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OT PEJAKTOPA

YBarxkaemsIil unTaTEIh!

B HacrosimieM BBINYCKE CEPHM OCBELIAIOTCS BOINPOCHI, KaCAIOIINECS
COBPEMEHHBIX MPOOJIeM HayYHOUM HaIllpaBICHHOCTH XypHala, KOTOPbIe, KPOME HOBBIX
TEOPETUUECKUX MOJI0KEHUH, COIEPIKaT TaKXKe MPUKIIaTHbIC aCIIEKTHI.

B pazmene “UH(opManvoHHBIE TEXHOJOTHH  PACCMOTPEHBI HEKOTOpEIE
BOIPOCHI OYPHO Pa3sBUBAIOLIETOCS, TaK HA3bIBAEMOI'0, KBAHTOBOI'O MOICIMPOBAHUS,
peLICHHEM KOTOPBIX 3HAYUTENIBHO IIOBBICUTCSI OBICTPOAEICTBHE CYIIECTBYIOLIMX
CPEICTB aHAIU3a ¥ CUHTE3a NU(POBBIX BBIYUCIUTEIBHBIX YCTPONCTB; Pa3BUTA TEOPUS
maddepeHnranbHeix  npeodpazoBannit [.E. IlyxoBa ¢ mnempo 3¢h(HEKTHBHOTO
UCIIOJIb30BaHMSL  LIMPOKUX  BO3MOXKHOCTEH  COBPEMEHHBIX  HMH(OPMAIMOHHBIX
TEXHOJOTMHA B Pa3IM4YHBIX  OONACTSIX MOJICJIUPOBAHMS, a TaKXKe IpeUIoKeHa
JMaJoroBasi NMPHUKJIAJHAs aBTOMATH3HPOBAHHAs CUCTEMa JUId PEMOHTAa U 3aMEHBI
MenunuHckux UT-ycTpoiicTs.

B pasgene “DnexTpoHHMKa” HANUIM MECTO BOMIPOCH Pa3pabOTKH aHAJIOTO-
UQpoBBIX Mpeodpa3oBaTenei, NHKEKIIMOHHBIX IETEKTOPOB, OLEHKH XapaKTEePUCTUK
OMEPaTUBHBIX 3allOMHUHAIONIMX YCTPOHCTB, a Takke BOMNPOCH ONTHMHU3AIMH
XapaKTePUCTHUK MPOBOJIUMOCTH AATYUKOB SJICKTPOIHUTOB.

B pasgene “PagmoTexHmka” TpeacTaBlIeHBI BOIPOCHI pacyeTa IMapamMeTpoB
c1abOHaIIpaBIIEHHONW aHTEHHBI O0JACTH YIbTPAKOPOTKHUX BOJH, aHATH3a BO3IEHCTBUS
MHOTOYAaCTOTHOTO TapMOHHMYECKOTO CHTHajla Ha HEJIMHEHHBI p-n  KOHTAaKT C
HEeJMHEHHO! MPOBOANMOCTHIO, a TAKXKe BOIIPOCH! pa3pabOTKH BpallaroIlerocs y3ia Ha
OCHOBE METAJUIOUDIICKTPHUECKOTO BOJHOBOJA M CTPaTerdH OBICTPOTO pa3BUTHS
Tpaduka TaHHBIX.

U3 mpencraBneHHOro Marepualia OYeBHJCH HIMPOKWH CIEKTP 3aTPOHYTHIX B
CepUM HAyuYHBIX OpoOJeM. Penkosierus cepuu NpU3BIBACT aBTOPOB padOT ele
OonplIe pacIIMpPUTh TPaHUIBI M KAa4eCTBO MCCIENOBAHWUU C LENbI0 elle OONbLIero
MIOBBIILICHNS YPOBHS HMIAKT-(hakTopa *KypHaia.

I'maBHBIN perakTOp cepuu
C.O. CumoHsH



EDITORIAL

Dear reader,

The current number of the series reflects the main generalized issues concerning
the present-day problems within the journal specialization scope containing not only
new theoretical developments, but also a number of application aspects.

In the section “Information Technologies”, several problems related to the
rapidly developing, so called quantum simulation are considered the solution of which
will significantly improve the speed of response of the existing analysis and synthesis
facilities of digital calculating devices. The theory of G.E. Pukhov’s differential
transforms is developed aimed at efficient application of broad capabilities of up-to-
date information technologies in different spheres of simulation, as well as a dialogue
applied automated system for the repair and replacement of medical IT devices.

In the section “Electronics”, the problems of developing analogue-to-digital
transformers, injection detectors, estimating the characteristics of on-line memory
units, as well as issues on optimizing the characteristics of the electrolyte transducer
conductance are considered.

The section “Radio Engineering” includes issues on calculating the parameters
of the weakly oriented antenna of the ultrashort wave area, the analysis of the multi-
frequency harmonic signed impact on the nonlinear conduction p-n contact, as well as
problems on developing of a rotating link based on the metal-dielectric waveguide and
a strategy for a rapid development of a data traffic.

From the material introduced, it is obvious that a broad spectrum of scientific
problems are touched upon in the Series. The editorial staff of the Series invites the
potential authors of publications to broaden the range and the quality of investigations
aimed at increasing the level of the journal’s impact-factor.

Editor -in-chief of the Series
S.H. Simonyan
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HHDPOPMANMOHHBIE TEXHOJIOI'MU

VIK 681.326:519.713

KBAHTOBOE MOJIEJIUPOBAHUE U TECTUPOBAHUE
BBIYMCJUTEJBHBIX YCTPOMCTB

A.A. Bargaau', B.A. Xaxanos', B.IlI. Meauksan?, E.W. JIntBunosa’

1 . .
XapvkoscKuil HaYUOHANLHBILL YHUGEPCUMEM PAOUOIIeKMPOHUKY, Xapvkos, Yrkpauna
2 Tocyoapcmeennviii unoicenepuviii ynueepcumem Apmenuu (Ilonumexnux)

IMpennararorcst ciocoObl peain3anui KyOUTHBIX MOZENEH, METOHOB U aJrOPUTMOB ISt
HOBBIIICHUsST OBICTPOACIHCTBUS CYLICCTBYIOLINX CPEACTB aHAIM3a W CHHTE3a IH(POBBIX
BBIYHCIIUTEIBHBIX YCTPOUCTB 33 CYET YBEIUYCHHUS] PA3MEPHOCTH CTPYKTYD NAHHBIX U MAMSTH.
[IpeacTaBieHbl  Pe3yNbTAaThl  HCCICHOBAHMSA,  KACAIOIIMECS  MOAENCH W METOIOB
JMarHOCTUPOBAHMS HH(POBBIX CUCTEM, MOACIHPOBAHNMS HCIPABHOTO [TOBEICHMSL.

Knrwouesvie cnosa: uudpoBbie KyOUTHBIE CTPYKTYpBI, MOJEIMUPOBAaHHUE, JAUArHOCTHKA M
BOCCTAHOBJICHHE LIU(PPOBBIX CUCTEM, TECTUPOBAHHE.

BBenenue. KpanTtoBble »MynsaTOpbl [1-4] Ha KIacCMYECKUX KOMIIBIOTEPAX
J0CTaTouyHO 3((EeKTUBHO MPUMEHSIOTCS AJISl PELICHUs 3a7ad, CBSI3aHHBIX C MOJHBIM
nepebopoM BapHAHTOB PELICHWH Ha OCHOBE MCIIOJIb30BAHUS TEOPUU MHOXKECTB.
MHOXXECTBO 3JIEMEHTOB B KOMIIBIOTEPE BCErla SIBJISIETCS YIOPAJOYECHHBIM, IIOCKOIBKY
KaXIplid OWT, OaWT WM JOpyroil KOMIOHEHT WMeeT cBod azpec. [lostomy Bce
TEOPETUKO-MHOKECTBCHHbBIE OIEpaluy, TaK WIM HHAade, CBOIITCA K IIOJIHOMY
nepedopy azpecoB NPUMHUTUBHBIX 3JIEMEHTOB. APECHBIN MOPSAIOK CTPYKTYP AaHHBIX
mpueMyieM A 3a/ad, e KOMIIOHEHTHI MOJENIed MOXHO CTPOTO PaHKMPOBaTh, 4YTO
JaeT BO3MOXKHOCTb BBIIOJIHATH UX aHAIN3 32 OAMH IIPOXOJ WM OAHY UTepauuto. Jis
HEYNOPSIIOYCHHBIX JaHHBIX BMECTO CTPOTOr0 TMOpPsSAKa MOXKHO MPEIJIOKHUTD
MPOIIECCOP, TJIe TIEMEHTAPHOH SUEHKON CITy>KUT 00pa3 WK MIa0JIOH YHUBEPCYMa U3 1

o n o o
MIPUMHUTUBOB, KOTOPBIM TCHEPUPYCT Q:2 BCE€X BO3MOXKHbBIX COCTOSHHMHU TaKOH

SYeHKH B BUje OyJeaHa WM MHOXKECTBA BceX MOAMHOXeCTB. [IpsMoe pemieHue,
OPUEHTHPOBAHHOE HA CO3J[aHUE TAKOW SYCUKH, UCIIOIB3YeT YHUTAPHOE MO3UIIMOHHOE
KOAMPOBAHHE COCTOSHUH NPUMHUTHBOB, KOTOPOE C IOMOIIBIO CYMEPIO3UIIUU
MOCIEHUX 00pa3yeT YHHBEPCYM MPUMHUTHBOB, (OPMHUPYIOIIUX B Tpejaene Oylean
WJI1 MHOKECTBO BCEX IMOJIMHOMXKECTB [5].

N-KyOMT €CThb BEKTOpHas (GopMa YHUTApPHOTO KOIAMPOBAHHS YHHUBEPCYMa M3 N

n
MPUMUTUBOB JJIs 3aJlaHus OyJicaHa COCTOSHHIA 22" ¢ nomompio 2" JIBOMYHBIX

nepeMeHHbIX. [IpH 9TOM JOMyCKaeTcs Cyneprosumusi B Bektope 2" COCTOSHHMIA.
Ky0ut (n-xyOHT) maeT BO3MOXKHOCTBH HCIIONB30BATh JIOTUYECKUE OINEPallid BMECTO

9



TEOPETUKO-MHOXKECTBCHHBIX JUIsI CYIIECTBEHHOI'O YCKOPEHHUSI MPOIIECCOB CHHTE3a U
aHaIM3a IUCKPETHBIX CUCTEM. B mampHEHIIeM M3II0KEHUH KYyOHUT OTOXKIIECTBISICTCS C
Nn-KyOUTOM I BEKTOPOM. I10CKOIEKY KBAaHTOBBIC BBIYMCIICHHS CBS3aHBI C aHAIH30M
KyOUTHBIX CTPYKTYyp JHaHHBIX, TO Jajieeé YaCTHYHO YMOTPeOJsSeTCs OIpeeicHrne
“KBaHTOBBIA” i1 MIACHTU(DUKAIMKA TEXHOJIOTUH, HCIOJIb3YIOIINX JBa CBOWCTBA
KBAaHTOBOW MEXaHUKH: ITAPAJLICITN3M 00paOOTKH M CYIICPIIO3UIIHS COCTOSHUH.

1. KyOutHsblii MeTon auarHoctupoBanusi uuppoBwsix cucrem (LC).
IIpemmaraeTcss MeTOA  TUATHOCTUPOBAaHMS  (DYHKIMOHATBHBIX HAPYIICHWA U
KOHCTAHTHBIX HEHCIIPABHOCTEH B MPOTPAMMHBIX WJIM amlapaTHBIX OJIOKax,
WCIIONB3YIONIMX “KyOWTHBIC” WJIM MHOTO3HAYHBIC CTPYKTYPHI JaHHBIX JUIS 3a/IaHUS
JIUarHOCTUYECKON MH(POPMAIIHH.

Monens oOBeKTa IWMATHOCTHUPOBaHWSA TpeactaBieHa B ¢dopme rpada 1IC,
uMeroniel (QyHKIMOHATBHBIE 3JIEMEHTHI, COSIMHEHHbBIE JIMHUAMU CBsized. Cpeau Hux
HMMEIOTCSl aCCepPIMM — TOUYKH HAOJIOJNEHUS WJIM MOHHTOPHHIA, HEOOXOIUMBIC IS
BepUpUKAIIMK, TECTUPOBAaHUS W  JAUArHOCTHUPOBAHWS  HeWcmpaBHocTed  [2].
Juarnoctuueckast nH(GOpMAaIUs IpeCTaBlIicHa KOMIIOHEHTaMU: 1) TECT MPOBEPKU HIIN
MUATHOCTUPOBAHMS HEUCIPABHOCTEH 3aJaHHOTO KJlacca; B JIaHHOM  Ciydae
paccMaTpuBalOTCA OAMHOYHBIE KOHCTaHTHbIE aedektsl {=0,=1} nuamit cxemsr; 2)

TabJMLa HEUCTIPaBHOCTEH, CTPOKM KOTOPOW 3aJaloT BEKTOPHI IMPOBEPSEMBIX Ha
KaXIOM TECTOBOM Habope Ne¢eKTOB, MPUBSI3aHHBIX K JUHHUSAM CXEMBI; 3) MaTpula
JTOCTHYKAMOCTEH, ONpPEeISIomasl JOCTHKIUMOCTh KaXXI0H acCEepIMOHHON TOYKH CO
CTOPOHBI MHOXECTBA MPEALICCTBYIONMX JNuHUN [4]; 4) MaTpuua COCTOSIHHS
aCCepIIMOHHOT0 MeXaHU3Ma, WM MaTpHIa SKCIIEPUMEHTAIBHOM MPOBEPKH, 3aatomias
COCTOSIHME Ka)KJOW acceplHuy Ha TECTOBBIX HAa0OpaxX IyTeM CpaBHEHUS STATIOHHOMN
peakuuu B JaHHOW TOYKE C pPEAJIbHBIM CHUTHAJIOM B TMPOIECCE BBINOTHEHUS
JTUATHOCTUYIECKOTO dKCIepuMenTa [2,4].

basoBas Mopmenp AWAarHOCTHPOBaHHWS IUGPOBOTO HW3JENUSA, ITUCKPETHOTO
mpoliecca Wiu SBICHUS MPEACTABICHa KOMIIOHEHTAMH, CO3MAI0ONIUMU 4 U3MEPEeHHS B
MIPOCTPAHCTBE MPU3HAKOB!

Dp =<S,A,F, T >,
D={<SA><FT>};
W =(SXAXFxT),
V=(SxA)+(FxT),
Vb >>V;
S*={(SAT),
A*=g(T,A),
F*=h(S,A,F,T).
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CyI1eCcTBEHHO YMEHBIIUTH 00hEM TUATHOCTHYECKOW HH(DOPMAIIUU MOKHO ITyTeM
MTOHIKEHHSI PAa3MEPHOCTH IPOCTPAHCTBA TMPHU3HAKOB 3a CUET pasfesieHus 0a30BOi
MOJIC/IH Ha JiBa HETIePeCeKarIuXcs MoaMHOkecTBa < S, A >, < F, T > . B atom ciyuae
OIIeHKa 00beMa AMarHOCTUIEeCKON MHPOPMAINKA CTAHOBUTCS HE MYJIbTHILTUKATHBHOH,
a aIJUTHBHOM 10 OTHOIIEHHWIO K MOIIHOCTH TMOJYYEHHBIX B pe3yibTare pa3OneHus
MTOJIMHOXECTB 0€3 KaKOr0-TH00 YMEHBIIICHHS TITyOUHBI THArHOCTHPOBAHIIS.

B mpouecce BeIMONHEHUS MeETOAa MWATHOCTHPOBAHUS CO3MAETCS IBOWYHAS
MaTpulla CTPYKTYpHOM aKTHUBHU3allMM HEUCIPABHOCTEH, clyXkamas MacKoW Juis
CYIIECTBEHHOTO yMEHBIICHHS MHOXXECTBA  IONO3PEBaeMbIX  NedeKTOB TMpHU
COBMECTHOM aHalln3e TaOnWIbl HeucrupaBHocTed. [Ipum 3TOM CHMBOJBI OIWHOYHBIX
xoHcTauTHbIX aedekron {0, 1, X, O}, X={0, 1} B sueiikax TabauIp HEUCIPABHOCTEN

KOJUPYOTCA COOTBETCTBYIOIIUMHU COCTOSIHUSIMU KyOuTa (10,01,11,00)

k
MHorosHauHoro  andasuta Kantopa A" ={0,1, X, &}, uro maer BO3MOXHOCTbH

UCKJTIOYHUTD U3 BBIYHCIUTENBHBIX MPOIECCOB TEOPETHKO-MHOXKECTBEHHBIC MPOIIECTYPHI,
3aMCHHB WX Ha BEKTOPHBIC IOTHYCCKHE OTIEPAITHH.

Jlnist pacCMOTpEeHHs CYITHOCTH IMPEJIaracMoro MeToJia UCIONb3yeTcsl (parMeHT
udpoBoit cxeMbl (puc. 1). 3mech UMeErOTCS Tpu accepimonnble Touku A,B,C  mis
HAONIOJICHUST 3a COCTOSHHEM BCEX JIMHUA CXEeMbl B TIPOIECCE TECTUPOBAHHMS
(BBITIOJIHEHHST JTHATHOCTHYECKOTO JKCIIEPHUMEHTA) MYyTeM TOAa4Yd IATH TECTOBBIX
Bo3nelicTBHM, 3amaHHBIX B Tabmuie HewcnpaBHocTedl F(T). KoopawnHatel maHHO#
Ta0JIMIBI 3a/1al0T MPOBEPSEMbIe Ha TeCT-BEKTOpax HewcrpaBHocTH 0 u 1, a Takke
MMEIOTCS COCTOsIHUSA KoopauHat: & (.) — oTCyTCTBHE NpOBEPAEMBIX Ae(PEKTOB U X —

MpoBepka Ha JMUHUU KOHCTaHTHI 0 u 1 omHoBpemeHHo. [IpaBast 4acTe TaOIUIBI €CTh
MaTpulla COCTOSHHUI acCeplMOHHOTO MEXaHHW3Ma B BHJIE pE3yJIbTaTOB CpPaBHEHUS
STAJIOHHOMN M peanbHOM peakmmii LIY Ha TecToBble HaOOphl. 3HaueHue “1” o3HadaeT
HecpaBHeHue, “0” — coBMaieHne YIIOMSIHYTBIX peaKIuil.

1

- A

2| & [ —s T\F [123456789ABC|A, A A
1 &+_B 1111010000 . 00000 1 1|1 0 0

3 — 010101/1 . 1 .1.111100[0 1 1

13 F 101001[. 1 . 11.111100[0 0 0

e ol =1 ¢ |000011|. . 00110101/0 0 0

5 "L +~ 111110[0 0 1 000/ 1 1 1

6

Puc. 1. Dpaemenm LJC u mabauya neucnpagnocmeii

I ¢pparmenTta L[C (puc. 1) MaTpuiia JOCTHKUMOCTEH UMEET CIICIYFOINNN BUJ:
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123456789 ABC
1 1r1.......1.
riTi11.111. . 1.
11111 .1 0 01

3necy BbIxoabl-accepuun  A,B,C  SABISAIOTCS MOHUTOpPAMH  TEXHUYECKOIO

COCTOSIHUS 00BbEKTa ANarHOCTUPOBAHMUS. Kamumﬁ U3 HUX MOXCT UMCTDH J1BA 3HAUYCHUA:

Ajj € {0.1}, ompenensromue MaTpUILy 9KCIEPUMEHTAIIBHOW MPOBEPKU A=|Aij| myTeM
CpPaBHEHUS DTaIOHHBIX T=|Tij| U peabHBIX U=|Uij| COCTOSIHUM HaOIIOAaeMBIX HIIH

BBIXOIHBIX JnHAIL; Aj=T;®Uj, popmupyromue MacKy BO3MOKHBIX ICHEKTOB C

MOMOIIIBIO Clieayromero Beipaxenus: S;=S(T;)=( v Sij)/\( Y% Sij). Kaxxnprii Tect-
Aijzl Aij=0

BEKTOp (-CErMEHT) aKTUBU3HUPYET COOCTBEHHYIO CTPYKTYPY BO3MOXHBIX Je(DEeKTOB,

KoTopasi (DyHKIIMOHAIBHO 3aBHCUT OT MAacKH, acCepuuid (COCTOSHHS HaOIF0IaeMbIX

BBIXOJIOB) ¥ TeCTOBBIX Ha0opoB: S =f(S,A,T;) . Eciu npennonaoxure, 4To B MaTpUIle

S:‘SU‘ COCTOSIHUS aCCCPLIUOHHBIX BBIXOJAOB Ha ICPBOM TCECT-BEKTOPC pPAaBHBI

Ajp =0;A;g =LA c =1, rue 3Hauenue “1” upeHTHGUIUpPYET MposBIeHHE NePeKTa B
YCTPOHCTBE, TO Macka BO3MOXHBIX JAe(EeKTOB, COMIAaCHO  (YyHKIMOHATLY
S =S(T)=( v Slj)/\( Y Slj), OyzeT UMeTh CIICTYIOIITII BUI:

A=l Ap=0

S, =S(T})=(Sy vS3)A(S;)=(111101110010v001111101001) A(110000000100) =

=(111111111011)A(001111111011)=(001111111011).

[Momy4yeHHass ~Macka HakJIaAblBaeTCsl Ha  THEPBYID  CTPOKY  TaOJHILBI
HEHCIIPaBHOCTEH, 4YTO  ONpedenseT MHOXKECTBO MOJO03pEBaeMbIX  JAe(EeKTOB
FizTi/\S|i:1 —>F =T AS|, (GOpMHUpPYIOIIMX aCCEPUHOHHYIO BBIXOJIHYIO PEaKIUIO
Aj(a,B,c) =(011) ycrpoiicTBa Ha IIEPBBIH TECT-BEKTOP:

nencnpasnoctn [ 2 345678 9 ABC
T 0000.00000T11
S 0601111111011
FF=TyAS; . .00..000 . 11

B cooTBeTCTBUM € MPEIIOKEHHON MPOLeypOor MOTYYEeHUSI MACKH OIHOU CTPOKH
BBIMOJIHACTCS HOCTPOCHUE MATPHUIBl CTPYKTYPHOH AaKTUBU3ALMK HEHCIPAaBHOCTEH

b

S(T) Ha OCHOBE HCIOIB30BAHUS TAOIHUITEI IKCIICPUMEHTAILHON ITPOBEPKH A=|A1-j

3a/aloleil COCTOSIHMSI acCCepLMOHHOTO MEXaHW3Ma B IIPOIleCCE€ BBIMOJTHEHUS
tectupoBanus S(T)=S® A:
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A=|Ai|IABC| [S(M)[123456789ABC
S=18;||123456789ABC| 11799l [TL[110000000100
1 [t1.... ... 1. |5 1T |o11|=[T2{001111111011
2 111,111, .1 . ™ (000 |T3]00000000000°0
3 11111.1. .1 T4 (000 [T4(000000000000
Ts |1 11| LTslt11111111 111

B memsix ¢opmupoBaHuS CTPYKTYp HNaHHBIX, YOOOHBIX Ui KOMIIBIOTEPHOH
O6pa6OTKI/I, H€O6XO,Z[I/IMO HepeBeCTI/I CHUMBOJIBI Ta6J'IPILU:I HeHCHpaBHOCTeﬁ B
z[Byxpasp;mHLIe KOIbI B COOTBECTCTBUU C HpaBI/IJ'IaMI/I > —KO,Z[HpOBaHI/ISIZ

>={0=10,1=01, X =11, =00}, npuMenenne KOTOPHIX K TabJHUIIE HEUCTIPABHOCTEN

F(T) naer cnenyromuii pe3ynbrar:

F(T)[123456789ABC FMD|1 2 3 456 78 9 ABC
T1{0000.0000011 T1 (10 10 10 10 00 10 10 10 10 10 01 01
T2 /1.1.1.111100_>,T2|010001000100O01L 0101011010
T3 (.1.11.111100 T3 |00 01 00 01 01 00 01 01 O1 0110 10
T4 . ...00110101 T4 {00 00 00 00 10 10 01 01 10 01 10 01
500 . . .1 000 T5 |10 10 00 00 00 01 00 00 00 10 10 10

[Tocne momydenus crpykrypHoii marpuibl S(T), mpenHa3HaYeHHON MacKHPOBATh
peanbHble AedekThl B TabiMLe HEUCHPABHOCTEH, M €€ KOJUPOBAHHOH (OPMEI
HEOOXOOMMO BBINOJMHUTH #-cymepmosunmio aByx Matpui: F(T)=S(T)#F(T),
CBOJALIYIOCS K BBIMOJHEHHUIO #-OMepaliil HajJd OJHOWMEHHBIMH KOOpAUHATaMU
Fij =F]j <—(Fj =00)v(Sij =0), 4TOo oO3Ha4YaeT MOJU(PUKAIHUIO KOJOB KOOPIUHAT

tabmumpl F(T) mpu BEITIONIHEHWW 3alaHHBIX yCloBHHA. VHade, maHHAs omeparus
CBOJIUTCS K WHBEPCHM SYE€EK MATPHIBI KOJOB HEHCIPABHOCTEH, MaCKHPYEMbIX
HYJICBBIMH CUTHAJIAMH CTPYKTYPHOH MaTpPHIIBI aKTUBU3AIMH, & TAKXKe BCEX HYJIEBBIX
KOJIOB TaOnuIBl HeucmpaBHocTel. Tabnuiia MCTUHHOCTH NaHHOM #-omeparuu B
CHUMBOJIEHOM ¥ KOJMPOBAHHOM BHJIC MPEJICTaBICHA HUXKE:

#=Sij\Fij 10X #=Sij\Fij 00 0110 11
0 X019 0 11 10 01 00
1 X10X 1 11 0110 11

Tabmriia ICTHHHOCTH CKOPPEKTHPOBAaHA OTHOCUTEIIBHO MHBEpPCHH cocTostHUSA 00
B 11 npu emMHUYHOM 3HAYCHWW CHTHANAa aKTUBU3AIMHM HEHCIIPABHOCTH, MOTOMY YTO
takoii kox (00) o3HayaeT MPUCYTCTBHE B CXEME Ha JHMHHUM ITyCTOTO MHOXKECTBA
nmpoBepsieMbIX AedexkToB, uyTo HeBo3MOkHO. Ho kox 00 eme Omokupyer Bce
BBIYHCIICHNS] KOHBIOHKIIMK TI0 CTOJIOIY, npeBpamias pesynbrar B 00. MuBepcus koxa
JaeT BO3MOYKHOCTh HE MACKHUPOBATH MPH JIOTHYECKOM YMHOXKEHHH ICHCTBUTEIBHO
NPUCYTCTBYIOIIKE JAe(EeKTHl JIOOBIX 3HAKOB. [Ipy 3TOM Tpearnonaraercsi, YTO
HEBO3MOXKHO TECT-BEKTOPOM IPOBEPUTHh HA OJHOW JIMHWUHM CXEMBI Ne(QEKThl pa3HBIX
3HAKOB.
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BrimonHenne — mpoueAypsl  CYNEpHO3ULUM  CTPYKTYPHOM — MaTpuisl €
KOAMpOBaHHOK Tabmuuedt HeucnpaBHocTel F(T)=S(T)#F(T)maer chemyrommii
pe3yJbTar:

ST[123456789ABC| [F(DH[1 2 3 4 5 6 7 8 9 A B C
TT{1100000001 00|, T1|10 10 10 10 00 10 10 10 10 10 01 01
T2(100111111101 1| T2|01 0001 0001 0001 01 01 0110 10|=
T3/000000000000 T3 |00 01 00 01 01 00 O1 01 01 0110 10
T41000000000000 T4 |00 00 00 00 10 10 01 01 10 01 10 01
TS(1 11111111111 T5 [10 10 00 00 00 01 00 00 00 10 10 10
F(T) |1 2 3 456 7 8 9ABC
10 10 01 01 11 01 01 01 01 10 10 10
10 11 01 11 01 11 01 01 01 10 10 10
A 1110 11 10 10 11 10 10 10 10 01 01
= 1111 11 11 01 01 10 10 01 10 01 10
10 10 11 11 11 01 11 11 11 10 10 10
F(T):f\Fi 10 10 01 00 00 01 00 00 00 10 00 00
i=1
F= (001 . . 1 0

Ha 3axitounTenbHONW CTamqul TUATHOCTUPOBAHUS BBITIONHSACTCS CAMHCTBCHHAS U
BEKTOpHAs OMepalus JOTHYECKOTO YMHOMKCHHUS CTPOK  KOJUPOBAHHOU
MoauduimpoBanHoi Tabmue! ncruaHocTH F(T) !

BCEX

_— [ — n

E(M=( v F)A( v F)=( A F)A( v F)=( A F)A( A Fi)=(AF).
A=l Ai=0 A= Ai=0 A= A= =l

OTO JaeT BO3MOKHOCTh TOYHO OIPEICIHUTh BCE NE(QEKTHI, MPUCYTCTBYIOIINE B

00BEKTe IUATHOCTUPOBAHUS, IPECTABICHHBIC B IByX HIDKHUX CTPOKaX IMPHUBEICHHON

BbIIIE KOAUPOBaHHOM Tabmuubl HencipaBHocTel F(T): F= {10, 20, 3l , 61, AO} .
Mopnens mporecca auarHoctupoBanus 1Y, comepxkamas ¢GyHKIHOHAIBHBIC

npeoOpa3oBaTey, CBSI3aHHBIC C BBIIIOJHEHHEM CIIEAYIOIIMX IIAroB, IPHBEICHA Ha
puc. 2.

-
CWHTe3 AMarHoCTU4ecKoN - Tectvposanve
WHOpMaUMK - umcpoBoro ycTporcTea
A
Y
p
YcTpaHeHve HwuarHocTtuposaHue no
HeucnpaeHocTen MaTpuue HeMCNPaBHOCTEMN
>
A Livkn gnarHocTMpoBaHWA M BOCCTaHOBNEHUSA \

i r ™\
Onpep,eneHue MuHummnzaumns
HEUCNPaBHOCTEN L MHOMXeCTBa HeucnpasHoCTen
\ /

Puc. 2. HMK./Z 0ua2Hocmup06aHuﬂ U B0CCMAHOBNCHUSL T02UYECKUX OI0KO8

[IpenmoskeHHBIE ~ METOA  MUArHOCTHPOBAHUSA  JehEKTOB
WCTIONB30BAaHUM JIJISl TIONMYYEHHs JWarHO3a €IMHCTBEHHOW MapaiieIbHOW Olepannuu

3aK/III0Y9acTCA B
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JIOTUYCECKOTO YMHOXCHHUA, YTO B COUCTAHUHU CO CTPYKTYPHBIM MACKHPOBAHHUECM
HeHCHpaBHOCTefI AaCT TMPCUMYLICCTBA MNCPEA aHAJIOraMM B 4YaCTU YBCJIHWYCHU
6LICTpOI[CfICTBHH W IOBBIICHUA FJ'Iy6I/IHI>I AWNarHOCTUPOBAHMUS.

2. Kyoutnoe monenupoBanue LIC. B I[C (puc. 3) TpaaAuIOHHO UCTIOIB3YIOTCS
CTPYKTypa B3aWMOCBS3aHHBIX 3JIEMEHTOB M KyOHMUYECKHE TIOKpBITHS (TaOnuIs!
WCTUHHOCTH) JIOTHYECKHUX 3JICMEHTOB.

Puc. 3. Dpaemenm []C

Lenp mpennmaraemoro mMerona KyOUTHOTO MOZICITUPOBAHUS — 3aMEHUTH TaOJIHIIBI
UCTUHHOCTH  KOMIIOHeHTOB IIY  BekTtopamu cocTrossHUM  BbIXOJOB. IlycTh
(YHKUMOHALHBIA TPUMHTHB C HOMEPOM Pg HMeeT Cclenymomyn TalIuly

HUCTHUHHOCTHU:
X; X, |Y
0 01
Pe=|0 1|1
1 0|1
1 110

JlaHHOE TOKPBITHE JIOTHYECKOTO 3JIEMEHTa MOXKHO TpaHC()OpMHUPOBATH MyTEM
YHUTApHOTO KOJIWUPOBAaHUS BXOJHBIX BEKTOPOB Ha OCHOBE HCIIOJIB30BAHUS
nByxTaktHoro andasuta [2-4]. CHUMBONBI W WX KOHBI, TNpeAHA3HAYCHHBIE IS
OTHMCaHUsl aBTOMATHBIX NEPEMEHHBIX, TPEJCTABISIOT cO00N OyiieaH Ha YHHUBEpPCyMe
W3 YeThIpeX NMPUMHUTHBOB, YTO COOTBETCTBYET (pOpMaTy BEKTOpPa, COAEPIKAIIEeTro JBa
KyOuTa:

B*(Y)={Q=(1000), E=(0100), H=(0010), J=(0001), O={Q,H}=(1010),
I={E,J}=(0101), A={Q,E}=(1100), B={H,J}=(0011), S={Q,J}=(1001,
P={E,H}=(0110), C={E,HJ}=(1110), F={QHJ}=(1011), L={Q,EJ}=(1101),
V={Q,E,H}=(1110), Y={Q,E,H,J} =(1111), U=(0000)}.

C ToMOmIpI0 ABYXTAaKTHOTO aiaBUTa JTI000€ TOKPHITHE (PYHKITMOHAIHEHOTO
OJHOBBIXOJHOTO  TNPUMUTHBA IIyTeM KOJWUPOBAHMS  BXOJHBIX HAaOOpOB |
MTOCJICTYIOMIET0 OOBEAMHCHHS CHMBOJIOB BCETIa MOXKHO MPEACTaBUTEL ABYMS KyOamu
WJIN TaXKe OJTHAM, YUUTHIBAs, YTO KyObl B3aHMHO WHBEPCHBI:

00[1] [Q[1
_lot|1|_|E|1|_[V]T]_[iTT0]1
Pe=11011 1117110/ |ooo01]o| ~ U0

11lo] |1lo
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Mopens nns anamuza LIC Ha OCHOBE HCHOJIB30BaHHS KyOUTHBIX CTPYKTYp
JaHHBIX MOXKCT OBITH OIKMCaHa YCTBIPbMA KOMIIOHCHTAMMU:
F=<L,M,X,Q>,
L=(Ly,LysLjpsLy);
M =(M1,M2,...,Mj,...,Mn);
X= (an+l’ an+23'"a an+ia"" Xn);
Q= (an+ls an+2>--~s an+is-~-s Qn).

3meck TpencTaBIeHBI COOTBETCTBEHHO: L — BEKTOp WACHTU(UKATOPOB
SKBUNOTECHUUANBHBIX JUHUN cxembl L[C, koTOphli BBUIY CBOEM TpPUBHAIBLHOCTH
MOJKET OBITh UCKITFOYEH W3 MOEIH, HO MPH 3TOM HEOOXOIUMO MMETh YHCIIO BXOIHBIX
MIEPEeMEHHBIX YCTPOHCTBa U 00Iee KOMMYECTBO JIMHUAN; M — BEKTOp MOJEIUPOBAaHUS
COCTOSIHMH BCeX JHMHHHA CXeMbl; X — YIOpSAJOYCHHAs COBOKYITHOCTH BEKTOPOB
BXOJIHBIX TIEPEMEHHBIX KaXKIOTO NPUMUTHBA CXEMBI, MPHUBS3aHHBIX K HOMEpaM
BBIXOZIOB; Q — COBOKYMHOCTH Q-TIOKPBITHH MPUMHUTHBOB, CTPOTO IPUBSI3AHHBIX K
HOMEpPaM BBIXOJOB M BXOJIHBIM IIEPEMEHHBIM TPUMHUTHBOB; N — YUCJIO JTUHUH B CXEME;
n, — KOJMYECTBO BXOJHBIX ICPEMEHHBIX.

B kadectBe mpumepa kyOuTHoro 3amanus wmojenu LY F=<L,M,X,Q >,

MPEJCTAaBIEHHOTO Ha puc. 4, HW)KE TNPHUBEICH BapUaHT CTPYKTYPHOH TaOJHIII
ONMCAHMS CXEMBI ISl aHAIKM3a UCIIPABHOIO ITOBECHUS:

L{123456 7 8 9 A B

M[I111101 0110
X[. . . . . 1334277563889
Q 101111
110000
110011
0101 01

Meto KyOMTHOrO MOJIEIMPOBAHHUS HWCIPABHOIO MOBEICHHUS CBOAMTCA K
ONpPENEICHAI0  3HAYEHUs  BBIXOJA OIEMEHTa 10  aapecy, (opmupyemMomy
KOHKATCHAIMEH JBOMYHBIX COCTOSHUH BXOJHBIX IEPEMEHHBIX KaXIOro MPUMHTHBA
HC M(Y))=Qi[M(Xj *Xjp... * Xjj.. * X )] 3mech kj — 4MCIO BXOJAHBIX NUHUH B

npuMuTHBE ¢ HOMepoM i. IlockoibpKy HOMepa HEBXOOHBIX JHMHUH Bekropa L
OJHO3HAYHO WIACHTUGHUUPYIOT TO BBIXOAaM o0OpabaTbiBaeéMbleé HPUMHUTUBBL, TO
(dhopMyna MOIENHPOBaHHS MOXKET OBITh MPHUBEICHA K LUKITY ONPEICIICHUS COCTOSHUN
BCEX HEBXOIHBIX IEPEMEHHBIX:

M; = Qi[M(Xy * Xjp... * Xjjo. * Xig; )= Qi[M(A)], i=ny+1,n.

BreruncnurensHast CIOXHOCTh TPEANIOKEHHOTOo (Q-Merona MOJeNupoBaHUS Ha
OCHOBE KYOMTHBIX ()YHKIIMOHAIBHOCTEH OMpeeNsieTcsl MpoleIypaMu (GOpMUPOBAHHUS
azpeca — BXOAHOIO BEKTOpa, coAepkamero k; mepeMeHHbIX, Ui KaXAOro i-ro

npumutuBa  [(r+w)xk;j], cuureiBanmemM OuTa M3  KBaHT-BEKTOpa IO
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KOHKaTeHHPOBAaHHOMY ajJpecy MW 3amuchio (r+w) JaHHOTO OuTa B BEKTOP
MOJEIUPOBAHUS:

n= SAE+wxkil+rw)i= S w)x (kg + D)= w)x 3 (ki + 1)

i=ny +1 i=ny +1 i=ny +1

Takum o06pa3om, mpemnokeHHBIH (Q-METOJ WHTEPIPETaTUBHOTO WCIPABHOTO
mozaenupoBanus I[C mMO3BONSET CYIIECTBEHHO TMOBBICHTH OBICTPOJEHCTBHE U
YMEHBIIUTh 00BEMBI CTPYKTYP JaHHBIX 3a CYET 3aMEHBI TAOJIMIl HCTUHHOCTH Ha Q-
MTOKPBITHSA.

3. BoccTraHoBjieHHe PadoTOCNOCOOHOCTH KOMOMHAIIMOHHBIX YCTpoiicTB. B
HACTOSAIIEe BPEeMs BOCCTAHOBJICHHE pPAa0OTOCIOCOOHOCTH JIOTHUECKUX CXeM [5, 6]
NPOM3BOJMUTCS JByMs crnocoOamu. [lepBblid 3akirouaercss B peKOH(UTYpaIuu
CTPYKTYphl ~ JIOTUYECKHX JyeMeHToB B pexume offline, obecrneunBaronieit
BO3MOHOCTE 3aMC€HBbI KaXJIOro M3 HEUCIIPABHBIX IIPUMHUTHBOB. BTOpOﬁ co3JacT
yCiioBUuA 1jid 3aMCHBbI HCHUCIPABHBIX JJICMCHTOB ITYTEM HCIIOJIB30BaHHA 3allaCHBIX
JIOTUYECKUX KOMIIOHCHTOB W MYJIBTHUIUICKCOPOB I II€p€aJgpeCallii OTKa3aBUIUX
MPUMHUTHBOB.

