININE; CETEI€HTPHUIECKaA BOITHA; CHCTEMBI yIIpaBJI€HUd; T€ATPp

BOIHBI; TEeMaTHUKa CaMOO60pOHBI.

356bogrzol mstoeo 25.05.2019
d90mabzerol oskoeo 08.06.2019
b9endefigtoemos osbsdg s 08.07.2020

ISSN 1512-0996 b3v-ob 3GM3gdo — Works of GTU — Tpyas: ITY
www.shromebi.gtu.ge 103 Ne2 (516), 2020



Ls0bg0b®m bsgdg — Engineering — Mimxenepnoe meno

UDC 624.042
SCOPUS CODE 2205

https://doi.org/10.36073/1512-0996-2020-2-104-109

O peanuzanuu OZHOM MOJeIN BEPTUKAIBHOTO CeHCMUYECKOTO BO3ZEeHCTBIA

Cepro Dcazze

I,ZLeI'[E:lpTElMeHT IIPOMBILITIEHHOTO M I'PAXKAAHCKOT'O CTPOUTEIBCTBA MM. AI‘y.TII/I COXEI,Z[SE,

I'pysunckuii texHudeckuii yuusepcurer, I'pysus, 0160, T6unucu, yia. M. Kocrasa 68°

E-mail: s_esadze@gtu.ge

Tamap Dcazze

JlemapraMeHT IIPOMBIIIIEHHOTO U IPaXKAAHCKOTO cTpouTenscTBa uM. Arynu Coxazze,

I'pysunckuii rexuuveckuit yausepcuret, I'pysus, 0160, Téumucu, yi. M. Kocrasa 685

E-mail: t.esadze@gtu.ge

Topuuke Mamanaz3ze

I,ZLeI'[E:lpTElMeHT IIPOMBINITIEHHOTO M I'PAXKAAHCKOI'O CTPOUTEIBCTBA M. AI‘y.TII/I COXEI,Z[SE,

I'pysunckuii texuudeckuii yuusepcurert, I'pysus, 0160, T6éunucu, yia. M. Kocrasa 68°

E-mail: tornike.mamaladze1994@gmail.com

Penensentsr:

JI. Kaxuanm, mpodeccop crpoutensHoro akyasrera I'TY

E-mail: L.kakhiani@gtu.ge

J. TaGaraase, mpodeccop crpoutensHoro dakyaprera I'TY

E-mail: Demuritabatadze@gmail.com

AmHOTaIMA. B cTaThe paccMaTpUBAIOTCA BEPTHKAIb-
HBIe celficMUYecKHe KOIeOGaHHs KOHCONbHBIX KOHCTPYK-
LIMH, KOTOphle fABJAIOTCA YAaCTAMK PaMHOIO KapKaca U
uMeloT Gosbiroit BeuteT. [lo BceM CyIIeCTBYIOUIMM HOP-
MaM IO CeHICMOCTOMKOCTH KOHCOJIM JOJDKHBI OBITH pac-
CYMTaHBI HA BePTHKAJIBHYIO CECMHYECKyIO Harpysky. B
CTaThe MA€TCA peajusalivid METOJa IIPeIJIOXXEeHHOTO aB-
TOpaMH, IIPeAyCMaTPHUBAIONErO0 HOPMAaTHUBHBIM pacdér
KOHCOJIM Ha BEPTUKAJIBHYIO CEMCMHUYECKYIO Harpysky C
Y4Y€TOM BIMAHMA CTATUYECKU HATPY>KEHHBIX COIIPeeb-
HBIX KOHCTpPyKIu#. PaccMoTpeHo peanmsamus MeToza
A JByX 3HAaYeHWM COOTHOLIEHMH XapaKTepHU3YIOMIMX
IapaMeTPOB IIPeJJIOKEHHOM PaCYE€THOM MOJEIN — JKECT-

KOCTH COIIpeZleIbHOM KOJIOHHEI U JKECTKOCTH BBEIEHHOIO

U@vy-obs 3m09d0 — Works of GTU — Tpyas: I'TY
Ne2 (516), 2020

9JIEMEHTA, CO3/Ial0LIero HavyaabHOe Harpy KeHue B KOJIOH-
He. [lomydyeHHBIe 3HAUYeHUA PACUETHBIX CEHCMUYECKHX
HarpysoK pacCMOTPEHBI B CPaBHEHUM C HOPMAaTHBHBEIM
3HaUeHHeM DTOH Xe HarpysKd, IIOIydYeHHOH 6e3 yuéTa

0COGEHHOCTEH IPeAIOKEHHON MOZEIH.

KirioueBbie €10Ba: KOHCOJb; BEPTHKAIBHOE YCKO-

peHue; celiCMru4YeCcKas Harpyska.

Beepenue
PaspymnTeJlbﬂoe BIINAHHE BepTI/IKaJILHOFO COCTaB-
JIAIouIero CeCMUYEeCKOTO YCKOpeHusA OCHOBAaHMA Ha

KOHCTPYKTHUBHYIO CHCTEMY W/WIKM SJIeMEeHTHI B,HaHHﬁ u

ISSN 1512-0996

104 www.shromebi.gtu.ge



Ls0bg0b®m bsgdg — Engineering — Mimxenepnoe meno

COOpYXeHHH, 0COGEHHO B SMUIEHTTPATbHOM 30HE 3eM-
JIeTpsCeHUs TOJTBEPXKAAETCA IOCIEICTBUAMY CHUIBHBIX
semsterpsacenuii. Haubonee HariasamHsiii mpumep IoC-
nenHux, seMuerpsacenus Hoprpumk B 1994 rogy B CIIHA
u Kobe B 1995 roxy B fAnmomum. OrmeueHHBIM 06BsAC-
HAIOTCA TPeGOBaHUA HOPM BCEX CTPaH PACIIOIIOXKEHHBIX B
ceficMoakTuBHBIX permoHax [1,2,3,4], Bkiiouas EBpoxog,
[5], 06 y4éTe BepTHKAaIBHOIO CEHCMUYECKOTO YCKOPEHUA
IULA OIIpe/ieIEHHBIX KOHCTPYKTUBHBIX DJIEMEHTOB 3aHUI
u coopyxeHuil. OTHUM K3 TaKUX DJIEMEHTOB SABILIIOTCI
TOPM3OHTAJIbHEIE W/WIM HAKJIOHHBIE KOHCONH JJIT
CO3/1aHMA PACYETHBIX MOJEJIeN KOTOPBIX IIPEJIOKEHBI Te
JKe TPUHIIMIIBI, YTO U [AJI1 pacyéra Ha TOPU3OHTAIBHBIE
YCKOpeHHs — CTep;KHeBas CHCTeMa C COCPeZOTOYeHHBIMU

MacCCcaMu.

1
=K
¢ k2 =
Zu "
% K
) £

Puc. 1. Pacuérnas mozens

OcHoBHas 9acTh

B pabore [6] maHa pacuéTHaA MOAENb I ONpeese-
HYA HOPMaTHBHOHN BEPTUKAJIBHON HArPY3KH NEWCTBYIO-
mei Ha KOHCOJIM GOJIBIIOTO BhIeTa (SM 1 60jee) miIoc-
KOI paMbl ABJIAIOMIETOCE HECyIeil 4YacThI0 PaMHOTO
kxapkaca. Mozep OCHOBaHA Ha IOJIOXKEHUU [6], momyc-
KaIollleM IIPUHSATHE B BUZIe PACIETHON MO paccMar-
PpHBaeMOr0 KOHCTPYKTHBHOTO 3JIEMEHTa M COIIpeelb-
HBIX KOHCTPYKTHBHBIX 5JIEMEHTOB, BIMAIOIINX Ha €ro
pabory. C y4éroM Bceil COBOKYIHOCTH OCOGEHHOCTeIl
CBOMCTBEHHOM pPacCMaTpUBae€MOM HaMM CHCTEME, pac-
uyéTHaa Mozenb (puc. 1) xapakTepusyeTcs COBOKYIIHOC-
TBIO CJIeYIOIUX TAPaMeTPOB: K - JKECTKOCTD COIIPeZeIb-
HOU HecyIeil KOJIOHHEL, k- KO3h)UIMEHT, yIUTHIBAIO-
Uil IpefBAPUTENIbHOE CTATUYECKOEe HATpy)KeHHe KO-
JOHHBI, k,- XécTkocTh camoit KomoHHBI [Jlna ngu-

HaMHWYIE€CKHNX XapaKTEPHUCTUK CHUCTEMBI MMEEM:
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- pia bopM KosreGaHmit
(myw?® —k —ky — ky)A11 + KAz = 0 2)
KyA1z + (maw? — K3)Az, = 0

g peanusanyMu JaHHOM MOAeNH, T.e. IJiA OIpe-
ZleJieHNs BEePTUKAJIbHOW CEeMCMWYECKOW Harpysku Ha
KOHCOJIM II0 HOPDMAaTHUBHOW METOAMKE, HO C Y4YETOM
TIpeAJIOKeHHOH HaMU MOZeH, OIpPeJeNdiolliMUA fAB-
JIAIOTCA COOTHOUIEHMA IIePEeYMCIEHHBIX BBIIIE IIap-
ameTpoB — XécTkocTe# u Macc. Hike maHsl HeCcKOJIBKO
STUX peaJbHBIX COOTHOLIEHUM M COOTBETCTBYIOUIHE MM
HOPDMAaTHBHBIE CEMCMMYECKHe HATPY3KH B CPaBHEHUM C
TOH >Xe HarpysKoOH, OIpemel€éHHOH II0 HOpMaTHBHOM
MeTOZIMKe, TOJIBKO 6e3 y4éTa 0cOGeHHOCTEH Ipe/IOKeH-

HOH MOJeJIH.

?jr 3 .

gi ﬂH_\¥ E=2710"MnA
40 4 ‘i‘ :—}- p—@
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\ 2 b—o
i { md

1 1 & 1

] 800 | 500

e O _4. 80

Puc. 2. Jaunnusie pus pacuéra

Ha pucynke 2 ¢parMeHT paMbl C KOHCOJIAMHE C GOJIB-
muM BbUTeTOM (5M) C TeOMeTpUYeCKUMH W WHEPIHOH-
HBIMU ITOKa3aTe/IAMHU. UTOGBI IPU HaYaJIbHOM BO3MYIIE-
HUW CHCTEMBI IIOSBHJIOCH IIPOZOJIBHOE YCHIHWE B COII-
penenbHOM K KOHCOJH KOJIOHHE, a CHCTeMa Kosebanach
HE CHMMETPUYHO OTHOCHUTEIBHO T'OPHU30HTATIBHOM OCH,
3HauYeHHe JODKHO ObITh B mpegernax 0 < ky < k Bmecre ¢
9TUM 3HauyeHus Kk, OGepéMm B
1,25...1,60.

(k/ky) = 1,25, m; = 23,12+ 103kr, m, = 21,1+
10%kr [lns AWHAMUYECKUX XapaKTePHCTHK CHCTEMbI

npegenax (k/ky) =

6yzem umeTs (Tabnuuna 1):
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Ta6anma 1

H/M pan/c c

H/M H/M

pan/c c

1,35 1,08 0,006 16,8 0,4

324,6

0,02 1 404,9 1 -0,0027

(k/k,) = 1,6, my = 23,12-10%kr, m, = 21,1+ 103kr [lna AMHAMHYECKUX XapaKTEPUCTUK CHCTeMBI Oyzem

umerts (Tabauna 2):

TaGuna 2
H/M H/M H/M pan/c c pan/c c
1,35 0,84 0,006 16,8 0,4 308,5 0,02 1 365,6 1 -0,003
s 3Havennu koaddunrenTta GopMbl ONpeieIEHHBIX COTIACHO BBIPAKEHUIO
Ak Z?:l QjAij ,
K= k=12
Nik Z?=1 Q]'A?j (l ) (3)
Byznem umerts (tabiura 3)
Ta6anma 3

I I bopms! KoneGaHus

s IT opmsl KonebaHus

Te xe sHaUeHUA MacC 0,0023

0,931 1 -0,0027

Te >xe 3HAYeHUS Macc 0,0027

0,987 1 -0,003

Omnpegengem celficMuyeckye Harpy3KH B TOYKaX COCPeJOTOYEHHA Macc 171 U 1M, COOTBETCTBEHHO

Sik = K1K2K3QkA.8iK0K1/) (i, k=12) (4)
IIO TIepBOii U BTOPOii hopMe Kore6GaHuUiA, To hopMyre
(4) mpu sHauenwsx koapdunuenroB K, = K3 = K, =
KI/J =1, K;,=05 A=0,17;, B =2,5([1,7] u ucxoms
Y3 IenH Hamed 3a7ayd, CyMMHPyeM ceHCMUYecKue
cusl (a He BBI3BaHHBIe UM ycuind) [8] mo aBym dhopmam
koneGaHuit. OKOHYATENTBHO IIOMydYaeM CJIeAYIOLIHe
3HAYeHUA CeHCMUYEeCKMX HArpy30K IPHJIOXKEHHBIX B
TOYKaX COCPESOTOYEHUI MacC My UM, :
— gna (k/ky)) =125 S, =493:1035 u S, =
43,87 - 103wu;
— gna (k/ky) =16
47,15 103x.

S, =508-10% uS$, =
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CeficMuyecKue HAarpysKd B TOYKE COCPeJOTOYEHIHA
Macchl OIpefie/IéHHasd II0 HOPMAaTHBHOM MeTOZUKe, T.e.
KaK /I CHCTEMBI C OTHO CTeIIeHBIO CBOOO/BI C JKECTKUM
3ameMIeHueM, 6e3 HalluX IIPe/TIOIOKEHIH U JJI TeX JKe
K03 duIenToB U3 ypaBHeHus (4) 6yAyT paBHATECT S =
44,8 -10%u.

3axrroueHue

Kax Bugmm, pia coornomenus (k/k;) = 1,25 sHa-
YeHUe CeHCMUYECKUX HATPY30K B TOUKE COCPELOTOIEHHUS
Macchl M, (GaKTUIECKN COBMAJAIOT, & JJI COOTHOIIEHMS

(k/k1) = 1,6

oTanyusa cocrasager 5% oOT 3HaveHUD,
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IIOJIy9€HHOTIO II0 Haiei METOOUNKE. CeiicMmuyeckass Har- Helem AJIs1 paCCMaTpHUBAEMOT'O KOHCTPYKTHMBHOTI'O pelie-
PYy3Ka B TOUKE COCPEAOTOYEHMA MAdCChl HE3HAYHNTE/IbHA. HHUA HaMHU 6Y,II;YT IIOJTy49€HBbI 3HAYE€HUA CceliCMHUYeCKuX

Hamu PpacCMaTprBaIOCh TOJBKO [1Ba COOTHOLIIECHMS HarpysoK, IIOJTYy4Y€HHBIX Ha OCHOBE CTaTUCTHYECKOM 06pa—
AL XapaKTePHU3YIOIINX IIapaMeTpPOB CHCTEMBI. B Aaab- GOTKH IIOJTYY€HHBIX Pe3YyJIbTATOB AJI1 Pa3HBIX COOTHOILIE-

HHHY BCEX XapaKTepPU3YIOIUX CHCTEMY ITapaMeTpOB.
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invented stair climber with original scheme of frame at

Georgian Technical University. The mentioned machine

Abstract. The article refers to the determination of 15 depicted on the Fig 1.
main physical parameters of running gear of invented
stair climber platform for different purposes, in
particular the mentioned platform is intended to be used
for a disabled person. In order to improve stability of the
platform a new lever mechanism is offered in the paper,
providing smooth transition of the machine from
inclined to the plane parts of staircase. The article

considers kinematic and force analysis of the proposed

mechanical system in order to determine appropriate

constructive parameters.

Fig.1 The pilot model of stair climber

Key words: Kinematics; lever mechanism; stair i i )
. . . As shown in the figure, the mechanical system com-
climber; stiffness of lever mechanism. ) ) )

prises of the frame and different mechanical systems

with actuators and executive mechanisms. However,

one of common problems characterising almost each

Introduction such kind of machine is the moment when machine

To provide a disable person with the facilities to ..o o 1o Tast step of staircase, continuing

overcome such obstacles as stairs, there has been movement on stair platform. This transition process is
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happening at the moment when the machine is passing
its centre of gravity, which is occurring with sadden
lending of the device on a flat surface of stair platform.
The described process negatively influences on the
dynamic stability of the device and safe operation of the
machine and also puts obstacles in the way of usage of

the device by disable persons independently.

Main part

1. The kinematic scheme of the mechanism

The given mechanical system consists of different
types of bars and construction elements with various
types of junctions of adjacent links. For the purpose of
proper design of multilink mechanical systems, it is
necessary to determine stiffness parameters of the bar
taking into account movement of the machine on stairs.

Fig. 2 presents the scheme of the movable platform
with multi-bar mechanism that would sensitively
improve device’s movement on stairs, softening
Therefore disable

persons can use the device without any assistants. The

described transition movement.

given platform contains the following main parts: 1.
Rubber toothed track; 2. Hydraulic actuator for
inclination of holder of backrest of wheel chair; 3,10.
Driven wheels; 4. Rocker of right part of lever
mechanism; 5. Springs and pusher bar; 6. Lock of back of
wheel chair 7. Side frame that supports all parts of the
machine; 8. Rocker of left part of lever mechanism; 9.
Mechanism for inclination of holder of backrest of wheel
chair 11. Driving wheel; 12. Wheel chair; 13. Holder of

backrest of wheel chair.

Fig.2 Scheme of the movable platform with
multi-bar mechanism

ISSN 1512-0996
www.shromebi.gtu.ge

2. Motion of stair climber

In order to set up the equation of uniform motion of
the device, it is necessary to examine the position of the
machine during its motion on stairs. Design diagrams of

the said positions of the machine are given on the Fig. 3.

