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MATEMATHUKA
VJIIK 517.968.23

I. A. AanmKamml, A.T. KaMaJISIHZ, I. A. Kamaasu'

O HekoTOpPBIX THNAX (PAKTOPU3ANUMN MATPUI-PYHKIIHA
(ITpencrasneno akagemukoM A. b. Hepcecsiaom 30/1X 2019)

KirodeBble clioBa: meniuyed onepamop, UHOEKCHOE HOONPOCMPAHCMEBO,
UHOEKCHAsL (hakmopu3ayusi.

1°. TIycts QF (3 0) — orpanMyYeHHas MHOTOCBSI3HAs 0GACTb KOMILIEKCHOI
mwiockoctd € ¢ TpaHMIei, COCTOSIICH U3 KOHEYHOTO YHCIIa 3aMKHYThIX HETepe-

CEKAIOMIMXCSl JKOPAAHOBBIX CIIpAMIIsEMBbIX kKpuBhix, O~ = C\ Q, Lg 1<sp<
00) — NOANMPOCTPaHCTBO PyHKIWMiA U3 Ly (= Ly, (I)), coBnagaromumx mnoutu BCro-
oy Ha ' ¢ yriioBeIMH TpeiebHBIMU 3HaYCHUSIMH (YHKUUH U3 kinacca Cmup-

nosa Ejf obmactn QF (em. [1, 2)), L, ={f € Ly ; f(oo)O: 0}, a Py (P) -
orepaTop, MPOCKTHPYIOWUH MpsAaMyo cymmy L, = Lg-i—L; Ha L; (Lp) ma-

pamnensHo L, (L;). Jlanee, mpoCTpaHCTBO BEKTOP-CTOIOIOB (MATPHIT) TTOPSIKA
n (n X m) ¢ sneMenTamu u3 auHeana X Oymem 00o3Hayath yepes X™ (X™™M).
JleiictBue mpoekTopos Py B L (L7*™) GyneM HOHMMATh IOKOMIIOHEHTHO, a
BMECTO CJIOB MaTpHIa-PYHKITUS ¥ BEKTOP-(QYHKIHS YIOTPEOISITh COKPAITICHIS
COOTBETCTBEHHO M.-(. U B.-(.

Iycts G — M.-¢. TOpsiAKa M X N, 3JEMEHTHl KOTOPOW MOYTH BCIOIY Ha
KOHType ' MpUHUMAKOT KOHEUHbIC KOMIUIEKCHbBIC 3HaUeHus. Hike OyieM moiib-
30BaThCsl CIEAYIOLMME 0bo3HaYeHusMu: D, (DS p) — IPOCTPAHCTBO BCEX B.-

_\n n -
b. p_ € (Lp) (py € (L;) ) Takux, 4ro Go_ € L7 (Go, € L}); D?_,p (Dr, p)
— TMPOCTPAaHCTBO Bcex B.-p. ¢, € (L‘;)n (p_ € (L;)n), I KOTOPBIX
CymecTByeT ¢ € L7 Takoe, 4To ¢4 = G@ (p_ = G@); T4 (@ € C), 74 (@ € C\
{0}) — omeparopsl, neicTByrompe Ha QYHKIUIO (B.-d., M.-¢.) o dhopmyram
(Taf)(t) = (t - (Z)f(t), T(,z = _a_lTaT(;la Tc,>o = T(Tl; T{’_,p,j: Tr+,p,j (] € Z)
ceMeliCcTBa TETUTHIIEBBIX ONEPaTopoB ¢ obmacTsamu onpenenenus D, o, u Df, 4,
COOTBETCTBEHHO, JelcTByomme 110 hopmynam Tp_, ip_ = ToP_(T, Ut g ©_),
Ty, i@+ = Pe(1g’G@ )i Ny, =KkerTy i N i =KerTy, ;.
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—j+1 . o o
B-¢. ¢_=1,"""Gp, mnasemator (ry,p,j)-nBoiictBenHoil Kk B.-O.
@+ €N, a MHOKECTBO B.-()., IBOMCTBEHHBIX K DIEMEHTAM MHOXECTBA

+
Mc NT+VPJ',

- o +
HMoanpoctpanctso (ry,p, j), ABoiicTeennoe k Ny ., ;,

gt — Nt 1+
Cnenys [3], moanpoctpancto Ny o = Ny i + 75 Ny ) 5 OyzeM Ha3bIBaTh

; +
(r4,p,J)+ HaCIEICTBEHHBIM, a €r0 MPOU3BOIBLHOE HPIMOE AOHOIHEHHE M,

+DJ
+ .
B N, ., i41 COOTBETCTBEHHO (T4, P,j) — UHICKCHBIM IOIIPOCTPAHCTBOM M.-(.
. + T
G. Kak wmssectHo (em. [3]), dim M, ., ; = dim

Ha3bIBAIOT (7, P, J)-ABOWCTBEHHBIM MHOXeCTBOM K M (cM. [3]).
oboznaunm depes Ny, ;

T4D,J>
Yjezdim M, . y/oBieTBOpsieT HepaBeHCTBY A, < n. DTO 0GCTOATETBCTBO

a uueno A, =

MO3BOJIMJIO BBECTH €CTECTBEHHOE MOHATHE (T4, P, j) YACTHBIX HHACKCOB M.-(. G
(cm. [3, 4]) BHE 3aBHCHMOCTH OT CYIIICCTBOBAHMS CTaHIAPTHOU (pakTopM3ammm
Bunepa — Xonda. B ciyuae fi,., = n, cnenys [4], Oynem roBoputs, uto m.-¢. G
nomyckaet (T, p)-KOHEUHYI MHAekcamuto. B ciyuae A, <n B [4] BBeneHo
MTOHATHE OCCKOHEUHBIX MHACKCOB. B [4] m3ydeHHI Takke (pakTopH3alliOHHEBIE
cBoiicTBa M.-(., momyckarimux (7,,p)-KOHCUHYI HHJICKCAIIMI0 M BBEICHO
nousitue (1, p)-MHICKCHOH (pakTopu3anmu.

B pabore [5] uccnenopana (ry, p)-thakropuzanus MepoMOpPHBIX MaTPHUII-
¢byukiuit. B 1anHo# pabote BBOAATCS W M3ydaroTcs MoHATHS (£_,p) YaCTHBIX
uHACKCOB, (¥_,p) KoHeuHOW MHAeKcaluu, (£_,p) UHACKCHOH (aKkTopu3aInu.
Omnpenenstorcs Takxe (1, p) u (£, p) BapUaHTHI 3TUX NOHATHH.

2°. B-b. ¢, = Tg]_lG(p_ HazoBeM (€_,p,j) nBoicTBEHHOH K B.-().
@o_ €N, D" MHoxecTBO B.-¢. (£_,p, ), IBOACTBEHHBIX K 31eMeHTaM N, D
ABJISIETCS. IOAMPOCTPAHCTBOM, KOTOpoe OyaeM 0003Ha4aTh uepes N;-,p, j 1 Ha-

D.J
(a € C\ {0}) He 3aBucHT OT @ U sABNSETCA MOANPOCTPaHCTBOM N, pj—1- JTO

3bIBaTh ABOMCTBEHHBIM K N, ., ;. IIpocTpancTso N, pj = NS pj T T N,

OpoCTpaHcTBO OyneM Has3biBaTh (£_,p,j) HACICICTBEHHBIM MOAMPOCTPAHCT-

BoM M.-(. G. TlpomsBonbHoe mpsmoe nononuenue N, . B N,° Oynem

pj-1 -
Ha3pBaTh (£_, P, j)F UHICKCHBIM MOAMPOCTPAHCTBOM G. IIpOCTpaHCTBO Ne_ 5

sensercs (£_,p,j — 1) nsoitctBennsM k N, p,j- HETPYIIHO BUIETH, YTO €CIH

0_-€N; i1 (py €NS 1), T,9_€D; , (15’90, €DS ,) mpu
Hekotopom a € Q7 (a € ), 10 (1) 'p_ € N, ;. (17 ¢4 € Ny ;). He-
TPYIHO TaKXe YOEIUTHCS, YTO MHOXKECTBO deMeHToB (£_,p,j)_, ABOWCTBEH-
Hoe K oanemeHtaM (€_,p,j)_ HHAEKCHOrO MpOCTpaHcTBa M.-(. G, SABIAETCA
(_,p,j)+ WMHAEKCHBIM MOAMPOCTPAHCTBOM M.-¢. G. B 3TOM cMmbIcie no6oe
(4_,p,J)+ MHIEKCHOE MOANMPOCTPAHCTBO SIBJIACTCS JBOWCTBEHHBIM K HEKOTO-
pomy (£_,p,j)_ WHIEKCHOMY MOANPOCTPAHCTBY, HMPHYEM Pa3MEPHOCTH ITHX
WHJCKCHBIX MOJIIMPOCTPAHCTB COBMAAAIOT. MHIEKCHBIC MOANPOCTPAaHCTBA 00-
JAA0T CIETYIOIIUM CBOMCTBOM.

Teopema 1. 3a ucknouenuem, 6vimv Mmodcem, KOHeuHo20 yucia j € Z ece
(Y_,p,j) unoexcuvie noonpocmpancmea sensiomcs wyiesvimu. Kpome mozo
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onst npouszeonvbnoz2o nabopa (£_,p,j)F UHOEKCHBIX NOONPOCMPAHCME Mf_'p_j
CNpageoIuso HepaseHcmeo
~ . ¥
Ny = Z dimM, ,;<n
jez
Hust z € O~ nopnpocrpanctsa Ny o, i 1(2), My, ;_1(2) v st z € Qt
MOMTPOCTPAHCTBA NE’_'p'j_l(Z), M;_’p’j_l(z) OTIpeNieTICHBl CIIEAYIOIUM 00-
pazom:
F
N{’ p] {§0+(Z) PF € N{’_,p,j—l}'

Mé_,p] {90+(Z) Px € Mj_,p,j—l}'

Herpyano yOenuThcsi, 9TO UIA j € Z M COOTBETCTBYIOIINX Z CIIPABEIIUBHI
paBeHCTBA:

Ny, (D+MF , (2) = NF ;12 @)

dimM; ,; (z) =dimM;_,; =dimM; ;. (2)

U3 pasencts (1) cegyer

Teopema 2. [lycmo k > i (k,i EZ) u & > &, > -+ > & 6ce 803mMouCHbIE
yenvie snauenuss j (k =j > i), orn xomopwix (£_,p,j)s unoexcuvie noo-
npocmpancmaa nexynesvie. Tozoa

NF s = (NF e+ TNF it ()

Ne_pi) +

l+€1
M) DL trgtM; pE T +(t +) Mf_,pfl

. . ., T —itE—1
FM; et +(zd) M{,_’p £

20e M;—,p,s‘m (m=1,...,s) npouseonvuvie (£_,p,&n)s unoexcuvie noonpo-
cmpaucmea.

3%, Touky zz € QF maszosem (£_,p)-perymsapHoit mis M.-¢p. G, ecin st
HEKOTOPOro j € Z

. ¥ ) = : +
dlm Nt’_,p,i (Z+) grelg)é dlm Nf_’p,l (Z) .

Ananoruuno [3] HETPYIHO YOEIUTHCS, YTO MHOKECTBO HEPETYIISAPHBIX I M.-
¢. G B QO He Gosee ueM cyeTHO, a uncia

n, =n,(f_,p,G) = dim ﬂ Ny ,;(2)

ez
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n_.=n_(¢_,p,G) =n-—dim U Ny, ;(2)
=/

OZIMHAKOBBI JUISl BCEX PETYJSPHBIX Touek u3 (1~ . DyHKUMIO ,ug_'p:'Z\ - Ny
(Z =17 {£x}, Ny = NU{0}) onpenemnm ¢ nomompsto pasencts i;_,(j) =
dimM, ,; (GEZ) u pp_p(£o) =ny(f_,p,G). YCIOBUMCA Yiooq = =
X+own, = 100 HasbiBaTh + GeCKOHEUHBIMHU (£_, P) YaCTHBIMU UHAEKCAMHU M.-(.
G. Tycts {0y, ..., 05} = { € Z; pp_p () > 0}, my > 1 > > 15, prp_p (1) =
n; (i=1,..,5). Yacna xq,..., X, ONUpPEICICHHBIC PAaBEHCTBAMH Y = -+ =
Xng =M1 Xng+1 = 7" = Xng4ny = M2 o Angdnp+dngg+1 = " = Xa = s,
Oyznem HasbiBaTh (f_,p) YaCTHBIMU MHIACKCAMHU M.-. G. B cinyyae i = n Oyaem
rOBOPHUTH, uTO M.-p. G HomyckaeT kKoHeunyio (€_,p) unHmekcanuio. M3 pa-
BeHCTB (1), (2) cmemyer, 4To B ciy4ae KOHEYHOM WHIEKCAIMU Ui JOOOTO
k € Z cnpaBeymBO paBEeHCTBO

. T . , ,
dim NE i = > G = Otte_p()
>k
Ecmu & > +-- > &, Bce Bo3MoOkHBIE 3HaueHHs (£_,p) YacTHBIX MHICKCOB
+ —
M. G, a My e (k=1,..,s) NPOH3BOIBHBIE ({i_,p, &) HIEKCHBIE 1071~
Fo_oyF L AmT
npocrpancTsa M.-. G, To npocrpancrso M, ,, = M ¢ pe T My e ();yneM
Ha3biBaTh (£_,p)F WHAEKCHBIM mpocTpaHcTBOM M.-¢. G. Ecomu M ¢ D&k
(k=1,..,5) semuores (£_,§, — 1) nBoiictBennbiMu kK My ¢, TO (£-,D)7,
MHJIEKCHBIE IIpOocTpaHcTBa M Z_p OyzeM Ha3bIBaTh ABOICTBEHHBIMH. CKaxeM,

910 M.-¢. G momyckaer (£_,p) UHACKCHYIO (haKTOPU3AIUIO, ECIIA UMEET MECTO
Ipe/ICTaBICHHE
G =G, ANGZ1, 3)

rae a) Gy € (Lg)nxn; b) a1 mobex z € Q~, v € C*, v # 0, B.-¢p. (1,)71G_v
He npuHAIeKUT D, 5 ) JUIst I00bIX Z € Ot veC*, v+0,s-p. 7;1G,v
He npuHamiexut DF ; d) A(t) = diag[t¥r, .., t¥n], y; €Z (i=1,..,n) u
X1 2 X2 2" 2 Xn-

CripaBeIITUBHI CIIETYIOIIUE YTBEPIKIACHUS.

Teopema 3. Ilycmo m.-¢p. G umeem xoneunyro (£_,p) unoexcayuro u M j_’p

— Hexomopule Osoticmeennvie (€_,p)x unoekcuvie npocmpancmeéa m.-¢p. G.
Toeoa m.-¢p. G oonyckaem unOekcHyio ¢paxmopuzayuro (3), 20e yucia yq =
<+ 2 xn cognaoarom ¢ (£_,p) wacmuvimu unoexcamu G, a cmonoyvt m.-¢p. Gz
Aenaromces 6a3ucom M{}T__p.

Teopema 4. Ilycmv m.-¢p. G Odonyckaem (£_,p) undexcuyr paxmo-
pusayuio (3) u py_p(+0) = 0. Toeoa m.-¢p. G donyckaem (£_,p) roneunyio
unoexcayuro ¢ (£_,p) uacmuviMu UHOEKCAMU, COBNAOAIOWUMU C YUCIAMU
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X1r o Xn- Kpome mozo cmonbyvr m.-¢p. Gy aenawomes 6a3ucom HeKOmMopwix
osoticmeernuvix (£_, ) UHOEKCHBIX NPOCMPAHCME.

3ameruM, uto eciu G =G, AGZ' u G =G, AG™! nBe pasnuuHbie
(¢_,p) wHOEKCHBIC (aKTOPU3AIUK, TO CYNECTBYET HEBBIPOXKJICHHAS IOJNHO-

_ n
MHUanbHasg 0T Z~ L M.-. Q = (qi j)ij—l C DIIEMEHTaMH, YAOBJIETBOPSIOIINMH yC-

JIOBUSAM
q;j =0npuj <i;degq;; < y; —x;upuj = i, 4)

Takasi, 4To

G =G_Q,G, =G, AQA™. (5)

O6paTtHo, eciu npeacrasienue G = G, A GZ' spnsercsa (£_,p) unjaekc-
HO# (pakTopmsarmeit M.-d. G, a G ompenenensr mo dopmymnam (5), rae sie-
MEHTBI HOJMHOMHANLHOH 0T z™1 M.-(p. Q yIOBIETBOPAIOT ycnoBuaM (4), To
npencrasiaenue G = G4 A (GL)™! Taxke sBaserca (f_,p) MHIEKCHOH (ak-
Topuzanueit M.-¢. G.

Hanomuum (cMm. [2]), yto mox neBoit dakropuzauneii Bunepa — Xomnda
(nanee WH(¢,p)) m.-¢. G B mpoctpanctee Ly (1 <p < ) OTHOCHTENHLHO
xouTypa I moHumaror npencrasnenue Buga G = Gy A G-, tne G4 € (L;—;)nxn,

X
G e () @= p/p _ 1) A@®) = diag[th, .., 0], gy =2 xy
(X1, - » Xn — LCTIBIC YKCITA, HA3bIBACMBIC JICBBIMH YaCTHBIMHU P-UHICKCAMH M.-(.
G).
Crnenyromiast TeopeMa ycTaHaBimuBaeT cBsizb mexay WH (¥, p) daxropu-
sanueit u (£, p) MHIASKCHON (haKTopU3anuei.
Teopema 5. Ilycmv m.-¢p. G Oonyckaem WH(€,p) paxmopuzayuio
(1 < p < ). Toeda cnpasednusvi credyrouue YmeepicoOeHus.:
a) m.-¢p. G oonyckaem xoneunyro (_,p) unoexcayuio, npuuem ee (£_,p)
Yacmuvie UHOEKCbl COBNAOAIOM C JIeBbIMU YACHHbIMU UHOEKCaMU M.-D.
G,'

b) WH(¥,p) ¢axmopuzayua m.-¢p. G asnsiemcs oonogpemenno (£_,p)
UHOEKCHOU (hakmopusayuetl,

¢) npouseonvras (£_,p) umnoexcmas Gaxmopusayusi m.-¢p. G 00Ho6pe-

menno sensiemes WH (€, p) gpaxmopuzayueil.

4 Tox (£,p) HacTHBIME HHAeKcaMu M.-(p. G OyaeM moHHMATh (7y,D)
YaCTHBIE MHAEKCH TPAHCIIOHMPOBAaHHOW M.-¢. G'. Amamorwmuno, mox (7_,p)
YaCTHBIMH MHIEKCAaMH M.-(. G OyaeM nmoHuMaTh (£_,p) YaCTHbBIE HHAEKCHI M.-
¢. G'. DTH NOHATHUSI MOTYT OBITH BBEICHBI HE3ABUCUMO C IOMOIIBIO SIIEP OIepa-

14 14 . o + n _\n
T0poB Ty, 1 i» Ty p,j U € Z), ICHCTBYIOIIMX COOTBETCTBEHHO B (Lp) u (Lp)
(c ecTecTBEeHHBIMHU 00JIACTSAMH OTIpEAEIEHU) IO GOpMyJIaM:

. t L t
T{;+,p,j(p+ = (P+((pfl-T0]G)) ’ Tyl-_,p,jfp_ = (TOP_(([JETO (]+1)G)) .

bynem roBoputh, uto M.-¢. G momyckaer (r_,p) KOHEUHYHO HHICKCAIHIO
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(cootBetcTBeHHO (£, p) KOHEUHYIO HHAEKCAIHIO), eciu G' momyckaer (£_,p)
KOHEYHYI0 HHIeKcanuto (74, p) KOHEUHYIO HHEKCAIIHIO).

