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OT PEJAKTOPA

YBaxkaemble untarenu !

[IpencraBnsiem BamemMy BHUMaHUIO OYEpPEIHOW HOMEp IKypHalla
“BectHuk HanuoHambHOr0 MOJUMTEXHUYECKOTO YHUBEPCUTETa ApPMEHHH:
WudopMalilnoHHbIE TEXHOJOTUH, SJIEKTPOHUKA, PAAMOTEXHHKA”, SBISIOLIE-
rocsi IPaBOIPEEMHHUKOM KypHaa “MojenupoBaHue, ONTUMHU3ALUs, YIIPaBIIe-
HUe”, ocHOBaHHOTO B 1998 rony.

XKypuan ceirpan OonblIyl0 poidb B MYONUWKAlMM MHOTHX Hay4dHO-
MPAaKTUYECKUX PE3YJbTATOB KAK YYEHbIX HAIEro YHUBEPCUTETa, TaK U
uccienoBareneil  apyrux opranuzauuil. Crnenyer 0co0o0  MOAYEPKHYTH
HEOLICHUMYIO pOJIb JKypHaja B CTaHOBJIEHMM MOJOJBIX IEPCHEKTUBHBIX
HAay4YHBIX pPAOOTHUKOB M MYyONMKAIMU pPE3ylIbTaTOB MX KAHIUIATCKUX H
JOKTOPCKUX TUCCEPTALUIL.

B Hactosmee BpeMmsi penakuus OKypHajla TNpeANpUHUMAET OoJbIINe
YCHJIHSI TTO BKJIFOUCHHIO €ro B 0a3bl JaHHBIX “Scopus” u “Web of Science”, B
CBSI3U C YEM MPU3BIBAET aBTOPOB K MPEJICTABICHUIO HOBBIX BBICOKOKAYECT-
BEHHBIX HAyYHBIX PE3YyIbTaTOB I WX OMyOJMKOBAHUS M, TEM CaMbIM, €Il
00 JIbIIIEr0 MOBBIIIEHUS] MEXKAYHAPOJHOTO aBTOPUTETA JKypHaJa.

HocroitHo BcTpetuM 20-11eTre co JHS OCHOBaHUS KypHaa.

I'nasnwiii peoakmop sxncyprana
npog. C.O. Cumonsanu



EDITORIAL

Dear readers,

We introduce the next number of the journal “Information Technologies, Elec-
tronics and Radio Engineering” of the National Polytechnic University of Armenia
Proceedings - the successor of the journal “Modeling, Optimization, Control”, found-
ed in 1998.

The journal has played a great role in publication of many scientific and practical
results of scientists of our university and other organizations.

The invaluable role of the journal in the formation of promising young research-
ers and publishing the results of their PhD and Doctoral Dissertations should particu-
larly be stressed.

At present, the editorial staff of the journal makes consistent efforts for including
it in the “Scopus” and “Web of Science” databases and invites the authors to present
new high- quality scientific results for publishing, and thus increasing the international
authority of the journal.

Let us meet the 20" anniversary of the journal foundation with dignity.

Editor-in-chief of the journal
Prof. S.H. Simonyan
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HHDOOPMAIIUOHHKBIE TEXHOJIOI'MHU

VIIK 621.52+511.52

METO/bI PEIHEHUSA OJHOITAPAMETPUYECKUX OBOBIIEHHBIX
CONPSIKEHHBIX AHAJIOI'OB MATPUYHBIX YPABHEHUM THIIA
CUJIBBECTPA

A() - X(1)- D() + F(1) - X' (t) - B(t) = C(1)

C.O. CumonsH, A.A. AiiBa3siH
Hayuonanvuvii nonumexuuveckuii ynusepcumem Apmenuu

Jast perieHust 000OIIEHHBIX OJTHOIAPAMETPHIECCKUX CONPSKEHHbBIX aHAJIOTOB MAaTPUYHBIX
ypaBHeHMH THma CuibBecTpa TMPEUIOKEHBl TPU METOAA: AHAINTHYECKHM, a Takke
MIOCJICIOBATENBHBIM M TApajuIeNbHBIM  YHCICHHO-aHAIMTHYeCKHe MeToabpl. Ilocnmennue
OCHOBaHbI Ha HOBEHIIEM ONEpPalMOHHOM MeTone - IU(QEpeHIMANbHBIX ITPeoOpa3oBaHMAX
I''E. IlyxoBa. HecmoTps Ha TO, YTO aHAJUTHYECKHH METOA WU3-3a (YHKIHOHAIBHOCTH
BXOJSIIUX B HETO COOTHOIIECHUH BECbMa OIpaHHYCH AJIS UCIOIB30BAHUA €T0 B NMPAKTHYECKHX
NPWIOKEHUSAX, OHAKO OH CIY)KHT OCHOBOM JUIs pa3pabOTKH IIOCIENOBATEIBHOTO U
MapaneNbHOr0 YUCIEHHO-aHATUTUIECKUX METOJIOB.

BBeneHo noHsATHE ""COBOKYIHBIX YCIOBHI OJHO3HAYHON Pa3pelMOCTH 3a/1auu’": a) OJTHO
YCIOBHE THIEPPETYJSIPHOCTH COOTBETCTBYIOIIEH OJHOIIAPAaMETPHUYECKOH KpPOHEKEpPOBOH
MaTpHIbl ¥ YETHIPE YCJIOBHS PEryJSPHOCTH OIHONAPAMETPUYECKHUX MATpPHIl, BXOJIAIINX B
MaTeMaTHYECKYIO0 MOJIe]h UCXOTHOU 3a1aun (IpU aHATUTUYECKOM METOje); 0) OJTHO yCIOBUE
THIIEPPETYJIIPHOCTH COOTBETCTBYIOIIEH KPOHEKEPOBOW T'MIIEpMATPHIBI HAYAIBHBIX MaTpHU-
HBIX JMCKPETOB M YETHIPE YCIOBHUS PETYIIPHOCTH 3THX K€ MATPUYHBIX IHCKPETOB (TIpH
MOCJIEIOBATEIFHOM ~ YHCJICHHO-aHAINTHYECKOM  METO/E); B) OJHO YyCIOBHE CyIep-
PETyISPHOCTH COOTBETCTBYIOIIEH KPOHEKEPOBOH CymepMaTpHIlbl HAYaJIbHBIX MaTPUYHBIX
JMCKPETOB M YETBHIPE YCIOBUS DETYIAPHOCTH JTHUX JK€ MaTPUUYHBIX JUCKPETOB (TIpH
MapanielbHOM YHCIEHHO-aHATUTUIECKOM METOJIE).

PaccMoTpeH MoOJIeNbHBIM TpUMEp, JUIA pEIIeHHs KOTOPOro ObUI  HCIOJIBb30BaH
MIOCJIC/IOBATENbHBIM YNCIICHHO-aHAIMTHIECKUH METOJl, M IOJIYYeHO TOYHOE TEHIOPOBCKOE
pelIeHue 3a1aqH.

[IpemnoskeHHBIE METOAB! OMpEeCHHBIM 00pa30M 3alONHAIOT UMEIOIIHUNCS Mpobern B
paccmarpuBaeMoil o0iacTH M Ciykar 0a30d JuIs CO3JaHHs COOTBETCTBYIOIIMX MOAYJICH
NPUKJIJHBIX TporpamMMm (B yacTHOCTH, B cpenie MATLAB), xotopbie 3 eKTHBHO MOTYT OBITh
peann30BaHBl IPU  TPOBEACHWM  BBIYMCIMTENBHBIX  JKCIIEPUMEHTOB JUIS  PEUICHHUS
paccMaTpHUBaeMOro Kiacca 3aaad.

sdzé yj o' j ofgorEpav@puueckue 00OOLICHHBIC CONPSDKCHHBIE aAHAIOTH
MaTpUYHBIX ypaBHeHMH Tuna CHIbBECTpa, peNyKIWs, aHAIUTHYECKUH METOJ] pelIeHHs,
muddepeHnranbHble  MpeoOpa3oBaHus, IOCIEIOBATEIBHBIM W MapayUIeIbHBIM YHCICHHO-
AQHAJIMTHYECKHE METO/Bl PEIICHUs, COBOKYIHBIE YCJIOBHS OJHO3HAYHON pa3pelrnMoCTH
3a1a4M, MOJICIIBHBIH pUMeEp.

9



l 9 j H j Bzfafore [1] ObIM mpemIOKEHBI METOABI pEINEHMs OJHOIApa-
METPUYECKUX MATPUYHBIX YPaBHEHHH BHJIA

o (X0 + X ()-BO)=C(t) 1)

c marputiamu ¢ (, B(X), C(t) m X(t) omnoro m Toro e mopsiaka m, rae X(t)-

*
Hen3BecTHas (DYHKIMOHAIbHAs MaTpHla, Mojuiexarnas ompexaenenuro, a X (t) -

COIPSDKEHHAs K HeH MaTpuIa.

B Hacrosmelr paboTe paccMaTpHBarOTCS METOABI PELICHUS OJHOIapaMeT-
puueckux O0OOOIIEHHBIX CONPSDKEHHBIX aHAJIOTOB MATPUYHBIX YypPaBHEHUH THIA
CunbBectpa

¢ (X D(t)+F(t) - X (1) - B(H)=C(v), )
SIBJIAOIIMXCSA 00OOIIEHUAMI YHCIOBBIX MATPUYHBIX ypPaBHEHWH, PACCMOTPEHHBIX, B
qacTHOCTH, B [2-5] m oxBarsBarommx (1) xak gactueiii cnydait (D(t)=F(t)=E-
enuuauuHas Marpuma mopsaka Mm). 3mece ¢ (, D), F(t), B(Y), C(t) u X(t)—
KBaJ[paTHbIC MAaTPHUI(BI OJHOTO W TOro ke mopsaka M, roe X(t) — HewsBecTHas

(hyHKITMOHAIBHAS MaTPUIIa, MOJICKAIIAS ONPEACICHHO.

tdnECydv d 0dOdzdisd yd M tsJonyeras Mufodzd |

onnonapamerpudeckre Marpuisl ¢ (,D(3),F(t) u B(t) HeBbpokIcHHBIE Ha

paccMaTpuBaeMoM HHTepBane napamerpa t. Tormaa, ymuoxus (2) va A™(t), momydm

X(t)=A7(t)-[C(t)—F(t)- X" (t)-B(t)]-D7(t), @)
OTKY/Ia HMeeM CIIeIyoliee BrlpakeHne s onpeereHus X (t):
X (1)=D7(t)-[C(1)=B"(t)- X(t)-F (1)]- A™(1). @
C npyroi CTOPOHEI, U3 TOTO Ke YpaBHEHUS (2) MOITyInM
X7(t)=F7}(t)- [C(t)— A(t)- X(t)-D(t)]-B~H(t). (5)

ConocraBieHne MaTpUIHBIX ypaBHEHHH (4) U (5) MPUBOAUT K MPEICTABICHUIO
F(t)-C(t) BT(t) = F (1) A(t)- X(t)- D(t)-B (1) = ©)
=D~ (1)-C7(t)- A" (t)=D7 (1)-B(t)- X(t)-F (t)- A7 (1),

U3 KOTOpPOro MNpMMEHCHHUCM alImapara KPOHCKCPOBBLIX HpOH3BC}IeHHﬁ MaTpulg [6]

NOJIy4YuM
{ID") B @A) FT@®]-[F(t)- A ®B7 (t)- D' O} . - X(1) . =
=[D7(t)-C"(t)- A" (1) - F*(t)-C(t)-B™(®)] .., = Di(t) ., )

rae ® - 3HaK KPOHEKEPOBBIX MPOM3BEICHUH, @ CHMBOJI / YKa3bIBAaeT Ha THIICPBEKTOPBI

X(t)u Dy(t)c pasmepamu m?x1.
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Teneps, 0003HaYUB

P(t)=D7(t)-B'(t), )
Q(t)=ATT(t)-F (1), ©)
M(t)=F (1) A(t), (10)
N(t)=B"(t)-D'(t), (11)
13 THIEPMATPUIHO-TUIIEPBEKTOPHOTO TpeacTaBiIeHus (7) MOTyInM
X(t)={[P(t)®Q(t)] - [M(t)®N(t)]} - Dy(t). (12)

CnenoBatenbHO, ¢ ydeToM (12) ycnoBus 01HO3HAYHOM pa3pemnMocTy 3ajauu (2)
CBOZATCS K OJJHOBPEMEHHOMY BBITIOJTHEHHIO!

o YCIIOBHS THIIEPPETYIIAPHOCTH:
rang[ P(t) ®Q(t)~M(t)®N(t)] =m?; (13)
. YCIIOBUH PETYISIPHOCTH:
rangA(t)=m< JAL(t), v, (14a)
rangD(t) = m<> 3D 3(t), Vi, (146)
rangF(t) =m<s 3F (t), Vi, (14B)
rangB(t)=m<«> 3B (1), V. (14r)

Herpynno 3ameruTs, 4TO aHanmuTHdeckoe pemieHue (12) MamonmpurogHo i
NPAaKTUYECKUX MPHUIIOKEHHUI B CBSA3U C TEM, YTO JJIsl €T0 MCIOIb30BAHUS HEOOXO0AUMO

onpeennTh GyHKIMOHAIbHBIE 06paTHbie Matpuis A (t),D3(t),F1(t) u B7Y(t),
a Tak)Ke KpOHEKepoBY (YHKIMOHAIbHYI obparnyro runepmarpuiy [P(t)®Q(t)—

~M(t)®N(t)] ™ (c 9T0if uenBIO MOrYT OBITh HCIOIB30BAHBI Pe3yJBTATHI,
NOoJy4YeHHble B paboTtax [7-12]), 4TO AOCTaTOYHO TPYLOEMKO. OTH 3aTpyIHEHHUS
MOYKHO HECKOJIbKO O0JICTYUTh MyTeM pa3pabOTKH YHUCICHHO-aHATUTHIECKUX METOJIOB
perieHus 3agauu (2), K pacCMOTPEHHUIO KOTOPBIX U TepeiineM aanee.

] sfydzj Hise Ols j dz' dz® @O dzagdsfydrjj dgcetsf 2 d3j BpsH
HOJIOKUM, 4TO GyHKIMOoHANBHBIE MaTpullbl A(t), D(t), F(t), B(t), C(t) u X(t), a Takxe
obparsie Al(t), D?*(t), F'(t) u B™(t) aHaIMTHYHEI B HEKOTOPOM IEHTpE
anmpokcuManuu t=t, . DTo, €CTECTBEHHO, MOPOXKAACT aHATUTUYHOCTH Marpul P(t),
Q(t), M(t) m N(t). CienoBarenbHO, Ui BCEX 3THX MaTpUIl OyIyT HMMETh MECTO
cnenyromue nuddepernmanbabie mpeodpazosanus [13]:

ko 4k _
A(K):%% ‘t:tv' K:Oaioo = A(t)zll(t’tv!H!A(K)! K:0,00), (15)

k gk _
D(K)=%-dd?lft) ‘t:t,,’ K=0m = D(t)=p,(tt,,H,D(K), K=0,0), (16)

11
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H* d*F(t)

FO = ST
B(K)_H—k % e
A (K)_H—k h 3 ) \H,
W)=t g ’;tk(” o K
ATt S0
DT(K):|_||-ddetT,<(t) o K
D" (K)—ik & '3 10 e
Pt Etk(”

F (K)—H—k d Zt (L)
B}(K):Ht'dkitL(U g
B (K )= H': d :tk(t) |HV
c (K)_Hk-dit(t) et
-t T
x(k)=t d;i(t) o

e marprmst ACK ),D(K ),F(K),B(K),A~ (K ),A~ (K),A -

‘t:tv :

‘t =t

K=0w = F(t)=z(tt,,H,F(K), K=0), (17)
K=0m = B(t)=z(tt, H,B(K), K=0), (18)
K=0m = A'()=z5(th, HA(K), K=0w0),  (19)
K=0w = A (t)=z(tt H A (K), K=0,c0), (20)
K=0m = A ()= (Lt HA - (K), K=0m), (21)
K=00 = D'(t)=p(tt, ,H,D'(K), K=0.), (22)
K=0w = D (t)=z(tt HD" (K) K=0w),  (23)
K=0m = F (t)=zp(td, H,F (K), K=0,0), (24)
K=0w = F°(t)=zu(tt, HF (K), K=0w), (25
K=00 = B (t)=zp(tt, ,H,B (K), K=0m), (26)
K=00 —= B'(t)=ms(tt, ,H,B(K), K=0,0), (27)
K=00 = C(t)=ru(tt, HC(K), K=0w),  (28)
K=0w = C'(t)=zs(tt, HC(K), K=00), (29
K=000 = X(t)=z,t,,H, X(K), K=0,0), (30)

(K),D'(K).D" (K),

F(K),F~ (K),B"(K),C" (K),B"(K),C"(K), X (K), K =0,00 - MatpnuHbIe juc-

kperst marpm A(t),D(t),F(1),B(t),A"(1),A" (t),A

T T _x -1
~(),D(1),D (t),F (1),

* -1 -1 * *
F vT(t), B (t),Cv(t),B (t),C (t)u X(t) coorBercTBEHHO.
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3amMeTuM Takxke, 4YTO MaTpULbI A_vl(K),A_v*(K),A_tT(K),D_:(K),F_vl(K),
F*vT (K),B_vl(K),C_vl(K), K =0,00- MaTpHuHble JUCKPETHI OOPATHBIX  MATPHII
A (), AT(t),ATT(t),D7(1),F(t),FT(t),B(t) m CY(t) coorBeTcTBeHHO, a
He OoOpaTHbIE MATPUIBI MATPUYHBIX JUCKPETOB A(K),A*(K),A*T(K), D'(K),
F(K),FT(K),B(K),C(K); K=0,00 - leJOuHCIeHHbI} aprymenT; H — Macira6-

HBI K03(pPHUIMEHT; CHMBOJI = - 3HaK Mepexoja U3 00JIaCTH OPUTHHAIIOB B 00JIACTh
auddepeHInanbHbIX  M300pakeHHMH U Hao00poT; yq(-)— x16(-) - HekoTopble

anmpokcuMupyronme (yHKuu, BoccraHaBiuBatomue opurunamsr A(t),D(t),F(t),

g - T . - 1 *T =] . =] .
B(t),A"(t), A~ (t),A~ (t),D'(t),D"(t),F “(t),F~(t),B"(t),B(t),C(t),C (1)
u X(t)coorBeTcTBEHHO.

Torna ¢ yuerom (7) u (12) umeem:

fted K=0:
D(O,O)‘ X(O)= Dl(o)v (31)
rae
D(0,0)=P(0)®Q(0)-M(0)®N(0), (32a)
B,(0)=[D" (0)-C"(0)-A"(0)~F%(0)-C(0)-B™(0)], (326)
MpUYEM
P(0)=D"(0):8'(0), M(0)=F(0)-A(0), )
Q(0)=A + (0)-F “(0), N(0)=B " (0)-D'(0).
Otcrona mpu ycIIOBUHM TUIEPPETYIISIPHOCTH
rangD(0,0)=m? (34)
U YCIIOBUAX PETrYJISIPHOCTH
rangAfg(K)zm, VK =0,0, (35a)
rangD ‘(K )=m, VK =0, (356)
rangng(K)zm, VK =0,00, (358)
rangB_}(K):m, VK =0,00 (35r)
IOJIY4YUM
X(0)=D"(00)-D,(0); (36)
fted K=1:
D(00)- X(1)+D(10;01)- X(0)=D,(1), (37)
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rae
D(10;01)=[P(1)®Q(0)+P(0)®Q(1)] -[M(1)®N(0)+M(0)®N(1)],(38a)

By(1)=[D"(1)-C*(0)-A" (0)+ D" (0)-C*(1)- A" (0)+ D" (0)-C*(0)- A" (1)~ (355
~F(1)-C(0)-B"(0)~F “(0)-C(1)-B"(0)~F *(0)-C(0)-B~ (1)],
OTKyJia

X(1)=D™(00)-[D,(1)-D(10;01) - X(0)]; (39)
fted K=2:
D(00)-X(2)+D(10;0,1)- X(1)+D(20;11;0,2)- X(0)=D,(2), (40)
rac
D(20;11,02)=[P(2)®Q(0)+P(1)®Q(1)+P(0)®Q(2)] -
~[M(2)®N(0)-M(1)®N(1)-M(0)®N(2)], (41a)
B,(2)=[D" (2)-C-(0)- A~ (0)+D"(0)-C"(2)-A" (0)+ D" (0)-C-(0)- A~ (2) +
+D7(1)-C*(1)- A7 (0)+ D (0)-C*(1)- A” (1)+ D" (1)-C*(0)- A" (1)~ (416)
~F(2)-C(0)-B"(0)~F “(0)-C(2)-B"(0)~F " (0)-C(0)-B"(2)-
~F(1)-C(1)-B~(0)~F " (1)-C(0)-B" (1)~ F " (0)-C(1)-B~ (1)],
OTKyJia

X(2)=D?(00)-[D,(2)-D(10;0,1)- X(1)-D(20;11;,02)-X(0)];  (42)

fted K=K:
D(00)- X(K)+D(10;01)- X(K —=1)+ D(20;11,0,2) x
x X(K=2)+ ..+ D(K-10;K —=21;...4,K = 2;0,K —1)- X (1) + (43)

+D(KO0;K —11;..1,K —1,0,K)- X(0) = Dy(K),
rie
D(KO;K-11;...1,K -1;0,K )= [P(K )®Q(0) + P(K =1) ®Q(1) + ...

L +P(1)®Q(K -1)+P(0)®Q(K)]-[M(K)®M(0)+ (44a)
M(K-=1)®N(1)+..+ M(1)®N(K -1)+M(0)®N(K )],

B,(K)=[D" (K)-C*(0)-A (0)+D" (0)-C*(K)-A"(0)+D" (0)-C(0)x
x A" (K)+D" (K=1)-C(1)- A (0)+ D" (0)-C-(1)- A (1)+ D~ (1)x (446)
XxC“(0)-A” (1)~ F(2)-C(0)-B~(0)~F(0)-C(2)-B~(0)~ F *(0)x
xC(0)-B(2)~F ~ (1)-C(1)-B"(0)~F "(1)-C(0)-B~ (1)~ F " (0)-C(1)- B~ (1)],
14



OTKyza
X(K)=D"7(00)-[D,(K)-D(10:01)- X (K —1)— D(20;11;,0,2)x
xX(K=2)=..-D(K-10;K —21;...1, K —2:0,K —=1)- X (1) - (49)
~D(KQ;K-11;...:1, K —1;0,K )- X(0)].

1 Ot Odzdzj dz! dz" 20 dzQdiA] diz f dzdeth) ¢ d 2 d3J @osscHunmBts j M j dzd W .
cootnomienus (31), (37), (40) u (43), monyuyuMm cynepMaTpUYHO-TUIEPBEKTOPHOE
MPEJICTaBJICHUE, aHAJIOTMYHOE MpeacTaBieHuto (28) u3 padotsl [1]. Takum obpasom,
uMest CyTIepCUcTeMy

D(e)- X(-)=D,(-), (46)
rae
D(10;01) | D(00)
D(e)=| D(20:1102) .~ D(10:01) _ o | @7

- MIOJIHOPAHTOBAasl  CymepMaTpuila C  HUKHETPEYrOJbHO-OJOYHONW  HM30BITOYHOMN
cTpykTypoii ¢ pasmepamu (K +1)-m? x (K +1)-m?, a runepeexTops
X(:)=(X(0)" 1 X(1)" 1 X(2)" ¢t X(K)' ) (476)

B,(-)=(Dy(0)" : Dy(1)" : By(2)" i ...t Dy(K)')', (478)
MOIKHO OTPEACTUTh THIIEPBEKTOP
X(-)=D"}(+)-Dy(") (48)
u 3ateM B cooTBeTcTBHUM ¢ (30) BocctaHOBUTH pemienne X (1) ucxoaHoi 3amaun.
EcrecTBeHHO, YTO TpH  HCIOAB30BAHHH  MApPAUIETBHOTO  YHCIIEHHO-
aHAJTUTUYECKOTO METO/a I OJIHO3HAYHOW pa3pemmuMOCTH 3amadd (2) B IEHTpe
anmpokcuManuu t=t, JODKHBI OBITh OZHOBPEMEHHO BBIMOIHEHBI CIELYIONINE
COBOKYITHBIE YCIIOBHSL:
® yCJIOBHE CYIepPEryIipPHOCTH:
rangD(e)=(K +1)rangD(00)=(K +1)-m?; (49)
e ycioBus peryisproctu (35a)-(35r). (50)
OueBUAHO TaKKe, UTO MPH MPEIIOKEHHBIX YNUCIEHHO-aHATUTHIECKHX METOIaX
MOTYT OBITh INHPOKO HWCIOJIB30BAHBI COBPEMEHHBIE CPEACTBA HMH(POPMAIHOHHBIX
TexHojorui [ 14].

[ sH j dz' dz" 2. Adfrisemefnad3zpisHo MmaTpuuHOe ypaBHEHHE
P jt ]X(t)_{(lﬂ) 0}{—1 j]xk(t)_{o J}{(—Hjt) t}
0 (1+t) -] -t t O -t 0 (-1-2t) jr
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IIpuanman t, =1,H =1 , nony4nm

i 10 ] B
A(O)_[O 2},A(1)_L) J,A(K)_[O],KZZ,
D(0)= 2. 0}’[)(1):{(])’ _OJ,D(K)z[O],KZZ,

)=+ ! ,F(1):E 8]F(K)=[O],K22

B(0) = ,B(1)=Lol ﬂ,B(K)z[O],KkZ,

C(0)= {( 1;” ﬂ C(1)—_(_1+j) 21},0(2){0 ﬂ,C(K)=[0],K23,



1 3j 1 7]

1 )
D—*(O): 2 2 ,D_*(l)= 4 4 ,D_*(2)= 8 8 ,
0 -1 0 1 0 -1

ey O] [0 =1 [0 1
F(O)_[—j —J’F(l){o J’F(z){o —J’

. -1 —j] . 0 0] .
.FT(O){1 C)J}FT(l):[1 O}FWK):[@],Kzz.

[Hanee numeem runepmaTpuLy

T R S T R PN
(-377) 7 1Grp 372
e oi L ~2j
D(00)=| -2
1-dy o o (-2-))
2 :
(2+§) -i2-4i) (2-))

C Y4eTOM KOTOpoii B cooTBeTcTBUH ¢ (320), (380) 1 (410) momyunm

5.0)=|(-3-0) -7 1a-h @ Sh] %= ji-1 o]
x(©)=| & I
0=, o
. : . T
61(1){(—%—%) -2 —%} X(y=f jio of,
R
X(l){o 0},
. : . T
51(2)=[(—%+é) —%15(1—5) 3—:’} . X(2)=[0 0i0 o,
00
X(z){o 0}.

Hocnenyloume BBIYUCJIICHUA NPUBOJAT K CICAYIOHICMY:
X(K)=[0],vK >2.

TakuMm 00pa3oM, TEHIOPOBCKOE PEIICHHE 3a]aul UMEET BU/I
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x(t)=X(0)+X(1)'(t‘1)=L1 0}{0 0}“_1){_1 O}

B a0COIOTHOI TOYHOCTH KOTOPOTO MOKHO JIETKO YOEAUTHCS MMOICTAHOBKON €ro B
UCXOHOE MaTPUYHOE YpaBHEHUE.
3akmovyenue. Taxkum  oOpazoM, JAis  OAHO3HAYHOH  pa3pelIMMOCTH
00OOIIEHHBIX  OJHOMAPAMETPUYECKUX  CONPSDKEHHBIX — aHaJOTOB — MaTPHYHBIX
ypaBHeHui Tuna CunbBecTpa Npu NpeAIoKEeHHBIX METOIaX MOTyUEHBI:
e ycrnosue runepperyispaocta (13) u ycnoBus perynsipaocta (14a)-(14r) npu
AHATUTHYECKOM METOJIC;
e ycrnoBwue runepperyspaocta (34) u ycnoBus perynsipaocta (35a)-(35t) npu
M0CJIE0BATEILHOM YUCICHHO-aHATTUTUIECKOM METOE;
e ycioBHe rurnepperyssipHocTs (49) u ycnous perynsipaoctu (35a)-(35r) npu
napanieabHOM YUCICHHO-aHATTUTUIECKOM METOJE.
IIpennoxkeHHble  YHUCICHHO-AaHANUTHYECKHE  METOABI  JIETKO  PEaIn3yeMBbl
COBPEMEHHBIMH CPEICTBAMH HH(POPMALMOHHBIX TEXHOIOTUH.
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UbLUGUSPh ShMb A(t) - X(t)- D(t) + E(t) - X (t) - B(t) = C(t)
UhUMULUUGSPULUL CLACULLUSUUD SUUULNRD LUULUYLEPh
UUSChSU3hL CUMUUULNRULELD LAROUUL UbRNALLR

U.<. Updntjwt, W.U. Ujjwqjui

Uhytuwnph whwh dhwwywpwdbnpwlywu punhwupwgywsd dwnphguiht hwjwuw-
pnudubph hwdwing udwuwyubph nédwu hwdwp wnwownpyyk) Gu bpbp Bnwuwlyubp'
wuwhwnhy, hwonpnwlywu U gniquhbin pYw-wuwhwnpy: Ybpohtu tpynwp hhdujwsd Gu unpw-
gnyu owbipwghnu hwayp' ¢.6. Mnifundph nhdbipbughw) duwihnfunieniuubph ypw: Quuiywd
wju pwuhu, np wlwhwhy Bnwuwyp tpw Ywqgdh dbe dwnunn hwpwpbpwygnieniuutiph
Pniuyghnuwnigyuwu ywwbwnny fupun vwhdwtwthwyjwsd £ gnpduwlwu Yhpwnnieniu-
ubpnwd ogunwgnnpdtint hwdwp, vwlwju wju hpdp b dwnwnd hwonpnwywu W gniquhtin
pYw-wuwihwnhly Gnwuwyubph dowlydwu hwdwn:

Lbpdniddt £ «juunph dhwpdtip [ndbjhngjuu hwdwihp wwjdwuubp» hwulwgne-
pinup. w) hwdwwwwwufuwu dhwwywpwdbwpwywu Ypnublybpwu hhwtpdwwphgh hhwtip-
ntignyjwpnipjwt bl wwydwu b bwfutwlwu fuunph dwebdwwnhlwlwu dnnbih dbg dinunn
dhwwwpwdbnpwlwu dwinphgubph nbgniwpnigjuu snpu wwjdwuubp (wbwhwnhy nuuw-
yh nbwpnuwl); p) bwhitwlywu dwinphgwihtu nhulypbnutiph hwdwwwwnwufuwu Ypnublybpwu
hhwytipdwwphgh hhwbpnbgnywpnuegjwu dbY wwydwu W unytu dwwnphgwiht nhuypbnutiph
nbgnijwpnipjwt snpu wwjdwuubp (hwonpnwywt pqw-wuwhwnhy nwuwyh nbwpnuw); q)
Uwfuuwywu dwinphgwihtu nhuypbnutph hwdwwwnwutuwu Ypnublbpjwu unwwybpdwinphgh
unwybtipntignywpnipjwi bl ywydwu b unyu dwinphguwihtu nhuyptwnubiph nbgniywpniejwu
snpu wwydwuubp (gniquhbn pw-wuwihwnhy nwuwyh nbwpnwd): Hhuowpyyb b dnnbjwhu
ophtuwy, nph NWdwu hwdwp oguwagnnpdyb| £ hwonpnwlwu pw-wuwhwnpy Gnwuwyp, L
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unwgyti £ fuunph Gogphwn phnpwu nwdnwp: Unwowpyywd Gnwuwyubipp npnawyhnpbiu
(pwgunud Bu nhwwpyynn wnppnypenud gnjnuyggntu niutignn pwgp W hphdp Gu dwnwynid
Yhpwnwhwtu  Spwgpbph hwdwwwwwufuwyu  dnpnuyubph Yuwnnigdwt hwdwp
(dwutuwynpwuybiu® MATLAB dhowyuwjpnd), npnup wpmyniuwybnnpbu Yuipnn Bu hpwgnpdyby
npunwpyynn  nwup  fuunppubph Gdwtu hwdwp' hwognnulwu  hnpéwpynwdubph
hpwjwuwgdwu dwdwuwl:

Unwugpuypti pwnbp. Uhybunph whwh  dhwwywpwdbnpulwu  punhwupwgywd
dwuwphgwiht hwjwuwpnwiubph hwdwins tdwuwyubp, nbnnighw, nddwu wuwhwnhy
Gnwuwy, nhdbptughw| dUuwithnfunyeniuutp, NGdwu hwonpnwlwu U gniqwhbin pYw-
wuwlhwhy nwuwlubp, futnph dhwpdtp ndbhnejwu hwdwhp wwydwuubp, dnnbuwhu
ophuwy:

METHODS FOR SOLVING ONE-PARAMETRIC GENERALIZED
CONJUGATED ANALOGES OF SYLVESTER TYPE

A() - X(t)- D(t) + F(t) - X (1) - B(t) = C(t) MATRIX EQUATIONS
S.H. Simonyan, A.A. Ayvazyan

Three methods are proposed for solving generalized one-paramteric conjugated analogues
of Sylvester type matrix equations: analytical, as well as sequential and parallel numerical-
analytical methods. The mentioned methods are based on the newest operational method- the
differential transformations of G. Ye. Pukhov. Despite the analytical method is limited in prac-
tical applications because of the functionals in its composition, however, it serves as a basis for
developing sequential and parallel numerical-analytical methods.

The concept of "cumulative conditions of unique solvability of the problem" is intro-
duced: a) one condition of hyper regularity corresponds to one-parametric Kronecker matrix
and four conditions of regularity of one-parametric matrices included in the mathematical
model of the source problem (under the analytical method); b) one condition of hyper regulari-
ty corresponds to Kronecker matrix of the initial matrices' discretes and four conditions of reg-
ularity of the same matrices’ discretes (under the sequential numerical-analytical method); c)
one condition of super regularity corresponding to Kronecker super matrix of initial matrices’
discretes and four conditions of regularity of the same matrices' discretes (under the parallel
numerical-analytical method).

A model example is considered, which is solved using the sequential numerical-analytical
method and the exact Taylor solution of the problem is obtained.

The proposed methods in a certain way fill the existing gap in the examined field and
serve as a basis for creating corresponding modules of applications (in particular, in the
MATLAB), which can be effectively realized in conducting computational experiments to
solve this class of problems.

Keywords: generalized one-parametric conjugated analogues of Sylvester-type matrix
equations, reduction, analytical solution method, differential transformations, sequential and
parallel numerical-analytical solution methods, cumulative conditions for the unique solvability
of the problem, model example.
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Becmuux HITVA: “Hnghopmayuonnvie mexnonozuu, anekmpouuka, paouomexnuxa”. 2017, Nel.

YK 621.396.677.85:004.4°4

PA3PABOTKA MPUKJIAIHBIX TPHJIOKEHUM 151 PACUETA U
NPOEKTHPOBAHMS PYIIOPHBIX U PYIIOPHO-JIUH30BBIX AHTEHH
B IPOIT'PAMMHOM CPEJIE FEKO

JL.X. XauaTpsin
Hayuonanvuwiti nonumexnuueckuii ynusepcumem Apmenuu

be3 wucnosib30BaHMA HOBBIX AaBTOMAaTU3UPOBAHHBIX CPEICTB MPOEKTUPOBAHHS HEBO3-
MOJKHBI pa3paboTKa, pacueT W aHAU3 Ha3eMHBIX M OOPTOBBIX aHTCHHBIX CHCTeM. CHCTEMBI
ABTOMATU3MPOBAHHOTO TPOEKTUPOBAHMS SBJISAIOTCA BaKHBIM HHCTPYMEHTOM Ui Ka)kJOro
UH)XeHepa—TIpOEKTUPOBIIMKA cBepXxBblcokouacToTHOM (CBY) TexHukn u aHTeHH. Jlns
pelIeHus COBPEMEHHBIX 3aJad TpeOyroTcs Ooliee COBEPIICHCTBOBAHHBIC MPOTPaMMHBIC
MPOAYKTHI, a TAKXKE HEMPEPHIBHOE U3YUEHHE HOBBIX METOJOB U MOJXOOB.

Pa3zpaboTaH mnakeT NPHUKIAIHBIX NPWIOKEHUH ISl  pacyera M MPOCKTUPOBAHUS
MUPAMUJIATbHBIX PYHOPHOH W PYNOPHO-IMH30BOM AHTEHH C HCIOJb30BAHHEM MPOTrPaMMBI
FEKO “FEldberechnung bei Korpern mit beliebiger Oberflache” (Pacuer momnst ¢ yuerom Ten
NpOM3BOJBHBIX (opM) B dacTOTHBIX sguamazoHax 500...800 MIy, 760 MIy...1,46 [Ty,
1,45..220 Ty, 2,17...51Ty, 4,64...10 I'Ty. [laeTcs omucaHUE OJHON M3 CaMbIX MOIIHBIX
COBPEMEHHBIX MporpaMM 3JeKTpoauHamuueckoro MoaenupoBanusi FEKO, kortopas
MpeACTaBIsieT COOOW HOBBIM MOIXOA K MPOEKTHpOoBaHMIO TpexMmepHbIXx CBY ycTpoiicTs.
Wznaraercst mpuHIUn pabOTBl PYMOPHONM U PYNOPHO-ITMH30BOM aHTeHH. Wccnemyercs
BO3MOXKHOCTh KOPpEKIH (a3l B pacKpblBe pyHopa IpH IOMOINX 3aMEUISIONICH IIHMH3HI.
IIpennoxxeHHass MeETOAMKA MPOEKTUPOBAHMUSI PYHNOPHOW M PYHOPHO-JIMH30BOM aHTEHH B
nporpammuoii cpere FEKO maer BO3MOXHOCTH BapbUpOBaTh BXOAHBIMH JaHHBIMH U
MIPOU3BECTH pacyeT U NPOEKTUPOBAHME AHTEHH Ha 3ajaHHOW yactore. [IpousBeneH pacuer
pacripenielieHusl TOKOB, Pe3ylIbTaThl KOTOPOTO MO3BOJISIOT OTOOPa3HTh paclpeleleHHe Ha
OTpe/leIeHHON YacToTe W3 3aJaHHOTO JMama30Ha YacTOT, a TakXKe OMpPEIeNTUTh MecTa
HanOOJbIIeH KOHIEHTPAIMKU TOKOB. OTOOpakeHne OMIKHEro Mo M IHOJS B AaJbHEH 30HE
PYNOPHOH M PYHNOPHO-TMH30BOW aHTEHH PAacCUUTAHO Ha NPUMEPE 4YacTOThI ITy.
PesynbraTel  pacueToB BbIBeNeHH B BHae rpadukoB. [IpencraBneHsl  quarpamMMsl
HanpaBieHHocTH (JIH) yka3aHHBIX aHTEHH B TUIOCKOCTSIX 31 B JIEKapTOBOM, MOJIIPHOH,
Jorapu(MHUYECKO CHUCTEMax KOOpAMHAT M B TPEXMEPHOM BHuje. Bblunmcinena BenmunHa
riaBHoOro Jienectka JIH mo nmojaoBUHHON MOIIHOCTH JUISL pyHIOPHOM 1 pyNIOPHO-JIMH30BOM
anTeHH. [IpuBeneHb! 3aBHCHMMOCTH Ko3(duIMEeHTa cTosYeld BOJIHBI 110 HANPSDKEHUIO H
Kod(UIMeHTa YCUICHNsT yKa3aHHBIX aHTeHH B nuamnasoHe 1,45...2,20 [Ty oT 4acTOTHI.

sdzé yj 9" j pynozisso dBreHHa, pYNOpHO-IMH30Bas aHTCHHA, HPOrPAMMHBIHI
naketr FEKO, nnarpamma HarpaBieHHOCTH.

1l 9 j H j(dagheMeHHBIE TEMITBI HCCIICIOBAHUS U Pa3pabOTOK aHTEHHBIX CHCTEM
JUKTYIOT HEOOXOIMMOCTh WCIIOJBb30BAHUS HOBBIX WH()OPMALMOHHBIX TEXHOJIOTHI
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npoekTupoBanusi CBY cTpyKTyp Ha 3JIEKTPOAMHAMHYECKOM YPOBHE, YTO MO3BOJISET
pa3paboTunKaM pernaTth Bce Ooiee CIOXKHBIC 3amaun. B Hacrosmee BpeMsi Hanbolee
MOMYJISIPHBIMU  CHICIIMATM3UPOBAHHBIMH [TPOTPAMMaMK TPOSKTUPOBAHUS PA3TUIHBIX
THIIOB aHTeHH sABJsIoTCs porpammer CST Microwave Studio, HFSS, FEKO. I'masnoit
ocobeHHocThi0 TiporpamMmbl FEKO, oTnmyaromieid ee OT aHAIOTHYHBIX MPOAYKTOB
(CST Microwave Office, HFSS), sBasgercs TO, 4TO B Hel peanM30BaHBl METOI
peIIeHUsT TPEXMEPHBIX DIICKTPOAMHAMHYCCKUX 3amad (MeTom MoMmeHToB (MoM)),
METOJIBI TEOMETPUYECKOW W (U3UYECKON ONTHKH. Takoe codeTaHHe ITO3BOJIIET
MPEOIONICTh TJIABHBIA HEMOCTATOK MPOrpaMM KOMITBIOTEPHOTO MOJICIUPOBAHHUS
BBICOKOYACTOTHBIX CTPYKTYp: OOJbINUE 3aTpaThl PECypcoB MPH MOCTHUPOBAHUH
00BEKTOB ¢ pa3MepaMu HaMHOTO 00 JIBIIUX JUTHHBI BOJHBEI [ 1,2].

K jdzi & tc Omngied pacueT W TPOCKTHPOBAHHE MMHUPAMHIATBHBIX
PYTIOPHOH U pyNOPHO-IMH30BOM aHTEHH C UCTIOIb30BaHueM mporpammsl FEKO.

