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YK 539.3 MAIIIMHOCTPOEHHUE

M.B. BEJIYBEKSH, M.I'. CAPT'CSIH

MN3I'iBHBIE KOJIEBAHUSA ITPAMOYI'OJIBHBIX
NBbE30RJIEKTPUYECKHUX IJIACTUH BUMOP®HOM
KOHCTPYKIIMHU B IEPEMEHHOM IHOIIEPEYHOM
IJIEKTPUYECKOM II0JIE

PaccmarpuBaroTcs 3aauu B3aMMOAEUCTBUSI AEKTPUUECKOTO OIS ¢ IPSAMOYTOJIBHOM
MTBE303JICKTPUYECKON TUIACTHHON OMMOP(HON KOHCTPYKIIMH, KOTOPAs IIUPOKO IPAMEHSCTCS B
COBPEMEHHBIX MEXaHM3MaxX BHOpOIEpPEMEICHNI B KauyecTBE aKTIOATOPOB, PAabOTAIOIINX B
pexuMe M3rnOHBIX KojiebaHuil. Ha ocHOBe pelieHus ypaBHEHUs KOJeOaHUS IUIACTHUHBI U
BBIOPaHHOTO TAPMOHUYECKOTO BO30YKIAEMOT0O JICKTPUUECKOTO IOJISI ¢ YUE€TOM TPAaHUYHBIX
yCIIOBUil 3aKperuieHus: OMMOp(hHON TUIACTHHBI PELIAIOTCS TP 3a7ayd, B KOTOPBIX OIpesie-
JICHbl PE30HAHCHBIE YacTOThI KoJieOaHUH. YKa3aHHBIE 3a/laud MOTYT MMETh MPAKTHYECKOE
NpUMEHEHHE TIPH pa3padoTKe, KOHCTPYUPOBAHUH U YIPABJICHUH OMMOP(GHBIMH ITbE30aKTIOA-
TOpaMHu B MEXaHW3MaX BHOPONEPEMELICHUH U UIs 3MYJIbraluy KHUJKOCTEH.

Knrwouegvle cnosa: mbe30aKTIOATOPHI, U3TMOHBIE KOJICOAHIS, AIEKTPOYIIPYTOCTh, BHO-
ponepeMerieHus, OMMop¢Hast KOHCTPYKIHS, PE30HAHCHBIC YaCTOTHI.

Beenenue. B coBpeMEHHBIX MEXaHH3MaX MHKPOIIEPEMEIICHUN B KauecTBE
npuBoza 3(h(HEeKTUBHO HCTIONB3YIOTCA IMBE303JIEKTPUIECKHE MPUBOJIBI (AKTIOATOPHI),
YTO MO3BOJISET 3HAUUTEIBHO YMEHBIIUTH pa3Mephl CO37aBacMbIX YCTpoicTB. B ka-
YEeCTBE UCIIOIHUTEIbHBIX 3JIEMEHTOB (AKTI0ATOPOB) IUPOKO IMPUMEHSIOTCS IIbE30-
MaTepuabl, BHIIOJHEHHBIE B BUAE CTEP)KHEH, TUCKOB, MPSMOYTONbHBIX IACTHH,
paloTaromye noj BO3ACHCTBUEM IEKTPUUECKOrO MOJIsl HA PAaCTSKCHUE-CKAaTUe, U3-
ru0, casur. IlpenMyiiecTBa nbe303J€MEHTOB NEPe]] N3BECTHBIMUA MEXAHUYECKUMHU
CUCTEMaMH{ OYEBUAHBIL:

e Mainble rabapuThl;

® CII0COOHOCTH 00ECTIEYNTh MUKPOTIEPEMEILICHHS;

® BBICOKAs! TOUHOCTH [TO3ULIMOHUPOBAHNUS;

® OBICTPOJCHCTBHE;

e pa0oTa B CTATHYECKOM U AUHAMHYECKOM PEKUMAX;

® CTaOMIIBHOCTH Pa0OTHI MPH MOBBIIEHHBIX TEMIIEpaTypax;

® BBICOKAs IPOYHOCTb.

HUccnenoBanue koneGaHuii Mbe303JEKTPUICCKUX IUIACTHUH MO, BO3ICHCTBHEM
IIOCTOSIHHOTO ¥ IEPEMEHHOTO 3JIEKTPUYECKOT0 IOJIsl aKTYAIbHO C TOUKH 3PEHHS UX

MOCTIEAYIONIETO IPUMEHEHHS U1l SMYJIbralyu XuakocTu. B pabotax [1-3] uccre-
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JIOBaHBI HAIPSHKEHHO-/IC(OPMUPOBAHHBIC COCTOSIHUS TIPSMOYTOJILHBIX MhE30ILIACTHH
ouMop(dHON KOHCTPYKIIUH, pACCMOTPEHBI 3aa9d TUTAHAPHBIX ¥ M3THOHBIX Aedop-
Malui, onpe/eNieHa CBsA3b YIPYTHX MEPEMEIICHUH C HANPSIKCHUEM MOTCPEYHOTO
aneKkTpudeckoro mnois. B paborte [4] uccnemyroTcst U3ruOHBIE KOJIeOaHUS IHbE30-
IJJACTUH HEKaHOHHYECKOH (hOpMEI, a B [5] — KoJiebaHus NPSIMOYTOJIbHBIX TIACTHH
€O CBOOOZHBIMH KpasMHU.

ITocTanoBKa 33124 M METOABI UCCJIETOBAHUS

1. PaccmatpuBaercst ympyrasi IpsMOyTOJIbHAs IUIACTHHA, COCTABIICHHAS W3
JIBYX IMbE303JIEKTPHUECKUX TOHKUX TUIACTHH, CKPEIUICHHBIX 10 JIMIIEBBIM TOBEPX-
HoCTM (OuMopdHast koHCTpyKIwmst) (puc.1).

Z A

SIS o

th++++++++++++++
0|5 5s=
he vt v+ +++++++++

Us(t)

?
$

Puc. 1. Ilvez0onexmpuueckas niacmuna OUMOp@HOU KOHCIMPYKYUU CO 6CMPEYHOU
nonspusayueu

B nexapToBoii cucTemMe KOOpIWHAT IIaCTHHA 3aHuMaeT obnactu: 0 < x < a,
0<y<bh —-h<z<+h

Marepuai ci10€B - IbE303JIEKTPUKH, MOISIPU30BAHHBIC TIO TOJLIUHE, T.€. MO
KOOpPAMHATE Z, U UMEIOIME BCTPEUHYIO NOIAPU3ALUIO, YTO MMO3BOJIAET MOJIy4aTh B
iacTuHe u3ruoHbie nedopmaiuu (puc. 1).

IInacTuHa HAXOAUTCS B HOMEPEUHOM AIEKTPUUECKOM IOJIE:

<z<
Uz={ Up(t) mpu 0 <z < h, 0

—Ug(t) mpu —h <z <0.

OTHOCHTENTFHO TUIACTHH B IIENIOM MpHHUMaeTcs runote3a Kupxroda. B pa-
Oore [1] mpuBeneHB YpaBHCHWS IIAHAPHBIX M3TUOHBIX KosieOaHui. Jlims ciydas
M3TUOHBIX KOJICOAHMI BBIPAXKCHUS MOMEHTOB M YCHIINH UMEIOT BUJT

Mx=—D(zZ+u f)+Me,
My =D (3L +u3L)+m,, @)
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92 = as
S=-DA-W5t; § =0t
—p2ar0,=-n2a
Qx_ ax f’ Qy_ ay f’
rae

2ER3

C
= 3a-2)° M, = ah®Uy(t); a = ie% — €31. 3)

3neck E,E'- Momynu ympyroctu ImbesoMarepuana; i, i’ - ko3 UIHEHTHI
Ilyaccona; e3q, €33 — MbE303JEKTPUUECKUE TIOCTOSHHBIE; (13, (33 — MbE30yNpyrue
KOHCTaHTBI; p — MJIOTHOCTb IIb€30MaTepHaa.

C yuerom (2) ypaBHeHHE H3TUOHBIX KOIEOaHUI TPUHUMAET BHU]L

2
DAZf + 2ph 3L 4 Qe 4 OMe

et o v, =0 )

2. PaccmaTpuBaroTcsi M3ruOHBIC KOJIeOaHHUs MMOBEPXHOCTH, T.€. KOJCOaHMS,
HE 3aBHCAIINE OT KOOPAUHATHI Y, YTO MPHUBOMT K PEIICHUIO ypaBHEHNU (4):

o4f %f
Dm+2pha—f2—0 (5)

MIPH Pa3IMYHBIX BApHAHTAX TPAHUIHBIX YCIOBUH 3aKPETICHNS TPUBOIOB.
3aKOH M3MEHEHUS HANPSHKEHHOCTH JJIEKTPHUYECKOTO IOl MPUHUMAETCS B
BHJIC

Uy(t) = Asin(wt). (6)
Pemenne ypaBHeHns (4) peaiaracM B BUJIC

f = g(x) sin(wt). (7

[Mocne moacranoeku (7) B (5) nonyyaem quddepeHIualbHOe ypaBHEHUE
2gh
9" —n*g =0,rpe n* =202 (8)
OO01ee penieHue ypaBHeHus (8) uMeeT BUJ
g(x) = A;sin(nx) + A, cos(nx) + Assh(nx) + Aych(nx), 9

rae A,, A,, Az, A, onipenenaoTcsa U3 TpaHUYHBIX YCIOBUN KOHKPETHBIX 3a/ad, pe-

Ia€MbIX HMXKCE.
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Pe3yabTaThl HCCJIEI0BAHUS
3amaua 1. M3ruOHbIe KoneOaHUs KOHCOJIEHOTO Mbe30npuBoa (puc. 2).

A 4

NENCNENN
>

. a )
L <

Puc. 2. EMMOp(])H(L‘l nbe303IeKmpuldecKas niacmulad ¢ H#CecmKko 3aueMIeHHbIM J1€6bIM Kpaem
I'paHUYHBIEC YCIOBHS UMEIOT CIICTYFOIIMIA BUI;
pu
of
x=0: =0, Pl 0; (10)
npu x=a: M,, = 0,60 = 0, rae ¢ yuerom (2) moryaum

o%f %f
Dﬁ+Me=0; = 0. (11)

ax3
C yuaerom ycnoswii (10) u (11) pemenue (9) npuHUMaeT BUJ
9(x) = A;(sin(nx) — sh(nx)) + Az(cos(nx) — ch(nx)), (12)
r7ie TOCTOsIHHbIE A U A, paBHBI

ah? sin(na)-sh(na) ah? cos(na)+ch(na)

Al = 2 : A,Az = - A. (13)
2Dn4 14+cos(na)-ch(na) 2Dn? 1+cos(na)-ch(na)

OKoHYaTeIIbHOE BEIpaKEHHE Z(X) UMEET BH/T

900 = ot [(sin(1a) — sh(n@)) (sin(x) — sh(rx)) +

+(cos(na) + +ch(na)) - (cos(nx) — ch(nx))]. (14)

VYcnoBue paBeHCTBA HYJIIO 3HaMEHATeNsl BeIpakeHus (14) mo3BosisteT ompe-

JICITUTh PE30HAHCHYIO YaCTOTY KOJICOAHMIA:
cos(na)-ch(na)+1=0. (15)
Haunmenpmmii kopeHsb ypaBHeHU (15) umeeT 3HadcHUE

a =~ 1,875. 16
Mn
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HJ’IH OImpeacJICHNA MOCICAYIOIINX KOpHeﬁ AOCTATOYHO XOpoMIce l'lpI/I6J'II/I)Ke-

HUEC NACT BBIPAXKCHUEC BHU A
2n-1) _
nnaz( nz )n, raen = 2. a7

C yuerom Beipaxkenuii (8) u (16) MUHUMaIbHAS pe30HAHCHAS YacTOTa PaBHA

’12,35D
wq = 2ph-a* . (18)

3amaua 2. M3rubHBIe KoneOaHWs OMMOpP(HOTO MBE30NPHUBOMAA, IIAPHHUPHO

l Us(t)

3aKpEIICHHOTO 110 KOHIaM (puc. 3).

I
Puc. 3. Bumopghnas nvezosnekmpuyeckas RAACMURA ¢ WUaApHUPHbIM 3aKpenienuem no

J1e80MY U NPABOMY KPAAM

rpaHI/I‘IHBIe YyCJI0BUA IJId IIJIAaCTUHKH CIMHUIHON IMUPUHBI UMCIOT CIIEAYIO-

LI BU:
npu
(19)

2
x=0: =0, D 2L + M,=0;

npu
- o%f -
x=a: =0, D Ix? + M,=0. (20)

W3 ycmosus (19) ¢ yaerom (9) cnenyet
2
<" A Q1)

Ay =—A4 = 2D7n?

N3 ycnosus (20) ¢ yaerom (9) cnenyer
1—cos(na)) A (22)

_ ah? (ch(na)-1\ ,. __ ah?
( )A' Ay = 2D172( sin(na)

37 2Dn2 \ sh(na)
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OKoHYATEIbHOE YpaBHCHUC HpOFI/I6OB IJIACTUHBI TPUHUMACT BU

__ ah? [1-cos(na) . ch(na)-1 _ ,
f= 2o <—Sin(na) sin(nx) + cos(x) +—Sh(na) sh(nx) ch(nx)) Asin(wt). (23)

VYcnoBueM pe3oHaHca OyzaeT

sh(na) = 0, (24)
404 4.4
T.e.na = wn,rae n* = %; w? = 27;:(14 . (25)

3amayga 3. M3rubHeie konebanmst OMMOp(HOTO THE30MPHUBO/IA, KECTKO 3aKper-
JICHHOTO JIeBbIM KpaeM (x=0) M IIapHUPHO 3aKPEIUICHHOTO MPaBbIM KpaeMm (X=a)

(puc. 4).
I'pannyHbIE yCIOBUS UMEIOT CIECAYIOMIMNI BU;

npu
x=0: /=0, 0 = g—i =0; (26)
npu
%f
x=0: /~0,M, =D Iz + M, =0. (27)
ZA
Us(t)
/
/ l
y
7 X
A
» A « |

Puc. 4. EMMOP¢HCI}Z Nbe3031IEKMpudeCcKas niacmuna JXCeCcmiKo 3aujemiena 1e6obliM Kpaem u
WAPHUPHO 3aKpeNnieHa npaguim Kpaem

W3 ycnoBus (26) u ypaBaenus (9) cnenyet
Ay = —Ay, Ay = —As. (28)

U3 ycnoBus (27) u ypaBHeHus (9) noiydaeM BhIpayKeHUS! KOIPPUIIEHTOB A
)5 AZ:

. a_h3 cos(na)-ch(na)

A1 o Dn? A 2(sin(na)cos(na)-sin(na)ch(na))’ (29)
_ a_h3 sin(na)—sh(na)

AZ o Dpn? " 2(sin(na)ch(na)-sin(na)sh(na))’ (30)
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YcioBue paBeHCTBa HYJIIO 3HAMEHATENCH BhIpakeHui oo (29), mubo (30)
MO3BOJISIET OMPE/ICIIUTh PE30HAHCHYIO YaCTOTY KOJIeOaHuUI:

tg(na) = th(na). (31)
Pemenne ypaBuenus (31 ) mo3BOIISET OMPENEIUT, MUHAMAIBHYIO YacTOTY:

na = 0,245, (32)

__ [0,0036D
Wmin = 2pha* . (33)

3akaouenue. PemreHbl Tpu 3amaunM M3THOHBIX KOJIEOAHUN MPSIMOYTONBHON
MBE303JICKTPUIECKOI MIaCTUHBI OMMOPGHON KOHCTPYKIIMK TPU BO3IEHCTBUU TIO-
MEPEYHOI0 ANEKTPUIECKOTO ToJIsl. B 3a/1auax MoIydYeHbl BRIPAXKCHUS PE30HAHCHBIX
49acToT, ONpE€ACICHbI UX MUHUMAJILHBIC 3HAYCHUA. PeSy.HI)TaTLI MOTyT OBITH UCIIOJIB-
30BaHbI MPU MPOCKTHPOBAHUH BHOPOMEXAHU3MOB U PA3IMYHBIX YCTPOHCTB, UCIOJb-
3YEMBIX JJISl SMYJIbralli KUAKOCTEH.
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U.4. FELNRAEYUSUL, U.Q. UULAUSUL

NP1 ULUSNPLUQGY MhGANELEUSMUYUL FPUNCD YUNRSIUOLNY,
CUrgULErP ONUTL SUSULNRULENC LUSLUYUL NPNUYUYL ELEUSMUYUL
eteNinige)

Thunwplyl B hnthnowui fEjunpuubt quonh b nignquilynit phunpd junnig-
Yusépny] whtqnkjEyuphjujwi vwh hojowqpgmpyut pughptbpp, npnbp juyinpba og-
nwgnpdynid ki sndwlt nwwnwinudubpny gnpénn dudwiwlwlhg wljnniwnmnpubpnud:
unghputph hwjuwuwpnudubph, tqpuyhtt wuwydwitbph b Eynpuljwt quonh hwpdnhly
nwnwinidutph niyph hwdwp vnugdws pusnidutph hhdwt ypw npnoyk) Eu nkqnuwi-
uwyhtt hwdwunipnibubpp: Loqus juughptbpp jupnn G gnpstwljuwinud Jhpundt) npybu
whbgqnulijuniunnpitp nunuwinnujut nbnuthnmpmniiitp junwpnn dkuouithqiubpood
htnnijh bunyqughugh hwdwp:

Unwbigpughli punkp. whiqnuljuniwnnpubp, sndwb nwnwinudubp, LEjnpulju
wnwdquljuinipnil, nunwinquubtnuhnjnipniuutp, phunpd junnigusp, nhqnuwi-
uwyhtt hwdwhwwunipniuubp:

M.V. BELUBEKYAN, M.G. SARGSYAN

BENDING VIBRATIONS OF RECTANGULAR PIEZOELECTRIC DRIVES OF A
BIMORPH STRUCTURE IN AN ALTERNATING TRANSVERSE ELECTRIC
FIELD

The problem of interaction of an electric field with a rectangular plate of a bimorph
structure widly used in modern vibration displacement mechanisms as actuators in bending
vibration modes are considered. Based on the solution of the basic equation of the plate
vibration and the selected harmonic excited electric field, taking into account the boundary
conditions for fixing the bimorph plate, three problems are solved in which, the resonance
vibration frequencies are determined. The mentioned tasks can have a practical application
in the development, design and control of piezoelectric drives (piezoactuators) in vibration
displacement mechanisms and for the liquid emulgation.

Keywords: piezoactuators, bending vibration, electro-elasticity, vibro-displacement,
bimorph structure, resonance frequencies.
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Juinwpyly E Yuwuwph b ghfh opuhnugus dhtkpuubph hwpunwugnmd innwugdue
Enwuwlny, nph wpyniipnid unydhnugdudp bt innugdudp vnwgyt) k juwywph uwnw-
nipe, hulj ghijh pnwiynipe vnwbwnt tyuwnwlng nnugdutt wnswupp Eupupyyl) b
htnwunupd $innwughwih’ oquuugnpstyng ojuuntighjudht: Enpawghnwlut hkwnwgnunni-
pintuttinh wpyniipnud pnpyl) B unydpnugdut b dinnugdut oyyunhudw] yupwdkn-
phpp:

Unwigpuyhll prunkp. $innwugnid, wnnljjuy, unydhnugnid, finwiynie, hwpuwnw-
gnid, twwnphnidh ynjhunybhy:

Uhpwdmpinib. Fuquudbnwnuyht opuhnugué hwipwiyniptphg gnitunp
Ubkwnwnubiph Ynpgnudp b hnwdph hwdwihp oguuugnpénidp ubpjuynidu hwdwpygnd
E gnitwdnp dbnwynipghuyh Jupbnp hhdtwpighputphg dbyp: Zutpuwyniph $in-
nwugdudp hwpunwgdwt thnynud wpdbpuynp dknwnubph Ynpunh ks dwup
wujdwbwynpjws £ opuhnuyhtt dhubpwjubph wnjuynipjudp, npnup odnjws Eu
pupdn opuwhwljyubnipjudp b $nnugdwn guép wjnhynipjudp: Ujuyhuh hwb-
puiynipbnh Jhipuduldwt tyunulny wrwewnpyus ntputininghwkpp own
pwll kb, b npubg wpynibwybnnipniup dbés hwpynyd wuwydwbwynpyws k hw-
nntl] yuydwubph vnbnsdudp nt yuhywbdwdp, npnig hpujwwgnudp gnps-
twljuwunpku pupy £ b wthiwp, putth np npddup hwpunwgynn opupnuyhtt hwbipw-
yniptpp puntpugpynud Bu pununpnipjut wijuynitimipyudp [1, 2]:

Zuyuth k np dpnunugdudp puquudbnwunuihtt opuhnugusd hwipuyniptph
hwpunwgdwt ghypnid htwpwynp sk vnwiwy pupdpnpuly pnwiynipbp, puth
nn Juuywph b ghtfh juppnuwwntbpp b unyduntpp hnnwghuygh sk Bupwunly-
Ynud [2, 3]: LEpyuynidu opuhnugws hwipwiymphg Yuwwph b ghulh Ynpquub
hwdwp wnwewplynn nkjuninghwubkpp tkpunnid bt hwipwiyniph unydhnu-
gnid b hwonpryupuip innugnid: Opuhnugus dhtkpuubkph unydphnugdw gnps-
nupwugp hwdwp hpujubwgynid E btwnphnidh unydhnny (NazS) b wynjhuniibhy-
ukpny (NazSz5)" wnugnid jud fpwntidwt vhongny [3]: QEpdwunhfwith puguljw-
mipjut phypmd duljbpinyphtt wnwewgws unydhnuyhtt punubiptbpn pudupup
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Juynit skt b dinunughuyh wuydwbinbpmd Jupnn Bu paypuyyby, nph yuwwngwnubp
Eu nhdniqhwl b punuipttnh wpugugdwut dudwbwl] untndynn hhdtwght dvhe-
wyuypp: Uknwnubph pupdp §npquut wunhfwt wmywhnybnt hwdwp pH-h wp-
dtipp whwp k (htth 7-hg thnpp [4]: Unydhnubiph unwgdwt hinktupgugdub wnw-
ohtt yuydwup gkpdmunhdwih pupdpugnidi k:

Blubny ykpnhhojuihg hbnwgnunm pyut tyunwulji Edowll) puquudbnw-
nuyhtt opuhnugws hwbipwiyniptphg Yuwwph b ghihh Ynpquut mkuninghw:

vunph npuspp b dkpnnhiugh hhdtunpmudp. ZEknwgnunnipjut hwdwn
npybtiu Gyuiynie pnpydl] B puqudbnwunuht opuhnugus hwpwignipbpp: Yw-
nwnyl) o nmwppbp fpdpupwiwlutph phdhulut, dhubpunghwljut b dwlpn-
nt Uppnjurnigquspujhtt hEnmwgnuumpiniubp: Upngnitpnid qupqyby E np wju
hwlpwiymphpp, pugh wnidh opuhnugus dhukpwikphg wkinphw, Ynigphu,
wqniphwn, dwjuhihw, japhgnlniu, Jupnn &b wupnibwll) bwb juwwph (gepnt-
uhin PbCOs wlqighn’ PbSOs), ghthh (udhwunthn’ ZnCOs, Gujudhi
Zn4[S1207)(OH)2-H20), Unjhpytih (wnykjhwnn’ CaMoOs, tipnunihpnhun’ Fe(MoOs)s: .nH:0)
dhubkpuubp, hswybu bwb hkdwnhwn, ginnhwn, pJupghn b juy:

Zhnwgnundwt hwdwn Jipgyly | 18,2% ghpniuhw b 5,6% udhwnunthn wyw-
nniuwlnn hwbpwiynipe:

Yuyuph opuhnugué dpubpwih unypbhnugdwin gnpspipugh ntuntdtwuh-
nhnt hwdwp npuitiu unydhnupup pnpyt | iwnphnidh ynjhunydhnp (NasSs),,
npp opnud whljuynit kb pugpup]nid £ winwewgbyng tunnphntdh uniy$hn b nup-
puui &dnidp: Unydhnugdwt qnpéphipugt pipwinid b wykh wppynibwygbin,
puth np gpui dwubwlgnd ko bphym uny$hyupup twnphnwdh ung$hnp b
wwppulub ssnudpp [5]: Unybhnugnidp junupdly b udunljuynd unydh-
nugdwl obpdwunhfup pupdpugilint tyuwnwlyny:

ZEwmwgqnuinipjui wpynitupiubpp. Npnoyty E hwipwiyniph oyuhdw) dwb-
pugdut wunhdwbp, hudwduy nph Jwipmgqué hwipwiymph 70 %-u niup
uhlsh 0,074 /hunhjusuthwlub juqu:

Ul. I-nud pEpdws £ wnugnid 80°CG-nid (Ynp 1) b wunljjuynid 120°C-nid
(4np 2), twnphnidh wnihunydhnh wniuynipyudp, ghpniuhnh unybhnugdwi
wunhdwith jupujwénipiniup gnpépupugh wnbnnnipniihg:

Unugnid 80°Cnid 60pnw i minnmpjut phypnid unydhnugdut wuwnh-
Suiup Juqunid k£ 63% (uly. 1, Ynp 1), wjunnljjudnd osbkpdwunpfuth pupdpugdu
qmigplipug, 60 ok nhnnmppuh nhupnud, unyphpugiui wunh&win Uhswbmd £
nunbwny 82% (uy. 1, Ynp 2):

Ul 2-nud pipdws E opuhnugué hmipwiyniphg juuwuwnh b ghljh Ynpquut
dnunugdut uppdwl, nph Yhpundwdp opuhnugué hwtipuyniphg $nnwugnidng
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unwgyl] kE juyunph fpnwiynipe, hul] nnugdwts wnywtpn, npp yupnibwynud £
ghtly, Eupwplyyty E hbnwnupd $ininughugh’ ghijh pnwiynip uinwbugnt buyw-
wnulny:

90
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X
,5“ 70
2 60 1
S
=1
g5 0
=
3 40
=
D
g 30
=
& 20
=
S 10

0

0 10 20 30 40 50 60 70

Anpédpupwgh mhnynipmniip, pnyk

Uy 1. Lunnppnidp ynghuny $pph wnlumipyudp ghpntafunh wpugnid (Gop 1)
I wifinnljundnid (np 2) uny ppnuginl wumnpdwih jupnjudnipiniin gnpdplpugh
wnlinnnipiniiihg

Opuhnugqus hwipwiynip

l

U'ulhp‘ulgnul
Unqﬂgllfmgnu[

Unyphpug]us hwbipwiyniphg juyguph
dnunugnid

g
! !

