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ZUSUUSUULP PSNPESNPLLELP UQQAUSEL UYUTEUPU
HAIOMUOHAJJbBHAA AKAJAEMMUSA HAYK APMEHUWUHU
NATIONAL ACADEMY OF SCIENCES OF ARMENIA

OJOKUJAIJBI 2a5uNpPp3suvEr REPORTS
Zulmn
T 115 2015 Nel
Volume

MATEMATHKA

YK 517.986.23

K. B. Apynonsml, A.T. KaMaJIﬂHZ, M. M. CIMTKOBCKHii°

O B0O3MOKHBIX HA0OPAX YaCTHBIX HHAEKCOB TPEYr0JbHbIX
MaTpul-QyHKUM

(IIpencrasneno akagemukom A.B. Hepcecsrom 8/ VIII 2014)

KialoueBble cioBa: mpeyzonvhbie Mampuyvl-QyHKyuu, daxmopuzayus,
yacmuwle UHOEKCHl.

1. Beenenue. Ilyctb [ — KapJeCOHOBCKHI 3aMKHYTBIH KOHTYP KOMILIEKC-
HOM TIOCKOCTH € , OTpaHUYMBAIOIINN COACPIKAIIYIO HYJIEBYIO TOUKY KOHEUHO-
CBSI3HYIO 007acTh. CUHTYJISpPHBIA HHTETPAIBHBIN OomepaTop S, OnpeAeleHHBINH
o ¢opmyie

1 c¢(7)
)==[2 4 tor,
(s)(9) m! i
rac I/IHTerpaJ'I IIOHUMACTCHA B CMBICJIC TJIABHOI'O 3HAYCHUA, SABJIACTCA

OTpaHMYEHHBIM B NPOCTPAaHCTBAX Lp(r),1< p<c, (cM. [1]). Paccmorpum

KJacchl pyHKIUN L*p =imP, L, =imP + C , rje mpoeKTopsl P, ompenesstoTest
1
paBeHcTBamu P, ZE(I tS). Huxe nns nanHoro MHoxectsa X uepe3 X" u

X™" GyneM 0603HAYATH COOTBETCTBEHHO MHOKECTBO N-MEPHBIX BEKTOPOB M
MHOKECTBO BCEX MATpPHII pa3Mepa NXN ¢ KOMIOHEHTAMH U3 X .
Hycts G,G*OLL"(r). Hox dakropusamueii OTHOCHTENBEHO KOHTYpa [ B

npocrpanctse L, (I')(1< p<e) Marpumpr-ysximan G (cm. [2]) Mbr moHrMaem

MMpeaACTaBJIICHUC
G=GAGH,

e GiD(L*p)nxn, Gi’lD(L;)nxn(q= p/( p—l)), omepatrop GSG' orpaHuyeH B
[POCTPAHCTBE (Lp(r))” (meiictBe S Ha BEKTOP-QYHKIMIO [TOHHMACTCSI

MOKOMIIOHEHTHO), U A(t) = diag(t’(i,...,t’("),/(l,... K, 0Z.



Ilenble umcna K,...,K, Ha3bIBAIOTCS YacCTHBIMU HHICKCAMU MAaTpUILIbI-

n
¢yskiuu G; npu n=1 (eAUHCTBEHHbII) YACTHBIN MHAEKC HA3BIBAETCS MPOCTO
uHIeKcoM (ckamsipHoil) ¢ynkumn G. Bektop k=(k,....k,)0Z" Gyxem

Ha3bIBaTh HAOOPOM YACTHBIX MHJICKCOB MAaTpUIlbI-pyHKIMH G . HaGop 4acTHBIX
WHJEKCOB ONPEHENSIETCS OAHO3HAYHO C TOYHOCTBIO 1O IPOU3BOJIBHOM
MEPECTAHOBKH €r0 KOMIIOHEHT.

IIycTs )(:( Xireoos )(n)DZ”. O0603HaunM uepes T( )() MHOX>XECTBO HIDKHE-
TPEYTOJIbHBIX MaTPUI-PYHKIUN H3 Kiacca L’::”(F), JAarOHaJIbHBIE 3JIEMEHTHI
KOTOPBIX (aKTOPHU3YeMbl W HHJEKC KaXKIOTO j -TO JTUArOHaJIbHOTO JJIEMEHTa
paBen ), . Kak n3BectHoO (cm. [3], a Takxe [2]), MaTpUIBI-QYHKIIMK U3 Kiacca
T( )() JOMycKaloT  (akTtopu3anuio. MHOXKECTBO A( )() 02" onpenenum
CIIEYIOIUM 00pa3oM: BEKTOp A (17" NMpHUHAIJICHKHUT MHOKECTBY A( )() TOrJa u
TOJIBKO TOT/Ia, KOTJa OH SIBJIAETCS HAOOpOM YaCTHBIX WHAEKCOB HEKOTOPOM
MaTpuubl-QyHKIH G U3 T( )() .

Jlnst ciygast n=2 ommcanne A(y) mmeercs B [4]. 3anaua ommcanus A(x)

s n>2 6blia ABHO copMyiupoBana B [2]. B ciyyae n=3 oTauuHBIE ApYT
or gpyra omucanms MHoxectBa A(y) mamer B paGorax [5] u [6].

HccnenoBanuio 9To# 3a1a4u pH MPOU3BOJIBLHOM N TMOCBSIIEHBI padoThl [5] n
[7]. MuOxecTBO A(Y) MHBApHAHTHO B TOM CMBICIIE, YTO C KaXIBIM BEKTOPOM

K m A( )() OHO COJIEP)KHUT W BCE BEKTOPHI, NOJYYEHHBIE M3 K IyTEeM

BCCBO3MOXHBIX IEPCCTAHOBOK €0 KOMIIOHCHT. HOZ[MHO)KCCTBO B MHOXkecCTBa
A()() Ha30BEM 6a3OBI>IM, €CJIK MHOXXCECTBO BCKTOPOB, IMOJNMYYCHHLIX ITYTCM

BCEBO3MOXKHBIX IEPECTAHOBOK KOMIIOHEHT BEKTOpoB m3 B, cosmamaer c
A(x). 3Bamaua ommcanus MHOXectBa A(Y) 1O CymecTBy CBOmHTCS K

HaXO0XJICHUIO 6a30BOTO MOJAMHOKECTBA TIPOCTOM CTPYKTYphl. B nanHoi paboTte
MBI TIpe/UIaraeM KOHCTPYKIHMIO 0a30BOTO MOJMHOMKECTBA, OCHOBAHHYIO Ha
pellleHrH COBOKYITHOCTH SIBHO BBITMCHIBAEMBIX CHCTEM JIMHEHHBIX ypaBHEHHUH U
HEPABEHCTB.

2. OcHoBHoii pesyabrar. Ilycte k =(k,...k,)0Z" u A={1..n}.

PaccMoTpuM MHOXECTBO
D(x)={(i.i)0axAi >j . x -x 23

A TIPOEKIUU ni:D()() - A, 77'22D()() - A, OIpEeHEICHHBIE PAaBCHCTBAMU
m(i,j)=i, m(i,j)=j. Cxaxem, uro mogmuoxectBo D'OD(yx) sBisercs
(T, x) -momycrumeim, ecin mMuoxectBa 75(D') u 7,(D') He mepecekarorcs. B
gactHocTH, (T, )X)-ZOIYCTUMBIM SIBISTCS IICTOE MHOXCECTBO. MHOXECTBO
(T,x)-momyctumbix mozgMHOXKecTB  0003HaumM uepes J. Ilox cuoew,
cootsercTByolmM (T, X) -LOMycTHMOMY HOAMHOXeECTBY D', Oyzem moHu-

MaTh MHOXECTBO A, ( D, )() OZ", onpenenseMoe clieayromuM odpa3om. Bekrop



Kk =(k,,....k,)0Z", npunagmexur A (D', x) Torza m TOIBKO TOrJa, KOrjia
BBITIOJIHEHBI CIIEYIOIHE YCIIOBHSI:
Al. Kk <y wiaiOm(D') , « >x o idm(D'),
K =X s iDA\(iq(D')UITZ(D'));
A2. Kk =zx am(i,j)OD';
A3 K<y, (i’j)D(D ()()ﬂ(lq(D’)xnl(D')))\D’;
A4. s moGoro moxmHokecTBa w77, (D') cpaBeIMBO HEPABEHCTBO

Yk-x)s X (x-x)

0w iDnl(D’ﬂngl(w))

n n
A5. DK =D X
OCHOBHBIM pe3yJIbTATOM JaHHOW pabOTHI SIBISIETCS CIIEYIONIas TeopeMa.
Teopema 1. Mnoowcecmso Uo'm A (D' x) sensemca 6az06bim noomHo-
oHcecmeom A( X) .

3. Cxema nokazaTeiabcTBa. Jl0Ka3arenbCcTBO TeopeMbl 1 OCHOBaHO Ha
MOCIIE0OBATEIFHOM TPUMEHCHUN HWKETPUBEACHHBIX Teopem 2-7. Ha nHam
B3MJIAL, OTH TEOpPEMbl TPEACTABISAIOT CAMOCTOSITENBbHBIM HMHTEpec. 3a
HCKIIIOUCHHEM TeopeMbl 2 Bce TeopeMbl HOBBIe. Teopema 2 sBisieTcCs
mepeOpMyIIHPOBKOM Pe3ynbTaToB, MOMyYeHHBIX B [5] (cM. Takke [7]).

Mycrs 1<j<i<n, jilON.Orobpaxenne ¢, :Z" —» Z" nazosem (j,il)-
CILICTAIOIUM CXKATHeM, ecId Wi K =(K,,...,k, )OZ" B ciaydae K -k <1
MMEET MECTO PABEHCTBO @, (k)=k, a B ciyuae 1<I<k —k; =11 -1 xomo0-
HEHTa BEKTOpa @, (K) paBHa K +|, -5 KOMIIOHEHTay, (K) paBHa K, -|,a
IpH I, OTIMYHOM OT | M j, I - KOMIOHeHTa BekTopa @, (k) coBmamaer ¢
K, . OtoOpakeHue ¢:Z" - Z" Ha30BeM | -CIUIETAIOIIUM CKaTHEM (1s jsn,
jDN), €CJIM OHO JIMOO COBMAZACT C TOXKICCTBEHHBIM OTOOpakeHHEM, JHOO

NPECTABISCTCS B BULE KOMIIO3HIHH ( i ,)-CruleTafommx cxatuii ¢ = @i L

@

TAOIIUM  CXAaTHEM, €CJIM OHO TPEJICTaBISETCS B BHAEC KOMIIO3UIIUU
$=¢.0,...0,,, TIe 0TOOpaxKeHUs $; SBISIOTCS | -CIUICTAIOMINMH COKATUSIMU

. n n
@i, rae L 21, 2.2l . Orobpaxenne ¢:7Z" — Z" HazoBeM cruie-

Jdpadeg ot

(j=1...n-1). MuoxectBo 06pa3oB ¢(x), mOTy4aeMbIX NpH ICHCTBHH BCEX
BO3MOXHBIX CIUICTAOIINX CHKATHIA HAa BEKTOp )X , 0603Haumm gepes B ().
Teopema 2. Mnuoocecmeo B () sersemcs 6azoebiv noommooicecmeom
Alx).
Hycre 1<j<i<n, j,iON, mONU{0}. Orobpakenne ¢, 2" - Z"

Ha30BEM (j,i ,m) -IIPSIMBIM C)KaTUEM, €CJIM JJI BCEX [, OTJIMYHBIX OT | U |, I -



s KOMIIOHCHTA BCKTOpPa ¢j,i,m (K) COBIIAJacT C Kr , a | -1 U j =51 KOMIIOHCHTEI

BEKTOpa ¢j’i’m (K) PaBHBI COOTBETCTBCHHO K; =S H K| +S. 3mece S=m,

Korja 1< ms%(/(i - K; ) , 1 s=0, iU OTO YCIOBUE HE BINOIHsAETCA (T.€. Koraa
mbo m=0, ;mbo K, —K; <1, nmbo m>%(/q—/(j )) Komnosuumo ¢, .,
Yinam,i--¥ J.'jﬂmﬁlj(j,i m; )-HpHMBIX ckatuil Oynem Has3bIBaTh NPSMBIM | -
CIKATHEM.

Hycts x =(X,.....X,) OZ". IpsiMoe | -cxxaTie HAa30BeM Y -0GYCIIOBICHHBIM,

€CIIM U3 ycIoBus M, >0 ClIeyeT, 4To
n
Xomzx 2
k=j+1

Komnosutuio ¢ =g,,... 4, rae ¢, (j=1...n-1) sBisorcs OpsMbIME
J -cxatusimu, OyneM Ha3bIBaTh NMPSIMBIM CKaTtheM. Eciu (¢, , sBusieTcs ) -
oOycnosnenusiM (N—1)-mpsiMbiv ckatHeMm, a ¢, (1< j<n-2) semsercs
gl/jﬂ...gl/n,l( )() 00YCIIOBIIEHHBIM TIPSMBIM | -COKaTHEM, TO { OyaeM Ha3bIBaTh
X ~00YCJIOBJIEHHBIM TPSIMBIM CYKATHEM.

MHoxecTBo 00pa3oB (), MONyYeHHBIX IPU ASHCTBHM BCEX BO3MOXKHbIX
X-0GYCIIOBIICHHBIX IPSIMBIX CKaTHIT Ha BEKTOP X , 0603Ha4MM yepes B, ().

Y noBierBopsifomii  paBeHcTBy A5 BekrTop K =(ki,....k,)0Z" HasoBeM
(x. i) -xaHoHHYeckuM, ecnu OO K =), IMOO CYLIECTBYKOT HAaTypalbHbIC
arena ip,...,0,  (j<ig<n;s=1...,r) Takue, 4TO CHpPABENIMBBI CICAYHOLIUE
YTBEPIKICHUSL:

X, 22X, >X, K2...2K 2K, )(is >Kis g s=1,...,r,
X =k s iOA\{ji,,...].}.

(X. }) -kaHOHMYECKHI BEKTOP OJXHOBPEMEHHO SIBIISICTCS 06Pa3oM HEKOTOPOTO
j -CIIETAIOIIETO CKATUSI U 00Pa30M HEKOTOPOTO Y -00YCIIOBICHHOTO MPSIMOTO
j -cxkatuss. Kpome TOro, st MPOM3BOJIILHOTO )X -CIUIETAIOMIETO ()  CHKATHSA
BeKTOp () MOXKET OBITh MONYYeH IEPECTAHOBKOI KOMIIOHEHT HEKOTOPOIO
( )(,j)-KaHOHqucxoro BEKTOpa. AHAJIOTHYHBIM CBOWCTBOM OOJadaeT BEKTOP
@(x), rae ¢ npomsBoibHOE ) -00YyCIOBICHHOE TpsiMoe | -cxkatue. C momo-

IIBIO 3TUX (aKTOB TOKA3BIBACTCS CICIYIOIICE YTBEPKICHHUE.
Teopema 3. Muoocecmeo B,(x) sensemcs 6asosvim noommosicecmeom

Alx).
PaccMmoTpum Matpuily Bua

10



0O 0 0 .. 0 O
m, 0 0 .. 0O

W=m;, m, 0 .. 0 ) 1

O O

m, m, mg ... m,, O
rae m, (1< j<i<nji,j ON)— unensie Heorpunatensusie umncia. Marpuiy (1)
OyzeM HasbiBaTh X -OOYCIOBICHHOM, ecmu u3 ycnosus m, >0 (1< j<i<n)
CIle/lyeT, 9To

n i-1 n
X+ 2 msx-Ym+y m.
r=j

r=j+1 ra+l

Yucna LI—’i+ JW (i =1,... ,n) OIIpEAEIINM CIIEAYIOIUMU PABEHCTBAMU.

n i-1
W=y m, wr=ym.
r=1

r=i+l
Bekrop & =(k,...,k,)0Z", KOMIIOHEHTHI KOTOPOTO OMNpPEEISIOTCS PABEHCT-
BaMH
Ky =X, *W-W (p=1...n),
Oyzaem HaszpBaTh W -00pa3oM BEKTOpa Y M 0003HAYaTh K = LI—’[ X] .

Teopema 4. Mnoocecmeo B,(x) cosnadaem ¢ mmosxecmeom eéexmopos
suoa LIJ[ )(] ,20e W —npoussonvras X -00YCi081eHHASI MAMPUYA.

Marpunry W Buzma (1) Oynmem HaswiBaTh X -CTPOro OOYCIIOBICHHOM, €CIIU
\P;\P; =0 gns Bcex i JA u ecnu U3 ycluoBUS m, > 0 cnenyer, 4TO ijf =¥ =0
u )y +Wi < x —W . O6o3nauum uepes Bs( )() MHOeCTBO W -00pa3oB BEKTOpa
X, Tne W mpoberaer MHOXECTBO BCEX Y -CTPOTO OOYCIIOBICHHBIX MATPHIL.
OuemHo, uto B,(x) O B,()x). CipaBeuinBo clieyrommee yTBepy/IeHHE.

Teopema 5. Mnoocecmso B,(x) sensemcs 6aszosvim noommoocecmeom
Alx).

st mapbl BEKTOPOB K = (Kl...,Kn),)(: ()(1... ,)(n) OZ" ompenenuM MHOXeECT-
a D, , ={(i,i)0AxAi >] x>k 2k > x5}, A, ={iDAK > x} .

Bynem roBopuTh, 4TO BEKTOp A T -MaKOPUPYETCS BEKTOPOM Y , M MHUCATh

K< X, €CIIM NMEIOT MECTO PaBEHCTBA A5, 772(Dm) =A, u s ar000ro mnoa-

MHOKecTBa @, [J A, cnpaBemnBo HepaBEeHCTBO

Z(Kj _/Yj)s 2 (x-x)

e, iDnl(DK‘Xﬂn;l(@))
Teopema 6. Bexmop kOZ" npunadnexicum MHOICECME)Y B3(,Y) moeoa u

MOAbLKO Mo2oa, Ko2oa K< X .
T
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Teopema 7. Bekmop K T -masicopupyemes éexkmopom X mo20a u moivKo
mozoa, ko20a /(DUD,DJ AF(D', )() . Kpome moeo, ecnu KDAT(D', )() npu Heko-
mopom D'00J ,mo D'=D, .

4. Mpumep. Iycts x=(0,5,2,9.

B stom ciygae D()():{(Z;l) (39 (43 (4 }, a (T, x)-momycrumbivu
=0, 0, ={(2:1} oy ={(31)
or~{(43) . o ~{(43}. 03 ~{(2) (23}

D; ={(2:1) (43}, D K23(43} D-K3®(¢3%
D, ={(41) (43}, Di ={(2) (39 (43}, 0, ={(2:1) (49 (43}

MHOXeCTBO ( (x )ﬂni( RV A r))\Dr BO BCEX Cydasx Kpome I =8

mycto. 1o aToil mpuuune ycnosue A3 NOABIAETCS JIUIIb OpU I =8.
Vcnosue AS Beera uMeet BUI K, + K, + K, +k,=11. Ilockonbky 71, ( D, )

(r=1...,12 smusercs noamuoxectBoM {1,3, TO BO3MOKHBIMH HEITYCTHIMH
noxmHoxectBamu 77,(D; ) sBisrorest o ={1}, @ ={3} u @ ={1;3 . Coorsercr-
BEHHO,
(@) ={(21) (39 (43},
{(1( 3 (4}, 2 («)={(43)},

(@)={(21) (39 (43 ( 43}

OueBHIHO, UTO AT(D )() ={x} . Mamum ommucanne muoxecrsa A (D}, x).
VYenosue A4 uMeeT BUI K, +K,+K,+k,<11 W SBISETCS OYEBHIHBIM
cnencreueM A5. YcmoBus Al m A2 onmceiBaioTcst cucteMoit: k;, >0, k, <5,
K,=2,k,=4k,<K,. YuureiBas AD, mnoayuum, uTO Ar(Dé,)():{(l, 4,2,

(2,3,2,4}. AHaJOTMYHBIM 00pa3oM HETPYJHO YOETUThCS B TOM, 4YTO

A (DL x)={(1514}, A(D.x)={(15.23 (252}, A(Di.x)={(0.533}.
Jns Toro, 4ToOBI KDAF(D;, )(), HEOOXOAMMBI M JIOCTATOYHBI CJCIYIOIINC

YCIIOBHUSL:
Al. x>0, k,<5,k,=2,k,< 4,

A2. K, S K, K SK,;
Ad. kK +K,+K,<9 ;
A5, Kk tK,+K,+Kk,=11.
Orcioma cuexyer, uro A (D5, x) ={(2,4,2,3 ( 3,3,2,)? . Jnsg TOro, 4TOOBI
KOA ( D;, )() HE00XOJUMO U JOCTaTOYHO BBIIIOJHEHHE CIECAYIOIINX YCIOBUIL:
Al. k,>0,k,<5k,> 2,k,< 4
A2. K <K, K;<K,;

12



A3. K, <X
Ad. kK +K, <5, K+ X, 6,k +K,H K+ K ,< 1D
A5. Kk +K,+K,+Kk,=11.

OueBuAHO, 4TO K, =K, =3 U HEPABEHCTBO 3=K,<K,<K,<5 B LeEIbIX
arcnax He mmeer pemenuii. Cienosarensho, A (Dj,x)=0 . AHamorn4seiM
00pa3oM HEeTPYAHO yOEeIUThCsI, UTO
A (Dhx) = A (D5x) = A(Box)= A(Box) =0,

A (D x)={(1433 (233)8.

BriOupas o ogHOMY M3 BEKTOPOB, IOJMyYaeMBIX NIPYT W3 Jpyra mepecra-
HOBKOW KOMIIOHEHT, MBI C IIOMOIIBIO TeopeMbl 1 HaXOIuM, YTO MHOXKECTBO

Ll_jAr(D'k,)()z{(o,s,z,z) (1.42%(. 15194 .1526 . 25%.(0533 (14,33

SIBIsETCS 0a30BBEIM IIOAMHOXCCTBOM A()() .

*Poccniicko-Apmstacknii (CaBsHCKHIT) yHHBEPCHTET

e-mail: harkamo@rambler.ru

ZEpCBaHCKHﬁ roCyJIapCTBEHHBI YHUBEPCHUTET,

Wucturyt marematuku HAH PA

e-mail: kamalyan_armen@yahoo.com

*The College of William and Mary, Williamsburg, Virga, USA, and New York
University Abu Dhabi (NYUAD),UAE

e-mail: ilya@math.wm.edu, ims2@nyu.edu, imspisky@gmail.com

K. B. Apytwonsn, A. I'. Kamaasan, 1. M. CnnTkoBcKkui

O BO3MOKHBIX HA00PaX YACTHBHIX HH/IEKCOB TPEYT0JbHbIX
MaTpul-pyHKunin

[Ipemmaraercsi KOHCTPYKTHBHOE ONHCAaHWE MHOMKECTBA BO3MOXKHBIX HabOpOB
YACTHBIX HHJEKCOB TPEYTONBHBIX MAaTPUI-QYHKIHMHA ¢ (PUKCHPOBAHHBIMH HHICKCAMH
JTIUaroHaIbHBIX 3JICMCHTOB.

4. 9. Zupmpmigui, U. Z. Ludujul, b. U. Uyhwnlndulh

Brulniuh dwnphg-pnruyghwubph dwubtunjnn hugkpuuknh
huwpwynp hwjwpwsniutph dwuht

Unwownlynud t wlpnibmgdbughtt wmwppbph hugbpuubpp dhpuyws tLowllniuih
dwwnphg-pniughwiph  dwubwynp  hugbputbph  htwpwynp  hwqwpwsdniubph
Yntuwnnpnijnhy tjupwugpnud:
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K. V. Harutyunyan, A. G. Kamalyan, |I. M. Spitkovsky

On Possible Tuples of Partial Indices of Triangular
Matrix-Functions

A constructive description of the set of possibiglés of partial indices of triangular
matrix-functions with fixed indices of their diagalrentries is given.