AHaJIOruuHBIM 00pa3oM MOTYT ObITh BBeiAcHBI moHsTHs (1, p) u (£4,p)
uHAeKkcHble (akTopuszanuu. CBOWCTBA BBEICHHBIX MOHATHH MOTYT OBITH 03
Tpyaa chOpPMyIHPOBAHBI U JOKa3aHbI MIEPEXOJ0M K COOTBeTCTBYIOMMM (£_, p)
u (ry, p) noHATHAM I M.-(. G'.

! ApMSIHCKHIA TOCYIapCTBEHHBI IKOHOMHUUECKHH YHHUBEPCUTET

* EpeBaHcKuii Tocy1apcTBeHHbIi yHuBepcuter, MHctuTyT MaTematukn HAH PA
e-mail: ahrah83@gmail.com; armen.kamalyan@ysu.am,

kamalyan armen@yahoo.com; h.qamalyan@gmail.com

I'. A. Amupaxansu, A. I'. Kamaasn, I'. A. Kamanasn

O HekoTOpBIX TUNAX hakTOPU3ANUM MATPUL-PYHKIUIT

OrmnpeneneHbl HEKOTOpbIE THIbI (PaKTOPH3ALMKH MATPULBI-QYHKIMH, OINpeesIeH-
HOW Ha 3aMKHYTOM KOHTYpE KOMIUIEKCHOM IuiockocTH. Takue (akTopusaluu Hasbl-
BAIOTCS MHIEKCHBIMHU B 0000IIAI0T KaK JIEBYIO, TAK U MPaByIo akTopu3anuio Bunepa —
Xomga. Hanbonee nonpoOHO paccMaTpuBaeTcs JieBasi MHAECKCHas (haKkTopu3alus, onpe-
JCJIICHHUEC KOTOpOﬁ OCHOBAHO Ha IMOHATHUHU JICBbIX YaCTHBIX HHIACKCOB.

Z. U. Udhpowiyuu, U. Z. Luduyjub, 2. U. Ludujjui

Uunnphg-pniiljghwibph npng whuh puljnnphqughwitkph dwuht

Uwhudwtidws Eu Yndwtkpu huppnipjut thul Ynunniph ypw npnows dwinphg-
$niyghuyh npny whwh dulpnnphqughwbtp: Uy pwlunphqughwitpp Ynynud ku
huntpuuyhtt b pughwipugund o 9hubtp-Znwdh htywbu dwjpwlynndjul, wjbybu §
wewlnnujui $wlinnphqughwtpn: Unwyt] dwbipudwut nhunwplynud | dwppwulnnu-
jut hugbpuwghtt $wljinnphqughwi, nph vwhdwinudp hhduqus t dwpwlnnuiyub dwu-
wlh hunkputbp hwuljugmpjub ypu:

H. A. Amirjanyan, A. G. Kamalyan, H. A. Kamalyan
On the Some Types of Factorization of Matrix Functions
Some types of factorization of matrix functions are defined in this article. Matrix
functions are defined on a closed countour of the complex plane. These factorizations
are called index factorizations and summarize both left and right Wiener-Hopf

factorization. The left index factorization is considered most detailed which definition is
baced on the concept of left partial indices.
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1. Derivatives of an evolution matrix with respect to parameters. We
consider a nonlinear dynamical system

x=f(x,p,t), x(t,)=x, (1.1)
where f is a smooth vector-function of the phase vector x € R", the vector of
parameters p e R"and the time t, x, is a given vector of initial conditions, and

the dot means derivative with respect to time. We consider a point p in para-
meter space and take a small increment Ap, t0 ] -th component of the vector of

parameters. Then the phase vector takes an increment Ax which in the first
approximation is described by the differential equation with initial conditions

(AX) :g(x,p,t)AX-Fﬁ(X,p,t)Apj ) AX(tO) =0 (12)
1).¢ 6pj
where notation for the matrix

of _| of (1.3)
OX | OX,
is used. Dividing both sides of equation (1.2) by Apj and taking the limit we
obtain a differential equation with respect to the vector z = ox /0p, [1]
of of
i =—(x,p,t)z+—(x,p,1), Z(t,)=0. (1.4)
ax( p.D) o (x,p.1) 0

J
Consider now equation (1.1), linearized with respect to X, for the vector

yeR"
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y =g(x,p,t)y (1.5)
15).¢

A fundamental matrix for this equation (matriciant) is described by the
initial value problem

Y=Zi(xapat)Y’ Y(to):I (16)

where I is the unit matrix. The matrix Y(t) is also called the evolution matrix

[1, 2]. With this matrix solution to equation (1.5) with the initial condition
y(t) =y, takes the form yt)=Y()y,, and solution to equation (1.4) with

zero initial condition is given by the integral [1]

; of
zt)=Y®)[Y ' (r)=—(x,p,70)dr (1.7)
ty 6pj

Now we find derivatives of the evolution matrix with respect to parameters
at the point p. Due to the increment Ap, the matrix of evolution takes an incre-

ment Y + AY . Substituting this expression to equation (1.6) and expanding the
right hand side in Taylor series we obtain an equation for the first appro-
Ximation

AY=Zf(x,p,t)AY+CY, AY(t,)=0 (1.8)
X
where the matrix C is given by the expression
o’f o’ f 1.9
C=—(x,p,H)Ax + (x,p,t)Ap, (1.9)
ox oxop,

Since Y(t) is the fundamental matrix, it is non-singular. We multiply both
sides of equation (1.8) by the matrix Y and integrate from to to 1. Using

integration by parts with the initial condition (1.8) we obtain

t t t
[ Y 'AYdr =Y '()AY () - [(Y ') AYdr =] (Yl ngY + chyjdr (1.10)
) t X

f

To find the derivative (Y*I)' we differentiate the identity Y'Y =1 with
respect to time and obtain (Y")’Y +Y'Y=0. Thus, (Y*I)' —_Y'YY" and
with equation (1.6) we find

(Y') __yof (1.11)
0x
We use expression (1.11) in the second equality (1.10) and obtain
t
AY(t) =YY 'CYdr (1.12)
t

We substitute here relation (1.9) for the matrix C and divide both sides of
the equality by Ap, - As a result, we get
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AY() Y()f o Ax O L, (1.13)
Ap

J. i ox’ Ap,  0xdp,
Taking in this equation the limit and using notation z = 9x/ op, we obtain
2 2
vy _Y(t)jY afz + 1 lyde (1.14)
op, ox oxap,

Substituting here the vector Z from (1.7) we finally obtain the expression
for the derivative of the evolution matrix with respect to parameters as

Y (1) f
o Y(t)IY (r )[ axapj (X,P,T)JY(T)df

2

]

(1.15)
Hence, to calculate the evolution matrix Y(t) and its derivatives with respect to

parameters we need to integrate equations (1.1) and (1.6) with the cor-
responding initial conditions and evaluate the integrals (1.15). It is easy to see
that in this case it is necessary to integrate m(1+m) differential equations of

the first order, and in contrast, if we calculate the first order derivatives numeri-
cally it is necessary to integrate at least m(1+ m)(1+ n) equations of the first or-

der. Thus, the difference in the number of equations to be solved is mn(1+m),

and it is as higher as many degrees of freedom and problem parameters are in-
volved. Knowing derivatives of the evolution matrix allows to predict behavior
of a dynamical system in the vicinity of the point p in parameter space.

2. Periodic solutions. We consider the case when equation (1.1) possesses
a periodic solution x(t)=x(t+T) and the matrix of(x(t),p,t)/0x is periodic

with a period T.
Then the evolution matrix F=Y(T) is called the monodromy matrix [2-4].

According to the Floquet theory, eigenvalues of this matrix (multipliers) are
responsible for the stability of the periodic solution x(t): if all the multipliers by

their absolute value are less than unity, then the periodic solution x(t) is

asymptotically stable, and it is unstable if at least one of the multipliers is
greater than unity by its absolute value [2-4].
In particular, if we consider a linear system x =G(p,t)x with the periodic

matrix G(p,t+T)=G(p,t) and study the stability of the trivial solution x(t)=0
, then we have

2 2
f=gx, ML_g, of_, Of _03G @.1)
Ox ox’ oxop;  op,
Therefore, for this case according to (1.15) we get
t
NO _yny [y 96 v s 2.2)
op, % op,
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From this formula at t=T we obtain the derivatives of the monodromy
matrix F=Y(T) with respect to parameters [5]

.
OF _ FlY" 9G v, 2.3)
api b api

Note that to find derivatives (2.2) and (2.3) it is necessary to know only the
matriciant Y(t) and the derivatives of the matrix G with respect to parameters

taken at the point p. Using derivatives (2.3) a variation of the monodromy mat-
rix can be given in the form
- OF
F(p+Ap)=F+) —Ap +... (2.4)
k=1 O Py

Knowing the derivatives of the monodromy matrix we can calculate the
value of this matrix in the vicinity of the initial point p , and therefore estimate

behavior of the multipliers responsible for the stability of the system when the
problem parameters are changed. The second and higher order derivatives of the
monodromy matrix were derived in [5, 6].

As an example in this subsection we consider Hill’s equation with damping

X+ BX+[@ +ep(t)] x=0 (2.5)
where g is the damping coefficient, & is the excitation amplitude, o is the
natural frequency, and ¢(t) is a continuous periodic function of time with the

2
period 2z having zero mean value J‘ pt)dt=0- For the initial point we take

0
t, = 0. Equation (2.5) has been considered by many authors.

Our aim is to find analytically the domains of instability of the trivial
solution X =0 (the domains of parametric resonance) in the case of small exci-
tation amplitude &, damping coefficient g , and arbitrary natural frequency

w = 0. For this purpose we represent equation (2.5) in the form (1.5)

y=G(p,t)y (2.6)

X 0 1
= = 2.7
y (XJ G(t.p) {_wz_w(t) _ﬂ} 2.7)

This system contains three parameters p =(g,8,w). If we substitute in

(2.7) then it is easy to find from (1.6) and (2.6), (2.7) the matriciant and its
inverse as

with
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Y(t):{ cosat @ sina)t} Y :{ cosot - sina)t} 2.9)

—wsinwt  cosot wsin ot cosawt

Fig. 1. The instability domains for Hill’s equation with damping.

So, when ¢ =0, g =0 we have the monodromy matrix in the form

F=Y(2r)= cos‘27za) o 'sin27w 2.9)
—osin2r®  CcoS2m@
The eigenvalues of this matrix (the multipliers) are

P, =c0s2zw isin 27w (2.10)
If w=k/2,k=1,2,.. the multipliers are complex conjugate quantities lying

on the unit circle (stability). We can show that when small periodic excitation
and damping are added (&> 0, #>0) then the multipliers move inside the unit

circle which implies asymptotic stability. Indeed, in this case the multipliers due
to continuity property remain complex conjugate quantities. For the multipliers
we have a quadratic equation

pl+cp+c,=0 (2.11)
According to Vieta’s theorem and Liouville’s formula [1,3] the last

coefficient C, is equal to

C,=p,p,= |,o|2 = exp( ftr (G)dtJ =exp(-2zpB) <1 (2.12)
0

This inequality means that when small periodic excitation and damping are
added to the unperturbed system the complex conjugate multipliers move inside
the unit circle, and the system becomes asymptotically stable.

Therefore, the instability (parametric resonance) can take place only in the
vicinity of the points

Py: €=0,=0, 0=k/2, k=12,. (2.13)
at which the multipliers are double o =p,= (_1)k .
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To find the instability domains we expand the monodromy matrix F in
Taylor’s series in the vicinity of the points p with respect to the parameters
g, f,and Aw=w-k/2

JF JF OF
F(p)=F(p,)+—¢c+—p+—Aw+-- (2.14)
() =F(p,) PR p %o

According to formula (2.3) and with the use of (2.6)-(2.8) we calculate the

derivatives AF /e, oF /0f3, and oF /6w at p=p,. Then, up to the first order

terms (2.14) we get

_ _ 2
F(p) = cos k l+race/k—nf 27xQ2Awk-Dbe)/k (2.15)
—-7(Awk+Db.e/2) l-race/k—np

Here we have introduced notation for the Fourier coefficients of the perio-
dic function @(t)

2z 2z
&= . j p(t)sinktdt, b = 1 '[ o(t)cosktdt, k=12... (2.16)
% 7Ty

The eigenvalues of matrix (2.15) (the multipliers) can be found appro-
ximately as

po=(-D1-zp) 7D . (2.17)
D=(g +)e’ /K —4(Aw)’ (2.18)

The system is unstable if the absolute value of at least one multiplier is
greater than one. This condition is fulfilled for g < 0, and the system becomes

unstable. But if g >0 this instability condition is satisfied only when JD > B.
Hence, using (2.18) we obtain the instability (parametric resonance) domain as

Ho-k/2) + B <& +B)e’ /K, >0 (2.19)
It is half of the cone in three-parameter space joining the half-space g <0,
Fig 1.
Formula (2.19) agrees with those obtained earlier for some specific cases.
For instance, if we put in (2.19) g=0, p(t)=cost we get the Mathieu equa-

tion. In this case for the domain of the first resonance k=1 we get according to
(2.16) a, =0, b =1, and from (2.19) we obtain the well known relation
l-g<2w<1+¢, see [2, 4]. Thus, for periodic systems it is shown how derivati-

ves of the evolution matrix provide the instability domains.
3. The Lyapunov exponents. Consider now an autonomous system (1.1)

x=f(x,p), x(t) =x, (3.1
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The evolution matrix Y(t) is found from a linearized equation
. of
Y= g(X,p)Y 5 Y(to) =1 (3 2)
X

In [7, 8] the Lyapunov exponents are defined by means of an eigenvalue
problem for the matrix V, = Y;'Y,, where cross means transposition, and T is
an upper boundary for the time integration

V. u=xu (3.3)

The matrix V. is symmetric and positive definite. Indeed, (Y;YT )+ Y'Y,
and for an arbitrary vector Yy the inequality y'YY,y=(Y;y)'Y,y=
||YTy||2 >0 is satisfied. The strict inequality takes place since Y, is

fundamental and thus, non-singular matrix. Hence, all the eigenvalues K,
s=1,...,m of the matrix V, are positive. The eigenvalues of the matrix /VT
are called singular values of the matrix Y, -

The Lyapunov exponents are defined as a limit of the ratio [7, §]

A, =lim [m Ks] (3.4)

2T
Let U be an eigenvector, corresponding to a simple eigenvalue K¢ of the

matrix V_. Then, the derivative of the eigenvalue K with respect to para-

meters is

2w O gz | S8 | ¥ S sy G
apj op; apj apj

J

For the Lyapunov exponents we have
6AS_1. Lalnlcs_l. 1 Ok,

= 1m =1m
op; To=2T Jp; To= 2Tk, Op; '

(3.6)
Substituting expression (3.5) in formula (3.6) we finally obtain

OAs _lim ul (aYT] Y, +YT+(8YT] us/(2TK ulu ) (3.7)
0 0

S 7SsTSs
apj Toow i i

This formula relates derivatives of the Lyapunov exponents with respect to
parameters to the derivatives of the evolution matrix derived in (1.15).

Institute of Mechanics, Lomonosov Moscow State University. Russia
e-mail: seyran@imec.msu.ru
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Derivatives of an Evolution Matrix and
Lyapunov Exponents with Respect to Parameters

A nonlinear dynamical system dependent on parameters is considered. Formulas
for derivatives of an evolution matrix of the system with respect to parameters are
derived in the form of integrals of a function depending on the phase vector, its
derivatives with respect to parameters and the evolution matrix taken at a given point in
the parameter space. For autonomous systems formulas for derivatives of the Lyapunov
exponents are derived and expressed through the derivatives of the evolution matrix
with respect to parameters. The obtained formulas simplify analysis of behavior of the
dynamical system under change of problem parameters.

22 QUU wpunuuwhdwiyut wingud U. M. Ugpuiyub

bjnpnighuyh dunnphguyh b Lywymungh gnghyubph
wbwugyuubpp pun yupuwdtnpkph

Thunwpyyws b ywpudbnpbphg jujudws ny gduwyhtt ghtwdhly hwdwlwpg: Zw-
dwlwupgh EYnpnighwjh dwwnphgugh hwdwp gonipu B phpqué tpu pun wwpw-
dbunpbph wbwugyujubpp: Unwugus wéwugyujubpp wuwpwdbnpbph nwpwsnigput
npjws Jhnnd tkpjuyugdus tu pun dwdwiwyh htnbgpujutph wkupny, Yipgqus
duquyhti pnitiyghuwygh JEyunnphg, tpu pun wupudtnpiph wswigiuitphg b tng-
mighugh dwwnphguyhg: Unugus ki Lyuwniungh gnighsubph wswugyujubph pubw-
Aukpp huptwqup hwdwlwupgtph hwdwp, npntp wpnnwhwyndus tu tYnpgnighuygh
dwwinphgujh punn wwpuwdbnpbph wswbgyuubkpny: Unwugws puwbwdltpp pny) bu
nwhu wupqgil) hudwlwpgh nhtwdhljugh Jupph Jbpimgmpiniup qwpwdbtnpbph
thnthnpunipjut pipwgpnud:

HNnrocrpannsiii wien HAH PA A. II. Ceiipansn

IIpou3BoaHbIE MATPHIILI IBOJTIONUH U
nokasareJieii JIsimyHoBa Mo mapaMmeTpam

PaccmarpuBaercst HenmuHeWHas IUHAMUYecKas CHUCTEMa, 3aBUCSIIAs OT Mapa-
MeTpoB. BriBeneHsl (opMynbl Aisi IPOW3BOIHBIX MAaTPHIBI 3BOJIIOLHMH CHUCTEMBI IO
rapamerpamM B BHJE HHTETPAJOB MO BpeMeHH OT (GyHKuuu (ha3oBOro BEKTOpa, €ro
MIPOU3BOJAHBIX M0 MapaMeTpaM U MAaTpULbl SBOJIIOLUM CUCTEMbI B 3aJaHHOM TOUYKe
IIPOCTPAHCTBA MapaMeTpoB. [II1 aBTOHOMHBIX CHCTEM HaWIEeHBI ()OPMYJIBI AJISI TPOH3-
BOJHBIX IOKazaTenel JIAmyHoBa, BeIpaKEHHbBIE Yepe3 MPON3BOJHBIC MAaTPHUIBI 3BOJIO-
1y 1o napamerpam. [lomydeHHbIe (OPMyIIBI TO3BOJISIOT YIPOCTHTD AHANU3 JTUHAMH-
YECKOT0 TIOBEICHNSI CUCTEMBI IIPH U3MEHEHHUH I1apaMeTPOB.
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1. Introduction Theoretical investigation of boron nitride nanotubes
(BNNT) was firstly reported in 1994 [1,2] and successful synthesis of BNNT
was done in 1995. [3]. Though the structure of BNNT is very similar to carbon
nanotubes there are significant differences in their mechanical properties.
Unlike carbon nanotubes large radius BNNT has constant band gap [2]. The
significant difference in structure and stability has been founded with small tube
size [4-5]. The BNNTs with controllable properties can be found their possible
applications in the field of design and developing of optoelectronic devices of
new generation. In the current paper the influence of diameter and number of
walls on Multiwalled Boron Nitride Nanotubes (MW-BNNT) has been investi-
gated in the framework of DFT generalized-gradient approximation (GGA)
method.