. -\Q‘P‘

Fig. 3. Design diagram of climber during

its motion on stairs.

During the climber movement there are generated
different forces, which can be characterized as: /7and F2
- slide friction forces acting at the touching place of the
track with the edge of the step of the stair; V; and Nz -
forces of reaction acting on the AB and GF guides (see
Fig .4); G - the force of gravity. Herewith F and P are the
constituents of the gravity force; M is the torque acting
on the driving wheel, while mo, ms and mc are the
moments of the forces of friction that are acting between
wheels and track; R:and R2- reaction forces functioning
at the point of touching of driving and driven wheels

with stair or floor.

-

B F

Fig.4. The design diagram of the mechanism
for smooth transition of the transporter from last

step of stairs to staircase.
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In our case, in order to determine displacements of
the given mechanism’s links, we will use the method of
possible displacements. According to this method, if we
give the possible displacement to ABC linkage then the
first point at which is modulated the force V: will get the

displacement:

8s1 |

(Sq)l = (1)

1
At the same time C point has the following possible
displacement:
652 =1y (Sfpl (2)

As we see from mechanism’s design diagram, CD
linkage makes complex planar displacement, therefore
its last points get possible displacements &, and §,3. To
find out relations in specified displacements we need to
find CD linkage center’s V point location.

From ABC and VCD triangles, we get BCA=DVC

C and D points possible displacement relation is:

8sz _ Ivel _ ) —
55— ol cos(DVC) =cosa 3)
‘Where from
_bs 1 .
653 - cosa - Ticosa 651 (4)

Based on design diagram, it is seen that E point,
which is located on DF link, is fixed EM axis perpendi-
cular to the mentioned link and is connected with
springs (see Fig. 4) that is necessary for achieving equi-
librium position of linkage. By the denoting the possible
displacement &S, of the M point, it can be determined

from the following equalities:

8s3 _ Osm )
T3 ™
Mg _TMT2
6SM - 73 653 r3'r1°Cosa 651 (6)

As seen from the Fig.4, the sections |DE|=|EF| of the
link DF. Terefore spring’s possible displacement and F
point’s possible displacement are the correlations. This

relation can be expressed by the following ratios:

8s3 [

= (7)

3 T4

from where we will obtain:
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8s, = 2853 =—22 . §s, 8)

) T3'71°COS @

At the same time UF-link makes planar motion and
that is why for determination of &s;— possible
displacement we need to find by its instant center’s Z
location. In comparison with UKL and UZF triangles, we
get LKUL = LUFZ and it is possible to write down

8s, _|FZ| _ 1
8ss |UZ| cosfB

)

In case we take into account correlation between F
and U points, then it will be possible to obtain possible

displacement §s5, which can be determined as:

T4'T2°COS f
22720 88,
T3'71°COS @

6ss = 0s, cosf = (10)

And hence 2™ point’s possible displacement can be

obtained as following ratio:

8ss _ 9% 1)

Ts Te
On the basis of this ratio, it can be calculated s by
the following formula:

T T6'T4°172°COS
8sg :_6.555 zw.gsl
Ts T5'T3°'7r1°COS

(12)

At the same time the key point of the linkage is
displacement of point M, which predestinates smooth
movement of the machine in case of its displacement
from stairs to entryway and hence constructive
parameters of linkage. In order to find M point’s full
displacement, it is necessary to use possible displacement
principles for the determination of works done by forces
of reactions rising during the motion. The system of
equations that determines displacement of point M, can

be written as:

Nl '631_N2 '636_C'h'65M=0
C'h'(SSM:Nl '551_1\]2 '556

(13)

After setting the above relations in these equations,

we obtain:
c h -—M2 . & s, =
r3Tr1°COSa
— . — TeTaT2Cosf
=N; *6s; — N, ——— 65, (14)
C.h=N1.w_ TeTacosf (15)
™2 ™Ts
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Based on the given equations, it’s easy to calculate
amount of squeezing or stretching of the springs by
equation (16).

 r3Tcosa

h=N1 — Nz

CTMT2

. T6'74°COS 8 (16)

CTryTs

In order to determine the structural parameters of
the mechanism it is necessary to define values of reaction
forces acting on A, E and L kinematic pairs, which are
fixed on the frame of the machine. The forces of
reactions are risen in these points, with unknown
directions of acting and the volumes of these forces. In
order to define such forces, it is the most convenience to
operate with their components distributed on the axes of
planar Cartesian systems fixed on the mentioned points
of the frame. It means that we will operate with the
following forces:

(Xa, Ya), (Xg, Ye), (X1, Y1).

For the determination of these reactions let’s use
possible displacement principle, for what, initially it is
necessary to formulate the system of equations of works
fulfilled by the forces of reactions acting on the ABC
link. Let’s write equation of works done during the

possible displacement of point A along the X axis.

_Fl * 6SAX + XA * 6SAX =0 (].7)
Here it is necessary to determine:
Fy =X, (18)

In order to find out Y, reaction force, let’s give
vertical possible displacement to A point and write the
following equation:

Nl * 651 + }]A * 6SAY =0 (].9)

Taking into account the following ratios:

ﬁ_ 6sAy6 6s1 |CA|;

= Osay oo 051,
lc1] — lcal’” 2AY T e

The (19) can be written as:

N1-551+1g-'|i—‘1‘|'551=0 (20)

From where it is obtained:
_ et
Yy=—-N; cal

The (21) shows that Y, force is acting in opposite

1)

direction.
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Let’s formulate the analogue equations for UKL link.
That’s why we need to give possible displacement to L

point relatively to X axis:

—F, - 0s¢x + X, -0s,x =0 (22)
where: §Sgxy = 051
Taking into consideration the last equality, it can be
written that:
X, =F, (23)
In order to find out Y} reaction, it is necessary to give
the vertical possible displacement to L point and

formulate the following equation:

NZ * 656 + YL * 6SLY =0 (24)
. Ss _ Ssiy = 9% .
Here: o2l = oLl Sy = w2 |UL| (25)
From which we will get:
2|
v, =N, -1 (26)

consequently Y; force reaction gets opposite direction.
Eventually let’s determine force of reactions
operating in the point E, by which we give this point
possible displacement to the direction consistently to X

and Y axis. From the beginning we write:
Nl ) 551 + Nz ) 556 - YE ) 5SEY = 0 (27)

To solve this equation it is necessary to express
05¢ and Jsgy possible displacements by §s; that allows

to write down the following equation

Tg'T2°COS [

Nl . 551 + Nz.m 551 -
. T2 . —
-Y —— 6s; =0 (28)
From here we will obtain:
Y. =N .ri-cosa_i_N _r6-cos,8 (29)
=Ny —/— 2 T

2

As it can be seen from Fig.4, there are no forces from
other link to the DEFM link except spring’s force acting
along X axis, that is why reaction force that is operating
in E kinematic pair equals to spring’s reaction force with

minus sign:

XE = —c-h= _N1  T3Ticosa + Nz .r6-r4-cosﬁ (30)

™' T2 ™'Ts
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So, all the reaction forces acting on the frame of the
mechanism are determined and as a result all const-

ructive parameters of the given mechanism can be
defined.

Conclusion

As it was mentioned, the mechanism considered here
can be used not only for machines assigned for
transportation of handicap people, but also for any other

machines with track drives.
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Abstract. It is shown that in many industries, including refrigeration, it is often necessary to achieve a high
pressure and a significantly low temperature of cooling of the working agent. Multistage and multistage compression
schemes of the working agent are used for this purpose. The implementation of such schemes is achieved by using
an individual compressor for each individual stage or individual cascade, which increases the capital investment,
complicates the design of the entire installation and its operation.

A new design of the compressor is presented, in which the piston performs reciprocating portable movement
simultaneously toward to the fixed body and the guide and with both produces the compression process of the
working agent. In this case, carried out by the piston with the housing and the compression circuits of the working
agent are isolated from each other. This makes it possible to use the presented compressor for compression in both

circuits of the same working agent, as well as of two working agents differing from each other.

Key words: Compression; compressor; two-cascade; two-stage; working agent.
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AHHOTa]_];I/IiL HOKaSaHO, YTO BO MHOTHUX OTPAC/IAX IIPOMBINIJIEHHOCTH 1, B TOM 4MCJjIe B XOJIO,Z[PIJIBHOﬁ TeXHUKeE,
YacTo HEO6X0,II;I/IMO AOCTHUXKE€HKE BBICOKOT'O AAB/JI€EHUA Y 3HAYUTEIBHO HU3KOU TEMIIEPATYPBI OXJIAXKAEHU I paGoqero
dareHTa. ,HJI}I 9TOT'O UCIIOJB3YyIOTCA MHOTOCTYII€HYAaThIle 1 MHOTOKACKaZHbI€ CXE€MbI CXKATHA pa60qero areuTa. Peanu-
3anud I'IO,Z[06HLIX CXeM OOCTUTaeTCA HUCIIOJIb3OBAHUEM JId Ka)K,II;OfI OT,Z[eJILHOfI CTYII€EHW MJIM OTAEJIBbHOTO KacCKaza
HUHAWUBUAYAJIBHOTI'O KOMIIpECCOPA, YTO YBEJINYINBAET KAIINTA/IPHBIC BIOXKEHUA, YCIOXHACT KOHCTPYKITHIO BCen ycra-
HOBKH U1 €€ DKCILTyaTaIlHIO.

Hpe,I[CTaBJIEHa HOBasA KOHCTPYKIIMA KOMIIpeCccopa, B KOTOpOfI IIOpIIEHD OCYIIECTBIAET BO3BPATHO-IIOCTYIIATEIb-
HO€ IIepeHOCHOEe ABMXXEHME OTHOBPEMEHHO OTHOCHUTE/IBHO HEIIOABMIKHBIX KOPITyCa K HaHpaBJIHIOLL[efI ¥ ¢ obenMu
IIPOM3BOAUT IIPOLECC CXKATHA pa6oqero areHTa. HPI/I 9TOM, OCYIIE€CTBJIAE€MbIE€ IIOPITHEM C KOPITYCOM M HaIIpaBJIAIO-
meﬁ KOHTYPBI CXKaTHA paGo‘{ero areHTa H30JHPOBAHBI APYyT OT Apyra. orto AaeT BO3MOXXHOCTH HCIIOJIB30BAHUA
IIpeACTaBI€EHHOTO KOMIIpeccopa AJIst CXKaTUA B obeunx KOHTYPpaX KaK OJHOTO 1 TOTO K€ pa6o‘{ero areHTa, TaK U ABYX,

OTIMYAIOMNUXCA APYT OT ApyTa pa6o‘mx dT'€HTOB.
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Abstract. The new design of the piston compressor, which provides a possibility of implementation of two-stage
compression of the working agent in one cylinder is presented. In case of reduction of boiling temperature of the
working agent or increase the temperature of its condensation, irreversible thermal losses sharply increase and
considerably the coefficient of reversibility of a cycle decreases. For the prevention of the given phenomenon at
boiling temperatures from -300C to -500C are used two-level refrigerators, and at lower temperatures — three-stage
and cascade compressors. Similar refrigerators widely are used in the refrigerating equipment. However, despite the
solution of the main task (increase in extent of compression of the refrigerating agent), the specified refrigerators are
characterized by complexity of a design, considerable metal consumption and high power losses. This leads to the
search for new solutions. In this regard it’s possible to use Gardner Voorhees' idea of providing the implementation
of a two-stage refrigerating cycle in one compressor. However, temperature condition of operation of this machine
proportionally depends on the compressor’s geometrical indicators (diameter of the cylinder, a piston stroke, speed
of rotation of a shaft). Thereof, the scope of the use of these compressors is quite narrow at this stage. In order to
implement two-stage compression in one cylinder of the compressor, Dzhimbalvio offered a squeeze of a certain
number of the liquid refrigerating agent in the cylinder. However, in this case the positive effect considerably
depends on the accuracy of the place and the moment of a squeeze of the refrigerating agent in the cylinder that is
rather difficult. In a new design of the presented piston compressor two-stage compression of working steam is

carried out: in the working cylinder on the one side of the piston we have the first compression, and on the opposite
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side of the piston — the second step of repeated compression of previously compressed steam is carried out.
Intermediate cooling is carried out between the first and the second steps of compression. This design provides

simplification of a design, reduction of metal consumption and power expenses.

Key words: Compression ratio; operating efficiency; piston compressor; refrigerant; refrigeration cycle.
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Amnnoranus. IIpeacrasieHa HOBas KOHCTPYKIWS IOPIIHEBOTO KOMIIPECCOPA, KOTOpas 06ecIieInBaeT BO3MOXK-
HOCTb OCYIECTBJIEHUA ABYXCTYIIEHYAaTOTO CXKAaTHUA pabouero areHTa B OZHOM IWIMHApe. B ciyuae yMeHbLIeHUA
TeMIIepaTyphl KUIIeHHA pabodero areHTa WIM yBeIHMYEHUS TEMIIEPAaTyphl ero KOHZEHCAIIMH, Pe3KO BO3PacTaioT
HeoOpaTHMble TEeIUIOBbIe IIOTEPH U 3HAYUTETIBHO yMeHblIaercsa KoddduuueHT obpatuMocTH Iukaa. Jlaa mpe-
IOTBpallleHNs JAHHOTO sABIeHHS Ipu Temmeparypax kumerus or-30°C mo -50°C uCIONB3YIOT ABYXCTyIleHYaThIe
XOJIOAVIbHBIE MAlIMHBI, a NpU OoJlee HU3KUX TEMIepaTypax — TPeXCTyleHdaTble M KacKafHble. YKasaHHbIE
XOJIOAMJIPHBIE MAIIMHBI ITNPOKO UCIOIB3YIOTCA B XONIOAMIBHON TexHuKe. OHAKO, HECMOTPS Ha pellleHNe IJIaBHOH
3afauu (yBeIHueHIe CTeIIeHH CKATH XOTOAUIBHOTO aTeHTa), yKa3aHHBIE XOTOAUIbHbIEe MAaIINHBI XapaKTePU3YIOTCA

CJIOXXHOCTBIO KOHCTPYKITHH, 3HAYUTEIHbHON MeTaJJIOEMKOCTHIO U BHICOKUMU OHEPTeTUYECKNMU IIOTEPAMU. ,ZLaHHoe
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06CTOATETBCTBO IPUBOAUT K ITOMCKAM HOBBIX pemreHui. K TakuM pelreHusM MOXXHO OTHECTH HCIIOIb30BaHUE HUIEU
lapzuepa Bopxwuca, obecrmeumuBarolieil OCYIIECTBJIEHHE [BYXCTYINEHYAaTOTO XOJOAMJIBHOTO IUKJIA B OJHOM
xommpeccope. OZHAaKO, TeMIIepaTypHBIN PeXUM PabOThI JAaHHOM MANIMHBI IPAMO IIPOIOPIUOHATBHO 3aBUCHT OT
TreOMeTpUYEeCKUX IIOKasaTejJeil (ZuaMeTp IMWJIMHAPA, XOF IOPLUIHSA, CKOPOCTh BpallleHHsd Baja) KOMIIPeCccopa.
BcencTBue 5TOr0, 06/1aCTh IPUMEHEHUA YKa3aHHBIX KOMIIPECCOPOB Ha JAHHOM BTaIle SBJAETCA JOBOJBHO y3Koi. C
L[EJTBI0 OCYILIEeCTBIEHUs ABYXCTYIIEHYAaTOrO CXKAaTUA B OJHOM IMIMHApe KoMipeccopa JXuMGaapBUO IIPeAJIOKIII
BIIPBICKMBAaHUE OIIpe/leJIEHHOTO KOJIMYeCTBA KUJKOTO XOJIOAMUIBHOTO areHTa B mmwinHAp.OZHAKO, U B ZAaHHOM
cIy4ae IIOJIOXUTENBbHBIN 5((eKT 3HAYUTENbHO 3aBHCHT OT TOYHOCTM MeCTa M MOMEHTA BIIPBICKMBAHUA XOJIO-
JOUIBPHOTO areHTa B ITUJIMHJP, YTO JOCTATOYHO CJIOKHO. B HOBOM KOHCTPYKLIMM IIPeCTaBJIeHHOTO IOPIIHEBOTO
KOMIIpeccopa OCYIIEeCTBJLIETCS ABYXCTyIeHYaToe C:kaThe pabodero mapa: B pabo4eM LMJIMHIPE C OZHON CTOPOHBI
TIOPIIHSA OCYIIEeCTBJIAETCS IIePBOe CXKATHe, a C IPOTHBOIIOJIOXKHOM CTOPOHBI IIOPUIHA — BTOPasA CTYIIeHb IIOBTOPHOTO
CKaTusA IIpeABapUTENBHO CKaToro mapa. Mexay mepBodl M BTOPOH CTYNEHAMM CXKaTHA OCYILECTBIAETCI
IIPOMEXYTOYHOe OXIaKIeHue. JlaHHAas KOHCTPYKIMsA OOeCIedrBaeT yIPOLIeHWE KOHCTPYKIIMH, yMeHbIIeHUe

METAJJIOEMKOCTH 1 DHEPIreTUIE€CKHX 3aTpaT.

KiriogeBbie ¢I0Ba: mopimHeBoi KOMIIPECCOp, XOIOAMIbHbIN areHT, CTereHb CKaThs, 3GGeKTHBHOCT paboTsL,
XOJIOAUIIBHBIN ITUKJL.
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AnnoTanus. Mcrnons30BaHUIO HEKPYIJBIX 3yGda-
TBIX KOJIEC OBLIM IIOCBSIIEHBI PA0OTHI MHOTUX yYEHBIX
(1, 2, 3, 4,5, 6,9,11,12], xoTopble CIIOCOOCTBOBAIN HX
PacIpOCTpPaHEHUIO KAK KOHCTPYKTHBHO, TAaK M TEXHO-
JIOTHYEeCKH.

