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JUJEPY APMSHCKOM YKOHOMHUKH, KOJJIEKTUBHOMY YJIEHY
WHXEHEPHOM AKAJIEMUMN APMEHHWMH, 3A0 “TA3IIPOM-APMEHUSI” —

20 JIET

B centsbpe Tekymero ropa, B eHb Npo()eCCHOHAIBHOTO MPa3HUKA, UCTOIHUNOCH 20 JeT co
JHs co3paHus koMmnaHuu “I'azmpoM-ApMeHus”, KoTopas cTaja IPU3HAHHBIM JIMAEPOM apMHCKOM
9KOHOMMKH, IPKUM CHUMBOJIOM ILJIOJOTBOPHOIO apMsSHO-POCCUICKOIO SdKOHOMUYECKOIO0 COTPYIHUYECTBA.
OT1oT, mycTh M HEOOMNBIION IOOHMIEH - MOBOA BO3JATh JOIDKHOE NPO(ECCHOHAIBHON AESATENbHOCTH
MHOT'OTBICSIYHOT'O KOJUIEKTUBA KOMIIAHUM, YMEHHIO €r0 PYKOBOJUTEIEH.

Crparernueckoii nenpto 3A0 “T'asnmpom-ApmeHus” sBIseTCS CO3AaHUE Ta30d9HEPreTHYECKON
KOMIIaHUM PErHOHANbHOIO 3HA4YeHUs, oOecleurBas ydyacTHe B DHHEPreTHUECKHX IPOEKTaX Kak Ha
BHYTPEHHEM, TaK W Ha BHEIIHEM PBIHKAX.

OCHOBHBIMH 3JIEMEHTAMH CTPATETHH AJIS1 JOCTHXKEHHS 9TOM LIeNu SBIISIOTCS:

- pacIIMpeHne phIHKa MPUPOJHOTO Ta3a KaK OCHOBHOT'O MCTOYHHKA pocTa 10Xxo10B OO0IecTBa;

- BOCCTaHOBJICHHE U JJalbHelIIIee pa3BUTHE Ta30BOr0 KOMIUIEKCa, HAlpaBJeHHbIE Ha o0eclieueHue
CTaOMIIBHOTO 0€30MacHOT0 ra30CHA0XECHUS M YMEHBIIICHHE TIOTePh ra3a;

- COBEpILIEHCTBOBAHNE IPUHIIUTIOB KOPIIOPATUBHOTO YIIPABJICHHUS M UX MIPHUBEJCHUE K TIEPEIOBBIM
MEXIYHapOIHBIM CTaHIapTaM;

- y4acTHe Ha PbIHKE MPOU3BOJICTBA JIEKTPOIHEPTUH B APMEHUU U pa3BuTHe no3unuii OdmecTsa
Ha PBIHKAX DKCIIOPTA IEKTPOIHEPTUH B TPETHH CTPAHBI;

- TIOCTOSIHHOE TOBBIIIIEHHE TPO(ECCHOHATBHOTO YPOBHS COTPYIHHUKOB M COIUABHO-TPYIOBBIX
OTHOIIICHUH.

3A0 “Tasnpom-ApmeHus” BUAWT CBOKO MHCCHI0O B MaKCHMalbHO d(PQeKTHBHOM,
cOayaHCHPOBAaHHOM U OecrepeOoiHOM CHa0XEHWM TPHPOMHBIM Ta30M TOTpeOHuTeNned ApMEHWH W B
HHTEpecax CBOMX AKIMOHEPOB CTPEMUTCS K OOECIEUEHHIO NOJITOCPOYHOrO0 U JUHAMHYHOTO Pa3BUTHS
MyTeM JalbHEeHIed IuBepcHU(HKANNY, TMOBBIICHUS d3()(EKTHBHOCTH W TPO3PAYHOCTH CBOCH
JESITeNbHOCTH U AEATENbHOCTH CBOUX JOYEPHUX KOMITaHHUI.

brnarogapss mmpokomacmtabHON pabore, mpojnenanHoi KommaHued, W peaqr30BaHHBIM €10
IIPOEKTaM, CETOAHS B ApMEHHH 00€CIICUCH JOCTATOYHO BEICOKUH YPOBEHB SHEPTeTHIECKON O€301aCHOCTH.
Pacnionaras nByMs ra3onpoBoaMu C ceBepa U C [0ra, a Takke MOLIHOCTSMH IOA3EMHOTO XpaHEeHHs rasa,
ApMeHns He yCTyIaeT CTpaHaM PErHOHa, HMEIOINM COOCTBECHHBIC YHEPTOPECYPCHI.

345



B xonTekcTe obecneueHus sHepreTudeckoit 6ezomacuoctd 3A0 “I'azsnmpoM ApMmeHHS” cerogHs
peliaer emie OJHy BaXKHYIO 3aJlady: BOCCTAHOBJICHHE MPOCKTHON MOIIHOCTH AOOBSIHCKOW CTaHIMH
nogzemHoro xpanenus raza (CIIXI). Dtor cTpaterndyeckuii oOBEKT Mpu3BaH 00ECHeUnTh HAJEKHOCTD
ra3ocHaOKeHUsI pecnyOquKd. B pesynbrare MOSTAMHOrO BBITIONHEHHS MPOEKTa MO PEKOHCTPYKLUUH U
monepHuzanuu CIIXT miaHupyercs ¢ KaxIbIM T'0JIOM YBEIMYMBATh BMECTUMOCTD I'a30XpaHUIINILA.

Komnanus “I'asnpom ApmeHus” Liej€HalpaBlIeHHO IPOBOIUT MIOJUTUKY 10 BHEIPEHUIO HOBOTO
00OpYyZOBaHMA M HOBBIX TEXHOJOTMH B CHCTEMax TPAHCIOPTHPOBKM W pacHpeAesieHus Trasza, 4ro
CIIOCOOCTBYET COBEPLICHCTBOBAHUIO CHCTEMBI yUeTa ra3a 1 IMOBBIIIEHUIO 001IeH HaJe)KHOCTH cUcTeMBbl. B
ra3oTpaHCIOPTHOM CcHCTeMe pecnyOnuku mnodTanmHo BHexApsercs cuctema SCADA, mosBossmomas B
LEHTPAJIM30BAaHHOM IIOPAJKE OCYLIECTBJIATh KOHTPOJIb M YIPaBIATh TPAHCHOPTHBIMH IOTOKaMH
TIPUPOJIHOTO ra3a M0 MarucTpaIbHBIM ra30IPOBOIAM.

B xoHTekcTe obecrieueHust 0€30MacHOro ra30CHa0KeHHs U MOBBIIIEHNUS KayecTBa 00CTYKHUBaHUS
BaXKHEHIIIEH MporpaMMON SBUJIaCh YCTAHOBKA CUIHAJIM3aTOPOB I'OPIOYMX Ia30B M OTCEYHBIX KIIAaHOB
(cucTeMbl 6€30IACHOCTH) B MHOTOKBapTHUPHBIX JKWIIbIX JoMax. Ha teppuropun CHIT ApmeHus siBisieTcs
MepBOi  CTpaHOH, KOTopas MpPEANpPHHSIA MacCOBYI0 YCTAaHOBKY CHCTEM O€30IIaCHOCTH C IIEJBIO
UCKITIOYEHHSI YeNIOBEYECKOTO (aKTopa MNpH DKCIUTyaTallMd Ta30BBIX MPHOOPOB U MPEAOTBPAIICHUS
TEXHOT'€HHBIX KaTacTpod.

“I'azipoM ApMeHUs” SBJIIETCs KpyNHeel koMnaniue ApMEHUU U Ha IPOTSXKEHUU JIOJITUX JIET
HEM3MEHHO 3aHMMAaeT JHIUPYONINE NO3UIUH B CIIUCKE KPYMHBIX HAJIOTOIUIATENbIIMKOB peciyOnuku. B
2016 r. BBILIATHI B TOCOOMKET PecmyOnuku ApMeHus cocTaBuiu Oonee 42 MIIp/ ApamoB.

KommaHusi HEYKIOHHO M ¢ OOJBIION OTBETCTBEHHOCTHIO MOJXOAUT K BBHIIOJTHEHHUIO TPpeOOBaHUI
o 00ECIEYEeHUIO0 INPO3PavyHOCTH (PUHAHCOBO-XO3SMCTBEHHON HEATENbHOCTH. AYIUTOPCKUE YCIIyTH
KOMIIAaHUM [PEJOCTaBIAIOT MEXIyHapOoAHble aBTOPUTETHble opraHuzanuu. CoOTpyIHHUYECTBO C
(PMHAHCOBBIMU MHCTUTYTAaMH U JUIMTENIbHBIE AEJIOBbIE U MAaPTHEPCKUE OTHOIIEHHUS C KPYIMHBIMU OaHKaMH
MOJHATHl Ha Ka4eCTBEHHO HOBBII YpPOBEHb U IOATBEP)KAAIOT JAOBEPUE MEXKIYHAPOAHBIX (PMHAHCOBBIX
HUHCTUTYTOB U opranu3anuii k 3AO “T'azmpom ApMeHus’.

IIpoiinenHslii MyTh He ObUI JIETKMM M OJAHO3HAYHBIM, HO MOXKHO C YBEPEHHOCTBIO CKa3aTh, YTO
KOMIIaHUsSI CMOIJIa HCIIOJIb30BaTh CBOM IIAHC M BBIMTH Ha MO3UIMM YCTOMYMBOIO W IMOCTYHNATENBHOTO
pocta. Ceronns 3AO0 “I'aznpoM-ApMmeHus” ABIAECTCS OJHUM M3 “JTOKOMOTHBOB” apMSHCKON 9KOHOMHKH,
BO MHOI'OM OIIPEJIEIISIOIIUM TEMIIbI COLIMAIBHO-I)KOHOMUYECKOTO pa3BuTHs cTpanbl. “T'asnpom-Apmenus”
— 9TO KOMIIaHUS MPO(ECCHOHANBHBIX EIUHOMBIIUIEHHUKOB, CTaBALIMX Iepen co0ol J0CTaTOYHO
aMOWIIMO3HBbIE U arpeccUBHBIC “‘OM3HEC-3a/1aun’’, KOTOpPBIC €IIe HECKOJBbKO JIET TOMY Ha3ajJ MOTJIH
MOKa3aThCs (PAHTACTUICCKUMH.

I'pamoTHOE HCIHONIB30BaHKE UMEIOIIETOCs MOTEHIMAla U KOHKYPEHTHBIX IIPEUMYLIECTB, a TAKKe
MOoAJEpKKa aKkIuoHepoB co3maroT misi  3A0 “I'asmpoM-Apmenns” yHUKaIbHbIE BO3MOXKHOCTH IS
JanbHEeUIIero AMHAMUYHOTO pa3BUTHA, HA OCHOBE KOTOPBIX KOMIIAaHHS MOXKET IJIAaHOMEPHO, II0
COOCTBEHHOM HHMIMATUBE, 3aHATHh CTAOMIBHOE JHMIUPYIOLIEE IO0JI0XKEHHE HAa HHEPreTUYECKOM pBIHKE
peruoHa.

Oco60o xoTenoch Obl MOMYEPKHYTh BHUMATEIbHOE OTHOLIEHHWE PYKOBOICTBA KOMIIAHMU K
mpobJjeMaM HayKH, HAYYHO-TEXHHUYECKOW M WH)KEHEpHOW MbICIM B ApMmeHuH. Tak, yke B TEUCHHUE
HECKOJIBbKHX JIET KOMIIaHHUs, KOTOpas ABJSETCS KOJJIEKTUBHBIM WwieHOM VH)XeHepHOH akageMuu ApMeHHMH,
CIIOHCUpYET WU3JJaHUE >KypHaja akxaJeMHM, OKa3blBaeT i coneiicTBUe B IPOBENCHUU HayuHBIX
HCCIIEIOBAaHUH, OpPraHU3alldy PAa3UYHBIX MEpONPUATHA. MBI paabl, YTO NPENCTABUTEIN KOMIIAHUH
aKTHBHO Y4acCTBYIOT B pa0oTe aKaJeMHUU.

Becy cocraB UHxeHepHOW akajeMuum ApMEHHH CEpIACYHO  TO3JpaBIseT MpeacenaTens
npaBieHusA-renepaibHoro aupekropa 3A0 “Tasmpom-Apmenus” TaneBocsiHa ['panta XauumkoBuua, a
TaKKe BECh KOJUICKTUB KOMITAHHUY ¢ Fo0miIeeM. MBI ICKpeHHe jxestaeM BaM, moporue npy3bst U KOJIJIETH, U
Bammm cemMbsiM  Kpenmkoro 3710poBbs U OONBIIUX yCIEX0OB B TpyAe. [IpumMuTe HCKpeHHUE MO3ApaBICHHS
MIOYETHOrO Ipe3ujeHra MuxenepHoil akagemuun Apmenuu, akagemuka HAH PA, unocTpanHoro wieHa
PAH Cepres AnexcanapoBrya AMOapIyMsiHa, a TaKKe BCET0 HHKEHEPHOro COOOIIeCTRa.

Ipe3unent UHkeHepHOI aKkageMUMu APMeHNH,
BHIe-TIpe3ueHT MexRIyHapOAHOH HHKEeHEPHOH aKaJeMMH,
3acJIy:KeHHbIH HH:keHep Poccnu, T0KTOp TeXHHYeCKUX Hayk, npogeccop C.A. MunacsH
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H.Yu. Adilkhanyan

ENERGY EFFICIENCY IN EMERGING MARKETS AND DEVELOPING
COUNTRIES: A TWO-STEP CLUSTER ANALYSIS®

Energy sectors of emerging markets and developing countries are discussed. Special emphasis is put on energy efficiency
issues. An attempt is made to define homogenous groups of countries according to their similarities in energy patterns. As a method
of research, a two-step cluster analysis is employed. Six energy related indicators are selected. The results of clustering procedure
reveal five clusters with sizes of 5, 5, 10, 23 and 39 respectively. The most decisive factors in determining those clusters are share
of electricity production from renewable sources, energy use per capita and energy imports. The first cluster contains low income
African countries that generate electricity mostly from renewable sources. The second cluster includes many Latin American
countries that have high share of renewable electricity and low energy use. These countries have the highest energy imports and
low energy intensity of GDP. The third cluster represents mix of all these attributes. Interestingly, most part of former Eastern Bloc
countries are assigned to this cluster. The fourth cluster’s countries are characterized by the largest volume of energy net exports
and the lowest energy intensity of GDP. These countries are rich in oil and gas but generate electricity from renewable sources,
as well. The fifth cluster includes high income countries with very rich oil and gas sources and almost no electricity production
from renewable sources.

Keywords: energy sector, energy efficiency, cluster analysis, two-step clustering, emerging countries.

Introduction. Current stage of global economic development has put forward a number of serious challenges
that have to be accepted and properly solved in order to secure further growth of world economy. Almost all economic
sectors have faced such challenges. Energy sector, as an important element of global economy, is not an exclusion.
Among issues that should be addressed and effectively solved in the framework of this sector, are the increase of
energy efficiency, decrease of ecological impact, promotion of green and sustainable energy, etc. Solution of these
problems requires development and provision of respective policies and strategies both on international and national
levels. However, in order to design and implement productive strategies for energy sectorsit is necessary to have a
deep understanding about their profiles and things that are going on within them. For that reason, a very important
and practical step could be to define groups of countries that have similar energy patterns, based on certain energy
indicators and parameters. This particular step will allow to make better qualitative judgements on the nature of a
particular energy sector and will form a basis for further theoretical and practical analysis. It will also give an
opportunity to compare different energy sectors and provide policy advices and implications (e.g. what direction an
energy sector should follow).

Such an attempt to assign countries to homogenous groups, based on certain similarities existing between their
energy sectors, is made in this study. That particular problem is suggested to solve by means of cluster analysis and
allocate countries to different clusters. Cluster analysis is a commonly used tool in solving such kind of grouping
problems and has applications in various areas including healthcare, marketing, psychology, economics. As a
technique for clustering, a two-step cluster analysis is decided to implement. Although the latter is a bit less popular
approach in comparison with hierarchical and partitioning methods, it has important advantages (e.g. automatic
determination of cluster numbers, information on importance of clustering factors), as it contains features of both
techniques and represents a certain hybrid method.

The remainder of this paper is organized as follows: Section 1 reviews studies on various methods of cluster
analysisthat are availablein the literature, introduces basic theoretical concepts of cluster analysis and more detailed
overview of the methodology to be applied. Information on data to be employed is represented in Section 2. The
results of analysis are presented in Section 3. In the final section concluding remarks are reported.

1. Literature review

1.1. Hierarchical and k-means clustering. |n the literature, various clustering methods and agorithms are
available. The mgjority of those techniques is classified as a part of either hierarchical clustering or partitioning
clustering which are the two mainstream approaches. Hierarchical clustering has two directions — agglomerative and
divisive. In case of agglomerative hierarchical clustering, a the initia stage, al objects are considered as separate
clusters. Further, these clusters, based on the distance between them, sequentially start to merge and the process of
clustering stops when all objects are grouped into one single cluster. Divisive clustering, which is less popular than
agglomerative clustering, assumes the contrary process. Initia cluster which combines al objects gradually splits up
until each unit forms a separate cluster. In case of hierarchical clustering, once an observation is alocated to any
cluster, further reallocation is not permitted [1].

* The paper is developed in the framework of Erasmus+ Mobility Funds project between Y erevan State University and Institute
of Housing and Urban Development of Erasmus University of Rotterdam.
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Asit was mentioned in the previous paragraph, the process of cluster formation within hierarchical clustering
is based on the distance between observations and clusters. Various distance measures are suggested. The most
commonly used ones are Euclidean distance, City-block distance (or Manhattan metric) and Chebyshev distance.
Euclidean distance between objects B(xs, y5) and C(x¢, y¢) iscaculated in the following way [1]:

dpuctigean(B, €) = \/(xB —xc)?+ (g —yc)* D

In case of city-block criterion, the sum of absolute differences between values is considered. The distanceis

measured as follows [1]:

Acity—piock (B, C) = |xg — xc| + lys — ycl- 2

Another distance criterion is the Chebyshev distance which is used in case of ordinal data. It represents the
maximum of absolute differencein objects’ values and has the following calculation [1]:

dChebyshev(B' C) = max(|xz — xcl, lyg — ycl). (3

Attheinitial stage of hierarchical agglomerative clustering, distances between all pairs of objectsare calculated
and represented with the help of distance matrix. Further, objects are grouped and form clusters based on a particular
agglomerative procedure. After each stage of clustering, the distance matrix is updated. The most popular
agglomeration procedures are [1]:

¢ Singlelinkage (nearest neighbour) — the distance between clustersis equa to the shortest distance between

any two members of clusters.

e Complete linkage (furthest neighbour) — the distance between clusters is equal to the longest distance

between any two members of clusters.

¢ Average linkage —the distance between clustersis equal to the average distance between all pairs of cluster

members.

e Centroid —the distance is equal to the distance between geometric centres (centroids) of clusters.

It isworth mentioning, that each of these algorithms may reveal completely different clusters for the same data
set. For instance, single-linkage algorithm usually forms one large cluster and severa clusters with few members, as
it is based on minimum distances. On the contrary, complete linkage algorithm in a large extent is exposed to the
influence by outliers. The reason is that it maximizes distances between objects. In case of the other two approaches
clusters with low within-cluster variance and similar sizes are formed, although they are affected by outliers as well
[1].

Partitioning clustering agorithms, contrary to hierarchical ones, form clusters at the same time by developing
certain partitions and ng those partitions according to particular criteria[2]. The most well-known partitioning
method is k-means clustering. This approach doesn’t take into account the distance between observations and assigns
objects to clusters based on minimization of within-cluster variance. The | atter represents the distance (squared) from
aparticular observation to the centre of cluster. In case of k-means clustering the number of clustersis predetermined.
At theinitial stage of clustering, observations are randomly assigned to the defined number of clusters. Further, these
observations are reallocated in order to minimize within-cluster variance. A particular object isreallocated to another
cluster if that step brings a decrease in within-cluster variance. The last point isin contrast with hierarchical clustering
where observations remain in the cluster till the end of the whole process[1].

Although both hierarchical and partitioning clustering methods are commonly used, they have serious
drawbacks and issues that have to be addressed. The first serious disadvantage of hierarchical clustering is the strong
influence caused by outliers and irrelevant clustering parameters. Another problem of this technique is applicability
only to small data sets. In case of k-means clustering these issues are solved pretty well. However, the most crucia
concern is that the number of clusters have to defined prior to the clustering process which makes many researchers
to refrain from using k-means method [1]. As an effective solution to these problems two-step clustering is suggested
which is aunique hybrid method that incorporates characteristics of the above discussed techniques.

1.2. Two-step cluster analysis. Two-step cluster analysis proposed by Chiu et a. combines features of both
hierarchical and k-means clustering techniques [3]. It consists of two stages. At the first stage, which is called pre-
clustering, the initial dataset is divided into sub-clusters which are considered as independent units. Each object is
either sequentially joined to existing sub-clusters or forms new sub-cluster, according to distance criteria. The whole
process is based on a modified cluster feature (CF) tree approach. CF tree approach is developed by Zhang et al. and
represents hierarchy of nodes which contain a certain number of entries[4]. In case of two-step clustering leaf entries
of leaf nodes represent sub-clusters. All observations are scanned one by one. Starting from root node, for each
observation the nearest node entry and child node are determined. This process descends down the tree until reaching
the nearest leaf entry of leaf node. If the distance from a particular observation to closest leaf entry is less than the
defined threshold, then leaf entry absorbs that observation. Otherwise, anew entry isformed. It should be mentioned,
that restrictions are assumed on the number of nodes, node entries and size of tree. If thereis no space for new entries
in the node, the node should be split in two parts. If the whole CF tree exceeds the maximum allowed size, then it
should be updated and threshold distance should be increased [2-3].

In the second step, which is called clustering, the sub-clusters resulted from pre-clustering, based on
hierarchical agglomerative clustering are grouped into the desired number of clusters. The best cluster solutionis
determined by respective information criteriawhich areintroduced below [1 - 3].
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There are two distance criteria employed in two-step clustering [5]. The first one is log-likelihood distance,
whichisvery effectivein case of categorical variables. In this case, distanceis based on probabilities and observations
are joined into the cluster that has the highest log-likelihood. The second distance measure criterion is Euclidean
distance, in case of which units are alocated to clusters that have the smallest Euclidean distance [5]. Log-likelihood
criteria assumes continuous variables to be normally distributed and categorical variables to be multinomially
distributed. However, it is worth mentioning, that two-step clustering provides good results even if normality
assumption is violated. Besides, log-likelihood distance assumes both observations and variables to be independent.
Based on this criterion, the distance between two clusters is measured in the following way [2, 3, 5]:

dirs) = $r + &5 — Srsy 4
where
KA KB
1 A
§o= N, | [ D Slog( +65) |+ ) Bue )
k=1 k=1
and where

Lk

~ N N,

B = _Z vkl log( vkl) ’ (6)
i\ Ny N,

where, drs) isthe distance between clusters R and S, ¢, is variance within cluster v, N isthe number of observations,
N, is the number of objects in cluster v, K is the number of continuous variables, K? is the number of categorical
variables, 67 isthe estimated variance in continuous variable k, 82, isthe estimated variance in continuous variable
k within cluster v, N, isthe number of objectsin cluster v where categorical variable k takes category /.

Two-step clustering approach allows to specify the number of clusters, set the maximum number of clusters
and automatically determine the number of clusters. In case of automatic determination of cluster numbers, again, two
stage process occurs. At first, Bayes' Information Criterion (BIC) or Akaike's Information Criterion (AIC) are
calculated for each cluster solution. After that, at the second stage, initia estimateisimproved by revealing the greatest
increase in distance between the two closest clusters in each phase of hierarchical clustering. Those criteria for R
clusters are calculated in the following way [2-5]:

BICy = —2 Z £x +malog(N), %)
i=1 R
AlCy = =2 ) &g +2mp, ©)
2
where
K
mg =R {21{*‘ + > (L — 1)}, 9

where L, isthe number of groupsin categorical variable k.

Two-step clustering handles problem with outliersaswell. First of all, it isassumed that outliers follow normal
distribution. Based on that assumption, two likelihood functions are calculated. The first one is for the case when
observation isassigned to an unstandardized cluster, while the second oneisfor the case when observation isallocated
to the nearest cluster of unstandardized cluster. Based on those techniques, the observation is allocated to the cluster
that has the highest log-likelihood function value. This is equa to assigning an observation into the nearest cluster
(not unstandardized) if the distance from cluster is smaller than the critica value C =log(V), where
V = (I1x Rx) X (IT:n L) - Otherwise an observation is considered as an outlier [5].

In case of Euclidean distance, the unit is alocated to the nearest cluster (not unstandardized) if the Euclidean

KA =2
distance is smaller than the critical value C = 2 - [% If the distance exceeds that value, on observation is
classified as an outlier [5].

Two-step clustering technique provides measures that assess the quality of clustering results. For that purpose,
Silhouette measureis calculated. For AIC it takesvaluesfrom -1 to 1, while for BIC from O to 1. If it hasavalue less
than 0.2 then the quality of clustering is assumed to be poor. In case of values laying between 0.2 and 0.5 the quality
of clustering is considered as fair. Good quality of clustering is achieved for values greater than 0.5[1]. Besides the
quality of clustering, two-step methodology al so alowsto eval uate the importance of employed parametersin forming
clusters. For continuous variables, importance is computed as follows [2]:

¢ = P~ ok /N, (10)

Opk
where y,, isthe estimated mean of variable k, while u,; isthe estimated mean of variable k£ within cluster v.
For categorical variables, the calculation is based on y? test and has the following form [2]:
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¥ = IZ (NN”:l - 1)2. (11)

The importance of each parameter is evaluated between 0 and 1. Parameters with importance higher than 0.8
are considered as very important.

1.3. Practical application of cluster analysis. The literature on practical applications of the introduced
clustering methods is quite extensive. For instance, Dardac and Boitan (2009) conduct hierarchica cluster analysis
for grouping Romanian banks according to their risk profiles [6]. Preda et al. (2013) employ various hierarchica
clustering techniques for classifying countries according to their macroeconomic indicators [7]. In Forte and Santos
(2015) hierarchical clustering is implemented for analysing foreign direct investments in Latin American countries
[8]. Similar technique is used by Chavez et al. (2016) for studying tourism in Mexico and countries of Asia-Pacific
Economic Cooperation [9]. Ercan and Sayaseng (2016) analyse banking sectors of European countries. With the help
of hierarchical clustering, the authors assign banking sectorsinto 3 clusters [10].

Das (2003) uses k-means technique for clustering hedge funds [11]. Rovan and Sambt (2003) implement both
hierarchica and k-means clustering in order to explore differences among Slovenian municipalities [12]. In
Zivadinovic et al. (2009) hierarchical and k-means clustering methods are combined as well [13]. EU countries and
their economic indicators are subject to analysis. Regiona development differencesin Latvia are investigated by k-
means approach in Brauksa (2013) [14]. Vagizovaet a. (2014) implement k-means clustering for Russian banks [15].
Neri et a. (2017) apply similar methodology with respect to sustainable performance of national economies in a
dynamic perspective [16].

Hsu et a. (2006) implement two-step clustering for Chinese tourism sector visitors [17]. Ulstein et al. (2007)
employ two-step clustering technique for Norwegian healthcare sector [18]. In Cerin et a. (2007) two-step cluster
analysisis conducted for transport sector [19]. Chang and Y eh (2007) by means of two-step clustering classify Taipel
motorcyclists according to their risk preference level [20]. Schipou (2010) uses two-step cluster analysis for
classifying bank customers as a part of Customer Relationship Management (CRM) program [2]. In Dietrich et al.
(2015) two-step cluster analysis is applied for grouping respondents according to their perception of alcohol social
marketing program [21]. Tkaczynski et a. (2015) conduct two-step cluster analysis for segmenting preferences of
tourists that come to Norway [22]. Trpkova and Tevdovski implement the same methodology with respect to largest
Macedonian companies[5].

2. Clustering parameters and data

In order to conduct cluster analysis and all ocate countries into homogenous groups, six parameters are decided
to select. Those parameters are: energy intensity of GDP (consumption of primary energy per unit of GDP, MJ/$),
share of electricity production from renewable sources (% total output), energy use per capita (in kilograms of il
equivaent), energy imports (% of total energy use), industry value added (% of GDP) and electricity losses from
transmission and distribution networks (% of output). Selection of these parameters has its explanation. All of them
arerelated to one of the most toughly debated topics of energy sector —energy efficiency. In particular, energy intensity
of GDP is considered among the most common measures of energy efficiency. Energy use matters for energy
efficiency aswell, asthelatter implies effective use of energy. Importance of energy importsisreasoned by anecessity
to have optimal balance of energy imports and exportsin order to avoid dependence from foreign suppliers. Electricity
generation from renewable sources is significant, as it deals with environmental aspects of energy efficiency andisa
key to sustainability. Industry value added describes the level of country’sindustrialization which isin alarge extent
related to energy use, therefore to energy efficiency. And finally, electricity losses from transmission and distribution
networks concern management aspects of energy sector. In case of efficient management, thelevel of lossesisminimal
and doesn’'t have any influence on electricity price.

Inthisstudy, emerging markets and devel oping countries are considered. Country classification of International
Monetary Fund (IMF) is employed. According to that classification, countries based on their economic devel opment
level are classified as advanced or emerging and developing [23]. Selection of these countries is conditioned by
scientific interest coming from their economic development patterns. In overall, 82 countries are selected for the
analysis. Only countries with complete data are selected. Clustering is made for the year 2014. All data are obtained
from World Development Indicators (WDI) database provided by The World Bank [24]. Maximum allowed number
of clustersis set equal to 15. AIC and log-likelihood distance are selected.

3. The results of cluster analysis

Asaresult of two-step clustering, selected 82 emerging and developing countries are assigned into five clusters.
Asit can be seen from Fig. 1, the largest cluster includes 39 countries (47.6% of all countries), while the smallest two
clusters consist of 5 countries (6.1%). Another two clusters have 10 (12.2%) and 23 (28%) members respectively.
Allocation of countriesin five clustersis reported in Table 1, while Table 2 reports information on cluster centroids.
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Cluster

Fig. 1. Cluster sizes

Fig. 2 provides an information on overall quality of clustering. It is clearly seen, that conducted clustering has
agood quality, as the Silhouette measure of cohesion and separation is greater than threshold value of 0.5 and laysin
the green coloured region.

Poor Fair Good

-1.0 —DI.S D!D 0?5 1.0
Fig. 2. Silhouette measure of cohesion and separation

Importance of six clustering factorsisreported in Fig. 3. According to the results, the most important parameter
in developing clusters is the share of electricity production from renewable sources. This factor has a predictor
importance of 1. Thisindicator is followed by per capita energy use which has an importance of 0.9. Further, energy
imports, energy intensity of GDP and industrial value added are coming with importance between 0.6 and 0.8. The
least important factor is the percentage of electricity losses from transmission and distribution networks which has a
predictor importance less than 0.2.

Share of electricity production
from renewable sources

Energy use per capita
Energy imports
Energy intensity

Industry value added

Electricity losses

I T T T T 1
0o 02 04 06 08 1.0

Least Important Most Important

Fig. 3. Importance of clustering factors

Cluster 1 consists of the following five countries. Congo Democratic Republic, Ethiopia, Zimbabwe,
Mozambique and Togo. All these countries are low income African countries and are the least developed countriesin
the whole sample. They possess the highest percentage of renewable sources in electricity generation among studied
82 countries - on average 86.92% - and have ailmost no electricity production from other energy sources. Due to low
economic development, these countries are mostly agricultural and have the lowest level of industrialization within
the whole sample (23.44% on average). Combined with warm climate, this has its reflection on the volume of energy
use as well, which is again the lowest one among al five clusters (506.30 kg. o. e.). The highest rate of electricity
losses (28.72%) and energy intensity of GDP (17.2 MJ/$) may be another result of poor economic development.

Cluster 2 contains 23 members: Albania, Brazil, Cambodia, Cameroon, Costa Rica, El Salvador, Georgia,
Ghana, Guatemala, Honduras, Kenya, Kyrgyz Republic, Myanmar, Namibia, Nepal, Nicaragua, Panama, Paraguay,
Peru, Tgjikistan, Uruguay, Zambia. As one can see, the major part of countries represents Latin America and like
countries in Cluster 1 shares similar economic background. Countries within this cluster are characterized by quite
high level of electricity production from renewable sources (on average 76.99%), but at the same time they produce
electricity from other sources as well which mostly come from other countriesin form of energy imports. Also, major
part of these countriesimports el ectricity from their neighbours. That is why, these countries have the highest level of
energy imports (26.33% on average). These countries are also described by low level of per capitaenergy use (780.13
kg. 0. e.) - possibly explained by not so high level of industriaization (27.11%), - low energy intensity of GDP (4.76
MJ/8), which is mostly due to higher economic development in comparison with countries from the previous cluster
and high rate of electricity losses (17.62%).
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Cluster 3 is the largest and most diverse one and includes the following 39 countries: Argentina, Armenia,
Bangladesh, Belarus, Bosnia and Herzegovina, Botswana, Bulgaria, Chile, China, Cote d'lvoire, Cuba, Dominican
Republic, Egypt, Hungary, India, Iran, Islamic Rep., Jamaica, Jordan, Kazakhstan, Lebanon, Malaysia, Mexico,
Moldova, Morocco, Nigeria, Pakistan, Philippines, Poland, Romania, Russian Federation, Senegal, South Africa,
Tanzania, Thailand, Tunisia, Turkey, Ukraine, Uzbekistan, Vietnam. Thelarge part of these countries are members of
former Eastern Bloc (former Soviet countries or East-European countries) which either are in economy transition
process or have completed it recently. Again, some similarities in economic development pattern are present.
Countries assigned to this cluster are characterized by alow level of renewable energy share (15.95%) and in alarge
extent rely on electricity production from non-renewable sources (oil, gas, coal, nuclear). This, similar to previous
cluster, results in large percentage of energy imports (25.98%) for the most part of the countries. Besides, these
countries are more industrialized (30.32%) and therefore have high per capita energy use (1,599.24 kg. o. e.), which
mostly comes from China. Conditioned with higher level of economic development these countries have low levels
of energy intensity (5.61 MJ/$) and electricity losses (11.98%) (compared to other three clusters).

In Cluster 4 there are 10 countries — Algeria, Azerbaijan, Bolivia, Colombia, Republic of Congo, Ecuador,
Gabon, Indonesia, Mongoliaand Venezuela. Most part of these countries have quite rich sources of oil and gas which
has a reflection on their energy profiles. However, these countries are not considered as high income ones. These
countries, on average, have 32.91% share of electricity produced from renewable sources. The rest part of electricity
is generated mostly from oil and gas sources. Abundance of oil and gas sources explains low level of energy imports.
The volume of energy imports is the lowest in these countries and they are considered as large net energy exporters.
As aresult of possessing rich natural energy sources these countries are highly industrialized (46.03%) and logically
have quite high per capita energy use (1,381.66 kg. o. e.). Energy intensity of GDP in these countries is the lowest
(4.57 MJ/$) but electricity losses are quite high (on average 19.17%) dueto poor management of electricity production
and distribution.

And finally, Cluster 5 containstherichest 5 countries. Those countries are: Bahrain, Brunel Darussalam, Saudi
Arabia, Trinidad and Tobago and Turkmenistan. They have the highest level of economic development in the whole
sample. Like countries included in Cluster 4, they arerich in oil and gas sources as well. The difference is that they
are richer and have amost no eectricity production from renewable sources. As a result of abundant oil and gas
sources these countries have the highest level of industriaization (56.70%) among all five clusters and possess quite
high level of net energy exports. Asalogical consequence of high industrialization, they have the highest volume of
energy use per capita (9,061.62 kg. o. e.) which is reflected in quite high energy intensity which is the second highest
for al clusters. On average, it is equal to 11.05 M.J/$. Conversely, these countries have the lowest level of electricity
losses which on average is about 6.38%. A possible explanation to this result may be high economic development of
countries which has brought efficient management of electricity transmission and distribution.

Table 1
The results of clustering
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
Congo Democratic | Albania, Brazil, | Argentina, Armenia, | Algeria, Azerbaijan, | Bahrain, Brunei
Republic,  Ethiopia, | Cambodia, Cameroon, | Bangladesh, Belarus, | Balivia, Colombia, | Darussalam, Saudi
Zimbabwe, Costa Rica, El | Bosnia and | Republic of Congo, | Arabia, Trinidad and
Mozambique, Togo Salvador, Georgia, | Herzegovina, Ecuador, Gabon, | Tobago, Turkmenistan
Ghana,  Guatemaa, | Botswana, Bulgaria, | Indonesia, Mongolia,
Honduras, Kenya, | Chile, China, Cote | Venezuela
Kyrgyz Republic, | d'lvoire, Cuba,
Myanmar, Namibia, | Dominican Republic,
Nepal, Nicaragua, | Egypt, Hungary, India,
Panama, Paraguay, | Iran, Islamic Rep,
Peru, Tajikistan, | Jamaica, Jordan,
Uruguay, Zambia Kazakhstan, Lebanon,
Malaysia, Mexico,
Moldova,  Morocco,
Nigeria, Pakistan,
Philippines,  Poland,
Romania, Russian
Federation, Senegal,
South Africa,
Tanzania, Thailand,
Tunisia, Turkey,
Ukraine, Uzbekistan,
Vietnam.
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Table 2
Centroids of clusters

Parameters Cluster 1 | Cluster 2 | Cluster 3 | Cluster 4 | Cluster 5
Size of cluster (%) 6.1 28 47.6 12.2 6.1
. ) 0
Electricity producti orc1) ]:‘rtggl ;enewable sources (% 86.92 76.99 15.95 3291 0.01
Energy use per capita (kg. 0. e) 506.30 780.13 | 1,599.24 | 1,381.66 | 9,061.92
Energy imports (% of energy use) -2.29 26.33 25.98 -221.43 -180.94
Energy intensity of GDP (MJ/$2011 GDP PPP) 17.21 4.76 5.61 4.57 11.05
Industry value added (% of GDP) 23.44 27.11 30.32 46.03 56.07
Electrical power transmission and distribution 28.72 17.62 11.98 1917 6.38
losses (% of output)

Conclusion

Energy sectors of 82 emerging and developing countries are investigated in this study. By means of two-step
cluster analysis, which represents a certain mixture of hierarchical and k-means clustering techniques, an attempt was
made to classify selected countries into homogenous groups according to similarities in their energy patterns. As a
result of clustering, countries were alocated into five clusters based on six parameters. The largest cluster had 39
members, while the smallest ones had 5 members. Among those parameters, the most important was the share of
electricity produced from renewable sources, followed by per capita energy use, energy imports, energy intensity of
GDP and industry value added. According to the results, percentage of electricity losses was the less important factor
in forming clusters. The overall quality of clustering was good, as the Silhouette measure exceeded the threshold of
0.5.

Thefirst cluster included low income countries (African) with high level of renewable energy, energy intensity,
electricity losses and low level of energy use per capita and industrialization. Cluster 2 included countries that had
quite high share of electricity production from renewable sources, energy imports and electricity losses, while energy
use and energy intensity of GDP were low. The major part of these countries were Latin American countries. Cluster
3 was characterized by high level of energy use, energy imports, average level of industrialization and low level of
renewabl e energy, energy intensity and electricity losses. Thiswasthe most representative cluster and had very diverse
geography. For instance, this cluster included the major part of former Eastern Bloc countries that either were in the
process of economy transition (CIS countries, China, Vietnam) or had completed that process recently (East-European
countries). Fourth cluster was described by quite high level of energy use, industrialization and electricity losses. On
the contrary, energy imports and energy intensity of GDP were the lowest. And finally, countries in the fifth cluster
were characterized by almost O level of renewable energy and electricity losses and high level of energy use, energy
exports, intensity of GDP and industrialization. All these countrieswere very rich in oil resources and were considered
as high income countries.
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(Munmdbwupply  Eo qupquigng  Ephpakph  Fakpgkupfuyh  mnpubbpp:  Zwnnll  pbpuuppnid Foowpywd
Fabpquumpnyni iuyknnppul Apdbwjubnph Jpw: dnpd F apifnid dbunjnply Epipbkpp hundwuke pulpkp ' FakpgEnpl npnpunncd
nihkgué mlwmbnyemniabbph hpdwl Jpu: Npyku hlbuuwgmnnipyul Ukpny plinpyws F bplhpuy; pruunkpuypll JEppnidnipniip:
Qhuuplyuwé F Fabpglnplugh npnpunph weisyng kg hnhnpuulul: dEppniénippul wpyniipnid dhunpyky F hphg ppuuinkp,
npnlp phpgphnud ko huwdwyunuupnuiiupup 5, 5, 10, 23 b 39 Ephpakp: Lpuunbphbph dbun/npdwi ke wnunjly Guplhnp
hmpnjuulpubblplh ko JEpulubqin/ng wnpmpbbphg GEqnpukabpghuyh wpununpniepul duulbupudhip, JkG phsh huipyng
takpghuyh oqunugnpdnidp b Fakpghuyh Ghpudnidnidp: Unwohll ppunumnkbpnid phngplyws ki guép Ejudnin nibkgny whphlyjub
Epgpakp, npnbp LEupukibpghw Ei vunwbnid gbpuqubguybu JEpulubqin/ng wnpnipbbphg: Ephpnpn ppuunbpnid bkpunyus
kb Ephpakp, npnbp nibkh Jekpuwiuwaqiyng wypmphbph LEuputibpghuyh wpunmugpniyepul kS pudhl b Fakpghuyh vwluy
oqunugnpéni: Uju Epyphkpp Fakpghuyh unlbbun/bs Gbphpnnhkpl Eb: Eppnpn pjuuwnkpp ioyws hunnlwbppbbph pnunbnipy E
Zlnwppppuwlwi b np uwyu ppunumnpnud Fphngplyws bwpulhl Uplkyua Finlh Ephpbkph dkS dwup: Znppnpn pruminkph Ephphkpp
phmpugpynud ki Fhbpghuyp gnin wpunwhwinful widkiwpupdp b ZUU-p Fakpqupinkiupnippul wdkiugudp gnigulipobkpny:
Uju Eplphkpl nibkh bunfph b phwlwl qugh hupniun wupwphbp, vwiuyh BEnputibpghuw wpnwgpnid ko ny dhuyh wyn
wypmphbphg, wyy wl JEpulwbqin/ng wypmiphbphg: &Y JEpowwku hpbqlpnpy ppuumbpmd ki Ghpunywéd pupdp Ejudnin
nihkgnn Epgphkp, npnip wppuybund Eo hwgph n phulwl qugh whnkih wuowpbbph b JEpuuwiqiyng wnppnipibphg
bEqunpulibpghw qplpl s wpuwnpnid:

Unwhgpuyhli punkp.  Fakpgkwpluyh mpnpu, Fakpquuuppyniugknnipinil, pjuunbpughl JEpniénuyeindl,  Eplpuy;
pjuumnbpuyhl Jepinidnipini i, qupqugnn Eplhpakp:

AJO. AqnixaHsH
SHEPITO®P®EKTUBHOCTSD B PABBUBAIOIIIUXCA CTPAHAX: I[BYXIJ.IAFOBBIfI
KJIACTEPHBIN AHAJIN3

Hzyuenvr cexmopul snepeemuku passugaiowuxcs cmpan. Ocoboe aKyeHmuposanue cOeiaHo HA NpodrIeMax SHepeodpgexmusHocmu.
Coenana nonvimra cgpopmuposanms 0OHOPOOHbIE 2PYRNbI CMPAH, OCHOBAHHbBIE HA CXOOCMEAX IHEPLEMUHECKUX ceKmopos. Memooom ananuza
evlOpana dsyxwiazosas Kiacmepuszayus. Paccmompeno wiecms napamempos, C6A3aHHbIX ¢ CEKMOpoM sHepeemuku. B pesyiemame ananusza
BbIAGNICHO NAMb KIACMEPO8, Komopble coomeemcmeaenio xnouaiom 5, 5, 10, 23 u 39 cmpan. Camvimu 8adcHblMU napamempamu 6 co30aHuu
KIacmepos s61s10mcsi 00151 RPOU3800CMEA ANEKMPOIHEPSUU U3 80300HOBTIAEMBIX PeCYPCO8, ROMpedieHUue IHEP2UL HA OVULY HACELeHUsl, 4 MAKHCe
umnopm 3Hepeuu. B nepeviil knacmep 6x00sm agpukanHckue cmpanvl ¢ HUSKUM YPOBHEM 00X0008, KOMOpble NPOu3800sam 2NeKmpOIHEPeUo
npeuMyuecmeeHHo U3 60300HOBISEMbIX pecypcos. Bo emopoil kiacmep 6xo0sm cmpansl ¢ 60160l 001etl NPOU3800Cmea INeKMPOIHEPSUU U3
60300HOBNACMBIX PECYPCO8 U HUBKUM nompebieHuem sHepeuu. Imu Cmpansl AGIAIOMCA CaMbIMU OOTbUWUMU uMnopmepamu dHepeuu. Tpemuil
Kaacmep npeocmagisiem cmecs 6cex xapakmepucmux. Humepecno, umo @ smom knacmepe codopana 601vuias yacmos cmpam oviguie2o Bocmounozo
Broka. Cmpanwl, exodsiyue 6 uemeepmoiil K1acmep, ONUCLIBAIOMCS CAMbIM BbICOKUM YPOGHEM HYUCMO20 IKCNOPMA IHEP2UU U CAMbIM HUZKUM
yposuem snepeounmencugnocmu. Onu obradaiom 602amvimu pecypcamu Heghmu u npUpoOHo20 2a3d, HO HPOU3EOOSM INEKMPOIHEPLUI0 MAKIICE U3
80300HOGNACMBIX UCMOUHUKOS. M, HaKkoHey, 6 namblil Kiacmep 6X005m CIMpanbl ¢ 8bICOKUM YPOGHEM 00X0008, KOMOpble 04elb 602anbl pecypcamu
Hepmu u npupoOHO20 2a3a U NOUMU He NPOU3EOOM PNEKMPOIHEP2UIO U3 8030OHOBIAEMBIX UCMOUHUKOS.

Knroueswvle cnosa: cekmop snepeemuxi, sHepeodPHekmueHocmb, KIACMePHbIll AHAIU3, O8YXUIAL08ASL KIACMEPU3AYUsl, PA36USAIOWUECS
cmpauwi.

Adilkhanyan Hayk - Chair of Mathematical Modelling in Economics, Y erevan State University
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TERRITORIAL DEVELOPMENT INDEX: CASE STUDY OF THE
REPUBLIC OF ARMENIA

The Territorial Development Index of the Republic of Armenia is a composite index, which provides a working framework
for assessing, recording, comparing and monitoring the regional development of Armenia. It builds on and modifies the approach
of the EU Regional Competitiveness Index and Human Development Index. It consists of eleven pillars grouped in two groups:
social and physical. Eleven pillars are constructed using eighty-two indicators evaluated based on the data provided by the Ministry
of Territorial Administration and Development. Using a unique approach in construction the final index is able to address the
main issues of each territorial unit in the Republic of Armenia. The index reveals the diversity of the development level of the
Armenian communities and allows monitoring and identifying the main issues of the communities and implementing individual
approach during regional policy construction.

Keywords: composite index, regional development, community, normalization, weighting and aggregation.

Introduction. The variations and differences of the progresslevelsin certain areas of the Republic of Armenia
require up growth and implementation of regional development policy, which will ensure the effectiveness of the
overal socio-economic policy (Ministry of Territoriadl Administration and Development, 2015). Territoria
development is determined, apart from the historical and development and strategic orientations, but a so by the basic
features of the resources: uneven territoria distribution, poorness and “imperfect mobility”. It hasto be observed in a
broader context, like a set of contents and activities in an area. According to the Territorial development strategy of
the Republic of Armeniafor 2016-2025 [1], the Government has recognized the importance of territorial development
and its crucia role in achieving the long run goals. Its concept involves the coordinated and prioritized territorial
development, sets out sustainable economic development approaches, demanding from all regions/communities to
develop regional development activities plans. However, there is no quantitative approach to assess and monitor the
development level of the administrative-territoria units.

Starting from the collapse of the Soviet Union, asany other post-Soviet country, Armeniaalso started changing
its economic and government system. At the same time, Armenia has faced severa obstacles, such as geopolitical
congtraints in terms of closed borders, its relations to the North and South, and its need to balance East and West.
Preceding independence, it suffered a devastating earthquake that killed thousands and destroyed an aready fragile
infrastructure. It was engaged in the Nagorno-Karabakh conflict through 1994, which remains unresolved. Nowadays
Armenia is characterized as a country with geopolitical constrains, external energy and market dependence, low-
income level, high unemployment level etc. The issues are not only externa but aso internal. In particular, in this
paper we will focus on the regional governance issues.

After the adoption of the Constitution in 1995, the regional division of Soviet Armenia changed into a new
one. Before Armeniahad 37 regions, afterward it started using two level system. Thefirst level consisted of 10 regions
or marzes, and the second level consisted of 915 communities. The main purpose of this divison was the
decentralization of power. Nowadays Armeniaisfacing serious challenges on the community level. For instance, 25%
of the communities have population lessthan 300, low accessihility to infrastructure, high migration level to the capital
and abroad, high percentage of elder people in total population (in some cases, it is higher than 50%), high level of
poverty, etc. The economic activities are mainly focused in the capital. Thus from 2005 government started to reform
its territorial management approach. Nowadays the Ministry of territorial administration and development has
developed a 10-year plan (2016-2025) to overcome the regional challenges. Furthermore, the government accepted
that the existing administrative divisionisaserious obstaclefor the further development of the self-government system
and the realization of the community capacities [3]. Thusin 2011 the government started the process of consolidating
the communities, and in 2015, Armenia already had several pilot ongoing projects. However, in both cases there is
not a quantitative approach in ng and monitoring the social and economic impact of the policies.

Taking into account the importance of monitoring and comparing the development of territorial unitsthe main
question is how to assess the development level of the communities based on their similarities and dissimilarities,
strengths and weaknesses. The most common approach used in practice is a composite index construction. However,
as a multidimensional process, the measurement of the progress, which regions have made in their developmental
efforts, has proven to be difficult. Nevertheless, during its evolution the measurement of development has been
accompanied by the introduction of various composite indices attempting to measure progress. Indices such as the
Human Development Index (HDI), the Weighted Index of Social Indicators (WISP), the South African Development
Index (SADI), etc. have all contributed to the study field but no researchers were able to capture the whole
development process [3]. These reinforced the need for the study and the development of the index as atool for the
Republic of Armenia. Following a quantitative approach, this study aims to construct a new territorial development

355



index, with the purpose of providing a more comprehensive and adequate measure towards the progress which
communities have made in improving the standard of living. In its construction, the index will enable better
identification of the socio-economic aspects where assistance is required. The index as developed would furthermore
be used as a tool for future analysis as well as to provide comparisons of different regions regarding the level of
development.

Taking into consideration the multidimensiona nature of theindex it should a so be constructed in away to be
useful for exploring socio-economic issues. Particularly the phenomena of human migration can be studied using the
framework provided by the index construction process hence the change of the level of development of the region can
entail changes in the flows of migrants.

Literature review. The search for alternative indicators of development has employed the need to develop a
variety of compositeindices. Composite indicators (Cls) which compare country/region performance are increasingly
recognized as a useful tool in policy analysis and public communication. Such composite indicators provide simple
comparisons of entities that can be used to illustrate complex and sometimes elusive issues in wide-ranging fields. It
often seems easier for the public to interpret composite indicatorsthan to identify common trends across many separate
indicators, and they have proven useful in benchmarking the performance. However, composite indicators can send
misleading policy messages if they are poorly constructed or misinterpreted.

In general terms, an indicator is a quantitative or a qualitative measure derived from a series of observed facts
that can reveal relative positions (e.g. of a country) in agiven area. When evaluated at regular intervals, an indicator
can point out the direction of change across different units and through time. They can aso be helpful in setting policy
priorities and in benchmarking or monitoring performance. A composite indicator is formed when individual
indicators are compiled into a single index based on an underlying model. The composite indicator should ideally
measure multidimensional concepts, which cannot be captured by a single indicator.

From the point of view of regiona development, indices represent macro-level valuations of development
insofar as they integrate various social, political and economic elements of development in measurement [4]. The
motivation behind efforts at composite indexing differs. While some analysts intended to independently evaluate the
social situation through the composite indices, others saw them as indicators to contrast with economic indicators, or
indicators that combined different aspects of development in measurement [5].

The first and essential issue that we have to address while evaluating a development index is what aspect of
development the indicator measures. The theory and individua approach stands central in this case. Thisrelatesto the
meaning of devel opment in the particular analysis. In other words, every researcher hasits own approach to explaining
what are understood to be composite indices of development. Composite indexing involves four steps, i.e. selection;
scaling; weighting and aggregation; vaidation [6]. It is important to mention that the steps mentioned do not
necessarily follow in this sequence. It is along run process during which selection can be altered, weights adjusted
and variables rescaled in order to arrive at final index estimates. The methodology and the steps of the index
construction will be discussed in the next sections. Now we would like to discuss several indexes constructed. In
particular, as the scope of this paper entails towards devel oping composite index on regional/territorial level, the next
part will present several indices constructed on this level for other countries/regions.

The development level assessment and categorization of Croatian local and regional units isbased on thevalue
of the development index, which isthe main instrument of Croatian regional policy [7]. The State has a constitutional
obligation to promote the economic development of al the regionsin Croatia and to promote economic progress and
the socia welfare of al citizens. The development index is a composite indicator calculated as the weighted average
of five basic normalized socio-economic indicators: income per capita, budget revenue per capita, unemployment
rate, change in population number, educational attainment rate relative to the national average. The indicators, their
corresponding weights and other i ssues are determined by agovernment decree (Decree on Devel opment Index, 2010).
However, the development index has been critically reviewed, revealing problems of multicollinearity and the
existence of outliers.

Regional human development index for Portuguese on NUTS |1 regions, constructed in away that resembles
the methodology of the HDI by the UNDP[8]. Additionally, to the traditional dimensions of the HDI, income, health,
and education, they also added two dimensions, that they choose to include, given the main criticisms pointed in the
literature to the HDI - governance and environment. Results show some significant differences when they added the
environment dimension, but in terms of governance they don’t change significantly. The dimensions, which present a
higher degree of volatility in the analyzed period, are health and the environment, possibly rejecting some
reinforcement of economic policiesin these areas. The least volatile dimensions are income and governance

The EU Regional Competitiveness Index (RCI) is the first composite indicator, which provides a synthetic
picture of territorial competitiveness for each of the NUTS 2 regions of the 27 EU Member States[9]. It builds on and
modifies the approach of the Globa Competitiveness Index of the World Economic Forum (WEF) [10]. It consists of
eleven pillarsgrouped in three groups: Basic, Efficiency and Innovation. It takesinto account thelevel of development
of the region by emphasizing basic issues in less developed regions, and innovative capacity in more developed
regions.
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Taking into account the uniqueness of the approaches in construction of regional development index the next
sections will introduce the methodol ogical issues, and how they have been overcome during the construction process
of theterritorial development index for the Republic of Armenia.

Methodology. The quality of acomposite indicator depends not only on the quality of the datait is constructed
on. The other key component of the index building construction isits methodology. A rather thorough review of index
construction methodology is given in OECD's “Handbook on Constructing Composite Indicators’ [11]. The authors
propose severa stepsfor construction and use of composite indexes, which compare and rank country performancein
areas such asindustrial competitiveness, sustainable development, globalization and innovation.

One of the biggest challenges of the modeler on his way of constructing a composite index is the problem of
missing values. The existence of missing values can affect the robustness of composite indicators. For the most
variables in our dataset, missing values show patterns of randomness (missing completely at random (MCAR), i.e.
missing values do not depend on the variable of interest or on any other observed variable in the data set). It can be
either aresult of mistakenly not filling several parts of the questionnaire, or mistakes when transferring the data from
one agent to another one. There are three methods to deal with missing values. Thefirst oneisthesimplest. It proposes
not to include missing records in the index construction, however this would lead to unbiased estimator only if the
missing values are MCAR. As arule of thumb, if a variable has more than 5% missing values, cases are not deleted
[12]. The other two methods are called singleimputation and multiple imputation. They proposeto includethe missing
cases into the analysis by replacing them using some technique. In the single imputation case, the values are replaced
by mean, median, mode or calculated using regression. Multiple imputation imputes values through Markov Chain
Monte-Carlo agorithm. In our case, we used the single imputation method and al missing values were replaced by
the mean of the variable. Considering the spatia nature of the data, it is also worth considering to use a more
complicated method of interpolation such as kriging which iswidely used in geostatistics.

After the calculation of indicators, the next step in the process of index building is normalization of theinitial
indicators. Normalization is used to overcome the problem of the differencesin measurement units between indicators
before aggregating them. There are many normalization techniques and the goal of the modeler is to find the most
suitable technique for the data at his hand, because different normalization techniques will result in different
normalized indicators and robustness tests should be carried out to find out the best method of normalization.

The most widely used techniques for normalization are

o Min-max method

The value of normalized indicator is cal culated with the formula:

Xi = Xmin
I = =
Xmax — Xmin
where I; is the vaue of normalized indicator for i-th country, x; is the value of indicator for i-th country before
normalization, x,,;, isthe minimum value of the indicator and x,,,,, is the maximum value of theindicator. So min-
max method normalizes indicators to arange [0,1] by subtracting the minimum value and dividing to the range of the
indicator values.
o Distance-to-a-reference method
The value of normalized indicator is calculated with the formula:
Xi
Iy = o
where x,is the value of the indicator for some community chosen in advance. Usually the item with maximum value
istaken as areference value.

o Standardization (z-scores) method

Convertsindicators to acommon scale with amean of zero and standard deviation of one. The value is
calculated with the formula:

[
where u isthe mean of the indicator and ¢ isthe standard deviation of the indicator.

e Percentile ranking method
The value of the normalized indicator is calculated with the formula:

Iy = L,
Xpi t Xqi
where x,,; indicates the number of communities which have lower indicator values than i-th community, and x,;
indicates the number of communities which have higher indicator values than i-th community. So it shows the value
below which a given percentage of observations fall.

Each of the above-mentioned techniques hasits pros and cons. Min-max and distance-to-a-reference method
are linear transformations of the data. They keep the actual proportional differences between different communities
indicator values, however they are not able to deal with the extreme values properly. As a result, the outliers distort
the transformed indicator and the overall index tend not to reflect the reality properly. Standardization method also
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allows extreme valuesto distort the output. On the other side percentile ranking is not affected by outliers. It considers
the frequencies while producing the transformed values, thus alows the output to be smoother.

For our data, al four methods of normalization were tested. Asthe proportion of indicatorswith extreme values
was quite large, the percentile ranking method was chosen as the final technique. Robustness tests aso have shown
that this method produced indicators whose distribution had less skewness and their histograms were resembling a
normal distribution.

The nature of the indicator should be considered as well when normalizing it to some range. As we consider
the devel opment level of the communities when constructing the index, some normalized indicators must be reversed
in order to reflect their influence on the overal index properly. For example, unemployment level shows the
percentage of labor force which is not employed at the moment. The higher the value of it, the lower the value of
index should be, because high level of unemployment is not a desired feature of adevel oped community. In our case,
as the indicators are normalized to a range of 0 to 10, then the reversed values of the indicators are calculated by
subtracting them from 10.

Indicators which were normalized in the previous step have to be weighted and aggregated into one composite
indicator. The weight of each individual indicator reflects its relative importance when being included in the final
index calculation. They should be chosen wisely because its technique can have a significant effect on the overall
index value and thus give miseading messages to the users of the index(es). There are severa techniques for weights
calculation, however regardless of weighting technique, the weights are aways value judgments. They show the
statistician’ sidea about data structure and rel ative importance of indicators. He can either take the simplest approach,
i.e. not using any weighting technique and giving all indicators the same or in other word “equal” weights, or use one
of two types of models for drawing the weights.

The first group of models are derived from statistical models, like factor analysis, data envelopment analysis,
predictor importance from two step clustering, etc. The second group of models express experts’ opinions from
participatory models such as budget allocation processes, analytic hierarchy processes or conjoint analysis. Equal
weighting is usually applied to indicators when there is not an obvious theoretical reasoning about indicators’ relative
importance or thereisalack of consensus on alternative method.

There isno common way of choosing weighting method. It is situational. Each type of method hasits pros and
cons. Participatory models are usualy applied when the number of indicators is not big. When it exceeds 10 to 20
indicators, the process of comparison, evaluation and weight determination can become an overwhelming process for
experts or other people being interviewed. Statistical methods on the other side, are usualy dependent on data
properties. For example, principal component analysis or factor analysis can be used when there is a sufficient degree
of correlation between variables.

During our index construction process, we have used indicator weighting on two stages. Firstly, indicators
were given equal weights when being weighted into sub-indices. Then the method of predictor importance based on
two-step clustering was applied to sub-indices when cal culating the overall index. The essence of predictor importance
technique is that firstly the communities are clustered into groups and then the indicators which had more influence
when clustering the communities or had higher “predictor importance” are given bigger weights [13].

Weight determination is followed by aggregation of indicators. The methods of aggregation also vary. By far
the most widely used method of aggregation is linear aggregation of the following form:

N

TDI = an * I,

n=1
where TDI is the index value, w,, is the weight of the indicator, I,, is the value of the indicator which is already
normalized.
It is calculated by summing up the weighted and normalized individual indicators.
The process of index construction includes several steps which are based on individual judgments. A certain
level of uncertainty always remains. Thus analysis should be performed to challenge the robustness of the indicator.
The handbook suggests several steps for ng and dealing with uncertainties:

Testing with individual indicators (Including and excluding them based on their variance).
Using different imputation methods for missing data.

Using different normalizing techniques.

Using alternative weighting schemes, both statistical and participatory methods.

Using different aggregation systems.

etc.

ourwWNE

However, the modeler and the policy maker should aways keep in mind that the robustness tests will not be
enough to guarantee a sensible composite index. The valid theoretical index is the cornerstone of high quality index
construction process.
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Conceptual framework and the main construction process. Asit is aready mentioned the main objective of
this paper is the construction of a composite index for assessing the territorial development level. Our Index to large
extent adopts and builds upon the methodology developed by the European Union Regiona Policy. The working
framework is described below:

Any index development firstly entails the data acquisition. Asit is already mentioned in the literature review
section, not systematic and biased data has a significant impact on the indices and can send misleading policy
messages. |n Armenia, the Ministry of Territorial Administration and Development has annually collected the data on
the community level. It is based on the questionnaires accomplished by the community leaders. The key issue is that
there is no automated system for this process, and no one is legally responsible for providing inaccurate data. Thus
the data processing includes data mining, finding outliers, dealing with missing value, removing the variables that can
be biased, cross checking, etc. Finaly, we have been left with approximately 900 variables. Based on them we
constructed 482 indicators, which describe different aspects of the communities: education level, demographical,
living condition, accessibility, etc. Next step inclines developing and constructing the working dimensions of sub
indicators. Here we haveto identify the key indicators, which are essential for assessing the diversity and development
level of the communities. Specificaly, the indicators selection and grouping were based on the SWOT analysis done
by the Ministry of Territorial Administration and Development during 2015-2016. In addition, the groups were
selected based on the main weaknesses and strengths of the communities. We have identified 11 pillars (dimension)
describing different aspects of development. They are classified into two major groups: social and physical.

However, before the grouping process, the variables should be rescaled. For this purpose, there are several
techniques used in the literature, which we have already discussed. For instance, the standardization/ z-scores, feature
scaling, percentile or quartile based ranking, etc. We employed all three scaling techniques. The most accurate one
was the percentile based ranking, because in the case of standardization and feature scale if the data is skewed, the
transformed data reflects the presence of unwanted information. In other words, in the first two cases, the scaled
indicators do not reflect the reality properly. Further, we constructed the pillars or sub-indexes by giving equa weights
to the variables. As a result, we have 11 pillars dimensions, which describe demography, living condition,
employment level, education level, economic efficiency and budgeting, building and infrastructure conditions, public
transport and roads condition, utilities and equipment.

And final step includes weighting the sub-indicesto conduct the final index. Here the weighting process should
be employed with caution. Moreover, weights could be the subject of political dispute. We have used the prediction
importance based on two-step clustering. The predictor importance lets us indicate the relative importance of each
sub-index in estimating the overall score. The descriptive statistics of the Territorial Development Index are
summarized in Fig.

Teritorial Development Index 2015

13z
116 333

108

Territorial Development Index 2015
Region Mean | Sid. Min 25 o0 o Max
Aragatsotn 697 04f 5.39 6.63 5.95 732 7.56
Ararat 713 083 4.33 5.95 744 700 8.20
Armawir 588 084 4.14 B.29 76 7.45 8.28 s
Gegharkuni 707 057 5.18 6.75 7.0 7.4z 8.16 s
Katayk 715 068 4.76 5.58 725 75T 8.1 .
Lari 6.30| 065 4.40 6.70 7.04 7.3 7.98 —
Shirak E77| 0433 3.54 B.43 E.54 7.37 8.19 E "
Suunik 70| 072 4.76 .44 B.56 7.5 7.73 -
Tawush 676 093 3.86 6.4z 6.53 7.35 8.01 B
Vayats Dzar 673 076 4.54 6.52 B.52 7.03 5.1 B
Total 6.92 | 0.77| 3.54 6.61| 7.05| V.43 B.28

Fig. The descriptive statistics of TDI: histogram on the top left, descriptive statistics about marzes on the bottom
left, the map of Armenia's communities by the level of TDI on the right

Conclusion. The TDI isthe first measure providing an overview on the development level of all communities
in the Republic of Armenia. It is based on the most recent data available. It assesses not only aggregate devel opment,
but al so the strengths and weaknesses of a community, using the main dimensions relevant for devel opment.
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In many developing countries, the capital region is at the same time the economic center and is far more
competitive than the other regions. Thisis more emphasized in case of Armeniawith its highly dispersed geographical,
social, cultura, etc. diversity. Thus, many regions have highly heterogeneous TDI scores. The gaps and variation in
territorial development employ a debate on to what extent these gaps affect the national development, and to what
extent the internal variation can be overcome. Thus, the construction of this type of composite index has been
challenging. The major problem was the methodology selection. The scaling and weighting based on importance were
crucial in capturing the reality. However, there are still limits and issues to overcome.

As it is aready mentioned the TDI captures the diverse development of the communities. The majority of
the communities near urban areas, have a high level of development, which indicates the higher level of integration.
On the other hand, TDI identifiesthe low level of the majority of border communities. For instance, the smallest CDI
is located on the border with Turkey. A key question for the future is whether the strong performance of the central
communities will help to increase the performance of neighboring regions through spillovers, or whether the gap
between them and the other regionswill grow.

Further debate around the use of composite indicators for measuring development has concentrated on the
implications of creating league tables and the danger of sending misleading policy messages while not taking into
account the broader picture. The TDI takes a wider approach to development, looking at a number of relevant
dimensions not strictly related to development itself, but also covering social well-being, and long-term potential.

TDI alows the top down approach aso. One of the practical values of the research isthat it can be a powerful
tool in the policy and decision making processes. It allows acommunity to compareitself to al others, to find another
one with similar level of development, and to identify the communitiesit could learn from.

The government of the Republic of Armenia could make use of the TDI to inform regional development policy
priorities. The future of the TDI is to further refine the index, test the sensitivity and robustness of the latter and
furthermore investigate other factors affecting the development of the communities. Finally develop a working
framework for assessing the potentials and rel ative competitiveness of each community.

We believe that our work can lead to further researches and TDI can be used to explore socio-economic
phenomena, particularly it can be used for the assessment of the process of migration.
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Q.M. Quiunjw, 6.P. wlynpjwt

SUruoLeu3ht RUMUSUUL hL1eLU: KL orrLuy

22 wmuwpuwépuyhll qupquigdwl hinkpup pununpuy hnkpu L npp poyy Fownaghu qluhunnky, hupgunky,
hwdbwdnky b donwphunuplly 22 nupuwépuyhl qupgqugnidp: Uph npnpwp thnhnfunipnt bakpny jupmgynid F U
[Meghnbuy dpgniinulnipul phnkpup b Uwpnluyhl qupqugdwi panbpup opplnufp hpdwil Jpw: Uph gl F
nwubnlkl hktnuynibkphg, npnbp Eplhnn jdph ki pudwiué unghwyulmb b $hghlmlmb: Swublkl hkiuynibkpp
Junpnmiginud ko ogunugnpstiny nipunibplni gnighstikp, npnip husjwplpfnud ko 22 nwpudpughl Jupugupdwh
I qupqugiunll nupnupupnipyul npuhg npudunpyus nyjuybbph Apul Ypw: depelnulub plinkpup Junnigwb
Jarpuwhunnntly dnwnbkgnidp pnyy Fowagpu fEp hwiky mpupwiynip nwpudpuyhl dhunnph hhdbwpulnhpbbpp:
bapbpup puguhwpnnid F2uyuunuih huduglpblph qupqugdul duluppulh puquuqubngeniin b pogy Fuwghu
unumhnuplly o nyhwlwiughly  hwduyiplbph  hhdbwjuanppabpp b ppwlwinughl;  wwpwdpughi
punupulmbnyeyul owldwl whhunnulpul Uninkgnid:

Unwtgpuyhti punbp. punuppuy hbinkpu, nupuwdpughl qupgugnid, hwduylp, phuljubniugnid, §opnid i
Uhwgpun/npni:

I'.P. Yaxosin, E.b. Akonsin

HUHJAEKC TEPPUTOPUAJIBHOI'O PA3BUTUS HA IIPUMEPE
PECIIYBJIMKHU APMEHUSA

Hnoexc meppumopuanvriozo pazeumusi Pecnyonuxu Apmenust s61s€mcs cOCMAGHbIM UHOEKCOM, KOMOpblil
obecneuusaem HeobX00UMOU uHGopmayuell Onis OYeHKU, pecucmpayui, CPAGHEHUs U MOHUNMOPUHA PESUOHATLHO2O
pazeumusi Apmenuu. OH 0CHOBbI6AEMCST U MOOUPUYUPYem ROOX00 K UHOeKCY Kowkypewmocnocobnocmu EC u
UHOEKCY pAa3eumusi 4enogeyeckoeo nomenyuara. Huoexc cocmoum u3 0OUHHAOUAmMu HOOKOMHOHEHMOS,
CePYNRUPOBAHHBIX 6 08€ OCHOGHbIE 2PYNNbL: coyuanbHvle u usuyeckue. Bce odunnadyame noodxomnonenmog
NOCMPOEHbL C UCHONIL306AHUEM BOCOMUOECAMU 08YX NOKA3AMENE, OYEHEHHbIX HA OCHO8E OAHHBIX, NPEOOCHAGLEHHbIX
Munucmepcmeom meppumopuanbHo2o ynpaeienuss u pazeumust. Fcnoiv3ys yHUKanbHbli no0Xo0 8 NOCHMpOoeHul,
OKOHYamMebHblll UHOEKC CNOCODEH UOeHMUPUYUPOBATb OCHOBHbIE NPOOIEMbL KAHCOOU MEPPUMOPUATLHOU eOUHULb
6 Pecnybnuke Apmenus. Hnoexc noxasvigaem pasHoodpasue yposHs pasgumus apMAHCKUX pecUoH08 U No3goaem
ocywyecmensms MOHUMOPUHE U GblAGIAMb OCHOBHbIE NPOOIEMbL PE2UOHO8 U BHEOPAMb UHOUBUOYANbHBIL HOOX00 NpU
COCMABIeHUU PEeCUOHATLHOU NOTUTNUKU.

Kniouesvle cnosa: cocmasnoii unoexc, meppumopuaivbHoe pazsumue, 0OuuHa, HOpMAIU3ayus, 636eUusaHie
u aspecayusi.