JlntepaTtypa

1. Bottcher A., Karlovich Yu. ICarleson curvesyluchenhoupt weights, and
Toeplitz operators. Birkhaser Verlag, Basel and Boston, 1997.

2. Litvinchuk G. S., Spitkovsky |. Mractorization of matrix-functions.
Birkh&ser Verlag, Basel and Boston, 1987.

3. Cnumrkoeckuti U. M. - TAH CCCP. 1980.T. 254. N 4C. 816-820.

4. Yebomapes I'. H—Ycnexu mat. mayk. 1956.T. 2. N3.C. 192-202.

5. Cnumkosckuii 1. M., Tuwun I1. M. — Ykp. mat. xypH. 1987. T. 39. N 6C.
751-756.

6. Apymionsn K. B., Kamanan A. I. —Matematuka B Bbiciei mkoine. 2006.
T. 2. N 3.C. 29-33.

7. Apymwonan K. B., Kamansan A. I'. — W3B. HAH Apmenun. MatemaTtuka.
2007.T. 42. N 2C. 10-16.
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GhSNERESNPLLELMLP TUQ2GUS8PL UYUTEURTU
HAIOMUOHAJOJbBHAA AKAJAJEMMUSA HAYK APMEHUWUHU
NATIONAL ACADEMY OF SCIENCES OF ARMENIA

A OKUJAIBI 2a5uNpPp3suvEr REPORTS
ZV“T‘F,“JP 115 2015 Nel
MATEMATHUKA
YK 517.1
C.JI. I'oran

OO0 ogHOM cBoOliCTBE €J1200T0 KaTHOT0 AJITOPUTMA
1o oduei cucreme Xaapa

(ITpencraeneno akagemukoM I'. T'. T'eBopksirom 17/X 2014)
KiroueBble cjioBa: oowas cucmema Xaapa, ciadowlii 2caoublil aneopumm.

Hycts {¢,} HOpMEpOBaHHEI Gasuc B GaHaxoBoM nmpoctpancTe X . Toraa

JJIsL mro0oro anmemenTta X X 6y2[€M HUMCTDb Pa3JI0KCHUC

x=icn(x)4l/n

¢ lim,_,c,(x)=0.
Ilycts mano umcno 0<t<1. [lo MHAYKIMHM IO M OMNpeneIrM MHOXKECTBa
t .
/\m TaKUM 00pa3oM, 9TOOBI IMEITH MECTO CIICAYIOIINE COOTHOIICHHSI:
t — t t t]|—
Ny =0, AL DAL JAL=m

min[c; (x)| > tmax|c; (x)].

3aMeTI/IM, YTO IIOCICOOBATCIIBHOCTH {/\tm} MOKET OMNpPCACIATLECA HCOAHO3-

Ha4HO. MHOXXECTBO BCEX TaKWX IIOCIIEJOBATEIPHOCTEH 0003HAYNM dYepes
D'(x) . M3 onpeneeH st HeIOCPEACTBEHHO CIIE/IYET, Y9TO
D" (x) O D*(x) mpwu t, >t,.
Jiist mo6oro xOX u A :{Atm} OD'(x) momoxkum
61, =G4 (x)=Gh(xA)= X (¥
iOAL,
IIpu t =1 Oynem xopotko nucats A, D u G, .
Onpenenenne 1. basuc ¢ 6 banaxosom npocmpaucmee X HA3bIBAENCS
Keazu-epuou baszucom, eciu cywecmsyem wucio C=1 maxoe, umo 011 1106020
anemenma XO X cywecmsyem nocaedosamenvrocms N[0 D(X) makas, 4mo

|G (xA)|<Cl¥ 1)
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0151 6CeX HamypanbHbix M.
Jlerko 3aMeTUTh, YTO eciIu Ga3uc ABJIAETCA KBA3U-TPUAM GAa3HCOM, TO Hepa-
BeHcTBO (1) mMeer mecto st Beex ADD(x). TTonpoGHee o kBasu-rpumn Ga-

3ucax HamucaHo B pabore [1].
B paborte [2] nokazaHa cnenyrommas Teopema.
Teopema 1. hasuc ¢ saensemcs Keasu-epuou 6a3ucom moz20a U MmoabKo

mozoa, ko2oa 014 at06020 snemenma XX wu oxa mobou NO D(x) cnpaseo-
JIUBO clledyioujee paseHcmeo:
Iimnm"x—Gm(x,A)”:O. )
Jns kBazu-rpunu 6a3ucoB BepHa clienyromas reopema (e [1]).
Teopema 2. Eciu 6azuc  ssisiemcs Keasu-2puou 6azucom, mo 0is mobo2o
0<t<1 u dns mobozo N\' D' (x) UMerom Mecmo ciedyruue COOMHOULeHUSL.

lim, x—Gr‘n(x,A‘)“:O 3

npu C , komopoe 3a8ucum moivko om t .
N3BectHO, uTO cuctema Xaapa { )(} HE SBJISCTCS KBa3U-TPpUIU 0a3WCOM B

G (x| <cl, 4

*(01), T. e. coorHomenus (1) u (2) B oOwem ciyuae HeBepHbl. OnHAKO B

pabore [3] Obl1a 10Ka3aHa CIIEAYIOIAs TEOPEMA.
Teopema 3. /s nr06020 0<t <1 cywyecmgyem wucio C=1 makoe, umo 0
ar0boeo xO Ll(O,l) cywecmeyem N'0D' (x) , 0J1s1 KOmopoti no cucmeme Xaapa

umetom mecmo coomuowenus (3) u (4).
B Hacrosiiie#t pabote M0Ka3bIBACTCSA, YTO AHAIOTHYHAS TEOpeMa HEBEpHA
JUIs1 O0IMUX crcTeM Xaapa. B 4acTHOCTH JoKa3bIBaeTCs CIIEAYIONIAs TeopeMa.
Teopema 4. Cywecmeyem obwas cucmema Xaapa maxas, wmo 0isi 1000-
20 0<t<1 cywecmsyem pynkyus f O Ll(O,l) makas, 4mo
e (A0
supt—7-——+

m ]

:+00,

ons 6cex N'OD (x) )

3ameuanue 1. 3amerum, 4TOo B AaHHOW Teopeme (YHKLHUS 3aBHCUT OT t.
OnHako U3 AOKa3aTeIbCTBA JIETKO BHJETh, YTO MIPU MPaBHILHOM BEIOOpE moce-
nosarenbHocTd {N,} MOXHO 106UTBCs TOrO, uT06 (yHKIMS f He 3aBHCcena oT

t.
IMycrs nana obmas cucrema Xaapa h” h!) 1<i<2k=0,12,.... O603HauNM
aepes A) mocurens ¢ymxumm h{). Cormacho ompenenenmio mmeem, uTo

AY = AP AR Tonosxum
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KoadduimeHTs pasaoxeHus CS) OMPEACIIAIOTCS COrNIacHO GopMyiaM

@=Ex
W)= ) ©

B nacTosmet paboTe MBI paccMaTpuBaeM OOIIYI0 CHCTeMy Xaapa, JJIs KO-
TOPOY BEJTMYUHBI ylﬁi) OTIPEETISIOTCS CIIEAYIONINM 00pa3oM:
S = mecaui=1lu 2™ <k <2™ ©)
“ 1,B0OCMaAbHbIXCAY U anx.
JInst KpaTkocTH OyneM nucaTh o, = A(kl) uH = h,fl) .
Jlemma 1. Ilycmo Oanvt hamypanshvle yucia M >N . Toeda 015 ¢hynrkyuu
i 20+ _g 2
f H, + ——H
M a=M B= Falta g

cnpaee()ﬂuebl Cﬂe()yromue COOMHOULEHUAL.

[fun]<2 Y

N
|z

JoxazaTeabcTBo. C momomrsio popmyi (5) u (6) merko mpoBepsieTcs, 9To

H,|<M-N. (8)

O,npuchF2M
fun (X)= —|5i, npu x08, \ 3,
| ! | npuxDJzN.

W3 »TOro cooTHolieHUs cpasy cleyeT MepBoe yTBEp:KIECHUE JeMMBI. Bropoe
YTBEP)KICHHE JICTKO JOKA3BIBACTCS C TMTOMOIIBI0 MAaTEMAaTHIECKOW HHIYKIIHA 110
M =N . Jlemma joka3aHa.

Joxa3zaTtenbcTBO TeopeMbl. BriOepeM OBICTPO BO3pPACTAOIIYIO IOCIHIEIIO-

BaTENBbHOCTh HaTypanbHbix uncen {N} c¢ t. YciaoBHe Ha CKOPOCTb

1+N
BO3PACTAHUS MIOCTABUM B JALHEHIIICM.
O003HauUNM
i
2i
TTonoxnm
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f=) ,F-
C yuerom (7) umeeM, 9TO
2
Itl<1=-
1-t
3aMeTHM, YTO CaMbIii MajJCHbKHI HEHYJICBOH KOI(D(HUIIMEHT B pa3ioKEeHUU
F. Oyzer paBeH
m = t' 2
1+ N2i 1+ N2i+l
a caMbIii 0OJBIION OyIeT paBeH
ti
M, =——.
1+ N,
IMostomy, ecim N, Oyner mocratouno OombiiuM 1o cpaBHenuio ¢ N, u
N2i+1' Y
Ni+l < tm -
CrnenoBaTeNbHO, IS TI000T0 HATYypadhbHOTO K MOKHO OymeT HalTH HATypaib-
HOE yucyo N, Takoe, 4To

k
t Okt t 2k-1
Gnk(f)_ i=0Fi+1+NkZa=NzkH”i'
2
OTCIOZ[a C IPUMCHCHUCM JICMMbI 1 nojy4yacm, 4To
K
| t (N2k+1_N2I<)_

6l (1)]> TWMNes Ny gpe).
K
Ecmu BeiOpats N, ,, I0CTaTOYHO GONBIIMM IO CPAaBHEHHIO C N, , TO MOXHO

4(1+N,,)

JIOCTHYb TOTO, YTOO IpaBas 4acTh OblJIa CKOJIb YTOIHO OOJNBIINOH, T. €. TIpH TIpa-
BHIIBHOM BBIGOpE rociezoBatenbHocT { N} Gynem nMers

lim G;k(f)||=+oo.

ko0

TeopeMma Joka3zaHa.
HUccnenoBanue BoimonHeHo npu ¢uHaHcoBoi nopaepskke 'KH MOH PA B
pamkax HaydHoro mpoekrta NSCS 13-1A313.

Wncturyt marematuku HAH PA

C.J1.Toran

O0 ogHOM cBOJicTBe CJIA00I0 Ka/THOT0 AITOPUTMA
1o odmieii cucreme Xaapa

[octpoens! obmas cucrema Xaapa H :{h} U DJIEMEHT U3 Ll(O,l) Takue, u4To IS

9TOr0 3JIEMCHTAa HHM OJHA BETBb CIa0Oro JXKaJHOro ajiropurmMa mo cucreme H He
CXOJIUTCS B Ll(O,l) .
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U. L. Gnqqui
Cuwn Zwwph pughwipugjws hwdwljwupgh pny wquh
wjgnphpuh dh hwnynpjut ywuht

Qunnigws k Zuwph piphwbpugqus H = { h} hudwlupg b L (0, 1) -hg i EUkuwn
wgiyhuhty, np wyy LEdkbnh hwdwp pny] wquh wignphpuh hpugnpsnidubtphg ny
UkYp sh gniquuihunnid Ll(O,l) -nud pun H hwdwlupgh:

S. L. Gogyan

On a Property of Weak Greedy Algorithm
with Respect to the General Haar System

The General Haar system H ={h} and the element from L*(0,1) are constructed in

such a way, that no branch of Weak Greedy Algorithm with respect to H convergesin
(0.

JlntepaTtypa
1. Temlyakov V. N. - Found. Comput. Math. 2003. V. 3. P. 33-107.

2. Wojtashchyk P. - Journal of Approximation Theory. 2000. V. 107. P. 293-314.
3. Gogyan S. - Journal of Approximation Theory. 2009. V. 161 P. 49-64.
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ZUSUUSUULP PSNPESNPLLELP UQQAUSEL UYUTEUPU
HAIOMUOHAJJbBHAA AKAJAEMMUSA HAYK APMEHUWUHU
NATIONAL ACADEMY OF SCIENCES OF ARMENIA

OJOKUJAIJBI 2a5uNpPp3suvEr REPORTS
ZV“T‘F,“JP 115 2015 Ne 1

MATEMATHKA
VK 517

P. B. laanaksH, . B. Oranucsaux

O ko3 ppunmnenrtax Teisiopa npousBenennii basimke u
J:xkpOamsina, a TaKk:Ke CBA3YHIINX UX (PYHKIMSAX

(Mpencrasneno akagemukoM B.C. 3axapsHom 12/XI11 2014)

KuaroueBble cioBa: onepamop unmezpooughpepenyuposanuss Pumana —
Jluysunns, npouszsedenue brswxe, npoussedenue [ocpbawsana, sdopa [ocpoa-
WA, Knacevl muna Jfupuxie.

Beeaenne. Ilycts D ={z; |4<]} — eIMHUYHBIH KPYr KOMIUIEKCHOM IIoc-

xoctu € . BpomanoM [1] 6bLIM paccMOTPEHBI KIIacChl S, aHAIMTHYECKUX B D
[ee]

dynkumii f (z) =z 8,2', xoodpuimentsr Teiimopa — MakiopeHa KOTOPBIX
n=1

YZIOBJIETBOPSIIOT YCIIOBUIO

Snt|af < 4o, 0<a<l.
-1

ITycts 0< p<+oo, —1<ag <+w. Kmacc D} ompeznensercs Kak MHOXKECTBO
aHanuTU4YecKuX B D yHKLUH, 11 KOTOPBIX BBIIOIHIETCS YCIOBHE

ool =y

B Cllyuae, Koraa a +1< p kiaccel D} Ha3piBaroTCs kjlaccamu Tuna Jlupuxie.

Dp

f ’(re“" )‘ " rdrd 6 < +oo

CkakeM, 94TO MHOXKECTBO TOYEK {an} 0D sBasercs MHOXXECTBOM €JIMH-
CTBEHHOCTH IS KJlacca Dj, eciau u3 Toro, uro f (an) =0mu fO Dj , BBITEKAET,
gro f =0. B pabore [2] T. Illammpo u A. IlIuiapacoM MOIydYeH HCUEPIIHI-
BAIOIIMI OTBET Ha BOIPOC. KOTJa MOCICAOBATCIIEHOCTh {an} OyIeT MHOXECT-
BOM €IMHCTBEHHOCTH st Kiacca D2, 0<a<1. Jlns Gomee OOMIMX KIIACCOB
D?(w) ananoruuHblii pesynbrar noxyder B. C. 3axapsom [3].

B nacrosmeil paboTe uccienyercs BOIPOC MPUHAAIEKHOCTH HEKOTOPBIX
AaHAINTMYECKUX B €IMHMYHOM Kpyre (QyHKumii kmaccy tuna Jlupuxie
DZ, 0<a <1. Cesi3b Mexay kiaccamu S, u D?, 0<a <1 Brepsbie (HACKOIBKO
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9TO W3BECTHO aBTOpamM) mokaszana B. C. 3axapsHom [4], mokasaBIIUM, YTO
f(z)OD;, 0<a<1 rtorma um Tombko Torxa, xorma f(z)0S., . Ioms3ysce
atuM 3amedanreM B. C. 3axapsHa 0 NPUHAICKHOCTH HHTEPECYIOIIMX HAC
¢ynxuuit kinaccy D2, 0<a <1, MBI TIOJIYYHIH HEKOTOPBIE HOBBIE PE3YJILTATHI O
koaduumenrax Teinopa —Maknopena 3Tux QyHKLIHH.

ITycTb OCIEN0BATENBHOCTh KOMIUIEKCHBIX uncen {z,} 0 D Taxas, 4to

0

Z(l—|zn|)<+oo, (1)
n=1
Tpoussenenuem Biisuike HazbIBaeTCs cleayromas QyHKIHS:
_.%2
B(z{z})= IsTrs zOD.

O cBoiicTBax npousBeneHus bsiike cM. Harpumep [5, 6].
M. M. JIxpbamsiHom [7, rmaBa |X; 8] BBeneHBI B pacCMOTPEHHUE KIIACChI
N, (1< a <+®) MepoMOP(HBIX B ¢IUHUYHOM Kpyre (GyHKIMIi U YCTAHOBICHO

X TapaMeTPUUECKOe MPEeCTABICHHE.
Kmace N, (-1<a <+e) ompezensiercst ocpeCTBOM @ -XapaKTepPHCTUKH

T, (r.F)=m, (r,F)+N,(r,F)
KAK MHOXXECTBO TeX MEpOMOp(HEIX B kpyre |Z<1 dymkumit F(z), s

KOTOPBIX

(il:f)l{Ta (rF)} <+o.

[Ipu stom dyHKITUU mg(r, F), Na(r,F) U Ta(r, F) MIPEJICTABISIOT Cc000it
cBOcoOpa3HbIe aHAJIOTH HU3BECTHBIX HEBAHJIMHHOBCKHX (yHKIH
m(r,F), N(r,F) u T(r,F), coBmanas ¢ HUMH TpH 3HAYCHHH NapameTpa a =0,
Tak yTo Kiacc N, coBmanaet ¢ k1accoM N HeBaHIMHHEI.

BMmecte ¢ TeM BaXHOH 0COOEHHOCTBIO KiaaccoB N SIBISIETCA  TO

a
00CTOSITENILCTBO, YTO AJS JIOOBIX 3HAYeHWH -1<a; <@, <+ HMEET MEeCTO
crporoe BkmoueHue N, U N, H, B 4aCTHOCTH,

N, DNy =N, (-1<a<0).

Omneparop unrerpoanddeperuupoBanust D™ (mpu —1< @ <+ ) B CMbICIIE
Pumana —JInyBrLIS C HA4aIoOM B HYJIEBOM TOYKE OIIPeZeIAeTCs CIeAYIONIIM
obpasom:

_ d .-
0 {p(n) =0 “ o). (-1ca<o).
Jns aHanuTHYeCKUX (YHKIHH, MPHHAUICKAIIUX KIacCy N,, QyHxius

T, (r,F) ompenensiercst ciemyrouum oGpasoM:
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T, (r, f)=jr D(_S Iog‘f (reig)‘ dé,
rac
O {# (1)} ==max{D*{p(r)} .4

W3BecTHO, uto (cM. [7, 8]) ananutnueckas ¢pyHkuus kinacca N, MMeeT BUJ
T
. 1 s
f(2)=d 7 g( 4 ﬁ})exp{g_[j ;( & )zt,!zi(@)},
/e
rJe ) — MPOU3BOJILHOE BEIMIECTBEHHOE YKCIIO, A — IIPOM3BOJIBHOE HATYPAIbHOE

gucno, K, —az @(6) — BewecTBeHHAs (YHKUMS C KOHCYHBIM

n+a')

TOJIHBIM H3MEHEHHEM Ha [ =77, 71,

a,
1 a
(2¢) j( 9 o
€l
[ (1rak) ‘{‘1 )" xXd l TNt ¥ 1 1
et GRS G RIS

1
S, (7= - <1
H( ) r(1+a)[(1_ )1+0/ |*
OyHKIHA S, ( z) Ha3biBaeTcs siapoM JDxpOamsna tuna [IBapua, ReSa( z)
Ha3pBaeTcs sapoM [[xpoOamsaa tumna Ilyaccona. Ilpu a =0 3tH sapa cosma-

narot ¢ siapamu [IBapia u IlyaccoHa COOTBETCTBEHHO.

Ba ( Z{ q]}) Ha3bIBACTCA NPOU3BCACHUCM I[)Kp6amsma. B cnenmansHoM Cl1y-

vyae o =0 npousBeneHue B, coBnanaer ¢ npousseneHueM bisike (cMm. [7, 8]).
_ ez
B(z{a})= {4 a)=[]"=>
11-a,z g,
B [9] M. M. [Ixp6amsinom u B. C. 3axapsHOM 0Ka3aHO ClEAyoLIee yT-

BEpIKICHHE.
Teopema (0 B3aMOCBsI3M Ipou3BesieHuit B, u B). [lpu ycrosuu

S (1-fan ) <40, (-1<a<) 2)

n=1
umeem mecmo npedcmaeﬂeﬂue

Ba(z{ qq}): B( | q})exp{%:f ;( -G )Zaj(é’)}
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2oe a)(é?) — Hegozpacmarwas (yHKYUs 02paHu4eHHoU 8apuayuu Ha [02771

umerowast 6uo

w(6) =lim j D™“log %de ()

(0<n<r,<..<r <., 11).

n
[IpuBeneM Takke ompeneiaeHue KiIaccoB Ts (0 <pB< 1) , BXOIAIINX B KJacc

N = N, . CkaxxeMm, 4To W( z) a 'IQ;, eciu
j—dr < +oo

rIae

()

A(r,w) = dxdy.

e 1w (o)

UsBecTHO, uto (cM. [10]) ecnu W( z) = z 8,20 'E(O< B< 1) Y OTPaHUYCHA, TO
n=1

(o]

2
Z|an| n? <+o .
n=1

OcHoBHbIe pe3yabTathl. Teopema 1. [lycms —1<a <0 u nycmo nocnedo-
samenvrocmo Komnnexcrox wucen {z,} 0 D makas, umo evinonnsemcs ycuogue

(2). Tocoa
B, (z{2})0 oo H 4 #)0 B,

3ameuanue. [ npoussenenus bisiiike yTBepkKIeHUE TEOPEMBI U3BECTHO,
OJTHAKO, TI0 MHEHHUIO aBTOPOB, JOKa3aTEIbCTBO JTOW TEOPEMBI MPEACTaBISIECT
OTIPE/ICTICHHBIN MHTEPEC, TaK KaK OHO OCHOBAHO Ha paHHHUX pa0OTax M3BECTHHIX
MaTEMaTHKOB.

Teopema 2. [Tycmy —1<a <0 u nycmob nociedo8amenbHOCHb KOMIIAEKCHbIX

yucen {zn} O D yoosremsopsiem ycaosuio (2). Toeoa ¢pynxyus

ga(z)zexp{%:fg( e’ } d)(@)}| =1,

20e w(8) — nesospacmarowas ynkyus Koneunoti eapuayuu na [0,271], umero-
was 6uo (3), npunaonexcum kraccy D2, .

3ameuanne. Ecin w(6) — HeBospacraromas QyHKIHs KOHSIHOI BapHALHH,

He uMeroras Bux (3), To yTBepIKICHUE TEOPEMBI MOXKET U HE BBIMOHATHCS.
Teopema 3. [Tycmoy —1<a <0 u nycmov nocie006amenbHOCHb KOMIIAECKCHbIX

yucern {Zn} 0 D maxas, umo evinoansemcs yciosue (2). Toeoa ons koagh-
uyuenmos Teiinopa — Maxnopena pynryuu g, (z) umeem mecmo credyowee

ycaosue:.
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o0

[ () 7 <o

n=1
Teopema 4. [lycmps -1<a <0 u nycms nociedo8amenbHOCMb KOMNLEKCHbIX
uucen {z,} O D yoosnemesopsiem yciosuio (2). Toeoa

1. B,()=X & (HE n-§

k=

2.8(n)=Y 0, (B (K,

20e h [ z)] _

TeopeMa 5. Ilycmy =1<a <0 u nycmov nociedo8amenbHoCmb KOMHIAEKCHbIX
yucern {zn} 0 D makas, umo evinoansemcs yciosue (2). Toeoa medxncdy ko-

appuyuenmamu Tetinopa — Maxnopena @yuxyuii g, ( Z) u h(2)= [g, ( z)]_l

umeem mecmo Cﬂe()yiomaﬂ 83AUMOCBA3L.
3, (0) [h,(0) =1,,

Zg (n-K=0, n=1,2,3,-

Teopema 6. Ilycms 0<y<0. Toeda onsa noboeo 5, 0<I<1-y cywecm-

syrom npoussedenus brnawxe u [xcpbawana, MHodcecmea Hyneti KOMOpbIX
cosnadarom, makue, umo Koappuyuenmor Tetinopa — Maxnopena smux npo-
uzgedeHull y00osiemeopsiom ciedyroumum YCio8usim.

