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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 Ne 2
Volume

MATEMATHKA

YK 517.986.23

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

O HEeKOTOPBIX IKCTPEMAJIBbHBIX CBOHCTBAX YACTHBIX HHACKCOB
TPEYroJibHbIX MATPUI-(PYHKIIU A

(IIpexncrasneno akanemukoMm A.B. Hepcecsrom 8/VIII 2014)

KiroueBble ciioBa: mpeyzonvuvie mMampuybl-QyHKYUU, Gaxmopusayus,
yacmuvle UHOEKCHl.

1. ITocTtaHoBKa 3amxauu. [lycte Q — orpaHWyYeHHAss KOHEYHO-CBS3HAS 00-
JIaCTh KOMILIEKCHOM mockocTr € ¢ rpanuneii I'. bes orpanndenust o0mHOCTH,

00Q . Huwxe MBI mpeanonaraeM, 9ro KOHTYp [ sBisieTcs kapiaecoHoBBIM. Kak
u3BecTHO (cM. [1]), B 5TOM Cilydae CHHTYISPHBIN WHTErpalbHBINA OmepaTop S,
OTIpeIeJICHHBIH 10 (opMyIie

107
(s¢)(t):—,j—( ) dr, tOr,
e Tt
IJI€ UHTETPal IOHUMAETCs B CMBICIIE IJJABHOTO 3HAYEHMS, SABJIAECTCS OIPAHUYCH-
HBIM B IPOCTPAHCTBAxX L, (I') 1< p<oco, ¥ TOPOKIAECT AHATIUTUUECKUE IPOEKTO-

ps P, =%(I +S). Paccmotpum Kiaccel (yHkumii L =imR, L, =imP +C.

Uepesz X" u X™" Oymem 0003HAYaTH COOTBETCTBEHHO MHOYKECTBO N -MEPHBIX
BEKTOPOB U MHOKECTBO BCEX MATPUII Pa3Mepa NXN ¢ KOMIIOHEHTAMH U3 X .

Mycts G,G*OLL"(I). B psime 3amau Maremariaeckoil ¢usnkn (cm. [2])
BOKHYIO POJIb UIPAET MPEJICTABIEHHIE

G=GAGH,

rie G, D(L*p)nxn, GjD(LE)nxn(qz p/( p—l)), oreparop GSG' orpaHdyeH B
HPOCTPAaHCTBE (Lp(r))” (meiicTBue S Ha BEKTOP-(PYHKIMIO MOHUMAETCH IIO-
KOMITOHEHTHO) U A(t) = diag(t’(l,...,t’(“),/(l,... K, 0Z.

OTO mpencTaBiIeHUE NPUHATO HA3BIBAaTh (haKTOpH3aLMEeH MaTpUIb-PyHK-

mun G, a yucna Ky,...,K, — €€ YaCTHBIMU MHAEKcaMu. B ckaysipHOM cityuae
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N=1 eIWHCTBCHHBII YACTHBIM MHICKC MPUHITO Ha3bIBaTh IPOCTO HHAECKCOM
¢ynkumu G. 3ameTuM, 4TO HAOOp YACTHBIX MHIECKCOB K :(Kl,...,Kn)DZn g

pernensercs ¢ TOYHOCTBIO JI0 TIEPECTAHOBKH €r0 KOMITOHEHT.
Jlist janHoro Y =(Xy,....X,)0Z" depes T(x) obGosHadmM Kiacc HIKHe-

TPEyroibHBIX MaTpuI-QyHKIHUK U3 Kilacca L’:”(F) ¢ (aKTOpU3yeMbIMU IHAro-
HaJIbHBIMU 3JIEMEHTaMH, HHIECKCHI KOTOPBIX PAaBHBI COOTBETCTBEHHO JX;,..., X, -
Kak n3sectHo (cM. [3], a Taxxke [2]), Marpuusl-dyrkuun u3 kiacca T(x)
JOMyCKalT (hakTopu3anuio. MHOXKECTBO BCEX BO3MOXKHBIX HaOOPOB YacTHBIX
MHIEKCOB MaTpul-GyHKumid u3 T()) oGosHaumm uepes A(x). MHOXeCTBO
A()X) MHBAapHAHTHO OTHOCHTEIBHO IEPECTAHOBOK, T.C. C KAXIbIM BEKTOPOM
kOA(x) muoxectBy A()) HNpHHANEKAT U BEKTOPHI, MONYYCHHBIC U3 K IIy-
TEM NEPECTaHOBOK €ro KOMIOHEHT. [TocKonbKy Y sBiseTcs HaOOPOM YaCTHBIX
MHJIEKCOB JIF000# auaronanbHoil Marpuuel w3 T (), To yOA(x) . TToamuoxe-
ctBo B muoxectBa A()) Gyaem HasbiBaTb Ga30BbIM moAMHOKeCTBOM A()),

€CITH MHOKECTBO BEKTOPOB, MOJTYYEHHBIX ITyTEM BCEBO3MOYKHBIX MEPECTAHOBOK
KOMIIOHEHT BektopoB m3 B, cosmamaer ¢ A(x). B [4] nana siBHas KOHCT-

PYKIIsE HEKOTOPOro 6a30Boro moaMHoxkecTsa A(Y), ¥ TeM CaMbIM pelicHa 3a-
naga onmcannst A(y).

n = < < — -

Has «kOZ" Mbl mojiaraeMm K, (K(l) ,...,K(n)) y THE Ky <...SK, KOM

ITOHEHTHI BEKTOPA K , YIOPSIOYEHHBIE 110 HeyObIBauuto. ['oBopsT (cM.[5]), uro

BeKTOp K JZ" MaxkopupyeTcsi BEKTOpOM X B cMmbicie Xapau — JlutnByma—

[oitst, m mumyT « < Y, eciu
k k

2K 22Xy k=Lo.n-1

i=1 i=1

2K =

X - 1)
i=1 i=1

B [3] (cm. Takske [2]) nokasamo, uto ecin K JA(x), T0 & < x . Takum oGpasom,
CHpaBe MBI BKITIOUEHHS

E(x) 0 AX)OM(x),
rae M () —MHOKECTBO BCeX BEKTOPOB U3 Z", MaXOPHUPYIOIIUXCS BEKTOPOM
X, a E(X)— MHOXeCTBO BCeX BEKTOPOB, HOIYUYCHHBIX M3 X IEPECTAHOBKOIL

€TI0 KOMIIOHCHT.
B Z[aHHOﬁ pa60Te MbI OIIMCBIBAEM MHOXKECTBAa BECKTOPOB X, AJId KOTOPBIX

CIpaBEIIINBO OJHO U3 PaBEHCTB A( )() = E( )() ) A( )() =M ( )() . OT™MeTuM B »TOMU
ces3u pesynsTar W. 11, Tox6epra u M. I'. Kpeiina (cm. [6], a Taxxe [7 - 9]), co-
IJIACHO KOTOPOMY IIPH X, =...2 X, uMeeT Mecto paeHcTBo A(x)=E(yx).

OcHOBHBIE Pe3yNbTaThl pabOTHl MpUBEACHHI B ceKIMsAX 3 u 4. OHH OCHO-
BaHbI Ha pe3ysibTatax pabotsl [4]. Cekips 2 SBISETCS BCHIOMOTaTeIbHOM.
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2. IlpeaBaputeiibHbIe pe3yjbTaThbl. [lycTh )(=()(1,...,)(n )DZ” u A=

={1...,n} . PaccMOTpHM MHOXECTBO
D()()={(i,j)DA><A;i >iX X, 22}
u npoekunn 75:D(x) - A, m:D(x) - A, onpenencHHbE pPaBEHCTBAMH
q((i,j))=i , 772((i,j))=j . JUist Iaphl BEKTOPOB Y W K =(K,,...,k, )OZ" BBexeM
MHOKECTBA
D, , ={(i,j)DA><A;i > > K 2K, >)(j} ,
A, ={i0nk < x}.

Hamomuum (cm. [4]), uto Bektop K T -Maopupyercs BEKTOPOM )((K-T< )(),
)=4

U ecad I JIF000ro

eciaM UMEIT MecTo paBeHcTBa (1), ITZ(D .

KX
noamHokecTBa @, [1 Q, crnpaBemimBo HepaBeHCTBO

Yla-x)s X (x-k).

jCo, 07D, N75*(e))
Byznem rosoputs, uto Bektop K Q -Maxkopupyercs BEKTOPOM Y , ECIH MMEET
MecTo paBeHCTBO (1) 1 cripaBe MBI HEPABEHCTBA

k k
Y k=Y x, k=1..n-1.
i=1 i=1

[lycte S,— rpymna nepectaHoBok MHoxkectBa A. Uepes Sq( D, )() o6o-

3HAYMM MHOXKECTBO BCEX IIEPECTAaHOBOK O[S, a1 KOTOPBIX (i,j)DDKY p
Bieder o *(j)<o7(i)

CrpaBe UTUBBI CIIEAYIONIHE TEOPEMBI.

Teopema 1. Bexmop K T -madscopupyemes éexkmopom X mo20a u moivbko

moeoda, koeda O01a 000U NepecmanosKu UDSH(DW) eéexmop  K' =

= (Ko(l)""’Ko(n) ) Q -mascopupyemces eexmopom x' = ( Koty Xofn) ) .
Teopema 2. [Tycmo K, X UZ u K?)(. Tocoa K < X .

Teopema 3. [Iycmo K, X OZ" .Ecu x=x,, k=K, u X <K, mo KX

U3 TeopeMbl 2 B YaCTHOCTH CIIEJyeT HE3aBHUCHMOE OT [3] J0Ka3aTenbCTBO
BKJIFOUEHUSA A( )() oM ( )() .

Jlnst eicTBuTENBHBIX Yrcen a W b(a<b) gepes |(a,b) oGosHaumM MHO-
JKECTBO LIE/IBIX HCEI, ISKALMX B oTpeske [a;b], a uepes F(a,b) (a=2,b>2)
— MHOKECTBO Map HENbIX gucen K, K, , yIOBIETBOPSIONMX CHCTEME HEPABEHCTB
ok +k <a, k+2k<b.

Crenyromasi TeopeMa JiaeT siBHOE olmcanue MHOxectBa A(y) mpu n=3,

OTJINYHOE OT IpeIokeHHbIX paHee B [9] u [10].
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Teopema 4. ITycmo x = (X,, X, X5) OZ° . To20a

a) ecau D( )() =0, mo mHOdNCECm80 { )(} sa6715emcst 6a308bIM NOOMHOJICE-

CmMeom A( )() ;

b) ecnu D { } , MO MHOXNCECMBO BEKMOPO8 {( Xo+tkox, =k, )(3);
kO I } A6/151emcst 6A308bIM NOOMHONCECMBOM A( )()

C) eciu D(y { } MO MHOJICECMB0, COCMOosiee U3 6eKmopa X U Gex-

mopa X' = ( Xt x,, )(3—]) , s6jemcs 6a308bIM HOOMHONCECTNEOM A( )() ;
d ecm  D(x) :{(3; 2)} ., MO  MHOICECMBO {()(1,)(2 +Kk, x;—K);
kOl (0;( Xa— )(2) / 2)} s61s.emcst 0a308biM NOOMHONCECBOM A( )() ;

€)eciu D ( )() ={(2;1) ( 3;:])} , MO MHOICECNBO BeKMOPO8 8UOA

=()(1+k1+k2’)(2_k1v)(3_ kz)- (2)
20e
(ke k) O F O = Xaoxs=x)U{(k:0) s kD (= X # (X 74 ) 1D} (3)
AenAemcs 6a306blﬂfl nOdMHO.’)fCGCWl@OM A()() X

f) ecau D()() ={(3,1) ( 3, 3} , MO MHOJICECMB0 6EKMOPO8 U0
K=()(1+ml,)(2+I’T12,)(3— m- ﬂ}), (4)

20e
(M. m) 0 Fa= X Xe= X )U{(0m)s mO (X x i+ Hx s x )12} (5)
aenaemcst 6a308biM NOOMHOHCECTNEOM A()() X

Q) eciu D( )() ={(2;1) ( 3;]) (3; } , MO 00beOUHeHUe MHONCECME 8eKIMOPO8

suoa (2) u (4), 20e uucna K, K, onpeoersromes coomnowenuem (3), a uucna
m, m— coomnowenuen (5), sasisemcs 6azosvim noomnoxcecmeom A(x).

3. MuHuMAaIbHOE §230B0€ MOAMHOKeCTBO. CIpaBeNIMBO CIEAYIONIee YT-
BepIKJICHUE.
Teopema 5. Muooswcecmso, cocmosuee uz 00H020 1emenma X , A1Aemcs

0a306bIM NOOMHOICECMBOM A( )() mo20a u MoJbKo mo20d, Ko20ad MHONCECMEO
D( )() nycmo. Hnvimu croeamu, 051 GbINOJHEHUs PABEHCMBA A( )() = E( )()

HEeobxXo0uUMo U 00CMAmMoyHo, YmooObl D( )() =0.

3amerum, uro ycnosue D ( )() =[] >KBHMBaJEHTHO TOMY, 4TO IJIS JHOOOr0O
] D{l,... n —]} u ams 1oboro SD{l,... ,n— j} CIpaBeJIMBEl HEpPaBEHCTBA
Xiws S X;+1. B 4acTHOCTH, 5TOMY YCJIOBHIO yJOBJETBOPAIOT BEKTOPHI C HEBO3-

pacTaomyMi KOMIOHEHTAMH ), =...2 X, , B COOTBETCTBHHU C BBIIICYKa3aHHBIM
pesynbpTatoM U. 1. I'ox6epra, M. I'. Kpeiina.
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4. MakcumaibHoe 6a30Boe NOAMHOKeCTBO. [l Kakaoro x=(x,,...,x,)0
OZ" onpenenuM MHOXECTBO
D_()()={(i,j)DA><A;j <i,x,-xz 2} .
Teopema 6. [Tycmok, xOZ" , D_(x)=0 u k< x.Tocoa «OA(x). Hnvi-
Mu cnosamu, 6 caywae D_ ( )() =0 cnpasediuso pageHcmeo A( )() =M ( )() .

VYcnosue D ( )() =0 3KBUBAJICHTHO TOMY, YTO JUISI IIOOOTO | D{l,... N —]} U
st JTF000TO SD{l,. .,N- J} CTIpaBe/UTMBB HepaBeHCTBAa )Y, 2 X; —1. B
YaCTHOCTH, 3TOMY YCJIIOBHIO yJIOBJICTBOPSIOT BEKTOPHI C HEYOBIBAIOIUME KOM-
MOHEHTAMHU Y, <...< X, .

Crnenymoliee yTBEpKICHHE yTOUHSET TeopeMy 6 B cirydae N = 3.

Teopema 7. Ilycmo )(=()(1,)(2,)(3)DZ3. g mo2co umobvl umeno mecmo
PaseHcmeo A( )()= M( )() HeoOX00UMO U 0OCMAMOYHO, YMOObL GLINOIHALOCH
00HO U3 CNIeOYIOWUX MpeX YCL08UIL.

a)D_(x)=0;

b) xi=xs=x,+2;

C) i=Xs=X,=2.
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K. B. Apytionsin, A. I'. Kamansan, M. M. CniuTkoBcknii

O HeKOTOPBIX IKCTPEMATBHBIX CBOHCTBAX YACTHBIX HHAEKCOB
TPEeYroJabHBIX MATPHUI-(PYHKIUH

PaccmarpuBaeTcsi MHOXKECTBO HAaOOpOB HYaCTHBIX WHAEKCOB HIDKHETPEYTOIBHBIX
MaTpUI-QPYHKIMHA, JHATOHANBHBIE 3JEMEHTHl KOTOPHIX (haKTOpm3yeMbl C HHIEKCaMH,

paBHBIMEH KOMIIOHeHTaM BekTopa X [Z". YkazaHHOE MHOXECTBO A( )() COJIEPIKUT
MHOKECTBO E( )() BCEX BEKTOPOB, IMOJIYUYEHHBIX U3 Y II€PECTAaHOBKOM €ro KOMIIOHEHT,
U COZIEPKUTCS B MHOKecTBe M ( )() BCEX BEKTOPOB, MAYKOPHUPYIOIIUXCS BEKTOPOM Y .

Halinens! ycnmoBuss Ha )Y, oOecleyMBaIONINEe OJHO W3 PaBEHCTB A( )()= E( )(),

A(x)=M(x).
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Y. q. Zupnipjntiyui, U. 2. Ludwjjul, b. U. Ughulnduljh

Bowljniup dwwnphg-pnrtujghwikph dwwbwynp hinkpuitph npny
Epunpbdw) hwnlnipnibibph dwuht

Thuwpyynud B vnnphi-bowblnith  dwwnphg-$pniuyghwkp, npnug wilyne-
ttwgdughtt nwppbpp dwlinnphqugyny ko ¥ OZ" JEyunnph Yndyniknibpht hwjw-
uwp hugkputitpny: Ujg nuup htwpuwynp dwubwynp hugbpubph A( X ) puqunipniup
wupnitwynwd £ ¥ JEjunph ndyntktntubph wknuphnnipjut dhengny unwugdus
E( X ) JEYwnnputph puqunipinibp b pingpyws £ ¥ JEYyunnpny dwdnpugyny M ( X )
JEhunputph puqunipjut dke: Fntidus tu X -h Ypw wuydwbubkp, npnip wwjwhnynud

kb A()() = E()() , A()() =M ()() hwjwuwpniudubphg dbyp:

K. V. Harutyunyan, A. G. Kamalyan, |. M. Spitkovsky

On Some Extremal Properties of the Partial Indices of Triangular
Matrix-Functions

The set of tuples of the partial indices of lowaatigular matrix-functions is
considered, diagonal elements of which are fadbig with indices equal to the

components of the vectgy 0Z". The mentioned se&\(x) contains the seE () of
all vectors obtained frony by permuting its components and is contained @ gt
M ()() of all vectors majorized byy. The conditions ony under which

A(x)=E(x) or A(x)=M(x) are obtained.
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p2UB8UUSULP ¢PSNAPESNARLLENMrR URAQGUSPL
UuUTrtUPU HANUOHAIUBHASA AKAJEMMSIA HAYK
APMEHMNN

NATIONAL ACADEMY OF SCIENCES OF ARMENIA

A OKUJAIBI 2a5uNpPp3suvEr REPORTS
ZV“T‘F,“JP 115 2015 No 2
MATEMATUKA
VJIK 519.6
®. A. Tanansan

00 oxHOM Teopeme U3 TEOPUN PABHOMEPHOTO
pacnpe/ejieHUs1 Mocjie0BaTe/ILHOCTEN

(Mpencraneno akagemukoM H.Y. Apakensinom 21/1 2015)

KuloueBble c1oBa: pagromepHo pacnpeodeientble nocied08amenbHOCHU.

HW3Becren crnenyrommii pesynsrart ([1], Teopema 2.6).
Teopema 1. ITycmv nocnedosamenvnocms x,, N=1,2,...., pagnomepHo pac-

npeodenena Ha [O:I] . Toeoa umeem mecmo pagencmeo
Iir?swupn|>g“1 - X|=o.

B monorpaduu [1] manHas TeopeMa BBIBOAUTCS Kak CICACTBHE W3 KpPHUTE-
pus Beiina u omHO# TayOepoBoit TeOpeMbI Xapau.

B HacTosiieit 3ameTke JaeTcsa HOBOE MPOCTOE JOKa3aTEIhCTBO YKa3aHHOU
TEOPEMBI, OMUPAIOIIEECs TOJBKO Ha OMpECICHUEe PaBHOMEPHOU pacipeeIcH-
HOCTH M HE HCIOJB3YIONIEe HUKAKUX BCIIOMOTATeIbHBIX (akToB. [Ipu 3Tom
MPEJIOKEHHBIN METO/I TIO3BOJISIET pacCCMaTPUBATh CPa3y MHOTOMEPHBIN Clydai.

B koHIIe OyeT mokazaHo, Kak MOXHO TIEPEHECTH TOT K€ Pe3yIbTaT Ha CIIy-
Yaii MHOTOMEPHBIX IMOCIIE0BATEIBHOCTEH C aCHMITOTUYCCKON (DyHKIMEH pac-
npenenenns ([1], c. 63).

B nanpHefiem OyzeM Moib30BaThCS CIEAYIONIIMHA 0003HAYEHUSIMHU.

[Mycte s=1— HaTypanbHOE YKCIO, S-MEpPHBIC BEKTOPHI OYAYT 0003HAYCHEI

uepes @, b, X, X uT. 1.
Ecn a=(a,...a), b=(R,..R) npuuem a <h mis Bcex i=1,..s, TO

qepes [a, B) 0003HaYMM S-MEpHBII MOIYOTKPHITHIA ClipaBa MHTEpBaJ, OIpe-
JleIeHHBIi Toukamu @ u b, T. €.
E b)={xX=(%,... x):a< x< b, EL..}
Hanee, ecnu r — ACHCTBUTENBHOE YHCIIO, Yepe3 T 00O3HAYMM S-MEpHBIN
BEKTOP, BCE KOOPIMHATHI KOTOPOTO paBHHI I . Takum oOpa3zom,
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52(0, 0, 1= ( L) @:@ _;j T

Ectn XOR u FOR, 1o uepes |X| u |F| Gyayr oGo3HAYeHBI MOJYIb
BEKTOpa X M, COOTBETCTBEHHO, S-MEpHBIIt 00beM F (€cii OH CyLIeCTBYET).

Haxkouerr, ecnmu F O R®, X, D[f),_l), i=1,2,.. u N — HarypaabHOE YHUCIO,
TO, ciemys [1], uepes A(F; N; (X])) wm npocro A(F; N) o6o3saunM Kou-
4eCcTBO YWIEHOB X, ¢ N< N, npuHaanexammx F .

CrpaBeminBa ciiemyromnas

Teopema 2. ITycmo nocredosamenvrocmo (X,) pasnomepro pacnpedenena

HA S-MEPHOM OUHUUHOM KyDe [5, 1) . Toz2oa

limsupn|x,,, =% |=c.

Joxa3zareasctBo. [Ipeanonoxxum odparnoe. [lycts
nx.,-%|<C n=12..,C>0 (1)

O0603HaYMM 17151 KPATKOCTH

o]} a+[ol )} <o)+ retmam

rie \ — 3HaK TeOPETHKO-MHOKECTBEHHOM Pa3HOCTH.

OdyeBuaHO, F COCTOWUT M3 KOHEUYHOTO YHCIa MTOTAPHO HETePEKPHIBAIOITIX-
cs S-MEpHBIX CerMeHTOB. CIIeIOBaTEIILHO, 110 YCIOBHIO TEOPEMBI BBITTOTHICTCS
PaBEHCTBO

AEN g @)
BBI6epeM HaTypa.TIBHOC quciio no Tak, ‘-IT06I>I BBITIOJIHSJIOCH HepaBeHCTBO
1
X.-X|<——= mpu n=n,. 3
% = %| o P n 3)

Iycte (n) — GeckoHedHast CTPOro BO3PACTAIOMIAs [OCIEAOBATEIBHOCTD
HOMCPOB, IJIs1 KOTOPBIX

nzn, n X Ol 4)

Jlns kaxaoro i 0003Ha4YM 4yepe3 M HauMeHbIllee HaTypajbHOE YUCIIO, IS

KOTOpOTO )_(,\er He npuHaanexut J . Torma

- 1
Xyl 20 (5)
u
I R A
|X"+J|EZ’ j=1,..m -1 (6)
Kpowme Toro, B cuiy (3) u (6) umeem
Koo | <Kot #[Rpe = |<1+i<—1. @)
+m n+m-1 n+ m HeR e 4 8\/§ 2
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W3 (6) u (7) cnenyer, uro X, UK ans Becex j=0,1,...m, OTKyja ciemyer
PaBEHCTBO
A(F;n+m)= AFEnp), i=12,.. (8)
Jlasiee, U3 OUYEBHIHOTO HEPABEHCTBA
‘Ymm‘s X, +‘7(n+1 _T(n‘ +"'+‘_)$1+ m” X im'l‘
B cuny (3) u (5) momyunm

- - - - - — 1
R R[Sl 2P M2 gm 7 ©
Teneps u3 (1) u (9) moxyuum

m_C>E+.“+—C Zi
nn 7 on+m-1"8/s
)50)8%8
m, 12 10
n  8Cys' (10)

(3ametnm, uro u3 (10) cnenyer limm =c).
B cuny (8) u (10) Oynem umetsb
A(Fn+m)_ AFD)_ARD n _
n+m n n n+m
_AFN) 1m AR L
N4+ 0 N 1+
n 8C+/s

[IpeebHBIM TIEPEXOIOM TIPH | — 00 OTCHOJA OTyIUM
1
|F|<|Fl——.
1+ L
8C+/s
4ero He MOXKET OBbITh, TaK KakK y Hac |F| >0 u C>0. Takum 00Opa3zom, peIo-

noxenre (1) mpuBogut K mpotuBopeunio. Teopema 2 qoka3aHa.