[dIstsH"™ (MM dB mmasago dagr¥MeTpOBEIX 1 MIJTTUMETPOBBIX BOJIH
NIMPOKOE MPUMEHEHHUE MOJTYYMIA PYIOPHBIC aHTCHHBL X UCIONB3YIOT B KauecTBe
CaMOCTOATCIIbHbBIX nepeaarommnx u IMPUEMHBIX AHTCHH B paguiioKkanunu,
panuopeneiiHOi CcBS3W, B W3MEPUTENBHOM ammapaType, a TaKKe B KayecTBe
oOyuaTenei Ooyee CI0KHBIX aHTEHH, TAKUX KaK JIMH30BbIC U 3epKalibHble. Pynophas
AQHTCHHA IMPEJICTaBRisseT Cco0OM BOJHOBOA C ILJIABHBIMU  YBEJIHYHMBAIOLIIUMUCS
pasMepamu TOINEPEYHOro ceveHHs. B WHKEHEepHBIX pacderax NpeAroyararT, 4TO
KacaTeJbHBIC COCTABISIOIINE TIOJNS B PAacKpbiBE BOJIHOBOJAA (a ClleZOBATEIbHO, W
9KBHUBAJICHTHBIE JJIEKTPUYECKHE W MarHUTHBIE TOKH) IPEICTaBISIOT cO00M cymMmy
najiarolel ¥ OTPaKCHHOM BOJIH OCHOBHOTO THIIA KoJicbanuii [3,4]:

Ey =3} =@+ p)sin() )
a
=3 T CA o) v

C

T7I€ p - KOOQQUIMEHT OTPAKEHHS OT OTKPBITOTO KOHIA BOIHOBOAA; Z_ = \[u [ &5 =1207

- XapaKTePUCTUUECKOE CONMPOTHUBIICHNE BaKyyMa.

Pa3nnyaroT MI0CKOCTHBIE H  CEKTOpHAIbHBIE, MUPAMUIAIBHBIE U KOHHYECKHE
pynopsl. [Ipu ananuse HampaBJICHHBIX CBOWCTB PYHNOPHBIX aHTEHH MOXKHO CUHUTATh,
YTO M3Iy4YEHHE IPOMCXOJUT TOJBKO C IOBEPXHOCTH pacKkpblBa pymnopa.
HanpasnenHsle cBOMCTBa PyNOPHBIX aHTEHH B OCHOBHOM ONPEIENAIOTCA pa3MepaMu
MOBEPXHOCTH PACKpbIBa M 3aKOHAMH paclpeneNeHus aMmIuiuTyn W (a3 mons B
packpbiBe. IIpoexkTnpoBaHuE PYNOpHOW aHTEHHBl HAYMHAETCS C OLEHKH pa3MepoB
MPSIMOYTOJIBHOTO  BOJHOBOJA, ONpEAENSAEMBIX 33/JaHHBIM YacTOTHBIM JMara-
30HOM. BEIOOp pasMepoB H  MONEPEYHOTO CEUSHHs MPSMOYTOJIBHOTO BOJIHOBOJA
MIPOU3BOAUTCA U3 YCIOBHS PACIIPOCTPAHEHUS B BOJTHOBOJE TOJBKO OCHOBHOI'O THIIA
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BOJTHBI [5]:

3)
Pasmep momkeH ymOBIETBOPSATH YCIIOBUIO U MOXeT ObITb BBIOpaH
PaBHBIM
Mupuna JH cBs3aHa ¢ pa3mepaMu pacKpbiBa u CIEIYIOIUMHU
COOTHOLLICHUSAMHU:
® B IUIOCKOCTH BEKTOpa
— (4)
® B IUIOCKOCTH BEKTOpa
- ()

[IpousBoauTcss  pacyeT TIEOMETPUYECKMX  pa3MEpOB  aHTEHHBI,  3aTeM
OTIPEICIISIOTCS €€ IIEKTPHUECKIE TapaMeTphl.

JH pyrmopHOii aHTEHHBI OTIPeNeIeTCS CIEeTYIOIUM 00pa3oM:

® B IUIOCKOCTH

; (6)

o B IINIOCKOCTHU
— W)
rjie - JUIMHA BOJHBI B CBOOOJHOM IPOCTPAHCTBE; u — pa3Mephl pacKphbiBa
MUpaMUIaJIbHOI'O PpyIopa; YIJIbI OTCHUUTBIBAKOTCA OT HOPMAJIM K PACKPLIBY

pymopa COOTBETCTBEHHO B IJIOCKOCTSIX U

Oco0eHHOCTHIO TIPEUIOKEHHOW METOUKN TPOSKTUPOBAHUS PYIIOPHOW aHTEHHBI
B cpene FEKO sBisercs BO3MOXXHOCTH BapbHpPOBaTh BXOAHBIMH JaHHBIMH W
MIPOU3BECTHU PACUET U MPOEKTUPOBAHUE AHTCHHBI Ha 3aJaHHON YacTOTE.

[Ipu pa3paboTke pymoOpHOH M PYMOPHO-ITMH30BOW aHTEHH OBLT MPOU3BEICH
pacueT pacmupesielieHus] TOKOB Ha IMOBEPXHOCTH aHTeHH (puc. 1). JlaHHas BcTpoeHHas
(hyHKIUS TO3BOJIMIIA HE TOJBKO PACCUUTATh M OTOOPA3UTh paCIpe/IelIeHHue Ha KK 0N
W3 3a/IaHHBIX 4YacTOT, HO W ONPEICNIUTh MecTa HauOOJbIIEeH KOHIICHTPAIIUU
ToKOB [1,2,6]. Onpenenenre Mojao0HBIX 30H UMEET JOCTATOYHO OOJBIIOE 3HAYCHHE,
TaKk Kak, C OJHOW CTOPOHBI, 3TO IMO3BOJIAET J0pPabOTaTh KOHCTPYKIIMIO, YTOOBI
YMEHBIIUTh BHYTPEHHHE HEKEIaTelIbHbIE OTPAXEHHS B aHTEHHOH CHCTEME;
C JpYrod - OIEHHTh BO3MOXKHOCTh (hopMHpOBaHUs OOKOBBIX JernectkoB JIH u
00paTHOTO M3ITyYEHHUS! aHTEHHBI, YTO SBJISIETCS JOCTATOYHO KPUTHIECKUM (DaKTOpOM
npu paboTe ¢ aHTEHHOM Mapoil MM aHTEHHOU pemeTKol. PacueT pacnpenenenus to-
KOB Ha pa3HbBIX YacTOTax IO AMANa3oHy JaeT BO3MOXKHOCTb ONITHMHU3NPOBATh KOH-
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CTPYKIIUIO aHTCHHBI.

&

A

Puc. 1. Pacnpeoenenue snexkmpuueckux Puc. 2. Bnudcree none nupamudansHoll pynopHou
MOKO0G HA MemAanIu4ecKoll n0GePXHOCmuU aHmMeHHbL
PYNOPHOU AHMEHHb

[IponsBenensr pacueT u OTOOpakeHHWE ONMMHKHETO ToJs (puC. 2) IS OICHKH
BIMSHUS Jpyr Ha JApyra OJIM3KO pAacloONOKEHHBIX aHTEHH, HalpuMmep, Mpu
00pa30BaHUN AHTCHHBIX 3JIEMEHTOB B PEILETKY.

tdLikzdz sOIst d fity grg. 8-5 @p&Aczg¥usr Bu3yann3npoBaHHbIC
pe3yabTaThl pacyeTa NOCTPOCHHON MOJENN PYNIOPHOM aHTEHHBI: HOpMUpoBaHHas JH
anTeHHbl, J|H aHTeHHBI B IorapudMuIUecKoi cucreme KooopauHaT, oobemHas JIH
AHTEHHHI [6].

OIIHI/IM U3 OTJIMYUTEJILHBIX CBOWCTB PYHOOPHBIX AQHTCHH ABJIACTCA HaJIUYWC
KBaJpaTHUHBIX (a30BbIX WCKaKeHWH B packpbiBe. s Koppekuuu (Ha3oBBIX
HCKKEHUH B PacKphIBE pyINoOpa yCTaHABIMBAIOT Pa3iMyHbE THUIBI JTUH3. B pabore
[OJIy4EHBl XapAKTEPUCTHKU PYHNOPHO-JIMH30BOM AHTEHHBI, B PAaCKpbIBE KOTOPOM
HaXOOUTCs AUBJICKTpUYECKasA JIMH3A. B kauectBe OUBJICKTPUKA BBI6paH IMOJIMCTUPOJI,
OTHOCHTEJbHAS TUAJIEKTPUYECKasi MPOHUIIAEMOCTh KOTOporo & =2,4...2,6, TaHTeHC

yriIa JUDJIEKTPUIECKUX oTeph tgd =0,0001...0,0005.

Far field
——— Phi=0deg —— Phi=90deg

Far field
—— Phi=0deg

Phi =90 deg

25.463 deg

Normalised Far field E-Filed
=
=

o
-180 -150 -120 90 60 30 0 30 60 950 120 150 180 Saeml e
Theta [deg] 0

a) 0)
Puc. 3. JJuazpammel HanpaenreHHoCmu pynopHoOU aHMeHHblL 8 NIOCKOCMAX U
6 Oekapmosoll (a) u nosApHou (6) cucmemax KOOpOUHAM
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Normalised Far field E-Filed [dBV]

-180 150 120 90 -60 =30 [ 30 60 50 120 150 180
Theta [deg]

Puc. 4. Juacpamma nanpasnennocmu Puc. 5. Obwvemnasn [[H pynoproii anmenHbl
PYNOPHOU AHMEHHbL 6 NJIOCKOCMAX U

8 102apughmuieckol cucmeme KOOPOUHAM

[Ipodwuns muH3BEI  BEIOWpaeTcs W3 ycioBus TpaHchopmanuu chepruaecKoro
¢poHTa BONHBI B pyHOpe B IUIOCKMH (QPOHT M BBIPAXKAETCS YPaBHEHHEM
runep6ost [3,4,7]

S (8)
ncosé -1
rae P -paccrosHue oT (Qokyca [0 TEKymed TOYKH TOBEPXHOCTH JIMH3HI,

- (hoxycHOE paccTOsSHHUE JIMH3BI, T.€. PACCTOSIHUE OT MCTOYHHMKA IO BEPLIMHBI JIHH3bI,
- yroia, oOpa3oBaHHBI paIuyCc-BEKTOPOM U OCBIO JIMH3BI;, - KOA(Q(HUIMEHT
MIPETOMIIEHUS TUIEKTPHKA.
Koaddumment npenomneHns omnpeaeisieTcsi OTHOCUTEIbHON JUAIIEKTPUIECKOH
NPOHHULAEMOCTBIO MaTepHaa JIMH3bI U PaBeH B
Takum  o0pa3oM, BBIMYKJIAs  TOBEPXHOCTh  JIMH3BI  JOJDKHA  MMETh
runepOonnueckyto Gopmy. BeiOpaB marepman JMH3bI, a Takxke 3Has IaMeTp

JAUH3BI U (POKYCHOE PAacCTOSIHUE , MOXKHO ONPEACNUTH ¢ TomuHy  [7]:

- — — ©
HpI/I HU3BECTHBIX u MOXHO OIPEACIUTD YIroJI paCKpbIBa JIMH3bI
(10)

®opmyner  (8) - (10) mo3BONAIOT paccUUTaTh NPOMUIE U TeOMETPHUYECKHE
pasMepsl JINH3BL. Tak Kak B Ka4eCTBE OOIydaTels HCIOIb30BaH pyIop, To pacuet JIH
JIMH30BOW aHTEHHBI BBIIOJHEH 110 Gopmynam (6) u (7).

Ha puc. 6-9 mpencraBneHbl BU3yaIM3WPOBaHHbBIE Pe3yNbTaThl pacdeTa MocTpo-
€HHOW MOJIEJM PYIOPHO-TMH30BOM aHTeHHbI: HOopMmupoBaHHas JIH anTenssi, JIH
aHTEeHHBI B JJorapu(Muyeckor cucreMe KoopanHaT, oobemHast /JIH anTeHHsI, a Taxkxke
3aBUCHMOCTH ko3¢ (uiineHTa cTostueit Bosiubl 1o Hanpspkenuto (KCBH) ans pynop-
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HO¥ (puc. 9a) u pyImOpHO-THMH30BOH aHTeHH (pric. 90) OT YaCTOTHI.

Far field Far field
; ——— Phi=0deg
—— Phi=0deg

Phi =90 deg

10

330

07
0.6
0.5
04
03
02

0.1 /

0 - N\ :

-180 -150 -120 %0 60 30 O 30 60 90 120 150 180 OGS T T
180

Theta [deg]

270

Normalised Far field E-Filed

a) 0)
Puc. 6. [Juacpammvl HanpaeienHoCmu  pynopHo-IuH30601 AHMEHHbL @ NIOCKOCMAX U
6 dekapmosoil (a) u nonapHou (6) cucmemax KOOPOUHAM

Far field

Phi = 0 deg

Phi = 90 deg ¥

]
& N
2
2
£
3
i
=
5
z 1Y
0 30 60 90 120 150 180
Theta [deg]
Puc. 7. Juacpamma nanpaenennocmu Puc. 8. Obwvemnas [[H pynopro-aun30601i
PYNOPHO-TUH3080U AHMEHHbL 8 NIOCKOCTNAX aHmenHbl
u 8 n02apumuyecKol cucmeme
Koopounam
1
11 165
160
e i
114 ::;‘
112 é 1.35
g e
110 10|
115
108 110
105
o8 lmfm 145 150 155 160 165 170 175 180 185 100 195 200 205 210 215 2
e s 16 17 ] 19 20 21 2] Frequency [GH]
Frequency [GHz]
a) 0)
Puc. 9. 3asucumocmo KCBH 0ns pynophoti (a) u pynopuo-iun3o80t (6) anmenn om
yacmomaol
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[Ipu pemenun npoOieMbl MUHUMH3AUUM AaHTEHHBl 3HaHWUE KOd(D(UIHEHTA
yeunenust (KY) W HanpaBlIeHHOCTH aHTCHHBI MO3BOJIIET HAWIYUYIIUM O0O0pa3oM
OIIpeNIeJINTh, HAPUMEp, TOT TEOMETPUUECKUM MIpeies], KOTJa aHTEHHA CTAaHOBUTCS, C
OJTHOH CTOPOHBI, JOCTATOYHO KOMIAKTHOH, a C APYroil - oHa o0JajaeT XOpoIlei
M3JTydaromiel CltocoOHOCTHIO, YeT0 BCera CTaparoTcs J0OUThHCS pa3paboTUUKH.

Ha puc.10 npusenena 3aBucumocts KY mns pymopHO#l U pymopHO-THH30BOM
AQHTEHH OT YaCTOTHI.

Far field Far filed

Glain [dBi]

174
172
170
1638
166
164

162
160

140 145 150 155 1.60 L85 170

175 180 185 190 155 200 205 210 21522

Frequency [GHz]

Gain [dBi]

155

8.4 P
182 o 185|
180 = =
{ P g
1738 7 180|
176 / |

140 145 150 155 160 165 170 175 180 185 190 195 200 205 210 215 220

Frequency [GHz]

a) 0)

Puc. 10. 3asucumocms KY ons pynopuoti (a) u
PYROPHO-TUH3060U (0) anmeHnn om 4acmomuol

Pa3zpaboranHbIii mporpaMMHBINA MaKeT MO3BOJISIET MPOBECTH aHAIM3 PYNOPHBIX U
PYTIOPHO-TUH30BBIX AHTEHH B IIMPOKOM JHAra3oHE YacTOT (BKJIIOYAs JHMAIa3OHbBI
cotoBoii cBsi3u u Wi-Fi), paccunTtath amarpaMmbpl HampaBiICHHOCTH W APYTHE
XapaKTePUCTUKN YKa3aHHBIX AHTEHH, BBIIOJIHWUTH aHAJIM3 OOCCIICUEHHUS Pa3TUYHBIX
ACTIEKTOB AJIEKTPOMArHUTHOH COBMECTHMMOCTH. Pa3paboTaHHBIC aHTEHHBI HapsIy C
CaMOCTOSITETIbHBIM TNPUMEHEHHEM 4YacTO HCIOJB3YIOTCS B KAadecTBE 3JEMEHTOB
AQHTEHHBIX PELIETOK M KaK BCIIOMOTaTeIbHbIE aHTEHHBI JUIsI 00JIee CIIOKHBIX AHTEHHBIX
YCTPOMCTB.

I T 9otsHT

1. PazpaGoTaH makeT mporpamm Juisl pacueTa | MPOEKTHPOBAaHUS PYNOPHOI U
pymopHO-TMH30BOKH  aHTeHH B cpeae FEKO B jgmamazoHax — 9acToT
500...800 M7y, 760 MIy..1,46 [Ty, 1,45..2,20 [Ty, 2,17..5 Ty, 4,64...10 I Ty.

2. [IpuBeneHnl pe3ynbTaThl pacueta u moctpoeHus JH pymnopHo#t u pynopHo-
JIMH30BON aHTEHH MJIS YacTOTHI ITy. JIng pynopHOH aHTEHHBI [TOJIyYEHBI:

— B INIOCKOCTH - B mockoctu ; KY=16 obu;
B TUIOCKOCTH

- B ockoctu  ; KY=15,6 0bu, KCBH<1,7. [IpuBenens! rpaduxu
3apucumoctedr KCBH wu koadduumenrta ycuieHus OT YacTOTHOrO JHaria-
30Ha ITy.

3. Pa3zpaboraHHbIi TPOrpaMMHBIH MMaKeT pacdyeTa W MPOSKTUPOBAHHS PYHOPHOM
U pYNOpHO-NMH30BOW anTeHH B cpene FEKO mMokeT ObITh MpUMEHEH Kak TMOKHH
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HUHCTPYMCHT IIpH pa3pa60TKe U KOHCTPYHUPOBAHUHN aHTCHHBIX yCTpOﬁCTB PasiInYHOro
Ha3HAUCHUA B HAYYHBIX U IIPOU3BOACTBCHHBIX J'Ia60paTOpI/I$IX.
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DEVELOPING APPLIED APPLICATIONS FOR THE CALCULATION AND
DESIGN OF HORN AND HORN-LENS ANTENNAE IN THE SOFTWARE
ENVIRONMENT FEKO

L.Kh. Khachatryan

Development, calculation, analysis of ground-based and airborne antenna systems is im-
possible without using new automatic design tools. The systems of automatic design are an
important instrument for each design engineer of microwave technique and antennae. To solve
modern tasks, more improved software, as well as a continuous study of new methods and ap-
proaches are required.

A software application package for calculating and design of a pyramidal horn and horn-
lens antennae with the FEKO program “FEldberechnung bei Korpern mit beliebiger
Oberflache” (calculation of the field based on solids of arbitrary form) in the frequency ranges
500... 800 MHz, 760 MHz...1,46 GHz, 1,45...2,20 GHz, 2,17...5 GHz, 4,64...10 GHz is devel-
oped. One of the most powerful modern programs of electrodynamic simulation, the FEKO is
described, which represents a new approach to the design of three-dimensional microwave
devices. The operation principle of a horn and horn-lens antennae is described. The possibility
of the phase correction in the aperture of the horn by using a slowing lens is studied. The pro-
posed technique of designing horn and horn-lens antennae in the software environment FEKO
allows to vary the input data and calculate and design the antennae at a given frequency. The
current distribution calculation is carried out, whose results allow to display the distribution at
a specific frequency from a given frequency range and the place of the greatest concentration
of currents is also defined. The near field and the far field of horn and horn-lens antennae is
calculated for a frequency f = 1,575 GHz, and displayed. The calculation results are displayed
as graphs. The pattern of the mentioned antennae in the E and H planes for the Cartesian, polar,
logarithmic coordinate systems and the three-dimensional form are presented. The value of the
main lobe of the pattern at half power of a horn and horn-lens antennae are calculated. The
frequency dependence of the standing wave ratio of the voltage (VSWR) and the gain of these
antennae in the range 1,45...2,20 GHz are presented.

Keywords: horn antenna, horn-lens antenna, software package FEKO, pattern.
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DYNAMIC MODELING OF CYBERSECURITY INVESTMENTS UNBE
AMBIGUITY

A.H. Grigoryan

National Defense Research University, Ministry of Defense, Armenia

In the recent study on cybersecurity investments, particularly in the research papers on
modeling the cybersecurity threats, threats to an organization’s information systems are
considered to be a probability measure, whereas, cybersecurity threats are stochastic by their
nature, thus a dynamic approach is needed for proper modeling. The most frequently used
method targeted at analysing cybersecurity investments is the Gordon and Loeb investment
model, which presents the threat as static, therefore, it does not address the dynamic nature of
cybersecurity investments.

In this paper, under the complex and stochastic nature of cybersecurity threats and the
high-level uncertainty in cyber environment, cybersecurity threats are modeled as stochastic
processes under ambiguity using the Choquet-Brownian motions. The paper concludes that
modeling cybersecurity threats through Choquet-Brownian motions effectively addresses the
dynamic nature of cybersecurity threats under ambiguity and enables to calculate the benefits
from a cybersecurity project by referring to capacities and basing on discounted Choquet
integrals rather than probabilities and Lebesgue integrals. It should also be noted, that the use
of Choquet-Brownian motions for modeling cybersecurity threats attaches special significance
to the modeling of cybersecurity investments under ambiguity.

Keywords: cybersecurity threat, stochastic process, modeling, ChotjBrownian

motion, investment, ambiguity.

Introduction. Cyber-threats are the actions that could intentionally or
unintentionally cause cybersecurity breaches in the organization’s information systems
and damage the cyber infrastructure. In this connection, identification of the nature of
cyber threats becomes significantly important when dealing with investments in
cybersecurity.

Among the most frequently cited approaches in cybersecurity investments found
in recent research is the Gordon and Loeb investment model, where the cybersecurity
threat is presented as a static probability measure. An information system is character-
ized by three parameters: the monetary losses in case a cybersecurity breach occurs,
the threat probability and the inherent vulnerability , denoting the probability that
without additional security, a realized threat is successful. In the Gordon and Loeb
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model, the expected losses associated with the threat against the information system,

are calculated as , Where is the probability of the threat occurred and is the
monetary losses. To reduce the vulnerability of an information system, an organiza-
tion invests monetary units. In this respect, represents the remaining

vulnerability [1-3].

In [4], taking into account the complex and stochastic nature of cybersecurity
threats and the ambigous characteristics of cyber environment, threats are modeled as
stochastic processes through the use of Brownian motions. In this article, another
approach is adopted for modeling cybersecurity threats. In this connection, uncertainty
in cybersecurity threats is introduced inside the model through the use of Choquet-
Brownian motions [5]. As will be shown below, the use of Choquet-Brownian motions
for modeling cybersecurity threats plays an important role for modeling the
cybersecurity investments under ambiguity as well.

Modeling cybersecurity threats through Choquet-Brownian motions. As usual,
when dealing with investments in cybersecurity, the decision-maker expresses
preferences relative to the uncertain benefits generated by the cybersecurity project at
various dates. In this case, the value of benefits from the project is being calculated by
referring to capacities and by relying on discounted Choquet integrals. It should be
noted, that the application of Choquet integrals and capacities rather than Lebesgue
integrals and probabilities in modern decision theory was proposed in the late 1980s,
and that the Choquet-Brownian motion is currently being developed for obtaining a
deformed Brownian motion where both the drift and the volatility are changed [6].

According to what was introduced above, let a convex capacity on a finite set of
states of be a real-valued function on the subsets of , such that [5]:

M)

In this case, when beliefs are represented by convex capacities, the resulting
expected utility cannot be computed through Lebesgue integrals.

The use of Choquet integrals in the decision-making theory under uncertainty was
axiomatized in [7], where the decision-maker’s preferences are represented by the
discounted Choquet expectations at rate  with respect to capacity . In this
connection, the certainty equivalent of the process is expressed by:

)
where
®)
with the usual notation for a Choquet integral for which :
, With
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According to what was mentioned above, a key point to understand Choquet-
Brownian motions is to consider them as continuous-time limits of Choquet Random
Walks, which are dynamically consistent. Furthermore, a dynamically consistent
Choquet Random Walk is completely defined by a unique capacity . Moreover they
are defined in discrete time by referring to a binomial tree, representing uncertainty
[6].

In order to characterize a Choquet Random Walk, let us suppose that for any node

at date , the conditional capacity is a constant , if and are
the two possible successors of  at date (respectively, an “up” or “down”
movement in the binomial tree). The basis of this representation is a symmetric
random walk, namely when “up” and “down” movements are of the same magnitude,

such that:
(4)

From what was mentioned above, it is clear that parameter plays key a role in
such a setting. Consequently, it summarizes the decision-makers’ attitude towards
ambiguity, because dynamics is described by a discrete time motion in which
probability is replaced by a constant representing the ambiguous weight that the
decision-maker is putting both on the event “up” and the event “down” instead of the
unambiguous . In this case, when the decision-maker is ambiguity-averse, the
capacity is sub-linear. This is the case if and only if parameter takes a value. Also, at
this stage it should be emphasized that if then, as a special case, we get back
to the probabilistic framework. An increase in the perceived ambiguity in the given
setting means that the value of parameter is going further away from its control key

anchor , corresponding to the limit probabilistic case, that of no ambiguity.
Such symmetric random walk was introduced for converging in continuous time
to a general Wiener process with mean and variance

. This convergence towards a kind of Brownian motion in continuous
time allows applications of Choquet-Brownian processes to real options models,
which gives an opprtunity to solve basic optimal investment problems under
uncertainty given the stochastic nature of cybersecurity threats and the cyber
environment.

Overall, the above-mentioned statement allows to take into consideration not only
the impact of the intrinsic randomness of trajectories due to the stochastic nature of
threats and cybersecurity investment project value but also, at the same time, to
identify and consider the attitude revealed by the decision-maker itself towards the
perceived ambiguity, summarized by a single parameter [5-8].

Consequently, the direct consequence of adopting this framework is a
modification of threat flow compared to the case of no ambiguity, which will be re-
written as follows:

(5)
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with , Where is a general Wiener process with mean
and variance . According to what was said before, finally

the following stochastic differential equation can be derived:
(6)

Here, parameters and are introduced to represent the decision-maker’s
attitude towards ambiguity. For example, if the decision-maker is ambiguity-averse,
then the parameter . Consequently, implies -1 and

, and then and 0 . At this point, it becomes possible to
get an insight into the potential impact of Choquet-Brownian uncertainty, which
introduces a reduction of the instantaneous mean and the volatility in the case of
aversion to ambiguity.

Real-option approach for modeling cybersecurity investments. Cybersecurity
investment decisions are characterized by three main features. First, future threat envi-
ronment is uncertain. Second, investment in cybersecurity is irreversible. Third, the
proper time to invest is a critical decision. In these circumstances, we adopt continu-
ous-time horizon for modeling cybersecurity investments, which means that
for the cybersecurity project having finite life,  will be the expiration date of the pro-
ject and all the information available at each is represented by an increasing filtered
probability space . The next point to be made is that the decision-
maker is risk neutral, and the benefits and costs are discounted at the rate

The points mentioned above can be illustrated by an example of the organiza-
tion’s dynamic decision in cybersecurity investment with optimal starting time. In this
case, the extension of the Gordon-Loeb’s and the Tatsumi-Goto’s models will be con-
sidered to present ambiguity in the model provided below [9]. To go over the problem,
we let the threat of attempted breach  follow the Choquet-Brownian motion as it is
described in (6). In this case, if and , we’ll have a special case of ge-
ometric Brownian motion discussed in [4].

Taking into account what was said above, let us consider an organization tending
to execute a real option to invest in cybersecurity project under ambiguity with a cost

. Suppose also, that ambiguity affects the benefits expected from exercising the op-
tion and that the state variable follows a Choquet-Brownian motion:
(7)

In this case, once the option is exercised, the cybersecurity investment value
at time and with expiration time  will be equal to the expected value  of the dis-

counted benefit flows with respect to probability measure are conditional on the fil-
tration

(8)
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In this connection, the organization has to determine the optimal timing

for exercising the option on cybersecurity investment. In this sense, we

consider stochastic dynamic programming for the identifying optimal sequential deci-
sion under ambiguity [5].

Now let us assume, that vulnerability —and the monetary losses occurring from

the cybersecurity breaches are independent of time and the investment in cybersecurity

takes place once at the time of . Therefore, is independent of time as well,
and thus, and are described with the same stochastic differential equation as (6):
9)

In this case, cybersecurity investment option value  (while still not exercised) at
time will be expressed by the following formula [5]:
(10)
If the cyber security investment project is perpetual, then calculations can be per-
formed easily by adopting such a stationary model:
— (11)
It should be added in this connection, that under stationary hypothesis, the value
for the cybersecurity investment project is the standard expected value of perpetual
benefits, which can be simplified as:

— (12)

Thus, in the case of no ambiguity, the following expression can be obtained by
applying Ito’s lemma to (12):
(13)
As for the value of the cybersecurity investment project under Choquet-Brownian
ambiguity, the relation is basically the same as for the cases of no ambiguity or maxi-
mum ambiguity having and instead of and [5]. Hence, (13) will be
rewritten as:
(14)
Consequently, taking into account the presence of ambiguity, the cybersecurity
investment project value given in (12) will be rewritten as:
E— (15)
Conclusion. According to the material discussed above, modeling cybersecurity
threats through the use of Choquet-Brownian motions gives an advantage to addresses
the dynamic nature of cybersecurity threats under ambiguity. It enables to calculate the
benefits from a cybersecurity project by referring to capacities and based on
discounted Choquet integrals rather than probabilities and Lebesgue integrals. It
should also be said that the use of Choquet-Brownian motions for modeling
cybersecurity threats attaches special significance to the modeling of cybersecurity
investments under ambiguity as well.

34



However, it should be also noted that with the Choquet-Brownian model
uncertainty, the effect of the Choquet distortion on the standard threat flow is
equivocal, because it simultanously reduces the instantaneous mean and the volatility
for an ambiguity-averse decision-maker.
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JTAHAMHUYECKOE MOJEJUPOBAHUE UHBECTUIIUN B COEPE
KHUBEPBE3OITACHOCTHU B YCJIIOBUAX CYHIECTBEHHBIX
HEOIIPEJEJEHHOCTER

A.I'. I'puropsin

[Tocnennue uccaenoBaHusl, MOCBSIIEHHBIE HHBECTUIUSAM B 001acTH KubepOe30nacHOCTH
U PacCMaTPHUBAIOIINE BOIPOCH MOJICIUPOBAHHUS KHOEPYTpo3, MOKAa3BIBAIOT, YTO YTPO3HI B
aapec MH(QOPMAIMOHHBIX CHCTEM SIBISFOTCS BEPOSTHOCTHBIMH, a KHOEPYrpo3bl IO CBOEH
MpUPOJiE  ABISAIOTCS  CIOy4alHbIMM  (CTOXacTH4YeCcKHMMHM). TakuMmM o00pa3oM, BO3HHKAeT
HEOOXOIUMOCTh BBIPAOOTKH IHHAMHYECKOTO IIOAXOAA [UIA MPAaBHIBHOTO MOICIHPOBAHUS
kubepyrpo3. B mureparype w3 Hamboliee YaCTO YIOMHHAEMBIX TIOAXOIOB IO OIICHKE
PIHBCCTPIHI/IIZ B oOmactu KI/I6ep6e3OHaCHOCTI/I CJICAYCT BBIACINTE WHBECCTUIIMOHHYIO MOICJIb
l'opnona u Jlos6Ga, B KOTOpOW yrpo3bl pacCMaTPUBAIOTCS CTAaTHUECKUMHU, HE YUHUTHIBasS
JUHAMUYECKOTO XapaKTepa HHBECTHIINN B KHOepOe30macHOCTb.

BBuay CIOXHOTO M CTOXaCTHYECKOTO Xapakrepa KHOepyrpo3 M BBICOKOTO YPOBHS
HEOIIPEJeICHHOCTH B cpeAe KubepOe30macHOCTH B HACTOAIIEH CTaThe KHOEpyrpo3bl
MOJIETIUPYIOTCS €  HCIOJb30BaHWEM IIOKE-OPOYHOBCKMX JIBIDKCHMH Kak CIly4aiHble
(croxacTHdeckue) MMpoIecchl B yCIOBHX CYIIECTBEHHBIX HeomnpeaeneHHoctei. [TokazaHo, uro
MOJIeTUpOBaHNe KNOEpyrpo3 MpH UCTIOIB30BaHNHU MIOKE-OPOYHOBCKHUX JABHKEHUH d(H(HEKTUBHO
3aXBaThIBACT JUHAMHYECKYIO IIPUPOAY KHOEPYrpo3 B YCIOBUIX CYIIECTBEHHBIX HEONpE/IEIIeH-
HOCTEH M IO3BOJISIET BBIYMCIATH BBITOABI OT peEalU3allUd IPOEKTa BMECTO NPHUMEHEHHS
BEpOATHOCTEW M MHTerpaisl JleberoM, onmpasich Ha eMKOCTh M Ha AUCKOHTHpoBaHHOM Illoke
HUHTETpAJIC. CnezlyeT TAKXKE OTMCTUTH, YTO HMCIIOJIb30BAHUC IHOKe-6pOyHOBCKI/IX )IBI/I)KCHI/Iﬁ JJIA
MOJIETIMPOBaHMSl KHOEpyrpo3 MpHAaeT oco0oe 3HaueHHWEe MOJICIIMPOBAHHIO WHBECTHLUHA B
ctepe knbepOe30macHOCH B YCIOBUSX CYIIECTBEHHBIX HEONPEICICHHOCTEH.

sdzt yjor j xhpepspo,: ciyyaiiHplii mporecc, MOIEIMPOBAHHE, IIOKE-
OpOYHOBCKOE JABM)KEHHE, HHBECTUIINS, CYLIIECTBEHHAs HEOTIPE/ICIICHHOCTb.
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AUTOMATION SYSTEM OF THE UNIVERSITY INFORMATION
SERVICES

L.G. Kirakosyan, A.G. Avetisyan

National Polytechnic University of Armenia

In companies, particularly higher educational institutions, providing a strong information-
technological services is very essential. The article presents a hybrid cloud solution named as
“NPUA Cloud Solutions” for implementing in the National Polytechnic University of Armenia.
NPUA Cloud Solutions provides its users with a hybrid cloud space, where the system uses
predefined algorithms, ongoing information on how the system works and the user’s inputted
information through a web interface (CPU quantity, RAM volume, HDD volume, NIC
quantity, security level, project type) to divide the data in the cloud automatically. During the
data analysis, the system determines the project placement based on integral assessments using
weight factors.

The system provides tools to create a project, where the user can run any kind of server
for his/her needs. The user can see how much of resources is used by any of the projects and
based on these data modify any of them.

Different types of networks have been separated using VLAN technology for security and
network optimization reasons. ESXi 6.0 virtualization OS has been installed on the physical
server, afterwards software-based firewall pfSense, Ceph object storage system have also been
installed. Cloudstack has been used to provide hybrid cloud solutions.

Keywords: hybrid cloud, services of information technologies, automation system, weight
factors, integral assessment.

Execution. The automation system of the information technologies services has
been deployed in National Polytechnic University of Armenia. The automation
process’s main goal is to divide available resources of hybrid cloud automatically,
where the system determines which project is to be kept on the private cloud and
which one is to be moved to the public cloud. To implement the system, the following
steps have been carried out:

1. ESXi 6.0 [1, 2] has been installed on the physical server, which will provide

virtualization to run the management servers as VMs [3] (virtual machines);
2. For security reasons, PfSense software firewall has been installed. It also
provides necessary routing in the network [4];

3. Ceph object storage system has been deployed with its clients (clients are
installed on different physical servers) to provide safe and redundant data
storage [5,6];

4. Cloudstack system [7] has been installed with its client hypervisors. The

system is the provider of hybrid cloud solutions.
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NPUA Cloud Solutions Web Interface: For future users, using the hybrid cloud
solutions, a web interface has been created. To create a project in hybrid cloud, each
user needs to register in the system, which then is confirmed by the system
administrator. The user receives an email (which he or she provides during the
registration process) which confirms or denies the registration.

The homepage of the system has the following view (Fig. 1).

Fig. 1. Homepage

Homepage includes a login field and registration links, in case the user has not
yet registered in the system. When clicking the registration link, the following page
opens (Fig. 2).

A new user must fill in his/her name, surname, email address, study/work
department of the university, position and phone number. All the fields are required
and cannot be skipped. After clicking the registration button, the confirmation page
opens (Fig. 3).

NPUA

PLEASE FILL IN THE
FORM TO CREATE YOUR
ACCOUNT

KIND

Fig. 2. Registration form
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NPUA

REGISTATION
COMPLETED

Fig. 3. The registration confirmation page

The user must activate his/her account after receiving the activation by the email.
Only after the activation it is possible to login to the personal account, which has the
following view (Fig. 4).

NPUA

MY PROJECTS
REQUEST UPGRADE
MAINTENANCE
REPORT A PROBLEM

Fig. 4. The user’s personal account page

“My Projects” includes all the projects created by the user. The user can create,
change or delete a project from this part.

“Request Upgrade”: The user can request an upgrade for already created
projects from the administrator. He/she should provide the reasoning behind the
request and the administrator should assess those needs with confirming or denying
the request.

“Maintenenace” is used to resolve any ongoing issues. It also provides
information on how much resources are used by any project.

“Report a Problem” is used, as the name suggests, for reporting any bugs or
problems that the user notices.

My Projects page has the following look (Fig. 5).
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LOG ouT

NPUA

MY PROJECTS

Project Project
X Y

2 cores. 4 GB RAM 4 cores, 8GB RAM

status: Healthy status: Health,

2 atus: '

+ CREATE NEW PROJECT @ A projects are working as expected

Fig. 5. My Projects page

This page shows all the created projects, their small description, working status
and an edit button to change any configuration of project. The lower left corner of the

page include

s a link to create a new project and the right corner shows information

about the status of the project.
When clicking the “Create new project” link, the user is taken to the following

page (Fig. 6)

. The system requires the following information from the user:
Project Name,
Amount of CPU,
Amount of RAM,
HDD Volume,
Number of VLANS
Security Level,
Project Type.

NPUA

CREATE NEW PROJECT

Project Name

Number of Cores
Amount of RAM
Storage
Number of VLANs
Security Level
Project Type

CREATE

Fig. 6. New Project Creation Page
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After filling all the fields, the user should click the “Create” button. After clicking

£ Analyzing available resources

"% Choosing hybrid cloud infrastructure
C Choosing back up options

Creating working interface

@ NEW PROJECT CREATED

Fig. 7. The new project creation process

Project allocation in hybrid cloud requires the following steps:

1. Project creation primary data analysis, exclusion of disagreements.

2. Private cloud resources’ maximum value allocation for a given moment
Pmax; Rmax; Vmax; Amax-

3. Project creation data (CPU quantity (P), RAM volume (R), HDD volume
(V), NIC quantity (A), security index (S), project type (N)) analysis and
decision making for the following cases:

- Praxs Rmaxs Vimax, Amax Project creation in public cloud if any of these
exeeds the maximum value;

- In case of security value 5, project type value 5 and 6, a project is
created in the private cloud;

- In case of exclusion of two previous situations, calculation of integral
assessments takes place for distribution in public and private clouds
according to the following relations.

For private cloud distribution.

+ 5+ 6,

for public cloud distribution

where are the weight factors, whose values are taken from the
[0,1] interval and meet the condition. During the
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system’s activity the weight factors can change their values according to the formed
optimaztion cases.

If , then the project is created in the private cloud, otherwise
the project is created in the public cloud.

When navigating to any ongoing project, the user sees the following page (Fig.
8), where the user sees the information about the resources in use.

