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EVALUATING ARMENIA'S COMPARATIVE ADVANTAGES OF EXPORT IN
CIS AND EU COUNTRIES

The relevance and the need of determining the comparative advantages of export are studied. There have
been observed two different indicators by which Armenia's comparative advantages in CIS and EU countries are
evaluated. As a result of the analysis seven products’ groups were separated in which Armenia has comparative
advantage. The commodity circulation of these products’ groups and the share of their export in Armenia's GDP
and in Armenia's total export were studied.

Keywords: comparative advantage, trade, export, index, trade policy, product group.

The relevance of research. In the current period, there have been significant changes in the global
economy, which may lead to the rise in globalization, the economic integration processes of individual
countries or regions, the increase in trade links and trade in general, and the increase in foreign direct
investment, which contributes to the global economy growth [1].

In today's conditions, the adoption of a decision to join an economic union for the Republic of
Armenia is associated with various risks and potential interests, both of its own and of economic unions
that it intends to join. However, it is necessary to take into consideration all the features of the Republic
of Armenia, such as tense relations with neighboring countries (Turkey and Azerbaijan), blockade, lack of
access to the sea, lack of common border with EAEU member states, which can hamper Armenia's
external for the development of trade.

The modern problem of the Republic of Armenia is the development of a favorable economic
integration policy, overcoming new emerging political and economic challenges, as well as developing a
realistic and correct foreign trade policy.

Thus, the relevance of the topic of work is conditioned by the fact that it is dedicated to identifying
the comparative advantages of Armenia's export, which will enable to develop a more effective foreign
trade policy.

Purpose. The main purpose of the work is estimation of comparative advantages of exports of
separate products’ groups of the Republic of Armenia towards CIS and other countries.

To achieve this major goal, the following key issues are the basis of the research:

* Investigate the structure of the foreign trade turnover of the Republic of Armenia,

* Identify different export-specific indicators and analyze the export of the Republic of Armenia.

Subject and object of the research. The object of the research is the export of the Republic of
Armenia, in particular export structure, product groups with comparative advantages, their circulation
structure, share in GDP and in total export.

The main findings and novelty of the study. The work innovation is based on various
methodological and practical results obtained during the research. The comparative advantages of export
of separate commodity groups in the Republic of Armenia have been elaborated and evaluated on CIS
and other countries, based on which the main commodity groups are separated, by the export of which
Armenia has a comparative advantage.

One of the main indicators characterizing the economy of any country is the foreign trade turnover,
the export and the import of the country. From 2000 to 2015, the largest share of exports to CIS countries
was the export of alcoholic and non-alcoholic products’ group. The export in 2015 decreased by almost
12% compared to 2000.

From 2000 to 2008, the largest share of exports to non-CIS countries (other countries) was the
export of natural or artificial pearls, precious and semi-precious stones products’ group, while export
decreased by about 5 times in 2008 compared to 2000. From 2009 to 2015 inclusive, the largest share of
exports to other countries was the export of ore, slag and ash products’ group, while exports in 2015
increased by about 60% compared to 2009.

Different approaches and indicators have been developed to assess the country's specialization and
the structure of international trade, by which a comparative advantage of the country's international trade
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can be estimated. These indicators are based on the Balassa's index and can help to evaluate the country's
specialization from different perspectives.

Balassa's Index. B. Balassa recommended the International trade competitiveness assessment
index [2]. He has revealed that "comparative advantages arise as a result of economic factors, and they
can be measurable and immeasurable." According to Balassa, the following specialization index, called
the Balassa's Index, is proposed.

By = 100 x it/ iz 1)

W xS X

where Xj;-is the export of j-th product (service) from i-th country. The Balassa (1) Index is limited to 0
below and does not have an upper limit. If the country is specialized in the export of any product or
product group, and the mean of that industrial sector is above the average of the rest of the countries,
then the branch has a high index of 100, and if that index is less than 100, that branch of industry has a
lower degree of expertise than other countries. This value is used to estimate the relative importance of
interdisciplinary specialization and cross-border trade. It is well-known (Balassa (1965)) that the higher
the interdisciplinary specialization is, the greater is the standard mid-square deviation of the time series
derived from the index. It should be noted that the Balassa's index (1) does not give full access to the
country's trade, as it only examines the export. For example, the country has a relatively high productivity
of any product, but at the same time, the volume of imports is higher than its export. Such an example is
the export and import of alcoholic and soft drinks in 2012. Different authors suggest studying other
indicators of international trade, including import and export.

Balassa's logarithmic index. The Balassa's index of comparative advantage of the international
trade (1) is also presented in the following way:

RCA =1In (%) x (—Zn:’() x 100, )
where X and M are exported and imported respectively, and i are the product group.

The following is also known as the Balassa's comparative advantage index:

Xjj
RCAjj = 2, 3)
Xa
where x; j is exported from i-th country, X;- is the total export of i-th country, Xqj- is the export of the
given commodity in the selected region, X, - is the entire export of the selected region.

The country has a comparative advantage, if the value of the Balassa (3) index is greater than 1 for
that product group.

We can estimate Armenia's comparative advantages of export in CIS and EU(non-CIS countries-
other countries) based on Balassa (1) index, Logaritmical index of Balassa (2), Comparative advantages
index of Balassa (3) .

Measuring Armenia's comparative advantages by the Logaritmical index of Balassa and by the
Comparative advantages index of Balassa, we can separate 7 products’ groups in which Armenia has
comparative advantages:

e live animals,

e fish and crustaceans,

e alcoholic and non-alcoholic,

e ores, slag and ash,

e salt, sulphur, earts and stone, plastering materials, lime and cement,

e aircraft, spacecraft and parts thereof,

e works of art, antiques.

From analyzation in Table 1-Table 3 [3,4] it was clear that, Armenia in 2000-2003, 2005 and 2007-
2008 mostly exported Alcoholic and non-alcoholic products, in 2004, 2006 and 2009-2015 mostly
exported Ores, slag and ash products’ group.

In 2000 and 2007 mostly imported an aircraft, spacecraft and parts thereof products’ group, in 2001
live animals, in 2002-2004, 2006, 2008-2015 mostly exported alcoholic and non-alcoholic products’
group, in 2005 ores, slag and ash products’ group.

From the product groups of comparative advantage in 2000 and 2007 the most imported were
flying machines, spacecraft product group, in 2001 live animal product group, in 2002-2004, 2006 and
2008-2015, Alcohol and soft drinks product group, in 2005, Ore, slag and ash product group.

Moreover, in 2005 the ore, slag and ash product group was imported at $ 30.6582 million.
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It is essential to consider the protection mechanisms for domestic producers' rights in other
countries to increase the export volumes of the products’ group, that have comparative advantages [5].

The government pursues the goal of expanding the volumes of exported goods by domestic
producers to new markets [6]. Therefore, the exporting companies can apply different taxation
mechanisms or control exports. But such an approach can not last long. In such a situation, of course, a
question arises: how to protect the interests of the exporting companies and, as a consequence, to support
them with the aim of increasing the output volumes [7]. For this purpose, the economic peculiarities of
export benefits, as well as the role of the state's export promotion policy were reviewed. Particularly, the
role of the state in the policy of trade expansion to exporters is great [8].

Table 1
Export/Import for the products’ groups in which Armenia has comparative advantages
Products’ Country 2000 2001 2002 2003 2004 2005 2006 2007
group
Live animals CIS and
other . 0,0047387 | 0,0772480 | 0,247434 0,1396360 | 0,0207367 0,0393596 0,2598399 0,307919
countries
Fish and | CIS and
crustaceans other . 11,580097 | 4,7012448 | 12,512598 | 21,997900 33,0681344 1,6664391 6,3272595 5,811982
countries
Alcoholic CIS and
and ) other ) 41,926492 | 28,583369 | 17,525334 | 12,164868 7,0080611 5,4906530 3,7679095 3,107110
nonalcoholic | countries
Ores, slag | CIS  and
and ash other - 12054352 | 26643396 | 342,18705 | 79,529212 | 1,6773848 | 8,6945607 | 4.867109

countries

Salt; sulphur; | CIS  and
earth and | other
stone, plaste- | countries

ring  mate- 1,7604676 | 0,2376808 | 0,3867066 | 1,5828694 | 5,7544235 | 6,2552994 | 5,3239705 4,488189

rials, lime
and cement
Aircraft, CIS and
spacecraft other 04797512 | 0,7439136 | 0,5139383 [ 0.2503075 | 0,6303897 | 00488461 | 7.64591439 | 0,041224
and parts | countries
thereof
Works of art, | CIS and
antiques other - 6,4295774 | 20,924050 | 28,517110 | 2,5884021 | 10,078014 | 0,1105918 | 0,1878591 | 0311602
countries
Continuation Table 1
Products’ Country
group 2008 2009 2010 2011 2012 2013 2014 2015
Live animals | CIS and
other 0,27382884 | 2,44921365 | 5,009686817 | 3,5659233 | 2,1420262 | 1,915151356 | 1,582418 | 0,910743
countries
Fish and | CIS and
crustaceans other 1,37734392 | 0,66125457 | 2,512502037 | 4,3926115 | 4,8882435 | 9,116994382 | 8,496325 | 4,359564
countries
Alcoholic CIS and
and other 2,30926058 | 1,90399935 | 2,074839495 | 3,1223469 | 3,5380363 | 3,765445211 | 3,381596 | 2,300742

nonalcoholic | countries

Ores, slag | CIS and

and ash other 14,3142369 | 120,201638 | 69,69998789 | 88,236800 | 445,17179 | 277,6756336 | 169,4718 | 695,2537
countries

Salt; sulphur; | CIS and

earth and | other

stone, plaste- | countries

ring  mate- 3,72722169 | 1,00479696 | 0,395939232 | 0,8120651 | 1,1043274 | 1,185024859 | 0,565824 | 0,235908

rials, lime

and cement

Aircraft, CIS and

spacecraft other 8,77801570 | 2,19166106 | 0,026605118 | 0,5261192 | 0,0660937 | 1,026662375 | 391,9677 | 0,138519
and parts | countries

thereof

Works of art, | CIS and

antiques other 0,7139582 | 0,95546689 | 0499792846 | 0,7939147 | 0,5207638 | 2,128520912 | 2,442729 | 1,852173

countries




The percentage of exports of the product groups with comparative advantage in GDP

Table 2

Products’ group Country 2000 2001 2002 2003 2004 2005 2006
Live animals CIS and
other 1,88334E-06 | 5,18E-05 | 0,000151212 | 6,18E-05 | 5,01E-06 | 1,03E-05 | 631E-05
countries
Fish and crustaceans CIS and
other 0,000249595 0,000321 0,000731442 0,00112 0,000813 | 0,000598 | 0,000685
countries
Alcoholic and | CIS and
nonalcoholic other 0,011756526 0,018467 | 0,018908788 0,021413 0,015947 | 0,017202 | 0,012389
countries
Ores, slag and ash CIS and
other 0,007973529 0,009674 | 0,011885723 0,013556 | 0,020363 | 0,010494 | 0,01464
countries
Salt; sulphur; earth and | CIS and
stone, _ Plastering | other 0,000677478 | 0,000111 | 0,000189763 | 0,000446 | 0,001955 | 0,003035 | 0,003669
materials, lime and | countries
cement
Aircraft, spacecraft and [ CIS  and
parts thereof other 0,000306775 0,000381 0,000103193 0,000152 | 0,00017 4,48E-05 | 3,08E-05
countries
Works of art, antiques CIS  and
other 0,000143291 0,000156 | 0,00031564 0,000227 | 3,97E-05 7,2E-05 0,000103
countries
Continuation Table 2
Products’ Country
rou 2007 2008 2009 2010 2011 2012 2013 2014 2015
Live animals CIS and
other 7,6E-05 0,00012732 | 0,001064 | 0,001486 | 0,001319 | 0,000881 | 0,001311 | 0,000808 | 0,000433
countries
Fish and | CIS and
crustaceans other 0,000504 | 0,00042834 | 0,000373 | 0,000832 | 0,00169 0,002143 | 0,002918 | 0,002625 | 0,0014
countries
Alcoholic and | CIS and
nonalcoholic | other 0,013708 | 0,01246729 | 0,009264 | 0,01178 | 0,01589 | 0,018734 | 0,019157 | 0,016299 | 0,009894
countries
Ores, slag and | CIS and
ash other 0,013657 | 0,01077784 | 0,013401 | 0,024858 | 0,031043 | 0,028055 | 0,027285 | 0,025081 | 0,034757
countries
Salt; sulphur; | CIS and
earth and | other
Is)tl‘;‘:érmg countries | 4003775 | 0,00347303 | 0,001153 | 0,000597 | 0,001066 | 0,001413 | 0,001425 | 0,000685 | 0,000309
materials, lime
and cement
Aircraft, CIS and
spacecraft and | other 0,000201 | 0,00010546 | 3,77E-05 | 2,32E-05 | 0,002137 | 5,25E-06 | 0,00066 0,002829 | 3,47E-06
parts thereof countries
Works of art, | CIS and
antiques other 0,00029 0,00011484 | 0,000102 | 7,82E-05 | 9,07E-05 | 0,000102 | 0,000157 | 0,000139 | 6,27E-05
countries




Table 3

Products’
group Country | 2000 2001 2002 2003 2004 2005 2006 2007
CIS and
other 2,47614E- | 5,17507E-
Live animals | countries | 1,198E-05 | 0,0003209 | 0,0007112 | 0,0002529 | 05 05 0,0004087 | 0,0006073
CIS and
Fish and | other
crustaceans countries | 0,0015876 | 0,0019888 | 0,0034402 | 0,0045850 | 0,004020 0,0030081 | 0,0044414 | 0,0040239
Alcoholic CIS and
and other
nonalcoholic | countries | 0,0747840 | 0,1144505 | 0,0889344 | 0,087668 0,0788908 | 0,0865548 | 0,0803014 | 0,1095133
CIS and
Ores, slag | other
and ash countries | 0,0507201 | 0,0599543 | 0,0559026 | 0,0555005 | 0,1007399 | 0,0528037 | 0,0948926 | 0,1091059
Salt; sulphur;
earth and
stone, plaste-
ring  mate-
rials, lime | CIS and
and cement other
countries | 0,0043094 | 0,0006872 | 0,0008925 | 0,0018248 | 0,0096724 | 0,0152711 | 0,0237819 | 0,0301584
Aircraft,
spacecraft
and parts | CIS and
thereof other
countries | 0,0019514 | 0,0023601 | 0,0004853 | 0,000623 0,0008413 | 0,0002253 | 0,0001994 | 0,001609
Works of art, | CIS and
antiques other
countries | 0,0009114 | 0,0009672 | 0,0014845 | 0,0009310 | 0,0001965 | 0,0003620 | 0,0006703 | 0,002313
The percentage of the export of the product groups with comparative advantage in Armenia’s export
Continuation Table 3
Products’ Country | 2008 2009 2010 2011 2012 2013 2014 2015
group
Live animals | CIS and | 0,001404 0,0129595 | 0,0132135 0,0091509 | 0,0063542 | 0,0098577 | 0,0060663 | 0,0030694
other
countries
Fish and | CIS and | 0,004724 0,0045360 | 0,00740284 | 0,0117273 | 0,0154619 | 0,0219493 | 0,0196975 | 0,0099247
crustaceans other
countries
Alcoholic CIS and | 0,1375137 | 0,1128051 | 0,1047653 0,1102680 | 0,1351531 | 0,1440925 | 0,1223007 | 0,0701411
and other
nonalcoholic | countries
Ores, slag | CIS and | 0,1188791 | 0,1631743 | 0,2210770 0,2154239 | 0,2023947 | 0,2052287 | 0,1881900 | 0,2464024
and ash other
countries
Salt; sulphur; | CIS and | 0,0383073 | 0,0140391 | 0,0053120 0,0073966 | 0,0101954 | 0,0107190 | 0,0051388 | 0,0021912
earth  and | other
stone, plaste- | countries
ring  mate-
rials, lime
and cement
Aircraft, CIS and | 0,0011632 | 0,0004585 | 0,0002059 0,0148282 | 3,78931E- | 0,0049607 | 0,0212285 | 2,45742E-
spacecraft other 05 05
and parts | countries
thereof
Works of art, | CIS and | 0,0012666 | 0,0012476 | 0,0006952 0,0006296 | 0,0007350 | 0,0011804 | 0,0010433 | 0,0004445
antiques other
countries

In this case, however, importing countries may appeal against the political expansion of RA, as one
of the mechanisms for implementing such policy is based on dumping: the exported goods are sold at
artificially lower prices and push out the products of the importing country.

Such a policy will also be appealed by other exporting countries, as their exported goods will be
pulled out by Armenia's exporting goods.

Thus, Armenia, based on dumping in its export policy, will be the reason for pulling out the
products that are introduced in the country of origin, as well as imports from other countries.

There are dumping definitions and differentiation of its types [9].

The laws of the developed countries distinguish two types of dumping:
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1. Price dumping, which implies the sale of goods at the exported market at a lower price than in its
national market.

2. Value quota, which implies selling a lower price than the cost of exported goods.

According to the Treaty adopted by the EAEU, Member States should apply anti-dumping
measures throughout the EAEU. The treaty regulates a clear procedure for the use of anti-dumping
measures, which defines the necessary steps of protective measures, starting with submitting an
application to the responsible body of the EAEU, consideration of that application before making a
decision. More detailed is the concept of dumping, the explanation of the EAEU economic branch, the
analysis of the damage caused to the EAEU economic branch as a result of dumping imports.

Conclusion. In order to enlarge products’ groups (with comparative advantages) export volume
we have to take into account the rights protection mechanisms applicable to domestic producers in other
countries. The government aims to expand exports of goods produced by domestic manufacturers in
search of new markets. Therefore, the export of goods can be applied to various tax mechanisms to
control the export of producer organizations.

References

1. Libman A. Models of economic integration — Russian and Post-Soviet experience. — Moscow, 2009. — 413p.
// Online at http://mpra.ub.uni-muenchen.de/19434/.

. Ballassa B. The theory of Economic Integration.- Homewood 3, 1961. -304 p.

. http:/knoema.ru/

. http://www.armstat.am

. Viner J. The Customs Union Issue.- New York: Carnegie Endowment for International Peace; London: Stevens
& Sons Limited, 1950. — 221 p.

. Bymaros A. I'. Dxonomuka. — M.: M3narensctBo “lOpnct”,1999. — 632c.

. CaabBatope JI. Mexnynaponuas skoHomuka / [lep. ¢ anrn.; IMox pea. A. Apakensima. — M.: Uzn-Bo
HuctutyTa BHEMHUX cBsaseld, 1998. — 714 c..

8. Poccuiickast Busnec-I"azera, 2011.

9. ByaartoB A. I'. MupoBas 5KOHOMHKA U MEKIyHApOIHbIE IKOHOMHUYECKHE oTHOLIEHH. — M., 2012. — 654c¢.

21.02.2018.

D AW

~N

U.U. Ywpwybwjwu. U.L. Unwpbywu
<L Ursu<uuvvuy <uvtsvusuuyut unudesLnr@3nhLLENh dLULUSNRUL
UM< 64 6U 6ruruernhyu

Munulimuppynid Fupnwhwiilul hudEdunnwlpul wnunjbynipinibbbph qlnuhunnilul whhpudbonniping-
ip b hpdbunjapydnid wpphwlwbngeiibp: Yanwplyly Foupnubwilmt hadbdunwlul apugkmppal gha-
hunmwl Epynt wnwppkp gmguihy, npnagny  quwhunnyly £ 22-p  wpunwhwinful hudbdumualul wnunkn:-
pyachblpp UNZ b EU kphphkpmd: dEpnidnyeyul wpynipnid wnwbdiwgyky Finp ugpwipuyhl pindpy, npnbg
wpumuwhwinlwl ke 22-0 niip hulbdunnuluwl wounfbnyenila: Nbunidwuppyly ko uyy wnypwipuyhl plpkph
wnlinpuppowinunnyeniip b gpuilg wpnwhwindwh nkuwlupup §phop 22 Z00-h b phphwingy wpumwhwidwl
Ukp:

Unwugpuypti pwnbp. hudbdunulwl wpwyknipnil, welinnp, wpnwhwbnid, gnigubhs, wnlbnpughi
punupwlwinientl, wypwipuyhl funcdp:

A.A. KapanersiH, A.A. ApakeJisiH
OLEHKA CPABHUTEJIbHBIX IPEUMYUIECTB OKCIIOPTA APMEHHUU B
CTPAHAX CHI' 1 EC

H3syuaromes akmyanbHocms U He0OXOOUMOCMb OnpedeneHus CPAGHUMENbHbIX NPeUMyWecms KCnopma.
Paccmompenbvr 0sa pasnvix nokazameis, no KOMoOpbIM OYEHUBANUCH CPABHUMEIbHbIE OYeHKU IKcnopma ApmeHnuu 6
cmpanax CHI u EC. B pesyismame ananusa 6vlOelenbl cemb pynn npooyKmos, 6 Komopwix Apmenuss umeem
npeumMywecmeo npu CpasHUmMenbHol oyenke sxcnopma. H3zyuenvt mosaphwiil 060pom epynn smux npooykmos u
0071 UX IKCNOPMA 8 BANIOBOM BHYMPEHHEM NPOOYKme Apmenuu u 6 obujem 3xcnopme Apmeruu.

Knrouesvie cnosa: cpasnumenvuvle npeumyujecmed, mopoeis, KCNOpm, UHOEKC, MOop206as NOIUMUKA,
epynna npooOykmos.

Karapetyan Armine — Master Student, Department of Mathematical Modeling in Economics, YSU
Arakelyan Aram —  Doctor of Technical Sciences, Prof, Head of Chair Department of Mathematical
Modeling in Economics, Yerevan State University
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unNrkMShUu3h URIESNRE3NKLLE PPUYNRLLP GEMUUUSNRE3UL
vuuurtuub Jdru

Fhwnwplynud Ei npnugghuyh b ppun/niiph gEpulugnippul Intpiniip o hwulugnipniap, plywbu bwl
qunwyjuplul gnpburiiulul b hwdwlupguyhl wpyntudkunyeniip phnpnonn npny gnpdénbbkp: Hhunwplyng
gnigpstikph  hpdwl  Ypuw  Junwpynid  Foognpénhughll b nkgpkupni Epnidnipnil: dEpymiénipiniin
hinupun/npmpiniii junw  pugwhuynky  npnigghuyh  phiugdwh hwdwpdh  wqpbgnipinilp  ppun/niipp
ghpwiuynippul hwdwpyh Jpu:

Unwugpuyhti pwnbp. [npniyghw, [npnigghugh phiupdwl hwdwphy, hpuyniiph qbpuluyniyemndd,
Jqupwyuplul  wpynibunbnnipmntl,  wwbbjughl  wgjuybkp,  gopénbuypl JEpnidnipntl,  Fnandbwnphl
qlunhunnufuil:

Ukpwbmipinii: buunmhwnnighntiuy b vwhdwbwnpujui mtnkuwghnmput oppwbwlubpnud
[wyinpkt  pubwplynud b numdbwuhpynid o ppwyniiph  qhipuuynipjutt b Ynpniyghwjh
hwuljugnipniuipp, pwtth np wnwehtp tpyph vwhdwbwunpuljuinipyut hwdwnbpunnd nith
luybnwhtt upinpmpemi, hul bpypopnp quumd jud unspinnund - uwhdwbwnpm ppudp
wilpugpijwd ppoypubph b wyy gpoypubpht wswgyw) opkupubph owwnpdwy  hpugykihnipjuin
hpwljwi fyuupnid [1]: dEpohthu wpyniupnid wpwewgnn uwhdwbunpuljut npidhghint mpunwgniynid
E twl tpiph unghwi-nbnbuwjuwt qupqugdw gnpépupwugutipmd [2]: Nuwnh, hwodh wnubking 4tpp
uoJwsp, whpwdbonnipinit £ wnwewinid ntunidtwuppt], twutwynpuwybu, Ynnniyghuyh niukgus
wqptignipiniup hpuyniuph gipuunipjut dwjuppuyh ypu:

Unnniwyghwjh hwujugmpmniip b Empniip: Ujunbdhwulwt gpujuinipniit wnwewplynid £
npmiyghwjh pwquuphy uwhdwiunidubp, npntp unynpwpwp thnpjupugunid tu dhdjutg: Unwyl
huwynuh vwhdwinidubphg L.

s dhpunbph (Webster) [3] punwput. wquympjut jud shtnnulnipjut pupwpdwb, jud Ynpunh
gnpénnnipjntl (gnpdpupug):

% Opuynpnph (Oxford) [4] punwpwtt. hpojuwtnipjut whwpnup jud wiykqu) quppughs:

% Zwdwppjuwphwjhtt Pwilly (World Bank) [5]. hwupughtt holuwbnipjut  swpwowhnudp

(mtwpynibwykwn ogunuugnpséniup), npp hwigkgunid £ dwubwynp pwhh:

dbpngpuy  vwhdwindubphg  punid k' np Ynpmiwyghnt  gnpénnmipiniip  wybuwhuh
hpwnwpdmpmnit kE,  bEpp  dwubwlhgubphg JEip  undnpupwp  yghkunwhjjuwbwlwi nnpuh
ubpujugnighs L, nd mdtwljut oqunuljupnipintin wnwbjupbnt tyunwlny swpuowhnid b/jud
wtwpynmibwdbn £ ogrnugnpénid opttunpmipjudp hpkl JEpuywhdus pouwbwlub (dwljubpp, higp
pugwuwpwp b winpununinud hwpuyht pupbyignipjut ypu:

Ppuwyniiph ghpuwljumputt hwuljugnpmiip @ tmpnitp: Ppuduw-nbnkuughnului
gpulijwinipmnitt  wpwowplnud Lt hpwynitph  gqhkpwlunipjutt hwuljugnipjutt qubwqub
uwhdwinidkp, npnighg wnwyt] hwywnuhubpp tkpuyugdus u uinnpl.

s dhpunbph (Webster) [6] punwpwl. hpwyhdwl, npnbkn tpyph opkupubpht Eupwplynid Eu

ponpp: .

% Opuynpph (Oxford) [7] pwnwpwib. hojuwinipjut judwjuljuinipjut vwhdwbiwhwlnidp
Eupwplting hunwl npnoqws b vwhdw]ws opkputinhi:
<  bpuniuph ghpuluynipjut Udunpuihwjh htunnhiinin (Rule of Law Institute of Australia) [8].
dnnnynipnp (bkpunjw) jurnwwpnipmniiup) yhkwunp L junwjupyh opkuph Ynnuhg b Eupwuplygh
npub, b opkipp whwp k1hth wytyhuht, np donnynipnp nitbwy 1hth hbnbbn gput:
b jpugnud dtpp woqwsh, Zwdwohiwphuyhtt wppwpununnipyut Spughpp (World  Justice
Project) [9] uwhdwunid t hpwiynitiph gipuumipniup hhdtjws 4 hhdtwljut hwuljugnipmitiubph
Ypw: Ypwibp k'
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1. Zuwpybnynnuijuinmipmnit.  junwjuwpmipmniip/ybhnnipmnitp, hyybu bwb dwubuwdnp whdhup
hwydbtnynnulju ku opkuph wnwy:

2. Upnup opkuputp. opkupubtpp huwnwl b, hpwywpulgws, Juynit b wpnup: Yhpunynd Eu
hwjwuwpuybu b guonywind dupgjuig hhdbwpup hpudmbpbtpp” thpunju) dupngljuig b
hptg niukgyusph/ubthuljutnipjut wtjunwignipmniup b dwpnnt wy] hhdbwlwt hpwyniupubpp:

3. Pwg Junwdwpnipnit. wj gnpépupwgutnp, npnug dhongny opkupubpp nidh dbky L dwnunid,
Junwdupkih ti, hwuwtt h B, wppup o b wpynibwd bn:

4. 4dhgbph hwuwtbh b wiynpdbiwluy (nisnid. wppupununnipniap vwhdwbwhuwl) dudwbwlnyg
hwbdiymd t ppwduunt, dpgnitwl] b wifwp ubkpyuyugnighsutph, ndpbp niukt pwdupup
ntuniputkp b tkpuyugund b wyb hwdwjupubph owhtpp, npnug Swnwynid Eu:

Ujuyhuny, yYbpnupjuy uwhdwinidubphg hbnbnd £ np hpuydniiph ghpuljuynipniup dh
Ynnuhg Gupunpnid E npouwdhwn b wppupwgh opbkiunpuljut jupquynpmidubph wnuynipnil, huly
Ujniu Ynnuhg wyy opkuplbph wiynnuiuwlw b wwwnowd hpugybjhnipmnit: Unwgdnid E, np hpuniiph
ghipujumpjut quyuhwupp paduljui dnn L vwhdwbungpuljubinipjut qunuthwpht b bdwophtiumy
wqptignipinit niuh Eplph unghwj-ntntuwlut b donnyppujupujut qupgqugdub Jpue

YUnnnmughwjh wqpkgnmipmiup hpudniuph ghpuljuynipiwi dmllmpquﬂ]ll Ypu: Zwpih umhhlnq
hpun]miph ghpuljwjntpub hwuljugnipyub <<tnupnnntiwympniips>> hwpg E unwewinud, npn’up L
jurwjupdwb hwdwlupquhtt b gnpbwntwjut wpynibwybnnipmniup puinpnonn b hpwyniuph
ghipujumpjut dujuppulp qujdwbtwynpnn gnpénuubkpp:

Uju huipghtt yuunwujuwknt hwdwp vnnpl nhunnwplyty Bu hbnbyuwg gnighsubpp.

Ppwyniiuph ghpuljunipjut hwdwphy (RLI),

Unnniyghuwyjh pujuydwt hwdwphy (CPI),

Utthwljutnipjut hpwynttiph hwdwphy (PRI),

Junwywpdwb wpnnibudEnnipjut hwdwphy (GEI),

Junujupuwt hwydinnquljuinipjut hwdwphy (GAI),

Junujupdwb puthwighlnipjut hwdwphy (GTI),

Poluwtinipinitubiph hwinty hwbipuwyhtt Junuhnipjut hwdwphy (PTPI),

Tunulut hpjuwtnipjub quunudp gnpswnhp hpjuwnipyuin hwdwphy (JCEI),

Ontkuughp holuwtinipjut quunidp gnpswunhp hojuwtnipjuip hwdwphy (LCEI),

Pojuwtinipjut phtknh mwpupwndwt hwdwphy (DPI):

SYjujubkpp dknp Eu phpdl) Epwtuthbpbiuuh Pupkpulppup) hwjulneniyghnt JEnpnuh [10] b

Zudwohiuphwihtt minbuwljut hwdwdnnnygh [11] ndjujukph sonbdwpwtubphg: Thunwpldt Eu 2011-

2015 pp.-ubkph nfjuutpp 127 tpypubph hwdwn:

SYjwjubpnid wnlw Ynenbjughuwyh dwjuppulp wthpwdbonnipmnit L unbndnid juwnwpby
qnpéntughtt Jhpmisnipmilt dnplnud puquulnibiwupnipnibp pugunkne b swhnyuwnipnibp
Jpdwinbnt btywnwlny:

Unniuwl 1-md ubpjujugyusé tu gnpéntiwghtt JEpnidnipjut wpnniupubpn:

X3

%

X3

%

X3

o

X3

%

®
0.0

R/
0.0

®,
0.0

R/
0.0

X3

o

X3

o

Ungyniuwly 1
Qnpénbughll JEpynidnipyul wpnnibplhkpp
Rotated Component Matrix*

Component

1 2
GTI 0.95
PTPI 0.92
GAI 0.82
LCEI 0.91
JCEI 0.88
DPI 0.80

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.
a. Rotation converged in 3 iterations.
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bPusywbu wuwupq L gununid Jbpnugyu) wnmiuwlhg, junujupdwi hwydbnynquljuiinipjut
hwdwphyp (GAI), jupwdupdwb puthuighmpjut hwdwphyp (GTI) b hojpwinipniuutph hwinty
hwipwjhtt Juunuhnipjutt hwdwphdp (PTPI) dhwiynpyl] tu dkl gnpénunid, npb wjuwnbn Yynsgdh
Junwwpnipjui b hwbpnipyub hnjujuuwsnipjui gnpént (GSLF): Untu Ynnquhg Ukl gnpsnunid b
ubpunyl] puunuwlut hpjpwinipjut quunuip gnpswnhp holuwtnipjuip hwdwphyp (JCEI), opkuunhp

holuwminipjutt quunidp gonpdwnhp hppwinipymup hwdwphyp (LCEI) U holwbnipjut plbph
nwpuipwndwt hwdwphyp (DOPI), b unwgdws gnpénup ukpluyuginid E  quunudubph U

hwjulohnutph hwdwljupgnp (CBF):
Unlju hwdwpytiph b unwugqus gnpéntught thnthnpuwlwbtbph jhpundwdp juunwpdl b
uwnnpl ipws Unnbijh ghwhwwnnidp’
RLI;j = Bo + By * CPILjj + B, x CBF;; + B3 = PRI;; + B, = GEI;; + e,
nputn -0 Epyph gnighyt £ puly j-u nwpbphyp:
Unpljh quwhwndwb wpynipubpp tbpuyugdus B wnpniuwl 2-nud b 3-nud:

Ungyniawly 2
Unpkip glnuhunindwl wpyni phkpp (hwdbdunnnipini )
Dependent
Variable: RLI M1 M2 M3 M4
Prob. Prob. Prob. Prob.
abl f, f. f. f.
Variables Coe (t-Stat.) Coe (t-Stat.) Coe (t-Stat.) Coe (t-Stat,)
Const. -2.0864 0.0000 -1.9677 0.0000 -2.4659  0.0000 -1.5572 0.0000
CPI 0.0474 0.0000 0.0452 0.0000  0.0342 0.0000  0.0203 0.0000
CBF - - 0.0826 0.0000  0.1208 0.0000  0.0643 0.0000
PRI - - - - 0.2337 0.0000  0.1521 0.0000
GET - - - - - - 0.4322 0.0000
Prob. (F-Stat.) 0.0000 0.0000 0.0000 0.0000
Adj. R-Squared ~ 0.9104 0.9210 0.9376 0.9571
Periods 5 5 5 5
Cross-sections 127 127 127 127
Total panel obs. 595 595 595 595

bPusywtu wupq k qununid wnmniuwly 2-hg, ponp 4 dnpbjukpnud b vnugdws wpnniupbpnp
Jhdwjugpnpki bywbwlwbtwluh Ey, ntbwly b wipkn: Uwubwynpuyby, F U t Jhdwjugpujutiakpp
gnyg Lt wwihu dnpkjh pugwupnn thnthnppwubbbph uvnwugqus gqnpswlhgubph qpn (hubm
hujuwiwluiunipjut pugunnidp: 4-py Unphjmud pugunpnn hnthnpuwlubbbpp pugunpnid Bu jupeyug
thnthnpjumjuth quphwughwjh 95.7%-p (Adjusted R-squared = 0.9571): Zkwmwqu Jtpnidnipjut hwdwp
Ynhwwpldh Jkpntgjuy unnbjubphg 4-pyp, pwbh np wyy dnpimud pugunpnn  hnnuwljubtpp
wnwybjugnyu swthny ki pugunnid juhyuw) thnthnppwlwth quphwughwi:
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Upginiawl 3
Unpljp giuhunndwl wpyni Gpakpp

Dependent Variable: RLI
Method: Panel Least Squares
Sample (adjusted): 2011 2015
Periods included: 5
Cross-sections included: 127

Total panel (unbalanced) observations: 595

Variables Coef. Std. Error  t-Statistic Prob.
cpPI 0.0203 0.0013 16.2455 0.0000
CBF 0.0643 0.0105 6.1148 0.0000
PRI 0.1521 0.0164 9.3019 0.0000
GET 0.4322 0.0268 16.1431 0.0000
Const. -1.5572 0.0690 -22.5691 0.0000

Effects Specification Period fixed (dummy variables)
R-squared 0.9577 Mean dependent var 0.0290
Adjusted R-squared 0.9571 S.D. dependent var 0.9652
S.E. of regression 0.1998 Akaike info criterion -0.3679
Sum squared resid 23.3946 Schwarz criterion -0.3015
Log Iikelihood 1184584 Hannan-Quinn criter. -0.3421
F-statistic 1659.2417 Durbin-Watson stat 0.2585
Prob(F-statistic) 0.0000

Upmnuuwl 3-hg wwpq E nwotnwd, np Ynpmiwyghwh piuwjdwt bhwdwpyh dhwinp
thnthnpunipniup qnignpnynid £ hpwyniuph ghpuuynipjut hwdwpyh 0,02 Jhunp thnthnunipjut
htwn: Uw hpkuhg ubpjuyuginid b puwjuiuit mdbn wqpbgnipni, pwth np 1-ht hwdwphyp
nwnwiynud k£ 0...100 vhowljuypnid, huly 2-pyp -2,5...2,5 dhowljuypnid: Quunidubkph b hwlulphnubph
gnpdénth vhwynp thnthnpumpiniup qnignpnynid £ hppwniuph gipuljumpjut hudwpdh 0,06 dhwnp
thnthnpunipjub htwn, ubthwlwbnipjut hpwynitiph hwdwpyh dhwnp thnthnjunipniup qnignpnynid £
Juhyuy thnthnjuwlwuh 0,15 dhunp thnthnjunipjut htin, hull junwdupdwt wppynibwybnnipjui
hudwpyh  dhunp  hnnjumpmitp ppudmbph  ghpulumpjui hwdwpdh 0,43 dhun]np
thnthnfunipjut hbwn:

Bquljugmpinit:  Ujuyhuny, uwnwgynud L np  Ynomyghwt U junwjwupdwb
wpynibudbnnipniip okt (ujtudwupnwp wqpbgnipmit Gppnid wpju hpwdniph
gipwjumput dwjwpnulh Jpu: Nwunh  hpuwniiph  ghpwjumpjut npnpwlh  dwljuppuy
tywwnwlunpbnt hwdwnbpunnid  wthpwdbpnn £ wnwbdtwlh nvwnpnipmit nupduby
hwljulnpniyghnt épwugnh wpynibwybn jpudswljdwip, pwth np yepohthu oyynhdw junwjwpnudp
Jupnn t hwbgkgut] Epypnid wdbih pupdp ophttwynpnipjut dwjuppulyh b, hbnbwpwp, hwipuht
punkitignipjut dwjupnulh whie
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I'.O. ABeTHCSIH

BO3JENCTBHUE KOPPYIIIUU HA YPOBEHb
BEPXOBEHCTBA ITPABA

Paccmompenvr  cywnocms u konyenyus Koppynyuu u 6epxoseHcmed npasa, a Maxdice HeKomopwvle
Gaxmopyl, onpedensaowue ONEPAYUOHHYIO U  CUCMEMHYIO dpexmuenocms  ynpaenenus. Pakmopuvlii U
PecpeccUOHHbIL AHANU3bI NPOBOOAMCA HA OCHOB8e HAOIOaeMvlx nokazameneu. Ananusz nomodcem GulsA8UMb
6IUAHUE 80CNPUAMUS KOPPYRYUU HA 8EPXOBEHCMBO NPAsa.

Knwuesvie cnosa: xoppynyus, unoekc 80Cnpusmus KOppynyuu, 6epxo8encmso npasd, d¢h@dexmusHocms
ynpaegneHus, naHeivHvle OaHHble, PaKMOPHBI AHANU3, IKOHOMEMPUYEeCKAs OYeHKA.

G.O. Avetisyan

CORRUPTION IMPACT ON THE LEVEL OF RULE OF LAW

The essence and concept of corruption and the rule of law, as well as some factors that determine the
operational and systemic effectiveness of governance are considered. Factor and regression analyses are
performed based on the observed indicators. Analysis will help to identify the impact of corruption perceptions on
the rule of law.

Keywords: corruption, corruption perception index, rule of law, governance efficiency, panel data, factor
analysis, econometric evaluation.
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Ukpluyugynid kb 22 vwhidwiugpulmbnyeyul b dpgpughuyh thnpnugnbgnippul dhipmninEuumghuulul
U dwipnuninbuwghnwlwh Unpkbkpp: Unwowplyly kb anp dnunkgnulbbp dpfpn dwlwppuinid dhgpughugh
npnppslikpp hknmugnunkyn: hunlwp, dwubun/npunybu dnplynod bhpunly F anp pagunpps, nplh wpunwhaynnd B
vwpplulg  JEpupkpniipp  punpunnunbbph  gnpénibbnipyull  wpynibuknnyepul - djunndundp: Uwilpn
vwlupnulnud Gnp dninbgnidbbpl wnwewplinud ko nupwdwlub nkgpkupnl unnlyhlph Ghpwnnipniip, sy ku
ull uyn unpkjhbpp ppowlnulbbpnid niumdbwuppynud b 22 huduylphlphg wpunwqunph b hunluglplbph
qupqugdwl dwluwppulh ol Jugp:

Unwigpuyhli  pwnkp.  vwhdwihwppulwbngenil,  dhgpughw,  wunnwhwlul  oquuulupnipul
wnunfbjugiwl Unpky, dhgqpughuyh gnpswhg, nmwpudulub nhgpbupu:

Nuydwbwynpyws 20-pn nupuybpehtt b 21-py nupwulqphtt wwppbp nnputbph ghnbwlwbiubph b
punupwlyub gnpshsutph Ynnuhg thgpughnt gnpspupugiitph JEpupkpyuy hwnwppppusnipjut jupmly wényg
nfju) wouwwnwipnmd thnpd E wpdlp dhypn b dwipn dwjwpnulny Jupnigh] vwhdwbwnpuljuiniput b
vhgqpughuyh  thnpwgpbgnipyut  mbhnbuwghnwdwupbdunhjuljuwt  dogbjukpp: Uwhdwbtungpuljuwinipyut b
Uhgpughugh dhipnuninbumghunuljmb dnpbip juenigynd £ Cwupwnh wpwewplus dwpnlughtt juuhunwh
unnbkih hhdwb Ypw [1], hul hhdtwlwb Bipugpnipniut wyt E np Epypnud vwhdwbwnpujubnipyut dujupnpuyp
dhgpughuyh hpwhpnn juwd wwhnn gnpént jupny £ (huk), pug opoud, swhdwbtunpujuwinipjui wqpkgnipiniup
dwppljug Uhgpughnt hwynidutph ypu ninnuijh b winuynquljh punype Jupnn b niakbwyg:

TYhuwpytup vhowqquyhtt dhgpughuyh nbwpp: Thgnip mibbkup n pwhwynipyudp Eplhp: Zwudwdugh
Nwinwhwlwh oquuljupm pyub dwpupdwjugdwh dngkjh (wiq). Random Utility Maximization (RUM) model) [2]' j
Epypnud phwljynn i mhuwnp ¢ dudwtwljwhwndush pupwugpnud k tpihp nknuithnhybjhu wvinwiinud £ npnowlh
oguiuljwpnipinil, npp Yuqujws b kpkp Yuplnp pungunphshg

Uijke = Wike = Cjkee T Sijiees 1)
npwnkn Uyjy -t Uhgpughwyh nhukjhu uinugynn oginwupnipinitit £, wjy-t oginujupnipjub wyt pununphst , npp
$niuljghw k) b k Lpyplph mwppbp pinipugpbphg, cjge-tt nbnuipupdiwt swubph kb, hul s;jr.-t oginuljupnipjub
wihwunwlwi-nipuhwnndy vnnjuwunhl punungphst

Uthwwnp dudwbwlh ¢ wquhht <<hwpqupynid>> £ pojnp n — 1 nignnippnibabbpny nbnuowpdyint ghupnid
hp oquuljupnipjutt thnthnpunippnibtbpp b pnpnud £ wyt mgnnipnitip, nph hwdwp Ugye (K=1,..,n—1)
Ubkdnipiniup wnwykjugniyut Eunwgynud: Gpb pnjnp k-tph hwdwp Uy < 0, wygw tw dund £ hp Gpljpoud:

Wike-t tplynt tplypubph pbdkpwé htwpuwynpnipymbttph wwppkpnipmibt £ ophtiwly, Epynt Epypubkpnid
Uhohtt wojuwwnwupdbph wwpptpnipniup, hwipwht Swpwynipmibttph npulh wwppbkpnipniuutpp, Epyph
htunhwnnighniwy npuiljh wppbpnipmittibpp b wyje Uy hwquuwnp guypdwbbbpnod Bupugpdnud |, np wye-h b
wihwwnh dhgpughntt hwynudubph dhol wnlw E ninhn Yuwjuduénipmnit. nppuwt ks &u j tphphg k& Eplhp
nbnuowpdytint nypnid withwwnh pupklignipniup pupdpugubint htwpuwynpnipmibbpp, wjipwb bw wykh &
owhwgpgnyus wyn nnnipjudp  dhgpughuyh  phubne Uwuyt wyn  htwpwynpnipmnibibphg  oqubynt
niiulmpnitttpp nuppbpynud Eu tmwuppkp dwppjuig Unwn: Ophtwl, bpk wy hwjuwuwp wuydwbbbpnid ponp
Epyputpnid dhohtt wphiwwnwupdh dkdnippnitubpp hpwp hwduuwp B, wyw dhwyte wy, pununphsh Jpu
hpdt]tny Yuphkjh b bipwnpl, np wihuwnp sh dkyuh hp kphphg: Bpk twl bupwnpbup, np j kplpoud
nnudupyubg b jubwbg Uhliingh woluwnwbpp junwpknt ghypnd uinwgnn wolwnuw]updbph dhel wnlju
E vnuppbpnipnil, ophtimly, innuuwpnhly winwbinud Eu dhghtinud dnwn 20% wbh pupdp wolmunuduinpd, uwljuwgi
dtwugus phypubpnud wyn wwppbpmipnitubpp puguljuynud Eu, wyw wuwnlbpp hnpudnud |, b wydd, ek npnonid
Ywjwgnnp Yht b wyw wy hudwuwp gupdwbibpmd tw jgubwiu dkYut) hp bpyphg, hul wnudwpyp' ns: Uogus
hubquuwipny £ yupiwiunplus dnpljnid wihwinwljwb-mpuhwnnly puqugphsp s; jke> ukpunkp: Ugl
wupnibwlmd b nbginipntt dupgne mthunwwi wpwbdbwhunmpmibbph Jpupbppug’ ubn, wwphp,
Uppnipnil, dwubwghnwlub niwlnipnitiitpn b wyj: Unphnud ¢ pununphsh wnljuynipniip poyp b wnwghu
kupwnply, np wthwinp Yupnn Edklhg wil) wiquid nhut) dhgpughwih hp wlpnng Yubiph phpugpnud:

Gpt wpubkpyph ponp tpyputipp hwdwptup kY k& tplhp, wyu (1) hwjuwuwpdwip hwdwpdtp Yihuh hbnbyug
hwwuwpnudp'

Pr(Y; = 11X, Xe, 5:) = o + B1X; + BoXic + Bacjic + Basi + &, (2)
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nputn Y-t dhgpughuwgh nhdknt npnonudi  (kplnt htwpunp Epny iyt jud dawy), nph hudwiwlwingpgniap
Ywhjws E dwpyne phuympyut bpyph bk wpunbpyph phngpugphy wowbdbwhwinympniibphg X G Xy,
Uhgpughuyh swhubphg' Cjk, b twpnnt wthwnwljwb-jnipuhwnntly punipwgpbphg' s;, hul &- wyh gnpéntbitph Lo,
npnp skt thpunyty) Unpbnud:

Epk nhnwplymd EUhwlnnuwih dhgpughwh, wyuhtip dhuyl j ipyphg wpnbphp dkyakn nhupp wiupu
Ukt nigmipyntthg, wyw (2) hwjwuwpnidp huh'

Pr(¥; = 11X,s)) = o + B X + fosi + &, 3)
npntn X = X;, hulj dnpkihg X b cj thnthnpuwljuiitbpp nnipu ponitnt wpynibpnid Ynpniuju) nknkynippub dh
dwup thnjuhwinnigynid k s;-h hwpghtt (ophtwly, wpnbpypnud dnn pupbljwd jud puybp niikbwne hwbiqudwipp
Qupnn E thnpowphtb) vhgpughwgh htn juuydws Swhubph pupkppuy thnthnjupuljutht b wpb), dnue dwub
wybjwbnid k g;-phle

(3) hwjwuwpdwl wnbkuph Unphjutipnud wyhwp b dbs qgnipwynpnipnit gniguwpbply] Ukl hwugqudwuph
tuundwdp: Uy wbuph dhjpninbunbuughnwlwl dngljitpp qgiwhwngmd & dhypn ndpuybph, wyuhbp’
ubphuyugnigswjwt hwpgnudubph oguugnpédwdp, htknbwpwp Unpbih X pununphsp, npt niquplnn Ephph
opjijinhynpkt swihbjh punipugphy wnwbdtwhwnlnipniub k, ppuuwind wpnwhwjndnud £ kpynt gnpénutbph
hwdwnbndwt  dhgngny: Ophtwl, Gtpk junund Gup bGphpnud  npbk htunmhuinunh  gopéniubnipyub
wpynitwybnnipjut dwuhl, wyw wnwehtt gnpdénup wyn htunhnininh gnpénitknipjut wpynibwybnnipjut
opfijnhy] dwlwpnulihn E phpowd, hul bphpnpy gnpsntp dwppuig mukgus Jupshpp wnwght gnpénih
ybpwpkpuy: Gph wpwehip wiwh b dwpnyutg judphg U hwuwnwwnnit b poinph hwdwp, wwyw Gpypnpgp
thnthnpuynud £ dh dwpynig dintuhtt wihgbjhu: Lodusp dnplijnud wpinwhwjngnid £ X-h nwwuppumsdwdp bpynt
dwuh, npnughg wnwghtip pupjuynud k By wmquun winudh Ypw (By), pwtth np tnybb k pojnph hwdwp, huly Epypnpgp
wybjwind t s; wthwnwwb-jmpuhwnnty npnohstbph swppht (sff): Upynibipnid Jhpgtwljut hwjwuwpnidp
yihth

‘ Pr(Y; = 1ls;58) = Bo + B + Bosi + Basf + & (4)
Jud np unytb
Pr(Y; = s, 50 = o + Busi + o5 + & (5)

Utp qnqdbg wppkl hpuwwbwgdly tp (5) hwquwuwpdwt hhdwb Jpu 22-hg ulpmu.lqulruah npnohsubtph
qiwhunmu’ oqunugnpstyny Zknwgninuljui pkumpubph Ynyyuuui §einpnth (Z[HIII wiiq). Caucasus Research
Resource Center, CRRC) Unnuhg 2015p. wughugdus hwpgnidubph wjjuubpp [3]: SYujubkph puquynid wnliju
hwpgtpp ybpwpbpnud o dwppluig Yyubph wwppkp nnpunbkpht, wyn [allnu[ llulh hwpgtp, npntp wntsnipni
mukt Uhgpughwih htwn: Uy hwpgbphg woub) jupbnpibpp snpub ko <<nilik p wprynp wpunbpynud wypnn dnwn
pupbul>>, <<nitikp wpynp wpnbpymd wwpny dnn phlbps>, <<hbnwppppiw’s kp wpynp  Usnwljub
Uhgpughuyh nhubnyg>>, <<hknuppppiu’s bp wpmynp dudwiwfunjnp uhgpughuwjh nhubny>>: Umiu juplnp
hwpgbpp JEpupbpnud Bu dwpnljubg mmwphpht, uknhl, nbtwghtt mnbunipjuip (winudukph pwbwly, gijuwdnp
winudh JEpwpbpuy mdjuubp), Yppudnipjut wunhdwht, qpunyusmipjutp, tjwuntnubpht, Swhubkpht b
wp: Uwppluibg bwb wjbwyhuh hwpgip &b wpnud, npnup thopdnmd Bu pugwhwjnt) tpuwbg niubkgus
ybpwpkpuniipp  Epiypnud plpwgnn  pwnupuwlub  gopdpupwgubpht b dwpnni hpwyniuptbiph
wwonuwinwsnipjubp, ophlwl, wpmynp kphpnud plnpmpymbbkpp wpgw'p b, hbspwtng k dwpnp Junwhnud
wnwpplp htumhwnnuntbpht, huspwing b yquonyuwiduwsd wquun fjunubint hpwyniipp b wyi: Lwth np wdpnne
njjukph  puqut juquduws b odwpnuig wpjus hwpgbphtt uwinwguws wuwnwupwbbphg, wuyw wyn
thnthnpuwljutitkpp opyjnnhy 1huty skt upnn. npuip punuukiup gnyg b mwhu duppjuig unipyEljnhy jupshpp:
bhwnlt, wyn hwpgkph ke ny vh wltwpl shw Epjpnud vwhdwiwunpuljuinipjut dwujupnuyh dwuht, vwluyi dbp
Jupsdhpny wjtyhuh hwpgbpp, husyhuhp L <<11thu1hn°q bp quunwhnud Eplph twpwquhht, jupwwupnipjuip,
wqquyhtt dnnnyht, nunuluwi hwdwljupghss, <<hthu.1hnol.[ i qupnuyutdws dwpnne hppwyniupubpps>> b tdw
Uniu hwpgbpp Jupnn Bu puduljuitht juy dnnwplnud hwiinhuwbw) <<awhdwbwunpuljuiniput duupgul>>
Ynthnfuwluith hudwp: Upne Yoqdhg vwhdwbugpujuimpput dwljupqulp htnkgpuy gnigubhs t [4], npp
Junnigynud £ dnpnppudupuljub, punupulul, hpujulwb b unghw-ntnbuwlwub gniguuhoubph hhdwb Jpu:
Zewbwpwp  dbp  Unphinud s?-p Yupnn Bup  plgmitk] npwbu Eyunp, nph wwppbpp juqudus B
uwhdwtwunpulwinipjut dwwupnulh hhdpp hwinhuwgnn thnthnpuwlwukphg:

Uhgpughwyh npnohsibph qiwhwndwi dbp Ynquhg wowewplyuws wju dnnbkgnudp Jupnn E hhdp
hwinhuwtw] hbnwqu hbnwgnuumpinitubph hwdwp, npnugnid fEunpnuwfwi hwpgp dhgpughuwgh ghudbno
npnodwt jupnjusnipiniut L dwuppjutg wthuwnwlub-nipuhwnntyy punipugphsitiphg, b fpunhpp nustne hwdwp
wnlu Lu jugnighy wjuwjukph pwquibp, npnugnd wyn punipugphsubpp wybh hunwly o wpnwhwynguws:
Uwhdwtunpujuwinipjut b dhgpughuyh thnpiwgntignipiut dujpnnunbuwghnwuljub dnpiinud ghunwplnd
22 hwdwyiplikphg tkpphtl’ nhyh wy hwdwipbtp b Bplwl, b wpnwpht' ghwh wpnkpyhp, thgpughnt hnupbpp:
Ujt jurnigyniud £ dhpninintuwghwnwljwt dnnbih hhuph Jpu:

Thgnip Nt ¢t dundwbwuwhwinqush ulqpnud j Lpljpnid wwypnn dwpnpjulg putwlin k, huly mjkt'il‘ t
dudwtwljwhwinwsnud j tplphg k kplhp nknupwpdynnukph pwbwlyp: Gpk M, € [0,1]-n] tpwlbwlkup j Eplphg
k whnuihnpugwsdltph dwubupudhbp j kphph phulsnpub dh, wuw’
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Mt = Mijiee Nje: (6)
(6) hwuwuwpdwh Uk Mj,; pununnphsh uywuynn wpdtpp gnipu phpljnt hwdwp fhhdugbtp quinwhwluh
ogunuljunpnipjul twpuhdwjugdwl dnnbjh Jpu: . Ipnglipp b @ Zwbuntp Eipunpnud Eu, np (1) hwjuwuwpdwt Ak
Sijkt pununphsp ogufupnipjui whhwnwlwi-mpuhunml wvnnpwunhl puqunphsp, muh Uwpbunkih
ynnuhg wowewplfus wilwp b Uplitngl duny pupjujwsd tpunpbvw] wpdtpny wnhw-1 pwsumd [5] (whqy.
independent and identically distributed Extreme Value Type-1 distribution) [6]: U. Puyjukt, U. Ripuniht b v. Unpuqul,
hhdubtny wyy Lipugpnipjub Ypuw, wowewpynud i i withwwnh Ynnuhg k tpyhpp ptunpline hwjwbiwlwinipniip
ubpluyught) htnlyw) pubwdbng [2]
eWikt=Cjkt
E(Mjee) = W — Gt ()
npuntin Wje-t ognuljupnipyub gt pununphyt £ npp $niblyghw £ bk Gphptbph wwppbp punipugpbphg, cge-u
nbnuownpddwb Swhiubph by, huly I (I = 1, ...,n — 1)-p Uhgpubinhtt hwuwbih Eplypukpt Gu:
Ujuwhuny, j kpYphg k bplhp uywuyng hudwuwnt dhgpughnt houpp Yhth!

( ) eWikt=Cjkt
E(mj) = =——N; 8
T Ciwie — e * ©)
Jud
YVik
E(mjiee) = e 2= Nje, 9)

Qjy
npubn ¢y = eI,y = ekt b Q= By wyye — e ‘
Ujuyhuny, j ipyphg k Epyhp hwdwpwnt thgpughnt hnuph Jpuw wgnnud B
* jbplph’ dhgpuitnn mnuplkine mbwynpyniip, npp wyn kphph plulsmpiub pupuinbhg tYuhaus’ N,
e Uhgpulnubph hwdwp k Ephph hwdbdwinwlub gpuigsnipinitn j Epyph tundwdp yj,,
e [k tpyph hwuwtkhnipniup j kpyph ptwyhsttph hwdwp ¢y < 1,
e uy| kipypubiph hwpwpkpuljut gpuisnipinitin b hwuwtbhnipmiup Q)
Uluhwyn k, np 0Q;4/0¢j;c = yjie > 0, npp tpwtwynud £, np [ wyjpunpubipughte Eplyputph hwuwbbjhmpput
ujuqnudp hwbghgunud t j Epphg k Ephhp vyuwuynn hwdwhiwnt dhgpughnt hnuptph wgh:
(9) hwjwuwpnidp Yhpwnking Yupkih tbwb npnoby, pk his gnpsntbtp 5o wgnmd npt kplypood Ukyannubph
b duwgnniubph ugwuynn pwbwlh hwpwpbpulgnipjut  thnhnjumput  Jpu: Ujuwybu, tpk my-t ¢
dudwbmjwhwnwénud j tpipnid dhwgnnbiph pywpwbwyb k, b putth np ¢ = 7% =1, wyw’
E(Mjke) _ Yk
E(m) 7y )
ntuinh wyn hwpwpkpulgnipinitp jupdws tdhuwyt tpljne kpyptikph hwpwpbpujub gpuysnipinithg v /yie U k
tpYph hwuwbbhnipinithg ¢ ‘
Bpt (9) hwjuwuwpdwb kpynt Ynnup pudwikp j Epyph ptwlsmpjub Ny plupwbulhl
E(m; .
E(Mjy.) = (M.tht) = Pjke };lj_;t' (1
Juunwbwp, np nkwh k Eplhp dkjunn dhgputinubiph dwubwpwdhp j kplph ptwlsnipiut dke (wyp Yhpy wuws
Uhgpughwih gnpswlhgp Mjie), Yupuqus E dhlbnyt thnthnjowluiitikphg, hty (9) hwjuwuwpdwb nhypnid tp’
puiguinnipjunlp j kplph plwlsnipyub pYwputiulhg:
r. Nwdnup tpnud k, np (11) hwduwuwpdwb kdyhphly ghwhwndwt yupqugnyi dnnbgnudp hbnlbywy dngbh

\

quwhwwnnudu k [7]

(10)

iXieBrx
npinkn x;-t U x-t j Uk kplypubph pimipugphy wowbdtwhwinlmpmnitikpt u, hul xjkt—h‘ k &pyph
hwuwtkihnipinitip j Epljph piwghsubph hudwp, hul -t unwhwlwb ufowgh  nph dwpe. vguunudp 1 E:
(12) hwywuwpdwt bpynt Ynndp nquphpdynd k, b vnwugynud b dhppuwljui hwjwuwpnudp, npp
Lpuplyynud E Hynindbnphl guuhwnduwt’
(M) = Bo + B In(x5) + B2 InCxie) + B3in(xjue) + €jiee: (13)
TYhuwupltup 22 hwdwyuptbphg wpunwqunph ghwpp: Epyne jupbnp wewbdbwhwnlnipyut Jpu whwp &
nipunpnipinitt qupdubp Ukjn wyt E np hbnmwgnuybnt £ hwdwgupubphg nbwh wpnbpyhp b ghwh Gphwb
Uhgpughwi: Zknbwpwp wthpwdtow k dhwthnjuby (13) hwjwuwpnidp: Gplynt nhypnid £ gnps niukp dhwlnnuiwih
Uhgpughuyh htwn, wyuhliph' dhuyb phunwpymd bip hwiwyiptiphg wpinuquneh nhwypp: Uw bowbwlnod b, np (13)
unnbinud xe U X, puquyphstbpp tnygbb Eo vnwgynid pnpnp - hwdwyiptibph hwdwp, hknbwpwp npubg
wqnkgnipnitin Uhgpughwih Ypu bkpunymd £ By-h dke, huswbu dhipnintinbuwghwnwlwt dnpkh nkwpnud Ep:
Puigh npuithg, hwpyh wntknyg (12) hwjuuwpdwi llmnmgt]gnbp[x‘ uUnnk hg xg; b xjy, pununphsbpp gnipu panukp
pnryp E mwhu wquuygly (nquphpudwljut wbkupny ubpyuwjugnidhg: dbpotwljut hwjwuwpnidt nith hbiwnbyuyg
mhupp‘
Mje = Bo + Brxje + g¢: (14)
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22 hudwjuputiphg wpiwqunpeh dnghh dnie wpwbidtwhwinlnipiniip hbnbyuyb b pwth np hwdwyupubpp
nwpwspny b phwlsnipjut pyupwbwlny pwwn thnpp ki, hbnbwpwp wwpuswluh wjnnynnkjjughuwh npubnpdwh
Uk phull Yw, npp Yupnn Lt hwbghgul] ohnqus quuwhwwnwlwbibph wnwgdwi: ZEphtwlubpp  tdwb
hpwyhfwljubpnid wowowpynid tu pwipdyby tpint dwbwwyuphny: Unwohtt wnwpplpulyp [8] Lupwnpnud £ W
nwpuswlui Yohrubph dunphgp uykljnpu) gEndwynghghuyh kipupll] wpwidbugilyng dunphgh ubthwljul
wpdtpubpp b ukthwlub JEyunpubpp’

W = EAE’, (15)
nputn E-0 ubthwlub JEyunpitph dwnphgh b, huy A-G° wilynibwgswiht dwnphg t, nph wwppbpp ubthwlwb
wpdbpubpt Gu:

Uyinthbinl wunhwbwljwb phgpbuhw (wbq).” stepwise regression) Yhpwntyny plwnpymd ku Q@ ukthwlub
Ykunpibp, npntp bkpunynud ku phgpbupnt hujwuwpdwb dke npybu pugunpnn thnthnpuwlwbbp’

Q

Mj, = Bo + B1xje + Eq0q + €1 (16)
q=1

20-1 Eqby pugunphsn Ynsnud k inwpwdwlwb $hynp [9):

Umnuu dninbgdwdp wnwowplynid t Yhpwnek] mwpwswlwb phgpiupnt dnpljukp, dwubwynpuubu,
nwpuswlwi wjnnnkgpluhy Ungk (whg). spatial autoregressive model, SAR) it nupwswljul ujuwyny unyk) (whqy.
spatial error model, SEM) [10]: Unwghth nhypnid tupunpynid E, np j hwdwjuiphg dwpnjuig wpnwhnuph dpu (14)
Uunphnud  pungplus gnpénuibiphg quun twb wqpkgnipnit nith hwpbhwt hwdwjupubphg wpuwqunpeh
ubksnipniipn: dpw wlkbwdun npubnpnudp Yupnn b jhuk] dhgpunibph guigkph wnwewgnudp. ophtiwuly,
wpubplypnid Swinp niukbw)p, nJ wdktuyt hwjuwibwlwinipyudp (huknt Ewugju jud huplwb gininhg, htwpuynp
L buuunpbt tduqkguh wmknuihnpugbint b wpnbpypnid mbknuygnpybne hbn juydus swpubpp: Uhqpughuwh
hwilwp SAR Unnbji nith htnbyw) wkupp'

Mje = AWM, + Bo + 1 Xje + &j¢, (17)
nputin M,.-t Uhgpughuyh gnpéwlyhgi £ j hwdwyphtt hwplwb z hwdwyiptbpnud:

SEM unnkih nhypnud hpwp hwpbwb hwdwjuptbipnud dhgpughuyh gnpswlhgp upnn E thnthnpagbp nplk
gnpénuh hwpdht, npp jnipuwhwnnly £ ndju) mupuswopewh hwdwp, vwljuy sh tkpunynid (14) hwjuuwpdw
wg Uwuh qnpdnuttiph swppnid: Ophtwly, Uhwbw (£htt hwplhwt hwdwuputpnid dhqpughnt hwlnidubpp jupnn Eu
wnwppbpylp wy hwduwgtpubpmid dhgpughnt hwynudubphg, uwwluy dnpkihg pugulugh (£htt Unwn (hubknt
Ykpupkpyuy thothnfuwlubp b wyb: SEM dnglyp dbpupugnud E (18), (19) hujwuwpnidubpng

Mje = Bo + By Xt + €, (18)
& = pWeje + vy, (19)
npuitn vy wunwhwlwh vl bbpp tnpduy Bo puphdws, b E(v;,) = 0, E(vjtv;t) =02l

Utp Ynnuhg Eynundbwnphl quuhwndwt b Eupupydt) (14) dnnkp, husybu b mwpuwswljut jugny b
nwpwswluwb vppwny dngljutpp [11]: Suwhwndwt hwdwp oquuugnpsdyty ki 22 Swpwspuyhtt jurwupdwb b
qupqugiut  bwpwpwpnipjut (SYQU) Unnuhg hwdwjupubph hwdwp 2015p. hwupwugpyus wndjuubpp:
‘Lwpiwpupnipinib wdkl imuph hwpgupbpehlubp Enimupynud hwdwjupubph nkjudupubpht, npntn btbpundus
kU hwipgbp hwdwjuph dnnnyprugpnipjub, mwupwsph, Lipuljwnnigyusputph, mbnkunipjui, unghwjwljwh njnpinh
b wy) phwquyunubph Epupbpyug:

Zuph wotkiny wyl, np wjjuubph Uh dwup Jepupkpoid E dhugh ggniqujui hudwgpbbphi, dote duup
Uhwytt punupuwyhhl, ntunh Jbpnisnipniup juwnwpyl) Edhujt ggniqujut hwdwjupubph hwdwp, npnug pubwlp
2015p. tnky k 829: SYjwyutiph puquynid jw jmipwpwiiynip hwdwyupp punipwugpnn dnwn 950 gnigwithy, npnug pynid
dwpnuitg supdh Ykpupkppuy weljw ko hknlyw] hothnuaubibpp ndjug wupjw phpugpnid huspwb dwpn, k
pnuwt ptwlmipyut tyunwlng hwdwjuphg quwgk] wpnbtpyhp, Gphwb, 22 wy phwjuwduyp b LEpbwght
Qwpwpwunh Zwbtpuybnnipintl, htyybu twb huspwt dwpy £ B hwdwyp iodws snpu ninnnipiniithg: Unpljnid
npuiku Jujuyuy hoinfoufwt oqunugnpéyly B ny ph dwpnluig updh JEpupbpug pugupdwl ptpp, wy
hwpwpbpulwb gniguthoubp, npnup gnyg Eu wwhu phwlsnipjut Uty Udhgpughuyh nhdwsd dwppljuig
Uwubwpwdhtp Uhgpughwyh gnpsulbhgn (Mj,):

bty ykpuwpkpnid £ xj; pununphsubpht, wyw nputp nfjujukph puquyh hhdwt Jpu hwpdupydus
puquuphy gnigwbhoubp kb, npnup gnyg o wwhu  mpwpwbynip hwdwguph  punipugphs
wnwidtwhwnlnpmnibtbpp:

Judwdugt 22 Uwhdwbwnpmpput  86-pn  hnpjush’  whnmpjub  puqupulubnipju  hhdtwlui
tyunulikphg Ukyp nupuspught hwdwswth qupqugnidb b, huly 87-pn Jhnh hudwdwh' whnwlwb b nkquljub
huptwjurwjupudut dupdhuutpt hpkug hpwdwunipniuitph b htwpwynpnipniuttph oppwtwlnid ywpuwynp
Ll hpugnpsty Uwhdwbwnpnipyub 86-pn Yhnnud togws typwinulukpp: Uk wy huunwpnpnid’ 22 nwpuspughi
qupquguut huykguljupgnud, upynud E, np mupwswopewntinh thol qupqugdut wthwdwywthnipmnibbpp ujulty
kb unpubtw] hwnuybu 2000-wlut pyulubibphg ninbuwlut wsht qmgpipwug, npt wpnwhwyngt b
hhdtwuwind duypupunup Gphwbh winbuwlwi ngbiph b bywhwlnput wdny b Jwypwpunuph nt dmniu
dwpgbph dhol Jhuuwdwlwpnulh wwppbpmipiniuutph junpugdwdp: Upn wwpphpnipenibibph puguuwlui

19



htnlwbputiphg k inky b dunud pnyp qupqugus hwdwupubphg phwlsnipjut wpnwhnupp nkyh wykih qupqugus
hwiwybpltp, hwnfuubu’ Bplwl, b gkyh wpnbkpyhp: Lwih nhe Uwhdwbwnpnipjub ke tkpun]ws wyy gpoygpp
Quipnid  sh hpwgnpdynud,  wwpwdpuhtt  wihwdwsuth  qupqugnidp  Juwbpjowupgbiime b wyy
wihwdwswithnipniuubpp dbgdint hwdwp wwuwuppwbwnnr juowqupnipniip b mbquljub
huptwjurwdupiut dwpdhtubpp dwpingynud Bu hpkug gnpswnnypubpnud, whujuynud k, np ptwulsnipjut
wpnwhnupp pupm bl ljm Eyuwhywil) hp nkdyp hwiqbghtyng hudwjipibpmu phwlgusnipyub tnupugdwi
b phulsnipjut hEunpnbwgdwl punupuyhtt phwwduypbpnud:

Zupih wnlibyny Ykpnigjuyp Unglibpp guwhunbjhu xj¢ gniguthpuliph pynid twl tkpunyty Ehwdwytiptbph
qupqugusnipjul Uulupyuyh Jkpupkppuy dbp Ynnuhg hwoduplus hudwphp’ Swpuspwiht qupqugdui
hudwphyp’ S92 [12]: $22-n hudwjpltiph phghwinip qupquglui twljupguli wpnwhwynng hudwphy k app
pyp b nwjhu ppuuitughit] hudbdwnnpynibikp wwppbp hudwjipitph dhel' pugwhwpnbng Jkpohtkphu
wdwbmipmnitubipp b wwppbpnipniiutpp, nidkn b pnyp Ynndkpp, b wipinhwn dpnwnhnwpdwt Eupwplby
hpuwtwgynn punupwlwinipjniutph wpyniupubpp:

Unnhjubph quwhwndw dwdwbwl) puguhwyngby £, np, hpnp, mwpuswljut dngbjubpt wybih juy wpyniup
ki gniguipkpnid AIC (Akaike information criterion) b R? gniguthpikph nkuwlynithg, plig npnid, SAR Unnkjp wykih
gudp AIC b wytih pupdp R? k nilikghy, put SEM unglip: Ply Epupbpnid £ SQ2-h gnpdwljhgitpht, wyw wupgqynid
E np hugpwt hwdwyipp wykjh qupqugws b, wjipwl wypntnhg dwpnpy wykih gun kb ghwyh wpabplpp
dhgpughwh nhunud, huly Gphwith nhypnid hwljurwl k. higput hwdwjupp qupquigus E, wjipul wyninknhg wkh
phs Eu niyh Gplwt wpunwqunpnud [11]:

Bopujugnipmi: SYjuy wotwwnwipnid tkpuyugybghtt 22 vwhdwbwnpuljwinipyut b dhgpughugh
thnpwuqpbgnipjut dnpbjubkpp: Unp Unnbkgnudubp o wnwewnlyl] dhgpughuyh npnohsubph dnpljwynpdwi b
Unpbutiph wwpwdbnptph quwhwwndwb hwdwp: Twutwdnpuybu, vwhdwbwnpuljuinipyut b dhgpughuygh
thnpuuqpbgnipjut dnpbjuynpnudt hpwuwbwgyt) £ dhjpn b dwlpn dwlupnuljubpny: Uhipn dnpkjutph unp
Juonigusp t wpwewplyl], npunbn jpugnighs pununphs t tbpundws, npp gnyg b owwhu dwppluig
wuwwnlbkpugnidubpp tpypnid gnpénn htunhwnnunbbph gnpéniiknipjutt npulh dwuht: Twljpn dwlwppulng
unnbkjubpp JEpupbpnud Eu 22 hwdwyupubphg nhuh wy hwdwyupubp (hwnjuwbu nhwh Gphwb) b nkyh wpnbplhhp
dwppuig wpnwqunph npnohsutinh pugwhwyndwin: vunhpp (nwskint hwdwp wpwewplyby £ wyp ninpunbkpnud,
dwutwynpuybiu wpnwphwgpnipjut b ipjpupwinipjut Uk ogunugnpsdynn mwpwdwljub nigpbuhwyh dnnkjutph
Yhpwrnmipinitp: Ujp dnpbjubpnud jEunpniwlwt t o tnlp dhgpughugh dpu wqnnn gopénuubph  owppnid
hwdwjuputph qupquguut dwlwuwpnulh JEpwpbpu)  othnjuwlwih  tkpwenwdp, npp gnyg b wwjhu
Uwhdwtwunpnipjut dbp tkpunjws wnwpwspuyhtt hwdwswth qupqugudwb Jepupkpyu) gpoyph hpugnpsdw
ppugdudp wuydwiwynpjuws nwhdwunpujuinipjut dujuppuyh quwljwunipgp:
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I'.P. Yaxosn

MHUKPO- U MAKPOOKOHOMUYECKHWE MO/IEJIU B3AUMO/JIEACTBUS
KOHCTUTYIIMOHAJIU3MA U MUT'PALIUU

IIpeocmaenenvl MUKpo- U MAKpOIKOHOMUYECKUE MOOENU B3aUMOOCUCBUS KOHCIMUMYYUOHAIUSMA U
muepayuu Pecnybnuxu Apmenus. IIpednoscervt HO8ble NOOX00bI UCCIEO08AHUA OEMEPMUHAHMO8 MUSpayuu Ha
MUKPOYPOBHE, 8 HACMHOCMU, 8 MOOeNb 6KIIOYEeH HOBbI KOMNOHEHN, KOMOPbLIL 8blpadxcaem omuouwerue 1ooel K
apghexmusnocmu oesmenvHocmu uncmumymos. Ha maxpoypoene nosvie nooxoovl npeonazaiom ucnoIb306aHue
Mooenell npoCmpancmeeHHol peepeccul, a MAakHce 8 PAMKAX IMUX MOOenell UCCIeYemcs Ce:A3b MeXCOy dMuzpayuelt
uz oowgur PA u yposnem pazeumusi 5mux oOuuH.

Knrouesvle cnosa. KOHCIMUMYYUOHANUIM, MUSPAYUS, MOOENb MAKCUMUSAYUU CIYYAUHOU NOAE3HOCMU,
KO uyuenm muepayuu, npocmpancmeeHHds pecpeccus.

G.R. Chakhoyan

THE MICROECONOMIC AND MACROECONOMIC MODELS OF THE
INTERACTION BETWEEN CONSTITUTIONALISM AND MIGRATION

The microeconomic and macroeconomic models of the interaction between constitutionalism and migration of
the Republic of Armenia are presented. New approaches of researching migration determinants on microlevel were
suggested, particularly a new component was added to the model, which expresses the attitude of people towards the
efficiency of the performance of the institutes. On macrolevel the new approaches suggest the use of spatial models,
as well as the relation between the emigration from the communities of RA and the development level of these
communities is being studied within the frames of these models.

Keywords: constitutionalism, migration, Random Utility Maximization model, migration rate, spatial
regression.

Quifunjuwu Qwghly Mnpbpwh - wuyhpwbn, Bplwih whnwjwt hwdwjuwpul, Stnbuwghnnipjut Uk
dwpbdwnhjulub dnpbjuynpdwt wdphnt
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THE APPROACH FOR THE ASSESSMENT OF GREENHOUSE ENERGY
EFFICIENCY IN ARMENIA

The paper is devoted to the study and analyzing of greenhouses energy efficiency problems. An approach for
the assessment of energy efficiency based on the comparing of equipments produced on old and new technologies is
given. Greenhouses heating on the use of woods, gas and electrical energy are considered and its classifying is
given. We argue that an approach for the assessment given in current research could be used for the classifying of
greenhouses based on heater equipment. Simultaneously, the methodology for the assessment of greenhouse energy
efficiency is sufficiently wide and as showed in the paper it could be used for assessment not only of energy
resources but also is appropriate for the assessment of pollution caused through the use of gas and woods.

Keywords: greenhouse farm, heating equipment, efficiency, gas.

Introduction. Currently in Armenia there are a number of greenhouses. These farms can be divided
into 2 groups. The first group has relatively large greenhouses area (3,000 sg. m and more), equipped
with the latest built in recent years, machinery and equipment. These greenhouses are constructed of such
technology and materials,which allow optimal use of all kinds of resources. Construction and operation of
such greenhouses require considerable financial resources. Another group consists of greenhouses, which
are relatively small and mainly based on materials that remained from the Soviet Union. Exploitation of
these greenhouses is engaged in such greenhouses, which do not have the opportunity to do large
investments. As we know, in winter the majority of costs are directed to ensure the heating of
greenhouses. It is therefore necessary to examine the existence of the possibility of small heating of
greenhouses in Armenia. The purpose of this work is research of individual greenhouses, the assessment
efficiency of energy consumption and identifying existing problems.

Notations and definitions. "winter" greenhouses-greenhouses, which are operated throughout the
year 'spring” greenhouses -greenhouses, which are operated from November to March.

An assessment of energy efficiency assessment. The problem of energy efficiency for
greenhouse farms is a debated issue in Armenia. Concerning the definition of energy efficiency
different approaches exist. The majority of these definitions are converging to the definition
accepted by Wuppertal Institute fur Klima and allowing to define energy efficiency for housing
appliances as follows [1]:

Power of Heat, — Power of Heat
Energyefficiency = L z 1
oeff 4 PowerHEAT, @)
where HEAT, is greenhouse heater consuming Joul/hour,

HEAT, is greenhouse heater consuming 5, ,,/hour,

Power of Heat, < Power of Heat,

Using this definition we can define energy efficiency for greenhouse and assess its efficiency by
accepting as the bases for saved energy resources power. However, taking into consideration the
fact that the energy for greenhouses is generating by different technologies we can summarize
the definition, depending on the generation technology as follows:
e  consideration of energy efficiency in terms of imported gas — driven,
e assessment of environmental pollution expressed in units of emissions due to the use of
gas for both greenhouse heating purposes or used in thermal power plants,
e assessment of environmental pollution expressed in units of emissions due to the
woods used for greenhouse heating purposes.
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e consideration of energy efficiency in terms of greenhouse production as export — driven
perspective.

Assessment of energy efficiency expressed in terms of saved imported gas. The
formula (1) allows to assess the volume of imported natural gas saved through the use of
technology providing the decrease of gas used by greenhouse heating equipment. Thus,
considering the volume of the natural gas using for the generation of 1Joul/hour power we
can assess the volume of saved total natural gas as follows: Denote as:

° vthe volume of natural gas, used for the generation of 1 Joul/hour power.

° Energysaving = PowerofHEAT, — PowerHEAT, energy saving, where consumptions
are considered as in formula (1),

° N - the number of greenhouse gas heaters,

° TotalEnergysaving = TotalPowerofHEAT, — TotalPowerHEAT, jOUL/h total energy

saving per greenhouse heating unite, where consumptions are considered as in formula

(1) for one greenhouse heating unite.
Using these notations we can assess energy efficiency in terms of saved gas as the decrease
of the volume of imported natural gas given in formula (2):

v* N * TotalEnergysaving 2

Expressing in terms of market economy we can assess decreasing of the ratio of import to
GDP as follows:
v* N *TotalEnergysaving

GDP

importefficiency =

Statement of the research Existing types of greenhouses of RA. Greenhouses are divided into
different types according to several criteria. Depending on the operation and design features for the
classification of greenhouses, the following criteria apply:seasonality,cultivation technology, design, etc.
By appointment greenhouses are divided: the cultivation of agricultural products (seedlings and
seedling) and growing end-use products (vegetables, flowers and other crops). Seasonal greenhouses
are divided into "spring" greenhouses and "winter"greenhouses. All greenhouses represent a solar
greenhouse, since the basic principle of their work lies in the "greenhouse effect": the accumulation
of solar heat during the day.