Teneppb nepeiifieM K pacCCMOTPEHHUIO TTOCIEA0BATENBLHOCTEN C HEMPEPHIBHOMN
ACHMITTOTHYECKON (DYHKI[MEH pachpeieieHUs] MHOTHX TEepeMEHHBIX (Ciaydaid
OJTHOW TTEPEMEHHOH JIETKO CBOAMTCS K CITy4ar0 OOBIYHOM paBHOMEPHOM pacripe-
JETICHHOCTH).

O06o03HaunM yepe3 G Ki1acCc HEMPEPHIBHBIX MOHOTOHHBIX (VYHKIIMMA, 3a7aH-

HBIX Ha [ﬁ,ﬂ ,g(_O) = 0,9(_]) = 11 06JaJaI0MUX eIle TEM CBOWCTBOM, YTO 00-
7acTH

{XD[(),_l) :9(%) 2 [}
ABISIOTCS KBAIPHPYEMBIMH.

MOHOTOHHOCTh (DYHKIIMH MHOTHX IIEPEMEHHBIX MbI TIOHUMAEM B CMBICIIE
IOnra ([2], c. 347).
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Omnpenenenne. ITycts gOG u (X,)— HEKOTOpasi IIOCIEIOBATEIBHOCTD TO-
qeK [5,1). DyHKIMI0O ¢ HA30BEM AaCHMIITOTHYECKOH (YHKIHMEH pacmpee-
nenust 1ot (X)), ecau st kaxaoro a (0,1

Ao na(s)

im

N_ow N
Amnanor TeopeMbl 1 MMeeT MECTO TaKXkKe JUIsl MOCIEN0BATENBHOCTEN C

ACUMIITOTHYECKON (DYHKIIMEH pacIpeleieHUss B CMBICIIE MPUBEICHHOTO OIpe-
NeeHs. A IMEHHO, CTIpaBe/INBa

=a. (12)

Teopema 3. Ilycmo (X,) — nociedosamenvrhocms mouex [5,_1) u gOG
AGNACMCA acumMnmomuyeckotll gyuxyuetl pacnpedenenus s (X,). Tozoa ume-
em Mecmo pageHcmeo
"”n‘iUp”|g(7%+1)‘ (%) =c.
Joxa3zareasctBo. [Ipeanonoxxum obparnoe. [lycts
n|g(%..)- o(%)|< G rF1,2,..; G 0. (12)

BribepeM HaTypanbHOE YUCIIO N, Tak, 4TOOBI

9(%.)-9(%)<g mm nzn, (13)
HYCTI: N — CTpPOro BO3pacTaromas OecKkoHeuHas oCJICAOBATCIIBHOCTh Ta-
Kasl, 9TO
n>n wog(%)<y (14)
HYCTI: JJI1 KaXKI010 i M —HaAaUMCHBIICC HATYPAJIbHOC YUCJIIO, AJIA KOTOPOI'O
g(X“m)zi. (15)

Ucnonb3ys cootnomenus (12)—(15),c moMoIpio Tex e paccykIcHHH,
KOTOpBIC OBLTH MPUMEHEHBI TPH JI0Ka3aTeIbCTBE TEOPEMbI 2, MbI TIOJIyIHM CO-

T anentn)- (2ot )

KOTOpBIE, Kak MMOKAa3aHo BHIIIE, IPUBOJAT K MPOTHBOpeuHio. Teopema 3 noka-
3aHa.

Wuctutyt matemaruku HAH PA
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®D. A. Tanansau

OO0 onHoOIi TeopeMe U3 TEOPUH PABHOMEPHOTO
pacnpeneieHus Mocjaen0BaTebHOCTel

IIpuBoAMTCS HOBOE MPOCTOE AOKA3aTEIbCTBO OAHOM TEOPEMBI U3 TEOPUU PABHO-
MEpPHO paclpelieNIeHHbIX MocaenoBarensHoctel. [Ipu aToMm npeiaraeMslii METOA MO3-
BOJISIET 00001IaTh YKa3aHHYIO0 TeOpeMy Ha MHOTOMEPHBIH Cilydall M Ha ciiydail rmocie-
JIOBaTEIbHOCTEH C aCHMIITOTHYECKOH (DYHKIMEH pacipeaeeHus.

5. U. Bwjujyui

Zuwjuwuwpusuth puohjud hwonpyuljuinipniuutph
ntunipjui vh pinptvh dwuh

PhpYnud E hwjuuwpuwswth puojuwgws hwonppuljuinipjniititbph wbkunipjub dh
phnpbiuh yupq wywgnyg, npp htwpwynpnipnit £ wnwjhu nwpwsknt tpdus phnpk-
Up puquuswth, hsybu bwlb pupjududnipjutt wuhdywunnhly $niujghw nivkgnn hw-
onpnuljutnipniiibph Ypu:

F. A. Talalyan

On a Theorem of the Theory of Uniform
Distribution of Sequences

A new simple proof is given for a theorem from theory of uniform distribution
of sequences. The presented method provides gea¢ii of this theorem both to
multidimensional case and for sequences with asytieftinction of distribution.

Jluteparypa
1. Keunepc JI., Huoeppetimep I'. PaBHOMEpPHO paclipeaeieHHbIe MOCIIea0BaTeIbHO-

ctu. M. Hayka. 1985.
2. Hobson E. W.The theory of functions of a real variable. Neark. 1927.
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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 2
MATEMATHUKA
YK 517.1
C.JL. Toran

O nemokpaTnueckux cucremax B L, (0,)’

(IIpexacrasneno akagemukom I'. I'. 'esopksrom 23/IIl 2015)

KiaioueBnle cioBa: MHOCOMEPHAA cucmema Xaapa, deMOKpamuquKaﬂ
cucmema.

IMycts W ={y,} — HOpMHpOBaHHas cHCTeMa B GAHAXOBOM IPOCTPAHCTBE

X. dnsa 11006010 KOHEYHOrO MHOXECTBA HaTypanbHBIX unucen AL N ompezne-
JIUM CIEAYIOMYIO (PYHKIHIO:
fA:Elme

B O6H_I€M cJIydyac HOpMa (byHKLII/II/I fA 3aBHCUT HC TOJIBKO OT MOIIHOCTH MHO-

)KecTtBa A , HO ¥ OT KOHKPETHBIX €€ 3JICMCHTOB. O,Z[HaKO JICTKO 3aMCTUTh, YTO B
cJIydyac, Koraa X sBIIsIeTCS FI/IJ'H:;6epTOBI>IM MIpoCTpaHCTBOM, a W OpTOHOpPMHU-

poBaHHoii cucTeMoii, Mbl umeeM | f,||=V#A , 1. e.nopma | f,| He 3aBucur ot

3HAYCHUI 3JIeMEHTOB MHOXecTBa A . B pabote [1] BBeZieHO MOHSITHE JEMOKpa-
THYECKUX CUCTEM, & IMEHHO
Omnpenenenue 1. Cucmema snemenmog W ={(//n} Ha3vigaemcs 0emMoxpa-

muyeckou cucmemou ¢ X, eciu cywecmsyem uyucio C=1 maxoe, umo coom-
Howenue

[tal=Cltel @
BbINONIHAECMCSL OIS II0OBIX KOHEUHBIX MHONCECE HAmypanbhulx uucer A u B ¢
#A=#B.

Wrtak, ©MeeM, 4TO BCsKasi OPTOHOPMHUPOBAHHAS B THIILOSPTOBOM TIPOCTPaH-
CTBE CHCTEMa SIBIISICTCS TAKXKE JEMOKPATUIECKO# cucteMoii. OTMETHM, YTO MO-
HSTHE JICMOKPATHYECKUX CHCTEM TECHO CBSI3aHO C TEOpHEH HETMHEHHBIX arl-
MPOKCUMAIIUi, TOYHEE C KaTHbIMU anroputMamu. B paborte [1] nokazano, uTo
KaJIHbII aJITOPUTM MO0 HEKOTOPOMY 0a3ucy 00ecIieunBaeT OUCHb XOPOIIYIO CKO-
POCTh CXOIMMOCTH TOT/Ia M TOJBKO TOTJA, KOTJa 3TOT Oa3uc sBisieTcs Oe3yc-
JIOBHBIM 0a3MCOM M JIEMOKPATHIECKOHW crcTeMoil. Jlpyrue cBoiicTBa I JEMO-
KpaTHYEeCKHUX CHCTEM ITOJIy4eHBI B pabote [2].

B pabotax [3] u [4] onmcaHbl Bce MOICHCTEMBI CHCTEMBbI Xaapa, KOTOpbIE
SIBISIIOTCSL. AeMokpariaeckumu cucteMamu B L (0,1). B nanHoii paGore MbI
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000011aeM 3TOT pe3ysbTaT Ha MHOTOMEPHBIH cirydail. HamoMHNM ompenencHme
MHOTOMEpHOU cucTeMbl Xaapa.
IIycts D, — MHOXECTBO BCEX MABOMYHBIX HHTEPBAJIOB JUIMHBI 2", a

DY =D, x...xD, — MHOXECTBO BCEX JBOMYHBIX KyOOB JUMHBI 2" . T10N0KHM
take D =U Df .
[Mycre j=00,...0, — IBOMYHOE pasioxenue umcna 1<j<2'-1 wu

X:(Xl,Xz,...,Xd)D[O,])d . O603HAYNM
W (%) =1, (x) &, () 0. O (%),

1, tD{Oij ,
2
-1, tD[l,lj.
2

Kaxomy =1, x1,%x..x1, =[a,b)x[a,b,)x...x[a,,b,) 0D u

rac

R(t)=1 ur(t)=

j000,...0, cooTBETCTBYET clieayromas pyHKIHUI U3 CUCTEMBI Xaapa.
hl(l)(x) — 2ndh(i)[xl_ai ’”.,Xd &y ] )
b-a b, —ay

MHoromMepHol cUCTeMON Xaapa Ha3bIBACTCSI MHOXECTBO (DYHKI[HI hl(’)

COBMECTHO C (pyHKITHEH t’\(g)l)d =1. 3HaueHus (QYHKIUH B TOYKAX pa3phiBa IS

HAc He CYIIECTBEHHBI, [I03TOMY MbI HX HE IPUBO/IHM.

B Hacrosiiiet paboTe [oKa3bIBaCTCS CIACIyOMas TeopeMa.

Teopema 1. Ilycmv umeemcss mMHOICECMBO OBOUUHBIX KYDO8 {In} . Tozoa
o)

} 56/15emcsi 0eMOKPAMUYeCcKol Cucmemoil 8
j=1
=1

MHOHCECMBO DYHKYUL {{ hl("j)}
I_l(O,l)d moeoa u moavko moada, kKoeda cywecmsyem Hamypaivhoe yucio N
makoe, 4mo u3 10bou nociedosamenvHocmu 0gouynvix Kyoose J, 03, 0...0 J,
C/J(Ji ) =2¢ /J(JH) ona i=2,3,.. N cywecmsyem no kpatinei mepe 00uH .e-
Menm, komopulii He npunadnesicum{1} .

3aMeuyanue. KoHeyHoe KOIMYECTBO DIIEMEHTOB HE MOJKET MOBJIMATH Ha
CBOMCTBO JEMOKPATHYHOCTH CHCTEMBI, ITO3TOMY I YA0OCTBAa B JATBHEUIITUX

pacCcykKIeHUAX MBI OyZeM MpeArnojiararh, 9YTO JBOUYHBIA KyO [O,:I.)d OTCYTCT-

BYET B HabOpaxX ITBOMYHBIX KyOOB.
Jlyis nokazaTenbCTBa 3TOM TEOPEMbl HaM ITOHAIO0SATCS TPHU JIEMMBI.

Jemma 1. Ilycmo umeromes ¢pyuxyus f O Ll(O,l)d u osouunwviti kYo | . Toe-
da
I, =[c”]

ons cex 1< j<2* 1.
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Jloka3zaTebCTBO. 3aMETHM, UTO

0= ()] £ (RO (w)et]= () £ (R0 (< ()] =11,
Jlemma 1 nokazaHa.
Hast mo6o#t pyrkmuu f O Ll(O,l)d W IBOMYHOTO Ky0a | TMOJIoKuM

M1 .
I:)I ( f ) =f _ij Zj:l ng)hgj) .
Jemma 2. [Ilycmv umeemcs Gynxyus 0O I_l(O,l)d , 01  KOmopou

max, ,|c!/

< 1. Toeoa onsn 1106020 06ouuno2o kyda I umeem mecmo credyrouee

COOMHOUICHUE.
| <1.

[ (),

Joxka3zarenscrBo. Ilycts ,u(l ) =2, 3amerum, uto QyHkuus P ( f) 1o-

CTOSIHHA HA MHOXECTBE | , a a0COIOTHOE 3HAUCHUE ATOM BEITMYUHEI HE IIpEBOC-
XOOUT YHUCIIO

(2 —1)(1+ PP+ é”'l)d)z o A
[TosTOMy MeeM, uTo "PI ( f )"I < 2™ H/(I ) =1. Jlemma 2 noka3ana.
Iycts nmeercst Ha6op aBomdnbx kyGos {1} u | O{! } . O603Haumm depes
K(I ) caMblii MaJICHBKHH ABOMYHBIA KyO, KOTOpPBIA COACPKUT B cebe | wu
KOTOpBIN HE COAECPIKUTCS B MHOXKECTBE { In} .

Jlemma 3. [lycmb umeemcss KoHeuHOe MHONCECMBO OBOUYHBIX KyOOG

{Js}m d { I n} , 20e {In} yoosaemeopsiem yciosuim meopemot 1. [lanee, nycmo

_ (a3 ={K (0)- 9012}

Tozoa

m m
#({Js}szl) 2

Jl0Ka3aTenbCTBO 3TOM JIEMMBI HEIIOCPEICTBEHHO CIENYET W3 ONPEICICHHUS
S ~
K ({ JS} s:l) U YCJIIOBUH JIEMMEL.
Jloka3aTe/IbCcTBO TeopeMbl. Heobxooumocme. IlycTh ycoBUue TOEpeMbl HE
BBITIONTHSIECTCS. J{J1s Mpon3BoIbHO 60bIIoro M mooxum N = (2d —1) M u BbI-
GepeM MHOKECTBO aBoMYHBIX KyGoB J, 0J,0...0Jy ¢ 4(J)=2"p(J,) ms

i =2,3,..,N. Jlerko mpoBepuTh, 4TO

M 29-1
ZZth <2,
i kel

HO
el
;hJ‘ >7.

310 03HayaeT, uTo ycioBue (1) He MOXKET BBITIOJIHATHCS HU IPU KakoMm C .
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Hocrarounocth. Ilycth yciioBue Teopembl BhiMoJiHAeTcs. Jlanee, MycTh
m v
MMEETCSI MHOKECTBO JBOWYHBIX KyOOB {JS} o, (KQOKIBIH MOXET MOBTOPATHCS,

HO He Gonee yeMm 2° -1 pa3). [To uaaykuuu mo #K ({ JS} :;1) C UCIIOJIB30BaHUEM

semMM 1-3 JIETKO MPOBEPUTH, UTO IS JHOOBIX YUCeN 1< j ,j,,...,j, < Z' — 1 6yaer
UMETbh MECTO CIIEYIOIIEE COOTHOIIECHHE!

i h\(]»jl)

i=1

m
22—,

2Nd
Ho ¢ apyroii cTOpoHbI, COTJIACHO HEPABEHCTBY TPEYTOJIbHUKA UMEEM, UTO

N i)

T. €. ycnosue (1) Bemonnsiercs npu C =2V, Teopema 1 nokasana.

<m,

Wncturyt marematuku HAH PA
e-mail: gogyan@instmath.sci.am

C.JI. Torsin
O nemMokpaTuyeckux cucremax B L,(0,1)°
Ormnrcanbl Bce MHOXECTBAa JIBOMYHBIX KyOOB {In} , JUISI KOTOPBIX ITOJMHOXECTBO
{hl(nj)} MHOTOMEPHOW CHUCTeMbI Xaapa SIBISIETCSI JEMOKPATHYECKOM CHUCTEMON B
L(09)".
U. L. Q@nqul

L,(0,9) -nud pinypunnhl hundwlwpgbph dwuht

Ljwpwgpdws tu pnnp Epynuuljut junpwbwpnubph {ln} puqunipnibiibpp,
npnig hwdwp Zwwph puquuguth hwdwlupgh {h|( nJ)} kupwpuqunipniup Ll(O,l)d -

nud nunpunhy hwdwlwpg E:
S. L. Gogyan

On Democratic Systems inL, (0,)’

All sets of dyadic cube{sln} are characterized such that the subsysﬁe}:ﬁ} of

the multivariate Haar system is democratic systaeml(o,l)d .
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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 2

MEXAHHUKA
VJIK 539.3

3. H. 1anosiH, JI. A. Atosin, C. JI. Caaksan

D1eKTPOMATHUTOYNIPYTHe NMOBEPXHOCTHBIE BOJIHBI B CJIOUCTBIX
Mbe30aKTHBHBIX CTPYKTYPAaX NMPH HAJTHYUH FJIEKTPHIECKOTO
(MarHMTHOT0) IKpaHa

(ITpencraeneno akagemukoM I'.H. Barmacapsom 27/1 2015)

KiroueBnle ciioBa: nbe30vjIeKmpu4decKkas cioucmas cpe()a, INIEKMPOMACHU-
moynpyeas 60JIHA, 3ﬂekmpuquKuL7 IKpAH, NOJIHbLE YPAGHEHUS Maxcsenna.

1. Beenenue. Ilpennaraemast pabora siBIsi€TCS UCCIIENOBAaHUEM IO BOIPO-
caM CYIIECTBOBAaHUS U PaCIpPOCTPaHEHHS MOBEPXHOCTHBIX BJIEKTPOMAarHUTOYII-
PYTHX BOJH B CIIOMCTBIX NBE30aKTHBHBIX CPEAax C JJIEKTPHYCCKHM (MarHuT-
HBIM) JKPaHOM B JMHAMHYECKOW IOCTAHOBKE, YTO O3HAYACT HCIOJIb30BAHUE
MOJIHBIX YpaBHEHUI Makcsena.

W3BecTHO, YTO MOBEPXHOCTHHIE BOJIHBI HAXOIAT IIMPOKOE NMPUMEHEHHE B
TEXHUKE, B YaCTHOCTH, B yCTPOICTBaX XpaHEHUs, 0OpabOTKH U Nepeladd UH-
¢dopmanny, ciiegoBaTelIbHO, HCCIEJOBaHUE MOBEPXHOCTHBIX 3JIEKTPOYIPYTUX
BOJIH B IIE30JIEKTPUIECKUX CPEAax UMEET U TEOPETHUECKOE, U MPaKTHYECKOE
sHauenue [1-9].

B aroit obnacTu uccnenoBanus ObuTH Havyatel emie B 1968r. birocreiinom
[6] w TynseBpiM [7] W B OCHOBHOM BEJIHCh B TaK Ha3bIBaeMOM
KBa3HCTaTHYECKOM TIOCTAaHOBKE, HE JAlolIed BO3MOXHOCTH OINPENEIUTh
MHTEHCUBHOCTb 3JIEKTPOMAarHUTHBIX BOJIH, @ 3TO Ba)KHO IIPU KOHCTPYHUPOBAHUU
pPa3NUYHBIX NPUOOPOB aKyCTOANEKTPOHHKH. [lOJMHOCTBIO AMHAMHYECKYIO
TEOPHUIO MHbE30ICKTPUKOB CHOPMYTHPOBAIN U H3ydanu MunmmH [2], I1. Jln
[3], Sur [4], C. JIu [5] u mp.

2. IloctanoBka 3agauM. B nexaproBoif cucreme koopauHat OxX,X, pac-

CMATpPHUBAETCsS IbE303JIEKTPUUECKAs CIOUCTas KOHCTPYKLHs, COCTOALIAs H3
[IBE30IEKTPUUYECKON IOIJIOKKY, 3aHMMarolel obsactb X, 20,, U3 XKECTKO

IPUMBIKAIOLNIETO K HEH Ha IpaHHUlle X, =0 TOHKOrO yNpYyroro Ibe303IeKTpU-
4eCKOro c0sl TOILIMHOW h,, 3aHMMaromiero obmacts —h, <x,<O0,, U3 Iud-
JIEKTPUYECKOMN Cpe/ibl TONMKMHON by, 3aHnMMaromeil obmacts —(h, +h,) < x,<-h,

MEXKIOY NBE302JICKTPUUICCKHUM TOHKHUM CJIOEM M OKpPaHOM, C KOTOPBIMH HE UMECT
AKyCTUYCCKOI'0 KOHTAaKTa. MaTepI/IaJ'II:I INOJJIOKKHU H CJI0s KpHCTaHHH‘lCCKOﬁ
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cumMMerpun 6mm (4mm),ux rmaesie ocu L(L,) mapamrenshsr ocu OX,.
JlusnexTpudeckas cpeaa, B YaCTHOCTH, MOKET ObITh BakyymMoM. Muaexcamu 1,
2 1 3 UHICKCUPOBAaHBI BEJIMUUHBI, OTHOCAIIMECS K MOI0KKE, TOHKOMY CIIOK0 H
JIMDIIEKTPHYECKON Cpene. C, 2, €, & — IOCTOSHHBIE YIIPYTOCTH, IUIOTHOCTH,
bE302JIEKTPUYECKHE, TUAIEKTPHUECKUE TTocTosHHbIE, S (i =1,2,3) — ckopocTH
00BEMHBIX YIIPYTHX BOIIH, COOTBETCTBEHHO.

HpeﬂnonaraeTcsl, YTO CUCTEMA HAXOJHUTCA B aHTHUIIIOCKOM ,Z[e(l)OpMI/IPOBaH-
HOM COCTOSIHUU.

a ={0,0,u3} ,u3=W(Xl,X2 I) H ={ 010H3} H,=H 3(X1X2'[.)

={E.E,.0, E =E (x.%,1),i= 12 1)

C yuerom cootHomeHu# (2.1) ypaBHEHHS COCTOSIHUSI UMEIOT CIICAYIOIIMIA BHI;

ow ow _
013_044 15E1’ aX 15 D € % +£ E’l
2
(2.2)

=€ X2+£E By=uH,

HEHYJIEBbIe KOMIIOHEHTHI TEH30pa e OpMaIiim:

1 au 1 au

2 0x V275 X,

VpaBHeHHs JBUKEHHS CPEIbl M ypaBHEHHs MakcBeiuia Ui 3J€KTPOMAarHuT-
Horo 1oJjist ¢ yuerom (2.1)u (2.2) mpeacTaBistoTest caeIyronM 06pa3om:

0E1 OE, *w OE,  OE O0E, OE oH
c,,0°w- = , g0°w —2+—2|=0,—2-—=- 3,
“ els[ ox, axz] P O “[ axz] ox, ox, = ot 2.3)
oH, w ., _O0E OH,___ dw__9E _,_0° o
o e €55 &y 52
0x2 ox,0t ot o0x, ox. ot ot ox: 6x2

Otcroma mosmyyaeM ypaBHEHUS IS TIepEMEIIeHN TOYeK OCHOBAHHUS U CIIOST:

s =

1 0°w .
Dzvvi :§?’ (| :1,2) , (24)
c 2 i i i
=5 a=q+ S =a[10- 8 J=a (1) =D e sl el =ell,

C — IIpHUBEICHHAs YIpyras MOCTOSHHAs, § — CKOPOCTH OOBEMHBIX JIIEKTPOYII-
pyrux BOJIH B HampaBieHuu ocu OX, X° — KO3(QOHIMEHTHI 3JIeKTpoMexa-
HUYECKOW CBSI3U. YpaBHEHMS] MarHUTHOTO TIOJsI OCHOBAHHS M CJIOS IIPEICTaB-
JIIOTCS B CJICAYIOIIEM BUJIE:

1o°HY) , 1

o’ Rl gl

0?HY) = —, u=) (i=12), (2.5)

@ — CKOPOCTHU CBETa B COOTBETCTBYIOIIHUX CpeAax.
B nuanextpuueckoil cpene ypaBHeHHs: MakcBenia UIMEIOT BUJ
0E,* 9E® . OH? oHEY _ 0E® oHP __ 0E"
ox, X, ot oax, ° oot oox ot
OTKyZ[a, HCKJIIOYas HAIPSXKCHHOCTHU DJICKTPUUCCKUX noneﬁ, MoJIy4ynuM
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1 ®HP® 1
D2H3(3):¥ e ,a,jzgsﬂ. (2.6)
3

ad; —CKOpOCTb CB€TA, & U U, — AUIJICKTPpUYCCKASA U MArHUTHAA [IOCTOSTHHBIC.