2. Investigation method and tool Simulations and calculations of MW-
BNNT has been done with QuantumATK software tool. Calculations has been
done in the framework of DFT generalized-gradient approximation (GGA)
method. In order to estimate the influence of number of walls’ quantity on MW-
BNNT properties, at first it has been created single-walled boron nitride
nanotube with (6,0) chirality. The number of tubes have increased up to three
with the same chirality indexes. The mentioned single and multiwall nanotubes
have been presented in Fig. 1 a, b, c. Length of all types nanotube is 11.37A.
The diameter of single BNNT and inner radius of multiwall BNNTSs is the same
and equal to 4.70 A. Second wall’s diameter equal to 9.40 A. And the third one
is equal to 18.80A.

Besides the number of BNNT walls, it is interesting also to investigate the
influence of the chirality number on physical properties of these structures. For
this purpose, the another set of BNNTSs have been chosen, namely BNNTs with
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Fig. 1. The schematic view of single- and MW-BNNT for a) (6,0); b) (6,0) (12,0);
¢) (6,0) (12,0) (24,0). Black balls — Nitrogen atoms, white balls — Boron atoms.

these parameters: single wall BNNT with chirality indexes (8,0), double wall
BNNT with chirality indexes (8,0) (16,0) and finally three wall BNNT with
chirality indexes (8,0) (16,0) (32,0). The schematic views of these structures
have been presented in Fig. 2 a, b, c. For all nanotubes the length has been fixed
and equal to 11.37A. The diameter of single BNNT and inner radius of
multiwall BNNTs is the same and equal to 6.27 A. Second wall’s diameter
equal to 12.53 A. And the third one is equal to 25.07A.

a b
Fig. 2. The schematic view of single- and MW-BNNT a) (8,0) b) 8,0) (16,0) ¢)
(8,0) (16,0) (32,0) structures.

It should be noted, that with the increase of number of atoms in the struc-
ture of nanotubes the calculation times increased non linearly. That is why the
cases with more number of walls is not discussed in the current paper.

3. Results and discussions As we mentioned above, the numerical calcu-
lations have been done by the DFT GGA method. For all types of nanotubes the
band gaps have been calculated and the results have been shown in Fig. 3.
Results show that with the increase of nanotubes diameter the band gap value
also increases. The band gap is changed passing from single-walled BNNT to
double-walled. For the obvious the numerical results for the band gap presented
in Table 1.

It should be noted that increasing number of walls from 2 to 3 the number
of walls has insignificant impact on band gap. In our opinion the small variation
in the band gap values connected to the accuracy of DFT GGA method and it
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can be taken as the same for 2 and 3 walls nanotubes. It is clear from the Figure
3 that density of states increased and it is more obvious in DOS analyze.

e f
Fig. 3. Band structure of a) (6,0) b) (6,0) (12,0) ¢) (6,0) (12,0) (24,0) d) (8,0) e)
(8,0) (16,0) f) (8,0) (16,0) (32,0) MW-BNNT

Table 1. Values of band gaps for different nanotubes.

Chiralitry index Band Gap (eV)
1. (6,0) BN 2.8241
2.(6,0) (12,0) BN 0.8582
3.(6,0) (12,0) (24,0) BN 0.8589
4.(8,0) BN 3.6597
5.(8,0) (16,0) BN 3.1272
6. (8,0) (16,0) (24,0) BN 3.1277
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Fig. 4. DOS comparisons of a) (6,0); (6,0) (12,0); (6,0) (12,0) (24,0); b) (8,0);
(8,0) (16,0); (8,0) (16,0) (32,0); ¢) (6,0) (12,0); (8,0) (16,0) zigzag MW-BNNT.

The DOS analyze of BNNT has been demonstrated in Fig. 4. Fig. 4 a
presented the comparison of DOS for the first set of nanotubes, namely BNNTs
with these chirality indexes (6,0); (6,0) (12,0); (6,0) (12,0) (24,0). It shows that
the DOS increases when increases with number of walls. Fig. 4 b presented the
same comparison for the second set of nanotubes, namely BNNTs with these
chirality indexes (8,0); (8,0) (16,0); (8,0) (16,0) (32,0).

In the Fig. 4 ¢ the comparison has been done for the nanotubes with the
same structure (two walls) but with different chirality indexes. With the increase
of chirality index, the band gap increase significantly.

Conclusion. In summary, DFT GGA method has been used to estimate the
band gap dependence of MW-BN nanotube on number of walls and diameter
for zigzag structure. It has been found that number of walls starting from two is
not influence on bandgap but increases the density of states significantly.
Keeping number of walls of nanotube constant and increasing the diameter of
nanotubes brings significantly band gap gain and increases the density of states.

'Synopsys Armenian

Russian-Armenian University
e-mail: irena.danaglyan@synopsys.cc
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I. M. Danglyan, D. B. Hayrapetyan, academician E. M. Kazaryan
Band gap and density of states of Multiwalled Boron Nitride Nanotubes

The structure, stability of the zigzag single-walled and multiwalled Boron Nitride
nanotubes have been investigated in the framework of generalized-gradient appro-
ximation (GGA) density functional theory (DFT). Results show that number of walls
starting from two have not impact on band gap but increase density of states
significantly

b. U. tubiqqut, . B. Zujpuybunyui, wjunbdhlnu k. U. TMwqupui

Pnph thuphgh puqUuobpn twinjunnnjuljh wpghjws gninh b
Jhdwljukiph jpunipniup

Uhuptpn b puquuotpunn qghqqug Yunniguspbny pnph thwiphnh twinjunnn-
Jujh jupnigwspp b juynibunipniip niumdbwuphpyl)] o jupnnipjut $niuljghniuh
nbunipjul pughwinip gpughkunh dnnwynpnipjut sppwwlutpnid: Upgyniupbpp
gnyg Lt vnwihu, np okpnbkph pwbwlp, ujuws tpypnpnhg, sh wgnnid wpghpyws gnnnt
Futpghuyh qpuw, puyg qquith thnjunid £ yhg&wlubph fonnipynip:

H. M. Jaurasu, . b. Aiipanersn, akanemuk J. M. Kazapsaun

3anpenieHHasi 30Ha U MJIOTHOCTh COCTOSIHUIT MHOTOCJI0HHOI
HAHOTPYOKHM HUTPHUAA Hopa

CrpyKTypa ¥ CTaOWIBHOCTH OIHOCJOHHBIX M MHOTOCIOWHBIX 3MI3arHbIX HAHO-
TpyOOK M3 HHTpUAa OOpa MccieoBaHa B paMKax TEOpHH (YHKIMOHAJA IUIOTHOCTH B
0000menHoM TpagueHTHOM npuommkeHun (GGA). Pe3ynpraTel IOKas3bIBalOT, 4TO
YHCIIO CJI0EB, HAUMHAsI CO BTOPOTO CJIOS, HE BIMSCT Ha IIMPHHY 3alPEIIeHHON 30HbI, HO
3HAYHUTENHLHO YBEIMYUBACT IUIOTHOCTH COCTOSHUH.
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Kanol.

OnHUM W3 WHTEPECHBIX SIBICHUN, HAOOAaeMBIX B IpoLecce TepMUYec-
KOTO OKHCIICHHSI METaHa, SIBIISIETCS IOCTOSTHCTBO CKOPOCTH €r0 OKHCIICHHS B JTH-
amazone 700-900 K u 10-75% npepamenus peakuuu [1, 2]. Eme H. H. Ceme-
HOB F'OBOPHJI, YTO “3TO YAMBUTEIBHOE SIBICHHE TPeOyeT BHUMATEIBHOTO U3yde-
HUSI, TaK KaK PACKpPBITHE €T0 CYIIHOCTH MPHUBEIET K HEKOTOPHIM HOBBIM IIPE/I-
CTaBJICHHUAM B XUMHUYeCKOH knHeTuke” [1]. MI3BeCTHO, UTO peakmus TepMudec-
KOrO OKHCJIEHUS MeTaHa MpOTEKaeT MO ILIENHOMY BBIPOKIECHHO-Pa3BETBIICH-
HOMY MEXaHU3My C y4YacTHEeM THIPOINEPOKCHUAHBIX pamukanoB HO, u mepok-
cuaHbIX paankainoB RO,, a MPOAyKTOM, OTBETCTBEHHBIM 3a pa3BETBIICHHUE Iie-
mel, siBsieTcs nepokcunuoe coequunenue — H,O, mmu CH;00H [3-5].

B cBeTe 0THOCUTENHHO HOBBIX OITyOJMKOBAaHHBIX JaHHEBIX [6, 7, 17-21], ka-
caroluxcs Kak peakuui aromoB H Ha TBepaoil nmosepxHoctu [6, 7], rerepores-
HOTO B3amMo/eicTBus paaukanoB HO, [8, 9,13, 14] 1 mepOKCUAHBIX paTuKaIoB
C OpPraHMYECKUM COEMHEHHEM, B YACTHOCTH C METaHOM, ITOJy4YE€HHBIX KOCBEH-
HbIM myTeM [10-12, 15, 16], a Takxkxe metonom OIIP [17-21], Tak u Bocmiame-
HEHUS areTaJbAeTHI-KUCIOPOAHBIX CMecel, MHUIIMMPOBAHHBIX T€TEePOreHHBIM
paAMKaIbHBIM paclajioM OPTaHHYeCKHX MEPOKCHUAHBIX coeauHeHuil [22, 23],
¢otookucneHus u GoTopacmaga OpraHMIecKUX coeAMHEHuH [24-26], mpencTas-
JSIOMINX WHTEPEC C TOYKH 3pEHHs MPOIECCOB, MPOMCXOMAIINX B atMocdepe
[27], nmpemaraercs 0ObICHEHHE BHIIIICYKA3aHHOTO SBICHUS.

OcCHOBHbIE pe3yJibTaThl, UMEIOLNE OTHOIIEHHE K MOCTABIEHHOMY BOIPO-
Cy, CIIEYIOIIHeE:

1. OGHapyxeHHe ¥ yCTaHOBJIEHHE BO3MOYKHOCTH B3aMMOCHCTBHUS Tie-
pokcunnbix pagukanoB CH3;0, ¢ CH4 Ha TBepaoi MOBEPXHOCTH 3KC-
nepuMmeHTanbHo MetogoMm OIIP [17-21] u pacuetHriM myTeMm [4], a
taxke paaukanoB HO, ¢ mponmmnoHOBEIM anbaeruaoMm [8, 9].
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2. T'ereporeHHOe pa3BETBICHHE IIETCH B ICMHBIX Ta30()a3HBIX HpOIleC-
caX OKHUCIICHUS allbJETUAOB BCICICTBUE T€TEPOTEHHOTO PaJuKaIbHO-
ro pacraja OpraHHYecKUX MEePOKCHIHBIX COeIWHEHHUH, B YaCTHOCTHU
cooTBeTcTBYIONMX mepokcukuciaor RCOsH, oOpasyromuxcs B 3THX
peakuusix [5].

Hcnonb3oBaHre HOBOM METOAMKUA M3YUEHHUS PEAKIUi MEPOKCUIHBIX pajiu-
KaJIOB C OPTaHWYECKUM COCIUHECHHEM Ha TBEPIOi MOBEPXHOCTH B KaMWJLISIP-
HOM peakTope, 00pabOTaHHOM TEM WJIM UHBIM BEIIECTBOM, B YCIIOBUSIX, UCKIIIO-
YalOLUX TOMOreHHbIe peakuuu [17, 18], mo3BoAMIO IPSIMBIMU OIIBITAMU MIPOJIE-
MOHCTPHPOBATh HAJMUKE TeTepOreHHOM peakuuu pagukaioB CH;0, ¢ meraHoM
[17-21]. Ha ocHOBaHMM SKCIIEPUMEHTANBHBIX JAHHBIX MO TEPMUUYECKOMY OKHC-
JICHUIO METaHa, MMoJlydeHHbIX MeTozoM DIIP, B peakropax, o0paboTaHHBIX OOp-
HOHM KUCJIOTON M OPOMHCTEIM KaimueM [3, 5], ¥ OIEHKH CKOPOCTH 00pa30BaHUS
CH;0O0H B [4] caoenaH BBIBOJ O peanu3allid TETEPOTCHHBIX PEAKIUN paauKa-
noB CH;0, ¢ MmeranoM u gopmansaerugom. Kpome Toro ObUI0 3aKIIOYEHO, YTO
OKHCIIEHHEe METaHa TMPEeCTaBIIIeT OO0 TOMOT€HHO-TeTePOreHHBIN MpoIiece ¢
y4acTHEM PaJIiKajoB Kak B ra30Boi (hasze, Tak u Ha noBepxHoctu. B [8, 9] mpu
ra3oazHOM OKHCICHHH MPOMHOHOBOTO anbiaeruna npu 8§03 K Obuto oOHapy-
KEHO YBEIIMYEHHE CKOPOCTH Ipollecca M BBIXO/a MEPOKCH A BOAOPOIa, COMpPO-
BOXIAIOIICECs] YMEHbBIIICHUEM KOHIIEHTpaluu paaukanoB HO, B razoBoii daze ¢
YBEIMYCHUEM BEIUMYMHBI MOBEPXHOCTU PEAKTOpa MpU 3aMOJHEHUU €r0 Haca-
KOH, 4TO OBUIO OOBSCHEHO reTeporeHHBIM B3auMoeiicTBreM paaukanos HO, ¢
ATBICTUAOM, TIPUBOAAIINM K 00pazoBanuio H,O..

W3BecTHO, 4UTO pa3BeTBJICHME IIETIel B Ipoleccax HU3KOTEMIIEPAaTypHOTO
OKHUCJICHHS allbJICTUIOB CBSI3aHO C T€TEPOreHHBIM PaJUKAIBHBIM PAclagoM Op-
TaHWMYECKUX MEPOKCUAHBIX COCTUHEHNH, a MPH BBHICOKUX TEMIIEpaTypax — Imep-
OKCHJIa BOJOpOJa, 00pa3yrommxcs B 3TuX peakiusax [5]. He uckimoueHo, uto
MOCJIeTHEE MOXKET UMETh MECTO U B CIy4yae MeTaHa Hapsiay ¢ TOMOIEHHBIM pac-
MajgoM NepoKCUIHBbIX coeauHeHuil. Kcratu, B [1] Ha OCHOBaHUU 3aBUCHMOCTH
CKOPOCTH PEaKINy OKHCIEHHSI METaHa OT IHaMeTpa PEaKIMOHHOTO cocyna, 00-
HapyKeHHOH B [28], BpICKa3aHO MPEATNON0KEHNE O BO3MOYKHOCTH Ie€TepOreH-
HOTO pa3BeTBJIeHHA 1eneil. [IpruemM B 3aBUCUMOCTH OT COCTOSIHUSI TOBEPXHOCTH
pPEaKIMOHHOTO cocyaa OyaeT nmpeobaaaarh TNO0 TOMOTEHHBIN, THO0 TeTepOTCH-
HEII IIPOIIECC pa3BETBICHUS.

B nmonp3y ckazaHHOTO CBHAETEIBCTBYIOT MOdy4YeHHBIE MeTonoM OIIP nan-
HbIE 0 paJuKalbHOM pacmnane Ha TBepaoi mosepxHoctu CH;OO0OH u H,0, [5,
29], OTBETCTBEHHBIX 3a Pa3BETBJICHHE IIETICH B MPOIECCe TEPMUUECKOTO OKHC-
JIEHUS METaHa.

0O06001mas M3I0KEHHBIE BHIIIE TaHHBIC, TIOCTOSHCTBO CKOPOCTH TEPMHUYEC-
KOTO OKHCIIEHHS METaHa MOXXHO OOBSICHHTH 3aIOJITHEHHEM IOBEPXHOCTH peak-
TOpa, OTPAHUYHMBAIONTUM TE€TEPOTECHHBIC PEaKIUU PAIUKAIOB U PaTUKAILHOTO
pacmajia IepoOKCUIHBIX COEAMHEHUH, OTBETCTBEHHBIX 32 PAa3BETBIICHUE IIETICH.

WuctutyT xummnueckoit ¢pusuku um. A. Hanbangsina HAH PA
e-mail ivardan@ichph.sci.am
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Axkanemuk U. A. Bapnanusan

K Bompocy o nocTosiHCTBe CKOPOCTH TEPMHYECKOTO
OKHCJIEHHSI METaHa

PaccMoTpeHs! 1 00CYXIEHBI JINTEPATYPHbIE JaHHBIE, KACAIOIIUECS ITOCTOSHCTBA
CKOPOCTH TEPMUYECKOTO OKHCIECHHUS! MeTaHa. [IpuHMMas BO BHUMaHHE BO3MOKHOCTb
reTepOreHHOr0 PAJUKAIBHOTO Paclafa MePOKCHIHBIX COEINHEHUH, OTBETCTBEHHBIX 3a
pa3BeTBIIEHHUE LIeTeil B 3TOM peakiuy, a TaKKe I'eTePOreHHBIX PeaKIUi MepOKCHIHBIX
pPaAMKaJIOB C OPraHUYECKUMHU COEIUHEHUSIMH, B YACTHOCTH C METAHOM, CJIeJIaH BBIBOJ,
YTO MOCTOSIHCTBO CKOPOCTH BBI3BIBAETCS HACHIIIEHUEM IIOBEPXHOCTHU BCIEACTBHE Orpa-
HUYCHHOCTH YHCJIa AKTUBHBIX LIEHTPOB Ha HEH.