In the “spring” greenhouses structure and concentration are more simple, technically less equipped
than in the “winter” greenhouses that is why winter greenhouses are operated much less frequently
for growing high-value vegetables. Spring greenhouses are often built from polyethylene films,
although they may be glazed.

Winter greenhouses are used for growing vegetables, flowers and other pre-season crops.Their
operation is carried out throughout the year, which is why the basic requirement for such
greenhouses is to establish a powerful.

To construct any greenhouses a framework and building materials are needed. Both the first and the
second have several kinds of shapes and materials, and which provide all the features and the
possibility of building a greenhouse. In addition to construction, the greenhouse should be provided
with technical equipment and devices - heating, ventilation, irrigation, lighting and the rest. All this
together should be synchronized with each other and comply with the requirements of the plants. As
a greenhouse frame are mainly used conventional iron, galvanized steel, aluminum profiles, wooden
parts.The main surface of greenhouse roofs and walls are formed mainly from glass, plastic films and
polymeric materials which are fixed on a metal structure. Polyethylene films are mainly used to cover
greenhouses and glass greenhouses to cover another layer.
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Existing types of fuels. Depending on the kind of fuel Armenia has the following types of
greenhouses heated fuel or materials, performing the role of fuel: gas, electricity, firewood, fuel oil,
diesel fuel, etc.

Types of heating greenhouses in other regions, depending on the number of greenhouses

120%
100%
BO%
50% - B Gas
M Electricity
40% Firewood
W Other
20% A
0%
b o 3+ & & * £ > &
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& ¢ &9 SO T
w &° o

Fig.1. Types according to the actual heating in 2010-2011 depending on the number of greenhouses

In the figures, the total number of greenhouses is not equal to 100% , as there are greenhouses that
use more than two kinds of fuel or no heating."Other fuel" species include diesel fuel, burning oil,
wood, oil, tires and the like, the use of which is 1.3% for each type of greenhouses.

The main type of fuel in other regions is gas heating, greenhouses installed a gas heating system. But
from November to March 2010-2011 in some areas the number of greenhouses, virtually's heating
gas, is quite different from their heating capacity.
Analysis. During the operation and analyzed visits were conducted 5 greenhouses. Greenhouses are
in one and the same area and all greenhouses have almost identical structure. This factor makes the
study more productive as the external conditions (ambient air temperature, lighting) are the same for
all the greenhouses.
During the investigation it became clear that in most greenhouses is used improvised stove.
Efficiency of heating depends largely on the structure of the heating system as a whole.The efficiency
depends largely on the heating pipe installation location. In one case, the pipe is installed on the side
wall and on the other case is directly on the ground. The number of tubes used and the amount of
water in two cases are almost the same, but studies suggest, that the second type is more effective. In
the latter case while using the same amount of fuel the temperature in the greenhouse is recorded at
2-3 degrees above.

By contrast with natural gas heating, wood-burning heating system requires additional financial
costs. It is necessary to divide the respective parts of the wood, store it correctlyand to monitor the
heating boiler during the work.At the very least, for all this you need an extra worker.
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Wood heating systems are not automated,therefore they do not provide the ability to provide a fixed
temperature.These conditions, especially in the case of such plants, which do not need a very high
temperature, increase the risk of frostbite. In addition, it is not always possible to buy high-quality
wood, which leads to a decrease in the proportion of energy derived from burning wood.

Studies and surveys conducted among greenhouse owners show that at the present time natural gas
heating is considered to be the most efficient.
Comparative evaluations conducted between 1, 2 and 3 greenhouses will not be exact, since the
average temperature in the greenhouse was different and in the greenhouse number 3 there was no
polyethylene coating. At the same time greenhouses number 4 and 5 coincide both in terms of
average temperature, and form a polyethylene coating.We study the cost of heating greenhouses
number 4 and 5.Wood heating costs amounted to 1260000 dram. Taking into account the results of
studies conducted in greenhouse room 5 we see that the cost of natural gas heating of greenhouse
no. 4 is amounted to 1007800 drams.
Studies and surveys conducted among the owners of hothouses show that at the present time natural
gas heating is considered to be the most efficient, both in terms of maintenance, and in parts of heat.
For example, in the regions of Shirak, Lori, Tavush, Vayots Dzor and Syunik the number of
greenhouses heated with gas is actually quite low. The assurances of the owners of greenhouses is in
more excessive regions, they are heating greenhouses, the heating costs are raising fairly,
respectively, income from activities is falling in the winter months.

Conclusion. Now, based on studies and findings, we define existing problems. Often the
introduction of natural gas heating system is complicated by several factors. Gasification of some
villages has not yet been completed, so the owners of the greenhouses are forced to use alternative
fuels. In addition, in heating of greenhouses, you need a high-pressure gas, which must be delivered
from the central highway. This is costly. It is also necessary to take into account the fact that often
the greenhouses are located far away from residential areas, and it is worth a few times more.

Among the urgent problems of the owners of greenhouses are worry and the problem schedule of
payments for the consumed gas.Heating is carried out during the months from November to
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March.Monthly bill for the used gas must be paid before the 20th of the following month. While the
income is obtained much later. As a result, owners often greenhouses financial problems arise, in
particular, they do not have the opportunity to continue the further heating of greenhouses.

Area | Type of | Heating Polyethylene | Costs The average | Pipe Type of
Greenhouses | (sq. | fuel months coating for temperature | fitting | boiler
m.) heating | (Celsius)
(AMD)
N.1 2200 | Gas January - | Only the | 8250000 | 17-18 On the | CUENOD
April side surface ground | C54
N.2 600 | Firewood | January - | Only the | 1770000 | 15-16 On the | Self-made
April side surface ground
N.3 1100 | Gas January — | Absent 6500000 | 20-21 On the | Self-made
April ground
N.4 750 | Firewood | November- | On the | 1260000 | 6-7 On the | Self-made
March entire wall
surface
N5 675 Gas November- | On the | 980000 | 6-7 On the | Self-made
March entire wall
surface
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HI.H. Wagxuryasn, H.M. Manxacsan, M.JI. laBTsan
MOJAXO/J K OIIEHKE SHEPITO3®®EKTUBHOCTHU B IAPHUKOBBIX XO3MHCTBAX
APMEHUHA

Paboma noceswena uzyuenuro nooxooa Oiisi OYCHKU IHEP20IPHEKMUSHOCIU NAPHUKOBO20 XO3AUCMEA
Pecnybnuxu Apmenus. Ilpednazaemcs nooxoo Kk oyeHke 3Hep203(PGexmusHocmu, KOmopbvlil OCHO8AH HA OYEHKe
VCMPOUICME, U320MOGLEHHbIX N0 CMAPOL U HOBOU MEXHOIO2UAM. Paccmampueaiomes: napHukosvle ycmpoucmesd,
omoepesaemvie  2azom u  Opogamu. Ilpednacaemcsi memoo — KiaCCUDUKAYUU — NAPHUKOBBIX — YCMPOUCS.
Ilpeonazaemviii memoo oyeHKU IHEP2OIPDEKMUBHOCTIU NPUMEHUM K THOOOMY MUNY NAPHUKOBO20 XO3AUCMEA.
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MINIMIZING THE CREDIT RISK OF A COMMERCIAL BANK: ON OPTIMAL
INTEREST RATES AND REPAYMENT PERIODS OF LOANS

A dynamic economic-mathematical model directed at determination of optimal (in the sense of minimum credit risk) interest
rates and repayment periods of loans is proposed. The model is applied to quarterly data of “ARMECONOMBANK "~ OJSC. Actual
and optimal levels of determinants of lending demand are presented.

Keywords: credit risk, commercial bank, interest rate, repayment period, performing assets.

Since the 1990s a number of international financial organisations and research groups have advanced various
credit risk assessment systems meant to facilitate practical implementation of certain modelling techniques [1]. The
most prominent examples are “KVM Portfolio Management”, “CreditRisk+”, “CreditPortfolioView” and
“CreditMetrics” [2-5]. As a measure of a credit risk they invoke concepts such as the probability of a default, the
expected loss in case of a default and the expected decline in the value of the credit portfolio. However, despite their
usefulness these frameworks have not found their ways into the risk management practice of Armenian banks. Part of
the reason is that they presume well developed financial markets and detailed and high frequency macroeconomic
data sets - features, that are not typical to Armenia of today. This is why, these banks have developed their own internal
models which are simply testing resilience of profits to exogeneous probable credit defaults.

At the same time, microeconomic foundations of the credit risk of loans are explored only to a limited extent.
At least, the models described above lack coherent theoretical basis that would set the structure of the relationship
between a bank and a borrower along with the sequence of events and would allow for calculations only with respect
to this structure. That being said our paper attempts to construct a structural optimization model that can potentially
be used by commercial banks to analyse optimal interest rates and payment periods of loans.

The initial notations necessary for the formulation of the problem are as follows:

t €T ={1,2,...,T} — the index of discrete time;

R. € [RY, R] — the average interest rate of loans in period ¢, where RY and R} are exogenously given;

T, € [T, T2] — the average payment period of loans in period t, where T2 and T2 are exogenously given;

Y, € R, — per capita GDP characterizing economic situation in the country in period t (given);

L(R;,Tt,Y:) = L; — the volume of loans provided by the bank in period ¢ as a function of R;, T; and Y; (given);

p(R;, Ty, Y) = p; € [0,1] — the probability that the loan of period t will be performing at the end of period t +

k given that it is performing at the beginning of that period for some k € N,' (given). Obviously, the probability

that the loan of period t will be non-performing at the end of period t + k given that it is performing at the

beginning of that period for some k € Ny is 1 — py;

° q(R:, T;,Y:) = q; € [0,1] — the probability that the loan of period t will be performing at the end of period
t + k given that it is non-performing at the beginning of that period for some k € N, (given). Clearly, the
probability that the loan of period t will be non-performing in period t + k given that it is non-performing at
the beginning of that period for some k € Ny is 1 — q;;

° PP — the stock of performing assets at the beginning of period t;

P} — the stock of non-performing assets at the end of period t;

NP? - the stock of non-performing assets at the beginning of period t;

NP} — the stock of non-performing assets at the end of period t;

I, — the minimum admissible interest income in period t (given);

I, — the transition matrix of period t;

NP, — the maximum admissible volume of the stock of non-performing loans in period t (given);

cp € [0,1] — the rate at which contributions associated with performing loans are made to the Loan Loss

Provision (LLP) (given);

° cyp € [0,1] - the rate at which contributions associated with non-performing loans are made to the LLP (given)?.
In the paper we employ the definitions of non-performing and performing assets provided in the Resolution of

the Board of the Central Bank of Armenia entitled as follows: “Procedure on classification of loans and receivables

and creation of possible loss reserves for banks operating in the territory of the Republic of Armenia” [6]. According
to this regulation, assets are to be recognized as non-performing in the following cases:

! Below we shall be more specific about what we mean by the beginning and end of a period.
2 Below we shall explain the role of the coefficients cp and cyp.

27



a) repayment of principal amount or its interests is past due, or;
b) interest payments have been capitalized or;
c) payment terms have been adjusted (refinanced) or transferred to the amount of the new borrowing (loan).

Further, there non-performing assets are classified as standard, watch, sub-standard, doubtful, or loss.
Nevertheless, our analysis does not directly make use of these subgroups and is constrained to the aggregate “non-
performing loans”. On the other hand, the Central Bank of Armenia defines performing assets as those that are serviced
in compliance with the contract and are not problematic.

Notice that by construction the loan of period ¢, € T has fixed (time-invariant) transition probabilities p;, and
qt,- The transition probability is p;, in period t (for all t > t,) if there it has found itself in the “performing state”
and q,, otherwise. On the other hand, transition probabilities of loans of different periods are not identical. The latter
assumption is motivated by the fact that they are determined under the influence of different period-specific interest
rates, payment periods and per capita GDPs. Thus, the main difference between our model and other related studies
that evaluate inter-period transition probabilities of different loan groups is that the former explicitly takes into account
the structure of the initial (pre-transition) stock of loans by distinguishing when individual components of the latter
were lent.

Assumption 1: L(R,, T;,Y;) is strictly increasing in T, and Y; and strictly decreasing in Ry, i.e.
oL aL aL
3R, <0, aT, > O'6Yt >0 for VY, R, T )

This assumption conveys the idea that, other things equal, the demand for loans will be higher when (i) interest
rates are lower, (ii) payment periods are longer and (iii) macroeconomic outlook is better.
Assumption 2: Probabilities p(R;, Ty, Y;) and q(R,, Ty, Y;) satisfy the following conditions:

ap dp ap

a—Rt<0,a—Tt>0,a—yt>0fOT’VYt,Rt,Tt, (2)
09 0,99 097 S 0 forvy,RT
or, <~ Var,” Vay, 0o Ve Re T (3)

In words, the lower interest rates and the higher payment periods and GDP per capita are, ceteris paribus the
more likely it is that the corresponding loans will remain or become performing.

Given these two assumptions it might appear that relaxing of lending conditions is favourable to the bank in
the sense that it reduces the probability of a default of a borrower and, at the same time, augments the demand for
loans. Nonetheless, this is not so straightforward as low interest rates, among other things, might also narrow down
interest income of the bank. Thus, such a formulation poses a question of optimality of the bank control variables
which is investigated below.

The timing of events in every period t (t = 3,4, ..., T) is as follows (see Fig.1):

Beginning End
(1) (2) (3)

Period ¢
Fig. 1. The timing of events

(1) - the loans of period t — 2, L,_,, are repaid,
(2) — the loans of the given period t, L., are provided by the bank,
(3) — the transitions between loan groups (performing and nonperforming) available at that point in time (L;_; and L;)
take place.
Definition 1: By the beginning of period t we mean the interval between stages (1) and (2), by the end of period t —
the interval after stage (3).

Concerning periods 1 and 2, stage (1) is absent there. Nevertheless, these are the periods that are instrumental
to understanding the stochastic dynamics of the process. The following picture (see Fig. 2) depicts their interaction:

1 =p)L;
NP} NP}

NP}

P! 12 P}

p1ly

~
[y

~
N

period 1 period 2

Fig. 2. The interaction of two consecutive periods
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Obviously, the process described above exhibits a “Markov property” in the sense that the stock of assets at
the end of every period t (t = 2) solely depends on the loans of the current period and the preceding period and the
history in all other periods is of no relevance (clearly, period 1 is an exception). This property is particularly driven
by the assumption that at the beginning of every period t (t = 3) loans of period ¢t — 2 are repaid. This also means
that the life of loans lasts for two periods.

Notice that at the beginning of every period t (t > 2) we have that:

PY =p_qLey, 4)
NP? = (1 = pe—1)Lis- (5)

On the other hand, the end of period t (t > 2) is described by the following equations:
(6)

P} =peLe + ey PO+ qeaNPY = pely + pi1Ley + qem1 (1 = peoi) Ly,

NP} = (1—p)L:+ (1 _pt—l)PtO +(1- qt—l)NPtO =
=1 -p)Le + (1 = p—)De-1Le—1 + (1 = q—1)(A = pe-)Li-1, (7
meaning that:

P+ NP =L, + L. (8)

Equation (8) reflects the fact that the final stock of loans is made up by the flows of loans of the current and
preceding periods.
For the initial period it holds that:

P® = NP? =0, )
and

Pl =piLy =P}, (10)
NP} = (1 —pyL, = NPY. (11

It is notable that, for all other periods t (t = 2):
(12)

Ply =P =ptyLliy + qey(1 = pep)Le—y # 0,
NPL; = NP{ = (1 = pe—2)Pe-2Le—z + (1 = qr—2) (1 = pr_z) L # 0. (13)
Moreover:

Ptl_l - Pt0 + NPtl_1 — NPtO =L 5. (14)

Equation (14) is perfectly intuitive because as already emphasized credit stocks at the end of period t — 1
and the beginning of period t differ in L;_,, since by assumption the latter is repaid in stage (1).
Obviously, the transition matrix characterizing stage (3) of period t (t = 2) takes on the following form:
_ |Pt-1 1—pea

1, = .
Qe-1 1—qr (15)
Then, in matrix notation the fundamental equations of the model are read as follows:
Al = A%, + 11, L, (16)
where:
A; =[P} NP{]i=0,1, (17)
I, =[p. 1-pl (18)

Clearly, the stochastic process introduced in the paper is not stationary in the sense that the transition matrix
is time-dependant.

After formalizing the concepts of performing and non-performing loans, let us turn to the definition of the
credit risk. The negative consequences of a potential default of a borrower for the revenues of a commercial bank are
obvious. Here it is worthwhile to recall that the term “non-performing” refers not only to loans that are in default but
also to ones that are close to being in default. Then from the modelling perspective it is essential to clarify how these
probable and actual losses are reflected in balance sheets of the bank. Financial accounting addresses this issue in an
elegant manner: it presumes a loss allowance which is generated through recording of expenses adjusted to all groups
of problem loans. In Armenia, for instance, this principle is governed by the Resolution of the Board of the Central
Bank. According to this legal act for assets denominated in Armenian drams commercial banks should form special
provisions in the amount of 10...15% for watch assets, 20...25% for substandard assets, 50...70% for doubtful assets
and 100% for loss assets [6]. For standard assets banks should record a general provision in the amount of 1%. On the
other hand, events that are associated with credit risks (a delay in the scheduled payment, for example) result in
changes in the structure and quality of the loan portfolio which, as follows from the above discussion, leads to
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additional provisioning (expenses or revenues). In case of extra LLP type expenses, the profit and capital of the bank
decline if everything else is held unchanged. Hence, it is plausible to treat these extra costs as the credit risk of the
bank.
Assumption 3: Compared to performing loans, non-performing ones are costlier to the bank, i.e.:

Cnp > Cp- (19)
Definition 2: Within the frames of our model by the credit risk of the commercial bank in period t we mean the
following expression:

C = C(R;, Ty, Y): = cpAP; + cypANP,, (20)
where

AP;:= P} — PP, 21
ANP,:= NP} — NP?. (22)

Furthermore, note that:
AP, = (1 —p)Le + (1 = pe)(A + Peey — Ge—1)Le—y = Ly — ANP,. (23)

Hence by definition 2:
Cr = cpAP, + cyp(Ly — APy) = cypLy + (cp — cyp)AP,. (24)

Definition 3: We define Interest Income of the bank in period t as follows:

Iy = 1R, T, Yy) = peLeRe + (0Fq + qea (1= D)) Leq[2Ry + RE4]. (25)

(25) shows how much interest income has been generated by the present and past components of P} up to
the end of period t. Put simply, I, is the interest income corresponding to P7.

Thus, the bank that primarily cares about the credit risk seeks to minimize the expression given in (24) under
the constraint imposed on Interest Income (25). Meanwhile, it should keep feasibility restrictions, namely, NP} <
NP3, R, € [RY,RE], T, € [T2, T], Vt € T, into account. Formally, the optimization problem takes on the following
form:

{Rrgi{l}t} enpL(R, Ty, Ye) + (cp — CNP){(]- -pRR, Ty, Yt))L(Rtt T, Yy) +

+(1 —DP(Re—1, T—q, Yt—l))(l + PR, Te—1,Yeo1) — q(Re—1, ey, Yt—l))x X (26)
x XL(Ry—1, Te—1,Ye—1)}
subject to
P(Re, Te, YOL(Re, T, YR + ([p(Re—1, Te—y, Yo )] +
+q(Re—1, Te—1, Vo) (L = P(Re—1, Tem, Yem ) L(Re—q, Te—q, Yeoq )2

x x[2R;_; + R, 1>, VtET, (27)

(1 —p(R, T¢, Yt))L(Rt: T, Y + (1 —DP(Re—q, Tr—q, Yt—l))(l +
+P(Re—1, Te—1, Yee1) = q(Re—1, T, Ye—))L(Re—1, Te—1, Yey) S NP, VL ET, (28)
R, € [R),RI,VLET, (29)
T, € [T, T, VtET. (30)

The application of the model to “ARMECONOMBANK” OJSC. The application of our model to actual
data runs into some complications because the exact empirical counterparts of the core variables are not publicly
available. In particular, in the theoretical model L, for instance, is supposed to be a flow variable* while published
financial statements provide information on the respective stock variable. Further, the transformation of data of one
type into another is at times impossible, other times — entails further difficulties. This is why in the numerical
implementation of the model we are a little sloppy with regard to the distinction of flow and stock variables but this
shortcoming can certainly be attenuated given relevant datasets.

Furthermore, for the sake of simplicity we omit the sequence {Y; };cywhich is taken as given in the model 26-
30 and thus is not controlled by the bank. In place of {L;};cr we use “Customer Loans and Borrowings” from the
quarterly® Balance Sheets of the bank, in place of {R.};er — the average interest rate of “Customer Loans and
Borrowings” from the disclosures attached to quarterly financial statements®. The next challenge is to approximate
payment periods {T;};er- In case of an Armenian bank it makes sense to employ the table of the section Liquidity risk
of the Notes to Financial Statements. This table allocates all assets and liabilities into different groups by the length
of period until maturity. The following groups corresponding to the item “Customer Loans and Borrowings” are of
interest to our analysis: demand (group 1), up to 3 months (group 2), 3-6 months (group 3), 6-12 months (group 4), 1-

3 This constraint is ultimately meant to place certain limits upon the share of non-performing loans in the total portfolio — a
requirement particularly desirable from the perspective of risks.

4 Notice that such a specification is the most appropriate one in the multiperiod setting.

3 Our analysis covers the period from the first quarter of 2007 to the third quarter of 2017. Thus, T = {20074¢1, ...,2017¢3}.

¢ In the section Interest rate risk of the Notes to Financial Statements Armenian banks report a table with average interest rates of
interest bearing assets and liabilities nominated in drams and foreign currencies. In approximating {R;};cr We compute the
respective weighted average using the stock of loans in drams and foreign currencies as weights. Further, the currency distribution
of “Customer Loans and Borrowings” is also given within the same disclosure.
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5 years (group 5) and more than 5 years (group 6). Then for the quarter t € T we calculate the weighted average in
the following way:

6 ii

T = i-1mele

t— 6 li 4

i=1tt
where:

iU iL
(i e — My
m; =mp + —

mit and mV are the endpoints of group i and are expressed in years,i = 1,..,6,
mit = 0,miY = 1/12,mé = 10,
l; is the stock of “Customer Loans and Borrowings” corresponding to group i,i = 1, ...,6.

For the function L(R;, T;) we obtain the following Cochrane-Orcutt representation:

logL, = 1(09.(.9%;3 - (10.%93)10ng + (1().936)10th + U,

where u; = 0.54u,_, + &.
t (013) t—1 t

G

In (31) - below coefficients and between parentheses - the respective standard errors are given. Evidently, all
these coefficients are significantly different from 0 (at least at the 5% significance level).

As we can see in Fig. 3 autocorrelations of {#i;};cr, derived from estimating the first equation of (31) in
isolation, are significantly different from O at first and second lags meaning that the underlying process {u;}ier is
certainly not white noise’. Notably, Cochrane-Orcutt procedure allows to explicitly take care of these autocorrelations
and address this concern.
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Fig. 3. Correlogram of residuals of the first equation of the system (31)

Indeed, the residuals {&;};cr corresponding to joint estimation of two equations in (31) do represent a
realisation of independent identically distributed random variables with mean 0 (Fig. 4). In addition, the chosen
specification, namely, the existence of stable relationship between demand for loans and interest rates and payment
periods, is justified by the theory. Taken together, these observations imply that the regression (31) is not spurious
and its estimates are consistent.

The empirical estimation indicates that, in agreement with assumption 2 of our theoretical model, in
“ARMECONOMBANK?” interest rates have a negative impact on the demand for loans while the effect of payment
periods is positive. In particular, in case of “ARMECONOMBANK?, other things equal, a 1 % (not percentage point)
increase in interest rates leads to a decrease in the demand for loans by 1.23%, while a 1 % prolongation of loans is
associated with 1.66% increase in their demand. Also, (31) points to a multiplicative relation among L;, R, and T; in
a classical Cobb-Douglas form.

7 Recall, that for white noise ACF (k) = 0 for k > 0.
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Fig. 4. Correlogram of residuals of the second equation of the system (31)

The next major task is to assess the functional form of p(R;, T;). For this purpose, calibration of {p;}ser is
required. In other words, we are interested in the values of probabilities {p; };er under which the key equation (21) of
the theoretical model reproduces actual data as closely as possible. This calibration exercise is accomplished by means
of the following optimization problem:

min P} — PH* + (NP} — NP})?
{pt}tET,l{Qt}tET;[( ¢ 0) (NF: 0] (32)
subject to:
Zpt =1,
ter (33)
pe20,teT, (34

where P! and NP} are the values of performing and non-performing assets® predicted by equations (11) and (12) for
t € {2007q2, ...,2017q3} and by equations (15) and (16) for t = 2007q1, P} and NP} are the actual (observed)
values for all t. Further, P} and NP} are dependent upon p,, p,_; and q;_.

The solution of the problem (32)-(34) indicates, though, that in case of “ARMECONOMBANK?” there is no
stable relationship either among {p;}ier> {R¢}ter and {T;}ier, or among {q; }rer> {R¢}eer and {T;}eer. This simply
implies that in the final model (26)-(31) {p;}ter and {q;}+er need to be taken as given without reference on their
functions.

It remains to insert all these objects into (26)-(31) and solve the resulting optimization problem. Given the
structure of the model we employ the recursive solution method. That is, we solve this problem separately for every
period (stating from the second one) in the following way: period t (t > 2007g1) problem is solved with respect to
R, and T, giventhat R,_; = R;_; and T,_; = T;_4, where (R;_4, T{_4) is the solution of the period t — 1 problem. For
the initial period t = 2007q1 the actual values of Ryg9741 and T5g9741 are taken as optimal. As a result, the following
pictures emerge (see Figs. 5 and 6):

25
20
giﬁ
10
5
0

N Mo e o M el M e W e o o o e

9090 dIgIITIFTIITITITIT T

[ [EtE | 1 i L

P~ =00 00 O Oh © © « « BN N M M s = 0 N W Ww M~

e S e T e SR o NN e TR s TR SN N (O B = R SR B B R B R S R |

o o0 o oo oo oo oo o0

U O ' e " R N AP Y . TR I " T o R o B 5 SR, O o N TR N I . B " R B

e A0 1133] s ptimal
Fig. 5. The actual and optimal interest rates of “ARMECONOMBANK”

8 Given the fact that because of limitations in available information we interpret L, as a stock rather than a flow variable, we
substitute performing and non-performing loans by the respective total asset portfolios in the numerical implementation of the
model.
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Fig. 6. The actual and optimal payment periods of “ARMECONOMBANK "
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THE MODEL OF THE FUNCTIONING OF ARMENIAN BANKS EFFICIENCY
ASSESSMENT

The problem of the modeling of Armenian banking system is studied based on the Return on Equity of
financial system. The model for the assessment of Return on Equity is presented. The reports and working papers
of Armenian Central Bank, yearbooks of Armenian Statistical Survey, Annual Reports of Armenian banks and
internet data have been used for the study.
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Introduction. For many years economists, statisticians, teachers of finance and also some other
scientists like physicists, engineers have been interested in developing and testing models of financial
time series behaviour. It has been so interesting that some other fields of science have opened new
branches related to finance [1,2], like Banking and Finance engineering. Research on financial time series
and price fluctuations is of prime importance for financial institutions. It has many applications, for
example in the field of risk assessment and efficiency assessment of new financial instruments and
banking time series [2]. Tomorrow’s price is uncertain and it must therefore be described by a probability
distribution. Time series models may for example be used for prediction or forecasting of factors
assessing the behaviour of banks rates of equity and assets, option pricing and risk management. In this
article, first we try to briefly give a basic knowledge about financial concepts related to our paper then we
explain more about our investigating problem and review some previous works in that area.

1. Literature review

Some properties of financial time series.

1. Regularity: The measurement values of a time series are usually recorded at regular time
intervals, this regularity is so important because without regularity, some parameters like moving
averages, autocorrelations, and so on would not make sense. In this paper we mostly work on
quartly recorded banking rates of equity and rate of assets which are completely regular.

2. Stationarity: The stationarity of time series briefly means that the statistical characteristics of
them do not vary over time! The financial time series are originally non-stationary but the
magnitude spectrum analysis of banking rates of equity and rate of assets show that we can find
some harmonically stationary objects in feature space of them [3].

3. The stationarity is also important because the spectral analysis and Fourier transform basically
assume that the signal is stationary [4] and therefore for getting reliable and reasonable results,
the signal must be almost stationary at least in some of its frequency domain statistics.

4. Historicity: Banking rates of equity and rate of assets time series exhibit historicity which means
the past is an indicator of the future, but some others don’t show any especial historicity. For
banking time series, evidence of the historicity is so interesting because if it is the case, it will
give us the ability of prediction (predictability) which is the main motivation of analysis and
modelling of financial time series
As mentioned several times before, the analysis and modelling of financial time series is too
important for predictive applications. The efforts for such a modelling have a long history which
started with the Brownian motion model [5]. In general, there are two main approaches for
analysing the behaviour of banking time series, one is in “time domain” and the other is in
“frequency domain”.

Studies based on Statistical approach The first and also more studies for analysis and modeling

of financial time series have been based on statistical approach. In this approach, it is tried to

model the behaviour of financial or banking time series using statistical methods and models.

Studies based on spectral analysis The Spectral and Fourier analysis of time series are among

frequency domain analysing approaches. [6] Two approaches, "time domain™ and "frequency

domain™ are mathematically related in that the autocovariance function of the time domain
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approach is the Fourier transform of the spectrum of the frequency domain formulation and vice
versa.

Studies based on Time-frequency analysis [6] Fourier and spectral analysis are very
appealing when working with time series. However, restricting the researches to stationary time
series is not very appealing since most financial time series exhibit quite complicated patterns
over time (e.g. trends, abrupt changes, transient events, etc.). The behaviour of financial time
series, in particular banking rate of equity and rate of assets , have always remained as an
intriguing phenomenon for the general public, as well as academics and policy makers. The first
financial application of spectral methods was in 1959 and the first paper (Granger) and the first
book [7] were published in 1961, 1964 respectively. After that, the use of spectral methods spread
to different areas of economics. Most parts of the economy are inclined to move together at low
frequencies. Although some evidence was found for certain low frequency components being
especially important (see, for instance, Howrey, 1968 and Harkness, 1968), in general all low
frequencies were usually observed to be important for the levels of major economic variables.
The relative importance of low frequency components compared to all higher components was
found so frequently that a spectrum that steadily declined from low to higher frequencies, except
possibly at seasonal frequencies, was called the 'typical spectral shape' in Granger (1966). [7]
estimated the spectrum taking the monthly mid range of Woolworth stock prices quoted on the
New York stock exchange for the period of January 1946 to December 1960. The spectrum was
seen to be very smooth and with the low frequencies predominating a shape frequently found for
the spectrum of an economic series.

Godfrey et al (1964) found that most of the points of the spectra were within the 95% confidence limits.
However, the strong long run (two or more years) components were larger than expected. The annual
component was not apparent in any of the series studied, but several series showed very faint evidence at
the harmonics of the seasonal components. In a similar fashion [8] found that a random walk model with
no seasonal component appeared to fit the shorter run fluctuations of the series rather well for rate of
return on a bond of specific maturity. [9] studied the spectrum of the Sydney ordinary share index over
160 weeks from 1961-64. They observed that the spectrum seemed flat, which was not surprising, as the
series was not long enough to reveal other components if they were present. Sharma and Kennedy (1977)
made a comparative analysis of stock price behavior on the Bombay, London, and New York stock
exchanges. Their results indicated that the spectral densities estimated for the first differences series (raw
and log transformed) of each index, confirmed the randomness of series, and no systematic cyclical
component or periodicity was present. [10] found departures from the random walk hypothesis in case of
Australian share prices and share price indices and 18 moreover there was a clearly defined seasonal
pattern in share price indices. Kulkarni (1978) presented an auto-spectral test of the random walk
hypothesis about share price movements on the Indian stock exchanges. All the weekly series (all India,
Bombay, Calcutta, Madras, Ahmedabad, and Delhi) seemed to behave alike except for Calcutta and
Delhi. All the monthly series were found to be influenced by one or two seasonal and other harmonics
(cycles). In another study, [11] made an attempt to test weak form of efficient market hypothesis (EMH)
and failing to find any support for this, concluded that there was no random walk. Poterba and Summers
(1987) and Lo and MacKinlay (1988) challenged the conventional view that stock price returns were
unpredictable, i.e., do not form a martingale difference sequence. They suggested that the spectral shape
tests may be interpreted as searching over all frequencies of spectral density for martingale difference
violations, whereas the variance bounds tests may be interpreted as examining the zero frequency in
isolation. [12] extended this literature on using spectral shape to test various hypotheses, which has
concentrated on a single statistic, to more general question of analyzing spectral distribution deviations
from the straight line as a problem of weak convergence in a random function space. A general
asymptotic theory for spectral distribution function permits the construction of many test statistics of the
martingale hypothesis. Using the data sets of Lo - MacKinlay (1988) and Poterba and Summers (1987),
he found that weekly and monthly stock returns revealed some evidence against the null hypothesis that
holding returns are martingale differences. His result confirmed that stock price exhibited long run mean
reversion. Violations of the random walk theory appear to be robust to a relatively diffuse formulation of
a researcher's beliefs concerning the class of alternatives. Another study by Fond and Ouliaris (1995)
supported the view against the martingale hypothesis for exchange rates data and they viewed this
rejection is due to long memory influences. [13] Apart form the studies relating to random walk and
martingale behavior, a few studies have been made to analyze some other aspects of stock price behavior.
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Following findings of recent researchers we explore the frequency domain approach to model return
on equity (ROE) as a time series, using Periodogram and Fourier Series Analysis methods, because of
their simple way of modeling seasonality and eliminating significant peaks without re-estimating the
model. We also seek to use this model to forecast of future values.

The objective of analysis. The main goal of the research is to assess the effectiveness of commercial
banks of RA with return on equity (ROE) of financial stability. To achieve this goal, we have set and
solved the following key issues:

¢ explore the series of equity of Armenian commercial banks and changes in 2006-2017 period,

¢ explore the series of net income of Armenian commercial banks.

Theoretical, informational and methodological bases of analysis. The Reports and Working Papers
of Armenian Central Bank, Yearbooks of Armenian Statistical Survey, Annual Reports of Armenian
Banks and Internet data have been used for the study.

Methods of analysis. The main methods of analysis of this work are Periodogram and Fourier Series
Analysis. If the series is largely influenced by seasonality or periodicity, one can immediately inspect and
guess the period or the frequency of the series, but if the series cannot be guessed accurately, it calls for
the construction of a Periodogram to determine the period or frequency of series.

In this work, since ROE is affected by other factors, Periodogram analysis becomes necessary to
determine the ROE cycle of the series for the period under study.

In constructing the Periodogram, time series is viewed in the frequency-domain view point as one
that consists of sine and cosine waves at different frequencies.

X, =T + XV [a,coswt+ b sinwt] + &, (1)
where T, is trend equation, X, is the series, «; the angular frequency measured in radians, £, is the error
term, a;, b, are the coefficients.

In short, the series consists of the trend, seasonal and error components. The series is first detrended
and the ordinary least squares estimates of the parameters obtained on the detrended series as:

a, = %E‘;’;lﬂ X cosw;t, (2)

L
b, = %Ef’:lﬂxrsinmir ®)
For 1 < i < Nfz » @ = 2mf;,

The above results are obtained from complex variables as orthogonality and independent properties
of Fourier Series or sinusoidal models. In case of time series with even number of observations
N = 2q, q = N/2, the same definitions are applicable, except for

a, = -TL, (-1)Ax,
b, = 0.
Therefore the Periodogram for a time series AX, with N = 2Zg + 1 (odd number of observations)
is defined as the function of intensities I (f;) at frequency f; as:
)= 7 [af + b2li = 12,9, (4)
where f; is the i-th harmonic of frequency 1XN and 0 = f, = 0,5 for even number of observations,

I{fos) = Nﬂ; . (5)
The trend is first isolated or removed by fitting the linear trend model or quadratic trend, using the
method of least squares. The trend equation is fitted based on its significance in the model. Thus trend
equation includes:
X.= ay + byt - Linear trend
X, = ay + byt + ¢,t* - Quadratic trend (6)
After detrending the model equation (1) will be given in the following way:

AX, =Xk [a, cosw,t +b, sinw,t]. (7)
The above equation is cast as a Multiple Linear Regression to obtain the estimates of «; and b;.
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The original value of £, is obtained by subtracting the trend and seasonal components from the
original value (X,). This gives the random error. To estimate &,, we first of all determine if the residual

values are random. This can be done by assessing the autocorrelation function of the residual. If the

residual or error component is not random, the first order autoregressive model can be fitted to the error
values as:

£ = g T, (8)
where £, is error term, ¢ is the autoregressive coefficient, g, is the purely random process (white noise).
The estimated equation is given as:
£ = ey, 9)
These estimations are done using statistical packages, such as Eviews and Excel.
Data analysis. A clear assessment of the graphical representation of original series shows that there

is an existence of trend cyclical and seasonal variations, but the cycle or period of the series cannot be
exactly ascertained (see Fig. 1). Thus, we can see that the series is not normal or stable.

0.350
0.300
0.250
0.200
0.150
0.100
0.050
0.000

Fig. 1. Changes of return on equity of RA banking system (Jan. 2006 — July 2017)

Periodogram analysis. The intensities I(f;) at various frequencies (Schuster Periodogram) are
obtained using equations (2), (3) and (4) as shown in Fig. 2.
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Fig. 2. Schuster Periodogram

From Fig. 2 it is observed that the period or cycle for the data are 6 and 12 months. These are how
used to fit the Fourier series model.

Fitting the general Fourier series model. The trend (T.) is estimated as T, = a + bt, and its
analysis is given in Table 1.

From Table 1 it is seen that a and b parameters are significant and the regression equation is

T, = 0.26734-0.00033t.

Let’s assess the autoregression model of the £, error component, which is given as

£, = as._; + b. Its analysis is given in Table 2.

So, the parameters estimated in error component are significant in the model and the autoregression
equation is
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g, = 0.4036¢s,_,

Table 1

Test for significance of the parameter estimate in the trend model

Variables coef. std. error t stat.
a 0.267344 0.005809 46.02231
b -0.000333 7.88E-05 -4.228063
R2 0.125119
F stat. 17.87652
n 127
k 2
n-k+1 126
Table 2
Test for significance of parameter estimate in the error component
Variables coef. std. error t stat.
£, 0
constant 0.4036 0.083856 4.813481
R? 0.15602
n 127
k 1
n-k+1 127

The general model for the series, which consists of the estimated trend, seasonal and error
component is given as:
X, = 0.26734-0.00033 + X2, [a, cos w;t + b, sin w,;t] + 0.4036s,_,, (10)

where w; = 23‘“}’12?, and parameters for a,, b; are given in Table 3.

Assessment of transformed models. There are parameters estimates for model (10) given in Table 3.
But there are many coefficients, which are used for assessing the models. For example for one-equation
including regression model there are used R?, F statistic, t statistic and etc. They are used for assessing the
model’s statistical significance. There are other factors (for example DW) which are used for estimating
some particular assumptions. Even using these statistics does not let accept or decline one-equation model
properly, especially when its compared with other model. Thus, it is necessary to find out the purpose of
the model and the reliability of estimated parameters. Assessment of the model refers to a purpose or
target, why it was built. For example for forecasting future values of series the model must have least
standard error, when t statistic is more important.

Let’s also mention, that regression equation may be statistically significant, but after an imitation
transformed model does not approximate to original model. Hence during modeling there is a need to
estimate the distance between original series and the transformed one. For forecasting there is widely
used quadratic means and root mean square (rms) especially [14].

[

-

rms error = N||$ T (¥r—-v2) (11)

where Y7 is imitation value of ¥;, ¥,% is real value, T is number of observations.
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Fig. 3. Plot of original and 2 transformed series (where ROE is the original series, good is transformed series
obtained only from significant parameters, all is the series obtained from all parameters of model)

There is another imitation statistic, which refers to rms Theil [14] inequality coefficient, which is
given as:
|L =T r .1
U= — xu?zrz;_'.i‘f.—f}']] _ (12)
\.II%E?:'_': i)+ ul%z?:'_': ¥
As we see the numerator of this equation is rms, but this coefficient lies between 0 and 1.
Theil inequality coefficient can be transformed as following:

IS ) = (1) + (0, — 0,)* +2(1—-p)osc,, 13)

where ¥¥and Y® are means of time series, o, and o, are standard deviations of series and p is the

correlation coefficient.
Theil inequality coefficient can be represented by the following proportions:

UM = _ (-7 s = (o—eog)® _ c_ .3(1—;:3::5:7,," . (14)
Iy -1 ) S E( -7 ) sEly -1 )
Table 3
Test for significance of the parameter estimates in (10) model
coef. std. error t stat
cosl -0.024637 0.001127 -21.8691
sinl -0.004258 0.001126 -3.78156
c0S2 -0.016739 0.001127 -14.8584
sin2 0.030627 0.001126 27.19991
cos3 0.002543 0.001127 2.257656
sin3 0.012992 0.001126 11.53794
cos4 0.000385 0.001127 0.341603
sin4 0.001793 0.001126 1.592599
cosb 0.005418 0.001127 4.809429
sin5 0.001754 0.001126 1.557654
cos6 0.001786 0.001127 1.584996
sin6 0.009084 0.001126 8.067118
cos? -0.005316 0.001127 -4.71884
sin7 0.004369 0.001126 3.880167
cos8 -0.001631 0.001127 -1.44747
sin8 0.005636 0.001126 5.005203
cos9 -0.001114 0.001127 -0.98911
sin9 0.001687 0.001126 1.497907
cos10 0.002313 0.001127 2.052969
sinl0 0.001792 0.001126 1.591483
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Continuation of table 3

cosll

sinll

cosl2

sinl2
C

R sqr

F stat

-0.001116 0.001127
0.003814 0.001126
-0.001461 0.001127
-0.00057 0.001126
0.246016 0.000796
0.932907

73.99932

-0.99041
3.387421
-1.29669
-0.50609
308.9048

UM, US, UC are called as proportions of deviations, variation and covariance respectively. Their
interpretation is given in the following way. Proportion of deviation is showing the bias, which is
assessing difference between means of ¥'* and ¥'* time series. Let’s also mention, that UM lies between 0

and 1, because it estimates difference between original and transformed time series. Nevertheless UM
must approximate to O for the best result and even if it equals 0.1 or 0.2 the model must be corrected. US
proportion of variation is emphasizing the reaction of model to vacillation of the studying variables. If its
value is big, it means that transformed series has big vacillation and original series has little vacillation
and vice versa. Thus, these results are unwanted and model must be corrected. Proportion of covariance
UC is estimating the residual error, i.e. the deviation from means of series. This proportion is less
important, because original series and the imitation one can’t be correlated. In addition, as U>0, so for
ideal example UM=U*=0 and U°=1

Table 4

Theil inequality coefficients for transformed models

our equation

Model Parameters for Theil inequality coefficient
The curve, which obtained all items (both significant
S . 0,01759
and not significant) of our equation
The curve, which obtained only significant members of 0.01759

Table 5

Proportions of Theil inequality coefficients for transformed models

The curve, which obtained all items

The curve, which obtained only

Proportion (both significant and not significant) significant members of our
of our equation equation
um 3.3043E-09 1.68224E-08
us 0.01210366 0.01654359
uc 0.98789634 0.983456394
UM+US+UC 1 1

In Table 4 there are values of Theil coefficients for two fitted models. As we know, the Theil
inequality coefficients with all members of the model and with only a significant number are the same
0.01759, which makes it possible to assume that the non-significant members of the model do not affect
the model and this indicates the model's high precision. Let’s study the results of Table 5 in more details.

1. Proportion of deviation is showing the bias, which is assessing difference between means of
original and transformed time series. Its value lies between 0 and 1, but in the ideal case it

must be close to 0.

2. Proportion of variation UM shows the reaction of transformed time series, and as less will be
its values, as more it will be close to the original one.
3. UC shows residual error and assess the deviation from the means of series. In the ideal case
its value must be close to 1.
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Conclusion. In this paper the periodogram analysis has identified a return on equity cycle for the

period under the study to be 6 and 12 months. This analysis was made using Schuster’s Periodogram.
There is presented Fourier series model, which is really close to a return on equity original time series
according to Theil inequality coefficients and other statistic parameters. Thus, this model can be used to
make a good forecast of a return on equity.
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Unwugpuyhti pwnbp. qinud, girudh byunwlugpnid, 20U dkgp, [npuwnh $nibalghu:

Lhpwdnipnii: Fpudwdupluyhtt punupuluinipjut wpynibwybn hpujubugdwt hudwn
wihpuwdbonn wdktwluplnp gnigwhoutiphg £ 2ZVU gbnpp: Ukpluynidu  quwd tuyyunwljunpnn
Jhunpnuwlut pwultiph hwdwp hpktg npuiwupuyhtt punupujuinipemiit hpujutugutne b
Jupdwdwdljbn hwnjuénid quué-wpnunpup tpypunpuwipt wygbih &honn Junwdupbnt Lplynt
hhdtwlwt Unnl) gnnipynit niuh. 1) pudwdupuyht punupulwinipyut wpduqupdwut $niulghu,
nph hhupnud puljws t Ly nph opkupp, 2) Ynpuwnh dhthdwjugdwt $niuljghw, npt wdkbmwwpg nhupnid
quwdh twwuwlhg otnUut b ZLU Lhnph pwnwlniuhubph gquudwpt B Bplynt dngbjubpt B
twppwnbuws o wjiywhuph  Eugngbt  punupwlwinipjut  htwnwghs wwnt  hwdwp, npp
Enjupududjtn hwndusnid quudp Yykpunwpduh hp phpwptht: 9<nigdnpnu (1] hp wpjuwnwipnid
gnyg nykg, np kpt npudwdupuyhtt punupulwinipmniut hpujubtwugynd £ §npunh dhthdwjugdwt
$nruyghuyh dhgngny, nu hwdwpdtp k, np wyt dwpuhdwjuguh unghwjwlwb pupklytgnipmniup: Uy
wpuwnwtpp (wytt mwpwsnid qinuy b puquuphy hbtnnwgnunnnukp, htiyybu bub guwd tyywwnwljunpnn
JEunpniwfwt publbp ujubght nppwnpnipnit nupdul) Ynpunh $nibghughte: Lhpuynudu 22 YL-
npudwjupluyhtt  pwnupwluinipniit  hpujutugynd £ Epwdyywluyht juthiunbuntdugh
Unntny, npnid wnynuwnpnypp npnpymid b 1-ht bqubwynd @ynph opkupny]: Upuwnwiipmid
hwoJuplyty k22 YR quwugh tyyuwnwunpdwt whgttjnig htnn ngpudwudupluyht punupujuinipyut
ynpunh $milghwt’ twhinpy wohwwnwbpbbpmy 2UU §hnph qiwhwnwlwibtpb oquugnpstn:
Quuwhwwnnudp Juuwpdl] b QBjuhwh  wqquyhtt pwtlh [2] dEpnjwpwbnipiut hwdwdwj:
Quwhwnwlwuttpp gnyg i viwhu, np hhdtwwinid §npunh dniughuygh hinwgstpp hwdpuunid
kU, nug npnud wy hp wowybjugnyb wpdtphtt £ hwutnid 2008 pduwljutht htwtiuvmljut dguumdwdh b
htngdquudwuduwht wnwphubpht’ hhdwbwlund wuydwbwnpjud (hutyny wyn
dudwtwwhunduémud tnuws pugwuwlub ZLU ghnpny, hull Yipehtt dwudwbwlubkpu Ynpunh
Imughutt wuwypdwbwynpqus t 22 wbnbumppoiinud  whpng gudp  quwdwghtt dhowuypny:
Zunuiywlwib b, np Jhpohl mwphubtpht 2UU gbnpp gpbipb thwly b, wyuhpt' Jupbih Ewbnby, np VL-
u hp pny) dinUuginn punupwljuinipjudp thuly k wyuht) 2UU gbnpp, thnfjuwpkup pnnk &, np quwép
wiynud wwyph, wyjuhlipl' 22 4Rt hpwubugimd k gyni ghwdh tyunwljugpiwi pnuquu]upm pynd:

SYjujutph bjwpwgpoipmiip: Upjuwwnwipmd oquuugnpsyt) &b 22 quwéh nwdujuluyghl
ujuubpp, htypwlu  twl  twjnpy  wjpwnwiptubpnd ghwhwnws  wwppkp ZULU ghnph
qghwhwwnwlwittpp vnwugws Zogphy-Mpkuynn $ppnpnd [3], wpunwupgpujut bqubwlyng [4]
Enwdyyuuyhtt juttjunbunidwyht puquugnpént Unpbing [5]

Unpuwp dniuljghuyh hwpquiplp b mpnynipibpp: Unpunh $niuljghws quudh phpwjuhg otindwi
U 2UU &bnph punwlniuhtbph gmudwpt £

Ly = ay(me — ™) + OlzJ’tgalJ ’ €Y
npunbin .- ghwd b, 779 -0 qiwdh phpwjuwghl wpdbpp, npp 22 nnbuntppu hudwp vwhdwinws k4
%, y2*-p ZUU. £knpl k, @-tt yuwpwdtnp k npny npnoynid E Ynpuinh $nighwyh dke quwgh phpujuhg
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otnuut Yohnp: SYju] wpjuwwnmwmupnid npyhu @4, a,-h wpdtp npnoyly k Ypguly 1, htnbbng Qtjuhwgh
wqqujhtt pwbljh ophtwyht, npwhuqh gnpéntubph twwuwnnidubpp wykh dhon jupnnubwip
quwhwwnby:

Lhuwp 1-nud ubpluyugdus i twpuljhtt wpjpwnwbpubpnid quwhwndws Eplynt wwpptp 200
&hnph gwhwwnwlubbp’ Zogph—Npkulnn $hpnpny b Eowduywluyhtt junmgjuspughti Unnbjm]
qguwhwwnquws, . 2-nud b 3-nd hwdwywunuwupwbtwpup (1) pwbwdbny hwrquplydus Ynpunh
dntijghwibipp: Upmyynitpubiph hhdwt dpu upbjh E wibk) hbnbnipnibibp. Ynpunh nibljghwitpp
Epynt nhypnid k hhdtwluwinid hwdpuunud Eu hpkig hkwnwgsny, l.[hul]h‘ uwinnuljubpt o wwppbp,
hush wuwwdwep wwppkp ZUU dhnph quwhwwnwlwbubpt &u, Gpypnpny tupbbphg Epbowd B np
Ynpniuntt wihwdbdwwn dbs L ok 2008 pduwluih dhtwbuwljub £guudwdh, huyybu twb gput
hwynpnnn htn&quwdwdwhtt muphubph, ptg npnud gpwt hhdbwljwinud tywunt) 2V ghnpp: Uw
pugunpynd  bpwtny, np wyn mwphubkphtt gpbpt pninp pputpnid ghwdp pupnitwlnid Ep dbwg
phpwuhtt Unwn, wythty wiulnid Ep wypnid mbnbunipjut hpulwt hwndwsp: Zwyyuplubpp gnyg Eu
wnuwhu bwl, np 2016 pyulwihg ujuws Ynpniunp Yphht ujuly £ wdl), npht hhdbwljuinod tyuunty &
quwéh pununnhsp: Chpohtthu wwwndwnubtpt B (ntuwunwih nid Yhpwnynn mwuppbp uvwiljghwtpp
b Mnuuwunwbth  nbnbuwfut wilnudp, hyybu twb hwdwohiwphwihtt poyp nbnbuwlwb
wuwhwbownpyp: BY Jtpohtt kgpuijugnipnit wyt &, np 22 YR gpudw]upluyhtt punupuljuimipmniiui
hpwubugimd E £ymi ghwéh tyunwljunpiut puqupuljuinipinit, wjuhipt pun hpudhdwlh
Yupnn E quwdp Juymb wuwhly, paqulng 2U0-t mwnwidh hp wnnkughwih onipg, b hwjwnwlp’
hswbu opphtwy {Jtpghtt wwwphubphtt k' Uw owwn Juplnp hwnluhy b quwd tyuunwlunpng
ppudwdupluyhtt  punupuwluwimput hwdwp b whwp b bwpwybu hunwl  wwhdwibp
punupwljuinipyub nwquuyupnipjut Uk, husp vhty wydd sh wpyky:
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Bqpulwugnipinii: ZLU gknpp uplnp qnpshp b quwd byunwlunpon jiunpntulub pauybph
npudwjupluyhtt puqupwluinipjut hwdwp, ZUU enph thpju qguwhwwnwlwip gnyg £ wwhu
nnbunipjut punhwinip wwhwiowpyhh hpwlut dwwpnuyp: Uy dwujuwpnpuihg jupdus b
hudwyuwunwuppwbwpup npnoynid E hpujubugul] punwugunng jud pnyugunn ppudwduplught
punupwliwinipmi: Sy wphwnwipnid  quwhwwndly b 22 YR quwdh  tyuwunwlunpduib
nuqUuyupnipjubt whgiknig htnn uljuqué dhtish wydd ppudwupyuyhtt punupulwbnipjut
hpuluwiwugnidhg uwnwgluws Ynpunh  $nibljghwt hwdbdwnbn]  twjnpny  wounwipibpmd
guwhwnquws 2VU Lhnphpp: Zknwgnuunmipniithg unwugduwsd wpyniapubp hbnlbyjuwt &u. Ynpunh
$nruljghwyh hinmwghsdp tpynt nhiypnid b tnyut k, hisybu bwb qguwgh b 2UU gbnph tyyuwunndubpp,
nuppbpnid ko dhwg dksmppudp wuydwbwynpyus 2V0 §hnph qiwhwnwfwitkpny: Gplypnpy
dptwbivwjutt  dguwdwdh  wwphubkphtt - Ynpunh dmulhghuyh  dESmipjniip hhdtwlwbnid
wupdwiwnpjuws b bk 2UU &hnpny, huly kpehlt wwphlbpht' qiwénd: Bppopn 22 UR
ppudwjupluyhtt punupuwluwinipniit ppujuwbugunmd E dynit ghwdughtt tygunwlungpnud, husp
hunul whwp k dtwlEpyydh gpudwdupuyhtt punupujuinipyut nuquujupnipjub Uke:

Spuwlwunipiniu

Woodford, Michael. Interest and Prices. - Princeton: Princeton University Press, 2003.

Czech Magic: Implementing Inflation-forecast Targeting at the CNB’ / K. Clinton, T. Hlédik, T. Holub, et al // IMF

Working Paper. - 2017. - N17/21.

3. Zuwpnpiiyuwu U. 22 2UU bnph quwhwwinnidp ny jueniguspughtt tnubwlutpny / $htwbubbkp b
Eyntnuhlu. - 2016. - Zwn. 9-10. - t 12-15:

4, Zupmpmigub U. Puqlugnpsnt junmigjuspught dnnglyng 22 2UU ghnph qiwhwwnnudp / Zwjuwunwih
Supunupughnwlul wjunbdhugh Lpupkp. - 2017. - Zwwn. XIV. - ke 534-537:

5. Berg A., Karam P. and Laxton D. A Practical Model-Based Approach to Monetary Policy Analysis. -Overview, IMF

Working Paper 06/80, 2006.

N —

13.03.2018.

45



M.T'. ApyTioHsIH

AHAJIN3 IEHEXKHO-KPEIUTHOM IMOJIMTHUKH 1B PA
IO ®YHKIIMU ITOTEPH

Jlaemcs ananuz OeHestcHO-KpeOumuol noaumuxu, nposooumoi IL[b PA ¢ momenma nepexooa x cmpameauu
mapeemuposanius UHPAAYUU C UCROAL30BAHUCM MeMOA0A02uU PYHKYuil nomepb. QYHKYUU ROMepb CPAGHUBANUCH C
UCNONL308AHUCM OYCHOK paHee OYeHeHHbIX paspwieos BBII. Pezynvmamol ucciedosanus noKawleéaiom, 4mo 60-
nepebixX, Mmpaekmopuu GYHKYul nomeps 8 OCHOGHOM COBNANAIOM, (DYHKYUU OMAUYAIOMCSL MOTILKO HO pAZMepy U3-3d
pasnuuuil 6 oyenkax paspvlea BBII;, 60-6mopuix, eeiuyuHa nomepv (QYHKYUU 80 6pems (PUHAHCOB02O KPUSUCA
obycrosnena enaguvim obpazom paspvieom BBII, a 6 nocnednue 200l — ungpasyueli; 6-mpemvux, OeHeNHCHO-
kpeoumnas nonumuxa L[b PA  peanuzyem 2ubKyr UHGIAYUOHHVIO 3a0ayy, KOMOPAas OO0JHNCHA OblMb YemKo
onpedenena 6 ee cmpame2uil.

Knrouesvle cnosa: unpnayust, ungasyuonnoe mapeemuposanue, paspwie BBII, ¢ynrxyus nomepo .

M.G. Harutyunyan

CALCULATION OF MONETARY POLICY OF RA CBA
ON LOSS OF FUNCTION

The analysis of the monetary policy of the CBA is given from the moment of transition to the inflation targeting
strategy till now, using the loss function methodology. The loss functions were compared by using estimates of
previously assessed gross domestic product gaps. The results of the study indicate that, first, the trajectories of loss
functions are the same in both cases, as well as inflation and GDP fracture, the functions differ only in size, due to
differences in GDP gap estimates. Second, the magnitude of the loss of function during the financial crisis has been
driven mainly by the breakdown of GDP, and in recent years, mainly by inflation. Thirdly, the monetary policy of the
Central Bank of Armenia implements a flexible inflation targeting regime, which should be clearly defined in its
strategy.

Keywords: inflation, inflation targeting, GDP gap, loss function.
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@Pnpd  Fowpyly  JEymékint welw  Juplughlt wynpundlbih (nbnkunipipniinid apupuph o phep)
hwdwyunwujuwbniyeniap  Epudninbbph  bbphw Jwlupngubhl b Juplughl gopodlh hbunwgu wdh’
wninkunipiniliinud  jpuignighs  nhulikph  wnwowgiulp  hwhqkghbin  hlnupun/npnyerniap: U hwpghl
wunnuupnwblyng hunlwp wpwewplyynid F dbkpnpupwinyenil, npp poyy Fouughu qwhuwnky winkunyeniinid
wupuiph pknp Eplupwdudlbn uynih Jwluppulp: Upjownwbph wpiynibpblpp uwpng Eo oquuulup b
ppwnkip jpbly Juplun/npdwh npnpunod nhulph dwbwsiul, punwpwlubnyepul Gnp gnpdhpblph wildwh nt
alpppuwl hundwyp:

Unwugpuyhti punbp. Jupluypl ynpnply, bplupududln npkiy, Juplughl nhul, Jupllbp/2ZU0U:

Uhpwbdnipinii: dhtwbuwul hwdwlwupgp mtnbunipyut hwdwp junwpmd b nipunbuwly
«upnitwnnwup hwdwlwupgh» nkp, B npputt qupqugus t uwgb, wyupwbt wybh wpynibudbn b
nhuntpubibph pusunudp winbkuntpyub Uke: Uwluyt wpyn’p $htwbuwlub hudwljwpgh suhwquig
puuyunudp npuljut tpkinype b Lwpunpn Shttwtvwljut b mbnbuwjut dguududbph hudwphiwp-
hwjhtt thnpdp gnyg E wwghu, np $htiwbvwlut hwdwlupgh ninbumppul hpuljwl hwindwsh
hwdbdwwn swthhg wkh wnwewughly punuwjunidp Jupnn E hwbgkgut] buljut nhuljiph jnunwldut
ninbuwlub ghlyjh Yepbph thnymd b gpubg mpujuiugdut wildwb hognd: Thpkph thngmd
pulijtpp b Jupueniubpp ujunid B phpughwhwnt] Jupuynpdwt htn juydws nhuljtpp, npntp
wnupuyuind Eo widwt thoynid: Mundwnibpp hhdtwjuind juuydus tu publbiph Ynnuhg
Jupuynpdwt wuydwbubph swpnupugws pnyugdwl, b Jupunniubph Ynndhg ubthwlub
hwpunnipjut b Jupnitulnipjut gipuqwhunduws quuwhwnwljutitph it vyuwunidubph htwn:
Npubu hknbiwbp publkph hwpdbohnibpnid uljunid b Ynunwlydb] wlnhubp, npnip wpnwpniun
hntuwyh B, vwluytt hpuwljubnd yupnittwlnmd Bo buwb phuljbp: Zkbg tdwt phuljiph quuydw
wihpwdbonnipjudp £ wuydwbwynpjws dwlpnypninkighwy punupuljuimipjut winhjugnudp
puquuphy tpyputiph mubnbuwljut punupuljuinipjut hwdwupgnid: Uwljpnypninkighw) punu-
pufuinipyul tywnwlitphg Uklp $htwbuwlwl ghih hwpphgniut E wbignijuyht Jupudnplub
Swhwsdwt b quuydwt dvhgngny: Pull hiyybu dwhwsk] wykignijuyhtt Jupluwynpnudp: Unyb wpjuw-
wnwipp hhduquws £ wyt Bipwnpnipjut Jpw, np Gplupwdwdiinnd qupiuynpnudp whwnh hw-
duyuwunwujuwt (hth nbnbunipjut hhdtwpup jupnpmpniabbphtc Zhdbwpup jupnnnipniabipny
wuydwtwynpjws Jupluynpldut dujuppuljhg guijugws sknnid b 4ipon jhwugkguh Jupluynp-
Uwl dSwwpubph &ogpudut’ nhugh hhdtwpupibpny wwjdwiugnpgus hujuuwpulhs dwlupnul:

Stuwlwl dnplkip [1), [2]; Qupqugus dhuwbuwlub onijutbpng wntnbunipmnibtbpnd
Jupltpp Jupnn b junwply bngb ghpp, bty jubjehyp wowdbyp phy dhtwbuwytu qupqugus
Epyputpnud phtiwtiuvwynpliny hywybu hpuljub, wtybu b bhtwbuwlut gnpswppubpp: Ophtwl,
Lucas and Stokey (1987)-h wpjuwwnwupnid hhdtwnpdws k, np Jupltph nbuwlupup ohet wenid L
bhuwtnwljult qupqugdwiip hwdpupwug:

Zhwbwpwp, Jupliph hwjwuwpuwlphe dwluppulp quibknt hwdwp Yupbh b ooqudl] thnnh
wwhwbownpyh hwjwuwpwlohe dwluwpnulh wbunipmnithg: U bywunwlng phuwpynd k
dphnuwtth ®nnh puwtwljuljwt mbkunipjut hwjuuwnpnidp /1956/.

MxV=TxP, (1)
npukn, M-p thnnh pubwlmpmbb b, V-u' tinnh wpugnippmip, T-o whnbkunipmiinid wolw nbwy
gnpéwpplkipt ki, huly P-t dhunp gnpswpph dhghti ghtip:

Ljwwnh niubbwiny wjt hwbquuwbpp, np nbnbumpniinid htinghtnk wénud Eu Jupltph
Uhongny] Junwpynn gnpsuppltpp, (1) hwjuuwpdwh dke thnnp Yupbih k npewphiby qupytpn] CR
‘pinhwbmp Jupltiph ko dwubunp huujwushi:
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CRxV=TxP: 2)

Ujunithbnl, gnpswipputiph swqup dnnwplynid £ hpwlub 2ZLUU-ny /gdp/, hulj gnpdwpph thohtu

ghtip’ 2UU-h n$thunnpny /def/; Gtwhwindwb wpynt u]bnm pjut nkuwblymihg hw]wuwpndp

1ng-géwjtugynid £ b pniy) £ wnpynud, np hpuljub Ejudnh b quh wpwdqujuiunipiniutbpp muppipytu

1-hg, wy] Yhpy wuws, pnyp b upynud juntuwthl] wyt npn Ynon Gipunpmipiniithg, np ZUU-h 1%

thnthnhunipiniup fhwtqlguh qupltph 1%-ny thnthnpunipyub.

Cre-(Bgdp gdp-+pdef defi)=Ve: (3)

JQupbph wpugnipgnitp /V/ jupnn Eywpdwbudnpyus hik) dh owpp gnpéntitpny Juplw-

YnpUwtt hpwlwb wnninuwnpnyp, wjwbnubph wnnynuwnpnyp, hudpughuyh dwljuppul, wpuwp-
dnyypny wwpwp Ytpguknt wyjpunputpuyht swpuu (pug mbnbunipyudp tpypubph nhwpnid) b wy e

Unyniuwly 1
ARDL unnkih quuhunndwl wpnyniaphbpp

Parameter on Variable: Esdmarte Std. Exror t- Stadsdcs P-value 95% CI

GDP 1.976 0.326 27.211 0.000 [1.875, 2.003]
GDP Deflator 0.384 0.316 3.018 0.001 [0.125, 0.675]
Real inrerest rate -0.005 0.009 -3.052 0.003 [-0.008, -0.002]
Lending to depositspread -4.413 0.012 -1.599 0.001 [-5.021,-3.214]
Error correcton term -0.068 0.024 -6.938 0.000 [-0.129, 0,028]
Intercept term 0.008 0.289 5.457 0.000 [-0.005, 0.012]

Zupyh wnubny, np qupltph b wjwigubph wninuugpnypubpp hwdwp Ynobjugdus L
thunud, tyuwunwlwhwpdwp ' npybu quplph wpugnipmniip yuydwbwnpnn  thnthnpuowljub,
ybpgul) Juplybph b wquinubph wnlnuwunpnyph uthpbnp: Zknbwpwp, dwpybph wpugnipub
hwjwuwpnidp qupqugnn tplph hwdwp jnibbtw hEnbyw) mbupp.

V= Prrrre+fBsprdsprd., (4)
nputin rr-p hpuljwt winnuwnpnypt k, huly sprd-p upph b wdwinubph wnynuwngpnigph utpbnp:

Zhwnbwpwn, hwdwnplng 3) b (4) hwjwuwpnudubpp, Yniuktwbp.

Cre-(Bgdp gdpe+pdef defi)= Prrrre+Bsprdsprd.: 5)

(5) hujuuwpdwi dwpu Ynnup dh Yoquhg qupltph gnpswppuyghtt wwhwbgwpyh wykigniyu k
Uniu Yynnuhg Jupbp/Z0U0 hwpupbpulgnipmip Bep=Pee=1 nhwypnid: Zwjuuwpdwi we Ynnuh
Juplhtph wpwgnipjut hwjwuwpnudp  Juplbph  tjundwdp uybinipgunhy  wwhwbowpli E
Znbwpwp, Jupybph wb dwup, npp sh manynud gnpswppuyhtt wwhwbgwplyp, nignoud £ nlwgh
uyyniguwnpydp: Zknbwpwp, duljpnypninkighw) punupwlwinipmniup, ninnus (hulinyg qupybtph
Epjupudwdljin juynit dujupnuljh hwunwndwip, yhinp E dhngus (huh Jupih wpugnipjub Jpu
wqnnn gnpdnubph jupquynpdwn:

Unnbih Yhpwempnitp 22 hudwp: SYjuy mbuwlwb dnpbp hipnnipjudp Jupbih £ dkpusty
wwnnnkqplupy puphijus jugkpny (autoregressive distributed lags - ARDL) unnkih U niskiny quatibg
Juipltiph huuuwpulphe dwlupgalp:

ACry = an:l AXy o+ @ * (Crey — BXeq — b) + &,
npuntn Xe=( gdp:, defs, rry, sprde) Jiljnnpt k:

Unplh Wlwb plnpmpmibp wppupuggus o ohwpdh webkng dhowqquihlt thnpdp ki ny
unwghntiwp thnthnpuwutttph dhebt Epjupududjtn juwp hwydupltnt htwpwynpnipnitp: 0y
utnwughnbwp swppbpp Unghinid Yhpwnkint phypnid withpwudtow &, np wyn pwpptipp (huku I(1) ypngtu
(wyuhlipti’ npwilg wpwght Yupgh nwppkpnipnitp (hth uinughniwp pwpp), b (hkl Ynhinkgpyws,
wjuhlipll Epupudwudinmu pupddbt hudpipug: Yhunwplyng hnhnuwwbikpp pudupupnd ko
Jtpp tpduwd yuydwbtbpht: Annp hnthnjuwubtbpp donlnud tbkpundws ko inquphpdwljut wpnw-
hwjnnipjudp: Unwugyué gnpswuljhgutpp Jukjuwputdbh npuytiu wnwdqujutnipjut gnpswljhgubp:

Onihnjuwljutiibplt  pungpynud  Eu  1996-2015pp. Jdwdwbwlwhwwnjuép  Erwdujwlught
hwdwhwljuinipjudp: Unplijnud tbkpunywsd pnnp thnthnjuwljutibpp ny unnwghntiwp I(1) ypnghuttip
LuOmmo6ka! 3axmazka He ompegerena.. Lwfupwil dUnphjh quuwhwwnnidp wihpwdbon b hwdngyty, np
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thnthnjuwljubibpp Ynhtntigpus b, wyuhtpt tpwg dhebt qnnipinit niuh Gpjupwdudljtin juwy:
Snhwtiukth phunh wpyniupubpp gnyg ki nwhu wntiquqt Uk Ynhinkqpughnt juuh wnjuynipnii:

Unnhih [3] quwhwndwh wpyniupubpp tbpujugdws G uinnpbe.

Quuwhwnjws gnpswhgutpp yhdwlugpnpkt towhwlwih tu p = 0.05 dwujuppuynmd bt
wnwkjuy bu hwdlwyuwnwupwinud bu vyguwunwdubtphie

2UU-h  gqnpdwlhgp npuljub L bpwbwluyh, husp gnyg E viwhu, np Bjudnh guijugus
wbjugnid Epjupudwdinnad ninklgdnid E qupltiph hwjuwuwpulphe dujupgulh wdbjugdudp:

Quwhwndws Unpimd  hpwlwt  wunlnuwnpnypt nibh pugwuwlwub tpwb,  husp
npudwpwbwlut k puth np wnlnuwnpnypp Swhiu k, nph wép tyuwuwnnd £ Jupltph hwinby
wuwhwbownyh tduquup:

Uthptinh gnpéulgh puguuwljut tpwup kv hwdwywnwupwinid L uyuwunidubipht, pmtth np
nhuwuplynn wdpnne dudwbwjuhwngusnid, hwnljuybtu 2003-2013ppe. uthplinh tugnudp (Yud np
nybt £ pwllughtt hwdwlupgmu dpgulgnipjut wép) mnkhgdt] E Juplughtt wynpndbih wény:
Putijuyhtt juwhunwh wybugnudp Eu jhwbgbkguh Jupltph dwiwupguih  hwdwuyuwnwujuwut
thnthnjunipjui:

Zkwnwqninnnh wkuwlynithg jupbinp b «€oqpuniwt wpugnipnis qgnpswlhgp, npt nith -0.068
wpdbpp: Uw tpwbwlnud k, np Gpk qupltpp obndl) Gu hpkug hwjuwuwpulphe dujupnuljhg, wyu
Logpuuinidp wbnh E oniikinud Unn Epkp  Eowdujul wbg, Bt qupybpp dnnbunmd Bu hpkug
hwjwuwpulphn dwjuppuht wyn obndwb dnwn 7%-h swthny:

Cunn dUnnbjh Jquplbph Gpuwpwdwdlbn hwjwuwpulohe dwuwpnulp unnwbwnig hbnn
dudwbwlt t hwoquplty pun dnnpbih  hwoqupyyus dhounpnnipjut bt wnluw dheunpynipjul
gmguiihoh nwppbpnipmip «SknpJwsppy: Uw hwnfuwbu jupbinp b dwlpnypnigkighw) punw-
puljwinipjui whuwlniihg, pwih np hwlughljught pridbiptitpp vwhdwigmd ' hwpdh welbing
Uhgtnpympjutl hwjuuwpulshe dwjuppulh tundwdp mikgus sknnidibpp: Pugkput Yndhnka
wowewply b ouyy  &hnplusph  hwpqupuwt wupg  Ukpnpupuimpmit’ Znngphy-Npkulnn
dhwlnnuwuh $phpnpp: ARDL uUnpkiny quhwhwwngws tpupuwdwditn wptugp wypbunpwtp £ owyy
Ununbtgdwip: ARDL dnpkiny quwhwnqusé wpkunp (LY. 1), pun Enipjut ny wy) hty b, pwb thnppugniy
pwnwlniuhtbph quuwhwwnwlwl, nph wpuqunud dkpnnp dquunid £ wnljw pwpph i quwhwngws
wpdbtpubph dhotr wwppbpnipiniip hwugul] qpnjh. htug upwing b puguwunpynid ARDL dnnpkng
quwhwwnquwsé mpkunh L wnjw dheinpynipjut dujupnulh dnwn thubp:

60%

——— wplip/<UU —ARDL it

50%
40%
30%
20%

10%

0%

1-Dec-96
1-Sep-97
1-Jun-98
1-Mar-99
1-Sep-00
1-Jun-01
1-Mar-02
1-Dec-02
1-Sep-03
1-Jun-04
1-Mar-05
1-Dec-05
1-Sep-06
1-Jun-07
1-Mar-08
1-Dec-08
1-Sep-09
1-Jun-10
1-Mar-11
1-Dec-11
1-Sep-12
1-Jun-13
1-Mar-14
1-Dec-14
1-Sep-15

1-Mar-96
1-Dec-99

Ul 1. 22 dpolinpnnipyul dwlpupnulip bt ARDL unnpkyny qluuhunngud npkinh hunfbdunnnyeniip

Zhwmwppppnipinit £ ukpuyugnid twbie wytt hwpgp, pt Epp ywhwnp L vwhdwidh juyhwnwh
hwlughljughtt pnidbkpp [4]: Ul. 2-hg Jupkh £ tjuwnt, np poidbpp whnp b vwhdwibp 20074,
Eppnpy Epwdujwlnud (Enpquspp Uks L 2%-hg): Uy dbpnnny quwhwwndus gknpyusph dhongny
Juuyhwwih hwughljjuyhtt pnidtph swihp vwhdwibjhu jupnny b wihpudbiynnipnit wnwowbuyg
Pugbput nuhwnth Ynnuhg vwhdwtguws 2-10% dhowluypp yipwtiwgbint withpwdbywnnipinil, pwtth np
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ShnpJudph 2-10% dhowljuypp uvwhdwidlb) b HP dhwlnndwth $hjinpny quwhwngwus Lhnpljwusph
hwdwp, t Jupnn k £hpwn sihul) wy Ukpngutpng quuwhwngus £enpdusputinh hwdwp:

12%

1-Dec-96

1-Mar-96
1-Dec-99
1-Dec-08
1-Mar-11
1-Dec-11

— ARDL dnntyny abiwhunmiuie dhnoduido
Ul. 2. ARDL unnplyny gliwihuninywés &knpyudpp

Bqrujugmpnii: Ujuwhuny, juunwpdus Jbpmsnipmiup pny) b wiwjhu bqpuljugubing, np,
stuyws 22 bhtwbuwlut ninpinud dh pwpp hhdtwpwp hwinjuihyubph ngpuljut thnthnunipniuubph
(JQupluyhtt nkghuwnph ubpppnud, Juplbph dwudjbunuwyinipput wd o wyl), twppwt 2009p.
bhtwtinwlult b mtntuwljub dguwdwudp, 22 qupuynpdut snitjuynid weljw | tinl) «ghipunupugniy,
wjuhtpt  Jupluynplwt dwlwupguyp okndl; E wbnbumipjutt hhdbwpwp  Jupnpmipnibubpnyg
twhunpnydwd dwlupnulhg:
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A.I'. Keueusin
OIEHKA OIITUMAJIBHOI'O YPOBHSA ®UHAHCOBOT'O IIOCPEJJHUYECTBA
JJIS1 S KOHOMMUKU PA

Jenaemcs nonvlmka npoamanu3uposams, COOMEEMCmeyen au Cyuwecmeyouull Kpeoumublii nopmaeins
(Oonzosoe bpemst 6 dKOHOMUKE) MEKVueMy YpoGHIO 00X0008 U He npugedem au OVOVUULL POCH KPeOummozo
nopma@ens K OONOIHUMENbHBIM PUCKAM 6 IKOHOMUKe. Umobbl omeemums Ha 2mMom 60Onpoc, npeondazaemcs
Memo0oon02us, KOMOPAs NO360JiAen OYeHUMb ONMUMATLbHBIIL YPOBeHb O00J20CPOYHO20 00124 6 IKOHOMUKE.
Pesyromamol ucciredosanusi moeym Ovlmb NONE3HbL U NPUMEHUMbL NPU PACNO3HABAHUU PUCKO8 8 UHOYCmpUuu
Kpeoumosanus, paspabomke u 6HeOPEHUU HOBbIX UHCIPYMEHMOE NOIUMUKU.

Kntouesvte cnosa: kpeoumuuiii nopmepens, 00120CPOUHbBLIL MPEHO, KPeOUMHbIU PUCK, Kpeounivl/ 8410601l
HAYUOHANLHBLUL NPOOYKIMN.

A.H. Ketshetshyan
ESTIMATION OF OPTIMAL LEVEL OF FINANCIAL INTERMEDIATION FOR THE ECONOMY

OF RA

An attempt is made to analyze whether the existing loan portfolio (debt burden in the economy) corresponds to the
current level of income and if the future growth of the loan portfolio will not lead to additional risks in the economy. To answer
that question a methodology is proposed, which allows to evaluate the long-term steady-state debt burden of the economy. The
results of the study can be useful and applicable for risk recognition in the crediting industry and for the development and
implementation of new policy tools.