CTpyKTypbl KyOWTHBIX JaHHBIX MOAWGHUIMPYIOTCS B CTOPOHY MAOTIONHEHHS
CTPOKOH TUIIOB NPUMHUTHBOB F=<L,M,X,P,Q>P=(P,Py,....P,....Py),
3ameifictBoBaHHBIX mpu  cuHTese LIC, ecim  HeoOXomuMo B Ipolecce
(YHKIMOHUPOBAHUS BBITIOJHATH PEMOHT WM BOCCTAHABIMBATH PaOOTOCIOCOOHOCTH
3a CUET BBEICHMs 3allaCHBIX MPHUMUTHBOB, KOTOpBIE TaK e, KaKk ¥ OCHOBHBIE,
peanu3yoTcst Ha OCHOBE JIeMeHTOB nmaMsaTH. Ha puc. 4 nzo0paskeH npumep CXeMHOU
CTPYKTYpHI U3 aJpecyeMBbIX U TpEX 3allacHBIX 3JIEMEHTOB. 3/I€Ch K€ IMPEICTaBICHBI
CTPYKTYpHI JaHHBIX, COOTBETCTBYIOIIUE JaHHOW CXEME C TpPeMs JOTOJHUTEIHHBIMU

3JICMCHTAMMU..
Addressed
1 g A L[123456 7 8 9 A B
Y Sl N MI111100 1 110
3 P2 - X 13 34 27 75 68 89
:_)Aupecy}omne 3J1eMEHTBI P|. ... 1 2 3 4 5 6
S B Qrroor1 1 o 1
Spares 111100 1 1 0
1111111 11
000000 0 0 0

3amacHble 3JIeMEHThI

Puc. 4. Ilpumep cxemnoii cmpykmypbl U3 aopecyembix u 3andacHuix d1eMeHmos
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Tabmuua (puc. 4) omepupyeT HOMEpaMH CTPYKTYPHBIX MPUMHUTHBOB, YTO JaeT
BO3MOXHOCTb 3aMEHHUTbH JI000H OTKa3aBIIMH 3JIEMEHT HMCHPABHBIM W3 PEMOHTHOTO
3amaca IMyTeM M3MEHEHHs aJpecHOro HOMepa B CTpOKe NpuUMHTHUBOB P. PemoHTHBIE
3JIEMEHTHI B IaHHOHM TaOIHIle HAYMHAIOTCS €O CTOJI0a HOMep 7.

B crnenytomeit Tabnuue NpeACTaBICHb! CTPOKA TUIIOB JIOTHYECKUX 3JIEMEHTOB, a
TaKke aZipeca TUIIOB 3TUX IPUMUTHBOB, OTMEUCHHBIC HOMEPaMHU:

L|123456 7 8 9 A B
Mi1111100 1 1 10
X|. . . . . 13342775 68 &9
Pl. .... 1122 33
Q101101
110110
111111
000000

Ecim kyOutHBIE MOmenn cxeM HE WMEIOT 3aMacHBIX INPUMHUTHBOB, TO
COOTBETCTBYIONIH (hopMaT TaOIHIl OyJeT UMETh CIeTYIONIHA BU;

L|123456 7 8 9 A B
M1111100 1 1 10
X|. . . . . 13342775 68 &9
P 1 12 2 33
Q

O = = =
O = — O
OO =

Takum o00pa3oMm, KBaHTOBBIE CTPYKTYyphl JaHHBIX OPHEHTHPOBAHBI Ha
KOMITAKTHOCTb ~ ONHMCaHUs (QYHKIMOHATOB LHU(POBOTO0  M3ACHHS  KyOUTHBIMH
BEKTOpaMHM, TOBBIIIEHWE OBICTPOACHCTBHA TMPOLENyp MOJCIHPOBAHUS 32 CUET
aZipecallii COCTOSHMM BBIXOJOB NPUMHUTHBOB, a TaKXe Ha BOCCTAHOBIICHHE
paboTOCTIOCOOHOCTH OTHENBHBIX JTOTHYECKUX JIEMEHTOB.

3akiaouenne. Y COBEpIICHCTBOBAaH MeTo]| quarHoctupoBanust nedekros L[C 3a
CUeT HCIIONb30BAHUS €IMHCTBEHHOH MapayuleIbHOM OIepauuyd  JIOTHYECKOro
YMHOXXEHHS, YTO B COUETAHUHU CO CTPYKTYPHBIM MAacCKHPOBAaHHEM HEHCIIPaBHOCTEH
JaeT TMpEeHMYyIIecTBAa Iepe] aHaJOoraMh B YacTH KOMIIAKTHOCTH HPEACTaBIICHUS
JAHHBIX, YBEIWYECHUS! OBICTPOACHCTBHS M IOBBILICHUS TTyOMHBI AMArHOCTUPOBAHUSI.
[Ipennoxxen HOBBIM Q-METOI MHTEPIPETATUBHOrO UcIpaBHOro moaenuponanus LIC,
XapaKTePU3YIOLIMNACS HMCIIONb30BAHUEM KOMMNAKTHBIX QQ-TIOKPHITUHI BMECTO TaOIHII
HUCTHHHOCTH, TO3BOJISIIOIIMN CYIIECTBEHHO IMOBBICUTH OBICTpOIAEHCTBHE aHAIN3a 3a
CUeT aApecHoro (OPMUPOBAHUSA BBIXOJOB (YHKIMOHAJIBHBIX TNPUMUTHBOB U
YMEHBUINTh OOBEMBI CTPYKTYp HaHHBIX. YcoBeplueHcTBoBaHa Monenb L[C myrem
JOIIOJHEHUSI B CTPYKTYPY YCTPOMHCTBa H30BITOYHBIX PEMOHTHBIX KOMIIOHEHTOB H
YIOpPaBIAIOIIEI0 aBTOMAara, OPUEHTHPOBAHHOIO HA IIOCIEIOBATENIBHYIO 00pabOTKYy
KOMOMHAIIMOHHBIX NPUMUTHBOB, YTO AA€T BO3MOXKHOCTh OCYLIECTBIIATH NPOLEAYPY
nepeaspecany 0TKa3aBIINX NPUMUTHBOB B PEKUME IITaTHOTO (PyHKIIMOHUPOBAHMSL.
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U.U. Pwnnunh, @b, Cwhwuny, 4.8. Ukjhpjwt, 6.b. Lhingdhtunyuw

Unwowpyynw bu pqwihu  hwdwYwnpgswiht  uwppbpph  gbppndnygjwu W upupbiqh
gnjnipyniu ntukignn dhongubiph wpwgquagnpénigjwu pwpdpwgdwt Uwwwnwyny Yniphpwihu
dnnbubph, dbennubph W wignpppdubph  ppwlwuwgdwt  Bnwuwlubp'  wndjwiubph
Ywnnigwspubiph W hponnnipjwtu swihbph didwgdwu hwoyhu: Lbkpywjwgdwd Gu pywhu
dnnbubiph b dbpnnutiph wiunnpnadwu, 6hon Juppwagdh dnnbjwynpdwt wpryniupubipp:

Unwugpuypti pwnbp. pwiht Yniphpwiht Ywnnigwdpubip, dnnbiuynpnid, pywihu
hwdwlwnpgbph wiuwnnpnond b yEpwlwugqunid, phunmwynpnid:

QUANTUM MODELING AND TESTING OF DIGITAL UNITS

A.A. Baghdadi, V. I. Hahanov, V.Sh. Melikyan, E.I. Litvinova

Ways of improving the performance of quantum models, methods and algorithms for the
existing means to analyze and synthesize digital computing devices by increasing the
dimension of the data structures and memory are proposed. The investigation results of the
design theory for computer products, as well as models and methods for quantum diagnosis of
digital systems, qubit modeling fault-free behavior, analysis of digital devices are presented.

Keywords: digital qubit structures, modeling, diagnostics and restoration of digital
systems, testing.
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METOJbI OTPEAEJEHUA KOMIIVIEKCHBIX
OJHOIMAPAMETPUYECKHUX OBOBIIEHHBIX OBPATHBIX MATPHUI]
MYPA-IIEHPOY3A

C.O. Cumonsin', I'.B. Agamsan’', A.C. Cumonsn?, JI.B. IIpaszsn !

! Tocyoapemeennwiii unoicenepuwiii ynusepcumem Apmenuu (Ilonumexnux)
2 Hoocesanckuti punuan EI'Y, Hoocesan, Apmenus

[IpemmokeHsl aHANUTHYECKHE M YHUCICHHO—AHAJIUTHYECKAE METOHBI OIPEIeICHUI
KOMIUIEKCHBIX OJHOIMAapaMeTPHIecKuX OO0O0OmEHHBIX o0paTHeIX MaTpun Mypa—Ilenpoysa.
PaccmoTpen moaenbHBIN npumep.

Knroueevie cnoea: KOMIUICKCHas OTHOMApaMETpUYECKass MaTpwia, o00OIeHHAs
oOpaTHasi MaTpulla, aHAIUTHYECKOe pelieHue, IuddepeHuanbable npeodpa3oBaHus,
YHCIIEHHO—aHAIMTHYECKOE PELICHHE.

Beenenue. [ onpeneneHus oqHONapaMeTPHYECKUX O0O0OOLICHHBIX 00paTHBIX
matpun, X(#)=A"(1) € R™ Mypa-Ilenpoyza [1,2] npu omHONApPAMETPUUECKHX
MaTpunax A() € R™" (mapamerp ¢ MOXeT OBITH BpeMeHeM, omepatopoMm Jlammaca

d .
(S~ E) WIN JPYTUM TIapaMeTpoM) Ha OCHOBE TU(QepeHIHaNBHBIX MPpeodpazoBaHMit

ITyxora [3] B paGote [4] Obl1 mpemioxer AuddepeHuanbabiii anamor (JI—ananor)
MPOCTEHIIIETO0 METoJa C JBYMS PAa3sHOBHIHOCTSIMHU (SBHBIC TIOCIEAOBATEIbHEIC
PEKYPPCHTHBIC BBIYHCIUTEIIBHBIC CXEMBI), a B pabore [S] — MaTpUYHO—BEKTOPHBIC
MPEICTABICHUS 3TUX CXeM (TapajieNbHBIE BEIYMCIUTEIBHBIE CXeMBI). B HacTosIei
paboTe paccCMaTpHUBAIOTCS KOMITIEKCHBIE OJTHOTIapaMeTpUIecKue MaTpuIsl A(t) € C™"
U COOTBETCTBYIOIIME AHAIMTHYECKHE, a TakkKe YHCICHHO—aHATUTHICCKUE
BBIUMCIIUTEIBHBIC CXEMBbl  OINPEACICHUS  OJHOMAPAMETPHUUCCKUX  OOOOIIECHHBIX
o0OpatHbIX MaTpull Mypa-IleHpoy3a, yIOBIECTBOPSIONINX YCIOBUIM

A@W)-XW)AW)=A®), (M
X(0)- A1) X()=X(1), 2
[A@®)X1)] = A@W)-X() 3)
XA = X()-A), “)

IJIe CHMBOII * — 3HaK KOMITJICKCHOTO COTIPSDKCHHS.
WTak, KOMIUIEKCHYIO OJHOMApaMETPUUECKYI0 MATpPULY A(%)mwm TMPEICTaBUM B
BUJIC
A(®) men = B) mon + j + C(Oman &)
a COOTBETCTBYIOILYIO €l 000OIICHHYIO OOPaTHYIO MATPHILY - B BUJIC
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X(O) nam = A+(t)nxm: G()wm +J - H(O)wom (6)
rae B(t) u G(t) — maTpuibl AeicTBUTENbHBIX yacted; C(?) u H(t) — MaTpuIlbl MHUMBIX
yacteid marpun A(?) u X(?) COOTBETCTBEHHO; | = V=1 — MHHMas equMHHIA. [Iycte
cymecTByOT nuddepeHnnatbaple Tpeodpa3oBaHus OTHOMAPAMETPHUECKUX MaTPHI
B(), C) u G(t) H(t) T.C.

BK) =" TED| K =0, ~ Bl) = ) (t,t,, H,B(K),K = 0,%0), (7)
k ket P 0 o)

C(K) = F ’ atlg) |t—t,,J K=0,00 = C(t) =X (t, tlerC(K):K =0, )’ (8)

_HK oK ety
GK) =" - 20|, K = 0,00 = G(1) = Hs(t, t,, H,G(K),K = 0,0), (9)

HX 9KH(t

Hk) =" 20O K =0, = H() = Hy(t,t, HH(K), K = 0,000, (10)
rae JIeBbIC YaCTH — TMPAMBIC HpeO6pa3OBaHI/IH, nmpaBbIC YaCTH — 06paTHI)Ie

npeobpazoBanust; K = 0,00 - nenouncnenuslii apryment; B(K), C(K) u G(K),H(K),

K = 0,00 - mMaTpu4HBIe TUCKPEThl MaTpUUYHBIX opuruHaios B(1), C(1) u G(t), H(t)
COOTBETCTBEHHO C  pasmepamu  mxn, t, — UEHTp  aNMpPOKCHMAIIUY;
H(C),H,()uH;(), X, () — wmarpuuHble  (QYHKIHHM, BOCCTAHABJIHMBAIOIIHE
opurnHaisl-matpunsl B(¢), C(t) u G(t), H(t) COOTBETCTBEHHO; CUMBOJ =~ - 3HaK
rmepexoza u3 00JacTH OPUTHHAIOB B 001acTh D — n300paxeHuit u Haooopor [3].

MaremaTuuecknii annapar. Bocnoas3yemcsi oAX00M, MPEAIOKEHHBIM B
[4]. IlpemcraBuM  aHanWTHYECKHE W  YHCICHHO—AHAJIUTHYECKHE  PEUICHHS
paccMaTpuBaeMOM 3a1auH.

Anamutnaeckoe perienne (1— it Bapumanr). [ToTpeGyem, 9ToOB UMEIO MECTO
MIPOCTEHIIEE YCIOBUE

A(Y) - X(t) = Epon (an
wuiu ¢ yaetoM (5) u (6):
[B@) +j-CO)-[G@)+j HY]=[B1) G1)-C@) HH]+j[C1) G+
+B(t) - H(t)] = Enon + ] [0]nom . (12)
U3 (12), o4eBUIHO, MOIYYHUM CIEIYIOIIYI0 CUCTEMY MAaTPHUYHBIX YpaBHEHUIl C
MO/ IICKAIIUMHE OIIPENCTICHUIO HEU3BeCTHRIMU MaTpumiamu G(t) u H(1):

C(®)-G() + B(&) - H() = [0]mxm
WJIN B MAaTPUIHO—OJIOTHO—CTOJIOIICBOM Hpe,I[CTaBJ'IeHI/II/I'
_B_(_t_)__i___g_(t;_)] G(t) (14)
C@®) ' B(Y) H(t) 0
U3 (14), ectecTBeHHO, UMEEM aHaJ'II/ITI/I‘leCKOC pelieHue
G(D)] B(t) 1=C()]" | [E
By~ 160 50 Dy [0 e (>

AHanutnyeckoe penienue (2 —ii BapuanT) . [lorpeOyem, 4ToOBI UMENO MECTO
MpocTeiiiee ycinoBue
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X(t) - A(t) = Enm (16)
ni, ¢ ydetoM (5) u (6):
[G@) +j-H@] [B®) +j - CW]=1[G(1) B)-H®) - CM)] +j-[G1)  C1) +
+ H(t) - Bt)] =Enen +j * [0]nn - (17
Amnanoruyso u3 (17) moay4uM CIeyIoNIylo CUCTEMY MATPUYHBIX YPaBHEHUI C
MTOITISKAIIMMH OTIPEICTICHUIO Hen3BeCTHRIMU MaTputiamu G(t) u H(1):

(6050~ (O CO = B, s
(D) CO +H@® B = [0
HJIn B ManI/IqHO—6J'[0LIHO—CTpOLIHOM Hpe,[[CTaBHeHI/II/I:
() H(b)]- [BC% | ggg —[E0]. (19)
OTCIOI[a UMECEM aHAJITUTHUYCCKOC peHIeHI/Ie
1 C
(GO O = (£ 1 0[SO 20)
2nx2m

3ameuanne 1. Haxoxnenme wmarpurt G(¢) w H(f) B COOTBETCTBHH C
aHanmuTHdeckuMu  pemenmsiMu  (15) m  (20) w, ciemoBaTeNbHO, HEW3BECTHOM
00001IeHHON 00paTHONW MaTpHIB! X(?) MPaKTUYECKA BO3MOXHO TIPH BEChMa MAaJbIX
pasMepax MaTpuibl A(?) ¥ €e MPOCTBIX DJIIEMEHTAaX H3—3a BBIYHCIUTEIBHBIX
TPYAHOCTEH HAXOXKJCHHUS (PYHKIIMOHATIBHBIX MCEBIOOOPATHBIX MATPHII, BXOISIINX B
cootHomenust (15) u (20). BBumy 3TOTO OOCTOATENHCTBA, OKA3BIBACTCSA, B OOIIEM
cllyyae HAMHOTO Ileliecoo0Opa3Hee UCIONb30BAHUE  YHCICHHO—AHATMTUYCCKUX
BBIYUCIIUTCIBHBIX CXEM OIpeneleHuss X(¢) Ha ocHOBe auddepeHITHATBHBIX
npeoOpa3oBaHuii [3], HA KOTOPBIX M OCTAHOBUMCS Jaliee.

YucneHHo—aHAIMTHYIECKOE perenue (1 —if BapyuaHT). CucrteMy MaTpPUYHBIX
ypaBHeHuit (13) U3 o0nacTu OpUTrHHAIOB MepeBeeM B 00acTh qudGepeHITnaTbHBIX
n3o6paxenui. [lomydanm:

opu K = 0:

(B0):C(0) ~ CO) HO) = Fnen50) o
€(0)-G(0) + B(0) - H(0) = [0]mm

rae 6(0) =1, ecu K =0; 6(K) =0, ecnmu K= 1 — Teitnoposckas enunuia [3]. Orciona
nMeeM

B(O) t_C_(Q)] G(0)

c(0) + B(0) H(O)
OTKyJa
G(0)]. B(0) 1 =¢(0) C[E .
[H(O)Lnxm HOR B(O)me o, @
opu K =1:

{B(O) +G(1)+B(1)-G(0)—C(0)-H(1)—C(1)-H(O) = 0,
C(0)-G(1)+Cc(1)- G(0)+B(O)-H()+B(1)-H(0) =0,
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OTKyZa

_G_(_l_).] _ [E(_O)_J_t_C_(Q)]+ . [_—_Ef(l)_;_G_(O)_tC_él)_;!'l_(_O).]
HDD,, .. Lc@© B, ., 1-C(1)-6(0)—-B1)-HO),, .
B(0) :—c(0)1" —-B(1)! €(1) G(0) ,
= [c) 7B Lnxm [—C(l):—B(l)meZn [H(O) Lo @
npu K = 2:
B(0)-G(2) + B(1) - G(1) + B(2) - G(0) —
—C(0)-HR2)-C1)-H()—-C(2)-H(0) = 0,
{C(O) CG(2) +C(1) -G +C(2)-G(0) +
+B(0)-H(2)+B(1)-H(1)+ B(2)-H(0) =0,
OTKyJa

[_fa(_Z_)_] _ {?_(9)-:..—.@&92]*
2nxm C(O) : B(O) 2nx2m
y _—_B£12_'_G_(.l)__—_B_(Z)_'_G_(0)_ir_C_(_1)_'_Ii£1)__+__C_Q2)_'_H£Q)]

—-C(1)-G(1)-C(2)-G(0)—B(1)-HQ)—-B(2)-H(0)

2mxm
_ [5_<9_>_:r_—_c_£9> N “:ﬁ_(_Z_)j__C_QZ_)_ _ [9_@) N
C(O) : B(O) 2nx2m _C(Z)I - B(Z) 2mx2n H(O) 2nxm
_=B(1): _€(1) R Ees) .
" [ —Cc(D) - B(1) 2mx2n H(1) anm]’ (&)
;'I.Q'I/IK =K:
K K
B(0) - G(K) — C(0) - H(K) = —Z B(D)-G(K — D) + Z c)-HEK-1),
J l;l l;l
|C(0)-G(K)+B(0)-H(K)= - >CD-G6K-D - B(O-HK-1),
OTKy1a
[qgl_o _ ﬁ(.@..::_c_@_)]* N
H(K) 2nxm C(O) : B(O) 2nx2m
Mo B GK =D + _Z_i;_l_c_él)_-_tl_({{_—_l)_] _ {5.(9)-5..—.6_@_ .
S -6k =D+ X BO-HE =D |, €O) B Lm
% [t?ﬂ@.i-@ Q_Q_] . [_Q(Q)_} [:E(K D CK=-D y
—C(K) = B(K) 2mx2n H(0) 2nxm —C(K-1) i~ B(K -1) 2mx2n
G(1). o [zBD) Q1) G(K = 1) _
8 [H(l)]anm * " [ _C(l) - B(l) 2mx2n H(K - 1)]anmL m
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[B(_O_) —C(O)]+

““““ X
c(0) ' B(0) 13xom
—B() ! (D) [GEK —=1)
b [ ............ ] ------- K>1. 25
=1l —c) =B, 00m HK - 1) anxm 2
YuciieHHO—aHAIMTHYECKOoe perrenne (2 —ii BapuauT). Tenepb cUCTEMY

MaTpUuYHBIX ypaBHeHuil (18) wu3 obmacTh OpWUrHMHAJIOB IepeBedeM B 00JIACTb
muddepeHnanbHbIX n300pakenuit. [Tomyanm:
opu K = 0:
{G(O) *B(0) — H(0) - C(0) = Epxn - 6(0),
G(0)-C(0)+H(0) B(0) =[0 ]nxn-
Otcrona numeem

coin- [ 255 - o

OTKyJa

. . B(0) i (O]
G(0)iH (0 = [Ei0] - - nmmoee ; 26
[ ( ) ( )]anm [ . ] [ C(O) B(O) anzm, ( )
npu K = I:
{G(O) +B(1)+G(1)-B(0)—H0)-C(1)—H(1)-C(0) =
HO)-B(1)+H@)-B(O)+G(0)-c(1)+G(1)-C(0) =
OTKy/1a
[6(1)H(Dlpxam = [-G(0) - BQ) + H(0) - C(1) }
| —H(0)-B(1) = G(0) - C(D]pxzn - [_35?3) gﬁg% 22
_ | =B(1), -Cc» _B_(Q)_J_G_(Q) .
= [G(0) !H(O)]anm ' [ c() ! _B(l)]meZn [ C(O) B(0) 2nx2m (27)
opu K = 2:
G0)'B2)+6(1)-B)+G(2)-B(0) —
—H0):-C(2)—H)-c(1)—H(2)-Cc(0) = 0,
H()-B(2)+H()-B(1)+H(2) B(0) +
+6G(0)-C2A)+G6G()-c()+G6(2)-€c(0) =0,
OTKyJa

[G(2)] H(Z)]anm =
[-G(0)-B(2)—G(1)-B(1) + H(0)-C(2) + H(1)C() ' !
1= G(0)-C(2)—G(1)-C(1) —H(0) - B(2) — H1) * B(D]pszn X

BO O ooy —B(2); =€)
X [—C(O): B(O)Lnxzm_[[G(O)IH(O)]anm [C(Z) } _B(Z)]me2n+
: =B(1) . -C(D). _l?_(Q)_l_QEQ) .
+[G (DI H (D) ] xzm - [ c(1) :_B(l)]meZn] —c(0) ' B(0) 2nx2m, (28)
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npu K = K:
K-1 K-1
G(K)-B(0)—H(K):-C(0) = — GA)-B(K—-D+ HD-C(K-1,
K-1 K-1
|G(K)-C(0)+H(K)-B(O)= - G)-C(K-1— HD-B(K-1,
OTKyaa

[G(K) ' H(K)lnxom =

K-1 K-1
=[-)> GO-BK-D+ ) HD-C(K -1

: K-1 K-1
- > GD-CckK-D— Y HO-BEK -1

X
nxan
B(0).L €] _ : [=BE =D 1 =C(K =1)
|25 B0y ™ [[G(”'H(”]""Z’" C~D) 2B = Dl +
! —B(K—-2) 1 -C(K-2)
+[G(2).H(2)]nx2m[ C(K—Z) ! _B(K_Z)mezn + -+
. —B(0).1 =C(0) REIORNAOI
+[G(K) ' HE) ]l nxom - c(0) | —B(0) mezn] [—C(O): B(O)] onx2m
K-1
. =B()_ =€
= GK —DIHK = Dlpam - .
; (6K = DH®K = Dl |y ,_B(D]mzn]x
B(0).}_cO1
<2051 B o) 2nxzm,Kz]. (29)

3ameuanue 2. Haxoxnenue marpuunsix auckpet G(0), H(0); G(1), H(1); G(2),
H2); .., GK), H(K) B COOTBETCTBHH C MaTPUYHO-OJIOYHO-CTOIOIEBBIMU
npencTaBIeHus MU (22)-(25) wiu ¢ MaTpUYHO-OJI0YHO-CTPOYHBIMHE TPEICTABICHUSIMHI
(26)-(29) mu, cnemoBaTenbHO, HEW3BECTHOH 0000mIeHHON 00paTHO MaTpuiel X(?)
MPaKTUYECKU HE 3aTPYAHCHO HU pa3MepaMH 3TOW MATPHIbI U HU CIIOKHOCTHIO €8
3NIEMEHTOB. EjMHCTBeHHOW Oojiee WM MEHEe CIOXKHONW  BBIYHCIHTEIBHOM
NpOLEAYPON  sABJISETCS  OMpENeNicHHe  TCEBA00OpaTHONH  ONOYHON  MaTpHIIbI,
conleprkarield HayanpHble MaTpudHble auckpetsl B(0), C(0) (cm. (22) wmu (26)). Bee
OCTaJbHBIE BBIUMCICHUS II0 OIpENeNeHn0 MaTpuuHbix auckper G(0),H(0);
G(1),H(1); G(2),H(2); ... ; G(K),H(K) ocymecTBIAIOTCS YUCIECHHO, OCIIEI0BATEILHO
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U PEKyppeHTHO, 0e3 KaKux-THMOO BBIYMCIUTEIBbHBIX 3aTpynHeHuid. Uto kacaeTcs
OTIpeeNICHNUs HEM3BECTHONW MaTpHLbl X(7), TO €€ 3IEeMEHThI, ECTECTBEHHO, MOT'YT OBITh
BOCCTaHOBJIEHBI B coOTBeTCTBUH € (9) u (10) - nr0ObIME OOpaTHRIMH MAaTPHYHBIMU
TG hepeHIInaTbHBIMA TPe00pa3OBaHUSIMHU.

Moaenbubiii npumep. llpeamonoxum, uYTO 3amaHa KOMIUIEKCHAs OIHO-
napamMeTpuyeckas MaTpHuLa

A(t)z[(t—1+j-(t2+1)) t2 (—5-t+j-(3-t—2))]
j-t (t+1+j-5) —j-2-t ’

U HYXHO OmnpelenuTh e€ o000mEHHyI oOpaTHyr0 Matpuity X(t). Matpuiy A(t)
MpPEeJICTAaBUM B BHUJE CyMMBI JBYX Martpwi, T.e. A(t) = B(t) + j-C(t). Tormna npu
t, = 01 H = 1 nosny4uM cleayomue MaTpuuHble AUCKPETHI:

-1 0 0 o -21
BO=1g 1 o ¢@=] 5 o]'
1 0 -5 [0 0 37
B =, | Jlecw=[] , 5l
0 1 0 10 01
BD=[; 5 o c@=; 4 o
0 0 0 0 0 0
BUO =y 0],C(K)=[0 o ol k=3

Jlasee, B COOTBETCTBUM ¢ (22) P BBIYUCIEHHUAX C TOUHOCTBIO 710 € = 1073 umeem

-1 0 0'!-1 02 (10

H(0) 100
0 1 0 0] oo
[~ 0167 0 0167 0 ] -1167 0
0 0038 0 0192|[1 0 0 0.038
| o 0 -0333 0 loz|_| o 0
-0167 0 -0167 0 00| |-0167 0 ’
0 0192 0 0038 |0 0 0 -0192
|-0333 0 0 0 | | 0333 0

a MatpuyHble auckpetsl Matpunl G(t)u H(t), BBIUKCICHHBIC C IPUMEHCHUEM CXe-

MbI (23)-(25), mpu K = TZ TaKOBBI:

0111 0 1.101 0.038
G(1)= 0 0035 |, G(2)=|-0338 —0.004 |,
-0611 0 —-1.481 -0.064
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—0.500 0 —0380 -0026
H(1)=| 0167 0014\, H(2)=| 0188 0.006
0.389 0 —0722 -0012

CnenosarensHo, MartpuunbiMu auckperamu X (K ), K =0,2 o06obmeHHOi
obpatHoii maTpuisl X ('t ) OyayT

(-0.167 - j0.167) 0
X(0)= 0 (-0.038- j0.192)|,
j0.333 0
(0.111- jO.5) 0
X(1)= j0.167 (0.035+ j0.014) |,
(-0.611+ j0.389) 0

(1.101-;038) (0.038— j0O.026)
X(2)=|(-0338+ j0.188) (—-0.004+ jO.006) /.
(-1481—-j0.722) (-0064- j0.012)
Torma mpu HCMONB30BAaHUU OOPATHBIX AMQGEPSHITNAIBHBIX TTPeoOpa3oBaHmit
Maknopena pu K = 0,2 nmony4um ciemyromnyro 0600UIeHHY0 00paTHYIO MAaTPHILY:
(1,101-t>+0,111-t—0,167) +j - (—0,38-t2 — 0,5t — 0,167)!
X(t) = (—0,338-t2) + - (0,188 t% + 0,167 - t) '
(—1,481-t2 - 0,611 t) +j - (—0,722-t? + 0,389 - t + 0,333)
(0,038 -t2) +j - (—0,26 - t?)
—(0,004-t2 + 0,035t + 0,038) + - (0,006t + 0,014 -t — 0,192)|.
(—0,064 - t?) +j - (—0,012 - t2)
Dra Marpulia JUllb C TOTPEIIHOCTBIO 70 Apgy = 1072 (MakcuMmanbHas
a0COJTIOTHAS TIOTPEITHOCTH) YIOBIETBOPSAET YCIOBUIO (3) (B oCcTANBHBIX ycIoBuAX (1),
(2) 1 (4) Apgx < 1072). Tlpu HCTONB30BAHMM OOJBIIEr0 KOMMYECTBA MATPUUHBIX
muckper (K = 0,10) 5Ta morpemHocTs A0CTHTaeT Apmax = 107* (8 ycnosuu (3)), a
npu K = 0,99 umeeM A4, = 10712 (Takxke B yenosuwu (3)).

3ameuanue 3. [IporpamMma Obl1a cocTaBieHa Ha s3bike C++ ¢ HCIOTB30BAaHUEM
oubmoTtek Eigen [6] u Qt [7].

3akaoueHue. Hpe,[[J'IO)KeHLI AHAJIUTUYCCKUC U JOCTATOYHO  MPOCTHIC
YHUCJIICHHO-aHAJIUTUYICCKUE MCTOJAbI OHNPCACIICHUA KOMIIIIEKCHBIX O606H.IéHHLIX
O6paTHI>IX MaTpul. UnceHHO-aHAINTHICCKIE MCTOAbI  JICTKO  pCajIn3yCMbl
cpeacTBaMu COBPECMCHHBIX I/IH(l)OpMa]_II/IOHHLIX TEXHOJIOTH.
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UnkP-msLrNNk2h YNU NLELU UhUNUrUUBSMULUL UUSMhSLEMh
LLHKULMUSUUD LU4ULtUrauvesrr NrNSUUL UkeNLEN

U.<. Updntjwl, @.4. Unwdjwt, U.U. Updnujwt, L.4. Mnwqu

Unwewpyyby Gu Unip-MEupnnigh Yndybpu dhwwwpwdbnpwlwu punhwupwgywsd
hwlwnwpd dwwnphgubph npnadwt wuwihnpy b pYw-wuwhwnhly deennubp: Yhuwpyyb £
dnnbijwjhu ophuwy:

Unwugpuyhti pwnbp. Yndwtpu dhwwwpwdbnpwlwu dwwnphg, punhwupwgywd
hwywnwnd dwwnphg, wuwhwnpy nwénwd, nhptipbughw| dLwihnfunieyniuubn, pw-wuwhwnhy
[nwonid:

METHODS FOR DETERMINING COMPLEX ONE-PARAMETRIC
GENERALIZED-INVERSE MATRICES OF MOOR-PENROSE

S.H. Simonyan, G.V. Adamyan, A.S. Simonyan, L.V. Prazyan
Analytical and numerical-analytical methods for determining Moor-Penrose’s complex
one-parametric generalized-inverse matrices are proposed. A model example is considered.

Keywords: complex one-parametric matrix, generalized-inverse matrix, analytical
solution, differential transformations, numerical-analytical solution.
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Becmuux THYA. Cepus “Hngpopmayuonnvie mexnonozuu, snekmponura, paouomexuuxa’”. 2014. Bermr. 17, Nel.

YK 621.52+511.52

AHAJIN3 YYBCTBUTEJIBHOCTU METOJAMHU NAPAMETPUYECKOI'O
JUHEWHOT O IPOTPAMMMPOBAHHUA, OCHOBAHHBIMH HA
JANOOEPEHIIUAJIBHBIX IPEOBPA3OBAHUAX

JI.C. T'rob3aasin

Tocyoapcmeennviii unsicenepuwiii ynusepcumem Apmenuu (Illonumexnux)

Ha npakTuueckoM mpuMepe pacCMaTPUBAIOTCS  BOIPOCHL  YYBCTBUTEIBHOCTH
ONTHMAJIBHOTO PELICHHS K ONPeeNICHHBIM U3MEHEHHAM HCXOJHOU Mozenu. [IpoBeneH aHanu3
YyBCTBUTEIBHOCTHU C UCIIOJIB30BaHHEM METOJIOB PELICHHUS MapaMETPHICCKHUX 33134 JIHHESHHOrO
POrpaMMHUpPOBaHUs, OCHOBAaHHBIX Ha Tuddepenmansabix npeodpazosanusix [.E. [Tyxosa.

Knrwowuegvle cnoea: ananmu3 4yBCTBUTEIBHOCTH, MapaMETPUUYECKUE 3aladyd JIMHEHHOTO
nporpamMmupoBanusi,  auddepeHnuaibHbie MPeodpa3oBaHus, CHUMILIEKC-IPeoOpa3oBaHus,
Bapuanuu ko3pOUIMEHTOB LiesieBOi (yHKINH U MPABbIX YacTei OrpaHUYCHHH.

BBenenue. B psane npakTryeckux 3a1a4 HapsAgy ¢ HaXOXJASHHEM ONTHMAIBHOTO
pewieHyss Haubojee YacTO BO3HHMKAaeT HEOOXOOMMOCTH OIIpENeNiCHUs HWHTepBaja
YYBCTBUTEIBHOCTH K M3MEHEHMSIM TeX WJIN MHBIX IapaMeTpoB UCXoaHOoH Monenu. Ha
OCHOBE TMOAXOJOB [  peIIeHUs  MapaMeTpU4ecKux  3ajad  JUHEMHOTro
nporpammupoBanus (JII1), wuznoxennpix B [1-3], B maHHOI paboTe aHAIM3UPYETCS
YyBCTBHUTEJIFHOCTh OINTHMAJIBHOTO PEUICHUS K BapHalusaM Kod(QQUIIMEHTOB 1eeBoi
(GYHKUMH, IpaBBIX YacTeil OrpaHuueHHH, a Takke K03()(OUIIMEHTOB OrpaHUYCHUH.

Teopernyeckune ocHoBbI. Ha mpakTuke Kak TOJIBKO YCIIOBUS, B COOTBETCTBHU C
KOTOPBIMU ObllIa TOCTPOCHA MOJIENb, U3MEHSIOTCS, MHPOPMALUs, ACCOLMUPOBAHHAS
CO CTaTUYECKUM ONTHMAIBHBIM PEIICHHEM, OOBIYHO CPa3y K€ TepseT aKTyaJbHOCTb.
[TapameTpuueckuii aHalW3 MOJENM Ha YyBCTBUTEIHHOCTH IO3BOJISIET IMOJydYaTh
MOJIHYI0 KapTHHY BO3MOKHBIX M3MEHEHHUI ONTHMAaJbHOTO PEIIEHUS B pe3yibTare
M3MCHEHHUH HCXOMHON Moenu [4].

Ilocme  HaXOXOEHWS  ONTUMAJIBHOTO  pEUIEHWA  BIOJHE  JIOTUYHO
MIPOAHANN3UPOBAThH CICAYIOIINE BOMPOCHL:

1. Hackombko MOXHO YBEIMYHTH 3amac HEKOTOpPOro pecypca Ul
yIIy4IIEHHsI TOTYYEHHOTO ONTHMATBHOTO 3HAUEHUS LeJIeBOH (DyHKIUHU?

2. Hackosipko MOXHO CHU3UThH 3aI1ac HEKOTOPOI'O Pecypca MPHU COXPaHEHUHU
MOJTyYE€HHOTO ONTUMAJIFHOTO 3HAYEHHS LIeJeBON QyHKIMH?
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3. VYBennueHue oObeMa KaKoro M3 pecypcoB Hambonee BhirogHo? Kakomy
U3 PpEecypcoB  CTOMT OTAATh MHPEANOYTEHHE IIPU  BIIOKEHHUHU
JIOTIOJTHUTENIBHBIX CPEACTB?

4. B Kkakux mpenenax IOMyCTUMO H3MEHEHHE KOI(G(HUINEHTOB LeNeBON
¢ynkuun? KakoB quana3oH W3MEHEHHS TOTO MJIM MHOTO KOd(QHIUeHTa
ueneBod  (QYHKUMH, MpH KOTOPOM HE TMPOUCXOISIT H3MEHEHUs
ONTUMAIBHOTO pemeHns? Hackonpko cieayeT M3MEHUTh TOT WIM WHOU
KO3 GUIIMEHT 1eleBod  (QYHKIUH, YTOOBI CHENaTh  HEKOTOPBIH
HenepUIUTHBIN pecypc AeUIUTHRIM UK HA000POT?

Briie ykazaHbl THIWYHBIE CHUTYaIlM, KOTOpPBIE MOXXHO HCCIIEAOBaTh ITyTEM
aHaln3a MoJieNiell Ha YyBCTBUTEIBHOCTb. OJTH CUTYaIlMM MOKHO paccMaTpHUBaTh Kak
[0 OTAETBHOCTH, TaK ¥ B Pa3IMyYHbIX KOMOMHarmsax. Kaxnas u3 HUX MOXET caenaTh
TeKyIllee ONTUMAIIEHOE pelleHHe HEAOMYCTUMBIM WIH HEOTITUMAIbHBIM.

K HemomycTUMOCTH pELICHUS MOXET NPHBECTH TOJIBKO M3MEHEHHE 3aIlacoB
pecypcoB wu(wiaHM) m00aBICHWE HOBBIX OTpaHWYEHUN, K  HEONTUMAIbHOCTH —
HW3MEHEHUEe [eneBol (yHKIMH W(WIM) BKIIOYCHHE B MOJENb HOBOTO BHIA
MIPOM3BOJCTBEHHOH JESTEIBHOCTH.