2.1. TpaHuYHbIe U KOHTAKTHbIE yciaoBusi. Ha miockocti x, =0 JOMKHEI
OBITH HEMPEPBIBHBI MEPEMEIIECHHs, TAHTCHIIHATIbHAS COCTABJISIONIAs SIICKTPHU-
YECKOT0 TOJIs, KacaTellbHask KOMITOHEHTA HATPSDKEHHS ¥ HOpMaJIbHast COCTaBJIs-
FOIIIast DIEKTPHUYECKOTO CMEIICHHUS:

w=w, E=E” 05=0%,DY=D. 2.7)

Ha rpanume cimost x, =—h, TOKHBI OBITH HETIPEPHIBHBI KacaTelbHAs COC-
TaBJISFOIIAS SJIEKTPHIECKOTO TMOJIs, HOPMAJIbHAS COCTABJIAIONIAs BEKTOpa CMe-
IIEHHS ¥ J0JDKHA OBITh PaBHA HYJIIO KacaTeJIbHAs COCTABIISIONIAsT HAIPSKECHHS:

E®=EY, 00 =0,0{"= D" 28)

IMocnemure ycmoBus B (2.7) u (2.8) MOKHO 3aMEHUTH HA YCJIOBHUS HETPe-
PBIBHOCTH KacaTeJIbHOW COCTABJISAIONICH HAIPSHKEHHOCTH MAarHHUTHOTO  T10-
at: HPY =H® mpu x,=0 u H®P =H® mpu x, =-h,.

['paHnYHbBIC YCIOBHS HAa SKPAHUPOBAHHOI rpanuue X, =—(h,+h,):

a. B ciydae skpana 3J€KTpPHUYECKOTrO MOJIST HEOOXOAMMO, YTOOBI PaBHSIACH
HYJTIO KacaTesbHast COCTABIISIONIAst SJIEKTPHUECKOTO MOJIS

EP =o. (2.9)

0. B ciyuae skpaHa MarHMTHOTO TOJISE HEOOXOIMMO, YTOOBI PaBHSIIACH HY-

JIF0 KacaTellbHasi COCTaBIIAIONIAst MATHUTHOTO TOJIS

H® =0, (2.10)
YTO 3KBHUBAJICHTHO CICAYIOIIEMY YCIIOBHIO:
D® =0. (2.11)

Orcroza B 9aCTHOCTH CIIEYeT, YTO B KBA3UCTAaTHYECKOM NPHOIKEHUH YCIIO-
Bue (2.11)9KBUBAJICHTHO CIIEAYIOLIEMY YCIOBHIO:

E1(3) :_(3_?::0 WiIn ¢3 :O, (212)

rae @, —IIEKTPUYECKHIT MOTEHIUAI JUICKTPHICCKOM CPEIBL.
CrnemosarensHo, yciaoBus (2.9) win (2.12) B KBa3HCTATHYECKOM MTPHUOIMKEHIH
COOTBETCTBYIOT DJKpaHy 3JE€KTpHYecKoro moisisi, a yciosue (2.11) — skpany
MarHuTHOTO 1oJisi. Takum 00pa3oM, MOJTHOCTHIO AUHAMUYCCKHN MOAX0 BayKCH
TaKKe TEM, YTO MO3BOJIICT OOBSICHUTH CMBICT YCJIOBHIA Ha SKpaHEe B KBa3WCTa-
THYECKOM MPUOITHKEHHUH.

2.2 Ycaosust 3atyxanus. B nbesoonexrpuueckoi nomiokke W, 1 HE
JIOJDKHBI 3aTyXaTh MPH yIaJEHUH OT MOBEPXHOCTH CPEbI BIIIYOb, T. €. JOJIKHBI
BBITIOJTHATHCS CICIYIOIINE YCITOBHS

H — H @ —
limw, =0, limH;’ =0, x, - +o00 .
B gacTHOM citydae, Korjia 5KpaH HaXOAUTCS B OECKOHEYHOCTH, JIOJKHO BBITION-
HSTBHCS YCIIOBHE!
lim H® =0, x, » o, (2.13)
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KoTopoe cornacyercs ¢ yciaoBueM (2.10),n MOXKHO TOKa3aTh, YTO OHO YKBHBA-
JIGHTHO Takxke ycnoBuio (2.9), korma X, » —co. Takum 06pa3om, Korjaa 3KpaH
HaXOmuTCs B OeckoHeuHOCTH, yenoBus (2.9) u (2.10) skBHBaJIEHTHBI YCIOBHIO
saryxanus (2.13).

CraBuTcs 3a71a4a; B [OJHOCTHIO JMHAMUYECKON MOCTAHOBKE HAMTH U HC-
CIICIOBATh AJICKTPOMArHUTOYIIPYTHE BOJHOBBIC MOJISI B pacCMaTPUBACMOM TTbe-
303JIEKTPUYECKON CTPYKTYpE, ¢ YUETOM T'PaHUYHBIX, KOHTAKTHBIX YCJIOBUH U
YCJIOBHIA 3aTyXaHHs, a TAK)KE€ HalWTH COOTBETCTBYIOIICE AMCIEPCHOHHOE ypaB-
HEHHE.

3. Penrenne 3aj1a4u B BUjle MJIOCKHX BOJIH. a) Pemenne ypaBuenuii (2.4)
1 (2.5) B moay10KKe UIeM B BUIE TUIOCKUX BOJIH:

w =Wloei(qxz+pxl—ax), HO = H mei(qxzmxl—al), (3.1)
rIep U ( — FOPU3OHTAIBHOE W TOIEPEYHOE BOJHOBBIEC YHCla, W>0 — Kpy-
rosast gactota, W,,, H,, —aMmruTyasl BoiHbl. [loxcrasiss Beipaxenus (3.1)B
ypaBaenus (2.4)u (2.5), monyunm:

q==#pB(V), B(V)=y1-V?ISE, q==ipyy(V), yy(V)=4/1-V? lal, (3.2)

rae V. — ¢azoBas CKOPOCTh UCKOMOM MMOBEPXHOCTHOW BOJHBI. YTOOKI yIOBIIET-
BOPHUThH YCIIOBUIO 3aTyXaHHUS NIPH X, — +00, HEOOXOIMMO BBINOJHEHHE CIIe-

IOYIOIIUX YCIOBHI:

B (V)>0u y(V)>0, (3.3)
JUTSL 4eT0 HY)KHO B3SITh MOJIOKUTEIbHBIC 3HAYCHHS (], TOTJa HMEEM:
w =W e PA(V)%, ei(pxl“d), Hél) =Hyp e—pyl(v)xz ei(pxl“d). (3.4)
U3 (3.3)cnenyet
V<S<a,. (3.5)

OTtcroza 3akiroyaeM, 4TO, €CIU MOBEPXHOCTHAS BOJIHA CYIIECTBYET, TO €€
(hazoBast CKOPOCTh HE MPEBOCXOIUT CKOPOCTU OOBEMHBIX 3JIEKTPOYIPYTUX BOJIH
B MOJJIOXKKe. MTak, BOJHOBOH MPOIECC B MOJIOKKE OMUCHIBACTCS ()YHKIIUSIMHU

(3.4), rne W, u H,, — nocrosunsle, a ,Bl(V) u yl(V) — kK03 HUIHEHTHI

3aTyxaHus. B OCHOBaHUH CKOPOCTH YJOBICTBOPSIOT ycioBuio (3.5).
0) BosiHoBBIE M0JISI B ¢J10€. PellieHre UIleM B BUIE

W =Wzoei(qX2+pxl_M)’ H{? =H ¢ (@arpeet), (3.6)
[Moxacrasnsst (3.6)B ypasHenust (2.4), (2.5), nomyumnm:

q=£pf,(V), Bo(V)=\V?1S2-1, q=tiy,(V),yy(V)=1-V? /a3. (3.7)

Iockonbky V <a,, TO V> (V) >0. Yro xacaercs BenuuuHsl [, (V) , TO OHa

MOXET OBITH KakK IEHCTBUTEILHON ITOJIOKUTEIBHONW, TaK M KOMILIEKCHOHW. B
MEepBOM clly4ae, korga V >S,, B cioe OyAyT pacnpoCTpaHSIThCs OAHOPOIHEBIE
3IIEKTPOYIpyrue BoiHEL. Bo BTOpoMm ciywae, koraa V <S,, B cioe OyayT pac-

MIPOCTPAHATHCS HEOTHOPOAHBIC BOJHEI, B 3amade JIsiBa Takux BOJH HET. Mar-
HUTHBIC BOJHBI Bceria OyayT HEOTHOPOAHBIMU. CIIeOBATEIILHO, ISl PEIICHUH
B cioe [, (V) B (3.7)MokeT OBITh KaK JEHCTBUTEIBHBIM, TAK U KOMIUIEKCHBIM:
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W, = (Wz—oe_ipﬂz(v)xz +Wgoeipﬁz(v)xz)ei(PX1_m)’

Héz) - ( Ho e—ipyz(V)Xz +H Eoepyz(v)xz)ei(PXfﬂ)_ (3.8)

B) BoaHoBbIe 1moJisi B Z[I/IZ)JIeKTpI/I‘IeCKOﬁ Ccpeae nieM B BUae
3) _ i( X, + px—at
H = Hyel(@erPed), (3.9)
AHaIIOrMYHBIM O6p8.30M IOJIy4YUuM

q=zips(V), y5(V) =41-V?/a]. (3.10)
Iockonbky V <&, To Bbmonnsercs ycnosue yy(V)>0. Pemenue npencras-
JsieTcs B BUTIE

He - ( Hpe PP s OePV3(V)Xz)ei(PXf“*). (3.11)

Takum 00pa3oM, Mbl HAlLIM PEIICHHE 3aJauyd B BHJIE CYMMbI COCTABIISIOIINX
pemennii (3.4), (3.8)u (3.11) B moi0KKe, TOHKOM CJIOC M TUIICKTPHUCCKON
cpene, COOTBETCTBEHHO.

4. Tucnepcuonnoe ypasuenue. I[Toacrasus perenus (3.4), (3.8)u (3.11)
B FPaHMYHBIC YCIOBHUS U YCJIOBHS 3aTyXaHUs, MOJy4HM CHCTEMY ajrebpanuec-

KUX 7 W, W, H o, H
ypaBHeHHiT oTHOcHTeNnbHO Hem3BecTHbIX ammuntyn W, W, Ho ), H,,,

a M3 YCJOBHUS CYIIECTBOBAHUS HEHYJCBOTO PEHICHUS 3TON CHCTEMBI BBITEKACT
ClIeyIOIIee TUCIIEPCHOHHOE YPaBHEHHE:

Ch,-ic,B, TB.+ics, ? él;)ez
oa-e) oa-e) LoD e

I - =0.
ic,B,e” —ic,Be e %ekzyz %e’kzyz

3necy § =e /&, §=6,/¢,.

Huske npeacTaBieHbl JUCTIEPCHOHHBIE KPUBBIE 1JIsi KOHKPETHOM CTPYKTYpPBI
(puc.1-3), Korja Mbe302IEKTPUUECKUI CIIOM IIPEACTABIIET COOOH OKHCH Tel-
nypa TeO, (mapamerpel p,=6.0x10, S, =2097, c,=2.65x10°, &, =20.0x
x10™", £,=8.85x 10", e, =0), a MOAJI0KKA — OKHCh IUHKA ZnO (IapameTpsl:
p,=5.7x10, S =2898, ¢ =4.25x10°, £ =7.38x 10", g =-0.59), audneKrpu-
ueckas cpenia — BakyyM (& =8.85x 10%%) (T.e. paccMaTpuBaeTcs Cllydail Msr-
KOro ciiost, korga S, <S ). Jliust 9T CTPyKTyphl UCCIEN0BAHBI TPH PA3IMYHbIX

CITydasi pacroyIOKEeHHS IICKTPUIECKOTO DKpaHa:

1. 5KpaH HaxXxOJUTCS Ha KOHEYHOM PACCTOSHHU OT HbE30IJICKTPUUECKOTO
cnost (4, =0.5) (puc.1),

2.9KpaH HaxoauTcs B ObeckoHeuHocTH (J, =1) (puc.2),
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3. 5KpaH HaXOAMTCS Ha MOBEPXHOCTH IMbE30dJIeKTpuueckoro cios (J, =0)
(puc.3).

v v
AR0T 46 2207 .93

2007

fy
315 644 973 1303 20 25

2097

315 644 873 1303 20 25

Puc.1. 4, =0.5, BG=2897.46. Puc.2. 4, =1, BG=2897.83.

¥
28835

W97 == kiy
0 315 644 0.3 1303 0 15

Puc3. J,=0, BG=2883.5.

CkopocTs TepBOil MOABI HayMHAeT yObIBaTh OT 3HAYEHHUS CKOPOCTH BOJHBI
birocteitna— ynseBa, CKOPOCTH OCTAIBHBIX MOA — OT CKOPOCTH OOBEMHOM
BOJIHBI B MOJJIOKKE IO CKOPOCTH 00BEMHOM BOJHBI B cioe (puc. 1). A korma
9KpaH B OECKOHEYHOCTH WJIM Ha MOBEPXHOCTH ciost (puc. 2, 3),CKOPOCTH Beex
MOJ HAUMHAIOTCSI OT CKOPOCTH BOHBI bitocTeitHa— yisieBa u yOBIBArOT acuMII-
TOTHYECKH JI0 CKOPOCTH OOBEMHOI BOJHEI B CIIO€.

5. 3akarouenue. 1. B MoJHOCTRIO JUHAMHYECKON MOCTAHOBKE HANICHBI
BBIPXEHHS 11 pacy€ra dIeKTPOMArHUTOYNPYTHUX BOJHOBBIX ITOJIEH B CIIOWC-
THIX THE30YMPYTUX KOHCTPYKIHUSAX C DICKTPUUCSCKUM (MArHUTHBIM) DKPAHOM.
Haiinens! aucnepcroHHbIE COOTHOIIEHUS, OMPEICISIONIME BOIIPOCH! CYIIECTBO-
BaHUS ¥ MIOBEACHNS TOBEPXHOCTHBIX AIEKTPOMArHUTOYIPYTHX BOJIH.

2. JIns CTPYKTYpBI ¢ MSTKAM CJIOEM B 3aBHCHMOCTH OT TOJIIWHBI hE30-
AIEKTPUYECKOTO CJIO0S BO3HUKAIOT MOJBI AIEKTPOMATrHUTOYIPYTUX BOJIH, MpPHU-
4eM B Clydae KOHEYHOW TOJIIUHBI AMANEKTpHYeckoro ciost (puc.l) ckopocTh
TIepBOI MOIIBI HAUMHAET YOBIBATH OT CKOPOCTH BOJHBI biocteitna— yisesa, a
MOCIIEAYIONIUEe HAYMHAIOTCS OT CKOPOCTH OOBEMHOHN BOJIHBI B TMOIJIOKKE. A
KOT/Ia 9KpaH B OCCKOHEYHOCTH HJIH HA MOBEPXHOCTH cios (puc. 2, 3),cKkopocTH
BCEX MOJI HAYMHAIOTCS OT CKOPOCTH BOJHBEI biocteiina—] yisieBa m yOBIBarOT
ACUMIITOTHYECKH 10 CKOPOCTH OOBEMHOI BOIHEI B CJIOE.
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Introduction. In [1] we have first studied the special points of a body
which in N positions during a given co-planar motion remain as chsse
possible to a circle, using as the measure of closeness thefsusgquared
distances of such points from the associated approximating circles. Inldive fol
up paper [2] the results of this study have been extended to thes poin
approximating a sphere in a given spatial motion.

In this paper, the concepts of [1] and [2] are generalizedhforcase of
multiple approximating spheres with a common center corresponding to
alternating sets of rigid body positions. Earlier, approximat{@itisigs) of 3D
data point sets by concentric spheres were studied in computetage [3, 4]
and more intensively in physiotherapy applications, in connection théh
determination of the center of relative rotation of two adjacgments
constituting a human joint [5-7].

The present paper considers a new and more complex problemeWto se
determine the points of a moving body which in its m given skfinitely
separated positions remain as close as possible to correspondiogcentric
spheres. By analogy with [2], as a tool to find these poimtsuse the least
square approximations with an algebraic error function defined below.

L east squar e approximations of spatial point position sets by concentric
spheres. A rigid body e undergoes spatial motion with respect to a fixed body
E. Coordinate systems oxyz and OXYZ are rigidly attached tonce E&
respectively. We consider the following problem: givemoat B (%, Vs, Z) in
e, determine a set of sphemaj'fs(j =1, 2, ..., mn E with a common center A

radiiR (j= 1, 2, ..., m) so that each j-th sphere of this set is as close as @ossibl
to the assigned j-th set of poigg (i= 1, 2, ..., §). In other words, the sought-
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for spheres should minimize in alN :zni N, given positions of e geometric
=
(radial) deviationsh; of points B from these spheres

1
A =[AB|-R=(8 + B-2R R~ F 1)
Whereﬁsu and R, are the position vectors of points &d A from the origin
0.

The objective function estimating the closeness of pointstd the
approximating spherg, may have different forms depending on the selected
criteria of closeness (approximation measure). As mentioned aboeewher
use the least square objective which requires to minimizeuheof squared
radial deviations (1) of points;Brom A°. However, there is no closed form
solution for the approximating sphere based on this objectice she sphere
center coordinateX,, Ya, Za are in the radicand of (1), and a lengthy iterative
search routine is required to determine them. In order to avoick thes

computational difficulties we use another error function propose?] ifof the
single sphere case:
A =‘A_3i‘2 -R=4 (A_E’J' JR)' (2)
Clearly, Ag; =0 if only point B; lies on the spherexle, also, Aq; is small
if the point lies near the sphere. Now, sin((eif\_|?>1.i)2 =(R+n, )2 =
=R’+RA; +A7, it follows from (2) that if points B are rather close ta’,
and Aj can be neglected, theiy, =2R A, , i.e. Aq; is proportional toA; and
can substitute it in the further minimization procedures. Terdehe the

approximating concentric spheré$ (j= 1, 2, ..., m) we transform (2) to the
following linear function:
1
Aq, =—2[><BJ X*+Y, %+ % 2+ H-3 I%,ej, 3)
where His a constant depending only on the sphere parameters:
1
H =5 (R - X -¥% - Z), @)
Now we form the objective function as the sum of squared aligetbea
viations determined for m subsets of the given posipr{s1, 2, ..., m; i=1,
2, ..., N:
m NJ
S=2 245 ®)
J

=1 i=1
For any point B (¥, ys, Zs) given in e the concentric spherg$ (= 1, 2,

..., M) approximating the corresponding sets of positignsfB in E should be
determined from the necessary conditions for a minimum of (5):

9S 5 S _y S _y S, Sy (6)
ox, 'y, oz, 'oR R
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After substituting into (5) from (4) and using for brevity rimtias X, Y,

Zj, R; for Xe, Yo Zg and Re, respectively, conditions (6) can be reduced to
the following system of (3+m) linear equations i, X, Za, H (=1, 2, ..., m)
presented below in a matrix form:

MEPE = FF, @)
where

| Z
=4
4

=
P4
]

M=
ol
M:
:><
INgs
M=
X
=N
M
<
3X

1|
1N
1l
iy
1l
i
1
[y
1l
[t
1
oy
1
oy
I
iy

m Nj m N m N N, Ny,
PR TEDHINEEDIIN RIS SR I
j=1i=1 j=1i=1 j=li=1 i=1 i=1
m N;j m N m N N, N
L2%% L2¥E x2f L% #
j/1i=1 j=li=1 j=1i=1 i=1 i=1
N, N, N,
ME=l > x, Y, Z N o |
i=1 i=1 i=1
"X, "y, "z 0 0

11
Uy
Il
uy
1
fay

Ny, Ny, N

>z, >, >z, 0 .. N,
_ PE=[ X, Yo Zo Heoo H' _
R EYX RS R 7 Y R

It is easy to see from (3-5) that conditi%q?fszo in (7) are equivalent to
i
9S g,
0H,
To solve the system (8) we express coordinaigsyX Z; of point B in E

through its coordinatesgX ys, Zz in € by means of the following linear
transformation :

X ji xoji Xg
Yi 151 [T Y (8)
z ji Zoji Zg

whereT; is a 3x3 rotation matrix which rotates the system xyz frguosition

with its axes initially parallel to the axes X, Y, Z to #thiposition of j-th given
position set g
It follows then that if we have m sets of positiag§=1, 2, ...,m; i=1, 2,
, N) and if we select an arbitrary point B in e, equation (7) uniquely
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determines m sphere¥ (j=1,2,.. m) with the common center A@ Ya, Za)
approximating the corresponding m position $tgj=1, 2, ..., m; i=1, 2, ...,
N;) of point B given by (8). For the further analysis, it is conest to present
the solution of (7) in the vector form:
1

(Xp Y Zas Hoeoo Hm)=5( Dy, Dy,D,,D,,Dy ... ,.D ) 9)
where Dx:Dy:Dz.Dy Dy v By are (3+m)-th order determinants defined by
the expanded matrix of (7). The solution (9) exists and is uniagletbermined,
unless the coefficient matrix m of the system (7) is singdlais can happen if
only all points Bji are coplanar [2].

After determining the coordinates of the common center A ofrephe

and constants;Hby (10), we find the radii PfA; from (4):

1
R =(X§+\gf+ Z+2 Hj)z, i=12,..,m.
Substituting (4) for Hinto the last m equations of (7), we obtain another
expression for R

R =305 %) (Y1) +( 2 2T Frze.n a0

It follows from (10) that the radius of each j-th approximaspbere/; is

the root-mean-square of distances fi&l, 2, ..., N) between the common
center A of all spheres; and N positions B (i=1, 2, ..., N) of B in the j-th set
of prescribed positions €i=1, 2, ..., N).

Correspondence between points of e and E. Determinants in the right side
of (9) are functions of the coordinates ¥s, zz of B in e. It follows from (10)
then that corresponding to any point B in e there is a unique fixed ipokE

which is the common center of sphekegj=1, 2, ..., m) approximating in the
last square sense given m alternating sets of point-posBjo@s1, 2, ..., m;
i=1, 2, ..., N).

If we invert themoving and fixed bodies so that e becomes the fixed body
and E moves so as to maintain the same relative positioms the briginal
motion, we obtain the following expression for error functimg‘nﬁs

_ 1
ACU\ :(rB_rA) _RT_Z(XBXP} + yBy,li, + ZBZﬁ\ + h_E éjl (11)

wherer; (xs, ¥5,2;) and 7, (x,ﬁ‘ Y 12y ) are vectors from the origin, in e to

points B and A respectively, while jhare constants depending on the para-
meters of concentric sphergdo be determined:

1 1 .
h,-:E(RZ‘EZ):E(RZ‘)éZ‘ Y- gz) FL2,..,m (12)
Assuming we have a point A in E, the corresponding m concentric sphere

A7 in e which approximate best m sets of inverted posithgng=1, 2, ..., m;
i=1, 2, ..., N) of A should satisfy the necessary conditions for a minimum of

(5):
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ans OO—S=OO =0,.. 9 S — =
0X; A 07, on ah,
Substituting into (13) from (5) and (11), we can transform condit{@8)
into a system of (3+m) linear equationsgnys, z, hy, ..., hy, which we present
in the matrix form assuming notations by analogy with (7):
Mep®=F*. (14)
Expressions of §) P and FE in (14) are similar to those for M and F
in (7) and can be easily written by a simple change of notations.
CoordinatesxA",yﬁl A of inverted positions A of point A in e can be

determined by the following formula of linear transformation:
t t
(% Va2 | = T %= % X ¥ %= %] (15)
whereT,;* is 3x3 matrix inverse t@; in (8).

Equation (14) establishes a correspondence between points Analf thea
centers B of concentric sphere s{a&$} in e approximating m sets of inverted
positions A (j=1, 2, ..., m; i=1, 2, ..., N defined by (15). The singular case of
this correspondence for m=1 is studied in [2].

Points of e deviating least from concentric spheres. Now we proceed to
the main issue in this study: which points of e will approximaté dmscentric
spheresAjE in alternating sets of given positioggj=1, 2,..., m; i=1, 2,..., N.
The sum (5) is a function of (6+m) variables,Xa, Za, Xs, Y&, Zs, R (j=1, 2,
..., m). Therefore, for S to be a minimurthe following conditions are
necessary:

S . 0S__.0S_.0S .,0S 0 S

=0 05—
X,

¢ (13)

S ..

oY, 9z, ox oy 0Z 06_3 i= 12.m) (16)
It is easy to see that equations (16) can be obtained by combistems

(6) and (13) discussed above. This means that any set ajupbtgor (6+m)

parameters for which S has a minimum should satisfy to emsa(6) and

(13).The foregoing leads to the following theorem which gives a gemm

interpretation to the conditions (16).

Theorem. In order for a moving point-fixed center pair (B, A) to cause the

sum (5) to be a minimum it is necessary that:

1) A be a common center of sphem\,j':s(j =1,2...m) approximating m
sets of positions ;B(j=1, 2, ..., m; i= 1, 2, ..., M of point B which it
occupies in given positiong ef e with respect to E,

2) B be the common center of spheﬂﬁj =1,2,..m) approximating m

sets of inverted positions; /=1, 2, ..., m; i= 1, 2, ..., N of point A
which it occupies in inverted positiong & E with respect to e.
To study the locus of points in e for which S has stationary salue first
present the 4-th, 5-th and 6-th equations of (16) in the following form:
ny, o 0A q,. n Y, 0Aqg; m 3, 0Aqg;

ZZA d; =0, ZZAqu =0, ZZA Jl_: ’

j=1i=1 j=1i=1 ayB j=1i=1
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, . 0, oA, oA,
then substitute in them relations—-=-2x, , L=-2y, , L =-2z,
aXB i ayB i GZB i

following from (11) and expression (3) faﬁqu , Which yields the following 3
equations:

m N; 1
Z;(XX"’ X+ 7 Z+ H—E j '
5 (le XA Z + H 5 ] (17)

Mg_

'u‘

i

J

M

1
[xﬁxwvﬁw 3%+ K- ﬁé];\zj:o.