Uljuntuhynu b. U.Jwpguiyub

Utpwih ppdhl] opuhnugdwi nkwlghugh wpwugnipjui
hwununminipjut hwpgh JEpupkpyuy

Lutiunpyyty b dkpwih pipdhy opuhnugdwt ntwlghuyh wpugnipjut hwuwnw-
unniinipjul dwuhl wnljw qpujub wdjuyitpp: Ljwwnh nitktung wyp nbwljghuynad
gniquynpldwt hwdwp yunwujpwbwnnt yhpopuhnuyhtt Yhwgnipniuubph htwnbpn-
gkt nunhiuuyht puypuynudp b opqubiwljut vhwgnipjniiubph htwn wkpopuhnuyht
nunhwjikph htwnbpogkl phwlghwltph htwpunpnipymip kqpujugyty k np wyi
Juwyws E nkwlghntt wunph dwitplnyph hwgkgdwi htw, npp vwhdwbwhwlnd E
ntwljghuyh wpwqnipniip:

Academician I. A. Vardanyan

About the Question of Rate Constancy of Methane
Thermic Oxidation

The data regarding to the question of rate constancy of methane thermic oxidation
have been considered and discussed. Taking into consideration the last data about the
possibility of heterogeneous radical decay of peroxide compounds, responsible for chain
branching, and heterogeneous reactions of peroxy radicals with organic compounds, the
conclusion has been made that the rate constancy is connected with the surface sa-
turation.
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Cervical cancer is the fourth most frequent female cancer in the world [1]
and the second one in Armenia [2]. A large number of evidence indicates that
infection with the human papillomavirus (HPV) is the primary risk factor for
cervical cancer and plays a key role in cervical carcinogenesis [3]. However,
few prospective studies suggest that HPV infection alone may not be sufficient
to promote cervical carcinogenesis and a number of co-factors such as defi-
ciency in antioxidants and inflammation are involved in the development of
cancer [3]. Intriguingly, despite the availability of various studies, the interde-
pendent nature of oxidative stress and inflammation is discussed relatively
recently [4]. Selection of antioxidants that do not simultaneously inhibit both
oxidative stress and inflammation or use of nonselective anti-inflammatory
agents that block some of the oxidative and/or inflammatory pathways but
exaggerate the others might be responsible for the failures of the antioxidant
clinical trials [4]. Thus, to establish the validity of schemes involved in all
stages of cancer progression and to increase the positive outcome from the
future treatment it would be essential to quantify both redox and inflammatory
status of cancer patients.

Calcineurin (CN) is a key enzyme leading to the activation of the immune
system by participating in the synthesis of several cytokines (interleukin (IL)-2,
tumor necrosis factor (TNF)-a, etc.) via dephosphorylation and activation of
NFAT (nuclear factor of active T cells) transcription factors [5]. Being closely
and widely involved in various signaling pathways related to immune response,
inflammation and cancer pathophysiology [5-6], CN levels in plasma and tissue
not only express the extent of the immune system activity, but the tumor driven
inflammation as well. Moreover, redox sensitive nature of CN active center [7]
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additionally makes CN being closely related to redox systems as well. Hence, in
the terms of cervical cancer, taking into account its multifactor origin, the study
of the activity of CN with its dualistic nature described previously [8], could
serve as a complex estimator of the complicity of the interplay between host
immune and antioxidant systems’ and the tumor microenvironment. In this
concept, to evaluate simultaneous contribution of host immunity, antioxidant
defense system and tumor driven inflammation in pathogenesis of cervical
cancer we considered advisable to study the parallel changes in the activity of
CN as a major activator of the immune system, immunoregulatory cytokine IL-
2, pro-inflammatory cytokine TNF-a, glutathione (GSH) as the most abundant
intracellular non enzymatic antioxidant, and catalase (CAT) as one of the potent
scavengers of the reactive oxygen species (ROS).

Material and methods. The blood and tissue samples from postoperative
material of untreated patients with the I (n=15), II (n=5) and III (n=11) stages of
cervical cancer were provided by the National Centre of Oncology after V.A.
Fanarjyan (NCO MH RA). The plasma of healthy donors (n=6) and histo-
logically checked healthy parts of remote tissue (n=8) were used as a control.
Histological study of the postoperative material was conducted by the Labo-
ratory of Clinical Pathomorphology at the NCO MH RA. The most cases of
cervical cancer were diagnosed as a moderately and poorly differentiated
squamous cell carcinoma. Age of patients ranged from 33-73, and the average
age was 50 years. Among these patients women with the age of 35-65 (86,7%)
were predominated.

Blood (1.5-2 ml) was collected into sodium citrate (3.2%)-coated vacu-
tainer tubes and centrifugated at 1500 rpm for 10 min. Plasma was separated
and stored at -32°C. Tissue samples were homogenized with 2.5 volumes of 50
mM Tris-HCI, pH 7.5 buffer, containing 0.05% Triton-X-100, 0.1 mM EDTA,
1 mM DTT, protease inhibitors, and centrifugated at 20000 g for 60 min at 4°C.
The supernatant was separated and stored at -32°C as well. The protein content
in samples was determined by Bradford assay [9].

Calcineurin activity was measured by spectrofluorimetric assay using 4-
methylumbelliferyl phosphate (4-MUP) as a substrate [10]. We have adapted
the assay for our research as described before [11]. One unit of enzyme activity
is defined as amount of enzyme that caused the formation of 0.1 nM of 4-
methylumbelliferon (4-MU) at 32°C for 1 h. The quantity of 4-MU was
determined fluorimetrically using a Perkin-Elmer MPF-44A spectrofluorimeter
(PerkinElmer Inc., USA). TNF-a and IL-2 levels in plasma and tumor tissue
samples were determined using human TNFa ELISA MAX kit (BioLegend
Inc., USA) and human IL-2 ELISA MAX™ kit (BioLegend Inc., USA), res-
pectively, according to the manufacturer’s recommendations. The optical den-
sity was measured in each well at the 450 nm using LABLine-022 microplate
reader (LABLINE Diagnostics, Austria). The activity of GSH was studied using
DTNB/GR enzyme recycling method [12] and the activity of CAT was
determined using the spectrophotometric assay of hydrogen peroxide based on
formation of its stable complex with ammonium molybdate [13].
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Data were analyzed statistically by one-way ANOVA using Origin 6.1
software. Statistical significance — p<0.05. All data were expressed as
mean+SEM.

Results and discussion. Data obtained revealed that CN activity in both
plasma and tissue samples of patients with cervical cancer were changed in a
parallel manner (Fig. 1a).It demonstrated a statistically significant 2.5 fold and
10.7 fold increase in tumor tissue and in plasma, respectively, for the I stage of
disease compared with the control groups. In the II and III stages of disease CN
activity was shown to be decreased 1.45 and 1.7 fold in tumor tissue, and 1.8
and 2.1 fold in plasma, respectively, compared with the I stage of disease. TNF-
a has been shown to be decreased by 1.9 and 1.8 times in plasma and tumor
tissue, respectively, in the I stage of disease compared with the control groups
(Fig. 1b). In plasma it was shown to be increased significantly for the II (2.7
fold) and III (3.3 fold) stages of disease compared with the I stage. In contrary,
in tumor tissue TNF-a demonstrated 2.2 fold and 1.3 fold decrease for the II and
III stages, respectively, compared with the I stage. As one can see from Fig. Ic,
IL-2 activity in plasma of patients with cervical cancer, demonstrated 2.48 fold
increase for the I stage compared with the control group, and 1.4 fold and 1.39
fold decrease for the Il and III stages, respectively, compared with the I stage of
disease. In tumor tissue IL-2 level demonstrated significant increase for the I (2
fold) and II (1.6 fold) stages compared with the control and the I stage,
respectively. In the III stage IL-2 was shown to be decreased significantly (5.2
fold) compared with the I stage.

Results obtained have also shown 1.14 fold (not statistically significant)
and 1.5 fold decrease in both tissue and plasma GSH activity, respectively, for
the I stage compared with the control (Fig. 2a). However, the decrease in GSH
activity was more marked in the tumor tissue in advanced stages of cancer (1.9
fold and 5.9 fold, respectively, for the II and III stages compared with the I
stage). In plasma GSH activity demonstrated 1.6 fold and 4 fold increase in the
II and III stages of cancer compared with the I stage.

1200 : OPlasma OPlasma @ Tumor tissue 3 GPiasma ETumortissue
# 1100 B Tumor tissue =

TNFa (pg/ml)
IL-2 (pg/ml)

Control | stage Ilstage Il stage Contral  Istage listage Il stage Control  |Istage listage il stage

Fig. 1. Calcineurin activity (a), TNF-a (b) and IL-2 (¢) levels in plasma (grey) and
tumor tissue (black) of the primary cervical cancer patients with the I, II and III stages
of disease. Control for calcineurin activity considered as 100% and data expressed as %
of control. * P<0,05 for the I stage compared with control, as well as for the II and III
stages compared with the I stage; ** P<0.01 for the II and III stages compared with the I
stage (b); *** P<0,001 for the III stage compared with the I stage (c).
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Concerning the changes in CAT activity, we have revealed modest, but
statistically significant 1.35 fold decrease in tumor tissue for the I stage of
cancer compared with the control group and 1.5 fold and 2.4 fold increase for
the II and III stages, respectively, compared with the I stage (Fig. 2b). In
contrary, in plasma we have found 1.6 fold increase for the I stage compared
with the control and 1.5 fold and 1.6 fold decrease for the II and III stages,
respectively, compared with the I stage.
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Fig. 2. Glutathione (a) and catalase (b) activity in plasma (grey) and tumor tissue
(black) of the primary cervical cancer patients with the I, IT and III stages of disease.
*p<0,05 for the I stage compared with control, and for the II and III stages compared
with the I stage.

The involvement of the host immune and antioxidant systems in the control
of cervical cancer progression was suspected but remained inconclusive for
many years due to the lack of convincing evidences. Earlier, Padma et al. have
shown downregulation of CN activity in both serum and biopsy samples of the
cervical cancer patients [14]. In contrary, we have found increased CN activity
in both plasma and tumor tissue of the cervical cancer patients. This could be
due to the difference in studied specimens as well as different methods used.
The significant increase in CN activity in the I stage of cervical cancer indicates
on similar increase in the level of proinflammatory cytokines, such as TNF-a
and IL-2, because, CN participates in the synthesis of these cytokines via
activation of NFAT [5]. Indeed, we have found the increase of IL-2 level in the
I stage of cervical cancer. This could be considered as the very first and rapid
response of the host immune system to malignant transformation since the
organism uses the inflammation to fight against the neoplasms. Actually, the
role of IL-2 in the activation of the immune system against tumor cells has been
established [15]. However, there are numerous mechanisms through which the
tumor can escape from the immune system. For example, the presence of
functional IL-2 receptor (IL-2R) expression on cervical cancer cell lines has
been determined, although, normal cervical cells do not express IL-2R [16]. It
was shown that exogenous IL-2 induces the proliferation of these cells. By
blocking IL-2R using specific antibodies, the proliferation of these cancer cells
had been inhibited. Furthermore, these cells not only express IL-2R, but also
produce and secrete IL-2. Intriguingly, the amount of IL-2R expressed by
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cervical cancer cells in vivo was shown to be increased along with the tumor
stage [17]. Indeed, in contrary to the decline of CN activity in the II stage of
disease, we have found the continuous increase of IL-2 level in tumor tissue in
the same stage. Similarly, TNF-a, the main pro-inflammatory cytokine of the
organism, also demonstrates both tumorigenic and antitumor properties. It has
been demonstrated that the HPV E6 and E7 proteins suppress the protective
effect of TNF-a, as E6 induces resistance to TNF-a-mediated apoptosis and E7
inhibits the antiproliferative effect of this cytokine [18]. This suggests that
acquisition of resistance to TNF-a may be an important step in HPV-induced
carcinogenesis. This data are in accordance with our finding that the level of
TNF-a in tumor tissue is decreased depending on the stage of disease compared
with the control. However, there is also evidence that, under certain conditions,
TNF-a can act as a tumor promoter [18]. TNF-a level has been found to be
increased in local tissue samples from cervical cancer and, hence, blocking antibodies
have found therapeutic application. Very interestingly, TNF-a gene polymorphism can
increase or decrease the susceptibility to cervical cancer depending on whether it is
TNF-0-238A allele or TNF-a-308G>A which is altered [19]. Thus, decreased level of
tumor tissue TNF-a and increased one for plasma, as well as levels of IL-2 opposite to
TNF-a in our study are underlying the whole complexity of the interactions established
between the broad spectrum of cytokines produced during the inflammatory response, in
which certain cytokines have effects and functions that are occasionally contradictory,
depending on the context in which they operate. Concerning the divergence in tumor
tissue and plasma levels of IL-2 and TNF-a, this is most probably indicating the
difference in modulation of local and systemic responses to active growth of neoplastic
tissue.To explain the finding that changes in TNF-o levels in plasma and tumor
tissue were not entirely consistent with changes in CN activity, it’s worth to
mention that while NFAT is a major target of CN, the study of Padma et al.
rules out the involvement of this transcriptional factor indicating presence of a
NFAT independent calcineurin pathway atleast in cervical cancer [14].
Moreover, in our study the simultaneous detection of the levels of IL-2 and TNF-
0, as the constituent chains of Ca*’/CaM/CN/NFAT pathway, generally have not shown
changes parallel to CN activity. This indirectly points the existence of posttranslational
modifications and/or CN independent pathways of NFAT regulation in cervical cancer
cells.

Inflammatory processes are closely related to oxidative stress. Pro-
inflammatory cytokines, including TNF-a, contributes the production of ROS
which in turn can activate redox-sensitive transcription factors, inducing an
additional synthesis of inflammatory cytokines. Although oxidative stress is a
primary stimulus for the induction of antioxidative enzymes, however, their
induction in cancer cells and systematically most commonly undergoes different
modulation [3]. In this regard, gradually increasing CAT activity in cervical
cancer tissue samples, could be the reflection of cancer cells adaptation to
exacerbating oxidative stress, meanwhile decrease in plasma for the II and III
stages of disease (compared to the I stage) is most probably indicating the
growing imbalance between CAT reserves and H,O, level. It is known that
GSH is responsible for recycling of redox-sensitive proteins. However, high
intracellular GSH levels are important contributors to pathologies such as,
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cellular transformation and resistance to radiation and antineoplastic
treatmentsin cancer cells [20]. Current study has shown reduction in both tumor
tissue and plasma GSH activity for the I stage of disease compared to healthy
counterparts. These data are in full compliance with other study showing a
significant reduction in the GSH and GSH-peroxidase content compared to
normal controls [21]. Similar to our data for the tumor tissue, Ahmed et al. also
have demonstrated that the decrease for GSH level was more relevant for the
advanced stages (III, IV) than for early stages (I, II) [22]. However, at early
stages, GSH activity showed no substantial changes compared to control
(healthy women). Changes in GSH activity can be affected by metabolic
enzymes that use tripeptide as a substrate [23]. GSH is known to protect
disulfide bonds of CN from ROS attacks via reduction of oxidized ones and,
thus, protect CN from inactivation [24]. There is need for additional studies to
explain the finding that changes in CN and GSH activities in cervical cancer
were not parallel.

Thus, although this study has generated a lot of questions that need to be
solved with the help of additional and detailed researches, however, data ob-
tained reveal the light on the stage dependent changes in activity of calcineurin,
IL-2, TNF-0, GSH and CAT in the pathophysiology of cervical cancer. Further
studies aiming at understanding how immune and antioxidative defense systems
are regulated in tumor context would most probably determine how they could
be involved in effective anticancer therapy for cervical cancer as well.
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Antioxidative and Immunological Patterns of Cervical Cancer Progression

The changes in activity of mutually related immune and antioxidant factors:
calcineurin, IL-2, TNF-q, glutathione and catalase have been investigated in plasma and
tumor tissue samples of untreated patients with primary cervical cancer with the I, II
and III stages. Results obtained demonstrated that activities of pro-inflammatory
cytokines, antioxidants, as well as immunomodulating enzyme calcineurin in patho-
physiology of cervical cancer changes in a stage-dependent manner. This study expands
the knowledge about the complicity of the stage dependent interplay between host
immunity, inflammation, antioxidants and cervical cancer.
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Q. U. Zmjhwithyywi, $. M. Uwpnijowiyul, 2. 2. Quipupyu,
L. 2. Puplunipupyut

Unquiinh 4qhljh pungytnh qupqugdwi hwwopuhnuitnnught i
puntiwpwimjui wnwbdtwhwnljnpnitikpp

Mumdbwuhpyl) E hnpujuyulgus huntbughtt b hwljwopuhnwtinnuyhtt gnpénii-
utph' Yuyghubyphtp, IL-2-h, TNF-o-h, ginunwphnth b junuugqh wijnhynipjub thn-
thnfunipiniut wpwetwyhtt wpqunh 4qhlh pungytinh I, II b III thnybipnud quning,
pnudnd sunwugus hhjwunubph wjuquuwh b nipnigpuyghtt idniptkipnud: Upmyniipbpp
gnyg tu k), np wpquinh yqhyh pungltinh dwlwbwy twpwpnppnpuyghtt ghwnnljhu-
ubkph, hwjwopuhnuuwnubph, htyytu twb hdnmtbwupquynphs uyghlypht $Epdtunp
wlnhynipiniup thnthnpynwd £ hhjuinnipjut thnyhg juppdus: Uju wyjuukpt pug-
Jluyunid ki ghnbjhpubpt punithnbnh, poppnpdwi, hwwopupnuunibtph b wpgquunh
Uqhyh punglitnh uhol thniihg Yuihnjud pupn thnpugnpdurlgntpyuts durupl:

I'. A. OrannucsHy, ®@. I1. Capyxansiy, J. A. 3akapss, H. A. bapxyaapsn

AHTHOKCUAAHTHbIE 1 HUMMYHOJIOTHYECKHE XaPAKTEPUCTUKHI
NMPOrpecCHPOBAHMSA PaKa IMIEHKH MATKH

HccnenoBanbl ”3BMEHEHUS aKTUBHOCTH B3aUMOCBSI3aHHBIX UMMYHHBIX U aHTHOKCH-
JaHTHBIX (akTopoB: KajpuuHelpuHa, IL-2, TNF-a, rnyTatnona u xaranasbl, B o0pas-
Lax MJ1a3Mbl U OMYyXOJEBOW TKAHU HEJIEUEHHBIX MALMEHTOB C MEPBUYHBIM PAKOM LIEHKH
Matku B I, II m IIl cragmii 3aGoneBanus. Iloka3aHo, 4TO aKTHBHOCTH IPOBOCHAIH-
TENBHBIX IIUTOKUHOB, aHTHOKCHIAHTOB, a TaK:Ke MMMYHOMOJIYJIHpYyromero (GepmeHTa
KaJbIIMHEHPUHA TIPY pake MIeHKH MaTKH U3MEHSETCS B 3aBHCHMOCTH OT CTaJdU. OTH
JTAaHHBIE PACIIUPSIOT 3HAHUS O CIIOKHOCTH CTAIHSI-3aBUCUMBIX B3aMMOJICHCTBHIIA MEXITY
HMMYHHTETOM XO3SIMHA, BOCTIAJICHHEM, aHTHOKCHIAHTAMH U PaKOM IICHKH MaTKH.
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C. A. Kazapsn, P. I'. Ilaponuxsn, K. P. Anasepasin, U. M. Hazapsn

N-napa-3amemenabie 'AMK u ux 3TnjioBsie 3¢pupbl Kak
NMPOTHBOCYA0POKHbIE CPEICTBA

(ITpencrasneno wi.-kop. HAH PA B. O.Tony3snom 16/VII 2019)

KiiodeBblie c10Ba: npomugocy0opodicHble COeOUHEHUs, KOPA30a08ble Cy-
dopoeu, npousgoonsie [ AMK.