Keywords: credit portfolio, long-term trend, credit risk, loans/gross domestic product.
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U.fe. Uluppwpju

ULLDh UPSUTHNRE3UL LWURUUUEMMNRG3NRLLENNKRY LEMLPL
nhuusrh yunuUJyuCLNRUC Yhusrurus3brt UNasLh LeMMHPUUUR

Uowlyly F ublph wpunuppnippul Qugquulbpyniypemiabbph  Gkpphl nhulbphp  Jupwywpdwi
wpyniinynnyeiniip pupdpuging hudwlpupg: kpoptpu hhtulml wnwbdinuhunnnipini il uglh k np hupyh
wnhbny ubbinh Juquulbpynipmibabbpplh hunnnty whpnyjuninplih nhulkpp pupdp Jwlupnulp, Juwygous
plualsnippul [pubphlt o wenpenipyubp Jhwu hwughbine hkw' wpwewnppnud F ophwgpudughl unnky, pisp
hlnupun/npnipinil Funayhu nupubounnky b hinupun/nppiu wpynibunfbn junwywply wipnyjuwnplh nhulkpp:

Unwigpuyhti pwnbp. whpnyjunplyp b poyjunplkih phulbp, ubingh wpnwgpnipnil, junujupdwbl wp-
pyniluyEwnnipindl, gphunplulul [Enkp, dnihnnppig, phphunuupwhnywgpnid, Akpun/npnid, phykpupppliuugniid:

Uhpwémipni. Uwpnlughtt gnpéniubnipjul jnipupwiynip njnpn th L nhuljipny, npnup
uyuninmd ki dwjunnb] ptwluwint gnpénittinipjut pupwgpp b wpyniupp: YEpntojuihg qtipd sk b
Abntwpyuunhpuljut gnpéniubnipniup, npp dwpgughtt gnpéniubinipjut wy kqujh njnpunutphg L,
npunbin tyuwwnwljukpt ot wpyniupbpp onowthbh nt quwhwwnbh &, Ynpniuntbpp' tnyuybu: Zkug
wyn  bywwwlubph ot hpwlwinipyut dhel nws phnnudt k) wuydwbwdnpdws L phuljlph
Jupwjupdwt  wpynmibwdbnnipjudp: Unwugdnud  , np dinbtwpunppuljut  gnpéniubnipjut
wpymibwybnnmipniip ninhny hwdbdwunwluinipju dky L nphulbph junwjupdwb
wpynibuybinmipjuip: Ujuyhuny, dpgnibwl] dkntwplnipjut hwgnnmpjut qpuuljuup nhulkph
Jupwjupdwt &hon puyiph dpwlnid nt hpwlwbwgnid b Gwb nhuljip, npnip uyunumd &u
wpluwphnd gnpénn qplipk pnnp Abntwpynipniuubphtt (ophtwly’ twyph qubph pwilugnidp),
nhuljtp, npnup wgnnid ko ndju) Epypnud gnpénn dkntwpnipiniiubph ypw (ophttml]” wpupkiyuwun
dhtwbiuwljut ontjwt Yud hwpluyhtt hwdwlwnpgp), nhuljp, npnip hwwnny Eu mbnbunipyub ndyuyg
&ninht jud bupwgninht b wyj: Loyt npudwpwbnipjudp Jubt btwb phuljtp, npoup hwnntly Eu hkbg
uliinh wpunpnipyut juquulibpynipmibubpht: Unhwuwpul, ubinh wpunwnpnipniap widhew-
Juinptt Juwyyws b dwpnne Juuph b wenpenipjut htwn, hkwnbwpwp wju nnpnhtt vywuntiuugnn
nhuljtpp whwnp k {hukb ny vhuyb dbntwpnipniutubph, wjlh whnnipyub nipwnpnipjut fEtnpnunad:

z2z-mud utpudptpph snijutt w&h dhuinwdubp nibbgnn &nintphg kb tpu hbnwgqu wdh oo
qupqugiutt juplnp twpwywdwittphg dtyp phuljiph junwdupdwt  wpynibwdbnnipjub
puwpdpugnid k: Uhtyntin, niunidbwuhpnipniubpp quynud o dbptwpynipmnibubph dbs dwunid
nhuljiph jupwjupdwt hunwl juuntubph nt puy Eph puguljuynipjut dwuht: Zwdw dknutptgutpp
unyuhul] wwnlkpugnid sniukh’ dkntwpluwnppwlwt phuliph dhtsh np dwuppulp Jupbkh
hwdwph] poyjuwnpbih, np dwjupguyhg' ns, htsyhuh dhongunnidubp whwp b dkntwplt] wyju jud
wytt nhuh h huyn qunt phypnid b wyi: Ywpdws wyt hwiquuwiphg, np ubinh wpnwuwnpnipjut
Juquultpynipmibtipnud tbpgpdus sk «ehuljtiph juowdupdwt dowlnypp»’ Juuydws pupdnp
dwutwghinwgnid niibgnn wojuwwnnnubph,  thnpdwgbnubph, hwdwlwupgswihtt pupn dpwqpkph
hdwugnipyut b wyny wdbuh ppwljuwbugdwt hwdwp wthpudbipn kS Phtwbuwljus dhgngubiph
wthpudbtonnipjudp’ thnpd kwupyby dowlt) nhuljiph junwjupdwi htwpwynphtiu wupq hudwljunpg,
npp Yupnn b oubpnpdlp ubigh wpuwnpnipjut dbntwpynipmniubtph Ynnudhg b ywpuwlunhlnpku
Yhpwnydk): thuljiph jupwjupdwt wpwewunpus dnintignudp dinubpkght htwpwynpnipnit £ wnwjhu
opitjnnhynpkt  wnwbdbwgul] wupnyuunpbh phuljipp poyunpbihhg U juqdultpyb] ppubtg
Junwjupnidt pun Jupbnpnipjub, hush wpynitpnid nphuliph jupwwpnudp quetnd £ wybh
wpynibwy b b htwpwynphtiu pugunnid hwuwpuynipjul wpnnenipjutipn uywntwgnn Juwbgqubpp:

Nrhultpp jupujupdwi hudwliwupgh dbpnpupwinipmibp. Nuunidbwuhpqus gpujuinipyub
[1-5] puttwuit YEpnismipjutt wpyniupnid hinhttwlhh Ynnuhg wnwewnnyty t nhuljinh junwjupdw
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htunlyw], wpwyl] wdpnpowlwb thniuyhtt hwenppujwinipnitp b jmupupwbynip thnyhtt hwnniy
qnpdtjwlupgp’
nhuljtph jurwjupdwi wjwhwynpnid,
2. uwwuwlubphh vwhdwind,
3.  nhuljuyhp opjnitinh b tpwt uvywnbiwgnn Juwbqutph vwhdwinid (phuljh wnnpnonud)
4. phuljiph h huyn qunt hwjubwlwinipjut b hbnbwiputph quuwhwnnud nt qupuipnd pun
pnyjunnkh (I unwdp) b wbpnyjunpbih (I junwdp ) fudpbph,
5. nhuljiph Wuqkgdut vhgngurmidubph hpwljuwtwgnid puwn I I jadpkph®
5.1. pnyjunpkih  phuljiph jupwjupdwt wppynibwdbnnipiut quuhwunmd b tdugbkgdwb
gnpShpujuquh ptnnpnipintd,
5.2, wpnyjwwnpkih nhulbkph Yphnhjujut vwhdwbubph quuhwnnmd b pputg yuhywiudwh
Uhongunnidubph hpuljuwgnid:
6. nhuljiph junwwpuwi Untthwnnphtg:

By wjuwhtu, wpweohtt thnynid wpwewplynd E hpwluwbwgul] phuljtiph Jurwjupdwi
wubwynpnidp, wjt £ phulbph jupwjupdwb dnnbgmdubph b uljqpniipibph  punpnipjub
gnpépipugn’  Junwdupdwt  upbdugh  dowlnud, Junpuyht wyuwhnymd U junwdupdwb
wubwynpdwb hwdwp wuhpudbown wy gnpépupwugutnh hpujwbwgni:

—

Unwowplynid L ubiinh wpunwnpnipjut dkntwpynipmniup ghnnwpll] npybtu gnpéniubnipjut
htwnlywy Eupunbtuwljutph wdpnpentipeniu’

e  wpunwnpnipjnil,

e Phuwbuwljub gnpéniutinipintl,

e dwpptphlg,

e Unpynpwwnhy junwywpnid:

Lwh' Abkntwpinippniinid whwnp b pugdh phuliiph juwowdwpdwt pwdhl, npp whwp E
giuwynpgh phulj-dbkubebph Ynndhg: Uju pwdhup whwp b hwdwdwjukguh hp gnpdniubnipnitp
Jtpnuojuy 4 pwdhubph htn' juwydws wiuhpwdbyn hupnpdwughuyh hwjupdwdp b dEpnisnipjudp:
fthuljtph  juwrwdupdwb  pwdhtip whwp b Eupwplyh wbnbuwlwt b $ptwbuwljub  gény
ntjuwdupubphtt: (thuy-dbubobph quwynp gnpdwnnypp wbwp E jhth phuljtph jurwjupdwb
wnwownljws pupugulupgtnh dowlnid n1 gnpswpynudp:

Unwouwpljynud E jnipwpwignip pudunid puwnpl] Uk wphiwwnnn, nd wquwnwupwbwwnne §ihuh
nhuljiph Jupwjupdwb hwdwp wihpwdbion hudnpdwghuyh hwqupdwt b Jbpnisnipjut hwdwp:
qhpohtiu gnpéwntiwpwp whwp L Eupupyyh rhulj-dkubebpht, hul] Jupsuljui dwun]' ndjuy puduh
nkjwupht:

NMuwunpuwundws b thopdwent  wpluwwnnnubph  wouynipmiip phuljiph wpyniawybn
Jupwjupdwt  gpudulubtphg Jkjun E Zwodh wnbbng ZZ-md ubtinh  wpuwnpnipjul
Juqultpynipniutbph didwdwutnipniinid vwhdwtuthwly dhongutiph hwiqudwipp, husybu twul
Jbpohtubiphu  hwdwp «hulj-dkuboublup» dowlnyph hnppnipmpiup’  wpwowplynid E  nhuljh
Jurwjupnidt hpuwbwgub]® subpgpuybing tnp woptwwnnnutp, thnpowpkiup' Jkpuyunpuunting
wpnpbt  huy wohiwwnnng  Jugpbphtt  dkptwpinipjut wvwhdwbbbpod  wighugybihp  phqubu-
JEipuyunpuunndutnph  dhongny: dbpohtiu juquulbpydws b wuwpphpwpwup hpuljubugynn
nunignid £ nipqnus wppnwwnnnubph  dnwn npnpowlh npwlubph Abwdnpdwip, nptt withpwdbon E
unwhdwbqwés wpjuwwnwbpp htwpwynphtiu wpynibwgbn ppwuwbwgubnt hwdwp: Npybu
JEpuyunpuundwt opjiljin whwp k hwinhuwbw ny pk dwpnp, wy) wyt gnpénitknipniup, npny tw
qpunnud t: Phqubu-ykpuyuinpuunmdibpp jupnn 5o hpuluobug]l) ph dudwbul we dudwbul
hpuwhpyny huwdwywnwuiwt dwutwgbnbtph §nqihg, ph phul-ukiketph b pudhtiikph qjpounp
dwutwgbnttph Ynndhg: Uju thnyh npuljt nt puggpigusdnipniup ubpunpbt quwjdwbwdnpqus k
gnpéntubnipyun Uky  ubpgpuiduws  juwyhwwih  dbdnipjudp,  dinbwpluunppng  wthwnwlwh
hwwnluuhoutpny, gnpétjundny b wyj:

[huljtiph junwjupdwt diniu thoyp tyuinwlubph vwhdwinod b Uw g thoyb k, npnud dbn-
uliptigp whwnp k hunwl qunlkpugnid juquh dkntwpunhpului gnpéniutinipiniithg hp uywubihp-
utiph dwuht b pun wynd thnpdh hbnmwqu gnpéniutnipniip hwdwywnwupiwikgul) wyny vywubhp-
ubpht jud npu ghbpujuwnupdwip: Lyunwltukipht hwdwywinwupwt dEkptwplnipjubt nEjuuph
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ynnuhg uvwhdwbynud E dbknbwplnipjut pwqUuyupnipniip: dhpphtthu hwdwwwwnwupwh
Alwynpymid B Gupwpwdhutitinh nt wnwbdhtt wpjuwnwlhgutinh tyuwnwlubpt nt gnpswnnypubpp:

BGlukny twpunpny thnyh pupnibwjujub wpudwpwinipniithg' wju thoyh bywnwlp poinp wy
hpwyhdwlubph pugwhuynnmdt nt vwhdwindt b, npnup Yupnn & vyuwnbw) twpnpy toynod
unwhdwbqws bywwnwlubkph b gnpswnnypttph hpuwbwgdwip: Uju thoyp Jupkh B wbduit] tub
«vhuljh whinnpngnid»: «(*huljh wwnnpnomdty wowewplynid E hpuwhwgul] htnbjw) hwenppw-
Juuntipjudp’
e nhuljulhp opjiljinp hunnwltgnid,
e Upwb uwwnbwgnn huwpwynp YJuuwbqubph b phypbph  Jhpupbpu;  wbnEjundnipput

hwdupwgpnid:

dbpntgyup  Jupnn b hpwjwbwgyl] npujujuit  quwhwwndwt  wwppkp  dbpnnubtph
oqunugnpsdmdp:  Sthnbuwmghnwlub gpujuinipjut Uk gnynipnit niukt phuljiph npuljulub
quwhwwndwl dh pwpp dkpnnutp’ wwupq Yhpwekihhg dhtish own pupy b Swpuwwnwp: Guwnwpdby |
gnnipinit niibgnn Ukpnnubph wnwidtwhwnlnipniuutph ntuntdbwuhpnipni b npu hhdwt Jpu
wnwownlyt] upjubdw, npnud tkpuyugqués E phEk wnlu  dbpnnubph  puqUuquunipiniiihg
Abntwpyuunhpuut gnpénitbtnipjut twhwipyws vnnpupwdwbnudutpnd htiy dbpnn wbwnp E
Yhpwnt) nhuljinh npujuut YEpnisnipjut hwdwn:

[*huljuyhtt opjijnuiph hunwjigdw tyunwlny oguugnpsynid E hwpguptpphljutph dkpanp:
‘Lpw qluwynp wpwybjnipjniutiphg ki wyt k, np wytt Yhpuneknt wentdng owwn wupq £ b jupng
hwunhuwbw) rhuljiph whnnpnodwt hwdwp wihpudbion nbknkjunynipjut Us wnpnip: Zupgkph
&hpwn Juqudwl nwypnd YEpghthu jupnn tu wuwwnwupuwbl] phuljiphg tnyuhul qunuthwp sniikgng
wpuwwnwyhgubpp:

Shtwbuwjutt nhuljipp
Jurwjupdwi
gnpdhpltn

Zwpguqpnygubph
Ukpnn

‘ Upunwunpnipntit

Zuipguptpphlyukph

Shtwtuwmlwin Jkpnn

gnpéniubknipintl

GQunniguspuyhle
nhwgpundutph dbpny

Uwpptiphlg

1
Unlwnpwnktuninghwl
wt qnpéplipwugtnh
pupunkq

Unpynpunpy
Jurwywpnid

Stuswljut
unnignidbip
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Cun wyu dbpnnh, pnnp wphnwwnwlhgubpht wpynud B hwpgupbpphlutp, npnup whwp E
wupnitbwl kb hknljuw) pnuwinulnipyudp hwupgkpp®

e P’us opljkljntibph kit uyywntnid nhuljuwhl gnpénbitp,

e byt ki uyyuninid phuljuiht gnpéntikpp:

Puwlwl k, np jnipupwbisinip wohiwnwlhg tonud E wyt opyijnnubpp, npnug htin ninnujhnpt
Jud wiunuyqujhnpbt wuydwiwynpguws o hpkt Jipuyuwhdus qgnpswnnypubpp:

Ujtunthtinlt «nipbnubph gpnhh» dbkpnnh dhengny hwpguptpehlubpnid toqus opjkljnnttnhg
nunpynud L tpwip, npntp puwn ptbwpuwt wpynitpubph wytih hhdtwynpgws G, hpunbuwlut b
wnwyl] hwdwh L Ypludt hwpgupbpphljubpnd: 6y swwn Yuplnp | wpyniiputinh opjiljnhynipjut
yunwlng yuhwwib] pugdut «<wtnthunipyniip:

«Mintnubph gqpnhh» wpyniupnid pinpus opjkljnubphtt uywntiwgnn htmpwynp Juuuuqubtph
ntwypbph YEpwpbpuy wmbnEjunynipjut hwjwpugpdwt  tyuwwnwlny ppwuwbugdnd £ dniu
hwipgnudp, npp whwnp E nitktw htnlyjuw) pndubinulnipniup

e Pty uuiiqulp kb uyyuniinud njuy opjkljnht,

. I’\hanD:

dlpohtihu wpmynipubpp twjunpnh whu giubpugdnud b «<oinbnubiph qpnhh» dhongny b dund B
wy nuppkpuutpp, npntp puwn putwpluwb whwnp k {hukt npwnpnipjut jEunpnunud: «Qintnukph
gpnhh» hhdtwwb dwubwygubpp wbwp k hukt nhjudupnipyut winudubpp, phulj-dkubkebpp b w-
hpwdbtonnipjut phypnid® puwduh wwunwupwbhwnnibpp: Glukng dkntwplynipjutt htwpwynpnt-
piniuttiphg n bywwnwlutphg, wthpuwdbynmpjub nypnid jupnn tu dwubwlgl] twb hpughpdws
thnpdwgbntbp: Uju qnpéplpugh wpyniupnid pugwhuwyndnid Bu wytt nhuljbpp, npnup hwwnntly bu
njuy dkntwplunppuwlwb gnpénitiknipjutp b hkppynud tpubp, npntp skt uyuwntnid JEpohthu:

2nppnpy thnth qluwynp twhuwuydwip whwp b (hth dkntwupynipjuip hwuwbh nbntjun-
Juiut puqujh hntuwhnipjut guwhwwnnidp: dhppohtiu whwp L quwhwwndh® Eukng hsybu nk-
ntjuwnynipjut (hwpdtpnipniihg, wytybu b nkntjunynipjut hwjuunhnipniihg b wpphwljuwine-
pintuhg: Cunn wynd mbnEjundulijut puquit yuydwbtwwinptu jupbjh E pudwit) hbnlyuwy fudptph®

e hwjwunh uwbntjunjulwt pwqu. bpp nhufuhtt hpwypdwlh quwhwwndwt hwdwp
wthpwdbion wnbntjuwnynipnitt wnjw t b hwdwuwnh: Opuwbu wnuyhuhtt fupnn Bu Swouyly
wpununpuljui  gqonpépupwgh wpyniupubpp, hwoybtlohep, dhttwbuwlwt  wpmyniuputph dwuht
hwydtwnynipniup, wninghnh wpyniupubpp b wyb,

e dwuwdp hwuunh wbptjunjuliut pwqu. hubnpdughuyh wnpmip o Swowynid
dwppbphiiquyhtt  hbnwgqnuinipjut  wpyniuptbpp, nEjwduph wtdbwlwb  dopdp,  twjulhunod
tdwbwwnhy hpuyhdwlubph hwdwhwlwinipniup b wyb,

e ns hwjwunh nbinkjunjulijuwt puqu. Epp phuljughtt hpwghdwlh h huyn qunt htn juwyus
nbnbjunympniip  puguuynid b quwhwwnwlwbiubpp wpynd B hwdwyuwnwujuwt
dwutwgbntbipnh kqpuljugnipmniabph hhdwb pu:

Glukiny nhuljh wkuwlhg, nkptjunjulijut puquih wdpnpowlwinipniithg b hwjwuwnhnt-
pntuhg, nhul-dbubeobpnh  dwutwghunwgdwt  dwlwpnulhg,  wbkjbhjuliwt b Spwgpuyht
wywhnyubnipjut twjupnuljhg' nhultpp thtunwd Eu'

¢  huyuntth. huynh ki wnwewgdw qgnpénutikipti nt wthpudbyn mbnkjwwnynipmniup, hknbw-
pwp nhuljiph h huyn qunt hwjuwiwljwinipniut ot Ynpniuntbpp htwpwdnp t qguwhwnt dbs
&oqpunipyudp,

e  Uwuwdp juwpiwwnbtubih. tdwb nhuljiph h huyn quint hwjuwbwlwiunipmniup hhdtdws
thnpdh Ypu: Zknbwpwp, hudwywnwuhiwb hwpiwgstph nt oybkpughwitph htwn juwyws npnpnid-
ubph Juyugnidp, nputiu juint, junwpynud £ dwubulh winpnonipjut quydwtbpnd,

e wibljwijuwwnbkubih. nhuljuyhtt gnpénutbph JEpupkpyu mdjuiibpp puguljunid Eu jud pwn
phs Gu (ophtwl’ pwnupuwlwit hpwdhdwlh thnthnjunipmniy, thntnpunipmnit publjuyhtt punupw-
Juunipjul dke b wyjl) b npnonudubtpp juyugynid Eu junwpyu) winpnom pjut yuydwbtbpnud:

Mtwp L ok, np Jupyuipodwt wpyniupubphg yupidws, muppkp B twb phuljtiph guwhwndwi
gniguthoubpp: Zuyinth nhuljiph wwpwgquynud nhuljiph quuwhwwndwb gniguwithoubpp (hunwd B pugup-
dwl] (wpdbpuyht, pubnkl), hwpwpbpulw (nnlnu, gnpswlhg) b dhoht: Uwubwljh wunpnonipju
wupugujnid® hujubwuut b Jhdujuqpuljut, (phy wbnpnonipjut upuquynid® thnpdwughnwlui:

Unwtdht nhuljuwjhtt hpuyhdwlh hwdwp dhwynpubpny ghwhwwnnudp juwnwpynid | htnbyug
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Ybpyw. twpn’ juunwpynid £ whipwnwlhgubph b nEjudup dwpdhuubph® i-pn phuljh b hwyn qune
hujwiwlwinipjut quwhwwnnmud’ mnlnuughtt wpnwhwjnmpjudp: Ujunthtnb junwpynud b quw-
hwwngwé wpyniuputph dhohttwugnid dhohtt pyuwpwtwljuth dkpnnny®

e M
npunbn’ Ri- i-py phuuwyhtt hpwyhdwlh h huyn qunmt hwjwbwlwinipniut k, n-p hwpgdw
dwubwlhgubpph pubwlp, Ry-u j-pn dwubwlgh quwhwwnwljutb ti-pn phujuyhtt hpwyhdwyh h hwyn
qunt Yhpwpbpuy;: Zwpduplt wpwbdht-wpwdhtt juunwpynud B wouwnnnubph b gjudup
dwpuhtubph wpyniupubpny, nphg htwnn yipghuttipu dhohtiwmgynud

Ry +R;

Rj=———2, @
npnbkn’ Ri -0 i-pnp nhuuwyht ppwghdwljh b hujn quni JbEpotwljut gniguwthot k, Ru-p i-py
hpup&wyh p hwyn qupne dhghtmgyus gniguihpt £ pun wpjuwinwlhgtph, Ri-p i-py hpufh&wlh p
huyyin qunt Uhohttmuggws gnigutithot £ pun nEjuqupnipjut wingudubph:

[thuljuyhtt  nipwpwiymip  hpwyhdwlh hwdwp vwnwgqus wnnlnuuhtt  ghwhwnwlup
Jtpwdynid £ dhwynpuyhh punn wnpnruwyy 1-nud ukpuyugqus jupgh'

Unyniawly 1
Lpulughl ppuyhpdwh p huyun quynt hujwiulpuminipintip
Uhunp Ri<25% 25%<Ri<50% 50%<Ri<75% 75%<Ri
1 2 3 4
b huyjn qunt hwjwbwlwinipniu qpoyuljut thnpp vhohtn Pwpan

Puguuwljut htwbumjub hbnbwuputnh ghwhwnnidp Eupunpnid £ npnotip” npput Ylluqutu
dhtwivwjutt Ynpniunbbpp i-py ppwhduljh hwinbu qunt phypnud: tw qghwhwnbknig htwnn,
phuljuyhtt  jmipwpwbisnip  ppwyhdwlh  htwpwynp puguuwlub  Phptwbvwlut  hbnbwbpubpp
hudbdwwnymd tu vwywuybihp swhnyph, hwunyph b ubthwlwb juwyhwnwh htn b pun wnd §
Juwnwpynid £ dhwynpubpny quuwhwwnnid wnniuwly 2-nud ukpjuyugdus hwdwywnwuiwint pyudp’

Unyniuwly 2
LPhuljuypll ppunpdwalip p huyunn quynt Aknlwiphkpn
Ci< puwthnyp Ci<owhnip Cuwhnyp<Cichwunyp Zwunip<GCi, ukithw-
Uhuwynp Yut juuhunuw<Ci
1 2 3 4
Cuwn hkwnbwtpbph ns nhuljujhlt poyjunpkih Yphnhljuljut Juwnwunpndhl

Ci-p i-py nhuluyht hpuwghdwlh h hwyn qunt hknbwipny httwpwynp Ynpniunb k: Pnnp
nhuljuyht hpwdh&wlubpp pun h huyn qunt hwjwwlwinipjut b pun hbnmbwupubph quuwhwntimg
htwnn Juwnwpynid £ kpohtitbphu quputpnid pun t.2-nud ukpjuyugyus nhwugpudh:

Glukny htnljw) nhwgpudh wpyniupubphg” Juunwpynd b nhuljiph quuwlupgnid 2 Jks
hudph' pnyjunnptih b wipnyuwnpkh:

Qnudhlhg Eplnwd E, np whpnyunpbih jodph dbe dnunid Bt wpwyl] hwjwiwlwu nr Uk
Ynpniunbbp hbnwwunkn phulbpp: 9dbpehuubpu, npwbu juwinb, opkbunpulwt wwhwieubpht
hwlwunn  hpwdhfwljutptt &' wudwbwnpqus hwuwpwlnipjut wijuwiqnipubt o
wnnnonipjutipn Juwu hwugttint hwiquuwpny:

Uju thnynmd htinhtwlh Ynnuhg &hpn b hwdwpynid poyjunpbih b wiupnyjunpkh nhuljiph
htnuwqu junwjupdwlt wnwppbipuljduws dnnbgnidp, hwdwdwjt nph poyjuwnpbih nhuljiph génd
twpwnbuynd £ hpwluwbtwgul] wjtyhuh dhgngupnidubph fjunwdp, huswyhuphp bu junwdupdwi
wpynibuybinnpjut guuwhwnndp b hwdwywwnwuhiwt Ukpnnttph jhpwenudp nhuljiph tuqbgdut
Jud JEpugdut tyyunwlny: Uupnyjuwnpkih phuljtph hbnnwqu junwdupnidt hpuwbuwgynud E wyp
ninhny, wytt £’ Yphnhjuljub jhnkph vwhdwinudp b ppuitg huduyunwupwiinipjut bjundudp
Unthuninphuigh phpwjwbwgnidp: Cunn Enipjut, vw junwjupdwi wenidng ns dh pupnnipnit sh
unbndnud, b wyu tpYynt fudpliph hbnwqu jurwupnudp Yupbh E hpujutugit) gniquhbnwpup:

B wyuytku, 5.1 hnynud twjpwnbumd | hpuljubwugil) poygjunptkih chujiph junwupdw
wpynmibubnmpjut quwhwwnnd,  wjuptip'  wwpgl]® nppwinyg bu  ubpppjws  gwliptpt
wppupugynid: tw Jupkh £ hwodupll]” Eukng htnbjw) npudwpwinipiniihg. bpt i-pg nhulh h
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hwjn qunt hwjwbwlwinipniip nnlnuwihtt wpunwhwjnnipyudp Ri k, hull npu 100% h hwjn quynt
nhupnid Ypws Ynpniuntbpp® Ci, wyw i-np nhuljuyht hpuyhdwlh hwinku qunt Ynpniuwnp Yhuh®
P =R, X C;/100: (3)

Mhulusghts hpuh6wlh
P huyun quipnt hwdwbiwlwbingsynitip
[

4 wbpnymunpkh

pupdp | pwpsp §opwipdp
enypuung Yppanfily. §uunwu
2 7
dhght  1dhgh  fiihoht
poaypuundyphwhl. funwoe

thnpp thnpp thnpp

/qtn‘lfmm. lyphwpl. flunw
1 2 3 4

patunpkh
vl 2. Hpulph Jupluwionid puwn nhuluyhl ppugpdulh p hugn quyne b hknlnuiphbph

Gpt Ki-ny wwbwlhbkup i-pn nhuljuwjht hpwyhdwlhh Juwipdwt jud tjuqbkgdwut hwdwp
wihpwdbtown swhiuntdubpp, hull T-ny Jurwdupbjhnipjut wunhfubp, wwyw i-np rhuljught hpwgh-
Swljh junwjupdwl swhiunidubpp Jupbh | ubipjuyugut) hbnbjw) papbwdbng

H= T xK;/100: (€3]

Puttwdlnid T-u gnyg k wiwihu, ph Ki dwjuunidubph phypnid pwth winynuny b hwjubwluu
Jbpugit] wjjuy nhuljp: Gupwnpkup, tpt T=100, nu wywbwlnid k, np Ki swjunidubp Juunwpbng
100%-ny Jtpugynid k i-pn nhuljh h huyn quint hwjuwwlwunipniup:

M

v

[¥hulikph

Yook
wpami- piptwaguhad | higwdopau | nhdbpub$hlugaut
{Eunipgmbp wgpowd

ubnuiiugnul Juoruwshowd wywhauqpood

Ohulyiph phupn quyat
htunbwbpltpp
Ul 3. hulbpp junwjupdwh wpyntbwybnnyemiihg b p huyun quynt hknlwbpblphg upijus®

juqlguull gnpShpwluguh plnnpnipiniip

i-py nhuljh jurwdupdwi wpynibwdbnntpeiut gnpswljhgp Ynpnogh hnlyuy Yipy®
E=P/H, 5)

npubkn’ bpbk E > 1, wmyw nhuljh jupwdupnudt wpynibudbn k bpk E<1° ny: Glubnyd nhuljiph
Jurwjupdwt wppynibwdbnnpjut quwhwnwlwihg b phutph b hwjn qunt Ynpunhg' hpufw-
twgynnid k phuljuyhtt qgnpéntttph JEpugdut jud tjuqgdwtt ninnus dkpngh pnpnipmniat n
Yhpwnnidp, nph hwdwp wowewpynid k hpwnk] gdwyunltp 3-nid ukpjuyugus dwnphgp:

Oniquhtpwpwp 5.2 thnyny hpwjwbwgynid t nhultph Yphnpuljut jenbph vwhdwinodp:
Uphunhjulut Ybnbkpp vwhdwidnd Bu® Hubknd opktunpuljut unpdwwnhy wwhwbetbphg b
Aintwpnipjut vwhdwbws withwnwlwh inpdtphg b tbpuyugynid wnyniuwl 3-h mkupny:

Unynrawl] 3
Unhunhhulul [ankph vwhdwinad
Unhnhjulub [rhuluyht hpuyhgwlh dhpwhulnnnipju
dnpdplpuigh whjutinuip ybEpwhuljnnnipjui Yt Ne pnutinlnipinih gqnpshpukp

1

2

i
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Zwonpy puyny Juuwpymd b jnipupwbgnip nphuljughtt hpwdhd&wlyh JEpwhuljnnnipjubt nu
JEpugudwt vhgngunnidubph vwhdwunid, npp tbpuyugdws b wnjniuwly 4-h nkupny:

Unniuwly 4
Lhulibphph JEpugwl wywbun/npnod:
YUphunhljuljui
Ybpwhulnnnipjut ‘nppuhlulul Ljugbgdwt jud Jipugdwt tyunwluninndus puybp
Yk Ne uwhdwtubpp
1
2
i

8nipwpwiginip phuljuyhtt hpwdhdwlh hwdwp JEpwhulnnnipjutt gnpdpupugp dpwlynd k°
Jbkohtthu U tpw h hwjn qum thnmh wpwbdtwhwnlnipmpitubphg Jupdus: G Gluknyg
Jbpwhulnnnipjutt wpnniuputphg' bpt wjju) hpughdwlp sh huwdwywnwupwiinud vwhdw]ws
unpubpht, hpujwbhwgynud ki twpwybu dowuldus vhpngunnidubpp:

b dtpon, Unthwnphtq thnynud quuwhwwnydmd £ nhuljtiph junwjupdw nne qnpdpupwugh nu
wpnitwdbnnipiniup’ hwoyh wetbng phuljh tduquui dhnndubpp:  Unthunphugh hhdbwlwt
byuwunwl Eyupgby’

. mpr}]nnp nhuljkphtt wmpdwquiptint hwdwlwupgp tkpppdws | hiwpuwgshtt hwdwwywnwupuwb,

e thnpuyk’] k phuljh juplnpmpiniip bwpehth hudbdwin,

¢ nhuljuyhti gnpénuikinh ukpluyhu wqnkgnipniup wubuynpuw’s bp, pb * wwnwhwlwi:
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M.T. Mxurapsin .
YIIPABJIEHUE BHYTPEHHUMU PUCKAMMU B OPFAHI/I%AHI/IHX HI/IIIIEBQI/I
HNPOMBIINIJIEHHOCTHU IIPU ITIOMOLIN BHEJIPEHHOU JUATPAMMHOU
MOJAEJIN

Paspabomana cucmema nogviuienus 3Qgexmusnocmu 6HympenHe20 YnpasieHus PUcKamu OpeaHu3ayull nuujesou
npomvluiienHocmu. 1 1asHol 0cOOEHHOCMbIO AGIAEMCA MO, YMO, YUUMbIEAs 6bICOKUL YPOBEHb HENPUeMNeMO20 PUCKA ONlf
NUWeBLIX Op2aHU3aYUll, C6A3AHHBIL C  JCUSHBLIO U 300POBbeM HaceneHus, npeonazaemcs OUAzpPAMMHAs MOOeNb, KOmopas
n0360.15€M MAKCUMATILHO dheKmusHo u 6e3 pucka Omoeismy u ynpaesiams HeOOnyCMUMbIMU PUCKAMU.

Kniouegvie cnosa:. nenpuemnemvle u Oonycmumvle PpUucku, npouU3EoOCME0 NPOOYKMOE NUMAHUA, YNPaGleH4ecKds
appexmugnocmsb, Kpumuueckue MouKu, MOHUMOPUH2, CAMOCHPAX0EAHUE, XeOHCUPOBAHUE, OUBEPCUDUKAYUL.

M.T. Mkhitaryan
INTERNAL RISK MANAGEMENT IN FOOD MANUFACTURING
ORGANIZATIONS WITH THE INTEGRATED DIAGRAM MODEL

An internal food production organizational risk analysis system was implemented to increase
productivity. The main unique feature is to take into account the food production companies guidelines connected
with the high level risks that effect the lifestyles and health of the population. The system suggests a diagram model
which allows to separate prohibited risks and to govern them effectively.

Keywords: unacceptable and permissible risks, food production, management efficiency, critical points,
monitoring, self-insurance, hedging, diversification.
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Upwljws ki hwbpwpym wpbpniypniinid juybnpkl jhpwnyng wywnun/np owpnhsh hknwlunugupdwl
Pdnialghningy b uligpniipuyhl upibbbpp: Qupnhsp b Equnpupubbglul junugupdwl hudwljupgh $nialghniuy
unnnuylikpp CAN ppliuyh Upongny dpwgyws i whhunnwlwl hudwlupghshl, npp hinupun/npnyeinil F phdkpnid

ppwluinughly pwpnhsp Aknwlpunuywpnidp:
Unwugpuyhti  pwnbp.  owpnpps,  dphpnpnippnikp,  USB-CAN  plunkppluuyhli  [hpuyunpnpujs,
LEjunpupwibbgnid, junwjupdwl hunlwlupg:

Ukpuynidu dks tpwbwlnipymitt B wipynid hwbpwpynittwpbpnipjutt npnpnh hwnfjuwybtu
npululjwl qupqugiwh hkpwluphl' ohoinp Rukn] wpnwnpubph dwldw npulh pupdpugdwi b
uljqpiwjutt vyuwndwl snpuyh wywhnydwt Jpuw, hiyp pny] juw wywhngb] wniw nhuniputbph
Junrwujupdwl wpynibwbnmpjub pupdp wunhfwl, hbnmbwpwp® (pugnighs Ejudnintbp: Ujuhwyn
E, np hwipwduypbphg owwnbkpp htwpwynp sk oquugnpst) tnyt wpynibwbnnipyudp, npnpubpnid
withpudbown E hpwljubugity tkpypnidibp wkthjulwi Jkpughidwi b hbnwgnnm pyncbibp uubpn
tyuwwnwlny: Uhtunyt dudwiwl wjn qupqugnidubpp wnwye u phpkp dh owpp hhdtwpiinhpubp
dwpunwhpwybputp, npnup hpuwnwy nsdwt Juphp nibbl: Uwubwynpuwbu  hwbpwpuph
wpynibwhwidwt b Jhkpudowljdutt nppunbbipnd pupnjuybtu hwgus b hqhjuybu dwodus
unktnnghwlwt vwppwynpnidubph Yhpwnnudp, npp, npybu juint, quydwiwynpnud | junwiyniph
huptwpdtph wd b wkuninghwlwh hwdwihph owhwgnpsdwt wohwnwupubph gusdp npuljuljwh b
pubwljwlu gniguihslbtp: Gk Ykpnbpjuhg wowg E quihu ewpnhsibph wjnniwnwugjus
KEyupupubtgnuiubph (ER) jurwjupdwi hwdwlupgiph wpphulubwgdwi jbnhpp dudwbw-
Julhg wywpunwspugpuyht thongubph hhdwi Jpu:

Uhipujhu gwpnuwb hwdwihpubpp, pun mkjpuninghwljwt tpwiwlnipjul, thpuenid ku hpkug
Juquniud nwppbp nmbuwlh owpnhsutp, thnpowlyphsubp, poiultpubp, quibwqub nghsubp, odwlinul
UEpwtihqutp b junwyupynn Jhuwhwnnppswyht ipyuthnphsubp, npntg punhwinip junwdupnudp
hpuwjubwugynid L wbpjunnghwlut  pnuppnitputph  dhengny: PFwgh wyn, hwodh wnbbknyg
wnbkhiuninghwuljut vwppuynpiut swhwgnpsdwt yuydwuubpp, b huyn £ quihu gwppuwt hwdwhph
htpwup jurwdupdwi wyuwhnddwb withpwdbynnipniun (1, 2]:

Zupdh wolkiny Ykpnbppuyp’ dkp Ynnuhg dpwlyyly E hwlpwpyniwpbpnipniamd juyinpka
oquuugnpdynn wjnwynp owpnhsh dhipnpnuppniipuyhtt junwjupdwt hwdwlwupgh $niulghniug
ufpubdwt, .1, npnud hpkug (nwdnidt ki unwugh] junwupdwi hwdwljupght utbpluwywgynn yEpnhhojuy
futinhplbpp: ‘

Ul I-nud punniijws Bu hbnlywy tpwbwlnidubpp. PC owpnhsh htnwljunwdupuwl ukipybpp
hpuut dudwiwlnid wojuwwnnng wthwnwlwt hwdwlupghs t, nph dhongny ppujubwugynid L
Jupwjupdwt hwdwlupgh b wpuwphtt ubpdiph dhobt juwp: Uthwnwlwt hwdwlupgsh USB
(Universal Serial Bus) juyjutht thuugqws £ USB-CAN hunbpbbjuuyht Yipyuwihnjupsp. ©1 b 241-t gwpnhsh
hhdtwlwb swpdhst £ b wyl ubng hwdwwwiwghtt Yepwwihnjuhsp, OT-t° ewpnhsh odwiiul
EEywnpupwpdhsp, @U-u thnpuwbgdwh nnitp, US-i odwiinul pupdhsh winindwi wpugnipjut whsp,
U2-u' gwpnhsh Ynunwlhs poilhtpnid hwipwiyniph dwwppuyh swihhsp, SU-u nkjulinnghwlui
Untunpnikpp, G2 U 2U2-p dwwuwbbught Ynudltpp puibkging BEjupuowpdhsp b wyl ubing
hwwhwlubught  ghpywinjuhsp,  28-0° houwbph  wihsp, npp Yupguifnpmd £ gwpnhsh
wpununpnyuiuinipniup: Upnwynp gupnhsh poqupynudp junwpynid £ OC-h oqunipjudp, puth np
hhdtwut T1 Eunpwowpdhsny poquplnidt wihtiwp E, wquydwiwynpjus gwupnhsh dbpwthjulju
dwuh Ukd quiqubttpny, npnug yuwwndwnny k) pupdhsh pnnupydw hnuwbipubpp nwubyul wiqud
ghipuquignid Eu pnyjunpth wpdbputipp: Gpp OCT-h yunndwt hwdwunipniup hwutnwd £ 20-30ww/p,
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putn US-hg unugyus nknkljunynipjut, SY-it wpdwlnd E wqpuiipwt’ whgunkynt OT-p b pnqupljly
Cl, hwdwdwju npp juunwpynud £ gpu vwhntt poqupynudp 241-h dhongny: Uju pwtihg htwnn, pp
ownnhsp Wuwwpwuw E wppuwnwph, 242-h ogunipjudp pnnupyynud k T2-p, npt k| hp hippht ®U-h
Uhgngny puiikgimu t Ynlbjkpp: Unttybph Jpu bqws kuiympep puyumd b pmulkp, nphg htwnn’
gupnhy: Qupnhyh wpnunpnquiwimpmip jupqunpoud £ 2S-h oqunipyundp, hul U2-p, npp
nbnuluyyuws bt pnitljiph hwdwywwnwupwb pupdpnipjut ypu, huljnud b Gpuiyniph dwlwpnulp
poiujipnid U pnyp sh wwihu, np wmbnh nitkbw gwpnhsh ghpgnud: Gphk Hjuwiyniph dwlwuppulp
poibipnud ufumd b oudugl, U2-U wqnuipwb b wwghu SY-ht, npt k) hp hbtpphtt 242-hu
hudwyuinwupwb wgquipwt nwny quinuntgnmd  ynifbiph wpugmpnip, huly hwuljwowy
nhypnud wpuqugintd k yntfkkph wpugmpgniip:

PC

Fi;

USB/CAN

YEpuuihnjuhy

it

CAN

g

Can Auunhnfahy

g

241 Sy |«

Uy 1. Qupnpsh hkpwlunpujupdwl pniblghniay upulbdwh
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Ul.2. USB-CAN plunkppljuuyhl [hpyuhnfupish ulgpnibpuyhl b Epunpwlul ujubdul

CAN (Controller Area Network- pnupnnikpuyhtt nupwspuyhtt gutg) unwunupunubph hwdwihp b, puohu-

Jws wpinunpulub guugkph jupnigdwt hwdwp, npt oginugnpénid E ndjujutph hwenppuljut thn-

luwbignid hpwlut dudwbwlynid hntuwhnpyut b gwonywifusn pjul sun pupdp wunhwbng [3]:

CAN-n punipugpynid £ htwnlyw hhdttujut hwnlnipjniuutpny.

e nipwpwiynip hwnnppugpnipjun (ny, pk vwuppuwynpdwn) npynid £ hp wnwetiwhbppnipiniup,

o wuwyubkph thnjuwbwldw Eplnt wntph dhol Lpuwpjuwynpdws nununph dkdnipyudp,

e  hbnwpdwlynn hwnnpnugpnipmnibubph pugniunid dudwwlh uhtijupniwgnidng,

e  wyjwjubkph ns ppwpudbpd hnpuwgnid wdpnne hwdwjupgh dwljupnulny,

e guugnid Uh pwlth wnwewwnwp (master) uwppuwynpnidubph wnjwnipjut poyjnynipintl,

e upuwuipny niqupydus hunnppugpnipniuitph hopowbgdwt wunndwn Ypliund, whdhgwybu
guiign wquuyknig htkwn:

Y. 2-nud yunlipdws E USB-CAN hunbpdbjuuyht YEpyuwihnfuhsh uljqpniipuyghti bEjunpulwi
upubdwt: Ukpyuwthnphsh wohiwnwiph hwdwp wihwpwdbon b Spughp-npuydtp: Fpuwgybph htwn
wppiwnwtiph hwdwp oguuugnpdynid k. dnitulghwibph qpupupubibpn: Unuwubph npuydbpp
poyunpnid £ uhtsh 10 wnwuywnbph dhwgnid hwdwlwupgsh USB ohtiughti: Gpunwpwith pnnp
gnpéwnnipiniutiinh hbn woiwnbknt hwdwp whwnp E npytiu wnwgbiwght yupwdbnp bl wnuwuwnbph
hwdwpp (hwenpnhy CAN-jutiwh hwdwp):

Unuuunbkpubph (CAN Juwbwjiukp) hwdwpwlwnidp ujuynid £ 0-hg hEnlbjw) jupgndy.
e nipwpuwiyinip unp vhwgynn wnuywnkpht JEpugpynid £ wdbiwthnpp wqun hwdwnp,
e wnpuuwunkph wigwnyknig htnn tput Ypugpdus hippului hwdwpp wqungnud k:

Unuwuwunbkpubpht ykpugpynn hwdwpubpp gopénud Eu dhtish oybpughntt hwdwljupgh hwenpy
phnunudp:

Snipwpwiinip CAN-Jutiwh hin wpjuwntint hwdwp wihpudbywn  jubsh] jutwh pugdut
dniuljghwmtt UsbCan_Open (UINT Channel, PUSBCAN_INFO DrvInfo): Uju $niuljghutt hpuljubwgunid k
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vhwgus wnuuwnbkph ulqpuuluit huhghwjwynpnidp wolhiwwwphg wnwe: Npwbku Untnpughb
wuwpwubnptp $ntujghw b niqupynd  CAN-Jwbtwh hwdwpp (0- hg 9) b Junnigjusph hwugku
USBCAN_INFO: 3niulghuyh hwenn Juwwwpdwb wpynibpnid Junnigusph nwownbpp Ypugytu
htwnljw) wpdtputpny.

e wnuuubph npuykph JEpupwb,

e wnuuubph wpnwnpnnh tnybwwbwgnighsp,

e wnuwwwubkph inyuwlutugnighsp,

e wnuwuwwubkph ykpuhwl,

e wnuuubkph OZU-h sunhp puyphpng:

Uyt nhypnid, tpp wnuwuynbpp dhwugyws sk hwdwlupgsht jud CAN-juwbwp wpnku pug b, ud
wy] uppwjwbptbiph ghypnid niuljghwt Jipunupdiunud £ hwdwywnwuppwt hwdwuwpguyhtt upawh
Ynnp: CAN-Jutw h hin wpuwnwipp wjwpunbinig htnn whup E jubst) jutup hulne dniughwut
UsbCan_Close (UINT Channel): Unnplh ubkpjuyugusé bt C++ Swpugpuynpuwt (kqyny gpjus CAN-
Juiwp pughnt b thwljtnt dniughuyh Spwgphg hwwnygws.

#include "stdafx.h"

#include <stdlib.h>

#include ".\..\include\usbcan2.h"

// nhtudhy dhwgynn gpunupwubph oqunugnpénidp
#define _ USBCAN2_SHARED_LIBRARY__
#include ".\.\include\usbcanlib2.h"

int main(int argc, char® argv(])

{

USBCAN_INFO info;

UINT result;

UINT channel = 0; // jutwh hwdwpp

// 0 uwyh pugnidp

result = UsbCan_Open(channel, &info);

if (result I= ERROR_SUCCESS ) {

printf("Error to open\n");

return 1;

}

/l

// ognuugnpéynn wuynkph b nwyybph dwuhtt pubnpldwghuygh gonipu phpnud Eyputht
1

printf("Ram size = %X\n", info.BoardRamSize);
printf("Driver version = %X\n", info.DriverVersion);
printf("Vendor ID = %X\n", info.VendorID);
printf("Product ID = %X\n", info.ProductID);
printf("Device version = %X\n", info.DeviceVersion);
/...

/

// hulynid Eup futwp

/

UsbCan_Close(channel);

return 0;

}

CAN Juwlwh pugykinig htiinn whwnp k huthghwjwynpt) CAN-pnuppnitpp: Puhghwjwynpdw
$mulghugh Yuistwh dwdwbwly tpwb b hnjuwbgmu  qopwy  ghuwlibph  wpdkpbbpp b
thnjuwbujdutt  wpwgnipjub  nhghunptbph  wpdbpubpp: ¥npwy  phdwlutph  wpdbpubpp
oqunugngnpdynid &, Lpp Juuwninnt hwnnppuqpnipniuiph hwdwp phdwlh wthwnwlwt wpdtpp
hwduup k -1, wyuhupt tpdusd sk:

CAN pnuppniiph  huhghwjwynpnidhg hbwun, whwp L juuwpl]  poudbph  swihbph
hupghwjwynpnud, hwnnpnn b pugnibgnn hwnnppugpoieniaitph hwdwdwy: Popnp poudtipubph
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gnidwpuyhtt Swdwyp sykwnp k ghipuquiigh wnuuntph O2U-h dwdwyp, nph ddnipniup punupdynid
E UsbCan_Open dniiljghutt jubgkinig htwnn: Cupnitdnn hwnnpnuqpnipnitubph hwdwp toynud k
puymiidwt hwdwp oquuugnpdynn  nhqhuwpubph gnudwpuyhtt dwdup: Zwnnpynn
hwnnpnuqpnipmibbph hwdwp todnud b jnipupwtynip hunnppugpnipyu jubiwh pnidbph swduih
wpdtipp: Bph hwnnpnuqpnipjut juwyninht sh oquugnpéynid hunnppugpnipnittiph hnjuwbgdwt
hwdwp, wyw hwdwywnwupwt pnibtph swjwh wpdtpp whwp Ehwjuwuwn (hth qpogh:

Pnidbph swhtph hthghwjwynpnidhg htwnn, wjuhtipti hhonnnipniup pnidbputph Ypw puptubinig htwnn
Jupbih b juwuwpl] hwunnppugpmipnibtph pigniimd b hwgopynud: - Zwnnpnugpoiegniaikph
pupnitinudp Jupnn B hpwluwbwgdlp hywbu punhwinip poidbp, wjtybu ) hwnnpnpugpnipjut
Juyninny tpdus wnwtdht pnidbp:

Zunnpnugpnipiniiitph pigniidwt $nitlghuygh jubsdwh hwenppuljwnipniup.

1. Zwnnppugpnipjnitbbph pignibdw pinhwinip poudbph hwugkh b swthh tonud:

Gpt pnunhwinip hwnnppuqgpnipnitubph pugniadwi hwdwp oqunugnpéynid k pinhwinip an‘i’php, wwyw
hwnnppyugpnipjniiibiph pinniinudp ujulinig wnwye whwp b uoky pnidbtph hwugk b swthp ubisknyg
UsbCan_SetReceiveBuf  nililjghwt: Gph  wuhpwdtonm E  tydws Juuwninnd pupnibdus
hwnnpnugpnipmnibibpp wwhwywilk] wpwtdht  pmdbpnid, www  pmdbph  hwugkt  wpynud L
hwnnppugpnipjnitibph pungnitdwt $nrughwt jubiskint dudwbwly:

2. Ppulub dudwbwlh dudwgnygh pnquplynud:

Bph wihwpdbon b jnipupwignip punnitjws hunnppugpnipyu hin yqwhwwil] twb dudwiwlh
uohsp whwp k Juisky UsbCan_StartRTC $niuljghwl, nphg htwnn jnipwpwiynip pupniiqus hwnnp-
nugpnipjuit hbnn jywhywidh bwb dwdwbwlh tphsp, npp hwdwuwp Yihuh pugnitdws hwnnp-
nugpnipiniutiinh dholi inus dhowluypht: Fudwbwluyht $nibulghwyh dudwbwluyht tohsp 3.2 Uy E:

3. Zwnnpugpnipnibibph pugnibdwb JEjuwny:

Zunnpugpnipiniitph pugniinudp uulne hwdwp wihpudbpn E Jubisk) UsbCan_StartReceive
$miulghwb: Uju $miblghwih wwpwidbnpbp ki CAN-Ywbwih hwdwpp, wpphupudh wpdtpp,
nipuwhwwnntyy phdwlyp, pungnidnny hwnnppugpnipnibubph puwbwlp, npnoubpp, hunnppugpnipniu-
ubph pugniudw $phpnpp, hwnnppugpnipnitibph wwhywidwb poidtph swthp b hwughki:

4. Zwnnppugpnipjnibibph pipnibdwt wdwpunh vyuunid:

Zunnprugpnipintuttph pugniundp uljubinig htnn hwnnppugpnieniitiph pugniodw pighwndwb
hwdwp wiuhpwdtow k juusk] UsbCan_StopReceive. dniuljghwic:

5. ‘Lwhiuyuwwnpwunnid hunnppugpnipniuttph pugnibdwt Ypiodwt hwdwp:

Bpt hunnppugpnipniuubph hwenn pugniunidhg hinn whpudbywn k Ypljuty pungniunudp wyn poidbp,
wwyw  wbhpwdbomn kYl UsbCan_ResetReceiveBuf dnitljghwt, nptt  hpwluwbwugind b
twpuwywnpuunnud pugnibdw Ypudwt hwdwp:

CAN huwnnpphs-punniihsh whyuwjhtt jupniguspughtt ujubdwb phipws £ ul).3-mud: TxD
Ununphli (Untnpp hdtpuhy ) mpudwputulwt gpn wgnupwith wnuynipjut nhupnid, hwnnpnhsh
kpwyhtt juulunubkph kplm inpuighunnpp puggnid ko b ghdwngpmpyut thony whghmu E hnuwbp
génud unbnstny npudwpwbwlut Jkjh huwdwyuwinwupwing hdwl: Ujunthwunkpd, CANH bGiph
wnukughwp vhpwn pupdp Yihtth, putt CANL Uninphup: Untnpnid npudwpwbwlut vkl wqpuipwih
ntwypnid hwnnpnhsh Gpt wiuginud  pupdp nhdwnpnipjut Jhdwlh b nphbpkughwy jwupnudp génd
hwutnud  qpngh:

CAN hwunnpnhst nith ouwn Jupbnp wnwudbwhwnlnipinit. kpk hwnnpnhsttphg Ukyp gutgnid
nunud Enpudwpubwlub qpn, huly dmup’ npudwpuiulob uky, wju Jh&ulp sh hwudwupdnud Jpupu-
1ht, putth np dhowghy hnuwtp sh wpwewunid: Uju nhiygpnid CAN shtiwgh Jhdwlp hwdwwywupiwunud
E npudwpubului Ukl Jh&wlhl: Uy Yhpy wuws npudwpabwljui dkhp dhon ghphopunid | npw-
dwpwbwlut qpnjh tjundwdp, hugh hwdwp CAN unwnupunid oquuugnpdynid  nnuhtiwtinn hwu-
Jugnipynibp qsh wyl Jh&wlyp, kpp gsnid hnuwtp Ju, b nhghuhy Yhgwly nnuhiwinhi hwlwnwl Jh&wly:
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CAN-h  wju hwwnlmpniip  htwpwynpnipmt £ pudbenid  unwbiwg  qdhtt  hwuwbbjhnipjul

htwpwynpnipinil, hwdbdwwnbing ghs niquplynn npudwputulut fujupnpuljutpp uyb dujupnulh

htwn, npp hwunwghnpkt npynud | ipwinud. Ept hwnnpnhsp ghd E niqupynud nkghuphy dh&wly, hulj wyy

wuwhhtt gémd dunwd b ponuhtwbn dhdwl, wwyw wwbwlynd L ghép qpunjus b Ujuyhundy,

hwuwbihnipnit £ unnwinid guigh wyt hwignygp, npp Yupnn £ niqupyl] gndhtiwbin wqnutipwt:

Nhghuhy wgnuipwinyg hwbgnygubpp wqunnud ki guugp b uyuwunid hwgnpny htwpwynpnipjutn:
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T.D. AkonsH
PA3PABOTKA YJIAJIEHHOM CUCTEMBI YIIPABJIEHUSA SJIEKTPOITIPUBOIOM
IEKOBOM JIPOBMJIKH

Paspabomanvl GyHKYUOHANLHAS U NPUHYURUATLHASL CXEMbL YOANEHHO20 YNPAGICHUS WeKOBOU OPOOUIKOLL,
Hawleowlell WUpoKoe npPUMeHeHUue 6 2OPHOPYOHOU npomblunenHocmu. QYHKYUOHATbHbIE MOOVAU CUCTEMb
yapasneHust 31ekmponpusooom opobunku nocpedcmeom wunvl CAN nookmouenst kK nepconanrbromy Komnviomepy,
KOMOPUIll NO360J5€M OCYUeCmEIsANb YOaleHHoe YnpagieHue OpoouKoll.

Kniouesvte cnosa: opoouixa, mukpoxonmponiep, USB-CAN  unmepdheiicuwiti  npeobpazosamens,
9EKMPONPUBOD, CUCTEMA YNPABTECHUA.
T.E. Hakobyan
DEVELOPMENT OF THE REMOTE CONTROL SYSTEM OF JAW CRUSHERS®

ELECTRICAL DRIVE

Functional and principal schemes of remote control of jaw crusher which have found wide application in the
mining industry are developed. The functional modules of the electric drive control system of the crusher via a CAN
bus are connected to a personal computer that allows remote control of the crusher.

Keywords: crusher, microcontroller, USB-CAN interface converter, electrical drive, control system.
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VJIK 519.816:621.039 SHEPI'ETUKA
O.C. ABarsn

OB30PHBI AHAJIN3 METOJ0B MHOTI'OKPUTEPUAJIBHOI'O
NPUHATHSA PEHIEHUIA

Coenana nonvimka NPOAHANIUZUPOSAMb MemOoObl MHO2OKPUMEPUATLLHO20 NPUHAMUS PEuleHul, Komopule
NO360JSIIOM  CIMPYKMYPUPOBANb NPOOLeMbl NPUHAMUS PeUleHuil U Gbla6Umb Hauwlywwull eapuaum. B memodax
MHO2OKPUMEPUATILHO20 NPUHSIMUSL  DEUEeHULl  2IA6HbIM  9MANOM  UCCLe008aHUsL  S6TIeMcst  UdeHmupurayus
Kpumepueg u co3oanue mabauysl dQ@exmusHocmu, ¢ NOMOWbIO KOMOPbIX Onpedensemcs YHNopsaooyeHHOCHb
anbmepHamue U 0elaioncs OKOHYamenbHble 8bl800bl. Paccmompennvl paziuunvie Memoobl MHOLOKPUMEPUATbHOZO
npunsmus  peuwtenuti, maxue kax MAUT/ MAVT (Mnozoxpumepuanvruas meopus nonesnocmu/Mnozo-
kpumepuanvnas meopus snavenui), TOPSIS (Memoouka evibopa npednoumenusi no CpasHeHuro ¢ UOealbHbIM
peuwernuem) u AHP (Memoo ananusza uepapxuii).

Kniouegvle cnosa:. memoovl MHOZOKPUMEPUATLHO20 NPUHAMUS PeUwleHUll; QYHKYUs NOAe3HOCMU; IUYo,
npunumarowee peutenue (JIIP); kpumepuu oyenku; si0epuvie snepeemuyeckue cucmemot (A3C).

Beenenune. Metoasl MHOTOKpuTepuansHoro npuatus pemenuid (MCDA) cranoBsiTcs Bee Oonee
HOMNYJISIPHBIMU B IPOLIECCE NPHUHATUS PEIICHUH B yCJIOBUAX YCTOWYHMBOIO Pa3BUTHSI YHEPTETHKH H3-3a
MHOTOMEPHOCTH M CJIOKHOCTH COIMAIbHO-ODKOHOMHUYECKMX W Ouoduizndeckux cucteMm. Kpurepuu
JHEPreTHYECKUX CHCTEM OOOOIICHBI B TEXHUYECKON, IKOHOMHYECKOM, 3KOJOTHYECKON U COIMATbHOU
cdepax. Meronpl B3BELIMBAHUS KPUTEPUEB KIAacCUGHUUUPYIOTCS MO TPEM KAaTEropusiM: CyObEeKTHBHOE
B3BEIIMBAaHNE, OOBEKTHBHOE B3BEIIMBAHHE M KOMOWHHPOBAHHBIE METONbI B3BeIIMBaHMA. HecKoiabpko
METOJIOB, OCHOBAHHBIX Ha B3BEIMBAaHWMU, YCTAHOBJIEHHM M MPEBBIIIEHUH MPUOPUTETOB, METOJOJIOTUU
HEUYETKHX MHOXECTB U X KOMOMHAIIUH, UCIOIb3YIOTCS AJSl NPUHATHS PEIICHUH B 00JaCTH SHEPTeTHKH.
MoXHO cKa3aTh, 4YTO MHBECTUIMOHHAS CTOMMOCTH SHEPIOCHCTEMbI HAXOAUTCS Ha IEPBOW CTPOUYKE IpHU
OIIEHKE KpUTEpHUEB, jaajee ciaeayioT BIOpockl COy, MOCKOIBKY 3aIUTE OKPY)KAIOMIEH Cpeabl yIenseTcs
ocoboe Buumanue [1].

Hcnoanzosanme MCDA pasi cpaBHennsi SI9C. MHOTOKpUTEPHANBHBIN aHAIH3 PEIICHHUHA
(MCDA) npencrasisier co0oil IpyIiy MOAXOMO0B K METOJAM OICHKH DPEIICHHUH, MCHOIb3yEeMBIX IUIs
CTPYKTYpUPOBaHHUS MPOOJEeM, KOTOpbIE MOMOTAl0T OTAEIBHBIM JIUIAM WM TPYINIaM JUI NPUHUMATh
peLIeHus IPH PACCMOTPEHUH HECKOJIBKUX LeNei. DTOT HHCTPYMEHT COYeTaeT OObEKTUBHBIE N3MEPEHHS
U cyOBEKTHBHOCTH JUIl, TpuHuMatomux pemenns. MCDA momoraer nuiaM, NPUHAMAIOIIUM PENIeHNS,
NOHUMATh U CTPYKTYPHPOBATh MpoOIeMy, OLIEHHBATh BO3MOXKHBIEC aJlbTEPHATHBBI U BHIOMPATh Hanbomee
NPEAMOYTHTENbHBINA BapUaHT [2].

3amaun, kotopele pemarorcs merogamMmu MCDA, MoryT mMeTh 3apaHee H3BECTHOE KOJIHYESCTBO
aNbTEPHATUB, TNOO abTEPHATHBBI MOTYT OBITH 3aflaHbl YacTHYHO. Kakas anpTepHaTHBA MpECTaBIIeHA
COOTBETCTBYIOIIMMH MMOKa3aTeSIMU 3((EKTUBHOCTH, OLICHEHHBIMH 10 HECKOJBKUM KpUTEPHsIM. 3agaua
MOXeT OBITh M3JIOKEHA KaK MPOoLece, MOAICPKUBAIOIINI [TOUCK HAWIYyYILIeH aJbTepHATHUBBl MM Habopa
MIpUEMJIEMBIX aTbTEPHATHB 13 BCEX PACCMATPHBAEMBIX BAPHAHTOB.

[Mpouecc NpuHATHS pPEeUICHWH HAYMHAETCA C BBIABICHHS MPOOJEMBI JIMIIOM, OTBETCTBEHHBIM 32
MIPUHATUE PELICHHUH, U TPYIIION 3KCIEPTOB MO TEMATHKE U 3aMHTEPECOBAHHBIX CTOPOH, KOTOPBIN MOKHO
NPEACTaBUTH B CIEAYIOLIEH OCIEeN0BATEILHOCTH (CM. pHC.).
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®DopMyHpoBKa IPOOIEMBI B IOCTAHOBKA IIeIei

DopMyIHpOBKa ATBTEPHATHB

v

Wnentudukaums kputepueB u TpeOOBaHUS K HUM

OreHka 3Ha4eHUH KpUTepreB ¥ (hoOpMHUpOBaHUE
TabmuIB 3PPEKTUBHOCTH

v
Bri6op metona MCDA
v

HOCTpOGHI/Ie HEJIEBOTO ACPEBA U MIPHUCBOCHUC BECOB

v

Omnpenenenne ynopsa04eHHOCTH albTepPHATUB

v

OKOHYATeNbHBIA BHIBOJ U PEKOMEH AN

Puc. Cxema nocnedosamenvrocmu onepayuii memooog MCDA

O030p meromoB MCDA. Merogsr MCDA mpencraBisitor co0oil cpelcTBO aHaim3a i
MepapXUUYEecKOro JepeBa C IMpedoNpeAesieHHBIM Ha0OpoM albTepHATUB. 3aladd, paccMaTpUBaEeMblE B
MCDA, B OCHOBHOM HMMEIOT CIICTYIOIIWMM BHA: maHa rpymma u3 N ampTepHaTHB M1 M KpUTEpHEB I
CpPaBHEHHsI BApUAHTOB, KAl 13 BapUAHTOB OIIGHUBACTCS OKCIEPTAMU WM TOCPEICTBOM
OOBEKTUBHBIX BBIYUCICHUH, YTO BBIBOJUT MPABWIIO W3 MPEANIOYTCHUH SKCIEPTOB, KOTOPOE IMO3BOJISET
YIOPSOOYHUTh ANbTEPHATHBBI B COOTBETCTBHHM C HMX HPOHM3BOAMTEIBHOCTBIO, 3()()EKTUBHOCTBIO H
OTIPEIETINTH HAMTYYIIYIO aJbTepPHATHBY CPEIH BCEX BapuaHTOB [3].

Beuo paspaborano Oonbiioe konuuecTBo metonoB MCDA st pemieHust pa3iudHBIX MPOOIIeM.
Kaxnprii MeTon uMeeT CBOM NPEeUMYIIECTBAa U HEAOCTATKM U MOXET OBITh OoJiee MM MEHEe MOJIE3HbIM B
3aBHCHMOCTH OT CUTYaIUH.

Hcnonp3oBaHne HECKOMBKUX pa3niHbIx MeToioB MCDA B paMKax KOHKPETHOTO TEMaTHYECKOTO
UCCIIeIOBAHUSI MOKET OKa3aTh CYLIECTBEHHOE BIIMSIHUE Ha MPOLECC MPUHATHS PELICHUH, TOCKOIBKY 3TOT
TpoIiecc MOJAEepP)KUBAET JTUI0, MPUHUMAIOIIEE pelieHune, s Ooliee TIyOOKOro MOHWMAaHUS W aHajmn3a
npoOJIeMBbI, JIOCTH)KEHHSI COTVIACOBAHHOCTH B CYXKJICHUSX M OICGHKAaX MW, HaKOHEN, JUIS TOJXy4eHUs
CTaOMIBHBIX W HAJASKHBIX PE3yJbTaTOB YIOPSAAOYEHHUS. XOTs, B OOWIEM, pPsIbl BapUaHTOB MOTYT
OTJIMYATHCS JUIA Pa3HBIX METOJIOB, KaK MPaBHUJI0, OHU 00ECIIEYNBAIOT HEMIPOTUBOPEUNBBIC PE3yIBbTATHI.

Mnuozokpumepuanvnas meopus nonesnocmu/Muozoxkpumepuanvuas meopus suavenuti (MAUT/
MAVT). MAVT mnpencrasnsier coboit meroq MCDA, B OCHOBE KOTOPOTO JIEKHUT (DYHKIHS OJHOTO
aTpuOyTa, OOBEAMHSIONIAS 3aTpPaThl, PUCKU, NMPEHMYIIECTBA M JPYTMe KPUTEPHH OLICHKH, yUUTHIBAs
MHEHHsI 3KCIIEPTOB WM TPEANOYTEHUS YYACTHHKOB, NMPHHUMAMuX pemeHus. B pamxax MAVT oxno
aTpuOyTHOE 3HAYCHUE OLCHUBACTCS JUUISI KAXKJOrO KPHUTEPHs, KOTOPHIA IpeoOpa3yeT pasinvHbIe
3HAYEHHsI KPUTEPHEB B CIUHYIO YHUBEpCallbHYlO, Oe3pasMepHylo IMikany, Hampumep, or 0 mo 1,
OTPAXAIOIYI0 CYXIEHUS JKCIEPTOB IO TEMaTWKE W JIMI, NPUHUMAIONINX pelieHus. Bce kputepuu
OIICHUBAIOTCS 1O A(PPEKTHBHOCTH W BAKHOCTH. 3HAYCHHUE KAKIOTO KPUTEPHs HYXKHO YMHOXHUTH Ha
COOTBETCTBYIOII[ME 3HAYCHHsI BECOBBIX KOd(duimeHtoB kaxmoro kpurepus [4]. MAUT ocHoBana Ha
TEOpHUHU TOJIe3HOCTH, pacmmpsomedr MAVT, ucnones3yst BEpOsSTHOCTH U OXHIAHUS, YTOOBI BKIIOUHUTH
HEOIIPENIEICHHOCTH W PUCKA B 3HAYEHUS KpPUTEPUEB CpaBHEHHA. Takas HeONpelelleHHOCTh
xapaktepusyercs B MAVT ciydaiiHoii BenmnuumHOW ¢ 3aJaHHOW (yHKUUeH BeposTHOCTH. OOmas
(YHKUUS TOJE3HOCTH AN KOKIO0H albTepHATUBBI TAKKE CUNTACTCS ClydyaiHOHW BenurnHOi. CopTUpOBKa
anprepHatuB B MAUT ocHOBaHa Ha CpaBHEHHH OKHJAeMOH MOJIE3HOCTH KPUTEPUEB: OJTHA AJIbTEPHATHBA
0ojee ymecTHa, 9eM JIpyrasi, €Clii MaTeMaTHIecKOoe OKHAaeMoe 3HadeHne o0Imel (PyHKINN TTOIEe3HOCTH
JUTSL 9TO# aJIbTEPHATHUBBI OOJIbILIE COOTBETCTBYIOIIMX 0XKUIACMBIX 3HAUCHU PYTHX albTepHATHB [5].

Metonq MAUT umeer crieayromie 0COOCHHOCTH:
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1. Crpoutcs QyHKOHS TOJNE3HOCTH, HMEIOMmas aKCHOMAaTH4ecKoe (YHCTO MaTeMaTHIeCKOe)
o0oCHOBaHME.

2. Hexotopbie ycnoBus, omnpejenstone (GopMmy 3Toi (QyHKIUH, MOABEPralOTCs IPOBEPKE B
JTIAJIOTe C JIUIIOM, IPUHUMAFOIIAM PElICHHE.

3. OOBIYHO STOT METOA HWCIONB3yeTCs I PEUIeHHs 3aqad C 33JlaHHBIMH abTEpPHATUBAMH, a
MOJIYICHHBIE PE3YJIbTATHI IPUMEHSIOTCS JIJISl OLICHKH 3aJaHHBIX allbTePHATHB.

OcHoBHbIe 3Tansl moaxona MAUT:

1. PazpaboTaTh nmepeueHb KpUTEPHEB.

2. IloctponTh (PyHKIMW TONE3HOCTH MO KAKIAOMY W3 KPHUTEpHEB (B MPAKTHUECKUX 3aqadax B
cllydyae JHMHEWHOW (YHKIUHM TOJIC3HOCTH OBIBa€T JOCTATOYHO TAONWIBI 3HAYCHWH (QYHKIUU s
UMEIOIINXCS 3HAUCHUH KPUTEPUS).

3. 3ajaTh Beca KpUTEPHUEB.

4. TTocTpouTh 3aBUCHMOCTH MEXIY OIICHKAMH aJIbTEPHATHUB IO KPUTEPUSIM U OOIUM KadeCTBOM
aIbTEPHATUBEI (MHOTOKpUTEpUATbHAS (DYHKIUS TOJIE3HOCTH).

5. O1leHUTh BCE NMEIOIINECS alTbTEPHATHBHI M BHIOPATh HAMIYUIIYIO.

B wmerome MAUT BwIgBUTAIOTCA HEKOTOpPBIE YCIOBHSA (aKCHOMBI), KOTOPBIM JOJDKHA
ynoBneTBopaATs QyHKIus nonesHoctu JIIIP. B MAUT 3Tu yciioBust MOXKHO pa3ieiuTh Ha JBE TPYIIIIHL.

[epBast rpymnma — akCHOMBI OOIIEro XapakTepa:

1. Axcuoma, yTBEpXKIAoIIasi, YT0 MOKET OBITh YCTAHOBJIEHO OTHOIICHWE MEXIY IMOJIE3HOCTIMHU
JOOBIX aJbTEPHATHUB: JUOO0 OJHA U3 HUX MPEBOCXOAUT APYTYIO, T1MO0 OHU PaBHBIL.

2. AxcruoMa TpaH3UTHUBHOCTH: M3 MPEBOCXOACTBA MOJIE3HOCTH aTbTEPHATHBBI A HaJ MOJIE3HOCTHIO
anpTepHaTUBEl B W mpeBocxoncTBa moine3Hoctd B Ham momesHocteio C clemyeT MpeBOCXOJICTBO
MOJIC3HOCTH aJbTEPHATHUBEI A HaJI ITOJIE3HOCTHIO alIbTepHATHBEI C.

3. Jnd COOTHOWIGHHWH MEXAy mMoJe3HoCTsiMU aneTepHatuB A, B, C, wumerommx BuI
U(A)>U(B)>U(C), w™moxuO HaliTH Takue 4guciaa o, P MeHpme | u Oompme 0, 9TO:!
a-U(A)+H(1-a)-U(C)=U(B), UA)-(1-P)+B-UB)>U(B), rme U - wMHOrokpurepuaibHas QyHKIUSI
MOJIC3HOCTH AJIbTEPHATUBBL. AKCHOMa 3 OCHOBaHa Ha TNPEANONIOKCHUU, YTO (DYHKIUS TOJIE3HOCTH
HETpephIBHA ¥ MOXKHO HCITOJIb30BATh JIFOOBIC MAJIbIe YaCTH TIOJIE3HOCTH allbTEPHATHB.

Bropas rpymma ycnosmwii cnemuduuna it MAUT. OTd yciaoBHS Ha3bIBaIOTCS aKCHOMAaMH
(yCcImoBUSIMH) HE3aBUCHUMOCTH, MTO3BOJIIONTIMH YTBEPKIATh, 9YTO HEKOTOPHIC B3aMMOOTHOIICHUS MEXIY
OIICHKaMU aJIbTEPHATUB 10 KPUTEPUSAM HE 3aBUCIT OT 3HAUCHUH MO IPYTUM KPUTEPUSIM:

1. HezaBuCHMOCTbH MO Pa3HOCTH.

[IpenmouteHnss MeXmay OBYMs albTEPHATHBAMH, OTIHYAOIIMMHUCS JIMIIbL OIEHKAMH TIO0
MOPSAAKOBON MiKayie onHOro kpurepus Ci, HE 3aBUCAT OT OJMHAKOBBIX ((PMKCUPOBAHHBIX) OIICHOK IO
npyrum kputepusim Ca,...,Cn.

2. He3aBUCHMOCTH MO MOJIE3HOCTH.

Kputepuii C1 Ha3bpIBaeTCs HE3aBUCHMBIM IO MOJIE3HOCTU OT KputepueB Coa,...,Cn, €ciu mopsiaok
MPEINOYTCHUN aJbTepHATHB, B KOTOPBIX MEHSIOTCS UMb YpOoBHU Kputepus Ci, HE 3aBUCHT OT
(hMKCHPOBaHHBIX 3HAYEHUH 110 IPYTUM KPUTEPUSM.

3. HezaBuCHUMOCTH IO TIPEATIOYTEHHUIO.

He3aBrcMMOCTD 10 MPEANOUTEHHUIO SBJISICTCS OJHAM U3 HAauOO0JIee BAXKHBIX M YACTO UCIIOJIb3YEMbIX
ycnouid. [IBa kputepus C1 u C; HE3aBUCUMBI 1O MPEANOYTEHHUIO OT Apyrux kpurepues Cas,...,Cn, eciau
MPEATOYTCHHSI MEXIY albTepHATHBAMH, Pa3IUIAOIIMMICS UMb orneHkamu mo Ci, Cy, He 3aBHUCAT OT
(PMKCHPOBAHHBIX 3HAUYCHUH 110 JIPYTUM KPUTCPUSIM.

B Tex mpumepax, rae Tpu W Ooyiee KPHUTEPHsI 3aBUCST OT OCTAIbHBIX, TaKXKE MPOSBISACTCS
HapyIIeHUE YCIOBUS HE3aBUCUMOCTH TI0 TPEINOYTEHUI0. B CBs3M ¢ 3THMM 0co00e BHUMaHHE yAemsaeTcs
MIPOBEPKE yCIIOBUS HE3aBUCHMOCTH TIO TIPEIMOYTCHUI0. ECIM akCHOMBI TIEPBOM TPYIIIBI M HEKOTOPHIC W3
YCJIOBUM HE3aBUCHMOCTH BBIIOJHEHBI, TO M3 ATOTO CIEAYEeT CTPOTUH BBIBOA O CYIIECTBOBAHHUU
MHOTOKPUTEPUATBHON (PYHKIIMU MOJIE3HOCTH B onpenenéHaoM Buze. [lo teopeme P. Kunn, ecnin ycnoBus
HE3aBUCUMOCTH TII0 TIOJIG3HOCTH W HE3aBHCHUMOCTH I10 TPEAMOYTCHHWIO BBITIOJHEHBI, TO (GYHKINS
MOJIC3HOCTH SIBIISICTCS A ITUTUBHOM:

U(x) = Xj=qgwiU;(x) mpu Xy wy = 1
100 MyJIbTUTUTMKATUBHOM:
1+ kU(x) =T11401 + kw;U;(x)] mpu X7 w; # 1,

66



rae U, Ui — gyrkuum nonesHocty, naMenstonuecst ot 0 o 1; Wi — xo3dpunmeHTs BaxkHOCTH (Beca)
kputepues, mpudeM 0< wi <1; koadurment k>-1.

TakuM 00pa3oM, MHOTOKPUTEPHATBHYIO (YHKIHIO TMOJE3HOCTH MOXHO OIPENEeNUTh, €CIU
U3BECTHBI 3HaYeHHs KOY(DPHUIMEHTOB Wi, K, a Takxke oqHOKpuTepruaibHble GyHkmun noiesnoctu U(x) [3,
5].

MHoOTOKpUTEepHaNbHas TEOPHs TOJE3HOCTH TO3BOJISIET TONYYHUTh 3HAUYEHHS B WHTEPBAJLHOM
mkane. IloguepkHeMm mosoxxuTenbHble cTOopoHBl moaxoga MAUT. Ilpexne Bcero, 3To cTpoiiHas
MaTeMaThdecKasl TEOpHsl, TIO3BOJISIONIAas 000CHOBATh KOHKPETHBIA BU OOIIEH (DYHKIIMU TMOJE3HOCTH B
3aBUCUMOCTH OT nipeamnouTeHuii JIIIP. Hecmotps Ha To, 9TO TTOCTpOeHHE OOIIEeH (QYyHKIIUN MTOJIE3HOCTH
TpeOyeT JocTaTo4yHO MHOro BpeMeHH u ycwiuih JIIIP, momydeHHBIH pe3ynbTaT IMO3BOJIAET OLIEHUTH
nro0bIe anbTepHATUBHI [3].

Memoouxa evibopa npeonoumenus no cpasnenuio ¢ uoeanvivim pewenuem (TOPSIS). TOPSIS
SBIISIETCSl METOJIOM MHOTOKPUTEPUAITFHOTO aHaINM3a PEelIeHUH, KOTOPbIH MepBOHAYaIbHO ObLT pa3padoTaH
Hwang u Yoon B 1981 roay, ¢ mociaeaymonmmM passutaem ¢ Yoon B 1987 rogy u Hwang, Lai u Liu B
1993r. OcHoBHas Haes METoIa 3aKiI0YacTcs B TOM, UYTO Hawmbosee MpeaIOUYTHUTEIbHAS albTepHATHBA
JIOJDKHA WMMETh HauMOOJNBIIYI0 OJIM30CTh K HACATFHOMY pEIICHHI0O W JOJDKHA OBITh JaNbIIe BCEX
OCTaJIbHBIX AJITEPHATHUB OT HEMPUEMIIEMOTO peleHus [6].

Meton TOPSIS cocTout U3 Clieyonux M1aros:

[IIar 1. Co3pmaTh OLIEHOYHYIO MAaTPHILy, COCTOSIIYI0 W3 M ajdbTEpHATHB M N KPUTEPHUEB, C
NepeceyeHneM KaXKI0i anbTepHATHBBI U KPUTEPHEB, 33JaHHBIX KakK Xijj, IO3TOMY MBI UMEEM MaTpHILy
(Xij ) mxn-

ar 2. Hopmanu3oBaTh MaTpuily NpHHATHS pemeHud. B kimaccuueckoMm moaxone TOPSIS
HOpPMaJIM30BaHHAsI MaTPHLIA MOXKET OBITh MOJyYeHa C HCIIOIB30BAaHUEM CIIeNyIomel (GopMyIIbl:

n;; = xij/ ’Z}Zl(xij)z, j:].,...,n, i=1,...m.

CrnieoBaTenbHO, TIOCIIE TaKOW HOPMAJM3AINN KaXABIH W3 aTpuOyTOB OyIeT MMETh OJMHAKOBYIO
HIKaJy.

[lar 3. BBIYUCINTH, HOPMAIU30BAHHYIO MATpPUILy TNPHUHITHS PEIICHUH, YYUTHIBas BECOBBIC
KOX(UIMECHTHI.

XopoIlo HM3BECTHO, YTO Beca KPUTEPUEB B 3ajauax NPUHATUS PELUICHUA HE BCerga HMEIOT
OJIMHAKOBOE 3HAYCHUE. 3HAUCHHUS TAKOW MATPHIIbI BEIUUCIISIOTCS CIICIYIOIIUM 00pa3oM:

vij = W] Xnij,j = 1, ...,Tl,i = 1, W, m,

IJIE BEKTOP Wj TIOKa3bIBAET BECOBBIE KOO(PMUIMEHTBI KaXKI0T0 aTpudyTa.

BecoBbie k03¢ GUIIIEHTH MOTYT OBITH MTOJTYYCHBI PA3IMIHBIMHU CIIOCOOAMH.