Chakhoyan Gagik Robert - PhD student, Department of Mathematica Modelling in Economics, Yerevan State
University
Hakobyan Yenok Beniamin - PhD student, Department of Mathematica Modelling in Economics, Y erevan State
University
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U.f3. Uuhpwpjut

UhRURIU3NLL YURUUUE P NNRE3NRLLENP UNU LS
L LEMMNRUUSPL HUSSh d6PLNRONRG-3NRLL

Epgpnid hwennyué dkntnuplumppulul gnpéniibnipnia ulfulbyne b Jupkne ghuuaynp Gwpugupdwinp
bkppponidughl nupwnl L JEpoplpu gpunsnipnial ni nhullbph hinupun/nphiu gudp dulwppulp: 22 GEpgpniduyhl
vpounjuyph nrumdtwuppnipinel b gwhwwnmd ppwlwbnugyly F up pupp dpowgquypll juquulbpuynyemnibabph
Unnuphg, npnig wpynilipllphg ki Doing business» qkiinijgn, The Heritage Foundation-p i Wall Street Journal-h §nniupg
hpungupwlyng nnkuwlwih wquunnypul hpinkpup b Cwluphnuphuypll dpgniiwnippul gEGnygp»:

Unwugpuyhti pwnbp. Gbpgpniduypls nuown, onwupkpypyu nipgulh Gkpppmidakp (ONRL), Upgquilignipinil,
huplyuypl hunlulpupg, phbwbuwmlub pniljw, fnpniyghu:

Swijugué gnpéniubnipinit ulubnt quudnp b npnohs pwytphg wnwehtp ukpppnidubtph
wubunpmd o hpuljubugndi b, wypuhtpt’ wyu thnymu phljkpmpgmitp gnps mbh tkpypmudughtt shulh
htwn: fPuwlwtu £ nppwt Uks L Epypmud tkpgpnudubph hpujubugdwt gpuysnipniip, wjtpwt thnpp ku
ubpypnudwght phuljbpp: Puquhgu quuwhwngt) b Jbpnisyty Bu dbp bpypnod ukpgpnudubph hpujuwiugdwt
qpuysnipiniup b whwnnipjub ntpp ngpuw pupdpugdwi onipg: Gpyph ubkpppmidughtt qpuysnipjut dwuht
JYuynud Eu hywtu ndjwy Eppnud juwnwpynn ukpphtt b omwpbpypyu ukpppnidutph swdwukpp, wyhybu
wnyju) Uhpwuyph' dhowqquyhtt th pupp hbinnwgnuinipniuitiph wpnyniupubpp:

2015p. hnituJup-pEjuntdpbip nunbumpju hpujwt hwnuwdnid onwpbpypu tkpgpnidubkph qnun
ubphnupp Juqul) k 123,7 djpy npud, nphg ningnuljh tkpgpoidubph gnun hnupbipp Juqdt) Bu 70,4 djpn gpud:
Uju wyjujubpp nshy skt wup, bpk wyt sphunwpybup twhnpny wwphubph jud hwdwtdut ntnbuuut

hpuwyhdwlnid b qupqugiut dwjuppulnid quiynn wy) kplph ndjuutph htwn:

Unyniuwly 1
Ownupkpypmyu bkpppnidblpp Zuywuunwinid b Ypuunwinad 2007-2015 (Ujh GUU pojup [1]
Zuyuunwl dpwutnuil
Swphubp Cunuukip Nphg' mnulh onruv
ubpnpnudubp ubpnpnudubp
2006 444 251 1190
2007 845 582 2015
2008 1258 1001 1564
2009 935 732 658
2010 703 483 814
2011 816 631 1117
2012 752 567 912
2013 597 271 942
2014 402 282 1758
2015 248 145 1564

Pusybu mbkutnd kup, ninnuljh akpgpoudubpt wdkng® hpkug wdkbwpwpdp dwjupgujhtt hwuund
ki 2007p., nphg hkwnn tjugnud” dhiish 2013p. b wwyw 2014p.-hg tnphg ujunid gpubnpl] wddwt vhnnwdubkp®
2015p. hwutbkng 145 000 UU'L gojuph, wyuhtipt' 2015p ONRUL Ypdwwnyl] b gplpt 48%: Ljwwnbh L, np
twlunpy wwpyu hwdbdwn Gkpypoudiibpp ifwugl) ko U pigudbbp, U monqulh qonun hnupkph gény®
hudwywnwupwbwpup 38,3% L 48,5%: Pwgh npwihg, nipwgpuy L, np tkpuyhu ONRUL dwdwyp
twpuwdquududuyht gniguthohg guisp k:

2008p-h wulniup Jupnn kp juuyws jhuk] twb qunpuy dhttwbumut dguudwdh hbw, dhuynbn
wuwunlbtpt wy b Ypuwunwinid, npntn 2010p-hg ujuws ONPL swwji wénid E dhish opu b ubkpluynid
wykih pwlt 10 whquu ghpuquignid k dkp Epljhp nipnynny ONRUL: Qupnny Eup qpuljuguby, np dpwunwuip
wykih qpuyhy E ukipppnudubph nippnpndwb nkuwtilynithg:

bhwplyk Ywb Uh owpp unipjbnhy ywuwwndwnubp, npnugny Yupnn Gup hus-np Ypy wpnupuguby
tdwl  wwpphpnipmniup: Lwp'  Jpwunwip GYpnyuwlwuwt  dhnipjut htn Juplp ' wungugdwi
hwdwdwytwghp ny dhuytt punqupwlul, wyjh webinpuyhtt dwuny, hushg dkp Epljhpp htin jubqubg: G4 puth
np ukpgpnudubph kS dwup Ukq Unwn ninnynud Ep Gpnwuwihg’ wyju wuwyjdwbwgphg hin jubqulipn tyuwuntg
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wyy ukpgpnudubph Ypdwnybinit: Npybu djniu jupbnp hwbqudwip® whnp b tjunt] niuwuwnwithg Eyng
ubpypnudubph  Ypdwunnudp: Swphubp  owpnitwl] Onwuwwunwip Bnl] B owdbbwjunonp  ukppponp
Zuguwunnwind (2015, ghjubkdpkph dEpeh ppnipjudp Mniuwunwihg Zuywunwih hpuuwt hwndwusnid
Juwnwpusé onwptpypu thpypoidutph hwdwhwnt hnuptph mkuwlupwp Yohep pughwinip hwdwhwnt
hnuptpniud pughwinip b nipnuljh ubpypnudutph gény juqul) B hudwyuwunwupwtwpup 40,9% b 49,1%):
Uhtyptin, tpk dhsh GUSU-hu wnudwlghin' 2014p. wpwghtt Jhuwdjulnud, Mniuwunwithg juwwpynn
ninnuijh tkpppnudubph qnun hnupbph Swdwip Yuqul] b punhwinip niqnuihh tkppponudubph 48,5%, wwyw
2015p. unyt dwdwtwlwhwingudnid wyn gniguhop wulnud £ wwply’ Juqubing 11,2%: Ldwt dhunnudp
wuydwbwynpnud Gup  Ontuwuwnwith b BU Gpypubph ni UUU-h dhol vwhdwigws uwblghwbph
wpnniupnid  Cntuwunwind  vnbndqus sSwup nbnbtuwluwit Jhdwlh, pnpme wpdbqpiuuwi b wy
pugwuwluwi hbinbwpubph htiwn: Fninp Jhpntpjw) yqundwnutpt niukt wnwybjuybu wpwpht punyp b
hus-np duiny wppupugind ko Zujuunwi b dpuunwt ninnynn onwpbpypju tkpppoudubph Swduubph b
dhwnnudubph mwppbpnipniip: buy Jhpupbpnud £ oubkpppnudubph hpuljutugdwi tkppht wwydwitkph
pupbiyuwunnpjuip, wyw thopd L wupdb) mwy Jepehtthu punipughpp’ Gukng Zudwohwphwiht fwiyh b
Uhowqquyhtt $ptwtuwljut Ynpwynpughuyh Ynnuhg junwpdus Jhpndnipjuit b gpu hhdwb Jpu
AlwynpJwé «Doing Business» qhlnygh wndjujubph: Unnpl tkpjujugdnud i Zujuwunwih b dpuunwih
2010-2017pp. Juputpwhtt quwhwndw gniguthpubpp:

Unnruawy 2
Zuywuunulh b Ypuunwip «Doing business» 2010-2017pp. qhinygh wjjuybbpp (2]
8nigultholiip 2010 2011 2012 2013 2014 2015 2016 2017
Zuwjwunw 43 48 55 32 37 45 43 38
Jpwutnui 11 12 16 9 8 15 24 16

* Uwuttmyhg Epyputph pwuwyp, punn mwpputph, knk) B hudwyguwnwujpwbwpwn 183, 183, 183, 185,
189, 189, 189 L 190:

Pusybu wkutnd Lup, 2017p. twhnpy wupju hwdbdwn Zwjwunwip puptjwydl] & hp ghppp 5
hnphgnuwjutny® qpuntgubtiny 38-pn wknp dwutiwljhg 190 tpypubtph owppnid: dpuunnwitp puduljuith
1wy ghpp b gpuynid gnpswpupmpjudp qpunytjnt hwdwpyny, husp wquypdwtwynpdus b duubwynpuytu
wykh mwtbkih hupuyhtt hwdwlupgny, dbnd Jupswpupnipjudp b Ynpniyghugh ny pupdp dwljupguyny:
Uoklip, np ukp hwplwt Ungpphowtipn qpunkginid £ hwdwwwinwupiwbwpwnp 38, 54, 66, 67, 70, 80, 63 b 65
wnbnbpp: Zknpunphppughtt imupwsph Eplpubkphg Zuyjuwunwp htn £ dhuwgt dpuuinwihg:

‘Upkip, np hunkpuh gnigmuhpp hwjupwlwi kb uinugynid £ wnwpplp pununphsutph hwdwnpdwt
wpniupnid: Unnpl tkpuyugynid E Zujuunwth qpunbgpus wkntpt pun wyn puqunphsubtph [3]°

e uljul) dbintwpunhpulut gnpéniutnipni’ 9-pn wbkn (bwpunpn mwph' 9-ntky),

e ohtwpupnipnil ujuknt pnyjnynipnit’ 81-pn by (bwpunpy wwuph' 78-pn wky) ,

e Likjunpwtubpghwih hwuwbbihnipinit® 76-pn wbn (hwhnpn wwph' 85-pn iky),

e ubthwlwunipjub gpuugnid® 13-pn nbn (bwpunpn mwph' 13-pn inky),

e Juplyh unwugnid’ 20-pn wtn (bwpunpny wwph' 42-pn nky),

e Ukpppnnubph wwownwwinipmnit' 53-pn wkn (bwhinpy wwph' 51-pn nky),

e  huwpltph y&wpnid* 88-pr by, (hwunpn mwph' 88-pr inkn),

e  Uhowqquyhtt wnbnnip' 48-p wikin (hwpunpny wwph' 48-pn wky),

o wuydwbwgpbph Yhpwpynud® 28-pn wbn (bwjunpn mwph' 35-pg nky),

e JAhnuwpyuunhpulwub gnpéntubnipjut punuptgnud® 78-pn wbkn (bwpunpn tmwph 75-pn nkn):

dhpnipjw)  kupwgniguhoibphg Zwjwunwit wpwepupwg b wpdwbwgpl] EEynpwtiukpghugh
hwuwtbjhnipjut (9 dhwynpny), qupltph uwnwgdwt (22 dhwynpnd), wwydwiwgph Yhpwpydw
(7 dhwynpny) Eupwgniguihpubpnud: Zkwnpipwg' shtwpupnipnit ujubine pogjndnipyu (3 dhwynpny),
ubpypnnubtph wwonwwinipjut (2 dvhwynpny) b dkntwpluunppwuluwt gopéniubnipjut nunupkgdub
(3 Yhwynpny) kuipwhwdwlupgpnid: Uthnthnju ki dbwghk) dbntupunhpulut gnpéniubnipnit ujubyn,
ubthwluwinipjut qpuugdwi, hupybph y&wpdwl, vhgpwqquyhtt wplnph tipwhwdwljupgbpp:

Swipptp Epyputiph qpunbkgpwé nhpptpt nt hpuwwiuwgynn tkpppnidwht hnupkpt ntuntduwuhptjhu
ujuunbh E np wnwehup tpipnpnh hwdwp pwdwpwup, puyg wwpuwnhp wujdwbt sk Swn hwdwju
ppubnpynud Eu hpwp hwwunn wpyniupubp: Ophtwy, 2015p. wjjujubpny Jupuiowhtt vwbnnund
Uhtgquuwnipp qpuntgunid £ 1-ht, Znjwighwt 27-pn hul 2uguunwbp 142-pn wknbpp, dhtspie ONRL
Juqut) o hwdlwyuwnwupiwbwpwp® 65Ujpn UU'L nonjup, 90dipg UUL gnjup b 59djpng GUL gnjup: Ujuhtph
Znywunhwl, (hukny pudulwiht htn Uhtquuniphg Jupyuipughtt vwinnuyny, tkpgpudnud £ wdbih ks
Swduith ONP, hul Zunjuunwip thukny Jupluioughtt vwinnuih Jipghtt hnphgniwljwubpnid, gpbipk sh
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qhonid  ONPUL  Sdwywny Uhbquunipptt [4]: Zugjuwunwb nmgpdnn wyu  Swquwih  Ukpgpoudubpp

yuywtwynpjuws ki dwnbtwynpuwbu  Zinjuuinwith  Fdwt wolowwnnidny b uks  oniljuyny, hugp

wpunugn)jusd sk «Doing Business» -h ghwhwwndwt gnigwthpubpnid: ‘Uoklp, np wyjunbn tbpunqus skt bwb

Untinynugnidp b Ynpmiwyghwtt quwhwwnnng gnigwihpubpp, npnup ks junspupnun o dbtp Eplpp

wmunbkunipjut qupqugdw gnpénid:

Bl wjuybu, Zwdwohrwphwiht Pwiijh & Uhowqquyhtt $htwbuwljutt Ynpuynpughuyh Ynnuhg
hpuwiugdus Jepimsnipyut wpyniupnid Zujwunwith dbwdnpus twdwl nhppp, phwplk, jununud £ dh
owpp npulub nbknupwpdbiph dwuhb, dwubwynpuybu® dkntwpjunhpulut gopdntubnipmit uljubint
myniphunipjul, ubthwluwinipyut qpuiugdwt b Jupybph vnwgdwu wendibpny: Uwluyt JEpehuukpu
wwwhnynid & dhwy phqibu ufubnt yyniphunipeiniup, dhsplin hwpuynp b bwb yguwhbp wyy phqubup,
uwyuhuiptl’ wthpwdbton tu dkntwplunhpwlui gonpénitbnipjut wpynitwybnnipnitt wywhnynn b
shunspunnuinn wuydwbibp: ZEknbwpwp, Jupsnud Gup' wju dipnusmpiniip sh wpuwgnnud  Eplpp
gnpdwpup dhowjuyph wwwnltpt wdpnnonipjudp: Fwugh npuithg, Zujuunwinud Uks L opkip unbindtyny,
uwluy hpwlwi Puipnd wyt shhpunknt dhunwdp, dhiynte wju qiinygh wpyniupubpp hhdbwlwnod
hhdtgnud & phqubuh plpwgpp Yupquynpnn tnpdwnpy wlnbph wdpnnonipjut quwhwndwl, wyp ns'
Yhpuplpd dpus

Zhnlwpwp wdpnnowlut yuunkpugnid juqutine hwdwp hwpfuwdnp b dhwdwdwbwy phuwplt
wnwppkp gnigwthoubp b nkjphiquyhtt wnniuwlukp:

Ukpluyjugunid Lup The Heritage Foundation-h U Wall Street Journal-h Ynnuhg hpwwywpwlynn nuwnk-
unwljwb wquunipjut hungkpuh wpyniuputpp: Uw bu jupbnpugnyt hugbputibphg £ b hwodh £ wntynid
ubpyponubnh Yonuhg: «Stnbuwlut wquuunipyut hugkpu 2017» qilnygh wfjujubkpny 22-p jwugpty & hp
nhppbpp’ qpuntgubing 33-py nbnp, twunpy nupjw 54-pn wknh huwpupt 178 tpypubph puppmud: buly
nunbkuwjut wmquunipjut ghwhwwnwlup wyju wwph uqdt) £ 70,3 dhwynp twjunpg mupdw 67 dhwynph
thnpuwpkl, wjuhtptt' 3,3 dvhwynpny wd b gpuigdt] b winbuwybu «awhdwbwthwl wquu» tplphg
JEpwsyl] nantuwytu «<hpdtwjuunid wmquu» Gplynph:

Uju huglipup tnyuytu dbwynpynd £ mwpplp quownntwlwt wnpniputnh wdjujutph hhdwi Jpu b
qhwhwwnynid pun 10 gnpénuukph, npnughg nipupwisninh gény 22-t Juuwnwlws dhwynpibpt Eu' [5]

e ubhwlwinmpjut hpuyniiph wuowywinipmi® 55.5 dhwynp  (bwpunpn Epynt wwphubph 20-wlub
dhwynph hwdbkdwwn gpungyty k 35.5 vhugnp ws),

e nuuulub wpynibwybnnipnit’ 42,5 (wju qgnpéntp guwhwwnynd £ 2017p.-hg),

¢  lnpmuwyghuwyhg mquunipnit’ 43.4 dhwynp (bwunpny wwpyw 37-h thnpowpk),

e huwplupnigbinuht wquunipmnit’ 83,7 dpwynp (twjunpny wwpdu 83.8-h thnpuwpkl): Zwplw-
pinigkinuyhtt wquunnipiniup swthnwd b gnpswpwpnipjut hwpluyht phop: Nppwt Uks £ 2ZUU-nud hwp-
Juyhti pinh mbkuwwpup Yorp (Guqdly b 23,5%), wyuput hupjupmnigbinughtt wmqunnipjub gniguthop
gudp L,

e  QJuwrwjupnipjut Swhunidutp' 81.7 dhwynp (bwjunpny wwpdu 80.7-h thnpuwpkl): Nppwt ks L
Junwupnipjui Swhuntfubph mbuwljupup Yohnp ZLU-nd (uqub) b 24,7%), wjupwut gudp E Eplph
nhppp wyu gnpéntih gén,

e  bhqhjulut wnnnenipinit’ 82.9 dhwynp (wyu gnpéntp hwyquplynid £ 2017p.-hg),

e gnpéwpupnipjull wquunipnil’ 78,5 dhwynp (twjunpn wwpdu 77.5-h  thnjuwipb): Heritage-h
thnpdwgbknbpp wju  gqnpdnuh  gmguipoubkpp  Jtpgplyp G Zuduwohwuphught - Pulilyh’
«@npswpupnipjulp qpunybkint yyniphtnipniip» qklnyghg,

e  wpjuwwnwiph wquunipniup' 724  dhwnp ( bwjunpn nwpdu 62,2-h thnjuwpki): Uju gnpénth
quwhwwndwl gniguihpubpp tnyuwybu Jbpgdl] Bu Zwdwopuwphughtt Pwbljh’  «@npswpwpnipiudp
qpunytnt gymphunipniips qkYnighg,

e ppudwjupluyhtt wmquuunmipinit’ 72,8 thwynp (twgh] £ withnthnj),

e wnbwph wquuinipnit’ 80.2 Uhwynp (hwhinpn tnwupyu 85,6-h thnpuwpki),

o ubkpypnudubiph wquuinipnit’ 80 dhwynp (Uuwgk] E wthnihnfu),

e  dhuwbiumljui wquunipniup’ 70,0 huynp (2006p.-hg wuthnthnhu £): Cuwn Heritage-h thnpdwghwnttph®
«Nhwnnmpiniup wyjlu pudubdwu yniuh npbk putynid, vwjuyt putlfuyhtt hwndwsp, nphtt yuwnlwunwd £
bhtwbuwjut hwndwsh punhwunip winhdubph wytkh pwt 90%-p, phnbu yuwjpupmd b wupkliun
Epjupududtn Jqupltp npudwnpljnt hwdwp [6]:

‘Loklp, np 80% L wykih huntpu niukgnn tpypubpp hwdwpynud Eu ntnbuwybu «uquuns, 70...79.9%"
«<hhdtwluinid wquu», 60.0...69.9%" «wthwynp wquu», 50.0...59,9%" «<hhdtwlwunid ny wquw», 50%-hg
gudn' «fupqud» Lplpubp: 2017p. mbnbuwljut wquunipjut hugkpuh quwhwwndwt hwdwp hhdp Bu
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pugniugty 2015p. hnijhuh 1-hg dhush 2016p. hniuhuh 30-p pujws dudwbwljwhwndwsh nunbtuwluh
gniguwthpubkpp, wjuhtiplt’ hunkputt wprnwhuynnid £ wpwybjuybu wyn dudwbwuopewth hpwyhdwyp:

By wyuwybu, pun Stnbuwlwb wquunipjut  pugkpu 2017»-h  dkp  Eplhhpp  wbnbuwybu
<hhdtwluinid wquu» tGphpp L b wdbbwgwdp ghwhwwnwlwutbpp gpubnpus tu 2 gopéntubpnud’
«whthwljwinmpju hpuynituph yuwownmwwinipniiy (55.5 vhwynp), quuuljut wppnibwybnnipmnii» (42.5
dhwynp) b «ynpniyghwihg wquunnipniiy (43.4 dhwynp): Utmgus qnpénubph gény twjuqugny okdp 70
dhwynptt Lk Zwdwduwyt  Heritage-h  thnpdwgbwnbbpp’  «2Z2-nid quuulubt hwdwlupgh  wjipwb
wbwpynmibwybn | b §npniyugqus, np wpihwnpuinuwputulub (nisnidubpt nu wpphinpudp mupusjwus
punyp b Ypnud: Ukthwljwinipjut hpwyniupp ndqupnipjudp b yguonyuidnud: twnwljut hwdwlwpgnud
ynnniyghwl, hsybu twlb ppiwgpuduiub nhypbpp nwpwdgus Lus [7]: Heritage-h uypnid toynud k twly, np
nuunuwlwl hpluwbnipniup snith wiwhimpnit b putwighynipmnii: Muydwiwgptph, ukhwjuinipjut
hpwyniuph Jud wnbwnpuyhtt hwpgkph htn juwgws pojnp Je&bpp (nusynud b punhwinip hpudwunipyut
nuunuwpwbbpnud, npnup Jupquynpnud Eu hyybu punupughwlub, wjuybu b pphwlwb gnpstp, hugh
htinbwlpny |nidnidubipp wipunuke htnnwaqynid L [8]:

«Unnniyghuwjhg wquunipnily gnpénith Jtpwpbkpuy The Heritage-h thnpdwgbwntbpp tpnud &, np
«<wjuunnwinud ntuwunwih hbin dhwdnpdine b Zuywunwh nmbnbunipjut nr nwpuswopowiughte
widunuignipjut mbuwblnithg nuwunwith wgpbgnipniup didwbwnt wpyniupnid hwdwnwpus
ynpniyghwt junpuigl) b Ywownwltpmipniut m ptwdh-npughwlwb hwpupbpmpinitubpp nupusyws tu
Jurwjupulut ywuwonnywibpp opowinid, npnup hwqunby ku ppknpkt hbnwwunynid jud hinwgynid
wuwownuhg hpkig wwownntwlwt nhppp swpwowhbint hwdwp: Ywnwluwt hwdwupgp nurwwnd |
wiwpniput b  pwhwbghynipjut  wwliwuhg Auuhjuwinpjut  hwjwhpujuljut  Juppughdp
ndyupugunid £ opkuph Yhpwupynudp» [9]:

Uju qlnygny bu quihu Gup uwyt bqpujugnipjul, np 2Z-nid hwpdwp wuydwbbp unbnsjus tu
phqubtu ufjubint, puyg ny pwpniiwlbjnt hwdwp, htght junspunnuuinid tu Ynnniwyghwyh pupdp dwjuppulp,
ubthwwiunipjut hpwyniuph pny] wuownwywidwsdnipmniup, Unbnynjugdwi pupdp wunmhfutt nu
nbnbkuwut oppwthwlnudp:

b dbkpon, ubpluyugubup bu dkYy Yuplnp qbynygh wpmynibpubpp, w B «wdwppwphught
Upgniuiwynipjut qilnyg 2016-2017»-p: Zudwdwytt wyu qEYnygh Zuywunwib hp Upgnibwlnipjudp 79-ppu b
138 Gtpypubpph pwppnud: 2015-2016 L 2014-2015 qhynygubph wpygnibpubpny Zwjwuwnwip qpuybp k
huwdwywwnwuprwbiwpwn 82-pn mbnp 140 Ephputph owppnid b 85-py mbnp 144 kpypubtph owppnid: Ujuhtph
ytpohti 3 mwphubph pupwgpnid wpdwiwgpyty k3 nhppny wd: Uwnnpl ubpjuyugubip Zujwuwnwih nhpph
thnthnpunipnibiubpt pun hkbwuyniubph' [10]

Ungymuwly 3
Zunluppiuphuyhll dpgniiwlnipyul gklingg 2016-1017pp.
2016-2017 2015-2016 2014-2015
(nkn) (nkn) (nkn) ®nthnjunipyniup
Ztbwuynitibp 138 bpyplbph | 140 bpyplph | 144 bplplkph | 2015-2016pp.
owippnid owippnid owippnid
Puunpunnuntbp 66 76 72 10
Bupwlwnnigusputp 82 82 78 0
Uwlpnntnbuwljui 88 7 77 Vi
u dh?‘“‘lul]I}ll ul
nnnowwwhnipynt
nwuppulub Yppnipnt 93 9% 9 12
Puipdpugniyu Yppnipini b 71 7 75 S|
YEpuyuinpuunnid
Uwyputpttph pnijugh
wpnnibuyEinnipenil 5 >0 64 S
Ushuwwnnidh oniljugh
wpnnitwyknnipni > >8 4 3
Shuwbuwlu oniljwygh 90 94 97 A4
qupqugyudnipntl
Skhtininghwljut 7 75 7 A4
wuwnpuunywdnipinll
Cujuyh swth 120 116 118 V4
Qnpswpupnipjul
Juunwupkjugnpdjusnipmniu 81 7 93 16
‘Unpupupnipinil 87 107 104 20

Pusybu tjuwwnnud Gup, wyju qiljnygh wdjuyikpny Zwjwuwnwip pudulijuiht htwn b pnjnp gnpénuutiph gény:
U4 £ wpdwbwgpyby pnpnp hkbwuyniubpnud, pugunnipjudp «duljpninbntuwljui dhpwduyph», «<onitjuygh swthh» b
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«kupwljunnigusputinh», npnup duwgk) ko withnthnp:  «@njugh swthpy, npp dkq wdbkiwhniqnn Eupwuniibphg
uklu k, (Guptwdptpph onitjwt hp hhdtwjwt wpununpunbuwyitbpny uvunynd £ Eplph tkpund), qpuntgunud £
wlkiwduwn nhppp (120): «Gupwljunniguspubpniud», npp tnybwbu ungbh b dbq hwdwp, ws sh wpdwbwgpyby,
hushh wppbkt Juun E Ukpppnudwghtt dhpwduyph quwhwwndwt pnnp 4ipnbojuy wpynibpubpp dbwynpyl) G
hhtttwjuwinud hpwului wlhnbph b opkunpuluwu nuwonh hhdwb Jpw, hush wpynipnid Yupkh k
wuwnlipugnid juqul] Epph ppuduljut puonnid wnljw pugpnnnudutph b phpugnidutph yepwpbpu): Uw dkq
htwpwynpnipnit junw swpnittwljuljut Jipinismpniut hpuwwbwgul) qiinygutph wpyniuputphg ppann wytih
Jungtijh nnpubpnud, npuntn wew i dkntwpjunhpuljui gnpéntubnipjut ypuw wqnnn nhujwsht qgnpénuibkp:

Puswbu hwunqytghtp, phqubku ulubnt whuwilnithg Zujwunwind wnbnddus o pupbiywun
wuydwtibp: Mippo hwpg £ ubppubp nppuwing b wppupugqus: busybu ghnbup ubpppnudubpp npybiu juin
nnnynud ki mtnbuwlwb b punupwlw Juyniinipinit niikignn tpypubp, npinkn opkupubpt hpnp gnpénid Eu b
hwdwu skt hnpuynud, npuntn §neniyghwt gudp dwwupguljh dpu b qudnud, d6s  E ubpphtt ontjuib b npunkn
qupqugus ki wpnwhwidwt htwpwdnpoipnibbbpp: Cun bopjut Zwjuwuwnwip  sh pwjuwpupmd  wju
wuwhwbglitinhg ny Uklht: Udkiht, upwb gnidwpynud E dninynjugdw pupdp duljupnulp, htwbuwlju oniljugh
wujuwinwpnipniit nt vyupnpuljub gunpnitwynipjut gusp dwljupnulp:

Uju wtjuwnwp pughpubpnud hwplunp b nypwunpnipiniip fEunpntiwugil) dwubtwynpuybu ipubg onipy,
npnup whwunippiip b qopnt £ Jupquynpl]  opklunpulwmb  npnowlh  thnthnpumpinitubph b £hown
nuquuyupnipntiibph dhengny, b dudwbwjuynpuybu pug ponut] tpwip, npnup wnwykjuytu jujudws sku
whwunnipjut  ubkpphtt  hpwyhdwljubphg:  Opptwl, wmbnbuwfjwbt wbluniinipyuip, npp juwydws L
Udwpnnunbuwljuit dhowjuyph hbw, wpynitp b nuwunnwih nwbnbumpjui htn htnbgpdusnipjut, nph
htnbwipn] wipunhwn nwnwinud o wybyhup dwulpnntnbuuluwt gniguuhpubp, htsyhuhp i hnpowbw-
Yuyhtt Ynipup, onnwpbkpypu mnnulyh ukpppoudubpp, wpwbudbpniubpp, wpnwhwitdwt dwjuppuip b wyb:
Zhwnlwpwp wju punghpubpt ne gniguithpubpp upquynpgt Ontuwunwh nbinbumpyut jupquynpdwdp, hiugh
Ypw Ukp Eplhpp wankgnipnit snith:
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M.T. Mxurapsin
AHAJIU3 UHBECTULIMOHHOI'O MOJISA PECIYBJIMKHA APMEHHUS PSAIOM MEXJIYHAPOIHBIX
OPI AHU3ALIUI

B cmpane enasmvim ycnosuem mauuHanus u 86e0eHus YCHEWHOU NPeONPUHUMAMENbCKOU OesmeNbHOCIU AGIAI0MC
UHBECMUYUOHHOE NOJIe, NPUBTEKAMENIbHOCIb U MAKCUMATLHO HU3KULL YPOGeHb puckog 6 Hetl. Hccnedosanue uneecmuyuoHHol
cpedvt PA npoeoounoce psidom mMedxncOyYHapOOHbIX OpeaHu3ayutll, pe3yiomamom ue2o sgusomcs 0oknao “Doing business”,
UHOEKC IKOHOMUUecKol c60600bi, onybnuxosannviti The Heritage Foundation u Wall Street Journal, u “/oxnao znobanvroil
KOHKypenmocnocobnocmu”.

Kniouegvie cnosa: unseCmMuyuoHHblll KIUMAM, UHOCMPAHHbIE NpAMble UHBECMUYUY, KOHKYPEHYUs, HAN0208as
CMabUuILHOCIb, PUHAHCOBBILL PBIHOK, KOPPYNYUSL.

M.T. Mkhitaryan
THE INVESTMENT FIELD ANALYSIS OF THE REPUBLIC OF ARMENIA BY INTERNATIONAL ORGANIZATIONS

The main prerequisite for starting and running a successful entrepreneurial activity in the country is the investment
climate, attraction and the lowest possible risk in it. The study of investment environment was conducted by a number of
international organizations, the results of which are the “Doing Business” report, the freedom index published by the Heritage
Foundation and the Wall Street Journal and the “Global Competitiveness Report”.

Keywords: investment climate, foreign direct investments, competition, tax stability, financial market, corruption.
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<.U. Uwtniljwt

ursuruuut LNehuShuu3h UMM3BNRLUYESNRGE3UL FLULUSNRUL
&4 MMOG/LE UtN1e

Rhalnuplynid ki wpunugpulul  jnghunpluyp  wpynibunfbnnipmiap o ppuw qhuhunndwl
MMOG/LE dkpnnpp, thnpnunupd Quwp inghuwnpl sppuyh unwgwpdwi 1ISO/TS16949 unwunupnh b
MMOG/LE dEkpnph thnfuluyuénipiniip, dkpnnh juyl hpwnnidp Upbuninpnid b Eypnyugnid b gpw
Jppundwi hupun/npnipint Gakpp Z22-nud:

Unwtigpuyhti punbp. wpunwgpulul inghunplw, wpyntuybnnyepaul guhwnid, MMOG/LE.

Ubpwoniyymti. UES Pphunwthwnd juunwpjus hinwgnunipniitpp gnyg b wndl), np
JbEpotwjutt uyyuwpnnhtt hwuws wypwupubkph wpdtph dnwn 70 vinynup Juqunid Eu mbknuwinpdwl,
wwhbunwynpiwl, twpbpuynpdwi b wy] gqopdnnnipnibtbph Jpw wpdwsd Swuubpp, npnup
wuwunwupwbwwnnt b ynipuljut hnupbph hwdwn [1]:

Lnghuwnhlj swjuutiph dké dwubwpwdup punhwinip swubkph dbe puguunpmd £ wpunwunpnnubph
Uks htwmwppppnipniip tpw hwinby b gnyg b wwhu nghunhuyh  wpynibwybnnipui
pupdpugdut UkS bpywbwlmpniup: 2kig wyu ugph (nsdwt b wppnibudbunipjut pupdpugdut
bywwnwlny Ujundnphjuohuinipjutt njnpinh gnpénnnipwit junidpp (The Automotive Industry Action
Group (AIAG)), Zmiuhuwudbkphljjutt wynnunphjuyhtt vnwinupnibph wunghwughwt (North American
automotive standards association) b tpw Eypnwulwt gqnpépultp Odette-n, 2002 pYwluihg uljuws,
owlly b dpwlnmd ki MMOG/LE (Materials Management Operations Guideline/ Logistics Evaluation)
huytkguljupgp [2]:

Ukpjujhu hwdwopiwuphuyhtt wénn  wppynibwpbpnipniip juujws t gnipwuljut hnuph
uunwpdwt  dwhwupgulhg  wdpnng  nghunhl  onpwih  kplwyipnyd:  Ughawphh wowgwnwp
uwppwynpnidttp wpunwnpnnubpp (original equipment manufacturers (OEMs)) hudwhdpyl] i Junnhwn
wpuuypuipjui  dnnbgnudubph gonipg, npnup wund ki, np wdbkt Jwwnwlwpup (wpuwunpnn
dwnwlupup Jud thnjownpnn)  whunp b dwnwlupuph dhpnn wypuwp &hpnn nbin b &hown
dudwtwhti: VEpjuyjhu wpnunpnpubph hwdwp nu bywbwlnd k, np wnwpdwt b dwnuljupupdut
Juwnwpnudp whwp t gipulju (hth b hwdwywnwupwih wyt vnwbinupuiubpht, npnbp punniagws Eu
wpuungpmpjul  pnnp nonputkph hwdwp, hsybu twb wpunwngpnnubpp wbwnp £ npdku
hwjwuwpulpnt] wpunungpmpiniuap yuwhwiewplh htw:

MMOG/LE ubpngh Ghwpugpnipiniip. Upnh dbkubedbupnid ks npwunpmipmnit b gqupddnud
npulh junwupdwip: Uynp b Juynid puqmid unnwbinpupnibph unbnénudp b ubppunudp: @hplu
npuighg wiktwwnwpwsusp b npuljh pupdp gniguthy hwunhuwgnn unwinupup ISO9001-u £ b apw
dwu Juqunn wy] vnwbiqupunukpp:

UduinUdnphjuohtinipjut bt wyununphjuohtinipjuin uywuwplny phuquunibpmd  Jks
nwunpmpjut B wpdwbwinwd ISO9001 uvnwungupnh dwu juqdnn ISO/TS16949 uwnwunwpup, npp
npuiljh gniguthpkip £ uwhdwinid pni gnpswnbiwlju gnpéniubnipjut b ;nghuwnhly onpuyh hwdwn:

ISO/TS16949-n Upwlyyty k2002 pwljuitht ISO puybpnipjut b &wwynuhwjh wjnnwpunwunpnnutph
Uhnipjut Ynnuhg b Jipohtt whquid pupdugyl) 2009 plulwithb: ISO/TS16949-h untnsdwl buywwnwlp
npulh jurwjupdwh tjundudp npnpwlh ywhwbebph vwhdwimut E kpkp monnupyudp.

o Uonwljwl juwnwpbjugnpénid,

e ujuwubiph , pnwth b wpunkph yepugnud,

o Smnwinmdubph b Ynpniuntbph Ypdunnidp (nghunhly onpunid:

Uju tyuwwnwlubpp plunwd Eu ISO9001:2008 unmwunwupwuh dnwnbkgnidubphg, npnup ninndus ku
wupnne dAknbwupniput junwjupdwip:
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ISO/TS16949-n b bwputwlwl wybyhuh wwhwbeubph funwdp k, npntg pwduwpupnidhg htwnn
Atntwplnipiniup hpwyniip nith nhut) ISO9001-h hwdwnp [3]:

Uy Uhpy wuws 1SO/TS16949-p nghuwnhl onpuygh npuiljh b, hu MMOG/LE-u jnghuwnhly onpugh
quwhwinmut kb wpyymbw]bnnpymip : buy (s E MMOG/LE-:

MMOG/LE-u nghunpl onpuyh huptwquuwhwndwt puquuynndwih hwdwlwupg L npp
wwhwiowpydus £ owwn ulpmun}pnqhhpb ynnuhg: pkpk mdpnqg wywnnunphjuyhtt hungniuwnphwb
oquugnpénid L MMOG/LE-t  dwnwluwpuplwl onpuymy wpnwnpnipniip,  dwinnigus
sSunwjnipjniitbpp U ywhbunwynpdwt gqnpépupwugutpp quuhwwnbint hwdwp: Stwhwnnudp twb
oqunid E juquultpynipniuttphb.

e uwhdwily Uukpphtt qopépupwugubtph hntuwhnipyut  swihwhoubpp  (ukpphtt B wyl
gnpépupwgubpp, npnup wdpnponipjudp Jurwdupymd L juqduibpynipjut Ynndhg ,
ophtw wuwhbkuwnwynpnidp, thnpjuwunpnudp dh wpnunpudwuhg diniup b wy ),

e  wnwldtwgul] dwnwljuwpupdwt snpuyh Bulbunwhtt gnpswnnypibpp (Banchmarking,
STAJIOHHBIHN TECT),

e htwlk hwdwjunpyubph gnhnitwynipjub pujupupduin,

¢ hunuljkgul] nknkjuwnynipjut hnupp dtwnujupupdwt wdpnne snpuynid [2]:

Zudwpuwuphwyhtt juquulkpuynipiniuttpp, hiswyhuhp Eu Ford-p, General Motors-p, Chryslerp ,
Volvo Car-p, Volvo Truck-p, Jaguar/Land Rover-p, Renault-p U PSA-p , BOSCH-p wpnku ukpnpl) ko wyu
hudwljupgp b, ujuwé 2002 pdwljwithg, wewlgnid L ipw qupqugdwin b juwnwupbjugnpsdwp:

2014 pwluliht unkndyig MMOG/LE hwdwlwpgh 4pr wwppkpulp, npb nith 2 wwppbpuly |
Puqujhtt , twppunbudws thnpp wpununpmipnitbph hwdwp b wdpnpowljub, twhpwnbujus Uts
puytpnipnitutph hwdwnp:

MMOG/LE quwhwndwt hwdwljupgp tkpunnud .

e  uwdpnnowlul Jud Fuquyht quwhwwndwt MS Excel wphiwnwtipuyhlt wnjniuwl, nptt wpnkh
wuwwpwuwnn £ Jhpundwi b hwdwywnwupwt ndjujubpp jpugulinig hbun mwhu k
wpynibuy knntpjut gowhwnwjutiibpp hyybu twb juqunid gqpudpljuknp,

e kg qnijy, npnip tkpjuyugind b dwnujupupdut snpwb.
qnthu 1. nuquuyupnipinit b pupbjuynidubp,
gntju 2. wohtwmwnwiph juquiuljpuydnd,
qnthu 3. jupnnnipiniutp b wpnwunpuljut yjubhwdnpnid,
qnihu 4. hwdwpunpyubph hunbpdbyu,
gntju 5. wpununpmipnit b wypuiph yekpuwhuljund,
qnthu 6. dwnwlwupuph htnbpdyu:

e gap (pwgpnnmlubph) Ykpnudnipjut phpphYy (MS Excel sheet) gqnpénnnipjnibubph wpub
Juqutnt hwdwp,

e sunhwiholbpp ghwhwnbym juquulbpyniput dunwjupupdub snpugh gnpspipugitpp
b upnnnipnibubpp (Fuquyht 106 Udpnnowljut 197 swthwithy),

e wijnniwunuglus dhunjnpibph hujuwpliwi U quuwlupgiui hwdwliupg AB b C
nwpulupgbpny wdpnnowljut guwhwwndwt hwdwp b ZA, ZB U ZC puquyhtp,

e  huwbkgpjwé gnpshpubp  pugpnymudibph  Jhpmismpwul, qupqugiwl  wpubbbpht b
gnpoépupwgubpht htwnbbnt hwdwnp,

e nhwgpuultp gpuphynpkb wdthnhbjm qhwhwndwb wpynbpbbpp,

e nuphwimp wbnbmpnibibp @ wowewpynipniintkp MMOG / LE-u oquuwqnpstint
Ybpwipbipyuy [4]:

MMOG / LE-h quuubpp

e A Tuu (Jud jujugnyt thnpd). TGuqduibpynipmpiip hwdwywnwuppwind £ oponp
hhdtwlwt swithwihputphtt & nith |nghunpl onpuyh Jurwjupdwt ks thnpd: Swpklub
qguwhwwnnulubptt hpujwbwgnd i jumbnipjut wywhnfdwi b wbnkjunyniput
huwjupugpuiwutt  tyuwunwlny: Cupnibwluwlwb qupqugnuip wwywhnybnt  hwdwp
qupquguut ywip ghnwpyynd £ dtwgus swhwhoubph wywhnddwt nkuwblniihg:

e Brpuwu (Jud whljuyntl, jud wthbnbnnulwb gnpépuipwugutp): Quuyué dwnwljupupdub
onpuyh  hhUtwlwl npnypubpp juwnwplus b juquiulbpynippub  gnpéniikmpniip
wbwpynitwbn £ npny nnputbpnid, npp b jupnn b puguuwpwp wqpl) hwdwpunppubph
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wuwhwbountputph  pwupupdwd  Jpu:  Bhpnipnibubph ondwt  byuwwnwyny
gnpénnmipjnibibph wuwup whwp L qupqugub] b hpwljubwgul) dhon dwdltnubpnid,
npykuqh puupupk phqubuh b hwdwhunpputph ywhwbetbpn:

e C nuu (Qud phph wpwbgpujhtt nppuubpoud):  Ywquulibpynipmiitp phpp k
dunwluwpupdwt snpugh dkl jud dh puwith wnwigpujhtt onujubpnid: Uju hpughduwlp
unbndnud t hwdwhnpnubph Ynpunh &S nhul, gnyg £ wwhu wpynibwdbnnipput b
jupwupdwi wuwlwup [nghunhy onpuyh  downwlubt  wpnghubbpnud: Uju  thingnd
jurujupdwt dph winudubph byunwlt b juqdl] wnwetwhbpp gqnpénnnipniuttiph
yub b dudwbwlht junwpl)] gputp , hsybu twb juntuwtht] hwdwpunpyutph htn jnppe b
wnbwljub hwpgkphg [5]:

MMOG/LE-hp jppwnnidp. MMOG / LE-u tyyuwnwluninnyuws t nghunhly snpuyh hhdtwjwub
hwpgtphti, ubkpwnpjw] hwdwhnpphubph wwhwbetbpp, wwowpubph Ywnwjwpnudp, wnwewplh
Jurwjuwpnidp, phunipuitbph puppunidp, woiwwnwlhgubph Jupnnnipmiuabbpp b wyj: Ujn ogunud k
Juquulbpynpymubbphtt wju hwpgbpmy, huswbu twb dkp phqubuh w hwngwshl, npubn
wyunndwnwgnidp Jupnn k onpwthbih wqntgnipnit niibkuuyg:

Swinhybiny pwwn ndupmpnittkph MMOG / LE- uUnghip Jbpusdt] b dwnwlupupdub
onpuynid Juwnwpynn gopdpupwgutph quuhwndwt canwbnupunp» wjundnphjuohinipjut b put
hwpwljhg npnpunbkpnud: Ujh juyunpltt Yhpundnud £ ubpphtt gqpwhwndwt b dwnwljupupdwut onpugh
qupquguiut hudwnp:

buswybu wpnkl tpgkg, MMOG/LE-t dpwljdly £ Udunudnphjuohtinipjutt ninpinh qnpénnnipwt
ludph  (The Automotive Industry Action Group (AIAG)), Zmiuhuwdbphljut wyundnphjught
unwbnupunibph wunghwghwjh (North American automotive standards association) U upw Eypnuyuljuit
gqnpépuljtipn Odette-h Ynnuhg 2002 pyulwiht b hwinhuwinmd E wyn pulkpnipniuttph htnbkljunniug
ubthujwunipniup: 2002 puljuithg we wjuop quuwhwwndwt hwdwljupgp tkpnpk) Eu General Motors—,
Ford-p, Volvo-u, Volkswagen-p, Renault-p, PSA Peugeot-pn, Chrysler-p, Bosch-p, Jonson Controls-,
Continental-n, Lear Corporation-p, Gates-p bt wy) ptjipnipniuitip:

Uju hwdwlupgp Yhpwunbnt hwdwp wthpwudton b dwutwlgl] Odette-h  Juquulbkpuws
nuupbpwgubpht, npntp btwhpwnbuws i juqdulbpynipjut dwnwupupdwi - onpwgh
wojuwwnwljhgubph U nghunubtph hwdwp: Upn nquupbpugubpnud pttwpldnud Bu ipp woqus Jhg
ptdwl, hyybu twh MMOG/LE-hg oquytint tnubwlp: Uwutwgbnh JEpuyunpuunnidhg htnn
puytpnipinitp dknp b pipnid MMOG/LE MS Excel quwhwwndwl qnpshpp, nphg htnn juquuybpynt-
pintup Jupnn k hupunipnyt ghwhwnt] ubthwlwb (nghunhly hwdwjupgh wppynibwdbnmpniut wu
Ubpnnny [6]:

Qtwjws wyu Uninbgnudp gt wpwsmd E quk] UGUL-nd b Upldugut Gypnyuymd, wii
1hwipdtp sh Yhpweynid Upbbppoud b Zuywunwbnd:

Eqpuilpugnmpniii b wnwowplnipinifikp. MMOG/LE-u inghuwnpl] hwdwlupgh quuwhwwndw
wnwewwwn knwbwlubphg dih E, dwbhwduin wjunupunwunpnipw b hwpulhg npnpunttpnud: Uju
Jyuynid  wgt  hwbqudwbpp, np  MMOG/LE-u  oquwugnpéynid  E  nppunud  wnweuwnwp
pulpnipnititbph Ynnuhg:

zudwlupgh juytt mwpwsnidp wehp L wnwhu dnwstine tpu thpppdwt dwuhtt bwb wy
ninpunibkpnud, hsyhu twb hwydh wotubnd wyt hwiqudwipp, np wyju dnnbkgnudp pny; £ wiwhu
Juquultpynipniuubpht hupunipnyh quwhwunby hntug 1nghuwnhly hwdwlupgh
wpnibwybnnipiniip, b, hwpgh wetbng, np Zujwunwind (nghunhl quuwhwwnnidp qupgqugus sk,
wyu hwdwlwunpgh Yhpwenidp b ogrnugnpénidp Zuyuunwnid swwn wykjh pwhwybn k pununid:

Pugh MMOG/LE hwdwljuipghg, Odette-p tkpjuyugunid £ inghunhly hwdwlwunpgh qupqugdwuii
nnyué wy] dbntwplubp, Ynipubp b dnnkgnudubp, npnup Yhpundnid ki wdpnne wopawphnid b
pupquuidws Eu wbkh pwit 11 (Egniukpny:

zudbpu] wpwdbnipmt £ twl quwhwundwt  Excel gqopshpp nptt wjunndwwnugunid b
htpnughmd  E ghwhwwndwi  gnpdplipugp’ oqikyn  nghunhly onpugh  wowyl]  wdpnnewlwi
quwhwwndwbp:

MMOG/LE hudwlwpgh phpnipniutiinhg ptipbu jupbih £ hwdwpl) wyt hwbhqudwipp, np wyh
twhpwnbujws b dhuyt quwhwndwb, b ny ph jnghunply onpuyh jurwdupdwt hwdwp: Ldwub
wuwpuquymd uyt Ynskp bwb hudnplwghwh  hwdwpwgpdwt  puunhpp, husp  Ypwpdpwugth
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qguwhwwndwb LHunipnitp, hswhu twb hunpdwughuyh hnjupwbgdwt b pghunhy hwdwlwupgh
Jurwjupdwt qnpéplipugn:

Nupunpmpjut wpdwth hwiqudwtp E twb wyl, np hwdwljupgp wdpnnenipjudp qupqugynid £
wdbkphljut b Epnyulwb pulbpnipnitutph Ynndhg, U pput sk dwubwlgnid Swunbwljub
puybpnipniinbpp:

Zwpyh wnlkyny Zwjwuwnwinid wpnunpmiput b nghunhl dhpwduyph Jh&wlyp inghunhljugh
wpynituybnmput  qhwhwnnudp Uk Jupbnpnipnit £ unwind, wyju wpnidngd MMOG/LE
hudwljupgp guwn hupdwp £ uyny wnwpkjnipmniut hpujutwugubint hwudwp:

Spwlwunye)niu

1. Tamxwunckuit A.M. Jlorucruka: YueGuuk.- M.: Magatenscko-roprosas xoprmopauwys «/lamkos u K, 2012.
— 484 c.

©QAD INC. MMOG/LE OVERVIEW-2014.

TECHNICAL SPECIFICATION ISO/TS16949. Second edition 2002-03-01 p. viii-xii

www.aiag.org/expertise/supply-chain-management

GM Fred Roldan. South America Supply Chain Director 05-2014 Supplier Overview

www.odette.org/services/mmog

AN

16.05.2017.

A.A. ManyksH

OIEHKA D®®EKTUBHOCTH MPOMBIIIIJIEHHOM JIOTUCTUKHA U
METOI MMOG / LE

Paccmampusaemces s¢pghexmuernocmo npomviuLieHHoU ao2ucmuxu u daemcs ee oyenka memooom MMOG/LE.
Obcyarcoaromes 80npocyl 83aUMOCEA3U cmanoapma ynpasienus aocucmuyeckou yenvio 1SO / TS16949 u memooa
MMOG/LE, wupokoeo npumereruss memooa na 3anade u 6 Egpone u 603modcHocmu npumenenus é PA.

Knrwoueesle cnosa: npomviuiienHas 102ucmura, oyenka s¢pgexmuernocmu, memod MMOG/LE.

H.A. Manukyan

EVALUATION OF EFFICIENCY OF PRODUCTION LOGISTICS
AND MMOG / LE METHOD

The efficiency of production logistics and its evaluation method, which is called MMOG/LE, are discussed.
There are discussed the questions of relationship between ISO/TS16949, which is an ISO standard for supply chain
management, and MMOG/LE method, use of MMOG/LE in West and Europe and opportunities of its application in
RA.

Keywords: production logistics, evaluation of efficiency, MMOG/LE method.

Uwunijjwu <wyly Ugbwpyh - UUSZ b htunhunnun, Zujwuinwih wqquyhtt ynjhunkjuthjuuh
hudwjuwpu
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Ukphuyugynid Eb dwpupiuy Fanpnuhugh dkpngh gnpdlulwi fhpwnnipmip dpuqpuiinpdwi dhongni,
lnull hinupunnp hwpyupluypl juinppakpp b gpubg imédwh dkpnnbbpp: Uhls uydd hugnbip Eplh dhuyl inkuwlul
wpyniliplkp b U pubh gnpdtuulwi oppluulbkp [1,/2), dkp buyunnwla F wje  wopnnkghly puumlwi dnpkp,
aytmihlwnl thopdly jujuplly uyh oquimgnpslyny wyy dkpnnhkp: Yuquijky F Spughp, nph wowbg dwpnplughh
Upowlinnipul wdklh puyhlt §npnpp, ok np dkpngh Ghpwpnipmnias Fouddbih owwpduy b fhwulh pmsdwin:
Zupjuplabpp Junnwpifly Ei MatLab-h dpongny:

Unwtgpuypti punbip. vwpupduy Funpnupw, pusfunid, wygnpppd, Zkuup dunnphg, quughkiu, MatLab:

Pusybu hwynih k [1,2], Lwgpuidjut yupuwdbuptpp gunibnt hwdwp wihpudbown E quuily
htunlyju) $niuyghuygh vhthudnwdh Yhunp.
W= =Sy P+ In (25) = =™ + Ao + Sy A * by

T wiiknt hwdwp Jhpundmud £ Ununnth Epypnpn jupgh dnnwpldw dkpanp: Ljunkup, np
bywwunwluhtt $niughws phun niemghy k nlyh tbppl: T mbkutbnt hwdwp pudupup £ ghuwpl
Zkuuh dwinphgp

2w ob, b, < , ,
OA0n, _6/15 = —a—Ak—ZPi * (Aki — by) * (As; — bg) =
i=

=< (br = bi)(bs — bg) >:

Zhow  unnnigly, np wju tpwbwlnudp pujupupnmd | uwup wpnwngpuh 3 wpuhndubphl, b
htnlwpup wyb oquugnpstyt ophliwwi : Lowbwljkiip H-ny Zkuuh dwnphgp

a’w

H,.=
ks ™ 92,025

=< (b = by), (bs — by) >

Uju wjuhwynnpkt gpuljut npnpdws k, hbnbwpwp tyuunuljuyhtt dniuljghwn niuth dhuly
dhuhdnudh Yhw: Zhdw pubwplytup, ph htyybu quul) tpunpbiunidh fhnp: Lowtwlbup tyuwnwlugh
$mulghwls £ (x): Thpniskip wy pun Ghynph’

f) = fxo) + (x — xo)" * f'(xo) + (x — x)™ * H(xp) * (x — x0):
Zhnlbwpwp dhthdnudh Yhnh ifwquub nignnipegniip nish hknbywy nbupp
d = —H'(x) * f'(xo):

Anpstwljuwinid hwjunupd dwinphgp hwydupltnt thnjpwpky jupbh wyb, ophtiwyy, Eupwuplbp
nwppunisdwi b (nust] hwjuuwpnidutiph hwdwlwupgp d-h ajundwdp: Uju qupuquynid hwpdwp £
oquiwugnnédti unjkgynt Ukpnnp, npp judwjuljut npuljut npnoyws A dwnphg ubpluyugunid Ehbwnlyug
kpuy.

A=Lx*LT,

npubn L-p uwnnppt wilnibwgdughtt dwwnphg b Zhknbwpwp, Juduwjului A*x =b wnhwh
hwwuwpnudp Jupbih knust) bplynt igng

L*y:b,
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L"xx=y:

vunph wyjuyhuh opowignidp hwnjuybu Juplnp k, bpt wjuyunud kb hwyyhs umpph Ynnuhg
npugnidutp, npnup Jupnn kb phipk wiguljuh hbnbwbpubph:

Bpt zbkuuh Jdwunphgp (hth uhugoujuphtt dnnpl, wyw Juowewbwb jutughpubp: Uju
wupwquynid Jupkjh £ Ununnth dbpngh thnjuwpbt houty gpunhbiunh nignmipjudp, vwljuyt wjuntn
Jut hwoqupluyhtt ippnipinitttpn: Lwpe® wdbkh puynud whwp £ hwdngqyb), np hpujuinud hotinud Glp,
wy) ny pupdpuimid: dw Jupbih Ewblk] gpuphbinh hwunupd nigpmpjudp wpgnudbinibphi shsh
wé ] b nkutking wprynp $nillyghugh wpdbpp iwgni v E: Gph nknh niih hwwpwlp, wuw whnp
E pnpl) tnp twputujut YEn: tw wikne hadwp n-suthwbh nwpuwsnipnianid 2™ nugnnipmnibipng
Juphbh k Yplhht susht mdkp tiwg b quniknyg wjt ninpnipniup, npny $miuljghwtt tqugnid E, npyyku unp
Yt Jpguty wyb, npp qunnud Euyn nupnnipywt ypw b hplht hhpunk) wignphpedp: Ophtiwy, 2-yuthwih
nupusm pjul nhuypnd hupdwp Eyhunwplly htnbjug 22 nognmpegniabbpp [1,1], [1, —1], [-1,1], [-1, —1]:

Cunhwinip nhypnid jmpupubsynip puynud Jhnh pinpnipyniip junwpdnud Ehbnbywy Yhpy

X1 = X — ¥ * f' (),
npuntn y-u pwyh switht bk Quuyws dbpnnt wohimwnnd k, hnbpwghwibph wnbuwblniihg wyh
wdktwowynhdwyp sk, pwtth np upnn b hwinbu qup puquuphy nuwnwinidubp oyynhdw) ninpnipjut
opowtwlnud: Fw Jupnn k bwlb wnweowbiwy puyjh pwwn Uks (huknig: Smunwinidubph wynuyhuh ophtiuly
Juphbih £ wnbutl] bl -nud:

Ul hukpughwibph pbnnidibpp

Lowsnudp thunphnig wnwe wihpwdbon E hwiunqyty, np wyt gojnipinit nith: Opwqpuyht
wnbkuwlyniihg upth k ubpdnist) dh puth junwpniduabpng oyghnuubph qubpp, wnhgh ukpu ghin
U wuppbp qughtt Uhgwluypbiph hwdwp unnigl)] wpnnp gdughtt hwjwuwpnudlbph hwdwlupgp
lanhﬂlo E: Zwonnnipyjut niwpnud Ypunpkup nplk guuyhtt JEjunnnp b jubgubup dhthdhqughuyh juugphie
%% Core
clearvars -except price res sp b;

Pr = price(res(10,1),1:res(10,2));
K= sp”;

size(K,2);

size(Pr, 2);

i=1:mm

AGiL§) = max((Pr(1,j)-K(1,i)).,0);

iter = 0;
lambda = zeros(1,m);
sw = 0;

lambdaO = O;

direction zeros(1l,m);
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rad = zeros(1,m);

direc(m);

[1;5;10;15;25;50;60;75;100;150;200;250;500];

g = [0.001;0.01;0.1];

zeros(1,n);

100;

zeros(m,m);

%% Gramm Shmidt

A= A%;

[m,n] = size(A);

Q = zeros(m,n);

R = zeros(n,n);

for j = 1:n

v = A(,0);

for i = 1:j-1;
R(I,J) = QCz,1)" * ACZ,]):;
v =v - R(1,J) * Q(:,i);

T =T nWQ oQ
In

end
RU,J) = norm(v);
Q(:,3) = Vv 7/ RA.1):;
end
Q = Q7
R = R";
b = inv(R)*b;

A= A";
[m,n] = size(A);
Uju puiyjhg htnn Jupbih pinply dhthumuhts hwubkpne Uh pubh bpwbal, wewghip Uninnth
Ubkpnnny:
%% Newton
[p, lambdaO] = prob(lambda,Q);
for 1 =1:m
grad(i) = b(i) - p * Q(i,:)";
end
for i = 1:m
for j =1:m
HL.3) = (p -* Q(1,:)) * QU,)" - (P * Q(,:)") * (P * QU,)"):
end
end
direction = -H\grad-;
lambda = lambda + direction”;
[p, lambdaO] = prob(lambda,Q);
W = lambdaO + lambda * b;
Uhuwy nipnnipjutt nhiypnid Jupkih hotil] gqpunhtunh hwjunwl mnpnipjudp jud, bpl wnlju
Eu hwpgupluyhtt jpughpubp, upkih £ unbndt] utnp munnmipni: Qupkjh £ wmwppbp swihh puyipnyg
hotik] b puwnpk] wdktwowwmhdw) puyp: Udupwnh tpwt jhwdwpyh qpunpbunh tnpdh 0-htt Ununply
nunbw)p:
%% Grad Modified
for k = 1:m
while abs(grad(1,k)) > 10n(-4)
iter = iter + 1;
points(iter+1l,:) = lambda;
p = prob(lambda,Q);
for 1 =1:m
grad(i) = b(i) - p * Q(i,:)";
end
if potfun(lambda-0.1*grad,Q,b) < W
gamma = g(1,1);
temp = potfun(lambda-g(1,1)*grad,Q,b);
for i = 2:size(Q)
if potfun(lambda-g(i,1l)*grad,Q,b) < temp %
temp = potfun(lambda-g(i,1)*grad,Q,b);
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gamma = g(i,1);
end
end
lambda = lambda - gamma*grad;
W = temp
else
SW = sw + 1;
temp = potfun(lambda-0.01*D(1,:),Q,b);
tlambda = lambda-0.01*D(1,:);
for i = 2:mm
if potfun(lambda-0.01*D(i,:),Q,b) < W
it potfun(lambda-0.01*D(i,:),Q,b) < temp;
temp = potfun(lambda-0.01*D(i,:),Q,b);
tlambda = lambda-0.01*D(i,:);
end
end
end
lambda =
pp(sw, :)
W = temp
end
end
end
%% Final Distribution
lambdaf = lambda * inv(R);
p = prob (lambdaf,Q);
Bqpuljugnipnii. Opwgpuyhtt dwup qpyby b wyiybu, np nsdwt fwbtwyuphp puduljutht
&ynith E qupdky, b pnpnp hpunfpdwlabpnd wyi wjnndun wpuupunug]nid £ anp gupdwbibphi' (hih
nu Zkuup dwwnphgh uhignipyuphtt dnwn (hubk)p, jud vjuw nunnipynit ptnpkp, jud uyqpiwljut gutph
JEyunnpubtph quun (hubp: b dbpen, pnnp gnpstwljut ophttwjubpnid nidnidp hwuwbh £ Enky, Jipeht
hunbkpughwt dnwnwpyl E msnwdp 107**-hg 107 Lounmipjudp, hyp quwhwnynd t pujupup b
hudwywwnwupwind £ wpuwnwtiph tyuwnwlht:

tlambda;
= lambda;

SGpuljwinipinih
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22.11.2016.
H.J. Maprapsux

AJTOPUTMHUYECKHWHA MMOAXO0/1 K PEHIEHUIO ITPOBJIEMBI
MAKCHUMAJIbHOM SHTPOIINA

Iloxaszano npaxmuueckoe npumeHeHue Memooa MAKCUMANbHOU IHMPONUU NYMEM NPOSPAMMUPOSAHUS, d MAKJCe
npeocmaeiienvl pacuemuvle 3a0ayi u Memoovl ux peutenus. Llenvio pabomul aénsemcs paspabomka Kiaccuveckoll mMooenu u
ynyuuternue ee opyeumu memodamu. Cocmasnena npoespamma, ¢ noMoubio KOmopoll peuiaemcs, Kakou us memooog Haubonee
ONMUMAnbHbLL 0151 oCcmudiceHus: peuteHus. Boiuucnenua npogsedensi ¢ nomowwio MatLab.

Knrwouesvie cnosa: maxcumanvras snmponus, pacnpeoeienue, areopumm, mampuya I ecce, epaduenm, MatLab.

N.D. Margaryan

AN ALGORITHMIC APPROACH TO SOLVING THE MAXIMUM ENTROPY PROBLEM

A practical application of maximum entropy method using programming, as well as possible calculating problems
and ways to solve them are presented. The goal of the work is to make the classical model work and then try to improve it
using other methods. A program is written, with the help of which it is decided, which method is the most optimal for the
achievement of the solution. The calculations were done using MatLab.

Keywords: maximum entropy, distribution, algorithm, Hessian matrix, gradient, MatLab.

Uwpqupui Lwpbly Ywydhpeh - dwughunpnu (612)
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Quunuplyymd F junwjupdwl  wpyniiuybnngeniap phnipugpnn  wupwdbnpbph - gnpénbuyhi
Yhyménipnil wwbkjuyhlt wifugbbph phpwodundp: dkpymdnypniip Awpun/npmpinih i puguihugnky
Ykpnlpjuy  wuwpudlbnpkph  hnfuluguénipiniip,  wunugyws  gnpénbbkpp  Ghpwnk;  npwyku  pugunnpng
hnpnfumubibp nkgpkupnl JEpiniéniyenibhkph hudunnbpuwnnul:

Unwgpuyhti pwnbp. Jwpwjupdwml wpynibwbungenil, gopénbuyhl JEpményemnil, wwbkjughb
unifjuy ik

Ukpwdmpni: NEknwlui juwnwjwupdwb wppymbwdbnnipjut hhdbwhwpgipp jugunpka
ntuntdbwuhpynid ki htunhwinighnti munbuwghnmpjut oppwtmjubpnid: Mknwujut jurwqunp-
dwb wpnynitwbnnipinitt niuh hhdttwpup jupbnpnipnit mbnbuwwt qupgqugdwt hwdwp, pwih
np Jbpohtthu hwdwlwupquyhtt b gnpbuntwlut  wpymbwdbnmpmiihg b jujuws Epyponwd
unwhdwtugpuljuinipjut yunywd dujuppulijh wywhnynidp jud yipohthu nhdhghwnh Ypg&wnnudp,
wjuhlipl’ vwhdwiwnpuluwh hhdbwpup gpoypitph hpugnidp hpufwi Yubpnid: Uwhdwbwgpuywi
unpulpt hpuut Yyuiupnid wpnwgnibint, vwhdwbwunpuluinipjut nhbhghunnp swthbnt nt pdunbine
tywunuwlny dwubwghnwlwt qpulijuinipmniinid wpwewnpdlp b wpynibudbn junwdupdwb
Ubpnpupwiwlut (nisnidutp nt gnpshpujuqu [1]: Yunwjupdwit hwdwljupquyhtt b gnpsuntwljut
wpyniiw]bnm et myquihnpki wqynn gqnpént £ nbnbuwlub gmgubhsubph dpu: Uh Ynnuhg
wpynitw]tn jupwgwpyub hwudwlupgh, wi b owwnhdw] jupwjupdwi hwdwp wihpudbon
htunhnmunukph, gbhpuwnbusnipmittiph b Jbjuwihqdubph wnuwnipmitp, wbnbuwluwt  ponp
gnpswljuutinh hwdwp ppwduwhwjuuwp b wpgupugh juinubbph vwhdwinudp, whwswe nunuljut
hwdwlwupgh weluynipnitp, hojuwtnipjut pltiph wpynibwdbn hojjujuduwsdnipniit wywhnynn
quunilutph b hwljulphrutiph hwdwwupgh wnjwnipniit nt gnpéniubnipniup, Yneniyghnt nhuljtiph
ypdwnnudp b wyb, bpwbwluhnpbl wgnmu ko winbuwfui qupqugdui Jpu: Uptu §ondhg
Juplnpynud | junu]upldui gnpswnbwljut wpymbubnnpgoiip, wyb B Jbpnbppu) dkowihquukph
oywuhdw] hpwgnidp, Juwpwjwpdwd bhwdwp wbhpwdton  swpubkph owwhdwy Jdwlwphulh
uwhdwinidp b hpugnidp (op. Z2-mud 2015 p.-ht wyl Juquly £ 2U0-h dnwn 28%-p [2]), Ynpniyghni
Epunyputph  Ypdwwnnudp/puguenidp b wpl, pwbh np Jipghtitbphu npwihg b juju]ws
vwhlwbunpuluinipyu duuppulyp b npybu wswigyu) wpynip nbnbuwlwi qupgqugnidp:

Ujuintinhg hwuipg k dwqnud, ph nnp gnpéntibpt i wgnnud junwdupdw wpynibw buinipju
Jpw b nppwiny Lu Jpghtuubpu thnpjuyulgyus: Ywnwdupdwt wpymbuwdbnnipemniup, npybu
hwdpungpynit junbgnphw, punjugus £ ntnbuwfui, hpuwduwlui b donnyppudupuljut puqiuphy
gniguithoitiphg: Uju hnnpjuénud dbp tyuwwnwli b ubkpjuyugl], dwubwdnpuybu, junwupdui
wpynitwybnnipniip  punpnonn  qubwquin  gnpdnuttph thnjujuydusdnipnip, htyp poy; juw
htunnwqu Eynundtnphy quwhwwnwlubtbpnd juwnwpl] wowdl] doqphn dnpkih phwnpnipmni b
Unnpbkjubpnid ubpunt] junwjupdwt wpynibwdbnnipniip punpnonn gnpénuuyht hnthnpuwjub(ukp):

Gnpénuught JEpnudnipjut vbpnpqupwimipinit [3]: Snpéntiwght Jbpnidnipiniup jhpunynud k
bpym mbuwh pighpibph msdwb tywnwlng
1. puguwhwjnb] thnnpwlubibtph dholi Guwp hwoyh wolbinyg Ybpehtkphu dhelh wnljw
Ynnkjughnt jupudwénipjniup,
2. wjuqbgil] swhnquljuinpmip’ wjwuqbgubim] dnglnd welw thnnpwubibph pubulp:
Qnpénlught Jhpmsnipyui Unylyp dbwybpugnid hnlywg Yhpy (4]
“thgnip qnjnipinit niith N hwwn nhnwpynidutphg juqudws tdniy: Snipupwtisinip phinwpldwt
Ybpupbpju) gnuynipynih mukb p hwn pimipugphs gniguiithoubp (p thntnpwlubibp)
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X1
X2
prl =

Xp

U  tnthnjumubtbph  dwpbdwnhluljut vyguwundubpp b nduphwghntt  dwwnphgp
Yubpuyugykl hbnbyuy Yhpu [4]
H
H2

o117 O-lp
Hpx1 = S E

, Cov(X)=E=[ :

Op1
Py p

Blupwnpbip gnnipimit niikl m hwwn gnpéntlitp (F), npnbp sphnwpldnn rhnuwlwibbp b,
b npuigny wuydwbwynpdws £ X thnthnpuwljubiiph quphwghwt (ul. 1).

Opp

Uy 1. tYhuwplpyng b sphuwplyng thnhnfualubbbph dpol jup

Lowlwlbp A-n F thnhnjuwlwibbph X thnhnjuwlwuibbph Jpu wqpbgnippub swhbkph
dwwnphgp: Ujn dwwnphgh 4;;inwppbpp §ngynid kb phntjwésnipiniuikp (loadings):

Pwtth np X tdinthnpupwljutbph Juphughwt sh jupnn wdpnponipjudp pugunpdl) F
gqnpénubpny, wwyw §;-ny tpwbwlkup j-pn thnthnpwljwih Juphwghwyh wyt dwup, npp sh pugunnpdnid
F qnpénuutph dhgngny (nipwhuwnndly /niihljw)/ gnpéntubp):

Uwnnpl tbplujugikip gnpsniughtt Unnbyp: Innpuyghtt whupny wyb Y

X1 =+ Ay x Fy+ A Fp oot Ay % By + 63,
X = Uy + Ao ¥ Fi + App ¥ Fy 44 Ay ¥ By + 6,

X =+ A * Fy+ Ajp x Fp + oo+ Ay ¥ B + 65,

Xp = Up + Apy * Fy + App x Fyp + o+ Ay x By + 80
Uwnphguhlt nkupny wyb Yihth'

X1 M F, My
A o im !
X3 _ [ H I R : ] . F, + Ha
PA
Xp px1 Hp px1 p1 PMIpxm Fm mx1 Up px1
X=M+AF +8X—M=AF +8&: (1)
Qnpéniwghl Unybjh hwdwp withpudbon b, np pudupupdb htnbyw) wwpdwabbpp
1. E(F)=0,

E(6) =0,

3. cov(F) = E(FFT) = I, wjuhlipli gnpénlitikpp Uhdjulg htwn Ynokjugqus skl Upu nhypnid
Unntyp Yynsyp ninnuhwyug (orthogonal) Unyky, hull hwlwpwl nhypmd’ sknjwé (oblique)

Unnhy,
Yy, - 0 ‘
4. cov(@®)=¥=|:+ "~ , wyuhtpl niihuwy gnpdnuutpp Uhdjutg hn Ynnkjugws
0 Yym o
sk,

5. cov(Fé) =0:
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Yuplh E unwbw) X hnhnjuwlwitbph ynuphughnt dunphgp hwph wetking gnpénbught
Unnbh (1) hwdwuwpnudp.
Cov(X) = E[(X — ) (X — )T] = E[(AF + 8)(AF + 8)T] = E[AFFTAT + AF8T + 8FTAT + 887] = )
= AE(FFT)AT + AE(F8) + E(8FT)AT + E(887) = AIAT + A% 0+ 0« AT + ¥ = AAT + ¥,

Si1 Oy

ka=1 /11k2 ka=1 Alkﬂ'pk l/)11 0

0 .-
pPXp wpm pXp

=AM +¥ = +

>

8ip  Opp T Ak oy A’

m
811 = Z /llkz + P11,
k=1

m
850 = Z Aok’ + P22,
k=1

m H
2
8jj = z Aj” + P
k=1

Zenbwpwp uwnugynud £ np X; thnthnjowlwih quphwghugh h dwup pugunpymd b F
tnthnjuwljuibtph  phoijwsmpyut  dhongm] YT, Ajkz, Umgws dwup muhiuy qnpéntbbpny
h{ian ﬂjkz + ;;: Ghuhwyn E, np gnpénbiwghtt JEpnisnipjut nkuwlnithg, npput Uks L wnwghtt dwup,
wyupwt wybh juydu E Unnbjh npulyp:

Unjw kit A dwnnphgh giwhwndwi htwnlyjw) 3 hhdtwlwh dkpnyupwin pncbibp (5]
1. qiuuynp pununphsubph dkpnn (Principal component method),

2. giuwynp gnpénuutiph dbpny (Principal factor method),

3.  wnwybkjugnyt Lodwpunuwtdwinipjub Ukpnn (Maximum likelihood estimation):

Quuynp pununphsubph dbkpnnp £ dwwnphgp Gupwupynud Eougbiunpu) mwuppunisdut
/mEynuwynghghwih/ ogunugnpstynyg duwnphgh ubkthwljwl wpdtpubpp b ukthwlwi JEyunplkpp, nphg
utnugymu L Ay-tkph quuwhwnwljuttibkpp: Ophtl wpwght gnpéntth hwdwp Ay; = /Q; X e4, npnkn
Q;-n dwwnphgh wpwehtt ubkthwlwh wpdtpt b, hull e;;-p wyy ubthwlwb wpdtpht hwdwywwnwujuwt
ubthwwt JEjuninph woweht muppp:

Qnpéntiwghtt Jhpmousnipjut Unphith npuljp unimigqynid £ uuninpl puplydus
Ubkpnyupwinipyniukph Uhongny

1. Unnbjjughnt dwwnphgh dhongny (unnigynid b thnhnjpwljuikph Ynebjjughnt duwnphgp b
thnthnpowluttkph dhol Ynnkjjughuyh pupdp wunhdwth wnfuynipjut nhypnid (unynpupup
0.4-hg UkS), wnwewunid £ gnpéntiughtt Jbpnidnipjut withpwdbownnipinih):

2.  Pwpujbunh qunudlinipjub phuwn (Bartlett's sphericity test)

Kip-nye = —[(n—1) = 2R,
npubn p-tt hninjuwlubtbph pubwli k n-p’ ghnupymdubph pubwlp, R-p' §nekjjughnt dunphgp,
p(p-1)
2

—p wquunipjub wunhgubp:

Uju ptiunny unniqynud £ Hy Juplust wyt dwuhl, np gnpéntwghtt Jpnsnipjut uphp sfu:
Ept hwjuuwpdwi we dwup dbs L dwju dwuhg, wyw Hy Juplusp dbpddnud £ b wnwgwinid k
gnpéntwghtt YEpnidnipini junwpbint withpudbownnipniu:

3. Ut uunioh phuwn (Large sample test):
Qnpéntiwghtt Jhpousnipnit juunwpbjhu jupbnp £ hwdwpynud  gnpéntubph  pwtiwlh
plinpmpyniup: Ugh punplym: hwdwp gnynipynit niibh 3 phgmagws dkpnyibpp
1. Uwhdwiynid k npnpwlh vwhdwbwght mnnuuygpti okd, nphg wuwlwu sytiwnp t1huh gnpénuukph
gnidwpuyhtt innlnup:
2. dtpgynud bt wyb gnpénutikpp, npnug ubithwlwh wpdtputpp 1-hg Uks Lu:
3. Oquugnpdynid £ scree plot qpuubhlyp:

Zwgnpnhy Lupwnpkup, np gnnipnit nibkt npnowlh thnthnjuwfwiitkp, npnug gopdntwght
Jtpnidnipjut Lupwpllnig hknn wnwgyl) £ kplnt gnpént: Rwth np pojnp thnthnpuwlwtubpp wyy
gnpéntuibnhg gdwyhtt juwquénipnit niikb, wyw Yupnn Eup wyn gnpéntiibpt pugnitl)] npybu
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Eplswhwih nwpwénipjut wnwigpubp, hul thnthnpuwlwbbbpp tbpuyugil] npybu Yhnbtp wn
nwpwsénipjutt  Ukp, npnug Ynopphtwnbbpp  hwdwywunwupwibgynd  Bu thnthnjowlwbttph
pintJwénipniitbpht: Ujunithtnnl wihpwdbon £ nninwghuyh Gupwpll] Epntoju) wnwtgpubpt
wjiygbu, np Yhnbph dh dwub with dnn (hih wowght wpwigphl, hul mu dwup’ pypnpphic
Ujuhuyn k, np wyn Yhnbph dhob hwpwpbpulgnipmitubpp whwp £ juynit dbwbt, wjuybu upouyg
wpniip Juunwugyh: Gnmipinit nmbh pnnwghuwgh Epyne tqubwly: Unweht phypnid wnwugpubtpl
wguybu ki mknupwpdynwd, np h Jtpen npuip dtwb hpwp qniquhbbn, npp Yupwbwlh, np qgnpénuubpp
dhdjmighg wijwjp L (mpnuhuwjug pnnwghw): Gpypnpy phypnd payjunpynd £ wnwgpubpn
nbnuowpdt) wjtybu, np h Ypen ny gniquhbtn wnwugputp unnwugykl, b htnbwpwp qnpbl}hhhpn h1huk
nnkjugus (otn nnnwghw): Ninnuhuwjug pnunnwghwt jupnn L junwupdt) 3 tputwlng Juphdwpuh,
Epnithdwpuh b pniwpnhdwpuh [6]: (nnnughwih wdkbwnwpwsjws dkpnnp Juphdwpuh pninughwt k:
Ulp.2-nud ibplujugyws E pnnwghugh 2 bywialy

;

———r 7 et

Db consunghen L

Ul 2. munwughuyh wkuwlakpp

Ujuyhuny, gnpénbwghtt Jbpnsnipjut wpyniupmd pugwhwynynud Bu wyt sphwnwplyng
thnthnjuwlubtbpp, npnip hwigbkginud B ghuwpyynn hinhnjwlwtikph gpubnpdwip: Zwupg L
wnwowlmu, ph wpynp hhulpunlnop L vnwtw] sphunwplynn thhnthnjuwjutitbph npnpwljh wpdtputp,
npnip Juyupnibwlkt ghunnwplynn hnthnppwwbubph nkntjunynipniup: bpuljuinid gu htwpudnp
k: Uju utighpp poustne hudwp wnljw k 3 dkpnquputmpmoit [7]°

1. YonJws thnppugniju punwlniuhbph dbpnr,
2. nigpkupnt Ukpnnubp,
3. wnwy by Louupunubdwinipjut dbpnnp:

Qnpénuubiph wpdbputiph (factor score) wnwudtwhwwlnipniit wyt k, np gpuip Yupnn Eu
oquiugnpdi]k] hkinwqu Jhpmsmpmbikpnud npybu wpwidhi thnthnpwlwbibp, ophiwl nhgphuhni
Jbpmisnipjut Uk npybku wiulwp tothnpuwfubtbp: Unynpupwup gnpéntughtt  JbEpnisnipinit
hpuwljwwgubihu unwugynn puptqusd thnhnpuwwbbph wpdbputipp vnwinupunugynud tu wybybu, np
nipupwginip thnthnpuwlwih dhohtip (hunud k0, hull Juphughwt' 1: Uy phypnd, tpk puptjus
thnthnjuwjuth npblk ghunwpidwt hwdwp snwugduws wpdbpp hwdwyunwupwind £ owyy
thnthnjuwuh pughwnip tdniph dhehthg unwunupwn shndwi Yhnmuyght putwlht:

Junuwjupdwh wpymbuwdbnnpjuit gniguithotph qonpéntughtt guuwhwnmdp: Ppuubwgyty
b juruupiwt wppymbuwdbnnpmip puimpwugpnn donndppujupulul, hpuduwlwb b unghwy-
nbnbuwluwt gnigwihpuph gopéntughtt Jbpnisnipmit: dhpmdnipjutt  hwdwp  wihpwudbon
wnjuubkipp unwgyly i Zudwyhiwphuyghtt fubljh mbnbuwwt qupqugdw gniguithpubph wdyuyubph
onbtdwpwihg, htyylu twb Zudwpuwphuyhtt mbnbuwuwt hwdwdnnngh ndjujutph sonkdwpuihg b
Ppwbuthwpbkuuh buptpubpup) hwlwlinpeniyghnt juqUuibpynipjut wfjuitph snbkdwpwihg:
dhpnisnipiniip juwnwpyty £ 2011-2015 pp.-h wyjujutph hhdwb 4pu:

Yhunwpluws hnhnuwlwibbpt ko ynenogghwgh pbupdwi hwdwphlp, junwywpdub
wpynitbwybnnipyut hwdwphyp, duppjujhtt qupqugdwt hwdwphyp, hpudnituph ghipuljunipiu
hwdwphyp, hpluwtnipyut phtph mwpuiywndwt hwdwphyp, hyjpwinipjut mupubgwnnida puwn
unghw-ntnbuwfwi judpbph hwdwphyp, hojpwinipjut mupuigwnnudp pun unghw-nbnbkuwlub

nhpph hwdwphyp, qunwlui hplowtnipyub quynudp gnpswnhp hpiwim pyutp hwdwpep, opktunhp

hojuwtnipjut quunuip gnpswnhp houwtnipjwip hwdwphyp, wpgup phnpnipnitttph hwudwpehdp,
wquun b wilnpliwlu) dbnphuh hwdwphyp, pwphwuwpulnipyut Jwubwlgnipjutt hwdwphdp,

1hpipuy pEunypunhuygh hwdwphdp, wpnwhwjndwt wquuniput hwdwphlp, jurwjupniput
puthuwighimpjut hwdwphyp, juruwjupmpjut hwydbtnynqujuinipjut hwdwphdp, punulub
hohmwinipjutt hwydbunnqujuiinipjutt hwdwphyp, punupwlwib gnpshsukph hwunbky hwipught
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Junwhnipjutt hwdwphyp, hpluwbimpuit wnghunpufwi b hwybnynquljuinipejub
Juwbntwljupgbph hwdwphdnp:

Qnpéntiwghtt Jbpnwsnipjutt hwdwp phunwpldt] b qupqugus, qupqugnn b wignidught
Epypubkph 2011-2015 pp. wniw gniguthpubpn:

dhpsnipmiip junupdl) b ogiuwdnp punqunphsh dbpngnd, hul pninughwb' Juphdwpu
Enuuwlny: Uwnwgdws qnpénuttph quwhwnwluittpp uwnwgdl] o Yondws  thnppugnyl
pwnwljniuhibph Ukpnnny:

dhpnusnipjut wpyniupmd wupq b opuntinud, np Ynenmiwyghuyh pbujdwt hwdwphyp,
dwpnuyhtt qupqugdwt hwdwphyp, jurwjupdwt wpynibubnmpjut hwdwphyp & hpuyniuph
ghipuuwnipyut hudwphyp vhwdudwbtwl tkpunynmd ki wnwgwé pnnp qopénuttipnud, niunh
Ykpohtiikpu huplun]np k htinwgty guwhwinnidhg wfbjh npuljuy gnpséntibikp winubuynt hwdwp:

dhpnisnipjut wpyniupnid unwgynid k 2 gnpént: 2015 p.-h hwdwp uvnwgdus wpyniupubpl

(A%
Unyniuwly 1
Uwnugyué gnpéniilikp
Rotated Component Matrix*
Component
2015 1 2
Freedom of expression index 928
Liberal democracy index 919
Civil society participation index 874
Legislative constraints on the executive index 874
Clean elections index .865
Media bias 849
Judicial constraints on the executive index .840
Power distributed by social group 768
Power distributed by socioeconomic position 690
Division of power index 686
Transparency of government policymaking 913
Accountability of government 876
Public trust in politicians 857
Strength of auditing and reporting standards 845
Judicial accountability 614

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.

a. Rotation converged in 3 iterations.

Uwnuguwd 1-h gnpénip punugws t 10 gniguithohg, huly 2-pyp 5:

1-htt  gnpénunud  wupmbwldnd o hojpwtnipjut phbiph  nwwpubpwndwt  hwdwphp,
hojuwtnipjutt  wwpwigwwnnida pun  unghwj-ntnbuwlwut  judpiph  hwdwphdp, holuwbnipjul
nuwpuigwnnidt punn unghwj-nunbuwwi phpph hwdwphyp, puunwliut hpluwinipyui quunudp
qnpdwnpp hpluwtniputp hudwpp, opkunhp hpluwtnipjut quuynudp gnpswnhp hofwm pjubp
hwdwphdp, wppup puupnipnibubph hbwdwphyp, wquun b winndbwlu) dEnhugh hwdwphyp,
punhwuwpuynipyutt dwubwlgnipyutt hwdwphdp,  (hpkpu;  ghdnjpunhugh hwdwphdp,
wpunwhuwyndut wqunnipjut hudwphyn:

2-ny gqopénunud wuwpnitwldmud  Eu jupwdupnipjut puthwbghinpjut hwudwphyp,
Junwjupnipjub hwyybnynnujuiinipjuh hwdwphyp, nuunuljui hohuwtinipjut
hwodtnynnujunipjut hwdwphyp, punupwliwut gqnpshsubph hwbnby hwbpuyhtt qunnuwhnipju
hwdwphyp, hyjpwinipjut wninhunnpuljut b hwyyknynquljuinipjut jutntwwupgbiph hwdwphydp:

1-ht  gqopénumd  pununphsutph  Yndmjhwghwtt jupkh bt wbduil] quunudubph
hwljulohnutph hwdwlwpg juyt hdwuwnny, pwth np puggpywsd gnigwthpubipp tbpjuyugnd Eu
hojpwtnipjut  plbiph wwpwibpwwnnudp, hojuwbnipyub  jnipupwbynip plh  Ykpwhulynnnipniip
Umniutbph tjundwdp: Ujuintn hwpl £ ok, np gnpéntnud pungpldly B ny vhwyj gnpdwinhp, opkiiuhp
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b quunwlwt holuwbnipnibubpp punipwgpnn gnigwthpubp, wylb jpunynipniip b punupughwljui
hwuwpwlnipniip  tjupwugpnn  gnighsibp:  Lpuwndmpniip  ungnpuwpup whduignd  E 4-pn
hohiwtinipni,, pwtqh Jbpohtiu, niukbwiny hwbpwhtt wqpbignipyub pwjulwb nidky (Swljubp,
npnowlhnpkt yhpwhulnid b hpjuwtimpjut quuwlut 3 phbiph wpynibwdbnnipmiin: P ojpnwda
Jbpngputh, unwgus gnpéntp, wupmbwlbing punupughwljui hwuwpwlnipjuip punpnonn
gnigwiithoukp, ubpuyugunid k holuwtnipyjw 5-pn plp, np, nibbkbwny hpjuwinipjut wpnwunpniejub
1dwyp, punpnipniiibph dhongny thnpunud E hojuwtinipinip b wyjuyhuny hwinhuwinid hojawnipjut
nuuwljut 3 plubkph yEpwhulhy Epjupududjin dkjuwtthquh tnophting onuily:

2-n gnpéntup npnowlh Yndnijuwnpy hwdwphy L, npubtn htnbgpduws i junwdupdub
hudwljupgh puthwighlnipmniip, hwydbnynpujuinipmniip, wunjuw hwdwlwupgh vnnighs dkowithqu-
ubph wniuynipmiip b hwbpujhtt Juunuwhmpniut hpjowtnipjut hwunbky: Uju gopénub, h
wnwppbpnipnia 1-h, npt wykjh own tjupugpnud £ junwdupdwt hwdwljupquyhtt wpynibwybnnt-
pintup, ubpuyugunud £ junwdupdwt puthwighlnipmniut nt hwipuyhtt Juinuwhmpniup 4ipghthu
hwunty: Uju gnpéntp upny L dnunwplt) junwdupdui gnpsuntiuljut wpynibwudbnnipjubp:

Uwnnpl ibpluyugdus wnniuwyhg wupg b puninid, np uinugyus gnpénulitpp bpwiwljuih ko

Unyniuwly 2
KMO and Bartlett's Test 2015
Kaiser-Meyer-Olkin Measure of
Sampling Adequacy. 896
Bartlett's Test Approx. Chi-
of Sphericity Square 1946.831
df 105
Sig. 0.000

dhpnusnipiniip juwnwpyl) £ bwb 2011-2014 pp.-h hwdwp, npnig wpgniupubpp inybybu
tpwlwlwrh ka
Ungniuwly 3

KMO and Bartlett's Test 2014 KMO and Bartlett's Test 2013

Kaiser-Meyer-Olkin Measure of Sampling Kaiser-Meyer-Olkin Measure of
Adequacy. Sampling Adequacy.
.895 .905

Bartlett's Test of Approx. Chi- Bartlett's Test of ~ Approx. Chi-

Sphericity Square 1916.444 Sphericity Square 1877.772
df 105 df 105
Sig. 0.000 Sig. 0.000

KMO and Bartlett's Test 2012 KMO and Bartlett's Test 2011

Kaiser-Meyer-Olkin Measure of Sampling Kaiser-Meyer-Olkin Measure of

Adequacy. 929 Sampling Adequacy. 928

Bartlett's Test of Approx. Chi- Bartlett's Test of ~ Approx. Chi-

Sphericity Square 2219.601 Sphericity Square 2097.924
df 105 bf 105
Sig. 0.000 Sig. 0.000

2011-2014 pp.-h hwdwp vnugdwsd wpyniupubpp npujulwt wenwdny inytwfwb tu 2015 p.-h

qnpénulikphtt
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Ugniuwly 4

Rotated Component Matrix*

Rotated Component Matrix*

Rotated Component Matrix*

Rotated Component Matrix*

2014 Component 2013 [Component 2012 IComponent 2011 [Component
1 2 1 2 1 2 1 2
Freedom of expression Freedom of expression Freedom of expression Freedom of
index .932 index .938 index .954 expression index |.944
Liberal democracy index Liberal democracy index Media bias Media bias
.919 915 .924 914
Civil society participation Civil society participation Liberal democracy Liberal democracy
index 876 index 885 index 911 index 904
Legislative constraints on Clean elections index Civil society Civil society
the executive index participation index participation index
.868 .875 .893 .897
Clean elections index Legislative constraints Clean elections index Clean elections index
on the executive index
.860 .865 .880 .868
Media bias Media bias Legislative constraints Legislative constraints
on the executive index on the executive
index
.842 .848 .880 .865
Judicial constraints on the Judicial constraints on Judicial constraints on Pudicial constraints on
executive index 828 the executive index 846 the executive index 846 the executive index 830
Power distributed by social Power distributed by Power distributed by Power distributed by
rou social grou social grou social grou|
group .765 group 778 group .826 group .819
Power distributed by Power distributed by Power distributed by Power distributed by
socioeconomic position socioeconomic position socioeconomic position socioeconomic
711 744 .813 position .769
Division of power index Division of power index Division of power index Division of power
.644 .628 .682 index .705
Transparency of Accountability of Accountability of Accountability of
government policymaking government government government
.905 .902 .898 .886)
Accountability of Transparency of Transparency of Transparency of
government government government government
.890 policymaking .885 policymaking 876 policymaking .875]
Strength of auditing and Strength of auditing and Public trust in Public trust in
reporting standards reporting standards politicians politicians
.868 .872 .873 .871]
Public trust in politicians Public trust in politicians Strength of auditing Strength of auditing
and reporting and reporting
.837 .842 standards .856 standards .867|
Judicial accountability 601 Judicial accountability 606 Judicial accountability 677 Judicial accountability 647

Extraction Method: Principal Component Extraction Method: Principal
Analysis. Component Analysis.