Quuywph unwbynie 8hulh htnnwnupd dnnwugnud
Nnswbip Shulh punwlynip

Ul 2. Opupnuigus hwipwiyniphg uwwph b ghifh inunugdwi ufuldwi

Opuhnugué hwipwiyniphg Juwywph wnwybjugny Ynpquut gnpsppugh
nkdhdubph punpdwt tyyuwnwlny niunidtwuppyty £ twwnphnidh wnihunydhnh
wnwppbp swthwpwdhubph wqpkgnipniip dnnugdut gnpéplpwugh Ypu (uly. 3):
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Zhknwgnunnipjut wpyniipmd pugwhwjnyby b, np twwnphnudh wnihunybhnh
yupnibwlnipjub Ukdwgdwp gqnigpipug juwwph Ynpqdub wunmhfutp dbdw-
unud E, hull Ynph hbnnwqu tdugnidp, wdbkuugt hwdubwujuinipyudp, yuydwiw-
Unpyws t npno bpuljuyhtt dhubpwjukph wijnhyugdwdp: Npuybtu oyynhdw) sw-
thwpwdht punpyty E twnphnidh ynjhuniyybhnh 1000 ¢/22 yupniwlnipniin:

64
OQ ] [ |
=
| 60
o
(=N
‘:" -
—
= 564
5
57‘ -
5
: 52_

0 250 500 750 1000 1250
Lwwnphnidh wnjhunyphn, ¢/n

Ul 3. Lunnphnidp wnppunyy phnh puinulh wgnkgnipiniip juwuph opupnugus
hwhpwiyniph pnunugul ypuw

Nputu Jupquynphs oqunugnpdyty E twnphnudh hbpuwdbnwdnubun: Gup-
quynphsubpp Jupnn b dbdwgut) hnnugdu gnpéppugh pinpnnujutnipiniun,
nidlinugub] hwjuphsh gnpéniubnipmnitp b pupbjuwdt) jupunyph Jhdulp:

Pniph) puwinngkiwnh wqpbgmpniup unydhnugus opuhnuyhtt hwb-
pwiyniphg Juywph pnnugdut gnpspupugh Jpu ubpuyugdus b ul. 4-nud:
Zhnwgnuinipjut wpyniupnid npuytu oyunhdw] swihwpwdht pnpdt) b poiphyp
puwtinngbiwinh 150 ¢/ yyupnibwlnipyniip:

8hulh Ynpquut btywwnwlny juwyuwnph $nnugnidhg unugyus wynswmipn,
nnp ghtjh hwtpwiymp k, Gupwupldl] E hujunupd pnnugdwt: Uju nhypnid
thpthpuyhtt wpquuhp  wigunid nuunwpl wwwpp: Npybu hwjuphs ogunugnps-
k1 E ojununtghywuhtt 800 ¢/t wwpniiwlnipyudp, npl nith thpdpkgung hwwn-
Ynipnil, b thpthplgubint jpugnighs vhong sh yuhwbeynid:

Cunn nkulininghwlub ujubdwh’ puquudbinunuiht opuhnugus hwipw-
wyniptnhg pnnugdudp juwyunph b ghihh §npquut wmunhgwip juqdt) £ hwdw-
yunwujuwwpwp 90 b 87%:
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Uly. 4. Foippy puwinnunnp wqnlgnipiniip unyphnugyus opupnuyhl hwipwiyniphg
Juwauph ypnunwgilunl ypuw

Bqpuljugnipyni. Zknwgnuby E juywph opuhnugus dhikpuih ghpnt-
uhinh” bwnphnudh wojhunybhgay unydhpugdwt gnpsplipwgp: Unydhywpwph
dwijuup Juquly k 1000 ¢/ Udunnljjuynid bwwnphnidh ynjhunybhnny juwwph
opuhnuyhti Uhtikpuh’ ghpniuhwnh umbhnugiuh wunh&uip juqunud k 82%: Op-
uhnugws hwipuiyniphg juwyuwnh $nnugdut hwdwp oguuugnpsdyty Eu 150 ¢/
poiph) pumtinngbiwn, 20 ¢/ unént jnin: Ywwwph dnnwugdutt wnswipp, np-
wku ghthh opuhnuyhtt hwipwiynp, Eupwpyt] Ehujungupd $nnugdul’ ghijh
hunnwtnip unwbtwnt tyuwwnulny: Uju nhypnid npuyku hwjwphy oquugnpsyky b
ol tighjudhtt’ 800 ¢/t wpwpnt twyntpyudp:
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NCCIEJOBAHUE ITPOIIECCA U3BJIEYEHUESA CBUHIA U IIUHKA U3
MOJUMETAJUIMYECKAX OKUCJEHHBIX PY]I ®JOTAIUEN

[TpoBeneno oborarieHne OKUCIEHHBIX MUHEPAJIOB CBHUHIIA U IIMHKaA (hiioTanueid, B pe-
3yJIbTAaTe Yero MyTeM CyIb(QUIU3auuu U (JIOTALUU U3 OKHCIEHHBIX PYA IOJIyYeH CBUHIIO-
BbI KOHLIEHTPAT, a XBOCT (DJIOTAIMK MOJBEPrcsl 00paTHOW (IIOTAIMU ISl TOJTyYESHUS! LIMH-
KOBOT'O KOHIIEHTparta. B pe3ynbrare HayuyHO-9KCIIEPUMEHTAIILHBIX UCCIIEI0BAaHUI BHIOPAHBI
OIITHMaJIbHBIE TApAMETPHI CyIb(GuAN3aLIK 1 (IOTALHH.

Knroueevie cnosa: dnoramys, aBTokIaB, cynbhuau3anus, KOHICHTPAT, odorameHue,
MONUCYNb(UI HATPHUS.

S.G. AGHBALYAN, A.H. HOVSEPYAN, S.A. HARUTYUNYAN, T.N. SAFARYAN,
G.G. SHOLINYAN, A.R. HAKOBYAN, M.H. KHACHATRYAN

INVESTIGATING THE RECOVERY PROCESS OF LEAD AND ZINC FROM
POLYMETALLIC OXIDIZED ORES BY FLOTATION

Beneficiation of oxidized lead and zinc minerals is carried out by flotation. Lead
concentrate is obtained from the oxidized ores by sulfidation-flotation, and the flotation
tailing is exposed to reverse flotation for obtaining zinc concentrate as a result of scientific
and experimental studies, optimal parameters of sulfidation-flotation ars selected.

Keywords: flotation, autoclave, sulphidization, concentrate, enriching, sodium
polysulfide.
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Nulynt b nujp-puquuidbnunuiht swthwquig pupwl b pupwl qunhpwih hwipw-
jht dwpdhtitkpt niukt hwipwpwph hwdbdwnwpwp ny Ubs wupwpubp, hwdwju pupy
Allwpwinipnil, thnthnjuwlw hqnpnipynil, mupusdwi tpjupnienit b whdwb junpni-
pintl, ogiuuljup pununphsh wihwjwuwpuswh pushjwsnipinil, ny huqunby wilu-
it hwipwpwp nt wupthwlng wywpubp b wyb:

Luyyunwjwhwnpdwp £ hwtpughtt dwpdth nhnwplynn hgnpoipniiitbph inhpnypnud
unnpghiniyu Uowldwt oyunpdw) hwdwlwpgh punpnipniit ppuljuiugl] hwipugh
dwpduh jud npu wnwdhtt dwuh «Yppnpjuui hgnpmipnis guwhwnwbpuwhtt gnigu-
hoh Yhpundudp: Guynit hwpwpwpny b wupthwlnn wywpubpny tkpuyugjuws swthw-
quig pupul] quehpwth hwtpwjhtt dwpduh jud npu wnwbdht dwuh nhypnid owyinhuwy
E kupwhwpluyht pupklubpm] hwipupwph genpuyht hwinypeny, huly pupuly quehputh
hwlpwjhll dwpdlh jud npu wewbdhb dwuh ghypnid hwipupwph wuhbunudnpiudp
towljdwt hwdwlupgp: Guljuynit hwbipwpwpny b wupthwlnny wywputpng tkpluywg-
Jwsd swhwquig pupul b pupwly qunhpwth hwipwyhtt dwpduh jud npuw wpwdht vwuh
nhupnid owynhuwy k Ybkppupwugutphg hwipwpwnh wynldwdp b wuhbkunwynpdwdp dowly-
dwt hwdwlupgp:

Unwiigpuyhli punkp. hwupughtt dwipdhl, nuljh, hwipwpwp, dpwljdwh hudwlupg,
hqnpnipntl, yupnitbwlnipemni:

Ukpwédnipymi: Nulnt b nulh-puqiudbnwnuiht thnpp hqnpmpyudp sw-
thuquig pupul b pupwl hwipbpuljutph vnnpgbniyw tnuwwlny swhwgnps-
dwt mkjuninghwubkph ptnpnipjut, qupgqugdul, junwpbjugnpsdwi b unpkph
unbinddwt hupgtpp dpnuybu gty B Uks pynyd hbnwgnuingubkph nipwnpne-
pjut YEunpnunud: Munph juplbnpnipniip yquydwbwynpdws t, npybu jubnt,
wyn hwtpkpujubpht puinpny pupy (kntwbppupubulut b (Enbwnbuuhjuub
yuyUwtubpny. hwpwpwph hwdbdwwnwpup ny Ubs yupwpubp, hwdwp pupy
Alwpwinipintly, thnthnjowlw hqnpnipnit (wpnwhwjyndws tknugnidutpnyg b
thpJwspltpnny), nwpwsdwt bpupnipmit b widwd junpnipnil, oquuuljup
pununphsh wthwjuwuwpwswth pwppududnipinil, htsybu bwb ny hwqupby
wiuynit hwipwpwp b yupthwlng wyuputp b wyjic
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Uy hwipbpuljubph dowljuwt hwdwlwupgbpp unynpupup wuyuwhnynd
Elu gwsp mkuthjunbnbuwljut gnigutthpubp.

- hwipwjunpowjhtt puiynph wojumnwuph gusp wprnunpnqujutnipinib.
punhwinip mEuninghuljut gnpépupwugttnh dnnwynpuytu 60 % pwdht k puy-
unwd dinph wpfuwmnwphl,

- pinhh owhwgnpsdwt gusp hinbkuuhynipnil,

- hwipupwuph hwdbdwwnwpwp ks wnpunwgnd,

- npnp phypbpmd bwb dbS Ynpniunbkp, npp hwipbpulh hqnpoipjudp
Jwujunpnoynn dwppdwt mupwsnipjut thopp juyunipjut hbnbwbp b

Zuyuutnwnid Jipp wygws (Entwbppupubulut b jEptwnbjthjulut
wyuydwtubpny pimpwqynud tu dh owpp gmbwynp b wquhy dbwnwnubph, wy
pyYnud’ SEpunbkpwuwph b @niinhpgbnh nujh-wynudh, Gpudbpgm ynudh b wy hwb-
puuyptpp:

Nunph gpduépp U dkpnghlugh hhtuynpoudp: Zwipuduypbph winnp-
ginju Upujdwb hwdwlupgbiph juunwupbjugnpsdwt nnpunid wgugus
htwnwgnunipniuubph JEipnwsmipniup Juynd £, np swthwquig pupul b pu-
pul hwipughtt dwpdhutph ghwypnid kS pdnyd ghnbwlwbttp hwiupwpwph
unnpghniyu wpynibwhwidwt wkjpuninghwubph qupqugdwt gjuwynp ninh
tu ghunud wpununpuljub gnpspupwgubnh dkpkiuyugnidp: Ypw dwuht £ Juw-
nud wpnuwuwhdwiyuw hwiptph gnpénttknipju thnpdp, npbt wpnku hull hunw-
kgpt] E hhdtwfwt wnkjpuninghwlwb gqnpépupwugubph dbphuiwjugdwt Gplny
ninnnipnth [1].

- twpjpwyunpuunulut, jupdwt b dwppdwb wowwnwbpubpnh gnpépl-
pugubpnid hnpundwt vwppwynpnidubph hkn dhwuptt thnppuqupuiphwn pup-
dnn-winphpnn dkpkuwtbnh oqunugnpénid,

- ninudhg hwipwhunpobpny hwiipudwpdhtiittiph dowldwt hwdwp dwppdwi
Ubphiugyugyué hwdwhpubph ogunugnpénud:

dtpohuh nhwpmid hwupwjhtt dwpdhtubph hqnpnipniip b nknunpdw
wnwpplpp swhwp k hukl anthinfuwuljui, whunp b puguljugtit nkjunbwlu uqjusp-
ukpp b puunwpl wwwptbkph tppkpuljitpp, hwtpupwpp b gupthwlnn wywp-
ubkpp whwnp Emubkuwt Uhohthg pupdp uyniinipinii:

“huwplynn hwpgh Jepwpbpuy pp htnphtwlugnp jupshpt £ wpnwhug-
nk] wlun. U.P. Ugnolynyp [2], ny, unp ybpnidnipjui Eupwunpytnyg vh supp unnp-
ghnibyu hwupbph wprnunpuljub gnpéntubnipjut wpyniupubpp, tqpuhwgby b,
np Upwldwb hwdwlupgbph Juunwpbjugnpénudp whwnp b pupwbu hbnbjuyg
Epynt ninnnipjudp.
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1) pupén wpnunpnnuljut dbpkbwjugdwb dhongutph htn hwbpwpwnh
wpyntbwhwidw nkutininghwjh hwpdwpbkgnid,

2) dwppuwl mupubmpjut juyunipjut tjuqbgnud:

Quthwquig uplnpkng tbipju ghnuntuuthjujut wpwewpuipwugh wyuy-
Uwiitpnid uinnpghniyu (Epbwghtt wpiwnwiplitph, wyy pynd hwim pught
pinhh twhwyuwnpuundwt, jupdut b duppuwhwidwb mkutinnghuljut gnps-
plpwugikph dbpkiwjuglul wunhfuih pupdpugniip’ manjué hwipuunpw-
jht punph wohtwnwiph wpnunpnpujuinipyut pupdpugdut psunphhy hw-
pwpwnh wpynibwhwidwb huptwpdtph Ypdundwip, vhtingt dudwbwy, wyb
sh qupnn ghuwpyll) npybtu ywihwqutg pupul b pupuy hwbpwihtt dwpdhb-
ubph dowljuwlt hwdwlupgbph Juunwpbjugnpsdwmb wnpwetiuyhtt ninnnipjni:
Uy hdwuwnny glphppunn nhp muth dwppiwt mwpwbnipjub jujunipmiip, nph
tjuquqnyb Ukdnipiniup juhidws k quiuqyushg hwipwpwnh ynldwb b wpwnw-
pandwi qnpépuipwughg nt dwppdw tnuwpwsnipniunid (Enttuyhtt vwppuwynpnud-
ubph mbnuynpdwb b wdpujuyh nknunpdut gqujdwihg:

Quthwqug pupul] b pupul] hwupbpuljubph nhypnid Ynnuyhtt wywp-
ubph ynldwdp dwuppdwt nwpwsnipjut jujunipjut dkdwugnidp hubqhgumd k
hwupwpwph ghpunpuunwugdwip, nph hwpnigws munbkuwlu Juwup npnowljh
wuydwtutbkpnud Jupnn k gbpuquigh] wphiwnwiph wpnunpnnujutnipjut pupd-
nugdudp yuyduwbunpjus hwipwpwph wpynibwhwidw Ypgwnygnn Swihaubpp:
Zhwnbwpwp, pupul b suhwquig pupwl hwipbpulutph nhwypnud pupdp wp-
nunpnjujut dbpktiwjugdut dhgngubph oquuwugnpénudp whwp bk ghunwuplly
dwppiwt mwpwsdnipjui jujunipjut hnppugdwt punnph inisdw opowtiwlynud:

zZwupuyhtt dwpdhuubph jud npuitg wpwtdhtt dwubph (hwydupluyht jud
hwinipughtt pnljubph, Kupwpnlubph b wyji) hgnpmipiniithg jupws hwipw-
punh wpyntbwhwidwb huptwpdtph b wnpunugdwt thnthnjudwt ghtwdhljut
unyup sk dowljdwt mwppbp hwdwlupgbph Yhpundwb nbuypnid: Lwuh np sw-
thuquig pupul b pupul] hwpuyhtt dwpdhiubph nhypnid wnpuwnwugnidp qqui-
1hnpku ujudwsé E hqnpnipinithg b dpujdwt hwdwlwpghg, wyw nygjuy hgnpnt-
pntuutph vhowluypmid dbpntgjuy Jupuduénipniubpp wnwydl] guyunni Eu
Epbwlynud:

Zwuptpwljubph nhunwpyynn hgnpmipnibitiph whpnypmud vnnpgbniyw
ouljdw oyynhdw] hwdwlwpgh ptnpmipniup tyuwunwljuhwpdwp £ ppuljw-
twtk] hwipuyghtt dwpdth jud npu wnwtdhtt dwuh «Yppnpjuljus hqnpnipmnii»
quwhwwnwipuhtt gnigwthoh oqunugnpsdwdp:

«Uphnhljuljut hgnpmipntup» (myp) ogunuljup hwwdnh hwipuwdwpdih
wyt hqnpnipniub k, nph nhypnid hwdbkdwungnn dyuldwt hwdwlwupgbpp wyw-
hnynid Eu hwjuwuwp wpynibwdbnnipinti [3]:
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Upujdmtt oyynnhdw] hwdwljupgh phnpnipjut wnwyl] punuwinp tyw-
nwljuyht pniijghwtt niuh hknlyju nkupp.

(0t - Otmini) QniKyi - max, (1)

npunkn aoi - © hwinipuyht pinlh hwbpwpwpuwihtt quiquénid oquujup punu-
nnphsh thwunnwugh yupnibwlnipjniut £ pun i-py dowldwt hwdwlwunpgh, %@/wm),
Omini - U oguuujup pununphsh twqugnyt wpynibwpbpulwi yupnibwlnipe-
jub ptinkh dksnipmbp’ puwn i-py dpwljdwi hwdwljwpgh, %(@/m), Qu - &° hw-
nipuyght pnymd hwpwpwph hwoyklpnwihlt wwowpbpp' pun i-py dowldwb
hwdwlupgh, w2, Ky - & plgkpphg oguuuljup hwbwéngh Ynpquwi gnpswljhgp’ pun
i-pn Wowljdwt hwdwlwpgh, dhpw/nph dwubpny:

(1) wmpurnuwhwjnmpiniip poy) £ niwjhu ogqnuljup pununphsh Eqpugsughe
wupntbwnipjut nwwuppkp wpdpubph nhypmd hpuwiwgul) oyyunhdw hwdw-
Jupgh ptunpnipnil, hull bpt wqupthwlnn wywupubph htn hwipwght dupdht-
ubiph hynudubpp hunnwly o (hwupuyhtt dwpdhtibpb niubn hunwl Epjpuwpwbw-
Jut uvwhdwbubp), wyw (1) tyunwljuyhtt $niuljghwt upnn k pungniul] hbnb-
juap mnkupn.

(0t - Otmini) Ky = max: )

Upgnitwl] dowljdwt hwdwlwupgtph nbwypnud, Epp hwupwpwph Ynpniun-
ubkpp gnpstwunid tnyu B, (2) hyunwlught $niuljghwub pigniunid £ htinb-
Jw] wwng wkupp.

Otmini = Min: 3)

Nuljnt hwbipwpwpny ukpjuyugyus hwupwjuyph nulnt tjuqugniy wpy-
miuwpbpuluwt wupnibwlnipyut pubnkt dbdnipmniut pun i - py dywldwb hw-
dwljupgh (ctminiaw, ¢/22) npnoynid £ hbnbyw) pmbwdlny [3].

rl‘miniAu (B - b) + bq‘[uAu

o = , 4
miniAu (q‘luAu(l _ a) + ar}‘ )Kni ( )

miniAu

npunkn Fminiaw - U nuljnt tJuqugnytt wpynitwpbpuljut ywpntbwlnipjut wpdt-
puhtt wpinuwhwyinnpnilb E puwn i - pn dpwljdwi hwdwlupgh, $/42, B - o unwb-
jmpntd nuljnt yupnibwympjniip, (¢/), a b b — & nju] mhyh hwipwpwuph
hwidwp hwunwnntt pYwjhtt gnpswlhgltpp, Gpas— o nulym funwbyniph ghtip,
$/n, Kni— & wpynitwhwidwl dwdwiwy hwipwpwph npulh thnthnjudwb gnp-
swljhgp puw i - pr Upwldwi hwdwlywpgh, dhwynph du:

Gpt punniukup, np hwpunwugdwt wynswpubpnid nulint wupnitwnipniup
hwunwwnnit Ubdnipnit £, muqu (4) pubwdlip Jupkh k ubpuyugtty hbnyu Yepy.
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O niniau — L > 5)
q‘Au nigAu
nputn Gau— i pinwbynipnid nulym ghti b, $/g, g4 — ' jonwlynipnid nulym Jupg-
dwt qnpéwlhgp, vpw/nph dwu:

Nulnt bjuqugnyb wpynibwpbpuljut yupnitwlnipjut wpdtpught wp-
wnwhwjnnipniup tipjuyugunid E hwipwpwph wppynitwhwidwt b hwpunwug-
dwt nhy sdwpuubph mt hhdbwlwb dnunbph wwuuhy dwuh' pkuptph b ohtint-
pintuukph wdnpunhqughntt hwnugnidubph nt (kptwjuu hinu) wypwwnwbpubph
dwpdwt nwuppbpnipniip: Zknbwpwn.

TminiAu = (UhH’ Um]]_)‘l‘ Uhmp+ Uq, (6)

npuikn Oni — 0 1 w2 hwmbpwpwnph wpynibwhtdwh huptwpdbpt | pun i - pr dowly-
Uwl hwdwljupgh, /2, Ow — ' unnpglniyw hwiph wy) whuwupup swubkpp
wnwig unnpghniyw hwuph skuptph b shunipniibph wdnpunhqughntt hwwn-
Jugnidubph nt (Enbwjuuyhunw] wowwnwptbph dwupdwb, $/22, Ok — p' hwb-
pupwph hwpunwgiwi hiptwpdpp wpwig hwpunwgnighs $wpphlugh k-
ptph b phunipnitubph wdnpumhqughntt hwnwugndubph, $42, Oy - ° (Entw-
hwpuwnwgnighs Yndphtwnh nkuwljupup JEpunghp Swhubpp, $/

Ohi = O'hi + (O"'ni/mui), (7)

npntn O'w — o hudbdwnwlut sSwhukpt bu pun i - py dowldwt hadwlupgh,
S/, 0" — 0 dwppdwl nwpwdnipjub wdpnne juyunipjui Jpuw hwunwnnil
Swuubpp puwn i - py dpwldwh hudwlupgh, $2, me— o' dwupplwb tupusnip-
Jub uyimpiniip puwn i - py Uowldwh hudwlupgh, o

ZEnwugnunipjub wpynitupipp: Quwihuqutg pupul b pupuly quohpwtg
hwupuyht dwpdhtubph nhypnid wkuthjuwybu Yhpunkh Eu uvnnpgbntyw dowl-
dwt htnlbjw) hwdwlwupgbpp.