Jng momHOro mpencTaBi€HHS O TOTEHLUHANbHBIX  BO3MOXKHOCTSAX aHajH3a
MoOJIeNieil Ha 4yBCTBUTEIILHOCTh PACCMOTPUM KaXKIBIH W3 MEPEUHCICHHBIX BOIPOCOB
Ha KOHKPETHOM IIpHMEpE.

IIpakTnyeckuii npumep. COpMOBUIMK MMEET OJUH JUTHEBOM CTAHOK M JBa
pa3nuyHBIX InTammna. M3-3a pasnuuuil B psAAe MOJOCTeH W HPONODKUTEIBHOCTH
LMKJIOB C TOMOIIBIO MEPBOr0 IITaMIa MOXXKHO Mpou3BoauTh 100 mTyk 6-yHIEBBIX
0oKasoB 3a 6 yacoB, B TO BpeMs KaK BTOPOil LITaMI MO3BOJISIET IPOU3BOAUTE TAKOE KE
kommiecTBo 10-yHIIEBEIX OOKanmoB 3a 5 wacoB. POpMOBIIHK padOTaeT TOJBKO TIO
pacnucanuto 60 4YacoB NMPOM3BOJCTBA 3a HEACTI0 U BCIO MPOAYKUHUIO XpaHUT Ha
coOCTBEHHOM cknaze emkocTtbio 15000 kybOmyeckux ¢yros. IlpomsBomctBo 6-
yHIEBBIX ~ OokanmoB Tpebyer 10 kyOudeckux (yTOB AJsl XpaHEHUS W TMPHHOCUT
npubsute 5 momn. CLLA 3a 6okai, HO ux crpoc He npeBbimaeT 800 WTyK 3a HEJeIo.
st 10-ya1IeBBIX  O0KamoB Tpedyercs 20 kyOmdeckux (pyTOB W3-3a CHEIHAIBHOMN
YHaKoBKH, MpHObLTE cocTaBisgeT 4,5 gomn. CHIA 3a mryky. IIpeamonoxkum, dro,
KpOME 3THX IBYX pPa3HOBHIHOCTEH  OoKanoB, (OPMOBIIMK IOJYyYHJI 3aKa3 Ha
MIPOM3BOACTBO (ykepoB, kKoTopoe Tpedyer 1000 kyOmdeckux ¢hyTOB IS XpaHEHUs, 8
4acoB 3a nmpou3BoAcTBO 100 mryk u npuHocHut 6 gomn. CLIA 3a mryky npuOsuim [5].

Marematndeckas MOAEb 3a1a4ll UMEET CIEAYIOMMNA BU:

z=5x,+4,5x, +6x; &> max (npubsuIb B coTHsix ot CIIA),

X|,X7,X3
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6x, +5x, +8x; <60 (O6T>€M HpOI/I3BO,Z[CTBa),
10x, +20x, +10x; <150
x, <8

x,20,x, 20,x; 20,

(BMCCTI/IMOCT b CKJIaga ) ,

(cripoc Ha 6 - yHIIEBbIC GOKATTBI ),

IJe X, - KOJIMYECTBO 6-YHIIEBBIX OOKAJIOB B COTHAX; X, - KONN4eCTBO 10-yHIEBBIX
OOKaJIOB B COTHAX; X; - KOJINYECTBO (Dy’KEPOB B COTHSAX.

Pemenne 3aavy CUMINIICKC-MCTOJOM IMPEACTABJICHO B Tabm. 1.

Tabnuya 1
Pewenue 3a0auu
1, Xy a, a, a, a, as ag
1 6,42857 1 0 1,57143 0,285714 -0,0714286 0
2 4,28571 0 1 -0,285714 | -0,142857 0,0857143 0
6 1,57143 0 0 -1,57143 | -0,285714 0,0714286 1
A -51,42857 0 0 -0,57143 | -0,7854173 | -0,02857143 0

Tenepp npoanamusupyeMm 3QQeKTbl U3MEHEHHUS pasHBIX JIEMEHTOB HCXOIHOM
3a/1a41 Ha ONTUMAJIBHOE PEIICHNUE.
1. Bapuanmu ko3dhdunreHToB neneBoit GyHKIHUU. PaccMOTprM BOIIPOC O TOM,

HACKOJBKO MOTYT H3MEHSTHCSA KOI(PGHUIMEHTHI EeNeBoi (YHKIHH, HE BIUSIS Ha
3HAYCHUS 0A3MCHBIX TIEPEMEHHBIX ONTHMAJIBHOTO perieHus. J{isi HarisqHocTH OyneM
WCCIICJIOBATh HM3MCHEHHE KO3(P(PHUIMEHTOB MO OTACIBHOCTH, OCTaBJsIs JPyrHe
ko3 pumEEeHTH M TpaBble YacTH cTaTHdeckumu. lIpemamornoskum, kod(huImeHTH

HIEPEMEHHBIX X,/ X,/ X, YBEIHMYMUIIUCh HA [ :

L. c(t)x;: z=5x,+4.5x, + (6 + z‘)x3 — max .

2. c,(t)x,: z=x+(4.5+1)x, + 6x, > max .
Xy5X25X3

3. q(t)x: z=(5+2)x, +4.5x, + 6x, - max .

X1,X,X3

[Ipumenss mpemroxeHHBI B [1] MeToa, OCHOBaHHBIM Ha AU(GhepeHINATEHBIX
npeoOpa3oBaHusax [6-9], monxyuaem perieHue, MpUBEICHHOE B Ta0I. 2.

OdeBHIHO, YTO €CJIM B HACTOSIIEE BPeMs MPOU3BOJICTBO (yKEPOB HE SBISETCS
MIPUBJICKATEIHHBIM, TO B CIlydae CHIDKCHHA BKiaga ¢ 6 momr. CHIA 3a mTyky mx
MPOU3BOACTBO TeM 0Oo0Jiee HEBBITOJHO. B TO e BpeMs eCTh ONpeNeICHHBIH YPOBEHb
BKJIaJ[a, IPU KOTOPOM MIPOU3BOJICTBO (PYyKEPOB CTAHOBUTCS MPUBIICKATEIEHBIM.
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[asiee paccMOTpUM, YTO MPOU30MAET, KOTIa U3MEHUTCS KO3 PUIIMESHT 0a3ucHOM
riepeMeHHONW. Hampumep, ecii BKjaa 6-yHIEBBIX OOKAJIOB 3HAYUTEIHFHO YMEHBIIIATCS,
TO WX TMPOU3BOJCTBO OCTAHOBUTCSA, U HA000pOT. [Ipy 3HAYUTEIHLHOM YBEIWYCHUU
BKJIaJ[a 6-YHIEBBIX OOKAJIIOB B HTOTE MOYKHO MTPOU3BOJUTH TOJBKO UX.

Tabnuya 2
Ananusz uyecmeumenvrocmu
Iy | Xp | 4 | a4 a; a, as as
1 6,4286 1 0 1,57143 0,285714 -0,0714286 0
2 4,2857 0 1 -0,285714 -0,142857 0,0857143 0
6 1,5714 0 0 -1,57143 -0,285714 0,0714286 1
¢ (H)x, K 0(1{2(0[12 0 1 2 0 1 2 0 1 2101112
uckpe- 0 {0/0(0{0(0]0,57143]| -1 0 [0,785714 0 0 |0,28571 0 0/0|0]|0
ThI
Opuru-| 0 0 0,571429—1¢ 0,7855714 0,285714 0
HaJIbl
t t<0,571429
c,(H)x, K 0(1{2(0[ 12 0 1 2 0 1 2 0 1 2101112
uckpe- 0 {0/0(0{0(0]0,57143]| -1 0 [0,785714 0 0 |0,28571 0 0/0|0]|0

ThI

Opurn-| 0 0 | 0.571429-0,285714r | 0,785714—0,142857 | 0,0285714-0,0857143¢ 0

HaJIbI
t t<0,333333
¢ (H)x, K 0(1{2(0[ 12 0 1 2 0 1 2 0 1 21012
uckpe- 0 [0{0]0{0]0]0,57143(1,57143{0 0,785714 (10,2857 0 |0,02857|-0,07143|0{0|{0| O
ThI 14
Opuru-| 0 0 10,571429+1,5714%|0,785714 + 0,285714¢|0,785714 +0,285714 ¢ 0
HaJIbI
t -0,363636<¢<0,4

CornacHo Tab6i. 2, Bapuanuu Ko3((QUIIMEHTOB B HIKENPUBEACHHBIX MNpeaeIax
HE MOT'YT HOBJIUATH Ha ONITUMAJIbHOE peIlIeHNe UCXOTHON 3ajauu:

l. —w0<c;£6,571429.
2. -—w<c,<4,8333333.
3. 4,636364<c <54.
Merton Takke TIO3BOJISIET C JIETKOCTHIO ONpEAETHTh HOBBIM 0a3uc Tpu

JOCTHKCHHUHA Kakoro-mibo us KOB(I)(l)I/II_II/IeHTOB OKCTPEMAJIbHOTO 3HA4YCHUA U
MIPOAOKUTE aHAJIU3 YIXKE JJId HOBOI'O ONITUMAJIBHOI'O PECIICHHUA 3a1a4u.
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2. Bapuanuu B mpaBbIX 4YacTsAX OrpaHHycHHid. Temepp oOpaTUMCs K BOIPOCY
BIUSIHUSL M3MEHEHUW MpaBbIX 4YacTed Ha ONTHUMAaJIbHOE pelieHue. PemieHue nms

HHUKEPACCMOTPCHHBIX CJIy4YacB MPUBEIACHO B Tabm. 3:

1. b(2): 6x, +5x, +8x; +x, =60+¢.
2. by(1): 10x, +20x, +10x, +x; =150 +7.
3. b(1): X, +xg =8+1 .
Tabauya 3
Ananuz uyecmeumeilibHocmu
XB X X, Xg
bi(1) K 0 1 2 0 1 2 0 1 2
Huckpetst |6,4285710,285714| 0(4,28571| -0,14285 | 0 {1,57143 -0,285714] 0
OpuruHanst | 6,42857 +0,285714¢ 4,28571-0,142857¢ 1,57143 - 0,285714 ¢
t —-225<t<30
b,(1) K 0 1 2 0 1 2 0 1

Huckpetst |6,428571-0,07142| 0 |4,28571(0,0857143| 0 | 1,57143 |0,0714286 0
Opurnsais! | 6,42857 —0,071428 ¢ | 4,28571 +0,0857143 ¢ 1,57143 +0,0714286 ¢

t —-22<t<90
by (1) K 0 1 2 0 1 2 0 1 2
Huckpetsr |6,42857| O 0 |4,28571 0 01]1,57143 1 0
OpuruHaibt 6,42857 4,28571 1,57143+¢
t —0<t<-1,57143

Teky1ee peleHre 0CTaeTcst TOMYyCTUMBIM B CITydae M3MEHEHHsI TPaBbIX d4acTeit
B IIpejenax:
1. 37,5<5h,<£90.
2. 128<bh,<240.

3. 6,42857<b, <.

OTo o03HadaeT, 4To JI00OEC W3MEHEHHE pecypca,  BBIXOJSIIEE 3a PaMKH
YKa3aHHOTO MHTepBalia (YMEHBIICHNE WIH YBEIWUCHHE 3aI1acoB pecypca), MPUBeNeT K
HEJOMYCTUMOCTH PEIICHUS U HOBOW COBOKYITHOCTH Oa3MCHBIX NMEPEMEHHBIX. Takxke
3arachkl pecypca MOXKHO CHH3UTH JO0 MX MUHHMAJBHBIX 3HaueHHi 0e3 Kakoro-imbo
yObITKa. JadpbHEHIINI apaMeTpUUeCKHid aHaIu3 MO3BOJHUT OMPEIEIUTh TOT PECYpC,
KOTOPOMY HYKHO OTAaTh IPEINOYTCHUE NIPU YBEIUYCHUN/YMEHBIIICHUU 3aI1acoOB.
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3. Bapumanuu xo3ddunmeHToB orpaHuyenuii. Meron, mpeacTaBiICHHBIH B [3],

JaeT BO3MOXKHOCTh IPOAHAJIM3UPOBATh WU3MEHEHHE Kak  Ko3(duruentos
OTpaHMYCHHH, TaK M WX Pa3IUYHBIX KOMOMHALUI BMecTe C KO3(QQHIUEHTAMH
1eneBod (YHKIMU U MPABBIX YacTel OrpaHrnYeHHH.
Hampumep, mompoOyem ompenenuTh, HACKOJIBKO MOHO  yYMEHBIUUTH MU
YBEJIUYUTH BpeMs IPOU3BOACTBA O-YHIIEBBIX OOKAOB:
(6+z‘)xl +5x, +8x; +x, =60.
IIpuMeHss yIOMSHYTBIM METO/, MOJTy4aeM CIEAYIOLIUI pe3yIbTaT:
—0,444452 <t <0,533333 .

5,555548 <a,, <6,533333 .

BoiBoabl. Ha mpakTiueckoM mpuMepe MPOBEICH aHaIW3 YyBCTBHTEIHLHOCTH
ONTUMAJBHOTO PELICHUS K OMNpEeACICHHBIM HM3MEHEHHSM HCXOOHOM MOJenu ¢
UCTIOJIb30BAaHUEM  METOJOB  pEIleHHs MapaMeTPUYECKUX  3afad  JIMHEHHOTO
MIPOTPaMMHUPOBAHUS, OCHOBAaHHBIX Ha IU(QepeHInansHbIX npeodpasoBanusx [.E.
[lyxoBa. [IpomwmmocTpupoBaHO OOHO U3 NPEUMYIIECTB [AAaHHOTO IOAXOJA:
BO3MOXXHOCTb NPOaHAJIM3NPOBATh U3MEHEHUE KaK KOA(QPULINEHTOB OrpaHUYEHUH, TaK
W UX Pa3NUYHBIX KOMOWMHAIMi BMecTe ¢ KOd((UIMEHTaMH LeNneBOH (YHKUUU H
MpaBbIX YacTe orpaHuYCHUI.
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wunwdubph thnthnfunyeniuttip:

SENSITIVITY ANALYSIS BY THE METHODS OF PARAMETRIC LINEAR
PROGRAMMING BASED ON DIFFERENTIAL TRANSFORMS

L.S. Gyulzadyan

A number of issues related to the optimal solution sensitivity to certain variations of the
initial model are considered on a practical example, and analysis is carried out by the methods
of parametric linear programming based on Pukhov’s differential transforms.

Keywords: sensitivity analysis, parametric LP problems, differential transforms,

simplex transforms, variations in coefficients of objective function and right-hand sides of
constraints.
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A TOOL FOR AN EFFICIENT REPAIR AND REPLACEMENT OF THE
USED AND SPOILED MEDICAL IT EQUIPMENT

R.G. Kirakossian
State Engineering University of Armenia (Polytechnic)

An interactive applied automated system, a tool for an efficient repair and replacement of
spare parts, and recycling of the used and spoiled medical IT equipment in the health sector of
the developing countries is developed. The given tool for an efficient repair and replacement
combines the approaches of the system analysis and synthesis of technological and
organization schemes of the used and spoiled medical equipment in the health sector of the
developing countries as a secondary source of components, spare parts and tiles.

Keywords: tool, closed loop supply chain, repair and replacement, used and spoiled
medical IT equipment, interactive applied automated system, solution method, efficient
management.

1. Introduction and research problem. Most medical IT equipment in
developing countries is old and spoiled (for example in Armenia, more than 55%), is
out-dated and needs restoration, overhauling, refurbishing, remanufacturing,
upgrading and utilization. The given process, besides purely engineering and
economic efficient management, also provides actions for information safety. From
sustainability, technological, economic and informational safety standpoints, the
utilization, recovery, repair and old tile and part recycling process of old and spoiled
medical IT equipment represents a great problem for developing countries, which
needs to be coped with.

To achieve this goal, an efficient tool to be applied can be an interactive applied
automated system (IAAS) for repair and replacement of the used and spoiled medical
IT equipment that focuses on structures designed to extend the life cycles of this
equipment via a secondary use including blocks of specific tasks. This repair of the
parts and recycling of the used and spoiled medical IT equipment are concerned with
TIAAS for efficient replacement and repair of the components, spoiled parts, spare parts
and tiles (known as cores) from the medical centers and hospitals, transformation of
these cores into medical equipment which satisfy the original quality and other
standards.

This repair of spoiled parts and component recycling aspects of the used and
spoiled medical IT equipment in developing countries are concerned with IAAS for
efficient replacement and repair of components and spare parts from the consumers,
transformation of these cores into medical IT equipment which satisfy the original
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quality and other standards, and management of the flow of restoration, upgraded and
remanufactured medical IT equipment to service centers and the final customers, for
example medical centers and hospitals.

The aim of the article is to work out a tool (IAAS) for an efficient repair and
replacement of spare parts and recycling of the used and spoiled medical IT equipment
in the health sector of developing countries.

2. A method for efficient repair and replacement of the used and spoiled
medical IT equipment. Many researches from USA, West Europe and other scientific
and technological centers show, that the efficient management of the product recovery
and recycling are potential sources of secondary components, spare parts and tiles for
remanufacturing and repair of an economically expedient process. In industrialized
countries, such as the USA, Japan, Canada, Germany, Austria, Holland, Sweden and
other countries, on the basis of application of new structure and methods of recovery
and recycling products receive additional components, parts and tiles for
remanufacturing, restoration and repair of old and spoiled IT equipment. For example,
in researches [1, 2], the need for managerial support systems are cited, and the need
for product/part recovery and recycling systems recognizing the inherent uncertainties
contained in such a system is mentioned. In [3 - 5] the problem of working out and
developing recycling logistic structures (method) as a big part of Closed Loop Supply
Chain (CLSC) for an efficient repair and replacement of the required supporting
product/part recovery systems is recognized. The basis of the recoverable product/part
recovery system is the reproduction and restoration of old/new product for recycling in
the market. In [5, 6], it is cited that remanufacturing is the transformation of the used
and spoiled parts into units, which satisfy exactly the same quality and other standards
of new units or products.

In most sections of this chain, the used and spoiled medical IT equipment (also
known as cores) is returned by or collected from customers. But the return of the used
and spoiled medical IT equipment can also come from production facilities and
service centers within the supply chain (production defectives, by-products). In cases
with internal returns, recovery is often referred to as rework. Combinations of
different recovery and recycling types of the used and spoiled medical IT equipment
are also possible. It is often not easy to decide which the best medical IT equipment
repair, recovery and recycling strategy is. Moreover, for a number of reasons, it is
difficult to plan and control operations in efficient management of the used and
spoiled medical IT equipment recovery and recycling with account of the information
safety and ecological factor.

In Fig. 1, based on CLSC, a structure of a worked out method for an efficient
repair and replacement of the used and spoiled medical IT equipment recovery and
recycling in developing countries is introduced including strategies to increase the life
of the old equipment. These strategies consist of restoration and repair.
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Fig. 1. CLSC for an efficient repair and replacement of the used and spoiled medical IT

equipment

3. A tool for an efficient repair and replacement of the used and spoiled
medical IT equipment. The worked out tool (IAAS) for an efficient replacement and
repair of the used and spoiled medical IT equipment repair, recovery and recycling
consists of the following main parts (Fig. 2): Core of IAAS, Dynamic Database,

PRINT Subsystem.
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Fig. 2. The IAAS for an efficient repair and replacement of the used and

spoiled medical IT equipment
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The Core of IAAS as a tool for an efficient repair and replacement of the used
and spoiled medical IT equipment by the CLSC method (Fig. 1). The Core of IAAS
consists of two integrated sequential subsystems: MAKER SOLUTION and
MODELS_SOFTS.

The subsystem MAKER_SOLUTION is intended for engaging, modifying and
deleting the application software’s, standard programs and other software systems at
the exe files level in TAAS. It is also intended for joining various mathematical
models, applied and standard softwares and program systems of efficient distribution
of repair, recovery and recycling of the used and spoiled medical IT equipment taking
into account the information safety. The whole information about the new softwares,
standard software and other applied program systems has been installed in PATET.INI
file which is in the Windows catalogue. This subsystem gives an opportunity to create
new means, and to modify available initial data of application of mathematical model
softwares, to put together the initial data of various composition and to launch the
selected software, to look over the results. Working in this subsystem is intended to be
organized in a dialogue form and regime with DMP in a network.

The MODELS SOFTS subsystem is intended for solving typical tasks for CLSC
efficient replacement and repair of the old and spoiled medical IT equipment. To solve
these typical tasks, mathematical models and softwares are developed by the ground
efficient methodology, operations research (OR) methods, statistics methods and
mathematical programming [6].

The MODELS SOFTS subsystem is intended for developing application
softwares with mathematical models and at the exe files level included in the core of
IAAS of an efficient replacement and repair of the old and spoiled medical IT
equipment. In MODELS _SOFTS subsystem, softwares with mathematical models
and methods for solving the following typical tasks are included.

1. A mathematical model of balance as a secondary source of components, parts
and tiles for the used and spoiled medical IT equipment repair, recovery and
recycling.

2. Methods of mathematical statistics for defining the dependencies of transport
costs of the secondary resources of the used and spoiled medical IT equipment
(from the provider to the service center) and the remanufacturing (restoration,
overhauling and upgrading) medical IT equipment (from the service center to
the consumer) on the transportation distance, remanufacturing and repair
specific cost prices of the recovery and recycling medical IT equipment, total
cost prices of remanufacturing and repair, or the recovery and recycling of
medical IT equipment, capital investments in the recovery and recycling of
medical IT equipment.
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3. Methods of efficient management theory, the graph theory and OR (selection
theory methods of mathematical program problems; methods of decision-
making for solving typical tasks of the considered problem.

4. The processing of mathematical (mono and multi criteria static and dynamic)
models, solution methods based on OR and control theory, and softwares
based on C++ to solve the typical tasks of the considered problem.

The developed IAAS is an open system and we intend to extend the number of
mathematical models, methods and softwares for the solution of other applied tasks
for an efficient management of the used and spoiled medical IT equipment repair,
recovery and recycling.

The Dynamic Database is intended for inputting, modifying and deleting various
following dynamic information: technological, economic and safety data of the repair,
recovery and recycling of the used and spoiled medical IT equipment. However, the
collection, systematization, introduction, processing of the given dynamic database
has definite difficulties, connected with the existence of a large number of various
indices, heterogeneity (uniformity, similarity of data base on processing technologies
of utilization for used and spoilt medical IT equipment, not simultaneous input
(installation)) of recovery and recycling works, development of information on
different organizations (service centers) and so on.

Creating a dynamic database for IAAS of CLSC efficient replacement and repair
of the old and spoiled medical IT equipment in the health sector of the country is
based on My SQL and Java with the friendly interface and makes it possibe to work in
a network.

The PRINT subsystem is intended for organizing the printing of the information
from the dynamic database of IAAS, intermediate and final results in a way
convenient for the user. The existence of this subsystem gives an additional
opportunity to the user working with the core of IAAS of efficient destribution and
dynamic database to realize the printing regime from the system without the
corresponding regimes of Windows and without spending additional time.

Conclusions. The worked out IAAS includes and unites the dynamic database,
applied methods and mathematical models of optimal management, typical dynamic
approaches of the system analysis and optimal synthesis of technological and
organization low-technology schemes of medical IT equipment recovery and recycling
at the level of health sector in Armenia as a secondary source of components, tiles and
spare parts with account of information safety.

The results of the research are as follows:

1. Based on CLSC, a method for an efficient repair and replacement of the
used and spoiled medical IT equipment recovery and recycling in
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developing countries is developed including the strategies to increase the
old equipment life based on restoration and repair.

2. The architecture of IAAS, as a tool for efficient repair and replacement of
the used and spoiled medical IT equipment by the CLSC method and the
possibility to work in a network is developed.

3. The Core of IAAS consists of two integrated subsystems based on C++ for:

e engaging, modifying and deleting the application softwares and
standard program systems for an efficient distribution of repair,
recovery and recycling of the used and spoiled medical IT
equipment (MAKER_SOLUTION);

e application softwares with mathematical models of an efficient
replacement and repair of the old and spoiled medical IT
equipment (MODELS_SOFTS).

4. The dynamic database of [AAS is based on My SQL and Java with the
friendly interface for an efficient repair and replacement of the used and
spoiled medical IT equipment.

The correctness of the obtained conclusions is provided by the accepted research
methodology, the mathematical and technological basis of scientific and practical
results. The practical results of research have been presented and passed to the
following Armenian organizations: “Armenian Association of Professionals of
Traditional and Alternative Medicine”, “Department of Rehabilitation and Traditional
Medicine Institute Surgery after Mikayelian”, “Professional and Entrepreneurial
Orientation Union” and Department “Computer Systems and Networks” of State
Engineering University of Armenia.
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N.9. Yhpwynuyw

Ogquwgnpdjwdé U wbuwpp pdolwlwu  SS  uwppwynpnuubiph  wpryniuwybin
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Yuwqdwybpwswlwu ufubdwubph hwdwlwpgwihu ybpnidniejwu dninbignudubipu nu upupbiqn:

Unwugpuyhti pwnbp. qnpdhp, Jwwnwlwpwpnuubph onpwih  thwly  hwugnyg,
ybpwunpngnud U thnfuwphunud, oginwgnpéywd b wuuwpp pdolwlwu SS uwppwynpnidubp,
Gpyfunuwihu Yhpwnwwtu wyunndwwnwgwsd hwdwlwng, nddwu dbenn, wpryniwybn
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HCITIOJb30OBAHHOI'O 1 HCITOPYEHHOI'O MEJUIIUHCKOI'O
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P.I'. Kupaxocsn

PazpaboTana WHTEpaKTHUBHAs TPHKIAIHAas AaBTOMATH3MPOBAaHHAS CHUCTEMa  JUIS
3¢ PEKTUBHOTO PEMOHTA M 3aMEHBI 3alIaCHBIX YacTeil 1 BTOPUYHOTO MCIIOIB30BAHHS CTAPOTO U
ucropueHHoro MeauiuHckoro M T-o6opynoBanus B cdepe 31paBoOXpaHEHUST Pa3BUBAIOIIIXCS
crpaH. JlaHHBIH HMHCTPYMEHT 3(Q(EKTUBHOTO PEMOHTA W 3aMEHBl OOBEIUHSET IOAXOIBI
CHCTEMHOI'O aHajlW3a W CHHTE3a TEXHOJOTWYECKMX W  OPraHM3alMOHHBIX  CXEM
HCIIOJIb30BAHHOTO W HCIOpYEeHHOro MenunuHckoro HWT-oGopynoBaHust B ceKkTope
3/IpaBOOXPAaHEHMs Pa3BUBAIOIIMXCS CTPAH B KaueCTBE BTOPUYHOTO MCTOUYHUKA KOMIIOHEHTOB,
3alacHbIX YacTeH U y3II0B.

Kniouegvie cnoea: WHCTPYMEHT, 3aMKHYTBIH KOHTYpP LETIOYKH IOCTaBOK, PEMOHT U
3aMeHa, WCIOJIb30BaHHOE W MCIOpYeHHOe MeauimHckoe MT-o0opynoBaHue, MHTepaKTUBHAS
MIPUKJIaJHAsl aBTOMATH3NPOBAaHHAs CHCTEMa, METO/I pelieHus1, 3P PEeKTUBHOE yIpaBIeHHUE.
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IJITEKTPOHUKA
VIIK 536.5 (35)

AHAJIOT O-IIU®POBOM MPEOBPA3OBATEJIb TEMIIEPATYPHOI'O
KO29PUINEHTA IINIATUHOBOI'O TEPMOIIPEOBPA3OBATEJIA
COIIPOTUBJIEHUSA

JI.LK. Berosin

Tocyoapcmeennviii unsicenepuwiii ynugepcumem Apmenuu (Ilonumexnux)

[Tpennaraercst CTpyKTypHasi cxeMa IMOCTPOEHHS aHanoro-mudpoBoro mnpeodpazoBaTes
TEMIIEpPaTypHOrO KO3 QHIMEHTa IUIATHHOBOTO TepMONpeoOpa3oBareis CONPOTHUBIICHHS.
ITpuBenens! GopMyIIBl AT pacdyeTa mapaMeTpOB CXEMBI.

Knrwowuesvie cnosa: nnaTMHOBBIN TepMOIIPeoOpa3oBaTeNlb CONPOTHBICHUS, TeMIIEpa-
TYPHBIH KO3 GHUIHEHT, CUTMa-AeIbTa aHAJIOr0-IU(PPOBOH peoOpa3oBaTENb.

Bgenenne. [InatunoBeie TepmornpeodpazoBatenu conpotusieHus (I1TC) namm
HIMPOKOE MPUMEHEHHUE MPU TOYHBIX H3MEPEHUSIX TEMIIEPaTyphl B JUaNa30He OT MHHYC
200 mo 660°C (mrs texamueckux IITC) m 1100°C (mms obpasmoBerx I1TC).
N3mepenne TemnepaTypbl OCHOBaHO Ha uzMepeHuu conpotusinenus [ITC npu nannoi
temriepatype. [Ipu stom [ITC moakmrodaercst Mo MOCTOBOH cxeMe (YpaBHOBEIICHHOMH
WM HeypaBHOBemeHHOH), win depe3 [ITC mpomyckaercss CTaOMIBHBIN TTOCTOSTHHBII
00 TIepeMEHHBIM TOK © wm3MepseTcs mnaaenne Hampspkenus Ha [ITC. Ilpum
BBICOKOTOYHBIX HM3MEPCHHSIX NpHUMeHsieTcsi BTopod cmocodb. Comporusnenue [ITC
3aBHCHUT OT TeMITepaTyphl HeTWHEHHO W BhIpakaercs (ynkmeit Kamrenmap Ban-
rozena [1]:

Ry = RyWy = Ry[1 + A8 + BO? + C(6 — 100)63] , (1)
rae Ry — comporusiiene I[ITC mpu temmeparype &=0C; A4,B,C — TOCTOSHHBIE
ko durments (Uit Auanazona uaMepenuit 20 C, C=0).

B [1] npuBemeHsl QopMyllbl pacdeTa TeMIIepaTypbl MO 3HaueHuro W, Jlns
nuanazona usmepenus: 620 C BeIYMCICHUS TPOU3BOAATCS 10 hopmyJie

A2—4B(1—‘/:—()9)—A A

0 = =——<1—\/1—i—f(1—W9)) a6 =0,

2B 2B
. (2)
4 Rg t 4 i
0 = )i=1D; (K - ) = i=1 D;(Wy — 1) g 0 <09,

rae D; - mocrostHable Ko3(h duitmeHTs!I [1].

43



Metoasl ucciaenoBanus. M3 (2) cruemyer, 4TO NOTPEIIHOCTh H3MEPEHUS
TEeMITepaTyphl 3aBUCUT TOJBKO OT MOTPEIIHOCTH m3MepeHus Wy B [1] npuBemeHb
3HaueHust Wy ¢ 5-10 3Havanmmu nudpamu, OJHAKO PacyeThl MOKa3aJid, 4TO s
noJTy4eHust BeICOKo# TouHocTH (AGLK0,002 ) HeoOXoauMO UMeTh 3HaueHus Wyc 6-10
3HavamuMu ~ 1udpamu. B tabmune — mpuBeneHsl  3HaueHus W,  ans
TepMorpeoOpaszoBareneii conpoTuBieHus ¢ kodbdurmentamu  ,=0,00385C’' n
0,=0,00391 C".

Tabnuya
Pacuemusie snauenuss memnepamyp no gopmynam (2)

0.c Wo epac‘i_ o
’ 01=0,00385 C* 0,,=0,00391 C* o1 o2
-200 0,18520 0,17244 -199,998 -199,999
-100 0,60256 0,59639 -100,000 -100,000
-50 0,80306 0,80000 -50,000 -50,000
0 1 1 0 0
10 1,03902 1,03963 9,987 10,000
20 1,07793 1,07915 19,999 20,000
30 1,11673 1,11854 30,000 30,000
40 1,15541 1,15783 40,000 40,000
50 1,19397 1,19699 49,999 50,000
100 1,38505 1,39106 99,998 100,000
200 1,75856 1,77044 199,999 200,000
400 2,47092 2,49414 399,999 399,999
600 3,13708 3,17112 599,998 599,999
700 3,45283 3,49209 699,998 699,999
800 3,75704 3,80138 799,998 799,999

W3 Tabmuiel ciemyeT, 9To IeHy eAMHUIIBI MIIAJIIET0 pa3psiia BRIXOJAHOTO KOJa
ananoro-uuppoBoro npeodpazosarens (ALIl) Temmeparyproro koaddummenta [1TC
1enecoobpasno 6pate paBHoit ¢,=0,00001. IIpu 5ToM mOTpenTHOCTh KBAHTOBAHUS TTPH
M3MEPEHUH TeMItepaTyphl B nuamazone -200 C<EK800 C oyner ue 6omee 0,002 <C. B
JAHHOM JHara3oHe BeixogHoMy koay ALl OymeT cooTBeTCTBOBATH AMANA30H YUCET
17244<Nx<380138. CnenoBarenpHo, konmuecTBo pa3psnoB ALl nomkHo ObITE 7>19.

Pe3yabTaTrbl ucciaenoBanuss M ux o0cyxaenue. B Hacrosimee Bpems B
U(PPOBBIX CPEICTBAX H3MEPEHMsI IIHPOKOE PACHPOCTPAHEHHE TMONYYHId CHUIMa-
menpbra  ALIl (CH AIII), koTopble HUMEIOT BBICOKYIO TOYHOCTb, IOMEXO-
3aIUIIEHHOCTh W TIOCIEIOBATEIbHBIN KOAOBBIM BbIX0A. OCHOBHBIMH TMapaMeTpaMu
CI ALII siByisitoTCS KOJUYECTBO Pa3psaoB (monHOe W 0e3 “mpoxkaHus’), YpOBEHb
IIyMOB,  JWHAMWYECKHI  JHMana3oH,  ONOpHOe  Hampshkerwe.  Jlyummmu
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xapakrepuctukamu obnazatot CJI ALIII ¢upm Analog Devices, Texas Instruments.
®dupma Analog Devices B cBoux clienmi(pHUKAITUAX IPUBOIUT pa3pelieHne “oT MUKa 10
nUKa”’, KOTOPOE COOTBETCTBYET YHCIY pa3psAaoB 0e3 “IpokaHuss” WM YUCTY
pa3psmoB, cBOOOAHBIX OT mryma. [lpu 3tom “mposkariue” pa3psiasl 0OTOPACHIBAIOTCA.
OOBIYHO MUKOBOE 3HAYEHHE IIyMOBOTO CHUTHANIA PUHUMAETCS PaBHBIM 6,6 U, (THE
Uyn - AeHCTBYIOIIEE 3HAUEHHE IIYMOBOTO CHTHAla, KOTOPOE 3aBUCHUT OT YacTOTHI
paboTHI BHYTpEeHHETO (DUIIBTPA U YCTAHOBICHHOTO KOA((HUIINEHTA yCHIICHNS).

CT—_L

ks
l 5 ALI.H
+Uon
R1 "
______ © -Uon
—————— O
3 N
°9 N R oy +Ux L
DOUT/RDY 3_
______ -o0— 10
DIN | g
______ SCLK ‘1_
4 cs|2

R2 J_— 'UBK

Puc. Cmpyxmypnas cxema AL[IT memnepamypnozo kosgpguyuenma IHTC

B kauwectBe CJ| ALIl menecooOpa3Ho wucmonb3oBaTh MHuKpocxemMy AD7791,
KOJIMYECTBO Pa3psAIoB 0e3 “IpokaHus’ WX pa3pelieHue “oT MUKa 0 MUKa™ KOTOpOi
pasao 19,5 (n=24), ¢ omuuM auddepeHunaAnbHBIM BXOAOM, Uyw=1,1 MxB mpu
gacToTe mpeodpazoBanus 9,5 [y, OMOPHOE HAIPSHKEHUE, KOTOPOE MOXKHO BHIOpATh OT
0,1 mo 2,5 B, HanpsbKeHUWEe CMeELIeHUsl Hyns 3 MkB, ero TemmepaTypHbId apeid
10 uB/“C, BBIXOTHOMY KOy COOTBETCTBYET YHCIIO [2]

N=2"Uu/Uon, 3)
rae U,, - onopHoe Hanpsbxkenue CJI AUIL; U, - BxogHoe Hampspkenune CJI ALIL,
n=24 - KOIWYECTBO IBOMYHBIX Pa3PSIOB.

Mnanmemy paspany n-paspsaaHoro nsomusnoro koma CJZI ALII cooTrBeTcTBYET
Hanpspkenue q = Uy, /2™,

Hua CI AL tuna AD7791 (=24, Uor=2,5 B) monyuum

q = 2,5 * 10°mkB/22* = 0,149 MKB.

BriOupasi konmyecTBO paspsiioB 0e3 “IpokaHus” WK KOJIMYECTBO pa3peIIeHHs
“oT mMKa N0 MHKa”’ PaBHBIM 7,,=19, MimagmeMy pa3psay IBOMYHOTO Koma 0Oe3
“npoxanus” OyJIeT COOTBETCTBOBATh HANPSHKEHHE
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Qp_p = 25q = 32 * 0,149 MKB = 4,768 uxB. (4)
,HHSI AAHAMUYCCKOI'0 Inara3oHa rnojsy4um

U,
D=—2=25%10°
Ap-p 4,768MKB

MKB

=2,03732 % 10°. (5)

MakcuManbHOMY 3HaYeHHI0 TemreparypHoro ko3ddunuenta [ITC W,=380138

Oyzner cooTBeTcTBOBaThH BXoAHOE HanpsbkeHue CJI AL, paBHoe
Usem = Qp-pWm = 4,768 x 380138 mxB = 1,8125 uxB.

