ISSN 1829 —0043
U3UUsStuvh dursurdahsStulu UuUa-6URUBH

LeOURGD,

QhSUSGluLALULUL LN UOLE D
daNANduUsNk

BECTHUK

WHXXEHEPHOWU AKAOEMWUN APMEHUU

CBOPHUK HAYYHO-TEXHUYECKUX
CTATEM

PROCEEDINGS

OF ENGINEERING ACADEMY OF ARMENIA

SCIENTIFIC AND TECHNOLOGICAL
COLLECTED ARTICLES

XIV

zusnr TOM VOLUME
Ne 2

BrE4uUu EPEBAH YEREVAN

2017



<nwuwnwpwyynid | <wjwunwbh Awpunwpwghnwywb wywntdhwih

(£8U) L Uhowqgquihl Swnpunwpuwghnwywb wywnbdhwh (UsU)
LwuwgwhnipntGbsph npndwdp, pngpyywé t <wjwuunwbh
<wlpwwbunnipjwb Pwpdpwagnyt npwywynpdwb hwbdbwdnnnyh

(€< PN<) Ynnihg 06.03.2012 JEpwiwydws USELURNUNRE3NRULLELD
zbULUYUL UMM3NELLLENE B9 NP3 ELELP 20USUNUYUUL 2UUUL
CULINPUGLE MULRELTUUL @PSUUUL 20USULUUNRE3NRULLEND
3Nh8UY NhU (http://www.boh.am/periodicals.php?langid=1)

<U3uusuuh auNrsunruahsuyuu uyuncuhush LPUREM (L8UlL)

URrUANPUYUL unPLNHND
Qi luwynp judpwghp™ w.g.n., wypnd.  U. CUURUNQNFUSUU (£<)
Qjfu. ludpwanh
wrwohl wnbnww(’ n.g.n., wypnd.  U. UhLUUSUU (£K)
Q| fu. judpwaph winbwn.g.n., ypnd. U. @3NHNA3UL (<),
wnbnwywyiaen® gwnu. n., ypnd. 3nt. UUDUN3UL (£€), n.g.n., wpnd. U. USUUSUU (L)

Mwwn. pwnunpwp’ wn.g.p., nng. N. PUNPUGBN3UU (£<€)
wn.g.n., ynpnd. U. UNULGL3UL (£4), innlwn.n., ypnd. 4. LNUSULA3UL
(£4), n.g.n. 4. QUR2NPUUL3UU (£4), n.g.n., ynpnd. &. FULUS3UL,
wn.g.n., wypnd. P. aNtUGd (NN), Lwpwn. n. @. 1bLUL (UUL), wn.g.n.,
wnnd. L. BILUNY (ND), p.q.1., ypnd. @. EFNCAUBUL (22), Y.q.n.,
wnnd. U. BN2ANFL3UL (L£), w.q.13., wypnd. PL UUUNRGL bPEL-L3UL
(Buywl), .q.1., YULNFPN PUUSP (Swwnlhw), wpnd. M.
UULLEULRLNCL (Lnpybghw), wnlwn.n. Y. WUPUMGS3UU (22), wpnd. M.
{LUYDPULEY (26fuphw), $.0.g.n., wpnd. U. ANFYUUSUU (22), wn.g.p. b.
UuzrpunNdu. (Uindtbhw), wpnd. £ UuUuranklndg (n9), wpnd. 0.
UUNPNRRBUL (22), dwll. q.n. U. UUGLS28UL (), wpnd. 2.
UNUR3UU (Qtpdwihw), E. UNNN3UL (UUL), inbun.n. 2d6L 46LSUL
(2phwuwnwb), n.g.n., wnpnd. 4. A6NILLBGY (RGlweNLy), p.q.n., wpnd.
Q. QPLPLQUNBUL (22), wpnd. U. NUSGLPULU (Piuughw), Wn.g.0.,
wpnd. £. MUSAL (Ajpurhina), MUNFLN NGL-LAULUN (huwhw),
wn.g.n., ypnd. 4. N6SMNU3UL (££), nn.g.n., wnpnd. h. MGCUNY (NN,
Awpw. . wnnd. L. UUMAQU3SUU (££), n.g.n., ypnd. U. YUMIUL3UL
(£4)

«<u3uusuth sursurughpsuuut uuwutrsUhu3dn LPURG »-h
hudpwgpuljutt junphnipnp 2unphwljwnipnit £ huyjnimd «dhuUL-USU»  OLC
quuynp wbopkt MULD 3bhPPU3ULPL LPUPENP hpuunwpuldwd gnpdnid
gnigupkpwé oqunipjut hwdwn:

Penakimonnsiii  coeer “BECTHUKA WHXEHEPHOUM AKAI[EMI/II/IU APMEHUN”
omaromaput 'enepansHoro mupektopa 3A0 “BuBaCenn-MTC” PAJIbB®A UHUPUKSAHA 3a
oka3zaHHyto nomous npu nzganuu BECTHHUKA.

Editorial council of “PROCEEDINGS OF ENGINEERING ACADEMY OF ARMENIA”
expresses gratitude to the General Manager of CJSC “VivaCell-MTS” RALPH YIRIKIAN for
the help in publishing “PROCEEDINGS”.

http://www.engineeracademy.am
© 3U3UUSULh BUMSUrUGhSULUL UYUAGURUSH LPURGP (RBUL), 2017



[TewaTaercs cornacHo pemenuto [IpesnanymoB UHxeHepHON akageMuu
Apmennu (MAA) n MexaynapoaHoi nmkeHepHon akagemun (MUA),
BKJIIOUEH B CIIMCOK IyOJIMKaUi, NpUHATHIX BrIciei arTecTalinOHHON
komuccueit (BAK) PA

(http://www.boh.am/periodicals.php?langid=1).

BECTHUK UH)XEHEPHOM AKAJIEMUU APMEHHUU (BUAA)

I'naBHbIi perakTop
IlepBolii 3aMecTHTEIb
/1. peJaKkTopa
3amecTuTeH I
perakTopa

OTB. cekpeTapb

PEJAKIIAOHHBIN COBET
I.T.H., mpo¢. C. AMoapuymsia (PA)

I.T.H., mpo¢. C. Munacsin (PA)

I.9KOH.H., ipo¢. A. I'opaxsn (PA), 1. apxur., npod. FO. Capapsan (PA),

I0.T.H., mpo¢. M. Craksu (PA)

K.T.H., 1011. P. Bapcersu (PA)

I.T.H., ipod. A. Apakenst (PA), n.5xon.H., npo¢. B. boctanmxsan (PA), n.1.H,
npod. A. Bapnausu (PA), n.1.1. B. 'a63umansu (PA), a.1.H., npod. I'. ['ancrsan
(PA), n.¢p-m.H., mpod. A. I'ykacsia (PA), a.1.H., mpod. b. I'yces (P®D), a.apxur. I'.
Huban (CAP), n.1.H., npod. H. Epumos (PD), a.1.H., npod. Nu Camysn Uen-Jlsup
(TaiiBann), Kazypo Nmau (SInonwust), mpod. P. Kannen6opu (Hopserust), 1.5K0H.
Hayk K. Kapanersn (PA), npod. I'. Maprynos (P®), npo¢. B. Mapyxsu (PA),
k.T.H. . Maxpukosa (Ciosenus), a.nen.n. M. Mkptusta (PA), npod. J[x. MoMmksH
(Tepmanus), 3. Moposu (CILIA), npod. C. ITarnuapa (Uranus), [Taono densb-
Busnko (Uranus), n.1.H., npod. b. ITaton (Ykpauna), a.1.H., npod. B. [lerpocsn
(PA), n.1.1., nmpod.1. TTemkos (PD), kana. apxut., npod. H. Caprcsa (PA),
I.XUM.H., po¢. I'. Topocsu (PA), n.0mon.H., npod. A. Tpuynsu (PA), mpoo. I1.
Xnaunek (Yexus), 0.T.H., npo¢. B. Yeparinnes (benapycs), 1.9k0H.Hayk YxoH
Benbran (KHP), a.xum. H., npod. I'. Ynnmnrapss (CLIA)

Printed according to the Decision of Engineering Academy of Armenia (EAA)
and International Academy of Engineering (IAE), included into the list of
publication accepted by Highest Certifying Commission (HCC RA)
((http://www.boh.am/periodicals.php?langid=1)).

PROCEEDINGS OF ENGINEERING ACADEMY OF ARMENIA (PEAA)

Editor-in-chief

First deputy Editor-in-
chief

Editor-in-chief deputies

Responsible secretary

EDITORIAL COUNCIL
doctor of tech. sci., prof. S. Hambartsumyan (RA)

doctor of tech. sci., prof. S. Minasyan (RA)

doctor of econ. sci., prof. A. Gyurjyan (RA),

doctor of architecture, prof. Yu. Safaryan (RA),

doctor of tech. sci., prof. M. Stakyan (RA)

candidate of tech. sci. R. Barseghyan (RA)

doctor of tech. sci., prof. A. Arakelyan (RA), doctor of econ. sci., prof.

V. Bostanjyan (RA), doctor of tech. sci., prof. V. Cherdintsev (Belarus), doctor of
chem. sci., prof. G. Chilingaryan (USA), doctor of architecture G. Diban (SAR),
doctor of tech. sci., prof. N. Yefimov (RF), doctor of tech. sci. V. Gabzimalyan
(RA), doctor of tech. sci., prof. G. Galstyan (RA), doctor of phys.-math. sci., prof.
A. Ghukasyan (RA), doctor of tech. sci., prof. B. Gusev (RF), prof. P. Hlavinek
(Crech republic), prof. R. Kallenborn (Norway), cand. of tech. sci. 1. Mahrikova
(Slovak republic), doctor of econ. sci. K. Karapetyan (RA), Kazuro Ima (Japan),
doctor of tech. sci., prof. H. Margulov (RF), prof. V. Marukhyan (RA), doctor of
ped. sci. M. Mkrtchyan (RA), prof. J. Momjyan (Germany), A.Moroyan (USA),
doctor of tech. sci. Paolo Del-Biyanko (Italy), prof. S. Pagliara (Italy), doctor of
tech. sci., prof. B. Paton (Ukraine), doctor of tech. sci., prof. V. Petrosyan
(RA), doctor of tech. sci., prof. I. Peshkov (RF), doctor of tech. sci., prof. Samuel
Yen-Liang Yin (Taiwan), candidate of arc., prof. N. Sargsyan (RA), doctor of
chem. sci., prof. G. Torosyan (RA), doctor of biol. sci., prof. A.Trchunyan (RA),
doctor of tech. sci., prof. A. Vardanyan (RA), doctor of econ. sci. Wentang Zheng
(PRC)

© BECTHHUK UH)KEHEPHOM AKAJIEMHUU APMEHUM (BUAA), 2017
© PROCEEDINGS OF ENGINEERING ACADEMY OF ARMENIA (PEAA), 2017



ISSN 1829 — 0043 BECTHUK UHKEHEPHOI AKAJIEMUU APMEHUU (BUAA). 2017. T.14, Ne 2

YK 658 +378.1 9KOHOMMUKA U YIIPABJIEHHUE
C.9. Kocemsin

CUCTEMA OLHEHKU 3PPEKTUBHOCTHU PABOTbI
MHNPOPECCOPCKO-ITIPEIIOJABATEJIBCKOI'O COCTABA

Paccmampusaromesn ocHogubie 60npochl OYeHKU OessmenbHOCmu npogpeccopcko-npenooasameb-
ckoeo cocmasa (I1T1C) 6y308 no cghpepam desmenvrocmu. I[Ipusooumcs npoyedypa co30anus cucmemol
nokazamerneii oyeuku sgpgexmusnocmu pabomor IIIC no ocnognvim kpumepusim oyenku. Onucanvl
xapaxmepuovie uepmol cucmemvl oyenku deamenvrhocmu IIIC u ungpopmayuonnas cxema co6opa 0anHvix
no desmenvuocmu IT1C.

Knrwueeswie cnosa: OYeHKa aeﬂmeﬂbHOCWZu, npenoaaeameﬂba(ud cocmae, nokasameu OyeHKu, pel,?muHe.

Beenenune. CoBpeMeHHbIE TEHAECHLIWU PA3BUTHS MPOU3BOIUTEIBHOCTH UYEJIOBEYECKUX DPECYpPCOB
TIPUBEITN K Pa3pabOTKe CUCTEMBI OIIEHKH 3(P(EKTUBHOCTH pabOThI CIyKAIMUX KOMITAHUN W TIPEATIPUSITHA
[1].

Kak pa3inynple KOMIIaHHUHU, TaK ¥ BBICIINE 00Pa30BATENbHBIC YUPEKIACHHUS CTPEMSATCS C CO3IaHUI0
MTOJTHOIICHHOW CHCTEMBI OIICHKU TPpyJia pabOTHHKOB.

[Ipu onenke kadecTBa 0OpPa30BATENBHOTO YYPEKICHUS W aKKpEAWTAMU OJHUM U3 KIIOYEBBIX
JJIEMEHTOB OIEHKH siBisiercs omeHka nestenbHoctu [IIIC. Jlns mpoBeaeHHsT OIEHKH HEOOXOIUMO
pa3paboTaTh OCHOBHBIC IIOKa3aTelW OICHKH HayYHO-TIeJarorHdeckol JeSTeIbHOCTH TIpero/iaBa-
TEJBCKOTO COCTaBa, KOTOPBIE BMECTE COCTABAT EAMHYIO CHCTEMY I10 OlleHKE 3(PEKTUBHOCTH JEATEIHHOC-
T I1I1C, B pesynbTaTe gero popmupyercs peirunr II1C.

Petimune - noHsATHE, XapaKTEPU3YIOIEE COOTHOCUTENBHBIE 3HAYUMOCTh, MECTO, BEC, MO3HIIUIO
JTAHHOTO O0BEKTA [0 CPAaBHEHHIO C APYTUMHU O0BEKTaMH ATOTO Kiacca (Tuma) [2].

AKTYyaJbHOCTb CO3JJaHUSI CUCTEMBI OLICHKH 3(P(PEKTUBHOCTH JACATENBHOCTH KaIpoB B By3ax o0yc-
JIOBJIEHA TEHNIEHIUAMH pedopMHupoBaHus B 00pa3oBaTeIbHONW CUCTEME M CTPEMJICHHEM K TMOBBIIICHUIO
apdexTuBHOCTH nesiterabHocTH [IT1C.

Pazpaborka cucremsl orenku 3ddexruBHocTr padoTel [IIIC HameneHa He TONBKO HA OLIEHKY
JAHHOW JIeATETbHOCTH, HO W Ha CO3JaHWE CUCTEMbl MOTHBAIMHM HAWIYyYMIUX KaapoB Hu audde-
pennupoBanus cucteMmsl oriatel [ITIC. Co3znanue cucTeMbl MaTEpUaIbHOIO CTUMYJIMPOBAHMS KaJpoB Ha
ocHoBe oreHkH JesitensHocTh [II1C monoxurenbHO MOBIUSET Ha MOBBIIIEHHE d()(PEKTHBHOCTH padOTHI
Kak Ka)kJIOTO MPeToAaBaTess, TaK U BCEHl MPernoJaBaTeIbCKON eI TebHOCTH YHUBEPCHTETA.

IIpu pazpabotke cucremsl onenku [MI1C Hamo ¥MeTh B BUAY, YTO OHA JOJDKHA OBITH MPOCTOH U
(YHKIIMOHAIBHO.

OcHoBHble BHAbI oneHku AesTeabHocTn IIIIC. Hayuno-mpenomaBatenbckasi IesTEIHHOCTD
TITIC B OCHOBHOM OLIEHUBAETCS:

® CTyZIeHTaMU (aHKETUPOBaHHE CTYAEHTOB);

= pyKOBOJAMTENEM (3aBEAYIOIUM Kadeapoii);

® [TIOCPEACTBOM IPOCTYIINBAHIS 3aHITHI BHYTPEHHUMH WJIM BHEITHUMH Ay TUTOPAMH.

B kauecTBe BHIA OICHMBAHHS TakXe IMpPUMEHMMa oOlleHKa o6mel npesrensHocTn [II1C
TIOCPEACTBOM KPUTEPHEB M MTOKAa3aTeNIel OLIEHKU MPEI01aBaTeIbCKON, HAYYHOH, yIIPaBIeHUYECKON U WHOH
nestenbHoctH ITTIC.

OneHKy npou3BoAUTENsHOCTH AesTenbHOCTH [TIIC MOXHO YCIIOBHO pa3ieuTh Ha JABE TPYIIIIbI:

¢ cyObeKTHBHas (Ka4eCTBEHHAs) OLCHKa,;
** 00BbeKTHBHAS (KOJNYECTBCHHASN) OIIEHKA.

Juis co3maHus KOMIICKCHOM cucTeMbl oneHKH aestenbHocTH I[IIIC By3a HEOOXOIUMO H3Y4YHTh
HAWIY4IIUil ONBIT MEPEJOBHIX BY30B B JAaHHOH cepe, co3aaTe HOPMATHBHO-METOANYECKYIO OCHOBY I10
JIAHHOH JIeATENBHOCTH, pa3padoTaTh cucTeMy oneHku nesitensHoctu HTIC.

Jrtanbl pa3padoTku U BHeapeHusi cuctembl oneHkn IITIC. [[ns pa3paboTku crCTEMBI OIICHKH
nesitensHOCcTH [ITIC mepBoHA4anbHO HEOOXOIMMO OIPENENHTh IIeNb pa3paboTKU JaHHON CHUCTEMBI H
OXHUJIAeMbIE PE3yJIbTaThl OT BHEAPCHUS CUCTEMBbl. DOpPMYIIMpOBKA IENH JIOJKHA OBITh MaKCHMaJBHO
KOHKPETHOH U peau3yeMOoi TaHHBIM BY30M.
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[Tocne 3TOor0 HEOOXOAMMO OTNpPEAETUTH IMEpPEeUeHb IMOKa3aTelnel, KOTOPHIE OJKHBI IOJTHOCTHIO
0XapaKTePU30BaTh KAXK/bIN U3 BHIIICTIPUBEICHHBIX BUJIOB JCSITEIHHOCTH.

Js pa3paboTKu JaHHOM CHCTEMBI HEOOXOUMO:

® OIpEeNeNuTh IEPeUeHb KPUTEPHUEB OLICHKH T10 BULY AESITEILHOCTH;

® IPeJCTaBUTh CTPYKTYPY MOKa3aTesel U ONPEAEeIUTh BECOMOCTh KaXKAO0T0 MOKa3aTes;

" IS KKIOTO MOKA3aTelsl IIPUBECTH GOpMyIIEI pacueTa (IpH HeOOXOANMOCTH);

® CHCTEMAaTHU3UPOBATh BCE MOKA3aTENIN B €AUHYIO CUCTEMY MOKa3aTeleH;

® ONpeAeNTUTh HICTOYHUKU cOOpa JaHHBIX;

= onpeAeTUuTh HHPOPMAIIMOHHBIC TEXHOJIOTMHU TI0 MTPOBEJACHHUIO pacueTa U aHaJIM3a JaHHBIX WIIH

pa3paboTarb COOCTBEHHOE PUIIOKECHHE.

s ompezeneHus mepeduHs nokasaTesiell HeoOX0UMO pa3ieiuTh JEATEIbHOCTh MPOdheccopCcKo-
MPEnoIaBaTeIbCKOTO COCTaBa Ha OCHOBHBIE 4YacTU. B CTpykTypy mokaszaTeneld BXOJAT CIEAYIOIINE
OCHOBHEIE BUJBI AesTensHoctH ITIC:

®» yyeOHast ICATEIbHOCTD;
" y4eOHO-METOAMYECKAs IeATSIILHOCTD;
® HAyYHO-MCCIIE0BATENbCKAs ACSITEIIbHOCTE;
® ypaBJIe€HYECKas JeSTENbHOCTB;
" MEKAYHAPOIHAS NESATEILHOCTD;
®= OOIIECTBEHHAS ACITCIBHOCTD U T.1I.
HesirensrocTs TTIC 6yaet oneHnBaTHCS O CIEAYIONUM KaTeTOPHUSIM:
® [IpenojjaBaTelu, He UMEIOIINE YICHON CTENICHH;
® IpenoaBaTeNN, UMEIOIINE YUYEHOE 3BaHUE IOLEHTA U CTENeHb KaHAUAaTa HayK;
" Iperno/aBaTelii, UMEIOIKE YICHOe 3BaHKe mpod)eccopa U CTENEHb JOKTOpa HayK;
® IpenoJiaBaTelid, 3aHUMAIOIIUECs YIPABICHYECKOW AESTEIbHOCTHIO (3aBelyromui Kadeapoi,
JIeKaH, TIPOPEKTOP | T.1.).

B nepedenp nokazareneil MOKHO BBECTH MOKAa3aTeNU yAOBIETBOPEHHOCTH CTYACHTOB KaueCTBOM
MPENoIaBaHusl JAHHOTO MTPENoJaBaTes.

Jns ympaBisionmx COTpyAHHUKOB MOXKHO BBECTH IMOKA3aTENH YAOBIETBOPEHHOCTHU COTPYIHHUKOB
paboTol PyKOBOIUTEIIS.

[l onpeniesieHNsl BECOMOCTH KaXKA0TO U3 IoKa3aresell HeoOX0AuMO HauMeHee 3HaYMMOMH rpymnme
ToKa3aTesell MPOU3BOJUTEIFHOCTH TMPHUIIMCATh HaUMEHbllee 3HadeHue. Kaxaplii copMynpoOBaHHBINH
MOKa3aTeNb JOJDKEH OBITh pealbHO JOCTIXKMMBIM, a 3HAYEHHWE BECOMOCTH MPUBOAWTCS ISl KaKIOW
TPYMITEL IpenoaaBaTenei (o y4eHO CTeNeH: 1 3BaHHIO).

BecomocTh KaXgoro mokaszaTeniss HEOOXOAMMO pACCTaBIATH 10 Mepe BAXHOCTH JAHHOTO
rmokasartens. bonee cyObEKTHBHBIE WM IUIOXO HM3MEpsieMble TMOKa3aTeld HE JOJDKHBI UMETh OOJBIIOTro
Beca.

Jms Ka>Kaplid TPYIIBI [TOKa3aTesiei MOXKHO CAETaTh CeIyIonye 0003HaYeHusI:

X =X(@1), Y=Y(), Z=Z(k) u T.x1.

PelTHHroBBII MOKa3aTeNb N0 KaKI0U rpyIIe moka3aTeleld COCTaBIsSIeT

A4 = iaixl. , (D
i=1

rae Aj — peUTHHT JOCTUTHYTOTO Pe3yJIbTaTa 10 JaHHOH JeSITENbHOCTH; a; — KO3()(HUIIMEHT BECOMOCTH i-
r0 TIOKa3aTels; X; — 3HaYeHHUE i-TO MOKa3aTelsl TOCTIKEHHS MPernojaBaTelis; N — KOJIMYECTBO MoKa3are-
JIel, BXOAAIIMX B IPyNILY, POPMUPYIOILYIO JaHHYIO JESTENbHOCTb.

B pe3ynbpraTre peWTHHT MpernoaaBaTessi MOXKHO YCIOBHO MPEICTAaBUTh B BHJIE

Rzzaixi+zbjyj+zckzk ’ &)
i=l =1 k=l

Cucrema ouenku npousBojutensHoctu aesitensHocTy [IIIC no3somster cesizath pedtunr IIIIC ¢
PEUTHHIOM YHHUBEpPCUTETA 110 JaHHOM CTpaTerMyeckoil HalpaBiIeHHOCTH (puc. 1).

178



e R S

Puc. 1

Ha ocHoBe Bcex mokasartenedl OIEHKH 3((EKTUBHOCTH PACCUMTBHIBACTCS MHTETPANbHBIN MOKa3a-
Tenb 3¢ dextuBHoCcTH AearenbHocTH [1TIC, KoTOphIif IPUBOIUTCS B KaueCTBE PEUTHHIA PENoaBaTes.

CucTema OIeHHBaHUS JO/DKHA IPUBECTH K MOTHBAUH PaOOTHUKOB TaHHOH cepEI.

Iepen BHeapeHueM cucteMsl orieHkH aestensHocTy [TIC Heo6xoaumMo onoBecTUTh (MHGOPMUPO-
BaTh) COTPYJAHUKOB O NAaHHON CHCTEME, YTO SBIACTCS BaXKHBIM JJIEMEHTOM II€pell BHEAPEHHEM KaKOM-
00 CUCTEMBI.

OueHka JeATENBHOCTH MOXKET HPOBOAUTHCS LIeHTpOM OLIEHKM WM MopasfieleHHeM, HMEIOIINM
COOTBETCTBEHHBIE ITOTHOMOYHSL.

J1st mpoBeIeHNsI OLEHKU MPOBOJSITCSI CEMUHAPBI IS IEPENOArOTOBKH IIEPCOHANA 110 OLEHKE.

Cnoco0bl U MeToabl oueHkH. [l npoBenenus oueHkH [1IIC oObyHO mpUMeEHSIOTCA OOIIeHay Y-
HBIC METOJIBI aHAJIM3a U CHHTE3a, MAaTEMAaTHIECKHE W CTATUCTUUECKHE METOIBI H3MEPEHUS YPOBHS M JU-
HAMHKH TPOU3BOJUTEIBHOCTH TPYAA.

K maHHBIM MeTOIaM OTHOCATCSI COLMOJIOTUYECKHE METOMbI, KOTOPblE NPUMEHSAIOTCS MPU OLIEHKE
YIOBIIETBOPEHHOCTH CTYACHTOB Ka4eCTBOM IIPETIOaBAHHS.

CraTHCTHYECKHE METO/ABI MPUMEHSIOTCSA KaK JAJs aHaJlu3a JAaHHBIX IO ONpPOcaM CTYAEHTOB, TaKk U
JUTsE 00OOIICHHOM CTATUCTUYECKOM 00pabOTKHU TaHHBIX MO MokaszaressiM AestenbHocTy [I1C.

HNudopmanmonnast cxema. [l npeacTaBiaeHUs! NPOLEAypbl NPOBEJCHUS OLIEHKU AESTEIbHOCTU
IIIC cocraBnena nHGOPMALMOHHO-JIOTHYECKas CXeMa CHCTEeMbI yIpaBieHHs IokasaTenei (puc. 2).

/-

A

CocraBieHue 3arnojiHeHne O6paboTka maH-
SIEKTPOHHBIX ONIEKTPOHHBIX |  HBIX 3JICKTPOH-
—p ®dopmupoBaHue
¢dopm o cbopy dopm IIIC HBIX hopM 1o ! HIC
JAHHBIX O KakIOMY pedTHHTa
JeSTeIbHOCTH IPETIo1aBaTEITI0
MIIC

+

Puc. 2

Ha ocHoBe paspabotanHoii cucremsl oueHku IIIIC pa3pabarbiBaeTcsl 3JeKTpOHHas (Gopma Win
MPUJIOKEHUE Mo cOOpy NaHHBIX O HaydyHO-mejarormdeckoil nesitenabHoctd [ITIC. dopma MOxeT OBITH

179



pazpabotana kak B MS Excel cpenctBamu VBA, Tak u B kauectBe npuiioxeHus omeHku [I1C s3pikamu
mporpamMmupoBanus Visual Basic, C# nnu Java.

OCHOBOH [ COCTaBJIEHUS NEKTPOHHOH (hOPMBI ABIAIOTCA pa3paboTaHHas cUCTeMa IoKas3aTreleil
oreHku aestensHOCTH 1ITIC o kKpuTepusM OLEHKH U KOd(PQUIMEHTaM U PEIICHHE YIEHOTO COBETa IO
onpenenennto peiitunra II1C.

OTBeTCTBEHHBIII 110 COOPY TaHHBIX OPTaHMU3YeT 3aMOIHEHKE dMeKTPOoHHEBIX Gopm [IIC ms xaxmon
kadenpsl. Jas mpaBUIBHOTO 3aIOJHEHHA JAHHBIX HOPMATHBHOM OCHOBOW SIBIAIOTCS METOIUYECKUE
yKa3aHHUs 1 UHCTPYKLIUH I10 3alI0JTHEHUIO 3JIEKTPOHHOH (POPMBIL

Ha ocHoBe coOpaHHOi1 nH(pOpMaLU TPOBOAUTCS 00paboTKa JaHHBIX 3JIEKTPOHHBIX (HOPM 10 Kaxk-
JOMy IPENoJaBaTeNIi0 ¢ HCIOJIb30BAHUEM CTAaTHCTHUYECKMX M Ipa)MuecKUX MHCTPYMEHTOB aHalu3a U
OLICHK! JIaHHBIX.

B pesynbrare GopMupyercs peMTHHI KaKAOro IMpernojaBarens Mo Kaxaoil kadexape, Ha OCHOBE
9ero MOXKHO IpoBecTH quddepennuposanne 3apadorHoit mwiats! [II1C B 3aBucHMOcTH OT 3¢ dexTHBHOC-
TH €ro paboThL.

3akaouenne. PazpaboTka cucteMsl oneHKH ¢ dexTuBHOCTH padoTs! [IIIC By30B sBIISsIETCS MTPHO-
PHUTETHBIM HAaIIPaBICHHEM B chepe yIpaBICHUS KaJpaMH U MOXET CO37[aTh OCHOBY Ui A (hepeHIHpOo-
BaHUS OIUIATHI TPY/1a B 3aBUCUMOCTH OT 3 exTuBHOCTH padoTs! [TT1C.

Pa3paboTka Takoil CHCTEMBI TIO3BOJIUT:

= cucremarusupoBarb pedTuHr [1I1C mo BceM BuIaM IesITEIBHOCTH paboThI;
"  5aTb 0OOCHOBaHHYIO OILICHKY IT0 ApdexTrBHOCTH AesitensHOCTH [IT1C;
" C037aTh OCHOBY JUIsl pa3paboTKu cuctembl puHaHcoBOro nooiipenus TT1C.
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qlnuhunnuwl gnigulihoilip, nphjnpag:

S.E. Kosemyan

EVALUATION SYSTEM OF WORK EFFICIENCY OF TEACHING STAFF

The main issues of evaluation of teaching staff's work by spheres of activity are considered. The
procedure of teaching staff performance evaluation system development by main criteria of
evaluation is presented. The characteristic features of teachers’ efficiency evaluation system and the
information scheme of data collection concerning the teaching staff activity are described.

Keywords: evaluation of activity, teaching staff, indices of evaluation, rating.
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Uqquypli  phhwbuwmlumls  pniljumblkpl  ppklg qnpénibbnippull  phngpny  Junnwpuy  s&G, o ugh
wuydwhu/npywé Fughwyhuh gnpéniny ' plsyhpupl nbnbjuumynipul vunugdwl whhwdwsunhnypnibl B Zpdio-
quwinud pphwbumml hunnygwdh gnpdénibibnipul wpynibubunyeniap juwyws F uguguyp Jubiunbuduh
hlan b ugl pinipugpynid Fwijunwhnyepudp n nupunkuwl] nhulfbph JESniypnul wunpdwiany: Sphwbuwlul
vponghlnh nknupuspnlwl dudwiwl phhwbuwmlml pnifugh gnpénibknyepull Juplnpugnyl gnpénibkphg E
nhulbph hnprwbwwl b ijugbguul wyywhnynidp pnifugh dwulwhghlph dpob:

Unpwbgpuyhli punkp. $phwbuwlwi pnijw, $phwhuwlwl hudwlupg whknwlwl Jupguijnpnid,
ontjuywlwl  phphwfupquiynpnid,  wkpEfuunynyenil,  pmiuywlml dpgugnipmnil,  pwquuywpulul
wjwhunnpnid, dwlpnninbuwlub gnigulihobbp:

Shtwtnwlwt hwdwlwupgh Jhdwlhhg b gnpéniubnipjut  wpynibwybnnipmmiithg wudhpwlwunpbu
Juhjws ki mbnbuwljub nupnh dnu ukqubunibph gnpéniubnipiniip b ngpuig hbnwqu Juppughdp wuwnk-
uwljut dhpwduypnid nt Phtwbuwljut snijuynud: Shtwbuwjud hwdwlupgh hntuwhnipjut wywhnddwi
gpuuljuuikph pyht ki nuuynud dhttwuwmljus ontjugh dwubwljhgubph gnpéniubnipjut tjundudp yhnwljuh
Jupquynpiwt hhdtwpwp ulqpniupubph pupbthnunudubpp: LEpuynudu wihpwdbonmpnit b wnwowbinid
qupqugil) U punhwipwgul] wqquyhtt  $ptwbuvwwt  hwdwlupgbph  gopéniubnipjut  jupquynpdwb
qunuthwpwhnunipniip: Ugqquyhtt b dhpwqquyhtt $htwbuwfjui snijubkpnud junwpynn gnpswnunipniukph
wpwq dhuubwljubtugdut wujdwbikpnd wihpwdbon b ubkppub] httwbuwlwt hudwlwupgbph tundwdp
huwdpunhwinip Jjupquynpdw unp dkpwthquubp, npntp npnpwljh wenudnyg whwp b wupunwnhp (hukt ponp
Epyputph hwdwp, putth np hbnwquymd ptwtuwlu dguudwdbph puguuwlub hbnbhwiputph wqpkgnipniup
wqquht ninbunmpnibubph Jpuw wthwdbdwwn yts E hubne:

Shtwbuwljw onijugh jwpugpmpinibp b jupquynpoudp: Shtwbuwlwi sniju pupy, nwwpnnnibwl,
nuwpwdwlut b wdpnnonipjudp sniuntdbwuhpduws nt th pwpp nhypbpmd wijwijwwnbubh hwdwlwupg k nph
Juppwghép jhwpdbpnpbkt jwipowwnbub] htwpwynp sk dptwbuwfub onijut® hp  gnpswntnipiniubph
nbuwlubpny tkpjuyugunud E gpudwluwt hwpwpkpnipiniaitiph dh wdpnnontieinil, npuntn tpw dwubwlhgubpp®
putlftpp b wy $htwbuwlub ptunhnnuntbpp, qunud nt qudwnnd tu httwbuwljutt mupunbuwy wlnpdubp:
Shuwtuwljub dhgunpnubpp' npubu $htwbuwlub onijuynid gnpénn wphtunwjupd ukqubunikp, wywhngnud
kU thnjuwnnibbpht hwdwywunwupwt $htwbuwljut gnpshputipny (wupdbpnrtph ninupwonud, Jupyuynpnid,
wwuwhnjugpmipnit b wy): Fhunwplbing pptwbuwui onijutt npytu jupquynpdwb opjijnn’ hwplwynp k
dlwlbpyl] tpw  onijuyufuwt jupquynpdwd  wihpwdbonnmpnitp, phywybu twb  whumpjut  Ynnihg
hpuwtwgynny vhowdinnipjniuibph wunh&wp mbnbkunipjut dke [1]:

Snipwpwiynip wqquyhtt Phttwbuwlui hwdwlwpg punjuguws b ontjuyulut b ny onjuyuljub
hwnjwsubphg: dhtwbuwlui hwdwlupgh ny snjuyuijumb hwndusp ubpunnd L yhunmpjut Ynnuhg
hpwlwtwgynn dh swpp Yupquynpnn gnpéwnnyplbp, dwubwynpuwbu’ qubph junmibnmipjut wywhnynudp,
dhtwtiumus  onijuyh  Gjuwwndwdp Jhpwhuljnnnipjuit hpujwbhwgnidp, dhtwbuwlui  htunmhnnunibph
gnpéniubnipul vwhdwbwhwlnudubph tjundwdp dbjuwthqdubph tbpgpnudp, pngbnwhtt $htwbuwynpnudp,
hwplujpt b ywhkwnwlwb wy gnpshputph dhgngny wpunnumpnitubph mpudwunpnudp b wp: Sniljuyuljub
hwwnqubp pnit onijuit £, npb wdpnponmipjudp punjugus L wnwewnpyh b yuhwiowplyh hhdwi Jpu junnigjus
wypwipbph nt  Swpwynipnititph  hwpwpbkpnipnitubphg, npubn  dAbwynpynd o wypwupubph b
Swnwynipniiitinh qubpp, vhwdwdwbwly wyt mwppkp mbnbujupnn unipjiljnibph hwdwp nbntjunyniput
thnpuwigdw wnpnip £, npp hhdwt ypu dwutwjhgutipt pingniind Bo hwdwwywwnwupwt npnonudubip:

Ugqquyhtt $htwbuwljub hwndusubph jupquynpdub punupuljuinipyut dkpnypupuinipjui hwdwdwyu
gnpénud £ htwbuwljut onuitph jupquynpdwi tpynt hhdtwluwt dnnbkgnud® whnwluit b ontjuyuljui
Jupquynpnud [2]:

Cnljuwywljut jupquynpnidp, weweht htipphi, hhdudnud E ontjuywljut wpdtiph dbwdnpdwb Ypw, hisybu
twh wnwewplh b wwhwgwphh opkuph hwdwdwt’ hwdwywwnwuhiwt dpgulguyhtt thowuyph wyuydwtbpnud
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wwuwhnynud £ nbnbunipjut hwdwp withpudbon bhuwbuwljut hnuptph wwhwiewnlyp: Fuwghtt Ukjpwtthquutph
Yhpundwt b wpwbdhtt ptwbuwlud gqnpshpubph wpdbpuyhtt Junniguwsdph wwwnwinwdutph Jhongny®
dhtwbiumut onijuynid gnpénn ubqubuntbpp vnwinud ki hwdwywnwupwt nknkjungnipmnit onijuynud
bhuwbuwutt gnpshputph’ wnwewpyh b wwhwbowpyh Jbpwpbpuwy, htsybu twb juijwnbund ppubg
dudwbwlugpuljut npuljuljut junnigquspn:

Ujuyhuny, onijut hwinku t quihu npybu huptwlupquynpynny hwdwlwpg, b, punhwinip wndwdp,
bhtwbiumun onijuyh whunwfjui b onitjuyuluit Yupquynpdwt dnnbgnmdubpp thnjpujpuginud Bu hpup:
Unwghtip hpduynud k wquun dpgulgnipjutt wywhngdwt ulqpoiupubph dpu b jupwinud £ wbinbunipjut
wquuuijuiugdut hwpwpkpnipniuitiph qupqugnudp Untbnwphunwlut mbunipiniy) b tpipopgp’ whnwljut
Jupquynpdwt mupnnipinitp,  tyuunwlunnus t jubwpgbne ondjuyujut jupqudnpiut hbnbwipng
wnwewgnr puguuwlul hinmbwupubtph wqnpkgnipniup (bnp phtywb nkunipiniy) [3]:

Shuwtuwlwb onijuyh Jupquynpdw wyn pline nupnnipjutt gnpdniubnipjut wpynibwdbnmpniip b
hwjwbhwlwt puguuwlwi hbnmbwbpubtph dkdnipnitp, hsyhu twb vwhdwbubpt npnoynid ' Ejubkng wdjuyg
Epiph wtnbuwluwt hpunpmipyut wnwbdtwhwinlnipniiiiphg, nph hbkwbwipny wyn tpyne hwdwlupgh
Yhpundwt hwpwpbkpulgnipiniip hwdwpwlh thnthnpugnud b

Shumtuwmljm oniljuyh gnpswnnyputpp b ntntjunmpjut hnjpwtwldwut gnpspupwgp: dhttwbuwlui
onitjub hwdwohwphuyhtt jud wqquyhtt nbnbkunipjut mwupptphg Uklu E npp Guknyg hp Ynnuhg hpuwbhwgynn
gqnpéwnnypubph pupnnipyut wunh&whg' nitth dh putth punpnonud.

o Phuwbuwlui onmlub uwyt dhpwduyptt t' hpwwwpulp, npubn phpwjwiwugdnid bu  dinquyht
gnpdwnunipnibbpn’ juwyyws ptwtumlui qnpshputph b ptwbtuwljut Swnwmpnitubph dbknp phpdwit jud
Jwdwnrph htiwn:

o Phuwbtuwlub snmjwmb wyh dkjpwthquubtph hwdwliwupqu k npt wyuwhnynud t tnjwnupd juwnp
bhtwbuwut gqnpshpubph’ wpwewpyh b wwhwupwpyh dhol, hywbu twb dbwynpnd k $hbwbuwlub
gqnpshpubiph ontjuyuljut wpdbpp:

o bhtwtnwlu snijut dwubwlhgutph hwdwp nntjunynpyut nupusdwb wnpnip £ $httwbuwljut
qnpdhputiph qukph, mwwnwinwlubph, $httwbuwlui gniguihpubph, juijwnbtunidubph, inpugny nkjutninghw-
ukiph JEpwpbpup;: U nbnbjundmpemniut withpudbown t, npybugh wbwnbuwlwt dhowduypnmid  qnpénn
ukqubkuntubpt hpuwbwgubu hpbkug gnpéniubnipmitpn b dAbwynpkt hwdwywwnwupwt gnpénnnipniuttph jud
uywunidubph quppughs:

Shuwtvwlub onijut wdpnnouuwbu Yuwwwpuy sk, b bpw  jungijhnipniip wuwypdwbwynpjuws k
nbntjunynipiut vnugdwt wthwdwswhnipjudp [4]:

Zhdtwuinud phtwbivwljut hwndwsh gnpéniubnipniup yuydwiwynpjuws E wywquyh jutouwnbudwdp
b, htnmbwpwp, wyt punpuqpnud E wijuunuhmpjudp b wwwpuwnbuwly phulbph dbénipjut wunhgdwiny:
Onjuwnnith U Jupyuenth dholt $htwbuwlut dhongubtph pwojudwt gnpdptpugh hpujuwtugdwh dwdwbwl
bhuwiumjutt gnijuyh gnpéniubnipyutt juplnpugny gopénuubphg b nhuljiph thnjuwbuldwt wwywhnynudp
onijuyh dwubiwlhgubph dhol: Nrunp vywumdiubpp jud dudwbwlp juptnpugnyh gnpént . Shtwbuwljui
wljnpyutph wpdbph dhwynpdwt gnpéppugnid, umfjuy wyny htwpwynpnipniuubpp vwhdwbwhwlub By, puth
nn htwpwynp nbnkjundnipyut dednipjut wjih wunhgdwip, npp Jupnn b wqpl)] $htwbuwlut wnhdukph
quugnyuglwt gnpdptipugh Ypw, ndjup L wdpnnowub Lonnipjudp quuhwwnt), Epp tnp nbknkjwwnynipniup
hwuwtbh E npuninud ontjugh dwutiwhgubpht, tputp wadhowybu hwpdwpynud i unp hpunpnipjubn b hngh
pungplyniud ku quuyghti unp uyyuwunidubph vhpwuyn:

dhkpngpjuy gnpépipugp wuwydwiwynpdus b dhtiwbuwljub gnijuitkphtt tbkphwnndly wiljuyninipyudp b
Juppugsh hwdwywunwupwi thnhnwljuinipyut pupdp wunhdwing: Fugh npuithg, wbntljunynipjui
nuwpwddwt hwdwpdbpnipmitt wykh b puppuwind wyt phypnud, bpp $htwbuwlub snijugh wwppkp
Eupwhwdwlupgbpp nhpuybnnd Bt nmuppkp nbntjunynipjul, b snijugh dp hwndwsp sniuh wdpnnowfui
wpdwtwhwjun nbntjunympnit onitjugh Uk wy] hwndwsh Jepwpkpyuy, nph wpyniipnid htwpudnp sh
(hunuwd punniul] wpymbwybn npnonudutp: Uhwdwdwbwl welw b hwwowl tpunypp, tpp onijugh Jh
hwwnywsh dwuttmhgutiptt niubkunud Eu wnwyl) wdpnnowljw nbnkjwnynipnit phuljtph Jepwpbpug, put dniu
hwwnquénid gnpénn ukiqubunubkpp: Opptwly, hpwljwb tkpnpnnt wdbh (wy Wwnlkpugnd niuh hp tbpnypoudubph
dwuny nhuljiph dkdnipjut wunhgdwuh dwuhl, put qupyunniu:

Ny hwdwnpdtp b hwnjudwyhtt mbntjuwnynipjut wwpwsnidp npnowhnpkt puppugunid £ Shtwbuwljui
onitjuyh  gopéniubnipniip b Ukdwginud £ phtwbuwlu wlinhduph wpdbqpiuwi phuljtph  dbdnipjui
wunhdwp: dkpngpjuy hpwyhdwlp wewdb) puppuund b, Gpp wqquphtt $httwbuwlub ontjuyh dwutiwulhgp
Untnp b gopénid dhpwqquyhtt onijuukp, b wyu phypnud wnbnkjunynipyut dwutwghnwljuit quuhwndwt
gnpéppugp wpwyl] ndjwpuinud b Ldwt wuydwbbibpnud Juplnpynud Bu $htwbvwljut wyn dhetnpy
huunhunnuntbtpp, npnip Ejuwdnin Eu vnwinud onijuibkpnid’ niknkjundnipjut hbnwgnundwl, Jupyubipwihu
quuwhwwndwi b wyt npudwnplnt hwdwnp [5]:
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Ubplu  wuydwbibpnd  $htwbuwljut pnijuwibpp Juplnpugnytt phpwljunupnud nmbbt ny dhuygh
hwdwyhwphuyhtt hwuwpuwlwh Jkpupununpnipiut b wqquyhtt mtnbumpniuubph hwdwp, wyh mbnbuwlut
ponp gnpdwluikph b onijuyh dwubwljhgubph gnpéniubnipjut jEhiuwwywhnydwt hwdwp: Uyjuyhuny, phqubuh b
nbughlt nbnbumpnibbph hwdwp phttwbupp unbndnud B hwdwywnwuwt yuydwhibp.

o bhuwbuwljub swnwynipiniiitphg oquybkint b phttwbuwmjus gnpshpubtp qubkint nhypnid Ukdwmgub) hpkug
bhutwbnwut wiunwuignipjult wunhguwip b tuqbtgul) phuljiph ppguuwlui hbnbwbpitph wqptgnieniap,

e Nuwynnnipnibbph vnbnénd b wuwhwwinwd, ptyyhu b wywquynd ypug Ynunuldwd hwdwp
hwdwywunwupwb dhpwJuyph dbwnpnid,

e dbhuwtuwfub onijunud Phtiwbuwmfui gnpéwnimpiniiibphg oquykint phwypmd Ejwuninbbkph
Ubkdwgdw hiwpwynpnipntb,

e wqquht $htwbuwljub huwdwljupgnid dwutwghinnwljuwit npujuwynpdwd swhnpnohsubph yuppbpuljub
Jipuquuwhwwnnud b npuig hudwywnwupwikgnidp dhpwqquyhtt htwituwljuin onijuyh yuwhwgubpht:

Cughwinip wndwdp $htwbubpp Jupkh b punipugpl] npybu ghumpyut h hwwdws, nph dhgngny
nbughtt nunbumpnibbpp b phqubup npnowh dudwbwluyhtt dhpwljuypnid junwjupnud ki huwbuwljui
Uhongubpp, unwinud ki hwdwwwinwujuwt Ljudnunibp b junwpnd Bu swpaubp[6]:

Uhwdwdwbwl] whwp t k), np huwbuwlub npnonudubpp pinipuqpdnud o wyt hwiquuwpny, np
Ejuununubpn b swhiubpp nmwpwdsjws bt dudwbujugpujut hwindwsnid, b gpuitp skt jupnn wdpnnonipjudp
hunwl] wiwbwynpdb;: Ldwt wuplwbbbpnd sjuw wjt Juunuwhnipyniup, np EBjuudnunbbpp pun dwudjknubph
Jhwqwpwqgpykl b swhuubpt b hadwywnwuppwbwpup Yunwpybu:

Ipudujupluyhtt punupuuiimput dywljdwt b hpujutugdut dudwbwl hupluynp E npugpmpinia
nupdut]  dptwbuwwi  pnijwubph  gqopdnitbnipyut  wpynibwdbnniputp, unwgyng  wnkntjunynipui
npujuljut quuhwndwip, hsyhu twb mbnbujupny ukqubintbph Juppugsht: Sknkjuwnynipjut vnugduu
qnpéplpugh pupnugnudp jud whwpdwbwhwjuwn nbnkjungmpemiip donwybu uvnbndnd Bu unp nhultp,
npnup Jupnn kb Jkpusyt] hwdwlwpquyht nhuljbph: Zudwywinwujpwbwpwup, htwbuuljub onitjutikpp gnpénid
kU wyiyhuh hpwyhdwynud, bpp wiupunhwn jupnn G b hwyn qup inpuinp hwdwljupgquyht nhuljbp: Uy nhuljiph
wnwewgnidp wuwydwtwynpws £ minbuwlwt vhpwjuypnid mbnh niubkgnn mwppbp ppunwpdnipniuubpny b,
owwn nhypbpnud wyn nhuljiph puguuwlwt hbnbwiputph dkdnipiniup sh Yupnn swthyby, pwh np puguljuynid £
nhuljiph wnwewgdw £o2gphwn Jhwljugpnipniiip:

Stunbunipjut hpuljut hwindusnid b phtwbuwljwits oniljuynid qgnpénn ubkquknbpt hpwljwnud hwoyh Eu
wnunid dhuy wyt nhuljlipp, npntg htwn hpkug gnpénitubnipjut pipwgpnid twhtunid webygt) G Upyniupmd,
hwdwpiwphwiht munbkunipiniinud mbnh niibkgnn wpwq thnthnfjumpoibibph hbnbwipng b hwyn Eynn unp
nhuljtiph Jutjuwupgbnudp htiinghbnt nddupuinud k, dhwdwdwbwly wyn nhuljipp skt Jeputnud, wy) own wpug
nwpwsynid  Eu  htwbuwlut  onijuymid  qnpénn dwubwlhgubph  opowtnud:  Ldwt  wuwydwbbbpnud
dwljpnninbuwlut hbnwgnuumpnibubpp Yupnn o npnpwlhnpbt jupquynpl] $htwbuwuwt hwdwlwpgnid
hpwwtwgyny  gnpénnnipnibubph ulgpmiipubpp b wwy wbpkjuunynipnit’ Yuupiwinbuynn
hpunupdmpnibubph  qipwpbppup;: Twipnuninbuwljut dhpwduypp b jutwnbubh  duljpnnibnbuwljut
punupwljwinipniup thpuyuginid b thnjpunupdwpup juyulgdws mwppkp, npnup bujub wqptgnipnit b
ponunud phtwbuwuwt hwdwlwunpgh Yuniinipjut pu [7]:

MEnwut Jupquynplwt wppymbwybnnipniip  quwhwnbhu  wihpwdbon £ hwoyh wnbl] wyh
hwiquuwipp, np gqnmipnit niukt wpynp npnowlh phuljip dwlpnninbuwlut punuijwinipjut dky, hugp
Jupnn b Ewlwbnpbit wqpl] wbnbuwlwd dhpwduyph b pptwbuwut onjuyh juyniimpjub  Jpu’
wuydwbwynpus upwiny, pt huy jupnigqusp nith tpyph ptwbuvwfut hwdwljupgp, mnkuwfwt huyyhuh
dhpwJuypnud £ gnpdnid - wyt U, dhwdwdwbwl qhwhwwnb] tpw  juppdudnipmitp  hwdwojuwphwh
nbnbkunipniihg:

Guipkih E thwuwnb) np 22-nud dhtwbuwljub ontub pudupup qupqugus sk, b withpudbtow b dhwljkpuyty
wjt hhdtwlut ninpnipynibubpp, npnig dhongny whwp b hpwlwbwgul] tpyph dhtwbuwlw onijuyh b
nbnbuwljub hwdwlwpgh htunhunnighniiu jurwjupdw junniguwspuwyhtt pupbthnjuniditpp: Shtwbuwlub b
wnwohtt hkpphtt' wpdbpnptph onijuynud wuhpwdbon b ubpnuk] huptwfuwpquynpdwt  gnpépupwgubnh
quugnjugdwt  whnwlwt Juwpquynpiwt dhjuwihqdubp, npnup htwpwynpnipnit Yuwb  wpdbpnptph
popuugujub quwubonudp thnjujuwulgl] npnowljh gnpéntubph htw, ophtiwl’ Ydwpynn swhnmipwpwdhuubph
Ubdnipjub, $htwbuwfu b dwipnuntnbuwlut gmgwuhoutph htw: buy Jhpwpbpnid  wpuwpnpuwyuljui
huptwjupquynpiwut gnpépupwgubphtt’ www ppubp Jupkh £ upquynpl] hwpluyhtt punupulwinipjut
Yupqujnphy gnpswenyplbph dhgngnd:

Qnpw  pptwbuwut dguwdwdh hwnpwhwpdwi b hbnwqunud  unp  {guudwdbph  puguuwlui
htnbwbpubph wpynitwdbn jubhwnpgjdwi hwdwp withpwdtown E, np wqquyhtt Untibnwup hpjuwtnipiniiitpp
owlkt  ppudwdupughtt punwpwluwinipjut  hpwjwiugdwut  tnp  JEkpnpupwtulut  dnnbgnudubp,
Juwnwunpbjugnpsti npudwdupluyhtt punupwlwinipjub qgnpshputpp b dkjuwhquubpp: Uhwdwudwbwl hwpl E
hunul quwhwwnt] dhigh Lquudwdp junwpjws nbuwfut b gnpstwlub upwbbpp, pugueb) publught

183



hwwnquésh b ukpypniduyghtt wpdbpnebph snijugh vhwutwlwbwgdwt gnpépupwgp, pyybu twb tduqbguty
JEunpniwlut  pwilh htwpuynpmpnibbbpp  Jepwhuljne $ptwbuwlut snijuynd  wqquyhtt  wpdtph
thnfjuwpdtph bt hpugdbhnipjut dbwdnpdwt gnpdpupwgn: dkpohtthu hudwp hwywwnwlwhwpdwp b uwhdwibky
gnpéniubnipjub npnywlh vwhdwtwhwlnudubp' munbuwljut tnpdwnhyutph nkupny [8]:

Shtwbuwljwt  hwdwlwupgh pwqUujupuwlwid  wpwhuwdnpoud:  Zwoyh  webbing  hwdwphwphwiht
nunbuwut vhowjuypnid juwnwpynn thnthnpjumpnitubph ghtwdhut’ Jupbh b thwunt), np qupqugus b
qupqugnn  wbwnbunipnitt niubkgnn  ponp Bphpubpnd Shtwbuwlui hwdwlwupgbph  puquuyjupufut
Epjupwdwdltn wubwynpdwb huykguupgbptt wdpnponipjudp skt Yupnn hpwgnpdyt), pwih np npubg
juunuwpdwi Jpw Yupnn o wqpl] dh owpp wpuwphtt gopénuubp’ (wujuwmiimpjut phuljipp hnwdpught
wwpwbpubp wpnwhwing pypubpnud, wqquyhtt wbtnbumpyut qupqugdul, dpgulgught, $htwbuwlui,
whwnnipjut Ynnuhg wyu Jud wyt ninh tjundudp yhnwjub punupulwinipjut hnthnpjpdwt punhptbpp b
wy): Yuthwnbubing wnyhuh hpwdhdwjuyhtt hothnjumpnibubpp’ hwpl b ghwhwnt] ppuig pupguuwlju
Juwd ppuljub htnbwipuph wgphgnippiop nbnbunmput, wy pynud’ phtwbvwlut hwndwsh Jpu: Uju
uljqpniipny wnwgunprytint nhypnid htwpwynp Yihuh nuuwlupgl) poinp wyt punhpubpp, npntg uwnwpnudp
Juplnpnid Eup b hpunpuyhtt  thnthnjumpnitubph nhupnid npubinpl]  gopénnnipjnitubph
&yniunipinit’ vhwdwdwhwy hwdbdwntng lutinhputph hpwgnpédwi wpynibwyknnipmniup i1
tyuinuwljwhwpdwpnipniip wdju) wwhh: Zudwywnwuwt  bhtwbuwljwt npnonudutph  hpujuwbwugdwul
dudwbwl ywhwnp E yuuwlupgl] twb donwljwt punyph jutnhpubpp:

Yhpwnkny dhgwqquyhtt thnpdp' hwplunp E $ptwbuwljut hwinjush qupqugiut puqupuljuinipyniip
nwpubowwnty tpkp hpdtwlwb hwybguljupgh Yud twpbpubph pun hwdwywnwupwt dwudytnubpp
gnpéniubnipjut jupfwdudljin yubwdnpnud* Uk wiwph, dhoht dwdjbnh yjubwdnpnud® 2...3 mwph vnwph b
Enjupuwdwdtn yywbwynpnwd 3...5 wnwph:

Shuwtuvwlwb  pniugh  pughwinip  gnpdwnnyph  wwwhnyndt  widhpwlwinpbt  juwydus E
nbnjunjuljul, wpdtpuht b pupjunquljut tipwhwdwlwpgbiph wpynitwybn gnpéniubnipjut wywhnydw
htwn: Toljuyh mbinkjunuijwt upwhwdwulupgh gnpéntubnipjub jupbnpnipniup owwn ks E: Tntjugh hpuljui
b hwjuwbwlwh dwutwlhgubpp npnonudutph pugnidwt hwdwp vnwinud b ghwhwnnd o hwmdwywnwujuwt
nbnkjunynipmniup: Snljughg uvnwugynn nkntjunynipniip jnunwljynud, hwdwupgynud, widbwgpuynpdnud
b quwhwwnynd b qupuipughtt nt dEpniswjut juquuljtpynipniuubph Ynnuhg: Unwugdus tpnuswuljut
nbntjunympmiop Jekpwsynid £ hwwnntl] wwypwbph, npp qunud i mbnbuwlub dhpwduypnid  gnpénn
ubqubuntbpp: Toljuygh Jhdwlh dwuht nknbjunympmniip quwhwigwpydus wwypwip b, npp qunud G onijuygh
dwubiwlhgubpp: dptwuwljutt snijugh dwuptt nbnkjunymput dky tkpundnud Bu onijuyh  JEpwpkpiug
htunwgnumpnibibpp, juijwnbunidutpp, dhtwbvwfjui b Jhdujugpuljut gnigwuhoubpp, $htwbuwlui
juquuybkpynipmniutiph  Juplubipuyhtt quwhwwnnidubpp, wwbwlwhg hpwnwuwpdnipmibtbpp, unonp
gqnpéwpputinp, ubwiugnidubpp b wy: Sniljuyh Jepwpwojunnujutt gnpswnnyph hpwjuwbwgymd £ hwoyh
wnubny tpw' dhtwbvwlu vhongubpp wppynmibwdbnn puppubint opjijinhy nitwlnipmitp, wwwhnybnt
hwdwdwjli phqubiup Juintuubph, wowdbjugnyt pwhmpwpbpnipniip, Wuqugnyt dSwhiubkpp b tkpppoudwgh
nhuljtph dkdnipjut tJwugkgnudp: Lkpnponubkpp, Euknyg hpkig jupquyhdwyhg, nwquuyjupuljub jpunhputphg b
nhuljiph Jurwupdwi hwdwljupgh wpynibwdbnnipiniihg, quting wpdbpnptp, vnwbwny Juplkp, ogunytng
wywhnjugpujub Swrwjnipniuitiphg jud hpwiwbwgubng tkpppnudibp wyp $htwtvwljut wnhdubpoud®
whujund i wpwybkjugnyt Ejudnunibp: Shtwbuwu snijugh phtwbuwljuts gnpswnnypubptt wuyywhnynud
kb ubpypnudughty, ptwynnujut b $htwbuwljui dhgngubph Ynrnwldwt pughpubpp:

Shuwtuwljub pnijut wywhnynud £ ptwbumjuis dhgngubtph Ynunwldwb gnpdunnypubp, npnug wnpmnip
Eu hwinhuwind ubpnypnudubpp, pwbuyhtt wjwinubpp, wwywhnjugpuljut Jdwpubpp b dhtwbuwlui
htunhnnunubph juwyhwnwnd junwpjuws ukpgponudubpp: Shttwbuwljut gnpdwenypn tkpjuynidu  qquih
Jupinpmipmitt E ouwnwinud, pwth np wit htwbuwlub  htunpunnmunbbph  hhdtwlwt  tkpgpowdwght
gnpéniubnipniut b Shtwbuwlut htunhnnintbtpp hwuntu tu quhu, npybu htunhnninghniuy ukpnponutp b
bhutwbuwut  onijuygh  gonpéniubnipjut huptwlwpquynpnidt wwwhnynn  owbkpwwnpubp:  Ujuwhund
dhuwtiumu onijuygh ubpypnidwght  gnpswpnypp phwwinpb hopjuyulgdws b htwtumlus vhongubinh
ynunwljdwb gnpdwnnyph htin: Ukpppnudubp wpdbpnppnud (upunwwundubp, pudubnndutp), nunbunipjut
nwppkp hwnjusubpnd  Epupwdudiin tbpppnudughtt Spugpbph hpuljubugnid - $httwbuwlub  pnijuyh
nwppkp hwndustbpnud® YEuuwpnowluyhtt hhdtwnpudubpnud, wywhnjugpujul, quplughtt b publught
htunhnnunibpnud: Lwtth np $httwbvwdupluyhtt htunhunnuntph Yondhg tkpgpuus pughwinip wwpunwyn-
poipnibibpp Uh pwbh wbqud ghpuqubgnid G hpkug juwhunugh dbdnipjutp, wyw wqquhtt dnbbwnwp
hopwtinipmibtbpp  vwhdwind tu tpuwbg gopénibbnipjut  tjuwndwdp hwdwywwnwuwt Yjupquynpnn
nbnbuwljub inpdwwnhdukp, npwybugh wwywhndbt $httwbvwljut hwndwsh Jumniinipniiop: Shuwbuwluh
ontjuyh lu Lpynt gnpdwnnye’ ptwnnuijuip b jnunuldwip hnpljuyulgdus i, vwluyi npnpwlhnpkt nwup-
phpuljynud kb hpkug tyuwnwlubpny: Mounqujwt b jnunwljdwt gnpswnnypublph mwppkpnipiniit wyt &, np

184



nbnbuwljut vhpwuypnud gnpénn ukqubktntbpt wnwehtth nhypnid puwynud Eu hpkug dhengubinp wwhwwibnu
wnbkuwllnihg, hul Yninuljdub dudwbwl thnpdnid i wybjugit) hppkug nppudwlut dhongubinh dkdnipinip:
Ukpljuynudu, wwppkp Ephypubph wqquyhtt dhttwbuwluwt hwndusubpp hpkug gonpéniubnipjudp b
hpwlwtwgynn gnpéwnnypubph wbkuwlubpny hhdtwjuind dhwutwljuigdt; B, b hbnwqu qnpwjugdut
wuyudwubbpnud ppuig dhunwlubpp wykh o junpwbwiny, pun wnd wdbnt £ hwdwlupquhtt nhuljiph
Ubdnipjniip: Uuhpwdbown E pugniuk), np hbnwquynud gnpwy phtwtivwljut {guudwdtpp k) wewdt) dwup ht-
wnbwupubp ki pnnubnt hwdwjpwphwihtt mtnbumpjut ypw, b hwpuynp E pupbthnjul] wqquyhtt htrwbumue
hwwnqusubtph ywhknwjwt jupquynpdwt punupuluwinipniup’ tbppubing qnpuy mbnbuwwt dhpwduyph b
dhwtiumjut pnijuyh hdwgnipjul, Smbwsnynipiul, hyybu twb quuhwndwt wpynitwdbn swthnpnohsubp:
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0.X. Xauarpsu, A.X. XauaTpsin
®OPMHUPOBAHUE METOAOJIOI'MU ITIOJIUTUKHU I'OCYJAPCTBEHHOI'O
PEI'YJIMPOBAHUSI HAIIUOHAJIBHBIX ®MHAHCOBBIX CUCTEM B YCJIOBUAX
I'IOBAJIM3ALIMA

Hayuonanohvie @uHancosvle pwlHKU NO XAPAKMEPY CE0el OesimelbHOCMU — He COBEPUIEHHbL, U MO 6
OCHOBHOM  00YCNIOBNIEHO  MAKUM  (DaKmopom, KAK  HenpoONnOpYUOHAIbHOCMb — ROAYHAeMOU  UHGOPMAYUU.
Dgpexmusnocmv  desmenvHOCmU  (PUHAHCOB020 CEKMOPA  C6A3AHA C NPOSHO3UPOBAHUeM Oyoyuezo U,
CIe008aMENbHO, XAPAKMEPUIYeMCcsi  HeoosepueM U CMeneHvio GelUdUHbl PAasiuyHo2o poda puckos. Ilpu
pacnpeodeneHuy  PUHAHCOBLIMU CPEOCBAMU HA (PUHAHCOBOM PbIHKE — BANCHEUWUM (QAKMOPOM SGIAEMCs
obecneueHue 0OMeHa U COKPAWEHUE PUCKOE MENCOY VUACTHUKAMU DbIHKA.

Knroueevie cnosa: unancoseiii puiHok, (uHancosas cucmema, OGAHKOBCKULL PBIHOK, 20CYOAPCMEBEHHOE
Pe2yIuposanie, PbIHOYHOE CAMOPeYIUPOSaHUe, UHPOPMAyUs, DPbIHOYHAS KOHKYDEHYUs, CMpAmeSuiecKkoe
NAAGHUPOBAHUE, MAKPOIKOHOMUYECKUE NOKAZAMENU.

H.Kh. Khachatryan, A.Kh. Khachatryan
FORMATION OF THE METHODOLOGY OF POLITICS OF STATE REGULATION
OF NATIONAL FINANCIAL SYSTEMS IN THE CONDITIONS OF GLOBALIZATION

National financial markets are quite imperfect by the nature of their activities, and this is significantly
conditioned by such a factor as the disproportionality of the information received. Basically, the efficiency of the
financial sector is related to the forecasting of the future and, consequently, it is characterized by unreliability and
the magnitude of the various risks. During the allocation of financial resources in the financial market, the most
important factor is the provision of exchange and reduction of risks between market participants.

Keywords: financial market, financial system, banking market, state regulation, market self-regulation,
information, market competition, strategic planning, the concept of strategic development, macroeconomic
indicators.
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THE ANALYSIS OF THE FEATURES OF REGULATORY FRAMEWORK IN
THE ENERGY SECTOR OF RA WHILE INTEGRATING IN THE REGIONAL
ENERGY MARKET

Competition in the international markets is mainly related to the transshipment of goods, their qualities and
etc. Hence the coordination procedures between the providers of supply and distribution is an important signal for
the entire power sector for RA. There has been an attempt to analyze the regulatory differences from the EU directives
in energy system of RA. Hence, it is suggested to explore some econometric models, which can contribute to the
implementation of changes in energy policy.

Keywords: electricity market, competition, regulation, directives, energy policy.

Introduction. Long-term, sustainable economic growth needs a sustainable electricity supply. In
order to accomplish this goal, good economic governance incorporating energy policy should implement
reforms that will increase economic efficiency and social prosperity.

In this article our aim is to analyze the compliance of Armenian regulations in the power sector
with the EU directives and to define market challenges and legal barriers for advancing the internal power
market and trade with the regional power markets (especially with Georgia). The current market design
for Armeniawas implemented more than 10 years ago and falls short of legal, regulatory, and Market Rules
necessary to improve trade with the regional power markets.

To improve the functioning of internal energy markets and resolve structural problems, the EU sets
energy market requirements for transparent market and network operations, competitive wholesale and
retail markets designed for consumer benefit, increased cross-border cooperation between Transmission
System Operators (TSOs), and unbundling energy suppliers from network operators.

Georgia has signed the Deep and Comprehensive Free Trade Area (DCFTA) and Association
Agreements with the EU and is changing its internal regulations in compliance with the EU criteria - the
country has devel oped a market opening implementation plan and created a relevant market structure.

Armenia and Georgia are devel oping the necessary interconnection infrastructure to support trade
between countries, however, they can increase the efficiency of their internal power markets through
development of relevant trade and system integration mechanisms, which will reduce a number of
challenges typically faced by countries with atransitional economy.

In thisregard, it will be useful for our energy sector and economy to develop a transitional market
design with a scenario for gradual market opening to competition, and moving from “regulation” to
“deregulation” with incentive-based regulation instruments.

Data and analysis of regulatory framework. The Energy Law does not comply with the EU
requirements [1]. In order to improve the functioning of the internal energy market and resolve structural
problems, the EU sets the basic energy market requirements that, among others, covers the following:

e Transparent Market and Network Rules
e Competitive power and retail markets for consumers’ benefits
e Cross-border cooperation between TSOs
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Unbundling energy suppliers from network operators..
These requirements are not clearly covered in Armenia's Energy Law; therefore, it should be

substantially revised. A new Energy Law based on the principles of the EU directives can lead the sector
to a competitive power market [2].

The wholesale power market has the following regulations and characteristics [3]:

Generation is fully regulated with no competition. The Regulator permits one license for
construction and operation. Generators have no permit to sell electricity to customers. A
generation unit may export e ectricity only when the internal market is saturated and the sale does
not contradict the interests of internal customers. Moreover, according to the Energy Law, only
the most expensive generation can be exported, which practically means that Hrazdan TPP and
Hrazdan Unit 5 are the only generation units available for export. The amount of produced
electricity is set as a“preliminary value® in the contracts® between the DSO and generation units.
Therefore, generation units do not have any responsibility for the “ contracted” electricity.
Transmission is fully regulated. The Regulator permits one license to a Transmission Operator for
construction and management of the assets. There are no defined rules for the third party non-
discriminatory access to the transmission system.

Distribution is fully regulated. The Regulator permits one license for construction and operation.
Until February 2016, distribution held exclusive rights for the supply of electricity to customers.®
There are not clear regulations for unbundling distribution from supply. The Distribution System
Operator isthe only supplier and acts asamonopoly. The Distribution System Operator purchases
electricity from the national generating companies at regulated prices and on the basis of direct
contracts. As a consequence, the wholesale market is a monopsony, with the Distribution System
Operator acting as asingle buyer. The Regulator has not set the distribution tariffs.

The Energy Law states that any legal entity for export/import transactions must get a license, and
all contracts before becoming effective must be registered by the Regulator. At the sametime, the
Regulator sets the licensing and contracts registration procedures. An export licenseis issued only
when the internal market demand is fully covered and the export of electricity will not impair the
interests of domestic consumers.* At the same time, the Regulator sets tariffs for imported
electricity. Pricesfor exported electricity are not regulated.

Market Rules’ are defined only for export. Therulesrequire that the exporter signs contracts with
ageneration unit, Electro Power System Operator, Transmission Operator, and Settlement Center
similar to the model contracts set by the Regulator. More importantly, as previously mentioned,
the rule defines that only Hrazdan Unit 5 or Hrazdan Thermal Power Plant can be exporting to
generation units, taking into account the interests of internal customers.

As both Georgia and Turkey have plans in place to become part of the European Union internal

power market, Armeniawill likewise be required to meet the requirements of the internal power market if
it is to realize the benefits of cross-border trade with Georgia. It bears repeating that there are numerous
potential benefits from cross-border trade with Georgia, including [4]:

Coordination of aregional least-cost investment plan, particularly giving the substantial investment
requirements in Armenia owing to growing demand and aging and inefficient generation and
transmission infrastructure.

AsArmeniaisarelatively small country, it is better to be able to obtain economies of scale through
exports to a broader regional market.

Power exports and imports can provide a new source of revenue.

oo W N e

https://ec.europa.eu/energy/en/topics/markets-and-consumers/market-legislation.
www.arlis.am/DocumentView.aspx?DoclD=88646.
www.psrc.am/images/News/haytararutyun/2016/10.02.16/1.pdf.

ROA Energy Law.

www.arlis.am/DocumentView.aspx?DoclD=96645.
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e Enhanced security of supply and economic efficiencies are gained from cross-border trading.

Armeniacould provide seasonal exchanges of power suppliesto Georgiain winter. To fulfill their
obligations on the domestic market, Thermal Power Plants may act as importers. Having an appropriate
legal regulation in effect on such imports can be advantageous both for Therma Power Plants and for
Armenian consumers. During some periods, import can be competitive for Armenian import considering
the increased internal power demand. Armenia may be able to receive additional profit at daily exchanges
in summer by getting cheap nighttime electricity from Georgia and by exporting its own surplus to other
markets. At peak hours, more expensive e ectricity can be supplied to Georgia.

In the export structure, a benefit was Armenia’ s low price export combined with its need to avoid
drastic unloading of the Armenian Nuclear Power Plant in summer, as might be required in isolated
operation of the Armenian power system. These conditions would allow Armeniato sell electricity even
at nighttime and for Georgia to store additional water for use at peak hours. The low price makes these
transactions sustai nable despite other new generation in Georgia.

Georgia has plans both with Armenia and Russia to improve e ectricity interconnections. It seems
that the construction of a south to north interconnection between Iran-Armenia Georgia-Russia could be on
the table in the near future. More consultations would be required to fully integrate Azerbaijan and Turkey
in the emerging regional power market. Moreover, cooperation will stimulate the devel opment of theregion
and should take in account the interests for all states. It should encourage free trade, remove quantity limits
in mutual trade, but also establish a common investment space.

We can see the existing and ongoing interconnections for Armenia and Georgia between
neighboring countriesin Table.

Table
Electricity border lines/Cross border infrastructure.
- Iran - | Armenia - | Georgia - Russia | Georgia- Turkey | Azerbaijan-
Armenia Georgia Georgia
Existing 220 220 500 400/220 330/500
Voltage(kV)
Nominal Power 300 150 700 700/160 350/850
Capacity (MW)
Planned - 500 500 154/400 -
Nominal Power - 700 1000 350/350 -
Capacity (MW)

Source: Georgian State Electrosystem (GSE) and Ministry of Energy of Armenia.

Georgia is a net electricity exporter and has developed much of its clean energy through the
hydropower sector. Nowadays, the country generates over 9,695 GWh per year and 80-85% of total energy
is produced by hydropower plants. Furthermore, official estimates show that 80% of the country’s
economically viable hydro potential has yet to be explored.

Conclusion and Future Work. Armenia s power sector faces numerous challenges driven by
increasing demand and aging infrastructure and inefficient market and poor tariff structure. There are
multiple opportunities for trade with Georgia, which could provide numerous benefits and help address
many of the challengesin Armenia’ spower sector. Armenia slast market reformswereimplemented more
than 10 years ago and currently fall well short of the legal/regulatory and market criteria necessary to trade
with the countries in the European Union internal power market. Moreover, a coordinated approach to
modifying the domestic power market and the legal/regulatory framework with Georgia and gradually
increasing competition could provide additional benefits to Armenian consumers while it makes the
transition to the European Union internal power market.

We find supportive evidence for the specifying and showing the usefulness of the trade between
Armenian and Georgian energy markets while analyzing and finding some econometric assessmentsfor the
following problems:
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= To assess the influence of the possible export of the dectricity from different power plants on the
economic indicators (average salary, exports of goods, poverty indicators and etc.). Then we can
compare the obtained results with the effects of the influences of present situation.

= Todetermine the limits of the fluctuations of the average electricity generation tariff, while the impact
on the electricity demand will remain unchanged. Then, it will be effective to assess the impact of
price increase on electricity consumption and other indicators.

= |tisnecessary to analyze the effects of the regulatory changes of the Georgian energy sector on their
economy.

= [t will be effective to realize panel data analysisfor the indicators of the energy sector of Armenia and
Georgia[5].
This study has been done during the financing of the fund of the “Armenian National Science &

Education Fund” grant Ne ECON-4534.
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W.U. hwjwpjwu

<L ELGMreEShuU3k NLAPSh YUrYUJYNPrUUL HUCSh
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Issues concerning strategic management of Armenian energy sector are addressed and discussed. The key aspects of
Balanced Scorecard approach are highlighted. Mission and vision of Armenian energy sector are defined. Based on the
conceptual transformation and modification of traditional Balanced Scorecard methodology, the Balanced Scorecard for
Armenian energy sector is developed. Strategic objectives, initiatives and measures are defined for each perspective of the
Scorecard. Furthermore, possible directions of future scientific examinations are outlined.
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Introduction. Currently we live in a constantly changing global environment which is described by a multitude
of complex relationships among various economic agents (government, businesses, population). Tough competition,
transformation of resource structure, economic fluctuations put forward issues that have to be addressed by companies
in order to be able to survive and drive towards further successes. For responding economic challenges businesses are
required to pay serious attention to their strategies, as the latters define the path they should follow. Managers realize
the last point and therefore stress the importance of increasing strategic management efficiency and seek for tools that
would make possible to achieve that. In this respect, among distinct strategic management mechanisms and techniques
a special interest both in practical and scientific points of view represents the framework developed by Kaplan and
Norton [1] which is called Balanced Scorecard (hereafter BSC). Efficiency of strategy management is not an issue
important only for private organizations. Public organizations and governments pay attention to this certain topic as well.
Particularly, government implements techniques of strategic management for various economic sectors. In this sense,
energy sector is of certain interest. It is considered as one of the most crucial driving factors of economy which has both
direct and indirect impact on the overall economic success. Therefore, effective strategy is necessary for this sector and
BSC approach can be applied as well. However, it should be mentioned that literature on BSC applications for energy
sector and energy companies is relatively scarce [2 — 4].

Armenian energy sector is not an exclusion. In Armenia energy sector has even more significance. The reason
behind that is the fact that this country doesn’t have own natural energy resources (oil, natural gas, coal) and whole
domestic demand is satisfied by means of imports from Russia and Iran. This emphasized dependence on external
sources highlights a necessity for Armenia to develop a well-structured strategy for energy sector and utilize various
tools for its management. In this respect, a particular solution could be the implementation of BSC. Such an attempt is
made in current paper. This study aims at developing a BSC framework for Armenian energy sector and indicating
possible measures and topics that could be undertaken or analysed further.