I. hmipwpwuph wipwn hwbnypny b wynidws wupthwlnng wwywupttpng
hwunipuyhtt mupwbdnipjut (guthuldwudp,

I1. Lipwhwplujhl snpkljukpm] hwipwpwph £knpuyhtt hwingpnd,

II1. yppupwugutphg hwipwpwnh ynldwdp b wuwhbunwynpdudp,

IV. hwipwpwph wuwhbunwynpdundp,

V. mnuununquuunhfwughl hwbngpm] yuhwbquihl wipuluoygdudp,

VI. qupplpwg skpuntph hwinypnd b wnldws Ynnquyhtt wywpubpnyg hw-
unipuyhlt mupwsnipjul [guthuldudp,

VIL. quppupwg skpntph hwinypny b dhoopnnught pljuppbnnubt tpk-

uwplny:
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Pqupyjus dowuljuwut hwdwlwpgtphg I, VI b VII-p Jhwunkh Bu twb
wuljwnit hwipwpwnh b yupthwynn wywptbph wnjuwmnipjut nhupnid:

Pusybu Epunud E nulnt bJuqugnyt wpynibwpbpuljub wupnibwlnipjub
pubkintt Ukdnmipjut npnodwt (5) pwtiwdlhg, hwunwnnit kt pnwiynipnid nuljnt
qhtli nt pinulynipnud nulym Jupquwi gnpswljhgp, huly hnhnjuwlwi’ nulne w]w-
qugnyt wpynibwpbpuljut yupnibulnipyut wpdtpught wpunwhwynnipmpiut
nt wpyntbwhwidwi dudwwl] hwupwpwph npuijh thnthnpudw gnpéuljhgp:

Zupyh wnlbny Jtpnhhojuy dpujdwtt hwdwlwupgbph junnigjuspughte
nwppliph wowbdtwhwnlmpnitubpp b dh pwith hwpwduyptph hnwdpughte
htuph Jpw gnpénn hwipwhwpunwgnighs Yndphtwnittiph nkuthjunnbuwljui
gnigutthobpp, wnmiuwlnud phpynid Gl Fminiav-h, Ko-h U Gtminaw-h npnodwt wp-
wnwhuwjnnipniuubpt pun ghuwpyynng dwldwt hwdwupgbph, Epp Suac=48 $/4
1 £4u=0,9:

Lwtth np phnwplynn youjdwt hwdwlwupgbpp gnpstwjunid sk mwp-
phpynid hwtpwpwuiph Ynpniuntbpny, wyw owyywnphdwy dpwljdw hwdwlwupgbpp
punpnipnitp tyuwunwjuwhwpdwup b hpuljutugut) hwipughtt dwupduh «hphunp-
Julwt hqnpnipniiy ghwhwwnwupuyhtt gniguthoh vhongny: Uy nhwypnid puju-
Jut £ pun dpgnitwl) dpwljdwt hadwlwupgbph hwjuwuwpugub) aminiac-h npnodwi
wpunuwhwynnipniabbpn:

Unyniuwl

Zwbpuyhl dupdih m-pg Gupnjiurs Fminau-pr, Ko-p U Qminau-p npnodul puinudibpl
puwr mkihfunybu Jhpunkp owwh hunlwlupglph

Uouljdwle ‘
hwdwlupgh m, 4 Tminiau, $/21 K, ZZJULIU;/HP f OtminiAu, ¢/
hwdwpp
I 0.2<m<0.7 64.24+4.93/(m+0.2) m/(m+0.2) 1.49+0.41/m
| 02m<06 | 57.15:851/057mi0.46) | m(0.57m+0.46) | 075:08Um
0.6<m<1.3 57.15+8.51/(m+0.2) m/(m+0.2) 1.32+0.46/m
1 | 02em<13 | 6080+540/0.67m+0.63) | m/(0.67m:0.63) | 0.94101/m _
1.3<m<2,0 60.80+5.40/(m+0.2) m/(m+0.2) 1.4140.41/m
v [ o2me0 | 000 | mia2 | 172m
1.0m<2.0 57.92+4.90/(m+0.2) m/(m+0.2) 1.34+0.38/m
A% 0.2<m<0.8 61.50 m/1.0 1.42/m
0.8<m<2.0 58.50+3.0/(m+0.2) m/(m+0.2) 1.35+0.34/m
i 0,2<m<2.0 61.80+7.0/(m+0.65) m/(m+0.65) | 1.43+1.09/m
VII 0.2<m<1.3 67.15 m/1.5 2.33/m
1.3<m<2.0 65.50+2.47/(m+0.2) m/(m+0.2) 1.52+0.36/m
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Ul. I-nud wuwnlbpyws Eu Juynih hwbupwpwph b wupthwlng wuyupubph
ntypnid, punn nhunwupyynn dowljdmt hwdwlwupgbph hwupujhtt dwpdup fud
npuw wpwbdht dwup hgqnpmipiniihg (m) Juwhudws, nulnt biuqugnyb wpynibw-
pEpujut upnibwlnipjul (ominias) thnthnjudwb Ynpbpp:

A
OlminAu, ¢
10

Z IV\

2w

S\

c \\\

AEEELAN\N

TN

2 .

1

0 : . . . —>
0 0.5 1 15 2 2 5mi

Ul 1. Quynil hwlipupwph b wumpwing wwupbkph plwypnid m-pg jupnjund miniau
thnthnpnlwli ophbwswihnipinibbbpp

Ul. 1-nud pipdwé Ynpkph 4Epnidnipniup gnyg k wnwghu, np,

- hwipuyhtt dwpduh Jud npu wpwudhtt dwuh dhish 0,54 « hqnpnipniup
oynhuw] L hmupupwuph wigwwn hwtinypny b ynijwsd yupthwlyng wuwupttpny
hwinipuyhtt nwpusnmpjut (guhwldwdp (I), huly 0,54 «hg Uks hqnpmipjut nhu-
pnud kupwhwpljuyhtt snpkljikpny hwbpwpuph ghnpuhtt hwinypeny (I1) dpwl-
dwt hwdwlwupgp,

- hwtipuyghtt dwpduh jud npu wnwudht dwuh dhish 0,73 « hqnpnipniup
oupnpuuy t Kipuwhwpluyht supklubpn] hwipupuph gknpughtt hwbngpny (I1)
hwiwlupgp, huy 0,73 ~hg ks hqnpnipjul nhypnid wpwunwnuwunhgwiw-
jhtt hwinypeny] wwhwiqupht wdpuljuuydudp (V) dowldwi hwdwljupgp,

- Juynit hwipwpuiph b wupthwlny wywptbph nhypnid hwtipuyghtt dwipdh
jud npu wnwtdht dwuh 0,8 #~hg dhtish 2,0 « hgqnpmipjut mhpnypnud hwtpw-
puph wwhbunwynpdwdp dpwljdut hwdwlupgp (IV) mbnbuwljut wnnidng
qhomud E wnwunwnuwunhgwiughlt hwinypny wwhwiqujht wdpuljuudundp
(V) dpujdwmts hwdwljupght, putth np wyjt wmyywhnynid £ nuljnt ijuqugniy wpy-
ruwpbpuuwt wuwpnibwlnipyut wewyb) pupdp pyuyhtt wpdtpubp:
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Ul 2-nud ypunipgus b wljuynit hwipwpwph b yupthwlnng wuywpubph
ntypnid, pun nhunwplyny dpwldwt hwdwljupgbph hwupughtt dwpduh jud
npu wpwudhtt dwuh hqnpmipiniihg (m) Juudws, nuljnt bjuquqnyn wpnnibw-
phpuljut yupnitbwlnipjut (aminiad) thnthnpudwt Ynpbpp:

12 by,

11 \

10 \

9 \

° \

T\

g m\\ \

A AN\

3 AN

2 o—————
1

’ 0 05 . 15 ) 25 Bl

U, 2. Uhluynil hwlipupwph b wumpwing wwyyuphkph nplwypnid m-pg upijund dminiau
thmhnpnlwli ophliuswihnipinibikpp

Ul 2-nud phpdwé Ynpkph Jbpnudnipiniip gnyg E wwhu, np wiljuynih
hwupwpwph b yupthwlny wyupbbph nbypmd hwipuyhtt dwpdip jud ppu
wnwudhtt dwuh 0,2 fhg dhtish 2,0 ' hgqnpmipjut nhpnypnid ninkuwybu wnw-
Yk dbntinnt £ JEppupugitphg hwipwpwph ynldwdp b ywhbunwynpdwdp (III)
Uowljdwt hwdwljupgh Yhpwnnidp, pwth np, wy] hwdwuwp guydwtbpnid, wji
wywhnynud £ nulnt iJuqugniyt wpynibwpbpujuw yupnitwlnipjut wnwydty
gudn pYuyhtt wpdtpubip:

Bqpuljugnipinil.

1. Quyni hwipwpwpny b yupthwlng wywpubpny tkpuyugus swthw-
quig pupuwl] qunphpwth hwtpuyhtt dwpduh jud npu wnwtdht dwuh dhish 0,54 o
hgqnpnipinitp oyyinhuw E hwipupwuph whpwwn hwunypeny b wnlduws wupthwlng
wyuwpubpny hwinipuyhtt mupwsdnipjut guthwududp, 0,54 “hg dhtsh 0,73 o
hqnpnipilip Bupwhwpluyhtt supklubpn] hwipwpwph ghnpughtt hwinpeny
Uowljdwt hwdwlwupgh Yhpunnidp:

Uwljuyt hwipwpwph wgwn hwbinypny b ynldwsd yupthwlnng wuywnp-
ukpny hwunipuyhtt mwpwdnipjutt ([guhwuldudp dowljiwt hudwljupghtt hw-
untl phpnienititph ((Epbughtt wojuwwnwiptutph juquulbpydwt gddupnipe-
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i, Epkuwplh nknunpdut b hwjupdwt Jpw dknph wpjuwwnwuph dks swduy,
hwupwhinpouyhtt pwtiynph wotwwbph gusdp wpununpnuljwimpniy b wuy-
pnighy ymph hwdbdwnwpup pupdp swhiu) qungdwnny swhwquig pupal
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A.T'. OTAHECISIH, JI.C. MANJISTH

BbIBOP OIITUMAJIBHBIX CUCTEM IOJI3BEMHOM PASPABOTKH
KPYTONIAJAIOIINX BECBMA TOHKHUX U TOHKHUX PYJHBIX TEJI

Becbma TOHKHE M TOHKHE KPYTOMaAarollye 30J0TOPYAHBIE U 30J0TOMOIMMETAN-
JINYCCKUE PYJHbIC TEIa UMCIOT CPABHUTEILHO HEOOJBIINE 3aachl PY/bl, YACTO CIOKHYIO
MOpP(OJIOTHIO, N3MEHYHUBYIO MOIIHOCTD, JJIMHY NPOCTUPAHMS WU TIyOHHY IaJIeHHs, HepaB-
HOMEPHOE pacIpe/ielieHne TOIe3HOT0 KOMITOHEHTa, HEPEAKO HEYCTOWYHMBYIO PYyAy H BMe-
IIAIONIMe TTOPOIBl U Ap. B paccmarpuBaeMoM Iuana3oHe MOITHOCTEH PYIOHBIX TeNl BHIOOD
ONTUMAIIEHOW CUCTEMBI MTOJI3EMHON Pa3pabOTKH eIeco00pa3HO OCYIIECTBIATh, UCIIONB3YS
OIIEHOYHBII TIOKa3aTeb “KPUTHYECKasi MOIIHOCTE PYIHOTO TeJla FUIH OTJACTBHOM €ro YacTH.

IIpu BecbMa TOHKOM KpPYTOMAJAIOLIEM PYIHOM Telle WM OTAEIbHOM €ro 4acTH,
MPEeACTAaBICHHOW YCTOWYMBOW pyIod M BMEUIAIOIIMMU MOPOAAMH, ONTHUMallbHA CUCTEMaA
pa3pabOTKU MOASTAXKHBIMU IITPEKAMHU CO MICTICBON BBIEMKOW PYBI, a MIPH TOHKOM KPYTO-
MaIA0IEM PYIHOM TEJIe WIN OTACIBHOM €ro 4acTH - CUCTeMa pa3pabOTKU ¢ Mara3uHHUPO-
BaHueM pyabl. [Ipu BecbMa TOHKOM U TOHKOM KPYTOTAJaolleM PYIHOM TeJe W OTAEIb-
HOM €ro 4acrtu, NpeACTABIEHHOW yCTOMYMBOW pyAOH M BMELIAIOUIMMM IOPOJAMH, OITH-
MalbHa CHCTeMa pa3pabOTKH ¢ Mara3uHHPOBAHUEM PYABI ¢ OTOOWKOH IITypaMu W3 BOC-
CTaOIIMX.

Knroueenie cnosa: pyaHoe Teno, 30J10T0, pyJa, CUCTeMa pa3padOTKH, MOIITHOCTD, CO-
JIepIKaHHe.

A.H. HOVHANNISYAN, L.S. MAILYAN

CHOOSING THE OPTIMAL UNDERGROUND MINING SYSTEMS OF EXTRA
THIN AND THIN STEEPLY DIPPING ORE BODIES

Extra thin and thin steeply dipping gold and gold-polymetallic ore bodies have
relatively small ore reserves, often complicated morphology, variable thickness, strike
length and depth of fall, uneven distribution of the useful component, often unstable ore
and host rocks, etc. In the considered range of ore body thickness, it is advisable to choose
the optimal underground mining systems by using the “critical thickness” rating indicator
of the ore body or its individual part.

With an extra thin steeply dipping ore body or its separate part represented by stable
ore and host rocks, a mining system with sub-floor drifts with slit ore excavation is optimal,
and with a thin steeply dipping ore body or its separate part - a mining system with ore
storage. With an extra thin and thin steeply dipping ore body or its separate part of it
represented by stable ore and host rocks, a mining system with ore storage breaking by
blasting holes from risings is optimal.

Keywords: ore body, gold, ore, mining system, thickness, optimal, content, extra thin.
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SPARCS-M1 hudwljupgp [1] Yupnn E jhpunydl) bwlb Sunwquypughtt $nth
swthdwl nhuypmd b gpuitigh] y-dwnwquypdwt $ntp, nyblupughtt mdyuiubkpp,
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gud gudwpuyhll, onuyht b opuyhtt mpwiuynpunh Jpw dntinwdnidp b pwhwignp-
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Unhwninphugh, dntuyhtt swhnudubph b Jpupuyhtt wpdwqupdwi gnpénnnipe-
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1.@Equunioh wnywdpwiph opowljuypnid y-$pnith hbnnwgninmipynit.
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tppnunt punhwinip Epupnipmiup juqul) B dnnwnpuybu 2,5 §270 Google
Earth $npduwinny wytt yunlpgus L uyy. 2-nud:

SPARCS-M1 hwdwljupgh gpuugnidubph Lonnipniup uinniglnt hwdwp
suthnudubp B uwnwpyt) btwbh LUDLUM MODEL 3 wthwinwljwt nnghdbwnpny:
Bplnt uwpplpny swthdwb tnyh JEnkpnmd qpuiigyt) E fwnwquypdwt Epuwyngh-
ghnt pudubsuthh hqnpmipjut unyb wpdtpp, htsp pny E wnwhu kqpujugty, np
suthnudubpp dogphwn Eu: Quihnidubpp hpuljubwgyt) Eu ynswdpunph hniuhuw-
1ht b hwpwduwyht Ynnubpnid: Quihnudubph dogpuinipjutt gubwhwndwt byunw-
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Golf5 nhuyh wqnupwtibp skt qpugyty: Uhtygbn ynswdpwph hwpwduyht Yng-
Unid 472-py swthdw JEnnd gpuigty 1 hwn Golf4 mhuyh wgnuipywl, uvwljuyl
wnwig npbk punhnwlnhy nmwupph tnytwjutugdwi: Upbdnjub §nndnd wn-
swdpuphtt hwpwlhg 2073-py nwpuspnid Udwlwb gninhg npnpwlh hkpunn-
nnipjwl Ypw, 2291-pn b 2292-pn swmhdw YEnbkpnud gpubigyl) Bu Golf4 wqnu-
pwtiubp: GYu Uk Golf4 mqnuipwt qpuiigyty £ 2787-pn swthdw Yhnnid: ‘Loqusd
poinp Jhnbpnid y Sunwquypudwut hwdwpdtp pudubsmthh hqnpmipniup gyt &
0,04...0,07 /;.2)/ddhowljuypnid:
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k V] oINS (
“~Googletarth

Ul 8. UpSyulthlih wynsundpuph ppowfuypnid ni hwpulhg phalkph Juypbpnid
ppuwluwinugyws sunhpnidikph b Eppninnt phphwanip wunnlybpp

4. Gtinuiniph wnswdpwph oppwljuyphg b Lwewpwih wnidwdnihpnbiugh
Ynuphttmuwnh pugwhwiiphg Jipgpué tudnipbkph y-uybtupuwswhwulwh Jtpinisnt-
pintup: @hnunih wnywdpwuph btungwsputphg, hwpwlhg hnquyht swsynyypuk-
hg, hsytu twl (Entiwghtt wywpubtphg b Quqkgniph yntdwdnihppbuwghtt Ynd-
phuwwnp puguhwiphg yipgpws tunipibph thnpdwughnuljub y-uyblnpusmthw-
Jui JEpnisnipniup yuwnwpygl) b Zuyjuljui UEY-h b 2ZUNZ Uhentjuyhtt b £w-
nuqujpuwlnhy ymptph mkuthjulwt b ppughnnuljut JEipnsnmipjut hw-
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dwwnbn jwpnpunnphuynid: Zknmwgqnunipjut hwdwp wdnwpubpp yipgdt bu @k-
nuinioh wnswdpwph hjntupuwghti (wdney Ne 1) b hwpuwjuyhl (bdniy Ne 3) dwubkph
tundwsdpltphg, pisybu twb tpwig hwpwlhg wdpupunwlabph hnnuyht Sws-
nyphg (winiy Ne 2, hintuhuwyhtt b tdniy Ne 4, hwpwduyhty): LEntughtt wywputph
uunoubipp YEpgdws ki hwmipuwiyniph wpynttwhwidwt hwpuuyphg (udniy Ne 5):
Qugkqniph wnudwdnihppbiwghtt Yndphttwnh (Enbwghtt wmywpubph wdnwubpp
Jtpgyt] b pugwhwiiphg (dniy Ne 6-uUnpupwgnijt wywp b tdniy Ne 7-nupshw-
gnijt wmuyjup):

dhpnisnipjut tyuwwnwl £ tdnwpubph nunhniniyhnuyhtt juqdh, gputg
nbuwlupup winhynipjut npnonidp bt unwugws wpyniupubph quuwhwwnnidp:
Lunioubkph Epmisnipiniip uwnwpytk] £ CANBERRA bhpdugh wpunwnpnipjub
gudp-$nliughly, pupdp-qquyintpjul y-unybnpuswthwlub vwppny ghpdwihn-
duyght jhuwhwnnpysughtt nEnkunnpnyg b GENIE-2000 spugpujhtt wujwhnydwudp:
Quhmdubph hwpwpbpulut vhpwjwpp juqunud k 35...45 %:

Quthnilhg wnwy wnswdpwph tunuspubpp b hnnh wdnwpubpp Eupuplyty
Elu snpugdwtt b wyinthtnb dwnyt) B, hul (Epbughtt wyupubph wdnyp dwb-
nugyt) E dwipwhwwnpljuknh 3...4 2/ wnwykjugqny sunhny:

Pnnp wdnipubph swthnidubptt hpwjuwbwgyly b «quy Epjpusuthulut
Yupduspny: Quithnidubkph mbinnmipniup juqdl) k 3...4 dud: LY. 9-nud phpdus
Bl Nel 1t N6 udnipubph uwkljinpubpp:

Aot it b B,

Qhnuiniph ynswdpuph Antupuaypl vwuh bunydwdpp
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WFS = 2K

Fuguhwlph nwpwdphg Jlpgnué dnfupugnyl/qnpy wywp
LY. 10, Lunip Ne 1-p Ut fulnip Ne 6-h qunlifur - uwklpnplikpp
Un. 2-nud ubpljuwyugyué ki hilnmwgnunnipjut wpgyniupubpp:
Unynruwly 2

Liniplkph y-uybhnpusunpulul hlnwgnuinippul wpyniiplbpp

Nunhnuniyhnuyhtt juqup b nbuwuwpup
wlinpynipyniip, £/

‘Lunioh widuiinudp Mpwith-
nwnhnidh owipp {nphnulh puipp wg | 137Cs
26R, | 214pp | 214p; | 20877 | 212pp | 2125 | 2284

Linip Ne 1 (@hnutinigh wnyund-

prap hu. Wh Gutndubp) <1,5"| 7,73 | 3,16 |<1,5"| 6,5 |<1,57| 11 | 637 |<1,9

Linip Ne 2 (@hnutinioh wnyud-
puiph hu. dwuh wdpwpunwlhh | 24,7 | 13,6 | 193 | 49 | 36,8 | 52,2 | 9,1 | 734 |<1,9
hnnuyhtt Swslnyp)

‘Liniy Ne 3 (Fhnutnioh wnywd-

puip hy. dwuh trunduisp) 15<| 3,73 | 2,66 |<1,5| 3,5 |<1,57| 3,7 | 594 | <19

‘Linip Ne 4 (@hnutinigh wnyud-
puiph hy. dwuh wdpwpuiwlh 34 | 82 95 | 80 | 64 |896 (115|503 |<1,9

hnnuyhti Swdlnyp)

‘Lunip Ne 5 ((knbiughtt muyupubp) | 4,9 5,2 8,1 65 | 47 | 51 75 | 478 | <1,9
Lty N6 (puaguihwitiph | o) oo | 04 | 365 | 140 | 56,6 | 437 | 555 | 871 | —
uUnfupuignyt/qnpo wwjwp)

Ly Ne'7 (puguihuitiph 42,6 | 43,4 | 39,1 | 358 |163,8]157,2|186,9]1386| --
nupyiwgnyl wwwp)

'1,5 Ai/hgn wjuqugny swihynn wlnhynipjub swiht £ (MDA)
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Puwljul swquwt nunhntnijhnubph wnpnip £ Ephpuljtnbp: pwig pdht
El yuwunubunid 9K ( Tx = 1,3-10° muph, ptwljut juihnudh dbg yyupmibwlymd k
0,0119% %K) i 28U (nipwlh pwipp), pisyybu twh 22Th (pnphnidh pwipp) punwbihp-
ubph nwphnuniyihnutpp: 280 b 22Th pwipplph yEpotwpnniupubtp Eu htiown opuh-
nugnn dkwnwntbpp, npnig opupnutipt niutkumd kb hwdbdwwnwpwp thnpp junnt-
pinLly, ntunh npuip ghpulonnid Eu bphpuljinnid, duyp b nniunp punghnuntyy-
{hnutpp hhdbwwinid wwpnibwldmd b dhwuht' opuhnibph diny: Untinghwn
(Enttughtt mywpubpnud b wy) «Gupyus» Ynrnwujuntnbpnid (puljupnubp) duygp b
nniunnp nughnuniyhgubpp dhwuhtt Bu jhunod b, npubu juint, gonbdnud o nw-
ghnwljuhy huwjuwuwpulsnnipjut Jh&ulynud:

Uwnwugqwé wpnyniuptbph ybpnidnipiniip gnyg k mmwhu, np hknwugningus
uUnuubpnid wyu Jud gt suhng wnu Bt mpub-nunhnith b paphnudh gwppbph
wnpnhdwl gniunp wpquuppubpp, htyybu twb 9K pwnhnuntyjjhgp: Cuy npnd,
puwhnnh tdnpubpnid nunhntniyjhnubph yupnmitwynipmiup qquihnpkt wbkh
UkS E, putt ynswdpuph tunduspubiph tdnpubpnd: runhnuniyjhnubph yupniw-
nipjut wdwt mwppbpmipiniup, pun ngpjul, yuydwiwdnpus E wpunwugpu-
Jut mEhtnnghuyny, hwdwdwj nph ynswdpwp &b npynid dhwyt hwpwpwnh
Uowljdw wpyniupnid wnwewgus puthnuibpp:

Mnywdpwnph tundwsdpubtphg, ptwhnnhg b {Entwghtt wywpubphg JEipgpus
tuUnupubpnid wnlu ko ptwjut swquwt nunhnunilyjhnubp (mpuwith-nughnidh b
pnphnidh owppliph tpnhdw nniunp wuppkp, hyybu twb 9K): Ujn punhntntlj-
lhnubph Ynigkinpughwl hwdwdwyit URUQ TAEA-TECDOC-1162/R thwuwnw-
pnpnd iodwsd nhywpuyht vhowjuyptph (wn. 3), qnuynud k phujut nuh dw-
Jupnpulh Jpu 2Eknwugnindus wdnpubpnid nkjptwshtt punhnunijjhnubkph wn-
Juynipniup puguljuynd k:

Ugniuwl 3
Fhwhnynid winfw nunpninifipnbbph nkuwlupup wpnhynipniin

Nrughnlindyjhy Uhohtt whnpynipnil, £fq | Shywpuyht vhpwluyp, Fi/fg
0K 370 100...700
226Ra 25 10...50

Mipub-nunhmd punwithph pwnhntnihnubpny Wuydwbwdnpjus gunw-
qujpUut pudubsuthh hqnpnipjut 99 %-p wuydwbwynpuws k 24Pb b 2“Bi unily-
1hnttpny, hulj pnphnudh ptnnwthph pwnhnuniyhnutpng wuydwbwynpjus fw-
nuqujpdut pudubsuthh ks dwup yuydwtwynpuws k 2%T1 b 22Ac nunhnuntlj-
1hputipny: Auwhnnnud wyn pwunhnundyjhgubph Ynbghtnpughwibph wojuynipyut
ntypnid, pun wrn. 2-nmd phpdws myjuubkph, dptnnpuught onmd Gpyph dw-
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yEpltnyphg 1 «pupdpmpjut ypu jubdws pudubsuhh wnwybjugniyt hqnpnipe-
mmip Yywquh 74-10° @p/dunf = 0,074 o/ Fp/dund; npp paualjutt $nthg wdbh gusp k:
IMatic gudp dntiughtt mbnuljwywpny npnoyt B pugwhwiphg Jipgqus
Ne6 i No7 thnpdwtuniptiiph gnidwpuyhtt wdw b phnnnw wjnmhympiniubph
suthbpp: Upyyniupubipn phpdws Bu wr. 4-nud:
Uniniuwly 4

Pnpdwininiphbph gnidwpuyhl uypw b b plunnunw wlnpynipint Gbbph sunhlpp

®npdwtidnioh Zo Quthuwb 2B wlunhynt- Quthdwt
wijuinidp wlwnhynipnitp | upwgubipp pLup ujuwwipp
Ne6 Unjupwgnijn 0,147 +0,0220 0,0152 +0,0088
wuun
Ne7 nuipshimgnyyla 0,206 +0,0280 0,0455 +0,0152
wduin

Lunipnid hwynbwpbpdly) b U-238 b Th-232 pwipph pniuwnp untljjhgubp,
htsytu bl K-40 nunhnunilyhny: Quihnidubph hwpwpbpuwljw vjpwp qunidnud k
+ 10-30%-h uwhdwutbpnid:

Pugwhwiphg yhpgdws tdnpubpnid nipwith b pophnudh pwpplph nniunp
unihnubph hwpwpkpwlgnipjut yEpnisnipiniup gnyg k tmwihu, np phy 6 tunt-
onwd U-238 it Th-232 hmpwpkpulgnipniup muppbipynud t phy 7 tdnipnid gpuig
hwpwpbkpulgnipniihg, tpt wpwehtt tunipnid U-238 L Th-232 wwupnibwlnipe-
miup Unnnwynpuybtu tnyub E, wyw Epypnpy tdnipmd Th-232-h wyupnibw-
Ynipniup 2-3 whqud wykh pupén £, put U-238 yupnibwlnipniiip:

Bqpuljugnipinii

1. Yuywuh (Eptwhwpunwugdwt Yndphttwnh SEnutnigh wynswdpwph
opowljuypnid, Ghnuiniy gninh dnnwljuypnid b Ywywb punupnud junwpgus
suthnudubph Jtpp phipdwsd wpynmiupubpny Jupkih £ hwigh] hbnbjwy Gqpujw-
gnipjubp.