1. iny‘é(n)‘2<+oo,
n=0
2. iny‘éa(n)‘2<+oo,
3 znyﬂ)'
4. Zn"“’ B, (n)
n=0

‘ = 400

2
‘ =400 ,

Tl'ocynapcTBeHHBIN HHKEHEPHBIN YHUBEPCUTET ApMEHUU
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P. B. Jannaksan, . B. Oranucsu

O koapdunuentax Teilsiopa npousBenennii basimke u JxpoamsHa,
a TaKyKe CBSA3YIOIIMX UX (PYyHKIUIX

C ucnonms3oBanneM Teopembl . [lamupo m A. [unpiaca, a takke 3aMedaHus B.
3axapsHa J0OKa3aHO CYIIECTBOBaHUE NMpom3BeacHui bismke u JxpbamsHa ¢ oauHa-
KOBBIM MHOXECTBOM HyJieH, kodddummentsr Teitmopa — MakiopeHa KOTOPBIX yIIOBIIE-
TBOPSAIOT HEKOTOPHIM HOBBIM orpaHuueHMsM. [lomydena omenka st ko3 duimeHToB
Tetinopa 3Tux QyHKINH.

0. 9, Yupupjuy, b. 9, Zndhwtthuywb

£yuplth b Qppwpjwmtih wpnwnpyutkph @k nph gnpswjhgutph
b wyy wpnwunpuiukpp juwnny $niuljghwtkph dwuuht

Oquwgnpstkiny @. Cwyhpn b U. Thingh vh phoptdp ot 9. Qupupuuh dh
phuinnmipiniup wwywugnigyt] £ dhlitngt qpnubpny Ppuwolth b Qppwpjwih wyjtuyhup
wpuwnpuiubph gonipnitp, npnug Bhynph gnpswlhgubpp pwjwpupnd &t npny
unp whyh vwhdwbwhwlnidubph: Unwgdl] Bb bwl  qghwhwnwlubibp  wyy

Inrughwnkph @Lynph gnpéwljhgutiph hwdwnp:

R. V. Dallakyan, I. V. Hovhannisyan

About the Taylor Coefficients of Blaschke and M. Djrbashyan Products
and Functions Connecting these Products

In this paper, using a theorem of Shapiro Shi¢lds, as well as one remark of V.
Zakaryan, is proved the existence of Blaschke Mindjrbashyan products with the
same set of zeros, the coefficients of the Taylbicty satisfy some new restrictions.
Also is found new estimation for the Taylor codtfiats of these products.
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1. Introduction. Often there are situations when we need to protect some
critical information called key. People cannot remember ographically
secure keys, so it is a good idea to use physiological &satira person (e.qg.
fingerprints, palm prints or palm veins) to provide an accesthis kind of
information.The authentication based on biometrics is a veod gnechanism;
however, such authentication technology needs large storage adtbhodata,
which appears to be the drawback, and also there is a risk vaftepriata
leakage and identity theft. It is a big issue, becausedti@mtharacteristics are
inherent to a person and once lost,they would never be refreshed.

Biometric template protection schemes [1] that are combimypmiography
with biometrics are considered to be a promising solution to above.issies
work we consider the palm veins as this kind of biometrics.Expats on
CASIA database [2] show that the minutiae features extraated galm veins
are discriminating features in the hand vein images.

Many famous biometric template protection schemes have been proposed
such as fuzzy commitment scheme [3], fuzzy vault scheme rid] fazzy
extractor [5]. Among them the fuzzy vault scheme proposed by hetSwan
[4] has become one of the most popular key-binding approaches, because i
provides effective and provable security for biometric textepprotection. The
scheme introduced by A. Juels and M. Wattenberg [3] is not amdariant,
which is the weakest point of the algorithm described in [3]abse the data
extracted from the biometric template is not in the same order for theypest t
of biometrics. In contrast, thuzzy vault scheme has a property of order
invariance.

The rest of this paper is organized in the following manner. liosezthe
construction of fuzzy vault scheme is discussed. In section 3 thg Haxlt
scheme for palm veins is proposed. In section 4 some experimesiiits of
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fuzzy vault scheme’s implementation are introduced. Finallyseation 5,
conclusions are given with some discussions.

2. Fuzzy Vault SchemeéAs it was mentioned above the fuzzy vault scheme
provides an effective and provable security for biometric template protedfion [
and has a property of order invariance. So it suits the bestfquurpose. Let
us briefly introduce that scheme.

Let F be a finite field of size n and biometric templat¢hef user can be
written as follows:X =(x,X,....,x,) , where 0i =1...s:x OF . Let us denote the

secret polynomial byp(x). The degree ofp(x) is k=s-t-1, wheret<sand
coefficients of p(x): p, OF . Let r O{s+1,...n}

Locking algorithm
1. Having p(x) of degree we evaluate it on the points of biometric.

Let: y, = p(x)0i=1...s.
2. Chooser -s distinct random points from FX so called chaff points:

Xopgroo- X, -
3. Choosey, [0 F such thatdi =s+1...r :y, # p(x )

4. Construct vault:v ={(x, v,) (%, ¥,).-.(% ¥ )} -

Unlocking algorithm
1. Let we have new biometri&' =(x,X,....X,) , wherei =1...s: X OF .

2. Having vault vV, constructed by locking algorithm, the secret
polynomial can be reconstructedXf has at leass—-t common points
with the original biometricX , using Lagrange interpolation or Reed
Solomon codes.

3.Implementation of the Fuzzy Vault Scheme for palm-veins.

3.1. Extraction of biometric data from palm-veins. The vein pattern can be
well represented by a number of critical points referrechiasitiae points. The
branching points and the ending points in the vein pattern skeletoe ianag
the two types of critical points to be extracted. Ending pdiete are mainly
ending points of vein skeleton curves that placed at the efigegion of
interests (ROI) and resulted from the cropping of hand image whtkEning
ROI. Although these ending points are not real ending points of vepalom
they are taken because they contain geometrical information digoshape of
the skeletons of the vein pattern. As for bifurcation poihisy fare the junction
points of three curves. Fig. 1 illustrates some of bifizoadnd ending points
on vein pattern’s skeleton representation.Experiments on CASIA dat§Ph
show that we can extract on average 25 minutiae points fromveacpattern,
including 10 bifurcation points and 15 ending points on average for eatch v
pattern. This quantity of minutiae points is quite enough for our purpose.
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Fig. 1. Some of bifurcation points and ending poarte marked by red circle:

3.2. Implementation of fuzzy vault based on the extracted data. The
experiments were carried on the database of palm-veins CAZIAThis
database has been acquired using a contactless imaging @edibas images
from 100 users. Six images were acquired from each user andirtiesgpes
were acquired in two different data acquisition sessionsgthnages in each
session) with a minimum interval of one month. Since palm vaiasmost
visible under 850 nm wavelength illuminations, only the images undse the
wavelength illuminations are chosen.

Encoding.The biometric template X, discussed above, is construciad us
x and y coordinates of minutiae points. In the current implementasion,
randomly generated secret S is 120-bit random key, which is uged fo
constructing the secret polynomial p(x).

For each degree of the polynomial n in range [5, 12] and the numiber of t
minutiae pointss =25, the chaff points were taken r-s= 200.

From this point on, all operations take place in Galois field2'&F(e
concatenate x and y coordinates of a minutiae (5-bits edeh) g0 arrive at
the 10-bit locking/unlocking data unit u.

In enroliment phase mosaic matching [9] was used on 5 templatebea
last one was used for verification.

Decoding. Here, the user tries to unlock the vault V using the query

minutiae. Assume we have s query minutigeX')and u;,uj,...u, are the

S

points to be used in polynomial reconstruction. These points are foyund
comparingu, , i = 1, 2... s. with the values of the vault V, namely v,,...,v;. If

any yis equal tovy, v,,...,V;, the corresponding vault pointis added to the list of
points to be used. Assume that this list has m points,wheter. Now, for
decoding a n-degree polynomial, n + 1 unique projectionsare necedéary
have to find all possibl€"™" combinationsofn + 1 points, among the list with

size m. For each of these combinations, we construct therigegnaterpolating
polynomial.

If the query minutiae lisfX') overlaps with template minutiae li§K) in
at least(n+1) points, for some combinations, the correct secret willdooded.
This indicates the desired outcome when query and template palm-vein are from
the same palm.

4. The results of the experimentsBelow the results of the tests on the
palm-vein database are attached. There are six imprinte afaime palm-vein
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and five of them were used to enroll the user (using mosdithing) and the
last one was used to verify if the user had passed the authentication.
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Fig. 2. Error rate curves of palm-veins fuzzy vaaheme.

5. Conclusion. In this paper we have presented the results of actual
implementation of the fuzzy vault using palm-vein minutiae datperiments
on CASIA database show that we can extract on average 25mipoiras
from each vein pattern, including 10 bifurcation points and 15 ending points on
average for each vein pattern.This quantity of minutiae pasmtenough for
120-bit key generation and for the practical accuracy of teeesy (FAR <
0.01). Compared with fingerprint based schemes the FRR of thisns)is
lower, however there are other benefits of this biometgash as stability of
the vein patterns over a long period of time and, what is more iamport
invisibility to the human eyes (what makes it much harder to copy the f&ature
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Palm-Vein Based Fuzzy Vault Scheme

Fuzzy Vault is one of the most popular bioneetncryption schemes, which aims to
encode users’critical information in such a wayt thaly the legitimate users are able to
access it.

In this paper, the template protection schésneombined with biometrics, which
results a provable security for the key bindinglyen. In particular, in this paper the
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approach for constructing a fuzzy vault schemetlier palm veins is presented. The
proposed fuzzy vault scheme has been implementbteated on the publicly available
database of palm vein patterns derived from infte&seanner. The results are presented
in the last section of the paper.

U. U. 2hpbdjuiy, U. Z. Qhjuiywi, wjunbdhlnu <. Z. vwsywnpul,
2. Q. vwupljjut

Qtnph wihh Epulukph ypw hpdtws «ns hunwlp» wyyuhngutph
upjubdw

Ny hunwl wwhngubph vjubdwt swsjugpiui wdkiwhwynuh vjubkdwbphg &, npp
yuwunwl b swsuqpl] oguuugnpdnnh Juplnp hudnpdwghwt wyhybu, np dhuyh
ophttwjw oqunugnpénnubpp unwhwt npub hwuwukhnipniu:

Uju hnpJuénid swpntttkph yuonwuwinipju qunuthwupp dhwynpjuws k YEuuw-
suthwljul punipwugpbph htin, husp phpnud £ pupdp widunwignipyuip pubwn jgdw
huugph hwdwp: Uwubwynpuybu, wyju hnpuénd  ukpjuyugduws bt dknph wthp
Epuwyutphg vnwugdws punipugptph hhdw Jpu «as hunnwlp wwhngubph ujubkduygh
Jurmigdwb dkpnnyp: Unwowplus upubdwb hppwluwgyty kp spugpuyhtt b phutnw-
Ynpyt] pwg hwuwbbjhnipjui dby quuynn dtoph wihh Gpuwlubph pwquyh Jpu:
Upmyniupubipp tbpuyugdus bu wyju hnnjwsh yhipehtt puudunid:

C. C. Ynpemsn, A. A. IxuBansH, akageMuk I'. A. Xauarpsn,
O.T. Xacukau

Cxema “HeueTKHMX XpaHWJIHIL , OCHOBAHHASI HA BEeHAX JIAJJOHH

Cxema “HEYeTKMX XpaHWUIUII — OJHA M3 CaMBIX MOMYJLIPHBIX CXEM IIHU(PpPOBaHU,
LEJIBI0 KOTOPOW SIBIIACTCS KOJMUPOBAHHE BAXKHOW HMH(POPMAIMU IMOJIB30BATEISI TAKHM
00pa3oM, 4TOOBI TOJIBKO JICTaJIbHBIC MMOJIH30BATEIH UMEITU TOCTYII K HEH.

Cxema 3amuThl MAOJOHOB HCIIOJB3YETCS BMECTE C OMOMETPUYECKHUMU JIaHHBIMHU,
YTO MPHUBOAMT K BBICOKOH 0Oe30macHOCTH MpoOiIeMbl CBsA3bIBaHMs Kiroua. [IpencraBicH
METOJ] MOCTPOCHHS CXEMBbl “HEYCTKHX MHOXECTB” JJisl BEH JamoHH. [IpencraBlicHHAS
cxeMa ObUIa NPOTPaMMHO peaii30BaHAa M MPOTECTHPOBAHA HA HAXOJAIICHCS B
OTKPBITOM JOCTyre 0a3e BeH JafoHel. Pe3ynbTarhl NpenCTaBiIeHbl B IOCIETHEM
paszerne CTaThy.
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1. Introduction. SAFER+ is one of the block ciphers of SAFER family
proposed by Prof. James L. Massey together with Prof. Gurgen H. Khaahat
and Dr. Melsik K. Kyuregian. It is a 128 block size encryptioroddgm with
three different user-selected-key lengths, namely 128, 192 and 25&RSAF
was submitted as a candidate for the Advanced Encryption Staddzs)l [3]
and was subsequently adopted for use in the challengeisespatity authen-
tication scheme in the Bluetooth protocol for wireless commtiaita [5]. In
this paper some modifications of SAFER+ algorithm are propossdlting
about 1.%imes faster algorithm implementation on ARM platform.

2. Brief description of SAFER+ algorithm. SAFER+ is a 128-bit block
cipher. InFig. 1 the encryption structure of the SAFER+ algorithm is intro
duced.

Tnput plaintext (16 bytes)
1 2 5 6 7 8 9 10 1
Encryption round 1 le— K
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 K;

9%
—
2
[
7%}
—
s
—
tn
—
=2}

— =

A4 A4 A4 A4 \d

Encryption round r « Ky g

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 |« K

NN

|xor add add xor xor add add xor xor add add =xor xor add add xor |‘7 Kopy1

BTN

Output ciphertext (16 bytes)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Fig. 1
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The 16 byte plaintext block passes throughé rounds of encryption for 128

bit key andr =9 rounds of encryption for 256 bit key. In each round of
encryption two subkeys are used. These round subkeys,....,K,,,) are
determined from the user-selected kKy according to the key schedule of
SAFER+. The details of the key schedule structure are inteodinc[3]. The

last subkey K, ,, is “added” to the block produced by therounds of
encryption in the manner that the bytes 1, 4, 5, 8, 9, 12, 13 and 16 are added

together bit-by-bit modulo two (the bitwise “exclusive-or” opemafiwhile the
bytes 2, 3, 6, 7, 10, 11, 14 and 15 are added together modulo 256 (“byte

addition”). This “addition” of round subkeyK, ,, constitutes theoutput
transformationfor encryption and produces the ciphertext block of 16 bytes.

The input for decryption is the ciphertext block of 16 bytes. Tleyg&on
begins with theinput transformationthat undoes theutput transformatiorin
the encryption process. At first the round subkey,, is “subtracted” from the
ciphertext block in the manner that the round subkey bytes 1,84,9%,12, 13
and 16 are added together bit-by-bit modulo two to the corresponding ciphertext
bytes while the round subkey bytes 2, 3, 6, 7, 10, 11, 14 and 15 are subtracted
modulo 256 from the corresponding ciphertext bytes. The result of'dbb-
traction” is the same 16-byte block as was produced fromr theounds of
encryption before the output transformation was applied. Tock bhen passes
through ther rounds of decryption, the round of which undoes the round
r-i+1 of encryption, where=12,..r. After the roundr we obtain a
plaintext block. Note that the round keys for decryption areséime as those
for encryption but are used in reverse order.

2.1 SAFER+ encryption round. The SAFER+ round schema is given in
Fig. 2. The first operation within the round<i <r , is the “addition” of the
round subkeyK,,_; to the 16-byte round input in the manner that the bytes 1, 4,

5, 8,9, 12, 13 and 16 are added together bit-by-bit modulo two while the bytes
2,3,6,7,10, 11, 14 and 15 are added together modulo 256. The 16-byte result
of this “addition” is then processed hynonlinear layelin the manner that the

value x of byte j is converted tce45 mod 257 for bytes j =1,4,5,8,9,12,13,1
(with the convention that wher=128, then 45* mod 257 25! is represented
by 0), while the value X of byte j is converted tolog,,x for bytes
j=2,3,6,7,10,11,14,1 (with the convention that whem=0, then the output
log,; O is represented by 128). The round key is then “added” to the output

of thenonlinear layerin the manner that the bytes 2, 3, 6, 7, 10, 11, 14 and 15
are added together bit-by-bit modulo two, while the bytes 1, 4, 5, 8,93
and 16 are added together modulo 256. The 16-byte result of this “addition”

X=X %0 %0 %0 % % %0 %0 % %o X %o %o %o %o K
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Round input (16 bytes)

iiiiii T T I 111111

add xor xor add add =xor xor add add xor

l NN

exp exp log log exp exp log log exp ‘

T 11 1311171

or xor add add =xor =xor add add =xor xor add ‘4* K;;
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o
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mq
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2-PHT ‘ -PHT 2-PHT ‘2PHT 2-PHT 2-PHT 2PHT‘
I S A A
‘l l l 11‘,5 1i,3,2l?,¢111 f 11 14£ SJ 1 l‘l l
llllllllllllllll
‘l Iu,f. 113,1?,11110 1114£8J 1 l‘l l

llllllllllllll

Armenian shuffle

l l i [S. l2,£? 16. 3. 1? illllﬂ 11 14, l1 Si) 1 l l l
[ 1 l 1 11111
Round output (16 bytes)

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Fig. 2
is then postmultiplied by the matrid modulo 256 to give the 16-byte round

output

Y[V Yo Y Yo Yo Yo Yo X % Yo Yoo Yo Yo Mo Yo Y

in the manner

y = MX,

where M is the following16x 16 matrix
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16 8 1 1 2 2 1 1 4 4 2 1 4 2 4 2

8 4 1 1 1 1 1 1 2 2 2 1 2 1 4

o

This operation gives

Ya =X+ X%t AX+2X+ 2+ 2x+ Ax+ 2%+

+16% + 88X+ AX,+ AXpt 2t Xt Xt X
(where the arithmetic is modulo 256) as follows from the secolincoof the
matrix M . Multiplication by matrixM providesthe linear layerof the round
that consist of the cascade &-PHT and 3 times Armenian shuffle”+2-PHT
operations. Armenian shuffleis the coordinate permutation [9, 12, 13, 16, 3,

2,7,6,11,10, 15, 14, 1, 8, 5,44d 2-PHT is Pseudo-Hadamrd matr(xi ﬂ

that has as an input 2 bytés,a,) and as an outpui2a +a,,a + a,) 2-bytes

over the ring of integers modulo 256 (all operations are modulo 256).

2.2. SAFER+ decryption round. In the decryption round of SAFER+
simply inverts in reverse order the operations from the eroryppund. Thus,
the first operation in the decryption round is to postmultiplyl&éyte round
input

Y[V Yo Yoo Yo Yoo Yo Y ¥ %o Yo Yo Yo Yo Mo ¥s M

by the matrixM ™, which is modulo 256 inverse d¥1 , to give the 16-byte
result
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X=X %0 %0 %0 % % %0 %0 % %o X %o %o Xo %o K
in the manner

X=yM™,

where matrix M ™ is the 16x16 matrix (-i denote 256-i in modulo 256

arithmetic)
2 2 1 2 1 -1 4 8 2 4 1 -1 1 2 1 1
4 4 -2 4 -2 2 -8 16 -2 4 -1 1 -1 2 -1 [
1 -2 1 -1 2 4 1 -1 1 -1 1 -2 2 -2 4 18
2 4 2 2 2 4 -1 1 -1 1 -1 2 -4 4 -8 16
1 -1 2 4 1 -1 1 2 1 2 1 -1 4 -8 2
11 2 4 -1 1 -1 2 -2 4 -2 2 -8 16 -4 ¢
2 4 1 -1 1 -2 1 -1 2 -2 4 8 1 -1 1 {2

M™=|2 4 2 1 1 2 1 1 -4 4 -8 16 2 2 -2 @
1 -1 1 -2 1 -1 2 -4 4 -8 2 -2 1 -2 1 1
11 1 2 -1 1 -2 4 -8 16 -4 4 -2 4 -2 P
1 2 1 1 4 8 2 2 1 -1 1 -2 1 -1 2 {4
12 -1 1 -8 16 4 4 2 2 2 4 -1 1 -2 4
4 8 2 -2 1 -2 1 -1 1 -2 1 -1 2 -4 1 1
8 16 4 4 2 4 2 2 -1 2 -1 1 -2 4 -1
1 -1 4 8 2 2 1 2 1 -1 2 4 1 -1 1 {
2 2 -8 16 4 4 2 4 -1 1 -2 4 -1 1 -1 P

For instance, these operations give

Xo=—4Y, +4Y,= Yot Y, = 2Vt Ay~ 2y + 4y~

—8Y, +16Y30 = Yt 2Y1,~ 2Yist 2V~ Vigt Vs

The round subkey,, ,., is then “subtracted” fronx in the manner that the
round subkey bytes 1, 4, 5, 8, 9, 12, 13 and 16 are subtracted modulo 256 from
the corresponding bytes of while the round subkey bytes 2, 3, 6, 7, 10, 11, 14
and 15 are added bit-by-bit modulo 2 to the corresponding bytes Dhen the
16-byte result of this “subtraction” is then processed nonlinéarthe manner
that the valuex of byte | is converted tdog,, x for bytes j =1,4,5,8,9,12,13,1
(again with the convention that wher=0, then the outputlog, X is
represented by 128), while the valxeof byte j is converted to45* mod 257
for bytes j=2,3,6,7,10,11,14,1 (again with the convention that wheq=128,
then 45** mod257= 25! is represented by 0). The round ke&y, ,,, is then

“subtracted” from the 16-byte result in the manner thatrdb@d subkey bytes
1,4,5,8,9, 12,13 and 16 are added bit-by-bit modulo 2 to the corresponding
input bytes while the round subkey bytes 2, 3, 6, 7, 10, 11, 14 and 15 are
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subtracted modulo 256 from the corresponding input bytes to obtait6the
byte round output.

3. Some modifications of SAFER+. We propose three major modifications
for SAFER+. They concern both nonlinear and liner parts of algorithm:

1. As it can be seen from Fig. 2, for SAFER+ algorithm exp boas wsed
for 1, 4,5, 8,9, 12, 13, 16 bytes while log boxes were used for 2, 3, 6, 7,
10, 11, 14, 15 bytes. Here we propose to use exp boxes for 1, 2, 3, 4, 9, 10,
11, 12 bytes and log boxes for 5, 6, 7, 8, 13, 14, 15, 16 bytes.

2. Itis clear from Fig. 2, that the liner part of algorithrartt so-called 2-PHT
operation. We propose to start the liner part from shuffling otsyt
immediately. As such in this case we will have 4 times oé Isytuffling
instead of 3.

3. We propose to use [7, 12, 9, 14, 5, 8, 13, 10, 11, 4, 3, 6, 15, 2, 1, 16]
“Armenian shuffle” instead of [9, 12, 13, 16, 3, 2, 7, 6, 11, 10, 15, 14, 1, 8,
5, 4]. As the result of the last two modifications we will @@ompletely
different liner transformation matrix.

The properties of #s¢ modifications are analyzed in detail in the next section.