NPUA A LoGouT

no new notificatios

PROJECT X

PR General Information / Alerts
NETWORK No Alerts

STORAGE

CONSOLE

VIEW LOG

CPU NETWORK STORAGE
LISAGE USABE USAGE

[ m &

12% §T% B8%

Fig. 8. The project page

Conclusion. The information technology service “NPUA Cloud solution” has
been implemented to provide automated hybrid cloud services in National Polytechnic
University of Armenia. “NPUA Cloud Solutions” provides its users with hybrid cloud
allocation, where data division is achieved by analyzing the information provided by
the user via a web interface and systems ongoing status parameters. During the data
analysis, the system determines the project placement based on integral assessments
using weight factors.
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L.Q. Uhpwlnuywi, L.Q. Udtinhujw

bwqdwybpwneyniutbipnid, Jwutwynpwwbiu' pwpdpwgnyt nunwWuwlwt hwunwnni-
pinuutipnul, dwdwuwlwlhg wbnblwwndwlywu wnbfuuninghwutiph  huwpwynpnieniuutiph
Yhpwndwdp nbnEywwnduwlywu dwnwnipjniuutph wpwdwnpdwu hwdwlwpgbiph dwynuiu
wuhpwdbtipnnieniu £ Ugfuwwmwupp udhpywsd £ <wjwunwuh wgqwihtu wnhwnbuuhlwlwu
hwdwuwpwunw  hhpppnwiht wdwh  Yhpwndwdp  nbnGluwndulywtu  dwnwjnyeniuutiph
hwdwp dowlydwsd «<UNL wdwwiht ndnwiubip» wynndwunwgywd hwdwlwpght: «<UML
wdwwihtu jnsnwubipy hwdwlwpgl ogunwwnbptpht mpwdwnpnud £ hhpphnuwiht wdww)ht
nwpwdp, npntin njuiutiph pwotunwu hpwhwuwgynuw £ ybip huinbipdbjuny ogunwinhpnohg
unwgwsd nbntlwwnynyewu (ypngbunpubiph pwuwl, RAM-h dwywy, hhonnnigjwu tnwpwdp,
gwugwjht  wnwwwnpubph pwuwy, wujnwugniypjwt gnigwuhy, Uwfuwgdh wbuwl) L
hwdwlwpgh  wofuwwnwupwiht  pupwghy  Yhéwlp  punyewgnpnn  wwpwdbnptph - Jbp-
(nwnijwu hhdwtu ypw: SYjwiutipp ybpndbijhu hwdwlywnpgp twjuwagsh wnbnwpwsfudwu yéh-
np Yuwjwgund £ Yonwihtu gnpdwyhgubiph dhongny unwgwé hunbtigpw| guwhwwnwywuubph
hhdwu Jpw:

Cwdwlwngp gpwugywd ogunwwnbipntiphtt inpwdwnpnd £ gnpdhpwdhongubip, npnug
dhongny huwpwynp bt uwbndt] uwpuwgdtip, nhwnbp hpbug utwfuwgdny wwwdhpwd
wpngbunpubiph, gwugh L hhonnnipjwt wwpwdph Swupwpbnuwdnieiniup, huswbu uwl
puwin wuhpwdbpuniejwu Ywwnwnb) thnihnfunyejniuutin uwfuwgdnud:

Cwdwlwnpgh woluwwnwupt wwywhnybint hwdwp <wjwuwnwuh wqgquihu wnhwnbiuup-
Yuwywt hwdwpuwpwunw unbndywd hhpphnwiht wdwh wnwppbp whwh gwugbpp nwpwu-
owwnyby Gu VLAN-ubiph Jdhongny' gwugh wudwwignigniul nt wpwgugnpdnieiniul wwjw-
hnybnt tywwnwyny: dShghywlwu ubpdbpp Yypw nbnunpdty £ ESXi 6.0 Jhpuinwwjwugnid
wwwhnynn owbpwghnt hwdwlwpgp, wudwnwugnigntut wwwhnybint hwdwp swhwgnpd-
gty £ pfSense Spwqpwihu firewall-p, wbnunpyt) £ Ceph opjtiluinwiht  Yuwnwdwpdwdp
wnjwutph  wwhywudwu hwdwlwpgp: <ppphnwiht wdwh  Swnwjnigjwu  dwwnnigdwu
hwdwp nbnwywyyby k Cloudstack hwdwlwpgp:

Unwugpuypti  punbp/A hhpphnwiht wdw, wbnbluundwlwu  wnbfutninghwubph
Swnwynipniutbp, wynndwwnwgywsd hwdwlwng, Yyéhnubph Yujwgnid, Yonwihu gnpdwlhg-
ubip, hunbgpw| guwhwwunwlywu:

43


http://docs.ceph.com/docs/master/

CUCTEMA ABTOMATU3AIIUU UH®OPMALIMOHHBIX
CEPBUCOB YHUBEPCUTETA

JL.I'. Kupakocsin, A.I'. ABeTucsin

B Hacrosimee BpeMsl B OpraHM3aLUsIX ¥, B YACTHOCTH, B BBICIIMX YYEOHBIX 3aBEACHHAX
pa3paboTka CHCTEM NPENOCTaBICHUS HMH(POPMAIIMOHHO-TEXHOJOTHYECKHX CEPBUCOB C
NIPUMECHCHNEM  HOBEHIIMX  COBPEMEHHBIX HMH()OPMALMOHHBIX TEXHOJOTHH  SBISAETCA
HeoOxoamMmocThlo. B craree  mpenctaBieHa  paspaboranHas B HammoHambHOM
MOJIUTEXHUYECKOM YHHUBEpCUTeTe ApMEHHMH aBTOMAaTH3HpOBaHHas cucrtemMa “O6iadHble
pemenust HITYA” s mpenoctaBieHus HWH(QOPMAIMOHHBIX YCIYr C HCIOJIb30BaHHEM
rubpugHoro obmaka. Cucrema “Ob6naunbie perienuss HITY A” npenoctaBisieT MOIb30BaTEIIO
ruOpusHOe OO0JayHOE TPOCTPAHCTBO, A€ JaHHBIE PACIpPEEsSIOTCS Ha OCHOBE aHajH3a
nHpopmanuu (KOIMYECTBO MpoueccopoB, o0beM RAM, o0beM mnamsTH, YUCIO CETEBBIX
aJlanTepoB, YpOBEeHb 0A30MIaCHOCTH, TUII MPOEKTa), MOJIYYECHHOH OT MOJIb30BaTelsl C HOMOUIBIO
WEB nnTepdeiica u mapamMeTpoB, XapaKTEpU3yIOIMKUX TEKyIlee pabodee COCTOSHUE CHCTEMBI.
B nponecce aHanm3a TaHHBIX CHCTEMa paclpeeNsieT IPOSKT Ha OCHOBE HHTErPaIbHOW OLIEHKH
C IPUMECHEHHUEM BECOBBIX K03 PuIeHTOoB.

CucrtemMa TpenOCTaBIsIET 3apeTUCTPUPOBAHHBIM I10JH30BATEIIM HHCTPYMEHTHI JUIS
CO3JIaHMsl TIPOEKTa, INPOCMOTPa B pPaMKax CBOETO IPOEKTa HAarpy3oK 3aTpeOOBaHHBIX
MPOLIECCOPOB, HArpy30K CETH M 00beMa MaMsTH, a TaKke, IPU HEOOXOIAUMOCTH, POBEICHHS
WU3MEHEHUH B MPOEKTE.

Jnst obecnieyeHns: pabOTHl CHCTEMbl aBTOMAaTH3allMM CO37aHHble B HanmoHambHOM
MOJUTEXHUYECKOM YHUBEPCHTETe APMEHHH Pa3IMYHbIE THUIIbI CeTel THOpHHOro obsaka ObLIH
paszaenensl ¢ moMombsio VLAN ms moctimkeHus: 0e3omacHOCTH U ObICTpoeiicTBus cetu. Ha
(du3nyeckoM cepBepe YCTaHOBJIEHBI omeparuonHas cuctema ESXi 6.0, obecneunBaromias
BHpTYyaJU3aIuio, nporpamMmueii fSense firewall mns obecnieuenns 6e30mMacHOCTH, 0OBEKTHO-
opueHTHpoBaHHas cucteMa 6a3bl nanHeIx Ceph u cucrema Cloudstack.

sdzt yjor j rffmzis@ Gobnako, cepBHCH HH(OOPMAIMOHHBIX TEXHOJOTHH,
ABTOMAaTH3MPOBAHHAS CUCTEMa, NPUHSTHE PElICHUH, BeCOBbIe KOI(MDHUIUESHTHI, HHTErpabHAS
OIICHKA.
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MOJAEJUPOBAHUE JUPPAKIIUU JJIS1 KOHYCHbBIX TEJI
C IPUMEHEHUEM MATLAB

C.X. XynaBepasin, M.J. Aiika3sin

Hayuonanvneiti nonumexnuyeckuil ynusepcumem Apmenuu

Ha ceromusmmanii neHp B aBTOMATH3MPOBAHHBIX CHCTEMax YIIPABICHHS CaMbIMHU
MepEeIOBBIMU TEXHOJIOTHSIMU SIBIISIFOTCSI ONITOBOJIOKOHHBIE ceTH. [lepenaua muHpopMammu 10
ONTHYECKAM CETAM OCYIIECTBIIETCS C IIOMOIIBIO TEXHOJOTMH KOMMYTAaIllMW IakeToB. s
3G (PEKTUBHOTO HCIONB30BAHUS  ONTHYECKOTO BOJIOKHA MPUMEHSETCS MapIIpyTH3alus MO
JuiiHe BOJHBL. OCHOBHOM NpOOJIeMOl B ONTHYECKUX CETAX SBISETCS BO3HUKHOBEHHE
KOJUIM3UH, KOTOpBIE MOSBISAIOTCS H3-32 HAIMYMS IPUMECeH B ONTHYECKUX MPOBOASIINX
cpenax, B YaCTHOCTH, B MECTaX CTHIKOBOK ONTHYECKUX Kabesnei. [lyist pemenns 3ol npooiaeMsl
UCIIONB3YIOTCS  BOJIOKOHHO-ONTHYECKUE JIMHUM  33JCP)KKH, IO3BOJSIONMEe 00ecrnednTh
(yHKIMOHAJIBHOE BpeMsl 3aJCp)KKH IaKETOB Ha OMNpEACICHHbIH NPOMEXYTOK BPEMEHH,
npenoTBpammas ux cOpoc. IlakeTsl maHHBIX OOCIYXKHMBAIOTCA C y4eTOM IpuopureToB. Ha
OCHOBE TEOPETHYECKHX pPAacueToB [UIi PaBHOBECHOTO pacIpPEACIEHHUs BEpPOATHOCTEH U
pacdeTHbIX (GOpMYJ Ul ONpEIETICHUs] OCHOBHBIX XapaKTEPHCTHK OTIEIHHOTO ONTHYECKOTO
BOJIOKHA IIPOBOJUTCS YHCJIEHHBIH aHalM3 MOJYYEHHBIX XapakTepHCTHK. B  crarbe
paccMarpuBaeTCsl poiib MOAYJISI M apryMeHTa Ko3()(hUIIMEHTOB JUCKPETHOTO MpeoOpa3oBaHus
®Oypbe ans aHanM3a W300paXKEHHWH TECTOBBIX OOBEKTOB M MPUBEACHBI HX TEOPETUYECKU
paccuMTaHHbIC 3HAYCHUS! 10 JKCIIEPUMEHTaJbHBIM JaHHbIM. [lokazaHa poJb aprymeHra
K03((GULNEHTOB JUCKPETHOro TpeoOpa3oBanusi @Dypbe B BBISBICHHH OCOOEHHOCTEH
KOHTpacTa, QopmupyemMoro neekraMu CTPYKTYPbI, HaJEKHOW UISHTUDHUKALUH U
JOKaJIM3allMd B 00beME€ MOHOKpHUCTaia. J[aHbl OCHOBHBIE MPHMHIMIIBI [TOCTPOCHUS
MaTeMaTHYECKON MOAenu Al pacueTa 3JIEKTPOMArHUTHOTO IIOJISL, PAcCESHHOIO TEJIOM
BpamieHus. [loBEepXHOCTh Takoro Tejla OIMCHIBaeTCS ypaBHeHHMeM Makcsenna. B memsax
MOJyYeHHSI YUCIICHHOTO PELICHHUs] MHTErpajla MOBEPXHOCTh aNIPOKCUMHUPYETCSl TPEYTOJIbHOM
ceTtkoi. Mcronb3yeTcss Meronuka npeodpazoBanust dypwe i pacdyera anropuTMOB CETKH H
mudpakauonHoro mons Ha 6aze MATLAB. B uacTHOCTH, paccMmaTpuBaeTrcs ciydaid, Koraa
TEJIO SIBJISICTCS] KOHYCOM.

sdzé yj o' j nueE®nOnpeobpazopanus Dypbe, AIEKTPOMArHUTHAs BOJIHA,
kouyc, MATLAB.

l 9 J H j@adpgneiv rofom mpu pemieHnH psjia 3aa1ad HaxomusaT Bce Oosbliiee
NPUMEHEHHE MaKeThl TPEXMEPHOTO JIEKTPOIHHAMHYECKOr0 MojieupoBanust. OnHaKO
CYIUTb O MNMPUTOAHOCTH IOJYUYCHHBIX HNPU MOACIWPOBAHHUHN PE3YJIbLTATOB 3a4acCTYIO
MOXHO JIMOIb IIOCJIE MPOBECACHUSA HATYPHBIX HUCIIBITAaHUH. HpI/I pEeIICHUN 3aaa4yun
JUGpPaKIMK  TUIOCKOM  3JIEKTPOMAarHUTHOM BOJIHBI HAa HJCAJIBHO MPOBOISIIEM
MUIMHAPUYICCKOM 00BLEKTE BBISIBIIEH pdaa HEAOCTATKOB B MAaTreMaTHU4€CKOM
obecrieueHny. Pacuer »JIeKTPOMArHUTHOTO MOJIS, PACCESIHHOTO OOBEKTOM ¢ (OPMOii,
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MOJAIOMICHCS MaTEMaTHYECKOMY OIMCAHUIO, MOXHO MPOU3BOAHUTH IOCPEIACTBOM
MareMaTtndeckoii Momaenu. Ha ©6aze makera MATLAB peanm3oBaH  alropuTM,
MO3BOJISIONINI  ONKCHIBATH  IMOBEPXHOCTH Tella BpalleHUs W TPOU3BOIUTH
CETMEHTAIIHIO B IEJISIX MOMYYSHHS YHCIEHHOTO PEIIeHns paccessHHOro mouts [1].

Bl JCIs dfMdRacemtsrpel@ dzefMenranus KoHyca Ha CIEAyOIIEM
npumMepe: BeicoTa KoHyca 0,5 mm, pagumyc ocHoBaHUS KoHyca paBeH 0,2 mm. [nnHa
BosHBl A=0,53 mxm u kpurepuii cermenranmu JmuHOH B 1000 MM COOTBETCTBYIOT
PACCTOSHUIO IO TUIOCKOCTH HAONIONEHUsS CIeKTpa. BXomHbIe NaHHBIE CleTyoIue:
f(x)=04;, x =0, x,=0,5.

[ JIstsH T j f fgb) GBdrdcrosmiee BpeMs 3amaun audpakini Ha 0OBEMHBIX
TCJIaX aKTyaJIbHBI U MPUMCHAIOTCA B PA3JIMYHBIX OTPACIAX HAPOAHOI'O xo3siicTBa. B
pabore [2] mOKa3aHO, YTO CYIIECTBYIOT AQHAJIMTUYECKHE PEIIEHUS TPOCTHIX
TPEeXMEpHBIX 3a/a4, HampuMmep, 3afadd AU(PaKIud Ha MOJYIUIOCKOCTH. B ciyuae
JBYMEPHOH 3aJ]auyl pellieHre MOKET OBbITh HalJICHO uepe3 nHTerpansl Openens, a s
00001meHus qudpakuy TIOCKOH BONHBI Ha MOJMYIUIOCKOCTH PEICHHs TMPUXOIUTCS
WCKaTh Ha MpHMEpPEe TPEXMEPHBIX BOJHOBHIX ypaBHeHHH B nuddepeHImampHON
¢dopme. Tam ke paccMaTpuBaeTcs Cilydaid, KOrJa TPOAOJIbHAS  BOJIHA,
pachpoCTpaHsIoMIascs BOIb ONTHYECKOr0 HApaBJIeHHs, HeceT B cebe mHpopmManuio,
YTO U OBLJIO MOJIOKEHO B OCHOBY HaIIMX pacueToB. [laHHBIN 10X0/1 ObUT MPEIpUHAT
B [2], TOe aBTOpPHI MOCTYJIHUPYIOT OCHOBHYIO MOJEIBHYIO 3a7ady Uil BBIYHCICHUS
n3BecTHOro nHTEerpaia ®penens—Kupxroda:

e Kowso P4(nv0 7]
U(Xo’yo):%ﬂ‘ul(xv)ﬁ)etzz o j

rae Ul(Xi, yl) — pacupelneneHue KOMIUIEKCHOM aMIUIMTYAbl IOJS B IUIOCKOCTH

dx,dy, , (1)

00BeKTa; UO(XO, yO)— pacnpeseneHne KOMITIEKCHOW aMIUTHTYIBI MOl B TUIOCKOCTH
HalIrrogaTes.

Ucnonezyemast  pyHKIINSA U(X,y) OTIpEENSETCS  COTJIACHO  ypPaBHEHHIO
U(x,y)=U"(x,y)-e¥) | rne U'(X, y) — pachopejesieHHe ICHCTBUTEIBHON aMILIH-
Tyl TIO TIONIO B IUTOCKOCTH 0OBbekTa, a ¢( , ) — (ha3a BOIHBI, ONpeaeIseMas Kak
NU3MCHCHUC I‘_HY6I/IHBI TOYCK O6’LeKTa, H3MepeHHOI>i B MJIMHAX C MHOXHTCIEM 2
Takum 00pazom, Ul(x, y) sBisiercst pyHkmued, 3amaromei 3-D dopmy mccmemy-
emoro obwekra. Llenmpio nccnenoBanus sABisieTca onpeaeneHue crnekrpa Openens (1)
no uzsectaomy U (X, y), a 3areM nonyvenne U | BBIYHCIISIEMOTO 3aMEHOM B BBIPaKe-
auu (1) U ma U'. Cmena 3naka nepen dasoii xapakrepusyeT oOpaTHOE pacipocTpa-
HEHHME BOJIHBI K HaONIONATeNIo, MOCKOJBbKY, KaK 3TO 4YacTo ObIBaeT B rojiorpaduu
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(BOCCTaHOBICHHBIH CUTHAN), MPEUIOKEHHBI METOJ Al TPEThEero H3MEpPeHHs
OTIpaBIBIBAETCS B YKa3aHHBIX NPAKTUYECKUX 3a7adax [2].

Bo Bcex cmywasx BoccraHoBieHHOe 3-D wm3o0paskeHme BIONHE WHTEpIpe-
TUPYEMO, XOTA HMMEIOTCSI HEKOTOpPhIE MCKAXEHUS I10 CPAaBHEHHIO C HCXOIHBIM.
[Ipupona u300pakeHUl cBsi3aHa Kak ¢ JU(PPAKIHMOHHBIMH OIPaHUYCHUSIMH, TaK U C
HEJ0CTATOYHBIM KBAHTOBAaHHUEM MCXOJHBIX M300pakeHUH (ITUKCeNell B N300paKeHNH )
U UX CIIEKTPOB. DTO yKa3bIBACT Ha aJJ€KBAaTHOCTh BBIYHUCIIEHHOIO CIIEKTpa. B mponecce
paboThl OBUTM MOTYYECHBI TOJIOTPAMMBI KaK pPe3ysbTaT IePEeMHOKEHHS CIIEKTPOB  Ha
KOMIUIEKCHYIO (DYHKIIMIO HAKJIOHHOTO OIOPHOTO ITydKa M IOCIEIYIOLIero BOCCTa-
HOBJICHUSI TE€M JK€ IIyYKOM. DKCIICPUMEHTHI BBIYMCIMTEIBHOTO XapakTepa Ha Hpea-
CTaBJICHHOM MOJIENH MOKa3bIBAIOT BO3MOXKHOCTh IPUMEHEHHS B pacueTax Audpaxiun
Ha 3-D oOwekrax kimaccuyeckoro BeIpakeHHs uHTerpaga Ppenemns—Kupxroda,
CBSI3BIBAOLIETO AMIUIUTY bl CBETOBBIX IOJIEH, PACHIOI0KEHHBIX B ABYX IUIOCKOCTSIX Ha
paccrostau | mpyr ot apyra [2].

[Tycth ypaBHEHHE KPHBOIi 3aaeTCsl 3aBUCMMOCThIO Buaa Y=Ff(X) Ha uHTEepBase, u
BpallleHHue OCYIIECTBIACTCS BOKpYT ocu Z. OOpasyromascs Qurypa MOKET OIMUCHI-
BAThCs 3aBUCHMOCTSIMH, 3aJaHHBIMH Ha ONPEJICJICHHBIX HHTEpBAIax X, = [Xi ; Xi+1]. Ha
rpaHULAX MHTEPBAJIOB JOJDKHBI BBIIOIHATHCS YCJIOBHS HEMPEPHIBHOCTH, a TAKXKE HE
JOJDKHO — HAONIOAAThCSl  TOJNIOKUTENBHBIX — MPUpANICHWH  Npou3BOAHOW. B
OnpeJlIeNIeHHbIX MHTEPBaaX X; JOJKHBI BBIIOIHATBCS CIIETYIOIIUE YCIOBHA:

fl(xi+l)= fz(xiu)’ H 1(Xi )/H *xH zf(xi) H . )

OtmeueHHBIe yCIIOBUS (2), a TakkKe HEBO3PACTAIOUIMI XapaKTep MPOU3BOJHOM
(yHKIMU ONpEIeTSIOT BBIMYKIIBIA XapakTep Tejla BpaileHus. HeHyneBoe 3HaueHHe
¢yHKkIMU, o0pa3yeMoil Ha TpaHWIle WHTEpBaja, MOKAa3bIBACT, YTO IIOBEPXHOCTH
3aMBIKaeTCs IUCKOM COOTBETCTBYIOIIETO paanyca. BBoJ JaHHBIX, XapaKTEPU3YIOIINX
By QyHKmH, npomsBoautcs B MATLAB, ucnone3ys ¢yHKiuu syms (CHMBOJIbHAS
nepeMeHHasi) W sym (cuMBosibHas QyHkius). [IporpamMma peann3oBaHa B BUJE
OTJICNFHBIX OJIOKOB, 00ECTICYMBAONINX OoJiee THOKUH MMOIX0/ K PEIICHHIO.

Cuuras  W3BECTHBIM  KPHTEPHH  cerMeHTauud  Omay,  ONPEICIISIOIINIA
MaKCHMAaJbHBII pa3Mep JJIeMEHTa IOBEPXHOCTH, MOXHO NEepeHTH K OIMCAHHIO
anropuT™Ma TeHepanuu TpeyroiabHoW ceTku. llomaraem, uto oOpa3syromias
onuceiBaeTca N ¢yHKUMsMH. B TakoMm ciydae BekTop, coxepxamuii (QpyHKOIMH B
CUMBOJIFHOM BHJI€, U JIBA BEKTOPA, ONPEIEIISIONINE TPAHHUIIBI HHTEPBAIOB, UMEIOT N
aneMeHToB. lIpeanmaraeMelii aaropuT™M CETMEHTAIMH HAKJIAAbIBAET OTPaHWYEHHUS Ha
BBICOTY TPEYTOJbHHKA, a TAKXKE Ha JUIMHY ero ocHoBaHus. O0a yria mpu OCHOBaHHUU
He mpesblimaroT 90°. CrenoBarenbHO, B LENAX YIOBJIETBOPEHUS KPUTEPHS
CErMEHTAIH BBICOTAa TPEYTOJbHUKA U JITMHA €T0 OCHOBAHMS HE JAOJDKHBI IIPEBBINIATh

3HaueHus A = dm/\/i )
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JnuHa 00pa3oBaHHON (DUTYpHI HE JOJIKHA MPEBBINIATH YIIOMSHYTOrO 3HAYEHHS,
Opd  3TOM JUIMHA OO0pasyrolliei MMOBEPXHOCTH Tejla BpalleHHs, OIMMCHIBAEMOM
byuxrmeit f(X) Ha uHTEpBANE [Xi;Xi+1] , OMPEICISIETCS KaK

Xi1 df 2
L:XI\1+ o dx. (3)

3uass mmHY obOpasyromed L u xpurepmii A, MOXXHO pPacCUHTaTh KOJIUIECTBO
KOJIBIIEBBIX CETMEHTOB, 3aKITFOUCHHBIX MEXIY X U Xjs1:

(L
N. =ceil| — | 4
s A (4)

KonbiieBoit cermMeHT oOCHOBaHMI pa30WMBacTCs Ha TPEYrojbHBIE JIIEMEHTHI,
KOJINYECTBO KOTOPBIX onpenensercs GopMyaoi
N, = ceil 27 : (5)
A
tdLikzdz s0OIst d .mBpaagnpe e 2sdetEg¢! COOTHOIIEHHS MOXHO
MPUMEHHUTH U cephl, LIUICOUIA BPaLeHUs M APYIMX MaTeMaTHUYECKUX (QUTYD.
Jns HarmagHOCTH PAacCMOTPHUM OIMCAHHBIE HPUMEPHl Ul KOHyCa, TaKk Kak OH
SIBIIIETCS. HanOoJiee TMPaBHIBHOW KpHCTALTOTpaduuecKkoil 0O0BeMHON (QUTypoOi.
MaremaTryeckasi MOJIENb JU(PaKIHKA Ha KOHYCE JUIsl TPOU3BOJILHOTO yriia J<z MpH
BepIIMHE B 00JacTH (U3MUECKUX YIJIOB HAOIIO/IEHHS U MAaJCHUs TUIOCKOH BOJHBI Ha
konyce 0 < ¢, y< 27-0 MHTEHCUBHOCTU [3] TOJIO)KEHA B OCHOBY YHCJICHHOIO
MoJIeNMpoBaHus AU(GPaKuy mIockux TE BOJH.
OnwucaHye YUCIEHHBIX METOI0B, IPUMEHIEMBIX JIJISl PELICHUS 3a7a4 JUPpaKIum
U1 KoHyca, mupezacraBieHo B [4,5]. B Hactosmieli paboTe paccUMTHIBAETCS
TUQPaKIHOHHBI HMHTETpajJ METOJIOM HCIOJIBb30BaHUS OBICTPOTO TpeoOpa3oBaHUs
®ypee n obparHoro mpeodpazoBanus Dypee (BIID/OID) ynkumm beccens s
konyca. [Ipsmoii pacyer ¢ ucnosibzoBanuem Gopmyi (2), (3) u (4) TpedyeT He MeHee
256 4YneHOB, HO MBI OTPAHMYUMCS TIOJOBHHOM psiga [1] M SKOHOMHH MAalTdHHOTO
BpeMeHH. 3HaueHusi mapametpoB P = 3, 6 = © /3 ¢yukumu beccens B3sATHI U3
oubmmoreku MATLAB. Cxomumocts psima (3) cmabo 3aBUCHT OT Ymcina [ B
nuarna3zone 1<p<3 u yrioB 6, v MO3TOMY B pacueTax WHTEHCUBHOCTH NMPHUMEHUM JIBE
OTJIMYAIONIUECS YHCICHHBIE CXEMbI: HMHTEPIOJSIIMOHHYI0 CXeMy 1O yIiIy ¢ ¢
HEHTPAbHOH  Pa3HOCTHEIO JUIS  BBIYUCICHHS TPOHM3BOAHBIX TIO0 pajnycy H
perpeccuoHHyIo cxemy — kpecT. O0e MpOU3BOJHBIE BHIYUCISIINCH KaK IIEHTPAIbHBIE
pasHOCTH. YKa3aHHBIE CXEMbI TO3BOJIMIIA CYIIECTBEHHO MOBBICUTH 3(P(EKTHBHOCTH
pacdera MHTEHCHBHOCTH. Mo/ienbHBIE pacdeThl MpoBoAUIHCH B cpene MATLAB ans
koHyca. [Tony4deHHbIe pe3ylbTaThl UMEIOT OOMIMPHYIO HHTEPIPETAIIUIO U MOTYT OBIThH
MCIIOJIb30BaHbI HE TOJIBKO B 3a/1a4aX, peiiaeMbix B [6], HO ¥ MpH MOIETUPOBAHHU

48



psina roorpaduIecKux MpoIeccoB I ONTOBOJIOKOHHBIX CHCTEM CBsI3H [7].

Hcmons3oBanne mporpamMmmuoro obecneuenmsi MATLAB BHeca0 orpaHudeHHS
Ha OBICTPONEHCTBHE M MPOCTPAHCTBEHHYIO AMCKpETH3AINio u3o0paxkeHuit. OmHako
MOJY4YCHHBIC PE3yNbTaThl HOCSIT MOJICIBHBIA XapaKTep W MOTYT OBITh YTOYHEHBI B
paMKax CHelualbHBIX TporpamMMm. Ha pucyHKe MOKa3aHbI YCIOBHBIC PaCIIpEICIICHUS
WHTEHCUBHOCTH.

6) 2)

Puc. Ycaosnoe pacnpedenenue uHmeHcugHOCMu:
a - nadenue NAOCKOU B0HbI HA B8EPXHIOND 2panb KOHYca nod yeiom 60° 6 - HopmanbHoe
naoenue NIOCKOU GONIHbL HA BEPXHIOIO 2PAlb KOHYCA, 8 - NAOEHUE NIOCKOU BOIHbl NAPALLENbHO
HUDICHEl 2panu KOHycd, 2 - nadeHue naoCKol 80aHbL OO YeioM y= 1-0/2.

B 30Hax, rie mepecekaroTCsl J1B€ BOJIHBI, MaJalOIINe U OTPAKEHHBIC OT I'PaHU
KOHYca, BUIHA KapTrHa nHTepdepeHnu. OTHOCHTENbHAS HHTCHCUBHOCTh MEHSAETCS B
npenenax 0...2,5 (puc.g) ; 0...0,16 (puc.6); 0...0,7 (puc. 2) enunun. B 30Hax, r1e
WHTCHCHBHOCTH OJTHOM IMaJaroliell BOJHEI (OHA e MPOIIeAIIas), Ha KaXoM rpaduke
(cM. puc. a) THTEHCUBHOCTD OJIM3Ka K enHUIEe. Ha Kpasx Toii sKe 30HBI IpU Tepexoie

49



K T€OMETPUYECKON TEHM WIM K OOJIACTM C JBYMS IIEPECEKAIOLIMMUCS BOJIHAMU
QUHAMHYECKash WHTEHCHBHOCTh BO3MyIeHa Od¢¢exktoM audpakuuu. AMIUATYIA
TU(PaKIMOHHBIX KOJNEOaHMH MHTEHCUBHOCTH MOXET NOCTHraTh Beiauuusbl 1,7. Ha
puc.a IpeICTaBJICH CIy4ail aJAeHuUs IUIOCKOI BOJIHBI HAa BEPXHIOIO I'PaHb KOHYca MO
yraom 60°. 3meck mMeeTcs TOJIBKO OAHO OTpaKEHHE OT BepXHEW TpaHW KoHyca. B
CBSI3U C  BBIIIEH3JIOKCHHBIM HAOJIOAaeTCsl 30HAa HHTEp(EepeHuur M Mafarouien
(mpormmenieii) BOJHBI, KOTOpas IUTABHO IIEpeXOoAWT B oOjacts TeHW. Ha puc.6
MPEICTABICH BapUaHT HOPMAJbHOI'O MaJeHHs IJIOCKOW BOJHBI Ha BEPXHIOK I'paHb
KOHyca. 3/1eCh Mafarouasi U OTPaXeHHas! OT BEpXHEH IpaHUIIbI KOHYCa BOJHBI TacsT
IOpyT Ipyra, U B pe3yjbTaTe MHTCHCHUBHOCTb B 30HE MHTEP(QEPEHIMU CYILIECTBEHHO
MEHbLIE SAUHULIBL.

Taxoxe mmeeTcst 30Ha MAAArOIIEH BOTHBI C MHTEHCHBHOCTHIO, OJIM3KOM K IMHHIIE,
KOTOpasi TIPH Mepexo/ie B 00JIacTh TeHU BBI3bIBaeT 3(h(EeKT BOIMYIICHUS TU(PAKITHEH.
Ha puc.6 noka3zan BapuaHT nageHus miockoil TE BOJHBI, UMEIOIIEH BOJTHOBOU BEKTOP,
napaJuleTbHBIA HIDKHEW TpaHu KoHyca. Ha mpuBeneHHBIX pUCYHKAaX HaOIOJAI0TC:
30Ha MHTEPPEPEHIIMU C Pa3MaxoM aMILIUTYAbl MHTEHCUBHOCTH OT 0 10 3 eauHMII,
30Ha Majaromen (MpoleAneli) BOJHB ¢ HHTCHCUBHOCTHIO, OU3KOM K €IUHUIE, U
30Ha AU(PAKIUK BOIHM3M HIDKHEH IpaHu KOHyca. DJIEKTPOMarHUTHOE 1osie TE BOJHBI
OTXKMMAaeTCs OT HWKHEH TpaHW, W MO3TOMY pa3Max TUPPaKIUOHHBIX MaKCUMYyMOB
AOCTUTAaCT BECIIMYMHBI ABYX CAWHMUII.

WnTepdepennns HeCKONBKO OOJIbIIe, YeM B Cilydae, KOrlla NMeeTcsl 30Ha TEHH,
MEXy KpaeM IpOIIEIIeH IIJI0OCKOW BOJIHBI U HW>KHEW CTeHKOW koHyca. Ha pucyHke
II0Ka3aH 3€pKaHBHO'CI/IMMeTpH‘IHBII>'I BapHaHT, COOTBCTCTBYIOIHI/Iﬁ BOJIHOBOMY
BEKTOpPY UCXOAHOW TE BOJHBI, IapaJUIEJIbBHOMY B BEPXHEH I'paHU KOHYca.

Ha HwxHe# rpaHu moje He oOpamaercs B HOJb, HaOmogaercs 3(dext
noxaBieHus audpakiuy BOJW3M HIDKHEW CTeHKM KoHyca. Ha puc.e mpencramieH
CUMMETPUYHBINA BapUaHT, KOT/Ia MJIOCKas BOJIHA MaJlaeT MojA yrioM y= w-0/2. B atom
cj1ydac IMpOUCXOJAT JiBa OTPAXCHHUA MO OJWMHAKOBBIMU YTJIaMHU OT pPa3HbIX I‘paHeﬁ
KOHyca.

]l T 9 t5 HPé3ynbTarhl JaHHOW PabOTHI MO3BOJIIOT PACHIMPUTH BO3MOKHOCTH
YHUCJICHHOI0O MOIACINPOBaHUA ,ZII/I(i)paKHI/II/I BHGKTpOMaFHI/ITHOﬁ BOJIHBI B KOHYCO-
oOpasHoM Tene. MccnenoBaHna mMaTemaTrWyeckass MOJENb IS YUCIEHHOTO pacuera
aMIUTUTYIbI U WHTEHCUBHOCTH JU(PPAKIHMOHHOTO TONS Juisi KoHyca. Ha ocHoBe
MOJIEJIN PACCUUTAHBI XapaKTEPUCTUKU JU(PPAKIMK B Pa3IMIHbIX 30HaX. OOHAPYKEHBI
3G EKTH OTTAJKMBAHMUS BJIEKTPOMArHUTHOTO MOJsI € MOBEPXHOCTH KOHYCa, Korua
BOJIHOBOM BEKTOp Majarolield IIockod 7E BOJHBI HampaBleH BIOJb TOH K€
MOBEPXHOCTH, M  yMEHbIICHHE IU(PPAKUUH 3JICKTPOMArHUTHOrO TMOJIsi BOMM3U
MOBEPXHOCTH KOHYCa JUIsl Cllydast HaAeHHUs BOJHBI.
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hHruusShu3bh UnasLudn/rnrue uNLUShL UUrUbhLuerh <UUUP
MATLAB-h UbrUNUUUP

U.lu. unipwybpnywu, U.E. Cwjjuqjui

Ugunndwinwgywd Ywnwjwpdwu  hwdwlwpgbipnud  owwnhlwlwu gwugbpu  wjuon
wnwuwihu  wbuunnghwlwu dhongubiphg Gu: Owuwhlwlwu guwugbpnd  wbntynyeh
thnfuwugnuwip Ywwwpynd £ hwpebpwiht Yndnunwghntu  wbuuninghwubph  Yhpwndwdp:
Owwhlywlwu dwupwpbtiu wpryniuwybinn ogunwagnpdtiint hwdwnp Yhpwnynud £ Lippninwy-
Uwgnd' puin wihph Gplupnieywu: Owwhlwlwu gwugbpnd hpduwlwu fuunhpp ghinfuwtg-
dwu dhowdwjnpbipnud  fuwnunipnubiph wnwyniyeynut £, npnup wnwowgund Gu  punhw-
winwubip, dwutwynpwwbu' oywnhwlwu Ywpbiubph dhwgdwu wnbnwdwubpnud: Wn futnph
(nddwu hwdwp oguwgnpdynud Gu  owwnhw-dwupwebwiht Ywubigdwu gébip: Tpwup pnyg
Gu wwpu wwwhndb] thwpebputph dowydwu hwdwp wuhpwdbonm dwlwuwywhwndws'
Yuwubigubiiny thwpbputph Ynpnwwnp: Syjwjubiph thwpebpubpp uywuwnplynu Gu pun upwug
wnwouwjunipjwu: <wjwiuwywuwihtu hwjwuwnpwyhn pwofudwu nt hhduwlwu punipwgnhs-
ubiph wbuwlwu hwoJwplubiph hpdwu Ypw wnwudht owywnhlwlwu Jwupwpbh hwdwp
Ywwwpynwd £ unwgywsd puniypwgnphsubiph pywihtu ybpindnieniu: Upfuwwnwupnud nhunwnly-
ynw £ dnipbh nhuypbn dLwihntunigyniuuph dnnnih W wpgnudbunp gnpdnuubiph nbpp,
Ywwwpynw U plunwynpdwt tupwlw wnwplywutiph wwwnlbpubph Jbpndnigyniu ne
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npwug wbuwlwt hwydwplubiphg  unwgywsd  ndjuiutph  hwdbdwwnd  hnpduwywu
Swuwwwphny unwgywsd ndjuiutiph hbwn: Lepluwjwgynd Bu dniph nhuypbn dlwihn-
funieyniutiph wpgnuwitunh gnpdnuh nbipp, dhwpnipbinh dwywind  nhunwpyynn Ywnnig-
Juwdph Uty wnwowgwd nbdtiljnubpp, npwiug hunwl wnwuduwgnidp, pwgwhwjnndp nt
hwwynipjniiutiph wwppbpwynuip: Spynd G yunwnwywu  Jwpdup gpdwsé  Elnpw-
dwquhuwywu nwownh dwptdwnhlwu dnnbh  hhduwwu npnyputipp: Wnwhuh dwpdup
dwytpunyep  uywpwgnpynd £ Uwpudbph hwjwuwpnuwing:  bunbigpwih pqwjhtu ndnwip
unwuwnt hwdwp dwybplnyep dnnwpyynd £ Gnwuynis gwugny: MATLAB-h dpwgpwjhu
wwwhnyndt  ogunwgnpdynd £ dniph  duwihnfunyeniuubiph hpwlwuwgdwdp  gwugh
wighphpedh nt nhppwygywd nwowmh hwodwplubpp Yuwwwpbine hwdwp: Uwutwynpuwbu
nhnwplynud £ wiu nbujpp, pp dwpdhup Ynu £

Unwtgpuyhti  pwnbp. nhbpwyghw, dDninbh  duwihnfunyeiniiutp,  Elwnpwdwg-
uhuwlwtu wihp, Ynu, MATLAB:

MODELING OF DIFFRACTION FOR CONICAL BODIES
BY APPLYING MATLAB

S. Kh. Khudaverdyan, M.E. Haykazyan

At present, the most advanced technology in automated control systems is the fiber-
optic network. The transmission of information by optical networks is carried out with the
technology of package switching. To effectively use optical fibers wavelength routing is used.
The main problem in optical networks is the emergence of collisions that arise due to the pres-
ence of impurities in the optical conducting media, in particular - in the places of connections
of optical cables. To solve this problem, fiber optic delay lines are used. The package allows
to provide a functional time package delay for a certain period of time, preventing them from
resetting. Data packages are serviced based on priorities. On the basis of theoretical calcula-
tions for the equilibrium probability distribution and formulas for the calculation of the basic
characteristics of a optical fiber cable, numerical analysis of the characteristics is introduced.
The paper discusses the role of the module and argument of a discrete Fourier coefficients -
transformation for the analysis of test object images, and the theoretically calculated values
from the experimental data. The role of the argument of the discrete Fourier coefficients - the
transformation to identify the contrast of features formed structural defects, reliable identifica-
tion and localization in a monocrystal is considered. The basic principles of construction of a
mathematical model for calculating the electromagnetic field scattered by a body of revolution
are given. The surface of such a body is described by Maxwell. In order to obtain the numeri-
cal solution of the integral the surface is approximated by a triangular mesh. The Fourier trans-
form method for the calculation of the mesh algorithms and diffraction field based on
MATLAB is used. In particular, we consider the case when the body is a cone.

Keywords: diffraction, Fourier transformations, electromagnetic wave, cone, MATLAB.
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Becmuux HITVA: “Ungopmayuonnvie mexnonoauu, snekmponuxa, paouomexuuxa”. 2017, Ne 1.