1.1 Mnywdpwpp wbnuiph y-dunwquypuyhtt $nuh Jpu wqpbgnipmi sh
pnnunud, piy npoud’ wnswdpuph spewluypnid y fwnuquypdwi hudwpdbp pud-
ubswihh hqnpnipniup sh gbpuquignid 0,07 ¢4.92¢/7 1 Unn £ hwupuljhg @bnwniy
gininh Unnwluypnid gpuigws pudiwswthh hqnpnipjut wpdtpht,

1.2, Guuywb punuph YEunpnumd qpuigdus y dwnwquypdut hwdwp-
dtip pwdubswthh hqnpnipiniiup wybih pupdp kb juqunud 0,1 «4.924/7:

2. Quiigligniph wnudwdnihpytiughtt §ndphttwnnud swhwgnpéynn Upsdw-
uhyp ynywdpwph ppgwfuypnud junwpfws swihnudubph wpnymuputphg fupkih
E juwnwpl] hbnlyw) Eqpujugnipinip.
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2.1. Mnyudpupp nknuuph y Swnwqujpuyhtt $nth Jpu wqnpbgnipmit sh
pnnund,

2.2. Mnswdpwph opowljuypnid y fwnwquyypuyhtt $nuth hwdwpdbp puduk-
suthh hqnpnipinitp qnudnud k£ 0,04...0,07 /4.9y/d dhowljuypnid:

3. Quiigkgniph wnudwdnihppbwghtt Yndphtwnh pugwhwipnid juwnwnp-
Jud swhnulubiph wpyniupubinhg upkih L junwpt) hbnbyu) Ggpuljugnipmiup.

3.1. Pmguwhwph nwpwspmu gpuigdus wnwybjugnyl y Smnuquypdut
dwuppulp, npht hwdwywunwupwund £ 0,22 #/4.9¢/7 hadwupdtp pudubsuth
hgnpmipinil, nupbjut Jeipwhwyduplng sh ghpuquignid 22 Gunwjupnipjut
2006 . ognuwnnuh 18-h N1219-U «Swnwuqujpuyhtt wbijunubgnipjut inpdtpp hwu-
nwunbnt dwuhtr npnodwi [2] 15 honpduwény vwhdwtjws «B» Juwnbgnphugh
widtwluquh hudwp vwhdwinws dhish 5 27 vwhdwbuyght wipdbpp,

3.2. Npny ghypbpnid hwdwupgp wgpubywih yundwep binyhwjubiug-
php & TC-99, huly dniu nlwypbpnid’ Th-232, 1-131, Cs-137 b U-235 nwnhnwljinhy
wnwppbph hwynbtwpbpdwt htw,

3.3. Zwlph wwpwdphtt hwpwlhg gninh dkpdwuypnid hpuljuug]ws
suhnmudubph pupugpnd y Swnwquypdui hwdwpdtp pudubswthh hqnpnipiniup
wjuqly £ Juqutny 0,08...0,14 /.24/d

4. ZUEY-h b ZUMNZ-h Uhontljuyht b fwnwquypuuljnhy yniptph nkih-
Julwb b pptwghnwlwi JEpnsnipjut hwdwnbn jupnpunnphuynd Fhnu-
unioh wnswdpwphg b @NUY-h hwlph mwpwdphg Yipgpwsd wdnpubph Jbpne-
dnipjub wpynitpubpp gnyg Eu mmwhu, np wynswdpwuph tundwsputphg, ptwhn-
nhg b (Entuwyht wmywptkphg yEpgpus tudnpubpmd nkutiwsht nwunhnundyhnubph
wnlunipniip pugujuynid k, hul] wplju ptuljut swquwt nwnhnuniyjhnubph
nugktinnpughwi qunynid k ptwljut $nuh dwjupnulh ypu:

G UYU LNk E3UL 8ULY

1. SPectral Advanced Radiological Computer System, SPARCS-M1, Operators Manual, 2013.
2. ZZ Yunwywpnipjub 2006 p. ognuinnuh 18-h N1219-U «Xwnwquypuyhtt wifunwbgnt-
pjut tnputpp hwunwwnbint dwuhty npnonidp:

Zuyuutnwth wqquyhtt ynjhunbuthjuljwt hudwjuwpwi: Unipp tbpuyugdt; &
hudpugpnipinit 15.12.2020:
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A.C. APAKEJISIH, A.A. TEBOPT SIH, M.I'. KA3APSH, B.3. MAPYX/IH,
I'.I". CEBOSIH, K.!. NIOCKIOJISTH

HNCCJEJOBAHHUE OBPA3IOB ITIOPOJ U TAMMA-®OHA B OKPECTHOCTAX
TI'ETAHYHICKOI'O XBOCTOXPAHMJIMIIA KAITAHCKOI'O T'OPHO-
OBOT'ATUTEJIBHOI'O KOMBUHATA, KAPBEPA 3AHI'E3YPCKOI'O ME/THO-
MOJIMBJEHOBOI'O KOMBUHATA 1 APIBAHUKCKOI'O
XBOCTOXPAHWIHNIIA

[IpencraBneHs! pe3yabTaThl HCCIEAOBAHMS raMMa-(poHa B OKPECTHOCTIX I eranymi-
CKOTO M APIIBAHUKCKOTO XBOCTOXPAaHWIIHII, SKCIUTyaTHpyeMbIXx Kamanckum ropHo-o6ora-
TUTENBFHBIM U 3aHTe3YPCKHM MEIHO-MOJMOICHOBEIM KOMOMHATaMH, U Kapbepa 3aHre3yp-
CKOTO MEIHO-MONMOEHOBOTO KoMOuHarta. [IpuBeneHsl TakKe pe3yibTaThl TaMMa-CIIeKT-
POMETPUYECKNX aHAJIM30B 00pas3loB IOPOJ, B3SATHIX M3 Kapbepa 3aHre3ypcKOro MeIHO-
MoJHuOeHOBOro KoMOuHara. MccienoBanue n n3MepeHne y-QpoHa MpOU3BOIMINCE C HC-
nosib3oBanueM cuctembl SPARCS-M1.

PajimanroHHO-3K0JIOTHYECKOE HCCIIEIOBAHUE C OLIGHKOW raMMa-(hoHa BbIIIEHA3BaH-
HBIX TEPPUTOPHI OBLIO MPOBEJEHO COIVIACHO JOTOBOpaM, MOJNMCAaHHBIM HalmoHaabHbIM
moJUTeXHnYecKuM yHuBepcuteToM Apmernu 1 OOO “buoreorex”.

Knroueeste cnosa: XBOCTOXpaHWIIHIIE, PAIHALMOHHBIA (POH, UICTOUHUKH PaTAOAK-
TUBHOTO HW3JIy4CHUS, CICKTPANbHBIA aHAlN3, U3MEPEHHE W HCCIeNOBaHWE ramma-(oHa,
nepeaBIbKHas (MOOMIIbHAS) CUCTEMA.

A.S. ARAKELYAN, A.A. GEVORGYAN, M.G. GHAZARYAN,
V.Z. MARUKHYAN, G.G. SEVOYAN, K.I. PYUSKYULYAN

STUDYING THE GAMMA-BACKGROUND AND ROCK SAMPLES TAKEN IN
THE GEGHANUSH TAILINGS OF THE KAPAN MINING AND PROCESSING
COMBINE, OPEN PIT OF THE ZANGEZUR COPPER-MOLYBDENUM
COMBINE AND ARTSVANIK TAILINGS

The results of the study of the gamma background in the vicinity of the Geghanush
and Artsvanik tailings operated by the Kapan Mining and Processing and Zangezur Copper-
Molybdenum Combines, and the open pit of the Zangezur Copper-Molybdenum Combine
are introduced. The results of gamma-spectrometric analyses of rock samples taken from
the open pit of the Zangezur Copper-Molybdenum Combine are presented. The
measurement of the y-background was carried out using the SPARCS-M1 system.

The radiation-ecological study with the assessment of the gamma background of the
above-named territories was carried out in accordance with the agreements signed by
National Polytechnic University of Armenia and “Biogeotech” LLC.

Keywords: tailings, radiation background, radioactive sources, spectral analysis,
measurement of the y-background, mobile system.
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Ukpjuyugdws b wqputpowth dwjuniubph wthwdwswthnipjut jupqupkpdw
hwdwlwnpg, npp skqnpugnid k gnpépupug-jupnid-ghpdwunhdwn (FLL) skinnudubpny
b udwt jupdwt munwiinidubpny wuydwbwdnpyws wqnuipywh fwljunubph withw-
dwywthmpmiuttpp: Unwewnlynud k tnp mbuwlh hnuwtiph wewlgdwtt hadwlunpg (20.2),
nnp Jupqupbpnud E wonuipwth wthwdwswthnipnibibpp PU-h wpiwwnwtph ptpwugnid:
Zudwlupgh Yhpwundwi wppnibpnid htwpwynp b gueinid tjuqbgil] fwjunibkph
wihwdwswihnipniuttpp' hwugubng 1,2%-h, htyybu twb qquihnpkt dkdwgut] hwdw-
Jupgh wpuqugnpdnipniiip:

Unwbhgpuyhli pwrnkp. hnuwiph wowlguwl hwdwlwpg, htwnkqpuy upbdw,
Uninp/kp, (guwt gnpéwljhg:

Ukpwbnmpynit: Sudwbwljwlhg PU-Eph [1] wpuqugnpénipjut dkbugdu
wupuquynid pupy L punimd thnpowgynn ndjujubph obnnudutph jupqupbpnudp:
Ujn oinmudubiph wpwewgnidp Juipny b yuydwwynpuwsd 1hul) tmuppbp gnpént-
ubpny, twutwynpuytiu QL [2] shnnudubpny b ubdwl jupdwul nmunwinudik-
nny: Upn yqupuqunid suhwquiig Juplnp juighp b gunimd hnpjuwbvgynn wdjugh
otinnudubtiph Jupqupkpnidp, pwth np pupdp wpugnipnibtph ghypnud wiqud
stught obnnudubipp Jupnn Eu wnwewgul) hwdwljupgh wojiwnwiph juwthwimed-
ubp: QLY shnnudubipp Jupny kb wnwewgul) jgdwt gnpswljgh pbnniudutp, puth
nn npuibg nhypnid mpuwbqhunnpubph hwnnpnpujutnipiniip, hwtgnygnid wnlw
nhuiwnpnipniaubph wpdbpubpp b wy] yupwdbnpbp upnn Ea thnthnpugky, hust
£ tnpuwtigynn wdjuith obnmudubph wuwndwn E npuntnud: ‘Lipjuynidu twpuwgsdwt
nupwgpnid hwoyh B wntymd pninp httwpwynp QLR sknmudubpp, uvwljuy nu
qquihnpkt dkdwginid £ twhiwgsdwt dudwtwljp, husybu twub swn nhupbpnid
htwpwnp sh thunid wyuwhnybt npug yupqupkpnidp pojnp htwpwdnp otnnud-
ubph nhwpnid: Zwupl k wol) np wyn snnudubpp Jupnn b wnwewtiw) PU-h wp-
huwnwtiph pupwgpnid, hish b Jupnn L wunwewgul) nfjujubph Ynpniuntbn:

‘Ukipuynidu gnynipnit ikt twlb gipdpgphwn PU-bp, npntp Jhpunynid Eu
pwpdn donnipinit ywhwenn vhpwduypkpnid, hswyhuhp bt pdojulju uwppw-
Ynpnidubpp, nuquujut vwppbpp b wyji: Vlwb yuydwibbpnmd wygkh jupbnp £
nuntunid ndjuh obnnudubph Jupqupbkpnudp: Uy obnnudubph jupqupbkpdwb
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hwdwp hunnpysh hwtgnygnid jhpundnd E hnuwtph wowlgdwt hwdwljwnpgp
(2U2) [3]: Uyt nuipnnud £ wquibipwith fwljunnitbph sbnnudikpp hwbjyu hnuwip
dmwnwlupupbnyg, hty § Jupqupbpmd b fwjunibph wthwdwsuhnipniip
(uy. 1, 2):

- hunfwdw)ukginy
MUOY nidinuignug | 20Ewegtn Fpuibh puptp U
#:_ qL.-.d
LUOY nidinugnud 75 i
it -y B i e
duljupgulp bhe .
2bnud coe =
wjuy el L L
2l bipunht pmbtn |
MUOY pnyjwwnpnn
#:— qLeved
4-\%L4 ved
LUOY pnyjwwnpnn é el
Ill {Ceerl
Ul 1. ZUZ-ph junnigyudpp
\Y T
$nluwugynn
nyjuw
LuUoY
nidtinugnud
MUOoY
nidtinugnud
t

U.2. Ugqnuipwip dwljunnbbph Jupqupkpnidp
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Lhpiuynidu juyt jhpwnnipinit niubb ntbwuyhtt juwnyd 20.2-kpp [4], hbs-
whu twl pug Juwh ulgpoiipny wouwnnng 2U2-tpp [5]: Qrbwuyhtt juwny
2U0.z-tpnud hwdbpuy nitwuyhtt pununphsubp o Jhwgdnud Gjpughtt pnidbph
(6R) Lpnud, npykuqh skqnpugyh yupwughnuwjhtt ntbwlnipjut wqpkgnipniap,
hush wpnnipunid httwpwynp £ punumd pupbjudby Ejpughtt smjunttiph whw-
dwswihnipnitittpn: Unynpupwp nttwlnipnitubiph wpdtpp (hunwd L dpugpu-
Ynpynn, hust k poy) Enwjhu PU-h wpunungpnipmniithg hinn sonlnidutp ppulju-
gty b punply) phpwoughtt nttulnipqut swihp: fug juwh uljqpniipny wphuw-
wnn ZUZ-Epnud jupqupbpnidt hppuljutugdnud B wqnputpwth hwdwnpdwb
uljgpniupny: Ldwt 2Uz-kpp juqujws b pwownpus hwugnygubnhg, npnup
wywhnymd kbt wqnuowth tmwppkp hwyuwundwb wpdtpubp: Uyuyhuny, junw-
Jupbiny hwyunuwb dudwbwlubph wpdbpubpp, wyjunithknb ppuljwbugubing
wqnuiywbh Yekpungpmudp htwpundnp b himd hpuljuinugib) wepuiipwith fwljun-
ubph Jupqupbpnud: Lpqus 2U2-Eph fhpundwdp wgquipwih fujuwnukph jup-
qupbkpnudp mbnh £ nibbund bwpipwt wmqnuipwth thnpuwbgnidp: Uujuy QL
ohinnulutipp b vtdw jupdwt munwinudubpp jupnn tbo wbinh muktu wqpuipw-
uh thnjowbgdw pipwgpnid, hist k) jupnn £ wpwewguby nidjuh uppuyuip:

Unwgwplpynn huptwlywupquptmnn 2U2-h junmgjwépp. Unwownlynn
2U0z-p (uy. 3) pnyp E nmwjhu wonuipwih jupqupbpnudt hpulwigub] ndjuh
thnfumgdwtt wdpnne pupwugpnid. wynujhuny htwpwynp £ jupqupbpt) twlb thnju-
wlgdwt pupwugpnid wnwewgus sknnidubpn:

/ Cwnnpnhs
> US |8 J> .f;i}r; <ug i izi
! > N 3 #,:: v !
e ) g
i fine Ywnqupbpdwu E
! hwdwywpg !

UY. 3. Unwowplpyng 2UZ-p hunnpnsh hwbgnygnid
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Onpumtigynn wqpuowip twhwpnidbph (LR) hubgnygnid pwdwynid
tpynt &ninh, npnughg Ukyp vhwinid E jupqupkpdwi hwdwlwpghb, huly dniup
GR-ht: Yupqupkpdwb hwdwlupgh (ul. 4) btyquwnwljy £ iwpwpnidbph hwgny-
gnud hwynbwpbpl] woiw wqnuupwuh sknnudubpp b 2U2-h dhgngny hwbjyuy
hnuwtph wowlgnid mpudwnpl] onnudubph JEpugdwt hwdwp: ‘Ldwt Junnig-
Jusph dhongny httwpuynp L wqpuipwh thnjuwbigdwt pupugpnid wuywhnyty
thnpuwigynn wyjwih pupdp hntuwhnipmiup: Ywpqupbkpdwi hwdwljupgp wu-
nntbwyniud £ dntnpuyjhtt mpudwpwinipjut hwignyg, npp dhengny wnwdtiug-
Jnud £ wqnuipwth dkl yuppipnipjut hwndwsp, wjunthbnb wyy wqpuiywt
hunbkgpynud E: bunbkgpnidt hpujutugdnid b fujunibph wpugnipmniip tdw-
qbgubint tyunwlny wynuihuny htwpuwynp yupdibng wlunh nlngnipyub
hwpquplyp:

| i

wqnwbw | i
— I
i —’\/\/\/T i

1

Ununpwjhu Vh E
npwdwpwlnie)ntu i

1
| . |
: hwdbdwinhg E nmlgtg;gmd

| pnywgnud
—

0.9*vdd |
Spwdwpwlwlywu
hwdbdwinhy hwugnyg

]

LU0y

1 mdtnugnud,
! pnywgnud
>

flaa

Ul. 4. Unwownlyng Jupqupkpldwi hudwlupgh Junnigudpp

Zudtdwnhstutph thongny nipudwputiujuts hwignyghtt (S2) dwwnwlupup-
Unud kb wmqnuipwth fwljunh uljqph b tpgh dmuhtt inknkjugunn wqnuywittpp,
npnug vhongny SZ-u hwpynid £ fwjunttph wbnnnipjut dudwbwlp: &wljunh
nbnnmpjut dudwbwlh £ogphin hwpquplh tyuunwlny hwudbkdwwnhsutph ht-
twluyhtt jupdwt dwjuppuljubpt punpdl B ubidwi jupdwt 90% b 10%-h sw-
thny: Zwoyuplp unwpynid k fine nuljunught wgnuipwh dhongny: Ujunthknb
Sz-t hudbdwwnnid | wénn b iugnn fwljunibph wbinnnipniibpp, b ppu wpy-
niupnid dwnwljupuynid o MUO0Y, LUOU nidhnugnudp jund pnyjugnidi wuyyw-
hnynn wqnubpowbubpp: Chnnidubph huynbtwpkpdwt nhypnd wyn wqnutpw-
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utph dhgngny htwpwynp E nupinid LA-nd Lmjunttph wpugnipjut junw-
Jupnidp, husp pnyp E mmujhu nfjuh hnpupwbgdwt pipugpmd Jkpugut] wnw-
owgud oknnidubpn: Upgws onnudkuph yEpugnidp qquihnpkt pupbjwynid £ wqg-
nuipwh hntuwhnmipiniup, pwtth np wénn b bjugnn Smjunbkph mbnnnipjub
Jupqupbpnidp iuqkgunid E wgnupwh ppprngp b &népp:

bupwlwpqupbpdnn 2U2-h wowwnwbph ulgqpoibipp. Zudbdwwnhsubph &i-
pnid Abwynpud «uljhqp-hwoquply» b «njupun-hwoqunlp wmqnupwuubph dhon-
gny junwjupynid k hwoyghsp, npny guwhunnynud ko wjugnn b wgnn gujuniitiph
wpwgnipniutbpn (u. 5): Uyn junwjupnng wqqutpwbbpp dbiwgnpynud B, Gpp
thnfuwigynn wqnuipwip hwubnd £ vbdwt jupdwt 90 jud 10 wninlnuht, puth
np hwdbdwwnhsubph hEtwuwjhtt jupnudubpt niukht 0.9*VDD b 0.1*VDD wpdtp-
ubpp: ZEnbwpwp, woqpuywtubph fwjunh mbngnipjut hwpdupyp Yhpufu-
twgyh wyn dhpwljuypnid: Ujunthtnl hwoghsp qpuignid E unwugqus wljuwnh
nbnnmpjut wpdbpubpp wénn b Wwuqnny Swljunh nkghunpubpniud, npnup hw-
Ubkdwwnynud tu pduwyhtt hwpyhsh dhongny:

ulhqp-hwaquny MUOY nidtinugnid, pnijwgnid
—_— —
wywnu-hwaduny Jwnwwpnud =
_— R LUOY nidtinwgnud, enijwgnid
fina ' hw dhs | —
— ! 24ng —
wénn Gwlwuwnh ujwqgnn Gwywwnhp
nkghuwnp ntighuwnp
rYwhu
hwdbtidwuwnhg

Ul 5. Spundwpwiunuln huilignijgh wppiunnwiiph uljgpniiipp

Zudbdwndwi wpyniiphg u]ws jupujupdwi hwignygp dbu]npmd
E NMUOY/LUOU nidbinugnid ud poryjugnid wqnuipwibpp: pwip dhwgunud
Jud wigwinnid ki twpuowpnidtipnud quidng Ejpuyhtt LUOY jud MUOY wipw-

qhuwnnpubpp, htgh wpnynipnid btwppwpnibbph Epughtt Smjunh wpugnipmniu-
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ubipp thnthnhynud Eu: Uju gnpénnmipnitp Juwnwpynud | uytiput dwdwbtwly, dhish
wqpuiowih fwjuntbph wbnnnipmnibtbpt ppup hwjuwuwpdnud B Zwpl
k), np Swjunh mbnnnipjut hwyquplp wnknh E mubkunid fine muljunughtt wq-
nuipwth dhongny, nph hwdwhmput dkdugnudp tyuwunmd t hwdwlupgh
Sounnipjut dkdwugdwupn: Uy hwdwpunipjub pnpmipniup jupus kb twub hu-
nbkgpus wqpupwth Lwjuntbph nbnnnipjut wpdtphg: Untnpuyhtt wqnu-
upwth hinkgpuwt tyyunulj £ uyt htwpunphiv npuinuintguby, npytugh hiw-
nuynn thth Swljunh thnthnpunipjub pupwugpnid hwyduplutp juwnwpky (u. 6):

9Yn ., . . L9950, = o 1000, . . . 10g5n'T
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Ul 6. Plunkgpyws uniunpuyhli wqnuipwip

Zudwljupgh Yhpundwt wpgniupnid dh puth wuppbipmpjut pupwugnid
htwpwynp E gunumd wqpuipwih fwjunitph mbnnnipmpiuubph wthwdwsw-
thnipjutt jupqupbkpnudp: LY. 7-nid wunlipuws k, pk hsybu £ jupqupbpdu
hudwlwpgp wjugbginid fwjuntkph wthwdwswhnmpniabpp: Zupy b uoty,
np hwdwlupgh &ownnipniup jupkih £ jurwdupt) twb twpwpnidbipnid MUO0Y
b LUOY twdwbwlutph pwuwlyny, ptisybu twl dhwnp wnpwiqhuninph hnuwbph
Junwjupdudp:
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Ul 7. &wfunbbph wihwdusuhnipiul Jupqupkpnidp

Ul. 7-nud Jupkjh E tjunk), np Sujunibph twptujut wthwdwswuthne-
pintup juqunud £ 730 7/, hull hwdwlwupgh gnpswsdwt wpyniupnid bpkp wup-
phipnipjutt pupwgpnid htwpwynp b quninid wthwdwswthnipiniin qquijhnpki
uqkgut] nupdubng 2 @it Unwowplny hwdwlupgh qluunp wow]bjnipe-
il wyt E np tw wgnuipwth fwjunibph withwdwswhnipniip jupguptkpnid
t npuibg thnumbgdwh pipugpmu’ spruthwbityn] wjuyubph thnpuwbgdwb gnps-
pupugn: Upmnmuuulnid wwwnlipjws i hwdwlupgh Yhpundwdp unwugdus
wpryniupubpp:

Ugyniuwl
Unwowplyjng 2UZ-p §hpundwdp unwgyud wpyntipblpp
NMuwpuubnp (4] [5] Unwownlyny 202
Unpunwunpulw gnpépupwug (1m) 0,13 0,18 0,032
Upwquqnpénipini (Up/4) 630 500 2133
Swljunttph wthwdwswihnipmniu (%) 0,9 3,4 1,2

Bqpuljugmpinii: Unwownlynny 2U2-h Jhpundwdp htwpunp £ jupqu-
pipnudt hpuwiigil] wgnuipowuh thnjuowbgdw pupwugpnid, hisyhu bwb qqu-
1hnpku dbdwguty hwdwljupgh wpuqugnpdmpniup: Zudwljupgh Yhpundwb wpn-
jnibipnid hupun]np £ kgl fwjunibph withwdwsuhmpintalbpp jupqupbpby
hwugubny npuig wpdbpp wnwdbjugnyup 1,2%-h: Zudwljupgh wouwnwiph
dwbwlndubpp juwnwpyt) G HSPICE [6] gnpshpny 9 LY wuydwbutbpnud:
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K.T. XAYUKAH
CUCTEMA PEI'YJIUPOBAHMS BAPUAILIMI CKOPOCTE CUTHAJIOB

[IpencraBnena cucremMa OOHAPYKCHHS W CAMOKAIMOPOBKH BapHaIii CKOPOCTEH
CUTHAJIOB, KOTOpPasi KOMIIEHCHPYET AUCIPOIIOPINH KpPaeB CHTHANA, BEI3BAHHBIC BAPHAIMSIMA
TEXHOJIOTHIECKOTO TIporiecca, HanpspkeHus u remneparypsl (IIHT) n n3mereHnssMu Hamps-
JKeHHs uTanus. [Ipeanaraemasi cucteMa KOMIICHCUPYET JUCIIPONIOPIIMU U HCKAKCHHS CUT-
HAJIOB BO BpeMs pabOTHI KOHTYpa. B pe3ynbpraTe HCHOIBE30BaHUS CHCTEMBI ACHMMETPHH CHUT-
HAJIOB OBUIM CHIDKCHBI 10 1,2%, a TakKe 3HAYHTENBHO YBEIHMYWIOCH OBICTPOJCHCTBHE
CHUCTEMBI.