Iar 4. OnpenenuTh WicalbHbIC W HEIPUEMIIEMbIC pelIeHHs. MHOXECTBO HICAIbHBIX PEIICHHIH
A+ 1 MHOXECTBO HEPUEMIIEMBIX PEIICHUN A- ONPEACISIOTCS CIASAYIONMM 00pa3oM:

AT ={v], .., v} {(miaxvij,j E]) (miin Uy J E]’)} =tpj, i=1,2,..,m,

A-={v, .., v} = {(miinvuj,j E]) (miaxvi]-,j E]’)} =ty;, (=1,2,..,m.
[Iar 5. BEI4UCIUTHL PACCTOSHUE MEXK/Y BLIOPAHHOM ajJbTEPHATUBOM U UIEATbHBIM PEIIEHHEM

n
diw = E(tij - twj)z B i= 1,2, e, M.
=

Berauciaurs PaCCTOSTHUE MEXKIY BLI6paHHOﬁ aJ'IBTCpHaTHBOﬁ ¥ HCIPUEMJIEMBIM PCIICHUCM:

n
dip = Z(tij — tpj)?, i=12,..,m
=

Iar 6. Paccuntarh OTHOCUTEIBHYIO OJIU30CTh K UJCATILHOMY PEIICHUIO:

diw .
Siw=—"7,0<5;, <1,i=12,..,m
diw — dip
[Iar 7. OueHuTh adbTEPHATUBBI COTIACHO
siw(@=1,2,...,m).
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Memoo ananuza uepapxuti (AHP) — »5To moaxoj Kk aHanmu3y MOpOOJIEMBI TPUHSITUS DPEHICHUH,
KOTOPBIM HAYMHAETCS C IIOCTPOCHUS MEPAPXUYECKOW CTPYKTYphl, BKJIIOYAIOIICH I€Nlb, KPUTEPHH,
IBTEPHATUBLI U JIPyTHE paccMaTpUBaeMbie (DaKTOPHI, BIUSIOMIME HA BBEIOOpP. DTa CTPYKTypa OTpakaet
NOHUMAaHUE TPOOJEMBl JIMIOM, NPHHUMAIOIMM pemeHne. Kakaplii s1eMeHT HepapXuM MOXKET
HPEACTaBJIATh Pa3InYHbIe acTEKThl PEIIaeMOl 3aJauu, IpUYeM BO BHUMAHHE MOTYT OBITh IPUHSTHI KaK
MaTepHanbHble, TaK W HeMarepualibHble (AKTOPBI, H3MEpseMble KOJMYECTBEHHBIE IapaMeTpbl |
Ka4eCTBCHHbIE XapaKTEPUCTHKH, OOBEKTHUBHBIE JAaHHBIE M CYOBEKTUBHBIC OKCIEPTHHIC OLCHKH.
CrenyrommM 3TarioM aHalK3a SBISETCS ONpelesieHHe IPUOPUTETOB, MPEACTABIISIIOIINX OTHOCHTENbHYIO
B)XHOCTh WJIM IIPEAIOYTUTEIBHOCT 3JIEMEHTOB IIOCTPOECHHON HEPapXUUeCKONH CTPYKTYpPHI, C IIOMOLIBIO
npoueaypbl NapHBIX CpaBHEHUH. be3pasMepHbie NMPHOPUTETHI MO3BOJSIOT OOOCHOBAaHHO CPAaBHUBATDH
pasHOpoIHbIE (PAKTOPBI, UTO ABISETCS OTIAMYUTENBHOM ocobeHHocThio AHP. Ha 3akmounTtensHOM Tamne
aHajM3a BBINOJHIETCS CpPABHEHHE IPUOPUTETOB HA HEPapXUM, B PE3yJIbTaTe 4YEro BBIUYUCISIOTCS
IIPUOPUTETHI AJTbTEPHATUBHBIX PELIEHUI OTHOCUTENIBHO IJIAaBHOM 1iend. JIyuniei cunTaeTcst anbTepHaTUBA
C MaKCHUMaJIbHBIM 3HaYeHHEM IPUOpPUTETA.

HocronnctBom Metona AHP gBisieTcs TO, 4TO 3TOT METOA MOKET MIPUMEHSATECS B CITydasx, KOrAa
akcreptsl (uiu JIIIP) He MOryT AaTh aGCONIOTHBIE OLIEHKH aTbTEPHATHB IO KPUTEPHSM, a MOJIB3YIOTCS
Oonee cnaObIMKU CPaBHUTEIBHBIMU H3MEPEHHAMH. METOJ MO3BOJISIET MOJYYUTh NPUOPHUTETHl B IIKAJe
OTHOILEHUI.

HenocraTkoM IaHHOTO METOAA CUMTAETCA BBEIEHHE HOBOW, HE IOMHUHHUPYIOLIEH albTepHATUBHI,
KOTOpasi MOXKET B OOILIeM cllydae MPHUBECTH K MU3MEHEHHUIO TPEANOYTCHUH MEXAy paHee 3aJaHHBIMH
anpTepHaTuBamMu. I[lpu moOaBieHMM HOBOW aJbTEPHATHBBI HEOOXOOUMO CPaBHUTh €€ CO BCEMH
CYLIECTBYIOLIMMHU QJIbTEPHATUBAMHM 110 BCEM KPHUTEpHUSAM, a NpH [100aBIEHHMM HOBOIO KpUTEpHUS -
CPaBHUTH €r0 10 3HAYUMOCTH C MMEIOUIUMHUCS KPUTEPHIMH, ¥ TPOU3BECTH MOMAPHOE CPABHEHHE BCEX
IbTEpHATUB MO0 HOBOMY KpuTepuio. TakuMm o0pa3oM, M3MEHEHHE Mojienn TpeOyeT OobIIoil paboThl
JIIP [3, 7].

CpaBHenue metogoB MCDA. CpaBHeHue pe3ysbTaToB, MONYYEHHBIX C HCIOIB30BAHUEM
paszmuunbix MetonoB MCDA, sBisercst emie OAHUM BO3MOXHBIM BAapHAaHTOM JJisl TPOBEPKH OOIIeH
CTaOMIBHOCTH M HAAEKHOCTH PE3YJbTATOB PAHXUPOBAHMS, 3HAYMTENHBHO YBEJIWYMBAIOLIMX YPOBEHb
noctoBepHocTH. Metoasr MCDA MOXKHO pa3nenuTh Ha CISAyIONIHe TPYIIIEI: Ha OCHOBE ITOJIE3HOCTH, HA
OCHOBE TPEBOCXOJCTBA (TaKW€ METONbI B JAaHHON CTAaThe HE PACCMOTPEHBI), HA OCHOBE CCBUIOK U JIp.
Mertonsl nosne3noctu (Hanpumep, MAUT/MAVT, AHP u T.1.) OCHOBaHBbI Ha OILIEHKE OJHOTO OOIIEro
Oaia I KaXkIoi aJbTepHATHBEL. MeToIsl Ha OCHOBE cChUIOK (Harmpumep, TOPSIS u 1.1.) ompenensior
CXOJICTBO PACCMAaTPUBAEMBIX AIbTEPHATUB C WICATBHBIMU M AHTUWICATbHBIMU aJTbTEPHATHBAMHU.

Paznuuust B TOpsAgKe YMOps/AOUEHHsS ajJbTEPHATHB MOTYT BO3HUKATh H3-3a Pa3lMYHBIX
npeAcTaBiIeHUH TaObmuubl >PQPEKTUBHOCTH, IOKA3BIBAIOIINX KAUeCTBEHHYI0O M KOJIWYECTBEHHYIO
3¢ GEeKTUBHOCTh aJbTEpHATUB IO KpuTepusiM. K coxaneHuio, HET KOHKPETHBIX TMpPaBHI UL
npeoOpa3oBaHMsl PA3MUYHBIX BapUaHTOB TaOMUIBl 3(PQEeKTUBHOCTH B YHHUBEpCaJbHYIO (opMmy,
HOJXOSIIYIO I UCTIONB30BAHUS B PA3IUYHBIX METOAX.

3axiouenne. Meronst MCDA, npumeHsieMble B MHOTOKPUTEPUAILHON CPaBHUTEIIBHOIN OLIEHKE
3 dextuBHOCTH SDC, MOMKHBI BKIIOYATh B ceOs aHAIN3 HEONPENEICHHOCTH B OTHOIICHHH BECOB,
KpUTEpUEB M Jpyrux mapamerpoB Mmoxenu. OOpaboTKa HEOIpeelICHHOCTEH OIICHWBAET BIHSHUC
HEONpeAeICHHOCTEeH MapaMeTpoB MOJEIH Ha oOuie 3HaueHus. bananc nomkeH ObITh JOCTUTHYT MEXIY
yCTpaHEeHHEM HWCTOYHHKOB HEOTPEAETICHHOCTEH W TEPEOIeHKOH, YTO MOMKET NMPHUBECTH K TOMY, YTO
AIBTEPHATUBBI CTAHYT HEOTIUIUMBIMH.

s GonpIIMHCTBA MPOOJIEM MPOCTHIE MOAXOABI B aHAJIM3€ JOCTATOYHBI JJISi M3YYEHUs BIMSAHUS
HEONPEeAEICHHOCTEH M3-3a MPEUMYILECTBA UX HPOCTHIX peau3auuii, MHTYUTUBHONW NMPUBJIEKATEIbHOCTH
U BO3MOXHOCTEH, KOTOpble MOTYT OBITh pEaJIM30BaHbl B pamkax pasziuyHbix meroqoB MCDA. C
NOMOIIBIO 3TUX IIOAXOAOB Beca WJIM KPUTEPHHM BapbHPYIOTCS Kak OAHO 3HaueHue. B meroze
MAUT/MAVT aHanu3 9yBCTBUTEIBHOCTH HCCIICAYET BIMSHHE W3MEHCHHH B ITOKa3arelsiX, Becax H
(hyHKIIMM TICHHOCTH Ha pe3yJNbTaThl paHKHpOBaHUSA. Takke CTOMT OTMETHTh, 4To Meron MAUT
MO3BOJISIET OIPENIEUTD MOJIE3HOCTh KaXK/I0M U3 aJIbTEPHATUB, U BBEJICHHE HOBOM aJIbTEPHATHBBI U HOBBIX
KPUTEPUEB HE BIMSAET Ha MPOLECC OLEHKH, a MOCTPOCHHUE oOuield (YHKUUH TMOJE3HOCTH MO3BOJISIET
OIICHUTH JIFOOBIE aTbTCPHATHBEL.
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<.U. Ujwaqyut

nrnecnrULENP CLHANRLUUL AFURUURUPULNC UkMNILEND
uuturuu3dhu 46PLNRONRE3NKL

@npd F wupyly Junwply npnpnidbph pagniinfwl puquusunpuipy dkpnpakph JEpinidnipinil, npnip pniy;
ki wuypu Gqunnmigly npnomdbEph juyugdwl fuinhbbpp o puguhuynk; ppuibghg jujugnyl nwppbpualp:
Npnomudakpp  phgminfwml  pugquusunpwipy  dkpnpakph  hknmwgnuinyepull  Ahdbwlwh hnyp sunhwbpobbph
puguwhuynnidt b wpynibudbnnipypul wyniuwlh vnkpénidp, nph dhongny npnoynid Fougplhnpubpbbph
owppp b npnid ki JEpolnuliul Eqpuilwgnipinidbkpp: Munwplyws Eq npnonidiakph phgniinfwl puquusunhwipo
wwppkp  dkpnphkp, npnbp ko MAUTIMAVT (Oquuulwpnippul  puquusuhwipy  nkunipinb/Updkplbph
puqiusuthwipy  wkunipinil), TOPSIS  (Ppéhuywlwi jmédwl hwdbdwunmpudy jujugnyl  wwppkpulh
plunpnipyuil Ukpnn) o AHP (Zhkpuplupmbbph Jbpniénepui ukpnn):

Unwtgpuyhti pwnbip. npnonidubph phgoiin/wl pugquusunhwipy dkpngblp, oguuulwpnipyul pniblghuw,
npnonid uywghng whd, gluuhunndwl swhulihplkp, dponijuypll Fakpglunplulub hunlmljupglbp (UEZ):

H.S. Avagyan

REVIEW ANALYSIS OF METHODS OF MULTICRITERION
DECISION-MAKING

An attempt to analyze the methods of multicriterion decision-making that allows to structure problems of
decision-making and to identify the best option is made. In the methods of multicriterion decision-making, the main
stage of the research is the identification of criteria and the creation of an efficiency table, through which the
ordering of alternatives is determined and final conclusions are given. Different methods of multicriterion decision-
making are considered, such as MAUT/MAVT (Multi-attribute utility theory/Multi-attribute value theory), TOPSIS
(Technique for Order of Preference by Similarity to Ideal Solution) and AHP (Analytic hierarchy process).

Keywords: methods of multicriterion on decision-making, utility function, decision-maker (DM), evaluation
criterion, nuclear energy systems (NES).

ABarsan Oscen CocukoBuy — acrimpant (HIIYA)
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YK 621.316 OHEPI'ETHUKA
A.Il. Manyksin

BBICTPOJIEMCTBYIOIIUE BECKOHTAKTHBIE CTABUJIN3ATOPBI
HAIIPAKEHUSA CUJIOBBIX TPAHC®OPMATOPOB

Ha ocnose cnocoba beckonmaxmmozo (hazo6020 pe2yaupo8anus HanpaxceHus paspadoman mupucmopHblil
De2yIAmMop HaANPAXHCEHUs. CUNO0B020 MPpaHcgopmamopa. B npedenax kaxcoo2o noaynepuooa HanpaXCeHus Ha Haspy3Ky
nooaemcsi NOIHOe HANPAXdCeHUue OOMOMKU MPAHCHOPMAMOPA UAU  NOHUNCEHHOE HANPSANCEHUe OMNAlKU
nOCPeOCmeoM NEPEeKUeHUs UX MUPUCMOPHBIX — KoMMymamopos. @asa nepeknoueHus KOMMYmamopos
aA8MOMAMUYECKU Pe2yaupyemcs 8 npeoeiax Kax#coo2o NOAYRepuood HANPANCEHUs cemu Mmaxum oopasom, umo
delicmeyiowee 3HAYEHUEe HANPANCEHUs HA 8blIX00e MpaHchopmamopa 6ce20d NOOOEPHCUBAENCA DABHBIM
HOMUHATbHOMY. L]enecoobpasHou cxemoll CONpAX0CeHUs Pecyiamopa ¢ CUNO8bIM MPAHCHOPMAMOPOM ABTAEMCH
UCNOTHEHUe Pe2yamopda 6 ude CaMoCmoAMenIbHO20 OIOKA ¢ BHYMPEHHUM A8MOMPAHCHOPMAMOPOM, KOMOPoe He
mpebyem Oopabomku cunogoeo mpancgopmamopa. Obecneuusaiomcs CyuwecmeeHHo 6blcOKAs MOYHOCMb
CMadbunu3ayu BLIXOOHO20 HANPANHCEHU U ObicmpoOelicmeue 6 npedenax noaynepuo0d HanPANCeHus cemu.

Kniouegvie cnosa: oeiicmsyiowee nanpsicenue, @dasosoe peyruposanue, pecyisamop HANPAHCEeHUs,
MUPUCMOPHBIL KOMMYMAMOP.

Beenenne. B HacTosimiee Bpemst 10 Mepe pa3BUTUS TEXHOJIOTUH ITPOU3BOACTBEHHBIX IPOLIECCOB U
OBITOBOrO MOTPEOJICHHUS DIEKTPOIHEPIHH MPEIBABISIOTCS Oosiee TOBBIILCHHBIE TPEOOBaHUS K KaYeCTBY
MUTAOLIEH HIIEKTPOIHEPTUU. DTO BBI3BAHO KaK O0Jiee COBEPIICHHBIMH TEXHUYECKUMH XapaKTePUCTUKAMH
notpeOuTeneii, Tak u TpeOOBaHMAMHU OOJbIICH 3KOHOMHUYECKON 3()(EKTHBHOCTH — CHIDKCHUS MOTEPh
9HEPIUH U NMOBBIIICHNS HAAEKHOCTH O0OPYIOBAHHUS H CUCTEM 3JIEKTPOCHAOKEHUSL.

OpHumKu U3 HamOoJsiee BAKHBIX MOKa3aTesell KadecTBa AIICKTPOIHEPIMU SIBIISIOTCS BEJIWYHHBI
CTallMOHAPHBIX U TIEPEXOTHBIX OTKJIOHEHUH HAIIPSHKCHUS Ha IIMHAX TTOTPEOUTEICH.

l'ocymapcTBeHHBIM CTaHIAPTOM Ha Ka4eCTBO IEKTpodHepruH [ 1] B pacpenenuTenbHbIX ceTsax 0,4
KB yCTaHOBJICHBI AOIMYCTHMBbIC OTKJIOHEHMS MEIJICHHBIX M3MEHEHHH HANpsDKEHUS B “TOUKE Mepeayuu
JNEKTPUYECKON SHeprun” Ha ypoBHE *+ /0% OT HOMHHAIBHOTO WJIM HEKOTOPOTO ‘‘COTIaCOBAaHHOIO”
3HAYCHUS HANpsDKeHUS. JTMTENbHOCTH MPOBAJIOB U MPEPhIBAHUI HANPSDKEHHS ycTaHOBIEeHB! CTaHIapTOM
oT 1 1o 111 ¢ — B 3aBUCUMOCTH OT BEJIMYMH IPOBAJIOB U MpEepbIBaHUN. TaKOW IIUPOKUM TOMYCK OTKJIOHEHUA
HaNpsDKEHUsT OOBEKTMBHO JUKTYETCS NPUHATOM CXEMOW BIIEKTPOCHAOXKEHHS, HCIIOJIb30BAHUEM
ABTOMATHYECKH HEPETyIUPYEeMBIX TpaHCc(HOPMATOPOB, PA3HOYAAJICHHOCTBIO OTACIBHBIX TIOTpEOUTENeH OT
TpaHC(OPMATOPHON IMOACTAHLMH, PE3KONEPEMEHHBIMU TIpaduKaMd Harpy3kd W np. B peanbHOCTH
HanpspKeHUE Ha IIUHAX NOTPeOUTeIIel YacTo OTKIIOHSAETCS B e1ie OO0JIbIIeH CTENeHH, YeM 3TO YCTaHOBJICHO
CrannapromM. Takue n3MeHEHUs HANPSDKEHUS, Aaxe B JoMycTUMBIX CTaHIapTOM Mpejenax, MPUBOIST K
OOJNBIIMM TIOTEPSIM DJIEKTPOIHEPTUU M CHIDKEHHIO TEXHHYECKUX XapaKTEPHUCTHK morpeduteneii [2, 3] u
00BEKTHBHO HE MOTYT OBITh IIPU3HAHBI yIOBJIETBOPUTEIbLHBIMH.

HenomyctumocTh OAOOHBIX OTKIOHEHHH HATPSIKEHUS] KOCBEHHO MOATBEPXKIACTCS TEM, UTO IS
ABTOHOMHBIX HCTOYHHKOB 3JEKTPOIHEPTUU — JAU3EIb-3JICKTPOArperaToB - JOIMYCTUMbIC OTKIOHEHHS
HaNpsDKEHUS] yCTAaHOBJIEHB! HA YPOBHE *+ 2% 0T HOMHHAJIBHOT'O HAIIPSKEHNUS, a JJTUTEIbHOCTD IEPEXOAHBIX
OTKJIOHCHHUH HaTPsDKEHHS — Topsaka /...2 c.

Metoabl uccaegoBanusi. PaszpaGoranbl crmoco® OECKOHTAKTHOTO (a3oBOro pErylnpoBaHHUs
HaNpsDKEHUsI  TPaHCPOPMATOPOB TIO CIEHUAIbHOMY alrOpUTMy TMPH OJHOW OTHailke OOMOTKH
TparcpopMaTopa ¢ UCIOIF30BAaHNUEM CHIIOBBIX KOMMYTAIIMOHHBIX THPUCTOPOB [4], a TaKkKe TUPUCTOPHBIN
PETYISTOP HANpsLKEHHUST TpaHCPOpPMaTOpa, TAe PEATN30BaH YIIOMSHYTBINA CIIOCO0.

Pabora TpaHcdopmaTopa c pa3pabOTaHHBIM pETYISTOPOM OIHMCHIBAETCS HIDKE Ha IPUMEpE
omHo(a3Horo TpaHchopMaTopa ¢ OTHAMKOW Ha CTOpPOHE HHU3KOTO HampsDKeHWs. JlaHHBIM cmocob
pEryJIMpoBaHMs MPUMEHUM TAKKe I TpeX(Pa3HbIX TPaHCHOPMATOPOB, JINOO MPH BHITOIHEHUN OTHAWKU
Ha CTOPOHE BBICOKOT'O HANpPsLKEHUs! (Ha BXOE CO CTOPOHBI MUTAIOLICH CETH).

Cxema Tpanchopmaropa ¢ THPHCTOPHBIM PETYJISITOPOM HAIPSDKEHHS TTPYBEIeHa Ha puc. 1.
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Puc. 1. Cxema mpancpopmamopa ¢ pecyisamopom HAnpsjiceHus.:
1 — koney emopuunoil 0bmomku mparcgopmamopa, 2 — omnaika 6MopUYHoOU 0OMOmMKU mpancghopmamopa,
3 — naepyska, 4, 5 — mupucmopnvle KOMMYmMamopsl KOHYA u OMNAUKYU 6MOPUYHOU 0OMOMKY mpaHchopmamopa,
6 — cucmema ynpaenenus, 7, 8 — Kananvl ynpasieHus mupucmopHbiMu KOMMYMAamopamu Omnaiku u KoHya 00MomKu

Koaddurmentsr Tpanchopmannu tpanchopMaTopa MpH UCIIOIB30BAaHUU CYIIECTBYIONINX OTITACK

(MUY TTpH BBITTOJTHEHHBIX CHEIMAIBHO) TTOI0UPAIOTCS CIISTYIOIUM 00pa3oMm:
Ky =W /Wy = Upin /Uy = (1 = AU) /U,

Ky =W /Wy = Upyar/Uz = (1 + AU)/U, (1)
rae W — KoauyecTBO BHTKOB mepBH4YHON obmotku; Wi, W, — KonmnyecTBO BUTKOB, COOTBETCTBEHHO,
MOJTHOM ¥ OTMalku BTOPUYHOH OOMOTKH; Upgy, U, — MakcHManbHO JIONYCTHMOE HAIpPSIKCHHE Ha
MEPBUYHON OOMOTKE M, COOTBETCTBEHHO, HANpPsDKCHHWE HA OTIaiike BTOPUIHONW OOMOTKH; Upin, U; —
MUHHMAJIBHO JIOIyCTUMOE HaNpsDKEHHE Ha MEPBUYHOM OOMOTKE M, COOTBETCTBEHHO, HANpsDKEHHE HA
MOJIHOW BTOPUYHON 00MOTKe; AU — J0IycTHMOE OJIHOCTOPOHHEE OTKIIOHEHWE HAIPSDKEHUS OT
HOMUHAIILHOTO HAaNpsDKEHHsT Ha BXOjAE TpaHchopmaropa B AONAX EIUHHILI OT HOMHHANbHOTO; U—
HOMHHAJIbHOE HAINPSHKEHUE Ha BbIXOJIe TpaHchopMmaTopa (Ha Harpy3Ke).

B pazpaboranHOM yCTpOHCTBE Ha HArpy3Ky IIOJAeTCsl HAIpsDKEHUE, perynupyemoe 1o ¢ase B
Ipezesiax Kaxaoro Moyynepruoa nocpeACcTBOM MEPEKIIOYEHUS TUPUCTOPHBIX KOMMYTAaTOPOB 10 CUTHALY
CHCTEMBI yrpaBiieHHs. BenndanHa u BUI HanpsHKEHUS Ha Harpys3Ke (prc.2) 3aBUCST OT (a3bl MEPEKITFOUSHHS
0 THPUCTOPHBIX KOMMYTaTOPOB B 3aBHCHMOCTH OT BETMYUHBI HAMPSHKEHUS Ha BXOJIE€ TpaHCchopMaTopa.

(U+ald)

u e
(U-al)

(U+aU)

u

(U-al)
a) 6) B)

Puc.2. Beruuuna u 8u0 HanpsaxceHus Ha Haepy3Ke 8 3a8UCUMOCTNU OM 8ETUUUHbBL HANPANCEHUS HA 8X00e
mpancgopmamopa: a— cocmosnue 1, 6 - cocmosinue 2, 6 - cocmosnue 3

CraOunuzanysi HanpsDKEHHsT BBIIOJHSETCS cieayromuMm  oOpasoMm. Paccmorpum  ciemyromnue
COCTOSIHUSI HATIPSDKEHUS HA BXO7e TpaHc(opMmaTopa.
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Cocrosnue 1 (puc.2a). Hampsbkenume Ha BXxozxe TpanchopMmaropa HAaXOAWTCS B IPEAEbHO
J0MmyCTUMOM HibkHeM ypoBHe Uy, = (U — AU); OHO mpe/ielibHO MEHBIIe HOMUHATIBHOTO HarpsokeHust U.
BxonHoe HampspkeHHe 37€ch M jajiee Ha pHUC. 2 TPHUBEIEHO K BBIXOJAHOMY HampspkeHuro. Cucrema
yIpaBiIeHUs HENMpPEPBHIBHO KOHTPOIMPYET (M3MepseT) BEIMUMHY BBIXOJHOTO HampspkeHus. llo curnamy
CHUCTEMBI YIIPaBJIECHHS AaBTOMATHUYECKH BKIIIOYAETCA THPHCTOPHBIM KOMMYTarop 4 KOHI@ BTOPHYHOMN
OOMOTKHU M OTKJIIOYAETCS THPUCTOPHBI KOMMYTATOp 5 OTHAalKKW BTOPHUYHOM OOMOTKH, M Ha BBIXOA (Ha
HAarpy3Ky) TO/@eTcsl HanpspkeHue Bee OOMOTKHM  Ug,y(1). B cooTBercTBHM ¢  HasHAaYeHHBIMH
koo puimentamu Tpanchopmanuu (1) BBIXOAHOE HANPSIKEHME PABHO HOMUHAIBHOMY Ug,yqy = U.
@dopMa BBIXOJHOTO HAINPSDKECHHUS CHHYCOMAAJIbHA — OHA MOBTOpsieT (OpMY HampsDKEHHsT CeTH. OTO
COCTOSIHHE KOMMYTATOPOB, BUJI ¥ BEJIMUMHA HAIIPSKEHHSI HA BBIXOJIE OCTAIOTCSl HEM3MEHHBIMH /10 TEX TOp,
MOKa HANPsDKEHUE Ha BXOJIE HAXOAUTCS Ha MUHUMalIbHOM ypoBHE Uy, = (U — AU). Eciiu HanpsokeHHe Ha
BXOJI€ YBEIMYMBAETCS, TO CHCTEMA IEPEXOIUT B COCTOSTHHE 2.

Cocrosnue 2 (puc.26). Hampsixenue Ha Bxojie TpaHc(hopMaTopa HaXOAUTCS B MHTEPBAJIE TIPEIEEHO
nonyctumbix oTkionenuit: (U — AU) < Uy, < (U + AU). B Hauase Kaxa0ro Cleayromero moaynepuoia
HaNpPsDKEHUsT BKJIFOUACTCS. TUPUCTOPHBIA KOMMYTATOp S5 OTHAiKH BTOPHUYHOH OOMOTKH, OTKIIIOYAETCS
TUPUCTOPHBIA KOMMYTAaTOp 4 KOHIIA BTOPUYHONW OOMOTKH, U MTHOBEHHBIE HANPsDKEHMS HA BbIXOJE (Ha
Harpyske) cieyloT [0 CHHYCOU/Ie 2 HalPsKEHUS OTHalkK. B 3aBHCHMOCTH OT BETMUMHBI HAPSKEHHS Ha
BXO/Ie, KOTOpOE MPOXOIUT HA BBIXOA M HEMPEPHIBHO M3MEPSAETCS] CUCTEMOW ympaBiieHHs, HOpMHUPYETCsI
CUTHAJl NEPEKIIYEHUs,, KOTOpeli uMeeT ¢a3y «. (Pasza curHansa mepeKsIIOYCHHUS] HA3bIBACTCS YIJIOM
ynpasieHus). B MOMEHT BpeMeHH @ 110 CUT'HAJLy MEPEKII0UEHHsI OTKIII0UACTCS THPUCTOPHBIN KOMMYTATOP
5 oTnaiiku BTOpHYHON 0OMOTKH, BKIIIOYAETCsI THPUCTOPHBIA KOMMYTATOp 4 KOHIIA BTOPHYHOH OOMOTKH,
MTHOBEHHBIE HaNpsHKEHMsI Ha BBIXOJE (HAa Harpyske) CieAyloT Jajiee MO CHHycouae | 110 KoHIa
nojynepuona. Yros ynpamieHus « GOpPMHPYETCS CHUCTEMOM YyIpaBieHHs TakuUM o00pa3oM, 4To
JeiicTBylolee 3HAUCHUE Pa3pbhIBHOW (YHKUMM HANpsDKCHUS, MPHUBEICHHOW Ha puc.20, paBHO
HOMUHalbHOMY HampsbkeHuto U. Ilpm u3MeHeHuum HampsbkeHust Ha Bxoge TpaHchopmaropa U
ABTOMATHYECKN W3MEHSIOTCS YToJ ympaBieHHd U (pa3a MepeKsIoYeHHs TUPUCTOPHBIX KOMMYTaTOPOB
TakuM 00pa3oM, 4TO JICHCTBYIOIIEE 3HAUYCHHE BHIXOTHOTO HAIIPSKEHUS BCETJa pAaBHO HOMUHAIBHOMY.

dopma KpHBOIl BEIXOHOI'O HANPSKEHHUS HECKOJIBKO OTKIIOHSETCS OT CHHYCOMAAIbHOM (pOpMBI, HO,
KaK TIOKa3ald HCOBITAHUS, KOI(P(QUIMEHT MCKAKEHNUS CHHYCOMAAIbHOCTH KPHBOH BBIXOIHOTO
HaNpsOKEHUsT BO BCEM MHTEpBaJie JOMYCTHMBIX OTKJIOHEHUH BXOJHOTO HANpSHKEHHUS MPAKTHYECKU
COOTBETCTBYET TpeboBanusam Ctannapta [4].

Cocrosinue 3 (puc.2B). Hanpsbkenue Ha Bxozme Tpanchopmaropa HaXOAWTCS B IPEESIbHO
JomycTuMoM BepxHeM ypoBHe Uy, = (U + AU); 0HO mipesienibHO GOIibIilie HOMHHATBHOTO HarnpsikeHust U.
Ilo curHamy cucTeMsl yIpaBJIEHHs aBTOMATUYECKH BKJIFOYAETCS TUPUCTOPHBIA KOMMYTATOpP 5 OTHANHKH
BTOPUYHOH OOMOTKHM M OTKIIIOYACTCS THPUCTOPHBIM KOMMYTaTop 4 KOHL@ BTOPUYHOW OOMOTKH, U Ha
BBIXOJ] (Ha HArPY3KY) MOJIACTCsl HANPSHKEHUE OTHANKH OOMOTKH Uyyiy (2). B COOTBETCTBUM ¢ HAa3HAYECHHBIMH
koo puimentamu Tpanchopmanuu (1) BBHIXOAHOE HANPIKEHHE PABHO HOMUHANBHOMY Ugyy2) = U.
®opMa BBIXOJHOTO HANpPsDKEHHS CHHYCOWAadbHAa — OHA TOBTOpsieT (OpMY HampsDKEHHsl CeTH. DTO
COCTOSIHUE KOMMYTATOPOB, BUJ M BEJIMYMHA HAPSDKEHUS HA BBIXOJIE OCTAIOTCS HEM3MEHHBIMHU J10 TEX I10p,
MOKa HANpsHKEHHE Ha BXOJE HAXOJWTCS HAa MHHHMalbHOM ypoBHe ypoBHe Uy, = (U — AU). Eciu
HanpsyKeHUE Ha BXOJ€ YMEHBIIAETCsI, TO CUCTEMA NIEPEXOUT B COCTOSTHUE 2.

IIpn coenuHEHMM 3TOr0 PEryjsATOpa C CYLIECTBYIOUIMMH MWJIM BHOBb pa3pabOTaHHBIMU
TpaHchopMaTopamMu 00ecIIednBaeTCs aBTOMaTHUECKast CTaOMIIN3alisl HAIIPSKEHNUS. HA BTOPUYHOM CTOPOHE
TpaHchopMaTopa ¢ BBICOKOM TOYHOCTHIO M BEICOKMM OBICTPOJCHCTBHEM MPU M3MEHEHHSX HATPSHKEHUS Ha
IIEPBUYHOM CTOPOHE U U3MEHEHMSX HAarpy3KH TpaHC(HOPMATOpa; HCKIIOYAETCs] HEOOXOAUMOCTh CE30HHBIX
MIEPEKIIOUEHUH OTMAeK TpaHCPOPMATOpa; MCKIIOYAKOTCS HEAOCTATKH, MPHUCYLIUE CYIIECTBYIOIIUM
croco0aM M yCTpOMCTBaM PeryIMpOBaHUs HAPSHKEHUST TpaHC(HOPMATOPOB MOCPEICTBOM MEXaHUYECKOTO
MEPEKIIIOUEHHS OTHaeK.

PesyabTarel  HcciaenoBanmsi.  ConpspKeHHE — peryiasiTopa  HAOpsDKEHUsT C  CHUJIOBBIM
TpaHCHOPMATOPOM MOKET OBITH BBINOJHEHO IO OJHOMY M3 CJICAYIOUIMX CXEMHO-KOHCTPYKTHBHBIX
BAapHAHTOB, K&KIBIH U3 KOTOPHIX UMEET CBOM JOCTOMHCTBA M HEJJOCTATKH.

Bapuant 1. Perynsitop HampspkeHHS B COCTaBe: THPHUCTOPHBIE KOMMYTAaTopel 4, 5 m cucrema
yrpasinenus 6 (puc.1) pa3meniaoTcsi BHyTpH Oaka CHIIOBOTO TpaHchopMmaTopa.

Bremnuii Bua TpancdopmMaTopa, €ro yCTaHOBOUHBIC M HPUCOCAWHHUTEIbHBIC pa3Mephl, BHELIHSS
cXeMa COCIUHEHUS], HIICKTPUUECKUE NAapaMeTPbl M YCIOBHUS SKCIUTyaTallid HE U3MEHSIOTCS.
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JlocTOMHCTBA: HEM3MEHHOCTh BHEIIHEH KOHCTPYKLHHM, YCIOBHI pa3MEIIEHHs M OSKCIUTyaTaluu
TpaHcopmaropa, a TakKe MOBBINICHUE HAJASKHOCTH PETYISATOpA BCIECACTBUE Pa3MEIECHUsI €ro BHYTPH
Oaka TpaHcopmMaTopa B Macie.

Henocratku: HE0OXOIUMOCTh JOPaOOTKH TpaHchopMmaTropa B 3aBOJICKUX YCIOBHUSX, TPYIHOCTb
peanu3aiyy Ha YCTAHOBICHHBIX M OKCIUTyaTHPYEMBIX TPaHC(HOPMATOPAX.

Bapuant 2. Perynsarop HanpsiKEHUsI BBITOTHICTCS B BUAC OTACIBHOTO 0JIOKA, KOTOPBI BKIHOUACTCS
MEXIY TpaHc(HOpMaTOpOM U HATrPYy3KOH.

HeoOxomuma KOHCTPYKTHBHAs —JopaboTka TpaHchopMaTopa ¢ [EIbl0 HW3BJICYCHUS U3
TpaHchopMaTopa KOHIA OTIAWKN 2 BTOPUIHON 0OMOTKH (pHC. 1) MOCPEICTBOM JIOMOTHUTEIEHOTO BHIBOJIA
JULA IIOAKIIIOUYECHUS K PErYyIIATOpY.

QOCTOI/IHCTBa: PEryJIATOP HAIIPAKCHUSA U3IOTABJIMBACTCA B BUAC CaAMOCTOATCIBHOTO H3ACIIUA, HE
CBSI3aHHOTO ¢ TpaHCHOPMATOPOM.

Henocratku: He0OX0IUMOCTB JOPaOOTKH TpaHchopMaTopa B 3aBOJICKUX YCIOBUSIX.

Bapuant 3. Perynarop HanpsikeHUsI BBITOTHIETCS B BUE OTAEIBHOTO 0JIOKA, KOTOPBIN BKIIOUAETCs
MeXay TpaHchopMaTOpoM H Harpy3koid, ©0e3 HeoOXOIWMOCTH KOHCTPYKTHBHOW TOpabOTKH
TpaHchopMaTopa ¢ 1eIb0 U3BICUSHUS U3 TpaHCPopMaTopa KOHIIA OTITAWKH BTOPUIHONW 0OMOTKH (pHcC.3).

JloctouncTBa: TpaHcopmaTop HE TMOABEPraeTcsi KOHCTPYKTHBHOW JOPabOTKE, peryisiTop
HATIPSOKCHUS] H3TOTABJIMBACTCS B BHJIC CAMOCTOSTEIILHOTO H3JIEIIHNS, HE CBSI3aHHOTO C TPAHCPOPMATOPOM.

Hemocratku: B cocTaBe  CaMOCTOSATENILHOTO — PEryJsTopa  HANpPSHKCHUS — UCTIONB3yeTCs
JIOTIOJTHUTENBHBIN aBTOTpanchopmMarop.

B Bapmantax N1 um N2 HeoOxoauMocTh A0pabOTKH TpaHchopMmaropa B 3aBOJCKHX YCIOBHIX
SIBIISICTCSl 3aMETHBIM HEJIOCTATKOM JIJISl M3TOTOBJICHHBIX M OKCIUTyaTUPYEMbIX TPaHC(HOPMATOPOB, T.K.
TpeOyeT BO3BpalIeHUs TpaHC(HOPMATOPOB Ha 3aBO/I-M3TOTOBUTEINb C IIEIbIO BHIMOMHEHUS 10paboTku. [1pn
9TOM MOTYT BO3HUKHYTb BOIIPOCHI OPraHU3allMOHHOTO M KOMMEPUYECKOT0 XapakTepa.
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Puc.3. Cxema pecynamopa nanpssicenus u e2o coedunenus no eapuarnmy N 3

BapwuanTt N3 He TpeOyet mopaboTku TpaHchopmaTopa, IOITOMY OH CBOOOICH OT YKa3aHHOTO BBIIIE
HelocTaTka. DTO BayKHOE JOCTOMHCTBO, KOTOPOE TO3BOJUT IIMPOKO BHEAPHUTH M3JIOXKEHHBIA CIIOCOO
peryaupoBaHusi, IPUAAcT TpaHchopMaTopaM HOBOE KaueCTBO, MOBBICUT Ka4eCTBO AJICKTPONHUTAHHS B
CHCTEMaXx dJIEKTPOCHAOKEHNS U B KOHEYHOM HTOT€ - TEXHUKO-I)KOHOMHUYECKYIO A(P(PEKTHUBHOCTb.

VYuuThiBas W3I0KEHHOE, BapuaHT N3 sBusercs Oojiee HMpeArnouTHTENbHBIM. Cxema perynsTopa
HaNpPSHKEHUS M €r0 COSAMHEHHS 10 BapuaHTy N3 mpuBeAeHBI Ha puc.3.

CunoBoii tpancopmarop T U cxemMa ero OOMOTOK OCTalOTCs 0e3 M3MeHeHus. B perymstope
HAIpPSDKEHUS UCIIONb3YETCsl JIOTMOHUTEbHBIA aBToTpancGopMatop AT, UMEIONINIA OCHOBHYIO OOMOTKY
1-2-3, Ha KoTOpylo monaercsi Hampsbkenue U, BTOpuyHON 0OMOTKM TpaHcopmaTopa. OT OCHOBHOM
0OMOTKH aBTOTpaHC(OpMaTopa BBIBEACHA OTIAaiKa 2, U HAa MarHUTONPOBOAE aBTOTpaHchopmaropa
pasMeleHa JomoNHuTeNbHas o0MoTKa 3-4; K; u K, — TUPUCTOPHBIE KOMMYTATOPbI, COOTBETCTBEHHO,
KOHIIA ¥ OTTIAKH OOMOTKH aBTOTpaHChopMaTopa; Z — CONPOTHBIICHUE HATPY3KU.
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[Ipu npemensHO MHHUMANBHOM HampsbkeHnd U; Ha BXOJle CWJIOBOTO TpaHcopmaropa H,
COOTBETCTBeHHO, U, Ha OCHOBHOH 00OMOTKe aBTOTpaHChopmaTopa 1-2-3 B TedeHHE MOIyIeproa
HaIPsDKCHUS CETH BKIIOUCH THUPHUCTOPHBIA KoMMyTaTop K;, W Ha HaArpy3Ky IOAAacTCs TOBBIIICHHOE
HanpsDKEHHUE MOTHOM 00MOTKH 1-2-3-4 Tak, 4TO Ha Harpy3ke MMEeT MeCTO HOMHHAIbHOE Harpsbkenue U.

[Ipu mpenenbHO MakCUMalbHOM HampspkeHHWH U; Ha BXOZIe CHIIOBOTO TpaHchopMaTopa H,
COOTBETCTBeHHO, U, Ha OCHOBHOH 00MOTKe aBTOTpaHchopmaTopa 1-2-3 B TedeHHE MOIyIepHoa
HaMpsHKEHUST CEeTH BKIIIOUYEH THUPUCTOPHBIN KOMMYyTatop K,, W Ha Harpy3Ky MOJAeTCs MOHUXKCHHOE
HarnpspKeHHe 9acTH 0OMOTKH 1-2 Tak, 4To Ha HAarpy3Ke MMeeT MeCTO HOMUHaJIbHOE HanpsiokeHue U.

KonmuaecTBO BUTKOB TOMOJTHUTENBHON 00OMOTKH W3, W oTmaiika 4actu 0OMOTKH W3 BBITIOTHEHBI
TaKUM 00pazoM, 4TO TPH YKa3aHHBIX MPEACTHHBIX OTKIIOHCHUSAX HATPSHKEHHS Ha BXOJE ATH OTKIIOHEHUS
HaMpPsHKEHUST KOMIICHCUPYIOTCS, U Ha Harpy3Ke MMEeT MECTO HOMMHAJIbHOE HampstkeHue U - Tak mpu
MpeleNbHO TMOHMKEHHOM HampstkeHuu U, K Hemy cymmupyetrcs Hampsokenue Us, JOMONHUTETHHOM
00MOoTKH W3,4; TIpH IpeieTIbHO MOBBIIIICHHOM HanpshkeHnn U, OT HeTo BhInTaeTcs Hanpsbkenue U,z 9actu
obmotku W,5. CrnemoBarenbHo, HanpspDKeHUS Uz, 1 Uyz TIPU TIPEAETBHBIX OTKIIOHCHUAX HampshkeHus U,
paBHBI BEJIMUYHUHE STOTO OTKJIOHEHUS A:

Usmin + Usa = U; U(1 = A) + U3, = U,
U; U1+A)—-Uy,;z=U,

Uzmax — Uzs
OTKyJa
Uz = Ugmin = U(1 = A)Uzy = A
pu
Uz = Uymax = U1 + A)Uy3 = A. (2)
B cootBeTcTBHYU C U3T0KEHHBIM KOI(PGHUIHUEHTHI TPaHCPOPMALUK JOJKHBI OBITh
Wis/Wzq = Uyz/Uszq = (1 — A)/A,
Wi3/Was = Uz /Uzz = (1 +4)/A. (3)

[Iporecc perynmpoBaHus HANPSHKEHHUS U aITOPUTM TEPEKITIOYeHUS THPUCTOPHBIX KOMMYTATOPOB
TaKOM ke, KaK JUIsl COBMEIIEHHOT 0 peryisitopa (puc.l).

OnpenenuM rabapuTHYIO MOIIHOCTH aBTOTpaHcopmaTopa B KadecTBE CHIIOBOTO BJIEMEHTA
perynsaropa HanpsbkeHus (puc.3).

YcraHOBIEHHAS ANIEKTPUUECKAsT MOLIHOCTh aBTOTPAHC(OPMATOPa ONPEAEISIETCSI B OTHOCUTEIBHBIX
€IMHUIIAX [0 MAaKCUMAaJbHBIM HANpsDKEHUsIM M TOKOB €ro OOMOTOK. HoMuHalIbHBIE BEIMYHMHBI
HaPsHKEHUs], TOKA U MOJTHOW MOIIIHOCTH B OTHOCHUTEJIBHBIX €IUHHUIAX MPUHUMAIOTCS PABHBIMHU €AMHUIIE:
U=1;1=1;S =1, BupeaenbHbiX pexuMax Ilrmax =1 =1, I3p0 = 1 = 1 (puc.3).

MaxkcuMalnbHBIH TOK B OCHOBHO# 00MOTKe aBTOoTpanchopmaropa 1-2-3 uMeeT MecTo Ipu MpeieabHo
MHUHUMaJILHOM HanpspkeHUd Uy in

Limax = S/UZmin- (4)
MaxkcumanpHas yCTaHOBHeHHaﬂ SHGKTpH“IeCKaﬂ MOIITHOCTH OCHOBHOI OGMOTKI/I
aBToTpaHchopmaropa:
S13 = UZmax(Ilmax - IZmax) = (1 + A)[l/(l - A) -1] =
— 1+ A)[(1=1+4)/(1=8)] =41+ 4)/(1—A1). (5)

MakcuManbHas — YCTaHOBIICHHAS  JJIGKTPUYECKas  MOIIHOCTH  JIONIONHHUTENBHOW — OOMOTKH
aBTOTpaHCpOpMaTOpa:

534=U34'I=A'1=A. (6)
MaxkcumansHas YCTAHOBJICHHAA DJICKTPpHUYCCKasd MOUTHOCTDb aBTOTpaHC(bOpMaTOpa:
Sum = S1a+ S34 = AL +4)/(1—=A) + A= A(1 + A) + A(1 — A)/1 —A. 7)

['abapuTHasi MOITHOCTH aBTOTpaHc(opMaTopa Oompeaensercs: B J0JsSX OT radapuTHON MOLIHOCTH
cuiioBoro TpaHcdopmaropa. [Ipu sTom cremyer ydecTh, YTO CHIIOBOM TpaHC(hOpPMATOp JOIKEH OBITH
paccuntaH Ha  MakcumanbHoe — HampspkeHue  Uppay = U(14+A) W MakCHMaNbHBIA — TOK
Imax =1(1 +A).  CoOTBETCTBEHHO,  MaKCHMajlbHas  JJCKTPHYECKAas  MOIIHOCTh  CHJIOBOTO
TpaHcopmaTopa:

S = UsmaxImax = UL + A)I(1 + A) = S(1 + A)? = (1 + A)% (8)

[Ipu onpezneneHnn rabapUTHBIX MOIIHOCTEH CHIIOBOTO TpaHcopMaropa M aBTOTpaHchopmaropa
CIIEJIyeT Y4YecThb, YTO B CHJIOBOM TpaHC(hOpMATOpe SJICKTPHUUECKAsi MOIIHOCTh pPa3MeEIaeTcss B Tpex
KOHCTPYKTHBHBIX €JMHHUIAX: MAarHUTONPOBOJE, IEPBUYHOM OOMOTKE W BTOPHYHOH OOMOTKE, a B
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aBTOTpaHCPOpMaTOpe — B JABYX KOHCTPYKTHBHBIX €IMHHMLAX: MArHUTOIIPOBOJAEC M OAHON COBMEILICHHOM
o0OMOTKeE.

[aGapuTHas MOLIHOCTH aBTOTpaHC(OpMATOpa PETyNATOpa HANPSUKEHUS Sz,  OTHOCHTENBHO
raGapuTHON MOLIHOCTH CHIIOBOTO TpaHchopMaTopa Sy,

Sam =KS,,".

Koadduiment rabapuTHON  MONIHOCTH  aBTOTpaHcopMaTopa  peryiasTopa  HAMPsHKCHUS
OTHOCUTENIFHO Ta0apuUTHOW MOIIHOCTH CHJIOBOTO TpaHcdopmaropa K ompenensercs, ydYUTHIBas
U3JI0)KEHHOE, CIIEYIOINM 00pa3oM:

K =Sum"/Sm” = 2Sam/3Sm = 4A/[3(1 —A)(1 +A)?]=4-0,1/[3:0,9-1,12] = 0,122, (9)
rae Sgm, Sm — MaKCHMaJbHBIC JIEKTPUYECKHE MOIIHOCTH, COOTBETCTBEHHO, aBTOTpaHchopmaTopa U
CUIIOBOTO TpaHcopmaTopa; 2, 3 — KOJMYECTBO KOHCTPYKTHUBHBIX €HHHUI], COOTBETCTBEHHO,
aBTOTpaHcopMaTopa M CHIOBOTO TpaHCPopMaTopa.

['abGapuTHas MOIIHOCTE aBTOTpaHc(hopMaTopa peryasTopa HanpsuKeHUs: OTHOCUTENTBHO TabapuTHON
MOIIHOCTH CHJIOBOTO TpaHC(opMaTopa COCTaBIseT TakuM oopazom 12,2%.

[TpoBeeHbI UCITBITAHUS ONBITHO-OKCIIEPUMEHTAIBHOTO 00pasiia peryasTopa HarnpsoKeHHS.

a) Usx = 198 B (Unom — 10%), o. = 28,8°, Uswix = 218,5 B,
0) Usx = 220 B (Unom), . = 86,4°, Uswbix = 220 B;
B) Usx = 242 B (Unom + 10%), o. = 144°, Uswix = 219,5 B.

Kak mokazanum pe3ysibTaThbl HCHBITAHWH, TOYHOCTh CTAOWIM3AIlMH HANPSHKCHUS HAa BBIXOJIC
peryiasTopa NpH OTKIOHEHMSX HampsDKeHHsT Ha BXoae Tpanchopmaropa B mpeaenax = 10% ot
HOMHUHAJIBHOTO M M3MEHEHHSX Harpy3kd OT XOJOCTOTO XOJa A0 HOMHHAJIBHOH COCTaBMIIa MPHUMEPHO
+ 0,5% or HOMUHAIBHOTO, KOAP(UIMEHT HCKAKEHUS CHUHYCOMTAIBHOCTH BBIXOJHOTO HATPSDKCHUS
MIPaKTUYECKU COOTBETCTBYET TpeOoBanusiM CraHaapra.

BruiBoabI

1. OmauMu W3 HamOoJee BaXKHBIX IOKA3aTeNiel KauecTBa AJICKTPOIHEPTHU SBISIOTCS BEITMYHHBI
CTAI[MOHAPHBIX W TMEPEXOJHbIX OTKIOHCHUH HampsHKeHHs Ha IIMHAX moTtpeduteneil. PeanbHo
CYIIECTBYIOIIUC B CETAX OTKIIOHCHUA HAIIPSAXKCHUA, JaKE B IIpEaAcIax TpeGOBaHI/Iﬁ CTaHI[apTa, IMPUBOJSAT K
OONIBIIUM TOTEPSIM DJICKTPOSHEPTUM W CHIDKCHHMIO TEXHUUYCCKHX XapaKTePHCTHK IMOTpeOuTeseH.
Crabunu3anyst HarpsHKeHUs HOCPEICTBOM BHELTHUX YCTPOMCTB SIBISIETCS aKTyalIbHOM 3a/1aueii.

2. Ha ocHoBe criocoba 6ecKOHTaKTHOTO (Pa3oBOr0 PEryIMpOBaHHS HAMPSHKEHUS TPaHCPOPMATOPOB
pa3paboTaH THPUCTOPHBIN PErYIATOp HANPSHKEHUs] CHIIOBOTO TpaHcGopMaTopa, KOTOPBIH obecrieunBaeT
CYILIECTBEHHO BBICOKYIO TOYHOCTh CTAOHMIIM3AI[MH BBIXOAHOTO HAPSDKEHNUS U OBICTPOICHCTBHE B TIpeaeiax
MOJTYIIepUO/ia HATPSHKEHUSI CETH.

3. Haubonee menecooOpa3HO cXeMOH COMPSDKEHHsI PETYISTOpa C CHIOBBIM TpaHc(hopMaTopoM
SBIICTCS ~ WCHOJHEHWE  PEryylsiTopa B BHJAE  CAMOCTOATENBHOTO  OJNOKa € BHYTPEHHUM
aBTOTpaHC(POPMATOPOM, KOTOpoe He TpeOyeT CXeMHO-KOHCTPYKTUBHOW JTOpPaOOTKHA  CHIIOBOTO
tpancopmaropa. ['abapuTHass MONIHOCTH aBTOTpaHC(OpMaTopa cocTaBisier mnpuMmepHo [2% ot
MOIIHOCTH CHJIOBOTO TpaHC(hOpMaTopa.
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U.N. Uwuntljwi

NnhdU3hL SruLUdNCUUSNNALENP LUMPUUL UMPUSUSNND
uuunusSuus wurqudnrpLer

Lupdwl «urwlg hydwl hnyughll Jupgquynpdwbly  dbpngh  hpdwd  Jpu Dwljws Foonidughl
wpwhupnplunnnph  phppunnpuyhll  Jupdwl Jupguiynpps:  Lupdwl  pmipupwisnip fhuwupuppbpnyeul
plpugpnid phnp dwnwjupuwpynid Fupubupnpdunnnpuyghl npnpniih wdpnne jupdwdp jud winihh gudpugyud
Jupdwl dpongny] hnpnubounnkny ppkhg npphunnpughl whowmnpsbbpp: Ubtounnpstbph thnpuubounndwi thngp
wijnnndunn [Epuyny Jupgquiynpynid F guibgh jupdwl impupwisinip jhuanguppbpnipyul vwhdwbbbpnid aylngba,
np wpwhupnplunnph bpmid jupdwl gnpéng wpdbpp dpon wwhynid Fhwjwuwp wiywbwlui wpdbphi:
Quipquinphsp nidughll mpubiupnplunnnph hlan dhwdnybin: hunfup hyunwuhwpdup upikdw F jupguinphsh
Ukpppl  wynnupwiupnplunnpny  whiwp  dhunph  dkiny  Juwwwpnidp, npp sh wwhwbheonid  niduyhl
wpwhupnplunnnph  Jepohwuluinugnid:  Uwwhnyynid F Eph  jupdwl  Jugniliuglwl  qquypnpkli  pupdp
dpgnunnijpinilip Il wpuqugnpénipinilp gubgh jupdwl jhuwwuppbpnyeul vwhdwhbkpnid:

Unwlgpuyhti pwnbp. gnpénn jupmd, hnyuypl Jupquiynpoid, jupdwl Gupgudnphs, npphunnpughl
wilipunnpy:

A.P. Manukyan

QUICK-ACTING CONTACTLESS VOLTAGE STABILIZERS OF POWER
TRANSFORMERS

Thyristor voltage regulator of power transformer has been developed based on the "no-touch phase regulation"

method of the voltage. During each half-period of the voltage, the load is supplied by a total voltage of the transformer
winding or the lowered voltage of the tap by switching their thyristor switches. The switching phase of the switches
is automatically regulated within each half-period of the mains voltage so that the effective value of the voltage at
the output of the transformer is always maintained equal to the nominal value. A suitable scheme for coupling the
regulator with a power transformer is the execution of the regulator in the form of an independent unit with an internal
autotransformer, which does not require the completion of a power transformer. A significantly high accuracy of the
output voltage stabilization and speed within the half-period of the mains voltage are provided.
Keywords: operating voltage, phase control, voltage regulator, thyristor switch.

ManyksH Apam [lapkeBoBHY — acriupaHT Kadenpbl DnekTposnepreTuku, HITY A
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A.O. Abosin, C.I'. Aroansn

BO3HUKHOBEHHUE PEHTTEHOBCKHUX MYAPOBBIX
KAPTHUH ITPU ACUMMETPUYHBIX OTPA’KEHUSAX B
JABYXKPUCTAJIBHBIX UHTEP®EPOMETPAX

Hccnedosarno 603HuKHOGEHUE PEHM2EHOBCKUX MYAPOBLIX KAPMUH 8 O8YXKPUCMALbHBIX UHMepdhepomMempax npu
acummempuunblx ompaoicenusix. Iloxazano, umo npu Jlays—ompagicenusx, Ko20a aCUMMEMPUYHOCMb OO0nbULAS
(Veon medicdy nAOCKOCIbIO OMPANCEHUS U HOBEPXHOCBIO 6X00A KDUCTIALIA HAMHO20 OMau4aemcs om m/2), oaice
npU UOEANbHOU 2e0MeMPUL UHMEPDEPOMEMPA 0ZHUKAIOM MYaposbie KapmuHul. 1T1060pom amomHbIx niockocmetl
sokpye moboti uz oceu 0X, 0Y, OZ makoice npugooum K 603HUKHOBEHUIO Myaposwix kapmun. IIpu acummempuy-
HBIX OMPANCEHUSX, K020a Y20 OMPANCEHUsl OMAUYAEMCs Om Mo4Ho20 yena Bynvgha-bpezea, dasice npu uoeanvroil
2eomempuy  0BYXKPUCMATbHO20 UHMeppepomempa Habuooaemoe Mmyaposoe pacnpeoeneHue UHMEeHCUBHOCU
nony4aemcs U 8 mMoM cayude, K020 GMOPOU Kpucmaul unmedepomempa npedcmasisiem cobol NIOCKO-
RAPAIENbHYI0 RAACHUHKY.

Knioueevie cnosa: osyxxkpucmanvhvle unmeppepomempol, MeNCHIOCKOCHHOE PACCMOSHUE, ACUMMEMPUYHOE

ompasiceHue, ()ucnepcuonﬁbze noesepxnocmu, BOJIHOBBLIE 6EKmopwl, MaAAMHUKoOBble pacnpedeﬂeﬂuﬂ,

Jlays-ompaogicenus, yeon Bynvgha-bpszea, edunuunbviili 0ekpemenm noxazameist npeiomMaeHus.

Beeoenue. IlpuMeHeHHe PEHTICHOBCKOIO IU(PPAKIMOHHOTO Myapa SIBISETCS €IUHCTBEHHBIM
NPEUU3UOHHBIM METOAOM, IO3BOJIIOUIMM IPOBOAUTH IPSIMbIE 3KCIEPUMEHTAJbHbIE HCCIIEIOBAHUS
CTPYKTYpPHI TIOJIe CMeIIeHul, AeopManuii 1 HapsDKEHUH AUCIOKAIIMOHHBIX aHcaMmOJe, orpeienenre
IUIOTHOCTHU AMCIIOKAIMH, BEJIMUMHBI U HAlpaBJICHUs UX BEKTOPOB broprepca, MIOTHOCTH palualMOHHBIX
Ie(eKTOB B MOHOKpHCTa/UIaX. PEHTreHOBCKHME [BYXKPUCTAJIbHBIE M MHOTIOKPHUCTaJbHBIC HHTEpde-
PEHLIMOHHBIE CHCTEMbI JAI0T BO3MOXKHOCTh OIPEIEIUTh OTHOCUTEIbHbBIE OTKJIOHEHHS MEXIIJIOCKOCTHBIX
paccTosiHui ¢ TouHOCTHIO 10 10%, a moBopoTH - ¢ TounocTHIO 107 pao [1-3].

B [4] meTonoM pPEHTTeHOBCKUX AM(PAKLIMOHHBIX MYapOBBIX KapTHH HCCIEIOBAHBI MONEPEUYHbIC
nedopMaIiy, co3aBaeMbleé MMIDIAHTUPOBAaHHBIMH B KPEMHHH HMOHaMHU aproHa c sHeprueir 200 xaB.
Hcxons w3 uHTEPPEPOMETPUUECKUX TONOIPaMM, ONpEAETICHbl OTHOCUTEIbHbIE AedopManuu H
MHTErpaJIbHBIE HANIPSHKEHUS B 3aBUCUMOCTH OT 1035l O0JTyUCHHUS.

C MOMEHTa NOJNyYeHHS OT CHUCTEMbl KPHUCTAIJIOB IIEPBBIX JJIEKTPOHHBIX W PEHTTEHOBCKHUX
MYapoBBIX KapTHH W /0 HACTOSIIEI0 BPEMEHHM MPEANOoJarajloch, YTO NPUYMHON HX 00pa3oBaHus
ABJSIETCS. OTIIMUME MEXIY KPUCTaJUIaMHU JaHHOW CHCTEMBI WJIM B MEKIUIOCKOCTHBIX PacCTOSHUSIX, WM B
HaIpaBJICHUSIX OTPAKAIOIIMX IUIOCKOCTEH, WIM U B T€X M JPYrux OJHOBpEMEHHO [2, 5]. Buaumo, 310
NPEAOJIOKEHHE 3aMMCTBOBAaHO M3 ONTUKM [6], rae 0ObIYHO MyapoBble KapTHHBI CO3AAI0T C MOMOIIBIO
JIBYX CETOK - CETKH MOJIEJIN M ITaJJOHHOH CETKH.

OnHako, OKa3bIBa€TCs, PEHTTEHOBCKHE MyapoBble KapTUHBI OOPa30BBIBAIOTCS B Cydae, KOTIa
KpHUCTAJUIbI HE MMCIOT BBINICYKA3aHHBIX ormmuun. C ;[pyroifl CTOPOHBI, HEPEAKNU U Cllydau, KOorjaa STH
OTJIMYMS HE NMPHUBOAAT K 00pa30BaHUI0 MyapoBBIX KapTuH. B [7, 8] maxke mpenmosiaraercs, 4To MpUYU-
HaMM BO3HUKHOBCHUA MYApPOBBIX KaPTUH ABJISAIOTCA TOJBKO POTAIIMOHHBIC U JUIATAIIUOHHBIC UCKAXXCHUA
OTpaXkarollKX MIOCKOCTEH.

Bo3HnkHOBeHMe MYapoOBBIX KAPTHH B 00IeM cjy4yae NpH AaCHMMETPHMYHBIX OTpaskeHHAX. B
[9] GbUTO HCCIIEMOBAaHO BO3HUKHOBEHHME PEHTI€HOBCKHX MYapOBBIX KAPTHH B JIBYXKPHUCTAIBHBIX HHTEP-
dbepomMeTpax Mpu CUMMETPUIHOM OTPAKSHHH.

Lenpto Hacrosmiedt pabOTHl SBISIETCS AETATBHOE HCCIEOBAHHE BOMPOCOB BO3HUKHOBEHHSA U
HaOIOIEHHSI PEHTI€HOBCKUX MYapOBBIX KapTHH, B YaCTHOCTH, B JBYXKPHCTAIBHBIX HHTEp(epomMeTpax
IIPY AaCUMMETPHUHBIX Jlay3-0TpakeHUsIX.
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[lyctp TommuHbI OJOKOB TAaKOBBI, YTO TEPBBIE MOJS B HUX TOJTHOCTHIO MOTJIOMIAIOTCA. Temnepn
MIPEIMTONI0KUM, YTO Ha MEPBBIA KPUCTAUI MaJaeT IMepBUYHAs BaKyyMHas BOJHA MOA yriaoM 6, s Ko-
TOPOTO YIJIOBOM MapameTp p paBHsETCS Hymro. PacmonoxeHue BTOPON BETBU JUCIICPCUOHHOMN MOBEPX-
HOCTA M COOTBETCTBYIOIIMX BOJHOBBIX BEKTOPOB B paCCMaTPUBAaEMOM CiIydae MoKa3aHo Ha pwuc. 1.

Puc. 1. Pacnonosicenue 801HOBbIX 6eKMOPO8 U OUCNEPCUOHHOU NOBEPXHOCHIU 6 NEPEOM KPUCATLe
npu acummempuunom ompaxcenuu no Jlays: D, D, - 6mopas 6emeb OuchepcuoHHol NOBEPXHOCU,
K& - saxyymnuiii 6o1no60ii gexmop nadaioweti eonnvt;, Koy u Kp, - 6o1nossie sexmoput o1,
oudpazuposanHviX 6 HANPAGIEHUAX NAOEHUA U  OMpAdCeHus (8 mnepeom  Kpucmaniie)
coomeemcmeeno, A — mouka pacnpocmpanenus; L — mouka Jlays

[Tpu cummerpraHoM cirydae Jlays - oTpaxenwns, korma p = 0, ator yronm 6 paBHSETCS TOYHOMY
yriy Bynsda—bparra, a npu aCHMMETPHYHOM OTPaXKEHHH OH OTJIMYAeTCs oT mocieanero [10,11].

JleiicTBUTENBHO, HCTIPABICHHOE ypaBHEHHEe Bynbsha—bpsrra MoXHO MpencTaBUTh B CIEAYIOLIEM
BUJIE:

écosy
sinfcos(y + 0)

2dsin® [1 + ] =ml, €Y

IJIc BEPXHUE 3HAKU BEPHBI JUISl MJIOCKOCTEH (i_l k l_), a HwkHMe — Ui wiockocrer (h k 1); y —yron
MEXY OTPaXKAIONIMMHU MJIOCKOCTSIMHU U TOBEPXHOCTBIO BXOJa KPUCTAUIA, § — CUHUYHBIA JEKPEMEHT
TOKa3aTels TpeoMIIeHus; 8 —ucnpaBieHHbI yron Bynbga-bparra; d — MeXIIIocKocTHOE pacCTOsSHUE;
A —yIMHA BOJIHEL, M —IIEJI0€ YHCIIO.
Bripaxenue (1) ¢ TounocTsio nopsiaka 10 1071° pao moxHO npusecTH K BUIY
A 4 écosy )
00 =0-00= ~sin(y £ 0y)cosl, @

rae 6, — yron Bynweda —bparra. U3 (2) misi cCHMMETPUYHBIX CITydaeB OTPAKEHUS TIOTydaeM:
26
sin26,

a) s ciyyast bparra (y = 0): Af, = ;
0) mus ciayuas Jlays (y = m/2): Ay = 0, T.e. B 3TOM ciIyuae OTpaKEHHE MPOUCXOTUT TOYHO IO
yriaom Bynega-bpoarra.
Ha puc. 1 mnokazana jguarpaMMa BO3HHUKHOBEHHS JM(PAardpoOBaHHBIX BOJH B  TOJICTOM
HOTJIOMIAIONIEM KpucTayuie (IIepBOE TIOJIE MOIJIOMICHO) MPH ACHMMETPHYHOM OTPAKCHHH, KOTJa Ha

KpHUCTAJLUT MaJaCT IUIOCKAad BOJIHA C aMHJ'IPITy,I[OfI D(l) " BOJIHOBBIM BCKTOPOM K6
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Ha puc. 2 mokazaHo pacrmoyiokeHHe BOJTHOBBIX BEKTOPOB B IBYXKPUCTAIFHOM HHTEpGEpOMETpeE.
Kpucranms! ToiCcThIe, ¥ MEepBBIE OIS B HUX MOTJIOMICHEI.

(hkl) (hkl)

Puc. 2. Pacnonooicenue 801H08bIX 86eKMOPO8 6 MOICMBIX HOIOWATOWUX KPUCTNANLAX
08YXKPUCANbHO20 UHmMepgepomMempa npu acuMMempUusHOM OMpadtceHuu

o 1 1
[lepBuuHas manmaromas BOJIHA C aMILTUTYIOU Dé ) Y BOJTHOBBIM BeKTOpoM K g ) BO30YX/IaeT B

nepBoM Kkpucramie Bonusl K, u K}, ¢ ammmnrynamu (Bropoe moie)

D¢, = Dél) g exp[—iZn(K&zr)],

3)
d ,
DL, = Dél)gexp[—lZn(K,Ilzr)],
= p = G .
rae b=1+ (1+p2)1/2 "’ d=~— (1+p2)1/2’ (4)

i . il I
p — yrioBoi napamerp; G — mapamerp acumMmerpuyHocTu: Ko, n Kjp, — BOIHOBBEIE BEKTOPBI BTOPOTO
1o B IIEPBOM KpHUCTaJLIE.
Bomus K{, u K}, ,BBIXOIA M3 epBOro KpHCTAlIa M Majas HA BXOAHYIO MOBEPXHOCTh BTOPOTO
KpHCTasIa, OyIyT UMETh CIEIYIOIIUE aMIUIUTYbL:

b t.K\, + Ko
) 1 . t1Ko2
pP=-D S e i 5
02 20 exp|ten sin(y + 0) ®)
d t.K' + Ko
) (1) o tKp,
D@ =-p —izp 2 T o) 6
hz = 2™0 exp[ tem sin(y — 0) (6)

rae t; — TOJIIIMHA NEPBOr0 KpHUCTaJia, 0 — MIMPHUHA 3a30pa MEKIY HEPBbIM U BTOPBIM KpHCTAJIIaMU
unTepdepomerpa; K — abCooTHOE 3HAYCHHE BAKYYMHOTO BOJHOBOTO BEKTOpA.

Bonsbl ¢ ammmurygamu  (5) w (6) BO BTOPOM KpHCTaiUIe BO30YXKIAlOT BOJIHBI, aMILTHTYIbI
KOTOPBIX MOXKHO IPEJICTABUTH BbIPAKCHUSIMHU
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[t,KL, + Ko ]
| sin(y +6)

b
Dozo = 7’ él)exp

; ()

[t, K\, + Ko ]
Doyop = 5 —Dél)exp {—iZn e + Kgonr }, €)

b
| sin(y +6)
d " _ [t.K}, + Ko
DhZO = E é )exp —i2m _sin(y——Q) Khzor- , (9)
d di . [tuK\; + Ko ]
DhZh = E > D( )exp {—127'[ _m KhZhr_ , (10)

rne by, by, d; w di BeIpaxkaroTcs yepe3 (4) myreM 3aMeHbl B HHMX IapameTpa p Ha p; H Pj
COOTBETCTBEHHO.
Kak BumHo u3 puc. 2, BonHbl Kby, u KJ, pacmpocTpaHSIOTCS B HANPABICHHH MEPBHYHOL

nanaromei Bonnsl K (1) , aBomHbl KU, 1 Kb, - B HampaBneHnn oTpakeHHOM BoMHB Kb, B MepBOM

KpHCTaIIE.
Vf//////ffyxmfmx
(2)
P02
L (2)
P01
~~—
)
K \
D,
2
KOZ)
AP
K} h20 A;l)
0, D
2
Hl K{)IZh K;‘LIZh N2
(hkl) Kl M
01 HZ

Puc. 3. Touxku nademnus, mouku pacnpocmpanetus (Ha OUCNEePCUOHHOU NOBEPXHOCMU) U 80IHOBbLE
6EKMOPbL 60 BMOPOM NO2NOWAIOWEM KPUCMALTLE C  YHeMOM OMAUYUS YeNa OMPaAdCEeHUs Om
vena Bynvgha—bpseea 6 3agucumocmu om cmeneHu acummempuurnocmu ompadxcerus: Ny u N -
HOpMAnU  6XOOHOU  NOBEPXHOCMU — 6MOPO20 KPUCMALIA,  NPOBeOeHHble uepe3 MOUKU
@, A(Z)

pacnpocmpanenus. A, 0,H;, 0,H, — sexmopwr o6pamnoii pewemxu ons (h k1) u

(h k1) coomeemcmeenno; DD, — eepxusis 6emeb OUCREPCUOHHOI ROBEPXHOCIILL

’

Kak wmssectio [12, 13], mnpu reomerpuu Jlays yron orpaxeHust ciabo 3aBHCHUT OT acHUM-
METPUYHOCTH OTPAXKEHUs, TOITOMY, €CIIU YTOJI MEXKIY OTPa)aroIIHMMHU MIJIOCKOCTSIMH U MOBEPXHOCTBIO
BXOJla KPUCTAJIa HEHAMHOTO OTJIMYaeTCs OT T/2, TO Yroyi OTpaxeHus 6 TOYTH HE OTJIMYACTCS OT

TouHOro yria Byneda—bparra.
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@)
Ecnu yriel oTpakeHus He OTIMYaroTcs oT yria Bynbda—bporra, To Toukn mnagenus Fy;” n

2 . 1 2
Po(z) COBIAAAIOT ¢ TOUKOM Jlays L, 4YTO mPUBOJIUT K COBHNAACHUIO BOJHOBBIX TOYEK Ag ) u Ag ) C

BOJIHOBOM TOYKOM IepecedyeHUs HOpMaid, NPOBEACHHOW uepe3 Touku Jlays, ¢ AUCHEpCHOHHOM
TIOBEPXHOCThIO D, D,, T.e. BOIHOBBIE BEKTOPHI COBNANAIOT Apyr ¢ apyrom: Kbho ¢ K, u KL, ¢
KL, (puc.3).

Tenepp paccMOTPUM PAcIOIOKEHUE BOJIHOBBIX BEKTOPOB B BAaKyyMe€ 3a CHCTEMOW — IO BTOPBIM
kpuctayuioM. Kak moka3aHo Ha puc. 4, Korja BO BTOPOM KpPUCTAJUIE CYLIECTBYIOT JIBE€ HECOBIAJAIOIINE
BOJIHOBBIE TOYKH, 4Ye€pe3 HUX MOXKHO IIPOBECTH [BE HOPMald K HIDKHEH IOBEPXHOCTH BTOPOIO
KpHUCTalIa, U TOTJIa MOdyYMM JBe TOYKM nanenus - P§; u P&, (puc. 4) u nBe Touku oTpaxkenus - P,
u PL,, KOTOpble ABJAIOTCS TOYKAMH MEpecedeHns 3THX HopManeidl co cdepamu, NPOBEEHHBIMU U3

/1

ueHtpoB Oq u H; ¢ paguycamu |Kff)| =K.

PSS
N3 Ni
Poz

)2 = L P(gl

h2
N/
D,
(2)
AZ
</
Kl;lZO D2
KE)ZO

7 H1
;""5?'0 Khan .
2
’ 0

Puc. 4. Pacnonooicenue 601106bIX 6eKMOPOE 3d 6MOPHIM Kpucmaniom (6 éaxyyme): Kb,o u
K¢, - 6exmopul 607H, pacnpocmpansowuxca 6 nanpaeienuu nepsuyHoii nadaroujeil
sonnvl; Kby, u Koo — mo oice, 6 nanpasnenuu nepeozo ompasicenus

Taxum O6pa30M, U3 auarpaMmM, IMOKa3aHHBIX Ha PHUC. 2_4, NpuxoaAuM K BaKHOMY BbIBOAY: B
ABYXKPHUCTAJIbBHOM I/IHTep(I)epOMeTpe, Korga aCUMMCTPUYIHOCTDH Hay3 - OTan(eHHﬁ TaKOBa, 4YTO YIroJj
OTpaXXCHUA OTINYACTCA OT TOYHOI'O0 Yyrja ByJ]L(ba-Eparra, JaxXe B I/IHTep(bepOMeTpe HI[eaHBHOP'I
reoMeTpun IMOJIYy4aroTCsd MAaATHHUKOBBIC pacCOpCaCIiCHUA HMHTCHCHUBHOCTHU, KOTOPLIC BHYTPHU BTOPOI'O
KpucCTajlia ONpCACIISAIIOTCA BBIPAKCHUCM

K, —K
1 2 @
I = (A01 - Aoz)z + 4‘A01A02COS (27TTT + E),
rae AOl u AOZ — aMHHI/ITyI[BI; K1 u KZ - BOJIHOBBIC BEKTOPEI I/IHTep(i)epI/Ipy}OHlI/IX BOJIH, @ — pas-
HOCTb (ba?) MCKAYy HUMHU.

81



B paccmarpuBaemMoMm ciydyae BBIpaKE€HHUS WHTEHCHMBHOCTH IPHUMYT BHJ B HAllpaBICHUH TaJCHUS
MIEPBUYHOTO TTyYKa!

Iy = Ipy + Ipzcos?[n(Klyo — Kiap)T + 91), (11)
rac

1 2
_ (€Y} I g
101 - 16 |D0 | (bbl ddl)'

I, = 4bbdd;|Di|’

’

__[tiKo, + Ko t,Kj, + Ko
$1= sin(y +0)  sin(y —0)

B HaIlpaBJICHUH IIEPBOTO OTPaKCHUS (B IIEPBOM KpHCTAIIC):

In = Iy + Inycos?®[m(KGan — Koo )T + @2), (12)
rie

1 2 ,
Iy =22 [D§P|” by - bia),

Iy, = 4b1bdd,, P1= @2

Kax Bumno u3 (11) u (12), nmepuoasl ITUX MasATHUKOBBIX paclpeAesieHU 3HEepTuu OIpeaens-
IOTCSI COOTBETCTBEHHO CIEIYIOLUIMMHU BBIPAKECHUSIMHU:

1 1

A= , A=
”(K02h K}112h)r o T[(KOZh hZO)r

KOTOPBIE, KaK BHIHO U3 pPHUC. 3, MOXXHO II€pe€nucatb B BUAC

1

A=Ay=———. (13)
(2) ()
n(A2 A2 )r

U3 puc. 4 BuaHO, UYTO NEPUOIBI MasTHUKOBOTO DACHPEACICHUS MHTEHCUBHOCTH BHE BTOPOIO
KpHCTalla (332 BTOPHIM KPHCTAJIOM) NPUMYT CIEAYIOIMNA BHI:

1 1

A= = , 14
1= Koo Kion)r . 7(PhLPh)r (14)
Ab= ! =1 , (15)

”(ngh_Kﬁzo)r n-(PftlZP;ll)r

Obcyrcoenue pe3yibmamos u 6bvl600bl

1. Kax BugHo w3 (13) — (15), meprnoabl MasTHUKOBOTO paclpeieleHnss HHTEHCUBHOCTH BOJIH,
pacpOCTPaHSIONMIUXCS B HANpPaBICHUH TIaJ[eHUS TIEPBUYHOTO IMyYKa W B HAMpaBICHUH IEPBOTO
OTpakeHHsl, BHYTPH BTOPOro KpucTaaia ofauHakosble (A;= A,), 3a BTopsiM kpuctamiom (A{uAL) B
o011eM ciaydae OHH MOTYT OTIMYAThCS APYT OT apyra (cMm. puc. 4 u Beipaxenus (14) u (15)).

2. Havanpnas ¢aza @ (cM. (12)) He BIMseT Ha BENWYHMHY ITEPHOJIa MASTHHKOBBIX IOJIOC, & TOJBKO
CMEIAaeT HX.

3. Korpma acuMmMeTpus He CITUINKOM Oojbiiast (yroj Y HEHAMHOTO OTAWYaeTcs oT /2, puc. 5), To
MOXXHO IpeHeOpeub pasHocThio AO =60 —6,, rtme 6, — tounbii yronm Bynbda — Bparra, yro
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Po(lz) u PO(ZZ) Cc Touko L u ToYek pacrmpocTpaHCHUS Agl) u Agz) c

TIPUBOJIUT K COBITAJICHUIO TOUCK
OIHOHU TOUKOU A.

B pesynbrare BOIHOBOM BEKTOP K}llzo COBIIAZNAET C

K {,IZh ,a K ;lIZh — ¢ K\, 1 MyapoBoe pacrpesencHuie uH- A(20)

TEHCHUBHOCTH HCYe3aeT KaK BHYTPH BTOPOTO KpPHCTAILIA,

TaK ¥ 332 HUM. 9 /2 T—6
4, Kak BHIHO U3 pHC. 6, B paccMaTPUBAEMOM 14

ciydae (6 # 6,) pacnpenencHue He UCYe3aeT AaXKe TOra,
KOTJIa BTOPOI KPHCTAILT — TUIOCKOMapaiebHas MIacTHH-

Ka. JICHCTBUTENIbHO, KaK BUTHO W3 pHC. 3, TOSBICHHC

©) @)
JBYX BOJIHOBBIX TOYeK A, ¥ A" He 3aBUCUT OT TOrO,

4qTo BTOpOfI KpHUCTAJIJT — IUIOCKOIIapaJlyiC/ibHasA IIJIaCTUHKA

WM OH KIMHOOOpAa3HBIM.
o Puc. 5. U3 )
Ciay4aii  acCHMMETPHYHOIO OTPAMKEHHsl, Korja  C > HSMEHENUE yeud ompayceiii ¢
MEKIJIOCKOCTHBIE PACCTOSIHMSI TMEPBOI0 H  BTOPOIo

KPHMCTA/UIOB  OTJIMYAKOTCSl  APYr oT apyra. JlomycTHM, 4YTO MEXKIUIOCKOCTHBIE PacCTOSHUS

3asucumocmu om yeia acummempudHocmu y

OTpaKaloIIMX IUIOCKOCTEH IMepBoro Kpucramia - d;, a Broporo - d, (d; # d,); OHM TaK Majo
OTIMYAIOTCS JPYT OT JAPYyra, YTO BOJHEI, NU(PparupoBaHHbIE B TNEPBOM KpHUCTAIE, OCTAIOTCS B TOJO-
JKCHUU OTPKECHUSI U BO BTOPOM KpHcTayie. PacrmonoXeHrue BOJHOBBIX BEKTOPOB JUIS 3TOTO CITydas
MOKa3aHo Ha puc. 6.

I

Puc. 6. Pacnonooicenie 601HOBbIX 6EKMOPOS 80 BMOPOM KPUCANLE NPU ACUMMEMPULHOM
OMPadtceHull, K020a MeHCNIOCKOCHHbIE PACCMOSHUSL NEPBO20 U 8MOPO20 KPUCTALIO8
omauyaromes opye om opyea
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[TepBUYHBINA MyYOK MaJaeT HA MEPBBIM KPUCTAII TOYHO MO yriioM Bynbda—bparra (mpenedperaem
WM3MEHEHHEM YTJIa OTPAKEHUS U3-32 ACUMMETPUYHOCTH OTpaxkeHHs). OMHAKO yriibl TaJeHUs Ha BTOPOH
KPUCTAJUT OTJIMYAIOTCS OT TOYHOTo yria Bymbda —bparra: Py u Py, - TOYKU TMajeHHs], KOTOPbIC ITIPU
TUIOCKONAPAJUICIBHON TUIACTUHKE SIBISIOTCS  OOLIMMM Ui BXOJHOW W BBIXOJHOM MOBEPXHOCTEH
BTOporo kpucramia. Kak BumHo w3 puc. 6, B paccMaTpuBaeMOM Ciydae BHYTPH H 332 BTOPBIM
KPUCTAJUIOM TOJY4YaeTCsl MAasTHUKOBOE paclpeaelieHue HHTEHCUBHOCTH, MEPHOIBI KOTOPOTO OIlpe-
JIEJISTFOTCS COOTHOIICHUSMU:

- BHYTPHU KpHUCTaJUIa!