4. The result of the modifications. Firstly a differential cryptanalysis of a
modified version of SAFER+ has been implemented. The attack teyatiffal
cryptanalysis on arr -round cipher relies on being able to findral round
differential whose probability is substantially greater than thesrage

probability of such a differential, which iezzl%_lzzﬂs for a 16-byte block

length, i.e. for any selected key afterl round differential the probability is

smaller then2™?. Providing the count of rounds of SAFER+ we have analyzed
all the possible “highly probable” 5-round and 8-round differentialrsh@ee
[2]) and have found that due to second ahdkdt modifications their

probabilities are substantially less thait?® and 272°° correspondingly then
before modifications, but the count of rounds before and after meafins
stays the same i.e. afte=6 andr =9 rounds by differential cryptanalysis it is
impossible to find out master key used in the algorithm. Seconahen
implementing a SAFER+ algorithm on ARM platform due to thedified
version it is possible taor four bytes simultaneously, which was impossible
with a regular SAFER+. The first modification alshortens the count of
operations on ARM platform in the liner part of the algorithm structure
(multiplication by matrix). As such the main result of these modifications is
that SAFER+ will rur=1.7 times faster on ARM platform.

5. Conclusion. In this paper three major modifications of SAFER+
algorithm are implemented resulting an increase of the speatdgofithm
implementation otARM platform about 1.7 times In addition it is shown that
these modifications will not affect the security of SAFER+.

6. Acknowledgment. The author is thankful to Prof. Gurgen H.
Khachatrian and Dr. Melsik K. Kyuregian for very useful disomss and
comments.
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K. M. Kyuregyan
Some M odifications of SAFER+

Some modifications of SAFER+ encryption algorithrh SAFER family are
presented. After these modifications SAFER+ stagsuse against differential
cryptanalysis, but these modifications make SAFERyerithm implementatiorl.7
times faster on ARM platform.

£. U. Ynipbpub
SAFER+ hwlwljuipgh npny Aiwthnjunipinibkp

Ubkpjuyugws L SAFER puwmwuhphtt wwuwnlwunn SAFER+ Sswédluqpuljui
hwdwlwupgh npnp dbwthnfunipmnitbp: Ywwnwnpdb) b nhipkighwy dEpnisnipintt,
husp gnyg k wydk), np SAFER+swsljuqpuljuts hwdwljwupgp wyn dbtwithnjunipiniiitphg
htinn tu Yuynit b nhdbpkughw) dEpndnipjut tjuwndwdp b ounphhy wyy dbw-
thnjunipniiibph ARM yjuindnpuh Jpu =1, 7 waquid wkh wpwg E:

K. M. Kiopersin
HexoTtopbie mogudukanuu SAFER+

[pencraBieHsl HEKOTOPbIE MOAMMUKAIMH KpUNTOrpaguIecKoil crcTEeMbl
SAFER+u3 cembn SAFER.I[IpoBenennslil nuddepeHnnanbHbIii aHaIN3, OKa-
3aj1, 4To mocie >tux Monupukanui cuctema SAFER+Taxoke ycroiiunBa mo or-
HOmeHuto kK auddepeHnranbHoOMy aHaau3y u onarogaps i SAFER+Ha mutat-
¢dopme ARM B =1.7pa3a ObicTpee
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MEXAHHUKA
YK 539.3

B. M. Be.nyﬁemml, M. B. Benyﬁemm2

Pe3oHaHCHBIE M JIOKAJIH30BAHHbIE CABUTOBbIE KOJ1€0aHUA
B CJI0€ C MPAMOYTIOJbHBIM MOIIEPEYHBIM CCUCHUEM

(IIpencrasneno akagemukom C. A. AmOapuymstom 28/X1 2014)

KiroueBble cj10Ba: anmuniockue 60JHuL, YAPYeUull YuiuHop, cocpedomo-
YeHHas maccd, N0KAIU308aHHbvle KOIeOaHusl.

[Ipu Hanmuuuu B ympyrom Tene CBOOOIHOTO Kpas MOTYT MOSBUTHCS Pe30-
HAHCHBIC U JIOKAJIN30BAaHHBIE B OKPECTHOCTH CBOOOIHOTO Kpas koyiebanus. O0-
30p MO 3THM KoyiebaHHsM npuBoauTcs B MoHorpaduu [1]. EcrectBeHHO cTa-
BUTCSI BOIIPOC O CBSI3H MEXIY MCCIICJIOBAHUSIMH 0 PE30HAHCHBIM U JIOKAJIH30-
BaHHBIM KojeOaHusAM. [[Jis 0TBEeTa Ha TOT BOMPOC MpEJIaracTcs PacCMOTPETh
HaunboJliee MPOCTYIO MOJICIBHYIO 3a]1auy.

1. Ilycth IMIMHPHYECKOE TEIIO 3aHMMaeT o0macth O0<x<a, 0<y<hb,

-0 < z<o . PaccMaTpuBaeTCs aHTHIUIOCKAs 3afa4a (YUCTO COBMIOBBIE KOJIE-
Oanus) [2]

u=v=0,w=w(x,yt). (1.1)
VYpaBHeHHUE 331491 UMEET BHJL
9w U
Aw=—-, c?P=2 1.2
G PO B (1.2)

rae I —Momaynb ciBura, P —IUIOTHOCTh MaTepHala HUINHIPA.
Tpu MWIOCKOCTH, OrPaHUYMBAIOIIME IWIHHAD, 3aKPEIUICHBI
w=0 npu x=a,y=0b. (1.3)
[Mpexamnonaraercs, yro Ha rpanuie X =0 3amaHo crenuanbHOE rPAHMYHOE YC-
JIOBHE

ox o at?
I'pannunoe ycnosue (1.4) MOXET MOSBUTHCS BCIEACTBHE KOO HAJIHUMSI TOHKO-
r0O CIIOS U3 MaTepHaia ¢ OTIUYHBIMU OT IMJIMHApA Xapakrepuctukamu [3, 4],
00 HaNU4YUs COCPENOTOYCHHOW MAcCChl, PaCIPEACICHHONH IO IUIOCKOCTH
x=0.

2
oW _ o OW (1.4)
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Pemenne ypaBuenus (1.2), yIOBIETBOPSIONIErO rpaHHYHBIM yeaoBusaM (1.3)
npu y=0,b, npeacrasnsiercs B BUIE

W=Z:;ei“*twn(x)sin)\ny A, =%T. (1.5)

IMoacranoska (1.5)B (1.2) IpHBOAWT K YPaBHEHHIO

W, +A2(n2-1)w, =0,n2 = iy A2 (1.6)
Vpasuenue (1.6) B o0IeM cirydae MOKET HMETh PEIICHUE, YIOBICTBOPSIOIIEE
KaK YCIOBMIO N2 <1, Tak M ycloButo N2 >1..

AHanoruvHas CHTyalllisi MMEET MECTO B 3a1a4ye paclpOCTPAHCHHS CBH-
TOBBIX BOJIH B IBYXCJIOWHO#M cpeze [5].

Vpasuenue (1.6) umeer perenune, yaI0BIETBOPSIOIIEE YCIOBUIO W=0 MpH
x=a u3 (1.3)

w, = A,sinynZ -1, (a-x). (1.7)

Tpebys, utobsl pemenne (1.5) ¢ yaerom (1.7) yIoBIETBOPHIO TPAHUYHOMY YC-
noBuio (1.4),onyunM TUCIIEPCHOHHOE YPaBHEHHE

\/nr21 —1lctg \/nﬁ_]}‘na):actz)\nnnnz' (18)

Vpasuenue (1.8) B wacTHbpIxX ciaydasx o =0 (kpait x=0 cBOOOIEH) M O — ®
(kpaii x=0 3aKperuieH) UMEeT TOJIbKO T€ PELICHHs, KOTOPbIC YIOBICTBOPSIOT
YCJIOBHIO

2>1. (1.9
C apyro# cTopoHBI, 17151 OONBIINX A & B MPUOIMKEHUH

cthy1-n2\,a=1. (1.10)

Vpasuenue (1.8)umeer penieHue, yA0BISTBOPSIONIEE YCIOBUIO
ni<1 (1.11)

-1
n2 =2(1+,/1+ 4a2q4)\,$) : (1.12)

Pemrenne (1.12) cOOTBETCTBYET pe3yiabTaTy pPEIIEHUS 3afadd O JIOKaIH30BaH-
HBIX KOH66aHI/I$IX, Korga BMECTO yCJ'IOBI/I}I w=0 l'IpI/I X=0 cTaBUTCS yCJ'IOBI/IC
limw =0.

npu X — 0

Orcroma ciemyer, 4Tto Uil JOCTaTOYHO Oonmbinx A,a ypaBHenue (1.8)
HMeeT pelleHne, yaosiaeTsopsioiiee kak ycmosuo (1.9) ormacuo [1] cober-
BeHHBIE KomeOanus), Tak u yciaoBuio (1.9) (Ioxamm3oBaHHBIE Y CBOOOIHOTO
Kpast kosiebanust). Ho gacrora JIoKaaM30BaHHBIX KOJIEOAHHH ¢ yBennueHHeM N
(MoIBI KOJTEOAHMI) YBETMIUBACTCS U MOXKET CPABHSTHCS ITPU HEKOTOPOM n = N
C YACTOTOH MepBOH MOIbI COOCTBEHHbIX KonmeGanuit (n=1), uro u Gymer
NPUYMHON pe30HaHca.

2.TpenenbHBIM MEPEXOAOM N, — 1, MOXHO TMOKa3aTh, 4to ypaBHeHue (1.8)

HUMeeT pelieHue, yaosiersopsomniee ycaosuio (1.11) (uma okaau30BaHHBIX
KoJIeOaHuii) IpH yCIIOBUH
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& >B, (2.1)
I'JIe IPUHSATHI HOBBIE 0003HAUCHUS
g, =\a,B=acta’. (2.2)
Ilpumeuyanue: ecau BMecTO ycinoBusd W=0 mpu X=0 MNPUHATH YCJIOBHUE
cBOOOIHOTO Kpass ow/0x=0 mpu x=0, TO HpeaeibHbIX ()\na > 1) JIOKaJIU30-

BaHHBIX KOJICOAHUII HE CYIIECTBYET.
Vpasuenune (1.8) MoKHO Tepenucarh B BHIE

Jof -agy?-¢} =pa? (2.3)
T7ic BBEJCH HOBBIN O€3pa3MepHBIN ITapaMeTp TacTOTHI.

[ycts & ymoBmeTsopat yciopuio (2.1), T.e. &2>B! u Q ecTs MuHH-
MaJIbHBIH KOPEHb PELICHUS YPABHEHHUS

Jo?2 -€2ag\/Q2-82 =p0?2, (2.4)

YIOBJIETBOPSIOLIETO YCIOBUIO Qf > Ef .

TpeOys1, uToObI Oe3pa3MepHas yactota (COOCTBeHHas) Q; coBmagana ¢ n-i

YacTOTOW JIOKAJIIM30BAaHHBIX KOJeOaHWi, HEOOXOAMMO N HAWTH W3 PEIICHUS
ypaBHEHUS

%2 -Q2cthn%2-Q2=pa?. (2.5)
W3 (2.5) i u3 (1.12) MmoxkHO AuIst ompeeneHus gucia N IoNyduTh Clie-
TYIOTITYIO IPHOIIKEHHYIO (hOPMYITY:

Qf '’
n= E{—%(Bfo +1)} , (2.6)
1

rjae oneparop E o3HayaeT Lenyro 4acTh Yuciia apryMeHTa IUIFC €AUHULA.
HpI/IBCHCM HCKOTOPKBIC HpI/I6J'II/I)KeHHBIe YUCJICHHBIC PE3YyJIbTAaThl IJId
& =2n(a=2b):
B=11= Q?=78,96n= 10
B=1,8= Q= 40,113n= 1 (2.7)
B=9=0Q7=41,5n= 76
HetpynHo npoBepuTh, YTO YCIIOBHE CYIIECTBOBAHUS JIOKAIM30BAaHHBIX KOJIE-
Oanuit (2.1) ynosieTBopsercs.

lEpeBaHCKI/Iﬁ roCyJIapCTBEHHBI YHUBEPCUTET
Mucruryr mexannku HAH PA

B. M. beayoexsin, M. B. beayGexsin

Pe3onaHCHBIE U JIOKAJIH30BAHHBIE CABUTOBBIE KOJI€0aHUA
B CJ10€ C IPAMOYTI0JIbHBIM NMONEPEIYHBIM CCUCHHUEM

YcTaHOBIICHBI YCIOBHS, IPU KOTOPHIX BO3MOYHBI OJHOBPEMEHHO JIOKAIN30BaHHBIC
1 o0ObeMHBIE CABUTOBBIE KojeOaHus. Omnpenensercs 4actoTa N-id MOJBI JOKAJIN30BaH-
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HBIX KOJEOaHMI, COBIMAAAOIAs ¢ MUHUMAJIbHON 4acTOTONH 00BEMHBIX KOJIEOaHMil. DTO
COBIIAJICHUC SIBJIACTCS MPUYUHON BHYTPEHHETO PE30HAHCA.

9. U. Pempkljjub, U. 9. Fempkljjuu

NrEgnuwibuughtt b mbnuyiimgywé vuthph muwwnwinidubpp
nnublyniu jupgudpny skpunnid

Zumunwnguws Ll wuydwibtp, nph ghypnid hwpwdnp ko dhwdwdwbwl nbnuy-
twgdwd b Swwjuyhtt uwhph mwnwinlubp: Npnodus L nknujhugdus munwnid-
utph N-pn Unnujh hwdwhinipinitp, npp hwdpuljunud b swuwjwghtt munwidwb -
uhdw] hwdwpnipjut htwv: Ujy hwdpbljunudp hwighuwiunwd E ubpphtt nhqnuwbuh

wyuwndwn:

V.M. Belubekyan, M. V. Belubekyan

Resonanse and L ocalized Shear Vibration in the Layer
with Rectangular Cross Section

The conditions of the possibility of simultas existence of the localized and
volume shear vibrations are established. The Ipedlfrequency of ther-st mode is

determined, which is equal to the minimal volumegfrency. This equality is a reason

of the internal resonance.
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XUMHNYECKASA ®PU3UKA
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Axkanemuk U. A. Bapnansin

Peaxkuun paaukasoB OH na tBepnoii noBepxuoctu NaCl
(Mpexncrasaeno 26/1X 2014)

KiroueBble ci10Ba: paduxan, nogepxHocms, peaxyust, peKkoOMOUHayus.

Panee B psne pabot [1-7] metogom DOIIP crieKTpockonuu B COYCTAaHHU C
KHHETHYECKUM METO/IOM BBIMOP)KMBAHMS PaJUKaloB OblIa yCTaHOBJIEHA BO3-
MOKHOCTb B3aMMOJICHCTBUSI MEepPOKCUAHBIX paaukanoB CH;O, ¢ opranmuec-
KHMH COCIMHEHUSIMH Ha MMOBEPXHOCTH HEKOTOPHIX BEIIECTB, BXOSIINX B COC-
TaB atMoc(epHBIX a’po3oieii. B xoxe 3THX uccnemoBaHuil OBIII0O 0OHAPYKEHO
YIUBHUTEIBHOE SIBICHHE Pa3MHOXCHUS PAJMKAJIOB, TPHIIMCAHHOE JIOTOIHH-
TEILHOMY PacXOJ0BaHUIO OPraHMYECKOTO COCAMHEHUs (MeTaHa, aleTalbIeru-
71a) Ha TBEPIOi MOBEPXHOCTHU IO BBIPOXKICHHO-PA3BETBICHHOMY LIETHOMY Me-
xaHu3My. BO3MOXKHOCTL peakiuu ajgcopoupoBanHHbix atoMoB H ¢ O, ¢ obpa-
30BaHueM pajaukanoB HO, Obuta npezckaszana B [8] 1 mokazaHa KWHETHYECKUMHE
METOAaMH, KOMOWHUPOBAHHBIMH C ONTHYECKOH CHEKTPOCKOMHEH, U METOJOM
H30TOIOB B [9].

Yro kacaercs pagukanoB OH, To B padote [10] Ha ocHOBaHMM KOCBEHHBIX
JaHHBIX OBIJIO CHIETaHO 3aKII0UYEHUE O BOZMOKHOCTH peakuuu paaukanoB OH u
HO, ¢ opraanyeckuMu coeTUHEHUIMH Ha moBepXxHocTH T10,.

Hacrosimas paboTta HOCBsIIIEHa ONMMCAHUIO U MHTEPIPETALUH PE3yIbTaTOB
SKCIEPUMEHTOB 10 M3YYEHUIO BO3MOKHOCTH B3auMoieiicTBus paankaioB OH c
CO npu koMHATHOM Temreparype Ha TBepmoi moepxHoctu NaCl, mpucyrt-
CTBYIOLIETO B aTMoc(epe B KadecTBe a’po30isl. bpumm mocTaBieHbl U penIeHb!
CIIEAYIOIINE 3a/1auu:

1) na npumepe CO mokazaTb BO3MOXXHOCTh T'€TEPOr€HHOTO B3aMMOJICH-
ctBus panukanoB OH ¢ MONeKyIIpHBIM COCTMHEHNEM U 1aTh KOJIMYECTBECHHYIO
OLICHKY CKOPOCTH 3TOT0 IPOIIEecca,

2) nonyuuTh HHPOPMAIIUIO O POJIH TeTEPOreHHON peakuuu paaukanos OH
¢ CO B mporieccax, MpoTeKaOIIUX B aTMOchepe U MPpH ra30(hasHOM OKHUCICHUH
OPraHUYECKUX COCAUHEHHUN.

JKCNePUMEHTAIbHAS YacTh. DKCIIEPUMEHTAJbHAS YCTAaHOBKA IMOJO0OHA
JeTalbHO OnHcaHHOW B pabote [11]. Bece sKkcrepuMEHTHI MPOBOIMIHMCH TPH
Huskux pasnenusx (p=3.15 mbark unreppane Bpemenn 3-15Mc B ipoToYHOM
WJIMHAPHYECKOM peakMoHHOM cocyze u3 mupekca (I=60 cm, d=3cm) ¢ nepe-
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MEIIAIONAMCS KBapIeBBIM MpobooTOopHUKOM it paaukanoB OH. HMcrod-
HUKOM PaJHKaJiOB CIIy>KWJIA PEaKIys
F + HO — HF + OH.

ATomBI (hTOpa co3maBaNMCh IpH Aucconuanuu F,, pazdasiennoro He, B pas-
psne. Peakuust mpoTekana MOJHOCTBIO O TOTO, KaK CMECh IOCTYyINaja B peak-
top. Pagukaner OH nerextupoBanuck metonom LIF (iasepom mHmynmposaH-
HOIl (uyopecueHuyn). [IOBEpXHOCTh PEAKIMOHHOIO COCy/a MOKpPHIBAJIACh
NaCl, a umenno obpadateiBanace 10%#biM BogubiM pactBopoM NaCl ¢ moc-
JIeTYIOIIUM BhITapuBaHueM Boabl. Temneparypa onbiToB coctasisuia 300 K.

JIst UCKITIOYEHUsT BO3MOXKHOCTH TOMOTEHHOW PEAKIMU OIBITH IPOBOJH-
JHUCh TIPH MAaJIbIX BpPEMEHaX NpeOBIBaHMS pEarupyroliel CMeCH B peakTope
(t~mc) u ¢ manbiMu kommuectBamu CO. Kaknasi cepust SKCIIEpUMEHTOB Tpe0o-
BaJla CTAOMIIM3AIMKA COCTOSHUS TTOBEPXHOCTH. B miepBBIe Yackl paboTsl HabITIO-
nanuch OoJiee BBHICOKHME CKOPOCTH PEaklHH, YeM depe3 HECKONbKO 4acoB. W3-
MEpEeHUsI TPOBOJMIUCH MOCIE CTAOMIN3AIMN COCTOSHHS TIOBEPXHOCTH.

JKcnepuMeHTAIbHBIE Pe3yJIbTaThl U 00cy:KIeHne. Peakis

OH + CO— CO, + H (1)

M3y4anach Mo U3MEPEHHUIO KOHIICHTPAIMOHHOTO Tpodwist pagukanoB OH B o1-
cyrctBue u B npucyrcTBru CO. KoHIleHTpanusi peareHToB B 00beMe HaXo/Iu-
J1ach B MHTEpBAJIax:

1.0 . 10*< [OH], moms/em® < 2.0. 10",
0.5. 10 < [CO] , moms/em® < 1.0. 10%.

B xoze ombITOB ycTaHOBIICHO, YTO MoBeAcHUE paaukanoB OH u Bocmpowusso-
JUMOCTh JIaHHBIX 3aBUCENa OT KoyimdecTBa F, B motoke. Hammyunias Bocmpo-
M3BOJIMMOCTE PE3yJIhTAaTOB HAOIIOMANach NMPH HU3KUX KOHIICHTpanusax F, B
YaCTHOCTH TIPH

[F2] = 4.4.10" mons/em® u [H,0] = 2.1.10" mons/em®,

B OTCYTCTBHUC (6{0)] peaKknusa paguKajaoB NPCACTABIACTCA CICAYIOIIUM 06pa30M2
OH + cTenka — OpOyKT.

T'oMoreHHbIMH peakiusamu pagukaios OH

OH + OH H,0+ O

— HO, + H

OH+CGOCO,+H
B YCJIOBUAX HACTOAIINUX OIBITOB MOXXHO HpeHe6pe‘{b, YUYUTBIBasd 3HAYCHUSA BbI-
IIEYKa3aHHBIX KOHLEHTpauui >Tux pagukanoB u CO U COOTBETCTBYIOMIMX

KOHCTaHT ckopocTH. Kunetnueckoe moBeneHue paaukanoB OH B orcyrcTBHe
COnpencrapneso Ha puc. 1.
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Puc.1. 3aBucumocts In ([OH]/[OH],) oT BpemeHu B otcyTcTBUE (0) M B NPUCYTCTBUU
(®) COmna mosepxuoctu NaCl, p=3.1mbar.

PacxonoBanue paaukano OH nHa nosepxnoctr NaCl mpoucxoaut co 3Ha-
YHUTEIBHOW CKOPOCThIO. M3 MaHHBIX, MpEACTaBICHHBIX Ha puc 1, onmpenencHa
KOHCTaHTa CKOPOCTH TeTeporeHHoi rubenm panukanoB OH Ha moBepxHOCTH
NaCl: k..., =230 +30%. B CepUH DKCIIEPUMEHTOB OIpeae/icHa 3aBUCHMOCTh
KOHCTAHTBI CKOPOCTH K¢, OT aBiieHus1. Pe3ynbraTel npencrasieHs! B Ta0u. 1.

Tadauna 1
p (MGap) krer (cpemmee) ¢! | 1/K. cpennee) ¢ v (pexom.)
2.1 302 3.3110° -
3.14 230 4.34 10° (2.7+1.3)10°
47 180 5.55 10° -

HaGmomaeTcst 3amMeTHasi 3aBUCUMOCTh 3HAUYEHUN KOHCTAaHTBI CKOPOCTH OT
nasieHus. OTCr01a MOYKHO 3aKIIIOYHUTh, YTO CKOPOCTh KOHTPOIHUPYeETCs TUPdy-
3ueit. 13 OMBITHBIX JAHHBIX B MHTEpBaJe BpeMeH 6< t(Mc) < 7,rae mpoucxoaur
3HAYUTEIHLHBIA PACXO/ PATUKAIOB, ObLT OIICHCH HIDKHUU Tpe/Iesl 3HAaYCHUS KO-
s durnuenta quddy3un D U3 ciieayromero BhIpaxKeHus

t=x%2D,
TJIe X — paJHyc PeakIUOHHOro cocyaa, D — kosddurment quddysun B cm? c.
OH okazaiicst paBHBIM
D > 160cm7c.
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3nauenne D, onpenenennoe cormacuo [12], okasanock paBrbiM 285 cm?/c. s
onpeaeneHus kodduireHTa reTeporeHHOro yBoAa Y BOCIIONb3YeMCs CIICAYIO-
UM BBIPQKEHUEM ISl KOHCTAHTBI CKOPOCTH Ke; TETEPOreHHOTO YBO/A (PEKOM-
ounarmu pagukanos OH):

K, = 1/(yu)d+ 1/c DY ?
rae U — cpenHsisi CKOpocTh, 0 — AuamMeTp peakOHHOTO COCyaAa, a C — HeKas
KOHCTAHTA.