Buonornueckyn akTHBHBIE BELIECTBa, OIM3KHE K METa0ONIUTaM M UX aHaJo-
raM, IPUBJICKAIOT B IIOCIEAHEE BPEMsI BHUMaHHUE IKCIIEPUMEHTATOPOB U KIMHU-
UCcTOB. Ha OCHOBE TakMX BEINECTB CO3Mar0TCs MHOTHE 3()(EKTHBHBIC U MaJIO-
TOKCHYHBIE JIeKapCTBeHHBbIC mpenapaTsl [1]. OmHON M3 rpynm OHONOTHYECKH
aKTHBHBIX BEILIECTB SIBIAIOTCS HEHPOAKTUBHBIC aMUHOKHCIOTHI, IJIS1 KOTOPBIX
JI0Ka3aHbl MEAUATOPHAS PONIb U (PYHKIMU MOIYJISITOPOB Pa3IMYHBIX NIPOLIECCOB
B Oopranu3me. MHOTHe JieKapcTBa Co3aHbl Ha 0a3e Takux HEWpPOaMHHOKHCIIOT,
kak TAMK, rmoramMuHOBast KMCJIOTA, INIMLMH, TAYPUH, B TOM YHCJIEC aMHUHAJIOH,
(bennbyT, 6axmodeH, mupameraM, OKCHOYTHPAT HATPHsI, TAHTOTaM, KaJIHs TITIO-
tamuHaT. [Ipy Tepamuu MpOTHBOAMMICITHYECKHMH TIperapaTaMy, B OCHOBHOM
BTOPOTO MOKOJICHUS, HaMEYaeTCsl TEHACHIMS ONTHMHU3AIMK JICUeHHs, HaIpaB-
JICHHAs! HAa MCIOJb30BAaHUE AHTHKOHBYJIbCAHTOB C PACIIMPEHHBIMH KOMOHHHPO-
BaHHBIMK CBOMCTBaMH [2]. B CBSI3M € 3TUM I HOBBIX NMPOTHUBOCYIOPOKHBIX
MpenapaToB HEMaJIOBaXHO W HEMPONPOTEKTOPHOE AEUCTBUE, T.€. MPEAYIPExk-
JCHHUE TMOBPEKICHUN HEPBHOW TKAaHW, BO3HHMKAIOLIMX BCJIECICTBHE MapOKCHU3-
MaJbLHOM aKTUBHOCTH HEHpoHOB [3, 4]. IlepCHeKTHBHOCTH CO3MaHHS HOBBIX
TICUXOTPOTHBIX JIEKApCTBEHHBIX NpemnapaToB Ha ocHoBe 'AMK He BBI3BIBaeT
COMHEHHUS. B CBsI3M ¢ 3TUM MBI IPOIOIDKAEM M3YUYEHHE NMPOTHBOCYIOPOXKHOTO
NeWCTBHSI HOBBIX IIPOU3BOAHBIX HEHPOAMUHOKHCIIOT C IICUXOTPOITHBIMHU CBOMCT-
BaMH, U JaHHOE COOOILEHHUE SIBJIAETCS MPOJIOIKEHUEM paHee NMPOBOAUMBIX HC-
cienoBaHuit [5-7].

Marepuas u Meroasl. VccinenoBanue nNpoTHBOCYIOPOXKHOW aKTUBHOCTH
8 coenuneHmit — 4 HelipoaMHHOKHKCTOT (N-T-3TOKCHOECH30M--aTaHnII-Y-aMH-
HomacisiHoH kucnotel (CAMK), N-nm-nponokcnben3ounn-f-ananui-y-aMUHO-
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MAacCJISTHOM KUCIOTHI, N-11-0y TOKCHOEH30MII-B-aIaHUII-Y-aMUHOMACIISTHOM KUCIIO-
TbI, N-1I-u300yTOKCHOEH30MI-3-aTaHUII-Y-aMIUHOMACIITHOW KUCIIOTHI) U 4 3TH-
JIOBBIX 3(UPOB TeX K€ JUIENTHAOB MPOBOAMIN Ha OENBIX TaOOPATOPHBIX MBI-
mrax oboero mojia maccoi 18-24 r. Mcnonb3oBanu Monenu Cynopor, BbI3BaH-
HBIX KOPa30JIoM (MIEHTHJICHTETPa30l), HUKOTUHOM, apeKOIWHOM, THOCEMHUKap-
0a3uI0M | DJICKTPUIECKUM TOKOM [8-12]. O IpOTHBOCYTOPOKHOW M IIPOTHOC-
THUYECKON TPAHKBUIIM3UPYIOIIEH aKTUBHOCTU COEIMHEHUN CYyIWJIU MO Mpeny-
MPEXKICHUIO KOPA30JIOBBIX KJIOHHUYECKUX CyAOpOr [8], SBIAIOMHKXCS MOAEIHIO
MaJbIX CyJOpPOKHBIX TpUMaakoB. Kopa3oiaoBele KIOHHYECKHE CYJOPOTH ITOITY-
Yany TpH TOAKOXHOM BBeIEHHH Kopazona B no3e 90 wmr/kr. IIpotuBocyno-
POXHYIO aKTHBHOCTh COEIMHEHUH ONPEACIISIIN TakXkKe Mo MPeAynpekICHUIO TO-
HUKO-3KCTEH30PHOH (a3bl CyIOPOKHOTO TMPHUIMAIKa MAKCHUMAIBHOTO 3JIEKTPO-
moka (MOII), KOTOPHIH ABIAETCS MOJEIBI0 OOJBINNX CYIOPOXKHBIX IPUITAI-
KOB, HUKOTHHOBBIX CYJOpPOT (HUKOTHH BBOAMJIHM B/O B 103e 8 MI/KT; IIeH-
TpasbHOE N-XOJIHHOJIUTHYIECKOE JeHCTBHE), M apEKOJIMHOBOTO TpeMopa (apeKo-
JIMH BBOAWUIM TI/K B 03¢ 15 MT/KT; meHTpaibHOe M-XOIHHOIUTHICCKOS TEHCT-
Bue). MccnemoBanu Takke BIMSHHME COCIUHEHMH Ha THOCEeMHMKapOa3uaHbIE
(TCK) cynoporu (BBoIMIU B J103€ 18 MI/KT, 1I/K) 1151 KOCBEHHOTO ONPEICICHUS
MeXaHU3Ma JeicTBus coennHeHun. [lapaMeTphl MakCMMalbHOTO AJIEKTPOIIOKA
— 50 MA, gmutensHOCcTh — 0.2 ¢, yacToTa Kojebanuii — 50 uMmn/c, KpuTepuem
OLICHKH SIBJIAETCS peAyNpeXIeHNEe TOHUKO-9KCTEH30pHOH (ha3bl CyJOpOKHOTO
TIPUITAJIKA.

N-mn-3ameneHHy0--anaHmi-y-aMIHOMACIISIHYI0  KUCIIOTY, COAEP KaIIyIo
NENTUABI U UX 3THJIOBBIE YQHUPHI, BBOAWIN BHYTPHOPIOMIHMHHO B mo3ax 50-200
MI/KT BO B3BECH C KapOOKCHMETHIILIEIIIION030H ¢ TBUH-80 3a 45 MUH 110 BBexe-
HUS CyJOPOKHBIX areHTOB W HAaHECEHWS DIIEKTPHUECKOTo pazapaxenus. KoH-
TPOJIGHBIM JKHBOTHBIM BBOJMIIM 3MYJbrarop. Kaxknayroo 03y COeqUHEHHWH 110
KOKIOMY TECTy M3y4alld Ha 5 JKUBOTHBIX. AHAJIOTOM CPaBHEHHS CIYXKHI W3-
BECTHBI MPOTHUBOSMWICTITUYECKHN TpermapaT 3TOCYKCUMU (3apOHTHH), MPH-
MEHSIOIIMIACS TIPY JICUeHNH abCaHCOB M MHUOKJIOHHYECKHUX cynopor [1], KoTo-
PpBIi BBOAMIN MbIIIaM B 103ax 50-300 Mr/Kr BHY TPHOPIOIINHHO.

Nzydeno nobouHOe HelipoTokcndeckoe (MHUOpETaKCaHTHOE) IEHCTBHE coe-
TUHEHUH U 3TOCyKcuMHua B 1o3ax oT 50 10 200 MI/KT ipu BHYTPHOPIOITTHHOM
BBeJIeHNH. MHUOpeIaKcalnio HCCIE0BAIH 110 TECTY “‘BpalaroIerocs CTepKHs
y mbrmed [13, 14]. C 310l uenbio MBIIIEH MOMEHIAIH Ha METATLTMYEeCKUi
CTepKEeHb C TOPPUPOBAHHBIM PE3WHOBBIM MOKPHITHEM, KOTOPBIA Bpalmajics co
CKOpPOCTHIO 5 060p0TOB B MUHYTY. OTpeAensiii YHC0 KUBOTHBIX, HE CIIOCO0-
HBIX yIEpKHUBATHCS HA HEM B TeueHHe 2 MUH. ONpenensuid TakkKe OCTPYIo Cy-
TOYHYI0 TOKCHYHOCTh COCIUHEHHWH TpU BHYTPHOPIOIIMHHOM BBeneHHH. [l
omnpeneneans 50%-ap1x dhdexTuBHBIX 103 (350, 1032, BEI3BIBAONIAS IPOTH-
BOCYIOPOKHBIN 3 ekt y 50% >KUBOTHBIX), a Takxke 50%-HbIX HEHPOTOKCUY-
HeIX 7103 (T[sp) MCmonmb30Balld CTATUCTHYECKUH METOHA MPOOHWT aHaM3a IO
JIntapmneny n Yunkokcony [15]. Beraucisum 3ammurable WHASKCH (31) n3y-
yaembix coenuHennii — 31 = TIs5o /3 /150, KOTOpBIE YKa3bIBalOT Ha 0€30MaCHOCTh
MPUMEHEHU MPENapaToB, CBSI3aHHBIX ¢ HEMPOTOKCUYHOCTBIO COSTMHEHUH.
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PesynbTatel m o0cyxkneHne. Pe3ynpTaThl MccnenoBaHUM MOKa3aa, YTO
M3y4YaeMble COCIUHEHUS U 3TOCYKCUMHUJ HE MPOSIBISIOT aHTUAIEKTPOLIOKOBOTO
NeHCTBHA, HE MPEeAyNpexaaloT HUKOTHHOBBIX CYAOPOT (YTO YKa3bIBAaeT TaKXkKe
Ha OTCYTCTBUE IIEHTPAJILHOTO H-XOJMHOJUTHUECKOTO JIEHCTBHS) U apEeKOIHHO-
BOTO TpeMopa (3TO yKa3bIBaeT TaKXKe Ha OTCYTCTBHE IEHTPATHHOTO M-XOJIHHO-
TUTHYeCKOTOo nerictBusi). B mo3e 200 MI/Kr y wWcciaeayeMbIX COCTMHEHHHA W
CPaBHHMBAaEMOTO 3apOHTHHA HE BBIABIEHO MHOpPEIaKCaHTHOro neiictBui. Ha
Mozenu TCK cynopor KMBOTHBIE, NTOJTy4aBIINE U3ydyaeMble COETUHEHHS U 3TO-
CYKCHMHJI, BeIyT ce0si Kak KOHTPOJIbHAs TPYIa XUBOTHBIX, OHU HE IpeIy-
MPEXAA0T CYJOPOTH M HE YAJIUHSIOT JaTEHTHBIN MepuoJl KIOHUYECKUX CYyA0-
pOr, 4TO MOXET CBUAETENBLCTBOBATH 00 oTcyTcTBUM ['AMK-epruueckoro mexa-
HU3Ma JIEUCTBUS.

OpnHako y COeOMHEHWH BBIABIEH aHTAaroHM3M C KOpa3ojoM. N-3aMelleH-
HBIE HEHPOAMUHOKHUCIIOTHL B 7103¢ 50 MI/KI MPOSBISIFOT BBIPaKEHHOE aHTHKO-
pasonoBoe neiicteue (Tabmuia). B Tabnmiie mpencTaBieHO aHTHKOPA30JOBOE
JEHCTBUE U3Y4YaEMbIX COEIMHEHHUH, MUOPEIAKCALMS 3THX BEIIECTB U CPaBHU-
BaeMOT0 NMPOTHUBOCYJOPOKHOTO Ipernapara 3TOCYKCUMUAA.

Kaxk BugHO u3 Tabmuuel, D /15 n3ydaeMbIX cOeTUHEHUI IO aHTarOHU3MY C
KOpa30JIOM HaxoauTcs B mpeaenax ot 32 go 175 mr/kr. [lo aHTMKOpa3010BOit
aKTHBHOCTHU Hccienyemble N-1n-3amerneHnbie-B-ananmn-IAMK nentuast yery-
MAKOT MX e 3TUWIOBBIM 3(pHUpaM U NPOSIBISIOT NOYTH OAWHAKOBOE ACHCTBHE IO
CPaBHEHUIO C ITOCYKCHMHJOM, TOTJa KaK STHJIOBBIE 3(UPHI B HECKOIBKO pa3
MPEBOCXOAAT CpaBHUBAaEeMbIi aHasor. [1o HEWPOTOKCUYHOCTH BCE BBINICYKa3aH-
HBIE COEIMHEHUS MPOSBISIOT OJUHAKOBOE JCHCTBHE MO CPAaBHEHHUIO C ITOCYK-
cumuzoM. [lo 3amMTHOMY MHAEKCY M3ydaeMble MPOU3BOAHbBIE N-3aMELIeHHbBIX
HEHpPONEeNTHIOB HE YCTYMAalOT ATOCYKCHMHY, a UX 3THIOBBIE A(UPHI HAMHOTO
MPEeBOCXOIT QyHKIIMOHAIBHBIN aHanor. DakTHUeCKH 3TUIIOBBIE (pUpHI HeHpo-
NENTUAOB HAMHOro Oe3omacHee Mo MOOOYHOMY HEHpPOTOKCHYHOMY 3(PQEKTy,
YeM 3TOCYKCUMUT.

BrisiBieHa CBsI3b MEXAy XMMHUYECKUM CTPOCHHEM HCCIEAYEMBIX COEIHHE-
HUM ¢ UX (papMaKoIOrHIecKod aKTUBHOCTBIO. Tak, HauOONBIIYI0 MPOTHUBOCY-
JOPOXKHYI0 aKTUBHOCTb IO aHTarOHU3MY C KOPAa30JOM MPOSIBISIOT 3TUIOBBIE
a¢uper N-3amemeHHBIX-B-amanami-I' AMK, onm ke Hambonee O€30MacHBI IO
HEHUPOTOKCUYHOCTH 1O CpaBHEHUIO ¢ N-3amenieHHbIMU-B-ananmwi-I' AMK, He-
3aBHCHMO OT 3aMEIEHHOI0 paguKaia.

Takum o0OpazoM, y Bcex m3ydaembix N-3aMmereHHbIX-B-ananmi-I'AMK ou-
MENTHUIOB U WX 3TUJIOBBIX 3(HPOB BBISBIECHO MPOTHBOCYAOPOKHOE JIEHCTBHE IO
AHTarOHMU3MY C KOPa30JIOM.

HoBele cunTe3supoBanHble Npou3BoAaHbIE HelpoamuHOkucIoT 'AMK u
[-amaHuHA MpeACTaBISAIOT HAYYHBIN HHTEPEC OCOOCHHO KaK MPOTHBOCYAOPOXK-
HBIE BEIIECTBA, HEKOTOPHIE U3 KOTOPBIX UMEIOT BBICOKHE 3AIIUTHBIE HHAEKCHI.
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HpOTl/lBﬂcyHOpO)KHOQ neiicTBre U HeﬁpOTOKCl/l‘lHOCTL
H3yYE€HHBIX coeUHEHMH 1 3TOCYKCHUMHUAA

Coenunenne
(XMMHYECKOE Ha3BaHUE)

AHTaroHnsMm
C KOpa3oJiom,
350, Mr/Kr*

Muopenakcanus,
Tds0, Mr/xr*

31

Orunossiii 3¢up N-n-
3TOKCHOCH30MJI-P-anaHuI-y-
aMHHOMACIISTHOM KHCJIOTHI

44(30.1 + 57.9)

375(300 + 468.75)

8.5

N-n-3ToKCHOEeH30MI-B-
aJlaHWJI-Y-aMUHOMACIITHAs
KUCJIOTa

125 (100 + 156)

425(354+510)

34

Orunossiid 3¢up N-n-
MIPONIOKCHOCH30MII-3-aTaHUII-
Y-aMHHOMACIISTHOM KUCIIOTEI

32(24.8 + 43.8)

500(385+650)

15.6

N-n-niportoxcubeH3on-3-
AJIaHWJI-Y-aMHUHOMACIITHAS
KUCJIOTA

135(112.5 + 68.7)

525(438 + 630)

3.8

OtunoBsid 3¢gup N-1-
OyToxcubeH30mI-B-aTaHm-y-
AMHUHOMACIISIHOW KHCJIOTHI

45(37.5 + 56.3)

465(372 + 581)

10.3

N-n-6ytokcubenzoni-f3-
AJIaHWII-y-aMHUHOMACIIHAs
KUCJIOTa

175(113 = 271)

555(444 + 694)

3.17

OtunoBsid 3¢gup N-1-
n300yTOKCHOEH30mII-[3-
aJaHWI-Y-aMUHOMACIISIHON
KHCJIOTBI

48(36.0 + 68.0)

505(413.9 + 616.1)

10.5

N-n-n300yTOoKCHOeH30MI-[3-
AJIaHWII-Y-aMHHOMACIIHAs
KUCJIOTa

130(105 + 158.6)

482(395 + 588)

3.7

DTOCYKCUMHT

155(117.5 +204.5)

520(412.6+655.2)

3.35

* JloBepHUTeIIbHBIE HHTEPBAJIBI ITPH YpoBHE BepositHocTH P=0.05.

[To cpaBHEHMIO C aHAIOTOM STOCYKCHMHJIIOM STHIIOBBIC 3(upbl N-I-3aMelieH-
HbIX-B-ananmi-I'AMK Gonee akTHBHBI U MeHee HEHPOTOKCHYHBI. OHU MepCeK-
TUBHBI Ul JIBHEHIINX HCCICIOBAHUN MO BBISBICHUIO MPOTHBOCYAOPOKHON
AaKTHUBHOCTHU U CO3JIaHMS HOBBIX IPOTUBOIIMIIEITHYECKUX IIPEIapaToB.