1 1 1
A1= A2= = =

@ _ @Y. @ _ e\ o a\
7T(Koz _Khl)r ”(Khz_K(n)r n(AgZ)Agl)>r

-3a BTOPBIM KPHUCTAJLIIOM:

1 1 1
t2 _ gt - t; _ pt1 - .
”(Koz Khz)r ”(Khz Koz)r ”(POlPOZ)r
Kak BHIHO U3 TIOCJIEHEr0 ypaBHEHMS (puc. 6), IIOCKOCTH MasTHUKOBOTO pachpeseleHus 3a

At= Y=

BTOPHIM KPHUCTAJUIOM TapaulebHbl OTPAXKAIOMIUM IUIOCKOCTSIM.

Ciyyaii, KOrja nJioCKOCTH BTOPOro0 KPUCTAJLIA NIOBEPHYThHI OTHOCUTEJIBHO ILIOCKOCTEi mep-
BOI0 KpucTaJ1a. J[71 acHMMETpUYHOTO OTPaKEHHs pacloyioKeHHe KOOPJIMHATHBIX OCei U BEKTopa
0o0paTHOH pemeTKy MOoKa3aHO Ha puc. 7.

Z

ZI

Y

Puc. 7. Pacnonodicenue KoOpOUHAMHBIX Ocell U 6eKMOpa O0OPAMHOU peulemKku 8 ACUMMempuy-
Hom cayuae ompavicenus. Ompadicaiowue nI0CKOCmu 0060uUxX KpUCmaiios NOGEePHYmbl BOKPY2
ocu OY nayeon m/2 —y; ZOY — ompascaiowue nnockocmu (hkl). Oco OZ nepnenouxynapna
NnoBEPXHOCMU 6X00A 6MOPO20 KPUCMALd

PaccmoTtpum cnenyromue ciaydau.

a) omyctum, uto oTpaxaronme iockoctu (hkl) BToporo Kpucrajiia MOBEPHYThI OTHOCHTEIBHO
OTpaKaIOLIMX IUIOCKOCTEH MEpPBOro KpuUCTala BOKPYT OCH OX wna HeGombmioi yrom &.~1";
n3MeHenue AH, BekTopa oOpaTHOH pemeTku umeer HampasieHne ocu OY U paBHO IO BeNUYHHE
(cm. puc. 8a)

AH, = He,cosy.

CrenoBatesbHO, IIIOCKOCTH MYapOBOTO paclpeesieHHss HHTEHCUBHOCTH TMEPHEeHANKYIAPHBl OCH

OY (k MOBEpXHOCTH BXO/a) U HUMEIOT TEPHOJ

’ (16)
* g.cosy
6) Ilycts otpaxaromie miockoctd  (hkl)  MOBepHYTHI Ha Maliblif Yrojd OTHOCHTEIBHO

IUIOCKOCTEH TMEpPBOTr0 KpHCTAia BOKpYr ocu 0Z wayroan &, ~1".
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N3 puc. 8 6 BuanHo, uto AH, = He,siny, oTKyma sl IEPHOJOB MYyapOBOTO pacHpemeicHUs
WHTEHCHBHOCTU HAaXOJIHM

d
A,= —ezsiny . (17)
B paccmarpuBaemMoM ciydae, Kak U B cilydae “‘a’’, IUTOCKOCTH MYyapOBOTO pacIpeleNeHus mep-
neHauKkysipasl ocu OY.
B) B cnyuae, korma orpaxaroiiye mioCKOCTH BTOPOTO KpHCTa/lia MOBEPHYTH OTHOCUTENBHO TUIOC-

KocTel mepBoro kpucrawia BOKpyr ocu OY Ha HEOONBIIOH yron &, M3MEHEHHE BEKTOpa oOpart-
HOM pelieTku omnpenensercss ypaBHenuem (puc.88) AH,, = (AHy)xi + (AHy)Zk, rne i u k—enu-

HUYHBIC BEKTOPHI B HampaBieHusx oceit OX u OZ COOTBETCTBEHHO.

z
z
0
X
H
SZ
Y AH,
a) 6)
z
0
| M=y X
|
ANV
—_—
Y &y
9 AH,

Puc. 8. Bpawenue amommubvix niockocmeti 60Kpye KOOPOUHAMHBIX OCElL:
a—0X (npu ouenv manvix &, umeem AH, || OY): 6 - OZ (npu manvix &, umeem
AH, || OY): ¢-0Y

W3 puc. 8 B BUAHO, UTO CHPABEIIIUBEI CICAYIONINE COOTHOIICHUS:
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(AHy)x = AH, cosy = Hg,C0sy,
(AHy)Z = AH,siny = Heysiny, (18)
AH, = He,, A,=d/e,.

Taxkum 00pa3om, Koraa IJIOCKOCTH BTOPOTO KpHCTamIa MOBepHYTH BOKpyr ocu QY, To muioc-
KOCTH MAasTHUKOBOTO pacnpeaenenus napamwiensasl ock OY u ¢ oceto OZ cOCTaBIAIOT yroi Y.
[lepuoapl 3THX MIOCKOCTEH onpeaenstoTces Beipaxkenuem (18).

Urak, B pe3ynpTare MOBOPOTOB OTPAKAIOIIUX IJIOCKOCTEH BOKpYr oced OX m OZ ob6pasyroTcs
MasTHUKOBBIC paclpeiclieHns] MHTEHCHBHOCTEH, IMJIOCKOCTH KOTOPBIX mepneHaukyisipusl ocu OY, a
nepuoasl  onpeaessiroTes BeipakeHussMu (16) u (17) cooTBeTcTBEHHO. B pesynbraTe moBopoTa BOKPYT
ocu QY o0paszyercs MasTHHUKOBOE paclpelielieHie, IUIOCKOCTH KoToporo mapamiensasl ocu OY u ¢
oceto 0X COCTaBISIOT Yroi Y, a MEepHOJ 3THX IUIOCKOCTEl ompexensercs Bbipaxenuem (18).

CpaBHeHHE pe3ylbTaToB, MOJYyYEHHBIX B JIAHHOW pabore, ¢ pesyibraTamu [9] mokasbiBaet, uTo
IPU ACUMMETPUYHBIX OTPAKEHHUAX HAAXKE IBYXKPUCTAJIBHBIX HHTEPPEPOMETPOB, KPUCTAIUIBI KOTOPHIX
MPEJICTARIISIIOT COOO0H TIOCKOIIapaUIebHbIE TUTACTHHKH, MOBOPOTHI BOKpYr 000l u3 ocerr 0X, OY
u OZ mupuBomsaT K 00pa3oBaHMIO HAOIONAaEMBIX MYyapoOBBIX KapTWH, B TO BpeMs KaK MpPH CHM-
METPUYHBIX OTPaKEHHAX MOBOPOTHI BOKpYr oc OY MokHO OBIIO HaOMIOAATh TOJIBKO TOTA, KOTZA
BTOPOUM KpUCTAIT KJIMHOOOpasHbIi. [lpyn cuMMeTpuuHbIX oTpakeHus X och OX coBmagaer C BEKTO-
POM OOpaTHOH pelIeTKH, ¥ MOBOPOT BOKPYT HEE HU K YeMy HE MPHUBOJIUT.

Ha ocHoBaHMM MTPOBEJICHHBIX UCCIIEOBAHUN MOXKHO CJIENaTh CIIEAYIOLINEe OCHOBHBIE BHIBOJIBI.

1. IIpn acUMMETPHUYHBIX OTPAXEHUSIX, KOT/AA Yroi OTPaKEHHs OTIMYAEeTCs OT TOYHOTO yIya
Bynega-bparra, maxe B upeanbHOW TeOMETPHM ABYXKPHCTAILHOIO HWHTepdepomerpa mMmoiydaercs
MyapoBO€ paclipelesieHHe WHTCHCUBHOCTH.

2. HauyanpHas (haza He BIMSET HA BETMUMHY IIEPHO/Ia MyapOBBIX MOJIOC, & TOJBKO CMENIaeT HX.

3. [Ipy acUMMETPHUHBIX OTPAKEHHUAX MyapOBOE€ paclpejesieHHe He ucUe3aeT Jaxke TOr/Aa, Koraa
BTOPOH KPUCTAJUT — IUIOCKOTIapaiebHasl MIaCTHHKA.

4. B ciayyae acMMMETPUYHOTO OTPAXEHHs, KOTJa MEXIJIOCKOCTHBIE PACCTOSHHUA TIEPBOTO U
BTOPOTO KPHCTAUIOB OTIMYAIOTCA APYr OT JApyra, IUIOCKOCTH MYyapOBOTO paclpelesieHus 3a
BTOPBIM KPHUCTAJIJIOM MapaijielbHbl OTPA)KAOIIUM IUIOCKOCTSIM.

5. Ilpu acMMMETPUYHBIX OTPa)KEHUSX JaKe B TaKUX JBYXKPUCTAIBHBIX HWHTEpdepoMmeTpax,
KpPHCTAJUIBl KOTOPBIX MPEACTAaBIISIOT COO0H MIOCKONapaieNbHble MIaCTHHKH, TOBOPOTHI BOKPYT JIFOOOH
u3 Tpex oceit 0X, OY u OZ npuBoJsAT K 00pa30BaHMI0 HAONOJAEMBIX MYapOBBIX KapTHH.
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u.<. Upnjui, U.9. Unpwjwt

GPUR3NRPET PLSENPSENrURRUPENNRU NELSAEL3UL UNKUrh
MUSUGNLENh UAAURUSNRULC UUPUEBS,PY UL UUrANKULEND
TeNLnNhyU

ZEnwgnujky F o oEphpmipkny  phunkpdEpuwsunpbpnid dniwph  wuan§Epbhbph  wnwowgnidp  wupdbuphl
whppunupdnidbbph nkwypnud: Snyg Fwupky, np Luni kB winpunupdnidbbph plypnid, Epp wupdbwnphlniemniin
UEkS F (whgpugupdng huppnippui b pnipknh dninph dulbplngph dholl whlpnibp pugulwihi nnappkp Fr/2-
hg), inyhpul hlunkpdbpusunpp hpnbuywlmb Epgpusunhniyepul nbwypnid wnwowinid ki unuuph wunnfkpikp: 0X,
0Y, 0Z wnwhgphkphg guhlumgudh onipop wwnndwlwl hwppnipmibibph wunyup hwbgbghnid Founiuph
wwwnlkpblbph wowowglwiap: Uupdbuphl wippunupdmdibph Juwdwbwl, Epp winpupupddwl wilyniap
wwppkpfnid - E dnyp-Fplkgh  dpgphu whlynibhg,  bnybpul  Ephpnipky - plinkppbpuswph - pplwjulul
Ephipusunhnipyul wwpwguynid, phunfng plinkbupynippul dniwph puppinidp uvinwgynid F hwl uyl dwdwiu,
kpp htinkpplpuswpp Epipnpy pyniplnp huppe gniquhbe phpky

Unwugpuypti pwnbp. Ephpnipky hhnbppbpuswihbp, dhohwppnipmibughll hkpwynpnypinil, wuhpdbnphl
whppunupdnid, phuykpupnl Vwlbphnyphkp, wjppuyhll JEGunphkp, dndwhwluyhll pupfunidakp, Lunikh
whppunupdnidilp, Inyp-Fpkgh whlnil, phkidwi gnigsh dphu/np nEipkdkin:

A.H. Aboyan, S.G. Aghbalyan

DEVELOPMENT OF X - RAY MOIRE PATTERNS AT ASYMMETRIC
REFLECTIONS IN BICRYSTAL INTERFEROMETERS

The development of X - ray moiré patterns in bicrystal interferometers at asymmetric reflections is
investigated. It is shown that at Laue reflections, when asymmetry is large (the angle between the reflection
plane and the crystal entry surface is significantly different from =/2), even at the ideal geometry of the
interferometer, moiré patterns develop. The rotation of the atomic planes round any of the axes 0X, 0Y, 0Z also
leads to the creation of moiré patterns. At asymmetric reflections, when the reflection angle differs from the
Wolfe-Bragg accurate angle, even at ideal geometry of double — crystal interferometer, the observed moiré
distribution of intensity is also obtained in the case, when the second crystal of the interferometer is a flat-parallel
plate.

Keywords: bicrystal interferometers, interplane distance, asymmetric reflection, dispersion surfaces, wave

vectors, pendulum distributions, Laue reflection, Wolfe - Bragg angle, single decrement of the refraction index.

AOosiH Apcen OraHecoBuu - 1.¢u3-mar. Hayk, npodeccop (HammoHanbHBI NOTUTEXHUYECKHN YHUBEPCUTET
ApmeHun)
Arbansn Cypen I'eBopkoBu4 — 1.TexH. HayK, npodeccop (HannoHanbHEI TONMHTEXHUYECKUH YHHBEPCHTET
ApmeHun)
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SMUSMULUUL UsLtLUuLerMh UShuUSUuLLU3hL SNShLEMNRY
LUPHUTUEDNrUUSPNL YhBUUb <ESURNSNRUL

Qhunuplyws Foopulkp wwwgpulwl Jkpkhuyh  wwywquubbbph  hwldwl gnnpbbpnid  wnwewgng
Jupjusunbbnpilughnt Yhdwlp, nmnkny dhwdwdwbnl phpnplmgynid ko wnupudlp,  pugqiuokpn opukp
punulpn, wnwwpeniypp U gqubikph dEknugw dwibkphnypbbpp: Zwoyh wpbbng dhwdwudubul phpugng
nwpwplnyp  Epbonygpbbpp ' jupjubunbpoplughni  Jhdwlh  wupudbupbph pwbhwlulwi  ghwhuumdwi
yunnulny oquuugnpéyws Ejkpounynp nwpplph dkpngny gnpénng ANSYS dpugpuypll thwypebpp: q = 45 ...120 ¢/itP
wnkuwlwpup Swyuyny nywpnplph hudup ununpl b phtuddpl pkpinjudnipub phdhdalph nkwypnid npnyyus
kb jupnudalph b nEpnplughwbbph wpdbpalpp b gpubg pusjudul wnwid iwhunnyenibbbpp hupugnunid:

Unwugpuyhti puwnbip. opulp punuip, nywpniyp, hylwh gnnp, Jepourynp uuppkph dkpny, dpugpuyhl
thwplpe:

Mnhgpubhwljuis  wvwppwynpnudubph  wnwuquubbbph  hydwt  gnunid wnwowgny
upjuswunkdnpdughnt Jhdwljh wwpwdbnpbpp jujudws G phntdusnipjutt punyphg, quububkph
dwlbplnipughtt  okpnbtph  Ynownipjut  wuwmhdwithg b hwydwt gnuny wbgunn wywpnpeh
Ubjpwhjuljwt hwnlnipnitutphg: Ujn wkuwlbnhg myugnuunid wpwewgnn Jhdwlp puduljut
wnwidtwhwnnly £ jujdws hydwb gnuumd wpwowgus gupnidhg, npp Jupnn b wwppbp
(upduswuntdnpldughntt Jhdwlubp unbindt) quuttbpnd b wnwewgul) hwpwpbpulju nknuownpdtp,
npnup Jugpkl nyugqpujut wpunwunpuiph npuyh ypw [1,2]:

Swywdlh b qquih yuwwnpwundwi uljqpniipp b nynn hwignygnid wnwewgnn phntdwspp pnyy
skt muhu prph ypu hydwb gnnnt nne duljtpinypnid unwbwg vhliinygt Luonidt wnwg vhowlyuy,
hwdbtdwnwpwp hton nhdnplwugynn punuiph: Ujt tywunnd £ wwynn hwignygnud hyynn
Uwlbplnypubph  wdpnpowfwi  Yhy hwydwbp'  pughlnd  wwny  wgupunh b ngwdlih
wuwnpuundwb phpmipnitutpp, Jupgquynpbing hydwt gnuinmid withpwudbown dugnidp b dwpbiny
hydwt gninnid wmthwdwswth pintijwsphg wnwewgus tnuwnwunidukpp:

Zyydwt gnuinid jupduswnbdnpldughnt Jhdwljt ntumdbwupplint btyunwlng nphnwpydus tu
Printmaster PM 74 dwluhoh wwywgpulwt dbptuugh odubp quuh (L=750 o, D=213,4 i)
dwbkpunipughtt otpnbph wbnuowpdbpp, nip Yhpunduwsd E wynjhubpuwjhtt pwpwobpin nhnhuk
qnpdyuwsp (. 1) [3]:

Ul 1. Opulie quulth i kplinyph nkupbk punwiyen. 1-pimpnypkiughi junisnil (hy=0,36 i),
2- gnpdywSpuyhli nkwnpi (hy,=0,30 Uil), 3-Swlinunl ki nkwnpl (hy =0,49 Uil) 4- gnpéyudpuypll nlnpl (hy=0,80 /)

dhpmsjws | nnyudbphiugh viynn b odubp quubbph hwydwb gnuumd (lh.2) wnwowugusd

(upduswntdnpldughnt Jhduljp myugpuljut pnph wigdwt pupwugpnid: Uy tyunwlnyg Jhpundws
Etpgunnp wwpptph dkpnnp (4SU) [4,5]:
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U2, Phppunnp opulp Ukpkinulikph unyny huwbgnygp. 1-nuwdl, 2- nkinpbk
punuiye, 3- pniype, 4,5 6-nwywdlughl, opukp i inyny quibiikp

Yuquuws tu  hydwb  gnuhubpnid  tpdws  quutubkph
dwljkpinipughtt ohpnbph tphpuwswhwuit wwpudbnptph hwyqupluyhtt vppbdwibpp (Wl 3)
punpus Eu dhippwynp wwpptph wbupbpp: dbpohtibphu wbuwlyh, duh b swthh puwpnipmiup
Juuqus £ dwpduh dtihg b jupduswntdnpdughnt Jhdwlhg (uy. 4):

Crbutip punulp
Bwmipinnuly 2tnan, O 4 U
Suwpninp
Orpulyh gbpusqulignudp k.
il dulsnlnyphg, 2.9 uf

t

~20u -

0.07:0,13 s L
i

’I

Stywguiih tunmunudjwl
vwiybplnyRg

| ~20 th! N =

213,38 Uu

Ayl onuuy * Uunnuahy quun'.

Ul. 4. Synn hwbgnijgh gl[l[lli]l]] vwlkplnyph wpnhnidp JEpouwnp vnupplph

Zuugnygh hwjwuwpulppnipjut  wuwydwihg, hsywbue twb pnpp Jipowynp  wwpptph
Unphjubipnd Jhpwundnn  dbkpnnubph  withwdwwywunwujuwtnipnithg Juquynd £ hkwnwgnugnn
nhdnpuwgynn dwpduh dnnbth pnnp dEpowynp wwwupptph hwjuuwpulppnipjutt hwjuwuwpnidubph
hudwljupgp: Unnwwnhly fpunghputph hwdwp wyt niuh hbnbjuw) nkupn [4].

[KI(U} = (P} + (P} + (P}¥ + (P} + (P}, )
(") (™)

wy={u b py={n}, @
U, P,

npuky [K]-u ykpownp viwppkph dkpngh Ungljh Ynonnipjut pighwinip dwnphg b, {U}-0 wwppbph
hwlgniguyhtt wkquowpdbph Ykyunpp, {P}-4" hwhgnygubph wpunwpht mdbph pighwing YEjnnpp,
{P}9,{P}9,{P}%,{P}?-1 hwlgmgujhi mdbph pighwimp YEjunpubpp, hwdwyunuuubwpup
hwdwpdtp dwljpinipught b quugudwyhtt nidbpht, uljqpwlw nidnplughwbphtt b jupnudutph
(updwd JEjunpubph dwwnphgubipp tnybwlut &u (2) -h): Unwnhl gduwyhtt wpwdqujub dwupdup
Unnbh hwdwp 9SU-ny uvnwgjws hwjuwuwpulpenipjut hwjuwuwpnidubph pinhwinig hwdwlupgp
dwpbdwnhjujut wbtuwblnithg hwdwpynd bt gdwyhtt hwbpwhwyqulwt hwjwuwpnidubph
hudwljupg:

TYhtwdhuwb punghptbpnid Ywjwdpbph ulqpniiph hhdwt dpu (1)-nud wdbjugynd &l
hubpghwh nudtpp, npnup wpnwhwynymd bt wpuqugnidutpng, huly Jtpghtutpu mbknwowpdtph
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Epypnpy Jupgh wéwugyuubp G Upgynitpnd (1) —p dbwdnpynud £ npubiu owpddwt nhbpbugpuyg
hwuwuwpnud [4,5], mp wpunwpht nidbpp Jupng ki inthnjuwlub jhikg)
2

d d
[m] 27 U+ [Cl U} + [KI{U3 = (p(O} + {P1(O} + (P9}, (3)

nputin [m] b [C]-u dnnbh quigwsh b ndnpdughugh punhwinip dwwnphgubpt b, npnup unnwugynid
o hwdwywunwujpwt mwppuljut dwnphgubph  punungphstubphg: 3)-nd Yupbih £ juuwpl]
nhtwdhjulwi gnpsphpugh wdpnnowlwi Jkpmsnipmi’ swupddwl nhpbpbghwy hu]wuwpniditph
huwnbkgpuut dhongny, nptt hpwjutwgynid £ wnwppbp pyuyhtt dkpnnutpny [4,5]: Upyniupnid npnoynid
Ll gubgwjhtt muppuljwi hwbgnygbph nkquowpdbpp (HE$npuwghwbtpp), huly npubg dhengny
dtwugwd pnnp withpwdbon wuwpwdbnptpp npybu dudwtwluyghtt dniuljghwitip: Zuppe b Swjuuyht
wnwppbph hwdwp, nhtpkughng wwppbph tkpunid nbnuwowpddwt niughwyh dnnwpynudp, qununid
kU nEdnpdwughwt b Zniyh opkupny hwoquplnid Eu juupnidubpn:

ANSYS thwpbkpmu ikpoun/np wwppkph dkpnph ppwlwinugnidp: ANSYS hwdwlwupgsuihl
thupbkpp ISU-ny misnud £ wipupd b pmpdwljuit, qduyhtt b ny gduyhtt fmuinhpbp $hqhlugh wnwppkp
nnpuitphg, wy  pymd Unon  phdnpdwgynn  dwpdhbubph  dkuwihughg: Qunnigqusph
nhdnpUughwtpp npnotint hwdwp dSU-nud Yhpunymd £ wbnuihnpnipnibtbph tnwbwlp:
Zhutwpup wwpwubknpbpp, npntp hwpduplynud Ea ANSYS-h Jhpwndwt nhypnud, hwignigught
Jtwnbtph nknupwpdtpt Eb, npnug vhengny k| npnoynid Eu ntunpniljghntt nwpptph hwjwugnnudukpp,
wbknuowpdtpp, jupnidubpp b gednpdwghwubpp: 9SU tnubwlny junph pusndp ANSYS spugpnid
hpuwuwbwgynud £ Eptp thnyny [4]:

1.Unwghl thniy- hinmwgnunn dwpduh hhdtwlw dnnbjh junnignud:

2.6nypnpy thnyg- Unplijh dpu wthpudbon dhqhjuljut yuydwitbph wnwewnpnid:

3.5pnnnn thnig- hwpduplubph wpyniupubph YEpnidnipync:

9SU —ny hwpqupydws dhqhulub dbdnmipnitubpp (nknuihnjunipiniuutp, nidnpdughwtp,
(upnudubp b wp) tkpuyugynud o ANSYS qpudhljuljut ywuwwnnthwinid tuph, wnmniuwlhp,
qpuiphyh Yl wihiwghuwh wkupnd:

Swyuwgmummd jupjusunbpnplughnl hdwlph dnpljun/npnidp: unph msdwt Jtpp upqus
thnybph ppujubugnidp hwdwlupgsnid unbndnd | wdjujukph puqu, npp yupnitbwlnud £ dnnlijh
YbEpwpbpu) wdpnnowljut hudnplwughw: Uwlbkplinipuyht gkpunh nwpptph gutguyhtt uppbdwt (u. 4)
niuh 7830141 hwugnygutp b 861145 wwpp, npnup pupjujus b nywquubtbph dwlitpbnipught
otipntpnid U wiyupnph Ypu: dhpnniw) ghunwthnpdh pipugpnid hydwt gnunid  quidng
nyuqubtitph ypu Yhpundus £ 0,8 UNw Lupnid: Npybu nnyupninpe Yipguws bu ny juydwyun
opukip dwluhph 3 wwppkp wbuwlukp h =0,07..0,15 i/ hwunnipjudp b p = 0,642...0,800 g/uf
nbuwluwpup Yorny: Syugnuund Yhpwngws Wynipkph dbhwthjuljut hwnlnpnibubpp ipdus tu
wn. 1-nud:

Unynruwly 1
Swywgnuint iynyplph dknubhluluh gnigubhoalpn
Stuuupup Stuuupup Zwuwnnipnil, 8niugh Unynuy,
N Surju, g, Yohn, p, b i E T
gP qgulP ’ ’

1 Swuqquith ynipp (Wnnuuwn 45X)
1.1 - 7,85 | - [ 21-10°

2 Syuqpuljul pninp
2.1 45 0,642 0,07 1014,6
2.2 60 0,750 0,08 1091,5
2.3 120 0,800 0,15 1113,6

3 Nhnhuh skpunbpp (. 1)
3.1 1,2 0,36 5102
3.2 1,1 0,30 3231
3.3 - 1,0 0,49 2516
34 1,1 0,80 3231

Uunwwnhl] b ghttwdhl pintdubnipjutt wuydwttpnid ANSYS spuqpny Juunwpgus b <<odubp
qui-punuip-nyupniyp-nyuqguis>> hudwuupgh hydwi gnuune jupduswntdnpdughnt Jhgwlh
Unnbjwynpnudp tpqus bpkp mbuwlh (N1, N2, N3) nyugpuljut prptph Yhpundw nhyptpnid:
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Npubu ophtwly ubpjuyugus bt jupjudunbdnpdughntt Jhdwlh wwpwdbupbpp N2
nyugpuijub prph hwdwp hydwb ghypnid Jepowynp nuppkiph guiguyhtt upabdwi (4. 5), husugbu
twl jupnudubph, dupnudubph, b nhdnpdwghwibph pwojudwt wfjujubpp vnwwnhll b phiwdhly
phEnujwdnipjut nhypkpnud (. 6-8):

Ul 5. 2wl gnunnid JEpounnp unupplph gubguyhl ujubdul

) )2
Uly. 6. Lupnidibph pupjudwl unfjuybkpp unwmnply (w) b phbwdhl (p) pheinjwdnipui nbypnid

w) V2%
vl 7. Ununfkpugnuyl Sapdwl [lnkpp vinunnply (w) b gplundhl (p) plnijuénippul nkupnid

. & o )
e T T i T ’

u i
Ul 8. Mepnplughwibph puspulwl nnfjuy hlpp vinunnpl (w) b ghluadhl (p) phniywdnipnul nkupnid

Uwnwugdus ndjujubpp Juynid i hbnlyuw wnwdiwhwnlnipmniuubph dwuht (uly. 6-8, wn. 2):
Uljuhuyn i unnwnhy b ghtwdhly phnbduénipjut nhdhdubph phwpnid jupdudwuntdnpdughnt
Jhdwlh yupudbnptph hnojuniemniaubpp b wgndwb Jenbkph wbnuowpdbpp, npnip hwunwnynid
Eu twlh nbuwlwb gpnypubpny: Qquih ki wnwibjugnyt nhdnpldwghwitph thnthnjunpmnoatbpp,
npnip Jupny kb wqpl) nyugpiwi npubh Jpu b npp npuybu wupnunhp wuydwh wewgunpmd k
Jhpuljuiquynn puquuobkpin b Swinnlnt wjwuwnndbkpubph oquugnpénidp odubp punubpubtph
hwdwnp:

Onpdwpynidubph wpyniupnid M2 pyph Yhpundwt nhwypnid pinpnypltughtt junisniyh hyydwb
gnunt  wnwybjugnyt  jupnudp uwnwwnhl b ghtwdhly  phnbuénipmitubph  phypbpnud
hudwyuwnwupwiwpup  juqunmd . 0,180 0,206 UTw, hull odukp pwnuuph ubknudwb
nEdnpuwghwitpp’ 5,09 - 1072 1 6,23 - 1072 vt
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Unynrawly 2
Lupnultbpp b phpnpulughubbph pusjunidp

Swuqn. Zuydwlb gnuint Unwykjugnyt

N Phnujwdnipniup pORh wnwykjugniyu nhdnpuwughwiikp,
wnbuwlp (wupnudubpp, 0w 6,

1 NI 0,120 0,11

2 Uwnwwnhly N2 0,122 0,16

3 N3 0,126 0,19

4 NI 0,197 0,70

5 Thuwdhy N2 0,200 0,76

6 N3 0,210 0,78

dpohtt nwubwdjulnd mwyuwgpnipjut wpnwnpnpujuinipjui jupnly wdht qniqpupug
wlhpwdbonnipmit £ wpwowtnid  Juwwpl]  hwdbju; wbuwfjwit b topdwupwpului
hbinwgnunmpymbibp  nydusph  npulh  Jpu  wywuquuibbbph  opowbughtt  wkquowpdh b
hwpwpbpuluwt uwwhph wgpbgnipniip quwhwwnbnt hwdwp: tw Bipungpnid £ quutubph hydwb
gnunpubpnmd hpujuwbwgul] wnwdquljui okpnbph hwpwpbpwlut nbknuwowpdtph quuwhwnmd
npnot] wonwwnwipuyhtt dwljkplinygputnh jupjusunbdnpiughnt Jhdwljh wqnkgnipmniin myugpduw
npuljh Jpu
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A.A. Maprapsn, P.H. Bapcersin, C.B. Bepannckunii
HNCCIIEAOBAHUE HAIIPSZKEHHO-AE®@OPMHUPOBAHHOI'O COCTOSIHUSA B
PABOUYHUX 30HAX IIOJIMT PAONYECKUX MAIIINH

Paccmompero HanpsiiceHno-0eqopmuposantoe CoCmosiHue, B03HUKAIOWee 8 KOHMAKMHbIX 30HAX NEYAMHbIX YWIUHOPOS
oghcemmorl munogpagckotl Mauiupl, 20e 0OHOBPEMEHHO 0eqhOPMUPYIOMCSL NEYamHAs Popma, MHOZOCTIOUHAsL WICHKA OhcenHoeo
YUWIIHOPA, MUNOPAPCKAs OyMaza U MEMALIUNECKUe NOBEPXHOCII  YWIUHOPOS.  Vuumvléask O0OHOGPEMEHHO MEKyujue
PABHOXAPAKMEPHblEe AGNCHUsL 8 KOHMAKMHOU 30He, UCnob306an npogpavmiwiil nakem ANSYS 0w komuuecmsenHoll oyenku
Napamempos8 HANpsIdNCeHHO-0ePOPMUPOBAHHO20 COCMOSTHUSL, PAOOMAIOWULL MEMOOOM KOHEUHbIX 2eMeHmos. /i oymazu ¢
Yyoenvrvim obvemom q = 45 ... 120 2ln? npu cmamuseckom 1 OUHAMUECKOM DENCUMAX HASPYIHCEHUS ONPeOeIeHbl 3HAUEHIA
HANPSIICeHUIL U OehpopMayutl, a Marktce 0COOEHHOCHIU UX PACNOTONCEHUSL 8 KOHIMAKNHOU 30He.

Kniouesvle cnosa. ogcemunas nienxa, munozpagckas Oymaza, KOHMAKMHAS 30HA, MEMOO KOHEUHbIX
9NEMEHMOB, NPOSPAMMHBLI NAKEN.

A.A. Margaryan, R.N. Barseghyan, S.V. Verlinski
STUDYING THE STRAIN-STRESS STATE IN THE WORKING ZONES OF PRINTING MACHINES

The stress-strain state occurring in the contact zones of the printing cylinders of offset printing machine, where printing plate,
multilayer blanket, printing paper and metal surface of cylinders are simultaneously deforming, is discussed. Taking into account
simultaneously occurring different events for quantitative assessment of the stress-strain state’s parameters the ANSYS program of
finite element method was used. For printing papers with g = 45 ... 120 g/m? unit volume in static and dynamic loading regimes
the values of stress and deformations are defined, as well as their distribution features in contact zone.

Keywords: blanket, printing paper, contact zone, finite elements method, program package.

Uwpqupu Updhuk Ugninh - 2UMN2 Ukpkuwghinnipjub wiphnth wuyhputn
Pwpubnwu Nwqihly Lwhwwybwnh - 20702 Ukpklwghuntpjub wdphnth nngkbn, n.q.e.
dbtipihuuyp Ukipgly dhwnwihp - 2002 Ubpkuwghunipjut wdphnih nngkun, $.-.q.p.
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N.2. Cwynpjuwu 4.U. Kndhwutuhujw

<ArusSuuLsLer yunhk8uuL LYURUINR3L duvuLUuUh <Uc4UryUuL
UteN1hu4ulL LUS UNURULSUUL ONMShUUL UGONKE3UL

Phunwplly Funwowbgdul owyinpduwy dESnippul hupyupln pun T suhwbliiph, plsp hinupun/npnipinil
b fpdunnky hnpunmubigph unnigilwl dundlljkunp:

Unwugpuyhti  pwnbp. hopunnwbgp, hnpunngnpdpp, hwhniy, kpp, wpwhgpughll  phnbywénipnil,
opowqSuyhll wpuignipnei:

Lbkpwénipyniu: Znpuwndwl gnpdpupugh Jhpptwlut btywinwlu k hnpunwpyp hwugil) dhish
twpuwgduyhtt thy (He) tjuqugnyt dudwbwlnd b 1 d wnwewbgdwt ijuqugniyu swhuny: Syjuy thoh
wpdtiphtt (He) Yupbh b hwutl] hwdwupquyhtt muppbp Epwbwlubpny, npnup widubynud tu
hnpunwigdwt spugptp jud nwuquujupnipni: Mpuljnpluyghg b junwpjuws hbnwgnunipniihg
hwjynth E np dh dpwgpny ndup b wwyuwhndl) Eplnt’ hnpuwnwigph wnwewtgdwi b wpdbph
pugwpdul] Uhthunidubp:

Pusytu hwjntuh k, hnpuwnwtgph hnpwndwb gnpspupwgp Ypnwd b pughwnnit (ghuljptin)
punyp, pwth np pnit hnpuwnmudhg pwgh, wihpwdbon b juunwpl] bwb wy) gnpénnnipjniuubp.
hnpuwingnpshph thnpunud, hnpuwnhwiniijh poipu hwind ynmibwluyhtt unnnduljhg, hnpuwnwgph
Jwgnud, hush htnbwipn] wnwe Ll quihu npnowljh ndjupnipnititp hnpuwwnwugph hnpundwt
dudwbwlh tjugkgudwt fuugph nsdwt dwdwbtwy: Niunh juunhp £ dwgnud npntit) jujwgny Spwghp,
npp ¢y $nililghntiup Ypbph bfwqugnytih’ .

t, = fhCu(®), f(H), ],

npuitin ty -t hnpunwigph hnpundwt wpnunpnqujuwt dudwbwlt k (dwpnip hnpuwnnud, hetgnid -
pupdpugnid b odwiqul wouwwnwpttp) d-ny, , H-n hihy ..hy, .oy,  pununphsibpny YEljunnpt t,
npuitin by -t wowewgnudu t k-py Gpph pupwgpnid, d-nyd, z@Fu nEjudupynn gqupudbnpbpb B
(mnwuigpuyghti pintjwédnipinit b ynwndwb oppwgduyhtt wmpugnipinil, husybu btwb Jupth tJkpugply
[Jugnn mdnyph pwbwlp U npulp, wwwppwjpuihy gnpshph wkuwlp b juemguspuyhl
wupwdbwnpkpp), f(H)-p hnpuwndnn hwnduwsh wyuputph $hghjudbpwthjuljwt hwnlnipniautpt
kU, npntn A-p hnpuwwnwugph pupwghl unpnipnibt k d-nd, #b pupwghly dwdwtwl £ hwodus
jmpuipwitiginip kpph ulqphg, d-ny:

bdnuyghntmh dpuhunidh quubkip pwpn puunpp b nybhull wybt pbwpnwd, Epp hwjnbh b
hwupwquyph Epjpupubtwfut Yupduspp: Ujg hul wnnidny wnydjuy juunghpp hbnwgnunnubph Ynndhg
nusk hu uunwpynud Bu npnowljh wupqgnidutp b Bupunpnipmniuubp:

Zudwdwytt wnwybjugnyt Eppuyhtt wpwgnipjut swhwihph, wdpnne hnpuwnwigph hnpundwb

punhwnip nbnnnipnip’
my my
To= Y thi + )ty
i=1 i=1

Uwhdwbwthwlnn hwpupkpulgnipjut nhupnid
Hy = Xi21 hi

npunkn H;-n hnpunwi twhigdwihti funpnipniut £ U-nd, my -tppk :
pukn Hy-p hnp gp qowy) Pnip] u ~GRREERD EpYp
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i—1 Al i jo Ml i+ 1

Y
H H; \TH—} H; H;+1

Ul 1. Znpunumugph thnnh plpughl phuwplydng hunngws

Uwuwgnigtiip, np T nbinnnipniup tuqugnyp sh hwdwpynud, wy) gnjnipmnit nith dnnkgnid,
npp poy] Enwhu ijuqtgub] wyng dudwtwlp: Thunwpkip wnuwewigdwt nwquujupnipniup pun T -
surthwithoh: dkpgubiny Eplynt hwplhwb tpptp, b Gupwungpbp, np hnpuwnwigph wnwewugdwt ouyunnhluy
puqUuyuwpmpmnitt  wppkt hwynibh & Ujuptph Ay b hjyq hwynth  wpdlpbbpht
huwdwywunwujpwbwpup hwdwywnwuppwimd &u H;_q, H;, Hjyq onpopynibubpp (1), npubn
hi = H; — H;_y Whjyy = Hiyq — H;:

Bupwnpbup, np hnpwwnwugph H;_; Yhwnhg dhtsh Hiyq YEnp hopundmd b ohnpogws
puquujupnipjudp: dpw hwdwp A; wpwewgdwt dkdnipjubp H; Jennud  wiwbp wd AH swithny, huly
hi+1 wnwewugniup thnppugtkip tnyb swihny: Oquykny

K = 2Y(1-e~kthi)
hwpwpkpulgnipiniithg npnokp tj_¢ wbnnnipiniup, tpp gopshpp i — 1 Yhinhg hwutnud | j fhn
hudwywnwuhw thnthnpujws nwquujupnipju’
_ Hi— Hi—1 + AH

tie;j =thn(l ———)

nputn T - & dudwtwlh hwunwwnniub bt = 1/k:
botigdwi-pupdpugduts wpppwwbipitinh wnbnnnipmniup

Hia ¥ BB 4 B(H, + AH - Hy_y):
Udpnne mknuuwuh (-7 + i + 1) wmbgdwb nbinnnipgnitp

VoT

ti—l,j =t0 +a

ts= 2to + S[Hy_y + 2H; +20H + Hypy [+B[Hypy — Hiy] + |—tin (1 - %)] +
Hiy1—H;—AH
+ [ et (1 - Fem) .

Bupwnpmud t, np H;—1,H;, Hi+q YEnbkpp $hpugws tu b pudupupnud b hnpunwbgph wigdut
owwnhuw] puquuyupmipjubp: Zknbwpwp ts = @ (AH) Jujuqwsdnipjniip hp Wuqugnyb wpdtpht
Yhwuth, tpp AH = 0:

Zudwdwyt dEpduyh mbunipejul

dts T T

=a+ + =0:
d(AH)ap=0 voT —H; + Hi_y  voT — Hipq + H;

Npnpwlh  dtwthnpjunipniiubph  Gupwplbny wpuwhwjnmpniup’  junwbwbp hbnlbyug

Jupujwénipiniup, npp punipugpnid £ jupuduénipiniup i-pg i + 1-pn kpptph dholi:
hiss = < (avy —1) + — L% .
+1 =y 0 T(avo+1)/a—h;

Zudwdwyt T-swthwihoh hwpdupldt) £ wnwehtt bppnid wnwewugdwt oyyunnhdwy dkdnipiniup
(hlopt)’ hsybu twlb hnpundwh wpunwunpoqujut dudwbwlh tuqugny nbnnnipemniip pun wy
gniguithoh b punn wpwykjugnyb Eppuyhtt wpugnipyut gniguthoh: Zwoyuwplubph hwdwp hhup tu
hwunhuwgl) Ywpkth wynudwunihppbwghtt hwipwuyph Epypupwtuhbnwniqujut wyuwwnwp-
ubtiph dudwbwl] oqgunugnpdqus P-4, P-6 Lt U-6 hnpuwndwt Juyubpubph wdjujutpp’ hudwdw)e nph
to = 0,11, a = 0,0017 d4f, f = 0,035 AL

Znpunwbgph whgdwt wbnnnipmniup dhush twwgduwyht junpmipinit A, pun T - swthwithph

mr mr—1
Hy
Tr = Z —tIn(1 — h;/vot)mrty + BHy| + Z (mr_) h; + > |
i=1 i=1
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nputin M-t kppliph phyt E T-sunthwhoh oqunugnpésdwi nhupnid:
hiopt b Tr wpdbptbpp hwoquplyty tu vo, kb H, dbdnipiniutiph hwdwp: Lwitth np Aygpe
wuwpq wbwihnpl npnonudp sh unwgynid, wyw wyn Ukdnmipinitip npnoyk] b Ynulpbn pyduyhte
njuikpny juunph nusdwdp:
Unynruwy
Znpunnwbigph whgdwl hwsuplughl nbngonipmiap Ty 0Ty (Hy, =300u, vo=7,4 U/d)

K1/d 0,05 0,10 0,15 0,20 0,25 0,30 0,35 0,40 0,45 0,50
T, & 112,1 126,5 138,2 148,5 157,6 166,4 175,1 183,2 191,3 199,0
Tw. & 121,5 134,1 144,5 154,2 161,0 169,4 177.8 185,4 193,4 200,8
A, 9,4 7,6 6.3 5,7 3.4 3,0 2,7 2,2 2,1 1,8

Unnuuulnud phipJws Eu hnpuwnwgph wigdwh mbnnnipjut gnudwpuwghtt hwyduplught
dednipnituipp T hwdwdwyt  T-swhwihph U gnudwpuyghtt wbnnnipniip hwdwdug Ty
wnwybkjugnyt Eppughtt wpugnipjut gnigwthoh (Uhtish 300 ¢ junpnipjut hnpuwnwtgpbph b uljqphw-
Jub wpwugnipyuiy):

5,t,%

7
K=0,05 a
6 o _
-
» -
5
s " K=0,15 ,
4 P o
’ K=0,25
3 , - eons
4 =" -
'd . 3,0
2 o - - . k=035
- -" e
-~ - . . / , " K_0’45
1 - - . v — - T
" - - o-vo---.'nla-.ltil
0 -&“:I.m.'..'....: l I | |
0 1 2 3 4 5 6 7 v

U.2. Tsunhwlifiofh oqunuugnpsuwdp dundwmluh pwhdwl jupijwdnipiniin gy ay

Ll 2-md wunbbkpdus ko 8 = (Vo) GQupujusnipimabbpp vy U k dEkdnipnibbkphg 300 o
[Junpnipyul hnpunnwbgpkph hnpundwl pkupnid, npunky
e = X 100%:
tZT
Guunupjwsd hwpqupljubpng unwugyus wpnnibpubpp pnyp kb mwhu juwnwply hbnbyug
Eqpuljugnipjnitpp.

Bqnulugnipni

1. K wwppkp wpdbpubph phypnd dwdwbwlh swhnudp Juqunud b hopuwnwhgph wigdw
ujuqugnyt wbnnnipyut 0,6-hg dhish 6,1% (kpp vo = 7,4 L/0):

2. dudwbwlh pwgwpdwl b hwnlfjwwybu hwpwpbpulwb pwhnudp pun At=ty, - tyr
wykjumund kuljgpimjut vy mpugnipjut dksugdwt b K tduquut htwn:

3. Ut U T-swthwlhoh hwdbdwnnipniip gnyg k wwhu, np wyy Epint gniguithopp dnnkind
Eu dhdjwtg wywpwpwypuhy gnpshph htinbkuuhy dwpdw nt hnpundwt uljqpiwut gusdp
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wpugnipniuttph ghypnid b hkpwinwd &b uljgpiwjutt wpwugnipjut Ukdwgdwt b gnpshph
dwpdwt hinbkuuhynipjutt thnppugdwt nhupkpnud:

Qpujuinipinii

1. ConoBbes H.B., Uuxorkumn B.®., BormamoB P.K., 3akopa A.Il. PecypcocOGeperaromas TeXHOJIOTHS
aJIMa3HOTO OypEHHS B CJIOKHBIX T€OJIOTOTEXHUIECKUX ycioBmsx. — M.: OAO «BHUMODHT», 1997. — 332 c.

2. Koznosekuii E.A., TI'apuaryawmmn P.X. Apromarusanus mnporecca TIeoJ0oropa3BeJo4HOro OypeHus.-M.:
Henpa, 1977.-210 ¢

3. Bwiroackuii M. 5. CipaBounuk 1o Beicieit maremaruke.- M.: Henpa, 1972.- 870 c.

13.12.2017.
P.3. Akonsn, B.C. Oranaucsan

METOJIUKA PACYETA MUHUMAJIbHOTO BPEMEHU CTPOUTEJbCTBA CKBAKHWHBI
O OITUMAJLHOM BEJIMYUHE MTPOXOJIKH

Paccmampusaemces pacuém onmumansvHoll eenrudunbl npoxooxku no T-Kpumepuro, 4mo no3eonum
COKpamums 8pems. CmpoumenbCmed CK8ANCUMbI.

Kniouesvle cnosa: ckeasicuna, 6ypogou uHCmMpymenm, KepH, pelc, 0cesas Haspy3Kd, OKPYICHAS
CKOpOCMb.

R.Z. Hakobyan, V.S. Hovhannisyan

A METHODOLOGY OF CALCULATION OF THE MINIMUM TIME OF WELL
CONSTRUCTION FOR THE OPTIMUM VALUE OF PASSAGE

The calculation of the optimum value of the penetration according to the T-criterion, which will allow to
shorten the construction time of the well is considered.
Keywords: well, drilling tool, core, voyage, axial load, circumferential speed. .

Cwlynpywt NtwdhYy Rhuwynph - n.q.p., ypndtunp 2N&2 "Cunbppupwiinipjut b pspowlu vhowduyph

wwhwywunipnil" wdphnt +374-93-92-95-48
<njhwuthujwt dwuny Ukubpbphdh - wn.q.p., “dint” PLC, wwg fupuupughn
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G.U. Ywpwybunjw

vuutrcdnihr@u3hL NPENPAMHNIRG3NRLLENE LYURESLNT UUrL6rh
nNrULULUL <USuULhTLErh AUMANUSNRU L

Uowljly I wkjulnnghw' wpumuppnippul wwppkp nppubkpnid kS dwppnipmil o dowunipmnil
wwhwboyny Jkpbhwdwukph dwlbplnypbbph inponipnpnnipinibbbpp hwppbghlbne hudwp: Sniyg EFwunpywsd, np
vwlbplnypakph  jnpponipnppnipinibbbph  hwppbglwl  hwdwp  Jupdp hwdwdniyjwdépk  hnynyguwlhkpn
Sugpuluypbhkph ' phbpnidny b dbnwnwlwh wyy ghplupép  Gnupkpny okpwphpnighnt dbnwnuyundundp b
Swélhnipuyuwndudp dupwluynil skpnkph uwnwgnidl odwbnwnd F dwlkplnypblph huppbglul, gnpdhp-
bkph dwpwuyniinyeyul pupdpugiwin i owljud dkpkiuwubph npululul hunnfwahoblph pupdpugdwin:

Unwhgpuyhtr punbp. pkihnid, duowlugnia pkpu, Jupnigywdp, gnpdplpug, skpdwunpdub:

Lhpwbmpmi:  Upunwugpulut  dbkntwplynipmpibubph wwppiph nt wwppwynpnudubph
wpphwwbwgdut Spugpipnud wnwdtwhwnntl) npwnppnipnit £ qupdynid twl wpugquduy b
wuunwupwbwnnt dkpktwdwubph dwljipinygpubph dwuppnipjul, Jupdpnipjul, wdpnipjub, dwpw-
Juyniunipju, bEplupulbgnipyut pwupdpugdwt hwdwihp hwpgbiph nsdwip, dbipbuwdwubph
dwlbpnypttph npuwuwlwt  hwnluthrutph  pupdpugdui dudwbiwljuljhg wwhwbeubkpht
pujupupnn nwuppbp mbuwlh gnpshpubph unbnddwt nt junwpkjugnpsdwbn:

Ukpuynud  wkpthuyh dh owpp nnputbkpnud nundbwuhpdnud o Jupdp  nddupuhuyg
hwdwdnyuspbp, npnoynid b pugwhuwjunid’ wwppkp ypndhih dbpkiwdwubtph dwlbplingpibph
hunpnnipnpynipniuubph hwuppbgdut (buqbgdwt) hnpnquljubph, sSwjpwlujutph b puquuptnype
gnpdhputph  dhqhjudbjumthjuljut hwnlinippitutph pupdpugdwt tnp ninphubp, vnwind unp
dwpwljuynit  okpnbkp: Uwlbplnypubph pjunpnpnipnppmipmitubph hwppbgdwt  hnpnduljutph b
dwjpwuutph Ypw jupth £ unwbwg shnphnikphg, jupphnutphg, juppnihnphnitphg, pkuhnulhg b
wy] dhwgnipjnittbphg punuguwsd pdupuwhw) dwowluynitt okpwnbp: vkpnhhojwy hwpgbpny E
wuydwtwynpjws wptwwnwph wpghwlwinipniin:

Qubwlub, wluwnughtt b ubppht dwlbkpbnyputph junponipnppnipnitubph hwupphgdwt
nhuhnudwywnws hnnduljubpp b Suypwluwjubpp unynpuljuwbbph hwdbdwn odnjus Ll
Shqhjudbuwihfulwh b nkjinnghwlwh jujwugnyi pim pugppny, wyy pdnd’ pupdp wdpnipyudp,
Jupspnipjudp, dwpwluniinipjudp, ¢hpdwhwunnppuljuinipjudp, niukt othdwb thnpp gnpdwilhg,
npnlp bywunnid B yuunwuppwbuwnnt dkpttwdwubph dwljkplnypubinh npuyh judugdwinp:

Zhnmwgnuinipjul tyuunwlji b w) ghnwluinpkt hhdbwdnpdws dbpngubpny, dkpkuwohune-
pjult Uk, Ubinwnipghwynud, wpnunpmipjut tmuppkp nnpuikpnid s dwppnipintl, jupsdpnipintl
dwpwljuyniunipinily, Ynnnghwjuyniinipnit b £onmpnit wwhwieyny dbptiwdwubph, dulbplnygpe-
ubph junpnnipnpynipniuubph hwpptgnidp,

p) dwlbplunypubph punpnnipnppmipmitubph hwppbgdwt hwdwp Gupsp hwdwdniyjusph
hninJujubph b Suypwluyubph nbuhnidnd b dbnwnulub wy ymptpng  okpdwunhdniqhnte
Ubnunuuuundwdp dupuljuynit skpnbpny swsinipuyundut b dwowlunit skpnbkph unwugdwt
wnbpuunnghuyh dpwlnudp:

unph gpdwspp b dbkpnghljuyh hhdbwynpmidp.  Uwlbplnipughtt junpnnipnpnmipinitibph
tuqbgdwl uwpph  &uodwl  bnubwyn] woliwnnn fupsp  hwdwdnyduspt  hnnyulibp n
suypujwubptt wpuwnnid L punipwhnqugunn b dh owpp wy] phthwljut (nisnypubph wnjuynipjut
ubkppn b wohtwwnwiuph pupwugpnid Jupnn kb Eupuplyt] puypuydwt: Uju wnnidnyg wthpwdbonnipnil
E qqugynud Jbkpnhhojuy hwpptgnighy wmupptpp Bipuplt) obpduphdhuljub dowldwl, pupdpuguby
npuig dwpwluniinipniip, Ynenghwluyniinipmitp, Epupulbgnipniop: Qrunidbwuehpnipini-
ubphg wuwpqdby L np qujugnyb wpyniupubp Jupbh B unnwbu) Re-nd dbnunuuyundwdp, npl
odnjws t pwpdp Ynonqhwluniumpjudp, dwowluyniinipjudp U dh owpp wy ppulub
hwwnljutthyubpny:
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Qpunbtwljdutt  vwpptph  Jupdphwdwdniyusépt  hnnduljukpp  Gupwplyl; Eu Re-ny
obpUwphuhwlmb  Upwlwl, npht hpwluwbwg]k; t Re-h wnh winthmh whpkbwwnh  opuyhia
nusnyptpny U thnohubpny: Skjuuninghwljwt gnpépupwugp Juwwpytk] £ 1000°C obpdwuwnhdwinid,
opwdtih Uhgwujpnid, hnlyw) ophiuswthn pjudp

2NH4ReOs + 7H2 = 2Re + 2NHs + 8H20:

Ul. 1-mud gnyg £ wipyus gpuntwljuwt gnpshptt hp hhdtwljut dwubpny, hulj . 2-nud gnyg
npjus upubdwyny  juuwpynd o dowljynn  dbpktwdwuh  (jhubkrh)  dwlbplnipught
hunpnnipnpynipnitubph hwpptgnid, nph wpyniipnid tuqnud B (hubnh junpnnipnpnnipyniatbpp:

Na=ri 53
RN
Smms
N | B
3

2

3

N N
7|
Z==
H

; 3
7l
=
[}

s =
3

Ul 1. Qupuninulpdwnls gnpépp.

7 - ppuwils, 2 - hopnywlughihwibgniyg,
3 - hnynyu],

4 - quuyulnuly, 5 - upnnunwl,

6 - gmiguilnuly, 7 - hinhlunnnp

U2, Qpuunbnuldwl upubi/u.

1 - hnynywuyhli huibignijg,

2 - lpnppsuljuy, 3 - dpwipyjng plunuy,
4 - Qupdphu/wdniyjudpl hnjnyul,
5 - s

Uwljipinipwjht junpnnipnpynipnibutph hwppigdwt vwppp punugusé £ 1 hpuwtwght dwuhg,
hninJuljuyhtt 2 hwignyghg, nph dbe nbknuljuyjws b dbnwnuljb-pudhjuwt upsp hwdwdnidus-
phg wuwnpwuwnyws 3 hnnJuljp (wyb upng kbl suypuluyg), nptt wotwnwuph pupwgpnid hyytng
dowiljynn  dwlbplnyphl, Jgupdwt nidh hbnbwbpny hwpplgunid b junpnnipnppgnipnibtbpn:
Unbnwljunnughtt dwlbpbnyphtt jupbh £ jpugnighy nid gnpdunpb; 4 quuubtwlh oqunipjudp: 5
wuninwlny htwpwynp £ twhiopnp dqky 4 quyubwlp: Uwpph ypu mknujuygus tu 6 gnigwwlp b
7 hunhfuwunpp: Ywpép hwdwdniyquspt hnpnquljh ypwu wqnnn £hgh dkénmipjniup Jupkih E npnoty
gnigutiwh Ypw phipdws pytpny b hinhjuwnnnph gnigdniipny:

Zhnmwgnuinipjul  wpyniupubpp: Uwbplnipughtt  fjunppmipnppnipiniaubph dbdnipiniuubpp
Lupdws mwuppbkp nidbph b vwupptp Yphuwyh pipwgpubph nhypnid gnyg Eu iipdws uyy. 3-5-nud:

| P A ~
A oA N N0an N0 M m NAaA
AN AMNA AR

7 e
.,% {.‘{-} M"IMM%("‘
] 0y A I D A A T 2 (T A

J || A NAYIN
il AA 4
/ l',/‘ \ .!,'.’\‘J. 7\

/ /

(
P 7 W S o B )

0 oy oy S L LY iy e Al RN /
NANLALANALAIALAINA

,,,,,

/I f [ " Y AN
N I ALA ]
L4 NNANINNAN

Ul.3. Uwkplinipuyhl
Junppnipnpnnijeinibbkpp P=10hq
nidh wgnkgnipyul nkujpnid

Ug.4. Uulbplnipughb
Junppnipnpnnijenibkpp P=25hq
nidh wgnkgnipyul nkujpnid

Ul.5. Uulbplinipuyghl

Junppnipnpnnieniibkpp
P=25lq n1dh wqnkgnipjui

Rz=16lu/ (hpliulp Rz = 13 Uil plypnul
plpugphlph phyp —2) (4pfiufp pipugplbph Rz =10/ (ipfluugp
rhip—4) plpugplitph phip - 4)
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Uwlbpimpwihtt  junppmipnppmipjnibibpp Jupbih  E ouqbkgul], bGphk  gpubuynidu
hpujutwgynid £ hydwb Uké nidiph wnjuynipjut nphwypnid: Appwt thnpp E dunnignidp, wyupw Uks
E dwlbpunipuyhtt unpymipnppnipnittiph tJuquut wunhdwip:  Urwljdws dwlkplinyph npulp
Juwquwsd k twb hnjnjuljh wugnidubph pwtwlh htwn:

Zupptgunn (hwpptgnighs) qnpshphtt mpynud & mmwpplp dwnnigdw gupdnudutp, dpwljynn
thubnh wmuppip wunmunwpybph phypnid:  Gnpdbph wpynitpubpp phpdws Bu uly.3, 4, 5-nud:
zupplgunn gnpshph b dpwlyny dbptuwdwuh hydwb nidh wnfuynipjut nhypnid dwltpbnipuht
funpnipnpympiniiibpp Jupbih b iguqbguby, nph gmguuhputpp jupnjws o punpdus gnpshphg,
wqnnn nidh dkdnipinithg b dowldwb ntdhdubtphg: Uwpnip dwlbplnyputp uinwgynid tu thnpp
dwunnignudubph phypnud: Upwjws dwlplnygpeh npulp jupdws b twb hnpnduih bpluyuljut
wignidutiphg: Mw wwtwlnud L, np nbkjunnghwlwb gnpspupwugp Yupkh L hpulutuguby
Epuybwlut pupwgputpny, nph dbdmipnitp  thnpdwpynudubph pupwugpnid puwnpdbp Eo2...4:

Qhunwhnpduiwlut ndjujubpp gnyg Lt ndb, np dwlbplmpubph junpnnipnpynipniuaubph
htunbkuuhy tJugnudp junwpynd Eunwght pipwgpubtph dwdwbwl (1...3), hbnwquynid wyt tuqnid
E thnpp hunkuuhynipjudp:

Munulbwuhpnipniitbphg wupqtp E nop jwdwgnyi wpyniupubp Jupbh B ounwbuyg
hwpptguny hnpnJulh Re-nd dbunwnuuywundwdp, npt odndws E pupdp Ynenqhwluyniintpjudp,
dwpwljuyniunipjudp, yimunhlnipjudp b dh pwupp wy) gpuljut hwnjuuhyubpny:

Qnpshpubph hnnduyjubph b suypuluwjubph Jpu dwpwljuyniti sipnbph sSwsnipuyunnidu
wnwybjuybu dkbwgunmd E gnpshph dwpwluynitnipniip b Gpupulbgnipmitip’ dhwdudwbuy
htwbny pwitly hnuiynmiptpp b jpdunting gqunpuwuwnynn tnp gnpshpubph pwbwlp: Uju wnpnidny,
thnpd E wpyt] hwupptgnighs gnpshph dbnunujtpudhjujut jupsphwdwdntuspt hnjnduijh Jpw
unwbw] dwpwluynit obpnbp ndyupwhw) dbwnwnubphg, hisybu ophtiwl, nkuhnidhg, Yujhnith
tpjupwghwhnh, Juppntwwnh U thwjnwsuh whtn - dpgujuypnud - winwgynn - thnphnitphg,
Yuppnhunphnutphg: ‘

zupplgdwl nkidhuh hhdtwlwb punipwuqptiph £upnud (P), dwwnnignid (s), wugnidubph putwly (n)
b unpynipnpnmipinitubp, dbdnipniuubph juppuésnmipniup phpdws Eu bl 3...5-md: Mnnuuwnibph
Upwljdwtt hwdwp jujwgnyt wpdtpubp tu P=40...45 [g, s=0.1 i/, n=3...4 L hwpphgdul
wpugmpmnitp  V=80-120 7 U dwlkplunyph junpgnipnpyuipymiip Rz=10-16 o4 (punipp
wpuuwnppuljut piqnd 20 jud  Ednygjuhugny): Zuppbgdut tdwt wuydwbtbpnd wnwetiughti
dwljkpnyph unppmipnpnnipnitp quutnd £ 2...4 quuny: Hpwbp hwdwpynd Eu oynpdwy tub
dwjEpnyputph wdpnipju b dwywluwniintipjut pupdpugdut gnpéplpugnid:

®Onpdabp G junwpyb] punwwnwihtt hwuwnngh ypuw, dpwlgty Bo mwuppbp dwljuhoh ynnuuwnibp:
Uowljtnig htnn, npnoyty Eu dpwljyws dwljiplinyph unppnipnpynipnitiubnh dkdnipniuttpp b wwpg
E nupdk), np dwlbiptinipughtt unppnipnpymipniiubph dbdnipmitiutph Jpu bwljut wqpbkgnipnit
niukt gnpshph dwnnigdw dkdnipntup, dupdwt nidp, wundwb wpugnipmniip:

Zhwmwgnuinipniitbph - wpyniipnid - whiy b ququyhtt dhpwduypbipnd — ohpdwnhdnighni
uldwdp unwugdws bLu dwpwluynit obkpnbp  (upphnubp, uhwuphnubp, Yuppnuhwnphpubp,
ndJupwhw) dknwnibp nhnwh, Yopdpud, okthnd b wyl) Jupsphwdwdnuspt hnpngwlitph,
qunbph, Suypwljuyiph gpu:

Uthmthjuljwt thnpdwpynudubph  (0lh.6) dES  opowbwlp htwpwynpnipmit £ wwhu
dwipudwut  thnpdbph  wpyniipnid - pugwhwynk)  jupsphudwdnyduspt  nkuhnidwyuwndws
hninJuljubiph b suypuluubph hwdwihp hwdbdwnwlwt punipugpbpp:
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Ul.6. Uulbiplnyplbph
Junppmipnpnnipinibbkph huppbgnidp
Ubnupulbpudhlulub
qupéphwdwdnijudpk nkihnidng
Ubnununyunnyws hnjnywlbkpnty

Bqpuljugnmipni. Ywwnwpws ghwnwithnpdtwub wnfjujukphg wupq bt gupdl), np guodwb
Enutwlny dwlbplunipughtt okpnh junppmipnpnnmipnitubph hwpptgnidp b tjuqtgnudp juplnp
wowtwlnipjnit niuh dbphbwdwubph dwibplnipughtt sbpnh npuljh juugdwt b upspnipjub
pupdpugdwt gnpépupugnid:

QupdphwdwdntJuspt hnpnquljutph b swypwlwiubkph dwibkpinipughtt dwpwljuyni skpinkph
(uhnphnutp, Yupphnubp, Juppnthuphpubp b wyl) uvnwgnudp, hsybu twb nkuhnudng dbnw-
nuuuwinnidp ghnwnkpthjuut tnp tjwdnid k: Uji htwpwynpnipnit £ niwjhu pauguhwjnkne unp
ninpunttp,  wnpwyl] pwpdpugubint  guunwupwbunn dipktwdwubph U gopShpubkph
dwpwljuyniunipiniup b Epupuljignipmiin:

Ypuljubnipinii

1. The analysis of mechanism of rhenium-coated tools’ wear-resistance rising / D. Petrosyan, G. Poghosyan,
G. Hovsepyan, et al // Annals of Agrarian Science. - June 2017.- Vol.15, issue 2.- P.184-186.

2. Durability and performance increase method of carbide drilling tools / D. Petrosyan, G. Poghosyan, A.
Altunyan, et al // Bulletin of National Agrarian University of Armenia. - 2016.-N3. -P.47-50.

3. Cmoco6 moBbIIEHUs KadecTBA TBEPIOCILIABHBIX OypoBbrx mHCTpyMeHTOB / I. OBcensH, I'. Kapanerss, I
Ilorocas u gp. // Bectuux HITYA: C6opruk Hay4HbIX TPyZOB. - 2017.-Hacts 2.-C. 876-880.

4. Asapesuu I'M., Bepmrreitn I'.IIl. HCcTpy™MeHT miA 94MCTOBOM 0OpabOTKU IMUIMHIPUYECKUX IIOBEPXHOCTEH
IaBreHueM. Pa3mepHO-4yucTOBass 06paboTKa Zeraneil MauIMH IIJIACTUYECKUM JedOpMHPOBAHHEM B3aMeH
o6paborku pezanuem. - M.: HMMmaur, 1965.
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T'.A. Kapanersin

VYBEJIMYEHUE KAYECTBEHHBIX XAPAKTEPUCTHUK WU3JIEJIA,
CHM/XKAIOIIUX NIOBEPXHOCTHBIE HEPOBHOCTHU

Buipabomana mexnonocuss 0ns  pazenadncusanus HepoSHOCMeEl NOGEPXHOCMEN MAUUHHBIX —Ydacmell,
mpedyIowux GbICOKOU YUCMOMbL U MOYHOCMU 8 pa3ublX cgepax npouszsoocmea. I[loxazano, umo 0s
DPA32NaNCUBAHUS  HEPOBHOCMEl  NOBEPXHOCMell  NOAyYeHue USHOCOCMOUKUX — Cloes  mepmoouddy3uontor
Memannuzayuell U NOKpulmuem peHuem u Opyeumu MemaniudecKumu CcepxXmeepobiMu Mamepualamu npoYHbIX
CNIABO8 POJUKOE NO3GOJUM  NOBLICUMb USHOCOCHIOUKOCNb PA32NANCUBAIOUUX NOBEPXHOCEN UHCMPYMEHMO8 U
VAYUULUMb KAYECMEEHHbLE XAPAKMEPUCIUKU 0OPAOOMAHHBIX MAWUHHBIX YaCmell.

Knrouegwle cnosa: penuii, usHococmouxutl Ciot, CmpyKkmypd, npoyecc, memnepamypa.

G.A. Karapetyan

IMPROVEMENT OF QUALITATIVE CHARACTERISTICS OF
INSTRUMENTS REDUCING SURFACE ROUGHNESS

A technology has been processed to smooth the surface roughness of auto-parts requiring perfect cleanliness
and accuracy in different spheres of production. It is shown, that for the surface roughness smoothing the
production of durability layers by thermal diffusion metal coating and covering with rhenium and other supersolid
metallic materials will support to increase the durability of surface smoothing devices and to improve the qualitative

characteristics of the processed auto-parts.
Keywords: rhenium, durability layer, structure, process, temperature.

bwpwybnywt Gnn Upwh - dwughunpwin, Cungbppwpwimpjui b dbknwnipghuh ulnynbn
(2UMz)
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Ulpluyugywé | jupnugnyl jwgnil ghlini wpunwnppnipyul hudwp snpu wmuppbp wkuwlh Lpuwybnhghni
Jhlnphlph wpnunpnippul nwklininghw, npnig Jke hudwwyunnwupnuinupup oquugnpdyky ki prnunnph, Shpwih, ul
uwynph U pbdnph ppkbnhblp: Upp wnkuwlh Lpuwylbnhghni jhlynpblbph wpuwgpnipiniap hwdwpydnid Foanpnge
Zuyuuunulih Zwlpuy buinieyn: nd:

Unwbgpuyhts punbp. fawnnil ghlip, lpuwbnhghnl jhlynp, vwpaupnqu, ppkbnh:

‘Ubkpwdnipjnil. Epuytinhghnt (hlnpp hwdwpynid k jpunnih ghine hhdtwwb pugungphs dwukphg
Uklp b Juplnp ghp £ ounnid jpwnnit ghuint npujh dbwgnpdwt dke:

Epuwytinhghnt (hnpp wuwwnpuwunymd b jpwnnit ghine ghkymph dbky vwpiupnquyph jmsdwb
Uhongny: Uwjuwpnquyh htwn dhwuhtt w]bjugymd t §niyulh uyhpin' pgnippui jupquynpiwi hudwp,
htswbu wwl d5Uph kpYopuhn, Yhnpntwppnt b wuynpphtwppnt tpuwbnhghnt (hyynpp opuhnugniihg
qtind wuhtnt b hbnwqunud hukgdwt dadwiwl peduwsth wuhdhyjughwut wpugqugbint tyuwnwlng [1]:

Pninp pununphy dwubph dhwpuntnudhg htnn Fpuytinhghnt (hlnpp Bipwplnud £ hpunpughugh
b ninupljynid hubgdwl, npp nbnid £ wetduqt 100 op:

Cunn QOUS 33311-2015-h, Epuwyblnhghnt (hynpp whwp b hwdwywunwupwih - hEnlbyjuyg
wwhwboubph.

e swpwph wupnibwlnpmit’  700...800 ¢/,

e uyhpnh upmbwlmpnih' ny wik) pub 11,5 % du/,

o hwnpnn peniikph yupniwlnmpmi 6...8 ¢z [2]:

Zhnwugnuumpjul wpynilipp. Zujwunwih Zutpuybnnpyut nupuspnid gntdnn «Fhnbunnts
ghtnmt gnpswpuinid wunpuuwndl) b osnpu wbuwlh kpuybnhghnt (hlnp Jupnugnyi pungnil ghtin
wpwnpnipjubl hudwp:

Epuytinhghnt {hlynpibph wpnunpnipput hwdwp oquuugnpsty E duyng 2nph nwpuswppowith’
onyh dwljkpnyphg 1450¢ pupdpmipjub Ypw qubiynn puwunnnh wjghubpnid w&kgynn Upkuh nbkuwfh
juunnnhg wwwpwunduws Juppugnyt jpwnnit ghtine ghubiynip, tnyt wpwswopewunid wlkgyny
lownnnh, Shpwbh, ul vwnph b ubdnph pipphg Wunpwunyws ppkinhubp * pupupwbsnipp 5 nupdu
hutgdwdp, vwppwpnqu, Yhinpnuwppent b §&Uph tpljopuhy:

Jupnugnylt  juwnnit  ghtine  ghubyniph  wuwwpwundwt hwdwp  oquiwugnpdynn  fjuwnnnh
pippwhwdupp hpwuwbwugyt] L hnlubdptph 20-ht’ Juwwuwpbin dwbpuyphhn  pbupnipmpoit b
hwywptin] dhuyh pwpdp npulh pownnn  pugunbin] wbpbikph, shwumbugws Jud  Juwujwus
nnnyqutinh b hnnh dwubhlubph wnluwynipniup:

vunnnp gnpswpwinid Jepudowlyt) £ hwnnt] hnwjuljut wpnwnpnipjut gpubwljuyght gupnhs-
swiswqunhsh dhongny, nph wyhiwwnwph punphhy juwnnnp Eupwplyty Ehtwpwynphiiu tnipp gwppdui:
Onipuynuuyh dhgngny thiniop hwjupyl b sdwignuinynn ynnuuwnhg yunpuunjus wwhwdwih ke b
hwwnntl] pwnnit ghtint ghtkyniph yuunpuwundwt hwdwp wnwbdtwgyl) £ huptwhnu pungnil, npt b
Eupwplyl] b wupqbgdwt $nnughuyh tnubwyny: Mupqigdut wju tqubwlp inpnype L Zujuwunwh
ghutgnpénipjutt hwdwp, nph wnwidbwhwwnlnipmibt wyt k&, np wwupgigdwt nne pupwgpp mbnwd £ 1...1,5
d:

102



dhpotwjuttuybu wupqyué pungnit hwjupyl) E punpdwt hwdwp twpwnbujus sdubigninyng
wnnuunhg yunpuunyjws hunntl punpdwt yuhwdwinwd, npunbn Eipuplyt) £ odnpdwie

Uyhpuught pdnpdwt mbnnnipniup juqul) k14 op b unnwgyly) & 11% dwiyf pugnipjudp b 2 ¢/zif
dtwgnpnuyhtt owpwph yupnibwlnmpjudp fpunnit ghtint ghukiynipe:

Uyhpunughtt fudnpdwt wjwpunhg hbnn quppugnyt jpwnnit ghtine ghubynipp Uiy wduduw
pupwugpnmid wuwhyt] b judnpuujughtt tunjusph htin dhwuht, nph htwn dkuntn ptupwgk) b ghukiyniph
fuudnpujuptwppeduhtt punpoudp: Uk wdhu wig juwnwpyl) L thwly thnjuygnud , nphg hbwnn uppugnyi
juwunnit ghint ghubiynipp wuwhyl] t sdwgnuuynn wnnuuunhg wunpuungws wwhwdwind 15°C
obpuwunh&wbughtt wupdwibkpnid wewbg onh thpputhwigiui hwiquinugibint bywnwlng:

Epuwytinhghnt (hynph  wpuwppnipjuit hwdwp  ogquwgnpéynn  Jupnugnyt  juwnnitt  ghtn
ghubynipp bupwpydtp & dhqhuphdpwlu hEnwgqnuunipjut, nph wpyniupubpp wdhnhgws tu
wnniuwly 1-nud:

Unniuwly 1
Juipnugnyl prunnil ghlin ghbkiyniph Spqhluphupuwlull hkunugnunnipyul wpyniphkpp
Ne 8nigutthy Quthh Uhwynp 8niguthph wipdtipp
1 Utiugnprnuyyhtt gmP
guipuip 2
2 Ephp uwhpin % dury.
11
3 Shwupynn ppntubp
npuwn ghubppyh q/mbP 5.85
4 8unnn peniukp
puwn pugwhiwppyh %174 0.592
5 pH 3.2
6 Ugquun SO2 ug/qPP 20.0
7 Cunhwinip SO2 ug/mP 80.6

Oquugnpéynn ghikyniph Ybpniswljut uinnignidhg hkwnn tpw dke nisyk) L vwhiwupnqu wytiuyhuh
pwihwlnipjudp, np unwgws fuwnunipnh dbe  swpwph wwpnibwlnipmoiip  Yuquh 800 g¢/4if
Uwjpuupnquyh  (nisnidhg hbwnn  unwgué pownbnipgp pwdwiygl] b osnpu dwuh b wybkjugyly
hudwyuwinwupwbwpwp snpu mwpphp mbuwlh pphhr}lﬁlhp‘ huwunnnh pph‘ur}b‘ 65% oSury. punnipjulp,
Shpwth pplunh’ 47 9% dwy. punnipjudp, ub uwnph ppkinh’ 47 9% Swy. punnipjudp b jubdnph ppkunh 47 %
Sury. planmpjunlp mipupwibynipp 5 wmwpjw hukgdwdp: Oquuwugnpédynn ppkunhtbpp wybjugdl Eu
wjtyhuh pwtwlnipjudp, np wnnwgyt) £ 11,4% Swy. punmpjudp snpu mwpphkp mbuwlh Epuwytinhghnt
1hyynp [3-5]:

Zubgdwt dwdwtwl Epuwybnhghnt (hmnpubpp opuhnugnulhg qtps wwhbny, husybu bwb
wuunpuundwb dudwbwl] (hynpubph dby wowowgus ppldusth dks pwhwlnmpjut wuhdhpyughwut
wpwqugubnt tyuwunwlny (hynputpht wybjugyl] t jhupntwppnt 1 ¢l swhwpwbwlnyg b §suph
EnYopupy 60 g/ sahwpwubiayny[3]:

Unwgjus  tpuwbnhghntt  (hynpukpp  $hppfly b Bopwpldly o $hqhiuphdhwlub
hEwnwqgnuinipjut, nph wpyniuputpp wdthnthyws b wpnruwl 2-nud:
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Lpuylnphghnl jhlnpbkph $hapluphdpulul hknwqnnniypyub wpyniipllkpp

Unniawly 2

Zkwmwugnuynn
Wnipp

Ephy uyghpu,
% Sury].

Guwpup,
g/mP

Cunhwtnip SOz,
ug/miP

Uquun SO,
ug/mlP

Shwpjnn
ppnLutp,
¢

Epuwytnhghntu
1hynp (uwnnnp
pptunhp
hwbpdwdyp)

11,4

800

75

28

6.1

Epuwtinhghntu
1hyynp
(6hpwth ppkunhh
hwtjdwudp)

800

75

28

6.0

Epuwytnhghntu
1hynp
(uli uwnph

pptunhp
hwbpdwdp)

11,4

800

75

25

6.0

Epuwytnhghntu
1hlynp
(jubdnph ppknhh
hwbjdwdyp)

800

75

28

6.0

Puigh Yipnswljut uinnigmidhg, hpwjutwgyt) Eunwugyws kpungtinhghnt jhlynputph qquynpnouwt
unnignud, hugh  wpynibpnmid Wjundl] L
huwdwyuwunwupiwt mkuwlh ppEunhh gniptljut hwd b poyp:

dhpniswub b qquynpnodw uinnignidhg htwnn Epuybtinhghnt (hynpubtpp niqupydt; Bu hubkgdwt
wwwlt nwpwibkph dby hwwnntl] unnpghniyu dwpwl, npubn onh ohpdwunhdwip juqunud k 15..18°C

[4,5]:

np jnipupwisinip  (hyjpp nth hp dby  wdbjugdus

Ujuwjhuny, htknwgnunipjut wpyniipnid unwgyl) b snpu unp mbuwlh tpuwtinhghnt hlynptkp,
npnlp hwdwywunwupwind B Juppugnyt juwnnit ghint wpunwngpnipjuit hwdwp  tpuytnhghnt
1hynputphtt wnwewnpynn wuwhwugubpht:

Spuljwinipnih
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K.H. Kazymsan, B.B. MkpTusin

TEXHOJIOTUA ITIPUT'OTOBJIEHUSA DKCIIEAUITUMOHHOI'O JIMKEPA JJISA
PO30BOI'O UTPUCTOI'O BUHA

Hano onucanue mexHonO2UU NPUSOMOGIEHUS YeMbIpexX PA3IUYHbIX MUN08 IKCNEOUYUOHHO20 NuKepa OJisl
npou3800Cmea po306020 USPUCMO20 BUHA, 6 KOMOPbIX Oblil UCNOIb306AHbL  COOMBEMCIMBEHHO BUHOSPAOHDIE,
abpuxocogvie, 4epHOCIUBO8bIe U A010UHbIe OpeHOu. TIpou3600cmeo MaKux munog 3KCNeOUYUOHHO20 TUKepd CUUmaemcst
HosuHKkol 6 Pecnybnuxe Apmenus.

Kntoueswvie cnosa: ucpucmoe 6uHo, IKCneOUYUOHHBII TUKED, CAXaposd, OpeHou.

K.N. Kazumyan, V.V. Mkrtchyan

EXPEDITION LIQUEUR PRODUCTION TECHNOLOGY FOR ROSE
SPARKLING WINE

The description of four different types of expedition liqueur production technologies for rose sparkling wine is
given, where grapes, apricot, black plum and apple brandies were used respectively. Production of such types of
expedition liqueur is considered a novelty in the Republic of Armenia.

Keywords: sparkling wine, expedition liqueur, sugar, brandy.