Substituting in (17) expressions ofAﬂ,yA‘,z% from (15) and relations

-

i=1

Xa=Dy/D, Ya=D/D, Z,=D4/D from (10), after some transformations we can
express equations (17) as
V = K{DZ + K,D? + K. D2+Z K',;Dx Dy, +Z KyD,Dy, +> KgD,Dy, +K DD+
i= j=1 j=1
KsDxDKgD,D +Z KiojDu D+ KiD?+KD,D, +K'P,D,+K pD,=0 (l = x,y,z)
=
where coefficient,...K,(I =x,y,z) ~are linear or zero order functions @f x

VB, Z8
Vi Vy, V; in (18) are homogenous quadratic formsnrD,,D,,D,.D,,

The analysis carried out in [2] for the case of a singleokgiven positions
(m=1) has shown that determinantsD, ,D,,D, can be expanded into 6-th

order and D, (j=12,..m) into 8-th order polynomials ingx ys, .

Furthermore, it has been established that equations (18) studied=for
define 3 algebraic surfaces of 13-th order embedded in e. Pbimtersection
of these surfaces correspond to the stationary values objbetive function
(5). It has been proved in [8] that the maximum number of realguwihich
can generally satisfy the equations (18) is not more than 245edsisto be
convinced that these results do not depend on the number m obmpasts
and remain valid fom>1, too. This indicates that, in general, it is likely to
expect a large number of points in e which bring to a minimu®. gfmong
them, we should determine the points which approximate oticepheres
with a sufficient accuracy.
An interactive method for determining the local minimums of S

Algebraic deviations (distance€)q; of point-position sets considered above

from a sphere are bilinear functions of (6+m) parame{gr¥ys, Za, Xa, Ve, Z,
H; (=1, 2, ..., m)which can be represented as linear functions (5) and (12) by
fixing a pointB (X, Vs, z) in € and A pointA (X, Ya, Z) in E respectively.
This property allows to avoid the solution of the nonlinear sygtE® in
determining local minimums of S and to use the method of sucedasear
iterations developed in [8] for locating the so called least squate pwints of
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a moving plane which approximate a circle in a given planaromotihe basic
idea of the method follows from a theorem formulated in [8] whih
applicable to any motion approximation problem with an associatiuddoil
error function. We reformulate it below in terms of the problander
consideration.

Theorem 2. If SV is the value of S for the approximating concentric sphere

set {)le}(l) with the center & determined by (9) for m sets of positions
BY (j=12...m;i=12.. N;) of an arbitrary point & of e andSY is the
value of S for the approximating concentric sphere{se}t(l) with the center
A" determined by (14) for m sets of the inverted position8

(i=12...mii=12.. N;) of AY thenS) < S,

It is easy to be convinced that the proposition of the theorevalics also
for the next and further inversions of relative positionsystems e and E, i.e.

the approximating sphere se[ﬂf}(z)constructed for m sets of positions

Bj(f)(j =12,...mi= :L2,...,Nj) of B® will yield a value & smaller then

S etc. Continuing this process of successive kinematic imressive get a
series of linear multiple sphere approximation problems witdecreasing

sequences”, §), &, & ... of the objective function values which converges

at one of local minimums of S. The iteration process isiteted when the
prescribed accuracy of solution is achieved. The described metmtested
by the numerical examples of designing a 5 (SPS) manipulatoragjtistable
link-lengths for the approximate generation of 2 given setdefrigid body
positions [9].

Conclusion. We have presented a study of special points of a rigid body
which in m alternating sets of given positions deviate least least square
sense from concentric spheres. The results of this papeedaanbidered as a
generalization of the theory of so called least square spoares developed in
[2] for the case of a single set of rigid body positions. &b the case of a
single position set, it is established that the locus of the sémigpoints lies at
the intersection of three T3order algebraic surfaces. An efficient iteration
method of determining these points is proposed which can be rapgilgd to
the synthesis of reconfigurable platform-type manipulators withrsahgoints
and adjustable link-lengths designed for the approximate gesremattigiven
multiphase motions or multiple point-paths. It is anticipated to rekghis
study by including other geometrical entities corresponding h® jbint
constraints in spatial mechanisms, such as parallel planesalcoanes and
cylinders.
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The problem of determining the points of a bodyakhin alternating sets of its
given positions deviate least in the least squamses from concentric spheres is
considered. The sought-for approximation is onectviminimizes the sum of squared
algebraic deviations of these points from the cotrge spheres approximating their
paths in each of the given sets of positions. Tdiatp of interest lie at the intersection
of three 18 order surfaces corresponding to the stationargitions of the least square
objective function. The theory and methods devalopere can be applied to the
synthesis of spatial adjustable mechanisms forathygroximate generation of multi-
phase motions or multiple point-paths.

Ujwnbtdhynu 8n.I. Uwupgquyub

Thtm dupdlih wjws ghpptph hpupwhwenpn
puqunipjnibubpnid hwiwljEinpnt qunkp Unnupljng
YEwbph dwuht

Thunwpynd E wyhug dwpdth wjtyhup YEnkph npnodw juunhpp, npnup bpw bw-
huwtipgws nhpplph hpwpwhwenpn puqunipnibitpnid wdkwphst Eu sbnynid hwdw-
YLuwnpnt upbpwibphg' wjuqugnyd pupwliniuhtibph hpdwuwnny: Zwpduplyng dn-
nwpynudp Wjuquplnud k npnubjh Yinbkph hwdwlbunpnt uwpbpuitphg hwipuhwy-
Juljwt oknnudubph pwnwlniuhubph gnidwpp wjws nphppbph hwdwwywnwuppwu
puqunipniubpnid: Nunidbwuhpnipyut wewplu Yenbpp npnpdnud Eu dhohtt punw-
Yniuughtt okndwt tyuwwnwluyhtt $niughuyh vnnughntiwpnipjut wuydwibpb wp-
nwwwwnlbtpnn 13-py Jupgh bpkp hwipwhwoyulwt dwybkplnyputph thnpthwnnt-
Uny: ZnpJuénid ubpluyugyus wkunipniut nt ykpngubpp jupnn o wadhgwlwin-
kb Jhpundt) jupquynpynn nwpwswluwt dwtthynijjughnt dkluwtthquubph uhtipt-
qnud, npnip btwhwnbugws Ea nus puquwthny swpdnudubph jud puquuyh htnw-
gotnh Untnuynp YEpupunwgpnipyut hwdwp:

Axkagemuk 1O. JI. Capkucsan

Touku TBEpaOro Tena, anMpoOKCUMHUPYIOIME KOHIIEHTPUYecKHe
cepbl B YepeayOIIMXCsl MHOKECTBAX €ro 3aJaHHbIX M0JI0KeHU

PaccmaTpuBaercst 3aada ompenesicHuss TOYEK TBEPAOTO Teia, KOTOphIe B depe-
JTYIOITUXCS. MHOYKECTBAX €ro IMOJO0KEHHH HaUMEHEe YKIIOHSIOTCS OT KOHIIEHTPUIECKUX
ctep B CMBICIIC HAMMEHBIINX KBaAPaToB. MIckoMoe mpuOImKeHrne MUHIMUZHPYET CyM-
My HAaWMEHBIIAX KBAJPaTOB anreOpamvIecKuX OTKIOHEHWH (pacCTOSIHWI) YKa3aHHBIX
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TOYEK OT KOHIIEHTPUUYECKUX C(ep B COOTBETCTBYIOIIUX MHO)KECTBAX 3a/@HHBIX II0JIO-
xKeHuH. MHTepecylole HaC TOYKHU JIeKAT Ha MepecedueHuy TpEX anredpandeckux Io-
BEPXHOCTEH TPUHAIUATOrO IOPsAKA, OTOOPaXKAIOUIUX YCJIOBUS CTAl[MOHAPHOCTH ieje-
BOU ()yHKLMHU CPEeJHEKBaJpaTUUECKOro OTKIOHEHus. Teopus u MeTonsl, paspaboTaH-
HBIE B CTaTbe, MOTYT OBITb HENOCPEICTBEHHO IPUMEHEHbI B CHHTE3€ IPOCTPAHCTBEH-
HBIX PeryIHpyeMbIX MaHUIYJSLUOHHBIX MEXaHU3MOB, [IPEIHA3HAYECHHBIX AN puonu-
KEHHOI0 BOCIPOM3BEZEeHIA 3aJaHHBIX MHOTO3TANIHBIX IBIDKEHHUI MM MHOXECTBEH-
HBIX TPaeKTOpUil pabouero opraHa.
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1. Introduction. Mathematical modelling is the basis of the study of most
modern problems in physics and development of many modern innovative
technologies. Among other research analyses requiring the ajoplicaf
mathematical modelling methods is the analysis of diffesarface contacts in
layered structures. In the context of coupled physicomechanical fieisls
problem becomes particularly important with relation to the stufielynamic
processes in the composite joints with rough surfaces.

Back in 1882 Hertz solved the problem of contact between twdicelas
bodies with curved surfaces [1]. This classical result tmed mechanics of
contact interaction for about a century, before Johnson, KendaRaimerts are
founded a similar solution for adhesive contact [2] (JKR - tjedfurther
progress in mechanics of contact interaction in the mid-20thurgens
associated with Bowden and Tabor [3]. They were the first totifgethe
importance of accounting forthe surface roughness of bodies in tontac
Roughness causes the true contact area between the sliding bitbsis a
much smaller than the apparent contact area. These views chiagabction
of many studies in tribology significantly, and contributedards a number of
theories of contact mechanics. Pioneering works in thid fiee the works of
Archard [4], which concluded that when the elastic contacoo§ir surfaces,
the contact area is approximately proportional to the normrak fd~urther
important contributions to the theory of rough surfaces made Goeehand
Williamson [5] and Persson [6]. The main result of these warkhe proof
that the actual area of contact of rough surfaces ina rough approximation,

1 wish to express special gratitude to my teachrer RRels Belubekyan and dedi-
cate this research to his eightieth anniversary.
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proportional to the normal force, whiles the characteristica oértain micro
contact (pressure, the size of micro contact) weakly depends on the load.

In the basis of mathematical modelling there have always plegsical or
geometric hypothetical conceptions of some components of physiconwdhan
fields. To model new mathematical boundary value problems in meshahi
deformable solid,considering the nature of the quantitiesridesy physical
and mechanical fields in thin-walled elements various hypotheses on
distributions of characteristic variables of the stressirstifields were
introduced [7]-[10]. An analogical approach was successfully appliedto
electromagnetoelastic fields, thus developing the theory aftrefeagneto-
elasticity of thin-walled structural elements [11].

Fig.1. Contact of rough surfaces in three-layer piezodielectric composite.

To simulate the effects associated with the influence offmoegs on the
amplitude coefficients of reflection and transmission at thendbany between
two dielectric media with different optical parametdérss proposed to use two
new parameters: large-scale and small-scale RMS rougHi&s3he problem
of contact interaction simulation with pressed to each other séimité elastic
rough bodies, and characterized by two widely different typical length scales fo
theroughness [13], is solved by the method of successive approximations.

The solution to the problem, which belongs to the class of free boundary
problems, is obtained by calculating the Green's function, whicltesethe
pressure distribution with the normal displacements on the boufidgryThe
problem is then formulated as Feedhole’s integral equation ofrghéifid with
logarithmic kernel. When two bodiesare separated by a snsthnde of
surface roughness, adhesion and friction begin to play an impootanh their
interaction. The evaluation of the effect of roughness becomesmetyr
difficult when the roughness is comparable to the distance between the bodies

In the paper [15] the current status of the problem is thesciand the
problem with the introduction of dispersion forces of physical origin
explored. It was experimentally shown additives of forces intredlweith the
effect of roughness on the interaction between bodies. In [16], bylahg
Green's function, which relates the pressure distribution in normal
displacements at the interface to the adhesive contact, th@sobnducted an
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analysis of adhesive rough surface contact. In another vigiksfudied the
influence of surface roughness on the entered modelled dispésies. The
analysis is carried out opinions on crucial issues.

By introduction of surface-exponential functions (Surface Exponential
Function-SEF), the present article formulates new hypotheses dheut
distributions of the relevant characteristic of physicomedahnivalues
(hypotheses MELS) depending on the model of docking of rough-boundary
environments with different coupled physicomechanical fields.

2. Model contacts adjacent to half-spaces with rough surfaces. Let's
consider a dynamic process at the junctions of the two halespaith rough

surfacesy = h(x) andy=h,(x) respectively (Fig.1).
{
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Sm—the average pitch of the irregularities of the profile, Rnax—maximum height of the

profile.

The coordinate systemoyis chosen so that the surface is perpendicular to

the parallel roughness, and the agis is parallel to these lines.The connection
via elastic rough surfaces always forms a three-lagenposite. Different
methods of layer connection lead naturally to the formation ftdrdnt three-
layer packets on the surface zone of the compounds. A sehddmafunc-

tiony =h_(x); m=12, which defines the main parameters of roughness (Fig.

2) plays a decisive role in connecting surfaces. The roughnessicalepicts
the number, shape and size of the projections and depressions of the
irregularities. Considering the fact that the height of thgeptions and
depressions of the surface roughness ranges from 0.08 to 500 microsepr
and the ratio of the average step roughness on the height peofif one

hundredS,, ~100[R ., it can be assumed thgi(x) 0L {R} in relation to

the functions of roughness.

Generally, the materials of the adjacent environments ean Hifferent
properties and can be described by different thermodynamic marismtiizs.
Reservations, regarding the nature of the coupling of physidds fizr the
linearity/nonlinearity of the thermodynamic material ratioseach composite
environment, will be addressedupon the necessity in certain tasks.
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Firstly, we’ll consider the case of pasted half-spacesn fiwhich by
producingof material permanent adhesive environment to zero, wéh@et
problem of rough surfaces with a vacuum gap of variable thickness.

Model-1 Two elastic deformable half-space made of materials charac-
terized by associated physical fields (electro-elastiaiagneto-elasticity,
thermos-elasticity, etc.) interconnected by glue with releyarysical and
mechanical characteristics. Then in each half-space

Q, ={[x| <, <y <hy (), <}
and
Q, ={[{<eoih (05 y <7 <o}
the  corresponding equations of the environment are solved,
L.[u.0.¢.8]=0; nO{L2.} and L,[u.¢¢.9]=0, nO{12.}
taking into account thermodynamic material ratios of this renment:
o(u,9,¢,F) - thermo-mechanical stressf)(ui,¢,w,z9) - displacement
electric field, é(ui,¢,t/1,ﬂ) magnetic field,&8(u,, @,¢,3)- temperature. The
number of equation$ D{l; 2;..} and unknown variables naturally depend on
the associated physical and mechanical fields.
In the inner adhesive slif), :{|x| <oo,h(x)< y<h,(x),|7 < 00} of va-
riable  widthé (x) =|h,(x)-=h,(x)|, equations for an adhesive glue

materialLSn[ui,¢,l//,z9]=0; nD{ 1;2;.}., with corresponding thermody-

namic material ratio, are solved.
The three sets of equations mentioned above -

Lan[ui,(zﬁ,(//,z?]:O; n0{ 12} and boundary conditions on each
surfacey =h (x) , with varying normal ﬁ(m)(x):{ngm)(x,hﬂ(x))}
wherem=12.,

™ (xh,00) =2 Lo,
n (thx) \/1+[h'“(X)]2 \/1+[h'“(X)]2

together with the terms of the attenuation of the relevantigdmechanical
fields at infinity form a mathematical boundary task in tieee-layer
composite with rough surfaces in contact.

Considering the fact that in linear theories of mechanitateck to
physicomechanical fields all the connections between physieddsfiare
identical, the material ratio could formally be recorded in shene form:

Oi = CioUnm ¥ Qi@ S, =054 — B, Where except for the known

ijnm~"n,m mij i, j

mechanical stressee

i » the elastic deformation tensar ; and the elastic
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constants €= (C

ijmn

)M, the generalized expression for the material
thermodynamic relations is shownthrough the signs of tensors ofcahys
constantsa,, O{e,;:dy: Ay} and By, O{ &, fhmi G} » the components defining
characteristics S, (x;.t)0{D,,(x.t):B,(x 1):6(x 1}  and  potentials
qo(xj,t)D{qb(xj 1) (x.1):8(x t)} of the corresponding physical fields , and

coordinate systerfix, ¥, z} £{x,X,, Xy} .

To avoidcumbersome formulas, we will assume that the matedgsent
half-spaces (thick plates) as well as the thin adhesyer lare piezoelectric
crystals of hexagonal symmetry cl&ssm, which are polarized along the

axisoz|p.

In this case, the boundary conditions of the linear electréi@tasand the
conditions of decay at infinity, with the indicasj 0{1;2;3 andm{1,2 ,
have the following form:

(™ (1, (0).0) = a2 (., (0).0) B (x b, ®) =0 (2.2)
(D™ (x,hy, (x),1) = DP (x,h, (x),1)) ™ (x,hy, () = O

(2.3)
W™ (%, (),8) = W (x, 1, (x),) (2.2)

P (X0, (X),1) = @5 (X, R, (X),1) (2.5)

IE[n)m w, (% y,t) - 0 IE[n)m b, (xyt) -0 (2.6)

It is known that, when the coordinate asz”[_) is parallel to the axes of
the polarizations of all the composite crystals, in any plamgx,
(slicex, = const ), quasi-static equations of electro elasticity in each layer

2,,(n) 2 2, 2,,(m) 2
o°u, ve 09, =pn6 ué ’ Q.mauj e 0°g, -0
ox0x, " oxox, ot "™ Ox.0X, 0% 0X,,

(2.7)

Clj km

allow separation of non-electroactive plane strain state
{u (%, %) ;u,(x,x,t);0,¢  from electroactive anti-plane deformed state

{010, (%%, £) 8 (%, %, 1)} [18].

This will make it possible to separately investigdie effect of surface
roughness on the propagation of the wave signal of flat deformatibriha
wave signal of electroactive anti-flat deformation.

In this case, the connection of heterogeneity environments inothed
composite is of geometric nature, and isdetermined by the funcfangface
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irregularities =, ={y =h,(X)}; m=12.featuring in the boundary conditions (2.2)

and (2.5).

Model-2. Two elastic deformable half-space made of materials
characterized by associated physical fields (electro-elgsti magneto-
elasticity, thermos-elasticity, etc.) are connected by &hade of thermal
crushing, so that depressions of one of the rough surfaces wedbfil
protrusionsof the other.

Then at the junction of the connection of the half-spaces, a thin
transversely-inhomogeneous layer with varying physical andhamical

characteristics of the materigh®(y) 2 { ca (V) p2(y);eSy); 8(3)(y)} is

formed. Naturally, the virtual surfaces of the formed layer can be espegsby
lines (surfaces) of maximal depressions of the correspomdirghness. Then,

allocating virtual layer thickness H =(R,+R)/2, where
=|maxh, (x)- minh, () are the maximum value of the depressions of

the rough edges, respectively, for functign$y) ,the characteristic requirement
will be the condition of equality of physicomechanical constant langs

y=%(H/2) with  y(-(H/2))=y® A{c,jﬁ’n,p“) else (1’} and y(+(H/2))=
= A{qjﬁ,ﬂ,p(z) edie (2’} respectively. The heterogeneity of the material can be
presented by any integrable function” =f(y,R,,y'™); m=12. with the
following conditions on the surfaces of the virtual layé(-(R +R,)/4)=y,;
f(R+R,)/4)=y,. As a result of diffusion of the deformed middle surface
y =(h(x) +h,(x))/2 of the formed non-homogeneous layer, it is natural to
impose a new conditior ((h,(x) +h,(x))/2) = (1, +,)/2 -

For the studies of dynamic processes@mm piezoelectric hexagonal
symmetry class with this model, with the indiceefl; 2, the equations in

(2.7) will be solved in homogeneous half-space3 :{|x| <ow,—0<y<
_(R1+R2)/4,|z|<oo} andQ*z ={|X| <°°'(R1+ Rz)/ 4< y<oo,|z| < oo} . In

virtual dedicated thin layerQ; ={| <o, ~(R +R,)/ 4<y< (R +R,)/ 4|7 <}
equations of electro-elasticity with variable coefficients idlsolved:

0 u(n) 0 ¢n aZU(n)
|ka(X2) £ Qjm( 2) Xm = ,On( 2) atg
’ (n) az¢n —_
&m (%) axaxm = Em(X;) 6)90xm_0 (2.8)

Obviously, the study of the solutions to these equations become much more
complicated, since variables coefficients lead to a nonlidependence of the
amplitude and phase functions of the propagating wave signal [19]Bj2he
boundary conditions in (2.2) and (2.3) are given get much simpler. Thgecha
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of the surfaces normaii™ (x) :{nl(m’ (x,hm(x))} in surfacey =h_(X), is

replaced by the unit normal ofsmooth surfaces
n™ ={0;21;,¢ y=+(R +R,)/4=const.

07 (%D "OR +R,)/41)-07 &, C 1 DR+ R,Y 4t = ¢, (2.2%)
D (% (-)"OR +R,)/41)-DY &, C ' OR+R,Y 41 = ¢, (2.3%)
W™ (% (CDTOR +R,)/41)=w? x,C 1 OR +R, ) 4t ), (2.4%)

(X CD'OR +R,)/41)=¢, K, C 1IN OR + R, Y 41), (2.5%)

In this case the connection of environments, heterogeneity ifothed
composite have a physical nature, and they are determined by thetetiatics
of the functions of surface irregularitieR, =|maxh, (x)- minh, &), which

appear in the boundary conditions (2.2*) and (2.3*). Through the functions of
the physicomechanical characteristics of the environment
{2y p2(y):eR(y):e2(y)}  heterogeneity appears also in the non-homoge-
neous equations piezoelectric (2.8) .

3. The mathematical modelling of boundary value problems. In the
studies of wave processes in formed composites, for the @ahlgtialysis of
the process and the results, a hypothesis (MELS) of the nafurde
distributions of characteristic physicomechanical units, or tearthdynamic
parameters of the formed heterogeneous material, with theofusarface-
exponential functions (SEF) is proposed. This hypothesis must etisire
existence of the characteristic parameters describingigalyand mechanical
fields, both in the equations, and in the boundary conditions of the problem.

Let's assume that a shear electro-elastic wave signdilstributed across
the three-layer composite consisting of a lone polarized pastzdegbectric
glue of two thick layers of piezoelectric crystal ﬁfnmclass hexagonal

symmetry (model-1). Then, the plane strain s{aan;(ex1 X,,1) ;U (X, X5 t 0(} in
the composite is not be inducting, and electro-active antlplaam sitate
{O;O;u3 (%%, 1) (X, ,xz,t)} is described by quasi-static solutions

W, (X, y,t) =W, exp(c 1 a,ky )]ai(kx—ax) ,
¢n(X1 y!t) = {q)()n exp((— :I-)1 ky +%Won exp(‘(_ 1r)anky } &i(kx—ax) (31)

where G, =c!) - elastic moduli shifts,p,- density, e, = €Y -piezoelectric
modules, £, = £ - relative coefficients of dielectric constant of mgtr in
the respective layers=12,2 of the compositea? =1-(«?0?)/(k’G}) -wave
characteristic values; G, =G, (1+ enz/(enGn)) -given shear stiffness of

piezoelectric, - the frequency of a waveformk =(277)/A -wave number
and A -wavelength. In case of respective numbering=%2; in the case of
homogeneous half-spaces, amplitudesand @, are constants.
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In the adhesive layer of variable thickness solutions quresented both in
symmetric and anti-symmetric forms:

W,(x, y,t) ={ Ay, sin@ky )+ A, cosé fy ) &)
da(x y,t)={831sina<y)+ By, cosly )r [ Ay, sing ky ¥ Ay, cos(ky ]}@“‘“‘“‘) (32)
3
To simplify the boundary conditions (2.2)-(2.5), we introduce hypotheses
about distributions of the elastic displacemewgx, y,t) and the potential of

the electric fieldd,(X, y,t) across the thickness of a thin layer of adhesive,

ef® -1
e-1

f(x) _
£,xy0)= S A0 000-4,x N +4,6ch 0D, (33)

where surface-exponential function (SEF)

F(xy) =[ex M}—l}[ﬂe— 3 (3.2)

W, (X, y,t) = [w, (%, h, (x),t) = w, (x,h, (x).0)] + w, x h, (<)1)

[h(9 =h(]
is the characteristic function for non-smooth surfages, (x) and is described

the changes of the requiredunknown valuesin the adhesive layenetsck he
introduced hypotheses of type (3.3) provide for any kind of conjugatiatede
to physicomechanical fields in magneto- (electro-, thermo-)tieldsyered
systems (Magneto-Elastic Layered Syst@hELS) hypothesis). They also
allow to split boundary conditions (2.2)-(2.5) into two groups.