Rotation Method: Varimax with Kaiser Rotation Method: Varimax with
Normalization. Kaiser Normalization.

Extraction Method: Principal
Component Analysis.

Rotation Method: Varimax with
Kaiser Normalization.

Extraction Method: Principal
Component Analysis.

Rotation Method: Varimax with
Kaiser Normalization.

a. Rotation converged in 3 iterations. a. Rotation converged in 3 iterations. a. Rotation converged in 3

iterations.

a. Rotation converged in 3
iterations.
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Gqpulwgnipyniu: Ujuyhuny, jurwdupdwt huwdwupgp pinipugpnn donnyppudupuju,
hpwului, unghwj-ntnbuwlui gniguihputph qgnpéntught Yhpnisnipjut wpnniupnid unwgytg 2
qnpénly, npnughg 1-hh wjuykg quunidutph b hwjulshnubph hwdwlwupg juyt hdwuwnny, npp upnn
t hwinhuwbwy junw]updwi hwdwlupquhl wppnibu]bnnpgmip dnnwplynng gnpént, huly 2-pyp’
Junwjupdwb gnpswnbwlut wpynibwdbnnipmniip tjupugpnn gnpdnt: Unwugyws wpyniipubph
hhdwt Jpu juqudws quuhwnwlubbpp pny; junwb htnwqu nkgpbupntt dnpbjubpmd Ypdunby
swthnqujunipnitp, fnwowhl]  doyuhinhbtwupmput juingphg b ghunwpll] jurwdupdub
hwdwlwpqujhit b gnpdwntwljwt wpynibwybnnipyniup punipwgpnn gnighsubp:
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I'.O. ABeTucsin

®AKTOPHBIN AHAJIN3 KOMIIOHEHTOB CUCTEMBI YIIPABJIEHUSA C
NMPUMEHEHHWEM ITAHEJIBHBIX JTAHHBIX

IIposooumces  paxmophuvlil aHanusz napamempos, Xapakxmepusyiouwux 3Q@eKmueHocmsy YAPAGIeHUs ¢
UCNOL30BAHUEM NAHETLHBIX OAHHBIX. AHAMU3 NO36OIUM BbIAGUMb 63AUMOCEA3b GbIUEYKA3AHHBIX NAPAMEMpPOs,
NpUMEHUmMb NOLy4eHHble PaKmopbl 8 Kauecmee 00bACHAIOWUX NAPAMEMPO8 8 KOHMEKCME PeepecCUOHHO20 AHAIU3A.

Knrouesnie cnosa: sghgpexmusrocms ynpasnenus, hakmopuviil aHau3, NanelbHvle OaHHble.

G.O. Avetisyan

FACTOR ANALYSIS OF THE COMPONENTS OF GOVERNANCE SYSTEM
WITH THE USE OF PANEL DATA

Factor analysis of the parameters characterizing the efficiency of governance is considered with the use of
panel data. The analysis will reveal the interconnection of the above-mentioned parameters; apply the obtained

factors as explanatory parameters in the context of regression analysis.
Keywords: governance efficiency, factor analysis, panel data..

Ugbtwnhujwu Gnpgh Ouplyh - B2, Stnbuwghunipjut b Ywnujupdut $uwlnyunbn, wuyhputn
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U.Q. LEpubuywt, .M. Ywphpjw

RE6MULUShaULU3PL HWESh <ESURNSNRUL NhdU3PL 3NRU3PL
sruvusdnruusnrh euENh3ELEMNNT GRMNMTY UBNP BRMUSPL
MU3UULLErh HY5NLNRU

Mundlnuuppyly F niduypl niguyhl npubupnplunnnpp gqubinulpul hwpnypnid GEpphl pbpdunpnipbbph
wphuynippudp  ghpdwunpdwmbuyhll puowp: Npnoyky F o ohwpnypmid  wdkbuwnwp  [Eknp wkpp o bpuw
okplmumnmpdwih Ukénipmniip wnpyjws dhounjuypbph  ekpluwumpdwmbbbpnh b ohpuunnynipnul  gnpSwlhghlph
plypnid:

Unwugpuyhti punbp. okpdwunpdwi, obpdunpinip, thwpnyp, okpdunynipui gnpéulhg:

Uppnitwpbpmipyutt. - wmwpphp pwquyuntbpnid gnps Bip mbkinud midught
npububnpduwinnputph  htwn:  Spwbudnplwnnph  wojpwwnwiph dudwbwml wbpwwnymd E ks
puwbwynipjudp otpunipnil, nph punphhy nwpwinud Eu hswytu dwqihuwhwnnppujupp, wjbybu §
thwpnypibpp: Gph hwpnypubipnud ohipdwunhdwip gipuquugnid E poygjunpbih dednipiniup, wyw
upwimd quuynn dkhniuhy Wynipbpp Jupnn Gu puypuydb] b mputudnpdunnpp pwthwgl: Niunh
npwbupnpiuwnnph £hon phntwynpiwutt hwdwp wiuhpwdbon bt hpwlwbwgily ebpdwuwnh&wbuyght
nuownh hwoupluwb pupdp &ounipmit npnokn] wdkbwnup Jhnh wbnp b bpu gkplwunh&wih
dbdnipnitip: Mughpp nmusknt hwdwp pugniunid Eup, np wpwbudnpdwnnph  thwpnyputph £
pupdpnipjudp utwdby quutwljut dwupdhtubp b, npnup niubkh rn bkppht b 2 wpunwpht pwnwyghnubp:
Zwpyh wrikiny, np wpububnpldwinnph hwpnypubpnud, tkppht ekipdwnpniputph 2unphhy, vhwynp
Suunid  wbgwwnymd E g pwhwlnipjudp obpunipmil, b thwpnypubpp hnjwinud  &a
npububnpdwinnpuyhtt nnyd, pughpp  tbpuyugdnud E onpybu  quibwub yuunud  ubppht
otpdwnpmniputipny ehpdwhwnnppujwinipyub gnpépipwg: Nhuntdtwuhpdwb hwdwp pugniind Bup
Eppnpn ubnh Eqpuyht ulm]dmhhh‘p, pwith np huwynth tu thwpnyph pynt dwulbplnypubpp nnnnnn
vhowuypbtph oipdwuwnhdwtubpp tu, te, b yunh duljipbnyph o, a2 obpdunynipjut gnpswljhgubtpp
(uh.):

3

ra

Ul QEplwunpdwulph pupfunidp npubupnpdunnnph thuwpnypnid kppnpy uknh kqpuyhlh wuydwbabph
plkupnid



unhpp uskint hwdwp  oquymud  Eup  obpdwhwnnppuljuiunipyut  nhdbpkughuy
hwjwuwpnidhg, npp Yupbih b ukpuyugul) huswybu [1].

10 (.0t) 4y _
rar(rar) + A 0, @

nph punhwinip (nisnudp Junpkih E ubpjujugub] hbnbyjwu tnbupny.

2
r
t _

nr + c,, 2)

npnbn  A-t thwpnyph  obplwhwnnppuljuimput  gnpswhhgh b, Ywilwum, i pupughl

otpdwunh&wp wuw, r-p thwpnyph pupwughly swnwyhnp, &
Ci, C2 -p hunkgpuutt hwunwnniiinbpb B, npnip Jupbh £ npnot) htnbywy kqpuyhtt wwydwbibnhg.

dt
ul) r=I"1, '}\$ 20(1 (tdl-tull)y

p) r=ry, t=ty2:

Oquiytny (w) b (p) Eqpuyhtt wuydwuutphg, unwind kup®

2
Qv .
Cl = IZJA - Bll . (t().l - tu[l)'

a1y [qorf
41 21

G =tyz+ Bll(tm u]])] fnr,,

npukn’ Bi; = “716 - Phnjh swithwhot B, t wi , ty2— p thwpnyph dulbplnypubph obipdwunhfutbtpt b,
e

C1, C2 hnkgpuwb hwunwinnibibph wpdbpubpp wknunpling (2) hujwuwpdub Uk unwnud
Eup.

2
t=tyzt x (r3-r%)+ [q;;1 -Biy (tdl-tull)] In é: 3)

tut, ty2 hwpnyph dwlkplnypibph ebpdwunhdwbitpp npnoymd ' bjiakym] Ununnt — (chudwih
pwtwdlihg.

Q1 =% (ty1 — tu/l) - 2mry ¥,

C)
Q2 =3 (tuyz — tyz) - 2112,
npuntn Qi b Q2 -p hwpnyph duykpbnypubphg wipwnynn okpdwihtt hnuph pmtwlubtpt ku, dw:
Zwph wnlikyny Qv thwpnpnid wnwgwgws gkpunt pjul putwlp
Qv=qv (7 —r®)me,
Juqunid Lup thwpnyph hwdwp okpduyhtt hnuptph hwsytyohep'
Q+Q=Q
b npnonud t w1, ty2 hwpnyph dulkplnyputph ghpdmumhdwhhhph Ubbnipniitpn.
q, ri-r?
tu2 —td2+ [( o tdz) o 23121] , ®)
1 v
tyr =t -7 | (terte) + 22| ©)

npunkn
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—(r2 _ 2y (L1 2p, 11
A=(ry —r{) (Biz + 2) + 1 fnrz,

= Bii _p; . g = %'
Z= 1—|—Bi2 Bllt’nrz, Bi, = P
Ujuyhuny, okpdwumhgdwih pupjudwi (3) hwjwuwpnidp thwpnyph qubwljut yqunh hudwp
Lubpyuyuglh htnlyuy nkupm]

_ Bij[1 _ L] [( i )_qvA] i 5?4t , T
t=tp+- B, lnr2 ti-t) - 5+ av B, + -+ i’nrz. (7)

Bpb pinmubip q=0, wyuhlipti' tkpphll obpuwnpmipubpp puguljuymu b, wyw hujwuwpnidp
niukbw wykih wwpq wkup.

2
1

o+ B (L 0T (b — o).
t=to+5 (5o —In7) (b — te): ®

Udkbwwnwp Ykwnh ry pwowdhnp npnphnt hwdwp (7)) hwjwuwpnudp wswugnd Gup b
hwjwuwpkgunid 0-h:
Uy nlwgpoud®

Bii’A Bip A r?
o= Bt B (vartn) -5 o
Uunwugqws ry-h wipdtpp mbnunpbing (7) hwwuwpdwi dbke’ unwiunid tup wdktwwnwp Yhnh
obipdwunh&wh dbdnipmnibp npnpnn  wpuwhwynnipemniy, nph nsmdhg unwugdus wpdpubpp
hudwywnwupiwnud u [3] gqpuljutnipjut ke phpdws dbdnipmniuubph:
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C.I'. Hepcecsin, A.I1. Kapuosin

UCCJIEJOBAHUE TEMIIEPATYPHOTI'O MOJISI BOBMOTKAX MACJISIHOTO
CHJIOBOT'O TPAHC®OPMATOPA TIPU TPAHUYHBIX YCJOBUSIX TPETBETO
POJIA

Hccnedosano memnepamyphoe noie 6 yuauHOpU4eckol 0oMomKe Cuio8oeo MACIAHO20 MpaHc@opmamopa
npu HATUYUYU GHYMPEHHUX UCMOYHUKO8 menad. Onpedenenvl Mecmopacnonodcenue Hauboiee Hazpemo mouku @
00MOMmKe U 3HAYeHUe ee MeMNepamypvl NPU 3a0AHHBIX MEMNEPAMYpax cpeo u KoIPGuyuenmax menioomoayu.

Kniouesvie cnosa: memnepamypa, ucmounHux menia, 06MomKa, Kodgguyuenm menioomoadu.

S.G. Nersesyan, H.P. Gharibyan

THE EXPLORATION OF OIL POWER TRANSFORMER WINDING TEMPERATURE
FIELD IN THE THIRD FRONTIER TYPE

The power transformer winding temperature field in cylindrical internal temperature centers is discussed, as

well as the turning point of the oil and the location of the hottest temperature in the presence of such media

temperature and heat transfer coefficients are decided.
Keywords: temperature, heat source, winding, heat transfer coefficient.

Lbkpubujwu UGnpuy Ybnpghh - wikhu. ghwn. phlji., pngkbn (2UMN2)
Qwphpjwt Cujfuwunnijunn Mwwhtup- nku ghu. phjl., gngktn (22 URL LUNU)
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ABOUT EQUIVALENT REPLACEMENT OF A FOUR - TERMINAL NETWORK
BY A LADDER CIRCUIT

Symmetrical and asymmetrical four-terminals are investigated from the view point of their equivalent
replacement by a homogeneous ladder circuit. The need for this appears when the numerical values of the
interesting operating parameters (current, voltage) are obtained between the i and (i + 1) -th (i € N) clamps of the
ladder circuit. To determine the elements of A- parameters when splitting a symmetrical four-terminal network, the
theory of homogeneous long lines is used. To determine the elements matrix of A coefficients when splitting an
asymmetrical four-terminal network an analytic solution is given.

Keywords: homogeneous long lines, symmetrical four-terminal network, asymmetrical four-terminal network,
matrix of A coefficients, homogeneous ladder circuit.

Introduction. In laboratory studies of homogeneous long lines, the line is modeled by a ladder circuit
[1,2].

Generally, when investigating the graphical distribution of basic electrical quantities along a
homogeneous ladder circuit, extreme points with fractional abscissa are often observed. This makes it
difficult to determine the specific clamps of the ladder circuit, as well as the parameters of the new four-
terminal network.

Statement of the problem. In this paper, a method for calculating the elements matrix of A-
parameters of a symmetrical (asymmetrical) four-terminal network with its equivalent replacement by a
homogeneous ladder circuit is proposed.

First consider the case of a cascade scheme of symmetrical four- terminals, which modeled
homogeneous long lines. In [3] a new settlement model of a homogeneous long line was developed on the
basis of relations that determine the mode of operation of the line at its various points. The line equations
expressing the voltage and current at the input through the voltage and current at the output in the
hyperbolic form have the following view [1, 2]

{UO = Uychyl + Zyl,shyl,

Iy = ZioUzshyl + Ichyl, 1

where, Z,- wave impedance of the line; y- propagation coefficient of the line, [- length of the line.
It is known that homogeneous line can be replaced by a symmetrical four-terminal network with

respect to the input and output terminals [1, 2] (Fig. 1a). The system of equations (1) is analogous to the

equations of a symmetrical four-terminal network in hyperbolic form, whose matrix of A coefficients are

as follows

chyl Z Oshyl]

A = Lishyl chyl @

where propagation coefficient of the whole line yl corresponds to the propagation constant g, and wave
impedance Z, corresponds to the characteristic impedance Z. of the four-terminal network [2].

0 I i 2 o fo L 1 I, 2
— AW [—>* — > 4A(/2) > Alj2) e
Uoi A iUz Uoi Ull luz

— | L . VA VA

’ ’ *-— < ————o

0 2 0, 1! 2/
a) b)

Fig.1. Equivalent scheme of dividing the four-terminal network into two new four-terminal
network: a- Initial four-terminal network; b- The formation of two units, equivalent to the
original four-terminal network

To study the operation of the line at a distance [/2 from its end, the system (1) is rewritten in the
following form
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Ul = Uzchyl/z + Zoizshyl/z,
Iy = —Upshyl/2 + Iychyl/2. 3)
0

In this case, the line can be replaced by a cascade connection of two four-terminal network (Fig. 1b), with
respect to the A coefficients of which the following equality holds [1, 2]
Al/2) - Al/2) = A(D. “
In the expanded form, equation (4) is as follows
[ chyl/2 ZBshyl/Z] [ chyl/2 ZBshyl/Z] [ chyl ZBshyl]

Lshyly2  chyl/z || =shyl/2  chyl2 )

ZiBshyl chyl

and is really an identity.

A homogeneous line divided into k£ equal sections of length [/k is equivalent to a ladder circuit of &
identical symmetric four-terminal network. To determine the operation of the line at a distance [/k from
its end, the system (1) is rewritten in the following form

{Uk = Uychyl/k + Zyl,shyl/k,

I = Z—loUzshyl Jk + Ichyl/k. ©)

It follows from (6) that the matrix A coefficients of the corresponding symmetrical four-terminal network
will be as follows

chyl/k  Zyshyl/k
A/l = Li shyl/k  chyl/k ] )
0
The relation between the coefficients A(l) and A (i) is obtained as the following expression
TA(D = A(l/k). (®)

Let us consider an equivalent circuit for replacing an asymmetric four-terminal network by a cascade
connection of two identical units (Fig.1 a, b). Let the four-terminal network shown in Fig. 1a is the initial
four-terminal network with known primary parameters. Let us define the parameters of the new four-
terminals (Fig. 1b). The four-terminal network in Fig. 1a has a matrix of A coefficients, and the desired
four-terminal network (Fig. 1b) has the matrix of VA coefficients:

a b X
A= [C dal’ \/Z = [u 1}; i
the condition is satisfied [1, 2]:
detA = ad —bc = 1,detA' = xv—yu = 1. ©)]
From the foregoing it follows that
[x y] , [x y] _ [a Bl o [x2+yu xy+yv] _ [a b
u vl lu vl le d' lux+uv uy+v? c dr
From the last equality of two matrices will be obtained a system of four equations:
x2+yu =a,

xy +yv = b,
ux +uv =c, (10)
uy +v? =d,

which has four solutions:

W =z, Uy =z, Uz =475 uy=—zp;

Y1 =Uk, Y =-y1, Y3=usk, ys=-—ys;

v = ﬂd - ku%, Vy = —Vq, V3 = \Id - ku%, Vy = — V3,

X1 = Vv12+(a_d)l Xy = —X1, X3 = va-l_(a_d): X4 = —X3,

a,+ |a2-4aqa;3
where 2, = ————,a; = (a - d)? + 4bc,a, = 2c?(a — d) + 4c?d, a3 = c*.
1
The solution of system (10) is a set of four matrices:
A = X1 J’1] _[™* —J’1] As = X3 J’3] _ [—x3 _3’3]
17wy vl 27wy vl BT lug vl T l-ug —wsl

For physical realization, it is necessary that condition (9) be satisfied. It's obvious that
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detA; = detd, =1,
{detAg =detA, = -1,
detA, = detA, = —1,
{ detA; = detA, = 1.

Only two of the results obtained satisfy the condition of a reversible (mutual) four-terminal network.
These results are identical.

Conclusions. For symmetrical four-terminal networks form (2), coefficients matrices
“[A(1) = A(l/k) are obtained in the similarity of homogeneous long lines. An analogous formula was
obtained for asymmetrical four-terminal networks and formulas for determining the elements of the
matrix of VA coefficients were derived.
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Q.Jd. Swpnipniujwt

LUNUALGYLNL C1EFU3ULLUL UubUU3NY UV UNMd6L eonurMpslnih
uuubhu

ZEunwgnunlky kG updbuphl b ns updlnppl punwplbbnikp  hunfwuke pppuywlwl ujibdugny hunfupdbp
hnpnuphinfwl nkuwlbnpg  Onpuuphinful whbhpudbpnnyeniip wpwowinul F Epp pppugului ujukdugh
nhdpdughll wwpwdbnplph (hnuwbp, jupnid) pyughll wpdbphlpp wnugynid ko i- pp & (i+1)- pp (( €N)
ubnuwlakph dpol: Updkuphl punwplbnh wnpnhiwl wppynipnid vinugyws sppuyulul ujubduyh punwplbbnh A
vunnphgh wwpuwdbupbph npnodwl hunlwp, Jhpwnynud Fopuppijusd qupudbupbpny Eupulul pppugh
wkunypiniip: (1 updbnphl punwplhlnh wnpnhdwl wppniipnid vnugyus sppuyulul uubdugh punwplbknh A
dunnphgh wupudbupkph npnpdwl hudwp phpynid Fwbugpinply inidnid:

Unwigpuyhll punkp. puopijud wupwdbnpbpny sppuwikp, updkuphl punwphbn ns updbnphl punwphin A
wupwdbnpkph dunphg hwdwubn pppuyului upubdw:

I'.B. ApyTionsin

OB DKBUBAJIEHTHOM 3AMEHE YETBIPEXIIOJIFOCHUKA IIEITHOH CXEMOM

Hccnedosanvl cummempuunvle U HeCUMMEMPUUHbLE YEMbIPEXNOTIOCHUKY ¢ MOYKU 3PEHUs. UX IKBUBANCHMHOU
3ameHbl OOHOPOOHOU YenoueyHol cxemol. Heobxooumocms 6 3mom nossnsemcs, Koe0d YUCIeHHble 3HAYEHUs.
UHMEPECYIOWUX PEACUMHBIX NApaMempos (mok, nanpsyicerue) nonyuaiomes mexncoy i- vivm u (i + 1)- vim (i € N)
3ancumamu yenouxu. s onpedeieHus 31eMeHmos mampuyvl A napamempos npu OpoOAeHUU CUMMEMPUYHOSO
YemblpeXnONOCHUKA UCHONIb3YEMC Meopusi JUHUU C  PACHpeOeleHHbiMU  napamempamu. s onpedeieHus
anemenmos mampuyvl A napamempos npu OpoONeHUU HECUMMEMPUYHO2O HemblPeXNONOCHUKA NPUBOOUMCSL
aHanumuieckoe peueHue.

Knwuesvle cnosa: yenu c pacnpeoeyieHHbIMU NAPAMEMPAMU, CUMMEMPUUHBIIL  YemblpeXnONOCHUK,
HeCUMMEeMPUUHbIL YemblPeXnoCHUK, Mampuya A napamempos, 00HOPOOHAs YenHas cXxemd.

Harutyunyan Gohar Vachagan - National Polytechnic University of Armenia, Laboratory assistant of the
Department of Electrical Engineering and Electric Drive of the Institute of Power Engineering and Electrical
Engineering
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NPUMEHEHUE MOTOPHOI'O PEXKUMA HA ITAPOBBIX TYPBUHAX
IAPOT'A30BBIX YCTAHOBOK BOJIBIIOM MOIITHOCTH

Hccnedosanvl  mexHuyeckas B03MONCHOCb U IKOHOMUYECKAs YenecooopasHocmy  NpUMeHeHUs.
MOMOPHO20 pedicuma napogoti mypournst II'Y-450 kax cnocoba peszepsuposanusi ee mowHocmu. Ilokazano, umo
npu pabome napozazosou ycmanoexu (III'Y) 6 KoHOeHCayuoHHOM pedcume nepesoo NAposou MypOuHvl 6
MOMOPHBILL PENCUM C NOTHBIM OCMAHOBOM 2A308bIX MYPOUH U KOMIOS-YMUIUIAMOPOS C Yeablo pe3epeuposaHus
mowpocmu III'Y-450 na 9...11 yac sxkoHOMuUYecKU yerecoobpasHee, weM NpU OCMAHOBE NAPOBOU MYPOUHDBL.
Ilpumenenue MOmopHo20 pexcuma Ha napogoi mypoume npu pabome III'Y @ mennoguxayuonnom pesxicume
N0380NAEM CHU3UMb HUICHIOND 2paHuyy pecyauposouno2o ouanazoua III'V-450 oo 40..45% om momunanvuou
MowHOCIMU ¢ OOHOBPEMEHHBIM YVBeludeHueM ceHepayuy meniosou dHepeuu. llpumenenue maxoco pexjcuma
pabomsl IIT'Y sxonomuuecku onpasdaro 6 npedenax 3...6 uacos.

Kntouesvie cnosa: mexnuueckas 603MONCHOCHIb, IKOHOMUYECKAsL YeIecO0Opa3HOCY, Napogas mypouua,
MOMOPHBIL  PeNCUM, Pe3ePEUPOSanue MOWHOCMY, OIUMETbHOCMb NYCKA, COKpaujeHue, Npubblib CMAanyuu,
3ampamul MONAUBA U DEKMPOIHEPSUL, 2PAPUK-3a0aHUe NYCKA, PACUUPEHUE, Pe2YTUPOBOUHbI OUANAZOH.

B nacrosmiee BpeMs B SHEProcUCTEMax pa3iIM4HBIX CTpaH, B TOM uucie Poccun u ApmeHun,
aKTHUBHO BHEJAPSIIOTCS MOIIHBIE IapOra3oBbleé YCTAaHOBKH C KOTIAMHU-YTHIH3aTOPAMH, SBISIOIIMECS
OJHUM M3 HauOojee paclpOCTPaHEHHBIX THUIIOB T'€HEPUPYIOIIUMX YCTaHOBOK Ha IMPHUPOAHOM Tasze B
MHUPOBOH YHEPreTHKE. YUHUTHIBas MX BBICOKYIO SKOHOMUYHOCTh, 0COOCHHO TEIIO()HUKAIMOHHOTO THUIIA, B
OOJIBLIMHCTBE CIy4YaeB OHH MPOSKTHPYIOTCS AJIsl SKCIUTyaTallul MPEUMYILECTBEHHO B 0a30BOM PEXUME C
MUHHMMAaJIbHBIM KOJIMYECTBOM ITyCKOB U U3MEHEHUH Harpy3KH.

Bmecte ¢ Ttem B mpouecce skciutyatauun III'Y, o0coOeHHO MpH NPUBICYEHUH UX K
PEryJIUpOBaHUI0 MOIIHOCTH 3HEPrOCUCTEMBI, BBIIBHINCH IPOOJIEMBI, XapaKTepHble Ui 000pyl0BaHUSA
[II'Y Ha 4YacTUYHBIX HArpy3KaX, B YaCTHOCTH: YXYJIICHHUE DKOJIOTHYECKUX XapaKTEPUCTUK; 3aMETHOE
CHIDKEHHE HKOHOMUYHOCTH Pa0OThl ra3oBeIXx TypOuH u III'Y B memom mnpu paboTe HX HHXKe
OIIPEJEeNICHHON MOIIIHOCTH; CHM)KEHHE HAJEXKHOCTH pabOThl a30BOM M MapoBOil TypOMH U PAl APYIHX,
YTO OrpaHMYMBAET PETYJIMPOBOYHBIN AMana3oH dHeprodsnoka. Tak, HIKHSS TPaHUIA PEryJIUPOBOYHOTO
nuanasoHa I1I'Y-450 naxoxutcst Ha ypoBHE 59..62% 0T MakCUMajabHOM Harpysku, 4TO 3HAYUTEIBHO
yCTymaeT aHAJIOTMYHOMY IIOKAa3aTell0 KOHACHCAIMOHHBIX JHEProOJIOKOB Ha Tra3oMa3yTHOM TOIUIMBE.
Hcnonp3oBanue xe pexuMma OCTaHOBa 4acTH 00OPYIOBaHHMA — OJHOHM M3 ra3oBbIX TYpPOMH M COOTBET-
CTBYIOILIETO KOTJIa-yTUJIM3aTOpa C LEJbI0 PACIIMPEHUs] peryaupoBouHoro nuamnaszona [II'Y-450, kak
MOKA3bIBAET OIBIT HKCILTyaTalluH, CBI3aHO CO CHUKEHHEM MaHEBPEHHOCTH U HaJeKHOCTH padoTsl [1IY.

Eme onna »skcmiiyaranuoHHas mpobnema III'Y 3akmrouaercs B TOM, 4YTO IIOKas3aTelu
MaHEBPEHHOCTHU Ta30BbIX W MapOBOW TYpOMH CHIIBHO OTJIMYAIOTCA APYT OT Apyra. Tak, mocie ocTaHoBa
Ha HOYb ra3zopas TypOuHa myckaercs 3a 10...15 mun, Toraa kak Ajs mycka napoBoil TypOHHBI TpeOyeTcs
60...65 mun. DTO MPUBOAUT K TOMY, UTO Tpu pesepBupoBaHuu MoutHocTH III'Y myTem mx ocraHoBa B
[enoM o0mias JUIHTENFHOCTh IOCHEIYIOIIET0 ITyCKa OMpEAeNseTcs B OCHOBHOM BPEMEHEM ITyCKa
mapoBoi TypOuHEL. Kpome Toro, BBIHYXICHHBIH cOpOC BBIpaOOTaHHOTO KOTIOM-yTmim3aropom III'Y
mapa B KOH/ICHCATOP M3-3a2 HETOTOBHOCTH MAapoOBOH TYpOWHBI K PUEMy Tapa MPUBOJHUT K 3HAUUTEILHBIM
TOTEPsIM TETlJIa U TOTLIMBA B mporiecce mycka [1].

OueBUHO, YTO HOYTU IIOJIHOE HCIOJIb30BAHUE PETYIUPOBOYHOrO JAMAIA30HA TPAJULIUOHHBIX
TeroBbIX AekTpoctaniuii (TOC) B Omwkaiinieidl NMepcrneKTUBE BBIHYKIACHHO IMPHUBEIET BCe B Oolee
LIIMPOKUX MaclTabax K OCTAaHOBY C IOCJIEAYIOIIMM IIyCKOM Ha BpeMs IPOBAJOB HAarpy3Kd HOYBIO U B
BBIXOJHBIE THH BEICOKOOKOHOMHUYHBIX OJIOKOB, B TOM umcie u [1T'Y.

Pabora 06opynoBaHus B yCIOBHUAX YaCThIX IIyCKOB MU OCTAaHOBOB IIPUBOJUT K €0 MOBBIILIEHHOMY
W3HOCY, BBI3BIBAIOLIEMY CHHKEHHE SKOHOMHUYHOCTH M HAJCKHOCTH. DTO HEOOXOAUMO UMETh B BUIY IPH
pelIeHHH BOIpoca O pexuMme paboThl YHEProOJIOKOB B YCIOBHUAX IEPEMEHHOro rpaduka Harpysok.
OCOOEHHO TpYyAHO HPEAOTBPAaTUTh CHIDKEHHE HAIEKHOCTH M 3KOHOMHUYHOCTH TypOoarperaTtoB IpH
OBICTPBIX IyCKaX, HEOOXOAUMBIX Ul PEryIUPOBaHUs HArPy3KU SHEPTOCHCTEMBI.
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CymecTBytomasi NpakTHKa IepeBofa HEProOIOKOB B PEXHUM C MUHHMMAIbHOW Harpy3ko B
Ipeaesax peryJMpoBOYHOTO JUala30Ha HE BCErJa ONpaBJaHa ¢ TOUYKH 3pEHUs] KaK S3KOHOMHYHOCTH, TaK
Y HaJeKHOCTH.

AJBTEpHATHBHBIM CIOCOOOM BBIBOJIa DHEPrOOJIOKOB B PE3EPB C IOJHBIM CHATHEM aKTHBHOM
Harpy3ku siBnsiercs MoTopHBIA pexxum (MP). [Tonm MP typOoarperara moHMMaloT PEXHUM €ro padboThl
0e3 momaum pabodero mapa B TOJOBHYIO YacTh TYpOMHBI depe3 ee IapoBILyCKHBIE OpraHbl 0e3
OTKJIIOUEHHsI reHeparopa oT ceTd. llpum 3tom TypOoreHepatop paboTaeT B KauecTBe IBUraTeis C
CHUHXPOHHOM 4YacTOTOM BpallleHHs, MOTpeOJisii W3 CEeTH AaKTHBHYI0 MOIIHOCTb, HEOOXOAUMYIO JUIs
KOMITCHCAlIMM MEXaHMYECKMX W BEHTWIAUOHHBIX TIOTEPh MOIMHOCTH B TypOHWHE, a TaKXke
NIEKTPUYECKUX U BEHTWSILIMOHHBIX NMOTEPh B TypOOreHepaTope; B TypOMHY NMONAETCS HE3HAYUTEIbHOE
KOJIMYECTBO Tapa AJsl OXJIAKACHUSA MPOTOYHON YacTH IMUIMHAPOB, a B KOHACHCATOPE MOJAECPKUBACTCS
HOMUHAJIbHBIA BaKyyM, YTO 0OecrieyrBaeT OCTyIICHHE ITapa B KOHAEHCATOP U €ro KOHJeHcaluo [2].

Ha puc. 1 npuBemeHa ympollueHHas TEIUIOBas CXeMa pealu3aldd MOTOPHOI'O peXHuMa Ha
napoBoii Typoune T-150-7.7 sneprodmnoka I1I'Y-450.
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Puc. 1. Pacuemnas cxema nooauu napa Ha ynjiomueHus u 8 npomounyio yacms mypounsr T-150-7 npu nepegooe
ee 6 momopubwiil pexcum: L{B/] — yununop gvicoxoeo dasnenust, LIH] — yununop nuszkoeo oaeienus; [ H—
eenepamop, L[H — yupkyaayuonnsiii nacoc, KH — konOdencayuonuwlii Hacoc; K — xondencamop

IIpn pabore III'Y B KoHAeHcamMOHHOM pexume MP Moxer OBITH HMpPHUMEHEH Kak CIoco0
pesepBupoBanus MomHocTd III'Y npu mpoxoxkaeHHM HpoBanoB IrpadHka JIEKTPONOTPEONICHUs, MpPH
aBapUIHBIX 1 HEIUTUTENLHBIX ocTaHoBax (Ha 8...10 yac) ra3oBEIX TypOHH.

Jns obecrieyeHnss HanexxHOH paboTel TypOuHsl B MP  HeoOXoaMMO OpraHu3oBaTh — IOjady
napa Ha yIUIOTHEHNSA U B IIPOTOYHYIO 9acTh:

1) momaya cBexero mapa Ha TEPEIHME KOHUEBBIE YIIOTHEHUA - Dpy..,,  (Temmepatypa -

160...220 °C) u Ha Bmyck LB - D, (marenue - 0,1 MIla, temneparypa - 450 °C, pacxon -
0,1...0,30 xe/c);

2) mojava mapa Ha 3aaHue KoHuenbie yruotHeHus [[BJ] u va ynnorHenust [IH]I u3 komnexkropa
napa ymiotHenuit - D, (temmepartypa - 160...180 °C);

3) nogauya Ha Bryck I{HJI oxnmaxnatomiero mapa ot juHuu nogauu mapa Ha IICI-2 cocenneit
Typ6unsl - D, (naBnenue - 0,1 Mlla, temneparypa - 100 °C, pacxoz - ot 0,3 10 3,33 ke/c B 3aBHCHMOCTH
OT JIaBJICHUS B KOHJICHCATOPE);
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4) npu HEOOXOAMMOCTH, AJIS CTAOMIM3ALMU TEMIIEPATypHOIO COCTOSHUS MOCIEIHUX CTyHEeHel
HOHJA (npu maBinenun B koHaeHcatope Bbime 0,011 MIla) BritoyaeTcsl INTaTHash CHCTEMa BIIPBICKA
KOHJICHCaTa B BBIXJIONMHOM natpyook [TH/I.

Kak mokazanmu pacdeTHblE HCCIIEIOBAaHUS TEMIEPATypHOTO COCTOSHHSA CTyIEHEeHl TypOWHBI
T-150-7 B MOTOpPHOM peXUMeE, pe3yJbTaThl KOTOPHIX M3JI0XKEHBl B [2], mpeaoKeHHasd cxema MoAadu
OXJIQXKIAIOIIETO ITapa B TypOuHy Ipu ee padote B MP npu nasienun B koaeHcarope 0,004...0,008 Mla
o0ecrieyrBaeT OTKIOHEHHE TeMIIepaTypbl MeTaula CTyneHel TypOuHbl He OGomnee yeM Ha 30...35 °C mo
OTHOLICHUIO K TeMIlepaType HOMHMHAJIbHOro pexuma. [Ipu 3TOM AJIUTENBHOCTh CTaOMIIM3AINU
TEMIIEpaTypHOTO COCTOSHHS JIOIATOK IMapoBoi TypOmHbI cocrasisier 10...15 mun, mocme gero TypOuHa
MOXeT paboTaTh B TAKOM PEKUME AJIUTEIBHOE BPEeMs.

OnHoit n3 ocobeHHOCTEH PabOTHI MapoBoil TypOMHEI B MP sBiIsSI€TCS BO3MOXKHOCTD YIIPABICHHS
ee TeMIIepaTypHbIM COCTOSHHEM IyTeM H3MEHEHHUsS pacxXoJOB M MapaMeTpOB OXJAXKAAIOUIMX TOTOKOB
mapa, 4To MO3BOJIIET MEepel]] ee IyCKOM CO3/1aTh He0oO0XOIUMMOE TEIUIOBOE COCTOSIHUE IapOBITYCKHBIX
9JIEMEHTOB MapOBOH TYPOMHBI B COOTBETCTBHHU C TPEOOBAaHMSIMU ITyCKOBOM MHCTPYKIIMH K TTO/Ia4e mapa u3
KOTJIOB-YTHJIN3aTOpoB Ipu mnycke III'Y U3 OCTaHOBIEHHOIO COCTOSHMA. OTO O3Ha4yaeT, 4To Habop
Harpy3kd Ha TapoBOW TypOWHE MOXKET WIATH MapajuleIbHO HATPYXKEHHUIO Ta30BBIX TypOHH, IPH 3TOM
ra3oBble TypOMHBI MOTYT MyCKaThcd HapajuieibHO. IIpy HU3KMX MapaMeTpax M MallblX pacxojax napa
BBICOKOTO W HH3KOTO JaBJICHHH €ro MOXHO TII0JaTb B IAPOBYI0 TypOWMHY C HCHONB30BAHHEM
BO3MOKHOCTEH CXEMbl MOTOPHOTO PEXMMa, & MO0 MEpPE WX IMOBBIIIEHUS — IO TUIIOBOM CXEME, YTO
MOJTHOCTHIO WCKITIOYAeT WM MaKCHMajbHO CHIDKAeT MPOIYCK mapa B KoHaeHcatop uepe3 BPOY. C
YYETOM yKa3aHHBIX 0COOEHHOCTEH COCTaBlIeH OPHEHTHUPOBOYHBIN rpaduk-3ananue mycka [1I'Y  (puc. 2),
U3 KOTOPOIr'0 BUIHO, YTO AnuTenbHOCTh mycka III'Y cocraBnser okono 40 mun BMecto 80...85 mun npu
mycke [1I'Y mocne ocranoBa Ha 8...10 vac ¢ ocTaHOBOM IapoBO# TYpOUHBI [5].
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Puc. 2. Pexomenoyemwitl epagur-3adanue nycka III'Y 6 eapuanme nepeeooa napogoii mypounsi 6 MP;

NppisMppys Ny — 000pomor 1-ii u 2-ii 2azoewix mypoun u napoeoti mypounvi; N 5rrs N oy Nopr —

Mmownocmu 1-ii u 2-ii -eazoevix nypbun u naposoii mypbumvi; B [ — PAcxo0 HamypanibHO20 MONIUEA (2a3a)

Jns cpaBHeHus 3¢ dexruBHOCTH puMeHeHuss MP paccmatpuBaeTcs mpuObUIb CTAHIIUH B IEPUOLT
pE3epBUPOBAHUS W TIOCIEAYIONET0 Mycka oOopynoBaHuss W Harpyxenus [I['Y 10 HOMUHAIBHOM
Harpy3KH JiJIsl BAPUAHTOB MOJHOTO ocTaHoBa obopyaoBanus [1I'Y u nepeBoaa napoBoit TypOouHs! B MP.

B nepBomM BapuaHTe NpUOBUIb CTAaHIIMK 00YCIIOBIIEHA ITPOAAXKEN 3JIEKTPOIHEPTUH, BEIpaOOTaHHOMN
Ha dTane mycka (S,,,,,), 4 3aTpaTaMu: Ha TOIUIMBO HA 3Tamax pesepBupoBanus (§,,) u mycka III'Y

(S}, ); 3aTpaTOl SIEKTPOSHEPIHH HA COOCTBEHHBIE HY Kbl IPH ITYCKE (S 5., ) T-€.
Sy = Ss0mp = Stp = Stn = Socunr » Q)

501048
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Sl = 6390171’ (1 - aCHOI'[P )_ Cr (B30HP + AB]YPOIYPTIYP ) > (2)

rae C,,C, - COOTBETCTBEHHO CTOMMOCTB TOIUIHBA (py0/mym) U 310eKTpodHeprun (py6/MBm.u); B,,.» -

pacxon TtormBa npu mycke IIIY (MBm-w); - BbIpabOTKa DIEKTPOIHEPTUU B MpOIECce MycKa

QOHP

(MBm-y); Q yopp - CPEMHAA JONA MEXAHU3MOB COOCTBEHHBIX HYX[I; 7p - JUIMTEJILHOCTH OCTAHOBA

6uoka B peseps (uac); AB, .., - npuBeneHHble 3atpaThl Tomwmuea [II'Y B pexuMe pe3epBHPOBAHMS
(my.m/u).

Ilpu ocranose III'Y ¢ mepeBomoM mapoBoil TypOuusl B MP npuOwsIe cranmum Oynem
paccUUTHIBATH 3a MEPUOJT

Tyr = Tup + Thonp» 3)
e T opp — AJIMTEIBHOCTB ITyCKOBBIX onepanuii I'TY B mepBoM BapuaHTe.

[TpubbUIb CTaHIIMK BO BTOPOM BapHaHTE CKJIAJbIBAETCS U3 CIEAYIOIUX COCTABIISIOINX:

- Mpojiaxka JJIeKTpodHeprud, BbipabotaHHoil I[II'Y B mpomecce mycka W mpu pabore Ha
HOMUHAIBHOM Harpy3ke 3a BpeMs, paBHOE PAa3HOCTH MAJHUTENbHOCTH IIyCKOBBIX OINEpaluii B
CPaBHHMBAE€MBIX BapHaHTaX, T.€.

ATonp_sr = Trione — Crue > 4
- 3aTpaThl Ha TOILIMBO U DJIEKTPOIHEPruy Ha myck IIT'Y 6e3 mapoBoil TypOMHEI,
- 3aTpaThl Ha TOIUIMBO MPHU paboTe Ha HOMUHAILHOU HArpys3Ke;
- 3aTpaThl Ha OCYILECTBICHHE MOTOPHOTO PEXKUMA.

C y4eToM NepeyrcIeHHbIX COCTABIAIOIIMX MPUOBUIb CTAaHLIMU B BapUaHTE C EPEBOJOM HapOBOii
Typ6unsl B MP coctaBut

Browe +
Sy =, (1 ~ Xcrmp ) + Ny AT nompose )= €1 | +buiry N aary AT ponpe + | = SupTip> (5)
+ABpypT p
rae B,p>Oyp - PACXOM TOIUIMBA M BBIPaOOTKa dnekTposHepruu npu mycke IIIY ¢ MP; N, -

HOMuHanbHas MouHocts IIIY (MBm); AB,,,, - TUpuUBeJCHHBIC YacoBbIC 3aTpaThl TOILIMBA Ha
ocTaHoBJIeHHOI B peseps III'Y Ge3 mapoBoii TypOuHBIL, b,y - CPEIHHIT YACTBHBIN PAacX0[] yCIOBHOTO
torutiBa Ha [1I'Y 1ipy HOMHHAIBHOIT HArpysKe; S,,,- CyMMapHsle 3atpatsl Ha MP.

U3 ycnoBust sHepreTUdeckoi nenecoodpasHoct npumenenus MP .S, <.§| mocie HeCI0KHBIX

npeobpa3oBaHuil MONyYHM pAacueTHOE BBIPAKEHUE ANl OLEHKU IJIMTENIbHOCTU IpOBana, A0 KOTOPOi
npuMmeHeHrne MP 1o oTHOIIEHHIO ¢ OCTaHOBOM MapoBOH TypOWHEI IpH pe3epBuposanun I1I'Y BeITOTHEE:

C3 [3MP (l ~ Xcpvp ) + NHHFYATHOHP—MP - 90]7P (1 ~ Xcpmp )] -

B CT (BaMP + bHNHHry B BSOHP)
C3 (NFMP + NCHMP ) + CT (ABHPMP - ABHPOHP + bCPANH[/IT )

(6)

Top <

Pacuersl mokazanu, 4TO TpPU CpeIHEH LEHe JJIEKTPOIHEPIMH Ha DPHIHKE 3JIEKTPOIHEPTUH
1250 py6/MBm-u, cpenHeli CTOMMOCTH YCIIOBHOTO TOIUIMBa 3222 py6/my.m W TIpH YACITHHOM pacxoje
tormBa III'Y 450 Ha HomuHanbHOH Harpyske 0,3 key.m/MBm.u BeIM4uHA T ,, COCTaBIAET
cootBeTcTBeHHO 11,5 1 14,0 yaca COOTBETCTBEHHO B JIETHEM U 3UMHEM pexXHUMax pexumax padotst IIT'Y.

[lo cpaBHEHHIO C KOHIEHCALMOHHBIM pexumMoM pabotel [II'Y, B TeIOMUKAIIMOHHOM pPeXHMe
IpU TepeBofe NapoBoil TypOuHsl B MP mnosBiseTcs IONONHUTENBHOE YCIOBHE, CBA3aHHOE C
HEOOXOAMMOCTBIO 00ECTICUeHHS 3aJaHHOTO 00bheMa OTITyCKa TeTlIa TEIIOBBIM ITOTPEOUTEIISIM.
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Jist obecniedeHus 3TOr0 YCIOBHS IpeIaracTcs Ceayronas TexHonorust padotsr [1I'Y-450 npu
nepeBoJie mapoBoi TypOuHbEI B MP:

- pasrpyxenue III'Y B COOTBETCTBHM € JKCIUIyaTallUOHHON HMHCTPYKLIHMEW IO OOIMYCTUMOM
Harpys3Kd Ta3oBBIX TypOHH, HampuMmep, MO0 SKOJIOTHYECKOMY OIPaHMYEHMIO (HA30BEM 3Ty HATPy3Ky

“0azoBoit”);
- nanpHeiee pasrpykeHue OJoKa Mo 3JIEKTPHUYECKON Harpy3ke - MPH IMOCTOSHHOW MOIIHOCTH
ra3oBbIX TYpOMH - 3a CUET CHWDKCHHUS DIICKTPHYECKOW MOIIHOCTH ITapOBOM TYpOHMHBI U yBEIMYCHHS

reHepalyuy TeIula IyTeM IPUMEHEHUs OOBOJHOIO HapopaclpeleNeHus, BIUIOTh 10 IOJHOIO CHATHS
JNEKTPUYECKON Harpy3Ku ¢ napoBoil TypOunsl ¢ nepeBonom [II'Y B pexxum ['TY-T3ILI, xorna Beck nap,
MIOCTYMAIOIIUHI ¢ KOTJIOB-YTHJIM3aTOPOB, COPachIBA€TCS B CETEBbIE MIOJOIPEBATENH, HO BMECTO OCTaHOBA
MapoBOH TypOHHBI OHA MEPEBOIUTCA B MOTOPHBIA PEKHM.

[Ipu pabGore mapoBoit TypOunbsl III'Y B MP B TemnopukalmOHHOM pEXHME TEXHOJOTHS
repeBojia mapoBoi TypOunsl B MP, cxema mogaum nmapa Ha YIUIOTHEHHS U Ha OXJIAXK/IEHUE €€ TPOTOYHON
YacTH TaKHue K€, YTO U B KOHJICHCAIIMOHHOM PEKUME, HO UMEIOTCS U HEKOTOPBIE OTIMYMS:

- TaK KaK ra30BbIe TYPOUHBI U KOTIBI-YTHIH3ATOPBI OCTAIOTCS B PaboTe, map Ha OXJIaXIeHHE POTOYHON
YacTH TapoBOH TypOMHBI OTOMpAaeTCcs M3 COOTBETCTBYIOLIMX MNapOIpPOBOJOB MONAYd Mapa (TIOMHMO
apoBoi TypOuHBI) Ha ceTeBble ogorpenarenu (puc.l), B Tom yucne: Ha nepegnue ymiorHenus LIB/I -
OT TapoIpoBOja Mapa BbICOKOro namieHus yepe3 POVY1; wa mapoBmyck LB/l - ot mapompoBona
BBICOKOT'O JIaBJICHUs uepe3 OaiinacHyro nunuio [T13; va [IH/] - wiu oT nuHUM 10Ja4uu mapa BICOKOTO
nasnenus Ha [ICT-1 gepe3 POY 2, nubo ot nuHuM nmoxaun napa Hu3koro nasieHus Ha [ICI 1, mpu aTom,
B cly4yae HEOOXOIMWMOCTH, MPOM3BOJAUTCS OXJaxIeHHe mapa B cMmecuresie CM4 KOHAEGHCATOM H3
KOHJIEHCaTOopa;

- o0IMiA pacxo]] mapa, MOCTYMAINIero B KOHACHCATOP, TAKOH K€, YTO B KOHJCHCAIIHOHHOM PEXUME, HO
IIPU ATOM JaBJIcHHE B KOHAECHCATOPE MOXKET UMETh 0oJiee BEICOKHE 3HaUeHUs. DTO 00yCIOBIEHO TEM, YTO
TeMIIepaTypa OCHOBHOI'O KOHJEHcaTa, IOCTYIMAIOLIero B ra3oBbli moporpesarens koHuaeHcata (I'TIK),
IIPU €ro pacxojie, PaBHOM CyMM€ pacxoJ0B KOHJEHCATa U3 KOHJIEHCATOpa M KOHJEHCaTa U3 OXJIaIuTeNs
KOHJIeHCaTa HHXKHET0 CeTeBOro MoorpeBaTes, JoKHa ObITh He HiKe 60 rpagycos.

Ha puc. 3 mpuBenena ympolieHHas pacdyeTHas cxema napoBoil TypOunbel T-150-7 u cuctembl
reropukauu [II'Y — 450 npu paborte ee B TemnopHUKAIMOHHOM pPEXUME C TEPEBOJOM NapOBOU
TypOuHEI B MP.

[TepeBon mapoBoii Typounsl B MP nipu padore [1I'Y B TemnopuKalmoHHOM peXUMe Ha HUKHEH
rpaHMIe peryiupoBoyHoro auamnazoHa ['TY (“6asoBbrii” pexum — 280...290 MBm) TO3BOJIIET CHU3UTD
aneKkTpudeckylo MomHocTh [II'Y Ha BenMuMHYy, paBHYIO MOIIHOCTH NapoOBOH TYpOMHBI B 0a30BOM
pexume (90 MBm) mroc MoIIHOCTH, 3abupaemMoii reneparopom u3 cetu (1,5...2,5 MBm B 3aBUCUMOCTH
OT AaBiieHUs B KoHAeHcaTope). OMHOBPEMEHHO C 3TUM YBEIMYMBACTCS BHIPAOOTKA TEIjia B KOJINYECTBE,
MOYTH DKBHBAJIECHTHOM JJIEKTPUYECKOH MOIIMHOCTH TApOBOH TypOMHBI B “0a30BOM” pEXKHME.
[IpuanMaercsi, 910 ‘“NUIIHEE” TEIVIO MOXET OBITh aKKyMyJIHPOBaHO B 0ake-aKKyMyJsITOpe C
MOCJIEAYIOLINM €r0 UCTIOIb30BAaHUEM B YaCchl MAKCUMAJIbHON TETIJIOBON HArpy3KH.

OueBuiHO, UTO HIKOHOMHUYECKas 3(pekTuBHOCTH puMeHeHuss MP Oynet 3aBuceTh OT:

- CHCTEMHOTO 3¢ (eKTa, CBI3aHHOTO ¢ BOSMOXXHOCTBIO PACIINPEHUS PETYINPOBOYHOTO IHATIA30HA
IO AJIEKTPUYECKOM HarpysKe;

- CTaHIIMOHHOTO 3((eKTa, CBIA3aHHOTO C JIOMOIHUTEIBHONW TeHepaluell Teria W 3aBHCAIIETO OT
crioco0a ee peanu3anuu.

s OLleHKM SKOHOMHYECKOH Iesiecoo0pa3HOCTH NepeBoja MapoBoi TypOuHsl B MP cpaBHUM
nBa BapuaHTa pabotel [II'Y mpu TnpoxoxIeHHH MNpoBajia 3JIEKTPHUSCKOH HArpy3Kd IO BeTUYHHE
MpUOBUIM CTAaHIUH 3a MEPUOJl MPOXOXKAESHHS MpoBaia U MOCJIEAYIoIIero nycka u Harpyxenus I1I'Y no
HOMUHAJIBHOW Harpy3Ku:

Bapuadr 1: nepeBop [1I'Y B pexxum ['TY-TOIL] ¢ ocranoBOM napoBoii TypOUHEI;

BapuaHT 2: nepeson III'Y B pexum I'TY-TOII ¢ nepeBonoM naposoil TypOunst B MP.

[Ipumem crenyromnme yciuoBus 1 cpaBHeHUs (IpuMeHnTensHO K [11'Y-450):

- ra3oBble TypOMHBl M KOTJBI-yTHJIM3aTOphl B OOOHMX BapuaHTax OCTAalOTCH B paboTe C
Harpy3KaMH, COOTBETCTBYIOIINMH “0a30BOil” Harpy3Ke;

- IPUHUMAETCS], YTO JJIMTEJILHOCTH Mpoliecca OCTaHOBa TypOUHBI U niepeBoa ee B MP npumepHo
OJIMHAKOBBI, HE CBSI3aHBI C 3aTpaTaMM TOIIIMBA M AJIEKTPOIHEPTUH U HE BIMAIOT HA PE3YJIbTAaThl PACUETOB;
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- TCHEPUPOBAHHBI B KOTJIAX-yTHJIM3aTOPax Map BBICOKOTO M HH3KOTO JaBICHHH B 000HMX
BapuaHTax cOpacsiBaercs B [ICI'-1 u [1CI'-2, mpu sToM TeruioBast cxema noaauu napa B [ICIT, mapamerpsr
napa Ha [ICI" onnHakoBHI;

- BO BTOPOM BapHaHTe IpH paboTe mapoBoil TypOuHbl B MP map, HeoOXonumblii Ha miepeaHue
VIUIOTHEHUS, a Takxke oxyaxaatomuii nap B LB/l u ITH/] orOuparorcst u3 nuHMi ojaun napa BHICOKOTO
¥ HHU3KOTO JABJIEHUH B COOTBETCTBHH C PHC. |, B CBS3M C 4YeM BBIpa0OTKa Temja B 3TOM BapHaHTE
HECKOJIbKO MEHBIIIE, YUEM B IIEPBOM BapUaHTE;

- B 000MX BapuaHTax IOcje IMycka MapoBod TypOuHBI U HarpyskeHus [II'Y MOIIHOCTH ra30BBIX
Typbun cocrasusier 150 MBm, MomHOCT mapoBoil TypOunbsl —108 MBm, TemnoBas Harpyska —
276 I'kan/u.
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Puc. 3. Vnpowennas mennosas cxema napogou mypounst T-150-7 u cucmemsr mennoguxayuu IT'Y— 450 npu
pabome ee 8 MeNnIOPUKAYUOHHOM pedicume ¢ nepegodom naposoil mypounvt 6 MP

OCOOEHHOCTh TIEPBOrO BapuaHTa 3aKI4acTcs B TOM, YTO MAJIMTENBHOCTh IIyCKa IapoBOii
TypOuHBI Tociie octaHoBa Ha 6...10 wac mpu paboOTAOMIMX Ta30BBIX TYPOMHAX M KOTJIAX-yTHIIN3AaTOPax
coctasnsier He MeHee 30 mun. [locne Habopa 0OOPOTOB, CHHXPOHM3AIMHM U BKJIIOYCHHUS TeHEepaTropa B
CeTh HAarpyXeHue MMapoBOW TypOWHBI 1O MoOUIHOCTU 55...60 MBm TpPOU3BOAUTCS B COOTBETCTBUHU C
nyckoMm III'Y mpu mapanienbHOM IIyCKe Ta3oBbIX TypOMH, IIOCIE 4Yero rasoBble TypOMHBI M IapoBas
TYpOWHBI MapaueIbHO HArPyKaKTCsS J0 MAaKCUMAJIbHOM HArpy3Kd NpH 3aJaHHOW TEIUIOBOM Harpyske
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apoBOH TypOWHBL. J[MUTETBHOCTh IyCKOBBIX ONEpanuii MapoBoil TypOMHBI u Harpyxenus III'Y mo
HOMUHAJILHOU MOIITHOCTH cocTaBiseT 30,5 mun.

Oco0eHHOCTBIO MyCKa MapoBOil TypOWHBI Ipu BbIXOAe M3 MP sBisercss TO, 4TO TEMIOBOE
COCTOSIHHE NPOTOYHOM 4acTH TypOMHBI TaKOBO, YTO JOIYCKAaeTCs Mojada mapa M BBHICOKOTO M HU3KOTO

JTaBJICHHH,

YTO YCKOpsieT Mpolecc HarpykeHus mapoBod Ttyp6bunsl u III'Y B nenom. OO6mas

JUTMTENbHOCTE Bbixoja II['Y Ha pacueTHyr0 Harpy3Ky IO JJIEKTPOSHEPIHMH W TEIUIa B 3TOM BapHaHTE
OIICHUBAETCS Ha YpoBHE 15,5 muH.

Takum o6pazom, npu padote [II'Y-450 B TermopuKanOHHOM pEXHUME TMEPEBOJ €€ B PEXKUM
paboter III'Y-TOLl ¢ mepeBomoM mapoBoil TypOuHBI B MP MO3BONSET CHU3UTH HIKHIOK TPAaHUILY
peryiupoBouHoro auanazoHa ¢ 290 xo 200 MBm ¢ oqHOBpEMEHHBIM yBEINYSHHEM BBIPAOOTKHU TeTuIa.

Kak nokazanu pacuetsl, Takoil pexuM pabotsl [II'Y skoHOMHYECKH 1enecoo0pa3eH B mpeaenax

5...6 yac.

05.09.2017.
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E.U. Unwpbywl, U.U. Uhtwuywt, Y.U. Wunpjnipht

Ut0 <NMNkE3UL TNIEFURU3PL SET1ULU3ULLLENh
cnNatSNhPAPLLENP UMW SUMdhAU3bL NEdhU P UhrUNNRUL

<Gipwagnipdby £ CIS-450  onqliypnipphth pwpdhsughli  nbdhdp  Yppwndwl  ippblubhywlwb
htwpwynpnygymibip - U ippbuwlwl bywpwlwhwpdwpnyeiniip' npwbu gpiipphtih - hgnpnuypywt
wwhnwypwynpdwl Gnwbwly: Snyg E yppdty, np Ynunbluuwghnt ntdhdnid pnqbiququyhti inbnwluywipp (C9S)
wpuwipwbiph  dwdwbiwly  pngbippmipphtih’ pwpdpsughti nbdhd  hnfubyp, ququipmipphtiibph G ogypwhwiips
Gwpuwbbph phy pwpdwlwbgny' 9...11 dwidny C©IS-450-h hqnpnipyut  wwhnwypwynpdwl  bwwgpwlyng,
pbpbuwybu wylh bywpwlwhwpdwn k, pwh pnipphbip pupdwlwbgh nbuypnd: ¢IS-p' obpdwphljwghnt
nbidhdnid wppuwipwiph dwdwbwly sbpdwipnipphtih Ynw pwindhsuyghti ntidhdp Yhpwnnwdp  htwpwynpnisnit £
tuwihu €S-450-h Yunpquynpdwit iphpnyph bbpplp uwhdwip hobguly wbdwiwlwl hgnpnyeywt dphtisl 40 45%'
dhwowdwbwly  wybpugbbyng  oinduyhti  tubipghuyh  qubpwgnidp: CYS-h - wpuwypwiph  wyuwphup  nbidhdh
Uppwnndp 5...6 dwdph uwhdwbbbpnd  iplippbuwwbu wpnwpwgywds £:

Unwugpuyhti pwnbp. pbluthyuwlwt  hbwpwynpnygynit,  pbipbuwlwt  bywypwlwhwpdwpnygynid,
ongliynnipphti, owndhsuwyhti ndhd hgnpnuygywt wwhnwywynpnd, gnpdwédwt nlinnnieynit, Ypdwpnid, Guywuh
2whnypp, dwnbihph b Llppwlbbpghugh dwiuubp,  gnpdwpldwt gpwphly-  wnwownpwtp,  plnjuybtinu,
Yywpquinpnn pppnype:

E.K. Arakelyan, S.A. Minasyan, K.A. Andryushin

APPLICATION OF MOTOR MODE ON STEAM TURBINES OF HIGH POWER
COMBINED-CYCLE PLANTS

Technical feasibility and economic reasonability of application of motor mode of steam turbine III'Y-450
as a means of reservation of its power are studied. It is shown that while working combined-cycle plant [II'V -450 in
condensation mode, the transfer of steam turbines into motor mode with full break of gas turbines and recovery
boilers with the purpose of reservation of III'Y -450 power is 9...11 hours economically reasonable than while
steam turbine break. Application of motor mode on steam turbine at I[II'V -450 work in heat-extraction mode allows
to reduce the lower boundary of adjusting range of III'Y-450 up to 40..45 % from nominal power with
simultaneous increase of generation of heat energy. Application of such a work mode of III'Y -450 is economically
Justified within the limits of 5...6 hours.

Keywords: technical feasibility, economic reasonability, steam turbine, motor mode, reservation of power,
duration of triggering, reducing, station profit, expenditures of fuel and electricity, chart-task of triggering,
expansion, adjusting range.

Apaxkesin dauk KoiipynoBu4 — 11.7.H., mpodeccop kad. ACYTII HUY (MDI)

Munacsan Cepreii AmoroBud — 11.7.H., npodeccop (HIITYA)
Anapromun Kupunn AnexkcanapoBud — acnupant kadg. ACYTII HUY (MBON)
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THE DEPENDENCE OF LIGHT REFLECTANCE RATE
FROM THE INCIDENCE ANGLE

The dependence of rate of reflected energy of solar rays from different reflective surfaces versus the incidence
angle is analyzed. It is shown that for most interfaces between materials, the fraction of the solar light that is
reflected increases with increasing the angle of incidence. It is recommended to take into consideration the
dependence of reflected energy of solar rays from different reflective surfaces versus the incidence angle during the
design of different solar energy systems.

Keywords: solar, energy, light, reflectivity, angle, incidence.

Introduction. Nowadays the development of different solar energy systems is a highly important task since
the future energy problems can be solved with the use of solar energy. The solar energy systems allow to transform
the solar energy into heat or electric energies. In these systems the solar rays are incident to the surfaces of different
materials as the glasses, mirrors, semiconductors, etc. Consequently it is important to investigate the interaction of
light with different materials used in solar energy systems.

As it is known different concentrators are used in solar energy systems which concentrate the solar rays by
reflecting or refracting on the smaller areas where the receivers-transformers are placed. The mirror reflecting
concentrating systems can be the point focus parabolic, line focus parabolic trough, concave or other types. The
mirrors are used in al these devices and the system efficiencies are highly influenced by reflective properties of the
mirrors. Consequently various investigations are conducted for determination of reflective properties of the mirrors.

In the other field of solar energy systemsit is important to have different protective surfaces having minimum
reflectivity and maximum absorbance. For these purposes different antireflection coatings are investigated and
devel oped.

In all above mentioned cases mainly the spectral characteristics of light and surface interaction (reflectivity,
absorption) are investigated [1, 2]. Comparatively rarely the dependence of light reflectance from the incidence
angle is investigated. But the properties of all mirror reflective concentrators, antireflection coatings and different
optical parts are strongly depending on light incidence angle. The importance of this task and the ways of the
problem solution are evaluated in this paper.

The dependence of light reflectivity from the incident angle. It is known that the part of incidence light is
reflected from the surface and the other part of light is refracted (Fig.1). Note that 6,= 6 ; and the refraction angle is
defined from the Snell’s law  n;ssin 6,= nassin 6, where n; and n, arethe index of refraction of material 1 and
meterial 2.

normal to surface

incident reflected

refracted

Fig.1. Interaction of light with a material
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Type of reflection depends on surface of material (Fig.2). The specular reflection (Fig. 2-A) is generated by a
smooth surface. Because the light ray’s angle of incidence is equal to the angle of reflection (6,= 6 ;), the specular
materials frequently produce images on their surface (mirror). Diffuse reflection (Fig. 2-B) is generated by a rough
surface.

A. Specular Reflectance (Polished B. Diffuse Reflectance (Matte Surface)

Fig.2. Types of reflection

In this case, because of the light ray’s incidence angle gives rise to a multiplicity of reflection
angles the images are not produced. Diffuse reflectance is how people see the world since the vast
majority of objects in the world are diffuse reflectors. Further we shall consider only the specular
reflection from smooth surfaces.

The reflected light energy from the smooth surfaces depends on incidence angle of light [3]. Fig. 3
shows a plot of the ratio of unpolarized light reflected over the total amount of incident light for different
materials, as afunction of the angle of incidence (which varies from 0 to 909). Note that when the angle of
incidence is equal to 90° exactly, all light is reflected. For water, only about 4% of the light is reflected
when the angle of incidence is equal to zero (when the light direction and the surface normal are parallel,
which we call normal incidence). Conductors (metals) and dielectrics (glass, water, plastic, etc.) have
each their own set of Fresnel equations.

i
1 -
0.9
08
0.7
0.6 |
0.5
0.4
0.3
0.2
0.1

aluminium

diamond

9 W0 20 30 40 S0 ogp 00 R0 W

angle of incidence ¢
Fig.3. Plot of the Fresnel equation for different materials. R, the ratio of reflected light increases with the
angle of incidence, 0i

The reflected energy of sunlight depends on angle of incidence [4]. Asit is shown in Fig.4, the reflected energy
of sunlight from some common surfaces increases with increasing of incidence angle. As in the case of refraction,
the reflection behavior of amedium is aso related to itsindex of refraction (n = C/V, where C isthe velocity of light
in vacuum and V isthe velocity of light in the medium). The lower the index of refraction for amedium is, the less
light it reflects because the medium is allowing more of the incident beam to pass directly through. For example
‘Steel’ reflects more energy than ‘Snow’ and ‘Snow’ reflects more energy than ‘solar glass with antireflection
coating’.

100
Steel

Fig. 4. Reflected energy of solar rays from
common reflective surfaces versus the
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It can be seen that the reflected energy percentage of Solar Glassis far below that of all materials.

Thus the reflected energy of light depends on angle of incidence and it must be considered during the design of
different solar energy systems. But it must be noted that at present the solar reflective films are not characterized by
this parameter. For example, the reflectance of solar reflective “ReflecTech” film, which is widely used in
concentrating solar systems, is not characterized by light incidence angle [5].

The dependence of reflected energy from the incidence angle must be considered aso during the design of
different solar energy concentrating, as well as non-concentrating flat systems.

Conclusions

1. For most interfaces between materials, the fraction of the solar light that is reflected increases with
increasing angle of incidence.

2. The dependence of reflected energy of light on angle of incidence must be considered during the
design of different solar energy systems:. mirror reflecting concentrated photovoltaic and thermal; flat
photovoltaic modules; solar thermal collectors, etc.

3. The dependence of reflected energy of light on angle of incidence must be presented as one of
important parameters during the certification of different mirrors.
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LNR3UP ULHURUMrAUUL 2UPH YURYUDNRG3NRLE ULUU UL ULU3UL
Ut0Nh(a-3NhLHS

YEpnidyly F ownwupplp dwlbpbubkphg winpunupdwé wplp dwnwquyphbph Fakpghugh sunph whldwb
whlyul dkSnipmnibpg Jqupijwénipmniip: Snyg Fowpydk;, np punn nipbph pudwinml dwlbkpkublph hudup
wigpunupdyws nyup dwubwpudhip JEdwimd F whldwh whlyuml JESwgdwbp gnigplpug: Unwowplynid
wpluyhll Fakpglwnpl wnuppbp vwppbp hwhnugdbjpu hwoyh wnilky wplughll dwnuquyphbph winpunupddws
EFabpghuyh dbSnypyul Jupnjwénipiniap whldwl whlmiihg:

Unwugpuypti pwnbip. wplught, Fhkpghw, dwnwquyp, whipndl, whlnud:

P.P. Bapaansun

3ABUCUMOCTD BEJIUWYUHBI OTPA’KEHU S COJTHEYHOI'O CBETA
OT YIVIA TAAEHUSA

Ananusupyemcs  3a6UCUMOCIb BETUYUHBL OMPANCEHHOU IHEPSULU COTHEUHBIX Tydell Om Yeid NaoeHus npu
ompasceHuu om paziuuHbLlx nosepxHocmeu. Iloxkazano, umo O MHOSUX NOBEPXHOCMEU pasoena mexcoy
mamepuanamy O0Jisl OMPANXCEHHbIX Jyuell Y8eaudu8aemcs ¢ pocmom yena nadewus ceema. Ilpednazaemcs npu
NPOEKMUPOBAHUU PA3IUYHBIX COJTHEUHbIX IHEPeMUUECKUX CUCmeM YYUMbIBAmb 3A6UCUMOCTb  OMPAXCEHHOU
9Hep2UU CONHEYHBIX JIyHell Om yend nadeHus.

Kniouesvle cnoea: conneunslii, snepaus, 1y4, ompasicenue, y20, naoetue.

Vardanyan Ruben Rafael — Dr., Prof. at NPUA
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<.U. Fwnunuywu, N.U. Uwunyu, U.M. Uwuniljwb, U.L. hwswnpyut
EL6USMULUL S8ULSEMh SLSEUUMEU CUKUYES LUMUUL LLSMrNr@-3NhLL

Quunupyly F BEupulul guigkph jupdwl plnpnyepul ugqpoibpabph dwipudwael  niundinuuppn-
pinch: Unugyly B wyjbjh wwpg pwbwdbkp wwpbiol phpdws Swhubpp, Juwyhnay  bbpppnidikpp b
b Enputikpghuyh Inpniuwnbkpp npnolyn: hunfwp, Jupujud jupdwi dkénipiniihg: Unuewnlyky Fwnlnkuungbu
swhunfkwn jupdwl gniguiihobkph npnodwl wygnphpup:

Unwtgpuyhti punbp. juwypnwy dbpppmidakp, nhnkuuwgbu pwhunfin jupnid, Fakpghuyh §npniaunbbp,
juqugnyl Swipuukp, Fakpghuyh hwnnppuwl hlpinupdtp:

1. @duyhtt wijwiwlub jupnudukpp. Bubpgbnhulut hwdwlupgbiph vwppuwynpoudubpp
punpnoymud i whjuwbwlwb jupnudubpny, npnig ghypmid gpuip wohwnmd Bu unpduwy b
ninbuuybu pwhwybn nhdhdubpnd: Thjutwjut jupdwbt dednipjniup phpynud b qhubpuwnnph,
npwbudnpiwnnptiph, owpdhsutiph gnigwunwpinwlutph Jpu ¥Stph wtdwbwlub jupnudubpp
hudpuljunid ki npubig ujqpwljut b JEpotmljut jupnidutinh vhohtt mpdtph htiwn:

Unniuwly 1I-mud pipdws b ghubpuwwnnpubph, wpwbudnpdwnnputph, LEjunpupungmuhsutph b
guugkph géuyhtt wmbjuwlw jupnidubpn:

Unyniuwly1

EjEuinpuplnniipstbph b gubglkph gduyhl winjuinulpul jupnidbpp
Cunniuhsubph b QSuyhtt wjwbwlwb jwpnudubpp. §9
guiighph Spuwiubnplwnnp
whjubwulwui Qhukpuwwnnp | Unwotughl Bnypnpnuyght
Jupnitpp thwpnyp thwpnyp

0.38 0.4 0.38 0.4

6 6.3 6163 6.316.6

10 10.5 101 10.5 105L 11

35 - 35 38.5

110 - 110 121

220 . 220 242

330 - 330 347

400 - 400 420

500 - 500 525

2. Lupdwi phnpmipjut ulqpoibpibtpp. Swugh wijwiwlwt updwt Jbdnipniup ks
wqpkgnipinil k gnpénid ipw nkjuthjunbnbuwljut gniguthpubph dpu: Udkh dbs jupdw nhwypnid
pupdpwinid £ gsh hunnpnuwt hwnlnipnitp, thnppwinud £ hunnpnujuph hwnnypn, guspunid tu
hgnpnipjul, LEywpwtubpghuyh b jupdwt npniuntbpp: Uhwdwdwbwl jupdwb pupdpugnidp
wupglgunud k Bupwljuyutibph dhwugnidubph ujpbdwibpp b hbwpuynpoipnit £ unbnénid guugkph
htnnwqu qupqugiut hwdwp [1]: Umpwe Ynndhg' wdbih pupdp pupdwb gwigkpnud dkdwund k
htEyunpulut vwpptph wpdtpp (npubiubnpdwnnptp, hkbtwpwubbp, Yndninwghnt wvwppkp):

Qpuljutnipjub dbe [1,2] pipynud i Untnwynp putwdlitp jupdwt dkdnipjut punpnipjut hw-
dwn: Uy pwbwdbbpnid hwoyph sh wnbynud Ejunpulwt vwpptph b Ejupututpghugh wpdtputph
thnthnpunipjut ghtwdhlwt: Uynuyhuh hwpduplubph hhdwb dpu dowljus b hwlb wnniuwljabp qék-
pny hwnnpnynn hqnpnipnibubph hwdwp® juppws jupdwt b gsh Epjupnipjub dkénmipniuttnhg
[1- 4]: Upmwwnwbpnid phipdws L AC wmhyh onuyht gdtph Junrnigqubpuyhtt wupwdbnpkpp: fipdus
Eu twlb gétpny hwnnpnynn hqnpmipnitubph dednipjniuubpp’ jujudws jupdwt dkdmipniihg b gdh
Epjupnipiniuhg, pun hnuwtph Londws pnnipyub [5]:

dtpp pywshg htnlnud E, np jupdwt pupdpugdut nhypnid tugnud o hunnppdw gskpp
nwupkjut swhwgnpsdwt Swjuubpp, npnug dbke Juplnp php nith wwpbiub EEjuputiutpghuh
Ynpnrunubph wpdtpp [5]:
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Usohiwwnwbpnid  pipdué  Eu  wwpqugnyt  pwbwdlbbp onuyhtt b Jwnijuwghtt  gstpnud
LEjupwkutpnghuyh Ynpniunttph hwoquplh hwdwp' Juwpdws gstph tpupnipnibitphg b qw-
pnudubnh dbdnipynitubphg [5]: Uju putwdbbpny uinugdws wpyniupubpp pipdus b wnniuwly 2-nud:

Unjniuwly 2-h wdjujubphg Epunwd E, np gdbpnud BEjuputubpghwgh Ynpniuntbph tqugbkgdu
hwdwp httwpwynp E dkdwgut] hwnnpyujuph hwnnygpp jud pupdpugut] hunnpndwb jupnidp:

Unyniuwly 2
Ununwljw whyuwbwlwl jupmdikph hudblwnniyeyul waydwhbbpn

Zudkdwnynn Znuwliph owhuwybwn fmnnipniup, U/4i? Uwpuhunud

(upnidubpp, oquwug. mbinnnip., dud/

Ug-Up, 44 J=1.0 J=09 J=0.8

1000-3000 3000-5000 5000-8760

10-35 2.6-S-L =AB 2.9-S-L=AB 3.3-S-L =AB
35-110 0.7-S-L=AB 0.8-S-L=AB 0.9-S-L=AB
110-220 0.16- S- L=AB 0.18-S - L=AB 0.2-S-L=AB
220-330 0.05-S- L=AB 0.06- S - L=AB 0.065-S- L=AB
330-400 0.02- S- L=AB 0.022-S- L=AB 0.025-S- L=AB
400-500 0.02- S- L=AB 0.022-S- L=AB 0.025-S- L=AB

UpJwd htwpunp wwupphpufjutpp jubdwgubt hwnnppdwi gstinh juuyhunwy tkpppoudubpp,
nnh hknbwipny jukdwhwt nwwpblwb pipdus swhukpp:

NMuwpq E guounud, np hwunnpypdwb gbh hwdwp whwp b punpl] wytiyhuh qupnid, nph plypnud
nwpkjwt Swhubkpp Yhubkt wjuwqugnyup' hwoyh wntking hnuwbph jswhwybn funnipniap,
Juyhwuwy tkpppnudubph dbdmipnitip gsh jupmigdwt hwdwp b tpw wwupkljut pwhwgnpsdwt
Swuubpp:

3. Swpklwi pipywé swhiutph $nibyghw. Lwpnithg jujudws swhiubph $ntuljghwt unwbwnt
hwdwp oqudtup pipdwd dwjuubtph $niuyghuyhg [5] Jupws hwnnppujuph hwwnnyphg guujugusd
(upuut hwdwp:

V =2AFLa+Ba, 1)

F=1/j=S//3UJcosg, 2)
npuitin A-u hunnppujuph dhwgnp wpdtpt t oquyhtt b dwynijuwyht gsbph hwdwp (gp/ALdi?), Fnp
hunnpnuwjuph swhwybn hwnnypt b (#22), Lp gbh tpupnipnibt b (d), I-ht gdh hwodupluyht
hnuwtpt k (), J-u hnuwbph pwhwdbtwun junnipniut t (U44P), Sp gsh hwpdupluyht hqnpoipnitt k
(§dU), cosp hqnpnipjut gqnpdwlhgt b, B-u uwwppuwynpnidubph wpdbpt b (mpwbudnpdwwnnpubp,
httwpwiubkp, dkyniuhsubp b shtintnnwdwhtt wojuwwnwbputp)' Juhdus jupdwbt dkénipjniihg
(gpudd); o=t hmnngmdubph b hwnjugnidutph gnudwpught gnpdwiljhg k (o = 0.17):

Stnunpkp (2) wmpunwhwynnipniup (1)-nud”

V =2A9.a/~/3-U-J-cosp+Ba : 3)
Onuyhtt AC-nhwh gétph hwdwp (A1 = 30 /L diP), punniukp cose = 0.95°

V,=6.2-SL/U-J,+Ba: ()
Uwynifuwht AAB b ACB gtph hwdwp (A2= 60 /4L u1P)

V,=124-9./U-J,+B,a: 5)
Uwnijuuyhtt ABBT b ATIBI" gstiph hwdwp (As= 90 gp/aldiP).