Ormpenensist 1K, IpH ABYX pa3HbIX JABICHUSX Py U Pp U IPHHKMAsI BO BHHU-
manwue, uto Dy/D, = po/ps, a 11 u 1, paBusitoress 1K, npu IBYX pasHbIX 1aB-
JCHUSX Pp ¥ Pz 1715 KOAPOUIMEHTA Y TIOTYYUM CIIEYIOLIee BEIPaKCHUE:

y =d (1 —py/p2)/(t1 — T2 (P/P2))U,
COOTBETCTBYIOIINE DKCIICPHMEHTAIBHBIC M BBIYHUCICHHBIC 3HAUCHHS MpU =
300 K u u= 10 cm/c mpencrasieHs! B Tabir. 1. PekoMeHIyeMoe 3HAUCHHE Y =
(2.7+1.3)1C". 3HaunTebHAs PA3HUILA B 3HAUCHHUSX HEYAHBUTEIbHA [IS FETEPO-
TeHHBIX TpoleccoB. Pe3ynbrarel onbiToB B npucytctBir CO npencTaBieHbl Ha
puc.1.

OOBIYHO COCTOSIHUE MTOBEPXHOCTH KOHTPOJIMPOBAIOCH TIOBTOPEHHUEM JKCIIe-
puMeHTOB 10 M mocie dkcnepuMenta ¢ CO. Kak BUAHO M3 MONYyYCHHBIX JTaH-
HbIX, B pucytcTBun CO HaOmoaeTcs: 3Ha4nTENbHOE yBEJIMUCHUE Pacxoia pa-
nukanoB OH. JlonoiHUTENbHOE PAaCX0I0BaHUE YKa3aHHBIX PaJMKAJIOB B YCIIO-
BUSIX HACTOSIIUX OIBITOB OBLIO MPUITMCAHO TETEPOTCHHON PeaKIny dTHX pajiu-
kasoB ¢ CO. OneHka BKJaja TOMOTGHHON PEeaklMy NpH HauOOJIbIIeH mojade
OKCHIA YIiepoia ¢ yd4eroM 3HadeHHs Koy= 9.10 ° cM¥ momb.c [13] maer
Keow-[CO]= 9.3¢™. DkcrepuMenTabHble 3HaueHNs Ky B OTCYTCTBUE U B IIPH-
CYTCTBHH OKCHJIA YIIIepo/ia MPUBEICHBI B Ta0M. 2.

Tadonanua 2
TIK] P[m6ap] CO[momnblem™] k (cpemnee) [¢]|  Akedc]
300 3.15 13° 350+30 120

300 3.15 - 230+£30

Pasuuiia AK.e; MeXIy ABYMsI 3HAUCHUSMH KOHCTAHTBI CKOPOCTH TE€TEPOTeH-
HOTO YBOJIa PaJMKaJIOB B OTCyTCTBHE U B pucyTcTBun CO 3HaunTenbHa U 60-
Jee ueM Ha nopsaok 6osbire K. [CO].

0030p MUTEPATYPHBIX TAHHBIX, KACAIOIIUXCS 3HAUCHHUH KOHCTAHT CKOPOCTH
peaktmu (1), cBUOETENBECTBYET 0 OONBIIOM pa3dpoce 3HAUEHUI PHEPTHUH aKTH-
Baiuu (E,) [14], mpudeM 3TO OTHOCHTCS HE TOJBKO K aOCONMIOTHBIM 3HAUCHUSIM,
HO U K 3HaKy. DTH 3HAUCHHS HAXOJATCS B CIACIYIONIUX MPEICax:

+ 335 E, > -14.2K]x/Mob.
3TO pacxoXkJeHHE CTAHOBUTCS OoJiee 3HAYMTENHLHBIM B OIBITAX MPH TEMIICpa-
Typax, ONU3KHX K KOMHATHOW. BO3MOXXHBIM 00BSICHEHHEM 3TOTO (JEHOMEHA MO-
KET OBITH!

1) usyuenne B3aumozeiicTeusa pagukaaos OH ¢ CO npoucxoauino B ycio-
BHUSAX, TIOJHOCTHIO HE HCKIIOYAIONIUX MPOTEKAHMS BTOPHUYHBIX PEAKIUN U HX
BIIMSIHUS HA PE3YJIbTAThl H3MEPCHHIA;

2) o6pasosanue kommiekca (OHCOY:
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3) 3aMeTHas pPoJb TETEPOTEHHOTO B3amMmojeicTBus pamukanos OH ¢ ok-
CHJIOM YTJIEPOJia, B YaCTHOCTH MPH HHU3KHX TEMIIepaTypax M JAaBICHUAX, KOTO-
past 3aBUCHT OT YCIIOBHiT SKCIIeprMeHTa (pa3Mepbl, COCTOSIHHE U BHIT TIOKPBITHS
MOBEPXHOCTH PEAKIIMOHHOTO COCY/Ia).

He uckmrouast BKkjIaga MEPBBIX JABYX BAPHAHTOB, HA OCHOBAHUHU MPEICTAB-
nenuit, pa3suThix B [1-9, 15, 16],u ONBITHBIX JaHHBIX, MOJYYCHHBIX B HAC-
TOSIIEH paboTe, MBI JIOMyCKaeM BO3MOXKHOCTh U BapraHTa 3.

[TockonbKy OMBITHI IO U3yYEHHIO KOHCTAHTHI CKOPOCTH TOMOT€HHOH peak-
1 (1) mpoucXoauiaK B peakTopax ¢ pa3MyHOi MOBEPXHOCTHIO, TO BO3MOXHO,
YTO JIOJNISl BIMSHHS TETEPOTCHHON peakIMyu Ha pe3yiibTaThl U3MEpeHHi Oblia
3HAYMTENLHON U K TOMY e pa3Hoii. HyxxHo ormeTnTh, uTo oBepxHocTh NaCl,
WCTIONIb30BaHHAsT B HACTOSAINEH paboTe, SIBIASCTCS MMHUTAIUCH MTOBEPXHOCTH a3-
posons. PeamsHo moBepxHOCTH adposoist NaCl ma 2-3 mopsiaka Gonbline wc-
TIOJTF30BAaHHOW B JaHHOW paboTe. K ToMy ke BKJIa[ T€TEPOTCHHON peakiiny
MOJKET OBITh 3HAUUTEIBHBIM BIUIOTH J0 MaplUalbHBIX AaBJICHUN OKCHIA YTJe-
pona B 10 mGap. OueBunHO, uTo B atMocdepe, O0raToil adpo30isiMu, TreTepo-
TeHHBIN yBOI paaukanoB OH MoxeT ObITh 3HAYUTEIHHBIM.

Astop Onmaromaput npo¢p X. I'. Barnepa m mpod. B. Xaka (Goettingen,
Max-Planck Institut fuer Stroemungsforschurg)ipenocrasneHnyto BO3MOX-
HOCTh TIPOBEJICHHS OJKCIICPUMEHTA, a TakKe 3a 00CYyXJIeHHe pe3ybTaToB pa-
OOTHI.

HHucTuTyT XuMudeckoit usuku uM. A. b. Hanbaunsna HAH PA
e-mail: ivardan@ichph.sci.am

Axanemuk U. A. Bapnansin

Peakuun paguxanoB OH Ha TBepnoii noBepxnoctu NaCl

Meto0M J1a3epoM MHAYLHMPOBAaHHOW (hIyopecleHINH 1ToKa3aHa BO3MOXKHOCTD Ie-
TeporeHHoro B3ammoneincteus paaukanos OH ¢ CO na mosepxHoctu NaCl mpu kom-
HaTHOHW TeMIepaType M HU3KUX JaBieHusX. B kauecTBe ncrounuka pamukanos OH wuc-
nosib3oBanack peaknus F+ H:O— HF+ OH. Onpenenena KOHCTaHTa CKOPOCTH PEKOM-
Oounanuu pagukaiaoB OH na mosepxuoctu NaCl.

Uljwntdhynu b. U. Juppubywi
OH nwnhluyukph nbwlghwtpp NaCl-h whig dwlkpbnyph Jpu

Lwqtpny hwupnigqusé $ninptugbughuyph knuwlyny gnyg k vipdus CO-h htiva OH
nunhuwjutph nbwlghuwyh htwpwynpmpmniup NaClh dwljipinygph Jpu ukyulugh
ohipUwunhfwinud b gudp upnudubiph nhwpnid: Npybku pwnhlwjubph wnpmip Yh-
punyt] £ F+ H20— HF+ OH ntwlghwl: Npnyqwé b wyn nwunhluwiukph nklndphtw-
ghuyh wpugmpu hwunwnniap NaClh duljkplinyph Jpu:
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Academician |. A. Vardanyan
Reactions of OH Radicals on a Solid NaCl-Surface

Using laser induced fluorescence method the pdisgilof the reaction of OH

radicals with CO on a solid NaGurface is shown at room temperature and low
pressures. As a source of OH radicals the F@-H HF+ OH reaction was chosen. The
rate constant of radicals recombination on the Naface at room temperature is

determined.
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ZUSUUSUULP PSNPESNPLLELP UQQAUSEL UYUTEUPU
HAIOMUOHAJJbBHAA AKAJAEMMUSA HAYK APMEHUWUHU
NATIONAL ACADEMY OF SCIENCES OF ARMENIA

OJOKUJAIJBI 2a5uNpPp3suvEr REPORTS
ZV“T‘F,“JP 115 2015 Ne 1

IF'EOXUMMUA
VJK 532.5

Axkanemuk C. B. I'puropsmn, P. A. IlamasH, JI. B. ApyTionsin

I'upporeonmHaMuyecKkue ¥ reOXuMuYecKme npeaIBecTHUKH
3eMJIeTPSICEHU I HA TEPPUTOPUH APMEHUH

(IIpencrasneno 19/X12014)

KaroueBsblie cioBa: guoudsl, 2eoxumusi, 2UOpo2eoOUHAMUKA, 3eMlempsice-
Hue, nod3emuble 800bl, UCOYHUK, HANPSNCEHHOCTb, Oedhopmayus.

BBenenne. CuibHbIC 3eMJICTPSCCHUS, TPOU3OILEIINE 3a TOCICTHNAE TOIb,
MOKa3aJid, 4YTO HECMOTpS Ha JIUTENIbHBIC HCCIICAOBAHHUS IPOTHO3 3EMIICT-
pSACEHWH Ha CETONHSIIHUNA JIEHb OCTAeTCs Hepemraemoi mpobiemoii. OmHaKo
MOSIBIJIMCHL 00OCHOBAHHBIE HAJEKIBI HA 3HAYMTENBHOE MPOJBUKCHUE B TPOO-
JieMe TPOTHO3a 3eMJICTPSCCHUI. B 4acTHOCTH, BBISBICHBI 3HAYUTEIBHBIC BO3-
MOKHOCTH MTPUMEHEHUS THIIPOTCOTUHAMUIECKUX U TEOXUMHUUECKUX METOJIOB.

K ruaporeoJiHaMHYECKUM W T€OXHMMHUYECKAM IPEIBECTHUKAM 3eMIICTPSI-
CEeHUi OTHOCATCS d((DEKThI, CBI3aHHBIC C BO3/ICHCTBUEM MPOIIECCOB MOATOTOB-
KU 3eMJICTPSACCHUI Ha JWHAMUKY ¥ XMMHUYECKHH COCTaB (IIOUIOB, PACIpPOCT-
pPaHEHHBIX B 3eMHOU Kope. MeTo1 u3y4eHus] THAPOTCOJMHAMHYECKUX H TEOXH-
MHUYECKUX TPEJABECTHUKOB 3EMIICTPSICCHUH CTall IMUPOKO BHEIPSITHCS 32
nocnenaue 20-30ier.

PaboThl 1O M3YYEHWIO pEXHMMa TOA3EMHBIX BOJ C UENbIO BBISBICHUS
MPEIBECTHUKOB 3eMileTpsiceHrid HauaThl B ApMenuu ¢ 1986r. Jlo Criutakckoro
semuierpsicenus (7.12.88,M=6.9) Ha Tepputopun peciyOIMKy OBUTH pa3Mere-
HBI IIECTh HAOIIOJATENBHBIX THUAPOTCOJMHAMUYCCKHX CKBaXUH (YTpaBieHHe
reoJIoTHH ApPMEHHH), BXOISIINX B PETHOHAIBHYIO CEeTh HaOmoaeHnii Ha Kag-
kase. Ha ocHOBaHMU M3y4eHUs pETHOHAJIBHBIX 3aKOHOMEPHOCTEH peKMMa MOJ-
3eMHBIX BOJ M OOpaOOTKM JaHHBIX TOJYyYCHBI THIPOAC(HOPMALIOHHBIC OIS
[1], xoTOpBIE XapaKTepU3YIOT HANIPSKEHHOE COCTOSIHUE HEJIP.

Merton rumporeoauHamudeckux npeasectauxos (I'TI), paspaboTaHHbIi B
Wucruryre ¢usukn 3emun [2], Bnepsbie npuMeHeH B Apmenun [3]. Mcnons-
30BaHME MeToJia TpeOyeT y4eTa JaHHBIX O THAPOTeOIOTHYECKOM PEXKUME IO
3eMHBIX BOJI palilOHA WCCIEJOBAHUM, BIUSHHUS METEOPOJIOTHUECKUX (HaKTOPOB
Ha YpOBEHb BOJ, CBEJICHHH O I€OJAMHAMHYECKHX IPOIECccax, YTO B KOHEYHOM
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UTOT€ I03BOJIUT MOBBICUTH JOCTOBEPHOCTh MHTEPIPETALUH PE3YJIbTAaTOB I'HII-
poreoAnHAMHYECKUX HAOIIOACHHH.

O0paboTKa JaHHBIX MO0 PEKMMY MHHEpalbHbIX Boa 3a 1989-1992rr. mos-
BOJIMJIA BBIJICIUTH THAPOTeOXUMHUYECKHEe 3()(DEKTHI, MPEAIIeCTBOBABIINEG CHIIb-
HBIM 3eMJICTpSICEHUsIM Ha Tepputopun Apmenun [3]. MeTon Tuaporeoxummu-
YeCKOro MOHUTOpUHTa BHeApeH ¢ 1998r. (mpecHble BOabI), Aajnee HaOmro/a-
TeJbHAsl CeTh MOHUTOPHMHIA Obla PacIIMpeHa, B HACTOSIEE BPEMs OHA BKIIIO-
YaeT ISTh MUHEPAJIbHBIX UCTOYHUKOB U MpPEcHBIE pOJHHUKH. MeTon crnocobct-
BYET BBISIBJICHUIO CPEIHECPOUYHBIX MPEIBECTHUKOB M0 aHOMAJIBHBIM SBJICHUSM,
KOTOpbIE MPEIIIECTBYIOT 3eMJIETPSICEHUSM, U3 UET0 CIELYyeT, YTO U3MEHSIOTCS
BEIMYMHA e(OopMaluy 3€MHOHW KOpBI, XUMHUYECKHH COCTaB, CHWXAIOTCSA WIIH
MOBBIILIAIOTCS YPOBEHB MOJ3EMHBIX BOJl M TEMIIEpaTypa.

Hao6ionarebHasi ceTh. Tepputopus ApMEHHH XapaKTePU3yeTCs 30HATb-
HBIM CTPOEHHUEM, 00YCJIOBJICHHBIM Pa3rpaHUUMBAIOIIMMH €€ YEThIPhMS Pa3io-
Mamu TiyOokoro 3anoxenus: JlanBap-Mpasckas, basymo-CeBanckas, AHka-
BaH-CroHuKkckast u EpeBanckast 30HbI pa3iomoB [4] (puc.1).

B ruzaporeosiorn4eckoM OTHOILIEHHM TEPPUTOPUS APMEHHMU IIPEICTABISET
co00# BBICOKO MPUIOJHSTYIO 00J1acTh ApeHa)ka 1 OTHOCHUTCS K 30HE HHTCHCHUB-
HOT'O BOJI0OOMEHA C HAIIPaBICHUEM CTOKA MOBEPXHOCTHBIX BOJ OT CKJIAAYaTOTO
coopykeHuss B cTtopoHy Kypuuckoit m CpemHeapakCHHCKOW aemnpeccuid. Jist
pa3MeleHus HaOIroJaTeIbHbIX CKBRKUH BBIOMPAIUCh YYAaCTKU U BOJOHOCHBIE
TOPHU30HTHI C HU3KUM YPOBHEM HEKOHTPOJIHPYEMBIX IMOMEX C TeM, YTOOBI OIl-
penenuTh 0COOEHHOCTH PEeKUMa 3TUX TOPU30HTOB M PEaKLUM Ha IOATOTOBKY
3eMiieTpsceHuil. Pexxumuble HaOI0IEeHUs 32 XOA0M YPOBHS MOJ3E€MHBIX BOJ C
LEJIbIO BBISABJICHUS THAPOTCOANHAMHYECKHX MPEIBECTHUKOB MPOBOIWINCH TI0
HaOIIOaTeNbHBIM CKBAYKHHAM, PACIIONIOKEHHBIM KaK B 30HAX TEKTOHMYECKHX
HapyLIeHUH, TaK ¥ HAa HEHapYIIEHHBIX yyacTKax. [ uaporeoxuMuieckue Habro-
JIeHUs BKJIIOYAIOT JaHHBIE IO XMMUU U TEMIIEpaType BOA MHUHEPAIbHBIX UCTOU-
HUKOB A3sartaBaH, Benu, CypenaBaH, bxHU M Ap3HM M IPECHBIX POJHUKOB.
CeTb rHIpOreOXMMUYECKUX HAOJIIOJCHUH pa3MelleHa Ha Teppuropuu LleHT-
panbHOit Apmenun (puc. 1). BemuHckoe MecCTOpOXICHHE MHUHEPAIBHBIX BOJ
MPUYPOYEHO K 30HE TEKTOHMYECKOTO HApYIIEHHs, IMEpPECcEeKarolero Bepx-
HEMEJIOBBIEC OTIIOKEHUS OJM3MEpPHINAIBLHOTO HallpaBieHus. B nuHaMuke MuHe-
PaJIbHBIX BOJ, MECTOPOXKAEHHS OOJIBIIYIO POJIb UI'PAET CMEIINBAaHUE IPYHTOBOM
BOJIbI, YTO NMPHUBOAMT K M3MEHEHHUIO OOILIeH MHHEpaln3alul B BEPTHKAIHLHOM
paspese. Mectopoxaenne CypeHaBaH HaxoAWUTCs B npenenax [IpuapakcuHckoi
30HBI. OCHOBHBIM CTPYKTYPHBIM DJIEMEHTOM 3TOH 30HBI SIBIsICTCS EpeBanckuit
TIyOMHHBINA pa3ioM. MecTopokaeHne bxuau mpuypodeHo K gonuHe p. Pazman.
Y4acToKk MECTOPOXAECHUS PACTIONOKEH B siipe Ap3akaHCKOW CKIIQAKH, CIIOKEH-
HOH MeTaMOp(UYECKUMH CIaHLIAaMH, NpEepBaHHbIMU IpaHUTaMu. B mpepenax
MECTOPOKACHUS SIIPO CKIAJAKHU Pa30pPBaHO KPYIHBIM TEKTOHHYECKUM Hapyllle-
HUEM TIOCTAOLEHOBOTrO Bo3pacta — PasmanckuM. MecTopoxJieHEe MHHEpasb-
HBIX BOJ Ap3HH B CTPYKTYPHOM OTHOIICHHH IMPUYPOUYCHO K CpegHEH YacTu
Pa3naHckoil BaguHbl TEKTOHUYECKOTO TIPOUCXOXKICHHS [5].
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Puc.1. Cxema TeKTOHHYECKOH 30HAILHOCTH ApMeHHH, cocTaBieHHast A.T.AciaHsHoM.
1— HOMepa 30H; 2— rpaHHLbl OPOTEKTOHNYECKUX MOSICOB; 3 — I'PAHULIBI TEKTOHHYECKUX
30H; 4 — DIHUIEHTPHl 3€MJICTPSICEHHH; S5 — MHUHEpallbHble MCTOYHHKH; 6 — TIpecHbIe
POIHUKH.

Pe:xxumoodpasyromme ¢axTopbl noazeMHbix Boa. PazHooOpasue reosno-
THYECKOTO CTPOCHUS, TeOMOP(OTIOTHIECKIE 0COOCHHOCTH, METEOPOIOTHIECKUE
(dakTOphl BIUSIOT Ha (OPMUPOBAHHE PEXHUMa MOJ3EMHBIX Boa Apmenun. Ho
OJHMMHU U3 OCHOBHBIX PEXKHMMO0Opa3ylomux (aKTOPOB SBISIOTCS METEOPOJIO-
THYECKHe. aTMOC(EpHBIE OCAAKN M MX MH()UIBTpauus, U3MEHEHHE aTMocdep-
HOTO AaByieHUs. [ '00BbIe IIMKIIBI BKIIOYAIOT CE30HHBIE N3MEHEHHUS YPOBHS BOJ
M0 HAOJIIOJIATENIbHBIM CKBOKWHAM C PA3JIMYHBIM JTHANIa30HOM H3MCHCHHUS aM-
mwtya. U3 1441 HabmogaTenbHBIX CKBaXKUH KOJICOaHUsT YPOBHS BOJ] CE30HHBIH
X071 IMeeTcs B 8-MU CKBa)XKMHAX, TI0 YPOBHIO BOJI JIBYX CKBKUH CE30HHBIN X0/
HaOmoaeTcs cnabo, a MO OCTaNbHBIM YeThIpeM OTCYTCTByeT. Bnusuue un-
¢unpTparuu aTMoc(EepPHBIX 0CAJIKOB Ha YPOBEHB MOA3EMHBIX BOJ BBIpAXacTCS
Jaie BCero cMeieHueM Ha 1-2 mecsiiia Ce30HHOTO XO0Ja M3MEHEHHUS YPOBHS
BoJl. IHTepBaJl CMEIIEHUs] 3aBUCUT OT KJIMMAaTUYECKUX YCJIOBUW paiioHa pac-
MOJIOKEHUSI CKBKMHBI OTHOCHTEIIFHO 0O0JAacTH MHUTAHHUS BOJAOHOCHOTO TOpHU-
30HTa U QUIIBTPAIIHOHHBIX CBOUCTB mopos [3]. OGHapykeHbI HEOOJBIIINE BapH-
aIuu BO BpeMeHH Kodddummenta 6apomeTpudeckoit 3 PEKTUBHOCTH U TIEPHO-
J0B MHJI000pa3HBIX KOJeOaHWH YpOBHSA MOA3EMHBIX BOJA, KOTOPBIE MOTYT SIB-
JIATBCS OTPAXKEHUEM I'€OJMHAMUYECKUX MTPOLIECCOB.

dopMHpOBaHNE MHHEPATBHBIX BOA APMEHHH MPOUCXOISAT B CaMBIX pa3-
HOOOPA3HBIX TEOJOTHYECKUX YCIOBHAX. XapaKTepHOH OCOOEHHOCTHIO MHHE-
pabHBIX BOJ ApMEHHH SBISIETCS OOJBILIOE COJEpXKAaHWE YIIIEKHUCIIOro Tasa, a
IUISL BOJ 30H Pa3IOMOB INIyOMHHOTO 3aJI0KEHHS B XMMHUECKOM COCTaBe Mpeood-
JagaeT TuApoKapoboHaT HaTpus. [IOBBIIICHHBIH Ta30BEIM (HaKTOP SBISETCS TIPH-
YUHOM JBMKEHUS MUHEPAIBHBIX BOJ B MPUIIOBEPXHOCTHOM 30HE, SABJICHUE Ta3-
nuQTa 0TMEYAETCS C OJHON CTOPOHBI, a C APYTrol — BBIIEIECHUE B BOAOHECYIIINX
TpeIrHaX U Ha TIOBEPXHOCTH 3HAYUTENHHOTO KoJMdecTBa TpaBepTuH. [lo run-
POXUMHYECKUM TTyHKTaM HaoOmromeHuil (puc. 1) Ce30HHBIA XOI H3MCHEHHS
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ypoBHsI BOj Habmromaetrcsi B ckBakuHe CypeHaBaH (puc. 2), MO OCTaJbHBIM
MUHEpaATbHBIM UCTOUYHHUKAM BIIMSHHUS aTMOC(EPHBIX OCAIKOB HAa YPOBCHH BOJI
He Habmomaercs. HabmrogaeTcst TpeH 1 Ha TIOBBIMISHUE 3HAYCHUNA O0ITei MUHe-
panu3zanuu Boj MuH. ucT. Ap3uu ¢ 2008 r. mo Hacrosiee BpeMs; O BoJam
MUH. uCT. bxxan Habmonaercs Tpena Ha noHmwkenue ¢ 2008mo 2013rr., yTo
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Purc.2. a — ce30HHBIC M3MEHEHHS 3HAYCHHUU OOIIEH MHHEPaIU3aIMi BOIbI B CKBAKUHE
CypenaBan; 6 — Tpen (IOBBILICHNE) 3HAYCHUI OOIIEH MHUHEpPAIM3aLUK BOJIBI B CKBa-
JKUHE Ap3HH.