VJIK 543.3, 53-032.2(045)

PACHHO3HABAHUE I'PAJJOONTACHOCTHU KYYEBO-JOXK/IEBBIX
OBJIAKOB JIA3EPHBIM 30HJIMPOBAHUEM B KOPOTKOBOJIHOBOM
BUIUMOMI OBJACTH JIJINH BOJIH

Apawm A. Bapaansnu', O.A. HeTpocst, K.J. ABksn’, Apman A. Bapz[amm2

1 . .
Unnosayuonnwvuii yenmp “bapsea”
2 . .
Hayuonanshviil nonumexnuveckuii ynugepcumem Apmenuu
3
Hnucmumym paouogusuxu u snekmponuxu HAH PA

3ammTa CeNbCKOXO3SIMCTBEHHBIX KYJBTYp, CBSI3aHHAs C OINEPATUBHBIM M Ha/EKHBIM
OTIpeNeIeHHeM TpaZoOTacHOCTH 00JaKa, SBISETCS MEpBOOYECPETHON 3ajadeil CelbCKOTro
x03siicTBa. OCHOBHBIM CITOCOOOM pPAacIlO3HABAHUS TPAfOOIMACHOCTH Ha HBIHCIIHWUH [ICHD
SIBJISIFOTCSL Pa/IMOJIOKAIIMOHHBIE METO/IbI, KOTOPhIe OCHOBaHBI Ha B3aUMOJCHCTBUH PaJUOBOJIH
cantumeTpoBoro (3 u 10 ¢m) nuanasonHa ¢ obnakamu. PaccMOTpeH croco® pacro3HaBaHUs
TPagooMacHOCTH Ky4eBO-I0KAeBhIX C, 00J1akoB, OCHOBAHHBIN Ha JIA3EPHOM 30HAHPOBAHUH B
KOPOTKOBOJIHOBOW BHJIMMOW oOyacTé JuiMH BOJMH. OTpaXeHHBIH OT TpaJoOHOCHOro oOnaka
CHTHaJ 30HIUPYIOUIEro H3Iy4YeHus (GopMHUpyeTcs pasHHIEH OTpaKaTelbHOW CrocoOHOCTH
Jba U BOABL. B KOPOTKOBOJHOBO# Buaumoi obOnactu mmuH BoiH (400...500 wnwm) BHe
3aBUCHMOCTH OT COOTHOIICHHS JUIMHBI BOJIHBI U Pa3MEPOB PacCEUBAIOLIMX YacTHI| (TPajH)
HUMEETCsl Pe3yJIbTUPYIOIIUI OTPa)KCHHBIA CHUTHAJI M3-332 OOJBIION Pa3sHUIBI KOIPPHUIIMECHTOB
OTpa’KeHHUS JIbJ]a U BOJABL. Ecim 00Jlako COCTOUT TOJMBKO U3 BOASHBIX Kallellb, TO OTPaKCHHBIN
curHai Oyner (onoBbIM. [Ipou3BeeH pacyeT UHTEHCUBHOCTH OTPAKEHHOTO 30HAMPYIOIIETO
m3nyuenus: Ha CdS nerexrope. [loka3aHo, 4TO B AHEBHOE BpeMsi IOPOTOBasi 4yBCTBUTENLHOCTD
JeTeKTopa ompenensercs (OHOBBIM H3ITYYCHHEM, OOpa30BAaHHBIM OTpPaKCHHBIM COJHCUHBIM
M3IyYEHUEM OT TMOBEPXHOCTH 3E€MJIM, M COCTaBJISIET 8,7-107%  Bm/ca®. [IpoBenen
CPaBHMTEJbHBIH aHaJ M3 30HIUPOBaHMs 00JIaka UMIYJILCHBIM U HENPEphIBHBIM Jiazepamu. Ha
OCHOBE pacueTOB IIOKa3aHO, YTO B peXKUME TPSAMOTO ACTEKTUPOBAHUS CHCTEMa, OCHOBaHHAs Ha
TBepoTenEHOM MMyibeHoM YAG:Nd™ nasepe ¢ mHoii BoHbl BTOpoii rapmormkn (503
wm) u CdS ¢dorompeobpa3oBaTeIbHOM YCTPOUCTBE (CHTHAI HA IETEKTOPE COCTABISCT 2.5.10°
Bm/cy®), snsercs Gomee >((EKTHBHON [0 CPABHEHHIO C HENPEPHIBHBIM Ja3epoM. Jlis
OTIPENIEICHHOCTH B pacyeTax OBUIM HCIIONB30BAHBI CIEAYIOIINE IIPHEMIICMbIC JTaHHBIC:
PACXOIMMOCTH Jla3epHoro y4a - a~10" pao; muamerp rpamus B oGnaKe — 3 ¢y 1 30HAUPYEMOE
paccrostane - 3000 m. IlpexcraBieHHass B paboTe peIIeHHAs 3amadya O PaclO3HABAHHH
IpajloonacHOCTH O0JIAKOB HOCUT MECTHBIH (JIOKanbHBI) xapaktep. [Ipeanaraemast cucrema
MOKET OBITh YCIEIIHO TNPUMEHEHAa ISl PErHoHOB ¢ OypHOW KOHBeKIuew (Hampumep,
Apaparckas noiuHa, ApmeHus). s 3THX PErHOHOB XapaKTepHO BHE3AIHOE IOSBJIICHUE
IPaIOHOCHBIX OJHOSUEHKOBBIX C, 00J1aKOB C KOPOTKOH (0 1 yaca) MpoJOSDKUTENEHOCTHIO
KU3HU. PaauosiokallMoHHBIE METOABI, SIBISIOIIAECS OCHOBHBIM CIIOCOOOM  OIIpEAeIeHHs
TPaZi00MaCHOCTH, B 3TOM CiTy4ae He3(h(heKTHBHEL

s dzt yj o' j xydgmirisosx(dEbie oOnaka, KOHBEKTUBHBIC SIBICHUS, Ipal, Ja3epHOES
30HJUPOBaHKE, OTpaXEeHHbIH curHai, CdS dpoTonpueMHUKH.
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1l 9 jdadjJOmHo M3 mepBBIX MECT II0 OMACHBIM SIBJIEHHAM IIOTOAbI 3aHUMAIOT
KaracTpo(M4ecKue IJIMBHU, TPO3BL, Tpaj, IMKBambl, cMmepuyd. llogoOHBIE sBIEHUS
CBSI3aHBI C TEPMHUYECKOW W AMHAMHUYECKOW KOHBEKIMSIMH B aTtMocdepe, KOTOpbIe
JeXaT B OCHOBE 00pa30oBaHMsSI KOHBEKTHBHBIX 00makoB. K mociemHnM oTHOCSTCA
KydeBble M KydeBo-moxaeBbie obmaka (Cp; Cumulonimbus). Yame Bcero C, obmaka
BO3HUKAIOT TpU CIa00TPaMEHTHOM NHKIOHWYECKOM II0JI€, YTO OJIarompusATCTBYET
CIUIBHOMY TIPOTPEBY MOJCTHIIAIONIEH MMOBEPXHOCTH WM MPHIIETAONNX K HEH CIIOEB
BO3/[yXa, CIIOCOOCTBYS Pa3BUTHIO OYPHBIX BOCXOSMMIMX ABIKeHWH. llmomanp, Ha
KOTOpOW HaOIIOJAIOTCSI paccMaTphBaeMble OBICTPOTEKYIUE SIBICHHUS, KaK MpPaBHIIO,
BO MHOTO pa3 MEHBIIE PACCTOSHHUS MEXJy ITyHKTaMH METEOPOJOTHICCKAX |
a’poNoTUYecKnX HaOMoAeHnH. OTHM  OOYCIOBIEHBI TPYAHOCTH IPOBEICHHS
WCCIIEIOBAHUN M TTPOTHO3UPOBAHUS OTMACHBIX SBICHHUIA TIOTOJIBI, CBI3aHHBIX C 30HAMU
aKTUBHOW KoHBekIuH. Clemyer OTMETHTh, YTO B OOMIEM Cllydae IWarHo3
KOHBEKTHBHBIX SBJIICHUU SIBIIIETCS CIOKHOW W elle He pEeNIeHHOW MpPOoOIeMOi.
Pemenne oTux 3amady wWMeeT Ba)KHOE HAYYHOE W MPAKTHYECKOE 3HAUYCHHE.
3 heKTUBHOCTD 3alIUTHI CETLCKOX03IHCTBEHHBIX KYJIBTYpP OT IpaJioOUTHsI BO MHOTOM
3aBUCUT oT OICPaTUBHOCTHU O6Hapy)KCHI/I$I u HaJCKHOTO OIIpEACIICHUA
rpagoonacioctn  C, oOnakoB. B HacTosiiee BpeMs IS JAUCTaHIIMOHHOTO
30HIMUPOBAHUSI aTMOC(epbl I[IMPOKO UCIONB3YIOTCS KaK Ha3eMHble, TaK W
CIyTHUKOBBIE paauosnokatopel [1-5]. Hcmnonp3oBaHue U3NMydeHHS ONTHYECKOTO
JIafa3oHa SBIISETCS JONOJIHEHHEM K CYIIECTBYIOIIMM, W B HACTOSINEE BpeMs
pa3BUBAETCS METOJI Ja3epHOTO 30HAMPOBaHMs (Ja3epHbIi pagap — nmuaap). Hecmotps
Ha 6OHBIHyIO TOYHOCTH PaJJUOJIOKAIMOHHBIX METOAOB 30HAMPOBAHUA, OHHU JOBOJILHO
CIIOKHBI C TOYKH 3peHUs 00paboTKH MH(OpMAIMKM M CUUTAIOTCS TOPOTOCTOSIIUMH.
[TomMuMO Bcero 3Toro, B paiioHax ¢ OypHOH KOHBEKIIUEH M3-3a BHE3AITHOI'O MOSBICHUS
1 HeOONbIIOW BEPTUKAIBLHOW MPOTSHKEHHOCTH (BEpIIMHA OKAa3bIBAE€TCS HIDKE JIMHHUU
pazuorOopH30HTA JIOKATOpa) IpajioHOCHBIX Cp 001aKOB pajinoIOKAIMOHHBIE METOBI
He Bcerna 3¢ dextuBHbL. [1o 3TOl NpuyMHE B HACTOsAIIEE BPEMs pacCMaTPUBAIOTCS H
JpyTHe BapHaHTHI TUarHOCTHKH TrpanoonacHoctu Cp obnakoB. V3BecTHO, UTO CHET M
JIeJT XOPOIIo oTpaxaroT B auamna3zoHe miuuH BoiH 400...500 #m, a TakKe MPOUCXOIUAT
JOTIOJHHUTENIFHOE —pacceMBaHWe Ha oOmoMkax nbaa [6, 7]. CremoBaresbHoO,
rpagoonacHocth Cp, 005aKOB MOXHO 3((QEKTHBHO PACIO3HABATH 30HIMPOBAHHUEM
Ja3epoM JTOr0 Juarna3oHa. B gaHHOW paboTe Ha OCHOBE pacdeToB IMOKa3aHa
BO3MOXHOCTb Pean3aliuy oJJOOHOIH CHCTEMBI.

1.1 sMlsOdztso €O L OHOYd d Jyg Isomeréii ¢ Bypuoizd L Oy
KOHBeKnmel  (Hampumep, ApapaTckas  JOJNHMHA, TPEACTABISIONIAs  COOOH
MPEBOCXOJHYIO E€CTECTBEHHYIO J1a0OpPAaTOPUIO ISl HCHOJIBb30BAHHS COBPEMEHHBIX
HAayYHO-TEXHHYECKUX CPEACTB C LENbI0  HCCICAOBAHMA  3aKOHOMEPHOCTEH
(dbopMupoBaHus Tpaja M TPoO3) OCOOBIH HHTEPEC MPEICTABISIOT OJHOSYCHKOBBIE
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o6naka C,. ITomumo 3T0ro0, oHu cocTaBisitoT Takke 20...30% u3 Bcex HaOIIOgaEMBIX
TPaIOHOCHBIX OOJIAKOB.

OpunosuerikoBele C, o0Ojlaka CcOCTOSAT W3 OOHOM KOHBEKTHBHOW SYEHKH C
BOCXOJAIIUM TOTOKOM B IEHTPaJbHOW YacTH M UMEIOT OCECUMMETPHYHYIO (QopMmy.
Ot obmaka MOTyT ‘“‘co3peBaTh’ O TPO30BOTO W TPAJOBOTO COCTOSHHUS C
MOCTIEAYIOMINM OBICTPBIM PacIaioM IOCIIe BRIMAACHHUS 0CaIKOB. [Ipo1omKuTeThHOCTh
JKU3HM TaKHUX 00JIaKoB (IOIEPEUHBIH pa3Mep 3...5 ki) - OKOIIO OJHOTO Yaca, BEPXHSIS
rpaHulla JOCTUTAET YPOBHS 7 KM, a HIDKHSS - 10 1 xm. YCIOBUMCA, YTO Tpaj - 3TO
ocamkd B BUAE C(HEepHUECKUX YAaCTHIl WA KyCOUYKOB JbAa (TPaJWHBI) AUAMETPOM B
cpeaneMm oT 1 10 5 cm. U3BecTHO, 4uTO HyneBas uzorepma mpu 20 °c MIOBEPXHOCTHU
3eMIIM TPOXOAHUT TpuOnm3utenbHo Ha BbicoTe 3000 m. PaccMoTpuM, Ha CKOJNBKO
rpagycoB (At) Harpeercss (OPMHUPOBAHHBIN JieJq HAa TaKOW BBICOTE MPH €€ IaJCHHM.
PaGora, BBITONIHEHHAs! TPU TaJE€HUM C BBICOTHI h, paBHA MOTEHIIMAIBFHOW SHEPTHH,
KOTOpPYI0O HMMeJa Macca Jbla m Ha 3Tod Bbeicote: P=mgh, roe g - yckopeHwme
cBoOomHOTO ManeHus. C Apyrol CTOPOHEI, 3Ta YJHEPTUS 3aTPAUYNBAETCS HA HarpEeBaHUE
MbJa KONMYECTBOM TerwioTsl Q=mcAt, rme c¢=2,110° [oc/k’C - yaenbHas
TermoeMKocTh Jbja. OkoHuaTenbHO uMmeeM At=gh/c. [loxacraBnss uuciieHHbIE
3HAuUeHUsA, MoayuuM At=14 °C nms BeIcOTHI 3000 M, T.e. OyleM HUMETh JO0XKJICBbIC
karum. OjHako yame Bcero obiaka tuma Cp SBISIOTCS I'paOHOCHBIME MMEHHO Ha
TakuXx BbIcoTax. [y oOpa3oBaHus rpajia He 00s3aTeNIeH epexo/] HyJIEBOM U30TEPMEI,
OH o0pasyercss W B HIDKHEM TeIUIOM cioe arMmocdepbl. B seTHme Mecsipl B
(hopMHpOBaHUHM  TMOTOJHBIX  TPOILECCOB  pellaroIasi  pojb  MPUHAAJICKHUT
paavanuoOHHBIM U oporpaduyeckuM (pakTopaM, ¥ MO3ITOMY MPEOOIaIal0T TPO30BbIC
SBJICHUSI BHYTpHMaccoBoro xapaktepa. OHM 4alle BCErOo BO3HHKAIOT IPH
MAJIOTPpaUCHTHOM HHUKIOHHYCCKOM IIOJIE, 4YTO 6J'IaFOHpI/I$[TCTByeT CUJIbHOMY
MPOTPEBY MOJACTWIAIONIEN MOBEPXHOCTH U MPUJIETAIONIMX K HEW CJIIOEB BO3/AyXa U IIPU
JIOCTAaTOYHBIX 3amacax JSHEPrMH HEYyCTOWYMBOCTH CIOCOOCTBYET Pa3BUTHIO OYpPHBIX
BOCXOJISIIIUX JIBWKEHWH, TPUBOAAT K 00pa3zoBaHWIO rpafoHOCHBIX Cp, 001aKoB.
3aMeTHM TaKKe, YTO MPUYUHA (OPMHUPOBAHUSI TPaJia MOKA HEsSCHAS.

PacnioznaBanme rpamoomnacaoctn C, 00nakoB B 00nacTsX ¢ ObICTpOTEKyIEH
OypHOWl KOHBEKIIMEH - BecbMa akTyaJdbHas 3agada. Jlosg JAMCTaHIIMOHHOTO
S3OHAUPOBAHUA HIMPOKO HUCIIOJIB3YIOTCA PaJWOJIOKAIUOHHBIE METOIbI, OCHOBAHHBIC Ha
B3aMMO/JICUCTBUU PAJAMOU3IYUYEHUS C BOJHO-KAMEIbHON UM KPUCTAJUIMYECKON CpeaamMu
obakoB. Vcrnonb3oBaHue JIsl 30HANPOBAHUS MITYUCHHUST B ONTHYESCKOM JHAaIra3oHe
JUIMH BOJH B JOMNOJHEHHE K CYIIECTBYIOLUIMM METOAaM IIO3BOJISIET ONPElesIUTh
MUKPO(PHU3NUECKIE XapaKTEPUCTHKU: TEMIIepaTypy cpenbl, (a3oBoe COOTHOIIECHHUE
JIEASTHBIX KPUCTAJUIOB U XKUJIKHX KaIelb, UX MPOCTPAHCTBEHHOE paclpe/ie]iCHHe U T.1I.
Ha nmaHHBIE MOMEHT IS JUArHOCTHKH TPAJ0OMACHOCTH OOJIAKOB TEPCHEKTUBHBIM
CUMTAETCS JIA3EPHOE 30HIUPOBAHUE C IPUMEHEHUEM JIa3ePOB C PA3IMYHBIMH JUIMHAMHA
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BOJMH. B o0mem ciydae »neKTpOMarHWTHBIE BOJHBI, PaclpoCTpaHssick B OOJaxe,
YaCTUYHO PACCEHUBAIOTCS, IOIJIOMIAIOTCS M OCHalbisroTcs. XapakTep pacceuBaHUs
JIEKTPOMAarHUTHON BOJIHBI 3aBUCUT OT COOTHOILUIEHUS [UIMHBI BOJHBI M Pa3MepoB
paccenBaromux yacTul. J[JIMHA BOJIHBI KOPOTKOBOJIHOBOM 4acTH BHIMMOIO CIIEKTpa
HaMHOTO MEHbIIE, YeM XapaKTepHblC pa3Mepbl IPaiuH, U IIOJIHAs WHTEHCUBHOCTD
paccesHHOIO CBETa ONpeAessIeTcsl CyMMOH 4YHcia NapUualbHbIX BOMH. B aTom
IMaNa30He UMEET MECTO OOJIBIIOE Pa3iInyhe MEXIy OTpakaTelbHOH CIOCOOHOCTBIO
IbAa W BOXBL. TeXHHMKa MOHHMTOPHHIAa KOPOTKOBOJHOBBIM JIa3€PHBIM H3JIyYCHHEM
OyZeT OCHOBaHA IMEHHO Ha 3TOM (aKTe.

Ha puc. | mpuBeneHbI CIEKTPhI OTpakeHH s Jibaa [6]. BuaHo, 4To B 001aCTH ITHH
BoiH 400...500 wm 5en uMeeT MPakTUYECKH HE 3aBUCAIIMN OT Pa3MEpPOB YacTHIL
BbICOKHi K03 durment orpakenus (Ri=0,97). Pasuuna ko3 HUIIMEHTOB OTpaKeHHs
meaa u Bomel (Ry=0,02) cocraBur AR=R}-R,=0,95. [lomumo 3TOTO, B YIOMSHYTOM
BBIIIIC JWAMa30HE BOJH JIEJ M BOAA UMEIOT MPEHEOPEKUMO MaJIOE IMOTJIOLICHHE, YTO
MO3BONIUT HAOIM0AaTh A(PGEKTHBHOE PacCesTHHOE OTpakeHHe W3 TiryOokux dactei Cp
oOnaka. Takum oOpa3oMm, 3amadya pacno3HaBaHus rpangoonacHoctn C, 0071aKoB
CBOJOUTCS JUIIb K OOHApyKEHHIO (IETEKTHPOBAHMIO) OTPAKEHHOTO curHaia. B
KayecTBE MCTOYHHKA 30HHUPYIONIETO H3TYYCHHUS MOXKET OBITh HCIIOJIB30BaH Jasep,
paboratommii Ha JumHaX BoaH 400...500 #u. M3-3a TOTO, 4TO JUIsT PETHOHOB ¢ OypHOI
KOHBEKIIMEH MPOJI0JIKUTENLHOCTD XHU3HU Cp, 00J1aKOB TIOBOJIBHO KOPOTKAsi, MOJJO0HOE
JIOKaJbHOE PELICHUE 3aJauyd TOYHOTO pacro3HaBaHus rpagoHocHocTH Cp o0iakoB
Oyaer BechMa S((DEKTHBHBIM JUIS 3alUTHl CEIbCKOXO3SHCTBEHHBIX KYJBTYP OT

rpagoOUTHIA.
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Puc. 1. Cnexmp ompasicenusi 160a 6 3a8UCUMOCIU OM PAZMEPOB HACTUY

2t OMmMuyud s mMdmilsj &3 dzOL jJedzsets L sdzH Jeso Odzd v
21 [ Bh ] i 5 @¥udsigeW3anaun J1a3epHOrO 30HAMPOBaHHS OOJIaKa
3aBUCUT OT COOTHOIICHWS JUIMHBI BOJHBI W pPa3MEpOB pACCEUBAIOIIUX YACTHII
(rpamun). Ilpn pa3mepax rpafuH (CYHTAIONUXCA OJHOPOIHBIMHU IIapaMH) MEHBIIE
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JUIMHBI BOJHBI JIA3€PHOTO U3JIYyYCHHUS MOXHO TpeHeOpeYh HEOTHOPOIHOCTIMHU
BHEIITHETO TOJIsl, Majjaromero Ha yacTuily. C y4eToM TOTO, 4TO JIeHA - JUIJICKTPHK, B
CUITy SIBIICHUS TOJSIPU3YEMOCTH IUDJICKTPUKA, HA TIOBEPXHOCTH TPAJUH TOSBSITCS
HaBeJICHHBIC BHEIIHUM II0JIEM 3apsiibl. B cuiny chepruveckoil CHMMETPUU YaCTHIIbI,
OJTHOPOZIHOCTH BHEITHETO TOJsI MU OTCYTCTBHS MPOBOJUMOCTH MOJOXHTEIbHBIE, W
OTpHIIATENBHBIC 3aPS/bl OKAKYTCS B PA3HBIX MONYIIAPUSIX YACTHUIIBI U pacIpeesTCs
CTPOTO CHMMETPHYHO JPYT Ipyry. PaszneneHue 3apsmoB O3HAYaeT, 4TO MBI UMeeM
u3nydarommid aumnonb. KomebaHus BHemHero mons (BO BpPEMEHH) TPHUBEAYT K
AHAJIOTHYHBIM KOJICOAHUSIM JIUTIONS, T.€. er0 JBMKCHHUIO C YCKOPCHUEM, B PE3YJIbTATe
Yero JUIMOJIb CaM CTAHET BTOPUYHBIM IICHTPOM I'€HEPAIUH JICKTPOMATrHUTHOW BOJIHBI.
Orta BTOpPHYHAS BOJIHA M €CTh PacCesHHOE HM3NydeHue. [Ipu pasMepax ke TpajuH,
NPEBBIMIAIIUX JJIUHY BOJHBI Jla3epa, BepHa IeOMETpHYecKas ONTHKA, W IOJHAs
WHTEHCHBHOCTh PACcCESHHOTO CBETA OMPECIsIeTCs CyMMOW YHciia BOJH, OTPaXKEHHBIX
OT OTJIENBHBIX TUIOCKUX M30TPOIHBIX OTpakaTtenei (rpaguH). B mobom ciydae m3-3a
0OJBIION pa3HUIIBI KOAPPUIMESHTOB OTPAKECHUS JIbJIa ¥ BOJbI B THANA30HE JJTUH BOJH
400...500 #m uMeeM pe3yJbTUPYIOIIMKA OTPaKCHHBINM CUTHAN. Eciau 00y1ako cocTouT
TOJILKO W3 BOJSHBIX Kamelb, TO OTPAKCHHBIN CUT'HAJ OyAeT ()OHOBBIM.

B kauecTBe Ja3epHBIX M3NTydaTeled MOTYT OBITh UCIIOJIb30BAHbI TBEPIOTEIbHBIN
YAG:Nd*® nasep ¢ mwmHoit BonHbI Bropoii rapMoHukd (503 mw) W CHHMIA Tasep ¢
JUIMHON BOJHBI 445 nm. B BumumoMm u OmmkHeM nHdpakpacHoM (1o 1,1 mxm) aua-
na3oHax JUIMH BOJIH HCIOJB3YIOTCS IMPEUMYIICCTBEHHO IOJYIPOBOJIHUKOBEIC
HeoXJIaKaeMble (HOTOUYBCTBUTEIbHBIC DJJIEMEHTHI, YAeNbHas OOHApyKUTeIbHAs
CIIOCOBHOCTH KOTOpBIX Oim3Ka K Teopermyeckomy mpexeny (10°...10% culy*°Bm™)
[8]. Ha mmune BomHBI ~500 #M, COBIAMAIONIEH C JAITUHOW BOJHBI BTOPOH TapMOHHUKHU
W3JTy4eHHsI TBEPJOTENBHBIX JIa3epOB, HaWOOJIee BBICOKOH UYYBCTBUTEIHHOCTHIO
obmagarotr Qotopesuctopsl Ha ocHoBe CdS, A KOTOPBIX JOCTHTHYTa YAelIbHas
o6HapyskuTebHas crioco6rocTh ~4-10™ cnly®*Bm ™. Ha ocHoBe ykazauHbIX (oTO-
MPUEMHUKOB B HACTOSIICE BpPEMs H3TOTABIMBAIOTCS MaTpPU4YHBbIC (oTonpeodpa-
3oBarenbHble yeTpoiicTa (DIIY) ¢ pazmepom nukcens nopsiaka 18...30 mxm u MeHee.
OKBUBAJIEHTHAs IIyMOBas mojoca 4acToT ykazaHHbIX DIIY mis ciydas paboTsl B
peXHMe TPSIMOTO JIeTEKTUPOBaHUs cocTaBiseT nopsaka 50...100 [y. M3BecTtHO, 9TO
HOpOroBasi 4YyBCTBUTEIbHOCTh mpuemHuka (Pg), ompenensomas MHHAMAIbHYIO
PETUCTPUPYEMYIO MOIIIHOCTH ()OTOMPUEMHBIM YCTPOHCTBOM B pab0veM CIIEKTPaIbHOM
JMana3oHe, B 00IIeM Clly4yae 3aBHCUT OT SKBUBAJICHTHOH MOIIHOCTH BHYTPEHHHX (Pjnt)
1 BHEITHUX (Pex) MIyMOB M MOXET OBITH OIpelereHa M3 COOTHOIIeHus:: Ps = Piy +
+Peyt:Pint - @ITY 3aBucuT ot miomianu dporonprueMHuKa (S), SKBUBaJICHTHOH IITyMOBO
nosiockl 4acToT (Af) u ynensHo# 0OHapyxuTenbsHON criocoonoctr D* u onpenensercs
M3BECTHBIM BhIpakeHHeM: Piy = (SAF)Y2/D* [9]. Mcrons3ys NpHBeICHHBIC BBILIC
JJaHHbIE, TIOJYYMM OPUEHTHPOBOYHOE 3HAUYEHUE Pim=10_16...10_17 Bm  nns
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(hoTomprueMHNKOB, paboTalOMUX B AWarma3oHe MIHMH BOMH ~500 wm. 3HAYCHHS
SKBUBAJICHTHOW MOIIHOCTH, CO3/[aBAEMOW MCTOYHHUKAMU Pgy, MPHUBEICHBI B TAOIHIIC
[10].
Tabnuya
3nauenust 9K6UBANEHMHOU MOWHOCMU, CO30A8AEMOU UCOYHUKAMU Poy

HcTrounuk BHEIIHEN aqIMTUBHON ITIOMEXHU Pext B mmamazone mmu ~500 wv, Bm

doHOBOE U3Iy4eHUeE, 00pa3oBaHHOE 8,7-10%
paccestHHBIM U3ITyYCHUEM 3Be3] B

HEe3aMyTHEHHOW HOYHOM aTMochepe

®oHOBOE U3MyUYeHHE, 00pa3oBaHHOE 8,710 ™

paccesHHBIM COTHEYHBIM M3IYy4YEeHUEM B
HE3aMyTHEHHOW JTHEBHOU aTMocdepe

®oHOBOE U3MydYeHHE, 00pa3oBaHHOE 3510 %
OTPaXEHHBIM COJTHEYHBIM H3y4YECHHEM OT
CIUTONIHOM 00JIaYHOCTH

®oHOBOE U3MydYeHHE, 00pa3oBaHHOE 8710 "
OTPaKEHHBIM COJTHEYHBIM H3Iy4YE€HHEM OT
MOBEPXHOCTU 3eMIIU

W3 Ttabmuipl BHIHO, YTO B JHEBHOE BpEMs IOPOroBas 4YyBCTBUTEIBHOCTD
npueMHHuKa Pg onpexensiercss (OHOBBIM HM3ITyueHHEM, OOpa30BAHHBIM OTPaKEHHBIM
COJIHEYHBIM M3Ty4YCHHEM OT TIOBEPXHOCTH 3EMIIH.

[ ompeneneHHOCTH TpU JNANbHEHIIUX pacueTax 3aJaJuMcsi TpUeMIIEMOR
PacXoAMMOCTBIO NasepHoro syda a~10" pad, nmamerpom rpaus B obmake 3 cm u
3ouarpyeMbIM paccrosianeM R=3000 . Takoit BEIOOp nuameTpa rpajuH OINpaBiaH,
TaK Kak NPOCTOM pacyeT NOKa3bIBaeT, YTO MNpU pacmajge obiaka OyneM HMeTh
rpagooutne. [loTeHnanbHas »HeEprus rpaguH Takux pasmepoB Ha Beicote 3000 m
COCTaBUT P=mgh=2.7'102 IDic (Macca TpaauMHBI m=1.3-10? k2). Jlnst TOro 4ro6HI
pacriaButh (PEBPATUTH B BOAY) TAKYIO MacCy IpaiuHbl, HyxkHO Q=Am=4.42-10° /lxc
sueprun (A=3.4:10° /Pic/ke ecTh yjenbHAs TEIUIOTa TUIABICHUS JbJa), YTO OOJbIIE,
YeM NOTeHIUAIbHAs SHEPTUsl IPaJHHbI HA TAKOH BHICOTE.

2. 2. t OMmuyd s ddasj dzido desisd SlsteOy j dedets @ s
H J Isj € HIBdgnproxkum, 4T0O HHTEHCUBHOCTH 30HUPYIOIIETO U3JIyUeHHs ecTh Iy
Bm/cv®. Cunrtas MCTOYHHK M3TydYeHHs TOUYEUHBIM 110 CPABHEHHIO C 30HIMUPYEMBIM
paccTosiHUEM W HCIONB3ys HpocTyio (opmyiy TpeyronbHuka tgo~d/R, roe d -
JMaMeTp Ja3epHOro Jiyua Ha (ponTe obmaka, momyuum d~300 cu (mromams ~7-10°
cm®) (puc.2). COOTBETCTBEHHO MHTEHCHBHOCTb JA3€PHOTO W3JIydeHHs Ha (POHTE
o6uaxa cocrasut Ig=1.4-10" 1o Bm/ci®.

Jis Hatero cityvast JuIMHa BOJIHBI 30HUPYIOLIETO U3IyYeHHsI HAMHOTO MEHBIIIE,
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YeM XapaKTepHbIE pa3Mepbl TPAJUH, W TOJHAS WHTEHCHBHOCTH PACCESHHOTO CBeTa
OTpeIeNsIieTCs CYMMO# YuCiia MapiuaibHbIX BOJIH, OTPaKEHHBIX OT rpaauH. B [11],
UCTIONTB3YSl TaMMa-(DYHKIMIO pacrpeelicHus, MPOU3BEICH pacyeT 4Yuclia TPajuH ¢
pasMepoM 3 ¢y B eIMHHYHOM 06beMe (27 uacmuy/m®). YauThIBas 9TO 3HAYCHHE, a
Takke TO, 4yTo B auamasone miauH BoiaH 400...500 mm 71gexq W BOga HMEIOT
NpeHEOPEeKNUMO MaJIoe TIOTJIONICHUE, JIETKO PAaCCUUTHIBAETCS, YTO CYMMapHOE
OTpayKeHHEe OT OTHENBHBIX IpaiuH B obnactu orpanmdennoii d u h (h=600...700 x)
PaBHOCWIIBHO OTPaXCHHWIO OT TOBepXHOCTH NpAa ¢ amamerpoM 300 cm mazepHOTO
nydya Ha @QpoHTe oOmaka. llpakthyecku Bcs pomremmas g0 (QpoHTa o0ONaka
WHTEHCHBHOCTHh 30HIUpyomero wusnydeHus sddextuBro (~90%) oTpaxaercs.
YuuThiBas OTPOKEHHYIO OOJIACTh TOYCYHOW 10 CpPaBHEHHIO C 30HIAMPYEMbBIM
paccTossHUEeM, Ha JIETEKTOPE, PACIOIOKCHHOM BOJIM3M W3NTydaTelsi, HHTCHCUBHOCTD
oyzet lge=2,5-10" Iy Bm/cy® (*) (mmommaas paccenBaHus MPUHAMACTCS KK MOMyIIap
¢ pamiycom 3000 ).

Puc. 2. Pacuemnas cxema uHmeHcueHocmu ompasiCeHHOocOo 3()H()Mpyl0bl4€2() U3TTYHYEeHUA

23. 1 sdzH oSO YO d B zdzt mdzr &3  dzjHptej ter 9 dz" d3 dzOL § to!
CTallMOHAPHBIX TBEPIAOTENbHBIX YAG:Nd* JIA3€PHBIX YCTAaHOBKAaX C JITMHON BOJIHBI
Bropoit rapmonukud (503 wHmM) B pekHMe MOIYJIHMPOBAHHOW JOOPOTHOCTH
(mmTensHOCTh MMITYNIBCA 3 10°® €) JIETKO OCTUTAIOTCS INIOTHOCTH PHEPTHH MOPSIIKA
0,03...0,05 Jlc/cv® TpH depenOBAHMM HMITYIbCOB B 1 ¢, 9UTO PAaBHOCHIBHO
MHTEHCHBHOCTAM B MMIynbce mopsiaka 10° Bm/cy’. Tloacrasmsist 1o 3Hadenue B (*),
MOJIy4UM l4e=2,5-10® Bm/c,wz, YTO HAMHOTO OOJIbIIIC MMOPOTOBOW YyBCTBHTEIBHOCTH
CdS mnpuemHHKa, ONpEAETICHHOW B JHEBHOE BpeMs (DOHOBBIM H3ITyUCHUEM,
00pa30BaHHBIM OTPaKEHHBIM COJHEYHBIM H3Iy4Y€HHEM OT MOBEPXHOCTH 3eMi (CM.
ta6n.). ITo-BummMoMy, cucrtema TeppotenbHoro YAG:Nd™ nasepa u ®ITY Ha
ocHoBe CdS sBnsercsi BechbMa 3((GEKTUBHON /sl pacno3HABaHWS T'PaJOHOCHBIX
Ky4eBO-10XKeBbIX C, 007aKOB C JOBOJIBHO KOPOTKOW MPOJIOIKUTEIBHOCTHIO JKU3HH,
CBOMCTBEHHO [JIsl PETMOHOB ¢ OypHOU KOHBeKIneH. ClieayeT OTMETHUTD, YTO PacUeThl
MPOBEJICHBI TS PEXKMMA TIPSMOTO JIETCKTHPOBAHUS U 0€3 MCIIONB30BaHUS JIOTTOIHH-
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TEJIBHBIX CpelCcTB ((PrIbTPhl POHOBOTO U3ITYUECHHUS, COOMPATENBHBIE JTMH3HI).

Ha manHBIfi MOMEHT AJis1 a3epoB HempepbiBHOTO AeiicTBus cepun Blue Dragon
(445 um) umeroTcs pealM3oBaHHbIE cTaHAapTHbie MomHocTH 10, 20 u 50 Bm [12].
IMoacraBuss >Tr 3HaueHus B (*), MOIydnM I4e=2,5-10"% 5.108 n 1,25-10'12 Bm/cm®.
OTH pe3ynbTaTbl HAMHOTO Xy)Ke€, 4YeM IpH 30HJUPOBAHUHM TBEPAOTEIHHBIM
ummynscasiM YAG:NA™ nasepom, Tak kak yxe mpu 20-u Bm MOIIHOCTH N1a/aroas
Ha JIETEKTOP WHTEHCHMBHOCTh CpaBHHUMA C IOPOTOBOW HyBCTBUTENbHOCTHIO CdS
MPUEMHUKA, OIPENENIeHHOW (OHOBBIM W3IyYEHHEM. OTH Ja3epbl TakXke HMEIOT
HEXCEIATEIBHO GOJIBIIYI0 pacXomuMocTs yda (~5°). CucreMa, coOpaHHAs HA TAKHX
nasepax, TpeOyeT JOTOHUTENBHBIX CPeACTB (KOJTUMATOPEI, COOMpaTeIbHbIE JTNH3HI,
¢uIbTpE  (POHOBOTO WBNMYUYEHHS) W MOAYJSIIMOHHOE JETEKTHPOBAHHWE CHTHAJA
(ynydmaeT oTHOLICHHE CHHAN/IIyMm). [IpHBIIeKaTeIbHOCTh 3TUX Ja3epPOB COCTOWT B
nopratuBHocTH, W OHH TmpuMmepHo B 30...50 pa3 gemieBie CTalMOHAPHBIX
tBeprotensHbix YAG:Nd* nasepHbix ycTaHoBOK.

24. utc Q9 dzd Is §j dz! dz" 2 O dzO dzd L mMf smMsB 5o
IlepBocTeneHHON 3aJayell CENbCKOrO XO3AWCTBA SBISAETCS 3allUTa CEJIbCKOXO3sM-
CTBEHHBIX KYJIBTYp, KOTOpPbIE CBSI3aHBI C HAJIS)KHBIM M ONEPATUBHBIM OIpeeIeHuEM
rpagoonacHocT o0makoB. Ha cerogHsmHuWii JeHh OCHOBHBIM  CIIOCOOOM
pacmo3HaBaHusl  TPajOONACHOCTH  SIBISAIOTCS  PaJWOJOKAIMOHHBIE  METOHBI,
OCHOBAaHHbBIC HA B3aUMOJICUCTBUH PaUOBOJIH caHTUMETpoBoro (3 u 10 cu) auanazona
¢ obnakamu. 3oHAUpOBaHUE aTMOc(hEphl Tak ke, KaKk M Ha3eMHOE 30HIUpPOBaHUE W3
KOcMoca, AaeT HHPOPMAIIHIO O TEMIIEpaType cpelbl, (a30BOM COOTHOIICHUH JIEISTHBIX
KPUCTAJJIOB | JKUJKHX Karlesb, UX MPOCTPAHCTBEHHOM paclpe/ieIeHUH ¥ BPeMEHHOM
Pa3BHUTHU C BeCbMa OOJBIION TOYHOCTHIO (110 97%). Ha naHHBII MOMEHT qUarHOCTHKA
aTMoc(hepsl B ONITUYECKOM THANa30HE Ja3ePHBIM H3ITyUYeHUEM SBIISETCS TOTIOTHEHUEM
K pazapam ¥ pa3BHBAeTCs JHUIIb B JIAOOPATOPHBIX ycioBusx. MHpopmanus, koTopas
MOJTy4aeTcsl OT OTPabOTaHHOW J0 Melloued pafapHOW TEXHWKH, HOCHUT TIIO0ATBHBIN
Xapakrep.

[lpencraBnenHass B JaHHON pa0oTe pellleHHas 3ajada O paclio3HaBaHUH
IpaJiooNacHOCTH O0JIAKOB HOCHUT MECTHBIH (JIOKaNbHBIN) XapakTep, U MpejiiaracMmast
CUCTEeMa MOKET OBITh YCIIENTHO MPUMEHEHA JIJIsl PETHOHOB ¢ OypHOU KOoHBeKImeH. J{is
3THUX PpErHoHOB XapaKTepHO BHE3alHOE TIOsBJIEHHE C KOpoTkod (mo 1 waca)
MPOJIOJKUTEILHOCTBIO KHU3HH TPaJIOHOCHBIX OJHOSYEHKOBBIX C, 001akoB. PagapHeie
METOABI B 3TOM ciIy4ae MajJo3(Q(QEeKTUBHBI IO CAESAYIOIUM IPUIHHAM:

1. Ilnomanb, HA KOTOPOW HAOIIOMAIOTCS pPACCMaTPUBAEMBIE OBICTPOTEKYIIHE
SIBJICHUS, KaK TPaBHJIO, BO MHOTO pa3 MEHbBIIE PACCTOSHHUS MEXAy MyHKTaMH
HA3EMHBIX JIOKATOPOB, YTO BHI3BIBAET HEOOXOIUMOCTH CO3JJAaHHUS CETH.

2. Co3zgaHue ceTH Ha3eMHBIX JIOKATOPOB HEPEHTA0EIBHO.

3. CBoeBpeMeHHBIH JOCTyN K HHGOPMALUHU 30HAUPYIOIINX CITyTHUKOBBIX CHC-
TEM MaJOBEpPOSITEH.

4. Kak Ha3zeMHOE 30HAMPOBaHME, TaK M 30HAMPOBAHME M3 KOCMOCA HE JAIOT
100% - ro pe3ysbraTta
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Paccuntannas B maHHOW paboTe cucreMa pacno3HaBaHHs TpagoHocHOCTH Cp
00JaK0OB Ha OCHOBE TBEPAOTEIHHOTO UMITYJIECHOTO JTazepa u aerekropa CdS, aBussichk
B HEKOTOPM POJIC JIUJAPOM, JIaeT OTepaTUBHbBIN 1 cBoeBpeMeHHbI 100%-it pe3ynbTar.
[lo TexHUUECKUM JIUTEPaTYPHBIM JAHHBIM CHCTEMa HE HMEET aHaJIOIOB.

]l 7 9 t5 B paboTe mosydeHsl CASAYIOIINE OCHOBHBIC PE3yIbTAThI:

1. Ilokazana He3(pPEKTUBHOCTH PaAMOIOKAITMOHHBIX CIHOCOOOB PACIIO3HABAHUS
IpafooNacHOCTH  OAHOSUEHKOBBIX C, 007aKoB [UIsI PErHOHOB C  JIOKAJIBHOM
OBICTPOTEKYIIEeH OypHOU KOHBEKITHEH.

2. IlpomsBemeH pacdeT BO3MOXKHOCTH PETHCTPALM OTPAKEHHOI'O CHUTrHaja
30HANPYIOIMEro KopoTkoBomHOBOrO (400...500 #M) na3epHOTO W3IYyYEeHUS OT
TPaJOHOCHBIX 00JaKOB.

3. Ha ocHOBe CpaBHHUTEIBHOrO aHAIM3a 30HAMPOBAHMS OOJIAKa MMITYJIbCHBIM H
HETPEepPBIBHBIM JIa3epaMH IOKAa3aHO, YTO CHCTEMa TBEPAOTEIBHOTO HMITYJIbCHOTO
YAG:Nd" masepa ¢ mmHO# BoHBI BTopoii rapMosukH (503 #m) 1 ®OITY Ha ocHOBE
CdS sBnsercs Oomee »¢¢eKTHBHOW, YeM cHCcTeMa, OCHOBaHHAas Ha Jas3epe
HETPEPHIBHOTO ACWCTBHS TOTO JKE€ AUANa30Ha.