CrpykrypHas cxema ALl nmpuBenena Ha pucynke. AL cocrout u3 CJ ALIII,
muddepenuuansaoro ycunurens (1Y), crabunmzatopa uzmeputensHoro toka Iy (CT),
pesuctopa R1 (mns momyuenust omopHoro Hampsbkerus CJ[ AIIT), pesucropa R2.
UYepes [ITC mpoxoauT cTaOWIbHBINA MOCTOSHHBIN TOK, U MaJCHUE HATPSHKCHUS Ha HEM
yeunuBaetcs Y ¢ xospdunmentom ycunenus Kyy. Breixognoe Hampsbkenue 1Y
rogaetcst Ha m3mepurenbHbii Bxon CJ ALIL. BxomHoe u oroproe Hampspkerust CJI
AT onpenensiroTcst BEIpaKEHUSAMU

Uge = RoloWoKyy, U,y = IRy, (6)

[pu Toxe [l=1mA, Uy=2,5B mnomyaum R;=2,5kOm. Torma uyucno,

cooTBeTcTBYIOMIee BeixogHomy koxy CJ ALIII 6e3 “nmpoxkanus”, Oyner

« R
N, = 20" 2Ky Wo = Wo/qu, @)

[pu konmuecTBe pa3psnos BeixogHOro koga CJI AL 6e3 “npoxanust”, paBHOM
npp =19, momyunm

N,, = 524288 Xk, W, =€ = 105 W, . (8)
Ry dw
U3 (8) momyunm
Kyy = 107> R, /524288R, . 9)

st R=2,5 kOm u Ry=100 Om nonyuum K;=4,768.
Temmneparypusiii koddpunuent [ITC MOXKHO TPEeACTaBUTE B BUIE
Wy =q,N, =10"°N,, . (10)

BeiBoasbl. IIpennoxkeHHas cxeMa IO3BOJIIET C BBICOKOM TOYHOCTBIO U3MEPSTh
temnepatypHbiii koadduunent IITC, uTo naeT BO3MOKHOCTH MOCTPOUTH Ha ee Oase
aBTOMATHU3UPOBaHHYIO cucTeMy moepkd [1TC u TOYHBIN TUPPOBOI TEPMOMETD.
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MLUShLE MU UMHNREG3UL REPUTUUEMNUPNUND
26MrULUShauLU3hL NrouLsk UuLuLNguF4uLTULU3PL
UM NUPNuh

L.U. Ptgnjut

Unwownyynd £ wwuwhubti nhdwnpnigjwu stipdwybpwwihnfuhsh obipdwuwnhéwuwjhu
gnpdwlgh wuwnqueywuowuwiht Yepwwihntuhsh Yunnigwédpwihtu ufubidw: Ppdwsd Gu
utubdwih wwpwdbwpbph hw2ywpydwu pwuwdéslbpp:

Unwtigpuyhti pwnbp. wwwnhubi nhdwnpniejwu otipdwlybpwwthnfuhs,
stpdwuwnhbdwuwihtu gnpdwyhg, uhgiw-nbwnmw wuwnqueywuwuwhtu Yapwwihnfuhs:

AN ANALOG-TO-DIGITAL CONVERTER FOR TEMPERATURE
COEFFICIENT IN A PLATINUM THERMOTRANSDUCER OF RESISTANCE

L.K. Begoyan

A block diagram for designing an analog-to-digital converter for temperature coefficient
in a platinum thermotransducer of resistance is proposed. Formulae for calculating the diagram

parameters are introduced.
Keywords: platinum thermotransducer of resistance, temperature coefficient, sigma-delta

analog-to-digital converter.
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YK 621.382

O BO3MOXKHOCTH CO3JJAHUA MH)XKEKIIMOHHBIX IETEKTOPOB
HNOHM3UPYIOLWEI'O U3JIYUEHUS

C.X. XynaBepasH, B.E. Apycramsn, K.I'. JloxoJisin,
K.b. I'apuosn

Tocyoapcmeennulii unscenepuwiil ynugepcumem Apmenuu (Ilorumexuux)

UccnenoBanbl ~ BBICOKOYYBCTBUTENBHBIC JaTYMKH BHIUMOTO U PEHTTEHOBCKOTO
W3MyYeHUsST Ha OCHOBE TeUTypuaa Kaamusa. llokasaHo, YTO MEXaHW3M HWHKEKIHOHHOTO
ycuieHus (OTOTOKAa MOXKHO PEain30BaTh HE TOJILKO B BUAWMOM, HO U B PEHTTCHOBCKOM
obmactsax wu3nydeHus. [lonmydeHHass 4yBCTBUTECIBLHOCTh MCCIICIYEMBIX JETCKTOPOB MO3BOJISIET
PETUCTPUPOBATH PaTHAIIMOHHEIA (HOH 3eMITH.

Kntoueevie  cnosa: wonmzanms, (QoToAeTeKTop,  (OTOTeHeparws,  1030Bas
YYBCTBUTEIBHOCTD.

BBenenue. /o cux mop CyIIECTBYIOIIME MOTYIPOBOJHUKOBEIE JIETEKTOPHI
paboTaroT, B OCHOBHOM, JJMOO MPH OOPATHOM CMEIIEHUH MOBEPXHOCTHO-0ApPbEPHBIX U
11 Py3uOHHBIX p —n TEPexXonoB, JHOO KaK OAHOPOIHBIE AETEKTOPHI (IOZOOHO

¢dotopesucropam). OTComa M BBITEKACT COOTBETCTBYIOIIEEC OrPaHUYCHUE B
YyBCTBHUTEIBbHOCTH.

[Ipunanmn co3ganns GOTOMUOTHBIX CTPYKTYP C BEICOKOH 4yBCTBUTEIHFHOCTHIO K
BHIUMOMY H3JIyYCHHIO, OCHOBAaHHBIH HAa WHXXEKIIMOHHOM YycwieHuu [l], BromHe
MOXET OBITh peaTnu30BaH U B PEHTTEHOBCKOM 00IaCTH CIIEKTpa.

UzBecTHO, uTO TIyOMHA 3(QQPEKTUBHOIO TMOTIJIOUICHUSI MINTyYeHHUs U3 00J7acTH
MSTKOTO PEHTreHa B TEJUTypUAE KaaMUs BIUIOTH A0 SHepruu kBantoB 40...50 xoB He
mpesbiaer 100 vxm [2, 3], a coOOCTBEHHBIN CBET MOTJIOMIAETCS HA TIyOWUHE ~ 2 MKM
[4] or momepxHOCTH. CIrleoBaTeNbHO, ONTHUMAIBHBIE pa3Mephbl NeTeKTopa (IIHHa
JMOTHOW CTPYKTYPBI U COOTHOIIIEHHE TONIIMH Pa3IMYHbIX ee 001acTeil) MOTyT OBITh
HECKOJIBKO JAPYTHMMHU B 3aBUCUMOCTH OT SHEPTUH PETUCTPUPYEMBIX KBaHTOB. OnHAKO
MPUHIUAIT ~ PETHCTpAallid, OCHOBAHHBIM Ha  MOIYJSAIUM  MPOBOAMMOCTH U
WHXEKIINOHHOM YCHJICHHH, B OCHOBHOM OCTAaHETCS TPEKHHM, C HEKOTOPBIMHU
0COOEHHOCTSIMH, KOTOPBIE MOTYT OBITH 00YCIIOBIIEHBI CIIEAYIOIINMHU TPUIHHAMHU:

1. BcnexactBue OONBIION NPOHWKAMOIIEH CIOCOOHOCTH PEHTICHOBCKOTO
U3ITy4eHHs TeHepalus 3JICKTPOHHO-IBIPOYHBIX Map MOXKET MPOUCXOJNTh U B 0a30BOM
00JIacTH, a He TOJILKO B IIEpeIHEH YacTH BHICOKOOMHOM MPOCIIOWKH U 0071acTH p — 1

nepexonaa. [TosTtomy, 4ToObI 3P PEKTUBHO PETUCTPUPOBATH MIYOOKO MPOHHUKAKOIIEE
M3IIyYeHHE, HEoOXOaUMO JHOO0 CO31aTh JOCTATOYHO “TOJICTYIO” BBICOKOOMHYIO
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IpOCIOHKy, 1nb0, €cIM 3TO TEXHOJOTHYECKH TPYJHO pealn3oBaTh, BHIOpATh
0a30Byr0 0071aCcTh BHICOKOOMHOH. [IpH 3TOM MPOMCXOAUT MOAYIALUS MPOBOIUMOCTH
6a30Boil o0macTu 3a p —n NEPEXOAOM, KOTOpas IPU OCBEIICHUH COOCTBEHHBIM

CBETOM OCTAeTCsl B TEMHOTE, M MOAYJSILMS €€ NPOBOJUMOCTH OCYILECTBISIETCS B
pe3ynbTaTe nepepacnpeaeeHus HalpsKeHUS 1 HHKEKIIUH HEOCHOBHBIX HOCUTENEH.

2. T'eHepupoBaHHBIE = HOCHUTENH  SIBISIIOTCA ~ “TOPSIYUMH’,  MOITOMY
YBEIIMYMBAECTCS BEPOATHOCTh pekoMOMHammu 1o Oske-MexaHu3My. B ycrmoBusx
NPONOJBHOTO PEXUMa OONydyeHHs M3MEHEHHE MEXaHu3Ma  PEeKOMOWMHAIMH
CYILIECTBEHHO Ul PACHpPEIEIeHNs] HEPaBHOBECHBIX HOCHUTENEH 1O AnuHe oOpasua. B
YCIOBUSIX MH)KEKIIMOHHOTO YCHJIEHUS 3TO MOKET CHJIBHO IOBJIMATH HA BBIXOJHBIC
XapaKTEPUCTUKU AUOAHOM CTPYKTYpBI.

3. Ecmu B 00bIMHOM 1MOZE C p —n NEPEX0J0M, pabOTAIONIMM IIPU 0OpPATHOM

CMelieHnu, paboyas  UIMHA  JETEeKTOpa II0 TOpSAAKY BEIWYMHBI paBHA
L=L,+d,, +L,,tne L, L, - 1addy3sHOHHBIC UIMHBI HCOCHOBHBIX HOCHTEICH,

d,, - WHPHHA p —7n TEPEeXoia, TO s JHOIHBIX CTPYKTYp IIPH INPSAMOM  CMe-

MIEHUH B PSXKUME WHKEKIIMOHHOTO YCHIICHHS 3Ta JIHHA Oyner Oonbime. 310 00yc-
JIOBJICHO TeM, YTO 00JacTH, BBIXOSLINE 33 HpPEleNbl L, +d,  +L,, UIPAOT IPH

pon
3TOM aKTUBHYIO pOJib, KOTOpas emie OOoNblle YBEIHMYMBACTCS, €CIH TaM IPOMUC-
XOJIUT reHepanysi HePaBHOBECHBIX HOCUTEIIEH KBAHTAMH PEHTTEHOBCKOTO U3ITy4CHHUS.

1. O mMexanu3me o0pa3oBaHHs CBOOOJHBIX HOCUTeseil NpPH 00Jy4YeHMHU
¢oTronamu Ooabmoil 3Hepruu. llpu oOIydeHMH IMOAHOW CTPYKTYpHI (HOTOHAMH
OOJTBITION PHEPTHUH B 00BEME IMOYIIPOBOTHUKA BO3HHUKAIOT (DOTO- M KOMIITOHOBCKHE
anekTpoHbl. KommToH-3ddekT mposBisercss yxe TNpH  JHEPrusx  (QOTOHOB
npubnusutenbHo 10 x9B. [IIOTHOCTP TMOTOKA STHX BTOPUYHBIX JJIEKTPOHOB C
rTyOMHOM X yBeNMUMBAEeTCs OT HyJs BOJMM3M IOBEPXHOCTH OO MAaKCHUMAaIbHON
BEJIMYMHBI HA TIIyOMHE, PaBHOM MpoOery X, OJIEKTPOHA C DHEPrue, OIM3KOH K

OHEPIrun IMaaaromiero oroHa. Ilpp X = X INIOTHOCTH IIOTOKa BTOPHUYHBIX
e

3JICKTPOHOB C FHYGHHOﬁ Ha4YuHaACT Y6]:>IB3TI), TaK K€ KaK H IINIOTHOCTBH IIOTOKa
¢oronos, T.e. o 3akony I = I, exp(—xX), rae y — koaddurmeHt ocnabaeHuUsL.

OOpa3oBaBIIMeCs 3JEKTPOHBI TEPSIOT CBOK OSHEPrUI0 Ha HOHH3AIMIO,
BO30YXK/JICHHUE aTOMOB TONYIIPOBOJHUKA U TOPMO3HOE HM3nydyeHue. Hekoropas nons
SHEPruH, KOTOpas Malla 10 CPaBHEHHIO ¢ MOHU3AIMOHHBIMUA TOTEPSIMH, TEPENaeTCs
aroMaM BEIECTBA, MPHUBOAS K BO3HUKHOBEHUIO paTUaIMOHHBIX JedekToB. B
pe3yibTaTe B 00BbEME JMOAa 00pa3yeTcsl HEKOTOPOE YHWCIIO 3JICKTPOHOB M JBIPOK,
KOHIICHTpAIlMsl KOTOPBIX 3aBHCUT OT HMHTEHCUBHOCTH H3JIYYCHUS U WX BPEMEHU
*Ku3zHu. [l OMHOPOMHOTO TOJYNPOBOJHUKA, 3HAas CPEAHIOID DHEPTHIO W,
HE0oOXoauMyt0 IJisi 00pa3oBaHMsI OJHOM Tapbl HOCHUTENEH, KOTOpas MPEICTaBISET
co0O0lf OTHOIIIGHWE TMOJHBIX HOHU3AIMOHHBIX TOTEPh K YHCIY BO3HUKIIMX I1ap
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HEpPaBHOBECHBIX HOCUTEJIEH, MOKHO IO YHUCIY M3MEPEHHBIX 3KCIIEPUMEHTAIBHO Tap
HOCHUTeNIel HaliTH HOTJIOIEHHYI0 B 00beMe MOIYIPOBOIHUKA SHEPTHUIO F
E, =wN.
g Tennypuna kaqmus: w = 4,6538 [3, 5, 6].
B cnydae oOmydeHuss AMOAHON CTPYKTYpPBHI B DPEXHUME HHKEKIIHOHHOTO

VCWJICHHSI JUISI  ONpPEACNICHHs  MOTJIOMICHHON DHEPruM  HEOOXOAMMO  3HATh
KO3 (QUITUCHT HHXKEKIIUOHHOTO YCUJICHUS, KOTOPBIH MOKHO OIMPEIEIHUTh CIICTYOIIUM

oOpa3zom:
ol
Y: Si ( /8W )V
_ o1, , (1)
W=y ow
Ve N ve=v
rze S, — nuddepeHnManbHas 030Bas UyBCTBHTCIBHOCTH IUONA; S, -

middepeHnanbHas 1030Bas YyBCTBUTEIBHOCTh ‘“‘CONPSIKEHHOTO JeTeKTopa”, T.e.
JETEKTOpa TOH )K€ T€OMETPHUH, YTO U JAHOAA, U3TOTOBIECHHOIO U3 TOTO € UCXOAHOTO
MaTepuajga, HO C HEHH)XEKTUPYIOIIMMH KOHTAaKTaMH; W/ — MOIIHOCTb MJO3bI
M3y4YeHus! (MM WHTEHCUBHOCTD M3ITYUYEHHUS).

2.00bexT uccaenoBanus. PaccmarpuBanich OUOAHBIE CTPYKTYpHI (puc. 1) Ha
ocHoBe n-CdTe ¢ Tommmuo# ~800 MrM U p ~ 107...10% Omem. BoicokooMHas 001acTh
p-THNA TONIMHOW ~ 3,5 mKkm co3maBajach ImyTeM TepMoauddy3un cepebpa mpu
T=850 K B armoctepe aprona B Teuenue 1,5 mun. THUIOBOM KOHTAKT I -THIA K
OUOAHBIM CTPYKTypaM OBUT CO3JaH B TMpolecce OTXKHra IJIeHKH uWHAusA. Jlis
M3MEpEeHHsT TapaMeTpOB TONYYCHHBIX CTPYKTYp HCIOJIB30BallaCh yCTAHOBKA,
coJieprKaliass MCTOYHUKH PEHTTCHOBCKOTO W3IYYSHHS — MOJHOJEHOBas, allfOMU-
HHEBasi, MeAHas, Xene3Has Tpyoku, snekTpomerp TR-1501, HCTOYHUK TOCTOSTHHOTO
HaTPSHKEHUSL.

hv
l l l /Ag (transparent)
p- CdTe
CdTe : Pt
n- CdTe
Al

Puc. 1. Cmpyxmypa oamuuka na ocHose meinypuoa Kaomus
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3. BoJabT-ammnepHble XapaKTePUCTUKHU (BAX) AMO0B npu
PEHTreHOBCKOM 00OJiydeHuH. IIpuBeneHsl pe3ynpTaTbl HCCIENOBAHUS CBOMCTB
JUOAHBIX CTPYKTYpP NPH PEHTICHOBCKOM (MOnMOneHOBOM) oOmydeHuH. V3mepeHus
JI03bl PEHTTE€HOBCKOTO 00JIyUeHHS TPOBOJMINCH JO3UMETPOM, HAXOAUBIIMMCS HA TOM
JK€ PacCTOSHUM OT UCTOYHMKA, YTO U AMOMABI NPH HCCIENOBAaHHUH HX CBOWCTB. JTO
MO3BOJIWJIO HE YUUTHIBATH MOTEPU PEHTTEHOBCKMX KBAaHTOB B BO3IYXE B MPOMEXKYTKE
MEXIy HCTOYHMKOM M TIPUEMHON NOBEPXHOCTBIO AMOAOB. Ilpu wusmepeHun
CUHTAJIOCh, YTO CEpeOPSHBI KOHTAKT LEIMKOM MPOITyCKaeT PEHTI€HOBCKHUE KBAHTHI
(tommuna maeHkH Ag < 0,1 mxwm), Tak Kak U JBOHHOro ociabieHHs IOTOKa

PEHTIC€HOBCKOTO WRIIYUYCHHS HeoOXomamM cjoi cepebpa TtommuHoM 23 mxm [7].
HccnenoBanust MPOBOIWINCH B TOKOBOM PEXHME pabOTEHI.

Ha puc. 2 mpuBeseHa 3aBHCUMOCTb OTHOIICHHS (POTOTOKA K TOKY KOPOTKOTO
3aMbIKaHUS (1 o/ 1) OT HANpPSDKEHUS CMEICHUS.

4 e

V,B

[
»

1 \ \
5 10

Puc. 2. Omuocumenvuwiti pocm omomora npu yeeruueHuu
HanpsiceHusi  cmewjenus 01s Ouo0o8 npu  0OpPAMHOM CMeujeHuu
(P~ 35,1%107 p/c)

HavanbHplif pe3kuil pocT TOBOPUT O  CYIIECTBOBAHUU B obnactu
00BEeMHOTO 3apsiia TIIyOOKUX MEeHTpOB pekoMOuHanuu [8]. [lotepu doToHOCHTENEH,
00YCIIOBJICHHBIC ITHMH IEHTPAMHU, YMEHBINAIOTCA C YBEIHMYCHUEM  CMEIICHUS.
Juama3on HanpsokeHuit ot 1 1o 6 B (B 3aBUCUMOCTH OT MOIIHOCTH JIO3bI)
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COOTBETCTBYET (DOTOIMOJHOMY pEXHMY paboThbl, a mocie 6 B, Korga HauMHaeTCs
JMUHEWHBIH pocT dpoTtoToka HAa BAX, — oTope3uctuBHOMY.

Anammz BAX B nmomynorapudgmideckom maciirade (puc. 3) BBISIBIII Ha9albHBIN
9KCHOHEHLUABHBI Y4aCTOK, COOTBETCTBYIOLIMH AMANa30Hy W3MEHEHHUS TOKOB Ha
MOPSIAOK U OoJiee B 3aBUCUMOCTH OT MOIIHOCTH 00y4eHus (puc. 3, kpussle 1 u 2).

ILA
_-/"2_——/

10° /
/

, —
10 /

|
—

10°

Puc. 3. [Ipamvie 6emeu BAX 0uo0os npu mownocmsx 003wt P/c:

1—-1,8*%107% 2-51*107% 3-0

PacuerHble 3HaueHuss koHCTaHThl C cocTaBusoT 16 U 12 s MOIIHOCTEH
1,1¥10%*u 5,1%102 P/c, a COOTBETCTBYIOILLIME BPEMEHA >KU3HU HEOCHOBHBIX HOCHUTENEH
oxazanuch paBHBIME 8*10° m 10* ¢. To ecTb, aHANOTMYHO MEXaHM3MY pPabOTHI
IUOJIOB, TIpU OCBEIICHWH COOCTBEHHBIM CBETOM 37IeCh TaKXe MOJIYJIALHUS
MIPOBOJIUMOCTH # — 0a3bl COMPOBOXKAACTCA TOTOTHUTEIBHBIM C — MEXaHU3MOM.
Crnemyer OTMETHTh, YTO C YYETOM OTHOIIEHUS DHEPTUU KBAHTOB PEHTICHOBCKOTO
(17 xaB ) u cobctBenHoro m3nyuenus (1,5 5B ), a Takke SHEpPruM 00Opa3oBaHUS
ANEKTPOHHO-IBIpoUHBIX map (4,65 2B [3]) kBanTOBas 3(QdekTuBHOCTH mpH
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PEHTTeHOBCKOM 00uIydeHny Ipu R = 1,8%10~* £ okasanace paHoil ~ 3*10°  uro
C

HaMHOro OoJblle, 4YeM MpPU OCBEIIEHHH COOCTBEHHBIM CBETOM.

OOBSICHUTH 3TH PE3yNbTaTbl MOXKHO, MNPEONONIO0XKUB, YTO B OTJIHYHE OT
M3JTy4eHUs] U3 00JIACTH COOCTBEHHOTO IOTJIOIICHMS, KOIZA CBETOM MOZIYJIHUPYETCS
IPOBOAMMOCTh TOJBKO IPOCIOHWKH, OOJbIIasi YacTh PEHITEHOBCKUMX KBAaHTOB
MOTJIONIAeTCsl B TIIyOWHE MOMYNpOBOJHHMKAa (B 7 — o0aacTtd). DTO NPUBOIUT K
CHIDKCHHIO  CONPOTHBJIEGHMS  4yacTW  n—  0a3pl M JONOJHUTEIHHOMY
nepepacnpeieNICHAI0 HaNpsHKEHUs MEXKILY p — n TIEPEXOJIOM U BEICOKOOMHBIMU p — H

n— obnactsaMu. BcenenctBue 3Toro B mpuOOpe YBENIUYUBAIOTCS YCHIIMBAIOIIUE
BO3MOXKHOCTU YCHWJIEHHs 3a cueT 0ojee MHTEHCHBHOM pealu3alluy IOJOXKUTEIbHON
0o0paTHOU CBsI3M, OCOOEHHO HPHU MalbIX MOIIHOCTSAX J03bl, TaK KaK MpPU OOJBIINX
IPOUCXOANUT YBEIMYEHUE BEPOATHOCTH IOIVIOLIEHUS PEHTITEHOBCKUX KBaHTOB Y
IPOTUBOIOJIOKHOTO OT HOBEPXHOCTH KOHTAaKTa M, CTal0 ObITb, YBEIHMYMBACTCS
BEPOATHOCTh IOTEPU BTOPUYHBIX 3JIEKTPOHOB U CHIXKEHHS 3()(HEeKTUBHOCTH
perucTpanuu.

4. Jlo3oBasi 4yBCTBUTEJbHOCTh NHOJOB IIPH PEHTIT¢HOBCKOM 00/Iy4eHMH.
CrekTpanbHyI0 J030BYI0 4yBCTBUTEIBHOCTD JETEKTOPA OIPEAEIAIOT 110 OTHOIIEHHIO

S, =1/P,

rne / — TOK Ha BBIXOJIE IETEKTOpa, a P — MOIIHOCTb J03bl U3JIy4eHuUs, u3MepsieMas B
MECTE PacIloIOKEHUs JETEeKTOopa.

Jl030Bas 9yBCTBUTENBHOCTD S, IHOJ0B yMEHBLIANACH KAK IPH NPAMOM, TaK U

mpu  OOpaTHOM CMeIIeHWH. Takoe TIOBeACHHWE OOYCIOBICHO CYOJMHEWHOM
3aBHCHMOCTBIO TOKa OT MOITHOCTH JIO3BI.

Jlo3oBasi dYyBCTBUTENBHOCTh NWOMOB Kak IpH  MPSAMOM, TaK W IpH
o0paTHOM CMEIIEHWH pocila C YBEIHMYEeHHWeM HampsDkeHus. B aumamazone
MPHUKJIAZBIBAEMBIX K quoay HanpspkeHui oT 0,1 mo 20 B 1030Basi 4yBCTBUTEIHHOCTH
U3MeHsIach Ha 2...3 mopsAlKa BEIMYMHBI U JOCTUTala 3HAYCHUS 102 4/ P*c
MpH TpsIMOM cMelieHud. [Ipu oOpaTHOM CMEIIEHUU J1030Basi YYBCTBUTEIBHOCTh Ha
1,5...2 mopsinka MenbIe, yeM rpu npsimom (V' =10 B).

3aBHCUMOCTh KBAaHTOBOH AS(QQGEKTHBHOCTH ) OT HANPSDKEHHUS TPU MPIMOM

CMEIEHNH IS JUOA0B (pHC. 4) paccunTaHa 1o ¢popmye

-1,
y=—>,
q*N
rae / — TOK IpH PEHTTEHOBCKOM OOIy4eHHMH nuona; [, — TEMHOBOHM TOK; ¢ — 3apsj
JNIEKTpOHA; N — YHCIIO DIEKTPOHHO-ABIPOYHBIX AP, POXKICHHBIX PEHTICHOBCKHM

W3IyYEHUEM B €MHHUITY BPEMEHH.
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Puc. 4. 3asucumocmov kos@puyuenma uHICEKYUOHHO2O
VCUNeHUs: Om cMeujeHus

Habmromancss  cBepxJIMHEHHBIK  POCT  KBAaHTOBOW 3 (PEKTHBHOCTH  C
yBeTUUEHHEM HampsokeHus. [Ipu GOJbIINX HAMPSHKEHUSX CMEIEHHs CBEpXJIMHEHHAs
3aBUCcUMOCTh y(V) mepexonwia B JHMHEHHYI. B 3TOM nnamasoHe HanpspKeHUH

(V 210B) Tok 4epe3 Ao OrpaHMYMBAETCS TIPOMO/LYIUPOBAHHBIM COIPOTHBIEHUEM
0a30BoOI 00J1ACTH.

OnenuM ko3¢ GuUIUeHT OTOPE3UCTUBHOTO YCHIICHHSI, KOTOPBIA OMPEACISCTCS
BbIpaskeHueM [1]
T _uVr,
6, I’

np

G~

>

rae z,— BpEMA XKM3HM OCHOBHBIX HOCHTGJ’IGIZ; tnp— BpeMs IIPOJICTa CBO60,I[HBIX

HocuTeNe yepe3 0a30Byr0 00nacTh; /— AJUHA MposieTa (ToimuHa obpasua). Ilpu
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Hanpsokeann V= 10 B, BpemeHn >u3HM O1eKTpoHOB 7, ~ 10 "¢ [4] u

2
M

HOJBIXHOCTH £ = 600 noxy4daem i quonos G = 10.

*c
B ciyuae doropesuctusHoro spdexra npu g, =600 cv’ / B*c 1 MowHoCTH

n03b1 6,5%10% P/c, npu KOTOpOil B OJXHOPOIHOM TeITypUie KagMHs POXKIAeTCs
1*10° map Hocuteneii B poropesucrope TosumHol 200 Mkvm u Hampskeuu 10 B,
npoTekan Obl TOK, paBHBIH [1]

I =qnuES~3*10° 4.

KoapuimeHT  MHKEKIIMOHHOTO  YCHJICHHS  PACCUMTHIBAICS  COTJIACHO
ompexnenenuto (1). 3a BAX conpspkeHHOro (oTope3ncTopa NpUHUMAIACH JIMHEHHAS
XapaKTePUCTHKA, COBIMAIAIONIAs C XapaKTEPUCTUKOW JMO/JA HAa OMHYECKOM YyYacTKe
MPY MaJTBIX HAMPSKEHUAX, KOTa HHKEKIUs eie Mana. Kak cieayeT u3 npuBeIeHHON
3aBHCUMOCTH, HMHXEKIHOHHOE YCHWJICHHE PACTeT C YBEJIMYCHHEM IPHI0KESHHOTO
HAIPSOKEHHUS B IPSIMOM HAIpPaBiCHUH BIUIOTh 10 HampsbkeHus V =7B, npu KOTOpOM
HaONro/laeTcss MakCUMyM. B MakcuMmyMme TOKOBasi YyBCTBHTENBHOCTH B 65 pas
0oJTbITIe, YeM TOKOBAsI UyBCTBUTEIHHOCTD COMPSDKEHHOTO (oTope3nucTopa. CHIUKEHIE
k03 pUIlHeHTa WMHXKEKIIMOHHOTO YCHJICHUST Tpu V >=7B MOXHO OOBICHHUTH
OrpaHMYEHHEM TOKa COINpPOTUBIICHHEM 0a30BOH 00JACTH H  CONPOTHBICHUEM
IIPOCIIOUKHU.

5. Iloporu u o0HApPY:KUTEJIbHAS CIIOCOOHOCTH JUOAOB NMPH PEHTTEHOBCKOM
o0ayuenun. OieHKa TOPOTOBOM YYBCTBUTEIBHOCTH MPOBOAWIACH O AHAIOTHH
C ee OLEHKOI1 115l HOTONMPUEMHHUKOB C UCTIONb30BaHUEM (OPMYT

2

iv nop

Tak kak TOKOBBIC IIIYMbI Y JIMOIOB THIIA B MpeaeiaxX HAIPSHKESHUS] CMEIICHHS 10
15 B (+ Ha Ag snexTposne) 6buin MeHbiue, yem 1072 A, a S, ~5*107 u 3*%10
A/ P/c COOTBETCTBEHHO, TO OIICHOYHBIC IIOPOTOBBIC YYBCTBUTEILHOCTHU TIPH MPSIMOM
cvemenun coctaBnsamu 10* u 107 uxP /¢ coorBercTBeHHO. OOHApYKHTETbHBIE
crocoGHOCTH mpH ToM Obutn paBHBl 10° cv* ¢/ MxP u 100 cm * ¢/ kP . Tpn
00paTHOM CMEIIEHUU JJI1 JUOJOB 3TH BEIUYMHBI COCTABIISLIH 102 uxP /c u 10
em* ¢/ kP .

CpenHsis paJviOaKTUBHOCTH BO3JyXa B CJIO€ Yy TOBEPXHOCTH 3eMJIM PaBHA
4%10° mxP/c, w3 mux 2/3 (~ 10° wuxP /c) coctanser ¢on 3emmu [9].
MakcuManbHas paguioaKkTHBHOCTH Cpellbl, B KOTOPOW ele Jomyckaercs padoTa
yenoBeka, cocraBisier 0,9 mkP /¢ . ®OTOOTKIMK y MPSIMO CMEIIEHHBIX JTHOI0B MPU
Takol 03¢ ObUI B 3...5 pa3 0osiblie, 4yeM TeMHOBBIC TOKH ITpH V' =10 B.
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CrnenoBaTtenbHO, CO3JaHHBIE OOpa3Lbl CHOCOOHBI H3MEPATH 03Bl HAMHOTO
MEHBIIIHe, YeM J[03bl, MPEJCTABIIONINE OMACHOCTh I YEIOBEUECKOH >KHU3HU.
[IpenenpHas perucTpaioHHas CIIOCOOHOCTh Y HUX com3MepuMa ¢ (poHOM 3eMITH.

6. O B3aMMOCBSI3M YYBCTBHTEJLHOCTH B COOCTBEHHOH M PEHTIeHOBCKOWM
o0JacTax cmekTpa. [Ipy BBISBIEHUM B3aUMOCBSI3M MEXaHHU3MOB pa0OTHI TUOIOB B
COOCTBEHHOH W PEHTTEHOBCKOW O0ONACTSIX CIEKTpa HAA0 YyYeCTh IOCIEICTBUS,
BO3HHUKAIOIIUE U3-32 MOTJIONICHUS Pa3HBIX M0 SHEPTUU KBaHTOB. KBaHT COOCTBEHHOTO
CBETa MOPOXKIAeT B IIydlleM ciydae OAHY Napy HocuTenei 3apsga. KsaHT ke
PEHTTEHOBCKOTO M3IyUYEHHsI CIIOCOOCH B 3TOM CIy4yae cO37aTh B BEIECTBE BTOPHYHBIC
PEHTIC€HOBCKUE KBAaHThI C MEHBIIIEH SHEPrUei, a TakxKe ropsiure eKTpoHsl [6]. Kax
Te, TaK W Jpyrde TpaTAT CBOIO OHHEPrHI0 Ha MMOBTOPHYIO HOHHU3AIUIO W Ha
TEIUIOBBIe  Konmebanusa  pemierkd. llocienHue HOHMBUPYIONMM — U3Iy4YSHHEM
00yCIaBIMBAIOT TIPUMEPHO B TPH pa3a OOJBIIYIO CPETHIOI YHEPTHI0 00pa30BaHM
3JIEKTPOHHO-ABIPOYHBIX MMap, YeM MIMpUHA 3ampelieHHOM 30Hbl. [IUKI MOBTOpHOM
MOHM3AIMH TPOAOIKAETCS 10 TeX IOp, MOKa TOCIETHSS pPOKIEHHas YacTHIa He
TepecTaHeT OBITh CIIOCOOHOH Ha yIapHyI0 HOHHW3aNWio. B pesyipTare BO3IEHCTBHS
HOHU3UPYIOIIET0 U3yYeHHUsI U3 OAHOTO KBaHTa C DHEpruei oonplie 5 k9B BO3HUKAET
10° 1 Gonee H1EKTPOHHO-ABIPOUHBIX TIAp.

Koadduiuent ycunenusi, paccuutansbiii mo ¢opmyie (1), mpu V' =10 B ObL1

paBen ~ 100. KBanTtoBas >(deKTUBHOCTH NpH OOIYyYEHHH CBETOM H3 00JacTH
COOCTBEHHOTO TMOTJIOMIEHHS M PEHTTCHOBCKUMHU JIydaMH MaJlodi HWHTEHCHBHOCTHU

(P~18*10" 2 P) B oM ke IIeKTpUUECKOM T0JIe ¢ yueToM w=4,65 5B cocTaBsiia
C

~10"n~ 10°.

Takum o0pa3oM, y IUOJIOB YCHJICHHE CYIIECTBYET KaKk Ha CBETY, TaK U MpH
PEHTTEHOBCKOM OOJIyUYE€HWM, MPUYEM B TIOCJICIHEM Cllydae OHO 3HAYUTEIHHO
YBEITUYMBACTCA C YMCHBIICHHEM HWHTECHCHBHOCTH oOnydeHus. Takas pasHuna B
YYBCTBUTEIBHOCTH MPH OOTYYCHUU COOCTBEHHBIM CBETOM M PEHTTCHOBCKHMHU JTy4aMH
y JUOJIOB 3aKJIIOYAETCS B MOMVIONCHUH PEHTICHOBCKMX KBAaHTOB B OCHOBHOM B
niyouHe n— 0a3el B npenenax S50 mkM  OT KOHTAaKTa, 4YTO TPUBOIUT K
repepactipeAeTHII0 HAPSKSHUSI MY OCTaBIIECs] BBICOKOOMHOW # — OOJIACTBIO U
IIPUKOHTAKTHON (TaKkk€ BBICOKOOMHOH) p — 001acThio. DTO YBEIMYMBAET MaJeHHE

HampspKeHUST B TPUKOHTAKTHOH O0ONAcTH, W, CIIEOBaTENbHO, YBEIUYHBAETCS
HHXKEKIYS U3 KOHTAKTA.

IIpu ocBemiennu w3 00MacTH COOCTBEHHOTO  TOTJIONICHHS  KBAaHTHI
HOIVIOMIAIOTCS, B OCHOBHOM, B IIPUKOHTAKTHOW p— 001acTH, MOHMWXas ee

COIMIPOTHUBJICHUE MW YMCHBIIad IMAaACHUE HAIPsSKCHUA Ha HCI>'I, 4YTO MNPHUBOJUT K
YMEHBUICHHUIO ITOJIW HWHXCKIIUH. C YBCINYCHUEM HWHTCHCUBHOCTH PEHTTCHOBCKOI'O
O6J'Iy‘-IeHI/IH YBCIMYNUBACTCA TAKXE YHCJIO IOTJIOIICHHBIX KBAHTOB B HpHKOHTaKTHOﬁ
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obmactu. Kak u B ciay4ae ocBelieHHs COOCTBEHHBIM CBETOM, 3TO MOYET MPUBECTH K
YMEHBIICHUIO HHXeKIMH. OTHOBPEMEHHO YBEIMYUBACTCS UTMHA MPOOera BTOPUIHBIX
JJIEKTPOHOB M yMEHbIIaeTcs J(PQGEeKT MOAYJSAIUM MPOBOAUMOCTA 1 — 0as3bl
VYBenMunBaeTcs TaKKE YUCIO IEHTPOB, OTBETCTBEHHBIX 32 yMEHBIIICHHE BpPEMEHH
JKU3HH ~HOCUTened 3apsma. Bce 3To  BMecTe TIPUBOAWT K YMEHBIICHHIO
YyBCTBHUTEIHLHOCTH MTPUOOPOB K PEHTTCHOBCKOMY OOJTyUEHHIO.

CpaBHeHHE TMapaMeTpoB JETEKTOPOB Ha OCHOBE pa3HBIX MaTepHajoB
MIPUBECHO B TAOJIHIIE.

Tabruya
Ucx. matep. | Ceerouys. | Uznyuenune | JlozoBas [opor Moru- Pabo- | Unep-
ToJII. 0a3pl | IUIOLIAMb, YyBCTBH- qyBCTBH- HOCTh uee [HOH-
o’ TEIbH., TENBHOCTH JO3bl IPH | Hampsi- | HOCTh
MKA/P/u | (OUCHOYHBIH), | M3Me- JKEHHe,
mrP/c peHun B
YyBCTBH-
TEBHOCTH
n-CdTe 1x1 Penrren. 100 10° 0,1 mxP/c | 5...10 103¢
d =800 mrxm
Monoxkpuc- 5x10 v- 2 - 1 mxP/c 100 10
tamn CdS U3JTy4CHHE MUH
[10]
p-i-n 3x3 v- 0,3 - 1-200 0..3 | Hec-
Si [10] H3Iy4YCHUE P/mun KOJIBKO
CEeKyH]
Monokpuc- 2x1 Penrtren 2 - - 100 -
Taut
Cds [10]

[IpeumyinecTBa  MHKEKUMOHHBIX  JAeTeKTOpoB Ha ocHoBe CdTe B
OBICTPOACHCTBUH U B 4YyBCTBUTEIbHOCTH HEOCTIOPHMBI.

BriBoabI

1. Co3nanbl 1MOOHBIE CTPYKTYPhl HA OCHOBE TeJUTypHAa KaaMus, oOiagaromue
BBICOKOH UyBCTBUTEIBLHOCTBIO B PEHTT€HOBCKOM 00JIACTH CHEKTpa.

2.HccnenoBaHbl CBOWCTBA AUOJHBIX CTPYKTYP MOX ACHCTBHEM PEHTIE€HOBCKOTO
o0mydeHHssT B  TOKOBOM  pPEXHME pPabOTHl. ODKCHEPUMEHTAIbHO  JOKa3aHO
OCYILECTBJICHNE B HUX MHXKEKIMOHHOTO YCHUJIEHHUS TOKa IOJ NIeHCTBUEM OOJIydeHHS
IPU IPSIMOM CMEILEHHH.

3.1Ipu peHTIeHOBCKOM OOJIyYeHHH MOAYIHPYETCS HE TOJIBKO MOTEHIMAIbHBINA
Oapwep, HO U 6a3oBast 001acTh (T.K. TITyOWHA MPOHUKHOBEHUS PEHTTEHOBCKUX KBAHTOB
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B Temnypune kaamusa 10...50 mxm npu sHeprusix kBaHToB 10 20 x9B), a p—n

MEpPexXoJl PaCIONOKEH Ha PACCTOSIHUM HECKOJBKUX MHKPOH OT 00JydaemMoro
koHTakTa. llosTomMy s peanmn3anuu >()(QEKTHBHOTO WHKEKIIMOHHOTO YCHIICHUS
0a3oBasg 00IaCTh B PEHTICHOBCKMX JIaTYMKAaX JOJDKHA OBITh  JIOCTaTOYHO
BBICOKOOMHOH. B 3TOM COCTOUT CYIIIECTBEHHOE OTIIMYUE PEHTTC€HOBCKUX JaTYHKOB OT
dbotogronoB. B  doTroaMOmHBIX  CTpyKTypax ©0a3oBag 00jacTb  OcTaeTcs
“He3aCBEYCHHOW”’, U YIEIIbHOE CONPOTUBICHHE €€ JOJDKHO OBITh MalIo IS TOTO,
9TOOBI YMEHBINICHUE COTPOTHUBJICHUS TPOCIONKA TPH OCBEIICHHH B PE3yJIbTaTe
repepacipeesicHus HAMPSHKEHUS B CTPYKType MPUBOAMIIO K YBEIWUCHHUIO TAICHHS
HaNpsOKEHUsT Ha p—pn HEpexofe U, B KOHEYHOM UTOre, K JONOIHUTEIbHOU

WHKEKITMOHHON MOYJIAIUA COTIPOTUBIICHUS TIPOCITIONKH.
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THE POSSIBILITY OF CREATING INJECTION DETECTORS OF IONIZING
RADIATION

S.Kh. Khudaverdyan, V.E. Arustamyan, J.G. Dokholyan,
K.B. Gharibyan

Highly sensitive sensors of visible and X-ray radiation on the basis of cadmium telluride
are investigated. It is shown that the mechanism of the injection photocurrent gain can be
realized not only in the visible, but also in the fields of x-ray radiation. The resulting sensitivity
of the tested detectors allows to register the radiation background of the Earth.