YKa3bIBaeT Ha T€OIMHAMUYECKHE TPOLIECCHI, UMEIOIIUE MECTO B 36MHOM KOpe 3a
YKa3aHHbIA epHO/.

CeiicMuyeckuii pexkuM peruoHa. J[aHHbBIC MO CEHCMHUYECKUM HaOJIOIE-
HUEM U THIPOT€OJIMHAMHUYECKUM CKBAXHHAM IpeaocTaBieHbl HarumoHambHON
celicmuueckoi ciryx0oi Pecrryonuku Apmenust (HCC3). PaccmoTpensr ceiic-
MHYECKHE COOBITHS 3a IMOCJIEAHHUE IATh JIET, MPOMU3OMIEIIINEe Ha TEPPUTOPHU
Apmennu ¢ M >2. 3a Bech mepuoJi mpou3onuio 276 ceicMHUUECKIX COOBITHS
(puc. 3), u3 kotopeix 23 3emuieTpsiceHus ¢ M>3 u 1Ba 3emierpsceHus ¢ M>4:
18.06.09,Mapuu; 29.09.118 paitione Amionka. Kapra ceficMUYHOCTH peruoHa
ApMeHHH OTpa’kaeT CKOIUIEHHE SMHICHTPOB 3eMJIETPSACCHUH Ha ceBepe M B
HEHTPAJIbHOM YacTu Teppuropun Apmenuu (puc. 3.) [mmporeoanHamMuydeckue
CKBa)XKMHBI YCTAHOBJICHBI TI0 BCEMY PETHOHY, a THAPOT€OXMMUYECKHE MyHKTHI
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HaOIOACHUH PacTOIOKEHBI B IICHTPaIbHOW "acTh. 1o HampsoKeHUsSIM, IMETO-

UM MECTO BOKPYT KaKIOW HaOIIONATENbHOW CKBaXUHBI B CBSI3H C MPOU30-

NIeIIMMH MECTHBIMU 3EMJICTPSICEHHSMH, OTIPE/ICIICHBI KOJIMYECTBCHHBIC 3HAYC-

Hust edopmaruit. Hubomsinee 3uauenne nedopmarmn — 10° mMeno mecro B

ckBaknHe Amonk (ckB. 10, puc. 1) B cBs3u ¢ 3emnerpsicennem 03.05.12,
M=3.4, mpu 3TOM SHHULEHTPAIBLHOE PACCTOSHHE COCTABISUIO 2 KM. 3HaYCHHUS

nedopmaru 4yth Himke — 107 ompeerneHs Ha paccTosHEE 4-5 KM OT rHi-

pOreoJMHAMUYECKUX IYyHKTOB HaOmroneHusi B Apramare, Kapuaxmiope u ot

THIPOTeOXMMHUYCCKHX MYHKTOB Benu, A3ataBaH u nmpecHoro pojanuka ['apHu B

CBSA3M C MPOM3OIICANIUMHE CEHCMUYECKUMH coOblTusimMu: 28.12.11, M=3.1,;
05.10.10, M=3.3.IlocTtpoecHa KapTa HaIpPsHKEHHO-Ae()OPMALIMOHHOIO IOJIS

3eMHO# Kopbl Apmennu 3a 2009-2013r. (puc. 4).

)

=

Puc.3. Kapra snuneHTpoB 3eMIIeTpsICeHHUIL: Puc. 4.

Kapra HanpsikeHHO-1e(OpMAIIOHHOTO

® — SIIUIEHTPbI 04aroB 3eMIIETPSCSHUM; TOJIS 36MHOM KOpbI ApMEHUU
¢ — MUHEpaJbHbIE HCTOYHUKH; 3a 2009-2013r. ¢ M>2;

A — THapOreONHAMHYIECKHE CKBAXKUHEL, 0 — 3uauenue gedopmanuu.

[J — npecHble pOAHKKH;

~~— — aKTUBHBIC PA3JIOMBI.

Kak BumHO U3 puc.4, HANPSHKCHHBIC TOYKH PETHOHA OTPaKEHBI B CEBEPHOM,
[EHTPAIILHOM YacTsx W Ha rore 03. CeBaH, OTCYTCTBHE HANpPsDKEHUs HaOo1a-
€TCs Ha FOre TEPPUTOPHH APMEHHH.

Db dexTsl, MPEAIIECTBYIONNE T€OJHHAMUIESCKUM TPOIIECCaM 3eMHOM KOPBI
TEPPUTOPUH APMEHHU MO TC€OXUMUYECKHMM U THAPOANHAMHYCCKHM IMYHKTaM
HAOJIOICHUH, CIICTYFOIIHE.

V3MeHeHHs1 YpOBHS BOJbI B CKBWKHHE ApTamiaT HOCAT MHIOOOpa3HBIN
xapaktep (puc. 5) maumnas ¢ 2011r. mo Hacrosiee Bpems. ITumooOpasHbIe
W3MEHEHHS YPOBHS BOJBI B CKBaKWHE MMPOMCXOMAT Ha (POHE TPEHIa Ha IMOBBI-
IIIEHKE YPOBHSI BOJIBI, UTO SBJISAETCS OTPAKEHHEM IeOANHAMUYCCKHUX MPOIIECCOB
(cxaTHe), MPOTEKAOIINX B BEPXHHUX CJIOSX 36MHOW KOpbI EpeBaHCKOrO TEKTO-
HHYEeCKOro 6yioka. Bo BpeMst MecTHOTO 3emiieTpsiceHusi-1, Kak BUHO M3 pHC. 5,
YBEJIMYHUBAIOTCS MMEPHOJ M aMIUIUTY/a MUI000pasHbIX Kosebanuid. DPHEKThI,
MPEIIECTBOBABINNE MECTHBIM 3emiteTpsicernsam (2009-2012rr., M>2), BeisiB—
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JICHBI 10 W3MEHEHHWSM BOJ B CKBaKWHE AINONK, (opMa Bapualmid BOJBI —
CTYTNEHYATOC TOHIWKEHUE W TMOBBIIICHHE ypoBHA. CaMoe BBICOKOEC 3HAUCHHE
D=11*10° uMeno0 MeCTO BOKPYT CKaXHHBI AIIONK IPH 3eMICTPSICCHHH
03.05.12, M=3.4pnuIeHTp KOTOPOTr0 HAXOIMJICSI Ha paccTOSHHU 2.2 KM OT
CKBa)KHHBI.

24,68
24,63 -
24,58
24,53 -
24,48 -
24,43 -

hM

24,38 1

24,33 4

24,28 4

24,23 4

24,18 -————— 7T ——
[ s R [ o o T R R T R B
58888888833 388888886565888888999dd388¥9
E!:l&iFiQQ&!SlNSdRiE!:lXIFiQ(QQ?Q%E?E@R]SQNSEfQBL‘«R 5

Puc.5. U3MeHeHuss ypoBHsSI BOJ B THAPOTCOJAMHAMHYCCKOW CKBakuHe Apramar. 1 —
semierpsicenue 27.04.13, M=2.3, D=14.

HauGonee 4eTko reoXMMUYeCKHe aHOMAIHH TPOSBISIFOTCS B MaKpPOKOM-
MOHCHTHOM COCTaBe MOA3EMHBIX BOJ M ra3oB [6]. B Tabmuue mnpuBomsaTcs
rugporeoxumudeckre dpdextel 1o Mg n Cl u obmeit MuHepanu3auu BOJ
MUHEPATBHBIX HCTOYHHKOB, TPEAIISCTBYIONUX CEHCMUYCCKUM COOBITHIM C
M>2. JlanHble TaOIHUIIBI TIOYYEHBI B Pe3yJIbTaTe IPUMEHEHHS CTATHCTUYECKUX
METO/I0B 00pabOTKH, B YaCTHOCTH, OmpeieieHbl: K — (DOHOBBIC 3HAYCHHS
BEJTMYMH KOHIEHTpauuii komnonenToB Mg™ n Cl' u o6meil MuHepammsaImu
MHHEPAIBbHBIX BOJ, O — JUCIIEPCUS KaK CPEIHEE KBAIPATHIECKOE OTKIOHEHHE
oT (POHOBBIX 3HAYCHUI BapHUAIMOHHOTO Psifia, A — BEIMYNHA TE€OXHUMUYESCKOTO
s>dpdekra, A=K +NJ, Tae N — YKCIO, yKa3bIBAIOLIEE, BO CKOJNBKO Pa3 yBEJH-
YUBACTCS JUCIICPCHS BO BPEMsI CEHCMHUYECKOTO COOBITHS ISl OMPEICIIIEMOTO
XMMHYECKOTO KOMITOHEHTa BOJ IO ITYHKTaM HaONIOJCHU MHHEPATBHBIX
WMCTOYHUKOB. B Tabiuie B 3aBUCMMOCTH OT MapaMeTPOB MPOU3OIICIINAX 3EM-
JeTpsiceHuil: MarHuTyapl M 1 snuneHTpansHoro pacctosHus D 3HaueHne uncia
N MeHsieTcs. B naHHOW cTaThe MPHUBOJASATCS TPEABAPHUTEILHBIC JaHHBIC HCCIIe-
JOBaHUH THAPOTEOXUMHUYECKUX 3()(PEKTOB M0 XUMHUUECKUM KOMIIOHEHTaM BOJ,
B JTAJIBHEUIIIEM TIPEATIOaracTcs ONpe/IesinTh Hauboiee NHHOPMATUBHBIE KOM-
MOHEHTHI XMMHUH BOJ JUI KaKIOH MUHEPaTbHOH CKBaKHHBI C IIETHI0 OLICHKU
BEIMYMHBI TeOXUMHUYECKOro dddekra B 3aBUCUMOCTH OT IapaMeTpOB
3eMIICTPSICEHUM.

BeiBoabl. [[i1si MakKpOKOMITOHEHTHOTO COCTaBa MHHEPAIbHBIX BOJ| Xapak-
TepHBIM 3()()EKTOBBIM TPU3HAKOM SBJICTCS YMCHBIICHHE WM YBEIHYCHUE
CPEIHETO 3HAYCHUS UX KOHIICHTPAIIUH.

Mexanusm (HOPMUPOBAHUS THIPOTCOXUMUIECKUX IPPEKTOB OOBICHACTCS
W3MEHEHHUEM HaNpsHKEHHO-e(OPMHPOBAHHOTO COCTOSIHUSI CPEJlbl TIPH TTOJITrO-
TOBKE 3€MJIETPSICEHUH.
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IMapamerpsl 3emieTpsceHust

I'rx
Mg Cl OO0, MUH
Jlata ¢ A M
k|9 x| =& k |9 k A K |o6] k© |a
Boxun
18.06.2009 | 4023 | 4482| 3,8 35 84 89 =K -O 500 4 486 A=K 30 | 4011 11 | 4879 | A=K +30
14.10.2011 | 4027 | 4477| 3,6 22 73 70 a=K +20 | 428 4 444 A=K 40
Ap3Hn
18.06.2009 | 4023 | 4482 41 20 184 b 199a= K +20 | 2213 7 | 2237 | A=K +30 | 6160 9 6082 | A=K +90
A3zaraBaH
27.04.2013 | 3998 4472| 23 5| 82 83 A=K -O 17830 | 13 | 17784 | A=K 30 | 33182 | 16 | 33249 | po= K +40
Benu
16.03.2010 | 39,93 | 4472 21 1| 104 9 A=K 20 | 120 1 121 | A=K +O | 3821 6 3854 | A=K +50
19.10.2011 | 40,02 | 4448| 34 30 100 1Ra=K +O | 120 2 124 | ao=K 20 | 3815 6 3853 | A=K +60
12.02.2012 | 40 4473 | 23 8| 100] 2 10Ma=K 20 | 115 2 110 | A=K +20 | 3848 7 3789 | A=K -80
CypeHaBaH
18.06.2009 | 40.23| 4482| 41 20 346 p 3M4qip=K +O | 460 3 469 A=K 30 | 3920 7 3977 | A=K +80
17.03.2012 | 39.77| 4482| 2,6 8| 340 3/a=K 20 | 462 2 459 A=K 150

Ipumeuanus. M-marauTysa, D-onuneHTpanbHOE paccTosHUE, A- BelMMYMHA reoxumMudeckoro sddekra, K -

(bOHOBOC 3HA4YCHHUC, 5 - JUCIIEPCHUSL.
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VYCTaHOBIICHO BIHMSHHE CEHCMHUYECKOro Mot o4aroB ciadbix (M>2) xopo-
Beix (H=5-10 kM) 3emieTpsiceHMiI Ha T'C€OXUMHUYECKHE KOMIIOHECHThI MHHE-
pabHBIX BOJ 00BEKTOB HAOJIIOICHUH, yaleHHbIX Ha paccTosiaue D <30 kM.

ITo pe3ynbTaTaM reoAMHAMHYECKUX HAOIIOACHUH (THIPOre0IMHAMHYECKUEC
CKB&)KHMHBI) TPOIECCOB 36MHOU KOPbI APMECHUH BBISBICHO, YTO 33 MOCICIHHUEC
MATH JIET TOBBICHIACH TCOMUHAMUYECKAsS AKTUBHOCTH 3eMHOM kopbl Illupak-
CKOT0 TEKTOHHYECKOTo 0J10Ka, [[eHTpanbHo-APMIHCKOTO TEKTOHHIECKOTO KOM-
iekca, KoTopbiil quddepeHiupyercss Ha aKTHBHBIC OJ0KU: AmapaH-AHKaBaH-
ckuitf, Menamopckuit 1 CeBaHCKUA.

Mo wm3menenmio Mmaxpoxommonernoro (Na',C&*Mg?,Cl,SO* ,HCOsH,
Si0,) u raszosoro (CO,) cocraBa MMHEPAJIBHBIX BOA MOXKHO CYIUTH O IOBBI-
IICHHH aKTHBHOCTH TEOJMHAMHYECKUX MpolieccoB B EpaHocckom u Apapart-
CKOM TEKTOHHYECKHX OJIOKaX.

I'eoxumuyeckre METO/IBI MPOTHO32 MOTYT IPUMEHSTHCS KaK JIOTIOJTHUTENb-
HBIC C IPYTUMH, TIPESKIE BCETO THAPOTCOTUHAMUICCKUM U 1e(hOPMAIIMOHHBIM.

Wucturyt reonorngecknx Hayk HAH PA

Axanemuk C. B. I'puropsn, P. A. lTamasn, JI. B. ApyTionsin

TI'uaporeoguHaMuYecKue U reOXUMHYECKUE MPeIBeCTHUKH
3eMJIeTPsICEHMii HA TEPPUTOPUH APMEHHH

[IpuBoasaTCs pe3ynbTaThl THAPOTCONUHAMUYCCKUX M TCOXMMHYCCKHX MPEIBECT-
HHUKOB, MPEIIICCTBOBABIINX 3EMIICTPSACCHUSIM Ha TEPPUTOPHU APMEHHMH 3a MOCIICIHHUE
ISITh JIeT. PacCMOTPEHBI CEMCMHUYHOCTh PETHOHA U €€ CBSI3b C M3MEHEHHUSIMU YPOBHS BO-
IIbI B THAPOTCOINHAMUYICCKUX CKBAKHHAX W T€OXUMHUYECCKAM COCTABOM BOJ MHUHEpaIb-
HBIX UCTOYHUKOB bxHu, Ap3uu, A3ataBaH, Bequ u CypeHaBaH.

Uljwunbkuhlnu U. 9. @phgnpjuib, [t U. Qupwjuib,
L. 9. Zupnipjniiyui

Zuyuwuwnwith nupwsph kpljpuownpdtph hhnpnbplpunhttwdhljuljwi
b hhppnppuhwljw twppwbywmbitpp

znnudnid ukpluyugynud L Jipohtt 5 nupyu pupwugpnid 22 nnupwuspnid Lpl-
puwowpdbpht twpunpnnn hhgpontpypunhtwdhulwit b Gpipwphdhwlwt  twhw-
tpwbikph wpyniuputpp: Yhunwpldl] Bo mupuswopowth ubjudhlnipniup b npu
Juuyp hhgpnpypunhtwdpjulut hnpunwigptpmd oph dwljwpnwlh tuthnjunt-
prut b hwipuyhtt wnpnipubph Epipuphdhwut pununpnipjut htn (Beth, Upquh,
Uquuuwyul, 9knh b Unipktudub):
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Academician S. V. Grigoryan, R. A. Pashayan, L. V. Harutyunyan

Hydr ogeodynamic and Geochemical Earthquake Precursors
inthe Territory of Armenia

The results of hydrogeodynamic and geochemical upsecs observed before
earthquakes in the territory of Armenia for thetlfise years are described. The
seismicity of the region is considered and its emtion with the changes of water level
in hydrogeodynamic boreholes and geochemical coitipoof mineral springs water
of Bjni, Arzni, Azatavan, Vedi and Surenavan.
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Introduction. Lipases (E.C. 3.1.1.3) catalyze the hydrolysis of acyl-
glycerol long chains. They are widely present in nature amdoand in plants,
animals and microorganisms [1]. Bacterial and fungal lipasesised in food,
detergent, drugand cosmetics productions due to the unique ability of
performing chemical biotransformation [2-4]. Bacterial lipaaes stable and
active in organic solutions, do not require co-enzymes, they have hegbeof
enantomeric excess and have wider range of substrate seleatiprared to
inorganic catalyzers [5, 6].

Many representatives of the geracillus and related genera isolated from
diverse extreme environments like terrestrial geotherpahgs and marine
hydrothermal vents have been reported as the main source of ttaimost
lipases [7, 8]. Lipases from bacilli are easily produced arsglaidj high
tolerance toward organic solvents, proving them useful in thbesistof esters
for food industry, cosmetics and biodiesel production. Many of therserve
their activity at extreme temperatures and pH, and therdfeyectin be applied
in laundry formulations [9]. Thermostable enzymes are ablbrave high
temperature, thus endow longer half-life to the biocatalyleirTability to
conduct various reactions to higher process rates because e&s@cin
substrate diffusion coefficient and reduce viscosity at higleenperatures
makes them a preferred choice over mesophilic sources [1@tiésobf more
thermostable lipase producers from high temperature environsgetisas hot
springs is required in order to satisfy the need for thermozymes.

The aim of the presented work was the screening activeslipasiucers
among the thermophilic bacilli strains isolated from differgaothermal
springs of Armenia, their identification based on phenotypic chaistats, as
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well as the estimation of the effects of temperature andopHheir lipase
production and activity.

Materials and methods. Enrichment and selection of active lipase
producers The 72 thermophilic bacilli strains used in this study have been
previously isolated from the geothermal springs distributed in Arméaija [

All isolates were preliminary screened for their lipaactivity in the solid
medium containing Tween 80 (1%), Ca(D.1%), peptone (0.5%), NacCl
(0.5%) and agar (1%), pH 7.0 [12]. The plates were incubating at 5.
lipase activity was measured by the diameter of the mtatgd area formed
around the colony after 72 h of incubation. The lipase activity intdéx) (
value, which represents the ratio between the halo diamedetha microbial
colony diameter, were used to evaluate the production level of lipase.[7, 13]

Phenotypic characteristics of selected isolatelécrobial colonies were
described by color, size, shape, surface and margins on nutrient(Hih
agar. The cell morphology, sporulation and motility were detemininelight
microscope (Motic 10).

The temperature range for growth was determined after irionbaf
isolates at temperature from 25 to 65°C with 10°C intervals. pHe
dependence of growth was tested at pH range from 5 to 10. The anaerob
growth, catalase and oxidase activity, reduction of nitrate titenitvoges-
Proskauer reaction, formation of dihydroxyacetone and indol weeenteed
according to [14]. The utilization of citrate and different stdies as carbon
sources (D-glucose, L-arabinose and D-mannitol) was determined tirging
Simmon’s and Hugh Leyfsona’s medium, correspondingly [12]. The casein,
starch and gelatin hydrolyses were tested by streak flask technidue [12

The identification of microorganisms was performed accordingh&®
Bergey's manual [15].

Effect of temperature and pH on lipase productibine optimal conditions
for enzyme production were tested in an inducing medium with pH froh®.0
containing 1% Tween 80 as a substrate [16]. The plates were timgulod
temperatures from 25 to 65 °C with 10°C intervals. The lipasigity index
(LAI) was collaborated to find the optimal conditions for lipase production.

Determination of crude lipase activity at different pH and tempeeat
Lipase activity was measured by titrating free fattylaceleased by hydrolysis
of tween [12, 17]. Bacteria were cultured in the enrichment medantinciing
1% tween 80 overnight with shaking (150 rpm) at 55°C. The cultures wer
centrifuged at 9000 rpm for 5 min and supernatant was used aserrzyglae
source. Reaction mixture containing 1.0 ml tween 80, 5.0 ml buffer (50 mM
sodium acetate buffer (pH 5), 50 mM phosphate buffer (pH 6.0 and 7.0), 50
mM Tris—HCI (pH 8.0 and 9.0) or 50 mM sodium bicarbonate buffer (pH 10))
and 1.0 ml of crude enzyme was incubated with shaking (150 rpm) at
temperature ranging between 25°C and 65°C with 10°C intervals3@or
minutes. The reaction was terminated by adding 1 ml ethaddiiteated with
0.1 N potassium hydroxide using phenolphthalein (0.1%) as an indicator. The
control contained the same ingredients, but the reaction wanéteahiprior to
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addition of the crude enzyme. One unit of lipase activity (U5 defined as the
release of luimol of fatty acid per min under mentioned conditions.
Statistical analysisThe standard deviation, standard error and mean values
were calculated using Microsoft Excel 2010, R-Project. Thealpes were
calculated using the R-Project online resource for statisttomputing
(http://www.r-project.org/).
Results and discussion. Detection of active lipase producets order to detect
the lipase producing strains all bacilli cultures were eaféd on medium
containing tween 80 as carbon and energy source. From 72 stalidll
strains 20 were detected to be lipase producers. The correspoeslitig are
represented in Table 1.
Tablel
Number of lipase producer s among screened bacilli isolates
in the media containing Tween 8

0

(hoot“s?r;rr]ing Numbgr of Number of Iipase

location ) screened isolates| producer strains
Jermuk 15 4
Uyts 16 4
Akhurik 10 6
Gyl 3 2
Arzakan 10 1
Qarvachar 10 4
Hangavan 6 2
Darayurd 1 1
Bjni 1 0

Two most active lipase producers designed as strains Akhurikah@6
Ackurik 107 were selected for further studies. The LAl vafieesAkhurik 106
and Akhurik 107 were 2.0 cm and 1 cm, respectively (Fig. 1).

Fig. 1. Lipase production by the studied strains {Gaalts of fatty acids precipitation
zones around the colonies indicate lipase produoctiBor the others to this and the
other figures, see Materials and methods.
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Phenotypic characteristics of selected isolatén solid NB the strain
Akhurik 106 formed irregular, white colored, opaque, flat, smooth syrface
lobate margin, homogenous colonies, while the strain Akhurik 107 formed
circular, milky colored, umbonate, homogenous colonies (Fig. 2).