Hewmenxas ¢pupma KOEPFEER "EMAG", cienuanu-
3UPYIOWAACS HA IIPOU3BOACTBE KPYIJIBIX U HEKPYTJIBIX
3y04aTsIx KOJEC, CUUTAET, YTO IIPOU3BOACTBO HEKPYT-
JIBIX 3y0YaTHIX KOJIEC B TIOCTIE JHIIE TOMbI SIBJIIETCS OYeHb
JIOPOTOCTOAIIUM IIPOLIECCOM C HCIIOIB30BAHUEM DIIEKT-
POSPO3UMHBIX TEXHOJIOTUH. YKa3aHO, YTO HCIIOJIb30Ba-
HYe TPASHUIIMOHHOM IeCTepHU He SABJISEeTCS ONTHMAb-
HBIM BapUaHTOM IIpH HEJIWHEHHBIX ABIDKEHUSX, Tpe-

OyIOIIUX TOYHBIX TEXHOJOTUYECKUX JeHcTBuil. YTO

ISSN 1512-0996
www.shromebi.gtu.ge

Hauboee Ba)>XHO, C HEKPYTJIBIMU 3y6'—IaTI)IMI/I KoJiécaMu
MOXXHO TOTHO BOCIIPOM3BOANTD HEIIPEPBIBHO IIOBTOPAIO-
meecss HEpaBHOMEPHOE [BMI)KEHHE M OCYIIECTBIIATH

mpotecc 6e3 BUGpaIIH.

KiioueBble cioBa: 3yGuaras mepenada; HeIUHEH-

HO€ ABHXKEHNE; IIOCTPOEHNE; NEHTPONd; SPTOHOMHUKA.

Beepenue

Vcnio1p30BaHIIO HEKPYTIIBIX 3yGYaThIX KOJIEC IOCBS-
meHs! paboTsl MHOTHX yueHsx [1, 2, 3, 4,5, 9, 11, 12],
BHECIIVX 3HAYWTEIBHBIN BK/IAZ B WX Pa3BUTHeE, KaK B
KOHCTPYKTHUBHOM, TaK U TEXHOJIOIMYECKOM COBEPLIEHCT-

Be. Ilo MHeHmIO mpexcTaBuTeNell HeMeUKOH (QUPMEI
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KOEPFEER “EMAG”, xoTopas CIeI[uaju3lpoBaHa II0
3y60odpe3epoBaHUIO KPYIJIBIX M OBAIBHBIX 3yOdaThIX
KoJIec, ¢ obecriedeHreM BBICOKOTO KadecTBa M IIPOM3BO-
JUTEeIBHOTO ITPOM3BOJICTBA, YKA3BIBAIOT, YTO JJIEKTPO3PO-
3MOHHAdg 06paboTka, KOTOpasd pacIpoCTpaHeHa B IIOCIE-
JHIIe TOZBI, CINTAETCA JOCTATOYHO JOPOTOCTOAIINM TeX-
HosorunveckuM mpoueccom [5, 7, 10]. Cooburaercs, uto
HCIIOJIB30BAaHNE TPASHUIIOHHOHN KPyTIOf (GOpMBI LIecTe-
PHU He Bcerjia ABJIAIOTCA ONTHMAJIBHBIM PelIeHVeM IJIf
Iepefiauy YCHINA B MeXaHHU3Me MM JBUTATelle, B 4acT-
HOCTU, IpU INyOOKOM BBITSDKKE HA JeTalH, IAE XOf,
ZoJDKeH OBITh PaBHOMEPHBIM IIPH pabodeM Xoje — Mef-
JIEHHBIM, a IIPY XOJIOCTOM- GBICTPHIM BO3BpauieHreM. dTo
caMoe IJIaBHOe, MOXHO C IIOMOIIBIO HEKPYTJIbIX 3yO4YaThIX
KOJIeC TOYHO BBIIIOTHATE IOCTOSHHO IIOBTOPAIONeecs He-
PaBHOMepHOe IBIDKEHHE C IIPOTeKaHMeM Ipouecca 6e3

3HAYUTETHHBIX BUOpaIii [5].

OcHoBHas 9acTh

B mocienHue rozpl paspaboTaHbl pasIUYHbIE KOHCT-
PYKLHHK YCTPOMICTB AJI U3MeTbYeHUS IHIIEBBIX IIPOLYK-
TOB, CIIOCOOCTBYIOIIUX SPTOHOMUYECKOMY IIPOLIECCY, KaK
PYYHBIM, TaK U C 5JIeKTPOIIpuBooM [4, 6, 9, 10, 12].

W3BectHa MmscopyOka, matent RU Ne 2479352 ot
20.04.2019 r., rme BUHTOBOM LIHEK BBIITOJHEH ITOJIBIM, B
KOTOPOM PAacCIIOJIOKEH BaJl, TZe Ha OJHOM KOHIIEe yCTa-
HOBJIEHA BpaINaoIas pelleTKa, a Ha BTOPOM KOHIIe pac-
TIOJIOKEHBI UMIMHAPUYECKHe Kojleca C IIOCTOSHHBIM
IIepeAaTOYHBIM OTHOIIEHUEM, OCYIIEeCTBIAIOIIME Bpa-
IeHue peIleTKH B IPOTHMBOJIOXXHOM HAIIPaBIEHUM IIO
OTHOIIEHUIO K BPaIleHUIO IIHEKa.

OpHako MHOTHE M3 HUX UMEIOT PsAJ, HeLOCTAaTKOB, B
TOM YHCJIe B YaCTH IIPOM3BOJUTEIBHOCTH IIPOLeCca U
IOJITOBEYHOCTU TPYIIUXCA IIOBEPXHOCTEH PpEXYIIUX
gacTeil yCTPOMCTBA, U3 32 TOTO, YTO BpalLleHUE, HA OLHOM
U3 HHUX, pellleTKa ¥ HOX BpAaIAIOTCI B Pa3IHYIHBIX
HampapiaeHuax [6]. VIx OCHOBHBIM HeZOCTATKOM, IIOMU-
MO WHTEHCHBHOTO M3HOCA PeIIeTKH X HOXa, ABJISIETCS
YCTaHOBJIEHHBIH BIOJb BIAJUHBI OCH ITHEKa HOX, IZe
TIPOMCXOLUT HEIOJTHOLIEHHOe M3MeJIb4YeHHe U CXKaThe

06poGarsiBaeMOi Macchl (ChIphsA) Ha JHe BIAAWHEI, a He
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TIPOLleCC pe3aHus NpY HAIUIUY MUHUMAJIbHOH CKOpOC-
TH pe3aHHsd, B pe3yJbTaTe BO3pPACTaeT YCIJIME COIIPO-
TUBJIEHUA HAa OPraHsl IPUBOZA.

CymecTByiolye HeJOCTaTKU YCTPaHEHBI B ODUIH-
HaJIBHOI KOHCTPYKIIMU M3MeJIbYAIOIIero yCTpotcTBa [9].
KoHCTpyKuusa IrHeka M3rOTOBJIEHA MOHOJIMTHOH, Ife
OZMH €ro KOHeI| OKaHYMBAeTCS I[MINHAPUIECKOH dop-
MOH, B pa3Mep BBICTYIAIOIETO AMaMeTpa LIHEKAa, IJe
yCTaHaBJIMBAETCS OCHOBHOM, PEXYLIH I HOX, a Ha IPYTOM
KOHIle YCTaHOBJIEeHAa OZHOCTyIIeH4aTas 3ybuaras Iepe-
Jada ¢ BHYTPEHHUM 3alleIUIEHHeM C HEeKPYTJIBIMH KO-
JlecaMu, obeclieynBas HeJIUHEHHOe ABIKEHUE U Ilepe-
MeHHBI} BpaIaloIMi MOMEHT Ha IIHEeK ycTpoicraa. Ha
TOPILOBOM 9aCTH BIOJIb IIHEKA B IUINHIPUIECKON Hall-
paBisfouell yCTAaHOBJIEH [ONOJHHUTENbHBIH HOX, IZe
TOPLIOBOIl YaCThIO KAcaeTCsA HEMOJBIDKHBIX KYJIAYKOB, a
C Apyroil Ha KOHIle ONPaBKU YCTaHOBJIEHAa IPYXUHA
CKaTuA [AJA NPUJAHUA OIpaBKe BO3BPATHO-IIOCTYIIA-
TEeJIPHOTO ABIKEHU OT AeHCTBUA HEIIOABIKHBIX KyJIad-
KOB, HAaCaXX€HHBIX Ha (JIaHIle, IO OTHOUIEHWIO K OCHU
IIHeKa; KyJayK{ Ha (paHIle YCTAaHABJIMBAIOTCA C IIO-
MOIIBIO KPEIEXHBIX YCTPOMCTB, PETryJIUPYIONUX UX
KOOpAMHATH! GUKCUPOBaHUA. /11 MOBBIIEHNS BPaIalo-
Iero MOMEHTAa M CKOPOCTH H3MeJTbYeHUs B IIpoliecce
pe3aHKUA OCHOBHOM HOX YCTaHAaBIMBAETCA HAa ypPOBHE
BHEIIHEro A¥aMeTpa IIHeKa.

B nporecce n3aMenb4eHN Ha IIHEK AeHCTBYeT JOIO-
JIHUTENIPHOE YCHUJIVE, BBI3BAHHOE JefCTBHEM KYJa4KO-
BOr0 MeXaHM3Ma U PEeXYILIero MHCTPyMEHTa; pacCMOT-
PeHa cBA3b yIJIa JaBleHud Npoduid KyladKka ¥ POIUKA
TOJIKATeJIsL, @ YTOOBI He IPOM30LII0 CAMOTOPMOXKEHHE U
PEKOMeHIOBaH ONITUMAJIBHBIH YTOJI AaBIEHUA; PACCMOT-
PEeH BOIIPOC XECTKOCTH TOJIKATeNA U KyJIadKa, BIUAIO-
Wi Ha AWMHAMWYECKUH Ipoliecc, a ¢ IIOMOIUIBIO Aud-
(epeHIMATBHBIX YpaBHEHUH, OIpeJieIeHbl ITapaMeTpshl
IOBIDKYIIMXCA YacTed TonKarend [5 ].

Teopernueckre wucclIefOBaHUS M IIPAKTUYECKOE
WCIIO/JIb30BaHNE HEJIWHENHBIX [BIDKEHUU HEKPYTJIbIX
3y64aThIX KoJeC paccMOTpeHsI B paborax P.III. Bapcu-
mamBuay, . Jlutsuna, Y. AproGonesckoro [1, 2, 3, 4,
5]. M3BecTHO, YTO CIOXKHOCTBIO pacyeTa JJII HEKPYTJIBIX
3y64aThIX KOJIeC ABLIETC OIpefieieHre TOYHOTO 3Hae-

HHA LEeHTPOUAblI HEKPYTJIOIo 3y6anoro KoJieCa, rae
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3afaoTcs QyHKIMeH IepeMelleHus KOleC B aHAIUTH-
YeCKOM WIX B TAaOJIMYHOM BHJE M PACCUUTHIBAIOTCSI
IpUOIMKEHHO IIyTeM pa3joXeHUs GYHKUUM B PSABL
®ypse (2, 3, 4, 7]. [lna mecrepHU IpeABapUTENIbHO 3a-
JAIOTCA MOZYJIEM 3allell/IeHU /1 , YUCIOM 3y6beB Z U
IIepejaTOYHBIM OTHOIIEHIEM, IIEHTPOM CMelleHUs Bpa-
IeHUA-5KCUEHTPUCUTETOM €, TIe OTHOCUTEIBHOE CMe-
IeHne & PaBHO
e=—, 1
r
IJie pafuyc AeJuTeNbHOM oKpyx)HocTH. OTHOCHTEIBHO

CMeELleHre OIlpenesgeT AUIIA30H HN3MEHEHWd IIepeavn

[7]

1-¢ l1+¢

imin = o b T (2)
k—(1-¢) k—(1+¢)

a
k=— , d MEXO0CEeBOE€ pacCTOAHMNE, KOTOpOe oIipene-
r

nsercs npubmwkenHo [7]. Ilpu pacyere mepermau c
HEKPYIJIBIMU KOJIECAMHU CJIOXXHOCTH IIPeICTaBIAET TOU-
HOe OIIpefieJieHHe MeXOCEBOTO PAaCCTOSHHA, KOTOpOe
JODKHO YZAOBIETBOPATH YCJIOBUIO 3aMKHYTOCTU LI€HT-
pougsr [1, 2, 3]. [lns mectepHU LIEHTPOUJOM SBISETCS
JeInTeIbHAsA OKPYXKHOCTh ¢ Toukoil O1; 2- meHTpouza
3y6uaToro kojyeca ¢ meHtpoM Bpamenua O (puc.l). B
CBS3M C TeM, YTO 3yObs LIECTEPHU PAaBHOMEPHO PacIIo-
JIOXKEHBI C YIJIOBBIM LIATOM KOOPAMHATHL TOYKH A B

IJIOCKOCTH CHCTEMBI X0y OYZyT :
X=rcosQy y=rsing, 3)
X =rcosp—e; y,=rsing, (4)
Ime ¢, ,¢@, OOGO3HAUeHBI B3aMMOCBSI3aHHBIE YTJIBI LIEC-
TepHU U 3yO4uaToro Kojeca, a 4epes 7,7, - PafHyCh
LIeHTPOu], KoTopble Kacatorcs ro tuHuu O1 u O2B ToUKe
D; 3mecs cirpaBe/THBO PaBEHCTBO
n+n=a, 5)

Yron ¢, BEIpa:xKeH uepe3

@, = arctg Al arctg _rsmg 6)
X rcosp—e

Cpasp Mexzy 1 U @, onpeneneHa (puc.l) [ 3]

n=A4C-0C =\/r>2—(esin¢7)2 —ecos @ (7)
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(02 - Ol'[pe,II;eJIiIeTCfI, KaK BpaHLeHI/Ie IJ;EHTPOI/I,II; 663
CKOJIB)X€HUA B ;l;lx[(b(bepeHuHaJILHOM BUE:
ndey =nde,, 8

OTKYZa OIIpefie/IgeTCs YTOI 06XBaTa ), :

49 ©)

4 -1
\/rz —(esingol —1cos (/71)

3aBucumoctu dyHkuuu @, (¢,) Tpebyior pacyera

D =

O

[7], rAe UCIIOJIb3YeTCAa HPI/I6JII/DKEHHOG MaTeMaTHU4Ye€CKOe

vHTerpupoBaHue ['aycca u paccuuTsiBaloT MHTErpan I=

c
_[ f(x)dx , 3HadeHHEe KOTOPOTO 3aMeHAETCA MHTEIPAJIOM
b
1
IV( u)d u , Te BcmomorartenbHas QyHKIMA L(U) UMeeT
0

BUJ,
v()=0,5(c-b) £0,55b), (10)
a BeJIMYMHY HMHTerpaja OIpejesaloT CyMMOM IIpo-
u3BeIeHU N

=32 Av(1;) (11)

Puc. 1 llenTpouns: mepeaauu (7]

ITockonpKy Bce 6oblIee pacIpoCTpaHeHYE HAXOJAT
HeKpyTJIble 3y6uaTsle Kojeca, TOUCK YIPOWIeHHOTO Me-
TOZAa pacyeTa IEHTPOUABI 3y6UaTOro KOjeca SBIAETCI
aKTyaJIbHOM 3amavyent.

W3BecTHO, YTO MOTyYeHNUe IIIHUIICA IPOUCXOAMT ITy-
TeM IlepecedYeHMs HeIapajIeNbHOH II0 OTHONLIEHMIO K
obpasyomeif OKPYXHOCTH LMJIMHApPAa HAKIOHHOM
IJIOCKOCTBIO [8], O4eBUIHO, YTO NMPH IPOEKTUPOBAHUH
Ha OKPY>XHOCTH Touku M (puc. 2) Ha IUTOCKOCTH S BBe-
JleHa CHCTeMa KOOpJAMHAT, B KOTOPOH OCh abcuuc Ciry-
xkut npamas EF, a oceio opgunar — npamas BJI. Ko-
opzauHatsl Touku M B mwiockoctu R, o603HaueHsI yepes

X Uy, a koopzuHatel Touku N B S — wepes x', )" Tak kax
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TeOMEeTpHuIEeCKOe MECTO TOYEeK N ectp OKPYXXHOCTb

OB =b, T0 x',y' cBsI3aHBI ypaBHEHUEM

(12)

,ZLJIH IIOJTy9YeHHsI YPaBHEHUA OBAJIbHOM JIMHUU, KO-

er +y12 :b2 .