Keywords: ionization, photodetector, photogeneration, dose sensitivity.
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CPABHUTEJIBHASI OIEHKA PACCEMBAEMOM MOIITHOCTH
HAKOINMUTEJEN KMOII CTATUYECKHAX OITEPATUBHBIX
3AIIOMUHAIOIIUX YCTPOMCTB

O.A. llerpocsin!, H.Bb. Apnanan?, I'.III. Meauxsn'

! Tocyoapcmeennwiii unoicenepuviii ynueepcumem Apmenuu (Ilonumexnux)
2340 “Cunoncuc Apmenus”

IIpu pa3paboTke CcBEepXOONBUINX HHTETPATBHBIX CXEM KOMIUIEMEHTApHBIX MeTalll-
okucen-monynpoBoguuk (KMOII) 3amoMHHAIONMX YCTPOMCTB OIICHKA paccenBacMou
MOIIIHOCTH SIBJISIETCS HEOTHEMIIEMOH YacThIO MX MPOEKTHpOBaHus. [IpoBeieH cpaBHUTENBHBIH
aHaJIM3 pacceMBaeMOW MOIIHOCTH HAKOIMTENeH Ha OCHOBE Pa3lIMUHBIX CXEMOTEXHHYECKUX
peIIeHnT TOCTPOCHWS 3allOMHMHAIONIMX SYEeK IPH  HCIOJBb30BaHUM OWOIMOTEKH C
texHonornueckumu Hopmamu SAED EDK B 28 um.

Knrouesvle cnoea: 3amomMuHaromas sideiika, HAKOIMTENb, paccerBaeMas MOIIHOCTB,
MOJICTTUPOBAHKE.

Beenenue. [Ipu npoextipoBannu ceepxOonbmmx nHTErpabHeIX cxem (CBUC)
3aIIOMHUHAOIMNX YCTPOHUCTB (3Y) BakHOE 3HAYCHHE HMMEET OIICHKA PacCeHBaeMO
MOIITHOCTH (0OCOOEHHO CTaTHUECKON) 3JIEMEHTHOM 0a3bl 3anmoMuHaromux syeek (35) u
HaKONHUTENeH Ha WX OCHOBE, OCOOCHHO HAa PaHHHUX CTaausAX MpoeKkThpoBaHus. llpum
9TOM aKTyaJlbHOM 3ajaueld SBJISIETCA CpPAaBHUTENbHBIA aHAIW3 pacceruBacMoOU
MOIITHOCTH HAaKONHTENEeW Ha OCHOBE pAa3IUYHBIX CXEMOTEXHHYECKHX peleHuil
noctpoeHus: 35 MpH MUCTIONB30BaHUKM OWUOTUOTEKH C TEXHOJOTMYECKHMH HOPMaMH
SAED EDK B 28 #m.

PaccenBaemast MOIITHOCTb COCTOUT U3 JBYX COCTaBIISIOIIUX: CTATUYECKON Py U
JUHAMHYECKOH Py, (puc. 1) [1]. JluHaMuueckas MOITHOCTh PACCEUBACTCS B AKTUBHOM
peXuMe, T.e. TPU TEPEKITIOYeHUsK Jorumdeckux snemeHtoB (JID). Crarmueckas
MOIIIHOCTh HE 3aBUCHUT OT AaKTUBHOCTH BHYTPEHHEH JIOTHKHM W paccemBaeTcs B
MIACCUBHOM PEKUME HUJIM B PEKUME OXKHUIAAHUS.

1,5
B CTaTeriecKan
MOLIHOCTE
10 JeEanmme cran
. MOLIEOCTE

250 mma 120 ema 130 mma 90 Ema E5 e 45 Hm
T exE0IIoTHA

B ?

0 _ =

Puc. 1. ¥Yposenv nompebnenuss mowpocmu npu Macumaduposanuu mexHoio2uu
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4 3 puc. 1 BUAHO, YTO IIpU MaC].LITa6I/Ip0BaHI/II/I TCXHOJOTHUHU CTaTHYCCKas
COCTaBJIAIOIAA MOIITHOCTHU CTAHOBUTCA COHSMGpHMOﬁ C ,Z[PIHaMH‘ieCKOfI MOIIIHOCTBIO.

CraTtuveckasi paccenBaeMasi MOIIHOCTD.

Ota

MOIIHOCTB 06yCJ'IOBJ'ICHa

TOKaM{ YTEYKH: TOKOM 00PaTHO CMEIEHHOTO p - /1 NIEPEX0/a, MOAIOPOTOBBIM TOKOM
Y TYHHENIBHBIM TOKOM dYepe3 IMOA3aTBOPHBIN IuANeKTpuk (puc. 2,3) [2,3]. Kaxnaprit
MEXaHHU3M SIBJSIETCS] TOMUHHUPYIOLIMM B pa3HbIX 00J1acTsIX CTPYKTYpHI (puc. 3) [3].

El:':_q

Tyrmeme HED TOX T{eI:i.es

L]

Broe

l"’\- Tor wepes ofpaTHO
CMELLEHHEDH 1 - f1 TEEX0T
" Topmoporoese

TMOIT3ATEO PHETH MECIERTPHE - &) TOKH yTEUKH

=

By —

Puc. 2. Hanpaenenust moxos ymeuxu 0jisi cmamuyeckou (a) u Ounamuueckou (6) mownocmet

Cratnueckas MOIITHOCTB HE ABJIACTCA (1)YHKLII/I€I‘/'I TaKTOBO 4YacCTOThI, B TO BpEMs
Kak pacceuBacMasi MOMIHOCTbD, HaO60pOT, IpeaCTaBIsACT HHHeﬁHym (I)YHKI_II/I}O OoT

TaKTOBOM YaCTOTEHI:

Ppac(qu)zAme+Pctn’ (1)
rae A - ko3hOUIMEHT, He 3aBUCSIINNA OT TAKTOBOW YaCTOTHI.
104 e 300

E — 250 i
5 o 10" HaHanEmeckad 2
E E. WIOLUHOCTE g =
5 8 i
% 5 o3 150 3
e @
2 o 10 &
58 1 g
T b g
s | 0§
106 / TyrERMEIEe yTetmmH Te— =

— |

1900 1995 2000 2005 2010 2015 2020

IMoger

Puc.3. Tenoenyuu pazeumus OuHaMuyecKkoll u CMamuyecKoll pacceusaemvbix MOuHocmel

Tok ymeuxu obpamno cmeujeHno20 p - n nepexodd. ITOT TOK BO3HHUKAET TOTa,
Korjaa Ha BxoA JID npuioxeH HU3KUN JJOTUYECKUN YPOBEHb HaINPsKEHUS U Bbixon JID
- ctok n MOII Tpan3ucTopa moakmovYaeTcs K MuHE nutanus (puc. 2). B pesynbrate
MEXIYy CTOKOM M MOJJIOKKOM BO3HHKAaeT 0OpaTHO CMELICHHBIN p - 1 MEepexol, yepes

KOTOPBIN TeUeT TOK yTeuku [1]:
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EV,, E”
_ Bi
12 P )
Eg E

J=4

rne A=+2m"q’ /4z°h?, B=4V2m"/3hq; m” - >dpdexruBHAs Macca MeKTpoHA; E, -

LIMPUHA 3alpPCIICHHON 30HBL, V|, - HAUpsKeHHEe OOpaTHO CMEIIEHHOTO p - n

nepexona; E - HanpsykKeHHOCTH 3JCKTPUYECKOTO TOJNS, ¢ - 3aps] JJICKTPOHA; / -
noctosiaHas [lmanka.

Tox noonopozogoti ymeuku. IDTOT TOK BO3HHKaeT Ttorma, korma n MOII
TPAH3UCTOP 3aKPBIT, PA3HUIIA HANPSHKCHHH MEXKIY €ro CTOKOM M HCTOKOM paBHA
HaIPsHKEHUIO MTATAHUS U Yepe3 KaHal mporekaet Tok [1,3]:

VasVu(  Vos

> 18 W nQr o
Lop=tCop-@p-e” -—:e I-e

) )
rne p - HNOIABIXKHOCTh HocuTened 3apsana; Cox - €MKOCTh IIOJ3aTBOPHOIO OKHCIIA,;
@r - TEPMHYECKMI mnoreHuuan; W, L - mupuHa M JUIMHA KaHala TPaH3UCTOPA;
Vs - HampsDKeHHE 3aTBOP-UCTOK; Vy - TOpOrOBOE HANpsHKEHHE TPaH3UCTOPA;
7 - TEXHOJIOTHYECKH 3aBHCUMBIH MapaMeTp; Vps - HalpspKeHHe CTOK-HCTOK.
TyHuenvHbIlI MOK uepe3 NOO3AMEOPHbIL OUdIeKMpuK. ITOT TOK BO3HHUKAECT
TOr/la, KOTJa HOCHTENM 3apsia MPOXOAAT uepe3 IOA3aTBOPHBIN JHAIEKTPHK
BCJICZICTBUE TYHHENBHOTO 3P deKTa, 1 OnpeensieTcs CleIyoIuM BeipaxkeHreM [ 1,3]

2
Vor _B(I_(]_Vox/(OwC )3/2)
I, =W-L-A-| — | exp ,

t VOJC /(p ox

ox

tne A=q’/167x°h¢, ; B=4r2m, ¢2/* /3hq; m,, - >bbexTnBHAL Macca TyHHEIH-

ox > 0x
POBAHHBIX YaCTHUII; ¢ox - BbICOTA TYHHCJIIbHOT'O 6apLepa; tox - TOJIIMHA OKHCJIA.

JAuHaMuyeckas paccenBaeMasi MOIIHOCTb. DTa MOIIHOCTh COCTOUT M3 ABYX
OCHOBHBIX KOMITIOHEHTOB: JID, HE0OX0UMOTO I Mepe3apsAIKy BEIXOIHBIX EMKOCTEH,
Y BHYTPEHHEH MOIITHOCTH, KOTOpas BKIIIOYAET B ce0:

- mnorpebieHue, OOYCIOBIEHHOE TOKOM KOPOTKOTO 3aMbIKaHUs, KOTOPBI
npoTekaeT uepes JIJ, koraa npu ero nepexiroueHud OTKpeITh 06a p-MOIT n n-MOII
TpaH3uctopa (puc. 2);

- MOIIIHOCTb, HEOOXOAUMYIO ISl Iepe3apsAKK BHYTPEHHUX eMKocTel JI3.

Junamuueckast motrpediisieMast MOLTHOCTD OIIPEeNsieTCsl BBIPaXKEHHEM

Pdun = (Cad) ded qu )+ (tenJYS Vdd] F ) ’ (3)

emn~ mu
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rae C,y - dS0¢eKxTHBHAsS EMKOCTb YCTPOMCTBa; Vi - HampspkeHHe NHUTaHUs,
Fn, - TakTOBas 4YacToTa; feum - Bpems mnepekiroueHus JIJ; Ign, - dddekTuBHas
BEIMYMHA BHYTPEHHETO TOKA MEPEKIIOUeHHs (CyMMa TOKAa KOPOTKOTO 3aMbIKaHHS U
TOKa, HEOOXOAMMOTO IS IEpPE3apsiAKK BHYTPEHHUX €MKOCTEH ).

IlepBoe cnmaraemoe B (3) BbIpaXaeT MOIIHOCTh MEPEKIIOUEHHs, BTOPOE -
BHYTpPEHHIOI0 MomTHOCTh. U3 (3) cnenyert, 9To Py, IPONOPIIMOHAIBHA Fypy.

CxeMoTeXHMYeCKHe pelIeHNsl CHHJKeHHSl CTAaTHYeCKOH paccenBaeMoil
MOIIHOCTH. CHmwxeHne CTaTUYECKOM  paccerBaeMoin MOIITHOCTU Ha
CXEMOTEXHHUYECKOM YpPOBHE 3aKJIOUAeTCS B YINPaBJICHUH MOPOTOBBIM HaNpsHDKEHHEM
MOII tpansucropos, tumoBoii KMOII crpykrypbl (puc. 4a) B 3aBHUCHMOCTH OT
pabouero pexxnma [3-6].

W
7 DD
LD Sleep —4 Wl
Framu W,
o I Crenta o
UB:’: UBLE{ £EMIA HITEEFN v
VIIp ABIeHICA T
| Kzasu GND
3l
in i
= by =

Puc. 4. Cxemomexnuyeckue pewieHuss CHUXCEHUS CIMAMUYecKol MOUWHOCTU:
a - munosoul uHeepmop, O - UHEEPMOP ¢ OONOTHUMENLHBIMU INEKMPOOAMU, 8 - UHBEPIIOP CO
cXeMou YnpasieHus, 2 - UHBEpMop C K8AZUUWUHAMU NUTNAHUSL

B JID (puc. 46) mommoxkku p-MOII m n-MOII TpaH3uCTOPOB MOAKITIOYECHBI K
3aTBOpaM. B cilyuae, Korja Ha BXOJle MMEETCS HaNpsDKEHHE JIOTHYECKOH €IMHUIIBI
(Vaa), moporoBoe HampspkeHue (V,op) yMeHbIIaeTcd, W, CIeJ0BaTeNbHO, YBEIHYH-
BaeTCs TOK, Mepe3apsuKaloIni HarpyKeHHYI0 eMKOCTh, YTO MPUBOJIUT K MOBBIIICHUIO
GBICTPOHeﬁCTBHH. B CjIydac, Korjga Ha BXOAC UMECTCA HAIIPSKCHUEC JIOTUICCKOI'O HYJIA
(0 B), Vigp n-MOII Tpan3uctopa He MeHseTcs, oOecnedrnBas Majble TOKH yTEUKH.
Takum oOpa3zoM, oOecredunBaeTcsi aBTOMaTHYeCKOe U3MeHeHue V,, MOII
TPaH3UCTOPOB.

B JID (puc. 4B) mommoxku p-MOII u n-MOII TpaH3UCTOPOB MOAKIIOYEHBI K
cXeMe ympaBlieHHs, oOecreduBas YNpPaBI€HUE Viop TPAH3HCTOPOB CMEIICHHUEM
MOJJIOKKHK OJarofaps WCIONIb30BaHUIO d(PQeKTa BIMSHHAA TOMIOKKH. B akTHBHOM
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pexuMe Ha nouioxkKy p-MOII TpaH3ucTopa nogaeTcs HalpsbkeHUe NUTaHus Vg, a Ha
momnoxky n-MOII Tpansuctopa - 0 B, obecnieunBas TakuM o0Opa3oM HU3KOE V. B
MIACCHBHOM PEXKMME Ha MOJUIOKKH p- U n- KaHaIbHBIX MOII TpaH3ucTopoB mogatoTest
HanpspkeHust 2V q v -Viq COOTBETCTBEHHO, U B pe3yibTare V,,, yBeauunBaercs. TakuMm
00pa3zoM, B TACCHBHOM PEKMME YMEHBIIACTCS CTATUYECKasi paccenBaeMasi MOIHOCTb,
a B aKTUBHOM PE)XXUME IIOBBIIIAETCS OBICTPOAEHCTBHE.

B JI3 puc. 4r wucnonp3yrorci TpPaH3UCTOPBI C pas3HbIM Vi, - MalbIM
(Tpan3ucTopsl Oioka) ¥ GonpmMM (TpaHzucTopsl M1 1 M2). TpaH3UCTOpBI C MaJIbIM
Vaop OOECIIEUMBAIOT BBICOKOE OBICTPOJCHCTBHE, a TPAH3HCTOPBI C BBICOKUM Viop
OTKJIIOYAIOT CXEMY B T€ MOMEHTHl BPEMEHH, KOI/la OHa JOJDKHA HAXOIUTHCS B
MACCHBHOM pEXUME CUTHanamMu sleep W uHBepcHbIH sleep. Sleep-pexum paboThI
CYLIECTBEHHO YMEHBILIAET CTATHYECKYIO PacCEMBAEMYI0 MOLIHOCTh M3-332 OOJBIINX
TOKOB yTE€UKH Yy TPaH3UCTOPOB C MaJIbIM 3HadueHHeM V... Hemoctarkamu storo JIO
SIBJIIETCSl AONOJHUTENIbHAsT €MKOCTh, MPUBHOCUMas TpaH3ucTopamMu M1 u M2, uto
YMEHBIIAET OBICTPOJICHCTBUE, a TaKKe MOSBICHUE OMOJHUTENBHBIX MTOMEX B IIETSX
UTaHus (EMKOCTh BUPTYAIBHOM MIMHBI “3eMIIM” HAMHOTO OOJIBIIE PEaTbHOM 3€MITH ).

CpaBHHUTe/IbHAS OLGHKAa pacceMBaeMOl MOIIHOCTH HakonuTesded 3Y.
Cratnueckue omnepatuBHble 3Y SBISIOTCS MCTOYHHUKOM CTaTHYECKOM paccenBaeMoOi
MOIIHOCTH, T.K. HE Bce 351 HaxonsaTca B akTUBHOM pexume (puc. 5). s xpaneHus
ogHoro 6ura uHpopMauuu HeoOxomuma ofHa 351, cocrodiias U3 ABYX WHBEPTOPOB U
nByx TpaHizuctopoB - 6T 35. [IpoBenem cpaBHUTENBHBIM aHamW3 npuMeHeHus JIO,
MPEACTABIECHHBIX HA pUC. 5, 175 mocTpoeHust 351.
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- - -~
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W =Tk ' T 1
\\\ I
| Lo | -1, | : i
| [ [ DT
~|~_ Iz |
= U 1 - T =4
I I I

et My rrmmercop
ﬂ} ﬁ} Aﬁr ﬂ;} e
I
Puc. 5. Dnexmpuueckasn cxema nakonumens 3y
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Pesynbrarel

MoxenupoBanus JIO,

NpUBEACHHBIX Ha pHc. 4a,0, npu

WCTONB30BaHNK OuOIMOoTEeKN ¢ TexHomorndeckumu HopMamMu SAED EDK B 28 wwm
npeacTaBieHb! B Ta0. 1.

Tabauya 1
3nauenus cmamuueckux u OUHAMUYeCKux mokos J129
JID (puc. 4a) JID (puc. 46)
CTaTUYCCKUU JMHAMHAYECKHI CTaTHYCCKUU IUHAMHYECKHI
TOK TOK TOK TOK
4,57 uA 10,597 uA 2,95 uA 14,76 nA

W3 Tabnuipl BUAHO, YTO B CTATUYECKOM pexuMe TOK JID, mpuBeneHHOTO Ha
puc. 40, Menbpuie, yeM ToK JIO, mpuBeneHHOro Ha puc. 4a, a AUHAMHYECKUH TOK
Oonbuie, yem Tok JID, mpuBeaeHHoro Ha puc. 4a. Takum obGpaszom, JID, npuBeneHHbIH
Ha puc. 40, HeuerecooOpa3HO HCIOJIB30BaTh Uil IMOCTPOCHUS Hakomutens 3V,
MOCKOJIbKY, KaK BHIHO M3 3JeKTpuueckod cxemsl 35 (puc. 5), oba muBepropa 351
BCEI/la HAXOJATCS B AKTHBHOM pPEXHME, YTO MOXKET IMPHUBECTH K CYIIECTBEHHOMY
MOBBIIICHNIO TUHAMUYECKOTO ToKa 351.
PaccMoTpuM BO3MOKHOCTH NMPUMEHEHMS HMHBEPTOPOB, NMPUBEICHHBIX Ha pHC.
4B,r, nnsa moctpoeHus 3. B pesynbrate MoxmenupoBaHMs 35, MOCTPOEHHBIX Ha
ocHose JID (puc. 4B,r), cornacHo puc. 6, MONy4YeHHbIE 3aBUCUMOCTH CTaTUYECKUX M
JUHAMHYECKUX TOKOB OT TeMIIEpaTypbl IPUBEICHHI Ha pHc. 7-8.
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Puc. 6. Bpemennvie ouazpammbl 0151 OnpedeneHus Cmamuieckux U OUHAMU4ecKux mokos
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Tenmeparypa, OO
Puc. 8. 3asucumocmu ounamuyeckux moxos 34 om memnepamypoi

Ha ocHoBe anekTprueckoil cxeMbl HAKOMUTENS CTaTHYECKOW omepaTuBHONW 3Y
NPOBEJICHO MOJEIUPOBaHUE TIpU HWHPOPMAIMOHHON emkoctTH 4 W 2 xbaim,
Temnepatypax - 40, 25 u 125 °C u nanpsxenuu nutanus 0,9 B ¢ HCMOIb30BaHUEM
34, TOCTpPOGHHBIX Ha OCHOBE TPUMEHEHHS WHBEPTOPOB, IPUBEIACHHBIX Ha
puc. 4a, B, r. HakonuTenu ¢ nHQOpMaMOHHONW eMKOCTBIO 4 U 2 K6atim COCTOSIN U3
4-x 0alTOBBIX CEKUUH ¢ 8-10 OMTOBBIMHU LIMHAMH. B Tabn. 2 mpuBeAeHBI pe3yJbTaThl
MOJIENMPOBaHus AJs1 HakonuTenst 4 xkoaum. Kak BUAHO U3 TaONHIBI, CTATHYECKUE H
JUHAMHYECKUE TOKH HAKOMUTEINS ¢ MH()OPMAIIMOHHOW €MKOCTBIO B 2 KOatim TOYTH B
JIBa pa3a MEHbIIIEe aHATIOTHYHBIX 3HAUEHHUH, TIOTy4YeHHbIX A7 4 koatim.
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3nauenus cmamuueckux u OUHAMUYECKUX MOKO8 HaKOnumeJei

Tabnuya 2

Temnepa- | TunoBoit uHBEpPTOP WuBeprop c ynpasngeMslM | HBepTOp ¢ MMHAMU
Typa, °C TIOPOTOBBIM HANpPSDKCHUEM | KBa3HITUTAHHA
CTaTH- JTUHAMH- CTaTH- JUHAMHU- CTaTH- JUHAMHU-
YeCKHUH YeCcKHUH YeCcKUH YeCcKUH YeCcKUH YeCKHH
TOK, A TOK, A TOK, A TOK, A TOK, A TOK, A
-40 3,233-10* | 8,071-10* | 2,554-10* | 6,860-10* 2,004-10% | 6,457-10*
25 1,681-10* | 4,092-10% | 1,412:10* | 3,560-10* 1,093-10* | 3,355-10*
125 4421-10* | 6,477-10* | 3,625-10* | 5,570-10* 2,829-10* | 5,246-10*

Hcnone3ys mpuBemeHHbIE B Tabi. 2 pe3yiabTaThl, MOXHO C JOCTaTOYHOH
TOYHOCTBIO OLICHUTh CTaTHUECKHE M TUHAMHYECKHE PAcCEUBAeMble MOILHOCTH IS
HAKOMHTEJEeH Kak ¢ OOJBINON, Tak W ¢ Manol WH(MOPMAIMOHHOW €MKOCThIO, 351
KOTOPBIX IIOCTPOEHBI Ha OCHOBE MHBEPTOPOB, IPUBEICHHBIX HA PUC. 4a, B U T.

BriBoabI

1. Han anamm3 pacceuBaemod MmowmHoctt KMOII CBUC wu npuseneHsl
MEXaHU3MBl WX KOMITOHEHTOB.

2. B pe3ynbpTare aHajm3a CXeMOTEXHHUYECKUX PEIICHHH CHIKEHHS CTaTUIECKON
paccenBaeMoOil MOIIHOCTH, a TaKXe WX MOJETHPOBAHHS IONyYEeHBI 3aBHCHMOCTHU
CTaTHYECKUX M JUHAMUYECKHUX TOKOB OT TEMIIEpaTyphl Ui TEXHOJOTHYECKUX HOPM
SAED EDK B 28 #m.

3. Hakomurenu ¢ nH(OpManmoHHOH eMKOCThI0 B 4 kbatim Ha ocHoBe 35 ¢
YOpaBIsieMbIM IOPOTOBBIM HampsbkeHHeM U 35 ¢  KBasWIIMHAMH TUTAaHUS
o0ecreunBalOT MeHbIIyIo craThudeckyio (16 m 35%) u COOTBETCTBEHHO MEHBIIYIO
nmuHammdecKyto (16 u 35%) MomHocTr, yeM 35 Ha OCHOBE THUITOBBIX HHBEPTOPOB.

4. [lomygenusie pe3yIbTaThI TTO3BOJISTIOT MIPOU3BECTH BEIOOD
CXeMOTEeXHUYEeCKOTO pemeHus 35 i mocTtpoeHums Hakomwmrened 3Y ¢ maoit
paccerBaeMOM MOITHOCTBIO.
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LUOL USUShY OMErushd <hecnN1 vurLesrh UNhSULUhALENh SPUUL
<2NMNE3UL SUUBUUSUUUL duucusnhue

0.<. MEwnpnujw, L.P. Uynuywi, ¢.C. Ukhpjwu

LUOY unwuwnhl owbipwwnphy hphonn uwpptiph gbipdtéd hunbgpw| ufubdwubpp dowytihu
gpdwu hgnpnigjwu quwhwwnwip Upwug Uwiuwgddwu wufugbh Jwuu E: SAED EDK 28 ud
wbfuuninghwlwu  unpdbpnd  Ywuwwpdtp £ Ynwnwyhsubph  gpdwtu  hgnpnigjwt
hwdbdwwnwlwu quwhwwnd' hhonn nwppbph Yunnigdwu wwppbp ufubdwnbluuhYuwywu
(nwnwdubph hhdwu Yypw:

Unwugpuyhti pwnbp. hhonn wnwpn, Ynwnwlyhs, gpdwi hgnpnieyniu, dnnbjwynpned:

A COMPARATIVE ESTIMATION OF THE DISSIPATED POWER OF THE
STATIC RANDOM ACCESS MEMORY CMOS STORAGE

O.H. Petrosyan, N.B. Avdalyan, G.Sh. Melikyan

When designing VLSI CMOS memory devices, power dissipation rating is an integral
part of their design . A comparative analysis of the dissipated power drives based on various
circuit solutions of designing memory cells by using the library with technological standards
SAED EDK 28 nm is carried out.

Keywords: memory cell , array, power dissipation, modeling.
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EQUIVALENT CIRCUIT AND OPTIMIZATION OF IMPEDANCE
CHARACTERISTICS OF AN ELECTROLYTE CONDUCTIVITY SENSOR

V.V. Buniatyan', C.A. Huck? A.S. Poghossian %, M.J. Schoening?,
L.G. Rustamyan', H.H. Hovnikyan'

! State Engineering University of Armenia (SEUA)
2 FH Aachen, University of Applied Sciences, Institute of Nano- and Biotechnologies, Campus Jiilich

A new construction of a miniaturised contactless electrolyte conductivity sensor based
on Pt interdigitated electrodes is proposed. High dielectric permittivity perovskite-oxide films
of different composition have been first used as a covering insulator material on metallic
electrodes. An equivalent circuit of the sensor is composed and the impedance characteristics
are theoretically calculated and experimentally investigated. The operation frequency range
and the sensor parameter bilateral dependencies where the sensor exhibits pure active
resistance is obtained and evaluated analytically.

Keywords: contactless, electrolyte conductivity, perovskite-oxide film, interdigitated
electrode.

Introduction. The motivation and description of a new type of contactless
electrolyte conductivity (EC) sensor operation principle based on Pt interdigitated
electrodes covered with high dielectric permittivity perovskite-oxide (BST- Barium
Strontium Titanate) nano-films have been examined by us earlier [1].

Taking into account the factors mentioned in [1,2], the aim of the present paper
is to study and investigate the equivalent circuit of the structure proposed
(Fig. 1), as well as to establish the bilateral dependencies between the sensor
impedance components and the frequency range of operation in order to optimize the
sensor characteristics in the future.

Modeling and experiments. By using conventional Si-and thin-film
technology, p — Si — SiO, — Pt (interdigitated electrodes)-BST structures with different
thicknesses of BST have been fabricated (Fig. 2). As the processes in the
electrochemical cell with a conductometric interdigitated transducers are mostly
simulated by equivalent schemes and experimentally studied by the impedance—
spectroscopy method [3-10], we have composed a structure corresponding to the
equivalent scheme for the transducers proposed.
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Fig. 1. (a) Impression of an interdigitated electrod)e pair, W, L, S —are the electrode width,
their length and the interelectrode space, respectively. (b) Cross section of the device on p-Si
substrate with SiO; on top of which metallic (Pt) electrodes are deposited. The whole device is
covered with an insulating Ba.Sr;.TiO3 film

The structures have been tested* as an EC sensor by using the impedance—
spectroscopy measurement method (using an impedance analyzer Zahner Elektrik-IM
5d and Zahner-3). The measurement conditions are:

* all conductivity measurements are performed at 25 °C in standard conductivity
solutions,
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e the sensor is rinsed with distillated water and dried with N, before being
used.
Potentiostat: Open circuit potential (OCP), 20 mV in a frequency range of 1 Hz — 1
MHz.
The results of measurements are shown in Fig. 3.

#sensor BST electrodes
#10136-
C1* 50 nm 2 elec
#10135-
C2* 100 nm 2 elec
#10134-
C3* 150 nm 2 elec

Fig. 2. An EC sensor configuration with different BST thicknesses

An electrical model of the proposed sensor structure is shown in Fig. 4. The metal
(Pt) electrodes are covered with an insulating ferroelectric layer (BST). This insulating
layer behaves electrically as a capacitor Cr, whose value depends on its thickness and
the area of the covered metal electrode. The double layer (conditioned by Stern layer
and a diffusive layer according to Gouy-Chapman model [8-10]) adds an extra
capacitor Cq in the series with an insulating layer capacitor.

*  Measurements have been carried out at the Institute of Nano- and Biotechnologies
(Aachen University of Applied Sciences, Germany).
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Fig. 3. Impedance-frequency characteristics of an EC sensor for different concentrations of
electrolyte (NaCl)

These two capacitors form the “electrode impedance”. The conductive and
dielectric contribution of the liquid is represented by resistor R, and capacitor C.
(placed in parallel), respectively. Their values are linked to the spacing between the
metal electrodes, the area of the electrodes and their geometry. At low measurement
frequencies, the dielectric contribution of the liquid is negligible. The SiO, insulator
layer conditioned capacitance and p - Si-substrate active resistance are denoted as Cox
and Ry respectively. The parasitic capacitance between the two Pt electrodes is Cg.

Ce
|l
1 — —
Re Re
— —
Ci Ci
J— _— " Cy ——
Pt Cs
\ Cs
I__ Cox Cox _;.L_ _I_ Can Cow ——
sub Rsue
a) b)
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Fig. 4. An electrical model of the contactless two electrode detector, including the respective
measurement setup: (Pt) metal electrode (Cox, C; Cp, Ca, Ce, and R, are the capacitance of the
insulating layer, the ferroelectric film capacitance, the lateral capacitance between Pt
electrodes, the double-layer capacitance, the capacitance of the liquid, and the resistance of
the liquid, respectively (a) and the simplified equivalent circuits (b,c,d)

In Fig.4:
C. = Cdel _ Re _ Re _] (L)ReTe
VUGG T 1+ jet, 14 (wTe)? T 1+ (wT)?’
Te = R.C,,
1 1
Zl = Ze + ZZCl , ZCl = E, ZB = ije,
2 Z1ZgZ .
Zsup = Reup +m v Lour = ZBZsubiZTZSSZZ+Z1ZB s Zout = Rout + jXout »
_1 . 2[3+Rew261]
Zl - B {Re Jw [ w3Cy }'
B =1+ (wt,)?
7 _ {0?(RsB1.Cox+2ReC1)+jw(Y2ReRs—2B1)}
out — {(A)Zaz‘l'ja)bz} ’

w is the angular frequency, a; = W(Rsf1Cpx + 2R.C;), by = (Y2R.Rs — 2,),

a; = w[2BC; + 1Cox + Cp(2B1 — V2ReRs)], by = [Rsfy2 + Reya +
+wZCB(.81RSCox + ZRecl)]a

B1 = 2B + 0?RCiT,, V1 = w?*CP, Y2 = w?CoxCy.

The output impedance is introduced in the form:
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7 _ agtjby _ (a1tjby)(az—jby) _ (aiap+biby) | .(biaz—aiby) _ R
out = =

= = +
az+jb, aZ+b2 aZ+b2 aZ+b2 out
+]X0ut > (1)
_ a1+]'b1 _ a1a2+b1b2 . blaz—albz
Zout T a,+ib, 2,12 J 2, p2 ’
2+jb, aj+b5 a5+b5
a1a2+b1b2 b1a2—a1b2
Rout = ——— Xout = ——— 2
out a%+b§ > out a%+b§ ( )

As the impedance spectroscopy (Bode plot) measurements of the EC sensor have
a schematic view presented in Fig. 3 and Fig. 5, we can admit that in the frequency
range of 0 <f<f,, |X,yu¢|—hasa capacitance character and is larger than that of
Rout, which corresponds to fmin. In the frequency range of fj < f <f,, the sensor mainly
exhibits an active resistance which is an important precondition for designing
electrolyte conductivity sensors. The frequency range (band) where impedance has
mainly a resistive character corresponds to the regime of Zow = Rou-

Z

A

»—o-,"

f] f2 f3
Fig. 5. A scheme of Z-f dependence
In this regime

R C N a, N Za)ReCl . Re N
IR @ 2001+ 1+ w?t?)
Cp—0
Re Re bl
= 27,2 = 270 (lXoutI - a_2 - 0)
1+ ReC1Te—2T,2 ReC1—27,

and, neglecting the Rs, Cg, Cox and after substituting the corresponding parameters
for (Eq.2), one can obtain a quadratic equation in respect of w:

a)z—w< i )+ 4 0, 3)

4ti+2757, (4t3+2757,) -

where 7 = (4R,, T, = R.(, , and
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w = s
12 — 2(2T5,TfTe)

~_ F —

o fir % s {1 J 1- 5 (2re + rf)} @)
If:

a) T 2T, fi = ﬁ, which coincides with the results, obtained in [2],
and when

~_ Y
b) f = RCo(T 72%0) and,as Tf D> T,, C; > C,, fo =

41IR,3Ce

In the common case, from equations: Zyy: = Roues 1 Xout = 01, (Cox = 0,
Cg >0, Rg—>0, y,—-0)

for w we can obtain:

2C1 B+Cox[2RE3CE+ 1
op ~ IB OX[ e*-1 18] or W= { }. (5)
C1CoxBRci 4(ReC1—27¢)Te
We can present the frequency dependence on the sensor parameters as:

1
fizorel = — (6)
f
4ATTR,C, / e 4TTRC e TriCas

Conclusions. As it is known [2] that the double layer capacitance decreases
significantly with decreasing electrolyte concentration, we have assumed that for low

I

electrolyte concentrations and any certain conditions and frequencies, C; can be

higher than C,, and C , and hence the existence of Cy can shift the frequency band

to a lower frequency range, where the impedance of the sensor shows dominantly an
active resistive character.

The above mentioned relationship comes also from equation (6).

If we neglect the ferroelectric film capacitance, the value of the frequency
corresponding to an active resistance origin [see (4), (6)] coincides with the results
obtained in [2]. Thus, by varying the composition and geometry of ferroelectric films
(that is Cy), it is possible to control the frequency band and sensitivity of sensor where
the impedance of the structure becomes active. Due to the use of the chip technology,
portability, simplicity and low costs, in the future, such devices can successfully be
implemented in drug and food industry, in medical practices (blood conductivity,
capillary electrophoresis).
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We predict that the high dielectric permittivity, low dielectric losses, low leakage

current, tunable features, good electrical, thermal and mechanical stability and high

corrosion-resistant properties of perovskite-oxide thin-films will lead to a decrease in

the electrode-electrolyte impedance at certain measuring frequencies resulting in a

more precise and accurate measurement of electrolyte conductivity in a wide range of
electrolyte concentrations.

This work is supported by State Committee of Science MES RA, in the frames of

the research project Ne SCS 13-2G032.
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tLeUS,ALPSLEMP <UTNMIULULNRE3BUL SUbhh SUUUdEL UlubUUL b4
hUMNGTHULUUSPL PLNRUSPEMrP ONShUULUSNRUL

Jd.Jd. Pnithwpywu, £.U. <nYy, WL.U. Mnnnujwi, U.R. Cjnkuphug,
L.Q. fnwunwdjuy, £.£. <njuplyjw

Unwownydby & Eahupnjhnubph hwnnpnuwunigjwu ns hwyndwiht swihdwu' Pt-b
uwupwdal  EGYwpnnutipnd  nyhsh unp  dhypndwupwybpn  Yunnigwdp:  Npwbu
dbwnwnuwlwu EEYunpnnubpp dwélynn dtynwhs obpin wnweoht wuqwd ogunwagnpdynid Gu
wwpptin pwnwnpnipjwdp, ds nhkhnphy pwihwugbihnipjwdp wbkpnduyhu-opuhnuwht
uwunpwnwuputpp: Uwyyb b wnghsh hwdwndtip utubidwu, b nbuwlywunpbu hwodunyyby
nt thnpduwlwunpbu  hbGinwgnundb) Gu  pdwbnwuuwihtu  punypwgpbpp:  Uuwjhwhynpbu
unwgyb] b quwhwwyt] Gu ndhsh woluwwmwupwih  hwbwfuniyeniuutph dhowlwipp b
wwpwdbwnptph thnfuwnwpéd  Yulujwdniginiuubipp, npwnbn npuunpgnd £ upw wynhy
nhdwnpnigjw yuppp:

Unwtgpuypti  pwnbp. ny hynWwiht swihnd,  EGYunpnihnh hwnnpnwywunie)niu,
wbipnuyhwn - opuhnwjht bwunpwnwue, dhypnatipmwihu kitYunpnn:

IKBUBAJIEHTHAS CXEMA JATYUKA ITPOBOAUMOCTHU
SJIEKTPOJIMTOB U OITUMU3ALIUA UMITIEJAHCHBIX
XAPAKTEPUCTUK

B.B. bynnarsu, K.A. Xyk, A.C. Ilorocsin, M./I:k. lloenunnr,
JL.T. Pycramsu, I'.I'. OBHUKSIH

[IpennoxxeHa HOBasi MUKPOMMHHMATIOpHAs CTPYKTypa  JaT4dKa ¢ TpeOCHYATBIMHU
Pt-mu MUKpOIIOIOCKOBBIMHU 3NIEKTPOJAMHU AJsI OECKOHTAKTHOTO H3MEPEHUS MPOBOAUMOCTH
JJIEKTPOJUTOB. B KauecTBe OUANEKTPUYECKOTO CJ0si, MOKpPbIBaOIIEro Metamnueckue (Pt)
NIEKTPO/IbI, BIEPBbIE HCIIOIB30BAHbI IEPOBCKUT-OKCHIHbIE HAHOIUICHKH Pa3JIMYHOTO COCTaBa
¢ OOnpIIONH IU3NEKTPUYECKOH IPOHHIaeMOCTbio. Pa3paboTaHa »SKBHBAJICHTHAs cXeMa
JIaTUUKA, IPOBEJEHBI TEOPETHUECKHE PACUETHI U IKCIEPUMEHTAIBHO HUCCIICAOBAHbI €€ HMIIe-
JTAaHCHBIE XapaKTEPHCTHKH. AHAJIUTHYECKH IIOJyYeHbl M OICHEHBI pPabodmii YacTOTHBIN
UHTEpBAI M B3aUMOCBS3b IapaMeTpPOB  JaT4MKa, IJ€ MPOSABISIETCS €ro aKTUBHBIN
PE3UCTUBHBIN XapakTep.
Kniouegvie cnoga: OECKOHTAKTHBIM, TNPOBOAUMOCTh JIIEKTPOJINTA, IIEPOBCKHT-
OKCHIHAST HAHOIICHKA, MUKPOIIOJIOCKOBBIH AMIEKTPOI.
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YK 621.391, 621.396

METOJUKA OITPEJEJIEHUSA ITAPAMETPOB
CJIABOHAIIPABJ/IEHHBIX AHTEHH JTUAITA3OHA
YJIBTPAKOPOTKHUX BOJIH

B.I'. ABetucsin', A.K. Araponsin®, A.A. Capresan®

1 EpeBanckuit HUU Cpencts cBsizu
2 [ocyAapcTBeHHbI HHKEHEpHBI yHuBepcuTeT ApMernH (IT0THTeXHIK)
3 Poccuiicko-Apmsuckuii (Cnapsuckuil) yausepeutet, Muctutyt Marematuku u Beicokux TeXHOIOT Ui,
EpeBan, Apmenus

PaccmoTrpeHa ¥ pa3BUTa METOIVWKA BBIIOJHEHHS M3MEPEHUH II0 ONPEACICHUIO
IapaMeTpoB CIa0OHAIPABICHHOW aHTEHHBI JUAIa30Ha YIbTPAKOPOTKHX BOJH, KOTOPBIMH OHA
obnagaeT B CBOOOJZHOM IIPOCTPAHCTBE, METOAOM HA3eMHBIX HCIBITAHHH IIPpU  YCIOBHU
3epKaiibHO-oTpaxatonied 3emnu. OIEHEHBl MOTPEHIHOCTH OINpenesieHus] Kod(ppHUIUeHTa
ycuieHHs aHTeHHBI. [1oJydeHHbIe pe3ylIbTaThl CPAaBHEHBI C PE3yJIbTaTaMU MOJICIUPOBAHMS.