4. Pabora pacCUMTaHHOW CHCTEMBI JIa3€PHOTO 3OHIMPOBAaHHWS OCHOBaHA Ha
peTucCTpaliii B PEXHME TMPSIMOrO JETEKTUPOBAHUS OTPAKEHHOTO CHUTHAJIA,
o0pa3oBaHHOr0 OOMNBIION pa3HUIEH KOPPOUIMEHTOB OTPAKEHHS JbJla U BOJBI B
KOPOTKOBOJIHOBOM 00JIACTH BUIMMOTO JIANa30Ha JUITWH BOJIH.
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hnwwih hwjnuwpbpnuwhg, gniquwnunbunyewt  wnwouwiht  fuunhpu £ LhpYuynwdu
Yupywwpbp wdwtiph dwuwsdwt hhduwlwu tnwuwyubp Gu nwnhnnwghnu dbpnnutipp,
npnup hhdudwd GU uwuwmhdbwnpwywu (3 L 10 ud) whpnyph nwnhnwihpubiph wdwbph hGwn
thntuwgnbignipwtu ypw: “Hhunwpyywsd £ C,  wbuwyh Yuplyuwpbp wdwbph dwuwsdwu
tnwuwy' hpduqwd  Ywpbwihpwihu  wbuwubh  owwhlwywu whpnypend  jwgbpwhu
gnunwynpdwu  Jpw:  2nunwynpnn  Swnwqwjenwind - wwjdwuwdnpwsd'  wdwhg
wunpwnundwsd  wgnwuowup  Ywuqiwynpdnwd £ uwnnygh W oph wlnpwnwpddwu
gnpdwlhgutinh  wwpptipnyeutu  hhdwu  Jpw: “wpbwhpwiht  wbuwubh  owwhywywu
whpnyenw (400...500 4d), wulwfu wihph Gpywpnipjut b Yupyninh dwuthlubpp swihbiph
hwpwpbpwlygneyniuhg,  wnlw £ wunpwnwpdwd  wgnwugwt'  uwnnygh W 9ph
wunpwnunaddwu gnpdwyhgubiph d&d wwppbpnygjwu htitnbwupny: Grb wdwp pwnlugws L
dhuyu opwyhts Ywehjubiphg, wuwjw wpunwgnyws wgrwuwup Yihup $ntuwht: Lepyuwjwgyws
E CdS nbwnbYywnnph Jpw  wdwhg gnunwynpnn  Swnwqujenwing - wwjdwuwynpywd
wunpwnundwsd wgnwuowuh hunbuuhynipjwu hwodunyp: 8nyg £ wpdwd, np ghiptlwhu
dwdbphu  nbwblywnph  obdwihu  qquiunieniup npnpynid £ Bpyph dwybplinyehg
wunpunwpdwsd wplh dwnwquyenwing b Yuqdnd £ 8,710 dy/u® Lbipluyugqws k
wdwbtph  pdwynyuwihtt - b wupunhww  Jwgbpwht  gnunwynpdwt  hwdbdwwnwywu
ytpnwnipyniup: <wodwpyp gnyg b wdb, np wudhowlywu nbnblywndwu nbdhdnd wihph
tpYwpnuyejwu Gpypnpn hwpdnupuyny (503 &d) whundwpduwihu hdwnyuwhu YAG:Nd*?
jwgtiph W CdS $nunkitynpwlwu Yepwwihnfuhsh (wgnwuowup ntwnbywnph ypw' 2,5-10°8
dy/ul) Jpw hpdudwd hwdwlwpgqu wybh wpryniuwybn £ hwdbdwnws  wupunhwn
(wgtipubph  htwn:  <wowplyubph  npnawypnipjwu  hwdwp  oguwgnpdytip Gu  hbwnbyw
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RECOGNITION OF HAIL DANGEROUS CUMULONIMBUS CLOUDS BY
LASER SENSING IN THE SHORT-WAVE VISIBLE OPTICAL RANGE

Aram H. Vardanyan, O.A. Petrosyan, K.E. Avjyan, Arman A. Vardanyan

The protection of crops dependent on the prompt and reliable determination of hail dan-
gerous clouds is the original task of agriculture. The main way of recognizing hail danger are
the radar methods at present based on the interaction of radio waves in the centimeter range (3
and 10 cm) with the clouds. The method of recognition of hail dangerous cumulonimbus C,
clouds based on laser sensing in the short-wave visible wavelength range is considered. The
reflected signal from the sensing radiation of hail-containing cloud is formed by the ice and
water reflectivity difference. In the short-wave visible optical range (400...500 nm), there is a
resulting reflected signal caused by the large difference in the reflectivity of ice and water re-
gardless of the ratio of the wavelength and the scattering particle (hailstones) size. The reflect-
ed signal will be a background signal if the cloud consists only of water droplets. The calcula-
tion of the intensity of the reflected probe radiation on the CdS detector is given. It is shown
that the threshold sensitivity on the detector in the daytime is determined by background radia-
tion formed from the Earth's surface reflected solar radiation and it is 8.7 « 10™ W/cm?. A
comparative analysis of cloud sensing by pulsed and continuous laser is presented. On the basis
of calculations, it is shown that in the direct detection mode, a solid-state pulsed YAG:Nd*
laser with a second harmonic (503 nm) mode and a CdS photoconductive device (detector sig-
nal is 2.5 «10® W/cm?) based system is more effective in comparison with a continuous laser.
The following acceptable data have been used for definiteness in calculations: laser beam di-
vergence - a ~ 107 rad; diameter of hailstones in the cloud - 3 cm and probed distance - 3000
m. The solved problem on the recognition of hail dangerous clouds presented in this paper is
local, and the proposed system can be successfully applied to regions with rapid convection,
for example, Ararat Valley (Armenia). A sudden appearance with a short (up to 1 hour)
lifespan of hail dangerous Cy, clouds is typical for these regions. Radar methods, which are the
main way to determine the hail dangerous Cy, clouds, in this case are not effective.

Keywords: cumulonimbus clouds, convective phenomena, hail, laser sensing, reflected
signal, CdS photodetectors.
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PACYET U KOHCTPYKIHMA KOMITAKTHOI'O BO3BYIUTEJIA
BOJIHbI TUITA B KPYI'JIOM BOJIHOBOJE

B.I. ABerucsin™’, A.A. MapTupocsin’

1 .
Epesancxuit HUHU Cpeocme ceszu

2 . " .

Poccuiicko-Apmanckuii ynusepcumem, Uncmumym Mamemamuxu u Boicoxux Texnonoauii

IMpumepaMu BO30yAUTETEH MOJIBI B KPYIJIOM BOJTHOBOJIE SIBJISIFOTCSI BO3OYAUTENH C
JMaMETPAIbHO PACIOJIIOKECHHBIM BO30YKAAIOUIMM IITHIPEM B KPYIJIOM BOJHOBOJAE C
BO30YIK/IAIOIEH MIETbI0 HA CTEHKE KPYTJIOr0 BOJHOBOAA, MO0 MEPEXO C AUIICKTPHUECKOM
BCTaBKOi1, JIN0O MIABHBIN MEPEXO0/I OT MPSIMOYTOJIHLHOTO BOIHOBO/A C MOJION K KPYTJIOMY C
MOJIO¥t . IlpuBenéHuble BO30YAMTENM IO COIMVIACOBAHMIO B IMOJOCE YACTOT U
TEXHOJIOTUYHOCTH UX KOHCTPYKIIMM YacTO HE YIOBJIETBOPSIOT TPeOOBAHUIO OTHOCHUTEIBHOM
MPOCTOTHI U3TOTOBJIEHHS BO3OYAUTENS C MPUEMIEMBIMHU JJIEKTPUUECKMMU MapameTpamu. [lpu
CTBIKOBKE MPSIMOYTOJBHBIX BOJHOBOJOB C Pa3MYHBIMH 3HAYEHUSMH BOJHOBBIX COIPOTHB-
JICHUH TPUMEHSIOT CTYNEHYaThle IEPEXOAbl ¢ YACTOTHBIMH XapakTEPUCTHKAMHU THIIA
noguHOMa YeOblieBa MM MaKCHMaJbHO IUIOCKOHM xapakTepucTukod. B Takux mepexonax
MOTOHHBIC MAPAMETPhl JUHUU H3MEHSIOTCS CKAauKOOOpa3HO, COOTBETCTBEHHO CTYyMEHbKAM
nepexoja. HempepblBHOE H3MEHEHHE MOTOHHBIX MAPAMETPOB OOECIEUYMBACTCS B IJIABHBIX
nepexojax ¢ OTMEUCHHBIMH BBIIIE YACTOTHBIMU XapAKTEPUCTUKAMU U B IKCIOHEHIIUATHLHOM
IUIABHOM TMiepexojie. IIpu MpoYnMX paBHBIX YCIOBUSAX, HAUMEHBIIUM [0 JJIMHE SIBISIETCS
4eOBIIIEBCKUI CTYNEeHYaThll mepexoj. llpeiaraeMplii B CTathe BO30YAHMTENb MOIBI
OCHOBaH Ha TakoOM repexoje. Ero pacyer BBIMOJIHAETCS [0 METOAMKE PacuéTa YeObIIIEBCKOTO
CTYIEHYATOr0 MePEXoja OT OJHOMOIOBOIO IMPSIMOYIOJBHOIO BOJHOBOJA C pa3Mepamu a,b
(COOTBETCTBEHHO Pa3MePHI IMUPOKOHM M y3KOH CTEHOK BOJHOBO/A) K KBAJAPAaTHOMY BOJHOBOIY
CO CTEHKaMH Pa3MepOM a. B KOHCTPYKIIMH Ke Tepexo/ia OTPE30K MPSIMOYTOJIbHOIO BOJHOBOA
KaXIOH CTYNMEHbKH 3aMEHEH OBAJILHBIM BOJHOBOJOM, HUMEKOLIMM JHAMETD 4 M BBICOTY
COOTBETCTBYIOIIEr0 3aMEHSEMOr0 OTpe3Ka, a KBaJpaTHBIA BOJHOBOJ 3aMEHEH KPYIJIBIM C
JIMaMeTpoM a. B craTbe MPUBOJUTCS TAK)KE MPOCTON MO TEXHOJOTHHU CIOCOO M3rOTOBJICHHS
MPEeAIaraeMoro Bo30yanTersl.

s dz¢ yJ 9" Jj nfvnmoE@eii 01HOMOIOBBIM BOJHOBOJ, OBAJIbHBIA BOJHOBO/I,

4eOBIIIeBCKINA TIEPEX0/1, KPYTIIBIH BOJTHOBO/.

1l o j H jBiEt[ 2] onmcanbl pa3nuyHble MIaBHBIC U CTYNIEHYATHIC MEPEXOAbI OT
OJTHOMOJIOBOTO TIPSIMOYT'OJILHOTO BOJIHOBOAA C BOJHOHM THIIA K Kpyrjiomy
BOJIHOBOJY C BOJIHOW THIIA Juisi pabOTBHl M WCCJIEOBAHUS Pa3IMYHBIX Y3JIOB H
YCTPOWCTB Ha OCHOBE KPYIJIBIX BOJHOBOJIOB. M3 BCceX ONMMCAHHBIX MEPEXOAOB IPH
OJIMHAKOBBIX TIEPEraae BOJHOBBIX CONPOTHBICHUI M TPEOOBAHMAX K COTIIACOBAHUIO
HAMMEHBIIUMH TI0 JUTHHE SIBJSIFOTCS 4eOblmieBckue mnepexoibl. OQHAKO IUIaBHbIC
Nepexobl TPYIHBI B W3TOTOBICHUH, IOCKOJIBKY TPeOYIOT H3TrOTOBJICHHS IUIABHOM
dbopMBI  OmpaBKM ~ TIEpexoaa,  MOCHCAYIOMEH €€  TalbBaHOIUIACTHKH  C
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ANEKTPOIUTHUECKIM OCKICHHEM TOJICTOrO CJI0s MeTajla Ha ONpaBKy W Ipolecca
OTJENICHUS HACAXKICHHOT0 TIEpeXoa OT onpaBkH [3].

1 sMis Odas ® § @iggfro paboThl ABIAETCSA MPOSKTUPOBAHUE U U3TOTOBJIE-
HHE OTHOCHTEJIHHO MPOCTOTO0 B TEXHOJIOTHYHOCTH BBIMIONHEHHUS U KOMIIAKTHOTO BO3-
OyauTens BOJIHBI TUIA B KPYIJIOM BOJHOBOJE i1 C-nuamnaszoHa.

1 ets g € Is d tedsCotOdrally tc A TprmpereWrbIit HIkKe MOIXO0 K IIOCTPOCHHUIO
BO30yIUTENs] TaKOrO THIA MPHUTOJCH Ui €ro peanusanuu B iodoM ydactke CBU
nuana3oHa. VMcxons u3 1enu, B KaueCTBE OCHOBHOTO y3Jia BO3OyauTenst ObIT BHIOpaH
4yeOBIIIIeBCKUI CTYNEHYATHIA Tepexo] Kak Hamboyiee KOMIAKTHBIA IO pa3MepaM B
JUIMHE TpH TpeOyeMbIX JJIeKTPHUYECKHX IlapaMmerpax mepexoia. B  kadecTse
BO30yIUTEIS] BOJIHBI B NPSIMOYT'OJIbHOM BOJHOBOJE MCIIOJIB30BAJICSI CTAaHAAPTHBIN
KOaKCHaIbHO-BOMHOBOMHBIN niepexon (KBII) ¢ BHyTpeHHHM cedeHHEM TpsSMOYToiib-
Horo BomHoBoma 58 mm 25 mm ¢ momocoit wacror or 3,25 mo 5 ITy [4]. Hna
LEHTPAJIbHON YaCTOTHI I'Ty Obu1 BEIOpaH OAHOMOJIOBBIN KPYTIIBIA BOJHOBOI C
BHYTPEHHHUM AWaMeTpoM, paBHbIM D=54 nu. KoHCTpyKIus BO3OyINUTENS BOHBI
B KPYIJIOM BOJIHOBOJE COCTOUT U3 YETHIPEX I1OCIEN0BATENBHBIX CEKIMH (CM. pUC 1a):
ceknust 1 - KBII ¢ Bbleyka3aHHBIM BHYTPEHHHM CEUYCHHEM 58 am 25 mum,
CCKIIUA 2-B BUAC IMEpEXoJa OT 3TOI0 CCHYCHUS K OBaJIbHOMY BOJIHOBOAY C BBICOTOM

25 mm n muameTpoMm oBana D = 54 mm u cexnus 3 - B BUAE TPEXCTYIIEHYATOTO
nepexo/ia OT OBAJILHOTO BOJTHOBOJIA C BHICOTON B 25 MM K OBaJbHOMY BOJHOBOJY
¢ BeicoTOM = 49,3 mm, KOTOpBIA CTHIKOBaJCA C MOCJenyomel cekiuei 4 Ha
BOJIHOBOJIE KPYIJIOTO CEYEHHsI ¢ BHYTpEeHHUM auameTpoM D = 54 ywm.
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— 35 — 6)
Puc. 1. Boz6youmens gonnvi 1 a - nocnedosamenvhvie ceKyuu 6030y0umersi.

cexyus 1 - KBII; cexyust 2 - nepexod om npsamoy20ibH020 80IHO800A K O8ALbHOMY;
cexyust 3 - mpexcmyneHuamoiil 08AIbHbII YeObIUEeSCKUL nepexoo,; cexyus 4 - kpyenvlil
60IHOB00; NYHKMUPHBIMU TUHUAMU 6 nociedosamenvubix cekyuax 1,2,3 u 4 noxazanwei
KOHMYPbl 6HYMPEHHUX PA3MEPO8; b - 6UObL 8 PABIUYHBIX CEUEHUSIX 8030YOUMEIisL
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Cekiust 2 SBISICTCS TIEPEXOIOM OT MPSMOYTOJILHOTO BOJIHOBOJA C BHYTPEHHUM
ceuenneM 58 mm 25 mm (cm. Bug A - A puc. 16) c¢ paboueit monoi K
OBaJIbHOMY CEUCHHIO C BBICOTOH 25 ymm 1 nuametpoMm oBana D = 54 um (cMm. BUI
B — B, puc. 16), koTopsbrit ObLT H3rOTOBJICH B ABa dTana. [IepBhIit 3TaIm - H3rOTOBICHNE
nepexoja ot ceueHuss 58 mm 25 mm x ceuennto  (mm) 25 mm (M. puc. 2).

— ﬂ.i —_— D:S"}'
e a=53 — . T T
" . A
p=251 ) L h=25
1 /_,-' \_\ )_-'

Puc. 2. Ceuenus nepexooa: 1 - exoonoe ceuenue; 2 - 8blxo0Hoe ceuerue

W3 puc. 2 oueBHUAHO COOTHOIICHHE Mm. DTa ceKuus
ObUIa M3rOTOBJICHA M3 JBYX IMOJOBUHOK, CTBHIKYIOIIMXCS INTH(PTaMH ¥ BHHTaMHU IO
cpeaunHoi ockoctd N. Ha BTOpom 3Tame Takoil mepexoji coO CTOPOHBI BHIXOJHOTO
ceuenns 47,9 mm 25 mm dpesepoBarcs KOHIEBOH (Ppe3oil MO Yy3KUM CTEHKaM JI0
NPUIaHKsT OBAJBHOTO CeueHMs ¢ auamerpom oBama D = 54 wm (cm. puc. 3). U3-3a
KOHeuHOCTH auamerpa ¢pesbl (auamerp 0=8 mm) B Bepmmuax oBama A, B, C u E
OCTaBaJINCh MAJICHbKUE CTYIEHBbKH (CM. pHC. 4).

=y = 47,9 = D

-~ -

=

~ I
LY Ea

—_ —_ —_—

Puc. 3. Ilpeobpazosanue 6bIX00H020 NPAMOY20IbHO20 CEYEHUS 8 08AILHOE

JlnuHa nepexona PacCYMTHIBATIACH COTJIACHO BBIPAKEHUIO [4]

: 1)
rae JUTMHBI BOJIH B MPSIMOYTOJIbHOM BOJIHOBOJIC C IIMPOKOW CTEHKOHW
paBHO (MM) COOTBETCTBEHHO Il TPUHSATHIX TPAHHYHBIX
JIUH BOMH = 64 mm u = 75 mm nuanazoHa TEPEKPHITHS TOCIETYIOIIEro
4eOBIIIIEBCKOTO TIepexo/ia - CEeKIUu 3; - IJWMHA BOJIHBEI B 5TOM K€ BOJHOBOJE,
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COOTBETCTBYIOIAs CpEIHEN JJTMHE BOJIHbI . Paccunrannas niuna
oKazalach paBHOU mm. Ha puc. 4 npusenensl gotorpaduu cexiuu 2 co
CTOPOHBI BXOJJHOTO ¥ BEIXOTHOTO CEUCHHH.

Cnenyromast cekuust 3 — 3TO TPEXCTyNEHUYATbli IEpexo] OT OBaJbHOIO
BOJIHOBO/Ia C BbICOTOM = 25 mm ¢ nuamerpom oBama D = 54 mm Kk KOHEYHOMY
OBaJIbHOMY CEUEHHIO C TeM € JUaMETPOM OBaja M KOHEUHOW BBICOTOH OKOJIO =
=49,3 mm (cm. puc. 16, Bux C-C). Cxema pacueTa, KOHCTPYKIUS W H3TOTOBJICHHE 3TOU
cekuuu onucanbl B [5]. TpexcryneH4YaTslii OBaJbHBIA MEPEX0]] PACCUUTHIBAICS IO
METOJMKE pacyeTa YeOBIIIEBCKOrO Iepexoja OT IPSMOYTOJIbHOTO BOJHOBOAA C

BHYTPEHHUM cedeHueM 54 mm 25 mm K KBagpaTHOMY BOJHOBOAY C CEYCHHEM
54 um 54 mwm.

Puc. 4. Domoepaduu nepexoonoii cexyuu 2: a - co CMOPOHBL BXOOHO20 CEYEHUs,
6 - cO CMOPOHBL 8bIXOOHO20 CeUeHUs

OrmpesiesieHue pa3MepoB U JUTMH CTYIEHEK BEJIOCh corjiacHo [6] mpu Omm3kom
TaOJMMYHOM 3HaueHWH R = 2,2 mpu KOJWYecTBe CTyMeHeK N = 3 U MakCHMallbHOM
KO3 (UIMEHTE OTpaKEHUS = 0,005. PacueTHble 3HAYCHUS BBICOT CTYICHEK
okazanuch cneayrommmu: = =27,875 um, = 37,075 mm, =49,325 mum ¢
COOTBETCTBYIOIIMMHU CKOPPEKTHUPOBaHHBIMHU X JiawHamMu = 19,8 mm, = 19,6 mm,

= 19,4 mm. OOmast cymmapHas JUIHHA cexuuu 3 paBHa 58,8 mm. Ilo cyrn,
paccUnNTaHHBIM BbIIIE YEOBIMIEBCKUI MEPexo C MPSIMOYTOJIbHBIMH BOJIHOBOJAMHU B
CeKIMu 3 3aMEHsSeTCSd Ha TPEXCTYIEHYAThIH Iepexo]l ¢ OBAJIbHBIMH BOJIHOBOJAMH
OJJMHAKOBOTO JAMAaMeTpa, HO C TEeMH JK€ CTyNeHbKaMH IO BbIcOTe. Takas 3aMeHa
OCHOBaHA Ha TPEANOJIOXKEHUH, YTO BO30yauTens OyneT o0naaaTh HpUEMIIEMBIM
3HayenueM (MeHee 1,4) xoaddunuenta crosueil BONHBI Mo HanpsbkeHuroo. Ha puc. 5
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npuBeIeHBl (poTorpaduu ¢ BXOTHON M BBIXOJHOW CTOPOH OBAJbHOIO TPEXCTYIICH-
4aToro Mepexo/ia - CeKIuu 3.

a) CMyNeHbKU
6)

Puc. 5. @omozpaduu osanvrozo mpexcmynenuamozo 08a1bHO20 Nepexooa — ceKyuu 3.
a - co Cmoponbvl 6X00H020 ceyeHs; 6 - CO CIOPOHbL 8bIXOOHO20 CeYeHUs

®dotorpadust cOOpPKHU M3rOTOBICHHOTO BO30YIUTENS BOJIHBI THUIIA B KpYIJIOM
BOJIHOBO/IE TIPHBE/IeHA Ha puC. 6.

Puc. 6. ®omoepagus 6030youmens sonnvl muna 8 KpY2liOM 80IHOB0OE

I T oatBHT

1. TlpemioxkeHHbIE cxXema pacdyeTa W KOHCTPYKTHBHBIH TIOJXOJ MOTYT OBITh
MIPUMEHEHBI MIPHU MPOSKTHPOBAHWU BO30YAUTENEH ATOrO TUIIA HA PYTHUX YYacTKax
nuama3sona CBY.
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2. Peanmu3oBaHa KOMIIAKTHas W TEXHOJOTMYHAS B HCIIOJIHCHUM KOHCTPYKIIHS
BO30YIUTEIST MOJIBI B KpYTJIOM BoJTHOBOAE /Uit C-Auamas3oHa.
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Unwugpuyphti  punbp. ninnwuyniu  dhwdnn  wihpwwnwp, dJwdl  wihpwwnwnp,
stpholywl wugnud, Yinp wihpwwnwnp:

DESIGN AND CONSTRUCTION OF A COMPACT EXCITER
OF THE TYPE WAVE IN A CIRCULAR WAVEGUIDE

V.H. Avetisyan, A.A. Martirosyan

Examples of the mode exciter in circular waveguide are the exciters with a diametri-
cally located exciting pin in the circular waveguide, with an exciting slot on the circular wave-
guide wall, the transition from a rectangular waveguide with mode to circular waveguide
with mode , which has a dielectric insert or is smooth. The given exciters, by matching in
the frequency waveband and by its construction technology, do not often meet the requirement
of a relative simplicity of manufacturing of the exciter with acceptable electrical parameters. At
joining the rectangular waveguides with different wave impedances, the stepwise transitions
with frequency characteristics in the kind of Chebyshev polynomial or maximally flat are used.
In such transitions, the line parameters change abruptly according to the transition steps. Con-
tinuous change of line parameters is ensured in smooth transitions with the above mentioned
frequency characteristics and in an exponential smooth transition. Under other equal condi-
tions, the chebyshev stepwise transition is the smallest by length. The mode exciter, pro-
posed in the paper is based on this transition. Its calculation is performed according to the cal-
culation method of chebyshev stepwise transition from a single-moded rectangular waveguide
with sizes a, b (respectively the wide and the narrow waveguide walls) to a square waveguide
with the size a of walls. In the transition construction, the rectangular waveguide section of
each step is replaced by an oval waveguide having the diameter a and the height, which equals
to the replaced corresponding section, and the square waveguide is replaced by a circular
waveguide with a diameter a. In the paper, a method for manufacturing the proposed exciter is
also described, which is simple in production technology.

Keywords: single-moded rectangular waveguide, oval waveguide, chebyshev transition,
circular waveguide.
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Becmuux HIIVA: “Unghopmayuonnvie mexnonoeuu, snekmponura, paouomexnuxa’. 2017. Nol.

VJIK 621.391

MATPUYHOE JEKOJANPOBAHUME KOJOB PUJIA-COJIOMOHA
O.A.T'omusin, A.I'. I'yasin, b.®. bagansu

Hayuonanvneiti nonumexnuueckuil ynusepcumem Apmenuu

CoBpeMeHHBIE TEMITbl Pa3BUTHsI UH()OPMALMOHHBIX ¥ KOMMYHHUKAIIMOHHBIX TEXHOJIOTHM
BBIJIBUT'AIOT Ha TIEPBBIA IUIaH PSAJ TaKWX TPeOOBaHMH, KAaK ITOBBIIICHHE KAauecTBa U 0OHEMOB
nepenaBaeMoil MH(OpPMALMH, NPEJOCTABICHUE HApsIy CO CTapbIMH  COBEPIIEHHO HOBBIX
YCIYT U BUJOB CBsi3H, 00pab0oTKa MynbTUMequiHONW MH(opManuu 1 T.1. ObecrnieueHre dTHX
TpeOOBaHUI HEBO3MOXXHO 0€3 HCIONB30BaHUS MUPPOBBIX METOAOB M CHCTEM OOpabOTKH
CHTHAJOB, B KOTOPHIX CYIIECTBEHHYIO pOJIb WIPAIOT pa3IWYHbIe KOABI M KOJOBBIC
KOHCTPYKUMH. B mocnenHue necstuieTus OONBIIOE paclpOCTPaHEHUE IMONy4YHIH TypOo-,
KacKaJHble, 00OOIIEHHbIE KAaCKaJHble U APYrHe KOJOBBIE KOHCTPYKIMH. B 3THX cucremax
MHUpoOKoe mpuMeHeHne Hanu koabl Puma-Comomona (PC-RS), cBeprounsle, bBoysa-
Yoynxypu-Xoksunrema (BUX-BCH) u np.

31ech ONHOM W3 OCHOBHBIX TEXHOJOTHH SBIIAIOTCS KOPPEKTUpPYIOIIKE (IIOMEXO0YCTOMN-
YMBbIE) KOZBI, B yacTHOCTH PC, pa3paboTaHHbIe A7 3aIMTHl MHYOPMALUHM OT WCKaKCHUH H
MO3BOJISIONINE OOHAPY)KUBATh M MCIPABIIATh OMIMOKH, BO3HUKAIOIIME B Mporuecce 00paboTku
undopmanun (xpaHenue u nepenaya). [Ipu 3ToM 0a30BBIM NMPUHIMIOM SBISIETCSI BBEACHHE
M30BITOYHOCTH, TIO3BOJIIONIEE WCIPABIATh OIIMOKM, KOTOPBIE MOTYT BO3HHKHYTH II0J
BO3JICHCTBHEM ITOMEX B IIPOIiecce Mepeiad Wil M3-3a [apannH Ha KOMITAKT-IICKe | T.JI.

Komer PC, m3oOpereHHble Oonee MATHICCATH JIeT Has3ajd, MOJIYYMIN BHEAPEHHE B
CHCTeMax pealbHOr0 BPEMEHHU TOJBbKO C Pa3pabOTKOW M BHEAPEHUEM OBICTPOJEHCTBYIOIINX
MHKPOITPOIIECCOPOB M CBEPXOONBIINX MHTETPAIBHBIX cXeM. IIpy 3TOM BecbMa akTyallbHO M
ObICTpOIEICTBIE, U CJIOKHOCTh PEaln3alMi YCTPOICTB KOAUPOBAHUS U OCOOCHHO JEKOHPO-
BaHUs kozoB PC.

[Jexonuposanue konoB PC mpencraBiisieT JDOBOJBHO-TAKHM CIOXHYIO 3ajady, KOTopas
MMeeT HEeCKOJIbKO penieHuid. B pabore paccMoTpena mporerypa MaTpHIHOTO JAE€KOIUPOBAHHUS,
BKJIIOYAOLIAsl BBIYMCIICHHE CHHIPOMA, OIpPEJCJCHUE NO3WIMH M BEIMYMH OIIMOOK H
UCIIpaBJIEeHUE ITUX OLINOOK.

s dzé yj o' j mamuen®® n€konuposanue, cuHapoM, koa Puna-ConoMoHa, KoJ0BOE
CJIOBO, T€HEPATOPHBIM MHOTOUJIEH.

l o j HJ d3qf jupakTuke Koppekis OMHKOOK C mHoMompl KomoB PC
OCYILIECTBIISIETCSl  CIENYIOUIMMU HanOojlee paclpoCTPaHEHHBIMH — alrOPUTMaMHU
CHHIPOMHOTO Jlekonuposanus: EBkinaa, Ilurepcona-I'opencreitna-Hupaepa (I1I'LY),
Bepnexamna-Meccu (BM) u Ha ocHOBe ObicTporo npeodpazoBanus Pypoe (BIID) [1-
11].
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[Ipoueccyl KomupoBaHHS W ACKOAMPOBAHHS OCYIIECTBISIOTCS B Qopmate
apu(MeTuKH KOHEUHBIX ToJiel (Wmu monel ['amya), KoTopasi IMeeT CBOIO CIIen(UKY
Y HaKJIaJbIBaeT OMpeJelIeHHbIe TPeOOBaHHWA K BBIOOPY alrOpUTMOB, a TaKXKe K
pa3paboTKe U MPOSKTUPOBAHUIO COOTBETCTBYIOMIMX ycTpoiicTB. [loaToMy mccnenosa-
HUE U BBIOOP A(PPEKTHBHOIO AITOpPUTMa ACKOAMPOBAHHS MUMEIOT BaKHOE 3HAUCHHE
JUTST YMEHBIICHHUS BBIUYMCIUTENBHBIX 3aTpaT W TOCTPOEHHS HECIOXXHBIX KOJEPOB-
nexoznepos PC.

' 4 €S B8H Jtets o Odzd Kak é3HscHHts &onpf RE .oTHOCATCS K GJIOKOBBIM
NUKIMYECKUM HEABOWYHBIM KOJAaM, KOTOPBLIC JOCTATOYHO IIPOCTO OMNHCBIBAIOTCA
MoJIMHOMAaMU B TIosax [amya. Omepariu Ha moJTuHOMaMu Harbolee 3 GeKTUBHBIC U
HauMeHee PecypCcoeMKHe.

Kox Puna-Conomona RS(N,K) ¢ cumBonamu us mons Tanya GF(2™) umeer

MHUHHMaIbHOe KojgoBoe paccrosHme O =N—K+1 u xoppekrupyrouyo

crioco6HOCT, paBHYyl0 N—K=r=2y, rne N=2" -1 - uncio M  6uTOBBIX
CUMBOJIOB B Kofe; K=N—2v=n—r - uucio M OHTOBBIX MH(OPMALMOHHBIX
CUMBOJIOB; N—K=r =2y - uncimo M OUTOBBIX MPOBEPOYHBIX CHMBOJIOB; V -
MaKCUMallbHOE KOoJau4ecTBO M OUTOBBIX HCIIpaBIIsieMbIX CHMBOJIOB [5-10 ].

O0o00mIeHHas CTPYKTYpHAs cXeMa JIEKOJIMPOBAHUSI MOXKET OBITh MPEJCTaBICHA B
BUJIE PUCYHKA.

O6031aunm uyepes C(X) mommuoM mepemamHOro xomoBoro ciosa (KC), a uepes
Y(X) - nomnom npunstoro KC. Eciu B kaHane CBA3M OMIMOOK HE TIPOU3OILIO, TO
MPUHATOE KOJOBOE CIIOBO y(x)=c(x),a OIMO0YHOE KOAOBOE CIIOBO (MTOIUHOM) -
e(X) = y(xX) —c(xX) =0. Eciu mpousonuia V -kparHas ommoka, 10 €(X) %0, u B
MOJIMHOME OLIMOOK Ha HEKOTOPBIX MO3MLMUSAX MOSBISIOTCS OLIMOOYHBIE CHMBOJIBI.
CrenoBatenpHO, Ul HMCHPaBIECHHS OTHX OIIMOOK HEOOXOAWMO OIpEelNeNuTh HuX
HO3ULUK U BeUIHHbI. C 3TOM 11e/1bI0 BEIYUCISIOTCA KOMIIOHEHTHI (KO3 (DHIUEHTHI) S;
CHUHIPOMHOTO MOJWHOMA C TOMOUIBI0 KOTOPBHIX (hopMHpyeTCcs TOIMHOM
JIOKaTopa OmuooK IUIs OTIpeeNieHUs O3ULUI omuOoKk  ClenyromuM marom
SIBIIIETCS OTIPEIICIICHUE MOJIMHOMA 3HAYCHUM (BEIMYMH, aMIUIATY) ONTHOOK u

BBIYHCIICHHE MX BenMuuH . Temepb, 3Has U MOXHO BBIYUCIHTH TIOJIMHOM
ommbok €(X) ¥ MCTIPaBUTh OMIMOKY myTem cymmupoBanus Y(X) u e(X) .
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y(X) Brranciaenue ®opmupoBaHue Haxoxnenune
» KOMIIOHEHT [OJIMHOMA JIOKaTOpa |\ —p| MO3UIUMN

A\ 4

cuHIpoMa S ommbok  A(X) ommbok X
v v
Omnpenenenne BETUIUH Brruncnenue
» ommGok Y, 10 MOTHHOMY » TONMHOMA
Q(x) oumbox €(X)

e(x)
Bydep 1 Y
XpaHCHHUA C( X );

y(x)

y

+ —>

v

Puc. Cmpyxmypuas cxema dexoouposanus kodos PC

PaccMoTpum 3tamsl gexoaupoBaHus Oolee moapoOHO.
1. Beruucjienne cCHHIApPOMa
AHanu3 IMTepaTypHBIX UCTOYHWUKOB TOKA3all, YTO JJIS BBIYMCIECHUS CHHIpOMA
BO3MOYKHO NMPUMEHEHHE CIICAYIONIMX IBYX MOAX010B [5-8]:
v 1 2 r
1) mpsiMast TOACTaHOBKA KOpHEH &, O ad at . a TEHEPATOPHOTO MOJTHHOMA
B TMPHUHATHIA KOJOBBIM MOJIUHOM y(x);
2) myTeM JeNeHus y(x) Ha IOJIMHOM BHA (x +a! ), rme j=0123,...,r—1.
ITokaxxem 00a 3TH MOIX0/a.
[TycTh KO/IOBBIM MOJMHOM Ha BXOJIE JEKOJEpAa UMEET BU]L

1 .
V()= Yo + Yox+ Y27 4ot Y XM= D yx €
i=0

Kak u3BecTHO, reHepaTopHbIil MoMuHOM Ko710B PC ompenensercs Cleayroium
obpasom [5]:

r

g(X)=(X+a)(x+a2)..(x+ar)=H(X+aj), )

i1
e a' e GF(Zm) - xopuu g(x).
TosicraBum s1i koprw B onmeoM Y(X) = ¢(X)—€(X). Torna momyumnm

y(aj)=c(aj)+e(aj), roe j=123,...r. 3)
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Takas mopcTaHOBKA B MPHUHIINAIIE KOPPEKTHA, TOCKOIBKY B OCHOBE (hOpMHpPOBa-
HUS KOJIOBOTO TOJMHOMA C(X) JNIeKUT TeHepaTopHbii mouHoM g(x), mpudem C(X)
nenutcst Ha g(x). Tax kak - kopuu g(x), TO g(ozj ): Omu c(aj ):0. Kpowme toro,

JUTS yioOCTBa PacyeToOB 3HAK “MUHYC” 3aMEHEH Ha “TUTIoC”.
Toraa MoxxeM 3amucarb

ylo')=ela’) i=123..r. (4)

[ToMHOM OIMOKH B OOILEM BHJIE MOYKHO MPEICTABUTH B BHJIE
-1
e(x) =g, +ex+e,x +..+e, X" =D g x~. (5)
k=0

OmpesieuM CHHIPOM TOJICTaHOBKOH KopHeit momasoma  g(X) B y(x) C

yaerom (4 ) u (5) umeem [6,7]
S; :y(a"):e(a"):;gek(a")k, j=123..r. (6)
=0

Kakx Buaum, CHHIPOM COCTOMT W3 I KOMIIOHEHT, KOTOpPHIE COOTBETCTBYIOT
olmeMy 9uciay V  HCHpaBIsieMBIX KOJAOM OIMMOOK. EcTecTBEHHO, 9TO BO3MOXKHEI
CUTYyalLluH, KOTJa YUCJIO ¥ NEHCTBUTENBHO CIyYMBIIUXCS OMIMOOK HA JTAaHHBIM MOMEHT

Oyzaer Menbmie V. O003HAYMM MMO3UIMU OIIMOOK Y, KOTOPBIE TIPOHU3OIILIA Ha CAaMOM

Jene, 9epe3 , THe . Torma MHOTOYIEH OMIMOOK UMEET BUI
(x)=¢, x* i i — e i
elX)=¢ X* +e X* +...+€ X —Eeilx , (7)
rae 1=12,...y, i=12,...n, IIpUIEM HHICKC pu IIOKAa3bIBACT PACHOJI0KECHHUE

OIIMOKY, 8 UHIACKC — HOMEP OIIUOKH.
C yuetoMm Beipaxenunii (6) u (7) moaydum

Y iV Y i )i .
S;=2X¢ (al)' =€ (a')l, j=123..r. (8)
1=1 1=1
Tenepb IMMOKaXXeM BTOpOI71 noaxoa K OIIPEACIICHUIO CHUHApPOMA. I[J'ISI 3TOT0

pasznenum y(x) Ha OJIMHOM h(X) = (x +a! ), rae j=123,...r. B aToM BHJE neneHne

HUMEET BUJ
y(x)=¢, (x)(x +al )+ p;(x), 9)
rae & (X) - MHOTOYWICH YaCTHOr0; L (X) - MHOT'OYJICH OCTaTKa OT JICJICHUS.

[loxcraBuM B 3TO BEIpaKeHHE X = a’l,re. h(x) =X+a' =0. Torna

)= o p ). a0
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! ), TO MOJYYUM

Sj:pj(aj). (12)

CHGI{OBaTeJ'ILHO, CUHAPOM pPaBC€H OCTATKy OT ACJICHUSA y(X) Ha h(X)

Ho rak kak S; = y(a

Takum 00pa3oMm, s CHHAPOMA 3KBUBAJCHTHBI BCE CICAYIOLINE BHUBI 3alHCceit
(uMmest B BUILY, 9TO C(ozj )= 0):

S(j)zy(aj)ze(aj)zpj(aj), 1<j<r. (12)

Ilpumep 1. Bpumcnaum cuuapom s koga RS (7,3) ¢ v=2Ilpu srom

r =2v =4 u cuHApOM NMeeT 4 KOMIOHEHTHl S = (Sl, S,.,S;,S, ) Jns mocTpoenHwust

9(x) Bocrome3syemcs mpumuTHBHEIM TOMHHOMOM P(X)=1+ X+ X°. Kosddummentsr

aJ

MIOJIYYUM

npuBeneHsl, Hanpumep, B [11]. Torma mocie COOTBETCTBYIOIIMX pPacdeTOB

9(x)= (X+alXX+a2XX+a3XX+a4)= x* +a®x® +x* +ax+a’.
[lomoxxuM, T TMPOCTOTHI pacyeToB, 4To ObUIO mepemano HyieBoe KC, T.e.
¢(x)=0. IlycTh NpPUHAT TONHHOM y(x) =1+a’x*, T.e. KOOBBIA BEKTOp

Y =1000*00. Takum 0Gpa3soM, UMeeM BE OLIMOKH, a y(x): e(x)=l+ a’x* n

2
E =1000x“00. Mnu B IBOMYHOM KOJE:
BbI4ucauM CHHIAPOM HPSMOM MOACTAHOBKOM, T.€. TIEPBBIM METOIOM:

S, y(al):e(al)=1+a2a4 =1+a’ =a?,
S, = y(a2)= e(a2)=1+ a’a® =1+ o' = a,
S, y(a3): e(a3):1+ a’at? =1+a* =1+1=0,
S, = y(aA): e(a4)21+ a’a® =1+a"® =a’.
TakuMm 06pa3oM, KOMIIOHEHTHI ¥ IOTMHOM CHHJIPOMa PaBHBI
S=(a? a0,a®) wm S(x)=a’x+ax’+0x> +a°x".

HerpynHo nokasarb, 4yTo INpuU BTOPOM METOJE HMMEEM TAKOM K€ CHHIPOM,

OJIHAKO, C TOYKH 3PEHHsI pacueToB, EePBbII 10AX0[] OoJiee IPEAIOYTUTEIIEH U3-3a €TI0
MIPOCTOTHI.
2. ®opMupoBaHUeE MOJHHOMA JIOKATOPA OIINO0K
Bepnemcs k 06meMy BbIpakeHHIO (8) U BEIYHCICHNS CHHIPOMA!

SJ- =ieil (aj)i' =ieil (ai' )j,rﬂe j=123,....r.
= I=1
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C menpi0 yOpoIeHus JalbHEHIIero n3oKeH!sI BBEJEM HOBBIE 0003HAUCHUS:

[
X, =a" - nokatopsl OWKMOOK, KOTOPBIE ABISAIOTCS OJIEMEHTAMH TIOJIS GF( m) u

YKa3bIBAKOT TO3MLMUH iy, iy,...,I , T NefCTBUTENBHO MPOU30ILTH OmHOKY; Y, = € -

0>
BEJINYMHBI (3HAUEHMS, aMIUIUTY/bI) OIIMOOK, KOTOpBIE, HAIIPUMEp, UL IBOMYHBIX
BCH xomoB paBHbI 1.
Torma ¢ yderoM O5TuUX 00O3HAUYEHWH ypaBHEHHS Ui CHHIPOMA COCTaBAT
crenyomym cuctemy [2,3,6,7
S, =Y, X1 +Y, X5 +..+Y, XL,
S, =V XZ +Y, X5 ..+ Y, X2,

S, =Y XS +Y, X4 +..4Y, X[, (13)

S, =Y X{ +Y, X5+ +Y X, .