The conjugacy conditions of mechanical stress and electric iodu&.2)
and (2.3)

h() (%) (%, h,(.1) = o § (61, (x).0) + (e b )1)- oG h )1) = 0
h (%) (05 (%, h,00,) =5 0 h,(0),0) + (0 (h )= G L)1) = 0 (3.5)
h () (D (x,hy(x),t) = DF (x,h,(x),1)) + (DY (x,h, ().t )= DY (x h ()1 )) = @
h () (D (x h,(0),t) = D (x,h,(x)1)) + (DL (x.h,6)1)-DP e h ,0)1) = 0 (3.6)
are logged in the form of four algebraic equations with respect t@foplitude
constants{ A, B} {W,; Wy, ® ;P o}

B [{ 1} (0.1, 00,0, @), [x A = 0

From the condition of existence of nontrivial solutionswe obtdie t

transcendental dispersion equation, which determines the freqresponse of
the process

det]B, [{ s} h, €On™ €)a, @K)]|, = ¢ (3.7)

Another group of boundary conditions(2.4) and (2.5), aboutcontingency elastic
displacements and electric potential with respect to four &rdpliconstants

A O{A; A, B.; B}, generates a new inhomogeneous system of four algebraic
equations:

B [{ra} (0.1, ()., (@/k),]x A =h [A h, 0O, ), @K)]  (3.8)
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Hence obtained frequency-amplitudes descriptions for the idatitiin of new
phenomena at the joints between the layers of the compositguar® the
roughness of the surfaces. The presence of roughness on the sofftues

layers transforms the coefficientsé,j[{yg},hm(x),h;n(x),an(w/k),] and

B; [{ 14}, (). 1, (X).a, (@/k),], as well as free termg[A ,h, (X).1, (x).a, (@/k)]
in algebraic equations (3.7*) and (3.8) into complex variables. Tmiagathe
effect of roughness on dispersion, or the possibility of occurrenasohance,
the wave signal must be represented by a complex wave numbeeaquenfty
fluctuationsd=, (x, y,t) = A, (x,y) exp{ & +ik, X~ @ +icw, i} .

Then determinants from (3.7*) and (3.8) are real and imaginary qfaite
wave number and frequency, with their signs will charactéheeanfluence of
roughness on the dispersion, dissipation and resonance in the sigmad
propagation.

It was shown above that in the three-layer composite consisting
interconnected thermal breakdown, lone polarized, two thick piezaoeitgctr
layers of hexagonal symmetry cl&msm, a transversely inhomogeneous layer
(model-2) is formed along the surfaces of the border connection:

Q, ={|{ <o, ~(R+R)/4<y< (R+R,)/ 4]z < oo}
During the propagation of shear electro-elastic wave sigmahe composite,
similar to the case in model-1, plane strain condition is not induced

{ul(xl,xz,t);uz(xl,xz,t);O;C}, and the electroactiveantiplane strain state

{0;0u; (%%, t) 1@ (x, %, 1)} in thick layers is again describedby the quasi-
static solutions in (3.1). Unlike the previous case, virtuadichted
heterogeneous in thickness lag@er the frequency-amplitude nature of the

solutions will obviously depend on the initial roughness of surfdzesigh the
heterogeneity of the material layer. Given the subtlety efvirtuallyformed
inhomogeneous layer, in case of model-2, MELS hypotheses are intloduce
relation to distributions of the physicomechanical diffusion cotsbérthe

created environmenty® (y) é{qﬁ%(y); p(3)(y);q1(f]’(y);£n‘,f')(x)} , with the
selected virtual surfaces gf=+(R +R,)/4=congt : - N ={0;+1,4

f, (x

3) s T
% (X7Y)—T(V( 4 )+V (3.9)

f,(xy) =a(y,, R, (0)) 57 +b(y, R, by, ) B+ () R, 0y ) (3.10)
The characteristic function describing the change of the tidhmamic

constants for the layer thickness,y® é{qfﬁ;p“);q&);gn‘,?} and
2 é{clglfr{; p(z’;qfﬁ’;e,sz)} are thermodynamic constants of the materials of

the respective half-spacesR, =|maxh, (x)- minh, &} -the depth of the

depressions corresponding to the surface roughness.The coeffiofetite
functions f (y) are selected from the attainment of material values of the
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thermodynamic parameters of the virtually created environmetiteirborder
layer

y(s)(_ RLZRZJ =y, y(3)£R1:fR2j =)@, y(3)(hl(x);h2(x)J= y? ;V(l) (3.11)
By introducing hypothesis MELS (3.9) and an exponential function décir
SEF (3.10) we obtain the boundary value problem of electro-etgdstiom the
following equations:

~ | 0°w, 0w, |_ 0w, 0°b,  0°0, _e | 90w, 9w,
Gn > T2 TP > v T 2+ 2

e oy >, ¢ oy g | X dy (3.12)
wheren=1, 2.in the half-space@i and Q*2 accordingly with the solutions of
(3.1), and equations:

o, | 0w, 0%, 0
Gy(x, y){ a>\<l2V3 + ayf}fee,(x,y)[%+%}
0G, w; , 9G, ws, , 0., 00, , 9e,00 ;_ 0.(%Y) w, (3.13)

ox 0x 0y dy Ox ox dy dy ot?
2 2 2 2
& (% y){"axvﬁs+%—yvvf}—sg(x,y)[aaj’i+%}+
oe, 0w3+0e30W3_6£36¢3_6836¢3=0
OXx 0Xx 0y dy O0x ox oy oy
in virtual dedicated inhomogeneous lagkr .
Conditions for the existence of solutions of F(xy,t)2
A(x, y)expi{# (x.y)-at} equations (3.13), and their solution at the selection of

functions for material heterogeneity®(x,y) with different combinations of

boundary terms, have been discussed in articles [19-21]. The lgerdary
conditions  (2.2%)-(2.5%) on the surfaces of the virtual layer
y=+(R +R,)/4=const and the terms of the decay at infinity (2.6) together with

the obtained equations (3.12) and (3.13) form a boundary value problem in
model-2 connection piezoelectricity half-spaces with rough cesfdhe task
here is to study complex transcendental equations. By introducingahe
number k =k +ik,, and frequency fluctuations=a +iw, in aggregate form

into the wave signal, we will identify the influence «afrface roughness on
dispersion, dissipation and resonance in the wave process.

4. About hypothesess MELS. We have already mentioned that the
hypotheses (3.3) and (3.9) provide conjugation of elastic displateand the
potential of electric fields on rough discontinuity surfaces (a@d (2.5) in
model-1, or the equality of thermodynamic constants on the surfaciée of
virtual layer in model-2 .1t is obvious that these hypotheseslan suitable in
problems of composites with materials associated with other physotzmical
fields (magneto-elasticity, thermos-elasticity, etc.) Anothararacteristic
property of the introduced hypotheses is hidden in the choice of surface
exponential functions SEF (3.4) and (3.10), distribution across the thickne
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ofrequired physicomechanical fields (3.3), or the change of the thenaumity
constants of virtually created environment (3.9). Upon selecticm simpler
distribution functions in thickness, such as

_[_y-hx } Y
f(xy)=| —2~—|, mO{L2.} 4.1

oY) {hz(x)—hl(x) (125 iy
Although it provides conjugation of certain selected components
ofphysicaomechanical fields, depending on the choice of measure

mO{1;,2;..} ;there’s always the risk of losing of some even or odd chaistiter
values in the study material. In this respect, the introduction of SEF ‘ofumct

-1 y-h(x |_ 1 y+(R+R)/4]
1Y) e—l{ex ra(x)—m(x)} J}Or fy(y)_e—l{ex W} 1}(4'2)

is acceptable not only because they provide the conjugation of the
requiredphysicaomechanical fields or thermodynamic constants orh roug
surfaces, but also they introduce existing geometric surfacghness
heterogeneityy =h (x) into the descriptions of physicomechanical fields or

thermodynamic constants ofthe inner thin layer.

5. Conclusions. When homogeneous layers get into contact with rough
surfaces, geometrically or physically inhomogeneous layeorimed in the
borderline area of the contact. Two model compounds of the rough strfaces
the form of piezoelectric sandwich of the composite are selettpdtted
superficially exponential functions SEF constructed hypotheses about
distributions of physical, mechanical and thermodynamic fields thaf
permanent magneto- (electro-, thermo-, etc.) elastic layerst@nss-MELS,
formed in an inhomogeneous layer connection. The introduction of hypsthese
allows to model a mathematical boundary-value problem for diffenaterials
of the composite layers associated with different physicomedidields. A
comparative numerical analysis of results with differboundary problem
modelling will be given by the author in the following articles.

Institute of Mechanics of NAS RA
e-mail: ara.serg.avetisyan@gmail.com

Corresponding member of NASRA A. S. Avetisyan

The Boundary Problem M olelling of Rough Surfaces Continuous M edia
with Coupled Physicomechanical Fields

The presented hypotheses of magnetic- (electrorfihg elastic layered systems
(hypotheses-MELS) are addressed to the modelifgpohdary problem of contact of
rough surfaces of continuous media with associptegical and mechanical fields. In
various models of joints of thick piezoelectric éay combinations is allocated
exponential behaviour of physicomechanical fieldstleermodynamic constants are
given. The effect of surfaces roughness on the t&ms and the thermodynamic
relations is achieved through the choice of surtqeonential functions (SEF).
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22 QUU pnpulhg winud U. U. Udtnhuywul

ShqhjwdbEumuhjulwt juywulgdwus nuowbkpny hns thpwjuypkph
wihwppmpiniutkpny kqpiph wdpugdwi tqpuyhtt pugph dngbjuynpnudp

Ukpuniskiny dwquhuw (HEjunpw, phpun) wpwédquljwt okpnwynp hwdwlwp-
gtiph hpthnptqutp (hiphotesis-MELS)" hpwjwtwgynud E juyulgqus dhqhjudbuw-
uhjuwt nuownbpny hné dhowjuwyptph wihwpp dwibplunyputph wdpulgdwi
tqnuyht futigph Ungljuynpoud: MhkqnphkjEyuphy pkpubph bpynt nwppbp wdpuy-
gnidubph nhwypbpnid wpwdwgynid E wdpuljgdut dkpddwltpinipuyhtt $hqhynpk
Jud Ephpwswthnpkt wihwdwubn otpwn, npnbn dwlkpbnipwihii-wunhfutught
$nughwbph (SEF) dhongny wpynud ki Ppqhjudbuwthjuljut nquowntph jud
pEpUnphtwdhjujut hwunwnniubph puppudw quppbpp:

U dnuyghwtbph punpmpyudp hpuwbwgynid b dwlbpinipughtt withwp-
pnipiniuibph wqpkgnipiniun kqpuyhtt pungph hwjuwuwpnudubpnud b ynipwljub wnb-
snipjniiubpnud:

Ynen-koppecnonaent HAH PA A. C. ABeTucsin

Mone.lmponalme FpaHI/l‘lHOﬁ 3aJaYd KOHTAKTa HICPOX0BaATbIX
HOBerHOCTeﬁ CILTIOIIHBIX Cpea CO CBA3AaHHBIMU
(i)I/I3I/IKO-MeX3HI/I'-IeCKI/IMI/I MOJIAMH

BB01OM I'HIIOTE3 MAarHUTO (DJIEKTPO, TEPMO) YIPYTUX CIOUCTHIX CUCTEM (THITOTE3BI
— MELS) npoBoautcss MOJEIHMpOBaHUE TPaHMYHOM 3aJadd KOHTAaKTa IIEPOXOBATHIX
MOBEPXHOCTEH CIUIOLIHBIX CPEJi CO CBA3aHHBIMU NONSMU. [IpH pasHBIX MOJEINSAX COCIH-
HEHUI TOJICTBIX IMbE30AMAIEKTPHUECKUX CIIOCB BBIJACISIETCS MPUIOBEPXHOCTHBIN Te0-
METPUYECKU WK (HU3UUECKH HEOTHOPOIHBIH CII0M, B KOTOPOM 33/1a€TCs IIOBEPXHOCTHO-
9KCIIOHEHIIMAILHOE MOBEJACHUE (DU3UKO-MEXaHMYECKUX MOJIeH HIM TePMOJUHAMHUYE-
CKHUX TIOCTOSIHHBIX. BEIOOpOM MOBEPXHOCTHO-3KCTIOHEHIMABHOH (hyHkuuu (SEF)obec-
MCYUBACTCS BIMSHUE MOBEPXHOCTHOMN IIEPOXOBATOCTH B YPaBHEHHSAX U B TEPMOJAUHA-
MHUYECKHX COOTHOIICHHSIX 3a[auH.
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TeopeTnueckue NPeANOCHIIKH [IJIsI CO3IAHUA PeaKTopa
XO0JIOTHOTO SI/IEPHOTO CHHTE3a

(ITpencraeneno akagemukom D. B. Uybapsinom 6/X1 2014)
KitroueBble ci10Ba: X0100Hb1ll A0EPHbIIL CUHMES, UCTIOYHUK SHEP2UU.

Maptun ®@neitmvan u Ctarnu [ToHC yTBEPKIAI0T, 9TO JOOUITUCEH CITUSHHUS
s7ep AeHTepHs Mpu OOBIYHBIX TeMIeparypax u gaBieHusx [1]. X «peakTtop
XOJIOJTHOTO CHHTE3a» MPEICTABIISI COOOW KaJOPUMETP C BOJHBIM PAacTBOPOM
COJIH, Yepe3 KOTOPBIA MPOITyCKaIH dJIeKTprueckuii Tok. [IpaBma, Boga Obliia He
mpocToi, a Tsokesaor, DO, kaTon ObLI cAelaH U3 Hajulaaus, a B COCTaB pac-
TBOPEHHOH COJIM BXOJAWIN JIUTUH U Aelitepuii. Uepes pacTBop Mecsimamu Oe30c-
TaHOBOYHO MPOMYCKAJIN MOCTOSIHHBIA TOK, TaK YTO HA aHOJE BBIIEISIICS KHUCIIO-
pox, a Ha KaTone — TsoKeIsld Bogopon. Cormacuo ®dneiimmvany u [lorcy Tem-
nepaTypa dJEKTPOJIUTa MEPUOJUYECKU BO3pacTaia Ha ACCSATKUA TpaaycoB, a
WHOTJa U OOJIbIlIe, XOTS MCTOYHUK IUTAHUS J1aBajl CTaOWIBHYIO MOIIHOCTb.
OnHM 00BACHUIIN 3TO TIOCTYTUIEHHEM BHYTPHUSACPHON DHEPTHH, BBIACISAIONICHCS
TIpU CUSTHUY siaep aewrepus. [lammanmii o0mamaeT yHUKaIEHON CITIOCOOHOCTHIO
K morJoieHuto Bogopoaa. dneitivan u [loHe cunTaroT, 4TO0 BHYTPU KpUCTAII-
JIMYECKON PEIISTKU 3TOTO METaJula aTOMBI JACUTEPHs CTOJIb CHUIIBHO COJIMKa-
IOTCS, UTO HX S/Ipa CIMBAIOTCS B S[pa OCHOBHOTO U30TOTIA TeNIHs. JTOT MPOIECC
UJET C BBIACICHUEM DHEPrUH, KOTOPasi COrJIACHO UX THIOTE3€¢ HArpPeBacT dJICK-
TPOJIUT.

CornacHo HaIei TeOpuH MPU CO3aHUN COOTBETCTBYIOIINX YCIOBUN UMEET
MECTO OOpaTHBIM TyHHENbHBIH 3(deKT, 4To MPUBOAUT K 00pa30BaHMIO HECTa-
OWIBHBIX U30TOMOB, PacMa/ KOTOPBIX U MPUBOUT K BBICICHHIO SHEPTHH.

B pabote paccMoTpeHBI Bce BO3MOKHBIE BAPHAHTHI PEAKIIMU JJIST HUKEIS C
MPOTOHOM M €IMHCTBEHHBIA BApUAHT PEAKIIUUA MPUPOJAHOU MEIU C SIPOM Jei-
Tepusi, KOTOPBIN MPUBOJUT K 00Pa30BaHUIO HECTAOMIEHOTO M30TOIA ITUHKA.

[To MeToauke, MpenCcTaBICHHON aBTOpPaMU, MOXKHO IPOCUUTATH, KAKUE U30-
TOTBl JPYTUX XMUMHUYECKHX JJIEMEHTOB MOXXHO HCIIONB30BaTh IS OCYIIECTB-
JICHUS PeaKlUy XOJI0JHOTO CUHTE3a.

Pabora Obuta mpencraBieHa Ha KoH(pepeHIMH-BeicTaBke 2-3 utons 2014r.,
B pamkax (¢opyma “Henens snepruu B ApMeHun”.

XoIoaHbIH CHHTE3 paccMOTpUM Ha mpumMepe MetamioB Ni u Cu.
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Ni (Cu) + p + Ea =meycroitunssiii n3oton Cu (ZNn),K0TOpsIi pacmamgaeTcs
C BBIJICJICHUEM SHEPTUH, T1e P —IpoToH, Ea —sHeprus akTuBanmu, HEOOXOAHU-
Masi JUIsl TOTO, YTOOBI TIPOTOH MTPOHUK B SIAPO HUKEIISL.

ITpupoaHbIH HUKENb COmep:KUT 5 cTabmapHbIX u3oronos: 58Ni (68.27 %),
60Ni (26.10 %), 61Ni (1.13 %), 62Ni (3.59 %), 64Ni (0.91 %).

CyIIecTBYIOT TaKXe€ MCKYCCTBEHHO CO3JIaHHBIC W30TONBI HHKEJs, Camble
crabumpHble M3 KOTOphIX: H59Ni (mepwox momypacmama 100 Teicsu jer),
63Ni (100net) u 56Ni (6¢cyTok).

JlaHHBIEC TI0 M30TOMNAM MPUBEICHHI 1O [2, 3].

58Ni (68.27 %) + p = 59CUlepuon momypacmana 81,5¢. Macca u3oromna
(a. e. m.) 58.9394980.

60Ni (26.10 %) + p =61Culepuon nomypacnazna 3.3334. Macca u3oromna
(a.e.m.) 60.9334578.

61Ni (1.13 %) + p =62Cullepuon moxypacmama 9.673 muH. Macca
n3orona (a. e. M.) 61.932584.

62Ni (3.59 %) + p = 63CuradueH.

64Ni (0.91 %) + p =65Curabusen.

59Ni (mepmon mnomypacnaza 100 teicsiu sner) + p = 60Cu. Ilepuon
nonypacnaza 23.7muH. Macca u3otona (a. e. M.) 59.9373650.

63Ni (100 mer) + p = 64Cu.llepuon moaypacmama 12.700 4. Macca
n3oromna (a. €. M.) 63.9297642.

56Ni (6 cyrok). + p = 57Cullepuox nonypacnazaa 61,834. Macca u3orona
(a.e.m.) 66.9277303.

ITpupoaHas MeIs COCTOUT U3 ABYX CTAOMIBHBIX M30TONOB — 63CU (69 %),
65Cu (31 %).

JInst Hac MpeACTaBIsIeT MHTEPEC peakius ¢ 00pa30oBaHUEM HECTAOMIILHOTO
u3oTomna ZN, KOTOPbIN pactaaaeTcst ¢ BhIACICHUEM SHEPTHHU:

63 Cu (69 %) + pnopoToH ¢ HEWTPOHOM — SApO Aekrepus) = 65mZn.
Ouneprus Bo3Oyxzaenust 53.928 x3B. Ilepmon mnomypacmaga 1.6 wmkc.
Crue u uéTHOCTS simpa 1/2-.

DddexT xom0aHOrO CHHTE3a HAOIOAAICS HA ABYX yCTaHOBKax. Ha omHoi
YCTaHOBKE BBIJICJICHUE YHEPIMU HAOIIOIATIOCH MTPU B3aUMOACHCTBUH JACHTEpHS
C MeIHOH cTeHKoW (kak MoOO0YHBIH 3()(EKT NpU N3yYCHUH MOHHO MOJICKYJISp-
HBIX peaknnii [4]), Ha BTopoii — HuKeIs ¢ BomopoaoM (kak y A. Poccu [5]).

Cornacno npeanonoxenuto Urops FOpweBnua Jlanmnosa (Cankt-Ilerep-
Oypr) mMeeT MecTo OOpaTHbBI TYHHENbHBIH 3 ¢exT. [Ipu 3ToM 00pazyroTcs
U30TOIIBI ¢ KOPOTKUM BPEMEHEM KH3HH, KOTOPBIC PACIaIA0TCS C BbICICHHEM
SHEPIUH, TEIUIOBAs YHEPTHUsI BBIIEISETCS M 33 c4YeT AeOopMalii peméTku, Ko-
TOPYIO BBI3BIBAIOT YYAaCTBYIOIIME B PEAKIUSAX M30TONBI ¢ KOPOTKHM BpEMEHEM
KU3HH.

B Hacrosmmii MOMEHT BeIyTCsl pabOTHI IJIsl CO3MaHUs MTPOMBITIIIEHHOH yC-
TaHOBKH.

Mpoext “®unocodeknit mrypm”, Cauxr-Ilerepbypr
’HanmonanbHas HaydHas TabopaTopust uM. A. AnmxassiHa, Epesan
3ApMSIHCKas TEXHOIOTHYECKAs aKaIeMHst
e-mail:serg55@yahoo.com
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, N. 10.Januuos, P. B. Tymaunsanu, B. I'. laBTsin

TeopeTnllecmle NPEANOCHIVIKHA MJIsl CO3AaHUA PEeaKTOopa
XO0JIOTHOI'0O SI/ICPHOIro CHHTE3a

HpeanaraeTCﬂ TCOPETHUUCCKAsd MOJCJIb, KOTOpas 00bsICHSIET BbIXOJ DHEPTHHU B pCaK-
OUAX XOJOOHOI'0 CHUHTE3a C MCIIOJIb30BAHHMCM HUKECIIA U MCIIH. HpeHCTaBHeHHa}I MCTO-
JIUKa TTO3BOJIACT pacCUYUTaThb, KaKME€ U30TOIIBI APYTIUX XUMHUYCCKHUX DJIEMEHTOB MOKHO
HCIOJIB30BaTh MJIA OITUMHU3AIUN BBIXOJA SHCPTHU. PeSyHI)TaTBI MOKHO HCIIOJIb30BaTh
JJIA CO3JaHUA HCTOYHUKA DHCPTHUX ITPOMBINUICHHOTO 3HAYCHMA.

|"l-. R '1-1111]111}]111h|, b. 8n1. Twipny, £k 9. Enudwigub, 9. @ Fupjui

Uwinp dhonijuyhtt uhiptqh nbwljnnph vnkpddwt nkuwlju
twuwnpyunikp

Unwownpluws E nmkuwljub Unnk), npp tjupugpnid b tubkpghwih wbipwwnnudp th-
Ukih b wnudh ukpuynipjudp vwnp uhiptkqh pbwlghuyh dwdwbwly: Ukpnnp, npp tkp-
Yuyugyuws Ehtinhtwlubph Ynndhg, pouy) E nwihu npngl), ph hty wy phuhwljub nwp-
ntph hgnuinwubp Jupnn &b oqunmgnpéyty Fubkpghwih wpdwlnudp owyunhdwjmgubkint
hwdwp: Upmyniupubpp Jupnn G oguuugnpsdyt] wppynibwpkpuljut bywbwlnipjut
Eubkpghuyh wnpnip unbtnsknt hwdwp :

ID. B. Davidyan|, I. Yu. Danilov, R. V. Tumanyan, V. G. Davtyan

Theoretical Prerequisitesfor Creating Cold Fusion Reactor

The paper proposes a theoretical model which expltie energy output in cold

fusion reactions, while using nickel and coppere Tiechnique, presented by the
authors, allows to determine what other isotopesheimical elements can be used to
optimize the energy output. The results can be tsetteate a source of energy for

industrial purposes.
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H3y4yenne akTHBHOIO HEHTPA MUKIOMAJIbBTOAECKCTPHH
rawkaHorpancgepassl mramma Thermostreptomyces sp.
MeToAaMHM (POTOOKHUCIEHHS U MOAUPUKALNH
AMITIWINHPOKAPOOHATOM

(ITpencraeneno 4/11 2015)

KiioueBble €J10Ba: yukiomaibmooekcmpun 2uokanompancgepasa, Ther-
mostreptomyces SpuxmugHbiil yeump pepmenma, GomooxucieHue, OudIMui-
nUpoxapoOoOHam, YUKI00EKCMPUH.

B mpenpiaymux pabotax mo M3ydyeHHIO MeXaHU3Ma JNEHCTBUS LIMKIOMAaTb-
Tonekctpul riarokanorpancdepas (LII'T; K 2.4.1.19)pa3nuyHbIX rpynn MHUK-
pOOPTraHU3MOB OBLIO BBISBICHO, 4TO akTHUBHBIN IeHTp LII'T cocTomt m3 aByx
OTIENBHBIX Y9aCTKOB — aKIENTOPHOTO U TOHOPHOTO. HeoOxoanMbIM yciaoBreM
JUIS IMKIU3alMU SIBISICTCA B3aUMOJACHCTBHE cyOcTpaTa ¢ 0OOMMH y4acTKaMu
oxHOBpeMeHHO[1-4].