V,=186-9/U-J,+B,a: 6)

zZnuwlph owhwybwn junnipmibtph Ji, J2, Js-h wpdbpubpp phpduws b wgnuuwly 2-nud:

Ukpu omjuyuljut nbnbunipjut wujdwbbbpnud swhubph hwunwnnt pununnphsubph
wpdtipubpn (B, Bz, B3) skt Jupny phipyl] nknkjuwnniubpnid: pwitg npnodwt hwdwp whwnp k juydty
uwppwynpnidiiph wpunwnpnnutph hbin hwdwguwigh dhengny:

4. Sunbuuybu swhwybwn Jupdwid npnonudp. EiEjupwlwub gwbgkpnud, Jwpuws gskph
Epupmipiniitipnhg b hwnnpnynn hqnpnipynibtbphg, punph nwdnudp phipynwd b Ephnt dnnwfm
unwinupuughtt jupnidubphg dbhh pnpmpjuup: Ujuhtpt’ hwdbdwwndnid o pipdué swhaubkph
dbdnipnibubpp tpynt jwpnudutph wwppbpwlutph hwdwp, b pbupynd £ wydbh thopp swaukp
niubgnn nmwppkpulp qupnudp):
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TYhunwplkup onuyht gdtiph mwppkpwljutp guwsp Ug b pupdp Up jupnudubph hwdwp: @ubkip
wybt yuydwp, nph ghypnud bplynt mupplpuljuinbnh swpubpp Yihukt hpup hwduwuowp:
6.2 SL/Ug- ] + Byt = 6.2 SL/U; - ] + Bpax (7)
[6.2 SL/J] -[(1/ Ug)- (1/ Up)]=(Be-Bg)a=ABa: 8)
Thunwplkup 10..500 79 onuyht gsétph swhwdbn widwbwlwb jupnidubph dbdmipniuutph
punpnipjut Uh pupp htwpwynp wwppkpuljubp:
1. Ug = 10 449, Up = 35 < Sknunnkny jupnudubph dbdnipinitubpn (8)-nud’ juwnwbwip Eplne
wuppbkpuububph swhubph hwjuuwpnmpjut yuydwip®
25.-9/J=AB: 9)
Ujuintinhg yupq £ gununud, np tpk
25.-9./J>AB, (10)
www dwipuubph wkuwltnhg hwunnppdwt gsh hwdwp wbh owhwydtn £ Up = 35 49 jupnudp,
huljunul nwypnid whwp k punpgh wykjh gusdp® Ug = 10 §9 jwpnidp:
2. Ug = 35 44 Up = 110 49 Stnunpbinyd wju pupnudubpp (8)-nwd’ Juwnwbwbp Swhiubph
hwjwuwpnipjut yuydwp.

071-SL./J = AB : 1)
3. Ug =110 44, Up =220 [d, junwmbwlp

0.16 -9 /J = AB : (12)
4.Ug =220 {4, Up =330 Y4, junnwbiwmip

0.05-SL/J =AB: (13)

5. Ug =330 {4, Up =400 9, junnwbwp
0.018 -SL/J = AB : (14)

6. Ug =400 <, Up =500 44, junwbwlp
0.018-SL/J=AB: (15)

NMupq k, np guuugws Eplne jupnidubph hwdwp upkh £ opngly) Swhubph hwduuwpnipjut
wuydwp ogqunytny Jtpp pipdus 8 wpunwhwjinnipinithg:

Unpmnuwl] 3-nuid phpdws L tpimt dnnwlju widwbwlwb jupndubph hwdbdwunnipjut
wuydwbtbpp, onuyhtt hwunnppdwt  gdkph hwdwp' Jwpwé hnuwbph swhwdbn  funnipjul
Ubbnipniihg [5] b dwpuhunid hqnpnipjub oqunugnpsdwt mbinnnipjniithg:

Unjniuwyniud bpp tpduws yuydwuubph tpynt Ynndbpp pudwtdws Eu =17 qnpduiljght, huly
hwnnppuwt gstph Epupmpinibbtpp wknungpduws tu Yhndbupbpny: Upgnuuwly 2-nid phpguwd
wpunwhuwynnipnitubphg tpmd E, np hnuwtph swhwdbn junmpjut thnppugdwt nhuypnid
(lwpuhunidh  wbnnnipjut Jkdwgdwt  phypnid) twwunwlwhwpdwp L pwpdp  jupnudubph
puwnpnipiniup gdtph hwnnyputph b Ejunpwtubpghuwh Ynpniuntph thnppugdut yuwndwnny:

5. 8niguihpuiph npnouwb wyqnphpdp: Lwubwlwi wdjuybbpp’

-Qdny wbighnng hwpyupljuyhtt hgnpnipiniip P, 4w

- @6h Epjupnipinip L uJ

- Zgnpnipjuh gnpdwlhgp cos @ =0.95

- Uwpuhunidh oquuugnpddwb ninnnipniup Tn, &

- Zmnugnidubph gnudwpuyhtt gnpswyhgp a=0.17

- @5h vhwynph wpdtpp A, gp/LiP

- BEukpghwjh Ynpniunbph dhwynph wpdtpp’ C=25pp/j4un.d

Unjniuwly 3-nud pipdws E gniguthoubph npnodwts hwenprujwnipinip (wgnphpedp):
6. Zwoywplh oppiwrl. Lwutwlwi wjugibp’

- Onuyht g6h tpljupnipniutbpp L=60

- Zupywpluyhtt wjnhy hqnpnipniup P =7000 J4w

- Zqnpnipjuh gnpswlhgp cos ¢ =0.95

- Onuyht g6h Uhwynph wpdtpp A =30 gp/ Lt

- Butipghuyh Ynpniunbph dhwynph wpdtpp C=25pp/<un.d
-Zuunugnidubph gnidwpuyhtt gnpswljhgp a=0.17

- Uwpuhunidh hqnpmipjut mbnnnipjniup Tm =8000 &
(puynibkp hqnpnipniip withnnfu wupdw phpwgpnid)

- Zznuwuph owhwybtwn jutnnipyniip ]=0.8 Ui
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Ungniuwy 3

Stunkuuwybu pwhwybwn jupdwl gnigulfioblph npnpdwh wygnphpdn

2/2 | Skubhjuwnbwnbuwluhb gniguithpukp 2woupluyht putudlikpp Ubdmpniitiph dhunnplbpp
1 2wnnprpny thbpghwb, §<u.d W=PTu Pl Tu-d
2 Lphy hqnpnipymtp, §<U §=~Plcos ¢ P-4 <fun, cosg =0.95
3 (ttwynhy hqnpmpymt, §4 e Q=P-gyp P.yefun, '8P = 0.33
4 u“‘é;m“ﬂl“’“ lmﬁﬁ’;:'i:“l!h 4, tpym 8Lz B U, UL>U2, L4 S-§ 4L, 1. [5)
uwbrupun jupne
Slaam gt p:S:LIJ<B U, £ (9),11),(12),(13), (14), 15)
5 93 hnuwhpp - U 1=8/3.U S-yHU, U-4d, I-U
6 Cwhutn hunnypp, d? F=I/] 1- 44, J-[5]
7 Yuujjunwy bEpypmudkpp, gp K=AFL+B A-gpAl P, L-of, B- gpund
8 Eubpghuyh Ynpouuntibpp , §uv.d AW=AFLyJ/C AW,=0.007-AFL A-gpALF, F-uhf, Lo
® | bubpqhugh Ynpruunbbpp wnnubbpny | AWq=100AW/W N l‘;f{-u"l‘g
19 Ynpnunnbibph wpdbpp,ypund CAWg=0.175-AFL gff;qpi_%qw'd A-gpAl il
H Swpkljwh phpjwd Swpubpp, gpud V = 2AFLa + Ba B- gpund, 0. =0.17
12| Swpblwb yuhwgnpsitut suubpp-npud | E=0.22 - AFL +B - i;“; -
13 | Eukpghuyp hugnprdwi e=E/W E- ppun!
hupinupdbpp,gp/d du.d W - §lind
14| ash wipnhy gitwnpipynctn , Ok Rg= Ly-F L— o, F-thi?, ¥ = 32 o/ Ohil s
15 | Qdh nbuijunhy nhuwnpniptp, Ohd Xq=X0 L ;'{0‘_%{,] .
- Q- , X-Ohdl, U-
16 | Lupufwb ynpnumntbpp qonut , §< AUy =(P - Rg + QUg)/U-103 z q‘:" o, Q lpfen, B, X
17 | Lwpdwb jnpnuunbbpp ninynubkpn] % AUq%=100 AU/U AUU- i
1g | Snuitmdnpiunanph winjubulul Sw=5/Ke k.~ 0.6+0.8
hqnpoipynibp, §<U Un/Uz §d Umljlihop
19 Spwiudnpuunnnph wwpug phpwgph b APy; APy Yl
Jup& Thwgiwh Ynpnuunbkpp, 4w
20 | Spwhudnpiunnnph Jupd dhwguwh
Lwpnudp Ynpoiuntibpm] Uy Uy%
Ptnlnjwdnipjub gnpdwlgh hpulub .
21 i Kp=5/Sun S, Sa- U
AWin=( APj8760+ APuy, APY; - [, Te-d/
2 | Dndbmi impnenbine. Kp2 APY - Tk) wlifimnjs plnluudnypmt
wnpmbubnplunnnpmud , i <. wnaipiut plo i
gz | Bliknglsih bopnvenklg windn: AW%=100AWu/W AWy W- §ind
Pnpuunnnpoud winlynulibpm]
Eukpghuwyh Ynpnunnbibph wpdtpp C:AWn C=25 ppAy-{un.d
24
wnpwbupnplunnnpnud gpand
= W
25 | Soulwpuhb hnpmunbbkpp gnud b AN A
wpubudnplunnnpnud, §dwm.d
26 Gnulwpuyhb hnpmuunbbpp ninlnubkpm] | AW%= AW%+ AWn%
27  Bnulwpuyhb Ynpoiunbbph wpdbpp, ngpuad | C- AW C =25 gp/fin.d
Lwpuwh jnpmunbbpp ;
28 AU%=100 - K; (APy - cosgp/Sn + Uy sing/100)
wnpwhudnpiunnnpmd vinlnuitbpny cosp=0.95; s;mp ~031
29 Spuudnpiunnnph wipnjy] Run = APy - U210%/8u2
nhdwnpnpimip, O
20 Spwhunpiunnnph nhwlpny Xn=10.Uy- U8
nhiwnpmpymbp, Ohd

“Yhunwplynn hwnnppiwi ghdp Yupnn b dhwgyly opowbiuyhlt Bupuluwywuh 110 Yud 35 49
pwpfuhs uwppuwynpnidutipht (RU-110, RU-35):
“Yhunwpltup Epynt mwuppbpuly.




1. @hép dhwgynud E RU-110-ht: @6h ulqpnid b dhpgnid wbnunpymud Eu 110 49 jupdwb
ynunuinughntt pinfjukp® BBY - 110 & PHA3 - 110 whowwpsutpn] b pwdwihsubpny: @6h Jtpenid
nbknunpynud £ gudpugunng npuwbiubnpdunnp 110/10 <, TDH-10000 §<U hqnpnipjudp (l. 1):

2. Qhodp dhwgynud bt RU-35-htz @Sh uljgpnid b Jbponid wmbwnpdmud Gu 35 49 jupdwlb
ynunuinughntt pnljutp’ BBY - 35 b PH/3 - 35 wbowwhsubpny] b pwdwihsubpny: @6h Jtpenid
nbnunpus k guspugunn wpwtudnpdwwnnp 35/10 44, TDH-10000 U }%(Ellllmﬁ)[(g{%dp (uly. 2):

RU-110 lo/10  RU-10
| — U,=1101], L=60{ —
7L AC70 71
BBY-110 PHD3-110 BBY-110 PHD3-110
Ul 1. @8h wnwohli nmuppbpuh ujubdwi
i TDH-10000
QU-35 3s/10  BU-10
[ p— U.=35, L=60U
| = AC-185 i
BBY-35 PHD3-35 BBY-35 PHD3-35

Ul 2. @8h Eplpnpn nuppbpuh ujulbdwh
‘Luijupwt gniguthpiiph hwpqupyhtt wugubjn npnpkup Swhiubkph hwuwnwwnnit pununphsukpp
(B1; B2) Eipynt mupplpwljh hwdwp:

Unwohlt mwupphpuly

TDH-10000 44U, 110/10 60 -10° gpuf

Fnly =110 (BBY, PH/I3)-2 hwuuwn 14 106 pgpun/

Qsh hktwpwtbkp b ykniupsubp 450 -10° ppu/
Cunudbkup B1 =524 -10° gpuwd/
Gplpnpn tnuppbpuly

TDH-10000 44U, 35/10 46 -10° ppun/

Pnly =35 (BBY, PH/I3)-2 huin 12 -10® pput

Q5h hkwpwbubp b dEyniuhsubp 435 106 gpunf/
Cunudbkup B2 =493 -10° ppwd/

Zwunwinnth pununphsubph wwppbpnipniip ' AB = Bi - B2= 524 -106- 493 106 = 31-10° ppunt
Ujdd Juwuwpbiup wnbklnthjuntnbuwlui gnigwuhsukph hwoquplip pun wpmnuuwl 3-h

hwonpnuljwunipjut:
1. @4ny hunnpnynn LEunpukukpghw® W=PTu=70008000=56"10° [ {2 &
2. Qbny wligling ;phy hqnpuipymip' S= P/cosgp = 7000/0.95= 7368 ;4
3. @n1 wighinng nkwlinhy hqnpnipniup' Q= P-tge = 7000-0.33= 2310 94Uz
4. UnJuwlwub jupdwb pinpnipniup’ 2,55L/J=2.5*7368*60000/0.8=1842*10¢ ppun/:

Lwitth np 0.71 SL/] > AB, wmwyw phwnpynwd k110 49 pupdp jupnidp (wpweghtt tmupplkpulp), b jutnph
nusnudp swpnitwljynid E dhuy pinpdus muppipulih hwdwp:
5. @dny] wugnng hnuwlpp' | = S/+/3U = 7368 /+/3-110 = 38.7 Uk
6. Zunnppuub gsh pwhwybn hwwnypp' F = 1/J =38.7/0.8 = 48 .4 i — AC-70: @5h hwdwp
punpynud £ AC-70 hwnnpnwjwpp, npp pujupupmd b twb uuwdlb tplnyph wuwydwiht 110 49
gbtph hudwn:
7. Zunnppiwb gdh Juwhwwy tkpppmudbbpp’ K = AFL + B = 30 - 70 - 60000 + 524 -10° = 650 -10°
ppuid:
8. Eukpghuyh Ynpniunibpp hwunnpplwi génud™ AW = 0.007-A-F-L = 0.007 - 30 - 70 - 60000 = 0.88 -10°
§dun.d
9. Bukpghwjh Ynpniuntkpp innutiipny* AWq% = 100 - AW/W =100 - 0.88/56 = 1.6 %:
10. Eutkpghwyh Ynpniunttinh wpdtpp gonud* C - AWq=25-0.88 106 =22 - -10° gpunt
11. Swpkiwh pipdwd sSwhuubpp' V = 2AFLa+ Ba = 2-30-70-60000-0.17 +524-0.17-10° = 310-10° ppwit:
12. Swptjub owhwgnpddwt swpuutpp' E=0.22 - AFL + B - a,=0.22*30*70*60000+524"0.05*10°=54*10° ppun/
13. Eubkpghuyh hunnpydw huptwpdtpp' e = E/W =54 -10°/56 -10 ° = 0.96 gp/ fdwr.d
14. @6h whnhyd nhdwnpmpeniup’ Ry= L /y - F = 60000 /32 -70 = 26 .8 Ohif
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15. @6h nbwljnpy nhdwnpnipniip’ X=X - L = 0.425 -60 = 25.5 Ohi
16. Lupuwl Ynpniuntibpp gdnid 4Up=(PR+QXz)/U -10° = (7000- 26.8+ 2310- 25.5)/110-10° = 2.24 <

17. Lupdwl Ynpniunbkpp gdnid wnynutkpm]* 40,%=100- AU /U =100-2.24/110= 2.01%:
Ujdd npnptip tubpghuwyh b jupdwt Ynpniuntpp TDH-10000, 110 /10 9 wpwbudnplunnpnud:

18. Eukpghuwyh Ynpniuntbkpp npuubnpdwnnpmd’ AW = (APy 8760+ KPAP;Tk) =0.377°10° [dw.d,

Ky = 5/50 = 7368/10000 = 0.74, T =7480 dwd, APy = 14 [<un, APy = 60 w1, Uy = 10.5% [3.4]:
19. Butpghwjh Ynpniunttpp npuudnpduwnnpnid imnnubpnid®

AWu% = 100 AW/ W=100 - 0.37- 10°/56 -10°=0.68% :
20. Cunhwiunip gnidwpuhtt Ynpniunitpp génud bt mpwtudnpldunnpnid”

AW=AWq + AW =088 - 106 +0.37 - 10°=1.25 - 10° [du1.d:
21. Cunhwiunip gnidwpuyhtt Ynpniunbitpp nnynubkpny

AWu% = 100 - AW/W=100 - 1.25- 10°/56 -10°=2.20%
22. Lupdwl Ynpniunibpp nputubnpdunnpnid tinlnutibpng®
AUn% = 100K (AP - cos@/Su+ AU - sing/100) =100 - 0.74 (60 - 0.95/10000 +10.5 - 0.32/100)=2.96% :

23. Spwbupnpdwnnph wnpy ghdwnpnipmniin’ Re = A8 - U? - 10%/ Sw2=60 - 1102 - 10%/10000* = 7.26 Ohu/:
24. Spwbubnpdwinnph nkwljnhy nhdwnpnipmniiun’ X =10 - Uy - U Swu=10 - 10.5 - 110? /10000 = 127 Ohu/:

BruyusnkrE3NkL

1. Wuqugnyt nupkjub pipjws Swhubkph hwoqupyh hwdwp pnipu B phpdus own wykih
wunq pwbwdltp’ juppws jupdwb dkénipniuhg:

2. Smpbkwb pwhwgnpdudwt swhiubph b LEjupwtitpghugh hunnppdwt huptwpdtph npnpdwi
hwdwn dowldt b wdkh wupq wpnwhwpnnipmibbp’ jupws jupdwi dkdnipiniuhg:

3. Zunnpydwt gdtph mtnbuwwbu swhwbn wiquiwlwh jupnudubph ptnpnipyut hudwp
Uowlyty k tphnt Unnuju vnwinupunughtt wijuiwlwt jupnidubph hwdbdwnnipyut dkpnghlju,
npp httwpwynpnipnil £ nnwjhu mupbub pipdué Swhuubpp pipk] iuquqgnyih:

4. PipJws bkt hunnppdwt gdh wbkjuhjunbnbuwlut gnigwihputph npnpdw wignphpedp b
hwpjwpljuiht opptiwyp:

Qpulwimpinii
Waensuux B.U. Dnexrpudeckue cucTeMs! u ceTu. - M.: DHeproatomusaar, 1989. -594 c.
TIpaBua ycTpoiicTsa saekrpoycraHoBok.-M.: MsgatensctBo Omera-JI7, 2004. - 464 c.
Bacunres A.A. DiekTpuuecKas 4acTh CTAaHIMI U mogcraHmuit. -M.: Dueproaromuszar, 1990. -576 c.
Hexsemaes B.H. Dnexrpuyeckas 4acTe CTaHIUIN U ogcTaHIMi. -M.: DHeproaromuszgar, 1996. -608 c.
Punbnuyub 2.U. Eiijupujut guigkph nkjuthjunitntuuwt hwoquplyutp. -Bp: Swpunwpugbn, 2017, -
58 Lo:
27.04.2017.

DA e

I'M. Tagesocss, II.C. Maryxss, A.Il. Mauyxan, M.JI. Xavarpan
BBIBOP SKOHOMMWYECKU BBITOJTHOT'O HATIPSIKEHUA DJIEKTPUYECKUX CETEN

11 I[PDOBEZEHO II( o;zpoﬁH 0€ HCCIE€40BAHHE IIDHHITHIIOB BB 60p3 HaIlIPpA>KCHHA S/IEKTPHYECKHX CET eH. 11 OJIYV4Y€HbI bosee
IIpOCThIE ¢OPM/VJII>I AL OIIpEJeI€HHA I'OZOBBIX IIDHBEACHHBIX 3aTpaT, KallHTa/IbHBIX BIOKEHHH H II0Téphb S/IEKTPOSHEPIHH B
3dBHCHMOCTH OT HAaIIDA>K€HHA. HPG,ZIJIO)KGH aJITOPHTM pacdera II0Kasaresres SKOHOMHIECKH BBII'OZHOIO HAIIDA’KEHHA.

Krrowessre cmoBa: kamuransssie B/IO’K€HHA, OKOHOMHYECKH BbIIOJZHO€ HAIIDA’KeHHE€, IIOTEPH OSHEDPIHH,
MHHHMAa/IbHBIE€ PACXOZbI, C €6eCTOHMOCTH IT epefaYn SHEPIHH.

H.M. Tadevosyan, P.S. Manukyan, A.P. Manukyan, M.L. Khachatryan
SELECTION OF ECONOMICALLY SOUND ELECTRICAL NETWORK VOLTAGE

A detailed study of maxims of the voltage selection of networks is carried out. More simple formulas have
been obtained to determine the annualized costs, capital investments and energy losses as a function of voltage. An
algorithmfor calculating the most advantageous voltage is proposed.

Keywords: capital investments, economically sound voltage, energy losses, minimum costs, energy transfer
prime cost.

wnunuju Kndtpnu Ukupnwh - 2UMN2 biEjupwkibpgnhu wdphnih npngkin, w.q.pe.
Uwuniljywt Mwpgl Unipkup - ZUN2 BEjuputibpginhiw wdphnth gngbuw, n.q.e.
Uwuntjwu Upwd Mwpqlp - 2002 HEjuputibpginhju wdphnth wuyhpwbn
lvwgwwnpywu Uhpwyb) Luntuh - 2UN2 UES 607 Judph dwghuinpnu
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LPunupuyhll phwlunjuypbph JQupnmguwunnidp GEphuyuglly Fondjuy gnnm dwpunupuybnwlud,
gknupykunwlwl - jipophtunly §Epyuph dbunjnpuwl ulgpmbphkpny, ppunjwlwh GonpdEph wuhewbdudy
g fuun/np hunnulpugdh hkiph ypw, npunkny hwbpuyhl brwhwnippul phinipmibakph pnjwbnulughl jnidnidlbkpp,
poywhnunipuin hudwhnly dbhwjuquuiul, Gnipulwl, ppuwnbuwiuld pedmdbbpl wpnwhwpunnd B
nmwpwénmpnut b dpounjuyph  Gwqumbkpuint  wowyl;  hgunalubupdupnpnitp’ hudugunaafonh
wnknubph wpwbdbwhunninyemnibabphi:

Unwbgpuyhll pwnkp. Jwpniguyuundwl hnpkp, qiuui/np hunnwlughéd, dwpnwpugbuwmlul Gopdkp,
Julmpwpinuyhl dhounjuyp, hnnkph gnunlinpuwi ufubdw, hnpkph gninhnpiul I oqunuugnpdul ppurjuljul nkdpud:

Puuljujuyptph hbnwujupwihtt qupqugnudp juthiwnbuynud E 15-wdjw hbpwtuph hkupnyg
Uwpgbph nwpwspuihtt hwnwljugsdwl mpjugstph b bwpwgstph hhdw Jpu hwpdh wobikyng
nwpwswopowth  wnwbdtwhwnlmpiniiubpp, pbwlwt phkumputtpp, hudbubpunbuhulul,
unghwjuljut Eipwlwunnigusputph mbnupwppudwl, qupqugdwi htwpwynpnipnittpp: Fuwljw-
Juypbph guwynp hwwnwlugstpnid hinwtjupujhtt qupqugdut mwpwspubpt punpkjhu whnp k
hwoyh woll] phuyuwhywiwlwl vwhdwiwhwnditpp dhudwudwiul wyuhnfbn]’ wwpusphb-
h oqunugnpéudwt mbjunuignipniit nt wpynibwybnnipjut pupdpugnidp, hwdwyupubph, ubthwuljw-
twwnbpbph b wy] hnnoquugnpénnutph hpwyniupubph nt pwhbph hnjpwnupd hwdwnpnud nt hwdw-
dwjubtignidp:

Cuphwinip wodwdp phwfwduypph  hontpp  phwwduypbph  qupqugdwi, Yhuuwgnp-
sniubinipjutt hwdwp pupbiyuun dhpwduyph vnbnsdwt, jurniguyuundwi, puptjupgdui hwdwp
twhwnbugws hnntph G Phwuwduypbph hnnbpp, pun gnpswetwfwb tpywhwlnipyul, puuwlupg-
Unid kU phwllh Junnguyuindwi, huuwpuuluh juem guyundwl, pwuep junn guyuundwl,
pinhwimp oguugnpsiwt hnntph U wy] honbph’ pun 22 hnquyht opkbugpph Znpjus 10-h 1,2,
3,4,5,6,7,8 tupwltwntnh [1]:

LPunupuyht pwlih dhowduynh junniguyuunnid hpuljutugdmd E wfjuy gnuint fwpunw-
puybunwlul, ginupjtunwlut jnipophtiwy Yepwwph dbwynpdwt uljqpnibpttinny [2]: Uju jughpl
wnwownpynid k qiuwydnp hwnwlugsh dpwljuwb gnpdpupwgnid, npuntn hwipuyhtt tpwbwlnipjui
ohtinipniitiph  pndwinuljuyhtt  nudnudubpp, ponjwinulnipjuip  hwdwhniy  dAbwjuqiuljul,
ynipwlwl, ppwnbuwfut jmsnudubpp wywhnynd  Eu phwlnipjuwt wowybjwgnyt  hwpdw-
poippibkpp nupusmppui, thowdwyph juquukpyiui fapnupuybnwluob giqupjbunuljui
punpdp wpunuwhwjnswljuinmpjudp, puphitywun vwthnwpwhhqbihl yuwpdwitbkpny: Unwydbk juplnp
E Ynulpbn juunpudnught, ptuyunltpuhtt dhpwjuwyph wowtdtwhwinlmpiniuiphtt hwdwhniby
punupuwjhtt fwpnupuybnuljut ginupbunuwut dhowduyph juquuwynpnidp, npnkn  wbknuph
wnwbdtwhwwnynipnitubph, phwljhdwyulut  wyuydwbubph hwdwhp nsnudubpng  Juunbndgh
jnipophtiwl) punupuwohtiwjut hwdwihp: Uyjuyhuh hwdwhpnud hnntph gnuninpdwt b oginugnpddwi
ufubdwubpp dowlynid Eu punn 22 hnnuyht oktugpph hnnusé 29-h 1,2,3,4,5 kupwltnbph [1]:  Zonkph
gnunbnpdw b oquuugnpsdwt ujubdwb tkpwpnid E hnpudwubph puwpjunid pun bywwnwlught
owbwlmpjut, hnnuunbuptph U gnpswnbwlut tywhwlnipyul, vwhdwinud t npuig hpuduljub
nkdhup, hhdtwynpmd E whwnwlwbt b hwdwjupubph hnnbkph wppymbwgbn  oqguugnpédwit
ninnipjniatbpp hwdwjiuph Jupswljut nupwdpnud:

Puwjuduypbpnud hnntph gnuninpdwin b ogunugnpédwts ujubdwtpp ywhwp L ywwhwbetbp wyu-
potbwt Jupniguyuwndwt punipjut, dwpnwupughnwufub, thopwgpudhongutph ipuljunnig-
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Juspubph, Jubwy wnujwplubph, hbnhnwnt ninhutph, vwthnwpulwh gkpntph b punupwohunipejut
Uko wipuipd gniyph hhdtwljut gnigwthoubph, phwlsmpjut vyuwuwpdwi hwdwp wthpudbyn Yhu-
gunuyjhtt b dowlnipughtt opjnutiph mbknwpwohidwt, ptwjuwduyptpnid hnnbkph wy oqguugnpédwi
Ybpupbpyuy:

znntph gnunbinpdwi b oqunugnpsdwtt ujubdwkpp owhwgnpdynud kot wijwju hnnudwubkph
tjuundudp ubthwljuiunipjut hpwyniiph b wy) gnypuyhtt hpwynibputinhg:

Punqupuyhtt phwjuduypbpnd nknuiph (winppudpnuyghl, ptuyunlkpuyhtt wnwbdtwhwn-
mpnibibph vwubu]npuubu opuyht, jubuy gninhubph, fwpunupuubnulo giqup]bunului
Juquultpynudp hnntph oguuugnpsdwi b gninbinpdwt ujukdwtpnid gnpsuntuljut bywbwlnipinia
niuh.

e punupujht thpwjuypnid wnwbdminid kt hwbiquinp gninpttipp,

e unbindynid ku dwpqujub hwppwlukp,

o punbjuyynid ki vhowquyph vwmthnwpwhhqbuthl wuydwubpp,

o punupuwohtwu dhowquypp wdpnnowgynid k phwljui jwunpwdpnh fupnupuybnulub
ghnupykutnnuljut dhgngutpny [3]:

Lunupuyht oppwtth jubwswyundwt nwquujupnipniut puggpynud £ patph, phulbih pw-
nuuwubph jubwswuyuwnniihg dhish hwuwpulwlub bpwiwlnpjub wwpusnipmibibph gpnuwggh-
ubkph, ynipwlukph, hpwywpuwlukph jutuwywywndwit Jwupnwpubpp, hst wywhngnd £ dwpgm
Jgnipjut wnwyb] hupdwpuybn nt vwithnwpwhhgbuhl yuypdwbkpp:

Puulppnmipjut Yhivwdhpwduyph thnthnjunipinitubphl, dhowqquyhtt tnpupwupulut dnwnhy-
ukpht hwiwywunuwujpwt wthpudton b wywhndbt] punupwohtiwlw tnpdbph  hpuduwlwu nuow,
htsp 22 punwpwphtimpyniup fhtunkgph gnpuy dhgwjuyphb:

Unniuuljuyhtt wpnwhwyjnnipjudp tbpluyugutip dhowqquyhtt inpupwpuljut Unnphdubtpht
hudwywunwuppmtt  punupuphttmjutt  dhowduyph  unpduynpdwn  Unpbp, hsp  Juyguwuwnh
JEhuwdhowduyph tywwnwluyhtt juqlultpydwip:

Unmnruwly 1
LPunupuphluulul dpowjuyph dnpdun/npnidp

Lunupuohbiwlu Zwuwpuwjului Lwtiwlyp, Uyuuwpldwt
dhwynpp ohunipniiitipp hwun ownwyhnp, vu/
Puuljtih punuuwu Uwjulwl jEuwnpnh 1 200
nupng 1 200
dwpybn Upkpuyghi, 200
wpnibwpbpulju 200
nknuwnnil, 100
pdojujut YEunpnt 300
wynudp, 300
qpunupuiil 300
Puwljkh Uwljulwi jEinpnt 300
uhypnppowh nwpng, 300
dwpquijub YEuwnpnb, 500
Udupltn Upkpugh, 250
wpynibwpkpulw 500
nknuunnil, 250
wn(hlyihthlyu, 500
pdojuju YEunpnu 500
wynudp, 500
yhunpwwnpnl, 500
qpunupui 500

T
)

inw»—l»—nb—lwb—l

N NDNNN AN

Punupuwohwlut hpwduyph unpdunpnudp pwhwgnpstih £ guijugus punupwohtiwljut
dhwynph hudwnp:
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A.M. I'puropsin, O.3. Capkucsin

COITIOCTABJIEHME ITPABOBBIX HOPM ITPOEKTUPOBAHUSA 'OPOACKUX
HACEJIEHHBIX IT'YHKTOB U APXUTEKTYPHO-CTPOUTEJIBHBIX 3ACTPOEK C
MECTHBIMHU OCOBEHHOCTSAMUAU

H3yuenvl 8onpocvl 3acmpouKu 20pOOCKUX HACENEHHbIX NYHKMOB C YYemoM NPUHYUNOSE (QOPpMUPOBAHUSL
cneyu@uuecKo2o apxumekmypHo20, Xy00HceCmeeHHo20 00pasa KOHKPEMHOU 30Hbl HA OCHO8e 2eHePAIbHOZ0 NIAHd,
CO2NIACHO KOMOPOMY PeUleHUst COOEPHCAHUS COOPYHCEHU 0OUeCMBEHHO20 HAZHAYEHUS, HAX00SUWUECs 8 2APMOHUU C
codepoicanuem Hopmoodpasyiowux, a makdice MAmepuaibhble U PeaibHble PEUEeHUst 8blPANCAom 6 Hauborbulel
CmeneHu  YenecooOpasHOCmy — OP2AHU3AYUU  NPOCMPAHCIBA U  Cpedbl 6 COOMEEMCMEUU ¢  MeCHHbIMU
0CcobeHHOCmAMU.

Knrouesvle cnosa: meppumopusi 0N 3ACMPOUKY, — 2CHEPANbHLIL NIAH,  APXUMEKMYPHbIE HOPMbI,
JNaHowagmuas cpeoa, cxema 30HUPOBAHUS. MEPPUMOPULL, NPABOBOU PENCUM 30HUPOBAHUS U UCNONb306BAHUS
meppumopuil.

A.M. Grigoryan, H.Z. Sargsyan

COMPARISON OF LEGAL STANDARDS OF DESIGNING URBAN
SETTLEMENTS AND ARCHITECTURAL-CONSTRUCTION BUILDINGS WITH
LOCAL PECULIARITIES

Issues on building urban settlements, considering the principles of forming a specific architectural and
artistic appearance of a concrete zone based on the general plan according to which, the essential solutions of
public buildings, and the shape-forming, material and realistic solutions corresponding to the content express the
adequacy of organizing the area and environment in accordance with the local peculiarities.

Keywords: construction lands, general plan, architectural standards, landscape environment, scheme of
land zoning, legal regime of zoning and using the lands.

Qphgnpuu Uuwhphn Uhutpp - wn.g.p., dwpnwpwwbnniygjwu nngtun, U. Uwonngh wuy.

hwdwuwpwuh nwuwfunu
Uwpquywu <nghwutbu RQuybup - h.q.p., U. Uwonngh wuy. hwdwuwpwuh nwuwfunu

409



ISSN 1829-0043 <U3UUSULP AUMSUrughsuuulL ULUIEUNLUSh LPULEE (KBUL). 2017. £.14, N2 3

<S% 531. 53 (07) UtLtluchunNh@3NhL 64 UGSULNRGHhU

Uu.<. Upnuu, U.Q. Unpwpywt

ThELBUSrhULENP APEUENUSUUL B4 MUruwvusLhuLerh
vusuhuusuulu qnrocuEuskh Uh LUuLh <Urstr

(unidbwuppyly B ghljEunphlabph phEnugdwl b wupudwqbhubbph duqihuugdwl gnpdéplpughbpp,
nph wpynihpnid gnyg Fupyws, np phlEnphhabph b qupudwqbpublbph Juppp BEQunpulud b duqbhuwlul
nupnkpnud Juplyh Falupugply hudwin/wl puiiud bkpny:

Unwugpuyhti pwnbp. phljEiuphlabph phinugnid, qupudwqihubbph dwqbihuwgnid, phynjughi b
vwqihuwul Undkinnblkp, LEjupului phuyny, phbnugdwl o dwqbhumgul JEunnphkp, phljEjunpului I
vwqbpuwlml phluyn iulnyenibalp, Ynipph okplwumnpdwi:

Qhunwunbuthjuljut wpwowunhunipjub tkpu thoynd jupbnp bywbwlnipnia nitth ptuljub
ghuinipniuubph opkuputph gopstwlwt Yhpwenipmibp: Zknbtuybue Swpunupughnujut dwubw-
ghuuimpinibibiph hwdwp phwghnwlwi b punhwinip dwpnwpughnnwljut wnwpuikph hwdw-
Jupquyhtt ntunidtwuhpnipiniup jmhun wihpudbywn b Ujny hwdwlwupgnud hpkg Swupwljphn nbtnh
niukt dhghljul, dwpkdwnhlul, jhpurulut dEwihijulb, ynipughnnipmniup, LEjunpuntjuuhjut
b wy] wowpywibp: Ujunbnhg b wb d&S npwungpnipniup, npt wjuop nupdynwd £ pothipnud dpp
oywd nuuptipugunh quuwuunduin:

Supnunupughnulju yunpuunjusnipjniut wywhnynn wyny wnwpfuikph nuwuwdubng-
dwb quunp tyuwunwlt ntuwbnnubphtt junpp ghwbjhpubpnyg qpuljt b Zwnuybu  $hghluyhp,
Yhpunwlut Jkuwihluygh b nipughnnipyut guuptpwugibnh nuuntdtwuhpnudp ks hwpwynpne-
pintutkp b pudbnnid puguyubint wmywqu duubwgbnubph® hwnljuybu yympwugtnubph, dknwnipg-
ubph, dbpkiwohtiwpwnubph, LEjunpunkuhlutph dnwwhnphqnip, tpuitg dnn dhwdnpkint unbnsw-
gnpdéujutt Uninkguwt mbtwlnipniutbp:

dtpohtt nwphubtphtt Ypwlqws unp ympbtph dbjpwthfuiwb, LEjupujut b dwquhuuljub
hwwnljnipniiutph hbnwgnuumipniubpp b vnugws wpgniuputph Jhpuenidubpp dkdwybu tyuwunky
Et yynipughnmpjui b ywhuy dwupduh $hghugh qupqugdwiin: Upynitwpkpmpjut ke wyu Wyniptph
ubpnppdwt tywnwlnyg Swpunupugknp npnywlh yunkpugnid yhnp b niuktw whun dwpdhutbphp,
nhtEynphyubph b Yhuwhwnnpohsibph' ipohl snpu nwubwdjuymd puguhwpnws Ukiwihlwljwi,
EtEyupuljut b dwquhuwljut hwnlnipmniuubph dwuht. hyybu B wyy hwnlnipniutipp npnpynud,
htsny L nputp wwppkpynid dhdjwighg, hy punhwunip bdwbnipinit ik npuip b wyb:

Usjumnwiph byyuwwnuwljn £ gnyg wnwy phbnught nhiEyuphlutpht b yquwpuwdwquhutbpht
punipwugpnn phqhufub dbdnipnitutph twdwbnipnitittpp b gpuig oquuwgnpdnidp $hqhljulju
Ubbnipnibitipnh wlwimpiniup pugwhwynbnt bywwnwlnyg, nphp hwdwp tywhwnwlwhwpdwp k
puliwupljty pitpughtl nhhjEunphjubph uppl wpnwpht fEyupulub, huy gwpudwqhubbph quppt
wpuupht dwquhuwljub puontpnid hudwdwbul:

busybu hwyjnth & [1], wpunwpht HEjupwlut gurnnud putnught ghEyunphlutph pbbnwg-
dwb, wjiywbu L wpunwphtt dwquhuwljui nuonnid wuwpwdwqthuubph dwuqhuugdwt dudwbuy
whuy dwpduh wnndubpt wpuwpht quonbph wgpbgnipjutt wwly Ynndunpnpymd  Eu npnowljh
nunnipjudp, hulj ebpduyhtt pupdnudubpp, hwjunwlp, jpupnnid o wyn Ynndunpnonudp: Lwth np
wju kpynt Eplinygpubpt b jupjws bu dh Ynqdhg wnndibph nt wpunwphb qupntph thnuwgytgne-
pintuhg, hulj Uniu Ynnuhg' yniph obpdwunmh&withg, ntunh tplne Gplinygpubpht b jupkh £ dnnbiwg
unyb mbkuwulyniihg:

Quuywé wwpwdwquhutbph nuwuwwb wbumpoiip qupqugl; £ 1905 pdulwihg, huly
nhhEyunphlutph phinwgdwt wbunipmitp’ wykh onin, wjuiniwdbbiuythy, unp Wynebph ntundbw-
uhpdwb dwdwtul] wyn mbkunipnibubpp ghinbu dwwngkih sk, pwth np dwquhuwlut b ghhEyunpuljut
puunipniuubph hwdwp JEpphiwljut wpnwhwynmpiniubp vnwbunt tyuwnwlng withpwdton k
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Juuwpl] pupn dwpbdwunhuljut hwoduplubp: Upn hul] qundweny wowewplynud L hwdwwnbn
niuntdbwuhpl] nhkEjuphlutph pibpwgdwt b yuwpuwdwquhubph dwqithuwgdwi nbunipmniip ny
owitn nidhn nuownbtph b ny gusp ohpdwunhdwubph nhypnid: Uyt htwpunpnipinit junw unnwbiug
uwyu nwhumpiniiibph pwwn Yuplnp nhwpbpp U wdwbnipniutbpp: Lubwplting b wupqlng puungph
nusdwl dwubuwdnp phypbpp’ Junwbwbp wyt wdkiup, hst pungpyduws b nsdwt pinhwinip pupy
puwtiwdlbipnid:

Zuynth k [2], np woiebpp BEjunpului b dwqihuuluwb gupnbpnid nbnudnpbjhu hyybu wyy
nuownbpp, wjiwbu b Wnipkph wundwhtt jupnigquspubpp twliwb  thnthnpunipniiubph  Bu
Eupwplynid: Umipkph b BEjupujut m dwquhuwlwt gquonbph hinjuwqpbgnipjut dudwbuy
nuowntpt wqpmud Bt wnndubph dhenijubph b nputg onipop wunudnn fEjupnuubkph dpu’ thinjutyng
nputg nhppp, pupduwb pipwgpp b wyb:

Uniph htn fEjunpuljut npuonh thnpiwgpbgnipniup hwujuwtwnt hwdwp Wyniph wnndubpp
nhunynud Eu npybu LiEjunpuluwb nghwynjubp: BlEjupuwt nhwynp Ynsynud £ dbdnipjudp hwduuwp
Epynt wytyhuh +q b —g¢ wwpwinit YEnwwght hgptph hwdwlwpgp, npnug dhol tnwé [ htnw-
Ynpnipjnitp qquihnpkt wykjh thopp k pwt dptgh wyt Yhnbpp Enus hEnwdnpnipinitp, npnugnid
npnoynid E hwdwlwpgh quownp (Wy. 1): EEjunpulwb ghynp pimpugpymid £ p = qf nhuynjuyht
Unuktnny, npnbn —q 1hgphg nbwh +q -t nynJus [ JEhwnnpp Ynsynid k nhwynih pugniy b dbdni-
pjudp hwjuwuwn k thgptph dhol Enus hinwynpnipjuin:

!
o0
q q
Ug. 1. BjEunpulul phynp ujubdwl

Upunwpht filjnpuljut qupnh puguljuynmpyub nhypnud nhkjkljnphlih dngkynybkph gpufjub b
pugwuwlut 1hgptph Swupnipjut YEuwnpnbtbkpp Yupnn o hwdpuful] puguwuwlwib 1hgptph
Swiipnipjut Yhuwnpnuubph hbn jud shwdpulub;: Glukng HEjupujut nhynh wuwnltpugnidhg
Juphkih £ wuly, np wybt ghEuphiubkph wnndubpt oo dojkynyukpp, npnig gpujut b puguuwlju
lhgptiph Swupnipyut YEuwpnuubpp skt hwdpulund hpwp hbtw, HEjupuiwt ghynjiubp u b
wpiwpht Ejnpujut quonh pugujuymput phypnid mukh p; = qifi nhuynuyht Undbnubp:
Upmughup wnnnlukphg punljugws nhitnphlubpp Ynydmud b phbouypb ghlikpnphyikp:

Uwgqubnhlh b dwgihuwljut quynh hnjuwqpbgnipniup punipugptjne hwdwp dhentljh onipop
EEywnpnuh wungnp ghuygnud £ npybu nigbdpughtt hnuwp: Gpt LiEjupntp dhenihh onipep yyuundnid
E 7 ownwyghn niukgnn ninkdpny V wpugmipjudp, wyw kY wyunyup Yyunwph t = 2% dudui-
twlnd, b ninbdpny dhwynp dwdwbwlnid juuguh

e ev
I —_— O ——
t 2nr
hnuwbp: EEjunpnth ninképny vwhdwiwhwulus sppwbwlyp Ynrukwm p,, = 1S = % ninkdpuyhle
dwquhuwjub Undktwn:

Lwtth np HEYnpntubph niukt twb uvbthwljut dwuquhuwljut dndktntkp, ntunh wnndh gnudw-
pughtt dwquhuwfwi dndbunp hwduwuwnp b BEjupnbuubph ninkdpughtt b ubthwljut dwqthuwlub
Undkunbbph Epjpusuhului gnidupht: Gph wnndubph wpynitwpup dwqithuwljut dndbuntbpp
wpmwuphtt dwqihuwluwb nuonh pugujumpjut phypmd hwduwuwp skt qpojh, wyw wynuhuh
wwnndutnhg juqujws ynipp wupuwdwgihu b

Upunupht fEjupuljut b dwuquhuwljwb guonbtph pugujunipyut nphypmd pbtnuwht nhikl-
wnphlutph wnndubph ghynjuyhtt dodkunbbpp yniph dby pupjudws b punuwghtt duny wjwbu, np
gutjugws swjuwny Wyniph wpynitwpwp ghynuhtt b dfwqhuvwfwt dndbinp hajuuwn b qpogp,
wjuplptt’

P,=%p;=0 u My=Yj;=0:

Bpt nhbikyuphlp wnknuynpkup fo jupduwdnipjudp wpuniwphtt hwdwubte LEjunpulwub, hul
wuwpwdwqthup' l_?)o hunniyghwyny wpuwphtt hwdwubkn dwqthuwluit gupnbpnid, wwyw wnbnh
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niukbw quownh b Wniph thnjuwqpignipni: Zudwubn LEjunpujut quonnud ghwnih jpipupwisynip
1hgph Ypu Juqpky dkdnipjudp hpup hwjuwuwp b nigynipjudp hwljunwly nidbp (. 2):

Ujn qnuq mdtiph wqnbignipjult ) ghuynip Ydqunh opgdty b ynnuinpnpty nupwnh niggmpjudp,
huy hwdwubn dwquhuwljut gupwnp jugnh wnndh jpipupwgynip LEjupnth opowtughtt ninkdph Jpw
b tpwlt Yynnuunpnoh npnowlh nuppnipjudp: Znuwbpwlhp opowtwlp (BEjuipntwghtt ninkdhpp)
Jadquh Ynndunpnoyl) wyiwbu, np bpw Jwquhuwlut dndbunp mugnws (huth quowh hugniyghuwgh
JEjunnph nignnipudp (uly. 3):

%
[O>F, .
B/ 7 B,
P~
yzs
Ul 2. Muyny b wpunwuphl Epupulwh puounid Ul 3. Znuwlpuhp ppowlnufp (b Efunpnbughi)

mnkSppp) wpunuphl vwqhpuwlwi puownnid

Mnbédpuyhtt hnuwiph dwquhuwlwt nuonp hwdwju nhunwpynd Eu npybu hug-np wyuydw-
twjui “Uwqithuwljut nhynih” dwqihuwlwb npuown:

Quuyws obpduyhtt owpdnidubpp Juwbqupkt wpnwpht EEjnpuljut b dwqihuuljub nuownk-
poud BiEjupuuwt b dwquhuwwb ghwnjubph Ynpdunpnodwbnp, wyimiwdbiughy, ny owwn poiy
nuowbtph b ny owwn pupdp ohipdwunmhfuibpnh nhuypnid, dhohtt hwpdny, nuownh ninpnipjudp wykih
owwn hynjubp YYnndunpnodkl, pwh hwljunwl nupnnipjudp: By guuugus V swjwny nhhjEiuphlyp

abnp Ypkph
Fr=) pi#o ™

nhynjuyht dndkun, hulj wupuwdwgquhup®

By =) i # 0 )
dwquhuwjub Undktwn:
Ujuyhuny, wpwnwpht LEjnpuljub qguynnid nhiEyuphyp phkpwind b, hull wupuwdwgquhup®
dwquhuwtinud:

Nputu phhkyunphlhh pibkpwgdwd b wwupudwgihuh dwqhuugduwt wunhdwbp punmipugpnn
Ubdnipnibutp Swnuynid B
5 P _Lbi

W M=-t=2H (3)
14 14 14 14
Ubdnipnibibpp, npnup hwdwwywunwupwbwpwn Ynsynwd tu ghlzbhuphlp phEknwgdwi o Jwghk-

wplbkpp dmqbpumgdmt yEljnnphép [2]: P L M klwnnpikpp phhklnphhh b dwqibnhyh dhudnp
Swjwh HEjunpuub b vwqthuwlub nhynjuyhtt Undbinbph B YhhEuphlubkph dbbwdwuinipiut
hwdwpn pubnugdwt JEiunnpp hudbdwnwljub Eundjuy jEnnd quonh jupjubnipjun

P =x,FE, (4)
huy dwqutwnplutph dwquhuwgdwt Jtjunpp nfjuy jennd' dwqthuwlub quownh hugniyghuwgh
Jtjunpht’

M= xl/wqﬁ, (5)
npuntn y y b y g ~ . hudwywnuupuwbiwpup Ynsdnud i yniph ghhjEjunpujut b duquhuuljut
pujunitbwynipniutikp: Loklp, np Epk pninp nhkEyuphlutkph hwdwp, ¥ y> 0, fwquhuwljub pujuyne-
twlnipinitp  ghwudwqthubbph hudwp® ¥ < 0, wwpuwdwquputbph hwdwp® y g > 0, b upw
wpdbpubkpt pud k1073 ... 1075 wwhuwhikpnid:
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Ujuyhuny, Ejupujut b dwquhuwwb guontph Ynndhg @ymptph htn hnjuwqpbgnipjut
dudwiwl] wnbnh E mubind hwdwbdwb Gplngp: YYhEEyuphljubpnud BEjunpuljui ghwynjubtpp
Ynnuunpnoymid El, nhEjuiphlp phtinwinid £ U phinwgdwt thgpiph unbndwsé nupwnh jupjuébnt-
pintup dhown hwljunwl E nignyws wpunwphtt quonh jupdudnipjuip: Ujy wuwndwnny b nhkikl-
nphiynud wpynibwpup guonh jupjusnipniip dhpw thnpnp £ wpunwpht nuonh jupjubnipiniithg

= _ By _ & .

B == (6)
e=1+y b suthwjinipinit sniikignn Ukdnipiniup gnyg L wnnwhu ghtiEuphlh Ynndhg nuownp pnijwug-
dwl wunhguip b Ynsynd £ ghhEjunpuljut puthwighjhnipnii: Unytwbdwt dednipinit dingdnud k
twl dwqubnhh dwqithuwljut hwnynipmniip puntpugpbint hwdwp:

Upwniwphtt dwquhuwljut guonnd dwqthuwluwt dodktntubph §ondunpnpdwt hEnbwpnyg
niph dbke dwquhuwlwt nuownp thnpynd b Upgynibwpup quownp wpnwpht quownh b ipw Ynnuhg
wnniuwljut dwqhuwut dndktnubph Ynndunpnodwtt hbnbwtpny uwnbndéwé ubkpphtt nwownh
gnidwpt E:

Uppnibwpup nquownh hunnijghw yniph Uk Yupnn t dbks jud thnpp 1hul] wpuwuphtt pupgnh
hunmyghuyhg: Eninp nbwptpnud Wmph ke htunpniyghuyh JEjunnpp jupjws b wpnwpht nwpwh By
hunnighuyh qElnnphg htnljur fpy. L

B = uB,: (7)

Quthuyunmipinit  sniikignn g Udkdmipinitp, npp  punipugpoid B Wniph  dwqthuwlub
hwwnljnipinitiibpp, gnyg E mwjhu, pt dwqihuwljui guownh hugniyghuyh Jeunph dognyp wdug
hudwutn dhpwuypnid pmth wuqud £ ks (Yud thnpp) Julninidnid nitkgus wipdtiphg b Ynsynid £
niph dwqihuwwt puthwighhnipmni: Unipbph dbs dwuh hwdwp dwquhuwluwt puthwbgbihnt-
pintup phs £ wwppipynud 1-hg: Upuiwphtt dwqhuwlub gupn dingubjhu gpuip pwn pnoyp Lo
dwquhuwtund: Opptwl, onh hwdwp p = 1,00000038, wjwwhth hwdwp' p = 1,00025, wpnidhih
hwdwp® p =1,000023, ghuljh hwdwp® g = 0,999991, nuljnt hwdwp® x4 = 0,999961:

Yhwdwqhubph dwquhuwlwl puthwighhnipynip tinpp E dbjhg (1 < 1) b wpuwpht
dwquhuwjut nuonnd wyu ympbpp dwqhuwind B wjbybu, np gputg unbndws dwqhuwlu
nuowp huljurwl b nipnynid wpnwphtt nupnht b poyjugunud b wyt: Yhwdwquhubkp i wqnup,
wpdwpp, wnhudp, nujhtt b dh owpp wy Wnipkp: Mwpudwquhuttph dwqihuwuit putwbgthne-
pmitp  Uks E uklhg (x> 1) b dwquhuwgdwb hbnbwipn] wju mpkph unbndws nuont nith
wpwphtt guownh ninpnipjnitp b nudbnugunud | wy: Mupudwquhuubp Gu ppywship, ujghndp,
ppnup, Unthppkp b wyi:

b wnwppbpnipnit phwdwquhutbph b ywpwdwgquhubbph, $ipndwquhuttpt odnus tu 1-hg
owwn Ukd dwquhuwlw puthwighihnipjudp: Upnwyhuph Wynipkpt wpunwphtt dwqithuwjut gupnnid
nbknunpbihu dwqhuwinid Eu b uinbnénid qupntp, npnup hwupnip b hwqupuynp wiqud Jupnn tu
qbpuquiighk] wpnwpht qugnp: dpuighg ku” kpljupep, thykp, Ynpwpnp b dh gupp wy) wwpg ynipbp
nt hwdwdnpjusptp: Ujy Wmipkph dwqbhuwlub puthwbghihnpmbp  thojofmd £ 10% - 10°
uwhdwbbbpmd:  Ophtwl, wnnwuwh hwdwp =800, hul btpluph b uhykh hwwnnl
hwdwdnijusph® umwybpdwnih  (80% Ni, 15% Fe, 5% Mo) huwdwp g = 10%: Upunwpht nuownp
Jtpugutiihu, h mwuppbpmipinit nhudwquhuttph b wwpwdwgqihutbph, $Epndwgqihuttpp wwhywind
Eu dJwquhumgquénipniup, wjuphtiptl’ swpmibwynid i unbnst] hpkig ubthwluwt dwqihuwlub
nuiown: Snipwpwbynip dkpndwquhuh hwdwp gnjnipnit nith npnowlh obipdwunhdwl, nphg pupéap
ug Ynpgunid E hp dwqihuwlwb hwnimpnibbbpp: Uy obpdwuwnmhdwip Yngmd L Gmmiphh
skpltwunpdwl Ywd Gmpph fEn: Gniphh sbpdwunhgwip kpjuph hudwp 768°C b, uthkh hwdwp®
360°C, hulj Ynpwynh hwdwp' 1150°C :

Phlknpughli phlEunphlhakph o yqupufmqbpubbph phkpugmdp: tiEjupujut b dwquhuuljub
nuownbpnud, LEjunpuljut nt dwqhuwlwb ghynjutph qupphg bjukng, jupkh b oy dbind pugw-
wpk) nhhEyunphljutknh ot upudwquhutbph Ynndunpnodwt Eplinypn, tnyt dbing unwbtw) Thpuygh b
Yniphh puwbwdbbpp' ghhiEjupujut b dwuqihuwlut puunibulnpniuttph hwdwp: Mnnkughw-
wyhtt pupunnid okipduyhtt punuwghtt pupddw Jhdwlnud qgnidnn wnndwlju LEjunpulub b dwquh-
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uwlub nhynjubpp tupwuplyynid Eu Pnjgdwtth puppudwp, puin npp W; yninkughwy Eukpghw niikignn
w;

nhunjubph phyp hwdbdwnuljub k e kT Ubdnipyuitip:
Upuupht E (upjudnipjut  EEjunpujut  guonnd  wnndwlub 51‘ nhynp  Yniubw
W; = —p,Ecos8 yninklughw Lukpghw, npinkn 6 —t nhynih wpwbgph b E —h dhol juquyws wulniut k:
Cuwn Pnjguwth [2], guuwlub hghuynid poyjjunpynud k E nuownnid nhunih Ynndunpnodwb
Epynt htwpuwynp nhwp’ npuonh ninnnipyudp b guonh hwjwowl ninpnipjudp: Fwownh ninnnipjudp

piEcos@
(cos = 1) nhynih' Ynnuunpnoybint hwjwiwlwinipmiip Ce~ #7  k, hul hwljuwpwl ninnnipjudp
piEcos@
(cos8 = —1) Ynnuunpnpybim hwjwiwlwinipniap' e~ ~ ¥, hhnlwpwp'
piEcos@ piEcos@

Ce  *,T +Ce” —* =1,
nputn C-u hudbdwwnwljuinipjub qgnpdulhg k:

Puipdp obpdwuwnmhgwutbph b pny] quownbkph phwpnud, tpp % &« 1, oquuybyny

et*=14+x, (Jx| K1) pwtwalhg, junwiwip C = %:

Cunphwipwwybu phijEiuphlynd otpduwyhtt pwnuwyhtt pwpddwt  htwbwupny phwnjubpp
puwohuynid L pninp ninpnipnibbbpny hwjuwuwpuybu, vwljuyb dnjinyuhtt Yhubnhl nbunput
owtn juinhpubp nisknt hwdwp pugniand B, np gpuitp pugpudws Eu dhwyt Eptp thnjuninnquhwjug
nunnupniittpny [3,4]: Uju Bupugpnipmiip wupgkgunud E juughpp, payg sh wopnud tpu jmsdwt
Jtpomut wpyniph Jpu Zhkwbwpwp, ek nphhikiuphlh vhudnp swdunud juwu ng  ghwnjubp,

n
wnwgpukphg jnipupwiignipm] mnnjus Yihuk ;0 nhwniutp: Bpt wnwhuh phfklnphyp nbnw-
Ynptup LEjunpuljut quonnid, nph jupjubnipjut Ejnnpt nignusé b wyy Epkp wnwbgputiphg nplk
dblny, wyw guonh ninnmpjudp Yinndunpnogk’
pi;E piE
Ny =2 e, hulj quignhis hulwnuly’ Ny =2 ™ &7 nhunjubp:
Twpwh ninnnipjudp Yynndunpnyytu
piE piE
AN = N; — N, ="?°(eﬁ—e‘#)
wykih nhwyntp, b pwih np pipwpwbsinip nhwn nibh p; ghynpuyht Undkin, wyw dhuwynp swdw-

S DE i\
il hlyblnphlyp Aknp Ypbph P = =2 (e kT — e kT ) B; ghwnuyhl dndblnn, wyuhtph® Yplkoub:

fony quownbkpnud ud pupdn obpdwunh&wtubpnud® (% K 1)
Yniuktwp’

B _ novi 3.
P="0LF (8)

Zudkdwinkiny (4) b (8) pwtwdlitpp' nhhEynpului pijuniiulnipjui hwdwp Junwiwbp
Yyniphh opkupp.

2
— Nobi,

Zudwdwt Yipyny quuktp yupuwdwquhuubph hbwdwp dwquhuwlut pujunibwlnieniin:
Bpet Wniph dky vhwynp swduwinud jub ny wupudwqihuufwb dndbuntbp, wyw B hunniyghuyny
Udwqihuwlub quownh htwn i — py wnndh f; dwqihuwlub dndkinh thnjuwgpgnpyut ynnkghuy
Eukpghwt Yhuh' W; = —p;Bcoso :

‘Unphg dwuquhuwlui dndbbntbpp gupnnd Ynibktwt Gpyne htwpudnp nuynnipmit b wyy
ninnipjnibiubpny Ypuojudklt pun Pnjgdwih: Uyn quwndwnny b ﬁi Undkunp nuownh nipnnipjudp

uiB
Ynnuunpnogbnt hwjwbwlwunipniup Yihtp %eﬁ, hull hwjupwl myymipjudp Ynndunpnoybnt
KB
hujwbwwinipmiap’ %e_ KT :

Bpl unphg oquytlip Unikniuyhtt Yhukwnhly nbkunipmniithg, wyw jupnn Lup wubk), np wupw-
dwquhup dwqthuwlut guonmd wnbnunpbihu bpu dhwynp swjwnud bnus ny dwqthuwluib
Undkunbbphg nuownh ninpnipjudp Yynndunpnydtu
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huy hwjwpwl ninnnipyjudp’

n -
N2=—°e kT
6

u;B

dwquhuwfwi dndkunubp, npp yuwndweny vhwdnp swjuwnud yupwdwqthuubpp dtnp Yptpku

N uiB uiB
M = %(3# — e_#)ﬁi
dwquhuwfui dndkn:
‘Lnyl Untnwynpnipjut nhypnid (kpp % << 1), junwbwp
2
M= ST B, (10)

2

nphg pumd B, np Xy =

208 1 hwiplljantd E Yyniphh opkliph hbw:

3kT
ElEyunpulut b dwquhuwfub ddnipniuubph dhol tnus hwdwwywunwujuwbnipjniup pipqus k
wnniuwlnud:
Unniuwly
EEjunpuljut dEdmpyniuukp Uwqupumlwi ddmpinibukp
ElEjunpuljut nuown Uwquhuwlwl nuown
Uuwnuh nhunjuyht dndbn® Uunuh dwguhumfub dndbun’
pi=dl Wi =IS
Rlutnwgdw 4kljnnp’ Uwquhuwugdwt yEywnnp*
5_Zh_ . ® V_LE_ . 3
P_TI_XI:[E :TI_XL[qu
ElEyunpulut nhynh b k- Uwquhuwljut nhunih b dwquh-
pwljut nuownh thnpuwgntgnipput uwljub puownh thnpiwgntgnipyut
tutipghwut® W, = —p;Ecos8 tubipghwt®  W; = —p;Bcos6
EiEyupuljut ghwynjukph pupindp Uwquhuwlub ghynjukph pupiniip

_PiE
puwn Eubkpghuyh® %e KT

1 _MB
puw Eukpghugh® >€ KT

ThhEynpulwi ptuwnitulnipmu’

2
— Dobi
Xt = gt

Uwquhuwlw puuynibwlnipniu’
2
— Dok
XlIulq 3kT

ThhEjunpuljut puthwtgkhnipniu” €

Uwquhuwlub puthwbghjhnipni |t

Bgpulpugnipynia. Yhhkuphlutph pikpwgnidp b yupwdwgquhutbph dwuquhuwgnidp hudbdw-

wbjhu hwignud Gup htnlyw) Eqpujugnipyutp: hiEjnphutph b ywpuwdwquhutbph quppp fjwn-
pujuwt b dwquhuwwb guonmd Jupkh b tjupugply nyg dind, npp dh Ynndhg LEjunpujui b
dwquhuwub nuownbph, hulj Uniu Ynnuhg' Wnipbph HEjupujut b dwquhuwljuwt hwnlnipmiuttph
huwdwidwt $hqhljuljub Ukdbnipjniuutpny pinmipwgptint hbnbwip E:
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A.O. Abosin, C.I'. Aroansin

HEKOTOPBIE BOITPOCBHI NPOLHECCA NOJIAPU3ALIUU JUIJTEKTPUKOB
N HAMATHUYNBAHUSA NAPAMATHETUKOB

Hccnedosanwi npoyeccol nospuzayuu ()uaﬂekmpukoe U HamacHUu4dUueaHus napamdacHemurKos, 6 pesyiobmame
Komopblx npuxoduM K 661600_)/, umo noseoeHue dusﬂeKmpukos u napamacHemuKkoes 6 3J1eKmpudecKom u MacHunom
NOJIAX MOMCHO onucams AHAl02UYHbIMU qbopjwyﬂa/wu.

Knwuesvie cnosa: noJAapusayus 0M9ﬂ€KmpuK06, HamazHuvyueanue napamacHenuxkos, OUNOIbHLIL U
MACHUMHBLUL MOMeHMmbl, aﬂeKmpuquKud ()l/lnoﬂb, BEKMOpbl noadpusayuu U HaAMAcHU4U6aHusl, ()uaﬂelcmpuqecmw u
MACHUMHAS 60CNPUUMHYUBOCTb, memnepamypa Kropu

A.H. Aboyan, S.G. Aghbalyan

SOME ISSUES OF THE POLARIZATION PROCESS OF DIELECTRICS
AND MAGNETIZATION OF PARAMAGNETICS

The polarization processes of dielectrics and magnetization of paramagnetics are investigated, as a result
of which it has been concluded that the behaviour of dielectrics and paramagnetics in the electric and magnetic

fields can be described by analogous formulae.
Keywords: polarization of dielectrics, magnetization of paramagnetics, dipole and magnetic moments,
electric dipole, polarization and magnetization vectors, dielectric and magnetic susceptibility, Curie temperature.

Upnjuwt Upubu <ndhwuubup - $hq. dwp. ghn. gnljunp, ypndtunp (20M2)
Unpwpywt Unipbu Gunpgh - nnkjuti.ghin. npnlnnn, ypndkunp (ZUN2)
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VK 532.542+621.311.21 MAIIMHOCTPOEHHUE U METAJLJIYPI'USA
1. Amusun, A.JL. ABaksan, M.P. Acarpsin

SKCHEPUMEHTAJIBHOE UCCJIIEJOBAHUE PABOTbBI
I'MIPOTAPAHA MAPKMU "BYHAKH-100"

TIpugoosamces sxcnepumenmanvhvle OauHbvle, NOTYUEHHbIE NPU HATAOKEe U UCHBIMAHUY padbomvl  2Uopo-
mapana 8 2udpagnuyeckoti rabopamopuu Hncmumyma 800HbIX npodiem u 2uOpOmexHuxku um. akademuxa U.B.
Eeuasaposa. Onpeoenenvl pacxoovi 600bi, NPOnyCcKaemoll uepe3 2UOpoOmapaH U HASHEMAeMOU 6 NPUEeMHbIL
pesepeyap, nNpu  pasIuUuHLIX 3HAYEHUSX @ecd YOAPHO2O KIANAHA 2UOPOMApaHa u 00beMos 6030yxa 8
60006030YUIHOM KOJINAKe, A MAKJiICe YUCTEHHOEe 3HaYeHue Kodghduyuenma conpomuenenus 2uopomapaua.

Knrouesnle cnosa: cuopomapat, yoapHulii Kiana, 60008030YUWHbIN KOINAK, PACX00 HCUOKOCIIU.

l'upgpaBnuyeckuid  TapaH SBIAETCS  BOJOMONBEMHBIM  YCTPOMCTBOM, paboTa  KOTOPOTO
OCYILIECTBISIETCS. TOJIBKO 3a CUET SHEPrUM JBIDKYILIEHCS KOJOHHBI XKUIKOCTH B HAIOPHOM TpyOoIpo-
Bojie. IIpocToTa KOHCTPYKIIMM U aBTOMATHYHOCTH paOOTHl MO3BOJSIOT NPH ONPEICICHHBIX YCIOBUAX
HanOoiee BBITOJHO HCIIONB30BATh 3TO YCTPOMCTBO JUIA IOAAYM BOABI Ha Oojice BBICOKHE OTMETKH
MECTHOCTHU.

PazpaGotke Teopuu pacueTa M  KOHCTPYHUPOBAHUS  THAPOTAPAHOB  IIOCBSILEHBl MHOTHE
uccnenoBanus [1-4], KoTopble, OHAKO, HYXXJAIOTCSA B YCOBEPIICHCTBOBAHUU C 1IEJIbIO yIOBIETBOPEHUS
TpeOOBaHUSIM MPOEKTUPOBAHUS ITUX yCTPOICTB.

OCHOBHBIM HEJJOCTaTKOM I'MJIPOTAPAHOB SIBIAETCA UX HU3KAs MPOU3BOAUTEIHHOCTD, IOATOMY IIPHU
pa3pabOTKe  HOBBIX KOHCTPYKIMH THIPOTapaHOB  OONBIIOC BHUMAaHUE  YAENSAETCS  BOIpOCaM
MOBBIIIEHUS MX IMPOU3BOJUTEIBHOCTH.

B Hacrosmeii paboTe NPHBOAATCS HKCIEPUMEHTAIBHBIC TaHHBIC, MTOTyYEHHBIE IIPH HANAAKE W
WCIIBITAaHUM paboThl ruaporapaHa Mapku "byHakH-100" B m1abopaTOpHBIX YCIOBHSIX, HWCIOJIb30BAHHE
KOTOPbIX MOJKET OKa3aTbCA IOJIE3HBIM IpU  pa3pabOTKe PpEKOMEHAAIMi 10 I[POEKTUPOBAHHIO

THIPOTAPAHOB.

Cxema J1abopaTOpPHOM YCTaHOBKM IIPUBEAEHA HAa PUCYHKE.

o

.

Puc. Cxema nabopamopnoti ycmanoexu

I'unporapan Bkmoyaer pabouyio KopoOky 1 ¢ pacnosiokeHHBIMH B HEW yAapHbBIM 2 U
HarHeTaTeJIbHbIM 3 KJIalaHamM, a TaKkKe BOJOBO3IYIIHBIM Konmak 4. ['miaporapaHHas ycCTaHOBKa
BKJIIOYAET MUTATENBHBIM 5 W HarHeTarenbHBI 6 TpyOompoBoabl. Bojma moctymaer B mHUTATENbHBIN
TpyOOIIPOBO/ U3 pe3epByapa 7 v Mo TpyOONpoBOy 6 MogaeTcss B MPHEMHBIA pe3epByap 8.

Pabora runporapana ocyiiecTBisieTcs ciaeayronmM obpazom. M3 pezepByapa 7 Boja mocTymnaer
B MUTATSJILHBIA TPyOOIIPOBOA 5 W Jaliee uepe3 Hero B pabouyro KopoOky 1 ruaporapana. B ciyuae,
KOT'Jia B TUAPOTApaHe yAapHBIA KianaH 2 3aKphIT, BOJA, 3aMOJHUB pabovyi0 KOpOOKY, MOCTYIAeT uepes
OTBEpPCTHE HArHETATENFHOTO KJamaHa 3 B BOJOBO3IYIIHBIN KOMMak 4, CKAMasi HaXOJIIIMKUCS B HEM
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BO3/IyX, M Jajlee B HATHETATEIBHBIA TPyOOIpPOBOA 6, 3amONHSS €ro J0 YPOBHS, COOTBETCTBYIOMIETO
nanopy H, (puc.).

[Ipn mpHHYIUTETFHOM OTKPHITHH YAApHOTO KIAIaHa 2 BOAAa W3 THAPOTapaHa yepe3 OTBEpCTHE
yAApHOro KjamaHa OyJeT yJansiThcs B aTMocdepy, a B NHUTaTeNbHOM TPyOONpoBojAe 5 B mpolecce
TAKOr0 MCTEYCHUS] CKOPOCTh TEUYCHHUsS BOIBI OyIEeT BO3PACTaTh 10 ONpPEIEICHHOH BEIUYUHEL, MPH
KOTOPOH TIPOM3OMIET 3aKphITHE yAapHOro KiamaHa 2. B pesymerare nmaBineHume BOXIBI B pabouci
KopoOke ruapoTapana | pe3ko Bo3pacTaeT (BOSHHKAET THAPABIMYECKUN ynaap).

Takoe TOBBINIEHWE IABJICHUS  CHOCOOCTBYET OTKPBITHIO HArHETATEIBHOTO  KjamaHa 3, B
pe3yabTaTe Yyero B BOJOBO3AYIIHBIA KOJIAK MOCTYMAaeT HEKOTOPHIH 00beM BOJBI, TIOBBILIAS IaBIICHHE
BO3IyXa B HEM M YaCTHYHO 3aIlOJHSS BOAOHW HArHETATENBHBIH TpyOompoBon 6. CHycTs HEKOTOPBIHA
MIPOMEKYTOK BPEMEHH CKOPOCTh TEUCHHUS JKUJIKOCTH B IUTATEIHHOM TpPyOONpPOBOJE YMEHBIIAETCS JI0
HyJIs, JaBjeHHEe B pabodell KOpOOKEe MMOHIDKAETCS, YTO CHOCOOCTBYET 3aKPBITHIO HAarHETATENBHOTO
KJjamaHa 3 W aBTOMATHYECKOMY  OTKPBITHIO yNApHOTO  KJamaHa 2: HAaYMHACTCS  HOBBIA IIHMKI,
MPOTEKAOLINN TaK jke, KakK U NpeXHHW. B pesynbrare BoAa OMpEeneNeHHBIME MOPLHMAMH HOCTYIAeT B
BOJIOBO3IYIIHBI KOJIIAK M HAarHEeTaTeNbHBIA TPYOOIPOBO, TOBHIILIAs AaBJICHHE BO3IyXa B KOJIAKe

JI0 HEKOTOPO# TUHAMHUYECKON BeMUUnHBl H ¢ > H,,rne H,- Harneraemslii Hamop.

IIpu pabore rugporapaHa OCHOBHOW 00beM BOJBI, MOCTYNAIOUIEH B THAPOTapaH, yIajisercs U3
Hero B arMocdepy, M JHIIb €r0 Mamas 4acTh 4epe3 BOMOBO3AYINHBIM KOJMAK HAarHETaeTcs B
TIPUEMHBIN pe3epByap 8.

Otnuuue rugporapaHa Mapku "ByHakH" oT cymecTByromux [3] 3aKirodyaercss B TOM, 4TO €ro
IUIOCKWI TIOBOPOTHBIM  yAapHBId  KjamaH 2  [OpAMOYToJIbHOW (OpPMBI B 3aKpPBITOM COCTOSHUHU
pacrionaraetca mo yriom 45° k ropusonty. Takas ycTaHOBKa yjiapHoro kiamana 1 B paGoueii kopoGke
1 (puc.) Mo3BONSET MOBBICUTH HAACKHOCTh aBTOMATHIECKOH pabOThI THAPOTapaHa.

B Ttabn 1 TIPUBEICHBI YUCJIICHHBIC 3HA4Y€HHA OCHOBHBIX T'COMETPUUYCCKUX napamMeTpoB
THAPOTAPAHHOM yCTaHOBKHU.
Tabnuya 1
Yucnennvle 3Ha4eHUs1 OCHOBHBIX 2eoMempudecKux napamempos euopomapana "Bynaxn -100"
Hawnme- IIura- Jlnmuna Juamerp Haruera- Jlmuna Juametp ITnomane | Ihromans
HOBaHHE | TEJBHBIN |MTATENBHOIO | MHUTATENBHOTO | TENbHBIH | HATHETATENb- | HATHETATE b~ | OTBEPCTHS | OTBEPCTHS
HaIop, TpyOomnpo- | Tpybomnposoza, |Hamop, Hzm HOTO HOTO yIOapHOrO | HarseTa-
Hi, m2 Boja, L1, m2 Dim2 TpybomnpoBona, TpyOompo- | KiamaHa, | TEIbHOro
Lo wm Bona, d, m Az, M KJIaIlaHa,
A4, M2
Yucnen-
HbIC 2,85 11 0,12 6,8 18,4 0,05 0,0117 0,0041
3HAYCHHUSI

[Ipu npuHYIUTENBHOM yJAEp)KaHUHM yJIApHOTO KiamaHa 2 THAPOTapaHa B IOJHOCTHIO OTKPHITOM
MOJIOKEHUH  PACXOJ JKUIKOCTH, NPOXOISAIIEH depe3 OTBEPCTUE yAapHOro KiamaHa B aTrMocdepy,

pocturan MakcumanbHoi Bemmumnet O, =0,0225 w'/c. CooTBeTcTByMOMmAs CKOPOCTh TeUEHHs

y

JKHIKOCTH B n

MUTATENILHOM  TPyOONpOBOJE: w = 2,0m/c. Vcnone3yst 9TH SKCHEPHMEHTAIbHbBIC

JaHHbIE, OIpENeNIeHO YUCIIEHHOE 3HaueHue Kod(duiueHTa TI'WAPaBINYECKOTO  COINPOTUBIECHUS
rupporapasa - &, . Ilpu 3TOM ucnonb30BaHa W3BeCTHas B ruapasiuke [2] dopmyia, onpenensiomas

CKOPOCTb TCUCHHS )KXUAKOCTH B HAIIOPHOM pr60Hp0BO,£[eI
V =.|2gH, /(1+Z§), (1)
roe g - YCKOpeHWe CWisl TsukecTH; I |- THMTaTENbHBIA HAIop; Zé’ - cymMmMa  KO3()(HIHNCHTOB

THPaBINYECKUX CONPOTUBICHUH B MUTATENbHOM TpPyOONpPOBOJE U THAPOTAPAHE.
Jst 1abopaToOpHOI YCTAaHOBKM HPH MOHTAXKE THApOTapaHa:

L
Z§=§8x+/1131+§g00 +&+ 8 (2)
|
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rae &, - Kod(hOHUUMEHT COMPOTHBICHHS IIPH BXOJE JKMIKOCTH M3 IHTAlOLIEro pesepByapa 7 B
nuratenbHelii  Tpy6GonpoBox 5, pasubii &, =0,5; A4, - KodQQUIMEHT cOMpOTHBICHUS 1O  JUIMHE
nurarensHoro  tpy6omposoma. Ilpu D, =0,12m: A4,=0,03,L =115 »m AL /D=2875
5900 - KO>((ULMEHT CONpPOTHBIEHHS TIPH PE3KOM MoBopoTe TpyOsl Ha 90°, paBHEI 95900 =1 &;-

KO3(PHUIMEHT CONPOTUBIEHHUS MOIHOCTBIO OTKPHITOTO THAPO3aTBOPA, OTKIIOYAONIMN THAPOTAPAH OT
nuTarensHoro Tpydomnposoza: &, = 0,6.

Taxim obpasom, Y & =0,5+2,875+1+0,6+ &, =4,975+ &,

[loacraBisist mOJlydeHHbIE YHUCICHHBIC 3HAUEHUS TUAPABIMYECKUX IapameTpoB B Qopmyiy (1),
MOJIy4YUM

2-9,81-2,85
1+4975+ &,

3)

W3 paBeHnctBa (3) onpeaessiOTCAs YMCIEHHbIE 3HaueHHA KOd(GGHUUMEHTa THAPABIMYECKOTO
CONpPOTHUBIICHHs TuapoTapana & = 8.

[ToTpeGnsieMbIii THAPOTAPAHOM pAacXOX JKUAKOCTH PETYyIHpPOBAICS ITyTeM H3MEHEHHS Beca
yaapHoro kiamaHa. IIpp 3TOM OOBEMHBIM  CIIOCOOOM — HM3MEpSsUIMCh  pacxonsl  skuakoctH (),

yAQISIOLIEHCS Yepe3 OTBEpCTHE yHApHOro KiamaHa B atMmocdepy, u (J, , HarHeTaeMoil B TpyGoIpo-
BOJ 6 BONOBO3AYIUHLIM KOJIAKOM, IIPU pa3sIMYHBIX (PUKCHPOBAHHBEIX 3HAUCHHUSAX BECa YIapPHOIO
knanaHa G.

Pesynprarhl M3MepeHH NpPUBEICHBI B TaOII. 2.
Tabnuya 2

3KcnepuM€Hmaﬂbete SHA4YeHU: pacxoaoe Q] u Q2 , A4 makoice OUHAMUYECKO20 Hanopa fl(g

npu pas’iudHnblx YUCIEHHbLX 3HAYCeHUSAX 6ecaydapﬂoeo Kianana G

o | e G, o | o .
M H M/e

1| 72 17,66 0,0053 0,00135 0,5

2 | 76 25,5 0,00643 0,0019 0,61

3 | 73 33,9 0,0102 0,0014 031

U3 Tabauubl BUIHO, YTO HAMGONbIIAs TPOM3BOAUTENLHOCTL ruapotapana (Q, =0,00191°/c)
nocturaeTcss mpu Bece yaapuoro knamana G =255H.

B Tabn. 2 mapamerp 77 mpexacraBnseT kodhdunuent monesnoro aeiictBus (KI1[) runporapana,
KOTOpBIN ormpenensercs no dopmyie [5]

77 — QZ ) H g
(Q,+0)H,’

rne H,=H,+h, H,=68wm, a h, - nanop, 3aTpaunBaeMblii Ha TPEOJONIEHHE THAPABIHIECKHUX
CONPOTHBIIEHUI TIPU JIBMKEHHH BOJIbI B HATHETATENHLHOM TPyGONpoBOE 6.

U3 Tabnuiel Buano, uto npu @, =0,0019 »'/c KIJ ruaporapana 17 =0,61.