TOpasA ABIAETCA TE€OMETPUYECKHM MECTOM TOYKH M,

BBIPAXKAIOT IIepeMeHHble X', )’ Yepe3 KOOpAUHATEL X U
y touku M. Oppunara y' = NQ paBHa oppuHnare y =MP,

TakuM oOpasoM )'=y . U3 momobus TpeyroibHUKOB

OCF u OPQ nHaxogsr
x' OF b b
= =" orkyma x'=—x 13
x OC a A a 13)
IMogpcrasnas B (12), (13) u y'=y wnomyvaem
b 5 —p? 2
— X" +y" =b" u pasgenus mouneHHo Ha b”,
a
2 2
XY
IOy YUM —+—==1. (14)
Y a* b

Vpasuenue (14) mpepcrasiseT i1000€e 0BaIbHOE Ce-
JeHHe KpPYIJIOW IMJIMHIDUYECKONW IIOBEPXHOCTH MU
MeHseT CBOe 3HaUeHMe B 3aBUCHMOCTHU OT BRIOOpA BeJIH-
YMHBI IWIMHIPA U ceueHus Ha HeM. OxkpyxHOCTb EBFD
ecTb ceueHue (puc.2), rae a = b ypasHenue (14) mpunu-

MaeT BU[L
(15)

Ecnu a u b He paBHHI U cuMTasg a Torza GepeM IU-
auHAp paguyca OF=b paccedeM ero Kakoit Ju6o ILTOC-

KOCTBIO, 06p33yﬂ C INIOCKOCTBIO OCHOBAHUA yTOJI, YTOOBI

cos= —. (16)
a
Torma OC= or =b: E:a
cosa a

Hccnepys ero ypaBHeHHe

2
x—2+y—=l,
a b

paspeiras ypasHeHue (14) oTHocuTebHO ¥ — IOITY-

2
2

YarwT
Y = ism , (17)
OTHOCUTEJIBHO l'IO.TIy‘IaIOT
xzi% b — 3%, (18)
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1 y6exgaeMcst, 9TO SIUIUIIC JIEXXUT BHYTpH Ioxoc RQ
SP, mapasenbHBIX OCH abGCIIUCC ¥ OTCTOSIIUX HA pac-
crosuuit b ( puc. 3). Y3 ypaBuenus (18) oueBuzgHo, uTo

[JIA KaXXOro 3HAYE€HUA Xl a6CI.[I/ICCLI X MeHplIEro Io

a6comoTHOM BenuynHe ( | | morydaior aBa

Puc. 2. K nocTpoeHuIo 3/mMIca, Kak cedeHne IuHzpa [8]

3HaYeHMA OPAUHATHI, TPOTHBOIIOJIOXKHBIE IIO 3HAKY
touku djutunca (puc. 3 ) M1 u Mz, a ock abciucc CIy>KUT
ocpio cumMmeTpuu dnuica. [Ipu 3HaueHWH Zaer 3Ha-
YeHVe CMBIKAoTCA Ha ocH B Touke A(Al(- oTcTosAmmX OT

Havajla KOOpAWHAT Ha paCCTOAHUE.

0 a
2 /M/

|

|

l I
s T

|

I

Puc. 3. K Bompocy uccnemosarus popmer smwmnca [8]

Taxum o6pazom u3 ypasHeHus (14) rouxku M1 u M3
CHMMeTPUYHbI OTHOCUTEIHHO OCH OPJUHAT. Y paBHEHIE
(14) moxassiBaer, uro ToukuM Mi( TpUHAIIEKUT
9JUIUICY, TO ¥ TouKa M4(JIexxuT Ha aJUIHIICe, TaK Kak pa-

BEHCTBO MOYXHO IIepeIINCaTh TAKKe B BHe
2 2
—+—5-=1.
a b
Touxu Mi( 1 M4( pactiosioxeHbI CHMMETPHYHO OTHO-
CUTeIBHO Hadana KoopguHaT 0, uTO ABIAeTCA Ccepe-
JuHOM oTpe3ska Mi1,Ma.
OzHO U3 CBOMCTB 9JUIMIICA COCTOUT B TOM, UTO BCA-
kuil smnunc,popmyna (14) MOXHO IOJYyYWUTH pPaBHO-
MepHO CXXuMas (HJIM PacTATUBAA ) OKPYXKHOCTh B KAKOM

— nu6o Hanpasienuwy, (puc. 4) [5].
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ITocrpoennas okpyxHocTs ACA'C' ¢ 60BIIO0H OCBIO
2a sjUIMICA U3 THaMeTpa, Ife ypaBHEHHE OKPYXHOCTU
(puc. 4) xoropoit 6ymeT

¥ +3° =4, (19)
Ige X U ) - TeKylue KOOPAUHATHI OKPYXHOCTH, OTKY-

Iia OTIpeseJIsIoT

y=tJa’ -3,
¥ CPaBHUM C YpaBHEHUEM DJUINIICA
b |
y=1t— a’—x*.
a
Paspenus ypasuenus (21) za (20), moxyaum:
r_ 5
y a

VYpaBuenue (22) BbIpakaeT, YTO OTHOLIeHUE JTI000#

(20)

21)

(22)

opzuHaTel y 3sumnca PM k cooTBercTByIomeil opmu-
HaTe y PN OKpyXHOCTH Bcerza paBHO MajoOH OCH

b=0B x 6omsmoit ocu a=04 = 0C, uro osHauaer,
eC/In B34ATh OKPY}KHOCTB PH,Z[I/IYCH a un HO,ILBePI‘HyTb
PaBHOMEPHOMY CXKAaTHUIO B KaKOM M0G0 HAaIlpaBIeHUH,

T.€.COKpaTHUM €€ XOpAbl B OOHOM M TOM XK€ OTHOIIEHUNN

TO B pE3yJbTaTe CXATHUA IIOJTYIHUTCA SJIIHIIC, 60IIb-

mag och 2 KOTOPOTO PaBHA OKPY>KHOCTH, a Majast ochk b
b

paBHa k-a, rme k=— mnpexcraBirger KodpduuumeHT
a

CXKaTu4d.

Puc. 4. K B3auMOCBA3H OKPY>XHOCTH ¥ 3/aMIca [8]
Paccmorpen ciydait, KOTAa B pe3ysibTaTe paBHOMEpP-

HOIr'O0 pPACTDKEHHA OKPYXHOCTH IIO OZHOMY HAIlpaB-

ISSN 1512-0996
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JIEHUIO, T[le MaJiasg OCh SIUIMAIICA PaBHA AUAMeTPY pacTs-
TMBaeMOI OKPYXHOCTH, CIIPOEKTHPOBAaHHAs C HAKJIOH-
HO IUIOCKOCTY OKPY>KHOCTD Ha TOPU30HTAIBHYIO ILIOC-
KOCTH JaeT DJIIUIC, a KO3(pOUIMEHT CXKATUA DJUIHUICA
paBeH KOCHHYCY YIJa, OOpa3’0BaHHOTO HAKJIOHHOH U
TOPHU30HTAIBHOM IJIOCKOCTHIO | ].

[na crydas i=4 Ipu MUHMMAJIBHOM 3HAaUYe€HUU
Z =17, m=2,5 MM, Z, =68 pni BHyTpeHHErO 3aljel-
JIeHUsA 3HAUeHHs JeIHTeNbHBIX OKPYXXHOCTEH COOT-
BeTcTBeHHO d) =43,295MMm, d, =173,182 mm.

n

Puc. 5. Hexpyrnoe syGuaToe Koeco, BEINOTHEHHOE

KOMITIOTEPHO¥ IIpOrpaMMOii.

Cronp mompobCHOe M3IOXKeHHe OCOOeHHOCTeH CBO-
HCTBA DJIIUIICA U OKPY>XHOCTH ¥ B3aNIMOCBA3b X OCHOB-
HBIX ITapaMEeTPOB IIO3BOJIAIOT, II0 HallleMy MHEHHIO, ITO
IIpY IIPOEKTHPOBAHMY IT€pefiad ¢ HEKPYIIBIMU KOJIeCaMU
IIPEJJIOKUTh aJbTEPHATUBHBIA METOJ, IIOCTPOEHHUS
LIEHTPOU/, HEKPYTIJIBIX 3y0O4aThIX KOJeC IIyTeM HCIIOJIb-

30BaHUS TEXHUYECKOU KOMIIIOTepHOfI IIpOrpaMMbI

3axrioyeHue

HcnonssoBanue HeryI‘.TILIX BY6‘IHTBIX KoOJieC Helpe-
PBIBHO Bo3pacraeT 6iarozapsi paspaborke 3¢hGheKTUBHBIX
TEXHOJIOTUYECKX IPOLECCOB IO CTAGMIBHOMY CBOICTBY
IIpu Iepenayde YCI/I.TII/IH B MEXaHHW3ME€ WJIN JBUTATEJIe, B
YACTHOCTH IIPpM OIlepanudaX, KOrza ABMDKEHHE JOJIKHO
OBITH paBHOMEPHBIM IIPH pabo4eM XOfe — MeJIEHHBIM, a
IIPU XOJIOCTOM- OBICTPBIM BO3BpallleHHEM M, YTO CaMoe
TJIABHOE, IIPX STOM MOXXHO TOYHO BBIIIOTHSITH IIOCTOSIHHO
TIOBTOpSIOLIeeCss HEPAaBHOMEPHOE [BIDKEHHE, HMEHHO,
IIPY MCIIONIB30BAHIK HEKPYTIBIX 3y0UaTIX KOJIEC;

2. Jlns moCTpoeHUs IEeHTPOUZHI HEKPYIJIOTO 3y6-
YaTOro KOJeca CJIOXKHOCTBIO SBIAETCSA IOTydYeHHe TOU-

HOro 3Ha4Y€HMA YIJIOB IIOBOPOTA M COOTBETCTBEHHO

U@vy-ols 3m09d0 — Works of GTU — Tpyas: I'TY

137 Ne2 (516), 2020



Ls0bg0b®m bsgdg — Engineering — Mimxenepnoe meno

PaAUyCOB IIEHTPOUJ, Il U I2, TJle UCIOJB3YIOTCA IpHUO-
JDKeHHBIe MEeTOABl MHTEIPHPOBAaHUSA; IIpeJjlaraeTcs
aNTbTEepHATHUBHBIM CIOCOO IIOCTPOEHUs, W3BECTHBIM B
AHAJIUTUYECKON TIeOMETPHMM B3aMMOCBA3M YpPaBHEHHH
OKDY>XHOCTH U 3JIMIICA ¥ IIOCTPOEHME IIMKIOM b 3L~
IITUYECKOTO KoJIeca, Ie OoIpenesieM BeJIUINHBI MaJIOU
1 GOJIBLIOHN IOTyOCeH IIUKIOUAHI ;

3. IlpeanoxeHO MOCTPOEHKE IIUKIOUIBI OJHOCTYIIE-

HYaTBIX 3y6‘IaTBIX KoJIeC ¢ BHYTP€HHHM 3aleIlJIEHNEM C

IleBI0 KOMIIAKTHOCTH PACIIONOKEHUS Ilepefiadd Bpa-
IeHUsI OLHOTO HAIpaBIeHWs IIHEKa ¥ KOMIIAKTHOCTHU
IIPUBOSHOTO MEXaHH3Ma;

4. [lnqa mOBBINIEHUS IIPOU3BOSUTENBHOCTH 06paboT-
KM, YBE&JIMYEHHs Bpallalomiero MOMEHTa TJIABHBIH pe-
)KYH.U/Iﬁ HOX YCTaHOBJIEH IIO AHMAMETPY BBICTYIIA ITHEKA
C HCIIOJIb30BaHNEM HEKPYTJIBIX BY6‘IHTBIX KoOJIeC ¢ BHYT-
PEeHHHUM 3alleIUIeHHeM, dYeM CO3[aeTCs HelHHeiHoe

ABIDKEHHNE U DPTOHOMHYECKHE yCIOBHA SKCIJIOATAIIHH.
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Abstract. Many scientists works were devoted to the use of non-circular gears [1, 2, 3, 4, 5, 6,9,11,12], which
contributed to their spread in constructional and technological improvements.

The German company KOEPFER "EMAG", specializing on the production of circular and non-circular gears,
considers the production of non-circular gears using electroerosion technologies as a very expensive process in recent
years. It is indicated that the use of a traditional round gear is not the best option for non-linear movements requiring
precise technological actions. Most importantly, it is possible to accurately reproduce continuously repeating

nonuniform motion and carry out the process without vibration with non-circular gears.
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Abstract. The article deals with St. Alexander Nevsky military temple "Cathedral”, which at one time stood on
the site of today's parliament building. The article reviews the history of its creation and the influence of the political
environment and the construction of church buildings. The exterior and interior of the temple are also described.
Named Russian artists, according to whose works are created the iconostasis and frescoes in the interior, painted by
local artists. The innovations related to the improvement of the temple are described: the electrification and lighting
system, heating and ventilation systems. A comparison is made with modern churches that were built throughout
the Russian Empire during these years. The similarities and features common to neo-Byzantine temples are analyzed.
The paper suggests the case if Tbilisi would have implemented any other projects built in other cities of the Empire
in the same years. It was suggested that it would be acceptable and compatible to build the same temples in Thbilisi.

How acceptable was the project that was built in Thbilisi, and for what reason the temple was destroyed.

Key words: Alexander Nevsky; architecture; Cathedral; dome; Neo-Byzantine style.
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PeriensenTsr:

M. [JlaBuras, npodeccop dakyabTeTa apXUTEKTypH, ypoaHucTuKYy U fgusauHa [TY

E-mail: maia_davitaia@hotmail.com

M. Temsazse, HOKTOp HCKYCCTBOBEJEHHH, JIUTEPATypHBIH peJaKTOpP TOCYJapCTBEHHOIO JpaMaTHYeCKOTro
mpodeccroHaIBHOrO TeaTpa uM. Pycrasenn

E-mail: m_tevzadze@mail.ru

Awnnoranusd. B crarse paccmarpusaiorcs cs. Anexcanzgpo-Hesckuit BoeHHsId xpam "CoGop", KOTOpSL B cBoe
BpeMs CTOSI Ha MeCTe CeTOZHANIHEro 3faHus mapaaMmeHTa. OGCyXZaeTcs HCTOPUS €ro CO3JaHHS U BIUSHUE
TOTZAIIHeH ITOMUTUYIECKOM Cpelbl Ha CTPOUTEIBCTBO 1[epPKOBHBIX 3faHuil. ONMucaHbl SKCTepbep U UHTEPhep XpaMa.
HasBaHbI pyccKue XyJOXHUKH, ITO pab0TaM KOTOPBIX OBLIN CO3JaHbI HKOHOCTAC U (PPeCcKH B MHTEpPbepe, HAIIICAHHbIE
MECTHBIMU XyZOXHMKaMu. OIMCAaHO HOBIIECTBO, CBA3aHHOE C 6JIarOYCTPOMCTBOM XpaMa, B YaCTHOCTU: CHUCTEMa
9JIeKTPU(UKAIVY U OCBELIeHU, CHCTEMBI OTOIUIEHHUA U BeHTIWIANNH. [[poBeieHO cpaBHEHMEe C COBPEMEHHBIMU €MY
XpaMaMH, KOTOpble GBLIM IIOCTPOeHSHI IO Bceit Poccuiickoit mMIepuu B 3TU TOmbl. AHAIUSUPYIOTCSI CXOACTBA U
0cOGeHHOCTH O6LIKe IJIA HeO-BU3aHTUHMCKUX XpaMOB. B oTueTe faeTcs rumoTesa, 4To 66110 661 ecivt B TOumMcH 65111
6Bl peayn30BaHbl KaKue-TH6O Apyrue IPOEKThl, IOCTPOEHHbIE B JPYTHX TOPOJaX MMIEPHH B Te Xe TOAbl. BbIIo
BBICKA3aHO IIPeAIIOIOKEeHHe, HACKOIBKO ObLIO GBI IPUEMJIEMO U COBMECTHMO CTPOUTENBCTBO TAKHX K€ XPaMOB B
Téunucckoii cpeme. Hackonbko mpuemieMm GBI TOT IPOEKT, KOTOPHIH OBLI IIOCTPOeH B TOGMINCH, M 1O KaKOM

NPYYMHE PaspyLIyIA 3TOT XPaM.
Kirouessie cioBa: Apxurexrypa; Anekcangp-Hesckuii; Kynon; Heo-Busantmmckwmii cruns Co6op.
356bogrzol mstoeo 29.06.2019
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Abstract. The Church of St. Michael of Tver is an example of Russian church architecture in Georgian space. The
temple was built in 1911-1913, financed by Russian donors, Countess Elizaveta Andreevna, Vorontsova-Dashkova, and
the King’s governor in the Caucasus, Illarion Vorontsov-Dashkova. The temple, built on the slope of Mtatsminda, was
supposed to be another “Russian” accent, as opposed to the Georgian church of Mamadaviti (1859-1871).

As indicated in the encyclopedic reference book of Thbilisi, according to the plan of Tbilisi in 1903-1904, this place
is called "woman’s meadow". The construction of the road to the church was completed at the expense of the personal
funds of Countess Elizabeth Andreevna, Countess Vorontsova-Dashkova, and was later renamed "Elizabeth Avenue"
in honor of the wife of the King’s governor. The frescoes on the walls of the temple with the images of Georgian

saints are being written by the current Dean.

Key words: Architecture; dome; kokoshnick; Michael of Tver; Russian church architecture; the Vorontsov-
Dashkovs.
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ITlepxors Muxamna Tsepckoro B T6mmucu
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Penensentsr:

M. Izunsurypu, npodeccop dhakyIbTeTa apXUTEKTYpPhl, ypOaHUCTUKY U gusauHa ['TY

E-mail: maia.dzidziguri@yahoo.com

M. TeB3azse, OOKTOp HCKYCCTBOBEJEHHU, IUTEPAaTypHBIN peJAKTOp TOCYZApPCTBEHHOTO paMaTUYeCcKOTO
podeccHOHAIBHOTO Tearpa uM. Pycrasenn

E-mail: m_tevzadze@mail.ru

Annorarua. Llepkoss Cs. Muxanna TBepckoro — mpuMep pyccKoif LEepKOBHOM apXHTEKTyphl B IPYSHHCKOM
mpocTpaHcTBe. XpaMm ObL1 mocTpoeH B 1911-1913 romax. He ciy4aiiHO B 3TOM MecTe BeJIOCh CTPOHUTEIBCTBO,
¢duHaHCHpyeMoe poccuiickuMu goHopamu rpadunu EnusaBers: AHzpeeBHsI, rpadrHu BopoHLoBOIi-/lankoBoi u
mapckoro HaMecTHuKa Ha Kaskase Minapuona Boponnosa-/lamkosa. XpaM, Bo3BeJeHHBIN Ha CKJIOHe MranMuHza,
IOJDKeH GBI CTaTh ellle OJHUM «PyCCKUM» aKIleHTOM B IIPOTUBOBEC I'PY3UHCKOH mepksu Mamaznasuru (1859-1871).