Kniouesvie cnosa: cuctema yIpaBi€HUS CKOPOCTAMHU, WHTETpalibHas Cxema,
BXOJ/BBIX0], KOOPDUITUESHT 3aOTHEHHS.

K.T. KHACHIKYAN
A SYSTEM FOR REGULATING THE VIBRATIONS OF THE SIGNAL SPEEDS

A system of slew rate variation detection and self-calibration of variaton of the
signal speeds is presented. The proposed system compensates the signal edge disproportions
caused by process-voltage-temperature (PVT) variations and supply voltage changes. The
proposed system compensates the signal disproportions and distortions during the circuit
operation. Using the system, it is possible to reduce the asymmetry of signals up to 1.2%,
and significantly increase the system's speed.

Keywords: slew rate control, integrated circuit, input/output, duty cycle.
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H.T. GRIGORYAN, M.T. GRIGORYAN, V.D. HOVHANNISYAN

A HIGH SPEED SERIAL - TO - PARALLEL CONVERTOR WITH OUTPUT
WORD LENGTH CONTROL

Serial data transmission in high-speed transceivers is widely used to minimize the
number of input/output pins of integrated circuits. In modern serializer-deserializer (SerDes)
applications different types of data encoding mechanisms are used.

A serial — to - parallel converter with controll data packet length is presented in this
paper. This converter is applicable in solutions where data can be transferred with or
without encoding. HSPICE verification in 4.5 sigma Monte Carlo range have confirmed the
usability of the proposed solution in modern SerDes systems.

Keywords: SERDES, transmitter, receiver, serial - to - parallel conversion.

Introduction. CMOS technology is developing at high speed. With
improvement of modern Integral circuits various problems appear during the
design process. The operating frequency and power consumption are the main
concerns for nowadays ICs. The usage of high speed SERDES systems are very
common now. With advancement this SERDES systems are getting more
complicated and functional. The main building blocks of these systems as its name
suggests are the serializer and the deserializer.

To have a robust link between the transmitter and the receiver, the careful
design of these blocks is mandatory. Input parallel data is serialized with the
serializer block. To have good transmission without reflections TX/RX termination
calibration process should be performed [1]. The final stage is deserilization which
is performed via the deserializer block. In this paper, the deserilizer circuit is
presented which has a function to change the output word length. This feature is
very handy in protocols where both raw data transmission and transmission after
encoding is available. If the SERDES system is source synchronous it can transmit
raw data but if the clock is transmitted with data, encoding usage is preferable.
That brings to the main idea of this paper. The system must have functionality to
work properly in both scenarios.

Available architectures. Various structures have been used to design
deserializer circuits. More commonly used architectures are based on shift registers
and the tree structure. One of the benefits of using a shift register architecture is the
small number of the required circuitry. The main used component is D flip-flop. In
Fig. 1, a 1:4 deserializer with a shift register architecture is presented [2]. In this
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architecture, the clock is not divided, and the same clock signal is used for all flip-
flops.

F1 F. F2 Fs

Q|
]
Ql
]
Q|
]
Q|

Al

Fig. 1. A deserializer with a shift register architecture

O3 (0}3 O Oo

Downside of this architecture is the usage of a high frequency clock. Power
consumption is higher compared with the architecture when a divided clock is
used. Also, with increasing the frequency the design of flip-flops with the required
setup and hold time margins become challenging. It is also not convenient when
the output word length is 8 or more. Parallel data will be available after 4 clock
cycles for 1 to 4 deserializers. With bigger output word length, the waiting time
rises correspondingly.

Oo

N

S2

"

S

O3

L
. 1 [
L

I

Fig. 2. A deserializer with a tree architecture

The tree structure is designed using several 1:2 demultiplexers. In Fig.2, a 1:8
deserializer with a tree structure is presented [3]. For selecting signal generation, a
frequency divider must be used. Three frequency dividers are required for this case.
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Problem description. Modern SERDES systems work with protocols where
both raw data transmission and transmission after encoding is available. In Fig. 3,
SERDES system components with an option to transmit encoded data are presented.

— Line Driver Receiver —
Encoding . - Decoding Parallel data
Parallel data logic ! P25 ’ : \ 2P . logic :>
—| —>l
—| —>l

CDR

Reference Clock PLL T

Recovered Clock

Fig. 3. A SERDES system with encoding

Different encoding algorithms can be used. In systems with Clock and Data
Recovery 8b10b, encoding is very convenient. It provides enough state changes to
allow reasonable clock recovery. Encoding for these systems is optional, so the
parallel data length could vary, depending on application. A serial-to-parallel

converter should have an option to work with both cases.

The method explanation. To have a serial-to-parallel converter with an
option to change the output word length, a divider should be designed with a variable
division ratio. In Fig. 4, the block diagram of the proposed divider is presented.

Divided by 4 clock signals Divided by 5 clock signals
are generated are generated

Fig. 4. The block diagram of the divider

There are special constraints on the frequency divider for this architecture. It
should be able to generate a divided by 4 clock signals with a 90° phase shift. It
should also have a function to divide by 5 when bigger word length mode is activated.
A divider circuit is constructed using D latches, D flip-flops, NAND logic cells. In
Fig. 5, D flip-flop is presented which is constructed using D latches.
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Fig. 5. A D Flip-Flop

A divider can operate in 2 modes - divided by 4 and divided by 5. When
div5 en signal is 0 divider, it is divided by 4 modes. It generates divided by 4
clock signals with 25% duty cycle. These signals are shifted by 90 degree. clk div
signal is divided a clock signal for the output stage flip flops with 50% duty cycle.
When div5_en signal is logic 1, sig<4:0> signals are generated for latches and
divided by a 5 clock signal for the output flip flops. The structural block diagram
of the divider is presented in Fig. 6.

b e 2

I
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o
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Fig. 6. The structural block diagram of the divider

The divided and shifted sig<4:0> signals are available on the output of latches
as presented in Fig. 7.
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Fig. 7. The divided by 5 signals
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The clk_div signal is generated using SR latch. If the corresponding sig<4:0>
signals are used for set and reset operations, the frequency divided by 4 or 5 with a
50% duty cycle can be obtained. In this simulation 1.25 G#hz clock is used. One of
the difficulties during the design of a divider is the clock skew. With variation of
the process, voltage and temperature skew between the clk p and clk_m signals
can vary and cause a divided clock duty cycle distortion. To bypass this problem,
one solution is the design of latches and flip-flops with big setup and hold margins.

When div5 en=0, sig<4> is pulled up to 0.8V. In Fig. 8, the division to 4

case is presented.
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Fig. 8. Divided by 4 signals
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Simulation Results. In Fig 9, a 1:4 deserializer is presented, which has a
capability to change output word length from 4 to 5. A deserilizer is constructed
with latches and flip-flops. With sig<4:0> signals, serial data is latched and with
the rising edge of div_clk ,it is latched to output.

dea:0 D —_ d_l<4:0=
0= | Q —
L<4:0>
sigedi0 | P
sig_inv<d:os 9

d_l<4:0= D Q _O<4:D>
F <4:0>
div_clk —> —
div_clk_inv_°> Q p—ix]

Fig. 9. A 1:4 deserializer

The timing of clock signals is crucial. It must be ensured that the rising edge
of clk div signal will occur after the serial data have been latched. Otherwise it can
result in data errors. For the sig<4:0>, signal generation frequency divider is used.
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Below are presented the HSPICE [4] simulation results of serial - to -
parallel converter designed by SAED14nm FinFet technology [5].

asdi
a7

Serial data o

d<0> i 1 0

d<1> o

d<2> o

1
d<3> i P 0 :
; !

Fig. 10. Serial-to-parallel input and output plots

The top plot of Fig. 10 is the input serial data. After a 1 clock cycle,
deserilized data is available. To be sure that the designed circuit is operating
without data errors, Monte Carlo simulation was also performed. In Fig. 11, the
plot showing the data error spread considering 4.5 sigma variation and 0.95
confidence interval is presented.
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Fig. 11. Monte Carlo simulation results
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In the table below, information about area and power consumption is
presented. The results are for typical PVT conditions.
Table

Power consumption and area

Block Power consumption Area
Deserializer 220uAd 50.7um?
Divider 65uA(div 5 mode) 42 4um?

Conclusion. A serial-to-parallel converter with a variable output word length
is designed. It can be used in modern SERDES systems. For simulations, SAED
14nm FinFet technology is used. The block is functional up to 2.5Ghz frequency.
For higher frequencies, division and data errors occur. Several of these devices can
be used to obtain 8bit, 10bit or a bigger output word length.
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JMHEHMUS.
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napaJuienbHoe peoOpa3oBaHue.
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THE RELIABILITY IMPROVEMENT METHOD OF COMPARATORS IN
MODERN ANALOG VLSI CIRCUITS

Technology trends like Artificial Intelligence and autonomous driving leads to a
need for lots of analog components of integrated circuits to connect to the physical world.
The design and verification of these analog parts take a lot of effort on the overall process.
Modern integrated circuits are widely used in the systems where functional or reliability
issues may result in unrecoverable consequences. This forces IC designers to extend the
verification coverage to detect problems at the design and verification stage instead of
silicon, PCB or application testing phase. The realization of those extended verification
requires a correctly defined process, voltage and temperature conditions based on which
SPICE functional simulations, electromigration, IR drop, ageing, overvoltage and Monte
Carlo verifications should be performed.

The impact of technology deviation on analog comparators has been analyzed in this
paper and a solution has been proposed which solves the offset problem in comparators
used in high-speed transceivers: 250 mV offset caused by the technology deviations in + 3
sigma range reduced to 25 mV.

Keywords: analog, very large scale integration (VLSI), integrated circuits (IC),
reliability, comparator.

Introduction. Integrated circuits (IC) are widespread in modern vehicles,
aircraft, army or space [1]. The costs of such systems are very high, therefore there
are hard requirements for their reliabilities [2]. Those requirements stand more
critical in analog, highly sensitive parts where compared to the digital circuits,
analog values of processing signals play key roles. To connect those signals with
digital processors, analog-to-digital converters (ADC) are used. The main component
of ADC is the analog comparator [3], that is why the correct conversion without
loss of information mainly depends on the characteristics of this circuit: sensitivity,
offset, input signal swing, etc. It is known that the CMOS manufacturing process is
not ideal which results in deviations of the transistor parameters like channel length,
width, doping concentration, etc. [4,5]. Such uncertainties cause post manufacturing
deviations of transistors’ characteristics such as threshold voltage, transconductance,
channel length modulation, etc. That is why, the CMOS fabrication process has
become the main impact factor of the accurate operation of analog comparators.

Two main types of comparator structures are widely used in analog circuits:

clocked and operational amplifier OpAmp-based [6,7]. Operational amplifier-based
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comparators are essential in such ICs where the existence of clock signal may
cause a big noise and harm the functionality of those analog sensitive parts. The
structure of the OpAmp-based comparator is presented in Fig.1.

T
O
al e e
] [ 4

Fig. 1. An OpAmp-based comparator circuit

This circuit consists of a differential amplifier with symmetrical branches,
the second stage consists of the common source amplifier and the output buffers
which are amplifying the output signal of the common source stage up to CMOS
levels. In such structures the two branches of differential pair should be identical to
minimize the offset and other problems related to the reliabilities like ageing.

Considering the accuracy requirements, the costs of the systems where such
circuits play key roles, and the CMOS fabrication problems described above, the
complete verification has been performed.

Problem description. This comparator circuit has been designed by
SAED14 nm FinFet technology [8], and HSPICE simulations have been
performed. Since the branches of differential pair are symmetric it is expected to
get low offset values between the output stages. As shown in Fig.2, the offset
between those branches is 20 uV while tying inputs together.
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Fig. 2. Comparator offset in typical conditions

To check the circuit robustness, the process deviation impact should be
considered. The implementation of such verification is done by Monte Carlo Spice
simulation. As shown in Fig.3 and in Table 1, the offset value achieves up to 250
mV in the 3 sigma deviation range.

Q-Q Plot [y = 0.0648x + 0.02053]
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Fig. 3. MC variation for offset
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Table 1

Comparator offset in £ 3 sigma range

Offset (mV)
-3 sigma -249
+3 sigma 252

Such behavior results in unpredictable output switching and incorrect data
conversion. So, a new schematic solution has been proposed to improve the post-
manufacturing offset degradation.

The reason for such a big detected offset is the transistors’ dimensions’
variation after CMOS IC fabrication. As a result, applying the same voltage on the
input NMOS devices, different currents flow through the differential pair branches.

The proposed solution. The circuit modification was done to solve the
problem. As shown in Fig.4, the digitally controlled load has been added into the
differential pair branch. Control bits are equal to 6. Currents flowing through each
next branch increase twice corresponding to the digital code.

In addition, the diode-connected PMOS device should be bigger than the
mirroring PMOS device, which will cause a current mismatch between the two
branches of the differential pair. And ideally, the calibration block should
compensate the current difference by using the middle code.

The operation algorithm is as follows:

1. The common mode voltage should be applied to the inputs of comparator.

2. The output voltage of the comparator should be sampled and converted to
the digital code by the precision ADC which, in general, exist inside or outside the IC.

3. The voltage on the diode-connected transistor gate should be sampled and
converted to the digital code.

4. If the difference is higher than 3, the load tied to the output should be
enabled.

5. The code should be increased by the SAR algorithm to find the case when
the difference between the ADC outputs is less than 3.
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Fig 4. A comparator circuit with calibration block

Results. In the first step of the method verification, HSPICE simulation was
carried out without considering the transistors’ dimensions’ variation. The calibration
process and results are presented in Fig.5 and Table 2.
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Fig. 5. Calibration

Table 2

The calibration code and the offset value by using a digitally
controlled calibration block

Offset (mV) 1
Calibration Code 28

The achieved results have shown that the offset is negligible when using a
calibration block, and the calibration code is well-centralized.

To evaluate the method impact on the offset minimization, SPICE MC
simulation was performed.

According to the results presented in Fig.6 and Fig.7, and in Table 3, the
offset variation has been reduced about 10 times in 3 sigma interval which proved
the method efficiency. Also, the calibration code did not saturate which means that
calibration did not fail, and the bit resolution is acceptable.
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Fig. 6. MC simulation results for the offset
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Fig. 7. MC simulation results for the calibration code
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Table 3

MC results with proposes method

Offset (mV)
-3 sigma -20
+3 sigma 30

Conclusion. An OpAmp-based comparator circuit has been designed with
the SAED14 nm FinFet technology. A huge offset variation with MC simulation
was observed.

An architecture update has been proposed to reduce the offset variation.
According to the results, the offset variation was reduced about 10 times.

The SAED14 nm FinFet technology libraries have been used during the
HSPICE simulations, outputs have been exported by Galaxy Custom Designer tool.
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I''A. HIETPOCSH

METO/J ITIOBBIINEHUA HAJEXKHOCTHA KOMITAPATOPOB B
COBPEMEHHBIX AHAJIOT'OBBIX CBEPXBOJIBIIINX
HHTEI'PAJIBHBIX CXEMAX

TexHos0orMuecKue TeHACHINH, TAKNe KaK UCKYCCTBEHHBIH MHTEIUIEKT U OECIUIIOTHOE
BOJK/ICHHE, BBI3BIBAIOT HEOOXOAUMOCTh MOJIKITIOUEHHUS] OONIBIIOTO KOJMYECTBA aHAJIOTOBBIX
KoMnoHeHTOB uHTerpabHbIX cxeM (MC) x pusnaeckomy mupy. PazpaboTka u mpoBepka naH-
HBIX AQHAJIOTOBBIX KOMIIOHEHTOB 3aHMMAIOT 3HAUMTENBHYIO 4acTh Iporiecca pa3paboTKH Beel
cxembl. CoBpemenHbie IC mmpoko MCMONIb3YIOTCS B CHCTEMaX, TAe (yHKIMOHATBHEIE ITPO0-
JIeMBbl WJIM TIPOOJIEMBI ¢ HAAEKHOCTHIO MOTYT NPHBECTH K HEYCTPAHUMBIM MOCIIEACTBHAM.
Ot0 BeIHYX1aeT pazpadborunkoB MC pacmmputs 0XBaT MPOBEPKH [UIsl 0OHAPY KEHHUS POOIIeM
Ha 3Tare NPOEKTUPOBaHMS U IIPOBEPKH, & HE Ha ATale TECTUPOBAHMUS TOTOBOTO KPEMHHUEBOTO
W3JeNMsl, IeYaTHOM TuI1aThl Wik Ha 3tane npuMmenenus MC. Peanuzanus paciiupeHHON mpo-
BepKU TpeOyeT NpaBHIBHO YCTAHOBJICHHBIX YCJIOBHH INpoliecca, 3HAUCHUH HaNpsHKeHUs U
TEMIIEPaTypPbl, HA OCHOBE KOTOPBIX JOJDKHBI BBINOIHITHCS (DYHKIIMOHAIBHOE MOJIETPOBa-
mue SPICE, anekrpomurpanus, majeHue HAPsSHKSHHsI, CTapeHUe, TIEPEHAIPSHKEHUE U TIPO-
Bepku Monte-Kapiio.

ITpoananu3npoBaHO BIMSHUE TEXHOJIOIMYECKOTO OTKIOHEHHS HAa aHAJIOTOBBIE KOMIIa-
partopsl. IIpemnoxeHo penieHne, KOTOPOe Pa3penIniio MpodIeMy CMEIIeHHsI B KOMITapaTo-
pax, UCHOJB3YEMBIX B BBICOKOCKOPOCTHBIX Iepeaaryukax: cMmeuenue 250 uB, BbI3BaHHOE
TEXHOJIOTUYECKIMH OTKJIOHCHHSIMH B IMara3oHe + 3 curma, yMeHbIIeHo 110 25 uB.

Knroueevte cnoea: ananorossii, ceepx0omipmue uaTerpaibabie cxemsl (CBUC), nn-
terpasnpHas cxema (MC), komnaparop, HaAeKHOCTb.
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A SMALL AREA AND LOW POWER VOLTAGE COMPARATOR BASED
ON A LATCH WITH CONFIGURABLE SENSITIVITY

A small area and low power voltage comparator is presented based on a latch with
configurable sensitivity. The comparator functions by scaling the current which is created
by the input voltage to charge a capacitive element, whose size defines the reference voltage.
The charge on the capacitor decides whether the latch will switch or no. For specific designs
where the input capacitance of the comparator is critical, the proposed circuit can be used.
Compared with conventional comparators based on op-amp, a certain amount of time is
needed to perform a full comparison cycle. This is the main difference of the comparison
process compared with conventional comparators based on an operational amplifier. To
sum up, the presented circuit is inferior to the conventional comparator design in the
functioning speed, but on the other hand, it consumes less power and would have smaller
area on die.

Keywords: comparator, latch, operational amplifier, current mirror, offset.

Introduction. Nowadays, as the market develops, and the usage of portable
devices is increasing significantly, the power consumption of the chips has become
one of the most important parameters. Also, as the speed requirements are becoming
more aggressive, it is becoming a challenge to meet the power specifications. It is a
good practice to try to replace the existing designs or circuits with new architectures,
that will consume less power, and compared with conventional designs would not
have significant degradation of working parameters. In other words, try to solve the
design problems for a specific case. For example, if a low power voltage
comparator is needed where the high accuracy is not required, a more suitable
design can be used rather than a comparator based on an operational amplifier [1].
Also, the area is one of the most important parameters of the chip. By decreasing
the chip area, the yield of a die could be naturally increased.

In this work, a small area, low power voltage comparator is presented based
on a latch (rather than a differential pair as in conventional comparators), in which
by configuring the circuit device sizes, the input sensitivity can be controlled [2].
In other words, how close should the two inputs be for the comparator output to
switch? The proposed circuit is considered to be used in applications where it is
needed to determine whether the 2 voltages are close to each other or not (with an
already set up sensitivity). The advantages of using a latch as a base switching
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element of a comparator is its small area compared with a differential amplifier [3].
It also affects the input capacitance of the circuit. As described in the next sections,
in the proposed design, the input transistor is significantly small compared to the
conventional differential pair, which means that the design will require much less
output strength for the previous circuit to drive the comparator circuit input.

The basic idea of the presented circuit is to scale the difference between the
reference and input voltages of the comparator and transfer them to latch inputs.
The scaling is done through current mirror. And already scaled difference (similar
to differential signals) goes to the latch inputs. If the latch switches, it means that
the difference of the input voltage and reference voltage is greater than the
sensitivity margin. The sensitivity is being configured by sizing the capacitive
component present in the circuit. So, by latch switching we can estimate the
difference of input and reference voltages.

Section 1 introduces the concept of the proposed circuit and differences
compared with the conventional comparator architecture based on an operational
amplifier. The implementation of the proposed architecture is introduced in Section
2. Section 3 brings the simulation results of a built circuit which is constructed in
the 16nm FinFET process. The summary of the paper is in Section 4.

1. Comparator concept. To describe the principles of work of the proposed
circuit, consider the diagram depicted in Fig. 1.

Input

—— Input voltage
REF to current | @7 Latch Output | Out

converter f with reset buffer

Configurable
capacitance

Configuration code

Fig. 1. The block diagram of the proposed architecture

The main features of the circuit is to have a configurable sensitivity. It will
solve two issues simultaneously. First, the offset of the comparator could be
controlled, depending on the input voltage. In other words, we always keep the
input transistor in the same operating region (particularly linear region, would be
explained later), no matter the input voltage level. By that, a unit change on the
input voltage, on the whole input swing region, will lead to constant delta on the
input transistor drain current. Second, as the work of the circuit is based on
charging and discharging of a capacitive component, by changing the capacitance
value and the switch timing we can change the sensitivity of the circuit.

In Fig.1, the block diagram of the proposed architecture is depicted. The first
stage converts the input voltage to current, that should charge the configurable
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capacitance. The main function of this stage is to scale a small input change to a
much larger one on its output. For example, 1 unit /" change on the input (transistor
gate), which should cause the drain current to change by 1 unit 4, is multiplied X
times and the charging current of the capacitance equals X 4. The X can be defined
by sizing of the converter block.

Depending on the reference voltage (with which the input voltage should be
compared), the input transistor is being kept in the linear operating region, to have
the same delta drain current for 1 unit gate voltage change, for different regions of
the input swing. The reference voltage is being set by the configuration code, by
which the total capacitance is defined. By previously done simulations, for
different PVT corners, a configuration code / reference voltage table can be
defined. For example, to compare the input voltage with 500 mV, the configuration
code should be 0100 (if a binary 4 bit coding is used). The tradeoff is between the
number of possible comparison reference voltages and the area of the configurable
capacitance layout. A bigger number of combinations leads to more parallel
capacitive fingers, which will let the changeable capacitance to have a smaller step.
The configurable capacitance can be constructed by binary weighted caps and
binary coding. The method of control of capacitive component size is not principal.
The switch control signals have a predefined timing, which would be suitable to be
used in some particular operation. For example, the switch can be opened for 50 pS
and the charges that managed to be accumulated on the capacitance will define the
voltage going to the latch input. The second input of the latch is grounded. Hence
the signals on the latch input are becoming like differential signals. And if the
accumulated charge is enough, the latch will switch, which means that the
difference between the input and reference voltages is bigger than the sensitivity
margin. To exclude weak latch output switchings, a buffer is placed on the output
to filter the latch output signal.