The Concept of Balanced Scorecard. Originally proposed as a performance measurement system, during the
past decades BSC has undergone conceptual and functional transformations and currently is considered as a commonly
used mechanism for strategy management and control. Development of BSC was conditioned by strong inefficiencies
and drawbacks of traditional performance measurement systems that were mostly concentrated on financial indicators
and financial aspects of corporate performance. Such an accentuated focus on financial measures provided information
only about past periods and short run developments, while information concerning long-run perspective was impossible
to be taken into account. This kind of performance measurement systems which were highly efficient during industrial
era became ineffective in information age where the primary role had gone from material resources to intangible ones
(information, knowledge, human capital) [5]. Therefore, there was an urged necessity to develop a measurement system
that would allow to review the performance more effectively [1, 6]. BSC represents a unique tool which supplements
financial indicators with non-financial indicators [7]. The term balanced refers to the balance that BSC secures between
financial and non-financial indicators, internal and external indicators, strategic and diagnostic indicators, short-run and
long indicators, leading and lagging indicators. It enables to monitor corporate performance from four different
perspectives — financial, customer relations, internal business processes and learning and growth.

Financial perspective consists of indicators that reflect final results of undertaken actions. The main objective of
this perspective is increased shareholder value which is suggested to be achieved either by improving productivity or
revenue growth. Customer relation perspective concerns the consumer base and market segment where the company is
engaged. It aims at increasing customer value proposition and improving customer satisfaction by offering better price,
quality and speed of delivery. Internal business process perspective is related to those key processes and actions that
result in improved customer satisfaction and corporate profitability. This perspective is concentrated on the management
of operational, innovation, customer relations and social processes. And finally, Learning and growth perspective defines
conditions necessary for sustainable long-run growth. It focuses on human capital, information capital and organization
capital [6].

BSC is based on strategy. Vision, values and strategy are put in the centre of the system. This particular point
outlines the strong relationship between strategy and BSC. For each perspective of BSC respective strategic objectives
are defined. In order to highlight the path of achieving those objectives, strategic initiatives are proposed. For each
initiative certain indicator (or indicators) are suggested and target values are set. The following figure represents the
concept of BSC and its relation to strategy (Fig. 1) [6].
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| The key principle which BSC is based
on, assumes cause-effect linkages between
proposed  measures and  objectives.
According to Kaplan and Norton [6, 8],
strategy is described as a chain of cause-
effect relationships which can be introduced
with the help of if then statements. As an
example they introduce the link between
training of sales employees and corporate
Fig. 1. Four perspectives of BSC Source: Kaplan & Norton (1996a) profitability by means of the following
statements [6, 8]: If the sales personnel
receive a proper training on products, then their level of knowledge about the full range of products will increase. If
sales personnel become more knowledgeable, then they will be more effective in the sales perspective. If personnel
improve sales effectiveness, then average margins of sold products will increase.

Cause-effect relationships should cover all perspectives. For instance, a particular financial indicator selected for
BSC may be the return-on-capital-employed (ROCE). In order to attain the target value of that indicator could be an
increase of sales volume to existing clients conditioned by better customer loyalty. The latter constitute an objective that
should be included in customer relations perspective due to its positive impact on ROCE (Kaplan & Norton [6, 8].
Customer loyalty on its turn is affected by on-time-delivery (OTD). Thus, the latter should be considered as strategic
objective as well and allocated in the internal business process perspective. A possible way for achieving better OTD
could be the reduction of cycle times or improvement in service quality of internal processes. These objectives could be
achieved as results of enhancing employee skills and competence which should be placed in the learning and growth
perspective [6, 8]. In the literature there are numbers of studies that document application of BSC in private companies
representing sectors such as semiconductor industry [9], hospitality industry [11-12], textile industry 12],
biopharmaceutical industry [13], financial services [14], [15], pipe industry [16], plastic industry [17], as well as in
public organizations engaged in education [18], healthcare [19] or public government [20].

Characteristics of Armenian Energy Sector. The Republic of Armenia represents a developing country which
tries to build a market economy. Armenian economy is still in the process of transition as it gained its independence only
25 years ago - after the collapse of Soviet Union. 70 years of planned economy left their serious footprint in the economic
profile of Armenia and during the whole period of ongoing transition process created enormous obstacles for market
economy development. Transition period made Armenia to face with a plenitude of problems concerning the
development of own understanding of national economy and its growth. Country suffered and still suffers with serious
issues in all sectors of economy. The energy sector is not an exclusion.

This particular area has a crucial importance for Armenia. As it is mentioned above, country does not possess
natural energy sources such as oil, natural gas or coal. Therefore, that lack of natural resources makes Armenia dependent
on Russia and Iran (mostly Russia), as they are the main importers of oil and gas. That is why, Armenia also has serious
problems concerning energy security and independence. Stability of energy sector, in particular, power supply, directly
depends on the volume and price of imported energy resources, as the production of electricity in thermal plants, which
supply 36% of total power [21], is based on natural gas. Consequently, economic development of Armenia also depends
on the stability of energy sector. Besides the problems related to the absence of natural energy sources, there are also
drawbacks in operation and management of energy system. Old technologies, low level of staff competence cause
tremendous losses in distribution networks, which in their turn lead to serious financial losses for distributor company
and put an upward pressure on electricity price. For instance, during the recent years, electricity price for Armenian
population has increased nearly by 50% due to poor management of energy production and supply. This has serious
social impact on population, as well.

On the contrary, Armenia possesses quite large volumes of renewable energy sources (e.g. hydro or solar energy).
In case of proper management and internalization of such energy sources Armenia will have an opportunity to reduce
the volumes of imported oil and gas and consequently reduce its energy dependence from Russia and Iran. Moreover,
implementation of renewable energy sources significantly will reduce the environmental impact caused by energy sector.
However, the vast potential of renewable energy sources is not utilized in Armenia yet, as it assumes serious investments
in technology and human capital and requires professional management. It is believed, that the development of energy
sector’s BSC will contribute in solving management related problems, as it represents effective management tool.

The Balanced Scorecard for Armenian Energy Sector. As the central part of any BSC is constituted by mission,
vision, values and strategy, their definition represents the first step in the process of BSC development. Mission and
vision of energy sector set final desired destination and starting point of strategic process. By taking into consideration
features of this sector, relations between its agents and necessity to improve conditions of those agents, the following
mission statement is suggested: “To maximize welfare of economic agents (stakeholders) engaged in energy sector”.
Vision of energy sector assumes provision of sustainable and renewable sources’ based energy. And finally, values of
sector reflect increase of power generation productivity, reduction of production costs, enhancement of competitiveness
in the international market, continuity of energy supply, amendment of environmental profile of energy sector.

In this study BSC for Armenian energy sector is developed on the basis of certain transformations and
modifications of traditional framework proposed by Kaplan and Norton. The logic behind that is to make the concept
adjusted and adapted to the realities and specifics of this particular sector and interrelations between agents representing
it. The principal modification concerns financial perspective. As the scorecard is considered for the whole sector, it aims
at achieving maximal welfare for all agents — government, consumers and producers. Therefore, it is decided to label it
as welfare perspective. Moreover, as customer welfare and producer welfare are core parts of total welfare, customer
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perspective and financial perspective of producers or producer perspective are assumed to be sub-perspectives of welfare
perspective. Labels of the remaining two perspectives — internal business process perspective and learning and growth
perspective — remain unchanged.

As it is mentioned in the previous paragraph, total welfare consists of government welfare, customer welfare and
producer welfare. Each of these components assumes own strategic objectives. For the government increase in the
volume of taxes paid by energy companies is considered as first objective, as taxes constitute income that government
earns from this sector. In order to quantify outcomes of that strategic goal, the ratio of energy taxes to total taxes is
selected. The second objective pursued by the government is related to foreign trade and takes into consideration net
export of energy sources. As the latter represents another source of income for the government, respective objective
should be to increase the energy net export measured by total volume of energy net export in monetary terms.

Producer sub-perspective covers financial performance and financial measures of producers. Logically, the main
goal of producers is the increase in profitability and improvement of respective financial indicators. As it has already
been mentioned in this study, basically there are two strategies of profitability increase — revenue growth and productivity
improvement. In case of energy sector the first strategy assumes revenue growth from existing customers, as there is a
fixed customer base and standard product. In other words, companies can’t increase their sales by introducing other
products. Thus, energy companies can improve their profitability either by increasing sales to their existing customers
or improving productivity. This implies increase of energy demand and consequently reduction of price, because in case
of price increase, customers will take actions in order to reduce energy consumption.

The last topic is related to customer welfare and addressed in the customer sub-perspective. As customers, sectors
of economy (including residential sector) are assumed. From the perspective of the whole energy system, the main
objective of customer component should be the decrease of energy unit cost (energy price) not the total cost. The logic
behind that is the fact that reduction of total energy costs
borne by customers means similar change in producers’
revenue. A possible action that has to be implemented for
this sub-perspective is customer relations management
(hereafter CRM) analysis which will enable to monitor

/ \ processes related to this particular group of agents.
Issues concerning both reduction of energy price

Welfare perspective

Customer sub- | [ — and productivity increase are related to internal business
perspective perspective process perspective. That particular perspective of BSC
developed in this study includes three out of four

components introduced above — operation management,

\ / customer management and social process management.
Operation management in energy sector is related to

Internal business process processes of supply chain and pursues to increase
perspective operational  efficiency.  This  objective  implies
implementation of supply chain management analysis and

cycle-time analysis. Customer management is aimed at

improving processes that directly affect customer

Learning and growth satisf_action. CRM analysis is_ again consi_dere_d as a
perspective solu_tlon. And finally, under social processes in this st_udy
environmental aspects of energy sector are taken into

Fig. 2. BSC model for Armenian energy sector account as production process in this sector assumes
serious ecological impact and footprint. This particular step allows to include sustainability related issues in examination
and requires to develop model estimating the impact of emissions. As possible indicators, the volume of carbon and
greenhouse emissions may be selected.

The last perspective — learning and growth perspective — deals with factors that provide solutions to the problems
supposed to be solved within internal business process perspective. Those factors are human capital and innovation
processes. It is assumed to construct model reflecting the influence of human capital on the innovative performance of
companies. As an indicator of human capital can serve the share of population with tertiary education, while
innovativeness can be measured by the volume of R&D expenditures. Graphically, developed BSC is represented in Fig.
2. At the end it is worth mentioning, that this study covers only theoretical part of the story, while all the above listed
actions and mathematical models still have to be done and created. Thus, this study develops a framework for practical
examination and outlines possible directions which scientific research can follow in the future.

Conclusion. In this study an attempt was made to propose a model of BSC for Armenian energy sector. Taking
into account specific nature of this sector, conceptual changes of traditional approach were suggested. Three main
perspectives were constructed, in contrast to traditional four perspectives. Welfare perspective was developed with two
sub-perspectives — customer and producer — instead of financial perspective. For each perspective respective objectives
were introduced and actions for achieving those objectives were represented. Indicators measuring quantitative results
of undertaken actions were selected. Environmental issues were taken for the analysis as well.
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ON THE MODEL OF THE ADJUSTMENT OF FINANCIAL RISK

The management of financial risks is commonly defined as a process that uses physical and human resources to
accomplish certain objectives concerning loss exposures. In the current paper we argue that insurance can be seen as a
principal element of this broadly acceptable definition. Moreover, we identify the stage of risk management for which the
technique of Insurance is available. Afterwards, we extend the interpretation of the standard formal framework of insurance
s0 as to capture the concept of the demand for insurance. The structural analysis allows to isolate the main determinants of
the insurance demand and investigate the nature of causal relationships. We establish that the measure of loss and its
probability have a positive effect on the demand for insurance whereas the effect of the insurance premium and the
Individual’s wealth is ambiguous and depends on risk preferences.

Keywords: loss exposures, the demand for insurance, the stages of risk management, causal relationships.

Introduction. The management of financial risks involves identification, measurement and treatment of the
loss exposure [1]. Insurance is a key part of this process since it presents a mechanism that is primarily used to
treat loss exposures. Put another way, insurance can be viewed as a risk management technique, an instrument
that will allow managers to deal more adequately with the possible consequences of financial risks. In some
sense, insurance is an additional dimension in the risk manager’s “commodity space”, that, in conjunction with
other control elements, can be selected for a given exposure.

Economic agents are concerned about the management of loss exposures for two reasons- cost of losses that
actually occur and cost of losses that might occur [2]. The financial impact of the first type of losses depends on
their magnitude and the ability of the entity to absorb the losses. This effect ranges from minor inconveniences
to losses that cause the breakup of the business or family. Importantly, actual loss exposures refer to situations
when financial losses are not offset by gains to some members of society. Clearly, society as a whole loses
because it is the sum of its parts and one or more parts are worse off. Apart from actual costs loss exposures
incorporate uncertainty that affects people’s behaviour and leads to less than optimum use of resources [3]. This
implies that uncertainty tends to disturb the inherent tendency of the economic system to achieve optimum
balance.

The costs of loss exposures can be reduced by effective risk management that incorporates the following
steps [4]:

1. Identifying and analysing loss exposures.

2. Selecting the combination of techniques to be used to handle each exposure.

3. Implementing the techniques chosen.

4. Monitoring the decisions made and implementing appropriate changes.

In the paper we argue that insurance is a key financing technique available in the second step of the above
described process. Put simply, insurance enables to transfer financial consequences of some possible loss events
from an insured party to an insurer. Importantly, the key feature of insurance is its social nature indicating that
the insurer should make arrangements with many entities exposed to loss.

The most apparent benefit of insurance is the payment on behalf of insureds who suffer covered losses. This
fact reduces ex ante uncertainty about financial loss resulting in a decrease in anxiety. In other words,
insurance markets provide a way to eliminate risks. Naturally, at some level the analysis of risks reduces to the
investigation of the demand for insurance. In the present paper we are interested in identifying the key factors
determining the demand for insurance and revealing the directions of all respective effects. This will make it
possible to analyse the complicated structure of decisions on financing loss exposures that are based on multiple
comparisons of benefits and direct and indirect costs.

The standard setting of insurance. The decision-maker pays an insurance premium in exchange for partial
or full compensation (insurance cover) for loss resulting from some events. Further, the insurance buyer makes
a decision over the cover.
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There are only two states of nature: 1 and 2. Income in the no-loss state is x; = x and income in the loss state is
X, = x — A. Probability of loss A is . Expected value of income without insurance is

x=0-mx+nlx—A) =x—7mA.
Expected utility in the absence of insurance is
EU = (1 —mu(x) + mulx — A).
The insurer offers cover C at a premium rate p. The premium amount P is pC. The buyer chooses C to
maximize
EUC) =1 —mulx —pC) +mu(x — A+ (1 —p)0).
The first order condition is

EU.=—(1-mpu(x—pCH+m(1—plu(x—A+ (1 -p)C*) =0.

The second order condition is negative at the optimum.
Rearranging the FOC we get

1-p 1-m u'(x —pC»
p w ulx—A+1-p)C*)

From this equation it is clear that the following must hold:

1) With a fair premium there is full cover: p = & C* = A.
Proof:
p=me

1-n_ 1-m u'(x —pC*
T n u(x—A+(1-p)C)

=4

sulx—A+(A-p))=ux-pC) &
Sx—A+(1-p)C"=x—pC* &
S =A

2) With a positive loading there is partial cover: p > < C* < A.

Proof:
p>n &
1_ _ / _ *
- p=1 /i , u(x —pC)
p T ulx—A+(1-p)C)
1-pnm u(x—pC)

pA-m we—Atd-pc) T

Sux—-A+A-p)C)>u(x—-pC) o
ex—A+(1-p)C'<x—pC &
<A

3) With a negative loading there is more than full cover: p < m & C* > A.
Proof: Analogous to 2).
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The demand for insurance. The main results of the paper directly follow from the observation that solving
the above mentioned first order condition for the optimal cover we shall obtain the insurance demand function.
In this respect, our aim is to explore the relationship between the demand for insurance and the exogenous
parameters that determine it: x,m, 4, p. Note that if we assume a fair premium, full cover is always bought. In
that case, comparative-static analysis is trivial. Therefore assume that p > mand 0 < C* < A.

The FOC is
EU.=—(1-mpu(x—pCH+m(1—plu(x—A+ (1 —p)C*) =0.

Applying the implicit function theorem [5] we get

aC*  EUg,
ax ~ EU.
aC*  EUg
ap ~ EUg
0A = EUg’
aC* _ EUg
op  EUg

Because of risk aversion it is easy to show that EU;; < 0. Therefore the signs of the above derivatives are
determined by that of the numerator.

The effect of income. What happens to the demand for insurance if an individual’s income increases?
The numerator is

EUg = —p(1—mu'(x —pC)+ (1 —p)nu'(x — A+ (1 —p)C*).

Let us relate this to the buyer’s risk preferences. First, define
x; =x—pC*,

x;=x—A+ (1 —-p)C.
We know that because of partial cover x; > x3:
EUc = —p(1 —mu (x7) + (1 — pImu (x3).
The FOC takes on the following form
mu(x3)(1 = p) = (1 — mu (x)p.

Rearranging the FOC gives

u (x3)
1-mp=n(1- - .
( )p =n( p)u(xl*)
Substituting gives
—_ Tk ul(x;) TR\
FUee = (1= p)u () = (1 = p). g b () =

= 7(1 - p)u(x3) {—“ o) _u ("1)}.

) ule)
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Recall, that the Arrow-Pratt measure of absolute risk aversion is

AG) = _Z’(X)

We can then write
EUcy = n(1 = p)u (). (A(x)) — A(x3)).
So we get the following result
EUq =20 & A(xy) = A(x3),
EUq <0 & A(xy) < A(x3).

Insurance cover is a normal good if risk aversion increases with income (IARA): A(x7) = A(x3) with x; > x3.

Insurance cover is an inferior good if risk aversion decreases with income (DARA): A(x]) < A(x3) with
* *

x> x5

Insurance cover is constant in income if risk aversion is constant in income (CARA): A(x;) = A(x}) with

X7 >> x5.

The intuition is fairly clear: if an increase in income increases willingness to bear risk then the demand for

insurance falls.

The change in premium rate. Now we consider the effect of increases in the premium rate on the amount
of cover. The numerator is

EUgy = = ((1 = muGe) + mu o)) + (1 — () — (1 — pYmu x5))C™.

Notice that the second term is just —EU¢,C*.
In fact, we have a standard Slutsky equation which can be written as

dC*  EUg (1 —mu(x) + mu(x) s EUg,

dp EUq EUgc EUq

(U =mu ) + mu'(x) c dac*

X

EUqc dx

The first term is the substitution effect which is negative. The second term is the income effect that can be
negative, positive or 0 (see the effect of income).

ac* s . . .
For IARA o >0 and both the substitution and income effects are negative. Demand for cover will fall as the
price for it increases.

ac* . . . .
For CARA —— =0 and the income effect is zero, therefore the overall effect is negative.

ac* . . .- . .
For DARA - <0 the income effect is positive and thus the overall effect is ambiguous. Insurance may be a

Giffen good if risk aversion decreases sufficiently with income.

Loss and loss probability. Now the question is how the demand varies as the measure of loss and its
probability increase.

EUcy = —(1—p)rnu'(x¥) > 0.

This is an unambiguous effect. As we would expect, an increase in potential loss increases the demand for cover.
For the effect of the loss probability consider:
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EUcn = pu (x{) + (1 — p)u (x3) > 0.
This effect is again positive. An increase in the loss probability increases the demand for cover, other things
being equal.

Conclusions. In the present paper insurance is discussed as a method of treatment of loss exposures.
Applying the implicit function theorem we find out that the measure of loss and its probability have a positive
effect on the insurance demand and the influence of the income and the price of insurance is contingent upon
risk preferences of the insurance buyer.
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U.U. Luiyub
dhuuULUUYUL rhUYE &TESUTL UNYELE UUURL

Sphwbuwmlml  nhulbph Jupwywpnidp  umnpupwp  swhdwidnid Fonpwlku uylyhup
gnpdplpuwg, npp ogumugnpénid F hghlmlmt b dwppluyhl pkunipubkp Gnpuinh plwpkph hkn
quwupjwés npny bwyunnwlblkp ppugnpdlynt hudwp: Ukphuyugynid o owkuwlbw, npp hwdwduyl
wwwhnywgpnipiniap Jupnng F il npybu uyu juyinpbl phpniblih vwhdwbdwl punlugnighs
nuwpp: Fugh uyn, nyhwlwbaginid  Foophulbph  Juwnwyjupdwl  uglh hnyp, nph hwdwp
wwwhnyjugpnipyul gnpSppp Gwpng F Ghpundly: Ujinihbnl phgjuyiynid ©owgguhnguwgpnippul
uvnwinupun dnpljughll dhourjuyph JEjhwpwinygemniip ' dyuwwnwl) nibbbugny JEpynidnippul uko
bkpwnk; wwwhnywgpnipyul wwhwiowplih hwulwgnipemiip: Yuenigyuwdpuyhl yJhpinidnipniin
hlnupun/npnipinil Funughu wnwbdnughly wupmhnyugpnipyul whwiownplhh hpdinuluml gnpénhbbpp
U nrumdbmupply wunmdwnwlwl Jupnfudnipinibbbph pinypp: Snyg Ewunpynid, np §npunp sunhp o
opw huyjwhw§winipmnip wywhnyugpulul ywhwiowplyh Yypw nibklh pgpulwlh wqnkgniemni i, uyl
pluypnid, Epp wywhnjugpuydwph o whhwnp hwpunnippul wopbgniyemnibibpp dhwpdbp ski
qupnjuis ki nhulh bwpupinnpniyenibiakphg:

Unwigpughli punkp. [npniuwn, wwwhnyugpnippul wwhwiownl, nhullph Junwjupdul
thny kp, quwndwnwhbnlbwbpuyhl uwbp:

A.A. Hauan
O MOJIEJIN KOPPEKTUPOBKU ®PUHAHCOBOI'O PUCKA

Ynpasnernrne @HHAHCOBRIMH PHCKaMH OOBIYHO ONpPEReNAETCA KAK IIPOLECC, KOTOPBIH HCIOIB3YET
QH3HYEeCKHE H YeTOBEYECKHE PeCypChI JUIA JOCTHXEHHA ONpefe/eHHBIX LeJeH, CBASAHHBIX C IMOTepAMH. B
JaHHOH CTaThe YTBEPHKAAETCA, YTO CTPAXOBAHHE MOXET PACCMATPHBATECA B KAY€CTBE OCHOBHOIO 3/IEMEHTA 3TOr0
IIHPOKO IIPHEMIEMOTO ompefeleHHd. Kpome TOro, HAEHTH@HIHPYETCA S5Tall yIOPABIECHHA DHCKAMH, JIA
KOTOpOIo MeTOZHKA CTPAXOBAHHA MPHMEHHMA. Pacurnperna HHTEpIpeTangya CTAHAaPTHOH (OpMaTbHOH MOZETH
CTpaxoBaHHUA JJIA TOIo, YTOOBI BRAIOYHTS B HEE IIOHATHE COpoca Ha crpaxosaHue. CTPYKTYPHBIH aHATH3
II03BOJIAET BBIAE/IHTs OCHOBHEIE JETEPMHHAHTEI CIIPOCA CTPAXOBAHHA H HCCAEZ0BATH XaPaKTep IIPHYHHHO-
C/I€4CTBeHHFIX CBA3€H. YCTAHOBIE€HO, YTO BEIHYHHA IIOTEPH H €€ BEPOATHOCTh OKA3BIBAIOT IIOJIOXHTETIbEHOE
BIHAHHE HA CIPOC CTPAXOBAHHA, B TO BPeMA KaK SQPPEKT CTpaxOBOH IMPEMHH H HHIHBHAYAIbHOIO OOraTCTBa
HEOJHO3HAYeH H 3aBHCHT OT IIPEJIIOYTEHHH PHCKA.

KrroveBsre croBa: moteps, CIpoc Ha CTPaXOBAHHE, STAaIlbl YIIPABIEHHA PHCKAMH, IIPHIHHHO-
C/IeCTBeHHBIe CBA3H.

Nanyan Ashot Ararat - PHD student (YSU)
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U.q. Gujunjui, L.&. Cwpnjui, 4.U. Ukhp-®wpuwnwuyjw

vuenthh 1 3NkrUShU3b Ubh LULP KUSUNRE3UL YEMURGM3UL

Ynipughwl wnwyly hwdwpn Ghpuming  dESnipinibbabphg Fohwunmunnnml  Ejun/ninny  qopdppakph
Yhpynidnypnibabpnud: Zupinip &b Uwpnghp, dbupnpjws, wpynibufbu, aihplby b wyy iynipughwlbp, npnlp juyi
Jppupnipinil nibklh wuyniuwlh b npulkph Junwjupdwl gonpSuninipnibbbpnd: Ungl  wppiunnwbipnid
mumdlnuuppynid F Uwpngph ynipuighwl, gpur hunnlnipinibbbpp b fhpwnnipnibbbpp hwwnunnntl Ejundninny
Gkpppnidughll hwpnugskpnid: Uwubun/npuwbu wapugnigynid B nwppkp qupnwwnndubph hunlup Uwpnghp

ynipuighuyh ' dplsl dwpnid dundflnpg Quwpinjus npny hunnlnyenibbakp, plswku wl GEppponidughl hnphgnih
Ejunlinupbpnipyul  dpunnidibph  wnkuwblynibpg phunwplynid Foopgku  GEpppnidughl hnppgnii Uwpnjpp
pmpughuyh bpwhwlniypenip:

Unwugpuyhti  pwnbp. Uwpnph pympughw, dbhwipinfujwé mympughw, dhish dwpnid  dwudlbn,
OEpppnidughll hnphgnt, bkpppnidughl Anphgnih Ejunlinupbpniendi:

Ympwghuh qunuthwpp wnwohtt wiqud opowbwpnipjui ke L ogppkp $. Uwpnih’
uwhdwibng wybt npybu gpudwlwb hnuptph dhohtt dudjbnwjinipmnit [1]: Uwpnihh pynipughwb
uhphujugubint  tyuwwnwlny nhwnwplkip tkpppnidwghtt twhiwghs, nph  f,7,,...,fy  wwhbph
npufwlwt hnupbpp hupnth ko dudwiwbh £, =0 wwhph' CF,CF,,...,CF, (CF} >0, ] =1,_N),
Y -p wuwhwbeyny bLhwdwnwpbpnipniut k (y > 0): Yhgnip'  d -t dwdwbwlh hus-np wwh
£ < d Sl‘k+1,k =0,N-1, npp padupupnud | (1)-pt.

CF, CF, CF, CF
d-t)——+. 4 d—t,)—L—=(tp, —d)—— . +(ty —d)— 2
(1+y) (1+y)" (1) (1+y)"

Cun vwhdwinwi' d -ii dwdwbwlh wb wwhi b npuby hujuwuwpdnmd b wnug]us b
unwgkihp ppudwlwi hnupkph tkplu wpdbpubpp’ Yopws gpudwlub hnuph dhish ndjuy wuhp
Enué dudwwyny [2]:

Loskny (1)-p d -h Wjundwdp' junwbwbp.

ey

ul ; CF,
k 1
i)t @)
d =—; CF, = ;tk o
k=1 (l+ y)lk

npunkn @~ o k-py npudwlul hnuph tkpyu wpdbph Yohnt E wupunwnnduh quh (pnpnp gpuidwuljui
hnuptph tkpiw wpdbputph gnidwpp) dbe: (2) Ukdmipiniup huwynuh b npybu Uwpnihh pynipughw:
Ujuyhuny, d -t ppudwlub hnupkph uinugdwt yuhbph dhohtt Yonyws Uksnipnit k(. 1):

CF, CF, CF; CFia CF. CF,

- w ¥ d ¥ kL L 4

L] h £y L ‘ Tiat Foy I,

Ul 1. Mpunlwlul hnuplbpp dudwinulughl Anphgnianid
Uwutwughinuljut qpujuinipniip Uwpnihh pnipughwtt wpwybk] hwdwh nhuwpynd k

t, = k, CE{ =cF ,k = I,N —1, CFN =cF+F punipwghptt niikignn wwpunwwnnduh! (plain vanilla)

! Zwununnnit b hwjwuwp wuppkpuubnipyudp wpdtlunpning, sh hwbghuwbtnud inpnhnud, paqupynnh b
qunpnh hpwyniuptbpny owyghn tkph puguljuynipyudp, wyuwhnyquws sk nplk wy) wnpyny:
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hwdwp: Uju wupwuquynud, npnowlh dbwhnfunipinitubphg htnn (2)-p tkpfuyugdnud E hbnbyuyg
wkupny [3-5].

d=d(c,y,N):1+y— N(c—y)+1+y : .

v oci+y) =(c-v)
Zuynbih £ iwb Uwpnihh gympughuyh b dbunhnpo]wé gynipughugh juyp (3]
d= olnP zﬁlnP:Gln(l+y):_lﬁ_P(l_'_y):md(l_'_y), @
oln(l+y) oy oy P oy

npunkn 7d -t diwthnju]ws nynipughwi k(. 2):

1104 — Ppwlwl ghls a7 M — Ppwlwl nguphpdwluwl ghl
- — alushnfudws nyncughund deunwnnud

"W\ - — Uwenihh nyninwghugnd dnunwnbnud

46

=
5]

45

©
o

4.4

Ppuwyuwb b dnnwpldws ghl

P b dniwpldwé (ngunbredwluwl ghl

704

42
0.00 0.05 0.10 0.15 0.20 0.00 0.05 010 0.15 0.20

UhlUsl dupnud Bhuwdunwpbpnegnida UhUsl Jdwpnud Bhwdunwpbpnugnida

uly. 2. Qap (jnqg. qitp) b dunpnpnjus (Uwpnjpp) yynipughwbbph fuigp

Uunpl ubpjujugubup Uwpnihh pgnipughuyh dh pwih hwwnynipyniuubp, npnup Yupbh k
nhuwunpyby yipnuyuy hwjuwuwpnidubphg.

1. Uwpnhh pipughwih swthvwi vhwnpp dwdwbwli £Q2), 0<d < N,u htswbu kplnid

(4) -hg, uy quh" dhtish dwpnid Ejudnwpbpnipyut btfundwdp qquyniunipinit E gnyyg nwhu:

2. d(c, v,N )‘E Y -hg wjuqnn dniulghw E, Lpp dbwgws wwpwdbnpbpp Bipungpynud Bl
wlthnthnju:

3. d(c,y,N)p c-hg tjuqnn $milghw  bpp dbwmgud wwpudbnpbpp ipunpdmd b
withnihnju:

4. Mupunwunduh gnipughwi wpdkljupnuibph Jfwpdwt wuwhtph dholt (d T) hwoquplynud k£

d.=d- % -ny, npntn 77 -t wpdklupniught thngh opkiph pwwl b, huly -4 hwpdupldwl

wwhhg vhtgh hwgnpny wpdbljupnuh Jdwpdwt yuht pujws optph puwbwyyp:
5. Bphk wupunwwundup qinswnnynuught k (C = 0), wyw d =N, wyuhlptt' qhpswnnynuwghl
wuwpunwnnduh Uwupnihh gynipughwt dhsh dwpnid dudjbnt t:
6. Bphk  wpdblupnuh  Jdwpmdutph  pwbwlp  wbuwhdwbwihwy L (perpetuity)’
1+
N > ©,d > Y , wyuhpt’ wyju phypmd wuwpuwwunnduh pympughwt wiwp b

wpdtjupntp dbkdnipniuhg:
Npybu dudwbwlh dhuwnp, hknwppppuwh k Uwpnjhh gympughugh b yupunwnnduh' dhish
dwupnd  dudjtnp Yuyp: Twubwghnwluwh  gpujubmpmiimyd wwpunwnnduh' dhist dwpmd

dudjtinuinipjmut bt Uwpnihh pnipughuyh  Juuwp (bpp %:0) hwdwpj ubkpyuyugynd E

gbuyuultph wbkupny (. 3), npunbnhg htonnipjudp Jupkh £ tuunt) Uwpnihh mpnipughuwgh
htunlyw) hwnlnipniuukpn [3,4].
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— Liln] g (e}
= = Dliegguanrelynuugfils (T-8ill)

=+ Ghnzunanupo (s count)
= Ulhanlytan iperpehty)

= = uwnspudgwnng (premiuem)

Ywenbh nrupwghu
B

a
=

__________

Uhlgl dwprd dusdlbn

Ul 3. Uupmhp ynipughugh b dpbish dwpnid dudflnp dhol uwp

7. Gpt wupunuwwunndup ghtip hwjwuwp b wiwiwljut wpdtpht (C = y) Jud UbS E wiubwljui
wndtphg (C > y) ' hwdbjwddwpny, wwyw Uwpnihh pmpughwt wédnd b dhish dwpnid
dudjinh w&ht qnigpipwg. wyuhlipt' d (N ) -1 wénn $nrulghw k:

8. bptk wuwpunwwuinduh ghup thnpp b whjwiwlwb wpdbphg (c<y)‘ qlinswunpnypny, wwywm
Uwpnihp pynipughwt, dhigh dwpmd dwdijinh wgh hbw, twho wdnd E wyu tdugnud.
wyuhlipl' goympmt mbh N, dwdltnuyinipmit wjiybu, np d (N )< d (No ),N <N,lu
d(N)<d(N,), N>N,:

Uuwnpl ubpuyugubkip 7-pn b 8-p hwnlmipjniuibph wywugnygubpp:

1 1
> Luhy, tpp ¢ =Y. (3)-hg Ywpny Lup uwnwbwy, np d = +y(1— (1 )NJ, npp wljthwyn
Y +y

wénmu kN -h wght quigplipug:
¢#y phypkph hwdwp ghunwpytip htnlyuw) hwjwuwpnudp, npp Yupkh B unwbw; (3)-p
wswgkny pun N -h.
ad _ [(y —c)(c(l +y) +y —c)]+ [c(l + y)ln(l + y)(l + y)N]+ [Nc(c —y)In(1+y)1+ y)Nl -
ON (c(l +y)' +y —c)Z
(5)- h hudwuphsh wnweht pununphsp tkpjuyugukup hknbju) nkupny.
(r=heli+2)" +y=c|=dy=)1+3)* <11} (r=cf =dy=cf1+2)" 1)+ (-l
b wowtwykiup.
A= [(y —c)y + c(l + y)ln(l + y)(l + y)NJ, B= lNc(c —y)ln(l + y)(l + y)N —c(c - y)((l + y)N - I)J:
Upmyniupnid (5) -p Ypkpygh htnlbyuw) wnkupht.
od _ A+B .
ON (c(l + y)N +y —0)2
Qtwhunkip 4 -t B -it" ogunuugnpdtyny htwnlyur kpkp huyinth withujwuwpmipinibkpn .
. (1+y)N21,hppy>O,N20:
. (1+y)ln(1+y)>y,hppy>0:

(6)

)1—(1+y)*N.

—y :

A:(y—c)y+c(l+y)ln(1+y)(1+y)N >(y—c)y+cy(1+y)N 2y2 —cy+cy>0:
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Ujuhtipi® wiiwpn y,C¢ gniguuhpubph hwpwpbpulgnipniihg (6) hwuuwpdwi hwdwphsh
wnwohtt gnidwnpkjhtt dhpw ppuljut b Uhigptn tnyup wugky (6) hwjwuwpdwi hwdwphsh Eplpnpy
gnudwpbnt dwuht sh Yupbih: Y, ¢ gmguhoubph mmwupplp hwpwpbpuljgnipniuubph nhypnid tpgws
gnidwpbiht upnn Ehul L' puguuwljub, b ny puguuuut: Uwufuyb wyt gphuypnud

>tppCc>Yy,

B=c(c-y)l+y)" (Nln(1+y)—(1—(1 +y) ))> cle—y)N1+y)" %(N—dN)Z 0: 7)
A+B
Muunp, tpp €2 Y, myu — =
ON (c(l + y)N +y- 0)2
hufwp Uwpnihh pynipughwt wdnud £ dhiyh dwpmd dudinuyinipyub wghl qnigpipug. 4 (N )-p

wdnn pnitljghw E:
> Ut ghiwpnwd, tpp € <Y, Gupkjh E Bhpwugpt), np htwpwdnp o B -h b htwbwpwp 6)-h W'

> 0, htnmbwpwp hwybjuydupny wwpunwwnnduh

puguwuwljui, b' ny puguuwlub wpdbpubp, npp fupnn Gup uinnighy’ (niskng si = 0 hwjuuwpnudp:
N

NMuwpq dbwthnpumpiniiibphg hinn vnwgynd £ htnbju) winpunupd hwjuwuwpnidp [6].
Ny
= y—c 1 N 1 N I+y : ®)
cln(l1+y)\ 1+ y In(1+y) y-c
8nyg wnwlp, nn 8)n nith dhwly [nusnu: Uj Jupkih k phntyp
f(x) =a-f +y—-x0<f<l,a>0,y>0,x>09Iniuyghwyh 0-h gnjmpmiup wuywgnighnil, npunkn

g=—2=¢ g1 7= ! +1+y:f(+oo)=—oo,f(0)=a+7/>0hpu1‘ubnpf(x)—
n(1+y) y—c

- cln(1+y)’ B I+y

n wiptghwn &, wyw 3x, € (0,+OO) st f (xo ) =0" puwn dhohtt wpdtph ptnptuh: Pul] Uhwlnipnip

plunid E tipwtihg, np x = @f” + ¥ hwjuwuwpdwb dwjn dwunid wéng, hul) wenid tjwqnn $niughwiikp

kb, htnlbwpwp, bpk npuip hwndmd &b, mphdt hwndwt Yeop dhwly b Upuhtph' (3)-p mbh
dl o e=y)ind+y)

oN’ N=N, C(l"'y)Nn +y-—c

Ynhnhlulju Yhwn (¢ < p): Umntu Ynndhg, putth np <0, ntunp wyy Yhunp
dwpuhunidh JEwn k: ZEnbwpup wmyugnigyws L twb 8-pry hwnynipjnin:
Ykpnbgpuy wpyniiphkphg qupbyh F junnupky b hknlyuy Egpubwbgnidakpp.

1. Qtpswypnypny wwpunwwnnduh hwdwp, tpp ¥ = c— = N, — +o0:

2. Ophtulynd Yupbp thuningdiy, np Ny -p - (=€)~ ihgl mapn ung st

Luwitth np, hyybku YEpp toykg, Uwmpnihh yynipughwt dudwtwlh dhwynp k, hknmwppppuljut k
twb npw Yuwwp ubkpppmdughtt bnphgnuh hbw: Zwjnuh L np tnthnjudnn  ninnuwngpnipubph
wuplwibkpnd wwpnwinnduh' Uwpnihh pynipughwihg jupd jud bpljup bpyponudwghtt hnphgnih
nhypbpnud  Juuwgdbtt  wwpphp wwpkljubugyws L2ZG-ukp (Wkpppmudughtt hnphgnth
Eyudunwpbpnipinit) [7]: Ukpgpoudughtt hnphgqnuh Gpupnipjut b nwupbjutugjus L2Z6-h juwp
nhuiupytup htwnbyw) ophttwyny: Ythgnip dtinp L phipynwd 5% dhigh dwpnud Bjudnwpbpnipjudp, 5%
nupbkut wpdbnpnuny, 5 muph dhigh dwpnid dwdljknny yupunwwnndu, nph Uwpnihh nynipughwi
Unwn 4.55 L

“Yhunwpltup wophg htnn' dhtgh hwenpny wpdtljnpnuh Jdupnudp, ninnuwngpnyputph htwnbyug
ugkuptbpp. wnynuunpnypp dimd E withntny, wnnuunpnypp pupdpuinid jud - hetmd E
nuntwny hwuwdwyuunuupuwbupup 6% b 4%, wjunithbnb dumd  wbdnthnpe:  Thuwpybup
nupbjubugdws UZG-h thnthnjumpniip dudwbwulhg Jupws tptp Jtpnuojuy nhwypbpnud, bpp
ukpypnudughtt hnphgnip gipuqugnud £ Ukl wwpht (ul. 4):

Snlynuwnpnupubph thnthnjumpjut ghypnid Ejwdnwpbpmpjut Jpu wgnnid £ Eplne gnpént
quh thnthnpumipmiip b Jepubkpypmuhg  Ejudnunp:  Snlnuwnpnyph  tJuquwb phypnd  quh
thnthnpunipnithg hwdbjw; Bjudninp ghipuquignid £ guép wininuwnpnypny Jhpuubpypdui
wqptignipjuip  dptgh npnowlh wwh, b dJudwbwljwhwndwsh wnwpbjuwtugdus LZEB-u Uks L
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uljqpiwutt dhush dwpnd Eywdwwpbpnipiniihg, nphg hbwun  Jhpuwbbpgpiut wqpbgnipmniup
ghpulpponud k, b dwdwiwjuhundwsh nuptjutugjus L2B-u thopp k ujqpiuljut Jhtgh dwupnid
Eywdwnwplpnipniuthg: Zwjupwlp wknh nith wninuwnpnyph wdh nhypnud: Sninuwnpnypubph
wtthnthnju dtwnt nhwypnud, tpp wnph b yudwnph ywwhbpht qubpp hwyquplynud Eu dhliinyt dhish
dwupnmud Ejudunwpbpnipjudp b yupunwnnduh wpdblnpntubpp Jipuikpypynud B uqphujut dhish
dwpdwt Gjuwdnwpbpnipju gpoypny, wnwpbjuwbtugqus L2Z6-u sh wwpphpdmd Jhtgh Jwpnd
hlluldmmphpmp]mhhg [4]: CL?smululuﬂ.lhpbg wupng k twl, np gnjnipjnit nith dudwbwlh wyyhuh yubh,
tpp pt wninuugpnupitph wéh, phE Wjuquui phypmd Gkpypdwb  wwpbubtugdus L2ZE-u
huwjwuwpynud £ yupunuwnnduh uyqpiwut htgh dupnid Bjudnwpbpnipjubp:

Ublighi dhwreed dusfigan

Ul 4. Supkljwinugyué ULE-0 unupplp ughliupbbph nkupnuf

8nyyg wwip, np wuninuwnpnyph wdh, Wuquuit b wbhnhn dobwnme ghypbpomd LZG-p
hudwyunuupiwtwpup wénn, tugnny b hwununnmt ntujghw b pun tkpnpnidwghtt hnphgnih, b
punhwinip phwypmd wytt wwhp, tpp LZG-ubkpp hwduwuwpynud kb, Unn ' yupuwwnnduh Uwpnihh
yynupughuyght:

Tthgmp nibkup wuwpuwwnndu p nwpbub dhgh dwupnd Bjudnwpbpnipjudp, npp dhbgh

wpwehtt wpdtljnpnuh J&wpnuip thnpynd £ punbwnd  y,p, # y,: Ghunwupltip dudwbwlh

npnowhh ¢ wuwh, , ipunpkip, np wjlt quynid t hus-np (k,k +1] dhgwlupnud, k=0,N—I. Uju
JEnnud wupnwinndub ppugibtint nhypnud LZG-1 uinugynid £ htnlyuy kplinte pununphshg [8].

- Uhwh 7 wwhp unwguws wpdbunpnbibtph b ppuig Ybpubbkpppnidhg  judninhg.
CR=cF(1+y,) " +cF(l+y,) 7 +..+cF(l+y) ™" u

- qth  pogolumpmbhg A(y)-  wwpnwnniuh  dogojojws  ghtp f wwhhb

cF cF cF+F
v, Epulinupbpmpjub gupnud. Pt(y 1): (1 +y )k+1—t + (1+y )k+2—t tet (1+y,)"
1 1 1
U.]uulhunl.f ( )
CR+Pl\y
we=———-—°Y 1, )
B)(yo)

npunkn Po(yo)‘]} wupunuwwnnduh ghtt £ 0 wwhhi, kpp yupnwwnnduh Bjudnwpkpmpmiap V) k&
Yunwpkiny npny dhwthnjunipjniuaikp’ junwbwp.

(RS St (WU e (T L
UG = (1+y1) (l—l—yl) -
Po(yo)
cF + 4 cF + cF - cF+F
i+ ),1+y1 +y,) L+ )" (1+y,) (e PO(yl)—l'
=(1+y, ey |
Po()’o) Po(yo)

2 Uhwninwdp bnytb | twb dhish by tnuph hwnjusnud:
204



Lowtuhkp R -nd nwpkjubtugyws L26- &, npp hwjwuwnp Y hth.

1

R:[CR'FPx(yl)jt_1:(1+yl)X[PO(yl)jt_1: (10)
) (y 0 ) £ (y 0 )

Supbjutwgws UV2ZB-h  Yuwjujwénipniup  ubkpppnidughtt hnphqnihg wwpgbnt  hwdwp

nhnwpytup R -h wswhgyup f-hg.
1
a_R _ (1 n yl)x(E)(yl)Jt x(— lzj “ ln(l + Po()’l)_ Po(yo)} (11)
ot £ (y 0 ) 4 F, (y 0 )
(11)-h wowtp upujus & F ( Yo ) u P, (yo )hulpulphpulllgmp]mhhg: Thuwuplkup nnlnuwnpniyph
wjuquwt nbkwpp, wjuhtiph® ¥, <y,: Lwpjn® wnlnuunpnypubph tJwquwb wwhhb, &pp pholu

puguljuynid £ wpdtjunpnught Bjudnwpkpnipjut wqpkgnipiniup, L26-h ypu wqpmud E dhuyt quh

thnthnfunipyniip dhwthnfuqus nynipughuyh b nininuwnpnyph thnthnunipijub wpnwnpuih swthny [5],

nunh  wnnlnuunpnyph  Wwquub  wwhht LZE  ghpuqubgnid b ouljqpulut Jdhlsh  dwpnid

Eyudinwpbpmipiutp: V) <), phypnid Z—R <0, nunh nupkijubwugjus LZ6-u wjugnd L nne
t

ukippnniduyhtt hnphgqnuh pipwgpnid: Zuljunwlp wknh nith wnynuwnpnyph wsh nhypnud:

Ujdd phunwpybip wjt Yhkwp, npnbn bhwjuwuwpdmd Gu pubwplynn tpbkp phypbpnud
nwpbjwbugfus L2G-ukpp. Bupunpiup' wyn Yhnp quigmd bt hus-np (k, & + 1] dhowljuypnud,
k=0,N-1: Lowbwmikip wyn Ykwp ¢,-nY: Zwjwuwpbgubin wunynuunpnyph tothojdub b
withnthnfju dbuyn phypbpnud mupkljubwugyws L2G-ubkpp (app Ybkpohtt nhwypnid wwpunuwnnduh
uljqpiwjuits vhgh dwpnmud Bjudnwpbpnipmniut )’ junwbwbp.

1

(1+ yl)x[%J% —1=y,: (12)

Yuuwpkiny npnowlh dbwthnjunipniuttp b oquylny wyt hwhquuwiphg, np thnpp X-tpp
nbupnud In(1+ x)= x * Quinwbwbp.

iln(uw}—m[HMJ@i(PO(yl)_PO(yO)J;—[yl _y"J,

ty Py(y) 1+3, )t P(vo) 1+ 7,
o= BU)=Rb) Ty ADD-RG), L oy L R[]
’ B)  yn-w w-ve R T Bl "
=mdx(1+y,):

dkpohtt puynud  oquntightip  dlwthnjujwd nmpughuwgh  uwhdwimuhg  kupwnplng, np

Y1 =Y =0:Oqutyny (4)-hg" h tpgn unwbmip, np
th=d: (13)

Udthnthbngd unnwugyué wpmyniupp’ ubpuwjugutup Uwpnihh pnipughuyh bu tpjnt hwwnlynt-
piniu [9].

1. Bpt uinynuwnpnypubptt hnjudmd Eu, b tkpppniduyghtt hophqnup hwuwuwp tE Uwpnihh
mynipughuwyht, wyw nwupkjutugdus LZB-u hwjwuwp Eweph dhtish dwpnud Bjudnwpkpnipjubn:

2. Bpl nnnuwunpnypubipp pupdpwinud ki, b ukpgponidughtt hnphgnup wydkh thopp (Uks) £ Uw-
pnjhh mynipughuwjhg, wyw nwpkubugdus LZB-u thnpp (ULS) E woph vhsh dwpnmd Ejudwnw-
phpnipiniihg, b hwjunwlp: Zujwnwlp wknh niith wnynuwunpoypubtph tuquub nhupnud:
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A.T'. Tancrtan, JI.O. Aposin, B.A. Menuk-Ilapcanansin
O HECKOJIBKHUX CBOMCTBAX JIOPAIIMN MAKOJIEA

Hiopayusa - eadxcHeuuias KoHyenyus HA pblHKe UHCMPYMEHMO8 C (QUKCUPOBAHHBIM 00X000M. H36ecmuo
HeCKOIbKO 8U008 Olopayutl, maxue kax oropayus Makones, moouduyuposannas oopayus, s¢h@exmusnas orpayus,
cnpeo-0rpayus, Komopbie UMeom WupoKoe npuMeHeHue 8 ynpasieHuu nopmeenem yeHHvlx oymae u 6 yHKYusx
ynpagienus puckamu. B oannou pabome paccmampusaemcs owopayus Maxones, ee ceolicmeéa u npumenexue 8
amanuse Yemuvlx Oymaz ¢ QUKCUPOBAHMBLIM 00X000M. B uacmmocmu, Ooxasvigaiomcs Hekomopvie cGolCmada,
3asucawue om cpoka nozautenus oopayuu Maxones, a maxce paccmampusaemcs 3navenue oropayuu Maxones ¢
MOUKYU 3peHUs MEeHOeHYUIl 00XOOHOCTU HA UHBECHMUYUOHHOM 20PU30OHMIE.

Kniouesvtle cnosa: owpayus Maxones, moouguyuposannas oopayus, cpox no2auleHus, UH6eCmuyuOHHbLil
20pU30HM, OOXOOHOCTb UHEECTNUYUOHHO20 2OPUSOHMAL.

A.G. Galstian, L.H. Haroyan, V.A. Melik-Parsadanyan

ON SOME PROPERTIES OF MACAULAY’S DURATION

Duration is an important concept in fixed income security analysis. There are several duration measures that
are widely applied in portfolio and risk management: Macaulay’s, modified, effective, spread, spot, etc. In this
paper Macaulay’s duration, some properties and applications in fixed income are well presented. Particularly,
Macaulay’s duration as a function of time to maturity and relationship between Macaulay’s duration and holding
period return are considered.

Keywords: Macaulay’s duration, modified duration, time to maturity, investment horizon, holding period
return.
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Qwpnyut Lunt <ndhwutbup - 602 Uwptdwnhluyh b dbuwthugh $wlnynbnh dwghunpnu
UGjhp -Pwpuwnwuyuu Ywhwqtu Upninp - CFA - 22 Jhunpniwubh putly
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N <USUY MUSUKULUL UGONRE3NRLLEMrh N
<USUY huSNh33UL dHNrLUShULEN

Uju hnpywénid bkphuyugyué ki ny hunwly qunwhwluwl dEdnippul wnlw papnibjws vwhdwbnidabpp o
ppuillg hlawn Juupws pijuyhll phnipugppsibph vwhdwinilbabpp: Vkpluyugyué Fouayl wugdwip, nph nbwypnid
plnt panpniijwé ny hunwly wunmwhwlwh dkénipmrGbkph vwhdwbnidalpp hudpayanod Ei:

Unwugpuyhti pwnbip. ns hunnul) yuwnwhwlub JESnipinibbkp, yunwhwlul puquniypmibakp:

Ukpwbmipmnii: 1y hunwl wywwwhwlub dkdnipjnitutph  hhdbwlut  wwhdwinidubpp
Jbpugpynud L Kwaakernak-htt ([1]), b Puri-htt ni Ralescu-nit ([2]): dbpohtiubph hwdwlwupgdus
ujupughpp b hwdbdwwnnipeiniip tkipuyugdus b [3]- nud:

Uw uh phs wytjh hunwltgyty b Kratschmer-h Ynnuhg, ny ny hunwly puqunipinitubph guup phipty
E quunykpubph nuup b Jqupdt upug htin nnyninghwjh mbkuwuymniuhg((4]): Uju wdkbwptunhwiunip
Ununbkgnudp hhdp b hwunhuwgl] ny hunwl] pwqunipnibtbph dbnphiulwt wwpwsmipniutbph
Jhpnusnipjutt hwdwp, b hpuwinid wnwy b pwoyk) htug Jtpohukpnhg:( Cughwiunip mbumpniip
hwdwwywpthwy duny pwpunpyuws £ Diamond-h b Kloeden-h gppntd [5]):

Uuwluyt dkly owwn Juplnp wuyblund npybu nuuwjwb  wwuwhwluwt  Jdbdnipjul
punhwipugnid oquuugnpénid b wyp dbwjkpynud ny hunnwl ntyph hwdwp: unupp Viertl-h Ynnuhg
wnwowplyny ny hunwl pugbujwt phoptdh dwuhtt § opp guuwlut pujbuywt  phoptdh
punhwiipugnud E([6],[7]): Ujuntn wykjh own oguunugnpénid L ny hunnwl junnipjudp gquunwhwlu
Ubbnipniutitipn:

Lyunul mbkhwny juy hwunwnt) pughwinip nkumpjut (opp hhpdbwlwinid swpunpynid
E Puri b Ralescu-h nsy hunul yuunwhwlwb dbénipjul vwhdwinidny wpwetnpnytny), b Viertl-h
Ynnuhg wpwewplynn ny hunwly puybuywt phoptdh dhol, twpwqgpl] Gup wyt wuhpwudbon
wuydwbibpp, npnig nhypnid wju Epynt vwhdwinwdubpp Yihukt hwdwpdtp: Uw htwpwynpnipinit
juw wyn wuydwbbbpht pujwpwupnn ns hunwl yunwhwlubt dkdnipmitutiph hwdwp gnpsb
punhwtnip ulgpnitpny b phpk) ny puybujwt phnptdp Puri, Ralescu-h ny hunwl wwwunwhwlwb
Ubbnipniuitinh 1kqgh:

Ny hunwl] yuwunwhwljwi dEdnipniutkp: Ny hunwl yuwnwhwlub dkdnipjut hwuljugnipniup
Juptkh k pudwl) tpynt wwupplp quputhwpibph (owhdwbnwlubph):

1. Unwgohti uwhdwidwb hwdwduwyi npyhu ny hunwl] wwnwhwlwi  dEdnipmi,
wdkwpughwnip dbny puupynud £ npbt hwjwtwwbwihtt mupwdnipjut ypu npnodws dniuljghw
(hwdwywunwujpwt swhkjhnipyut wywhnydwdp), nph wpdbputph puqunipniup ny hunwly pykph
puqunipniut : Loknd wdktwpughwinip dninkgdwdp® h tjuwnh niukup, np sh uykghdbhlugynid wyn
ny hunnwly pYtph nbupp jud gpu htn juwydws wyp swthnpnohsubip:

Uju qunuthupp (Jud ny hunwl] yunwhwljut dbkdnipjut wju vwhdwinudp) wpwehtt wbhqud
ubpuwyugpt] £ Kwakernaak-p([1]), pull htwmn wykh hunwltgpl] Bt Piru-u b Ralescu-u([2]): Uwm
thnpaughinului ghuhwinwlubph hwdwhmidp B jmpupwbsnip phinwpluiwi hwdwp: Ujuhph' wyju
hwuljugnipjniup h huyn £ quijhu, Epp ntiktwng ghunwpynud, htwpynp sk £ogphwn swthl) wyn Ynulypbn
nhunupydwt hwdwp npnkh gniguithop:

Udlih $npdwy Jhpp togusdp gpymid E wjuwgbu: Spyws b hlnlyw) hwjwbwiwiwghl nupusnpynibp
(Q,F,P): Ny hunwl wwwnwhwluwb dksnipmbp swthkih $nibljghw k' X:Q - T (wyjunbn T-u ny hunwy
pYERh puqunipinit k)

Quihtjh $niuljghuyh qunuthwupp wyu phypnid yhwp b hwuljwbw) npybu jnmipupwignip o-
Jupyusph  twhmwunlbph  swihbjhnipni: Ujuytu vwhdwijws ny hunwl] yuwnwhwlub
Ubdnipiniip puuwluwt yunwhwljub dednipjut pinhwipugnid b Zunwligubing Jtpp updusdy, tpk
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npuwd Ukdnipjut pnnp wpdbputipp unynpuljut hpuub pdtp B nipupbwsnip o-h hwdwp), wyw
nu nuuulut yunwhwlwb Jkdnipniu k:

Pusytiu b guijugws yuunuwhwljut dksnipjub nkypnid, wju nypnid £ gwuih k niukiug
pYuyht punipugphsutipp: Ujunbn jupyh dhwjt dh puth pughwinip vwhdwbnud:

Jut dwpuyuwudwi b nhuybpuhugh vwhdwidwi dh puth dnnbkgnidubip: Gut Unintignidukp,
npnip tpdwsd tpyniup vwhdwind b npybu phy, b Jub, npnup vwhwdwind Eu npytu ny hunwy
phu:

Udbktwpunhwinip b uvyuubih dnnbkgnid @ £ wju ny hunwl) pytphg Juqul) pnnp htwpwynp
dwpuyuunidubpp (upus o-dwuppuljutph hwdwp) b vnwgdws Yndphttwghw npybtu ny hunwy
puqunipym Jhpght) npybu dwpuyuumd: Snpdug wjuwbu

Eo(X) = {E®IX() € Xo()}: 1)

Ukl wy] Unnbgdulp dwpuyuunudp vwhwdwinnud £ tbkpumisting dkl wy) qunuthwp
dwpuyuudwi owykpunnp: Ujit vwhdwigmd E wjuggbu E[X] = fooo Cr(X = x)dx — f_ow Cr(X < x)dx :
Yupkih b ujunk], np wdju) oykpuwunnpp yuunwhwljub dbdnipmnit b vwhdwinud: 6 npybu phy’
Uwpuyuuniup vwhdwi]nd £ hknlyuy Yepy E(X) = Jo E[X]dP:

Ujuntn® Cr(A) = %(POS(A) +Nes(A));  Pos(A) = sup pg - (X); Nes(A) =1 —Pos(A) =1—

XEA
—Sup pg x): (Upw wbwpdbwhwunlmpniitiph hwdwp tugtp [8]-p, b npny pughwbnip
XEA

hwwnlnipjniuttiph hwdwnp [9]-p:)
Juphwghwi tnybybu nith vwhdwidwi dh puth dnnkgnud (hudwjupqué dund upwig vh dwup
tjupugpdus k [10]-nid):

Utlp quuwljub dnnbkgnidu k, hyybu tjupugpdws b dwpuyuudwt qunuthwph ghupnud:
Uw I Juphwghwut vwhwdwinid b npybu ny hunwl] puqunipmmit: Uju ghypnid tnyuybu o
Junpuspubpp uwhdwinmd Ehtanlywy duiny " Var, (X) = {Var(X)|X(») € X, (o)} :

Ujntu  Udninbignudp  wwluyt oquynmd t dptokjh Ynnuhg Juphwghwyh hwuljugnipjut
Aujuiugnudhg: Uwubwynpuybu wjt vwhdwind § dwpuywundp npybu dh phy, npt hug-np
hdwuwnny Unnn £ wupduws ywunwhwlwi dbdnipjuip: Ujuhlpt' wwhwdwibing hipwynpnipjut
qunuthwpp, Juphughuyh hwuljugmpjniip iy phypnid Ypigomih  hknbyjug  nkupp Var(X) =
= [, d (KE(X)) dP: Ljwuwnkp, np pwih np ny hunwl pybpp wwpmbwhnd & twb unynpufub
hpuwwt pYtpp, wy npiypnid vwhdwbinyg dknphiu ny hunnwl pytph nuund, npybu dwpuywunid
Jupnn Eup punnitik) 4Epp toqus vwhdwiinidubphg gmuljugudn:

1

Npubu Uknphw hwdw pugniinud o dXY) = (fs (sx(x) — Sy(X))ZdX)Z , npunka s, (X)-p A
puqunipjut hkudwh niuljghwi £, huly S-p 1-opowtiughst t:

Ujuy huny, yuphwghwjh yEpetwljut mbkupp unugynud °

2
Var(X) = I, Js (Sg(x) - SE(X)(X)) dxdP: 2)
Bpptidt b dEpgunud B huntugnpdjut dbnphjui® dX,Y) = sxlé]s:)lsx x) —sy®)|:
Juphwghwb vwhdwiynd £ tub jnduphwghwyh hbnbjw) vwhdwunidhg
Cov(X,YV) = %fol (Cov()?g,?g) +Cov(X~§{,17;)) da: (3)
Uju vwhdwinudp wpnkt huly Eupunponid E, np dbp ny hunwl yuunwhwljut dkénipmiu nith
wjuybu Unsqws wowlnnujub U dwpwlnnujut pupumidlbp, wjuhbpt np X, , ¥, , X : i1 17:
wuwnwhwlw dbdnipniuubp Ei: Uw wyb k, hts hopdbnt Gup vnwbiug phnpbidnid hwdwyuwnwujuw
wuydwbutpp pudupupytnt ghypnid: Uju uvwhdwidwip Jupkih £ swunpwiug [11]- hg:
2. Gpypnpy vwhdwinudp hwdwywwnwupwind t wyb npiwpht kpp ghnbtp htwpwynp Gptpp,
b dkp Bupwunpnipmniup wybih owwn Jepupkpmd £ wyy Gipiph hwjwiwljwinipiniuttpht, b hkug upwutp
Eu nununid ns hunwl pytp: Uju vwhdwbdwdp ny hunwl] yuunwhwlwb dkdnipniututph hwdwp
uwhdwinud £ jpinmipjutt pniulghw, hsp juy gopshp b pduyhtt punipugphsubpp uvnwbwynt hwdwp:
Uwutwynpuytu npyjbu pnnipjut dnitujghw dipgdnd £ ny hunnwly wpdbpubp punniunn $niuljghu:
Ujuhtipl' wju nlypnid P-u k ny hunwly $nithghw: (Ns hunnwl swiht muh hp vwhdwindp, b wyuntn
tuwnh mbkip ns nu, wy, np P:Q - 7): Pupquuiking vw onmpnibibph (kqny  wipbnhun
wuwnwhwlul dkdmpmnibbtph hudwp wnwg]md £ ©R - 7 Unluyh wju ghypnid gpjmd k
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[pugnighs uwhdwiwthwlmd junmpjul $niiyghugh Jpu: Ush b 3 f(x) € [E1 (x); Ty (X)], wylyhupl, np
fx) =0, [f(x)dx=1, uu np tnybb k np f(x)-p qguujub pnnipput $mtlghw b hlhswhu bwl
[T ()dx U [ T (x)dx , qgnynipnit niuku b yipownp ku pninp 8-ukiph hwdwp:

Llnptid: Unwehtt b tplpnpn vwhdwiidut yuunwhwlwh dbdnipmnibuubpp hwdwpdbp B, Gpk
wnwehtt uwhdwbdwt wuwnwhwlwb dbdnipniup pudupupnd | hinbjw) guydwibbpht
1) Vx -h hwdwp, nph hwdwp qnynipjnih nitth 30, ; ©, , wyyhuht np x € X(®,), x € X(0,) , b wyiyhuht
np P(0,) # P(0,), Vp € (min(P(w,),P(®,)); max(P(w;) ,P(w,;))) hwlwp 3o wyyghuhl, np P(w) =p U
x € X(0):
2) vx -h hunfwp, nph hubwp 30, 5 @, , wybwhuhb, np pg ® = M o) (x) >0, P(w,) # P(w) , Vo
hwiwp, nph hudwp how  P(w) € (min(P(w,) , P(w,)); max(P(w;),P(w;))), wknh nith M5 o) x) =
> pi(wl)(x), L pwbh pkn pi(ml)(x) #1 , 30, ( P(w) € (min(P(w,),P(w;));max(P(w;),P(w,))),
B () > Hyop
3) Vx -h hunlwip, nph hufwp 3o, pg ) (x) > 0, 3w, wyyhuhl, np M o) ®=1:
4) Uydkjpt, tpk a= sup{px(m)|x €X(w), P(@)=p}<1, wmyu VB> Vo € (ap), hwdwp Ip €

(P(w), P(wﬁ)) ujbiguhuhlinp o = max{pg Ix € X(w), P(w) =p'}%:

Uhly mywgniyghtt wugikyp mwtip vh ghunwpynud:

Qhunnmpmnit 1: Ujuntn wnweht Eplnt wuydwip wywhnynid B, np hug-np Yndphtiuughuwynyg
(npp YubpYuyugibip) uinugws puqunipinibikpp hikt pjugh gnquiynp, wjuhlipl ny hunwl pybp:
dtpohtt yuydwith wywhnymd E, np wyy pdbpp (hukt tnpdudnpguws, b ,wdbbwlupbnpp, np kY
dwjuppuynd  wupnitwlydh guuowluwb junnipmib: 2nppopg yuydwip wywhndnd £, np
puqunipnibip 1hth wipunhwwn: Uuniwdbiugihy swihbjhnipjut wwhwbetbpp yhnp npdbt wuwju
wyu tipkp wwhwbghg: Ui dkup wyhwnp £ wwhwigkip wnwbdht: G yhppwytu Jbpp todwsnid, htysutu
bwl wwwgnygmd, wbpunhwwn nhyph wbuwilnithg, npybu P(w)-u jhwulwugyh funnipjul

dnruyghwin:
Uwuwgnyg: Uwugnygp nphdhuy b, bph tbpdmiskip htnljw) juemignidp vVx -h hwdwp,

Ea(x) = lnf{P((‘)) | :u)?(w) = 8} > ﬁ&(x) = sup{P(w) | :uj((w) = 6} :

AdJup sk hudnqyby, np 3 f(x) € [El x); ™ (x)] : byytiu wpyws £ phunnnipjniunid wipunhwwn
ntyph hwdwp, yipgpk] Gup npuybtu P(e)-ubp htug jpnmipjut pniughwubpp: Uju nhypnid Eppnpn
hwnYnipyniithg plumd £ np pwh np vx-h hwdwp f(x)-p npnoyws £, wyu [ f(x)dx = [ dP = 1:

Utnwd k gnyg ], np uwyu Abkpny vwhdwdusttpp juqunud G ny hunwly pdtp juduyulub vx -h
hwiwp: Yhgnp wbnh snibih woweht wuydwp wyuhtpl' wyjwy x-h hwdwp 3! o wyiyhuhb, np x € X(w),
uyn nhwpnud pun Eppnpn hunympyub pg (x) = 1: Zknbwpwp Ea(X) =Ts(x) = (x) = P(w) (6>0),
npp phy k, b hEnbwpwp® twb ny hunwl phy:

Yhgnip wydd nplt @ ; @,-h hwdwp x € X(w,), x € X(w,): Npykugh gnyg nwlp, np unwgynyp
ns hunnwly phy L, dwubwynpuybu wyhwp k gnyyg mutip, np

1, (AP (@) + (1= DP(@y)) 2 min (11, (P(w1)), 1, (P(w7)) ) =
= min{8] (ms00) = P(w1) [\ P@) A(Ts(0) = @) [\ Pw2)):

VA€ (0,1) (wuwnbtn bGbpwunpqwés b, np hkug hptup tu dwpuhdwjuginng Jud dhuhdwjwugung
hujwtwjwiunpniubtpp): Lupu tuunbup, np VA € (0,1)-h hwdwp vw npnpdws £ punn wnwght
hwnlnipjui: Hnipnipput hudwp wewbg pighwipmpmniip puponbjm ipugpbip P(o;) << P(wo,)
b (x) = P(ey) 5 T(x) = P(0): Thgnip }JX(P(@1)) = px(P(wz)), wyy nhypnd jutighpp msyws k
pun tpypnpn wuydwlbh, wjuhbph’ px(ml)(x) = I (mz)(x) <=> px(P(ml)) = px(P(mz)), htnbwpwup
pX(P(w)) > pX(P(wl)) :

Uyt nhuwplblp  wb nbwpp,  Gpp g (P(e1) > p (P(e)):  Fhgmp 8, = p (P(wy)),
8, = pX(P(ml)) , Bpk AP(01) + (1 =MP(w,) € [161 (x),Ts, (X)], wwuw fuinhpp Yphhtt yupkh £ imsdus
hwdwpk, pun btpypopg  hwnlnipjui: Tond E wgb ghypp Gpp AP(wq) + (1= M)P(w,) €
(ﬁél (x),Ts, (X)): Tthgnip hwljunwlp pX(AP(ml) + (1 =MP(w,)) =8 <8, , wyy nhwypnd punn wpwehlt

(4)
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hwnympjub, bpk o« = §,, wyu V8 € (8,,8,) , Ip' , &' = maxfug o |x € X(®), P(®) =p'}: MNunnudl
wwugnigjws E, pubh np 8§ > 8, Ty (x) = Ts(x) = sup{P(w) | gy = 8% Qs wyu wwydwkpp
Jupnn ki uhun pywy, pugg npuibp wywhndmd kb whpiphunnpymip, b dhuyi: Ujuhtiph upwubp
pujuljuwbwswth phwljut wuwydwibp By, pp Jkp wuunwhwwb dednipmnibibpp whpunhwn Bu:
Qhunnmpmnit 2: Yupkh b tfunk, np (1) pwbwdling wpduws vwhdwinudp Jupny kbt
&2qphwn ny hunnwl phy, pwtth np jnipupbwsnip o dwljupgulh hwdwp wy hpkuhg tbpjuyugubtnt ©
[f mo ()dx, [ T (x)dx]: Uwutunpuiygby, kpk wwhwheklp tpywd htnkgpuyikph qnynipynitp (kpow-
Ynpnipjult hdywuwnny), junnwbwip hpnp ny hunnwl phy: Umniu Ynndhg' upwbng Jupnn b msdby
suthbjhnipjut juunhpubpp: Quihbjhnipmniup wpwdhtt vwhdwbint (pugnighy Yuphp sh wnwewnid:
By Ybpouytiu (3) pwhwdltny wnpdwsd vwhdwinidp nuninud £ npnodws:  ms-ubpp wnwghtt uwhdwi-
dudp ywunwhwlwb dkdnipmnithg quubint hwdwp Jupng Ep oquudky [12]- hg: Uju yuunwhwljub
Ubdnipniup Jupkih vwhwdwil) twb ny hunwly swihbph ogunipjundp’ P(w) = {G(®)|G € P}, nputn P-u
ny huinwl) hwjwiwwiwghb(wyuhipt' G(Q) = 1) swihtph nplit quu b (guiywih hwinlnipmbukpny):
Bqpuljugmpimi:  Ujunbn ubpluyugws ny  hunwl wwwnwhwlwb dbkénipnibtbph
vwhdwinmdubpp hhdtwljwind wdkbwpugniojust &b, puyg uyunhs sk, wnku ophtwl ' [4] wykih
punphwinip vwhdwitdwt hwdwp: Gpynt vwhdwinwdubph dholt juwyp, dwutwynpuybu gnyg k wnwhu,
pt hiy wuydwubph weljumnipjub nhypnid Jupkih £ wignd junwnpt] dh vwhdwinidhg diniuht: Uw
htwpwynpnipnit fuw pduyhtt punipugphsitiph ny hunwly mwppbpulubpp vwhdwib] ny hunwy
hunnmipjut $niuljghwtpnh (kqiny: dkpohtiu jupnn k oquunugnpdyty ny hunnwly puytiyjut phnptdnid
hwoquplukpp nipugutint b dwpuywudwi wy) vwhdwinidubp oguruugnpstint hwdwp:
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B.I'. Bappaxuaan
HEYETKUE ®YHKIIUU IIJIOTHOCTU HEYETKUX CIIYYAMHBIX BEJIUYUH
Hpe()cmae,’lel-tbt 06menpulmmbte‘ onpedeﬂel-tuﬂ Heuémkux Cfly'ial;Hblx 6elUYUH C HECKOJbKUMU onpe()eﬂeﬂuﬂﬂftu ux
HYUCTIOBbIX XAPAKMEPUCMUK. HOle'leHbl ycaoeus, npu KOmopbslx osa onpe()eﬂeHu}l Heuémkux Cﬂy‘lau"Hle BeNUYUH COBNAOAION.
Kniouesvie cnoea: neuémrue C/ly'—lal;Hble Be/IUYUHDL, Cﬂy'{alzﬂble MHoOXMHCecmeda.
V.G. Bardakhchyan
FUZZY DENSITY FUNCTIONS OF FUZZY RANDOM VARIABLES
Accepted definitions of fuzzy random variables are represented, with several definitions of their numerical

characteristics. The conditions are derived for which two definitions of fuzzy random variables coincide.
Keywords: fuzzy random variables, random sets.