Ota cHucTeMa Ha3bIBaeTCS CHUCTEMOW ypaBHEHUH cuHApoma. Takum oOpaszom,
MMEEM CHCTEMY HEIMHEHHBIX YPABHEHUI C HEU3BECTHBIMU S i (< .B
[3] mokaszaHO, YTO 3Ta CUCTEMa UMEET €ANHCTBEHHOE PELICHUE IPU , XOTA
B “mo0” ee pemuTh HEBO3MOXHO. [losTomMy mns pemeHust cucrembl (13) ee
JINHEAPU3UPYIOT € IOMOIIBI0 BCIIOMOTaTEIbHBIX IMOJMHOMOB. HacTo Juis 3TOM Lieau
HCIIOJIB3YCTCA CHCHH&HBHBIﬁ, TakK H&3BIB3€MBII71, IMOJIMHOM JIOKAaTOPOB OLINOOK BUJa

(14)
MIpUYEM B HEM BCerja noJjiaratot 1 (pu MOJIMHOM MOKHO HOPMAaJIU30BaTh
JIETICHUEM €ro Ha ), @ KOpHU 3TOTO TOJWHOMA SIBISIOTCS WHBEPCHBIMH
BETMYMHAMU JIOKATOPOB OIMUOOK, T.€. PABHBI pu . CiienoBareiibHO,
KOJJMYECTBO OIMIMOOK PaBHO CTETIEHU 3TOTO ITOJMHOMA.
Torma (14), kak 1 1F000¥ IPYTroi MOJIMHOM, MOKHO IIPEICTABUTH B BUJIC
(15)
JleICTBUTENBHO, npu , OTKyJla KOPHH —
O6bvenunuB (14) u (15), noxyunm
(16)

3. Onpenenenne NO3MUMIA U BeJIMYNH OIIMOOK

UToOb!I OnpeaesuTh MO3UIUHN (JIOKATOPhI) OMTHOOK, HEOOXOUMO TI0Ka3aTh CBSI3b
MEXy CHHAPOMOM H K03 durmenTamu . OTa CBS3b MOXKET OBITH MPEICTaBICHA
B CIIEAYIOIIEeM MaTpuIHOM Buae [3,7]:
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(17)

OT1croa UMeeM

: (18)

rae - MaTpHULa, UTHBEPCHAs K MaTpHIIe
B kpatkoit popme ypaBrenue (18) nmeer BUaA

(19)

Takum obOpazom, onpenenuB u3 (19) koaddunueHTsl , MOKHO CHOPMHUPOBATH
HOJIMHOM U BBIYMCIIEHHEM €ro KOpHeH OTIPeIeNINTh MO3ULIUH OIINOOK.

31ech cneayeT caenarh HecKoiabKo 3aMedanuid. U3 (17) MOXXHO 3aMeTHUTh, YTO

MaTpulla - KBaJpaTHas pazMepoM ( ). Beipaxenue (18) cnpaBeyinBO TOJIBKO

Y TOJBKO TOTZIA, KOT/Ia MAaTpUIa - HEBBIPOXKICHHAS, T.€. HMEET OOpPaTHYI0 MaTPHUILy

TaKylo, 4TO - equHU4Has Matpuna. B [2,3] nokasaHo,

YTO MaTpHLla - HEBBIPOKACHHAS, €CIU , T.€. KOTJla YUCIIO NEHCTBUTEIHHO

CIYYUBIIUXCS OIMMUOOK TOYHO PABHO KOPPEKTHUPYIOMICH CIIOCOOHOCTH KOja.

WNHaukaTopoM HEBBIPOXKJIEHHOCTH MATPUIBI MOXET CIYKUTh €€ ONpeIeuTeNb

. Korz[a , TO U MaTpulla HEBBIPOXKACHHAA, a €CJIIN ,
TO U MaTpulia BBIPOXKIACHHAs. Takum 06pa30M, €CJIn , TO MOXHO
YMCHBIUIUTH Ha 1,2,... U TMOCIACAOBATCIIBHO IPOBEPATH PABCHCTBO HYIIO
OIpEaACTIUTEIIA . Kak Tonapko IMOJIy4YuM , TO HIMCEM TOYHOC 3HAYCHUEC

C UCTIOJIH30BAHHEM KOTOPOT'O MTPOBOJIUM PACUEThI IO ONMPEACIICHUIO TTO3UIINN OMTHOOK.
OnucanHass METOJMKA pacyeToB H aJIrOpUTM HOCAT HasBanue [lutepcoHa-
I'opencreiina-Liupnepa (Peterson-Gorenstein- Zierler - PGZ).

Jli1st OKOHYATENBHOTO JACKOIUPOBAHMS CICAYET €Ille BEIYUCINUTD U 3HaueHus . C
9TOM LIENTbI0 MOXKHO BOCIIONB30BAThCS Clenytouel cucremont [7]:
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(20)

AHaT0rnyHO UMEEM

, (21)
rie - MaTpuIa, oopaTHas
Tenepp, yke 3Has BETUYUHBI MOXHO  OCYIIECTBHTH IPOLEIYPY
JEKOJUPOBAHUS MTOTHOCTBIO.
Ipumep 2. Umeem ko RS(7,3) ¢ . I3 mpenpimymero mpumepa numeemMm

IlycTp NOpHUHAT HEHYJEBOW KOJOBBIA IIOJUHOM
, T.C. . Ilo metonry PGZ nomxHBEI BRIOpaTh
T.€. KaKWe-TO J[B€ TMO3WIMHA B 3TOM KOJOBOM CJIOBE OLIMOOYHEIC, KOTOPBIC H
CJIeyeT ONpeneanTh. BHavane BBIYMCINM CHHIPOM NEPBBIM METOJOM:

U3 (17) momyuum cuctemy

N

OTKyJia

Brruncium
. Toraa B o01IeM ciiydyae uMmeeM

OTKyz1a

78



Urak, . Tlonunom

Jnsa ompeneneHuss KopHen MPUMEHUM HPOUEAYPY IOCIEA0BATEIbHON
MOJICTAHOBKH BETMYHH B . Tornma
CrenoBaTenibHO, MOJMHOM MOXKHO TMPEJCTABUTh CIEAYIOIUM 00pa3oM:
4, 1e. 2u 4 -35T0 KOPHH [3,8-10]. Beruuciaum ux oOpaTHbIC BETHYMHBI —
JIOKaTOPBI OIIUOOK, UCTIONB3YsI (POPMYITY , T.C.
u Torpa

1 OIMOKK HAXOMSATCS HAa TPEThel U
ISTOH MO3ULHUSX, T.€. HOMED [TO3ULUHU COBIAAaeT C LU(POM CTEIIEHH IEMEHTa
Teneps onpenennum u 1o gopmynam (20) u (21):

PemmB 310  ypaBHeHHe 1mpH MOy UM
Tenepp 3anuieM IMOJIMHOM OLIMOOK

. Beranciaum . Tak xak , TO
M aHAJIOTUYHO . [losTOMy monuHOM OIIMO0K
31ech OTMETUM, YTO OIMMOKH, KOTOPBIC MPOW3OILIN HA TPEThEH W IATOU
MO3ULHUAX, COOTBETCTBYIOT MECTaM 3JIEMEHTOB M, a HE TO3UIMSAM CHMBOJIOB B
KOJIOBOM CJIOBE.
Haiinem npaBuiibHO nepeaaHHbI KOAOBBIN MOJIMHOM

WIH TIPaBUIIBHO TE€PElaHHOE KOJOBOE CIIOBO a ObUIO
HPHHSTO

31ech OTMETHM, YTO OTH pPE3yJbTaThl IOJHOCTHIO COBIAIM C pPACYETaMH,
npoBefeHHbIME B [ 11] mst cygast anroputma bepnexammna-Meccu.

1 ©¢€ dz¢ yDadathgpena meToarka MaTpHUHOTO AEKOAUPOBAHHS KOHIOB Pua-
Conomona. I[Toka3aHbl MpoLEILyphbl OMpPEIEICHUs] KOMIIOHEHT CHHAPOMA, MOJIMHOMOB
JIOKaTopa W 3HAYEHHH OMIMOOK, C IMOMOIIBI0 KOTOPBIX ONMPEACISIOTCS MO3HIIHH
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OmMMOOK W WX BEIWYMHBI B TPHHITOM KOJOBOM ciioBe. Ha mpocTtom mpumepe
MIPOBEJIEHBI BCE PACUETHI, IEMOHCTPUPYIOIINE YKa3aHHYIO0 METOUKY.
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nh-unLnunuvbh uNsrh UUSrh8U3hL UNuUUNtUUNrNrUL
<.U. Gndgjuu, U.G. Tnigwl, P.D. Punuywut

Stintlwwndwlywu b hwnnpnulgwywu wnbfuuninghwutiph qupqugdwu dwdwuwlwyhg
wnbdwbipt wnwoht wwu U dnnud dh owpp wjuwhuh wywhwugubip, huswhuhp Gu hwnnpnynn
wbntynyph npwyh b dwywih dEdwgnidip, hhtu wbfuuninghwubph hbwn dEYunbn' (hndpu unp
Swnwyniniuutph b Ywwh wbuwlubph wpwdwnpnuip, dnynhdinhwywu  nbinkynyeh
dowynwip b wyu:  Wn wdblu wuhtwp £ wnwug wgnwupwuubph dowydwu  pqwihu
dbpnnutph U hwdwlwpgbph Yppwndwu, npnugnd Yuplnp nbp Bu fuwnnud wwppbp
Ynntipp L Ynnwihtu Yunnigywsdpubipp:  Ybpoht tnwutwdjwlubipnd jwjiu tnwpwdnid Bu gty
wnippn, Juwulwnwihu, punhwupwgyws Yuubuwnwihtu b w) Ynnwiht Yunnigwdpubipp: Un
hwdwlwpgbpnwd  jwju Yppwnnud Gu gl Mthn-Unndnup (NU), dhwebpwihu, Pnnig-
-2nninfuniph-<nlyhuhbidh W wy Ynnbp:

Ypwugnud hhduwywu wnbfuuninghwubiphg Gu snynn (wndywlwntu), Jwutwynpuybid’
MU Ynnbpp, npnup dowyyb) u wbntynyph wnwywnnuiubphg ywonmwwuniejwu hwdwp
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L pny Gu wwhu hwwntwpbpb ne bk wbentynyph dwydwt (Wwhwywudwu L
hwnnpndwt) gnpdpupwgnut  wnwowgnn ufuwjubpp: Wuwnbn hhduwpwp  uygpniup &
hwybinipnh  ubpdndnuwip, husp enyp £ wwjhu oyt hwnnpnidwu  gnpdpupwgnud  Ywd
yndywyw-uywyjwnwyh Yypw plipdjwsdputinh htitmbwupny b wy; ywwnbwnubipny wnwowgwd
ufuwubpp:

Udbih pwu hhuntt wwph wnwye hwjnuwpbpwsd MU Ynnbpp ubpnpdtp Bu hpwlwu
dwdwuwyh hwdwlwnpgbipnd dhwju wpwquagnpd dhypnwpngbunputiph W gbipdbd hunbgpuy
ulubdwubph hwynuwpbpnwihg b ubpnpnuihg htinn: Uhwdwdwuwy, pwjwlywu hpwnwy Gu
MU Ynnbph Ynnwynpdwu b hwinfuwwbu wywlnnwynpdwu vwppwynpnwubph U wpwgqw-
gnpénipjwu wwwhnynwdp, bW hpwlwuwgdwu pwpnnipjwu hwnpwhwpnuip:

NU Yynntph wwwynnuwynpnip pwjwlwu pwpn fuunhp §, npu niuh dp pwup ndnw-
ubip: Upfuwwmwupnuwd nhunwplywd £ dwinphgwiht wwwynnwynpdwt gnpdpupwgp, npp
ubpwnnd £ uhtunpnidph hwdwpyp, ufuwubph nhppbph nu dGdnipjuu npnonp U wyn
ufuwutiph pnYynwip:

Unwlgpuyhti pwnbp. Jwinphgwiht wwwynnwynpnid, uhunpnd, Nthn-Unndntuh Ynn,
Ynnwjhu pwn, gbubpwwnnpuiht puqdwunwdy:

MATRIX DECODING OF REED-SOLOMON CODES

H.A. Gomtsyan, A.G. Gulyan, B.F. Badalyan

The current development of information and communication technologies highlight a
number of requirements such as improving the quality and volume of transmitted information,
providing completely new services and types of communication, along with the old processing
multimedia information, etc.

Ensuring these requirements is impossible without using digital signal processing meth-
ods and systems in which an essential role is played by different codes and code designs. In
recent decades, code structures such as turbo, cascade, generalized cascade, etc have found
wide application. In these systems, Reed-Solomon codes (RS), convolutional, Bose-
Chaudhuri-Hocquenghem (BCH), etc are widely used.

In this sphere, one of the main technologies are error-correcting codes, in particular the
RS, designed to protect information from distortion and enable it to detect and correct errors
during data processing (storage and distribution). This basic principle is to introduce redundan-
cy, which allows to correct errors that may occur under the influence of noise in the transmis-
sion or due to scratches on the CD-ROM, etc.

RS codes, invented over fifty years ago, were introduced in real-time systems only with
the development and implementation of high-speed microprocessors and very large scale inte-
grated circuits. And the performance and complexity of encoders, and especially decoding RS
codes is very important.

Decoding of the RS code is quite a complicated problem that has multiple solutions. The
paper considers the procedure matrix decoding, including the calculation of the syndrome, the
determination of the positions and magnitudes of errors and the correction of these errors.

Keywords: matrix decoding, syndrome, Reed-Solomon code, codeword, generator poly-
nomial.
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ENHANCEMENT OF ABSORPTION CHARACTERISTICS OF
MULTINANOLAYER PHOTOVOLTAIC CELLS BY USING CHIRPED
DISTRIBUTED BRAGG REFLECTORS

H.V. Baghdasaryan', T.M. Knyazyan', T.T. Hovhannisyan', M. Marciniak®

! National Polytechnic University of Armenia
2 National Institute of Telecommunications, Poland

An electromagnetic wavelength-scale analysis of optical characteristics of multinanolayer
photovoltaic (PV) cells based on a Si p-i-n type absorber is performed. A broadband non-
periodic (chirped) distributed Bragg reflector (DBR) located on the top of the PV structure is
supported by a metallic layer (Cu) and SiO, substrate. The numerical analysis is performed by
the method of single expression (MSE). MSE is a non-traditional method of boundary problem
solution in classical electrodynamics, and a convenient tool for wavelength-scale analysis of
any multilayer and modulated photonic structure. Absorbing, reflecting and transmitting char-
acteristics of multinanolayer PV cells with chirped DBR mirrors are obtained via performed
computer modelling by the MSE. The influence of the number, thicknesses and alternation of
the layers of the chirped DBRs on the absorbing characteristics of multinanolayer PV cells is
analysed to determine favourable configurations for enhancement of their absorption effi-
ciency. The localization of the electric component of the optical field and the power flow dis-
tribution within the considered PV structures are obtained to confirm an enhancement of ab-
sorption efficiency in favourable configurations of multinanolayer PV cells. The results of the
performed electromagnetic wavelength-scale analysis will have a scientific and practical im-
portance for optimizing the operation of thin-film multinanolayer PV cells with broadband
resonant reflectors on the subject of enhancement of their efficiency.

Keywords: photovoltaics, multinanolayer photovoltaic cell, chirped distributed Bragg re-
flector, electromagnetic modelling, method of single expression.

Introduction. Today’s photovoltaics (PVs) technology is one of the most attrac-
tive, scalable and mature renewable energy source technology and has advanced con-
siderably in recent years [1, 2].

PVs is based on photovoltaic effect due to which solar energy is converted direct-
ly into electrical energy by photovoltaic cells. Improving the conversion efficiency of
a PV cell is a key goal of the research in the field and makes PV technologies cost-
competitive with more traditional sources of energy.

Though today’s PV technology is well developed and extensively exploited for
household and industrial applications, however there is still a need in enhancement of
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PVs efficiency over a wider spectral range, using a cheap material base and technolo-
gy for low cost mass production of durable PV devices.

Nowadays PV cells are thin-film cells with absorbing layer thicknesses that are of
the same order or smaller than the operating wavelength [3]. Thin films essentially
reduce the amount of semiconductor material required for each PV cell compared to
bulky PV cells and hence lower the cost of production [4].

For better light harvesting in PV cells, different multilayer structures are used.
Generally they consist of an absorbing layer covered from the top and the bottom, cor-
respondingly by transparent and reflecting metal electrodes. Some structures have an
antireflection coating above the top transparent electrode to reduce reflection losses in
the PV cell [5]. Antireflection coatings can improve the absorption efficiency when
the thickness of an absorbing layer is much greater than the operating wavelength.
When the thickness of the absorbing layer is comparable to or smaller than the operat-
ing wavelength, high-reflectivity dielectric mirrors are used to enhance the absorption
over a narrow spectral and angular range. The dielectric mirrors are usually high re-
flectivity distributed Bragg reflectors (DBRs) [6, 7]. DBRs made as non-periodic die-
lectric stacks where thicknesses of bilayers are monotonously changed by some law:
linear, quadratic, exponential or other, are called chirped DBRs. Absorption in thin-
film PV cells using chirped DBR mirrors can be enhanced over a wider spectral range
by providing higher efficiency in comparison with those using conventional reflectors
[8].

The present paper is devoted to the wavelength-scale numerical analysis of opti-
cal characteristics of multinanolayer PV cells with broadband resonant reflectors
(chirped DBRs on the top of the structure) by the method of single expression (MSE)
[9-11]. Numerical modelling will permit to reveal optimal PV structures for efficient
light absorption in the certain region of the structure.

The essence of the MSE is the presentation of a general solution of Helmholtz’

equation for electric field component ﬁx(z) in the special form of a single expression:
E (2) =U(2)-exp(- jS(2)) (1)
instead of traditional presentation as a sum of counter-propagating waves. Here U (z)
and S(z) are real quantities describing the resulting electric field amplitude and phase,
respectively. Time dependence exp(jat) is assumed but suppressed throughout the

analysis. Solution in the form (1) prevails upon the traditional approach of counter-
propagating waves and is more general because it is not relied on the superposition
principle. This form of solution describes all possible distributions of electric field
amplitude, corresponding to propagating or evanescent waves in a medium of positive
or negative permittivity, respectively. No preliminary assumptions concerning the
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Helmholtz’s equation solutions in different media are needed in the MSE. This gives
advantages in the investigation of wave interaction with any longitudinally non-
uniform linear and intensity dependent non-linear media, what can be done with the
same ease and exactness.

Numerical Analysis of Multinanolayer Photovoltaic Cells with Chirped DBRs. A
broadband PV microresonant structure with broadband chirped DBRs, in the range of
(350 ... 750) nm near the central wavelength of 550 nm of the sun’s maximal radiation
is analysed. In the present paper, a PV structure with broadband resonant chirped
DBRs made of TiO, is considered aimed at revealing the optimal structure for the effi-
cient absorption of incident light in the specific region of a PV structure, where gen-
eration of electron-hole pairs is favourable. The PV structure consists of Si p-i-n junc-
tion with a metallic mirror on the bottom and a chirped DBR on the top. The whole
structure is located on the substrate made of SiO,. The schematic representation of the
structure is shown in Fig. 1.

Si  Rype
Si -type
Si  pype

SiG

} Chirped
DBR

Fig. 1. Schematic representation of the PV structure with chirped DBR on the top

In the considered structure chirped DBRs made of TiO, are composed of 7 bi-
layers of slightly different high &, 1o, =7and low & 1, =6.5 permittivities. The

thickness of the layer of low permittivity is kept constant and chosen to be
LLfTi02 =53.9 nm, while the thickness of the layer of high permittivity decreases

gradually towards the illuminated side of the structure to provide a chirp law for DBR.
The thicknesses of the layer of high permittivity are as follows: L, 1o, =135nm;

Liotio, =125nm; Ly 50, =1140m; Ly, 5o, =1040m; L5 10, =93.5nm;
Listio, =83.2nm; Ly, 50, = 72.8nm. The thickness of the substrate of permittivi-

ty &sio, =2.1313 is taken equal to Lg, =848 nm. The thickness of the metallic
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layer (Cu) of permittivity & =& —ig! =-6.432—i3.5535 at the central wave-
length of A =550nm is taken equal to L, =608 nm. The p-i-n absorbing region

made of Si has the following parameters: the p-type and the n-type layers of permittiv-
itye, =&, =16 have correspondingly thicknesses L, =5500nm and L, =4159
nm, the i-type layer of permittivity & =& —ig’=16.2—i1.0 has a thickness
L, =1365nm.

The reflection spectrum of the PV structure with a chirped DBR has an oscillating
character with maxima and minima at the specific wavelengths. At the reflectance
minima high absorption of incident light in the PV structure takes place, while at the
reflectance maxima modest absorption of incident light with the average absorptance
of the structure of about 0.65 is observed. Since the transmittance of the structure
reaches zero in the whole spectral range, the average reflectance at the wavelengths of
maximal reflectance is correspondingly of about 0.35.

The permittivity profile of the PV structure with chirped DBR and the distribu-
tions of electric component of optical field and power flow density within the structure
at the central wavelength A4, =550 nm of the sun’s maximal radiation (where high
absorption of light energy is observed) are presented in Fig. 2.

30

A

10|

oF \ =
E J (nm)

-10

!

0 4000 8000 12000

Fig. 2. Permittivity profile of the PV structure with DBR and distributions of the electric
field amplitude E and power flow density P within the structure at the wavelength
A, =550nm. The light incidence is from the left

As it is seen from Fig. 2, the electric field amplitude has an exponentially de-
caying character in the i absorbing layer of the p-i-n region and slightly oscillates in
front of the structure according to insignificant reflection from the structure. A sharp
decrease in the power flow density in the i absorbing layer is observed indicating
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strong absorption of incident light that will contribute to the PV effect. Outside this
region, the power flow density is constant except for the comparatively negligible
decay within the metallic layer, indicating that essential absorption of incident energy
takes place namely in the i absorbing layer of the structure.

Conclusion. Optimization of operation of thin-film multinanolayer PV cells with
broadband resonant reflectors on the subject of enhancement of their efficiency has
been carried out.

Electromagnetic wavelength-scale numerical analysis of optical characteristics of
a multinanolayer PV structure based on a Si p-i-n type absorber with a chirped DBR
on the top of the structure mounted on a metallic layer and SiO, substrate is performed
by the MSE. The transmittance of the structure reaches zero in the whole spectral
range of (350 ... 750) nm near the central wavelength of 550 nm of the sun’s maximal
radiation, while the reflectance and absorptance have their maxima and minima at
some wavelengths. At the central wavelength of 550 nm, high absorption of light en-
ergy is observed. The influence of the layers of the chirped DBRs on the optical char-
acteristics of multinanolayer PV cells is analysed by observing the localization of the
electric component of the optical field and the power flow density distribution within
the structures. Distributions of electric field amplitude and power flow density re-
vealed that both of them have an exponentially decaying character in the i absorbing
layer of the p-i-n region proving the fact of the strong absorption of the incident light
that will contribute to the PV effect.

Acknowledgements. This work was supported by the RA MES State Committee of
Science, in the frames of the research project Ne 15T-2)372.
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FURUULULNTENS HNSNGFULYULULYUL SUrr6Mh YLULN
PLNREUSIENP PUMGLUYNRUC 2PMNMU3PL AUCHUYUD PPEA3UL
UL ruurapLsrh 0GSUSNroUuUR

<. Jd. Punnpwuwpyu, (@.U. Yuywquu, (@./¢. Kndhwutuhujwt, U. Uwpghuhwl

Ybwwnwpywsd b Si p-i-n mhwyh Ywupsh hhdwt pw pwgdwuwungtipm dnuinnquyw-
uwlwu () wwppbpp  owywhlwywu  punipwgptpp  EGYwpwdwqupuwlwu - wihph
Gpyupnigwu’ dwupnwpnid hbrnwgnnindp: $9 Yunnigwdph Jbplh dwund inbnulwyjws
lwjuwgbpn ng wwppbpwlwt - (shpwwipt)  pwofudwd  pplgyuu - wunpunwpdhgp  (FRU)
hpduyws £ Cu dhwnwnwlwu 26pnph L SiO, hwppwyh Ypw: BJwht  hGnwgnnnwip
Yuwuwwpyws b dhwutwwt wpnwhwynnyejuu dbpnnng (UUU-nyY): UUU-p wywunwlwu
EiEyunpwnhuwdhlywih vwhdwuwihu fuunhpubph nédwt  ng wjwunwywu nwuwly £ L
hwpdwp gnpdhp' gwulwgwd pwgdwytipn ni dnpnyugwd owynpyuwywu Ywnnigwdpubiph
wipph  Gplwpnipgwt’  Jwupnwpnd hGnwgnundwu - hwdwp: - UUU-nd  uuwpquwd
hwdwlwpgswiht  dnnbjwynpdwtu  dhongny unwgyws bu  shpwwihu PPU  hwjtihubipny
pwquiwuwungbipn % wwppbph Ywunn, wunpwnwpdunn b pnnwpynn punewgpbpp:
Lhwnmwgnunywsd £ shpwwihu PRU-ubiph otipintiph puh, hwuwniegniuubph bW hwonpnuyw-
unipjwt wgnbgnpyniup  pwqdwuwungbpn S wwppbph Yuunn  punypwgpbph Ypw'
npn2tint  hwdwp  npwtug  Juwudwt  wpryniwwybnnegniup - pwpdpwgunn - owhwybin
Ywnnigwdpubipp:  Owwhlwlwl nwownh  EEhwnpwlwu  pwnwnphsh  nbnuyuwnwp L
hgnpnigjwu hnuph pwotujwénieyniup’ nhuwpydws $F Yunnigwdpubpnud hwunwunnd
pwquwuwungtipn DG wmwnpbph swhwybin Ywnnigwdpubpnud Ylwudwu
wpryniwybnnggjwu pwpdpwgnudp:  EEyupwdwquhuwwtu wihph  Bplupniejwt
dwupnwpnid juwnwpwsd hbnwgnundwu wpryniupubipp ghnwywu b Yhpwnwlwu tpwuw-
Ynipniu Yniubuwu jwjuwgbtipnn nkignuwwnnpwiht wunpwnwpdhsubpny unipp pwnwupwhu
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pwqiwuwungtipnn % wwppbiph woluwwnwuph pwpbwddwt hwdwp' npwtg wpyntw-
ybwnipjut pwpdpwgdwt nbiypnid:

Unwugpuyhti  pwnbp. dninnquijwunipniu, pwqiwuwungtipnn $ninnquijuitwywu
wnwpp, shpwwiht pwofujwsd ppligyut wunpwnwnéhs, bEYunpwdwquhuwywu dnnbiwynpntd,
dhwutwlwt wpnwhwjnnyejwu dbpnn:

YJIYYHIEHHUE NNOI'VIOWATEJBHBIX XAPAKTEPUCTHK
MHOT'OHAHOCJIOMHBIX ®OTOI' AJIbBAHUYECKHNX JIEMEHTOB C
HNCIIOJIb30OBAHUEM YNPIIOBAHHBIX PACIIPEAEJEHHBIX
BPOITOBCKUX OTPAKATEJIEN

O.B. barnacapsin, T.M. Kusizsan, T.T. Oranecsin, M. Mapunnuak

[IpoBeneH SJIEKTPOMAarHUTHBIH B MacimiTaOe MJIMHBI BOJHBI AHAJIU3 ONTHYECKHUX
XapaKTePUCTHK MHOTOHAHOCIOWHBIX (oToBoNmbTanmdeckux (OB) snemenToB Ha ocHOBE Si pP-i-n
Tuna nornoturens. I1IupokonoaocHsIN HenepuoaguuecKuil (YMpIOBaHHbIN) pacnpeaeIeHHbINH
opoarrosckuii orpaxarens (PBO), pacnonoxennsiit Ha BepmmHe @B cTpykTypHl, OCHOBaH Ha
MertayutdeckoM cioe u3 Cu u momnoxke u3 SiO,. UuciaeHHBI aHaIu3 MPOBEACH METOIOM
enuHoro BelpakeHuss (MEB). MEB sBmsercs HeTpaJuIIMOHHBIM METOJOM IS PpEIICHUS
T'PaHWYHBIX 33724 B KJIACCHUECKOH IEKTPOJMHAMUKE U YAOOHBIM HHCTPYMEHTOM /ISl aHAJIM3a
B MacmTade JUIMHBI BOJHBI TPOM3BOJIBHBIX MHOTOCIOHHBIX M MOAYJIHPOBAHHBIX ONTHYECKUX
cTpykTyp. IlormomaTensHble, OTpakaTelbHBIE M  TPOIYCKATENbHBIE XapaKTEPHUCTUKU
MHoroHaHocnoiHeIX @B snementoB c¢ umpnoBaHHeIMH PBO 3epkasamMu  MmOTydeHBI
MOCPEICTBOM KOMIIBIOTEPHOTO MojenupoBaHus ¢ nomombio MEB. HccnenoBano BiusiHUE
ypciaa, TOJNIIMH M YepeJOBaHUS CloeB uMprnoBaHHBIX PBO Ha morjomiarensHele
XapaKTepUCTUKH MHOTOHAHOCIOWHBIX OB 31eMeHTOB /i BBISBICHHS OJNaronpusATHBIX
KOH(UTypanuii ¢ Lenbl0 YBEJMUYCHHs HMX Horiomaromeil s¢dextnBHOCTH. Jlokanuzamus
JNEKTPUYECKONM KOMIIOHEHTBI ONTHYECKOTO MONA U pacHpeleseHHe MOTOKa 3HEPruu B
paccmarpuBaeMori ®B cTpyKType MOATBEPKIAAOT YBEIMUYCHHE MoOrIomane 3¢hdhexrus-
HOCTM B BBIUTPHINIHOM KOH(HIypalluMu MHOTOHAHOCIOHHOTO 3JIeMEHTa. Pe3ynbrarsl
BBIITOJTHEHHOTO B MacIuTa0e MJIMHBI BOJHBI 3JEKTPOMAarHUTHOTO aHalu3a OyAyT HMeTb
Hay4YHOE U MPAKTHYECKOE 3HAUEHHE AJIS YIyUIIeHUS paboThl TOHKOIUIEHOYHBIX MHOTOHAHO-
cinoitapIx @B 31MeMeHTOB ¢ MIMPOKONOJIOCHBIMU PE30HATOPHBIMU OTPAXKaTENSIMH Ha TIPEIMET
yBeIn4eHus ux 3G ek THBHOCTH.

sdzt YyJ or J: (odetmies@ivka, MHOrOHAHOCJIOWHBIA  (DOTOTALBAHUYECKHUIA
9JIEMEHT, YUPIIOBAHHBIA OPATTOBCKUI OTpa)kaTenb, 3JIEKTPOMArHUTHOE MOJICINPOBAHHE,
METOJI €JUHOTO BBIPAXKEHUSI.
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YK 621.396
ABTOMOBWJIBHBIE PAJIAPBI THTAT'EPHOBOI'O IMAITA3OHA
I' K. Enoxksan, M.IL. AliBa3zsin

Hayuonanvueiti nonumexnuueckui ynusepcumem Apmenuu

JlOpOKHO-TPAHCIIOPTHBIC INIPOWCIIECTBUS TPEACTAaBISIOT  ONHY W3 CEpbe3HEHIMX
npoGsieM MHPOBOTO Maciirada, Uil PeIIeHUs] KOTOPOH BEJETCS MOUCK CIIOCOOO0B TOBBIICHHS
6€301acHOCTH JIOPOKHOTO IBI)KEHHS. VIccrenoBaHbl OCHOBHBIC NMPUHIUIBI IMPUMEHEHHUS |
BHEJIPEHHS paJlapHbIX JaTYNKOB B TPAHCIOPTHBIE TEXHOJIOTHH, BUJIBI HCIOIB3YEMBIX PagapoB
Y NIEpCIIEKTUBBI UX UCIIOJb30BaHMs. Ha mpakTuke yke MPUMEHSETCS sl CUCTEM COJCHCTBHSA
BOJIMTEINIO, PabOTAIONIMX HA OCHOBE panapoB. Jo HacTosiero BpeMeHH X (YHKIHMU ObLIM
HarpaBJIeHbl IPEUMYILECTBEHHO Ha MOBBIIICHUE y00CTBA BOXK/ICHHS, HATPUMED, aAaNTHBHAS
cucTeMa TIOAJICPIKaHMsI 3aJlaHHOW CKOPOCTH, CHCTEMBI MpPEAyIpEeKACHHS 00 ONacHOCTH
CTOJIKHOBEHHsI, CHCTeMa KOHTPOJIA "MEPTBBIX 30H", COleHiCTBHUE IIPH CMEHE ITOJIOCHI IBHKEHUS,
IpenynpexaeHue 00 O0O0BEKTaX, IBIKYIIMXCS B MONEPEYHOM HANpaBJICHUH I03aax
aBTOMOOWIS, W TIOMOIIb TPH MapKoBKe. HeCOMHEHHO, 3TH CHCTEMBI B ONpPEICICHHOW Mepe
MOBBIIIAIOT OE30IACHOCTh JABMIKEHHS, OJHAKO OOYCIIOBJIEHHBIE TEXHHYECKHM IIPOTPECCOM
JOCTHKEHUS TIO3BOJIIOT TENEPb BHEIPATh AKTHBHBIC CHCTEMBI OC30MACHOCTH, TAaKHE Kak
CHCTEMBI CMATYCHHUS IIOCIEJCTBUA CTOJKHOBEHHS M OOHApYKCHHS YSI3BHUMBIX Yy4YacTKOB
JIOPO’KHOTO [IBIKECHUS. {7 BBINOJHEHMS 3THUX BaXKHEHIIUX Uil O€30MacHOCTH BOKACHHSA
(GYHKUMIA CHCTEMBI JIOJDKHBI UMETh BO3MOXKHOCTH 00Jiee YETKOro pas3linueHHsi OObEeKTOB Ha
nmopore. M3BecTHO, 49TO At 00paboOTKH OoJbioro odbsema uHpoOpManuu Tpedyercs Gosee
HIMpOKas 10JI0Ca YacTOT. B Hacrosiiiee BpeMs U3BECTHBIE paiapbl pabOTalOT B AMara3oHax
y3kux uactor. llIupokas mosoca 4acToT W OrpaHMYEHUs 10 BHICOKOMY YPOBHIO MOIIHOCTH
OyIyT crocoOCTBOBATh MOBBILICHHUIO pa3pelaroleil ClIOCOOHOCTH M YIIYUILIEHUIO Pa3IHueHUs
00BEKTOB. DTO HEOOXOIMMO TSI HOBBIX (DYHKITHIH, TaKMX KaKk OOHApy>KEHHE MEIIeX0J0B WIH
ABTOHOMHOE 3KCTPEHHOE TOPMO>KEHHE B TOPOJICKHUX palOHaXx.

szt yjor Jg fpdaBod @bl pajap, cuctema 0E30MACHOCTH, YaCTOTHBIN
Jara3oH, 00padOTKa CHTHAIIOB.

l 9 j H J datfomoOunbHbIM pagap - 3TO JaTYHK, B KOTOPOM HMCIOIB3YIOTCS
PaMOBOJIHBI Ui OOHApYKEHHsI OOBEKTOB BOKPYI aBTOMOOWIS. PamapHbiii qaTdmk
SIBJISICTCS. B@KHBIM KOHCTPYKTHBHBIM JJIEMEHTOM COBPEMEHHBIX CHCTEM aKTHBHOM
Oe3onmacHocTd. Ha  OCHOBaHWMM  CHTHAJOB  pajapa TPOU3BOMSATCS  OICHKA
HOTEHIMAIBHON ONAaCHOCTH OOBEKTOB, MPEAYNPEKICHUE BOIUTEISI 00 OMTACHOCTH U B
OKCTPEHHOM Cilyyae aBTOMAaTHYECKOE BO3JCHCTBHE Ha OpraHbl yIPaBJICHHS
aBromobuiem [1,2].

Payap cocTouT U3 TpeX OCHOBHBIX YacTel: MepeaaTynKka, aHTEHHBI U IIPHEMHHUKA.
[lepenatunk sBISETCS HMCTOYHUKOM  OJIEKTPOMArHHUTHOTO —CUTHana. AHTEHHa
obecrieunBaeT (OKYCHPOBKY CHIHANA MEpefaTuhKa M MPHEM OTPaKEHHOTO CHUTHANA
oT 00beKkTa. [IpHeMHHK OCYIIECTBISIET yCUIIEHUE U 00pabOTKy OTPaKEHHOTO CUTHAIA.

B aBTOMOOMIIE pajiap BBIMOIHSIET HECKOJILKO (DYHKIIHIA:
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®  ONpejeeHUE PacCTOSHUS 10 00BEKTa;
e  OIIEHKA MOJIO)KEHHUS 00BEKTA;
®  YCTAaHOBJIEHUE CKOPOCTU OOBEKTA.

OCHOBHBIM TNPEMMYILIECTBOM pajapa B CPaBHEHUH C APYTHMMH CEHCOPHBIMH
CHCTEMaMH SIBJISIETCSI PA0OTOCIOCOOHOCTD B MJIOXMX IOTOAHBIX YCIOBHAX M JAXKE MPU
CHJIBHOM 3arps3HeHuu. [lo mpuHmumy paOoThl pa3avyaroT UMILYJIbCHBIE Pajapbl U
pazapbl HEIPEPHIBHOTO JEHCTBHSL.

B kmaccuueckoM UMITyJIbCHOM pafape KOPOTKHE 3JIEKTPOMArHUTHBIE MMITYJIbChI
OTIPABJIIIOTCS € ONPEACICHHON MEPHOANYHOCTRIO. BpeMs pacnpocTpaHeHHs curHana
I0 o0BeKTa W ero BO3BpallleHUs sBIsAeTcs (PyHKIWEH pacCTOSHHA 10 OOBEeKTa.
Brruncnenre ckopocTd MPOM3BOAMTCS MyTeM OICHKH (Pa30BOTO CMEIIECHHS MEXIy
nepeaaBaeMbIM M OTPAYKEHHBIM CHTHAJIAMH.

Panap HenmpepbIBHOTO AEWCTBUS MO3BOJISET OLEHUBATH TOIBKO CKOPOCTh O0OBEKTa
U HE MOXET ONpEeeNATh paccTossHHe. Bompoc MpuUMeHeHHus pajapoB U pajJapHbIX
CHCTEM B aBTOMOOWJISIX M TIPOYMX TPAHCIOPTHBIX CPEICTBAX CTal aKTyaJIbHOU
HAy4YHO-TEXHUYECKOM 3ajayeidl. EcTecTBEHHO, TJIaBHOW 3ajadyeil TakuX CHCTEM
SIBIISIETCSL IPEIOTBPAIICHAE aBTOMOOMIIBHBIX aBapHid, OHAKO 3TO JHINb NEpBBIN IIar,
BTOPOM IIar - uaest CO3/aHus “yMHOro”, He HYXKJAIOIIErocsl B BOJUTENEC TPAHCIIOPTA
[1,2].

[epBbie ucbITaHUS aBTOMOOWIIBHBIX PAJapHBIX JATYMKOB JATHPYIOTCS BTOPOM
noyioBuHOM 50-x, a B 70-¢ roabl BCé BHUMaHHUE OBbUIO CKOHIICHTPHPOBAHO Ha
WCCIIEIOBAHNUAX TMPHUMEHEHHUS pajapa B MHUKPOBOJHOBOM YaCTOTHOM JuarasoHe. B
MOCTEAYIOUINE  JECATHIETHS y4€HbIE OSKCIEPUMEHTHUPYIOT C  YCTpOWMCTBaMH,
paborarommmu Ha vactotax (B [Ty ): 17, 24, 35, 49, 60 wu 77. AMepukanckas
komnanusi Greyhound B Havaine 90-x ronoB BcTpomia OGosee 1600 pagapHBIX crcTeM
(24 I'Ty) B nuueiiky cBoux aBTOOycoB. Kak mokas3ana MpakTHKa, 3TO HOBIIECTBO
COKpAaTWJIO KOJHYECTBO aBapuil 3a roj Ha 21%. B ckopom BpemeHH CEHCOpHBIE
TEXHOJIOTHHM HAIUIM TIPUMEHEHHE B CHCTEME aBTOMATHYECKOW MAapKOBKH, CHUCTEME
npeI0TBpallleHHs aBapuil U agantuBHOM kpyun3-koHTpose (AKK) [3,4].

Onnako ux smoHckue KoHKypeHThl Honda m Toyota B3rmsiynun Ha AKK mox
IpyruM  yrioM, coBMmecTHB KoMmpopt u OGe3omacHocts. CranmaptHele AKK
npeJiaraiu CUCTeMy Iitajkoro TopMmoxkenusi, a Honda u Toyota B 2003 mpencraBuim
CUCTEMYy IIOMOIIM TpU 3KCTpeHHOM TopmokeHuu (Brake Assist System) s
npenoTBpalieHus cronkHoBeHui (B nononnenne k AKK) Ha ocHoBe pagapa najibHero
muanazona 77 [Ty. Cucrema oGecrieunBania 3QQEeKTUBHYIO pabOTy BaKyyMHOTO
YCUJIMTEIIST TOPMO30B, KOTOpasi cpabaThiBana MpH pacliO3HABaHUM YIPO3bI, CHUXKas
BO3MOXHOCTb aBapuH, AaXe €CJIM BOAUTENIb HAYMHAT TOPMOXKEHHUE MO3IHO.

EBpomnelickuii ppIHOK TOXe NEepewén oT peHieHus 3a1a4 KoM(opTa K CO31aHHUIO
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CHUCTeM aKTHBHOH Oe3omacHocTH. Kommanusi Mercedes 3amycTiiia mepBylO CEpHIO
CcBOeH crcTeMBbl MpeBeHTHBHON Oe3omacHocTH (Pre-safe) B mammaax S kiracca B 2003
rofy.