Fig. 2. Colonies and morphological characteristicékhurik 106 and Akhurik 107

Table2
Some phenotypic characteristics of the studied isolates

Phenotypic characteristics Akhurik 106 Akhurik 107 B. subtilis*
Cell size [um]

Width 1.5-2.0 1.0-2.0 0.7-0.8

Length 4.0-5.0 4.0-5.0 2.0-3.0
Motility + + +
Endospore

Form Ellipisoidal Ellipisoidal Ellipsoidal

Location Central Central Subterminal

Swell sporangia - - -
Optimum temperature 55°C 55°C 28-30°C
Optimum pH 6.5-7.0 7.0-8.0 5.5-8.5
Oxidase + i +/-
Voges-Proskauer test - + +
Nitrate reduction to nitrite - + =
Acid from

D-Glucose + + +

L-Arabinose + + +

D-Manitol + + +
Gas from glucose - - -
Hydrolysis of

Casein - - +

Gelatin + + +

Starch + + +
Utilization of citrate - - +
Formation of

Indole - - NA

Dihydroxyacetone - + NA

*B. subtilis was chosen as a reference strain [Bergey's MamfialSystematic
Bacteriology, 2009].
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Cells of the strains were Gram positive, motile rod shapedngain length
between 4.0 to 5.0m and in width between 1.0 to 2uth (Fig. 2).

The cells formed central ellipsoid endospores. The strahudk 107 was
positive according to Voges-Proskauer test, formed dihydroxgaeetnd
reduced nitrite from nitrate. The isolates hydrolyzed starchgatatin, but did
not use citrate and did not form gas from glucose. Some phenotypic
characteristics of the isolates are displayed in the Table 2.

The both strains showed ability to growth in the different raofe
temperature. The optimal temperature value was 55°C. The pH rangevitin g
of strains Akhurik 106 and Akhurik 107 was from 6.0 to 9.0 with the optimum
pH at 6.5-7.0 and 7.0-8.0, correspondingly.

Following to the criteria of Bergey’'s manual the isolatesewdentified as
Bacillus sp. (Akhurik 106) andBacillus licheniformis(Akhurik 107). The
identification of the studied isolates up to species shouldbfirmed by 16S
rDNA analysis.

Effect of temperature and pH on lipase productibime enzyme production
by microorganisms depends on environmental conditions such as tamperat
and pH, and presence of inductors or repressors [16]. The pH of the medium
plays a critical role for the optimal physiological perfarmes of the bacterial
cell and the transport of various nutrient components acrosthmembrane
aiming at maximizing the enzyme yields. In an order to optimizedhditions
for lipase production by selected bacilli the LAl were evadah Petri dishes
containing the inducing medium with pH from 5.0-10. Incubation was
performed at optimum growth temperature of the strains. &&ts indicated
that the strains able to produce lipase from wide range dfrpkh 5.0 to 10),
but the highest lipase production (LAl 1.4) of tlBacillus licheniformis
Akhurik 107 occurred in the medium with pH 7.0. For the stBagillus sp.
Akhurik 106 the highest lipase production (LAl 1.5) observed at pHr&l(r 0
(Fig. 3). Willerding A.L. et al. [16], showed the highest lipasedprction for 24
different bacterial strains observed at pH 8.0 and 30°C. The dgioduction
of lipase by Bacillus strain J33, B. megaterium AKG-1 and B.
thermocatenulatu®SM 730 was also reported at pH 8.0, 7.0-8.0 and 7.4,
respectively [18, 19]. Even though the activity values are comparable to the data
from literature, the lipases produced by the studied strains rentaie imcwide
pH range.

The lipase production levels at optimal pH varied depending on the
temperature and incubation time. The lowest value of LAl wasidete
at 25°C temperature after 24 hours incubation. The LAI values reached
its maximum (1.5 and 1.6 fdBacillus sp. Akhurik 106 andBacillus
licheniformis Akhurik 107, correspondingly) at 55°C temperature after
48 h of incubation (Fig. 4).
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Fig. 4. Lipase activity index (LAI) up to 72 howasdifferent temperatures.

Sidhu et al. 1998 [20] showed that thermostabile lipase production by
thermophilic Bacillus sp. RS-12 was growth-associated and at the medium
contained 0.5% Tween 80 gave a maximal yield of the enzyme at 50°C
cultivation temperatureB. thermoleovoran$D-1, isolated from hot springs in
Indonesia, showed high extracellular lipase production at 65°CTh2]results
indicated that optimal conditions for lipase production of theérstBacillussp.
Akhurik 106 andBacillus licheniformisAkhurik 107 were pH 6.0-7.0 and 55°C
cultivation temperature.

Effect of pH and temperature on lipase activity.order to optimize the
lipase activity of the strains the effect of the pH and teatpee on lipase
activity of the strains was determined. The crude lipaseitgctiias studied at
the different range of pH (5-10) and optimal growth temperaifithe strains.

The highest lipase activity levels (0.89 U/amd 0.75 U/ml for the strains
Bacillus sp. Akhurik 106 andacillus licheniformisAkhurik 107, respectively)
were defined at pH 6.5 - 7.0 (Fig. 5).
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Fig. 5.Effect of the different pH on thgase activity of studied strains. The maximal

enzymatic activity (0.89 U/ml) at pH 7.0, fBacillussp. Akhurik 106 was defined as
100%.

Assuming that enzyme is stable at elevated temperaturepratectivity
of the reaction can be enhanced greatly by operating at aveslatigh
temperature. Therefore, the optimal lipase activity teatpee has been
determined. The temperature optimum for lipase activity amektfoptimal pH
coincides with the growth optimal temperature of the strdihas, the highest
lipase activity for both strains was displayed at 55°@.(B), but the crude
enzyme remained active in temperature range of 25 to 65°C.
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Fig. 6. Effect of the different temperature on tligase activity of studied strains. The

maximal enzymatic activity (0.89 U/ml) fdacillus sp. Akhurik 106 at 55°C, pH 7.0
was defined as 100%.

[

Relative Enzymatic Activity (%)

The maximum values of crude enzyme activity were 0.89 @fdl 0.75
U/ml for Bacillus sp. Akhurik 106 andBacillus licheniformisAkhurik 107,
respectively in temperature of 55°C and pH 7.0.

The lipase activity of different bacterial groups at widege of pH and
temperature has been reported [7]. Lee et al. 1999 [12] determopiagdal
lipase activity ofB. thermolevorandD-1 at pH 7.5. The thermostabile lipase
produced byBacillussp. J 33 had a high activity at pH 7.6 and 55°C [21]. One
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of the comparably notable thermostabile lipase was isolyewang et al.
1995 [22] from aBacillus strain. This enzyme had maximum activity at 60°C.
An extracellularBacillus lipase isolated by Sidhu et al. 1998 [19] had an
activity optimum at 50°C. The crude lipase from the studieadnsty compared
to the literature data, has an advantage of operating atramde of pH and
temperature.

The results indicated that studiBacillus strains might be prospective for
various biotechnological applications and industry as lipases producers
Purification and more detail investigation of the isolated bhalgdhse are
planning to be performed.
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Characterization of Lipase Producing Thermophilic Bacilli I solated
from Armenian Geothermal Springs

72 bacilli strains previously isolated from diffategeothermal springs of Armenia
were screened for their lipase production. Two naxgtve lipase producing bacilli
strains designed a3acillus sp. Akhurik 106 andacillus licheniformisAkhurik 107
were selected and characterized based on morphalpgiultural, biochemical and
physiological properties. The temperature of 55f@d pH 6.5-7.0 were defined to be
the optimal conditions for lipase production. Ttati\aties of crude enzymes of these
strains were 0.89 U/maind 0.75 U/ml at the optimum pH and temperaturgpeetively.
These strains might be used as lipase producers.

Q. U. Cwhpiywl, 2. Z. Pwinyub, 22 FUU
pHpwyhg winud U. Z.@nsnilyul

Zwjwuwnwih Eppuwetpduyhtt wnpniputphg wigwwnywsd hywq
wpuunnhy okpdwubp pughjutph snwdutph nunidtwuhpnieiniiup

Zujuunwth nwpwspnid gniynn mwppkp tpipuetpduyht wnpniptibphg twhaw-
whu whgwwnywsd pughjubph 72 snnwdubpnid niuniduwuhpyty b {hywq uhupbqbn ne-
twlnipnitin: Gplyny, wowyk] wnhy (hywuwq wpnwnphy snmwdubpt phnpyt] Bu ht-
nwqu nunidbwuhpmpniabbph tyuwnwlnyg: dhpghtiibpu pun dbwpwbwlwi, You-
unnipuyhl, JEuuwphdhwlwb b $hqhninghwljut hwnljuihpubph inywwiwugyt) tu
nputu Bacillus sp. Akhurik 106 W Bacillus licheniformis Akhurik 107. Mwpqdb) E np
lhwugh uhbipkgh hwdwp ghpiwunhdwiught oupwnpunudp 55°C t, hul] pH-h' 6.5-7.0.
U wuydwbbpnud sdwppdus hpdbunubnh wnhynipiniuubpn Bacillus sp. Akhurik
106  Bacillus licheniformis Akhurik 107 pnmwudubtph hwdwp Juqul] Eu hwdwywnwu-
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huwbwpwip 0.89 U/ b 0.75 UAl: Uy swnwdubpp Yupnn ki Yhpwndl] npybtu (hywg-
ukph wpwnwgphyubp:

I'. C. Hlarunsu, O. A. [1aHocsIH, YJIeH-KOPPECTIOHIEHT
HAH PA A. A. TpuyHnsin

Hzyuyenne Juna3-npogynupyrommx TepMopuIbHbIX IITAMMOB

oanmJLI, N30/ IMPOBAHHBIX U3 T€OTCPMAJIBbHBIX HCTOYHUKOB ApMemm

Hccnenosansl 72 mramMa Galdiul, paHee W30JIMPOBAHHEIX U3 Pa3HBIX [€0TePMallb-
HBIX KCTOYHMKOB APMEHHMH, HA CIOCOOHOCTH CHHTE3UPOBAHUS JIMIA3. BeUIN 0TOOpaHb!
JBa Haubojiee AKTHBHBIX JIMIA3-NPOAYLMPYIOMUX MmTamMMa. 110 MOP(OIOTHYECKUM,
KyJbTYPaIbHBIM, OHOXUMUYECKUM M (DU3HOJOTHYECKUM CBONCTBAM INTAMMBI OBLIH
unentudunuposansl kak Bacillus sp. Akhurik 106u Bacillus licheniformisAkhurik
107. OnrumansHast TemnepaTrypa cuHresa jaumas osiia 55°C,a pH 6.5—7.0ITpu stux
YCIOBUAX aKTHBHOCTh HEOUYMIIEHHBIX (epMenToB mrammoB Bacillussp. Akhurik 106u
Bacillus licheniformisAkhurik 107 cocrasuna 0.89u 0.75E/Mi1, COOTBETCTBEHHO. DTH
IIITAMMBI MOTYT OBITH HCIIOJIB30BAHBI KAK POAYIICHTHI JIUIIA3.
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Jenaposoruvyeckne 0CO0EHHOCTH BEPXHEro U HUXKHET 0
npejieJi0oB pacpoCcTPaHeHHs IPEeBECHbIX PACTeHUI ApMeHUun

(IIpencrasneno 15/IX 2014)

KuaroueBsble cjioBa: denopoghnopa, opesecivie pacmenusi, 8ePXHULL U HUIC-
HUL npeoevl, YA36UMOCb, TeCHblEe IKOCUCTEMDYL.

IIpouspactanue IpeBEeCHBIX PACTEHUN Y BEPXHETO aJbIIUUCKOTO U HUKHETO
CTEIHOTO MPEAEIOB MX PACIPOCTPAHEHHUS TPEOYeT HAINYUS COOTBETCTBYFOLIHX
(dakTopoB pocta. J{Jst CylecTBOBaHHS PEBECHBIX PACTCHUI B TOPHBIX YCIOBH-
SIX W3BECTHBI JBA TIpenena. aablMiCKuil (BepXHHi) u crenmHoM (HmkHUI). Bo
BCEX CIIy4YasX MPOHUKHOBEHUE HX 32 CYIIECTBYIOINIUE MPECIbl OrPaHIMYHBACTCS
MOYBCHHO-KJIMMATHUCCKUMH yCIIOBUAMH. Kak mpaBwiio, anbmuiickas rpaHuia
00YCIIOBIMBAETCS KOPOTKUM BETeTAI[MOHHBIM TIEPUOJIOM U HEJOCTATKOM TeTla
B JICTHUE MECSIbI, a CTEIHAsl, HA000pOT, HEOCTATKOM BIIATH — HEYJIOBIIETBO-
PHUTEIBHOE KOJIMYESCTBO OCAJKOB, HU3KAsi OTHOCHTENBHAS BIAXHOCTh BO3/yXa U
COOTHOILICHHE OCAJKOB M UCTIAPCHUSI.

B ycioBusX 10)KHOKaBKa3CKOTO HKOPETHOHA, TNIe W HAXOMUTCS ApMEHHS,
HUMEIOTCS JIBE YETKO BBIPAKEHHBIC TPAHHUIIBI PACTIPOCTPAHEHUS APCBECHBIX pac-
TCHUI: BepXHss U HWKHs. Bepxuss (anmbrmiickas) mpoxoaut Ha BeicoTe 2500-
2700M Hag yp. M. DTa rpaHuIla TaK K€ OTYETIIMBO BBIpa)KCHA Ha OTACIbHBIX
xpebrax Maioro Kapkaza. B uctopuieckoe BpeMs TOJ BIUSHHUEM KINMAaTH-
YeCKMX W aHTPOIOTCHHBIX (haKTOPOB, KPOME MAaCCOBOTO YHHUUTOXCHHUS JICCOB,
OBUTH HApPYIICHBI TAKXKE MX BEPTHKAILHBIC TPAHUIBI. McTOpHUECKHE, apXeoio-
rH4YecKue, Naneco00TaHNIEeCKUE U IPYTHe JJAHHbIC CBUJICTENLCTBYIOT O TOM, YTO
JICCOTIOKPBITAsl TUIONIalh APMEHHH B MPONLIOM Oblia mpumepHo B 2,5-3 pasa
OoJIbILIe W eIIe B MEPBOM THICSIYEIETUH J0 H. 3. cocTaBisuia okono 35% [1]. B
HACTOSIIIEe BPEMsi B CEBEPO-BOCTOYHBIX JIECOPACTUTENHHBIX pailoHaX BEpXHSIS
rpanuia mpoxoaut Ha Bbicotax 1900-2000m Hag yp. mMops. B meHTpambHBIX
paiioHax, IJie paclupOCTpaHEHBI OCTPOBHBIC TTOPOCIIEBBIE IPEBOCTOM C MPeoo-
namanueM u3 Quercus macranthera, BepxHssi rpaHuiia TPOXOAUT Ha BHICOTaX
2400-2500M, 3aBepiiasich B OTIACIBHBIX YacCTSIX KPUBOCTBOJIBHBIMH APEBO-
crosimu u3 Betula litwinowii. Yto xacaeTcs 10ro-BOCTOYHOM APMEHHH, TO 3/1€Ch
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oHa mpoxoauT Ha BbicoTax 2500-2600M. Xots Ha KaBkase HaOmomaetcs
KOHTHHEHTAaIM3amusg KinMmara, teM He meHee 3a nociuenaue 200-300ner mon
BIIMSTHUEM WHTCHCUBHOTO aHTPOTIOT€HHOTO BO3JICHCTBHUS BEPXHSIS TPAHUIA CHU-
swiack Besme Ha 150-200M, a B OoTHENBHBIX Citydasx (FOro-BocTodHas Apme-
Hus) — 10 300-500m. ITostomy ropasmo Oemnee neHapoduiopa mpecTaBieHa
Ha BEPXHEM MpeJelic PACTIPOCTPAHSHHS IPEBECHON PACTUTENLHOCTH, T. €. B 9K-
CTpEeMaJIbHBIX YCIOBHSX MecTompou3pactaHus Ha BeicoTax 2500-2700M, rme
eIMHUYHBIC HU3KOPOCIBIe AepeBhbs U KycTapHuku (okoso 30 BUIOB) 00pa3yroT
CyOanbIUHICKUE KPUBOJIEChS MM HEOONBIIINE 3aPOCITH HU3KOPOCIIBIX KyCTapHH-
KOB ¥ Kyctapanukos (tabi. 1): Juniperus hemisphaerica, Rhododendron cauca-
sicum, Vaccinium uliginosum, Rubus idaeus, Rhamnus depressa u ap. [2, 3].
HwxHss rpaHuiia IpeBeCHON PacTUTEIBHOCTH B PECIYyOIHKE MPOXOIUT B BHIC
MOJIOCHI «CBETJIBIX JIECOBY», KOTOPBIE SIBISIFOTCS MEPEXOJHBIMUA MEXKIy MOSICOM
apuIHBIX (MOXKEBEJIOBBIX U JIMCTBEHHBIX) PEIKOJICCHI M MOIYMyCThIHB. Kak
3aKOHOMEPHOE SIBJICHHE HA HWKHEH TpaHMIle KOJUYECTBO TOJOBBIX OCaIKOB
COBIAJIACT ¢ KOJIMYECTBOM HcCmapseMocTd. HWkHss rpaHuIia jieca B CEBEPO-
BOCTOYHBIX paioHax mpoxoauT Ha Bbicore 550-700 M Ham yp. M., B
ueHTpaibHoM peruoHe — 1450-1550u, a B toro-Boctounom — 600M Hafg yp. M.
JIpeBecHbIC PACTCHUS XapaKTEPU3YIOTCA HHU3KHM POCTOM: JCPEBbS — HEOOIb-
0K BBICOTOM, PEAKUM CTOSHHEM Ha (hOHE KCepOo(PHIbHON TPaBIHUCTON pacTu-
TENBHOCTH B OOJIBINCH YaCTH MOJBIHHOM MOy myCcThIHN [3, 4].

Ha HwxkHell rpaHuile pacmpoCTpaHEHHs JPEBECHBIX PACTCHUN B MPEArop-
HOM W HIDKHETOPHOM Iosicax JeHmpoduiopa npeacTapiaena 177 sumamu (Tadi.
1), uro cocraBister okono 55 % o6Imero cocraBa AeHAPOPa3HOOOpasUs pec-
My OJINKY.

Ta6anma 1

Jenaposornyeckasi XapaKTepHCTHKA BePXHEro M HIKHET0 MpeeoB
pacnpocTpaHeHus APeBeCHOli PaCTUTEIbHOCTH ApMeHHH

K B ToM uucne no
OJIMYECTBO BH/IOB
JKU3HEHHBIM hopMam
o
E —| Xapaxrep npeBecHoi IIpenensl s
22 ) =l 5|8
E S PACTUTENBHOCTH 10 BEPTHUKAIIBHOTO % ot 061L. < | E g E|_
E i BEPTUKAIBHBIM pacnpocTpanesus | | 4HCHA BII0B § £ = § %
g = nosicam M Haj yp. M. neuppodmo- | 5| £ § S =
m RI2 e &
pBl ApMeHUHT | 2| &
S
=
Cyxoit L
yxon . 510 700 (800) 87 26,9 44 25 135
= cyOTpornuecKuit
= I >
g | TPOATOPHRITE 700-1000(1200) | 177 54,8 s 12 9 pa
L HOJTYITyCTHIHHBINA
ApHUITHBIX 1000 (1200) -
202 62,5 85| 71 -| 433
PeIKOIeCHiA 1500 (1600)
CMelaHHbIX
1900 - 2200
S | IMPOKOJHCTBEHHBIX 219 67,8 93| 82 13 283
= (2400)
2 Jlecos
Q o
m | cybambnmiickux Beie 2200
34 10,5 11 13 3| 7
PeaKOIeCHiA (2400)
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Tak, Ha BhIcOTax okono 400 M Hax yp. M. — B HauboJee HU3UHHBIX MECTO-
oOUTaHUsIX B MOJMUHAX p. Apakc (foro-BocTouHas ApPMEHHsS) BCTPCUAIOTCS B
OCHOBHOM IYCTBHIHHBIE 2JIEMEHTHI, IPUYPOUYCHHBIC K pyciaM PeK, WK JKe pac-
CESIHHO BCTpevaroTcs enumHuuHble ocobm Pistacia mutica, Punica granatum,
Ephedra distachya, Atraphaxis spinosa, Rhamnus pallasii u ap., a Taxxe Coti-
nus coggygria, Amygdalus nairica, Cercis griffithii, Zygophyllum atriplicoides
u 1p. B ceBepo-BOCTOUHBIX, CPABHHUTEIILHO BIQXKHBIX JIECOPACTUTEIBHBIX yCIIO-
BUSAX — B YIIETbsIX pek ArcteB u J[ebeT mpouspacTaeT psa Cyxux CyOTpomu-
YecKMX BHIOB ApeBecHbIX: Ficus carica, Diospyros lotus, Periploca graeca,
Hedera helix u mp.

[Mpu w3ydeHnH crocoOOB Pa3MHOMKEHHS, POCTA TI0 BHICOTE M JUAMETPY U
MPEICIBLHOTO BO3pacTa APEBECHBIX PACTCHHH KaK Y BEPXHETO, TAK U HUKHETO
MIPEACIIOB UX PacIpOCTpaHEHHUS OBIIO BRIOpaHO HECKOIBKO Hanboiee XapakTep-
HBIX ¥ OOTaThIX B JEHIPOIIOTHYECKOM OTHOIIEHHH 00bEeKTOB (MECTOOOUTAHMIA):
FOT0-BOCTOYHBIH, CPABHUTEIBHO CYXOH JIECOPACTUTEIBHBIN PETHOH — OacceitHbI
p- Merpu (mo 750M u cBbimie 2100m) u p. Apna (0 1100m u cBeitiie 220M) u
YaCTHUYHO LEHTPaIbHBEIA — BepxoBbe p. Mapmapuk (ceime 2100wm). Jlenapo-
KITUMAaTHYECKUE YCIIOBHS Y ANBITUICKON TPaHUIBI PacIpOCTPaHEHHs JIpeBec-
HBIX PACTCHUH, MO TaHHBIM METEOPOJIOTHUECKOM cTannuu J[xepmyka (2066m),
XapaKTepU3YIOTCS CICIYIONIMMHU TTOKA3aTeNsIMU: MPOJIOJKHTEILHOCTh BereTa-
uronHOTo meproga 120-150xueit, cpersist Temmeparypa Bo3ayxa B uoie 15,1
C, cpenHeromoBoe konmdecTBO ocankoB 7/00-800MM. DTH moKa3aTelIl BIIOIHE
00eCneurBalOT BJIArOW JPEBECHBIC pacTeHHs, a (pakTop Temieparypbl (Teruia)
HaXOJUTCS B HOPME MHHUMYMa.

ITo nmuTepaTypHBIM JaHHBIM [5-7] HHTEHCHBHOCTH POCTA JAPEBECHBIX pacTe-
HUH BechMa ciiadasi, Kak y albIIUHACKOHM, TaK U y MOJIAPHON TPAHUIIBI, YTO 00yC-
JIOBJIEHO HeZOCTaTKOM JjeTHero terva. [lo manueiM K. IlIporepa [5], B IIBeii-
napckux Aubnax Ha BbicoTe 2230 M IIMpHHA TOAMYHOIO KOJIBLA Y POIOICH-
npona (Rhododendron ferrugineum) B Bo3pacte 109 et cocrarnsna 0.016mm.
I''W. Tanasmii [6] ormeuaer, uro Abies sibirica y BepxHero mpemena pacmpo-
CTpaHEHHUsI IPEBECHON PACTUTEIHLHOCTH B BEpXOBbsX p. JIaHTEeTyi UMen B BO3-
pacte 35 neT roaMYHBINA MPHUPOCT B BBICOTY 7.8 cM, mo nuamerpy 0.13cm, a
Pinus sihirica B BepxoBbsix p. beicTpoit B Bospacte 30071eT — cpeiHEr0TUUHBIH
mpupocT B BeicoTy 1.5¢M, mo nuametpy 0.07cm.