Kaxk ykassIBaeTcs B SHIIUKIONELUIeCKOM cIipaBouHuKe T6uucy, o miaany Tourncu 1903-1904 rozos sTo MecTo
HasbpiBaetcs "6a6puH Tyr'. CTPOUTENBCTBO ZOPOTH K I[ePKBHU OBLTO 3aBepIIEHO 3a CUYET JTHYHBIX CPeICTB IrpaduHU
EnuzaBets! AuzmpeeBHsI, rpadunu BopoHuoBoii-/lamkoBoii, 1 mo3gHee GbLIO IepeMMEeHOBAaHO B "Enn3aBeTHHCKYIO
aBeHIO" B 4eCTh JKEHBI LIapCKOro HamecTHrnka. Ppeckum Ha cTeHax xpama C HM300paKeHUEM TPY3HHCKHMX CBSTBIX

MUITYTCA NJeMCTBYIOIIMM IJTaBOM LEPKBMU.

KiroueBbie c0Ba: pycckas mepkoBHas apxurekrypa, Muxamn TBepckoOi, Kymosi, KOKOWHUKY, BOPOHIOBEI-

JamKoBsI.
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Abstract. Regulation of urban density is an essential issue in today’s world. Population growth and the
development of modern construction technologies have led to an increase in urban density, which has negatively
affected the ecological and social issues of cities. This trend continues nowadays and requires the improvement of
construction regulations in this direction. The article describes the problematic density issues, which are also related
to the number of parking spaces in the building. The existing method of calculating the intensity, its pros and cons,
its impact on urban planning processes are discussed and a new method is proposed to deal with the challenges in
this area. The mechanism of using this method differs from the current one and improves the calculation of the
building area. A concept of building function has been introduced and density calculation is carried out according to

the functional zones, based on the principle of calculating the number of occupants.

Key words: Density; functional group; functional zone; occupant; regulations.

ISSN 1512-0996 b3v-ob 3GM3gdo — Works of GTU — Tpyas: ITY
www.shromebi.gtu.ge 163 Ne2 (516), 2020



Ls0bg0b®m bsgdg — Engineering — Mimxenepnoe meno

UDC 72
SCOPUS CODE 2216

MerTopp! yripaBaeHHS TOPOACKOM IIOTHOCTH
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J1. BocTaHaIIBIIIN, acCOLMMPOBaHHBII Ipodeccop GBKyIbTeTa ApXUTEKTYPHI, ypObaHUCTUKY U AusaiiHa I'TY

E-mail: D.bostanashvili@gtu.ge

AwnnoTanusd. Peryniuposanye IIOTHOCTH TOPOAOB ABJISETCA CYLIeCTBEHHON IIPOGIeMOii B COBPEMEHHOM MHPE.
Poct HacenmeHua u pasBUTHe COBpEeMEHHBIX CTPOMTENIBHBIX TEXHOJOTUH IIPHBENN K YBEIWYEHHIO IJIOTHOCTH
TOPOZOB, YTO HETaTHBHO CKa3ajoCh HA SKOJOTHMYECKMX M COIUAIBHBIX IpoGjieMax TOpPOAOB. DTa TeHAEHIUL
coxpaHseTcs B HACTOsIIee BpeMA U TpeGyeT COBEpPLUIEHCTBOBAHMUA CTPOUTENBHBIX HOPM B 5TOM HallpaBlIeHuN. B cTaThe
OIIKMCAaHBI IPOGIEMHBIE BOIIPOCHL, CBA3AHHBIE C IUIOTHOCTHIO, KOTOPEIE TAKXKE CBA3AHBI C KOJIMYECTBOM ITaPKOBOYHBIX
MecT B 3faHnu. O6GCyXJaeTcs CyLeCTBYIOMUI METO/, pacieTa HHTEHCUBHOCTH, €T0 IUTIOCHL M MUHYCBI, €T0 BIUIHHE
HA TIPOIECCHI TOPOACKOTO IUIAHUPOBAHUSA U IIpeJjIaraeTcsA HOBBIM METOZ AJIA pelleHud IpoGyeM B 3TOH 00IacTH.
MexaHu3M JeHCTBUA 9TOTO METOZA OTIMYAETCSA OT CYIeCTBYIOIET0 MeTOAa M yIydllaeT pacyeT IUIOAAY 3aCTPOUKH.
Beezeno nonATHe QYHKIWH 3JaHUA M PacyéT O IUIOTHOCTH II€PeBOJMTCA B COOTBETCTBUHU C QYHKIIMOHATBHBIMU

30HAMH IIO IIPMHIUITY pacdeTa KOJIN4IeCTBa JKUTENeH.

KiriogeBbie c10Ba: rpynms: QyHKIMOHEPOB; IIIIOTHOCTS; PeryIauuy; GyHKIMOHAIbHAS 30Ha.
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Brruucnenue pacnpepeneHuii MHTErpaJbHBIX IIOJTMHOMOB TPETHETO MOPAAKA OT CYJalHBIX

IIPOIIeCCOB TP ToMoITH et HMaHOBCKUX MHTETPAJIOB
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A. Kupraase, npodeccp daxynpTera nHGOPMATHKY U cUcTeM yrpasieHus ['T
E-mail: kirtadze2@yahoo.com

BCKUX MHTEIpaJIOB, HCCIEAYIOTCA KOHKPETHO MHTEr-

AHHOTa]’.'I;I/UI. B pa60Te HCCITe/TyIOTCS CBA3M ¥ AHAJIO- PpajIbHbIE IIOJIMHOMBI TPETHETO IIOPAZKA OT cnyqaﬁHoro

. mporecca. XapaKTepHuCcTu4ecKas HKIIMS TaKUX IIO-
ruu Me>1</1y 3a/lavyaMu TeOPI/II/I Cﬂy‘{aI/IHLIX HPOHECCOB nu p o p p q)y 0,

o JIMHOMOB ABJII€TCA PpelleHHuEM ,ILI/I(bq)epeHIH/IaJIBHOI‘O
(beI/IHMaHOBCKI/IMI/I HHTErpajiaMu. Ha ocnoze paHee II0-

dBHEHMNA B BAPHMAIIMOHHBIX IIPON3BOAHBIX IIPEAHHIE-
JIy9€HHBIX Pe3yJIbTATOB IIOKA3BIBAETCA CyIIeCTBOBAaHINE YP puat P A PeA

(befHMAHOBCKIX MHTErPAJIOB LIS ONPeIeéHHOTO Kac- ~ POPCKOTO THIIA I BLIPKACTCH Hepes efinmarosciue

HMHTEIr'paJibl. IIo OIIpeneIeHNIo (bef[HMaHOBCKPIX HHTEer-
ca q)yHKIJ;I/IOHaJIOB.

" aJI0B, OHU SABJIAIOTCA IIpefielaMy KOHeYHOKPATHBIX, YTO
1 mpocreiimero cixydas cABUTra B IIPOCTPAHCTBE, P ’ pex P >

YCITOBHS «aGCOMIOTHOM HEIPEePBIBHOCTH» Il MHTerpa- ) aoriPaCT Ha HPOUEAYPY MX BRIMHCICHHIA. Hoxasa-

o TEJIBCTBO IIOJYYE€HHBIX PE3YJIbTATOB OCHOBBIBAETCA Ha
JIOB, IIOJyYalomecsa IIpy IIOMOINY JIMHEMHBIX M HEJIN-

o o BBOJMIMOM IIOHATHUHN WHMAaHOBCKOTO WHTET II
HEMHBIX 3aME€H M3 MHTEIPaJIOB II0 IayCCOBOM KBa3HMMeEpPeE on ° ° q)e aHOBCKOTO erpana 1o

o KOHHYECKOM 00JIaCTH.
C KOMIIJIEKCHBIM IIapaME€TpOM ObLIN HauAEeHBbI paHee.

., ., B pabore TaxKe HaXOZATCA YUCTO BEPOSTHOCTHBIE
B mpezcraBieHHO#t paboTe, Ipy MOMOIIH e HMaHO-

nmpuMeHeHUA (GeHHMAaHOBCKMX HHTETPAJIOB, YZaércs
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CBeCTH K pelneHuIo ypaBHeHud lllpesuHrepa Haxoxe-
HHe XapaKTePUCTUUeCKUX (GYHKIIMOHAJIOB IIOJMHOMOB
OT CIIy4JaifHBIX ITPOILECCOB ¥ Ha 3TOM ITyTH yKa3aTh IIPO-

neaypy uX BbIYMCIIEHUI.

KitoueBbie coBa: ciywaiinsiii mpouecc, xapax-
TepucTudeckas (yHKIUS, H3MEPUMOe IPOCTPAHCTEO,
OTIepaTophl, MHTErpabl, NpeJiebHbIH Mepexos, pas-

OreHue OTpe3Ka, KBAasMMepa, paclpeeeHue.

Beepenue
WnaTerpupoanue B QyHKIIMOHATIBHBIX IPOCTPAHCT-
BaX — BaXXHBIX pasziesl COBDEMEHHOM MaTeMaTUKU, TECHO
CBA3aHHBIM C TeOpHEeH CIy4alHBIX IIPOLECCOB, MaTeMa-
TUYECKUM aHaJIW30M W HMEIOIIMH Cepbe3HbIe IIPUJIO-
JKeHHs B MaTeMaTHYeCKOM 1 TeopeTHdecKoi gusuke.
Jna moTpeGHOCTelt GU3MKKM HEJOCTATOYHO HH-
TerpajoB II0 3HAKOMOCTOAHHBIM MepaM. XOpOIIO W3-
BeCTHO, uto P. PeifHMaH ma TPaKTOBKY KBAHTOBOM MeXa-
HUKHA M DJIEKTPOAVHAMMKH, OCHOBAaHHYIO Ha HCIIOJIb-
30BaHMH HOCAIIMX €r0 MMs MHTErPajioB B MPOCTPAaHCTBE
TPaeKTOPUM. OTH HHTeTpajbl AHAJOTHYHBI CPeJHUM
TEOPHMM MapKOBCKMX CIy4YaHHBIX IIPOLIECCOB, HO POJb
MEePEXOHBIX BEPOATHOCTEH HUIPAIOT  KOMILJIEKCHBIE
GbyHKIUY, HpejcTaBIgiomue coboi GyHAaMeHTaIbHbIE
pelleHys ypaBHEHHUH MIPpeAMHIePOBCKOrO THIIA.
CoorBercrBytomas «Mepa QeiitHMaHa» He UMeeT OT-
paHMYEeHHOM BapHAllUU y)XXe Ha anrebpe IUIUHIPU-
JeCKUX MHOXeCTB [1], 1 moToMy el HMaHOBCKUE HHTeT -
pajsl He MOTYT CTPOMUTBCA TaK, KaK 3TO HejaeTcs B
KJIaCCUYECKOM TEOPHUM MEPBL: OHM IIONYy4alOTCa B pe-
3yJIbTaTe CIeIUaabHOM IIpeAebHON MPOIeyPhI.
Paccmorpum xjmacc GyHKIuM, IS KOTOPHIX Cy-
mecTByeT HeHHMaHOBCKHI HHTeTpaJl.
X=X+iX

mpoctpancTBa X. Msl Gyzem roBoputs, 4to f(x) —

ITycrs KOMILJIEKCHOe pacliupeHUe
¢dyHKIIUA KiIacca A, eciu OHa YJOBJIETBOPAET Cle-
LYIOLIMM yCJIOBHSM:

A - 1) f(Ax) — n3mepuMa OTHOCHUTENIBHO x€ X ,

npu eV ,rme z=Ax,
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V:{ﬂ: A=pe”, 0<y<%}

A - 2) f(Ax)- amamutmuHa mo A B obimactu V u

HeIIpephIBHA BIOJIb FPAHUIIBI IIPU X € X .

A — 3) BBIIONIHAETCA OIl€HKA
|f(xel'7 )| < c.e(Ax,x)sin27+g(x)¢(||x||)’ (A < B*l)
rme ¢(x) orpaHWyYeHa M HeIpephIBHA B JIOOOM KOHEU-

g(x)
HOM IIPOCTPAHCTBE, & —
(B 'x,x)

HOMepHO Ha cdepe B MI060M KOHEYHOMEPHOM IIPOCT-

— 0 mpu ||x||—>oo pas-
paHCTBe.

OcHnoBHas 9acTb

Iycrs £(t) (0 < t < T) — crygaifHBIi Ipollecc, UMe-
IO M3MepUMBble, IIOYTH HAaBEPHO OrPAHUYEHHBIE
TPaeKTOPUH, C U3BECTHBIM XapaKTEPUCTUIECKUM QYHK-

I[MOHAJIOM.
r.(0)=M exp[i.[ O(r)e(r)dr].

PaCCMOTpI/IM HHTerpaJIBHLIfI IIOJIMHOM BH A

n =Y @6 (). M

0 k=1

XapaKTepuCTHIeCKasd Q)YHKHI/IH KOTOpOTro ABIAETCA

dyuximonanom ot KoadduriuenTos moauxHoMma (1).

7.(a,....,a,) =M exp iijak(r)gk(r)dr ) (2)

k=1 ¢

BorumcuM pacupezerneHyie IUCKPETHOTO aHAIOTa
¢dyuxiuonana (2) nig n=3

Teopewma 1. Ecu

ZG)(a;ﬂa}/) :ZG)(O{Ia"':am;ﬁlsn'aﬁm;719---57/m) =

=M exp iZakgk +i2ﬂkg,3 +iZ)/kg,f ,
k=1 k=1 k=1
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TO
2, B.y) =

= [ 2P@ 40, By (O xdy), (4)
R2m

rae y\ = (yl(l),...,y,(nl)), y@ = (yl(z),...,y,(nz)) , a MaTpuna A nmMeert BUJ,

by

A=

Ecmu y@(a, f) bysuxmus xracca A, To

2D, p.y) = I 2P (a+ =iy,

R2m

B+=iyy P (' xdy™).

JoxkazarenscTBo. IlycTs

¥, Bty 75) = ¥, B t1seens 755 0,..0).

Ecnu nmpopuddepennupyem paBeHCTBO (3), TO IOXYIHM

81(3) {izakgk‘*iZﬂkgAz-”z}’k&z}
s —iM|glel = =t ,
75
621’(3) {izakfﬁiz,ﬁk&f”z”&f}
s — M| Sl k=l k=l
0o, 0 ’ ’

a TaKJKe CIIEAYIOIYIO CUCTEMY [JIA 3aJa9n Komu

a;((3) y 52;{3(3) I

£ = b S = ]‘9 m7
. 0a,0p;

N

3
I Birsen V) ym0 = XN BiFrsn V)

n
3 2
1P =22 (@p
8;(1(3) . 5211(3) ) (3) o
=—1 5 a, P, 0= o, — a;
o omap A GBI = 20 (@) = (@)
oy _ o x 3) 3)
= ; a4 Bir12)y—0 = 20 (a3 3
07, 0a,0p, & (@f N 72)72 0=X (a; B ")
i _ O 0 ®
= —1 5 m APV s m 0= . a; B vy e
67”, 8amaﬁm z ( 'B N 7 )}/,,1 0 X 1( ﬂ 7 7 1)
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ITpumensas bopmyry u(x,t)= I f(x+y)m, (dy) noxyaum
H

3 2 1 2 1 2
22 (e Bin) = I 2P+ 30 ey @i B+ 9 B B iy, () x dy?),
RZ
EO@Bir1ir2) = [ 2000+ s 1 By 4 PP P B My () x ) =
RZ

2 1 1 2 2
= J. _[Z( )(az +J’1( ),062 +y§),(x3,...,am;,6’1 +y1( )sﬁ2 +J’§ )’ﬁB""’ﬂm)X

R* (R?

(1)

X ip, () < dy?)

iy, (@) x )

M II0CJIe MIIaroB
3 2 1 1 2
2@ Bt V) = I 2P+ 90, ey, + 90 o+ P
RZm

2
Sy + i) x

m
<t (dy" < dyP)xx gy, () xdyD) = I 2@+ Y05 8+ YN T [ rtir, (@ x ).
R2m k=1

3Iech y — MaTpHUIla, KOTOpasd UMeeT CIeAyIOUMil BUT,

3 0 1
"1 o)
Ho tak xak ZS)(a;ﬂ;y):;(G)(a;ﬂ;}/), TO

2P i) = I 2P @+ 3V, By i, (dyV xdy?).
RZm

Temepp MOXXHO PacCMOTPETH BOIIPOC O BBIUMCJIEHHUH XapaKTEPUCTHIECKOro QYHKIIMOHAIA A WHTEeIPaIbHOTO
TIOJINHOMA TPETheTo IMOPAAKa.
IIycts

T

T T
1s(@ Biy) = Mexp ij a(t)e(r)dr +i ﬂ(z’)sz(f)erriI H(0)& (D)dr .
0 0 0

Teopema 2. Ecmu 2 (a, f) bysxuus xracca A, o

(@i = [ [ zaasy® By (O xdy)
HH

a KOppeJIAIMOHHEI QYHKINOHAI rayCCOBOM KBAa3UMePhl 4 _;, , MMEeT CIIe[yIOunii BI
T
i((-i7 0.0) ==2i[ 700, (0 (e,
0

roe Q=0 x0,.