YcTaHOBICHO TakKe, YTO aKTHUBHBIM meHTp Oammwmispueix LI'T umeer
OOJBIIYI0 TOMOJIOTHIO ¢ @-ammiazamu [5-8]. Anamormyno a-ammnazam LI'T
COCTOUT W3 YEThIpeX MIOOYJSIPHBIX YYACTKOB, U3 KOTOPHIX A U B waeHTHYHBI
TaKOBBIM @-aMmja3, B TO BpeMs Kak yyacTku C u D sgBistroTcst XapakTepHBIMU
toneko quist III'T [9, 10]. Jlns nMKIM3aIUU MaTbTOONUTOCAXAPUIOB BAXKHYIO
ponb urpaer COOH-koHLeBol y4dacTok (epmenra [11-13], ogHako moka3aHo
TaKKe HeManoBaxkHoe 3Hauenne NH, -yuacrtka [14].

Hamu Brepsbie BoisiBiIeHBI npoayneHTsl LII'T cpeau TepMOGUIBHBIX aKTH-
HomuLeToB [3]. B Hacrosieit pabote 0000MICHBI Pe3yabTaThI IO U3YYCHHUIO aK-
tusHoro 1ienrpa LII'T Thermostreptomyces sBEHMIA-A-561 metomamu ¢o-
TOOKHCIIEHHS H MOANDUITPOBAHUS JuITHIIHpokapooratom (JIDIIK).

Metonnl ucciaenoBanusi. B xauectse mponynenra II'T umcnonb3oBamu
KynpTypy Thermostreptomyces SpIHMUWA-A-561, BeipammBanue KOTOpOU
OCYIIECTBISIIHN 110 paHee ONMMCaHHON MeToauke [3].

Ouucmka hepMeHTa U €r0 OCHOBHAsI XapaKTEPUCTHKA OMUCaHbI B [3].

Domooxucnenue 1I'T ocymecTBIAIM NpU pasnuyHbIX 3HadueHUsAX pH u
TeMIepaTypsl B npucyTcTBud 25 MKM MetunenoBoii cuau npu 20°, oceeras
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mpoOsl JTaMIioil mHeBHOro cBera MoiHOcThi0 150 Bt Ha paccrosauu 10 cwm.
Kontponem ciysxunu mpoOsl ¢ TOH ke KOHLEHTpauuei poToceHcnonIn3aropa,
HO HaXOJMBILIHUECS B TEMHOTE, a TaKKe 00pa3Iibl, OCBEIIABIIHNECS TEM Ke UCTOU-
HUKOM CBETa, HO B OTCYTCTBHE METHUIIEHOBOM cuum [15, 16].

Moougpurkayuro oursmunnupokapoonamom oCymecTBIUIN MeToIoM Maii-
m3a [17]. Jns sroro k 20.2MxkM (1.13 mr/mi) pactBopa LII'T B 0.02M doc-
¢daraom Oydepe, pH 6.2, conepxamem 1 MM CaCl, nobasmsmm 100kpaTHbIH
MoJsipHbeId m30bITOK JIDIIK B abCOMOTHOM 3TaHONE W PETUCTPUPOBAIH MpU-
poct norsomenus npu 240HM, Xapaktepusytomuii oopazosanue N-3Toxcudop-
MIJIMMHU/1A30714.

B skcnepuMenTax B npucyTcTBUH 3((HEKTOPOB KOHIEHTPALMS CATHIIHA U
akap0o3bI Ob1a 5 MM, a konmdecTBo monumepa S-II — 2 mr/mi. J{ns pacuera
qrciaa MOJU(PHUIMPOBAHHBIX OCTATKOB MCIOJIB30BaIH KO3 PULIHMEHT MONAPHOI
skeruHKIMH N-kapGaTokcurucTuauna, pasusii 3200M ™ em™ [18] o opmyite
[19]

n=AA,,/1[20.2010° 0320,

rae DA, — [Ayuo c rm — Ay Ges irn] depe3 40 mun; 1.0 —mmpuHa peax-
LIUOHHOM siyelkH, cM, 20.2 10° - MousipHas kKonuenTparus LI'T.
PeaktuBanuio momudunuporannoii III'T ocymectsmsuin nodaenenuem 0.5 M
pactBopa ruapokcunamuna (pH 7.0).

Onpeodenenue pK ouccouyuupyrwouwuxca zpynn, IpUHAMAIOIINX Y4acTHE B
karanuTdeckoM akte III'T, mpoBoamin coriacHo onucaaHomy metoxy [20].

Huxnuzupyrowyro akmuenocme I[I'T onipenensiii METUIOPAHK-MaJIbTO-
TPHO3HBIM MeTOoZOoM [21]. 3a emuHMIy AKTHBHOCTH MPUHUMAIH KOIUYCCTBO
¢depmenTa, kotopoe npoayurpoBaio 1 Mmkmons LIJ] B 1 MuH B ycnoBusix dKcre-
pUMEHTA.

Jlexcmpunusupyouyio aKmueHoCms ONPEACISUTA COTJIacHO OMUCaHHOMY
MeToay [22]. 3a euHUIly aKTUBHOCTH MPHUHUMAIIH KOJTHYECTBO (epMEHTa, KO-
Topoe 3a 10 MUH B 3aJaHHBIX YCIOBHSX peakiuu KoHBepTtupoBaio 50% kpax-
Maia.

a-II/] cneuugpuueckyro akmuenocms VIeHTHPUIMPOBATN C TPUMEHECHUEM
metuaopamka [23]. Peakimmonnyio cmech (3 mi), comepxkamiyro 0.6 ma 5%
kpaxmaina B 0.05M docdarnom 6ydepe (pH 7.0), 0.1mn 1 MM MeTmiopamka B
ToM ke Oydepe, 2 mi Toro xe Oydepa u 0.3 M pepMEHTHOTO pacTBOPa, HHKY-
ouposanu nipu 40° B Teuenne 10 muH. Peakimio octaHaBnuBaii 100aBiICHHEM
0.15m1 6 1 HCI, octasnsimm ipu 15-16C B Teuenne 30 MUH M KCTUHKIIUIO OI-
penemnsinu Ha criektpodoTomerpe CP-46 npu SOSHM.

LB LT cneyugpuueckyro akmugnocms ONpeNiesisuiv 10 U3BECTHOMY METOLY
¢ nmpuMeHeHneM (enondTanernna [24].

Konuuecmea paznuunvix I{J] onpenensanu meronoM BOXX B panee mpu-
BEJICHHBIX YCIOBHSX [2].

Benok onpenensnu o Jloypu [25], ucions3yst BCA B kauecTBe cTanaapra.

ITonumep B-II/] ToOTOBWIN 110 paHee OMHUCAHHOMY MeToy [26].
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B paborte ucnonbzoBaau kpaxman, JOIIK u I/ mpousBoacta “Serva’
(Fepmanus), canmuima — “Aldrich” (CILA), akap6o3y — “Bayer” (Cepmanus), a
TaKXKe PEaKTUBBI OTEYECTBECHHOI'O TIPOU3BOICTBA.

Pe3yabTaThl U uX o0cy:xkaenue. 1. Onpeoenenue pK ouccoyuupyrouwjuxcs
epynn axkmuenozo yenmpa I[I'T Thermostreptomyces sp. HHMHA-A-561.
[[Iupoko UCTOIB3yEMBIM METOOM JIJISl TIOJTYUYCHHS MPEIBAPUTEIBHBIX TaHHBIX
npu uaeHTHGUKAUH (QYHKIMOHANBHBIX TPYIIT aKTHBHOTO IEHTpa SIBISIETCS
aHaJIM3 3aBUCHMOCTH aKTUBHOCTH ¢epmeHTa ot pH. B nganHOM ciydae Takas
KpuBas, a Takke V=f(pH) nmeroT kookon000pa3Hyto GopMy ¢ ONTUMYMOM IpU
pH 5.5,4t0 cBHUAETENbCTBYET 00 y9acTHH B KaTaiau3e ABYX (DYHKIIMOHATHHBIX
rpynn (puc. 1), KOHCTaHTBI MOHH3AIMK Il KOTOpbIX paBHbI pK1=3.9 u pKy=
=6.1, yto coorBercTBYeT PK KapOOKCHILHOW TpyMIIBI aKTUBHOTO LIEHTpa (ep-
MeHTa ¥ pK MMHIa301bH0M Tyl ructuanHa [20].

IRZ4RN

0,5 4

Puc. 1.3aBucuMocTs Ha4yanbHOW CKOPOCTH peakiuu oT pH.

Jnist moKa3aTeNnbeTBa ATOrO OblIa ONpeseNeHa TeIIoTa HOHU3ANK TaHHbBIX
(YHKUIMOHANBHBIX TPYMI 10 yYpaBHeHHI0 BanT-I'odda

AH= 2.30R (pK'; - pK';) OT1 ON)/(T, - Ty),

rae K'; u K', — KOHCTaHThI MOHHM3AITUHU TPYIIIBI IPH TeMmreparypax 11 u 1o R—
VHHMBepCajbHas Ta30Bas mocTossHHast, pasuas 8.31k/Ix/Moib.

B Ta61s1.1 cymmupoBaHBI pe3ysbTaThl ONBITOB Mo caBury pPK; u pK; B 3aBu-
CUMOCTH OT Temreparypbl. Temnora wmonuzanmu s pKj;, paccunTaHHas U3
KpuBoii 3aBrcumoct pK; ot 1/T mo dhopmyite

AH= tgp [2.303[R,

obuta paBHa 5740kan/mMoIb, YTO XOPOIIIO COTJIACYETCS CO 3HAYCHUEM TETUTOTHI
HOHM3AIMH KapOOKCHIIBHOM Tpyris [16].
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Taéauua 1
Bausinue TeMIepaTypbl Ha UBMEHCHHEC BCJIMYHUHDBI pK rpynmn akTuBHOIo
mentpa LI'T Thermostreptomyces sp. ”THMHA-A-561

Temmneparypa, K pKi pK>
293 3.7 5.7
303 3.8 5.9
313 3.9 6.1
318 4.0 6.4

2. @omookucnenue ynxkyuonanvnoix zpynn I[I'T ¢ npucymcmeuu me-
mujlen060i cunu. TUTIMYHON peaklrel Ha UMUJIa30JIbHYIO TPYNIy TUCTHIMHA
ABISIeTCsL ee (DOTOOKUCIIEHHE B MPUCYTCTBUM METHIJIEHOBOW CHHHM, MTparoLIer
pois dorocencubmnuzaropa [15]. @OTOOKHUCIEHNE IPUBOANT K Pa3phiBy reTe-
pOLIMKIIa UMUA30J1a U K MHAKTUBAINH (epMeHTa. Pe3ynpTaTsl 9KCIIEPIMEHTOB
nokasanyu, yro L{I'T moaBepraercsi MHTCHCUBHOW (QoTOMHAKTHBAIMU (pUC. 2).
Tor ¢axt, 4To ¢ yBenuuenueM pH, T.e. ¢ yMeHbIICHHEM KoHueHTpamun H'-
HMOHOB B Cpefie, CKOPOCTh (DOTOMHAKTHBAIIMH BO3PACTAET, OITH e YKa3bIBAET
Ha MMHUAA30JIbHYIO TPYIIy THCTHIWHA, KOTOpasi, KaK HM3BECTHO, BBIIOIHSCT
poub “noBymku” mpoToHoB [27]. TakuMu cBOWCTBaMH HU (PEHOIBHOE KOJBLO
THPO3WHA, HU WHIOJBbHAS TPyITa TpUNTo(daHa, KOTOPhIE TaKXe CIIOCOOHBI ¢o-
TOOKHCIIATECS, HO C MEHBIIIEH CKOPOCTRIO, He 00Iamaror [28, 29].

100 L L L L i

—e—1
——2
—&—3
—m—4
—m—5
—@—6

[E). %

Puc. 2. Nnakruaunus LII'T Thermostreptomyces sfHMHA-A-561 horookucieHrem
npu pasznmuunblX pH: 1 — 6e3 merunenoBoit cunu B TemHote npu pH 7.0; 2 —c meru-
JICHOBOI CUHBIO Ha cBeTy; 3 —uHakTuBanms npu pH 5.0; 4 pH 5.7; 5 — pH 7.0; 6 — pH
8.0.

ITpu BBICOKOI KOHIIEHTpaIuK B cpejie H' -1MoHOB MMU1a3071bHas TPyINa 1o-
JIO)KUTEIBHO 3apsDKEHA, YTO SIBISICTCS PETISITCTBUEM ISl OTAA4HU JICKTPOHOB
nox aerictBueM GpotoHoB cBeTa. C yBenuueHreM pH cpenbl uMuiazonbHas
rpyIIa OTAAeT IMPOTOHBI U MPOIOPIMOHAIBEHO PacTeT CKOPOCTh (POTOOKHCITE-
Hus rpynmsl. [Ipu atom 3aBucumocts IQ[Eo]/[E] oT Bpemenu T siBnsiercst nuHei-
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HO# (puc. 3) u mporiecc HOTOMHAKTUBALUKE OTHOCHUTCS K PEaKIIUH MEPBOTO 1M0-
PAIKA ¥ OITUCHIBACTCS YpaBHEHUEM

k= 2.303f JG[Eo]/[E],

riae K — koHcTanTa ckopoctu uHaKTHBaLMH, 4 [Eo] u [E] — HauanbHas
KOHIICHTpaIMs (epMeHTa U B MOMEHT BPEMEHHU I COOTBETCTBCHHO. Kak BHIHO
u3 puc. 4, Touka nepeceueHus npsAMbIx Ha kpuBoit |gk=f(pH) HaxoauTcs mpu
pH 6.1,cooTBercTBytomieli pK MMHIa30I6HOM TPYIIIHL.

0,8 1

—e—pH 8.0
—m— pH 7.0
—&— pH 5.7
—e—pH 5.0

Ig[E)/[E]

005115 2 25 3 35 4 45 5 55 6

vac

Puc. 3. Usmenenue Ig[Eo]/[E] Bo Bpemenu. [Eo] u [E] — vcxonHast ¥ B JaHHBIH MOMEHT
BpPEMEHH TPOICHTHAS KOHICHTPAnuu ()epMEHTa COOTBETCTBEHHO, OIMpEIEIsieMBIC IO
HayaJbHOM CKOPOCTH PEaKIIUH.

lgk

-0,8 T T T T T T T 1
0 5 55 6 65 7 75 8 9

pK 6.1 pH

Puc. 4.3asucumocts Igk=f(pH) mpu porookucnennu LI'T npu 4CF. k —koncTanTa cKo-
pOCTH MHAKTHUBAIMH, Y .

BhIsiBIIEHO TakKe, YTO C yBeNWYeHHeM Temrepatypbl pK, Bo3pactaer
(Tabm.2).

C OMOIIBIO 3THX AaHHBIX M3 KpHBO# 3aBucuMoctd pK, ot 1/T 6bima pac-
CUMTaHa TEIIOTa MOHM3alUMu HMCKOoMOH rpymmel. OHa paBHsuiack (270x 200
KaJ/MOJIb ¥ COOTBETCTBOBAJIA TEIUIOTE HOHHU3AIMH UMHIA30bHOM TPYIIMbI THC-
TH/MHA.
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Puc. 5. lunamuka wHaktuBamuu II'T npu mommpuxamum ee ¢ momormipio JIDIIK.
Crpenka yKka3plBacT Hadyall0 PEaKTHUBAIUH IO ACHCTBUEM THIPOKCIIIAMIHA.

Ta6auna 2
H3menenne pK, axruBnoii rpynnst III'T Thermostreptomyces sp.
NHMMUA-A-561 B 3aBHCMMOCTH OT TEMIEPATYPbI NPH GOTOOKUCIEHHH

Temneparypa, K pKz
293 5.4
303 5.6
313 5.7
318 5.8

3. Moougurkauyus umuoa3onvHOl 2pynnvl UCHUOUHA C HOMOUWLLIO
JIBIIK. JIns moATBEpKIACHUS TPEATIONOKEHUS O BO3MOKHOCTH YYaCTHSI HUMH-
Na30J1bHOM Tpynnbl B KatanuTudeckoM akre LII'T Obuto uccienoBaHo BIMsSHUE
JADIIK Ha akTHBHOCTH (epMeHTa. BBISBIEHO, YTO 3TOKCHKApOOHUIMPOBAHUE
9TOH TpymITel IPUBOIUT K ObicTpoii uHakTuBarmu LII'T (puc. 5). OqHako maH-
HBIH 3P PEKT MOKET OBITH CBA3aH TAKXKE C peakuuel (HEeHOIBHON IPyIIIbl TUPO-
3uHa u/wm &NH,-rpynmoit mu3miHa, a TakkKe HHIOJBHOTO KOJbIla TPUITO(haHa
u SHypynmoii nuucrenna [27]. [TosToMy Uit TOYHOTO YCTAHOBJICHUS MPHYHH
WHAKTHBALUK (pepMeHTa OBLIM CHSTHI CIIEKTPHI MOTJIOMEHUS MOAU(DUIIPOBAH-
HOTrO (pepMEeHTa MPH Pa3IMYHOMN JUIMHE BOIHBI, TaK KaK U3BECTHO, YTO 00pa3o-
BaHHE KapOITOKCUTHCTHIMHA MPHUBOAUT K YBEIMUCHHIO MOTIIOIIEHHUS Tpu 242
HM, a Oonee MemyieHHas Moau(uUKanuia (EHOJBHOIO OCTaTKa TUPO3UHA — K
YMEHBIIEHUIO TTornomeHus npu 278 um [29]. M3 monydeHHBIX HaMU Pe3yilb-
TatoB BUAHO, uro JIDIIK Momudbumupyer mpenMyIIeCTBEHHO WMHIA30JIbHOE
KOJIBLIO THCTUAWHA, XOTSI IMEET MECTO TAKXKe MEAJICHHOE OKHUCICHHE (PeHOIb-
HOTO ocTaTka THpo3uHa (pruc. 6).

N3BecTHO Takke, YTO €ciU MHAKTHBaNuA (pepmMeHTa 00yCIOBIIEHA ITOKCH-
KapOOHWIMPOBAaHHEM UMHIA30bHOM IPYyMITBl THCTUINHA, TO C MOMOILBIO Aea-
JIMPOBAHUS THAPOKCHIAMUHOM MOYKHO OCYILECTBUTH PEaKTHBALMIO [27], 4TO
He HaOmopaercst nmpu Moaudukanun SHrpynmel mucrenHa u &NHy-rpynmsn
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nusnHa. B Hamem ciaydae cnenuduuHocts JADIK kK MMMIa30/bHONM TpyIIE
MOATBEPKIAACTCS TEM, YTO TUAPOKCHWIaMUH peaktuBupyet LII'T mpumepHo Ha
80% puc. 5). IIpu 5TOM clleyeT OTMETHTD, YTO TP MOIU(PHUKAIINN CHIKAETCS
OJTHOBPEMEHHO KaK JIEKCTPUHHU3UPYIONIAsl, TAK U [IUKIH3UPYIOIIAs aKTHBHOCTb.
YCTaHOBICHO TaKkKe, YTO TIIIOKO3a, MallbTo3a, MAaNbTOTPHO3a W CAUIUH
SIBIITFOTCS. KOHKYPEHTHBIMA WHTHOUTOpaMH JUIS M3ydaemMoro (hepMeHTa, mpH-
BOJSIIMMHU K YMEHBIICHUIO ITUKIU3UPYIONIEH, HO YBETHYMBAIOIMUMHU JICKCTPHU-
HU3UPYIOIIYI0 aKTUBHOCTh. B UX TpUCYTCTBUU Vs PEAKIIMK HE MEHSCTCS, O/l-
Hako 3HaueHHe K, yBEIMYHMBACTCS C MOBBINICHUEM MX KOHICHTPAIMH B CPE/IE.
C npyroii CTOPOHBI, B NMPHUCYTCTBUH aKapOO3bl MPOUCXOIUT OJHOBPEMEHHOE
YMEHBIIIEHHE 3HAUEHUS KaK Viay, Tak u Ky, (1abm. 3), T.e. akapbo3a sBaseTcs
OCCKOHKYPEHTHBIM HHTHOUTOPOM.

Tadmauna 3
Bumsinue pa3inm4HbIX HHru6uTopos Ha LII'T-a3Hyl0 aKTHBHOCTH
SamuieHHbIe Tun K, V mas Juc- Moauukanys ¢ TOMOIIBIO
TUCTHU/IHJIOBbIE UHTHOMpO- mr/mi Mr/MHH mpo- JOIIK
OCTaTKH BaHUA Kpaxmaa Kpaxmaia op- MOJIH- samm- | ocra-
uo- unu- LIeH. | To4H.
HHpPO- poBan- THC- ax-
BaHUC HbIE TH- THB-
TUCTH- ML HOCTb
JIMIIOBBIC OCT. %
OCTaTKH
be3 - 3.33 0.840 + 8 0 19.5
I'moko3a KoHnkypeHT. 3.29 0.840 ++ 7.9 0 20.0
MasbTo3a KoHnkypeHT. 3.27 0.842 +++ 7.8 0 22.1
Manbsrotpuosa | KoukypeHT. 3.27 0.842 +++ 7.7 0 23.0
Canuuux KoHnkypeHT. 3.25 0.840 ++++ 8.0 0 26.7
Axap603a Becxory- 0.31 0.105 + 6.9 1 50.2
pCHT.
TTonumep
BIL He omp. He ormp. He omp. He ormp. 59 > 935
Axap60o3a
+ camauu He omp. He ormp. He omp. He ormp. 59 > 95.2
Axapbosa He om; He on He om; He on
+ AL p- p- p- p- 6.0 2 92.3

HWcxomst u3 atoro (akra canuiuH, akapoosa u momumep S-LIJ] Obuiu npume-
HEHBI B Ka4eCTBE 3al[UTHBIX arcHTOB MpH Moaudukaimu. [Toka3aHo, 4To MpH-
MEHECHHE TOJIBKO CAIMIMHA HE JAeT HUKAKoro addexra, B TO BpeMs KaK MOJIH-
mep S-11J1, a Takke akap0o3a U €€ CMECh € CAUIIMHOM HECKOJIBKO YMEHBIIAIOT
CTeIeHb STOKCU(GOpMIIHpOBaHus (puc. 7).

IIpu 3TOM eclii B MPHCYTCTBUM CAIUIMHA, KaK U 0€3 HEro MoIu(UIHpy-
I0TCSI 8 0CTaTKOB MMCTH/MHA, TO TPH aKap003¢ U €€ CMECH C CaTHIIHHOM — 7 1 6
OCTaTKOB, COOTBETCTBEHHO (puc. 8), T. €. OHHM CIIOCOOHBI 3amuinars 1 u 2 uMu-
J1a30JIbHbBIE TPYIIILI TUCTHANHA, COOTBETCTBEHHO.
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Puc. 6. U3smenenne cnekrpos nornomienus LII'T nox peiicteuem JIDIIK (20.2 Mmxmons
LI'T; 2.5MM ABIIK; pH 6.2; 20): 1 —uepe3 10mun; 2 — 20mun; 3 — 40mum.

—o—1
——2
—A—3
—X—4
—il—5

A, 240 um

MHH

Puc. 7. 3menenue ontuyeckoii motHocty pactopa LII'T npu 240HM B 3aBUCHMOCTH
ot npoxokutenbHocTr aeicteus JADIIK (20.2mkmons LII'T; 2.5MM IDIIK; pH 6.2;
30°C ): 1 —romsko LII'T; 2 —III'T ¢ 5 MM camummuom; 3 —II'T ¢ 5 MM akap6030it; 4 —
LI'T ¢ 5 MM camuuuaoM u 5 MM akap6o3zoit; 6 — LII'T B couerannu ¢ 2 mr/mi

nosumepa S-11J1.

3amuTtHBI 3G (EKT ABYX TUCTUAMIBHBIX TPYII JOCTUTACTCS TAKKE MPU
npumenennn G-11J] ¢ akap6o3oii u nomumepa S-1IJ1. [Ipu aTom eciu mocie mMo-
mudukaruu LT coxpanser Bcero okono 19% wcxoaHOW aKTUBHOCTH, TO B
cllydae ¢ CaauIMHOM — okoyio 27%, akap0o3oit — 50%,akap0o3a + caauiuH —
95.2%,a momumep S-IIJ] — 94% puc.9), 1. . cymecTByeT IpsMast CBSI3b MEXKIY
3aIIUIICHHBIMA TUCTUIWIOBBIMI OCTaTKaMHU M OCTaTOYHOM aKTHBHOCTHIO LII'T
(puc. 10).ITpu 3TOM J1Ba TUCTHIMIOBBIX OCTATKa, 3aIlIUTa KOTOPBIX MPUBOIUT K
COXPaHCHUIO aKTUBHOCTH, MOTYT OBITh PACIIONIOKEHBI B akTUBHOM TieHTpe LII'T.