Kniouegvie cnoea: xo>pGUIMEHT yCUIICHHST aHTSHHBI, METOJ] IBYX MJCHTHYHBIX aHTCHH,
ciraboHaIpaBlICHHAs! aHTEHHA.

Beenenue. Ilpr mpoekTHpPOBaHMM aHTEHHOW peUIETKH TpeOyeTcs 3HaHUeE
MapaMeTpoB HIACHTHYHBIX, OOBIYHO CITa0OHAIPABIIEHHBIX, W3NIydaTeleld aHTEHHON
pemietkd. TakuMu mapameTpamH SBISIOTCS auarpamma HampasieHHoctu (JH) u
kodpduument ycunenus (KY), cooTBercTByrommMe HW3MEPEHHBIM B  YCIOBHAX
cBoOomHOTO TpocTpaHcTBa. OOBIMHO WX OMNPEACTSAIOT BBHIMOJIHEHHUEM Ha3eMHBIX
m3MepeHnid o ganbHer 30He [1]. [TockoIpKy MOTPENTHOCTD B OTPEICIICHIH BETHIIMH
3THX MapaMeTPOB CYLIECTBEHHO OTPAXKAETCSI Ha XapaKTEPUCTUKAX BCEW pEIIeTKH, TO
BONPOCHl BBIOOpPa BBICOTHI PACIONIOKEHUS AHTEHH B W3MEPUTEIBHOM CTEHJIE
OTHOCHTEIHHO 3eMJT U B3aMMHOTO PACCTOSHHUS MEXAY HUMH CTaHOBSITCSI BAYKHBIMH C
TOYKH 3peHusi ymoOCTBa ¥ KadecTBa BBIOJHEHUS UW3MepeHWid. OJTH JBa
00CTOSITENbCTBA 3aBUCAT KaK OT MapaMeTPOB M3MEPUTENBHOTO 000pyAOBaHuUs, Tak U
oT penbeda MECTHOCTH, KOTOPBIA 3a4yacTyro Uil yiabTpakopoTkux BoiH (YKB)
YAOBJIETBOPSET KPUTEPHIO Penest 11 uX 3epKaIbHOTO OTPaKEeHHUS.

Ilenpto paboOTHI SIBJISETCS Pa3BUTUE METOAMKH BBHITIONHEHUS W3MEPECHUH IS
MHUHUMM3ALUU  [OTPEIIHOCTEM  ONpelNeieHus] IMyTeM HA3eMHBIX  HCIBITAaHUM
rmapaMeTpoB ciaaboHaIpaBICHHON aHTEeHHBI quana3zoHa Y KB, kotopeiMu oHa o0amaeT
B YCJIOBHSIX CBOOOTHOT'O IIPOCTPAHCTBA.
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Metonuka wu3Mmepenuil. B pabote [2] paccMoTpeHa MOJENIb ABYXJIyYE€BOTO
pueMa MPU HAJTUYHH 3epKATLHOTO OTpakeHUs oT 3emid. B oTimmume ot pador [3-7],

5Ta MOJeNb He oOrpaHddeHa ycunosuwsmuh, /1, <<1 wu 1, =71,(h- BblcOTa
PACTIONOXKEHHUS] aHTEHHBI Haj 3eMIIeH; 7, - pacCTOSHHE MEXAYy HUMH; /, - MyTb JIy4a,
oTpaxkeHHOro ot 3emin). Cxema Mojeny n3o0paxkeHa Ha puc. 1, rae aHTeHHBl A, 1

A, wnmeror kosdduumentsr yewnenns G, (6,9) u G,(0,9), coorBercrByroume

YCIOBHSM  CBOOOJHOTO  HPOCTPAHCTBA. JKHPHBIM  IyHKTUPOM  00O3HAYEHBI
HallpaBJIeHUs OCeil TJABHBIX JIENECTKOB AHTEHH. Touka 4] SBISETCS TOYKOU

3€pKaJbHOIO  OTOOPaXXCHUS  BBICOTHOM  TOYKHM  PACHOJOXKEHHUS  AHTEHHBI 4,

OTHOCHTEIbHO 3eMiid, Touka (- TOYKOH 3epKaJbHOTO OTPaKCHHUS JIyda {2} oT

3eMJIM € KOMIUIGKCHBIM KO3 dUIHEHTOM OTpaxeHus R =Re B HanpaBJICHUN

IPHEMHON aHTCHHBI 4, .

Puc. 1. Cxema modenu 08yxnyues020 npuema npu 3epKaibHOM ompaxiceruu om 3emau

Mousocts P, Ha BbIXOJE NPUEMHOH aHTEHHBI A2 OTIpeIeIsIeTCS BRIpAKCHHEM

(2]

2

P, =F, 4 Gz(O)GJ(O)X
o
! (1)
r rZ
x| K, K, +2r—’R,/KHKHKZ,KZ2 cos(kAr+¢)+rL2R2K”K” )
2 2

rne B, - Bxommas mowmocts autennsl 4,; G,(0) u G,(0)- xosdduiments
YCUIIEHHsS B YCJOBHSX CBOOOIHOIO IPOCTPAHCTBA B HAMpPABJIEHMH OCEH IJIABHBIX
nenectkos; Ar =7, —7, = (£} +7") =7, pasHoCTb myTeil IPAMOrO M OTPAXKEHHOTO
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nydeii; ¢ - asza, 00yCIOBIEHHAs MPOLECCOM OTPAKEHUs OT 3eMid U (Ha30BbIMU
auarpaMmMaMu aHteHH A, u A, B HanpaBJeHHAX MPSIMOTO M OTPAKEHHOTO JIydeil;

R - wmonyns kodpduumenta otpaxeHus ot 3emnn; K, =G (911 )/ G, (O),
K, =G, (912 )/Gl (0), K, =G, (921)/(;2 (0), Ky = Gz(gzz)/Gz(O)-

IIpu cnaboHamnpaBiIeHHBIX aHTEHHAX C pa3MepamMu l/ 2 <L </ MuHMMAabHBIE

paccToAHUs UX JalbHUX 30H PaBHBI ij”ﬂui ~2L <2A[1]. Autenns YKB storo Tumna

MOTYT UMCThb MUHUMAJIbHBIC PACCTOSAHUA NAJIbHHUX 30H IO HECKOJBKUX METPOB. I[J'IH
OIpeACICHUA TapaMETPOB aHTCHH METOAaMH I10 ,Z[aJ'IBHeﬁ 30HE JOJIZKHO CO6J'IIO,Z[aTLC$I

3
yCIIOBUE 7} 2 X

" » OMHAKO TIIPH 3TOM NPEATNIOYTHTEIBHEE BBINOJIHATE HM3MEPEHHS, 110
BO3MOXHOCTH, Ha 0oJiee KOPOTKHX JUCTaHUUAX. B cilyuae Ha3eMHBIX U3MEPEHHUN 3TO
yIoOHO M C TOYKH 3peHHs BbIOOpa MECTHOCTH IJIsl U3MEPEHHUH, U C TOUYKH 3PEHHS
MPOBENEHUS CaMHUX H3MEPEHHH, KOTOpHIE XXEJIaTelbHO NPOBOAUTH C MEHBIIUMHU
3aTpaTaMH BPEMEHHU U CPEICTB, T.€. B 00Jiee KOMIAKTHOM IIPOCTPAHCTBE, C MEHbBIIEH
W3Ty4aeMOl MOIIHOCTBIO M UyBCTBUTEIBHOCTBIO MPHEMHON ammaparypsl U T.0. Ilpu

peanbHBIX BBICOTaX /; (BETMYMHOM B HECKOJIBKO METPOB) PACIIONIOXKEHUS aHTEHHBI A,
peanmsauust  ycnosusi b, /1, <<1, mupuBeseHHoro B [3-7], Moxer oKa3aTbCs
Heyno0Ho#. Boiee Toro, B HEKOTOPHIX Ciiydasix, Kak OylIeT MoKa3aHO Jajiee, MOXKET

JlaKe OKa3aThCsl TPEINOYTUTENbHEE OTHOMmeH ke 4, /r, > 1. B cyuasx A, /r; > 1yron

usnydenuss @, u yron npuxona 6,, OTPAKEHHOrO OT 3eMIH Jy4a {2} MOTYT OBITH
3HAYUTENIbHBIMU. TOrza, BO-IIEPBBIX, HEBEPHO YCIOBHUE 7 =7, ; BO-BTOPBIX, H3-3a
HaIpaBJI€HHOCTH aHTeHH A;, A, pPa3HUIA B MOLIHOCTSX H3IY4YECHHUS MHPAMOH U

OTpaXCHHOW BOJIH M Pa3HUIA B MOLIHOCTSX MX MPUEMa MOTYT OBITh 3HAYNTEIbHBIMH.
OTH 00CTOATENBCTBA CYIIECTBEHHO BIHAIOT Ha PE3YJIbTaThl H3MEPEHUI.

PaccMoTpuM  MeTOAMKY omnpeaeieHus KOd(QQHUIUEHTa YCHJICHHS aHTEHHBI Ha
IpUMepe METoNa HM3MEpPEeHU ¢ OByMs HMICHTUYHbIMU aHTeHHamu [1]. [lpum sTom
OLIEHUM IIOIPEIIHOCTb ONpPENEJICHUs U3 IPU3EMHBIX U3MEPEHUM HCKOMOro
kodbpummenta  ycunenus  G(0)=G,(0)=G,(0), xoTopem  ob6mamator  obe
UJICHTUYHBIC AHTEHHBI B YCJOBHAX CBOOOJHOrO MpocTpaHcTBa. IlockonmbKy mnpu
TaKOM METO/€ H3MEPEHMH OCH TJIaBHBIX JIETIECTKOB AHTEHH  COBMEUIEHBI, TO
6,,=6,,=0u K;; =K,; =1. U3 Beipaxkenus (1) st 3TOr0 ciy4as moyuum

2 2
2| pG2(0)x| 14 2R, JK K, cos(kdry, + )+ LRIK,K, |, (2)
Ty r, r,

rae K, = G(elz)/G(O)a K, = G(t922 )/G(O)

P, =
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B ciyuae, korna waeHTuuHble aHTeHHbl A, u A, HaxomsTcs B CBOGOJHOM
0
IIPOCTPAHCTBE HA PACCTOSHHH 7;, TO cornacHo ¢opmyie ®Ppuca, momuocts P,

npuHEMaeMas aHTeHHON A, mpu BxomHOW MommHoctH Py aHteHHbl A,

OIPEACTIUTCA COOTHOUICHUEM
2

P =p| 2| ¢, ()

7
B cityuae peanbHbIX U3MEPEHUIT IPU PETHCTPALUK YPOBHS IPUEMHON MOIITHOCTH
P, aurennsr A, (upentmusnoit antenne A;) dopmyma ®Ppuca, ¢ y4eToM HaIUUHUS
oTpaxkeHHsl OT 3emiM M peanbHOro Kodpduumenra ycunenus G, (0) aust sroit

CHUTYaINH, 3aIUIIETCS B BU/E
P 2
2
B =F|——1G,(0). )
P
47,
W3 (4) no u3BECTHOMY OTHOLICHUIO MoIIHOCTeH P, u P, (KOTOpoe MOKHO
U3MEPUTh MO METOAUKE, M3JI0KEHHOH B [8]) U U3BECTHOMY PACCTOSHHUIO 7, MEXIY
MJICHTUYHBIMM ~ QHTCHHaMU 3Ha4YeHHEe BenuunHel G (0)05 , Kak pe3yybTara

WU3MEPEHUH, ONTPEIEITUTCS U3 BhIPAKCHUS
4, \ | P
G,(0),; =101g (71) ?2 . (5)
C nmpyroii cTOpOHBI, TPUPABHUBAS TIpaBbie YacTH (2) u (4), morydum
7, r? %
G,(0)=G(0)x| 1+ 2r—‘R KK, cos(kAry, + @)+ r‘—szKle =G(0)D. (6)
2 2
U3 (6) umeem

D(OB): Gp(o)aE _G(O)os > (7
rie D(()E) paBHO

2
D(05)=101g 1+2:—‘R KK, cos(kAr21+¢)+:—2R2K1K2. ®)

2 2
CormacHo (7), BenmuunHa D(()E), [0 CYTH, OMNpeleNseT pPa3sHOCTb MEXAY
TOJYYCHHBIM COTJIACHO (5) M3MEPEHHBIM 3HaYCHHEM G , (0)05 ¥ 3HAYCHUEM G(O)(,E.
WHbIME CITOBaMH, D(()E) U €CTh ITOTPEIIHOCTh AG(OE) OTpeIeTICH s BEIMINHbI
G(O)OE METOIOM Ha3eMHBIX M3MEPEHUIA, T.€. D(()E)z AG(OE). Kak u cnenopaino
OKHMIIaTh W Kak clieayeT u3 (8), 3Ta MOTPEIIHOCTh 3aBUCHT OT OTPAKAIOIINX CBOMCTB

3emJiTu, HallpaBJIEHHOCTH aHTEHH M MX B3aWMHOTO pacrnoioxenud. C qpyroi CTopoHsl,
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u3 (8), mpuHHMas COS(kAr21 +¢)=1 u R=1, nonyyaem 3HaueHue BO3MOXKHOU

MaKCHMalbHOH morpemHocT AG, (05 )onpenenenus nckomoit Benmaunsl G (0),,

max

JUIS KOHKPETHO BBIOpaHHON KOH(QUTYpalMK PACION0KEHHsI aHTEHH U 3eMIIH:

4G, (05)=D,, (05)=101g| 1+ JK K, |. 9)

75
ITorpemnocts AG,, . TaKKe 3aBUCUT OT BeMWYMH K| U K, , KOTOpBIE, COTJIACHO
o0o3HadueHusIM (2), SBIAOTCS (YHKIMAMH €aMOro’ MCKOMOIO 3HAa4YeHUs G(O).
OJIHAKO OlEHKA MOrPEITHOCTH TpeGyeT He 3HaHMs McKomoro 3Hauenus G(0), a
OTHOILCHU I G(t912 )/ G(O)z K, n G(l922 )/ G(O)z K, . OHH MOTyT OBITh NOJTyYEHHI

Ha OCHOBE allPUOPHBIX MPUOIM3UTEIBHBIX JaHHBIX U3 PE3yJIbTATOB TEOPETUUESCKOTO U
AKCIIEPUMEHTAIEHOTO HWCCIIEOBAaHUN WM Pe3yJIbTaToB MojenupoBaHus. [Ipusenem
HEKOTOpHbIe OLEHKH AG,,,. NPU KOHKPETHBIX 3HAUYCHUAX BXOIIIMX B (9) BEeIUUUH:

n/r, =08, K,+K,~-1005 , AG,, ~10F,
n/r~05, K, +K,~-1305, AG,,, ~050F,
nlr,~038, K, +K,~-160F, AG,,. ~0250b.
Ha puc. 2 a,06 m300pakeHsI BO3MOXKHBIC BapHWaHTHI KOH(QUTYpaIuii paciioso-

XKEHUS MJCHTUYHBIX AaHTEHH OTHOCUTENBHO JpYyr JApyra U 3eMiM, B KOTOPBIX
peanusyercs Manoe 3HaueHue AG,,,. .

4 . af Y\
| A a

;- ; a’mmﬂ] ".I oo ugd

L

) AYi )
/»f’éﬁ A G
ky f,’
l i
y!

a) 0)
Puc. 2. Bapuanmul konguzypayuil 63aumMH020 pacnonioiceruss UOeHMUYHbIX AHMEHH
omHocumenvHo opye opyea u 3emau

Camxenne AG,,,. B cxeMe puc. 2a 00yCIOBIEHO MAJIOCTBIO BEIMYMHEI K| H3-3a
U3ITy4EHHs JTyda {2} 3aIHUIM OOKOBBIM JIEECTKOM aHTEHHBI, a B CXEME PHC. 20 - KaK
YMCHBIIICHHEM OTHOIUCHHUS 77/r, , TaK M MaloCThio BeanmunH K, =K, =K wu3-3a
M3JIyYeHUs] U MIPUEMA JIyda {2} HepeHMMHI OOKOBBIMH JIEIECTKAMHU, OCH KOTOPBIX
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COCTaBJISAIOT 3HAUYMTEIbHBIN YToJ € OCb0 OCHOBHOTI'O JICTICCTKA. 33MCTI/IM, 4YTO B CXEMC
puc. 26 YMCHBIICHNUC OTHOLICHUA 7y /1’2 A MajoCTh BeIHYMHBEI K 00ecneumBaroTcs

TaKUM PACIIOJIOKEHHEM aHTEHH OTHOCHTENILHO 3eMIIH, [IPU KOTOpoM /i, /r; > 1.

PesysbTaThl M3MepeHusi. bpiiM mpoBeleHbl M3MEPEHMS AHTCHH Ha CTEHIE,
cooTBeTcTBYIOIEeM puc. 20. Ha puc. 3 moka3zaHbl KOHKpETHBIE pa3Mephbl TaKou

KOH(UIypaluy PaCTONOKEHHUs] WIEHTHYHBIX aHTeHH (A — u3nydaromas aHTeHHa,

A,— npuemHas aHTEHHa) OTHOCUTENBLHO ApYT apyra u 3emnu. Ha puc. 4 npescras-
neHa uzMepenHas J{H.

— ma 1 - . T e
5" .50 d ™.
s b // — .
-y i _"‘\\‘
Su 834w B.5d M Bu b
a2 >
\\\ //’
- - - :
| ]
i io
Puc. 3. Omnocumenvhoe Puc. 4. Hsmepenunasn JJH
PACRONI0dCEeHUe GHMeHH U 3eMau npu usnywamens
usMepeHusaxX

IOcTHpoBKa  COBMeIIEHMsT TeoMmeTpuueckux oceil  amrenn A w4,

MNpou3BOANIACE JIA3CPHBIM JIYUOM. Paccrosiaue MCXAYy aHTCHHAMH 1, =6M U

cocTaBnseT okoino 34,

(l =21 4M). [Ipu puamerpe anteHusl D =12 m umeem

max
rB o~ 2D = 24mmur/ P = 2,5 . JIy4 2 - oTpaXE€HHBIH JTy4, BRIXOJAIINN U3 aHTEH-

MUH MUH

0 .
uel A, B Hanpasnennn okono 707 OT ee T€OMETPHYECKOH OCH, MAJAET HA AHTEHHY
A, nox tem xe yraom. [yt 9Toro nyda coctasnseT npumepro 17 v u 1, /r, 20,35, a

K= G(700) G(O):—965(0,126) COTJIACHO pe3yibTaTaM MOJEIMPOBAHMSA AaHTEHH U

MpeIBapUTEIbHBIX OIEHOYHBIX U3MEpPEHHH nuarpamm HampasieHHocTd. CornacHo (9)
nony4aeM  AG,, ~020F, 4YTO MEHbIIE MOIPEIIHOCTHAG (0),, = 0,2205 ,

00YCJIOBIICHHON TMOTPEIIHOCTHI0O YCTAHOBKH PACCTOSHHUS MEXKAYy  aHTCHHAMH C

Bemmunnoit Ar; =+0,15m. Usmepenne JIH antennst A, B E-II0OCKOCTH BBITIOIHSIOCH

ee MOBOpOTOM BOKpYr BeprukambHoi ocu OO . Tlpu 3TOM OBUIO OINpENEICHO
3HadyeHre KY B HampaBlleHWH OCH TJIABHOTO JIeTiecTKa, paBHoe 8,8 0b. M3MepeHHas
(puc. 4) IH u monenuposanHas JIH mpu coBMmemeHHM MPakTHUYECKH COBIAIAIH.

0 .
[Tocne mosopora o6enx antenn Ha 90°  BOKpyr wux onekTpuyeckux — ocei

BBITIOJIHAJIOCH AHAJIOTHUYHOC U3MCPEHUC I[H AHTCHHBI A2 B H-mmmockoctu.
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Takum  oOpazoM, BbIOpaHHAsi KOHQUrypalMs  pacloJIOKEHHS  aHTEHH
OTHOCUTENIBHO APYr Apyra W 3eMiM B CTEHAE H3MEpeHHi obecmeuyuBaga Majylo
norpemHocts B onpeaenenun AH m KY B ycnoBusix cBOOOJHOrO NpOCTpaHCTBA.
VY4uuThIBas 3TO 0OCTOATENBCTBO M HCIIONB3YsI M3MEPEHHBIH H3IIydaTellb B KAaueCTBE
00pa3LoBOil aHTEHHBI, HA 3TOM >K€ CTeHAE ObUIO TaKkKe MPOBEACHO OIpelesiCHHE
AQHAJOTMYHBIX  [apaMeTpoB A  aHTEHHOIO  HM3MEPHUTENBHOTO  YCTPOWCTBA,
MPEUIOKEHHOTO B [9] misl M3MepeHusl apaMeTpoB aHTEHHOW PEIIETKH C ITOMOIIBIO
BepToJieTa MO MeToauke, npuseneHHOW B [10]. YcrpoiicTBOo mpeacraBmseT cobOoit
MIOJTyBOJIHOBOM BHOpAaTOp, PACHOJOXKEHHBIH Hal KOpoOOM 0co00i KOHCTPYKLUH,
3aIlOJTHCHHBIM TIOTJIOTHTENSAMHU 3JCKTPOMArHUTHOM SHEPTUM U 3aKPEIUIIEMBIM II0J
nHUIEeM Bepronera. Ha puc. 5 nzobpaxkeHno ommcanHoe ycrporicTBo. Ha puc. 6 a, 6
npuBeaeHbl u3Mepennsie J1H.

Puc. 5. Buo ycmpoiicmea ¢ KpoHuimeuHom KpenieHus K
ONOPHO-NOBOPOMHOMY YCIMPOUCMEY HA 8blUIKE CIMEHOA

w0 e~ T—m
TN P ANy
yd N i \

o/ \» o/ S \_0

} \ Y, s 3 ' g \
/ o \ i p; X
] / | \

( :.,]]u-;-;,-:, } e P EE R

i \ J
/ \ /

\\ \ - / \\ / ’/
\\ / \ N/ S p /
mn 30 FIAY T it 50
\ J S /
N \ /
;E\\ o — g 0
Q;Q mo
a) 0)

Puc. 6. Hsmepennwvie /JH ycmpoiicmea:
a - opueHmayus KOpooa 8epMUKANbHASL, HU3 KOPobA — 0OHO U3 €20 OTUHHBIX pebep;
0 - opuenmayust KOpoba 2oPUOHMANLHAS, NOTYBOIHOBOU BUOPAMOD C8ePXY KOpoba
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HeKOTOpaH HECUMMCTPUYIHOCTL B HH B Ciiy4ac puc. 6a O6yc.]'[0BJ'IeHa HaJIM4UEM

cOoKy KopoOa MauThl KpaHa, OIEPKUBAIOIIETO KOPOO B BEPTUKATLHOM ITOJIOKEHUH

Ipu U3MECPCHUAX.

BbIBO,[II:I. HpennomeHHaﬁ METOAHMKA BBIIIOJIHCHHUA HAa3€MHBIX H3M€peHHﬁ

cinaboHampaBIeHHON aHTEHHBI nuamnazoHa YKB mo ompenmeneHuio ee mapameTpos,
COOTBETCTBYIOIIUX YCIOBHSM CBOOOJHOTO MPOCTPAHCTBA, 00CCIICYMBACT:

10.

®  BBIIIOJJHCHUC HAa3€MHBIX I/ISMCpeHI/Iﬁ B KOMITAaKTHOM 11O MMPOTAKECHHOCTU 30HE;
¢  MHUHUMM3AIHIO HOI‘pCHIHOCTefI OMpEACIICHUA NapaMCTpOB H3MepﬂeMOI71

aHTEHHBI TIyTEM BBIOOpPA ONTHUMAIBHOW KOH(HUTYpaIl OTHOCUTEIHHOTO
pacroioKeHus aHTeHH APYT K APYTYy U K 3eMIle;

¢ DHKOHOMHIO BPEMEHH W CPEJICTB JJIsl IPOBENEHUS H3MEPEHUI.
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aGryura uLh2uerp ShrNh3feh [Nh3L Nh11NMPIHYUD
uLSELU3h MUrUUESrerh NPNTUUL Ub-NThul

J4.<. Uybwpuyw, U.4. Uhwpnuywt, U.U. Uupgquyut

Puuwpydby b qupqugyby £ dbpgbntyw gwihnudutiphg,  Bpyph hwbughu
wunpwnwpddwlu  wwydwuubpnud, gbplupé  wihpubph  whpnyph Ry nipnnpnywd
wunbuwih' wquw  nwpwsdnenund - wnlw  wwpwdbunpbph  npnadwu dbennhlwu:
Guwhwwnyjwsd Gu wunbuwih nidbinugdwu gnpdwygh npnadw ufuwjwupubipp: <wdbdwwnybi
GU unwgywd U dnnbjwynpdwl wpryntupubpp:

Unwugpuypti  pwnbp. wuwnbuwh ndbnugdwu  gnpéwyhg, btpynt  dhwudwu
wuwnbuwubph dbenn, pny ninnnpnywé wuwmnbuw:

A METHOD FOR DETERMINING THE PARAMETERS OF ULTRASHORT
WAVEBAND ANTENNA WITH A WEAK DIRECTIVITY

V.H. Avetisyan, A.K. Aharonyan, A.A. Sargsyan

A method for carrying out measurements to determine the parameters of ultrashort
waveband antenna of weak directivity peculiar to it in free space by the method of surface tests
under the condition of the Earth mirror-reflection is considered and developed. The errors of
determination of antenna gain are estimated. The obtained results are compared with
simulation results.

Keyword: antenna gain, a method of two identical antennas, weakly directed antenna.
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VK 621.391

AHAJIA3 MHOTOYACTOTHOTI'O BO3JIEVICTBHS CUTHAJIA HA
KOMILUIEKCHYIO HEJTMHEWHYIO TPOBOAUMOCTDh KOHTAKTA

M.C. A3osin!, T.M. A3o0siH>

! Tocyoapcmeennviii unoicenepuviii yuueepcumem Apmenuu (Ilonumexnux)
2 Boennwiii ynusepcumem cessu, Canxm-Ilemepoype, Poccus

PaccmarpuBaercss 0600IIEHHBI METOI aHATH3a HEMTMHEHHBIX PAaIUOTEXHUYECKUX CXEM
Ha TOJYHNPOBOJHUKOBOM p-N KOHTAaKT€ C IPOU3BOJBHBIMHM BOJIGT-AMIIEPHOM M BOJIBT--
KYJIOHOBOM XapaKTepUCTUKAMU IPU MHOTOYAaCTOTHOM BO3J€HCTBUU rapMOHHYECKUX CUTHAJIOB.
[ToxydeHHble pe3ynbTaTbl — IO3BOJSIOT — OLEHHTh IPOBOJUMOCTH, XapaKTCpPHU3YIOILUE
SKBHBAJIEHTHYIO CX€MY KOHTAKTa JJIsl KaKIO0I0 U3 BO3JEHCTBYIOMNX CUTHAJIOB.

Knrouegwie cnoea: BonbT-aMIIEpHask XapaKTEPUCTUKA, BOJIbT-KYJIOHOBAs XapaKTEPUCTHUKA,
KOHTaKT, IPON3BOJIbHAS (PYHKINS, CHEKTP, TAPMOHUYECKHE COCTABIISIOIIHE.

Beenenmne. l13BecTHO OCTaTOUHOE KOJIMYECTBO CIIOCOOOB aHAM3a MHOTOYACTOT-
HOTO BO3JICHCTBUS CHUTHAJa HA p-n  TMEPEXOJl, YUYUTHIBAIOUIUX aKTUBHYIO [1] wmm
PEaKTUBHYIO [2] COCTaBISAIOIINE HETUHEHHOM MPOBOAUMOCTH, IMPU 3TOM XapakTep
HEJIMHEHHOCTH 3a/1aeTCs MPOU3BOJIBHON (yHKImeH [3, 4].

[Ipu nmpoexTUpOBaHUM PATUOTEXHUUECKHX CXEM Ha HETUHEHHBIX 3JIEMEHTaxX
OCHOBHBIEC 3aTPYJHEHHUS BO3HUKAIOT TMPU pacyeTax BBICOKOYACTOTHBIX TOKOB
TapMOHHUYECKUX COCTABIAIOIINX. 3aa4ya YIPOIIAETCs B TOM cllydae, KOrja mpeaeabHO
OJIHO3HAYHO OIpEAEIsieM HY>KHBIN HaAM Iapamerp.

Metoabl ucciaenoBaHms. [[is pemieHuss MOCTaBICHHOM HaMU 3aJaddl BOC-
MoJib3yeMcsi 0oJiee yIOOHBIM METOMOM [4], KOTOpHBIN OBLI MCIIONB30BaH YIS pacdera
COCTaBJISIONIMX CIEKTPa MPH PA3IUYHBIX alIPOKCUMUPYIOMUX (DYHKIUSIX.

YunteiBasi, 4TO pa3Hble KOMIIOHEHTHl KOMIUIEKCHON HEITWHEWHOH MPOBOIUMOCTH
KOHTaKTa  HaXOATCA TOJ[ BO3JEHCTBHEM OJHOW W TOH ke CyMMBl MTHOBEHHBIX
HANpPsOKEHWH, TPEICTaBUM TOJMHBIH TOK B BHIE CyMMBI TOKa MPOBOJUMOCTH U
€MKOCTHOTO TOKa (KJIACCMYECKHH TIpUMep TMPEICTABICHUS  OKBUBAJICHTHON
ANEKTPUIECKON CXeMBbI KOHTAKTA):

1) = lgw) + ey (1)

st onpeneneHust MOTHOTO CIEKTPa TOKA 3alUIIEM 3aBUCUMOCTH TOKa M 3apsiia
HEJIMHEHHBIX COCTABISIONIUX MPOBOAUMOCTH OT HAIIPSKEHUS B BUJE

i=f(U+ XioUicoswit), q=q (U + X, Uicosw;t), 2)
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rne i = f(Up) wu q=q(Uy)— npousBojbHble (QYHKINHU, YIAOBICTBOPSIOIINAC
ycnoBusiM  Jlupuxiie W ONUCHIBAIOIIKE BOJBT-aMIIEPHBIE M BOJBT-KYJOHOBBIC
xapaktepuctukn (BAX u BKX) xkonrakrta; U, — HamnpsKeHHE MOCTOSHHOTO
cMeleHus; Y-, Ucoswt - cymMMa TepeMeHHbIX HANpsHKeHHH, BO3ICHCTBYIONMX Ha
KOHTAKT.

Pazmaras wenwneitHsle QyHKIMU B psag Teismopa mo cremeHsM MEpEeMEHHOTO
Bo3zxelcTBua B pabouell Touke U = Uy, myteM (OpMaabHOTO BBIBEIEHHS H3-TIOA
3naka cymmsl f(Uy) u q(Uy) npencraBum BoipakeHue (2) B BHIC CHMBOJIHYECKOM

3aIltucCu:

. da da
i = f(Up)exp Xi=, U; coswit=—, q = q(Uo)exp Xi— U; Coswitd_uo- 3)

du,’
PacxmaneiBas (3) B psin JlopaHa, uist IOTHOTO CHEKTpa TOKA Yepe3 KOMIUIEKCHYIO
MPOBOJMOCTD TIOTY4YUM
. . dq(Ug+I . Ujcosmjt
i =i+ 29 == it) (4)

Bripaxenne (4) ompesnenseT IOCTOSHHYIO COCTaBISIONIYI0, a TakKXe BCE

FapMOHHMYECKUE M KOMOWHAIMOHHBIC COCTAaBJISIOIIME TOKA, MPOTEKAIOIIEro depe3
KOMIUIEKCHYIO HEJIMHENHYI0 MPOBOAMMOCTH IMPOU3BOJBHOIO KOHTaKTa, W SIBISETCS
HCXOJHBIM JUIS aHaJM3a CBOMCTB KOHTAKTOB M YCTPONCTB, UCIONIB3YIOIINUX MOJ00HBIC
HEJIMHEHOCTH.

[IpuBeneHHast BbIIIIE METOAMKA aHAIM3a SBISIETCS JOCTAaTOYHO  OOmeH U
NpUeMJIEMOH B ciy4yae OOJIBIIMX CHUTHAJIOB, T.€. CHTHAJIOB C aMIUIUTYJIOM,
MIPEBBIIIAONICH BEIHMYMHY MOTCHIMAIBHOTO Oapbepa, UMEIOIIErocs B KOHTAKTe.

Paccmotpum o0mmii ciyuaii cBepxBeicokodactoTHoro (CBY) mapamerpuueckoro
npeoOpasoBaTelsis Ha MPUOOpe C HETUHEHHBIM KOHTakToM. J[isi 3TOTrO Ompenenum
CIIEKTPAJIbHBIM KOMIIOHEHT TOKA, MPOTEKAIOIIEr0 4epe3 KOMIUIEKCHYIO HEJIMHEUHYIO
MPOBOAUMOCTb, ITPH BO3IEUCTBUU TPEX CUTHAJIOB:

U(t) = Uy + Ujcoswit + Uycos(nwit + ¢,) + Uscos(wst + @3). (5)

[Nonaras, yTo w3 # Mwy, TIe M — MPOU3BOJIBLHOE LIEI0C YUCIIO, U3 (4) mosydaem
CIENYIOIIUE BBIPAKEHUS I COCTaBJSIOIIMX TOKOB CHUTHAlla, TapMOHUKH U
MEIIAOLIEr0 CUrHaa:

I = Z[alcosa)lt + aycos(w it + @,)- wibisinnwt — wybysin(w,t + qoz)], (6)
I, = 2[azcos(nw it + @,) + agcosnw it — nw,bs sin(nw,t + @,) —
—nwqbysinnw, t], @)
I3 = 2[ascos(wst + @3) — wsbssin(wst + @3)], (8)
rae a; - as 1 by - bs - pacueTHbie K03 (OUIMESHTH COOTBETCTBYIOIIMX IMPONU3BOIHBIX OT

BAX u BKX B paboueii Touke.
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ITocne mepexoia K CUMBOIMYECKOi (opMe 3amucH:
U, = Urexpjwqt, U, = Uyexpj(nw,t + ¢,), Us = Usexpj(nwst + ¢@3)  (9)

MOXEM OINpeACINTb NPOBOAMMOCTH, XapaKTCPUIYIOMIUMC 3JKBHBAJICHTHBLIC CXCMBbI
KOHTaKTa AJI KaXXJ10I0 U3 BOSﬂCﬁCTBYIOHlHX CHUTHAJIOB:

W =2/Uyla; +jw by +e %z '( a, + jwb,)], (10)
Y,=2/U,[as +jnw;bs+e %2 (a, +jnw.b,)], (11)
Y; =2/ Usl as + jwsbs]. (12)

AHanu3upyst BO3JCHCTBUE CUTHANA W , TETEPOJNHA W, U UX KOMOMHAIIMOHHOM
9acTOThl W3 = W, T wq, MOXHO TIOJyYUTh AHAJOTHYHbIE BBIPAKEHUS I
npoBoanMocTel. [Ipu 3ToM Bo3ieiiCTBYIOIEE HA KOHTAKT HANpsSKEHUE HMEET BU

Ut) = U,+tUcoswt +Uscos(wst +@z) + Uscos[(w:z -w; ) t + @3].(13)

BI:Ipa)KCHI/IH JJIsL HpOBO,E[PIMOCTCfI HUMCIOT BU/J]

Y, =2/ Ui ay + jw; by + e/ EP3¥92) (a6 + jw, be)], (14)
Y, =2/ Uy as + jwybs + /93792 (a; + jw,b,)], (15)
Y; =2/ Us[as + jwsbs + e/%27%3)  (ag + jwsbg)], (16)

Yo = Go =1/ Uo[ as + 2a19 cos(p; — ¢3)]- (17)

AHAJIOTMYHO MOYKHO NOJIYYUTh BBIPpAXKCHUA I HpOBOHHMOCTeﬁ B Cliydac
BO3,[[eI7[CTBH5I AMIUIUTY IHO-MOYJIMPOBAHHOI'O CUTHAJIA IIPU Wy = Wq + 1T,
w3 = W — T

Y, =2/ Ui[ay + jwiby + e T @379 (a) + jw, b)), (18)
Y, =2/ Uy[ as + jwbs], 19)
Y3 =2/ Us[ as + jwsbs, (20)
Y, =Gy = Z/U0 a. 21)

Bupaxenus (10) - (12) u (14) - (17) ABIAIOTCS UCXOTHBIMH VIS UCCIICIOBAHUS
peoOpa3yIoNux CBOMCTB KOHTakTOB ¢ mpom3BoibHEIMH BAX u BKX, koropsie
MOTYT OBITh 3a[aHbl JIMOO B BUJE alllIPOKCUMHUPYIOIIUX 3TH 3aBUCUMOCTH (YHKIHH,
MO0 B BUJIC UX DKCIIEPUMEHTAJILHO CHSATHIX IpaUKOB.