JoxasarensctBo. Paccmorpum pasbuenue ¢(7y,...,7,) unrepsana [0, Tlc Toukamu 0<7, <..<7, <T u IycTh
e(ty_y) =&, a(ry) = Aty, B(r) = BAty, v (7)) = 1Aty

O6o3HauuM vepes ;(;3) (a; B y) Bepakenue
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)(;3) (a;B57) =Mexp{i2akgkArk +iZﬂkg,§Ark +i2ykg,§Ark}
k=1 k=1 k=1

Tax xak

m m m T T T
q
exp{iz o & AT, + iZﬁkelfArk +iz ykgiArk}—)exp iIa(T)E(T)dT + ijﬂ(r)ez (r)dr + iJ (1) (r)dr t,
k=1 k=1 k=1 0 0 0
TO IpuMeHss TeopeMmy JleGera o IpemeIbHOM I€pPeXo/ie IO 3HAaKOM HHTerpasa, oIy IuM
T T T
lim £ (e: 5:7) = 23 @3 f37) = Mexpli[ a@)e@dr +i[ B@)e )z +i[ )’ @0,
q
0 0 0

HOBTOMY
. 2 . 1 . 2 1 2
13 (e Bsy) = lim I 22 (@t + =iy y D, PAT+ =iy y Py (dy ™ x dy ™).
q RZm
Onepatop A He3HAKOIIOCTOSHHBIN ONEpaTop, MOSTOMY 3/1eCh NpeJebHBI Mepexof MOJ 3HAKOM HHTerpasa

coBepuath Henb3s. [lagum gpyroit Buz dopmyie (3).

Iycte A=UAU"", e U- oproronanshas matpuna (U ' = U*), a A — guaronansuas. gy = [1 Oj nMeeM

L €
b
V2 V2

VR
—_ o
O -
Ne—

I

IIO3TOMY IIOJIy4aeM AJIS MaTPHUIBI A

_
51—
o
-
o

5= 8-
2

(=)

— —
S
|
L

Sl- 51
2

|- 5=
5l 15 -

1
V2 2
11

2 2

W3BecTHO, 4TO eciu U, TrayccoBa KBasuMepa B TUIs0epToBOM IpocTpaHcTBe Hu SauneiiHoe oTo6paxenue H —

H, 1o
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[ F(S0) 0 (dx) = [ £ () tzscse (), )
Tak kak 4 =UAU*,, TO

2P piy) = I 7P (a+ vy, By, (@D xdy?) = I 2P (a+y Y, B+ vy (@ xdy?).
R2m RZm

o _ @ ORE))
zV -z o _Z 'tz

, Y == ady® =dzM, dy@® = dz3),
V2

IIycrs y = Uz, 310 3Ha4UT, 4TO y(l) =
Y N
IIO3TOMY uMes B Buny dopmyiy (5), morydaum

(3)( B.7) (2) 2 7@ B 20 +2% (d O x4 (2))
yARUS §7='[)( a+ P+ H_pp (dz" xdz* 7).
RZm \/5 \/5 7

Ilycts y?(a, f) dyHkuus knacca A, Torga

ROBNG)
2 Biy) = I @) (ah/ \/» ﬂ+\/ JﬂA(dZ(l)XdZ(Z)).
RZm

ITomoxxum, uto A=A, —A,, rme

TOorZ;Ia

L0 +Z<2)

1(3)(a;ﬂ;7)=j j Q{Ofﬂ/—l ﬁ+\/ J
R™ R™

xpip (dzY gy dz?),

PLORC)
(3)(0( 5; }/)—hmJ‘ J;((z)(aAr—i-F ﬂAr+\/_ A j

R™ R"

(6)

7)
XIUATAI (dZ(l) )/u—ATAZ dZ(Z) )

B (7) MmoxHO cmenaTh IpefenbHbIH Tepexos, 0], 3HAaKOM HHTerpaa

L0 Z(2>
1@ Biy) = ”ﬂcz(fHH \/- S e i ]

xiy (dzD) gy, dz?).

Ecnu B (8) caenars o6paTHOe MpeobpazoBaHue MepeMeHHBIX, TO IOTY M

@B = [ [ (ae O By @ xdv™).

b&v-ob 3Gm3gdo — Works of GTU — Tpyas: ITY ISSN 1512-0996
Ne2 (516), 2020 170 www.shromebi.gtu.ge



350098035 — Mathematics — Maremaruxka

Ecmu Q = Q X Q,, TO KOppeNALNOHHbIN QYHKIINO- 3axoduenue
HAJI JUIA TayCCOBOM KBAa3MMEpPhI HMEeT BH Mbl  BBIYMCAUAN XapPaKTEPUCTUUECKUI OYHKLMOHAN
r pacnpefeneHnii  MHTerpasbHbIX MNOJAMHOMOB TPETbero
i(BQ,Q)=—2in(t)Q1(t)Q2(t)dt, ) nopsAfKa OT C/y4YalHbIX MPOLLECCOB M HALAM KOppens-
o LIMOHHbIV GYHKLUMOHAN raycCOBOM KBasumepbl u ,

rie —iyA=iB , nprdyeM omepaTop A He 3HAKOIIOCTOSH-

HBIN faxe mpu y = 0.

JIurepaTypa
1. Daletski Yu.L., Phomin S.V. Measures and differential equations in infinite-dimensional spaces. Moscow:
“Nauka”. 1983. (in Russian).
2. Pipia G. M. On one class of Feynman integral. Bulletin of Academy of Sciences of GSSR, Thbilisi: “Metsniereba”.
1982. (in Russian).
3. Skorohod A.V. Integration in Hilbert space. M.: “Nauka”. 1975. (in Russian).

UDC 681.3
SCOPUS CODE 2613

999mbg93000 36HM(391900056 Aglssdg Mool 0bE MO dcgrobmdgdolimgols
296500505 350mm3es 3906360l 06EYMIEgdols 259mygbgdom

0935 353003 3M3309BHgMmeo  0b7g0bgMool  ©g3smEIBGH0, Lodsdmggarml  Bgdbozmmo
m60390L0E G0, Ladomzgarm, 0160, mdoobo, 8. 3mbEogsl 77
E-mail: r kakubava@gmail.com

2030 BOBOS 050099530306 ©335MFII6E0, bodoMmzguml  Ggdbozmnmo  MboggdLo® o,
Logo®mnggerm, 0160, ®doerobo, 3. 3mbEsgel 77
E-mail: givififia@yahoo.com

93539M0bg amyewys 239500m30m0o 3509853030l ©935MHI96F0,  Lodstrmzgwml  Bgdbozmdo
m60390L0E G0, Ladomzgarm, 0160, mdoobo, 8. 3mbEogsl 77
E-mail: d_gulua@gtu.ge

69396B9b@gd0:

B. §35005d9, LEw)-0b 06BMOTsE03oLs s B30l LOLEIIFOOL B3N EHIGOL 3OMBILMEO
E-mail: zurakvatadze@yahoo.com

5. 30603599, LGHY-0b 06BMOT5EHO3OLS s BoMMNZ0L LOLEJIJOOL B53MWEIGHOL 3OHMBILMEO
E-mail: kirtadze2@yahoo.com

3b6m@o30s. 65396980 0gm LogMEgdo FsGEHO30 A9HFOWIBOL Fgdmbggzedo 0B aMIgdoLImZ0L

ISSN 1512-0996 bE-ob 3Gm3gdo — Works of GTU — Tpyas: ITY
www.shromebi.gtu.ge 171 Ne2 (516), 2020



350098035 — Mathematics — Maremaruxka

»0BMENEHMOHO  MfYzgBHMdOLE 30MHMds, MHMIgwog doowgds FOHB030 s sMFOHB0Z0 F9MEsddbom 30d3-
@@9dbO0 356539BHJO0560 25MLoL 335H0BMIOL 0bEYYMIIBOEIB.

5069 300930 §909g00L 15539d39w DY, BwY6JE30MbIgdOL FbLIBOZOYWO Jwsbigdolomzol, bsbgg-
69005 89063560L 06¢3)gMHoEgdOlL sMLYdMDS.

6596300 29033 gM0s 353006JO0 S bsMR09d0 Fgdmbzg30000 MJMEO0L 3MM3EJLYdOL sTM(35690Ls
5 139063560L 0bEHIYMoEgdL FmEmOb.

539060560l 0639300 qd0lL 259mygbgd00m 458m33wgwemos 990mb3g30m0 3MHM3gLd0D 3Mb3MgEwwo dg-
Ls3g 0oL 0BGIFMIMGO 30er0bmdgdo. sgm0 30EObMIFIOL Fobslosmgdgwo Bbdz0s FoMdmaygbl 3s00s-
3099 FoMdmgdyegddo dMgobagmol Fodol oggMgbEosIMo AsBEHMEgdOL sdmbsbLBL s 353molsbgds
539060560 0639369 gd0m. 539063560l  063aMewgdoL  g9bLbBEIMOL  Msbsbds, obobo  [oMmImowagbgb
Loli¥gex 950560 063gaMocgdol B@3mgdl, Mol 30MmOmMgdL 3500 JodMMZEol 3MMEJEIML. J0rgdwYo
3900929000 93303905 99OHEBMdS 5390635601 06E gAMoL A5BLEBEIML 3MbMLwE s69BY.

B596mddo  s3Mgm3g FowgdMwos 13g0bdsbol 0bEHIYMmOWgdOL  SWBSMMMO  dmygbgds. Fgdmbggzomo
360399000 3obMTGOOL FosbslosMdIo BMBJE0MbIEgdOL 3m3gbol sdmEsbs ©sYzsbowos GMgEob-
3960 2obBHME g0l 5MblbsBY s 53 B0 bsh39b3d0s Fomo Fodmmzarol 3GMEgEYIMS.

15533960 BOEY3900: b0 gds; BMBso LOgMEY; BOIMMEO F5BZEs; 06)JMEYB0; 335B0BMIo;
0obslosmgdgo BbIE0s; M3gMsGMm™mYd0; 990mb3g30000 3MMEJL0; 895yl oYmRo.

b&v-ob 3Gm3gdo — Works of GTU — Tpyas: ITY ISSN 1512-0996
Ne2 (516), 2020 172 www.shromebi.gtu.ge



350098035 — Mathematics — Maremaruxka

UDC 681.3
SCOPUS CODE 2613

Calculation of third-order integral polynomial distributions of random processes using
Feynman integrals

Revaz Kakubava Department of Computer Engineering, Georgian Technical University, 77 M. Kostava
str, 0160 Thilisi, Georgia
E-mail: r.kakubava@gmail.com

Givi Pipia Department of Mathematics, Georgian Technical University, 77
M. Kostava str, 0160 Thbilisi, Georgia
E-mail: givififia@yahoo.com

Ekaterine Gulua Departament of Computational Mathematics, Georgian Technical University, 77 M.
Kostava str, 0160 Tbilisi, Georgia
E-mail: d_gulua@gtu.ge

Reviewers:

Z. Kvatadze, Professor, Faculty of Informatics and Control Systems, GTU
E-mail: zurakvatadze@yahoo.com

A. Kirtadze, Professor, Faculty of Informatics and Control Systems, GTU
E-mail: kirtadze2@yahoo.com

Abstract. The paper refers to the connections and analogies between the problems in the theory of random
processes and Feynman integrals. Based on the previously obtained results, the existence of Feynman integrals for a
certain class of functionals is shown.

For the simplest case of a shift in space, the “absolute continuity” conditions for the integrals, obtained using
linear and nonlinear substitutions from integrals over a Gaussian quasi-measures with a complex parameter, have
been found previously.

In this paper we study specifically the third-order integral polynomials of a random process using Feynman
integrals. The characteristic function of such polynomials is a solution of the differential equation in the variational
derivatives of the Schrdédinger type and is expressed in terms of Feynman integrals. By the definition of Feynman
integrals, they are finite-multiple limits, which indicate the procedure for calculating them. The proof of the results
obtained is based on the introduced concept of the Feynman integral over a conic domain.

In the work, purely probabilistic applications of Feynman integrals are also found. It is possible to reduce to the
solution of the Schrodinger equation the determination of the characteristic functionals of polynomials from random

processes and indicate the procedure of their calculation in this way.

Key words: Characteristic function; distribution; integrals; limit transition; measurable space; operators; quasi-

measure; random process; segment division.
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B mpezcraBnenHol pa6oTe, Impu moMmouy GeiHMa-

AHHOTal'I;I/UI. B pa60Te HCCITeTyIOTCS CBSI3H ¥ aHa- HOBCKHX MHTETPAJIOB, MCCIEAYIOTCA KOHKPETHO MHTET-

JIOTHH MeX/Ty 33/[a4aMy TeOPHH cnyqaﬁHHx IIPOLIECCOB PpajibHbI€ IIOJIMHOMBI BTOPOTO IIOPAAKa OT CIIy4YaHHOIO

o II . X KTepUuCTHUYECKad HKIIWA TaKUX IIOJIN-
u QJCHHMHHOBCKI/IMI/I HHTEerpajiaMHu. Ha ocnose paHee ponecca apaKTepHc ecka ‘l)y 1 a ox

HOMOB ABJIAETCA IIeHueM a1 HIIMAJIBHOT -
IIOJTY4Y€HHBIX PEe3YyJIbTATOB IIOKA3bIBAETCSA CYIIECTBOBA- oMo JIACTCA PEIEHIEM /y (b(bepe [IMaJIBHOTO ypa

o . BHEHHA B BAPHMAITMOHHBIX ITPOM3BOAHBIX IIPEANHICPOB-
HUE QJCHHMHHOBCKI/IX WHTEr'pajoB IJIA OIIpE€AEeJIEHHOIO pHat, P A PeA P

KOTO THUIIAa M BBIPpAXKAETCA 4 WHMaHOBCKUE UH-
KJjacca q)yHKI.[I/IOHaJIOB. CKOTO a paxxaeTc epes <1)e AdHOBCKHE

o Ter bI. II II HN WHMaHOBCKUX WHTeTpa-
,ZLTI}I IIpoCTENIIETO Ciay4vas CABHUIA B IIPOCTPAHCTBE, erpaz O OHpEAEJIEHIIO (l)e aHOBC erpa

. JIOB, OHM fABIAIOTCA IIpeZielaMM KOHEYHOKDPAaTHBIX, YTO
yCIIOBUA «aOCOIOTHOM HeNpephIBHOCTH» AJIA MHTETPa- pex P

JIOB, TIOJTYYAIOMMeCs PH TOMOI[bH TMHEeHHEIX ¥ HeIv- YKa3bIBa€T Ha IIPOLEAYPY MX BbIUYMCIIEHU . ,ZLOKaBaTeJH:—

o o CTBO IIOJIYY€HHBIX PE€3yJIbTATOB OCHOBBIBACTCA HA BBO-
HEMHBI 3aMEH M3 MHTEI'PaIOB II0 I'ayCCOBOM KBa3uMepe C y pesy

. MMOM IIOHATUH (PeliHMaHOBCKOIO MHTErpasa 0 KOHU-
KOMILIEKCHBIM ITapaMeTpOM OBLIM HalifleHbI paHee. A ¢ P

YeCcKo# 06JacTu.
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B pabore TaxKe HaXOZATCA YUCTO BEPOSTHOCTHBIE
ImpuMeHeHUA (eMHMaHOBCKMX MHTETPAJIOB, yJaéTcs
CBeCTH K pelneHuIo ypaBHeHud llpesuHrepa Haxoxe-
HYe XapaKTepHUCTHYeCKuX (yHKIIMOHAJIOB IIOJTMHOMOB
OT CJTy4aifHBIX IIPOILECCOB U HA 3TOM IIYTHU yKas3aTb IIPO-

neaypy X BbIYVICIEHUA.

KirioueBbie c1oBa: cryvaifiHbli IIpoecc; XxapakTe-
puctudeckas GyHKIUS; ©3MePUMOe POCTPAHCTBO; OTie-
DaTOPbI; MHTErPasIbl; Ipe/ieIbHbIi lepexoi; pasbuente

OTpEe3Ka; KBa3MIMeEpa; paclipeneieHue.

Beepenue

WaTerpuposanue B QyHKIHOHAIBHBIX IIPOCTPAHCT-
BaX — BaXXHBIX pasziesl COBDEMEHHOM MaTeMaTUKU, TECHO
CBA3aHHBIN C TEOpHEM CIy4alHbIX IPOIECCOB, MaTeMa-
TUYECKHMM aHAJIH30M M HMMEIOIIWH Cepbe3Hble IIPHJIO-
JKeHUA B MaTeMaTUIeCKOH U TeopeTHdecKoi dbusnke.

[l moTpeGHOCTE DUBMKY HEZOCTATOYHO MHTETrPa-
JIOB IO 3HAKOIIOCTOSHHBIM MepaM. XOPOIIO M3BECTHO,
yro P. eiftHmaH fay TPaKTOBKY KBAHTOBOI MEXaHUKU U
3JIEKTPOJMHAMUKY, OCHOBAaHHYIO Ha MCIIOIb30BaHUU
HOCALIYX €ro MM MHTerpajoB B IIPOCTPAHCTBE TpaeK-
TOpPUM. DTH MHTETPalbl aHAJIOTUYHBI CPeTHUM TEOPHH
MapKOBCKHX CIy4YaHHBIX ITPOLECCOB, HO POJIb II€PeXO-
HBIX BEPOSATHOCTEIl WTIPalOT KOMILIEKCHBIe (DYHKIUH,
IpeJCTaBIAomue Co00i (GyHIAaMeHTaTbHBIE pelIeHMI
YPaBHEHMH IIpeMHIePOBCKOTO THIIA.