Pupnuwjugwt dwpnwu Funpgh — wuyhpwin, 6N2, fnwu-Zuuub (wyuyntwlw) hwdwjuwpub
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Ulphugugyws F hudwlupgshg juwd poouyhl hknwjunupg, hwdwwunwupnul dpugpuyhi
wwwhnydunlp,  Bluetooth  HC-06  dnpniyp  Ghpundwdpy  Jekpudpupd  BEjupudwgipup
hipuwiupwjupdul hudwlupgp Arduino phpnuypngbunpuyhl uvwupph hpdwl Jpu:

Unwhgpuyhli puwnkp.  JEpuwdpupd  LEjupudwqhpu,  hEkpwlwnuwiyupnid,  Arduino
Uphpnuypngbunpuyhll uwpp, Bluetooth HC-06 unnni;:

Ubpudmpmiz  dbpunfpupd  Bhljnpudwquhutbpp (AE)  Ghpumjmd Bu Bhljnpunnbatthugh,
Ubwnuwynipghugh, ohttwpupmpqub, hwtpwpgmbwpbpmpput b wy oppoibpod. Sendwqihuwuit yniphg
wunpuuinyus uwppbph, Ubinunuidtugnpnh, dAnquljh, ghnugubph, tEnunujut hwttsnitph nknunhnhadw,
wnwbdugdut b wy tyyunuljtiph hudwn: putp wopounnmd Eu hwununnm'tn duquhuwluits gugunnd, nph
hunfwip b uidnud B hwununnm tn jupdwts winpmiphg: 9E-ubpp (htmod B hwpe b ns hwipge: 0y hwipe Jtpudpupd
HEyunpudwquhutibpp hhdtwuimd fhpundmd Eu hwpupryntiupbpo ey mad [1-4]:

Unwtdht nhypipmd wthpudbonnipnit E wnwewtnid hpujuwgut) 9E-ny pkinh mnkinuthnpunid
dwpnnt wpnnenipjubp jud widunubgmipjuip uyguntiugnn Juubtquynp dhpwduyphg, nph hwdwp b
wuwhwugynid £ 9E-u pupduty hipwljunwwpynn:

unph gpuspp: dudwiwluljhg tnpupupului wkjuininghwutph Yhpundwdp dowlt] 9E-h
hEknwljunwupdwt hwdwlunpg, nph dhongny Yhpwlwiuwgdh 9E-h junwdupdwt thwpnyph (90)
dhwignidp b wgwwnnidp uidwts jupdw wnpniphg:

Unwowunpus pugph ppujuwbugdut hwdwp yunpuwungt) | hupp 9k, npt niubkgl) L hbnlbyjug
hhdtwlul yupudbnpkpp. 4®-h wnbdk hunnppuuph npudwughsp d,=0,181/t; quuputph phyp’
w=1800, thupnyyph wljinh] phuwnpmpmniip R=11204; Hkjnpudwugihuh §ohop Qy=0,118%¢:

ElEyunpudwquhuh hbnnwgnuinipjut wpyniupubpp tbpuyugdws tu wn. 1-nwd, npnkn Uw-u 90-h
ubdwt jupnidt E, Ip-° hnuwbpp hwpnypnud, Ja-u" hnuwbph juinnipmiip, Pe-t® thwupnyph swuws
hgnpmipiniup, Qp-tt" plinh Yohnp:

Unniuwly 1
Zuwppe YE-hp hknnugnuinipyul wpnyntGphkpp
Uuw, 9 12 24 36 48
Iy, U 0,107 0,214 0,321 0,428
Jo, UGNl 42 8,42 12,64 16,8
Py, H1n 1,28 5,1 11,5 20,5
Qr, bg 0,51 1,22 1,57 1,82

Upmyniupubphg hbnbinud £, np G®-h utidwt jupdui’ 4 wiqud dbdwugnidp btyuuwnnid £ Qp-h mdht
Unu 3,5 wuqud, hulj 9E-h woptwnwpuyhtt nkdhuh punypp tpjupunbihg nuntnid L jupdwunl, puth
nn Ju-u 42U0/4iP-hg nunund £ 16,8047 dbpohtt hwiquuwupp whwp L tjuwnh nibubuw) 9EB-h
Jurwjupdwt hwdwlupgh hpundwb gnpépupugnid:

9E-h htnujumudupdwt juinph mémdt hpuuiwgyty E Arduino dhpnupngbunpuyghtt uwpph hhuwi
ypw, Ympp surhbph wguuwhly Eowpngbunpn b bhonnmpgundp wneppbp - Swpuduiughl - wwppbph
hudunntniundp: Quunugh nu dhpnpndihymiptp £ npp Juipnn £ ppuljuinegily npnowljh gnpsummyptkp' hp
hudwljupgmu wnlju th puth uutyuly hyyuljubph (Ununp/typ) thengny dhwgityng b wigunnbyny Hkljunpuljut
phinp (i, swnpdhs, nbyb, Hjunpudugithu b wyi): Udbugung uuppp panlugus k22 hupuljhg g Arduino Pro
Mini -1 , huly wdblwguwn huguljitp mitkgnnp Arduino Mega-u t 70 huguly [5, 6):
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Zudwdwt junwpybjhp wojuwnwiiph wignphpdh' Arduino-h juwrwdupdwb huwdwp yhwp k
Jbpplnut] hwdwywwnwuhwh spughp C++ dSpugpuynpdwt (kqyny:

Arduino-h htwpwynpmipnibbpp Jupbh £ dbidwgul]® Yghng tpwb wwppbkp tnyuwuwhjubp:
Ophtwy, swpdhstph Junwywpdwb hudwp Yhpunynd  Motor Shield-p, hinbptn juwh hwidwp
Ethernet Shield-p, whkqkpwtwyhg Ynnpphuwwnbph uvnwgdw hwdwp® GPS Shield-p b wyj:

budnplwughuyh hnpuwigdw b Arduino-h junwjupdwt hwdwp oquuugnpéyt) k Bluetooth HC-06
Unnniyp, npp httwpwynpnipnit £ phdkonud Arduino-t hEnwljunwyupt) husybu hwdwlupgshg,
wjybu k' peouyhtt hinwjunuhg: Bluetooth HC-06 Unnnijp, npp uttmid £ 59 hwunwwnnit jupnudhg,
wihpwdbynnipyub nphypmd Jupny E wipwngl) vtdwb wnpmniphg pwtwihwyhtt nidhunyg wojuwnng
wnpuiqhunnph dhgngny:

Bluetooth HC-06-u1 nith 4 huyyuly, npnug Uhongny npnpwljh npudwpwtnipjudp dhwtnd E Arduino-
ht (wn. 2):

Unniuwly 2
Bluetooth HC-06-h li Arduino-p hwwlakph dhwugdul npunlupwinieniin
Bluetooth HC-06 Arduino
VCC +5V
GND GND
TX RX
RX TX

Bluetooth-h thwigniup Arduino-htt juunwpynid £ 2 thniyny:

Unwgohtt thninud ubppbntuynid | gt Spwghpp, npny wkwp £ wpjuwinh Arduino-u b juwnwupynid ki
wyn Spuagph Juipgquynpoidbpp:

Epypnpy  thoynwd, npp UYnyynud B wdjuyubph thnpupwbigdwt  thny, nponoynid E, ph hlg
npudwpwinipjudp yhwnp E junwdupyh Arduino-u:

Arduino-h Jwpwdupnult  hpwjuwbugnd  t hwdwywnwupimt dpuqph dhengny, nph
hpwdwutbpt nqupydnd bt hwdwlupgshg Jud peouyhtt htinwjunuhg: Bluetooth-h Uhwgdwt
wqnubpwin wudwbwlwinpki ptnpyt) E«Ws, hul] wigwndwip «S» uhi]njubpp:
int val;
int LED = 4;
void setup()

{

Serial.begin(9600);
pinMode(LED, OUTPUT);
}

void loop()

{

if (Serial.available())

{

val = Serial.read();

if (val =="W")

{

digital Write(LED, HIGH);
}

if (val=="S)

{

digital Write(LED, LOW);
}

}

}

Arduino-h dhongny Yununjupynd E SONGLE SRD-05VDC nbijkl, npu niuh dbjuljut tnpdwy thuly b pug
HEyunpulut hyyuly b utmd £ 5 9 jupdwt wnpmphg: Ugt uipnn E jnununwgib) dhtsh 10070 30 £ hwuinunni
Twnnud, uad 10 Ul 250 9 thmhmpuwajuats juapoud: (FEjEh inpuduy puag K1 huquiljh dhongny funnwpgnid E phnh’ ujuy
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nypmd IE-h YO-h dhwugmup U utdwits jupdwiin (. 1): BEjunpuut vubdugmd 59 jupdut wnjuyniemiip
thuunmd £ VD3 jmuwnhnnh dhongm] (Yuitiwy gnujir), huly Jununjupdwh wqquibywih wnljuympeymin VD1
muwnhnnh Uhengm (Guipdhp gyt [7):

-+

59 l-
VD2 K l
vaZ/’
VT/I‘? »
- r VD3

Uly. 1. SONGLE SRD-05VDC nljkp unwjupdwi B Enpulul ujubdwb

Lkpluyugukup LEjunpuut uubdwh wowwnwipn: Ulyqpuwljutt wqwhht, tpp puguluynid &
Junwdupdwt wqpupwtp, VT wpuwbghuwnnpp thwl L, nkikh K thwpnypp hnuwbtpuqpldws, hull EU-h
Y- whowwmdws uidwbt wnpniphg: Spwiqhunnph pugdw hwdwp Jhpunynwd E digitalWrite (pin,
LOW) dniulghwiy, nph dhongny VT-h puquyht inpynid k «0» jupnid: Spwighunnnph pugdudp nkjkh K
thwpnypp uiynid £ 59 jupdwt wnpniphg, wjt gnpénid E, b unpduy pug K1 hyuljh thuljdwdp U0-u
thwind E Uw utidwtt jupdwip: bjkh wipwndwt hwdwp pwdupup b hwljl] wpwiqhunnpp, nph
hwdwp puqujhtt npynid £ nppuljut wqnupwt digital Write (pin, HIGH) $niuljghuyh dvhongny:

Unnnijh dhugnidp Arduino-htt juwuwpynid E hknlju) YEpy. VCC hyulp dhwiund E Arduino-h
+5 ¢ -hti, GND huyyuljp’ guiljugué GND-hl, hulj IN hyuljp® myuuwhih pyuyght «dninp/bip» hyquljht:

Yunwjupdw épwghpt nith htwnlyu) nkupp.
int Relay=4;
void setup( )

{
pinMode(Relay, OUTPUT);
}

void loop()

{

digital Write(Relay, LOW); /' (nhku dhwinod E)
delay(2000);

digital Write(Relay, HIGH); /(b wupwwnynid k)
delay(2000);

}

Uowljws hinwjunwjupdwt hwdwlwupgh thnpdwpuut nruwyunltpp ppgws k aly. 2-nud:
Bqpuljugnipint. 9E-h hbnwljwnwjupdwt hwdwlwupgp Arduino dpypnupngbunpughtt uwpph,
Bluetooth HC-06 uUnynith ni dowljyué hwdwwywwnwupwmt dpugpuyhlt thupbplubph hwdwulygdwudp
Yhpwnebih £ iwb wy vwppbph b hwdwlwpgbph hipwwowdupdwh hwdwp:
LA T 9

Ul. 2. Lupnpunnnp Lyw]z[ullli}bpnu[buzpp YE-p hknwlwnwgupdwl hwdwlupgh thnpdupldwb
[nrumunnlkpp
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Zudwlhupgh  dowlhnidp b hnpdwpimdi ppwlhwiwgyl; F Zuywuwnwbh o Ugquyhl
Swpunupughunwlul Lupnpuwnnphwibpnid (ZUKL):

ZEnmugmunnmpinilll ppulpminugyly F 22 U ghnmppul whknwlwi §ndhnkp Gnpdhg ZUNZ
«LjEyunpuiuqbpuwlwl hwdwlupgbpy  puquyhl ghunwhbnugnunulwi jupnpunnnphughb
wnpudwugpyué plimbuun/npuul ppowlnulikpnid:
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27.04.2017.
A.T. Oranecsin, I'.M. Munacsin

CUCTEMA JUCTAHIIMOHHOI'O YIIPABJIEHUSA IIOJBbEMHBIM
IAJIEKTPOMATHUTOM

IIpedcmasiena cucmema OUCMAHYUOHHOZO YNPAGLCHUS NOOGEMHbIM —INCKMPOMAZHUMOM HA  OCHOBe
Murponpoyeccoprozo ycmpoticmea Arduino ¢ ucnoavszosanuem mooyas Bluetooth HC-06 ¢ nomowwio komnvromepa
WU MOOUTLHOZ0 MeNepOHA ¢ COOMEEMCMEYIOUWUM NPOSPAMMHBIM 0DECTeUeHUeM.

Knrouesvle cnosa: noovemmulii  d1eKmpomazHum, OUCMAHYUOHHOE YAPAGIeHUue, MUKDONPOYECCOPHOE
yempoticmso Arduino, moodyas Bluetooth HC-06.

A.T. Hovhannisyan, G.M. Minasyan

DISTANT CONTROL SYSTEM OF LIFTING ELECTROMAGNET

The distant control system for lifting electromagnet based on the Arduino microprocessor device is
presented, using the Bluetooth HC-06 module, from computer or mobile phone with the corresponding
software.

Keywords: lifting electromagnet, distant control, microprocessor device Arduino, Bluetooth module HC-
oe.

<nhwuthujwu Uunpwupy (BwphYyh - nbkjub. ghn. phjuwsnt, gngkun (2UMN2)
Uhuwujwu Funpg Uhuwup - dwghunpwinn (2002)
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O EHKA OCTATOYHOI'O PECYPCA Y3J10B KPEIIVIEHUS KOJJEKTOPOB
TEIIVIOHOCHUTEJIA K HATPYBKAM KOPITYCOB TIAPOI'EHEPATOPOB
SHEPI'OBJIOKOB BBJP-440

IIposedenvi pacuemvt no onpeodeneHur0 MAKCUMATbHLIX 803MONCHBIX NOOPOCMOE MPEWUHbl N0 NepumMempy
nampyoka 6 patione ceapuvix coeOuHeHull Ne23 napocenepamopos ApPMAHCKOU AMOMHOU 1eKMPOCMAHYUU.
OyeHneno enusHue YCi08Ull IKCRIYAmayuy Ha OCMAmMOYHbIlL pecypc Y3106 KpenaeHus KOIEeKMOPO8 MenjioHOCUmMens
K nampyokam kopnycog napozenepamopos I[1I'B-4c.

Kniouesvle cnoea: ceapHoii o6, Memoo KOHeUHbIX 2AEMEHMO8, OYeHKA OCMAmMOYHO20 pecypcd.

Beeoenue. Pa3BuTHe aTOMHOM DSHEPreTHMKHM W JJIUTENbHAs OKCINIyaTalus JIeHCTBYIOIIUX
9HEproOI0KOB, a TAKXKE 3a/1a4a IIOBBIIIEHUS CPOKa MX CIY>KObI 0 45...60 et npu noseleHNH K03 du-
LMEHTa MCIOJb30BAaHMUs YCTAaHOBJICHHOW MOIIHOCTH 33 CUET COKpAIIEHHUs CPOKOB PEMOHTA MOBBICHIN
TpeOOBaHHS K HaJIe)KHOCTH U Oe30macHoi pabore 000opynoBaHUS U TPYOOIPOBOJOB aTOMHBIX 3JIEKTPO-
ctaniuii (ADC), KOTOpbIe BO MHOTOM OIIPEEIAIOTCS TPABUIIbHBIM TEXHUYECKUM 00CTYKHBAaHUEM.

Haumnas ¢ 2007 roma ogHOW M3 caMbIX OCTPBHIX Ipobiem Ha aedcTByromux ADC sBISIOTCS
MOBPEXACHUS PAa3HOPOOHBIX cBapHbIX coeauHeHnid (CC) TpyOompoBomoB u  000pyHOBaHUS,
BBINOJIHEHHBIX C HCIIOJIb30BAHUEM CBapOUYHBIX MaTepuaioB. B CBA3M ¢ 3TUM aHAJIN3 M CUCTEMaTHU3aLUs
BBISIBIICHHBIX TIOBPEXKICHUI, ONpe/IelicHHe XapaKTepa U MPHYUH UX 00pa30BaHUs, a TaKKe pa3paboTka
MEPOINPHUATUH 110 UX MPEJOTBPAILIECHHUIO U YCTPAHEHUIO SIBIIAIOTCS aKTyaJIbHOM 3aauei.

Ananuz memooom Koneunwvix nemenmos. Cxemarusanys TpelUH ObUla MOCTYJIMPOBaHa 110 Beel
OKpPY>KHOCTU C TIOJIOBUHHBIM YIJIOM #=7. I'myOuHa TpeuuHbl, COOTBETCTBYIOIAs CaMOi IIyOOKOMH
TpemuHe Topsiyero Koiutekropa [II-6, npunsta paBHoit 48,4 mm [1]; ObUIO CMOAETHPOBAHO
YIIBTPa3ByYKOBOE HCIIBITAHUE TpeUMHBI 48,4 mm + 5 mm (HOTpemIHOCTE YIbTpa3BykoBoro kKoHTpous (Y 3K)
metona) (53,4 mm). Jlns TomuuHBI cTeHKH naTpyOka kopmyca naporeneparopa (I1IN) Apmsackoit ADC
(AADC) (73,5 mm) otHOCHUTENbHAs TyOrHa noBpexaeHus: CC coctaBut 53,4/73,5 = 72,6%.

[TockonbKy HampspKeHHs MpU U3ruOe, BhI3BaHHBIE TPYOOIPOBOIAOM, SIBISIOTCA HE3HAYMTENBHBIMH,
OHU OBUTM ONYyIICHBI Ha JTOM 3Tame padoThl, B pe3yibTaTe ObLIa CO3JaHa CHMMETPHYHAS MOJIEIb.
Koiekrop mepBoro KoHTypa cUuTajcs CBOOOIHBIM, HE OKa3biBas BIHMSHHUS HAa BTOPOW KOHTYp 3a CHUET
BHYTPEHHErO JaBieHHUA. PacueTHbIMM Harpy3kaMH IPHUHATHl BHYTPEHHEE [aBJICHHE M TEPMUUECKUE
HaNpPsDKEHHS U3-32 PA3IMYHOTO PACHIMPEHUs CBAPUBACMBIX MATCPHATIOB. DTH HANPSHKCHHS BHINIC, YeM
BHYTpEHHME HalpsDKEHUS JaBiieHus [2]. Ynpyromiactuueckuil uaterpan (J) OLeHUBAJICS U CPaBHUBAJICS
C caMbIM HU3KHMM 3Ha4€HHEM ]I MaTepHaiia cBapHoro coeanneHus (cramb 10CH16N25AMS6) Jj = 81,2
H/mm. Bputo mokaszaHo, YTO JOMYCTHMBIN Mpees Harpy3KH JOCTUTaeTCs MPHU YBEIWYCHUH JaBJICHUS B 6
pas, mpu KoTopoM 3HaueHue J cocrasmuser 79 H/mm.

C TOYKM 3pEHUsS TUIACTUYECKOTO pPa3pylICHHs, MOXXHO TaKXe YTBEPXKIaTh, YTO (OPMHUPYETCS
MECTHOE IIIACTUUECKOE pa3pylleHue B paiioHe TpemuHbl. Ecnu koadduuuent mpouHoctH ams
MeMOpPaHHBIX HANPSHKSHUH cunTaeTcs paBHbIM 2,7 [3], pa3HOCTh MOKHO OIICHUTbH Kak 6/2,7 =2,2.

Jus runpoucnbiranuii (I'M) Ha Mpo4HOCTH AaBIEHHEM BO BTOPOM KOHTYpe 7,65 MIla Bo3MOXHOE
YBEJIWYECHUE IABJICHUS COCTABISIET MPUMEPHO 3,7 pasa [3], 4To cooTBeTCTBYET cooTHomenuto 3,7/2,7=1,3.

W3  BblIecKa3aHHOTO MOXKHO — yTBEPXkKIaTh, 4YTO IPOAHAIM3UPOBAHHAS TPELIMHA YETKO
COOTBETCTBYET pa3sHOCTU HampspkeHuil. Ilpu aHamuTHueckoM pacuere OJM3KOE COOTBETCTBHE PAa3HOCTH
HaNpsDKEHUH TakKe MOXKET OBbITh KOHCTATUPOBAHO (32 MCKIIFOUEHHEM HCTBITaHHUs Ha MPOYHOCTD IIEPBOTO
KOHTYpa, TJie oJIy4eHo OoJiee HU3KOe 3HaYECHHE).

OIneHEeHO BIHSIHUE OCTaTOYHBIX HANPSDKCHWH C TIOMOIIBI0 METOJa KOHEYHBIX JJIEMECHTOB.
[IpakTHueckoe M3MEpPEHHE OCTATOYHOTO HANPSDKEHHA HE OBbUIO JOCTYIHO, MOITOMY HCIIONB30Balach
MOJIeNIb KPMBOIl, OCHOBaHHAsl Ha NIPUHLIMIIE PaBHOBECHs. bbul clienaH BBIBOJ, YTO AJs IIIyOOKHX TPELIUH
(74% TONIIMHBI CTEHKH) OCTaTOYHBIEC HAIIPSYKCHUS 3aKPBIBAIOT TPEILIMHBI, HO UX BIMSIHUAE OUYEHb MAJIO.
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AHATUTHYECKOE PeIlleHHE JOMyCTUMOM TIIYOHHBI OJJHHOYHOTO JedeKTa MpeoCcTaBisieT 3HaYCHUE
a/t = 0,695 wnu, Ui HAIIero ciyyas, MPH TOJIIMHE CBApPHOTO COEAMHEHHs 73,5 mm omnpenenser
3Havenue [a] =51 um (73,5 x 0,695).

BrimonHeHa oneHka ae(eKToB, BBISBICHHBIX B Pa3sHOPONHBIX CBapHBIX IBax Koiyutekropa I
Caapnple BBl Ha Topstunx kosmiektopax I[II-5 um TII-6 AADC moaBepratorcsi OONBIION JIETpalalliy.
TpemuHbl ¢ MakcuManbHOU TiyOonHOU 46,6 Mmm (2I11-5) u 48,4 mm (2I1-6) conmpoBOXKIAOTCS MEHEe
NIyOOKUMH TpEIIMHAMH Ha OOJBIIEH YacTH OKPYXHOCTH ¢ TiyOuHou 27,5 mm (IIT-5) u 29 mm (I1T-6).
JmHa KOJIBIIEBO TPEeIUHBI ¢ MaKCUMallbHOU JimnHOM coctapmsieT 312 mm (TIT-5) n 130 wmm (II1-6) [1].

B cBsi3u ¢ Tem, uto nerpaaaiust merauia CC Ne23 BBISIBIISIETCS MOYTH 110 BCEMY EpUMETPY, Ae(heKT
ObUI CHCTEMaTH3MPOBAaH KaK IIOJNHAs KOJbLEBas TPELIMHA C TIyOMHOH TONILIMHBI CTEHKH A0 72,6%
(M3MepeHHass MUHHMAanbHas TiyOuHa coctaBisieT 48,4 mm + 5 mm (morpemocts Y3K mertona), T.e.
53,4/73,5 = 72,6% Tonmunel cTeHkH (73,5 mm). ITOT MaKCUMAaIbHBIN 1e(eKT ObLI OLIEHEH aHATMTUYECKH
Ha ocHOBe HOpM ASME W METOZOM KOHEYHBIX 3JIEMEHTOB HAa OCHOBE BBIYMCIICHHS J-HHTErpajia Io
OTHOIICHUIO K TNIACTUYHOCTH.

MeToJiT KOHEYHBIX 3JEMEHTOB IPOJAEMOHCTPHPOBAT KOHCEPBATHU3M AHAIUTHYECKOTO pEIICHUS,
MOATBEPIUST BOKHOCTh TEPMHUUYECKHX HANPSHKEHUH W Malyl0 3HAUYUMOCTb TEOPETHUYECKU OXKHIAEMBIX
OCTaTOYHBIX HaNpsDKEHUH. Pe3ysbTaThl IMOKA3bIBAIOT aKTYaJbHOCTh aHalu3a C IIOMOLIbIO METoJa
KOHEYHBIX 3JIEMEHTOB, ¥ OH JIOJDKEH OBITh B IAbHEHIIIEM TPOJIOJDKEH B X0 IKCILTyaTalHH.

Pemrenne o pomyctumoil riryOMHE OJMHOYHOTO JedeKTa MeHee KOHCEPBATHBHBIM METOIOM
KOHEUYHBIX 3JIEMEHTOB IIPEOCTABIIIET Oonee peanmucTudeckoe 3Hadenue a/t = 0,74. Jinma CC Ne23 AADC
ripu tonmuHe CC 73,5 mm monydaem Jyist JOMyCTUMOM riryOuHbl nedekra 3nauenue 54,4 um (73,5 x 0,74).

Ouenxa ocmamounozo pecypca. C yderom 3Hauumoctd III', kxak 0OOpyHOBaHUS pEaKTOPHOMH
YCTaHOBKH, B BOIIPOCAX HAIEKHOH M 0€30MacHOH dKCILTyaTanuy Heprooioka ADC oIeHKa 0CTaTOYHOTO
pecypca Haubonee mpobaemuoro ys3na III° ctaHoBUTCS BechbMa OTBETCTBEHHOW 3amaueid. LlemocTHOCTh
kopmyca [1I" B Gonbineii crenenn onpeaensercs cocrosiauem CC No23.

UucnoBoe 3HaueHHE OCTAaTOYHOIO pecypca (MakCUMajbHOE BpeMs Oe30MacHOM JKCILTyaTaluH)
paccuuThiBaeTcs 1o (GopMysaM ¢ BEIOOPOM HaUMEHBLIErO 3HaUEHHs

T'=S-a)/V,, T.=(a, —c,)/V,.,
rae T — ocrarounsiii pecype (200); S — tonuuna CC (mm); @; — ryOuHa BBIABIEHHOTO AedekTa (Mmm);

(., — KpUTHYECKas JANUHA eAUHUYHOro nedexra (mm); C; — NIMHA BBIABIEHHOTO Aedekrta (mm); Vs, V, —
CKOPOCTH Pa3BHUTHS Ae(EKTa 110 IIIyOHHE U JUTHHE (MM/200).

Ycnemno nposeaeHHble 'Y moaTBepKAaOT, YTO B MaTpyOKe Je(eKThl ¢ pa3MepoM Oolblle deM
acr ' OTCYTCTBYIOT, HO MOTYT CYIIECTBOBATh JIe(DEKTHI MEHbBIIE, YeM dcr ru (PHC. 1). DTH nedexTsl MoTryT
YBEIHINTHCS M JOCTUTATh ¢ Hys. B 3TOM ciIydae CyIIecTByeT BepOsITHOCT pa3phiBa MaTpyoKa.

Cpennsis ckopocTh pa3sutus aedekra no riryoune Toimuae CC s 2I1T-6 paBHa

s ¥ in . 820 _ 79 (1 1200)

Tk
27, 2%*34 1em
rae  d,,, = 0, TOCKOIBbKY pacCMaTPHBAEMBbIi Ae(eKT KOHCEPBATHBHO NMPUHAT KPYTOBBIM (IIMHA paBHA
HepuMeTpy) ¢ TIyOHHOH, paBHONH MaKCHMaJbHOH IIyOWHE BBIABICHHOTO Aedexra;, a,, - TPEIIUHA C

MaKkCHUMalbHOMU riyounoi 48,4 mm (2I1I-6); 7, . - cpok sxcmnyatamuun AADC.

OcTaTouHbIi pecypc »JeMEHTa IIOHMMAaeTcs KakK IIepruoj, B TEUCHHE KOTOPOTO obecredeHo
BBINOJIHEHHE 3JIEMEHTOM NMPOeKTHBIX (yHKUuil; g CC — 3T0 1eN0CTHOCTH (TNIOTHOCTD U MPOYHOCTB).

Ilockonbky paccMaTpuBaeMblii Je(QEeKT KOHCEpBATHMBHO IPUHAT KpPYyroBbIM (JUIMHA paBHa
NepuMeTpy) ¢ IIyOWHOH, paBHOM MakCHMalbHOW TIyOHMHE BBIABIEHHOTO Aedekrta, mesnoctHocTh CC
o0ecrieyeHa IpH IMOATBEPKIEHHOM OTCYTCTBUM Je(EKTOB, IIyOMHAa KOTOPBIX paBHAa KPUTUYECKOH
IITyOHHE, pAaCCINTAHHOM IS COOTBETCTBYIOIIETO PEXXUMA SKCILTyaTaIliH.
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Kpuruuecknit paivep
aedexta B penMe

HOPMATEHLIX yeI0omi

Kparnuecknil paivep
aederta B peainte
FHAPARTHYECKHX
sensmansdi (TH)

11

sxcruryarannn (HY3)

Tomuuua CC
S=735mm
g 1

Ock naTpyika

Inr

Puc. 1. Cxema pacnonosicenus Kpumuieckux pasmepos 0e@exmos @ cmenke nampyoxa npu
PA3UYHBIX PEAHCUMAX IKCHIYAMAayuu

3Ha4YCHHUS dcr Hyd = 66 MM U derru = 62 MM CPABHUBAIOTCS C U3BMEPEHHBIMU 3HAYEHUSIMU PEATbHOTO
(BBIsIBIIEHHOTO) nedekta a; = 48,4 mm.

OTHOIIEHHE BBIABICHHOW PasHUIBI (DAaKTUUECKOW M KPUTHUECKOW TIyOMH JedeKTa K CKOPOCTH
pasButus (moapocta) nedekra Jaet YUCIOBOe 3HAUEHUE OCTATOYHOTO pecypca:

62 — 48,4 66 — 48,4
0,71 0,71
s obecneuenus TpeOyeMoro KOHCEpBaTH3Ma CIIEAyeT OCHOBBIBATHCS Ha JJOKa3aHHOMH
THIPaBIMYECKHMH HCTBITAHUSAME TIyOHHE BO3MOXKHOrO JAe(eKTa — IOJIOKUTEIbHbIe pe3ynbTaTel ['1
HCKITIOYAIOT HAJIM4ue 1e(eKTOB C ITyOHMHOM, paBHOU MU OOJBIIEH dcrru.
[Tpu TakoM moaxozxe, MPUHUMAA A; = der ru, NTOTyYaeM 3HadeHUe ocratouHoro pecypca CC amns
YCIOBUH HOPMaJIHOH 3KCIUTyaTallu:

Tr]/[ = =19 Jjem, THya = = 24 200a.

66— 62

Toh = ——
9 0.71
HOCJ’IC KaxXa10ro YCHCIJ.IHOI‘O FI/I 3HAYCHHUC DTOT'O pecypca OCTAaCTCA HCU3MCHHBIM.

= 5,6 Jjiem.

1 s =
o o -
- I o Pabounit pexxum
MM o
oY 4,\:4: % ong
(-] hh
0_90_ .nn 1 | S -t T —
(-]
o
S0y, — Ao HY3= 66
b.s 0,85+ t t i i t rmoo 6 0 of oo
-

>
-5 0,80 aeTH= 62
5

0,75

P, =4,8 Mlla s t
= 48, 4otm
0,70 - P, =73 Ma ] T Y
0,65
1,4 1,6 1,8 2 2,2 2,4 2,6 28 3
Dihina, C/R

Puc. 2. Oyenka 6ezonacnocmu sxcniayamayuu nampyoka 6 paiione CC No23 napoeenepamopos 2I1I-6 Apmarnckoii
ADC 6 pesicumax 2udpouUChvbImauil no 6MOPOMy KOHMYPY U 8 paboyem pexicume
(c yuemom 6vis81eHH020 Oeghekma 2nyounot 48,4 mm)
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Ha puc. 2 mokasansl kpurudeckue pasmepsl aedexros B pexxume ['U u HYD. Paccrosnue mexay
KPUBBIMM Ha PUCYHKE IO BEPTHKAJIM COCTaBIET 4 MM; €CIIM TpellMHa PacTeT B IIIyOMHY M AJIHMHY
OJHOBpPEeMEeHHO, TO Toraa 2,9 mm. Toukoil moka3aH BBISBIEHHBIN NE(pEeKT B MPEANON0KEHHH, YTO OH
ABJISIETCS KOJNBLEBBIM. BUIHO, UTO 3TOT Je(EeKT CyIIeCTBEHHO HUXKE KPUTHYECKUX pa3MepoB. Bpems, 3a
KOTOPOE d¢ rw AOCTUIAET BEIUYUHBI dor Hyd, - OTO BpeMs O€30IacHOM H3KCIIyaTallud CBapHOIO
coeaunenns Ne23, korza pa3pblB naTpyOka IPUHLIUIIHAIBHO HEBO3MOXKEH.

Mexny kpuTHdecKuMH pasmepamu B pexxumax HYD m ['M cymiecTByeT ompeleneHHbl 3amnac,
KOTOpBI 00pa3yeT 3amac Mo KpuUTepHro paspymieHus. o Tex mop, moka AedeKT He IopacTeT o
KPUTHYECKOT0 3HaUeHUs B paboyeM pexuMe, pa3pyllieHre HEBO3MOXKHO.

Buoieoowt

1. MakcumanbHO BO3MOKHBIH IOAPOCT TPELIMHBI MO MEPUMETpy NaTpyOka B palilOHE CBApHOTO IIBa
Ne23 ne npessiaer 0,71 mm B rog.
2. JInsg TONMIMHBI CTEHKH NarpyOka Kopmyca maporeHeparopa ApmsHckod ADC (73,5 mm)
OTHOCHTEINbHAs I'NTyOMHA MOBPEXIECHUS CBAPHOI0 COeIUHEHHs cocTaBisteT 53,4/73,5 = 72,6%.
3. Hns cBapubix coeanHeHnit Ne23 maporeneparopoB ApmsHckoit ADC npu tommmue CC 73,5 mm
MOJTy4aeM JJIsl JOIy CTUMOM TIyOuHBI nedekra 3HaueHue [a] = 54,4 mm.
4. 3HaueHWe OCTATOYHOTO pecypca CBapHBIX coenuHeHHH Ne23 1y ycnoBui HOpPMalbHON
3KCIUTyaTalluy COCTaBIsET 5,6 JeT.
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4.G. MEwnpnuywt, U.U. Ywupnuiywu
2REM-440 ELGMrGULLAYLENP TNGEAELELPUSNNLENP UALBUSNPLENP NNYULULEN P BUY
uuLsSnrUUu3bhL O1ULUh <ULSNR3SLENP ULUSNMYUSPL NBEUNRUP SGLULUSNRUL

Qunnupyly F Zughwlwl wunndughlh BEqupufupubh pnghqbibpuwnnpbbph Ne23 Enwlguwi Jupkpnid
Junnpnyulp yupugdng Sswpkph hinupun/np wpunfkpugnyl qupquglul hwpyuply: iuwhunnyky b pwhwgnpduul
wuylwbbkph wgnkgnieiniiap I1I'B-4c pnglqbhkpunnnplbph §njEnnpbiph pingnywliakph b whgnidughl oqufh
hwbgnyghlph dinugnppuypl phunipup Jpu:

Unwugpuyhti  pwnbp. Lnwiglwl uwp, JEpounnp wwppkph  dbpnghlw, Jbwgnppughll pkunipup
qluhunnnu:

V.G. Petrosyan, A.M. Vardanyan
ASSESSMENT OF THE RESIDUAL RESOURCE OF WELDED CONNECTIONS OF WELD

COLLECTORS OF THE STEAM GENERATORS OF POWER UNIT VVER-440

Calculations definition of the maximal possible subbody heights of a crack on branch pipe
perimeter around a joint weld No23 of steam generators of the Armenian nuclear power plant are carried
out. Influences of an external environment on a residual resource of clusters of fastening of collectors of
the heat carrier to branch pipes of housings of MB-4c steam generators are estimated.

Keywords: welded connection, finite element method, assessment of a residual resource.

Ierpocsan Barpam I'acnapoBuy — z.1.1., mpodeccop, renepaibHblii aupexkrop (3AO “Apmarom”)
Bapnansin Apcen MoBcecoBud — acnipanT HITY A, umkenep (3A0 “Apmartom”)

218



ISSN 1829-0043 <U3UUSULP AUMSUrughsuyuL U4ULIsUhU3h LPURLEE (KBUL). 2017. £.14, N2 2
<S1% 621.311.212 (072) tEuveratshuul

<.U. fwnbnujwt, MN.U. Uwuniljjw, U.L. hwsgwwnpyuu, U.MN. Uwuniljjw

UNMIUUL 906Nk SLSEUUMEU TUCU4ES <USNh3ELENh NPNTNRUL

Quinwpyky F BEjupulub gubghph wnkpudwukph hunnppuyupkph hunnypbbph npnpdwl gnnipinil
nilkgny dkpnpbbph dwipudwul niunidwuppnipinii: Kol o hnuwiph pwhunfbu punnieul Ukénipiniabkpp
onuyhll b duynipiughlr gokph hwdwp b winwewnljly ki wifkih wupg puinudblbp nnupblul ijuqugnyl Supukpp,
Jungpwnuy GEpgpnidiakph b Fakpghuyp npniunbbph hwojuplakph hudwp:

Unwbgpuyhti  pwnbp. Juwyhwnay Gkpgpoidalp,  Hikpghugh  Unpniawnblbp,  swhwfln hunngpbbp,
juqugnyi Swpuukp, Fakpghuygh hunnppdwi hiplhupdkp:

1. Smphijwb phipjwé dwhubph tywwnwluht $mulghwi.
Zunnppdw gdh wbnbuwwbu pwhwydtn hwwnnyph punpnipyu gnigwihpp nupkjubt phpdus
Swiuubph Ubkdnipmiut k[1]:

V=Kan+E, (1)
npuntny K- juwhwnw) ubpppnudubph dbdmipniut B jujudws qsh hwunnyphg (gpwd); E-u mwupbklijub
owhwgnpddw swijuubpt b @pwd), an -t Juuhwnw) tkpgpnidiabph hwnnigdwt tnpdwwnhy gnpswljhgt £
(0.12):

K=AFL+B, 2)
E = Kaws + Kay + Kay,+ C - AW, 3)
nputn A-u hwnnppujuph dhugnph wpdtpt kE (gp/Ad.dd?); F-p hwunnppujuph hwnnypt b (425, L - p gsh
Epjupnipniut £ () B-u g6h Junpnigdwt hwunwwnnit Swjuubpt tt' wbljujun hwwnnyph dkénipinithg
(hkbwpwttp, dkyniuhsubp, shtidntnnwdwihtt wojuwwnwupubp); C-u tukpghuwyh Ynpniunttph dhwynph
wpdbpl k(25 gp/fdmn.d), AW-u' nupkljut Fubpghugh Ynpniunibph dbsmpyniup (44w, d):
AW =3 LTy / y-F-105, (4)
Ty =(0.124 + Tu- 104)2:8760,
npwnkn - hungnpyuwt gsh hwoyupluyht hnuwbpl b (), Te—t wpun]bjugnii hqnpnipyub oqguugnpsdwb
nbnnnipniup (dwd), Ty -0 wpwdbjugnyl Ynpniunbph mbnnmipniat b (dwd), y-u hunnpnujwph
nbkuwwpwp hunnppujwinipniup (wynidhith hwnnppujwph hwdwp y = 32 (/0L iP):
Stnunptiny (2), 3) b (4) wpuwhwjnnipmnibubpp (1)-nud’ Junwbwip mwpbkuwt pipqué swhiubph
bywinwluwyhtt $ntujghutt’ jupjws hunnpydwt gsh hwwnnyph dkdnipniuhg:
V=AFLa + 3I>)CLTy/yF-10%+ Ba, (5)
nputn a -t hwnnmgmdubph b hwmnjugnidutph gnudwpughtt gnpéwyhg k (0.17):
unnpp nwsdwt hwdwp whwnp b gl wjit swhwdbtn hwwnnypp, nph ghwypnd phpqus Swhiubph
dnrtujghwutt (5) unwbw hp Wuqugniyyn wpdbpp: Mupq &, np owhwybn F hwnnypep whwunp L pudupuph
Eptp wiuhpwdton yuydwih [2]:

F > Fp, F > Fu, F 5 Fun, (6)
npntny  F-u  gbh  Gpupwunl poyjuwnpkh hnuwbpht
hwdwywinwupuwing hwnnyph tququgnyu didnipiniul k, Fy-u'
wuwlwdl tplnypny wyuydwibwynpjus tjuqugnyt hwnnypn:
Fun-t hwinnypltph vnnwbnupunwyhtt mpdtpubpt Gu:

vunph nusdwt wnwbdtwhwnlnipnitiubpp

Vi(EB)

VPl C wuunlkpugiint  hwdwp Juomgbip  phipduwd  dwjuubph
L $miyghwgh (5) b tpw  pununphyibph Ynpkpp’ Gupjws F

15T, E—— A= hwwnnyph Ukénipniihg:
] IO i S, ~ - T VY. -nud wuultpjus th Ko, CAW Unpkpp b nppuig

gnidwpuyhlt niulghwts (5)° jupdws twb Swhuubph hwunwwnnit

. : 7 Pununphsh  (Ba) dbdmpymbhg:  Unpbph  dpm YEn  I-p
' ' hudwyuwunuwupwimd  § juyhunw)  tkpypoudutph (AFLa) G

L. Swpliuli Suifuubph tukpghuyh Ynpniuntbph (CAW) dniuljghwikph (wéwhgyuiutph) b
fupnfuénipniiip hunnnyphg npuig pwgwpdwl wpdbpubph hwjuwuwpnipjuup swhwybkn

5
I
I
I
[
|
[
!
I
I
1
F

T ——

0
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Jupwsph pypmid: Uk 2-p hwdwywunwupwind £ phipdwé Swpubkph tJuqugnyt wpdbphtt [Vu(F)],
huy Ytw 3-p' wjuqugnyu Swhiubkphtt’ hwpgh webkng hwunwwnntt pununphsp (Ba):
Uhtwnbp 4 b 5-p hwdwywnuwupiwtwpup yunluind tu pepdws Swhuubph dbdnipniuubpht F1 b F2
Unwnwlu thnpp b LS uvnwbnupunwhtt wpdtpubph hwdwp:
2. Stnbuwy kiu owhwtn hwwnnyph npnondp
Zunopplut  gdh  wbnbuwwbu jwhwdbnn hwunyph npnodwt hwdwp  phpdws  Swjuubph
ywwnwluhtt dntulghwit (2) wbwugynid k punn hwwnnypeh b hwjuwuwptgynid £ qpojh:
dV 1 dF = ALa—3I°CLT | yF?-10° =0, 7)
nputin Ty- - dwpuhdnid Ynpniunubph nbinnnipniut k (dwud);
Uju hwjuwuwpnidhg (2) hbnbnwd £ swpubph mbuwwpup wdbph hwjwuwpnipiniup, wjupupt’
hwwnniph ptnpnipjut oyynhdwnipjui wuydwp:

ALo =3I°CLT | yF?*-10°, ®)
npuknhg pwhwybtwn hwwnnyph Ukdnipmiup
F =11\ Aay-10*/3CT =1/J : )

Uju wpunwhwjinnipjutt hwjnwpupp hnuwbph swhwybn pnmpjut dednipiniut £ (UARL2):

J =+/Aay-10°/3CT : (10)
Ugniuwy  1-nid  phpdws & hnuwbph sowhwdbn  junmpniutbph  dEdnipmibubpp’  upgus
dwpuhunidh ogurnugnpsdwit mbinnnipiniihg (Tu) onuyht b dwnijuwght gstiph hwdwp:
Zwdwphsnid Lonnus Ukdnipniuutpt b, hwjnwpupmd® gnpénnutpn [1.2]
Unniuwmly 1
Znuwliph pwhwykwn junnipmibbbph dkSnipiniabbpn
Znuwbph owhwybin  funmpmibp  Guh]ws
wnwykjugnyt hqnpnipjut dwdbph wnbnnni-
piniuhg (dwd), Tu

Zunnprpdwt gdkph nbuwltkpp

1000 ... 3000 | 3000 ... 5000 | 5000 ... 8750
1.0 0.9 0.8
Onuypli ghd,AC, ACO 13 1.1 1.0
1.3 1.2 1.0
Uwnijuwght ghs® prpt dbyniuwgnidny ACB, AAB 16 14 12
Uwinitjuwghtt ghs' nkwpuk dEyniuwugnidny ABBT, 1.6 15 1.4
ATIBI' 1.9 1.7 1.6

3. Ljuqugnyh mupklwb pipjwé sSwpuutp

Ljwphg tpunud k, np owhwbwn hwwnnyph npnodwt oyunhdwynipiut wuydwup (7) hwdpuljund k
Juyhwnw) ubpppoudutph hwnjugnidutph b wwpkut Bukipghuyh Ynpniunubph wpdbph $niuljghwutph
wéwbgyuutiph ($niuyghwbph wgbph) hwjwuwpnpjub wuydwithu (8):

Uwuwgnigkup, np juugph jnsdwd oyynpdwmpjub yuydwup hwdpbljund | bwb dipp wodws Lpyne
Intujghmtbph Ynptpp (ulf.) hwndwb YEnh htn (Yn 1) wyuptpt’ swhwybn hwnnyph phypnid wyy
dnrughwibph wpdtpubp hpwp hwjwuwn G

PuqUuuyuunytiup oyunhudwnipjut yuydwih hwjuuwpdwi (8) Epynt Ynpdbpp pwhwytn hwwnnyph
Ubsnipjudp (F):

AFLa =3I°CLT | yF -10% (11)

Ujuntnhg (11)-hg tpumd E np pwhwybn hwwunyph phypnid wwpbijut pipdws Swpaubph
Ukdnipnitp Jupnn k npnoyl) wybh wwpq wpnwhwjnnipjudp:

V =2AFLa+ Ba, (12)
hulj mwupklub tukpghuygh Ynpniunbbph wpdtpp®

CAW = AFLa: (13)

Nputu htnbnipnit mupklwb Eutipghwgh Ynpniunibph dbdnipemniip’
AW = AFLal C (14)
AW = AFLa -10°/C: (15)

Lwpnud pipdus swhubph Ynpbphg Eplnud E, np wpnwhwynmpniutbp (12), (13), (14)-p dhon b
dhuyt hwnnpylwi gsh mbnbuwybu pwhwtn hwwnnyph nhypoud:
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Anpstwluwind pugniws t tubpghugh Ynpniunibph dbdmipiniut wipnwhwjnk] wnlnutpny gény

hwnnpnn tutipghwyh didnipjniuhg
W=P Ty, (16)
nputn P-u gény wlgunn hwoduplujhtt wnhy hqnpnipniub t (§4w), Te - wnwykjugnyt hqnpnipjub
oquugnpsuwtt nbinnnipniun (duwd):
Zunopplut  génud  Eubpghuyh  Ynpniunbph  dbdmipinitp’  wininutkpnyg, hhduding (15)
wpuwhwjnnipjut ypu b hwoyh wntbkiny hqnpmipjut gnpswhgp, cose=0.95"

AW% =AW -100/W = AFLa-10°/ P-T,C =
=A-1-L-a-10°/ PT,CJ = a7)

=A-P-L-a-10°/ PT,CJ -~J3U -cos f
(17)-mud nbnqunpling gnpdwyhgukph pdughtt wpdkputpp (@ = 0.17;C = 25 pp/fdn.d: cosp=0.95)
Junwbwip.

AW%=4144L1J -T;-U : (18)
AC whuh onuyht g6h hwdwp Ai1= 30 gp/ALuif, |- Te-h dhohtt wipdtipp 3000 UL Ui, nphg pjunid £, np
AW, %=41-LIU, (19)

nputin L-p gdh Epupnipyniut k (§2); U-u g6h widubwlu jupndp (§):
ACB i AAB dwnijuughtt gdtiph  hwdwp A2 = 60 np/d.du?, J- Te-h dhohtt wpdtpp 4000 U.d/U.du? nphg
phunud &, np
AW,%=62-LIU: (20)
ABBI' b ATIBI' dwjnijuwyghtt gstph hwdwp As = 90 np/d.du?, J.- Te-h dhohtt wpdtipp 5000 U.d/il /i, nphg
plunwd &, np
AW %=T74-LIU (21)
Oqutyny (19), (20), (21)-hg Yupkih k gsh npjws jupdwi b kpupmppub hwdwp npngty Hakpghugh
Ynpniunttpp mnlnutbpny:
Eubpghuyh Ynpniuwntbph npnowljh vwhdwbwhwlidwt phypmd unyb wpuwhwjnmpniiubphg
oquuytny’ Junkh £ npnolt hwnnpndwi g6h wnwybjugnyt kpjupnipniun (wr.2):
Unniuwly 2

Zumnppuwl ¢8h wnwyjEpugnyyl Epliupnipniip

3
Zz
E 2 | @Stph wowkjugnyt tpljupnipyniibikpp, 44,
Q5tiph wduunidubpp _?; ET tukpghuyh Ynpniuntibph tnuppbp wpdtpubph nkwpnid
=1 —
)
Al 2% 3% 4% 5%
6 2.9 4.4 5.8 7.3
10 4.9 7.5 9.9 12.4
35 17.2 26.3 34.7 434
Onuyhti gdtip*® AC, ACO 110 53.9 825 108.9 136.4
220 107.8 165.0 217.8 272.8
330 161.7 247.9 326.7 409.2
400 196.0 300.0 396.0 496.0
. 6 1.9 2.9 3.9 4.8
Uwyniuwght ot ACB, AAB 10 3.2 48 65 8.1
1. 24 . 4.1
Uwnipuwghtn gstp® BBI, AIIBT 6 6 33
10 2.7 4.1 5.4 6.8

4. Unwbnupwught hwnnypibph pnpnipiniap

Lwpnud pipdws dSwpaubph Ynpkphg kpunwd k, np Swpuubph $niulghwin (4npp) ny updbnphll yupupng
E: Uju yuwwndwnny swhwytwn F hwwnnyphg tnyt hkpwnpnipjut ypu quniynn thnpp b ks vnwunupunughl
hwinnplbtph nhypnd Swhiukpp hwquuwp sk:
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NMuwupq E npunund, np thnpp b UkS vnwinupunuwhtt hwnnyputph dhoht pyupwbwlut wpdbpp sh
Jupnn (htul] vnwinupuughtt hwnnyph pbupnipjut gniguihy: Cwhwybn uwbnupuughtt hwwnnyph

gniguiihop quukint hwdwp nphwnwpybup Eplnt swhiup Vl(Fi) 1] VZ(FZ) Ukdnipniuibph hwjwuwpnipjuu
wuydwip

AFiLa+3PCLTy/yFi105= AF2La+3PCLTy/F>10P: (22)
Pudwibing hwjuwuwpdwb kplnt Ynnubpp AL -h* Junwbwbp
Fi+P3CTy/Aay “10P - Fi = F2+P3CTy/Aay 1P “ F2 : (23)
Cwhwybtwn hwwnnyph putiwdlihg (9) Eptnud £, np
I1%-3CT /| Aay -10° = F?: 24)
Stnunptiny (24)-n (23) hwjuwuwpdwt Uk Junwbwp
F,+F*|F,=F+F*|F,, (25)
FZ(FZ_Fl)/Fl'Fzze_Fl’ (26)
F?=FF,, F=.,FF,: 7)

Ugu ukdnipynibip 27) £ b F, unwigupunwhtt hwinnypughtt thehtt punwlniuwht wpdtph b, npp,
hhwnlt, thnpp E ipwtg dhohtt pyupubiuljuitihg:

JVEF, <(F,+F,)I2 . (28)
Nwnq k, np tpt.
F <,/FF,, 29)

wyw punpynid £ dnnnwlju thnpp unnwinupunp (FD Jpt

F>,FF,, (30)
wyw punpynud | dnnwlju ks uinwunupup(Fa):
5. Wjuquqnyb Swhwubph pwiwdlih £onnipmiip
NMupq L, np bph sowhwbn hwnnyphg wigunud Gup vnwigupunughtt Us Ywd thnpp, wpdbpubphl,
www nupkijub swjuubpp gbpuqugnid b iuqugnyuht (y.):
Cugniuktp’ Fun = F £ AF b npnobup swhiubkph wwppbpnipnitp (wdp) unwbnupunuht b swhwgtn
hwwnnypubph nhypnid.

AV=V(Fun)-V(F), (31)
AV = ALa(F £ AF) +3I°CLT | y(F £ AF)-10° - 24FLa: 32)
Zwioh wintikiny (24) wpiuwhwjinnipniup.
3I°CT |y -10° = AaF*? (33)
Junwwp*
AV = ALa(F + AF) + ALaF? I(F + AF) - 24LaF , (34)
AV = ALa[(F £ AF) + F? |(F £ AF) - 2F]: (35)
NMupgtgubny wju wpnwhwjnmpniup® (35) junwbwip
AV = ALaAF? | F w, (36)
hulj mnlynutitpny tJwqugny Swhuubkphg (33) wnwug Ba Ubkénipjul
AV % =100AF? | 2F - F ua: (37)
Unniawly 3
Ujmqugnyl Swipuukph donnippul qiiuhunniwl ophluuliikp
AF AV2% A AV1%
-k VicF | F F>-F F-Fi
25...35 29.6 29.6 5.4 1.40 4.6 1.40
35...50 41.8 41.8 8.2 1.60 6.8 1.60
50...70 59.2 59.2 10.8 1.40 9.2 1.40
70...95 81.5 81.5 135 1.10 115 1.10
95...120 106.7 106.7 13.3 0.70 11.7 0.70
120...150 134.2 134.2 15.8 0.60 14.2 0.60
150...185 166.6 166.6 18.4 0.55 16.6 0.55
185...240 210.7 210.7 29.3 0.85 25.7 0.85

222



Unniuwy 3-mud phpdws b tjuqugnyy Swpaubph Lonnipjut guowhwwndwt ophtiwjukp’ swhwytkn
hwwnniyphg unwinupntphtt whgubnt nhwypnud:
bPusyhu tpind £ wnmnuuwynid pipwé ophttwljubphg, uvnwinupunuwhtt hwnnypubkphtt whgubne
nhypnud tJuqugny Swhiubkph pwtwdbbph vjpwp, wyuhtiptt® Swhubkph wpdtpp (AVi% b AV2%) juqunid
055...1.7 %: Uw wwbwlind kE np wwuqugnyb swhiubph pwbwdlbp (12) Yupkh b oquuugnpsly
hwyduplubpnid ny dhwy owhwybtn, wyjh vnwinupuwhtt hwnmgputph nhwypnid:
Unmnuuwly 3-mud phpdws ophttmlubph wpymitpubpp tnyut Eu htywbu onuyht, wjuwbu b
dunipaught gdbph hwdwnp:
6. Butinghuyh Ynpniunubph pubhwdbh Lounnipiniip
bPuswhu upyws t 3-nud, tukipghuyh Ynpniunbbph pwbwdlbp swhwybnn hwwunyph pypmd (2) - (9)
Jupkih £ wpunwhwjnt] wyth yupq puiwdlng (14):
AW = ALaF | C . (38)
NMupq L np Eptk swhwybn hwwnnyphg wiginud Gup unwinupunuyhtt wpdbputphty, wyw tukpghuygh
Ynpniuntbph dkdnipniup (38) tupwplynid L thnthnpunipjut £6W-h swthny:
Cugniukp Fun = F £ AF b npnobup tubkpghuyh Ynpniunutph wwppbpnipniup (wép Jud wdwugnidp)
unwnupunuht b pwhwybwn hwwnnyputph nhypnid®

SW = AW (Fu) — AW (F), (39)
oW =3I°-LT | y(F £ AF)-10° — ALaF | C: (40)
Zwoyh wntikiny (33) wpinwhwjinnipniup’
3I°T,/y-10° = ALaF? | C, (41)
b wknunpkiny (41)-p (40)-nwd Juunwtwbp.
OW = ALaF? | C(F £ AF)— ALaF | C, (42)
2
W = & F— - F , (43)
C \FtAF

oW =+ALaFAF|C-F u
huy nnynuikpny tubkpghuwh Ynpnrunitphg sowhwtn hwwnnyph ntypnid (14)°
W% =1100-AF | F w.: (45)
Upmniuwly 4-md phpdws B Bubpghuwyh  Ynpniunbbph  obndwt  dbEdnipnitubpp  winlnubpny
unwinupuuwght hwnnypubtph nhwypnud:
Unjniuwy 4-mud pipdws ophtiwljubph wpnyniuputpp tnyut By, hyybu onuyhty, wytiybu b vuynitjuwghu
qstiph hwdwnp:

, (44)

Unyniuwly 4
Ehkpghuyh npniuwnbbph phndwh dEdnyemibbkpp
[ AF dW2% AF
F1 F2 F;L . F‘2 F FoF P dW1%
25 35 29.6 29.6 54 -155 4.6 +18.4
35 50 41.8 41.8 8.2 -16.4 6.8 +19.4
50 70 59.2 59.2 10.8 -15.4 9.2 +18.4
70 95 81.5 81.5 135 -14.2 115 +16.4
95 120 106.7 106.7 13.3 -11.1 11.7 +12.3
120 150 134.2 134.2 15.8 -10.5 14.2 +11.8
150 185 166.6 166.6 18.4 9.9 16.6 +11.1
185 240 210.7 210.7 29.3 -12.2 25.7 +13.9

7. Unpniuntbph hwdbdwnmpynitin Londwsé b qgnpénn hnuwbiph punnipniuitkph ghuypnd

“Yhunwplktp onuyht b dwintjwghtt hwnnppuwt gstph hwwnnyputph b Ynpniunubph hwpduplhh
ophttwt] wpwowplyny sowhwdbtwn (F) & gqnpény (Fq) hwwunypubph phypmd: Znuwiph juwnnipnibiubph
wpdbtpubipnp pipdus Lt wnniuwyy 1-nud, gény wugunn hnuwupp' I=100 U:

Unniuwljutp 5, 6, 7-nud pipjws ki hnuwtph wnwowplynny b gnpénn swhwytn annipnibubpp
(un.1) hwdwywwnwupiwt hwnnyputpp (F, Fg), pipqué  Eutpghwjh Ynpniuntibph b mwppbpnipnibubph
Ubkbnipjniuikpp winnukpny:

oW%=-100AF I F, , (46)

AF =F - Fg: (47)
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Ungjniuwl 5

AC onuyhli ghdh hnuwliph pwhunjlwn punnipiniblkpp b hunnnyplkpp
T Ja Fq J F AF SW%
1000...3000 1.3 77 1.0 100 23 -32,5
3000...5000 1.1 91 0.9 111 20 -22.0
5000...8760 1.0 100 0.8 125 25 -25.0
Upgniuwl 6
ACB, AAB duynifuuyhli gSkph hnuwiiph pwhunln punnipiniabbpp b hunnnypbbpn
T Ja Fq J F AF SW%
1000...3000 1.6 63 1.3 77 14 -22.0
3000...5000 1.4 71 1.2 83 12 -17.0
5000...8760 1.2 83 1.0 100 12 -21.0
Ungniuwly 7
ABBI, AIIBI duynifuughll ¢8kph hnuwiiph puwhunkwn pnnnipinibilpp b hunnnyphbpp
T Ja Fq ] F AF SW%
1000...3000 1.9 53 1.6 63 10.0 -19.0
3000...5000 1.7 59 1.5 67 8.0 -14.0
5000...8760 1.6 63 1.3 77 14.0 -22.0

8. Cwhwqnpédwmt sbwpuubph juqugny vhdnipiniup
Zunnpyiwt gsh pwhwgnpsdwb Swipuubph punhwinip wkupp *

E =Ka, + CAW, (a, =0.05),
npunkn d,-u owhwgnpsuiwb swhiubph nwpkjut hwnljugniudubph gnpswlihgh k:

Cwhwgnpéuw swpuubpl pun hunnpnuwu gdh hwwnnyph'

E = AFLa, +3I°CLT | yF -10°
Bpt gdh hwwnnypp punpdws E pun hnuwph Lonjws owhwybn junnipjub (wnnruwy 1), wmyw hwoydh
wnbkiny tuqugny swhukph wpnwhwjnnipiniup (12), (13) b whnbubny hwunwwnnit panungphsp (Ba),

Junwbwip
E=AFLa, + AFLa,

E=AFL(a,+a)=022- AFL:

Onuyhtt g6h hwdwp® (AC) A=30 ppALui?®

E=022-30-F-L=66-F-L , gpunt

Uwynipuwghti gsh hwdwp' (ACB, AAB), A=60 pp/itl i

E=022-60-F-L =13.2~F~L,1]puu[:

Uwnipuwghti gsh hudwp' (ABBI), A=90 pp/if ui?

E=022-90-F-L =19.8-F-L,1]]1Lu1£'

Putiwdbbpnud F-p nknunpynud £ «/22-ukpnd, L-pn* dEwnpkpny:

(48)

(49)

(50)
G

(52)

(53)

(54)

Cwhwgnpédwl swjuubph wupqbgyus puwbwdlbp pugupdwujuybu ghown k dhuyt Londws hwnnyph
nhypnud (wn. 1), djntu ghyplpnud whwp E hpwuek] (2) wpunwhwjnnipiniip:

biyywbu hwynth &
wpuwhwjnnipjudp’

(1],

e=EIW=E|P-T,,

hEyuputubpghuyh  hwnnpplwt  puptwpdtipp npnoynud £ hbknlyuy

(55)

npuitin E-u hunnppuwt gdh mwupbijut owhwgnpsdwt Swhiubp Bu (gpwd): P-° dwpuhdnud (hwpdupluyghin)
wlywnpy hqnpnipiniup (§9w); Te-p dwpuhunid hqnpnipju oquruugnpsdw wbnnnipniup (Guid):

N3 pwhwytwn hwwnnyputph nhypnid®

e=(AFLa,+3I°CLT | yF -10°)/ P-T,:

Cwhwybtwn hwwnnyph nhypnid®
e=0.22-AFLIP-T;,
npunknhg’
e=0.22- AFLI~/3UIcosf - T,
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e=0.134. AL/U-j'Td (cosp=0.95): (59)
AC whuh onpuyhtt goh hwdwp A=30 pp/fuif ] - Te-h Upohtt wmpdtipp 3000 U-d/f.u/t, nphg plunid k, np

e=0.134-30- L/U -3000=0.00134L /U : (60)
Bpt L-h Epupnipmniup mbnunpkup u-ny, wuyyw AC onuijhtt gsh hwdwp hwnnppdwt huptwpdtpp®
e=134-LIU, gp/ydind (61)

ACE i AAB wnhuh dwynipaughtt gdtph hwdwn A=60 pp/ildif, - Te-h dhohtt wmpdtpp 4000 U-d/il i, nphg

plunid E, np®
e=20-LIU, pp/y<un.d- 62)

ABBT 1 AIIBT wnhyjh dwynijuuyhtt gdtph hwdwp A=90 pp/ilLii, ] - Te-h dhohtt wpdtipp' 5000 U- /il i,

nphg plunud £ np’
e=24-LIU, gyp/jdun.d: (63)

Mbwnp b ok, np wjunbn pmipu phipqwé pwbwdlbpp swhwgnpsdwt Swhuubph b hwunnppdwb
huptwpdtph hwdwp pun wiqud wbth wupqg G b dwwnskh jhpundwi hwdwp:

GeruuusnkeE3nhu

1. Zunnpplwt gdtph hwdwp onduws & hnuwbph pwhwdbn junnipjut dkdnipmiutbkpp’ hwoyh
wnbbkny hwnnpphsubph b EEjupwutubpghuh wbuwlwpup wpdbpubph thnthnjunipniuubpp, hyybu
onquht, wjtyku b dwntjowghtt gdtph hwdwp:

2. Puyytu Epunud b hwpduplutphg, nintuwybu btyunwlwhwupdwp b dbkdwgul] hwunnpphsubph
hwwunnypubpp, wjuptiptt' dkdwgub] qstph jupnigdwb juuyhwnw) tkpgpmudubpp b hwdwywnwupwbwpup
thnppuguk) tubkpghuyh Ynpniunkph dednipniuutpp:

3. Lyuquqgnyu nwupbkjub pipws swhubph hwoyupyh hwdwp gnipu o pipdus pwn wbh wupq
pwtiwdlbp:

4. Supbjut owhwgnpddwt sSwpubph b fEjupwutubpghugh hunnppdwb huptwpdtph npnodwt hwdwp
Uowldty L wth wupq wpnwhwjinnipniuibp:

5. zunnppuwt gstph nmunkuwybu swhwbn wijutwljut jupnidubph punpnipyut hwdwp dyulyty
E Epime dnnwluw  unwinupunughtt widubwlwt  qwpnudibph hwdbdwnnipjut dbpnphljub, npp
htwpwnpmpinit k vnwihu nupkiub pipdws Swhubkpp hwiqguty bwjuqugniyh:
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1. Wpenpumk B. Dnexrpudeckue cucrems! u cetu. -M.: DHeproatromuszat, 1989. -594 c
2. IlpaBuia ycTpOMCTBa 3I€KTPOYCTaHOBOK. - M.: M3n-Bo “Owmera-JI”, 2004.- 464 c.
3. BacumseB A.A. DrexTpudeckas 9acTh CTAHIWH U moACTaHIM. -M.: DHeproaromuszmar, 1990. - 576 c.
4. Hexenaes B.H. Diextprueckas gacTs cTaHInil u noacranuuii. - M.: Dueproaromuszar, 1989. — 608 c.
11.02.2017.
I''M. TaneBocsin, I1.C. Manyksin, M.JI. Xauatpsin, A.Il. Manyksin
ONPEJEJEHUE SKOHOMWYECKHUX CEYEHUI JIUHUM SJIEKTPOIIEPEJIAYM

IIposederno nodpobHoe ucciedosanue Cywecmsyouux Memooo8 onpedesieHus ceuerull NPo8oo08 YuacmKos
cemell. YmouneHnvl skoHOMUYeCKUe NIOMHOCIU MOKO8 0I5l 6030VUIHBIX U KAOeIbHbIX cemell U npedyodiceHvl boee
npocmouie Gopmynvl 01 OnpeodenieHus 20008blX NPUBCOCHHBIX 3AMPAm, KANUMATbHLIX GLOJNCEHULl U Nomeps
9eKMPOIHEP2UU.

Kniouegvie cnosa: xanumanvHvle G10JNCEHUS, NOMEPU DHEPIUU, IKOHOMUYECKUE CeueHusi, ceOecmouMoCmy
nepeoayu sHepeuu.
H.M. Tadevosyan, P.S. Manukyan, M.L. Khachatryan, A.P. Manukyan
DEFINITION OF ECONOMIC SECTIONS OF ELECTRIC LINES

A detailed study of the existing methods for determining the cross sections of wires in sections of
networks was carried out. The economic density of currents for air and cable networks has been specified and
simpler formulae have been proposed for determining the annualized costs, capital investments and losses of
electricity.

Keywords: capital investments, energy losses, economic cross-sections, cost of energy transfer.

Fununujuu <ndtipnu Ukupnwh - 2UMN2 Btjunputubpgbnhuw wdphnth npngkin, n.q.p.
Uwunwywu Mwpgql Unipkuh - 20N2 BiEjuputitpgbnhluw wdphnth gngbtn, wn.q.p.
hvwgwwnpyu Uhpwyk) Luntuh - 2002 UES 607

Uwunijwt Upwd Mwpqlp - 2002 BEjuputitpgbnpju wdphnth wuwhputn
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LELUULRULIYUDNS UhLIERAURP USUSUUL UMBNRLULEMULUL
uURhSPUUSNMP UTUUNKRY

FPhpywé ko JEhuwqubqyudhg uplpbqqugh unugdui wpynibwpbpulwl qughdplunnph owlwi,
wwwpwundwl b hnpdupflwl  wpynibphlpp:  Unwowplyk; F uwppunnpdwl  wpununpnpulwinipul
wpyniinuykn Jupqunnpdwl Enwinad:

Unwtgpuyhti punbp. qughphlunnp, ququgklkpunnnp, uhlplqqug, JEhuwquibqyws,
wpunumppnpulubnipini:

Zujuunnwutth tubkpgnhly wpynmibwpbpmpniup hhduqwsé b bpbp pununnphsh’  dheniughte
Juntihph, ptwjut quqh b 9puyhti nkunipuikph pw: Unwght Epyniuh nhypnid hnwdpp ubkpypnygh £ b
wyunbn juunhpp dhuy wyt sk np niputh b phwlub qugh qubpp Bupulju tu thnthnjunipnibtbph,
npnup hpkug htipphtt untndnud ki dbp mbnbunipjut hwdwp nhuljuihtt Jupnudubp, wyh wylb, np dkp
Eubpgbnhluh wjwinuluwt btupwdnintpp’  wwundughtt Eubipgknpljut b obpdwkubpghnplut
unytwbku jungkh b, pwth np npubg Juynit gopénitbmpiniip wuydwbwynpqws b puquuphy
wpuwphtt  gopéntubkpny:  Zhppnkubpghnpluyh  qupqugdwid  phpugpnud  unyuybu  puquuphy
lunspungnunnn gnpéntubp ku h huyn quijhu, b wjuntn tnyuybu wdkh hus hunwl st:

Ujniu Ynnuhg, dkp Epyhptt niuh hujuwywlut JEpuljutquynn tubpqunbunipuitp fEjupuljut
/jud otipduyhtt tubkpghuyh wpununpnipjutt hwdwp, dwutwynpuybu wpbughtt $nnndnpuuuyhly b
JEhuwquuqush wnpnipttph hhdwt dpu [1]: Quwyws wyu npppund huyjujwt wjunbdhwlub
ghunipjmtt  qquh  Wjwdnwlubpht, Zwjwunwind Jhpulubquynn  Eubpghuyh  wnpnipubph
wpyntbwpbpuut  ywunpuwunndp b jhpuenudp juhun vwhdwbwhwl B guypdwbwdnpdus
hudwywwnwupwb wpynibwytn nkutuninghwutph b wkjuthjuwlwh vhengutph puguljuynipjudp:

Usohiwwnwbpnid  ubpuyugdus ki Yhuuwqubqushg pwpdpiunphwlut  Jurdnn quqgh
unnugdwt huinjughntt htupny wppnitwydbn nbiuninghwh b hwdwywnwupwt vwuppuynpdwt
(quqhdhwwnnpp) dpuldwl, yuwnpuwundwi b hnpdupldwt wpnniupubpn:

Sthuuninghuyh hhudpmd pujwé b Jhuuwwquiqush pupdp shpdwunhfwbwhtt b whwbpnp
whpnihgh uljgpniipp, nph wpynibpnid ghubpugynid E wspumeopwshuubp wwpnibwlnn, wnwppbp
pununpnipjut (CHs dkipwt 7...20%, CO wdluwsuh dntopuhn 20...30%, CO: wsjuwmsuh tplopuhn
9...15%, H2 opwushl 5...20%, N2 wmqnu 12...25%) ququjhtt jpuntinipy’ Jupudws hnidph mhuyhg, npuljhg
b Junbwynipniithg [2, 3]: Skuthjulwut gqpulwinipmiind wyt unwgk] b “uhtiptqquq” Yud
“‘ghubpunnpuyhtt quq” wuduunidubpp: U Jupbih b oquiugnpst) ququyuprwpwbubpnid npuybu
wpunpuwbiwghtt unkihp, otpunipmit vnnwbwne W/jwd gnip wwpwgubn, jud gninpohwughbing
hwdwp, jud LEjunpututpghw ghubpugutint tyuwnwlny:

Npuybu Guiynip oguuugnpsymd L pniuwlub Swgdwb putnbbbp’ hwjnwpbd, wwuppbp
pnyubinh mu dpwljupniyubph gnnpmitkp, thuynp nwbnubp, dwnh snpugwsd &ninkp: Lwptwlub
hnwdpp  Bupwplynud t dowljuwb (snpugnid dhiph 10...20%, wnnud 1...2 ud dpuljghuyny) b
whknwynpdwh 2..25 z¢ pupnipjudp qpuunijubph (whknttph), npnup b JEpetwlju hnwdp tu
qugqhbhuwnph hungnid oquuugnpstint tyywnwlny:

Uowljws “Elynquq 60” dwljthoh wpynitwpbpuljut qughdhljunnph punhwinip junnigquspp
b wbupp pipdus bu uly. 1-nud [2]: Zhdtww hwigniygp ququqkubpunnpt B, npuntn b hpuubwugdnid
E pnit ququgdwi gnpédpupwgp: Uhtplqquqp ququgbubpuwnnphg nnipu £ quihu quqh biph
hnpnjulny: QLubpugqus quqh  ohpdwuwnhdwip  Yuwpdws b jEuuwqubqush  hnudph
Juntwynipiniihg b posnn niptph wwpnibwlnipniihg: Uyt yupnitbwlnud £ twb jpwnunijubp, thnoh
b opuyhtl gqnnpohttp, wyny ywwwndweny whdhpwlwt fhpundwt hudwp ywhunwih b wpynibwgbn
wjpynn quq unwbwint hwdwp uvhipbqquqp Gpnd widhpuybu hnjugdnmd b puquuthni
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dphpnpugdnid £, wyunithtnb wpynd £ uwwunhs uwppbphl, ophtiwl] ququyjurwpuiht: Uswldus
qughdhjuninph wpnunpnyuljuinipniup juqunud kp 60 A/dwd, pynibudbinnuegniupt 75 %:

M= M

9 00000000
@ 00000000

I Zhpnp
Zmjmgmghy

Fumqugkikpunnnp

-~ i i
P i
: @5 ‘
I Shpnp I Zpywp
Zmjmgmghy

Uy 1. Upynihwpkpuljul qughpplunnnph
plnphwinp Junnigiwdpp b nkupp

- —_— -‘4.
Ququgkibpuunnpnid  ququguwt  qnpdpupwugn tkpupnd L thnybkp'  snpugnid, whpnihq

(Ynpuwgnid) b YEtuwunbihph pott wypnud (. 2):

YEbmmgqmbgijm
2
& L
.
. A
3 F ML
W Znpmgnil
‘i_l'
LA
Mhpnthq
- ynmoud
Omn X
Smnmuyun
COTEREEY b y
Uhupkq quq M
Unjuhp
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Ququgdut Lipulw whbtwunubpp pheudmd i ququqgbibpwwnnph hungnud  fwnuuyun
hwppwlh Jpu: dwnkihph okpnh tkppunid unngph Undny] wnwewgunid L wypdw ogwhu: Ujpynn
Juntihpp thswhwpynd E onh hnupny, nptt wugubny dwunuuywwn hwppwlih dheny, wyuwhnymd k
Juntjhph Shwgnn wypnudp jugh wdpnne juyuwlwt wnppnypht hwdwywunwujpwing  wpdub
Sujunny (ppntinny): Uppyniupnid wnwewbinid ki wsjuwsth 1phy b phiph opuhnugdwt wpguuhputp’
CO U COxz Uugukny ohjugws dJuobihph dybpht otpwbtpny' phyd wypdwt  wpguuhpubpp
JEpuluiquynd b, b wnwowinid E wshiwsth opuhn, hull onhtt opuyhtt gninpohubp wybkjugubiny
nhypnid wnwewinid E opushi b uhtiplqquiq, nph hhdbwlwt wypynn pununphstutpp CO b Ha L.

CO2+ C=2CO,
H20 + C=H2+ CO,
2H>0 + C=2H2 + CO:

Zudwduyt 22 swhwghumpjul wqquyptt hbunhuninh  dwubwgbnttph hbn hwdwnby
Juunwpguws thnpdwpynudutph, dowljjwsd wpynibwpbpuljut quqhdhjunnpny unnwgynn uhiplqquqh
Junphwwinipniin juqumu Ep 5...9 UQ4F Jud dhohtmgws® 2,5 Jyn.dif: Zudbdunnnipjub
hwdwn wklp, np ptwlju qugh vhohtt junphwljwinipniup juqunid & 36 U248 jud 10 ijun.dnb:

Uoujqus quqhdhljuninph wpnwunpnpujuinipemniip hwutnd Ep dhohip 2 &2 uhbptqqugh,
mpupwisimip 1 Jg whiknwynpjws hnidphg: Nruwnh, hwodh wetbnyg, np 2Z-nud (hhdbwutnd®
Chpwyh, Qbnuppmiuhph, Updwypph b  Umithph dJwpgbpnid) dhuyt  hwguhwwnhlught
guipuwnwpwdnipiniiiinhg Yupbih Ehwdupk] dnwn 600 hug. mintbw énnwn, wyw jupnn Bup unwbuyg
Unwn 1,2 djpy. «f upiplqquq [4]: Zwnjuwbowlwb k, np welu dnynunp dhuye 20%-u L oqunuugnpdynid
npybu pwwn gudp Juinphwwinipeinih niitkgnn whwutwltp, hul dhwgws dwup sh hwdupynud jud
niqnuihnplt wypnud o gupnbpnud jpowgnyy duny Juwubkiny hnnh tpht pbpunkph junpnigduspp:

Qughdhjuninph wprnugpnqujuinmpiniup (ghubpugynn quqh dwquwip) npnoynid E dh owpp
gnpénutbpny (YEhuwquigwsh wynipnyd b whiknh suhubpny, juntwdnipjudp, wpdwt nkdhunyg b
wyj) b nnhy hwdbdwnwlwinpkt jupdws b ququgbiubpuwwnnph hungnid wypdwt fwljunh
dwlkptuhg' S=/%/%4 npnbkn DOt ypdwt dwjunh npudwughst b Sqju ghypnid Dt hwjuuwp k
ququgktbkpuwnnph hingh fud np tnyubt £ funuuyun huppwlh npudwgshi:

Lwtth np JEugunnud b wprnunpnipyut vk yuwhweynid ki tnwuppbp wpnunpnpujunipyudp
qughbhjuwnnputp, ntunh wpnugpynid b hpuednud Eo hwdwywnwujuwt mpudwghs niutigng
qqutwdl hungny (fwnuuuww hwppulny) ququgbibpwwnnpubp: Umnpiu §nndhg’ hwdwju opjw
wnwuppbp dudbphtt b nupduw nupplp dudwbwjwhunyuwsttpnud, jujudws tnutwlhg, dvhowjuyph
otipdwunh&wihg Jud b wpnunpuljut tjunwenidibipny withpwdbon b jhunid npnpwlh swthng
ujuqtgul) qbkubtpwgynn uhlphkq quqph Swywp' phuwgbne hwdwp JEhuwqubqush  Swhaup:
Upununpnuljuinipjut jupquynpniudp npnpwjhnpkt Juptkjh £ hpuuwbwgut]” thnthnpubing wypdwb
ntdhup, onh hnupp b nhwh wypdwb fjunig wipynn Yhuuwquiqgush swduyp [5]: Uwuyt wyy jnusnudp
phs wppnibwybwn k, pun hubkpghnt b nddup junwdupkih: fPugh wyg, oynhdwy wypdwt nkdhdh b onh
hnuph thnthnjumipjniup hwbgbkgunid b okipdwjhtt tubpghwjh ny guuywh jpugnighs Ynpniunttiph, b
npybku hbnbwbp® qughdhjuwnnph wpynibwbnnipjut tuquwinp:

Utp Ynnuhg wnwewnldly k pungph jmsdwt nkjuthjuybu hton hpugnpstih b wpynibwdbwn
nwdnud, npp  htwpuwdnpnipnit B wwhu opdu wwppkp  dwdbphtt b wwpduw  wwppbp
dudwtujuhunyusubpnd jud b wpnunpuljut bjunwnnidubphg Bukng® N wiqud thnppuguby
qughdhjuuninph wpnunpnyujubnipniup [6]: Uy tyuwnwlny ququgbubpunnph D mpudwgdnyg
Sunuuywwn hwppwlh Jpuw hwdwnwigp ntnuluynwd L D wpunwpht b 4 ubkpphtt wpudwgsdtpny
onuljwdl wnwlnhp (uf. 3): Upgniupnd® swslynud | dunquuyun hwppwlh thywhwpynn onh hnuph
nwpwbgdwt  wnhpnyph  Uh  dwup, wpdwbt  dwujunh  dwlbpbup  juqumd t &4 huly
wpununpnnuliuwinipmniip tugnud £ N=D/dF wuqud: Onuljwdl wwlnhpubph jpuljuqup (onuyutph
pwbwlp, ubkpphtt wpwdwgstph swthubpp) npnoynud B Huknd  Ynuypbn wpunwungpuljub
tjuunwnmdubphg: Swyphputph Wwopp b hwunnpemnitt ponpdnud ' ogpubg  dbuwthjuljub
wdpmpiniup b obpdwuniinipniit wywhnybnt yuwhwbeohg (wypdwt jugnid okpdwuhdwuh Ybkpht
uwhdwip juqunid £ dhtgh 1000 2C):
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Ul 3. Unwowplyjus quiqugkikpuninnpp
qunnigjwdpp. 1- uypdwi guinudl junig,

1 2- onuigpuhl gnynpphlitpp Untunph fungnijwy, 3-quqh
lLyph funpmjul, 4- jupuippy, 5- Swnuigunn huppul,
D 6- yunngph Und, 7- onuiljudll inulinpp
7 d
5 E
6 3
7

Unwownpljws nbpuhjuljui nisnidp thnpdwpldl) t “Eynquq 60” duljuhoh quqhbhjuwnnph
ququqtibpwwnnph Jpw, nph wypdw qqubwdl fugh, hyybu twb fwnuuyun hwppwlh wpudwughép
Juqdnid tp D=530 «#i;, hul jugh mwpnnmipmniup’ 180 ;2 Npubu Yhtuwquiqus oquugnpsyly ku
gnpkth énnunhg ywuwwnpuwunguws 30...40 4/ tpupnipjudp whibnibp: Upnwungpnnujutnipnip V=15
b N=2 wiqud thnppugubnt tywwnwlny Yhpundt] Eu hwdwywunwujpwbwpup d=435 /b d=375 i/
ukpphtt mpudwgdny onujudl wnwlnhpubkp, npnip Wuwnpuuwnyly ki 4«7 hwunnipyudp ynpuunk
phptnhg: Swynhpubph wpuwphtt mpudwghép Yuqunud tp D=529 «if Swyphpubph Yhpwnnidp
thnpdwplyt] b wpwbdhb-upwbdhtt' 4 dwd wypdwd nbnnnipjudp: Uunwugus  uhlplqquqh
wpununpnyuljuinipmniup swihdby | “Guq-Uniqu’” $hpduwgh hwpdhsny:

Onpawpuwt wpynitipubpp pipdus b wnniuwlynud:

Unyniuwl
N Swynhpp Upununpnnuljuunipinip, &/dud
1 Unwitig onuljwdl tnulynpph 60
2 Onuiwal mulnhpny, d=375 4/ 30
3 Onuljwdl mulnhpny, d=435 o/ 40

Onpawpymudubpp gnyg Eu ndk), np wnwewplynny mbkuthjulwt jnisnudp htwpwynpnipnit £
wnuwihu h hwphy npnowlhh ukipphtt mpudwgdny onuijwal wwlynhpitph hpundwt' quqhbhiuwnnpp
nupdiul] &4t juowduplh' wihpudbonmput ghypmid  uvhipbqquqh uwnwgdwt  guuluh
wpuuypnnulijuwinipnit wywhnydbnt tywwnwlny:

Usohiwwnwbipt  hpwlwbwgt] bt Gypndhnipjut Ynndhg $htwbuwynpynn BioRuralHeating
twpuwgsh opowtmljubpnid:
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I'.E. AiiBazan, P.H. Bapcersn, A.A. Bapaansu

PA3PABOTKA ITPOMbBIIIVIEHHOI'O I'ABUDPUKATOPA JJIA IIOJTYYEHHUA
CHUHTE3-I'A3A N3 BUOMACCHI

Ilpedcmasnensvt pe3ynomamvl paspabomKu, uzeomosneHUs. U UCNbIMAHUA NPOMBIUIEHHO20 2a3uukamopa
Onl  noayuenuss  cunmes-eaza  u3  6uomaccel.  Ilpednodcen  cnocob  3phekmuenoco  pecyiuposaHus
npou380OUMENbHOCIU YCIMAHOBKU.