PaccmoTpum Gonee moapoOHO 3aBHCUMOCTH MPOBOJMMOCTEH IO KaXKIAOMY H3
CHUTHAJIOB OT (ha3 BO3ACHUCTBYIOIIMX IEPEMEHHBIX HanpspkeHuil. C 3TOH Ienbio
3anumieM Boipaxenus (10) u (11) B cnexyromiem Buse:

Y, =2/ Uj[a; +a,cos@, —wibysin@, + j(wi by + wib, cos @, +

+a; sing,)], (22)
Y, =2/ Uy[as + a4 cos ¢, — nw, b, sin @, + j(nw, b3 + nw, b, cos @, —
—a, sin @,)]. (23)
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U3 (22) u (23) BugHO, 4UTO TIpH @, # 0 aKTUBHBIE COCTABJISIOUIUE IPOBO-
TUMOCTEH TMPHOOPETAIOT PEaKTUBHBIC KOMIIOHEHTHI A, Sin @, U ay4 Sin ¢, 00yClIoB-
JICHHBIE aKTyaJhbHOH MPOBOJMMOCTBIO, & PEaKTHBHBIE COCTABISIONIAE - AKTHBHBIC
KOMITOHEHTBI W1b, Sin ¢, U nwqb, Sin ¢, , 00YCIOBICHHBIE EMKOCTHIO, MPHYEM B
clyyae, KOorja —m = @, = 0, HelauHeilHas €MKOCTb BHOCHUT B KOHTYpP TapMOHHKH
YMHOXUTEJSL OTPHUIATENbHYI0 AKTUBHYIO HPOBOAMMOCTb, a B KOHTYP OCHOBHOM
YaCTOTHl - TIOJOXKUTENBHYIO AaKTHUBHYIO MPOBOAMMOCTh. HenuHeitHas akTuBHAs
COCTaBJISFOIIAS TIPH STOM BHOCHUT B KOHTYP TapMOHUKH OTPHIIATENBHYIO PEAKTUBHYIO
MIPOBOJAMMOCTbh, & B KOHTYP OCHOBHOW YacTOTHI - IMOJOXKHUTEIbHYI0. Takum o0pazom,
MaKCHUMaJIbHBIE 3HAYEHUSI BHOCHUMBIX B KOHTYP PEAKTUBHBIX W  aKTHBHBIX
COCTABJISIFOIIMX MPOBOJUMOCTH TMOJy4aeM TpH @, = —TT/2 + €, Tae € - Majblid
JIOTIOJTHUTENIbHBIH  ()a30BbIi  yroji,  OOYCJIOBJICHHBIH  OHEHHUSMH  BBICHIMX
KOMOWHAITMOHHBIX KOMIIOHEHTOB TOKA.

AHaJOTMYHO MOKHO 3aIKCaTh W BBIPAKEHUS ISl MPOBOJUMOCTH HETMHEHHOTO
KOHTaKTa B ClIy4yae Mpeo0pa3oBaTelis YaCTOTHI:

Y’y =2/U;{a; + ag cos(x@3 + @) — w;y bg sin(£3 + ¢,) + jlw, b +

+wibgcos(£es F @z)+agsin(es + @)1}, (24)
Y, =2/Uz{as + a; cos(@s — ¢2) — wy by sin(@s — ¢2) + jlwybs +

+wyb;cos(p; — @2)+a; sin(ps — 7)1}, (25)
Y3 = 2/Us{as + ag cos(¢; — ¢3) — w3 bg sin(@,_¢3) + jlwsbs +

+wszbgcos(p, — p3)+ag sin(p, — @3)]} (26)

Takum oOpa3oM, B ciaydae mnpeoOpa3oBareisi YacTOThl MPOBOIUMOCTH
HEJIMHEWHOW E€MKOCTH TaKkKe MpHUOOpeTaeT aKTHBHYIO COCTABISIOIIYIO, a aKTHBHAS
COCTAaBIISIIOIIAs HETTMHEHHOH MPOBOTUMOCTH - PEAaKTUBHYIO Ha BCEX TPEX 4acTOTax.

IIpu >ToM HEOOXOAMMO OTMETHTH, YTO B Cly4yae, KOTAa W3 = W, + wq H
T > (¢, — @3) > 0, akTHBHBIC COCTaBJISONIME E€MKOCTH Ha 9YacTOTaX TIeTepOInHa
(w,) wu curnana (w;) HWMEIOT OJMHAKOBBIA 3HAK (PCAKTHBHBIC COCTABISIOIINC
AaKTHUBHOM IPOBOJUMOCTH TOJOXKHTENbHBI). B ciydae, korma ws = w, — wq,
aKTHBHBIE COCTaBJIIONIME €MKOCTH (PEakTHBHBIC COCTABIIOLINE AKTUBHOU
HEJIMHEWHOW TPOBOAMMOCTH) HMMEIOT OAMHAKOBBIM 3HAaK Ha YacTOTaX wq U W3 U
OTPHULATENbHBI, YTO COOTBETCTBYET IIOIVIOLICHHIO JHEPrUM U  BHECCHMIO
OTPHULATENbHON aKTUBHOM NMPOBOAMMOCTH B KOHTYPHI CHUTHaJla U KOMOWHALMOHHON
yacToThl. [lepBBIii ciy4aii MUMEEeT MeCTO B NpeoOpa3oBaTelisiX HEpereHepaTHBHOTO
THUIIA, @ BTOPOH - B MPeoOpa3oBaTeiX PEreHePaTUBHOIO THIIA, YTO HOATBEPKAACTCS
0O0IIIeN3BECTHBIMY Pe3yIbTaTaMu [5].

3aka0uenne. PaccMoTpeHHBIH MeTon aHanu3a Haubonee ynoOeH B clydae,
korna BAX um BKX koHTakTa 3amasbl (WM almpOKCUMHUPOBAHBI) MOJTUHOMAMH, TaK
KaK HauBBICIIAsl CTENEHb alMpOKCUMHUpYIoUleld (yHKIMK OrpaHUYMBAET KOJIUYECTBO
qIeHOB psaa (4).
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U.U. Ugnjut, S.U. Ugnjut

QYhuowpyynwd £ Yphuwhwnnpnswiht ng  géwihu p-n hwwyh Jpw  Judwjwywu
Ynuwdwbpwht W ynn-Ynynuwihu - punipwgpbipny  nwnhninbluuhluwywu  onpwubiph
punhwupwgywd Jbpnddwu  dbpennp’  pwqiwhwbwfuwhu hwpdnupy — wgnwupwuh
wgntgnipjwu nbwpnud: Unwgywd hwunnpnwlwuntginiuubiph wpnyniupubpp punipwgpnd Gu
Ynuwwlyunh hwdwnpdtip onpwl jnipwpwgnip wgnwuwuh hwdwn:

Unwtgpuypti  pwnbp. Jnunwdwbpwihu punipwghp, Ynpnynynuwihtu  punigwaghn,
hwywy, yuwdwjwlwu niuyghw uwbtlyup, hwpdnupy pwnwnphs:

ANALYZING THE MULTIFREQUENCY IMPACT OF THE SIGNAL ON THE
COMPLEX NON-LINEAR CONDUCTANCE OF THE CONTACT

M.S. Azoyan, T.M. Azoyan

A generalized method for analyzing the nonlinear electronic circuits on a p-n
semiconductor with arbitrary carrent-voltage and voltage-Coulomb characteristics at
multifrequency impact of harmonic signals is considered. The obtained results allow to
estimate the conductances characterizing the equivalent circuit contact for each operating
signal.

Keywords: carrent-voltage, voltage-Coulomb, contact, arbitrary spectrum harmonic
component.
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Becmuux THYA. Cepust “Hnpopmayuonnvie mexnonoauu, anekmponuka, paouomexruxa’. 2014. Brerr. 17, Nel.

YK 621.372.852

BPAIIAIOHIEECS COYJIEHEHUE HA OCHOBE
METAJUVIOAUIJEKTPUYECKOI'O BOJTHOBOJA /UIA
TEPAI'EPHOBOI'O TUAITA3OHA

M.I. AiiBa3sin
Tocyoapcmeennulii unoicenepuwiil ynugepcumem Apmernuu (Ilorumexuux)

IIpennaraercst B TepareplioBOM JHaNa3oHE HMCIOJIb30BaTh BPAIIAIOLIEECS COUICHEHUE C
M3MEHEHHEM OCH TpakTa. B cowleHeHMM JIMHEHHO MOJIIpH30BaHHAs BOJHA NpeoOpasyeTcs B
BOJIHY C KPYTOBOW IOJSpM3alMell, 3aTeM IOcie MPOXOKACHWS BPAIIAIOIIErocs ydacTKa
MIPOUCXOIUT OOpaTHOE IMpeoOpa3oBaHME BOJIHBI C KPYTrOBOW MONsipH3alueil B JHHEHHYIO.
[IpeobpazoBanne MNOIAPH3ALUM INPOMCXOAUT MPH IOMOIIM METAJUIMYECKOTO 3epKajia H
JaCcTONEPHOANIECKON pemeTkr. [loka3aHo, 4TO TMpeaIaraeMoe BpAIIAfoUIeecs] COWICHEHHUE
o0J1aiaeT MaIbIMH HOTEPSIMU U SIUITUITUYHOCTBIO.

Knrwuesoie cuoea: Tepal"epHOBHﬁ Juaria3oH, BOJIHOBO{ KJ1acca “IoJIBIN
I[I/IE)J'IeKTpI/IquKI/Iﬁ KaHaJ'I”, noTepu, noJjigpusanus, npeo6pa303aHI/Ie noJjigpusanuu,
OJINTMIITAYHOCTD.

BBenenue. B TepareprioBomM nuamna3zoHe BeChbMa aKTYyalbHBIM SBISETCS BOIPOC
BbIOOpa BOJHOBEAYIIEH CHUCTEMBI, Ha OCHOBE KOTOPOH MOXKHO CO37aBaTh
(YHKIMOHANBHBIE 3JIEMEHTHl Pa3IMYHOrO0 Ha3zHaueHWs. B o03opHo# crathe [1]
paccMaTpuBaeTrcsi paboTa OTICIBHBIX YCTPOWCTB, BHITIOTHEHHBIX HA OCHOBE OTKPBITHIX
KBa3MONTHYECKNX JUHUHA. M3-3a psana ocobeHHOcTed (OTKphITas JTUHHS, rabapuTHl,
BEC) TPUMEHEHHE KBa3HONTHYECKUX JIMHUM  OrpaHWYeHo, KakK IpaBuio,
U3MEPHUTEIbHBIMU cXxeMaMu. B pabGoTe [2] mNpuBeIeHBI OCHOBHBIE TEXHHUYECKUE
XapaKTePUCTUKHU MPAKTUYECKU TTOJHOTO KOMILIEKTa BOJHOBOJHBIX (DYHKIMOHAIBHBIX
aneMeHToB nuana3zoHa 120...180 /7Yy, BRIMOJHEHHBIX HA OCHOBE BOJHOBOJOB Kjacca
“TIIOJIBIA JUAIEKTPUYECKUNA KaHaT”.

Metonuka ucciaenoBanusi. B Hacrosimei pabore mpeanaraercs B yKa3aHHOM
JMarna3oHe MCIIOJIb30BaTh BpALIAIOIIEECs COWIECHEHHE, BBINOJIHEHHOE Ha OCHOBE
BOJIHOBOJA KJlacca “MOJIBIA AMAIIEKTpUYecKuil kaHan”. M3BectHO, yTO pabodas mona
3TOr0 BOJHOBOJAA JMHEMHO Moysgpu3oBaHa [2]. OTO MO3BOJIAET HCHOIB30BaTh B
KayecTBe MpeoOpa3oBatTelis MOJSAPU3ALMK BOJHOBOAHBIA YTOJOK KBa3HONTHYECKOTO
THUIA, B KOTOPOM Ha HEKOTOPOM PACCTOSIHUU d OT TIOCKOTO METAILUTMYECKOTO 3epKajia
yCTaHOBJIEHA YaCTOIEPHOANYECKas pemeTka (cM. puc.l).
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! Pemrerka
/(((r(‘ MeTaJuInYecKoe 3epKaio

Puc. 1. Ilpeobpazosamens nonspusayuu

E |

Pacuer oamekTpuueckMx XapaKTEPHCTHUK IMpeliaraeMoro mpeodpa3oBarens
MOJIIPU3AIMA  TIPOBEJEM Ha MOJENTH IUIOCKOTO0 METAUTMYECKOTO 3epKajga |
9aCTONEPHOINIECKON PEIIETKH, IIOMEIECHHBIX B CBOOOIHOM IPOCTPAHCTBE (¢ = 4 =1,
MPOBOAMMOCTH 3€pKaja W TPOBOJHUKOB PENIETOK NPUHUMAIOTCS W/ICATbHBIMH).

[Tnockoctu pemetku 1 1 3epkana 2 mapajjieNbHBI, PACCTOSHUE MEXITY HUMU PaBHO d,
a KOOpJMHATHAs CUCTeMa CBs3aHa C HUMHM, KaK ITOKa3aHO Ha pHC. 2.

X
1/_2
[0
- V4
E i
¥4 d Ez

——
Puc. 2. K pacuemy koaghgpuyuenmos ompaosicenus:

Co  CTOpOHBI OTPUIIATENBHBIX z MOJ yIIOM Y K ocu JZ Ha CHCTEMY pelIeTKa -
3epKaJlo MajaeT MI0CKas JIMHEWHO MOJIIPU30BAaHHAS BOJIHA C €AMHUYHON aMIUIUTYAOM,
BEKTOP AJIEKTPUIECKOTO TMOJIST KOTOPOH JIEKUT B TUIOCKOCTH MaJeHUs (TlapajienbHas
nonspu3amms Ey = 0). IlnockocTs mageHus napamienbHa wiockoctd XOZ, a ee x-a
KOMITIOHEHTa 00pa3yeT yroy ¢ C HampaBle€HHEM MPOBOJHHUKOB pemeTKH. Tpedyercs
ONpPENEANTh BU MOJSIPU3ALUN OTPAXKEHHON BOJIHBIL.

1 5TOTO BBIYMCINM COCTABIAIONINE KOI(PPHUIMEHTOB OTPAKEHUS CHCTEMBI 110
HanpsDKeHHI0. ['paHuuHble ycnoBHs Ha pemerke (ycioBusi Bramummpckoro [3])
3aluIIEM B BUAE

E, =E,; E =E,_ =0 (1)
rac Enl u En2 - KOMIIOHCHTBI HOHCﬁ, HaIpaBJICHHLIC NEPIICHAUKYJIIAPHO MPOBOJHUKAM
PEUICTKU 1O 00e CTOPOHBI OT INIOCKOCTU PCHICTKHU, Esl nu E52 - KOMIIOHCHTEI HOHGfI,

HaIpaBJIeHHbIE BJOJIb MPOBOJHUKOB pemeTkd. Ha MOBEpXHOCTH METalIHYecKOTo
3epKaja TaHTeHIMAJIbHbIE COCTABIAIONINE SJIEKTPUUECKOr0 MO paBHBI Hyo. Pemas
CHCTEMY YPaBHEHHM, MOJyYEHHYIO NPH MOMOLIM TI'PAaHUYHBIX YCJIOBHH, HaXxoguM
cocTaBIIsOIIKE KOG (GUIUEHTOB OTPAXKEHHUS CUCTEMBI 110 HANIPSKEHUIO
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_ 2 s 2 j2a
Ry =-—cosy(cos” ¢+sin” pe’™),

. (2)
R, =cosysin2¢p(e’* -1)/2,

rnea = k,d; k, - BonHosoe wucno Baoms ocu OZ(k, =(27mcosy)/A); Ry wu
R, - cocrapnsiomue K03 duIMenTa OTPaKEHUs CHCTEMBI 110 HATIPSIKEHHUIO B CITyHae

napajuleIbHON MOJpU3aLnu, HarlpaBieHHbIe Bob oceil OX u OY coOTBETCTBEHHO.

B cnywae mnepneHAMKYISpHON MOISApU3ALMU (BEKTOP 3JIEKTPUUECKOTO MO
OPTOTOHAJIEH IJIOCKOCTH manenus £, = E; = () cocraBisiomue Kod¢p¢uImreHTa
OTpaXEHHs CHCTEMbl MO HanpspkeHusm K x, ¥ RYL HaxoZiATCAd aHAJIOTUYHO MU

3aITUCHIBAIOTCS B BUJIE
Ry =sin 20(e’*" 1)/ 2, G
R, = —sin’ @ —cos’ pe’**.

3ameTtuM, 4to Gopmydsl (2) u (3) HE YUHTHIBAIOT BIMSAHUS MECTHBIX BOJH BOJIU3U
MIPOBOJAHHUKOB PEIIETOK. AMIUIUTYABl JTHX BOJH CYIIECTBEHHO YOBIBAIOT TpH
yIaJICHUU OT PEIIETKHU YK€ Ha pacCTOsHUM ee mepuona [3].

U3 (2) u (3) cnenyer, 4TO OTpakeHHAs BOJHA COCTOMT W3 JBYX OPTOTOHAJIBHBIX
BOJIH, aMIUTUTYJbI U (a3bl KOTOPHIX B OOIIeM ciy4dae He paBHBI. M3BeCTHO, 4TO
CYTIEPIIO3HUIIMS TAaKWX BOJH MPEICTABISAET COOOW SITUNTHYECKH MOJSIPHU30BAHHYIO
BOJHY [4].

HaunbGonpmmii mpakTudeckuii MHTEpEC TPEICTABISET MOIydYeHHE OTPAKESHHON
BOJIHBI C KPYTOBOM Toisipu3anueid. J{iis 3Toro HeoOXoIMMo paBeHCTBO aMILTATY X-iH
U Y-l KOMIIOHEHT OTPaXKEHHOH BOJHBI (cM. puc.l) M 4TOOBI pa3sHOCTH (a3 MexIy
HHUMH COCTaBJIANIA 7/2.

PacyerHbie 3HaUCHMS JUIMNTHYHOCTA OTPaKeHHOU BONHBI OT Df = (f —fo)/fo ( fo
COOTBETCTBYET LIEHTPAJIbHOM YacTOTE JUana3oHa) MpuBeeHbI Ha puc. 3.

3,06

- 0,4

- 0,3
0,2

0,1

D%

1,5 1,0 05 0 05 1,0 1,5

Puc. 3. Dxcnepumenmanvuvie pezynomamot
KpuBasi 1 cooTBeTCTBYeT cilydaro, Korjia a =37/4; ¢ = /41000 ¢ =37/4, a

KpHUBas 2 — ciy4aio, Koraa o« =r/4; ¢ =n/41100 ¢ =3z /4. W3 puc. 3 BUAHO, 4TO
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cucTtema 0oJee MUPOKOINOIOCHAS PU apaMeTpax, COOTBETCTBYIOLINX KPUBOW 2. DTO
00BsCHsIETCS TeM, 9To (Pa30BbI HaOET, COOTBETCTBYIONINI KPHUBOH 2, MEHbIIE Ha0era,
COOTBETCTBYIOIIETO KPUBOH 1.

OJKCHepUMEHTAJIbHbIE  Pe3yJbTaThl. OKCIEPHUMEHTAIBHO  ONpPECIsach
AIUTHIITUYHOCTh OTPAKEHHOW BOJHBI MPH 3HAYCHUSX ¢ = 7/4Ug =37 /4, B 000UX
CIy4asx BeNWYMHA « TpUHUMaNack paBHOM ~/4. Ha puc. 3 mnpuBeaeHsl
OKCTIIEPUMEHTANIbHBIE ~ pe3yslbTaThl  (00O3HAUEHHBIE  KPECTHKaMH),  KOTOpHIE
COTTIACYIOTCSl ¢ pacueTHOM KpuBod (2). 3aMeTHUM, YTO 3HAYEHUS DIUTUITHYHOCTH
OTPaXEHHOW BOJHBI TpH ¢@=7z/4 U @=37/4Cc TpadUIecKOd TOYHOCTHIO

coBmaiaoT. B paccMoTpeHHOM mpeoOpazoBaTenie BEIMYMHA CyMMApHBIX TMOTEPh U
KCBH B oTtHOcuTensHOU monoce dacTtoT Af = 3% He mpesbimaer 0,2 u 1,06 0F
COOTBETCTBEHHO. B MpOBEICHHBIX IKCTIEpUMEHTaxX B Auana3zoHe gactoT 150...180 /Ty
ommoOKa u3mMepenus coctanisuia 20%.

PaGora paccMoTpeHHOro mpeoOpaszoBareNs — MOJSAPU3ALUU  MOJTYUHICTCS
MPUHLUITY B3auMHOCTH. KoMOWHaIusi OBYX ONFCAaHHBIX BHINIE MpeoOpa3oBaTeien
MOJISIPU3AIMIA TTO3BOJISIET PEAT30BaTh BpAIAIOIeecs] COWICHEHHE ¢ N3MEHEHHEM OCH
TpakTa (cM. puc. 4). Takue ycrpoiicTBa muMpoko wucnois3dyiorcss B CBY cxemax

paSﬂH‘{HOFO Ha3HA4YCHMUI.
yyu*

C

by

1

Puc. 4. Bpawaioweecs counenenue

YeTpoicTBO paboTaeT CISaYIOIM 00pa3oM: THHEHHO MOoIsIpu30BaHHas padodas
MOJia BOJIHOBOJIa KJIacca “HOJIBbIA JMIJICKTPUYCCKUI KaHAI” TMOCTYNMAaeT B HWKHUN
yrosiok. IIpy moMoIu MeTajuIn4ecKoro 3epKajia U 4acTONEePUOINYECKOM PEIIeTKH OHA
mpeoOpa3oBBIBACTCS B BOJHY C KPYroBOW moisipm3anueid. Jlaimee BoMHA TpOXOAUT
Yyepe3 BPAIIAONIyIOCs CEKIUIO U TIPH MTOMOIIH BEPXHET0 3epKajia U PEemeTKH 0O0paTHO
PeoOpa30BBIBACTCS B BOJHY C JIMHEHHOMN MOJIsIpU3aIiuei.

BbiBoapl. DIeKTpHUeCKHE XapaKTEPUCTHUKH BPAIAIONIETOCS  COWICHEHHS
MPAaKTHYECKH HE OTIMYAIOTCA OT IapaMeTpoB IMpeoOpa3oBaTeNss IUIOCKOCTH
noJisipu3anuu. VICKIIIoUeHHE COCTaBJISIFOT MPSIMbIE MMOTEPH, KOTOPHIE HE MPEBBIMIAIOT
0,5 0b, 4TO CBSI3aHO C MPUMEHEHHEM JIBYX KBa3HONTHUYECKUX yTOJIKOB.
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[Ipennaraemoe ycTpoWCTBO 00JIaaeT TOCTATOYHO BBICOKMMH SJICKTPUYCCKHUMHU
XapaKTepUCTUKaMH, TIO3TOMY  MOXET HaWTH  IIUPOKOe TNPHUMEHEHHe B
PaguoIOKAIIMOHHBIX CUCTEMaX FUTarepIioBOro U TePareproBoro Juana3oHoB.

Paboma evinonnena 6 pamxax memwvi “‘Pazpabomka onmuyeckoco Oemekmopa  Oisl
OUCIMAHYUOHHO20 0bHapyJiceHust 8pednbix eeujecms” (wugp 13-2B104).
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A ROTATING JOINT BASED ON A METAL-DIELECTRIC
WAVEGUIDE FOR THE TERAHERTZ RANGE

M.Ts. Ayvazyan

It is proposed to use a rotating joint with a changing axis tract in a terahertz range. In the
joint, the linearly polarized wave converts into a circularly polarized wave, then after passing
the rotating portion, an inverse conversion of the wave from the circular polarization into the
linear takes place. The polarization conversion takes place by a metallic mirror and grating. It
is shown that the proposed rotating joint has small losses and ellipticity.

Keywords: terahertz range, waveguide of the class "hollow dielectric channel," losses,
polarization, polarization convertsion, ellipticity.
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DC-HSDPA ROLLOUT STRATEGIES

L.D. Husikyan', N.G. Grigoryan?, G.T. Alaverdyan’

! Orange Armenia
2 LTX-Credence

Considering the rapid development of data traffic, it is very important to continuously
monitor the needs for upgrading the existing solutions and introducing technologies to maintain
CAPEX and OPEX optimally. In this paper deployment of DC-HSDPA is introduced and some
strategies for rollout are mentioned.

Keywords: HSPA, 64QAM, DC-HSDPA, rollout, strategy.

Introduction. Network quality is the basis of competition among operators as in
line with a number of research reports, subscribers have started to pay increasingly
more attention to quality, especially when it comes to the currently booming data
traffic. With the increasing complexity of the offered services and the evolution of new
technologies, the focal point of operators has changed from technology to subscriber
experience.

Current solutions allowing gradual convergence of all traffic classes to full IP
handling, or efficient intersystem balancing mechanisms open many possibilities of
network cooperation strategy. In this scope, spectrum management is investigated
based on the utilization and the resulting performance, accordingly potential
modification or further refarming activities are considered and proposed if applicable.
Spectrum refarming allows to maintain effective frequency utilization with the
developing technology and service needs. In particular, LTE radio technology is the
most spectrally efficient, hence it is expected that with growing technology maturity
and full IP confidence, at some point, frequency spectrums of operators may be fully
taken over by LTE.

DC-HSDPA utilizes two adjacent WCDMA carriers to transmit two parallel
HSDPA streams to the single UE. DC-HSDPA operation improves the end-user
performance by pooling the radio resources of two carriers simultaneously for the same
user. Hence, with 64QAM feature, the DC-HSDPA expands the DL bit rate up to 42
Mbps (2 x 21 Mbps), while with basic 16QAM capability-up to 28 Mbps (2 x 14
Mbps). Moreover, by using a joint-scheduler configuration, it takes advantage of the
statistical multiplexing, multi-user diversity and frequency selectivity in order to
achieve improved spectral efficiency. Therefore, with DC-HSDPA not only the end
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user throughput is improved, but also the overall site capacity, as observed in a number
of commercial deployments [1-3].

The RNC (Radio Network Controller) decides upon the DC-HSDPA RAB (Radio
Access Bearer) establishment based on the IE (Information Element) (multi-cell
capability: true) provided in the UL RRC (Radio Resource Control): RRC Connection
Request and the support of the NodeB. However, for instance, when one of the DC-
HSDPA cells is congested or radio conditions are low, the RNC can decide to
configure the regular HSPA RAB, even if both the UE and the NodeB have DC-
HSDPA capabilities.

The UL transmission is handled by the HSUPA channels, but to only one cell,
which is called the Primary DC-HSDPA cell. Also, the UL HSDPA feedback, i.e. HS-
DCCH (CQI and ACK/NACK) is delivered only to the Primary cell. The other cell
(can be even not HSUPA-capable) is called Secondary DC-HSDPA cell and handles
only the DL transmission. Considering the HSUPA capability in the DC-HSDPA cells,
the two configurations are differentiated: (i) Fixed DC-HSDPA configuration — only
one cell is HSUPA-enabled (Primary cell), and (ii) Flexible DC-HSDPA configuration
— both cells are HSUPA-enabled. With the Flexible DC-HSDPA configuration, the
RNC evaluates which cell has been reported with the better condition and then decides
to allocate it as Primary Cell in the DC-HSDPA RAB Configuration/Reconfiguration
message to the UE. Also, during the ongoing DC-HSDPA connection, the
Primary/Secondary cell assignment can be seamlessly reconfigured. Practically,
networks are loaded by HSPA traffic hence operators do not have the motivation to
sacrifice any of the layers for disabling HSUPA. Therefore, most commonly, the
Flexible DC-HSDPA configuration is applied.

The complete physical channel structure is presented in Fig.1. Precisely, the
Primary cell handles all UL channels including HSUPA (E-DPDCH, E-DPCC),
HSDPA feedback (HS-DPCCH), and R99 SRB (DPDCH, DPCCH), or only DPCCH if
SRB is mapped on the HSPA channel (optionally).

Downlink Uplink Channels
Channels
-1 Hs:sccH EDPDCH “~._  Primary RF Carrier
[ HS-PDSCH E-DPCCH b Serving cell
e F-DPCH HS-DPCCH ’
T DPCCH_---~~
HS-SCCH
HS-PDSCH .
Secondary RF Carrier
Secondary serving cell

Fig. 1. Involved physical channels in DC-HSDPA
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In the DL, each DC-HSDPA cell transmits independently 1-15 HS-PDSCH
channels and 1-4 HS-SCCH channels. Additionally, the Primary cell handles the SRB,
which in DL goes either conventionally via R99 channels then DPDCH and DPCCH
are transmitted or optionally via HSPA channels, then F-DPCH is used in the DL to
deliver the TPC bits to the Ues.

The cell-independent scheduling requires cell-independent AMC (Adaptive
Modulation and Coding) and cell-independent H-ARQ (Hybrid-Automatic Request)
processes. In order to facilitate these requirements, the HS-DPCCH UL feedback
channel has been modified to include both CQIs and H-ARQ information for each layer
separately. This has been achieved by reducing the redundancy ratio of the HS-
DPCCH, thus providing more capacity for the information bits. In order to guarantee
the same HS-DPCCH reception quality, the repetition period has been incremented.

DC-HSDPA is maintained during SCC (Serving Cell Change) for both inter- and
inter- NodeB as long as the target cell supports the DC-HSDPA and the AC
(Admission Control) decides accordingly. On the contrary, the IFHO (Inter Frequency
Handover) between two DC-HSDPA pairs is not supported, i.e., a switch to HSPA is
required if HSDPA CM (Compressed Mode) is supported, otherwise downgrade to R99
is performed. However, this should be noted that DC-HSDPA IFHO procedure is a
very uncommon scenario, as this would require an operator to have 4 HSPA layers
deployment with two separate DC-HSDPA pairs.

The DC-HSDPA evolution introduces DB-HSDPA (Dual Band-HSDPA), for
which the RF carriers can be in different operating bands (e.g., 900 and 2100). This is
certainly a very attractive feature for operators with carriers spread across bands, and
significantly increases their flexibility in DC-HSDPA implementation. The number and
supported combination of frequency bands is limited as provided in Table 1, Table 2.

Generally, the concept and the functionality of DB-HSDPA are the same as those
enabling DC-HSDPA 42 Mbps to peak data rate. Additionally, switches between the
DB-HSDPA and DC-HSDPA are possible if the scenario is applicable. MIMO is not
supported together with DC-HSDPA at the same time.

Enabling of DC HSDPA in the network required feature interdependencies (Table
3) 4l

= Available features provide the following limits (Fig.2):

U Max number of HSDPA users per cell: 72
U Max number of HSUPA users per cell: 72
U Max number of HSUPA users per LCG: 80

= As each DC-HSDPA user requires a HSUPA return channel, the number of
DC-HSDPA is limited by a maximum number of HSUPA users allowed.
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Tcell Groups:

Group 1: Teell values 0, 1, 2
Group 2: Tcell values 3, 4, 5
Group 3: Tcell values 6, 7, 8
Group 4: Tcell value 9

RF Carrier 2

Fig. 2. DC-HSDPA configuration

Each cell belonging to the same sector must have the same Tcell and each cell
belonging to the same layer must have Tcell value from a different group.

Table 1

DB-HSDPA (42 MBPS) OPERATING BANDS

UL Frequencies DL Frequencies
Operating | UE transmit, Node B | UE receive, Node B
Band receive transmit
( I 1920...1980 MHz 2110...2170 MHz
11 1850...1910 MHz 1930...1990 MHz
I 111 1710...1785 MHz 1805...1880 MHz
v 1710...1755 MHz 2110...2155 MHz
A% 824...849 MHz 869...894 MHz
VI 830...840 MHz 875...885 MHz
Vil 2500...2570 MHz 2620...2690 MHz
g Vil 880...915 MHz 925...960 MHz
IX | 1749.9...1784.9 MHz | 1844.9...1879.9 MHz
Table 2
DB-DC-HSDPA Configuration |Uplink Band Downlink Band
1 Ior VIII I and VIII
2 IMorIV I and IV
3 lorV Iand V
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Table 3

= HSDPA 64QAM = HSDPA DC-HSDPA

» Based on 3GPP 25.321 » Based on 3GPP 25.321

= Optional Feature = Optional Feature

= RNC License Key required (ON- = RNC License Key required (ON-
OFF) OFF)

» UE categories 13, 14, 16 and 17 » UE categories 21, 22, 23 and 24
supported. supported.

= Prerequisites: = Prerequisites:

= Flexible RLC = Flexible RLC

= HSDPA 14.4 Mbps = HSDPA 14.4 Mbps

= HSDPA 16QAM = HSDPA 16QAM

* Dynamic Res. Allocation * Dynamic Res. Allocation

= HSUPA = HSUPA

. = HSDPA 64QAM (for 42 Mbps)

= Shared Scheduler

DC-HSDPA implementation strategies:

DC-HSDPA requires HSDPA to be enabled at least on two carriers in one cell,
and at least one of them is required to have enabled HSUPA. This leads to the
following site level implementation options:

> 2 carrier dedicated 3G data network, voice moved to GSM

> 2 carrier 3G network, carriers shared with R99 traffic and HSDPA/DC-
HSDPA

> 3 or more carrier 3G network with 2 carriers dedicated for HSPDA/DC-
HSDPA, rest dedicated for R99 or shared

> Dual band network with two carriers in one band with DC-HSDPA

DC-HSDPA roll-out strategies:
Following feature roll-out options:
> Enabled DC-HSDPA in only traffic hotspots

> Enabled DC-HSDPA in high traffic areas such as city centers
»  Network wide rollout.

Multicarrier layering strategies:
The layering strategy defines the mechanism to move Ues to the correct

layer(s):

Idle mode UE camping

Transitions between the layers

Load, service, and capability-based handovers

Handling carrier edges if all carriers are not implemented network.
Operators can use different strategies for DC-HSDPA deployment:

YV VYV
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Strategy (1)

Two carrier HSDPA network, realtime traffic (mainly voice) moved to GSM

- In multisystem network with network wide support for GSM, CS voice calls can
be moved to GSM network. Voice quality is similar in 3G and GSM systems. After
voice call is completed, the UE returns to 3G network with idle mode cell reselection.

- This would release more capacity for data users (R99 NRT, HSDPA, DC-
HSDPA)

- 3G network would in practice be for data only, assuming number of CS voice
multi-RAB and video calls is small

- R99 data calls could also be moved to GSM, but that would affect the end user
experience since 3G R99 data speeds and latencies are better than GSM even with
EDGE

- Capacity upgrades might be required in GSM network to accommodate the
voice traffic coming from 3G network

Strategy (2

Two carrier HSDPA network, carriers are shared with realtime traffic:

- HSDPA need to be enabled in both carriers to use DC-HSDPA, and resources
are shared with R99 voice and data traffic

- Some resources are used for R99 services, which slightly affect HSDPA and
DC-HSDPA peformance

- All 3G users are retained in 3G network, no impact to GSM

Strategy (3

Three or more 3G carriers, one carrier is dedicated for R99 traffic and others for
HSDPA / DC-HSDPA traffic

- One dedicated carrier for R99 services

- Two or more dedicated carriers for HSDPA / DC-HSDPA

- HSDPA / DC-HSDPA load will not impact the R99 carrier

- The layering strategy needs to be planned

Conclusion:

1. Generally, DC-HSDPA is a next capacity upgrade step after the HSDPA
64QAM activation.

2. Significant CAPEX with DC-HSDPA activation (CE needs/schedulers).
However, additional schedulers also help regular HSDPA users. Hence, CAPEX
related to the overall traffic increase can be minimized (extra schedulers are already
deployed).

3. The expected single user throughput is increased by 100% in low-loaded
network

4. The network level capacity gain in loaded network can be more than 20% even
in the cell edge

5.With more than 2 layers, the operator needs to guarantee proper DC-HSDPA
availability (HO forcing scenarios).

6. The next capacity step would be multicarrier HSDPA or DC-HSDPA with
MIMO.

102



REFERENCES

1. Dual Cell HSPA and its Future Evolution white paper, available:

http://www.nomor.de/uploads/1h/pA/1hpAccByjinAOWBDzTNt4w/WhitePaper DC-HSDPA 2009-
01.pdf.
2. Performance Evaluation on Dual Cell HSDPA Operation / D. Andrade, A. Klein, H.

Holma et al // Technol. & Platforms Dept., Munich, Germany Vehicular Technology
Conference Fall (VTC 2009-Fall), IEEE 70'".- 20-23 Sept. 2009.
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=5378867

3. 4G Mobile Broadband Evolution: 3GPP Release 10 and Beyond HSPA+ SAE/LTE and
LTE Advances, available:
http://www.3gamericas.org/documents/4G%20Americas 3GPP_Rel-
10_Beyond_January%202012%20Update.pdf , P207.

4. Borkowski J., Husikyan L., Husikyan H. HSPA evolution with CAPEX considerations //
Communication Systems, Networks & Digital Signal Processing (CSNDSP): 8th
International Symposium on Communication.- Poland, Poznan, 2012.- P. 1-6.
10.1109/CSNDSP.2012.6292714

Received on 20.03.2014.
Accepted for publication on 12.05.2014.
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CTPATEI'MU BHEJIPEHUSA DC-HSDPA

JLA. Ycuksan, H.I'. I'puropsn, I'.T. AnaBepasin

C yderoM ObICTPOTO pa3BuUTHs Tpaduka OaHHBIX TOKa3aHa Ba)XHOCTh ITOCTOSIHHOTO
KOHTPOJII TOTpeOHOCTEHl B MOJEPHHU3AIMU CYIIECTBYIOIIMX pEIIeHHH W BHEIPEHUH
texHojoruit no nonuepxkannto CAPEX u OPEX B ontumansHOM pexume. [lpeacraBneHsl

BHeApeHus DC-HSDPA u paccMoTpeHBI HEKOTOPBIE CTPATErnu X OCYLIECTBICHHUS.
Knioueswie cnosa: HSPA, 64QAM, DC-HSDPA, BHenpeHue, cTpaterusi.
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HHOOPMAIIHOHHBIE MATEPHAJIBI

K 80- nemuro Braoumupa Epsandosuua
Apycmamsana

l-ro sHBapa wucnonHuiock 80 jer
mpodeccopy Apycramsiny Brnagumupy
EpBannoBuuy, oOIHOMYy H3 IHOHEPOB
OTEUECTBEHHOM  paJMOdIEKTPOHUKU U
BBIUNCIIUTENBHON TEXHUKH.

Ero mayuyHO-npoM3BOACTBEHHAs M HAYYHO-TIEJarornyeckas AeATeIbHOCTh Hauu-
HaeTcs co BTOPO# 1mosoBUHBI 1950-X TO0B, B MEPHOJ OCBOEHUS, CTAHOBIECHHUS U pa3-
BUTHSI OTpacin B APMEHHH, U B OTOM JIeJie BECOMBII BKiax BHec 1oomisp. [1o okoH-
yauuu B 1958 r. pusmko-maremMaruueckoro ¢axyibTera EpeBaHCKOTr0 rocyaapcTBeH-
HOTO YHHMBEPCHTETa IO CHEIHUAIbHOCTH “@Du3nka” OH ObUI HAlpaBlieH BO BHOBb
oprannzoBanHbli EpeBanckuit HUW wmarematnmueckux wmamwmua (EpHUMMM, B
Hapoje — “MHCTUTYT MeprensHa”), TAe MpoIlel MyTh OT TEXHUKA, 3aTeM HH)KEHepa,
CTapIIero WHXKEeHepa, BeAYyIIero NHKeHepa, HadallbHUKa Hay4YHO-HCCIIEI0BaTENbCKOM
J1a00paTopuH, TAABHOTO KOHCTPYKTOPA 0 3aMECTHUTENS TTIaBHOTO HHXKEHepa.