Yuqnidyjmt Yupkl UnphYh - mkuthjuwt ghnnipmnibttph gnjunnp, Ukpdwdwh ghnwhbnwgnunuljut

htuunmhwnin,
Ulpngjut Twhk dwqqbith - 20U2-h wuy hputin
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Mumdtwuppyly Eo qknlwpidnph phlwl ghim ke opquinuljul ppniikpp, huwbpuyhl o poipunjbn
nyelkph npulwlwi o pwhwlulwl gmguiahsbkpp: Sniyg b wpywéd, np ghint qquynpnodwl gnigulihoilph
dlun/npdwl gnpéplpugnid opquilnulwl ppnihkpp hunnnily pkp ki Junnwpnid: Zwhpughl nnuppkph wwpnlnu-
gnipinibp Juwpujws Fgbniwfubdnph wbkuwlhg, phulipduyulul guydwibbphg, hhppnunknbhlughg o ghin:
wuwwunpuundwl nkjuinnghughg: Uyhpunuyhl punpdwl phpugpnid ghing hudh b high unbknddwl hundfup
quplnp plp niaki poipufkn ynipkpp:

Unwtigpuyhti punbp. opquinulwi ppniikp, hwbpuyhl wpphp, pnipukn nipkp, ghtiklynipe, pungni:

Qhunt opqubwlwl ppniubpp tkpuyugdws i wihdpwwnhly ([pwhhdt b puqwhhdl) b
poipuybn pentibpny: Fpwbtp whnhy dwubwulgnd i ghint yquwupuundwt pupwugpnid wnbnh
niutignn nuppbp Jhuwphdhwlwh gnpépupwugubphti: Lungnih b ghtint Uk npuitip quynid b mquun
Jud juydws Jhdwmlynid [1]:

Opquuwlw ppniubpp b gputg thnpwqpbgnipyut ynipkpp Juplbnp gkp Bt junwpnod
ghuhubtph qqunpnydw gniguhputph dbwynpdwb gnpéphpwugubpnud:

Qhuhutph ke puudnpuppdh pwpdp wwpnibwynipniip ghtthukphtt yupnn b hwnnpnpl) ny
qmiptjut  upmipmiis . Unwhuh  peynipmiup §nsymd B Qutiwgy»: Opniubph whpwdupunp
wupnibwynipjut ghypnid ghtht vnwgynud E «<hwpp»: Mudnpuppnit puduwlwitht htnktuhy
Swipuuynud k piswnwljutt gnpépiipugubinh dudwwly: Sng Yihdwyny spowiubpnid, npntn pnyjubinh dbke
sswnwlwt gnpdpupwugubpp pupwinid b wdbkih htnbuuhy, hwuntwgdwi Jipenid juudnpuppedh
Sdwipuup ghipwquignid £ ghubippyh swhiuht, hull wynyhuh hnwdphg yuwnpuwundws ghuthubpp nibbund
bt wbh gudp prpynipni: Zniuhuwghtt oppwuttnh ghuhbph dbe jutdnpuppyh yupnitwlnipniup
ghipuquignid k ghttppyh yupnibwlnipjubp:

Lungnth Juwd ghunt dbky pubudnpuppyh pwpdp wupnibwlmipniip  tjuqkgumd  Eu
JEtuwpwiwljut Enwbwyny, npp hhdwsé b wytt hwbqudwiph Jpw, np npny dhipnopquthquutp
punnitwly Eu jpdnply ndnpuppnii: @hubgqnpdnipjut vk juyu Yhpwnnipinit bu qunk) juptwpepquyht
pwluntphwttpp b Schizosaccharomyces (phgnuwjuwpnuhgbu) ghinh pudnpuwutlbpp: Ywptwppeduyht
pwljuntphwtpp pudnpuppentt Jepusnud bu juptwppedh b wswppnt quqgh, huly Schizosaccharomyces
gtnh puUnpwutlpp Ephy uwppunp b wsiwppnt qugh, nph wpyniipmd whinpynn ppynpjwl
gniguwithop Wwqnud £ judnpjuws jpudnpuppedh swhny [2, 3]:

Qhuhubph dke hwbpuyhtt mwppiph wupnibwynipmiup jupdws b qginbtwjitidnph unpunhg,
phul hdwyulut yquyjdwbbphg, wmgpnunkjuuhuyjhg b ghint yuwnpuwuwndwb mktninghwghg:

Zwupwyhl mwpptphg ghuhubph dbe wnwdb) ks pwhwlubpny hwynbwpbpgt) k juihod [3]:

Poipudbwn Wniptpp (uyhpunttp, wpbkhhnubp, pupy Getputp, peotttp b w) vyhpunwght
judnpuiwt pupwugpnid Uk pwiwlnipniuttpnyg uphtpbqbng pdnpwutlph pohoubph Ynnuhg b
ghukiyniph wkpunnghwlwb dpwlnidubph b wwhywidwb pupwgpnud, npnohs nbp ki fownnud
ghuhttph pnyph b thugh unbnsdw dudwbwl:

Swppbpnd Bt wnwetiughtt b Epypoppuyhtt pnipugtin iyniptp: Unwetwght pnipudbn yniphpp
wupnibwlynd Bu ghinbwpiidnph yujuptbpnud: Unwetiuyhtt pmipudbn Wynipph npujuljut b
pwiwlulwb juqup jupdws E gintwjuudnph unpinhg, hwuntbwgdwt wmunp&withg b wyte:

Epypnppuyhtt pnipudbn Wniphptt wnweownid ki uywhpunuwhtt judnpdwt b wwhywidw
plpugpmd’ wdliwopbphg, wuhtwppmiutphg U wyl: dnpdwi  pipugpnid, udnpuutlkph
dtipdbunuyhtt hwdwljupgh ounphhy wbnh B mubunud pupn Yhbuwphdwhwlwl gnpspupwgubp,
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npnug wppniipnid wpwewtnid L punn punyph puwdulwiht nwppkp unp Wnipkp: Ughpuwght
judnpuwt Epypnppuyghtt ymptph npujujut b pwtwlwlwt juqdp jupdus b judnpuubltph
nwuuwjhg, whpughwjhg, punpdwi gkpdwunhdwithg, pungnih juquhg, pdnpdwt Ukpnnhg b wyjte

Qhunt  pmipudbn  Wnipkphg o pwpdp  uyhpunubpp, npntp wpwewimd bu  bwb
wuhtwppniutph opuhnwughnt phquuhtimgdwi b htnwqu npEjwuppopuhnugdw wpmynitupnid: Cun
npnid, nipupwignip wdhtiwppeyhg wnwewinid E hudwyuinwujuwt uyhpw:

Qtnbwjutdnph  ghubiyniph  Jby  ubdnpwppdh  wwpnibwynipmitp dkS Lk phlgp
wuydwtwynpdws k 22 Znruhuwplibjjut gniquunitntuwljut gnunnt ptwljhduyuljut yquydwbbpnd b
ghthbph wwwupuwundwi  nkjbnnghwny: Quwjwé wyy hwiquuwbphl  jubdnpupplh  pupdp
wupntbwynipmitip sh Juuugunid  ghukyniph  qqunpnodwt  gnigwuthoubpp b ghukiynipht
hwunnpynud k pupdnipmnii:

QAhwntwbudnnh ghikiyniph Uk wyn gniguthop Juqunud k232 #/g/100¢:

Uhwupnuwppyh wupnitbwlnipniip ghntwjuudnnph ghubiynipnid juqut £ 38,3 4¢/100 ¢

Uhupnuwppntt ghtimt bk  wpwowind L uyhpuuwghtt  judnpdwt dudwbwl,
NuAnpuluptuppught punpdwl wppniipnd npyybu Epypnpyuyght 4ynip: Shine Uk Juplwppdh
own pwpdn wupnibwlnipinibup jupng E4juyt) ghtint hhwunnipjuh duupb:

Qupbwppntl ghuhubpht hwunnppmid t waathnipini: Zhquyg ghuhubph dby Juptwppyh
wupnibwynipmnitp Jupnn b ohwutl) dhgh 12 ¢4 Quptwppdh yupnibwlnipmoiup dowljdus
wnkjuunnghuyny ywwnpuwundus ghinbtwpuidnph ghukyniph dbe Yuqul) L 162 #¢/100g pwuwlh, nph
njuubpp tbpuyugyus Bu wnmniuwly 1-nud:

Ugniuwly 1
QEunlupulidnph ghlbiyniph Jko opquiwlwi ppniibph wwpniiiulnieniip
Qhukiyniph wuquunulp Opquiului penitubph wupnibwlmpiniup, 4¢/700q
vidnpuippn. Ghunpnhwppnt Juplwppnt
Qhntwudnph ghukiynip 232 38,3 162

ZEnwuqnunjus ghukiyniph dtke juhnidh wqupnibwlnipmniup juqunid k2820 dg/fg:

Qhubkiymptph dbke juyghnidh wydbgnijuyhtt ywpnibwlnipmniup dedwgumd b pjnipknuyht
wnunpnidubph hwjwiwlwiunipmniup: @nyjunpkih vwhdwibtphg pupdp Ca - h Ynughinpughwbpp
twwunnmd kU phnwnjhubpiiph  wowewgdwbp b ppubg  Ynwgmpugdwbp  hhunwqu
pinipEnunuewgdudp:

Uowljws wnbkpjuninghuny wwwpuunjws ghwntwpidnph ghubkiynipmid hwjntwpbpdbt; b
Juyghnid 370 /g/fg putwlynipjudyp :

Cuwn Up pwpp htnptwlubkph Btunpughuihgh dhengnd Yupbih E wwwhnyt) ghtuhubkph
Juyniinipniip wnunpnidubph  tjundwdp, npnip wuwydwbwynpqusd tu Jknwnh junhnbubph
wybjgnijubpny (Ubnwnulwb Yuwuukp, pmiptnuyhtt wnunpnudutp b wy): Ubnuuh ghuhtbph
wwhywidw pupwugpnid juyghnidh yyupnibwnipiniip qquh tjugqnud k:

ZEnwgnunjus ghubiynipnid twwnphnud sh wupniawyb:

zhnwgnunjuwsd ghnbwjudnph ghikynmpnid dwqutqhnidh wuwpnibwnipmniap hwyntwpbpdty
£ 100 /g/fg puiwlnipjudp:

Qhubiynipiph wiyunuwignpjui gniguhoubph hbnwgnudwi pupwugpnid npnoydl] L bwb
Yuuuwph (0,06 4g/%g), utnhyh (0,001 g/ §g), Yunpihmuh (0,01 /g/f4g), wnudh (0,005 dg/4g), ghuyh (0,01
Uq/f1g) yyupniuwlnipmnibbpp, npnip skt gipuquignid poyjunpbkih vwhdwbkpp:

Qhnbwidnph ghukiyniph vk hwtpwjht Wniptph uqup gnigunpgus £ unmniuwly 2-nud:

Ugniuwl 2
QEnlpibidnph ghbkiyniph Ukp hulipuyhl ynielph Jugup
Swuppp NMupnitwynipiniip, dg/lq
Ca 0,43
Zn 14,8
Mn 38,4
Ce 0,01
Ni 0,24
Ca 370
Mg 10,0
P 440,0
K 2820,0
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Qbnbwpuudnph ghtnt dkp wpbkhhnubpp b Yhwuntubpt wowowinmd btu  wdjuwepknhg,
wdhbwppniutnhg: Uwhpunubph  opupnugiwut  wppyniipmd nppuig qquih dwup  juqdnd Lk
pugupiwnkhhnp: Uju Ukd pwbwlutipng wpwewiunid £ uyhpinuyght jpdnpdwt dudwbwl:

Uipkhhnubpp  odnjws Lu dUbkd nhwlghnt nmbwlnipjudp: Ypwbp  thnjuwgnmd Bl
wuhtwppniutph, uyhpwnubkph, whnnghwbubnh, $6Upuyhtt ppeyh b wy vhwugnipmniuttph htwn: pwup
Uh owpp Wnipkph (ppeniubp, uyhpunubkp, wgbnwjukp) ujqphwnpmipttpt tu, npntp dwutwlgnid Eu
ghuhttph qqunpnodwt hmnmpmniuubph dbwdnpdwn:

NMuunpuunyws ghnbtwptidnph ghunud hbwnwgnugbt] b gugnn b pnipudbn omipbpp:
Upynibupubipp wdthnhjws b wnniuwy 3 - nud: Ugnuuwlh wdjuyubphg Epind , np pugupuupthhnh
wupnitbwynipmiup yuquty k5,83 dg/pd?:

dnipbnipnh pwbwlnipniup, npp Juqdl] £ 0,42 dopP, wnwewghk] L whuwng -ukpp
nhhhppunugdut wpnyniupnid, hsybu twb yklnhtuwght yniptphg:

Ugniuwl 3
Fnipunfbwn ynyebph npululwl b pubwlulwi jugup
Pmipubtn Wniptp Shubkiyniph wijuinuwip
(dg/mu?) Qhntwfutidnph

Luigujuunkhhy 5,83
“hwugbwuhy -
Ugtwnnpt 1,83
Snipdnipn 0,42
1.3 - ypnuhykug hyny 0,37
Cunhwtnip 8,45
Pupy tptpubp
Ephidnpuhun 0,11
Utiphjugbnwun 1,51
Ephjugkinun 10,3
Pqnpniphjugbnnun -
Ephiuphun 0,36
Utiphijuwphjun 0,41
Ephiyuwyphjun 0,32
Ephyjunun -
Cunhwtnip 12,01
Ephjugbunug 0,03
Utpwing 30,21
Puipdp uyhpunikp
2 — ypnuyuiing -
1 - wpnuwn 320,21
Pqnpnipwing 34,56
1 - pnipwting 0,81
Pqnuilh] uyhpwn 272,6
1 - wdhin 0,18
1 - hkpuwting 3,21
Cunhwtnip 343,57
Uihpwinply peniubp
NMpnyhwhwppent 0,03
Pqnijwpuquppent 0,72
bqn — Jujkphwiwppent 0,43
Ju kphwbwppnt .
Qupwquppnt 0,38
Cunhwtnip 1,56
Quuynhtuyht wynkhhy 11,36
Shlh Epwiing 25,8
Pnipuybwn niphph punhwinip wupnibwlnipmniip 402,75

Uttupnh wwpnitwlnipniup, nptt wnwewghk) £ ywhkiunhtughtt ynmiptphg b juqdl; £ 30,21
Ug/miP, muguuuyh k, putth np wyt pudulwiht pnttwynp k:
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Qtnbwpiudnph pnyph Juplnp punugnighsibphg tu bEpbpubpp, npnbp JEtuwpwtwulut
Eptpugdwt  gqnpéplpwugh dwudwbwl wnwowgh] tu uwhpnubph b opquuwlut ppeniukph
thnpjumqpbgnipjubt wpyniupnid: Ghnbwpubdnph ghumt by pwpn Gpkputphg hwjntwpbpdt; b
Ephjugbnwn, 10,3 dg/alP pubhwlnipjudp:

Ghunt Uk wwpnibwlynn pnipwdbn ynipbpp juhun puquuqut Bu b mwwuppkpynud Bu hpkug
ynugktinpughwitpny: Ushuwsth Epkp b wybkh wwnnd niukgnn whdwwnhl uyghpnbbpp Ynsymd Eu
pwpdp uwhpinbikp:

Pupdp uyghputtpht o guuynid wpnyhy, poiph), wdhjught, hbywnp) b dniue vyghpnubkpp b
npklg hqnubplbpp  hqnuuthy, hgnpmphp b wyt: Swppbp Ynugkbinpughwibph ghupnd pupdp
uyhpnkpt niukt swnuyht, Upquyhtt jud uhyntjowghtt Gpubiqubp:

Qbnbwpidnph ghunt dbky pwpdp uwhpnubph hhdtwluwt pwbwlnmipniup wnwewghk; k
JuUnpdwh pipugpnid: Ypuighg Uks pwbwympnit Juqunnp hqndhp ughpnb £ 272,6 g/
Zuyntwpbpdl] Bu bwlb hgnpnipwing b 1 - ypnwwing uyhpntbpp hwdwywnwujuwbwpwp 34,56 L
32,21 g/ puwtwlnipnitubpny:

Pnipuybn Wnipbphg gintwjuudnph ghubiyniph dbke huwynbwpbpdty k - $Luhjkpwing, npp
Jwuquk) £ 258 g/ Dhuphkpuingp nbpybiught ughpn b odndwsd Jupnh pnygpny, npp thnpp
nugktnpughwibtpny ghunit hwnnppynid t hwdbh  Epwbqubp: Qhukynipbpnud b kpwtnp
wnwowtnid E hhdbwlwinid £ Euhjuuhuhg b phpnghithg:

Spuljwulinipnih
1. Kwumxosckuit 3.H. u ap. Xumus suna. - M.: IIumesas mpomsinieHHOCTS, 1976.-254c.
2. TepacumoB M.A. Texuomorus BuHa. - M.: [InmeBas mpoMsInuIeHHOCTD, 1959.-642¢.
3. Kwmxosckwuit 3.H., Ckypuxun .M. Xumus Buna. - M.: Arponpomuszar, 1988.-254c.
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B.M. ABetucsH, A.A. Hepcucsn

UCCJIEJOBAHUE KAYECTBEHHBIX 1 KOTMUYECTBEHHBIX IIOKA3ATEJIEN
OPITAHUYECKHUX KHCJIOT, MUHEPAJIBHBIX 2JIEMEHTOB U AYIIUCTbBIX BEIIECTB B
TOIIMHAMBYPOBOM HATYPAJIBHOM BUHE

HSylleHbl KadYecmeeHHble U KoJau4ecmeeHHvle nokasamenau OopecanHudecKux Kuciom, MUHEPAIbHbIX
o1eMeHmoes u 0ymucmb1x eeujecme 6 monuHaM6yp030M HaAmypaibHOM 6UHe. Hozcas’aHo, 4mo opeanuvecKue
Kuciomsl 6 npoyecce d)OpMO@aHuﬂ opeaHoenmuieckKkux nokaszameiei 6uHa UMerom BAJICHYIO POJlb. CodepofcaHue
MUHEPAIbHBIX JJIEMEeRNno6 3asucum om copma monuHaM6ypa, memeopojliocuvdecKux ycnoemi, eudpomexHuKu u
mexHojio2uu npucomoeieHus 6uHd. B npoyecce cnupmoeoco 6p09fC€Hu}l Oyumcmbze seujecmea umeront 8A;NCH)O
POIb NPU CO30aHUU 8KYCA U DYKema SUHA.

Knrouesvie cnoea: opeaHu4decKkue Kucjiomsl, MUHEPAlIbHblE JJeMEeHNbl, dymucmble eewecmea,
suHomamepuai, cycio.

V.M. Avetisyan, A.H. Nersisyan

INVESTIGATION OF QUALITATIVE AND QUANTITATIVE INDICES OF ORGANIC ACIDS,
MINERAL ELEMENTS AND FRAGRANT SUBSTANCES IN NATURAL WINE OF JERUSALEM
ARTICHOKE

The qualitative and quantitative characteristics of organic acids, mineral elements and fragrant substances
in natural wine of Jerusalem artichoke are studied. It is shown that organic acids in the process of forming
organoleptic indicators of wine have an important role. The content of the mineral elements depends on the variety
of Jerusalem artichoke, meteorological conditions, hydraulic engineering and technology of wine production. In the
process of alcohol fermentation, fragrant substances have an important role in creating the taste and the bouquet of
wine.

Keywords: organic acids, mineral elements, fragrant substances, wine material, stum.

Uytwnhuyw Ywpubuhy Uwphlyp - wn.g.p., Zujuunwih wgquyhtt wgpupuyhtt hwdwjuwpwih fUYS
widphnl, 28U hujuwlwb winud
Lbkpuhuyw Ujptpn Swpnipyniuh — Mengjuth Ynlywlh gnpswput @LLC, wkuuning
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Qhbn: npuiljulul hunnfwiahobbph glnuhunndwi b ghling pinipugpuul hwdwp Jwplnp gniguihy Fghing gnijhp:
Qhbint gnybhp wnknkinyenii b owwghu plswku ghlnt npulp b wbkuwlh, ayigku b phdpwlwl Juqdh dwupb:
Nbppappfkiny JEpniopuny ' dkp bygunnwll F Epky fougngh bgnpips b «Qupdpahmpyes unpnkphg Juppugngh b
qupdhp snp ghlhbbph wwnpuuwnnidp, b gpubgnid gnibusunpwwh gnigubhoblbph hknwgnunidp o hwdbdunnnidp:
Zlhnmwgmnnipyul  wpymbpbbpp  gnyg kb wughu  ghbpbkph  gmbwsuhwlul  gmguibhoblph htunkbupiinippab,
wupgnipl, gnibuniapdwl, Epawbgh, nwppkpnigembbkpp wpnwhwpngws pybpng, phswku Gwlh ghipbbph qnibkph
thnihnfunipyul phwdhlwl hikguwh b quwhnpuldwh dudwinul:

Unwugpuyhs  pwnbp. Jwppuqnyl ghbh,  Juwpdhp  ghlp, «Gupdpubmnips,  «vipnnbhy,  gnibwsupwlwlb
gniguiipollip:

Uhpwénipinil. nyup wyt qqugnnnipniul E npp dwpnp qgnud £ mbunquljut qquyupwubph ounphhd,
Epp (nyuh dwnwquypp, puluting npbk optlnh Jpw, Jrubdnd W/jwd winpungupdynd £ wju jud wit swthny:
Qnyup whdhpwwinpht juwyws b nyup L(mnulql.u]p]l wnkuwlhg, ntunh, lltu}ulhub |nyuh ulqp]mpb wnkuwljhg,
dwpn piquymd t gnijith wwppbp npubnpnudabp [1): @htht dhtitngh dudwiwy U jiubnd, b wigpungupdined ]:
hp Ypw puuws nyup Swpwquypibpp: Ubgpunupddws nuh {wowquypbbpp Jubdbng wsph Ynndhg
htwpwynpnipnit Bt wwwjhu wuwnlbpugnid juqul] ghtine gnyuh dwuht: Ywpdhp ghuhubph dnig gnuyup
wuydwbwynpqusé b upwbny, np ghunt Ypw puws nyuh dwnwquypp hwdbdwwnwpwp wybkh dks swthny E
Juuynid: dEpohtiu wuwydwwynpduws k jupudhp b Juppugnyt ghuthubpht punpny dh owpp phdbuﬂlmh uniptpny,
ophtl, $Eunjuyhtt Wympkpny [2, 3): Ghum hpwlwl gnybp Jupbih b plnpnoty (Wjupugpl)) oguugnpstyng
wjuybu Ynswd 3 hhdbwlwl hwnlfwihpubpny Yud nkunquljul qqugnnmput hwwnnyy pinpnohsitpny’
wnntwjunipintl (tonality), yuydwnnipinil (luminosity), ppndwwnhqu (chromatism):

Sntwjunipymip pintpugpynid £ snpu’ Jupdhp, ghinht, Jubwy, Juwngw, gngtph hupupkpulgnppudp:
NMuyswnnipjut Uhongny punipwugpynid i ghtint wyu Jud wyt swhny yuydwenipniup b thwyp: Lpndwunhqup
Jud gnitwynpyusnipjutt wunhfwtp  wbdhgwlwunpb  juwydws L ghumt gnyuh  hunbkuuhynipjul,
hwgbgubnipjul, finnipjut pupdp jud gusn (hubint htwn:

Oquugnpstyny Ykpnlpjuy kphp gnuyh hwnlfwihoubpp Yupbjh b pugunpl] b Gupugply wwppbp
ghuhutph pwquuunbuwl gnitught  Epwbqubpp: Qhunt  ppndwnhl] hwnluihoubpp  tbpujugynd  Gu
gnibwswthwljub l‘lnnquhmmhh‘pnq‘ wupqmpnil (L4 =0 ul, L*-100 wlgnyi), llulpll}lp/llulhulz gnibughle
pununphs (% a*>0 Jupuhp, a*<0" Jubiwy), juwyniywn/qhnht gnitught pununphs (b* b*>0 nhnhl, b*<0” juwyniyw), b
uputighg plunn gniguthoikpny gnitunjnpnud (C*), kpuitg (H*, 0-3609 [4-6]:

dhpnbgjuy gmigubihpkph npnotwb hhdpmd plljws £ ghtnt’ jnyuh nwppbp kpupnipjut fwnwquypbtph
(420 &, 520 i, 620 fd) nhiygpnid Jrutdwt wunhgwp [1]:

Unipp b dhpnnp. Zknugqnuinnipyut tyunwlt E Enty 22 Upuqudnnih dupgnid wdnn «Twpdpuwhynips» b
Upgujup Zwunpmph opgwimd wénn «vagnnuh» prwnnnh unpuntphg qupnugnyi b jupdhp sop ghthkph, hiswbu
twl Jkpohuubtphu hukgyus b wwhnpuwlws wnmwppbpuljubph yuwupwunndp b gpuitgnid gnibwswhwljut
gniguthoutph niunidbwuhpnudp b hwdbdwwnnudp: Glukng dipp tpqushg' funhp b wnwewnpyl) juwnwpky
unpwpwpnipnil, wuwpuunbing Juppugnyin b jupdhp dhwunpn snp ghthubp pownnnh «Gwpdpuhynip»
unpunhg, npp ubjijghntt unpn k, unwgwd «Zwnhupy, «Udnipuuiy b «Qnpbh upunlyh» ubipdowpnyubph
hwswdtnudhg  (hbphtwy U2, NMnnnuwb), htywbu  twh  niundbwuppl] b hwdbdunk]  Ybpghtkphu
gnibwywthwlwt gmguihoubpp b npuig phtwdhijut dudwiwlh pupwugpnid: «Wunnnuh» juwnnnh unpunhg
wuwwnpuwunyuws Jupdhp snp ghtht swpwyl) Enpybu hwdbdwnwlut tdn:

Zwpy b Uk, np ghthtbpp wuwnpuungl] ki Zwjwunwind dbp Yaqdhg twpiopnp wnwgwplywd
wnkuninghwyny [7, 8], hulj npnowljh gnigwhpubph htnwgnuunipniup juunwpdt b SEpdwihuygh Quyqithwgdh
hwdwuwpwind hwdwdwyt vwugnnh b ghtim dhpwqquyhtt juquubpynipput (OIV) Ynnuhg uwhdwb]ws
Utpnnltph (OIV-MA-AS2-07B, OIV-MA-AS2-11) uykljupndninndtinph Yhpundwdp [9, 10]:
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Upyniupubipp. ZEnwugnuunipjut oppwtwuljubpnid juwnwpdt) E ntuntdbwuhpdnn thopdwbdnipubtph dh pwupp
ppndwnhl  (gnitwswthwlut) hwnlwthoubph hbnwgnuinid b hwodwply: Zhunwgqnuudwb wpyniipubp o
Jkpnuojuy gniguihoibph thnthnpudwt phtwdhljub tkpluyugus Eu wnniuwlnud:

Zudwdut junwpjws hknwgnuinmpiniubph’ gnyih higkpuh (hinkiuhdmpub) wewybjugnyi wpdbpp
qpuiigyly E «Gwpdpuhympes tphinwuwpg fupdhp snp ghtint adnignid 30,59: Zwply E toky, np dhliingl hnudphg,
nph gnyjuh hugkpup 6,57 &, jupdhp b qupnugnyt ghthubph gnyuh hugtpup jphun nwuppbpynud b «Gupdpwhjnip»
Jupnuqnyt snp ghnt qnijuh hunkpun 2,05 t: Ujuwnent k, np Epghtiu qupnugnyu ghuthubpht punpny wpdtphg vh
thnpp pwpdp b Uju thwuwnp pugunpynid b dbpntgju ghthttph hnwdph b quwunpwuwndwt nkjuuninghuwgh
wnwbdbwhwnlnipjudp: dvungnnuh» Jupuhp snp ghtnt tdnipnid qniyjuh hugtpuh wpdtpnp 6,29 £ npp Unwn hhig
wbquu phy E, pul «Gwpdpuwhjnip» Jupdhp snp ghtint tudnipnud: Zupl E tky, np «Gwupdpuhnip» Jupdhp snp ghtint
wwhnpuljywt b hubkgdwt npbypnmd qonyuh  hugbpup tjwqlp E dnw  60...65 %ny, hwubbknyg
hwlwyuwwnwupwbwpwp 11,86 b 13,74, hul] «Ywpdpwhnip» qupnugnyu snp ghine wwhnpuljdwt pupwugpnid
gnyuh huntpup thnthnpuydl) E tjuqugnyt swthny: dbpohtiu Jiuymd £ Jupnpugnyt ghint wwyputpuyhtt mbkuph
wybh ipjup quwhywidwb dwuhb:

NMupgnipjut W/jud guydwenipjut mbuwblniithg wsph t puyt] «Ywpdpwhjniper Jupnuqgny snp ghht
(L*=57.6), husp Yyuynid k, np nnfjuy tudnipp hwdbdwnwpup wdktwgnitwgniplu  tnk: <Epghthu wwhnpulqus
thnpdwtidniynid wbnh niibgus hnthnpunipnibtbpp pwwn phy L (L*-p 57,6-hg nupdly & 55,6): Zwpl b ok, np
«Gupupuwhynip» Jupdhp snp ghtunt gnyut wytpwt Uniqg k Enkp (punn Unwn ulthti), np htwpwynp sh Enk) npnywlh
wpdbip npnokp: Uwluyt Ybpohtthu wwhnpulws b hukgws udniptbpnid tjuwwndb] b gnyth wulnud,
hwlwywinwuwiupwp guobwng 10,4 b 8,9, b htnlwpwp wwpgnipjub Uksugnid: Ujuwoent E, np dhbbngh
hnudphg wuwwnpuwundws Jupdhp b Juppugnyt ghuhubph wupqnipjut gniguhottpp fwhun wwwppbpynud Eu:
Puigh npuihg, quppugnyu ghthtt wykih Juynit £ gnyuh wupqnipjut nkuwlyniihg, pwt Jupdhp snp ghtuht:
«wlnnnih» Yupdhp snp ghtint idnpmu gpuiigyly E yupgnipjut (wugswnm pjul) hwdbdwnwpwp dhehtt wpdlp
21,0:

Lwth np pojnp hiinwgnnws thnpdwtdniptbpnud jupdhp/fubws gnyuh pununphsp (2*) b nhnht/juynin
qnyuh puwnuyphsp (b*) niukl npujwb wpdbpubkp, ntunph Yupbkh b Eqpujugub), np ponp wdnwpubph goyup
Epwigp Abwynpyt] £ hhdbwlwinid Yupdhp b ginht gnyubph hwpwpkpulgnipjudp: Abhuktwng gnitwdnpdwi
(C) U bpwbgh (HY) pYupwibwlwt wpdbpibpp Yupbh b wguwnlbpugil] b uwwhdwil]  hbnwgnngus
thnpdwbdnipbph qnuytip: dhpohtiu pnnp hbnwgnunus hnpdwidnipubph hwdwp quignud £ Ynnpphiwnuwgh
[+a*(qupuhp);+b*(ntnht)] dhowluypnid: «Ywpupwhjnip» Jupdhp snp ghtint gnitiwynpuiwt gniguthohg (C*=6,15)
Eplnwd E np wyt nith own dnig updhp gnyt, npp hubgdwi b ywhnpuldw wpyniupnid pugyby B husp qyuynod
E Yupdhp b ghnht gnyubph pununphsutph hwpwpbpnipjut thothnjunipjut dwuht: Qupbh £ Gupwunpty, np
Jkpohtiu hhdtwlwnid mknh E nikghk) $Eunjwyhtt iynipkph ynihdbphqugdw b tunkguwt hEnbwpny, pwtih np
upwip hwdwpynid tu updhp gnyuh hhdtwlui gmghsubipp: «wugnnuh» Jupdhp snp ghine gnitwynpdwi
gnigutihoh wpdbpp (C*=57,4) owwn uUnwn b «Gwpdpwhmip» Jupuhp snp ghunt hubgws b wwhnpulus
wnwpphpuljubnh gnibwynpuiwb gniguthphti:

Utwnqujhtt duiny Yupbih b uwhdwil] hbnwgnunus wdnpubph punipugpbpp pun gnyuh Epuugh b
hudbdwwnt] dhdjuug htin: «Gupdpwhjnip» Jupnugnit snp ghtunt gnigwthop Ynnpphttwnwljuw hwppnipjut ypu
quuynud £ 92,5° ghppnid, htgp Jyuynid k, np dipohtiu wykih Unwnpl t wknuuwyjws nhnht gnyuh pununphsh
ynnpphtwnwljutt wnwigphti, ntunh nith wdbtwpwg gnibwynpnudp: dhpnigjuy wdnigh  wuwhnpuldus
wnwppbkpulp 65,01° ghppnd E, husp duynud B wwhnpuldwt pupwugpnid gnyth thnthnjunipjut b wykh
twpuowgnyu Lpwugh dbwynpdwt dwuht, npt b Jupnn b hbnbwp 1hub] ptyybu dhipnopuhnugdwt, nyup
wqpbgnipjub, wyhybu b $hunjuyhtt ynipkph ynjhdkphqugdwi: Ywpdhp gnyh punqunphsh Ynnpphwnwljut
wnwigphtt wdktwdnwnp qpubgyl] b «Gwpdpwhnipe» updhp snp ghtnt kputquhtt gnigwuhpop (H*=569, husp
Jyuynid £ Jbpohtihu qur wpnwhwjnyws Jupdhp tpubigh dwuht: 9Epnugjwy tdniph huligdwt b ywhnpuljdw
pupwgpnid qpugyk) k gnyuh tpwtgh stsht thnthnpunipinii:

Zknwqu  wydkih  funpp hbwnwgnuumipniiikph phypnud,  oquuybny  twl  wpmpuuwlnid - phpjus
quiiwswhwljut wwpwdbnptphg, htwpwdnp Yhth npnowlh thnpdwidnigh hwdwp $hpuly b vwhdwiby
wijubwuljut gnyt:

«Gupdpwhmp» fpunnnh unpinhg unpuunyws jupuhp b Jupnugnyt ghthubpp twb jupdhp gnyung
ubpyywénipjut mkuwtlnithg hwdbdwwnbint tyuwnwlny, jupkih £ hwpybt) jmpupwbisinip tdniogh hwdwnp dA(%)
gnighsp, npp hwpduplynud £ htnlyw) pubiwdling.

dA(%) = (1 — (Aszo + Asz0) + 24520) X 100, (1)
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npuntn dA(%) — Jupdhp qnuyim] Gkpldusnipjut gnighs, Ao — (nijup Swnwquiph Juuidwb gnpswlhgp 420 fth
nhwpnid,As2o — (nyuh dwnwquyph Jpubdwh gnpswlihgp 520 &ifh nhupnid, Aeo - (nyuh dwnwquyph Jutdwh
gnpéwlihgn 620 fu~h nhwypnud:

Unynruul
Aot unhwljul hunnfuwlpoblpp hkunugnun/ng budnipblph ke
vUNRCLE
2 = S on =
S5 5. BRI Siw| Inel BTl S
LLOUUSPY S S 25| §8| a5 | afE| §804] §
3 =, S5 g o 553 S8 5| 3328 B
ZUusguuvhcutr 3 IS > ISER SN S S| o2
S S| §5| 8| 9% £55| §3TE| 4
N < 5 5 8 S S5 | 888 | 258 &
S = 8 V| §8 RS 55| 5§33 &
N § 3 SIS Tg S T & SESES g
S US| F | VElFT | FE YRR |8
§ | 2 S I =T 1%
Quililul gnpdwlhg | o 2055 | g0 | oo 4565 4990 1,140 2440
(420 i) (A4z)
Qulnfwl gnpduhg
4,030 17,065 0,940 5775 7,010 1,040 3075
(520 tul) (Asz) aud
Quuinful gnpéwhg
0,485 4820 0,205 1,520 1,735 0,200 0770
(620 tul) (Asz) wad
Qnujith hlinkpu
- 6,570 30,59 2,05 11,86 13,74 2,38 6,29
(hawnkiupynipnily) (1)
Nuipgnipini
- 29,0 - 57,6 104 89 55,6 21,0
(wuydwnnipnily) (L)
Tupdfip/qulis qnylj - 581 43 391 415 398 422 483
punugpfs (a?)
enpt/jugniin - 48 44 242 403 397 372 31,1
qnylip punuinpps (57
Qniiun/npnid (C?) - 73,4 615 45,98 57,8 56,2 56,3 574
Cpuwbg (H?) ° 74,3 56 925 589 574 65,01 89,04
«Gupdpwhymip» jupuhp snp ghint b «Gwpdpuhmnip» quppugnyt snp ghtint dA(%) gnighsutipp
hudwywunwuppwbwpwp Yhuku.
dA(%) .50 = (1 — (8.7 + 4.82) + 2 X 17.065) X 100 = 60.38%, (2)
dA(%) yysq = (1 — (0.9 + 0.205) + 2 X 0.94) x 100 = 41.22%: 3)

Zudwdul gpuljubmipyut wyujutph [1], jupdhp ghthttph hwdwp dA(%) gnighsp quinnud £ 40...60
dhowluypnid: Oppwt Uk t dA(%) gnighsh wpdtpp, wjipwt wykh dnig Yupdhp gnibwynpoid nith ghupt:
Uluwnnt E, np «TYwpdpwhjnip» Jupdhp snp ghtthtt niith own dniq upuhp gnibiwdnpnid (dA(%)4454=60,38 %), npp
ghipwquignid t twb Yupdhp ghuhubph hwdwp gpujuinipmniind tpduws wnwybjugnyt wpdtpp: Uju thuwunp
dwppbphigh & Jwdwnph wbkuwtlnithg Yuwpnn b pugwuwlwb wqpbgnipnit nibbtiw), pwth np wpnh
ontjuyuljut wuydwitbpnd wdkjh twjuptnptih o hwdbdwnwpwp phpl, hbpn judynny jupdhp ghuhubpp: Zupl
E ok, np «Ywpdpwhnip» Jupnugnyu snp ghtunt dA(%)ydse. gnighsp quunud £ Yupdhp ghthubphtt punpny
unnphtt uwhdwimyd dA(%)=41,22 %, husp punpny sk omluymd wolw Juppugnyh ghthubph:  Updws
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hwdbdwwnwpwp Unig gnyup b mwppbpmipiniip onitjuynid wnljw ghthibiphg Jwupnn E ppuljub wqpbgnipmniu
niiktw dwpplphiiquht nwkuwblynihg, pujupupt b Jupnqugnygl, b jupdhp ghthkp wvyguengbphi:
Bqpuljugnipmib. Zknwgqnumpyut wpynibpubpn]  pugwhuynymd o nuunidbwuhpqus  udnipbbiph
gniuyghtt gniguthpubph pywyhtt wpdbpubpp, npnug dhongny httwpwnp k qpuninid £ogphn hwdbdwwnwluikp
wiglugul: Ujuyhuny, «Gwpdpwhmip» Jupdhp snp Gphunwuwpn ghthtt nith wnwybjugnyt gniiwynpnudp,
uwluwjt YEpohtihu gnuytp pwdwlwiht wilumt b hukgdwt b wwhnpwldwt dudwbwl: «Gwupdpwhnip»
Jupnuqgnyt snp ghtthtt hp nbuwlh hwdwp niuh hwdbdwnwpwp dnig gnibwynpnud, vwuyt puduuwth juynit
Ewwhnpuljdwt dudwbwly: duunnnuh» jupdhp snp ghtnt npiypnid gputgyty Eu dhohti gniguthotip:
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A.I'. T'aGpuensin

HNCCIEAOBAHUE HBETOBBIX XAPAKTEPUCTUK BUH, IIPUT'OTOBJIEHHbIX U3
COPTOB BUHOT'PAJIA "KAPMPAIOT" U "XHAOXHHN"

Lsem euna cuumaemcs 6adxiCHbIM (Daxmopom Onsi OYeHKu e2o Kauecmea u xapaxmepucmuku. Ou modcem oamo
HEeKOMmopble 8adcHble CEeOeHUs 0 mune u Kauecmese GUHd, a Mmakice e2o Xumuveckom cocmase. Llenvio uccneoosanus saeisemcs
U320MOGIEHUE PO30BBIX U KPACHBIX CYXUX 6UH U3 copmoe sunoepada "Kapmparom" u "Xuooxnu", a makoice ananusz u cpasnenue
KOIOpUMempu4eckux nokazamenei 6 Hux. Pezynomamul uccnedosanuii cauoemenbCcmsyion o pasiuyusix 6 KoIopumMempuieckux
noKazamensix 6UH (UHMEHCUBHOCMb, NPO3PAYHOCb, OKPACKA, OMMEHOK), GbIPAIICEHHbIX 8 YUPDPAx, a maxice 0 OUHAMUYECKOM
UBMEHEeHUU YBema GUHA NPU BbLOEPIICKE U XPAHEHUU.

Knrouesvie cnosa: pozosoe sumno, kpacroe suro, copm surozpada "Kapmparom", copm eunoepada "Xnooxuu", yeemossvie
Xapakmepucmuxu.

A.H. Gabrielyan

THE INVESTIGATION OF CHROMATIC CHARACTERISTICS OF WINES MADE OF
THE GRAPE VARIETIES "KARMRAHYUT'" AND "KHNDOGHNI"

The color of wine is considered to be an important factor for the wine quality estimation and wine characterization. It
can give some important insights about wine type and quality, as well as its chemical composition. The goal of the investigation
was the production of rose and red dry wines from "Khndoghni" and "Karmrahyut" grape varieties, and also analysis and
comparison of the colorimetric indicators in them. The results of the research findings demonstrate the differences in the
colorimetric indicators of the wines (intensity, clarity, chroma, tone) expressed in numbers, as well as the dynamic change of the
wine color during aging and storing processes.

Keywords: rose wine, red wine, grape variety “Karmrahyut”, grape variety “Khndoghni’

»

. colorimetric characteristics.
Qupppbywiu Wpnwly <6uphlyp - wughpwin, 2002
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GQuunupyly F qpulwinippul JEppnidnipinil Inoplh dwubhlhabph dpugpibph widpnippul hkbnwgnundui

plhwquyunnid: Unwowpljly F inphlh dwuihfalph unubduyhl, plyughl, unubdwplbjughl b Enulgniyh dpugpilph
wpnipyuill npnodwll nknwluywip, npp poiy; Fownughu Juinwply dhugpbhbph wdpnippul hknwgminnieinil
opgwunnny  dpguuyph dppnlplayh yuydwbbkpnd ' hupdh woblng nopbh wwpplp pkpplpp glnlp
vwlkplnyph dhunndundp:

Unwugpuypti pwnbp. wkpuluyubp, §nphl, dwubhl, dhwugpbkp, wipnipnil, nidwsuh, junbugwswh,

wnknulwua:

Uhpubnipni.Unohljh dwutthlubph unutidwyht, phuyght, unubdwpbjught b tnwlgngh vhugpubph
wdpnipjudp B wuydwiwynpjws npu npujuljut gniguhoubpp: Spuljuinipjut JEpnidnipiniihg
wuwupqyty E [1-4], np ubkpuyugué  unubdwjht  dhwgputph wupnipjut  npnpdwt hwdwp
nbnulwjwupubpp b wwppbpp pnyp skt tmwhu Juwnwpl] Jhwugputph thnpdwpynud nputg nwppkp
wndwb wuynitubph phwypnd: Pwgh npwbhg, ponnp wouwwnwbpiubpnid  puguljuynid  k
unubdwdhwgptiph  wdpnipjut thnpdwnpynidp Swnwquypuyhlt sthpdwhnjuwiw-Ynipeju
hwoqundwdp, puguumd o wdjuibbpp pbught, unubdwpbjught b towlgnyh dhwugpubph
wdpnipjut npnpdwt Jhpwpbpyuy: Upn yundwnny unubidwyht, phjught, unubdwpbjughb, bowlgndh b
hudwljgyus vhwgpubph wdpnipjut thopdwupynudp okpdwunhdwh, pntwynipjut, fwnuquypdut b
wnldwt wiljut hwyqundwdp jhun wpphwljub pughnp k:

Upwiljyly L upqws dhwgpubph wupnipjutt thnpdupluut mbnuluwjwuip, npp hwodh Junth
untwynipjub, okpdwuwnmhdwuh, wnwquypuul, dhgwduph swpddwt wpugnipjui b wnldwl
wlljjut wqnpkgnipniip dhwugpubph wdpnipyut Jpu:

unph ppuépp b dbkponphljugh  hhdbwynpnudp. Uhwgpubph  wupnipjutt npnpdwt  hudwp
gnnipjnit niukt vh owp pnbnujuyupubpt vuppbp:Upjuwnwbp [1]-nd ukpuyugdws E unutidwght
dhwgputinh wupnipjut unnigdut nnuljuyup, npnid unutiddusdhwugputpp jud Ynohyp dh Ynnuhg
nbnuljuyynid b wdpugynid £ hwpdwpwiph Uk, hull wquun Ynnuhg hpwjubwgynd £ npu dgnudp:
Phpnipnitt wyt E, np wdju) wbnuiuywiph jwhwgnpsdwb dudwbwl hwoyh skt wnbdnud
phul hduyuljut wuydwbtbpp: Uy wuwndwnny dhwgptph wdpnipjut npnpdwt wpnyniupnid
utnwugws wpdbpubpn (hnyht skt wpnwugninid hpwljut yunlbpp:

PT-250 dwluhphhiqnn dbpkuugh Jpw (TOCT 9290-76) unutidwjhti vhwgpubph wudpnipjut
thnpdwpluwt  hwdwp ppuip wdpugnud & Jdbpkuugh ubndhsubpnud [2,3]: Uknuhstubphg dklu
wipwpd k, hul djniup wnnunwlught qniygh dhengny Jupnnk junwpty hwdpbpug swpdmd aqlny
thnpduplynnuhwugpp: Ukpkuwh vwignulh Jpu gqputgynud k juquw £€hqh dbdnipniup: Udpnipjut
thnpdwpluut phipwugpnid unyuybu hwyh skt wnynid pwhwgnpsdwh yuydwuubpp:

Ugjumnnwiip  [4]-nid wnwowplynid £ PT-250 dwljuthoh fugnn dbpbuiugh  wohiwwnwbpughe
nhpnypnud nbnunpl] niqpublpnit yphquuywdl  ghpdwuwnbwpwbwhtt jughly U unubduyht
vhwgptbnh wdpnipjut thnpdwpnudp uwnwpbjuyn fughlhh opewtwmjutipnid: Uwipph phpnipmiut gt
E np thnpdwupldwt pupwugpnid htwpwynp sk hwpygh wnbl] untwduyhtt phdhdp b wywhnybyp
ntwynmpjutt b ohpdwumhfwuh hwdwntn wqpbgnipjudp unutidwjhtt dhwgpubph wdpnipjui
thnpdwplnid:

Uolwwnwitp [5]-nid wnwowpydus k Ynohlh unutdwdhwgpubph wdpnipju npnydwt uwpp, nph
wpluiwwipt hpujuwbwugynid £ yunwnynn ujujurwlng b nph Jpu whpwpd wdpugqus junuuyuph
Jpu nknuypqus t Ynohlp tbkppwinyg: Mwnwnynn ujujuwrwlp htwpwynpnipnit B wwhu Ynohlh
ubpputin nbnuluyt] wnldwt nuppkp wilnibttpny: Uju ghypnid ubknynuwd £ ukppwtth Swynh dquwit
nipnnipjutt b junuuwwuph Jpu nknuuydus Ynohlh tkpputh dhol juquus wulniup: Unutdugh
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vhwgpttnh thnpdwpynudubph wpnyniipttppp gnyg b wmyb], np gputg wynynudp b ghdwgpnipmiip
wnidwt dudwbtul jupdws E ny vhuyb wnldwt wpugnipinitihg, wyp twl ynljudwbh wilynithg: Uwupph
ptpnipmibp wyb E, np uvwppp htwpwdnpnipinite sh mwhu juwnwpt) thnpdwpynidubpp ebpunipiui b
Juntwynipjut hwdwntn wqpkgnipjut wguydwibtbpnod:

Zhnwgnumpjut  wpymbpbbpp: Zwywunwih  wqquyhtt wojhubpthjujut  hwudwjuwpwih
Qnudpnt dwubwéninh «Stpunh] Swpnwpughunnipmniiy wdphninud dpwljyl] & Ynohlhh unutidwyghl,
phwhl, unubdwpbjuht, Enwlgnyhl hudwljgyus dhwugputph wupnipjut npnodwt mbnuljujwip,
npp poyp b wnwihu hwpdh weblp Ynphhh nhpph, 2pguwyuwning  dhgunjuph,  ghpulwunhgwih,
huintwympjut, Swnwquypdut b pupddwt wpugnipjut hwdwnbkn wqpbgnipmiup tpyws vhugpubph
wudpnipyui Ypu:

Unwowplynn nknulwyuipp juqujws tiphm nkqudwuhg swpdupkpughtt b thnpdwpupuljwi:
Uhwgpp wbnuiuwpynd t thnpdwpupujut nmbnpudwund qunuynn junuwywph Jpw, nph wqun
Suypbpp ubbnymd G ppunn hwpdwpwipnid: Pnunn hwpdwpwipt hpwwbwgunud b dhwgpubiph
wnynidp: Gnpdupupuljui nipudwunid Eu qunynid twlb dhowuyph wmwpptp obpdwumhfunbph,
juntwmipiniuitph, owpddwb  wpugnipniiutph  wywhnddwt  hwdwlupgpp b ebpunipjul
Sunwquyphsubipp: Sknuluwyuph peunn hwpdwpwipp owpdnud £ unwinud nppuwljuyhtt phnnijuinph b
Epjuunhdut onpuyujut thniwtgdwt dhgngny hwutnwnnit hnuwiph EjEjunpwowndhshg:

wfumunml
onh bip
N s s, %T
3
2
1 5

pupd
orjh Uniunp k

Ul. Ynpphh dwubhhbbphuhugpllph wdpniepul npnodwl nknujuymip.
1-fjuguugup, 2-pnyype,3,5-pring hupdwpuiphbp, 4-pkpunipyui Qwmuquyphs,6-funiiujugnighs hupdwpuip,

7-upgunuyph pupdiwl wpugugnighs
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Uhewuyph puntunipynitp swihynid E untwjwswihh, shpdwuinh§uin’ sbpudwswithh oglnm pyudp,
hulj owpddwt wpwgnipniup npnoynid £ punn ogh Swjuuh ququyhtt hwpghsny: Mnldwt &hgh
wupnipniup ubbndmd £ fEjupujut nidwuswhh gniguwljht: Uhwugputph ypu wgnnn ynldwt &hgh
nhppp hnphgnth tjundwdp jupguynpgws £ yunwnynn ujudunwlh oguntejudp:

Uhuwgptbph wupnipjut thopdwplnidubpp jupkih £ junwpk) Jepp ioyws gnpéntiubkph huswbu
hwdwuntn, wiybu k] wpwtdht wqptgnipjut nhypnid:

Stnuljuywtph wpwnwpht wkupp pipdus k uly.- nud:

Bqpuljugmipnii. Ynphljh dwuthlubph dhwgptbph wipmipjut npnodwt hwdwp wnwewplyjyny
nbnuiuywupp htwpwynpnipnit £ wwhu juunwpl] tonpdwpynidubpp pwhwgnpsdwb wnwpplp
phuhdwyujut guydwttbpnd (luntwynipinil, ghpdwunhdwl, okipdwjht Swnwquypnid) b hwplh
wnbbk] wnluwt dhgh mpnnipnibp, b npuinyg hull wwywhnybt] dhwgpubph wdpnipjut npnodwib
&ogpunipinilp:

Qpwlwunipyniu

1. TeXHOJIOTUS U3CIHIi U3 KOKH: YUeOHHUK Ul CTYACHTOB BY30B Jierkoi npomsiiuieHHocTH / FO.IT.3p161H
u 1p.- M.: Jlerkast unnycrpus, 1975.-C. 266-267.

2. Marepuanosezenue uzznenuii u3 koxu / FO.IL. 3p16uu u ap. - M.: Jlerkas unaycrpus.- 1968.- C. 37.

3. T'OCT 9290-76. O6yBb. MeTos onpeieneHns MPOYHOCTH HUTOYHBIX IIBOB COCIMHEHHMS JieTallel Bepxa. -
M.: UTIK UznarensctBo cranmapros, 2002.

4. 2z oqunuljup Unnl) Ne 200, AM20090160U //Guptignpsuljul yuwnpwunuspubph wdpnipjub uinniguw
uwpp/ R. W. Uhtwujwt // Uppynitwpkpufub ubthufwinipiniy, 2010.-Nel. - ke 2-3:

5. Axyuoa T.E. OcHoBsl Teopuu kieenus. - M., 1969.- C.10.
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A.I'. ATosiH

YCTAHOBKA J1JIs1 ONNPEJEJIEHUA NPOYHOCTU COEJIUHEHUM TETAJIEN
OBYBHU

Ilpogeden ananuz 6 obracmu ucciedo8anus npoYHOCmuU coeduHeHull Odemaneti 00ysu. Illpednoswcena
VCMAHOBKA 0715l ONpeOeieHUst NPOUHOCHIU KIeeBblX, HUMOYHBIX, KICCHUMOUHbIX U CEAPHBIX COCOUHEHULl Oemdanet
00y8U, YUMo Oaem B03MONCHOCb GbINOIHAMb UCCIEO08AHUSL NPOUHOCMU COCOUHEHUL 8 YCA08UAX MUKPOKIUMAMA
OKpyHcaloweli cpedbl ¢ YUemom PasnuiHbIX NON0HCEHUT 00Y8U OMHOCUMENTLHO NOBEPXHOCIMU 3EMU.

Knrouesvie cnosa: ycmanoexa, 00y6vb, 0emans, cOeOUHeHUs, NPOYHOCHb, OUHAMOMEMD, 61A20MED, YUACOK.

A.G. Atoyan

A SETTING TO DEFINE THE CONNECTION STRENGTH OF THE PARTS OF
THE SHOES

Analysis in the study of the connection strength of the parts of the shoes is conducted. A setting to determine
the strength of the adhesive, thread, glue-thread and welded joints of the shoes parts is proposed that gives you the
opportunity to investigate the connection strength in the microclimate of the environment subject to the various
provisions of the footwear relative to the surface of the earth.

Keywords: setting, shoes, detail, connections, strength, dynamometer, hygrometer, station.

Upnjwu Upnwjwly Sphgnph - Zujuwunwth wgquyhtt ynjhnkuthjujwt hwdwjuwpwih 3-pg Ynipuh
huygnpn
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<S1 697.9 ULLY bJ (@GlabU
ur13nrLUPENNRGE3UL SEluLNLNGhW

R.U. Uhtwujwt, W.N. <nhwuthujwt

hunuvNrIU3bhL S6LUSKL L3NRMEGENP NLUYNRE3UL
<esunNsSnhuc

ZEknnugnuiyly F juupimppughl wbpuwnfy ynipbph  unbwiynipinibp: @npdiwjuwl J&wbwwwphnyg npnoyky F
gnpéywdpllph o wphinunudt  wwuwnmwphkph  pugupdwl m hwpwpbpwlwd o junbufnienibbbpp b
Juniuyuwyupnibwlnipiniap: Upg bguwnwlng gnpdjudphbph b wiphlnunwudt wwuwnwnhbph dunipbbpp palyndyk;
kb gpuyhll vpowuyph ke b wwhyky uylnnkn 1d 15p:

Unwugpuyhti  pwnbp. wkpuwpy, qupdywép, wphinunwd, wuwuwnwn, qubqyus,  funbunfnipmndd,
Junbwjwwwpniiwlnijen a:

Ukpwbmipini. Skpunhy Wyniptph $hqhjwljuit hwnlnipnitubpp Ubs wqnbkgnipinit ki gnpénud
hudwywnuwupwt ywtwlnipjut hugniunh ynipkph punpnipyut Jpu:

Tpwtp ny vhuytt punpnonid o wwppbp Wniptphg wwunpuwundws hwgniunnid  dwpnne
huptwqqugnnnipiniup, wyb wgynid b juph wpunwunpnipjut npny nkjuininghwljw qgnpépupwgubph
Ypu:

Stpuwnhy Wmipkph $hqhjulwl hwnlmpmnibikphg k' untwynipniip, hhgpnulnwhlynipniap,
dwquinpnipniip, opuwljjuubjhmpiniup, opuyhtt wpwdquljuunipmniip, onuyhb, gnnpought b
thnobputhwghihnipmiup hsybu twb obpdwght, oyynhjuljul, HEjnpulub b wy hwnlnmpmniubbpn:

Anpéwsputipp, wnphnnwdt b sgnpéywés wuwuwnwntbpp mbwly tu Jubl] wwppbp quqbp,
qnnpohtbp Yud htgniyubp: Ywe]ws spowuyunnn wwjdwibtphg nkpunhy ympbpp Jupnn kb wuhty
Quiwd quqbpp, gnnpphikpp juud htnnijubpp ppktg ke jund thnjuwtghy gputp - opgwwywinng
dhowquypht: Apwbu  Yuwinb, Juinudp mnklignd £ dh pwpp dbpuwbhjulwt (wdpnipntl,
Ynounnmipintly, phpnpdughw b wy ) b hqhulwi (epduyyuonuyui, oyyinpljulub, fEfnpului b uy )
hwwnlnipniutph, gduyht suhbtph b wnipbnh quiuqywsh thnthnjunipjudp [2, 4, 5]:

Sy wouunwbph tyunwly ' hnpdiwlut fwbwwguphm] npnol) pwninipnught wkpunjy
niplph  puguwpdwly nt  hwpwpbpwlwb  junbwdnipmpittipp b junbtwdwwywpnibwlnipniip,
pugwhuwjnb] yymptph pununpniput wqnkgnipmniup wn gniguithpubph Ypu:

unnh npubpp b Ukpnghljuyh hhdtwdnpnudp: vwntnippught imkpunhy nipbph pununpnipyut
wqnbgnipmip junbwduljuiubhnipjut  gnigwuhoubph  Jpw  wwpgbint  bywwnwlng npybu
thnpdwnplyny winipttp Yhpgyl) k' 100% pudpuly, 70% pudpwly b 30% Jhuljng, 50% pudpuly b 50%
Jhulng, 100% yhulnq wupnibwlnn gnpdjwspubinp, hsybu il 100% pnipg, 30% poipn b 70% wlynhy,
50% pnipg b 50% wlnhy, 100% wyrh) yupnibwlng mphinunwdt yuuwnwnubpp:
vununipnuihtt wkpunp;  Wwnipbph  pwgwpdwl b bhwpwpbpwlwb  juntwynipmibbbpp b
hintwjuywpnitwlnmipniup . hbnwgnunbne hwdwp 8x18)ud  swihbpny  gnpdjwsputiphg L
wuwuwnwnibphg yunpuunyws tdnipubpp snpugyby Eu 105°C ohipdwunhgdwuinid snpugdwt fjugnid b
npnoyby kb nputlg My quiiquistbtpp PT-100 dwljthoh Yoknpny: Ujunthtwnb nputip pynuddt) Eu opny
1h mwonwlh dbe b Lupwplyt] ntwdugdw 45004-h pupwugpnid: ntwjwugnidhg hbwnn tdnwubpp
Yondty Eu tnyt dwluhoh Yotnpny b npnoylp B npuig M qubgustbpp: 4500 (1d 15p)
dudwtwljwhwngduwédpn wdnipttph juntwjugdwt phypnid ptwnpdk] £ ny jpwntnippuhtt inkpuwnpy
niplph hwdwp gnnipinit nitbkgnn tnpduwlwt hbnwgnunipmnititiph wpnyniiptutph hwdwdwy,
hwoyh wnukiny, np nputp (hnght hwgkgky Eu 2700...3600t dudwtwjuhwndusnid [3, 4]:
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vwntnipnujhtt mbkpuwnpy niptph Mg U M quuqusubph npnonidhg hkwnn hwpqupldty tu
tunipubph  hwpwpbpwlwi, pugupdwl  funbwynipmitbbpp b junbwjwyupniwlnipgniip
hudwyuwnwupwbwpwup hbnbjw) pabtwdbtph oqunipyudp (1, 2]°

O pup = 57 - 100%, (1)
w
Wpusg = 51—+ 100%, @)
w
u= Mo - (3)

npinkn W-u idmptibiph untunjnipjul quitiqusth t, §g, Myp—p pugupdwl snp idniolibph quibqust b,
4g, M = Myup+ W, juntwy tdniottiph quugqusu t, §¢:

®npdkpp Juunwpyl] Eu ogh htwnljw) wupwdtnpbph yuydwutbpnid® okpdwunhgwp t=20.7°C,
Uptnnpuught upnidp 630Ul ubin. unih b hwpwpbpuljwi unbwdmpniip @=82%:

ZEnwgqnuinipjui wpyniupltpp: Ywnwpduws hnpduwfwt hbnwgqnunnipmnibibph wpnyniapubpp
ubpjuyugdwsé Lt wnnruwlnud:

Unjnruuly
Tvupbmppuyhl nkpuwnfy niplph nbun/nippul gniguihsbbkpp

N vwuntininuyht M M w
wkpunpy x10%32q xlO’;l]g x10’~")1197 A
wniphp
Qnpéywspubp
1 100%punipuy | 1,45 411 266 | 64720 | 183448 1,834
70% pund
2 0 punipuy 1,35 494 359 | 72,672 | 265925 2,659
30% Jhuljnq
50% pud
3 0 puipuil 1,26 6,52 526 | 80674 | 417,460 4,174
50% Jhuljnq
4 100% hulng 132 5,02 37 | 73705 | 280,303 2,803
Sphynunudt ywuwnwnubp
1 100% poipn 619 | 3473 | 2854 | 82176 | 461,066 4,610
30%
2 > PRI 669 | 2763 | 2094 | 75787 | 313,004 3,130
70% wiynhy
50%
3 > P 626 | 2741 | 2115 | 77161 | 337.859 3,378
50% wlnhy
4 100% ulynhy | 640 | 3260 | 262 | 80,368 | 409,375 4,093

Unnuuwuyhtt wdjujubph Jbpmnisnipniup gnyg E wiwjhu, np jpwebnippught gnpdjwsputinhg
45004-h pupugpnid wdkbwowwn junttwynipnil k juind 50% pudpwl b 50% Jhuljng yupnibwlng
gnpdjwsph tuniop (5,26q), hull wdktwphsp' 100% pwdpwl] yyupniuwlnn gnpddusphg uunion (2,66q):
Uy wqundwnny 50% pwdpwl] nt 50% Jhuljnqg wwpnitwlng tdnioh hwpwpbpujut untwdnipniup
1,247 wuqud UkS E, pui 100% pudpurl ywpnitwlnng puninippughtt gnpéywsph tdnioh hwpuwpbpuljub
junuwynipnitp, hsp Jyuynud k, np tnyt dudwbwjubhwndusnid  50%  pudpwl nt 50% Jhuljng
wupntbwlng qnpéywsph tdniop nuntinid £ wdbh Swp, pwh dhwytt pudpul] wupniuwlynn gnpsdwsdph
udniop: 100% Jhulng b 70% pudpwl nit 30% Yhulng wupnitwlnn jpwntnippqughtt gnpéjuspubkph
uudnipubipp dhowljuy nhpp b qpuntgunid 100% pudpwl b 50% pudpuly nt 50% Jhuljng yyupnibwlnn
gnpéyusdpubinh twdnipubph dhol U ppubnpnid o hwpwpkpuut juntwynipyut qphpt  unyh
gniguthpkpn (72,672% L 73,705%):

100% pnipn, 30% pnipn nt 70% wlnhy, 50% pnipng nt 50% wlneh) b 100%  wlrh] yupnitbwlng
nphlnnwdk yuwunwnubph tdnubph hwdbdwnnipniup Jyuynud k, np inyt dudwbwjuwhwngusénid
(4500() mdktwpwwnp punttwquunid £ 100% pnipn pununpnipjudp mphininudk yuuwnwnh tdnipp huly

119



wdktwphsp' 30% pnipn n1 70% wlph] yupnibwlnng tphlininwdt yuwuwnwnh tdnipp (28,54q b 20,94q):
Upws tiniplibiph hwpwpbpuljwi juntun]mpynibubph hwpupbpmpyniip juqunud 1,084 husp qywjnud
E, np 100% pnipn wupnibwlnng nphinnwdt yuwunwnh bdnipp unwgynid | wykjh swip put 30% pnipn
nt 70% wlnh] wupnitwlnn winigp: 100% pnipn wwpnibwynn tudnip 1,363 wuqud wybkih pun hinnly
E Jyutinid, pwtt 30% pnipg ni 70% wljrh) wupnibwlnn tdniop: 50% poipn ni 50% wlnh) b 100% wlnhy
wupnitbwlnn mphinunwdt ywunmwnbph tdnputpp npubnpnid Eu hpup dnn wpdtpubp (77,161% U
80,368%):

Bqpuljugnipni. Swppbp phuljhduyuluwt wwjdwittpht hwdwywnwupwt hwgniunh hwdwp
juununippughtt mbpunh] ymipbph ptunpniput phypmid juhunn Yupbnp nupwnpnipnit whnp k
nupdub] ynipbnh pununpnipuin:
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3.A. Munacsan, A.P. Orannucsu

HNCCIEAOBAHUE BJIA’/KHOCTHU CMEIIIAHHBIX
TEKCTUJIBbHBIX MATEPUAJIOB

Hccnedosana 61adicHocmes CMEULAHHBIX MEKCMUTbHBIX MAMEPUAL08. DKCRePUMEHMATIbHbIM NYneM OnpedeieHbl
A6COMOMHASL U OMHOCUMENbHASL GILAMICHOCMU MKAHEel U MPUKOMAICHBIX NOJoOmeHn u ux iazocodepocanue. C amoil
yenvio 00pazyvl MKaHell U MPUKOMANICHLIX NOJIOMEH ObLIU NOZPYAHCEHbL 8 BOOHYIO CPedy U 8blOepIicanbl 6 meyenue 1u
15 mumn.

Knrouesvie cnosa: mexcmuib, mkamib, MpUKOmMagic, ROJIONHO, 6€C, GLANCHOCb, GILA20CO0EPIICAHUE.

Z.A. Minasyan, A.R. Hovhannisyan

INVESTIGATION OF THE MOISTURE CONTENT
OF MIXED TEXTILE MATERIALS

The moisture content of mixed textile materials was studied. The absolute and relative humidity of fabrics and
knitted fabrics and their moisture content were determined experimentally. For this purpose, samples of fabrics and
knitted fabrics were immersed in an aqueous medium for 1 h 15 min.

Keywords: textile, fabric, knitwear, cloth, weight, humidity, moisture content.

Uhtwujwu Rnhpwp Ujpuwtnph - Zwjwunwith Uqquyhtt Mnjhunbpthjujwt hwdwjuwpup,
Qnudpnt dwubw&niy, «Skpunp) Supnupughnnipniiys wdphnith Juphs, w.q.p., gngkun
Sndhwutuhywt Uudbjw Nwdwybih - Zujwunwth Ugqquyhtt Mnjhnbthjujut hwdwjuwpuih,
Qnudpnt dwubwéniy, «Skpunh) Supunupughnnipniys wdphnth huygnpy
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YIK 621.372.061 NH®OPMATHUKA, DJIEKTPOHUKA U
HAYYHOE TIPUBOPOCTPOEHHUE

C.O. Cumonsin, I'.B. Axamsan, A.B. Menuksii, A.C. CUMOHSIH

METO/bI PEHIEHUS OgHOHAPAMEIPHqECKHX MATPHUYHBIX
YPABHEHUU YETBEPTOMUM CTEIIEHMU ( 11)
(IMpsimoii moaxon)

Paccmompenvt  oononapamempuueckue mampuuHvie YpasHeHUs Yemeepmoll cmeneHu, OJid peuleHus
KOMOPbIX NPeONiodiCeHbl AHATUMUYECKUT, a MAKIIce NOCIe008AMENbHbIU U NAPALIENbHbIU YUCTEHHO-AHATUMUYECKUEe
Mmemoowl. [locnednue 0CHOB8ANbI HA AHATUMUYECKOM Memoode u Judepenyuanvhvix npeobpazoeanusx I E. Ilyxosa.
s 6cex memo0oe nonyuenvl cCOOmMEemcmayioujue YCiosus paspeuumocmu 3a0ayu.

Knrouesvie cnosa: oononapamempuueckue Mampuinvle ypasHenus uemseepmou cmeneny, aHaiumuyeckull u
YUCNIEHHO-AHATUMUYECKUe Memoobl  peulenus, VCI08Us pa3peuiumMocmu  3a0ayll, CO8peMeHHble Cpeocmsa
UHPOPMAYUOHHBIX MEXHOLO2ULL.

Beenenne. B [1] paccMOTpeHbI METOIBI PEIICHHST OJJHOTIAPAMETPUIECKHX MATPUYHBIX YPaBHCHUI
YETBEPTON CTEIIEHU

Ao(®) - X )+ A1) X )+ A 1) X2 (t)+ A (1) - X (t)+ A, (t) =[O, (1)
rae 4, (t), i=0,4 - omHomapameTpudeckue (PpyHKIHOHAIBHBIC) KBaJAPATHBIC MATPHUIIBI MOPSAKA M, a
X(t) - HemsBecTHas oOJHONApaMeTpHYCCKas KBAJAPATHas MATPUIA TOTO K€ MOPSKA, MOICKAIIAs
OTIPEICIICHHIO.

W3BecTHO [2], 4TO €cliu CTENEHHOE MATPUYHOE YpaBHEHHE UMEET KOHEYHOE YMCIIO PEIICHUH, TO
5TO YKCIO HE MPEBOCXOAUT 3HaueHuwe C, , TI€ N - CTENEHb MATPUYHOrO YPAaBHEHHs, M - MOPSIOK
MaTpUYHBIX KO3 Puimentos, a C - KoMOUHAIHY.

B mHacrosmeit paboTe paccMaTpHBAIOTCS JPYTHEe MpPSIMbIE METOAbI PEUICHHS MAaTPUYHBIX
ypaBHeHui Bua (1), aHaroruyHbBIe METOIaM, TIPEIIOKEHHBIM B [1].

MaremaTn4yeckuii annapar

1. AnanuTHyeckuii Metox pemeHus. OpHOmapaMeTpUUecKoe MaTpudHoe ypasHenue (1)
MPEJICTaBUM B BUJIE CIIEIYIOIEH SKBUBAJIEHTHON MAaTPUYHOW CUCTEMBI BTOPOIO MOPSIKA!

{Ao(t).Yz(t)wLAl(t).X(t)-Y(t)+Az(t)'Y(t)+A3(t)'X(t)+A4(t):[o] |
T‘ZZTTZET_Y_@)+__I_)A1<tf.’x(tn_/ﬁg_(f_;} {x(i))} j[_&(t)}_ o0 S Al @

x®: e Y] | o 1Y) | o] |o

-E
C IONIOJTHUTENBHON HEM3BECTHON MaTpule Y (t) W eJJMHUYHOM MaTpuuei E mopsaka m .

()

[Tpu BBITIOTHEHUH YCIIOBHUS PErYISIPHOCTH (YCIIOBHUSI PAa3pEIIMMOCTH 33/1a4H)
rangD(t)=2m, vt (4)

H3 NpCACTABICHUA (3) MOJIYYUM UTCPALIUOHHYIO BBIYUCIHUTCIBHYIO CXEMY

., 0 5]

2. YncjieHHO-aHAJTUTHYECKHE METOAbLI PpelICHUSA. HOHyCTI/IM, 4TO [JI1 BCEX MATPUYHBIX

rae ( - HoMep UTEepaLuu.

3JIEMEHTOB THUIEPMATPUYHO-THIIEPBEKTOPHO-OJ0YHON cucTeMbl (3) HMEIOT MECTO  CIIEAYIOIIUE
muddepeHnuansabe npeodpasosanus [3]:
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Ao(K)= " o " = At)=3 (t.t, . H. A (K)) K=0,, ®)
AlK)=1E AU a0 HAK) k=00, 0
pl) =R - A K) K207, ®
a)= A - A, k=0, ®
A“(K):%‘dré(t)lt_p = At)=28, (L, H, A (K)) K=0,0, (10)
x(K):F}'(—K-O';:i(t)lt_t = x{)=2, [tt, H,X(K), K=00, (11)
(k)2 dthK()lu = Y-, (11, HY(K), K 12)
e AoK), A(K), AyK), AiK), AK), X(K), Y(K) - wmarpuunsse muckpetsi

omsonapamerpraeckux Marpuir A (t), A, (t), A,(t), As(t), A,(t), X(t), Y(t) coorercrsenno; H —

MacmTabHbIil koddduiment; K = 0 00 - IEJIOYUCICHHBIH apryMeHT; t, - LEHTp allpoKCHUMaluHu;

%O(O) - &11 (0) - aNnmpoKCUMHpYIOIUe (QYHKIHH, BOCCTAHABIUBAIONINE MAaTPHLIBI-OPUTUHATIBL A, (t),

Al(t), A, (t), A, (t), A, (t), X(t), Y(t) COOTBETCTBEHHO.

IlocnenoBarenbHbI YUCICHHO-AHAIUTUYECKUNA METOJI PELLICHHUS]

Ucnone3ys auddepennmansapie  npeodpazoBanus (6)-(12), HEMWHEWHYH THUIepMaTpUIHO-
TUNEPBEKTOPHO-OIouHyI0 cuctemy (3) w©3 00macTH OpWTHHAJIOB TepeBeaeM B 00JacTh
T depeHnInanbHbBIX n300paxkenuii. Torma OyJeM UMeTh:

npu K=0:
Ry o [ ] o
oTKyza
R(((Sﬂ _ [i\zég)):Ao() ()+A_1(E) __()+A(0)}__1{“A_4(_)(_(_)_)}:_D1(0,0)(q)'[é‘.‘(_)(_(_)_>}, 14)
O
rangD(0,0),, =2m,  Vq; (15)
npu K=1:
As(0) 1 A (0)-¥(0)+ A0): X(0)+ A, 0)) X (0],
]

- D(o,o)-ﬁ-((ﬂ + D(1,0;0,1){-\-(X--((§ﬂ = —[A‘B@} (16)

OTKy/1a MIPH BBIMTOJTHEHUH YCaoBus (15) momydamm
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g e[ [ e
npu K=2: -
[f\_@_((.’)._E._ée(?_?:_!(?_)_t A(0)-X(0)+ __A_z__(Q)} . [.?S(.?.?} R
X(0)" “E Y(2)

[0 A0 YD)+ AW Y0+ A0):- X )+ AW X(0 )tf\_z_(_l_?} . {?ﬁ(.l_)} .

L XW) ] 0 Y@
L[4 A0 YR)r AL YO+ A2)-Y0)+ A0)- X(2)+ A L) XW)+ A2)- X(0)+ A, .(_2..)} y

| X(2) 0

x B(((((()J))} = D(0,0)- K((ZZ))} + D(1,o;o,1)-[§8} +D(2,0110,2)- [;(((g))} = —{-A-f‘(-)(-%)} (18)

OTKY/Ia MPH BBIMONHEHUH yciaoBus (15) momyunm

e S R
(a+1)

q+1

npu K=K
(A0) 1 A4(0)-Y(0)+ A (0)- X(0)+ A, (O)H_X__(_K__)}+
| X(0) -E Y(K)
A A0 AR 160 ALK A AT
X[ 0 Y(K-1)

AR -1 1 A 0)-Y(K ~2)-+ AYK ~1)-Y(0)+ A(0)- X(K 1)+ + A (K ~1): X(O)t__‘\_z_('f_:}?}
| X(K-1)§ 0

X[_x__@)HAAK);Ao<o>v<K>+ o A ()Y (0)+ A, (0) X(K)+ -+ A, K)- ()+A<K>}_[__x<o)}

YO [ XK 0

- D(00). R(((Eﬂ + D(1,o;o,1).[..YX..((E-;-11-))} 44 D(K 00, K)[:{(((gﬂ - —P‘-‘--P--()} (20)

OTKYyJia TIPH BBHITTOJHEHUH ycioBus (15) momydanm

{é-((-g-))}(_)Dl(o,o)'HAéK)} D(1,0;0,1)- R(((E__llﬂ D(2,01,1,0,2)- R((EZZ))}++

q+1

X
+D(K -1,0;--+;0,K —1)-{\-(----~
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I'mnepmarpruyHas HenmWHEHHAs BBIYHCIHTEIbHAS CXeMa HBIOTOHOBCKOTO Twma (14) mpWBOIUT K
ONPEAEICHUI0O MHOXKECTBA HAYAJIBHBIX MATPUYHBIX JUCKPETOB X(O)i I/IY(O)i, i < Cnrln. [Mocnenyromiue

MaTpPUYHBIE JAUCKPETHI X(K)i u Y(K)i , K=100 Oymyr ompeneneHsl B pe3yiabTaTe HCIOIb30BAHMS
THIIEPMATPUYHBIX BBIYUCIUTENBHBIX cxeM (17), (19)...(21), a BocctaHOBNIeHUE pemieHUi X (t)i u Y(t)i -
B COOTBETCTBHH ¢ cooTHOmeHusMu (11) m (12).

[NapautenbHBI YMCICHHO-aHAMUTUYCCKUN MeTon penieHus. OOBEIMHHMB THIIEPMATPHIHO-
THIICPBEKTOPHO-0s104yHbIe ypaBHeHus (13), (16), (18)...(20) B eauHOE 1em0e, NONYyYHM CylIepMaTPHYHO-
CYIEPBEKTOPHO-0JIOUHYIO0 HIKHETPEYTOJIBHYIO CHCTEMY YpaBHEHHH, ITOJHOCTBIO WACHTUYHYIO CHCTEME
(22) w3 pabotel [1], oaHAKO pPAa3IMYHYIO MO COJCPKAHHIO MATPUYHBIX OJIOKOB D(0,0), D(l,O;O,l),

D(2,0;1,1;0,2), ey D(K,O;---;O, K). [Tocrnenyromas onepanus MO ONPEAEICHUIO MATPUUHBIX TUCKPETOB
X(O) X(l) X(K) 5 i of .
Y Sl ERRR] R T BBIIOJIHEH TOYHOCTb TBETCTB i THOMI
Y(O) ) Y(l) \ : Y(K) yae OJIHEHa C TOYHOCTBIO JI0 COOTBETCTBYIOILEH 0OpaTHO

CyHepMaTpULlbl, & BOCCTAHOBIICHUE PEIICHUNA X (t)i u Y(t)i — B COOTBETCTBUH ¢ cooTHOMmECHUIMH (11) u
(12).

3akirouenue. [IpensiokeHHbIE YHCIEHHO-aHAIMTUUECKUE METOIBI [0 PELIEHUI0 PACCMOTPEHHOM
3aJa4d, OYEBHUIHO, MOTYT ObITh 3(P()EeKTUBHO peann30BaHbl TOJBKO JHIIb NPUMEHEHHEM CpPEACTB
COBPEMEHHbBIX MH(OPMAIIMOHHBIX TeXHONOTHH [4,5].
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U.<. Updntjwt, ¢.4. Unuwdjut, U.4. Ukjhpjwu, W.U. Uhdntjw

2rrnre WUShauLh UbuMuruUeSruuuL UusSrr8u3nu
cuduuurnruuerp LAKOUUL UGRNYLEN (1)
(Nunnuyh dninbtignrd)

Yhunuplyly kb snppnpn  wunpdwah  dhwgupudbnpulol dwunphgughl hwgwuwpnidbbpp, npnag
[nidvwl hudwp wowownlyly B wbhuyhunpl, piswbu bwl hwenppulwi b gniqubbn pyuwiugpnpl Enuiuakp:
Ykpopllikpu hpllnfuns Ei whuyhpwnpl Enuibh o 2.6 Unijunydh phdbpkighuy dbhunhnpinipnibbbph ypw: Fonp
Enuwinufakph hudwp B winwgyly Ea uiippp inidkjpniprul huluwyuninwupnul wugdwbiakpp:

Unwugpuyhti pwnbp. snppnpn wunpdwlp dhuyupudbupulul dunphgughl hajuwuwpnidblp, msdwb
whuyhwunply b pyuwhugpnpl Epuinalakp, ubnph inidkpnipnul wuydwbbkp, nknbkjumnjulul wkjinnghwikph
dudwiulwlhg Uhongikp:

S.H. Simonyan, G.V. Adamyan, A.V. Melikyan, A.S. Simonyan
METHODS OF SOLUTION OF ONE-PARAMETER MATRIX
EQUATIONS OF THE FOURTH DEGREE (1)

(Direct approach)

One-parameter matrix equations of the fourth degree have been considered, for solving of which analytical,
as well as serial and parallel numerical-analytical methods have been offered. The latters are based on the
analytical method and differential transformations of G.Ye. Pukhov. Appropriate conditions for solvability of the
problem are obtained for all the methods.

Keywords: one-parameter matrix equations of the fourth degree, analytical and numerical-analytical
methods of solutions, conditions for solvability of the problem, modern means of information technologies.

Cumonsn Capruc OranecoBud — 11.T.H., npodeccop, HITYA

Anamsan I'aruk BapaanoBuv - k.1.H., noreHt, HIITYA

Menuksan Anym BazreHoBHa — K.T.H., 1oueHT, HIITYA

CumoHnsiH AuHa CM0aToOBHA — K.T.H., accucTeHT, MmkeBanckuii punuan Epl'Y
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M.K. Martirosyan

ADVANCED AND PARAMETRIC ON-CHIP VARIATION CHARACTERIZATION
USING 14 NM TRANSISTORS’ MONTE CARLO SPICE MODELS

The Advanced On-Chip Variation (AOCV) and Parametric On-Chip Variation (POCV) tables using recent-
ly released 14 nm Educational Design Kit (EDK) and Process Design Kit (PDK) are investigated and generated.
There are a few cells' AOCV and POCV models presented, but the process has been done for all cells from the
library.

Keywords: AOCV model, POCV model, Monte Carlo, spice model, educational design kit, characteriza-
tion.

Introduction. In general, the process and environmental parameters may not be uniform across
different portions of the die. Due to process variations, identical transistors in different portions of the die
may not have similar characteristics. These differences are due to process variations within the die [1].
There are two types of process variations: local and global. Local process variation is a variation on one
die. Global process variation extends on multiple manufacturing lots. This process variation is much
bigger than the local one. In this paper the local process variation is calculated.