CrenyromyM LIaroM 3BOJIOLMH CHUCTEM O€30IIaCHOCTH SBJISIETCS MEpPEeXol OT
3aIUTHBEIX MEp K MporHocTHdeckuM. B magaime 2005 r. B cepuitHOE€ IPOU3BOJCTBO
OplTa 3amymieHa cucTema 3KCTpeHHoro TopMmoxkenus Predictive Brake Assist (PBA)
st moaen AudiA6. Ha ocHoBarnm mH(popManmn, noctymnaromiei ot gatankoB AKK,
CHUCTEMa PACHO3HACT KPUTHYECKYI0 CHUTYalMI0 M HE3aMETHO [UIi BOAMTEIS
nepeMeniaeT TOPMO3HbIE KOJIOAKM OJIMKe K JUCKaM, TOTOBACh K BO3MOXXHOMY
aBapuitHOMY TOpMOKeHMIO. CIIEAYIOIINM 3TaoM pa3BUTUS MOAOOHBIX CUCTEM CTana
(hyHKIIMS TIpeBEeHTHUBHOTO pearnpoBanus Ha cronkHoBeHHe Predictive Collision
Warning (PCW) [3].

dIsOdzH Otcls d L Oy d W Boryd® flgisHsdsTitzanuu  paanoyacTor st
panapoB M pagapHBIX CHUCTEM CTaJl BEChbMa akTyaJbHBIM B COBpPEMEHHOM Mupe. B
EBpone mns pamapos, pabortaromux B auamasone 76...77 [Ty, Obul BBIIETCH U
3akperuiéH kanan emeé B 90-e roasr (ETSIEN 301 091). Ceituac 3TOT KaHan BBIIEICH
it Uatennexryaneueix  Tpancmoptabix Cuctem (UTC) B EBpome, CeepHoii
Awmepuke u SAnonun. B despane 2002 r. Genepanpras Komuccus Cszu CLIA (FCC)
onmobpmina wactoty or 22 no 29 [Ty nns aBTOMOOMJIBHBIX PafapoB OJIKHETO
neiictus. B EBporie ans pemenust atoro Bompoca Obi1 co3fgan komuteT SARA. 17
auBaps 2005 roma xommccus EBpocoro3a HakOHEN NPUHSNA pEUIeHHE BBIICINUTH
Jmana3oH yactoT 21,56...26,65 I'Ty nns pamapoB OJIMKHEro ASHCTBHUS. 3aTeM B MapTe
2006 r. EBpocoro3 BbIieNInIT YacTOTHBIN nuamna3oH 77...81 [Ty mist panapoB JalbHETO
nevcteus [2,5].

lreBte Isdf O . DigdmisisRuiplsmerparmn aBTOMOGHIEHOTO pagapa
SBISIFOTCS: JATBHOCTh OOHApy>KEHHS, AMANa3oH OINpPENeNieMOd CKOPOCTH, YIOI
o030pa, paspemieHne. B 3aBHCHMOCTH OT 3HAYCHHWH YKa3aHHBIX XapaKTEPUCTUK
ABTOMOOMIIBHBIE pa/iapbl TMOJAPA3JIENSAIOTCS Ha yCTpOWcTBa OJMXKHETO, CPEJHETO H
JanpHero jaercTBus. BriOop pagapa 3aBucHT OT psja (akTopoB: (YHKIMOHAILHBIX
Tpe6OBaHHﬁ, OrpaHUYCHHOI'0 MECTa JIA MOHTHPOBAHHA AAaTYUKOB, CTaHAApTHU3allUKU
HCIIOJIb3YEMBIX paano4acToT, CTOMMOCTH KOMIIOHEHTOB U C60pKI/I, PBIHOYHBIX CPOKOB.
OnmHO W3 TIaBHBIX TPEOOBAHHM K pajapaM JaTbHETO MEHCTBUS — MOKPBITHE 30HBI 10
150...200 .

[lpuHumMas BO BHUMaHHE OCHOBHOE ypaBHEHHE  PaJUOJIOKAIMHM  JIJIsS
MOHOCTaTHYECKOT0 pajiapa:

1)

MOJIy4aeM, YTO BEITMYUHA Rpmax MPOMIOPIMOHATIbHA KBAAPATHOMY KOPHIO 3 PEeKTUBHON
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BEJIMYMHBI allePTypbl AaHTEHHBI A U KBaJpaTHOMY KOPHIO 4aCTOThI; G — KO3((UIUEHT
OTpaXeHUs 0T 00BbeKTa; Pry — MUHUMAaIBHAS MOITHOCTH IIJIS paciio3HaBaHus [4,6].

Takum oOpa3oM, TaTYUKH NATbHErO MEHCTBUS MPEANOUYTUTENbHEE I MOAeei
MasieHbKOro pasmepa. Ho 370 TpeGoBaHME HE BBIIOIHSAET YCIOBHS HCIIOJIb30BAHUS
JOCTYTIHBIX 110 CTOMMOCTH T€XHOJIOTMH MUKPOBOJHOBBIX 4acTOT. PazMep aHTeHHEBI 77
I'Ty pamapHOTO AaTYMKa NAJbHETO NEHCTBHS MOXKHO YMEHBIIUTH J0 pasMepoB 50 X
50 mm®. Ho maxe mpH IOCTATOUHOM UyBCTBHTENBHOCTH BBICOKAS HAIPABICHHOCTH
AHTCHHBI W HU3KUI ypOBeHb OOKOBOTO 0030pa HEOOXOAHMMEI B JIFOOOM ciydae st
pemieHuss MpoOJIeMbl IOPOXKHBIX OTPAXKAEHHH M HECYIIECTBEHHBIX OKPY)KAIOIINX
00BEKTOB Ha 00OYUHE JTIOPOTH.

t OHOter 24 ) ) \Jlu pahidpdp OmntsieaOu cpennero nencTBus
(Short/Mid Range Radar, SRR/MRR) rmaBHEIM mapameTpoM SBISIETCS TOYHOCTH
u3Mepenus. g JaHHBIX YCTPOMCTB BhLIENEHA mojioca 4actoT 24...29 ITy. Cameblil
nomyisipHeId B aBToMoOMIIsIX SRR/MRR pamap mmeer wacrory 24 [7Yy, nansHOCTh
obuapyxkenus 10 30 m, yroa o63opa go 120° u paspemienue mopsimka 10 cm  [5,6].
Pagapbl OnvkHEro ACMCTBUS HE HYKIAIOTCS B TOKPBITUM OOJIBIIOW JHCTAHIIWH,
MO3TOMY JJISl MX HCIOJIb30BaHUA MPEANOYTHTEIbHEE NCIIOIB30BaTh HU3KUE YaCTOTHI,
4TO, B CBOIO OY€pe[lb, MO3BOJSECT JOOMTHCS CHMXKCHUS LIEHBI 332 CUET MPUMEHCHHS
HEZOpOrol TUIAaHAPHOM KOHCTPYKIMHM aHTeHH. Kak mpaBuio, AaTYMKU OJIMDKHETO
JICWCTBUSL HE OTPENENSIOT YIIOBOE MOJIOKEHUE OOHAPYKEHHBIX OOBEKTOB, U Y HUX
OYEeHb IIMPOKOE TOKphITHE OOKOBOro 0030pa. [IpobiaemMa w3MepeHHs YIIOBOTO
MOJIOKEHUSI MOXET OBITh pelleHa 3a CUET NMPUMEHEHHS JOMOTHUTENBHBIX JaTYNKOB.
Hnst yBenudenuns ko3¢ uipeHTa HanpaBIeHHOTO ISHCTBUS aHTEHHBI 1 MUHIUMHU3aIUH
MIOMEX, CO3/IaBaeMbIX Ha JJOPOKHOM TOJIOTHE, JTyYH HAIPaBISIOTCS BEPTUKAIHHO.

Panaper OmkHEro AEWCTBUS MOTYT HCIOJNB30BATh KaK HMITYJIbCHBIE METOJbI
(moTuIepOBCKHIA UMITYJIBbC), TAK U METOJbI HerpepbiBHOTO JekicTBust. Kommnanus Hella
paspabateiBaet 24 [Ty Ultra-Wide Band (UWB) 4acToTHO—MOIyIMpOBaHHbII
pamap ONMXKHEro JAEHCTBHA C Y3KHUM TMOKpbITHEM, paboTarommii B CBOOOJHOM
nuanaszone 24 [Ty c npenenpHOU auctanimen B 70 m. Ha maHHBINT MOMEHT pagapbl
24 [Ty npu3HaHBI ONTHMAJBLHBIM PEHICHUEM 110 COOTHOIICHUIO [IeHA—Ka4eCTBO LIS
paapHBIX CHCTEM OJFKHETO JIEHCTBHSL.

{ OHOteT 77 1 1 s wafidpd] @nsusrdz@eiicteus (Long Range
Radar, LRR) «moueBrIM mapaMeTpoM SBISIETCS JalbHOCTH OOHApYKEHHS.
YcranoenenHas nonoca gactot Juis LRR — pagapos - 76...77 ITy. Panap nanbHero
JEHCTBHSI MCIIONIB3YETCSl B alallTHBHOM KpPYHM3—KOHTpousie, umeer vactoty 77 [Ty,
nansHOCcTh oOHapyskeHus 30...200 a, yron o63opa 10 30° U 1ocTaTOYHOE pa3pelIeHue
Ha ckopoctsx a0 200 xm/u. Bemymme KOMIIAHUM — TPOU3BOJMUTEIHN PaJapoB,
paboratomme Ha yactote 77 I Ty: ADC (nouepnss komnanust Continental Temic B
CorpynaundectBe ¢ M/ACom), Bosch, Delphi, TRW (Auto cruise), Fujitsu Ten u
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Hitachi [7,8].

Komnanus TRW Takke HCHONB3yeT AUAIEKTPUUYECKUE JIMH3BI, B TO BpeMs Kak
ADC (M/ACOM) crapaetcs HalTH BBITOABI B CKJIaI4aToOll KOHCTPYKIMH C OYEHB
HU3KAM poQuiieM JaTyhka riryonHoi Bcero B 5 cu. Kommannu Delphi, Fujitsu Ten,
Mitsubishi Electric, Celsius Tech mpuOeraroT Kk MEXaHHIECKUM CPEICTBAM PEIICHUS
yIpaBleHUs JTydoM. XOTS MEXaHHYECKHUE CKAHEphl MOKa3bIBAIOT BEChbMa BBICOKHII
HPOLIEHT OOHAPY)KEHUsI L1eIel, OHU CIHUIIKOM YyBCTBHUTEIbHBI U CO BPEMEHEM TEPSIIOT
MOKa3aTenb HaJeKHOCTH. K TOMy ke OHHM OrpaHHuY€HBbI B MCIIOIb30BAHUH, YIUTHIBAS
JaIbHEHITYI0 TeHACHIUIO K MUHHATIOPU3aLUN YCTPOICTB.

Pamaper dporTansHOTO 0030pa ¢ TexHomorueit ‘“‘Digital Beam Forming” (DBF)
¢ 77 ITy 4YacTOTHBIM JAHMana3oHOM OBUTH TIPE/CTABICHHI BIEPBBIE HAa PHIHKE
apromoOmneit B 2003 romy smoHCKMMH KoMmmaHusiMH. Denso paspabortanm  pamap
JaJBHETO JHana3oHa C IJIAHAPHBIMU aHTEHHAMH, KOTOPBIM criocoOeH oOHapy>KuBaTh
Y pacro3HaBaTh 00BEKTH Ha paccTossHuu 150 m ¢ yrmom o63opa £10 epao.

Ha pucynke npexncraBieH pagapHbelii gaTuvk ganeHero nedcteus CRDL
kommanuu Toyota, pabortatomuii B yactotHoM auanaszone 77 ITy. O oObequnsieT 3
OAVHAKOBBIC AHTCHHBI-TPAHCMUTTCpA U 3 AHTCHHBI-PECHUBCPA B OAHY YaCTOTHYIO
nojiocy U 9 npuHuMaronmx UuppoBbix kaHaioB miusi DBF mocne pasnmenenus B
g posom Osioke [4,8].

Ilepenaromue
aHTEHHBI o

Iduemusie
AHTEHHBI

Iepexmtouarens

Tlepenatunk IIpuemnuk

Brok 06paboTku curxana

Puc. Paoap oanvhezo oeiicmsus CRDL komnanuu “Toyota", pabomatowuti na wacmome 77 I'Ty

[ dlstsHT Byj dz€ d Bk ¢ dxeobuknpifuisuk erojirtatfedkn
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YIJIOBBIX MOJIOKEHUH, TAKHE KaK MOHOMMITYJIbCHBIC TEXHUKH HITU (pa30BbIE METOIBI U
MEXaHMYECKOE CKaHUPOBAHME, NEHCTBUTEIBHO H3MEPSIOT Pa3pelIalollyl0 YTIIOBYIO
CIOCOOHOCTh, HO B Mpejenax IOJIOBUHBI JUArpaMMbl HANPABICHHOCTH AHTCHHEI.
Takum 00pa3oMm, yriaoBoe pa3pelicHUE HANPSIMYIO 3aBHCUT OT BEJIUYHMHBI arniepTyphl,
Beab 3 O0b nMuana3oH Jiydya aHTCHHBI ¢ quamMeTpoM D ¥ TOCTOSIHHBIM W3Iy4YeHHEM
MIPUOIM3UTEIILHO PaBeH

A
O ~59° = | 2
3dB D )

rae A — anuHa BonHbl; D — nmuamerp aHTEHHBI.

W3 npuBeneHHOW (QOpPMYINBI CIEIyeT, YTO pa3Mephbl IMEpPeHaronieii aHTCHHBI
aBTOMOOMJIBHOTO pajapa TEeM MEHbIIe, 4YeM BhIIIe padodas 4YacToTa. YTIOBOE
paspetenue s 77 11Ty panapoB NalbHEro NESHCTBUS OOBIYHO JICKHUT B MPELIax OT
2 1o 5 2pao [3,8].

tdLikd sOIsT d fijpdzgetdsmsOngageYoB yrioBbIX pasperieHuin
HEO0OXOJMMO HCIOJb30BaTh IMPOCTPAHCTBEHHYH O0pa0OTKYy CHTHAla Ha OCHOBE
MOANIPOCTPAHCTBEHHBIX ~ TeXHOJOTUH. [IpuHIMI 53TUX METOJOB CTPOUTCS Ha
pa3’IOXKEHUH UIYMOBOT'O IMOJANPOCTPAHCTBA M3 MaccHBa MHOXKECTBA 3JIEMEHTOB
aHTeHHbI. lcmonb3ysd XapakTepUCTHUECKOE YHCIO pa3joXKeHHs aBTOKOPPESIUH,
MOXKHO Y3HAaTh MAaTpHIly MOJYYEHHBIX IIYMOB JHHEWHON aHTEHHBI W CHUTHAJIBHOE
MIOATIPOCTPAHCTBO. 3HAasI 3TH MOAIPOCTPAHCTBA, MOYKHO OIEHUTDH YTIIOBOE TOJIO0KEHHE.
Hudposas texnonorust popmuposanus sryuya “Digital Beam Forming”, nanpaBienHnas
Ha WCCIeIOBaHUE CIIOCOOOB MOBBINICHUS dPPEKTUBHOCTH (QYHKIMH OOHAPYKEHHS U
pacrno3HaBaHus 00BEKTOB pagapoB 77 [17y, MO3BOIUT, UCTIOIB3YSI METOJ] UIH KOMOH-
HAIUIO METOJIOB, YBEJIMYNUTh TOYHOCTh H3MEPEHUS YTIIOBOTO Pa3pEIICHHUS.

B macrosmmee Bpems HamOollee TEpCIIEKTHBHBIE AWANA30HBI YacTOT IS
ABTOMOOMIIFHOTO pajiapa, a TaKkkKe Ui CHCTEM MOOWILHOM CBSI3U MATOTO MOKOJICHWSI
- 3TO MWJUIUMETPOBbIE BOJHBL CHCTEeMa MOOWIIEHOW CBSI3U IISITOTO TTOKOJIEHUS
cocpenoTodeHa B auamnazoHe 69...76 [Ty, a aBToMoOWIBHBINA pagap - 76...81 ITy.
s obecrieueHns: COBMECTUMOCTH CHCTEM MOOWIBHOM CBSI3U ISTOTO TIOKOJCHUS U
ABTOMOOMIIBHBIX PasiapoB OYAyT WCIOIB30BaHBI OJHU U T€ K€ METOJBI MOYJISIHH
CUTHaJa.

1 ©¢ dz¥ y Hadmgojsxennn yxe 6omee 30-meTHER MCTOPHH HMCIOIB30BAHUS
aBTOMOOMJIBHBIX CHCTEM AaKTHBHOM 0€30HacHOCTH pajapbl M pajapHble CHUCTEMBI
nokasanu cebsi MHoroobemaronield Texuonorueid. OHU yXe HaluId CBOE PUMEHEHHE
B moanaepkke pabotel AKK, cuctemax mpemynpexaeHusi aBapyuid, aBTOMAaTHYECKON
MApKOBKE M MOHHUTOpHHTe “MEPTBBIX 30H . Hu3KouacTOTHBIE pagapel yxke
WCTONB3YIOTCS B MalllMHaX NpeMuyM—Kkiacca. Moaenu pagapoB OJIMIKHEro ACHCTBHS
nuamnazona 24 [Ty cymecTByloT Ha peiHKE ¢ 2005 roga W CTad ONTHUMAIBEHBIM
BapHaHTOM JJISl JIETKOBBIX MallMH. HU3K04acTOTHBIE TaTYMKK EPBOTO MOKOJICHUS HE
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MOTJIM W3MEpUTHh YIJoBoe mosiokeHne (kpome Valeo-Raytheon), HO B HOBBIX
o0pa3iax 3Ta QyHKIIMOHAIBHOCTH YK€ JOCTYITHA.

OynkruonansHocts 77 [Ty cuctem AKK pacmmpena 10 Takod CTENEHU, YTO
BKJIIOYAeT JaX€ BO3MOXKHOCTh TIOJHOM OCTaHOBKM  TpaHcmopra. [lanHoe
HOBOBBEJIeHHE, HeCOMHEHHO, yrpourno no3unun AKK Ha peiake. 77 [Ty pamapHBIT
JaTYMK HAImEN MPUMEHEHWE He TOJBKO JUiA MoBbImIeHus komdopra nmoe3aku (AKK,
Stop&Go), HO U I CUCTEM TPECKa3aHUsl YrPO3 U aAKTHBHBIX CHCTEM OE30I1aCHOCTH.
CornacHo uCCIIeIOBaHUsM, IJIaHAPHBIC aHTEHHBI B COYETaHUH ¢ TexHonoruel “Digital
Beam Forming” MoryT mpeajouTh MHTepecHble KoHuenuuu 77 [Ty pamapHBIX
JATYMKOB ISl IPEAO0TBpaIieHs (POHTATBHBIX aBapuil. DTH TEXHOJIOTUU MOTYT CTaTh
MacCOBBIMU B CBS3M C YMEHBLIEHHEM CTOMMOCTU KOMIIOHEHTOB 77 [Ty panmapa u
0JIOKOB 00pa0OTKU CUTHAIA.

3a CcY€T COBEPIICHCTBOBAHMS TEXHOJIOTMH M CHIDKEHUS CEe0SCTOMMOCTH
pazapHbple CHCTEMbl HPOYHO OOOCHOBAINMCH CpPEAU NPOYMX TEXHOJIOTWH aBTOMO-
ounbHON OezomacHocTH. Ho emé Oonblie TEepCleKTUB KpPOETCsl B COYCTAHHU
pajapHBIX CHCTEM C JAPYTMMH JAaTYHKaMU CHUCTEM IOMOIIM BoauTento. Pagap Moxer
MCTIONB30BAaThCS IS peair3anun GyHKIA 0e301MacHOr0 U KOM(QOPTHOTO BOXKICHUS,
BKJIFOYAs JATYMKHU OKPY’KaIOIIEeH cpebl Al paclio3HaBaHUs MEIIEX0/10B, a TaKKe IS
o0HapyXeHHs1 OOBEKTOB BHE 30HBI BUITUMOCTH BOJMTEIS, aCCHCTEHTa CMEHBI MOJIOCHI
JBIDKEHUSI, JaTYMKOB OOKOBOTO ynapa M CHUCTEMBbI HNPEAYNPEXKICHHUS O BO3MOXXHOM
CTOJIKHOBEHHH.
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GhquULEMr8u3bhL ShrNk3ah ULUSNUNPPLU3PL NUHUNLEN

Q.4. Gunpjwi, U.8. Ujjuqju
Awuwwwnphwwnpwuuynpuwiht - wwwnwhwpubpp  nupdt Gt hwdwgfuwphwihu
dwupnwph phy dby fuunhp: Wu fuunph (nddwt hwdwp thunpydnd Gu dwuwwwphwihu
GppUbynipjwl wudunwugnepjwu dwlwpnwyp  pwpdpwgunn dbpnnubp: Nwnwdtwuhpynid
GU nwnwputiph wbuwlutipp, nwnwpwhtu ubuunputiph Yhpwndwu hhduwywu uygpniuputipp,
wpwuuwnpuwihtu wbfuuninghwubpnwd nwnwpwihtu ubuunpubiph wbnwnpdwu W Yhpwndwu
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htinwulwpubpp: Mpwywhyuynd wpnbu Yhpwnynd Gu Jupnpnubiphu wowygnn dh ownpp
hwdwlwpgbp,npnup woluwwnnd BU nwnwpubph hhdph Jpw: Uhts ubpyw  wwhp' upwtg
$niuyghwutipp hhduwywunw ninnywé thu Jupdwu hwpdwpwybinngjut pwpdpwgdwup,
huswtiu, ophuwy, wmpqwsd wpwgnrpjwut wowlgnn hwpdwpynnulwu hwdwlwngp, pwiudwu
dwuhu  wbnblwgunn qgnpwgdwt  hwdwlwpgp, «dwhwgnt gnunw  nEYwywpdwu
hwdwlwpgp, bBppUbtYnygywu  ninnt thnihnfudwtu  nbwpnd - wowlgdwt  hwdwlwngp,
wywndtiptuwjh Gunlbhg fuwswal qwpdynn wnwplwubph dwuhu ggnipwgndp b ogqunipintup
Juwjwubjhu: Uju  hwdwlwpgbpp, puwlwuwpwn, Ynuypbin duny pwpdpwgund  Gu
tprelbtyniyejwu wuyinwugnientup, uwlwju nbfuuhywuywu wnwfuwnwgdwdp
wwdwuwynpws'  ubpyuynuiu huwpwynp £ ubipnuby wujunwugniypjwu  wywinhy
hwdwlwpgbp,huswhupp  BU'  pwjudwu  hbGwnbwupubpp  pnywgunn  hwdwlwpgbpp L
Swuwwwphwihu  GppUubynyeuu  fungbih Ytwbph hwjnuwpbpnudp: dwpdwt - wunwi-
gnigjwu wju Yupunpwgnyu pniuyghwubiph ppwlwuwgdwt hwdwp wuhpwdtion E, np
hwdwywpgp Yupnnwuw wybh 6ogphin mwppbpwyt) dwuwwwphh ypw  wnlw wnwplw-
ubipp: <wjnup k, np wybh 66 dwywiny wbntyniygyniuubp dowlybint hwdwp wwhwugynud
wybith jwju hwbwjuwlwuwiht 2tipn: Lbpyuwnwu wnwyb) hwjinuh nwnwpubpt wfuwnnid
GU ubn hwéwuwlwuwihtu whpnypnd' 24 U<g Ywd 76 U<g: Lwju hwlwjuwywuwihu skpwnp
W hgnpnipjut pwpép dwlwpnwyh vwhdwuwthwynudp Yuwwunbt  swihdwu  huwpwyn-
pnpjwl dEdwgdwup b wnwplwubiph nwppbpwydwup: Gtw wuhpwdtion £ wjuwhuh unp
gnpdwnnypubph hwdwp, huswhuhp GU' hbwnhnunuwjht wugndubph hwynuwpbpndp Yud
pwnwpwjht pwnwdwubipnu Ypwnpwihu wpgbjwynwp:

Unwugpuypti pwnbip. wjinndnphjwiht nwnuwp, wuywnwugnipjuu hwdwlwpg, hwéwluw-
Jwuwhu whpnyp, wqnwuowuh yepwdowynid:

GHZ RANGE VEHICULAR RADARS
G.K. Yenokyan, M.C. Ayvazyan

Traffic accidents have become one of the most serious problems of global scale, for whose
solution, a search for ways of improving the traffic safety is carried out. The basic principles of
the use and implementation of radar sensors in transport technologies, types of the used radars
and prospects of their use are investigated. In practice, a number of driver assistance systems,
operating on the basis of radars are already used. So far, their functions have been aimed main-
ly at improving the ease of driving, such as the adaptive speed maintenance, the hazard warn-
ing system of a collision, the control system of "dead zones", the assistance when changing
lanes, warning of objects moving in the transverse direction behind the vehicle, and assistance
at parking. Undoubtedly, these systems, to a certain extent, improve the traffic safety, but the
technical progress achievements now allow to introduce active safety systems such as the colli-
sion mitigation system, and identify vulnerable trafficsections. To perform these essential safe-
ty functions of driving, the systems should be able to better distinguish the objects on the road.
It is known that to handle a large volume of information, it is required to have a wider band
of frequencies. The currently known radars operate in a narrow frequency range 24 GHz or
76 GHz. Wide bandwidth and limitations by the high level of capacity will enhance the resolu-
tion and distinguish the objects better. This is necessary for new features such as pedestrian
detection and autonomous emergency braking in urban areas.

Keywords: automobile radar, safety system, frequency range, signal processing.
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YK 621.382

HUCCIEJOBAHUE ®OTOJ3JIEKTPOHHBIX ITPOHECCOB
B P*- N - P" CTPYKTYPAX

A.C. XynaBepasin
Hayuonanvuwiii nonumexnuueckuil ynusepcumem Apmenuu

W3y4yeHbl MOTIOMICHHE AIICKTPOMArHUTHBIX BOJH U (POTOIIEKTPOHHBIC MPOLECCHI B
p'-n-p* CTpyKTypax B YCIOBHSX BHENIHETO HANpSKEHHs cMemleHus. OOGHApYyKeHa CBS3b
MeXay (GOTOTOKaMHU MPOTHBOIIOIOKHO JEHCTBYIOIIMX ITIOTEHIIMAIBHBIX 0apbepOB CO CTETICHBIO
peskocTd p'-N u n-p’ mepexomoB. Iloka3aHo, YTO B IIMPOKOM MATA30HE HATIPSKEHHUS
cMelieHus (OTOTOK THUIOBOTO Oapbepa MPeBOCXOIUT POTOTOK IIOBEPXHOCTHOTO Oapbepa.

BrisiBnieHBl 00yCIIOBIICHHBIE OTIEIBHBIMU JJIMHAMH BOJIH (DOTOIIEKTPOHHBIE MPOLIECCHI,
MPOUCXOJISIINE B CpeJie MOTJIOMICHUS TP U3MEHEHUH €€ TOJIIIMHBI, PEACTAaBICHBI UX MOTHBBI
Y BO3MOYKHOCTH OTIPECICHUS] HHTEHCUBHOCTH U JJTHHBI 3TUX BOJIH.

[Mpoananu3upoBaHa HEOOXOAUMOCTD MOJTYy4eHHsT (HPOTOJETEKTOPHON TOTYIIPOBOAHUKOBOM
CTPYKTYPbl C BBICOKOW CIIEKTPAJIBLHOH YYBCTBHTEIBHOCTBIO JUI CO3JAaHUsS JELICBO,
OBICTPOICHCTBYIOIIEH CUCTEMBI aHAM3, TIPUTOHON B MOJIEBBIX YCIOBHSX.

B mporecce monydeHHsi CIEKTPOB TPEX CBETOAUOIOB (CUHHM, 3CNICHBINM, KPACHBIN)
UCCIIE/IOBaHbl  MPOOJEMbl MOJYYEHHs CIEKTPalIbHOW CEJEKTUBHON UYyBCTBHTEILHOCTH
paccMmarpuBaeMoro (pOTOAETEKTOPA U MPEUIOKEHBI TYTH UX MPEOI0JICHNUS.

[MpoBeneH CpaBHHUTENbHBIA aHAN3 CEJICKTUBHOM YYBCTBUTEIHLHOCTH M CIOXHOCTH
TEXHOJIOTUH TIOJIyYEHUS] HCCIIENYyeMBIX (DOTOJETEKTOPOB C HW3BECTHBIMH W3 JIUTEPATYpHI
MHOT'OCJIOIHBIMHU TOJYIPOBOHUKOBBIMH (POTOAETEKTOPAMH, MMEIOLIMMH Kackanoo0pa3Hbie
AKTHBHBIE CJIOH.

HccnenoBana kadyecTBEHHas CBS3b MEXAY MHTCHCHBHOCTBIO M3JIYYEHUS M CTEIEHbBIO
KosneOaHusl CHeKTpaibHBIX (HOTOTOKOB. PaccMoTpeHa BO3MOXKHOCTH pealv3alud Mpoliecca
ONTHYECKOTO CIEKTPAILHOI0 aHaliu3a C YKa3aHHbIMH CTPYKTYpaMu 0€3 BBICOKOTOYHBIX
MEXaHUYECKUX YCTPOHCTB, CBETOMUIBTPOB, MPHU3M U TUPPAKIIMOHHBIX PEeUIeTOK. PaccMoTpena
TaKKe€ BO3MOXXHOCTb HCIIOJIb30BAaHUSI HMCCIEAYEMBIX (OTOAETEKTOPOB, B YAaCTHOCTH, JIs
CO3/IaHMsI MHOTOIICTIEBBIX CUCTEM MOHHUTOPHHTIA, MOJYYCHHS WHPOPMAIUU 00 HCCIICAyeMOU
cpeie M peIleHHs BAXHBIX IpobieM Oe30MacHOCTH IIyTeM IpOBEJCHUS IPOLECCOB
HICHTH(PHUKALINH.

s dzt yj or j nphprdeten@syomuii 6apbep, CHIMIMIHBIN KOHTAKT, PETHCTPHU-
pyromas cpena, CeKTpaibHas 9yBCTBUTEIILHOCTb.

1l 9 j HJ @agxjrpodoTomerpuueckue MOTynpOBOTHUKOBBIE (POTOAETEKTOPBI
HaIlpaBJIeHbl HA PEaln3alMI0 MPOIEecca ONTHYECKOrO CHEKTPAJIBHOTO aHaimu3a 0e3
BBICOKOTOYHBIX ~MEXaHMYECKUX IPHCIOCOOJCHUH, CBETOQUIBTPOB, MpPU3M U
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madpakmuoHHBIX pemieTok [1-3]. Jlo cux mop paboTel B 3TOM HaIpaBICHUH
OCTaBallUCh Ha YpOBHE Uccienoanuii [4-8]. [IpuurHa 3TOTO - OTHOCHTENHHO CIIOXKHAS
TEXHOJIOTHSI U3TOTOBJICHUS H 0COOBIC YCIIOBHSI, PEABABIIEMbIC K padoTe.

IToTpeOHOCTh TaKUX MCCICIOBAHUI 00YCIIOBICHA OOJIBIIUM CIIPOCOM phiHKa [9].
3TO, B YACTHOCTH, TUKTYETCS HEOOXOIUMOCTBIO CO3JaHUS COBPEMEHHBIX CHUCTEM
MOHUTOPHHTA C MHOTOIIEJICBBIM HCIIOJB30BAHUEM IOJTyYCHUST HHPOPMAITUH O COCTaBe
M3y4aeMoil cpelbl M pelIeHHEM 3a1ad WICHTU(GUKAIMKA B NENAX O0e30MacHOCTH
[10,11].

C 3TO#l TOYKM 3peHUs] CO3JaHUC CUCTEMBbI aHAJM3a C BBICOKMM CIICKTPaJbHBIM
paspelieHHeM Ha 0a3e MONYMPOBOJHHKOBBIX JICTEKTOPOB CO  CIHEKTPalbHOMN
CENICKTUBHOM YYyBCTBUTECIHHOCTHIO U MX PEATHHOE BHEIPEHHE B Pa3NIMYHBIX cdepax
OyneT OOJBIINM JOCTH)KEHHEM, MOCKONBKY TaKWe CHCTEMBbI OyIyT MMETh HH3KYIO
CTOUMOCTb, BBICOKYIO MPOU3BOIUTEIHLHOCTD, MOTYT OBITh MPUTOJHBIMH JJIsl TTOJEBBIX
YCIIOBHH ¥ TPOCTHIMU B SKCIUTYaTaI[HH.

t d L Ed Ig@njdijdzj H ts BlOdadeiEsl  dKCIICpHMEHTAIBHBIC  00pa3IIbl
doTonmeTekTopa € IUIAHAPHOM CTPYKTYypOW, KOTOpask COCTOUT W3 BEPTHKAIBHO
PAacCIioJIOKCHHBIX U ITPOTHUBOIIOJIOXKHO I[CﬁCTByIOIlIHX Nepexoa0B.

DJIEKTPOMATHUTHOE H3Jy4YeHHE TMaJgaeT CO CTOPOHBI IOBEPXHOCTHOrO P'-n
nepexosa (MPOAOIBHOE TOTJIONIEHUE M3TYYEHHUS]) W PACIpPOCTPAHSICTCS B CTOPOHY
00J1aCTH PErHCTPAIMU THUIOBOTO N-p’ IIepexoa.

Ha puc. 1 mpencraBneHo cxemHoe mojakiaroueHue (oromerexTopa. KoHTakT 3,
CHATBIH ¢ N — 0a3pl, JaeT BO3MOXKHOCTH BMECTE C KOHTaKTaMM 1 uiam 2 10
OTJCNBHOCTH U3y4aTh (POTOIIEKTPOHHBIE CBOMCTBA MPOTHUBOIOIOKHO JICHCTBYIOIINX
p*-n u n-p* mepexomoB. bapbep p*-n - 3T0 CHUIUIIK TUTAHA, UMEIOIIKi BbicoTy 0,84 5B
[12]. Tonoxenue yposust depmu B n — 6ase mpu mioTHOcTH Tpumeceit 10™° ca’
coctraBimsier 0,27 2B. CrnemoBareiapbHO, BBICOTa MOBEPXHOCTHOIO TOTECHIIMAIHLHOTO
Oapwepa coctaBut 0,57 2B, a mmpuna - 0,87 mrxm, B TO BpeMs Kak pacdeTHasi BbICOTa
TBUIOBOTO N - p+ Oapbepa - 0,76 28, a mupuna — 1 mxm.

3

Puc. 1. Cxemnoe coedunenue pomooemexmopa

Ha puc. 2 uw 3 wu3oOpaxkeHsl BonbT—ammepHeie xapakrepuctuku (BAX)
OTJETBHBIX TIEPEX0I0B.
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Puc. 3. BAX p*-n 6apvepa npu noznowenuu 6onnvl onunoii A = 705 um

B ycnoBusx manaromiero Jsiyda €O CTOPOHBI CHIIMIMAHOTO Oapbepa IpH
MPOJOIHHOM TIOTJIONIEHWH THUJIOBOM N - p+ mepexod ¢ OOJibIIei BBICOTON
obecrieurBaeT OoJiee 3HAYUTENILHBIE BEIUYMHBI (POTOTOKA HACHIIIECHHUS C MAaIbIM
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W3MEHEHUEM ero 3HadeHus (puc. 2), ueM p+ - n mepexon (puc. 3). 3To 00ycIOBIEHO
00 JbIIel PE3KOCThIO TBHUIOBOTO Oaphepa MW CPaBHUTEIbHO 00 JIbIEH TrIyOHHON
HOTJIOLIEHUS BOJHEI C IUIMHOUN A = 705 num.

OOpatHass BenmmumHa Kod((UIMEHTa TOTIOMEHHS  yKa3aHHOW  BOJIHBI
1/a = 2,6 mxm xapakTepusyeT TiyOuHy nornomeHus. [llupraa n- 6a3sl paBHA 2 MKM.
Ecnu TeUTOBO# Gapweep B 6a3y mponukaer Ha 1 mxm, TO ¢ yuetoM nuddy3nonHoit p+
obsacté BOJHA B 0O JIbIIICH CTENECHH MOTJIONIACTCS B OOJNACTH IEHCTBHS THUIOBOTO
Oapeepa m co3maeT (HOTOTOK, KOTOpHIH OoibIie, 4eM (POTOTOK TOBEPXHOCTHOTO
Oapbepa.

Ha puc. 4 npusenena BAX cTpyKTypbl IpH MOIJIOMIEHUH TOH K€ BOJHBI, KOIJa
HaIpsDKEHUE MagaeT Mexay KoHTakTamu 1 u 2. CMeHa 3HaKa HanpshKeHUs! IPUBOAUT
K HACHIIEHNIO (OTOTOKOB MPOTHBOIOIOKHO JIEHCTBYIONINX MOTEHIIHAIBHBIX
OaprepoB, KaXKABIH B CBOE 00paTHO cMmemleHHONW obnmactu. Kak BHIHO W3 pHCYHKa,
[PH OTPHULIATEILHOM HANPSDKEHUH CMEIIEHHS HMEET MECTO HachleHue GoToToKa n-p*
mepexo/ia, a Mpy TMOJIOKUTENBHOM - P+ - n mepexona. Ilpu 3ToM Bo BTOpoM cirydae
HACBIIIIEHNE MPOUCXOIUT OoJiee TIaBHO. DTO, BEPOATHO, OOYCIOBIEHO TEM, HYTO C
POCTOM HAaANPSAKCHUA CMCHICHHA BCC CIIC COXPAaHACTCA BJIHMAHUC INMOTCHLIHUAJIBHOIO
Oapbepa ¢ 0oJbiei BRICOTOMH. [Ipu 3TOM, 10 CpaBHEHUIO C THUIOBBIM, TOBEPXHOCTHBIN
MMOTEHLUANBHBIN Oaphep MMEET MEHBIIIYIO BBICOTY C MEHBIIIEH MPOTHBOAECHCTBYOIIEH
CHJIOMN, YTO TIPUBOJIUT K PE3KOMY HACBHIIICHUIO OTOTOKA.

o -

2,19-V

’

1§, A

-1000

Puc. 4. BAX p+ - n - p+ 6apvepa npu noenowenust 6onnwvl oaunou A = 705 um

I'myOmHa mormomenusi KOPOTKHUX BOJH MEHBINE, YeM JIMHHBIX. BceremctBue
3TOTO B UCCIIEIYEMBIX P+ - N - pt+ CTPYKTypax B YCIOBUSIX MPOJAOJILHOIO MOTJIOMIEHUS
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W3IYYCHUS] B 3aBHCHMOCTH OT JUIMHBI BOJIHBI TOSIBJISIIOTCS Pa3HbIe JOJIU (HOTOTOKOB
MIPOTHBOICHCTBYIOMNX OapbepoB. [Ipu 3ToM B (POTOTOKE MOBEPXHOCTHOTO pt+ - N
Oappepa KOPOTKHE BOJHBI HWMCIOT OONBIIMHA BKJIad, YeM B (POTOTOKE TBIJIOBOTO
Oapbepa.
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Puc. 5. Cmena 3naxa qbomomoxa 6 3A6UCUMOCMU OM HANPAINCEHUA CMEeUIeHUs
npu pasHvulx ONUHAX BOJIH
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Puc.6. 3KCI1€pMM€HmaJlebl€ cneKkmpa’llbHvle 3asucumocmu €6emoouo0os MapKu:

1- LL-304BC4B-B4-1GD (InGaN), 2 - L-53GC (GaP), 3 - L-813SRC-J14 (AlGalnP)
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Puc.7. Illacnopmuuie cnekmpanvhvle 3a8UCUMOCIU CGEMOOUOO08 MADKU:
1- LL-304BC4B-B4-I1GD (InGaN), 2 - L-53GC (GaP), 3 - L-813SRC-J14 (AlGalnP)

OTO MPUBOAMUT K TOMY, YTO C YBEJIIMYEHHEM BHEIIHErO HANpPsDKEHHUS CMEIICHUS
KOPOTKOBOJTHOBBII (POTOTOK MEHSIET CBOIl 3HAK NPU MEHbIIEM a0COIIOTHOM 3HAYECHHU
HanpspkeHus (mpu A = 500 #m - 0,70 B), yeM AMWHHOBONHOBGINA (ripu A = 650 KM -
0,88 B) (puc. 5, kpussie Ip1 u Ih2 cooTBETCTBEHHO).

Ha puc. 6 m 7 mnpuBeneHbl CIEKTpalbHbIE 3aBUCHMOCTH HWHTEHCUBHOCTH
uccIeayeMbIX (POTOIETEKTOPOB MPH MOTJIONICHUH H3TYYeHHsI OT CBETOIHMOJIOB MAapKU
L-813SRC-J14  (AlGalnP), 153GC (GaP), LL-304B-B4- GD (InGaN):
puc. 6 — SKCTIepUMEHTaIbHAS 3aBUCUMOCTb, PUC. 7 — TAaHHBIE TPOU3BOIUTEIICH.

MakcuMyMbl CIIEKTPOB OT TPOW3BOJHTENICH HAXOIATCS COOTBETCTBEHHO Ha
JUIMHAX BOJH Ama = 660, 565 m 462 nm. O4eBHIHO, YTO CPaBHUBAEMBIE CIIEKTPHI
OYeHb OJIN3KHU JPYT K JPYTY.