CootsercTBytomas «Mepa DeitHmMaHa» He UMeeT OT-
paHMYeHHO BapHAIlUU yXe Ha anre6Gpe LUINHAPUIEC-
KHUX MHOXXecCTB [1], 1 moTomMy deiiHMaHOBCKUE MHTETpPa-
JIBI HEe MOTYT CTPOMTBCA TaK, KaK 3TO JeJaeTcsa B KJIac-
CHUYeCcKO¥ TeOpHU MepHI: OHU ITONYy4aloTCs B pe3yIbTaTe
CHeIyaTbHOMN IIpeieIbHON IPOIeTyPHL.

PaccmoTpum kiacc GyHKIMEH, AT KOTOPBIX CYIIeCT-
ByeT eliIHMaHOBCKMI MHTETpaJ.
X=X+iX

mpoctparcTBa X. Msr Gyzem rosoputs, uro f(x) —

ITycrs KOMIIZIEKCHOe pacliupeHUe

ISSN 1512-0996
www.shromebi.gtu.ge

KJjacca A, €eCjini  OHa

dyHnKUIMA
CIIeIyIOIUM YCIOBUAM:

YA OBIETBOPAET

A - 1) f(Ax) — u3mepuMa OTHOCHUTENBHO X € X ,

mpu AeV ,rme z=Ax,
V:{}L: A=pe”, O<]/<%}

A - 2) f(Ax)- asamurmusa no A B o6mactu V u

HeIIpepbIBHA BOJIb TPAHUIEI IPU X € X .

A — 3) BBIIONIHAETCA OIl€HKA

|f(xei}/ )| <c- e(Ax,x)sin27+g(x)¢(||x

), (A<B™")
rae ¢(x) orpaHWYeHa M HeNpepsIBHA B JIOOOM KO-

g(x)

B v — 0 npu ||x|| —>®©

HEYHOM IIPOCTPAaHCTBE, a

paBHOMepHO Ha cdepe B II060M KOHEYHOMEPHOM

IIPOCTPaHCTBe.

OcHoBHas 9acTs

Ilycts €(t) (0 <t <T) — ciay4aifHBI IpoIiECC,
HMEIOIUI U3MEPHMBIE, TIOYTH HaBEPHO OIPaHUYEHHEIE
TPaeKTOPUH, C U3BECTHBIM XapaKTEPUCTUIECKUM DYHK-

LIOHAJIOM.
T
7.(0) = M exp[i j 0(r)e(z)dr].
0
PaccmoTrpyM uHTETpanbHbIN IOTMHOM BHIA
T n
n, = j > a, ()" (r)dr. (1)
0 k=1
XapaKTepUCTHYecKas (QYHKIUS KOTOPOTO SBIAETCS
dyuximonanom ot KoadduriuenTos moauxHoMma (1).
n T
2.(a...,a,) =M exp iZJak(r)gk(r)dr .2
k=1 ¢
BrrumcauM pacnpefenieHre IUCKPETHOTO aHajaora

¢dyuxkiuonana (2) gaan = 2.

Teopema 1. Ilycts € cnyuaitnas BenumuuHa BR™ u

IIyCTh
2 2 . —
Z( )(a’ﬂ) = Z( )(al""’am”ﬂl""’ﬂm) =
=Mexpiiy a,e +i). et
k=1 k=1
D, )0 = 2" (@) = 1.( ®3)
X,y =1 " (@)= x.(a),
TOrZa
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3akiroueHue

Taknm 06pa3om, Mbl BbIMMUCIUIN XapPaKTEPUCTUYECKUI
byHKLUMOHaAN pacnpeaeneHunii MHTerpasabHbIX NOJIMHOMOB
BTOPOro nopsAgka OT CAy4YyalHbIX MPOL,ECCOB WM HawW

XapaKTepUCTUYECKYIO GYHKLMIO «MepbI» L, ., @ B NPU-

mepe 1 HalNKM XapaKTepPUCTUYECKYI0 GYHKUMIO X * -pacn-
peaeneHui.

1. Daletski Yu.L., Phomin S.V. Measures and differential equations in infinite-dimensional spaces. Moscow: “Nauka”.

1983. (in Russian).

2. Pipia G. M. On one class of Feynman integral. Bulletin of Academy of Sciences of GSSR, Tbilisi: “Metsniereba”.

1982. (in Russian).

3. Skorohod A.V. Integration in Hilbert space. M.: “Nauka”. 1975. (in Russian).

U@vy-obs 3m09d0 — Works of GTU — Tpyas: I'TY
Ne2 (516), 2020

178

ISSN 1512-0996
www.shromebi.gtu.ge



350098035 — Mathematics — Maremaruxka

UDC 681.3
SCOPUS CODE 2613

9990mbg93000 36HM391900096 FgmMg Mool 0bEYAMICMGO 3rerobmdgdobomgols
29650090505 350mm3es 539063560l 06EYMIEgdols 259mygbgdoom

935D 3930535 303309 BHghemo  0bgobgHool  ©g3smEsdgbGo, Lodos@mzgwwml  Fgdbozmeo
M6039ML0E A0, boJoOmzgerm, 0160, MdoOLO, 0. 3MLE3L 77
E-mail: r.kakubava@gmail.com

3030 oG0S 050099530306 ©735MFHIIBE0, LodoOmMzgwml  GgdbozmMo  Mboggdlodg@o,
Lodo®mgzgerm, 0160, mdowobo, 3. 3mbEoegsl 77
E-mail: givififia@yahoo.com

935490069y am@ns 23900m030m0  Bomgdo@ozol  ©g3sMGHe096EH0,  Lodomzgwml  ¢gdbozwmeo
16039ML0E A0, boJoOmzgerm, 0160, MdoEOLO, 0. 3MLEZL 77
E-mail: d_gulua@gtu.ge

69396B9b@gd0:

B. §35005d9, LEHw-0b 06BMOTsE03oLs s B30l LOLEIIFOOL B3N EHIGOL 3OMBILMEO
E-mail: zurakvatadze@yahoo.com

5. 30600593, LG)-ob 06BMOToG03oLs s B30l LOLEIIFOOL B3 EHIGOL 3OMBILMGO
E-mail: kirtadze2@yahoo.com

3b6m@o30s. 65396980 0gm LogMEgdo FsGEHO30 A9WFOWIBOL Fgdmbggzedo 0B MIgdOLIMZOL
»90BMENEHMOHO MfY39@GH™IOLE 30HMBS, HMIgoE J000gds HOHR030 s MNOR0Z0 FoMsddboo 3mI3wgd-
b0 3560589¢HMIO0560 2omlol 335HD0BMToL 063 JAMOEgd0Eb.

5069 300930 §909g00L 1553199390 DY, BwY6JE30MmbIgdOL FbLIBOZOYWO Jwsbigdolomzol, bsbgg-
69005 9063560L 0639w gdol sMLYdMDS.

6596300 29033 gM0s 353006900 S bsMR09d0 Fgdmbzg30000 MJMEO0L 3MM3EJLYdOL sTM(35690Ls
5 139063560L 0bEHIYMIEgdL FmEmOb.

13900560l 06 gaMemgdol gsdmygbgdom godm3azwrgmos 99dmbggzomo 3MmEgLbgdosb 3mbimgdmwo
dgmM9 Gogol 063 9aMswmH0o 3:mErobmdgdo. sbgmo 3mewobmdqdol dobslosmgdgwo Bwbjsos Ho®dmowygbl
3560530 Fo6H3Mgdmqddo IM)0ba gm0l G030l oxgM9bEosw Mo 236G MEWgdOL 58MbBsbLBL s Asdmo-
Lobgds 3g063sb0b 06EgaMmocgdom. 39063560l 0bEHIYMogdOL A5BLsBOZMHOL MsbsbTo, obobo Fomdmaowybyb
LobiOER JM50560 0BEJaMsgdol BLZMYBL, MoE 80000gdL F5070 JoTMMZOL 3MIM(3900ML. JoMgdYEo
390092900L 83303905 9YOHbMdS Bg0bdsbol 0b6EgaMaol sbLsBEZML 30bMLM s6gbY.

B596mddo  sMgm3g FowgdMEos Bgobdsbol 0bEHIYMmIWgdOL  SEBSMMMO  8mygbgds. Fgdmbggzomo
36Mm390900506  3obmdgdols  Tobsbosmgdgwo  BMbdzombowgdols  3mzgbol  sBmEsbs  ayzsb0w0s
90900063960 29bEGHMEgdol 5dmblbsBY s 53 oo bsh39bgd0s Tom0 Fodmmzeol 3MMEgEMMS.

15533960 LO@Y3900: 33bsFogds; ogmes; BmBso LogMEY; BLIHMO 35LZS; 0BEIMOWIDO;
05bsll050GdE0 BB 3095 M3gMEMEHO0; F90b3930000 3BM3gL0; Fwgoegol 330BoDMIs.

ISSN 1512-0996 bE-ob 3Gm3gdo — Works of GTU — Tpyas: ITY
www.shromebi.gtu.ge 179 Ne2 (516), 2020



350098035 — Mathematics — Maremaruxka

UDC 681.3
SCOPUS CODE 2613

Calculation of second-order integral polynomial distributions of random processes
using Feynman integrals

Revaz Kakubava Department of Computer Engineering, Georgian Technical University, 77 M. Kostava
str, 0160 Thilisi, Georgia
E-mail: r.kakubava@gmail.com

Givi Pipia Department of Mathematics, Georgian Technical University, 77
M. Kostava str, 0160 Thbilisi, Georgia
E-mail: givififia@yahoo.com

Ekaterine Gulua Departament of Computational Mathematics, Georgian Technical University, 77 M.
Kostava str, 0160 Tbilisi, Georgia
E-mail: d_gulua@gtu.ge

Reviewers:
Z. Kvatadze, Professor, Faculty of Informatics and Control Systems, GTU
E-mail: zurakvatadze@yahoo.com
A. Kirtadze, Professor, Faculty of Informatics and Control Systems, GTU
E-mail: kirtadze2@yahoo.com

Abstract. The paper refers to the connections and analogies between the problems in the theory of random
processes and Feynman integrals. Based on the previously obtained results, the existence of Feynman integrals for a
certain class of functionals is shown.

For the simplest case of a shift in space, the “absolute continuity” conditions for the integrals, obtained using
linear and nonlinear substitutions from integrals over a Gaussian quasi-measures with a complex parameter, have
been found previously.

In this paper we study specifically the second-order integral polynomials of a random process using Feynman
integrals. The characteristic function of such polynomials is a solution of the differential equation in the variational
derivatives of the Schrédinger type and is expressed in terms of Feynman integrals. By the definition of Feynman
integrals, they are finite-multiple limits, which indicate the procedure for calculating them. The proof of the results
obtained is based on the introduced concept of the Feynman integral over a conic domain.

In the work, purely probabilistic applications of Feynman integrals are also found. It is possible to reduce to the
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processes and indicate the procedure of their calculation in this way.
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Abstract. The article deals with the problem of modelling adequate constructs. The mentioned problem is related
to the problem of appropriate methodology selection for the modeling an adequate construct. The methodology
should ensure identification of the relationships within the construct, revealing the stable relations between the
constants and variables.

Practical implementation of interdisciplinary and polyparadigmatic methodology is considered as a real

possibility for using cognitive analysis and modeling technologies.
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AHHOTa]’.'I;I/U.[. B cratse pacCMaTpUBaAETCA HPOGJICMEI MOZEINPOBAHUA aAE€KBATHBIX KOHCTPYKTOB. YHOMHHyTa}I
HPOGJIEMEI CBsA3aHa C HPO6H€MOfI BI>I6OPa METOA0JIOTUMH, OTHOCHMEﬁCH K MOZ€JINPOBAHHNIO aZIleKBATHOT'O KOHCTPYKTa.
METO,ILOJIOI‘I/IH AOJIXKHA obecreuynBaTh I/I,Z[eHTI/I(bI/IKaIJ;I/IIO OTHOIIIEHU BHYTPHM KOHCTPYKIOMM U BBIABJIE€HUE
yCTOfI‘IPIBBIX OTHOLIEHUM MeEXAYy KOHCTAaHTAMH M ITIe€PpEMEHHbIMH.

HpaKaneCKax peamus3anva MEXIUCHUIINHAPDHOCTH U HOJIPIHHPEI,I[HI‘M&TPI‘IECKOIZ METOAOJIOTHHN CYMHTAETCA

pea)IBHOfI BO3MOXXHOCTBIO OJIA UCIIOJIB30BaHUA KOTHUTUBHOI'O dHAJIM3a 1 TeXHOJOTUN MOZEINPOBAHUA.

K]IIO‘IeBBIe CJIOBA: KOTHUTUBHBIM aHAIU3, KOHCTPYKT, MOAEJINPOBaAHNE, KOHIIEIITYa/IN3aI .
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br96330emb, sofyeal olizbos s3¢9m®0sb, 3sdmoobmgml bdsdool bkeamo Ggdbdo s s.0.
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29bgs F9ops309b:
= UHoool bsgsbl, 093sl, doBsbl (GmdcrgBbsg 9000039800 08 898006399580, 0y gb 56 s6Gol zbso
byoGool bsosemosb);
- 39¢930L Bsds@980b dgorml 56 dgoreaomermgost (bsdwdsemal Bs@ds@gdol dgormeol s6 Jgoreacoer-
@300l s@Pgcs JdoYsbdgpeabocros od d9dombg93500, 0w 080 350000935 Losberoom, Usobdg®gbers
A g0-9ero 633650l 0395¢75 bGoboom);

38€950b F9@g898b;
- 993900 85002996980b 56395¢7b;
©sli33650;
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bEOsmgdol 96 gmGHM™gdol  3MI30EBHIOME 356056FL, FgbMmegdml  BadoldogMo  MIx03MEo
30OI>G00m, 39MBJ35MBs — oMob53¢gd 150 dpi-Lo.

@0OIMOIO
LSGOMSINOOLM Lsdg3b0ghm  FMMbsEgdol  BmMbosggdms dsBgdol M93mIgbogoom, godmyabadmwo
@OGHIMGHIOHOL MomMmEIbmds LolMzgE0s 0gmb 5963w gd s00Ls.

$503ma009960 339mbsdzgybadgar BEGHG0580 gsdmyxbgdMEo WoEIHsGHWOHOL gox3mMIGdOL Fll:

9439ws 93GHMMOL 335MG0 ©s 0bogoswgdo dmEgdnwmo Mbs 0gml Womobym®o 660l sbmgdom, g.0.

HMBLEOBHIOG00m, LEHGHO0L bobgufimmgds — M3MRBE0Wo 0bYEOLMO, FgoMML (7OBsOL, BHMBGBdOL

369090b, 306839096300l Fsboegdol) Lebgafim@gds — GMBLEIOEHIMIG0m; odmbslgegwo dmbsigdgdo

— 06g0ob® gbsbg (LESEG0L 965 Bogmomgds gHRboadYO).

©@0GhIMsGHMMs (6odmdo)

1.

Jacques Sapir. Energy security as a common advantages.
http://www.globalaffairs.ru/rumbler/n_7780 (In Russian).
“Official website of the International Energy Agency:

http://www.iea org/topics/energysecurity/” (In English).

3. International Energy Agency “Key World Energy Statistics” 2014 (In English).

Energy strategy of France McDoleg_butenko20 May, 2009 (In Russian)

5. G.G.Svanidze, V.P. Gagua, E.V. Sukhishvili “Rene-wable energy resources of Georgia”, Leningrad, Hydrometizdat,

1987, pp. 75-76 (In Russian).

Revaz Arveladze, Tengiz Kereselidze “The Georgian Full Independence of Electry Power Is Supported By
Hydropower”. Sakartvelos Teqnikuri Universitetis Archil Eliashvilis Saxelobis Martvis sistemebis Institutis
Proceedings. N18 2014. Thilisi (In Georgian).

30535DMd0 bFGGHOL FoBmgboLM30L boFoMm M IMTGDEEOL BsdMmbBIMZael bogdsMmzguml gdbozmeo

mb0ggMLOGHIEHOL 05653dMMAGBOLS S EMJEHMMIBEHJdOLMZOL:

* M0 M9396%05 (ob. 6odwdo)
http://publishhouse.gtu.ge/site_files/recenziis nimushi.docx

* 353290 GIEHOL bogsdmBEgderm boddol sMYMBMOZ0 303oLool MmJdol s3mbsfgdo

(ob. Bodnm3o) http://publishhouse.gtu.ge/site_files/aqtis forma.docx
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3
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1

2

M0 dmfiggmeo b3gEgosolidgdo:

1. 659030l gobbogrgs

2 (Bogmomgo gs3eedgdol @sbsbyergds)
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(6'030)007‘70; bo.)dooll bﬁg(vo @debm&.))

LOLHogEM-Lsdg3EbogMM WO EIH OOl IMHYMIMOZ0 3nIolool JogM sdmymgoos Mg396%gbEJdo:
1

2

U#y-0b 3Gm0dd0 — Works of GTU - Tpyas: I'TY ISSN 1512-0996
Nel (515), 2020 200 www.shromebi.gtu.ge
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1. 83e0bdobgl:  53GMMOL/53GMMYO0L (G0109009902) 0ERMEGDo305 JoBLIbOEIZ s FoMmTmygbowo bBs@ool
dqLobgd.

6536030 56mBHspos
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(Bo590200900 B3I GG @bsbyergds)

Lobfogerm-s99(36096:0m Wo@gMoGMOOL EsMAMdM03 3MTobosdo 2sblsbowggws dgdmg0©s
533MM0L/53GHMMJO0L 09 8cmIBogdMo bodgsbogmm bEs@os

(6'030)007‘70; bo.)dooll bﬁg@o @Jllébmﬂ.))