DKCIIEPUMEHTAIBHBIM [IyTEM OMNPEETICHO BIHMAHHE O00beMa BO3IyXa B BOIOBO3YIIHOM
KOJITIAKe Ha BEJIMYMHBI HArHeTaeMoro pacxoxa Boasl (), mpu Bece ynapaoro knamana G =33,94H.

Pe3ynbTaThl SKCIEPUMEHTOB MPHUBENEHBI B TA0II. 3.

Kak BUAHO W3 TaONMUIBI, CyNIECTBEHHOE

yBenuueHne — pacxoja (), HabmHOmanoch mpu

yBeInueHun o6beMa BO3/yXa B Konmake 710 3nHadenus W, = 0,005, Tlpu nanbueiimem ysenuuenun

obvema Bo3myxa mo 0,012 M 3Havenwe pacxona Q2 OBLIO YBEITMYEHO HE3HAYUTEIIHHO.
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Tabnuya 3

H3menenue pacxoda 6000l Q2 , HazcHemaemou zu()pomapaHOM, 8 zasucumocmu

om obvema 603dyxa VI/& 6 60()0603aymHOM KoJjinake npu cmamuieckKkom Hanope H2 = 6,8M

W, w 0,0008 0,0017 0,0029 0,005 0,0075 0,01 0,012

0,, m/e 0,0007 0,0012 0,0014 0,00147 0,00154 0,00163 0,0017

BriBoABI

TI'unporapan mapku "bynaks - 100" padoTtocnocoOeH.

YcTraHoBKa ymapHOro KjamaHa B paOoueil KOpoOKe BBIIIOJHEHA TAKMM 00pa3oM, YTO B 3aKPHITOM
TIONOKEHNN KJIAMaHa ero Tapelb cOCTaBisfeT yron 45° ¢ rOpPH30HTOM, 4TO MO3BOJISET TIOBBICHTH
HaJIe)KHOCTh aBTOMAaTH4YeCKOH pabOThl I'WApoTapaHa.

3. HcnplTanust TOKa3ajld, YTO MAaKCHUMaJbHBIH  pacxXoJ BOJABI, HAarHETaeMOW THAPOTAPAHOM

N =

0, =0,0019 a’/c, Bosuukaer mpu Bece ynapuoro knamana G =255H u o6veme Bozayxa B
BosI0BO3MymHOM Kommake W, = 0,013 M.

4. TIlopaua pacxoaoB BOJbI TUApOTapaHOM OTJIINYACTCA BBICOKMMHU IIoKas3aTejIsiMu
MMPOU3BOAUTEIIBHOCTH, YTO IMO3BOJIACT PCKOMCHAOBATL 3TY KOHCTPYKHOHIO JIsI HCIIOJB30BAHUS B
CUCTEMAX KOMMYHAJIBHOI'O BOI[OCHa6)KeHI/I$[ u OpOLICHHUA.
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FPhpyjwé kG hnpdupupuluml  ngjuyblp, npnbp  uuugiwés Ea "Forluali"-100 dwlbpoh  hhgpnpupwih
upfuunnwiph  hknwgnindwi  phpwgpnul Ugwnpkdpinu P9 Eppuqupnip whyul ppuyhll  hhdlnuhwpgbph I
hpppnunkfubpluyh phunpunninp jupnpuinnphugnid: Apnoyws ki hpppnpwpwing wighnn b gpubng dnyng oph
kiplpp hwpywéng Juupnyph wwppkp [ohpbkph b gpwonuypl puuwinid onp Swyjuybbph nwppkp puliufh
wnfuynipyul plwypnid: Apnoywé F lnull Apppnpupwih hhppuyiplulwi ghdwgpnipinibabph gnpswlhgn:

Unwhgpuyhti pwnbp. hpppnpupwl, hupjwény Juhnyp, gpwonuyhl puwuwl, oph Eip:

E.P. Ashchiyants, A.L. Avagyan, M.R. Asatryan
EXPERIMENTAL INVESTIGATION OF WORK OF
HYDRAULIC RAM “BUNAKN-100"

Experimental information production adjustment and test of work of hydraulic ram at hydraulic
laboratory of the Institute of Water Problems and Hydraulic Engineering after Academician 1.V.Yeghiazarov are
done. Determination of passing from hydraulic ram and discharge in tube reservoir rate of flow liquid, by
different values weight hummer halve covers a part of hydraulic ram and volumes air in water-to-aerial
reservoir and also numerically valve coefficient resistance of hydraulic ram.

Keywords: hydraulic ram, hammer valve covers a part, water-to-aerial reservoir, rate of flow liquid.

Amusian dayapa I[lerpocoBuY - A.T.H., C.H.C., IHCTUTYT BOOHBIX NpPOOJEM M THUAPOTEXHUKH HM.
axkagemuka 11.B. Ernazaposa

ABaksaH Apram JleBoHoBHY - 3aB. 1abopartopueit ETYAC

Acarpsin Maknu Py6eHoBuY — nrxeHep-KoHCTpYyKTOp, aupextop OO0 "Apmak"
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ISSN 1829 — 0043 BECTHUK MHMXEHEPHOW AKAAEMWUWN APMEHWUU (BUAA). 2017. T.14, Ne 3
YK 669. 245-034.35°5:621.78 MAIIUMHOCTPOEHUE U METAJLIYPI'US
A.A. Anasu, JI.P. Tajgcrsan

O NIPUYUHAX AHOMAJIbHOCTU U3MEHEHUS MEXAHUYECKUX
CBOMCTB a-JIATYHEM U IIEPMAJLJIOEB

Paccmompenvt ouacpammer cocmosinus cucmem Cu-Zn u Fe-Ni, sasnarowuecss ocHo8oll 0N 6bIACHEHU
CMPYKmMypooopaso8anus U COOMEEMCMEYIOWUX SMUM CIMPYKMYpam @Qusuko-mexanuieckux ceoiicms. Ilokazano
6UAHUE YNOPAOOYEHUSI HA CB0UCMEA CQ-IAMYHU U NEePMANI0es U PACCMOMPEHbl  803MOJICHbIE CHOCOObI
mepmoodpabomxu 0151 NOBLIUUEHU MEXHOIOSUNECKUX U IKCHAYAMAYUOHHBIX C8OLICME.

Kntouesvie cnosa: namynv, nepmanioi, ouazpamma coCmosiHus, ynopsaoouenue, ¢asa, ceoticmea.

Kak u3BecTHO, OCHOBOM JaTyHell sABJsIOTCA cjiaBbl cucteMbl Cu-Zn, a OCHOBOW IepMaluloeB -
coorBercTBeHHO Ni-Fe. W Te, u apyrue umeroT OoJbIIOe PacHpOCTPaHEHHE B PA3IMYHBIX OTPacisax
IPOMBIIUIEHHOCTH. JIaTyHH W NepMalion SABJAIOTCA Je(QOpPMAIMOHHBIMU CIUIaBaMH. VIMEHHO MO3TOMY
0oJbIIOe 3HAYCHHE UMEIOT MEXaHUYECKUE CBOMCTBA STUX CIIJIABOB M X U3MEHEHHUS B 3aBUCUMOCTH OT UX
XHUMHYECKOro cocTaBa U Ipyrux (akropos. JIaTyHH HAXOJAT MIMPOKOE NPUMEHEHHE B TEXHUKE BBUIY HX
CPaBHUTCIBHOW [ICIICBU3HBl W BBICOKMX MEXaHMUYECKMX W (DU3UKO-XMMHUYECKUX CBOHcTB. OHH
MPUMEHSAIOTCS B OCHOBHOM B BHJIE XOJIOJHOKATaHBIX MOy ()aOpUKaTOB: JIUCTOB, MOJIOC, JIEHT, U3 KOTOPBIX
W3rOTAaBIMBAIOT TPYOONPOBOABI, CHIb(OHBI, LIalObI, BTYJKH, YIUIOTHUTEIbHbIE KOJbIIAa, CHapsAHbIE
THJIB3BI U 1.

OObyHBIN nIepMaiion conepkut ~78,5% Ni, 0,6% Mn u 20,9% Fe, umeer manbie moTepu Ha
ructepesuc Ws %200 opze/cyv’. DTOT crap MmojlyyaeT BHICOKHE MAarHUTHBIE CBOMCTBA MOCIE 3aKAIKH C
temmepartypsl 600°C, T.e. Boire Touku Kropu (580°C mist nanHOTO cIiaBa) co ckopoctsio >30 °Cre.

Ha puc. 1 npuBeaena amarpamma coctosHHs cucTeMbl Cu-Zn. OOBIYHO OHa NPHUBOAMTCS 0Oe3
o0o3HaueHus ynopsnodeHHo ¢a3pl CuZn B 00jsacTd TBEPAOTO pacTBOpa Ha OCHOBE MeIH. 3Iech
Juarpamma npuBeneHa cornacao padore [1]. Kak BunHO u3 quarpammel, ¢ase CusZn cooTBeTcTBYeT 75%
Cu(ar.), T.e. 74,46% mno macce. B To ke Bpemsi 00nacTh CymecTBOBaHUs (a3 o U O, SIBJISIONUXCS
TBEPIBbIMH DPAacCTBOpPaMHU Ha OCHOBE YIHOpsnoueHHOH a3l CuzZn, COIVIACHO AMarpaMMe COCTOSIHUS,
MIPOCTHpAETCs MpUMEpHO oT 72...79% mo macce.
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Puc. 1. luaepamma cocmosinusa cucmemvt Cu-Zn

421



C uenbio YCTAaHOBJICHHS HATMYUS M BIUSTHUS 3TOW (Da3bl HA MEXaHUYECKUE CBOMCTBA JaTyHEeH HaMu
PacCMOTPEHBI 3TU CBOWCTBA JUIS OTOMOKCHHBIX O-JIATYHEW, KOTJa BJIMSHUE 3TOH (ha3bl JODKHO ObITH
0COOCHHO 3aMETHO BBHUY 0oJiee TOJHOTO OCYIIECTBICHUS MH(P(Y3HOHHBIX IPOIECCOB MPH MEUICHHOM
OXJIAXKJICHUHM TIOCIIE TOMOTEHM3AIMU. MexXaHM4ecKHe CBOWCTBA JIATYHEH B YyKa3aHHOM COCTOSIHUH,
COTJIACHO JaHHBIM [2], mpuBeaeHbI B Ta0M. 1.

Kak BuIHO 13 TaOJHIBL, TaTyHh Mapku JI75, MOYTH MOJHOCTBIO COOTBETCTBYIONIAs COCTaBY (pas3bl
CuszZn, obrmazaeT MakCHMaIbHOHN TUIACTUYHOCTBIO M HAWOOJBIIMMHU TMOKA3aTeNsIMU Je(OpPMAIIHOHHOTO
VIPOYHEHUS (Oy/Go2 ¥ N), & TAKKE TOBOJIEHO HU3KUM 3HAYEHHEM YCIOBHOTO MPE/ielia TEKYyUeCTH (Go2) TIPU
KOMHATHOH TeMIieparype.

B TO xe BpeMs, KaK MOKa3bIBAIOT JaHHBIE TAOIHWIBI, BHICOKMMH MOKa3aTeNsIMU IJIACTUYHOCTH U
Jie(hOpMAIIMOHHOTO YIIPOYHEHHUsS, HO HECKOJbKO ycTymnammumu cruiaBy JI75, oonagaror cruasel JISO u
JI68, a 3a oTMMU cocTaBaMH MMEET MECTO MaJCHUE Tpejelia MPOYHOCTH U MIACTUYHOCTH, YTO, HA Halll
B3IJISA/, yKa3bIBaeT Ha OoJiee IMUPOKYIo 001acTh cymiecTBoBaHus (asbl CusZn.

[lepmannon o007agaroT BBICOKOH HAYalmbHOW [y M MaKCHUMAaIbHOW  [max MATHUTHOM
MPOHUIIAEMOCTHIO M HU3KOH KOIPIUTUBHOMN CHIION He, T.€. MallbIMK MOTEPSMU MPU NEPEeMarHU4MBaHUU B
CPaBHHUTENBHO CIa0BIX MAarHUTHBIX TIOJIAX, YTO OOECIEUNBACT UX MPUMEHEHHE B CHCIUAILHONW TEXHHUKE
(pamuoTexHUKe, TeIeMeXaHuKe, Tene(@oHUH U T.1.), TaK KaK B 3THX YCIOBHSX MOTEPH HA TUCTEPE3UC B
JICCSITKU ¥ COTHU Pa3 MEHBIIIE, YeM B TEXHUIECKOM JKeJe3€ U IJIEKTPOTEXHUIECKHUX CTaJISX.

Tabnuya 1

Mexanuueckue ceolicmea ramynet
Mapka | G5, 60,2, MIla | HRB 60,003, o.1, E, 0, v, Gu/Go,2 n
naryau | Mlla Mlla Mlla | Mlla % %
J196 240 63 52...63 16 - 114-10° 52 82 3,81 0,329
JI90 260 130 55 70 85 110-10° 44 80 2,00 0,200
JI8S 260 100 60 56 106 110-10° 43 80 2,60 0,250
JI80 310 120 60 68 105 112-10° 52 69,5 2,58 0,250
JI75 320...420 | 100...120 | 15..50 | 500...100 120 105-10° | 58...66 - 3,36 0,302
J172 320...290 120 16 - 90 - 61 76 2,54 0,240
JI70 330...360 130 15...50 - 158 112-10° 55 70 1,65 0,240
JI68 330 100 59 50 120 105-10° 56 70 3,30 0,297
J166 320 - 50 70 120 105-10° 48 - - -
J163 360 110 77 60...80 120 100-103 49 66 3,27 0,296
JI59 390 150 - 80 120 98-103 44 62 2,60 0,251

*B ciyuae HHTEpPBaIbHOTO IOKA3aTelsl 3HAUCHUS] YCPEIHSIIOTCS.

Ha puc. 2 npuBeneHa aquarpamMma, 00001IeHHAs 110 pe3yIbTaTaM UCCIEA0BaHUS 10 cepeaHbl 50-bIx

ronoB 20-ro cronerus [3].

Mi, % (o macee)
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Puc. 2. Juacpamma cocmosinus cucmemsoi Fe-Ni (00 cepedunnvt 50-vix 20006 20-20 cmonemust)
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Opnaxo 60ee O3/IHEE UCCIEIOBAHNE ITOM quarpaMMbl pu remneparypax Hmxe 900°C mokazano
CYILIECTBEHHYIO Pa3HUILy [0 CPABHEHUIO C uarpammon coctosiuus Fe-Ni, npejcraBieHHol Ha puc. 2. Jrta
JuarpaMmMa npuBeqieHa Ha puc. 3[3].
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Puc. 3. JJuacpamma cocmosnus cucmemul Fe-Ni
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Kak BugHOo w3 nuarpammel puc. 3, o0jacTe cyiiecTBoBaHUsl yrnopsupodeHHOM (a3el FeNis
3HauuTenpHo mmpe u gocturaetr ~20% (at.) mpu 300°C. Kpome TOTO, MMEET MECTO IBTEKTOHMIHOE
npeBpaiienue mnpu 345°C:

v (FeNi) 2 a-Fe+ FeNis
C 9BTEKTOMIHOM Touko# mpu 52% (at.), mpeneiapbHON pacTBOpUMOCThIO 6,5% (at.) a-Fe u 62,5% (ar.) B
¢aze FeNis. CHmKeHHE pacTBOPHMOCTH Xeie3a B FeNiz mpu MOHIKEHHH TeMITepaTyphl MOXKET OBITh
UCIIOJIB30BaHO (TIpH KEJaHWH) AJsl yIPOUHEHHs CIUIABOB MPH AUCIEPCHOHHOM TBEPACHUH U HA0OOPOT -
JUIS TIOBBIIICHUS TUIACTHYHOCTH IyTeM (UKcalMu 3TOW IMHMPOKOH 0O0NaCTH TOMOTEHHOCTH ITOCIIE

JUINTEBHON  BBIJEPKKH ~ OBICTPBIM  OXJIAXKJCHHWEM.  3aBUCUMOCTh  MEXAaHWYECKHMX  CBOICTB
JKEJIE30HUKEIIEBBIX CIUIABOB OT UX XMMHUYECKOT0 COCTaBa paccMOTpeHa B [4] u mpuBezieHa Ha puc. 4.
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Puc. 4. Mexanuueckue cgoticmea Hceie30HuKeNe8blx cniagos. I- nocie comoeenuzayuu, Tuen=400°C;
2- nocne onumenvrozo omoicuca (360 u) npu 450°C, Tuen=400°C; 3- nocne omacuza (360 u), Tuen=600°C
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Ob6paszoBanue cBepxcTpykTypbl FeNi; B mporecce AMUTENbHOW BBIAEPKKH M IOCIEAYIOIIETO
MEJIJICHHOTO OXJIAXKICHUSI IIPH OT)KUTE CYIIECTBEHHO CKA3bIBACTCS HA XapaKTepe N3MEHEHHS IIPOYHOCTHBIX
CBOWCTB M XapaktepucTHk miactuaHoct. [Ipu 400°C (nocne omxura npu 450°C ¢ Beinepxkoi 360 u)
CIJIaB CTEXMOMETPUYECKOro cocTaBa 001agaeT HauOONBLIMMHU MOKa3aTelsIMM IulacTHYHOCTH 8=40%,
y=70%, 1 UMEEeT MECTO CHIDKEHHE 3THX TOKa3aTelleil ciieBa M CIpaBa OT CTEXHOMETPHUYECKOTO COCTaBa
COOTBETCTBEHHO cieBa 6=34%, y=60% u cnpaBa d=37%, y=64%. JledopMalmoHHOE yNPOUHEHHE IS
CTEXHOMETPUUYECKOI0 CIIJIaBa Gp/Gor TAKKE MAKCHUMAJIBHO Gy/Gop~2,64 mpu Oojee HU3KUX 3HAYEHUSAX
03/G02~2,35 crneBa u crpasa.

IIpu 600°C nns crutaBa cocraBa FeNis: §=26%, y=32% npu 6,/00,2~1,94. Takum obpas3om, cria
CTEXHOMETPUYECKOT0 COCTaBa B YNOPAAOYEHHOM COCTOSHHMU OONafaeT MaKCHUMAlbHBIMU TMOKa3aTelsIMU
IUTACTUYHOCTH U BBICOKOH NPOYHOCTHIO H3-3a BBICOKOI'O IOKa3aTess 1e(hOpMalMOHHOIO YIPOUHEHHUS.
Kpome Toro, crumaBbl, B KOTOpbIX uMeercs ¢a3a FeNiz B 3HaUMTeNbHBIX KOJIHYeCTBaX, T.€. cBbiIe 45% Ni
(BOM3M ABTEKTOMA), U 3a3BTEKTOUIHBIC CIUIABBI HACTIEAYIOT B 3HAYMTENBHON CTEIICHH 3TH CBOMCTBA.

[lepmanon mpUMEHSIFOT A7 CEPACYHUKOB MaoradapuTHBIX TpaHc(POpMaToOpoB, ApOCceleit, pene
W JeTaneil MarHUTHBIX Lenel, padoTaloluX B CPAaBHUTENBHO CIa0BIX MArHUTHBIX HOJNAX. DTH CIIJIaBbI
HM3TOTABJIMBAIOTCS B BHJIE XOJIOAHOKATAHBIX JIMCTOB M JieHT Toimmuuon 0,015...2,5 mm. EcrecTBeHHO, 4TO
XapaKTEPUCTUKH MJIACTUYHOCTH B TEXHOJIOTHYECCKOM MPOLIECCE MPOKATKH UMEIOT OOJIBIIOE 3HAYCHHE.

CuntaeM HEOOXOAWMBIM J00aBUTb, YTO B JKEJIE30HHKENEBBIX CIUIaBaX HAYalbHOW o U
MaKCHUMaJIbHOH [lmax MATHUTHOM NMPOHUIIAEMOCTHIO 001aaeT cruas cocraBa 78,5% Ni, 0,6% Mn u 20,9%
Fe, a HyneBsre K03(h(HUIMEHTH MATHUTOCTPUKINK W KOHCTaHTa aHHM30Tponwy - mpu 75% Ni u 82% Ni
COOTBETCTBEHHO, T.€. B IIpejiesiax cyuecTBoBaHusA Ga3sl FeNis.

ABTOpEI HccaenoBanus [4] MpUIIUTK TakXe K BBIBOAY, uTo (haza FeNi; oOpazyeTcst He TOJIBKO mociie
CreLUaIbHON TepMOOOPaOOTKH, HO M B OOBIYHOM TEXHMYECKOM IpoLecce. DTOT BBIBOJ MOATBEPKAAETCS
HaJIMYMEM BBICOKHUX TEXHOJOIMYECKHX CBOICTB IPU XOJIONHOM IPOKATKE, KOTOPbIE, KOHEYHO, MOXKHO
MOBBICHTH CIIEUATIBbHON TepM00oOpaboTkoil. C LeNbl0 MOBBIIEHUS TEXHOJIOTHYECKUX CBOWMCTB MOYKHO
MIPUMEHHUTH U TepMHUUYECKYI0 00paboTKy. MccnenoBanus (a3oBbIX NpeBpallleHHi B IMTOM CIIaBe 0enoro
3oiota 585 mpoOwr coctaBa 58,5%Au+26,8%Cu+8,6%+Ni+6,1%Zn mnokazanu, 4YTO YHOPSJOYCHUE
MPOUCXOJUT B y3KOM HMHTepBaie temmepaTyp 250+10°C. M3yueHne KHHETHKH IpOIecca yIopsI0odeHHs
IIPU 3TOM TeMIepaType MoKa3ajo, YTo AJs MAaKCUMaJIbHOTO YIOPAI0YEeHHUs 10CTaToOuHo 2,5 uac [5].

Y4uuThIBas, YTO MPOLECC YMOPSAOUEHHS MEepBOro poaa sBiseTca AudQy3uoHHBIM, U CpaBHHBas
koa(dunmentsl camoauddysuu u nuddysun, npusenaeHHble B Ta0I. 2 [6], a Takke qaHHBIE IS JKene3a U
HUKEJIS C OJHOW CTOPOHBI U 30J10Ta, METU U HUKEJIS - C IPYTOH, YIUTHIBas TAKXKE WICHTHYHOCTh PEIIETOK
30J10Ta, MEJIU ¥ HUKEJISI C OAHOM CTOpOHBI U y-xkene3a (K12) - ¢ apyroil, MO>XHO MPEAIION0XKUTb, YTO AT
repMajuioeB  Beiepkka mpu Ttemneparypax 340 u 400°C, n3 KOTOpBIX HepBas HUXKE IBTEKTOHIHOTO
npespamenus (345°C), a BTopas BblllE JTOrO IpEBpalleHus, He OyJeT mpeBbllaTh 5..3 wac 1pu
COOTBETCTBYIOIIMX TEMIIEpaTypax TepMooOpadOTKH.

Tabnuya 2
Koncemanmor ougpysuu, 6xooswue 6 ypasnenus D=Doe ?RT
XUM. DJIEMEHT IIpepKCIOH. MHHXKHUTEND, Do, cy’/c DHeprus akTuBH3amu, Q, kan/e.amom
Ni (camoaud.) 1,30 66800
v-Fe (camonud.) 0,60 68000
o-Fe (camonud.) 5,80 59700
Cu (camomud.) 0,20 47100
Au (camoaud.) 0,157 53000
Ni (1B. p. B y-Fe ) 0,34 (0,012 % Ni), 1,29 (79% Ni) 67500

Kaxk BunHO 13 TaONuUIbl, MPpeA3KCIOHEHINATBHBIA MHOXKUTENb U SHEPIHs aKTHBAIUN BeCbMa OIH3KU
IUIsL TBEpAOTo pacTBopa u camonudysun. [locne BIAEpXKH IPH yKa3aHHBIX TEMIEpPaTypax CIUIaBbI
CIIeTyeT OXJIAUTh OBICTPO (3aKaIHUTh) BO H30EKaHUE BBIICIICHNS H30BITOYHOH (ha3bl M3 TBEPIOTO pacTBOPA
Ha ocHoBe FeNi3 1 CHI)KeHNUS TITaCTHYHOCTH.
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a-UPNk3PLErh 64 MPUULN3LENP UluULhLUUUUL <USUNhfa3NhLLENP
eNeNuNhfe-3UL ULNUULNRE3UL MUSAUNLENC

Qhunwuplyly  Eh hudwlupgh  Jpdwlh  phugpudikpp, npnbp  hpdp ko hwinhuwinid
qupnigywdpugnugiwi o huwdwguwnwupiul phghludbinubhulwi hunninipinibbkph npnodwi

hwdwp:  Snyg b owupyws  Qupquijnplwl wqpbgnipinibp  a-wpnypbbph b whpduynbbph
hunnlnipinibbbph Yypuw o phunwplyws bh wbjpbnnghwlul ni pwhwgnpdwl hunninipmibbbph
pupdpuguul yunwlng okpdunlpwldwh hiwpun/np Enuwiubakpp:

Unwugpuyhti  pwnbp.  wpnyp,  wlkpdwyny,  Jpdwlp  phwgpunl,  Jupquynpnud,  pug,
hunnlynijpnt hlkp:

A.A. Alayan, L.R. Galstyan

ABOUT THE CAUSES OF ANOMALITY OF MECHANICAL PROPERTIES’
CHANGING OF a-BRASS AND PERMALLOYS

The phase diagrams of the Cu-Zn and Fe-Ni systems have been considered, which are the basis for
determination of the structure formation and physicomechanical properties corresponding to these structures. The
effect of ordering on the properties of a-brass and permalloys is shown and the possible methods of heat treatment
for increasing technological and operational properties are considered.

Keywords: brass, permalloy, state diagram, ordering, phase, properties.

AnasiH ApTamec AracueBu - K.T.H., 1orieHT (HIIYA)
TI'ancran Jluanna Pagasrnosua - x.1.1H., OO0 "Aiitep"
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A.B. I'eBopksH

KOJIEBAHUSA BPAIIAIOIIETI'OCsA POTOPA HA INOAIIUITHUKAX
KAYEHUA B )KECTKO YCTAHOBJIEHHOM KOPITYCE

Hpakmuka IKCnayamayu dNeKmpudeCcKux Mawun u pes3ynibmamaosl IKCnepumMenmaibHblx uccedo8anull nokaswvlgarom, 4mo
aMﬂnumybHo—qacmomnbze Xapakmepucmuku pomopos, epawarowuxcia Ha NOOWUNHUKAX Kauenusl, KOpPEHHbIM o6pa3om
OMAUYAOMCS OM XapaKkmepucmuk pomopos, epawaroyuxcs Ha NOOWUNHUKAX CKObCeHUs. TIoOwunnuku Kavenus 6600sm 6
cucmemy dononHumenvHovle CAPMOHUKU euﬁpauuu, 06yCﬂ06fl€HHbl€ HENUHEUHOU HCeCMKOCIbIO nodmunnukoe, BOJITHUCMOCMbIO U
SPAHHOCMbIO ()opoofcex u meJjl KayeHusl, pasHopasmepHoCcmvio WapuKkos u m.d., Komopbie A6IAI0OMCA UCMOYHUKAMU 603M)UIEHUA.
Hacmo;m;a;z paﬁoma noceswena Smum 60npocam.

Knrouesvie cnosa: spau;ammuﬁc’ﬂ pomop, HeluHeltHas HCECMKOCMb, BOJIHUCMOCMb, CPAHHOCNIb, UCTMOYHUK 603MYUIEHUAL.

BBenenne. IIpakTHka OJKCIUTyaTallud, a TaKkXkKe pe3yJbTaThl JKCIEPUMEHTANBHBIX HCCICIOBAHUIA
BI/I6p0aKTI/IBHOCTI/I QJICKTPUYICCKUX MAlIWH ITOKa3bIBalOT, YTO aMIUIUTYJAHO—YAaCTOTHBIC XapaKTCPUCTUKHU POTOPOB,
BPAIAIONIMXCSA Ha MOANIMIHUKAX KAueHUs, KOPSHHBIM 00pa3oM OTIHYAIOTCS OT XapaKTepUCTHK POTOPOB Ha
INOAIIMUITHHUKAX CKOJIbXKCHHA.

IToAmMIHUKY KayeHUs BBOASAT B CHCTEMY JONOJHHUTENbHBIE CIEKTPHl BUOPAIMH, YacTOTHI M AMILIUTYIIBI
KOTOPBIX 3aBUCAT OT MHOI'MX ITapaMCTPOB IMOAIIUITHUKA, TAKUX KaK HeJIMHEHHas KECTKOCTb, BOJITHUCTOCTH JOPOIKEK
Ka4yeHHs, Pa3HOPa3MEpHOCTb IIApPOB, TPAaHHOCTh M T.H., KOTOPHIE SBISIIOTCS HCTOYHHKAMHM KHHEMAaTHYECKOTO
BO3MyIEHU [1-4].

BimsHne yka3aHHBIX (aKTOPOB Ha BHOpAaLMOHHBIE XapaKTEPHCTHKU IEKTPUUSCKUX MALIMH O HACTOSIIETO
BpPEMEHH T0Ka eIlle He N3y9IeHO.

B nmanHO# paboTe paccMaTpUBAIOTCS BOMPOCH! BUOPOAKTUBHOCTH BBICOKOCKOPOCTHBIX JJIEKTPUYECKUX MAIIUH
C POTOpaMH Ha MOAIINITHUKAX KAUeHHUS C YIETOM HX HEJIMHEWHOH )KEeCTKOCTH M KHHEMAaTHYECKOTO BO3MYIICHHSI.

IMocranoBKa 3ana4ul. [IycTh 0CECUMMETPUYHBIH )KECTKUI POTOP, BPAIIAIOIINICA HA MOANIMITHAKAX KAYCHHS C
HEJTMHEHHOI KECTKOCThIO, YCTAHOBIIEH B )KECTKOM Kopryce (puc.1).

NN SNNXN NN o~

Puc. 1. JKecmkuii pomop na neaunelinvix onopax

99 .99

HeypaBHOBeIIEHHOCTh POTOpa XapaKTEpPHU3YeTCsl 3KCUEHTPUCHUTETOM ~e”, a KMHEMAaTH4eCKOe BO3MYIICHHE
BhIpakaetcs pyHKIme [1-3]

S =

3 o
ZC,G. -a,; - cos( @t + o, +B,), (1)

k=1 i=1

rae a,,— koabuuuent i — i rapmonnkn Bonuucroctu (k =1- mist BHyTpennero, k =2 - wis Hapy’KHOTO KOJIbLIa,

k=3- mns mapuka); c,— KodbOHUIHEHT, CBSA3BIBAIOMINN aAMIUIUTYY @, [ —il TapPMOHHMKH BOJHHCTOCTH C

BBI3BIBACMBIM C€IO IIEPEMEIICHHEM HAPYXXHOTO Kombla (C,; =1- mis BHyTpeHHero koubla, ¢, =—1 - w1
HapyXHOTO, C, =2 - JUIs MIapHKa IpH YeTHOM 3HaueHnd [ u C,, =0 — mpu HedeTHOM); O, — 4YacToTa i—i
FapMOHHKH BOJIHHCTOCTH; [ — HOMEp TapMOHHKH, MOKa3blBAIOWINI, CKOJBKO BOJNH JAHHOTO YIVIOBOTO Iiara A,
YKJIJBIBACTCS. HA OKPYKHOCTH JOPOYKKH KauCHHUS JIETadH B IUNIOCKOCTH M3MEPEHHS [ = 27:/ A; o, — caur dassl;

ﬁk — CABUI" (1)3.31)1 MEXOY conpsAracMbIMU MOBEPXHOCTIAMHU KaUCHUSA /:[eTaneﬁ NOoAIIMITHHKA.

B wuHepmumonHOW cucTeMe OTcueTa MOJOXKEHHE IIeHTpa TSDKECTH pOoTopa ONpeAersieTcs IepeMEeHHOM
KoopauHaToN z (puc.l), KOTopas AOJDKHA YIOBIETBOPSTH YPABHEHUIO

Mz=Q+F(t)-P +P )

my?
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rae M — macca portopa, Z— CyMMapHOe MEPEMEINEHHE OT ynpyrod medopManum Y W KHHEMATHYECKOTO
cMemenus S—z=y+s; Q- Bec poropa; F (t) - BO3MyIIaOIas CHJIa OT HEYPaBHOBEIIEHHOCTH pOTOpA,
F (t) =F,-sinot; F,- ammmryaa Bosmyuiamomei cusl, [, =M - ®’e; ®— YacTOTa BPALICHHS POTOPA; P, -
CHJIa OTHOCTOPOHHETO MarHUTHOTO TPHUTSHKEHUS, Pmy =C,y; C, — ycloBHas )eCTKOCTh MACHUTHOTO TIOJIS; Py—
BOCCTaHABJIMBAONIAS cuna, 00yCIIOBIIEHHAS KOHTAKTHOM HKECTKOCTBIO O IIIUITHHKA,
P, = C8 -cos(B—y)+C8)* -cosy; C— woodpdumment Tepua; 5,8, ynpyrne mepememenns (3a cuer
nedopMalyi MOIINITHAKA) HIAPUKA B HAPABJICHUH X PEaKIIMH.

V4uTBIBas COOTHOILUCHHUS O, = y'cos(B—\u) u 0, =ycosy (puc.2), P, npumer Bux — P = CB-y3/2,

y

5/2

rne B=cos” (B—y)+cos” v .

Koadurment B — nepuopndeckast QyHKIHUs BpEMEHH, KOTOPAst alllIPOKCUMHUPYETCs BhIpakeHuem [1,3]

B=B,- B, cosot, o=2ny/B-t,
e B, =cos5/2-B/2+(l+cos5/2B)/2; B, = cos’? [3/2—(1+coss/2 B)/Z.

W |

Puc.2. Cxema nepemewyenus 6HympeHHe20 Koibya NOOWUNHUKA NOO OetiCMEUeM NPULONCEHHBIX CULL
C y4eToM 3TUX BBIpaXKCHHUIT ypaBHEHHUE (2) MPUMET BUIT
M3 +C (B, - B cosot)y* —C,y=0+F,sinot - M5. A3)
Jns nuHeapusaluy ypaBHeHUs (3) BBEJEM HOBYIO KOOPAUHATY J = Y, + €, rme ), — IEpEMEIICHHE POTOPa OT

3/2
COOCTBEHHOI'0 Beca 3a CUeT Z[erOpMaHI/II/I MNOJUINITHUKA U MArHUTHOI'O MPUTAXKCHUA CBOyO/ - Cm Vo =a.

3/2 3/2 . . .
PaznoxuB ¢pyHKIHIO Y /2 = ( Yo+ §) B psn Teinopa u OrpaHUYMBAsCH IJIS1 MaJIbIX KOJEOAHUI THHEHHBIMU

3
unenamn f ()= yy” + 5 y* - €, npuBeniem ypasrenue (3) ¢ yuetom (4) K By

'E:,+(h2—qcosoot)E_,:v-coswt+Fsinmt—&', 4)

rac

v=CBy"IM; F=0" e

Juddepennupys aBaxabl BeipakeHue (1) mo BpeMeHH U MOJCTaBIIAs €ro B (4), MOTyuuM

3 o
c‘;+(h2 — qcoso)t)ci =veosorf + Fsinor+ Y "¢, - a, - o, cos(o,f +a, + By, ). )
k=1 i=1
Ilonaras BenuyMHy ¢ Majloid TIO CpPaBHEHHUIO C h*u MOJIB3YSICh METOAOM MaJloro mapamerpa [4],
MIEPHOIMUECKOE peLIeHHEe YpaBHEHNS (5) MPEeICTaBUM B BUJIE pIa

E=>1q"E, (6)
n=0

IMoxcraBuB (6) B (5) m mpupaBHHBas KO3QOUIMEHTH NPH OAWHAKOBHIX CTENEHSX ¢ , MONYYHM CHCTEMY
ypaBHEHUI
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.. 3 i
Eo+ e, =v-cosor + F-sinor+ Y Y ¢, - -cos(out +a, +B,),
k=1 i=1

E +h*-& =&, cosot,

éz"'hz'éz"'&fcosmta (7

E,+h* &, =¢,  cosot (n=123,..).

IMoncraBuB perienue cuctemsl (7) B (6) U OIYCTHB WICHBI, HE 3aBHCAIINE OT BPEMEHH, U YJICHBI, 3aBUCSIINE
OT BPEMEHH, COXPAHUB TOJIBKO YJICHBI HU3IIEH CTENeHH M0 MaJloMy IapaMeTpy ¢ , HOIy4uM
0 3 «
£=q""[D,. -cosot+D,_ sinot]+ > D¢, -a, o -coso, -1 +o, +B, (h2 - 0)2)+
n=1 i

i
k=1 i=1

+Z3: A,;.(n—l)-cos[(n—l)mt—(ookit+ock,.+Bk)]+ ®

3| 23 (n-eos[(n-1)-coson oyt 0, 4,

n=2 k=1 i=1

e D, =v/2" 1":112(}12 —nzoaz); D =F/2"" lilz{hz —[(n—l)(o—(oki]z};

4, =c, 'ak,.(x)z,./Z"*l . ﬁ {hz —[(’1 _1)03"‘(01«;‘]2} A, =cy-ay '(’Dii/zlkl : Iilz{hz —[(n—l)(;)—o)ki]z}.

n=2

Pemenue (8) xapakrepusyer crexTp BuOpanuu poTtopa. M3 (8) BumHO, 4To ¢ MpUOTIKEHHEM 1, O, H

[(n—l)(x)+0)ki} K /I aMIUIATy[a COOTBETCTBYIONICH IMCKPETHOW COCTaBISIONIEH criekTpa Bospacraer. Ilpu

n-o=h, ©o,=h n [(n -lot (Dk,.:| =/ BO3HHMKaeT mapameTpudeckuii pe3oHaHc. VICKIIOUCHHE MapaMer-

PHUYECKOTO pe30HaHCca Ha KPaTHBIX YacTOTaX M Ha rapMOHHMKAaX KMHEMaTHYECKOTO BO3MYILIECHHUS SBILSIETCS CIIOKHOM
3a/a4ell ONTUMHU3AIMK MapaMeTpa A U TpebyeT ruy6okoro uccnemosanus. OIHAKO MOXKHO YTBEPXKIATh, 9TO BO

u36eKaHue TApaMETPUYECKOTO PE3OHAHCA JOJDKHO BBINONHATHCS yCloBUE A #®,, W OTHOWEHHS h/® u

(h + ®,; )/(D HEC JOJIPKHBI OBITH IIEIBIMH YUCITAMH.

Kak BugsO 13 (8), aMIUIUTY bl CMEIICHHS BBICIIMX TAPMOHUK HE3HAYHUTEINILHBI IO CPABHCHUIO C aMILUIUTYAaMHU
HIBIHX rapMoHuK. OqHako nocie auddepeHnnpoBaHus IBax sl (8) BUIHO, YTO JaXke OYeHb MaJIble aMIUIUTY THEIE
COCTABJISIIOLINE CHEKTPA BOJHUCTOCTH MOTYT BO30YXKIaTh BUOPAIMIO CO 3HAYUTEILHBIMU YCKOPCHUSIMH, €CIH OHU
OTHOCSTCA K JOCTaTOYHO BBICHIMM rapMoHHKaM. [103TOMy OIIEHKY COCTaBIIAIOIIMX CIIEKTPa BOJIHUCTOCTH, C TOUKH

o .2
3pEHUA BI/I6p08.KTI/IBHOCTI/I poTopa, CICAYCT IIPOU3BOAUTL B 3aBUCUMOCTH OT IIPOU3BCACHUHN ; 1 , KOTOPBIC MOI'YT

OBbITh Ha3BaHbI XapAKTEPUCTUKAMU BUOPOAKTHUBHOCTU POTOPA OT BOJIHUCTOCTH JOPOXKEK KAuSHUs MOJUIUIHUKOB IO
yckoperuro. CiefoBaTenbHO, B TEXHHYECKHX YCIOBHSX Ha BbICOKOcKopocTHbie MammmHbl (72> 3000 06/mun)
JOJDKHBI OBITH ChopMyTHpOBaHEl TpeOOBaHUS IO YCKOPEHHIO, T.€. HNPH 3aJaHHON CKOPOCTH BpALICHHUS CIEKTp
BUOpanuu 10JbKeH OBITh OrpaHMUYCH BO BCEM JHMAIla30HE 4acTOT. B 3TOM ciydae aMIUIMTyZa yCKOpEHHMS AT BeeX
YacTOT CIIEKTpa JIO0JDKHA OBITh PABHOW WIIM HMDKE JIONyCTUMOTO YpOBHA. IIpM M3BECTHBIX 3HAUYEHHSIX AMIUIUTY
TapMOHHMK BOJHHUCTOCTH YCJIOBHS OTCYTCTBHUS IAapaMETPUYECKOr0 PE30HAHCAa M CHIKEHHUS aMIUIUTYZ BHOpOyC-
KOPEHHH MOTYT OBITh O00€CHEYEHBl TONBKO WM3MEHEHHEM TapameTpa /, 3aBUCALIETO OT JKECTKOCTHBIX

XapaKTEPHCTUK CUCTEMBI.

Ecian BbIOpaHHBIH 1O KOA()(UINMEHTY IMHAMUYECKOH IPy30HMOABEMHOCTH MOALIMIHUK HE YIOBJIETBOPSET
YCIOBHIO OTCYTCTBHSL MapaMEeTPUYECKOTO PE30HAHCA, TO CIIEAYeT H3MEHHTh JIMOO THUIl NOAIIMIHHUKA, JHOO
KECTKOCTHBIE XapaKTEPUCTUKU CUCTEMbl POTOp—KopIyc. B kadecTBe mpumMepa paccMOTpeHbl KoseOaHUsl pOTOPOB
regepatopoB C—40 u C-75M1 Ha mommmnuamkax kadenms tuma 306 u 308. CooTBeTcTByMOmUE TapaMeTpHl,
pE3yJIBbTaThl PACUETOB M U3MEPEHHUs MpuBeeHbl B TaO1. 1-3. M3 3Tux Tabnui BUAHO, YTO PE3YNIBTATHl PACUETOB U
U3MEpEHHs YAOBIETBOPUTENBHO COBHAJAlOT. MakcuMalnbHas aMIUIUTyJa CMEIUEHUs Il OOOUX THUIIOB MAIlIUH
IMeeT MECTO Ha 4acTOTe BpAlleHUs, B TO BPeMsA KaK aMIUIMTYAa MAaKCHMAJbHBIX YCKOPEHHI HMeeT MecTO Ha
BeICIIMX rapMmoHukax (Beime 400 /7). Ha wactore 10 500 /% co CTOpPOHBI MEPEAHEro LIUTa POTOP I'eHepaTopa
C-75MI1 umeer yckopenue 116 1/c?, B TO BpeMsi Kak MAKCUMAIIBLHO JOIYCTUMOE ~ YCKOPEHHE JUIS  MOJIIUITHUKA
Ne308 ¢ maccoit potopa 57 ke, UCXO/Is U3 YCIOBUH MPOYHOCTH MOIIUITHKKA, HE TOJKHO TipeBbimars 100 m/c?. Dto
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TOBOPHUT O HEYIOBJICTBOPUTEIBHOM COCTOSHHU JAHHOTO MOJIIUIHUKA. [IpH MPOEKTHPOBaHHU BBICOKOCKOPOCTHBIX
IEKTPUIECKUX MALIMH BHEIOOD IONIIMITHIKOB HEOOXOJMMO MPOM3BOAUTE C YIETOM PE3yIbTaTOB TapMOHHYECKOTO
aHaM3a NpodUIIs BOJIHUCTOCTH JIOPOJKEK KaueHUs. VI3 COOTBETCTBYIOIIMX THUIIOB ITOJLIMITHUKOB CJIEIYyEeT BhIOpaTh
TaKHE CHEKTPHl BBICIIUX TI'apMOHHUK, KOTOPHIE SBISAIOTCA CPaBHUTENBHO TJIAIKHUMH, T.€. UMEIOT MHHUMAJIbHbIC
aMILIUTY /B 110 YCKOPEHHIO.

Tabnuya 1
Xapaxmepucmuxu cenepamopos C—40 u C-75 M1
Tun Bec Yucno VYcnos. DKCIeH- Tun Howmep IMapamerp | Iapamerp | Iapamerp | Koaddu-
TeHeparopa| poTopa, | 00OpOTOB, | JKECTKOCTh | TPUCHTET | ITOJIIWI-| ITOJIIHII- 2 q, v, LUEHT
Ke 00/Mun MarH. ToJis, potopa, HUKa HHMKa Hixem H/kem Hixe I'epua
H/m MKM C,
xe/m’”?
1 1,88-10° 2,3-10* 24,6:10°
C-40 47 6000 8,7-10° 10 306 2 12510° | 23.10° | 24610% | 0:8410°
1 1,67-10° 2,5-10* 2,6-10*
C-75M1 57 8000 9,8-10° 7 308 ) 13100 | 25100 | 26104 | 08410°
ITpumeyanue. IHoowunnux Nel — noOwunHux 2enepamopa co CmopoHsl HPU0008;
noouwunnuk Ne2 — co cmopomul 3a0He20 wuma.
Tabnuya 2
Pesynomamol pacuema u usmepenutl cnekmpa subpayuii cenepamopa C—75 M1
Co CTOpOHBI IEPETHETO MUTa Co CTOpOHBI 33/THETO IUTa
9KCIIEPUMEHTAIIbHBIE pacdeTHbIe SKCIIEpUMEHTAIIbHBIE pacdeTHbIe
YyacToTa |[@MIUIMTyJa |aMIUIMTYy[a |aMIUIMTyda |aMIUIMTylda qacrora aMIUIMTyla |aMIUIMTYJa [@MIUIATyJda |aMIUIATyaa
TapMOHUK, [CMEIIEHUS, [yCKOPEHUS, | CMEIICHNUSI, |YCKOPEHUs, |TapMOHHUK, |CMEIIEHHs, |yCKOPESHHUS, |CMEIICHUS, [yCKOPECHUS,
Ty MKM m/c? MKM m/c? Iy MKM m/c? MKM m/c?
100 6,1 2,44 7 2,85 53 2,205 0,225 0,23 0,256
268 0,15 0,432 02 0,574 100 72 2,88 7,6 3,01
810 0,3 7,8 0,21 5,48 212 0,22 0,396 0,15 0.263
1200 0,17 9,8 0,2 11,5 530 0,17 3,6 0,2 4,22
2500 0,09 22,5 0,07 18,3 850 0,081 2,33 0,07 2,03
2640 0,21 58,9 0,17 46,5 1270 0,16 10,6 0,2 1,2
3520 0,05 20,5 0,06 30,05 2420 0,03 7,01 0,05 11,8
4860 0,12 113,1 0,08 75,5 2650 0,04 11,13 0,06 16,7
5000 0,026 26 0,016 16 3760 0,012 6,70 0,03 16,8
6550 0,031 52,1 0,025 42 4600 0,012 10,0333 0,026 233
7000 0,011 21,6 0,018 35,3 6100 0,03 43,3 0,04 57,6
9600 0,031 1143 0,025 92,1 7450 0,022 48,5 0,03 66,1
10500 0,026 | 116 0,021 93,4 10050 0,009 36,02 0,01 39,8
Tabruya 3
Pesynomamel pacuema u usmepenuii cnekmpa subpayuii 2enepamopa C—40
Co CTOpOHBI IEPETHETO IMUTA Co CTOpOHBI 33/THETO IIUTA
9KCIIEPUMEHTAIIbHBIE pacdeTHbIe JKCIIEpUMEHTAIIbHBIE pacdeTHbIe
4acToTa [@MIUIMTyJda |aMIUIMTYyJa (aMIUIATy/da |aMIUIATyda qacToTa aMIUIMTy/la |aMIUIMTYyJa [@aMIUIMTyda |aMILUIITyaa
TapMOHUK, [CMEIIEHUs, [yCKOPEHHUs, | CMEILIEHHUSI, |YCKOPEHUs], | TapMOHUK, |CMELIEHMS, |yCKOPEHHUS, |CMEIIEHHs, [yCKOPEHUS,
Iy MKM m/c? MKM m/c? Iy MKM m/c? MKM m/ic?
1 2 3 4 5 6 7 8 9 10
40 0,4 2.6 0,3 0,346 100 10,5 4.1 8.1 3,15
100 12 4,9 8 3,28 240 0,16 0,37 0,2 0,46
120 0,35 0,196 0,25 0,14 280 0,22 0,69 0,17 0,535
160 0,2 02 0,16 0,16 320 0,25 1,02 0,2 0,815
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IIpooonxcenue maoi. 3

1 2 3 4 5 6 7 8 9 10
180 0,15 0,56 0,08 0,3 600 0,3 432 0,17 2,45
600 0,2 2,88 0,28 4,04 900 0,15 485 0,21 6.8
960 0,028 1,02 0,02 0,85 2500 0,03 7,5 0,021 5,25
1080 0,08 3,74 0,06 2,82 2880 0,06 19,8 0,65 21,5
1600 0,08 8,07 0,12 13,01 4000 0,03 19,2 0,018 11,6
3120 0,027 10,4 0,017 6,55 4860 0,028 26,5 0,021 19,5
3540 0,031 12,7 0,025 10,4 7930 0,04 86,7 0,031 673
3780 0,03 17,02 0,04 23,03 10500 0,002 89,1 0,003 | 1042
4140 0,061 415 0,05 34,02 - - - - -
5000 0,061 61 0,048 48 - - - - -
7200 0,058 120 0,052 | 1075 - - - - -

BblBOZlbl. Y4eT HeIMHEHWHOW >KECTKOCTH W KHHEMATHYECKOTO BO3MYIICHUSA IIOANIMITHUKOB KadYCHUA IIPpU
pacyere BI/I6paL[I/II/I poTropa OSJCKTPUYECKUX MalluH TII03BOJIACT BBIIBUTH BO3MOXHOCTH BO3HUKHOBEHHUA
napaMeTpUICCKUX PE30HAHCOB M COOTBECTCTBYIOLIHUM HOZ[60pOM H€06XO,I[I/IMI)IX napamMeTpoB HCKIIIOYHUTH
PE30HAHCHBIC 30HBI. YCTaHOBHGHO, YTO YCKOPEHUS, BBI3BAHHBIC KUHEMATUYCCKUMU BO3MYIIICHUAMUA IMOAIIHUITHUKOB,
MOT'YyT UMCTh OOJIBIIINEG 3HAYCHMS IIpU BBICOKHMX YAaCTOTaX, IMO3TOMY TapMOHHUKH BBICOKHX HOMEPOB 0COOCHHO
OIIaCHBI JUIS BpallatoIeTOoCs MOAMIMNITHUKA, JaXKE €CJIN aMIUIMTyJa CMCIICHUA COCTABIIACT COTHIC JOJIM MUKPOHA.

,Z[J'ISI obecreucHus y[[OBJ'IeTBOpPITeJ'ILHOfI OPOYHOCTH W JOJI'OBEYHOCTU IMOAIIHITHUKOB, 0COOCHHO B
BBICOKOCKOPOCTHBIX JJICKTPUYCCKUX MallllnHax, H€O6XO,Z[I/IMO YCTaHOBUTH TaKHUC MPCACIBHO AOIMYCTUMBIC 3HAYCHUA
AMIUIMTY YCKOPE€HHSA BBICHIMX TAapMOHHUK, KOTOPBIC HE MOTYT BBI3BIBATH HAIIPSHKCHUS BBIIIC JOIYCTUMBIX
3HAYCHHHU.
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U.d. Gunpgyut
QLNrUUL UNuULSLULULLEMNY UNTS PrULNRU SEULU3YUD MSSYN
nnsnrp susuvnhuuere

Ejklpunpulul dkpkinubkph puhwgnpéumi b ihnpdupynidbkph wpynibphbph niumdiwuppnipimbbkpp gnyg ki naypu,
np qupdwl wpwhgpuluyblpny o vwhph wpwbgpuluyhkpny wunyng pnnnpbhkph wdlyynnpuhwdwpnulwh phnipwgpkpp
wwppbpynid B wpdwnungbu: Ynpdwl wnwbgpuluy blpp qpgmdwl wgpmnipbbp hwbnhuwgng ppkig ns géuyhl nounipudp,
gnplwl whnubbph b quphlhkph ughpun/npnippudp nr Ghunun/npyjwénippudy,  qiphlbbph wnmwpusuhnipundp o wyy
gnpénbtilpny yuydwbudnpduws, ppppoltbph jpugnighs hupdnipibkp ko Gkpdnidnid hudwlupg:

Unwtgpuyghti pwnbip. wunung pnwnnp, ns gdwyhl fnounipyndl, wyppuybnyentl, fnguybniené, gpgnuwl wnpmnip:

A.V. Gevorgyan
VIBRATIONS OF A ROTATING ROTOR ON ROLLING BEARINGS
INSTALLING IN CASE

The practice of operating electric machines and the results of the experimental studies show that the
amplitude-frequency characteristics of rotors rotating on the rolling bearings fundamentally differ from the rotor
characteristics rotating on the sliding bearings. The rolling bearings introduce additional harmonic vibrations into
the system due to the nonlinear rigidity of bearings, waviness and frangibility of tracks and rolling bodies, different
sizes of balls, etc., which are sources of perturbation. The present paper is dedicated to these questions.

Keywords: rotating rotor, nonlinear rigidity, waviness, frangibility, source of perturbation.

I'eBoprsin Apamauc BukTopoBu4 — BHEIITaTHEIN Hayd. coTp. UHcTHTyTa Mexanuku HAH PA
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UUMNRSYUDLL b4 <USuUNk@E3NhLLre

Skuwlpml JEpnidnyenialhikph I hnpdwpupulul hkbunuwgnuinyeinibbkph hpdwl Jpw niunid-
bwupply b Eplupuppndughl hnpbynpuunnbbph uinugdwl nkuninghwi, Junnigyuwdpp by hunn-
nyniabbpp: ZEnwgnunly Ea Epluwpuppndughl hnpbhwdwdniJudplbph vinugdwl Jkpnnhkpp,
npnlp wnwbdiwinid i pupdp pnnnyejundp b widpnippudp: Apnoyly Eo dudpdwl, Epwlupdwl b vnap
wpnuwdnlwl jujuplyus phdhdakpp: Mumdbwuppyly Eb Fe-Cr-C ihnpbhwdwdnyjudph dEpnuih-
quwlwh huwwnlnipnibabpp, junnupyly ki jupnigywépuyhl Alvnugnuinipnibakp:

Unwtgpuyhti pwnbp. [ndynghwnughli ynip, wpunudgnid, plupwppndughl dknunuihno,
vwdjmd, Enwluynid, thnpkhwlwdnyjudp, dbpuuahulml hunnlnipinibiakp:

‘Uhpwbnipinil: Enotidbinwmpghwljutt mkuinnghwtkipp htwpwynpmpmt o mwjhu v n
htantpnght junnigywspny pupdpudnip Yndynghnught iympbp, wyy pymd’ hnpkhudwadnJusplbp:

Mhun $wgnid bpwuus ynipkph hwnlnpmpibttph JEpnwnipniup gnyg E wnwwhu, np wju
yndwynghunwyhtt ymptph Jhpwedwt phlwuqujuetbpp  vwhdwbwtwl G, npp wy hwduuwp
wuydwbbpnid npnoynd £ dbnwnuljut dujpulh wdpnipjudp b hwpwpbpujwt punmpjudp [1-3]:
Zhnlbwpwp pupn upjusughtt wuwpdwibbpmd wopiwnnn §ndwynghnughtt impbph $hqhudbow-
thjuljut b swhwgnpénquljutt hwwnlnipnitubph pupdpugdutt hwdwp wthpwdbon E dowlby
wnktnighw pupdp wdpnipjudp b wkdwlnnltu shtjwsdputph vnwugdwb hwdwp:

Pupdn wdpnipjudp thnpbndynghinughtt nipkph vnugdut wnwyb] mupusyus dkpnnutphg
E whun $wquyhtt Epwlunidp, nph nwypnid npnohsp nhpnighnt gnpdpupwugutpt Eu [4]: Npybu Gw-
niptp wjuntn Swnwnid b dbnwnuiub tplupwhnohtt IHK4M), Ukunk Ebh wuppbpuljut hwdw-
Jungh IV-VI jadpbph wignnhly Uknnwnubph upphnutpp (Mo2C, CrsCe, TiC b wy ), hsybu twb gpuabhuinp:

Cr3Ce-Fe-C hwdwlupgh Wnipbkph pwpdp wdpmpiniup wuwyjdwbwdnpjws b Epluph thnpnt
ghidknnwgynny hwnlmpjudp: Pnjuwpwntinipph  dwdjnud-kpwljunud - gnpdpipugp  (1130...1150°C)
ninklgymd £ wpug tunbgnidny, npp Fe-Cr-C tubklnhyuwyh hhdwt ypu hinniy duquyh wnwowgdua
htunbwup t: Unwgynid L, np knwfudwb gnpépupugt ninkjgynid k twb htinniy dbnwunuijui $uqh
wnluynipjudp: Uwsénighl] hnupp b Jkpwpmipbnugnidp, npp wnbnh £ niubund hinnily dwqh wnw-
owgdw dwdwbul], qquhnpkt pupdpugunid L jndynukuniubph nhdpniqhuyh wpugnipyniip, htipnwg-
tinud whin dwubthyubph hpup thundwdp nkqwowpdp, nph hknbwbpng swynnhibpp wpug (gynod b

ZEnnuy $wgh weiumpudp tnwudwt wbutninghwitph Yhpwenidng htwpwynp b gunimod
Uowltnt Epuph hhupny vh owpp waswlnnlku Ynduynghwnuwghtt thnpbhwdwdniusputph uvnnwugdw
Ubkpnnubp b pununpnipniubbp, npnup gnigupbkpnud Bu pupdpugdus wdpnipni b wyp dkpwithjw-
Jut hwwnlnipyniutn [5]:

Zhnwgnuuwb dbpngubpp: Fe-Cr hhupny tnwluyjws yniptph dbjuwbhjulwt hwnlnipmnio-
ubph ntumdbwuhpnipjutt hwdwp yunpuungb] Bu hhnpdwidniptp, npnup unwgyl] Eu htinbyug
wnkuninghwuljub ujubdwyny (uy. 1):

unph  npwépp b hbunwgnunmpyut  wpymbpbbpp:  Ugownwbiph  dke  phpdnud B
Epjupwppndujhtt thnphikph hwnynipmitubpp (ppndh wupnitwlnipniup 1%), npnup unnwgyk) tu
pun [1] wphnwmnwipnid jupugpdus nbkputuninghwjh: Upnuuwl 1-mud wipdws b Epupppndught
thnont dunuyhtt JEpnidnipjuts wpyniupubpp:
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( Nuwnpwuwnh pywfuwntingn )
[ QlJ_th{nnntd (6=18%) j
( bnuwluwinu {T:;frso"c, r=3duns) )
( )
( )
( )

Ul 1. Bowljuyjwé b nwp wpunwdnyué Indynghpunuyhll ynyeh uinugdwl wkjuininghwul ujubdw

Upwnwdnnud (A=4, a=55°)
1
RbEpdwiht dpwlymd

Mwwnpwuwnh shufwdp

Ungniuwly 1
Eplupwppndughll dbnwnuihnont pulighni pununpnipntl
dpwyghuyh pugunpmpniip, %
-0,160 -0,125 -0,100 -0,080 -0,063 -0,050 -0,040
+0,125 +0,100 +0,080 +0,063 +0,050 +0,040
4 19 12 16 10 13 36

Epjupwppnuuwghtt hhdpny thnobhwdwdnyjusputph unugdwt gnpdpipugnid jupbnpynud
1Eghpdws dknwnuithnont (FeCr) hqhjunmbuninghuljwi hwnlnipniubbkpp (wnniuwy 2):

UwdjJws b trnwuus tdnpubph dijpwthjujut hwnlnipnitutpp hbnwgnunbnt ityunw-
ny uwunp dudjdudp yuwnpuunygb) Eu 18% swljnunljkuntpjudp thnpdwtdnipubp (& 24,5x50 /i), npnup
Eupwplyt) ki tnwlujdwt T=1150 °C wuydwtbtpnid 3 dwd/ ininnmipjudp:

Ungniawly 2
Eplwpwppndughl dbnwnuihnont ppghlunkbinininghwlui hunnlnipnibikpp
Lgdwt pnnipnip, | Zoumbtmpeniy, | Uhijpnjupdpoipntt, | Skuwjupup duljpbu, | Ypdwb Yohn, | Uwubhubph
q/unf Y Ul #/q ¢/ alip
2,25 6,0 1950 0,35 2,67 uyniiqudwl

Eowljuynudp juunwpynud E ALOs-h 1gnuny opwdtuyhtt dhpwduypnid: Zhnwqnuinipynibubph
wpmnitpubpp qpubhyh wbupny tkpjuyugdus tu bl 2-nud: Puyybu b vyuwuynd bp, Enwludwb
obpdwunhdwup dkbwgubjhu thnpdwplynn tdniptipnh wdpmpiniup dbdwbnud b Ujuybu, T=1150°C
otipdwuwnhdwh nhypnid (18% swlnnltunipnil) 6 = 179 UL/WPHB = 620 UMl § = 3%:

Owywuhuw] wwhdwl dwdwtwlp npnoknt hwdwp  wdnpbbpp  Eowluydl; o 1150°C
obipdwunhdwund 1..5 dwd/ mbinnmipjudp: LY. 3-nud phpjws t oz, HB, § Juubnipmniup yquhdwb
wnbnnnipniihg: Unwybjugnyt wdpnipmnih vnwgdmd & (212 V44 3 dwd ypuhdwt nhypnud:

o, HB UM o, HB UNw

250 1 700 50 220 1 700 —_ 60
a® / \‘ *®
2007 600 /7/ 403 200 + 600 /%kh\i 503
= =
* = "/ o
yollR! :
1501 500 Ao 1303 180 1 500 40 2
E / J / 5
& 3
1001 400 [ —>= W= 160 1 400 303
7 i il :
P/‘ s <
501 300 £ 05 140 3067 205
/ ) v

0l 200 120 | 200 10

1

0
900 1000 100 1200 1300
Gnwlwdwl gbpdwuwnpwl, °C

2 3 4 5
Gnwlwdwl nbnnmipgniup, dwd

Ul 2. Fe-Cr dbnwnuhnonig wunpuunyws bunipbkph - Uf. 3. Fe-Cr dbnunuihnonig yyunnpuuunws hunipbhkph
Enwljuwyul phpdwunpswmbhg HB, o0 Il §
Qupnjwdnipinilp. Swlinunlkinipmniip 18 %, 2 dud
wwhkin: pkypnid

Epwluwyiul nhnnnipinilpg os, HB L 6
Jupnjumdnipinilp. Swlinunlkiniypmniip 18 %, 1150°C
okpuluuinplumbinid
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Lwl htunwqnuglyp Bu vwppbp swinujbinipjut tdnpubp (10..40%), npnup towluydl) bu
1150°C otipdwunhdwinid 3 dwd/ yyuhbnt nhypnid: VY. 4-mud qunlbpdws i hnpdwbdnipubph o, oy,

e i & thnthnjuwljwlibikph Ynpkpp jujufws Swlnunlbinpmhg:

g, 0,; HB UMw KC Yo/*
600 7300 71100 70 112
500 +250 + 900 \\ 60 11,0
N
400 1200 1 700 \\ 50 10,8
300 t 150 + 500 \\ e 40 10,6
2001 100 1+ 300 & 30 f0,4
u_>\ 3
100 50| 100 \20 0,2
0 10 20 30 40

Dwlynuinybunipniy, %

Ul 4. Fe-Cr Ubunununpnpnig yyunnpuaunywd uniplhkph KC, os, HB, § [whnjuénipiniip Sulimnlkinipmiihg
(3 dund wuhkny 1150°C pkpuwmumnpdwinii)

900...1150°C  gbipdwuwnhdwbughtt vhowljuypmid b 3 dwi/ ywhnudny btnwuus tdnipubph
dhypnjupnigusph hbwnwgnunmpiniutpp juunwpdl; tu 18% Swinwnljbkunipjut tdnipttph wwp

A

Ul 5. Gplupwppniduyhl ihnpkhunlwdniyjudph dpipnlunnigyudpp.
w) Fe-Cr, knwiljuynidp 1150°C 3 dund wpurhniuny, p) Fe-Cr-C, wipunulnnid 1050 °C, A=4

Swp wpunudnnidhg htwnn thnpdwidnpbpp whdhowwbu Eupupldl) i djudwt NaCl-h 10%-
wng opuyht (nidnypnwd: Uppyniupnid unwugyl) b dwpnbiuhnughtt junnigqusp: Unwugdws yyniph
pupdp dbjpwbhjulwt hwnlnipniiubpp wuwyjdwiwynpjws i dwpunbiupnh withwjwuwpulphn
Jupniguspny, npnud nkqupwphjws ku (FeCr)7Cs Jupphnbph Jupsp dwuthlubpp opowwwnyud
ppndh  nhdnighntt  gnupubpny: Ywpphnubph  Jhypoupspmpiniip  18000..20000 U 7w, L huly
dwpnkiuhinh b ph$mqhnt gninhkpp’ 7500 U

Zhwnwgnuinipnibubph pypopg hinygnd junwpynud k Fe-Cr-C thnpbhwdwdntusph utnwugnid
nup wpnudndut fubwwwuphny: Uju bywunwlnyg FeCr thnohtt hwpuwnwgyl) E TMX dwluphoh
qpudhunp 0,2, 0,4, 0,6, 0,8, 1,0% pwlwlny: Lunioukph trwluwnudp junwpynd £ jujuhnnh b 7...8%
wsuwstny pwntinipnh gpwstughtt dhpwjuwypnid, npytugh jutjudh wsjuwstwgpynidp: Gowljujdwut
oyuhdwy nhkdhup T=1150°C obpdwuwnhdwut b 3 dwd wuwhbm nphypnid: Cnpdwpynudubph
wpyniupubpp thpuyugdus b wpnuuwl 3-mud: Enpdwtdniptbph hwdbdwwnwpup ks tunkg-
Juspubpp yyuynid L bdnioh juy Epwlujdwt dwuht: busybu Epinud £ winnuuwl) 3-hg, wdpnipjub
tjuqugnytt vwhdwiwghtt gnigwthop vnwugymud § wspuwsuh 0,2% wuwpnibwlnipjut nhypnd b
Jugqunid £ 360 UL/ Uhlish 1% wshuwmsth putwlyp dkdwmgubihu os Ubdmbnud E dhush 552 U2

Quuynplut wdbtwwpyniwgbn  dbpngp vwp  wpunudnnudt £ (Bpunpniqhwiy), npp
httwpuwynpnipinit £ mwhu uvnwbwy whdwlnnltbt jurnigusp: Epuinpnighwi ninkigynud E ymph
dhwdudwtwljju wdpugdwdp (Uwdinwd, tpwunid) swynnhubph dwubwlh jud jphy hrududp:
Pugh wyn, nphdnpdugdu pupdp vwjupnuljp tywunnid £ pupdp wdpnipjut vnwugdwin:
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Ungniuwy 3

Fe-Cr-C knuiljuyyijuns hwdwdnyJudph (1150°C, 3 dund wuihni) dkpualihhulul hunnlnipinibikpp

O hunt-
Ubhuwstp whmallm Owduyu- Unipnippuly | Udpnipput Zupjuéughtt | Zwpwpkpw- | Ywpdpni-
pinil, % uwhdwbp | vwhdwbp
Pununpni- jht tunk- dwdnighlnipnit | fub Epljw- pinLy,
niup, % |wnpjus Y- gnud, % puwn dquwly | pun dofuil GNP pugnid, % | HB, U
it a3 nugh ’ G0, UUAP | oon, UUAP ’ ’
0,2 20 21,0 1,91 360,0 561 13,8 5,5 1100
0,4 20 20,2 2,15 412,5 599 12,0 4,4 1150
0,6 20 19,6 2,32 4732 620 09,5 3,5 1320
0.8 20 20,1 2,64 515,0 635 09,0 2,7 1510
1,0 20 18,9 2,85 552,0 644 06,0 2,5 1700

Fe-Cr-C pnywpuwntunippubnhg wuwnpuwunyws wdnpubpp (G 24x25 i, swlnnlkunipniup 25%)
pun bnwljujdwd oywnhdw) nkdhdubph Lupwpldl] Bt wpunudndwi: Upnudndut wpugnipniip
Juqunud tp 3 4y

Upgnibpnid unwugymd Bu gqplpk ny swlinunljkt (Uhtgh 1,8..2,0%) & 12 7 wipudwswthh
wuwwnpwuwnnijukp, npnig Ypu junwpdly B dbpwthjuljuwt hwnlnipmiuttph hinwugnnnipmniuttp:
Unniuwly] 4-md b Up &b phipqwé thnpduplus wpnwdngus tdnipubph wpynitupubpp: Ldniwpubkph
pupdp dbjuwthjulwi hwnlnipmiuukpp (HB = 2650 U7w, o = 870 UlL/iA) hwunuunmd bu
Epunpniqghwyh Yhpwndwb wpynibwynmpiniap:

‘Lult K ppndwjhtt Swnwquypdwdp YIIC-50M uwipph Ypu junwpyby b wpnwdnws tdnwpubph
nkungkwswhwljwt hbnwgnuumpiniukp (ul. 6):

=3
-

1003

‘-"\\:\,_r“ ALy WA

T c : T : = T }'K' '?'Cl
70° 69° 68° 67° 66°
Ul 6. Fe-Cr-C ihnpkhwwdnjubph nkinnglinughp (Cr-0,95%, C-0,2%)

Pnnp twdniputipp (0,2...1,0% ppndh wupnibwlmpjudp) nuhu b o-Fe pinipugpujut Yhnkp,
wnlu bt Cr23Ce lt FesC Jupphnuyhtt duqtin:

Ms-46 «Cameca» uwppny juwnuwpjws nkunghtwuyblunpughtt Jhpngnunuhtt 4bpnidnipjut
dhongny htwnwgnudt)] tu ppndp b wdhiwsth wbknupwolinudubpp: SYjw] guonmd npuljuljub
Jhpnidnipniup gnyg E wndl), np wshwshup wlbh hwjwuwpwswih b nbnupwopudws, pwb ppndp:
£npndp nbinujtwgynid £ nupplp funnipjudp dwbp pynupbinutpng:

Ungniawly 4
Fe-Cr-C ihnpkhunlwdnrjudph dbpnulihlpmlwl hunnlnipinihlikpp
Ushiwubth wwpni- | Owlnujkiuni- | Qquwib wdpnipjut Yupbdpnipinit HB, U Zupwpbkpulju
uwlnipiniup, nilp o, uwhuwlb, cd Cuwnn gpuljutinipjui Epjupugnid
! 0}:] ’ " %]2 UL Punnuigh glIi]_]ullllhhpbm n 5?%9
0,2 98,2 600 180 179(2) 11,3
0,4 98,0 720 215 207(2) 9,4
0,6 98,1 760 226 217(3) 8.2
08 98,1 800 240 229(4) 7,6
1,0 98,2 870 265 255(5) 6.8

Bqpujugmpini: Munidtwuhpdt) o Epupwppndughtt thnont $hghjudbhwthjuljut b
nbkpuninghwwt hwwnynipniuubpp, npnup unwgynd Eu pupny opuhnubph ninhn Ykpuwljuiqudwb
dhongny: Cunn hmunlnipjnitutiph unwugyusé dknwnuithnohtt wdpnneonipjudp hudwywnwupwinid k
gnpénn unwbnupunikph wwhwbeubpht: Npnpdbkp i bpwluwdwi owywhdw) nhdhdubkpp 3 dwd
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wuwhbng 1150°C  okpdwuwmphfwinid) b nundbwuppdlp Eu Fe-Cr-C thnpbhwdwdnyjwusph
Ukjuwihulwi  huwnlynipmibibpp. 18% swlinnlbimpudp: Uwdimuhg U bowlumidhg htnn
udnpubph wdpmipmnitip (o¢) hwutmd E 552 U2 HB = 1700 U7lur Fe-Cr-C Yndunqhghujhg
Epunpmiqghuyh fwtwwuphny vnwgyt) £ wuswlnunytt wynip, npt nitth pupdp Jkwthjuljut hwwn-
Ymipiniutp (HB = 2650 Ulw, 64=870 UL/if): Fipywué wpyniuputnhg plunwd k thnobdbwnwinipghwyh
Ukpnnutph hipwblwpuihll b byunwlwhwpdwp (hikp bpyuph hhuipny Fe-Cr-C pununpm pyudp
pupdpudnip ohtijwsputiph wuwnpuwundwb hwdwp:
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JI.3. T'ancran

TEXHOJIOT'US MMOJYUYEHUS )KEJE30XPOMUCTHIX MOPOILIKOBBIX CTAJIEM,
HUX CTPYKTYPA U CBOMCTBA

Ha ocnose meopemuueckux u 2KCHEPUMEHMATbHBIX UCCIEO08AHU U3YHEHbI MEXHON02UYecKUe U Gu3uKo-
MexaHudeckue COUCMEA HCeNe30XPOMUCIIBIX Nopowkos. Hccnedosanvl memoovl NONYYEHUs NOPOUKOBbIX
JHCENe30XPOMUCIIBIX  CHIABOB, KOMOpble OMIAUYAIOMCS  bICOKOU NIAOMHOCMbI0 U npounocmyvio. OnpedeneHvl
ONMUMATILHbIE PEeNCUMbL UX CHEeKAHUS, 20pAYe20 npeccosanusi u sxcmpysuu. Ilpusedenvl mexanuueckue ceoucmed
CNAAaB08 U OaH UX MUKPOCTPYKIMYPHbI AHATU3.

Kniwouegvle cnosea: KOMno3uyuoOHHIN Mamepuai, 3KCMPY3Us, IICENe30XPOMUCTbIL NOPOUIOK, CHEKaHue,
9KCMPY3Usl, NOPOUKOEHILL CHIAE, MEXAHUYECKUE CEOLUICMEd.

L.Z. Galstyan

THE TECHNOLOGY, STRUCTURE AND PROPERTIES OF OBTAINING IRON-
CHROMIUM POWDERS

Based on theoretical and experimental studies, the technology, structure and properties of iron-chromium
powders were studied. It was decided on the optimal modes of sintering and studied the mechanical properties of
Fe-Cr-C powder alloys. Methods of obtaining powder ferrochrome alloys having high density and wear resistance
were discussed. Optimum conditions of sintering, hot pressing and extrusion were defined. Mechanical properties of
alloys are presented and their microstructural analysis was given.

Keywords: composite material, extrusion, iron-chromium powder, pressing, extrusion. sintering, powder
bar, mechanical properties.

Quiuwnywt Lnwupubk 2nhpwiph - wuyhpwin, 20M2
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VIK 620.186.4:621.981.635 MAHIIMHOCTPOEHUE U METAJLIIYPTUS
O.A. Oranecsin

BJUSHUE YCJOBUM PESAHUS HA TEMIIEPATYPY ®PE3EPOBAHUSA TTPU
OBPABOTKE KOPPO3MOHHO-CTOMKOM CTAJIM MAPKH 12X18X9T

Ha senuuuny usmoca ¢gpesvi oxasvieaem 6uusHue memnepamypa KOHYeHMpAamd 6 MOHKUX CNOAX UHCHPYMeHMmA.
Lenvio Hacmoswe20 uccned08anus A61semcs yCmaHosleHue cesa3u ¢ meMnepamypotl gopeseposanis ¢ makumu napamempamu,
kak V, S, t, a maxoce y,a . [na pewenus nocmasnennoi 3adavu geibpana 1/243 pennauku om ghaxmuyeckozo skcnepumenma

muna 3%. Pewenue mexnonoauueckoti modenu niana 3% noseonsem ycmanoeumv 3a6UCUMOCHb 9 omV, S t y,a. Anawusz
MEXAHUYeCKUX Xapakmepucmuk npu npepouleUcom pe3anuu NOKAa3al, 4mo MOHOMOHHbIN XapaKmep USMeHeHUs CUNbl Pe3aHusl
npu CMpo2aHuu 8 OCHOBHOM 3asucum om yciosuil pesanus. IIpu gpeseposanuu HcaponpouHvix MaAmepuaios ¢ yeeruieHuem
napamempos V, v, r, dep npoucxooum cuudicenue genununsl Rz. Ocmanviuie napamempbl, Hao60pom, noguluiaiom sHavenue R.

Kniouesvie cnosa: usmoc, pesa, menno, moOenv, Cuibl pe3aHus, GHOPMUpoSaHHbe MAUIUHBL, MEPMOCHOUKUL
Mamepuan.

Bgenenne. TemnoTa, koTopas oOpasyercs B pe3yibTaTe pabOThl pe3aHusl B 30HAX .CTPY>KKO0Opa30BaHUs U
KOHTaKTa CTPYXKH C PEXYIIUM HHCTPYMEHTOM, a TaKKe MHCTPyMEHTa ¢ oOpabaThIBacMOl MOBEPXHOCTHIO, OKa-
3bIBaeT OOJBIIOE BIMSHUE Ha KAUECTBO U TOYHOCTh 00pabOTaHHOM IOBEPXHOCTH, a TAK)KE HA H3HOC HHCTPYMEHTA.

Benuuuna usHoca ¢pe3bl 3aBUCUT TakKe OT TEIUIOTHI, KOTOpas KOHLEHTPUPYETCSs B TOHKHUX CIIOSIX
COOTBETCTBYIOLIUX I'paHel MHCTPYMEHTA, MOBBIIIAs UX TeMIlepaTypy. B cBowo oudepenp, Temmeparypa BiIUsET Ha
aJire3uoHHble, AUPPy3HOHHBIE U JPYTUE MPOLECCHI, IPOUCXOIAIINE Ha KOHTAKTHBIX IIOBEPXHOCTIX MHCTPYMEHTA,
orpenensisi, B KOHEYHOM UTOTe, BETMUMHY U CKOPOCTh HAPACTaHUS M3HOCA PEXYIIEr0 HHCTPYMEHTA.

Haumenbiias HWHTEHCHBHOCTH HM3HOCA H, CJCIO0BaATCJIbHO, MaKCHUMalibHass pa3MecpHas CTOHMKOCTh
HHCTPYMEHTa 00€CIeUUBAIOTCA NP COONIOAEHUU TaK Ha3blBaeMOH ONTUManbHOU TemmepaTypbl pesanus. Kak
yCTaHOBJIEHO B [1], onTuManbHOM TeMIepaType COOTBETCTBYET ONTHMallbHAs CKOPOCTb PE3aHMs, NPU KOTOPOH
obecrieurBaroTCcs Haubosee CTaOWIbHbIE XapaKTEPUCTHKU KadecTBa 00pabOTaHHON NOBEPXHOCTH U HAauMEHbLIAs
cebecronmocth 00paboTku [2]. TloaToMy wHcclieoBaHME TeMIEpaTypbl pPe3aHus B 3aBUCUMOCTH OT BHEIIHHX
yCIIOBUH IIpoliecca pe3aHusi UMEET BaKHOE IPAKTUUECKOE 3HAYCHUE.

Ilenbio HACTOAILETO UCCIEAOBAHUS ABJIACTCS YCTAHOBICHUE CBA3U MEXIY TeMIepaTypoil ¢hpe3epoBaHus U
BBIOPaHHBIMH (DAKTOPAMH: PEXMMAMHU pe3aHus V, S, ¢ 1 reOMeTpUUIECKMMHU TIapameTpamu Opesbl ¥, &, @, A, 7 .

MeTtoabl ucciienoBanus. J[iis penieHus mocTaBIeHHO# 3a/1aui HaMu BbIOpaHa 1/243 peruku OT MOJTHOTO
(axTopHOro 3Kcriepumenta Tuna 3%, T.e. Apo6HBIN (axTopHbI MWiad Tuna 3%, [IpuUMeHss 3TOT IUIAH, MOXKHO
COKpPaTUTh YHCJIO TMPOBOIUMBIX OIBITOB - BMecTo 6561 ombiTa mocTaBUTH Bcero 27, W maxe, 0e3 Oompmmx
JIOTYIICHHUI, BMECTO 27 ONBITOB MOCTaBUTH 9. BBeeM cienyrorire 0003HaYCHUS:

V=F,S=F, t=F,, y=F,,p=F,,a=F, A=F,, r=F,.
®axropst [, F, F(,F,, I, MOXHO IPEACTaBATH ICHEPUPYIOLIMMH COOTHOLICHHMSIMH COITacHo [3],

YUUTBIBAs, YTO BbILE [, IPUHUMAIOTCS TOJNBKO KBajpartudHsie s dekrsl. [L1aH paccMaTpuBaeMoil Apo6HOI per-

JIMKY TIpeJcTaBieH B pabote [3],a KogOBble 0003HAYEHUS M YPOBHM BapbUPOBaHMS BHIOpaHHBIX (DaKTOPOB - B
tabm. 1. Hudpamu 0, 1, 2 yka3aHbI COOTBETCTBEHHO MUHUMAIILHOE, CPETHEE K MAKCHMAIIBHOE 3HAYeHUS (DaKTOPOB.