On-Chip Variations. Besides the variations in the process parameters, different portions of the
design may also see different power supply voltage and temperature. It is therefore possible that two re-
gions of the same chip are not at identical process, voltage and temperature (PVT) conditions. These dif-
ferences can arise due to many factors, including:

1. Voltage (IR drop) variation along the die area affecting the local power supply.
2. Voltage threshold variation of the PFET or the NFET device.

3. Channel length variation of the PFET or the NFET device.

4. Temperature variations due to local hot spots.
5

Interconnect metal etch or thickness variations impacting the interconnect resistance
or capacitance.

The PVT variations described above are referred to as On-Chip Variations (OCV) [2] and these
variations can affect the wire delays and cell delays in different portions of the chip. Modeling of OCV is
not intended to model the entire span of the PVT variations possible from wafer to wafer but to model the
PVT variations that are possible locally within a single die. The OCV effect is typically more pronounced
on clock paths as they travel longer distances in a chip. One way to account for the local PVT variations
is to incorporate the OCV analysis during Static Timing Analysis (STA). The Static Timing Analysis ob-
tains the timing at a specific timing corner and does not model the variations along the die. Since the
clock and data paths can be affected differently by the OCV, the timing verification can model the OCV
effect by making the PVT conditions for the launch and capture paths to be slightly different. The STA
can include the OCV effect by derating the delays of specific paths, that is, by making those paths faster
or slower and then validating the behavior of the design with these variations. The cell delays or wire
delays or both can be derated to model the effect of OCV.

In this example it is shown how the OCV derating is done for a setup check. Consider the logic
gates in Fig. 1 where the PVT conditions can vary along the chip. The worst condition for setup check
occurs when the launch clock path and the data path have the OCV conditions which result in the largest
delays, while the capture clock path has the OCV conditions which result in the smallest delays. Note that
the smallest and the largest here are due to local PVT variations on a die.
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Fig.1. Setup timing check

For this example, here is the setup timing check condition; this does not include any OCV setting
for derating delays. Cell and net delays can be derated using the set timing_derate (e.g.
set_timing_derate O0.8) command in appropriate tool. And the tool takes this derating factor and increases
the data path delay using mentioned value and decreases clock path delay by the same factor.

This standard On-Chip Variation analysis applies different operating conditions to minimum
paths and maximum paths. To improve the accuracy of design timing analysis, must apply Advanced On-
Chip Variation or Parametric On-Chip Variation.

Advanced On-Chip Variation (AOCV). This type of analysis reduces unnecessary pessimism
by taking the design methodology and fabrication process variation into account. AOCV [3] determines
derating factors based on cell type, metrics of path logic depth and the physical distance traversed by a
particular path. The amount of transistors and connection between them in each logic gate are different,
therefore the variations for each cell are different. A longer path that has more gates tends to have less
total variation  because the random variations from gate to gate tend to cancel each other out. A path
that spans a larger physical distance across the chip tends to have larger systematic variations. AOCV is
less pessimistic than a traditional OCV analysis, which relies on constant derating factors that do not take
path-specific metrics into account.

While performing register to register timing analysis, AOCV methodology finds the bounding
box (Fig. 2) containing the sequentials, clock buffers between two sequentials and all the data cells. Now
within a unit distance, if the path depth increases, the AOCV derate decreases due to cancelling of ran-
dom variations. However, if the distance increases, AOCV derate factors increase due to increase in the
systematic variations. These variations are modeled in form of a Look Up Table (LUT).

! [FF1

Unit

Ao |

P e—— |
' Distance |

Fig.2. Bounding box creation for AOCV

Parametric On-Chip Variation (POCV). This models the delay of an instance as a function of a
variable that is specific to the instance. That is, the instance delay is parameterized as a function of the
unique delay variable for the instance. POCV [3] provides the following:
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e Statistical single-parameter derating for random variations

e Single input format and characterization source for both AOCV and POCV
table data

e Non-statistical timing reports

e Limited statistical reporting (mean, sigma) for timing paths

Fig. 3 compares Advanced On-Chip Variation and Parametric On-Chip Variation.

N PRes & - ) > b ~
. ;ocv + |> = PO‘TV >

F|g.3. AOCV and POCV comparison

POCYV reduces pessimism gap between graph-based analysis and path-based [4] analysis and has
less overhead for incremental timing analysis.

Monte Carlo. This is a type of simulation that relies on repeated random sampling and statistical
analysis to compute the results. This method of simulation is very closely related to random experiments,
experiments for which the specific result is not known in advance. In this context, Monte Carlo simulation
can be considered as a methodical way of doing so-called what-if analysis [5].

In Fig. 4 the simple Monte Carlo Mathematical model is shown, where the model depends on a
number of input parameters and these parameters in turn depend on various external factors. When input
parameters process through the mathematical formulas in the model, results in one or more outputs.

Input —> Math Model
Data

— Output
Analysis

Fig.4. Monte Carlo mathematical model

The Monte Carlo statistical model uses to do simulation for all cells to determine the appropriate
derate factor. Based on those derate factors is generated the Look Up Tables for all standard cells from
the library.

Modeling (characterization) results. The characterization has been performed by Siliconsmart
tool in which there is Spice simulator integrated. During simulation 14 nm Monte Carlo Spice model [5]
was used which is developed by Synopsys Armenia Educational Department (SAED), which is free from
intellectual property and closer with real foundry model.

In Table 1(a, b) and 2(a, b) it is shown the Iverter and AND logic gates’ AOCV and POCV
LUTs.

Table 1

AOCV and POCV models for inverter logic gate

early rise 0.0574
early fall 0.0784
late rise 0.0633
late fall 0.0684

early rise - 0.7041 0.7908 0.8292 0.8521

early fall 0.6962 0.7852 0.8246 0.8481

late rise 1.304 1.215 1.176 1.152

late fall 1.313 1.222 1.181 1.157
a) Derate factor dependency to Path Depth and Output state

b)  Coefficient dependency to Output State
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AOCV and POCV models for AND logic gate

Table 2

early rise early rise 0.0591
early fall 0.8306 0.8802 0.9022 09153 early fall 0.0679
late rise 1.158 1112 1.091 1.079 late rise 0.0614
late fall 1.173 1122 11 1.086 late fall 0.0659

b) Coefficient dependency to Output State

This type of On-Chip Variations modeling has been done for 1136 cells from library. It includes combina-
tional logic cells with different drive strengths (inverter, inverting buffer, non-inverting buffer; 2-4 input AND,
NAND, OR, NOR cells; 2-3 input XOR, XNOR cells; 2/1-2/2/2 AND-OR, AND-OR-Invert, OR-AND, OR-AND-
Invert cells; multiplexers (2 to 1, 3 to 1, 4 to 1); half adder 1-bit and sequential, full adder 1-bit, pos edge DFF (w/
async low-active set, set & reset); neg edge DFF (w/ async active-low set, set & reset, only Q out, only QN out);
scan pos edge DFF (w/ async active-low set, reset, set & reset, Q, QN; scan neg edge DFF(w/ async active-low set,
reset), multibit DFFs, multibit scan DFFs, TAP cells, Synchronizers, ECO cells and Miscellaneous Cells.

Conclusion. This is the first AOCV and POCV characterization based on 14 nm FinFET technology using
Educational Design Kit developed by SAED. The results are close to real AOCV/POCV tables. These variation
models can be used to do On-Chip Variation analysis by appropriate tool.
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U.U.Uwpuhpnujwt

hLSE4ruL VU U3k LUYUMYYUD 64 MUrUUESruS84yuo
SthuLNLNGhPULUUL TEUNRULELP ALNRGUSMNRUL' OGSUSNPrTLLNY 14
LuunuesSruuns srutrhusnruvsrh UNLSE YUrLN UNasLLere

Mun/lnuuppyby b unkndyly &i plnkqpuy ujubdugh jujuplyws nkinnghwlub sEynidtbph (AOCV)
1 wwpudbnpugus nkfubnnghwlub skynidikph (POCYV) wymiumlakpp  oguimgnpdtyny Jkpokpu pogupliyjws
«l4 Wl gnpéphpugh hwhnugstwl hwjupwéni-i b «14 o mumdbwlwl Gwhpnugddwl  hwjupwdng»-i:
Snrgunpywé ki uh pulih pohotiinh AOCV I POCV unnkjakpp, puyg pinipwgpnidp Junnwpdly Egpunupuih ponp
Fohotikipp hunlwp:

Unwlgpuyhti pwnbp.aocv, pocv, Unlunk Ywpyn unpk;, nmundbwlwl Gwpugsdwh hwjupwdsnr,
phnipwgpniil:

M.K. MapTtupocsin

XAPAKTEPU3AIUA YIYUIIEHHBIX U MAPAMETPUYECKUX TEXHOJOT'MYECKUX
OTKJIOHEHMM B ITPEJEJAX YAIIA C UCITIOJIb30BAHUEM SPICE MOJEJIE MOHTE
KAPJIO 14-HAHOMETPOBBIX TPAH3UCTOPOB

Ilposedensi uccnedosanus u ceeHepuposanvl MadIUYbl YIYYUEHHbIX MEXHOI02UYeCKUX OMKIOHEHUll 8 npe-
oenax uuna (YTOBITY) u napamempuueckux mexnonro2uueckux omiaonenui ¢ npeoenax uuna (IITOBITY) ¢ uc-
noab306aHuemM HedasHo co30annvix 14-nanomemposvix 06pazoeamenbHO20 U NPOYECCHO20 KOMNIEKMO8 pa3pabom-
Kku cpedcms. Ipusedenvr mooenu YTOBITY u [ITOBITY neckonbkux cmanOapmHulx siueex, npu 3mom Uccie008avl
U ceenepuposanvl mabauysl Oisl 6Cex sUeeK u3 OUOIUOmeKu.

Knrwouegvie cnosa: mooenu YTOBITY u IITOBIIY, mooen» Moume Kapno, obpaszosamenvbhbiii KOMNIEKMm
pazpabomxu cpedcme, XapaKmepusayusl.

Martirosyan Meruzhan Karapet — Synopsys Armenia, University Program Specialist
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U.fe. Miplywi, U.L. Ujuppwpui, U.U. Upqupuwa, W.U. Swlynpjut

<hHUdLbYy UNUYUrUUL <Uwvuuwureh Unasludnenhuy Nk
LUhUSoNrUL SIMULINK UhRUYU3MrNkU

Qhunuplyyly  F o ohpppufipl owpdwupkph  junwyjupdwl  hwdwlupgp:  Zwdwlupgh  ghbhwdhhugh
nunifiuuppdunl iyunnuwlng junnigyly Fhpppuyi il hunfuliupgh unnplyjp MATLAB-h upounjuypnil: Lupiugst/ly
Eyupquijnpps hhppuyipy hudwlupgh hudwp:

Unwugpuyhtr punbp. hhppwyipl swpdps, MATLAB, Simscape, phtuudhly Unnky:

Lhpwédnipynii: Swiljugws wpnunpunbuwlh hwdwp, |huh pu dwipuswt nghy jud ohtinipindd,
wpuunpnipjutt owwn jupbnp o dhppughnt thopdwpynudubpp: dpup hpkug dbe ubpunnd tu
wyuwnpwunh wpnwnpuiph wdpnipjut unnignid b phutnnwydnpnud: Uy hulj uwndweny wthpudbown k
twfiwgdk) Yhppughnt hhppuihy hwdwlwpg: Ppuuiwgdty Eyhppughnt hhppunfihly hwdwljupgh
Unnbjuynpnud:

Zhnpw bl pwpdwplpp twhwnbudws Ehhnpuyhy Eubpghwt (hinniyh hnupp) dkwthuluuh
thnjuwpybnt hwdwp: Zhnpujjhly pwpdhsh wpuwnwbph hhdwlwb wnppmpp hhypuihy htgmlyo
(nin), hul] pwpdwplpp punugué t hhnpnquuihg (Hydraulic Cylinder), ynuuhg (Hydraulic Pump),
hhnpnpwphihshg (Hydraulic Valve): Uhwnwugp ninnuhuwjug hhnpwdihy owpdhsh $hqhjuljut wnkupp
wuwnltpquws k uy. I-nud:

zhnpuihy owpdwpbph dnphjudnpdwt hwdwp oquuugnpdyt; t MATLAB thwplph Simscape
Spwgpuyyhtt UhowJuypn [1,2], npp htwpuwynpnipenit £ nwhu, jupnighinyg dkpwthjuljut hwdwlupgh
nhtwdhly Unnljp, unwpl] vhuniyjjughw b mwpwswlut Jhgniwjugnid, huguytu twlb oqunuqnpsty
Yppuiniwy ndhsikp hwdwlupgh Juppp wju ud wyt dninpughtt wqpubpwibtph b dheuw]uyph
wuydwtbpnud ntumdbwuhpbnt hwdwp:

Uhwnwigp hhnpuy hl oupdwpbph wpjuwwnwtph uljqpnitpp pipdws k 2-nid:

Actuator
A B
Valve

P T
|

P
©m

Pump Tank
Uy 1. Upmnwbgp nupquhuyug hhnpayhly pwpdps LY. 2. Zhppuiiply pupdupbp

unph gpduédpn: Uoiwnwbiph tyyuwnwla b Simscape thwpkph thongny unwbw) hhnpudihly
ouipdwpkph nhtwdhuyh dnnbip, wyinthtnb npu vhongny Junnigh) guuljwih hwdwupgp, juwnwpbkp
uhunigpughw U ghuwpll] hwdwlupgh wpdwquipp wpjws dntnpught wgpubpowih phuypnud:
Lwhiugdl) jupwquu]nphy:
Zhnpufihy pwpdhsp Simscape Uhgujuypnud ubpluyugdly E npytu wphquwnhy hwugnyg, nph
hhupp pwipdhsh dwpuhtitn E, hul) pwpdwljwt dwup dhungp (. 3):
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Ul 3. Mphquunnply hwbgnijgny pwpdpsh unnkip

Nnphquuwnhl hwignygh dngh swpddwt wwwhnynidp hhuph tjundwdp htwpuynp b Eplnt
Enubayny pun nidh b pun pupddwi: SYjuy nhypnid oqunugnpé iy E swpddwb nkljudwpnuda puwn nidh,
nphtt hwdwywnwupwh dninpt wkjugyt) £ hwugnygh pinyht: Zwugnyghg jupkih E iwb uvnwbag
npnowlh swihmutbkph wpymbpibp. hwdwlupgh hknwgu nEjujupdut b jupguynpdw hwdwp:
Ujnwyhuh Ejpuyht Ukdnipinitttp G djungh nhppp, djungh pw wqnnn nudp, swpddwb wpugnipiniup b
wpuqugniup: SYju) wppwnwpnid ogunugnpsyt) ku pyuplusutinhg wnweht tpkpp:

Cuipdhsh quuitth b Yjungh dnpbjubpp wunbpuws uly. 4 nud:

Bracket I
Lynedet ' Pisten Bracket2
Hale . Brackot " ® o
Transform 1 Transfomm |} o
Base Hole ¥ ¥ Prismatic Prismatic ¥ I =
@ @ {l) . ._"H ""‘P_l: o8 "'f'é_lﬂ
B.asc’]o Cylinder Piston to Mead Bracket

Tramsform Transform Transform
Ul 4. Quuith i dfungh phgplulpmi unnkjalpp

Mubktwny pnnp wupuwdbnpbpp b oquiugnpsdtiny SimHydraulics thwpbpn [1,2] Juunwpygl) &
phnpyuws  yupudbnpbpht hwdwywnwuuwing  hhgpuyihy pwpdwpbph’ hhgpngubh, wndugh,
hhnpnpwohuhsh, hhnpwyhl htgniyh b dbwgus mmpphpb Unnjuynpnid: LY. 5-nud pipdws £ hhnpuyihly
hwdwljupgh Simulink Unpbkip, npp Eupwhwdwljupg E punjugws hhnpnguuthg, hhnponpwshihshg b
Enwswth dhqhjuljut Unnkijh Jhgniwjugnidt wmyuhnynn hwinduéshg [4-6]:
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Ul 5. Zhppuaiply pwpdwplph Ehpuhwljupgh dngkp (Object)
Zhnpuy bl hwdwlwpgh Junnigquspuyht b $niuyghntiwy uppbdwbpp pipdus tu wly. 6 b 7-nud:

Ununp bp =
Opjtljm > I;ﬂ b

Siby [

Y. 6. Zhppufiply junwywpdwl hundwlupgh Ul 7. Zhppugipl junwjupdwl - hudwlupgh
Junnigijwdpuyplr upibif Bbnilljghningg upibilml
Zhnpu1hYy pupdwpbph hrwl hwdwlwupgh [3] Unpbjp phpus kol 8-nud, npp wyupnibwlnud E bl
6-nid wunlipqué pupdwpkph Eipwhwdwlupgp (Object), yndwp, yupwnywbhs thwljubp, Untinpuyght
b Ejpuyhtt wmqpuipwtbpp b wypi:
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Ul 8. Zhppuyiply junwjwpdwl hundwlupgh dnplyp Simulink dhounjuypnid

Unphjunpdw wpgniipiipp: Ywonighng puguuwljut hbnwnupd juyny junwdupdw
hwdwlupgp, Untnpuqplng wuwhwbgyny wwpwdbupbpp b dbwynpling Y wnwgpny swpddwl
hwdwp wihpwdbon dninpuyhtt wqnutpwp' Juunwpdl) b hwdwlupgh vhdniyjjughw (0. 9)
SimHydraulics dhowquypnid: Ujunkn dJhqniw) Yupkh b wnbutl] hhppuwyihly hwdwlupgh dnphh
wpuwwpp:
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Ul 9. Phlhundply unnlyh updnypughu (w), Y wnwbgpny qpuibgyus supdnidbbpp ()

Puswbu kplinud £ 4. 9-hg” hudwljwpgh wpdwquipp hudwyuwinwuub dninpught wqquiipwih
nypnid, &ogphwn sk wwpni twymd E nwnwinadibp:

Zudwljwipgh ny gsuyimpniip wuplwiwynpjws E gupdwl’ hnuphg niikgus Guuwsnipyub
punipwgnhg, djungh swpdudwt himbwupny jugudué htnniljh swjwihg b htnniyh ubnubjhnipniihg:
Pwtth np hwdwljupgp ny gduwyghtt k, ntunh Untnpuyght wmgnuipwth wpdwquuph hbnwgqnuunipiniup b
hwdwlupgh junwjupnidp pupy b Zudwlupgh hbnwgnundwi hwdwp wihpudbon E junwpty
gduyugnid b unwbw) thnppwbgdw $nrughwte:

QGSwytugdwt hwdwp nhnwpldt) E pug hwdwlunpgp: Yhpwnbkiny Loop Transfer U Linear Analysis
Tool gqnpshputipp” upkh k gnipu phipl) gdwjiugyws pug hwdwlupgh thnjuwbgdwt $niughute:

Gsuyiugdutt wpyniipnid vnwgynid £ hwdwlupgh Jhdwlh mwpwsnipjub Unnbp, nphg §
Jupbkih £ wiugnd juunwpt) hnpiwtigdw $niuljghugh:

Pug hudwlupgh thnjuwgdwt niuljghwi niuth hnlyjw mbupp.

5.474-10%s% + 7.394 - 10125 + 1.92 - 1015
Wels) = 554 8.671-105s% + 2.695 - 10°s3 + 7.689 - 101152 +2.249 - 10135 + 9,69 - 1012
Oul] hwdwlwpgh hnpwbgdwt $niulyghwb Yihuh hbnlyup
5.474-10%s% + 7.394 - 10125 + 1.92 - 1015
Wo(s) =

s5+8.671-105s* + 2.695 - 10%s3 + 7.744 - 10152 + 2.988 - 10'3s + 1.929 - 1055
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Uunugjus gsuyhtt hwdwlupghtt wpwownpknyg Ununpughtt thwynp prhspwdl wqnuibywi’
Junwtwip hwdwlupgh wpdwquipn (ayy. 10), npintinhg b Epiinud Ehwdwlwupgh dks ghipjupgquynpnidp
(36%) b yupquynphy twpiwugdtint wthpudbywmnnipinip:

Zudwljupgh Juyniinipyu b jurwdupdwi guuuwih pinipugptph wywhnydwb bywnwlng
wihpwdton E hwdwlwpgh dbe ubkpwnl] 2B} jupquynphy b juunwpl] gpu wwpwdbnpkph
puwnpnipnile

PhpJws £ thwl junwdupdwi hwdwljupgh Junniguspughtt ujubdwi (. 13):
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Ul 10. Quwl hudwlupgh wipdwquibpp Uninpuyhl Ul 11. Qul hudwlupgh Jupnigjudpuyhll
Jenpspudl wgnuipwih nkupnid uful/

Qul] hwdwlupgh nhuwdhly dnnbjp Simscape vhowduypnid phipdws & uly. 12-nud:
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Ul 12. Quly hundwljupgh unnky

Analysis->Response Optimization wwwnthwbp htwpwynpmipnit B wwhu  junwdupdub
hwdwlwupgh wwhwietbphg plunn vwhdwiwhwndbpp vwhdwbtn] Junwpl) Jupqudnphsh
wwpwdbnpbph wjundwn  pinpmipnitt guppkpulut uhdnyyughwh  dhengny, nph hwpnid
hwdwlupgp jpujupuph vwhdwbqus guydwbibpp:

Lwuh np nfjuy hwdwlupgnid jurwdupynd E djungh ghppp, wyw wwngd dntnpught
wqnuipuith httwpuwynp thnthnpunipnibtbph hwdwywnwuput vwhdwbibpp Check Custom Bounds
pnynud (Wl 13), Yuumwbwbp 2B} Jupquynpsh owuwpdw) gnpswlhgubpp: 2B} jupgquynpsh
wwpwdbnptpp uyqpiupdtpuynpynid tu npytu P=1, 1=0, D=0:
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Uly. 13. Design Optimization wunnnihwip i Uninpughll wgnuipwip vwhiwbbbph plinpnid
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Uwhdwibkpp dntinpugpdby ki hwpdh wntkng pbigpmd wnwewnpws wywhwbetbpp: Zknlyuy
uwhdwuttipp Bipunpnud Eu dnwn 15% gipjupquynpnud, 0,1 7jupquynpiut dudwbtul b 0,05 Jwddwt
dudwitiuly:

Uhunijjughwihg hknn unwgws Jupquinpsh gnpswlhgtpb ku' PH = 9,4932, TH = 73,5275, DH =
=0,0808, npntp Untinpugpliny hwdwljupg b Abwynpling dhuynp prhspwdl wqpuipwl, junwbwbp uly.
14-nud pipud wugnnhly puntpwughpp, npp puupupnid Eupdwsd qwhwbetbiph:

Zudwljuipgh thnuwbguwi $ntihghwi jupgquinpsh tkpunisdwi nhypnud Y

4.4-10%s* + 6510153 + 2.3 -10's? + 1.9 - 10'%s + 1.4 - 1017

F = :
(s) s6+8.7-10%s% + 3.1-10%* + 1.4- 101253 + 2,5-10%%s2 + 1.9 - 10165 + 1.4 - 1017

Uwnwtwtp hwdwlupgh wdyhnniqpuhwdwhwljut b thnywhwdwpulw punipugpbpn (aly. 15):

Luwpuwgdtiny dhwnwigp hhnpuyhy hwdwlupgh dnnbp’ jupbh t npybu dninpught
wqnuipwl  dbwydnpl] wwppkp  dntnpughtt | wqpubpwbbbp: VY. 16 b 17-mid phpdus LU
hudwywunwupwiwpup hwdwlupgh wpdwquiputpp punpguws (Custom  signal) b hwpunthl
(Jhppwughnt) mqnupwtibph nhwypnid:

§
:

Step Response Graph

l.i— I[\
I

ESEaeaou

Maguitisde (48]

=
ta
45

=
o

Amplitude

=
=

=
[

(=}
=L

01 0.2
Time (s)

e
Frespuenty (radis)

Ul 14. Quily hunlwljuipgh whgnnghly phnyeuighp (gkpl. Ul 15. Qul hwdwlwupgh huwdwhnulubiuyhl
- 14.7%) phnipugnpkp

il \"HW ll

Ll' .I.M |

[m)

Tnmit Fasitias (n)

Input Position

o
ha
w
-

i @l
@
o
S

Dutput Positien [m)
2803

|

1

‘ |

Gutput Paskian ()

3

c
&
e B 22

=
@
-
@
~
=
©
o

titne (sec) S o]
uly. 16. Custom signal wignulipwiih nkugpnid Uy 17, dpppuighnl dhwunwbgp hhppuifipl
hwdwlwpgh wpdwquibpp hundwlwpgh phnipughpl puv ghpph

Bqpuljugmpnii: Simulink Simscape thwiplph Uhongny Junnigdl) L hwdwlupgh nhtwdhlugh
Unnbp: Ppuuwiwgyl] t hhnpuwyihl swpdhsh junwdupdwt hwdwlupgh twjuwgsnidp: Simulink

SimScape thwptph vhpwupnid jupnigus hhnpuyihl hwdwlwupgh nhtwdhuwh dnnpbip htwpun-
poipnit £ gl niunidbwuppl] b hbnwgnunt] hwdwupgh quppp hwdwywnwuppwt punipugpbph
ogunipjudp: Munidtwuhpyl) k twl hpughntt thwnwbgp hhnpwiihly pupdwptph junwdupdw hw-

dwlupgp:
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Fonp hwpyuplikpp  ppulwinugly; Lo Zuywunmwbh  wqquypll dwpunwpughuwluh

Jupnpunnphubibpnid (ANEL):
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MODELING AND DESIGNING OF THE HYDRAULIC CONTROL SYSTEM IN
SIMULINK ENVIRONMENT

The control system of the hydraulic actuator is discussed. A dynamic model has been built in MATLAB Simscape
environment to explore the dynamic behavior of the system. A controller for hydraulic control system is designed.
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THERMAL FIELD MODELING AND THERMAL MAP CREATION OF 3D
INTEGRATED CIRCUITS

A simulation method of a thermal field of the semiconductor crystal of 3D integrated circuits (3D IC), based
on the principle of electrothermal analogy is proposed. The electric equivalent circuit of heat exchange of 3D IC
constructed on current sources and resistance is proposed. Based on thermal model a way of creating of thermal
map is purpose. The automated tool was developed for thermal and power maps generation based on proposed
electrothermal method.

Keywords: 3D integrated circuits, electrothermal modeling, thermal field of crystal, initial placement of
cells.

Introduction. Temperature and reliability are two of the most important challenges associated with
3D ICs. Other challenges include signal integrity and power delivery [1]. Thermal challenges arise from
the increased power flux inherent to 3D stacking. High temperatures can cause timing violations by
increasing transistor and interconnect resistance, and excessively high temperatures can even cause
permanent physical damage to the chip. Thus chip temperature plays a critical role in both soft and hard
error reliability. Temperature significantly effects leakage power. In contemporary IC working
temperature of semiconductors can reach more than 100°C and the temperature differences between
different areas of the crystal can reach more than 10...20°C [2]. As the reliability of IC mostly depends on
its working temperature, it is becoming important to develop such modeling methods of thermal field of
crystal which will provide possibility efficiently estimate thermal distribution on surface of
semiconductor crystal during IC designing. That will allow the designer to make interactive decisions
from the point of view of thermal placement during cells placement stage. This article provides the
estimation method of thermal field of 3D ICs based on electrothermal modeling. Also provides the
thermal map creation method from power map.

Thermal model for single layer in 3D IC. Once the 3D ICs floorplan has been constructed and
component power estimation is complete, we have a power density map for each tier of the 3D stack. And
that power density map will be as an input parameter for our thermal model creation. Before creating the
thermal model of 3D ICs let’s consider the same problem for 2D ICs. For 2D ICs if we present the
construction of semiconductor crystal with nxn size matrix like placement of thermal cells and each cell’s
value will be defined as in form. (1) [3]:

Tic = T,.+RP, (1)
where Tic — is the temperature of single cell, Te — is the environment temperature, R —is the thermal
resistance and P —is the power of cell, then the mathematical look of heat exchange model will be [4, 5]:

Ty Ri1 Rz Runrp
T, R21 Rzz = Ryn|P,
- : : . : : ,i=1,..,n,
Ti Ril Rl] . Ril’l Pi

[TDJ an1 Rpy - RnnJ [PnJ
where T; — is the temperature of i-th topological cells; Rj;— is the thermal resistance between i-th and j-th
topological cells; P; — is the power of i-th thermal cell. The solution of heat exchange model only from
mathematical point of view is difficult as a lot of calculations must be done beside that the values of
thermal resistance R;; must be known. In order to overcome these difficulties the heat exchange model is
combined with corresponding electrical model. This can be accomplished by using analogous thermal and
electrical phenomena [6, 7]. The compliance between thermal and electrical parameters is given in
Table.
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Table
The compliance between thermal and electrical parameter

Electrical parameters Thermal parameters
The Name Measurement unit The Name Measuur:ﬁment
Electric charge Coulomb Heat Joule
Voltage Volt Temperature °C orK
Electrical resistance Ohm Thermal resistance °C/W or K/IW
Electrical current Ampere Thermal current w
force
The thermal
Capacity Farad capacity of the JI°C or JIK
system
Ohm’s law: Uij:Ui-Uj:|Rij Fourier's law: Tij:Ti-Tj:PRtij

From compliance of Ohm’s and Fourier’s laws [6, 7] if we create the model of single cell in nxn matrix
based model which will be represented by resistors and electrical current sources then we can estimate the
temperature values from voltage values of our model. The electrothermal model of single cell is
represented in Fig. 1 [7].

Fig. 1. The electrothermal model of single cell

Fig. 1 shows the electrothermal model of some j cell and its connections with i and k cells. O;
represent the topological centers of j cells. The powers of cell is represented with I; power source. R;is the
thermal resistance between the cell j and the IC body. R; and Rjk are the thermal resistance between
neighbors caused by the active part of the semiconductor structure. rij and rjk are the thermal resistance
between cells caused by the passive part of the semiconductor structure. C;j is the thermal capacity of j cell
which makes the model to be dynamic. Based on described electrothermal model it is possible to create
the full electrothermal model of 2D IC.

The electrothermal model of 3D IC. Using the electrothermal model for 2D IC we can create the
thermal model for 3D IC. Adding the single cell electrothermal model side by side in one layer we can
create the corresponding model for single layer of 3D IC. After creating the layers we need to add them
one on another also adding new restores between layers which will represent electrothermal resistance
between layers. All resistors values could be calculated by form (2):

=75 @

d - is a topological distance between centers of cells in case of calculating Rjj and rj; or is the height of
semiconductor substrate in case of calculating Ri. S - is a surface of heat exchange. A - the thermal
conductivity of the substrate. Dissipated power unit is estimated by the form (3):

P= PsAd.pAKW + Pst, (3)
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where Psqp is specific dynamic power of cell, K is the cell switching activity, W is the working
frequency of cell, Py is the static power of cell. The thermal capacity is estimated by the form (4):

C, = CpV, (4)
where p is the density, V is the volume and C is the thermal conductivity of semiconductor. Based on the

described electrothermal model if we calculate the voltages in all O; points then we can estimate the
temperature of all cells in IC.

Tool for creating the thermal map. The described electrothermal model is used during creation of
tool for thermal map generation. The tool working window is shown on Fig. 2.

¥ lic_modeling - a X

B L s 5 3

Fig. 2. 3D IC thermal field modeling tool’s main window

2 layers of testing 3D IC are shown on Fig.2. It is also visible the grid which is used for generation
of electrothermal model for this circuit. The grid step could be changed by the designer depending on the
factor how detailed thermal map he wants to get as a result. After specifying the grid step the tool will
automatically generate the electrothermal model for HSpice using the library of standard cells of 32 nm
technology developed in the educational department of Synopsys Armenia [8]. Using HSpice simulation
results tool will generate the thermal map. The power map and its corresponding thermal map for design
from Fig. 2 are shown on Fig. 3.
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Fig.3. The thermal map of 3D IC

The developed GUI has the following interactive features that make it easy to use during the
deployment phase:

scaling of any selected section of the heat field,

changing viewport on thermal map for detailed view,

cross selection between cells on power map and thermal map,

display of the grid of elementary heated zones,

changing the size of elementary thermal zones, which makes it possible to provide a trade-off
between accuracy and machine simulation time,

allocation of local heated zones in which the temperature is higher than the set value,

e to output numbers and coordinate the elements whose temperature is higher than the set value.

Testing results. By using the developed tool power map and thermal map generation tests were
done on open source CPU “UltraSPARC T2” [9]. Results are shown on Fig. 4.
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Fig.4. Cells placement, power and thermal maps of UltraSPARC T2 CPU

Conclusion. The electrothermal modeling method allows representing the placement of the thermal
field of IC as identical electrical scheme where thermal parameters are replaced by corresponding
electrical ones. The built electrical scheme can be analyzed by HSpice. Such solution allows creating
electrothermal models for various topological structures. The tool was developed for automatical
generation of electrothermal model from 3D IC which also provides the interface for viewing the thermal
and power maps of the circuit.
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S.U. Guuwwpju

GNURAUP hLSEG UL UubUULErh REPUU3PL HUSSh UNYsLUYNMNRULE BY
R6MUU3hL L2UNStRh USE10NRUL

Unwowply/nud F 3D plunkgpuy ujubdwibkph (3D IC) [huwhwngnpnsughll prmipknbkph obpudughll nuionp
Unpljun/npdwl dkpny, npp hhdtyws kL Equnpuokpdughll huwdwidwbnyepul Jpu: Unwowplynid b hnuwiph
wnpmiphbph b phdwngpnippul Ypu qunnigyws 3D IC-ukph obpulunpnprubinulpdwi B Enpulwl hunlupdbpp:
Ukplugugyly F gkpduyhll unnplih ypw hhdbyus okpluyhll pupinkgh unbnddwl Enuwiul: Ugnndunnugyus
qupshp F bwlyly wowewplpjng  HEpnpuokpiluyhli Wkpnph hpdwé Jpu okpdughti b hqnpnipnibbiph
pupunkqhbph uinknddwi hunlup:

Unwugpuyhti pwnbp. 3D piunkqpuy ufulbw, lEunpueokpduyhl ungly, poiplnh obpduyhl nupw, nnupplph
hwpuliulul nknwpwpunid:

T.A. 'acnapsin

MOJIEJIJMPOBAHUE TEILJIOBOTI'O IOJISI U CO3JIAHUE TEILIOBOM KAPTBI 3D
WHTEIPUPOBAHHBIX IIENEN

IIpeonooicen mMemoo MOOeIUposanus meniogo2o NONsA NOIYNPOSOOHUKOBO20 KPUCHMANLA MPEXMEPHbIX
unmezpanvivix  cxem (3D IC), ocHosannviti na npunyune sirexmpomenniosoi  auwanocuu. Ilpedcmasiena
anekmpuyeckas skeusarenmuas cxema mennooomena 3D IC, nocmpoennas Ha ucmounukax moka u
conpomusnenuu. Ha ocrnose meniogoii mooenu npeonazaemcsi cnocod cozoanus menaosoi kapmoi. C nomoujpio
NpeosioNHCeHHO20 INEKMPOMENIOB020 Memooda paspabomar agmomMamu3uposaHHblll UHCIMPYMERmM 05l 2eHepayu
MEeNnNoBbIX U SHEPeMU4ecKux Kapm.

Knrouesvie cnosa:. 3D unmezcpanvHbie cxemvl, 21eKMpomepmuieckoe MOOeIuposanue, meniosoe noie
Kpucmania, HauansHoe pasmeujeHue a4eex.

Gasparyan Tigran Ashot - Ph.D student, National Polytechnic University of Armenia, Synopsys,
Lecturer at Synopsys Armenia Educational department
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Ynpynpunnpy pmdifyniplpuyhl gubgkph wopunnniunyeni bl wwywhnylin hunlup whhpudboun L junnuply
pput &pown Junwijupnid: Fpugln Junwjwpnid ppululnughlyn hunlwp whhpudboun Foquijly gubgkph Junuupdul
hwlwlupglphg (8Y92): 842-i wywpuwnughl b dpugpuyhl (niéndbbph hwjupwdne E npp hupunnpnyeinia - wnaypu
wpupbhumnpunnnpbbphl podipnuypbpuypll gubgnid junnuplky wnwbdhpl pununphsbbph hulnud o junwjupnod: Subgh
wofuuwnnniiwniyeinilp phnipwgpnyg wjjuybbpp wwpnibwlind ko npulwlul phnyewgplbp, npnbp hugnap ko npyku
wofuuwnnniiwnippul  wnwbhgpuyhli  gnighs: Uy wjuybbpp phonipugpnid ki pondiynyebpughlt guigh Juppp b
oqunugnpdynud ki wihnduypimbbph hupninupbpdul hunlwp:

Unwugpuyhti pwnbp. npynpunpy gubgkp, Junwywpnid, dkpbiuyulub niunignid, winduy pw, ppaphl:

Utkpwénipini: Swiguyhtt Swnwynipjniiibp dwwnnignn juquljbpynipnibibph npulh pupdpugdwi
wpyniupnid hwdwhnpyubph pudupupjusnipyut b punipjub gniguithph pupdpugnudp Uks nhip b juwnnid
Juyhwnwy b gnpéwntwlub swhuukph Ypdwndwl, phqubu gnpdpupugubph wjnndwnwugdwt b oyynpdwjugdwh
ounphhy tkpgpus gnidwpubph yepunupdh gnigmthoh pupdpugdut Jpu:

Swugkph junwqupdwi hwdwljupgbpp htwpuynpnipnit B nwjhu jutwptk) hbnbju) gnpswnnypubpp.

e guwlgwjhlt uvwppwynpnidubph hwyntwpkpnud — hwynbwptnky, pk nfju) wuwhht hy vwppbp Bo dhugdus
hwdwlwupght,

e  guigwjhtt vwppwynpoidubph dpnunhwnwpynid - donwunhnwpll] guignid wnljuw vwppuwynpnidubpp,
npulugh wupq 1huh, pk bty Jh&wlnid i gnignud guigh wpwdht pununphsubtpp b hyy wunhdwh k ppubg
Juunupnnuljunipniip hwduywnwupwiind twjuwy bu npdws wpdbpubipht,

e guwigh juunwpnpulijuinipyut quuwhwwnnd - juwnwpynd t guugh wjiyhuh punipugptph huljdudp,
husyhuhp ki pnnniiwlnipniup, thwupbpibtph Ynpniunp, hwyunnudp, hwuwbbhnipnip,

e huwnbjjuniw] Swinignidubp — jupquynpynn wgnupwukp, npnup Jupdwqupkt npnpwlh guuguyh
hpuhdwlubpht’ guiguht wydhthunpunnpht kgl wwhkng sms hwunnpyugpnippui, b hounh Gud wy)
Enuwyutpny:

Tvinph npusp: Opwqpbph wpdwiwgpnipniutph ppubhlh hnupbph puuwupgiut hwdwp wpphwlui
E hwdwpynud dbpkiwjuljwt ntunigdwt (UN1) dkpnnubph Yhpwenudp [1,2]: UN-h pu hhddws nuuwljupgnudp
Juunwpynud £ spuqpbph Ynnuhg unbndynn ppudhljh hwynh hnuph Ypuw juwnwpynn niunigdwt hhdwb Ypu:
Utndwjhwibph huwynbwpbpnudp hpunynud - widuuwbgnipyut, hwuwbbjhnipjub, Swrwjnipjui npulh,
yhpniuughtt Spugptiph huynbwpbpdwt hwdwp [3]: Gindwjhugh hwynbwpbpdwi yhnp b uwhdwibkip windwy
gnunh, whndw) gnuinnig nnipu bt tkpu vwhdwbikpp, wjuhtph bpk ppudhy b dnk) guig, wyw nfjuy hpuhduljnid
wjt wundwy E, pl ns, hugp Yuplnp k guugkph oybkpunhy junwdupdwt hwudwnp:

Qnynipmnit mubkt UNr wwppbp dbponubp: Zbnwwgnumpnibitpp gnyg o wdk, np dbs ounipynia
htwpwynp £ unwbwy, kpt Yhpunybkt UM tEpniught gwughph jud hkbwunibughte Ejunnputph dkpnnubpp [4]:
Ubpnnubpp Yhpwebkh &u ny dhugb ppudbhyh quuulupqiui hwdwp, wjb nputg pnisnipjut hhdwb Jpu
htwpwynp t hwynbwpbpl] guigkpnid wnwewgnn wundwjhwibpp: 8wigh wphwwnnittwlnipmnitp pintpugpnn
nfjujutpp wupnitwnd o npuuiwb  punipwgpkp, npnup hwjnth i npybu  wolhwnnibulnipjub
wnwigpuyhtt gnighs: Ujn wjjwjubpp pinipugpnud ki hipwhwnnpnuljguljut guugh Juppp b oginuugnpéynid
windwjhwikph hupntwpbpdwt hudwp: Gpp wyn pinipwuqpbph wpdbpubpp nnipu ko quthu piuljuts Jhgwlnid
quniyny hbEpwhwnnppuljguljut guwbgh punipugpph wpdbputph  dhpwluyphg, nuw  bwowbwlnud L, np
hwdwlupgnud wrwewgh| E windwyhu:

Npuybtugh Jupnpubwp vwhdwky, ph npt £ hwdwpynud wiundwjhw, wbwup £ uvwhdwkip windwy gnunh,
winudw] gnunig npnipu b ubpu dwpbdwnhjulwt dogbjukpp: Fpw hwdwp wpwowplnud Lup hbwnbyuyg
Inriljghwiikpp, npniig Yhpundwh nhypnid hwjntwpkpgh guignud kEnus windwhwi:

Ubpkuwjuljut nunigdwt bpuwbwlny dudwbwlh wnjju wwhhtt wpdph juihiwnbunudp jupnn Lup
ubpyuyugub) htwnbywy duny.

y=f)+n, M
npuitn f(x)-p phntpdhtugdws $nitlghwi b n-p wndnilb k jud upowp:
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Npybu Untinpught wdyuy nibkup {(x;y;): i = 1, ..., N} nunmgnnuljut widyuubpp, npntn x; = (x4, ..., Xi), huly y;-u
ghubpugynid t twhnpy wdjuubkph hhdwi Jpu:
Yhgnip nibkip W = Wy, Wy, ..., Wy dudwbwlh swpp, npp juqujws b dudwiwyh’ hpup hudwuwp T
dwubphg t =1,2,...,T:
Jwdwtwlh pupph pughwunip dnglp Jupth b ubpuyugit)] hbnbyw Yipy.
we =g+, @)
nputn g(t)-u dudwbwyh ghntpdhtugdus $nijughw k, huly Y-t tkpjuyuginid Eununiyp ud vhowgp:

Ubphtwjuljwl numgdwi twuwnwli E qubl] wjiyghuh £(x) $mblghw, npp htwpunphiu ju
JYwijuwwntuh f(x) nighwb:

UNk hinwdbtiunnpuyht dkpngh Jhpundwi phypnid dudwiwlh ¢ wuwhhtt vnwgws wpdbph hwdwp
wbnp Enpnoyh, ph wpmynp wyh o U k windwhwgh gnunnud:

Bupunnpkup dwdwbwljh windwihuwgh gnuiunmd gunnn wpdbpubpp unwgynud Eu htnlyuy $niuyghuyndg.

Yan = fan(t), 3)
huy windwihuyh gnuinig nnipu qudnnubpp hkwnbyuyng.
Yn=fa(®): (4)

U phypnud dwdwbwlh ¢ wwhhtt vinwgyws wpdbipp np gnunit np dnwn Yqunh, wyn gnunnib b
Yhwdwywinwupiwth npu wpdbpp, ntuinh wthpudbown t gk htnbjw) wpinwhwjnnipjut tjuquqnyi wpdtpp
b punn npw npnoky, ph np gnuinit £ wuwnljuiinud dninpughtt wpdtpp.

) z=min(y = Yan, ¥y — Yn): )

Yhpwobng ykpnuojwip puwn wpynibpbbph Yupnn up wpgbt $hpul), ph Gjws ppudbhyp hwdwpyne J £
windughw, pk ny: Gpk wppkh hul] qnigond E winduy gnunud, junwpkip windwijhugh juuupgbnd b
hwdwlupgh htkinwqu niunignud:

Qnpstwljmb wpnynibpubp: Zhdp pugniubing Ubp vwhdwbws windw) gnnhubph shdwghtt $niughwmbpp
guiighpnud wundw) gnnhutiph huyntwpbpdwt b wppkt hull hwynbwpbpyuws windwihwibph ntunigdwt hudwp
owljyty E gwughph owbkpwwnhy Jurwdwupdwi CTNOCAS wyjunuiwwnwugwsd hwdwlupgp, nph gnpsuwlui
thnpdwpynudp Juwnwpty Eip OMC juquuljpuynipjut pndthynipbpughtt guignid b jhpundnid £ npu oy bpunhy
Jurwjupdwt hwdwnp [4,5]: Yuquulbpynipjut guugh swipwpknijusnipjut qpuphljubptt wplumwnwpwght b
ny wohuunwiipwihtt opkph hwdwp phpyws tu 4. 1 b 2-nud, npnug hwdwp hhdp ki hwinhuwglk] wnmiuwyh
unjuubpp:

Unyniuw
Quiquuy bpynipyul g iudwup hkpwhwnnppulguluwi guigh Swhpupknlugwdnyentiih puwn opyuw dwz[l?[iﬁ !
Jud Uphrunwipuighi on (Uphge/t)) Ny woppwnwtipuyh op (Upfye/t))
Qdwupwpbnifusd Owlpwpbknijws | Qdwbpwpbnidwus Owlpuphnujws
00:00 7 9 5 9
01:00 7.5 9.5 5 8
02:00 7 10 3 7
03:00 7.5 10 3 7
04:00 7 9 3 8
05:00 8 11 3 7
06:00 8 11 5 9
07:00 8 10 6 10
08:00 14 18 7 10
09:00 14 17 7 11
10:00 15 18 8 11
11:00 16 19 7 12
12:00 17 20 8 13
13:00 11 13 6 11
14:00 11 14 6 11
15:00 17 21 8 12
16:00 18 20 7 13
17:00 16 19 7 11
18:00 15 18 8 13
19:00 15 18 8 13
20:00 14 18 7 13
21:00 14 15 7 10
22:00 9 13 5 9
23:00 8 13 5 8
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SYjuy juquuybpynipjut hwdwp dnpbjuynpdt) b hpughdwly, tpp hinwhwnnppuljguljut guignid

Juwuwluwp dpugph hwynidbjnt hbnbwupng wykjugl) k guigh swipwpbknugwuénipemniup:

25
T R

20 S —

L
\
¢

o un

Owhpupkninjuiénijenti
(Uphp/t)
00:00
01:00
02:00
03:00
04:00
05:00
06:00
07:00
08:00
09:00
10:00
11:00
12:00
13:00
14:00
15:00
16:00
17:00
18:00
19:00

Opjw dwd

20:00
21:00
22:00
23:00

Uy 1. QuquunyEpuynipyul gubgh Swipupkpiuywénipiniil pun wyhunnwbpughl opyu dunlbph

Swigh swupwpknujwdnipnip phy E wybjuwinud, pwth np Juwuwljup dSpuwghpt hp ubkpdbp £ niuplynid
Jupuljuws hwiunygubpmd wolw $uykpp b shuynbwpbpdbnt hwdwp thnpwignudp juunwpynud £ thnpp
wpugnipjudp: Zkpwhwnnppuljguljut gwigh wolimwnwbpp 02:00-hg 10:00-h dwdwtwlwhwwnywsh hudwp

pEpqus k uyy. 3-nud:

20:00
21:00
22:00
23:00

14
-
§12 Pafepraptefrial nivfpl PaN /\v/_\
= — —
S 10
N~
N 4
§.8
S 6 /; \_/ E
< =\
s ) S— Thghommnm g i m bt —————
32
5
fFo 4+
g, O 0O 0O 9O 9O O 9 O 9O QO 9 9 O 9 9 Q@ © © © O
S ISR - - - - - - - - - - - -
3 S o N M S h B N X B O o NMm S BN B DO o N M
IS) © O O O © O O 60 0 O oA H = = o d = o = o
Opqu dwd

Ul 2. Ququuy bpynipul gubgh Subpupbpniunjuénipinilli puwn ns wohnuumubpuyhl opyw dudbph

SYjuy niypnid CTNOCAS-h §nnuhg Juwuwljup spugnph wohtwnwtpp hwpntwpbpyty k 65% gownnipudp:
Tu wuydwbwduynpjws E o bEnkp wyt hwhqudwpny, np wnjju) gwigh hwdwp nunigdwb gqnpépupugnid
puwlwint b ny ptujwint wojuwwbpubph Swipwpkntywsnipniuubph vhowluwpp puduljwitht dks kp:

15

3 \
S 10
g R — Uplumnwiipuyht
S ESY 5 -
..SL Sj . -~ = Owlbipupbnfwé

N T T T T T T T T 1
"S S 02:00 03:00 04:00 05:00 06:00 07:00 08:00 09:00 10:00 ‘{hmuuﬂlmp bpulqpnq
)

OnpJu dwd

Ul 3. Swhgh swipupkphiunjwénipniip Jimuw§up dpugph wnfunyenul nkuypnid

Unwgugwus puunhpp niskint hwdwp juwnwpyl] £ hwdwlwupgh pugnighy
Juwuwlup Spugph wpwnwiupp hwynwpkpyty £ 95 % donnipjudp (uly. 4):
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= Upluwtnwipuyht

= Owlpwpknudud

. ; . ; ; ; ; ; . = = Juwuwjwp sSpwuqpny
02:00 03:00 04:00 05:00 06:00 07:00 08:00 09:00 10:00

OpyJu dud

Owbpupkninjuénipnt
b (Uphp/d)
o wu

Ul 4. Buligh swipupkniunjwdniypniip Jimuwlup Spugph wnluynippul nkypnid jpugnighs niunignidhg hknn

Bopuljugmpymb: Zknwwgnuybp b windwjhwibph  hwpnbwpbpiwt hudwp  UNR - hwudwljupgbph
ubpyponudp, htwpwynpnipinitp, npntg Yhpwndwdp htwpwynp Yhth ny dhuytt huynbwpbply hwynth
yuwndwnibpny wpwowgnny windwihwubp, wyl phnbu withuyn yundwnubpny wnwewgnnubpp: Uundwihuwjh
gnunid jud gnuunmig nnipu qubybne dwpbdwnhjulut Unpbjubph hhdwt dpu dowljyus hwdwlupgp
thnpdwnlyty E juquuljbpynipmniunid, np nith Ynpuynpuwnhy podthmptpughtt gwig: Upgniupubpp phipdus u
gnpdnn guiigh thnpdwplnudubph hhtw Jpu: Zwdwlupgp fupnn k jhpumby thnpp b dké Ynpuynpunhy guiigkph
wphiwnnttwlnipjut pupdpugdut b wpynibwybn sowhwgnpénidt wywhnybnt hwdwn:
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I0.C. Orannucss, I''T. Kupakocsan, T.C. Auapeacsin
PABPABOTKA MATEMATUYECKHX MOJIEJEN 1151 OBHAPYKEHUS AHOMAJIBHBIX 30H B
KOPIIOPATUBHBIX KOMIIBIOTEPHBIX CETSX

Jns obecneuenus pabomocnocobHOCmu KOPROPAMUBHbIX KOMNbIOMEPHLIX cemell HeoOX00UMO NpABUNbHO YRPASIAMb
amoul cemvio. [ epamomno2o ynpaeienus. ciedyem 6ocnonvzoseamcs cucmemou ynpasienus cemvio (CYC). CYC — amo
KOMNAEKC annapamubix u NpOSPAMMHBIX DeueHull, NO360NAIOUWUX AOMUHUCIIPATNOPY CIeOUumb U YAPASIAmb OmMOeIbHbIMU
uacmamu KomnwlomepHvlx cemetl. [annvle, Xxapaxkmepusylowiue pabomocnocobHoCmy cemu, CoO0epxcam KavecmseHHble
Xapakmepucmuki, Komopvie U3eecmHvl KAK Kiliouesble noxazamenu pabomocnocobHocmu. Imu OaHHble Xapakmepusyom
nogeoenue cemu u UCNONL3YIOMCS Ol OOHAPYHCEHUS AHOMATULL.

Knroueswie cnosa: xopnopamusnas cemn, ynpasienue, MauunHoe ooyuenue, aHomManus, mpagpux.

Ts. S. Hovhannisyan, G.T. Kirakossian, T.S. Andreasyan
DEVELOPMENT OF MATHEMATICAL MODELS FOR DETECTION OF ANOMALOUS ZONES
OF CORPORATE COMPUTER NETWORKS

To ensure operability of corporate computer networks there is a need to manage it correctly. For correct
management we must use network management systems (NMS). NMS is a combination of hardware and software
solutions allowing administrators to do control and management of separate components of computer networks.
Data characterizing operability of networks contain qualitative characteristics known as core markers of
operability. These data characterize behaviour of computer network and are used for anomaly detection.

Keywords : corporate network, management, machine learning, anomaly, traffic.

<nyhwuthujwtu Swnhy Unbthwiuh - wn.g.p., wuhunkin (2U02)
Uhpwynuywu Fwghy Shgpuuhp - 1.q.., ypndkunp (2UN2)
Uunpbwuywu Shgpwu Uwpqup - W.¢.p., wuhunkiwn (ZUMN2)
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Zbnmwgmnfly ko wywhnjugpuilul pblkpnippul pndynipbpughl gubgh ponp onulbakpp  winfinwbgn: -
Jjul mkuwllnpg, hkunugnunylky o hunlbdunnygky B dwuliughuugyus pndipniplpughl gubgh winjunubgnippul
rupdpugdul wnlu gnpdppwdhongilpp: Guunwpyly Fuyn gnpdppunlhonglilbph hwdbdunnwlwi qluhunnnidp:
Unwowplifky b Gkpppyky Fdwuliughnwlui gubgh whyumubgnienul ghwhunndwi b pupdpugdw i wipgntbukn
qupshpulfhiong:

Unwiugpuyhti punbp. pndiynipbpught gubg, quiguypl whynwbgnipnil, wupuhnfugpulub pblkpn:-
Jornil, gnpoppunlpong, Next generation firewall:

Uhpuwénipynit. Uywhnjugpujut puybpnieiniuttpp, (hutkng $htwbuwlu snijugh vh dwup,
nubktuny pwuluuhtt pwwn hwdwpinpnubp, Jtpgubng hpkug Jpw hwdwpinpnubph phulkpp,
wupunwynp kb niikbwy hniuwih, widuwig b hwuwibh pndthymplpughtt gwg [1]: Lwth np
putpnipiniip yupuwynp kEhwdwpnpyubpht vyuuwplly 24/7 nkdhunud [2], wihpwdbown £ np pninp
Spwgpuyhtt hwdwlwupgbpp b pndthyniplpuyhtt guigp (hukt hwuwbbjh: bul widuuwignipyut jpunghpp
wykjh UkS Juplnpnipinit nith, puiqh wdpnne mbknkjuwwnynipiniip, nptt wbginwd £ pndthyniplpugh
guigny, hwdwunppubph YEpwpbpyu) mnkjuwnynipniub b, m]ubhph‘ wywhnjugpuljub qunuthp k,
npp qunuth £ b sh upnn hwuwibih (huk) hwiipnipyup [3]: Uhbtnyb dudwbwl) wnlw k kY wy) juhun
qunuith mkntjuwnynipmniy, nph hwuwbbh (hukp upnn b d6s Juwu hwugiby hsybu puljipnipiut
hwdpwyhl, pukpnipjut nhppht ontjuynid, wytiybu b $httwbuwljuts Jhdwyht:

unph gpudpp. Zkwnwgnunyl] kot wuywhndugpujut pubpnipjut pndthymipkpughtt gutgh
wiunubgnipjutt pnjnp onuiljukpp, whdunuwbgnipyut wywhnydwt gnpshpudhengubinp, Juwnwpyt) b
npubg hudbdwnwlut quuhwnndp b wpwewplyl) dwutwghnwlut gubgh wifunwigmpjub
pupdpugdwi wpnynibwtn gnpshpudheng:

Uhpjuyugquws jutunnph (nusdwt hwdwp wthpudbywn B hinlywy puybpp.

e tpmsk] wywhnjugpului puykpnipmibtbph pndthmpbpughtt gmigh popnp onquljkpp’

wijunubgnipjut nkuwltnhg,

e hhwnwgnunb] wywhnjugpuljub puljipnipnibittph pndthynipbpughtt guigh wtdunwignipjut

wywhnuwl wnlw gnpshpudhongubpp,

¢ hpwlwbwguty wyuwhnjuqpulju puytpnipiniutnh podthyniphpught guiigh

widuuignipjut gnpshpudhgngubiph hwdbdwnwlwt guuthwwnnudp,

o wnwownlt] wwywhnjugpuiub pulipnipjut dwutwghinugqus pnuthnipkpughtt gutgh

wiunubgnipjut pupdpugdut hwdwp wpynitwdbn gnpshpwudheng:

Uywhnjugpuljut pupnipiniutnh pndiyniplpught gugh pnpnp onujutpp ntunidbwuhptijn.
hwdwp twpu nhinwplkup dwubuwghnwug]ws gnpénn pndthyniplpuyhtt guugh ophtiwly, npp phipgws L uy.
1-nud:

PipJws pnuthjniptpughtt gmugnid tkpuyugqué Eu Eppniquynphsubp, ukpybkpubp (n hwwn),
hwdwljupghsutp (m hwwn) b wy] vwppuynpnidutp:

Ulunubgmpul  wyuwhnduwi  wkuwlbnhg woljw E wwpnwuwbbmnt  bpym hwndws
wuwonwuwinipnit wpnwphtt wppuwuphhg b ukipphtt wwonwywinpini: Lkpphtt yuownwywnipjuh
wywhnuwt hwdwp yhwnp Ehunwl hdwtw nbntjunuljut widnwignipjut wnwght jutnup. «9h
Jupljh  wuwouwuwil] wyl, hush welunipjut dwuhtt hwpnth  sk[4]:  Zhdbwlwb  ukppht
wuwownyuwinipjub onuljutpt ku.

e wuwownwwinipnit Yhpniutikphg,
e wuwownyuwinipnit nkntjunynipjut qununiuwgpnidhg,
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o wuwownuwuwinipnit nkntjuwnynipjut wpnwhnuphg:

Upwnwphtt wppumphhg wwonwuwinipjut hwdwp wbhwp b ogquuwugnpst] hwdwwwnwujuwb
uvwppuynpnidutipp, npnup  htwpwynpmipmitt ki wwjhu  pupdpugil]  wiunubgnipniip b
hwynbwpbnt] pnpp uuwpynn  thnpdbpp: <hpnutiphg wuownwywidbnt hwdwp  wjuqugny
wuhwlel wy k, np whwp k oquaugnpsdty hwjuyhpniuwhte Spuqpughtt thongutipn: Uhliunyh dudwbwl,
wyn dSpuigpuyhtt dhongutinhg pugh, whtwp b oquuugnpst] wiuquuwi (Ilecoununa) [5] dpwugqpuyhl
dhowduypp, npp htwpwynpnipmit ' wwhu  thnpdwpll] unwgynn wnbnbjuwnynipmniut wyy
dhowuypnid b wfunwg thubnt wupuquynid niquplt] uinwugnnhte

- Gppninwynphg 2
S . =8 EF
i E—
Cunsurly n ubndbp 1 ubpytp n Swdwlwnghs p
wdwluwnpghs m
S umdwuwght gpuukiyuly Uwutw&niny k

Uy 1. Uwwhnywgpulul phlkpnippul gnpéng pndiyniplpuyhl
guiligh pliphwiinip unnigywdpp

Qunubwugpduwt hhdtwjut wwonywinipniip wdpnnowljut wuwhniunwghtt Yplhtophtiwljukp
niuktwit E npnlp wwpuwunhp npny wuppbpuuinipyudp ywhwnp b unninigyb: Sknkjuwnynipjut
wpunwhnuphg wuownwyuwiybjnt hwdwp dpuqpuyht thongutph oqunipjudp thwljynid Eu pnjnp nkuwyh
wpuwphtt Yphsubp oquuugnpstint httwpwynpnipniubbpp, ponp syuwonywidws Juwninhubpnyg
wlgtnn wnbntjundmpmniip qupunbugpdnud E, wpwphtt wpluwph mquplynn wdpnne wnbnk-
Juwnynipniup unnigynid £ hwnndy spugpught thongubiph oguntpjudp: Uhliinyt dudwbwl ks nhuly
Eu ukpjuyuginid wpnntyuy hwoykqpbp niikignn oqgunnunbptpp, npng guttlyp whwp k juquyws 1hup,
tpwtg hwdwp whwnp £ wywhnyl) pupy b hwdwju thnthnjuynn qunuwpwuntp, wknkjunynipjuin
Uhwidtyuw hpu]wumpyntt sipudwnpby, wjuhlipt' jhpwnk) snpu wsph qunuithupp [6]:

Upwnwphtt wppuwphhg wuonwyuwidbnt hwdwp Yub dh owpp jmisnudubp, npnup Ynsggnd &l
$Suypyniikp Jud wnfbih tnp dnnbjiakpp hwonpn ukptnh $uypynjubp (Next generation Application firewall):

Ypwlg hhdtwlwb $niuljghwi b

e huwnbkpubnh wupwgsh wuowmywunipmnip:

Qnpéwnnypubpp’ nuw) guugh, DMZ (demilitarized zone)-h pwdwtnup huwnbpubnhg, hwbpught
Swnwynipniubph guguyht oipnh yuownuwunipniup,
e  Zero-day vulnerabilities protection:
Qnpdwenyplbpp Wuonywinpnt «qpoyului op» uwywnbwhpibphg, wuhtph' Jhpniubkphg b
Juwuwlwup Spwgpkphg, npnup pin hwjnuh skt hwuwyhpniuughtt Spwgpbpht, Jud wwwnydbpny
hwpawlniulibphg: ShwyhYy fubighp £ qunnih qupulp crypto locker: Uyt hwjntmd £ wphiunulygh
hwdwlupgsnid Ynpuynpunhy thnunh dhengny, qunuiugpnid t pnnp dupbpp (nuy b gwuguyght
Uphsttiph ypw b wwhwbenmd E gnidwp thnjuwigh] hwoyhtl' quuniwgpiwl pubiug ht unwbwgnt hudwp.
e huwnbkpibnnd oqunnikph gnpénympnibitph JEpuhulnud: npswnnypubkpp” uvwhdwbwulby

oquugnpénnubph Untnpp nhyh wpunwphtt wpjuwnph, YEpwhulty pninp htwpwynp dhwgnidubp

wpuwphtt wppuwphh htiwn, quut] ogunugnpéynn URL hwugkubpp, oquuugnpst| hwjwyhpniuwght
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spwgph Uhongny unmignud’ Uhbish nbnkjwnynipniip wounwlgh hwdwlupghsnid hupntu]byp,

hwjwhwdwdwpuluyht (pinkuny spugqptph hwyntwpbpnidp Anti-Spyware:

dhpp pyupljus gnpswnnypltpp hpulwiwgbtne hwdwp Jub dh pupp (nusmudibp, npnighg ku'
Palo Alto, Chack Point, Fortinet, Cisco b wijji: UYj. 2-nud gnyg E nipdws 2016 pquljutth pojnp wynuhuh
uwppunpmudtph nhppp dhewqquyht ondyuynid: Uju pwnwlyniupl Ynsynid £ magic quadrant [7).

Falo Alto Metworks

Chock Point Softwarn Technologins

Auripar Metwaorkos

Forcepoint
Hillatone Metemos b - -
Dall SenisVaLL
e - ' -
Sopho

Ul. 2. Magic quadrant for Enterprise Network firewall

Cuwn 4. 2-h, pniljuynid npuyku wpwewwnwp wnljw  kplnt uwppundnpnud’ Palo Alto i Check Point:

Oquuugnpstyny wnljw thnpap [8] b mikiwny hwlwyuinuupwt wwhwbeltpp [9] Jhpnishy
wywhnjugpuljut puljkpnipnitutph pndihynipbipughtt gugh jurnigduspp, ntunidbwuppling wnlju
gnpshpwdhongubinp, untndyt) k wpynitwdbn gnpshpudhong, npp htwpwynpnipinit k wnnwhu

e nuundbwuppl) guignid wugunn ppubhlh punypep [10],

e ppwdhlh dwuyp,

e wpuwpht wphiuph niquplynn b unwgynn ppudhih dSwjuyp,

e oqunnutiph hwpgunpnidutpp hutnbpubn nkunipuhg,

e  huynbwpbkpb] wyt pninp whpwdbown nkuniputbpp, npnup whwp £ hwuwbih (hukt wpnwpht

wpuwphhg:

Sy gnpshpwdhongh Jhpwndwdp juwnwpyl] b hudwyunwupmt hwjupugpus ngjujutph
hhuwt Jpw gwugh Junnigyusph punpnipniy, withpudbon pubtwlnipjudp Eipuguigtph pudwiinad,
huwdwywunuwuput  wwpwdbnpbpny  hwenpn  ubpunh  dwypdnih  pnpnipni: Zniuwhnipjub
tunwnnidiiphg kukny npnoyty Eoguiugnpsty njw) uuppwynpnidp Juuntp hwdwlupgnud:

Ujuyhuny, niubkbuynd Jbpp pdupus wwpuwdbnptpp, JEpuljunnigdty wywhnjugpuljub
puytpnipjut pndthynipbpuhtt dwutughnwugus guugp, npp pipdus k uly. 3-nud:

- -

Ul 3. Uwuhnywgnulub phkpnippul JEpulpunnigyws podipynipbpughl guilign

149



1.

k1, k2-p Ynuntnwghnt vwppwynpnidubpt b,

nl, n2 — p Next generation firewall uwuuppuynpnidubpt G,

ml, m2, m3 —n duypyn; LVPN uwppuwynpnidutp L, npnup wywhnynid ki juwp gjluwdwuwghtt
qpuukiyuih b dwubw&nintph dhol, hsybu b’ 2 mwppbp upuguugkph widunwig wytwwnwpn:
Bqpuljugnipjnii.

zhknwqnungl] b Jbpnidylp i wywhnjugpujut pubpnipyub pndiyniptpughtt gmugh pojnp
onuijitipp winjnwigm pput nkuwlknhg:

Zhnwugnunyl) bt wywhnjugpujub pulbpnipnibubph pndihymplpughtt guigh widuuwignipyut
wywhnyuwb wnlju gnpShpudhongubipp:

Ppujutwugyt] E wywhnjuqpuju pubpnipniuttph pndthyniptpughtt guigh wtdunwugnipju
gnpshpudhongubinh hwdbdwnwlwt guuwhwwnnudp:

hpmiskyny niundbwuhpnipniibtpp wowewplty b tkpnpyly b «blign Upukihws wyuhnjw-
gpuljut pukpnipjut pndthyniphipuyghtt guiugh wijunwignipjut pupdpugdut tyunulny wpynt-
twbtwn gnpshpudhong, nph hhdwb Jpw yhpuljunnigyty b puykpnipjut pndthniptpuhtt guugn:
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HHCTPYMEHTAJBHOE CPEJICTBO JJIsSI OIEHKHY Y ITOBEIIIIEHUA
BE3OIACHOCTHU KOMIIBIOTEPHOM CETU CTPAXOBOU KOMITAHUU

Hccnedosanol 6ce 36eHbs Ko,wnb}omepHoﬁ cemu cmpaxosoﬁ KOMnaHuu ¢ mouyKu 3peHus bezonacrHocmu. Pacc,wompeﬂbt u

CPABHEeHbl UMEruUecs UHCIMPYMEHMANbHble cpeocmea O NOGblueHUs Oe30NACHOCIU CReYUAaIU3UPOSAHHOU KOMNbIOMEPHOU
cemu. IIposedena ux cpasnumenvhas oyenxa. Ilpeonosceno u pearusosano sQghekmuenoe UHCMpyMeHmaibHoe cpeocmeo O
OYeHKU U NOBbIUUEHUS CHeYUATUIUPOBAHHOT Ceneaoll 6e30nacHOCiL.

Knrouesvie cnosa: komnviomepHas cems, cemesas. 0e30nacHocmy, uHcmpymenmanshoe cpedcmeo, Next Generation firewall.

T. A. Fljyan
INSTRUMENTAL MEANS FOR EVALUATION AND SAFETY OF COMPUTER
NETWORK INSURANCE COMPANY

All parts of the computer network of the insurance company, in terms of security are investigated. Tools to

enhance the security of a specialized computer network are considered and compared. A comparative evaluation of

these tools was carried out. An effective tool was proposed and implemented as a means of assessing and enhancing

professional network security.

Keywords: computer network, network security, tool, Next Generation firewall.

S9jwu Shgpw Upnwnh - huygnpy, 2012
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ISSN 1829 — 0043 BECTHUK WHXKEHEPHOM AKAJJEMHUW APMEHHMM (BUAA). 2018. T.15, Ne 1

YK 004:681.2:616 NH®OPMATHUKA, DJIEKTPOHUKA U
HAYYHOE IPUBOPOCTPOEHHUE

JLLK. Anapeacsin

OB30P MOJIEJIEM U ITOAXO0/I0OB MAIIIMHHOI'O OBYUYEHUSA JIJIs
NPOPUJAKTUKN U JUATHOCTHUKHU CAXAPHOI'O JUABETA 2-I'0O TUITA

Lenvio uccneoosanust A6AAEMC U3yUeHUe MOOCLCH MAWUHHO20 00YUeHus O OYeHKU PUCKA,
npogunakmuxu u OuacHOCMuKu 06o01e3nu caxaprHoeo ouabema 2-eo muna. Ha ocnose ananuza
02POMHBIX HAOOPOE MEOUYUHCKUX OAHHBIX U Pe3YbMamos HenpepbleHO20 MOHUMOPUHSA COCIMOSHUS
300P08bA 6 PEANLHOM BPEMEHU IKCHEPMHbIE CUCHEMbL HOMO2AIOM NOCMABUMb NPAGULLHBLI OUASHO3,
paspabomams ORMUMALLHYIO MEMOOUKY NPeOOMEPAUeHUsL U JIeUeHUs.

Kniouesvle cnoea. unmeinekmyanivHvill AaHAIU3 OAHHBIX, MOOENU MAUUHHO2O 06YUeHUs,
caxapnulil Quabem, MEMpUKU KLACCUDUKAYUU.

Beeoenue. Vicrionb3oBaHWe METOJOB MAIIMHHOTO OOydYeHHs O0ECHEeurBAET BBICOKYIO
TOYHOCTh OOHApYKEHHs, BBISBICHUS M NPOQHIAKTHKH IIHPOKOTO CIIEKTPa PaclpOCTPaHEHHBIX
3aboneBaHuil (CepACUHO-COCYTUCTHIX, OHKOJIOTHYESCKUX, THA0CTHUCCKUX, PATHOIOTHICCKIX U T.1.), B
pe3ysibTaTe 4ero, MO MHEHHIO JKCIepToB, B 2..3 pa3a COKpallaeTcsi CTOMMOCTh JICYCHHS ITUX
3a00NeBaHMi, a TAaKXKe 3HAYUTENBHO YIYUIAeTCsl KayecTBO JeueHus. DakTopaMu prcKa pa3BUTHS
caxapuoro muabera 2-ro tuma (Type 2 Diabetes Mellitus -T2DM) sBistfoTCST HACIICICTBEHHOCTb,
BO3pACT, BBICOKHII YPOBEHb XOJIECTEpHHA B KPOBH, BBICOKOE KPOBSIHOE JaBJICHHE, H30BITOYHBIN Bec,
OKHMpPEHWE, MAIIOMOABIKHBIN 00pa3 »wu3Hu, HesmopoBoe mnuranue [1-3]. Jlna mpodumakTuka u
OOHApYKEHUsI CaxapHOTO THabeTa UCIONB3YFOTCS Pa3InYHbIe METOIbI MAITMHHOTO 00yueHus [4].

Llenbto paboTEHI SIBIISIETCS] U3yUEHNE TOYHOCTH KilaccuUKaluy 00JIe3HH caxapHoro juadera 2-ro
THIIA C TIOMOLIBIO aJITOPUTMOB MALIMHHOTO OOYUYEHUS B ITy OIIMKALIMSIX [TOCJICTHHX JIET.

Ouenka kauecmea anzopummoé Kiraccuuxayuu. Jns OLEHKM KadecTBa ajirOPUTMOB
KJaccu(UKAMKA BBIOpaHBl CICAYIONIME YHCICHHBIE METPHKH: ACCUracy - moJisi HpaBHIBHBIX
OTBETOB, Precision — u3 momoKuUTeIbHBIX OTBETOB A0 MpaBuiIbHbIX, Recall — moms monoxuTenbHbIX
OTBETOB W3 OXHaaeMbIx, Sensitivity (positive in disease) - BeposTHOCTH TOTO, YTO TeCT OymeT
TIOJIOKUTETBHBIM MU Hanuuu 3abosesanus, Specificity (negative in health) — BepositHOCTE TOTO, UTO
TecT OyZeT OTPULIATETIBbHBIM IIPH OTCYTCTBHH 3a0oseBanust [4].

0030p npumenenus mooeneil MAWUHHOZ0 00yUeHUA O NPOPUIAKMUKU U OUAZHOCHUKU
caxapnozo ouadema 2-20 muna. OCHOBHBIMU MCTOYHHKAMH JTAHHOTO 0030pa SIBISIOTCS AOCTYIIHBIC
snektpounsie apxussl IEEE, Elsevier, Springer Publishing u PubMed Central.

B cratee Kymapu u ap. [5] obcykmaercss mpuMEHEHHE METOIOB MAIIMHHOTO OOYYEHUS st
KJaccuUKAMKA CcaXxapHOro Juabera 2-r0 TUIAa C HCIOJIb30BaHUEM OaileCOBCKHX — CETeil.
Knaccudurkamus ¢ OalfecoBCKOil ceThlo0 TOKa3blBaeT 3HaueHWe ToyHocTH Accuracy = 99,51% u
omnOky knaccudukanuu 0.48%.

JIisi MarHOCTHKHM caxapHOro aumabera 2-ro Tuma B crarbe bapakat u ap. [6] omucano
TMpUMEHEHNE METoJa OMOPHBIX BekTOpoB (SVM) Ha Habope MaHHBIX pPEANbHBIX TAIMEHTOB C
pesyssTaToM pabotsl Accuracy = 94%, Sensitivity = 93%, Specificity = 94%.

B cratee Xan u gap. [7] omucano npumenenne SVM mis ckpuHuHTa aunabera. Pe3ynbraThl
HCCIIEIOBaHUN B OONACTH 3/IpaBOOXpaHEHUS M NHUTaHUss KuTas mokasanu, 4To mpeiaracMblii METOJ
TPYNIIOBOrO  OOy4eHHs TEHEepHpyeT Ha0Ophl MpPaBHI CO CPEAHEB3BELIEHHOW TOYHOCTBHIO
Precision = 94.2% u Recall = 93,9% 151 Bcex KJIaccos.

B cratee 3enr u ap. [8] wmccrenoBaHbl pasiuuHBIC acCOUMAIMM TEHOTUNA M (EHOTHINA II0
EHR(Electronic Health Records), mpencraiena paspaboranunas cpema s uaeHtuduxanuun 300
cyOBeKTOB (CiTyuaiiHbIM 00pa3oM BeIOpaHHBIX U3 23281 cyOBeKTa PETHOHAIBLHOTO PACTIPEAETICHHOTO
pertozutopust EHR) ¢ u 6e3 T2DM. Ucnons3osansr metoasl KNNS, NBS, nepeBbst pemienwnii (DTS),
RF, SVM u LR. Pe3ynsTaThl mokasaiun BEICOKHE TIokazatenn uaeHtudukanan (AUC ~ 0,98).
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B crarbe I'mpu u nap. [9] mpezncraBiena oObeAWHEHHAsS CHCTEMa C MCKYCCTBEHHON HEHPOHHOM
cetbto, pynkuun Fuzzy logic u Gaussion Kernel (GKF). B mpeanaraemoii cucreme GKF ncnonb3yer
cranjaptHoe oTkiaoHenue (Standard deviation) mist TouHO# Kiaccu(UKAIMK JaHHBIX, HCKYCCTBECHHBIE
ueiiponnbie cetu (ANN) st kmactepusayu JaHHBIX. [T0Ka3aHO, YTO MOCIIE 3aBEPIICHHS PEaTH3aI[HN
C HCIOJIB30BAHHEM O6'be}:[I/IHeHI/Iﬂ OTUX METOJO0B YJIy4dIIa€TCd TOYHOCTb IIPOTrHO3UPOBAHUA
Precision = 99,2% u Recall = 97,9%.

B craree Anmu u ap. [10] aHanusupyrotest mpoGiieMbl IHATHOCTUKA | JieueHust quabera. B cratbe
MpeiaraeTcsi HoBass Mojelb rubpuaHoro rpyboro uHabopa (H2RM), kotopas pemiaeT mpobiaeMs
HeToYHOTO mporuosupoBanus (Fuzzy forecasting) u smeuenus caxapuoro auabera 1-ro tuma (T1DM)
u 2-ro tuna (T2DM). Ha osrtame OHJIaH-TIPOrOHA MOJIENH OSTH TPaBHIA HCIONB3YIOTCS IS
nporHozupoBanusi T1DM u T2DM fansi HOBBIX MAI[MEHTOB. DKCIEPUMEHTAIbHbBIC PE3yJbTaThl
MOKAa3bIBAIOT, YTO TIpe/uiaracMas MOJENb MPEBOCXOJHUT CYLICCTBYIOLIME METOIbl CO CpPeIHEeH Hu
cOaaHcupoBaHHOM ToYHOCTHIO Accuracy = 95,9%.

B craree [leBaran wu gap. [11] wucmome3oBaHbl MHOTOypoBHEBBIH mepcerntpon (Multilayer
Perceptron - MLP) u knaccudukamust Ha ocHOBe GaiiecoBckoit cetu. ['mbpuanas mozaens (Multilayer
Perceptron + Bayes Net) st kimaccndukamn TaHHbIX 0 anabere Mmokasaia CISAYIOIIHA pe3yibTarT -
Accuracy = 81.89%, Sensitivity = 64.10% u Specificity = 90.90%.

3axnrouenue. B xome wuccrnenoBaHMS TPOW3BEICH BBIOOp CTAaTell MO METpUKAM KadyecTBa
kmaccubukaum - Accuracy, Sensitivity, Specificity, Precision, Recall. Mammuroe 06yuenune — MmeTof,
OCHOBAHHBII Ha JaHHBIX, 1 Ka4eCTBO NMPOTHO3MPOBAHMUS 3aBUCHT OT KayecTBa JOCTYIHBIX JAAHHBIX. B
BeiOope mpusHaka (feature) ocHoBHast 1enb - HAMTH ITOJMHOXKECTBO, KOTOpoe obecrednBaeT Oolee
BBICOKYIO TOYHOCTh KiaccuuKanuu. AHaIW3 W3y4eHHs CTaTeld MO3BOJACT CIETaTh BBIBOJA, 4YTO
HauOoJiee BBICOKAs TOYHOCTh MPHU KiaccH(DUKAUU aAuabeTa IMOJydaeTCs MPH THOPHUIHOM IOAXOJE
(puc.). Takum oGpazom:

° MIpUMEHEHNE MCKYCCTBEHHON HEHPOHHON CETH W HEYETKON JIOTHKH YIydIaeT padoTy
0alieCOBCKOI CEeTH,

° npu npuMeHeHnn coBokymHoctr anroputMoB KNNs, NBs, DTs, RF, SVM u LR
MOJTyYarOTCS BBICOKHE MTOKA3aTEeIH HACHTH(OUKAIIH;

° METOAbI W aIrOPUTMbI Ha OCHOBE rpy0Ooii Teopuu uabopa (RST) maroT BBICOKYIO
TOYHOCTb;

° HCIOJIb30BAHUE HECKOJNIBKUX anroputMoB oOyuenust (Ensemble learning approach)

3¢ (EeKTUBHBIM CIIOCOOOM TMOBBIIIAET TOYHOCTh KJIacCH(DUKALINH.
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SVM, LR

Puc. Iloxkazamenu xauecmea K./laCC‘M¢MKa14MM 6 npoyernmax

Pe3ynbTaThl TaHHOTO UCCIIEIOBAHHS MIOCITYKAT OCHOBOM NP BHIOOPE MOJIEINH JUIsl IUATHOCTHKH
U TIpeIOTBpAIICHUS OOJNIe3HN caxapHOTO nuadera 2-ro TUA.
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cLEKULNR, UYLUry 2-M1 Shb cuLuruluSh WULUMPYELUUL B4
UhSNrNcuuL <UvUr UvsLsLu3uuut Nnhkunh8U UL UNMGLLEMP NR
unseSNhULLNMh Y6MrUPGM3UL

ZEnwgnunipyul hyunwyl F 2-pp whgh swpwpuyhl phupkbn - Apjwignippul phulh quwhundwi,
qubpnupglyul b whinnpnodwl hudlwp Jkpklubkph numguwl Jnpljibph niunidbwuppnidp: qEppnmidking
huluywduuy  pdohwlml  wnjjuybbph  hwjwpwénibobpp o ppwiwl  Judwbwlnid  wenpowlml  Jhdwlh
owpm ulwlwl dpnwphinwplpdwl wpymbphkpp  hnpdwghuulwl hunlwlupgbpl ogtnud kb &poun whinnpnoky,
wlly ubpnupglydwi b pnidiwl wpnyntuybn dkpnpikp:

Unwugpuyhti punbp. njjuyblph hlinkyElunniwy JEpnidnipni b, Vkpkhuwywlmi ntumguwl unplyblp, 2-
1 jupgh pupwpwpun, puuwljupgdwh suhubpoblp:

L.K. Andreasyan

A REVIEW OF MODELS AND APPROACHES OF MACHINE LEARNING FOR THE
PREVENTION AND DIAGNOSIS OF TYPE 2 DIABETES MELLITUS

The purpose of the research is to study models of machine learning for risk assessment, prevention and
diagnosis of type 2 Diabetes Mellitus. On the basis of the analysis of a huge collection of medical data and results
of continuous monitoring of the health status in real time, expert systems help to put the right diagnosis, to develop
optimal methods of prevention and treatment.