Knroueevie cnosa: ea3u¢u1<amop, casocenepamop, cunmes-eas, 6u0/wacca, I’lpOM3600MmeﬂbHOCWlb.

G.Ye. Ayvazyan, R.N. Barseghyan, A.H. Vardanyan

DEVELOPMENT OF INDUSTRIAL GASIFIER FOR GENERATION OF SYNGAS FROM
BIOMASS

Results of development, producing and testing of industrial gasifier for generation of syngas from biomass
are presented. Method for effective regulation of productivity of the equipment is proposed.
Keywords: gasifier, gas generator, syngas, biomass, productivity.

Wywquu Fwqghl Gpowuhlh - nkuthjulwh ghunipnibibph phijuwsnt, gngkin, 2&0 wjwuntdhlnu (2&U0)
Pwpubnwt Nwqdhy Lwhwybup - wkuthjuwb ghunippibitph piiuwsng, gongkun, 20U wjugtdhlnu (28U)
dwpnuiywtu Upwd Swdpwpdnuwh - wkuthjujub ghnnipnibbtph golunp, ypodtunp, UKU whwugbdhlnu
(2&U)
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B.II. Apakeasin

HOBASI ®OPMYJIA JIJISI PACYETA IIOTEPb AKTUBHOM MOIITHOCTH
JEKTPOYHEPTETUYECKOM CUCTEMbI C IPUMEHEHUEM
MOJUPUIINPOBAHHOU Z-MATPULbI

Cogpemennbie 21eKmMpoIHep2eMUYecKue CUCeMbl 6blOBULAION MPeOOBAHUs. NO NepecMompy (Gopmynsl O
pacuéma nomepv akmueHou mowHocmu. Ilpedcmagnenvt hopmynvl 015 OnpedeneHus KoIPPuyueHmos nomepo, a
maxokce 0N paciema nomeps akmMuHO MOWHOCMU € UCNONb3068AHUEM MOOUPUYUPOBAHHOU Z-MAMPUYbL.

Knroueevle cnosa: siexmposnepeemuyeckas cucmemd, nomepu aKmMueHolU MOWHOCHU, KO3Gduyuermol
nomepsv, hopmyna, 6a3UCHbBLL Y3el.

CoBpeMeHHbIe 3JIeKTpodHepreTuueckre cucteMbl (3C), SBISACH CIOXKHBIMHU, TOCTOSHHO Pa3BUBAOIIUMHUCS
CUCTEMaMHU, 3HAYUTCJIbHO BJIMAKOT Ha BCE€ OTpACiId 3KOHOMHUKH. C 5TOH TOYKH 3pCHUA BaXXHO 06ecnequHe
SKOHOMHOM paboThl cuctembl. [Tokazatenem oueHkH 3P PekTuBHON paboTel DDC sBNsAETCSA 3HAYCHHE MUHUMAIIbHBIX
MOTEPh B ANEKTpUUECKUX ceTsX. CyIecTBYIOT pa3InYHbIe METOABI ONPENEICHUS TOTeph MOLTHOCTH [1]. YuutsiBas
TPYAHOCTH TIPUMEHEHHs TPAJUIMOHHOTO METOJa pacyera IMoTepbh ¢ yderom B-ko3d¢unuentor norepp 99C u
BEPOSTHOCTD MOJTyYEHHS HEHAZIEKHBIX PE3YIIbTaTOB, IPEIATaloTCs:

a) ¢opmyna it pacuetra K03 PHINEHTOB MOTEPH;

0) ¢dopmyra s pacyera HOTeph AKTHBHON MOIIIHOCTH;

B) pacuet nmoteps MomHocTH DDC ¢ mpuMeHeHHeM MOIUPHUITMPOBAHHON Z-MaTPHIIBL.

[pennonoxum, aro 33C cocrout u3 (M+1) y3m10B (cM. puc. ).

®- . . —ir+1

--------- —— ——r+2
r Q y 7

I .

=2
D——— M

(X} U():UE

o=
3
o
o=
o

Puc. Cxema samewenus 39C Z-gpopmoii

[MpuauMaercs, yto MomHOCcTH y370B cranuuit (0,1,....m,....I' ) u Harpy3km (['+1,[+2,...1,....+H=M)
MPUBE/ICHBI HA ITUHBI MOBBIIIAIONINX U TIOHMKAIOLIMX TPAHCPOPMATOPHBIX MOACTaHIHUH [2].
IMorepu aktuBHO# MomHOCTH B DDC onpenenstores o Gopmyae [1,3,4]

Mp =YL, XL P By Py, )]
rae P;, Pj- COOTBETCTBEHHO aKTHBHBIE MOMHOCTH y3i0B i u j O0C; B;; - KO3()QUIMEHTHI MOTEPh AKTHBHON
MOIIHOCTH, WX B-k03(hduIueHTs!.

[Mpunse B 99C B kauecTBe 0azucHOro (banaHCHOTO) y3a y3en ¢ naaekcoM “0”, Beipaxenue (1) mpumert Bua

0b
Mg = XL, Xk, {:%U} [(P:+ Py + Qi+ Q) - cos(uy — Wuy) + (B~ Qi — P+ Q)+ sin(uy — )]}, ()
rae U;, U; - COOTBETCTBEHHO MOJYJIM HANPsDKEHWH Y3710B i-U u j-i cuctem; Q;, Qj- COOTBETCTBEHHO PEAKTHBHBIE
MOIIHOCTH y3JIOB i-U U j-i CHCTEM; Yy, Yy j - COOTBETCTBEHHO apryMEHTBI HANPSDKEHUH Y3II0B i-H W j-i cucTeM,
R?jB- JIeWCTBUTENbHAS YacTh (aKTUBHBIE CONIPOTHUBIICHUS) Zy5- MaTPUIIBI CHCTEMSI [5].
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Beeznem crenyromue 0603Ha4eHUS:

KOB —

1

AN

[(Pi P+ Qi Q)) - cos(Yui — Yuj) + (P Qi — P Q) - sin(y; — ) |-
K{}B Ha3bIBaeTcs K03 UIUEHTOM OTEPh MOLTHOCTH OTHOCUTENHLHO 0a3UCHOTO y371a ¢ HHAEKCOM “0”.
YuutsiBas obo3Hayenue (3), Gpopmyia (2) npuHUMAeT BUJ

06 _ VM M 0B ., pOb
Mp” = Xiz1 Xj=1 Kij” - Rij-

KoaddurnmenTs! moteps MOIHOCTH MIPEACTaBIM B BHJIC MaTPHULIBI

Ko =

16 _ M M 15 . plb
Np° = XiZo Xj=o Kij” " R;

Kig =

1B 0b
KOO - Kll

Moy = | KB KEE

1B 0b
KMO - KMl

0B 0B
Kll K12

0B 0B
KZl KZZ

Kui Kip -
B O39C B kauectBe 6azucHoro (0anaHCHOTrO) y3ia NPUHUMAEM
Marpuua (5) IpUMyT CIIETYFOLIHHA B

1B 1B
KOO KOZ
1B 1B
K20 KZZ

1B 1B
Ko Kuz

1B 0b
KOZ - K12

1B 0B
K22 - K22

1B 06
KMZ _KMZ

0B
Kim

0B
KZM

0B

KMM

ij >
1B
KOM
1B
KZM

1B
KMM

1B 05
KOM - Bm
1B 0B
KZM - KZM

3)

“4)

®)

y3en ¢ unnekcom “1”. Torma ¢popmyna (4) u

(6)

(M

rae RiljB — JeificTBUTENbHAS YacTh (aKTUBHBIC CONPOTHBICHUS) Zq{p-MaTPHIBI CHCTEMBI [S]; Kiljs Ha3bIBaCTCA

K03 PUIMEHTOM MOTEPh MOIHOCTH OTHOCUTEIBLHO 0a3HCHOTO y371a ¢ HHAEKCOM “17.
HN3menenue MaTpulbl KO3(1)(1)I/IL[I/ICHTOB MOTEPb MOITHOCTHU CUCTEMBI MOXXHO IPEACTaBUThL B BUJC

®)

Uccnenosanue npoBoauiock aist Mmakpomozaenu 90C Apmenun [2]. Pe3ynbpTatsl necineqoBaHus IpUBEACHEI B

Tabnuya 1
Onemenmut Kog-mampuysl, A%, 1195=16.254 MBm
1 2 3 4
1 | 1,7685 2,8388 -6,8091 -4,5946
2 | 2,8388 4,5578 -10,9138 -7,3647
3 |-6,8091 -10,9138 26,4846 17,8682
4 | -4,5946 -7,3647 17,8682 12,055
Tabnuya 2
Onemenmol Kyg-mampuywl, A%, 1135=18.5887 MBm
0 1 3 4
0 | 1,8259 2,9381 -7,0594 -4,7259
1 |2,9381 4,7283 -11,3452 -7,5956
3 | -7,0594 -11,3452 27,5999 18,4643
4 | -4,7259 -7,5956 18,4643 12,3531
Tabnuya 3
Onemenmol AK,_o-mampuywr, A%, AIIZ7°=2.3347 MBm
0 1 3 4
0 | 0,0574 0,0993 -0,2503 -0,1313
1 | 0,0993 0,1705 -0,4314 -0,2309
3 | -0,2503 -0,4314 1,1153 0,5961
4 |-0,1313 -0,2309 0,5961 0,2981
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BoiBoasl

1. Tlomy4yennsle (opmynsl aas pacyéra Kod(pQUIMEHTOB MOTEPh M MOTEPh AKTUBHOM MOIIHOCTH IIO3BOJIIOT
OLICHUTh Y3KOHOMUYHOCTH CIOKHBIX DIC.
2. C npumeHeHHEM MOAUGPHINPOBAHHONW Z-MAaTpHilbl COOCTBEHHBIC KOA(PQHIIMEHTH MOTEPh H3MEHSIOTCS B

npenenax [+2.41% ... +4.04%], a B3auMHBIe KOIQPUIHEHTHI TOTEPS - B TIpeaenax [-2.77% ... +3.37%].

3. ®opmyina MOTeph AKTUBHOM MOIIHOCTH IMO3BOJIACT CHU3UTH MOTEPU C NPUMEHEHHEM MOAUGHUIMPOBAHHOU Z-
Matpunpl - AlI37°=2,3347 MBT (12.55%).

4. CocraBieHHas B cpelne Java KOMIBIOTEpHAs IporpaMma OOECHEYMBAET BBICOKYH) TOYHOCTh PACYETOB U
HIMPOKUE IPAHUIIBI IPUMEHEHUS.
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Jd.M. Unwpbywt

ELEUSPUELEMGEShLULUL SUUUWLWUNrGh UuShd <NMNRI3UL
unrNrUSLErPh LNAM AULUAGY UNTHhSPUUSYUD Z-UUSMh3h
UhPUNNKG3UUPR

Jwdwhwlulhg bEjupultibpgbunpului hudwlupglpp unknénid ki wlnpy hgnpnipinibakph
gnpmiuwnbbph  huojuplidwl  pubwdbbpp  JEpwbuybing  whhpudbounyenilh:  Ukphuyugyuws b

gnpniuwnbbph gnpdwlhghbph npnodwil,  plswku bwkr Unphpplugfus Z-dunnphgh [hpwnnyejunlp
wlnpy hgnpnipint Gbakph npniuwnbbph hupyupldwl Gop pulud bkp:

Unwugpuyhti pwnbp. LEjunpultiabpgbnpulul hudwlupg, wlnpy hgnpnyenibabph npniuwn-
bbp, gnpniuwnbbph gnpdwhghlbp, pulnudl, pughuuyhl huibgniyg:

V.P. Arakelyan

A NEW FORMULA OF ELECTRICAL POWER SYSTEM LOSSES OF ACTIVE
POWER BY USING THE MODIFIED Z-MATRIX

Modern power systems advance claims to revise the formulae for calculating the active power losses. A new
formula for the determination of loss coefficients is presented, as well as for calculating the active power losses by
using a modified Z-matrix.

Keywords: electrical power system, active power losses, loss coefficients, formula, slack bus.

Apaxeusin Bapy:xan IlaBinoBu4 - kanz. TexH. Hayk, foueHT (HIIYA)
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A.Il. MaHnyksiH

BJIMAHUE OTKJIOHEHUA HANIPAKEHUSA HA IIIMHAX 0,4 xB
PACHPEJAEJIMTEJIBHBIX CETEU HA PABOTY INIOTPEBUTEJIEU

OmKNOHEHUs] HANPSIICEHUs. O HOMUHANILHO20 3HAYEHUs HA WUHAX nompebumenei 8 pacnpedeiumenbHblx
cemsax 8 peanrbHOCmu O0OCMAmMOYHO eeuku (nopaoka 0o + 20 %). Dmo 00ycnoeieHo 06vbeKmuSHbIMU NPUYUHAMU,
CBA3AHHBIMU € PA3HOYOWICHHOCMbI) Nompedumeneil om noOOCMAHYUYU, UX MHO20YUCIEHHOCMbI) U OMCYMCMEUem
PeanbHbIX 603MOJCHOCMEN 8bICOKOU CIENEeHU Pe2yIUPOBAHUs. HANPANCEHUs Ha wuHax nompebumeneu. Hccnedosano
GNUsAHIE OMKIOHEHUS. HANPAJICEHUs HA pabomy Hauboiee pacnpocmpaHeHHbIX HUZKOBOIbMHBIX nompebumenell —
0CBEMUMENbHBIX 1AM HAKANUBAHUS U ACUHXDOHHBIX Ogucameiell.

Knrouesvie cnosa: omrnonenue HanpadjceHus, HeCMAOUIbHOCMb HANPSJICEHUsS, NEPEeKIOUeHUe Omnaex
mpauchopmamopa, pe2yrupyrowue YCmpoucmea HanpsidiCeHus.

JonycTiMble OTKJIOHEHWS Ui MEJJICHHBIX W3MCHCHWH HAINPSHKCHHS Ha [IMHAX ITOJCTAHIUI
pacnpenenutenbhbeix cereil ycranoninenbl 'OCT 32144-2013 [1] na ypoBHe + /0% OT HOMUHAJIBHOTO
WM HEKOTOPOTI'O “COrNIaCOBAHHOI0” 3HAYEHUS HAIPSXKEHUS. DTO JOCTATOUHO OOJIBIION NOMyCK.

B neficTBHTENRHOCTH HANPSDKEHNE Ha IMHAX MOTpeOUTENeil OTKIOHACTCS OT HOMHHAIBHOTO B €IIe
oonbiet crenenu. [lo manneim HUU Ouepretuku PA 3a 2015 1. (puc.l), Ha muHax OOJBIIMHCTBA
(90,8%) abonenToB PA, nonkinroueHHbIX K pachpenenurensHoi cetu 0,4 kB, OTKIOHEHUS HalpspKeHUs
YKJIaJbIBAIOTCS B HOpMY TpeboBanus Cranmapta = /0%, OIHAKO 3TH OTKJIOHCHHS HE CHMMETPHYHBI, a
CIABUHYTHl B CTOPOHY IIOBBIIICHHS HANpPSKEHUS — BO3MOXHO, 3TO OOBACHIETCS KOMMEPUECKUMH
coobOpaxeHusMu. Y 9,2% aO0HEHTOB OTKJIOHEHHs HAINPSKEHWH Ha MIMHAX NOTpeOHTeNned HaxonsaTcs B
npegenax + 15% ... £20%.

KonsuecToo abowsHtos N
0%

%

%

0%

T .

. - . —_
<115 A4 08 1 105 14 118 1,2xUmem

Puc.1. Pacnpedenernue omxnonenuii Hanpsiscenus Ha wunax 0,4 kB nompedoumeneii PA

[Ipu4mHBI TAaKUX 3HAYUTEIBHBIX OTKIOHEHUH HAIPSHKEHUS 3aKII0YAIOTCS B CIEAYIOLIEM:

- UMEIOT MECTO HEKOHTPOJHMPYEMbIe IaJeHHs HANpsDKEHHS B JIMHHUAX OT HU3KOBOJBTHBIX IINH
MOJCTAHIMK A0 IIHH NOTpeOuTeNei;

- TOKH Harpy30K MoTpeduTesell HMEIOT TeHACHIUIO K YBEIMYCHHUIO, YTO BHI3BIBACT JOMOIHUTEIBHBIC
CBEpXpacueTHBIC MaJICHHs HANPSDKEHHS B JIMHUK U TPaHCHOPMAaTOpE;

- HE0OXOIUMOCTh MTUTAHUS YAAJICHHBIX OTpeOUTENeH.

PerynupoBanne HampspkeHHS B HH3KOBOJIBTHBIX — PACIpEACIHUTEIBHBIX CETSX  BBIIONHSICTCS
MOCPECTBOM TEPEKIII0UEHHsT OTIaeK OOMOTOK TpanchopmaropoB (ctymeHsmu mo + 2 x 2,5%) [2].
OnHako, B CHITy H3JI0’KEHHOU IPHPOJIBI YKa3aHHBIX OTKJIOHEHUH HAIPSHKEHHS, IPAKTHYECKN HANPSDKECHIE
HE yJaeTcsi CTa0MITN3UPOBATh Ha YPOBHE OoJiee BHICOKOM, yeM + /(0% . Takue OTKIOHSHHUS HANPSHKCHHS
MUTAaHKUS ITOTPEOMTENEeH MO TEXHHYECKHMM M JKOHOMHYECKUM COOOpaKCHHSM HENb3sl IIPH3HATDH
yIIOBJIETBOPUTEIHHBIMH.
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KadecTBO 3JEKTpOSHEPTHH OICHUBAETCS BEIMYMHOH SKOHOMHYECKOTO YyIIepOa OT OTKIOHECHUS
moKasaTenedl KavecTBa (B [JAHHOM Cilyyae BEJIMYHMHBI HANPSDKCHUS) OT CTAaHAAPTH30BAHHBIX WM
JIOITY CTUMBIX BelnnduH [3].

Hwxke paccMmatpuBaeTcs  BIMsSHHE  OTKJIOHGHWS  HampshkeHHWss Ha  paboty  Haumbonee
paCIpOCTPaHEHHBIX HU3KOBOJBTHBIX IOTpPEOUTENCH — OCBETHTENbHBIX JIAMII HAKAIMBAaHUS U
ACHHXPOHHBIX JIBUTaTEINEH.

Oceemumenvhble 1aMnbl HAKATUGAHUA XAPAKTSPU3YIOTCS CICIYIOIIUME CBOMCTBAMHE, KOTOPBIC B
3HAUUTENBFHONH Mepe 3aBUCAT OT HANPsDKEHUS. OTH XapaKTePUCTUKU MPHOIMIKEHHO OMUCHIBAIOTCS

IMIHUPHYECKUMHU Popmynami [1]
1.53

U U 3.67 U 214 148
U
P=P,,, o F=F,, (U J H=H,, {UJ T=T,, [UJ @)

HOM HOM HOM HOM

rae P, F, H, T — cOOTBETCTBEHHO MOTpediIsieMas MOIMHOCTh (Bm) (kpuBasi 1), cBeTOBO# MOTOK (JIm)
(xpuBast 2), cBeroBasi ornaya, (/Iw/Bm) (kpuBast 3) u cpefaHuii cpok ciayxObl (uac) (kpuBas 4) npu
TekymeM HanpspkeHun U(Bm). VHnekcbl (nom) 0003HAYalOT HOMHUHAJIBHBIC 3HAYEHUS ITapaMeTpOB.
I'paduxu yxa3zaHHBIX 3aBUCUMOCTEN NpUBEAEHBI HAa PUC.2.

P.FH T

0L 0.94 00588 1.02 1.06 1.1
Puc.2. 3asucumocmu xapakmepucmux 1amn HAKATUBAHUS O HANPAICEHUS.

W3 BbllIenpUBeAEHHBIX BBIPAXKEHUI M IpaUKOB pHC. 2 CIEAYyEeT, YTO HUMEET MECTO CHJIbHas
3aBHCHMOCTH YKa3aHHBIX [IApAaMETPOB OT HAIPSHKEHUSI.

BrinonHen pacder 3KOHOMHYECKOro yuiepda OT OTKJIOHEHHs HAlpsHKEHHUs! Ha MPUMEpe OCBEIIECHUS
NPOU3BOACTBEHHOT O IOMEILIECHUS.

Tabnuya
Cymmapuvie oannsle homeps (kBm.u) u sxonomuueckozo ywepoa S% 6 npoyenmax om cmoumocmu nompeoieHHoll
SHEp2UU NPU HOMUHATLHOM HANPANCEHUU Suoy NPU PASTUYHBIX SHAYEHUAX OMKIOHEHUS HANPANCEHUS 8 MeyeHlUe 00H020 200a

OTkJI0HEHHE Ilorepu ot Ilorepu ot IMoTepu oT CyMMapHBIi
HanpsokeHus AU | HeCaHKIMO- COKpAILIEHUS CPOKA | CHIDKCHUS SKOHOMUYECKHUI
HUPOBAHHOTO CITy>KOBI MIPOU3BOIM- yiepo
YBEIUYECHHUS (yMeHbLICHUS TeNbHOCTH S03(—) (cymmapHBbIe
MOIIHOCTH Sol(+) pecypcea) So2(+) notepu) So
5% 5% 5% 5%
xBm.u Soon xBm.u Svon KBm.u Svon kBm.u Svon
= 0,
AU == 5% Usou 4463 2,53 2110 1,19 4353 2,47 10 926 6,19
= 0,
AU == 10% Ujou 9034 5,12 6331 3,59 8593 4,87 23 958 13,57
— )
AU =+ 15% Usoun 13 710 7,77 11958 6,77 12717 7,20 38 385 21,74
— 0
AU =+ 20% Usoun 18 488 10,47 40 095 22,71 16 721 9,47 75 304 42,65
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Kak cnenyer u3 pe3ynbraToB pacyera (Tabil.), SKOHOMUYESCKUAHN ymepd OT OTKIOHSHUH HANpsHKESHHS
BECbMa 3HAYUTEJIEH, a PU OTKIOHCHUIX HANpPsDKeHUS mopsaka xo + 20% TpaHUYUT ¢ SKOHOMHYECKOM
HEIeTIecO00Pa3HOCThHIO.

Acunxponnvie dguzamenu. XapakTepuCTHKH U paboTa aCHHXPOHHBIX IBUraTeNieil B 3HAUYUTEIBHOI
CTEICHU 3aBHCAT OT BeIWYWHBI HampsokeHus [4, 5]. Ha pumc. 3 npuBeIeHB MeXaHHYECKHE
XapaKTCPUCTUKU — 3aBUCHUMOCTHU DJICKTPOMAarHUTHOIO MOMEHTa ACHHXPOHHOr'0O JABUTraTeisd OT
CKOJIBXKEHHS IPH PA3IMYHBIX BEIUYUHAX HAMIPSHKCHHM, IPUIIOKECHHBIX K 0OMOTKE CTaTopa.

M

Puc.3. 3asucumocmu DNEKMPOMACHUMHO20 MOMEHMA ACUHXPOHHO2O0 osuamensi Om CKOJIbICEHUsL

Uccnemyss ykazaHHbIE XapaKTePHCTHKH (puc.3), MOXHO cJelaTh CIEAYIOIIHE BBIBOJBI.

1. YMeHbllleHHEe HaNpsDKEHUs NUTAaHUA NPUBOAUT K KBaJpaTUYHOMY YMEHBIIEHHIO IIyCKOBOI'O
MOMEHTa (TIPU CKOJIBKEHNH § = /) 1 MAaKCUMaJIbHOTO MOMEHTA.

2. IIpu Harpy304HBIX XapaKTEPUCTUKAX C ONMPEIETIEeHHBIM IIyCKOBHIM MOMEHTOM BO3MOXKHBI Cydad,
KOTJla TpH MOHMKEHHOM HAIPSDKEHUH ITyCK HE MOXKET OBITh BBIMIOMHEH (TTyCKOBOW MOMEHT JBUTATEI
XapaKTEPUCTUKU 3 pacroyiaraeTcs HIKe Harpy304HOM XapaKTepUCTHKH 4).

3. Ilpu MakcUMaJbHBIX Harpy3kax ABHUIaTels M IOHMXEHHBIX HANpSHKEHUSAX MUTaHUS BO3MOXKHO
“OnmpoKuabIBaHUE” ABHTaTelIss — cCOPOC HAarpy3KH W TOPMOXCHHUE IBUTaTeNs (MakCHMyM MOMEHTHOM
XapaKTEPUCTUKU 3 IBUTATENS OIyCKaeTcs HIDKE MaKCUMAaJIbHOM XapaKTepUCTUKU HAarpy3KH 5).

4. TloBbIlIIEHUE HANpPsDKEHUS HA BBIBOJAX IBUTATENs MPUBOIUT K YBEJIMYEHHUIO NOTEPh B CTAIU B
KBaJpaTHUYHOMN 3aBUCHMOCTH OT HampsikeHus [5].

5. IloBBIlIeHWE HANpPSDKCHUS MPHBOAUT K YBEIWUYCHHIO IOTPEOsieMON IBHTATeNleM pPEaKTUBHOM
MOIIHOCTH. B cpemHeM Ha KaKABI MPOLEHT IMOBBINICHUS HANpsDKEHHUsT TOTpebisieMas peakTUBHAs
MOIIHOCTh yBeJIM4MBaeTcad Ha 3% u Ooiiee, 4yTO, B CBOIO O4Yepe/lb, IPUBOIUT K YBEIMUCHHIO NOTEPh U
COKpAIlIlEHHI0 CpOKa CIIy>XObl (IIpH TOBBIMICHUU HanpshbkeHuss Ha [0% CpOK CIyObl JBHUTaTes
yMEHbIIAeTCs B J1Ba pasa) [3, 5].

6. CHIKeHUe HamnpsDKeHHS TPH TOM K€ Harpy309YHOM MOMEHTE NMPHUBOAWT K YBEIMYECHHUIO TOKA H,
KaK CJIeJICTBUE, K YBEJIMUYECHHUIO IIOTEPh B JBUraTele U COKPALIEHUIO ero CpoKa Ciry0sI [3, 5].

Buisoowt

1. OTKIOHEHHs HampsDKEHHsT OT HOMHUHAJIBHOTO 3HAUSHHWS Ha IIMHAX MOTpeOuTeneld B
pacnpeenuTeNIbHBIX CeTAX JOCTaTOYHO BENUKH (Topsiaka xo + 20%).

2. CymiecTByronmii Crioco0 peryIHpoBaHHS HAINpsHKEHHS — MOCPEICTBOM IEPEKIIIOUCHUS OTTIACK
00MOTOK TpaHCcopmaropa - He obecrieunBaeT TpedoBanus Ctannapra u 0osee BICOKUE TPeOOBaHHS 1O
CTaOMJIBHOCTH HaNpsDKEHUS Ha IIMHAX oTpeduTenei.

3. Jonyctumble CTaHIapTOM OTKJIOHEHHS HAINPSDKEHUS, a TaKKe pEaJbHO CYIIECTBYIOLIUE
OTPULIATEIIbHO CKa3bIBAIOTCS HAa TEXHUYECKUX M DKOHOMUYECKHX XapaKTepUCTHUKaxX HoTpedureneit u
CO3/Ial0T 3HAYUTEIbHBIA IKOHOMUUECKUN yIIepO.

4. Ins obecnieyeHHss SKOHOMHUYECKH JIOMyCTUMBIX OTKJIOHEHHMH HampspkeHus (mopsaxa * [...2%)
HEOOXOIUMBI pa3paboTKa U BHEPEHUE CHICIUAIBHBIX PETYIUPYIONINX YCTPOHCTB.
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0.4 44 HN1EMP LUPUUL TV UL URDESNRG-3NRLLE UNUNPALENh
uchuusuuvLh Jdru

Fupfups guighpnid uwunpshbph pnpkph Jpw jupdwi pknpnudp whyulmluih djunndudp pugulpubhi JkS
E@ 20 % hQupgh) opkiunpy wuwndwunibpny ' ipwlwpuihg vuunhsbbph nnuppbp hkpun/npniyenibabph, ppuig
puquupuiulnipyul I uwunhsbbph poplph Ypw qupdwl Jupgquinpdwl ppulwl puguluynieyui
hbnbwhpny: ZEknwgnunydly F o jupdwb pkpdwh  wqpbgnipmibp wowly  wnwpudywd  ugunhsbbph’
[niuaninpnipyul judwkph b wuplppni pupdhshbph Jpu:

Unwugpuyhti pwnbp. jupdwli okpnid, jupdwé Gugnibnipnil, wpwbupnplunnph  dniguynpnidabph
thnpnmbipunnnid, jupdwl Jupgqunnpdwl vwpphp:

A.P. Manukyan

THE EFFECT OF DEVIATIONS OF BUS BAR VOLTAGE 04KV
ON CONSUMERS’ WORK

Deviations of voltage from the nominal value to customers in tire distribution networks are quite
large (on the order of £ 20%) - due to objective reasons, due to different distances from the consumer
substation, their multiplicity and lack of a high degree of control on the real possibilities of tire stress
consumers. The effect of voltage fluctuation on the work of the most common low-voltage consumers -
lighting incandescent and asynchronous motors is studied.

Keywords: voltage deviation, voltage instability, transformer tap switch, voltage regulating devices.
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YK 911:620.9(479.25) XUMHNYECKHUE, BUOJIOI'MYECKHUE
U MPUPOJOOXPAHHBIE TEXHOJIOTUHA

I'.A. 3axapsn

BbIBOP HAMJIYUIIENA CTPATEITMH YJIYUYIHIEHUS S HEPTO3®®EKTUBHOCTH
JKIJIOT O 3JAHUS KAK BAKHBIA MHCTPYMEHT YCTOMYHUBOI'O PA3BUTHS

Hccnedosanue nocesueno ananu3y sHepeodIPHeKmusHviX MexHoI02Ull 8 ACUTULWHOM CeKmope, Noobopy
KOMOUHAYUl MexXHON02ull ¢ yenvlo 6bl0opa HAUAYYWUX ONd CIMPOUMETbCMEA HCUN020 30AHUA U  OYEHKe
NPeONIONHCEHHBIX PEUleHUTl ¢ NOMOWBIO MENMOOd MHO2OKPUMEPUATLHO20 AHATU3A.

Knioueesnle cnosa: ycmoiiuugoe pazgumue, anepeodphekmuenocms, Memoo anaiumuieckux cemeil.

B ycloBUSX MOBBIIEHUS CTOMMOCTH TPAIULMOHHBIX HCTOYHHUKOB OHEPrUM OIHUM U3
NEPCHEeKTUBHBIX HANpaBlIeHUH WHHOBALMH SBJSIOTCA TEXHOJOTMH, YMEHbLIAIONUe I[0TpeOIeHue
9Hepruu. brarogaps TakuMm TEXHOJOTHSAM BO3MOXHO 3HAUUTENFHOE YMEHBIICHUE YHEPronoTpeOIeHI U
JOMHUHHPYIOLIEEe HCIIOIb30BaHNE BO30OHOBIISIEMBIX HCTOYHUKOB 3Hepruu (BUD).

bepexnoe morpebiieHHe W MPOW3BOJACTBO dSHeprud u3 BHD Takke COOTBETCTBYIOT BCEM
KPUTEpUSAM KOHLENLUU YCTOHUMBOIO Pa3BUTHs, KOTOPYIO HNPUHSIM MHOXECTBO CTPaH MHpPA, B TOM
yucne Apmenus u PO.

Jns Takux CTpaH, Kak ApPMEHHUs, HE HUMEIOIIEH COOCTBEHHBIX YIJICBOJOPOJHBIX PECYPCOB,
3¢ dexTHBHOE MOTpeOIEHHE YHEPTETHYECKUX PECYPCOB U MMPOU3BOACTBO dHepruu u3 BHUD umMerot kpaiiHe
Ba)KHOE 3HAYCHHE.

ITo nanubM acconmanuu Cratuctuku u uHPopmanuu B oonactu sHeprun CIHA (IS&A EIA) [1],
Ha JIOJIO 37JaHUM MPUXOAHUTCS Oonbinas dacTs (41%) Bceit moTpebinsieMoli SHEPTUH, B TO BpeMs Kak Ha
MIPOMBIIIIEHHOCTh U TpaHcnopT - 28% u 31% coorBercTBeHHO. B Poccuiickoit denepaiiny noBeIIeHIE
9Hepro3(h(HeKTUBHOCTH B SKHIIMILHOM CEKTOpE SIBIAETCA aKTyaJbHOM 3anadeil, KOTOpOH B HacTosllee
BpeMs yIeNseTcs TOBBIMICHHOC BHUMaHHWE. Pa3pa0arhIBalOTCS COOTBETCTBYIOIME MPOTPaMMbl |
HOpPMAaTUBBl Ha (eNepalbHOM YpOBHE, OAHAKO BHEAPEHUE TEXHOJOIMH M caMu 3HeprodddexTuBHbIE
JIOMa TIOKa SBIISIOTCS PEIKOCTHIO.

Ha ocHoBe aHanM3a HCIONB30BaHUS TEXHOJOTWH OBUIM MPEIOKEHBl YEThIpe MX KOMOHMHAIMH —
JIbTEepHATUBHBIE CTPATErMM JHEProd(Q@eKTUBHOro 31aHMsA. TpH K3 HHUX OCHOBaHBl Ha peajbHO
cymectByromux aoMmax B llIeerun, Ounnsaaun u Hopeeruu, Ha3oBem ux anpTepHatuBamu 1, 2 u 3
COOTBETCTBEHHO. UeTBepTas ajbTepHaTHBA OCHOBAaHa Ha MJAaHHBIX MHJIOTHOIO HCCIEI0BATEIbCKOTO
npoekta VTT (Technical Research Centre of Finland) “Konmemmms co3maHus SKOJIOTHYECKH
a¢dekruBHOTO paiiona B Cankr-IlerepOypre” nestenpHoctu “Okol pax” [2] .

o  Anvbmepnamuga I: t. 3opymcann, okono 30 km K BOCTOKy OT T. OcJo, NMOCTPOEH TNEpBBIA B
Hopserun (mo coctosuuio Ha 2007 rom) maccuBHbii gom “Hoppan™ mnomampio 332,2 a’
COTIJIACHO HEMEIKMM CTaHAapTaM naccuBHoro noma. HauwmHast ¢ mepBoro staxka “Hopsan”
COCTOWT W3 JACPEBSHHBIX PAMHBIX KOHCTPYKIWH, KOMOWHAIMM HOCHTENIEH W3 pemérdarhix
CKBO3HBIX CTabHBIX 0aJIOK 1 OpYCOB U3 LieNbHOrO epeBa. DyHAaMEHT COCTOMUT U3 CTOJIOUATHIX
W JICHTOYHBIX (PYHIaMEHTHBIX OJIOKOB IOJI HECYIIUMH CTeHaMH. [IpocTpaHCTBO MEXIy HUMH
3all0JJTHEHO TPaBHEM, KOTOPBI COOTBETCTBYIOIIMM 00pa3oM yIuioTHeH. Ha HeM mpenycMoTpeHbl
TOpPU30HTAJIbHAS TMIPOM30JILNS, TEIJIOU30JAIMA U IUIaBaromas cTskka. IloaBan BeUIOKEH U3
NEHOOETOHHBIX OJIOKOB (JIETKUI OETOH) ¢ BHYTPEHHEH H30JLMEN ¥ MHCTAUIALMOHHBIM CJIOEM.
IlepekpriTiie MeX Ty MOABAJIOM U MEPBBIM 3TAXKOM TOXKE U3 KepaM3HTa C “TIIaBaloIIel CTKKON .

o Anbmepnamuga 2: mpoekt “Oxolpax” B Cankr-IlerepOypre ¢ OIHOKBAPTHPHBIM JOMOM
nnomansio 120 v°. B 1aHHOM HccieoBaHuK ObUT BEIOPAH MPOEKT ¢ KOMOMHAIIMEH TEXHONOTHH
JUI IPOU3BO/CTBA SHEPTUHU TEIUIOBOIO HACOCa, COJHEUHBIX IaHelell U BeTporeHepaTopa.
[ToTpebnenne >HEPrUM B 3JAHHAX PA3HOTO THIIA MOJCIHPOBAIOCH C TIOMOIIBIO MPOTPAMMBI
“WinEtana” B Tpéx BapuaHTax — B COOTBETCTBHH C MapamMeTpaMH 3JIaHWUi ¢ HU3KUM YPOBHEM
SHepronoTpebJIeHns, MapaMeTpaMH MAcCHBHBIX JIOMOB, a Takke Hopmamu 2008 rona
CTPOUTENBHOTO KoJiekca OUHISHINH.

238



o Anvmepnamusa 3: npoext Kuopas B ropone Kyomnuo, Bxirouaromuil B ce0s 47 xkBapTup A
cTyneHToB. IIpoekt cumraerca mepBbiM A0MOM B (DPHUHIAHIWHU ¢ HyleBOH smuccuen. [IpuHnmn
TAaKOro TPOEKTa 3aKIIOYaeTcsi B TOM, YTO 3JaHHe MOTpeOJseT CTOJBKO JHEPIUH, CKOJBKO
MPOU3BOANT Camo. 3JaHWE A0 CHX TOp MOAKIIOYEHO K JJIEKTPUYECKOM CEeTH M CHCTeMaM
ororyieHus. CTeHbl 31aHUs clienaHbl U3 OeToHa. B mome ecTh TEmI00OMEHHHMK ¢ peKynepauuei
tera 73%. B 3maHMM  HMCHONB3YIOTCSL COJIHEUHBIH HAarpeB BOJbI, COJHEYHbIE IaHENH,
MIPOU3BOSIIIME AIEKTPOIHEPTHIO, U reoTepMalibHasi CUCTEMa HarpeBa U OXJIaxaeHus. B nanHon
reoTepMaiabHON CHCTEME HET TEIUIOBBIX HacocoB. Hacoc wucmomb3yercs A LUPKYISIIHA
JKUJIKOCTH B 3aKpbITOH cucreme. OXJaxJeHHE B JETHEE BPEMs MPOUCXOAUT MCKIIOYUTEIBHO C
MOMOIIIbIO T€OTEPMAIILHOW CUCTEMBI.

e Anvmepnamusa 4: npoext Lindas B ['erebopre siBiisieTcs NEPBBIM IIPOEKTOM MACCUBHOIO JIOMA B
[IBermu. O6o0s0UKa 31aHUS BBICOKOT€PMETHYHA, KPbIIAa U CTEHBI TOKPBITHI TEIION3O0JISIHOH-
HbIM MatepuaioM ToaumHou 40...60 cu. beuin Hcnonb30BaHbl 1Ba BUJA TPEXCIONHBIX OKOH. B
MEPBOM CiTydae MEXIy HHMH OBUT MHEPTHBIA T'a3 aproH, a BO BTOPOM - Bo3ayx. Pacan moma
OpUEHTHPOBAH Ha IOT, IOATOMY JIOM AaKTHBHO HCIOJIb3YET COJHEUHYIO PaJUalli0 B KaueCTBE
WCTOYHUKA TEIUIa, a OAIKOHBI ¥ KAPHH3BI 3AIMUINAIOT JIETOM OT YPE3MEPHOTO HarpeBa OT COJIHIIA.
Ha kppime mmeercss OKHO, KOTOPOE JaeT €CTECTBEHHOE OCBELIEHHE M HCIONB3YETCs Ui
BEHTWISALMHU. J[oMa OCHAIIEHbl MEXaHUYECKOM CHUCTEMOH BEHTWIALUHM C PEKyIllepanued Tera
(80%). Kaxmplif JOM OCHAIIEH CONHEYHBIMH MaHensMu (5 m’), kotopsie obecmeunBaor 40%
norpeOHOCTH B ropsiyeit Bojae. Jloma Takxke umeror 500 -nmuTpoBble Oaku, OCHAIIEHHBIC
JNMEKTPUICCKUM HarpeBaTelieM, YTO MOJHOCTBI0 00ECIIEUNBACT OCTABHYIO YacTh MOTPEOIsieMoi
ropstaeit BOJIbI.

Mogens  OLEHKM  albTepHaTWB  pazpalaTbiBajach € HCIOJIB30BAHUEM  METOZOB
MHOTOKPHTEPHAIIFHOTO aHalM3a aHaUTHYECKUX Hmepapxuil m aHamutudeckux cereit (MAU, MAC),
paspadotannbix T.JI. Caatn, u MX KOMIBIOTEpHOW peanuzainueil — nporpammoii “Super Decisions” (cwm.

puc.) [3].

iLl| Criteria o [=[E=

8| Suberiteria x| 8| Suberiteria ensgry conssmption =[O %] m] Suberiteria energy production = || 3¢] = Suberiteria eco B =3

= — -; —-,\_'

Alternatives =0l =

—m

Puc. KOMnblOmepH(l}l Mooenb OYEHKU 6bl6paHHblx ajlbmepHamue Memooom
MHOCOKpUMEPUATIbHOCO AHAIU3A

Monens ObuIa peaan3oBaHa Kak KIacCHUeCKas HepapXus, COCTOAMAs U3 4-X KPHUTEPHEB BEPXHETO
ypoBHS (KOA((HITMEHTHl TEIUIONOTEPh, MOTPEOIEHHE SHEPTHH, SKOJOTHYHOCTH MU  IPOHU3BOJICTBO
sHeprun) u 11 cyOkpuTepueB, OTpaKaroIMX XapaKTEPUCTHKH DJIEMEHTOB JEKOMIO3HIUH KaXJOro M3
KpPHUTEpPHEB BEPXHETO ypoBHS (cM. Tabu.). Kputepuu ObIH pa3paboTaHBl HA OCHOBE aHANIN3a JINTEPATyPHI
B o0nacTe 3HEProd(h(HeKTHBHOCTU M KIITUITHOTO CTPOUTENBCTBA [4].
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Tabruya

Kpumepuu u cyoxpumepuu snepeospgpexmuernocmu 30anuii Memooom aHAIUMUu4ecKux cemetl

Koapdurment [Tokazatenp DKOJIIOTUYHOCTh
TEIIONOTEPh noTpedsIeHus [Tpou3sBoACTBO SHEPTUU
SHEpPrUH
Buemnssis ctena DnekTpuyeckas Briopocst CO, TpaauOHHBIE HCTOYHUKU
Temnosas Coxpanenue AJbpTepHaTUBHbBIE HCTOUHUKH
Moctuku Temia IIPUPOJHBIX Bo3oOHoBIIsIEMBIE
pecypcoB HeBozoOHOBIsIEMBIE
- CoxpaHeHue
DyHIaMEHT OKpYJKarolen
cpenbl
Kpsima - - -

OKCIIepUMEHT OLIEHKH BKJIOYal B ce0s JBe HTepauud. Pe3ymbraT mnepBod wuTepanuu ObLI
JOCTUTHYT 0e3 yueTa IPUOPUTETOB KPUTEPHEB M AIbTEPHATUB. SIBHBIM JIMIEPOM sIBUJIACh ajlbTepHATUBA
2, OCHOBaHHAas HA KOMOMHUPOBAHHOM HCIIOJNIb30BAaHHM TEXHOJOTUH COJIHEYHOW TEPMANbHOW SHEPTUU U
TEIJIOBOrO Hacoca (11 MPOM3BOACTBAa TEIJIOBOM dHepruu) M PV maHenedl (ans mnpousBoacTBa
3JeKTpHrUecKoit sHeprun). COBOKYMHBIH 06beM IPOM3BOIMMON SHEpruH paBeH 35 kBmu/u’ B roa. DTOro
JOCTaTOYHO I oOecreueHus] Kak MacCUBHOTO 3J1aHMA, TaK M 3[JaHUs ¢ HU3KUM YPOBHEM DHEPro3arpar.
Tem He MeHee YCIOBHOE 37aHWE, MPEACTABISIONICE ANBTEPHATHBY 2, NOJDKHO OBITH IMOAKIIIOYEHO K
oOmmeil ceT Ha cllydyail BO3HHMKHOBEHHS TIIEpeNaJioB B YCIOBHSAX THKOBBIX Harpy3ok. 3IaHue,
NpeCcTaBIAIONIee ATbTEPHATHBY 2, YMEHbIIaeT 066eM BEIopocoB CO, 110 500 k2/z Ha M?, B TO BpeMs Kak
CTaHIApTHBIA JOM BhIOpachiBaeT B cpemneM 6000 xe/z ma m’. UyBCTBUTENBHOCTH MOJETH TMEPBOM
uTepalluu KpaiiHe Maja, 4TO IOBOPUT 00 yCTOWYMBOCTU IOJIy4EHHOIo pe3yibrara. Bropas ureparus
MpeJIcTaBisia COOOH MOJIENb C BHYTPEHHHMH CBSI3SIMA KPUTEPUEB W NMPHOPUTETAMH. ANbTepHATHBA 2
MOy YHJIa JIUJIEPCTBO U B 3TOM ciiyyae. OTHAKO YyBCTBHTEIBHOCTH BTOPOH UTEPALMU MOJAETH OKa3aiach
3HAYUTENIBHO BbIlle NepBod. Tak, M3MEHHUB BECOMOCTb KpUTEpUsA “KOI(D(PUIMEHTH TEIIONnoTeps” ¢
0,14669 no 0,85, anprepHaTBa 4 (KOMOMHAIMS TEXHOJIOTHI TEIJIOBOTO HAcOCa B MIECOYHOM TpyHTE, PV
naHesel, BETPSHKU U MOJKIIOYEHHE K JIOKaIbHOW OOIECTBEHHON CETH) MOJIyYUT IPEUMYILECTBO MEpes
QIPTEPHATHBOM 2, a TP MNPOAODKCHWUH YBEIUYCHHWS NPUOPUTETHOCTH JaHHOTO KpPHUTEpHS
NepBOHAYANBHBIH JINAEP OIycKaeTcs Ha 3-¢ MecTo. MI3MeHeHNe OCTaJIbHbIX TPEX KPUTEpHUEB HE CMeEIaeT
JIYYILyIO albTEPHATHUBY, OJHAKO MEHSAET CUTYALMIO CPEAH OCTAIBHBIX TPEX.

B mporuecce paboThl aBTOPBI CTOJIKHYJIHUCH ¢ OOJNBIIMM KOJIWYECTBOM Pa3sHOCTOPOHHEH M 3a4acTyIO
HECHCTEMaTU3UPOBaHHOW HMH(pOpPMaLUU O MPOeKTax B 001acTH 3HEProd(HeKTUBHOTO CTPOUTEIHCTBA,
HaXOIAIIMXCA HAa Pa3HBIX CTAAUAX WX peanu3anud. OTHAKO ypoBEeHb MH()OPMATHBHOCTH MAaTEpHAIIOB
SIBHO HEJIOCTAaTOYEH, U3-3a Yero ObLIM OrpaHHUueHbl KPUTEPUH BbIOOpa.

[lepcrieKTUBHBIE HCCIICAOBAHHUS MO JaHHOH TEMaTWKe MOTYT OBITh CBf3aHBI C YyIIIyOJCHUEM
aHaluM3a MO BO3MOXXHBIM KOMOWHAIMSIM TEXHOJOTHH, a Takke COBEPUICHCTBOBAHHEM MOJACIH
MHOTI'OKPUTEPUAJIBHOIO aHanu3a. bonee neranbHas pa3paboTka KPUTEPHUEB IMO3BOJIUT YTOYHHUTH YKE
MOJTyYeHHBIE Pe3yJIbTaThl © 0O0OCHOBATH CTPATETHIO PA3BUTHUS dHEProdPPEeKTUBHOTO JKUIIbS.
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Q.U. RQujuwpyu

¢ctLLErh ELereuuMrM3nNhLUudESNhE3UL AUMGLUYU UL LUYUSNR3L
NU2UUJYUrNh@3UL LLSMPNRE@3NRLL' NPMBU LWUSNRL 2AUMPUSUUL
uurcdnr aNrohL

ZEnwgnunipiniap ohpywé F okaplph Fabpquupgntbudbnnippul wkjunnghwikph o wyy
wkptimnghwbbph  hwdwgpmppubp Guyuwnmwl  nbkhugng  pluaply  qujugnyl - wowewplpgng
wnwppbpulhbpn I ghwhwinky wnwownplyng niénidbbpp puquusunpuihy Jepniddwl dkpnpny:

Unwitigpuyhti punbp. juynil qupqugnid, Fakpguuupnyntiuynnyen b, Jbpnidwilul gubgbph
Ukpny:

G.A. Zakharyan

THE CHOICE OF THE BEST STRATEGY FOR IMPROVING THE RESIDENTIAL
BUILDING ENERGY EFFICIENCY AS AN IMPORTANT TOOL
OF SUSTAINABLE DEVELOPMENT

This article focuses on analyzing the energy efficiency technologies for buildings, combination of
technologies aimed at choosing the best ones and assessing the proposed solutions with multicriterion decision

analysis.
Keywords: sustainable development, energy efficiency, analytic method process.

3axapsan I['purop ApamoBuuy - acrnupanT MHctHTyTa Hayk o 3emue Cankt-IlerepOyprckoro
roCyJJapCTBEHHOI'O YHUBEpPCUTETA

241



ISSN 1829-0043 <U3UUSULNP sUrsurughsuyut ubutsUhU3b LPURLEM (KBUL). 2017. £.14, N2 2
<S1 553.411 LeNuucuLLu3hlL UrM3nhLUrEMNRE3NRL
<.MN. Gnynwigyu, C.4. vwswwnpyu

usduuivh OdPNLPSU3PL ANSNk qUPMrNPILENP BRUMrUPULULUL
td MESMrNGrudhuLUL UnuLatucusunh@3nruvere

Mumdiuppyly Eo Ulalh oppmppunnughls gqnunnt  hpwykppughnbbph hkw wungyng quppnhnuyhl
wuphbph quibqyushbph Ephpupwiulwi ppungpnipiniap b wknpngpuphuwlul wnwbdbwhunnnyeinibiabpp:
Zwununnyky B np Ulwbap hymiupuwpbbypul unph quppnbbph odph wupupbbpp phplnipnyl, juyg phdbpkagyus
pluwnpnighy hundugppblbp &b, npnip hhwkppughnbkph uynpnnnl quiqudhbpp hkwn Swenilbwpwiulwi juny
snhklh b Ulwbh oPpmppunughl gnnnm puplugnmighs dwu ski Qugqumd: Uwqbbqhnidughl dEnwundunnngh
wpiynilpnid  quppnbbph  [phnyppnpukbbbpp  npkdngpuugyl; nr whnpiopghunwgfl; ko pull  hhdpughi
wpughnlpughbpp ' unymppunwglly:  Apngkull phpwgl; FohEnmdwgupmlwh  pupdpuekplwunpdmt  fwn
wyljuyuypl hnynud, phpulwunpdwulh hlnpipug (phopbupy)) wuydwihbbpnol, nph plhpugpnid dbunnpky Ei
hpnpopupyilp wwpniiwng gudpuwokplwumpdwl Upbhbpuybbp (wdPppnilp, gnpqhn, hudwp bl juppniun):

Unwgpuyhti pwnbip. hhwykprughunilbp, quppnhpilp, Ubwbh oppmhunughls  gnwnp, dknwugndunng,
wpkun punwignid, wlnpbhnihunwgnid, ununippunwgnid:

Ukpwbnipni: Nuniduwuhpynn opowttt pungpynid ' Udwuhw-Ubwb-Zuquph odhnihinughl
gnunt Uhwbw 1&h hmuhuwpbbjjut whh hwndwsdp, npp ujuynwd £ Sopdw gninh Unwnhg b onipe 70 4o/
pyupmpudp dqymu E hwpu]-wplbp’ dhish Unwnph (kobwbgpp: Skqunpjws b Chpul-Ulwb-
Zuquiph uhyhinphnidwyht gnunnt vwhdwbubpnd, npt pun U.Z. Qupphbjjuth junppuyhtt jugnidubph
gnuih Lk [1]: Cpowtnud juytt mwpwsjws b jnipuygh, Juddh b wukngbkth hpwppowsh, hpuppwshu-
tundJwspughtt b btunjuspuwghtt gnjugnidubpp, npnp wnwewgunid ki hjntuhuwpbdnyut ninnnipjut
wuwhlptiw), uptljhtiwy dwyptph hwdwlupgbp: dkpehtibpu wwwundwsé tu hhybppughwntbphp,
quppnhnutph, dhohtt b ppnt juquh duquujuljut wywpubph hwdwhpibpny b nknupwpndus tu
wnwpplp muynnipjut jugnuduyhtt jpwpnmudutpny, npnup wpunwhwynuws Eu Ynnuowpdtpng b
Jupubwnp-Jbputnniputipng [2-8]:

Uwuguuyuljut wmywpubpp Ubs nhp i punnud Ulwth obhnjhinughtt gnuint bpljpupwbwljut
Junnigdwsdph dhwynpdwt gnpénud: tpubg juyugdwb tpjpupubuljut yuydwbubph b hwuwlubkph
JtEphwinudp Juplnp tpwbwlnipinit nith gnuint qupqugdut yundnmpjut Jkpujuiquduwt hwdwp,
nph Jpwpbpyuy pluynidu gnympini nikt wwppbp hwdwj hpwpudbpd Jupshpibp:

Zhybtppwqhwnbbph, quppnhnubph hywbhu  twlb dhoht-pepor juqudh  dwquuyului
wwwpwhdpkiph wnwpwbwlwt hwdwunbnnudp  dhbunyt  juenigquspw-pnpdughnt  gninmd b
wnwbdhtt qubquwsh uvwhdwubbpnid hhdp b hwinhuwgh] ppuip hwdwpl] tnyowhwuwy b
hwlwluquuyuijui (Uphingh dwquugh hdkpbigmiuhg wowgwgus) nunp b judpunjnpdty b up’
quppn - whphpnuhunwht npldughwynud [1, 6, 9-11]: Unwohup ©. Punbnujubb tp, nd Jupshp
hwjntikg gninnt htnnpnighy] wwwpbiph Epne hwuwlughtt jodpkph gnynipyub dwuht' ipht judgh b
yJtpht Englth [12]: Cunn Q. Zupnipniyuith Ulwh (kptwonpuwgh hntuhu-wpbdnjwt dweh hhybppw-
qhwnutpt ni gpubg nmwpwswlwinpbt nmntlgnn quppnhnubph Uh dwup Jipht juwddh (nnipni-
Untywyh), hull quppnibph dniu dwup dhoht kngkth hwuwl nibikt [4, 13]:

Cun U.Quubigyuith obhnjhwnwyhtt gninnt Unwinph hwngwsh hhwkppugqhwniubph b quppnhnutph
hwdw hpubpp hupunipnyt wpwewgnidubp L. mwppkp o hwuwyny, whupngpuphujumie Juqundg,
nhptpkugdwtt wunhfwiny, quuqusubph Adlwpwinipjudp, dwquijuinipjudp, Ephpultnlnid
pnipinugdut junpnipjudp, wnwetuhtt dwquuyh wnpmipny b wy] wmnwbdtwhwwnlnipmittbpny [14]:

Epypultnth qupqugdwt dudwbwlulhg Epypunhtwdhuyh  Ynpduwhhgubpp Ubwb-
zuquiph odhnjhtnuyhtt gnunhtt phund ko npytu gudwph Ypw opynijgws ojhwinuwhtt Yhnlh
dbwgnpnukp, npntp Juqudws tu hhuybppuqhwnutph, quppnubtph judph wyupukph, hhdpughtt juquh
qniquhtn nuyuutph b puqujunuyhtt pupduwydnp juwitph (punhnjuphwnitpny) hwdwhpitphg [15-
18]: Uju wbuwilnithg Ulwuh (Eptwonpuyh quppnubph judph  wwyupbbpp hwdwpdonud - B
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odbhnjhwntkph hwdw hpubph punugnighs dwu: Uwuyl, whwp k wok), np Uhwb-Zwuquph gnunt nng
EpQuyipny ophnjhwnbpht punpny jupusph wdpnnenipiniup pwpungus b Fuguluynid ku qniqubtn
nuyuubph  hwdwhpubpp, hul pwquuuyhtt  pwpdwynp (wdubbkph  Jbwgnpputpp Ubwih
Entwonpunud wyuinjunnnt Bu: dbpghtt twphubphtt hinhtwfubpt nunidtwuhpl] i Ubhwh
hjniuhuwplbjjut whh hhybppuqhnitph quiuqustbph Gpjpuwpwinipyul, wywpupuiniput b
sSugnidtwpwimpjuit wntyynn hwpgbpp, wnwye b pwpdl] wyt qupljwép, np hhybppuqhwnttpp
wpninpniqhy wyuhtiph’ wnjunnt dwpdhbibp b, npnip swgnidbwpwinpki sk wntsynud quppnibkph
hudph wyuputph htwn [19-21]:

Uju hnnuémid htinhtwfjubkpp putwplynid Gt Uhwith hniuhuwplibjjut whh quppnubph judph
wwwpbph tpjpuwpuwimput, ywtnpngpubhwlui juqdh b dbwdnpiuwt wuydwibbphtt websynn
hwupgtp:

Ulwuh hnuhuwpbbjyud whh hhybppughwntubph @ quppnitph Eppupuimpmiap: Ubwh
hjniuhuwpbbjjut whh opowinid wdbkbwown nwpwdyus wwwpubpp hhybppughwnutpt B,
wjunthtnlb quppnhnubpp: Upohtt b ppnt juquh wwyuwpubptt wdbih phs o nmwpusqus [6, 7, 14]:
Zhybtppwqhwnubpp ubpuyuguws G dhdjubghg dbiiniuwuguws b wthwuuwpwswth pujudus
nuyuidwul, nuyiyujuidwt dwupdhiubpny, npnip nbnunpduws tu hnuuhuwpbdnyub nupusdut
hugnudubph hwdwlwupgbph tkpunid: Ypwbg Gpbpp Gppbdt hwdpbljund Bo wbnplyjhiwy Swyptph
wnwbgputnh htwn [22]: Zhybppuqhnibtph wdbbwdbs Gpp Qphj-Lwpwhwsh nuyjuwdl quiugdust k,
qruntgund t onipg 35 fi2 dwlbpbu, diniu kypkpp Splwnmiph (20 42 Ywjuwlih, Ynunwlubh (5 iA),
Conpduyh (1,5 42, wdbh thnpp L: Upthntup b Ywuwli gyoigtph dholb hwinhwnud o wdbjh thinppbpp,
npnlg swthbpp skt ghpwquugmd 05 4% Zhwhppuqhwubpp poy) nhdbpkugjus wwwpubp G
zpdtwuinud ubpuyugjws tu ubpybtnhtugduwsd wyhphgnunpunibtpng b gnithnibpny, wykh phy
hwunhynd &t Jtphntbpt nu (Epgnjhnbbpp [19-21]: Zwdwpn hunbiuhy ubpybunhtugdus b
dwqubqhunwugyus tu:

Zhyppuqhunibpp thpthwlng hpwpjuwshi-tunuspuyghtt b btunuspuyht wpwgwgnidubph
htwn bt mEjuntulut Ynbnwuljnibp: Yputp hpkug wyddjub tpjpupubulut hpunpnipmniund Eu
quiynud uwnp Jhdwlnid funppuyhtt pijwsputiph dhony nbkjununjutut mbnuowupddwt wpynib-
pnud: Uju thwuwnp hhdwdnpynid E upwng, np hhybkppughwnibph quiqdusubpp pniphtiwgdws b, Yn-
nuyht wywpubph htn nubkt mEjnntujut jntinulnubkp, §nunwuljnibkpp punkuuhy ppEishugus b
dhinthnnwugqusé ku: Pugh tupdwdubphg, Ynnuyhtt wwywpubph Jpuw okpduyhtt wgpbgnipniubp skt
Eplnud:

Zhybtppuqhwnttph  wkjuniwlut  swpddwt  dbjuwihquiubpp (wy nundbtwuhpqus b
Thuwpyub, Upu-Unyutiibnh, Nipuh b Qudswnlugh hhykppughwnubph gninhubpnud [23-27]:

Zhybtppwqhwnutph quuqustbph hbwn wwpwswlwunpk qnignpnynny Eu quppnhnubph,
gpuuhwunhnutph (ghnphwntbkp, gpwinphnphunubp, wjwghngpuwthnubkp) b ubkpsht dwgqUuwyulub
juppntwnhwnbbph  wwwpwhpdppng, npnbp  thpuyugqusd Eu oounpwbdwb b guyjubdwb
dwpuhbubpny [20]: Quppnubpp wknunpdus tu hisybu hhybppughwubph quiuqustbph opowunud,
wjiybu b wnwewgnid k. wnwdhtt pinnpnighy qubqusutp (Fpwpanhlh, Sopdwyh, Upunwihoh,
2hth, Ywpuwljuh, Yntnwljuth, SpEwnniph b Unwnph b wyj):

Quppnubph Jwpdhuttpp hhybppuqhunubph quiugwsutph htin mbkh wbjunbulut b
htunpniqhy Yntunnwlnubp: Yntnwlunughtt qgnuwibkpmd wywpbbp htnkbuh]  jnnpundus o
pippwynpwé b, hwdwp Jupkh t hwinhwt) twb vwhph dwlitpbutbp: Swppnubpp obipduyght b
ququobpduyhtt  wqpkgnipmibtbp b ponl]  pywbu  Gkplhwlnn  wwywpbbph, wiybu K
hhytppughnubph ypu: Upnwithoh, Upkgniintg, Ywhwli-Unnph quiiqusubph Eygqnintunwuljnubpnid
quppnubinh ququetpuduyhtt wqptignipniithg wywpukpp ujuetwgyty Eu (4, 6, 14]: Tnpdwyh quuqush
wplbbjjut hwndwénd quppnubph ebpduwghtt mqpkgmpiniuhg ukpuybkunhthnibkpp poy; oppuywugyty
ik

Yuhwlju-Unwnph hwnduénid quppnutph b hhybkppuqhwniubph Yntnwluughtt gnnhbpnud
hwiunhynud & dhtsh 1,5...2 « hgnpnipjutt ypkthnughtt dbnnwundwnhly Epuljukn [14]: Uju opowtinid
quppnubpp yuwwunnnd ko bwb dhtgubinth hpuphwshu-tunduspuihtt wmnwewgnidutpp: Ununwljn-
ubipnud hpwphuwpwnpbpp Ynunpundws, ppklshugyws nt kngbpupwpugus b Ywdwpuyhtt dwubpnd
quppnubpp mpwihnwgyl] nt ypnuhjhunwgyby Bu [14]: Uw jununid | wyt dwuht, np Ubhwtth gninnid
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quppnubpt nt hpwphiwpwpbpp obhnihunnwght wmunghwghuwyhtt sk wunlwinid:

Quppnubpnid hwfwh hwinhynid Eu hhykppugqhwnibph gjhpuwtdwt wwpwwnnidubp (T'uusbepr,
1929), L ubpwhkunptwgdws nr nujuguws whphpnuhuikph b goibhnbkpp 100015 ¢ swdip
nuyijuuwidwlt  pubkunihnubp [14]: Cuwn  Z2mpupubh wdjuukph  Lhgbpywy  (Unpphowth
hwupwybtwnnipni) Yhpdhg nhiyh wpbt)p ntuyiyulutph (pubkunihnibtph) pubwlt wdbjuwund t, huy
suthbpp  dkdwind nt wbgind  Eu hwdwwnwpws  hhybppuqhnbtph: Yhpdh we  wthpt
ubpybunhtwgws nmithnubph  pubunjhnubpp  wwpnibwlnmd  Gu gpnuniyjuph  nppuwbdwb
wqplquunukph ubkpthwlnudubp: Shgputwpkpnph wnudh hwipwbplwldwb wwpwspnid (Yuhuwlh
gninh  Unw) quppnubpnid  hwinhymd ot twb wnipnih hpwppwpwpbph  uhjhjwhnqugdus
pukiinjhwnutp:

Quppnubpnud Eppbdt hwinhynd B bwlb dwpupuhnp punipubp, dhiph 0,5 # hqnpnipjut b
10...15 #Epjupmipjut pyupgh, dhtsh 25 z/hqnpnipjutt wjughnljugh b jughnh kpuljutp:

Ulwtth hjniupuwplibjjut whh quppnutph hwuwfutph JEpuwpkpyu) qgnnipinit niukt wwppkp
Jupshputip: ©Ar/¥Ar tnutwlng Upunwthoh quugubh quppnibph wdbhpnjubph hwuwlp npnoyly
165.3+1.7Ma [16]: Qphphk unyt hwuwli mukh Gudpwlh yjughngpubhwibph ghpynbubkpp’ 160+4Ma
[28], Uniuynyhint m phnwnpwnp 168-190Ma [29]: Uju gniguithplibpp hudwyuwinwupiwind ka dhght
mipughtt: Unwgynud k, np quppnubpt ot wjughngpuithnbbpp gpbipt hwuwlwlhg G Gpynwube k)
wuwwnnnid b ukpybinhuhnutpp U Swsyyws tu nunhnjjuphwnutpny, yipghtutphu hwuwlp dheohi-
Jtpht jmpuyh vwhdwbbbpnd £ [30): Pugundws sk, np Uhwth hnwwhuwpbbjjut whh opowtinid
gnynipnit niukt pwnhnjjuphnibph qupuwobpntpnyg  Epniqhy hwundusputph b quppnubph nu
wjughngpuithinbitph kplnt nwppbp hwuwlbp” dhoh-ybphtt jmpu (Uhghtt jnipw - tknynd) b htwn
nnpnt-Yniyulh, pwh np wiughngputhnikpp twh ginh hndund ywnnnd B tinipnu-Yniyulh
wynpbhphwnubpt nt wpghthnughtt phppwpupbtpp b Ypmd Bu gpug pukunjhnttpp [4]: Quppnubpp
Yuulju-Ununwljuth ppownid ywwpnid ki inipnh hpwphuwshu-tunguspuyht wnwgwgnidubpp,
npnup swsdus L judyui-dwwunphjnh wjuqupupbkpny b jpupwpbpny: Lodws wjuqupunptpp
nmpnt-Yniyulh wynpbhphwnubph, quppnutph m wjwghngpuhwnubph pkynputp Gu Ypnud [4]:
Ujuyhuh Yupdusp hwunhwynd £ twb Qhj-Pupwjuwsh quiuqdush hyniuhuughtt vwhdwhtt Qudpwly b
Swtdniwn ghnbph yiphtt hnuwtiptibpnid:

Qudpwl ghwnnh Jtpht hnuwbpubpnid nphophntubph hnpdwhwpdus dwlbptutbpp swsldus tu
hhuytppwghwnitph b quppnutph pEynpubkp Ypnn wjuqupuptpny, tnyt wjuqupupkpnyg b swslywsd
twl Uplbpwt Upnwthoh hnnupikunujhtt quppnubpp, npnup juy wnwpwédus tu hjpruhuughtt b
hpniuhu-wpbbput opowtittpnid:  Udwqupupbph wwlp wnbnupgpduws e §nyuwpkynp
nugnutpunitp, npnig quupuptpp thpjuyugdus b dupdwpugyus Ypuwpwptpny, ujunibpnyg nt
quppnubpny: Qqupupbpp wunhfwbwpup wbhgind b wjuqupupbph, npnig Jpu tunws Ea
Judywi-dwwuwnphhnh jpupunpkpp:

Quppnubtph whwupngpuhwi: Fwppnubpp (wy phdipkugdus Eu: Ipwighg wdkbwowwnp
nwpwdyus i wyghunughtt (Upnwthoh phpulngnt b Unwph quigdustbpnid), whpnpubb-
hnoipkuguyhtt (Upunwthoh fadph quiiqquistitp), ojhht-whpnpubi-wjughnljuquyhtt (ojhyjhtwght
quppnutp) U wyughnljug-hnpupikinuyhtt (Cnpduyh, Lhi-Pupwpiwsh, Shnudwuwph b Upthntuph
quiugustbtpmd) wwpwnbuwlutpp, b tpwbg htn  Swgnudbwpwinpkt Yuwwd quppn -
whgUuuhwnibkpp, dbpuunlpun b (Enpun uipnljunhnikpp, ghnphnttpp, pjupguyht phnphnbbkpp:
Quppnubptt nt wpnunihniubpp mupusyus i Ulwbh (Euntwonpuyh hmniuhu - wpbdujwb
hwnjwdsmd Tnpdugh b Qh-Lwpwuwsh hhybppughnibph quugqusttpnid, hul quppnhpugh
hwiwihph hhupwjhl, ghphpupuyht b ppm phdbpbughwnibpp Ulwbh (kobwonpuyh  hwpun)-
wplbpnud [14]:

Ulghinughli quppnblipp jubwswudnjupugnyt dhohtt hwwnhlwynp wwwpubp Gu, npnup
Juquywsé Lu onipg 60% punuuyhtt mbknupwoyws wjughnljjuqutphg, npnig swthbpp hwutnd G 2,5...3
Ut putg dhol wmwpwdnipmniip gws bt wyghwh nt wpughnfjugh dwip hwwnhlubkpnd:
Mughnljuqubpt mukt qnuuyuljut juemgusp juqup hudwywnwuppwbnid b jwppungnpht (N54):
Udghwint nt wughnljuqp pinphnnugué tu: Uhghunp dhubpujubpp tipjujugdws bt wyunpinng b
dwqubwnhwnny:

Dhpnpubbuyhl quppniakpp tkplujugus B jubwswdnjupugnyt vhohtt hwinhunp, tpplida
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hunonpuwhwwnhly  wnwpwnbuwliubpny:  Upnwihoh  quuqush  quppnubpnid  hwbinhynd B
whphpnuhwnibkph ojhpwbtdwt whownmdubp (Tuusbepr, 1929): Uwwplt nith quppn - nhwpwquyht
Junnigdwsdp: Tnipg 60%-ny Juqudus L dptgh 1,5 w/ swihbph hwutng  Eplupupwudgqus
wughnljjuqutphg, nputg dpol nwpwdmpmbp (gjws E wjughnljugh b wighinp dwbpugnyu
pubkinunpd hwwplubpny: Mughnfjuqp tbpluyugws b jwppungnpny (N52), gpuig hwnhlubph
swipbpp tpphdt hwubnd & dhigh 2,5.3 o high ounphhd wwwpp vnwind b wyopdhpuyghe
Junnigqusp: Mughnljuqp whihnnwgws b pinppunnuugdus b Quppnubpp Eppbidt niukt gnjudnp
ubpunnipw dhdjubg  hbppwhnjumd ko hinjpun b dkpwinhpun Gnipp gqnikpp: - Ugu
nwpunbuwliipnd wdqhnh  dinjuwpbkt hwiinbu ' quihu wdbhpnip: LHYnjpun  qnibpnid
wughnljjuqgh swihtpl wbih Uks b, hul juqip winkqht k(N 37): Uywph fuqp dninkind t quppn-
nhnphntikph:

Cnpduyh,  Qh-Pwpwpiwgh,  Ywpwlu-Unnph  hhwybppughntbph b quppnhnubph
quiugusttpmd hwunhymd Eu wipnunjhntbp (upnunhnwghtt quppntutp), npnip hwjubwpwp
quppnhrnubtph nhypbpkughwnubp bu jud muppkp htinpnighy $wgbiph wyupubp: putp quonnid juy
wnwbdtwind kb hpkug 1EYnipuwn mbupny b fjunonp pniptinuyhtt junnigqusdpny: Zhybppughwnutph
b wpnunjhniubph dpol wunhfwtujub wignidubp skt tjuunygnud: Spnljunjhniubph puquuphy
Epujuidut wyndhqubp thpputhwigfus i ubpybiunhbugdws hhybppuqhwnibph ke npuig
pippuynpiut hwuppnipniuttpny:

Swpwéyws b wpnlunhnbbph Epine nmwpunbuwl’ (Ginjpunuht b dbuwinypunuht
(quphghwnutp): LEynypwwnwht mmpnunnjhnh dhibpuyughtt juqut wyuyhuhl B wjwghnljjug 78 %,
olhyhtt 16 % b dwgqutnhwn 6 % (ud. 424): Ukjwunypwwn wpnijunjhnttpnid yjughnljuqubph pubwlp
gusp k' 22 %, huly ojhtihlip’ pupdp’ 67 %: Mupmbwlmd k bwl phs pubwlnipjub §ihunyhpnpubi (5
%) b dmqubwnhwn 6 % (wnniuwl):

Muwghnljugp tkpuyugyws t phinnygupinh (N 70-72) Jupd b hwuwn wyphquwdh llan[hUl]lllLl
hwwnplubphg b puquuypyuwpniptnubphg: Ojhyhtip hwigbu k quihu puquuinibwdl, ppidt bwb
wliwiunt pmpbnubpny: Spnluinihnibpt mubkt wnuphndnpd hwnhluyhtt jud wwiuhnhndnpd
hwwnhluyhtt Junnigdwsp: Orhyhuh ubpywbunmphtwgdwb ounphhy btppbdt hwiughynmd o twb
hwugniguynp b guighktt Jupnigjuspuyhtt dlkp: Quppnubptt i yughnljuq wwpnibwlng
hnnupkunhnttpp  htndwuqdwyuut  dbnwundwinngh  wpyniipnd unymiphnwgdl] G
Mughnljuqutpt wdpnnenyhtt Ykpwsyl; u gnhqghnh b wjphnh wgpiquuuyhtt wubnnunpbnqubph:
Mughnlyjuqutph pkjhiuubtph dhongny dhwjt juplh £ quouihwp juqut] nputg wewgbtught
ubpuynipjut dwuhb:

Ununiphinugdwi pipugpnid withnthnpu wuhwwidby Eu dhwyt quppnubph whpnpububpt nu
hnnup kinghinbtph wd$hpnjibpp: Ud$hpnjubpp hwdwhe tbpuyugfus ku wpkdnjhinbtpn] whgnija
wudhpnjubpny, husp unynpwpwp punpny b ooppnondpuyhtt wddhpnjubphtt b dbnmwdnpduyght fud
dbnwundwnhl wwwpubph: Zuwynth bk np wpbdnjhntbpp oppnendpughtt wdbhpnjubph whu
dwgquuyulut hwyngputphg skt pniptquinud: Unumphwnh wgplquuibkph wynunp, Udnig, gplpk ul
gnyup, hiywbku twb hwqhy btplwgnn gnhpghunh wphquwdl ubn poipbnubpt nu wiphnh dwbp
huwnhljubpp wijuint tu: Ujuyhuh ynunp Unig gnyih unumniphnughtt wgpbqunibkp wykh onun
tuwnt) b 9L, Lognsuhyndu mi U, Unpdhuulht [31, 32]: Uju bplnypep wuydwbwynpjus L
whhnnughtt ymph dwuthlubph b hinnuyny gqwé dwpugnyb tbpthwljnudubph wnuynipyudp: Uks
unonpugnidutph wnwy (250...300 whqud) dniq gnitwynpdws ununiphinp wgplquunutph dke tplinid
kU wjwghnljuqukph nkjhiuitpp b wiphnh hwnhlukpp:

Unuymphunwgfwé hnpbpybaghnbkph Jhohtt Uhubpwjuyht juqut wpnwhwjnynid t hEnlyuyg
Ubpy' wddhpnjubp 67,3 %, unuymphwnh wgpbquinibp' 27,4 %, wjughnljugh nkjhljntbp’ 1,2 %, Yyupg
3,8 %, dwqukinhn 0,3 %: Punuguws t pug Jwbwswymb gnyuh wubhpnjibph wyphquwyuywi
hnphnunpd b pukununpd synnunpnogws pnipknutphg b ununiphnwgdws wjughnljuqukphg: Ununt-
phup gnhghnh b wiphnh wgpkquunughtt wubnndnpdng t pun wjughnljuqubph: Unumphunh
wqpbkquunitbpp wnwtidhtt wdnubpmd Swslnud Eu puwthwighly 21hdh dwlbpbuh Unnn 29 %-p, huly
wubhpnjubkpp® wbth put 70 %-n:

Unyniphunuginé quppnbkpnid unujmphnh wgpbkquunkph pwbwlp (54,8 %) ghipuquugnid k
uniq gnuuh dhubkpuubphtt (wddphpnjubtpp 23,3 %, Yjhunyhpnpukuubpp 17,0 %): Mjwughnljuqh
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nhjhlunibkph putwlp 3,7 % t, huly kpypnpyughl Ydupghip' 1,2 % (unnuuuly):

Uddhpnjutpp hnnupibughniubpmd b quppnubpnid tkpjuyugdws tu wpbdnjhw-wljunpungp-
wnughtt  fudph  dhbbpwjbbpng: Sphunjhwiubpt ot wlunplnhnttpp whyhy hindwgduulub
dhttpwubp Eu b wopwewtnid tu dwqbkqhnid wupnibwlnng uhjhjuwnubph hwoyght: Uju dhukpuutph
puwtwlnipjniup unyniphnnwgws hnnpibunhnitpnud muwnwiudnd E 60-hg 80 %-h uwhdwbubpnid
(Uhohtip 67,3 % puwn 8 tidniph), hull unyymiphwnwgdws quppnubpnid  20-hg 50 % (Uhehtp 23,8 %, puwn 10
uunioh):

Uljunhunihn-npbdnjhnnughtt judph wddhpnjubpp pughwinip wedwdp wignyt Bu (Np), poyp
juwbwswynit  (Ng), husp wuydwbwynpws L npuitlg junniguspmid  hqnunpd  Epluph
pugulumippudp b wwppbpmpmit unynpuljut Juiws wd$hpnjubph: Zwinhymd ko Eplupugn
wphquuikph, funwquypwyhi, dnnhljukph b ynitbhwdb poipbnutph duny:

Unniuwly
Lh — Lupuwpiush qubigiudh unynippuinmgyus quppnhnbbph b
unwniphunugyus hnnhpykinhnbkph dhbkpuguyhl Uhohl ugup
Uwyuph widuinulp Amf Pl Ss Mt Q Srp Cpx Opx Ol Uhghtip
Unyniphinugyus . . . .
hnntp(kunhn 67,3 1,2 27,4 03 3.8 8
Unupnippunugimd 23 | 37 | 548 | - | 12 | - | 170 | - - 10
quppn
Uudhpnjughti quippn 34,0 60,5 - - 4,0 - 1,5 - - 2
Spnljuninihwn
- 78,0 - 6,0 - - - - 16,0 1

1&ynypunught
Spnljuninihwn . ) ) ) .
dkutinypunuht 22,0 6,0 5,0 67,0 1
Spnynnihn . ) )
ubpuklunhiugdud 24,0 5,0 20,0 5,0 12,0 34,0 1

Owbnpnipinili: Amf' wdgppn;, Pl wpwghnljug, Ss — unuymppun, Mt — dwqbbnpun, Q - §jupg, Stp-ubpyklunhl, Cpx —
l pnuyppnpukl, Opx - oppnuppnpuki, Ol - ojpiypl:

Sphunthnnugduws,  wlwnhunhnwugqué b unuymphunwugqus wpwetwhtt  wuywpbbpp
dbjwiunjpuwn b Ukgnipun unpdw) quppnubpt Bu: Ukjwunjpun quppnubpt wddhpnjugdwt oinphhy
Jpwdyt) Eu wmpbdn hn-wunhunhnnughtt hnnupkunhnitph, huy dkqnipuwn quppnubpp wnpkunhwn-
wljnhunjhnnuyhtt quppnubph: Unpdwy quppnubtph  whpopubtbpp wbnuiudl) e wpbdnhn-
wluhtnpin - pedph Jhbbpuybpnd,  huy o wwghnljuqikpp’ - gnhghun-wiphnh wgpkquinugh
wubnnunpdnqutipny: Znnupikunhwnubpp juquyws b winhinhn-npkdnhnughtt wddhpnjukphg (60-
hg 80 %, Uhohlip 67,3 % uuniohg) b unyniphwnh wgpkquuntnhg (15-hg 45 %, thohtip 27,4 % 8 uuniohg):

Unujniphnubph wgpiquunubph putwlt wbih pwwn E quppnubtpnud (54,8 % dhohtp 8 idniohg),
pwlt hnnupkughwnubpnd (27,4 % dhohup 8 tuniohg), npp Yjuynid E wpwetiuyhtt wyyuptpnd wjmghn-
Juqubph mwuppkp pwbwynipniiutph dwuhti: Uhkqnpuwn quppnhnubph yhpnpuktubph tpwbwfuh
dwup mpbdnjhnnwugyl), wnhunhnwgyt), hul vh dwup wwhywidl) E wrwig thnthnjunipiniubkph:

Quppnubph Yhunyhpnpubkitbph npkdnihnnwugnidp b wnmhiunthnwgnidp mbnh E niibuncd
pupdpuobpiuwunhdwt qun htndwguujuljut thnynd: Gnthnjunipnitubpp dhtkpuwjuyhtt wpnudng
tdwb ki dwquwyulwl thnyh wpnghutbphtt' whpnpubiibph nhwlghnt whnuljuydwbp wd$hpnijiabpn:
Utunuwundwnhl] ypnghuh wpwidtwhwnlnipmiip ndju) ghwypnid ny ph Gpup b wjjuhuljub
wnwppbp wupnitbwlnn undnpuuwi (Gubws) wdbhpnjubph wowewgnudt k, wy dwqutqhniduyght
unpkunjhntubphtth ot wwhunjhniubphin: Mhpnpuktutph wpbkdnjhnwgnudp b wlnhunjhnwugnidp
dbnwundwnhll b wundbnwundwnhl] wpnghubbph wpymbup L npp wbnh b nibbund
pupdpwobpdwunhdwt  htndwquuyuut  Jun  wuughtt  oynd (pun U Unpdhtiulne
dbnwundwnhl wpngbutbph guuwlupgdui [31]): Uwqubqhnudughtt dbnwundwnhll ypngbhutibp
wpnwhuyunynid ko whpnpukubph wpbdnthnubpnd b wliwnhunthnbbpn wbquliwnidng, npp
lwunpk mwpwdsjws b Qhp-Pwpwjiwsh hhybppughnutph quuqush htn  nwpwswluinpku
Juyws quppnubph dwpdhttbpnud: ZEndugluyuljut wju dbnwundwnhly ypngbubph htnpipwg
(nbgptuhy) punypp ppubnpynud b wddhpnjutph owwn pwg gnuyuny, pny] wpunwhwjnyus
winjupnhquny b dwqubnhwinh wygbunp dhubpugubph puguljuynipyudp:
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Bqpujugnmpni: Uhwbtw 1£h hjntuhuwpbbjjut wihh quppnhnubpp hiptinipnyt, puquudug
htuwnpnighy wrwewgnidubp tu, npnup pmipbnugl] b Ynuunjhnugdt) o Epypultnth thopp unpnip-
jniuttipnid hhdpughtt dwgdugh nhptpkugdwi b hwenpyuljw hiinpniqhy ubkpnypoudubph wpyniupnid:

Zhwybtppwqhwnutph winpwnnt quiuqusubtph htin quppnubtpp Swgnidbwpwwlub juy sniuku
b wunhfwbwljut wignudubp skt wpwewgunid: Gwppnubpp Ynnuyhtt wywpitph Jpuw pontp B
otipduyht wqpbkgmpjut htwptp b ppndhwniubkph wigbunp dhubpuwubp skt wuwpnibwynd: b
wnwppbpnipmnit hhybppughwnubph, nghdnpldugus nt mbkljunnwugyws ski:

Quppnhnuyhtt htinpniqhy qubqustbph dbey nwpwsyws L unyniphnwgws quppnubpp,
unumiphtnnugywé hnplipjbunhnbbpt nt mpnunnjhnibpp: Quppnutph whpnpubkuubpp dwqubkqhnidw-
jht dbnwundwinngh wpyniupnid wipkunihnwgyt) nt wjnhun hnwgyt) bu: Zhdpuyhtt wjwughnyjwg-
ubkpp hunkuhy unynippnwgyly b wdpnnonyhtt mknuljuyk) tu gnhqhnh n wjphnh wgpkquunuyht
wulnnunpdnqubpny: Uknwundwnhly thnthnjunipniuubpp junwpdl) b hbndwuqduwyuljut pupdpu-
obpuwunhgwb Jun wijwjught thnynid: Uhtkpupught hnthnunipynibibpp” whpnpukubph nbnulu-

nudp dwqukqhniduyghtt ipbunihnng b wliwnhinihwnny, hull hhdpuyght wjughnljjuqitpp gnhghum] b
w)phwnny, gnyg Lkt nmwjhu hbtnduqduyuljut ypngkukph gpubnpdwt obpdwunhdwbughtt Enplpwug

(nigptuhy) punypn:
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O.IL. I'yrommksn, L1.B. XauaTpsin

T'EOJIOTMYECKUE U IETPOIPAGUUYECKHUE OCOBEHHOCTHU T'ABBPOU/I0B
CEBAHCKOM O®UOJIUTOBOM 30HbI

Hccnedosanvl  2eonocuueckoe nonodicenue u nempoepaguueckue 0cobeHHocmu 2abopouduvix nopoo
Ceganckoll  ouonumosoll  30Hbl.  Bvlagneno, umo 2abOpoudsl A6NAIOMCA  CAMOCMOAMENbHLIMU,  XOPOULO
oughepeHyuposanHHbIMU  UHMPY3UBHBIMU NOPOOAMU, KOMOPble 2eHEeMUYECKU He CBA3aHbl C  AJLIOXMOHHbIMU
maccusamu eunepoasumos Cesepo-60cmounozo nobepecvs 03. Ceéan u He AGNANOMCA COCMABHOU YACMbIO
Ceganckoll 0guonumogo 30ubl. B npoyecce MacHe3UaIbHO2O MeMACOMAamo3a KIUHONUPOKCEHbL U NIACUOKIA3bL
2a60POUOH020 KOMNJIEKCA NOOBEPIHCEHbL MPEMOIUMUAYUY, AKMUHOIUmMuUsayuu u coccropumusayuu. Ilpoyecc
NPOMeKan 8 NOCMMASMAMUYECKYIO BbICOKOMEMNEPAMYPHYIO DAHHION WENOYHYI0 CMAOUio U UMeN PecpecCUusHblll
xapaxmep, 6 meuenue Komopo2o 00paz0eanucs bojee HUKOMeMnepamypHole 2UOPOKCUICOOePIHCaUUe MUHEPATbL
(amgpubonbl, yousum u Hepeoko Kapbonamawl).