As the function of the circuit is based on charging and discharging of a
capacitive component, a certain amount of time is needed to perform a full
comparison cycle. This is the main difference of the comparison process compared
with conventional comparators based on an operational amplifier. Op-amp-based
comparators perform one comparison cycle around 4 to 5 times faster. And this is
the main drawback of the proposed circuit. But on the other hand, this architecture
consumes less power and has a smaller area compared with conventional one.

2. Implementation of the circuit. In Fig.2, the implementation of the
proposed architecture is presented. The circuit is constructed using the 16nm
FinFET technology devices [4]. RVT devices are used under core voltage domain,
0.9 V, which is the nominal voltage for thin oxide devices. The circuit is not
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process-limited and does not use any technology specific features for its correct
operation. So, the architecture can be used in other technologies as well using thick
oxide devices under I/O domain.

Pg P9

our

Ng NS

Configuration code

Fig. 2. Implementation of the proposed circuit

Below are described the principles of the function of the circuit. N1 is the
input transistor whose gate is connected to an input pin, the voltage which should
be compared with the reference one. N2 NFET is working as a source follower to
fix the N1 and N2 middle point voltage. In other words, for different input
voltages, change the Vb in such way, that for N1 it should always be in the same
point of the linear operating region. The input transistor should be kept in the linear
operating region, for its current to change relatively linearly when the gate voltage
is changing. To be more clear, for the 1 mV step on the input, to cause the same
current change through the line, no matter that the input voltage is 500 m} or 700
mV. N1 has a fairly small size, to be more sensitive to input changes. Then, a
current mirror is present with P1 and P2 transistors. The scaling factor is
reasonably large, which means P2 is much larger than P1. It is done to multiply a
minor current change on the P1 line to a much larger one on the P2 line, in order to
charge the configurable capacitance. To convert the current on the P2 line to
voltage, capacitance is used. It could also be done by a resistor, but the main point
of the circuit is that the current through P2 should define the input voltage. But if
we used a configurable resistor, the current through P2 would be affected by the
configuration code. For that reason, a capacitance is used, as in this case the P2
current would be constant independent of the cap size. The capacitance
configuration algorithm is not important. Simple parallel-connected capacitances
can be used with binary weighted sizes, and controlled with switch keys. The
voltage on the Cn is transferred to the latch input by a simple transmission gate
(P3, N3), whose control signal is inverted by an N4, P4 inverter. A simple latch is
used (N6,N7,P6,P7), whose outputs can be forced with N5 and P5 reasonably large
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transistors. This will help to reset the circuit for the next comparison cycle. The
other input of the latch is connected to the ground (for the signals on the latch
inputs to behave like differential ones). A buffer with two inverters is used to filter
the latch output and make the output pulses sharper and clearer. The key parameter
of the circuit to define is the open time of the transmission gate. When the
comparison cycle begins, the capacitor is discharged, and the latch state is fixed
with the N5 and PS5 transistors. Afterwards, the N5 and PS5 are set to cut-off, to let
the latch function. The capacitor is starting to charge. After a fixed period of time,
the TG is opening for some small time window. The TG open state is chosen to be
small for the capacitor not to continue charging and affect the latch performance. If
the voltage on the capacitor is enough to switch the latch during the above
mentioned time window, then the input voltage is greater than the reference one.
The output buffers are used to filter the output pulses, as in cases where the input
and reference voltage difference is close to the offset value (or sensitivity margin),
on the latch output there may be incomplete pulses.

3. Simulation results. The circuit of Fig.2 is implemented in the 16 nm
FinFET technology. All transistors in the circuit are regular voltage/threshold
transistors. Simulations are done with HSPICE simulator [5]. Supply voltage is 0.9
V, which is the nominal voltage for regular transistors. N1 input transistor is with
minimal sizes to be maximum sensitive to input voltage changes. N2 size is chosen
not to limit the current changes through the N1 line, in other words not to define
the current through the line. For specifically this technology, the most linear region
of the RVT transistor is when its Vds is around 60 mV. As the RVT transistor
threshold is around 410 mV, and N2 acts as a source follower, Vb is set to 470 mV.
The P1/P2 current mirror multiplies the current around 30 times. The simulation
results are done to compare the input voltage with 635 m) (chosen just for an
example). 635 mV reference voltage corresponds to 1 pF total Cn capacitance. The
capacitance value should be set fairly small: for the voltage swing, in case of the
same amount of charges, to be larger. With the circuit, it is considered to provide a
table, which will show the configuration code and reference voltage compliance.
For example, if we have a binary 4 bit configuration code, and equal parallel
capacitive fingers, 4b’0110 corresponds to Vsupply/6=562.5 mV reference (in case
of 0.9 V supply). TG size is set to have reasonably small open state resistance.
N6/N7/P6/P7 latch devices’ sizes are set to have a regular latch performance. N5
and P5 are reasonably large to be strong enough to force the latch outputs. The
output buffer sizes can vary, depending on what circuit is driving the comparator.
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Fig. 3. Simulation waveforms

In Fig.3, the simulation waveforms are shown. As the circuit consists of not
parasitic capacitive elements, DC analysis is not allowed. So, transient analysis is
performed. The input voltage sweeps from 635 m) to 645 mV (Vref+Vdelta). At
100 pS by en n and en p signals (en p is the inverse of en n) the latch is
becoming functional. At 200 pS TG is starting to conduct for some certain time
interval. v(outin) on the waveform is the voltage on the capacitance. Net net8 is the
latch input. As can be seen after TG is opened, the latch input gets to around 620
mV. The time interval is fixed between the TG closing moment and when the en_n
and en_p signals are locking the latch state. And if the latch manages to switch
during that timing window, this means that the input voltage is greater than 635
mV. As the simulation results show, starting from the highlighted signal of v(out),
when the input voltage is 639 mV (delta=4 mV) and greater, the output is switching.
So, by monitoring the output signal at 490 pS (end of comparison cycle), if we get
0, the input voltage is greater than the reference and vice versa.

Conclusion. A small area and low power voltage comparator is presented
based on a latch with a configurable sensitivity. The comparator functions by
scaling the current which is created by the input voltage, to charge the capacitance,

whose size defines the reference voltage. The charge on the capacitance decides
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whether the latch switches or not. For specific designs where the input capacitance
of the comparator is critical, the proposed circuit can be used. Compared with
conventional comparators based on op-amp, a certain amount of time is needed to
perform a full comparison cycle. This is the main difference of the comparison
process compared with conventional comparators based on an operational
amplifier. To sum up, the presented circuit is inferior to the conventional
comparator design in functioning speed, but on the other hand, it consumes less
power and would have smaller area on die.
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ONLC UUUErsUNY b4 SUOC ELBMQUUNUGUUUR LULUUL 2UUGUUSHY
ZhULqUO0 yu.reudnrdnn, 2aUsuNhe3UUR UGYGRPP 4 U

Uhkpjuyugdusd b thopp dwljptuny b guwsdp tubpquuyundwdp jupdwut hwudbdw-
why hhdijws Jupquynpnn qquyimpjudp wbbnhsh Jpu: Zwdbdwnhst wohwnmd £
dwupnnuwpwynptiny dntnpuwjhtt jupdudp unbndyws hnuwtpp, nthwljuyhtt nwpp hgpw-
Ynplnt hwdwp, nph suthny npnoynud | hkiwlughtt jupnodp: Mibwlnipyut (hgpp npnpnud
' wpnynp Yhnhuwbguwinh ubikphsp, ph ny: Zunml twpiwgstpnud, npintn jupnp E hudt-
dwwnpsh Uniinpujhi nttwynipiniup, Jupny k oquuugnpdyt] wmnwewnpldus onpwtt: b nwp-
phipnipnt owbpughnt nidknupuph Jpw hhduguws hudbdwnhsiiph hupywynp t npng
dudwbul] wdpnnewljwl hwdkdundwh ghly junupbine hudwp: Uw E hhdbwlub nwp-
phipmpmitp hudbdunws owbpughnt mdbqupuph Ypw hhdi]ws hwdbdwnhsibph htn:
Uhpjuyugyws snpwit ghgnid |k huyinth hwdkdwwnpsubph twpuwgstphtt wpluwwnwiph wpw-
qnipjudp, puyg, Uyniu Ynnihg niith gusp Hubpquuywenid b qpuntgunid kthnpp dwljpbu
Yhuwhwnnpnsught pyoipbnh Ypu:

Unwmiigpughli punkp. hudbdwnhy, ulitinhg, oytpughnt nidbnupup, hnuwph hw-
161h, obnnud:
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B.C. TEBOPI'SIH

KOMITAPATOP HAIIPSIDKEHUS C HACTPAUBAEMOM
YYBCTBUTEJBHOCTBHIO HA OCHOBE 3AIIEJKHA MAJION
ILJIOLA A U MAJIOM SHEPTOHOTPEBJISIEMOCTH

[pencraBneH KoMnapaTop Majoi IJIOIAIH U MaJIoi MOIITHOCTH Ha OCHOBE 3aIlIENIKH C
HACTPanBaeMOW YyBCTBUTEIBHOCTHIO. KoMIapaTop GyHKIMOHHpPYET IMyTeM MacmrabupoBa-
HUSI TOKa, CO3/[aBaeMOr0 C MIOMOIIBIO BXOJHOTO HAIPSDKEHUS, ISl 3aPsIIKH EMKOCTHOTO dJie-
MEHTa, pa3Mep KOTOPOro OINpeessieT OMOPHOE HANpPsDKeHUeE. 3apsii KOHIeHcaTopa ompe/e-
JSIET, MEPEKITIOYHUTCS 3alIeNKa, Wi HeT. [IpeyioxkeHHas: cxemMa MOXKET UCTIONIb30BAThCS ISt
CHELUATbHBIX KOHCTPYKIH, TJIe BXOJHAs €MKOCTh KOMITAPATOPA SIBIISETCS KPUTHUYECKOI.
[To cpaBHEHUIO C OOBIYHBIMU KOMITapaTOpaMu Ha 0a3e OMEePaMOHHOTO YCHIHTEIS, IS BBI-
MOJTHEHHUS TIOJTHOTO [UKJIAa CPaBHEHUS TpeOyeTcs OompeiesicHHOe BpeMs. B 3ToM ocHOBHOE
OTIIMYHE MPOLECCca CPABHEHUSI OT OOBIYHBIX KOMIIAPATOPOB Ha 0a3e ONeparioHHOTO YCHITH-
tens. [IpencraBieHHas cxeMa yCTylaeT TPaJAUIMOHHOW KOHCTPYKI[MHA KOMIIapaTropa 1o CKO-
poctu paboThl, C IPYroi CTOPOHBI, OHA OTPEOIISIET MEHBIIIC SHEPTHU U 3aHUMACT MEHBIITYIO
TUIOIIA (b HA KpUCTAILIE .

Kniouesnle cnosa: xoMnaparop, 3allesika, ONepaldoHHbIN YCHIUTENb, 3ePKAJI0 TOKA,
CMelIeHHe.
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NhQUIER AUQUTUUNS: AURUUMUSYRUESP NMULTUUESMUSYUO
UnN1GLh ucuunNkhur

Sniquhtn puqUuljupg puqiuyunlhsubtph tjupugpoudp’ npudwpubuui twp-
nptph dwjupnuyny, pudujuitht dudwbwluwnwp b pupn gopspipug b Unwewpydnud £
unp dbpnn, npp ey k inughu wdundunwgul) puquiuwljupg gniquihtn puquuuyunljhstinh
npudwpubwlui nwppkph duupqulng djupugpoipmniip: Ugh hpuuiugyl) E og-
wnwgnpstiny Twnnugh b dwjjuuh wignphpdubpp: Mupudbtnpbpp guuhwnbnt hwdwp
wnwowpyjus dkpnnny qhutpugdus ujubdwh tjupwgpnipniup uhipkqyt £ UOORY 14
b 32 twinswthughtt mbjuininghwtipny: fPuquuljunpg qniquhtn puqiuyunlhsubph uljw-
nugpnuip bywinwlwhwpdwnp b ghibpugut] wnwowplqusé dbpnnny, puth np wyt htiw-
puynpmipinit £ wnwhu pntuathl] dwdwwjh Ynpunhg b ujpwh hajubwljutnipiniihg:

Unwiigpuyhli punkp. npudwpwbwljub mwuppkp, wpudwpwbulwb uhptkq, vwu-
twlh wpnugpyuwy, hojwigdwi jutjunpnydwdp gnidwphs, wdundwinwugnid:

Lkpwbmpinii: Fudwbwluljhg pyuyhtt hwdwlupgbpnid ghpulonnid L
qniquhbn puqUuuyunljhsubpp: pup oqunugnpsynid i wyt nEjudupng hwi-
gnygubpnud, npunkn Juplnpynud k gnpénnnipnitubph wpwg hwyduplp: Gppbdu
hwpl k {huinud bwjpuwgst] dks jupqujunipjudp qniquhbn puqiuuywuwnlhsutp,
npnup Juywhnybl pupdp wpynibwybnnipmnit, husp puquuuunlhsh tjupw-
gpuwtt mkuwljinhg luppht b Puqduljupg qniquhbe puquuyunlhsubph wpw-
qugnpémpjul pupdpugdut hwdwp dpwldt) tu puquuphy Equtwlubp, npn-
ghg wnwyk) mupwsjws ki dwjjuuh b Ytwnnuyh [1,2] nndhg wnwewplustpp:
Tpuip dhdjulg pwn wdwt b, pugunnipjudp, np Ywunpuph puqluuunihst
wykh wpuqugnpsd £ wpunwngphsubph pupdp jupquyiinipjut ghypnud: 9niquihtn
puqUuljupquith puquuuyunihsubph tjupugpnidt hpuljutugynud E npudw-
pubiwut nwppbph dwjuppulnyg, npu b wbkh b puppugunid npuiig tupu-
gqpnuip’ Juupws uekdwgh $niblyghntwjuybu &ogphn tjwpugpdwh b dwdw-
uwlh htwn:

Ujgnphpiuh tqupugpnipniiip: Unwowplyny dwjjuuh wjunnduwnwgnidl
(4U) hpujutwgynid E puy iph hbnlju) hwenpnuljutnipjudp.

1. Uwubwlh wpnwunpyuih uinugnmd’ Jhpunking wpudwpabuljui <6
wwppp wpnwngphsbbphg UEYh jnupupubgmp phe puquuyungiing dou wp-
wwnphsh phpkph htwn b nuuwljupgling ¢stpt puwn pwpbph:
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2. Unugus dwubtulh wpnunppuiibph gnidupmy’ oqunugnpstyny dhuwyi
1nhy gnudwphstubp, Uhtish np uinwgykt tnyt puony Epkphg ny wykh qétp:

3. ‘Unyl pupny kplyniuhg ny wifkih gskph unwgnid oguugnpstng 1phy
gnidwiphstp b jhuwgnidwphsubp®

4. dhpotwlwl wpnwngpyuh unugmu’ oginugnpstny thnjuwigdwi -
unpnodwdp gnidwiphy (PU)[3]:

b nuppbpnipnit CU-h (. 1), tunnpuyh wundunwugdwt (M) wygnphp-
Unud (1. 2) mnwugnudp junwpynud £ wjiybu, np nifjuy puphtt hwdwyunwu-
Juwting g8kph phyp npnoyh hnbywy pubwdng'

dp =15 *dyy,

npnbn d,—;-p{d,, d,,...,dy—1, d,}owpph twpnpy whnudu k, huly d, = 2:

as az a, Qg

X

bs b, b, bo

asbg || azbg | ayby  agbg
asb, asb, a; by agb,
azb, | axb, || a;b, agb,

azbs  a;b; | aibs | agbs

azb; | asb, S12 S11 S0 aiby  agbg
azbs €11 Cio agb,
agbs
azb; Sy, S1 Sa0 S0 a1by | agbg
Cy2 (P Cyo agb,

Ul 1. uyjuup wygnphpdny 4x4 puquuuunnliisp
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tririizzziiiiiice
PrEkRzgEii
HEEE
rrgmiiiitioeanie
"EEREEREREE:

Uly. 2. hupnuyh uyqnpppuny pnnugnidp
9U-h b MU-h wygnphpdubph puppmipiniup O(m*n) £, npnbn m-p b n-p
twhiwugdynn puquuyunlhsh Untnptph jupquyunipniutkpb b (m>2, n>2):
Uwnwugjws wprynibiptikpp: LY. 3 b 4-nud gnigunpdus Bt hwdwywnwujuw-
bwpwp Jwjuuh b Twungnugh wignphpdubpny ghutbpugdus tjupwugpnipmniutph
dnruljghntiwy Unpbjwnpnidubpp:

Name Value

:II“‘-;Ilfi.Eﬂl

= Group!
- productf] 18446744022169344100
4 1 AR1G) 4234367230

oD BRI 424367290

~New Group

T e, Tt o e e p—"
Uly. 3. 32x32 Juyjuup puquunyunnpish pnialghniug unpkjun/npnidp
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: g=ga28

Name Value

= Group1

#- o product[63:.0] 18446744022169344100 |

+- 0 A[31:0] 4234967290 4294967295

+- 0 B[31:0) 4294967290 i

New Group

ot gl ™

7 Wave.l x ] |
Ul. 4. 32x32 huppuyh pugqulugunlpish pnialghniuy unpljunnpnidp
LY. 5 - 6-nud yyuunljipwd gpudhljabpp gnyg ko nwjhu hnpowtgdwt juih-
npnodwdp gnidwiphsh Yhpundwb nhypnid mupplp mkuuninghujub gqpunupuib-
utpny uhuptqus uubdwubph wpuqugnpénipjut pupdpugnidp:

Jupuuh upbdwi wowhg @Y Yunnugh upbdwl wowig OYS
—o—Jwjuuh uubdul OUG-m] Yunruh upubdwi GYQ-ng

= =
=] ]
g 4
3 3
g g
3 3
<= <=

8 16 32 64 8 16 32 64

Jupquyunipnil Jupquyunipnii

Uy 5. 32 id mkpulingnghwljpl gqpunupuiny uplpbqyus ujubdwikph uninphg Ejp
hwuapunnulbkpp

445



—Jwuuh upbdwl wowig @Y Tunryugh 111111:1[11111: wpwibg PUG
—o—Jwuup ujubdwb PUG-ng Tunnuyh uubdwh @US-ny

hwwywnnid
hwwwunnid

8 16 32 64 8 16 32 64
Jupquyinipmil Junpquyjunipmnih

Uy 6. 14 i/ mkulmnghwiwl gnunupuiing upfplbqyus ufulimbbph ununphg bip
hwwunnidbkpp
Un.1-2-mud gnigunpus b hwdwyuwunuupwbwpup «Uhtinthuhu Updkthw»
niuntfbwlwt nphyupunudbiinh 14 b 32 bwbingwihwhtt qpunupuibpng [4,5]
uhliphqus upukiwibkph wupudbinptpp hnjwbgdut juijmpnotudp gnidwuph-
sh Yhpundwi ghypnud:
Ugyniuwly 1

UunNp? 32 od nkpbninghwwl qpupupuiny uplplbqijué ubdugh wupwdbupkpp

= = | 8 = 2
E = g g 4
= | F= | SE | Ee2|E2|EE 8L ot
E|l e = | 8= |25 S2%&| 3 & g & & &
=, 2 &5 s 5 3 3, = 3 = | & g = & 7
2| 2= == <, = =T =T =V~ P ==
S|l e | | E9E| 5B |8 g| 5|5 ¢
S| 89| EE|C o =l =
5 &

Juuu 8 498 448 1186,8 1313.2 | 31,02 43,7 74,8
16 1955 1735 4720,21 |5272.25| 1854 117,4 | 302,9
32 7747 6799 18935,2 |23540.9| 789,19 | 444,60 | 1238,2
64 31283 27343 79096,4 |98205.4| 3000,1 | 1000,8 |5000,01

Twnnu 8 424 376 1038,1 1152.7 | 33,7 26,57 60,9
16 1949 1729 4830 5377.3 | 201,14 | 1195 | 320,3
32 8001 7053 20202,9 |22200.2 | 8645 | 493,77 | 1358,4
64 30482 26542 77749,2 | 96049.1 | 3092,3 | 1859,1 | 4951,3
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Ugniuwly 2

UUNRD 14 b mkabninghwlwl gnunupuiny uhlpbqyué ufubdugh qupudbnpbpp

=1
= = | 8 = = "5
g, == = =T B o S 2| = 3 -
& E S| @& | EF EE|EE|l 2 E|lxE
z S e | 5| 2 E 2 5| 8 &l T &l § &
=Y 2 5|3 &5 | 8 g S| & g 2| B g
2 25 | 23 | EE <3| £ & &2 &| 2 &
¢ | fe | &w | 55 £3| 28 & ge|35 4
5 G| Fg Y E & = Z| 7 g g
o < S
&
Jujuu 8 496 448 1186,85 | 1313,28 | 43,7 31,02 74,81

16 1955 1735 4720,21 |5272,25| 185,4 | 117,4 302,9
32 7747 6799 18935,2 | 22200,2 | 789,1 | 444,6 1233,8
64 31283 27343 79096,2 | 98205,4 | 3152,9 | 1864,2 | 5017,1
Tunnu 8 471 428 141,7 222,2 40,2 6,8 47,08
16 2193 1982 1280,9 1280,9 | 155,7 28,9 184,7
32 8909 7978 2477,2 4940,3 | 6542 | 1179 7722
64 33418 29511 9094,9 19624,7 | 2563,6 | 454 3017,7

Bqpuljugnipini: Uswldt) b Spuqpuyhtt dheng, npp penyy E wiwhu ghub-
pugik] qmquhbn puquuljupg puquuyunihsitp jhpunkiny Gwpuup b G-
nuih wignphpdubpp: Pupdp jupquyumipniatbph ghypnd tywnwljwhwpdup
t oquugnpéty Fwnnugh wignphpuny tjupugplus puqiumunlpsibpp, puih
np wylijh wpuqugnpd Eu b qpunbgumd i thnpp dwfbpbu: Udunndunwugnidi
hpujuwtwgyty £ Tel Spugpuynpdwt (Eqyny [6], npp htwpwynpnipnit L wwhu
wyk1h wqupq tjupugpt) b £4nit wppjuwmnky Spugqpuyhtt Uhongubpny:
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A.I'' MAHYKSAH, A. A.TAJICTAH, A. M. JAHUEJIAAH

IHAPAMETPU3UPOBAHHAS MOJEJIb MHOI'OPA3PAJHBIX
KOMBHUHAIIMOHHBIX YMHOXHUTEJIENA

Onmcanne MHOTOPa3psAHBIX KOMOMHAITMOHHBIX YMHOXKHTENCH Ha YPOBHE JIOTHYE-
CKHX 3JIEMEHTOB - JOBOJIBHO TPYAOEMKHI U CI0XKHBIN mpouecc. [Ipeqnaraercst HOBas mpor-
pamMma, TO3BOJIAIONIAs aBTOMATH3HPOBATh OMHCAHIE MHOTOPA3PSIHBIX KOMOWHAIIMOHHBIX
YMHOXXHUTENEH Ha YPOBHE JIOTUYECKUX 3JIeMeHTOB. [Iporpamma peanu3zoBaHa Ha aaropur-
Max Jannae! u Bamnaca. [{ns olleHKH mapaMeTpoB ONMCAHUE CXEMBbI, TEHEPUPOBAHHOM Npe-
JlaraeMbIM MeToAoM, cuHTesupoBaHo sl TexHojoruit CAY/[ 14 um u CAY] 32 um. C
TTOMOIIBIO ATOTO METOAA LENIECO00Pa3HO TeHEPHPOBATh MHOTOPA3PsIIHbIE KOMOHMHAIIMOHHBIE
YMHOXKHUTEIH, 9YTO TIO3BOJIUT M30€XKaTh MOTEPU BPEMEHH U BEPOSITHOCTH OIIHOKH.

Knroueevie cnoga: nNOrmuecKue 3JIEMEHTH, JIOTHICCKAN CHHTE3, YaCTHYHOE MPOU3-
BEJICHHE, CYMMATOp C MapaJUIeIbHBIM IEPEHOCOM, aBTOMATH3ALIHS.

A.G. MANUKYAN, A.A. GALSTYAN, A.M. DANIELYAN

A PARAMETERIZED MODEL OF MULTI-BIT COMBINATIONAL
MULTIPLIERS

The description of multi-bit combinational multipliers is quite a hard and time-
consuming process. A new software for automated gate level description of multibit
combinational multipliers is proposed. The software is implemented using the Dadda and
Wallace algorithms. For the assessment of parameters, the description of the circuit
generated by the proposed method was synthesized for the technologies SAED 14 nm and
SAED 32 nm. It is advisable to generate multibit combinational multipliers by using this
method, as it saves time and eliminates the possibility of an error.

Keywords: logic gates, logic synthesis, partial product, carry look-ahead adder,
automation.
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CHUCTEMBI YIIPABJIEHUS

C.0. CUMOHSH

K PELIEHHMIO OJJHOITAPAMETPUYECKHX MATPUYHBIX
YPABHEHUI THIIA A(t)- X(t) + X*(t) - A*(t) = C(t)

HpeﬂﬂO)KeHbI JABa YHCJICHHO-aHAJIMTUYCCKUX MCTOJIa PCHICHUA pacCMaTpUBACMbIX
3a/1a4, OCHOBAHHBIX Ha Ju(depeHInanbHbIX Mpeodpa3oBaHusax. PaccMOTpeH MoenbHBIN
puMep U 000CHOBAHO, YTO TIOIOOHBIE 32/1a9U UMEIOT OECKOHEYHOE MHOKECTBO PEIISHUH.