Hayguno-TexHONMOTHYeCKU IIeHTP OPraHUIeCKOI

u ¢papmaneBTryeckoit xumuu HAH PA,

WHucruryT TOHKOI oprannyeckoi xumuu uM. A. MumK0sHA

e.mail: paronikyan.ruzanna@mail.ru
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C. A. Kazapsmn, P. I'. Ilaponuksn, 7K. P. Anasepasn, U. M.Hazapsn

N-napa-zamemienabie 'AMK u ux 3TwiioBbie 3¢pupbl Kak
NPOTHBOCYIO0POKHBIE CPeICTBA

HccnenoBanocs NpOTHBOCYAOPOXKHOE JECHCTBHE HOBBIX 8 coenmuHeHH — N-1-3a-
MerneHHbIX-P-amanmi-I' AMK u ux 3THI0BBIX 3()HUPOB Ha PA3IUYHBIX U OOIICTTPHHATHIX
CYIIOPOKHBIX MOJEJISX: KOPA30JIOBbIE CyIOPOTH, MAKCUMAJIBHBIH 3JIEKTPOIIOK, HUKOTHU-
HOBBbIE M THOCEMHKapOa3uIHbIE CYAOpOTH M apeKOJIMHOBHIM TpeMop. M3yueHo Takxke
mo00YHOE HEHPOTOKCHUECKOe (MHOPEIaKCAHTHOE) JCHCTBHE 3THX coefuHeHuit. Cpag-
HEHHE MPOBOJWIN C U3BECTHBIM MPOTUBOIMMIECHTHUECKUM IPENapaToM STOCYKCHMHU-
oM. Y Beex m3ydaembix N-zamemieHHbIX [TAMK u uX 3THIOBBIX 3HPOB BBISBICHO
IIPOTHUBOCYJOPO’KHOE JICHCTBHE 10 aHTaroHU3MY ¢ KopasosioM. Hanboiee BEIpaykeHHYIO
aKTUBHOCTB TIPOSBISIOT 3THIIOBBIE 3¢dupsl N-m-3amenieHHbIX-P-ananmi-I' AMK, koto-
pBI€ TI0 aKTHBHOCTH M IIHPOTE 3aIIUTHOTO ACHCTBHS MTPEBOCXOISAT STOCYKCHMHUI.

U. Z. \Mwqupyul, [} @ Muwpnuhui, . . Gudbpgub, b. ULuqupyui

N-yyuwpuw-ntnulijujus UGR-h wswugyuyutpp b bpwbg tphjuyht ptpukpp
npy bu hwljugiugm duyht vhongutn

zZhknwugnugty k8 unp N-ywpw-nbnuljuus @UYE-h wswbgyu bkph b bpwlg
Ephiuyhtt Gplputph hwjugugniduyhtt wqpbkignipniip wwppkp b pugnitdus gugne-
Uwhtt Unplikph ypu' Ynpugnpughit ghgnudubp, dwpupduy Hjupuonyh phuwn, tp-
Unnhtwjhtt b phnubdhfuppughnujhtt gignidubp b wpklnihtughtt wiptunph dnpky:
Zhnwqgnuyby | bwl dhwugnipniukph Ynnduwlh tpnnnpup(dfuiwpnijuging) wg-
phgnipniup: Zudbdwnnmipniip juunwpgl) B huyunuh hwwbkyhibyuhy ginudhong
Ennunijuhdpnh htwn: Pnpp nuunudtwuppyus N-nbnujujus FUUL-h wswug-
juubpn b tpwibg Ephjuyht bptputpp gnigupbpnid B hwjugugniduyght wqpbgnipinit
Ynpwqnip htin wbhwnwgnupquh ptunny: Udkbwpwupdp wjnhynipmnit gnigupbpnid Eu
uqws nbnulwjws ghybuywnhnibph wswugyuiubkph Ephiughtt tpkpubpp, npnup
hpkug hwjugugniduyhtt wnhynipjudp b wwonmuwihy wqptgnipjut jujunipjudp
ghipuquiignid ki brinunijuhdhnhte

S. A. Ghazaryan., R. G. Paronikyan, J. R. Alaverdyan, I. M. Nazaryan
N-p-substituted GABA and Its Ethyl Esters as Anticonvulsants

The anticonvulsant effect of the new 8 compounds, N-p-substituted-p-alanyl-
GABA and their ethyl esters, was studied on various and common convulsive models:
corazol convulsions, maximal electroshock, nicotine and thiosemicarbazide convulsions
and arecolin tremor. The side neurotoxic (muscle relaxant) effects of the compounds has
also been studied. A comparison was made with the known antiepileptic drug
ethosuximide. All the studied N-substituted GABA peptides and their ethyl esters
revealed an anticonvulsant antagonistic effect with corazole. N-p-substituted-B-alanyl-
GABA ethyl esters exhibit the most pronounced activity, which are more active than
ethosuximide in their activity and breadth of protective action.
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K. B. Kazapsan, T. A. llnnunocsin, H. I'. YHausn

Biusinue aBTOMaTH3Ma 0BapUAJIBLHOI 30HBI MATOYHOI'0 POra
HA JJIEKTPUYECKYI0 AKTUBHOCTD CPeIHEer0 CerMeHTa

(ITpencrasneno un.-xkop. HAH PA JI. P. ManBensaaom 8/X 2019)

KaroueBble ciaoBa: mamounas mpyba, 06apuanvhas 30Hd, CHOHMAHHAS
AKMUBHOCHb, NOMEHYUAL OeUCMEUsl, CPEOHSASA 30HA, NApamempbl AKIMUGHOCIU.

CrioHTaHHas NEKTpUYecKasi aKTHBHOCTH B (payutonueBbIx TpyOax Hebepe-
MEHHBIX KpBIC TPEACTaBIsIeT OO0 DIEKTPUIECKHE pa3psiibl, KOTOPHIE B BUIC
BCIIBIIIIEK TTOTEHINANIOB JEHCTBUS PETYJIAPHO, OJHAKO ACHHXPOHHO BO3HMKAIOT
u 3aryxatoT [1, 2]. JlaHHBIe pa3psabl akTHBHOCTH, KaK MPaBUIIO, HAOIIOAAI0TCS
B OTIpEICTICHHBIX 30HAX MAaTOYHBIX TPYO (OBapHaNbHas U IepBUKAIbHAS JIOKYCHI
MHOMETPHSI) M XapaKTepHU3YIOTCS MHUOTEHHOH mpupomon [3, 4]. B panHux uc-
CIIeIOBaHMAX OBUIO TMOKAa3aHO, YTO KayKAas dSJIEKTPHYECKas BCIIBIIIKA COMPO-
BOXKJIAETCSI KOHTPAKTYPOU, KOTOPasi BOSHUKAET HECKOJIBKO IMO3KE, YeM paspsia
MMOTEHIINAIOB JEWCTBHA, U 00ecredYnBaeT OCHOBHYIO (D)YyHKIIMOHAIBHYIO POJIb
PENpOIyKTUBHOTO oprana [5, 6]. Ha ceromHsmrHuii 1eHb OCTAETCS OTKPBHITHIM
BOIPOC OTHOCHUTEIBHO BO3MOXKHOCTH CPEIHEr0 CETMEHTAa MAaTOYHOI'O pora re-
HEPHUPOBATh ABTOHOMHBIE TEHICMEKEepHBIE CUTHAJBI, TIOCKOIBKY B TAHHOW 30HE
pora OTCyTCTBYIOT pUTMOT€HHBIE 0OpazoBanus [7, 8]. Ecou B kpaiiHux obua-
CTAX MaTOYHOH TPyOBI HE3aBHCUMO OT (PU3UOJIOTHMYECKOTO COCTOSIHMS HabIIro-
JIAFOTCSI IEPHOAMYECKN BO3HHUKAIOIINE aKTUBHOCTH, TO JUIS HEHTPATBHON 30HEI
TJIAJIKOMBIIIEYHON TKAaHW pOTa BBISABICHBI IPOTHBOPEUUBHIEC JaHHBIE: HAPSIY C
OTCYTCTBHEM KaKOTO-THOO THIa 3JIEKTPUYECKOH aKTUBHOCTH BO3MOKHO BO3-
HUKHOBEHHE KaK pa3psIoB BCIBIIEK, TaK M €AWMHUYHBIX ITOTEHIIMAJIOB IEHCT-
Bus [6, 16]. BrlsgBeHne Kak xapakTepa pUTMOTEHe3a JaHHOW 00J1acTH MHOMET-
pus, TaKk U €ro 3aBUCHUMOCTU OT IPOKCUMAIbHOW NMEUCMEKEPHON 30HBI U SIBU-
JIOCh 3aJa4ell HaCTOSIIEr0 UCCIIeA0BaHUS.

Matepuaa u MeToauka. PaboTa BhITIOTHEHA B YCIIOBUSX in situ Ha caMKax
kpeic Maccoit 200-250 r. JKuBoTHBIE aHecTe3upoBanmuch HemOyTtamom (40-45
MI/KT) BHYTPUOPIOIIMHHO. JKCIEPUMEHTHI OBUIM OCTPHIMH M TOCIE 3aBeplle-
HUSl PETUCTPaIlMU KUBOTHBIC 3a0MBaNch. BekprIBanachk OprolHAas MOJIOCTh U
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OoOHaXKaJscsl KOPIyC MAaTKW C PaCIOJIOKEHHBIMU C JBYX CTOPOH MaTOYHBIMH
TpyOamu.

TEJIO
MATKH

Puc. 1. CxemaTuyeckoe M300pakeHHE MaTOYHBIX TPyO: 1, 2 — COOTBETCTBEHHO
00JIacTH PErHCTPaLM aKTMBHOCTH M3 OBAPHAILHOTO U CPEIHEro OTJEOB JIEBOH Ma-
TOYHO# TpyOBI; A — 00sacTh nepepe3ku. n=20.

Marka neHepBHpOBaNaCh Mepepe3Koil KOpemKoB HEpBOB plexus hypogast-
ricus, uterinus, uterovaginalis. Perucrparus akTHBHOCTH TPOBOJMIIACH OJHO-
BPEMEHHO C OBapHaJIbHOM U cpenHel obnacreit gesoro pora (puc. 1). CnoHnraH-
Hasi AJIEKTPUYECKass aKTHUBHOCTh W3 ONHCAHHBIX OTJEJIOB OpraHa OTBOJAWJIACH
OUITONAPHBIMU IIEKTPOAAMH (MEKIIEKTPOTHOE PACCTOSHIE COOTBETCTBOBAJIO 2
MM). HckimoueHrne B3auMOCBSI3M MEXKAY PUTMOTEHHBIMH OOJIACTSIMHU OCYIIECT-
BJSJIOCH MTyTEM MEepPepe3Kl MaTOuYHOTIO Pora B COOTBETCTBYIOLIEH o0macTu (puc.
1). Ilocne cTomp pe3KOro TPaBMUPOBAaHWS M HAPYMICHHUS IEIOCTHOCTH TKAaHU
cTabmim3anys aKTHBHOCTH, KaK IIPaBHIIO, HaOmogamack depe3 5 — 10 MuH, U
MO3TOMY MPOBOJAMJICS aHAJIW3 TeX JIaHHBIX, KOTOPbIE OBUIN 3apErUCTPUPOBAHBI
0 UCTEUEHHH 3TOTO BpeMmeHu. [locienyromas peructpaius emie yepe3 15 MuH
MTO3BOJISIA TIPOCIIEKUBATH JajbHEHITNEe BO3MOKHBIE H3MEHEHHUS B TTapaMeTpax,
00yCIIOBIIEHHBIE TIEPECTPOMKON MEXaHW3MOB PUTMOTEHE3a K YCIOBHUSAM H30-
JISIUY TTIeHCMEKEPHOH 00JIacTH.

AHanu3 pe3yJabTaToB MPOBOAWIICS IIyTEM ONpeAeNIeHIs 3HAUeHUH CIeIyTo-
IUX MMapaMEeTPOB CIIOHTAHHBIX MOTEHIIMAJIOB ACUCTBUS: amIumuTyaa (A), cpeln-
Hsisl CKOPOCTh HapacTaHus muka (V), mpoJoKUTEIbHOCTh HapacTaHus muka (T)
(TpOIOIKUTETHHOCTh YBEIHMUEHUS aMILTUTYIbI TIOTEHIMANa TeHCTBUS 10 MaK-
CUMaJIFHOTO 3HAYEHUs), MOJIOBUHA IMUPHUHEI (t) (TIPOXOIIKUTETHLHOCTh (HOPMHU-
pOBaHUsI BEpXyIIKH TOTCHIUANA IEHCTBHUS, COOTBETCTBYIOIIECH BEpXHEW MOJI0-
BHHE €Tr0 aMIUIHTY/bl). Bce oOTMedeHHBbIe MoKa3aTelr ONPeNeIsUTUCh MyTeM UX
YCpeTHEeHHS Kak B Mpejesie OJJHOTO IKCIIEPHMEHTA, TaK U BCEX IKCIIEPIMEHTOB
naHHOW cepuu. Ha pucyHkax mpeacTaBiieHbl CYNEPHO3MIUU ABYX THIIUYHBIX
(OopM yCpETHEHHBIX TOTCHIIMAJIOB JIEHCTBUS. YCPEIHCHHE IMOCISAHUX TaKXKe
MPOBOAMIIOCH KaK B MpeJeNax KaxkJoro SKCIIEPUMEHTA, TaK U BCEX IKCIIEPUMEH-
TOB JIaHHOU CEepUH.

CrioHTaHHas AJIEKTPHYECKAs aKTUBHOCTh PETUCTPUPOBANIACH HA 8-KaHAIIb-
HOM TpuoOope, pazpaboranHom B MuCcTHTYTE Dusnonorun um. JI. Opbemn HAH
PA nmnst onieHKH 37EKTPUYeCKOW aKTUBHOCTH TJIAJKOW MYyCKyIaTypsl [4]. B man-
HBIX SKCIIEpUMEHTaX MPOBOAMJIACH OJHOBPEMEHHAs PETUCTpaLus C ABYX JIO-
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KyCOB HccieqyeMoll CTpyKTyphl. [IprOop mo3BossieT ocymecTBIsITh JOCTOBEP-
HYIO PETHCTPALUIO0 OTKJIOHEHUU CHUTHAJNOB C aMIUTUTYI0H ¢ ToyHocThio < (.01
MkB. Kommynukarmus npubopa ¢ 3BM ocyIecTBisuIach ¢ HCIOJIB30BaHUEM
USB mnopra. [Iporpamma, obecrieunBaronias perucTpaluio CUTHAIOB, pa3pado-
TaHa C IpUMEHeHHeM makera rporpamm Lab View. Ilocnenyrommii ctatuctu-
YEeCKUI aHaJIM3 3aperuCTPUPOBAHHBIX CUTHAJIOB IPOBOAUICA C MCIIOIb30BAHU-
eM nakeToB nporpamMm Origin-8.5 u Sigma Plot 11.0. OueHka 10CTOBEPHOCTH
W3MEHEHUS TMOJIyYEHHBIX JaHHBIX OCYIIECTBISIACh COIJIACHO t-KPUTEPHIO
CrtrrozeHTa.

Bce paboThl ¢ KMBOTHBIMU OBUTH TPOBEACHBI B COOTBETCTBHU C IPaBU-
namu «EBporeiickoil KOHBEHIIMM O 3alUTe KUBOTHBIX, UCIOJIB3YyEMBIX B JKC-
nepumenrtax» (dupexrusa 2010/63/EU).

Pe3yabTaThl HcCIed0BAaHU M X 00CY:KIeHHe. DJICKTPHUCCKAsl aKTHB-
HOCTh B OBapuajbHOHN o0nactu (puc.l,1) MuoMerpus ¢asionueBbix TpyO y He-
OepeMEeHHBIX KpPBIC BO3HHMKAET aBTOHOMHO M aCHHXPOHHO W, KaK y>Ke OTMeya-
JIOCh BBIIE, IPEACTaBICHA B BUJAE BCIBIIIEK NTOTEHIMANOB AekcTBud. Kaxnas
BCIIBIIIKA COCTOMT U3 TPYIIBI OBICTPHIX MOTEHIMAJIOB AEHCTBUS, aMIUIUTYIbI
KOTOpBIX TIOCTENIEHHO BO3PACTalOT M B JAaJbHEHIIEM ITOCTENIEHHO 3aTyXaloT.
OpnHako B cpegHeM OTHeNle MaTOYHOM TpyObl HaOMIONaeTcss HECKONbKO HHas
KapTHHA 3JIEKTPUYECKONW aKTUBHOCTH: MeHee 4eM B 25% ciyyaeB MOXKHO peru-
CTPHPOBATh AHAJIOTUYHBIE OBAPUAIBHOMY OTZEJNy pa3psAbl Benblmek (puc. 2, I).
Kak BuzmHO M3 pHCyHKa, pa3psisl aBTOMaTH3Ma CPEIHEro JOKyca XapakTepu-
3YIOTCS HECKOJIBKO JAPYTUMH 3HAa4eHHSIMU I1apaMEeTPOB COCTABISAIOMIMX HX
MOTEHIHAJIOB ICHCTBUS 110 CPABHEHHIO C TAKOBBIMHU OBapUaJIbHON 30HBI.

I
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Puc. 2. CrnonTaHHasi 3JeKTpUYeCKas aKTUBHOCTh OBapHAILHOW W CpeaHedl 00-
nacreii marouHoro pora. CripaBa IoKa3aHbl pa3BepHYTbIe (OPMBI aKTUBHOCTU IIpeEl-
CTaBJICHHBIX CJIEBA TUIIOB pUTMOreHe3a. | — kaptuHa akTuBHOCTH B HOpME, I — kapTuHa
AKTHBHOCTH IOCJIE M30JISILIMN OBApHAIILHOTO OT/ENa OT cpeHel 30HbI. n=20.

BnusiHue aBTOMaTH3Ma OBapHaNbHOW 30HBI HA AKTUBHOCTH CPEJHETO Cer-
MEHTa pora H3ydajoch IYTEM €ro M30JALUM OT IpOKCHMabHOW obmactu. C
3TOH LENBI0 MPOBOIUIIOCH OTCEYCHUE MATOYHOW TPYOBI MEXKIy BBIIICOTMEYCH-
HBIMH JIOKycaMu Muometpus (puc. 1). Cpa3y ke OoTMeyaloch HMCUE3HOBEHHE
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paHee HaOJIIOJaeMBIX BCIBIIIEK M [0 UCTCYCHUH 5 MHUH (BpeMs, HE00X0auMoe
JUI CTaOWJIM3allid aKTHBHOCTH TIOCJE TakOW TPaBMBI, KaK Iepepe3ka pora) B
CpeqHeM JIOKyce MHOMETPHS CTalld BO3HUKATH CKOpPEEe BCETO MEPHUOINIECKOTO
XapakTepa BRICOKOAMIUTUTYAHBIC TTOTCHIMAIEI neficTBus (puc. 2, I1).

B cnemyromeit cepun 2KCIIEPUMEHTOB OBLT IIPOBEIICH CPAaBHUTEIIBHBIN aHa-
JIU3 TIOKa3aTeseil MOTeHIIMAIOB IEHCTBHUS UCCIIelyeMOoll cpenHelt o0nacTa Tpy-
OBl 10 OTHOIICHHUIO K OBaPHAILHOMY OTJAEIY IPU HOPMAJLHBIX YCIOBUSAX. Bee
pe3yNbTaThl MPEACTaBICHBI B MPOIIEHTHOM COOTHOIIEHUH K HOpME (32 HOpMY
MIPUHUMAIOTCS BCJIWYUHBI IMapaMETpPOB IOTCHIIMAJIOB IICI‘/‘ICTBI/ISI OBapI/IaJII)HOfI
30HHI pora) (puc. 3).
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Puc. 3. [IpomieHTHOE COOTHOIIIEHUE MTOKA3aTENe OTSHIIMAIOB IEUCTBUS CPEIHEH
30HBl MAaTOYHOW TPyOBI MO OTHOIICHHIO K OBapHaNbHONH 00JacTh B HOpME (IIPHUHH-
maeres 3a 100%). Crpasa — HaloeHue IpYT Ha Jpyra yCpPEIAHEHHbIX (hOPM IOTEHIH-
aJIoB JICHCTBHS OBapHaIbHON 00JacTH (CIUIOMIHOW KOHTYD) M CpeAHell 30HbI (TOYEeUHBIH
KOHTYp). n=20.