Kniouesvle cnosa: zunepbazumel, 2abbpoudei, Ceganckas 0QUOIUMOBAs 30HA, MEMAcoMamos,
mpemoaumu3ayusl, AKMUHOIUMU3AYUS, COCCIOPUMU3AYUSL.

H.P. Guyumjyan, Sh.V. Khachatryan

GEOLOGICAL AND PETROGRAPHICAL FEATURES OF GABBROIDS
OF THE SEVAN OPHIOLITE ZONE

The geological position and petrographical features of gabbroid rocks of the Sevan ophiolitic zone have been
studied. It has been found out that gabbroids are well differentiated separate intrusive rocks which are genetically not
related to the allochtone massives of hyperbazits in the area of NE part of Sevan Lake and they do not belong to the Sevan
ophiolite association. Clinopyroxenes and plagioclases of gabbroid complex subject to intensive magnesic metasomatism:
tremolitization, actinolitization and saussuritization. The process took place in the early post-magmatic high-temperature
alkaline stage and had a regressive nature, during which the low-temperature hydroxyl-containing minerals have been
formed (amphiboles, zoisite, and carbonates).

Keywords: hyperbasites, gabbroids, the Sevan ophiolite zone, metasomatism, tremolitization, actinolitization,
saussuritization.

Qnynudgyuu Knyhwuubu Mnnnup - Epypwp.-hwip.ghn.pll., pngkun, GN2
hwsgwwnpyuu Swhbku dninnyuyh - tpypwp.ghn. e, gngkun, 602
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A.N. Carpansn, I'.b. Barnacapsin, M.H. Konosin

ONPEJEJEHUE OCTATOUYHBIX HAIIPSIDKEHUIM ITPU OBPABOTKE
MATEPHAJIA U3 CIVIABA “Al-Zn”

Paccmampueaemes  enusnue ycnoguil pezamusi HA  00pazoéamue OCMAMOYHBIX MEXHOIOSUYECKUX
Hanpsoicenull 8 obpabamvisaeMom mamepuane uz cniaea “Al-Zn”. Pesyniomambsl 9KCHepUMEHMO8 NOKA3ANU, YO
npu obpabomxe cnnaea “Al-Zn” naubonee yenecoobpazHo noyuams crcumMarowue OCMAmouHble HANPA#CEeHUS,
yem pacmazusaiowue. Ha nosepxnHocmuvix cnosax —06pabamwvi6aemMo20 MAMEPUANA  PEeNCUMbl  Pe3aHUs
6030elicmeyiom noumu 0OUHAKO80 HA 0OPA308aAHUE OCIAMOYHBIX HANPAICEHUIL.

Knrwouessle cnosa: ocmamounvle HANPsdiCenus, pexrcumul pesanus, cnias “Al-Zn”.

Ha okcruryaTtaloHHBIC CBOMCTBa JeTaliedl MamIMH OOJIBIIOE BIMSHHAC OKAa3bIBacT (DH3HKO-
MEXaHHUYECKOE COCTOSHHE IOBEPXHOCTHOTO CIJIOS, TOJYYEHHOrO TIIOoclie JIe3BUitHOH 00paboTKu.
TexHOJIOrn4ecKre OCTaTOUHBIE HANPSDKEHUS, 00pa30BaHHBIC MOCIIE TaKOW 00pabOTKH, B CBOIO OYepelb,
BIIUSIFOT HA TOYHOCTh, CTATUYECKYIO M TUHAMHUYECKYIO POYHOCTH, & TAK)Ke Ha KOPPO3HMOHHYIO CTOMKOCTb
JeTajei.

B nanHoii paboTe paccMaTpuBaeTCs BIHMSHUE YCIOBHHA pe3aHHs Ha 0Opa3oBaHHE OCTATOYHBIX
TEXHOJOTMYECKHUX HANPsHKEHUI B 00pabaTeiBaeMOM MaTepuaie u3 cruiasa “Al-Zn”.

DKkcrepuMeHThl npoBoauinch Ha cranke 16K120. CrutaB “Al-Zn” siBnsieTcsl MatepuaioM JUist
Ooxbinoro 3epkana anteHHbl POT 32/54-2.6, rae octaTo4YHbIE HANPSKEHUS HEMTOCPEACTBEHHO BIIUSIOT HA
paguomerpuueckue napamerpsl (Keg).

B kauecTBe pexymiero WHCTpyMEHTa ObUI HCHOJNB30BaH NPOXOAHOH peseny wmapku T15K6,
TJIaBHBIE YTl KOTOpOro ompeaenensl 1o [1, 2]. CormacHo 3TuM paboTam, NOITy4YeHBl HHCTPYMEHTHI JIS
00paboTku cmaBa “Al-Zn” co cunemyromumu yriaamu: ¥y = 25° a=10° ¢=72°. OmeITel MPOBOJUIUCH
METOAOM (DaKTOPHOTO IUIAHUPOBAHUS OSKCIEPUMEHTOB Tuma 23, T.e. OBUIO IPOBEIEHO & OIBITOB.
N3BecTHO, YTO OCTAaTOYHBIE TEXHOJOTMYECKHME HAMPSHKEHHWS BO3HUKAIOT OT CHJIBI PE3aHusl W
TEeMIIepaTyphl, BO3HUKAIOIIEH B 30He pe3aHus. s n3yuyeHus OCTaTOYHBIX HANpPSHKEHUH, BOSHUKAIOLIUX
TOJBKO OT CWJIBI pe3aHus, ObLIM MCHOJIb30BaHBl cMa3o4yHo-oxjnaxaaromue xugkoctd (COX) wu
pexomennanuu Mo pabore [3]. CormacHo 3Toil pabore, MeTomoM KoJyiell ObUIO H3rOTOBJIEHO 8
TOHKOCTEHHBIX 00pa3LOB CIEAYIOIIUX Pa3MEPOB:

e HapyXXHBII auametp - J| = 60 ruu;
e BHYTpEHHUH nmametp - [ = 55 au;
e uirHA 00pa3oB - [ = 10 mm.
Ha Topuax xonery nenarorcs JBe METKH U oTMedaroTcst Touku A u b (puc. 1).

Puc. 1. Buo xonvya nocie paspesa

[locie oOpabGoTku, cormacHO IUIaHy OKcmepuMeHTa (TabGi. 1), Koibla paspesarTcs |
OTIPE/IETISTIOTCS] OCTAaTOYHbBIE HANpshKeHus [3]:
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2% (h/2-a) wetur, (1)
uD“cp
rae E — moxyms FOmura (E=1,05-10%) xe/um’ mns cimaa “Al-Zn”; Ilep - CpetHUil IHaMETp KONBIIA;
H - TommuHa CTEHKM KOJBIA; a - TONIIMHA TPABJICHOTO CIIOS KOJBIA; O - H3MEHEHHE THAMETPa MEXIY
toukamu A u B mocne paspesa; | - koaddurment [lyaccona.

JInst yCTAaHOBJIICHUS CBSI3M MEXAY PEXMMaMH M OCTATOYHBIMH HAINPSDKCHUSIMU TIPEAJIaraeTcs
MaTeMaTHYECKYIO MOJEIb SKCIIEPUMEHTA UCKATh B CIIEAYIOIIEM JIMHSHHOM BHJIE:

00,2 =

0=C; V% §% 43 | @)
Jlns pemenns ypaBHeHus (2) He0OOXOIUMO €ro MPEACTABUTE B PErPECCHOHHOM BUJIE:
Y=Inco=C:sV 31 *§%2*t%3, 3)

rae Bo, By, Bz, Bs — koaddurmentsr perpeccnn; Xi, Xz, Xs — MOJIMHOMBIL.
[Tnan, MaTpuna U pe3yabTaThl HUCCICIOBAHMS, a TAK)KE 3HAYCHUS KOI((UIMEHTOB PErpeccuu u
MOJIMTHOMOB MPHUBOSTCA B Ta0. 1.

Tabruya 1
Ilnan, mampuya u pe3yiomamaol UCcied08aHUs
N Pexwume! pezanus Martpuna Pe3ynbrate! onbIToB Pemenne ypaBaenus (3)
[UIAHUPOBAHUS
vV, S, It, X0 X1 X2 X3 [y, h/2, 002, Y= [Mpumeuanue
W/mun  mm/o6  am him wm  ke/mm? |ln oo,
Ke/mm
1 30 0,11 {05 | +1 | -1 | -1 | -1 | -1,6 1,0 34 3,52 [B0=3,695
21 150 | 011 |05 +1 | +1 | -1 | -1 | -1,9 1,0 41 3,71 [B1=0,102
3| 30 03 |05 1| -1 | +1 ] -1 |-145 1,0 31 3.43 [B2=0,003
B3=0,085
X1=1,24InV-5,2
4 150 0,3 0,5 +1 | +1 | +1 | -1 22 103 1,0 44 3,78
X2=2InS+3.4
s 30 [o1r [rof+1|-1]-1]+1]=25 0,75 41 371 [X3=2.9Int+1
6 150 0,11 1,0 | +1 | +1 -1 +1 | -2,8 0,75 46 3,83
7 30 0,3 10| +1 | -1 | 41 | +1 | -2,5 0,75 41 3,71
8 150 0,3 10| +1 | +1 | +1 | +1 | -2,9 0,75 48 3,87

CoriacHo TabmuIle, a Takke C yuyeToM paboT [4,5] ObuTH ompeneneHbl 3TH HEH3BECTHBIC (CM.
tabu. 1). [Moxcrasiss ux B (3), ypaBHeHUE (2) IPUMET OKOHYATEIBHBIN BHT
00,2225,8*V°'126*S°'0°6*t°*25. (4)
AJleKBaTHOCTb NOJYUYEHHOI'O YpaBHEHHs MPOBEPsIETCS AMCIIEPCHOHHBIM aHAJIN30M COTJIACHO [6].
Kak nokaszan ananus, mojydeHHas MoJeNb ajgekBaTHa npu 5% cratuctuke. s Gosee HarIsgHOTO
NpEJICTABIEHNs B3aMMO3aBUCUMOCTH 60,2=1(V,S,t) Hy»,HO ypaBHeHue (4) MPEACTABUTH B rpaduuecKoM
BUJIC.
[Tpu noctpoeHnu rpadukoB OYEHb BaXKHO ONPEAEIUTh 3HAKHU BEIMYMH OCTATOUHBIX HANPSDKCHUN

[2].

S, t.

B Tabin. 2 u Ha rpadukax (puc. 1-3) mpuBeneHb OCTATOUYHBIC HANIPSHKEHUS B 3aBUCUMOCTH OT V,
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Tabauya 2

Ocmamounvie HANPAMNCEeHUA 68 3asucumocmu om v, S, t

Ne A% 002 Ne S 002 Ne t | o ITpumeyanue
1 30 38(+) 1 0,11 40(+) 1 0,5 | 39(+) | Eemn =& < 1,25
00,2
2 60 42(-) 2 0,15 41(+) 2 0,6 | 41(+) | 3mak(-)
Ecn -2 > 1,25
00,2
3 90 44(-) 3 0,2 43(-) 3 0,7 | 43(-) |~
3HaK ( +)
Hns cnnmaBa “Al-
Zn”
4 120 46(-) 4 0,25 44(-) 4 0,8 | 44(-) op=S2K2/0d’
5 150 47(-) 5 0,3 45(-) 5 0,9 | 45(-)
002 Er/nm?
T 38(4)
|
|
|
0 ' i =
150
30 | V e
|
Tt '
___________________ 60 |

Puc. 1. 3asucumocmo 0y om ckopocmu pezanus npu oopabomre cniasa “Al-Zn”

pe3yamu uz TISK6

Puc.2. 3asucumocms 642 om S npu obpabomke cnuasa
pezyamu uz T15K6

251

“Al-Zn”



t M

Puc.3. 3asucumocmu a2 om t npu obpabomke cnnasa “Al-Zn”
pezyamu uz T15K6

Kak BumHo u3 rpadukoB, mpu ckopoctu V = 45...50 m/mun Ha TOBEPXHOCTHBIX CIOSX
MOSIBIISIFOTCS COKUMAIOIIE OCTaTOYHbIE HamnpspkeHUs. C yBeIWYEHHUEM CKOPOCTH PE3aHMs CKUMAIOIIUE
HaNpsDKEHUs] yBETMUUBAIOTCA. DTO OOBSICHAETCA TE€M, YTO C YBEIUYEHHUEM CKOPOCTH V yMEHBIIAIOTCS
cuisl pe3anus. [Ipu V = 30 m/mun  cuna pezaHusi, COOTBETCTBEHHO, Ooublie, 4eM npu V = 50 m/mumn,
CJIeIOBAaTEbHO, KOA(PHUIMUEHT TPEHUS YBEIHMYMBAETCH, W OOpa3ylOTCS PACTATHBAIOIINE OCTATOYHBIE
HanpsDKEHUs!, KOTOpble HeXKeJIaTeIbHbI 110 Py IPUUMH.

Takum oOpa3oM, nenecooOpasHee npu 00paboTKe cruiaBa “Al-Zn” WCMONB30BaTh CKOPOCTH
pezanust V>50 m/mun. Tlpm oOpabotke ¢ momauamu S<0,17 mm/06 00pa3yrTCs pacTITUBAIOLIME
OCTaTOYHBbIC HampshkeHus, a npu S>0,17 mm/06 - ocTaTOYHBIC HANPSDKCHHS MEPEXOIST B HANPSIKECHUS
cxarus. Clie/oBareNbHo, 1ienecoodbpasHee Bectu 00padotky ¢ nogadamu S=0,17...0,25 mm/o6. To xe
caMO€ MOXKHO OTMETHTb U OTHOCHUTENBHO IIyOuHBI pe3anus. [Ipu t<0,65 mm 00pa3yroTcs HanpsHKEHHs
pactshkeHus, a npu t>0,65 mMu — OHH TIepeXOIIT B HANPSIKCHUS CXKATHSA, KOTOPHIE C yBEIMUYCHHUEM
nIyOuHEI t yBenuuuBatoTcs. CliezioBaTeNnbHo, 1iejecoo0pasHee paboTarth co crutaBoM “Al-Zn” ¢ riyOuHoM
pesanus t=0,65...1 mm.

Taxum 00pa3oM, MOXKHO caeNnaTh CIEAYIOIINE BHIBOBL:

1. Tlpu oOpaborke cmmaBa “Al-Zn” 1enecooOpazHee TMONydaTh CHKUMAIOIIUE OCTATOYHBIC
HanpsDKEHUs, 4eM pacTsruBaroiue. C 3Toil Lenblo peKOMEHIYIOTCS CICIYIOLINE PeXKUMbI PE3aHuUs:
V =100 m/mun, S = 0,2 mm/06, t = 0,7 mm.

2. Ha moBepXHOCTHBIX CJ0sIX 00padaThiBaeMOro MaTepHajla PeKUMBI pe3aHHs BO3ACUCTBYIOT TOYTH
OJIMHAKOBO HA 00pa30BaHUE OCTATOUYHBIX HANPSIKEHUH, T.€. CHaYajla BO3ZHUKAIOT pacTATMBaloIue, a
C YBEJIMYCHUEM PEKIMOB PE3aHHS OHU MEPEXOST B CKUMAOIINE HANIPSDKSHHS.
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«Al-Zn» UUULULYUTLhS L3Nkah
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hunwplynid F«AEZny  hundwhuyjwdphg yniph dowlul dudwinal jupdwlh gqupubabph dhagnpdul
Ypw dlugnppuyghl jupnidbbph wqnkgnipiniip: Pnpdwpupulwl wpynibphkpp gniyg ki wifk;, np «ALZny-p
YEpudpwlpdwl dudwiwl wikih hywnwiubupdup b anwbey skpddal dbagnppughl jupnudikp, pul dgng
Jupnilblp: Ulugnppuyhl jupnidbph wnwowgdwl Jpw dowlyng yniph skpunkph dwlbplnyphbphl unpdwi
pEdhltbnl wgnnul Ei gpkpl Gnyh diny:

Unwugpuypti pwnbp. Jhwgnppuyhl jupnidalp, jupdwh nkdhdblp, «AFZny hudwuhuyjudp:

A.L Sahradyan, H.B. Baghdasaryan, M.N. Koloyan

DETERMINATION OF RESIDUAL STRESSES AT PROCESSING THE ALLOY
FROM THE MATERIAL “AL-ZN”

The impact of the cutting conditions on the formation of residual technological stresses in the processed
material from the alloy “Al-Zn” is considered. The experimental results have shown that at processing the alloy
“Al-Zn " it is more expedient to obtain compressing residual stresses than the stretching ones. On the surface layers
of the processed material, the cutting modes affect the formation of residual stresses almost similarly.

Keywords: residual stresses, cutting modes, alloy “Al-Zn”.
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UCCJEJIOBAHUE U UCIIBITAHUE METAJUIOKEPAMHUYECKOM 30HbI
IMAUKHA B CBEPXBBICOKOBAKYYMHBIX YCJOBUSX

Haemca onucanue paspabomannozo u u320moeneHHo20 6 Hucmumyme CUHXPOMPOHHBIX UCCAEO08AHULL
“CENDLE” cmenoa 014 C8epx6biCOKOBAKYYMHbBIX UCHLIMAHULL Y3108 Yyckopumens. Ilpusedenvt ocHogHbie
mpedoBanuUst K MepMUudeckoMy UCHbIMAKUI0 MAMEPUanos, COeOUHEHHbIX PA3HbIMU Memooamu. Pacuemuvim nymem
onpeodeier ONMUMANbHBIN  YPOBEHb MEMNEPamypsbl 0e2asayuu  MemaiioKepamMudyeckux 6aKyyMHO-NI0MHbIX
coeduneHull. DKcnepumMeHmaibHblM nymem ocyujecmeieno coeounenue xepamuxu (22XC) ¢ memaniom (xosap
29HK u neporcaserowan cmane 12X18HI10T) na ocnose memooa memannuzayuu Mo-Mn + Ni. Ilpusedena memai-
noezpauyeckas cmpykmypa 30Hul coedunenus. Ocywecmenena 0e2as3ayusi NOJNYYEHHbIX MeNANI0KePaAMUYECKUX
coedunenutl Ha eakyymHom cmende npu eaxyyme 7-10"° mopp u memnepamype 130 °C.

Kniouesvle cnosa: mepmuyeckue ucnblmanus, c6epxeblCOKOBAKYYMHbIU, KepaMUKA, NAlKA, MeManiu3ayus.

Beenenne. CBoiicTBa METAJUIOKEPAMHUYECKMX COEAMHEHMH HMEIOT Ba)KHOE 3HAu€HHE IpU
UCIIOJIb30BAHUN B CBEPXBBICOKOBAKYYMHBIX YCTaHOBKAX YCKOPUTEIbHOH TeXHHKH. Kpome mpouHOCTH
COEAMHEHUH, BAKHEHIIINM IIapaMeTPOM SIBJISIETCS] UX TEPMETUYHOCTh B YCJIOBUSX IKCILIyaTallly.

dakTopamu, BIHSIONIMMYI Ha KAYECTBO COSTMHEHUH, MOTYT OBITh!

- HaJM4Yde MHKpPONOp Ha CTHIKE METANIOKePAMUYECKUX COEIMHEHUH, OO0YCIIOBIEHHBIX
TEXHOJIOTMYECKHMH PEKUMaMH U HEMPAaBUIIBHO BEIOPaHHBIM COCTAaBOM METaNTU3AINH, HHKEIHPOBAHHUEM,
a TaKXKe YCJIOBUSAMM Ipolecca Nanku;

- MHUKPOTpEIIMHBI Ha KepaMUKe, BOZHHUKAIOIINE MPU Pa3HBIX TeMIepaTypHbIX KodddunuenTax
muneiiHoro pacummpenus: (TKJIP), a Takxke npu HaHECEHWM CIMIIKOM TOHKOTO CJIOs HUKels. ToimuHy
HUKENI peKoMeHayercst BeIOMpars B mpepenax 10...15 mxm [1], 9TO MO3BOMSET HCKIIOUUTH ITOJTHOE
pacTBOpeHHe HUKENS B MEAHOM MPUIIOE U, TAKUM 00pa3oM, IOBBICUTH TEPMOCTONKOCTh METaJUTU3ALIUHY;

- HEONITUMAJIbHO BbIOpaHHAasi CKOPOCTh HAarpeBa U OXJIXKICHUS.

TepMoBaKkyyMHBIE WCIBITaHUS BBINOJHSIOTCS IyTEM HArpeBa W3JIENUH 1O ONpeAeiIeHHON
TEMIIEPAaTyphl U OXJIAXKIEHHs 10 KOMHAaTHOM TeMIlepaTyphl, a HHOIZA - KPMOT€HHOM Temneparypsl [2].
3TO CBSI3aHO C IKCIUIYaTAIMOHHBIMA yCIOBHSIMHA JAHHOTO M3/IEIIHS.

CoBpemennbie yckoputenu, kak, Hanpumep, AREAL (Advanced Research Electron Accelerator
Laboratory) [3], npenbpsiBISIOT BBICOKHE TpeOOBaHMS K BaKyyMHBIM CHCTeMaM, oOecreunBas
CBEPXBBICOKUH BaKkyyM U Majible raGapuTbl. CBEpXBBICOKUN BaKyyM MOJIy4aeTcs C IIOMOIIBIO HOHHOTO
Hacoca, KOTOPBIA aJIcOpOUpPYeT BCce OCTATOYHBIE ra3bl B 00bEME BaKyyYMHOUH CHCTEMBI, T.€. IIPOUCXOIUT
npouecc aerasauuu. Jlns yMeHbIIEHHMA Ipolecca JAera3alud, KOTOPbIA MHOTZAa MOXET JIUThCS
HECKOJIBKO CYTOK, IIPH pa3pabOTKE CBEPXBBHICOKOBAKYYMHBIX U3JIEIHA HEOOXOANMO COOIIONaTh
clieyIomye TpeOoBaHus:

1. Caapky c IUIaBJI€HHEM BECTU C TOH CTOPOHBI, KOTOpas B IPOLIECCE 3KCIIyaTallud HaXOJUTCS B
BakyyMe. OTO IO3BOJISIET YMEHBIINTh KOJWYECTBO BO3MOJXKHBIX IeNed W HepoBHOcTeH. 3iech
HEOOXOIUMO YUUTHIBATh METAILTYPTUIECKHE IIPOIECCHI [4].

2. Ilpm cBapke naBieHHEM C HarpeBoM wiH 0e3 Hero yuuThiBaTh TKJIP coennHsieMbIX MaTepHaioB U
CIUIABOB, a TAKXK€ UX PACTBOPUMOCTh IPYT B IpyTe.

3. Ilpm maiike oOpaTWTh BHHMaHHE Ha OOpa30BaHHE MEHHCKA C KpaeBbIM YyIJIIOM CMavHdBaHUS
MaTepHajoB, KOTOPBII He Bcerza IMOJydyaeTcss NpH Maiikax KepaMHKH C METaJUIOM, C Y4eTOM
pI/ICKOBaHHBIX yC]IOBI/Iﬁ HPI/I HarpeBe 1 OXJIAXKOEeHUAX.
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ITocranoBka 3agaum M MeTOABI HcciaenoBaHus. llenpio paGoTel sBIseTCS pa3zpaboTka |
H3TOTOBJICHUE CTEHAA JUI CBEPXBBICOKOBAKYYMHOI'O HCIBITAHUS PA3IUUHBIX Y3JIOB YCKOPUTENS, a TAKXKe
MIPOBEACHIE TEPMUUCCKHUX UCIIBITAHUH METAIUIOKEPAMUUECKHUX COSTUHEHHH.

[ ycnemrHoro 3aBepiueHus nepBoro 3tana juHeiiHoro yckoputenss AREAL meo6xozumo 65110
CO3[aTh CTEH], CBEPXBBICOKOBAKYYMHOI'O MCIIBITAHUS OT/€/IbHBIX Y3JI0B YCKOPUTEIIS.

Ha puc.l mnpencraBieH oOumid BHI CBEPXBBICOKOBAKYYMHOTO CT€HAA [UIl TEPMHYECKUX
UCTIBITAaHUH, pa3pabOTaHHOTO W W3TOTOBJICHHOTO B VHCTHTYTE CHHXPOTPOHHBIX HCCIEIOBaHUM
“CENDLE”.

5
4

1
3 6

2

Puc. 1. Obwuii 610 c6epx8biCOKOBAKYYMHO20 CMEHOa OJid MEePMULECKO20 UCHLIMAHUS V37108 YCKOPUMEIA:
1 - memannoxepamuueckue (nepacaseiixa 12XI18HI0T - 22XC) coedunenus, 2 -mypOOMONEKYIAPHbI 8AKYYMHBIU
Hacoc, 3 - UOHHBIL HACOC,4 — 8aKYYMHbIL MPYOONPo8oa, 5 - 6aKyymmempul, 6 - Hazpesamens

Crenn cocTouT W3 TypOoMonekynsipHoro Hacoca TV301 (250 .z/c), monHoro Hacoca 75s —
Gamma Vacuum, cBepXBbICOKOBakyyMHOro Bakyymmerpa IMG100 — Inverted Magnetron Gauge u
COeTMHNTENbHON apMarypbl. Hamm BHenpeHa TexHoiorusi OpOHTaNBHON CBapKd 3aKpHITOrO THIIA,
KOTOpasi MCKIIoYaeT JAeEKT MpHU CBapKe JIEMEHTOB CTEH/Ia C 00eUX CTOPOH U 00ecreurBacT OOPATHBIM
BanuK mBa. Ha puc.2a mokasaH pa3pe3 00CHX CTOPOH TPyOUaTHIX COCTUHEHHH TPYO M CTPYKTYPHI 30HEI
coenuHenui (puc.2 0). [Ipu 5TOM B CBapHOM IIBE OTCYTCTBYIOT Takue Ae(EKThl, KaK TPELIMHBI H HOPHIL.
Ha sToM cTeHe MakCHMaNbHBINA BaKyyM IOIYyYaeTCs 38 OJMH pabodeil 1eHb.

a) 6)

Puc. 2. a- 6ud noIHOCMbIO PACNIAGIEHHBIX UWB06 C GHYMPEHHEN U 6HeWHell CHIOPOH;

6 - Mukpocmpyxkmypa nepoicageroweil cmanu 316, epinoanenHot opoumanvhot ceaproi x 200
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Yrto kacaeTcs IalKua METAIIIOKEPAMUYCCKUX I/I3I[6J'II/If/'I, TO B 3aBUCHUMOCTHU OT KOHCTPYKIUU HE
BCerga IOJMy4yaeTcsi MEHUCK BHYTPEHHEro oObeMa COCAMHEHHA, HEOOXOAMMBIA AN YMEHbLICHUS
BpPEMEHH I10JIyYEHUSI MAKCHMAJIbHOTO BaKyyMa.

Ha punc.3a mokazaHa MUHKpOCTpyKTypa coeauHeHusi kepamuku 22XC co cramsio 316.
[IpenBaputensHO Ha KepaMHKe cenaHo HokpbiTie Mn-Mo+Ni. 3 pucyHka BUAHO, YTO U3TOTOBJICHHBII
Ui, BBIPE3aHHBIA M3 CPEAMHHON 4YacTH COEIUHEHUS, MONYy4WIcsd HAeaJbHO, a Ha puc. 30 moKa3aHa
KOHEYHas 4acThb COEAMHEHHA. 37ech BUAHO OTCYTCTBHE MEHHMCKa, KOTOPOE CBA3aHO C OTCYTCTBHEM B
Kpasax METAJUIM3alur; B OTOM CJIy4da€ JIsd MMOJTYYEHUSA CBEPXBBICOKOI'O BaKyyMa HGO6XOI[I/IMa JUIMTCIIbHAA
OTKayKa.

6)
Puc. 3: a - muxpocmpyxmypa coeounenus kepamuxu 22XC co cmanvio 316, 6 - 6uod coedunenus kepamuxu 22XC
co cmanvro 316 (omcymemeue MeHUCKa)

Jns yckopeHHs [erasalid CHUCTEMbl M BO3MOXKHOCTH IIOJYYEHHS CBEPXBBICOKOI'O BaKyyMma
npuMeHsoT mponecc Bake-out [4]. CyTp 3Toro mpomecca 3aKiIo4aeTcsi B JIOKATBHOM HIIHM ITOJTHOM
HarpeBe BaKyyMHOTO TpakTa 10 TemmepaTypsl B mpegenax 100...250 °C. Cnoxwsble KOMIOHEHTHI
CHCTEMBI, TaKHe KaK METaNIOKEPaMUIECKIE COEANHEHNS, UCTIBITHIBAIOT 3HAUNTEIIbHBIE HATPY3KH 32 CUET
pasHocTH KO3 (HUIMEHTOB TEPMHUYECKOro pacumpeHus. llodToMy akTyaJbHBIM SBISETCS BOMPOC
ompesieNicHHs] TakoW ONTHMAIbHOW TeMmIepaTypsl mpoiecca Bake-out st MeTauioKepaMHUYECKUX
COeAMHEHUH, KOTOpas Obl He IPUBOAMIIA K MOBPEKACHUIO MIIH JaXKe pa3pyLeHUIO COeANHEHHUS.

Jnis aHanu3a JaHHOW 3ajadél OBLJIO MPOBEJCHO MOICIHPOBaHHE IpoIlecca C HUCIOIb30BaHHEM
MeTOZa KOHEUHBIX 3J1eMeHTOB [5]. B kadecTBe TUIOBOW AeTanu OBUIO MPHHATO TPEXKOMIIOHEHTHOE
COeMHEHHE — KepaMHUKa-KoBap-HeprkaBeromas cranb. OOmuil BUJ MOJIeNHy IpeACTaBiIeH Ha puc.4.

Puc. 4. Obwuii 6ud modenu memaniokepamuieckozo coeounenus: 1 — kepamuxa 22XC, 2 — kosap,
3 — neparcaserowas cmane

MO,Z[CJ'II/IpOBaHI/IC OpOBOAMIJIOCH C IUIaBHBIM HAarp€BoM B TCYCHUEC 600 ¢ Ha BUIUMBIX
TIOBEPXHOCTAX COCIUHCHU .
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°’Cc
224.5
220
215
210
205
200

194

Puc. 5. Temnepamyproe noie ¢ coedunenuu nocie npoooaicumenvHozo Hazpesa 120 ¢

TemmnepaTypHoe IOJIe COEQUHEHHs MpPeINCTaBIeHO Ha puc. 5. [lnd HarasiHOCTH OAHAa U3
HepkaBerommx TpyO Obima ckpbiTa. Kak BuHAHO W3 pHCYHKA, OCHOBHOH pa3orpeB »IEMEHTOB
OCYLIECTBISIETCS IO BHIMMBIM 4YacTsM, a Ilepefada TeIla HAa HEBUJIUMBIE YacTH - 3a CYeT
TETIONPOBOHOCTH. 32 CUET Pa3HOCTH TEMIEPATYPHBIX XapaKTEPUCTHK MAaTEPHAIOB BEIMYNHA KOHCUHOH
TeMIepaTypsl pa3IuuHas.

Ha puc. 6 npeacraBiieHo pacnpeieieHe HHTEHCUBHOCTH HAIIPSKEHUH B 2JIEMEHTaX.

MMNa
650

400

300
200

a) 6)
Puc.6. Pacnpedenenue unmeHcugHOCmMU HANPAANCEHULl 8 COeOUHEeHUU: a — 00Ul U0, O — Ha NOBEPXHOCTU
Kepamuxu

Kak BHOHO M3 pHCyHKa, Ha IIOBEPXHOCTH KEPaMHUKH 3a CYET HHTEHCHBHOIO pPaCLIMPEHUS
HeprKaBeromel TpyObl BO3HHMKAIOT 3HAUMTENbHBIE HANPSDKEHHS, YTO SIBIAETCS CJICICTBHEM Pa3HOCTH
K03()(PHLIUEHTOB TEPMUUECKOTO PACHIMPEHHs KepaMHUKH Hepkaseromiel cramu. CiexyeT OTMETUTbh, 4TO
Ha KOHTaKTe KepaMHUKH C KOBapOM 3HAYMUTENBHBIX HANpPsHKCHUH He HaOII0maeTCst BCIEICTBHE OJIM30CTH
3HaUCHHH KO3(HUIINCHTOB TEPMUIECKOT0 pacimupernus. OO MeXaHu3M BO3/ICHCTBHS HEepXKaBeIOIeH
TpyOBl Ha KEpaMUKY IPEICTaBIIEH Ha puc.7.

MnNa

Puc.7. Bekmopul nunetinblx nepemeujenutl 8 coeOuHeHuu

257



Pe3ynmbpTaTel pacueToB 3a BeCh IMEPUOJ] HATPEBA COCTUHEHUS B KPUTHUYECKHX TOYKaX (TOYKAX
MaKCHMaJbHOW MHTEHCHUBHOCTH HAaNPsKEHUI) Ha KepaMUKe IPEICTaBIeHbI Ha puC. 8.
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Puc. 8. Cpednee UusMeHernue Hanpﬂofceﬂud u memnepamypbl 6 KpumuiecKkux movkax Kepamuku 6 3asucumocmu om
pacuemnoco epemeru Haepeesa

Kak BMIHO M3 pUCYHKa, C POCTOM TeMIepaTypbl BeJIMYMHA WHTEHCUBHOCTH HAaNpsDKEHUH B
KPUTHYECKHX TOYKaxX Ha TOBEPXHOCTH KEPaMHKH TMOBBImAeTcs. [Ipm 3TOM OHa JOCTHUTAeT CBOETO
MakcuMyMma Tpu Temmepatype 232 °C, mocie uero HauMHAeT CHIDKATBCA. JTO MOKHO OOBACHHTEH
CHIDKEHHEM TIpeZieNia TeKyUeCTH HEeP)KaBeIOIIeH CTalli C TIOBBIIIEHUEM TeMIieparypbl. Mlcxoas u3 qaHHbIX
0 Tpefene MpoYyHOCTH KepaMuku B 650 Mlla, MOXHO clienatb BBIBOA O MaKCHUMAaJbHO JOITYyCTUMOU
TemIleparype mporecca Bake-out i JaHHOTO THIa COeMHEHHs, kKoTopas coctapiser 134 °C. Tlocne
MPEBBILIEHUS JAaHHOTO [Opora TEMIepaTyphl IOSABIAETCS BBICOKAs BEPOATHOCTh MOBPEKACHUS
COCJIMHEHHS WM €T0 Pa3pylICHHUS 3a CYeT 00pa30BaHUs TPEUIMH Ha TOBEPXHOCTH KEPAMUKH.

OgauM W3 HampaBJIEHHWH  TNPEeNOTBpALICHUS  pa3pylIeHUs  METaJIOKEpaMHYECKHX
BBICOKOBAaKYYMHBIX COEAMHEHMH INpH HCIIOJIb30BaHMU Iporecca Bake-out sBisercss IIaBHOCTh WM
CTYIIEHYaTOCTh ITOBBIIIEHUS TeMneparypsl. Ho nanHas 3agava TpeOyeT JOTONHUTEIbHBIX UCCIIECIOBAHHIA.

B ycnoBusx BakyyMHOH j1a00opaTopui Ha CBEPXBBICOKOBAKYYMHOM CTEHJE ObUIM IPOBEIEHBI
HCTIBITAHNS METaUIOKepaMHUUECKOTO COEeNMHEHHs. TemmepaTypa HcmbITanus cocTapmsia 130 °C,
JUTUTENLHOCTh OTKAuKHM - 46 yacoB. B pesynbrate 6511 onyuen Bakyym 7-10° mopp.

Brrsozsr

1. PazpaboTtaH cTeHJ s CBEPXBHICOKOBAKYYMHOTO WCIIBITAHUS Y3JIOB YCKOPHTEINs, KOTOPBIN
TI03BOJISIET TIOJYYUTh MaKCUMANbHBIHA BakyyM 7-10° mopp.

2. PacueTHBIM ITyTeM OIpejielieHa MaKCUMAJIBHO JIOIMycTUMas TeMneparypa Bake-out mponiecca st
MeTaJJIOKEpaMUYECKHUX COeIMHEHNH, KoTopas cocTasiser 134 oC.
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UtSu1-ucruuhuu 2NV UL 4Urh <6SURNSNRUL B4 enNraurunkue asreurar
JuunhrnhrUuuw3ntL MU3UULLEMNRY

Ukpluqugyws F wpuqugnighshbph wnupplp hwignyghbph qlppupdp Julninidughll hnpdwpynidialph
hundup  hwhpnugdyws o wwunpwunyws unkin: Spywd kb nupplp Jkpnpibpny dhugjuws yniplph obpdughi
hnpdwpynudialph  hudwp  hwpnunbugws  bpdiwuwl  wuhwhobbpp: Zwoywpluyhll Enwiwing npnoykp E
ywlimnidwhbpdbnply  dEnug-fEpudhlu dhwgnyeniabbph  ququbbknugdwl - gkplwumpdwiah  owupluy
dwmjuppulp: @opdiwlul Enwinulnyg ppufwinugky F Epudhiuygh (22XC) b dknunbbph (Inguwphp b sdubignun/ng
wnnuunn 12X18H10T) dpwgnidp ' Mo-Mn + Ni dknmpuyunndwl knmbulp hpdwlh Jpw, b dbnugughmuluh
hEvnwgnunipjunlp munidmupply Fodpugdwi wmppnypp: @opdiwlul Epwiwlng ppulwinugfl; Fowb
wnugyué  dknmy-Gkpunhlin  dpmgnipinibblph  ququbknugnidp  Jwhninidughl winkipnol 7410 < wnpp
YJulninwdh I 130 °C pkplwumnpdwmbh wuydwbbbpnud:

Unwugpuypti  punbp. obplughli  hnpdwplnidalp,  qkppupdp  Ywilimnud, GEpunfhlu,  gnpnrd
UEnunuuyunnnul;

V.V. Vardanyan, V. S. Dekhtyarov, V.A. Danielyan, V.Sh. Avagyan,
A.A. Gevorgyan, T.H. Mkrtchyan

INVESTIGATION AND TESTING OF BRAZED METAL-CERAMIC ZONES IN ULTRA HIGH
VACUUM CONDITIONS

A test stand that was designed and fabricated for Ultra High Vacuum (UHV) experiments of accelerator
various joints is presented. The main requirements for a thermal testing of materials, connected by different
methods, are given. The optimal temperature level for vacuum tight metal-ceramic joints’ outgassing was
determined by calculations. Ceramics (22XC) with metals (kovar and stainless steel 12XI8HI0T) were
experimentally joined based on the metallization method. At the same time the outgassing of the obtained metal-
ceramic joints in the vacuum test stand at 710 Torr vacuum and 130 °C temperature was accomplished.

Keywords: thermal testings, Ultra High Vacuum (UHV), ceramics, brazing, metallization.

Bapnansin Baarn BannkoBuy — acriupanr, ®ong “KEH/JI”, THCTUTYT CHHXPOTPOHHBIX UCCIIEIOBAaHHH
Hextsapes Baagumup CepreeBuu — k.1.H., Qong “KEHJI”, UHCTHTYT CHHXPOTPOHHBIX UCCIIEIOBAHUI
Jannessin Bare Anexcanaposuy — acriupant, @ong “KEH/IJI”, MTHCTUTYT CHHXPOTPOHHBIX UCCIIEIOBAHHH
ABarsin Bapaan IlaBapmoBuy — 1.1.H., @ong “KEHJI”, UHCTHTYT CHHXpOTPOHHBIX NCCIIEIOBAHUI
I'eBoprsin Aptyp AmoroBud — c.H.c., @ong “KEHJI”, MUHCTUTYT CHHXpOTPOHHBIX MCCIIEOBaHUN
Mxkptusin Turpan IaiikoBu4u — M. H. c., @org “KEH/IJI”, UHCTUTYT CHHXpOTPOHHBIX HCCIIEIOBAaHUN
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BJIMSAHUE CABUTA ®A3bI UMITYJIbCA HA ®YHKIUIO BUTHEPA JIJISA
OIITUYECKOI'O PEBOHATOPA KEPPA

Boviuucnena u uccnedosana gynxyus Buenepa 0ns Henunelino2o ouccunamuenozo pezonamopa Keppa noo
8030eticmauem GHewHe20 Nos, K020a nojie HAKAYKU SIGIAEmCs NOCAE008aMeIbHOCIbIO UMNYIbCO8 NPU NOCHOSHHOM
cosuze paz omnocumenvro opye opyea. Paccuumanvr gynxyuu Buznepa npu snavenusx coeuza ¢paz /2, w/4, /8.
Yemanoeneno, umo cosucom @az mooicno “‘exmouamv-guikniovams”’ Koppenayulo 08yx ocyunismopos Keppa.

Knruesvie cnosa: ¢ynxyus Buenepa, pesomamop Keppa, memoo ouggysuu rxeanmogozo cocmosiHus,
cocmosnue Doxa, s¢hpexm Keppa.

BBeaenue. BypHoe pazBuTre 00pabOTKM KBAHTOBOI MH(pOPMALNK, KBAHTOBBIX KOMIIBIOTEPOB U
KBAaHTOBBIX PACUYCTOB BBHIJBHTACT BCE HOBBIC 337a4M C TOUKH 3PEHUS KaK (U3MUECKOTO OCYIIECTBICHHS,
TaK ¥ CO3JaHUs alrOpUTMOB. B cBsI3M ¢ 3TUM pacTeT “nepeBo uccnenoanuii”. OnHa BETBb 3TOTO JepeBa
CBsi3aHa C MCIOJb30BaHHEM cUcTeM KyOuTtoB Keppa B HenmHeiiHOM pe3zoHaTope. MeToabl KBaHTOBOM
TOMOTPa(UH COCTOSIHUS CTAHOBIIINCH 3P (HEKTHBHBIM HHCTPYMEHTOM SKCIIEPUMEHTATOPOB U TEOPETHKOB.
OnauM U3 Hambolee MOJNE3HBIX MPUMEPOB TAaKOrO0 TOMOTPAaGHUUIECKOr0 METOA SIBISETCS pacIipe/iesieHue
(azoBoro mpoctpancTBa pynkunu Burnepa [1,2].

Kak uzBectno, meron auddysun kBantoBoro coctostaus (JAKC) [3—7] sBnsercs ¢ dekTuBHBIM
JUI1 BBIYMCJICHUS HE TOJIBKO YCPEAHEHHBIX IO aHCAMONIO Pa3IUuHBIX (U3UUECKUX BEJIWYMH, HO U
KBAaHTOBBIX pacnpeneneHuil. K HUM oOTHOcATcA, B NEpBYIO O4YEpeEnb, paclpelielieHue BepOSTHOCTH
KonudyecTBa (OTOHOB (WM paclpeliefieHHe YHCeNl OCIWUIATOpoB) P(n), a Takke COBMECTHOE
pacipezieieHde 110 KOOpAMHATaM M HUMIIyJIbcaM CHCTeMbl, T.e. (yHkuus Burnepa W(x,p). bynyuu
KBaHTOBBIM pacIipesielieHHeM B (ha30BOM IPOCTPAHCTBE, a CJIEIOBATEIbHO, HOCHTENIEM HH(OpMaIym
OHOBPEMEHHO O KOOpAMHATE W HUMIIYJbCce CUCTEeMBI, (QyHKIHsS BurHepa sBnsercs Hamboiee 4acTo
HCITOJIB3YEMOH XapaKTEPUCTHKON CXKATOTO COCTOSHHUS CBeTa. B CBsI3W ¢ 3TUM B HacTosmeil pabdote
IIOCTaBJICHA 1I€JIb PACCMOTPETh BINSHUE OTHOCUTEIBHOIO cABUra (a3 B IOCIEA0BATEIbHOCTH UMITY/IbCOB
BHEIIIHETO Mo Ha GyHKuMIo Burnepa onHo-, AByX- U TPpeX(OTOHHOTO cocTossHUI DoKa AJ1si KeppOBCKOTO
HEeNMHEWHOTo pe3oHaropa. JTa 3ajada Oe3 yuéra casura a3 paccmorpena I.}O. KprokusHom u ero
rpymmoi [8]. [TocTapnenHas 37ech 3a/1a4a SBISICTCS MPOIOIHKEHIEM paboTHI [§].

Teopus. PaccmoTpuM HenmHelHBIH ocummisaTop Keppa B HenmuelHoM pe3oHarope. Kak u B
pabote [8], raMUIBTOHHAH TAKUX CUCTEM 33/1a€M COOTHOILICHHEM

H=Aa"a+y(a" ) o’ +hfp(Qa* +Q a), (D)

HO, B OTJIYKE OT [8], B BRIp@KCHHE IOCIIECIOBATEILHOCTH MMITYJIbCOB BHEITHETO MO f(f) yUnThIBaeM
TaKke caBur hasel e'?, To ecth

f(t) = ye~EtommD*/T%lp, )

B (1) at na - omeparopsl poKIeHHS ¥ YHHYTOKEHHS; A = Wy — @ - pacCTpPOiKa Pe30HaHca OT

COOCTBEHHOW YacCTOTHI OCIMILIATOPA; {1 - KOHCTaHTa CBSI3U IMPOIOPIIMOHATHLHO AMILUIUTYAC BHEIIHETO

noyst; Y - KO3(QQUIMEHT HENMMHEHHOCTH; T - PAcCTOSHUE MEXIy JBYyMs IIOCIIEA0BATEIILHBIMU

UMITYJIbCAMU; (0 - CABUT (Da3bl MEXTy HUMHU.

B nanHOM cTaThe HOpMEpPYeM QYHKIMIO BUrHEpa creayrommm oopasoMm:
o d’a
oo W@ =1, 3)
rae x = Rea, y = Imo. - 6e3pa3MepHbIe IEpEMEHHBIE KOOPAUHATBI MMITYJILCA.
®dyukius Burbepa 3a1aeTcs ¢ OMOIIBIO MaTPHIIBI IVIOTHOCTH

w(r,0) = z nm Pnm (OWnn(r, 0). “4)
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Bripaxenue (4) mis pyHKuun BurHepa umeeT ynpoIeHHBIH BUI U, KaK ITOKa3bIBAlOT YHCICHHBIC
pacdeTsl, INPUBOAMT K TOYHBIM pe3yabTaraM, T.€. TNPHOIIKEHHO COOTBETCTBYET OOIIEH3BECTHBIM
BBIp@KCHUSIM 11 QyHKIMH BUrHEpa, KOTOpble MOTYT OBITH BBIYMCIICHBI TaKoKe IpyruMu metomamu. C
JPYroil CTOPOHBI, C IMOMOIIBI0 TAaKOTO METOJAa MOXKHO CPAaBHUTEIBHO IOIYYUTh NPHOIH3UTEIBHBIN
pe3ylnbTaT Ui KBAaHTOBBIX CHCTEM, AaHAJIN3 KOTOPBIX OYEHb 3aTPYAHUTEICH [aKe HW3BECTHBIMU
YHUCJIEHHBIMH METOJlaMH, BKJIouast craHgapTHeiii meron JKC. DHepreTmueckne ypoBHHM OCHMILIATOpPA
3aal0TCS CICTYIOMIUM COOTHOILICHUEM:

E, = Ey + hwgn + yn(n — 1), (5)
rnen = 0,1,2,3 ... Ins Toro 4yToObl MOMYYUTH OAHOPOTOHHYIO OJ0Kaay, HEOOXOOUMO OCYIIECTBUTh IIe-
pexon |0) = |1), T.e. BBIOpaTh COOTBETCTBYIOLIYIO PE30HAHCHYIO YaCTOTY BHEIIHEro MOJIS ISl ATOTO Iie-
pexona. [lyis aToro BeiOMpaeM cienyroniue napamerpsl mons: Ty = 0.4,ty = 5.5,Qy = 6,y = 15. Vun-
ThiBast hopmyity (5), MOXKEM CKa3aTh, 4TO pa3HMIA dHepreTudeckux yposueit |0) — |k) 3amaercs dopmy-
noii kKhwy = Eyg, 1 eciu paccmoTtpuM citydaii k = 1, o momyuum E;y = Awg, clieqoBaTeNbHo, Wy = Wg.

Ha puc 1-9 B rpadmueckoM BuIe MPUBEICHBI PE3yNIbTaThl pacueToB GyHKIMKM BurHepa s pa3sHbix
ciydaeB cocrosiHus Doka.




Puc. 1. Bpemenuaa 3eontoyus
6- @ =m/4 2 ¢ =1/8

]

]
w8 . 8% %8 88

®=0 p="/ o ="/4 ¢="/g

Puc. 2. Brusnue gpazvl umnynvca Ha 00HOGomoHHYI0 QyHKkyuto Buenepa ¢ 00Ho u mo dice 8pemsi, HO O/l pA3HBIX
Qaz
612.0
5350 572.0
490.0
458.0 4878
381.0 038 3985
358.0 2040 3194 309.0
2185
2696 — 2352
181.2 151.0
150.0 556
9280
-73.00 66.80 3750
4.400 400 17 40 56
-81.0
*Ba00 -101.6 1435
1724 =159
-1858 7
-2608 ¢ = ﬁ/z =40
-2700
-348.2 -3245
o | X
4376 ="l -415.0
-526.0 =T
?="/s
=0

Puc. 3. Hzmenenue wixanl, onuceisaioujeii 00Hogomonnyio gynxyuio Buenepa npu cosuee ¢pas 0, n/2, n/4, w/8

Paccmotpum BpemeHHYI0 sBOJIONMI0 QyHKIMU Burnepa mns aByxdotonHoro cocrosHust Doka.
Jls1st TOro 4To0bI MOMYYHTh ABYX(POTOHHYIO OJI0KaIy, HEOOXOAMMO OCYIIECTBUTh mepexon [0) — |2), T.e.
BBIOpATh COOTBETCTBYIOIIYIO PE30HAHCHYIO YacTOTYy BHEIIHEro IMOJS IS 3TOro nepexona. Jlyis Broporo
cocrosinust ®oka mapamerpsl nonst pasusl Ty = 0,4, ty = 5,5, Qy = 12, x = 30. YuursBas dopmyiry
(5), paccmarpuBas cinyvaii k = 2, momyuuM E,y = 2hw, + 2y, cIenoBaTeNnbHo, Wy = Wg + 7 .
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Puc. 4. Bpemennas s6omioyus 08yxgpomonnoil gynxyuu Buenepa npu cosuee: a- ¢ =0, 6- ¢ = n/2, 6-p =1/4,
- ¢ =m/8
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=0

p="/

Puc. 5. Bausnue gpazol umnynvca Ha 08yxgpomonnyro ynkyuro BueHepa ¢ 00HO 1 mo dice 8pemsi, HO OJist pa3HbIX (a3

552.0

540.0
456.0 4626 454.0
3808 4140 -373.2 - 368.0
3056 Sea4 2838 2820

236.8
2304 1944 196.0
1482
s 105.0 1100
- 59.80
1560 24.00
4800 =23.00 -62.00
-70.40 --117.6 - -73.80 -148.0
-208.2
1458 526 2340
2208 2348 -3200
: 3420 _
296.0 2834 - e="/g
=0 ¢="/4
-472.0
T
¢ ="/

Puc. 6. Hzmenenue wikanol, OnUCbIBAIOUeU O6YXPOMORHYIO QyHKYWo puchepa npu cosuze ¢as 0, /2, /4, /8

Paccmorpum  ¢yHkumm Burnepa s tpexdortonHoro coctosHuss ®oka. s TOro 4roObI
MOJYy4UTh TPeX(POTOHHYIO OJIOKaTy, HEOOXOAMMO OcCyiiecTBuTh mepexon |0) — |3), T.e. BwIOparh
COOTBETCTBYIONLIYIO PE30HAHCHYIO YaCTOTY BHELIHETO MOJIS ISt 3TOTO mepexona. J{is BToporo cocTostHus
®oka mnapamerpbl mons paBHel Ty = 0,4, Tty =155, Qy=12, y=11. VYuwureBas d¢opmyny (5) u
paccmarpuBas cnydait k = 3, monyuum Ezy = 3hw + 6) U, CIIeOBaTeNbHO, Wy, = Wq + 2 .
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Puc. 7. Bpemennas >6omoyus mpexgpomonnoi Qynxyuu Buenepa npu cosuze: a- ¢ =0, 6- ¢ = w/2,
6- @ =1/4, - ¢ = /8

il ; T
¢ ="/4 ¢="/g
Puc. 8. Bausinue ¢asel umnynvca na mpexgpomonnyio ynuxyuio Buenepa 6 00mo u mo sice epems, Ho 015 pa3HbIX

pas

9=0

265



2180

Ea 1910 18.30
17.30 1 15.02
14.04

1367 1174 1174

B.460
1004 10.18 o0

8.410 6.280 5.180
4,380

— 2.780 2.400 1.800

08500 a0 0.7000 1380
-2,980

4,480 -5.360 -4.660
-6.860

-8.110 -9.240 -7.940
-10.34

1,74 1312 122

-14.02 -14.50

--15.37 -17.00 0=
9=/, 770 8
-19.00 ="/

=0
Puc. 9. Hzmenenue wkanvt, onucwisaioweil mpexgomonnyio yuxyuio Buenepa npu cosuze ¢pasz 0, /2, /4, /8

AHanorn4HeIM cnocoOoM uccienyercsl Takke QyHKOMs Buraepa s KOMOMHUPOBaHHOU
cucTeMbl IByX KyoutoB Keppa.

=7 =

#=7% 7%

Puc. 11. Bausnue ghazvl umnynvca 0 KOMOUHUPOBAHHOU cucmemvl hyukyuu Buenepa 6 00no u mo dice epems, HO
ons pasuvix gas

634.0
5706
507.2

Puc. 12. Uzmenenue
4438
saia WIKATIbL, ONUCHIBATOU el
a17.0 @yuryuro Buenepa ons
238 KOMOUHUPOBAHHOL
e cucmemvl 08yxX Kyoumoe
e npu cosuce ¢as 0, /2,
63.40 A / 4, / 8




U3 pe3ynbTaroB YMCIICHHBIX HCCIENOBaHUI 3Ha4YeHUs QYHKIUK BuUrHepa ciemyer, 4To BIUSHHE
capura (a3 UMIYIBCOB CYIIECTBEHHO, TaK Kak OTHOCHUTENIbHOE M3MeHeHHe coctapiseT 71; 33 u 26%
JUTsL  OMHO(OTOHHOTO, JABYX()OTOHHOTO U TPEX(POTOHHOTO HUMMYIHLCOB COOTBETCTBEHHO. UucieHHOE
uccrnenoanue GpyHKIMU Buraepa KorepeHTHO KOppeIupoOBaHHOM CHCTeMBI stueek Keppa mokassiBaet, 4to
BJIVSIHAE CABUTa (a3 CYIIECTBEHHO TaKXKe JIJISl YIIPABICHHSI B CUCTEME KOPPEIISIUCH.

3akaiouenne. B mocienoBaTenbHOCTH yNPaBISIOMIMX UMITYTBCOB PACCMOTPEHBI CABUTH (a3 1mo
yram w2, WA, w8 mpu TexX Ke mapameTrpax, 4To W B paborte [9], mms ciydas Oe3 ydera CIOBHUTA.
YucneHHOE pacCMOTpeHHE IIOKa3blBaecT, 4TO COBUT (a3 B MOCIEAOBATEIFHOCTH  YIPABISIOLINX
UMITYJbCOB MPUBOAMT K M3MEHEHUIO 3HauyeHus, GOpMbI, pazMepa U KoHpuUrypauuu ¢yHKuun Burnepa.
YObIBaHHE OTHOCHUTENIBHOIO H3MEHEHus (yHKUuM Burhepa ¢ pocroM 4uciaa (OTOHOB B HMITYNIbCE
00yCJIOBJICHO aHAJOIMYHBIM IIOBEIEHHEM COOTBETCTBYIOLIMX BeposiTHocTedl. Kpome Toro, tak kak
rpaduyueckoe npeacrasieHre GyHkuuyn Buraepa HanIAHO TOKA3bIBaET TOPOT MOSIBICHUSI-NCUYE3HOBEHUS
HEKJIACCUYECKOTO TIOBEJEHUS CBETa, TO IOJIYYEHHBIC 3/1€Ch PE3yJbTaThl IIO3BOJSIIOT JUIS HYXKHOIO
(oKOBCKOTO cocTossHHS KyOuToB Keppa ompenenuTb COOTBETCTBYIOIIMI caBuT (a3 HMMIyIbcoB. B
4acTHOCTH, cpaBHeHHe pHc. 11 n 10 mokaspiBaeT, 4To B KOMOWHHPOBAaHHOM cucTeMe AByX KyoutoB Keppa
“HEKJIACCHYHOCTH~ ¥ KBAHTOBAs! KOPPEJIALHMS OTHOCTBIO OTCYTCTBYIOT P cABUre (a3 Ha YIiibl w2 u w4,
a Nnpu ymie w8 - OHM MOSABIAIOTCA. OTO CBOMCTBO CBSI3HBIX HEJIMHEMHBIX OCLMUIATOPOB C Y4ETOM
JUCCUTIALIMM Ha 3epKajax pe3oHaropa SBIACTCS OYECHb IOJIE3HBIM Npu 00paboTke WHPOpPMAIHH B
KBaHTOBBIX KOMITbIOTepax. Takum oOpa3om, cABHUT (a3 B UMITYIbCaX MOKHO HCIIOJIBb30BaTh B KaueCTBE
JIONOJIHUTEJILHOTO YIPABIISAIOLIEr0 IapaMeTpa.
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<.U. Ywpwyw, U.Q. 2ppnifugut
£6nNh ONShLULUL NERALUSNCP UUUR YhGLENP DNRLUSPUSD YU
hUMNNhLUP ®NRLU3PL TEUUUL URTESNRE3NKLL

Zupuplly b hEvnwgnunlky F Jhqbbph $nialghwi LEnp ns qduypl phupyunnpy phgniunnnph hwdwp,
npp quin/nid F pdynyulbph hwenppluwinipyudp npyus wpuuphl puonh wqpkgniepul uwl, npnip dpdjubg
bjunduwndp mbklh hwuwnunnnil hnyuyghll pknnud: Zwoguplyky o dpqhlph pniblghwl w2, w4, w8 thniyjuyhl
okpnudikph phkwypnudl: Twupgyl; £ np hnyuypl phnpnodp Gqupnnp P <<dhwghlp whownky>> bphnt Rknh
oughyunnnplkph Innkjughwi

Unwugpuyhti punbp. dhqhkph $pmahghw, LEnh pkqniunnnp, pywbnughl Jhdwh phpniqghuyp dbpng
Bnlgh Jpdwl, Linp EpEfun.

H.S. Karayan, A. G. Chibukhchyan
THE IMPACT OF THE PHASE DEVIATION OF PULSES ON THE WIGNER’S FUNCTION
FOR THE KERR OPTICAL RESONATOR

The Wigner function for a Kerr nonlinear dissipative resonator is calculated and investigated under the
influence of an external field when the pump field is a sequence of pulses with a constant phase shift relative to each
other. The Wigner functions are calculated for the values of the phase shift . w/2, w/4, w/8. It is established that
the phase shift can "turn on / off” the correlation of two Kerr oscillators.

Keywords: Wigner function, Kerr resonator, quantum state diffusion method, Fock state, Kerr effect.

Kapasn l'amuter Cypenosu - wi.-kopp. HAH PA, npodeccop EI'Y
YUnoyxusin Aprym I'puroposuy — actiupant, EI'Y
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YK 621.372.061 NH®POPMATHUKA, DJIEKTPOHUKA N
HAYYHOE ITPUBOPOCTPOEHHUE

C.O. CumonsiH, A.B. MeluksiH

AJITEBPA MATPUUYHBIX BBIYUCJEHHUN B OBJIACTH
JANPD®EPEHIUAJIBHBIX ITPEOBPA3OBAHUU

Paccmompenvr ocnosubie onepayuu aneeOpvl MAmMpUYHbIX GLIYUCICHUN 6 00AACMU MAK HA3bIBACMbIX
ougheperyuanvHbix npeobpazoeanull, 8 odwem ciyude OMIULAIOWUXCS OM AHALOSUYHBIX Onepayutl aneedpol
CKANAPHBIX 8bIYUCTEHUT 8 MO dice 0bnacmu.

Knrwouesvle cnosa: umnmezpanvhvie npeodpaszosanus, ouggepenyuanvhvie npeobpasosanus, aneedpa
CKASIPHBIX BLIYUCTEHUT, aneebpa MAMPUYHBIX BLIYUCTCHUL.

BBenenme. MHOrouucieHHbIE Pa3HOBUAHOCTH WHTEIPAJBHBIX INPe0oOpa3oBaHMi, NPHUMEHSEMbIE C
LENBI0 YIPOIIEHHUS BBIYMCIUTENBHBIX HPOLEAYp IO PEIICHHI0 PA3IHUYHBIX HAay4YHO-TEXHMYECKHMX 3ajad,
JIOCTaTOYHO XOPOIIO H3BECTHHI (B 4acCTHOCTH, [1-5]). VI3BECTHBI Takke MX OINpPENEICHHbIE ITOCTOMHCTBA U
HEJIOCTAaTKH. B uncie nocneaHnx MOKHO OTMETHTH CICAYIOLIMH OCHOBHOW HEJJOCTATOK: KakK IPH IEpPexoie U3
00JIaCTH OPUTHHAIOB B 00JIaCTh M300paKEHUH, TaK U MPU OOPaTHOM IEPEeXoJie MCHONB3YIOTCS JIOCTATOYHO
TPYJOEMKHE ONepalluyl HHTETPUPOBAHMS. YTIPOIIEHHUS BBIYNCIUTENBHBIX MPOLELYP MO PEHICHHUIO 3THX 3aaad
JOCTHTAIOT TAaKXKE HCIOJB30BaHHEM MU(QepeHIUaIbHBIX Mpeodpa3oBanuii (B 9acTHOCTH, [6,7]). IIlpu sTHx
peoOpa3oBaHuUsIX MEpexo]] U3 00JaCTH OPUIMHAJIOB B 00JACTh M300pa)KEHHH OCYIIECTBISETCS Ha OCHOBE
CPaBHHUTENBHO NPOCTOH omepanuu - audepeHnupoBaHns, a OOpaTHBIM MEepexox - CyMMHpPOBaHUA. B wacT-
HoctH, TuddepennmanpHO-Teinoporckue ([T) mpeobpa3oBaHus UMEIOT BUI

Ko 4K © (t_t K
X(K) = T d;(t)h:tv_’ x(t)=§[ Hj X(K).

rae X(K) - muckper (n3o0paskeHue) opurmHana X(t) WIM HEKOTOpas 4uciioBas (QYHKIHS LEJOYHUCICHHOIO

aprymenta K = 0,00 ; H - MmaciurabHasi IOCTOAHHAS; tn - LEHTP AlIPOKCHMALINH.
Maremaruueckuii anmapart. [Ipu ckamsapHbIx opuruHanax x(t), y(t) z(t) m uzoOpaxaromux 1 -

byukmusx, T.e. muddepenipansabix n3oopaxernsx X(K), Y(K), Z(K), K =0, , ocnosusie cBoiictsa /JT-
npeoOpa3oBaHuii XOpoIro U3BeCTHB (cM. [6, ctp. 14-23]). OnmHako, Kak MOKa3bIBAIOT WCCIICOBAHUS, TIPH
MaTpUYHBIX OIEpalMsX YacTh ITHX CBOMCTB COXpaHACTCS, a 4YacTb - NPUHIUIHAIBHO OTJINYACTCS OT
COOTBETCTBYIOLIMX CBOMCTB. OCTaHOBMMCSI Ha HUX, 00DO3HAUYMB MaTpH4HbIe OpuruHaibel 4yepes X (t), Y(t),
Z(t), a ux uzobpaxaroupe marpuunbie T-pynkuun - gepes X(K), Y(K), Z(K) coorBerctBenno. Kpartko
W3JI0KUM 3TH CBOMCTBA.

1. HyneBsie marpuunbie auckpersl uzodpaxenuii X (0), Y(0), Z(0)paBHbl Ha4albHBIM 3HAYCHUSIM

opuruHanoB X (¢), Y(¢t), Z(¢) B IeHTpe aNIpOKCUMANNH ¢ ={,, T.C.

X(0)= X, »
Y(0)= Y(t)\t=tv > (1)
Z2(0)=Z(t),-,, -

2. Kowneunsle 3na4yenust opurunanos X (¢), Y(¢), Z(¢t) npu ¢, =0, ¢ = H paBHEI CyMMaM JHCKPETOB
n300paxeHnt, T.e.

X(H):iX(K):X(O)+X(l)+X(2)+---,

K=0

Y(H):iY(K):Y(0)+Y(l)+Y(2)+---, 2)

K=0

Z(H) = iZ(K) =Z(0)+Z(1)+ Z(2) +---.

K=0
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3. KoHeuHble 3HAa4YCHHS NPOW3BONHBIX OT opuruHainoB X(t), Y(t), Z(t) mo t depe3 IHCKPETHI
n300paxaromux GyHKUUH npu ¢, = 0 BBIpaXaroTcst CIECIYIOIIM 00pa3oM:
dx(t 1 1 <
[ di) =g X@W)+2-X2)+3-X3)+-) =g Z(K+ 1)-X(K+1),

t=H

K=0

{dez(I)} =L2-(2-X(2)+6-X(3)+12-X(4)+---)=L2-i(K+1)-(K+2)-X(K+2),(3)
dt i H H K=0

a"X@©)] 1 K +m)
:|t=H —H—m KZO K X(K+m)

N

AHaIIOTHYHBIE COOTHOILICHHS MOXKHO MONY4uTh 1 111 Y (t), Z(t).

4. Tlpu ymMHOXeHHUN opurHHANIa X (t) Ha MOCTOSTHHYI0 C UMeeM

C.X(0)~ C-X(K)=X(K)-C, ecnmu C - cxaisp, @)
—|C-X(K)=X(K)-C, ecnu C-wmarpuna u C u X(K) - He mepecTaHOBOYHBI.