Tabnuya 1
Kodosoe 0bosnauenue hakmopos u yposHu ux 6apbuposanus
Ne DakTops! Kon YpoBHU BapbUpOBaHuUs (HaKTOPOB
0 1 2
1 |Cxkopocts pe3anus, V, m/mun P 20 40 60
2 TTonaua, S, MMm/3y6 P2 0,12 0,2 0,28
3 |I'mybuna pe3anusi, f, mm P3 0,5 1,25 2.0
4 |llepennwmit yrom, }, 2pao. P4 5 10 15
5 |Vron B nnane, @, 2pao. Ps 30 45 60
6  |3amuumit yron, &, zpad. Pe 6 9 12
7 |Panmmyc, r, mm. Ps 6 9 12
8 | Vron naxrona, A, apao. Ps 6 9 12
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TaOJI. NPpUBCACHEI IIJIaH U PE3YJIbTAThl SKCIICPUMCHTA TUIIa JUI TEMIICpATyphl Harp€Ba , .
B Tab1. 2 386 g, °cC

Tabnuya 2
Ihan sxcnepumenma muna 3

Ne ki B B3 F Fs Fs F Fs  [Temneparypa | vyv=136
() (&) @ @ || O (A) |narpesa €° C
I 20 0,12 0,50 5 30 6 0,1 5 270 5,6
2 40 0,12 125 10 | 45 12 103 15 550 6,31
3 60 0,12 2,00 Is | 60 9 0,5 10 680 6,52
4 20 0,20 125 10 | 60 9 0,1 15 500 6,21
5 40 0,20 2,00 Is | 30 6 0,5 10 520 6,25
6 60 0,20 0,50 5| 45 12 103 5 580 6,36
7 20 028 0,50 5] 60 9 0,1 5 400 5,99
8 40 0,28 125 10 | 30 .6 05 15 600 6,4
9 60 0,28 2,00 15| 45 12 | 03 10 820 6,71

Ilpumeuanue. Ilnan HecKOIbKO USMEHUNCS U3-30 COKPAUWEHUS KOTUHECMBAd OPOOHBIX IKChepUMeHmos (emecmo 27
onvimog npunumaemcs 9).

OO6cyskaeHne pesyJbTaTOB HMCCIeA0BaHMs. MaTeMaThdeckas MoOJeNb s (pakTopHOro miana 3%, rue,
KpOMe JIMHEHHBIX 3(QQEKTOB, €CTh W KBaJpaTH4HbIE, ONpelessieTcs cornacHo ypaBHeHuto (1). YuureiBas, uro
KBaJpaTHYHbIC  B3aUMOAEHCTBHS  HE  HMIPAlOT  CYIIECTBEHHOM polMM B HCKOMOW  3aBHCHMOCTH

0=fW,S,t,y,p,a,r, ), npeictaBum ypaBHeHHE B YIPOLIEHHOM BHJIE
Y=B,+BX +B,X,+B,X;+B,X,+B;X;+BX¢+B,X;,+B; Xg+¢;, (1)
rae &; - ommbKa JOMyIICHHUS.

Tak xax npu 3" moauHOMbI X ; TIPEBPAIIAIOTCS B F, , ypaBHeHue (1) MOXKHO MPEJICTaBUTH B BUIIE
Y=In6=B,+BF +B,F,+B,F,+B,F, + BJF, + BF, + B, F, + BiFy +¢,,. (2)
CoruacHo (2), MOJIe)Ib MOKHO UCKATh B CIICAYIOIIEM BUJIC:
O=CV1S23y S a r72s, 3)
rae C, - k09 GULUHEHT, 3aBUCSIIHH OT yCIOBHUIT SKCIIEPUMEHTA; Z, ,..., Zg - [I0Ka3aTellH CTeleHei (akTopos.

CornacHo ypaBHeHHIO (1) ¥ ¢ y4eTOM TOJIBKO MapHBIX B3aUMOJICHCTBHIA MOJTy4acM CIEAYIOLINe 3HAYCHHS
k03 PHUIIEeHTOB perpeccuu:

B =b +b,, B,=b,+b,, B,=b,+b,,, B,=b,+b,,, B, =b, +b,,,
B, =by+by,,B, =b,+b,;, By =b;+b,,, B, =b,+b,.
ITo Tabu. 2 cocTaBiseTcss MAaTPHUIlA TUIAHUPOBAHUS U ONPEACISIOTCS yKa3aHHbIE B (4) Bce KO3(D(DHUIIMEHTHI
perpeccun. Iocne moncTaHOBKH KOA(QQUIMEHTOB perpeccud B ypaBHeHue (1) W ompeneneHHs 3HAYCHWH BCEX

HOJIMHOMOB IIO (1) MOJYYNM OKOHYATCIbHYIO (bOpMy MaTeMaTH4ecKor mojaenu. Peanuzamus d)aKTOpHOFO IJ1aHa
TIO3BOJIACT NOJIYYUTh MAaTEMaTHYCCKYIO MOIECIIb, aICKBATHO OINMMCBIBAIOIITYH0 HCKOMYIO HAMU 3aBUCUMOCTB!

25V0,64S:),25t0,210,25¢0,26

0,08 0,12 018 . Q)

a’r’y

JlucriepcHOHHBIH aHamu3 S , = 18,75-10°, S b = 4,71-107 nokasan, 4To MOMyueHHAT MOAEND
1

0=

anexBatHa npu = 0,05. [Ipexne yeM aHAIU3UPOBATH 3aBUCUMOCTD (5), a Takke rpaduky, IpeCcTaBleHHbIE Ha

puc.l u 2, orMeTHM, YTO BhIpakeHHe (5) Ui MPAKTHYECKOTO IIOJb30BAaHUs B JOCTATOYHOM CTCIICHH OTpa)kaeT
KOJIMYECTBCHHYIO CBSI3b MEXKIY TEMIICPATypOd pe3aHHs W BBIOPAaHHBIMH YCIOBHSMH (PE3CpOBaHUs, XOTS H
SIBJIICTCSI CTATHCTUYCCKON MOJIeNbio. [ToaydeHHas 3aBHCHMOCTD T10 XapaKTepy BIMSHHS TOTO WM HHOTO (akTopa
Ha BeNWYMHY V TakkKe HE OTIMYAaeTCs OT M3BECTHBIX 3aBHCHMOCTEH, YCTAHOBICHHBIX IPH OOBIYHOM
0JTHO(aKTOPHOM HcclieioBanuH [3,4].
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Iokazarens ckopoctd B (5) XapakTepu3yeT WHTEHCHBHOCTb NPHPOCTa TEMIIEPATYPbl C yBEIHMYCHHUEM
CKOPOCTH pe3aHusl. DTOT M0Ka3aTelb MEHbIIE eAUHULIBL, T.€. IPUPOCT TEMIIEPATYPHI OTCTAET B CBSA3U C U3MEHEHUEM
TCIUIOOTBOJAA B MHCTPYMEHT I10 MEPE YBCIIMYCHUSI CKOPOCTH. Bennuunna nokasarens TMOATBEPKAACTCA U I’pa(pI/IKOM
sausnns Vaa @ (puc.l).

VBenuuenue nogadyu Sz NPpUBOAUT K YBCIUYCHUIO BblﬂeﬂﬂeMOﬁ TCIUIOTBI, IOCKOJIBKY B 3TOM Cly4ac
BO3pacTaeT paboTa medopManuy, HO YMEHbIIAeTci ycaJlka CTPYXKKH. B pesyibrare Temmeparypa pe3aHus
IOBBIMIACTCS. C yBEIMYCHHEM S _, IpU4eM B MeHbluell cremenn. C yBelMYeHHeM IIyOMHBI pe3aHus oOliee
KOJIMYECTBO TEIUIOTHI YBEJIMYUBACTCS, MOCKOJBbKY yBenuunBaeTcs paborta ¢(pesepoBanus. C apyroii cTopoHsl,
MIPOMOPIHOHANTEHO YBEMYUBACTCS JUIMHA Pa0OTAIOIIeH peXylmied KPOMKH H, COOTBETCTBEHHO, YCHJIMBAETCS
TETI00TBOJ OT Hee. Haubosblee Bo3pacTaHue TeMIepaTyphl pe3aHus HaONIoAaeTcs IpU yBEIUUEHHUH 7.

IMepenrnit yron ¥ oka3bIBaeT pasiMYHOE BIMSHUE HA TEMIEPaTypy pe3aHus (puc. 2). YMEHbIICHHE yTia
7/ MPUBOAUT K YBCINYCHHUIO pa6OTLI pe3aHus U, KaK CJICACTBUC, MOBBINICHUIO TCIJIOBBIACIICHNUS. HpI/l YBCINYCHNUU

yriia yaydIiaeTcss TEIUIOOTBOA B TENO pe3lla, 4TO CHIXKAeT TeMIlepaTypy KOHTakTa. M3 JIBYX pacCMOTPEHHBIX
MIPOLIECCOB, MO-BUAMMOMY, B HCCIIEIOBaHHU MpeobiagaeT BTopoit. Uem Gousbilie yron ¢, TeM MeHbIne paborta
TPEHHMS TI0 3aHeil MOBEPXHOCTH Pe3Na, PH STOM KOJNHUECTBO TEIUIOTH U Temmeparypa 6 ymensmarotcs (puc. 2).
BennunHa yria B IulaHe (0 TaKKe BIMSET Ha TeMieparypy pesanus. C yMEHbIICHHEM yriia () yBeIHYHBAeTCS
JJIMHA pe)KyLuef/'I KPOMKH, CJI€NOBATCIbHO, U YIOJ INpU BEPIIUHE 8, YTO B 3HAYMTEILHOM CTEICHU yiydmaeTt
TEII00TBON (pHC. 2).

[Ipy yBeNHYEHHWH MOJOKHTENEHOTO yria A, B OCHOBHOM, BO3PAacTaloT paiManbHas cuiaa W paboTa
pe3aHus1, YTO NPUBOAUT K YBEJIIMUCHUIO KOJIMYCCTBA TCIJIOTHI U TEMIICPATYPhI PE3aHUs.

Yem Oombliie paguyc 3aKpyIieHus 7, TeM Ooiblie paboTa pe3aHus U TemioBbiaencHie. OIHAKO TPH 3TOM
VIAYYIIalOTCS YCIOBHS TEIUIOOTBOAA B TENO pe3lla W 00pabarhbiBacMyro [eTaib, KOTOPbIE OKa3bIBAIOTCS
peoOIaJaloIUMU U PUBOIAT K CHIYKCHUIO TEMIIEPATyphl pe3aHus NP YBEIUUCHUH Paanyca 3aKpyIJICHHUS, YTO
crnenyert u3 (3).

3akia0uenne. AHaNIN3 TEXHOJIOTHICCKUX XapPAKTEPUCTUK TPH MPEPHIBUCTOM PE3aHHU MO3BOJISIET CIETATh
CITEIYTOIINE BHIBOJIBL:
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=f(V) wumeror

MOHOTOHHBIH XapakTep M3MEHEHHs. YCTAHOBJICHO, YTO C yBEIMYCHHEM TBEPJOCTH 00pabaThIBAEMOro MaTepHalia
cwibl P, Py, P, MEHSIOTCS IO-Pa3HOMY, UTO OOBSICHACTCS yMEeHbIIeHHEM Kod(dunnenTa pesanus K;

- ueM OouibIie Ve, U TBEpAKE MaTepual, TEM ObICTpee 3aTyXaeT KojaeOaTeIbHbIN NPOLEeCC U MEHBIIE JUIUHA
CTpYyKKH 11;

- C YBEIIMYEHHEM CKOPOCTHU CTPOTaHMs OT 8 10 36 Mm/Mun MUKPOTBEPAOCTH TOBEPXHOCTHOTO CIIOS, & TAKKE
FHy6I/IHa YIPOYHCHUST 3HAYUTCIBbHO CHHXXAKOTCA, OJAHAKO C YBCJIUYCHUEM IUIACTUYHOCTU METalla CTCICHb
YIIPOYHEHHs] YBENUYUBACTCS. YCTaHOBJIEHO, YTO C YyBEIWYeHHeM S W ¢ 3aMeTHO BO3pacTaeT INIyOnHa
pacnpoCTpaHeHusl YIPOYHEHHOTO CIIOS;

- HU3YYCHHUC CHUJIBI pE3aHusl IIpU CTPOraHWM IIOKa3bIBA€T, UYTO (byHKHPIPI Pz,y,x

- IPH HM3ydYeHMH CTOHKOCTH 0AHO3yGOH ¢pesbr ycraHoBueHo, uro mapamerpet V,S_,t,¢0,¢,,d 4

CHIDKAIOT CTOHKOCTh HUHCTPYMCHTA. Cux YBEIMYCHNEM BO3MOXHA IOJIOMKa Cl)peSI;I;

- [Opu q)pe3epOBaHm1 JKapOIIPpOYHBIX MAaTepUaJoOB C YBCIUMYCHHUEM IapaMETPOB V,]/,Hn,r,d¢

IPOUCXOINUT CHIKeHHE Beamauubl R . OcTaibHBIe TapaMeTpsl, HA000POT, MOBBIIAIOT 3HAUCHHE R_;

- nipu dpe3seposanuu ¢ yBennuenneM 3Hauennit V', S ,1, A, Temneparypa pesaHus pe3ko NOBBIIIAETCH,

a ¢ yBeIMYEHHEM (7, (P , HA000POT, CHIDKAETCSL.
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bpligh dwpdwl Ypw fupuyn waqnmd £ sbpdwuphbwih  Ynugbuppwgnidp gnpdhph pwpuwly 2Gpinbpnid:
Lbpwaqnipnpywl bwwigyt 243 nbughlyng Ypduwnty wywbwdnpdwt n=3% thnpdbph pwiwlp' hobigttyng wyt
dhtisi n=9-h: Stfutininghwlwt futinpptiinh Jepményaywdp wnydly Bt hplywy haplnyggmiitipp' Rz-p v, y, r,
dmin wwpwdbypbph wanbgnyayudp, npnlip thnppugbnid G Rz-p wpdbpp, dbwgwds wpdtiptbiph nbupnid
wybputnid £ Rz-p ddnyeynitip:

Unwugpuyhti pwnbp. dwpdwdnyeniti, Yipppnn dbpbtw, obipdnysyniti, dnnby, Yippnn nidtp, dhwynpdws
dbpbluwubp, obpdwluynii tynie:

H.A. Hovhannisyan
INFLUENCE OF CUTTING CONDITIONS ON TEMPERATURE FORMED IN MILLING
OPERATION OF CORROSION-RESISTANT STEEL OF 12X1 8H9T GRADE

Heat concentrated in the thin layers influences on the wear of the milling cutter. The goal of the work is to

establish relation between the temperature of milling and such factors as V, S, t, as well as y,a. To solve the
stated problem 1/243 replica from factorial experiment of 3% type was chosen. By solving of a mathematical model of
3% plan relationship of V , S, t, y,a dependence on 6 has been obtained. The analysis of technological
characteristics in intermediate cutting brought to the following conclusions:
1. Monotonous nature of variation of the force of cutting in shaping operation basically depends on cutting conditions.
2. In milling operation of heat-resistant materials increase of v,y,r,dwin leads to decrease of R.. The rest of other
parameters, on the contrary, raise values of R..

Keywords: wear, milling cutter, heat, model, forces of cut, shaping machines, heat-resistant material.
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TEXHUKA U TEXHOJIOI'UA IMTPOU3BOACTBA KOHANPOBAHHBIX
®PYKTOB ®YHKHNOHAJIBHOI'O HASHAYEHUSA

IIpusedenvi pe3ynbmamol Uccre008anull No paspadbomke MexHUKU U MexHoa02uUu npou3so0cmsa
KOHOUPOBAHHBIX ~(DPYKMOB €  UCHONb30BAHUEM KOHYEHMPUPOBAHHBIX —UHYIUHCOOEPHCAUUX BOOHBIX
9KCMPAKmos Kiyonell monuHamoypa 63aMeH caxaponamoyno2o cupond. Mcnonv306ana mexHonocuiecKkas
Yenouka npou3e00Ccmed KOHOUPOBAHHBIX (QPYKMOS, COCMOAWAS U3 CAeOVIOWUX ONepayuti: OYUCMmKA
NnI00068 OM KOXMCUYbL, KOHCEPBUPOBAHUe, YOdNeHUue KOHCep8aHma, CMabumu3ayus u KoHOUposaHue.
Paspabomana mexnonoeuveckas cxema npouzeooCmea KOHOUPOBAHHBIX (PPYKMOS DYHKYUOHATLHOZO
HA3HAYeHUs.

Kniouesvle cnoea: ronouposannvie QpyKkmoei, CMpPYKmMypa MKAHU NI0008, KOHCEPEAHMb,
IKCMPAKm MonuHamoypa, nponumxa.

OcCHOBHBIE OTepaly MPOU3BOACTBA KOHAWPOBAHHBIX (PYKTOB - OYMCTKA IUIONOB OT
KOJKHIBI, KOHCEPBUPOBAHNE, YAAICHHE KOHCEpBaHTa, cTabmim3alust n kouauposanue [1]. s
CHATHS KOXHIBI ObLT BBHIOPaH XUMHUYECKHHA CHOCO0. DTO OOBICHAETCS HEOOXOIMMOCTHIO
MOJTyYeHHs! TIaJKOH MOBEPXHOCTH IUIOJNOB (IIPHIAET TOTOBBIM H3AEIHUSM XOPOIINKA TOBAPHBINA
BUJI TIOCIIE TJIA3UPOBAHUs), a TAK)KE NMPUMEHEHUS KPaTKOBPEMEHHOW TEIUIOBOW oOpaboTKU Iuis
WHAKTUBAIMK (EepMEHTOB (TUIO/BI HE TEMHEIOT, COXPAHSETCSI CTPYKTYpa WX TKaHH, KOJIMYECTBO
OTXO0JOB - MUHUMAaJIbHOE) [2].

[IpeacraBieHa 3aBUCUMOCTD TPOJOKUTEIBHOCTH O0pabOTKH, TPOYHOCTH TUIOJOBOM
TKaHW M KOJIMYECTBA OTXOJOB OT KOHIEHTPAI[MM PACTBOpPa THAPOKCHJA HATPHUS TPU MOKPOU
XUMHYECKOW oumcTke abpukocoB coproB Carenn, AuHOaH, Epeann, Bocku, [luma B
TEXHUYECKOW CTaJINU 3PENIOCTH.

C yBenmM4eHHWEM KOHIIEHTPAllMd pacTBOpa THIPOKCHIA HATpHUs Nepuox oO0pabOTKH
yMenbInaetcs ot 125 1o 30 ¢, a konuyecTBO 0TX0A0B cHIbKaercs ot 14,0 mo 12,2%. Ilpu teme-
patype KumieHus pactBopa B TeueHue 30 ¢ TUIOABI COXPAHSIOT HAUOOIBIIYIO CTPYKTYPHYIO TTPOU-
HOCTB, KOTOpast YAOBJIETBOPSET TEXHOJIOIMYECKHM TPEeOOBaHMAM Mocienyoueld ux oopadoTku,
KOJMYECTBO OTXOJIOB - MUHUMAaIIbHOE (CM. TabI1.).

Tabnuya
3asucumocms npoyHocmu mKaHu NA0008 U KOIUYECmea omxo008 om npodomfcume/szocmu
Xumuueckou 06pabomku

[IponomxuTensHOCT IIpoyHOCTH TKaHU TNIOIOB HA MPOKOIL, k/1a KomnmuectBo oTxom0B,
XHUMHUYECKOW 00paboTKH, CBEXKUX nocye o0paboTku %
c
125 1260,0 780,0 14,0
110 1200,0 820,0 13,8
85 1200,0 930,0 13,3
58 1200,0 1000,0 12,0
45 1200,0 1010,0 13,3
35 1200,0 1030,0 12,5
30 1200,0 1050,0 12,2

OO0paboTka TUIONOB ISl YKPEIUICHHsI CTPYKTYpbI, COXpaHeHHs o0beMa u (OpMBI - OAMH U3
TJIABHBIX OJTAllOB IIPUTOTOBJICHUS KOHAMPOBAaHHBIX (PYKTOB, a TaKXKe CoOYeTaHus OOpabOTKH ¢
JUINTEIbHBIM XpaHEHUEM IS UCII0JIb30BaHuUs 10y padpuKkaTa B MEKCE30HHBIN NEPUOLL.

KoHcepBaHTBI - BOAHBIC pPacTBOPHI ITOBAPEHHOW COJIM, COPOMHOBOM M MypaBBHHOI KHCIIOT,
copOata kanus, Oucyib(huUTa HATPUSA, a TAKXKE CMECH 3TUX BEILECTB pa3pelleHbl opraHaMu MHuH3IpaBa.
Haunyuiime pesynbTaTbl KOHCEPBUPOBAHMS IONYyYEHBI INPH HCIOIL30BAHUM OHCylIb(hHUTa HATpu,
XJIOPUCTOTO HATPHUS U UX KOMIIO3UIIHIA.
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[lpn mmTensHOM XpaHeHmn (3 Mecsma u Oojee) B pacTBOpe OHMCyiIb(HTAa HATpUS IUIOIBI
prOOPETarOT CBETIO-KEITHIA IIBET, COXPaHSIIOTCA HX GopMa H 00BEM.

YCTaHOBIIEHO, YTO CMECh PACTBOPOB OUCYIb(GUTA HATPUA U XJIOPUCTOIO HATPUSA CHOCOOCTBYET
COXPaHEHUIO IIOTHOCTH B INEPHOJ XPAaHEHMs U IOcieAyouero kouauposanus. Ilpu atom Ha 75...80
CYTKHU OHa CTaOWJIN3UPYETCs Ha BBICOKOM YPOBHE, HEOOXOAUMOM AJIsl KOHAUPOBAHMUS.

ITIpu pexoMeHIyeMOM BapHaHTE KOMIIO3MLIMM KOHCEPBAaHTOB NPOYHOCTh HA IIPOKOJ ILIOJOB
cocraBisier 1360...1460 «lla. KoHcepBupoBaHHE aOpHUKOCOB, CIIHMBBI, YEpEIIHH, [EPCUKOB
IIPEUIOKEHHBIM COCTaBOM KOHCEpBaHTa I10Ka3ajlo BO3MOXHOCTb COXPaHUTb UX Oosiee 4 Jner u
BbIpabaTHIBATh BEICOKOKAYECTBEHHBIE KOHIUPOBAHHBIC H3/ICIIH.

Ilepen KoHAMpOBaHMEM IIpM INPOMBIBAHUM I0NY(PaOPUKATOB IKCTpaKLMEH yIalsdloTcs
MMOBAapEHHAs! COJIb U HEXKENaTeNbHble MHIPEAUEHTHI, COepKAIIUecs B IUI0AaX, B TOM YUCIIE OKHUCIICHHbBIE
(hepMeHTBI, MPUCYTCTBHE KOTOPHIX MPHU KOHAWPOBAHUU MPUBOIUT K MOTEMHEHHIO MPOAYKUUH. CaMblii
aKTHUBHBIH MaccOOOMEH IIPH 3TOM IPOUCXOAUT IUPKYJIIIHEH ITPOMBIBHOM BOIHBI (pacxon 5 i/mun) mpn
COOTHOUIEHHU C IUIOZAMM COOTBETCTBEHHO 10:1 HemocpenCcTBEHHO B YCTaHOBKE I KOHJMPOBAHUS
(puc. 1). DTO MO3BOJISET COKOHOMHTH MTPOM3BOACTBEHHBIE TUIOMAAN W YMEHBIIUTH YMCIIO TOTPY309HO-
pa3rpy30uHBIX ONEpanni.
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Puc. 1. JJunamuxa yoanenus nosapernou conu u3 abpuxocos: 1 - npu evioepaicusanuu 6 60oe; 2 - npu npoMbl8aHuU
npomouHol 6000u; 3 - NPU NPOMbBIEAHUU YUPKYIUPYIOUeli 60001 8 YCMAHOBKe OISl KOHOUPOBAHUS

s xonaupoBanust GpyKTOB ObUI IPUMEHEH KOHIIEHTPUPOBAHHbIM HHYIMHCOAEP KA BOAHBIN
skctpakT (KMD) xiyOHe#t TonmmHamOypa ¢ coiepikanueM cyxux BemecTB 20...22%, MO3BOJSIONIHIA
MIPOU3BOAUTH MUIIEBOI MPOAYKT QPYyHKIMOHATIBHOIO Ha3HaueHus (0e3 caxaposbl).

OCHOBHBIE TEXHOJIOTMUYECKHE MTapaMeTPbl U3TOTOBJICHHSI KOHAUPOBAaHHBIX (PYKTOB - 3TO TEMIIE-

paTypa u JaBJIeHHE NPH MPONUTHIBAHNN.

YcTaHOBNIEHBI MapaMeTpbl MEpBOr0 dTana KOHAMPOBAaHWA - cTaOunu3anuud. B pesynbrare
00pabOTKH MPUPOCT COACPIKaHMsI CYXMX BEUIECTB IIOAOB paBeH 15...16%, onTuMaibHOE COOTHOIICHHE
KOJIMYEeCTBAa MPOMUTAHHBIX CYXUX BEIIECTB M yJaJeHHOW U3 II010B BoAsl - 1,38...1,44, macca 100 xe
IJI0JIOB yBENWYMBaeTcs Ha 6,8...7,6 ke.

[NapameTpsl U cocoOBl BTOPOTO dTana KOHAUPOBaHHS, 00ECIIeYNBAIONINE HAWITy4llee KayecTBO
TOTOBOW MPOAYKIIMHU, OINPENENSIFOTCsl mpHu yBeiaumdeHun macchl 100 xe ¢pykroB Ha 12,7...13,2 ke npu
COOTHOILIEHUHU CYXMX BEIIECTB IUI0J0B U coaepxkanuu B KO Boxsl 1,26, npounocts Tkanu 1180...1240
klla. Ilpu 3TOoM Toasl HEe Ae(OPMHUPOBAHEL, HE CMOPIIEHBI, (opma coxpansercs. [IponomKUTeNEHOCTD
Ipoliecca KOHAUPOBaHUSA - OKOJIO0 52...56 u.

Ha ocHOBaHWM pe3yNbTaTOB OIBITA COCTAaBJICHa JTUHAMUYECKash MOJeNb KOHIUPOBAHUS,
IIPEJOCTABIIAIOIAS BO3MOXKHOCTD BBIPA3UTh IBOJIOLMIO CUCTEMBI BO BPEMEHHM U IPOrpaMMHUPOBATH IIPO-
necc. [Ipu BBIOpaHHBIX ONTHMANBHBIX MapaMeTpax AWHAMHUKA MOCJIEIHEro MO SKCIEPUMEHTAIBHBIM H
pacdeTHBIM JaHHBIM MOKazaHa Ha puc. 2. CpeHeKkBagpaTndHoe oTKIIoOHEeHnE - 0,98.
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0 10 20 30 40 50 60

CopeprkaHue cyxmx BeliecTs, %

HpO}:[OJ'DKI/ITeJ'IbHOCTB npomnecca, 4
Puc.2. Jlunamuxa xonouposanus abpuxocos copmos Epesan, Bocku, Juma: 1 - usmenenue cooepiicanust cyxux
seujecms nio008 No OAHHLIM IKCHEPUMEHma, 2 - usMeHeHue coOepHCAUs CYXUX 8eujecms nio008, pacCHUmaHHoe
no mamemamuyeckou mooenu, 3 - usmenenue konyenmpayuu KU

CeHCOpHBIM METOJIOM YCTAHOBJICHBI ITOKa3aTeIH KadecTBa IMPOMYKIWHU: COACPKAHHE CYXHX
BemtecTB — 71...72%, npouHocTh mwogoBoit Tkanu — 1200...1400 x/la, npupoct maccel Ha 100 ke Gppyk-
TOB - 15,0...15,5 ke, cooTHOIIEHNE CyXHX BEUIECTB U ynaieHHo# Bosl - 1,30 ...1,35.

Crioco0 KOHIUPOBAaHUS OCYIIECTBISIOT —CleAylomuM obpazom (puc. 3). B emkoctb
KOHAMPOBaHUA | 3arpy’xaroT IJIOABI, MOJUIeXKalMe KOHIUPOBaHUIO. B nByTesnbHOM KoTie 8 cHayana
nojorpesaroT KM, mogarot ero B eMKOCTh KOHAUPOBAHHS JIJIsl IPOBENICHHS TIpOIlecca CTaOMIH3anH, a
3aTe€M €ro BaKyyMOM OTCAachIBaIOT B €MKOCTb HACBHIIIEHHS 2 MyTeM NEpEeKIIOYEHUS TPEXXOHOBBIX
Bertwied 10, 12, 13, 14 mo HampaBieHHWIO W3 IBYTENOr0 KOTia 8 K €MKOCTH HACBHIIICHHS 2. 3aTeMm
BKJIIOYAIOT HACOC 5 U MEPEeKIIoYeHHeM TpexXxoAoBbix BeHTwied 10, 13, 14 B eMKOCTh KOHAMPOBAHUA
cau3y nogaioT KD 1o MojgHOro 3amosiHEHHs, 4TO O00O3HadaeTcs IIepelMBaHHEM €ro B €MKOCTb
HACBIIICHUS 2.
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Puc. 3. Texnonozuuecxas cxema npou3e00cmed KOHOUPOBAHHBIX PPYKMOE PYHKYUOHATLHO2O HAZHAYEHUS
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He ocranapnuBas HUPKYJISALMIO, IEPEKIIIOYAIOT TPEXXOA0BbIe BeHTWIH 12 u 13 Ha HUpKyJALUI0
KW3 no konTypy I - eMKocTh HachlmeHusi 2, Hacoc 5, ckopocTHOW monorpesarens 3. Ilpu stom B
€MKOCTb HAChIILIEHUA 2 IOAAIOT BaKyyM, U NpH LUPKYJSALMM NPOTeKaeT mpouecc Hacklmenus KO
napajieIbHO KOHJIKPOBAaHUIO IIOJOB IIPU CTAallMOHAPHBIX YCIOBUAX B €MKOCTH KoHaupoBaHus 1. Ilpu
KOHAMPOBAHUU IO/ U30BITOUHBIM aBJICHUEM BKIJIIOYAIOT KOMIIPECCOP.

ITo ucteyeHuu onpeaeIeHHOro BpEMEHH NEPEKIII0Yal0T TPEXX0A0Bble BeHTuIU 12 u 13, uzmenss
KOHTYP LIMPKYJIALUH 110 HAMPABJICHUIO - EMKOCTh HACBIIIEHUS 2, HACOC 5, CKOPOCTHOI moaorpesares 3,
eMKOCTh KoHaupoBaHus 1 (koHTyp II) , uTo mo3BoONAET NoAaBaTh HackleHHbIH KD B eMKOCTb 2 CHU3Y
Y 3aMEHUTH 0TpabOTaHHbIN U pazdasnenHbiid KHUD.

Ilocne 3amensl otpaboranHoro KHMD B eMKOCTM KOHIMPOBAHHSA OISTh IEPEKIIIOYAIOT
TpexxozoBble BeHTHIH 12 u 13 Ha mupkymsnuio no koHTypy l. Haceimenne KD B ompenenenHom
pa3Mepe OCYILECTBISIOT LUPKYJALUed ero mo KoHTypy | u moamuTkod M3 emkoctH 15, perymupys
MOJIUTKY BEHTUIEM 16.

[ocne ocymiecTBieHus stana crabwimzauuu orpabotanHeii KD 3ameHseTcs KOHIEHTPUPO-
BaHHBIM, IIPU 3TOM pa3HOCTb KoHueHTpauuii KMO u mionoBoro coka cocrasiser 9%, mponoinku-
TEIPHOCTh HAXOXKJICHUS IIOL0B MO BaKyyMOM - 15 mun. 3aTeM II0AbI KOHAUPYIOTCS IIPHU aTMOC(HEPHOM
JaBJICHUU 10 HACTyIUleHHs paBHoBecus. IlonoOHBIE mpolecchl MPOAOJIKAIOTCSA, TOJIBKO IPU 3TOM
MeHsieTcsl pasHocTh KoHmeHTpanwii KO u mmomoBoro coka. Ilpomecc KOHAMpOBaHUS MPOJOIKACTCS
58 u, mMacca KOHOUPOBAHHBIX (PYKTOB yBenuuuBaercs B 1,4 pa3a, MPOYHOCTH IUIOAOBOM TKaHH
cocraBmsier 1050 x/la. KonmgupoBaHHBIE (GPYKTBI TIPEICTABISIOTCS COYHBIMH, HECMOPIICHHBIMH,
Hee(hOpMHUPOBAHHBIMH.
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Jd.U. Uybwnhuyw, .U <ndhwtthujw
SNrLUSPNLUL LeUulLuunk@3UL <MNrkecULUYLNMYUD UraGrh UPSUANRGE3UL
SthuLhUUL bd SthuLNLNAhUL

FPhpywés Lo hpnipwlun/npyué  dpghph wpuugpnippul wkibhuyh o wbpdnnghugh  wldwb
hyunnwlny Junnupyws qhunwlwi hknmwgmnniygnibbkph wpynibpalpp, npunkny pwpwpulupughll opwpwlh
thnpnupkl ogunugnpdyky F qhnlwpuidnph wujupakph pnnugyws plhnypl wupniinulng gpuyhl niSwuquinygwdp:
Ogqunugnpéywd F hpnipwlun/npywd upglph wpununpniyepul nkpbnnghwlmb pppw, npp Gkpunnid Fdpgbph
Jenlwquinnid, wwhwémugnul, §nhukpjuinnh hkmugnid, Juynilnugnid b hpnipwlun/npnud:  Upwiljws E
bniifghniuy bowhwlnipyul Apnipwlun/npyws upgkph wpunugpnipyul nwkjnbnnghwlwl vkl

Unwugpuyphti pwnbp. hpnipwlunnpyws dpglp, dpglph hniujwdéph Junnigywdp, [nbukpjuinnibp,
glunlnupiidnph jniSwquunywdp, hugkgniid:

V.M. Avetisyan, G.A. Hovhannisyan
FUNCTION OF SUGARED FRUITS’ PRODUCTION TECHNIQUES AND
TECHNOLOGY

The results of researches are presented for sugared fruits’ production techniques and technology, where
the liquid extract of artichokes tubers’ concentrated inulin is used instead of sugar syrup. Complex of technological
equipment of sugared fruits’ production is used, which includes the fruits’ peeling, canning, and removal of
preservation, stabilization and sugaring. Functional significance of technological scheme is developed for sugared
fruits’ technological production.

Keywords: sugared fruits, fruits tissue structure, preservatives, artichokes’ liquid extract, soaking.

ABerucsin Bapcennk MapiankoBHa — KaHJI. TeXH. Hayk, accucTeHT kadeapsl TIIPII HAVA, neiicts. uien UAA
Oranecsin I'asine ATaGekoBHA — KaH 1. OHOJIOT. HayK, gAoueHT kadeapsl TIIPIT HAVA
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Phpywés ko puunnnh hwuntlnugdwl b pungnip uyhpunuyghl inpdwl dudwiuly opquinului penibkph
dbun/npwl b infuwlbpupdwi gnpdplpugh niundbwuppnyepul wpynibpabpp: Vkphuyugyly b Zujwumnwih
Zwbpuybnnipyul Jugng 2np nwpwswopowih  Snijh dwlbplhnygphg 1450 o pupdpnippul fpw quin/ng jagngh
wjghlikpnid wdkgyng Upkip pnupnph wnbkuwlpg wunpuungwé puugnil ghint  qhbkliyniph  jupnpuinnp
hlnmgnunnypyull wpynilphlpn puwn opquinulwi ppeniibph wupnibwlngeyul: Quunwpydly F pnunnil ghing
ghukiyniph  JEppméwmliuwli b qquynpnpuwl  vinnignid:  Zlmuwgnun/ng  ghbklynyep  hwdwyunnwupnubly  E
Ywpnugnyh prungnil ghlng wpumuwgpnieul hundlup ogunugnpdyng qhlklyniplph phonilyué wywhwiohlphi:

Unwugpuyhti pwnbip. fuugnil ghlip, puggni, ghlikiynip, opqubwlwi ppnt, fjudnpnid:

Ukpwdnipnii: vunnit ghtine hwih b thgh tbpnuobwlnipinitp jupudws t bpubnud wniwu
opqubiwjult peniutph pwtwlnipniihg b juqunipniihg: Lungnih dke tnus opqumjwb ppniutph
nugkinpughut yuydwiwynpyws b wnnnh hwumbwugdwt dwdwtwl] opqubwlut ppniubkph
Ahunpuwdp b hnfuwlbpydwdp’ jupws punnnh nkuwlhg, hnqulhdwjwlub b pungnnh wdbgdwi
wqgpnukjuthjulwt yuydwbubphg:

Pungntl, uyhpuught fudnpdwt gnpdpupugh  wpyniupnid Gupwplymd £ junpp phthwljut
thnfjumljipynidubph, npnup wbnh G mbbund  judnpuwutfbph  gnpéniubnipjutt otunphhy: Uju
thnpuwlipynudubpp wnwebwhtnp Jhpwpbpnud Eu pwpwpubipht, vwuyt ipdkunubph wgnbgnipjut
wnuly, fudnpuutijiph ynipuhnwbwldw phpwgpnid, pungnith dbwgus pununphsubpp, wyy pdnwd
twl opqubwljut ppniubpp Eupwplynud i Euuwphdhwuljut hnpuwlipynudutph, hush wpynibpnd
ghukiyniph dkp wnwewunid Lt Unwnn 50 nkuwly opqubiwljut peniubp:

dnpuulluyht $hpubntbph wqpbigmppudp  wuplwiwynpjus  Jhbuwphdhwljub
gnpédpupugubpt nitbkt wpwetuyghtt tpwhwlnipnit fuwnnit ghunt ghukyniph dbwynpdwt hwupgnd
[1,2]:

vunnnh hwuntttwgdwi dudwiwl] opquiwlmit ppniutph dbunpmut o thnjwljpunudp:
vunnnh wumnibpp wupmbuymd b Uks puiwlmpjudp ghtibpent b ubdnpuppnt, wbjh phs
Yhwnpntwppnt, uvwpwpent, ppeigquppnt b gjhynjuppne:

Zuunttugdut uljqphwut opowthg htwnn dhsh wdpnnowjw $hqhninghwljut hwunttwgnud
Juunnnh ppduwuntndhs jupnnmpniubbpt wiynid Bo wypnid: T pugunpymd k ppyuuntnsnidhg
owpwpulnunuljdwi wugniuny:

Zmuhuwhtt punnnugnpswlut opowtunbph pwunnni wybih owwn pudnpuppent £ yupnibwynud
pul hwpwjuwyhtt opowttiphip: Uw pwgwupynud L tpwiny, np pwpdp okpdwuwmhgwunid
huudnpuppenit wybkh wpwg b opuhnuind, put ghtbppenil, high wpyniupnid hwpwduyht popowtintpnh
Juwunnnh dke wkih phy putwlnipjudp pudnpuppnt £ huynuwpkpynud:

vwnnnh Jubwy wunigubpnd pudnpuppyh pwtwlnipniup wykjh pupdp L, pwt ghubppedhin:
vunnnh hwuntbwgdw gnpdpipugnid jutdnpuppyh pwbwlnipmiip widhpwwybu tjugnud k, b
hwuntti fpunnnh dke ghubppnit vhon ghipuljonnid k jnbudnpuppyphi:

udnpupperyh b ghubppedh thnthnjnipmnibtbpp pwnnph hwumbwgdwt duadwbwl jujudws Bu
wbplubph wwphphg: Oppwt Ephtnwuwpn B owbplp, wjipwt pupdp b pednipmiip b yguljuu
swpwpuyinipinilip, hbnbwpwp nwphibph htn ppympmip Wwuqmd  hul swpwpuyim pniap
wdnu:
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Ppujuwtugyl) L uudnpuppedh b ghubpperdh putwlnipniuttph hnthnjunipjut hbnwgnunipmniu
Unipybgp wkuwlh punnpnud: Zknwgnunmpiniubpt hpujubwgyt) B ognunnuh 23-hg ubyubdpbph

18-p pujws dwdwbwjuwhwnduénid: Shinpynn ppynipniup 13,6 ¢4eP-hg wjugk) L dhtsh 6,3 ¢l
Onithnjuynid £ dhuyt wmqun ghubppenit, hull Juuwywsdp qpbpt sh Gupwplynid thnthnhnipyui:
Ljwwnb{hnpkt twql) k pudnpuppyh pwtwlnipniup 7,1 ¢/4iP-hg dhsh 3,3 ¢/pdP[2]:

Yuununpyty k Ujhgnut, thujhtig b Ywpkpub punnnh wkuwljubph dke ghttippyh b pudnpuppyh
pwwljnmpiniitbph hkwnwqnunnipnii: Zwply & k), np hnyhup 25-hg ubwynbdpkph 19-p inhwnpng
pRYnipmiup 405 ¢pf-hg wjuqbtp b dhsh 8,2 ¢4 Zwunttwgws fuwnnpnmud  hwnluybu
huntuuhynptt wjuqnmud t bdnpwppyh pwbwlnippiup 20,1 ¢fP-hg dhsk 3,1 ¢@® pH-p
nwnwind £ 2,8...3,3 uwhdwbbkpnud:

Mhun Uyhwunul, Thun Uk b Swupynik punnnh mbuwlubph dby ntunmidbwuhpyt) Eu ppeynipyul,
pH-h b ghukppyh thnthnjunipiniuutpp. hnyhuh 7-hg ubyubdptph 1-p pujus dudwbwwhwndusnid
wnhwupynn ppynipntin 25,6 ¢/4dP-hg iduqly L dhish 8,8 ¢4’ Uju pupwugnid ghubppdh pwbwlnipniup
wnju pwunnnh mbuwliubpnd 11,35 ¢/4dP-hg wjuqly | dhigh 0,75 ¢/

bPpwlwtwgyl) Lt 2huniph, Qnpnyh Ugquik, Ujhgnunk b 8hgjw fuwnnnh wbkuwlubkph
htwnwgnuunipinily, npnighg unwgynd £ hhwbwh ppwnnit ghtint ghubynip: vunnnh hwuntbugdw
dudwbwl] whwnpynn ppynipniup hnhuh 20-hg dhigh hnlubtdptph 5-p 34,8 ¢/4if-hg wjuqly E dhtsh
6,55 g/l

Qhuniph mbuwlh juwunnnh 1 fg gumnubpnd ghubpperdh yqupnibwlnipmniip hwuind k13,9 ¢,
huly pudnpwppdhtp 1558 ¢ Yhunpntwpplh, vwpwpplh, ppeugquppdh b yhpnpiunnquyhtt peyh
wuwpnitbwlnipniip shwuntiwgud punnnh dke stusht k [2]:

Qhubippyh wupnibwlnipniup uyhnwl pwnnnh nkuwlubpond hwuntbwgdwt dwdwbwly phy £
thnthnpuynud, vwljuyt juipuhp hrunnnh wbkuwljubpnud thnthnunieiniat wjthwn

vunnnh hwunttiwgdw gnpépupwugnid ghubppentt b pudnpuppnit tjunbihnptt tugqnud B,
piny npnud  bdnpuppmb wbh oww: Ujthwpn b np juwnnnh  hwumbwgdwt  dudwbwl
huidnpuppenit wbkih hutnkuuhynpkb k opuhnunid, put ghubppenii: Cwwn phy tuqnud L uwpwppyp,
prpugquppyh U whpnpunnquipt ppyh  pwtwympniip, pul Yhupniwppdh pubwympmniip
hwuntbwgdwt wdpnne pipwugpnid wykjunud k:

vunnnh mkuthjujwt hwuntwgdw dudwiwly Yhupnbwppedh qupnitbwlnipniup hwubnd
wnwbjugniyuh’ 1 4g hunnnh hudwp 0,3...0,4 ¢ hul dhwgws pnpnp ppncbbphip’ tjugnd: Ophwl
hbdnpuppldhip Wuqmu t dhust 3,2 ¢ ghukpphtp dhush 6,3 ¢ uwpwpphip Uhlsh 0,1 ¢
prpugquppyhtp Uhtsl 0,1 ¢ b whpnpiwnnnuiht ppyhup 0,01 ¢:

vwnnnh $pghnnghwjut hwuntwgdwt dudwbwl tjuwwnynmd b ghubppyh, uudnpuppedh,
wwpwppyh b pppugjuppyh htnwqu Wfwugnud: Jhtmiph nbuwhh 1 4g pownnnh ghubppyh
pwlwlnipniip 13,9 ¢-hg uwjuqbk; E dhsh 4,2 ¢ hull jbudnpwppdhtp 155 ¢-hg dptsh 1,85 ¢
Uwpwppdh, pppieuppedh b whpnuunnnuyht pedh puwbwlnipniuttpp puwn stusht Gu tduqgnid [2,3]:

Opqubwlwt ppniutpp dbwynpymd B ny dhuytt wshiwopkphg, wyp twlb $nunnuhliphqh
wpyniupnud: Pppugiuppenit Jhiputhnuynid E bdnpuppyh wibjh wpwg, pwt ghubppyh: Cuwn
htunwgqnuinipymibtbph  ghubpenit jawnnnh  dby  opuhnuunid L nhopuhdnidwpuyhthg  dhush
glhopuwuyhtt peyh, hull ghnpupjuppntt hbnwquynid dwubwlgnid £ uhtipbnhly gnpdpupwgubphi:
“hopuhdmdwpuyhtt ppnit phljuppopupjugynid t b opuhnuinid dbkqopuwhtiwppyh winkhhnhg
Ubkqnpuwihiwppyh, npb b hp htpeht nhljuppnpupjugltihu pipnud E gihopubjught ppih dbwynpudw:
Quuynpdws qihopuhjuyjht pentt wgknhy Yn-U-h htwn §ntunktuwugytjhu wnwowtnid t juidnpuppent:

udnpuppnit pkhhnpugynud  E pppuoiupprdh, npp  htunwqund  Jepuljubqudnud  E
utkqnghubpph:

Qhubppenit Jupnn b Jepusyl) wshwenh, Epk wyjt opuhnuunid £ nhopuhdnidwipuyhtt pryh, huy
htann nkuppopupjugynud gihynjuyht wynkhhnh:

Thopuhbnidwpuyhtt ppentt niuth L Jipulubqunnquljut hwnlnipniutp, npnug ounphhy
wpuwquinid E ghint hwunitbwgnudp: Zwuntt jpunnnh dbe ghutipedh yupnibwlnipmniop munwignud
£0,2 ¢/;if-hg uptish 1 g/pif

Mhpnjrwnnnuihtt ppntt juppopupjugytihu wewgugumu E pppugjupugujuuwhlt ppnt, npl by
Jipuuiquynud £ judnpuppdh: udnpuppyh  wowowgdwld  hwdwp  quwdnp  Wmpp
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whpnjuunnnuhtt ppntt b MbdAnpuppmt uwnnph dbe Ynunwlymd b uks pubwlymppudp 1 4g
huunnnnud, hwinljuybu gpu shwuntbhwgus ynnigubpnud dhgh 15 ¢

Ghunpntwppntt wupnitwlynid E pwnnnh yunnigubipmd npu hwunttiwgdw nne qnpdplpugh
dwdwtwy 1 §g-h hwpguplny 0,2...0,4 ¢ Stuthjuljwui hwuntimpub dudwbwl npu pwhwlnipmniip
wybjwind L hul dhqhnnghufut hwunmtwgdwt dwdwtwl Yphht wjugmd: ZEkwnbwpwp
Yhupntwppyh  ghtudhughg  Yupth £ npnpkp  juwnnnh nbjbhjuluwt b bhqhnnghwlut
hwunttimpinitip b gpuw hhdwt Jpu jpwnnph mbuwlubph jEluwpwbwluwt hwnluhrubphtt nuyg
uwnni)q quwhwnwlwbbn:

Uwpwpplh pubwlmpmip jwnnnh dbe punn stsht £ 1 4¢-h hwpqwpyny 0,07...0,2¢:
Shuwunttiwgws fuwunnni wdbkh ks pwbwlnipjudp vwpwppent b yupnibwlnud, hul] hwuntbwbwne
pupwgpnid npu  pwtwlnipniip wunhfwbwpwup wjuqnd b Uwpwppnit wnwewinid k
pugwhiwppyhg, b npytuqh pugwpiwppenil Uinth nbkwlghwjh dke, withpwdtown k, np uwybt wjnhdubw:
UljwnhJugdwi gnpéphipugn wnbnh b niubunmd Ynkughd U-h dhongny: Uju YEpy dbwdnpjus wghnpy
Un-U-u hnunkuuwgynid E vwpwppyh [3]:

Lungmih  ugwhpuiuyht  judnpdwi dudwbul] opqulwljuwt  ppniutph  Alwynpnudt m
thnjuybpynudp: Uwhpunughtt judnpdwt pipugpnid puingnih dbe tnué opqubwfwib ppniubpp
Eupwplynud ki Jhluwpwbwlwt thnjuwlbpynudutph, hugp ks nhip £ punnud ghuhubph qquynpnydwt
Alwnpdwl gnpépupugtbpnud: Ujy thinjuwlipynidutph wpyniupnid ghubiyniph dby wnwewtnud L
Uh swipp opquitwljut ppniubp, npnighg wpwyk) Uks pubalm pjudp wupm bwlynd ku

Qhubippnt, nph yupnibwlnipiniup ghtine dke Yuqunid & 1,1 ¢/4iP-hg dhtisk 3,5 ¢/’ Shubppeniu
b bpw wnbpp pungmph b ghunt juwplnp pwnunphsibphg ot b dwubwlgnd Bu ghuint hwdh
Alwynpdwup: U, ghubymph Jdby uwbndting ppent dhpwduyp, wpgbjuynid E dh owpp
Uhypnopquithqukph quipquigniup, npnip hokigimd & ghim npwlp dhwdwdwbwy tuywunu]np
wujdwbbp unbnsting jpdnpuutfinh qupqugdut hudwp:

udnpwppnt, nph wwpnibwlnipniip ghine dbp Juqunud Lt 0,05 ¢4P-hg dhsh 3,1 ¢/l
SGhutiymph dby hudnpuppyh pwpdp wwpnibwlnipniip ghumbt hwunnpnmud £ ony gmipbljub
ynwyunipinit, npp dbpdwind B ubidnpuljuptwppduyhtt judnpdwt wpymibpnid  jupbwpprdh
wnwgwglul oinphhy:

Ghupnuwppnt, nph yupniiwlnipniup ghtine ke juqunud £ 0,03 ¢/4iP-hg dhush 1 gz’

Uwpuwppent, nph wupnibwlnipiniip ghtunt dby Yuqunud t 0,5 ¢4f-hg dhigh 1,5 gfuf
Uwpuwppyh hhdbwlub pwbwlmppnitth wpwowinid b uyhpunughtt fudnpdwt pbpugpnid o
Jtungmuupuppyh  opuhnuyhtt phljwppopuhjugdut b gpninwdhtwppdh opuhnuyht
nhquuhtiugdwt wpyniupnid, hywtu twb ghutppedhg b pudnpuppedhg:

Quplwppent, nph wwpnibwlnipmniip ghtint by uqunud £ 0,5 g/muU*-hg dhtgh 5 q/nu:
Yuphwppntl ghtim Uke wnwewnid E uyghpunught jodnpuwh dudwbwl npybu kppnpyughl ioge b
lnudnpujuptwppepquyhtt jadnpdwt wpyniupnid: Ghume dky  Jupbwppdh  jwwn  pwpdp
wwpnibwlnipniup Jupnn E JUuyl) ghumt hhuwinmpjut dwuh, hush phypnid juptwpprdh
wuwpnibwlnipiniup upnn §hwutt) dhish 12 ¢/l

Puiguijuwppent, nph wuwpnibwlmpiniup ghtime dky Juqdnd t 0,3 ¢ff-hg dhsh 1 g¢fpf
Pugwhiwuppyh, hyywbue twb  upltwppdh  Alwdnpdwt ulqpiwunpmip B hwdwpdnid
Uhypnopquhquutph Ynnuhg hbpunqutph injuwlbpydwit wpynitpmd  dbwynpdws  whpn-
hiunnnuppenih [2-4]:

Uptkih whuwljh wnnnhg vnuggus Juppuqnyh pwunnib ghim ghikiyniph htnwgnunipiui
wpmyniipukpp  punn opquimjuwlbi  ppniubph wWuwpniuwlnipjui:  Opybu  hbwwgnuynn o
oquiugnpdifty t dwyng 2np nwpuswopewih snyh dwlkplinyphg 14502/ pupdpnipyub Jpu quinnn
juunnnh  wyghubpnid wdkgynn Upkuh wmbuwlh powunnnhg «@bnbtwnnity ghint gnpswputnid
wuwwnpuunyus Jupnugnyt jpwunnit ghint ghtukynipn:

Uunwugws Jupnugniit fjpunni ghint ghukiyniph pudnpujuptiuppduihtt pdnpdwt wjwpunhg
htin  hwiquunp ppowtmd dkp Ynnuhg hpulwiwglt] bt jupnpunnp  htnwgnunmpmi  pun
opquiwjwt ppniutph wwpnitwlnipjut, whwunpynn b wnhy ppynipjut (pH), npnug wpnyniupubpt
wdthnthdws ki wnniuwlynud:
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Unniuwly
Jupnugnyl prungnil ghling ghliklyniph jupnpuinnp hknwgnunnipyul wpyniphkpp

Shupyng Opqubwljut ppniubkph wupnibwynipiniup, ¢z

pH PRYNLpnLL
Euquilqglhl;a ghubppent | Nudnpuppent | uvwpwppent | Jhupntwppnt | juplwppent | pugwiwppnt
PRUN 7

3,2 5,85 2,692 1,568 0,979 0,396 0,079 0,536

Ungyniuwlnid wdthnthws  wfyugbph hwdwduwyl' quppugniyh punmb ghim ghubiymph
wlwnhy ppympmbp  (PH) Yuqumd b 3.2, huy whupdng ppdmpmitp 585 @/, hign
hudwywnuwupminid £ qupnugnyt jpunnmit  ghimt wpnugpnipjutt hwdwp  oquugnpéynn
ghubyniptph pugniaws ywhwieubpht [4,5]:

Uyuwhuny, Yuyng 2np nupuswopewth’ snifh dwltplnyphg 1450 « pupdpnipjui Jpu gintngny
Juwunnnh wyghubpnid wdkgynn Upkuh mbuwlh jpunnnhg yunpuunjws Jqupnugniyt jpunni ghtint
ghubiynipnid wwpnitwlynn opqubwlub ppniutpp punn junwpyws jwpnpunnp hbnwgnunnipu,
pujupupnd b Jqupnpugnyt jpungnit ghint wpnunpmpjut hwdwp oquuuqnpéynn ghukiynipbph
wnwownpynn wywhwbeubpnp:
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K.H. Kazymsn, B.B. MkpTusin

HNCCIEJOBAHUE BUHOMATEPHAJIA PO30OBOI'O UTPUCTOI'O BUHA 11O
COAEPKAHUIO OPTAHUYECKUX KUCJIOT

IIpugedenvl pe3yrvmamol UCCIeO08AHUSL NPOYECCO8 0OPAZ06AHUS U NPEGPAWYECHUS. OP2AHUYECKUX KUCTIOM 60
8peMs cO3pesanusl 8UHOSPAOd U CNUPMOgo2o Opodicenus cycia. IIpedcmaenenvt pe3ynomamsl 1a60pamopHO20
aHanU3a NO cOOEPIUCAHUIO OP2AHUYECKUX KUCTOM GUHOMAMEPUATLO08 USPUCHIO20 BUHA, NOTYHEHHBIX U3 8UHOSPAOHO20
copma Apenu, evipawusaemoco 6 euHocpaowukax Bailoy [3opckou obnracmu Pecnybnuxu Apmenus,
pacnonodcennvix Ha evicome 1450 m nao ypoenem mops. B pezynomame amanumuueckux u OpeaHOIeNnMUuYecKux
UCCIeO06aHUT UyHAeMOe PO3080€ USPUCHIOE BUHO COOMBEMCMEYem 6ceM MmpebOo8aAHUsIM, NPeObAGIAEMbIM K
BUHOMamepuanam 07 NPOU3800CMEA PO306020 USPUCINO20 GUHA.

Knioueswvie cnosa: uzpucmoe uno, cycio, 6UHOMAMEPUATbL, OPSAHUYECKUE KUCTIOMbL, (hepMeHmayus.

K.N. Kazumyan, V.V. Mkrtchyan

RESEARCH OF WINE MATERIAL OF ROSE SPARKLING WINE ACCORDING TO
THE CONTENT OF ORGANIC ACIDS

The results of analysis of the content of organic acids in the wine material of sparkling wine, made by Areni
grape variety, which is grown in the Republic of Armenia in Vayots Dzor region's vineyards, which are located at
an altitude of 1450 m above the sea level based on the analysis of formation and conversion of organic acids during
grape ripening and alcohol fermentation periods are presented. Analytical and organoleptic tests have been
performed, as a result of which the tested wine material corresponded to the accepted requirements for the wine
materials used in the production of rose sparkling wines.

Keywords: sparkling wine, must, wine materials, organic acids, fermentation.

Uwgnufjw Ywpkt Lnphyh - wn.q.,, Z002-h punnpugnpsmpjut b ghibgnpdmipjut dwubwd)niy
Uypungwt Ywhbk dwqqbuh - 20U02-h wuyhpwn
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A.3. ABeTuCSH

MOJAEJIMPOBAHHUE NPOLHECCA YBJAJKHEHUSA 3AT'OTOBKH BEPXA
OBYBH TP BJIAXKHO-TEILIOBOM ®UKCAIIMA EE ®OPMbI

Paspabomanvt mamemamuueckue mMooenuy, ONUCLIBAIOWUE NPOYECC YEIANICHEHUS 00PA3Y08 3a20MO080K 6epXd
00y8uU npu 61ANCHO-MENNI0GON hukcayuu ux Gopmuvl. Modenu ycmanagiuearm cesizb Mexicoy MAaccol 3a20Mmosok,
NPOOONAHCUMETLHOCIIBIO YELANCHEHUS,, QUIUYECKUMU NOKA3AMENAMU NAPOBO30VIMHOU CMECHU, 2e0MempUuiecKuMu
napamempamu KanUiIApos8 u ux KOJIu4ecmeom.

Knrwouesvle cnosa: yeiadchenue, 3a20moexka  eepxa  00y6uU, MOOeIUpoBaHue, Maccd, KANULIAP,
NPOOOIHCUMENLHOCHD, 00pA3YbL, NPOYECC, MENJIbLil IANCHBIU B030VX.

B kommiekce CBOWCTB, ONpeNeNsIolnX KauecTBO OOyBH, Bce Ooiblliee 3HaUCHHUE OTBOAMTCS €€
CIIOCOOHOCTH COXpaHATh (OpMYy B MpoIlecce XpPaHEHUs, TPAHCIOPTHPOBAHHS M OKCIUTyaTallid, T.c.
(dopmoycroitunBoctd  00yBu. Ilo mokazareno  (pOPMOYCTOWYMBOCTH  OIICHMBAIOT  Ka4yeCTBO
WCTIOJIb30BaHHBIX MAaTEPHAJIOB, PAlHOHAIBLHOCTh TEXHOJOTHH HM3TOTOBICHHS OOYyBU M 3(P(HEeKTHBHOCTD
BBITIOJIHEHHOT'O KOMITJIEKCA BIIAYKHO-TETIOBBIX BO3eHCTBUM [1].

BaxubiM ycnoBueM xopoiueil ¢$opMOyCTOHYHMBOCTH OOYBH SBJISIETCS €€ NPOIOJDKUTENbHAs
BBIJIEpXKKA B A€(DOPMUPOBAHHOM COCTOSIHUM TTOCIIE O0TSIKHO-3aTSHKHBIX ONEPAIUii, YTO HEBBITOMHO KaK C
TEXHOJOTMYECKOH, Tak M DSKOHOMHYECKOHW TouyeK 3peHus. [IpolomKUTENbHOCTh BBIAEPKKUA B
J1e(OPMUPOBAHHOM COCTOSHUM MOXKHO 3HAUUTEIbHO COKPATHUTh ITyTE€M BIIAJKHO-TEIUIOBBIX BO3IEHCTBUH,
WHTEHCU(HULUPYIOIUX pelaKCallMOHHBIE MpPOLecChl B MaTepualax 3aroTOBKM Bepxa oOyBu. lLlenb
BJIAKHO-TEIUIOBBIX BO3AEHCTBUH 3akirouaercs B ¢ukcauuu (opmbl 00YyBH M CHIDKEHUM YPOBHS
BHYTPCHHUX HANPSHKCHUN B IE(POPMUPOBAHHBIX MPH 3aTSKKE JCTAIIX O0YBH.

[Ipu BiaxkHO-TEIUIOBOM 00pabOTKe 3aTsAHyTas Ha KOJOAKE 3arOTOBKAa Bepxa OOyBH MOOYEPETHO
o0OpabaTbiBaeTCsl TEIUTBIM BIAXHBIM (YBIOKHEHHE), TOPIYUM CYXHM (CyIIKa) M XOJOIHBIM CYyXHM
(oxnmakaeHue) BO3AYXOM B COOTBETCTBYIOIIMX 30HAX POTAIMOHHBIX, KapyceJbHBIX, TYyHHEIbHBIX,
9JIEBATOPHBIX M KaMEPHBIX YCTaHOBOK, IPUMEHIEMBIX B HacTosee Bpems [2, 3].

Juis cokpaleHus MpoJ0DKUTEIBHOCTH BIaKHO-TEIUIOBOH (ukcanmu Gopmbl 00yBH Ha Kadeape
“TekcrunpHast umkeHepus~ [tompuiickoro ¢ummana HIIYA cnpoekTtupoBaHa M co3gaHa yCTaHOBKA, B
KOTOpPOH Bce TpH 30HBI 00pabOTKN COBMEIICHEI B ONHY [4].

['maBHBIM COCTaBIAIONIMM 3BEHOM B pPa3pabOTaHHON YCTaHOBKE CIIy>)KUT mnepdopupoBaHHas
KOJIOZIKA, Ha KOTOPYIO HAJIeBAeTCs YBJIAXKHAIOLIAA TEKCTUJIbHAs 000JI0YKa, a HA HEee - 3ar0TOBKa Bepxa
o0yeu. B mepdopupoBaHHYO KOJIOIKY MMOOYEPETHO IIOAASTCS TEIUIbI BIAXHBIA, TOPSYUA CYXOH H
XOJIOAHBIA CYXOH BO3AYX Uil BIaXXHO-TEIUIOBOHM (puKcauuu (opmbl 00yBU BHYTpeHHHM criocoOoM. Ha
nepHOpUPOBAHHON KOJOJKE TMpeJlaraeTcs TaKKe OCYHIECTBUTH OOTSDKHO-3aTsDKHOE (opMoBaHUe
3aroTOBKM Bepxa OOyBH Mepes BIaKHO-TEIUIOBOM (HUKcanued ee (OpMbl, YTO MO3BOJMUT COKPATUTH
KOJINYECTBO TEXHOJIOTHYECKUX ONEPalliil N3rOTOBIEHUS 00YBH.

B nmanHO#i pabore pa3paboTaHbl MaTEeMAaTHYECKHE MOJEIH NEepBOH CTaJWU BIAXKHO-TEIUIOBON
(ukcanuu Gopmbl 00yBH — Tporiecca 00pabOTKH 3aroTOBKH BepXa O0YBH TEIUIBIM BIQXKHBIM BO3YXOM.
Marematudyeckue Monenu 0a3upyroTCs Ha TEOPHH KalmWJUIApHOro mpoHukanus [5-8]. [ns onmcaHus
mpoliecca MOTJIOIIEHHs BIIard 3ar0TOBKOW Bepxa oOyBH HCHOJb3yeTcs cienyrouiee auddepeHuaibHoe
ypaBHEHUE:

dM/dt =n, —n{ /M, €))

rae M — macca 3aroToBKM Bepxa OOYBH, K2; T — NPOAOJIKHUTEIBHOCTh O0pabOTKM TEIUIBIM BJIaXKHBIM

BO3IYXOM, C; My ¥ Ny — KOHCTAHTHI, KOTOPBIE OMPEAEISIOTCS MO BBIPAKEHUSIM, MpeaiokeHHbM ALIL.
ITopxaeBsiM [5, 8]:

ny =m?- g - p?cosh - N 15 /4u ke*/c, )

n,=m-p*-1y-N-g-sina(l+k-ctga)/8uxe/c. 3)

3nmech 71, - CpeAHUH paanyc KalMUIAPOB 3arOTOBKU Bepxa 00yBH, M; N - KOJMUYECTBO KAMILUISPOB;

p
Q- CpelHWU yroj HaKJIOHA KaNWUISAPOB, epad; 6 - KpaeBOW Yroys CMadyMBaHUS, 2pad; P - CPETHSI
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IJIOTHOCTH MApPOBO3IYLIHON CMeCH B KalMIUIAPaX, 3aBUCAIIAs OT TEMIEpaTyphl YBIaKHEHUs, ke/m>; o-
KOO GHULUEHT MOBEPXHOCTHOTO HATSKCHHS IAPOBO3IYIIHOM CMECH, 3aBUCSLIMHA OT TEMIIEPaTyphl
yBIaXHeHus, H/m; y- k03hOUIHEHT TUHAMUYECKOW BSI3KOCTH MApOBO3IYIIHON CMECH, 3aBHCAMIMN OT
TeMnepaTypbl yBIaxkHeHus, [la'c; g - ycKOpeHHe CBOOOJHOro majeHus, m/c?; K- mopucToCTh
3arOTOBKH BepXa 00yBH.

Hduddepenumansroe ypaBHenue (1) perraeTcs npyu cleayroneM HadalbHOM YCIOBUH:

t=0M=M, @)
rae M, - HauanmpHas Macca 3arOTOBKH Bepxa 00YBH Iepel MPOLECCOM YBIaKHEHHS.
0O603HaYNM
zZ=ny,"M—n,. %)
Torpa nuddepennmansaoe ypaBaeHue (1) npuBOAUTCS K BULY
dz/n3 +ny/n3 - dz/z = dr. (6)
Unrerpupyst Beipaxenue (6) U mepexolsi K Ha4albHON MepeMEHHOM, momyduM [9]
(ny - M —ny)/n3 + (ny/n3)In(ny M —ny) =1 +cC. (7)
[NocTosIHHY0 HHTETPUPOBAHKS ¢ HaiileM U3 HAYalIbHOrO ycioBus (4):
¢ = (ny - M, —ny)/n3 + (ny/n3)n(n, - M, — ny). (®)

Torma pyg ompeAeneHUs NPOAOIDKUTEIBHOCTH pPa3IMUHBIX CTaAWui Ipolecca YBIaXKHEHHS
3aroTOBKM Bepxa 00yBH HOTYy4UM CIIEIYIOUIYI0 MATEMATUUECKYH0 MOJIEIb!

T=(M~M,)/ny — (ny/n3)n((ny - M, —ny)/(ny - M —1ny)), )
rne M - Texymmas Macca 3arOTOBKH Bepxa OOYBH.

Ecnmu B BbelpaxkeHuu (9) 3ameHMTh M Ha KOHEUHYI0 MacCy 3aroToBku Bepxa oOyBu M, ,
YCTaHABIUBAEMYIO IIOCIE IIpollecca YBIAKHEHHS, TO TOMYyIHM (OPMYIy Ui OIpeIccHUs ee
MIPOJIOJKUTENBHOCTH:

T = (M, —M,)/ ny — (u/n)In((n; - M, — 1)/ (nz - M, — ny)). (10)

[y ycTaHOBIEHHs 3aBHCUMOCTH MAacChl 3aroTOBKUM Bepxa OOYyBH OT NPOJODKHUTEIBHOCTH
mpoliecca B BbIpakeHUH (9) 3aMeHUM JiorapupMuUIecKyto (QpyHKIMIO ee pa3jiokeHUeM B CTENICHHOW psA
U OTPAaHUYMMCS IEPBBIM WIEHOM 3TOro psana [5, 8]:

In((ny M, —ny)/(n, - M —ny)) = 2["2 (M, — M)/("z(MH + M) — 2“1]- (11)

B pesyibTaTe noay4um
T = (M~ M,)/n; — (2n) /ny[(M,, — M)/ (np (M, + M) — 214 ]. (12)
Iocne npeo6paszoanuii ypasHenue (12) cBOAUTCS K KBaJPaTHOMY YPABHEHHIO CIIEYIONIEr0 BHIA:
ny M*—n3-t-M—(ny M:+n}-1-M,—2n;-ny) =0. (13)

Pemrast ypaBaenue (13) OTHOCHTENBHO TEKYIIEH MacChl 3arOTOBKU Bepxa 00yBU M, nMeeM

M=m3t i\/n‘z* 124 4-ny(ny - M2 +nE M, T—2nn,))/2 " n,. (14)

Qopmyna (14) mos3BosseT HAWTH TEKyIIME MacChl 3aroTOBOK Bepxa OOyBHM B IIpoIecce HX
YBIQKHEHUs NPH Pa3IM4YHbIX 3HAYEHUSX BPEMEHHU T, W3BECTHHIX 3HAUEHUSAX KOHCTAHT My U TNy U
HayaJIbHBIX Maccax 3aroTOBOK M,,.

B xadecTBe mpuMmepa paccMOTPUM pacyeT MPOAOKUTEIBHOCTH OOpPaOOTKM TEIUIBIM BIIAKHBIM
BO3TyXoM npu Temmeparype 95°C ciesyrommx yeThipex 06pasoB 3ar0TOBOK BEPXa KEHCKHX Ty (el Mo
MOJIy4eHHOM MaTeMaTudeckoi mojenu (9).

Obpazent 1 cocToWT U3 SJIOBKM XPOMOBOTO MeTona AyOieHust 0e3 Mojkianku, obpazern 2 — u3
CBHHOI KOXH ¢ 00JaropoXKeHHOH! JIMLIEBON TOBEPXHOCTHIO M KOXKAHOW MOJKIAIKH, 00paszeln 3 — U3 KOXKH
LIEBPO C JIAKOBBIM ITOKPHITHEM M KOXKAaHOW MOJKIAIKHU, oOpa3eln 4 — U3 MOIyKOXKHHUKAa XPOMOBOTO METOJ1a
IyOJICHHS ¥ KOYKAHOW TIOKIIAIKH.

KoadduimeHTsl MOBEpXHOCTHOTO HATSDKEHUS O, IWHAMUYECKOH BSI3KOCTH H, @ TaK)Ke IUIOTHOCTh
HapoBO3IyLIHON cMecH p, BXoasmme B dopmynsl (1) u (2), onpenensiorcs npu Temmneparype 95° C
COTJIACHO JIJaHHBIM pabotst [10]:

0="598-10"*H/m,u = 298,7-10"%Ia - c,p = 961,85 xz/m5>.

IIpu pacueTe cpeaHMH yroj HaKJIOHA KalWUIAPOB NpuHAT paBHeiM @ = 0°,  yckopeHue
cBOGOHOTO HajeHus cocTapiser g = 9,81 m/c?. Pe3ynbTaThl pacueTa mpolecca yBjlakHeH s 00pas1oB
3arOTOBKH BepXa MKEHCKUX Ty(enb TNpeAcTaBleHbl B Tabmume. B Tol ke TaOiuIe NpUBEICHBI
9KCIEPUMEHTANbHbIE 3HAUYeHHs] NPOJODKUTEIbHOCTH YBJIAXHEHHUS YKa3aHHBIX BbIllE 00pa3LOB
3aroTOBOK, MOJTYYEHHBIX Ha CO3AaHHON ycTaHOBKE [4].
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Tabnuya
TIpooonicumenbrocms RPOYecca Y8IAdiCHeHUsL HCEHCKUX Mydeiib npu 61AdHCHO-MENI080U uKkcayuu ee hopm

Homep obOpasna 3aroToBKH Macca ITpo0mKUTENILHOCTD IPOLIECCa YBIAXKHEHUS, C
Bepxa O00yBM W  HCXOJHBIE | 3aTOTOBKU Bepxa pacuer 1o JKCIIEpUMEHTAJIbHbIE
JIaHHbIE 06yBu, 10 3% MaTeMaTUYECKON TlaHHEIE [4]

MOJENH

O6paszern 1 98,0 0 0

M, =98-103xe, 98,3 13,7 30

M, =100-10"3ke, 98,5 22,8 -

cosf = 0,88, 99,0 45,6 -

1, = 029" 107 %m, 99,1 50,2 60

N =2,6-1011, 99,5 68,4 -

ny = 2,143 - 107 3x2?/c, 100,0 91,2 90

n, = 219,307 - 10~ 7x2/c

O6pazen 2 110,0 0 0

M, =110,0 - 10 3xe, 1104 22,8 30

M, =112,2-10"3xe, 110,5 28,6 -

cosf = 0,68, 111,0 57,1 60

T, = 032" 107 6m, 111,5 85,7 90

N =1,4-10", 112,0 1142 -

n; = 1,458 -10713x2% /¢ | 112,2 125,7 120

n, = 175,072 - 10~ "xe/c

Oo6pazen 3 90,0 0 0

M, =90-1073xe, 90,3 15,1 30

M, =91,8-10"3ke, 90,5 25,1 -

cosf = 0,71, 91,0 50,3 -

7, = 038" 107 %m, 91,1 55,3 60

N =10,8-10, 91,5 75,4 -

ny = 2,055+ 10713x2?/c, 91,8 91,8 90
n, = 198,935 - 10~ "«x2/c

O6pasen 3 95,0 0 0

M, =95-103xe, 95,2 16,4 30

M, =96,9 1073k, 95,5 40,9 -

cosd =0,7, 95,8 65,4 60

7, = 043" 107%m, 96,0 81,8 -

N =0,3-10%1, 96,1 89,9 90

n, = 1,409 - 107 13x2% /¢, 96,5 122.6 -
n, = 122,316 - 10" 7ke/c 96,6 130,8 120
96,9 1553 150

CpaBHEHUE paCUCTHBIX M OSKCIEPUMEHTAIBHBIX JAHHBIX I10 TPOJODKHUTEIBHOCTH Mpolecca
VBJIQXKHEHHS 3arOTOBOK BepXa JKEHCKUX Tydenb, MPUBEACHHBIX B TaOJHIC, YKa3blBAaeT Ha XOpOIlee
COTJIaCOBaHME W aJICKBAaTHOCTh pPa3pabOTaHHON MaTeMaTH4eCKOW MOJEIH peaTbHOMY MpPOIECCY
yBiaxHeHus. OTKJIOHEHHE paCUCTHBIX W OKCIICPUMEHTANBHBIX JaHHBIX, HaOJloJaeMoe B Hadaje
yBinaxkuenust (13,7 u 30 ¢; 22,8 u 30 ¢; 15,1 u 30 ¢; 16,4 u 30 ¢), 0ObscHsIETCS OONBIIUM BIUSHHEM
HAYaJIBHOTO yCJI0BUs Ha HU((y3HMOHHBIEC IPOIIECCHl B 3arOTOBKE HA 3TOW CTa/IHH.
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quiliqywd, vwquing, nhngnipeinil, ilnipbhkp, gnpdpipug, nwp, funiunf on:

A.Z. Avetisyan

MODELING OF THE SHOE UPPER HUMIDIFICATION PROCESS DURING THE
HEAT-WET FIXATION OF ITS FORM

Mathematical models are developed for describing the humidification process of shoe upper samples during
the heat-wet fixation of their form. These models determine connection between the shoe upper mass, duration of the
humidification process, physical indices of the steam-air mixture, geometrical parameters of capillaries and their
quantity.

Keywords: humidification, shoe upper, modeling, mass, capillary, duration, samples, process, warm humid air.

Asetncsan Amxesa 3orpa6oBHa - couckarens HIIYA
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K PELIEHUIO OJJHOMMAPAMETPUYECKHAX MATPUYHBIX
YPABHEHMI THUIIA CUJILBECTPA A(t)- X (1) + X (¢)- B(f) = C(¢)

Memoo nenuneiinoti mpancgopmayuu O peuwienus Yucio8blx Mampuynvlx ypasuenuii muna Cunveecmpa
pacnpocmpanaemcsi Ha OOHOUMEHHble O0OHONAPAMEMpUYecKue MampuyHnvle YPAeHeHUs, HA OCHO8E KOMOPO2O
npeonazaromca  Nocie008amenvbhblil U NAPALIeNbHbIN  YUCTICHHO-AHATUMUYEeCKUe Memoobl peuleHus mux
ypasHenutl, 6Oasupyrowuecs Ha Oupgepenyuarvubix npeobpaszosanusx. Ilpusedeno yciosue O0OHOZHAUHOU
paspewumocmuy  3a0a¥u npu NApAILeIbHOM YUCIEHHO-AHATUmMUYeckom Memode. IIpedcmagienvl pe3ynvmamuvl
peueHuss MoOenbHO20 NpUMepa NPUMEHEHUeM paspabomanHo20 RNAPALIENbHO2O YUCIEHHO-AHATUMUYECKO2O
Memooa.

Knioueesnvle cnosa: oononapamempuueckue mampuunsie ypaguenus muna Cunrbgecmpa, memoo HeiuHeuHoul
mpauc@opmayuu, ouggepenyuanvhvlie npeodPA308aHUs, NOCIEO08AMENbHLIIL U NAPANIEAbHbIN  YUCTEHHO-
aHanumuyecKue Memookvl, yciosue 00HO3HAUHOU PA3PeUUMOCmu 3a0ayu, MOOeIbHbIl npumep.

BBenenne. B pabore [1] must pernenuss ogHONapaMeTPUYECKHUX MATPUYHBIX YpPaBHEHHH THIIA
CunbBectpa

A()- X () + X (1)- B(t) = C(1) @)

(rme A(t), B(t)uC(t)- 3anannble omHONapaMeTPHUECKUE MATPUIIBI C pa3MEPAMU 1 X 1, M X M W N X M

COOTBETCTBEHHO, a X (f)- HemsBecTHas (yHKIMOHANBHAS MATPHIA C PAa3MEPAMHU 71 X M, MOJJIEKAMIAs

OIpeIeNICHHI0) ObIIH MPEAJIOKEHBI MPAMON aHATMTUYECKUIT METO/ PELIeHUs,, OCHOBAHHBIM Ha ammapare
KPOHEKEPOBBIX IPOU3BEACHUN MaTpUL], MOCJIEIOBATEIbHbBIN YNCIEHHO-aHATUTUYECKUM METO pELEHMUS,
OCHOBAaHHBII Ha AHAJIUTUYECKOM METOJC M IU(PPEpEHINAIBLHBIX MPeoOpa30OBaHUSMX, U MapaJIIeTbHBIH
YUCJIEHHO-aHAJIIMTUYECKUNA METOJ PELICHMs, OCHOBAaHHBIM Ha NPEIBIIYIIMX METoJAaX. 3MeCh XK€
TIPEICTABICHBI PE3YJIbTATHl PEIICHNS OAHOTO MOJIEIBHOTO MPUMEpa 00ONMH YHCIEHHO-aHATNTHIECKIMHA
METOAaMH, yOeAUTENFHO TIOKA3bIBAIOLINE BEIYUCIUTENBHYIO 3PPEKTUBHOCTD MPEI0KEHHBIX METOIOB.

B pabote [2] s peLIeHus 3TUX K€ YpaBHEHUM ObLIM IpelIoKeHbl JeKOMIO3UIIMOHHbBIE METOIbI-
NpsIMOM aHAJUTUYECKUM, a TaKXe II0CIENOBAaTEIbHBIM M IApaJUICIbHBIM YHCIECHHO-aHAIUTHYECKHE
METOABI, TAK)KE OCHOBAaHHBIE Ha ammapaTax KPOHEKEpOBBIX NMPOU3BEAECHUI MaTpull U IuddepeHLuans-
HBIX TMpeoOpazoBaHuii. PaccMoTpeH MoOIENbHBIN TpUMeEp, WUTIOCTPUPYIOMNKA BBIYHCIUTEIHHYIO
3¢ GEeKTUBHOCTD NPENJI0KEHHBIX YHCIEHHO-aHATUTHYECKIUX METOI0B.