CornacHo paHHUM HCCIEIOBAHUSAM JIIEKTPOPHU3HOIOTHIECKUE XapaKTe-
PUCTHUKH TIEHCMEKEPHON aKTUBHOCTH OBapHajJbHOM 30HBI MUOMETPHUS OTINYHBI
OT TIapaMeTpOB IOTEHIMAIOB JICHCTBUSI OCTAJIBbHBIX PUTMOTEHHBIX OOJacTeit
(uepBUKanIbHAS 30HA, TEJNO MaTKK). K UnCIly BaXKHBIX OTIMYUN MEXIy MOKa3a-
TeJAMU IEeHCMEKEpHON aKTUBHOCTU IBYX MCCIEyeMbIX o0aacTeil MuoMerpus
OTHOCHUTCS IOCTATOYHO MPEBOCXOASAIIAsl O BEJIMYMHE MO CPABHEHHIO C TaKO-
BBIMH HHUKEPACIIOJIOKEHHBIX OCHOBHBIX 30H aMILTUTY/IA MOTEHIMAa eHCTBHS
¥ COOTBETCTBYIOINIAS € CKOPOCTh HapacTauus nmuka [11, 12]. Ograko HECMOTPS
Ha BBIIICH3JIOKEHHOE, KaK BUIHO M3 PHUC. 3, a Takke Tabi. 1, Bce XapakTepuc-
TUKH TIOTCHIIMANA JCHCTBUS CPEJHEr0 CErMEHTA MPEBBIMIAIOT TAKOBBIC OBApH-
anpHOM oOnactu (amrumtyma Ha 23%, P<0.01; ckopocTe HapacTaHWs THKa U
MPOAOKUTENIEHOCTD HapacTaHHs MMHKa COOTBETCTBEHHO Ha 22%, P<0.05; mono-
BHHA UpUHBL — Ha 29%, P<0.05). [IpeacraBieHHbIe cipaBa Ha PUCYHKE CyTep-
MTO3UIMH €TMHUYHBIX B PA3BEPHYTOM BHUJI€ TUITUYHBIX (POPM MOTEHIIUATIOB JIEH-

341



CTBHUS BCIIBIIICK TOM I[pyl"Oﬁ obOmacreit CBUACTCIBLCTBYIOT 00 OMHCAHHBIX H3-
MCHCHUAX MApaMCTPOB aKTUBHOCTH.

Tab6auna 1
Iloxa3aTeu CHOHTAHHBIX NOTEHIUAJIOB ICHCTBUA PA3JMYHbIX
OT/IeJIOB MATOYHOH TPYOBI

O6nactb
AMIumiTyna Cpennss [pomomxu-
PErHCTpaLyy 1
MTOTECHITHAJIOB CKOPOCTh TEILHOCTD IMonosuna
KOJINYECTBO .
AKCIICDHMCHTO nevictBus (A), | HapacTaHUs NHKa HapacTaHUs MIUPUHE (t), ¢
et pI;M HTOB, MKB (V), mxB/c mika (T/2), ¢
OBapuansHast
001acTs, 103.18 +£8.01 2100.43 + 198.30 0.05 +0.00 0.04 £0.00
n =20
Cpenusist
o0JacTs, 126.9 +7.50 2583.53 £79.00 0.07 £0.00 0.05+0.00
n =20

Kak m3BecTHO, peanu3aius OCHOBHOH ()yHKIIMOHAIBHOH NEATENBHOCTH pe-
MPOAYKTHBHOTO OpraHa OOecreunBaeTCsl BOZHUKHOBEHHEM YCTOMYMBOW KOH-
TPaKTypsl Ha OCHOBE CKOOPIWHHUPOBAHHBIX MEXIY COOOM BCIBIINIEK AKTHB-
HOCTHU, T€HEPUPYEMBIX CICUPUICCKUMHU TIEHCMEeKepaMu, JTOKATU30BaHHBIMH B
OBapHAIIbHOM 30HE. B OTHOIIEHNH K€ CpPEeHEr0 CerMeHTa OMMCaHbl TPOTHBOPE-
YUBBIC MAaHHBIC, CBUACTCJIBCTBYIOINHE HApAAYy C OTCYTCTBUEM aBTOMaTHU3Ma
TaKkkKe U 00 aKTHUBHOCTH, ITPEJICTABICHHON Kak B BUC Pa3psI0B BCIBIIICK, TAK
Y eMHUYHBIX MOTEHIMAIOB AeicTBUsA. [Ipu 3TOM, BO3MOXKHO, HENB3sT UCKIIIO-
YUTh HAIWYUE 3HAYUTEIFHOW POJM 3CTPAJIBHOTO IUKIA, XapaKTEPU3YIOMIET0Cs
pasnuuHbiMU (azamu. Kaxmas u3 MOCIeIHUX ONPEACsSeTCs NPUCYIIEH TOIBKO
el SJeKTPUIECKON aKTUBHOCTHIO CPEHEN 30HBI MATOYHOTO POTa.

B cBs13u co ¢i1ab0it AICKTPUIECKON CBSA3BI0 MEXKITY KIETKAMH B MaTOYHOM
pore Bo30y>XKaromiasi BoJIHa MOKET PaclpoOCTPAHSATHCS BCETO JIUIIb Ha HECKOJIb-
Ko MuuIMeTpoB [13]. TloaTOMy Henb3st UCKIIOYUTH BO3MOXKHOCTH PErHcTpa-
MU BCIIBIIIEK aKTUBHOCTU M B CPEJHEM CETMEHTe pora Juis oOecrieueHus pea-
JU3aIUH 3CTPAIBHOTO 1uKia. [osBIeHre MOTEHIMAIOB AEHCTBHS MOCIIE U301~
UM CpeHeH 00JacTh OT OBapUAILHOW 30HBI TaKK€ MOXKET OBITH CBSI3aHO C
JIaHHBIM (hakToM. JleficTBUTENBHO, paHee OBLIO IMOKa3aHO, YTO BHICOKOAMILIH-
TyAHbIE eIWHUYHBIE MMOTCHINAIBI ACWCTBUS CITIOCOOHBI TEHEPHPOBATH CIMHHY-
HbIE KOHTPaKTypsI [14].

Tak wnm MHa4Ye, MKy OBAPUAILHOW W CpeIHEH 30HAMH MAaTOYHBIX TPyO
MMeEeTCs OTIpe/IeJIeHHas B3aUMOCBS3b, KOTOPast Y KPBIC MPOSBISETCA IPH 3CT-
pPAJIBHOM LIUKJIE.

Wucturyt pusuonoruu um. JI. Opberu HAH PA
e-mail: tatevikpiliposyan@gmail.com
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K. B. Kazapsn, T. A. Inimnocsu, H. I'. YHausn

Biausinue aBToMaTu3Ma OBapHaﬂbHOﬁ 30HbI MATOYHOI'0 pOora Ha
JICEKTPUIECCKYI0 AKTUBHOCTDb CPEIHEI0 CErMEeHTa

HccnenoBana crioHTaHHAs 3JEKTPUIECKask akTHBHOCTh CPEIHETO CerMeHTa (aio-
MHEeBOX TPyOBI KaK B HOpME, TaK U IOCJIE €€ Mepepe3Ku OT IPUTPAHUIHON OBapHATBHOM
obmactu. [IpoBefieH aHaIM3 OCHOBHBIX XapaKTEPUCTHUK aKTMBHOCTH JAHHOW 30HBI (aM-
IJIMTyaa nmoTeHiuajia [lCﬁCTBI/IH, CpeaHssa CKOpPOCTb HapaCTaHHs MNHKa, IPOAOJIKUTEIIb-
HOCTh HapacTaHHs IHKa, MOJIOBHHA IIHMPUHBI). B cpenHeM cermMeHTe pora BO3MOXKHO
BO3HMKHOBEHHE €JMHUYHBIX MOTEHLIUAJIOB IEHCTBUS HAPSILy CO BCIbIILIKAMH MOTEHIIHA-
JIOB IEWCTBHUS, aHAJIOTMYHBIMU TaKOBBIM B OBapUalibHOM 30He. [lokazaHo onpeneneHHoe
BJIMSIHUE OBapHUajbHOW 30HBI HA BOBHUKHOBEHHE KaK BCIIBIIIEK NOTEHLUANIOB AEUCTBUS,
TaK U €IUHUYHBIX TOTEHINAJIOB AEHCTBHSL.

£. 9. TMmqupyul, S. U. ®hthynuyul, L. @ Znibiwiyub

Upquitinh thonh djupwiruyh ppgwitth puptrunwipmpjub wqnkgmpiniup dhoht
onpowth HEjunpuljut wljnhynipjui Jpu

ZEnugnunfly £ $upjhuuts unnnjulh dhohtt ppgwith hiptwpniju Rkljnpuljut
wlwnhynipniup htyybu tnpdwnud, wyiybu b dJupwbughtt oppwtht hwpwlhg
Yupusph wuydwubbpnud: Tughugyty B wyn opewth wljnpynipjut hwdwwywnwu-
Juwt pimpwgphsibph’ gnpénnmput wnnkighwih wiwhungw, whih wsh dheht
wpugnipinil, whijh wéh nbnnnipnll, jwyinipjub jhu wpyniupubph dowlnud: @nnh
Uhohlt opowinid htwpwnp L gnpénnnipju ynnkughw)ubp ppuljnudubph dunyg (huy-
whu dJupubuyghtt opowtinid) b ppu htm bty tquljh gnpénnnipjui ynnkughw-
utiph: 8nyg k ipdws dJupuughtt ppowtth npnowljh wqpkgmpinip hasybu prulnud-
utph duny qnpénnnipjut ywnwnbkiughwukph, wjiytu k) kqulijh gopdnnnipjut wnunki-
ghwjubkph wnwewguwi Ypu:

K. V. Kazaryam, T. A. Piliposyan, N.G. Hunanyan

The Influence of Automatism of the Ovarual Horn Area on the Electrical
Activity of the Mid Region of the Uterine Tube

Spontaneous electrical activity in the mid region of follopian tube was investigated
both in norm and after transection of the ovarian horn area. Analysis of the main activity
characteristics of this area (the amplitude of action potentials, rise-rate, rise-time and
half-width of peaks) was done. Similar to the ovarian region, along with a bursting
activity sometimes single action potentials are evident in the mid region of horn. The
infuence of ovarian horn area on the genesis of single action potentials and bursting
activity is shown.
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IKO0JI0r0-0M0JI0rHYeCKHe ACTEKTHI ONTUMAJIBHOI0 COYETAHUSA
a00OpUreHHbIX 1 HHTPOAYIHPOBAHHBLIX /IPEBECHBIX PACTEeHUI,
NpuMeHsieMbIX B 03esieHeHuM . EpeBana

(ITpencrasneno 19/VII 2019)

KiroueBnble cjioBa: Oepesbsi u KyCMapHuKu, UHmMpoOyKyus,, 0eKOPamueHoe
Hacaoicoenue, 0eKOpamueHOCMb, 03¢/leHeHUE.

B teuyenue MHOTUX gecsTwieTuil B r. EpeBaHe ObLTH CO3JaHBI Pa3UYHEIC
JIEKOpaTHBHBIE HACAXKICHHS, B Pe3yJbTaTe YETO 3HAYUTEIHHO 00OTaTHIICS BH-
JIOBOH COCTaB APeBECHBIX pacTeHw. OJHAKO B TOIBI DHEPTETHIECKOTO KPU3HCca
B pecnyOimke (1993-1996) npoBoAMIUCH HE3aKOHHBIC BBIPYOKH, BCIICICTBHE
KOTOPBIX TUTOMIA/Ib 3eJICHBIX HACAXKIEHUH O0IIEro MoJb30BaHMsI PE3KO COKpaTH-
nack u coctaBmia 4.5-5.0 M” Ha OXHOTO ropoacKoro xmurest [1].

B passbie roasl B . EpeBaHe crnennanucraMu-IeHAPOIOTaMH TPOBOIHU-
JIUCh HAYYHBIC WCCIIC/IOBAHUS M WHBCHTAPHU3AIU 3€JCHBIX HACAXKICHUHN C Iie-
JBI0 YTOYHEHUS W OIpENeleHUs UX JCHIPOJOTHYECKOTO COCTaBa, OICHKH WX
JIeKopaTuBHOCTH [2-6].

[To maHHBIM yKa3aHHBIX aBTOPOB M COOCTBEHHBIX WCCIEIOBaHUM [7] Ha-
ypHasg ¢ 1960-X IT. U1 pa3HBIX TUIOB W KaTETOpUH O3eJeHEHUs Topoa ObLIH
HCIIOb30BaHbI 0K0JI0 250 BUIOB JIPEBECHBIX PACTEHUM.

[lonapnsromiee GonbIMHCTBO (CBBINIE 75%) HCHONB3yeMBIX BUIOB SB-
JISTFOTCS. MHTPOYIUPOBAHHBIMHU TIPECTABUTEIISME Pa3IMYHBIX HHO3EMHBIX JICH-
npodmop — Kaskaza n Kpeima, EBpocubupu, Boctounoit Asum u CeBepHOit
Awmepuku (Acer negundo, Juniperus virginiana, Robinia pseudoacacia, Quercus
robur, Biota orientalis, Sophora japonica, Populus bolleana, Platanus acerifo-
lia m np.). BMecTe ¢ TeMm cienyer OTMEeTHTh, YTo EpeBaH, pacnoiio)KeHHBIH B
MTOJTYITyCTBIHHOM 30HE Ha 3HAYMTENBHBIX BBICOTHBIX mepemnanax (900-1350 m
HaJ yp. M.), XapaKTepPU3yeTCsl Pe3KO KOHTUHEHTAJIBHBIM KIMMAaTOM U Pa3HBIMH
MUKPOKIIMMATHYECKAMH yCIOBHSMH. B Takux yCIOBHSX MPH CO3JaHUH Pa3Iny-
HBIX THIIOB U KaTETOPUi 3€JeHBIX HACAKICHUI HE0OX0JMMO CTPOTO COOITI0IATh
OINTUMAJBHOE COOTHOLICHHUE a0OPUTEHHBIX M UHTPOAYLMPOBAHHBIX BUIOB Ape-
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BeCHBIX pacTeHuil. OHAKO, KaK MOKA3bIBAIOT HAIIM MHOTOJETHHE HCCIIEI0BA-
HUs1, a0OpUTEHHBIC JIEPEBhsl U KYCTAPHUKU B COCTAaBE JICKOPATHBHBIX HACAKE-
HUHW CTONWIBI TPEACTaBIeHBl KpaliHe OeaHO, B TeX Ciydasx, KOTJa WHTPOIY-
LIEHTHI, KaK MpaBWJIO, MO CKOPOCTH POCTA, JOJTOBEUHOCTH, MHOTJA U JEKOpa-
THBHOCTH YCTYMAIOT abOpUTeHHBIM BuaaM. HexgocTarounoe xonmuiecTBo abopu-
TeHHBIX BHJIOB 3aKOHOMEPHO M JJISi OCTAIBHBIX TOPOJOB M HACEJICHHBIX ITyHK-
ToB pecrybnuku: 39 BunoB (B Banamzope), 66 (B 3anresype u Merpu). Bo Bcex
CIIy4asix KOJUYEeCTBO a0OPUTCHHBIX BUJIOB B 03CJICHEHUH TOTO WU HHOTO IYHK-
Ta He npeBbimaet 53% oT o0IIero ASHIPOIOTHYECKOTo cocTasa [5, 9].

JlecATUICTHIMH HCCIIEIOBaHUSIMH COaBTOpa HaHHOU ctathu JK. A. Bapna-
HsHa [8, 9] mokaszaHo, uTO abopureHHas AeHApodIopa ApMEHUN YpE3BBIYAHHO
Oorara neHHpIMU BUgaMu (346 BunoB u3 118 pomos u 54 cemelcTB). ITO OKOJIO
9% ob1ero coctaBa (GIIOpPHI peCIyOIHUKH.

bruomopdHBIit criekTp UMeeT CIeAyIOUIyIo KapTUHy: AepeBbs — 137 BUIOB,
KycTapHUKU — 122, kycTapHU4KkU — 30, moNyKycTapHUKHU — 48 U auaHbl — 9 Bu-
TOB. XBOWHBIX BCETO JUIIH 7 BUAOB. [lomaBisroniee OOMBITHHCTBO IPEBECHBIX
pacTeHuit ApMEHUH, UMesl HAyIHOE (PEHUKTHI, SHAEMUKH, KPACHOKHIDKHEIE BU-
IIBI U IP.) ¥ XO3SIMCTBEHHOE 3HAUYCHUE, OTINYAIOTCS TAKXKE BRICOKOU JTIEKOpaTUB-
HOCTBIO, B YACTHOCTH, U3 XBOWHBIX: CTEIIOIIAECS MOMXOKEBEIbHUKH (Ka3allKui —
Juniperus sabina n HU3KOpOCHBIA — J. depressa), a Takke HEKOTOPBIE BEYHO3E-
JICHbIE PEIMKTOBBIE MPEACTABUTENH TpeTHuHOH (aopsl (Hedera helix, Periplo-
ca graeca u Jp.) — MOTYT CITy>KUTh TIOYBOITOKPOBHBIM CPEJCTBOM TIPU 3aKpel-
JIEHUH KPYTHIX CKIIOHOB.

MHorouuciieHHbIe AUKHE MI0a0Bbie (Amygdalus fenzliana, Cornus mas u
JIp.) 3aIIBETAIOT paHHEH BECHOU KPAacUBBIMH M3AIIHBIMH I[BeTKaMu. B cepeaune
U KOHIIE BECHBI WX 3aMeHSIOT Malus orientalis, Punica granatum, a Takxe
npeactaBuTenu ponos Pyrus, Crataegus, Sorbus, Viburnum. Spko-kpacHbEIMHU
II0JaMH OCOOCHHO OTJIMYAIOTCS BUIBI pontoB Sorbus, Viburnum, Ribes, Cratae-
gus, Euonymus, Cotinus, Punica, Berberis n np. KpacuBbiM raOUTyCcOM H CEepo-
MeNeNbHBIM [IBETOM CTBOJIA BBIIEISIOTCS HEKOTOPBIE IIMPOKO PACIPOCTPaHEH-
HBIC JIecoOOpasytomte noponsl: Fagus orientalis, Carpinus betulus, Betula lit-
winowi n np. Hekoropsie npyrue Buabl abopureHHON AeHIpodiIops! (mpen-
craButenu ponoB Quercus, Acer, Tilia, Fraxinus n Bunsl Platanus orientalis,
Corylus colurna) oTnu4aroTCst CTPOWHOM, KpacuBOM (popMoit KpoHBI, Giarogaps
KOTOPOH MOTYT yKpamaTh yauibl. HecMOTps Ha BCe 3TO B 3€JIEHBIX Hacax[e-
HUSX TOPOJa, KaK y»e OTMEYEHO BBbIlIe, a0OpUTreHHbIe (YKa3aHHbIE U HEKOTO-
pble IpyTHUe) BUIBI JEPEBHEB M KYCTAPHUKOB OTCYTCTBYIOT WIIH K€ HE UCIOJb-
3YIOTCS B IOCTAaTOYHOM KOJIMUECTBE.