5. Tlpu anreOpandeckoli CyMMe OPUTHHAIIOB HMEEM aIITeOpandecKyro CyMMy X U300paKeHHi, T.e.
Z(t)mxn = X(t)mxn i y(t)mxn : Z(K)mxn = X(K)mxn i Y(K)mxn (5)

6. Tlpu npou3BeICHNN OPUTHHAIOB IMEEM KOHEUHYIO alredpandecKkyro CBEpTKY X H300paKEHHUIA, T.€.
Z(t)mxp = X()mxn * Y(t)nxp - Z(K)mxp = X(K)mxn * Y(K)nxp =

K K
=D X()-Y(K-D=)_ X(K-1)-Y(K-1)£Y(K)* X(K)= (6)
=0

=0

=3 V() X(K-1)=)Y(K -1)-X(I)
=0 =0

(ecnu, koneuHo, Matpullbl X (t) u Y (t) He mepecTaHOBOYHbI), OTKY/Ia:

npu K=0:
Z(0) 1y = X(0) 11, - ¥(0),,,, # ¥ (0)- X (0); (60)
npu K=1:
21, = X(1)- Y(0) + X(0)- (1) =[x (1) | X(0>]mx2n-F-(92} (x| X(l)]mxzn-F—(p} .
Y(l) 2nxp Y(O) 2
L Y- XM+ YD - X0 =[r© | )| 22| vy o] | X9 | )
o | x()
npu K=2:
)
2(2),, = X(@)- YO + X()- Y () + X(0)- Y2) =[X(2) | X | X(O)] 5, | YO | =
Y(2) 3nxp
re
=[x | x| X@]| YQ) |
Y(0)
X(2)
£Y(0)- X(2)+Y(1)- X(1)+Y(2)- X(0)=[r(0) | Y(1) | Y(2)]- ?@ _
X(0)
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=[v@ 1Y) | Y©@)]-| XQ) | (68)

1:1puK=I(:
Z(K)py =X(K) - YO)+ X(K=1)- YD) +--+ XD - Y(K-D+ X(0)- Y(K)=

=[XEK) XK =D 1 XO X O] i | =

J(K+1)-nxp

=[x X 1 T XK =D LX) e | *

B A(K+1)-nxp
£Y(0)- X(K)+Y(1)- X(K =)+ + V(K = 1)- X(I) + Y(K) - X (0) =
OO (G RR(CSI I

vy vk =D Y YO | (6r)

OO0wenuuuB cooTHOmeHHs (6a)-(6T) Mo onpexneneHuro MatpuuHbeIx muckperoB Z(0), Z(1), Z(2),...,
Z(K), npuxoauM K cIeyIoleMy THIIepMaTpUYHO-TUIIEPBEKTOPHO-0JIOYHOMY IIPEJICTABIICHUIO!

Z(0) [XxX©0)y! 0 -1 0 Y(0)
Z(1) x| X0 00 (1)
20| = [X@ 1 x® 10 | - YO (7a)
| Z(K) | sty [ XKD T XK =1) 121 X (O0) | ket [ V) ]y
WJIX B KOMITAKTHOH 3aITMCH.
Z()=X(9)-Y(). (76)

HerpymHo yOemuthbcs, uto ompenaeneHuss MaTpuuHbix auckperoB Z(0), Z(1), Z(2),..., Z(K) MoxHO
JOCTHYh U MPUMEHEHHEM CIIEAYIONIEro THIePMATPHYHO-OJIOUYHOTO MPEACTaBIeHUsI ¢ (DyHIaMEHTaIbHBIMU
CUIEPMATPUYHBIMU HHYKHETPEYTOJIbHO-0JI0YHBIMU H30BITOYHBIMU CTPYKTYPaMHU:
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ZOy, 0 -1 0 X0 0 peer 0
20 | 20) ji 0 EORIRIONES N
Z@) |z (-0 | = |X@ [ X ] 0 x
Z(K) | Z(K =1) | | Z(O0)] ko | XK LXK =D Lo X))y
_Y(O)i 0 :+4: 0 |
YW L YO [ 0
RGO (82)
_3/_(;(_)_:_1_/&_(_—_ i)_: - ;_Y_(_O_)_(KJrl)er(KH}p >

WM B KOMIIAKTHOM 3aIKCH:
Z(®)=X(e)-Y(e) ) (86)

OueBHIHO, ITO MpEACTaBICHHE 00JaJaeT JAOCTATOYHO BBHICOKON HM30BITOYHOCTHIO MPH ONpPEICICHUN
MaTpuuaHbX guckperoB Z(0), Z(1),..., Z(K) (comepxut (K +1) cootHomenwuii o onpenenenuo Z(0), K
coortHomenuit mo onpexaenernto Z(1), (K —1) coorHomenuii mo onpenenenuto Z(2),..., ABa COOTHOLIEHHsI
o ompenenennto Z(K — 1) u, HaKoHeN, OAHO COOTHoIneHHe 1o omnpexnencHuio Z(K)). Takum obOpasom,
n30bITOYHOCTH NpescTaBienus (8a)  (uwiam (80))  paBHa ((K + 1) + K + (K - 1)+ e+ 24 1) - (K + 1)=
=0,5-K-(K+1).

3ameuanue 1. [Ipencranenne (8a) (mm (86)) KoHCTPYKTHBHO 3 dekTHBHEE NpeacTaBaeHus (7a) (umm
(76)) ¢ TOUKM 3peHUs MapAIIICTHLHOTO TPOrPaMMHUPOBAHHUS [8], HECMOTPS HA €r0 N30BITOYHOCTD.

3ameuyanue 2. @DyHpaMeHTalIbHbIE TUIEPMATPUYHBIC HIDKHETPEYTOJbHO-ONOYHbIE H30BITOYHBIC

CTPYKTYphl THIA Z(e), X (o), Y(e)  BIEpBhIC ObUIM HCHOJB30BaHEI B pabore [8] mpu ompenencHuu
OZIHOIIApaMETPHYECKUX 0000LICHHBIX 00paTHBIX MaTpul Mypa-IleHpoys3a.

7. Tlpu BO3BeeHHH MaTpHIbl-OopuriHana X (f) B KBajpar (4TO, €CTECTBEHHO, MOXET UMETh MECTO

2
JIMLIb TOJBKO NMPH M =N = p, T.e. IPH KBaJApaTHbIX Marpuuax), T.e. npu Y(¢)=X"(f), uMeeM KOHEUHYIO
aIre0pandecKylo CBEpTKY

K K
YO=X'() = X(K)*X(K)=Y X(K-DX()=2 XOXK ) ©
1=0 1=0
(qacTHBIH caydvaif myHKTa 6 mpu X (¢) .., = Y (¢) o )» OTKYZA:
npu K=0:
Y(0)=X*(0); (9a)
npu K=1:
Y(1)=X(1)-X(0)+ X(0)- X(1); (96)
npu K=2:
Y(2)=X(2) - X(0)+ X(1)- X(1)+ X(0)- X(2); (98)
1:1pu K=K:
YWK)=X(K)-X(0)+X(K-1)-X(1)+---+ X(1)- X(K-1)+ X(0)- X(K ). (9r)

AHanorngHo, o0seIuHeHne cooTHOIeHHH (9a)-(9T) Mo ompeneseHHI0O MaTPUYHBIX JuckpetoB Y (0),
Y (1),Y(2),...,Y(K) npuBourT K ciieiyloLeMy THIIepMaTpUuHO-THIIEPBEKTOPHO-0JI0YHOMY IIPE/ICTaBICHUIO:

Y(0) X0 1 0 -] 0 X(0)
(1) X0 | x© [0 X()
YQ | = |X@ 1 XM 10 X@2) (102)
L Y(K) | (stymen | X(K) T XK =1) 1+ F XO) | arymecstym | XKD ] e >
HJIM B KOMIIAKTHOM 3aIlUCH:
Y()=X(e)- X(). (106)
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TouHO Tak e TIuIepMaTpUYHO-0JI0YHOE NpeJCTaBlIeHue ¢ (QYHAAMEHTAIBHBIMU THIIEPMAaTPUYHBIMU
HEXHETPEYTOJIbHO-OJIOYHBIMH M30BITOYHBIMHU CTPYKTYPaMHU UMEET BH

YO 0 i 0 ] _X(O)i 0 410 7
YO L YO 0 XM L X©) [l 0
YO YO [0 | = | X@ | XM {10 -
Y(K) FY(K =1) | Y0) ] ety | X(K) E XK =) Eooe Xy
_X(O)i 0 L +:0“)((0)1 0 Lio
XM LOXO -0 [ XM X© -l 0
=|X@ | xQ)_ [0 | X@ [ x@) [0 |-
XK) XK1 L | X)) | XK | XK 1) || X(0)
. oo I o o]
XD XX ©- X XO i 0
X(2):- X(0)+ X (1) +X(0)- X(2) | X(1) X(0)+ X(©0)- X(1) -1 0
= i ’: i (11a)
------- e S S s
D X()-X(K-1) LY XD XK =D)L XP(0)
L =0 ! 1=0 o J (K +1ymx(K+1)ym

Iocnennee mnpeacrasieHue Ttakke ¢ u30brTouHocTeio 0,5 K - (K +1), 04YeBUAHO, MONHOCTHIO
COBIAJACT C BBIIICIPUBEIEHHBIMU TOCIEA0BATEILHBIMU PEKYPPEHTHBIMU COOTHOIIEHUsIMU (92)-(9r) mo
onpenesnennto Marpuutsix auckperos Y (0), Y (1), Y(2),...,Y(K). Takum o6pa3oM, UMEET MECTO CICAyIOLIES
[IPEe/ICTaBICHHE B KOMITAKTHOM 3aITHCH:

Y()=X?(e). (116)

8. IIpu Bo3BeAeHNH MaTpHLbI-OpUruHana X () B Ky0 (4TO Takke MOXKET UMETh MECTO IPH M =n =P,

T.e. U KBAJPATHBIX MATPULAX), T.¢. Y(2) = X (f), MMeeM KOHCUHYIO anreGpamuecKyio CBEPTKY

K !
Y0 =X'(t) = X(K)* X(K)* X(K)=) X(K-DY X(-9)X(q), (12)
1=0 q=0
OTKyza:
npu K=0:
Y(0)=X7(0); (12a)
npu K=1:
Y(1)=X(1)- X(0)- X(0)+ X(0)- X(1)- X(0)+ X(0)- X(0)- X(1); (126)
npu K=2:
Y(2)=X(2)-X(0)- X(0)+X(0)- X(2)- X(0)+X(0)- X(0)- X(2)+
+X(1)- X(1)- X(0)+ X(1)- X(0)- X(1)+ X(0)- X(1)- X(1); (12B)
1:1pu K=K:

Y(K)=X(K)-X(0)-X(0)+X(0)-X(K)-X(0)+ X(0)-X(0)- X(K)+...+
+X(K-1)-X(1)- X(0)+ X(K-1)-X(0)- X(1)+...+
+X(1)- X(K-1)-X(0)+ X(1)- X(0)- X(K-1)+...+
+X(0)-X(1)- X(K-1)+ X(1)- X(0)- X(K -1). (12r)
Herpynno yOGemutbes, uto oObenuHeHHE cooTHomeHHH (12a)-(12r) mo ompeneneHHI0 MaTPUYHBIX
muckperoB Y (0), Y (1), Y(2),...,Y(K) npuBoguT K aHAJOrMYHOMY THIIEPMATPUYHO-OJOYHOMY IPE/ICTABIIC-

HUIO ¢ (hyHIAMEHTAJIbHBIMU THIIEPMATPUYHBIMH HIDKHETPEYTOJIBHO-OIOUYHBIMA H30BITOYHBIMH CTPYKTYpaMHU
BHJA
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Y(O)i 0 I+4I 0 X(O)i 0 i_i 0
YU) | Y©0) 0 X(1) | X©0 -l 0
YO Ym0 = |X@ ] X {0 =
}'(k')':'%&'{_' Do Y(0)] atymistyn }E(}E)' ! }E(E_‘ DT XO) ] i
XO© 1 0 410 7 _X(O)i 0 110 ]
XM LoX© b0 | XM X©0 -0
=\ XQ) 1 X {70 X [ XO) ] 0 |-
}&57}2@2‘:{;?"?3}@_ 35@5;?3}@2‘:;;?"*:3;(03
o XYoo o U el 0 ]
X XO+XO-XQ) o el 0 [[XO 0 e O
X(2)- X(0)+ X () +X(0) X2) | X(O)- XO)+X(©O)-X@W) |-} 0 || XD XO -5 0
= . 2{@,=,,2{<,1>,,,= 0 F
SXO-XK-) | SXOXEK-D) |- X20) ECIE T
=0 ! =0 b i
o o L o Ll 0]
X(1)-X*(0)+X(©0)- X()- XO+X*O)-XV) 1 X0 i 0
X(2)- X (0)+ X(1)- X(0) + I T
| X(1)- X2(0)+ X(0)- X(1)- X(0)+ | |
+X(0)- X(2)- X(0)+ X()- X(0)- X(D+ 1~ ) v el 0
= sxoCosxo X2 xoxe L
_,_—_— AH S — -
D X(K 1) X(I—m)- X(m) i X(K I)ZX(I m)-X(m) 11 X(0)
L =0 m=0 I1=0 m=0 ! ! 1 (K+1)ymx(K+1ym

T.€. TIPHXOIUM K BBIIICTIPEICTABICHHBIM MTOCIIEIOBATEILHBIM PEKYPPEHTHBIM cooTHOMIeHusM (12a)-(12r) 1o
ompexenennto mMarpuunbix guckperoB Y (0), Y (1), Y(2),...,Y(K). Takum oOpa3om, u 3/1eCh MPaBOMOYHO
NpeJICTaBIeHHE B KOMITAKTHOM 3aITHCH

Y(0)=X"(e). (136)

CrienoBarenbHO, MyTeM HHAYKLIIHA MOXKHO MPUITH K CICAYIOIIEMY COOTHOIICHHIO 00IIero BUaa:
YO =X1(0) = Y(®)=X"(s). (14)
3ameuanue 3. Ilpu moboM 3HavyeHuH mokaszatens ¢ Joboit smement Y(K), K= (),_oo

runiepmatpuibl  Y(e) cocrout u3 cymmbl 0,5 (K +1)-(K +2) crnaraeMbix BCEBO3MOMHBIX KOMOHMHALUi

npousBeieHui MaTpuuHbix auckperoB X (K), K =0,00. [Ipu stom Kaxmoe ciaraemoe oOpasyercsi ¢

COMHOXXHTEIIIMH, TNPHYEM CyMMa IIEJIOYHCICHHBIX apryMEHTOB MATPUYHBIX JHUCKPETOB-COMHOXKHTEICH
KaX/I0ro cijaraeMoro paBHa K, a cymMMa IOKa3aTenell MaTpU4HBIX IUCKPETOB-COMHOXHTENCH Ka)KIoTo
ClIaracéMoro paBHa ¢. OTH OOCTOATENBCTBA MOTYT CIYyXXHThb Ba)KHBIMA KOHTPOIBHBIMH YCIIOBHUSMH
[IPAaBHJILHOCTH BBITIOJIHEHHBIX BBIUMCINTEIBHBIX OIEPALIIH.
3ameuanne 4. @DyHmaMeHTaNbHBIE THIEPMATPUYHBIE HIDKHETPEYTOJIbHO-OJ0YHBIE W30BITOYHEIC

CTpyKTypsl Buaa (14) ocTaroTcs WHBapUAHTHBIMH OTHOCHTEIBHO JIIOOOTO KOJUYECTBA IUCKpPeToB K U
J000T0 3HAUEHHMS TTOKA3ATENS ¢ .

9. Onepauust T —muddepenuupoBanns s matpunl X (¢) aHanorndHa onepauuu 1’ auddepeHuupoBaHus
UL CKaJIIPHBIX epeMeHHbIX X(2) (cm. [6, ctp.18]), T.c.
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PO = vy =Kt xx 4y,
dt H

rae cumBon J{ — 3HaK T —TIpowW3BOAHOW. DTO CBOMCTBO clexyeT W3 TOTO H3BECTHOTO (haKTa, dUTO
IIPOMU3BOJIHASI OT OJHONIAPAMETPHYECKON (YHKIMOHAIBHONW MaTpuubl X (f) paBHa MaTpHILE, KaXKbIi 2JIEMEHT
KOTOpPOM paBEeH MPOU3BOHON COOTBETCTBYIOIIETO 3JIEMEHTA WCXOAHON Mmarpuibl X (Z) 1Mo aprymenry f.
Takum 06pazom, nonydyenue uzobpaxenuss /X (K) npousBomHO# maTpuibl X (f) CBOOWTCS K 3aMeHE B
X(K) nuckpernoro aprymenta K Ha K +1 u ymMHOXeHHI0 pe3ynbrata Ha Benuuuny (K +1)/ H .

10. M3o6paskeHusi MPOM3BOHBIX BBICHIETO MOPsIKa OT MaTpuipl X (f) 1O apryMeHty ! Takxke, B
COOTBETCTBHU C (CM .[6, cTp. 18]), OyIyT OnpeAensiThCs IO BHIPAKESHHUIO

d"X() — (K +m)!
_— X(K)y=—X(K +m),
g A" X(K) K" ( )
rjae m — HaTypanbHOe uncno; /" — cumson T —IpoM3BOAHON m —TO nopsaka. B wacTHOM ciydae:
npu m=2:
X o, KWK +1)-(K +2) (K +1)(K +2)
P I*X(K)= e XK +2)=——"7—X(K+2);
npu m=3:
d*X(t) ; KWK +1)-(K+2)-(K +3)
— A X(K)= ‘X(K+3)=
e A XK) K\H? ( )
_ (K+1)(K+32)(K+3) XK +3)
H
U T.1.

11. Onepauus T -uHTErpuUpoBaHus Il MaTpul X () B mpenenax or ¢ =0 10O ¢ TakKe aHAJIOTHYHA
orepanuu ' - HHTETPUPOBAHUS U CKAIPHBIX IepeMeHHbIX X(t) (cM. [6, ctp 19]), T.e.

jX(r)-dr - X(K)=%-X(K—1),
0

rje CUMBON [- 3Hak I -MHTerpajga. DTO CBOWMCTBO ClEAyeT W3 TOTO M3BECTHOTrO (haKTa, YTO MHTErpall OT
OZIHOMIAPaMETPHICCKOH (QYHKIMOHANBHOW MaTpullbl X (#) paBeH MaTpHIle, KaKAbIil SJIEMEHT KOTOPOii paBeH

HHTETpaly COOTBETCTBYIOIIETO 3JIEMEHTa MCXOJAHOW Martpuibl X (¢) mo aprymenty ¢. Takum oGpasom,
noJyueHue u3obpaxkenus [ uMHTEerpana MaTpuisl X (¢) coautcs Kk 3amene B X (K) AHMCKPETHOTrO apryMeHTa
K wna (K -1) n ymHOXeHUI0 pe3ynbrata Ha BeanuuHy H /K . K ToMy e, MOCKOJIbKY HHTErpai B JICBOM
XK -1)

K ko
HE JeJaTh, TO B 00LIeM ciiyyae H300pakeHHe MHTerpaia ot Marpuisl X (¢) B mpenenax or t=0 o ¢t

4acTu Ipu ¢ = 0 wumeer HYJIEBOC 3HAYCHUEC, TO 3/1€Ch CICAYCT mojiaratb, 4TO =0. Ecmu sToro

HEOOXOUMO TIPEICTABUTE B BHJIE
t
'[X(T)-dz' - IX(K):H-X(K—I)—H-(X(K_D) -B(K),
) K K k=0

rae b(K) - reiinopoBckas equnuma [6].
12. TlpumMensist A1 U300paKEHUsI HEONPEICICHHOT0 HHTErpaia OT MaTpuibl X (f) TOT Ke CHMBOT
MOJIyYUM TIPECTaBICHUE

jX(r)-dr - 1X(K)=%-X(K—1)+C-Z>(K),

IJIe ¢ -HEKOTOpasi HEU3BEeCTHAsI (HEOTPEICICHHAS) TOCTOSIHHAS.

13. JIyist n300pakeHNH KPaTHBIX HHTETPAIOB, B YACTHOCTH JUISI TIOBTOPHOTO HHTETPUPOBAHHMS, UMEEM
j’ t X(r)-dr® — [[X(K)= H* X(K-2)
e — K-(K-1) ’

a UIA n— KPAaTHOIrO HHTETPUPOBAHUA -
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t t

jj X(r)-de" = [ [X(K)=

0 0 n pa3
—

n paz

H" - X(K —n)
K-(K-1)-(K-n+1)’

npudeM pu K < 1 BCe WICHBI JOJDKHBI IPUHAMATHCS PaBHBIMH HYITIO.
14. Omnepanust BEIMUCICHHUS OTIPEETICHHOTO MHTErpana oT MaTpuisl X (f) B mpexenax oT f=¢, 10

t =t,, IO aHAJIOTHH CO CKAILIPHBIM cITydaeM (cM.[6,cTp 23]), IpUBOINT K CIICTYIOIIEMY BBIPaKCHHIO!

1, © K+1 K+1
.[X(t)-dt:H~z (t—”] —[t—“j -X(K),
: ~\H H K+1

e X(K) — X(1).
15. VHTerpansHble CBEPTKH OAHOMapamerpmdeckux Mmarpull Y (t —7) u X(t) B obmactu 7-u30-
OpaxeHHH, 110 aHAJIOTHH C UHTETPAIbHBIMH CBEPTKAMHU CKAISPHBIX GyHKIUH (cM.[6, cTp. 21]), UMeroT BUI

Z(t)=J‘Y(t—r)~X(r)‘dr - EW-Y(K—I—UX(I),
0 1=0 :

roe Y(K) —— Y(t), X(K) ——X(¢t).
3akawuenne. Cienys padore [6], yIOBICTBOPUMCS BBIIEIPEICTABICHHBIMHU ONEPAIIMSIMUA MAaTPHIHBIX
BBIYMCIICHUI B 00nacTH AnddepeHunanbHbIX Ipeodpa3oBaHuid.
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qnsyws nhplpkighuy dunpnfunipinibaiabph wppnypnid, npnip, piphwinip wedwdp, nwppkpynid Ea Gnygh
wppnypnrd ufugpup hwoyuplalph huwbpuhwoyh ilwbunnpy gnpénnnienibakphg:

Unwugpuyhti pwnbp. phunkgpuyuyhll  dbunhnjunipmibalp, phpbpkighuy dbwihnjunipmibakp,
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S.H. Simonyan, A.V. Melikyan
THE ALGEBRA OF MATRIX CALCULATIONS IN THE FIELD OF DIFFERENTIAL
TRANSFORMATIONS

The basic operations of the algebra of matrix calculations in the field of the so-called differential transformations
are considered, which, in general, are different from similar operations of the algebra of scalar calculations in the same
field.

Keywords: integral transformations, differential transformations, algebra of scalar calculations, algebra of matrix
calculations.
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Stuwlwinpkl JEynidyly ko Jhnun-pkenljEnphl Iniunwlmp I-V phnipugpbpp b Swhdwi
Eplnyphbpp pkonkjbhnpulwl punuipnid ppywudih Julubuhuwibph welunippul b punwiph
phljElinphl  punpwbgbipnieyul’  bEunpului puowpg ns  qduyhl  Juwjujwénipnul  nkdhunid:
Zhdtunnpdly  E np ppywShughll Jwlwhupwibph  wnwowgnws BEjupnbughlh  puluppughi
vwlupnulbbph pnnyepul wdlubp gnigplpug Swidwi jupnidp JESwbnud k-

Unwhgpughll punkp. pkenkjElunpulul punubp, ppywsbughl Julwbahw, Ejupnbughl
gpnuiyuml vuwluwpnulbbp, Mny-dpkilhkh pninugnid:

Ukpwbdnmipii:  henbu  wbgws nuph  60-wut  pywiwbubkpht  hwuwnwwndt bEp, nop
nhhitjuphjujut  punubpubph hwunnppuljwimpniip, dbnwnh htn gputg Ynbnwljubph -V
punipwuqnptpp b wpunwphtt gnpdnutiiphtt gnigupbpwsd wpdwqupp Jupws £ ny dhuyt dbnwnuljut
ntinnuljinhg (EjEunpng-Jupnnhg) dkniuhy tbpuplynng LEunpntwghtt thugh puthwiigdwi b hnuph
Ukjuwthquubph pinyphg, wpl punuipnd wow fownbmlubph n wpunbbph wpwgwgpus
hbEyumpnuuwghtt pulupnuihtt dwwuppuiukph - wwpwdbnptphg  [1-3]: Swppkp wnbuwlh
ntnwlunubpnud, hwdwubn m wbhwdwubn, dhwpmiptn b Yndwynghghnt punubptbpnid,
hunnppuljuinipjut  dbwynpdwtt b hnuwtph hnuph dbjwbhqdutph  hEnwgnunmpniaibkpp
ubpuynidu skt Ynpgply hpkug Juplnpnipniup: Y yguydwbwynpws b ipuiny, np dudwbwufulhg
dhipnbiEyuipntwghtt wwppbph  Gpipuswthwljut  swihbph pwthwignudp phyh  twindbnpulut
wnppnye b swhuwght pJutnuyghtt tnp Gplnypubph wnwewgnudp, ghippupul punuupttph hwnynt-
pntuikph  Yupnily  dindinpunipnitbkpp, mdbn LEjupuut gquonbph dbwdnpnudp (wu-
snwpwynpdwtt dhowljuyphg pnipu) buybu Jupnn tu wqpl] hnuwiph mbnuthnpudwt dkpwithqudukph
Jpw b ppulbnpydl] bnp wpwbdbwhwnlmpnibtpny: Ophtwy, Jtpehtt nwubwdjuljutpnud, YUOY
dhpnh Ejuipnbughtt nkjuninghwibph qupqugdwip gnigpiipug, wdk] £ hbknwppppnipniup ks
phhiEyunphly pwhwigbhnipjudp  ymptph, dwobtwdnpuwybu, dhenbEjupuluwt  punubptbph
ujuundwdp (high k, PZT, BST & wijjt) nputiu thwjwbiikp, npnup, sunphhy hpkug dh swpp oquuuljup nu
owhbjwt wwpwdbwpkph, pPwgh wwinuijuwt PRZ2 wwuhy wwppipod  Yhpundwb, juygh
oquiugnpéuwtt hinwljupubp tu pugnid twb wljnhy vwppbpnud, hwnjuwytu SRAM, DRAM hhonn
nwuppbipnud Jhpundwt hwdwp [4-6]: Punubplbph bpipuswthwuljuit swhbph' twindbunpulu
wnppnye puthwigdwuip gnigpupug dkdwunid k (hgpulhputph potubjudnpdut hwjwiwluinipmniiop
L Unpuunywi hnuwbpbbpp, YUOUY-nnpwbghuwnnpubph Gupwobdwihtt hnuwbpubpp, Wwwugnud Eu
wnujuluynitinipnitt n1 nunhwghntt Juynibnipyniup, npnup YUOU wmbhuninghuyh hhdtwlut
wnwbmpnibiibphg thi: Uymu Ynnuhg phonkjkjupulub ympbph wupudbnpbph' gbpudwu-
wnhdwithg b LiEjunpulub quonh jupjusnipiniihg niutbgus ny gduyhtt jupudwénipniiubpp jupnn o
b wwhdwbwhwlny gnpént hwinhuwbw] wliwnhy uwwppbpnd ppuig Yhpundwbt hwdwp, L,
dhwdwdwbwl, hhup nuntiw] wyn hwnlnipiniuttph tnp oquuujup Yhpwenidubph:

Unyb wohwnwipnid wnweownljdty k nidln fEjunpuljut guonbkph wqpbkgnipjui nhdhunid
dbwnwn-pnnkjEjuphly ntnnwlnh Eapudwljipbinipught okpunid b, wyunthtnb punuupeny hnuwiph
nbknuthnjudwb (hnudwt) pupwugpnid wnwewgny LEjnpudhqhulub tpinypubnh -V punipwugptph,
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hEyupulut swlijdwi ) ntumdbwuhpdwb tnp Ununbgnud, Epp punuipnid woiw perdustuyght
Juijutuhwtbptl wnwowuginid L LEjupnuughtt puupnuyhtt gqpudwt dwuppufjubp: Unphp
htwpwynpnipinitt £ wwhu  qghwhwwnb] §ntnwlunh  swlidwb nguownh dkdmipiniuh ot ppw
Juwuquébnipniup ghpdwunhdwihg b punuipnud wnlw LEupntught pujupguhtt dwuppuyjutph
wwpwdbnpkphg:

Unnbkp 7Ythgnip mbbkbp dbwnwn-dhnnbikjuphl] Ynunwlunp, npp Eubpghwlwt nipgughsdp
dbnunpt ks puguuwluwt wnnbkughw) Yhpwnkjhu nibbbw of.1-nid wunlbipdus wbupp: Ldwub
tubpghwfwi nhwgpudh hhdbwnpnidp hbnbjugn b phonkijunpulub puquipibph (hnipbph)
Juonigwdpuyhl, LEjupnuughtt uybupubph, Eubpghwlwt gnunpulwt  juwhdwdnipniuttph
puquuphy wbuwlui b Gopdbulut nundbwuhpmpinibibpng [4-9] hwunwndl] £ oop
dinnpunubpttnpnid junniguspuyhtt wdktwhwdwp hwinhwynn b gqphpt wijuntuwhbih wpuwnp
pRrYwsuh Julwbuhwubpt G Opdwdth Juiwbuhwibtpp, Juwpdws hpkiug  HEjupulub
wlnpjughwih yhdwlihg (skqnpugjws, dhwljh jud tpljuhh npuljuinpti jhgpunjnpws), jupnn tu
Fuwytu wqnl) dpnpunuiph nhijEjuphjuljut hwmnnmpniuubph, hunnppujuinipiuit dbwdnpdut
b hnuwtpubph nwnuihnpudwi Eplinypubtph [4-9] Jpu: Zwunwnyby E[3], np ppywsth Jujuuhwtbtpp
Jupnn ki wowewgily U jurmgluspuyhi, b Hijnpulut phdnpiughwitp, hwinku quy npybu
Inugnighy pibnwgdw wuwndwn: Fugh wyn, hwmununyws nkuwltn b, np ppdusth « hgpuynpdusd»
Jjuijwtuhwubpp gnigupbpnid Bu gnunpuyhtt jpwntumippubphtt hwnnty qupp b $henkklnphlyht
«oduninud» n-nhwh Jhuwhwnnpysh hwnlmpnibuibpng [7-9]: Cuny npnud, ppusth Juijutuhwibpt
wnwowghnud Lt hwdwywwnwuwhwt tukpghwwd dwjuppuljutp mpnup Yupnn Eu hubp husybu
swblnn-shallow, wjuwbu b Jnpp-deep), np wyp dwlwpnuliubkpp hwinbu i quihu npybu
KEyunpniught pulupyibp, wuhipt' popupuiynp pedusth Juijuiuhu hudwyunwuwbingpjui
Ube E npynud puljupnuyhtt npul dwljupguljh htwn, npp skqnp £, tpp uyt qpunquws k EEjnpnung b
lhgpwynpjwd gpuiljub, bpp wjt puthnp b fugh wyg, wupqyb) b owb, np ppusuh quljwbuhwubph
funnipniup dhonn whwdbdwwn s L jhund junnigqudpughtt wthwdwubonipjut mhpnypnud,
Ubinunuljui jninwlnbtph dnn, pub npuihg hkem whpnypnud [7-9]: 2Zhd]tnyd Ykpnhhojuih Jpu’
wnwowplyny dnpljnud punniuynud E, np dknwnh hbwn enkEjunphyh dbpddwltpbnipuyght obpunnd
wnlu k ppywsih Juijubuhwibph Uk junnipmnit (N), npnup $tinnkjEjunphihtt «oduinid» Eu n—nhuh
Jhuwhwnnpysh hwnlnipjudp, wyn wpunbbpht hadwywnwupwing dfwjuppquljubph tubkpghwlut
htpwynpmipiniup hwnnppujub gnuint hwwnwlhg E; b, dbnmwunhtt jhpundus b padujubusywth ks
puguuwlub ynnbkughw, b, np dbknmwnhg ntyh $tenkEjunphh hunnppujwt gnnh LEjupnuubpp
Ypwthwigkt pniubjuynpdu dhongny: Uppyniupnid Yniubkbwbp ). 1-nid yqunlipdus tukpghwlju
nipjughdp:

@
v, (x )
Py
F ¥, (x)
W///////%W .

g EON < Npr

7 s E

7 TE

é t
X

x] = 0 x2 L

Uy 1. Ubunug-$EnnlyElpnphl §ninnwlpnh Fakpghwlwi nipdughdp (Vekvnunhl jhpunywé Fdks
puquuulul ynunkighuy)
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Unphh djntu wnwbdtwhwnlnipnitip hbnbyjugt k. pwth np jntnwljnh Eipudwulbplinypuwht
otpunid u nidbn LEjunpulub guon b puljupgubpnid qpudqus LiEjunpnuubkp, wyw wjunkn jupnn
I wbknph mubtw] pwluppughtt dwuppulubkph  BEjupuunwnhl  hnbwugnud Mng-Sdpkullg
Ukjnwiuhquny (ul4.2)[10-12]: Ujuyhuny, pungnibdmd E, np dbwnwnhg punubpe poitubjudnpjus ng
Etljinpntuubphg puigh, hwnnppuljui gnuund junwowbwb wqun Ekjunpnbubp 7, nmpjudp
wnydpkbbput  hnbwgdwt  wpymipmd, U wyy  EEyupnbbtpp jubqugngbt - punubpng
Alwnpny wpynibwpup hnuwbpp: Cinmikng punuiph Eplupnipmiip dyd jupgh Yogu]kip
nplyduwghlt dnnwnpmipymihg hwdwpbinyg, np EEyupnbbtpp pwupdymd & hpbg  hwgbgdwi
wpugnipjuip dnn wpugqnipnibibpny:

T hwnnppwiwinop wb

&

'_{;nmh

FnOnOOGnnyY
wpGuliennguss
prtOB LD
'-|!|:[|gmﬁ

."-.. prLbb yghh
".l.‘L[lgmﬁ

L. 2. Mnunkhghwy wpgbiph bjugnidp A, HEQuinpnbbbph hunlup [hpunjud guonh

wignkgnipul nmwl b pulupnhg EEnpnibkph nkpuhnfudwi hiupundnp JEpnubhquilpn
[10,11]

Unnphih Eppopy wnwbidtwhwnlnipniut wy k, np, hwogh wnubng entjkjunpulut yyniptph
nhhiEyuphh puwthwighihnipjut’ LEjupuluwt guonh jupjwdnipniihg niukgws ny qdught
Juwhqubnipiniup, pugnitynud k, np nidln gupnh whpnypnud €(E)-u thnjuynwd £ hkwnlyuy opkupny
e(E) =&.(1+AE*)™" [3,4-8], npuntn &, =¢&¢e(0),& =8,85-10""* Bur/ Juinnudh nphkkjunphyh
hwuwnwwnntut t, €(0)-u $enknphlh pupdpuwhwdwjpwljut phkjEjuphih puhwigbhmpeniut
qpoyuiub quownnid, ophtwly, SrTi0s—h hwdwp “€(0) =300, A4 = 0,45- 10" ud®d2 Cunnibbkiny, np
dbwnwunhg dtenbEyunphyh punuip puthwigws LEjupnuttph hnupp wbnh E mubkiunud poibbjuyght
Ukwihquny, hnuwtph jpunnipjut hwdwp Yniubwbp [13]

* 1/2
: qp? exp | — 4L(2m*®3) o
It = Ghagiz €*P 3hq@, ’

npunbn ¢-u Kkjupnih wwppulub (hgph b, A-p” Mpuilh hwununmip, @-t dknwn-$henknphl
wngbph tubpghwlwl pupdpmipnibp (eV), L-p’ wynnkighw) wpgbiph b $henkkjnphlh wypunwugus
2tpnp wpymbwpwp uympgnitp (uid), @1-p gnpswyhg k npp pnpnpmu b wnnkughwy ppugpp
wpgbpnd (Yud P, (x) ynnkughwih ghpnipniup), m*-p EEunpnuh wpynibwpup qubqdust t:

Bpt wnunkighw) wpgkjph x; < x < x; whpnypnud pugujuynid £ inwpuswlwb 1hgpp (A%-h
Yupgh k), wmyw Luyjuuh hwjuuwpdwb (nisnudp hwighgunid & [14]

X
Py (x) = Pp — q(il
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wprniuphtt (uly.1): Mnunkughw) wpgbph thpunud x Yhnp (hwppnipyniip), npoud hwljunwly stnudwt
nhdhunid Y, (x) ynnbkughwp hwduwuwpynid | Stpdh dwupgulh tubpghuyghty, Ynpnobup Yy (x,) =0
wuydwithg b junwbwp

@l

x =
27 g9,

X,-hg udhtsh L (w9 quuygnn) wphpnypnud, pugmbbnd. np ppduwsth  Juljubuhwibpht
«<hwdwywunwupiwinng» pujupnujhtt twjuppuljubpod qpuydws LiEjupntutph pnmpniup n, L,
prLbbjunpuwdp wuydwiunpdws HEjnpnbubph pnnpmiip’ 7y, huly wynydpkblbut dkpwbhqung
wnwgwgws Ejunpnlukph funnipmibp’ Npp, Mniwunth hwduwuwpdwh hwdwp (L — x, whpoypnd
Py, (x) ynunkghwih hwdwp) junwbwbp!

2
: ;;gx) == (E) (nT + on + nt) 2)
Bpt puymubktp, np dhtgh porubjuynpnudp dhenbEjunphind wquun  EEYjupnuubph
hunnipniup whnbubine wunh&wip thopp b wyw puluppuyhtt dwuwppuljutph b hwgnppuljub
gnunt  Uhol  LEjupnuughtt wbgnmdubph  hwdwuwpulponipmiop wuydwbwynpqus  Yihuh
hhttwluwind poitbpudnpyusé ne LEnpnbuubpny (ny > nye): Cunniblny, np Eipudwltplinipught
oipimmud  wnbnh E mbbind  wynydpkubjut  hnbwugnd, wwu  gpldughtt dninudnpoipyudp
wpynitbwpup hnuwbiph pnnipjut hwdwp §niuktwtp®

d
j=—ur+nyp)- ”(x), 3)

npuikn p -u LiEjupnuubph owpdntunipniut b

btnnbEjuiphhh hunnppujui gnuint b puljupguyhtt dwjuppujubph dhol EEjupnuukph
thnjumtuljdwt (qpudwi’ r; b tdhuhwyh' r, wpugnipnitibph), hwjuuwpwlppughtt hwunungws)
Jhdwlhh wpuwhwjnnipmniutiphg puuppubpnud gpudqus bEyupnutbkph n, junnipjut hwdwp
Junwtwip®

E 1
ry = ngNe(1 = f)Sp 2 = Nefyd exp (- ) exp (BprE? ),
npntn f; -t puluppubpmud BEunpnuubph pugpudwtt dntughwt E, npp Gupwplynud £ Stpdph-
Yhpulh pughnfwtin, Bor = 2685 Bs = (Z) (Z5)  15) © fa=52, Sp= 0V o-U pulupnh

gpufuwl juywlwi hwnnyph dwlbpbub b @2), Vy-p' BEupnbibph dhohtt obpdwght wpugnipymip
(l”[/ L[), k-t Pnjgdwh hwuwnwwnnibp, 7-u° pugupdwy ekpiwuinh&wip,

E;
b = Yexp ( kT) exp (,BpFEZ)

E -t nuownh jupdudnipnitt | (L — x,) whpnypnud:

Puywpnhg HEyupnuh tdhupugh 7, wpugmpmbp jujojws Eoqpunjué puluppuyh
Yunppnubbph pnmpnithg b I:lhllmpnhhhpb nhjupuwghwjh 7 dwdwiwlhg, npp wpdmud £ [1,2,10]

=)o

wpunwhwynnipjudp, npnbn 9-u «wpduldwty hwdwpnippiut b APpe-u puupnh wnunbughuy
wpgliph tJuquub swtht L ynydpkutjjut JEjpwhqunud®

279



1
Mppp = ,BkaTEZ :
Upnniupnud, puljupnpubpnid gpudyws Likjunpntubph n, jpnnipyut hwdwp §oitkbwp® n, =
= N.fy, npuntin N,—u pujupnubph pughwnip fpnnipnitt bp: Gph pungniukup, np Syny > b, myw

f ~ Spnr n, = SpnrNe |
d — b ) t b

Puljupnubphg wpdwljjws n,r fpnnipyut hwudwn [13,14]  nbkup'
Tlp F = Qnt,
npuky

- (o] 05

t

6S, Nnp

on = —b )

N,-u hunnppuljut gnuumd  Jhdwljubph wppynibwpwp onnipmitt £, hknbwpwp, NMniwunth
hwjwuwpnudp Ypugnih hbnbyw mkupp®

dz;,igx) =— (E) [nT +(0+1) S”Nt ] = —%, )
apotn §(Ep) = 1+ (1 +0) =22,
Znuwtiph fonniequt huuuwpnidhg nbip®
J=—nu (nT 4 2 nT) dqz;x) = —pnra d¢;ix); ©)
a=1+ eNtSn = $(Ey) — Ntsn = &(E) — fa

(4) hwjwuwpnidhg npnokup ny—u b mbnugpbip j-h wpnwhwjnnipju dke, junnwiwip

j=( _ _fa )_ue(E)_dzwz(x)_dwz(x) _ (E(Et)—fd)_ue(E)_dzwz(x)_dwz(x)’ )

§E/  q* ax? dx  &(Ep) q%  dx? dx
(6) hwjuwuwpdw wpweht htnntkigpnidhg Junwwp (x, — L dhowljuypnid)

24,0 A, ¢z
dx? dx  ue(E)

z =

&(E,) a¥,(x)\"  2¢*jzx
SE)-1, [ dx ] pé(E) -
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Epp x=x, =0 Do) 21 " ppuitn @, htnkgpdwb hwuwnwwnmbp Ypinpnoh ¢, (x)~h nhpnipjniap

dx L

(nupwugplt wytwtu, hywytu @, -p punpnynid tp ‘Pl -h nupwgpn):

Upgniupnid junwbwp®

(dwz(x))z _ q*@l? | 2q%jzx

dx L? ue(E)’ @)

$tpuph dwluppulp jupngmu pugmbtng npybu gpoyuiut dwlwppul (7) hwjwuwpnidhg
Junwtwtp (x,-hg x mppnypnid hunbigpdwb wpyniupnid)®

2. 2 2 .3/2 2, 2 2. 3/2
W, (x) = f;z (q P2” 4 29 sz) _ (q P2” 4 24 szz) : ®)

L2 ue(E) L? ue(E)

Oquybny x, Yhunud (hwppnipniunud) wynunbkiughwh b npuonh wipinhwnnipjut wpunwhwynne-
pitikphg’

Y1 () = Yo (x2), izl LU

ax x=x, dx x=x, ’
Junwtwip®
. 2
aa__af,, 2azl)
L L\"? ue(E) ’
wyuhupl’
2 2 2jqzzx2L2
= —= = 9
Pz = ¢1 2 (E) )
(8)-hg  (9)-hg junwbmbp*
_ _re®a (o) NN L
b = =252 (8 {1+ -] a0

Zwpyh wnubny, np winph dnnn hwunnppujwt gnunme oknnudp Yhpunqus U jupdwb mwy
Juqunud &

W1(0) = 9(L) +qU,

Junwtwtp ¢,-h Jupnwdp U jupnidhg, npp punpnonid tp $hnnkEjnphyh hwunnppuljut gninnt
hwwnwlh dndwb (ynnkughw| wpgkph nhpnipjui) pupwugpp’

us(E)q ijL 3/2
qU CDB 3jz ( L ) {[1 ;w(E)tp2 (L N xZ)] } (1)

Mnnuilnit huljugsh wpnnwhwynnipmiiup (11)-nud Jepustup swpph b vwhdwbwhwljykup woweht
Epkp winwuny, hwoyh wntkny, np x, = C:—SL, wnwoht Untnuynpnipjudp junwbwbp®
1

2 jzL3
Upy = @opy1 + a(l —%), a= ZZLZE(E), (U = Up)p1? — apy + 2a9, =0,
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_ a _ 89o(U=9o) ]|,
P12 = 30 00 [1 i\/l SE— ] (12)

8poU
<P1,2=%lli‘ /1——? ]: (13)

Bpt wbtnunptup (12)-p (1)-nud, Junwbwbp pnibbjuynpdwi jr; hnuwbph juwpudusdnipniup
Yhpunywé U jupnidhg: Udkih &gphwn ghpnidnipjut hwdwp, hwdwdwgt (13)-h, ntikup wpynibwpunp
j hnuwtiph, U jupdwt b ¢; gnpéuljgh Jujudubnipniup:

Cunniutup U > ¢,

Bpt puinpmiubup j =jr , myuw

242|714 _8¢poU 1/2
T RN ox 4L(2m* ®}) / .
J = 16h@oL2U2 3hqe,

Ujunthbnl, pugniubng, ¢, = %, Jj -h hwdwp junutwip®

1
64h%oU?e?(E)u? o 16(2m*®3)2Us(E)u (.
q%z2L* 3hqjzL?

-
N

(14)

bBqpulugmpymbtitp. Cuwnn  (14)-h, j~EZexp(E), wguhupl, htswbu upquws E [S.Sze]-nud,
pwliupnubphg LEjupnuubph pntwgdwt dkjuwthquhtt (Mny-dpkull) punpny Jupundt kp, npp
pmiubjuyhtt Gplunyp E L wilwp E obpdwuwnhdwihg: (14)-nud z—p punpnonid E ppqusuh
Juiutuhwibph wouwmpmoiip b wqpbgnipniup hnuwiph jpnmpjut Jpu. 2knbnwd &, np wy
huwjwuwp wuwpdwbibpnd ppuwsth Juijwubuhwibph wejuwynipniup hwigbhgund b pniabjudnpdws
hnuwtph, Jud® wibtih ogphwn, punutpny wiuguny hnuwbph Wuqdui b jhpundws jupniudhg pupn
Jujujubnipjui:

Bprt ppduwsth qujuwtuhwibpp puguumd ko (§(Ep) =1, 6 =0, f; =0, z = 1),

1
64h2poU%e?(E)u? ox 16(2m* ®3)2Ue(E)u
q2L* 3hqjL?

IR

J (15)

htntwpwp Juijwbuhwibph weuynipjub ghypnid hnuwbpp Yudugh 2% whquud:
Bpt (1) mpunnwhwjnnipmniup Yepuwstup supph b vwhdwbuhwljykiup wnweht tplnt wunudny®
1
~ 0% 4L(2m’ @)
IT = thapr 3hqe,

(16)

b wnweoht Uninuwynpnipjudp pungnibkip*

- a - a - a
P1=5w-Uuy " 2EL " 20"
q%j?21° ¢4 L8 (E,)

IR

~

IT = A hp aE?[*42(E)i? — 64hpoe? (E)u2E?
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b pugnibbup  jr = j, wyuhtpl, tpp nunwufund ghpulopnd b poiubjugnpdwi hnuwtpp b wyl
uljunid £ gnigupbiphl) puguuwljut phdwunpmipint, wnwghtt Unnnwnpnipjudp, nu hwdwpbup npytu
hEyunpulut swldwt “ajhqp”, wmyw, jr = j yuydwiht hwduwywnwuppwing punh jupjusdnipjub
hwdwp junwbwup

o (@ErreEoY? _ aeE [ .
Ep = {64h<p0£2(E)u2} T 8e(B)uN hpy (17)

Cunn (17)-h htwlnd E np wy hwjuuwp wuydwbubpnd, ppduwsih Juljubuhwubph
wnluynipniip hwighginud £ gupnh jupjubmipjutt wh, wyuhtpl, Eptk quuhwnbip §ntwnwlutph
Swjdwl jupdwt (qpuownh) nkuwlniuhg® swlijdwb puonh jupdusnipniup pepduwsdih Jujwtuhwibkph
wniuynipjut nhypnid Yihth wykh dbs, put npuitg pugulwnipyub phypnd” {(E,) wtqud, hul
hwodh wpws twl e(E) =¢p7% npuln B =(1+A4E?) Yuwpunwlp, Yhtwbh, np dwlidwh pwuownhp
jupdudnipniup ppYwsth Julijuuuhwibph puguluynipjui b thnpp guownbph hwdbdwnnipjudp
Yw&h FE(E) > 1 wmuquud:

Udktwdnununp guwhwndwdp®

[

Ep pz1, E(Et)ﬂ] = ’8 f(Et)

Epp=1, tEp=1
(N¢=0, e=gy)

Owldwt nuonh upubnipjut  obpdwunhdwbughtt juppjuwbmpjut  hwdwp, wnwhl
Unnuwnpmipjudp, bpt whnbkubup u(T), N.(T), ¢1, Pp—h ohpdwunhdwtuyhtt Yuusdnipniuubpp,
wwyw  hpdbwlwh kpppnud Ymtbkbwt E(E,T)-u b €(E,T) Yuwpunwlubpp: Upwlp niukb oy
nunnipjudp wqpbgnipnit Ep (T) Jujudwb Uk, pwih np, hisybu hwynth b e(E, T)-u ohpdwunh&wh
wéhg wjuqnud k, €(E,)-u unyuwbu bjuqnud kb, wpyniipnud, gbpdwunhdwith wénp yhwnp L hwugkguh
suljuwt jupdwb (quownp) tuljub btjuqdui:

ZEnwgnuimpniil ppwlwbwgdly F 22 92U 2NY-p [ngdhg wnpwdwgpyng  phhwbuwlui
wowlgnipyuli shmphji] Ne SCS 16YR-2B041 ghunwljul pluuyph spowbulbbpnid:
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B.B. bBynnatsan, B.K. Berosin, I'.A. Opauksn, A.Jl. ManyksH, T.B. Banaynn

OCOBEHHOCTH XAPAKTEPUCTHK I-V U IBJIEHHUA SJIEKTPUYECKOI'O
MNPOBOSA KOHTAKTA METAJIJI-GEPPOJJIEKTPUK

Teopemuuecku npoananuzuposamvl xapakmepucmuxu I-V u aenenus snexmpuieckozo npo6os
KOHMAKMA Memaii-epporieKmpur npu HAIUNUU KUCIOPOOHOU BAKAHCUU 6 peppodIeKmpuiecKkor
NJIeHKe U 8 pedcume HeNUHEUHOU 3a8UCUMOCTHY OUITEKMPULECKOU NPOHUYAEMOCTHU (epPOINeKMPUKA Om
anexkmpuiecko2o noasi. ObocHo8ano, ymo c ygerudenuem njiomHOCMU dNIeKMPOHHbIX YPOGHel 3axeama,
€030a8aeM020 KUCIOPOOHOU BAKAHCUEH, YBEIUUUBACTNCA HANPAdCEHUE NPODOA.

Kniwouesuvie cnosa: gepposrnekmpuyeckas nienKa, KUCIOPOOHAs 8aAKAHCUS, NEKMPOHHbIE VPOSHU
3axeama, uonuzayusa llyna-Dpenxens.

V.V. Buniatyan, V.K. Begoyan, H.H. Hovnikyan, A.L. Manukyan, T.V. Vandunts

THE FEATURES OF THE 1-V CHARACTERISTIC AND BREAKDOWN
PHENOMEMA OF METAL-FERROELECTRIC CONTACT

The I-V characteristics and breakdown phenomena feature of the metal-ferroelectric contact is
studied theoretically for the regime of presence of the oxygen vacancies and non-linear dependence of
dielectric permittivity of ferroelectric thin film on electric field. It is stated that with the increase of
oxygen vacancies conditioned by electronic trap levels densities, the breakdown voltage is increased.

Keywords: ferroelectric thin film, oxygen vacancy, electronic trappings, Pool-Frenkel ionization.

Pniuhwpyutu Ywhbt Ywqqbuh - n.q.q., ypndtunp (2UN2)

Pgnjut dwpngbu Unpjniup - n.q. p. (2UMN2)

<ndupYyw L<pwyp <wyyp - dwghuwnpnu (ZUN2)

Vwuniyyuw Upwd Luntp - wuyhpubn (2UM2)

Jdwunniug Shqputu dwikphyp - wv.q. p., ng., Inphuh whnwljub hwdwjuwpuh
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YK 62-50 NH®OPMATHUKA, DJIEKTPOHUKA U
HAYYHOE ITPUBOPOCTPOEHUE

O.H. I'acnapsin, T.H. Oranecsin

K BBIBOJY YPABHEHUM IBUKEHUA MAJIOTO KOCMUYECKOI'O
JETATEJBHOI'O AIIMMAPATA C MAXOBUYHOM CUCTEMOM YIIPABJIEHUS

H3yuenvl onpocwl 6b1600a YNPOujeHHbIX YPAGHEHUNl 8 NPOCMPAHCMEe COCMOAHUL Y2N08020 OBUIICEHUs NO
OOHOU OCU MANbIX KOCMUYecKux aemamenvuvlx annapamos (MKA) ¢ maxosuunoii cucmemoti ynpasienus 0
cnyuas, K020a Maxoeux YCMaHo6ier He Ha 8ay UCHOTHUMENbHO20 08u2amens, d Ha 8b1Xxo0e pedykmopa ¢ 3a0aHHbIM
Ko3gpuyuenmom nepedauu. [lan 6vi600 coomeemcmeyroujeli nepedamourol @yukyuu MKA ¢ maxosuxom.
Paccmompen uucnennuviii npumep pacuema maxosuunoii cucmemsl ynpasietus MKA.

Kniouesvle cnosa: xocmuueckuil nemamenvHulll annapam, MAx08UUHAs CUCTHEMA YNPAGIEHUS, YAPOUjeHHbLe
ypasHenusl 08UNCEHUS, NepedamoyHast YYHKYusL.

BBenenne. MaxoBHUHBIE CHCTEMBl YIpaBlIEHHS OTHOCSATCA K Haubojee paclpoCTpaHEHHBIM
CHCTEMaM YIIpaBJICHUS] MallbIMU KocMudeckumu anmapatamu (MKA) [1-3]. Dtu cucremsl, B cuily cBoed
MIPOCTOTHI ¥ HA/ICKHOCTH, BBICOKMX KaYECTBEHHBIX M JKCIUTYaTAllMOHHBIX XapaKTEPUCTHK, MUTAHUSA OT
JNEKTPUYECKUX HUCTOYHUKOB SHEPIUU M T.JI., OCOOEHHO IIUPOKO HNPUMEHSIOTCS B CIYTHHKax CBS3H, a
TaKKe B I€0JJe3NUECKUX, METEOPOJIOTMUECKHUX U APYTUX TUIIAX CIIyTHUKOB [1].

X

gz;'b'l
‘x&y
@, @

Puc. 1. Maxoeuunas cucmema ynpasnenus MKA

Ha puc. 1 cxemartudecku Noka3aHa TPEeXOCHas MaxoBHuHas cucrema ympasineHus MKA. B taxux
cucremax BHyTpu MKA ycraHaBiMBaroTCs TP MaxOBHKa, BpallleHHE KOTOPHIX OTHOCHUTEIBHO KOpIIyca
MKA obecnieunBaercs Npu MOMOIIM JBUraTeieid MOCTOSHHOIO TOKAa, XOTS BO3MOXKHO NPHMEHEHUE H
JpyTruX THUIOB 3jeKTpoasurareneid. Ocu BpallleHUs] MaxOBHUKOB IIPM ITOM HAIIPaBJIEHBI BIOJb TPEX
rnaBHbIX ocel nHepimu MKA. Tlpu BpameHnn MaxoBHKa MPUIIOKEHHBIH K HEMY MOMEHT JECHCTBYET C
o0paTHBIM 3HaKoM Ha koprmyc MKA, uyTo co3aeT BO3MOYKHOCTb YIPAaBJIEHHUS YIJVIOBBIM JBHKEHUEM
MKA otHOcuTenpHO wLeHTpa Macc. B oOmem ciydae yrimoBoe nBmwkeHne MKA onuceiBaercs
HEJTMHEHHBIMU AUHAMUYECKUMU ypaBHEHUAMU Ditnepa. OqHAKo MU MajibIX yTI0BBIX ckopocTsx MKA B
YpaBHEHHUAX Diijiepa MOXXHO TpeHeOpeYb THPOCKOMMYECKHMH WICHAMH, a TaKKe JPYTHMH 4YICHAMH,
COJIepKaIllUMH TPOU3BEICHNS YIIIOBBIX CKOPOCTEH, YTO MPUBOAUT K CYLIECTBEHHOMY YNPOIIECHUIO 3THUX
ypaBHeHui [1].

B cratbe maercs BBIBOJ NpPUONMIKEHHBIX ypaBHeHUH apmkeHns MKA ¢ MaXxOBHYHOH cHCTEMOH
yIpaBlIeHUs B IPOCTPAHCTBE COCTOSHUM, a Takke BBIBOJA COOTBETCTBYIOLIMX NEpeaTOYHbIX (QyHKUUM. B
KauecTBE MCIIOIHUTEIBHBIX IBUTATEIICH MPUHATHI 3JIEKTPOABUTATENN MTOCTOSHHOTO TOKA C HE3aBUCUMBIM
BO30YKIEHHEM OT MOCTOSHHBIX MAarHuTOB. B OTiIMuYMe OT ONMHCAaHHBIX B JIMTEpaType ypaBHEHUH
JBIDKEHUS MONO00HBIX cucTeM [1,2], rae cuuraercs, YTO MaXOBUK YCTaHOBIIEH HEIOCPEICTBEHHO Ha Bally
JBUraTessl, HWXKE MPeNroaraeTcsi, YT0 MaxOBHUK YCTAHOBJIEH HAa BBIXOJE MEXaHHYECKOTO PEAyKTopa C
3aJaHHBIM K03()(DUIIMEHTOM Mepesayuu q .
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1. YpaBHeHusi ABH:KEHHSI B NPOCTPAHCTBE COCTOAHMI M mepeaatouynbie ¢pynxnum MKA ¢
MaXOBHKOM, YCTAHOBJEHHBIM HAa BbIX0OJe peaykropa. Ilpu BbIBOJE YypaBHEHMH [BHXKEHHS B
IIPOCTPAHCTBE COCTOSIHUH NPEAIOaraeTcs, YTo yIJIOBble OTKIOHEHHUS U yrioBble ckopocTd MKA Bokpyr
B3aMMHO NEPHEHIUKYIAPHBIX oced X,Y,Z Majbl, U O3TOMY B TOUHBIX YPAaBHEHMSIX JBHKEHHSI MOKHO

npeHeOpeyb MPOU3BECHUSIMH YIIIOBBIX CKOPOCTEH, a TakKe CUMTaTh, YTO YIJIOBBIE CKOPOCTU MO OCIM
X,Y,Z paBHBl NPOU3BOAHBIM COOTBETCTBYIOIIMX YTIJOB. IIpH NaHHBIX NPEANONOKEHUSIX ypaBHEHUS

asuxeHnss MKA BOKpyr IieHTpa Macce CyIECTBEHHO YHMPOLIAKOTCS, TaK KaK yTJIOBbIE ABHXKEHHS BOKPYT
ocell X,Y,Z MOXHO paccMaTpuBaTh He3aBUCUMO Jpyr or xapyra [1]. Kpome TOro, mockoibky

YIOPOILEHHBIE YPAaBHEHUS IBMKEHHS TPEXOCHONM MaxOoBHYHOHM cuctembl ympasieHuss MKA mo ocsm
X,Y,Z unentuunsl, OyneM Janee olycKaTh HHIEKCHI, yKa3bIBaIOLINE Ha OCH BpalLlEHHs.

O6o3HaunM depe3 @ U @=d @/ dt yron noBopoTta u yrioByro ckopoctb MKA Bokpyr BeIOpaHHOM
OCH OTHOCHUTEIILHO UHEPLHUATBHON CUCTEMBI KOOPAMHAT, a yepe3 (2., - OTHOCUTEIbHYIO (OTHOCHTEIBLHO
koprmyca MKA) yrimoByro CKOpOCTh MaxOBHKa OTHocuTenbHO Kopmyca MKA. JlomycTtuMm, MaxoBUK
YCTQHOBJIEH HA BBIXOJIE PEAYKTOPa HCHONHUTEIBHOTO ABUIATENs MOCTOSIHHOTO TOKa C HE3aBHCHUMBIM
BO30YKIEHHEM OT IOCTOSIHHbIX MarHuToB. MomeHT mHepuuu MKA o6o3Hauum uepe3 J, a MOMEHT
MHEPLUN MaxoBHKa - yepe3 [, . Torna, o00o3HauuB yepe3 /,, MOMEHT MHEPLMH POTOpA JBUraTens C
NPUBEIEHHBIM MOMEHTOM HMHEPUHMH pPeNyKTopa, a 4yepe3 €2, - OTHOCHUTENBHYIO YIJIOBYIO CKOPOCTb

BpallleHUs IBHraTels, MOJHbII MOMEHT KONWYecTBa MABMXKEHMs (KuHeTHdeckuil momeHT) MKA ¢
MaXOBHKOM BOKpPYT BEIOPaHHOM OCH MOXKHO 3aIHCaTh B BU/IE

H=Jo+1,(0+Q,)+ 1y (0+Q, ). (1
Ecnu 0003Ha4uTh NnepeAaTOIHOC YHUCJIO PEAYKTOPA UEPE3 ¢ , TO OTHOCUTEIIBHBIC YITIOBBIE CKOPOCTH
BpalieHus poTopa ABUraTeIsl 1 MaXxOBUKa 6yHyT CBA3aHBbI CICAYIOIHUMHA COOTHOLICHUSIMU:

1
QRW:;QM,I/IJIH Q,, =qQ,, . 2)
CortacHo TeopeMe 00 M3MEHEHNH KHHETHYEeCKOro MOMeHTa [1], uMeem
dH do do dQ do dQ
—=J—+I1, —+1,g— ] —— 41, —2 = Mout, 3
dt dr Mg Ty oar Y ar )
rae Mout - MOMEHT BHEIIHUX cuJl, feiicTByrommx Ha MKA oTHOCUTENsHO BEIOpAaHHOMN OCH, HITH
dQ
(41 410 )2 1 (1g + 1y ) 2 = s Mout (4)
dt dt
OTKyJla TaK’Ke IMEEM
do dw dQ
ng— (IM+IRW)?+(IMq +1RW)7RW + Mout . (5)

UneHn B KBaIpaTHBIX CKOOKax B mpaBoil yacT (5) oOyClOBJIEH OMHAMHUYECKOH peakiueidl MaxOBHKa U
poTopa JBUraTeNs, CBI3aHHBIX Yepe3 PeIyKTOp.

Ecnm 0003HauuTh 4epe3 i TOK SKOPsI ABUTATENS, a 9epe3 C,, - KOI(DPHULIUCHT Iepeaadn N0 MOMEHTY
(9TO KOHCTPYKTHBHBIH HapaMeTp aBuraTeis) [4], TO ypaBHEHHE IBIDKCHHS MaXOBHKa OTHOCHTEIEHO
WHEPLHUAIBHOTO MPOCTPAHCTBA MOXKHO 3aIIMCaTh B BUIC
do dQ,,

I, | —+
MUar o dr

+M,, =c,i, (6)

rae

_ 1, (do AQpy

- RW

q dt dt

- TMHAMUYECKUI MOMEHT CONPOTHBIICHHUS MaXOBHKa, PUBEICHHBIN K Baly (POTOPY) ABUTATEIIS.
OTMeTuM, 4TO B ypaBHEHHH (6) IJI HPOCTOTHI IPEHEOPETaroTCsl MOMEHTHI CyXOro (KyJIOHOBCKOI'O) U

BSI3KOTO TPEHUH Ha Baly JIBUTATENs, @ TAKXKE HHIYKTHBHOCTD 1M SKOPS.
IMoxncrasus (7) B (6), NOIYyYUM ypaBHEHUE JIBIIKEHHUSI MAXOBHKA B BHJIE

M (7

RW
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do
(IM +11RWJd—“’+(q1M +11RWJ B _ e (8)
q dt q

WM B 3KBUBAJICHTHOH (opme:

dw 2 dQg, .
(qIM +IRW);+(q Iy +IRW) di =qcyt. &)
Tok i SAKOps IBUTATENS B JTAHHOM CITydae ¢ y4eToM (2) ONpeenseTcst BhpaKeHUEM
U—-c.Q 1
i:#:_U_C_EqQRW' (10)
r r r

IMoxncrasus (10) B (9), Haiinem
dw
(qIM + Ly )E + (qle + IRW)

Wrak, momydeHsl Ba B3aMMOCBsI3aHHBIX ypaBHeHUs (4) u (11), onuceiBarommx aunamuky MKA ¢
MaxXOBUYHOW CUCTEMOM yIIpaBICHHUS.
BBeneM BEKTOp COCTOSHUN ) CO CIEAYIOUMMHE ITEPEMEHHBIMH:

W=, »=0, y;=0Q. (12)
Torma, WCKiIOYash MyTeM CTaHIApPTHBIX mpeoOpa3oBaHuit u3 ypasHeHus (11) mpousBogHYIO
dQ,, /dt, a u3 ypaBHenus (11) mpomsBomHyo dw/dt, momydnm c¢ yderom oOo3HaueHUH (12)

dQ,,

Celu

c
:CITMU_‘IZ Qpyy - (11)

CIIEAYIOIILYIO cucTeMy Tpex auddepeHnanbHbIX ypaBHEHHH IepBOro NopsiIKa:

dy, _
a7
d
% =—CU + C,y, + C;Mout, (13)
% = Ly, + LU — L,Mout,
rae
c cpC 1
ClquO M7 szqzma C3:_7 (14)
C,r C,r G,
2
I =(q2[ Iy )_ (IMq +[RW) _9% I :qZCECM I = (IMq+IRW)
’ MO (T, + Ly ) Ly Ly T Ly(J+ 1, + 1, )
Cucremy ypaBHeHwuit (13) MOXKHO 3anucatb B MaTpUIHON Gopme
dy
— = Ay + B,U + B,Mout,
dt y 1 2 ou (15)
p=Cy,
riae Matpuna A u BekTopsl B, B,, C 1arTcs BhIPaXKEHUAMU
01 0 0 0
A=|0 0 C, |, B=|-C| B,=| G| C=[100] (16)
00-L, L -L,

VYkaxkem, uto MKA ¢ MaxoBHKOM Kak OOBEKT yrpasiieHHUS 1o Bxoay U (HampsoKeHUIO Ha BXOJE
JIEKTPOJBUIATENIA) SBISAETCA HEYIPaBIIAEMbIM, TaK KaK I€TePMUHAHT MaTPHILIbI yIIPaBIsEMOCTH
_ 2
Contr =[B, AB, A"B/] 17)
ans MaTpuisl A 1 Bektopa B, B (16) paBeH Hymo. OTo oTpaxaeT TOT (aKT, YTO BHYTPEHHHE CUIIBI HE

MOTYT MU3MEHHUTh MOMEHT KOJIMYECTBA JBIKCHHS 3aMKHYTOH MEXaHWYECKOW CHUCTEMBI, T.€. HEBO3MOKHO
3a cuer omHoro ympasieHuss U TpuBeCTH K HyJIO (IIpH HEHYJIEBBIX HAYaJIbHBIX 3HAYCHUSX)
OJTHOBPEMEHHO YTJIOBBIE CKOpOCTH @ U ,, [1,2].
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ITepenarounas ¢ynknus MKA ¢ MaxoBUKOM, TZie BBIXOAOM sIBIIsieTcsl yrou noBopotra MKA ¢, a
BXOJIOM - Hanpsbkenue U Ha BXOZ€ 2JIE€KTPOABUIaTes, OIpEeAesIeTcs yepe3 MaTpuiy 4 U BEKTOphl B,
u C B (16) u3BeCTHBIM BBIpaXKECHUEM [5]

W(s)=C(sl - A)"B,, (18)
rae / - equHUYHAS MaTpula pa3Mepa 3x 3.
Ha mpaxTuke npu 3aJaHHBIX YHUCIOBBIX MaTpUllaXx U BekTopaXx A, B, u C mpolue HoNb30BaThCs

cranaapTHeIMA (yHKIusMu maketa Control System Toolbox B cucteme MATLAB [5]. B wactHOCTH, B
HAallleM ciy4ae 3Ta QyHKIHUI UMeeT BU
W = balreal(tf (ss(4, B,,C,0))), (19)
rae GyHkuus balreal ciy>XuT UIsl UCKIIOUEHHS U30BITOYHBIX HyJIeH, BOSHUKAIOIIMX BO MHOTHX CIIydasx
IIPU TIepeXo/ie OT YPAaBHEHUH B MIPOCTPAHCTBE COCTOSIHUI K MepeAaTOYHbIM (DyHKIHSM.
2. lpumep. PaccmoTtpuM MaxoBH4HYIO cucTemy yrpasieHuss MKA 1o oxHO# ocu co clieqyroIumu
napamerpamu: J= 10000 ¢?/n?; [rw=300 2-cm’/m’. B kauecTBe 31€KTPOBHIaTENs BHIGEPEM IBUTATENb (PUPMBI
Maxon RE-25c¢ pemykropom 1:5 u ¢ mnapamerpamum: Iy =0,0107 zen®/w’;  Q_ =9500 o6/mun;

M =267 o/’ s Cy=234 2cm’/ MP/A; C,=0,02358-¢c; r=2,00m.
Iepenarounas Gpynkuus MKA ¢ maxosuxom W (s) =W, (s) (18) npu srom paBHa

0,05846
W (5) = 220
et ) =0 23585 +1)

3Hak “muHyc” B mnepepatouHoi Qynxkumu W, (s) (20) orpaxaer TOoT (aKT, 4TO IpU HOJAUE

(20)

MIOJIO’KUTEJIHOTO HANPSDKEHUsI HA BXOJ DJEKTPOJABUraTeNsi W BpAIICHWH POTOPa B MOJOKHTEIHLHOM
HanpasieHnn MKA Oyzner Bpamarscs B IPOTHBOINOJIOXHOM (OTPULIATEILHOM) HanpaBieHud. Kak BUIHO u3
(20), MKA ¢ MaxoBHKOM sIBISIETCS OOBEKTOM C acTaTU3MOM MEPBOTrO MOPSAKA 10 OTHOLICHHIO K YTy
mosopora MKA ¢.

B xawectBe nepemaTo4HON (GYHKLIMH JaTdMKa paccoriiacoBaHUS (OLIMOKM) IPHHATA ClEIYIONIas
GbyHKIuUs:

250
Wpnsor (8) = ——— . 21
SENSOR( ) O, 02S + 1 ( )

Pacuersl 1o craHmapTHBIM MeTOXMKaM [4] IOKa3bIBAIOT, YTO IIPH BBOJAE B CHCTEMY peryjsropa ¢
repelaToyHoN (pyHKINeH
50s 525 +200

s+100  s+4+100
3aMKHYTasi CHCTEMa SIBJISIETCSl YCTOMYMBOI U MMEET CIIeYIOIHE 3a1achl yCTOWYMBOCTH 110 aMILIMTYAE U (ase:
Gain Margin = 24.9 dB, Phase Margin = 52.5 degrees.

Huarpamma HalikBucTa cKOppeKTHUpPOBaHHOW cucTeMbl ynpaBieHus MKA ¢ MaXxoBHUKOM IOKa3aHa Ha
puc. 2, TAe NYHKTUPHBIMM JIMHMSIMHM IIOKa3aHa aMIUIMTyAHO-(a3zoBas xapakrepuctuka (ADX)
HECKOPPEKTHPOBAHHOM cUCTeMBI (puc. 2a).

W (s)=2+

(22)

1.5

40
W, (jar)

20

) M =0

M=M=

Y
y
Imaginary Axis

Imaginary Axis

-20 W ()

-40

=60

W, (jar)

-60) -40 -20 0 20 40 60 2 -L5 -1 45 0 0.5 1 L5
Real Axis Real Axis

a) 0)
Puc. 2. Jluacpamma Haiikeucma ckoppexmuposantoli MaxoeuyHou cucmemvl ynpasienus MKA c
peayasmopom (22): a — obwuii 6ud; 6 — ADPX ckoppexmupogannoll cucmemvl 8 ygeaudeHHoM macumade
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3axkiodenue. J[aH BbIBOJ YIPOILEHHBIX ypaBHEHUIl yriosoro nasuwkeHuss MKA ¢ mMaxoBH4HOM
CHCTEMOH yIpaBJIeHUs Ul Clly4asi, KOIJa MaXxOBUK YCTaHOBJIEH Ha BBIXO/E PEAYKTOPA UCIIOIHUTEIbHOTO
JBUIaTelsl MOCTOSIHHOIO TOKA C HE3aBHCHUMBIM BO30Y>KAEHHEM OT NOCTOSHHBIX MarHuToB. IIpuBeneHo
BBIPAXKCEHHE I ONpeeNeHus nepenarouHoil ¢pynkimu MKA ¢ MaXxOBHUKOM IIpU IMOMOIIM CTaHIAPTHBIX
¢dbynkuii, Bxomsmmx B coctaB makera Control System Toolbox B cucreme MATLAB. Paccmorpen
YICJIEHHBIN IPUMEpP pacyeTa MaxOBUYHOM cucTeMbl ynpasieHus MKA.
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Munitwuppdwds G npny  hwpgbpn, npnbtp  wnbsymd  GU - Jpédwlubph  ppwpwényeynitinid
pwihwidughti  unwywpdwt  hwdwlwpgny phbgbpwlwt  thnpn  pnsnn  uwppbiph  (Sr6U) Ukl
wnwgpny wulynibughti pwpddwt wwpqbigywsd hwywuwpnidubiph nnipupbndwip, wit nbupnid, Gpp
pwthwipdp  dhwgdwé £ ng pb wbdhowwybu  Guipwpnnulwt  2updhsh - thubinhti, wy - pipdwé
thnfuwbigdwti gnpdwlgny wpnupwihnpuwtighsh Gipht: tnipu £ pbpduwé hwdwwwipwupawt S0U-p
thnfuwbigdwt - pnibyghwti: HYhpwpydby £ puwhwidugptl Yunwywpdwt - hwdwlwpgny  S0U-p
hwaduiplyp pduwyhte ophtiwly:

Unwugpuyhti pwnbp. phtigbpwlwt pnsnn uwpp (wwwpuwy), pwhwiduihtl junwdwpdwb
hwdwlwng, rwunddwt wwnpqbgywsé hwdwuwpnidubp, thnpuwbgdwt pniblyghw:

O.N. Gasparyan, T.N. Hovhannisyan

ON DERIVATION OF EQUATIONS OF MOTION FOR SMALL SPACECRAFT WITH
FLYWHEEL CONTROL SYSTEM

Some issues concerning the simplified equations in the state space of angular motion in one axis of
small spacecraft (ICA) with the flywheel control system for the case when the flywheel is not installed on
the shaft of the actuating motor, but on the output of gear with a predetermined transmission ratio are
studied. Derivation of the corresponding transfer function of the ICA with the flywheel is given. A
numerical calculation example of ICA flywheel control system is considered.

Keywords: spacecrafi, flywheel control system, simplified equations of motion, transfer function.