Keywords: intellectual data analysis, machine learning models, diabetes mellitus, classification metrics.
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U.S. Uhnjut

sSsuucurnku curddni Or3tuSh <U3SLUPLNMUUL b4
Nk11NRE3UL LULULUL NPNCUUL Lk <ESURNSNR@3NhL

Quunupily F nkuwpwpnid pwupding oppbklnp huyninupbpdwi b nignnippul bwpibwlwl npnodwl jpbnph
hbnwgqnuinipinill hwsdh wobkny wpph dwdwbulwopowtinid wyu fulmpnid dwpplughle gnpénbh pugundwi
whhpudbonnyeniap: Mumdbwupply b omkiwph hbkwnblknt Judwbwlulhg wygnphpdibpp o pinpdl; F
huyintih MIL uygnpppup, npp hpdbaguws F pugqulupuwiwl opplnulabph niumgdwil Jpw: Oppkhnp huynbwpbpdwi
Jlphpl wnwowplynid Fnidky dudwiwlulhg «TensorFlow» hulwljuipgh ogunugnpsdunlp: Qunnigyky F pilinph
mdthul bwfubulwl pnl-ufubda, npnky GEplupugyus Fhiwpujnp jmédwh puypkph hwonppulwbmipiniap
wnwilg npno hupgkn dwhpudwubbin:

Unwhgpuyhtr pwnbp. swpdiyng opyklhwn, opklhuh huynbwpbpmd, oppkluh hknbnid, wkuwowp, pupduwl
nipnnipinLl, nwpuljupghs:

Lbpwdnipyniu: Swpdynn opjkjnp hwynbwpbpnidp dwpgnt hwdwp pwwn htpwn gnpédplpwg L,
npp bw Jupnn b juuwupl] wlipwuppnpbi: Gupth b ohbyunipjudp hwynbwpbpl] optjup b
Uhwdwdwbwl nwpuljupglt) wjt' wwgng npnowljh pintpugpbp(ophtiuly swpdnn Ukpklw, whpwpd
dwn b wyj): Uwpnnt nuinbnp Jupnn b wil] wynp wdbup wowg npbk hwydbjjw) owtp gnpswnpbnu:
bPhuipyt wjuon nlintiu dwpnynig wpwg ny vh hwoghy dkipktw tpywdn sh upnn wik), vwluwy sybwp
Unpwbwy dwpnuyhtt gonpéntp, pwih np dwpnt wdbkt phypnud dbpbuw sk Ywb nhwpbp, bpp
wihpwdton t Yhpwnk] wjnndunugus hulnqmpeoit’ hbs-hby  hpufpdwlubph  JEpuhuljdwi
tywwnwlny: Ophtwl, tphph vwhdwiht mbnunpduws mbuwpghlh oqunipjudp Jupkih L hpulut
dudwbtwlnd hwjntwpwpbk] nplk opitjnn (qhtuynp, nwquulub nkthfju b wjt) b wpdwuguipt)
huwdwywwnwupw duny: Ujunthtnb jupbih £ bwb hpwljubwugub) opjunubph mwpulupgnid (dwpy,
pnsnil, Yhunwih, prsnn uwpp b wyk) b Jhuyu ngpuihg hbnn vwhdwibing mipupwbsnip opjkljnnh
tundudp withwnwlul Jkpuwhulnqnipnit’ npnoky wj swpdynid b, ph ny:

Stuwiynipp hpwljuinid yuwnltputkph hwenpyuljuinienit £, npnughg mipupwignipp Ynsynid
E opowtimly: Ujy wuuwlbpubpp hpup wjipwtt wpwg Eu hwenpnnud, np dwpnnt wspp sh hwugunid
nuyuyl], np gpup wipunhwn skt: Uhuhwyn £ np qunlph dywldwb pnnp dhongubpp Jupnn ku
hpuljutwgyt) npngwyh wuwnltph (2pgwtwyh) Jpu: Fugh wyn, tplyne hwgnpyujut wunlkptpp
hpwp htwn ukpunnpb juwyJws Eu:

Cwpdynny optliwnh hwjntwpkpdwb wignphpup Ywpnn b jhul] pughwinip  Yhpwunnipjut
wgnphpy, nwljuyt swhwquig nddup b hisybu hwplu E hwjntwpbpt] opgtljnttp, npntp niukund
twlwh  thnpnjumpitibp Juupjws  gnyih U Guenigusph  htwn:  Zknbwpwp,  thpluynidu
hwdwljupgsuyhtt mbunynipjut owwn Jhpwnwlwt hwdwlupgbp Gupugpnd tu dhpudus (unmnhly)
wnbkuwjughlh wnluynipinil, npp pwpdynn opjkljnnubph huyntwpkpdw gnpépupugp npupdtnid k own
wykh wupq [1]: Skuwpwphg Ybipgquwd wuwwfbpp pudwidmd b thhpubjubph Epynt puqunipyub:
Unwohtt puquUnipmnitp wupnibwlnd E thhpubjubp, npnip hwdwywwnwupwind B wnwetiughte
wjubh optywniukphl, Uhtsnkn tphpnpy pwuqunipmnitp wupnibwlnd b $nbughtt (knnhtt wwih,
wilpwnd) thhpubjutpp: Unwugdws wpyniupp hwdwp tkpuyugynd £ npytu bplniufjut wuwnlykp,
npubn qpnb hwdwyuwnwupwimd o $nthl, hull dijp wowebwyht wywuht: Zhubwlwubnud
wnwolwhtt ywuh opjkljwnutpp swpdynn dwpnhl, dbpkuwtbp, twdbkp b wy opjkjnnutp &u, huly
dbwgws wdku hyp hwdwpymd b dnuught: Gpphdt undbipp unyuybu mupuljupgqynud E npyhu
wnwetwyhlt yjuth oplwn, npp pbpnid k ny &hown wipynitiph:

Optlunh hwynbwpbpdnidp wbuwpwpnid  hbwnwppppnipmitt ubpuyugunng  opjkwnljukph
hwynmbwpbpdwt b thhpubjubph uwnwgdwut gnpépupwg b Opjkjnh hwjntwpbpnudp Jupkh k
hpwwtwgut] wwppkp bqwbwlubpny, ophtwl, spowtwlh wwpphpuwldwh (frame differencing),
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ouynhjuljuts hnuph (optical flow) b $ntih hwtdwt (background subtraction) Ukpnnubpp: Lutwpykup wyn
Ubpnnubpp:

1. Cpowbihh mwppbpwljdwt Ukpnn (frame differencing)

Stuwowpniud owpdynny opkljnnbph wniuwmipmitp hwjyntwpbpynid t Eplint hwenpnuljut
wunlkptbph nwpptpnipyut hwqupldwb dhengny: Uy hwpduplp pujuluiht wupg gnpdplipug
E b htown E hpujubwgynid: Uju dbpnnu nith Uks hupdwupynnuljuwinipni muppbp dhowduypbpnud:
Uju wygnphpunid oguuugnpsynid L npnowlh okdwyhtt wpdbputp wwunlbpnid (nruuynpnipjub
thnthnpunipnitp npybu swpdnid snmwpwlupgbint hwdwp: Uju dbpnnp sh quuwlupgynid npybu
owindynn opjkljnp dogphwn huynwpbpdw Enuwtwl [2]:

2. Oywunplwlwi hnuph dkpnn (Optical Flow)

Upu  dbpnpmd hwpduplynid  E wuwnljiph oywhljuwlwt hnuph nuownp b juunwupymd k
wuwlbph owwhfwlwt hnuph puwppdwt hwpduplp: Uju dbEpnnp jupnn L ww) owpddult
wudpnnowluwt hupnplwghw b hwynbwptpl) owpdyny opjijnutpp, vwluyt Uks Swjwh hwpduplubpp
b wwwnlbpnid wnjw wnunijh hwinty qquynitnipniup gupdunid Bu wyt ny hwdwnbntjh hpuut
dudwtwljudhongnid wpjuwnkint yuhwugubph htwn [3]:

3. dnuth hwtdwt Ukpny (background subtraction)

dnuh hwudwt wignphpdnid wnwehtt puyp $nuh dnpljwynpnidu t: Uju puyp wgnphpedh hhdpt
E: $nbh unghp whwnp b (huh pudwluiht qquynit swpdynn opykljnp hwjnbwpbpint hudwp: Uju
Uunpbip  wyt wuwuliph dwpbdwnhujut donbin E nopnbn weju skt wywquynud powipdyng
opitjnubtpp: Cwpdynn opjkjip hwynbwpkpynid E wbuwpwph phpwughl wwwnlkph b $nuh Udnpbh
hwdbdwwnnipjutt  dhgongny: Ujgnphpdtt nith Jdbké  qquynitnipnitt wpuwphtt  dhowquynph
thnthnhunipnibutph hwingty b nwwhu £ oupdynn opjkjnh dwuhtt wdpnpoujutt nbnklnipmit wjt
ntypnud, kpp $ntth dnpbp dnpljwdnpdws k dhown uljqpiwljus uwwnlkpny [4]:

OptYwnpl htkwnlkp wykh wpwuq gnpénnnipnit k, pw huynbwpkponidp: Unynpwpwp opjkljnp
htwnlbtnt wgnppdutpt wykh wpwg Eu opljnht huyntwptptint wignphpdutphg: Muwnmdwrp own
wunq bk Vwhinpy gquwnlbpnid hujnbwptpdus opijnht hbwnbthu wpnkt hwynuh t opjkjnh mbkuph b
owipddwl dwuht npnp mbnbhnipnil: Zwenpn wwwnlbph dowluwb dwdwbwl jupkh E oquuugnpsty
wyn nbknkynipmniup opknh nhppp wyn yuwnbkpnid juthiugnipujint hwdwp b juthugnipuldus
wnwpwsdpnid opjjnnp thunplnyg quik] wyi: Opjkjnh npnudwt jwy wignphpdp oquiwgnpénid k
opjtijnnh dwuphtt wyp wwhhtt Enws wdpnne nbnklnipmiup, dhtyptn hwjnbwptpdwb wignphpdp dhown
hn wolnwwnwupp ujunid £ qpnjhg: Ujunbn Jupnn £ pduy, np Jupkh  opijunpt hwjpntwpkpl) htug
wnwohti wwwljipmd b mpnuih owpnibwlt] hknbbk] tpwi: Uwluwyt hbwpwdnp § bwb Ynpguby
opitup, tpp wyt sSwsyyh UEY wy optlwny, b wyn wwpwgqunmud opjkjnnhtt hkwnling wignphpldp
Jawpunnyh: Uju ptpnipniup swnlknt hwdwp wowewplynid £ npny dudwbwyp dkl Yhpunt) twub
opiijunht  hwjnbwpbplint wignphpdp: Zwjnbwpbpdwt wjt wignphpdubpp, npnup hhdtdws Lu
Ubpbtwyujut ntunigdw Jpw, ntunigudnud b opjijunp wupnibwlng dks putwlh qunlkputpny:

Opkjunnhtt hEwnltnt gnpéppugnid dbp byuwnwlu E pupughly gqunltpnud quik] wyt opjklup,
nphtt hwennyty E hknlk] nbuwpwph twhnpy wquunybpubpnud: Geh htnbbk] Gup opjkljnhtt npnowlh
dudwbwjwhuwnjwsnid, wyw Jupkjh b wub), np hwpnih b pk wyb htswhu b owpdynud, wyjuhlip’
hwjunth b optijnnh swpddwt Unnpbjp: Fwugh wyy, huynih b twb, pt wyny optljnp hiy wmbkup nith
wnbkuwpwph twhinpy wuwunlkpttpnud: Uju ghypnid wunud B, np hwjunth £ iwb opjtljnh mbkuph Ungbp:
Cwpduwl Unglp oquugnpdliny Yupkph kjublowgnipwlly pupdyng opyllynh hwgnpn nhppp, Uhsytn
opitjnh wbkuph Unphp htwpwynpnipmnit E wwhu wybih &ogphn YEpwyny qutl] optlunp
Juuhiwgnipuliws nhppnid: Gph opjijuip pupddwt ppwugpnid hp mbupp sh thnpjuntd, wyw upbh &
oquiuugnnpsdt] wupg, hwunwwnnit mbkuph Unpb;: Uwljuyt hpuuwiunid opjiljunip owpddwt pupugpnid
gptipt dhownt thnpunid £ hp wbupp: Uju juunph (nisdwt bywwnwlny opjkjnht htwnlinng dudwbwljuljhg
wignphpututpnid nkuph dnpbip wjuiywhuh wwpwlupghs £ npp niuniguinud £ phtwlhy YEpynd,
wjuhipl opjljinht hknlikint pupugpnid: Swpwlupghsp ns nhtwdhl Yhpynd nuniguibkine hwdwp
Jupnn b wihpwdbown (hul] ndjuy opjkjnnh wuwnliph hwqupuynp ophtiwfutp, dhtisnkn nhwdhy
nwpulupghst numguigmu t phtudhly Yhpynd, wjuhbipl dbp ghypmd opjiiunp  hlnlbym
plpwgpnid: Opjkljnp wwpwljugnn wignphpup’ npubu dninpuyght wpdlp, unwinid E wyunlbph his-
np hunjuwsé b uyt mwpwlupgnid  npybu opjijn jud wuwnlbph tnht yjwb (background): Npuku
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wpryniip unwgynud £ 0-hg 1 dhowluyph phy, npp punipwgpnud b wuwnlbph wn dwunid opjkljnh
quidbnt hwjuwwlwinipniup:

Lutiwplkup opjkjnp htinnlitnt dwdwbwljwlhg wignphpdutp:

1. Boosting (jupwtntu)

Uju wignphpup [5] hhut]ws b AdaBoost wignphpuh [6] nhtwdhy wwppbpulh Jpu’ wyl
wgnphpuh, nptt ogunuugnpdynid E plidph dwbwsdwt wgnphpdnid: Uju wgnppunid vmupuljwupghst
nuniguinid E nhttwdhly YEpyny, vnwbwinyg wdjuy opjnh nppuljut (quwnltp, npp yupnibwynd k
opitjnp), b puguwuwlw (quwnltp, npp sh yupnibwynd opjkljunp) ophtiwlutipp: NMuwnlkpnid nfjug
opitjup opowtimlp Lupwunpdnid E npuytiu ujqphwub npuljut ophtimy, hull wyy wuunltph dbtugus
dwup  puguuwlul: Unwbuny wnbkuwswph hwenpny wunlbpp nwpulupghsp thaonpmy £ wyy
opikjup twpunpny yuntpnud wyy opjkljnhtt hwpwlhg spowljuypnid, wdkl thhputijh hwdwp npnonid E
hls-np gnpswljhg oquuftiny wpnkl hwynth gpuljui ophtiwlhg: Upynibpnid unwgdnid k, np opykljup
wuwwultph wytt dwunwd L, npntn gnpswjhgutpp wybh pupdp b Fugh wyg, wvnnugynid E opjjnp hu
UEY ngpujut b puguuwljutt ophtiwly: Skuwpwph hwgnpn wuwnlkpttpp dpwlkinit qnigpiipug npujuh
b puguuwljut ophttwjutinh pwbhwls wgnid E:

Uju wignphpup guuwlupgynid E  npwybu dhohtt wpunnunpnquljwinipjut: fugh wyn, wjh
hntuwh sk wjt yupuqunid bpp withpwudtow Ehuwjnil) opjijup hbnbknt Awpunndwt duuht:

2. MIL — Multiple Instance Learning (puquupwtiuil] ophttwjutiph niunignid)

Opkjunnhtt hEnlbbknt wyu wignphpdp hhdtwuind phund £ bwpunpy wignphpedp: Fugg ju dh
hhdtwlwt wnwppbpnipmni: Npybu opijnh npuljub opptiwl nhwnwplynid k ny dhuyt ndju] ywhhi
tpw nhppp, wjjlh nhnwplynud £y ghpph ppgufuypp b gkubpugynud £ h pwth npuljut ophtwl:
Upgniupnid ndju) wuwnljiphg unwugynid Eu ny ph ppuljut b puguuwlju ophtwfjubtp, wy gpujut b
puguwuwluwi ophttwfubtph pudptp: 2ktig wyju qunuithwph Jpu E hhdtJws puquupwiwly ophttwljukph
niunignidp: Gph opjkjwnh nhppp dhown sh unnwugynid, wmyw ghwnwpykiny tpw opowljuypp b utnwbiuyny
npuljwb ophttwutiph junudp, Yupnn Eup wuby, np wyy fudph dbe wnlu £ wntuqt dkYy ophtiwly, npnid
opikljinp &hown nhppnd £ qugnud [7]:

Upu wgnphpudh  wpnungpnpujuinipmiip pudulwihtt pupdp £ quwhwwnynid b ks
Jhpwnnipnit niuh: Ukp punpnid wnwewplynid E oqunnuugnpsty hkug wiju wygnphpup:

Tensorflow hudwlupgh oquxugnpéiwis tywwnwlwhwpdwpnipniup opjkjunutph
huyntwpbpdwt jutnpmd: Tensorflow-u pug hwuwtbjhnipjutt gpunupwt L (open source software
library), npp twpwnbudws b puputuljut hwpduplubph hwdwp qpudbph hhdwb Jpue Spudh
hwugnygubptt  wpnwhwjunmd o dwpbdwnhiuiut  gnpénnnipniuubtpp, dhtynkn  &ninkpp
ubpuyugunid tu puqUusuth quuqusubp (tensors): Tensorflow-u Ubpktwjh niunigdwtb (machine
learning) qnp&hp k: Uyt pudbnnid k juyh dniiljghnbiwnipinit b oginuugnpéynid L junp tljpnughtt gutigh
(deep neural network) unphjutph unbnsdwt hwdwp: Uju hwdwlupgp niih dh swpp Yhpunwlui
Spugpuynpdwt hunbpdbjubp (API — Application Programming Interface) Python, C++, Java (hgniutipny
[8]:

UpJws huwdwljupgp htwpuwnpnipinit b pudbnnid unbnst) dbpbiwjuljut ntunigdwi dnphy,
npl ntbwl Yhth hwynbwpbpl] opjnubtpp wwwnltph Uke: Tensorflow hwdwlwpgh hhuwt Ypw
unbndyws «TensorFlow Object Detection API»-p (Opjtjnp huwyntwpkpdwt  jhpunwljut
Spuwgpuynpuutt huinbpdtju TensorFlow-h Yhpwndwdp) htwpwynpnipmit £ wwjhu unbnsdt) b
niuniguit] opjtjnnh hwjnbwpkpdwt dnnly, hywybu btwlb mpudwnpnid E dh owpp wpnbt ntuniguijus
Unpbubp:

Oquugnpstn] mumguiws Unnlp opnh hwynbwpbpiwt uigpmd Jupkh b unwbag
hpwjuwt dwdwbwluwdhongnid wopwwnnn hwdwlwpg, pwuh np Unphp wppbht nunigwbqus k
npnpwljh mbuwlh opjkjmubp hwjyntwpbpliint hwdwp b vnwbwnyg dntnpughtt ywwnlkpp nttwl k
wykh wpwg YEpyny huynbwpbpl) opiljnp putt Ypp tpdws dhpnnubpp: Ukpktujuljut ntunigdwtb
wnbkputininghwttpp wpph dudwbwluopowinid hkwnghtnt dtnp ki phpnud wykjh kS hpwnnipmnii:

Zhdindtyny Jtpp todwd dkpnpukph hwdbdwnnpub Jpu wewewplyynd E swpdiynn opykljunh
hwjntwpbpdw b twptwjub ninnnipjut npnpdwt jpungph pnsdw hknbyju Uninkgnudp.

1. Muwuykph dbky opbkliunubpp bhwjynbwpbpynd  tu dh $nitulhghuyh  dhongny, npp
yuyUwtwljutnpku Yynskup Detection(), putjg ny pninp yuwnltpubnh ypw £ jhpunynid wju nitulghwl,
pwiih np, hyybu toky Eup, opijnh huymbwpbpnidp wykih pupny gnpénnnipniu k, put tpub hknlbbp:
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2. Ujunithtnlb Jhpundnud £ dh $niuljghw, wuypdwbwlub Ynskup Track(), npp unwbwny
Detection() dniuljghuyh Ykpunwpdpws opijnutnh quugqdusp, ujunid k htnbb] wn opkljnubpht:
Stuwpwiph hwenpn wuwnykpubpp Yuowlytu Track() niulghuyny wyipu dudwiwyy, hgh np Jubguh
npnowlih At dwdwbiwly fud hug-np §Epy hwyjnith guntw, np wuwnlpnud hwyntygk) L unp opyiljunn fud
wthbunwgl] t wppbt wniu opblup (wm dwuhtt Yubnbkiwuguh dby wy $niulghw, npp
yuylwtwlutnpku Ynskup IsTimeForDetection(), nph wpuwwnwpp Yputiwplyh vh thnpp nip):

3. Track() niujghwyh mipupwsnip woppwwwiphg hbnn Yhpurnynid t dbl wy) $niuljghw, npp
wuydwbwljuwinptt Yynskup GetMovingDirecton(), npp Jhpwnynmd b jnipwpwisinip opkjnh Jpw
wnwtdht b hwdbdwnnd b wdjuy opijnp ubkplughu nhppp twjunpn ghpph htinn nt npujtiu wpynip
Jbpunupdund £ wyy opjijnnh sowpddwt ninnnipiniup (yniuhu, hwpuwy, hwpwd-wpbbp b wylb,
Juhjws wji quwhwighg, phk opkup nhuwplnd k kplswth nupusnipjui Uk, pk ns (knwswth
nuwpwdnipjui Uk nupnnipjut npnonudp . wydbth pwpny ughp kb wyn wwpuquynd
GetMovingDirecton() $niuljghwutt §ytpunwpdth wykjh dwbipudwub wpyniup):

4. Ujunthtunl, tpp IsTimeForDetection() niuljghwtt JEpunupdunid k true wpdtpp, juwnwpynid
Eu htwnlyw) gnpénnnipniuttpp. hpwwiuwgynid E Detection() dniruljghwit, npp Jipugupdunid E wyy
wwhhtt wuultpnud welw pnnp opjkjunnttpp: Uhtyh wyju wwhp hwjnuh Ep twb bwjunpn Track()
$mulghugh wprynitpp, wyuhtph mbklp poop wyi opykljnibpp (hpktg Ynnpnphtwnbtpny), npnig
htwnlinid Ehip dhtish Detection() dniuljghutt hpujwbwgubip: Unwgynid k, np wydd Jut opjkljnntknh
Epynt wwppbp puqunipnitubp, npntig wuwydwbiwlwunpb Yynskup PreDetection b PostDetection:
Zudbdwnbin] wju kpne puqumpniibtpp Yupbih E wwpgb), np htwpwynp b pupnibwl] hbnbity
PreDetection pwqunipjuti uyl opjklwnubpht, npnup hwdpulunid Eu PostDetection puqunipjub
opjtijnnitiph htwnn (Qud gpbpt hwdptunud G, pwth np opjijnnhtt hkwnling b opkljinhtt huynbwptpng
Ubkpnnubpp Yupnn Bu hpuphg pun phy dbdnipjudp mwuppbpynn wdjujukp epunupdut)), puh np
npup Juyhtt mbuwpwpnd b wwhwwugk) Gu: bull PreDetection-h wyu opjklwnubpp, npnup shub
PostDetection puqunipju Uk, wyjiu htwnlbbint hwpl sfw, puth np nputip wuhtnwgk] ko mkuwowphg:
bulj whw PostDetection-h wjl opjkljnnikpp, npnp sjwt PreDetection puqunipjub dke, wthpudtown k
uljuli] htinlk], pwth np ppup nkuwpghlh nbuwunuonnid hwynijws tnp opjkljnntp Eu: Ujuyhuny
unnwgynid k, np wyu Yhpy upkih b nwsk] mbuwnuonnid huynudus opjjnubtpht huyntwpbptnt b
htwnltnt pughpp:

5. Rutiuplup twl IsTimeForDetection() niuljghujh htwpuwnp hpuuwbwgnidp: Uju $ntuljghut
Jupnn L yEkpunupdul) true wpdbpp dh putth ghypbpnud: Udktwhwdwiwlwb nhwyptphg dkyp Track()
dniuljghuyh dwpunnuwb nbuypt E, tpp htwnbnn opjkjnp (Tracker) wmbuwnwownhg wuhbnwtnid k
htwnlynn opgtlup: Uju hpwdhdwlp Jupny £ wnwewtiwy wyt dudwbwly, tpp ophtiwly opyijuap swslyyty
E Ukl wy ombljuiny jud wuhbwnwgh) E wkuwjughlh mbuunwownhg: Uju nhypmid wthpwdbon b wyy
opitjnht hwl) owpdynn opjnutph gnigulhg b huynuk], np wyt wjbu sfu: ULY wy; htwpwynp
ntyp k twlb wyl, tpp wpnkt hwjnth opkjntutpp nin mkuwjughlh nbuwunuwownnid B, puyg huyndby
El unp opjjintitp, npniig dwuhtt nbnjuly skup: Zkug wyu jpunph (nisdwt byuwnwlny Jupkih £ jhpunty
f(objectCount) Uwpbdwwnhjulub $mulghwi, npp pun wkuwnquonnd ks opjiljnikph pubwlh’
Jhwoqunyh uyt At dwdwbwljp, npp gnyg juuw wju dwdwbwluwyhtt htnbkpduyp, nphg htnn whwnp k
wouiwwnh Detection() dniuljghwt: dniuljghuyh Ywjunidp opkljnutpnh pwtwlhg wujdwiwynpdws k
upwuny, np hypwl swwn owpdyny opjkljnutp L wnljw nkuwjughlh nbuwunwonnid, wjipwh wykih
UkS E huwjuwbwlwtnipiniup, np Jhwynbdbu tnpbpp: Ophtiwly, Ept mbuwpughlp mbqunpdwsé L hus-np
thnnngnid, npp hulnud b dwppuig wknuowpdp, wyw nfju) yuwhhtt mbuvuguonnid hwujnuus
duppjutg pwtwlhg Yupdwsd Jupkh b Eipungpnipmitubp wil] wdju) tinngngmd  dwppljutg
wlgninupdh dbdnipjut yipwpbpu): Gpk mbuunuwywnnid dupnhly pwn b, wyw wthpwdbown E nppute
htwpwynp b Jupd dwudwbwlwhwnduwsp Ukl ppwlwbwgub] Detection() dniulghwi: bull wjh
wuwpwqgujnid, tpp dwpnubg wbnuowpd qpbpb sjw, sh wpwtwlnid, np Jupbkh b hpugnpsty
Detection() $niuljghwtt ophtw Uh pwth nwuyuly quypljutp dkl: Swwn htwpwdnp k np dh puth
Juypljuh pipwugpnid nkuwughlh nkuwnwswnny wuguh dwuppljuig vh wdpnju: Uy hul] yuwndwnny
wihpwdbion b uwhdwubk] At hunbtpduh hts-np uwwhdwbuwghtt wowybkjugny wpdtp, npuybuqgh
juntuwthbp tdwt ny guuwh hpwyhdwlubphg:

Cwwn Juplnp k bwlb At-h tJuqugniyyt vwhdwbwght wipdtph gnynipjut thwuwnp: Pusybu uoyky k,
opitjnh hwjnwpbpnidp wykih own dudwbwl E wwhwbonid, putt opjnht hkwnltip, hbnbwpwp
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wlhpwdbown b niubbtw) wytyhuh tjwqugnyt vwhdwbwhtt At wpdtp, npp ykpwhulh hwdwlupgh
wohiwwnwliph Epkljnhympnitp, wjuhlipt’ dhunp dudwbwymd hudwlupgp nibwl Yihuh dowlly
wnbkuwpwph htwpwynphtiu swn puwtwlnipjudp wunbpubp:

6. Cupdynn opjkljnp swpddwt nunnmipjut npnodwl junhpp puduluitht yyniphtt £ nuntnud,
pwih np niubkup nyju) opjnnh swpddwt dwuhtt mbnknipmni: Lwth np opjkjnptt hwyyntwpkpng
dmiuhghwt Jbpunupdumd b wwnltph dbe wyy opjkiunpt pimpwgpnn ppowbwyp, hul opjklunp
htwnlnn dniuljghwlt, vnwbwny wyy oppwtmajp b hkwnbikinyg tpwt, tnphg JEpunupdinid £ idwbtwnhy
opowtwl], wyw Jupkih £ uqut] ndjug opjkjnp oppwttmjutiph JEYuninpp npnowljh vwhdwtwthuy
Epyupnipjudp b npnpwlh wpgbt huynth dnnbgdwdp hwpduplt) opjijnh swpddwi ninnnipniup:

Uunnpl ubpuyugus b wyu ppunph nisdwtt hwdwp wowewplynn h‘m}uhuﬂlmh pIny-ujubdw
(Wqup ), npnbn npny pnlubp upnn Gu (hul] pnl wppbdwbbp (ophtwly npnplky PreDetection-h
opjkjunutph swupddw nunnnipniuttpp, hwdbdwwnk) PreDetection-p bt PostDetection-n b wyjn): Uju pinyy-
ufubdwl Whpuyugind  lgph nisdwi dhwh dninkgnudp’ wewig npny hupgbp dwipudwuibyne:

Bqpujugnipinti: Uswill] b pwpdynn opljnp hwynbwpbpdwt b owpddwd nupnnipjut
twpbwluwi npnydwtt ugph nisdwtt Unnbgnid: SCwpunpus i pugph msdwt tgunnuljn nu
wihpuwdbonnipmitip:  Zwoyh wntbnyg opjkljnnh  htnbdwt  tkpluynidu huynth ' wpphuljub
wgnphputkpp ponpyb b wg wignphpdp, npb muh wykh pupdp wpunungpoyulubnpnia: Opjkljnh
hwynbwpbpdwt punhptt wnwewplynud k nisk) dwdwbwljuljhg TensorFlow dbphuuwjuljut ntunigdwt
hwdwljupgh oguugnpsdwdp: Yunnigyl) L juunph nusdwt hwdwp wnwowplynn twptwlju pini-
upubdwt:

Ujuyjhuny, wowewnlyk) k jungph jnisdwt dh dnnbgnid, nptt wmywhnynid k pwpdynn opjjinh
huyinbwpkpdwl b swpddw mnnipyub tujbwlwb npnpnid” wpwbg vwpynt dhewdnn pjuib:

/ Skuwpwp /
I

PreDetection = Detection()

I

2l huwyntwptnyus opklnttpht
T
/]

Guipru nkuwpwphg hwonpn wunnlkpp
]
PreDetection = Track()

Npnoky PreDetection-h opjklinliph swpddwl nupynipiniiibpp

IsTimeForDetection()

= true

PostDetection = Detection()

Zudtdwwnky PreDetection-p i PostDetection-p

Ulthpwdbonnipjub nhuypnid htnliky tnp opjinnljukiph

Ul ipph pménidlh wnwgwplng hwjubulub pinl-ufubdw
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M.T. Crosu

WCCJEJOBAHUE 3AJJAYN OBHAPYKEHHWS M ITPEABAPUTEJILHOTO
OIIPEAEJIEHWSI HATIPABJIEHUS MMEPEABUTAIOINETOCSI OFLEKTA HA
BUJIEOPSIJIE

Ilposedeno uccrnedosanue 3a0ayu OOHAPYICEHUs U NPedBAPUMENbHO20 OnpedeleHuss HANpaeIeHus
nepeosucauecocs 00vbeKma Ha gudeopsoe, umest 8 8Udy UCKIIUeHUe 8 IMOol 3adaye 4ei08eyeckoco Gaxkmopa Ha
cospemennom smane. I[lpedcmaesnenvi coepemennvle aneopummvl c1e008aHUs 00beKmd, U3Opan u3eecmmolil
aneopumm MIL, xomopulil 0CHO6aH HA U3YYEHUU MHOZOYUCIEHHbIX NpUMepos. 3adayy onpedeneHus 00bekma
npeonazaemes peuums ¢ UCNOIb308anuem cogpemennoi cucmemvl ~TensorFlow”. Cozdana npedsapumenbhast
b10K-cxema  pewlenuss 3a0aqu, 20e npeoCmAasieHbl NOCIe008AMENbHbIe UlA2U  6O3MOJICHBIX peulenull, 0Oe3
Oemanu3ayui Hekux 60NPoCcos.

Knroueevte cnosa: Osudicywutics o0bvekm, obOHapydcenue 00vekmd, Ciedoganue o00veKmd, 8udeopso,
HanpagieHue OBUNCEHUs], KIACCUDUKAMOP.

M.T. Shoyan

THE RESEARCH OF THE DETECTION AND PRELIMINARY DECISION OF
DIRECTION PROBLEM OF THE MOVING OBJECT IN VIDEO SEQUENCE

The research of the detection and preliminary decision of direction problem of the moving object in video
sequence, taking into consideration the necessity of the exclusion of the human factor in this problem has been done.
The object tracking modern algorithms have been presented and selected the multiple instance learning based on
MIL algorithm. It is recommended to use the modern “TensorFlow” system for solving the problem of object
detection. The preliminary block scheme for solving the problem has been built where it has been presented a
possible sequence of steps without clarifying any questions.

Keywords: a moving object, detection of the object, tracking of the object, video sequence, direction of the
movement, classifier.

Uhnjwt Uhuwl Shgpwuh - 2UMN2Z, pujuuyp (SZSE)

159



ISSN 1829-0043 BECTHUK MH)KEHEPHOI AKAJIEMWH APMEHHH (BHAA). 2018. T . 15, N 1

YK/, 551.501 XUMMNYECKHUE, BUOJIOI'HYECKHUE "
HNPUPOJOOXPAHHBIE TEXHOJIOI'MH

I'.E. AiiBazsan, P.H. bapcersin, A.A. Bapnaunsn, U.I1. Uynuy3sos, B.I'. Ilepeneaxun

JUCTAHIHUMOHHOE AKYCTUYECKOE 30HANPOBAHUE ATMOC®EPHOI'O
INIOT'PAHUYHOI'O CJIOA

Ilpedcmaenenvr  pesyiomamvl  OUCMIAHYUOHHO20 — AKYCMUYECKO20 — 30HOUPOBAHUSL  AMMOCEHEPHO20
nozpanuunozo cros (AIC) ¢ nomowwlo npomusoepado6oli ycmanosKku. Yeeruuenue amniumyobl ceHepupyemvlix
AKYCMUYeCKUX CUSHANI08 NO36OIUL0 ONEPAMUGHO BOCCIAHAGIUBAMb MOHKYIO  GEPMUKAILHYIO  CIPYKIYPY
ammocepnvix croes ¢ epaduenmamu sppexmuenoii ckopocmu eempa nopaoka 0,1...0,3 ¢, pacnonoscennvix 6
yemotiuugo-cmpamugpuyuposaniom AIIC ¢ unmepsane evicom om 230 0o 550 m.

Kniouesvte cnosa. axycmuueckoe 30HOUPOGAHUe, NPOMUBOSPAO0BAs YCMAHOGKA, — AMMOCHEpHbIll
NOCPAHUYHDIL CTIOU.

BBenenne. ATmochepHBII TOTPaHUYHBINA CIOW XapaKTepusyeTrcs HauOOIbIIe W3MEHYHBOCTHIO
CBOEro cocTosiHMS. JleTanbHoe u3yvYeHUe U MOHMMaHue (PU3MYECKHX IMpolieccoB, npoTekaromux B AIIC,
HEOOXOIUMO JIJIsl PELICHHUS Psia BaXKHBIX QYHIAMEHTATBHBIX M MPUKIAAHBIX 3a7a4 (GU3NKH aTMOCQEpHI,
pacrpoCTpaHeHUs! BOJIH Pa3IMYHON IPUPOIBI.

KaudecTBeHHbIE Y KOJMYECTBEHHBIC XapaKTEpUCTUKU pacnpoctpanstomuxcs B AIIC akyctuueckux
BOJIH TaKXe OMNPEACISIFOTCS METEOPOJIOTHYECKUM COCTOSHHEM aTtMoc(epbl, a MX IMPOrHO3MpPOBaHUE -
UCXOAHONH METEeOpOIOTHUecKol uHopMmarmed. VIMEeHHO MO3TOMy B TOCIENHWE TOIBI HapSAy C
COBEPILCHCTBOBAHUEM TPATULMOHHBIX METOAOB M3MEPEHUH METEOPOJIOIMYECKHX IapaMeTpoB OONbIIOE
pasBUTHE MONYYHJ METOJ aKyCTHYECKOro 30HAWpOBaHMs aTtMocdepsl. JlaHHBI METOJ OCHOBaH Ha
3¢ deKTax CHILHOTO B3aUMOCHCTBHS aKyCTHUECKHX BOJH ¢ aTMOC(Eepoid, B YaCTHOCTH, HA CIIOCOOHOCTH
3THUX BOJH PacceuBaTbhCS HA HEOJHOPOIHOCTSIX MOKa3aTeNs MPeJoMICHHUs, 00pa30BaHHOTO aTMOC(EepHOI
TypOynentHocThiO0 [1]. EcTecTBeHHOH 00J1aCThIO MPUMEHEHUSI aKyCTUYECKOTO 30HAMPOBAHUS SBIISCTCS
umenHo AIIC, ans KOTOporo xapakTepHBI OoJbIasi M3MEHYMBOCTH M pazHooOpa3me TepMHUYECKOi
cTpatuduKaluy, ompenenseMol oporpadueld MECTHOCTH, CBOWCTBAMH IIOJCTHIIAIOIIEH ITOBEPXHOCTH,
paanalMOHHBIMH YCIOBUAMH, @ TAK)KE€ CHHONTHYECKUMU MPOLIECCaMHU.

AHanu3 METOJOB HM3MEPEHHST METEOPOJIOTHYECKUX HapaMeTpoOB M OIpEAeNeHHs TypOyJIEHTHBIX
xapaktepuctuk B AIIC moka3siBaeT, 4TO0 KOHTAKTHBIC METO/IbI (TaKKe KaKk H3MEPEHHsI C MauT, CaMOJICTOB,
NPUBSI3HBIX a3POCTATOB) BEChbMa I'POMO3IKH M JOPOTH. JTO JeTaeT MX MPAKTUYECKH HENPHUTOIHBIMHU B
3a/1ayax HemnpepbsiBHOro KoHTposs (Mouutopuura) AIIC u pacnpocTpaneHHs akycTHYecKux BOsH. K
TOMY € HCIIOJIb3YEMbIM CTaHAAPTHBIM METEOPOJOIMYECKHMM NpHOOpaM NPUCYIIN CYILECTBEHHBIE
WHEPIMOHHbIE H paaualvoHHble omuOku. C Jpyroil CTOPOHBI, ITUCTAHIIMOHHOE aKyCTHYECKOE
3oHaupoBanne AIIC ¢ moMompi0 JOMIUIEPOBCKUX JIMIAAPOB WM COAApPOB OOBIYHO OrpaHUYMBACTCS
Beicotamu B 300 ., T.K. BBIIIIE 3TUX BBICOT PE3KO BO3PACTAIOT OMIMOKK M3MepeHHid [2].

B pabotax [3, 4] Hamu IpeIOkKEH METO] TUCTAHIIHOHHOTO aKyCTHYECKOTO 30HIUPOBaHHS HIDKHETO
ciosi Tpormocdepsl, OCHOBaHHBI Ha YaCTUYHOM OTPaKEHHHM aKyCTHYECKHX HMIIYJIBCOB C YAAapHBIM
(pPOHTOM OT HENPEPBHIBHO MEHSIOIIMXCS C BBICOTOH BEPTHKAJIBHBIX TPAAMEHTOB CKOPOCTH BETpa H
TeMIeparypsl B Tponocdepe U NPOHUKHOBEHUH OTPaKCHHOTO CHUTHANA B 00JacTh aKyCTHYECKOW TEHH.
Iloxazana npuHIMNUATbHAS BO3MOXKHOCTb MPHUMEHEHHS IMPOTHUBOTPATOBONM YCTAHOBKH ‘‘3eHHUT’ IS
akyctuueckoro 3oHaupoBaHus AIIC stum metogoM. Takold MOIIHBIA HCTOYHHMK aKyCTHYECKHX
MMITYJICOB JUTSI 30HAMPOBAHMS aTMOC(ephl HE UMEET aHAJIOTOB B MUpPE. bbutH MpeacTaBIeHbl mapaMeTphl
AKyCTHYECKUX BOJH (aMIUTUTY/bI, OPMBI U [UTUTEILHOCTH) H3IIy4aeMbIX aKyCTHUCCKUX CHUTHAJIOB B
3aBHCUMOCTH OT BBICOTBI HaJ TOBEPXHOCTHIO 3emid. llokazaHo, YTO BpeMeHHOE HM3MEHEeHHE (PopMbI
CHUTHAJIOB IPOTHBOTPAJOBOM YCTAaHOBKM BBI3BAHO, IJIABHBIM 00pa3oM, (OPMUPOBAHHEM HHBEPCUH
TEMIIEPATyPHI U TIPU3EMHOTO aKyCTHIECKOTO BOJTHOBO/IA.

Henp nanHO# pabOTHI COCTOUT B NMPOAOJDKEHUH AWCTAHIHMOHHOIO HCCIIEIOBAHUS BEPTHUKAIBLHOTO
npoduist TOHKOH ciouctoit cTpyktypsl AIIC ¢ moMoIb0 MPOTHBOTPaIOBOM YCTaHOBKH.

160



I'eHepanus aKycTHYEeCKUX BOJH. KOHCTPYKITHS MPOTHBOTPATOBONM YCTAHOBKH “3€HUT’ OINMUCAHA B
[5, 6]. TeHepammsi aKyCTHYECKHX BOJH HEOOXOAUMONW MOIMHOCTH IIPOMCXOMUT IOCPEICTBOM
NEPUOJNUECKH IOBTOPSIOMIMXCS B3PHIBOB CMECH OyTaH-TIpollaH B 00BbEME CIEeUUaTbHOH KaMmepbl
cropanusi, UMerouield GopMy BOPOHKH C HAIPABICHHBIM BEPTUKAIBHO BBEPX OTKPBITBIM COILUIOM (COILIO
JlaBans). KonmndyecTBO MHXKEKTHPYEMOTO ra3a MoJ0MPaETCsl TAKIM 00pa3oM, 4TOOBI KOHIIEHTPAIIHS CMECH
OKazajach B JUaria3oHe B3pbIBHOTO ropenust (2,3...9,5% mns npomana u 1,7...8,5% mis Oyrana) u Oblia
O0nmu3ka K KOHIEHTpPAIlMKd ONTUMAIBHOTO COCTaBa CMECH, AAIONIET0 MaKCHMAllbHOE JaBJICHHE B3PbHIBA
(4,6% nns mpomana u 3,6% mns OyraHa). 3aKUTaHWE TOPIOYEH CMECH OCYIIECTBIISIETCS C MOMOIIBIO
ABTOMOOWITFHOW CBEYH 3KUTAHMS, PACTIONOKEHHOH 110 OCH KaMepbl CTOPaHWsL.

Peructpamust  ocnwiorpaMM  aKyCTHYECKMX — CHUTHAJIOB — MPOU3BOIWIACH  MPUEMHHKAMHU
(MukpodoHamu) Ha MOBEPXHOCTH 3eMJIM M Ha BbICOTe 30 M C TOMOIIBIO HAMOJHEHHBIX MPOIMTAHOM
obonmoyek. Ha moBepxHOCTH 3eMiIM MHKpPO(MOHBI pacrojaraluch Kak BOJIWU3M TMPOTHBOTIPATOBOMN
YCTaHOBKM (Ha paccTossHUM Okoino 20 m), TaK M Ha PACCTOSHUU OKoJio 2,25 kM OT YCTaHOBKU. B
MOCTIETHEM Cllydae TpPU MHKPOQOHA OOpa30BBIBAIM TPEYTOJIBHYIO MPSIMOYTONBHYIO aHTEHHY CO
croponamu 30 .

B kauecTBe NMPUEMHHKOB HCHOJB30BAIHCH aKycTHUecKHe MUKpodoHbl ¢pupmel “bprons u Kvep”,
CIOCOOHBIE PETUCTPUPOBATh aKyCTHYECKHE CUTHANBI B auama3zoHe dactoT oT 2 mo 20 x/y. Kaxmerid
MUKpPO(OH OBIT CHAOXKEH CIIEIMAIIEHO Pa3padOTaHHOW YCHIIMTENBHON CXEeMOH, BKIFOUAromield B ce0s
MOBTOPUTEb, YCHIIUTEIb U PHILTp ¢ 4acToTOM cpe3a 150 [y.

Pe3yabTaThl HccienoBanus u odcyxnenne. Ha puc. 1 a mokasaH BOJTHOBOAHBIN MPUXOJI CUTHAIA,
3aperuCTPUPOBAHHBIN HA PACCTOSHUU ' = 2,25 kM OT UCTOYHHKA. Tam e oTMedeHbl mpuxoasl 1, 2 u 3,
oOHapyXeHHbIe Ha ‘“XBocTe” curHana. Ha puc. 1 6 mokazaHbl 4acTOTHBIE CIEKTPBl HAYaJIbHOTO CHUTHAJIA
(r = 20 m), ero npuxomnoB 1, 2, 3 Ha paccrosiHum I = 2,25 KM OT UCTOYHUKA M IIyMa MEpej MPUXOI0M
BCET0 CUTHAJA.
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Puc. 1. Bonnosoomwlii npuxod cuenana (a) u cnexmpul nauanvho2o cuenana (20 m), e2o npuxooos 1, 2, 3 (2,25 xm) u
wyma nepeo npuxooom gcezo cucnana (0)

BI/I):[HO, YTO CHCKTPBI NPUXOA0B COCPECAOTOYCHBI B IMOJIOCC YaCTOT 20...60 Fu, 1€ OHH IIOYTH Ha
MOPAAOK IMPEBBIIIAIOT aMHJ'II/ITy,E[HHﬁ CICKTp HIyma. B HWHTCPBAJIaX BpECMCHHU, B MPEACTIaX KOTOPBIX KPOCC-
KOT€pCHTHOCTHU MEXKAY IMMPUECMHHUKAMU MaKCUMaJIbHbI, a3UMYTBI IPUXOA0B MPAKTUICCKH COBIIaJAal0OT C UX
SHAYCHUAMU JUJIA BOJIHOBOJHOI'O HPHUXOJA. OrHomeHus aMIUUIUTY [ JTUX TMPHUXOJ0B K aMIUIMTYJC
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BOJIHOBOHOTO mpuxoja jexar B uarepBaie 0,05...0,1 71a. ITo Bpemenam 3anepxku npuxoios 1, 2 u 3
OTHOCHUTEIIFHO BOJIHOBOJIHOTO TIPUX0JIa OBUTH OIICHEHBI BHICOTHI PACIIOIOKEHUSI HEOHOPOIHBIX CIIOEB, a
o amuTeapbHocTH puxo/0B (mopsiaka 0.01 ¢) u yriaM naaeHus — X TONIHHBI.

Hcronb3ysi aHaTUTHYECKYIO CBS3b MEXIy (HOpMOW OTPaKCHHOTO CHTHAIA OT KaKJIOTO CIIOS U
BEPTHKAIBHBIM TIpoduieM (IyKTyaruii 3QQeKTHBHOH CKOPOCTH 3ByKa BHYTPH CJIOS, TOJYYEHHYIO B
[7, 8], 6suH BoccTanoBIeHBI Tipoduau Guaykryaruii Copp(Z) (CKOPOCTh 3BYyKa+IPOEKIIHSI CKOPOCTH BETPa
Ha HampaBJCHHE UCTOYHUK-TIPUEMHHNK) CIIOUCTHIX HeoaHopoaHocTel B ATIC. DT npoduiin B TpEX CIOIX
B YBEIMYCHHOM MacITade, COOTBETCTBYIOIIMX NpuxojaaM 1, 2 u 3, mokaszaHsl Ha puc. 2.

600 - 320 - | 450 - 540 -
‘ &) (1] S 440 - | 530 -
= 3= 300 L— sof 520 -
oo %ﬁ 90L Ei 420 - \RH 510 F \
= s W0 a0 > 500 - /ﬁ;:,\
oF AT 1= Naop o — 400 (’ 2 490 f——-ﬁh_;;
200 260 — — 390 T 480 —
/ 250 - ¥ 380 - 470 | i
100 - / ¢
240 - 370 - 460 | !
0 A | | 230 1 |! 1 | 360 L 1 1450 1 1 1 ]
330 340 350 360 344 346 348 350 344 346 348 350 344 346 348 350
Copaps M/€ Copg- M/C Copapr M/C Copapr M/C

Puc. 2. Boccmanosnenuvie npoghunu gpyxmyayuii croucmix Heoonopoorocmeti ¢ AIIC

J1st TOro 4To0Bl MPOBEPHUTH, HACKOIBKO BOCCTAHOBIICHHBIC MPO(QHIN COOTBETCTBYIOT PEANIbHBIM,
pelanacek mpsiMas 3ajada, T.e. 3TH MPO(UIH HAKIAIbIBAIUCH Ha MOCTOSHHBIN Npoduiab C,py = CONSt B
OJZIHOPOJIHOH cpefe, TMociIe Yero MPOU3BOIMICS pacyeT MoJs OTPaKEHHOTO CHIHaja MO aHAJMTHYECKOH
(dopmyiie, CBSI3bIBAIOIICH OTPAKCHHBIH CHUTHAI ¢ caMuM rpoduiieM ¢aykryauuii [7, 8].

Arycrayeckoe FanTeHHe, Ila

Axrycrageckoe gapaeHne, Ila
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—0,01

-0,02

Arycrageckoe Faprenne, lla

—0.03 p 1 1 I 1
0 0.02 0.04 - 0.06 0.08 0.10

Puc. 3. Cpasnenue pacuemnulx, 60CCMAHOBIEHHbIX U IKCHEPUMEHMATbHBIX Npux0008 cuenana 1 (a), 2(6) u 3 ().

Ha puc. 3 mpencraBneHo cpaBHEHHME PacueTHBIX, BOCCTAHOBJICHHBIX M 3aperHCTPHPOBAHHBIX
npuxofoB curHama 1, 2 wm 3. BuIHO, 9YTO BOCCTaHOBJICHHBIE NPHUXOABI YIOBICTBOPUTEIHHO
BOCIIPOM3BOIAT SKCICPUMEHTANIbHBIE NPUXOIbl. 11X OTHOCHTENBHOE CPEeIHEKBAAPAaTHUYHOE OTKIOHEHHE
He npeBbiaeT 10%, T.e. OTHOCUTENFHON OMMOKK M3MEPEHH caMOro CUTHaNa. MexXIy TeM OTKIOHEHUE
pacyeTHBIX NPUXOIOB OT 3KCIEpPUMEHTaNbHBIX gocturaetr 30%. Takoe OTKIIOHEHHE CBA3aHO, MPEXKIEe
BCEro, C TEM, YTO TPH pacdeTe UCIOJIb30BAHbI CUTHAI C OrpaHMYeHHO# mojocoit gactot (10...100 Iy)
BOJIM3M MCTOYHHMKA M MAJAIONIMK CUTHal, opMa KOTOPOro OTIMYHA OT peallbHOTO CHrHaja. Tem He
MEHEe 3TO OTKJIOHEHHE JISKUT B MpeesiaX OTHOCHTENHHON OIMOKM W3MEPEeHHH aMIUIUTYABI CaMmoro
CHUTHaJIa Ha OOJIBIIOM PACCTOSHUM OT MCTOYHHKA, TAE MPUCYTCTBYIOT 3HAYUTEJIBHBIC IIYMBI, IIOATOMY
COIJIACHE pACUETHBIX UM  OKCIIEPUMEHTAJIbHBIX CHUTHAJIOB TAaKKE€ MOXHO CUHMTATh  BIIOJIHE
YIOBIIETBOPHTEILHBIM.

Takum o00pa3oM, pacueTsl XOpPOLIO MOATBEPKOAIOT HaJIM4YHe€ B CUTHANE OTPAKCHUH OT
BOCCTaHOBJICHHOW TOHKOW CIIOMCTOM CTPYKTYPHI, (POPMHUPYIOIIEHCS B YCTOWIHBO-CTPATUPHUIIIPOBAHHOM
AIIC. OOHapy>keHHe CTOJb 3HAYMUTEIBHBIX CIBHUTOB CKOPOCTH BETPa B OTHOCHTENBHO TOHKHX CIOSIX
arMocepst (60...80 m) TpeOyeT TOCTATOYHO BBICOKOTO paspemicHus mo Beprtukanu (e menee 10 w),
KaKOBBIM U 00J1a7jaeT NpeIoKeHHbIN aKyCTUIECKUN METOJ] 30HANPOBAHMSL.

3axmouenue. M3mepenus npoduiell CKOpocTH BeTpa B ycToitunBo-crparuduimposaniom AIIC ¢
MOMOIIIBIO COMApPOB OOBIUHO orpaHuuuBaroTcss BhicoTaMu B 300 M, T.K. BBIIIE 3THUX BBICOT PE3KO
BO3pPACTAIOT OIIMOKM H3MEPEHHH. YBEIMYCHHE AaMIUIMTYIbl T'€HEPHUPYEMBIX CHTHAJOB C IOMOLIBIO
NPOTUBOTPAJOBOM YCTAHOBKH TMO3BOJNIMJIO TMOJNyYUTHh OMNEpPAaTHBHBIE JAaHHBIE O XapaKTEePUCTHKAX
(npodunu, cpeaHeKkBapaTUYHBIE TPAJUCHTHI, KOTEPEHTHOCTH, BEPTHKAIBHBIC CIIEKTPHI M CTPYKTYPHBIC
(GYHKLIMHM) TOHKOH CTPYKTYpbl aTMOC(EpHBIX CJIOEB C TpaaueHTaMu 3(PQeKTUBHONH CKOpOCTH BETpa
nopska 0,1...0,3 ¢, pacnosnoxkeHHbIX B ycToiunBo-cTpaTuuimposanioM AIIC B HHTepBajie BHICOT OT
230 mo 550 m. OpuUrHHAIBHOCTH METOJIa COCTOMT B TOM, YTO BBICOKOE BEpPTHKAILHOE pa3pelicHue
JOCTUTHYTO OJ1arojiapsi HCIoJIb30BaHHIO CUTHAIOB C TOHKUM yaapHbIM (ppoHTOM (2...3 MmcC).

Hccneoosanue svinonneno npu ¢unancogou noodepocke I'KH MOH PA u PODPU (PD) ¢ pamkax
coemecmHno2o Hayunozo npoexkma 18RF-017.
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uwhdwbuyhi pkpn:

G.Ye. Ayvazyan, R.N. Barseghyan, A.A. Vardanyan, I.P. Chunchuzov, V.G. Perepelkin

REMOTE ACOUSTIC SOUNDING OF ATMOSPHERIC BOUNDARY LAYER

The results of remote acoustic sounding of the atmospheric boundary layer (ABL) through the hail-
suppression system are presented. Increase of amplitude of generated acoustic signals allowed to reveal operatively
thin vertical structure of atmospheric layers by effective wind-velocity gradients (0,1...0,3 s7%), located in the stably
stratified ABL at 230...550 m height.

Keywords: acoustic sounding, hail-suppression generator, atmospheric boundary layer.
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YIK 004.4:519.856:623.5 BOEHHO-UHXEHEPHBIE ITPOBJIEMbI U IIOJIMTUYECKHUE
ACHEKTBI KOJUVIEKTUBHOM BE3OIMMACHOCTH

I'.I'. Xayarpsin

MATEMATHYECKOE MOJAEJINPOBAHUE CTOXACTHYECKUX ITPOLIHECCOB
CTPEJIbBBI U3 ITPOTUBOTAHKOBBIX CUCTEM

Paccmampusaromea eonpocvl npumenenus mMemooos meopuu Macco8o2o OOCIYHCUBAHUA, 6 HACTHOCIU —
mapkosckux yenei u ougghepenyuanvuvix ypasuenuti (/1Y) Koimoeoposa, 8 mamemamuueckom onucanuu 3a0a4u
no cmpenvbe uz npomusomanxosvix cucmem (IITC) cmeonvroi  apmuiiepuu. Ilpednodcena mamemamuyeckast
MoOenb 01 onpedefieHus 8epOAMHOCHell 02He8020 nopadicenus 08yx yenei npu cmpenvoe uz IITC. [lpugedeno
ananumuueckoe peuienue cucmemul ougppepenyuanvuvix ypasuenuii (CAY) Koamozoposa, onucwvléaioweti modens,
HA OCHOBAHUU KOMOPO20 NOTYUEHbl 8PEMEHHO-8EPOAMHOCMIbIE XapaKkmepucmuky nopaxcenus yenei. Ilocmpoenui
Kpuevie pewenuii Y ¢ ucnonvsoganuem npoepammnozo naxema SciDAVis. Ilpednoowcena mamemamuueckas
MOOeb 02HE8020 NOPAICEHUS COBPEMEHH020 MANKA.

Kniouegvie cnosa: apmunnepus, cmpenvba, mamemamuyeckoe Mooenuposanue, meopus 6eposmHocmel,
Meopus Macco8o2o 0OCIYHCUBAHUS, MAPKOBCKUE Yeni.

Llenpr0 HACTOALIETO UCCIEAOBAHUS SBISCTCS!

- MaTeMaTH4YecKOe MOJEIMPOBAaHHE CTOXAaCTUYECKHUX IPOLECCOB 3amadu 2a (cTpenbba mpsMoi
HABOJIKOM TI0 IBIDKYIIMMCS LIEJIsIM) Kypca noarotoBku aptusuiepun KITA-2012 [1];

- OLICHKA BEPOATHOCTH YHUUTOKEHHUS LICJICH;

- MaTeMaTHYEeCKOE MOJAEIUPOBAHUE OTHEBOT'O [TOPA’KEHNSI COBPEMEHHOI'O TaHKA.

Hayunas HoBU3Ha paOOThI 3aKITIOUACTCS:

- B pa3paboTke MaremaTn4deckoi Moaenu 3anaun 2a xkypca KI1A-2012;

- B IPUMEHEHUH METOAOB TEOPHU MacCOBOI'O OOCIIY>KUBAHMS, B YACTHOCTH — MapKOBCKHX LeTel U
Y KommoropoBa, B MaTeMaTH4eCKOM OINMcaHuu 3a1a9u 1o ctpensde u3 [ITC cTBonbpHOM apTHIepun.

[TpoBeneM aHanM3 CUCTEMBI, XapaKTEPU3YIOUIEH TUHAMHUKY MOTOKA COOBITUH MO YHHUYTOXXECHHUIO
IBYX IeNieil IOCTPOEHUEM COOTBETCTBYIOIICH MaTeMaTnyecKoil MOJENH, KUBYYECTh KOTOPBIX M IOTOK
atak Ha HUX u3 [ITC MOXXkHO MOJENMpPOBaTh MPU MOMOILIK MapKOBCKUX Lienel. [IpuBeneM OCHOBHEBIE MO-
JIO’)KEHUSI CHUCTEMBI, MTOKa3aTeld U pacyeTHbIE XapaKTepPUCTHUKH, a TakKe MPOaHAIU3UPYEM I0JTydyaeMble
IIPHA 3TOM PE3YJIbTATHI.

ITockousbKy mpolecc mepexoaa Leny U3 OJHOI0 COCTOSHUS Si (Leb HeBpenuma) B Apyroe S (Lelb
YHHUYTOXKEHA) CIy4YalHbI C JUCKPETHBIM COCTOSHHEM M HENpPEPBIBHBIM BPEMEHEM, TO OH SBISIETCA
HenpepvlgHou yenvio Mapkosa. Takasl lellb XapaKTepU3yeTcs BEPOSITHOCTBIO Iiepexoia Pij U IIIOTHOCTHIO
BEPOSITHOCTHU Tepexofa Aij, IPeACTaBIISIONIEH HHTEHCUBHOCTD ITOTOKA COOBITHH, MEPEBOASIIYIO CUCTEMY
U3 OJTHOT'O COCTOSIHUSL B IPYTo€, MPUYEM MOTOK COOBITHH (B HAIIEM CIy4ae — IIOTOK BBICTPEJIOB IO LIEJN)
C Y4E€TOM TOTO, 4TO BpeMs (PMKCUPOBAHO, pacCMaTpPHBaEM KaK MPOCTEHIINIA, pacipeie]IeHHbIH 110 3aKOHY
Ilyaccona [2, 3]:

k

a .
Pt(k) = We ) (1)

rae Py(K) — BeposiTHOCTHOE uyuCo momaganuii K 3a Bpems t; @ — mapameTp pacrpeaeicHus, mpeacTaB-
TSIOIUE 000l 0JJHOBPEMEHHO MaTEMAaTUIECKOE OXKHIAHNE U JUCIIEPCUIO CITyYailHOW BETUUNHBI.
PaccmoTrpum cucremy, cocrosmyro u3 ogyx nenei. O003HaUMM uyepe3 So — COCTOSHHE CHCTEMBI,
KOT/Ia [IeJI HEBPEINUMBI;, S1 — COCTOSIHUE, KOT/Ia YHUUTOXKEHA OJTHA M3 HUX; S2 — COCTOSTHHE, KOTJa YHHY-
TOXEHBI J[BE IeJIH. BepOATHOCTH COCTOSIHMIA, KaK (QYHKIMH BpeMeHH t, 0003HAYMM COOTBETCTBEHHO Ye-
pe3 Po(t), Pi(t), P2(t). [TockonbKy mepexon B UCIIPaBHOE COCTOSIHUE (PEMOHT) 11eneil BO BpeMsi 005 Masio-
BEPOSATEH, TO pedpa B COOTBETCTBYIOLIEM OPUEHTHPOBAHHOM rpade OyayT OJHOHANpaBICHHBIMH (pHC. 1).

Aot A2
So |—»| S1 |—»| 2

Puc. 1. I'pagh cocmosnui cucmemvl u3 08yx yeneu

165



Ucnone3ys 1Y Konmoroposa [4], mis 1r060ro BpeMeHH t MOXKHO 3aMUCATh CICAYIOIIYIO CHCTEMY
YpaBHEHUI BEPOATHOCTEH COCTOSHUI CUCTEMBI, COCTOSIICH U3 ABYX IICJICH:

Po(t) =—2g;,Py (1),
Py(t) = A01Py(t)- A1, Py(1), (2)
P,(t)=21,Py(t),

rzae Aij, i=0,1; j=1,2— MHTEHCHBHOCTH II0TOKOB aTaK.
IMockonbky B HavanbHblii MOMEHT (t=0) 1emu HEBpeaMMbI, TO HaYadbHBIME ycioBusmu st CIY

(2) 6ynyr
Po(0)=1, P1(0)= P(0)=0. ?3)

3ameTM, 4To JUHEHHBIe aBToHOMHBIC CJY mepBoro mopsiaka (2) crpaBeIuBbI Kak JJIst IIOCTOSH-
HBIX HHTEHCHBHOCTEH MTOTOKOB aTak Aijj = CONSt, Tak U st MEPEMEHHBIX HHTeHCUBHOCTEH Ajj (t) [4].

Pemenne C/1Y (2) cBoguTcs K aHATUTHYECKOMY FUTA YUCIEHHOMY PEIICHUIO CHCTEMBI JIMHEHHBIX
Y ¢ nocrosHHbIME KO3 (dulneHTaMH. B 4YacTHOCTH, NMPUHMMAs, YTO WHTCHCUBHOCTH ITIOTOKOB aTak
SIBIISIIOTCS TIOCTOSIHHBIMHM BEJIMUYMHAMH, T.€. Ao1 = A12 = A = CONSt, HEOOXOAUMO PEIIUThH CICAYIOIIYIO
AaBTOHOMHYIO 3aaauy Komu:

Po(t) 1 0 07 (R(t)),R(0)=1,
P(t)|=4:| 1 -1 0 || Py(t)]|,P(0)=0, (4)
Py(t) 0 1 0](Py(t)) Py (0)=0.

[Tpu aTOM, ecTecTBEeHHO, I JIOOOT0 MOMEHTa BpeMEHHU t cymMMa BepOsSTHOCTEH COCTOSHUM OJKHA
YAOBIIETBOPSITh PABEHCTBY IIOJIHOTBI BEPOSITHOCTEH, T.€.

2
D R(t)=1 ©)
i=0

04— — ; : — — ‘ S — — ‘ ‘ — —
0 1 2 3 t

Puc. 2. I'pagux pynxyuu Py (t) = e

Teneps, UHTErpUPYs CUCTEMY ypaBHEeHHUil (4), HETPYJAHO HANTH €€ aHAJUTHYCCKOE PEIICHHE —
uckomsle GyHKIMH P, (t)=e ™™, P/(t) = Ate ™, P,(t)=1-e* — Ate™™, rpaduku KOTOPBIX, IOCTPOCHHbIC

C MCIIONb30BaHKEM HporpaMmMHoro nakera SCiDAVis 2.0.4 npu A = ﬂ , IPUBEJICHBI Ha pHUC. 2 - 4.
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W3 cemeiicTBa KpUBBIX, TPUBEIEHHBIX HA PUC. 2, MOKHO 3aKIIOYUTH, YTO BEPOSITHOCTh COCTOSTHHSA,
MIPH KOTOPOM 00€ IIeTTH HEBPEIUMBI, TUTABHO CHIDKAETCS TI0 SKCITOHEHITHAIBEHOMY 3aKOHY M MEHEE YeM 3a
4 MUHYTHI OIYCKA€TCsI 10 HyJIL.

oa y B(1)

r-— e
0 1 2 3 4 t

Puc. 3. I'pagpux gynxyuu P, (t) = Ate™

OmnpenenceHHbIl UHTEpEC MPEICTABISIET CEMEHCTBO KPHBBIX, MPHBEIACHHBIX Ha pHC. 3, OTKyIa
crefyet, 4to rpaduxu dynkiuu P, (t) = Ate “npu 1= 14 MMEIOT TOYKH MaKCHMyMOB, JUIS HAXOXK/ICHHS
KOTOPBIX HEOOXOJMMO HX HCCIEIoBaTh Ha 3KCTpeMyM. Kpome Toro, 3t (yHKUIUH ONpeneeHbl U
mudepeHumpyeMs! Ha Beeii unciosoii och, a take P, (t) = de (1 At), P (t) = 2e (-2 + At).

PesynbTarhl BIYHMCIICHHUH MpeACTaBIeHbI B Ta0l. 1, OTKyzna cieayeT, 4TO MaKCUMajbHasl BEPOST-

HOCTb TOTO, YTO B TCUCHHE TIEPBOI K€ MUHYTHI CTPEIbOBI OYIET YHHITOKCHA OJIHA I1€JTb, HE 3aBUCUT OT
WHTCHCUBHOCTH ITOTOKA BBICTPEJIOB M B TOUKE IKCTpeMyma pasHa 0,37.

Tabnuya 1

Pesynomamol uccredosanus na sxcmpemym Qynkyuu Pl(t )= Ate™

L | eorpesmrs () | noporna (e | () P ()

1 1,0 2,0 e =037 | —e*=-037<0
2 0,5 1,0 e =037 | —4et=-147<0
3 0,3(3) 0,6(6) e =037 | -9 1=-331<0
4 0,25 0,5 e =037 | —16e1=-589<0

—

tEm

084
06
0,44

0,24

Puc. 4. I'paux pynxyuu P, (t) =1— e — dte™™
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W3 cemeiicTBa KpUBBIX, IPUBEJCHHBIX Ha pUC. 4, BUIHO, YTO B TEUCHHUE TPEX MHUHYT 00€ 1eiu Oy-
OyT YHUYTOXXEHBI C BEPOSITHOCTBIO, Onu3Kkoi 1. U nume mpu MHTEHCHBHOCTH MOTOKa CTpPenbObl A= 1
gbicmpen/mun 1ienn OyIyT yHUYTOXKEHBI B TEUCHHUE IIECTH MUHYT CO BpEMEHH Havaja CTPEIbOb.

IMony4ennsie (puc. 2, 4) BpeMEHHO-BEPOSTHOCTHBIC XapaKTEPHCTHKU XOPOLIO COTIACYIOTCS C Bpe-
MEHHBIMHA HOpMaTHBaMu nopaxenus uenerd u3 kypca KITA-2012 npu ctpensbe npsMoli HABOAKOH.

Beiiiie Obl1a pacCMOTpPEHA YIPOIIIEHHAsT MOJIENb COCTOsIHUSI, cooTBeTcTBYromas KITA-2012 [1], Ho
HE YUMTBIBAIOLIAs pa3indHble (hakTopsl. Teneps ke cMOAeIupyeM MPOLecC OrHEBOIO MOPAXKEHUS COBpE-
MEHHOTO TaHKa.

BeposiTHOCTh MopaskeHHs COBPEMEHHOTO TaHkKa P ompexmensieTcss IpOU3BEICHUEM BEPOSTHOCTEH
PasTUYIHBIX (PAKTOPOB: TOYHOTO MPHIICIBHOTO BeICTpena (P1), mpeomoneHus CHapsSAOM HIH IPOTHBOTAaH-
koBoi ympasisiemoit pakeroir (IITYP) kommnekca ontuko-snexktpoHHoro noxasieHus (KOJII) tanka
(P2), npeomonenuns komruiekca akTuBHOM 3amuThl (KA3) (P3), NpOHUKHOBEHUS CKBO3b IUIACTHHBI JIMHA-
mudeckoi 3amuThl (/3) (P4), mpobost 6poru (Ps) W mopakeHUs arperatoB W DKHITaKa B 3a0pOHEBOM
npoctpanctse (Ps) [5, 6], T.e.

P=]]R. (6)

O6o3naunm depes Si, Sy, .., S clemyromme COCTOSHUS CHCTEMBI: 51 — COCTOSIHUE TTOMJIeTa CHapsiaa
(mmu TITYP) k wenu; S; u Sz — coctosiaus aktuBanmu KOJIT u KA3 cootBeTcTBeHHO; S4 — cOCTOSIHUE
nomaganus cHapsina (wu [ITYP) B /I3; Ss — coctosiane nonaganus cHapsaga (vwim [ITYP) B 6ponro u Sg—
COCTOSIHME TOPa)KEHHS TaHKa. [IpHHIMAas MpoLecChl, MPOUCXOIAIINE B MOJICIH, CITyJalHBIMH M 3aBHCS-
IUMH OT BPEMCHHU, a IIOTOK BBICTPCIIOB 11O TaAHKY — HpOCTefIHIPIM, MOXHO COOTBETCTBYIOLIUEC COCTOAHUA
MOJICJIM OIKCATh C IIOMOIIBIO Tpada, MPEICTaBICHHOr0 Ha pUC. 5.

As6

\ /

Se

A2s

Puc. 5. I'pagp modenu ocneo2o nopasicenus co8pemeHH020 maHKa

3nech mpocTeiine MOTOKH ¢ MHTEHCUBHOCTBIO i = CONSt, HCXOMAIINE U3 KOMILJIEKCOB 3aIUTHI U
KU3HEOOECTICUeHH S, CTAPaOTCsI HEUTPAITN30BaTh YTPO3y U BEPHYTh CHCTEMY B UCXOJIHOE COCTOSTHHE.

i mpakTUYeCKUX pacyeToB HY>KHO BMECTO TOTOKOB Ajj H Wjj BCTaBUTh MX 3HAYEHUSI M PEIIUThH
CHY. Tak kak I3 cHmwxaer OpoHENpoOMBaeMOCTh aTaKyloLlero doenpunaca, To, K NpuMepy, HOTOK Ass
OyzeT UMeTh 3HaUeHHE coryiacHo Tadu. 2 [7]:

Tabauya 2
CpaeHumeJleaﬂ xapakmepucmuKka npumMeHAMblx munoe OUHAMUYECKOU 3augumol
CHmKeHHue XapakTeprcTUK Ooernpuraca
Tun 6oenpunaca -
I3 "Konrakt-5 A3 "Penukt"
KymynsaTuBHBIN Aas=0,2...0,5) A Aas=0,11
Bponeboiinblii onepeHHbIH 1101KaTHOepHBII As5=0,8 1 Ai5=0,51
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CITY BeposATHOCTEH COCTOSIHUM B MATPHUHO-BEKTOPHOM (hopMe [8] mpumeT Br

Ij1 (t) (A = Ay = Ay = Aig) Hy Hay Hy Hs 0 (R(t)
P2 (t) Ay (=31 = g = A5) 0 0 0 0 | P(t)
I?a (t) _ s Ay (=g = Agy = As5) 0 0 0 ) P, (t) (7
P,(t) iy 0 Ay (4 = Ass) 0 0 | R(t)
lj5 (t) s s Aas Aas (—ts1 = 25) O] | Bs(t)
P(t)) | 0 0 0 0 A 0] (R(1)

O4eBUIHO, YTO KUBYYECTh TaHKa OyIET MCUEpIIaHa MOCie MepPexo/ia B COCTOSIHUE S¢, BpEMEHHBIC U
BEPOSITHOCTHBIC XapPAaKTEPUCTHKH KOTOPOTO MOXKHO MPOMOJCTHPOBATh M HAWTH aHAJOTHYHBIMH BEIIIC
MeTogamu. VIckimroueHue 37ech COCTAaBIAET IMOTEps KUBydecTH (C HeoOs3aTenbHBIM TpoboeM OpoHM)
BCJICJICTBUE MOBPESKICHUS HE3AIUIICHHBIX J[3 y370B TaHKa, OTBETCTBEHHBIX 32 €ro MnepeaABmwKkeHue (T.e.
TYCSHHMIIbI MJIM BEIYIIUX KAaTKOB), IIOCIIE KOTOPOTO 00E3IBYKEHHBIA TAHK CTAHOBHUTCS JIETKONH MUIICHBIO.
B 3TOM ciydae BepOSTHOCTH MOTEPH KHBYYECTH TaHKA MPU OJHOM IOMAJaHWU MOXKHO BBIYHCIHTH C
MTOMOIIBIO CIIETYIOIIETo cooTHOIIeHus [9]:

S
P=<" ®)

rae S¢ — mIomanp NpoeKUUH He3almuineHHoro /3 yJacTka TaHKa Ha IUIOCKOCTb, MEPIECHIUKYISAPHYIO
BEKTOpY HampasiieHus nomiera cHapsaa (wiu [ITYP); S — muromans mpoeknyu KOHTypa TaHKa Ha TY JKe
TUIOCKOCTh. [Ipu 3TOM mpu KypcoBbIX yriax 0° Iuiomaab MEepeKphITUS JO00BOW MPOEKIHH KOpIyca M
6amruu anementamu /13 "Konrakr-5" u "Penukt" nocturaer 55 u 60% coorBeTcTBeHHO [7].

I'pad cocrosiHMit U3 puc. 5 B 3TOM CiTy4yae MPUHUMAET BHI, PEACTABICHHBIN Ha puc. 6, rae Ss —
COCTOSIHUE TIOMAJIaHNs B TYCEHUIYy WJIM BEAYLIUNA KaTOK.

/23 As4

Puc.6. I'pagh modenu nomepu srcugyuecmu co8peMEHHO20 MAHKA NPU NOBPENCOCHUU 2YCEHUYbL UTU 8€0YIe20 KAMKA

ITpu sToM CI1Y BeposTHOCTEN COCTOSIHUI BBIMJISIINAT TaK:

A | [(~h2— i3 —ag) Hay Hag tay | (Pu(t)
P'z(t) _ My (=21~ 3) 0 0 ) Py(t) ' (9)
P3(t) A3 A (~t31-44) 0 Py(t)
P,(t) A4 0 Zn gy | \Py(t)

Takum 00pazoM, MpH ONPEJEeICHHOM YIIPOIIEHNH BXOIHBIX MapaMeTPOB MaTeMaTHYECKasi MOJEb
Ha OCHOBE MapKOBCKHX IIETIEH MO3BOJSET C MPUEMIIEMONW TOYHOCTBHIO MOIYYUTh BPEMEHHO-BEPOATHOCT-
HBIE XapaKTEPUCTUKN PA3IMYHBIX CHCTEM, B TOM YHCJIE U CHCTEM M3 JIBYX IeJed. AJIEKBaTHOCTh pa3pa-
0oTanHOIT MaTeMaTH4YecKOil Mozenu 3afayun 2a kypca KITA-2012 cooTBeTCTBYeT NpaKTHUECKUM JaHHBIM,
HOJIyYSHHBIM Ha TpEeHaXXepe sl CTpenbObl psiMoid HaBoxkow [10].
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2U4USULUUSPL 2UUTHUMA B8 20TUQANPE3UTL USNUUSPY @NMOCLEeUSLEP
UUEtUUSrEUYUL UNTELUANCORTC

Yunwplymd  bh qubgiuéughl uywuwpldwl  nkumpput  dkpnphkph, dwebufnpugke dwphngpui
oppwlbph b Unjungnpnyh  phplpkighuy hwyjwuwpmidbbph  Ghpundwi  hwpghpp  hnpuyghli hpkunwbnt
hwluwnwbiughl hudwlupgkphg hpudgnipyui juinph dwpbdunpiulul dupugpdwi ke Unupwplyjus E
tpint  bpwhwlbnbkph [pulught  jungdwl hwyjwbwlwbnipmibabph  npnodwl  dwpbdunplului  dngkp
hwunwbiuyhll hwdwlupgbphg  hpwdgnippub plkypnid: FEkpgws Fodnglp  Ghwpugpng  Ynjdngnpnyh
phpbpkighuy huyjwmuwpnidakph hudwlupgh whuypnpl inénidp, plsh hpdwl Ypw vinmugyws £ Gpwinulbnkph
Jfunguwl  Judwhwlw-hwjuwiwlubuyhl  phnipwgpkpp:  Quenigyws ko ghdkplkighuy  hujwuwpnidbbph
niénidlikph npkpp SciDAVis dwpbiwmpulul hupbph oginipyudp: Unupwuplyus F duduliululhg nwialh
gpuwlughl jinguwl dwpbdwnpluloh dnnkp:

Unwugpuyhti pwnbp. hpkunwuih, hpudgnipmil, dwpbdunhlulul dnglbjuynpnid, hujwiualwingeal
wkunipntl, qubgyuéuyhl vwwuwpydwl nkunipinil, Uuplnydh snpubbp:

H.G. Khachatryan

MATHEMATICAL MODELING OF THE STOCHASTIC PROCESSES OF FIRE FROM
ANTITANK SYSTEMS

The questions of application of the methods of the mass service theory, in particular — the Markov chains
and the Kolmogorov's differential equations in the mathematical description of the task on fire from antitank
systems of barrel artillery are considered . A mathematical model for the probability definition of fire defeat of two
targets from antitank systems is proposed. The analytical solution of Kolmogorov's differential equations system,
describing the model on whose basis, the time probabilistic characteristics of defeat of the targets are obtained.
Curves of solutions of differential equations, using the SciDAVis mathematical software are constructed. A
mathematical model of fire defeat of a modern tank is proposed.

Keywords: artillery, shooting, mathematical modeling, probability theory, mass service theory, Markov
chains.

Xavyatpsin I'paubsa I'ypreHoBud - Maructp nHQOPMAMOHHBIX TeXHOIOTHH, actupanT HITY A, HavanpHHK rpyn-
Bl IPUMEHEHHUS aBTOMATH3UPOBAHHBIX CHICTEM YIIPaBJICHUS YTIpaBJICHHUs PaKeTHBIX BOWCK U apTuiuiepun BC PA
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Energetics — doctor of tech. sci., prof. S. Minasyan
Mining-Ore Industry — cand. of geol. sci. H. Aloyan
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