Il T 9otsHT

1. Pa3paboTaHbl M M3TOTOBIEHBI JKCIEPUMEHTAJbHBIE PT-N-p+ CTPYKTYpPBI C
SMHUTAKCHUABHBIM BBIpAIIMBaHUEM Oa3bl M HMCCIEAOBAaHBI MX 3JIEKTPOPU3NUECKUE U
(hOTOINEKTPUIECKUE  CBOWCTBA. BBIABIGHBI  BO3MOXKHOCTH  peaju3alud X
CHEKTPAIIbHON CENIeKTHBHOW YYBCTBHUTENBHOCTH. [Ipu 3TOM, 4YeM OJimke BONHA K
o0yiacTi COOCTBEHHOT'O TOTJIONICHUSI Marepuana (OTOJeTeKTopa, TEM OJHO3HAYHEE
CHEKTPaJbHbIE HHTEHCUBHOCTH.

2. Pa3zpaboTtansl U anmpoOUpPOBaHBI MPOTPAMMBI, MO3BOJISIONINE MEPEXOJUTHh K
YHCJIOBBIM 3HAYEHHSM JUTHHBI BOJHBI OT KO3(h(UIMEHTa TOTJIONICHUS U TTOJIyYaTh Ha
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9KpaHe CIEKTPAITbHYI0 3aBHUCHMOCTh HMHTEHCHBHOCTH. OJTO JIa€T BO3MOXKHOCTH
OCYIIECTBIISTH MPOIECCH, TPOUCXOAAIINE B pa3pabOTaHHOM alTOpUTME, HAYWHAs OT
MOJIaY¥ Ha BXOJI€ YHACIOBHIX NaHHBIX BAX 10 modydeHns Ha dKpaHe CIEKTPATbHBIX
XapaKTEePHUCTHUK.

3. llomydeHpl CIeKTpajJbHBIE XapaKTEPUCTHKH TPEX pa3HBIX CBETOIUOIOB,
KOTOpBIE OBLITM CPaBHEHBI C MX STANOHAMH. B pasHBIX CHEKTPaIbHBIX MPOMEXYTKAX
MONTy4eHBI CIIEKTPaIbHbIE TOYHOCTH B Tipenenax 1...5 uu.

4. PazpaboTaHHas cucTeMa MOHUTOPHUHTA C TIPEITIOKEHHBIM HaMU (DOTOCTIEKTPO-
METPUYECKUM y3II0M MOKET 00€CTIeUnTh aHAIN3 JaHHBIX, TOTyYEeHHBIX OT COBPEMEH-
HOTO TEJIeMETPHYECKOT0 YCTPOWCTBA, M MPOBOAUTH YHCIEHHOE MOJEINPOBAHUE TPO-
neccoB. Ee MOXHO WCIONB30BaTh NMpU OOHAPYKEHHH W HCCICNOBAHUH BPETHBIX
BEIIECTB B ONTUYECKUX MPO3PAYHBIX CPEIaX.
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P*- N - PruunnNh84UTLNrU dNSNELEUSMNLUBPL
qnroceuveusuerh NUNRULWURCNRU L

T.U. lunipuybpnyw

Lhwnmwgnundbp Bu pt - n - p" Junnigwdpnu  ElGYunpwdwquhuwlwt dwnwqu)eh
Jwudwtu b wpunwpht obndwu  jwpdwt  wwydwutbpnW pupwgnn  $nuinkGlwnpnuwhu
gnpdpupwgutipp:  Pwgwhwynygtp £ hwlwgnnn wnunbughw| wpgbipubph  wnwowgpwsd
hwgbigdwu $nuninhnuwuptbph W p* - n L n - p* wpgbpubph Yupniynipjwt wunhbwuh
Ywwp: Snyg k wnpyb) 2bndwt jwpdwt jwju dhowlwjpnuwd phyniupwiht wpgbph untindwd
$nuninhnuwuph  ghipwlwjnyeynitup  dwybplnypwiht - wpgbiph  $nininhnuwuph  hwdbidwn:
Muwpqupwudtp bu  Swnwquyep Ywunn  dhowdwyph  funpnipjut  thnthnfunipjudp
wwjdwuwynpywd wnwudht wihpubipt wjn dhowdwjp ubipwnnn gnpdpupwgubipp, npwug
swpdwnhpubinp W wihputiph Gpywnpnienwutiph W huwnbuuhynipniututiph npnodwu htwpwyn-
pnipjniuubipp: depndytp £ unwgywsd Yhuwhwnnpnswihtu ninnnbnblyunnpuiht junnig-
Jwéph wuhpwdbipninyeniup  tdwu, wpwgquwgnps, nwunwiht  wwjdwuubpnd  whwwuh,
uybtywpwihu pwpép qquunigyudp Ybpndnypjutu hwdwlwpgh unbnddwu gnpdnid: Gpbp
wwppbp  nwwnhnnubph (Yuwnyun,  Jutws, Ywpdhp)  Swnwgqujpubph  uwblwpubph
ytipdwudwt gnpdpupwgnul htiinwgnungtip Gu $nuinnbintiljninph uwblyunpwihtu punpnnuywu
qqwjunipjwu unwgdwt fuunhpubpp W npwug hwnpwhwpdwu ninhubpp: Ywwnwnyb) b wpnh
gnpwlwunteyniunwd pbipdnn pwgdwtipn U pwquwih nwpptip hwuwnngegjuwdp wlywnhy otipnbph
Juwulwnwdél swpp niubignn Ywnnigywdpubinny pwqdwagnyt Yhuwhwnnpnswiht $nuinnpu-
nnwpsubiph L htnwgnunynn $nunnnbnblywnnph hwdbdwunwlwu Jepnsnyegnit’ uwblynpuhtu
punpnnuiwu  qqujunipjwt L unwgdwt  wnbluuninghwih  pwpnniejwu  wbuwulyniuhg:
Nwnwiuwuppyti| £ dwnwqw)peh hunbuuhynigywu b uwyblnpwiht $ninnhnuwuph wndtiputiph
wnwwwunwubiph swihh dholt npwwlwu Ywwp: Hhwwpyyb) Gu twl upywd Yunnigywdpny
owywmhlwlywu uwblywpwiht  Ybpndniygjwu  gnpdpupwgh  hpwiwuwgdwu  huwpwynpnie-
jniubpp’ ng pwpdp  Gonneyudp  Jbfluwuplulwu nt owwplwlwu  hwpdwpwupubph,
Inwwqwhsubph, wphquwh, nhypwlyghnu gwugh U npwug Yhpwndwl, dwubwynpuwybu,
pwquwuwwwwy dnuhpnphuquiht hwdwlwpgbph unbnddwu, hGwnwgnunynn dhowywiph
pwnwnpnyzjwt dwuphtu wnbnbynipeniu niubuwint b wuyunwugnpjwu nbuwltinhg Ywupunp
unyuwlwuwgdwu fuunhpubp |nwdbnt puwgwywnubpnud:

Unwtgpuyhtr pwnbp. hwywagnnn wpgbip, uhjhghnwiht hwwl, gpwugnn dhgwduyp,
uwybtyunpwihu qqujuntentu:
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INVESTIGATING THE PHOTOELECTRONIC PROCESSES
INP*-N-P*STRUCTURES

D.S. Khudaverdyan

The absorption of electromagnetic waves and the processes photoelectric p* - n - p*
structures have been investigated at the external bias voltage.

The connection potential between the photocurrents of the oppositely acting potential
barriers with sharpness degree of p* - nand n - p* junctions have been revealed.

It is shown that in a wide range of the biased voltage, the photocurrent of the rear barrier
exceeds that of the surface barrier.

The photoelectrical processes due to the individual wavelengths, occuring in the
absorption medium at the change of its thickness, their motives and the possibility of
determining the intensity and length of these waves are introduced.

The necessity of obtaining a photodetector semiconductor structure to create a cheap, fast
analysis system suitable to be used in the field and having high spectral sensitivity is analyzed.

In the process of obtaining spectra of three LED - blue, green, red, the problems of
obtaining spectral selective sensitivity of the considered photodetectors are investigated and
ways of overcoming them are proposed.

A comparative analysis of selective sensitivity and the technology complexity of the
obtained photodetectors with multi-layered semiconductor photodetectors having cascade
active layers is carried out.

The qualitative relationship between the emission intensity and the degree of fluctuation
of spectral photocurrents has been investigated. The possibility of implementing the process of
optical spectrum analysis with the mentioned structures without high-precision mechanical
devices, filters, prisms and diffraction gratings is considered. The possibility of using the
investigated photodetector, in particular, for creating multi-monitor systems, obtaining
information about the test environment and addressing important safety issues through the
identification processes.

Keywords: counteracting barrier, silicide contact, registering medium, spectral sensi-
tivity.
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R dzWW Ste 3O d ts dzdz” |

nAYAdD? OAYs e ly /byJ. QLto) by el
ngOO vy A

B 2016r. wucnomnunocs 90 JeT H3BECTHOMY
apMSHCKOMY YYEHOMY B OOJIACTH 3JIEKTPOMEXAHHKH H
ABTOMAaTHUKH, akaJeMUKy HanmoHalbHON akageMuH HayK
PA, 3acnyxenHomy pestemo Hayku PA T'eopruro
JleBoHOBHYY ApelIsiHy.

I'JI. ApemsH pomwics B 1926r. B TOpoze
OpIKOHUKHI3E€ B H3BECTHOM HHTEIUIUTCHTHOU CEMBE.
Ero oren - 3Hamenutbii xupypr JleBoH SkoBneBuu
ApenisiH, a 404 — 3HaMEHUTHIM ruHekonor ['puropuit
SxoeneBnu ApemsiH. OxonunB B 1944r. EpeBaHckyro
CPEIHIOI0 INKOJNY, OH TMOCTyNWI Ha OJIEKTPOTeX-
Hudeckuil akynprer IloMMTEXHUYECKOTO HHCTUTYTA,
KOTOpBIA ¢ ommyneM oOkoHumn B 1949r. lTloHumas moTpeOHOCTH B

BBICOKOKAYECTBEHHBIX KaJpax JJjis pa3BHBAIOIIEHCS MPOMBIIIICHHOCTH ApMEHHH,
pexrop lletpoc ['puroppeBrny MenkoHsH, UMEIOIIHNA 3HAYHUMYO POJIb B Jielie pa3BUTHUS
[Nomurexnuka, ormpasui ['eoprus ApemnisiHa U ps IPYTHX BBIJAOIIMXCS BBHITYCKHH-
KOB B BeZIyIIHe By3bl MOCKBBI JUIS y4eObl B aCIIUPAHTYPE.

Acnupant MockoBckoro sHepreruueckoro uHcturyra I'.JI. Apemsin yxe B 27
JeT ONecTsIe 3aUTHI KaHIUAATCKYIO JuccepTanuio u BepHyscs B Epesan. C 1953r.
HAa4YMHAETCS €ero JesTelbHOCTh B [loNMTEeXHWYECKOM HWHCTUTYTE B  POIHU
Mperno/iaBares, HayqHOro paboTHHUKA M OOJIBIIOT0 OpPraHu3aTopa.

B 1958r., xorma B ApMEHHH CTaJl 3aMedaTbCs PE3KUH CKAYOK B OTPaciax
MalIMHOCTPOCHHSA, JNEKTPOHUKH H Tpubopoctpoenns, [.JI. ApemstH ocHoBanm u
BO3MIaBWI Kadeapy “ABTOMAaTHKA M TelieMexaHuka”. B najgbpHeWIeM Ha OCHOBE 3TOMH
kadeapsl chopmupoBanCch Kadenpbl “ONeKTpoHHas TexHUKa”, “PammorexHuka”,
“BpraucnurenbHas TeXHUKA® W ‘“ABTOMaTHU3WPOBAHHBIE CHUCTEMBI YIPAaBICHUS , HA
OCHOBE KOTOPBIX MOTOM ObUIM co3faHbl (akynpTeThl “TexHudeckas KuOepHeTHKa”,
“BrryncanreibHag TeXHuka” U “PagmorexHuka’.

B 1977r. I'JI. ApemsH yCHenmrHO 3amIATHI JOKTOPCKYIO JHCCEpTAIMIo, a B
1978r. monyuun 3Banue npodeccopa. B TeueHue cBoel HaydyHOU AEATEIBHOCTH OH
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CO3J1aJ1 HOBYIO ILIKOJIy B 00JIaCTH 3J€KTPOMEXaHUKH U ABTOMATHUKH, T1I€ POIMINCH PSA
KaHAMJATOB U JOKTOPOB HAYK.

Hayunas u npaktudeckast aesreabHocTh '.JI. ApelisiHa oXBaTbIBa€T MHOTME Ha-
IPaBJICHUS MEKTPOMEXaHUKU U aBTOMAaTUKU. OH SBISETCS NEPBEHLIEM B pa3padoTke
Y TIPOU3BOJICTBE HECKOJIBKUX BUIOB NIEKTPUUECKUX MAIIMH U CUCTEM HX YIPABJICHUS.
TecHo coTpynuuyvas ¢ BenukuM ydeHsM, akagemukom AH CCCP A.I'. MocudssHom,
I'JI. ApeumstH mnpuHHMan y4yacTHE B HAyYHBIX MCCIEJOBAHMSX, HMMEIOIINX
TEOpeTHYecKoe W mpakTudeckoe 3HadeHwe. [.JI. ApemssH - aBTop Ooznee wem 170
Hay4YHBIX paboOT, B TOM dYHWCJIE IBYX MOHOTpaduit m ydeOHoro mocodus ‘“Teopus
ABTOMAaTHYECKOTO YIPaBJICHHUS ’, BIIEPBBIC U3JaHHOTO HA apPMSHCKOM SI3bIKE.

Pamku nHayunsix wuHTepecoB I'.JI. ApelisHa HOCTATOYHO IIMPOKU M Pa3HO-
oOpazHpl. OH pa3paoTan M MPEVIOKWI KPUTEPUU BEPOSITHOCTU U SHTPOIHHU
BEPOSITHOCTHBIX ~ ABTOMAaroB, BUIOM3MEHEHHbIE  MaTpuipbl JlgmyHoBa s
MHOTO(a3HBIX (0ojee 3-X) SIEeKTPUYECKHX MAIlWH, CHCTEMBI AUQQepeHITHATEHBIX
YpaBHEHUH CUHXPOHHBIX U ACHHXPOHHBIX €MKOCTHBIX JIEKTPUYECKUX MAIHH; Pa3BHUI
TCOPHUIO YCTAHOBUBHIUXCA W MNEPCXOJHBIX ITPOIICCCOB OI{HO(ba?;HLIX WHAYKTOPHBIX
MAallliH C MyJbCHPYIONIMM ITOTOKOM; MPEIJIOKUIT KPUTEPUH OOKOBON yCTOMYHBOCTH
JICBUTHPYIOLICTO JIMHEMHOTO CUHXPOHHOI'O ABUTaTC/IA CO CBEPXIIPOBOAAIIINMHU O6MOT'
KaMHi BO30YXKJEHHS, HCCIIEA0Bal MEPEeXOJHbIEC MPOIECChl NMpU HaOpoce u cOpoce
Harpy3Ky Ha CUHXPOHHbBIE F€HEPATOPBI; 3alI0CTYJIMPOBAJl UHTETpall ICUCTBHS U HA €TO
OCHOBE TIOJIyYMJI TEH30pPHbIE M BEKTOpHBbIE AuddepeHnranbHble W HHTErpajlbHbIC
YpaBHCHUA JJICKTPOMArHUTOAMHAMUKU IIPU HAJIUYHN DJICKTPHUUCCKUX W MArHUTHBIX
3apsA70B; OMNPENETHSl BEIUYMHY IIOCTOSHHOM B3aMMOJECHCTBHS 3JIE€KTPOMArHuTO-
JMHAMUKH, BBIPa3HB ee yepe3 (QyHIaMEeHTAbHbIC OCTOSHHBIE (BU3UKH; TPEITIOKHIT
METOJI UHBEPCUHU ITOBEPXHOCTEM.

I'.JI. ApemisiH — 3HaMEHUTHIN yYeHBIH U TpaKAaHUH HE TONBKO B APMEHHH, HO U
3a ee TMpeneidaMu: akajgeMuK HarumonanbHON akagemMun Hayk PA, akagemuk
WNmxeHepHoil akagemMun ApMEHHH, akKageMuK MeXIyHapoJaHOW HWHXEHEPHOMN
akagemun. Heorenum Biman I'.JI. ApenisiHa B pazButun EpeBaHCKOTO MOTUTEXHIYEC-
Koro uHCTUTYTa M HanmonaneHO akanemuu Hayk Apmernd. B 1961-1986 rr. oH Obut
npopexTopoM EplIU mo nayuwnoii padote, a 1986-19911T. - akaneMnkom-cekperapeM
OTACJICHUA @HSHKO'TGXHH‘IGCKHX HayK 1 MCXaHUKHU AKa}IeMI/II/I HayK ApMeHI/II/I.

ITamaTe BBIAAKOIICTOCA JOCATCIA HAYKM W TEXHUKH, YMEJIOro Ii€garora H
BEJIMKOTO YEJIOBEKAa HABEYHO COXPAHMUTCSA B CEPAIAX €ro POAHBIX, KOJUIET ¥ MHOTHX
YYEHUKOB.
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CYPUK XAUNKOBHNY XYJABEP/JISIH
(K robuitero co THSA POXKICHMS)

Ucnomaunocs 65 JeT JOKTOPY
TeXHHYeCKuX Hayk, mpodeccopy Cypuky
XaunkoBuuy XyJaBepAsHy.

Cypuk XauukoBu4d XyJIaBepAsH POIUICS
21 ampens 1952 roma B JxaBaxke (I'pys3us) B
ceMbe IeNaroroB. MecTo pOXIEHHsS OCTaBHIIO
CBOH Cllell Ha BCEX 3Tamax ero CTaHOBJICHHS U
pa3BUTHA Kak JIMYHOCTH: YYEHHK, CTYIEHT,
WHXXEHEp, YYeHbIM, npenogaBaTenb... Hauas

B e ' obOpazoBanne B [IxaBaxke, oH B 1968 romy
okonumn EpeBanckyro cpemHoro mkory Nel04, a B 1973 romy dakynerer
panuo3NeKTpOHUKH EpeBaHCKOTo MOJUTEXHUYECKOTO MHCTUTYTA II0 CHEIHATbHOCTH
“IlomyTIpoBOAHUKOBEIE PHOOPEI”. 3aTeM OBLT HANpaBlieH B MHCTUTYT Pamgmodm3uku
W DIEeKTpOHWKH Axagemun Hayk Apmenunu. B wHCTHTYTE M B CHenuaibHOM
KOHCTPYKTOPCKOM OIOpO OBICTPO TMPOSBUWINCH €r0 WHXECHEPHBIE HAaBBIKM U
opranmzaropckue crnocooHoctu. B 1973-1977 m 1981-1987 romax oH paboTtan
WH)XEHEPOM, CTApIIUM HHXEHEPOM, MJIAJIIINM HAYyYHBIM COTPYJHHKOM, 3aBEILyIOLIIM

CEKTOPOM, 3aTE€M - OTAEIOM. YK€ OyAy4r ONBITHBIM MH)KEHEPOM M HCCIEN0BaTeNeM,
M0 COBETY W TPH MOJIIEPIKKE akaleMHKoB O. Mup3abeksHa u B. ApytionsiHa B 1977
rojy ObUT OTIpaBIICH B LIEJIEBYIO ACTTUPAHTYPY B MOCKOBCKHH HHCTHUTYT DJIEKTPOHHOU
texuuku (MUDIT) (r. 3enenorpam). MUODT B 1o Bpemst ObUl caMbIM MPECTHKHBIM
BY30M CTpaHbI B 00JIaCTH MUKPOAJIEKTPOHUKHU. Tam ObUTH COCPEOTOUEHBI ONBITHBIE U
M3BECTHhIE ydeHble oTpacnud. 3neck C. XynaBepAasH TNPOBOIWI  CEPbE3HbBIE
HCCIleIoBaTeNbCcKUe  padoThl. Pa3paboTaHHblE WM JIETEKTOPHl B BHIUMOU H
PEHTICHOBCKOM OOJIACTSIX CIIEKTpa HMMENH JyYIHe [apaMeTpbl, 4eM 3apyOexKHbIe
agasiorn. OHM HalUIM TpUMEHEHHE B U3BeCTHOM KypuaTOBCKOM HMHCTUTYTE Ha
yctaHoBke TepMosiiepHoro cuaresa TOKAMAK jis ucciieoBanuii pU3UKH IU1a3MBbl.

OkoHYMB ““3eNneHOrpaJCKy0 KOy , OH 3alIUTIII Auccepraiuyio B 1981 rogy u
MONYYHJI YYSHYIO CTEIeHb KanauaaTa pusuko-maremarndeckux Hayk. C 2005 roxa -
JOKTOP TeXHHYECKUX Hayk, ¢ 2007 roxa - mpodeccop.

C 1977r. C.X. XynmaBepasH paboTaeT B EpeBaHCKOM TOIUTEXHHYECKOM
nHCTUTYTe (HBIHE HammoHanmpHBIA TONUTEXHUYECKUH yHuBepcuteT Apmenun). C
1990 roma — momenr, a ¢ 2007 - mpodeccop. B 2006-2015 rr. - 3aBemyromiuii
kadenpori “KoHCTpyMpoBaHHWE M IPOM3BOJICTBO paauoanmaparypbl”, a ¢ 2016r. -
3apenyromuid kKadeapoi “Cucrembl cBs3u” (¢akyyibTeTa PagMOTEXHUKH M CHCTEM

108



cesu. C 2011 roma pykoBoauT 0a30BOM HAay9IHO-HCCIIENOBATENHCKOM J1abopaTtopueit
“DOTO3EKTPOHHBIE YCTPOMCTBA s ONTHYEeCKHX cucreM cBsa3u”’. C. XymaBepasH
BEJIeT aKTWBHYIO paboOTy MO pa3pabdOTKe HOBOTO THIIA CIEKTPOPOTOMETPUIECCKOTO
HOJIYIPOBOAHUKOBOIO (POTOAETEKTOpa U CIEKTpooTOMEeTpa Ha €ro ocHose. B
COTPYZHHYECTBE C EBPOICHCKMMHU 3KCIIEpTaMH OH BHEIpPSET pa3padOTaHHBIE MM
YCTPOMCTBa B IPOU3BOJCTRO.

C. XynaBepasH - HaydHBIH PYKOBOIUTENb ISITH KAaHAWIATCKUX AMCCEPTALNH,
6onee 40 marucrepckux padboT, a TaKKe psga OTECUECTBEHHBIX M MEXIYHapOIHBIX
Hay4YHO-HUCCIEeI0BAaTEeIbCKUX MpoekToB, B ToM umcie ANSEF EN-bioen-1120 wu
ARM2-9025-YE-10, STEP CRDF npemun # 9025, HATO SEG.EAP.ARW 984378,
HATO EAP.SFPP 984403, 5 OromkeTHBIX TeM W UHPPACTPYKTYpHBIX MPOEKTOB. B
2012 romy B ropome EpeBaHe mpum €ro akTHBHOM y4YacTHH ObLIa OpraHW30BaHa
MexayHapoHas kKoHpepermus mo nporpaMmme HATO Bo nms mupa u 6€301acHOCTH.

[Ipodeccop XynaBepasia - aBTOp 00J€e CTa HAYYHBIX CTATEH B HAIMOHAIBHBIX U
MEXIYHApOIHBIX JKypHajlaX, 7 aBTOPCKHUX CBHIETEIbCTB. Ha MexmyHapoIHbIX
KOH(epeHIusIX BeicTynan Ooinee yeM ¢ 30-Tblo TOKIaaaMu. SBIsSETCs cOpeaakTOpoM
kuuru “Advanced Sensors for Safety and Security, DOI 10.1007/978-94-007-7003-4,
Springer 2013” u aBTOpOM JBYX TIJIaB B HEH.

C. XynaBepasiH aKTUBHO 3aHHMAETCsI TAKXKe OOIIECTBEHHOH AedaTenbHoCThI0. OH
3aMecTHTeNb npercenarens Crenuaai3upoBaHHOTO COBETa M0 3allIUTe JAUCCEPTAUH
W WIeH peJaKIMOHHON komernu xypHaia “Becthuk HITVA. WuadopmanuoHHsie
TEXHOJIOTHH, DJIEKTPOHMKA, paJMOTEXHWKA”. SIBisieTcss mpejcenareineM CeKIUH
exeroHou koHpepeniuu HITYA.

3a Oonbiue 3aciayru npodeccop C.X. XymaBepasH ObUT HarpakieH 30JI0TOH
menansio HITYA. B 2013 roay ynocroen npemun [Ipesunenta ApMenuu B o0actu
“UmxkeHepHple W HHPOPMALMOHHBIE TexHonoruu”, B 2014 rTomy ymocToeH
Omaromapuoctu mnpembep-muHECTpa Apmenmu. C 2013 roma ero HEW3MEHHO
BKITIO4atoT B crcok 100 a¢ddexTHBHBIX yueHbIX pecnyOnuku. Mmeer ceptudukaTs
HITYA. Tlomyuunn 1Ba nepBbIX NpU3a 3a Jy4llre YaeOHbIe MOCOOUs, TPETH MMpU3 - 3a
Ty4IIyI0 HAYIHYIO paboTy roja.

Ceronnst Cypuk XauukoBnd XynaBepJsiH TPYAUTCS HaJ CO3JaHHUEM IONYIpO-
BOJIHUKOBOTO AaHAaJM3aTopa CIIEKTPa 3JIEKTPOMArHUTHOTO H3IYYEHUs, B KOTOPOM
UCIIOJIG3YEeTCST HOBBIM  NPUHIWI  JUIS  TOJYYEHHUs] CHEKTpa HHTEHCUBHOCTH
UHQOPMATHBHOTO JIEKTPOMArHUTHOTO U3Ty4YeHHUs. DTa HOBU3HA ObLIa MOJITBEPK ICHA
3apyOeKHBIMH SKCIIEPTaMHU.

Jnst nanpHeime akTHBHOM JESTeNbHOCTH Y HEro €CTh BCe OCHOBAHHMS, 3HAHUS,
BOJISI, SHEPTI WS, CHJIA, CIIOCOOHOCTH ...

[oxxenaem Hamemy Koulere AajbHEHIINX TBOPYECKHUX YCIIEXOB.
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B konue 2016 roga B uznarensctBe “Hayka” (T.
Mocksa) Obuta onmyOJIMKOBaHA MOHOTpadus JOKTOpa
¢busznKo-MaTeMaTHYECKUX Hayk, mnpodeccopa B.P.
Bapcersina “YmnpapieHue COCTaBHBIX JUHAMUYECKUX
CHUCTEM U CHUCTEM C MHOTOTOYEYHBIMH YCIOBUSAMHU .

Monorpadus mnocpsiieHa mnpodieMaMm yIpalie-
HUS ¥ HAONIOJIEHUS COCTaBHBIX JIMHEHHBIX TUHAMHU-
YECKUX CHUCTEM M CUCTEM C MHOTOTOYCYHBIMU IPOMeE-
JKYTOYHBIMH  YCJIOBHSIMH, KOTOpPBIE €CTECTBEHHBIM
00pa3oM  BO3HHUKAIOT TMpPU  MOACITUPOBAHUU U
UCCJIEIOBAaHUHM MHOTUX YIPABISEMBIX JUHAMUYECKUX
npoiieccoB. Borpocsl MoenupoBanus, yrpaBieHUus U
HAOJIIOJICHUST COCTABHBIX TUHAMUYCCKUX CHCTEM U CUCTEM C MHOTOTOYCYHBIMU

B.P. BAPCET'SIH

YNPABJIEHUE
COCTABHDbIX
ANHAMUYECKUX

CUCTEM

MIPOMEXKYTOUHBIMU YCIIOBUSMH SBIISIFOTCS aKTHUBHO Pa3BUBAEMbIM HaIpaBlie-
HUEM B COBPEMEHHOI TEOpUU YIpaBlIeHUs U HAOIIOCHUSI.

ABTOpOM 0c000O€ BHHUMAaHHE YJEJICHO HEOOXOJUMBIM M JIOCTATOUYHBIM
YCJIOBHUSIM TIOJTHOM YIPaBIsSEMOCTH U HAOJIIOAAEMOCTH COCTaBHBIX JIMHEWHBIX
cucreM. JIns COCTaBHOW JIMHEWHOW CTallMOHAPHOW CHUCTEMBI ITOJYYEHHBIE
KpUTEpPUU TIONHOW YMPaBIsEMOCTH W TIOJHOM HaOJIOIaeMOCTH BBIPAXKEHBI
HEMOCPEJICTBEHHO YE€PE3 MCXOHBIE NTapaMeTpbl cuctemsl. 110 3aBepiieHHOCTH
3TU KPUTEPUU CPABHUMBI C U3BECTHBIMU KpuTepusmu Kanmana. [Tokazano, 4to
MOJIyYCHHBIE YCJIOBHUS IO3BOJSIOT BBIIBUTh KAaYECTBEHHBIE BO3MOKHOCTH
COCTAaBHBIX CHCTEM. A HMEHHO, BCIICACTBHE HCIOIb30BAaHUS IIOJE3HBIX
CBOWCTB Ka)XJIOM M3 MOJICUCTEM MOKHO MOJYYHUTh HOBBIE CBOMCTBA COCTABHBIX
CHUCTEM, KOTOpBbIE HE€ NPHUCYIIM HU OJHOW W3 3TUX mnoacucrem. [lomydeHo
TAK)KE€ YCIOBUE YIPABIISIEMOCTH COCTABHOM JIMHEMHON CTallMOHAPHOW CUCTEMBI
B 3aJa4e C IOJABMKHBIMHU KOHIIAMH. J[JIS MOA3TamHO MEHSIOMICHCS JIMHEHHOM
CTallHOHAPHOM CHUCTEMBI PACCMOTPEHA COMNPSDKEHHAs CHUCTeMa W TOKa3aH
MPUHILMIT JBOWCTBEHHOCTH (AyanbHOCTH) KanmmaHna, CBSI3BIBAIOIIMNA TMOHSTHS
yIpaBIsieMOCTH W HaOmonaeMocTd. Ha mpuMepax KOHKPETHBIX COCTaBHBIX
CUCTEM WJUIFOCTPUPOBAHBl YCIIOBUS IIOJHOM YIPABISEMOCTH U IIOJHOM
HaOmogaeMocTH. [lokazaHo Takke, 4TO HEBBIPOKIACHHOE MPEeoOpa3oBHUE HE
BJIUSIET Ha CBOWCTBO TOJHOM YIPaBIIEMOCTH M TOJHOW HaOII0/1aeMOCTH
COCTaBHOMH (M MOATAIMHO MEHSIOUICHCS) TUHEHHON CTAIlMOHAPHON CHUCTEMBI, U
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JUISL TIOJIHOCTBIO YIIPABJISIEMOM COCTABHOW JIMHEWHOW CTAlMOHAPHOW CUCTEMBI
BBIUHMCIIEHA MAaTpHIla HEBBIPOXKJIEHHOTO IpeoOpa3oBaHUs, 0OeCleYMBaIOIAs
nepexoj OT OHOTro 6a3uca K ApPyromy.

B Monorpadgum pa3paboTaHbl KOHCTPYKTHBHBIC METOJbI PEIICHHS 3a/1ad
YIIPABJICHUS] COCTABHBIMU JIMHEHHBIMM JUHAMUYECKMMH CHUCTEMAMHU U CHUCTE-
MaMH C HEpPa3JIeJICHHBIMU MHOTOTOYEYHBIMU IIPOMEKYTOUYHBIMHU YCIOBUSMU, A
TaKXe IPeIoKEeHbl CIIOCOObl PELIeHHs 3aJad ONTHMAJIBHOIO YIPAaBJICHHUS.
KOHCTpYKTHBHOCTD 3THUX METOJOB MPOMJUIIOCTPUPOBAHA HA PEIICHMAX 3a1ad
YIPABJICHUS  JBW)KCHUEM, ONTHMAJIBHOIO  YIPABJICHUS  KOHKPETHBIMU
COCTAaBHBIMHM CUCTEMAMM M CUCTEMAMH C MHOTOTOYEUHBIMH IIPOMEKYTOUHBIMH
YCIIOBUSIMH.

HccnenoBanbpl  3aauM  yIpaBiI€HUs  JIMHEWHBIMH  JTMHAMHYECKUMH
CHUCTEMaMHU M IO3TAIHO MEHSIOIMMUCS JTUHEHHBIMU TMHAMUYECKUMU CHCTE-
MaMH C HEpa3JeJIeHHBIMU MHOTOTOYEYHBIMHU ITPOMEXYTOUYHBIMH YCIOBUSAMH, a
TaKKe 3aJa4d C OIPAaHUYCHMSIMM Ha 3HA4YCHMsI Pa3HbIX 4YacTel KOOpAMHAT
($a30BOro BEKTOpa B IPOMEXKYTOUHBIE MOMEHTHI BPEMEHH U ONTUMAJIBHOIO
YIIPABJICHUS C KPUTEPUEM KAUECTBA, 3aJaHHBIM HA BECh IIPOMEKYTOK BPEMEHU.
[TpensioskeHsl METOABI pelIeHUs 33/1a4 YIpPaBICHUS U CIOCO0 pelIeHus 3aaay
ontumanbHOro ympasieHus. CopMynHpoBaHbl YCIOBHUS CYLIECTBOBAHUS
[IPOTPAaMMHOTO ~ yNPABJICHUS MW JABWXKEHUA. [lOCTpOeHBl SBHBIE BHJIBI
YIPABJLSIIOIMX BO3JCUCTBUM, PEIIAOIIMX 3a7a4d yIpaBlieHHWs. B kayecTBe
IPUWIOKEHUS U3JIOKCHHBIX METONOB DEIICHbl 3aJa4yd YIOpaBICHUA U
ONTUMAJIBHOIO YIPAaBICHUS KOHKPETHBIMU IUHAMUYECKUMH CHCTEMAMH C
pa3HbIMM BHAAaMU (Pa30BbIX OrpPaHUYEHUN B TPOMENKYTOUHBIE MOMEHTBI
BPEMEHU.

Mouorpadus mnpegHasHaueHa Uil IIHPOKOTO Kpyra CHELHaIUCTOB
INPUKIAJHOM MAaTeMaTHMKH M TEOPETHYECKOW MEXaHUKH, 3aHUMAaroLIUXCs
TEOpHel yIpaBlieHUs U HaOJIIOAEHUs, MaTEeMAaTUYECKHMM MOJEIMPOBAHUEM,
CHUCTEMHBIM AHAIM30M W MX NPWIOKEHUSAMHU, a TakKKe I ACIHUPAHTOB M
CTYJICHTOB BY30B, CIELIMATU3UPYIOIIUXCS B 3TUX 00JIACTSX.
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10.

11.

12.

13.

14.

<GhLUuYLENh 3Nh3UY

Wywqgjuu Updwu Upwih

Wywgqjwu Uwpunht Snjwyh

Udbwhujwu Updhub Sunpgh

Udbwnhujwt Ywhwu <kuphfuh

Udojwt “wpwwbwn Ennuwpnh

Pwnwywu Ptuhwdhu dbhpup

Pwnnwuwpjwu <nyhYy Ywpnwup

Sndgjut <ndhwutbu UJwgh

Snhgnpjut Updwtu <pwtwnhp

Bunpjwtu Snipgbiu “Ywnituh

Fuwgwwnpjwu Lhihe fuwghyp

funiwytipnywt Gwpe Uniphlyp

tuniuytipnywis Uniphy tuwighyp

Yhpwynujwu Lunt Swuwwph
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Yujwquu Fwdwpw Uhhpwuh
Cwjywqyuu Uwunty Ennuwpnh
<nyhwuthujwu Bwdwpw Fnwwup

Anyywt Upbpn Swpbghup

Uwpwuhpnujwu Uunpwuhly Updbuh

Uwnpghuhwy Uwnphwt

Mbwnpnujwu O(tig <wpnigyntup

Uhdnujwu Uwpghu <ndhwutbiuh

Ywpnwtywu Upwd <wdpwpénuh

Ywpnwywu Updwu Upwdh
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ABmxsH KapaneT DmyaproBud

ABetucsH ApmuHe ['eBoprossa

AsetucsH Baan ['enpuxosuy

AiiBa3sH ApmaH ApaeBud

AtiBazsiH Maptun LonakoBuu

Alika3siH Manyk DyapaoBuy

banansu bennamun dennkcoBuu

barnacapsn OBuk Bapnanosuu

Bappansa Apam AMO6apIryMoBHY

Bappansa Apman ApamoBu4

T'omisa OBaHec ABakOBHUY

I'puropsin Apman I'panToBuy

I'ynanr Ans6ept 'apernHoBrd
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KPaTKO MPEJCTAaBICHbl COCTOSIHUE BOIPOCA, AKTYyaJbHOCTh TEMbl M ILENIb HCCIEAOBAHMS; MOCTAHOBKA 3aJa4yd U
000CHOBaHNE METOJMKH; PEe3y/IbTaThl HCCIICIOBAHUS; 3aK/IOUCHHE (ITH, a NPH HEOOXOAMMOCTH, M JPyrue paseisl
JIOJDKHBI IMETh COOTBETCTBYIOILHME 3arOJIOBKH).

5. CchUIKH Ha JIUTEPATypy B TEKCTE JAIOTCS B KBaJPATHBIX CKOOKax. POpMyIIbl 1 MATEMATHUECKHUE BBIPAXKECHHUS
Habupatorcss pemakropom Microsoft Equation, italic, pasmep — 11. ®opmyibsl HaOUpAKOTCS C HOBOW CTPOKH,
BBIPAaBHHBAHUE MO LEHTpY. [Ipi HEOOXOAUMOCTH, HX HyMepyroT. Homep (opMysisl pacronaraercsi B KOHIE CTPOKH, B
KpYTJIBIX CKOOKaX.

6. PrucyHky 1 TabIMIBI PacHoIaraloTCs B TEKCTE MO XOMY CChUIKM Ha HuX. CnoBa «Puc.», «Tabauyay, a TaxKke
Ha3BaHHs PHUCYHKOB U Tabuui muurytes italic, pasmep 9 — Ha apm.si3., 10 — Ha pyc. U aHIIL 513.

7.B KOHIE CTaTbM JaeTcs CIUCOK JUTEpaTyphl: pasmep 9 — Ha apm.si3., 10 — Ha pyc. u anri. s3. CinoBo
«JIuTepaTtypa» pacrojaraercsi B LEHTPEe CTPOKM CTpouHbiMH OykBamu, Bold.  IlutupoBanHas nmTeparypa
HYMEpYyeTCsl B IMOPSIKE CCBUIKM Ha Hee B TeKCTe. KaKIplii MCTOYHHK TPECTABISIETCS B CICAYIOLIEM MOpsIKe: B
Ccllydae CCHUIKM Ha CTaThio M3 JKypHana: (amuiusi, unnuuaiasl M.0. - Bold, HasBanue craThu, Ha3BaHMe XKypHaia,
MECTO M3/IaHHs, TOJ U3[aHNUs, TOM 1 HOMEp M3/aHus, C KaKOW 10 KaKyI0 CTPaHHI[bl 3aHUMAET CTaThsi B 9TOM JKypHAJIE;
B Cllydae CCBUIKM Ha KHHUTY: (pammust, nHuuuaiasl U.0., Ha3BaHHE KHUTH, MECTO W3/@HKs, Ha3BaHUE M3/aTelbCTBA,
TOJ] U3JaHus, 00lIiee KOJINYECTBO CTPAHHIL.

8.Ilocie mUTEpaTyphl MPEACTABISIIOTCS aHHOTAIMH BMECTE C KIIOYEBBIMU CIIOBAMU Ha JABYX IPYTHX S3bIKaX.
Ecnm crates HamcaHa Ha apMSHCKOM s3bIKe, TO CHadajia JaeTcsl aHHOTaIMs Ha PYCCKOM s3bIKe, 3aTeM Ha
QHIJIMHCKOM; €CIIM HaNMCaHa Ha PYCCKOM SI3BIKE — COOTBETCTBEHHO Ha apMSHCKOM M aHIJIMIICKOM, a €ClIH Ha
QHIJIMHCKOM — COOTBETCTBEHHO Ha apMSHCKOM U pycckoM si3bikax. CoepikaHuMe aHHOTAIMI M KIIOYEBBIC CIIOBA
JIOJDKHBI OBITh Ha TPEX SI3bIKaX O/IMHAKOBBIMH.

9. CraThsl TOJMUCHIBAETCS aBTOPOM (aBTOpamiu). B KOHIle CTAThH CTaBHUTCS jara (YHCIO, MECSI, TOM)
npeacTaBiaeHus craTbi. OTpeNakTUPOBAHHBIH M OTKOPPEKTUPOBAHHBI BapHAaHT DYKONHCH COTJIACOBBIBACTCS C
aBTOPOM (aBTOpPaMH).

10. Ha ornensHOIl cTpaHMIe HEOOXOAMMO MPEACTaBHTH CIEAYIOLIME aBTOPCKHE AAHHBIC: (DaMUIMs, MM,
OTYECTBO; TTOJTHOE HAUMEHOBAHHE MecTa paboThl, MecTa y4eObl; 3aHHMaeMasi JOJDKHOCTb, yUeHasi CTEIICHb U 3BaHME;
HOMepa TesteOHOB (CITy»KeOHBIH, JoMalIHNi, MOOIIBHBIN), a/{peC HIEKTPOHHOIM TOYTHL.

119


mailto:banber_iter@seua.am

RULES FOR PREPARATION OF MANUSCRIPTS

Proceedings of National Polytechnic University of Armenia is a peer-reviewed journal which pub-
lishes 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 Univer-
sity, letters addressed to the editorial board.

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

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 12 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 cm, 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. On the top left cornerof the first page, the Universal Decimal Classifier is placed (¢ 5,U¥ K,
UDC). The title of the article in capital letters, bold, font size 10 for texts in Armenian, and 11 — for Rus-
sian 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
200-250 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 number of keywords or
word combinations - 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 intro-
duced 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 “Refer-
ences” should be placed in the centre of the line in small letters bold. 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, bold, title, year, numbers of the
volume and issue, page numbers, and for books — the author's name, initials, 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 Armeni-
an, 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 con-
tent 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), patro-
nymic(s); the full name(s) of employment place, educational institution; the position occupied scientific
degree, telephone numbers (office, home, mobile), e-mail address.
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