Takum oOpa3om, TOT GakT, IYTO CATUITHAH, CBSI3BIBAIOIIHICS C aKIICHTOPHBIM
IIEHTPOM, caM Io ceOe He 3allUIIaeT TUCTUIUIOBBIC TPYIIEI IPU MOTUDUIH-
posaruu L{I'T ¢ momomrsio DIIK, a B couetanuu ¢ akap0030i, KOTOpas 3aliu-
IIAeT OJUH THCTUIMIOBEIN OCTAaTOK, 3aIHINACT JBE TAKHE TPYIIILI, TOATBEPK-
JAeT CACIIAHHOE paHee MPEIITOIOKEHUE O NMPHUCYTCTBHU B aKTUBHOM IICHTPE
II'T 1OHOPHOTO ¥ aKIENTOPHOTO y4acTKoB [1-3].
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Puc. 8. OnpenencHre THCTHAMIOBBIX OCTaTKOB B Moauduuuposannoit III'T gepes 40
mun npu 30°C (ycnoBus cM. Ha puc. 6 u B Tekcre): 1 —tomsko LIT'T; 2 —III'T ¢ 5 MM
camamaoM; 3 — LI'T ¢ 5 MM akap6030ii; 4 —III'T ¢ 5 MM anuuaom u 5 MM akap-
6030i; 5 —III'T B coyeranuu ¢ 2 mr/min noiumepom G111,

OcraTo4Hasi aKTHBHOCTH, %0

1 2 3 4 5
Yenosust momnuxamun HI'T

Puc. 9. Ocratounas akruBHOCTE LII'T yepe3 40 mun mopudukanuu npu 30°C (ycnosus
cM. Ha puc. 9 u B Tekcre): 1 —ronpko LII'T (20.2Mrmons); 2 —LI'T ¢ camuuaom (5
MM); 3 —LI'T ¢ akap6o3zoii (5 MM); 4— II'T ¢ camuuuuom (5 MM) u akap6o3oit (5
MM); 5 —III'T ¢ nonmumepom S-1JT (2 mr/mi).

CornacHO MOTyd4eHHBIM pe3yiIbTaTaM 3alliTa OJHOTO THCTHUAMIOBOTO OC-
tatka npu Momuduuuposanun L[I'T ¢ momompio JIDIIK Ha 50% coxpanser
HCXOHYIO CIEIM(PHUSCKYI0 aKTUBHOCTH, a ABYX — 10 95.2%.910 yka3siBaeT Ha
TO, 4TO B KaTanuTudeckoM akte III'T BaXXHYIO pOJIb UTPAIOT JBa THCTUIMIIOBBIX
0CTaTKa, KOTOphIE, BUIUMO, JIOKATM30BaHbl B JOHOPHOM moAneHTtpe. [Ipu stom
KaTaJTUTHYCCKU aKT WIA PAaBHOMEPHO PACIIPEIIEICH MEX Ty HUMH, UIH JKE TOJb-
KO OJIMH U3 HUX y4acTBYeT B KaTaJUTUYCCKOM aKTe. B mociemHem ciyuae, Kor-
Jla TOHOPHBIM MOMIEHTP HE HAXOIWUTCS B aKIENTOPHO-MHIYIHPOBAHHOW KOH-
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dbopmariy, akap603a MOXKET B3aMMOJICHCTBOBATh ¢ HUM JBYMS THIIAMH DKBH-
MOTCHIMANBHON CBS3M, HO MPH KXKIOM U3 HUX 3alHUINAICS Obl TOJIBKO OJIUH
TUCTHAFJIOBBIN OCTAaTOK. B MpHCYTCTBHM akIlenmTopa akap003a MOXET CBS3BI-
BaThCs OJHUM-CIUHCTBEHHBIM, 00jiee 3((HEKTUBHBIM ITyTEM, IIPUBOISIIUM K 3a-
IIUTe 00OWX TUCTHIWIOBBIX OCTATKOB B aKTHBHOM IICHTPE M COXPaHSIOUIUM
MOJIHYH0 (DEPMEHTATUBHYIO aKTUBHOCTH NMPH MOIU(DUKAIIUY, T. €. aKIIEHTOPHBIN
LIEHTP MMEET MPEABAPUTEIILHO CBA3BIBAIONIYIO (DYHKIIMIO, TPUBOMISIIYI0 K H3-
MEHEHHUSIM KOH(OpPMAIMK BCEro aKTUBHOTO IIEHTPAa W OPUCHTHPYIOIIYIO CBS-
3BIBAHUE JIOHOPA B MOJIOKEHUH, HEOOXOAMMOM JIJISl TPAHCTIIMKO3HITUPOBAHUS.

120 -
100 4
80 4
60 4
40
201 K———

0 T T T T T T T 1
0 1 2 3 4

OcraTo4yHasi aKTHBHOCTB, %

DTOKCH(POPMHI-THCTHARIOBBIE OCTATKH

Puc. 10. 3aBucumocts octaroynoit akruBHoctu LII'T oT kommuecTBa 3TOKCH()OPMHII-
THCTHIMJIOBBIX OCTaTKOB. J[aHHbIE IepecunTansl oT KpuBo# 1 puc. 7.

BepositHo, B katanutudeckom teHtpe L{I'T kapOokcuipHas TpyIina BBIION-
HSET pOJb HyKJeo(uia, a HMHIA30lIbHas — dIIEKTpoduiIa, TaKk Kak MPH ONTHU-
mansaoM pH neicteun III'T (pH 5.5) kapOokcuiibHast rpyIma HaXOuTcs, B OC-
HOBHOM, B OopMe KapOOKCHIIAT HOHA, a UIMUa30JbHAs — B (hopMe IPOTOHHUPO-
BaHHOTrO MMuAazons. [lox aeiicTBueM Hykieo(pHIBHO-3IEKTPOPUIBLHON Mapbl
KapOOKCHI-MMHIa30TUH TTPOUCXOIUT pa3psiB cBsi3u C-O ¢ OTTATUBAHUEM DJICK-
TPOHOB K UMHJA30JIbHOM TPYIIIE U UX YXOAOM OT KapOOKCHIIA.

ABTopsl OmaromapHel coTpyaHukam WHctutyta Mukpoobuonmormu A. H.
AnnpeacsH u K. b. AdsH 3a akTHBHOE y9acTHE B IIOATOTOBKE CTaThH.

LHIILT “ ApmGuoTexuonorus” HAH PA, MHCTHTYT MEKPOGHOIOTHE
e.mail: balayan49@yandex.com

2 HIILL “ Apmbuorexuonorus” HAH PA, L{eHTp ACTIOHHPOBAHHS MHKPOGOB
microbio@sci.am
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A. M. banasmn, JI. C. ManyksH, akagemuk J. K. Appuxsn,
B. A. Abensin

H3yyeHne aKTHBHOI'0 LEHTPA HKJIOMAIbTOACKCTPUH
rJII0KaHoTpaHcgepasbl mTamMma Thermostreptomyces sp. meTonamu
(oTookucaenns 1 MoTMPUKALNH AU THINMHPOKAPOOHATOM

LukaomansToneKcTpuH rirokaHoTpancdepasza (UI'T, KO 2.4.1.19) ouniueHHas 10
TOMOTEHHOr0 cocTosiHus u3 Thermostreptomyces spuramm MHMUA-A-561, Obita
NOJBEPrHyTa (OTOMHAKTHBALMHM WM MOIU(HUIIMPOBAHHUIO JUITHINHPOKApOOHATOM B
HPHUCYTCTBUH CaJHIUHA, akapbo3sl U moanmepa [-umknogexcrpuHa. OnpeneneHs! 3Ha-
yenust pK ¥ TenIoThl HOHU3ALMK TPYII, BXOIIIINX B aKTUBHBIHM LEHTP pepmenTa. Yc-
TAHOBJICHO, 4TO B KatanurniyeckoM akre L{I'T cymecTBeHHOE 3HaUeHHE UMEIOT KapOo-
KCHJIbHASL U JIB€ MMHIA30JIbHbIE TPYIIIEI THCTHANHA, KOTOPBIE BEIIOIHSIOT POJIb HYKIIe-
0QHITBHO-3JIEKTPOPHILHOM TTapHI.

U. U. Pujuyui, L. U. Uwinijjul, wjuntdhlnu k. 9. Udphljjul,
9. U. Upkput

Thermostreptomyces sp. ownwuhg dwppjus ghjindwjnnnptpuwnnphi
qorjuimnpuiudpbpugh wljnhy jEunpnih niunlbwuhpnudp
$nunopupnuguwt b nhtphjyhpaljuppntiunh thongm]
Unnhphljugldwt Epuwljukpny

Thermostreptomyces spIHMHA-A-561 pinudhg wigunws b dwppjws hnungk
ghyndwunnptpuinphit qpnijubnnpubudbpuqp (828, K@ 2.4.1.19)uwhghth, wljwpn-
qh b B-ghlynppnphth wmhukph weljuwymppudp ipuplt Epnnnhwlnhjugdut b
thnhnjunipyut ghtphjyhpnjuppntwinh thgngny, huywtu tul npnpt) ku pK wipdtp-
ubipp b hnithqughnt fudpbph gbpdwlwnitiugnidp, npnup weiju b $Epdbunh wlnhy
yhunpnunud: Pugwhwyngt) k, np 82S-h juwnwihnpl wnh phpwugpnid juplhnpw-
qnyt gp &u pownnud hhunhghth juppopupy b tpyme puhnwignjuwghtt pdplpp, npntp
hwunku ku quthu tniy Eindhy-EiEnpndhy qnuygny:

A. M. Balayan, L. S. Manukyan, academician E. K. Afrikian,
V. A. Abelyan

Study of the active site of Thermostreptomyces sp. Cyclomaltodextrin
glucanotransfer ase by photooxidation and modification
by diethylpyrocar bonate

The photoinactivation and modification by diethylpgarbonate of the homo-
geneous cyclomaltodextrin glucanotransferase (C&T&C 2.4.1.19) produced by
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Thermostreptomyces sSiNMIA-A-561 have been developed in the presencsabitin,
acarbose ang-cyclodextrin (CD) polymer, as well as calculated pK and ionization
heat of the groups of active site. It was esthblisthat the carboxyl and two imidazole
groups of histidine which are play the role of maghil-electrophil pair are very im-
portant in the catalytical action of CGTase.
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1. Introduction. Nowadays expeditious wane of fuel and gas has strong
requirement to find and process alternative energy souroesofdhese energy
sources which might replace existing fuel and gas is molecuthndggn (H)
which is ecologically clean — when burning s water is produced; effective
- when burning ~3 times more energy is released compared tnflgba and
renewable one; Hcan be produced from glycerol during microbe-mediated
biological conversion [1]. Glycerol is a very cheap carbon souccade glyce-
rol costs ~30 cents/kg [2]. Moreover, the main side product of lsedie
production is glycerol.

Dharmadi et al. [2] have established that glycerol can laerahically
fermented byEscherichia coliat slightly acidic pH (pH 6.3). Among the
fermentation end products,Hjas is detected not only at acidic but also at
slightly alkaline pH (pH 7.5) [3]. However, no precise datatexabdout meta-
bolic pathways of glycerol fermentation Wy. coli and its dependence on
external factors and co-fermentation with other carbon subst@igeently,
several studies are on-going using various mixtures of carbomesolike
sugars with glycerol (glucose, xylose, etc.) to enhangerétiuction [4-6]/

It is known that H is evolved byE. coli via hydrogenases (Hyd), which
catalyze the reaction of ;4>2H'+2¢€ [1]. E. coli has the capacity to encode
four membrane-associated [Ni-Fe]-hydrogenases [1]. Hyd-1 and2Hge
reversible Hyd enzymes: during glycerol or glucose fermentétien operate
in H, evolving or uptake mode, respectively [7]. Hyd-3 and Hyd-4 aje H
producing Hyd enzymes under glucose fermentation but are able toimwork
reverse mode during glycerol fermentation [8]. The mode or directi Hyd
enzymes operation depends not only on fermentation substrate but also on
external pH and other factors [1].
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In the present paperHbroduction activity byE. coli during mixed-acid
fermentation of single and mixture of carbon sources has beeredtat
alkaline and acidic pHs. The possibility of using variousbear sources
mixtures might lead to enhanced bio-hydrogen production which can be
employed in different biotechnological applications.

Material and methods. 2.1. Bacterial strains, their growth and prepa-
ration for assays. E. coliBW25113 or MC4100 wild type strains were used in
the study (Table 1).

Tablel

Characteristics of E. coli wild type strains used

Absent
Strains Genotype hydroge_nase References

subunit or
related protein
lacl? rrnBrs A lacZy1s
BW25113 | hsdR514A araBADauss Arha wild type (6]

BADip7s
F araD139 A (argF-lac)U169
A-rpsL150 relAl deoCl
MC4100 flnD5301A (fruk- wild type [l

yeiR725fruA25) rbsR22A
(fimB-fimB) 632 (::1S1)

Bacteria from an overnight (O/N) growth culture were tramsteinto the
buffered peptone medium containing 20 g/l peptone, 15 gHPR), 1.08 g/l
KH,PO, 5 g/l NaCl (pH 7.5), 20 g/l peptone, 7.4 g/iHRO,, 8.6 g/l KHPO, 5
g/l NaCl (pH 6.5), 20 g/l peptone, 1.08 g/3HPO,, 15 g/l KHPO, 5 g/l NaCl
(pH 5.5) and supplemented with glucose (2g/l) and/or glycerol () Gugd/or
sodium formate (0.68 g/l). Bacteria were grown in batch culturé8e22 h at
37 °C; anaerobic conditions were described previously [4, 6, 7]. Bakteri
growth was monitored by measuring bacterial culture absorbdané@0anm
with a spectrophotometer (Spectro UV-Vis Auto, Labomed, USA).

2.2. Redox potential determination and hydrogen production assays.
Redox potential (§ in bacterial suspension was measured using the oxidation-
reduction, titanium-silicate (Ti-Si) (EO-02, Gomel State Hrise of Elec-
trometric Equipment (GSEEE), Gomel, Belarus) and platinum (&®PB-1,
GSEEE, or PT42BNC, Hanna Instruments, Portugal) glass electeaded Q].
Ti-Si-electrode is measuring the overall &hereas Pt-electrode is sensitive to
H, under anaerobic conditions (in the absence Hf This difference between
Ti-Si and Pt electrodes properties is allowing detection gfetblution in
bacterial suspension. Therefore, Hroduction rate (M) by bacteria was
calculated as the difference between the initial rates @kdse in Pt- and Ti-
Si-electrodes readings and expressed as m\, jpélEmin per mg dry weight of
bacteria as represented in different papers [4, 7-10].
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The B measurements were performed upon glucose (glucose assay), gly-
cerol (glycerol assay) or formate (formate assay) sup@htation to bacterial
suspension. All substrates were supplemented in the concentragéxhéor the
bacterial growth in the culture.

H, production by bacteria was confirmed also by the chemical method as
described [11].

2.3. Others, reagents and data processing. Preparation of whole cells for
H, production assays was done as described elsewhere [4, 6, Telght of
bacteria was measured as before [4, 6, 7].

Agar, glycerol, peptone, sodium formate, Tris (Carl Roths GmbH,
Germany) were used, the other reagents were of analytical grade.

Each data point represented was averaged from independedoatieigul-
tures at least. The standard errors of average datacalerdated as described
[7-10]: they were not more than 3 % if not represented. The walididata
differences between experimental and control assays was eddbysstudent's
criteria (p) [7-10], the difference was valid if p<0.01 or jestherwise, the
difference was not valid if p>0.5 (not represented).

3. Results and discussion. It is well-established thdE. coli is capable to
ferment different sugars (e.g. glucose) and formate atreliffgpHs producing
H,[4, 7]. Besides sugars, this bacterium can grow on glycerol in teemre of
pepton under anaerobic conditions at different pHs and produ& 9.

As it was mentioned. coli performs mixed-acid fermentation and among
end products formate, succinate, ethanol, &@l H etc. can be detected.

E. coli wild type cells were grown at various pHs in different miesuof
carbon sources and assayed fempkbduction. First wild type cells were grown
on mixture of glucose and glycerol and compared to the cells grdiaer en
glucose or glycerol (see Fig. 1 A, B), production rate (M) of wild type cells
grown on mixture of 0.2% glucose and 1% glycerol at pH 7.5 in glucose
supplemented assays was ~5.25 mM/rin mg dry weight (see Fig. 1, A)
which was similar to the cells grown on glucose only. At pH 7.8 tyibe cells
V42 in glycerol assays was ~4 times lower compared to the gedlsn on
glycerol only. At pH 6.5 and pH 5.5 cells grown on mixed carbon in glucose
assays evolved ~2 fold lesspY compared to the cells grown on glucose only.
Vu2in glycerol supplemented assays in the cells grown on glycedoglacose
at pH 6.5 was ~0.43 mV,Emin mg dry weight. Interestingly, at acidic pH (pH
5.5) no any Hproduction was detected when glycerol was supplemented.

Interestingly, at acidic pH (pH 5.5) no any idroduction was detected
when glycerol was supplemented. This suggests that during mixXeohcfar-
mentation glucose inhibits enzymes responsible for glycerolkepsad its
further metabolism which is in accordance with previously obtadad for
Klebsiella Pneumoniagl2]. Further investigation was carried out using mix-
ture of glycerol and formate as glycerol is very cheaparasource and for-
mate can be found in different industrial and agricultural wastdsby formate
hydrogen lyase (FHL) complex is converted tp ahd CQ [1]. The studies
were carried out at pH 7.5 and pH 6.5. pH 5.5 was not taken as thg/pald
cells growth was inhibited. Actually, at pH 7.5 wild type célls grown on
glycerol and formate in glycerol supplemented assays was ~2.B,/in mg
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dry weight (see Fig. 2). No difference was determined when tle were
grown on glycerol only. But when 10mM formate was added in thgs34a
was ~35.34 mV Emin mg dry weight. The same result for cells grown on gly-
cerol was obtained for pH 6.5 in glycerol supplemented assaysvioen
formate was added in the assayg Was ~1.5 fold lower (see Fig. 2)

TIA

Glucose Glucose | Glucose Glucose Glucose Glucoese
assayl assav2 | assayl assay2 assayl assay2

—

Sl NIRRT
| | |

H, production rate
mV E, /min/mg dry weight

pH 7.5 pH 6.5 pH 5.5

g e
o e

= 5
-

H, production rate
mV E, /min/mg dry weight
[y
o

GlycerolGlycerolGlycerolGlycerolGlycerolGlycerol
assayl assay2 assayl assay2 assayl assay2

=

pH 7.5 pH 6.5 pH 5.5

Fig. 1. H production rate (W) by E. coli BW25113 or MC4100 wild type during

single or mixed carbon (glucose and glycerol) fertagon in assays supplemented with
glucose or glycerol at different pHs. Glucose askay cells grown on glucose only;

Glucose assay 2 — cells grown on glucose and gijjc8tycerol assay 1 — cells grown

on glycerol only; Glycerol assay 2 — cells grownglacose and glycerol. For others,
see Materials and methods.
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Glycerol Glycerol FormateGlycerol Glycerol Formate|
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=

Fig. 2. H production rate (M>) by E. coli BW25113 or MC4100 wild type during
glycerol or mixed carbon (glycerol and formatejnientation in assays supplemented
with glycerol or formate at pH 7.5 and pH 6.5. @@l assay 1 — cells grown on
glycerol only; Glycerol assay 2 — cells grown ogcglrol and formate. For others, see
Materials and methods.

From these results it might be suggested that for enhatgcedoduction
cells must be grown at pH 7.5 in the presence of glycerol andferrs from
the results it was obvious that from formateproduction rate was higher com-
pared to glycerol. The studies might be used in further develtypdmgdrogen
production technology by growing initially the cells in low concation of
glycerol and formate and producing tlom formate.

To further control and optimize conditions for detecting enhanceprdt
duction mixture of glucose, glycerol and formate fermentation maestigated.
At pH 7.5 wild type cells M, grown on mixture of carbon sources and
harvested after 24 hours in glucose supplemented assays wasnV1E,8min
mg dry weight (see Fig. 3A). Thesywas ~3 fold higher compared to the cells
grown on glucose only (see Fig. 3A).

Surprisingly, at the same conditions but in the assays addedyhtrol
Ve was ~1.14 mV E/min mg dry weight which was ~2 fold higher compared
to the cells grown on glucose and glycerol. When formate wagsladdine
assays M, was similar as the cells grown on glycerol and formaterelgher, at
pH 6.5 wild type cells grown on mixed carbon in glucose assays had ~23.53 mV
En /min mg dry weight Vi, (~4.9 fold more) compared to the cells grown on
glucose only. At pH 5.5 in glucose assaysWas ~ 3.3 fold lower compared to
the cells grown on glucose only. Further interest for biotechnatodiat cells
must be grown and assayed at pH 6.5 and pH 7.5. Cells were alsbfteste
glycerol and formate assays at pH 6.5 and pH 5.5. In glycepplesunented
assays at pH 6.5,y was the same as for pH 7.5 but at acidic pH (pH 5.5)
residual H gas was detected. In formate assays cells produced ~2 folbbles
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compared to pH 7.5 but at pH 5.5 Mvas the same as in glucose assays. From
these data it can be suggested that for enhangg@doduction the optimal pH
for cell growth is pH 7.5 and glucose or formate assaysmds also tested with
the cells grown after 48 hours and assayed foprdduction and compared to
the cells grown 24 hours (see Fig. 3, A). Interestingly, onpHa?.5 in glucose

or glycerol assays M was similar to the cells grown 24 hours. But when
formate was added to the assayprbduction was decreased ~2.5 fold either at
pH 7.5 or pH 6.5.

= 50 A=
= = EHBW25113 24 hours
B 45
g -_f; 40 O BW25113 48 hours
£ 35
£ N
= on 25
= £ 20
= s 15
=
= = 10
== 5
~ & &
s 5 B B &5 7z Bl ® B B
o —_ < v _ P o iy o
2 = = 2 =i = 2 =i =
g g g 2 g g g g g
= = = = z = = = =
hd O = hd @] = hd o =
30
=
o6 25 T
= ‘
) =
= B
E ;.20
g% _
= o 15
2 =
- -
< =
gz 10
= =
—"—__‘
i
T 2 -
-
-
= 0 i i

Glucose assayGlucose assayGlucose assayGlucose assay
1 2 1 2

Fig. 3. H production rate (M>) by E. coliBW25113 or MC4100 wild type cells grown
either 24 or 48 hours (A) at different pHs. Glucessay 1 — cells grown on glucose
only; Glucose assay 2 — cells grown on glucoseseghl and formate (B). For others,
see Materials and methods.
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Note, that the cell count was the same in assays harestad or 48 h. It
might be suggested that after 48 hptioduction is decreased due to the change
of metabolism which might affect the enzymes responsible foeuvdlution.
Further study is required to reveal the role of these enzymes when mixed carbon
sources fermentation is occurring.

4. Concluding remarks. The obtained results identified the optimal con-
ditions for enhanced Hproduction when cells are grown on mixture of different
carbon sources. Especially, when the cells are grown on tripleo&s, gly-
cerol, formate) carbon source Hroduction is ~3 fold higher compared to the
cells grown on glucose only.

The results are good basis for employing various carbon sourpesjatly
mixed carbons, in biohydrogen production technologi bgoli.
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K. A. Trchounian

Effects of Carbon Sources Mixtures on Hydrogen Production by
Escherichia coli during Mixed-Acid Fermentation

H, production byEscherichia coliduring various single and/or mixtures of carbon
sources at different pHs was investigated. The inbdaresults showed that in the
presence of mixture of glucose, glycerol and foentdt production rate at pH 7.5 is ~3
fold higher compared to the cells grown in glucosé as a carbon source. Moreover,
in the presence of triple carbon source in glycstgiplemented assays Broduction
rate was ~2 fold higher compared to the cells growmgylucose and glycerol.

4. U. @nyniuyui

Escherichia coli-h Ynnuhg UnjEyniujht 9gpwsih wpnwugpm pjwi Jpu

wbuwbth jpwnt wnpniptkph wnkgnipniip pwep
Jaunpuwi pypwugpnid

Munidtwuhpdt) E dhwulh Whwd wshwsuh juwnt wnpmipttph judnpdwb pb-
pugpnid UnjEynyuyhtt gpwsh (Hy) wpunwnpmipniap Escherichiacoli-h Ynnuhg pH-h
wwppbp wpdbplibph nhwypmu: Upymbptbpp gnyg kb wughu, np kowlh wshwsth’
quniingh, qihgtpnih b dpptwppdh wejuynipiut nhwpnid Hy-h wpnunpdw wpw-
gnipiniup ~3 wiqud wybkiht b, pwl vhuy gmijngnid wdkgyus pohoubipnid: Udkiht,
tpp thnpdhtt wykjugyty k qihgbpng Ha-h wpuniungpdwi wpugnipiniup ~2 whqud wdk) b
hwdbtdwwnwé gihgkpnih b qpniyngh wenjuynipjudp wdkgdus pohotinnu:
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K. A. Tpuynsu

BinsiHMe cMecH HCTOYHHKOB YIJIepoa HAa MPOU3BOACTBO BOAOPOJa
6akrepusimu Escherichia coli npu cMemannom 6pokeHHH

U3ydeno npousBoacTteo Bogopoaa (H,) y Escherichiacoli npu 6posxenun oaHoro
u/WIM cMeCH MCTOYHHKOB YIIepOIOB MpH pasHbix PH. Pe3ynmbraTel mokasanu, 4To OpH
CMecH TJIIOKO3bI, mniepuHa u ¢popmuara npu PH 7.5ckopocts npoussoacrea H, B ~3
pasa Gouibllie IO CPABHEHHUIO C KJICTKaMH, BBIPAIICHHBIMU TOJBKO TPH IIIOK03e. Bonee
TOTO, MPU CMECH TPEX MCTOYHHUKOB YIIIEPOAa, KOTrAa B KCIEPHUMEHT A00aBISIN TJIH-
LEPHH, CKOPOCTh Ipou3BoacTBa H, Obl1a B ~2 pa3a Gosibliie, 4eM MPU CMECH [ITFOKO3bI U
TTIMIEepPHHA.
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I[ManuHOMOTHYECKOE H KAPHOJIOTHYECKOE HCCIe0BAHHE
IHIeMHUYHBIX BII0B poaa Rhaponticoides Vaill.
(cem. Asteracea€e), BKJIIOYEHHbBIX
B KpacHy1o KHMIY pacTeHuil ApMeHuHn

(ITpencraeneno ui.-kop. HAH PA XK. A. Bapaausaom 2/11 2015)
Kiouessie cioa; Rhaponticoides, narunonozus, kapuonozusi.