Knwouesvle cnosa: conpspKEHHbIE aHATIOTH OJHOMNAPAMETPUYECKHX MATPUUHBIX
ypaBHeHuit, audepeHinanbabie npeo0dpa3oBaHus, YHUCICHHO-AaHATUTHYCCKAE METO/IbI,
MO/ICTIbHBIN TPUMED, HHPOPMAIIMOHHBIE TEXHOJIOTHH.

Beenenne. OnHa BakHas Pa3sHOBUAHOCTH CONPSDKEHHBIX aHATIOTOB MaTpHU-
HBIX ypaBHEHUH C YHCIOBBEIMH MaTpHuIlaMu ObliTa ucciiefoBana B padote [1]. [Tomo6-
HBIE 3a/1a4M C OJHOIMApaMeTPUYECKUMH MaTpuIlaMH ObUTH paccMOTpeHHI B [2, 3].
WM npemmecTBoBamy padoThl [4, 5], MOCBAIIEHHBIE TPaHCIIOHUPOBAHHBIM aHAJIOTaM
MaTpPUYHBIX YpaBHEHUH C OJHONApPAMETPUICCKUMH MaTpuiiamMu. Pabotel [6, 7]
MOCBAIIEHBl BONPOCAaM HEOJHO3HAYHOW pa3pelMMOCTH OJHOMApPaMETPUIECKUX
TPaHCIIOHUPOBAHHBIX aHAJIOIOB MaTPUYHBIX ypaBHeHHH Tuna CuibBectpa. Hacros-
11as paboTa MoCBAIIEHA BOMPOCaM PEILIeHHUs OTHOMapaMEeTPHUYECKIX MaTPHYHBIX YpaB-

Henmit Tuma A(f)- X (t)+ X " (¢)- A" (¢) = C(f) , aHanormuHsIx 3ama4am u3 padots [1],
HE UCCIICOBAHHBIX, 110 BCEH BEPOSTHOCTH, JI0 CHX IOP.

Peayxuus 3agaun. PaccmatpruBaemMoe MaTpU4HOE ypaBHEHHUE MIPEICTABUM B
BUJIC

A X (1) +[A0)- X (O] =C@),

mxm mxXm mxm mXxXm mxm

(1)

IJIe m yKa3bIBaeT Ha MOPSIOK MATPHIL; 3HAK * — Ha CONPSHKEHHBIC MATPUIIBI, IPUYEM
A(t) m C(t) — 3amaHHBIC MaTPHIIBL, a X(f) — HEU3BECTHAS MAaTPHUIIA, TIOJIeKaIIast OIl-
peleNIeHUO.

0O603HaYMB

A()-X(1) = B(1), )
u3 (1) momyanm
B(t)+B"(H=C(1), (3)
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UK C y4€TOM pa3J'IO)KCHPII>i

B(1)=B,(1)+ j- B, (1), “4)
B'(t)=B{ (1)~ j-B; (1), (5)
CO=C )+ j-C,(0) (6)
3 (3) OKOHYATENEHO TPHUIEM K PacIIeIIICHHOW CHCTeMe MaTPUIHBIX YPaBHEHUI
{BI (O+B/ (t)=C, (1), @)
By(t)~ B, (£) = C,(0). @®)

Orcroma oueBuIHO, uTo cornacHo (7) marpuna C,(f) — cumMmeTpuyeckas, a
coriacHo (8) marpuna C,(f) — KOCOCHMMeTpHYecKasi, IpHdeM MaTpHuubl B, (f) u
B, (t) MOryT OBITh KaK CHMMETPUYECKIMH, KOCOCUMMETPHYECKUMH, TaK U JTIOOBIMH.

K ToMy ke 13 MaTpudHOTO ypaBHEHUS (3) MMeeM
B 0)+[B*®)] =B ()+B1)=C(t). ©)

ComnocraBieHrne MaTpUIHbIX ypaBHeHHi (3) 1 (9) mpUBOANT K PaBEeHCTBY

Ct)=C"(t) (10)
Wi
C(0)+j-C0)=C ()-j-C; (1), (11)
OTKy/1a OYEBHIIHO, UTO
C (1) =C/ (1), (12)
Cy(1)==C; (1), (13)

T.¢. feiicTButensHo, Marpuna C,(¢f) — cummerpudeckas, a matpuna C,(f) — koco-

CUMMETPUYECKAsl.
Teneps, ecau MaTpuuHOE ypaBHeHHeE (3) IpeaCcTaBUM B BUE

E-B(t)-E+E-B (t)-E=C(), (14)

rae £ — eqMHUYHBIC MATPUIIBI TIOPSAKA 71, TO IPUACM K 3a/1adaM, MPeCTaBICHHBIM
B pabotax [2, 3]. CenoBatenbHO, U1 pemieHus 3anaqn (14) ¢ HeM3BECTHOM MaTpH-
ued B(f), B MPUHIUIIE, MOTYT OBITh MCIIOIH30BAHBI BBIYUCIHTEIBHBIC METOIBI,
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MPEUIOKECHHBIE B 3THX paboTax. OTHAKO OKA3bIBACTCS, YTO AT BBIYUCIHTEIHHBIC
MEeTOIBI He padoTarot i 3amaun (14), nbo m3-3a eAUHUIHBIX MAaTPHUIl £ OHU BBI-
POXKAAIOTCS U HE TIO3BOJISIFOT ONPEACIUTh HEU3BECTHYIO MaTpulty B(f), a cieqoBa-
TeJNbHO, H MaTpuity X(¢) u3 cootHomenus (2).

AHaJIOTHYHAs CUTYyallusl UMEET MECTO U JUIS BBIYUCIIUTEIILHBIX METOJIOB, pa3-
paboTaHHBIX B [4,5] ¥ peHa3HAYCHHBIX, B YaCTHOCTH, I PEIICHUS MAaTPUYHBIX
ypaBHeHU# THma (7) u (8) pacmerieHHOW CHUCTEMBI. 31IeCh 3aMETUM TaKXKe, 4TO
KKJI0€ MaTpUYHOE YpPaBHEHHE 3TOM CHUCTEMbI 00jalaeT HEKOTOPBHIMH YepTaMHu
HEOMPEIeICHHBIX MATPUYHBIX YPABHCHUM, XapaKTePU3YIOIUXCS OCCKOHECUHBIM MHO-
JKECTBOM PEIICHUH, COOTBETCTBYIOIINE BOIPOCH KOTOPBIX PACCMOTPEHBI B paboTax
[6, 71.

Utak, npu npennoiaoKeHu , 4YT0 KaKUM-TO 00pa3oM ONpeaeieHbl MATPHIIbI
B,(t) u B,(t), uHpIMH cioBamu — MaTpuna B(f) B coorBercTBHU ¢ (4), COTJIaCHO

(2) OyneM UMeTh aHAIMTHYECKOE PeIIeHHe
X(1)=A47'(1)- B@), (15)

B o0IIeM cilyyae MpeCcTaBISIONIee JIMIIb TOJLKO TEOpEeTHYSCKHH WHTEpec, HOo
ompenesieHre PyHKINOHATBHBIX OOpaTHBIX MaTPHUIl OOBIYHO CBSI3aHO C OOJBIIUMHU
BBIYMCIIMTEIbHBIMU 3aTPyAHEHUAMHU (OHO MOKET OKa3aThCsl 3(p(eKTUBHBIM JIHIIb
TOJILKO TPH MaJIbIX pazMepax MaTpHil A(f) ¥ IPOCTHIX AIEMEHTAX MOCIIEIHNX ). 3/1eCh
YMECTHO 3aMETHTb, YTO JUIs ONpeeNeHus 06paTHBIX Matpull A/ (f) a3dpdexTuBHO Mo-
T'YT OBITh HCIIOJIb30BAaHbl YHCIIEHHO-aHATUTUYECKUE METOAbI, IPEJIOKECHHBIE B MO-
Horpaduu [8].

MaremaTnyeckuii annapar

1. Onpenenenue YNCICHHO-AHATUTHYECKOI0 PeLeHUs] MATPMYHOIO YpaB-
HeHud (2)

Hcnonp3ys MaTeMaTHYECKHH ammapaT olepaluoHHOro merona auddepen-
[UANBHBIX TpeoOpa3oBaHuii [9], B COOTBETCTBUU C MaTPUYHBIM ypaBHEHHEM (2)
MOJYYHUM CIIEKTPaJIbHYIO MOJEIb

K -
D A X(K-1)=B(K), K =0,, (16)
1=0

rae A(l),X(K —1) u B(K) — marpuunblie auckpersl Matpuil A(f), X(f) u B(f) cooTBeT-

CTBEHHO, IOPOXKICHHBIC MU hepeHITHaTbHBIMA TPeoOpa3oBaHUSIMH

A(K):H_K.LA(I)

K' dtK |t=tv, K:Oaioo '7A(t):;{l(tatvaH:A(K)aK:()aoo)a (17)
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K 3K o [
N ST X(0)=plet, HX(K), K=00) (18)

K K _
B(K)=%~ddi(t)| , K=00 B(t)=;(3(t,tv,H,A(K),K:O,oo), (19)
. t t=t,

rae K =0,c0 — LIeIOYUCIECHHbIH apryMeHT; /1 — MacIuTaOHbIA KO3 (ULIUEHT; ¢, - LEHTP
amnmpoOKCHMAIINK; CUMBOJI —— - 3HaK Mepexoja U3 00JIaCTH OPUTHHATIOB B 00JIACTh
i GepeHInanbHbIX H300pakeHuit 1 Ha000poT; ¥, () — x5 () — HEKOTOpbIE anmpoK-
CUMUpYIOIKE (PYHKITUN, BOCCTAHABINBAIOIINE OpUTHHAIEI A(f), X(f) m B(f) coot-
BETCTBEHHO.

Takum oOpa3oM, nMes B COOTBETCTBUU € (16) peKyppeHTHYIO IIETIOUKY
COOTHOILICHHH:

npu K=0:
A(0)- X(0) = B(0); (20)

npu K=1:
A()- X (0)+ A(0)- X(1) = B(1); (1)

npu K=2:
A2)- X(0)+ A(1)- X (1) + 4(0)- X (2) = B(Q2); (22)

npu K=3:
AB3)- X (0)+ A(2)- X(1) + A(1)- X (2) + A(0)- X(3) = B(3) ; (23)

np.n K=K:
i A(D)- X (K =)+ A(0)- X (K) = B(K) (24)

=1

v T.4., npu 347 (0) MoxHO ompenenuts Matpuunbie auckpers X(0), X(1), X(2),
X(3),..., X(K) u T.1., a 3aTeM ¥ HEU3BECTHYIO MaTpully X(¢) B COOTBETCTBUH C TIpa-
BOi yacTpio cooTHomeHus (18). B wacTHocTH, pu nuddepeHnnanbsHO-TEHI0POB-
CKHUX Tpeo0pa3oBaHusIX Oy/eM UMETh PelIeHHe

X(t)ziX(l)-(t;VJ  K=0.0 25)
=0

452



2. Onpeaenenne YUCICHHO-AHAJUTHYECKOT0 pellleHUs paciuenieHHOH
CHCTEeMbI MATPUYHBIX ypaBHeHuii (7), (8)

DTy cucTeMy TpEACTaBUM B BHUJE CICIYIOIICH SKBHBAJICHTHON OJIOYHO-
TUIEPMATPUIHON MaTeMaTHIECKOW MOJICIIH:

B B m _ F_IQ}
By(t) | -BI (1) | LE] |G, (26)

2mx2m 2mxm 2mxm

(roe E — eAMHUYHBIE MAaTPHILIBI IOPSIKA /1), OTKYda

B@; B [GO]E] _[GO]0s 0105 0]
B, (1)1 - B, (¢) G| |E C,®) || 0 050 05
rJie 3HaK “+”’ yKa3pIBaeT Ha IceBnooOparHyro mMaTtpuily [10], o0yciaBIuBaronIyio
MOJTyYEHUE HAWTYYIIEro MPUOIMKEHHOTO PEIICHUS.

[lepeBog cuctemsl (27) u3 o01acT OpUTrHHAIOB B 00acTh nuddepeHmnmnais-
HBIX N300paKEHUH MPUBOAUT K CIEIYIOIEMY CIIEKTPaTbHOMY COOTHOIIECHHIO:

! T |

Ci(XK)|[05 0,05 O —

f}_lg_Q%__lflT_(_IQ _| GK) 1105 0 o2 . VK =0,0, (28)
B,(K)I-BI(K)| |C,(K)|| 0 050 05

OTKYZla MOTYT OBITh OIIpE/eNIEHbl MaTPHYHBIE TUCKPETHI B, (0), B,(1), B,(2),..., B,(K)

u B,(0), B,(1),..., B,(K), K =0,00, @ CJIEOBATEIbHO, M HEH3BECTHAS MaTpuIa

B(f) B cooTtBeTcTBHM C TpaBoi yacThio coorHomeHus (19). B wactHOCTH, TipM
nud hepeHIInaNTbHO-TEHIIOPOBCKUX MPEoOPa30BaHugX Oy/IeM UMETh PEIICHHUE

]
t_th , K=0,0m. (29)
H

B(1) = Z[Bl(l) +]"Bz(l)]'(

Hanee, B coorBercTBuH C (20)-(24) MOXHO ONPEIETUTh U MATPUIHBIC TUCK-
petst X(0), X(1), X(2), X(3),..., X(K), a B cooTBeTCTBUH C (25) — 1 peweHue X(¥).

3ameuanune. CriekTpasibHOE COOTHOIIEHHE (28), 04eBUIHO, 001aaeT OOIb-
II0H U30BITOYHOCTBIO, KOTOPYIO MOYKHO YMCHBIIUTh, ONIEPUPYS JIUIIb TOJBKO O/I-
HUM OJIOKOM TICEBIOOOPATHOW MaTpUIlbl. B 4aCTHOCTH, PU UCIIOJIE30BaHUU JICBOTO

Oroka 9TOM Marpuibl OyayT mosydeHsl mMatpuuHble quckpers B (K) n B,(K),

VK = 0,00, 4TO BIOJIHE JOCTATOYHO JJIs JaJIbHEUIIHNX BHIYMCICHMIA.
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MoaebHblii npuMep. IIycTs 3a1aH0 MaTpUYHOE ypaBHEHUE

{ 1 -0 a-jn| { 2 (tz—jt)}

. 1
1+ o) z]X(’”X m{(wz) c] @iy

rae

~ 2 (2= jt) o £ fo -t
C(t)_{(t%jt) 2t } Cl(t){tz 2 | Cz(t){t 0}

IIPH KOTOPBIX, OYEBHHO, UMEIOT MecTo ycnoBus (12) u (13).
PaccMoTpumM JiBa BapuaHTa pemeHus 3a/1auk MPeJUI0KEHHBIM BBIIIIE YHCIICHHO-
AHATMTUIECKUM METOJIOM.

Bapuant 1. Jlonyctum, 4TO

so-| " " B*(t)—[t _jt} B0 * B(t)—[o O}
R G S R G 5] R [ R B P |

IPH KOTOPBIX, OYEBUAHO, UMEIOT MecTo ycioBust (7) u (8), npuyem Matpuisl B, (f)
u B, () — HecuMMeTpuYecKHe.
CremoBartensHO, NPH LEHTpPE ammpokcuManuu f, =1 n macmrabHOM K03(-

¢unmente H =1 6ynem uMeTh

R G ) R Jo o .
A(O)—Llﬂ_) 1}, A(l)—L J, A(K)—[O 0}, VK >2;

B(O)_F 1 }B(D{l 2 } 3(2)_[0 1}
Lo+ p T a2 ] o

0 0
B(K)= , VK >3;
0 0

2 a- ) 2 2= fo 1
C(O)_[(H o2 } C(l){(u Ho2 } C(Z)_L o}’

0 o0

C(K)= [0 .

} VK 23.
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Hanee, umes B BUy, 4TO

-1 _ -1 1=/
! “”{(Hj) -1 }

cornacHo (20):

o Jo1
X(0)=4 (0)’13(0)=[1 0};

coryacHo (21):
i1
X(1)=A47(0)-[B1) - A(1)- X (0)] = B 0} ;

coracHo (22):

0
00
X2)=4"(0)-[BQ)- 2)-X(O)—A(l)-z\’(l)]=[0 0];

coryacHo (23):

0 o 0 0
0 0
X(3)=A1(0)'[7(/;)—%)-X(O)—%-X(l)—A(l)-X)Z;]=L) 0]

u 1.1. Takum o0pasom, nuddepeHIInaIbHO-TEHIOPOBCKOE PEIICHUE 3a1aun OyaeT
UMETh BUJT

0
_jl jl._ %._z_jtt
o e o1

YTO TOYHO COBHAAACT C aHAIMTUYCCKUM PEHICHUEM

i | =t = [ 2 ] [
X(@O)=4"@) B(Z)_L1+jt) ~t }Lt (t+jf2)}{t 0}

Bapuanrt 2. Teneps J0ITycTUM, YTO

BERE oo et
B(t)—Lt t}, B(t)—L2 t},
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OTKyza

tt 00
Bl(t):|:0 t}, Bz(t){t 0}

IIPU KOTOPBIX Takxke UMeroT Mecto yeioBus (3) u (7), (8).

CrnenosarensHo, npu ¢, =1 u H=1 matpuunsle auckpetsl A(K) u C(K),

K =0,00 ocTaroTcs TAKMMHU K€, & MATPHYHBIE TUCKPETHI MAaTPUIIbl B(f) TAKOBBL:

B(O)—11 B(l)—12 B(z)—o1 B(K)—OO VK >3
Ryal REAa oo oo/ o

Torna:
coriacHo (20):

X(0)= A47(0)- B(0) = [{ _j’ } :

cormacHo (21):

(22
X(1)=A1(0)-[3(1)—A(1)-X(0)=[{ ( 3 ])};

coriacHo (22):

2

X _ 41 o 0 (_3_j)
(0) =4 7(0)-[B(2)— A(1)- X(1) - 4(2)- X (0)] = 0 3

corjacHo (23):

0

0 0
0 -1
X(3) =A‘(0)-[9(3‘)—A(l)-X(2)—7(;)-X(l)—?(;)-X(0)]=[0 ; ]

coriacHo (24):

0 0 0 0

X4 =A1(0)-[1/3(4;—A(l)-X(3)—A;/)‘-X(2)—Ajé;-X(l)—:}é‘)-X(O)]=

| 00
=-A470)- 40)- X(3) = [0 0}
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Taxum o6pazom, auddepeHaIbHO-TEHIOPOBCKOE PELICHHE UMEET BUJL

= i (—2-2j 0 (3-j 0 -1
x@=|? Teld T oy Oy Tk
I 1 3j 0 3 0
. 3 2
-1’ z[]t (—t +jt )}
t Jt
B a0COJTFOTHON TOYHOCTH KOTOPOT'O TaK)Ke HETPYIHO YOSTUTHCS, HOO
_ 1— i 2 o 3 2
X(t)=A1(t)'B(t)=[ ‘ol ”)] S B R
(A+jt)y -t ||jt ¢ t jt?

Tenepp paccMOTpUM YHCIEHHO-aHAJIUTUYECKOE pEllIeHHe 3aJaYd IpHUMeHe-
HHEM OJIOYHO-THIIEPMATPUYHOTO SKBHUBajieHTa (26) npu ¢, =1 u H=1.

[Ipencranenue (28) NPUBOAUT K CIEAYIOMIEMY:

npu K=0:
1 05/ 1 05
n |
B,(0) i_Bf )| [CO][E 05 1 105 1
__________ N B Yl Y S W N
B,(0) 1 BJ(0)| |C,(0)] |E 0 -05!0 =05
05 0 105 0
npu K=1:
1 111 1
+ |
31(1)41 B'M)| [C)][E 1 1 111
___________ = ——= == || —- =g ——_—————— ,
B,(hi-BI()]| |[COD]||E 0 -0510 =05
05 0 105 0
npu K=2:

0 0 i
B2 B'(@|_[GO) F} _|05 0 105 0
B2 -B(2)] |CO]|E )
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npu K>3:

B(K): BI&)] [C&K[E]
B,K2)i =By (K) | |C(K)]|E
CJ'IC,Z[OBaTGJ'ILHO, HUMEECM CI/IMMeTpPI'{CCKy}O u KOCOCI/IMMCTpI/ILIGCKYIO ManI/I]_IBI

1 05 [11 0 05 t 0,51
B/(t)= T+ (t=1)+ -1 = ’
) {0,5 1} L 1}( ) {0,5 0}( ) [o,s-t2 t }

0

0 —-05] [0 —-05 0/0 , |0 —057
BZ(t):[o,s 0 ]+[0,5 0 }(1—1)+[ /0 ]'(t_l) {0,5.: 0 }

COOTBCTCTBCHHO, a TaKXC

SESHE
o c* o o
o c;<: o

B(t)=B,(t)+j-B,(t)=t- : 05-(t=J)
(O)=B\()+]By(t) = 051 /) 1 ,
OTKyJa
sor| ! 0,5-(1- /) s ! 1-0,5- /)
0= 0,5-(1+/) 1 ’ = (1+0,5-/) 1 ’
0 05 0 0
B(2)=L)5 . } B(K)z{ 0 o } VK >3.

IIpu momy4yeHnbIx MaTpuaHbIx auckperax B(0), B(1), B(2),..., B(K) B coot-
BetrcTBHH ¢ (20)-(24) nmeeM:

npu K=0:
e w0 0.5-(1- )]
X(0)=47(0) B(O){o,s.aﬂ) . }
npu K=1:
—j (-05-;
X(1)=47(0)-[B(1) - A(1)- X (0)]= [ ] ( ])} ;
(_055+]) J
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npu K=2:
0
X(2)=A47(0)-[B(2)— A()- X()— 42)- X (0)] =[

El

—-15-j (-15-0,5-)
(-15+0,5-) 157

npu K=3:
0 0 0 S
X(3)=4"(0)-[BB)-4(1)-X(2)— 4 )-X(l)—ﬁ(;)-X(O)]:Oﬁ-[ { }
-1 J
npu K>4:
oo
X(K)= , VK >4,
00

CrnenoBatensHo, AndepeHInanbHO-TEHIOPOBCKOE PELICHNE 3a1a4u OyeT
UMEThb BUJ

X@{ o 0,5-(1—1')}{ - <—0a5—2)}.(t_1)+
0,5-(1+/) 0 (=0,5+ /)
+[—1,5-1 | (—135—055'{')]@_1)2+o,s{_j_,l](r—l>3=
(-1,5+0,5- /) L5- ) -1

051 j-(=1) Q- =)
’ Q-1+ jt) j-(-1+8%)

—1 (1—]4)]{ 1 0,5-(t—j)}

A (t)-B(t){(Hj,t) y 05-t+j) 1

O4eBHIHO, YTO PEUICHHE OTIMYAETCS OT PEUICHHM, MMOJYYCHHBIX BBIIIEC TPU
BapuaHTax 1 u 2.

3akawuenne. Takum oOpa3om, B HacTosIeH paboTe 000CHOBAHO, YTO:

®337aYM PacCMaTPUBAEMOro Kiacca OOBIYHO 00JagaroT OeCYNCIICHHBIM
MHO>KECTBOM PEILIECHUN;

® 3TH penIeHns 00YCIOBICHBI BEIOOPOM WIIH OMIPEAEIIEHUEM PEayIUPYIOLIIX
matpul] B(f) ¢ y4eToM LEHTPOB aNNpOKCUMALUH f, , CHMMETPHYHOCTH B KOCOCHM-

MerpuuHocTH Marpui-ciaraeMeix C,(¢) u C,(f), BoiOOpa WM OnpenesieHns: MaT-
puu-cinaraembix B, () u B,(f), a Takxke 3HaYCHUIA [IETOUYUCICHHOTO apryMenTa K.

[IpeanoxeHHbIe YNCICHHO-AHATUTUIECKHE METOABI MOTYT OBITh 3(Q(PEKTUBHO
pean30BaHbl CPECTBAMH COBPEMEHHBIX HH()OPMAaIMOHHBIX TexHomoruit [11, 12].

459



10.
11.

12.

CIIUCOK JIMTEPATYPbI

Lancaster P. and Rozsa P. On the matrix equation AX+X*A*=C // SIAM 1J.
Algebraic Discrete Methods. - 1983. — 4. — P. 432-436.

Cumonsa C.O., AiiBazsn A.A. K pemeHnro oJHOTapaMeTpHIecKuX MATPHIHBIX ypaB-
HeHuid tuma A(t) - X(t) + X*(t) - B(t) = C(t) // K. “Paguosnexrponuka, nHpopma-
THKa, ynpasieHue” / 3alopo’KCKHH HAIMOHANBHBIH TEXHWYECKUH YHHBEPCHUTET. -
2016.- C. 44-53.