TI'acnapsin Oser HukosiaeBud - 10KT. TexH. HayK, mpodeccop (HIIYA)
Oranecssn Tapon HBepoBuu - acrupant (HITVA)
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Upwlpfby F Epkp wplughll HEEGnbkpp hpdwlh Jpuw wuwpqugnyl Gupnigywépny wplhpl hknlng
[nruwgquynell unfhs: rupnughl wuydwbhbpnid wplughl Jugubh Jpoa hopdwpnidibpp gnyg Eq nygky, np ayl pp
owhwgnpéuwl wpnynt huybunniepudp sh ghonid pnuinnupubqhuwnnpuyhl nghspb:

Unwigpuyptr pwnbip. jniuwqquynili nyhs, wplhughl b Edkiwn, wplipl hknbnod:

Upluyhtt juywutbph wyhwnwipuyhtt wpynibwdbnnipmnitt fuljuinpbt guyjdwbwynpjus
swhwgnpédwt oyynhdwy nkdhdubpny b wuwydwbibpny' wwwhndbiny Yuwywuubph hbwpudnp
hqnpnipjut wnwykjugnyh oquuugnpénidp: Uyt Eupwunpnid E dh owpp ughpubph nudnwd, npnughg L
twl wplwghtt Swnwquypdwt hnuph wnwykjwgny pujuynudp:

Zuwpwynp wrwybjugny pruowpuunuwd, hbnbwpup bwb' tubpghnhjulwt hqnpnipntd,
wwwhnybnt hwdwp wphwhtt juyuubbph dwpnlngubph jnruwptuinng Jwuybplnygpubpp wbwp L
Shownn Ynnuunpnyqws 1hukt Gpyph Ynndtph tjundwdp b niuktwt npnowljh phpnipjnit’ hnphgnuh
uundudp: Ujy  tyuwuwlnd hwdwp hpwjwbwugdnud L wplughtt juyuwbbtph  dhwnwbgp
(wqhuniinuyghty) Jud Gpunwigp wplhtt hbnbnd, oquugnpsting wplbhtt hknbng |niuwqquynih
wnypsutip b yuwnnn vwppuljuqd [1-3]: Npyhu (pnruuqquynit ndhsubp Yhpundnd o mupunbuwly
|ntuwqquynitt mwuppbkph ($nunnnkqhuwnnp, $nwnnnghng, pnnnnpwtqhunnp, wphughtt HEdkun b wyb)
hhdwt Jpu Jurmgqws Ynbuwnpnmlghwubp, npnup dhdjmughg wwppbpynid i wyn wwpptph
pwwlyny, pipnipjut wilniung b nknupwodwdp [4, 5]:

Utp Ynnuhg dowlyt b quonughtt wuydwbbbpnud thopdwpydl) E wpbught fidEunubph (GR)
hhdwt Jpw yupqugniyt jurnigquspny wplht htnbnng nruuqquynit ndhy: Tniuwmqquynit tidpsh
wnwowplywd jupnigudpp phpdus k ul. 1-nud: Ujt punugws k php b hnphgnuwljut dknwunuljub
dhounpdutph Ypw nbnuljuyjws vhwbdwt UE-ukphg, npntighg tpyniup ghdwght Bu I b I UE-ukpp),
huy Ujnrup® phyntupuyght (II): thduyghtt Uk-ubipp twpwnbuqus Eu wplh nhpph npnodwt hwdwp, huly
phiyntupuyhtipn’ gpjws dwnwquypdui wqpkgnipjut pugundwi b wnwynunjub wpbughtt juywih
gnpéwupldwt hwdwp: Uhounpdubpp Swnwynid Eu npytu 9kpdwgphs b hnuwtipwhwnnpnhs:

P

Ul 1. Lmuwqquynil unfpsh Junnigywdpp b phpplpp wipluyhl Swnwquiplbph wihldwi nipgnyeul djunndundp.
wi- gniquihkn, p - pknijus
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Lotuwqquynit wdhsh woliwwnwiph Empiniip htnbjwjn - UR-ubph EEjupwudhqhulu
wupwUbnpbpp Jupdws B gpubg Jpuw pujunn wplwghtt fwpwquypdwt hnuphg: Sy wuwhht
wnwybjugnyu  FEjupubhqhujut wwpwdbnptp niukgnn UE-hg wplwjht uyuth wunnng
vwppuwluquhtt npynwd £ wqpuowt: Thdught I jud II UE-ubkphg wqqutpwb uvinwbwnt ghupnid
hpujuwbwgynid k juyuith npnowlh wunhfwing yununnd hwdwywunwuppuwbupup® we jud duhu:
Ehyntupughtt III UE-h wqnutpwny wyunwnng uvuppuuqdt wpbuwyhtt jujwiht yununmd E 180°-ny"
wplununphg nhwh wplbyp:

Bpp wdhsh wijuwbwljuit N wpwbgpp hwdpilnud £ wphuwhtt dwnwquypttph niqnuhwjwug
wiljdwt mnpnipjut htwn (WY, 1w), phduhtt Uk-ukpp Ynibbbwb dhtiingt LEjupudhqhjulut
wupwUbnpkp: Uju ghypnd wpbughtt juywith ywnwunn vwppuljuquhtt gnpswpdwb wqnuowl sh
unpynid, b wpbuwghtt uywbp sh thnjuntd hp nphppp: Gpp ndhsh wijubuljut wpwugpp obndus k
wplwjhtt Swnwquypltph nigquhuwyug widwt nuynnipmnithg npnowlh f wuljub wwl (ul. 1,p),
phudughtt UE-ukph HEyunpudhqhulwt wuwpwdbnptpp dhdjuighg Yunwppkpytt, nph wpyniipnd
wwnwnnn vwppuljuquh dhongny Jujwip npnowlih wunmhfwing juyunwngh we Jud dwpe: Uppyniupnid
opju pupwgpnid mbnh §niukbw wpbwyhtt juywth wipinhwn wpbht hknbnd:

hyntupughtt UE-h Ypw puljunid £ dhwj gpdus fwnwquypuwt hnupp, npp dhow wybih thopp k,
pwlt ghdwjhtt UE-ubph Ypw pulunn ninhn Swnwquypdwt hnupp: Uju wdbjh &S sh (huh twb wyb
nhwypmd, tpp Ybpohuikpu quuinud tu undbpnud, ophtiwy, tpp Ephhtupp yuwndws b wdwybpny: Tw
owbwlmu E, np opduw ppugpnid phyntupuyhtt UE-hg juyuth yuwnnn uvmuppuljuquhtt mqpubipwt sh
upynid: OpJu  dtponid pnnp  UER-ubpt b Ymibukbwt gpbpt  dhbungyt  HEjupubhqhulut
wwpwdbnpkp, nph wpyniipnid wpbwght juywiip ghoipdu pipwgpnid Yqunugh wipwnpd Jhulnud®
ptipdwsd ntwyh wpluninp: Unwynwnjub swgnny wplh fwnwquypdwi hnupp Ypulh phintupught UE-h
Jpu (. 2, dwp Ynnd): Zkmbwpwp, wyu UE-h LEjupubhqhjuljut wupudbnpbpp jgkpuquigki
nhdwghtt UE-ukph LEjunpudhqhujut yupuwdbnpbpht, hul ygunwnnng vuppuljuqit widhowuybu
wplwjhtt uyuiht juyuwnh £ 180°-ny’ wplbununphg niyh wpbbp (W 2, we Yond), b jhwuwnwwngh
wnlht hbnbtnt nkdhdp dhwy nhfwghtt UR-ubiph oqunipjudp:

Ul 2. Lmuwqquynil nnffish nppplpl wipliwéwghl

Cunhwipuglng jmuwqquynis tfhsh woiunwipt pun UE-ukphg unwugynn wqnubpwlbph’
Jupny Eup ubpuyugut) hbnljw) wnnuuwlh wnkupny:

Unynruuy
Lniuwmgquynt i infpish wpjuunnwipp
IUE 0 0 0 1 1

III UL 0 1 0 0 0

Onyu
dudwbwljuhwnydusp Fhotp Uplwdwg 8kpkly 8hpkly 3tpky
Munwnnn umppuljuquhe o

wpyng hpuniwtp Ulpwpd 180°%-ny Ug Quiju Ulpupd
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Lntuwqquynit vidhsp yuwunpuwuwngb) b oshtwjuwt wpunwnpoipjut 0,25 9w (10 4 X 25 JU)
hgnpnipjudp 35 X 55 i swthubpny puquupmnipnuyhtt UE-ubkph hhdwt Jpu: Ohdwljwt hywlutpp
phynitupuyhtt  dwlbplnypehtt  Ehi:  Opwbu  wwwunng  uwwppuwlwuquihtt  wgqnubpwt  dhwdnpnn
Etyunpudhghjuwt wwpwdtnp punpyt) £ UE-h jupd dhwugdwb hnuwbpp® I~ Uy hwdwpynud
UE-h wdbkiimqquynit wuwpwdbnpt wplwhtt Swunwquypdw hnuph tjundudp b, jupdws g
nhdwjhtt UE-utph dholt tnué o whljniuutphg, mpnwhwynynud £ hknlbjw) pwtiwdlbng [1].

I, =Incos(90—%+ﬁ),
npuitn [,-u UE-h jupd Jhwgdwb hnuwph E, Gpp g=0

Lntuwmqquynitt nhsh htnwgnuunipniuttpp juwnwpyt) Bo quownwghtt wuypdwtubpoud “Fupgu®
hunJughnt jhunpnuh thnpdujuyuinud nknujuyjws 5,0 4w npuspughtt hqnpnipjudp wplwght
Juyuth Jpw, npp  hwdwpqws Ep ghipdwbwlwt wpuwnpoipjut wpbhtt htwnbng
$Inunnunpuighunnpuyhtt mghsny b kpljunwigp yundwb vwppuljuquny [6]:

Uplught Juwjwuh hqnpmipjut swthdwt wpyniupubptt opdu Jupduspny dowljywus b hwjntp
ntuwqquynitt hsubph Yhpundwb nhwypbpnid gnyg Eu npguws uy. 3-nud:

_ O0nCuOg® o
g Ompytm n - S U 5
T 4 7~ ™% A Zlg
o 0 4 N\ £
& 3 7 '
= 4]
8 5| 2
-y £ ! Zuunih
g 1 0 f A Utbpupd
=
g o lo

D P S D H ;
PRSP

dunip

Ul. 3. Upluyhl juywbh hgnpnippul sunpdwl wpnyniGphkpl opyu inpywdpny rwlyws b hujinih jniuwqquyni i
wnffsbbpp jhpundwi nEuyplpnid

Ul 3-hg htimimid E, np.

e Uowljyws UEk-ny jniuwqquynitt mdphst hp swhwgnpsdwt wppnibwdbnnipjudp sh
qhonid yuwwnpwuwh dnnnnpwqhutnnpughtt nyhsh,

ewnlhtt htnbdwt ulqpniiph Yhpwnnidp hwigkgunid L wpbughtt juywih opwlwi
wpunugpus fEjunpulut Eutipghwyh putwlnipjui dnwn 35...40 % dkdugdwp:
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K.T'. A#tBazam, /I.B. Arabekam, B.JIO. Arganan
CBETOYYBCTBUTEJIbHBIN JATYUK JIJI CJIEXXKEHHWA 3A COJHIIEM

Paspaborar cBerouyBCcTBHTEIBHFIH JATIHK MPOCTOH KOHCTPYKIJHH HA OCHOBE TPEX COTHETHBIX
areMeHTOB A caexenwus 3a ComHneM. FICIIBITAHHA B IIOJE€BBIX YCIOBHAX HA COJIHETHOH CTAHIHH
ITOKAa3aJIH, 9TO II0 CBO€H SKCILTyaTaHOHHOH SQ@EeKTHBHOCTH OH YCTYIIdeT (OTOTPAH3HCTOPHOMY
JAATTHKY.

KrrogeBsre cioBa: CBETOIYBCTBHTEJBHBIH JaTYHK, COJIHEYHBIH SJIEMEHT, CIEeXeHHe 3a
CouHIIEM.

K.G. Ayvazyan, D.V. Aghabekyan, V.Yu. Aghdalyan
LIGHT-SENSITIVE SENSOR FOR THE SUN TRACKING

A light-sensitive sensor of a simple design based on three solar cells has been developed for the
Sun tracking. Field tests at the solar station have shown that it is not inferior to the phototransistor
sensor by its operational efficiency.

Keywords: light-sensitve sensor, solar cell, the Sun tracking.

Wjwqut Ywpbu Fwqhyp - mtuthjuwh ghunipnibbtph phiawsne (2&U)
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Zhunmwmgnunly ko JEp ukpykphkpp, phuuplyly Bo Apache-ukpykph whyumwbgnuenui o Junwyjumlui
Jubpppabpp: Munidiuuppnippul bpdwi Ypu DHwlyly b Jjkp ubpdbph Qunujupdwl phnbpulupy  qonpdhp -
Yywhwhwl ' upupg b hupdwp pflinkpplyu wndhbpunpunnnph hunlup, npp Ahwpunpnyeinid una hkwnbky, hully,
qununjuply ubpybph hupgnulbbpp phuy dudwiwnid: Vkplupugyly ki jungkipniprui nkd qupwnuwinipui
uponghkp:

Unwugpuyhti punbp. jEkp ukpjkp, Apache, fupwijmpnid, jungkjpnipinil, unwgupdi plunkpulnpy
Spwgnpuyhll gnpdShp, wnuhihunpuinnp, SS:

Ukpwbmipmii:  SEnkjuwnduiut  wkjuninghwiutph wnlw qupqugnuditpp b wdwuyht
wnbkpuninghwitph wpnhuwbnipmniip  jupwbl] Bt wwpunbuwl wngulg Swpwynipmitttph
dwwnnignudp: dudwbwlulhg juquuybpynipemniuubpp’ Eutkng phqubtiuh hwpwdmb ywhwuetiphg,
wnwowwwp ninoippiibp Bt hwdwpmd  nbnbjunympjut hwjuwpugpdwl, dowljdut b
wwhywidwb unhpubpp: 9kp hwybJusubph vnbnénudp dudwitwlwlhg dvhnmdubphg Ukl L U
Juquw-Yhpuynipmibibpp, Yhpwekng hwbpjustbpp, tkpiujugind ki nwpplp Swnwgm pnibbtp’
EEjupniuwghtt wkupny hwjuwpwugpnid, dpwlnid b wwhnd Eu httwbuwljuly, wnnnowuyyuhwljut jud
wy] punyph wbnbjuunynipmnit’  Juunwhbgubing oquuwwbkpbphtt tpwig wiuuwiqmput b
wywhnympjub dke:

dbp hwbjush wudunuignipjut wywhnydwt hupgp nurinid E wpphwljwt b hpuwnwy, huly
wnwowplyny jndnidubipp hwdwuy hnwth sk pninp phwypbph hwdwp: ungljhnipyut wdp yuwhwienid
k tinp (nidnidukin:

Mugph gpjuépp: Upghwjwt b ghnwpll] dudwiwluyhg ke ubpdbph jupwjupdwi
hhdtwptunhputpp, nuuwlupgbing welw fungbnipnibabbpp, hwdwnpbing welw nsnwdutpp b
nhunwplws hunbkpulnjn] Spugpuihtt gnpshpukpp. dpwlily b uintndty sSpugpuyh gnpshpudhgng, npl
hn dbe Yhuwdwwntinh Jtp ubpdtph jupwupdwi, hbnbdwb, hujdwt b wifuwbgnipjut wyuwhnddwui
htwpwynpnipniuubpp Ukl ud dh puth wnpdhthunnpuwnnpubph hwdwp:

Zhnwgqnunny  ympp: Ujuop snmijuynid wnlw  dbp ubpybpubpp puqwphy G Cuwn
huntpubwnughtt  hwpgnudubph b wpwowwnwp  Yuquulbkpuynipniuttph  hknwgnunmpniuaubph
wnwewwnwp nhppnid Apache-u &, npp qpuntigunud E oniuygh 40%-p: Zhdutny hnwgnuinipniiikph
Jpw, hwoyh wnubny uwyb, np Apache-u pugpyjws b qphpt pninp wdwuyhtt wnbkjuininghwljut
wyuwdnpdubpnd, b vyuuwplynn Juypkph pwtwlyp, ptyyku twb §nudhgnipughnt b jhpupwluh
wuwupgnipntup, Yhp-utipdbpttph junwjupdwut hpnkpulnhy Spugpuyhtt gnpshpp dpwljytg Apache-h
hwdwnp [1-3]:

Ppujuwtwugwé L htwnwqnunipnibbp, npnup gnyg wkght, np ybp hwdwlwpgbph gqpbpk
62%-n yupnibwlnud E pupdp dwjupnuljh nhuljh jungbjhnipnibabp: Oppwt pupdn b 4ip hwdbpush
dnruyghnbiwnipiniup, wyipwt pupy £ bpw Yngp, b wyipub wyt ungkh E his £ Jupnn £ hwigkgub
wiujunwbgnipju (nipg punhptbph: Zudwduyt hbnwgnunmpnibitph® jungbjhnmpnibttkph down 69%-n
ynpnud £ ubpybpuyght pununphsp: Cug npnid, wyu jungbjhnipnibttiph pwbtwujuljut puujusnipiniup
Juhjws t bwl vyuwuwplnn ukpybph nkuwlhg: B hwdwdwji ghinuplfus hbnwgnunnipyniabph’
stuqws oniljuynid qpunbkgpus wnwewwnwp nhppht, twb wdktwjungtihtt Apache-u k: Gluknyg htug wyu
npnyphg Jbp ubpybpibph hudwp vnbnsjus jurudupdwi gnpshpp dpwljws t Apache-h hwdwp’
hudwwnbnbing jurwupnidp b wbiduuignipyu Jpwhulnudp [3]:
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Suynp, sSwnwjnipjnibibp dwwnnignnubpp hwdwh skt ubpgpuyynid wdwyuwyhtt hudnpdwghnt
hwdwljupgbph swnuynipjniubpnud, ophtiul Microsoft-h Azure wd IBM-h Watson-nid b skt oquynid
ubpuyugué hwdwlupgbph Yhbnpniwugqus junwdupduwt wijuuignipiut hwdwljupgnid
bhtwtuwlut jud hwdwlwupgh ny wdpnnowljut mhpuybtndwh ghypnid, thnpdh yujuunpjut Jud
wyn Swnwynipjniiitphg funtuwthtint ywwndwnny, nphg plunid £ wipudupup widunwbgqnipyniup: Ukp
hpwjwbwgpué hbwnwgnuinipniiubpp  gnyg wygbkgh,, np  hwdbjJusubph  dhbwdwubinipniup
wupnttwynwd £ pupdp dwjupnuljh nhuljh jangtjhnipyniuitn [1,4,5]:

9hp ubpytph jJwowwplwh Jwhwiwlp - hbnbkpulnhy Spwgpuyhtt  gnpShpwuhengu
wnUhthunnpuwnnphtt tmwjhu b ubpdbph Yuypbph widuubgmipinit jungbihnipmpitubph  hwjnbw-
pipdwi, huljywi b juwrwdwpdwt htwpwynpmipinil, wbkubbng hwupgdwt wpynitpp, wwpdu
YupJuspny jungbihnipnibiubph pwbwuljuit Jhdwljugpnipmiip b wji: Pugh wyny unbndkg
ubpytpuyhtt ghnwpws wdkbwduuwbquynp b nwwpwsjws  fungbjhmpiniubtpp  Jepwhuybng,
htnlibjnt b hwpintiupbptint hwpunnpnipyndi:

Utipljuyugynud £ dpwljwd spugpuighl gnpshpp:

dtp ubpdtph jurwjupdwi ptnbpuluhy hwdwlupgp yip hunbpdtju £ nph dnunpp dhwygt
gruiugdwdp b Zwonpnipjudp  Uninp gnpstnig hbuin  wgdhthunpuunnpp whwnp E wlguh
Yntbhgnipughnt thnikipny, npnughg ipwpwtynipnid nbknuuwydus i phjuytt jupquynpnidubp:
Lw Jupnn b thotinjul) jupquygnpoudubpp jud  pugniul) pbjug:. Unwehtt thnyp Apache-h
Inqunpuwt puybph upquynpnudubph oyt & hul hwenpyp®  php-h nquujnpuiwt duyitph
futwuyuphh Yupquynpnida b Ujunithbnb wndhthunpuwnnpp dnunp £ ognpdmud. junwdupdwt
Yuhwbwyh giuunp te: Fuwnp tonud qbp ubpdph  Yuypkph oquunbpbph pninp hwpgnudubpp
pipqws Eu wpnmuuwlny: Zwpgnudubpp phpqws Bu dwubtwndus wbupnd  wwny hudnpdwughw,
hupgdwt dudwbwlh, ogqnnunhpng IP hwugkubtph, hwpgdwt whwh, hwupgdwt dwpduh, ubkpytphg
utnugynn wwwnwupiwith Yngh, yunwupuith suthh dwuht: Ungpdhthunpunnpp hbwpudnpnipini
niuh plnpknt gnigunpynn hwpgnidubpp punn Apache-h hupgmdubph 3 hhdtwut nhybph:

Gph wndhuthunpuwnnpt ptnpnud £ 1 nmuppbpulp, wyw wnpnruulnud hayndnud B hug wyh
hwipgnudubipp, npuntn gpuigyt) B upawukp, ophtw) mod_dumpio Unnnip: Zupgnudubph gnigugpdu
3-n muppbpulh phnpdwt phypnid wgdhthunpuwnnpp upnn £ bwb wkutl)] Php spugpuyhtt Yngnud
wnwowgud upiwubpp’ pun dudwbwlh, whwh, $uwyh b vjpwh wnnh: ‘Lnp hwupgndubph Swquwt
ntypnud wpniuuljubpp wjundwn  pupdugnd  Bu: Undhup Jupnn B wbpwnb] wnniuwlh
untbwljubtpp, thnthnpul) pupdugnudubtph dudwbwlp b wyjic dwhwbwuyp mwhu b iwb hwpgnudubph
nwppbp dnpluwntiipny nnipu pipdwt hiwpwynpnipmit ophiwely CSV, JSON, JSON juintwlupg]us
$npuunny, RSS 1 XML:

Juwhwtwlnmud ju sSwinmgdwt winhjugdui htwpwynpmpinil, nph wljnhdugdwt phuypnid
wnUhthunpuinnpp hp hwdwlupgsh Eypubht swimguwb nbupn nbnkjuimd E Juypkph tnp
hwpgmdutiph wnwewgdw hupnud:

Juwhwbwlt niuh junwjupdwi hhbpuppuhl b £ynit jupnigqusp: Uji htwpwydnpnipmnit k
wnwihu udhltunyu ubpybph wndhthunpunhy jupujupduwdp qpundl] vhwdwdwbwl dh pwh
Eupwwnupttkp, npnig unbpdnud L

= =1 T4 = T =TT i

YEpwhulnud k Ukl untybpundhiip: Yw Gupw- e z == =
wnUhbitbph  hwpgndubph nhuwibjhnppub - - 5 ' £
uhpnypp  uwhdwbwhwline  hbwpudn- == = .
poipnit: Jwhwiwlnmd ju upwwndhuubph = E
wuwwdnipjut by, npwnbtn umwybpundhup
Juwpnn t hbnbl] Bipwwngpdhtubph  gnpén- 1 = oie R e =
nnipniutkphte i = : .-“ e S0 . ' :
Juwhwtwlnd hwonpn junonp pwdhp = - =
ubpybph Jujptph wjghmpynibiuibph e 1
Jhdwjugpnipjut ghudwt tot E  (ul.1):
Unuhthunnpuinnpp upny b nkutb) ubpdbph V2 Teplph wyglymipmbilph gpawlugpnipuh phudul by
Juypknh owitn Tyt gnpdéntiubipny
Yhdwljugpmipynibip gpudhynphb:
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Uw htwpwynpnipnit £ nmwjhu wndhtthunpuwnnphtt hbnbb ubpdbph Yuyptph wygbniubph
wdkiwpuin nhinjws Guypknp, Yuypkph kobpp b puwbuljukpp, wyghniubkph ppuniqbplibpp, Ejpubiutkph
suthbpp, mbutil] uyptph oqunuunbtptph puwbwlwlwt pnnipmpiip” jupws puqluphy gnpénuutphg:

Eop puwdwtws k pnfubph, npnbn phpdwd tu Juypbph wwpptp Jhdwjugpujui nydjugubp,
npnbp puppuyly i hwdwduwyt dudwbwlh pwdwunidubph b dh pwpp wy wwpuwdbwnpbph:
Undhthunpuwnnpp Jupnn b gpubhynpkt mbutly pinih hwdbdwnwuut Jhdwljugpnipmitp, jupnn
pupdwgub] b wyj: S8nipwpwynip pnlnud opwgniygh mbupny phipud ubnuulndwlh vhongny Yupkih
L qub vfju poip pun dudwbwlught
wwppbp pununphyubph:

Pnljubpnud pipdws b uyghjmpiniutph
pwwlului Jhdwljugpnipniip, nnl
oguuljup S ubpybph Juypbph
wyghjmipiniutiph  ghudwi b hknbdwb
hudwp:  Uju hpujubugJus L pun
dudwbwljh swthnpnohsph dwd, op, swpwp,
wihu b wyji: Unwbdtmgdws t Jkp ubkpdbph

Yuyptph wygtinipniiikph
Jhdwlugpnipjniup: fnlukphg Uklp nphndus
kotiph duwytph hudbdwnwljut

Jhdwugpnipjut pnlu b Uyt tkpfuyugund
k nhujud Eotinp putwuljut
gnpdbwjhgutpny U qpudphlynpkt  ukpjuyugunid

I}pmhg pulhml_lull.lmh I}ulullulpqnu[]}, Ehl} npnu[, U.2. Eoliph nhuinidbbph pwbwlpulul kop
wnUhtthunnpuwnnpp  Jupnn k r}uluunln[‘lhl nuwn

wddwl Jupgh: Fipdws E pinlutphg dkyp kotiph phnnudubtph pubwlulwb pnp (U.2): Uyjuwhundy,
wndhthunpuwnnpp jupnn b wnkutl] Juypbph wgbmpiniuttph z}llpmpmllmh, opuwljwl, nmwpklulb,
wluwljut b wy dudwbwluwhtt dhowluyph Jhdwlugpnipmniup qub) gpubp, hwdbdwnt] jud
gnidwphy:

Juwhwiwllh  muh  Ywpbnpugnyt  fngnp pwdht’ ubplbpught wifunwignippui
jungbjhnipniuibph JEpwhuljdwt, htnbdwt b jupwjupdwt hwdwp: Uju pwdunid phipqus B Jkp
nphunwpyws  hbunwqnunipnibibph hwdwduwy  ubpybpuyhtt wdbbwnwpusyws b Juwbquynp
ungbihmipinitutpp, npnup punn ghunwpwus hbnwgnunmpnitutph ungbjhnipmnibtbph gniguynud
wnwownwpibpb Lu:

Juwhwtwlnmud wnpdhthunpuwnnpp Jupnn b othbunpl) gubjugws duadwbwljwhwndwsnid
ubpftpnid - wolw  hwdwwwinuwuwt — jungbjhmpjudp  hwpgnidiubpp’  gnpsnny U pwpp
Juhrughuwitpny:

Npnudwt guonmd,  dudwbwljugnygp  wbny, phpynud ot pun dudwbwljugnygh
huynwpkpusé pPninp .
oqununbkptph hwpgnidubpp: Cuy npnd,
hwjntwptpjus hwpgnudubpp  phpynid
Eu bowluqué wnniuwyny b, ophtwy,
hujntwppqus SQL  Junghjhnipjul
hwpgmudubiph wnniuwyp: ) . R

Unniuwlnid  fungbjhnipniuttph o g s T e
hwjyntwpkpjws hwpgmdubtpp phpynud w » o o3
ki punn  hwpgdwl oquuwnhpng IP . Lol a
hwugth, hwpgdwi dwpduh, hwpgdwb
dudwtwlh, ubpdtphg unwugqus ww-

ol - B2

hwdwuinwu ot hngbmprate

nwufuwth uvnnwwnniuh b yuwnwupwih

swthh: Cun npnud, hwpgdwt hwugkh Jpu npdusé

Eu hnnudubp, npp htwpwynpnipmb £ wwhu L3 fonglyprepoyutl prog bliph Lop
wndhthunnpuwnnphtt wbgil] hnnuiny b wnbkutl] junghh hwpgdwt wpynibpp, thtuwnpl] npnowlh
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dudwtujuwhwnjusnid wnlw  fungbjhmipjniubtpp, wnbutl] jungbjhmpiniubtphg pmupupwbyniph
Jhdwljugpnipmniip’ wnwupdu jupduspny (ul.3): Ubgubny punghjhnipmibiipt punn wdhutiiph
puduny’ wnuhuhunnpuwnnpp nbuind | ubpdbiph hwdwywnwupwt jungbihnipjut hadbdwnwljut
gpudhljuljut wunltpnudp nmupdu jupduspny:

Iunghihnipjutt jnipupwignip pudunud pipdué i npuiig nbd yuwonywinipjut hudwp wnlju
unwinupun  osnudubpp b pwpbpp: Uju pwpbptt wihpwdbyn  Lu  jungbjhmipiniutphg
wupnywinipjut hwdwp b jswnuykt hwnljuybu ujubwl wpdhthunpuwnnpubpht:

PEpJwé L twb jmipupwbsmip jungbjhnipjut hwdwp wnlju yuownyuwinipjut dhengubpp,
npnip Jupny b ogurnuljup 1huk] hwnjuybu ujubwl wnpdhthunpuwnnphib:

Bopujugnipynii: Uswljyl E dtp ubpybph junwduwpdwi htnbpulunhy gopshp' wupq b
hwpdwp punbpbbju wndhthunpuwnnph hwdwp, npp htwpwynpnipmnit  wnwhu hbnbk, hully,
Junwyuwpk] ukpytph hupgnidubpp, quuky, noipu piplp muppbp $npdwnitkpny, vnwbtiug Swnignidubp
unp hwpgnudutph vnwugdw nypnid: Opugqpuynpjus junwjupdwi Juhwbwlp tkpjuyuginud k
ubpytiph Yuypkph wigbimpymbtbph Jhdwfugpmipynip gpudhlnpbt, Juypbph wi]nwbgnipniup
hungb hmpiniuttph huynbwpbkpdwb, huljuwi b jupwdupdwb hbn' gnigunpbing mwupdu fupduspny
ungbjhmipjnitibph pubwljuljut Jhdwljugpnipmniip:
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I'.0. Capress, I' H. Xopenan
BOITPOCBHI BE3OITACHOCTH BEB-CEPBEPOB 1 PABPABOTKA
WHTEPAKTUBHOI'O MHCTPYMEHTA

PazpaboTan HHTEpaKTHBHBIN HHCTPYMEHT - IaHeIb aMHHHCTPATOPA J/IA YIIPABICHHA BeO-CEPBEPOM C MPOCTEIM H
YVAOOHBIM HHTEPPEHCOM, KOTOpag IIO3BOJIAET OTC/IEXHBATE, KOHTPOJHPOBATS, YIPABIATH 3aIIPOCAMH CEPBEPA, 4 TAKKE
YTOYHATH, BEIABIATS H IOIY9aTh YBEZOMACHHA O IMOCTYILIEHHH HOBBIX 3aIPOCOB. HHPOpMaHOHHAL TaHEIb IPELOCTABIAET
CTATHCTHKY BeO-cepBepa Ipaguyeckn. Ilamesns yIIpaBlIeHHA II03BOJIAET aAMHHHCTPATOPY OOHAPYXHBATb YA3BHMOCTHH
Beb-cepBepa, KOHTPOJHPOBATs H YIIPABJIATE KAKABIM 3aIPOCOM, BECTH CTATHCTHYECKHE JaHHBIE, IIOKA3BIBAIOIHE
KOJIHYeCTBO yA3BHMOCTEH B IoZ. B Hem TarsKe IMpescTaBaeHs! JOCTYIIHEIE CPEACTBA IPOTHB YA3BHMOCTEH, KOTOPBIE MOIYT
OBITH GOJIBLIHM nozcropseM /I HAYHHAROIHX a IMHHHCTPATOPOB.

Krrowessre croBa: BeG-ceppep, Apache, ympaprerre, ya3BHMOCTb, HHTEDAKTHBHBIH HHCTDYMEHT, IPOIPAMMHOE
obecreverre, agMHHACTPATOp, I1T.

G.H. Sargsyan, G.N. Khorenyan
WEB SERVER SECURITY ISSUES AND MANAGEMENT OF INTERACTIVE TOOL

Interactive simple and convenient interface tool — a dashboard for administrators by web server management is
developed, which allows to track, monitor, manage server requests, as well as to refine, bring out different formats to be
notified of the receipt of new requests. The dashboard provides the web server statistics graphically. The dashboard gives
the administrator the possibility to refine these statistics. vulnerabilities in web server detection, control and manage with
each request for statistics showing the number of vulnerabilities per year. It also presents the available remedies for the
vulnerability, which can be a great help especially for novice administrators.

Keywords: web server, Apache, management, vulnerability, interactive software tool, administrator, IT.

Uwpquywu Snhwp nqubuh - wn.q.p., pngkn (20N2)
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Quunwpily F hAlvnugnuinipinil b punn nnuppkp gnpénnnipinibabbph hwdbdunnygly Eo njjuyabph
hbipkpp' npwku [Ehuwpwbulwl nguybbph gwhyuwiniuh guigughl gnpdhpudhonghbp: Luwn
hunlbdunndwl wpnynibphkpp, hpdbun/npyly b wowowgmjl; - Apache Cassandra wnijuyphiph hklpp
npwku Jhhuwpwhwluml ngjuybbph gubygubdul gubguyhll gnpSppundpong’ Quplhnpking hkiph
pupdp hwuwbbphnipiniap, kS wpnuppnyulwiniyemniip b gphn hwdwlupgbpnid hkpwhwnnppul-
gulul guiiigh ogunugnpédwidp wofuwnnbynt hinupuyupnientap:

Unwhgpughli pwnkp. [hhvwpwiwlwlb ngjuyblp, JES wjjuybbpugiuybbph  hklp Apache
Cassandra, NoSQL, hkpwhunnppulgulml guibg:

Ukpwbmpinii: Unnnowwywhmpjut wuwndnipjub ppugpnid hwjwupwugpyl) ki dks swjuih
nfjuikp hhuunubkph dwuht pdjuljut gpuiugnidubphjuunupdut b wonpouuywhwlub  wyp
nyjuutiph yuwhywidw punphhy [1]: Uju mjujubph Uks dwup qpuigyl) b pnpuyhtt nuppkpulng
wnbpunh dliny, vwluyt hwdwdwt tkpjuyhu dhnnwdubph' wnnnowwywhnipjut npuljh pupdpugdui
tywinwlny, inp gpueniditpp hhdtwlwimd junwpynd b pught wwppbpulyny, huly hukpp'
pYwytwugynid [2, 3]: Upphwpnpouuyuwhwlwt hwdwlupgipnid  wwhywignd  Bu hhdwugubph
Jtutnwputmljutnfjujibpp: Ykuwpwtwljut wdju; Bt hwighuwind  upnp pupunudubpp,
dhotipuluyht  Lupnudp, wput Uk  owpwph wwpmbwlnipinitp, phungkt wwnfbpubpp,
dwntwhbwupp, ghtughtt mdjujubpp b wyjt [4]: Ghtuwpwbwlwt wdjujibph ks dwup swhymd L
opwwt 24 dud, swpwpwlul 7 op uljgpniupny:Upwuig yuhwywiudwb sunphhy httwpwynp b puntinid
unbndty  pdojulub  npnonudubph  wewlgdwl, hhywunnipmibubph  ghuwpliui b wy
wnnnowywhwluwl hwdwupgbipYtuwputiujut ndjuitpp hwdwpynud B Jiswbwduy widjuukp
(Big Data), pwiith np npuip Junniguynpud sk, nwpuwpbnyp b b dekdwpwtwl [2]: Yhuuwpwtwljui
nyjuutph hwjupugpnidt nt pmsnipiniup upnn b pdojuljutt hwuwnwnmpiniukphtt nuy dh
owipp wnwybnipmitbp: Uy wnwdbjmpniuitiphg o hhquunnipjut hwjnbwpbpnidp twpjpbwlut
oppwinid  Yud npnp hhquwinmpnittiph wpwowgdwt Ywijuwwnbnidp, wennowuywhwlwi b
wwywhnjugpuljut pwppupnipmnibtibiph puguhwpnnudp b wye [5]: Uju wdkip tjuqbgind k
wnnnowywhwlwb  Swjuubppophtiwly,Ukswbwujndjuiitph YhpupnudpUUL  wnnpowwuhnipjul
Utk Jupnn brnwupklwi onipg 300 oy ani nnjuap by by [6]:

Ghtuwpwbwluwb ndjujubkph dwjup wnwwpbgnwuph dbé wpugmpjudp wdénd E b onunnyg
Yyl qippupwyptpny (10* ghgupuyp) b unyuhuly nppwupaypbpn] (10 ¢hguipuyp), husp huqhg-
unud £ wndjuubph yuhdwb hbn juwws pughpubph wnwewgdw b wuhwywdwh Swjuubph wsh [2]:

ugph gpyuspp: Zwoyh wnlkyng Ybuwpwbwlwi wjuyibph swjwh jupml wdp’ wihpudton
E  hbwnwgnubt] wy wfuwbtph  ywhywidwt gwbgujhtt  gnpShpwdhengubpp, ww) ppuig
hwpwpbpuuwt qghwhwnuwlwip b wowewnpl] JEuwpwbwwt ndjuikiph wwhywidwi hwdwp
wnwyk) wpynibwybn:vuanhpp (nwsknt hwdwp withpwdtown E juwnwpt) hbnbyjw) puybpp.

1. hhdtwydnpl] JEuwpwbwlut ndjujitpny hwdw juwnwpynn gnpénnmipjniuattph janwdpp,

2. htwnwgnut] ndjuutiph yuhywidwt vhongubpplh punpl] wdjuubph htupkp hwdbdwnnipju
hwdwnp,

3. Juwwpl]  puupduws dhgngubph hwdbdwwunnid  wwpphp pwbwlh  pouddynipbpubph
oquugnpsuwup,

4. wnwownnl] wdktwwpynibwytn dhengp jEhuwpwtwljub wdju)tph wwhywidwb hwdwp:
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Yhtuwpwbiwljwi ndjujukpny juwnupynn gnpénpnipniaubph wpwdiwhwwnlnipnibiubpp:
Thunwplyws ki ndjuukpnyg juunwnpynn 4 gnpénnnipjnii.

1. ukpnukb(insert),

2. puwnpki(select),

3. pupdwgub)(update),

4. ougli(delete):

Yhtuwpwiwlwh ndpuiibp hpdbwuinmd dkpypdmd. 5o 2 bqubwlng bl gpundwb dling
(record) U pdpuyhtt gpunnudubp ubpnubinyg (chunk): Ukjujwt gqpupnidubp ubpunismd B wgh
nhwyptpmud, bpp YEuuwpwiwluwi Jiy swhmd L juwunwpdmd: Ujpwhuh  swhdwb ophtwly L
quplpuluyht guonidp:

vdpuyhtt qpundwt nbwypmid Ukl gnpénnnipjudp (by one operation) ubpppymud Eu ks
putwlnipjudp qpupnidubp: dpwluyhtt qpupnidubp tkpgpynud B JEtuwpwbwlut wdjuubph
pYuwtugdut dudwbtwl b wwppip whwyh Jhtuwpwbwlwb ndjuttp hwjwpwqpnn  wwppbph
Yhpwndwb nlypnwd, npnug pp gpunnidutph junwdp b vdpuuwyhtt gqpuenidutp Bu bbpgpdnud upnh
qupitph pwbwl swithnn uwppbphg wdjujikp wnwbwhuw: Uju wmhyh qpugnudubph punphhy
pupdpugynid t wennouywhwlwt hwdwlupgbph wpuqugnpdnipniip b Eukpqujutuynnnipniip:
udpughtt gpubgdwt ghypmd Jupkh b dby gopénpmipjut dudwbwl hwpmipuwydnp gpunnidubp
Juwnwpnby:

Ghtuwpwbwlwt wjjuubkph ptunpynud B 3 duny.

1. 1 gpunuwb plnpnud,
2. gpunnidubtph npnunud (scan),
3. pninp qpunnidubph pnpnud:

1 gpuonud punpbint ophtiwrly £ hhywinh wdkwny swhdus qupltpuljuyht Lupdwt gpundwt
puptpgnudp:

Qpupnudutiph npnunidp oquuugnpsynid E pdojujut hwdwljupglpnid pun wwwppbp nupwnbph
npnudwt hwdwp: Ykuwpwtwlub njujukphg ghnbihp (insight) vnwbwnt hwdwp oquuugnpéynid
Eu mwpplp mhyh Ubs ndjujutph hbn wojpwnbnt hwdwp twpwnbtuqus dhongubp, husyhuhp tu
Apache Spark-p, Apache Hadoop-p U wyjt [2]: Uju dhongubiph ogunugnpsdwt dwdwtwl] wmthpwudtown k£
(hund punn uppkp guonh Jud nuonbkph gpunnidutph npnunudp b ponp gpunmdubph pnpnid
gnpénnnipjnip:

Lwith np Jhuwpwtwluwt ndju)utnh ogrnugnpddwdp htwpwynp k Uks mbwynnnipiniuubp wlky
b pwpdpugul] wennouuyuwhmpjut npwlp, npuig Ynpniunp jhwdwpdh wpynibudbnniput
juqbgnid: Uhqud wnbntjunynipjut upw) (htubne ghiypnid thnthnpunipnitubp juwnwpbhu jud
unbnkjunynipjut pupdugnid wikjhu wthpudbown k hhtip uwhwwik): Uy gquwndweny tdwbt wnhuh
huwdwlupgbpnid  pupdugdwt b oughnt  gnpénnnipnitutpp  thnpjuwpphuynd B qputgdwut
gnpénnmipjudp: Ophtwul, hhwunh pwop pupdwgubint hwdwp wybjugynid L unp gpuond tnp
puony, hull Juppwihu puptpgynud L Jbpohtt qpugyuén: Uju phypnid htwpwynp E hwuljwbug
wnwuppbp nyjuttph hnthnpunipmniip b wiqud wju thnthnjunpniuitiphg npnowlh ghnbihp unwbuyg:

Syuutiph yuwhywilwb guiguyhtt gnpshpudhgnguitipp: Lwuh np JEuwpwbwlut ndjuukpp
yunljubnid kb Uk ndjujibph nhyht, wpuhiph nwpuphngpe b, dkswsudw) b sjunnigudnpus,
wyw ppuig wwhywinulp guuwlwt pbjwghnt wdjujukph htupkpng wuhtwphtt £ jud ny
wpynituybn: Ykhuwpwtwut ndjujubph quwhywidwb wowdl] wpynibwdbn dhgngubp Eu
hwdwpynid NoSQL wjujutph htupkpp [2]: NoSQL wyjwjutph hkupkph oquuugnpénidp pniy junwm
nbuwljuiunpbitt wiuwhdwituwhwl swjuwih ndjuutp ywhwywb], pwih np htwpwynp £ wdjubtph
puhunid puqnud pnudthymiptpttiph dholt b htwpwynp Y1hth wwhywil) sjupniguynpdus wnydjuutp
[7]: NoSQL wyjwjutph hbkuptiph oquugnpsdwdwp Jhuhuwpwbwlut wdujutph wwhwywinup
jtdwbwbtw, pwuh np upwbp hnphgqnuwlwt punuyubh Gu (horizontally scalable), hbnmbwpwp, Ubs
wpuungpnpuljuinipnit ntikgnn pwly pndthynipbpubpp Yupkh b dinjuwphtiy dh pwtth wdkh
Edwtttipny, npntp dhdjwig htin jhudwgnpsulight gugny:

Judwdwyt wouwphh Uh pwpp  bpyplbph  wfjugibph wwhywidwh dwuht opkuplbph
wpgbpynud t wyy Gpypubph pwunupwughttph wjjuubph yquwhywiunidp Epyph vwhdwtubphg nnipu,
htunbwpwp njuutpp whwp L yuhywidws (hukt tnyu tpyph jud npny phwypbpmud” punupwlju
thunpuwt vwhdwbtibpmd: Uwljuy dhlinygt dudwiwl] jEuwpwbuljuwt ndjujubkpp wlunp k
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hwuwtbh (huklt wy Epypubpht tnybybu, pwth np wyy Gpypubph punupwghtpp jupnn o gt
hptug tpypph uvwhdwbibphg gnipp b JEhuwpwbwlub ndjujibp oguuugnpénny  hwdwlwpgtph
ogqunugnpsumtt whpuwdbynnipmt Jupnny b wnwowbwy: Munhppp nusynd k gphnhwdwljupgbph
oguunugnpsdwdp: Iphnbph oquwgnpéudwtt nhwypnid htwpwynp L pun wwppbp uljgpnibiptbiph
ufjuybibpp  puofuby,  dwubwnpuwbu  wyy  wfjugbbpp Jupnn kb pwohwll]  oquuwgnpénnh
punupughnmipiniip hwoyh wetbng: Upyniupnud jEhuwpwbwlwb ndjujbbpp jpuohgbit wuppkp
Epypubpnud, punupwlut dhwnpoidubpnud, wiqud dwjpgudwptbpnid: Ujuwhuh hwdwlupgh
hwugnygutph dholi thnjuhwdwgnpéuljgnipmitt wywhnybnt hwdwp wbhpwdbon L oquuugnpsby
htpwhwnnppuyguljui guug:

Unmnuuwly 1I-md tkpjuyugdws bt hwdbdwndwt hwdwp pnpdus NoSQL wyjuutph hkuptp,
npuig wijwinudp, wwppbpulyp, poqupidwit wduwphdp b whyp: Zudbdwnnipjut hwdwp
oquuugnpéyt] k.  hnpdwsh  dowldwt  dwdwbwl wyn wdjujukph  hkupkph  wdbkiwpwupd
nwuppbkpuljubpp: Liphuyugusubpp wdktwown Jhpunynn NoSQL wifjuyjutiph htup G, b pninpl
wugdwp ki ogurnugnpddws hwdwnp [8]: SYjwutph htuptiph hwdwp hwjuwuwp dpgulguyhtt wuydwbbp
unbnshnt dudwbwl nputg phyuyt Ynubhgmipughwtpp thnthnpudw skt Bupuplyby:

Unyniuwly 1
Ukphuyjugiuué NoSQL wnyfjuyikph hkipkph hwdwnmn Gljupughpp
Uujuinid Swpphpuy PFonunpydub wduwphy] Shuyy
Apache Hbase 1.2.4 7.11.2016 Column oriented
Apache Cassandra 3.10 3.02.2017 Column oriented
MongoDB 3.5.2 26.01.2017 Document oriented
Couchbase 4.5 22.06.2016 Document oriented

Cunpdws ndjunkph htupbph hwdbdwwnmup: Cunpyws nfjujitkph hkupkpp hudbdwnbnt b
quwhwwnbjnt hwdwp whwp k untindt)] hwjuuwp wuydwibkp ppuig phunudnpdwt hwdwp: Fpubtp
whwnp b wnbknunpl] dhtitnygt wupudbnpbpn pndhympbpubph ypu b juwnwpbk] dhltngt whuh
gnpénnmipjniuttp: Ujn yquwndweny phunwynpdwt hwdwp punpgt) B Amazon puljtpnipju AWS EC2
Swnwjnipjult mllarge wuniing ophtwlp (instance), nptt nith wnnuul 2-md  ubpjuyugdus

wuwpuwdbnpbpp:
Ungnrawly 2
AWS EC2 ml.large-h upuupud/bupkpp
RAM Zhonnnipnil Zwupputl Uhgniljutiph pwtuly
7.5 GB 850 GB 64 bit 2 EC2 Jhpuiniu dhontly

Sjujutinh htuptph hwdbdwnnipjui hwdwp oquuuqnpéyl) ki 6 junudp pndiyniplpubp. wnweht
funudpp punugws E ULy, Epypnpnp 2, Gppopyp 4, snppnpnp 8, hpuigkpnpyp 16 b Jkgkpnpyp 32AWS
EC2 Swinuwynipjut ml.largeophiwljutiphg:

Ul 1-5-nmud ubpjuyugdws bt hwdwywnuwupwbwpup ¥kl gpuenid tkppubng, judpuljuyhte
gpurnidutp ubkpnubing, kY gpuenud pnpbint, gpuenidiutph npninud b pojnp gpuenidutph punpnud
gnpénnnmipjniubiph phutnwynpdwt wpynitputph hhunngpudubpp:

Ul. 4-nud wuulkpyws sk Couchbase wjujutph hbuph gniguwuhoubpp, putth np wyt sniuh
gpurniditph npnudw htwpwynpnipnii:

Zudwduyt . 1 b wl.3-5-h Apache Cassandra wnjjuyutph htupp phunwynpdwt wpyniupnud
niukgh) L wdbbwpwpdp gniguuhpbbpp: Zudwduwy 1. 2-nud wuunlpqws judpwluyhtt gpunnidukp
ubpnubnt phunnwynpdwt wpyniupubph® Apache Cassandranyjujubph hbkuph wpnyniupubpp phy Gl
ghonid Apache HBase b Couchbase wjujutiph hkuptph wpmyniupubpht: Cughwipwlwb wpyniipnyd
Apache Cassandra wjujutiph htupp gnyg t ngt) wpwyl] pupdp wpnungpnqujuinpynii:
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Ul 3. Ukl qpundwl plinplyn gnpénnpnipyul plumnun/npdwl wpnyniapbbpp
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Ul 4. Ypunnidibph npninfwl gnpdnnnipyul pluwnun/npiul wpynipakpp
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Ul 5. Fopnp qpunnidbkph plunplyng gnpénnniprul phunuy/npdwl wpyniphkpp
Bqpuugnipinii:zonp]ush dywljdwt dudwtwl juwnwpyy L.
JEuuwpwtulwb ndjuitph ywhywidwb guiguyht gnpshpudhengutph hinnwgnunid,
NoSQL wuyjutiph hkuptph hwdbdwwnnid b ptivapnud,
JEuunwputwljut nmdjujubph hbn wpwyt] hwdwp gnpénnnipniuutph hhdtwynpnid,
JEhuwpwtuut wjujutph ywhywtdwb gnpshpudhongutph hwdbdwwndwb wpyniupubph
Ypw hhuin]tyny, Apache Cassandra wnjjujibph hkuph wrwewnpnud’ npubu  YEuwpubwlwi
wnju)utinh wwhywidwt guiguyhtt gnpshpwdhong:
Zudwduyt uinupduws hwdbdwindwl' Apache Cassandra wn]jujitiph hkippununjby wpnynt -
Jtwn guuguyhti gnpshputhengl | Jhuuwpmbujut wjjujiknh ywhywidwt hwdwp: Apache Cassandra
ujuiph htbpp Jupnn t Yhpwndty gphy hwdwljupgbpnd wpuuphwgpuljut wwppbkp Yhnbpnid
quinynn njukph YEunpnuubtph dhob hipwhwnnppuljguljui guigny juy hwunwnbint thgngny:
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E.A. Manacan
VCCIEJOBAHUWE, CPABHEHUE U IMTPENJIOXXEHUE CETEBBIX MTHCTPYMEHTOB L1
XPAHEHNMA BUOJIOTUYECKUX JAHHBIX

IIposegeHo Hccrezopanne H CpaBHEHHE B Pa3THIHBIX JEHCTBHAX CETEBBIX HHCTPYMEHTOB J/IT XpaHeHHA OGHO-
JIOTHYeCKHX JaHHEIX. Ha OcHOBe cpaBHHTEIBHBIX pE3y/IbTaToOB B KAYECTBE CETeBOIO HHCTPYMEHTAa JJIA XPAHCHHA
6HOJIOrHYeCKHX JAHHBIX BbIOpaHa 6asa gamHsix Apache Cassandra, koropag ABIZeTcA BBEICOKOZOCTYIIHOH,
BEICOKOIIPOH3BOJHTEIEHOH H MOXET pa0OTaTh B IPHA-CHCTEMAX C HCIOIE30BAHHEM TEICKOMMYHHKAIIHOHHOH CETH.

Kirouepsre cioBa: Omosormveckue JaHHbIE, OoJbIIHe JaHHbIE, 0asa gaHHsix Apache Cassandra, NoSQL,
Te/IeKOMMYHHKAHOHHAA CETb.

Ye.A. Manasyan
RESEARCH, COMPARISON AND PROPOSITION OF NETWORK TOOLS FOR STORAGE OF
BIOLOGICAL DATA

Research and comparision in different activities of network tools for storage of biological data are done. On the basis
of comparision results, as a network tool for storage of biological data Apache Cassandra database is selected, which Is
highly available, highly productive and can oparate in grid systems with a telecommunication network.

Keywords: biological data, big data, database Apache Cassandra, NoSQL, telecommunication network.
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U.U. Punhujwt

NMUMrUUESrULUL SsULh vuu3bht UNAGLLENP LNROUUL UPMUAULUUL
oruarsrh eurtle

Ukphuyugyws b wupuwdbnpulwl whuph punughl dnplibkph imédwl hyunwlng owljus
Jppunwlwi Spugnlph thwplbpp: Opwghpl wofuunnmd F Epfunuughll phkdhdnid, Python 3.6.0
opwgpunnpuul dpowuypnid b fhpwnkih F popnp oy kpughnt hudwlpupglpnid: aghpbbph pmédwl
qnpoplpuglh wynndunnugyus F, ogunuugnpénnp Gkpunidnid b dhuyl prunuyhl dnnlip o Eplpmuuyghi
nhdhunid vinwbnud fulippp (nidnidp wayniuw§akph ni gqpuphlalbph nkupny:

Unwlgpuyhti punbp. wwpwdbupulwi fpwguyhl dopky, nngkpunpy joag, phpbpkighuy
dlhunhnfunien i, uwpuwdbnpwlul gduyhl Spugpun/npdwl juliphp, jhpunwlui Spugpuyhl thugelo:

Ubpwbmpnit: vwunuyhtt  dnpghjubph  jmsdwt Yhpwnwlub  sSpwgpbph  thwpbkptbtpp [1-4]
twhunbuws i ny  wwpudbnpuwuit  wwppbpny  dnpbjubph pusdwt hwdwp: Ypubp
htwpwnpnipinit sk pdbond  nsh]  wwpudbnpwlwt  wwppbpnd  fuwnuyhtt - doghbubp:
Nupudbinpulut nuppkp nhyh ubighpitph gupuibnpuluot hujuuupmdibph hudwlupghp,
dwwinphguyhtt hwjuuwpnudubp, dwpbdwnhulut spugpuynpdut pughpttp,  (nsdwt hwdwp
nhdtiptughwy dbwihnpunipnibubph Jhpwndwdp dowdus dbpnnubph [5] hhdwt dpu unbndly Eu
Yhpwrwlwt spwgpbph thwptpubp [6-15]: Lkpjuyugynid b jpunuyhtt Jh pwth wnhwbtph dnpkjutph
nwsdwt hwdwp phtptughw) dbwhnjumpiniutph hpundwdp dowldws jhpunwlwut spwugptph
thupbpp:

Yhpwowlwi thwpbkph Wuwpugpnmpem: Gupkpnp twhwgdsyt E dwdwbwljuyhg Python 3.6.0
1Eqyh Spwgpuyhtt dhpwuypnid [16-18], npli nith wpynibwybn nt wpwqugnps qpunupubibp
(numpy, scipy) dwpbdwnhljuljut hwyqupubph hwdwp: Mwpudbnpulut $niuljghwuibph
qpudhlutph Yupnigdwt hwdwp oquuugnpdyl) b Python MathPlotlib qpudpljuljut qpunyupubnp:
Quptpn twhwgdsyly b dniulghntuy b opkjunulnnuunpnyjws Spwgpuynpdwt Juintubpny:
Opwgpuyht §ngp pudwin]l) b npudwpuiulub dhudnpbph’ $niblghwbbkph, nuubph, husp poyp &
wyl] htpumpudp b tuqugniyl thnthnunpymabbpny wyb Ghpybt) U6y wy hwdwlupgmd npybu
wnwudht Unnnig:

Opugpuyhl thupbpp tuuunbu]ws tphynnd 3 whuh pugught dngbjabph pesdwi hwdwp

- dhuywpuwdbnpulub punuyht dngkjubp,

- puquuyupudbnpulut punuht Ungh b,

- Ynnyhpwwnhy fpunuyht dngbubp:

Upnuuwlnud ubpuyugus u Jhpuwpwlut thwpbph woliwnwbpt wywhnynn hhdbwlub
nuubipt nt $nrujghwmkpp:

Quptpn pnqupllinig htun pugynud £ aly. 1I-nud wbpjuyugdws yqunnithwip: Muwwnnithwh JEppt
hunduénid ogqurnuugnpénnt phinpnid £ pwnughtt dnpbjh €wpdw duwnphgh swhnnuljunipmniutitpp
b hwdwywunwupwt puunujhtt dngljp pbnplnig hbnn wbnunjynid wyy uugph nsdwt
wuwnnthwi: “Help” pmdunid Jupkh t Swinpwiw) Yhpunwlw thwpkphg oquybint juinutkpht b
wupuwdkwnpbph thpdnisdw nt wpunwsdw Jupght:
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Shunulwl pnibfghwbbpp b puukp

Unyniuwly

Twubipp

dniulyghwubpp

Qnpénnnipnibuubpp

Main_gui

Help_gui
Parametric_right_part_gui
Extended_report_gui
Cooperative_gui
Multiparametric_gui

create_one_parameter_window()
create_multi_parameter_window()
create_cooperative_wondow()
create_help_wondow()

on_press()

get_x_b()

get_x_1()

Uyuwhnynud k. gpudhluljuie
Uhgujuypp, wjuyikph
ubpunidnid/wpunwdnidp,
wtthpwdtown qnpshpubph
wwwnlkpnudp

Simplex_basic

Prepare_matrix_for_simplex()
Find_departing_row()
Find_entering column()
Find_next_table()
Simplex_mher()

Ppujutuginud Eu jpwnuyht
Unnlutiphg wugnidp
dwpbdunhjulu
Spwgpuynpudwt Unpkjutph,
nusnud B yupudbnpuljub

Simplex_parametric_right Parametric_simplex_solution() géwjhtt Spugpuynpuwt
Multiparametric Parametric_simplex() uunhpubpp oyunhdwnipjut
cooperative Optimality_matrix_for_simplex() | ni pnyjuwnpkjhnipjut
optimization_util Exponential _matrix() vhowljuyptinh npnydudp
Get_matrix_b()
Cooperative_matrix()
Ppuljutugind
Item_transform() wupuwubnpwlub nuppkpp
Differential transform() ninhn b hwwunupd
Transformation_util Differential_vector() (plynpul, Epuynutughuy)
Multiply_image_values() Alwthnfunipjniiubpp
Divide_image values()
Set_matrix_parameter()
§ Parametric game model solver - a X

Enter payoff matrix sizes

Cooperative game I

One parameter game |

Multi parameter game |

|

vl 1. Yfuuninp wunnnihwip

Uhuywpudbnpuljui punughtt dngbjubph jnsdwt hhdbwlwb yuwnnithwip qunlbpdws L uy.
2-mud: Ujunbn juemgynud b pwnuyhtt dwwnphgp b ywwunithwth dipht dwunid wpunwdynwd B
twjunpy puymd ibpdmsywd Jwpdwl dunphgh swhnqujuinipymiubpp’ ophtwy N =3 & M = 3

Ujunthtnmb  tbpdmidynd o wihpwdbon  ghulptinmbtph K pwbwyp,
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Uninupljuwi Jhnnpnlp, pwunh J§wpmudubph dunphgp (4. 2, A hwingws) vwhdwiwhwlnudibph we
Uwuh hwdwp hhup pugnibityng t wpudbnpp thpunisynd b wqun wigudibph qupudbnpaywi
wpnwhuynmpnibibpp (4. 2, B hwndws) hwdwdw python (kqUuh Yubnulbph b poyjuwwnpkih
gpljwdbh: Cunhwinip ghypmd wwpuwdbnpuljut wpunwhwpnmpniubtpng jupny o tfupugpdty
twl J§wplwl dwinphgh wwppbpp: @upbpp htwpwynpmpemnit b phdbomd sk b gupnidibph
dwinphgh, " vwhtwbuhwymdubph we dwuh JEyunph wupudbnpuljwh wuppbpny paghpbbpp:

unnph pnsdwt wpnyniuptbpp ghnbne hwdwp wihpudbon t ubkindl) “solve” Yndwljp, nphg htinn
pugynud £ ulf. 3-nmid wuwulbpws yuwunithwipn: Mwunnthwind gupudbnpuljut - wbkupbpngd
wpunwdynid ku juwnh ghtp (b 3, A hmnguws) b unpunbkghwubp punpknt hwjwihwlwbnipmniuttpp
(uly. 3, B hmwndus): “draw graph” Yndwljp ubinutinig hiinn oquuugnpédnnp pugynn unp yuwunnithwunwd
Jwpnn E nbuil] hwdwguwnwuuwb $niiyghugh gqpudhlp’ t wupudbnphg Jupe]us (by. 4):

§ Parametric game model solver

N= 3 K= 2 Parameter to work with = t
M= 3
approximation centert= 0 right side vector
17995 156.12 % =014t 11508 |)
89.95 179.87 155 < =| -0.1504"t - 1.1504

180 156 177 < =| 01504t + 11504

B.I... Sobe|

A

Ul 2. Uhuwwpudbnpulwi pnupuypll dnplybkph GEpdmédwl yunnnihwb

# game model solution - O X
V(t) 1/(-0.000933930731328203"t + 0.00714357655132956) A
X2(t) (-0.000737700660480432"t + 0.00564262526473862)/(-0.000933930731328203"t + 0.00714357655132956)
X3(t) (-9.0526251541435e-7"t + 6.9242951976912e-6)/(-0.000933930731328203"t + 0.00714357655132956)

X1(t) (-0.000195324808332358"t + 0.00149402699139324)/(-0.000933930731328203"t + 0.00714357655132956)

draw V(t) graph |

vl 3. Uhwyupudlbunpwwi pruguyhl unnlpbbph pmédwl wpnwddwl quinnihul

# €3 Ha=n e b T

Ul.4. vugh qith pniifighuyp gnuppp wpummddwl wunnnihwip
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Puquuuyupudbnpujut pwunuiht dngbjubph tbpdnsdwt yunnithwip gunbpdws k uly. 5 -

nud: _ _
§ Multi Parametric game model solver
N= 5 K1= 2
M= 5 K2= 2

approximation centerd= 2.5

approximation centert= 106
Enter parametric game model below

((0.196/t*2 + 30.764/d" (0.1/t*2 + 13.456/d"*2] (0.144/t™*2 + 30.276/d™ (1.024/t""2 + 97.684/d"] (0.144/t™"2 + 21.664/d" |

(0.196/t™2 + 51.844/d" (0.1/t™"2 + 81.616/d""2] (0.144/t™2 + 30.276/d™ (1.024/t™"2 + 13.124/d"] (0.144/t""2 + 21.664/d"
(0.196/t™"2 + 13.124/d"| (0.1/t™2 + 81.616/d™"2] (0.144/t™2 + 30.276/d™ (1.024/t™"2 + 157.924/d (0.144/t™2 + 21.664/d"
(0.196/t*2 + 30.164/d" (0.1/t™"2 + 74.016/d*"2] (0.144/t™2 + 183.636/d" (1.024/t*"2 + 97.684/d"] (0.144/t™"2 + 83.264/d"

| (0.196/t**2 + 68.564/d"| (0.1/t™"2 + 85.456/d™*2] (0.144/t**2 + 30.276/d™ (1.024/t™"2 + 97.684/d"| (0.144/t**2 + 21.664/d" |

Solve

A

Ul 5. Fuquungupudbnpulul prugughl dnglyp dbpdniddwl yyunnnihul

NMuunnithwind tkpunisynd B jpwnuyhtt dwnphgh swhnquwinipniup (N, M), ghuljpbntukph
pwbwlubkpp (K. K2), wwpwdbupbkph dnnwpliwb YEunpnuubpp  (“approximation center d”,
“approximation center t”), wwpwubnpulwb juwnuyhtt dwwnphgp (W 5, A hwnyguws): “Solve” Yndwlp
ubnulinig hkwnn oquuugnpénnp wknuihnjynid b nisdwtt wpnuyunipdut yuwnnithwl, npnkn §
ubpuyugynid ki pwunh quh b jpwep unpunkqhwtph $niuljghntiug nkupbpp:

Quptph uUhgngny huwpwynp bt nusk] Ynnybpwnhy jpwunuiht dopbjukp, dwubtwynpuybu
pwbnwplyuih  Gpypuwpwiuph  fughpp  [19], nph J&wpnudubph dwwnphgp  Gkpdnsynud Lk
hwlwgnpsulghint jud shudwgnpswlgbim dunphgiibpny, ophtwly’

C D
C 40,40 10,50
D 50,10 15,15

npukn {C,D} -t httwpunp unpunbghwibph puqumpmibt £ C(Cooperate)-i hudwgnpdwlghyn,
D(Defect)-ti’ shunlmgnpduilghym:

vwnugnnutph vhol hwdwgnpdulghint htwpwynpnipniip quwhwwnbnt hwdwp wihgnd E
Juwnwpynud [20]-nud tjupugpus dhuhnus Jfupdwb dwnphgh:

P, (i,j)f =P,(i,j) * o ~mpathy [ Py (1,7 )o=Pg(1,j )0 ] , )
nputn A j), -0 A Juunugnnh dbwhnpjws pwhnyph b i-pn unpuinbighwb punpbjhu, Gpp
hwlupwlnpyi pinpmd E j-pn unpunkghwb: B @ 7), -t A pwunugnnh sdbwnp]wsd uinwbiqupn
owhnypl k i-pn uinpuinkghwi ptnpkjhu, bpp hwwewynpni piinpmid t j-py uinpunbkghwt: Py(, 7 )y-
u B fwnugnph sdhwthnpjuwbunwinupn swhnypt t i-pp unpunbghwt puwnpbihu, bpp
hwljuwrwlnpnu ptnpnd £ j-pn unpunbghwi, sympathy € [0,1]ygupudbnpp wuunwupjpwbwnnt k
huunugnnutph dhol hwdwgnpsulgnipnit wywhnybnt hwdwp: Appwubt wj dnwn k 0-ht, wjupwb
hwnugnnutph Uhot hwiwgnpswlyghnt hujuwiwlwinipmbp topp £ U hwluwowlp 1-ht dnwn
wpdbputph phypnid niukp A b B juunugnnubph hwdwgnpswljgnipjut ks hujubwljuinipynii:
Lhwpugpdus Ynnybpwnhy pupwnuyhtt Unpjh dwubwynp ghyph psdwt hwdwp twjpuntujus
wuwwnnthwip wuwulkpqus b ul). 6-nidl:Munnithwinid tkpdnsynd Bt wwpwdbnpulwt jpwnuyht
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unptyh B j),  Fs(ij)y wupplpp woweht (. 6, A hwngws) b tpypnpy (bl 6, B hunnyws)
hwnugnntph hwdwp, phuyptnibph putwp’ k, “sympathy” wupudtnpp: “Solve” Yn&wlh ubnutinig
htwnin oquugnpénnp wbutimd E uly. 7-muid wuwunlbpwé yuwwnnithwip, npnid wpunwsynid Bu wpnku
Atwthnfuws Ynnwybpwwnhy ppwnuwht dwnphgh wwppbpp b jnipupwbgnip wwupph  hwdwp
dnruhghuyh wkupp gpudplynptte ghnbint “draw item graph” Yndwlp:

# Cooperative game model solver - O x
N= 2 K= 3
M= 2
Sympathy parameter= (0.8

Enter st piayer oy aix

(20 10 i
A
| 50 15
Enter second player game matrix
10 15
B Solve

Ul 6. Unnwkpuwnpy pruguyhl dnnlph dhpdniduwl wunnnithwi

# cooperative game report . o x
parametric values of cooperation matrix
i=0j=0 0.443328964117222" exp(t)/(0.005"t + 0.0013592*(k - 0.8)"*3 » 0.0029%(t - 0.8)**2 - 0.021) _dr:'.-t-_te?!.g_r_aqh |
i=0j=1  |0.449328964117222" exp(t)/(0.0054368% (1t - 0.8)*"3"exp(~40) + 0.0116°(t - 0.8)""2" exp(-40) + 0.02°(t - 0.5)"exp(-40) + exp(-20)/10) draw item gnph]
i=1j=0 |0.449328064117222" exp(t)/(D.00108736° 2 - 0.8)""3"exp{d0) + 0.00232"(t - 0.8)""2"exp(d0) + 0.004"(t - 0.5)"exp(40) + exp(d0)/50) draw item graph
i=1j=1 044332896411 T222 " exp )/ (0.01. t + 0.0036245 {t - 0.8)**3 - 0.00773333333333333°(t - 0.8)""2 - 0.056), draw Item—g_r:pﬂ

UY. 7. YUnnwkpunpy jpuguyghl dnnlpp pniddwl wpunwddwlh wunnnihwl

Bqpulwgnipni: Uowldl) b wwpudbnpulwi wkuph pwnuht dngbjutph msdwt jhpunw-

Jub dpwgpkph thwpkp: Ogquugnpénnh hwdwp dowldl] i wwwnihwbbbp, npunbn dngbjubpp
Ukpunisymd b wowlg twbwlwi opnumpmatkph’ wupodbnpulub nkupkpny: Opughpp
Uowljyty Lt Python 3.6.0 1kqh gqpunpupwutbph Yhpwedwdp: Mughpubpp méydl] b nhdbpkughuy
Aliuthnjunipnibubph ypw hhdujws wmygnphpdutpny:

MBS

o

Qpuljwinipinih

http://gambit.sourceforge.net/gambit15/gui.html

http://banach.lse.ac.uk/

http://userwww.sfsu.edu/langlois/

http://mmiras.webs.uvigo.es/TUGlab/
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M.K. Barunsn

HAKET NPUKJIAJJHBIX ITPOT'PAMM U1l PEHHEHUSA HAPAMETPUYECKUX
HUI'POBBIX MOJEJIEU

IIpeocmagnen naxem NPUKIAOHBIX NPOSPAMM O peuleHuss 3a0ay Napamempuieckux usposbix Mooenel.
Tlaxem pabomaem ¢ unmepaxmueHom pedxcume 6 cpeoe Python 3.6.0 u npumenum o1 8cex U008 ONEPaAYUOHHBIX
cucmem. Ilpoyecc pewenus 3a0auy asmomMamusuposaw, NOAbL30EAMENb 6800UM MONLKO USPOBVIO MOOelb U C
nOMOWbIO MAdIUY U 2PAPUKOE NOTYHaem peueHue 8 UHIMEPaKmUGHoOM pedcume.

Knioueevie cnoea: napamempuueckas uepogas Mooeib, KOOnepamusHas uepa, oug@epenyuanvhuie
npeobpazosanus, 3a0a4a NApAMempUIecKo20 JUHEUH020 NPOSPAMMUPOSAHUS, NAKEM NPUKAAOHBIX NPOSPAMM.

M.K. Baghinyan

AN APPLIED SOFTWARE PACKAGE FOR SOLVING PARAMETRIC GAME
MODELS

An applied package of programs for solving parametric game models is presented. The package works in
interactive mode, in Python 3.6.0 environment and is applicable for all kinds of operating systems. The process of
solving problems is automated, the user only imports game model and gets the solution in interactive mode by
means of data tables and graphics.

Keywords: parametric game mode, cooperative game, differential transform, parametric linear
programming problem, applied sofiware package.

Punhiyut Uhtp Ywpkuh - wuyhpwinn, 20M2
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ISSN 1829-0043 <U3UUSULP AUrSUrughsuuult ULUsUhU3h LPURLEE (KBUL). 2017. £.14, N2 2

<S1 621.382.13 hLBdNrUUShUU, ELEUS/NLPUU BU
4hSULUL UUrLUChLNRME3NRL

U.<. Thodwuyw

PNhULRUSYNT NhLUUNRE3NRLLENMNY REAUUUSPAULNS ULUUNL
<6LUUU3PL LUrvuL uner3nhe

Unwownljuis I okplwumnpdwihg whlwn hbhwmbuyhl jupdwi wypmnip (ZLG), npunkn nkghuwnnp-
bbpp hnpnuphluws Ei hnprubouwnnyng nibwlnipinibbbpny: tnw phnphhy balwbnpki thnppubnid ko 2LU-
b dwlhkpkup o pkpnidbkpp, vwlugl JESwinuid b ouwuwmng hnuwbpp: ZLU-0 fJupng Fooqunugnpsyky
whuynquypughll b pyuwwbuynquyhl dbunhnfupsibpnid, owbpughni nidknupupbbpnid, vbmgdwi o wyy
hwhgnyghlbpnid, npnkn wwhwioynid I kS drpwnnieinil i thnpp dwkpku:

Unwtgpuyhti  pwnbp. okplwuwnpdwihg whlwfu hbkbwlughl jupdwi whpnp,  pkqhuwnnp,
hnfjuwbounnng nifnulnieinil, whuynqupyuyhl dwhnfups, pyuwiunquyhll dbunhnpips, owykpughni
nidknupupbbp:

Vkpwénmpinia: Qpdwunhdwuihg wiwh hbkbwlughtt jupnd vnwugynud £ ppujut (32F)
puguuwlub gbpdwunhdwbwghtt gnpswljgny (FRS) httwluyhtt jupnudutph (wy.1) gnudwpny [1]:

Vi Vz

0a) T (Req)

: ;
Ul 1. 299-ny b £99-ny hklnuluyhl jupnidikp

Vhen = a1Vi + apVs: 1)

Cunpliny hwdwywwnwupwt a; b a, gnpswlhgubp junwtwbp qpojuljut okpuwunh&wtuyght
Jujujubnipjudp htbwluyhtt jupnud: puwljut b ppuguuujut gkpdwunhdutught jupudusnipjudp
(upnudubp uvnwiwnt hhdpnid pljws G htwnlyuy Eplynt bplingpn.
Epypltn  wpwbqhunnph puwqu-tdhnbp upndt ntbh pugwuwlut - obpdwuwnhfwtught
Juwjujubnipinti [2],
Epynt Eplpbtin mpwtqhuwnnp, npnup wyluwwnnd Eu wwwppbp hnuwtph pinmpiniabipny, nputg puqu-
Edhuntp jwpnudubph wwppbpnipinitt nith ppujub gkpdwunhdwbughtt juhqusnipynit [2]:

Zuyunih E, np Epb Jhugktuwnnpp thinfjuwbipwinhsubph oqunipjudp wuppkpwpwn jhgpunpyh
b thgpupwthyh, wmyw wyny upubkdwl Jupnn E hpunyt) npuytu nkqhuwnnp [3] (ul. 2):

@1 @2 PL AP
vy I c 1A R
L% P2 @ _4 '_
! t Wy Va
[ @ ty t t3 ty

s

Ul. 2. @npiulipunm/ng ninkiuunnnpp npuyku nkqghuwnp

Unwbwlp wyy hwdwpdbip phdwugpmipjub wpdbpp: ti-hg o dudwbwlnud Vi Yhinhg Vo
wknuithnjunn |hgpp
Agy = C(Vy —V): (2)
Zwonpn thnpumbipwinnidp unnwugynid k t3-hg t« dwdwtwuljuhwwnygusnid b wyy ptpwugpnid 1hgpp
Yihup’
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qu = C(VZ - Vl) - C(Vl - V2? = ZC(VZ - Vl): (3)
ts-hg te dudwbwljwhwnywubdnid mtnuthnpuynn thgpp
Agz = C(Vy = Vo) = C(Vy = V) = 2C(Vy — V) (4)
Pwith np te-hg 2 dwdwtwlp thnjuwbpwndwt T wwppbkpnipnitt £ dhohtt hnuwtpp wyn
wwppkpnipjut ppwgpnid Yihuh

Lypope = (Bq3 — Aqp) /(e — t2) = 4C(Vy — Vo) /T, (5)
npuntinhg b unwgymu £ hwdwpdbp nhiwnpm pjut wpdtpp
Rywitupdtp = V1 = Vo) [lypgpe = T/4C = 1/4fC: (6)

Unwowplpyng Jupnigijwépp: Unwownplynn upubdwnid, h wmwppipnipnit [1]-h upabduygh,
ntqhuwninputipp thnjuwphtws G hnfuwbipwnynn nittwlnipniuutpny, npnup wybih thnpp dwljtptu ku
qpuntgunud b niukt wydkh Uké £onnipnit (uy. 3):

LIp ppulwub  ghplwunhfwbught  qnpswlgm] hnuwbph E hull Lp  puguuwlwi
otpdwuwnhfwtuyht gnpéwlgny hnuwbipn:

I, = 4fC,VrIn(k), (7)
L = 4f G,V ®)

Anidwpuyhtt hnuwipp G hnjuwbpwnyny nttwlnipjut Jpu Yunbnsh ebpdwunh&wihg

wtljuu qupnud:

Vittagunps = (b + 1)/ (fC3) = 4C,Vy ln% + 4G,V Cs: )
N
w. 2y i
] e
AN P2Ng NP1 2N, NP AN
DT TSR T

Ul 3. @npunmbpwunyng niinuynipinibbbpny phpdwunpdwihg wafuwpn ZLU

Unpljun/npwl wpmyni phkpp: Unwgwplynn uubdwb hwhiwgsyty E <<Uhtnthuhu Updkuhws>>
puipmiput NMunmdtwljut ghywpunwdbunh «SAED32nm» qpunupuuny [4] b Unpbhjuynpdbly k
<<Uhunthuhu>> puljpnipjut HSPICE dpwqpuyhtt gnpshpny [5]:

VY. 4-nud phpwé b hEtwluyhtt jupdwt jupduémpiniup obpdwunh&withg nmhwuyghti-
wnhwyuyhtt (SS), wpwg-wpwg (UU) b pguwigun-gpuinun () wnbjunnghwliut gopdpupwgubph
nhupnud:

vty

(U 7B

. (SS)

™
w

e N

&
L vioarzaz

B3

200 0o 200 @0 o po oo o 1o

Ul 4. ZEuluyhl jpupdwl Qupnfuénipniip gkpluumnpdwihg

310



VY. 5-nud yyuunpgws k upubdwyh hbtwluyhtt jupdwt hwunwndwt duadwbwyp:

it
|t

1

LTES

s oo 5 anon 90 oo om as0n o S0
sk

Ul 5. Upjnbdugh huuwnunndwl dundwinalip

Unpmnuuwly I-nid phpdwé Bu hbbwlughtt jupdwt tjuqugnyn b wowdbjugnyt wpdbpubpp,
husybu twb oknnudp:

Ugyniuwly 1
ZEhwluyhl jupdwl wipdkphlpp nnuppkp gnpdplipwghbpnid
Skhtuninghwulwi Vit Vbt fwpu Chnnud
gnpdplipug (d) () ()
SS 514,41 516,2 1,79
uu 514,41 520,09 2,25
1Y 510,04 513,06 3,02

Uuinpl pipdws £ wnwowpljynn ujubdugh b [6]-nud wnwowplyny upubduygh wwpwdbnpbkph
hudbkdwwnnipjub wyniuwlp:

Unyniuwly 2
Zwdbdwnwlul wyniuwl
NMuwpuwubnp [6]-nud Unwownlynn upubidw
oquuignpéynn
upubidw
Utinigdwtt jupnid 1,89 1,8 ¢
Skhutunjnghw 32 i/ 32 ad
ZEuwuyht jupnud, S, 25°C 725 udq 516 v
Uwunynn hnuwtp 76 UGU 107 LG
QEpdwunhwbiught 13 ppm/~C 1.61 ppm/°C
qnpdwilihg
Qpdwuwnhfwbwght -40°C...100°C -409C...125°C
whpnype

Ggpuljwugnygni:  Unwowplws Lt thnjuwbpwunygnny nibwlnipnibtbph  Yhpundudp
ohipUwunhfwihg wijupj 2LU: Uyt [6]-nid wpwewplynn upubdugh hwdbdwn niih wdkh thopp
obqnuditp U pwbh np sh wwpmbwlnd phghunnpibp, hbnbwpwp mbh thnpp dwlbpbu: b
wnwppbpnipnit [6]-h vjubduygh, vyuenid £ wybh own hnuwbp:
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A.T'. IlInmmaHsaH

HE3ABUCHUMBII OT TEMIIEPATYPbI HCTOUYHUK OITIOPHOT' O HAIIPSIXKEHUS
C IIEPEKJIIOYAEMBIMU KOHAEHCATOPAMUA

Tlpeonooicen He3a8UCUMBLIL OM MEMNEPAMYpPbl UCMOYHUK ONOpHO20 Hanpsidcenus (MOH), e0e pesucmopul
3AMEHeHbl NepeKayaeMblMu KoHOeHcamopamu. brnazooaps >momy 3HAUUMENbHO YMEHbUAIOMCS NIowads U
omxnonenue HOH, no ysenuuusaemces pacxoo moxa. Taxou HOH moscem ucnonb308amscs 6 AHAI020-yu@dposwix u
yuppoananoeosvix npeobpazosamensix, ONePaAYUOHHbIX YCUIUMENSAX, UCHMOYHUKAX RUMAHUsL U 8 Opyeux O0Kax, 20e
mpebyromcst 601baAsk MOYHOCMb U MATEHbKAS NI0WAOD.