BBenenne. HeGonbimas teppuropust ApMeHnn 4pe3BbrdyaiiHo Oorata ¢o-
puctruecku — Oojiee 3600 BHIOB COCYIUCTBIX pacTeHUi, M3 KOTOphIX 124
TaKCOHA SIBIITIOTCS dHIAeMUKaMu pecryOnuku [1]. ChoemyeT OTMETHTB, YTO BO
BTOpoe m3naHue KpacHoil kHUrM pacTeHuii Apmenun Bouuio Oonee 1/4, a
uMeHHo 452Buna [2], u3 KoTopsix 56 BUAOB — CTPOTHE SHIASMUKU APMEHHH.

[Ipencrasnennast paboTa SBISETCS COCTABHOM YaCcTHIO MCCIICIOBAHUM, TIPO-
BOJIUMBIX B paMKax NpoekTa «llannHOoJI0rusa U KapHoJIoTHs SHAEMUYHBIX BHIOB
pacTeHuid, BKIIIOYEHHBIX B KpacHyro KHUTY ApMEHHMU» M TOCBSIIEHA AETalb-
HOMY HCCJIEIOBaHUI0 OCOOEHHOCTEH MOP(OJIOrMM IMBUIbLBI, a TaKKe KapHo-
jorun aByX BHIoB poga Rhaponticoides Vaill. — R. hajastana u R. tamanianae,
paccMaTpuBaeMbIX paHee B coctaBe pona Centaurea L.

[To MHeHMIO psina aBTOPOB, B CBA3U ¢ TeM, uTo pox Centaurea e sBnsiercs
MOHO(MHMJICTHYECKIM TaKCOHOM M HE MOJKET Jajieeé NPUHUMATHCS B IIMPOKOM
CMBICIIE, OTAENbHBIC TPYMIBl BUAOB JAHHOTO POJa JOJKHBI OBITh BBIACIICHHI B
COCTaBE OTJEIBHBIX CAMOCTOSITEIBHBIX POJIOB [3, 4].

B ugacTtHOCTH, 3TO KacaeTcs HOBOJIBHO OTIAJCHHOM OT F€HETUYECKOIo sIpa
pona cekiuu Centaurea, kotopas Obliia BelJc/IeHa U3 cocTaBa poaa Centaurea u
NpUHATA B KauecTBe caMocTosTenbHoro pona Rhaponticoides (tum Centaurea
centauriumL.) [3].

B macrosimiee Bpemst B coctaBe poxa Rhaponticoides npuammaercs, 1o
pa3HbIM uctouHHKaMm, oT 25 [5] no 32 [4] BunoB, npouspacraromux ot [lop-
Tyrajui 10 MOHTOJIMY, TIPH 3TOM MHOTHE BUABI JINOO UMEIOT OYE€Hb JU3BIOHK-
THUBHBIN apeair, MO0 SBIAIOTCS Y3KOJIOKAIbHBIMU dHAeMuKamu [6]. B Esporme
pox npencraien 17 Bunamu [3], wis Kaekasza npusoaurcs 4 Buna [7], Tpu u3
KOTOPBIX BCTpeuaroTcs Ha Teppuropuu Pecnyonmuku Apmenusi. Cpenu HUX —
MIMPOKO pacmpocTparenusiii Bua Rhaponticoides ruthenica (Lam.) M. V. Agab.
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& Greuter,a Taxke 1Ba SHISMUYHBIX Buja [1], BkitoueHHBIX B KpacHyio KHUTY
pacrennit Apmennn — R. hajastana (Tzvelev) Agababian et Greuter R
tamanianae (Agababian) Agababian et Greuter [2].

OTMeTHM, YTO Cpe/X JIOBOJIBHO 00BEMHOTO CITHCKA CTaTeH, MOCBSIIEHHBIX
uccienoBanuio Mmopdonorun meutbBl poaa Centaurea s. |., Hamu oOHapykeHO
JHIIb HECKOJIBKO, OTHOCSIIMXCS KOHKPETHO K Buaam poxa Rhaponticoides.
Cpemu HuX ABE pabOTHI, IPOBEAEHHBIE Ha YPOBHE CBETOBOTO MuKpockomna (CM)
[8, 9], m 1Be — Ha ypOBHE CKaHMPYIOLIETO 3JIEKTPOHHOTO MUKpockomna (COM)
[10, 11].IIpu 3TOM, COTrIIACHO JIMTEPATYPHBIM JaHHBIM, MbLIbLIA BCEX W3y4CH-
HBIX BHIOB OTHOCHTCS K MopdoTumy Centaurium [9], mis xotoporo xapakrep-
HBI TPEXOOPO3THO-ITOPOBEI TUIT allEPTYp ¢ KOPOTKUMH 0OPO3JaMH M KPYITHO-
IIATIOBATas CKYJIBITYPa YK3HHBI.

Marepuan u meroguka. Ilaaunosorusi. MarepuanoMm ais MaauHOJIO-
TMYECKUX HCCIICJIOBAaHUN TOCTYXHJIa TbUIbIA, MOJYYeHHas U3 repOapust
Wucruryra 6otanuku HAH Pecniyonmuku Apmenunsi, EpeBan (ERE), a taxoke
U3 JIMYHBIX cOOpOB. 115 M3y4eHUs] Ha CBETOBOM MUKPOCKOIIE TPUMEHSUIHCH J1Ba
OCHOBHBIX METOJIa: METOJ OKPAIINBAHMUS TBUIBIBI OCHOBHBIM (pykcuHOM [12] 1
YIPOIIEHHBIN aneTonu3Hblii Meton [13]. Jns u3ydeHHs Ha CKaHUPYHOLIEM
anekTpoHHOM MuKpockone (Jeol, JSM-6390)0panace cyxas HeauneTONU3H-
poBaHHas mbLIbIA. [Tocie ynaneHus MbITbHUKA MbLUTHIIEBLIC 3ePHA TOMEIIATHCH
B Karurro 96% 3THIIOBOTO CITUPTA, a 3aTeM Ha CIeNUallbHbIE CTOJIUKHU C TIOCIIe-
AYIOIIMM TPOBEICHHEM BaKyyMHOT'O HAmbUICHHUS 30510TOM. VccienoBanusi Ha
ypoBae COM mpoBOAWINCH B KAOMHETE JJIIEKTPOHHOM MHKPOCKOITHU
nmabopaTopuy maneo0oTaHuku boTanmdeckoro nHeTuTyTa M. B. JI. KomMapora
(BUH) PAH, Cankt-Ilerepoypr (Poccus).

W3yuennsie oOpasupl: Rhaponticoides hajastana (Tzvelev) Agababian et
Greuter: Apmenust, AHMWCKHIA p-H, OKp. ¢. barpaBaH, Ha CyXuUX KaMEHHCTBIX
xonmax, 1450 m. Leg. D. T'abpmwnsan (ERE 145491);R. tamanianae (Aga-
babian) Agababian et Greutétpm. CCP, AxypsiHckuit p-H, okp. c. Kparen, .
Mapan-gar, npaesiii Oeper yienss Maxapu-g3op 1800m Han yp. M. Leg. M.
Arababsu (ERE 150344)Apmenns, Exernagsopckuii p-H, OKp. ¢. Mo3poB 1o
nopore k ['Hemmk, 1676Mm Hax yp. M. Leg.T". @aiiBym (;muynbie cOOpEI).

Kapuoaorusi. Kapruonorudeckoe mccieoBaHue MPOBeACHO Ha oOpasmax,
COOpaHHBIX W3 Pa3HBIX PETHMOHOB ApPMEHHHM BO BpeMs OSKCIICAMIUH, opra-
Hu3oBaHbix B 2013-2014rr. B pamkax yka3zaHHOTO Bbilie mpoekta. CemeHa
npopanMBanuch B yamkax [lerpu mpu koMHaTHOM Temmeparype. Kopemku
MIPOPOCTKOB MoABepraiuch npeaodpadorke B 0,2%+HoM pacTBOpe KOIXHUIMHA B
teuenne 1.5-24., 3areM ukcupoBaauch B arerar-ankorone (3:1) B Teuenue 2-
2.54. ¥ npoMBIBATUCH B 75° CIUPTE, MOCIIE YETO MPOBOIMIICS TOPSYUH THIPO-
au3 B 1N pacrBope xmopuoi#t kucinorel (HCI) B Teuenme 12 muH., 3arem
matepuan 1.54. okpammusancs B peakruse 1ludda. [Tocie npeapapuTeIbHOTO
npocMoTpa Ma3koB B 45%H0ii yKCyCHOM KHCIIOTE 110l MUKPOCKOIIOM MaTepual
npoBoawiICcs uepe3 OyTun u keumnon (mo 5-10 mMuH) U 3akirodancs B Oaib3am.
Kapuosnorudeckue npemnapaThl HCCICIOBAINCh, HA MUKpockore MJI-2, MUKpo-
(doTorpaduu ocyniecTBICHBI C MOMOUIBIO (POTOHACAIKH.

W3yuennsie oOpasupl: Rhaponticoides hajastana (Tzvelev) Agababian et
Greuter: Apmenusi, Tanuackuit paiion, 1.5km ot ¢. Anamen k c. Ilamakacap,
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Baoie moneii. 19.10.13. Leg. & det. Al'ykacsan; R. tamanianae (Agababian)
Agababian et GreuteApmenus, Exernag3opckuii p-H, okp. ¢. Mo3poB, BIOJb

noporu k ¢. Nanmmk. 3942 00,8 N / 45 17 36,3 E. 1676M. Hag yp. M.

05.10.13. Legl'. ®aiiBymr, A. I'ykacsu, det.I'. ®aiipyi.

PesyasTaTl u obcyxaenne. Pox Rhaponticoides Vaill. R. hajastana
(Tzvelev) Agababian et GreutévinoronerHue TpaBSHHCTBIC pacTEHHS. DHJE-
muk Illupakckoro ¢uopucTHIeckoro paioHa, MPOM3PACTAET B OKPECTHOCTSIX
cen /xamxyp, Anu, barpasan, Capakan, Llamakacap u ap. B «KpacHyro kHHTY
pacteHnii ApmeHum» [2] BWA BKJIIOYEH KaK HaXOJSIIMKCS TOA Yrpo3on
(xareropust EN). Cpoku nBeTeHHS — HIOHB-HIONb, ILIOJOHOIIEHUS — HIOJb-
aBTYCT.

Manunonorus. [IeutbeBBIE 3epHa MEPUANOHANBHO-3-00pO3IHO-TIOPOBEIE,
ceponganbHON WM CIUTIOMIEHHO-CEPOUTAIbHON (OPMBI, B OYEPTaHUH C
MOJIF0CA OKPYIJIO-TPEYTONIbHBIC; AMaMETP MBUIBLIEBBIX 3epeH 27.3-28.5 Umuiu:
noJsipHas ocb 32.7-35.4 pmpkBaTopuanbheiid auamerp 43.5-45.1 pmbopos-
Ibl KOPOTKHE, HE OYEHDb IUPOKHUE, C POBHBIMHU KpasiMH, KOHIIBI 3aKpyTJICHHBIE,
nuamerp arnokonbnuyma 23.5-24.0 pmyuupusa Me3okoabsnuyma 20.1-21.3 um.
[Topsl KkpymHBIE, OOBIYHO BBIMYKJBIE, OKpyrioi ¢opmer, 12.3-13.5 pums
nuaMeTpe. Ok3uHa 5.9-6.5 PMpPKTIK3MHA IBYXCIOWHAs: CTOIONKH HAPYKHOrO
CIIOSl HE JTOXOAAT [0 BEPIIMHBI IIHIA, OJMHOYHbIE, YaCThIe, C MAPOBUIHO 3aK-
PYTJICHHBIMH KOHIIAMH; CTOJOMKH BHYTPCHHETO CJIOS TOHKHE, YacTO MCKPHB-
JICHHbIE, B OCHOBHOM PAacIOJIOKEHBI PeKO U HeperysipHO. CKyIbITypa K3H-
HbI munoBatas (CM); cKyJIbITypa SK3WHBI KPYITHOIIUIIOBATAs, MEKIY LIHIIAMU
peryispHo rycro nepdopupoBaHHas; oTAeabHbIe munbl 5.0-6.8 LLMBBICOTOMH,
co cnabo 3aKpyriIeHHBIMH WIIM CJIETKa 3a0CTPEHHBIMH KOHLIAMH; BBICOTA «Oa-
3aIbHO MOAYIIKM» Yy OTJAC/IBHBIX LIMIOB B Ipeienax oT Y2 1o % ot obumeit
BBICOTHI IIIUIIA; TIOBEPXHOCTH IBUIBIIEBBIX 3¢PEH 0€3 YEeTKO BBIPAKEHHBIX SUeh
(CBM) (puc. 1, 1-4).

Kapuosorusi. Y nsyueHHbIX 00pa3loB 3TOrO BHAA HAMH BBISBJICHA M-
mrongHas nuTopaca (2n=30)c¢ 6a30BeIM OCHOBHBIM uHciioM X=15 (puc. I, a).
KapuoTtun cuMMETpHYHBIN C SBHBIM NPE00JIalaHueM METALCHTPUYECKHX XPO-
MOCOM, HMEETCsl Mapa METAUCHTPHYECKHX XPOMOCOM C SPKO BBIPaKEHHBIMHU
cyraukamu. Gopmyna kapuoruma: 2n=30=26 M+2SM+2Nl Pauee Takxe
NPUBOAMIACH AUIUIOMIHAS LIUTOpaca Ul 3TOro Bujaa moj Ha3zBanumem Centa-
urea hajastana Tzvel. u3 ngpyroii momymsuuu (AHUICKUI p-H, MEXIy CC.
barpaBan u Aptuk, o kpaswm noieit, 1987. LegM. Ara6aosH, I'. daiiBym, det.
M. Arababsmu) [14].

R. tamanianae (Agababian) Agababian et GreuteMuoronertue
TpaBSHUCTBIE pacTeHus. Bun npezncraBieH AByMs CyONOMyNisALUsIMH — OJHA B
[Inpakckom, BTopas B JlapenerucckoM (imopructudeckoMm pairione. B KpachHyro
KHUTY pacTeHnil ApMeHuu [2] BUI BKIIOUEH KaK HAXOISIIUICS B KDUTHIECKOM
cocrostann (kateropusi CR). Cpoku 1IBETCHUS] — UIOHB-HIOJIb, IUIOIOHOLICHHS —
UIOJIb-aBIyCT.

! «bazanpHas MoAyuKa» — INIOTHOC KOMITIAKTHOC 06p330BaHI/Ie B OCHOBAaHUU KPYIHBIX
IIUTIOB, BO3ZHUKAIOUICC B PE3YyJIbTATC COMMKEHUS U CIUSHUAS Ha KOHIIax Hanboiee JJINH-
HBIX CTO.H6I/IKOB, B OCHOBHOM HMMECT CETYATYI0 MOBECPXHOCTD.
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X1,600 10pm 0086 13(AUGIHE ] 7 X1,500 10pm 0063 13/AUGH4

7RV X6,000

X1.500 10pm 0055 ANAUGH4

i ¥10,000  Apm

Puc. |. IIsutbuieBsie 3epHa BunoB poaa Rhaponticoides (COM): 1-3 —R. hajastana (1 —
BUJl C DKBATOpA, amepTypa; 2 — BHJ C IOJI0ca; 3 — ME30KONbIUYM; 4 — CKyJIbOTYypa
ak3uHbl); 5-9 —R. tamanianae (5 —Bux ¢ 3kBaTopa, aneprypa; 6 —Me30KonbnuyM; 7 —
BUJI C 1OJII0Ca; 8-9 —CKyJIbITYpa 9K3UHBI).
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Puc. Il. Mertadasusie miactunku; a — Rhaponticoides hajastana, 2n=30; 6 — R. tama-
nianae, 2n=30.

Manunonorus. [IbutbeBbIe 3epHa MEPUANOHANBHO-3-00pO3IHO-TIOPOBEIE,
noutn chepounanbHol GOpMBI, B OUYEPTAaHHUH C TIOTFOCA OKPYTIO-TPEYrONbHBIE;
IUaMeTp MbuUIbleBOro 3epHa 37.3-38.5 m.bopo3asl KOpOTKHE, HE OUYCHBb
LIMPOKKE, C POBHBIMH KpasMH, KOHLBI 3aKPYTJICHHBIE, JHAMETP allOKOJIbITHyMa
22.5-23.3 pmmmpuna me3okonsnuyma 24.5-25.5 pmllops! kpynHsle, 9acto
BBIYKJIbIE, B OCHOBHOM OKpyrjoi ¢opmer, a0 10,0 um B guamerpe;
MOBEPXHOCTh MIOPOBOH MeMOpaHbl U3BIIHCTO-cKIaquatas (COM). Dk3una 5.3-
6.1 LM,3KTIK3MHA ABYXCIOIHAs: CTOJOUKH HApY>KHOrO CJIOS HE JOXOAAT 0
BEPIIUHEI IITUIIA, OJMHOYHBIE, YaCThIE, C IIAPOBUIHO 3aKPYTIICHHBIMHA KOHIIAMHY;
CTOJIONKH BHYTPEHHETO CJIOSI TOHKHE, YacTO HCKPHUBJICHHBIC, B OCHOBHOM
pacloIoKeHbl peaKo U HeperyispHo. CKynsnTypa dk3uHbl munoBaras (CM);
CKYJIBIITypa SK3WHBI PETYISPHO KPYHMHOIIWIIOBATAas, MEXIY IIWINAaMH TYCTO
neppopuUpoBaHHast; OTAeAbHbIC MBI 5.5-6.8 WMBbICOTOM, cO cnado 3akpyr-
JICHHBIMU KOHIIAMH, BBICOTa «0a3ajbHON MOAYIIKW» Y OTHENbHBIX IIWIOB B
npeznenax ot ¥2 70 % oT o0IIel BBICOTHI IINIIA; TTOBEPXHOCTD MBbUIBLEBHIX 3€pPeH
C YETKO BBIpaKeHHBIMH 3-5yronsubiMu ssuessmu (COM) (puc. |, 5-9).

Kapuosorus. Y m3ydeHHBIX 00pa3IoB 3Toro Buma u3 Jlapeierucckoro
(uiopucTHYecKOro paifoHa HaMH BbIsABICHa auIuionaHas nuropaca (2n=30)c
0a30BBIM OCHOBHBIM umciioM X=15 (puc. Il, 6). Kaprotun cuMMETPHUYHEBIN ¢
npeob1ajaHieM METAIIeHTPUIECKUX XPOMOCOM, UMEETCsI Iapa cCyOMeTalleHTpu-
YECKHX XPOMOCOM C SIPKO BBIPQKEHHBIMH CIyTHUKamMu. PopMmyna KapHOTHIIA!
2n =30 =22M + 6 SM + 2SR Pamee taxxe MPUBOJIUIACH JTUILUIOMIHAS
IUTOpaca IS 9TOro Buaa moj Haspannem Centaurea tamanjanae Agababiars
apyroit momyssinuu [lupakckoro ¢uopuctryeckoro paiioHa (AHuCKHA p-H,
Mexnay cc. barpaBan u Aptuk, nmo xpasm noneid, 1987. LegM. ArababsH, I
daiiymn, det.M. Ara6absn) [14].

3aximouenue. CpaBHHUTEIHLHO-MOP(HOIOTHUECKUI aHAIN3 MbUIBIBI BUIOB
R. hajastana u R. tamanianae nokasan HeKOTopoe pa3inyue B pazMepax IblUTb-
IEBBIX 3epeH (kpymHee y Buaa R. hajastana), a Takxke 10 CKyIBITYPE 3K3UHEI.
Tak, SIEKTPOHHO-MHKPOCKOIIMYECKHE WCCIICAOBAHMS IO3BOJHIN BBISBUTH
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SYCHCTYIO IOBEPXHOCTh IBUIBLBI Y BUIa R. tamanianae, npu 3ToM oTIenbHbIe
syen  00pa3oBaHBl 3a CUET MEPETOPOAOK, OOBEAMHAIOMMX B 00JacTu
«bazanpHOM momymkm» ot 3 10 5 mumos (puc. |, 8-9).

Kapuonornueckue nccieoBaHUs MOKa3ald, YTO HM3y4YCHHBIC BHIBI poja
Rhaponticoides  snstorcs  ampuauIuionaMd  CcO  BTOPHYHBIM ~ 0a30BBIM
OCHOBHBIM 4YHCIIOM X=15, KOTOpO€ MOIJI0O BO3HUKHYTH NPH CKPEIIMBAaHUU
BHUJIOB C NTPEIKOBBIMH OCHOBHBIMHU YHCTIAMU X=7 1 X=8,

HccnenoBanue BeimonHeHo npu ¢uHaHcoBoi nopaepskke 'KH MOH PA B
pamkax HayyHoro npoekta Ne SCS «13-1F093»

WuctutyT 60Tannku HAH PA
e-mail: alla63_03@mail.ru

A. M. AiipanersiH, A. I'. I'ykacsiH

[ammHOMOTrMYECKOE H KAPHOJIOTHIECKOE UCCIeT0BAHNE IHIEMUIHBIX
puaoB poga Rhaponticoides Vaill. (cem. Asteraceae), BKII0YEHHbIX B
KpacHy1o kHUTY pacTeHuii ApMeHUH

HccnenoBanbl 0cOOCHHOCTH MOPGHOIOTHH MBUIBIIBL, & TAKKE KApHOTHUIIA IBYX dHC-
MHUYHBIX, BKIIFOUCHHBIX B KpacHyro KHUTY pacTeHuit ApMeHuu BunoB poaa Rhapon

ticoides Vaill. (cem. Asteraceae): R. hajastana (Tzvelev) Agababian et GreuteR.
tamanianae (Agababian) Agababian et Greut@sisBieHbl HEKOTOpPBIC PaA3NUYHs B
pa3Mepax MbUIBLEBBIX 36PEH, a TAKKE B CKYJIBITYPE IK3UHBI. Y H3yYCHHBIX BHIOB BBI-
sIBJIEHBI AuIutonanble muTopacsl (2N=30)c 6a30BBIM OCHOBHBIM YHCIOM X=15.

U.U. Zujpuybujub, U. . Tnjuuywi

Zwyuwuwnwih pnyubph Ywpdhp gppowd pungpyjwd Rhaponticoides Vaill.
(Asteraceae puwn . ) giinh tuntdhl wkuwlukph wwhimpnghwlwi b
Juphnnghwljwh ntunidbiwuppnipynii

Muniduwuhpyt) Bu Zuywunwih poyubph Ywpdhp gpponud pungpydws Raapon-
ticoides Vaill. (Asteraceae puwn.) ginh kplnt Eunbdhly mbkuwlubph (R. Aajastana (Tzvelev)
Agababian et Greuter W R. tamanianae (Agababian) Agababian et Greuter) Swunlwthnont
Unpdninghuyh &t juphnnhyh wpwdbwhwnlnipmniabtpp: NOpny wwppbpnipmnitilkp
Eu pugwhwjnyl] ntunmdtwuhpynn wkuwlubph dSwnuthngnt swthbph, hsybu twb
Epqhth pwinulh JEpwpbpuy: Zknnwgnungnn wkuwfubph dnn hwynbwpkpdt) b gh-
wnhn ghuinpuwuwkp (2n=30) x=15hhdtuwljwb ppndnunduyhtt pyny:

A. M. Hayrapetyan, A. G. Ghukasyan
Palynological and Caryological I nvestigation of Endemic Species of
the Genus Rhaponticoides Vaill. (fam. Asteraceae) Included in the
Red Data Book of Plants of Armenia

The peculiarities of pollen morphology and karyatyp two endemic species of
the genusRhaponticoides Vaill. (fam. Asteraceae) included in the Red Data Book of
plants of Armenia, namelR. hajastana (Tzvelev) Agababian et Greuter aRdtama-
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nianae (Agababian) Agababian et Greuter have been imyeatsiil. Some differences in
the size of pollen grains, as well as in the exameamentaion are revealed. For
investigated species the diploid cytotypes (2n=@h) basic number x=15 were found.
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