Cumonsta C.0., AiiBazsin A.A. MeTtozpl perieHust 0600LIEHHBIX OAHOIapaMeTPHUC-

CKHMX MaTPHYHBIX YPaBHEHUH (COMPsDKEHHBIX aHAJIOTOB) MATPHYHBIX YPaBHEHUI THIIA
Cumbeectpa A(t) - X(t) - D(t) + +F(t) - X*(t) - B(t) = C(t) // Bectuux HIIVA: Uu-
(hopMarMOHHEIE TEXHOJIOTHH, NIEKTPOHHKA, paguoTexHuka. — 2017. - N 1. — C. 9-20.
Cumonsin C.O. K pemennro omHOmapaMeTpUIecKUX MATPUYHBIX YpaBHEHHH THIIA
CunbBectpa A(t) - X(t) + XT(t) - B(t) = C(t) // VsBectus HAH PA u HITYA. Cep.
TH. 2016. - T. LXIX, Nel. - C. 49-60.

Cumonsin C.0. Mertop! pemieHus: 0000ILEHHBIX 0JHOTIAPAMETPHYECKUX TPAHCIIOHH-
POBaHHBIX aHAJIIOrOB MAaTpUYHbBIX ypaBHenuit tuma CuisBectpa A(t) - X(t) -
-D()+F(t) - XT(t) - B(t) = C(t) // Bectnuk HITYA: UH(pOpMaIMOHHbIE TEXHOJIOTHUH,
9JIEKTPOHUKA, paguoTexHuka. - 2016. - Nel. - C. 12-24.

Cumonsn C.O. O HeoJHO3HAYHOH Pa3pelMOCTH OJHOIAPAMETPUUECKUX TPAHCIOHU-
POBAaHHBIX AHAJIOrOB MaTPUYHBIX ypaBHeHuit Tuma Cunbsectpa A(t) - X(t) + X7 (¢) -
- B(t) = C(t) (upsimoii noaxox) // U3sectust HAH PA u HITYA. Cep. TH. - 2018. - T.
LXXI, Ne2. - C.215-229.

Cumonsin C.O. O HEOTHO3HAYHOH Pa3pEIIMMOCTH OTHOMAPAMETPUICCKUX TPAHCIIO-
HUPOBAHHBIX AHAIIOrOB MATPUYHBIX ypaBHenuil tuma CuimbBectpa A(t) - X(t) +
+XT(t) - B(t) = C(t) (nexommosunmonusiii noaxox) / Bectnuk HITYA: Uudopm-
aIlMOHHBIE TEXHOJIOTHH, dJICKTPOHHKA, paguoTexHuka. - 2018. - N 1. - C. 9-19.
Cumonsin C.O. MeTozs! ornpenieieHusl 0THOMAapaMeTPUIeCKUX 00O0OIIEHHBIX 00paT-
HeIX Matpull. - LAP LAMBERT Academic Publishing RU, 2017. — 222 c.

MyxoB I'.E. uddepenunansupie npeodpa3oBanust GpyHKuuil 1 ypaBHeHuil. - Kues:
HayxoBa gymxka, 1990. — 419 c.

I'antmaxep ®.P. Teopus matpun: - M.: ®uzmatiut, 2010.-560 c.

Stormy Attaway. Matlab: A practicial Introduction to Programming and Problem
Solving (3™ Edition). - Butterworth-Heinemann, 2013. — 560 p.

Joshua Bloch. Effective Java (3" Edition). - Addison-Wesley Professinal, 2017. — 414 p.

HarnmonaneHbIN MONMUTEXHUUECKUI yHUBEpCUTET ApMeHHU. MaTepuall NOCTyIII B

penaxmuro 10.05.2020.

460



U.z. UhUNL3UL

A(t)-X(t)+X (¢)-A'(t)=C(t) SGULP UPUNULUUELSUYUL UUSLPSUSHL
U4 UUUCARULERD LAROUUL Y6LULGI3UL

Unwownlyty Eu phunnwunplynn pughpubph jmsdwt Epynt pyw-wbwhnhl tqutwl-
tbp hhdiws nhdbpkighuy dbwthnjuntpynibubph Jpw: Yhnwplby b dngbjugh ophwd,
b hhudtwnpyty L, np wdwb pughpubpt ikt widbpe puqunipjudp jnusnidubp:

Unwbgpuyhl punkp. (huyupudbnpuljut dwnphguyhtt hwduwuwpnidubph hw-
dunis wdwuwfubp, phtpbughw) dbwhnpunipnitutp, pYw-wbwihnhl tnubwlubp,
Unntjuyht ophtiwly, mbnkjundulut nkjuunnghwukp:

S.H. SIMONYAN

THE SOLUTION OF ONE-PARAMETRIC MATRIX EQUATIONS OF
THE TYPE A(t)-X(£)+X"(t)-A"(t)=C(t)

Two numerical-analytical methods are proposed for solving the problems under
consideration, based on differential transformations. A model example is considered, and it
is substantiated that such problems have an infinite number of solutions.

Keywords: conjugate analogues of one-parameter matrix equations, differential
transformations, numerical-analytical methods, model example, information technologies.
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«Zuyuunnwtth ghnmpmniitbph wqquyhtt wugbdhugh b Zuywunwth wqquyh
wnjhnkpthjulut hwdwjuwpwuih nknjwughp. mkuthjuywt ghnnipmnibibph ukphw»
hwintunid nuyugpynid & mbuwub b thopdwpwpwlui hbnwgnunnipiniiubph wpy-
niupubpp nkuthjulwt ghnnipeniuitiph hbnlywy pudhtutphg dbphiwshunipenil, dknw-
Inipghw, nipughunnipinil, pugtppoquiugnpsdwt wkuuninghwukp, shttwpuwpulub u-
nmigquspubp, hhnpuyihjuw b hhppnunkthjuwt juenygubkp, tukpgbnhlju, LEjunpw-
wnkthiw, ghnwlu vwppwohtinipnit b swthnquljut wklthljw, hwyynnujub nke-
uhw b hupnplwnplu, nunhnkEupnuhu, dhipnkEupnthlu, juqbpught nkuthlu,
wjunndunugnd b junwjupdwt hwdwlwupghp:

Zuwinbunud (nruwpwidmd i wjwunbdhwuub b guqughtt ghnwhbnwugnunuljui
htunmhwnnunubkph, pothtph, ghnnwwpununpujut dhwynpnudutiph b wy) juquwlbpyne-
pinituttnh ghnwljui gnpéniutinipjut wnwyl] Juplnp wpyniupubpp:

zwbnbuh hhdtwlwt tyuwunwlt b upuil] ghnwnbthjuljut wowepipugp b
bywuwnk] wpnunpnipyub Uk wyn wpnniupubph ukpypdwin:

Zuungbup twppuwnbuws b fwpunwpugbnibph, hbnwgnunnuiph b ghntwfwb-
ubkph juyt opowititkinh hwdwn: Loyu £ wmbkutind Eptip wdhup dkl wbqud:

B xypnane "UsBectus HamuonanbHoil akamemuu Hayk PA u HanuonansHoro momurex-
HUYECKOTO yHUBepcuTeTa ApMeHun. Cepus TeXHHUECKHX HayK" MyOIUKYIOTCS PE3yIbTaThl TECOPETH-
YECKHX M IKCIICPHMEHTAIbHBIX HCCIEAOBAHUH, OXBATHIBAIOIIMX OCHOBHbBIE Pa3/eibl TEXHUYECKHX
HayK: MalIHHOCTPOCHHE, METAJLIypriis, MaTepHAIOBEICHHE, TEXHOIOIUH HEAPOIIOIb30BaHHUs, CTPOU-
TEJIbHbIC KOHCTPYKLHH, THAPABINKA U THAPOTEXHUYECKUE COOPYIKEHHs, SHEPreTHKa, SIeKTPOTEXHHUKA,
Hay4YHOE MPHOOPOCTPOCHUE M M3MEPUTENbHAS TEXHHUKA, BHIYMCIMTENIbHAS TEXHUKA U HH(MOPMATHKA,
PaJMOdIEKTPOHNKA, MUKPOJIEKTPOHHKA, JIa3ePHAsl TEXHUKA, aBTOMATH3ALMSA 1 CUCTEMBI yIIPaBICHHUS.

Kyphain sBIsIeTCS IEPHOJUICCKUM H3IaHUEM, OCBELIAIONINM HanOosee BaXKHbIC Pe3yJIbTaThl
HAay4YHOH NEATEILHOCTH aKaJeMHMYECKUX M OTPACIEBBbIX HAyYHO-MCCIEAOBATEIbCKHUX HHCTUTYTOB,
BY30B, HAy4YHO-TIPOU3BOICTBCHHBIX O0BCANHEHHUI 1 JID.

OcHOBHas 11eNb XKypHaJla - NPOIaraHAupOBaTh (QYHIAMEHTAIbHBIC U NPHKIAJHBIE HCCIEH0-
BaHMS B OOJNACTH TEXHHYECKHX HAyK, CHOCOOCTBOBATh BHEIPEHUIO HX PE3YJIBTATOB M YCKOPEHMIO
Hay4YHO-TEXHUYECKOT'0 IPOrpecca B IPOU3BOACTBE.

XKyphan paccunTaH Ha IIMPOKWH KPYr YYCHBIX, UCCIIENOBATENCH M HHXCHEPOB. BBIXOIUT
OJIMH pa3 B TPU MecsLa.

The journal "Proceedings of the Republic of Armenia National Academy of Sciences and
National Polytechnic University of Armenia. Series of Technical Sciences" publishes the results of
theoretical and experimental investigations concerning the main branches of technical sciences:
mechanical engineering, metallurgy, material science, mining engineering, natura utilization, building
constructions, hydraulics and hydrotechnical constructions, power and electrical engineering, scientific
instrument making and measuring devices, computer science and informatics, radioelectronics,
microelectronics, laser eqeupment, automation and control systems.

The journal is a periodical edition that presents the most important results of scientific
activities at academic and branch scientific-research institutions, universities, research - industrial
companies, etc.

The main task of the journal is the propaganda of fundamental and applied investigations in
the field of technical sciences, and the promotion of their introduction and the acceleration of
scientific and technological progress in industry.

The journal is intended for a wide range of scientists, researchers and engineers. It is

published once in three months.
% %k %
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ZNFUOUEP 269 UIN U UL WULALLE L

Unipp fudpugpnipinit ikpljujugdnud k pun htiinbyju) wwhwbgubph.

1. Bplynt ophtiwly, twb LEyupntwghtt nwppkpuyny, hwdwlwupgswyhtt pupduspp’ Microsoft
Office Word: Znnjwish swjwip Jupnn b (hul) dhtsh 10 by, hwnnpynudubphiup® dhigh 4 ke: Skpuwnp
owpunpymd £ A4 swihuh pnph Ypw, wpiwwnwbpuyhtt nuownp’ Top-5ud, Bottom-4,75ul, Left-6,2ud,
Right-1,8ul, Footer-4,5ud, dhownnnuyhtt tnwpwdnipiniup (Line spacing)' 1,15, wuppbpnipjniup (First
line)' 1 ud: Zuykpkl (hukynt nhypnid Gnipp swpuypdmy k Sylfaen wwnwnbuwyny, nwnwswtp' 10,
huly pniubpkb Jud wigbpki hikm ghypmy® Times New Roman nwnwinbuwlyny, wunwswihp 11:

2.@nph Ytpth dwp wulniund gpynud E hwdwyhunwih nmwubnppujut pupuluthop’
nbpunhtt hwdwyuinwupiub 1Eqyny (28%, YAK, UDC), hwgnpn nnh Yhinpnunud® qjluminwunkpny
htnhtwy(utkp)h wijui-hwjpuidui uljqpiwwnwuntpp b wqquuniu(ukp)p' bold, 10 mwnwswthny
huytipbt, wugbpbi b powubpbt mbpunbph phwpmd: Znnjwsh Ykptwghpp wipynud t hinhuwlh
wqquinjubip hwgnpynn winnh Yeinpnimu® bold, wipnnontpjuip qjuunwnkpnyd’ 10 tunwswthny
huwytipb, wigbpkh b pniubpbt wkpuntph nhypnud:

3. umnipp ujuynid E wdthnthnudng (winwnwghw) wjt 1kqyny, npny ukpjuyugdus bt Ud-
thnthnidt wjuwpunynd E wpwigpwjhtt punkpny’ wwnwswthp® 9 huybpbit mbkpunh phypnd b 10
wwnwswihng whqkpkl b pniubpkl whpunbph nhwypntd, b dhwgl «Unwigpughtt punbpy wpunwhug-
wnipynip® bold, italic: Unithmhmup whwp E (htih 500 Wthohg ny witih tkpunyu) dhewluwyphpp, wowbg-
pughtt puntipp Yud punwljuyyulgntpmtibpp 4-8 pun:

4. Gpwouunpynd £ ymiph owpunpdwb hbnlyjuy jupgp. «Ukpwsnipniy, npp whwnp
hwdwpnun tkpwnh hwpgh dhdwlp, phduyh wpphwiwinipeniup b hbnwgqnuumpyut tywwnwyp,
«wunph npuspp b dkpnphljuyh hhdtudnpnudpy, «Zknwgnuinmpjut wpyniipubpp», «Gopuilju-
gnipyii, withpudbynn prub nhypnid” twl wy) pudhbibp hudwyunwuhub Jeplugpbpny:

5.Skpuinnid hynudubpp qpuljuiinipubp pdnud ki mpnulymt thuljugstpny: Pubwdlbpp
ubpuyug]mu ku np nnnhg, Equation Editor pwgpny, italic, nupwswithp' 11, wthpudbynnipjut
nhypnid hwdwpuwluwynud G mnnh JEpenud” unynpuljut (Ynp) thwljugsh dke:

6. Vjupubpt nt wnnuuwlubpp hwenpynud i wnbipunnid hwdwywnwupiwt hnnudubpht:
«Ul. » b «Umyniuwlpy puntpp, tjupibph dwujugpnipniip b wpniuwljutph wijuinwdubpp gpgnod
Ll Italic 9 nwnwsuhm] hwjbpbt wkpuinh ghypnid b 10 nupwsuhny whgkpkt b poiubpkh
wnbpuntph nypnid:

7.Skpuwnnht hwyonpnniud £ gpuijuinipyut guyp' 9 wwnwswihny huybpkt mbkpunh nhypnid b
10 wwpwswihng wiqibpkt U pniubpk whpunbph ghypnid, dhwg hinhtwhh wqquibmth m wi]ub-
hwjpwtdui uljqpwnuntpp’ bold, «Fpuljuinipjut guuly wpunwhwyinnmpmniup’ wnnh Yhunpn-
unud, quwunwntpny: Swiynud qpuijwinipjut jmpupwynip wnpnyp hwdwpuupnd £ pun
nbpunnmd hp hndwb hhppuljuinmpui: Gpuljwinipjut wnpmipubpp Wuppkpuljub hpunwpw-
Ynipjniuutiph nhypnid tkpjuyugynid G htnbyw) Jupgny. hinhtwlh wqquuniup, wiub-hwyput-
Yl uljqpiwnwntpp, Jeptwghpp, hwinkuh wituinudp jud pinnidws hwwywynidp, hpuwnwpul-
dwlb nupkphyp, hwwnnpp nt ponqupydwt hwdwpubpp, hbppwlwi hwdwpp, bniph qhnbndw kekpp,
qppbph nhwpnud’ hnhtwhh wqqubmap, wigwb-hupuinfuh vhqpbunwuetpp, Ypiwghpp, hpuwnw-
puljuwh Juypp, hpunnwpuljynipyniip, pwljubp, tobph pubulp:

8. Apuljutinipjut gwuht hwenpynid G wdthnthnudubpp djniu Eplne (Eqniutpny (kpt nbkpuwnp
huytipku £, wdthnthnidubpp twhe' pnwubpb, wyw® wgibpk, bpk pnwubpbt b, twpe® hugbpbl, wyw®
wlq kpkl, kptk wuqkpku E, twju® hugbipkt, wyw® pnwubpl): Udthndinwdubpp popnp Epkp (Eqniubpng
hntug ppyuwiinuinipjudp b wpwigpwyht puntpny whwp khukh tnyuwlwi:

9.Skpuinp unnpugpynid k htnhily(ubp)h Ynnuhg, woynud t ynipp jadpuqpnipinih hwta-
ubnt wduwphyp: Skpunh judpugpndus b uppugpius uppbipuyp hwdwdwyubgynud  hinhtwy(ukp)h
htwn:

10. Zknhtwy(ukp)t wewtdht btony ubkpluyuginud b (1) wqquinil, winil, hwjpwbnibp
(Ipp), wphmwnwuyph, umnpbynt quyph iphy widuinudp, qpunkgpus ywpwnnbp, ghnwlub wunh-
Lwlp, hipwinuwhwdwpubpp (wputwnwipuyhl, b b peguyhin):

473



MPABUJIA O®OPMJIEHUSA CTATEN

Marepuan npejcTaBsieTcs B peJaKLiMI0 B COOTBETCTBUH CO CJeAYOLUMU NpaBUIaMU:

1. Cratpst B IBYX 3K3eMInIsipax u ¢aitn crareu B ¢popmate Microsoft Office Word. O6vem cratbu
HE JOJDKeH mpeBblmats 10 cTpanun, o0beM coobmeHuit — 1o 4-x crpaHun. dopmar crpaHums! — A4.
Pabouee mose: Top — S5cm, Bottom — 4,75cm, Left — 6,2cm, Right — 1,8cm, Footer — 4,5cm, MexxcTpouHbIi
untepsan (Line spacing) — 1,15, kpachas crpoka (First line) — lcm. Jlnst craTbu, HamucaHHO#M Ha
apMsIHCKOM si3bIke, mpumensiercs: mpudt Sylfaen (pasmep mpudra - 10), a Ha pyccKOM M aHIJIHIICKOM —
Times New Roman (pa3mep mpudra — 11).

2.B 51eBOoM BepXHEM YIJIy IEPBOrO JIMCTa yKa3blBACTCS YHHBEPCAJIbHBIM JIECSITHYHBINA KiacCH(H-
karop (2SS, YK, UDC); crpokoii Hinke - nannuans! (M.0.) u damunus - 3arnaBHeMEA OyKBaMu, mWpHOT
Bold, pasmep 10 — Ha apm., pyc. ¥ aHIUL s13., BRIPABHUBAHUE 10 LIEHTPY; CTPOKO# HIDKE MO HIEHTPY YKa3bIBACTCSI
Ha3BaHME CTaThbU — 3aryiaBHbIMU OykBamu, mipudT Bold, pasmep 10 — Ha apMm., pyc. U aHIJI. 53.

3.Marepuall TeKCTa HAYMHAETCS C AHHOTALMM W MPEJCTAaBISCTCS HA TOM sI3bIKE, HA KOTOPOM
HaIMCaHa CTaThs. TEKCT aHHOTALMM JIOJDKEH COCTOSTH He Oosiee yeM m3 500 3HAKOB, BKIFOUYAsi MPOOEIBI.
IMocne aHHOTAIMY MHIIYTCS KIFOYEBBIE CIIOBA — OT 4-X 10 8-M CJIOB WK cioBocoveTaHuil. Pasmep Tekcra
AHHOTAIlMM W KIIIOYEBBIX CIOB 9 — Ha apm.sa3., 10 — Ha pyc. m aHri. s3., cioBocoueTanue “Knrouesvie
cnoea” - Bold, italic.

4.PekOMEHyeTCs CIIeIYIOIIMIA MOPSI0OK HM3JI0KCHUsI MaTepuaia CTaThbU: BBEJICHHE, B KOTOPOM
JIOJDKHBI OBITH KPaTKO TMpPEACTABICHBI COCTOSHHE BOIMpPOCA, AKTYyalbHOCTh TEMbI M LeNIb MCCIICAOBAHHMS;
MOCTaHOBKA 3aJa4d M OOOCHOBAaHHE METOAMKH; PEe3YJIbTAaThl HCCIIENOBAHUS; 3aKIOueHHe (9TH, a Npu
HEOOXOJUMOCTH, U APYTHE pa3Jeibl JOJDKHBI HMETh COOTBETCTBYIOIHE 3ar0JIOBKH).

5. CchUIKM Ha JIUTEpaTypy B TEKCTE NAIOTCS B KBAJPATHBIX CKOOKaX. POpMyIbl 1 MaTeMaTHYECKHE
BBIpakeHHs1 Habuparotcsi pepakropom Microsoft Equation, italic, pasmep — 11. ®opmynbsl HabuparoTes ¢
HOBOH CTpPOKH, BBIpaBHHBaHHE MO IeHTpY. [Ipu HeoOxomumocTH, ux Hymepyror. Homep ¢opmyiist
pacroniaraercsi B KOHIIE CTPOKH, B KPYIJIBIX CKOOKax.

6. PucyHKH 1 TabNHIIBI PACIIONAraroTCs B TEKCTE 10 X0y CChUIKU Ha HUX. CnoBa “Puc.’, “Tabnuya’, a
TaK)Ke Ha3BaHUS PUCYHKOB W TabOiuil nuiytes italic, pasmep 9 — Ha apm.si3., 10 — Ha pyc. U aHIIIL. 5I3.

7.B KOHIIE CTaThH JAaeTCsl CHHCOK JIUTEpaTyphl: pasmep 9 — Ha apm.s3., 10 — Ha pyc. U aHrIL. 3.
CinoBocoueranne “CIIMCOK JIMTEPATYPBI” pacrionaraercst B [EHTPE CTPOKHU 3arjaBHBIMU OyKBaMH,
Bold. IlutupoBanHas nuTepaTypa HyMepyeTcsi B MOpPSAKE CCHUIKM Ha Hee B TekcTe. Kaxapli MCTOYHUK
MIPE/ICTABIISIETCS B CICAYIOLIEM MOPSAKE: B CIyyae CChUIKM Ha CTaThIO M3 )KypHANa: (haMuiius, HHUIHATIBI
HN.0O. - Bold, Ha3BaHue cTaThu, Ha3BaHHUE JKypHAaJa, MECTO U3/IaHUs, TOJ] U3JJaHHs, TOM M HOMEp U3/1aHusl, C
KaKkoH MO KaKylo CTPaHHMIIbI 3aHHMAeT CTaThsi B 3TOM JKypHAJle; B CIydyae CChbUIKM Ha KHUTY: (amuius,
uHuuaapl M.0., Ha3BaHWE KHUIHM, MECTO H3/aHMs, Ha3BaHWE H3JaTelIbCTBA, O] H3JaHMs, ollIee
KOJIMYECTBO CTPAHHMIL.

8.Ilocne nuTEepaTypbl MPEACTABISIIOTCS AHHOTALMKM BMECTE€ C KIIIOYEBBIMH CIIOBAaMH Ha JBYX
Ipyrux s3plkax. Ecnm cTaThs HamucaHa Ha apMsSHCKOM S3bIKE, TO CHayasia JaeTCs aHHOTAlUs Ha PYCCKOM
A3bIKE, 3aT€M Ha aHMIMHCKOM; €CJIM HAIlMCaHa Ha PYCCKOM SI3bIKE — COOTBETCTBEHHO HA ApPMSHCKOM U
AHMIMHCKOM, a €CIIM Ha aHIVIMHCKOM — COOTBETCTBEHHO Ha apMSIHCKOM M PyCCKOM si3bikax. ConepiaHue
AHHOTALUI ¥ KJIIOUEBbIE CJI0BA IOJDKHBI OBITh HA TPEX S3bIKAX OJMHAKOBBIMH.

9. CraTpg MOANHCHIBACTCS aBTOPOM (aBTopaMu). B KoHme cTtathm craBUTCS naTa (YUCIIO, MecAl,
roj) mpencTaBiieHus: cTaTbi. OTpeIaKTHPOBAHHBIH M OTKOPPEKTUPOBAHHBIM BapHaHT PYKOIHCH COTIIACOBBI-
BAaeTCsl C aBTOPOM (aBTOpaMH).

10. Ha otnmenbHO#M cTpaHHile HEOOXOAUMO MPEACTABUTH CIISAYIOIIHE aBTOPCKHE MaHHbIe: (amMuius,
UM, OTYECTBO; IMOJHOE HAaMMEHOBAaHHE MecTa paboThl, MecTa yueObl; 3aHMMaeMas MOJDKHOCTb, ydeHas
CTEINEeHb U 3BaHKe; HoMepa Tele(hOHOB (CITy>KeOHbIN, JOMAIIHUHA, MOOUIIBHBIH).
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RULES FOR PREPARATION OF MANUSCRIPTS

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

1. The authors are requested to submit two hard copies, and also the electronic version of the
manuscript by Microsoft Office Word. The volume of scientific paper is limited to 10 pages, and to 4
pages for short communications. The text should be printed on A4 sized paper. The text margins
should be: Top — Scm, Bottom — 4.75 cm, Left — 6.2 cm, Right — 1.8cm, Footer — 4.5 cm, Line-
spacing — 1.15 cm, the first line — 1 cm. Texts in Armenian should be printed by the Sylfaen, font size
10, and the texts in by Times New Roman, in font size 10 .

2.0n the top left corner, the Universal Decimal Classifier is placed in the language of the
manuscript (2S%, YK, UDC). The initials and the surname(s) in font size 10, bold for texts in
Armenian, English and Russian should be in the centre of the next line. The title should be placed in
the centre of the line following the author’s surname in font size 10, bold, all in capital letters for texts
in Armenian, English and Russian.

3.The text begins with an abstract in the language it is presented. It ends with keywords in
font size 9 for texts in Armenian, and in font size 10 for the ones in English and Russian. Only the
word “Keywords” should be bold, italic. The summary should not exceed 500 characters including
the spaces, 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
introduced by the Microsoft Equation Editor. They should be printed from a new line in italic, font
size 11 in the center of the line, and if necessary numbered at the end of the line in round brackets..

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

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

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

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

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