Kniouesvle cnoea: nezagucumvlii om memnepamypvbl UCHOYHUK ONOPHO20 HANPSIICEHUS, DPe3UCMmop,
nepexoyaemble KOHOEHCAmopbl, aHanI020-yupposoil npeodbpazosamens, YUDPOAHALO208bII NpPeodpa308amel,
ONePayUOHHBLIL YCUTUMEITD.

A.H. Shishmanyan
A SWITCHED-CAPACITOR BANDGAP VOLTAGE REFERENCE

A bandgap voltage reference where resistors are replaced by switched-capacitors is proposed. That
considerably reduces the area and variation of bandgap voltage reference but increases the consumption of the
current. Such bandgap voltage reference can be used in analog-to-digital and digital-to-analog converters,
operational amplifiers, power supplies and other blocks that require high accuracy and small area.

Keywords: bandgap voltage reference, resistor, switched-capacitors, analog-to-digital converter, digital-
to-analog converter, operational amplifiers.

Chdwiywu Upwd <pwuwnh - BYpnyujul mwpwswopowbughtt wjuntidhw — wuyhpwbn,

<<Uhunthuhu>> @LL, Ubwnquhtt b jwep wqpubpwbwht ujpbdwbbp  bwhiwgénn
Swpunupughbn
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A.I'. AiiBa3sin

PEAJIMBALUA IIEPEJAYN I'OJIOCA B CETHU LTE

Texnonoeuss Long-Term Evolution (LTE) ssnaemca cmanOapmom 0ecnposoOHOll 8blCOKOCKOPOCMHOU
nepedauu oanHwvix u ochosana Ha GSM/UMTS cemegwvix mexnonocusx. I1o00epacka cepsucog 0 nepedaiu 2010cd
6 cemu LTE ne npedycmompena. B oannoti pabome npoeeder cpasnumenvhulii ananus VoLGA u CSFB mexuonocui
peanusayuu nepeoauu 2onoca 6 cemu LTE, onpedenenvi ux o0cobeHHOCMU, OmMMeueHbl Npeumyujecmed u
HeOOCTamxu.

Knrwoueswie cnosa: cems, Long Term Evolution, nepedaua 2onoca, CSFB, VoLGA.

Beenenue. LTE (Long Term Evolution — 3Boso1MS B TOITOCPOYHON NEPCIIEKTUBE) - TEXHOIOTHSI,
pa3zpaboTaHHast AJsl pa3BUTHS YXKe CyllecTByromux ceteid Broporo (2G) u tperbero (3G) mokoneHui,
OJIHOBPEMEHHO SIBJISIACH IUIATGOPMON JUIsl CTaHJAPTOB CBs3M 4eTBeproro mokonenws (4G) [1, 2].
OcHOBHBIMU LIeNsIMU pa3pa®oTku TexHonoruu LTE sABisroTcs CHM)KEHHE CTOMMOCTHU Nepefad JaHHBIX,
YBEIMYEHHE CKOPOCTH TNepeiadu JJaHHBIX, BO3MOXXHOCTH IPEIOCTABIEHUS IIMPOKOTO CHEKTPa yCIyT MO
Oosee HM3KOH IIeHE, MOBBIIEHHE T'MOKOCTH CETH M HCIOJIb30BaHHME YXKE CYLIECTBYIOIIUX CHCTEM
MOOWIIFHOH CBSI3H.

Texnonorus LTE mnpumensercs B aAuama3zoHe dvactorT 2,5...2,7 [Ty ¢ MHUPUHOM TMOJIOCHI
nporryckanust ot 1,4 go 20,0 My, 9To TMO3BOJIUT OOBEIWHUTH ONEPATOPOB CBSI3M, OOJIAAIOIINX
pa3nu4HbIMU TIotocaMu nportyckanus. LTE obecnieunBaet TeopeTHUECKY0 TUKOBYIO CKOPOCTH Iepeadn
JaHHbBIX 10 326,4 Moum/c ot 6a3oBoi crannuu (BaseStation, BS) k monbs3oBarento u no 172,8 Méum/c B
oOparHoMm HampaBieHuu. J[ns cpaBHeHus, 2G CeTH TEOPETHUYECKH CHOCOOHBI O0ECTEYUTh MHKOBYIO
CKOpPOCTh Tiepefauu JaHHbIX 56...114 xoum/c, a 3G cetn 00ecneunBaOT CKOPOCTh MEPelavyu JaHHBIX 10
3,6 Moum/c. Pagnyc neiicreus 6a3oBoii crannuu LTE cocraBnser 5 xu, HO IpH HEOOXOAMMOCTH MOXKET
nocturatb u a0 100 xu mpu mocratouHoM moaHsATHH aHTeHHBI [3]. Ilpum sTomM oGopynosanme LTE
MI03BOJIMT OAHOBPEMEHHO NojjepxkuBaTh He MeHee 200 akTHBHBIX COEIUHEHUM Ha Kaxnyro 5 My
SYCHKY, a TaKKe TOSBUTCS BO3MOXXHOCTH IMONJCPKKH COCTUHEHHUI /sl aOOHEHTOB, JBWXKYIIUXCS CO
CKOPOCTBIO 110 350 xm/u.

Hecmotps Ha MHOkecTBO nocrouHCTB TexHosoruu LTE, y Hee, kak u y J1t000# Apyroil nakeTHoH
TEXHOJIOTUH, €CThb BaXKHbIM HENOCTATOK — OHAa HEe MpHcrocobieHa Juis mepeaaun rosoca U SMS
COOOIIEHNH, KOTOpblE 10 CHX IOp SBJIAIOTCS OCHOBHBIM HCTOYHHUKOM JIOXOJOB OIEPaToOpoB COTOBOM
cBsi3u. OHAKo, Onarogaps OTIMYHBIM XapakTepucTukaM TexHosioruu LTE (Masbie 3a1ep:KKku U BbICOKAs
CKOPOCTb), C KaXIbIM TOJOM THOSBIAIOTCS HOBBIE M Pa3HOOOpa3Hble MOAXOMABI IJISi MPENOCTaBIICHUS
ronocoBeix yciryrB cetd LTE. Ilo oTolf nmpuunHEe COTOBBIE KOMIAHMU HINYT HanOojiee ONTUMAaJbHbIE
TeXHOJNOTUn Tepedbpocku romocoBoro Tpapuka B LTE, a takke uz LTE B Tpagunnonnyio cetb GSM
mwm  YHuBepcanbHylo MobOunsHylo Tenexommynmkammonuyio Cucremy (Universal Mobile
Telecommunications System, UMTS).

B nanHOlf paboTe mpoBeNeH CPaBHUTENbHBI aHalM3 OCHOBHBIX IOJXOAOB M TEXHOJOIUWH
peanu3anuu nepenadu romoca B cetu LTE, ompeneneHpl X 0COOCHHOCTH, OTMEYEHBI IPEUMYIIECTBA U
HEIO0CTaTKH.

Texnogorun. B 2009 r. Acconmanus GSM o0bsBHIa O CO3aHUK PabOvel TPYIIIBI IO pa3padoTKe
cneunUKaluid, HalPpaBICHHBIX Ha CTaHAapTU3aluio nepeqadd rojoca u SMS B LTE cersax Ha Oaze
matGopMel mepenadn MyJIbTUMEIUHHOTO coJiepKuMoro Ha ocHoBe mportokona [P (IP Multimedia
Subsystem, IMS). [Ipu 3TOM mpemTaragocs MecTh MOAX0I0B, 00SCICUHBAIOIINX OKA3aHHE TOJOCOBBIX H
SMS ycnyr B LTE-ceTsix [4]:

etexHosorust Circuit Switch Fall-Back (CSFB) Ha ocCHOBE KOMMYyTallMd KaHajJOB C
pe3epBUPOBAHHEM;
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e rexHosorusi Voiceover LTE Generic Access (VoLGA) Ha OcCHOBEe Iepefaydl pedd C
KOMMYyTalliel KaHaJIOB MIOBEPX CETH C MMAKETHON KOMMYTalUEH;

e TexHOJIOTUsl ObICTporo BHenpenus ronoca noBepx LTE, npeanoxxennas Nokia Simens Network
(Fast Track Voiceover LTE);

® TEXHOJIOTHS TIepesiada pedr u cOOOLICHUH oBepX MylbTuMenuitHoii [P-moacucremsr (Voice and
SMS over IP Multimedia Subsystem, VoSoIMS);

e rexHonorust MSCTAS/IMS, paspaboranHas komnanusiMu Mavenir Systems u Acme Packet;

e perierne Ha ocHoBe OneVoice-MHUITUATHBBI C HCIIOJIb30BaHUEM IaTGopmbl IMS.

AHamu3 CUTyallud Ha pBIHKE TEJICKOMMYHHUKAIMOHHBIX YCIYyT TOKa3bIBaeT, 4TO HauOoyee
MEPCTIEKTUBHBIMH U IMIMPOKO UCTIOIb3yEMbIMH SBIISIOTCS IIEPBBIE 1BE TEXHOJIOTUH [5-7].

VYnopouennas apxutekrypa cetd CSFB mpuBenena Ha puc.l, rae NpUHATHL CleAyloIiue
obo3nauenusi: MME (Mobility Management Entity) — y3en ynpasnenuss moomibHOCTEIO; HSS (Home
Subscriber Server) — cepBep abonenra; SGSN (Serving GPRS Support Node) — cepBucHbI y3en
nouepxxkn GPRS; GGSN (Gateway GPRS Support Node) — mutto30BbIii y3en MOIEPKKU MAKETHOTO
tpaduka; RNC (Radio Network Controller) — xorTpoutep cetu paguoaoctyma; MSC (Mobile Switching
Center) — nentp kommyTanuu MoomibHOM cBsizu; BSC (Base Station Controller) - koHTposuiep 6a3oBoi
cranuu cetd GSM; RNC (Radio Network Controller) - kortposep paguocetu 3G.

- SGSN GGSN

GSM/UMTS

Puc. 1. Vnpowennasn apxumexmypa cemu CSFB

Cytb Texnonorun CSFB cocTouT B TOM, 4TO aOOHEHTCKOE YCTPOUCTBO, padoTaromee B cetu LTE,
Ha BpeMs OCYILIECTBIECHHUS MCXOSLIEr0 WM IpUeMa BXOJSIIEro I'0JIOCOBOIO BbI30Ba IEPEKIIIOYAeTCs B
cets Oonee panHero nokoneHus (UMTS i GSM). Ha ato Bpemst ceccus nepenadn nanusix depes LTE
00 MPUOCTaHABIMBAETCS C BOCCTAHOBIICHHEM IIOCJIE 3aBEPLICHUS BbI30Ba, JHOO TaKXKe NEepexOquT B
GSM/UMTS. OueBugno, uro mis pabotst CSFB o0s3arensHo nepekpeitne paamocereii LTE n
GSM/UMTS. Taxxe neobxoauma noanepxkka CSFB na abonenTckom o6opynoBanuu u Ha MSC.

Apxurektypa VoLGA mnpuBenena na puc. 2, tne SGW (Serving Gateway) — oOciyXuBaromni
uutio3; PGW (Packet Data Gateway) — nniro3 maketHod nepenauu aaHHbX; VANC (VoLGA Access
Network Controller) - numo3 qoctymna ceTeBoro KOHTpoJuiepa.

GSM/UMTS

Puc. 2. Ynpowennas apxumexmypa cemu VoLGA
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VoLGA TexHONOTHS TakXe TMOJHOCTHIO HCIOJNB3YeT CYyMIECTBYIOIIME CTaHAApTHl U
uHdppactpykrypy cered GSM/UMTS. ba3oBeiM sneMeHTOM TexHonorun VOLGA sBisieTcss CeTeBoi
koHTposmiep VANC, KoTophlii TpeqHa3HadeH il OJHOBPEMEHHOM Iepelavyn rojioca W AaHHBIX. Ha
cropore LTE cermenra cetu oH noakmovaercss K PGW u pabotaeT kak ir000i Ipyroil BHEIIHUHA y3ed,
ocymiecTBisisi 0OMEH TMakeTaMH ¢ MOOWJIBHBIMH ycTpolcTBamMHu aboHeHTOB. Ha cropone GSM/UMTS
cermenta cetu VANC coenunsercs ¢ kommyraropoM MSC u citysxut juig Hero kak BSC nnu kak RNC.
B srom ciyuyae abGonmentsl VOoLGA mnpencrasnsitorcss kommyrtatopy MSC 0OBIMHBIMH a0OHEHTAMH
GSM/UMTS.

CpaBHenue u aHaiau3. OnepaTtopbl COTOBOI CBSI3UM 3aMHTEPECOBAHBI B NMPOJBUKEHUU "CBOEro”
WK OPUHATOro 3a o0pasel] BapuaHTa peanu3anuu nepegauu rojaoca B cetu LTE. Paznuuus B peanuszanuu
nojepxku ronoca B cetd LTE - oguH U3 $akTopoB, 3aJepKUBAIOMIMX WX LIIMPOKOE PaclpoOCTpaHECHUE
1o BceMy mMupy [6].

CSFB TexHONOTHSA TO3BOJSIET OINEPaTopaM HCIMOJIB30BaTh CYMIECTBYIONINE KOMMYTATOPBI TIPU
YCIIOBUM WX OTPaHMYCHHOW MOJAEpHU3ald. AOOHEHTaM K€ NPEJOCTaBIACTCS MOJHBIA HaOop
TPaJUIMOHHBIX YCIyT, JOCTyNnHbIX ¢ MSC, BKJIFOUas 0a30BbIC I'OJOCOBBIC BBHI30OBHI U JOTIOIHUTEIBHBIC
BUJBI OOCITY)XKHBAaHUS, HOCTaBKy SMS, BBI3OBHI C IpEIBApUTEIbHON OIUIATOH U HMHTEJICKTyalbHbBIE
yeayru. Onnako texHojorus CSFB mmeer HECKOJIBKO HEAOCTATKOB. 3aTpaThl HA MOJCPHHU3ALUIO Y3JI0B
ynpasienus MoOmibHOocThro MME um MSC g nogaepxkku CSFB  MoryT okasaThCsl BecbMa
3HauuTenbHbiMU. HeoOxoaumocts nepexitoueHuss B GSM/UMTS npuBoauT K 3aMETHOMY YBEJIMYCHUIO
3a/Iep’)KKH yCTAaHOBIICHHUS TOJIOCOBBIX COCTUHEHHH KaK MPH MCXOSIINX, TAaK U MPU BXOJSIINX BBI30BAX.
Tak, s MoOMIBHBIX ceTedl 2G HOpMallbHOE 3HAUYEHHE BPEMEHH yYCTAHOBJICHHUS TOJIOCOBOTO COCTHHEHHUS
cocrasiser 3,58 c. Ilocne mepexona k mepBoMy dTary BHeapeHHs cereld 4G c ucnonb3oBannem CSFB
JlaHHas 3a/iep’KKa MOXKET Bo3pacTaTb 10 6...7,5 ¢, a B ciydae MEKIyHapOJHOI'O POYMMHIA U B JAPYIHX
cllydasx, MPeIroJiaralouiux JONOJHUTENbHBIE BpeMEHHble 3alepkku, — no 15...25 c. BcenenctBue
IIPUOCTAHOBKU CECCUU Tepellaul JaHHBIX MM CHIDKEHHs ckopocTteil 1o ypoBHsI GSM/UMTS y aGoHeHTa
MOXET CO37aThCsl BIEUATIEHHE, YTO BO BpeMs TOJIOCOBOIO BBI30BA CECCHA IepeJaud JdaHHBIX
npepeiBaercs. st paborer CSFB HeoOxoanmo nepekpoitie paguocereit LTE u GSM/UMTS, a Taxxke
Tpebyetcsa noanepxka CSFB Ha aboneHTckOM 06opynoBanuu U Ha MSC.

K nmoctomncrBam texnomorun VOLGA OTHOCHTCS BO3MOXKHOCTh Ha3HaueHHs KadecTBa CEpBHCa
JUIE 00ecTieueHns] TapaHTHPOBAHHOM TOJIOCH TPOMYCKAaHUS MEXIy omepaTopoM u abonentom. Kpome
TOro, JaHHas TEXHOJOTHA MO3BOJSET NPUCIOCOOUTh CYIIECTBYIOIIyI0 HH(PAcTPyKTypy cereil
GSM/UMTS/LTE u B 3HauHMTeNbHOW CTEIIEHU TIEPEHCIIONB30BaTh TeKyliee obopynoBanue 2G/3G cereil.
W3 HemocTaTKoB JAaHHOW TEXHOJOTHH OTMETHUM HAlIUYue MOMOJHUTENbHOro 3nementa - VANC. Jlns
pabotel B cetd VOLGA ecTecTBEHHBIM TpeOOBaHHMEM SBIISETCS MOAJEpPXKKa MPOLENyp U IPOTOKOJIOB
VoLGA Ha a0OHEHTCKHX YycTpoiicTBax. TeXHONOTHsI He SBISETCS CTAaHAAPTHU3HPOBAaHHONW U He
MOJ/ICP)KUBAETCS M, OYEBMOHO, HE OyAeT MNOANEepKUBATbCAd ABYMS BEIYLUIMMH MPOU3BOAUTENSIMH
obopynoBannus - Ericsson u Nokia-Siemens Networks. B HacTosmee Bpemss VOLGA ucmons3yer TOIBKO
onuH omeparop - T-Mobile.

VoLGA u CSFB TexHoj0THH - MONBITKA MPEI0CTaBUTh ToJ0coBbIe cepBuchl B cet LTE myrem
WCTIOJIB30BaHHS CYIECTBYIOIIETO 00OPYIOBAaHHS H OTPAOOTAHHBIX TOJJAMH MEXaHU3MOB MHTEPKOHHEKTA.
Texnonmorust VoLGA cnoxna B peanuzanuu 1o cpapaenuto ¢ CSFB. s ee BHeapeHUs HE0OX0IUMO
HOBOe oOopynoBaHue, B TO Bpemsa kak angd CSFB - Tonbko MojepHHM3alus CyLIECTBYIOIIETO
obopyznoBanua. OcHoBHBIM HenoctatkoM CSFB TexHonmoruu sBisieTcs 3alepika mepell yCTaHOBICHUEM
T'OJIOCOBOT'O COEANHEHHUS.

Takum oOpa3oMm, B Hacrosdmiee BpeMs HauOoliee ONTHMAalIbHBIM W KOHKYPEHTOCHOCOOHBIM
noaxoaoM peanu3zauuu ronoca B cetu LTE sgaBngercs wucnons3oBanue CSFB TexHomorun. B
JOJITOCPOYHON TEPCIIEKTHBE HEOOXOAMMO BHIPAOOTATh EOMHOE pEIICHHE, IMO3BOJITIONISE YCTPAHUTD
HEJOCTAaTKH Pa3lUYHbIX TEXHOJIOTHH. TakuM 0oOImKM pelieHrHeM MOXeT ObITh JopadoTKa aOOHEHTCKOTo
yCTpOICTBa, IIO3BOJIAIOLIErO OOECleYuBaTh aBTOMATUYECKOE pAacllO3HABAHUE M MOJKIIOYEHHE K
paznuunbiM cucteMam joctyna LTE/GSM/UMTS. Jlns cOTOBOM KOMIAHWUHM TaKOW HBOJIOIUOHHBIN
IPUHLUI OOECIeYUT IUIABHBIA Iepexo] K CEeTH CJIEAYIOIIEro IIOKOJEHHS W HO3BOJIMT COXPAHUTh
aOOHEHTOB, MOJB3YIOIINXCS CETHIO MPEABIIYIIEro MOKOJICHHUS.
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U.q. Ujwqyu
auU3Luh eNhULSUUL hrUuULUSNRUL LTE SULSNRU

Long-Term Evolution (LTE) wnkjuininghwl nfjuy ikph wiyup ghpupug thnpnubguwml uinmbinuipn
E npp hpdigws F GSM/UMIS gwbaguyhli wnkfubnnghwibkph Jpw: LTE gubgmd duybuyghl
Swnuynipinibibph hnprmbguul hunlup wowlgnipmnil sh hwpnnmnkuywsd: Upprnumnmwipnid junnupyky
ELTE gubgnid duylih thnpnuigul ppulumbiugwi VOLGA b CSFB wnkjulininghwikph hudbdunnwlul
Yhmyniénipinil, oyky i gpuilg wewbdiwhunnniyeinibkpp, wnwyfbnipmibabpp b plpnyenibbkpp:

Unwtgpuyhti punbp. guiiig, Long Term Evolution, duylip ihnpuubignid, CSFB, VoLGA:

A.G. Ayvazyan
IMPLEMENTATION OF VOICE TRANSMISSION IN LTE NETWORK

Long-Term Evolution (LTE) technology is the standard for wireless high-speed data transmission, based
on GSM / UMTS network technologies. Support for voice transmission services on the LTE network is not
defined. In this paper, a comparative analysis of VoLGA and CSFB technologies for voice transmission in the
LTE network has been carried out, their features have been identified, advantages and disadvantages have been
noted.

Keywords: network, Long Term Evolution, voice transmission, CSFB, VoLGA.
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T.A. Hakhverdyan

POWER SWITCH PLANNING TECHNIQUE FOR POWER GATING DESIGNS

One of the methods for decreasing leakage power consumption is called power gating, which requires to temporarily switch
off the power of the blocks that are not needed in the given operational mode, by inserting power gating switches. Since the
number and the location of the power switches may have great influence on timing, area and IR drop of the design, an effective
and smart approach is required while inserting the power gating switches. A new method for power switch placement, which
determines location and coordinates the power switches is introduced. Experimental results demonstrate that the proposed
method yields better timing characteristics for the circuit without needing more power switches as compared to other techniques.

Keywords: low power design, power switch placement, IR-drop, power gating.

Introduction. As the microelectronics manufacturing technologies constantly shrink in size, the exponential
increase of leakage power becomes a serious issue. For 65nm and below technology nodes the leakage power
component contributes more than 50% to the overall power consumption. For smaller technologies, the number
becomes even higher. This issue is even more crucial for mobile battery powered SoC (System-On-Chip) designs
where power is limited by the capacity of the battery [1, 2].

One of the low power techniques for decreasing power consumption is power gating. The basic strategy of
power gating is to provide two modes: an active and a low power. The goal is to switch between these modes at the
appropriate time and in the appropriate manner to minimize power consumption with minor impact on performance.
So power gating consists of selectively powering off some blocks in the chip while keeping power on for the other
blocks. The aim of power gating is to minimize leakage current by turning off supply voltage in a low-power
domain with power switches (Fig. 1).

The most basic form of power gating control, and the one with the lowest long-time leakage power, is an
externally switched power supply. On-chip CPU (Central Processing Unit) has a devoted off-chip power supply; that
is, this supply provides power only to the CPU. It is possible to shut down this power supply and reduce the leakage
in the CPU to substantially zero. This approach, though, also takes the longest time and requires the most energy to
restore power to a gated block.

Internal power gating, where internal switches are used to control power in blocks, can be a better solution when
powering down blocks for a short time. Unlike a block that is always turned on, the power-gated block receives its
power through a power-switching network. The power gating controller controls the power switches that provide
power to the gated block.

Principles of the Power Switching. There are two approaches of power gating: fine grain and coarse grain.

[ B
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E BB N
I iR EEN
E R EEAEDN
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E g RRDN
Fig. 1. Power gating design Fig. 2. Fine grain (a) and coarse grain (b) power gating

In fine grain power gating the switch is placed locally inside of each standard cell in the library. Since this switch
must supply the worst case current required by the cell, it must be sufficiently large so that it will not have negative
impact on performance. The area overhead of each cell is significant (of the 2x-4x the size of the original cell). An
example of a fine grain NAND gate is shown in Fig. 2 (a). The key advantage of fine grain power gating is that the
timing impact of the IR drop across the switch and the behavior of the clamp are easy to characterize as they are
contained within the cell.
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In

coarse grain power gating (Fig. 2 (b)), a block of gates has its power switched by a collection of switch cells.

The sizing of a coarse grain switch network is more difficult than a fine grain switch. But coarse grain gating
designs have significantly less penalty than fine grain [3, 4].

1

Power switches placement methodologies. Before performing the logic cell placement and routing, the

following actions should be accomplished:

1.
2.

Choose and place power switches.
Create power mesh.

Modern Place and Route tools can place power switches in a uniform way.

a)

b)

<)

If the power switches are used in functional blocks, then switches are placed in the standard cells rows, as

shown in Fig. 3 (a). Both vertical and horizontal distances between the power switches are defined by the

user.

Also power switches can be placed like a checkerboard pattern, as shown in Fig. 3 (b). In this case both

vertical and horizontal distances between the power switches also are set by the user.

a, b) Advantages:

1. Gives more IR drop controllability, since the area of power switches has less resistance.

2. Satisfies required maximum IR drop value using less switches, as compared with ring placement.

a, b) Disadvantages:

1. The placement area for standard cells becomes smaller, because power switches are placed with
standard cells in the same rows.

2. Ttis hard or in some cases impossible to implement with IP macros.

3. Makes routing more complicated.

Ring placement of power switches, as shown in Fig. 3 (c). In this case power switches are placed around the

functional unit. It is also possible to make ring placement by local approach.

c¢) Advantages:

1. Ease of implementation of the power supply circuit.

2. Implementation with IP macros, without changing inner structure of IP.

¢) Disadvantages:

Big IR drop, basically in the center of core. To avoid this, sometimes power switches with big drive are

used, but in some cases it is impossible to get required results.

71 T — 1
9 é i
<>
|7 I 7
a) b)

Fig. 3. Power switches placement methodologies. a — standard, b - checkerboard-like, c - ring

3. Proposed Method of Power Switches Placement. In power gated designs standard cells are connected
with power mesh via power switches, which have resistance and therefore introduce IR drop. Timing
parameters of logic cell depend on the value of power supply, so if the power switches are placed
incorrectly or aren’t optimized correctly, they can introduce major timing violations [5, 6]. Thus, all
deviations from the actual values of the power supply should be evaluated at all the stages of the design
flow and should be considered during timing analysis. Usually during the implementation of power
gating, the evaluation and estimation of IR drop and timing analysis are performed separately, using
different EDA tools (PrimeRail and PrimeTime, in case of Synopsys [7, 8]), but both tools are using
shared data which is transferred from one tool to the other.

| Floorplanning |

I Power Switches Placement I

—>| Placement I

l

| Clock Tree Synthesis |
| )
| Rovie | IR Drop Timing Fig. 4. The Proposed Stages of Power Gated
| Bvaluation ]  Analysis IC Physical Implementation
| Finishing |

Determining the Coordinates

for The Power Switches Replacement
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Gated

This article proposes a new approach for implementing the placement of power switches according to the

following criteria:

1. Implement placement by logic cell rows.

2. Classify each logic gate according to the value of the delay of the timing path, where it belongs.

3. Optimize the coordinates of each power switch, according to the class of its closest logic cells.

4. Approach method should not impact on power/ground mesh.

During timing analysis, it is required to calculate the maximum static IR drop on power mesh and power
switches. The stages of physical implementation of power gated IC with the application of the proposed method are
shown in Fig. 4.

In order to classify the logic cells, the following steps should be performed:
e Analyze timing for the initial distribution of power switches and determine the maximum timing delay for each
timing path in which power switches are included.
e  Determine the closest group of cells for each power switch.
e Determine the maximum and the sum of timing deviations for each group of cells.
e (lassify each cell by the following way.
Ki=T;/2T,
K;— The classification coefficient, 7; — The maximum value of the timing delay for the timing path, wherein the i-th
element is included.
After determination of K; for each element, the replacement coordinates of power switches are calculated according
to the following formula:
X =2(X: -Kj),
Xi- The coordinate for i-th logic cell for current group, X - The replacement coordinate for power switches.

For the implementation and measurement of the power switches replacement coordinates according to the
aforementioned classification was written a script via Tcl language.

3. Simulation Results. Experiments have been carried out on 24-bit multiplier. The Verilog description of the
circuit includes 2 modules (TOP - The main block, with real (VDDP) supply voltage, mult24 - The secondary block,
with virtual (VDD) supply voltage that is connected to the real supply via power switches).

The operating conditions are as follows: Process — SS, Temperature- 125°C, Supply voltage - 0.81V.

In order to analyze the effect of the power switch placement on the timing parameters the placement was
implemented with a different number of power switches with different distances.

Physical implementation was done by the following steps: floorplanning, power switches placement, power
planning, logic cells placement, clock tree synthesis, routing [9-11].

Table 1
The power values with different numbers of power switches with different distances
Power switches count/distances Dynamic power (mW) Static power (ul) Total power (mW)
132/30um 2.5273 86.7909 2.6141
198/22um 2.8407 87.3500 2.9277
330/35um 3.0416 88.5570 3.2271

As shown in Table 1, increasing number of power switches causes an increase of power consumption, since the
power switches have leakage power and switching/dynamic power. The placement of 24 bits multiplier design for
different number of power switches are shown in Fig. 5 (all power switches are highlighted).

The power supply value is set to 0.81V, which means that the place and route tool sets 0.81) value to power
supply during timing calculation. However, since the power mesh and power switches introduce some IR drop, the
real power supply is less than 0.817 on power rails. The ground net also has resistance; hence IR drop will increase
the value of ground supply of cells. As power and ground supply values are deviated from the ideal values, the
timing parameters also will deviate. 5 worst IR drop values for the ground, real and virtual power supplies for
different number of power switches are shown in Table 2.

a) b) ¢
Fig. 5. Initial placed power switches for 24-bits multiplier
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The IR drop analysis on power mesh was performed using Synopsys PrimeRail tool. Tool calculates the real
values of power supply in each part of power mesh and returns IR drop information as output, which is annotated to
PrimeTime for more accurate estimation of static timing parameters, and 5 worst timing delays are shown in
Table 2.

Table 2
5 worst cases of IR drop and timing delay
Power switches count VDDP (mW) VDD(mW) VSS(mW) Timing delay (ns)
4.358 9.788 4.204 1.5932
4.132 9.654 4.201 1.5553
330 (a) 3.913 9.063 4.168 1.5315
3.867 8.959 4.072 1.5122
3.740 8.555 4.053 1.4588
4.058 13.578 4.199 1.6105
3.994 13.564 4.194 1.6223
198 (b) 3.813 12.048 4.157 1.6428
3.767 11.986 4.068 1.6701
3.540 11.875 4.049 1.6885
4.020 45.116 4.197 1.7330
3.968 45.075 4.158 1.7457
132 (¢) 3.770 45.000 4.126 1.7929
3.727 44.883 4.055 1.8335
3.498 43.535 4.038 1.8488

As shown in Table 2, increasing the number of power switches causes decrease of the timing delays, since the
distance between logic cells and power switches is reduced and as a result the IR drop is decreasing. So, as a result,
for each logic cell the power supply value is increased and timing delay is improved. The placement of power
switches closer to logic cell causes improvement of the timing parameters for that cell.

1. All power switches were placed in the start of the rows as shown in Fig. 6 (a).
2. Then the proposed method was applied. The power switches placement results are shown in Fig. 6 (b).

a) b)
Fig. 6. Standard (a) and Proposed (b) Methods of Power Switches Placement

After power switch replacement the IR drop values for the ground, real and virtual power supplies and 5 worst
timing delay is shown in Table 3.

Table 3
5 worst cases of IR drop/ timing delays after power switches replacement
VDDP (mW) | VDD(mW) | VSS(mW) | 5 worst timing delays (ns)
4.734 80.482 3.452 1.7084
Standard Method of 4.404 80.469 3.424 1.7174
Power Switches 4.373 80.463 3414 1.7236
Placement 4312 80.457 3.401 1.7250
4311 80.452 3.39 1.7484
4.734 31.750 3.452 1.6469
Proposed Method of 4.404 30.103 3.424 1.6538
Power Switches 4.373 30.091 3.414 1.6568
Placement 4312 30.010 3.401 1.6595
4311 29.989 3.390 1.6780
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Conclusions. IR drop in power mesh and power switches affect the timing parameters of the circuits.
Different placement strategies for the same circuit are resulted in different timing parameters. Increasing power
switch count and decreasing distance between them, while keeping the core area the same, causes the timing
parameters to improve. The proposed methodology is effective for optimization of power switches placement in
power gating design, without impacting on the regular placement of the power and ground mesh. It improves the
circuits timing parameters, decreases IR drop (~60%) while keeping the number of power switches the same.

Acknowledgements. Design was implemented using SAED 32/28nm EDK [12] developed by Synopsys
Armenia Educational Department. Synopsys tools Design compiler and IC Compiler are provided by Synopsys
Armenia Educational Department.
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Ynpuwnuyhll Fakpquuwundul juqbgulul Jkpnnphlphg F hgnpnipyul ppounpuwlull dkpnnp: Ukpnph hpdpnid phlwms
npnpwfh  dudwinufwhunnjushbpnid  wngugbbph  pwidwbp  sdwululgng  Eipwhwbgnyghbph uimguwl pnphg ppubg
whounnwl gnpéplpugn  oqunugnpskymy wheunnny npwbghunnpbkp (US): Lwih np US-tkph pubmlp b quinfkin: nknp hupng
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Juplwl whlpdwl wpdbph Yypu, wihpudion Fupymbujbn b jukjugh dnnkgnid US-Epp bkpuniduwl hundwp: Ukplugugynod ©
anp ukpnn US-Epp nkpupwspulul hudwp, npny npnpymd F US-Epp quninjlyn: nknp: @npdiwlwl wpyniipkphg Eplbnud E, np
wowewplpjws Ukpnpny ufubdugh dudwbwlughl qupudbnpbpl wykp juy ko ownwgmd wowbg pugnighs US-kpp
hunlbdunnwé uyy dkpnphkph:

Unwhgpuyhli punkp. gudp Fhkpquuwyundunlp hwpnugdémd, whounnny upwbqhunnpbbph nwkpupwopnul, jupdwb
whlnid, hgnpnippul ppowhulnid:
T.A. AxBepasin
METO/, PASMEIIEHUS OTKJIIOYAIOIIMX TPAH3UCTOPOB, UCIIOJIL3YEMBIN

B BJIOKUPOBKE IIUTAHUSA

OOHWM U3 MEMOO08 YMEHbUEHUS CIAMUYECK020 dHepeonompedienus asisemcs 6aokuposka numanus. Co2nacno smomy
Memoody, HeoOX00UMO BPEMEHHO OMKIOYUMb OIOKU, UCNOAb3YA omKaoyarouue mpanzucmopwl (OT) 0ns 610KUposKu numarus.
Tockonvky xonuwecmgo u mecmononodcenue OT mozym umems 6onvuioe GUAHUE HA BPEMEHHbIC NAPAMEMPbl, d MAKdiCce HA
pasmep naowaou u pasmep nadeHusi HanpsNHCeHus 8 cxeme, mpedyemcs sghpekmusnwlil NOOX00 O/l paZMeueHUss OMKIOUAIOWUX
mpanzucmopos.  Ilpedcmasnen  noewii  memoo  pasmewjenus OT, xomopewiti  onpedensem mecmononodcenue OT.
Dkcnepumenmansuvle pe3yibmamosl NOKA3bI6AIOM, YMO NPeONOANCEHHbIL Memo0, N0 CPABHEHUIO ¢ OpyeUMU Memooamu, daem
bonee 8bicoKUe BpeMennble Xapakmepucmuky cxemul 6e3 donoanumensiuix OT.

Kniouegvte cnosa: npoexmupoganue ¢ HU3KUM IHEP2ONOMpPeOIeHUEM, pa3MeujeHue OmKIoUawWux mpan3ucmopos,
naoenue Hanpsdicenus, O10KUPOBKA NUMAHUA.

Hakhverdyan Tigran Arayik - Ph.D. Student of YSU, ASIC Physical Design II Engineer at Synopsys Armenia
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UDC 343.34 MILITARY-ENGINEERING PROBLEMS
AND POLITICAL ASPECTS
OF COLLECTIVE SECURITY

V.S. Davtyan, A.R. Harutyunyan, L.E. Samvelyan

METHODOLOGICAL MODEL OF A COMPREHENSIVE STUDY OF THE ENERGY
SECURITY OF THE NAGORNO-KARABAKH REPUBLIC

An attempt to form a methodological model for a comprehensive interdisciplinary study of the energy
security problems of the Nagorno-Karabakh Republic is made. The main components of the model that allow
diagnosing the problems of energy security of the NKR at the system level with the issuance of the corresponding
forecasts are determined. Particular attention is paid to the choice of a theoretical platform. The advantages of the
constructivist approach are shown, the necessity of considering the problem also from the structuralism positions
is justified. The proposed model assumes the necessary study of the problems of the NKR energy security in the
legal, resource-infrastructure, historical geopolitical and socio-philosophical planes.

Keywords: Nagorno-Karabakh Republic, energy, security, methodological model, interdisciplinary.

States, which lack international recognition always face more hurdles in terms of an ability to
represent themselves as mighty states in the domain of International Relations. There are several
indicators of such states: economic, geographic, technologies-related ones, but this paper is aimed at
exploring the issue of energy security as one of the fundamental components of the national security of a
state, which is also a sign of a well-functioning state. The main objective of the paper is to identify the
most challenging factors influencing the formation of energy security system of the Nagorno-Karabakh
Republic. Thus, the comprehensive study of the energy security of Nagorno-Karabakh is proposed.
Hence, the issue of energy security of the Nagorno-Karabakh Republic will be analyzed from different
perspectives.

Energy security, as one of the crucial components of the national security of a state, is a subject
to a number of threats. It is due to different political, economic and technical reasons. These threats can
be both internal and external: internal threats mostly have technical character or are rooted in a wrong
management, while external ones are caused primarily by political, geopolitical and geoeconomic issues.

In the framework of the comprehensive study of the Nagorno-Karabakh Republic energy
security, the most problematic factors affecting the formation of the energy security system should be
identified. It is necessary to conduct a comprehensive analysis of the energy system while defining its
most powerful and well-functioning elements. It is necessary to conduct the detailed monitoring of NKR
energy supply system via field studies and examination of archival materials. Hence, we propose a
comprehensive methodological model of the energy security of Nagorno-Karabakh. The model consists
of the following basic components:

e Theoretical framework

e Methodological framework

e Legislative framework

e Resource framework

e Historical-geopolitical framework
e Socio-philosophical framework.
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Theoretical framework
There are currently three major definitions of energy security used in the economics literature.
These definitions inter-supplement each other:

e energy security - the belief that there will be the required amount and quality of energy necessary
for the given economic conditions;

e cnergy security - the state of protection of the vital "energy interests" of an individual, society
and state from internal and external threats;

e energy security - the degree of protection of the country (region), its people, society, state and
economy in normal conditions and emergency situations happening due to the lack of high-
quality and affordable energy resources, as well as immunity from the stability threat to fuel and
energy supplies [1].

On these conceptual principles, the energy security of the NKR should be assessed. Moreover, the
comprehensive study should be conducted based on certain principles outlined by D. Yergin, the
American expert on energy security, and can be applied to the NKR power system:

e diversification;

e high-quality and timely information;

e cooperation among supplying countries and consumer countries;
e stability of the infrastructure and the supply chain;

e consistently functioning markets;

e cnergy efficiency;

e cnsuring the flow of investments;

development of new technologies [2].

Constructivism should be applied as a basic theory of a comprehensive study, in which the
security issue is reflected as a concept, developed by B. Buzan and O. Weaver, the representatives of the
Copenhagen school. According to this concept, the security policy is a justification for authorized actors
(i.e. government) to take necessary measures to protect the public in case of threats.

The classics of this concept, B. Buzan, O. J. Weaver and J. de Wilde, point out five key sectors
regularly exposed to securitization: the military, the environment, the economy, the social sector and
politics [3]. These sectors are synthesized and mutually supportive. However, both the concept of
securitization and the theory of constructivism ignore one of the most important problems - the role of
mankind in the process of constructing the vectors of the security system establishment, including energy
security. Along with this, it is also necessary to conduct a study of some issues faced by the energy
security of NKR in the framework of structuralism.

Methodological framework

The methodology of the study should be based on a complex approach, including the analysis of
the scientific and normative literature, study of modern domestic and foreign practice of the energy
security and the identification of the political components’ influence on it. The study should also use
system-functional method, content analysis, and factor analysis, followed by an evaluation of the most
rational models of ensuring the energy security of Armenia and the formation of its energy policy. The
historical method should also be applied to the study of the NKR energy security issues in the process of
its formation and development.
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Legislative framework
The comprehensive study of the energy security system on Nagorno-Karabakh first should focus
on the legal basis of the energy sector’s functioning process; it should study the legal and normative acts
regulating the energy sphere of NKR in detail in order to identify the most problematic factors. Particular
attention should be paid to the "Law on Energy of NKR" [4] and "Law on Energy Efficiency and
Renewable Energy of NKR" [5] as a basis of the republic's energy policy. Within the legislative
framework, it is necessary to study the basic principles of the state’s energy saving and renewable energy
policies, as well as mechanisms for their implementation, aimed at:
e strengthening the economic and energetic independence of NKR;
e increasing the degree of economic and energy security of the NKR, power system reliability;
e creating new industries and organizing services that promote energy efficiency and renewable
energy development;
e reducing the anthropogenic impacts on the environment and human health [6].

Resource framework

The development of renewable energy, as one of the promising and pragmatic areas of energy
security both at the local and global levels, is at the same time an important step towards the
democratization and humanization of the contemporary energy system of the world. There is no doubt
that the desire for autonomy of the state power system and the pursuit of the maximization of the self-
sufficiency level is an inevitable process. This process eventually will include the majority of the
contemporary states, as far as they share the opinion that energy security and energy independence are
the key intertwined components of the sustainable future. In this regard, the monitoring and evaluation of
the NKR energy resources should be included in the comprehensive study in order to determine their
potential for becoming an independent and self-sufficient energy system. The importance of renewable
energy resources and water resources, in particular, should be emphasized. However, renewable energy
is not just an energy sphere, which functions by certain economic and industrial laws; it is to some extent
a result of public consciousness, striving for a balance between the inevitable anthropocentrism and
nature-oriented eco-centrism. This process will eventually affect the work of the administrative centers
and institutions. This is why it is important to conduct a conceptual assessment of the readiness of the
NKR society to have "green energy".

Historical-geopolitical framework

Alongside with the above-mentioned activities, it is important to fulfill analysis of the
geopolitical factors influencing the formation of the NKR energy security. In particular, it is necessary to
examine in detail the impact of regional conflicts (Nagorno-Karabakh conflict) on the establishment and
functioning of the republic’s energy security. Furthermore, special attention should be paid to the
geopolitical processes in the South Caucasus region and their impact on the energy security of the NKR.
In particular, the emphasis should be put on the South Caucasus “energy wars” or “pipeline wars” (1990-
2000s) that are directly affecting the functioning of NKR energy system. Actions of Azerbaijan, aimed at
putting Armenia and NKR in an energy and transport blockade, should also be discussed in detail. The
issues of Armenia’s membership in the Eurasian Economic Union and possible consequences of this
choice for the security of NKR should also be considered.

Socio-philosophical framework

When discussing the renewable energy in Nagorno — Karabakh Republic, we pointed out that it
was important to conduct a conceptual assessment of the readiness of the NKR society to new “energy
challenges.” In this regard, it is important to acknowledge that as one of the most complex components
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of the multi-layer system of state and national security, energy security requires a deep and multi-level
study within not only the traditionally adopted framework of economic, technical, natural and political
sciences but also in philosophy with the appropriate methodological apparatus. It is obvious that there is
a lack of socio-philosophical aspects of the energy security in the contemporary scientific knowledge.

To support the above-mentioned thesis we should refer to F. Aguero who calls to distance from
the concepts of national or state security. Instead, he offers to put our efforts in building a system of
"human security" [7]. However, this approach is not popular in practice today but it concentrates the set
of principles of contemporary political, economic, spiritual, and social life: anthropocentrism,
ecocentrism, democratization and so on. Thus, it is necessary to determine the methods of construction
of the "human security” system that should also include the subsystem of "human energy security,"
directly related to the culture of consumption.

To sum up, the issue of energy security of the Nagorno-Karabakh Republic is revealed from
different perspectives. Also, it is explored that complex, system-functional, and historical methodologies
are needed to research the issue. Additionally, we came to the point that the importance of renewable
energy resources and water resources, in particular, should be emphasized and it is important to conduct
a conceptual assessment of the readiness of the NKR society to have "green energy". From the
geopolitical and legislative perspectives, it seems to be important to pay special attention to the
geopolitical processes in the South Caucasus region and their impact on the energy security of the NKR
and focus on the legal basis of the energy sector’s functioning process. And finally, the determination of
the methods of construction of “human security” system plays a crucial role in this comprehensive study.

This work was supported by the RA MES State Committee of Science, in the frames of the research
project Ne [6YR-5F072.
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Unwbgpuyphti pwnbp. [Epbughl Twpupunh Zwipugbungendh, Fibpgbupluw, whyunwbgnipmntd,
Ubkpnpupwinuuwi unply, dhownupluywlminyping i

B.C. laBTsiH, A.P. ApyTioHsiH, JI.J. CamBesiH

METOAOJOI'NYECKASA MOAEJIb KOMIIJIEKCHOI'O HCCJIEJOBAHUA
SHEPTETUYECKOM BE30ONACHOCTH
HATOPHO-KAPABAXCKOM PECITYBJIUKH

Ilpeonpunama nonvimka Gopmuposanus MemoooI02ULecKOl MOOenU KOMNAEKCHO20 MeHCOUCYUNTU-
HapHoeo  uccredosauus npobrem  dnepeemuyeckol  bezonachocmu  Haeopno-Kapabaxckou — Pecnyoauxu.
Onpedenenvl 0OCHOBHbIE KOMNOHEHNbI MOOEU, HO3BOAAIOUUE HA CUCIEMHOM YPOBHE OUAZHOCIMUPOSAMb NPOOIeMbl
aHepeemuyeckoll 6ezonachocmu HKP ¢ evidaueii coomeemcmeyouux npoero3o8. Ocoboe eHuManue yOeieHo
6b100py meopemuyeckoll niameopmol. Ilokasanvl npeumywecmsa KOHCMpPYKMUBUCHCKO20 N00X00d, 060CHO8AHA
HeoOX00UMOCMb PACCMOMPEHUs. NPOOIeMbl MAKHCE CO CMPYKMYPAIUcCmcKux nosuyuu. Ilpeonazaemas moodens
npeononazaem Heobxo0umoe ucciedoganue npoobiem snepeemudeckoil bezonacnocmu HKP 6 npasosoii, pecypcHo-
UHGPACMPYKMYPHOT, UCHIOPUKO-CCONOTUMULECKOU U COYUATLHO-PUTOCOPCKOL NIOCKOCHIAX.

Knrwueswte cnosa: Hazopno-Kapabaxckas Pecnybnuka, snepeemuxa, 6€30nacHocms, Memooonoeudeckast
MOOeb, MeHCOUCYUNTUHAPHOCTD.

Davtyan Vahe — PhD in Political Science, Associate Professor at Russian-Armenian University

Harutyunyan Armen — senior lecturer at Russian-Armenian University
Samvelyan Liana — master student at American University of Armenia
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TAAEBOCHH I'PAHT XAYUKOBUY

(K robuitero co tHS pOXKICHUS )

JTEMCTBUTEJLHOMY YWIEHY WH)KEHEPHOM AKAJIEMHAW APMEHWU,
NPEACEJATEJIIO IPABJIEHUS - TEHEPAJIBHOMY JTUPEKTOPY
3A0 “TABIIPOM-APMEHUS” TPAHTY XAYUKOBUYY TAAEBOCSHY -S55JIET

I'pant XauukoBuu TanesocsH ponuncs 30 anpensa 1962 r.

B 1968—-1978 rr. yumncs u okoHunn EpeBaHckyro mikomy Ne 24.
B 1978-1983 rr. yumics W C OTIMYMEM OKOHYMII WH)KEHEPHO-CTPOU-
TeNbHBIN (hakysnbTeT EpeBaHCKOrO MOMMTEXHUYECKOTO HHCTUTYTa uM. K.
Mapkca no crienuanbHOCTH “Tero-ra3ocHa0KeHnue 1 BeHTUIISIIHS .

C 1983 1o 1985 rr. paboTan B UHCTUTY-
Te “ApMKOMMYHNpPOEKT B KauecTBe uHXeHepa. B 1985-1986 rr.
paboran B ['ockomraze ApmsiHckoii CCP B kadecTBe HHKEHEpa, CTAPILIETO
WH)XXEHepa, Beayuiero wuHxeHepa. B 1986—1989 rr. - Benymuit unxe-
Hep “I'ocArpompom” ApmMCCP, mapamnensto B 1987 r. yumiics B Mockse
BO Bcecoro3Hoit BriciIei nIkosie yrpaBieHusl.

B 1989-1992 rr. - rmaBueii cnenupanuct PTIO “Apmarpocepsuc”
MunuctepctBa cenbckoro xossiiictBa PA. B 1992-1999 rr. paGoTan
B ['ocynapcTBeHHOM KOHLIepHE “ApMrasnpoM” B KauecTBE MH)KEHEpa, HayaJlbHUKa OTJella, 3aMEeCTUTENs
HaydalbHUKA YIIpaBIIeHHS, HaYaJIbHUKA yOpaBieHus, napauiensHo B 1995r. B CILIA npomien o0yyeHue mo
COBPEMEHHBIM METOaM YIIPaBJICHUSI.

C 1999 mno smBapp 2011 rr. - HaganbHuk TexHudeckoro ynpasienus 3A0 “ApmPocrasnpom”.

BwMmae 2010T. ykazom  Ilpesugenta  PA narpaxnaen  wmemaneto  “Ananus  [lupaxaum™.
C tepans 2011 . - 3aMeCTUTEIh I'enepanbHOTO JIMPEKTOpa - TIaBHBIN WHXEHEP
3A0 “ApmPocraznpom”. C 2014 1. - 3amectutens [ eHepanbHOrO IUPEKTOpa - TJIABHBIA HHXKEHEP

3A0 “T'aznpom Apwmenns”’, uneH IlpaBmenms. C oxrsaops 2016T.- MO I'emepanbHOro IHpeKTOpa
3A0 “Taznpom Apmenus”. B okrsaope 2016 r. Dnexrposneprerndeckuit Coser CHI' mpucBowmn emy
noyeTHoe 3BaHue “3aciyxeHHbIM oHepretuk CHI™ 3a3aciayrd B pa3BUTHHM 3JIEKTPOIHEPTETHKH
rocynapcte-yuactHun CHI'. C 25 oxtst6ps 2016 r. - [Ipencenarens [IpaBienus - ['eHepanbHbIi JUPEKTOD
3A0 “T'aznpom Apmenus”.

[To caywaro 25-netns MexayHapogHOW HH)KEHEPHOM akamemMun u MH)XKeHEepHOH axkaneMuu
Apmenun 100WIIpY BpyueHa Meaans opaena MUA “UnxenepHast cnasa”.

Takxe B CBsA3H ¢ 55-1eTHEM CO ITHA poKAeHUs 1'paHT XadunKOBUY HArpakJIeH HArpyIHBIM 3HAKOM
MesxtyHapoTHOM WHKEHEpPHOH akajeMuu “UmkeHepHas 1001ecTh”.

Ipezuouym HUnoicenepnoii akademuu Apmenuu, peoakyuounwvii cosem Becmuuxa Huoiceneprotl
axkademuu Apmenuu u 8ce UHMICEHEPHOe cOOOWECTN8O NO30PABIAIOM T0OUNAPA U JHCENAOM eM)y KPEenKozo
300p08bs, ceMelin020 61a20NonyHUsl, Heucuepnaemoll SHepeuU u 8bicoko20 Hacmpoernus. Ilpooondicatime u
oanvute CLyicums Oaecmauum npumMepom 071 MOI00020 NOKONEHUS YHEeHbIX U OPSAHUIAMOPO8, POpMUPYs
mem camvim 2apaHmuposantoe ycneunoe oyoyujee ceoe2o eocyoapcmea!
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22 99U Ghnnipjul yhnwljwub Yndhnk
Zujuutnwh wqquyht ynjhnkjpthjulwb hwdwjuwpu
2UMY hutunhwnnmunh Zwjuuwnwith wqquyht ubkplujugnigsnipynih
Zujuunwih fupupughinuljut whunkdhw
Zujuunnuth ippnwuwpnujut hpdugpud

Ubh2U9QUSPL ¢hSUTNINY--TY

Hwpywlub gpgmtih ppgwlju Uhgunjujph Unhpnphtq b wnunnunhyukph poiujnpmpyub
quuhuwnnid

Znlyuntdpkph 23-24, 2017
Zuyuwuwnwih Zwbpuynmpeinih, Ephwb

Guquljnupwnk.

Uwpnijyjut Nuinutthl — Yuwqundhnkh wundwynp twpwguh, 2002 nkljnnp
Fnpnuyyut Fughl] — Yuqunuhnkh twhwquh 2ZUMN2Z, £9 1 £S wdphnuh Juphy
Ponpnuyw Lkp — Yuqundhnkh hinjubwpouquh ZUNY httunhunninh wbopkl
Uhtwujwut Ukpgly - 28U bwhiwquh

Qphgnpjutt Upkq — ZUNZ wpnekljinnp

Tupjut Ywhwb —phuwywhywinipjut twhwpwpnipnih

Punbnujut Upunwpku — 2UMNZ, £S5 b AL bwljnijinbnh nhljub

Twquput Ukph - 2UMNZ, QF b TUN wdphnuh Juphs

Uwnupkjut Coipkh - Lwhphub @UU qjluwdnp ntopkl

Cwhpwugnu Uhnu - ZUNY  htunhwnnin

Quipjuhdbwuljjus Lwphuw - 2U0MN2Z, ENS b Y wdphnith nngktuwn

Lnswput Zwudhl - 2ZUMNZ, L9 1 £S wdphnuh nngkin

Luipuniqupmipinii.

Lnyuput Zwudhl / yunwupwbwnnt pupnniup/
Qunjui Usnin

Qunpgyut Zwudhly

Mbwnpnuywb Uwuphub

Ghunwfub dpughpp Yhkinpntugdh  Jupswljub ppgwlikph Eyninghwjute Jh&wljh
htwnwgnundwb pupwughl dkpppipnidutiph Jpus:
Uputwplytt hbwnlbyuw) hwupgtpp.
e EYymnghw b ppgwljw dhgwduyph Jhdwlhh Jhpwhulynid
¢ Ununuhsubph potbwynpmipjut guwhwwnnid
¢ Elnnghulwi wujunwtqnipnil
«  Hynjnghulub phulkp
e Upuuwlwpg hpwyhdwlubphg htwun Ennghwjwt dhowduyph pwbwlwuliut b
npuljuljut guuwhwwnnid
e Upunuwlupg hpunhdwhubipnud ppgwljw dhguwjuyph unthuinphtq
e Unuhwnphugh mkutuhjuwi thongubpp b mkjuuninghwubtpp
e Qnuyht pkuniputibph YEpwhulnd dnthunnphuquyhtt wiyuukph hhdw Jpu
Ghunwdnnnyh wouwnwipuwghtt (kqnikpt Eu. huybpky, pniubpkt, wigkpt:
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Pninp  ukpuyugus wmpkpp  Ypubtwpldtt  Yndhnbth Ynndhg, npht hpwynitp E
Jtpuyuwhynid pinpt] hnngusubpp:

Eqhutkph AbwlEpuuw Juinbukpp.

e [(hqhutbtph ubkpjuyugdwt YbEpotwdwdlbtwn. 30 ognuwnuh, 2017p., 2UMNZ, 1-hu
dwubwpbp, €S U £K dwlnyubn, LY 1 AS wdphnt, Zwudhl <Lnoswpulb,
b Eyunpntwghtt hwugt hasgocharyan@mail.ru:

e [(hqhulbpp ukpyuyugub] wtq kpku (kqyny:

e Uthpwdtown L ubkpjuwywgul] hbulbywy wdjujukpp. phqhuh dhptwghpp,
juquuitpyniputt  wbjwunwdp, pwnupp, bpyhpp b pompp hbEnhuwlubph
hLEjupntwghtt hwugkubpn:

e Lupiwwwwynipjniup puwbwynp qhlnygmd jud unbunuht tkpuyugnid (uunpnid
Eup nupwnpnipinit qupduk). tnyt hknhtwyp Yupnn t tipuywugub; tpkp pthqhuhg ny
wkih, npniighg Ukl Yuwipny E1hlik] pubiunp)

e [(@hqhuh ykpuwghpp (wpwybjwmgnyup 150 thy ubkpwnju) pugunubpp):

o Ohqhulitph swywip whwp t Juquh 2000 thohg ny wykh Ukpunjw) pugunibpp,
wnwug qpudhlutiph b wynruwlukph:

Fhqhuttph punnibdwt dwuht hwnnppugpnipiniup Yninuplgh 2017p.: Fojnp pugniagus

phghuttpp junyuwgpytt piqhuttiph donnduwénih vk wnwg jpdpugpujui ninnnidukph:
znpustbpp pugnind B dhigl 30 holwbkdpiph 2017p.-h wpdws EiEjuipniwght
hwugkutpny: Ujy dudjinhg htwnn unwgdws hwjnbtpp b hnpusubpp skt pugniugh:

znnudubkph tkpuyugdwt jubnuukpp

Znnusubipp tkpfuyugynid ko hwybpby, pniubpkt jud wigkpkt (kqyny: niubpkuh b
wiqkpkth  wwpwinbuwlp’ Times New Roman (mupwswth  11), dhownnnuyjht
htpw]npmipynitp’ 1, koh diwswthp A4, wownwipughtt quownp’ 165x252 Uu; dwuhg 25 i,
Ytplihg 20 U, wohg 20 Uy, ukpplihg 25

Unwohtt boh dtplh wnph dAwju wilniind pynd £ 28T pun  uwnwbnupunh
(i]uqugnijup 6 phy), hulj we Ynnunid’ Ukswinwntpny dnnnyusnih pudhbp (wdpnne wnnp -
bold, swthp' 11): Uk wny ubkppl, Yhwnpninid toymd b hnhtwlwibph wh. b wqqubmnibp
(Ukswwinwnbkpny bold, swihp 11): Bphym winy Ukppl, Yhnpninmd diswnwntpny] tognud k
hnnpush Jhplwughpp -bold, suhp' 12), bu kplym wny tbppl ubnuiwghpp hnpdush (kqyny
wnwigpuyht puntpny (Italic, swthp 10): Bpyne ny tkppl npdnud £ hnpush hhdtwlui
wnbkpuwnp: ‘Lnp ninnp npynd k10 Ud junpphg:

Uwptdunhlulut b phthwluwb puwbwdlbpp dbwlbuyynd ki Microsoft Equation, Italic,
11 mwnwswthny: Fwbwdlbpp phpynud b tnp tinnh Jpw, YEunpnund, wuhpwdbownnipiut
nhypmd hwdwpwluwynid ki tnyt tinnh we wulpniinud hwljugstpnid:

Qpuljut hnmudubpp wynid ki hnnjwshg htnn mbkpunnmd wpyws hbppulwuunipjudp.
[11,[2], ....:

Ujunihtnl phipynud k ubinuwughpp whqitkpkt (Eqyny:

ULy wnn Gkppl phpymd U hbnhtwlubph wqquimbp, winibp U hujpubniip,
ghtnwjwtt wuwnhdwp, Ynsnudp, Juquulibpynipjui Ypdwn wbuwiunudp, npnbn tw
wuwwinmd E, hinwjunuwhwdwpp:

A4 &uh Jpw 2 ophtwyhg wyyws b 3,5 dbwswithny ujuwdunwlh Ypwu hnpduép
ubpuyugul] ywuwnwupwbtwnne pupnnmiquphtt:. vdpugpdwt gopdpuipugp htisnwgubint
hudwp pugpnd  Gup kY ophtwlp wwlhp 12 wwpwswihngd b 1,5 dhownnnuyht
hEnwnpnipjudp:
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TocynapcrBeHnblii komuteT no Hayke MOH PA
HanuoHaabHbIi MOJMTEXHNYECKUI YHUBEPCUTET APMeHNHT
ApMsIHCKOe HAUMOHAJIbHOE npeacTaBuTeabcTBO0 UHcTTYTa OIKD
HNnkeHepHas akageMuss ApMeHUHT
Monoaexublii poHx ApMmeHun

MEXIAYHAPOJHASA KOH®EPEHIIUA-TY
MOHHMTOPUHT OKpY:Kalollel cpe/ibl AMMHUCTPATUBHOIO PETHOHA M OLIEeHKA TOKCMYHOCTH
3arpsi3HUTe el
23 - 24 oxTa6ps 2017 rona
EpeBan, Pecnny0.iuka Apmenust

Oprkomurer:

Mapyxsa Bocranuk — nodeTHsli npeacenarens oprkomurera, pexrop HITY A
Topocsia ['aruk — npeacenarens oprkomureta, HITY A, 3aB. kadenpoii Xb u [1T
Topocsin Heep — 3am. nipencenarens oprkomurera, nupekrop Uucturyra O/IKb
Munacsn Cepreiil — npesunentr MAA

I'puropsn Aper — npopekrop HITY A

HaststH Baan — MunuctepcTBo skonoruu PA, HawansHUK [ TaBHOTO yTIpaBieHUsT BOIHBIX PECypPCOB
Kazapsu Mepu - HITY A, 3aB. kadenpoii TO u OOC

Kouapsin Acmuk - HITYA, nouent xadenpsr Xb u I1T

CararensH Py6en — renepanshblit qupextop HITO “Haupur”

TaneBocsH Apramec — HITYA, nexan dakynsrera XT u [T

Yapxuganaxsa Jlapuca — HITY A, nonent xadenpsr 50T u Y

[Tax6a3zoBa Auna — Macruryr OJAKbB

Cexperapuar:

KouapsinH AcMuK (OTBETCTBEHHBIH CEKPETapPh)
lamosta Aot

I'eBoprsiH AcMuk

ITerpocstH Mapune

Haquaﬂ nporpamMmma 6yz[eT COCpCAOTOUCHA Ha TCKYIINX NOCTHIXCHHUAX B obnacTu HUCCIICA0OBaHUsA

9KOJIOTHYECKOTO COCTOSHHS aJIMUHHCTPATHBHBIX PailOHOB.
BynyT o0cyx)naTbcs ClieAyIOIINe BOIPOCHL:
*  DKOJIOTHS ¥ KOHTPOJIb COCTOSIHUS OKPYKaIOIIeH cpelibl
*  OueHka TOKCHYHOCTH 3arpsisHUTENICH
e Dkoyormyeckasi 0€30IMacHOCTh
*  DKOJOTHYECKHE PUCKU

® KauecTBeHHass ¥ KOJIMYECTBEHHAS OIEHKA SKOJIOTHYECKOI 00CTaHOBKH II0CIIE '-IpeSBI)I'-IaI\/'IHBIX

CUTyaui
*  MOHHUTOPHHT OKpY>KalOIIed cpelibl B Upe3BbIYaHHBIX CUTyalUsAX
*  TexHUYECKHE CPEACTBA M TEXHOJIOTHH MOHUTOPHHTA
*  KoHTpoJsb BOJHBIX pECYpCOB Ha OCHOBE JJAHHBIX MOHUTOPHHTA.

Paboune s13p1ku KOH(EPEHIINU: apMSIHCKUH, PYCCKUH, aHTJIMHCKHA.
OprkoMuTeT OCTaBIseT 3a co00it mpaBo 0TOOpa cTaTeii.
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IIpaBuia opopmiieHUs1 Te3UCOB:

Kpaitnwmii cpok momaun te3ucos: 30 asrycra 2017 roga, HITVA, 1-ii xopmyc, dakymnerer XT u [1U,
kagenpa Xb u I1T, Kouapssa Acmuk. DneKTpoHHBIH aapec: hasqocharyan@mail.ru.

Te3uchl JOKHBI OBITH MPEICTABICHBI HA aHTJTHHCKOM SI3BIKE.
HysHo Oyier BBECTH CIEeAyIONINE JaHHBIC:

*  Hasanue, yupexaeHue, ropoj, CTpaHa | aapec JICKTPOHHOM MOYTHI BCEX aBTOPOB.

» IIpemnoureHue: ycTHOEe BhICTyIUIeHHE WU B Bujae cTeHAa (Iloxkamyiicta, oOpaTuTe BHUMAaHHUE:
OJIHUM U TEM K€ aBTOPOM MOMKET OBITh IPEJCTABICHO HE 0OJiee TPEX TE3UCOB, OJIMH U3 KOTOPHIX
MOXeET OBITh B BHJIC YCTHOTO MPECTABICHUS).

* HasBanue te3ucoB (Makc. 150 3HakoB, BKIItoUasi mpoOebl).

o TekcT Te3UCOB JOKEH coaepkaTh He Oosee 2000 cCMBOJIOB, BKJIIOUast mpobesbl, 6e3 rpauKoB
WA TaOJIUIL.

YBenoMJICHHS O TPUHSATUU TE3UCOB OYIyT OTIPABJICHBI IO AJICKTPOHHOW moute. Bee mpuHSATHIC
TE3UCHhI OyIyT OMyOJIMKOBAaHbI B COOPHHUKE TE3UCOB 0€3 PeaKTOPCKOM MPaBKH.

Crateu npuHuUMaroTcs 10 30 okTsaOps 2017 roga mo yka3zaHHOM 3JIEKTPOHHOW rMouTe. 3asBKHU U CTAaTHH,
MOJTyYCHHBIE TTOCIIE STON AT, He Oy Iy T NPHHSTHL

IIpaBuna npeacraBjaeHus cTaTei

CraTbu NPEnCcTaBIAIOTC Ha apMSHCKOM, PYCCKOM M aHTIIMICKOM s3bikax. LLpudTer: pycckuil u
anrmuiickuii - Times New Roman (pasmep 11) mexcTpounsiii uaTepBai — 1; ¢opmar ctpaHuisl — A4,
pabouee nose — 165x252 mMMm; nond cineBa — 25 MM, cBepxy — 20 MM, cipaBa — 20 MM, CHU3Y — 25 MM.

B BepxHeii ctpoke 1 — ro jmcTa B 1eBoM yriry ykasbiBatoT Y /K cornacHo cranaapty (MUHEMYM 6
uudp), a B MPaBoM — pasjiell COOpPHUKA 3arilaBHBIMU OykBamHu (Bcs cTpoka — bold, pasmep 11). Ctpokoit
HUXe, B cepenune, ykaspiBaercst M.O. Gamunusa asrop(oB) (ctpounbiMu OykBamu, bold, pazmep 11). Ha
JIBE CTPOKH HI)KE — B Cepe/INHE, 3arjaBHbIMU OykBamu HazBanue cratbu (bold, pasmep 12), eme Ha nBe
CTPOKH HW)KE — aHHOTAIllUsl Ha sI3BIKE CTAaThH C KIIFOYEBBIMH cioBamu (pasmep 10, Italic). Uepes ase
CTPOKH J1aeTCsl OCHOBHOM TekcT cTarbu. HoBast cTpoka maercst orctynom — 10 M.

®opMypl 1 MaTeMaTHuecKre BeIpaxkeHus: opopmisitores B Microsoft Equation, Italic,  pasmep
11. ®opmMyIel IPEACTABISAIOT HA OTAEIBHOW CTPOKE, B CEpeANHE, a MPH HEOOXOJUMOCTH — HyMEPYIOT B
[IPaBOM YTy TOH e CTPOKH, B CKOOKax.

JlurepaTtypHble UCTOYHHKH B TEKCTE yKA3bIBAIOTCS MOCJTE CTAThU U MPEACTABISIIOTCS B CKBO3HOMN
nocnenoBarenbHoctu: [1],[2], ....

Janee npuBoIUTCA aHHOTALUS HA aHTJIMHCKOM S3bIKE.

Ha omny crpoky Hmxe patorcs: @ammusa, Mms, OtdyecTBo aBTOpa(oB), yd. CTENEHb, 3BaHHUE,
COKpallleHHOE Ha3BaHWEe OpraHu3aLuy, rue padoraet aBTop, Ne Tenedona.

CraTplo, HamedaTaHHyr0 Ha Qopmate A4, B 2 dK3eMIUIsIpax, a TaKkKe Ha JIa3epHOM [HCKE,
MPEACTABISIIOT OTBETCTBEHHOMY CeKpeTapio cOopHuka. g obnerdeHus mpouecca OKOHYATEIbHOTO
PENaKTUPOBAHUS PEKOMEHIYETCS OJMH OK3EMIULAp CTaThbd Hamedatatb pasmepoMm mpuprta 12 u
MEXCTPOYHBIM UHTEPBAJIOM 1,5.
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State Committee of Science of the Republic of Armenia
National Polytechnic University of Armenia /Foundation/
Armenian National Representative Office of CSTO Institute
Engineering Academy of Armenia
Youth Foundation of Armenia

INTERNATIONAL CONFERENCE -1Y

Monitoring of administrative region environment & pollutants toxicity evaluation

October 23 — 24, 2017

Yerevan, Republic of Armenia

Organization Committee:

Marukhyan Vostanik— Honorary head of Organization committee, rector of NPUA
Torosyan Gagik— Head of Organization committee, NPUA

Torosyan Nver — Vice-Head of Organization committee, CSTO institute
Minasyan Sergey —President of EAA

Charkhifalakyan Larisa— NPUA

Davtyan Vahan — Ministry of Ecology of RA

Grigoryan Areg— Vice-rector of NPUA

Ghazaryan Meri — NPUA

Kocharyan Hasmik— NPUA

Saghatelyan Rouben — President of “NairitPlant CJSC”

Shakhbazova Aida — CSTO institute

Tatevosyan Artashes— NPUA, dean of ChT and EE faculty

Secretariat:

Kocharyan Hasmik/executive secretary/
Galoyan Ashot

Gevorgyan Hasmik

Petrosyan Marine

Scientific program will focus on current advances in the research of the ecological state of

administrative regions.
Researchers and expert scientists from research institutes and industry will present their recent

findings and visions within the following subject areas:
= Ecology and Control of Environmental State
= Evaluation of the toxicity of pollutants
= Ecological Safety
= Ecological Risks
= Qualitative and Quantitative Estimate of Environmental State after Emergencies
= Water Monitoring in Emergency Situations
= Technical Means and Technologies of Monitoring
= The Control of Water Resources, Based on Monitoring Data

The languages of the conference are Armenian, Russian, English.
All submitted materials will be presented for discussion by the steering committee, which reserves
the right to select articles.
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Abstract submission guidelines:

Deadline for submission of abstracts: August 30, 2017, NPUA, housing 1, Kocharyan Hasmik, e-
mail address: hasqocharyan@mail.ru>

Abstracts must be submitted in English. You will need to enter the following data:

Name, institution, city, country and e-mail address of all authors.

Identification of presenter (the e-mail address of the presenter will be the contact address for all
future communications).

Preference for oral speech or poster presentation (Please note: A maximum of three abstracts per
presenter can be submitted, of which only one can be requested to be an oral presentation).

Title of abstract (max. 150 characters incl. spaces).
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bu [fralic, 9 mwnwswthny, hul] wynuwih gjuodwuh ymowlubpp JGonpmutbtph swihnnuljuingeyniu-
ubipny: Unynuwlh pdught ndjujutipp swbimp t iphuby hanpduoh gpuphfuljowa Wnyelipp: Unjnwwlh dh
hwrinywop hwenprn o nibinuithnfutijnt nligpnid wupnwnhp £ wniawubiph hudwpudyognodp, npp Gpiadnd
unbinuthnfuJuwo wynuwlh hwnduwoh qiuardwunid: <wenpn top Jurd abippl mbinuithnjuduwo  wyniuwljh
hwinduwoh pw wpdmd £ ... Ugy. ...- ppwpnibwnggniép. . (ftalic, 9 g wthny):

Lninp mbintipmd (hwdwmuwghp, mbpumn, aljup, wynuwl)) swuthnquluunyegymuabpp wpdmd Gy falic,
10 nwnwswthny:

Pwtwdlipp b Jwpbdwnhuuwt  wpnwhuynnpgmuabipp wpdmd G4 Microsoft  Equation, ltalic,
11 mmnswghng: Putwdblinp Ypuyugdnmd G4 wnw@dhy wingnd b dGguntinnud, hu] hhdbauatipp awl
hwdwpuwluopdmd Ga any@ koh we walpmund’ thwljuqotinh dbg: Swuljuh b pwbwdlbbipmd {nuinnpuljught
wpunwhujnneymaatinp duwnpti a/b fund ab™ wihugh uhdgnatipnd:

Snnjuionid oquimgnpowd gpuljut wnpyniptlipp, pun ogunwugnpodwd  hippwljwinpyuwy, whnp
mulivwy dhgwughl hwdwpuwlund b mbipuwnnad apdt’ [1], [2],... mbupny:

Snnuioh Jlipguwdwuhg Gplnt winn ubippl, dhgnbinnid 4pdnid £ Spuljwinyegym  wpwhuynnigyniup
(thnppunuie, bold, 11 wwnwsurthng) U punn pupmuduwd unwanupmp, 10 wmwnwswthng npdmd |
gnuljuwunieyw guulp, npnid htinhtwljh(utinh) Uqquumun U.X.-u jud wmugh@ pomp duwdnpdnud  bold, 10
nunwsuthny:  Swiluih o guuuumpyut  guumd  pungpilp  6-8 widwunidhg ng wylith  wpnh
hpwuwpulnidatip:

Uty vinn abippl tipgnid G0 hnnJuioh wbipjuyugdwd wduwehyp U viwpbiphdp:

Stiputnh Jpenud, Giplint vinn 4bippl hnnJudh mbpunh htinn shuwrdpulunn Gplne wyp (Ggmiabipny anya dunyg
qpiadnid £ hnnuoh quurdurup’ htinhtwlih(utinh) U, Uqquunibp, handuoh Juptmgohpp U hurfweninwghpp:

Ut winn abippl vipdmid 69 hnpJuioh htinhawlh(utnh) Uqquumu(utin), Uumu, Swypwimap, qhuw,
wunhdwip, ghn. Yngnidp, Juquuinpunyeyut hwdwenn widuinudp (huljuqotipnid) L htinwjunuulinh
hwdumubipp:

SnnJuon wupunuwnhp gpufunugnid b aipfuyugdnid t ptwquidueh huynth dwubwqlih §nndhg, npp
dluipuydnud | udpugpnipyut Wwljud dhwplineh hudwd wyg:

Snpfuioh  punhwanip dwduip sutivnp b qlipwquiugh 8 top: dnnynduonth dbwdnpnidp b hwdupnudp
htipumugubiint twunuwlng htinhtwlabpht wewewpliynid £ 1phy oqunugnpoti] hnnjwoh Jhpeht toh nurywnp:

 tipnhhpjw wuwhwueulipp purduwnupliinig htivn hnnduiop * A4 $npluwnh Jpu, nugfud 2 ophtuwling b
gnuig 3.5 pnpuwmnh  ujuduwewlnd wbpuyugynid £ dnpnuionth - wonnwujuw@annn - pupunnimuiph:
<nnquoh Jhppuwljuy judpwgpnudp htpunwgulijne uunuling wewouwplidnid £ abipljugyuwgynn ophtwlulinhg
Uth mbpunp tiyqugnli] 12 wuwmwswthng b winntiph 1,5 hipwdnpnipjudp:

lpwgqpuijuy  Junphmipn@ hpuwydmup muh wguwhyguol] wipdhtwpwuauwg punpmoduwe  anpdbip,
Updwnl] wupqmicwdy, Ypfadnn b hwbpwhogm Wngetipp b Jippuwlwd fudpuqply hnnJuiotbipp: Tunphpnh
nnuhg hpwnwpuiuw shpupjuudnpliin ghigpnid hnnuioh bl oppwlip dunad t fudpugpnipeyniunad:

hJpwgpwlwl fjunphnipn



MpaBuAa npeacmaBAeHuUss cmameu

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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