B paznmnuHbIX THIIAX U KaTETOPHSIX 3eJIEHBIX HACAKICHHUH BCTpedaroTcs 73
BHJIa a0OpUTEHHBIX JAPEBECHBIX PACTCHUH, B TOM YHCle 42 BUAa JepeBbeB, 28
KyCTapHUKOB M 2 Buja JiMaH (Tadu. 1).

346



Ta6auna 1
IIpeacTaBiieHHOCTH APEBECHBIX PACTEHHIT Pa3JIMYHOIO reorpaguyeckoro
MPOMCXOKIEHHS B 3eJIeHbIX HacaxkaeHusx r. EpeBana

B tom uncie

Mpescrasures o >xu3HeHHBIM opMam ITo Tunam u xKaTeropusM o3eraeHeHHs
Pa3IUYHbIX Yucio B xa- |B ynuu-| B rpyn- KB Beptu-
nenapodop BHJIOB i K K | TIx 1 yecTBe| HBIX | MOBBIX Maro- KaJbHOE

COJIM- | HacaXx- | rmocana- 03¢-

poxu

Tepa JCHUSX Kax JICHCHUEC
AOGOpHUreHHOI
JIEHIPOGIIOPEI 73 | 42 | 28 | - | 1| 2 |19 13 34 6 3
ApmeHun
EBpasuit, BTOM | gy | g3\ oy | | U | 4 |27 | 19 | 33 | 11 | 4
yuciae KaBkaza
Ceseproii 46 | 28 | 16 |- |- 2|17 15|29 | 9 2
AMepuku
JanbHero
Bocroka n 51 |- -2 |8 | 3] 8| 2
BocTounoi
Aszun
Hroro 251 | 138 102 | - | 1| 10| 74 65 127 | 34 11

Ipumeuanue k mabn. 1 u 2. ]| — nepesss, K — kycrapanku, Ka — xycrapuanukn, 11k
— MOJYKyCTapHUKH, JI — JTnaHbl.

B cpaBHHUTENBHO OONBIIOM KOJIWYECTBE HCIONB3YIOTCS M MOYTH BO BCEX
TUTaX JEKOPAaTHBHBIX Haca)XIeHWH BCTpe4aloTcsi Bcero 28 BUIOB: Acer pla-
tanoides, Berberis vulgaris, Elaeagnus angustifolia, Cotinus coggygria, Plata-
nus orientalis, Ligustrum vulgare, Padus racemosa, HEKOTOpbIE BHIBI POJIOB
Fraxunis, Populus, Salix v np.

Oxomno 30% accopTUMEHTa HCIOIb3YeTCsl B OrPAHUYCHHOM KOJTHYECTBE:
Corylus avellana, Euonymus europaeus, Grossularia reclinata, Philadelphus
caucasicus, Clematis orientalis, Carpinus betulus v np. Ananus neHapococ-
TaBa 3€JICHBIX HACAXKICHUI CTONHIIBI MOKA3BIBACT, YTO OOJBITHHCTBO PEAKHX U
MCYE3aI0NINX BUJIOB, a TAKKE SHJIEMUKOB U PEIUKTOB JEHIPOQPIOPH ApMEHUH
OTCYTCTBYET HJIH JK€ BCTPEUACTCS PEIKO, XOTSI MHOTHE M3 HUX OTJIUYAIOTCS BbI-
COKOM 3aCyXOyCTOMYMBOCTBIO M 00JanaloT JeKOPaTUBHOCTBIO: Rhus coriaria,
Ephedra procera, Sambucus tigranii, Jasminum fruticans, Pistacia mutica, Lo-
nicera iberica, Zelkowa carpinifolia, Caragana grandiflora, Amygdalus fenz-
liana, penkue Bunbl ponoB Pyrus, Sorbus, Salix, Crataegus w np. Kpaiine He-
JOCTATOYHO HCIONB3YIOTCS TaKKe ApeBecHbie nuanbl (Periploca graeca, Cle-
matis vitalba, Hedera helix, Lonicera caprifolium). Ilocnenane MOTyT UTpaTh
HE3aMEHUMYIO POJIb B BEPTHKAJIBHOM O3EJCHCHHH CTOJMIBI. BONBITMHCTBO M3
HUX BHECEHBI B KPACHYIO KHUTY APMEHHUH U HY>KIAI0TCsl B MOJIHOU oxpane [10].
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Kak nokaspiBaeT aHanu3 ACHAPOCOCTaBa 3€JCHBIX HACAKACHUH ropojaa 1o
reorpadudaeckomy mpoucxoxaeHuro (tabdma. 1), 6omsme 70% (178 BunoB) sBius-
FOTCSI UHTPOJYLIEHTaMHU U3 YMEPEHHBIX 30H EBpa3uu, B KOTOPYIO U BKJIIOYEHBI
Kaska3z (81 Bun), Ceepnas Amepuka (46), Janpauit Boctok u Boctounas
Aszus (51). llpuBenennsie B Tabn. 1 JaHHBIE MMOKa3BIBAIOT, YTO BCe OOTaHHUKO-
reorpaduueckrue peruoHsl MOYTH OANHAKOBO IPEACTABIICHBI B 3€JICHBIX HACAXK-
neHusix T. EpeBaHa, HCKITIOYEHUE COCTaBIISIeT eBpasuiicKas OOIIUpHas TepPUTO-
pust. 31€Ch YHCIIO MHTPOAYLMPOBAHHBIX BUAOB B 1.5-2.0 pa3a Oomblue, ueM 4u-
CJIO CEBEPOAMEPHUKAHCKUX U BOCTOYHOA3MATCKUX HHTPOAYLICHTOB. Bo Beex ciy-
Yasix XBOWHBIEC 1 0OCOOCHHO JIpeBECHbIE JIMAHbI TIPEICTABICHBI KpaiiHe OeIHbIM

Tao6auna 2
IK0JIOT0-0HOIOTHIECKAS OLEHKA NIUPOKO MPUMEHSIEMbIX MPeICTABUTEIEH
a0OpHUreHHBIX JEeHAPOrPyNI B o3ejieHeHnn r. EpeBana

KonunuectBo

B Tom yucine no [IpuMeHEeHUE B OTAENIBHBIX
MPUMECHSACMBIX]|
JKNU3HCHHBIM THIAX U KaTETOpUIX
hopmam B O3CIHCHCHUH| 4 remprx HacaXICHUI
BHUIOB
X
Oxosioro-Gronornieckue| o B | .
bICOTHBIC <
JIEHAPOrPYIIIbI 1O Yucino 5| =
npeensl, M sl =51 F
BBICOTHBIM I1OsICAM Hajl M BHUOB }5) % 131 =
Apmenun ¥p- M- = § Bl 5|
[ K |Ka [[Ix I |gncno| % § B8 €,
2| §1E| 2|2z
sl E|E| o]l S8
8| 2| 5| 5| E5
) = ol =]
2l »| EF| 5| &9
|l o || X|@ 3
IIpencraBurenu
nenapodopsl cyxux |xo 700(800)| 88 [44(26| - 13| 5| 5 5T 1-1 - 1512 -
CyOTpOITMKOB
IIpencraButenu
MPEAroOpHOI U 700-
MOy Iy CTBIHHON 100(1200) 179 |72|54{10(35{ 9| 7 3812 - | 6] - -
KcepohHIbHON
JIeHIpOQIOpHI
IIpencraBurenu
TIEeHIPOQIOPHI 1000(1200)- ) i
ApHIHbIX 1500(1600) 205 |87|72 43131 9 |43 |3] 3 |52
peaKoecHii
[IpencraBurenu
CMEIIaHHBIX 1500(1600)-
ImpoKoucTBeHHbIX | 2200(2400) 215 91|81(13]28| 3| 21 |9.76|11] 8 |15]| 2 3
JICCHBIX LICHO30B
IIpencraBurenu
JIEHAPOQIIOPEI BBILIIE ) . i
Cy0OanbIuHCKHX 2200(2400) 35 |14y 317 S| 14313 23
peaxonecui

cocTtaBoM (2-4 BUA), YTO OOYCIOBIICHO PE3KO KOHTHHEHTAILHBIM M CYXHM KITH-
MatoM T. EpeBana. IMEHHO 3THM 0OCTOSTEIBCTBOM OOYCIIOBJIEHA HU3KAsS KO-
JIOTUYECKask MPUCTOCOOJICHHOCTh MHOTHUX ME30(HIIBHBIX BHJIOB JPEBECHBIX,
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0CcOOCHHO B TIEPHOJ JIETHETO Ce30Ha (MIONb-aBryCT) IPU KpailHe HU3KOH OTHO-
CUTENbHOU BIAXXHOCTH Bo3nyxa: Aesculus hippocastanum, Abies nordman-
niana, Cedrus deodora, Chamaecyparis lawsoniana, Cryptomeria japonica,
Fagus orientalis, Liriodendron tulipifera, Metasequoia glyptostroboides n np.
[Ipu pa3paboTke MEPCIEKTHBHOTO aCCOPTHMEHTA JIPEBECHBIX LI Pa3IMYHBIX
THTIOB M KaTETOPHI 3€JICHBIX HACAXXIEHUI HEOOXOMMO YUUTHIBATh BCE 3KOOMO-
JIOTHYECKHe 0COOEHHOCTH MHTPOYIICHTOB.

C uenpio BBIBICHUS BBICOKOACKOPATHBHBIX aOOpPUTE€HHBIX APEBECHBIX
pacTeHuit TSl IIMPOKOTO MPUMEHEHHUS B 3€JICHBIX HACAKCHHSIX TOPOJIOB U Ha-
CEJICHHBIX IYHKTOB PECIyOJIMKH, B MEPBYIO odepens A EpeBaHa, Hamu mpo-
BEJCH SKOJIOTO-OMONOTHUYECKUH aHaNN3 Pa3IM4YHbIX IEHIPOTPYII — IEHIPO-
(h0opBI IeCHBIX 1IeH030B ApMerHuH [9].

Kaxk cBuaeTensCcTBYIOT TaHHEIC, IPUBEACHHBIC B Ta0JI. 2, HanOosee Oorara
neHapodIopa apuaHBIX peaKojechii cpemuero ropuoro mosica (1200-1600 m
Haja yp. M.) — 205 BUIIOB U CMEIIAHHBIX MIMPOKOIUCTBEHHBIX JecoB (1600-2200
M) — 215 BumoB. KpaitHe OeaHBI JpEeBECHBIMH PACTCHHAMH CYXHE CYOTpOITH-
yeckue MUKpopaitonsl (1o 700-800 M) — 88 1 ocobeHHO cyOanbnuiickue peako-
nechs (Boime 2200 M) — 35 BugoB. B NeHAPOKIMMATHYECKOM OTHOIICHUW Hau-
0oJiee EHHBIMYA UCTOYHUKAMHU JIJISl TPUBIICYCHUS SKOJIOTHYECKH TUTACTUYHBIX U
JCKOPATUBHBIX BUJOB JIPEBECHBIX PACTEHHU SIBIAIOTCS TOPHOKCEPOQHIILHBIC
(monmymyCThIHBIE) pacTUTENBHBIE COOOIIECTBA M Pa3IMYHbIe TPYIITUPOBKH apy-
HBIX (JMICTBEHHBIX M MOJMOKEBEIOBBIX) peaKoniecuil. UMeHHO B 3THX Kcepo-

Taoauna 3
OnTuMajbHOE COYeTaHHe MPUMEHEHHS BbICOKOIEKOPATHBHBIX
a0OpPUTeHHBIX U HHTPOLYIHPOBAHHBIX AeHPOTPYIII B Pa3INYHbIX
THIAX 3eJIeHBIX HacaxaeHuii r. EpeBana

B Tom uncne
ABopHTCHHBIC 1 IMepcriekTUBEI IPHMEHEHNS 110 THIIAM M KaTeropHsM
uHTpoAyLH- | Yncio 03€JIeHEHHs
pOBaHHbBIE BujioB | JlHCT- XBoitHbIC (B raqocts B
JIEHPOIpyIIIbI BECHHBIC B ynnunbIX Kussle |BeprukaibHoe
BE IPYIIOBBIX
HaCaXJIEHHAX U3TOPOJH | O3eleHEeHue
conurepa ocagKax
Abopurennsie | 86 82 4 29 18 63 4 6
EBpasuu, B ToMm
yncne KaBkasa 7 50 7 26 22 30 3 )
c .
AP 129 |18 | 11 17 18 24 4 2
MEPUKH
JlanpHero
Bocroka u
Bocrodroii 31 25 6 23 19 24 3 3
Asun
Bcero 203 | 175 28 95 77 141 16 11
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(UIBHBIX pacTUTENBHBIX (POPMALMAX COCPEIOTOUYCHO MOAABIISIONIee OONBIINH-
CTBO PEAKHX W IIEHHBIX MpEeCTaBUTENeH abopureHHoi nenapoduopsl. OmHako,
KaK TI0Ka3bIBAIOT HAII UCCIIEOBAaHMs, B 3€JICHBIX HacaXaeHMsX T. EpeBana uc-
MOJIB3YETCsI BCETO JIMIIL 16 BUOB U3 3TOTrO AeHApococTaBa. HegocTarouHo uc-
MOJIE3YIOTCS TaKKe MPECTaBUTENH KcepoMe3opunbHbIX (21 BUI) U cyOanbnuii-
CKHX Me30(UIBHBIX (5) JIeCHBIX (popmartuii.

Ha ocHoBanum aHanu3a pe3yabTaTOB MHOTOYHCIIEHHBIX MCCIEIOBAaHHUNA IO
3eJIeHBIM HacaKAeHUsAM I. EpeBaHa U uX JeHIPOJIOrHUecKOMYy cocTaBy [8], ako-
Joro-reorpau4eckoMy ¥ TaKCOHOMHYECKOMY COCTaBy HCIIOJIB30BaHHBIX Jpe-
BECHBIX PAaCTEHHH, SKOJIOTHUECKON MPUYPOUEHHOCTH K ACHIAPOKIMMATHIECKIM
YCIIOBUSIM H OIIEHKE AeKopaTHBHOCTH [12, 13] Hamu pa3paboTaHO ONTUMATIBHOE
COUYEeTaHNE TIPUMEHEHHS BBICOKOJIEKOPATUBHBIX a0OPUTEHHBIX W WHTPOIYIHPO-
BaHHBIX IPEBECHBIX PACTCHHUU IJISl Pa3NUYHBIX THIIOB M KaTErOpHH O3CHEHUS T.
EpeBana (tat6m. 3).

CornacHo 3TUM JaHHBIM pexoMeHayercs: 203 Buaa BEICOKOAEKOPATHBHBIX
JIEPEBBEB M KyCTAPHUKOB, B TOM YHClIe 86 a0OpUTCHHBIX (82 NHCTBEHHBIX, 4
XBOWHBIX); 31 mpeactasurens AeHApodaopsl JansHero Boctoka n Boctounoii
A3suu (25 nMCcTBEHHBIX U 6 XBOWHBIX); 57 npeacraButeneil EBpasuu, Bkitouas u
Kakaz (50 nucTBeHHBIX W 7 XBOWHBIX) W, HaKOHEI, 29 TpeicTaBUTENeN JieH-
npodmoper Ceeproit Amepuku (18 muctBeHHBIX u 11 xBoitHbIX). Kak BumHO,
MHTPOAYIUPOBaHHBIX BUOB (117) Gombiie abopureHHbix (86) B 1.5 pasa. B pe-
KOMEH/IyEMOM acCOpTUMeHTe 95 BUIOB M cafioBBIX ()OPM MPUTOAHBI IS HC-
MOJIb30BaHUs B KAYECTBE CONUTEPa, 77 — JUIsl YIMYHBIX HacaxaeHui, 141 — nns
TPYMIOBBIX MOCAAOK, 16 — /i ®UBBIX u3ropogei u 11 — a1 BepTUKAIBHOTO
O3€JICHEHMS.

Wuctutyt 6oTanuku um. A. Taxtamksaa HAH PA
e-mail: ktrakyan94@mail.ru

Yaen-xkoppecionaeHT HAH PA K. A. Bapanansn, C. A. Krpaksan

IKO0J10r0-010JI0rMYeCKHe ACTIEKThI ONITUMAIBHOIO COYETAHUS
a0opureHHbIX U HHTPOAYUMPOBAHHBIX APeBeCHBIX PaCTeHUH,
NpUMeHsieMbIX B 03eJieHeHnH I'. EpeBana

Ha ocnoBanus ananmusa 250 BunoB aenapoduops! r. EpeBana nansl sxonoro-omo-
JIOTHYECKHE aCIeKThl COUETaHUs a0OPUTEeHHBIX W MHTPOyLIMPOBAaHHBIX BUIOB. [Ipemia-
raercs 203 BBICOKOJEKOPATHBHBIX BU/A JUIS IPUMEHEHUS B PA3IMYHBIX THIAX U Kare-
TOpHSX 3eNIeHBIX HacaxaeHui T. EpeBana, B ToM gucie 86 mpencraButeneid abopureH-
HOW aeHnpodopsl Apmennn U 117 mpencraBuTeneit pa3IHIHBIX OOTaHUKO-Teorpadu-
YECKUX paHOHOB YMEPEHHON 30HBI CEBEPHOIO MOJIyIIAPHSL.
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22 QUU prpuhhg winud 4. Z. Jupnuigui, U. U. Qunpuljjut

Ephwih jutwswyuindwui dke oqunuugnpdynn mbnushi b tkpdnisdwus
Swnwpnijubkph oupinhduy gmiquljgdwt Eynjngn-htruwpubuljwt wuwkljnubpn

Gplwt punuph jutuywyundwt Uk oqunuugnpdynn onipe 250 mkuwlh swnw-
poyubph Juppwugsh Yhpnisnipjut hhuwt Jpu wpynwd ki wpnphqbn o ubpdnisdus
Swnwpnyubph owwhdw) qniquljgdwut Eyningn-jhhuwpuufud wuyklunutpp: Cun
uynd wnwewplynid Eu Gplhwlt pwnwuph wmwppkp wmhyh b juwnbgnphuyh fubwy
nbjuplubpnid ogunugnpsty 203 wkuwlh pupdp ghinuqupn Swnwpnyubp, wyy pyncd
86-p Zugywuwwbh wpnphgkl pkunpndpugh, hul 117-p° hmupuwghtt Ghuwgnh
pupbjuwnt gnunnt mwppbp poruwwjuuphwqpuijut oppwtinbph ukpyuyugnighsutin:

Corresponding member of the NAS RA Zh. H. Vardanyan,
S. A. Ktrakyan

Eco-Biological Aspects of the Optimal Combination of Native and
Introduced Woody Plants Used in Greenery of Yerevan

The article presents the ecological and biological aspects of the combination of
native and introduced woody plants, based on the analysis of the behavior of about 250
species. Two hundred and three species of highly ornamental woody plants are
recommended for use in various types and categories of greenery in Yerevan, 86 of
them are representatives of native dendroflora of Armenia, and 117 are representatives
of different botanical and geographical regions of the temperate zone of the Northern
Hemisphere.
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