W3 npuBeieHHBIX AaHHBIX (Ta0JI. 2) BUHO, YTO MPHUPOCT MO BBICOTE Y OOIb-
IIMHCTBA BUOB JPEBECHBIX HA BEPXHEH TPAHHUIC PACTIPOCTPAHCHUS (BEPXOBBS
p. Apma) BecbMa HesHaunTedaeH. OcobeHHo HU30K oH y 15041eTHero Juniperus
polycarpos — 1.1cm B rox. Haunbomsmmuit mpupoct — 6.0cm ormeuen y Sorbus
aucuparia B Bospacte 17 ner (JkepMyKckoe yIienbe), OMHAKO ¢ BO3PACTOM OH
TaKxke majgaer 10 3-4 cM B roj. BecbMa HH30K MPUPOCT y pacTeHUil MO Jua-
METpyY, 0COOEHHO y KYCTapHUKOB, HanpuMmep, y Daphne glomerata — 0.04cm.

OcoOCHHOCTH pOCTa JPEBECHBIX PACTCHUH y HIKHEIo Tpenena pacrpo-
CTPaHCHHUS HAMU W3yYCHBI B OCHOBHOM B apHUIHBIX “CBETIBIX” DPEIAKOJCCHAX
IOxHoO# Apmenuu, rinaBHeIM 00pa3oMm, Ha BeicoTax /00-1200M Ham yp. M.
Knumatuueckue ycloBHs HHXKHETO MpejieNia pPacpoCcTpaHeH s JPEBECHBIX pac-
TEHUH, MO TaHHBIM METEOCTaHINU ApeHH (HMXKHEe TeueHue p. Apra), TaKOBBI:
cpenmeronosas temmeparypa 10.8C, NPOROIKHTENEHOCT BEreTALMOHHOTO
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neprona 200-220Hei, cpeHsis TeMieparypa Bosayxa B uione 25.9C, a6co-
JIOTHBIA MaKCUMYM 40C, ronosas cymma ocagkoB 350-400mm.

Ta6auuna 2

Jlenaposiornyeckas XapakTepUCTHKA IPeBECHBIX PacTeHMi
Y BepXHEro mpejesia pacnpocTpaHeHus

Cpennero-
o = s JIYHBIA
g 5 < | mpupocr, cM
5 5 5| £ § [ e
ISt o Q = >
HasBanue Buga Mecto 5 g = S E S B
HCCIIEI0BAHUS S~ a = z g %
) =
= =S¢
JlxepMyKcKoe
Betula litwinowii yir., 2300m 310pOBOE 8 58 1,2 74 | 0,15
bepesa Jlutsunosa ymL. p. Mapmapuk, | cyxoBepmmHuT | 38 115 | 5,2 3,0 | 0,12
2250m
Populustremula VY. p. Mapmapux,
Ocuna 2100m 310pOBOE 12 280 2,2 2,3 0,2
Acer trautvetteri MerpuHcKHii Xp.,
KiieH BBICOKOTOpPHBII 2150m 3noposoe 42 140 50 35 10011
Sorbus aucuparia Hxepmyxeioe
PﬂGHHap yit., 2250m 310pOBOE 17 100 1,2 75 0,1
MerpuHcKuit CYXOBEpIIHHHT | 27 200 2,7 6,0 | 0,05
0OBIKHOBEHHAs!
xp., 2380m
S subfusca JlxepMyKcKoe
P. Byposaras yir., 2350w 310pOBOE 21 110 15 52 | 0,07
Juniperus polycarpos Erlercckoe
MoxoKeBENbHUK ° 3710pOBOE 150 | 170 | 140 1,1 | 0,01
o y., 2400m
MHOTOILTOAHBIH
J. hemisphaerica CenmmMckuii
M. HU3KOPOCIIBIH nep., 2650m 30poBoe 40 90 L5 1 221004
Quercus macranthera JIKepMyKCKoe
Hy6 pZ}éIE)OI\(/)[ Y, cyxoBepmHHUT | 35 110 | 40 | 3,1 | 0,11
KPYIHONBUIEHHKOBBII
Daphne glomerata i
P 9 . Bapnenuccknuid CYXOBEPILINHUT 11 40 0,5 3,6 | 0,04
BonuHUK CKyYeHHBII Xp.

Jleto 3acymnuBoe, CpeHsss OTHOCUTENbHAS BIAKHOCTH BO3/yXa 4acTO CHHXKA-
ercs 1o 30%. Beicokue jeTHHE TeMIlepaTyphl, Malloe KOJIMYECTBO OCAKOB 3a
BETeTAI[MOHHBIA TIEPHOJ W HU3Kasg OTHOCHUTEJbHAS BIAXKHOCTh BO3JyXa 00yc-
JIOBJIMBAIOT BBICOKYIO MCHApseMOCTh M HEJOCTATOK Biaru B mouse. [losTomy B
3THX YCJOBHSIX y HIDKHErO IpejeNia PacipoCTpPaHeHHs TPEBECHBIC PACTECHUS
HU3KOPOCJIBIE U C CUJIBHO Pa3BUTON KOPHEBOU CHCTEMO.

OnnuM n3 Hanbojee CTOMKMX KOMIIOHEHTOB apHIHOTO PEAKONECHS U JAPY-
TMX THUIOB KcepodunbpHOM pacTutenbHocTH sBisiercst Rhamus pallasii, y koto-
poro OoTMedaeTcsi caMblid MEIJIEHHbIH POCT. MEJIEHHBIM POCTOM B BBICOTY
OTIMYAIOTCS TaKke MookeBenbHUK — 0.76¢cM, ductamka TynonuctHas — 9.0
oM, MuHzais — 5.1 fabdmn. 3).

72



Taéanna 3

JeHapoJiornyeckasi XapaKTepHUCTHKA KCePO(UILHBIX APeBeCHBIX
pacTeHmii y HIZKHEro mpe/esia pacnpocTpaneHust

Cpenuero-
= = JIYHBIHA
E ] 2 3 © MPUPOCT, CM
5z 5 g & ® N
Haspanue Mecto 565 s S = ) =
Buna HCCIIeI0Ba- 3 & 3 2 g 2 o9
A /M = 2 =
HHS ° ]
= =
Pistacia mutica Ymense p.
®ducraiika Apma 3]10pOBOE 20 180 3,8 9,0 0,1
TYIOJUCTHAS 1050 m
Amigdalus Vense p.
fenzliana Apma, 370pOBOE 16 85 2,6 5,1 0,16
Mungans Oenus 1050 m
Paliurus spina- Vmense p.
christi Merpu, 30pOBOE 32 220 55 6,8 0,17
Heprxu-nepeso 750 m
Rhamnus pallasii Ymense p. CYXOBepIIMHUT 15 60 1,5 4,3 0,1
Kocrep Ilammaca | Apma, 980 m 370pOBOE 28 120 2,0 4,0 0,07
JasrT_]i num Ymense p.
fruticans Apra 310pOBOE 20 | 45 | 08 | 2,2 | 0,04
Kacmun pra, ' ’ '
KyCTapHHUKOBBIH 1100 m
Coti . Kamanckoe
otinus coggygria ylenbe, 310pOBOE 32 150 7,5 50 0,23
Cxymnust
750 m
Ephedra procera Ymense p.
XBOWHMK Aprma, 3]10pOBOE 30 120 2,0 4,0 0,06
BBICOKHUI 1100 m
Lonicera iberica Kamanckoe
JKumomnocts ylIesse, 3]10pOBOE 25 105 2,0 4,0 0,08
nbepuiickas 750 M
Halimodendron
halodendron VYesse p.
fT— Apra, 1100 370pOBOE 28 120 2,1 4,0 0,07
cepeOpHCTHIi
Juniperus
foetidissima Merpu,
MOAOKCBEIHIK 750 21 370pOBOE 170 130 7,8 0,76 | 0,01
OCTpoYenryHqaThlit

CpaBHUTEIHLHO HMHTCHCHBHBIM POCTOM B BBICOTY XapaKTECPHU3YIOTCS JCPiKH-
nepeBo — 6.8cM, YMHTHITE CepeOPUCTHIN U )KUMOJIOCTh noepuiickas —mo 4.0cwm.
B 3THX ycIOBHSX IpeBECHBIC PACTECHUS XapaKTEPU3YIOTCS 3HAYUTEIBHO MTOHU-
KeHHBIM pocTtoM 10 auamerpy — mo 0.07 cm y Rhamnus pallasii u Halimo-

dendron halodendron u 0.08cMm —y Loniceraiberica.

VY HEKOTOPHIX BHIOB KyCTaPHUKOB MOKHO YCTaHOBUTH CJIEIYIONIYIO 3aKO-
HOMEpHOCTh B POCTE. B MOJIOJIOM BO3pacTe€ OH JOCTATOYHO MHTEHCHBHBIH, a C
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BO3PacTOM CKOPOCTh pocTa yMeHbIaercs. [10 Bceit BEpOATHOCTH, 3TO SBIISETCS
Pe3yIbTaTOM PUCIIOCOOIIEHHSI K 0OpHOE ¢ TPABSIHBIM MIOKPOBOM KCEPODUIBHOM
pactutenbHOCTH. [Toka BCXObl JPEBECHBIX PACTEHUI HE MEPETOHST TPaBSIHOU
MOKPOB, OHH MHTCHCUBHO PACTYT B BHICOTY. BMecTe ¢ TeM HE0OXOAUMO yUu-
THIBaTh TO, YTO OOIIMHA MEIJICHHBIN POCT B BBICOTY U 110 JHAMETPY Y APEBECHBIX
pacTeHH ABISICTCS PE3yIbTATOM HEJOCTATKA BIIATH.

CpaBHHBas pOCT JPEBECHBIX PACTEHHH y BEPXHErO W HIKHETO TPENEIOB
pacnpocTpaHeHHus, CIeIyeT OTMETUTh, YTO B TIEPBOM CIIydae MPUPOCT B BBICOTY
Y 10 JUaMeTPy 3HAYUTEIBHO MEHBIIIE, YeM BO BTOpOM. O4eBHIHO, HEJIOCTATOK
TEIUIa U KOPOTKHUI BEreTAIllMOHHBIA MEPHOJT SBJISIFOTCS 00JIee TUMUTHPYIOITHMU
(akTOpaMu pocTa JPEBECHBIX PACTEHHM, YeM HEIOCTATOK BJIATH TPU JUTUTEIh-
HOM BETETAIIMOHHOM Tepuojie. B pe3ynbTaTe 3THX MOCTOSIHHO OTPUIIATEIIEHO
JNCHCTBYIONINX (haKTOPOB HA BEPXHEH M HIDKHEH IpaHUIAX PacIpOCTPaHCHHS
OOIIMM B Pa3BUTHU JIPEBECHBIX PACTCHUH SBISETCS KOPOTKUH CPOK SKU3HH.

Kpowme Toro, y fepeBbeB U KYCTapHUKOB Ha CTCITHOHN TPaHMIIC MTPEBATUPYET
BEreTaTUBHOE Pa3MHOKEHUE, OJTHAKO IMOYTH Y BCEX BHUJIOB IPCBECHBIX PAaCTCHUHN
Ha HIDKHEM TIpejierie HaOroMaoTes W peikie ceMeHHbIe BcxoJbl. HemocTatok
BJIaTH ¥ Pa3BUTHUE TPABSHOTO MOKPOBA OTPaHUYMBAIOT MaCCOBOE CEMEHHOE BO-
300HOBJICHHE JIPEBECHBIX PACTEHUH, OJJHAKO Y HUX pa3BUTa CIIOCOOHOCTH pas-
MHOXAaThCSl BET€TaTHBHO — MOPOCIBIO OT THS M WHOTAA KOPHEBBIMH OTIPBIC-
KaMH.

[Tpu u3ydeHNH BEPTHKAILHBIX TPAHUI] PACTIPOCTPAHCHHUS KaK JIECHBIX (op-
MaIMid B EJIOM, TaK M OTIENBHBIX MPEICTaBHTENCH NEeHAPOGIIOphI, B YaCTHO-
CTH, HaMH BBISBJICHO [2, 3], 9TO BBICOTHBIE MPEIEIIbl PACHPOCTPAHEHHS OTIECb-
HBIX BHJIOB B Pa3JIMYHBIX JICCOPACTUTENBHBIX YCIOBHSAX B Mpenenax pecryo-
JUKA HEOJUHAKOBBL. DTO OOYCIIOBIIEHO, B MEPBYIO OYepelb, OMOIKOJIOTHYEC-
KHMH OCOOCHHOCTSIMH JaHHOT'O BHJIA, DKOJIIOTHYECKUMHU YCIOBHSIMA MECTOIPO-
W3pacTaHMs, a TAKXKE HAJIMYMEeM M XapaKTepOM PACTHTENBHBIX (opMaIuil u
TPYIIUPOBOK, COACPIKAIIUX JPEBECHBIE pacTeHus. OJHOBPEMEHHO BBISCHEHO,
YTO HEKOTOpBIC BHJIbI, HA TEPPUTOPHH APMEHHUU He OO0Iajaroniie BBICOKON
9KOJIOTHYECKON TUIACTHYHOCTBIO M HE TOJHUMAIONIMECS B TOPBI JI0 albITHN-
CKOTO TpeJieNia pacpoCTpaHeHHS JPEBECHON PACTHTENBHOCTH, B JPYTUX TOP-
HbIX peruoHax Kapkaza u Cpeaneii Aszum, ocobenHo Ha [lamupo-Anae, mo ot-
JETBHBIM YOEXKHIIaM TOAHUMAIOTCS 10 BBICOTHI oKoo 3000Mm Hax yp. m. [8].
TunmuuHbIM TpuMepoM MOTYT ciryxuth Rhus coriaria (mo 2900m), Acer laetum
B Kaxeruu pacret Ha Beicote 1700m, Hippophae rhamnoides ra I[Mamupo-Anae
— mo 3800w, Ficus carica —mo 1900m, Salix wilhelmsiana — no 3500m u fp.

Harmm uccnenoBaHus MOATBEPKIAIOTCS OOIIMMHU 3aKoHOMepHOCTsMHE [9], a
MMEHHO: C MPOJBIKEHUEM K BOCTOKY IpeIeibl a0COMOTHBIX BBICOT MPOM3PAC-
TaHWS PACTUTEIHHOCTH TTOBBIIIAIOTCS.

B mocnennee Bpemsi HaOmromaeTcss HEKOTOpOEe W3MECHEHHE KiMMaTa, a B
0N KaMIIIe NEeCATUICTUS POTHO3ZUPYIOTCS TI00abHBIC U3MEHEHUS B €r0 Mac-
mrTabax, B pe3yJbTaTe Yero COo3/acTcs yrpo3a MOYTH IS BCEX MPUPOAHBIX KO-
cucreM Apmenun. B Ommxkaiinme 50-1001eT HaMe4arOTCs MOBBIIICHHE CPE-
Heit Temnepatypsl Ha 2-3C u cHmKeHHe aTMOchepHbIX ocaakoB Ha 10-15%.B
ATOM Cllydae MPOM30UICT CMEIIEHUE W MPOJBUKCHUE MPUPOIHBIX 3KOCHUCTEM
BBepX 1o ropromy npoduiao Ha 200-400M B 3aBUCHMOCTH OT OCOOCHHOCTEH
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oporpaduuecKkux yciaoBuil ganHoro pervoa [10, 11].9To, KoHEYHO, IPUBEIET
K PE3KOMY U3MCHEHHIO (hIOPUCTUUECCKOTO COCTABA U IUIOIIA/eH, 3aHUMAaeMBbIX
TEMH WJIW WHBIMH BHJAaMU PACTCHHH, B TIEPBYIO OYepe]b JPEBECHBIMH, UTO,
0€e3yCIIOBHO, OTPa3uTCs Ha OnopasHoobpasuu B menom [11, 12].

VYSA3BUMOCTh JIECHBIX DKOCHCTEM APMEHUU OT BO3JACHCTBHUS MPOTHO3UPY-
EMBIX U3MEHECHUH KIMMAaTa B PA3IUUHBIX JICCOPACTUTENLHBIX PETHOHAX PeCIy0-
JIUKYU BBIPA3UTCS MO-pasHOMY. Tak, B CEBEpO-BOCTOYHOM PETHOHE JIJIsl BEpXHEH
TPAHMIIBI JIeCa CIIOXKATCS OJIATONPHUSATHBIC YCIOBHUSA, T.€. OXKHUIACTCS €€ MOBbIIIIC-
Hue Ha 150-200M. Biarogaps BEICOKMM aJdalTallMOHHBIM CIIOCOOHOCTSIM JIJIst
0O0JIBIIMHCTRA JIECHBIX TIOpo Ha BeicoTax oT 160010 1750m Han yp. m. Cyiie-
CTBEHHBIX U3MEHEHUH He nmpoun3onaeT. HuKxHsA rpaHnna jgeca Ha I0KHBIX CKIIO-
HaX, TJIc B OCHOBHOM apHIHBIC PEAKOIECHS, IO BCCH BEPOSITHOCTH, HAYHET MOJI-
HUMATKLCS, MapajyieIbHO B 3THUX COOOIIECTBaX JPEBECHOW PACTHTEIBHOCTH
HAYHET YBEIMYUBATHCS KOJIMYECTBO MPEJICTABUTEINCH MOMYTYCTHIHH.

B neHTpansHOM perHoHe IS BEPXHEH TPpaHHIIbI Jieca MPOrHO3UPYEMbIC H3-
MEHEHHUS KiIUMara OyayT OJarompusTHBIMH, M CIIEAYET OKUIATh ¢ MOBBIIIIC-
HUs. B 9TOM JlecHOM pernone Hanbosee ySI3BUMbIMUA OKaKYTCS FOKHBIC CKIIOHBI
no HiwkHed rpanune yeca (1450-1550m), rae oxumaeTcss HACTYIUICHUE CTell-
HOW PACTUTENBHOCTH U BRITECHEHHE MTOPOCIIEBBIX TYOOBBIX (hopMariuii.

Uro KacaeTcs I0r0-BOCTOYHOTO JIECHOTO PETHOHa, TO 37lech Haunbolee ysi3-
BAMOW OKa)XEeTCsl HUXKHSS TPAHUIA JPEBECHOM PACTUTENBHOCTH. 3/IECh OKUJIa-
I0TCS YXYIICHUE YCIOBUM ISl CEMEHHOTO BO30OHOBJICHHS JIPEBECHBIX pacTe-
HUH, yCUJICHHE MPOHUKHOBEHHS IOJTYITyCTHIHHBIX BUJIOB PACTCHUH, paciiupe-
HUE IUIOMmIaZel rpaboBbix U ny0oBbIX JiecoB Ha 100-150M. Jlns BepxHeEro
mpesena Jieca YCIOBUS CTaHYT OJIarOMPHUSTHBIMH, M CIEAYET OXHAATH €ro
MOBBIIICHHS.

Takum o6pazom, mo ApMeHHHE HanOoJiee YSI3BUMOMN OKa3bIBACTCS HIDKHSS
rpanvna (HWKHHHA JIeCHOM MOsIC), T/ie M3MEHEHHS MOTYT IIPOM30MTH B TEUEHHE
ommxaiimux 50-100neT, a i BepXHEl TpaHUIBI Jieca, TNIC YCIOBUS CTaHYT
ONaronpusATHBIMU, TOTPEOYETCs] HECKOJIBKO CTOJICTHI BBHy MEJICHHOTO €cTe-
CTBEHHOT'O JIECOOBO300OHOBIICHHSI.

Wucruryr 6oranukn HAH PA

Ynen-koppecnongenT HAH PA 7K.A. Bapaansu

JeHaposnoruyeckue 0coO0EHHOCTH BePXHero H HUKHEro IpeaeioB
pacnpocTpaHeHHs APeBeCHBIX PacTeHNH B ApMeHNH

[IpoBeneHo cpaBHUTENBFHOE M3YyYCHHE POCTAa M IEHAPOMETPHUYCCKHX IMapaMeTpOB
JIPEBECHBIX PACTCHHUH Y BEPXHETO M HIDKHETO MPEIeNIOB UX pacmpocTpaneHus. [lokaza-
HO, YTO TIPHUPOCT MO BBICOTE M AWAMETPY Y BEPXHETrO IpeJieNia 3HAYUTEIHHO MEHBIIIE,
YeM y HW)KHETO. BBISBIEHO, YTO BHICOTHBIE TPAaHMIIBI PACIIPOCTPAHEHUS OTJCIbHBIX BH-
JIOB B Pa3JIMYHbIX JIECOPACTUTEILHBIX YCIOBHAX B TpejesiaX peciyOIuKH HeOoAnHAKOo-
BBI, YTO OOYCJIOBJICHO, B IIEPBYIO OuYepe/ib, FeOMOP(HOIOrNIECKUMU U OpOrpaduuecKu-
MU YCJIOBHSMH JaHHOTO perroHa. OOCyKIatoTcsi TaK)Ke BOIPOCH! YSI3BUMOCTH JIECHBIX
9KOCUCTEM ApMEHHH, OOYCIIOBJICHHOH BO3JCHCTBHEM NPOTHO3MPYEMBIX W3MEHEHHU
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kinmara. Hanboree ya3BUMOI OKa3bIBaeTCS HIKHSS IPaHULA JICCHOH PacTUTEIBHOCTH,
IJie U3BMEHEHHsI MOT'YT POM30MTH B TeueHue ommkaiimux 50-100mer.

22 QUU. pypwlhg wunud & 2. TJwphuiyub

Zwjwuwnwind Swnwpnijubph ghunpnnghwljut wowbdbtwhwwnlnipniuitpp
tnuwpwbdwb YEppt b vnnpht vwhdwbtkpnid

Guunwpyl] k Swnwpnyubph nwpuwsdw Jipht b uvnnphtt vwhdwittpnd wgh no
pkunpnubkwnnphly gniguthputiph hwdbdwwnwljub ntunidtwuhpnipni: 8nyg b wpygws,
nn dwnknph nt pthiph wép pun pupdpnipjut b puh (gnynih) wpwdwgsh YEphtt uwh-
dwinud qquihnpk phs L pwlt mwpwsdwi uwnnphtt vwhdwind: fuguhwjndws
twl, np wpwbdhtt mbkuwjubph mnnwdhq wwpwsdwh vwhdwtbtpp hwipwybnn-
prul mwppbp winwpwddwt wuydwubbtpnud wwppkp £ nopp yuydwbwynpdus L,
wnwohtt hipphi, nmyju mupuswopowith ghinunpdninghwljui b (kntwgpulju wowb-
Atwhwnlmpnitubpny: Upjuwwnwipnid pubwplynud i twlb Zujwunwih winw-
pujhtt Eynhwdwlwupgbph fjungbjhnmipjui hwpgbpp' wuypdwiwdnpdus Yihdugh Yub-
hmuwntuynn thnthnpumpiniutph wqpkgnipjudp: Unwyt] ungkjh E quuhwwngmd wii-
tnwnwjht pniuwljuinipjutt uinnpht vwhdwbp, npnbkn thnthnpunmpniaubpp jupnn B
nbkuwtih {huk] wpnkt wpwehlw 50-100wnwphubpht:

Corresponding member of NASRA Zh. Vardanyan

The Features of the Upper and Lower Limitsof Distribution of Woody
Plantsin Armenia

Comparative research of growth and dendrometricatacteristics of woody plants
at their upper and lower distribution limits is @orit is shown, that there is sensibly
lesser growth by height and diameter at the upgpet than at the lower. It is found that
the altitude limits of distribution for particulapecies in different forest conditions of
the republic are not similar, which is first of @lbnnected with geomorphology and
orography of the particular region. The issuestirgdato the vulnerability of forest eco-
systems of Armenia resulting from the predictabiena@te change are discussed too.
The most vulnerable is the lower forest limit, whican be affected by changes in the
following 50-100 years.
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