93089605305L MHagl bGsEHOoL Fodmgd399bgdsl bE«wy-ob dMmdoms 3Hgddo.

39379 AGEHOL ©EIMMOdM030 3MIoLOOL Ms3dXEMISMY

3m0oliools dgogsbo

3mdolbool §930gd0: 35379EHYEHOL EIMMDdM030 3mTolool 0sg3dxMTsMOl
byerdmfigmol Lobsdz0mals 35BE MO
B339@OIOOL ©g3s60 (bgereafig®s)

ISSN 1512-0996 b&m-ob dGmdgdo — Works of GTU — Tpyas ITY

www.shromebi.gtu.ge 201 Nel (515), 2020



®9696 ool bod~do

1. 6596030l b gds BLOYIES©

2. 533H™MH0L/53GHMM9d0L bsdg3bogmm [mmgds, Lsdwdsm 50w, bo3MbEHJBH™
068335300, gaw. MG

3. 6596™Ido LMo sIMEsboL dmzeg dodmbogngs

4. 259mb59399690o IMIBsYdMo BsdOMIOL 5g@ Yo OMdS

5. 060050 51399900, OMIWYGO0E 29bbOMWos 53EHMMOL Joge

6. ©93039605305 BsdOMIOL 259md399bgdolsmzol (00 9g0mbgzgz5do mvg LaMgizgbbom
BodOM™I0 Lodg3609H™M LEHSE099, 9930 gdgEos LsdY3609MHM FMMboerol sbobgmgdol
30000 9do)

7. ©9396%963 0L 33500 5 Lobgeo LOHYISE, LHFMToM SO0, Bsdg3bogemm frwgds,
bo3mbE OB ™ 0bgMmMTo305, . BMLEAES (LESG00L MyEgbHoMYdOL dgdmbggzsdo
©9396%96E0L 8mbs399900 359tmd39969d99c00 046935 LG oEH0LMD ghm)

U#y-0b 3Gm0dd0 — Works of GTU - Tpyas: I'TY ISSN 1512-0996
Nel (515), 2020 202 www.shromebi.gtu.ge



Guidelines for Authors

Collection of Academic Works of Georgian Technical University is a multidisciplinary quarterly refereed

periodical included in Index Copernicus International.

An article (accepted in Georgian, English or Russian) is published in the original language;

The number of authors of an article should not exceed three;

Authors should submit original copies of one or more articles for publication to the publishing house or send
scan versions to sagamomcemlosakhli@yahoo.com along with supporting documentation, but only two articles

from the same author(s) will be published in one edition;

To submit scan versions via email please follow the instructions:
—  In the Subject line indicate the collection of works and the name(s) of author(s).
—  Attach the file(s) properly;

—  Use ZIP or RAR file compressors in case of large files to attach.

The article should be literal, well-structured and apply proper terminology to convey the author’s constructive
arguments relevant to the subject. The authors and reviewers are responsible for the content and quality of an article;
The collection of works of GTU is a non-commercial publication and running the articles of our researchers and
for PhD students is free of charge;

According to the Resolution No.200 of GTU Academic Council (22.01.2010), authors who are not the employees
at the University, should make the preliminary payment by cash or transfer to have their paper published (10
GEL per page). Copy of the payment receipt should be enclosed with the supporting documentation (two reviews
and a reference by the organization’s academic board on publishing the article in GTU collection of scientific

papers). “Cost of article publication” shall appear as subject in the “purpose of payment” field.

GTU bank details: LEPL Georgian Technical University; organization’s identification number 211349192;

beneficiary bank: State Treasury; beneficiary: joint treasury account; bank code: TRESGEZ2; Account number:
treasury code 708977259.

How to form an academic article:

o The text should be presented in print-out form (A4), no less than 5 pages (margins - 2 cm, line spacing - 1,5);
e Only MS Word versions of texts are accepted (doc or docx) presented electronically on any magnetic carrier;
e For Georgian texts: font - Sylfaen, font size - 12 pt;

e For English and Russian texts: font - Sylfaen, font size - 12 pt.

The accompanying information to the article should include:
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e Universal Decimal Classification (UDC)

e Information about the author(s) and reviewers in Georgian, English and Russian:

— Full name, academic title, email and phone number of each author;

— Department, full name of organization — place of employment of each author, area/town, country;

— Full name, email, academic title, department or place of employment of each reviewer.

The article should include:

e An abstract in Georgian, English and Russian (100-150 words long). For foreign readers an abstract is the only
source of information about the content of an article and results of the research conveyed by it. An abstract
therefore defines the reader’s interest towards the article and possibility of further outreach to the author for
the full text, etc.

An abstract should be:
—  Informative (free of generalized terms and statements);
—  Original (with quality translations in English and Russian with the proper application of terminology);
—  Specific (conveying the core content of an article);

—  Properly structured (consistent with the research results given in the article).

An abstract should contain:

— The subject, topic and objective of an article (indicated in case if these are not clear from the title);

— Method or methodology of research performed (expected to be described when and if this method or
methodology are new and interesting with reference to the article);

— Research results;

— Area of application of research results;

— Conclusion.

e Key words sorted by alphabet (Georgian, English and Russian);
e Sections should be outlined Introduction, Main Part and Conclusion;

e Digital version of drawings or images in any graphic format, resolution 150 dpi;

e Reference
— By the recommendations of Databases of International Scientific Journals the number of references should

be no less than ten.

How to form the reference section in the article:
Name and surname of each author should be given in Latin letter initials, title of the articles — translated in
English, name of the source (journal, collection of works, conference materials) — with transliteration (original

language of the article should be indicated in brackets).

References (sample)

1. Jacques Sapir. Energy security as a common advantages.
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http://www.globalaffairs.ru/rumbler/n_7780 (In Russian).

2. “Official website of the International Energy Agency:
http://www.iea org/topics/energysecurity/” (In English).

3. International Energy Agency “Key World Energy Statistics” 2014 (In English).

4. Energy strategy of France McDoleg_butenko20 May, 2009 (In Russian).

5. Svanidze G.G., Gagua V.P., Sukhishvili E.V. “Rene-wable energy resources of Georgia”, Leningrad,
Hydrometizdat, 1987, pp. 75-76 (In Russian).

6. Revaz Arveladze, Tengiz Kereselidze "The Georgian Full Independence of Electry Power Is Supported By
Hydropower”. Sakartvelos Teqnikuri Universitetis Archil Eliashvilis Saxelobis Martvis sistemebis Institutis

Proceedings. N18 2014. Tbilisi (In Georgian).

Requirements for the submission of articles by the employees and for PhD students of Georgian Technical
University:
e Two reviews (see the sample at)
http://publishhouse.gtu.ge/site_files/recenziis nimushi.docx
e Minutes of the sectoral committee of the faculty publishing (see the sample at)
http://publishhouse.gtu.ge/site_files/aqtis forma.docx

Documents should be verified with the faculty stamp.

Notice to Authors

Authors may consider one of the previous editions of GTU Collection of Academic Works as an example
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K cBemenmio arTOpOB

COOpHMK HAaydYHBIX  TPYZOB I'DY3MHCKOrO TEXHWYECKOTO VHHBEPCUTETa SBISETCS eXKeKBAPTAIbHBIM
MyJIBTUAUCIMIIMHADHBIM  pedepupyeMbIM IE€pUOZMYECKMM M3JaHUEM, KOTOPOe 3aperMCTPUPOBAaHO B
MeX/yHaponHoi 6ase 51eKTpoHHBIX JaHHBIX _ Index Copernicus International.

e Crarbu (IPUHUMAIOTCA Ha TPY3UHCKOM, aHTJIUHCKOM, PYCCKOM f3BIKaX) IIyGIMKYIOTCA Ha A3bIKE OPUTHHAJIA.

¢ KomnuecTBOo aBTOPOB CTaThH HE JOJKHO IIPEBBIIIATSH 3.

e ABTOp MOXET IpefOCTaBIATh IJIA IyOIMKaUUK B VI3maTeIbckoM AOoMe WM IIO 3JIEKTPOHHON IHoduTe (Ha

cremytomuii agpec: sagamomcemlosakhli@yahoo.com) ogay mau HeckoIBKO CTaTel, a TaKXKe B CKAHUPOBAH-
HBIX (daiilax COMYyTCTBYIOIIYIO ZOKYMEHTALIUIO, HO B OJHOM HOMEpPE MOTYT GBITh OIyGINKOBAaHBI TOIBKO JBE

paboTsl.

* Bcayvae craTeH, IpHChLIAEMBIX II0 5]1. ITOYTE, IIPOCE0a MPEAYCMOTPETS CAEAYIOIHE TPEOOBAHHA:
- ykaszars B 271. Subject-e HazBaHHe COOpHHKA (TeMa) H QPaMH/IHIO aBTOpA (ABTOPOB);
- HcrIoIs308aTh Attach (mprroxurs Qan);

- B cIy9ae OoxbIIoro obsema Qariia npuMeHuTs apxuBarop (ZIP, RAR).

¢ Crarba fo/DKHA OBITH COCTAaBIEHA TPAMOTHO, C COOIIOfeHIEeM TEPMUHOIOTUN. ABTOP (aBTOPHI) U PelleH3eHTHI
HECYyT OTBETCTBEHHOCTb 3a CO/lepyKaHIe U KaueCTBO CTAThH.

o TJlockombKy COOPHHK TPYZOB I'PySHHCKOTO TEXHMYECKOTO YHUBEPCHUTETA ABIAETCA HEKOMMeEPYeCKUM
U3JaHUeM, i1 COTPYAHUKOB CTaThH ITyOIMKYIOTCA GeCILIaTHO.

e CoracHo ocTaHOBIeHHIO akazemudeckoro cosera N°200 (22.01.2010 r.), dusudeckoe IUI0, He ABIAIOLIEECS
COTPYAHUKOM YHHMBEPCHUTETa, i NyGIUKAIMH CTaThu B COOPHMKE TPYZOB [O/DKHO 3apaHee BHECTH MU
IePeYUCInuTh HeobxomuMyIo cymmy (1 crpanuna crout 10 ysapu) 3a cTaThio U COOTBETCTBYIONIYIO JOKYMEHTALIUIO
(oBe peueH3uU M HaIpaBIeHMe HAYYHOTO COBETA OPTAaHM3AI[UU O IyOIMKAI[UU CTaThu B cOopHUKe Tpyzos I'TY),

IIPHUJIOXXUB CIIPABKY 006 ortate. B rpa(be «Hasnavuenwue ormiaTei» ciaenyeT 3alliCaTh «CTOMMOCTD I'[y6JII/IKaIJ;I/II/I CTATbU».

banrosckwe persuzursr ITY: IOpuandeckoe xuro mybameroro npasa (FOJIIII); Ipy3sHHCKHE TeXHHYeCKHH
VHHBEPCHTET; HACHTHOHKATHOHHBIH K0Z 211349192; baHk nmprueMa; rocyZapCTBeHHAA Ka3Ha; HA3BAHHE MOy IaTe/IA:

eqHHEIN cYeT KasHEI; ko 6anka: TRESGE22; cver moxydarens: kog xkasHsr 708977259,

ITpepnaraem nopsAzoK oOpPMIEHUS HAYYHOM CTaThH:

e CTaThd JOJDKHA OBITH IPeACTAaBlIeHa B HalleYaTAHHOM BHJe Ha CTpaHuIlle popmara A4, comep:KaTh He MEHBbIIe
5 crpanur (mons — 2 cM, nuHTEpBaI — 1,5);

® CraThs AOJDKHA ObITH BhIOTHEHA B Buge ¢aiiia doc niu docx (MS Word) u 3ammcana Ha 1:060M MarHUTHOM

HOCHUTeEJIe;
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IJI TPY3UHCKOTO TeKcTa IpuMeHaTs wpudt Sylfaen, pasmep 12;

mpudT AT aHIIUUCKOTO U PycCKOTo TekcToB Sylfaen, pasmep 12;

CraThbs JODKHA CONPOBOXKIATECA Clefiytommelt nHpopManueit:

xox YK (YuuBepcansHas fecITUYHASL KIaCCUPUKAIIA).

Caezenus 06 aBTOpe (aBTOpax) Ha TPy3MHCKOM, aHTJIMMCKOM U PyCCKOM A3BIKaX:

IIOTHOCTBIO MM U (hamMuius aBropa (aBTopoB), E-mail, HayuHas cTemeHb 1 KOHTaKTHBIH TeIedOH;
Ha3BaHMe JlellapTaMeHTa, TI0THOe Ha3BaHHe OPTaHM3aIlIH — MeCTO PabOoTHI KaX/JOro aBToOpa — CTPaHa, TOpoJ;

IIOJTHOCTBIO q)aMI/IJII/II/I 1 MME€Ha peleH3€HTOB, aApec BJIEKTPOHHOfl IIOYTBhI, HAYy9YHOE 3BaHHNE, HA3BaHHE JIeIlap-

TaME€HTa UJIN MeCTa paGOTBI.

K craTtne [OJDKHBI IIPHJIATATHECA:

AHHOTanus Ha TPYSHHCKOM, aHTJIUICKOM 1 pycckoM s3bikax (100-150 cioB). g HHOCTpaHHFIX YHTaTeTeH

AHHOTaNWd ABJIIE€TCA EJHHCTBEHHBIM HCTOYHHKOM HH¢0PMZI[HH O pe3yibrarax HCC/IB,JOBQHHI}'; IIDHBEJJ€HHBIX B

COZ€EP>KAHHH CTAaThH. HwmerrO 510 OIIPpEAE/ITET HHTEPEC Y9IE€HOIO K pa60m H, COOTBETCTBEHHO, >K€JIAHHE Ha4dTh

AHCKYCCHIO C aBTOPDOM, ITO3HAKOMHTBCA C IIOTHBIM TEKCTOM CTATHH H T.J.

AHHOTAITHA JO/IKHA OBITH:!

HHQOpMagHOHHOH (He JO/DKHA COZEPKaTh OOL[HX CTOB H Ppa3s);

OpHIHHAJIBHOH (IepeBos Ha aHIJIHHCKOM H IPY3HHCKOM A3BIKAX JODKEH ObITs KAY€CTBeHHBIH, IIPH IIePeBoje
CA€RyeT HCIIOJIB30BaTh CIEHAIbHYIO0 TEPMHUHOIOIHIO);

cogep)KareIbHOH (JO/DKHA OTPAXKATh OCHOBHOE COLEPKAHHE CTATHH H PE3YIBTATE HCC/IELOBAHHA);

CTPDYKTYPHPDOBAHHOH ( CJIE40BATh B CTATHE JIOT'HKE OITHCAHHA PE3YJ/IBTATOB, )

Zo/pxHa cozepxars:

IIPEAMET CTATEH, TEMY, Lje/Ib (KOTOPBIE YKA3BIBAIOT B TOM CIyYae, €C/IH ITO HE SCHO H3 3aI/IABHA CTATBH);
MeTOoJ HJIH MeTOZOJIOTHIO IIPOBEAEHHOIO HCCAELZOBAHHA (OIIHCAHHEe METOa HIIH METOAOJOTHH IPOBELCHHOH
paboThI [esecoobpasHo B TOM CAyYae, €C/IH OHH BBIAEITIOTCA HOBH3HOK, HHTEPDECHS! C TOYKH 3PEHHA JAHHOH
paborsr);

De3yJIBTATHI HCCIELOBAHHA;

apea HCIOIb30BAHHA Pe3yIbTATOB;

BBIBOJZBI;

KJIIOueBble CJIOBa, PACIIOIOXKEHHBIE IT0 an(haBUTy (Ha IPY3HMHCKOM, aHIJIMHCKOM U PYCCKOM fA3BIKAX);

B CTaThe NOJDKHBI OBITH BBIAEIEHBI II0/3aT0JIOBKH: BBeJileHUe, OCHOBHAA YaCTh U 3aKJII0OUeHHe (BEIBOAEI);
KOMIIBIOTEPHBIE BAPHAHTHI YepTexxeil niu Gororpaduil JOKHBI GBITH BBIIOTHEHHI B TI060M IpadHIecKoM
¢dopmare, paspeureruem — He MeHee 150 dpi.

Jlurepatypa
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Ilo PEKOMEHAATNTH 6aspI AAaHHBIX MEXAYHAPOAHBIX HAYYHBIX JKypHaJIOB, YHUCIIO UCIIOJIb30BAHHOM JNTEPATypPhI

JXeJlaTeJIbHO OOJIXKHO 65ITh He MeHbiIe 10.

ITpexncraBnsem nopsagok opopMIeHN B ITyOAMKyeMO#i CTaThe MCIOIB30BaHHOMN IMTEPaTypHI:

Qamunmusa u WHHUIMAJIBI BCEX aBTOPOB OJI>KHBI GBITH BBIIIOJTHEHBI 6yKBaMI/I JIATUHCKOTO aJI(baBI/ITa, T.€. TPAHCIN-

Tepauneﬁ; Ha3BaHHNE CTAaThH C II€EPEBOLOM Ha QHTJIMMCKUY A3bIK; Ha3BaHUE NCTOYHUKOB (>KypHaJ1a, C6OPHI/IKH TPYZAOB,

MaTepHasIoB KOH(EePeHINH) — TpaHCIUTepaLyeil (I3BbIK CTATHY YKa3aH B CKOOKAX).

JIureparypa (O6paser)

1.

Jacques Sapir. Energy security as a common advantages.
http://www.globalaffairs.ru/rumbler/n_7780 (In Russian).
“Official website of the International Energy Agency:
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