B 1958-1961 rr. B.E. ApycramsH y4acTBOBajJ B pa3pabOTKe, U3TOTOBICHHU U
HaJlaJ ke OJTHOM 13 mepBbIX coBeTckuX DBM nepBoro mokxonenus —“Aparamn’’. B 1961-
1964 rr. B KauecTBe BEAYIIETO U PYKOBOAUTEINS TPYIIIBI MPUHUMAI y4acTue B pa3pa-
0OTKe ¥ BHEJPEHHH KOMIUIEKCOB JIOTHYECKHUX 3JIeMeHTOB DBM BTOpOTro MOKOIEHUS —
“Marnauii-17, “Marnuii-2’’, Ha 6a3e KOTOPBIX OBUTM MOCTPOEHBI MEPBEHIIBI OTEYECT-
BeHHbIX OBM BTOporo nokosnenus — “Paznan-3”, “Mapumpyt”, cemeiictBo “Haupn”.
3a atu paboTel OoH ObUT yhoctoeH OponzoBoi memanu BJIHX CCCP. B 1962 r. B
rocynapctBeHHOM peectpe CCCP ObLI0 3aperucTpupoBaHO MEPBOE €ro H300peTeHune
— “HecuMMeTpHU4HBIN MOTEHIMAIBHBIA Tpurrep’’, a B 1963 r. BhIIJIa €ro KHUra —
“KubepHeTnka U ee NMpUMEHEHHE B MPOMBIIUIEHHOCTH', TepBas B 3TOW 00iacTu
KHHMTa Ha apMSIHCKOM SI3bIKE, KOTOpasl ChITpajia 3HAYUTENbHYIO POJIb B JEJIE OCBOCHUS
HOBOT'O HaNpaBJIeHUS HAYKU U TEXHUKH, TIOJTOTOBKH CIEI[HATUCTOB B ApMEHHUH.

B 1964-1965 rr. B.E. ApycramsH 3aHUMaliCS HCCIIEIOBAaHUEM BO3MOXKHOCTEH
mocTpoeHusi ontudeckux OBM, pe3ynbTaTel KOTOPBIX OBIIM  JIOJIOKEHBI B
MockoBckOM W JIGHUHTpaJCcKOM HAyYHBIX LEHTpPax W OMyOIMKOBaHBI B TEYaTH, a B
1965-1967 1r.- pa3pabOTKON CXEMOTEXHUKU WHTETPAIBHBIX JIOTUYECKUX 3JIEMEHTOB
OBM Tperhero MmOKOJEHHUS, B pPe3ysbTare KOTOpOW BIEpBbIE B ApPMEHUH ObUIH
W3TOTOBJICHBl THOpPUAHBIE MHTETPaJbHbIE MHUKPOCXEMBI M 3apEeTHCTPUPOBAHBI TPH
n300peTeHus.
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B 1968 r. B MockoBckoM HHXeHepHO-¢pu3nueckoM uHcTuTyTe (MHUDOU) mox
Hay4YHbIM PYKOBOICTBOM 3aB. Kadeapol »nekTpoHuku npodeccopa T.M. AraxansHa
(B MOCKOBCKHX HAayYHBIX Kpyrax — ‘““Merpa COBETCKOU 3JEKTPOHHKH ') 3alUTHI KaH-
JUIATCKYIO0 IHUCCEPTAalMIO, MOCBAIICHHYIO HCCIIEAOBAHUIO MPOOJeM pa3paboTKH U
MPUMEHEHUS] UHTETPAIBbHBIX JIOTHYECKUX MUKPOCXEM.

B 1967-1970 rr. B KauecTBE pyKOBOAUTES FPYIIIbI YYAaCTBOBAI B MOJIEPHU3ALIUU
u BHeApenun u3nenus bPC (ObicTpopeiicTByIOmAs paaroTENeMETPHUECKasi CUCTEMA)
CHEeUUAIBHOTO Ha3HAYECHUSI.

B 1968 r. 6611 BrittoueH B coctaB CoBeTa CIEUAMCTOB CTPaH DKOHOMHYECKOTO
ConpyxectBa 1o co3gannto Ennnoit Cuctemsr 9BM (EC DBM) Tperbero mokoire-
HUS, TIpooipKaBIerocs 10 1984 r., a 8 1969-1978 rr. Bo3riaBuiI HCCIICIOBATEIIBCKY IO
nmabopatoputo EpHMMMM 10 »3iekTpoHHOMY KOHCTpyupoBanmio OBM, rme
IIPOBOJMIIMCH OCHOBHBIE PA0OTHI 10 CO3AAHHUIO €AWHBIX IPUHIUIIOB IIOCTPOEHUS 3Jie-
MeHTOB DBM pa3nuuHbIX YPOBHEH HepapXuH, MPaBUiI K HOPM MTOCTPOCHUS YCTPOHCTB
1 y310B DBM. Ha ocHOBe 3THX pe3yJbTaTOB IPH €TI0 HEMOCPEICTBEHHOM YYacTHH B
EpHWMM 6nutn pa3paboTaHbl M BHEAPEHBI B CEpUTHOE TTPON3BOICTBO Ha Kazanckom
3aome OBM, AIIO “Onexrtpon”: OBM EC-1030(1974); EC-1045(1978); EC-
1046(1982), Beraucnurensubie Komiuiekcsl BK-1010, 2EC-1045, 2EC-1046, B Kazanu
- EC-1033, B Muncke - EC-1020 u EC-1022.

OTH pe3ynbTaThl OBUTH HCIIONB30BaHB Takke B OBM cemetictBa “Hawmpu™:
“Haupu-4”, “Haupu-4 APM”, “Haupu-4B”, “Haupu-4BC” u 1.1.

B 1973 1. emy ObUTO MPUCBOEHO YUYEHOE 3BaHUE CTApPIIET0 HAYYHOTO COTPYIHHUKA
10 BBIYMCIUTEIIBHON TeXHHKe, a B 1974 1. - noreHTa.

Eme B nauane 1970-p1x B.E. ApycraMsaH MHTEHCHBHO 3aHUMAJICS pa3pabOTKOM
CXEMOTEXHHYECKOH TEOpUH HMHTErpalbHBIX JIOTHYeCKHX 3JeMeHToB OBM, nenbio
KOTOpOW SIBIISJIOCH CO3JaHHE MaKpOMOJENel MHOTOMEPEeXOJHBIX  HMHTETrpalbHBIX
CTPYKTYp M YCTPOMCTB B IIEIOM. AHAJIOTUYHOM 3a/1adyeii 3aHUMaINCh Takke Hepyn u
Kamaxan B CIIA. TIlo pesynbratam wuccienoBanuii B.E. ApycramsHa OblIo
3aperuCTPUPOBAHO HECKOJBKO HM300pETEHHH W OMyOJIMKOBAaHBI CTAaThbH B YKypHAJIaX
“Muxpoanektponnka” AH CCCP, “Yupasnsomue cuctems! u mamuasl” AH YCCP,
“UzBectuss” AH Apm. CCP u ap. HayuyHBIX M3[aHUAX, a TaK)KE OPraHU30BaH
CEpUIHBIM BBIMYCK WHTETPANbHBIX JIOTHUecKMX MukpocxeMm 12KJI 551 (KOKJISS1)
(3enenorpan), Mukpocxem cepuii 253 u 254 (Epesan).

B 1978 r. on Obul Ha3Ha4YeH Ha JODKHOCTH 3aMECTHUTEINSl TJIaBHOTO WHXKEHepa
EpHUUM (mo 1984 r.), B BémeHHMM KOTOpPOrO OBUIM NPOBOAWMBIE B HHCTHTYTE
HAYYHO-HCCIIEIOBATENbCKAE M OIBITHO-KOHCTPYKTOpckue pabotel. B 1981 r. B
MU®U 3ammTun JOKTOPCKYI0 AuccepTanuio Ha Temy “UccnenoBanue u paspaboTka
DIIEKTPOHHBIX YCTPOWCTB LHU(PPOBBIX BBYUCIUTENBHBIX MAalIMH Ha MHKPOCXEMax
MOBBIIIIEHHOM CTENEHU MHTETpalun’.
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B 1970, 1983 u 1984 rr. oH ObIT HarpaxJAeH NMPaBUTEILCTBEHHBIMH HarpaJamMu
CCCP (memamm ‘“3a mobnectHblii Tpyn®, ‘“3a TpymoByw nooOmects’’, “Berepan
Tpyna’’), B 1982 r. ymocroen 3Banus “Uzobperarenr CCCP”, a B 1984 1. -
“Ilouetnoro pamucta CCCP’’. 3a GomnbIoi BKIaa B Aelie Pa3BUTHS BEIYUCIATEINBHOMN
texankun U EpHUMM 6511 3anecen B “Kuury CnaBer’” my3sest ucropunn EpHUMM.

B 1984 r. oH OBl Ha3Ha4YeH Ha JOJDKHOCTH AMpekTopa EpeBaHckoro ¢ummana
MockoBckoro HUWM pamnocBsasu, a B 1985 r. BkmoueH B CoBET TIJIaBHBIX
koHCTpyKkTOopoB EnmHoit cuctemsl crrytarkoBoit cBsizu (ECCC) CCCP. Oba dakropa
CBITpAJIM BAXKHYIO POJIb B JIeJIe pacIiupeHus (Quinajia ¥ OpraHu3alud Ha ero 0Oase
EpeBanckoro HUUN Cpencts cBsizu (EpHUNCC), aupekTopoM KOTOPOTO OH OBLT 70
1992 r. B 3t1 rompl TIOA €r0 PYKOBOACTBOM W TIPHU €0 HETIOCPEACTBEHHOM YYaCTHH
OBLTH pa3pabOTaHBI M BHEIPECHBI Ha3eMHEIC ammapaTypsl n3nenus “lluramens”, camo-
JeTHAs PaAWOCTaHIUSA CIYTHHKOBOW CBsi3m “BepTyH’’, psAa TEXHHUYECKHX U
MIPOTPaMMHBIX CPENICTB, IPeIHAa3HAYCHHBIX sl Komruiekca “I'mobyc -2” ECCC.

B 1985 1. 110 €r0 MHUIMATHRE | TIOJ] €T0 PYKOBOJICTBOM HAYaJIOCh CTPOUTEIHECTBO
71a00paTOPHO-NPOU3BOACTBEHHOIO KOMIUIEKCA MHCTUTYTA, a Yepe3 ToJl Ha HEero OblIx
BO3JIO’KEHBI 00S[3aHHOCTH OOLIEro 3aKa3dMKa CTPOUTENHCTBA BCero J{aBuaaIeHcKoro
npombinuieaHoro  y3ma (EpHUMCC, nBa 3aBoma, KOHCTPYKTOPCKOE OrOpO,
HHPPACTPYKTYPHI).

[TapannenbHO € Hay4YyHO-IIPOU3BOJCTBEHHOM AESTEIHLHOCTHIO B. ApycTamsiH c
1968-1969 y4. roga 1O WHHUIOMATHBE OCHOBaTeNs Kadeapbl MHKpPOIIEKTPOHHKH
IT'MYA (ITomurexnuk) npodeccopa T.M. AraxansHa mnpernomaer B [UYA. 3nech
BIIEPBBIC OH CTaJ BBECTH KYPCHI MUKPOIJICKTPOHUKH, (PH3UKH TOIYIPOBOJIHUKOBBIX
npuOOpPOB, KOHCTPYMPOBAHHMS M TEXHOJOTMM MHKPOCXEM U JAp. JAUCIMIUIMH B
JIOJDKHOCTSIX CTapllero ImpemoaaBareisi, aoleHra, mpodeccopa. C 1992 r. on
OKOHYATEJILHO TMEPEeXOIUT Ha MpernojiaBaTelibckyo padory B TUVA: mo 1995 r. -
npodeccopoM (akyabTeTa PaTUOTEXHUKH U CHUCTeM CBs3u, B 1995-2001 rr. -
3aBenyromM kadenpoit “KoHcTpynpoBaHue v MPOU3BOJACTBO PagdoaniapaTypol’, a ¢
2001 r. mo Hacrosiee BpeMst — mpodeccopoM Toit ke Kadeapsl.

3a 3TH TOABI UM pa3pabOTaHBI M BBEJCHHI B JICHCTBUE DSl HOBBIX KYpPCOB Oaka-
JaBPCKOT0, MarkCTEPCKOTO U aCUPAaHTCKOTO 00YUYEHUSs], U3JaHO MHOXKECTBO YUEOHBIX
nocoOuii, METOAN4YeCKUX padoT | T.1.

B ¢espane 1999 r. B. Apycramsn Obul u30paH akageMUKOM MexIyHapOAHOH
akagemun cBs3u (MAC), a B mapte 2000 1. BKIIIOUeH B cocTaB Hay4HBIX KOMUTETOB -
“OnexkTpoHHbIE cpeacTBa MaccoBoi mHpopmanuu B XXI Beke”, “TenexkomMyHHUKa-
uuoHHast nHayctpuss XXI Bexa” mporpammel MAC “I'mobanpHoe MH(pOpMaMOHHOE
o01ecTBo”.

B. ApycramsiH akTUBHO y4acTBYET B Jieji€ MOArOTOBKH BBICOKOKBaTH(UIIMPOBaH-
HBIX CIIELHAJIMCTOB B 00JaCTH PaANO3IEKTPOHUKH U HHPOPMATHKH, SBISIETCS YICHOM
cnenuanusupoBanHoro cosera 032 BAK PA mo mpucyxaeHuro ydeHbIX CTeneHei
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JIOKTOPOB M KaHAWAATOB HayK. MM MOATrOTOBIEHO ceMb KaHAWAATOB HayK, CBBIIIE
NATHAECATH MaructpoB. OH SIBJISETCS WIEHOM HAayYHO-TEXHHYECKOTO COBETa U KOH-
kypcHoil komuccuu 'Y A, skcneprom MOH PA, unenom peaxomnerun “BectHux”-
I'MYA. Ero Hay4HO-mIearorndeckasl JEATENBHOCTh OblIa OTMEYEHa MaMSTHBIMHU
“3onoTeiMu MenanssMu” MuHUCTEpcTBa 00pa3zoBaHus U Hayku PA (2008 r.) u TUYA
(2013 1.). B.E. ApycraMsH - Hay4YHBIIi PyKOBOJHUTENb pPsiia KPYIMHBIX MPOEKTOB H
pa3paboTok, aBTOp cBhIIe 150 HaydHBIX pa0bOT, KHUT, H300PETEHUIA.

3a 1998-2010 rr. moj ero Hay4YHBIM PyKOBOACTBOM mnpoBoamiuck HUP rocoron-
JKETHOTO (PMHAHCHPOBAHUS, PE3yNbTaThl KOTOPHIX OBUTH OMyOJMKOBAHBI M HCIIOJIB30-
BaHbl NPU OPraHU3alMM AUCIETYEPCKON cBsA3M raszomporoga “Upan-Apmenusa’, a
TaKKe IIpU IOATOTOBKE JUCCepTaluii aciupaHToOB. B HacTosiee Bpemsi, 10 COBMECTH-
TEJIBCTBY, SABJSIETCSl BEAYIIMM Hay4YHbIM COTPYIHHMKOM 0a30BOM J1abopaTopuu IO
UCIIOJIb30BaHUIO ()OTOHUKHU B CUCTEMAX CBSI3H.

B nocnegnue ronsl B. ApycTaMsH 3aHMMAaeTCsl IOUCKOM M UCCIEIOBaHUEM HO-
BBIX METOJIOB TIOCTPOCHHUS U OIeHKH d(DPEKTUBHOCTH CETEH, CpeACTB MUPOBOii 0Opa-
00TKM WH(pOPMAITUH, MOJCIHPOBAHUS U ONTUMHU3ANNK CeTell W T.A. B 3TH paboThI
BOBJIeUEHB! psif yueHbIX [UY A u pyKoBOAMMBIE UM aCIIMPAHThI X MAarHCTPHL.

3aciayKuUBaeT YBaKEHHUs AEATENbHOCTh B. ApycTaMsiHa B jeie MOMyJIspU3aLuK
U NIpONaras/sl JOCTI)KEHUH HAyKH U TEXHOJOIMH B 001acTH paguodiaekTpoHuku. Io
KHUTaMm u nmyonukanusiM B. ApycraMsHa B Hay4HO-TIOIYJIIPHBIX JKypHajIax U ra3erax
peciryOuKN apMSHCKWI YATATeNbh BIEPBbIE 03HAKOMMWIICS C TAKUMH JOCTHXCHUSMH
PaanodIEeKTPOHUKH, KaK BBIYACIUTEIbHASI TEXHUKA, MUKPODJIEKTPOHHUKA, [BETHOE Te-
JIeBHJICHNE, ONTHYECKAas CBsI3b, IM(pOBasi CBsA3b, COTOBas CBs3b U ap. Ero mepy npu-
Hamiexut (BMecte ['. IlarBakaHsHOM) mepeBoj 3HameHUTHIX KHHT E. AificOepra:
“TeneBupenue?.. 910 oueHb IpocTo”, “Tpanzuctop?.. IT0 04eHHL mpocTo”. B 1969 r.
€ro Hay4HoO-TomyJsipHas KHura “Kak mammHa pemaer 3aj1ady’, IpeacTaBleHHas Ha
KOHKypC oOiecTBa ‘“3HaHue”, ObUIAa YIOCTOCHA IIPEMHUH, & CaM aBTOpP HarpaxkIeH
“TlouerHo#t I'pamoToii” obmiecTra.

[loxkemaeM JOCTOMOYTEHHOMY OOMIISIPY KPEMKOTO 3JI0POBbS M HOBBIX
TBOPYECKHUX BBICOT.
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<G1hLuYLENh SNh3UY

1. Unwdjwu Swaghy Ywpnwup

Ugnjutu Uhpwyt Uwpqup

3. Ugnjwu Shgpwu Uhpwtih

10.

11.
12.

14.
15.

17.

18.
. Cwhwuny Yjwnhdpp hjwup

20.

Ujwybprywu Swywub Shgpwuh
Uhwpnujwu Uhwpnu Ywdngh
Wywquu Uwpwnhu Snjwyh

Unnwnwdjwu Yjwnhdhp Gpdwunp

Uynwpwu LwnbYy PEuhwdhup
Udbwhujwt Ywhwu <Guphyh
Pwnnwnph Wdwp Upwu
Ptgnjwu Lunu Ywn|tup
Pnwhwpjwu Ywht Ywqqbup
Synqunjwu Lnthqu Uwdybih

Snhgnpjwts Lwhpnthh Sphgnph
Tnfunywu dwuuw Swghyp

Lhunghundw Gygbujw hjwup

tuninwytipnywu Uniphly fuwshyh

Ynhpwynujwu MNnpbu Swghyh

<nuhyywu <puwyp Lwyyh
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21.

22.

23.

24,

25.

26.

27.
28.

29.
30.
31.

32.

33.

<niy Lphunhuw

<nwhljwu Lhthw Ywyheh

Awphpjwt Ywpbu Pnphup
Utilhpjwt Snhwp Swywnoh

Utihpjwu Ywqgbu Cwywpoh

Gjnkuhug Uhpwjb|

Mbwnpnujwu O(tig <wpnieyntup
Mnnnujwu Upowly Unbithwup

Mnwqyuu Lunt Ywpnwuh
Mnwwnwdjwu Lhwuw Swnupyh
Uwpqujwu Upbkg Upwpwunh

Uhdnujwu Uttw Udpwwnh

Uhdnujwu Uwpghu <nyhwuubup
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CIIMCOK ABTOPOB

. ABmansn Hapek bennamunoBuu
. ABetucsaH Baan I'enpuxoBny
. Araponsn Arapon Kamoesuu

. Anamsu [Naruk Bapnanosuu

. AzostH Mukaen CapkucoBuy

. AzosiH Turpan Mukaenosuu

. AitBazsH Maptun LomakoBud

8. AnasepasH ['asu» TurpanosHa

9. Apycramsaa Bnagumup EpBannosuu

10.

11.
12.
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21.
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23.

Barmamn Ammap ABHu AGbac

Berosin Jleron KapnenoBuu

Bynunarsan Bare Baszrenosuu

Iapu6sia Kapen boprcosnu
I'puropsin Haupyu I'puropseBna
I'tonb3ansan Jlynza CamBenoBHa
Joxonsau JKanna ["'arukoBHa
Kupakocsia Pyben ['arukoBuy

JIutBuHoBa EBrenus llBaHoBHa

Menukss Basren [llaBapmoBua

Menuksn I'oap 1llaBapmoBHa
OBuuksH ['paiip [aitkoBru

ITerpocsin Oner ApyTroHOBUY

[orocsu Apmrak CrenaHOBAY
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Iloenuar Mukaen
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<NHUTLENh 64UYNrUUL WULNLLENE

Lwjwunwuph whnwywu dwpnwpwghnwywt hwdwuwpwup (Mnjhnbluuply) Pwupbpp gpwfunudnn
hwunbu t, npp hpwwwpwynd £ ghnwnbiuuthywlwu, twb ywndphpdwd wyuwplwhu-ybpindwlywu punyeh
hnnqwdubin, hwnnpnnuiubp, puswybu b wndjw] puwguywnh wudwuh ghwnuwlwuubph hnpbywuubphu, unp
gnpbipht, hwdwuwpwuh Jwutwygnipjwdp Yuwjwgwsd ghunwdnnnubphtu udppywd ujnuebip, fudpwgpnieju
ninnywd uwdwlubip:

Ujniep fudpwgpnieynit ubplujwgynid £ pun hbnlyw wwhwugubiph.

1. Bpynt ophtuwy, uwl biGYunpnuwihu wmwppbpwyny (banber_iter@seua.am), hwdwlwpgswihtu pwnpywdpp’
Microsoft Office Word: <nnqwéh dwdwip Ywpnn k (hub) dhusl 10 £9, hwnnpnnuwiubiphup' dhusle 4 ko: Skpuwnp
owpwnpynd £ A4 swihup pneh Jpw, woluwwnwupwih nwownp' Top-5ud, Bottom-5,1ud, Left-5,75ud, Right-
1,75ud, Footer-4,6ud, Jhgunnwiht wwpwdnipjniup (Line spacing)' 1,1, wwppbpniejniup (First line)' 0,75 ud:
Cwybipbu hubine nbwpnd unyep owpwnpynd £ GHEA Grapalat wwnwwbuwlnd, wwnwswihp' 10, huy
nnwbpbuh Ywd wugbipbuh nbwpnid® Times New Roman wwnwunbuwyny, wnwnwswihp' 11:

2. feneh Jbpuh Gwiu wulniund gpdnd b hwdwwhwwuh wwutnpnulywt nupwywuhop' wbpunhu
hwiwwwwnwutuwu |kgyny (ST, YAK, UDC), hwenpn ninnh YEuwnpnunud Jpuwghpp' gluwwnwntpny, hweonpn
winnnud - henhuwy(ubp)h  wujwu-hwjpwudwy  uygpuwwwnbpp b wgqwunu(ubp)p' bold, 10 wwnwswihng
hwjiptu wbpunh nbwpnd b 11 wwnwswihny' wugbpbit b nnwbpbu wbpuntiph nbwpnd, deY winn utippl’'
htinhuwy(utip)h woluwwmwywjpp' italic, 9 twnwswihny' hwybiptiu L 10 wnwswihny' nnwbipbu L wugtipbu:

3. Unep ufuynd £ wdihnthnwdng (wunwnwghw) wyu |Ggyny, npnd ubpyuyjwgwsd £ Udhnthnuwdu
wywpuynw £ wnwugpwjht pwnbpny' nwnwswipp' 9 hwjtipbu inbpuwnp nbiypnud bW 10 tnwnwswihny' wugtiptu
L nnwbipbu wnbpuwnbph nbwpnd, b dhwju «Unwugpwiht pwnbip» wpunwhwjungegniup' bold, italic: Udihnthnuip
wbwp t hup 50-60 pwn, wnwugpuwjhtu pwnbipp Yud punwywwwygnigniuubpp' 4-8 pwn:

4. bpwotuwdnpynud £ yneh owpwnpdwu hbnlyw) Yupgp. «Lepwdnieiniu», npp whnp £ hwdwnnun
ubpwnh hwpgh htwyp, ptdwh wpnhwlywunygniup b hGwnwgnunigjuwu uwwwnwyp, «buunph npduépp b
deennhlwih  hhduwynpnuwipy», «LGnwgnuingjut  wprynwupubipp», «Ggpulwgnipiniu»,  wuhpwdbonniyejwu
nbwpnd’ bwb wy| pwdhuubn' hwdwwwwwuluwu Yepuwgnbpny:

5. Sbtpunnul  hnnuubpp  gpwlwunigjuup  tpynd  Gu - nipnuityniu hwlwagdbpny:  Pwuwadltipp
ubpyuywgynid BU unp wninnhg, Equation Editor dpwgpny, italic, mwnwswihp' 11, wuhpwdbynnipjwu nbwpnid
hwdwpwlwynd Bu winnh apgnd' undnpwiyw (Ynp) thwlwgdnid:

6. Llhwnubipu nt wrynwwlubpp hwonpnnid Gu intipunnud hwdwwwwnwufuw hnnwdubipht: «LY.» U «Un-
Jnwwly» pwnbipp, uywputiph dwywgpnieniup b wnynwwlyutiph wujwunwubpp gpdnud Gu ltalic 9 mwnwswithny
hwjtiptu wbipuwnh nbwpnid b 10 twnwswihny' wugitipbu b nnwbipbu wbipunbiph nbwpnud:

7. Stpuwnhu hwonpnnd £ gpwlwuniput gwuyp' 9 wwnwswihny hwibptu wbpunp nbwpnwd LW 10
wnwnwswihny' wugibiptiu b nnwbipbu wbipunbiph nbwpnid, dhwju hinhtwyh wqqwuntut ne wudwi-hwpwugwu
uygqpuwwnwnbipp' bold, «Fpwlwunyeiwu gwul» wpunwhwjnnyeniup' winnh YEunpnundd, gifluwwnwntipny: Swu-
ynw gpwlywunigjw jnipwpwtginp wnpnip hwdwpwlwynud £ pun mbpunnud hp hndwu hbppwlwuniypjwu:
Spwlwunieywu wnpnipubpp wwppbpwlwt  hpwwnwpwynieniiubph nbwpnd ubpyuyjwgynd Bu  hbnlyw;
Ywpgny. htnhuwyh wggquuntup, wujwu-hwjpwujwt uygpuwnwntpp, yepuwghpp, hwuntuh wujwunwp Yud
punniujwd  hwwwynwp, hpwwwpwldwtu wwpbehyp, hwwnph ne eiqupldwt hwdwpubpp,  hGppwywu
hwdwpp, Unyeh qbinbndwu  tebipp, gppbiph  nbwpnd'  htnhuwyh  wqquuniup,  wudwu-hwpwudwu
uygpuwwnwntipp, yepuwghpp, hpwwnwpwydwu Jwipp, hpwwnwpwysnipyniup, pqwlwup, tobph pwuwyp:

8. SGpwlwunipjwu gwuyhtu hwonpnnwd Gu wdthnthnwdubpp dnw Gpyne (Ggniubipny (el wbpuinp hw-
J6pGU E, wdihnthnidubipp bwiu' nnwbpblu, www' wugbpb, Geb nnwbpbu £, bwiu' hwybpbu, wwyw' wugbpbu,
bt wugbpbu £, bwiu' hwybipbu, wwyw' nnwbpbu): UWdthnthnudubipp pninp bpbip (Ggniubipny hpbiug pndwunwyne-
pjwdp U wnwugpwihtu pwnbpny wtwnp k£ (hubt unyuwyw:

9. Stpunp uwnpwgpynd E hbnhuwl(ubp)h Ynndhg, updnd £ ujnep fudpwgnpnuginiu hwudubnt
wduwphyp: Stipunh fudpwgpdwsd b uppwgpywd nwppbpwyp hwdwédwjutigynid £ htinhuwy(utip)h htwn:

10.  <bnhuwl(ubp)u wnwudhu tony ubpluywgund E (GU) wqquuntt, wunt, hwypwuniup (iphy),
wofuwwmwdwyph, unynptint Juyph  |phy - wudwunwp,  qpuntigpwd  wwownnup, ghwnwlwt  wuwmhbwup,
hGnwiunuwhwdwpubpp (woluwwnwupwht, nwu b ppowjht):
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HPABUJIA O®OPMJIEHUA CTATEM

Bectauk T'ocymapcrBeHHoro umxeHepHoro ynuBepcurera Apmenun (IIOJINTEXHUK) - peueH3upyemsiid
XKypHaJl, B KOTOPOM IyOJMKYIOTCS CTaTbH HAyYHO-TEXHHMUYECKOTO XapaKTepa, COOOIUEHHs, 3aKa3Hble 0030pHO-
aHATUTHYECKHe CTaThH, a TAKKE MaTepualibl, HOCBALICHHBIE I00MIEAM H3BECTHBIX B JIAHHON OOJNACTH YYEHBIX, HOBBIM
KHUTI'aM, HAy4YHBIM KOH(EepeHIMAM IIPU yJaCTHU YHUBEPCUTETA, U IIHCbMA B aIPeC PeaKIHH.

Marepuan npeicTaBiseTcs B PEJAKIUI0 B COOTBETCTBUM CO CJIEyIOIIMMH NPABUIAMH!

1.Cratess B AByX 9k3eMIuisipax u aitn (banber_iter@seua.am) craten B ¢opmare Microsoft Office Word.
O6bem craTby He AOJDKeH HpeBbimaTs 10 crpanul, o6beM coobuwenuii — fo 4-x crpanun. Popmar crpanuns: — A4.
Pa6ouee mome: Top — 5cm, Bottom — 5,1cm, Left — 5,75cm, Right — 1,75cm, Footer — 4,6cm, MexcTpouHBIi
unrepsan (Line spacing) — 1,1, xpacxas crpoka (First line) — 0,75cm. [J[na cTaThu, HamuCaHHOM HA apMIHCKOM
aspike, npumenserca mpudt GHEA Grapalat (pasmep mpudra - 10), a Ha pycckom u aHriumiickom — Times New
Roman (pasmep mpudra — 11).

2.B seBOM BepxHeM YTJIy I€PBOTO JIHCTA yKA3bIBAETCS YHUBEPCAIBHbIHA IeCATUYHbLI Kiaccudukarop (25,
VK, UDC); cTpokoil HIDKe IO LeHTPY yKashIBaeTCs Ha3BaHME CTATbM — 3ariaBHbIMU OykBamu, mpudt Bold,
pasmep 10 — Ha apm.s3., 11 — Ha pyc. u aHri. s3., crpokoit Hinke - uHunmanst (M.0.) n damunus - cTpouHsIMU
GykBamu, mpudr Bold, pasmep 10 — Ha apm.si3., 11 — Ha pyc. U aHIJL 513., BRIPABHUBAHMUE IO LIEHTPY; CTPOKOM HUXeE
— Mecro paborsI - mpudr italic, pasmep 9.

3.MaTepuas TeKCTa HAaUMHAETCSA C AHHOTAIMM M IIPEJCTAaBIAETCA HAa TOM S3bIKe, HA KOTOPOM HAIMCaHa
craThsa. TekcT aHHOTanMM moypkeH BKIodaTh 50-60 cios. ITocie aHHOTaIMM HHUNIYTCS KIIOYEBBIE CJIOBA — OT 4-X
Zo 8-M CJIOB MM CJIOBOCOYeTaHuil. Pasmep Texcra aHHOTaUMU WM KIIOYEBHIX CI0B 9 — Ha apm.a3., 10 — Ha pyc. u
aHTJL f3., cIoBocoveranue «Krovessre croBa» - Bold, italic.

4. PexomeHpyeTcs CAenyIOWUil TOPAJOK M3IOXKEHHA MaTepuaja CTaThbU: BBeJEHHe, B KOTOPOM /OJDKHBI
6BITB KPaTKO IIpeACTaBJI€HbI COCTOAHMNE BOIIpOCa, aKTyaJIBHOCT]) TE€MBI U 11eJIb UCCI€IOBAHNA; IIOCTAHOBKA 3a4a4Y1 U
060CHOBaHIe METOIMKHY; Pe3y/IbTaThl CCIe/IOBAHN; 3aKII0YeHUe (3TH, a IPU HeOOXOAUMOCTH, U APyTHe PasiesIbl
JOJDKHBI IMETh COOTBETCTBYIOIIYIE 3aTOJIOBKH).

5.CcBUIKM Ha JIUTEpaTypy B TeKCTe JAlOTCA B KBAaJPaTHBIX CKoGKax. Qopmysnel ¥ MaTeMaTHdecKue
BBIpa)KeHUs Habupaworcs pegakropom Microsoft Equation, italic, pasmep — 11. ®opmyssr HaGupaloTcst ¢ HOBOR
CTPOKH, BBIpaBHHBaHUe IO IieHTDPY. IIpu Heob6XomumocTu, ux HymepyioT. Homep dopmynsr pacmonaraercs B
KOHI[e CTPOKH, B KPYTJIBIX CKOOKAX.

6. Pucysku u TaGIMIBI PACIIONATAIOTCA B TEKCTE 10 XOA4Y cChLaku Ha HuX. CioBa «Puc.», «Tabrumar, a Takxe
Ha3BaHUA PUCYHKOB ¥ Tabul mumryrces italic, pasmep 9 — Ha apm.ss., 10 — Ha pyc. u aHTIL 3.

7.B KOHIle CTaTbU JaeTcA CIMCOK JHUTepaTypsl: pasmep 9 — Ha apm.s3., 10 — Ha pyc. m aHII. £3.
CrnoBocoueranve «CIIMCOK JIMTEPATVYPbI» pacmonaraercs B LieHTpe CTPOKHM 3arjiaBHBIMH OykBamu, Bold.
IlutrpoBaHHas IHTEpaTypa HyMepyeTcs B IOPs/Ke CCBUIKM Ha Hee B TeKcTe. KaXk/pIif MCTOUHMK IIpe/iCTaBIAeTCS
B CJleZyIOlleM IIOpsAAKe: B CIydYae CCBUIKM Ha CTaThIO M3 xKypHana: dammnmd, naunuanst U.0. - Bold, nassanue
CTaThy, Ha3BaHMe XXypHasa, MECTO M3JaHMUA, TO/, U3/IAHHUs], TOM M HOMEp M3ZIaHHUs, C KaKOi II0 KaKylO CTPAHHIBI
3aHMMAeT CTaThs B DTOM J)KypHaje; B CIydae CCBUIKM Ha KHury: damumns, mumnuamst U.0., HasaHue KHUTH,
MeCTO M3/JaHN, Ha3BaHKe U3/JaTeIbCTBA, TO/l U3JaHuU, OOllee KOTMIECTBO CTPAHUII,

8.Ilocse uTEpaTyphI IPE/CTABIAIOTCS AaHHOTAIUY BMeCTe C KTIOYeBBIMHU CIOBAMH HA /IBYX JAPYTHX A3BIKAX.
Ecnu crares HamucaHa Ha apMAHCKOM fA3BIKe, TO CHAvaja [AeTCi aHHOTAIMA Ha PYCCKOM 3bIKe, 3aTeM Ha
aHIJIMICKOM; eC/IM HaIlMCaHa HAa PYCCKOM f3BIKe — COOTBETCTBEHHO HAa aPMAHCKOM M AHTJIHMICKOM, a eCIH Ha
aHIJIMICKOM — COOTBETCTBEHHO HAa apMAHCKOM U pycckoM a3pikaX. CofepixkaHue aHHOTALUI M KJIIOYEBbIe CI0BA
JOJIKHBIL 6])ITI> Ha TpeX A3bIKaX OAMHAKOBBIMHU.

9. Crarhsl IOANHUCHIBAaeTCS aBTOPOM (aBTOpamu). B KkoHue craThu craBuTCA gaTa (YHMCIO, MECAI, TOZ)
npezcraBreHns cratby. OTpeJaKTHPOBaHHBIA M OTKOPPEKTUPOBAaHHBIH BapHAaHT PYKOIIMCH COTJIACOBBIBAETCS C
aBTOPOM (@BTOpaMHu).

10. Ha orzenpHO# cTpaHKIle HEOGXOAUMO IIPECTABUTh CIeZyION[He aBTOPCKUe JaHHbIe: (haMIIHs,
MM, OTYECTBO; MOJIHOe HaMMeHOBAHUe MeCTa paGoThI, MecTa yueObl; 3aHMMaeMas JO/DKHOCTD, YUeHas CTeIleHb U
3BaHUe; HOMepa TeaeOHOB (CIIyKeOHBIH, JOMAIIHIH, MOOHIIBHBIH).
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RULES FOR PREPARATION OF MANUSCRIPTS

Proceedings of State Engineering University of Armenia (Polytechnic) is a peer-reviewed journal
which publishes scientific-technical and also analytic —review papers, short communications, as well as
materials about the jubilees of prominent scientists, new books, scientific conferences coorganized by
the University , letters addressed to the editorial board.

The material should be presented to the editorial staff in accordance with the requirements given
below.

1.The authors are requested to submit two hard copies, and also the electronic version
(banber_iter@seua.am) of the manuscript by Microsoft Office Word. The volume of scientific paper is
limited to 10 pages, and to 4 pages for short communications. The text should be printed on A4 sized
paper. The text margins should be: Top — 5cm, Bottom — 5.1 cm, Left — 5.75 cm, Right — 1.75 c¢m, Footer
— 4.6 cm, Line-spacing — 1.1 cm, the first line — 0.75 cm. Texts in Armenian should be printed by the
GHEA Grapalat, font size 10, and the texts in Russian or English by Times New Roman, in font size 11

2.0n the top left cornerof the first page, the Universal Decimal Classifier is placed (2S7%, VK,
UDC). The title of the article in capital letters, bold, font size 10 for texts in Armenian, and 11 — for
Russian and English should be placed in the centre of the next line. The initials and the surname(s) in
small letters and bold, in font size 10, for texts in Armenian, and in font size 11 for the ones in English
and Russian should be lined up in the centre of the next line. In the following line, the workplace of the
author (s) should be mentioned, italic, font size 9.

3.The text begins with an abstract in the language it is presented. The abstract should include 50-60
words. It ends with keywords in font size 9 for texts in Armenian, and in font size 10 for the ones in
English and Russian. Only the word “Keywords” should be bold, italic. The summary should not exceed
5 lines, the number, of keywords or word ocmbinatiors - 4-8.

4.The papers should include an introduction briefly introducing the state of the problem area, the
importance of the subject and the aim of investigation, as well as sections describing the statement of
the problem and selection of the methodology, the results of investigation, conclusion (other sections if
necessary) with subtitles, and it should end with the list of references.

5.The references in the text should be given in square brackets. The formulae should be introduced
by the Microsoft Equation Editor. They are printed from a new line in italic, font size 11 in the center of
the line, and if necessary numbered at the end of the line in round brackets..

6.Figures and tables should follow their references given in the text. The words “Fig”, “Table”, the
figure inscriptions and the table names should be printed in italic, in font size 9, for texts in Armenian,
and in font size 10 for texts in English and Russian.

7.The text is followed by the references in font size 9 for texts in Armenian and in font size 10 for
texts in English and Russian. Only the author’s initials and surname should be bold. The word
“References” should be placed in the centre of the line in capital letters. In the list of references each
source should be enumerated according to its reference number in the text. For the periodicals the
references should be introduced in the following style: the author’s surname, initials, title, year, numbers
of the volume and issue, page numbers, and for books — the author's name, full title, publication place,
publisher, year, total number of pages.

8.The references are followed by the abstracts in the other two languages. If the text is in Armenian,
the abstracts should be first in Russian and then in English. The text in Russian should be followed first
by Armenian and then by English abstracts, while the texts in English should be followed first by
Armenian, then by Russian abstracts. The abstracts in all the three languages should be identical in
content and keywords.

9.The manuscript should be signed by the author(s) with indication of the submission date. The
edited and proofread version of the manuscript should be agreed upon by the author(s).

10. On a separate page, the author(s) should introduce his/her/their full surname(s), name(s),
patronymic(s); the full name(s) of employment place, educational institution; the position occupied
scientific degree, telephone numbers (office, home, mobile).
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