B HacTosmelt paboTe paccMaTpUBaeTcss OJHOIApaMeTpUYecKOe MaTpUYHOE YypaBHEHHE THIIA
CunbBectpa

A@)- X)X () B(t)=C(1), (2)

nxn nxm nxm mxm nxm
JUIL pellieHUus] KOTOPOro HUCIOJb3yeTcs APYrod MOAXOMA, HCKIIOYAIOUIMI HCHONb30BaHUE ammapaTa
KPOHEKEPOBBIX IPOU3BEIECHNUI MAaTPHLI, CUIBHO YBEINYUBAIOLIEr0 PA3MEPHOCTD 3aaUH C BBITEKAIOIUMHU
OTCI0/1a OTPULIATEIbHBIMU IIOCIIEACTBUAMH.
Wrak, ucnonp3ys NoAxol, NPEANOKEHHBIA B [3], [0 AHAJIOTUU C YHMCIOBBIMH MAaTPUYHBIMU
YpaBHEHUAMMU Ul MAaTPUYHOTO ypaBHEHUs (2) OyeM UMEeTb [IPeCTaBIeHUE

E FX(t) . A(t) C(t)' E -X@®)| |A@®) © 3
0 E |l0 Bollo E | [0 B® ’ ©)

m m
(n+m)x(n+m) (n+m)x(n+m) (n+m)x(n+m) (n+m)x(n+m)

rae E u E, - enuHUYHBIC MATPHLBI IIOPSIAKA 71 U M1 COOTBETCTBEHHO.
[lokaxkem, uTO HenuHeWHoe ¢ BUAy mpeAcTaBieHue (3) B JIEHCTBUTENBHOCTH SABISETCS
BUJIOM3MEHEHHBIM SKBHBAJIEHTHBIM aHAJIONOM JIMHEHHOIO MAaTPUYHOTO ypaBHEHHUA (2).

HetpynHo yOeauThCs, YTO pacKpbITHE MpeAcTaBieHus (3) MPUBOAMT K CIENYIOMEH CHUCTeMe
MaTPUYHBIX ypaBHEHUIL:
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E, A0y E, =40), (4a)
~E,- Aty X()+ E,C0) E, 7 X(y BUY E, =0, 46)
O 71)8 nxm nxm mxm (46)
£ 50, B0, (42)

coJiepKalield TpU TPHUBHAIBHBIX TOXIecTBa (4a), (4B) m (4r), HE HOCSIMIMX KAaKOW-INOO TOJIE3HOU
WHPOPMAIUH, a TaKKe MaTpUYHOE ypaBHEeHHE (40), TOYHO COBMAJAMOIIEEe C MATPUYHBIM ypaBHEHHEM
tuna CunbBectpa (2).

Teneps npeanonoxum, uro ais marpun A7), B(t), C(t) u X (¢) ¢ ananuTnueckuMu snemMeHTaMu

HMMEIOT MECTO clieaytomue quddepeHIiuaibHbIe MPeoOpa3oBaHus [4]:

K K - -
A =T B | K =0 A = 1,1t HLAG)LK =0,), )
K K _ _
Bk)y=H_.4 BK(” | K =0,07= B(t) = z,(t.t,., H, B(K),K = 0,00), (6)
K! dt 1=ty
K K . -
ck) = S| K =0 €0 = (0t HLC(K).K = 0,), )
HY d*Xx@ —
X(K) =" dt,f) [ K =000 X() = 2, (1, H X (K). K = 0,0), ®)

rne A(K),B(K),C(K)u X(K)— wmarpuanbie muckpersr  marpun  A(t),B(),C(t) wn X (¢)

coorBerctBerHo; K =0,00 - nemounciennsiii apryment; H- maciuraGHblil koadduuuent; f, - ueHTp

afnnpokCuMalry; CUMBOJI _- - 3HAK Nepexola nu3 obnactu OpUTHHAJIOB B o0acThb Z[I/I(l)(l)epeHLlI/IaHLHLIX

u300paxkeHuil ¥ HA00OPOT; Y, - ¥,- HEKOTOpPBIE aNNpPOKCHMHUPYIOIHE (yHKIMH, BOCCTaHABIMUBAIOIIUE
opurunansl A(t),B(t),C(t)u X (t) cooTBETCTBEHHO.

1. IMocsienoBaTe/IbHBINH YHCIEHHO-AHATUTHYECKHIT MeTO] pewieHus. Terneps cooTHommeHue (3)
13 00J1aCTH OPUTHHAJIOB MIEpeBeieM B 00sacTh MuddepeHnnaibHbx n3oopaxenui. [lomydanm

KIE, -B(K-1) FX(K-I A(l-P) C(I-P)||E,-B(P) —-X(P A(K 0
z{n( ) FX( )}zi( ) )H,,() ()H() }(9)

= 0 E, -BK-I) B(I-P) 0 E, -B(P) 0 BK)[
rae b (K-1), b (P) - TeHIOPOBCKUE €IUHUIIBI [4] Orcrona:
npu K=0:
{En ¥ X(O)} . {A(O) C(O)} . {E —~ X(O)} _ {A(O) 0 } 10)
0 E, 0 BO||0 E, 0 B[

OTKY/Jla IOKOMIIOHEHTHOE npescrasienue (10) umeer Buj
A(0) = A(0), (11a)
— 4(0)- X(0)+ C(0)F X(0)- B(0)=0, (116)
0=0, (116)
B(0) = B(0), (112)

YTO W JOJDKHO OBUIO OBITH B COOTBETCTBUM C MpaBUIaMH alreOpsl AudQepeHIHaTbHBIX TPeoOpa3oBaHMMA
[4, 5] (HyJeBbIE JTUCKpPETHl M300paKCHWI paBHBI 3HAYCHUSM OPUTHMHAJIOB B IICHTPE AaIPOKCHMAIHH

t =1,). OueBHAHO, YTO TOXKAECTBEHHBIe cooTHOmeHus (11a, B, T) HUKaKOIl MONE3HOH MH(pOpPMAIUU He

HecyT, a cootHomeHue (1106) B AecTBUTEIIEHOCTH UMEET BHT
A(0)- X(0)£ X(0)- B(0)=C(0), (12)

YTO TOYHO coBmajaet ¢ nuddepeHnmansHpIM n300pakeHuem ypasaenus (2) nmpu K=0;
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npu K=1:
[0 ¢X(1)HA(0) C(O)HEn —X(O)}{En :X(O)HA(D C(1)HEn —)((0)}+

0 0 0 BO||l0 E, 0 E, 0 BI)||0 E,
s [E FX (O)} ' {A(O) C(O)} ' {0 - X(l)} _ {A(l) 0 } )
0 E, 0 B®O/||0 0 0 B/
OTKyJa

A = AD, (14a)
FX(1)-B0)— A(1)- X (0)+C(1)F X(0)- B(1)— 4(0)- X(1) =0, (146)

0=0, (146)

B(1) = B(D). (142)

3neck Takke cooTHouenus (14a, B, r) HUKaKO# MoJe3HON HH(OpMaLUK He HECYT, a cooTHomeHue (140)
B JICUCTBUTEIBEHOCTH UMEET BUJI

A0)- X £ X(1)-B(0)=C(1) - 4D)- X (0)F X(0)- B(D), a5)
YTO TOYHO coBmajaet ¢ auddepeHnmansHpIM n300pakeHueM ypasaenus (2) npu K=1;
npu K=2:
{o T X(z)} | [A(O) C(O)} | {E - X(O)} . [E ¥ X(O)} | [A@) C(z)} | [E - X(oq .
0 0 0 B 0 E, 0 E, 0 B2 0 E,
J{En iX(O)}{A(O) C(O)][O —X(2)}{O $X(1)]{A(1) C(l)][En —X(O)}L
0 E, 0 BWO)]|]|O 0 0 0 0 B 0 E,
N {O F X(l)} . {A(O) C(O)} ‘ [0 - X(l)} N {En ¥ X(O)} ‘ [A(l) C(l)} . {0 - X(l)} _
0 0 0 BO)]|]|O 0 0 E, 0 BMH]|]|O 0
3 A2) 0 (10
- { 0 B(Z)}
OTKyJa
A(2) = A(2), (17a)
FX(2)-B(0)-A(2)- X(0)+ C(2)— X (0)- B(2)— 4(0)- X(2)F X (1)- B(l)— A(1)- X (1) =0, (176)
0=0, (176)
B(2)=B(2). (172)

Cootnomenust (17 a, 0, T) 34ech TakKe HHUKAKOH mone3HoW WHMOpPMAalMU HE HECyT, a
cootHomeHue (170) B NeHCTBUTETLHOCTHA NIMEET BUJ
A0)- X (2)£ X(2)- B(0) = C(2)~ A(2)- X(0)~ X(0)- BQ2)~ A()- X(DF X (1)-B(D), ~ (18)

YTO TOYHO COBMajaet ¢ auddepeHnmansHpIM n300pakeHueM ypasaenus (2) npu K=2 u 1.1.

npu K=K:
He BaBasiCh B HO,Z[p06HOCTI/I, 110 I/IHZIYKHI/II/I HpI/II[eM K CJ'ICZIYIOH_ICMY HOKOMHOHGHTHOMy Hpe,Z[CTaB—

JICHUIO:

A(K) = A(K), B (194)
A(0)- X(K)+ X(K)-B(0)= C(K) - Y_[A(1)- X (K 1)+ X(K —1)- B(])}, (196)
0=0, =l (196)
B(K)=B(K), (152)

rae cootHomenus (19 a, B, r) Takke HUKAKOH 1oyie3HON HH(pOpMaIuy He HecyT, a cootTHomeHue (190)
TOYHO COBNaAaeT ¢ quddepeHnanbHbIM H300paxxeHneM ypaBHeHus (2) mpu K=K.
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Taknm o0pa3om, HOKa3zaHO, YTO IpU TpaHcdopmarn ypaBHeHHS (2) B mpencraBieHue (3) u
nepexojie opuruHana (40) B 00nacte AudQepeHualbHbIX U300paKEHUI TOJTy4aeTcsl peKyppeHTHas
nernouka (116), (146), (176) u (190) nMHEHHBIX CHEKTPAJIbHBIX COOTHOIICHWH C WHBAapHUAaHTHBIMHU IO
OTHOLICHUIO K MaTpu4HbIM auckperam X(0), X(1), X(2),...,X(K) neBbIMH U pEeKyppEHTHBIMU MPaBBIMH
YaCTAMH.

2. TlapanjenbHblii 4YHCJIEHHO-AaHAJMTHYECKHH MeTod pemeHusi. Teneps, 0oOBCIUHNB
MatpuuHble cooTHomrenus (12), (15), (18) u (196) B ogHO 11€710€, OAYYUM CIEAYIOUIYI0 THIIEPMATPUIHO-
THIICPBEKTOPHO-0JIOYHYIO CHCTEMY:

F40) 0 0 -l 0 [XO] [X© 1 0 -1 0 [[BO)] [C(0)
————— e ——— — _——— —_————tee e ——— R -
A1 A©) e O LX) | XA p XO) e B(1) C(1)
A2 T AD) 1 0 xR x@ T x@ 1 0 [ BQ@|=|c@ |
__:___I‘___:____T__"I____ __:_ _______ T____:____F_._T___— - = | T
__'___i____'____J:___J:__'__ SN I I S IUACH TR DU N S
AK) T ACK =1) 1+ 1 A0) ] [ X(K) | | X(K) 1 X(K=1) 11 X(0)] [B(K)] [C(K)
- (K+D)nx(K+D)n - (K+)mom (K+D)nx(K+1)-m  (K+D)mem  (K+1)-nxm
WIIM B KOMITAKTHOH 3aIIMCH:
A(®)- X ()£ X (o) B()=C(). (20)
OTcroaa mpu yCIIOBUH PETYISIPHOCTH (YCIIOBHUS OTHO3HAYHON Pa3peIIMMOCTH 33]1a4H)
rangA(®)=(K +1)-n (21)

Ha OCHOBE (20) MOJKHO OpPraHH30BaTh UTEPALIMOHHYIO BRIYHUCIUTEIBHYIO CXEMY
-1
X ()= A(e) {C O FX(o) B(-)} (22)
(g+1) (q)

(rme g- HOMEp WTepalyii) Wi, B COOTBETCTBUH C [6] Oosiee THOKYIO HTEPAMOHHYIO BBHIYHCIUTEIHHYIO
CXeMY HbIOTOHOBCKOTO THIIA

XC) o) = % (X0 - a7 @O x40 B0)] (23)

W, nakoHeu, wumes MaTpuuHble auckpersl X(0),X(1),...X(K), B coorBerctBUu C (8) MOXKHO
BOCCTaHOBUTH pelIeHue 3a1a49u X(7).

3. MopeiubHblii npuMep. PaccmorpuMm ogHonapaMeTpudyeckoe JIMHEHHOEe MaTpUYHOE YpaBHEHUE
tumna CunbBectpa [1]

[(1+jt) 0.}'X(t)+X(t)'[(—l—jt) —1‘}2[ 2 (—1—j+2jtz)}
t (1-jt) —t -1+ | |(t=1) t

quist kotoporo mpu £, =1, H =1 umeem

a1+ 0

A(O){ 1 (=)

},A(l) = B _OJ],A(K) =[0] VK >2;

HIG SN I [-j o ~ .

B(O)—[ ) (_lﬂ,)}B(l)—[_1 J,B(K)—[O],VKZZ,

R N Gl ) -2 4y -1 2 ~
C(O)_L—Hj) ! }’C(l){(—zu) 2}(7(2){—1 1}C(K)‘[°]’VKZ3'

CrnenoBaTenbHO, B COOTBETCTBUM € (22) MOMy4YyUM CIELYIOLIYIO NMapalieNIbHYI0 UTEpallMOHHYIO
BBIYUCITUTEIBHYIO CXEMY:

455



i 1 [a+5) o | | T[T -1 (-1+))
KON aep 0 | I T
X |= Jj 0 A+ 0 O -2 4|
SR T U e A SO S ¢ o) S B | (2+) 2
X(2) O ! j 0. :(1+]) 0‘ -1 2j
L _ | 1 =y oL d=0]) |L -1 1 i
(g+1) )
[ 0 | 1-p -1 ]
xoi 000 17 1 (L))
- xwy lxo! 0 -/ O, :
o I I B L S tJ
x| x() | X(0) 0
L : : Jo L J

peamm3anus KOTOpOﬁ JJI1 MHOTOYHCJIICHHBIX Ha4daJbHBIX HpH6J’IH)KeHPII7[ IpuBEJIa K OJHOMY U TOMY XK€

pe3ybTaTy - K CIECAYIOIINM MaTPUYHBIM AUCKPETaM (C TOUHOCTBIO 10 & = 107 ):

XO_(1+j) 1X1_0 1X2_00
)= 0o 2f ()_0 1/ ()_0 0

JluHaMmuKa napauiebHOTO HaXOXKIEHUS] MATPUUHBIX auckpetoB X(0), X(1), X(2) pemienus 3anaun
JUTS TAKWX JIBYX HadaJbHBIX MPHOIMKEHUH MpeicTaBiena B Tadm. 1 u 2.

Tabauya 1
g | X0 MarpuuHble AUCKPETHI
X0) (=2+2j) (1+))
-1-)) (@2+))
-2 -1
0| X1
M 0 0
00
X2
) 00
Yo (1,0225+1,0381- )  (1,0391-0,0205- j)
-0, +0, ] +0, ]
© 0,0186+0,0010 2+0,0186
20| x1 (—1,4531-2,5684-j) (—1,8008+1,0742- )
M (0,8594-0,7617-j) (0,4043—-0,9082- ))
16,4590+57,1785- 5 63,3721-2,8311-
X(2)
(2,9600+41,0596- j) (38,6865+3,8125- /)
Yo (1,0000+0,9999- j) 0,9999
(0) 0 )
0| X (0,0109+0,0203- ) (1,0211-0,0093- ;)
(—0,0085+0,0030- /) (1,0023+0,0086- j)
o (-0,6886—-1,7187-j) (—1,8192+0,4802- j)
@ (0,4332+0,6792- j) (—0,6064—-0,4867- j)
I+j) 1
60 | X(0
(0) 0 )
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Ipooonscenue mabn. 1

00,9999
X(1)
0 1
(0,0055+0,0125-j) (0,0130-0,0044- ))
) (—0,0043+0,0034- j) (0,0030+0,0045- ))
X0) 1+ n1
0 2
0 1
80 | X(1) 0 1
0 - 0,0001
X(2) 0 0
Tabauya 2
q | X() Marpu4uHbie JUCKPETHI
X0) -1 | (d+)
-1+, 1
00
0 | X() 11
0 0
X(2) 0 0
(0,9824+1,0205- j) (1,0195+0,0186- )
X0 (0,0381+0,0205- ) (1,9814—-0,0391- )
(1L,1230-1,3086- j)  (-0,1416-1,3281- j)
201 XD (-2,0010+1,6797- j) (2,3281+2,2266- ))
(—27,2842+20,9854- j) (14,8525+33,4170- )
) (16,6973-40,6045- j) (-32,8701-26,1699- )
X0) 1+ 1 |
0,0001 (2+0,0001- )
(—0,0004-0,0102- j) (1,0095+0,0102- ))
01 XD (0,0180-0,0117-j) (0,9898—-0,0188- /)
(0,8225-0,7241- j) (0,6264-0,0202- j)
42 (—1,0978+1,0806- j) (0,9180+1,2238- )
a+)1
X(0) 0 2
0 1
601 ) —-0,0001 (1+0,0001- )
X2) (—0,0061+0,0056- j) (0,0051+0,0066- )

(0,0095—0,0074- /)  (~0,0065—0,0101- /)
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Ipodonscenue maoan.2

a+nH1
X(0) 0 2
0 |
80 | X(1) 0 .
0 0
X(2) 0 0

Taknum 06pa3zoM, TEHIOPOBCKUM pEIICHHEM 3a1adn Oy et

O
X(t) = i(t;] - X(K)= X(0)+X(1).(t—tv)yré).(t—tv)2 _

{(Hj) 1}{0 1](1_1):[(1+j) t }
0 2| (01 0 (1+1)

KOTOpPOE€ TOYHO COBINAJAaeT C pEIICHHEM, MOJIy4YeHHbIM B [l] IpuMeHEeHHeM IOCIeN0BaTEeNbHOIO U
MapajyielbHOT0  YHCICHHO-aHAJIMTUYECKUX METOJIOB, OCHOBaHHBIX Ha ammaparaX KpOHEKEPOBBIX
MIPOM3BENEHHI MaTpHLl U JU(PepeHInalIbHBIX TPeoOpa3oBaHui.
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U.<. Updntywt, U.d. Ukjhpjwt

UbLULUSPh ShMbh A(f)- X (f)+ X (¢)- B(¢) = C(f) UhUMUPUU ESPULUL
UUSPrhSU3hL <UMUUUPNRULEPP LAROUUL 46PUREPSUL

UppjEuwnph wpuh pyughl dunphgughl hwguuwpnidibph nisdwi ns géuyhll npubupnpilugdwl dkpnnp
nwpwdynid Fobnyhwinl  dpuyupudbnpulul dwunphgughl hwjwuwpndbbph ypw, nph Ahdwi ypu

wnwowplynud ki wyn hwjwuwpnidbbph pmsdwh hwenppulml b gniquhbkn pyuwiugpnpl Epubwliabp'
hplinjms phplpkighuy dbunpnpunyenibbbph ypuw: FPhpguwé F jubnpph dhupdbpnpkl pniskppnyepumi wugdwin
gniquhkp pywwbughnpl Epuhwbh pbypnod: Ukplugugyws kb unpljuyghl oppliulp jmsiwml wpgynibpbépp
s gniquihbn pyunubuypunpl Enwinufh jhpundundp:

Unwtgpuyhti punbp. Upjjluinph npyh dhugupudbupulul dunphgughl huduuwpnidikp, ns gdughl
wnpwhupnplugll  dkpny, phpbpkighuy Adbunpnpiniyemniabbp, hwenppulwi b gqniquhkn  pyuwiugpnpl
Enubwlhkp, ppipph dhwupdbpnpkl jnidkpniprul wuydwl, dnpljughl ophlw]:

S.H. Simonyan, A.V. Melikyan

ABOUT SOLVING SYLVESTER TYPE A(¢)- X (¢)+ X(¢)- B(t) = C(¢)
ONE-PARAMETRIC MATRIX EQUATIONS

Non-linear transformation solving method for Sylvester type numeric matrix equations is applied at the same
name one parametric matrix equations, based on which, serial and parallel numeric-analytical solving methods are
proposed for these equations, based on differential transformations. Unique solvability condition for parallel
numeric-analytical method is shown. Results of solving the model example are presented while applying the
developed parallel numeric-analytical method.

Keywords: Sylvester type one-parametric matrix equations, non-linear transformational method, differential
transformations, serial and parallel numeric-analytical methods, unique solvability condition of the problem, model
example.

Cumonsin Capruc OranHecoBu - 1.T.H., ipogeccop (HITYA)
MenuksiH Anym BasrenoBHa - k.1.H., mouent (HITYA)
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SEANELEUSMPY -LULNRUIULGh RAUSLNRE3NRLE RMPUDLL
MEMrOLUN I UhRUUU3MNRYU

Onpdlwlmbnpkl mumdbwuppyly b phonljEjupului  punulph qquyinipmniip  gpudlph whpopupnh
dpowjugpnid’ t=26...45 C obplwuinpdwbughll dpowluypnid: Zpltunfnpily E np pugubpbbpp gnigmpkpnud kb
pujulumbusunh kS qquyinyemnil, npp Juplbip Fooquuugnpdly slswnwlul hpjuwannipmiabbph wpwug o gug
whnnnpnpdwl hunluwp:

Unwugpuyphti pwnbp. $konljElunpulul punubp, ppyusih Jyulwbuhw, opusih wkpopuhy, siswnwlwb
hhyjuwinnieint hlbp:

1. Ukpwénipniu.  Qpusth wkpopuhgp (H202) Juplnp phthwlwb dhwgnipnih b, b ppw
hwjnbwppdwtt hntuwh  dbEpnnubph qupqugnudp dbs wowbwlnipnit nith  Yhhuwpdohulul,
phtpwjut, utinh ni pinugnpénipjub, gninuuntnbunipjul, dptppubph dwiptupwbujut Juuuw-
qpsuwt nt ywhniuwnwynpdwi, jnudbnhl] yuwnpwunnijubph wpynibwpbkpnipjut npnpuntkpnd:

Uhts wydd hbknwgqnungt) b hpwwnwpuwldt) Eu H202-h hwynbwpbpdwt nt qquyumipjutt  wwuppkp
tqubwlikp, hisyhuhp kb uyblnpuuynyhwh [1], phihwlub goudhibubighwi [2], $pninphukighwi
[3] b wyjt: Ujintwdbiwguhy, npuip own phpnipjniutkp niuk:

Qnnipnit nitth tub HzOz—h hwynbwpbpdwt fEjunpuphdhwljwt dkpnn [4], npt wdkjh pwhwgbn
E, put Ujniu tnuwbwlubpp ounphhy hp pwpdp qquyunipjul, wpwg wpdwquipdwl, gusp wpdtph,
wuwpnq jurnigquébph, Uhijpnjunnigusputph htn jw] hwdwwnbnbjhnipju b swihubph thoppugdui
htiwpwynpnipinitubph:

Zujunuh k, np wpunupbisws onp pmqllulgulb E own wbljuynit pulrlmr}phzhhpbg hiswhuhp ki’ wqnnh
opuhp b wsluwistih kpYopuhnyp, huywku twl’ juynth punuphstbiphg, ophtuy hqnupnujwp, gpusih
wkpopuhnp, thinphwnp, pinphgp U wpnnkhbtkpp: Upnie Yoqdhg puqiuphy hbnwgnunntpynciibpng
Junnig hwunwwnygl) £ np wenne dwppluig dnn wpunwbsynn onh uky fuynmib pununphsubph
nugktnpughwibtpp puuljuht guép L, uwljuyt nputip qquhnpbtt wdnd bu wyt dwpnljug dnwn,
nyptp nunwwnid ki npnpwlh pnpuyhtt hhwunnipniuubtpny [5]

nptph poppnpudwt dudwbwl dupynt wpjut uywhwnwly qughljubkpt wpdwlnd Eu epdbnitp,
opwsth whpopuhn b wy] phthujuts mwupptp’ opquthqunid wnljw Juuuwlup dwbupkubpp uvyuwikno
hwdwnp:

Upunuptisyny opmid opwstth whpopuhnh Ynbghktinnpughuwyh wép Jupnn b quudnp b hntuwgh
gnighs hwdwpyb] wytiyhuh pnpuyhtt hhwunnpnitutph dwuht mbinbjunynipjut hwdwp, hasyhupp
U wupdwl, pnpupnppp b ppnuthy pnpuyhtt hhywunnipniuttpp [5]: Ujuyhuny, wpunwpbsyny onnid
H202-h §nughuinpughwjh npnonidp nith juplnpugnyu ntip' pnpiph wpupnnpnodwt b nuppbp mbuwlh
hhywunnipnibutph’ twptwlwb pgpewinid ny hiqugqhy tnuwtwyny huynbwpbpdw hwdwn:

Cunphjy| hpkug Uph owpp wpulbmpmubbph  puqUudmblghniwy  hwnlnipmnibibph
npunpdwl, pwpdp phdhwliwt b juwnwihnhl wlunhynipjub, $EonkEjupulut  qquynit
punuuptbpny wyhsutpp Yhuuwpdouuwt phwquyuenid oquuugnpsdwb wnbkuwlbnhg tnp b
hununnidiwhg uwppbp G, npntp Juwpny Gu bhhdp hwighuwtw) «Lwpnpuunnphw shyh Jpu»
ukjutininghujh qupqugdub hwdwp [6], wyuhlipt' UkY pnipbnh Ypw unbndymd ku wwppbp ympbph
tjundudp qquynit dbdppwtiibp b, wpynibpnud, pugudtup Jky hwppwlh Jdhengnd Yupkh k
juwnwptk] dh pwth Wnipbph wejunipyutt unnignid b nputg junnipnibiubph hwpduply: Swppkp
htnhtwlutph Ynnihg wyju ptwquuenid juwnwpyl] i puquuphy hbknwgnunipiniuubp, npnig
Jbpmnisnipniibpp gnyg b wwhu, np pEenkjEjunpuljut ynipbpp, mbbbund dbs EEjupuljut
wdpmpinil, uks phhjEjupuut pwhwigbihnipnit, Jwhws obpdwuwnpfwihg, b owwn ks

460



Juyniunipinit’ wpunwpht phthwljub phwgbintubph tjundwdp, pupduljutht ks qpuysnipmnit Lu
ubpuyugunud Yiuwpdoquljut myhsubpnid oquuugnpéybjnt mbkuwlynihg [7]:

Unylh  wppwunwbpnid wnwohtt wbquud htnwgnudty - denkEjunpuljui  (BaxSri«TiOs)
twinpunubpitph  qqujumpmbp  opwsth  whpopuhnh  gnnpont  Gjuwndudp  =36...42°C
obplwunpgwbtbpmd: Npwhu ghnwlwi bwhwywpwt pigmil] Eowjt hwiqudwbpp,  np
dtinnbEjunpulut twinpunuipttpl wppkt gnigupbpl] b puduiuwbwsuth pupdp qquyunipini
htnniy dphpwduyph pH-h [8-10], wsjuwbuh Untinophnh (CO) b wshuwgpwshutbiph [11], opwsuh [12],
Epwunih [13], wghkwnth qnuopont [14], hnbwynipjut [15], wunuhnwdh [16], Ekjwupnihnubkph
hunnpnuljutimpjut ubkbunpubph [17,18], 9opwduh whkpopuhnh gnnpont [19] b wy] Wnipkph
uuwndudp:

2. Onpdwpwpuwlui dwu.  Ppuubwugyl) b idniph nbwluyhtt pintpugpbph hbnwgnunnd’
H202>-h  wwpplkp  Ynbghunmpughwitph gphypmd:  Zhwwgnunipnitubpt ppwljwbwgdl; G
upypnptpuunnp Eknpngubpng tdnipikph dpw, nph tpht’ qquymi gkpunp hdyniuaght juqbpugh
tunbkgiwt btnutwlnd Adbwdnpués PEnnbEjupuljumt BaSri«TiOs bwbunpunuipt L Ul.1-nd
wuwnlpyws £ 10207-F3 thopduwfwb budniop:

L

Finger number 50
Finger width W 600 pm
Finger spacing S 324 ym

w Finger length L 2900 pm

t Surface area A 0.087 pm

Substrate, SiO, 500 pm
Ti/Pt (20 / 200) nm

r““i BST 485 nm

Ul 1. 10207-F3 ihnpdlnulul buniph wnkupp b Pe-BjElinpnpibph nuuun/npnipiniip

Uju punugws b uwbpwdl Pt-RiEYwnpngutphg, npnup bphtt dwuny yuwnduws tu phlikiuphly
Bao.sSro75TiOs yniph 485 4 hwuwnmpjudp okpunny: dtnnkkjnhY punwipn, hp hippht, tunkgus k
500 &/ hwunmpjudp SiO2-h Ypw, hull npuybu piphwinip hwuppwl hwinbu k quihu pSi-p:

‘Lunuoh Eppusuthwlut swthubpp hbnlyu B
_ hkywpnpubph dwnibph pubwlp’ 5,
_ dwnbibph qujimpinip 600 47
_ dwntitiph dhol hknunnpnipymibp’ 324 ol
_ dwwnbbph bpyupnipynitp’ 2900 o7,
_ huppwlyp 500 &/SiOs,
_ dbnwunuljub hyuyp Ti/Pt:20 /200 &
_ BST puinulipp 485 &k

Uniph punpnipmpiip yuydwbwdnpjws b uytt hwbquuwipnyg, np UYRU wdphnth puquyht
Jwpnpunnphwibpmd dpwlyly  t phpwpuikph  unwgdwb  gnpsplpwugp’  hiphwnwpusng
pupdpuobpdwunhdwb uhtiptqh Enuwtwlny, nph wpyniipnd hdwniyuuwghtt (uqtpughtt thnotigpuwi
Ubkpnnny unnugyt) kb pnntikjnpulut punupttpp, hul] dknunuljut fEjupnpubpp Abwdnpdty Bu
wjwnhihg nuuwlub okpduyht gnnpowgdudp: Mpuwnhtl phunpbp b pwih np wji ghpuquig
Juwnwhquunp £ opusuh wkpopuhnh opuhnugdwi hwdwp: LY.2-md wunlbkpyws b thnpdwbdnioh
Yupjwdpp:

p-Si

U.2. Pr-ljElinpnnikpp SiOz-p ke dlun/npywés ukiiunph uinpywdpp, 2kpunkph nphppp b wunnjuban/npywé ukiunpp
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Onpatpp  Juuwpyl] i Zujwunwith  wqquyhtt  fwpnwpughinului  jwpnpunnphuygnud
<<ANEL>> (Armenian national engineering laboratory-ANEL): Syhsh nittwlnipjub swthdwt hwdwp
oquuwgnnpdyty] L NI PXI-4072 swithhy uwppwynpnudp (u4.3), npp  hwoynd L dhugh 0,05 wd
nwlnipmi (uplut wowbjugnyt dhpwluypp -300 9-hg 300 9, qquyunipmip’ 1 #9, hnuwlph
Ukswgnyt Uhowlwypp' -1 U-hg 1 U, qquyinipymip’ 1 #0): Chnphwimp swihhy hudwljupgp twpiopnp
hwoynud L juptph nt Ynbwnwlnubph dhob yupwqhunuyhtt nttwynipnibutpp b wpyniuphg hwnd
npwiip:

U.3. NI PXI-4072 (nilnufnipyul suhhs uwpp)

Qtpdwunhdwh swthdwb hwdwp oquugnpsyty E NI78-4353 swthhs uwppp, nphtt Uhugws E J-
wnhyh ebpdwgnyg: Uju wohiwwnnmd | 0...760°C ghpdwunhdwbwghtt dhpwuypnid, &oqpuinipmnibip +/-
2,2°C t Jud 0,75%, hul pnyjwinphih ujuwgh vwhdwip +/- 1,1°C Gud 0,4%: J-nhwh ghpuwqnugp u]
hwpdwupyws t opuhnugyus vhowduyptpht:

Uju ninpnipjudp ppujubugus twunpy wyiwnwbpibph dudwtiwly[20] ogunugnpédyty tp 30%-
wling H202, b swthnidubipp Juunwpyt) thi t=120...180°C obpdmunhdwtiuyghtt dhowljwypnid: Mwipqdby bp,
nn wyn Ynughinnpughwubph nt gbpdwunhdwtughtt thowljuypnid nyghsh qquyjunipiniup thopaynid k ny
guuuh géwjumipjudp, hwwbwpwp, wdhynd plupwgnn ny hwlunupdbih phuhwlut b
htyumpuwluenigquspwyhtt  thnthnjunipniiubph hbwnbwbpny, hist £ wjwqkgunid  Ep wdhsh
qquunipjniip:

Ukpjuyhu thnpdbpp Juunwpgb] Bu H202-h htnbjwy Ynughinpughwubph hudwp' 0% (popws
onip), 0,5%, 1% L 1,5%: Pnnp funnipnibtbph ghypnid gninpowugdwtt hwdwp Yhpwnydl) L bnyh
obpdwunhfwtughtt  uvwhdwbp  (26...45°C):  Quuthmudubiph  wpymupubpp  wwhwywidl o G
wnniuwluyhl, b gpubhjuljuit mbtupny: Gnpdtwljutt vnkinh wupqigjuws mbupp wkpjuyugus

uly.4-nud:
| i_\T[ PXI1-4072 }:‘|>{ PC ‘

' T f J-uhwh ghpilwqnuyg

U4 Onpdiulpul unkianh wupgbgyus nkupp

Onpanid njukpp qpuigyly Eu 5 mmuppbp gkpdwunhdwught wpdtpubph ghypnid: T=36°C-n
hudwywunwupwinid £ wenne dwpnnt unynpuljut gbpdwunhdwuht: T=40°C, T=41°C L T=42°C
dhowlljjuy ohpdwunhdwuubtp L, npnup Jupnn tu qpugdt) hhwunubph Unwn: Ukq hkwnwppppmd &
Uhlish 45°C ohipdwunh&wtuyghtt Uhowlwypp, pwih np ngpuithg wykih dks ohipdwunhfwth nhwpt wppkt
wihdwun E: Unniuwlhg bpiind £, np obpdwunhfwh dbdwugdwpn gnigpupwug nghsh ntbwlnipmiip
Ukdwlnid b, wyuhlipt' wyh H2O02-h tljunndwdp gniguipkipnid b qquyjinipyni:

462



Unniuwly
Liniph nibwlnippul hnhnfunipinifip ' H:O2-p inwppbp Inbgklunpughwbbph hudwp
wnupplp pkpdwuwnpdwhiabpnid

H202 % T°C 36°C, ad 40°C, b 41°C, id 42°C, 4 45°C,
ud

0 (H20) 0,476 0,484 0,488 0,490 0,513

0,5 0,471 0,474 0,476 0,481 0,488

1 0,437 0,448 0,456 0,464 0,482

15 0,425 0,429 0,434 0,439 0,448

Ul.5-nud wywnbpgws b hinpawidnioh mbwlnippub juujusnipmip sbpduunhguihg H202 —h
wnupphp §nugktinpughwubph nhypnid:

0,52
— 0,
@ 0s / 0%
S —m 05
U .

0,48 L
27 m— o 1%
20,46
E e
70 e 15%
=

0,42
S

0,4

36 38 40 42 44 46

LEpdwuwnpdmb T(°C)

U5 Sihsh mbmlnippul ufuwénipniip okpulwmunpdwbhg HO2—h nnupplp
Inigkinnpughwbbph nkwypnid

bPusybu btplnud t qpudphlhg, okipdwuwnmhdwih dkdbwgdwip qnigpupug wnghsh nitbwynipmiup
Udbkbwinid £ Ulj.-nmud wguunlbpjws bt tnpdwbdnigh  nttwlnipjubt juueénipmniup  H202-h
Uniigkinpughwihg nuppbp obpdwunh&wbibph nhupnud:

Miwympoia Gl
[~ .ﬁ
& A

<
B
(<}

04 -

0 0.2 04 06 12 14 L6

0.8 1
H,0, (%)

Ll_/ié. Sypsp nilnulnippul upnfwénipniip HxOx-p nbgklinpughuyhg '
wnuppkp okplwumpdwhabph phwpnid

busytu tpnwd E gqpudphlhg, Ynughinmpughuyh dbdwgdwip qnigpiipug wmghsh nibwlnipemniip
thnppwbinid
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UL.7-nd wpwnbpjws b wghsh mbwlimput jupjusmpmniip H20x-h §nigkinnpughwghg'
T=40°C otpUwuwnmhfwuh nhwypnid: Puswhu tplhinwd £, thsh ntbwlnipniup tJuqnid £ gduyhthtt sun
Unw opkupny, hull tJuquut wnwykjugnyt sbnnidp gdwyhtt opkuiphg’ AC-u Juqunid £ 0,004 &.5:

0,5

AC=0,004 ud

~ 0,48
A
S
O 0,46
= _ANo
= T=40°C
g 0,44
& 7
-
vg" 0,42
‘g )
& 04
0 0,5 1 15 H0, (@)

UL.7. Sypsh nibnulnipput jupunjwénipiniip H:O2-p nbgknnpughuyhg T=40°C obpulwuinpdwlih pbuypnid

H202-p mwpugubihu wnwewunid b opuyhtt gninpohubp b winndwp ppywshu: buywytu hwpntp
wwnndwp ppywship pupdp ohpdwuwnmhdwtubpnid muh nmidhn opuhnhs hwnlnipnit: Gnnponid
wupnibwlyny O wwnndbpp Uninbtwny BST (puphmu-unpnighnid nhunwbwwn)-h punquiphi'’
wngpujnid ki pplwsth wnndbbpht b hwbuyny npuig skqnpuibinid: Upmymiapnid BST-h gnunnud
wnwowbnid L tnp  Juiwbuhwbbp, npp  htwbwbpnd thonthnjod £ BST-h  ghikjunphy
puthwigkhnipjniip:

Lwtth np H20:=H*+OH+O", htmhwpwp husputt mdnid t H20:2-h §nughinpughwi, wjupwt wdkh b
Ukdwinid wnndwp ppwsih Ynbghinpughwl gnnpom dby, wyuhipt’ Ynughiinpughwi wgkjhu
Jubdwiw unbnddws tnp  Juiwbuhwbbph pwbwlp b Yhoppwtw BST-h  phlkiuphl
pwthwigkihmpiniup [21]: Pusybu huynuh k-

C~ s(O)s(f)S)
Ad .
npntn  g0)-ut  Juininudph phhEjunpuljut  hwunwnmut ko e(f)-p BST-h  phiEjupulut
puthwghhnmpmip, S-p Yntnwlhubph dwhbpbup b Ad-t' Ynuwnwlukph Uhol htpunpnipmip:
Ujuhuyn Epinud E, np C mbwlnipjutt wpdbptt ninhny hwdbdwwnwlwh £ dhpwduyph ghtinphy
puthwigh)hnipjui wpdbpht, npp wdju ghypmd hnjudmd £ juju]ws H20:-h §nbghinpughwshg:
Bqpujugnipinih. Ppuljwbwgyl] t BaczsSrersTiOs twinpunuiph nthwlughtt pinipugptph
htinwgnuinnud H202-h nupplp §nigbnpughwibph phygpnid: ¢npdtwljui hknwgnunn pynciibpng
hwuwnwwnydby k, np Pnnpunuipn opwsuh whpopuhnh dhowuypnid gnigupbpnud b puduljubiwswth
uks qquyunipnil: Cun npnud, putuplyws ohpdwunh&wiughtt vhowwypnid wyn jupijwubnipiniin
qptipt gdwjht L, npp gwijugws widhsh hwdwp, Jhpwndwt nbuwlbnhg, qqujunipniihg pughp,
guiljwjh hunlwihsibphg Ukl b, wjuhtiph wpyupugytghtt twopnp juwnwpyus jujuunbuntd-
ubkpp, np pnnpunubipbpp llulphﬂll:oqmulqnpbhf npytu H202-h tjuundwdp qquynit dkdppwie:
bulj hywtu tyytg twhwpwinid, Ynughinmpughw-okpdwunhdwt jupjusnipyut wndjuukpp
Juplnpugnyl hupnpuughw ki wupnibwymd Uh pwpp pnpughtt hhjuimmpmbkph twhbwywi
opowlnid hwynbwpkpdwt hwdwp: Zhnwgu wyhwnwbpitpnid  Jubpuyugubip twb wyu wuniph
Untnwljibph Uhol wnlu hnuwbph thnthnpumpmip’ jujufws tpub fhpunqws jupndhg, hisybu
twl H202-h Ynlighunpughwyhg:
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B.B. bBynunatsaH, A.A. lasTran, JILK. berosin
YYBCTBUTEJBbHOCTb ®EPPOIJEKTPUYECKON HAHOILJIEHKHY B
CPEJE ITIEPOKCHJA BOJAOPOJA

DKcnepumenmanbHo u3yuena 4y8cmeumenbHOCHb HepporIeKmpudeckoil HAHONIeHKU 6 cpede NepoKcudd 8000pood 6
Oouanaszone memnepamyp t=26...45°C. Obocnosano, umo @epposrnekmpuyeckue nAeHKU  NPOSGIsAIOnN  O00CHAMOYHYIO
YYECMBUMENTLHOCHIb, YMO MOJCem Oblmb UCNONL30BAHO ONs OLICMPOU U paHHel OUASHOCUKU 3a001e8aAHUTE ObIXAMETbHbIX
nymet.

Knwueevie cnoea: depposnekmpuueckas HAHONIEHKA, BAKAHCUA KUCAOPOOd, HNEPOKCUO 8000pood, 3ab0esaHus
ObIXAMENLHBIX HYMEl.

V.V. Buniatyan, A.A. Davtyan, L.K. Begoyan
THE SENSITIVITY OF FERROELECTRIC NANO-FILMS IN THE ENVIRONMENT OF
HYDROGEN PEROXIDE

Experimentally the sensitivity of ferroelectric nanomembrane in the environment of hydrogen peroxide in
t=26...45°C temperature range is explored. It is confirmed that ferroelectric membranes provide sufficient
sensitivity, which can be used for rapid and early diagnosis of respiratory diseases.

Keywords: ferroelectric thin film, oxygen vacancy, hydrogen peroxide, respiratory diseases.
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Qhunkphpalph vininignidp fppulwl gnpdplpugh Juplbnp b wipudwbbih pugunphsibphg E Ypenipui
npulh pupdpuglwl nmkuwblnibhg  Jupbnp dowlhwnipmnil nibh qhunbpphbph vnmquwl o ghwhunndwi

opklpnpy, wpymbujln dkpnpbkph o dponghkph Ghpwnnipmiap: Udpnne wphnuphnud, wyn pynid bwl
Zuywuumuinid juyl fhpunnipinil niih vinniquwl b quwhunndwi pluwnughl dkpnnp, npp wpynibunjknnipndip

Ubbwwylbu Juwpugjuws b phunp wnwowppuibpbbph pnywbnulnipnilhg o npubhg: U wbuwblniihg Juplnp
pwiwlnipinil nibp phunp npululub hnpdwpbhiniyeinibip: Usjiunwblpnid bjwpugnyus F pkunbph npulh
qwhwwndwl hudwp wulyus dpugpughll hwdwlwpgp, npp hAhdijws F plhunmkph JEppménippul plswyku
Upowqquyhll huynih wnkunyemibiabph, uylybu by hknplnulakph nnuhg wnwowplyué anp Uninbgnidbbpp Jpu:

Unwugpuyhti pwnbp. CTT wkunyemili, IRT wkunyomnil, phuwnp npulwlwl phnyewgpkp, phuwnp
hniuuyhnipinil, pEkunughl wpwewnpublph puwpnnuyenil, IRT a, b, ¢ wwpwdbupkp, pEkunp papnpdughni
pnilghw, IRT Spugnlkp, Java psychometrics API:

Ukpwbdnipni. Zwdwwphwyhtt thnpdp Yyuynid t ghnbjhputph uvinniquut hwdwp Yhpunynn
puttwjub phunbtph wpynitwbnnput fwuhl: Ghuntpp oqunugnpsynid tu (huptw)niunigdut b
(hiptw)uinniquut hwdwp, pnyp b mwhu vnwbw) ghnbhputph dwjuppuljh pupduluitht opyljnhy
quwhwunuwljul, pwgwhuwjnb] ntumgdut pugpnpnudubpp: Nuundbwfwut hwunwnnipmnitbipnud
dwtjwjupdulut phunbpt oqunugnpéymd L pupmibubnipjut  putnipmitubph, ghwbjhpubtph
pupwughy uvnniquut hwdwp: ZEkpwniumgdwt dudwbwl] juyunpbit Yhpunynd ki phunnwynpdui
huwdwljupgswyhtt nkjutininghwkpp:

Zudwlupgsuht phunwynpdw duny phunipniup pny; L wwjhu unngl] qghubjhpubph
wnwpuyh Wniph UkS dwuny, wywhnymd b quwhwwnwlwih opklwmhynipniip, wquund k
nuuwjuinnnhtt gqpuynp wohtwwnwipbph wpjwnunup uinnigmdubphg:

dhpohtt wiwphubphtt Zwjwunwih Zwbpuybnmppoiind ingbybu (uyt jhpunnipmoit B
quunid phunnwynpdwt mbktninghwibpp: fypngujutt wjupunulwi b pothtph pugnitbnipu
dhwutwlwt puumpiniubbtpp juqiuitpyynud B phunwdnpdut Equbwyny: Zwdwlupgsught
ptunnuynpiut ktnuwlny putnipnibibp i juquulkpyynid pnihtpniud, hyybu twb hbwnpnithwljub
Uppnipjul ninpunud, ophtaly’ habnpuwnhljuygh uinniquippp, whqkpkih «TOEFL»> pltntpyndip:

Uhkpjuynudu pwwn phypbpmud Jhpunymd bu phunbp, npnup skt Bupwplynid Jbpinisnipyul,
npujh qhwhwndwt b thopdwptinipjub, punipugpynid Eu hntuwhnpjut b Judbpnipjut gusp,
npny phuphpnid’ whpudupup gniguithptbpny, nph wpyniipmd b sh wyuhnfymy ghnbjhpubph
unniquiut opjkljinhynipyniup, wpyniiptkph hundwywnwupwtnienibp:

hunh dpwlnidp puuljutht pupy, wywnwnwp b hnkpughnt gopéplpwug b Cutnigpdus
wnwownpyus  bwyuwwwlubph, phunbtph dowldwb  phpwguupgp Yupnp b ntubbug
wnwbdtwhwnlnipnibbp, vwljuyb phuntph dwldwt hoybpp tnyut Bo nwwppkp wowupuyulub
wnhpnyputph hwdwp [1]:

hunh npulh quuwhwnnudp phunh dywljdwt gnpépupwgh Yuplnp thoybphg £ b hp htippht
punuguws L Eplnt dwuhg.

¢ phunp pnjutinulnipju npulh guwhwnnid hnpdwgbknubtph Ynnuhg,

e phunp npulh quwhwwnnid Jhfwjugpuljut tnwbtwlny, npp juquultpyynud £ hnpduwului
ptunnuynpdwi thongny unnugyué wpyniuputpnh JEpnwsnipjut hhdwb gpu:

Jhfwjugpuljut  tnwtwlyny phunh npulp quwhwwnbim  hwdwp gonipmnit  niuku
wnbunipinibiibp, npnughg wnwyl] juyt Yhpwonipmit tu qubkp  phunbph quuwlub wbunipmniip
(Classical Test Theory-CTT) (2, 3] b phuntph dudwbwljulhg dwupbtdwnhljuljut mbunipniup (Item
Resonse Theory-IRT)[4, 5]: ZwupY L k), np Jhdwjugpuljut wywpuwnp puduljutht pupy b wwppbp
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ptwquuoutph dwiujupdutph hwdwp, hulj hwyduplutpp wojpwwnwnwp Eu ubn dwubwgbnh
hwdwp: Uyn pubinhpp (mustnt hwdwp dpwljynud Eu hwdwljupgbp, spwugpuyhtt hwpkpubp, npnig
vhongny hpwljutwugymd t  thnpdtujut phunugnpdwt wpynibpubph dbpnwdnipmit b phunh
npuljulwb pimipwugqpph quwhwwnnid:

Ukpunudu jut phunbph npuljulwb dbpndnipjut puqluphy spuqpuyhtt hrwpkpubp b
hwdwlwupgtp, npnughg jpipwpwbsniptt nith ppkt punpny hwnljwthoutp, htwpwynpnipniuuby,
wnwknipynibitp, phpmpmubtp U twogondmpemt Juedws jhpunwlut towbulnipynihg,
ninpuhg b punyphg [6]: Zhdtwlwl phpnipniutbphg Jupkh £ wpwbdbwgul)] wy, np tdwbwnhy
hwdwlwupgbpp sniukt oquuynnhtt Ynnuunpnodws wwpq htnbpdbju, Lpphdt wohwnbnt hwdwp
wwhwbeynud Lt mbkjuhjulwh junpp ghnbjhpubp, hpwdwiwghtt tinnng wyuwwnbnt hdnnipniutbp:
IRT —ny ykpnidnipnit wughugunn spuqpkpp puquugnpswunnipught Eu b jhpwnynid Eu vwwppbp
puwquueubpnid  swhndubp  quwhwwnbnt hwdwp, hull dhugt phunwdnpdwb Jepupbpyuy
Jhpnudnipnit wighugubnt hwdwp wihpwdbon E dpwugphg qutk], wptwdbwgul] b judpudnply
dhuyt phunwnpdw dngmijubpp, npt wynpwi k) iyniphte qops sk: @hpnipynit upkih L hwdwpt) tub
wgl, np phunwynpdwt wpnnipubph YEpnismpiniip hhdbwljuwinid vnwugmd - puquuphy
wnniuwljubph nbupny, npnup wwhywidnd o TXT dAlwswithny: Gpuwdhlutpt k) hpkug htppht
unwgnmd ki wpwtdhtt $wyph nkupny JPG jud PNG dlwswithny, wjuhlipll ukY vhwubwlwi $uyih
wnbtupny hwyybndmpnit vnwbwnt hwdwp withpwdbon t (hunwd wiwppbp dwybphg Juwnwnpty
judpugpnidubtp b vnnwbiwy tnp hwpdbnymipinily, hisp hwpdwp b jhpwnebh skt dubtjudupdh hwudwp:
Qnjnipjnit niikgnn Spuqpbpp hhdtwlwinid onwpukgnt ku b y&wpnyh:

Uy ppwdhdwlnid puinhp npdbg dowljkp plunbph npuyh qhmhmyldmh huytptt 1kqynd
Spugpuyhtt hwdwlwpg, npt wwywhndbp puqulinniuih Jbpnsnipnit hwpdh wntbing wy
hudwywupgtph pniy) Ynnutpp:

Fhunp npuljwlwb pimpwugptp. fhunbph nuuwlut mkunipju sppwtwlubpnid Jhpnisynd
kb phunh wyiyhuh npuljuljwb piintpwgptp, hiswhuhp kb’ phunh hntuwhnegniap, Juygbpnegniap,
pupnipniip, mwuppkpulhy nitwynipniup b wyb [7]:

Lunh hntuwhnipjudp npnoynid i phunnwynpdwt wpymupubph Jepupununpbjhnipmniup b
Sonmipymip: Zmuwih phunh wwpuqund puquuphy wiqud Ypljukng phunwynpndp’ whnp &
unnugytki dhlitinygt wthwnwlwb Jhwynpubpp: bulj thnpp hntuwjhmpjut punkph ghwypnid wdku
wbquu wpynibputpp Yhnthnpygbu:

Unwownpuwputph uvhot Ynnkjjmghwt punipugpnid t ptunh  wnwownpupubpnh dhol
thnpjujuyulgusénipiniup, ph nppwtng ki pnjuinuijuyhtt wnnudny wnwownpuuputptt hpup htwn
thnpujuyulgqus: Unwounpubputph dhol Ynnbjjughwt swkwp L (hth owwn pwpdp, hwljunwy
nhypnid wowgwnpupbtp wjunid kb hpwp Ypluky [8]: Bpbk kpym wpwwnpubiptph Uhol
nnkjjughwt Unwnn £ 1-hty, wmyw npuighg Ukt wyknpy k:

Phunh Yuwpbnp npwlulwb punipwgpbphg L twb Juybpnipmibp, wjuhiph phunwht
wpniupubph whunwihnipniup twpwnbujws tyunwlng Juunwpynn ptunh hwdwp: Cughwinip
nhypnid npybu quybpnipjut gnpswiljhg pugnignid £ phunwynpdwt wpyniupubph b huynwihoh
hwpwpbpnipjub wpdtpp [9]:

Phunh puppnipmpiip phunh wyb punipwqphst E nplt wpunwugnmud £ ophunp  nistkme
Jhdwugpuljut gnigwihop: @hunp pupgnipniup punipugpdnud b plunh pupnnipjut pugtpuny b
npnoynid £ phunhtt wipdws £hownn wwunwuppwbbph pwbwlhh b thnpdwplynnubph pwbwlh
hwpwpbpmipjudp [2]: Fupgnipjut huntpuh hhdwbt dpu plunhg hwidmd Gu swthwquig pupn b
swthwquig nynipht wpwewnpubpbbpp:

Ehunh nuppkpuljhy mbwlnipmniip pinipugpmd E phunh’ ndbn b poyy thnpdwplpdnnukphl
nwppbpubnt ntbwlmpniip: Gtunwiht wpwewnpuuph wwpplphys mbwynipmniip hwoybnt
hwiwp wyy wpwewnpuliph Juwnwpnidp hwidtwpupdmd b hnpdwplyngibph’ pun nwlnpjui
Epynt hwjunhnp («pupdp» - «guadp») jadpkph:

Pugh pluntph guuwlwb nbkunipniihg, tkpjunulu ks qupqugnid niuh phunwynpdwt IRT
nbunipmbp (dwpbdwnhjulwt mbunipmniy), npt niqndus & thnpdwplynnh b wpwewnpubputph
wwpuwdbwnpbph junbunuht npuljutph quwhwndwp: Uju mbunipjut dke juyunpkt Yhpunnipnia
Eu qub dwptdwnhjulwb dogljutpp (4, 10]: IRT bkl wwpwdbnpny dngbj wnwewplyt) £ @.[rwoh
[11] Ynnuhg: IRT-h Ukl wwpwdbwupn] dogbh junwpbugnpdqus nmwuppbpuljubpt i Fhpipunudh
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Epyne b Eptp wwpwdbnptpnyg dngbjukpp [12]:

Cunn @. twoh thnpdwplynnh yquwnpuunjwsnipjut dwjupqulp b phutnuyghtt wpwgwnpuuph
puppipyut dwjuppulp qunidnud tu dhbunyt swbinnulnud b swhynd B tnyt dhwnpubpny:
®Onpdwplynnh ptunp hwegnnnipjudp hwbdubnt $niuyghugh wpgnidkunp wyy tphnt dwjwppuyukph
wnwppbpnipmniin B Bphk viwppbpnipmitp dkS £ U puguwuwlul, wyw wndju) m-pn phunugh
wnwownpuipp pupy b wjuw) n-py hopdwpyynnh hwdwp: et wwppbpnipniup dbs L U gpufjub,
wyw nyju m-p phutnuhtt wnwewnpuiipp pwwn hkpwn £ wdjuy n-py hnpdwplynnh hwdwp: Dwoh
Unplymu  (npduplnnh  hwonympju  hwublbim  $mulghwb muh Uk} wwpwdbnp  Gogud
wnwppbpnipniup, nph yuwwngwneny b wyb Eppbidt Yngdnud £ IRT dkl yupwdtnpny dhwdni dnghy:

IRT wkunipjudp htwpwynp k Jbpnisty hsybu dhwémn (0 jud 1), wyhybu b puquudniy (Uh
pwih dhwynputpny nwhdwiynn) quwhwwnnidny ptunbph wpnniupubp:

Uswljywsd hulwlwpgh thwpwgpmipnivp. Zknhtwlubkph §nnuhg phunbph npulh vinniglul,
quuwhwwndw gnpéplipugh juquultpydwt tyuwnwlng dowlydl) b «@lunbtph npuljh JEpnisnipni»
Spugpuyhtt hwdwlwpgn [13, 14], npt niith hnbjw] wpwtdtwhwnlnipmniautpp.

e hpuljwiwgimy t phunbph npuhh puquulnniwih Jepnismpmmt hhdijws CTT, IRT U
hudbnpuwughwjh mbkunipjudp dowljyus dkpnnh 4pu,

¢ nith oquynnht Ynnuunpnoyws wwpg web hnbkpdhyu,

o phiunwynpiwtt wpynibpubpp dotnpugpdmud. Bt oquunnh hwdwp swnn dwwngkih CSV
dbwgwthh duyibph nkupnd,

e hwlwljupgp gqhubpuginid L ptunh npwlh Jipndnipjut wdpnpowlwt rtf dbwswihh
hwydtwnynipjut duy,

e unnugynn huwoybnynipjutt  duwyp pnuinulnmd L huswbu hwoquplynn gmiguihpubph
wnynuwlubpp, gpuphljkpp, wyjtybu b tupugpmpmubtp gpubg Jepupbpyug,

e hupdbunynipyut  $uyyih by gniiwghtt ding nmuwppbpulynd Bt wpwdupup gniguthpubpng
phunnwyhtt wnwewnpupubpp,

eoquuynnh hunbpdljunid hwuwibh i phunbph npuulub punipwgpbph  JEpupbpuy
ujupwugpnipniuttp, phunwynpdwb wpyniupubnh gnigunpuljub ophtiwlutp,

e hudwljupgp hwuwibh Ehugbpbu b whqikpky (kqniubkpnd,

e gnpdbuipymid E ubpdbph dpw, hist L htwpwynpoipmitt £ wwjhu nju;  guigh jud
hwdwguugh dhgngny nhut] hwdwlwupghtt web quuwunpyhsh vhpwuypnid wnwtg jpugnighs Spuqpuyht
Uhongutinh Yhpundwb,

o gnpdwplynid E nwpplp owbpughnt hwdwlupgph vhowjuypipmud’ Windows, MacOS, Linux:

«huntph npuwlh Jbpnsnipiniy hwdwlwupgp htwpwynpnipnit £ wwjhu hpuubwuguty
phuntph npuyh Yepnismpnit b ghwhwinmd phunbph kpynt CTT b IRT nbunipynibukph b Shunth
hudnpdwghuyh wkunipjut hhdw Jpu [15]: Zwdwlwpgp vwnwpnid | htnbyug IRT dnpljubpp.

¢ 1 yuwpwukwnpny dhwgnindngty (tuoh Unpk) - 1IPLM),

¢ 2 wupwutnpny dhwé&niy dngk) (2PLM),

o 3 wupwutnpny dhwénin dnnky (3PLM),

o Ywutiwlh vhwynpubpny puquwgniy unnk) (PCM),

¢ nunhwbpugdws duubwlh dhwnpubpny puqdwgniy dnnt) (GPCM):

CTT wbunipjut oppwbwlutpnid wywhnyynid L htnlbyw) dbdnipiniuutph hwyduplyp.

e phumnp hntuwhnipjut Uh pupp gnpswlhgukp,

¢ phunp vhunpukph vnwbnupun obnnudp,

e phiutnuyhtt wnwownpwpubph pwpnmpiniup, wwppbpulhs nitbwynipnitp, dhwynpubph
utnwtinupwun sbnnudp,

¢ phutnujhtt mnwewnpuuputph dhol Ynnkjjughwl,

¢ phutnuyhtt wnwewnpuiph b wthwwnwlwt dhwynph dpol Ynnkjjughwi:

IRT nkum pjuil opewbnuljakpmud hwpupldnud b htnlywy pimpugpbpp b $niblyghwibkpp

¢ phutnuyhtt wnwewnpuuputiph IRT «a yupwdtnpp», IRT «b wuwpuwdbnpp»,IRT «c yuwpwdbnpps,

e phutnuyhtt wnwewnpuuptikinh Wwunwupiwbibph $niughwuis, hupnpdwghnt nrulghwl,

¢ phunh yuwnwupwbttiph $niuljghwis, hudnpdwughntt niulghwl,

o phiunh suhnudutiph vnwnupn vjpwh $nruyghwie
Upwiljwd tnp dnnbgdwi hhdwb Jpu [15] unwgdnud ko hknlywy gniguithptibph wpdbpubpp’

468



¢ phutnuyhtt wnwownpuuputinh thwnpnuyhwlb,

¢ phiunnuyhtt wnwownpuipitinh vholi yuydwbhwlwb tuinpnuyhwl,

¢ phiunuyhtt wnwewnpuuputinh vholi Uhohtt thnpjumnupd hudnpdwughwie:

Pugh Jtpntgyuy pimpwgptph hwpquplhg, hwdwlupgh thengny hpuljuwgynid £ h pupp
Jhdujugpujutt ndjuutph unwugnid

¢ phunnuwynpdwb wpnyniuputiph wnwbjugnyt, dhohtt b iJuqugny hwynpubpp,

¢ phutnuynpdw wpnnituputph dhwynpubph hwdwpunipniuubpp,

o phiunuwynpuiwt wpynmiupubph nuppbpuljubph dhuynputiph hwdwhinipniuaubpp:

Qkukpugynid b hbnlyuwy qpubhlyubpp’

* phuniwjhtt wpwgwnpuiph pimpwgpujut Ynpp, hudnpuwghnt pmulghuyh gpuphlyp,

¢ ptuwnnh pimpugpujub ynpp, hudnpuwghnt pnuyghuyh gpuapplyp,

e phunp swthnidubph uvnwbnupwn uwh oiulghuyh gpubhlyn:

Zudwljupgh jurnigwsdph b gnpswnunipjut pighwiipugduwsd ujbdwt pipdws t ajup 1-nud:

Zudwljupgp punugws L Eptp hhdtwlut dnnnighg.

« oqunnnh hiuntpplyu,

¢ pliunh npwlh Jtpnidnipjut b quwhwwndwl dnnniy,

o wniyniuputiph dpwldwt b hwobnynipjut dbvwynpdwb dnnni:

Ogquiynnh web hunbpdbjup twpwnbtujws b oquuynnh htw thnpugnpswljgnipjun wyyuwhnddw
hwdwp, dwubwinpuybu, wju dnpnyh dhongny dnminpuqpynid bu Jbpmnisnipjut  Bupwplynn
ptunnwynpdwt wpyniputinh g bpp:

fhunh npuwlhh Jhipmémpub b quwhwndwi dnnnh  Jhongny oquynnh web htuntipndhjuhg
unwgyws nyjujutph hhdw ypuw hpujwbwgdnud b phunbph npuljuljub gnigwihputph hwpdupy b
quwhwwunid, hwdwywinwuppwb wnnuwljukph uvnbndnid b gpuignid wjugubkph puquynud:

Untindjws wjjujubph pwquyh hhuwb Jpu Jipmbémpiut wpnymibpubph hwodbwnynipjuh
duwynpiwt unnnyth dhyngny  ghubpugymd tu hwodtndmipjub duyikipp, npnup ubppbnubjno
nwppbpulny hwuwbh ki pununid oqundnnh hunbpdbjund:

dhpmnusnipjutt hwdwp wihpwdbyn phunuynpiw wipyniupubpp, npntp hwinhuwind Bu
Untnpughtt hudnpdwghw, dninpugpynud i txt Jud csv dbwpwthh $wpbph wbupny: Bhuwnh
npululwi JEpménpub b ghwhuwndwi wpymiptbpp npubu kjpught hu$npuughw, vnwugynud ka
Ukl wdpnnowlub hwoybnmpyul rtf dbwswthh judpugpynn $uyih nbupny: Pugh wyy, wpwbdhi csv
dlwswthny $uph mbupny unwgynid ki hwoqupluwt wpynitipubph wpmnuuwlubpp b gqpudhlutph
uupubpp:

Zudwljupgh oquynnh huwbkpdpbjup web hunmbpdbju L, npp qnpdwplynid E web quuwpyhsh
dhowjuypnid: Oguiynnh htnbtpdptjultt wmywhnynid £ htnbyw) hhdtwljwb htwpwnpnipniabbpn.

e oqunnp Yupny k Jbppintby (Ununpugply) Jpmsynn phunh thnpdwpluwb wpynibpibpp
txt Jud csv dwswthh dwy tiph mbupnd,

o Jtpphinib] phunh yunwupwbibph putaghtbph $uyp’ ot jud csv Awswtn,

o nunnky Yhpnidnipjut hwdwp withpudbyn hwdwywnwupwt dnpkjubkpp,

e Yipnudnipjniithg  htwn  ubkppknul] phunh  npuwlih  YEpnsmput b quwhwwndwb
wpymtplbpp kY wpluhught $uyh nkupny,

o Swinpwwy phuntph npujwlub punipwgptph hwlhpd tfuwpugpnipjup,

e ukpphntul) thnpdwpliuwt hwdwp wthpwdbion phunbph wpyniupubph b Wuunwupwbubph
gnigunpujutt opnhtiwmljubp,

o Swinpww hwdwlupgh dwupht oguynnh nintgnyght:

Upjws hbwpunpmipjniiibph wywhnduwt hwdwp oqunnh huwnbpdbjunid dpwljdly G
htwnlju) pwdhuttpn.

e phuwnh Yipnidnipinil,

e npuljulub punipwugpkp,

e ophuwlukp,

e oqunmipjnii,

e 1kqyh punpnipmii:

Zudwljupgp qnpswplljhu «@humh Jbpnidmipniiy pwdhtip wpnwwywnlbpynd b giluwydnp
Eonud: Uju  pwdunud tbpluyugdus b phunh dbpnisnipjut hwdwp twpunbudws  $uyikiph
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Untnpugpdwtt hwdwp wihpwdbon oquuynnh hunbpdljuh Yurwjupdwt wwpppp b guownbpp:
dhpnusnipjut juquulbpydwt hwdwp withpudbown  dnunpwqnptby plnt duy;.

o pliunh hnpdupnidibph wpynibphlbph puy;, npnbn wnniuwlh nbupny tkpuyugdus k
thnpdiwljut  fubwwuphny unwugjus  phunwnpiwl  wpynibpbiph  dwwnphgp,  wjuhlipt’
wnweownnpuptbphg mipupwisiniphtt mpdus thnpdwplynnukph yuunwupwtbph wnpnruwlp:

o phunph wrwownpulphbph pubuypbbph puyy, npntn wnmniuwlh wbupny tkpjuyugdnud L
wnwewnpuiplbkpp, npuig nbuwlp, guwhwndwt dup, htwpwynp nwwppkpuljutiph pwtwlp b £hown
wuwnwupwbp:

Uju Epynt uypp dntnpugpynid kb txt jud CSV dhwswhny: Unwbdbwgynud ki tptp tnhuyh
quuwhwwnnidny wpwewnpubiptibip.

o hwdjniy phlnup glnuhunnnidny wpwownpuliplkp,

o thwdiniy nmwppkpulh plunpniprudp gliuhunnnidny wnwownnubpiakp,

o puquudiniy wquin dhun/npbhbph gluhunnnidny wnwpwnpuibpikp:

dbpnlgju;  whybphg Jwpjws wwppip b phunudnpiwb wpynibpibph  dwnphgh b
wnwownpuipubph pubiwhutkph duyh pndwinuynipinin:

Upwdiniy phiwp qwhunnnmuny wpwewppubpalph ntypnd phunwynpdwt wpnyniupubpp
tbplwyugdnd ki phtiwp nkupny 1-ufjw) wpwgwnpuibipht thnpdwplynnh nfws £hon wwinwuuwith
nhypnid b O-hwdwywunuwupwbwpwp vw) yunwupiwith ghypnud:

Upwdiniy  wwppbpulp  phupmpjudp  qhwhunnnidng wnwownpubphkph  ntypnd
ptunwynpiwt  wpynibpuiph  dwwnphgh puound  tpynmd £ thnpdwplynnh  Ynndhg  wdjuyg
wnweownpuiphtt mpdus nwpptkpuljp (A,B,C,D juwd 1,2,3,4 b wyji):

Puquumdiniy wquun dhun/npbiph ghwbunnnidng wunwownpupubph nhypnid quwhwwnwluip
ubpuyugynd E npbk puyhtt dhowluypny: Uju mhwyh quwhwwunudp jupnn b Yhpundt) dh pwih
htwpwynp ghon ywunwupwbtbpny wowewunpuupubph nhypnud, bpp, Juppdws wmwppbpulutph
pwuwlhg, wpynuwd bt wwppip dhwynpubp:  Yhpwobih b twbh  wquun  guuwujuwttbph
htwpwnpnipjudp wpwewnpuipukpp, ophtiwly, pwpwunpnipnit jud jups nkpunuhtt yunwupuw:
Phunuynpiwt wpynmiupubph dwnphgh dhwynpubph guonnid tpynid E wnwowunpuiphg npjus
thnpdwplynnh unugus dhwynpp:

Phunh duwybpp dninpugpbinig htwnn oquuynnh ptuwnbpdbjuph «Bhunh Jtptwghpr nuownnud
nugynid £ plunh widuunidp, npp tphwyne £ hwdwlupgh dhongny ghutpugynn hwoytwnynipjut
duyh dbg: «Bhunh quuwhwwndwb nbuwlp» nguonhg oquynnp punpnud £ htwpwynp quwhwndwi
wkuwlp, hulj «RT Unnkjikps quownhg IRT Jhpmsnipjut hwdwp twunbu]ws huduyguinuuuw
Unnbp Jud dnpbjubpn:

Npuljuljuit  pimpwgpbp» pwdund  phpdwd Eu phunbph CTT, IRT whunipnibtbph
opowtwljubpnid  quwhwwnynn npuljuljut punipugpbiph Jupd ujuwpugpnipnibubpp: Towldus
tupugpnipniup hwuwibih £ twb pdf dbwswihny' twpwnbudws ubppbnubnt hwdwp: Pipdws
tjupugpnipniiibpp jupng B Swpugl] wyt oqunnubphl, npnup gubjuinid . nbnkinipniu
unnubtu] phunntph npuwljh punipugptnh, npputg tywbwlnipyut dwuht:

«Ophtuljikpy pwdihg Yupkih b ubppbnul] wwpkp wbuwlh quuhwwndwdp  phunbph
thnpdwplynudubph @ wwunwupiwtbph  pwbwihubph  dwykph  ophtiwlubp: Uju  ophtwlubpp
htwpwynpnipnit Eu wmwhu oquuynphtt dwunpwiw) dninpugpdwt $uwykph Yunnigyusph b
Untnpugpliny wyy ophtwljukphg vnwbwy ndjuy phunh npuljulul Jepnismpjut b ghwhwindwi
hwodtwnynipniup:

«Ogmipniiy pwdhtp btwhwnbujws b hwdwlupgh oqguugnpddwt tyywwnwlny oquynnht
unbnblnipmnit mpudwunplnt hwdwp: Ujuntn pipué b phuntph thnpdwpynudubph wpgyniupubph b
wuwunwupwbbph pwbwhubph $wybph junnigjusph Jhpwpbpuy dwtipudwut tjupugpnipnii:
Zudwfwpgh ogujnnh hnkpdtyuh (kqnitph wunlkpuuuptph dhgngnd oguujnnp jupnn b thnjuby
hwdwljunpgh (Egni: Lkpjuyniudu hwdwljupgp hwuwikh £ hugbipbi b whgkpky (kgniubkpny:

fhunh npuyh JEpnibnipjub b quwhwwndwb Unnnijt wpwtdtwugws k oqunynnh hunkpdtjuhg b
gnpsuplpynmid b «dbpnistp Yndwlh ubnunidng: Uju dngnup’ npubu dmnpughtt hu$npuwughu,
pupniunid £ oquiynnh htiinbpdtjuhg oqunynnh Ynnuhg yipptinujus phunh hwdwywwnwuhiw uwybpp,
hswhu twl phnpdws npnowlh wwpwdbnpbph wpdbpubpp: Npybu pwjhl wpynibp wjuwntnhg
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Juunwpdws hwodwplubph, Jtpndnipniuubph wpynibptbpp wpudwnpdnud Bu wpyniipubph
towljdwi b hwydbunynipjut Adbwnpdwt dngnijht:

Upnymibpubph dowjdwb b bwodbnmput dbwynpdwbd dngmph dhongny dbhwynpynud ki
Jtpouui hwoybwnynipjmt dwyikpp, npnup oquuynnp ubppbnunid L htnbpdljuhg mpudwnpyng
hnuwt dhongny: Unpnijh dhongny hwpybndmpjut dbwdnpnidp junwpynd k htnbyjug thoybpnd.

eunnugwd uUnitnpuyhtt wuwpwdbnptph bhhdwt Jpu  hwdwywunwujuwt  wynuuwlubphg
Juwnwpynud £ wndjuyutph puptpgnid,

o niptpgyué wyjuwjubph hhdwt Jpu CSV  dluwswihny qhubpugynid Eu wuhpwdbon
wnniuwlubiph $uykpp b wwhwywiynid hwyybnynipjut wnwbdht dwjjwyhtt nhpnypenud,

e npytiu wnwudhtt uybp ghubpugynud bt hwdwywunwupwb qpudhljutpp b yuhywidnd
unyt hwpybnynipjut duyjuyhtt nhpnypenid,

e npuwnn wnjniuwfutinh Jurnigyusph, unbndynid k rtf Ahwswthh hwodkwnynipyu duyp,

e lowljynud E dwph pnuinuynipmitp, npnbn tkpwoynd Eo wwppbp  wnniuwljukp,
ghubipugqué qpudhljutp, tjupwgpnipnibtp, phg npoud, wju hnynwd pun pupkpguws wdjuutph
gniuuyghtt mwppkpulng wnwbdbwgynid ki wpwjupup gniguthpubpp:

e Alwynpynud t hwpybnympiniuubph wphthyuyhtt $wyy-thwpbtpp, npt hp dbke ubkpunnud k
hwotnynipjui rtf duyp, ghubpugdus qpubhlutinp, wynruwlutph CSV dtwswhny $uy bpp,

e npuybu kjpuwjhlt wpymibp wyu wdpnne thwpbkpp nquplymud b ogunnh web hunkpdtyu’
ubppintdwt hnuwb htwpwynpnipudp:

Zupytwnynipjul duyh rtf Abwswtht ninh Up owpp wnwybinipeinibiibp, npnughg Yupkh k upk) h
pwilthup.

e htiovn Jhpwntkh E, Jupkh wyt pugh] mwupkp mbpunughtt judpugphsutpnd,

e wnwiig nplik jpugnighs thnthnpunipniuttph Yupkh L htonnipjudp by,

e htipnuimipjudp Jupkih b judpugpt] duyh gupnibiwnmpniup:zupdbngmpiniuvtph ref - uygp
punugws k hkwnbyw) pudhuutinhg.

e Ukipwodnipnil,

o nuinhwbipugdws Jhdwjuqpnipintl,

e CTT gniguuthoukp,

¢ IRT gnigwthouikip,

¢ hudnpdwghuyh mbunipjub gniguuhpubp,

* gpudhlubip:

Zudwljupgh dpugpuyhtt wyyuwhnynudp Yihkuwn-ubpybpughtt Swpunupuybnnipjudp hudwljupg
E, hwsp pny] £ wwjhu hwdwlupgp pwdwil] wnwbdht dngnyubph: Ldwb fupunwupuybnniejub
phypmd hwdwlupgh pwnunppsubpp ubpuyugynd B wwppbp wjwndnpdubpny, b wwppkp
pununphsttp tnyt hwutwuwb putugph (nsdwt byunwlng jupnn b thinjugnpswlgl) dkyp djniuh
htwn guigh Uvhongny:

Uowljwé unp dninkgnidubpp, hywybu bl spugpuyht hwdwljupgp wgk) Bu thnpdwpuinipmnii
pt (hnpdwpymuubph dhongny [16], ph’ dwubwghinulwi npulu]npiub hdwuwnm] [14]:

Bqpuljugnipnii

Uowljyus wyupg b dwwngkih web htnbpdtjuny hwdwljupg oguynnubpht hwpwynpmipinin
nuwhu juquulbpyt) dowldus phuntph npuyh JEpnismpinit b quwhwwnnid wnwig mhpuybnbjng
ptuntph Jhfwjugpuljut nkunmpjut pupny wywpuwnht b wpwtg mknunpknt Jpugnighs Spuqpuyht
Uhongubp:

Zudwlupgh dhgongny qhubkpwugynid L phunbtph npuwlh Jbpndnipjut b quwhwwndwb
hwoJtwnynipinily, npp  judpwgpynn rtf(rich text format) dhwswthh $uy; £ b pnduigulnid E hsybu
hwoquplynny U quwhwwynny gmigwhpubpp, wnniuwliubpp, qpudhlutpp, wyuyhu =]
ujupugpnipnibibp b gnignidubp npuitg Jepupbpuy:

Zudwljupgp Yupng E jhpundt) phuntph dowdwdp qpunynng muppbp dwubtwghunipniabph
dwbljujwpdutph b phunwynpdut wigugdudp qpunynn juquulbtpynipmnibubph (orunidbuljub
hwunwinmpmilp, phununpiui Jenpnbibp U wyi) Ynnuhg phunwdnpiwl wpynbpubph
Jtpnisnipjut b phuntph npujh quuhwndwt tyywnwlyng:
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M.E. ApyTionsia, B.K. ABerucsin

MPOI'PAMMHAS CUCTEMA OLIEHKH KAYECTBA TECTOB JJ151
IMPOBEPKU 3HAHUM

IIposepka 3nanuil s61s1€MCA HEOMBEMACMOU U BAICHOU YACMblO 06pazosamenviozo npoyecca. C mouku
3PeHUs NOBbIUEHUS Kayecmea 00pa308aHUs, 8AX*CHOe 3HAYEHUe UMeen NPUMeHeHUe dPHEeKMUBHbIX U 00bEKMUBHBIX
Memooo8 u cpedcms Oasi NpogepKu u oyeHku 3suanui. Bo ecem mupe, 6 mom uucne 6 Apmenuu, wupoxo
UCNONb3YEMC MEeCMO8bill Memoo OISl NPOBEPKU U OYEHKU 3HAHUL, U OYeHKA IPOeKMUSHOCmU 8 3HAUUMETbHOU
cmeneHu 3a8ucum om COOepPICANUs U Kauecmea mecmogulx 3a0anuii. B amoil cumyayuu easicnoe 3nauenue umeem
KayecmeeHHas dKcnepmusza mecma. B pabome onucana cucmema npocpammHozo obecneyerus, npeoHa3sHa4yeHHAs.
O OYeHKU Kauecmea mecmos HA OCHOBE MEeNCOYHAPOOHBIX U3BECIHBIX Meopull U HOBbIX NOOX0008 K aHANU3Y
Mecmos, peKoOMeHO0BANHBIX A8MOPAMU.

Knwuegvie cnoea: rmaccmyeckazs meopusi mecmog - CTT, mamemamuueckas meopusi mecmog - IRT,
HAOENHCHOCMb MeCmd, CIONCHOCHb Mecmoeo2o 3adanust (napamempwi a, b, ¢ IRT, ungopmayuonnas dynkyus
mecma, npozpammel IRT, Java psychometrics API.

M.Ye. Haroutunian, V.K. Avetisyan

THE KNOWLEDGE TESTS’ QUALITY EVALUATION SOFTWARE SYSTEM

Evaluation of knowledge is an integral and important part of the educational process. In terms of
improving the quality of education is crucial application of the objective and effective methods and means of
evaluation and assessment. Around the world, as well as in Armenia widely used testing technologies and
effectiveness of evaluating greatly depends on the content and quality of tests. The developed software system
designed to assess the quality of tests, based on the international famous test theories and new approaches
recommended by authors is described in article.

Keywords: IRT, CTT, test’s quality criteria, test reliability, test item difficulty, IRT a, b, ¢ parameters, test information
function, Item response function, IRT programs, Java psychometrics API.
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BLACK SILICON SURFACE PASSIVATION WITH ATOMIC LAYER DEPOSITED
THIN FILMS

Surface recombination losses significantly reduce the efficiency of black silicon solar cells. Surface
passivation using suitable dielectric films can minimize these losses. Possibility of black silicon passivation with
atomic layer deposited thin films was analyzed. Simulations were used to compare the optical properties of HfO:
and AL Os films.

Keywords: black silicon, solar cell, passivation, atomic layer deposition, film, HfO,, Al;O:;.

Black silicon (b-Si) or silicon grass is a needle-shaped surface structure where needles are made of
single-crystal Si and have a height of 0.3...10 um and diameter of 0.05...1.0 um [1]. Black silicon is a
type of porous Si whose surface morphology provides a graded refractive index between the Si surface of
the device and air that results in a low reflectivity and a correspondingly high absorption of visible light
(Fig. 1, b).

a. b.
Fig.1. Cross-sectional SEM image (a) and schematic depicting (b) of b-Si

The unusual optical characteristics, combined with the semiconducting properties of silicon make
b-Si interesting for solar cells applications as antireflection surfaces [1-3]. Although an especially low
surface reflection ratio has been achieved by nanostructured b-Si, the final energy-conversion efficiency
of solar cells is not satisfied at present.

The main problems are as follows. The b-Si solar cells suffer from increased surface recombination
rates due to the larger surface area resulting in poor spectral response especially at short wavelengths.
This effect is often more detrimental for the final device operation than the gain from the reduced
reflectance. In addition, during the solar cell processing thermal treatments as diffusion, anneling and
oxidation, the depth of the nanostructured b-Si layer is reduced and the optical characteristics are
retrogressed. Finally, b-Si suffers from aging phenomena; the huge internal surface of the needles tends to
be progressively oxidized or contaminated by impurities when in contact with air. The low stability of
structural and optical properties over time is crucial for solar cells.

The above problems soon lead to a decreasing interest in b-Si for solar cell applications. The only
way to overcome these drawbacks is to reduce the introduced surface damage during the fabrication
process as well as to effective passivation and stabilization of the nanostructured b-Si surface.

For surface passivation and stabilization of b-Si high-quality thermal SiO,, sol-gel ZnO, PECVD
SiNy and Al,O3 have been used with varying results [4-6]. Among these materials, thermal SiO; is one of
the obvious candidates to realize the above purpose due to low density of interface states and dangling
bonds. However, conventional thermal oxidation has to be carried out at high temperature. The high
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temperature will destroy the structure of the b-Si and accordingly degrade the performance of solar cells.
In addition, the thermal oxidation introduces a mechanical stress between the Si and SiO; because of the
large mismatch in lattice constants and thermal expansion coefficients.

In recent years different atomic layer deposited (ALD) thin films have gained more and more
interest as potential planar Si surface passivation materials [7]. The general advantage of the ALD method
is that it can be used for large area deposition and processed at a low temperature. In addition, this method
is easy in its composition control, it has a low cost and it provides uniformity of the film’s thickness.
With ALD good film quality, accurate thickness control and conformality are reached. A variety of ALD
materials (e.g., ZrO,, Ta,Os, HfO,, Al,Os3, TiO,, ZnO) have demonstrated good surface passivation
quality both for front and rear surface of Si solar cells. Additionally, ALD Ta,Os, HfO,, Al,O; films on
planar Si surfaces are characterized by many other advantages, e.g., very good thermal, chemical, and
mechanical stability and high transparency. They are also known as hard oxides with high wear and
scratch resistance to mechanical damage.

ALD has superior conformality as compared to other thin film deposition methods enabling the
deposition of uniform films also on nanostructured surfaces. Hence, from this perspective ALD thin film
materials have the potential of providing good passivation on b-Si surfaces. In addition to optimizing the
thin film for the best possible b-Si surface passivation they can be also optimized to reduce front surface
reflectance. This is done by choosing a material with a suitable refractive index and by adjusting the film
thickness. Combining ALD film with b-Si reflectance can be reduced near zero with a certain wavelength
and angle of incidence.

Because of the conformality and pin-hole free nature, ALD is a natural choice for the coating of
nanostructured b-Si surfaces.

Nowadays some works have demonstrated that excellent passivation of b-Si nanostructures can be
reached using ALD Al,Os films [7-9]. However, the negative fixed charge present in Al,O; films should
provide good field effect passivation for low to highly-doped p-type Si surfaces due to inversion layer
formation. Besides, the passivation stability of b-Si covered by ALD ALOs films has not been analyzed
yet. These aspects are crucial if b-Si etching wants to be introduced as a realistic alternative in the solar
cell fabrication process.

Other ALD thin film materials (for example HfO») have not been practically tested for passivation
of b-Si. However, Al,O; for example, does not provide proper antireflection due to its low refractive
index whereas HfO, shows more promise on that regard. HfO, has a high refractive index of ~2 and
hence it could be used simultaneously for surface passivation and antireflection in b-Si solar cells.
Besides, HfO, could provide an alternative for n- and n+-surface passivation, since it has been shown to
exhibit positive fixed charge [10]. If integration of ALD HfO, films is possible, it can lead to greatly
reduced processing times, both in research and at an industrial level, which are required for market
penetration to be possible.

Thus, it should be assumed that the usage of the ALD HfO, films can be one of the methods to
passivation and stabilization of the nanostructured b-Si surface simultaneously.

In order to assess the effectiveness of ALD HfO, films for passivation of b-Si from an optical point
of view, simulations were carried out. Simulations were used to compare the optical properties of ALD
HfO, films with standard oxide, such as ALD Al,Os.

Fig. 2 shows the schematic diagram of the simulated structure. The structure consists of a Si wafer
on which identical cones are periodically repeated along x- and y- axis. The cones are uniform covered by
thin film. The Si wafer was assumed as infinitely thick, and the reflections from the polished rear side
were not considered.

Fig. 2. Schematic diagram of the simulated
structure
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As a main numerical tool, the Finite-Difference Time Domain (FDTD) method was used [11]. This
method implements direct numerical solution of Maxwell’s equations, so it is valid for all moth-eye
structures and wavelength ratios, including long and short wavelength limits. All calculations were
performed using the electromagnetic simulation commercial package of Lumerical Solutions, Inc
(https://www.lumerical.com/).

The AM1.5 solar spectrum was used for the simulations, with wavelengths varying from 400 nm to
1100 nm. The thickness of the Si wafer and passivation film was respectively 200 um and 30 nm, height,
base diameter and in-plane periodicity of the cones were respectively 650, 100 and 150 nm. This structure
is illuminated in a direction normal to the wafer. The optical properties of the ALD films used in the
simulation are given in Table.

Table
The optical properties of the ALD films
Average refractive index
Film Band gap, eV’
at 400 nm | at 650 nm | at 1200 nm
HfO, 2.18 2.10 2.08 5.6
ALLOs 1.66 1.65 1.63 8.8

Fig. 3 shows the reflectance of bi-Si with passivation of HfO, and AL,Os films. As seen from Fig. 3,
reflectivity values are extremely low over a wide spectral range. This is a typical behavior for b-Si due to
the gradually varying refractive index from air to the wafer. By coating the b-Si structures with a
conformal passivation of ALD film, the surface recombination velocity was effectively reduced. There is
some difference in reflectance between HfO, and Al,Os, especially in the ultraviolet range. This is due to
the differences in refractive index between the materials. As a result, HfO, deposited by ALD is a viable
passivation material for b-Si solar cells, from an optical point of view. The refractive index does not
disrupt its antireflective functionality, thereby reducing losses in comparison with the ALOs.
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Fig.3. Reflectance spectra of the bi-Si with HfO, and Al;O; passivation films

Thus, HfO, is a very versatile material, capable in theory of providing surface passivation for b-Si
solar cells. Its implementation in MOSFET technology as gate oxide is a demonstration of its
applicability [12]. The somewhat different requirements of the photovoltaic industry will require further
optimization of the material's deposition and post-processing conditions, towards increased solar cell
efficiencies. Once optimal passivation is achieved for a desired application, implementation of ALD HfO,
in a working b-Si solar cell is a necessary step, in order to evaluate the real performance parameters
achievable by replacement of standard passivation films (for example Al,Os3). HfO, integration into
spatial ALD solutions requires careful selection of precursors, and fine tuning of processing conditions,
such that excellent passivation is achieved, while ensuring safe and efficient depositions. Reduction of
costs is another important factor to take into account for industrial implementation.

This work was supported by the Russian Science Foundation (Grant No. 15-13-20021).
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U4 UhLhShNRU LS UUUGIMEUNR3@h MUUPYUSNRULC USNUUTENMSU3hL
LUSESUUUPR PUMULU FUIULELEMNY

Uwlkplmpughl JEpunlpun/npl §npniumnblpp qquypnpki thnppughnid kG ull upjpghnidhg wplbughi
LEklnbkph wpynibuykbnngpmibp: Upg Gnpnunnbbpp Qupbgh FoGjuqkghly ' dwlhkphngpp  wuupnjughkng
npnpwlh  dEfniups  punuipbbpny:  deyméyky  Fooull upppghnidh wuwupjugdwi hiupadnpnlpemndip
wunndupbpunughll hunbglundp  pupul]  punuipbbpny: Unpljun/npdunlp  hudbdunndly BEo HfO: o ALOs
Jpunubpilph oynplulwi hunnynipmnihikpp:

Unwugpuyhti pwnbp. uli upjpghnid, wpbuyhl hEdEDn, wuwuhpgugnid, wunndwpbpuughl Gunkgnid,
punuilip, HfOs, Al2Os:

I'.E. AiiBazsn, K.I'. AiiBazan, M.B. KatkoB, M.C. JlebeneB
MHNACCUBAIIMSA IOBEPXHOCTHU YEPHOI'O KPEMHUSI TOHKUMMU IVIEHKAMUA
ATOMHO-CJIOEBOI'O OCAXJIEHUSA

Ilomepu,  06yCIOBIEHHBIE NOBEPXHOCMHOU  peKOMOUHayuel,  3HAYUMENbHO — CHUIICAIOM
9 PeKkmuUHOCMb CONHEUHbIX DJIEMEHMO8 HA OCHO8e uepho2o Kpemuus. Ilaccusayus nosepxnocmu ¢
UCNONL30BAHUEM ONPEOENEeHHbIX OUBICKMPUYECKUX NICHOK MOJICem MUHUMUUPOSAMb SMu HOMepU.
Ipoananusuposana 803MONCHOCMb NACCUBAYUU HEPHOSO KPEMHUS MOHKUMH NJIeHKaAMU amOMHO-
cnoesozo ocaxcoenusi. Ilymem mooenuposanus cpasnenvl onmuyeckue ceovicmea nienox HfO> u ALOs.

Knwuesvie cnoea: uepnviii Kpemuuil, COTHEYHbIU JIEMEHmM, NACCUBAYUS, AMOMHO-CI0e80e
ocadicoenue, naerka, HfO,, Al>O;.
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Yhunuplynid Fynhdwdmpppbiughl hwipwlynieh pnunuglul wkinnghwlul gnpéplpugh oupumpduy
hujwbwlwiughl Junwjupdwi pbgph niddwh hunlup wibhpudbon hwbpupuph phnipugpkph dhun/nplwi
lubwfuyhll Unplyp: dpdwlugpului njjuybbph hhwul Jpu nyhwlwingyl; o hwipupuph piniypwgpkph
hwjwmbwlwinyenibbabph pusjudwi opkiphkpp: Mmublg oguuugnpdudwdp wlly o hdwlluyhl ungk;, nph
oqlmipyundp sykpuubpyus puquusunh Gnpduy puppilul dkpnpny dbun/npnid Eo hwbpwpuph phnipugplph
hinupunnp  ppugnidikpp:  Uswhyws dnpkjh  hudwpdbpniypniip  qluhunnily o Uuymipkinp b Spokph
Yhdwlugpulub suhwlbifipblbph dhongny:

Unwhgpuyhti pwnbp. hwipwiynip, $nuwugnid, owwpduy Junwjwpnid, ddwinufuyhb JUngly, Gnpduy
puppiniil:

Ukpwbmpinii: NMnudwdnihppbiwghtt hwipwiymptph $nnugdwt wkjuuninghwljwt gqnpspt-
pugubph wijunwupnipjul, wjnndunugdus junujupdwi, husyku twb hwbipwpunh dhohttmugdw
wpphwlub hwdwlupgbph puguluynipjut wwwnmdwnny dnjhpnkth b wnudh qquh dwup (18...22%)
dunud Eu wynswupbnh dbe: Puswybu gnyg b wnwhu ynudwdnihpybtughtt hwipwiyniptph JEpudowl-
dwb gnpstwljut thopdn [1-7], wyny pununpudwutph Ynpunh dnn 6%-p hbnbwip k uljqpiwut hwb-
pwpuwnh U puyniuh punipuqpbph  wtljuyniumpjuit, nph hbnbwupny qquihnpku (pnipe 10...15%-n4)
tjugnid t hwbpwiymptph dnnugdutt gnpépipugh junwdupdwb dogpuinipniup b wpynibugb-
wnipniin [1, 7]:

vunph gpdwspp: Ujuinujub dninkgdwb jhpundwt nhypnid [1, 3, 4] $innnugdw gnpépuipwugh
oyuhdw] jurwjupnidp hwignd b dwpbdwnhjulwt spugpuynpdut phntpdhtiwgdus juugpht’
pun U= (u Loly sl n) dnnugdut jurwywpnn wnkjubinnghwjut wwpudbnptph y = (4, x)
bywwnwlughtt $nruhghuyh (wpynibwdbnnipyui swthwhoh) tpunpbunidh npntdwbp, uljqphwljui
hwupwpwph b $nnugdut Eupwplynn juyniuh x = (x, R S ) wuwpwubkwnptph mpdwué wpdtpukph
nhypnid®  hwodh  wnubng wwpwdbwnptph ubkppht b Jipht wpdbpubph  dpu  npdus
unwhdwtwhwlnidubpp: Uwljuyt hsybu uyqpuwlju hwipwpwnph, wyiybtu § ynwuh punipugpbpp
wuunwhwluwt dbdnipmitubp E: Qmunph hwipwiympbph  dnunwugdwn gnpéplipugh  owyywunhduy
Junwjupdwb fjutnhptt wthpwdbon b ghunwpll] npytue hwjwiwjwbwhtt Spugpuynpdwt jaughp,
pwih np ¥ Y&yunph joipupwbsinip wpdtph ghypnid ¥ = f(4,X) tyunwuht yunwhwub
$nityghwh wpdtplbpp Yuujws i X wunwhwlwb yEyinnph hpugnidubkphg:

Ujuyhuny, hwbpwiynptph $pnunwmgdut gnpdpupwugh owwhuw] Junwjwpdwb jutnghpp
Alwljipyynud E npybu hwjwbhwlwbuwhtt Spugpuynpdwt jpughp, npp hwignud E bygunwlught
Iniuljghuygh dwptdunhjujut vyuudwt tpunpbdnidh npndwiip.

M[f(u,%)]— ext
y € U nuhdwbuhwlmuukph nhypnid:

ugph misdwt dbpnph punpmpniap b tdwbhwljughlh doglh juomgnudp: Zwpgh wetbng
npyus puunph puppnipnitp’ tyuunwlwhwpdwp b oagb sk pndthymiplpuyghtt dogbjwdnpdui
Ubpnnny, nph Yhpwenudp Gupuppmd b ulqpiwfut hwbpwpwph pumpwuqptph  dbwdnpdwt
dwbwluyht Unplijh wejuynipini: Unyb wpuwwnwipp bdhpuws b hhojuy dnpbjh dowldwpn:

Zudwduyt Qubghkqniph wnudwunihpnttughtt Yndphtwnnmd wighugduws thnpdughnuljui
hwpguwl wpmynibpbph’ ulqpiwlwl hwbpwpwph Ywplnpugny pimpwgptpp htwnbjug k.
hwlipwpwpnud dnthppbth pinhwnip (X, ), Unjhppkuh unydhnh (x,), pinhwinip wnudh (x5) b wynudh
opuhnh (X,) dhght hippwihnjuuyhtt wwpnibwlnipniutitpp (%-ny): Loqws punipugpbph puoudwi
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opkuputipp tnyuwlwtwgyl] ko QNUY-h mbkjuhjulwb JEipwhuynnnipjut Ynndhg junwupgus tdnt-
oupuwt nfjutiph hhdwt dpu: v, 1-4-mud phpdws o wyn wdjuyubph hhdwt Jpu junnigws
ulqpiwjul hwipwpwph phmpwqgptph hhunwgpbpp, npnighg Eukng wpwewnpyk) ki hhynphqltp
npuig hwjuwlwinipnibubph pupfudw pnnipjub $niuljghwitph Jipwpbpuy, npntg qpubhlutpp
wuwwnlbpdws ki hhojwy tjupubpnid:

dtpnuojuy puntpwgpbph hwjuwiwlwunipyoibttiph puojudwt opkuputph tinplwnipjut Jtpw-
phpjw) wnwewnpywsd ghnwujupusubpp, npnug unnignid ppuwjutmgyty t Mhpunuh ¥ : suwthwthoh
[8] oqunipjuup, punniit ku = 0,05 wpwhwluhnipjut duljupguljh phypnud:

50

50

40 40 7
30 30
20 20
10 10
o
L R EEEEE R
Uy 1. Zwipwpwpnid unjhppkah phphwinip Uy, 2. Zwlpwpuipnid unmpppnlap unyy phnh
wupniliulnipyul Ahunmumghpp wupniiunippul Ahuunughpp
14 100
12 -
80
10
8 60
6 40
: N
5 20 \
%01 2 3 4 56 78 8 Mo 07 23 4 : 678 S MBI
Ul 3. Zwlipupupnid wnhdp panhwinip Ul 4. Zwipwpwpnid wnidp opupnp
wwpninulnipyul Ahuinwghpn wwpniulnypyul hhuunughpn

Uuwnpl pipjwé L ujqpiwjutt hwipwpwph punipwugpbph hwjubwljwiimpnibttph pugjudwt
funnipjut dniuyghwtph whwihnhy wpnwhwjnnipemnibutpp.

1. dnjhppkuh punhwinip dhohtt hippwthnpuwghtt yupnitwynipinip (x, ),

e 2o

2. uUnjhppkuh unydhnh dhohte hhplauu}m]uul]llh wupnibwlnipniup (x, ),

_ B (x, —0,0315)
f(xz)—exp{ ]/ \/_ exp( 275.10° J/0,00866\/%,

3. wnudh pughwunip dhohtt hhppunlm}uul]hh wunpnibwlnipniup (x5),

f(x3):exp( ] / 2z —exp( (v, - 002323) ] /0,0316\/5,

4. wnudh opuhnh dhohtt hhplauuhnluul]hh wunpnibwlnipniap (x,)

f(x4): eXp[‘W}/Gﬂ/ﬂ =ex _(x4—0,02345)2]/0’0041m:
Oy

2-1,65-10
Zwupwpwph punipwqptph vhol R = ”ri]. ”, @(i,j= 1,_4) Ynntjjughuwyh duwnphgh nith hknlyw wbupp.

| X X, X, x|
X 1 0,9999 —-0,4427 10,1310
R=x, | 09999 1 —-0,4424 0,1326

x; | —0,4427 -0,4424 1 0,3592
x, | 01310 0,1326  0,3592 1
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dtpnuojuy Ynnbpughuwh dwwnphgny b wwpwdbnpbpn punipwgpdnn tnpdwy  pupfudus
X =(X,%,,%;,X,) wuunwhwluh Jtyunnph htwpwnp hpugndiubph dbwynpnudt ppujubwgynid k
sybpuubpué puquusuth inpdwy) pupjudwt dkpnnng [9], ul. 5-nid wuwwnlkpgws dnnbjuynpnn wign-
pppuny:

Ujtu hhdtdnud £ Untnpuyhtt thnthnjumuitiibph dhot € Ynjuphwghntt dwnphgh oquugnpédmi
Ypuw, nph mupplpp hwyqupldnud Eu hinbyuw) pubwdtng.

¢; =1,0,,0,, (1)

npuntn o;-uh o;-u X, X )= I,_m) Untnpuyghtt hnthnjuwlwuiiph hohtt punwljniuughtt gbnnidukph
b, huly 7;; —0"uyy hoihnouuititiph bl Ynnkjjughuyh gnpéulhgp:

Puswbku hwpnth t [9] ykpnlgjuy pinipwugpbpny X wuwwnwhwlwb JEyunnpp jupkih b unwbwg
tnplw) pupfujws  swhwliupgluws Z =(Z,,Z,,...,Z,,) ytyunph hwwnml gdughtt dbwthnjunipjub
uhgngnd, nph  pununphstbpp 4, =0,0, =1(=1Lm) wwpuibnpbpng  nple) paghadws
wuwwnwhwlub Ukdnmpjniuubp .

X=A4A-Z+u. )

Aduwnphgh @; wupptpp npnpynid kb htnbyw) winpunwpd webyntpjundp.

2
€3) _Cn _ Cp

Ay =4Cr1s Gy =4[Copp = Uy >
i LTIV &H

nnt pughwunip ghypnid niuh htwnbyw) wkupp®

Jj-1

S <j<i<m: ®3)

c; ag-ay
a; =—p——, Zaik~ajk=0 ,1<
j-1
ley-2an
A€ a i

In]. o0mssmn

Ul 5. X yEfunph hinupun/np ppugnidbph
dlhun/npful uygnpppuh pinl-upukdwi

Yl
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Jbpuwubpyws  puquuswth  tnpdwy  pwpjudwt dbpnnpny wwuwwhwlwi Jtjunph  htwpwynp
hpwgnidubph dbwdnpdwt wignphpuh piny-ujubdwb pipdws £ al. 5-nud: Gunnigdws adwbwlughtt Ungbih
hwdwpdtpmipniip quwhwwndt] b wnbdwdnhpphiughtt hwbpwpwph pumpwgpbiph hwjwibwlwbne-
pintutitinh puphudwt nnipyut tinyhwjuitugyws dniuljghwtinh wwpwdbknpkph b Yonkpyughwih gnpéw-
Yhgutnh npgwsé ot dnphjuynpdut wpyniupnmd uvnugdus hwdwywnwupiwt dkdnipniuubph wpdtpukph
hwjwuwpnipjutt Jipupkpu] ghinujupyusutph nnniquui dvhongny' Yhpwnbking Uwnnigktnh b Shotiph
Jhwljugpuljut swthwthpubpp:

Bopuugmpmnit: 2QNUY-nud whghugdus thnpdwghnuljul hwpgdw wpnniupbph hhdwt Jpu
punpyl; Bb ufqpuwlub wnudwunihppbuwghtt hwipwpwph hbnlyw) Jupbnpwugny  punipugpbpp.
hwupwpwpnid Unjhpybth pughwunip, dnjhpybuh unybhnh, punhwinip wnudh b wnudh opuhnph dhehte
htppwthnpughtt wupnibwnipniiubpp: QMUY-h wkthjujwut Jkpwhulnnnipjut §nndhg juwnwpjws
uunvpwpuwt wyujitph hhdwb Jpu pugwhuyjndt) b dwptdwnhlnpbkt tqupugpdl] Bu ujqphuljui
hwupwpwph punipugpbph hwjuwiwlwunipniutph puojudwt pnnipjui $niughwbpp, hwoquplyt; ku
npuig wwpwdbnpbph nt Ynobbjughuyh qnpswljhgubph Jhwjugpujui quuhwwnwluibpp: Zhojug
puphudwtt opkupubiph unpuwnipyut YEpwpbpu) wewewnpjus hhwynphqubpp Mhpunth  swihwhoh
Yhpwentpjudp pignily Bu o = 0,05 towhwwjhnipjub dujupnulh gypnid:

AJtpwubpdus puquuswth tnpdw) puohidwt Ukpnanh hpunmpjudp dowlgt) E wynudwdnjhpptuught
uljqpiwjut  hwtpwpwph punipwqpbph dbwynpuwt wlwbwlughtt dnnbp, nph  hwdwpdbpnipmniup

quwhwwnytk) k Unmipkunh b Shobph Jhdwjugpujui swthwithpubph dhongny:
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9.M. I'eBoprsin
UMMUTALIMOHHAS MOJIEJIb ®OPMUPOBAHUS XAPAKTEPUCTUK MEJJHO-MOJIMBIEHOBO PY bl

Paccmampusaemca  umumayuonnas —mooenv — popmuposeanus  Xapakmepucmux — MeoHO-MOAUOOEHO80U  pYyobl,
Heobxo0umMas 015 peuwtenus 3a0auy ONMUMANILHO20 CTNOXACMUYECKO020 YNPAGieHUs MexXHON02UYeCKUM Npoyeccom obozatyeHs
MEOHO-MONUO0en0gol  pyovl. Ha ocHoganuu cmamucmuyeckux OaHHbIX UOCHMUDUYUPOBAHLL 3AKOHbL  PACNPEdeNeHUs.
8epoamnocmeri Xapakmepucmuk ucxoonoti pyosl. C ux ucnonb3oeanuem paspabomana UMUmayuoOHHAs Mooeib, ¢ HOMOUbIO
KOMOPOU opMUpyIomcs 603MOACHbIE PEArU3ayUU XapaKmepucmuxk UcxoOHou pyovl. Aoekeamuocms paspabomanuou Mooenu
oyeHena ¢ nomowwio cmamucmuieckux kpumepueg Cmoiodenma u QPuwepa.

Kniouesvie cnosa: pyoa, @romayusa, cmoxacmuyeckoe Ynpasnexue, UMUMAYUOHHASL MOOelb, HOPMANbHOE
pacnpedeneHue.

H.M. Gevorgyan
SIMULATION MODEL FOR FORMING CHARACTERISTICS OF COPPER-MOLYBDENUM ORE

Simulation model for formation of the characteristics of copper-molybdenum ore is considered, necessary for the
solution of the optimal stochastic control of technological process of enrichment of copper-molybdenum ore. On the basis of
statistical data the laws of probability distribution of characteristics of the original ore were identified. With their use the
simulation model was developed, with the help of which the possible realizations of the characteristics of the original ore are
formed. Adequacy of the developed model was estimated using the Student's and Fisher's statistical tests.

Keywords: ore, flotation, stochastic control, simulation model, normal distribution.

Qunpgyuu <Epdhub Uhwjh - k. ghwn. phibwsn, wuhunbun (2UMN2-h Yuywth duubwgnin)
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9.C. Tarsopsin

BJIMSIHUE 3EMJIN HA ITAPAMETPBI AHTEHH B
OTKPBITBIX ITOJIMT'OHAX

Xapakmepucmuku usmepaemviX aHMeHH 3a6UCA OM YCI06Ull PACHPOCIMPAHEHUs eKMPOMASHUMMHBIX
60JIH, 6 YACMHOCMU, OM BIUAHUA NOOCMUNAIOWell 3eMHOU NOBEPXHOCMU MexcOy nepedaroujell U NpuemMHou
anmennamu. Ilposeden pacuem MHOdCUMENA OCAAONEHUA INEKMPOMASHUMHOU BOJHbL  OMHOCUMETLHO
CB0D00H020 NPOCMPAHCMEA C YHEeMOM OMPANCEHHOU B0JHbL OM IKEUBANEHMHOU NOBEPXHOCMU CO CPEOHHM
VKIOHOM MECMHOCIMU AHMEHHO20 NOAUSOHA.

Knrouesvle cnosa: >Keusanenmnas no6epxHOCMb, OMPANCEHHAA 8OIHA, AHMEHHbIU NOIUSOH, CPEeOHUl
VKIIOH, MHOJ}CUMENb OCIAONIeHUSL.

Ilpn aHTEHHBIX M3MEPEHUSIX B OTKPBHITHIX IIOJNMIOHAX TpeOyeTcss ydeT BIMSHUS OTpakarollei
MOBEPXHOCTU MEXy Iepeaaroneil u npueMHoi anreHHaMu. C 3TOH LEbio IPOBEICHO UCCIIENOBAaHUE ITOTO
ydacTka 3eMHO# moBepxHOCTH. C TOMOIIBI0 TOMOTpa(UUecKor KapThl HAYEPTUM MPOQHIb OTpa)karouien
MOBEPXHOCTH U aNNPOKCHMHPYEM €€ KYCOUHO-TTTaJKHUMH IUIOCKOCTSMH. Y YHUTHIBAEM TOJIBKO T€ INIOCKOCTH,
KOTOpBIE TIOJHOCTBIO MJIM YaCTHYHO COJEpaT MEepBYIO (CYIIECTBEHHO OTpakaiomnyio) 3oHy Dpenens. B
HaImreM cirydae Ha uccieayemoM monurone ['DIIM-1 umcno Ttakmx Iurockocteidt oguwHHAANATSH [1].

Ipennonaraem, 4To npueMHas (Iiepearomias) aHTeHHa W CYIIECTBEHHO OTPaKarollasi MOBEPXHOCTB, TO
€CTh TOBEPXHOCTb, KOTOpas MOJHOCTHIO WIIM YAaCTUYHO COJAEPIKUT IEpBYIO0 30HY DpeHens, HaXoIsITCs BO
B3aUMHOI1 (hpayHrodepoBoii 30He.

Ecnu npuHATH pacnpeneneHye MaJaioliero Iojisl B IpenesiaX CYIIECTBEHHO OTPaKaroIIUMX YYacTKOB
PaBHOMEPHBIM, TO BJIMSHHE 3¢MHOM MOBEPXHOCTU HA 3TOM YYaCTKE MOXHO CBECTH K BIMSHHIO SKBUBAJIICHTHON
IUIOCKOCTH ¢ HEKOTOPBIM CPEAHUM YKJIOHOM CYLIECTBEHHO OTPaXkKaloluX MOoBepXHOCTeH (puc.) [2].

A

.

=
Groneeee>

Puc.. Dxeusanenmuas niockocmy OMpaxtceHus.:
71 - NPSMOTL Y, 2 - OMPAICEHHbLI Y

MHOHTENb OCIa0JICHUs] OTHOCHTENIBHO TIOJII B CBOOOJHOM NPOCTPAHCTBE MOXHO  IPEACTABHTH
CIeAyoIUM 00pa3oMm:

V:Ep;lcc:E+EaejA¢:1+ae

e
rie O - xodbdunueHt orpaxeHus OpeHens OT IMOBEPXHOCTHU, KOTOPBII 3aBUCHUT OT YIJa CKOJbXKECHUS
Nyda 6, MATHUTHOM M JMAJEKTPUYECKOH TpoHUIaeMocTell mousbl; A¢ - ha3oBblil CIBUT MeXTy NPAMBIM H

OTpa)KCHHbIM J'ly‘laMI/I.
B cBoro ouepenp,

27
Ap="=Ar, 2
¢ Pl )

rae Ar = r; - r;— pa3HOCTh XOJa JIy4del; A- IJIMHA BOJHBL.
Ha ocHoBanuyu mocTpoeHnii Ha pUCYHKE MOXKHO 3aIHCaTh
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ro=af(h—h)+d> = +h) +d> 3)

B ciywae ucciemyemoro nonmuroda ['DIIHW-1, korma d = 270 m, BBICOTAa OT 3KBHUBaJICHTHOM
TIOBEPXHOCTH Tepefaromell ¥ MpUeMHOW aHTeHH - COOTBETCTBEHHO /; = 48 m  hy = 42 m, MHOXUTENb
ocnabnenus B auanazoHe 8.2 ... 12 [Ty - nopsiaka -5,8 05.

[Ipn moxcyere BXOAHOW MOIIHOCTH NPHUEMHOM aHTEHHBI YCHJICHHE MOJCTABISIOT CO 3HAKOM “+7, a

1313

3aTyXaHHUC - CO 3HAKOM
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k.U. (Fwqgynpjut

A6SLh URTESNRE3NRLL ULSELULG P MUrUWUESPEMh
Jdru AUS eNraurucsSernhyu

Ounfu/ng whwnkinubkph phnipwgpbpp whnjws Eo LEjnpudluqipuwmlml ughpbbph nwpumsdwb
wuydwihhbppg, dwubuynpuwbu' hwgnppnn b phpnibnny whnkhwbbph ol phlwé qEnbh dwlbplhngph
wqnkgnipiniiihg: Ywwnwpylky F BEnpudughhuwui aghpilph poyugdui qnpéwlgh hwoiupl wquun
nuwpwdnypjul  hwdbdunnnipyunlp’ hupyh  wnbhlny winkhuyhll hopdunuonkpnid  dhohll plpnijenil
niikgnn Fypypyuy Einn Jwlkplnyphg winpunupdws uyhpp:

Unwlgpuyhl punbp. Fijhyuy binn dulbphngp, whppunupdws uypp, whnkiughl thnpdwnupw, dhohl
plpnipinil, pnijuglul gnpsulhg:

E.S. Tagvoryan

EFFECT OF THE EARTH ON THE ANTENNAS’
PARAMETERS IN OPEN POLYGONS

The characteristics of the measured antennas depend on the propagation conditions of electromagnetic
waves, in particular, on the influence of the underlying earth's surface between the transmitting and receiving
antennas. The calculation of the electromagnetic wave attenuation factor relative to the free space is carried
out taking into account the reflected wave from an equivalent surface with the average slope of the terrain of
the antenna range.

Keywords: equivalent surface, reflected wave, antenna polygon, average slope, attenuation factor.
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UhPENULYSULANR(EG-3UL NLAMSNRY LELNRUTLENP UNYSLUYMNLNRULC
NsUL ONShNLLENh UPPUNU UL UbRNSNY

Tonp whnpnpmpyut wupdwbbkpnod bEpgpoidughl npnomdbkph Guyugnidp npuku pupy gnpdplpug, b
unfbjh F o puwppubnid GppEndpounjugphli phnpny  unnfumuwmplnippul wuydwhbbpnol:  1bhuwnp
ppinuyuniughplbph phhwdhuiul pinyph o jhptpwijnwbgnipui npnpund GEpppnidughl hwpnugsbpnid
wnlw nuppkp wkuwlh phulbph ghunwupldwl hunlup wibhpudkou b uowll) pnpuuwn Unplibkp: Vkplhuyugyus E
Qappnb-Lokph b Sugnidp-Qmnmp Ghpppnidughl dnplibkph phnjugbdudp pkuy owghnbbkph Jpw hpudinfws unply’
[Junp winpnonippul wuydwhbbpnid [hpknwininmbgnipyul npnpunid phinadpulwi bbpgpniduyhll npnonidikph
Juyugiwl hunluip:

Unwbgpuypli punkp. [hpkmuiinubgnipinil, Ghpppnid, finp winpnpnipinil, Unpljun/npnid, nkuy owghni,
onlykppnni il pupdnid, unnpuwanpl phliudhulwh Spugpun/npnid:

Ukpwbnipnii: Sknkjuwnjujwi-hunnppuljguljut  wbkjuunnghwubph uppipug wép dh pwpp
wnwybnipniutiph hbknn dbjnbtn h hwywm L phpmd  bwb  unp Yhphinuywntwhpubp:
Uhpkinuywnrbwhputppn upnn it wnwowbwy dh swpp wwwndwnubphg, npnup wyuwunwhwlub
uljqpniupny Yud nhunnwynpuy Jupnn kb wnwewgul) Yhpinwidunubgnipjut pwpinndutp b Juwuly
juquuljipynipjutt wbntjunduijut  bhwdwlupgbpp:  Ywquuljbpynipyut nbnkjunuijut
huwdwljupgbph pbd mnpus Yhpinuyuntiwhpubpp nwppbpynud tu ny dhuyt ppkug duny, wyp twb
Juumuuupnipjutt wunhfwiny: Niunh hwyyh wntbng Yhpinuyunbwhputnh pupg b uvninpuwunpl
pinypp juquuibpympub  wbpijunjuiot  hwdwlupgiph Jpu ppuig  puguuwlui
wqpbkgnipniip thnppugubint b phuljiph Wuqupudwit hwdwp twlwinpbt jupbnp £ udug
ninpunid tkpppnudught £hpn nuquuyupnipniiubph dowlnidh nt ppugnpdnidp:

Owuhuw; ukpgpoudubph  wpwudbwhwnlmpmutbpp:  Yhphpwiyunwignipjut  ninpunid
Juquultpynpjui  dkpppmudught npnontdbpt mbkh bpkp  hhdtwlwi  hwnlwihy:  Unweht’
htupun]np uyyuntwhpltphg plunn Uheunjuypp winpny t: Gplypnpn, Yhpbowi]nwbgnipyut npnpunid
Juwnwpuwd  Gkpypnudibp wdpnnompyudp wibpunupdbih kb Bppopn Gbpppmud juinwplyn
npnodwl wunbkhwdwdnipnitp bujwinpbu upbnp E:

Thunwplkup wyb nhwypp, Epp juqdulbpynipniup hwjyws t jhpwnk) jhpinwidunugnipju
nnpunid tkpgpnud. uunwplne oyghnt: Uokp, np wdjuy phwypmd ghunwplymd E wipughwn
dudwbwlny whpnype (¢t = 0): T-u hwhwgsh wqwpunh dudljtnt k hul jpipupubsnip t-h hudwp
hwuwibih nbntynypp tbpuyugdmd & (Q, Fp, (Foiso, P) wédnn dhpnpugus hudubwlubught
puqunipjudp: SYjup ghypnd  juquultpynipjut  (apnonud - Juywgunnp) phppopnonidp  nhuljh
wyuwndwdp skqnp L, hul swjuubpb ot judnintbpp ghulnbvwdnpdnud Bu (p > 0) gnpsulgny:

Ihpp tpdwsh hwpwndwdp puguyukp Gnpnnt-Tnkph [1, 2] b Swgnidh-Gningh [3] Unglykpp
hunp winpnonipjut wuwydwbubponud Jhpinwiunubgnipjut nppumd oywnhdw) uljqpuudwudjinny
ubkpypnudughtt ghttwdhjuwi npnonid juyugtint hwdwp: Lwpu pugniukup, np & uwyuntwhpp
npubinpynud k onll-ppnniyut pupddwts tdwbnipyudp.

dé; = (u+mo)édt + soédw, : 1
Lotlp, np (1) hwjuwuwpnulp (m=0) b (s =1) wuydwlbbph nhypnd [4, S5]-nd ghunwupydus
Epypuswthwljut ppnntyut sowupddwt hwnny nhwpt k:

Ujdd btupwnpbup, np Yuquulbpynipmpiip (@pnomd Juyugunngp) junp  wbnpnonipjui

wujdwbbbpnud  hphnwbidunubgnipjut npppund tkpppnid juuwpbnt hwdwp Ghpwemd |z

ukpnpynn gnudwpny hpufwb oyghnt: Bupwnpkup twl, np junp winpnonipniut wqpnid £ owyghnith
hpujwiugdwi wpyniipnid wnwgjus Ejudnunh Jpu (715)ss; = (v — S(z —v))A&, b np Jhdwyh
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thnthnjuwutp gpubnpymd £ onfb-ppnniiyut pupddwt bdwinipjudp: Uju phypnid ubpppdwt W,
wpdtipp ¢t dudwbwlnd b twjuwgsh wjwpnh T dwudwbwlny owyghnth hpuwjuwiwgdwb nhwpnid
hwjuwuwp Yhth EP uygwudbhp wpdbpht, npp wuydwbwdnpuwsé b hwjuwbwlwbuhtt P swhdwb
wundwdp ghuljntnnwynpdus tjuuninh hnuptph twwybu vwhdwiqus F, $hpnpnuing [6-8].

W(r, t) = EP [ [l ey — Sz — v))lfsds/}"t] = EP [ ftTe‘p(s‘t)nsds/Tt] : @)

Uju hudwwnbpunmd juquultpympmniip whwnp t npnoh Yhpknwidunwiquihtt twhiwugénid
ukpypuwl owghnt hpuwlwiwgibim owwnhdw] wwhp ¢, t'€[t,T], nph hwdwp nfju yhypnid
Yhpunynid E unnfjpwunhly nphttwdhjuljub spugpuynpnidp [9]: Uju yquydwbbbkpnd Bupwunpbup, np
nbntjunjuiut  hwdwlupgh v junghjhmpniutt ot Yhphnwtunuwtiquyhtt  juwpwpnidutphg
wnwowgud npudwlub Ynpniunbkpp Jupgws sk dwdwbwlhg, hull Yhphrwigunuignipiut
wywhnydwt hwdwp tkpgpoudp ¢ dudwbwlnud junwupynud E dhuygt By wiqud: Unwugynud E, np
S(z,v)-u unyuwbu dwdwbwlhg Yuwppduws sk Zhknbwpup &0 b 7-b Wqwpugpyonud Bu (1)
hujuwuwpdudp tbpuyugdus unnpwunhl nhtpkughw hwjuwuwpnidng.

dnt = (,u + ma)ntdt + SO'TL'td(,Ut : (3)

Uju phypnd Yhphnwifuubquhtt twjuwgsh hwdwp phebu shpulwbwugqus ukpgpdut
owghnip ¢ dudwbwlnid jupunwhwjnygh hinbyu YEpy.

T
— P —p(s—t) _ p—p(t'-t) .
/A max E Uu e meds — e z/F, 4)

Bpp ubpppouduwghtt twpwgsh wjupup bhpudws st (bwpuwmghdt widbpe E), wwyw
hwoquplutipt wykh htipwn G, b upnn Eup nhnwpyt] hbnlyjw) hwuwnwwnni dnnbyp [6].

W(T[t’ t) = f

t

Ulgtponipjut quplush phypnd jhpinwbidunwignipjui njnpunud ukpgpnidughtt twjuwgsh wpdtpp

wttpe tlwdnintbphg uywuybihp vnwinupn wpdtpt k, npp Jupkbh b ukpjuyugit) hbnljuw Yepy.

¢

W(r,) = : 6

D=0y (6)

unp winpnonipjutt puguljumipjut ghypnid, Jhpwnkng bunh (Eddp (6) hujuuwpdw

hwdwp, junwbwp htnbjw) hwjuwuwpnudp.

AW, = uW,dt + oW, dw, : 7)

T
meexp(—(p — u)(s — t))ds = pnT‘# (1—e~(-wT-0Y . 5)

zupl E ok, np onyb-ppnnitywit junp wbnpnpnipniip dwpuhdhtt winpnonipinithg wwppkpynwd k
upwuny, np  onlb-ppomiyuit junp wbnpnompjut ghypmd  p-h b o-h tinjuwupk
hudwywunwupwbwpup Ynibktwbtp g +mo b so: Munp (7) hwjuwuwpnudp Yupnn Eup Jbpgply
htwnlyuy Yhpy.
dW, = (u + mo)dW,dt + soW,dw;: (8)
dtpp tpdwsh hupundwdp junp winpnonipjutt wuydwitbpnud (6) hwjuwuwpnudp Ynibkbuw hbnbyug
wnbupp.
Tt
p(urma) ®)
Ulftponmpyut Jupljush hudwdwgt hphpwfunwigmpjui npnpumd akpypmd junuptyne
owghnuh V; wpdbpp jujudws b dhuy Wi-hg: Nbunh uwyt jupkh E unwbw) hbnlyuw uvinnjuwunhy

nhtwdhjuub spugpuynpdw jpunnph jnisdw thongny [10].

V(W) = max{W, — z, EP[dV,|F ] + V(W) — pV (Wp)dt} - (10)

Ujdd uwhdwukip Yhpinwunuignipjut njnpunnid oyynhdwy wkpppnidubph wnwbdiwhwnlnt-
pntuttpp: Cuwn wynd, twh vwhdwbbip W* dhwl Yphinhljuwb wpdtpp, nph phwpnid owghnip
ppuluwiwg]md t dhuyh ni dhuyh wyl ghypnid, pp W, = W*, hwlwpwl nhypnid  owghnbp
supnibalynd E - uwhdwibim] wbpighun nkghnt (continuation region), npukn W, < W*: (10)
hwjuwuupdwi wy dwumd wpwehl wpnwhwjnnpmiip (W, — z)-p, wljw wuwhhi Gppponudughi
owghnith hpwlwbwgdwb wpdbp t, huy bpypnpyp’ uywudwb wpdbpp: Upktp Gwb, np (10)

W(m,) =
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hujuuwpdwt wye dwup bEpynt wpnwhwynnipmiit ) wbpighwn nkghninmd whkwp Lt hpup
hwywuwp (hikl [8]: Nhunh
EP[aV,|F] = pV (W,)dt: (11)
Zupyh wnbbng wyt hwbqudwbpp, np V-u wipughwn nkighnunud Yplhuwlh wswughkh k b
V'>0, dV(Wy)-h pupuyidwi bhwdwp bunh (Eddh Yhpwndwdp dphwynping 8) U (11)
hwjwuwpnudibpp jnipupwbsnip dt-h hwdwp juinubwip.

1
dv, = V' W) ((u + mo)W,dt + soW,dw,) + > (sa)2W2V" (Wy)dt: (12)
UoJws hwjuuwpnidhg pjuntd E htnbiyuy Eppnpn jupgh unynpuljub nhdptptughw) hwjwuwpniudp.
1
5 SOPWEV! (W) + (u +ma)W,V' (W) — pV (W) = 0: (13)

Lwtth np W*-p owghnuh ppwjwbwugdwut Yphnhjuljut wpdtpt b, ntunh Jtpp tpduws hajuuwpdw
nddwt hwdwp phinwpytup htnbjw) vnwinupn vwhdwbwhtt wuydwibkpp [8].

V(W) = W* -z, (14)
VW) =1, (15)
FO0)=0: (16)

Ihpp woywsh hwodundwdp V(W) b W* wpdbtpubtpp whpunhwn nhghnunud Jupbih Eunwbw htunbyug
Ytpy.
17)

z 1-a

v(W,) = (m) aTWE, W, <Wr,
a

W = (18)

= z
a—1"

huly owghntth hpwljwugdwi phghnuntd’

VW) =W, —z, W, =W* : (19)

‘Uoklip twily, np a-tt hwuwnwwnntit £, nph wpdbtpp Yupdws k g, p, 0, c yupudbtnpbtphg:

2
— <(u +mo) — 21(30)2> + \/{(,u + mo) — % (sa)z} + 2p(s0)? 20)

(s0)? '

a =

npnbnm=2c—1lus? =4c(1l—c):

Bopulugmpinit: unp winpnonipjut wuydwtbkpnid tkpppoudwghtt npnpnudubiph Juyugnudp
pupn gnpépupwg b, npu b wdbih b opwppuiunud Yhpiodhowquyphtt punpny uninpuwuwnplnipjut
wuydwbbpnud, nunh  junp  winpoonmipyutt yuydwibbpnd  ghtwdhjuljut  bkpppnudught
npnonudutinh jujugdwt hwdwp wihpwdbon b dowll] pnpuwun dnghjutp: Uju hwdwwnbpunnud,
Yhpindhgwduypnid wnijwu junp winpoonipjut wuydwbbtpnud tkpgpmudutph dnpbjudnpoudp nbuyg
owyghnuutph dhongny Jupnn b tyyuwunt] Jhpinwbidunuignipjut npnpunid oyynhdwy tkpppnidught
npnonudubinh uyugdwp:
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A.I'. I'puropsin

MOJIEJIMPOBAHUE MHBECTUIINIA B COEPE KUBEPBE3OIIACHOCTH IYTEM
INPUMEHEHMUS PEAJIBHBIX OIIIUOHOB

Tlpunsamue UHBECMUYUOHHBIX DeuleHull 8 YCAOBUAX 21YOOKOU HeOnpedeneHHOCMU, ABNAACL O060TbHO
CHLOJICHBIM HPOYECCOM, CMAHOBUMCS 6ONIee CNOJNCHBIM @ CMOXACMUYECKUX YCIOBUSX, KOMOpble XapakmepHvl OJis
Kubepcpeowl. I[losmomy 0ns uccrnedosanus OUHAMUYECKO20 Xapakmepa Kubepyepo3 u pasiudhblX U008 PUCKOS 6
UHBECMUYUOHHBIX Npoekmax 6 cghepe Kubepbezonacnocmu HeoOXooumo paspabomams pobacmuvle moodenu. B
cmampe Ha OCHO8e PealbHbIX ONYUOHO8 NPeOCMAGIeHa PACUUPEHHAS UHGeCUYUOHKAs Modenb T opoona-Jlosba u
Tayymu-I'omo, xapaxmepusylowas npuHamue OUHAMUYECKUX UHBCCMUYUOHHBIX PeueHull 8 YCI08uax 21y00Koll
HeonpedeneHHOC.

Kniouesvle cnosa: xubepbesonacnocms, uneecmuyus, 2iyooKas HeonpeoereHHOCmb, MOOeauposanue,
PpeanvHblll ONYUoH, WoKe-OPOYHOBCKOe 08UICEHUE, CIOXACMUYECKOe OUHAMUYECKOe NPOSPAMMUPOBAHLE.

A.H. Grigoryan

MODELING OF INVESTMENTS IN CYBERSECURITY THROUGH
THE USE OF REAL OPTIONS

Investment decision-making under ambiguity is a complex process, which becomes more compound in
terms of the stochastic nature of cyber environment. Therefore, development of robust models is needed to address
dynamic nature of cyber threats and various types of risks existing in cybersecurity investment projects. The article
presents a model for cybersecurity investment decision-making under ambiguity by the extension of the Gordon-
Loeb and Tatsumi-Goto investment models based on real options.

Keywords: cybersecurity, investment, ambiguity, modeling, real option, Choquet-Brownian motion,
stochastic dynamic programming.

Qphgnpuiu Updwtu <pwuwmh - 22 M0 Mwrnyuwbwlub wqquihtt  hbnwugqnuuub

hudwjuwpwh Uqquyht wibduuwbgnipjutt  punuwpwluwinipuit b wnbknkjundulut-
hunnppuljguyhtt nkjuuninghwubtph YEunpnuh whn
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T.Jd. Unwpbljw

urcdhv 6MRUUNULSL <6SEYN LNMUURGUINRL SYh

Uowlyky F snpu wplhuyhll BEGEonabph hApfwl Jpw wupqugnyl jupmgywdpny wplpl Epliunubgp
hlwnlng jnruwqquynil wnfps: huownuyhl wuydwhbbpnud wplbughl juywiap Ypw hnpdupynidiakpp gnyg ki uifky,
np uyl upng Fhgunnky jugubh wopamwbpuyhl wpgm buknmppat dpbsh 8 % dkSwgilmip:

Unwigpuyhl punkp. niuuqquynti uifhs, wplbuyhl b EdEnn, wplpl Eplpunubgp hlnbnod:

Uplught  Yuywbbubkph htwpwynp wrwjbjugnyt | puuwptunud, hbknbwpup  twl’
Eutipgbnphluljut  hqnpnipjnit - wwwhnydbnt  hwdwp  ppwlwbwugynd £ ppubg  dhwnwbgp
(ughuninught) Jwd bplupwbgp (wghununught b qkihpuyht) wplht hknbmd oquugnpstyng
Intuwqquynitt nghsukp b wunnng vwppuljuqu [1-3]: Ukp Ynnuhg dowldt) Ep wpluyght fedbunbbph
(UE) hhdwl Jpu wupqugnyu junniguspny wpbht htnbng niuwqquyni ndhy, npp punugus kp
Epynt ptp (mhdwgyht) b JEY hnphgnbwlwb  (phynitupuyght)) dbnwunulut dhounpdubph Jpu
nbnujuydws dhwidwb UE-ubphg: Yhduwghtt Uk-ukpp bwpwwnbudws tht wpbh ghpph npnodwi
hwdwnp, hull phyntupuyhp’ gpduws Sunwquypdut wqptgnipjut pugundw b wpwynnjut wphuygh
Juyuth gopdwplfuwtt  hwdwp [4]: Uhgunpdutpp Swpuynid Eht npwbu  obpdwgphy U
hnuwbpwhwnnpphy: Uswdwd wndhsny hpwwbwgynid tp juywih dhuyb wpbhtt wqhdnunught
htwnlnd: Uplht twb qhuhpuyht hbnbdwt hwdwp withpwdtown £ Yhpunt] jpugnighy (ntumqquyniu
wyhg, npp, pbwjuwpwp, Yhwiglkguh wpbwhtt juywth huptwpdtph dkdugdwnp:

Unwownlynud £ snpu UE-ubiph hhdwt pu wpbht Epjunwigp htnbing (niuwqquynits inghy, nph
Jupnigudpp wuunlbpdws b oajupmd: Ugh pwnwblymb pmpg b npnbty (1)-p hhupt k(2
ynnutughtt thunbpp, @)-p L I, VI b V-p' Ghunbph ypu nbnulupuws Uk-ikpp (Wqupnid gnygg sh
wnpJwd hhupht nknuljuyJws III UE-p):

B
Uly. Lmuwgquynili nfhsp Junnigfudpp. w- panhwinip wkupp, p— ypmklighwl

Lntuwqquynit idhsh wppuwwnwiiph Enipynibip hbnlyuyt £ Uk-ubph EEjunpudhqhului
wupwdbnptpp Jupdws Bu gputg Jpuw pulung wpbhughtt fwnwquypdwt hnuphg, hul wphuyght
Jujuth wuwunn uvwppuluquhit wpynd o wqpuiowt dhuyt wdju; yguhbhht wnwydbjugnyt
EEjunpudhghjuljut yupudbnptp nutkgnn UE-hg: Unndtught thunbph Jpu mbnuljuyus I w II UE-
utph LiEyupudhghjuwmb yupuwdtnpbph wpdbpubph hwdbdwwnnipjut wpgniupnid wghuninught
wuunnn vwppuljuquh dhongny Juyuip npnowlh wunmhfwing jyunundh we Yuwd dwpn dhish wyy
wnwppbph LEjnpubhqhjujut yupudbnpbiph hwjuwuwp wpdbpubp uvnnwbwgp [4]: ‘Unyt uqpniipny
IV u V Uk-ukph hhEyumpuwdhqhjujwb wwpwdbnpbph wpdbpubph hwdbdwwnnipyui wpyniipnd
qhuhpuyhtt wunwnny vwppuljuquh dhongny Juywp npnowlh wunhfwiny juyunudh Jbph jud akppl:
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Upmyniupnd jhpujwiwgdh wpbujhtt juywih dhwdwudwbwl wghdnunuwghtt b qhuhpughtt wpbht
htwnlnud:

Zhupht mbknuiuyws III UE-hg opju pupwugpnid juywuih wghuntnuwghtt yynnng uvuppuljuquh
wqnuiowl sh mpynid: Opdw Yyhpenmid pojnp UE-ubpp Ynibbbwb HEjupubhqhjulut qupudtnpkph
qntipt dhliinyt wpdbtputp, nph wpyniupnid wplwght juywbp gholipu pupwgpnid Ygungh wpwpd
Jhdwlnud® phpyws nhuyh wpluninp: Uplwdwght III UE-h EEyupudhqhjujut wupwdbtnpbkph
wpdbiputpp Ygbhpuquigkt Upniu UE-ubph wwpwubnpkph wpdbpukphtt b wuwnnn vwppuljuqdi
widhpwybu wplughtt juywihtt Yuyunwnh £ 180%-n]" wpluninphg nbuyh wplbp, b jhwunwngh
wplwghtt juywih wipunhwn wplht wghudntnuwght b qithpuyhtt hbnbdwb nkdhdp:

Lotuwqquynitt ndhsh wpjuwwnwiptt puin Uk-ubphg unnwugynn pnjnp htwpwynp wqpubywikph
Jwpnn kup ubpluwyugut] hbnljw) wnnruwlh mtupny:

Unyniuuyy
Lntuwgquyni i nnifhsh wppiuninulipp
I Uk 0 0 1 0 1
I UE 0 0 0 1 1
IVUE 0 0 0 0 0
V UE 0 0 0 0 0
III Uk 0 1 0 0 0
Onju dudwbmljuhwwndusp Qhotip Uplwdwg 8hnkly 8hpkl 8hnpkly
Ughuniinujht yyinnnn umppuljuquhy o
wpnn hpunfutp Ulpwpd 180°%-ny Quiju Uy Ulpwupd
Qtuhpwjhtt ynwnny vwuppujuquht
i hpudwbp Ulpwnd Ulpwipd Utpwpd | Utpwpd | Ubpwpd
| UE 0 0 0 1 1
11Uk 0 0 0 0 0
IV Uk 0 1 1 0 1
VvV UE 1 0 1 1 0
I UE 0 0 0 0 0
Opju dudwimljuthwinyusdp 8hpkl 8hpkl 8hkpkly 8hpkl 8hkpkly
Ughuntuinuyht ywnwnnn vwppuljuquhin
wpnn hpunfutp Ulpwpd Ulpwpd Ulpwpd Quiju Quiju
Qkuhpwyhtt yunwnny vwppuljuquht
wnpnn hpundwiip qhnph ‘Ukippl Ulipupd qhpl ‘Lkppl
| UE 0 0 1 1 1
11Uk 1 1 1 1 1
IV UE 0 1 1 0 1
VvV UE 1 0 0 1 1
11 Uk 0 0 0 0 0
Onju dudwbimljuhwwndusp 8hpkly 8hpkl 8hnkly 8hpkl 8hnkly
Ughunuinuyhtt ywnwnnn vwppuljuquhin
i hpudwbp Uy Uy Ubpwpd | Ulpwpd | Ubpwpd
Qtuhpwjht ynwnny vwuppujuquht
wnpnn hpundwiip dhnph ‘Ukppl ‘Ukppl qhnpl Ulipwpd

Lntuwqquynitt ihsh twpiwnhuyp yquwnpuwuwnyty k0,25 4w (10 o X 25 «U) hqnpnipjudp 35 X 55
Ui sahubpny puwqUupmipbnughtt Uk-ubkph hhdwb Jpu: Ohdwlwt hwwlubkpp phyntupught

dwljkpunyph Ypw tht: Npybu yuunnn vuppuljuquhtt wqpubpywt dbuwdnpnn EEjnpubhqhjuljut
wuwpwubnp ptnpdt £ UER-h upd Jhwgdwt hnuwbpp, npp hwdwpynd £ UE-h wdkiiwqquynit
wuwpuwdbnpt wpbuwghtt Swnwquypdwt hnuph tjundwdp [1]:
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Syhsh thnpdwpynidubpp Juuwpdl] Bt guonwhtt guydwbubpod  “Fupdw®  hunjughnt
JEunpnunud nbnuljuydws 5,0 § 4w npduspuihtt hqnpnipjudp wpbughtt juywith Jpw, npp hwdwpdus
Ep Epjunwtigp yyininnn uwppuljuquny [5]:

Uplhtt dhwpwiugp U bEpljunwbgp hbnbng (nuwqquynit wdhsutiph  hwudbdwnwlub
hbnwgnuumipjniiibpp gnyg Lt twjhu, np wpwewplyws nruwqquynit ndhsp Jupnn b bhywunty
Juywith wounwipuiht wppnibu]Ennppui’ dhish 8 % dhswugdwbp:
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JI.B. Ara6eksiH

CBETOYYBCTBUTEJBHBII JATYUK JJISI ABYOCHOT' O CJEKEHUS 3A
COJTHIIEM

Paspaboman ceemouyscmeumenvhviii 0amuux NPOCMO KOHCMPYKYUU HA OCHOBE Yembipex
COMHEYHBIX DNIeMenmo8 01 08yocHo2o caedxcenus 3a Connyem. Mcneimanus 6 nonesvix yCioBUsAX Ha
COTHEYHOU CIMANYUY NOKA3ANU, YMO OAMHYUK MOJICem CHOCOOCMB08amMb YEEIUYEHUIO IKCNLYAMAYUOHHOU
agpexmusnocmu cmanyuu na 8%.

Kniwouesvie cnosa: ceemouyscmaumenvhvlii 0amyux, COMHEUHbIU dNEMEHM, 08YOCHOe CNedCeHUe 3
Connyem.

D.V. Aghabekyan
A LIGHT-SENSITIVE SENSOR FOR THE SUN TWO-AXIS TRACKING
A light-sensitive sensor of a simple design based on four solar cells has been developed for the Sun
two-axis tracking. Field tests at the solar station have shown that the sensor may increase the operational

efficiency of the station by 8%.
Keywords: light-sensitve sensor, solar cell, the Sun two-axis tracking.

Unwpbljwt Ywdhpe dwibph - wuyhpwiun 2UMN2)

490



ISSN 1829-0043 <U3UUSULP AUMSUrughsuuulL ULUIEUNLUSh LPULEE (KBUL). 2017. £.14, N2 3

<S1 616-073:616-006.4 £hUhUuuUl, UELUULULUUUL BU
ALUNULMULUUUL SElvLNLNGhULEN

<.4. Uwpunnjut

LU3NhL PRASNMLENP OGSUANrOUUL NPNT NRLLNRE@3NRLLEMP UUUPL

Uppiunnublipp  wjppyws F o dp  pwblp GJuynili  pgnunnghlph  wpnpowwywhwlwlh o wnlnpughi
pwhwlnipudp [hpundwl ubnhpalphl: FEpyjws b ouyn pgnunmghbph vnugdwl I ogqunugnpsuwin wpnh

bqupugfpp:
Unwugpuyhti punbip. juynil pgnuinnyblp, hgnunnwblph hwupunwgnid, oguuugnpdnrd pdolnipui Uko:

bPqnuinyutp b Ynsynud dhltiing phdhwlwt wwpph wnndh wji mwpunbuwlubpp, npnbp
hpwnhg nwppkpynwd Eu vhpniymd wupnibwlynn bbpnpnbubph pyny: Funipjut by hwunhwnud ku
hswhu Yuymb, wjigbu b wiumb pwnhnwlnhy hqnuinwbbp, npnig wnndubph dhemlukpp
huptwpbkpwpwp thnjuwlipyynd G’ wpdwllng npnpwlh dwuhyubp:

bPqnuinwubkpt niukt puquuphy Yhpwnnipmpibibp vmuppbp npnpubkponud, hbnbwpwp  npubg
wpununpmpjul jpughpp wepwydl] pwt wpnhwlub

Pgnunnybkph  Gppwpnipmbbkpp. Lhdhwlut  wwppbph mwpunbtuwl  hgnunwiubpp  uyt
Yhpwnpnipnit b gl ghunnwluwb hbnwgnumpmoibubpnd,  wpynibwpbpnipjui b
gnuuununbunipjut puquuphy ptuquyunutpnud, dudwbwuljhg jEhuwpuinipiut b pdolnipjut
uUbg [1-3], opowjw UhpwJuyph b pphwljut hknwgnunipniubpnud:

Yuynit hqnunnyubkpp dhonijuyht Eubpginhljuynid mubt puquuphy hpwpnipniuubp, npnighg
k.

*+  Npubu Junbthp URY-ubkph b phe twjwgsynn obipdwdhonijuyhtt EEjupuljuyubph

hwdwp:

*  Swippbkp hgnuuinwubkph Ynnuhg ubpnpnuubph Juutdwh hopp jud, hwwnwlp, ks Juupdwsph

Jpu hhdudws Yhpwnnipmibikp (ebwlunpubph junnigdwb dby shttwpwpulub wyniphn,
ubjpnpnuubph Yuwthsubp b nuununtgnighsutp):

+  Upwqugnighsubipnid b nkwlunpubpnid dhgnijuyhtt nkwlghwubtph dhgngny hqnuinukphg

wy] Juynit jud pwnhnwljnhy hqnuunyutph unwgnid:

PJupywsutpny skt vwhdwbtwhwlynid hgqnunybbtph wppbt gnmpnit nibbkigng b oy
htiwpwynp oguuugnpddwt nnputkpp: hnwljut hbnwgnunipnibabpnid hwdwp  wihpwdbyn L
1hunwd muppkp mupptph hwqugnin hgnunnwubph ny Uké pwbwlmpniuttp’ nupkjut qpudutph
Jwd dhihgpudutph Jupgh: dpw htn dhwuht, dhgnijuyht tubpghbnhunud, pdoynipjut dke b wy
phwquunttpmd juyunpk oqunugnpéynn dh pwpp hgqnuinwubph wihpwdbon wpunwunpnipmniip
Jupnn Ehwubt) dptgh Yhingpudubph jud nyuhul] wunttwbph:

bPqnuinwubpp (uyunpkt Yphpundmd Eu pdolynipjutt dke [3]: Uuynitt hgqnuinuyubpnd todus
dvhwgnipnititbph  wpwbmpiniubpp, hwdbdwwnws pputg pwunhnwlnhy wbuwlubtph  hbwo,
puquuphy tu: Udkih Juplnp b ayl, np wwppbp uynit hgnuinwubpny tpdws dh putth dnjklnyukp
Juphih £ ubpunpyl) dhlitingt unmpyiljnht, wnwig hbnwgqu hbnwgnunnipniuubph hwdwp Juwuh:

Unipuihnuubtwlnipjut nkuwblniuhg tipkpuljuyht tbpupynidhg jud wpunwphb pugniunidhg
htinn Juynitt hqnuinybbpny toqws dUnjklnyubpp (tracer) skt wwpphpynud hEwwppppnipinit
ubpuwyugunny hwdwpdbp stpgws dhwgnmpniiiiphg (tracee): Uhwignipjut bniputhnpumbtimljuyhte
Juppp npuljuybu b pwbwlwwbu ghwhuwnmd b swihbng togws wnndibph hwpwpbpulwi
nwpwsyudnipmnitp  W/jwd  swhbing dwdwbwlh phpwugpmd npubg nipwhnwbwlnipui
htwnbwupny wpwomugwsd dhwugnipjniubpp: Loqws dhugmpinitibph hwyntwptpynng quiquéught
wnwppbpmpjudp Jupbh b dwu-ugbupndbnph jud  ququyhtt ppndwnngpudh  dbpnnubpny
Jhpnusnipjut upuplt] wyiuquuihg hwtws dhwugnipiniutbpn:

YQuynit hqnunnyutipt ogunnugnpdynid Lo phnugnpénipjut dke * wwppkp whwh ninudhengutph
wqpbgnipjut swithp jud mhyp ghwhwwnbnt hwdwp: Oqguugnpsynid u twb ginudhongubtph Yud
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ntnuuhgng wnwpny (ptyh opquihquh Ynulptin mnudwu) hwdwlwupgbph jEuuwhwuwibjhnipjut
quwhwwndwt hwdwp:

Quynih  hqnuinyukph  oquuwignpénudp quytt Jhpwempmit B qubp pphufub
htunwgnunipymibtbpnud, ounphhy hgnuinuyujhtt «dwntwhbwnph», npp hwdwpynd b wpdipudnp
hupnpiwmghw: Gnjnipynih nik Uh pwipp hqninnuiikp, npnip hwinjuygbu hwpdwp kb §nipkn dunogh’
htwnwppppnipmitt  tkpfuywging  punipughpp Yuqubint tywuwlng hgnuinyuyhtt whwjhqubkp
Juuwpbnt hwdwp:  Ubwhqubpp wjuwinuliuit jhpyny YEutnpniwinud Bo wybiyhuh mupusyws
Juynit hgqnuinujubph hwpwpbpulgnipniutbpp npnobnt Jpw, husyhuhp b opwsth, wshuiwsuh,
wqnuip, ppYwdth b &&uph Juynit hqnunnujubpp, stuyws np ju twb wjiyhuh hwqunty hqnunnuyukph
Yhpwonipjub Yuphp, htsyhuhp Ll juwyuph b wvinpnighnidh hgnuinuyjubpp: 8nipwpwgnip wwpphg
punjusd hudnplughwi mipuwhunnty k, b hwmdwntndus dbkjtwpwigbnt nhypnid dh junidp mwppkp
Juynitt hqnuunyubiph hwpwpbpuygnipnitubpp upnn b wpudwunpl) tdnwph JEpupkpuy wytyhuh
hubnpdwghw, npp htwpwydnp skt wnwbw] npbl wy phdhwlub  nywljubugdwt  dkpanubp
oquwugnnstihu:

YQuynit hqnuunuyjubipp hblnwgnuuljut b jhpunwlwb tyuwwnwliutpny htwpudnp £ oquugqnpsty
thuyt wjt dwudwbwl, Epp hgnunwyuyhtt Jhwgmpmibbipod  gputp welu Bt wybuyhuh
puwlwlnipniiitpny, npnup phy pt 2w wwpphpynud G punipjut dby gqnmipjnit nibkgnn
pwiwlnipnibiipnhg: Uju wuwwdwnny k] Juynit hgnunwubph wgwnnidt m hwpuwnwgnidp nputg
oquugnpéudwt hwdwp withpudbon twppwwyuydwt k [4]:

YQuynitt hgnuinwubp Ynpgnud Eu puwlwb wwppkphg, hull punhnwlnhy hgnunyubpp
hhdttwljuinid  vnwind B dhgnijuyhtt phwljghwtiph oqunipjudp, npnup hpwljwbwugdnid tu
wphtunwlwt Equwbtwyn]' wpwqugnighsutph Ynnuhg unbnddws dbs tubpghuyny dwuthlubph
thugtipny wqnkny hwdwwwnwuppwb tmuppbph pu:

NMnqhupnb-tdhuhntt ndngpubhwtn (MES) dwpnnt ubpphtt opquutiiph nwinhnuniljhnuyht
hhnwgnunului dbpny ' hhdjws qnyq y — puinibph gpuibigdwb pw, npnbp wpwewimd ki
wnqhupnbiibph’ opquithquh  hymuduspubph  HEjupnbutph htwn wihghyjughugh dwdwiwl: buly
wynqhupnuttpt wpwowtnid ki hbwnwgnuinipjut hwdwp opquiuhqud dwngpws nwnhnuniyjhnh p-
unpnhdwb dudwbul:

Uuwnpl tbplujugynid k uh putth uplnp uynit hgnunnwyubph hpunnipniup pdojuljui
bywwnwlutpny:

Unyniuwly
Li, G O, Mg, Mo, Xe, Te — phupuljulr unupplphg pdolumlul byunnulng pgnunnybph uinwgnidp b fhpunidwl
mnpmunbkpn
Chvhwlwt | Guymb Yhpunmpimtkpp Swpwdjubnip-
wnwppp hqnuny- jniip (wwnnd %)
ukpp
1 2 3 4
Li 6Li, 7Li 6Li — Qtpdwuhenijuyht Eukpghwh unwgnud: 3H hqnunnyh ¢Li-7.59
wpunwnpnipinii: 7Li-92.41
7Li — Rdoympjut Uk oqunuugnpdynid k {hphnidh juppntiwnh hhdwt
Ypw huunbyptuwghtt ninudhengutp wwwnpwunbnt hwdwnp [1]:
’Be hqnunnujh wipnnunpnipnii:
12C, BC 1BC -Opquiuwljutn phuhuyhtt ykpwpkpnn hbnwgnunnipniuibp,
uUnjkynyuyghtt jupnigwsputiph, ynipuhnjwtwulnipul,
C Upkppubph tnywjwugdwl, onh wnunnudw, Yjhudugh
thnthnjunipjut ntuntdbwuhpnipinitibp: 12C -98.93
BN nunhnhqnuinuyjh wptwnpnipinil, npt oginugnpéynud £ NES BC-1.07
htinwgnumpiniiubpnud:
160,170, | 60- [tunhnwljnhy BN-h wpnwnpnipinib:
180 Y0-zEnwttljupuyht £ npyjtiu hgnunnwuyghtt hunhjuwnnp
o oqunugnpéumt hwdwp * nmntnh Ynnuhg pedusih jnipugdui 160 - 99.757 (16)
ypngbuh niunidtwuhpdwt dudwwl: 70 -0.038 (1)
80 -Uté pwlwlnipniuutipny oquuugnpsynid k 18F-h 180 - 0.205 (14)
wpunpoipjui hwdwp: unhnwljnpy ¥F —p oquuugnpdynid £
pdoynipjut Uke ninnigputph nknujuugdw b nuljpuyht
Ubknuwunwqubph wpnnpnodwi hwdwp [2]:
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Unymuwlh pwipniinulnipiniip

1 2 3 4
Mg, 2Mg — Ukpinpntukipnh uybkljnnpubph suthnudubp:
Mg, BMg - 22Na nunhnuntyjhnh wpnwunpnipni:
Mg Uwpnnt opquithqunud dmqubkighnudh iubdwt b
Mg niputhnfuwulnipjut ntunidbwuhpopnitbp:
Unpunwjhtt hhquunmpiniuubph ntunidawuhpnipniubp:
Zhwnwgnuinieniitkp vhonijuyhtt $hqhljuynud: 24Mg- 78.99 (4)
26Mg - Al nunhnunily hnh wpwgpnipinii: Mg - 10.00 (1)
Uwpnnt opquhqunid dwqukqghnuth futdwi b Mg - 11.01 (3)
nipuhnjuubtulnipjut nrunidtwuhpnipniitibp:
Upwughtt hhduunnipniiubph nuunidiwuhpnipeiniatbp [3]:
Mo 92Mo,*Mo | %Mo - *Tc nunhnunilyjhnh wpnwnpnienib: Mo - 16
%Mo,*Mo | Mo — Upljuwljh f ipnhdwt ntuntdiwuhpnipniitp, *Te %Mo —-9.0
%Mo, Mo | nunhnuniljjhnh wpnwnpnienii: %Mo - 16
100Mo #Tc - polnipjut Uk oquuugnpdynid k oiljninghwuljui %Mo - 17
hhjwunmpnibubph pniddwb tyuwwnwlny [4]: %Mo - 9.0
%Mo - 24.13
100Mo - 9.63
Xe 124Xe, 124¥e — oquiugnpdynid L 12°] hgnuuinuyh unwugdwt hwdwnp: 124Xe - 0.096
126Xe 15] polynipjult Uke oqunuugnpdynid £ olninghwljute 126Xe - 0.09
128Xe, hhywunmpinitubph pniddwt hywwnwlny: 128Xe - 1.9
129Xe 129Xe -26
130Xe, 130Xe - 4.1
ISZXe ISIXe -21
134X e 132Xe - 27
134Xe - 10
136Xe - 8.9
Te 120Te, ¥Te—n oquaugnpsynid k ¥ Te hgnuinyh unwgdw hwdwp, huly 120Te - .089
122Te Ytpohtiu oquuugnpdynid k B hgnuunuyh unwugdws hwdwn: 12Te -2.5
124Te, BIJ ogunugnpdynid £ polynipjui vbp Juhwiwghndh wjunnpnodwi b 124Te — 4.6
125Te porddwt byywnwlyng [5]: 15Te-7.6
IZGTE, 126Te - 19
128Te 128Te -32
130Te 130Te - 34

Udthnthbny uokup, np pdolnipjut ke hqninnuubiph Yhpurnipjut tkpjuyugyus guulp Junpkh £ ipup
supnitiwlk;: Ujuop nwnhnunijjhnuyhtt hbnwgnunmpjut dbpnnubpp jugunpkt Yhpwnynd o qghunwlut b
wpwlunhl pdoympub puquuphl mnnnipmiaikponud, hiswhuhp ki nenigpupminipmnibp, upnupubimpnip,
upnupwinipniip b wy b
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A.I'. Maprosin
O HEKOTOPBIX HAITPABJIEHUSX HCITOJIb30BAHUSA CTABUJIBHBIX N30TOIIOB
Paboma noceswena eonpocam npumeHeHus HECKOMbKUX CMAOUTLHLIX U30MON08 MEeOUYUHCKO20 U
KoMMepyeckoeo Hasnavenus.IIpedcmaesneno cospemennoe cocmostue noayueHus U UCNOIb308aHUsL SIMUX U30TNONO8.
Kniouesvle cnoea: cmabuivhvle uzomonsl, obocawenue u30monos, UCnoab308anue 8 Meouyune.

H.G. Martoyan
ON SOME DIRECTIONS FOR THE USE OF STABLE ISOTOPES
The work is devoted to the problems of using several stable isotopes for medical and commercial purposes. It is
submitted the current state of the obtaining and use of these isotopes.
Keywords: stable isotopes, isotope enrichment, use in medicine.
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Cmambu npeAcmaBAsiom Ha apMSHCKOM, PYCCKOM U aHrAUUCKOM fi3bikax. Wpudpmsl: apMsHCKUU —
Sylfaen (pasmep 10), pycckud u aHrauuckuu - Times New Roman (pasmep 11) mexcmpouHbil
uHmepBsaa — 1; dpopmam cmpaHuLbl — A4, pabouee noae - 165x252 Mm; noAs caesa — 25 MM, ceepxy — 20
MM, cnpaea — 20 MM, CHU3Y — 25 Mm.

B BepxHel cmpoke 1 — ro Aucma B A€BOM YraAy ykasbisaiom YA K coraacHo cmaHaapmy (MUHUMYM
6 uudp), a B npaBoM — pa3neA cbopHuka 3araaBHbiMu Byksamu (Bcs cmpoka — bold, pasmep 11).
CmpokoU Huxe, B cepeauHe, ykasbiBaemcs W.0. Pamuaus asmop(os) (cmpouHbiMu byksamu, bold,
pa3mep 11). Ha ABe cmpoKu Huxe — B cepeuHe, 3arAasHbIMU Byksamu Ha3saHue cmamsu (bold, pasvep
12), ewe Ha 4Be CMPOKU HUXE — aHHOMAaLUsi Ha fA3blke cmambu C KAIOUEBbIMU cAoBamu (pasvep 10,
Italic). Uepe3 aBe cmpoKu aaemcs OCHOBHOU meKcm cmambu. HoBas cmpoka aaemcs omcmynom — 10
MM.

$opMyAbl U MameMamuuecKkue BbipaxeHua ocdopmasiomes B Microsoft Equation, Italic, pasmep
77. DOPMyAbI NpeaCMaBAfioM Ha OmaeAbHOU CMpPOoKe, B cepeauHe, a Npu HeobxoauMocmu — Hymepyiom
B NPABOM yrAy moU xe CMPOKU, B ckobkax. [ pobHble BbipaxeHus peKoMeHayemcs odoopMums B Buje
a/b uau ab™ u ucnoabzoBamb cumBoa exp.

AumepamypHble UCMOUHUKU B MEKCME YKa3blBalomMCsi NOCAE CMambU U NpeACMaBASIOMCH B
CKBO3HOU nocAezoBameAbHocmu: [11,[2], ...

Ha o4aHy cmpoKy HuXe daemcs Aama npeacmasAeHUs cmamsbu.

[.anee npuBoasimcs aHHOMaLuu 4a ABYX fi3blkaxX, HE COBNAaAatoWuX C A3bIkOM meKcma.

Ha oaHy cmpoky Huxe aalomcs: Pamuaua, MM, Omuecmso aBmopa(oB), yu. cmeneHb, 3BaHUE,
coKpaleHHoe Ha3BaHue opraHusauuu, rae pabomaem asmop, Ne meaedooHa.

Cmambs 0653ameAbHO peLeH3upyemcs U3BECMHbIM CNELUaAUCMOM UAU HayuHbIM pabomHUKOM
AaHHOU obAacmu U npeACmaBASEMCs Ha paccMOmpeHue pedakLUOHHOro cosema cbopHuka. Obwul
06b em cmambu He A0AXEH NpeBbllwams 8 cmp.

Cmambto, HaneuamaHHyio Ha doopmame A4, B 2 3K3eMnAgpax, a makxe Ha aucke chopmama 3,5,
NpeACMaBAsiom  OMBEMCMBEHHOMY  cekpemapio  cbopHuka. [AAs  obaerueHus  npouecca
OKOHUaMEeALHOrO peAakmupoBaHUS PEKOMEHAYEMCsH 0AUH 3K3eMNASIP CmambU Haneyamamb pa3Mepom
wpudma 12 u MeXCMpPOUHbIM UHMepBaAoM 1,5.

PeaakLUoHHbIU coBeEM umMeem npaBo NPOU3BOAUMb OKOHUAMEAbHOE pedakmupoBaHue.

B cAyuae omkasa B onyBAUKOBaHUU OAUH 9K3EMNASP CMambu ocmaemcs B peaakLuu.

PesakuuoHHbIU coBem
Rules for presenting articles

The articles can be presented in Armenian, Russian and English. The fonts are for Armenian —
Sylfaen (font size 10), Russian and English — Times New Roman (font size 11); spacing — 1; page format
— A4, working field - 166x252 mm; the margins: left — 25 mm, top 20 mm, right — 2 mm, bottom 25 mm.

In the above line of the first page on the left angel UDC must be written, according to the standard
(minimum 6 digits), on the right angle — the section of the collection with capital letters (the whole line in
bold typeface size 11).

With a line below in the middle of the page — Name, Patronymic, Surname of the author(s) with
small letters in bold typeface (size 11).

Two lines below, in the centre of the page with capital letters — the title of the article (bold typeface,
size 12) and two lines below — the abstract in the language of the article with keywords (size 10, Italic).

Two lines below the main text of the article is given. The new line is given with indentation — 10 mm..

The formulas and mathematical expressions have the form of Microsoft Equation, lfalic, size 11.

The formulas are submitted on a separate line, and, if necessary, they must be numbered on the
right angle of the same line, in brackets. The fractions are recommended in the form a/b or ab™ and the
symbol exp must be used.

The references in the text are written after the article and submitted sequentially [1],[2]...

One line below the date of submitting the article is given.

Afterwards the abstracts in two languages not coinciding with the language of the text.

One line below are written: Surname, Name, Patronymic of the author(s), scientific degree, title,,
the name of the organization in short, the working place of the author, the phone number.

The article should be reviewed by a well known specialist or scientific worker in the given field and
submitted for examining to the editorial board of the collection. The total volume of the article must not
exceed 8 pages.

The article must be typed by format A4, in two copies, as well as on a disk in format 3,5 and
submitted to the executive secretary of the collection. To facilitate the process of final editing, it is
recommended to type one copy with typeface 12 and in-between spacing 1,5.

The editorial board has the right to make the final editing.

In case of rejection to publish one copy of the article must be kept in the editorial office.

Editorial board
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