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OUSNKO-TEXHUYECKUE HAYKH
MATEMATHUKA

O P’ -MIOCJEJOBATEJBHOCTSX TAPMOHUYECKHUX
®YHKLUNA KJIACCOB %!

C.JI Bepoepan

samvel357@mail.ru

AHHOTAIIUA

B pabote paccMmarpuBarOTCs HEOOXOIMMBIE M JIOCTATOYHBIE YCIOBHS
MIPUHA/JICKHOCTH TAPMOHUYECKUX (DYHKIMH, ONMpPEJCIICHHBIX B €IMHUY-

HOM KpyTe, K k1accam R’ AHaJOTHYHbBIE HCCIIEOBAHUS PaHee MPOBOIH-
JIUCH JUI MEPOMOPGHBIX U roJI0MOPGhHBIX (GyHKIIUH.

KiroueBbie caoBa: rapmonnueckue ¢(yHkuud, P’ -mocnenoBateins-
HocTH, Kiaccer RY.

B nmambHeiiieM OymeM NpHIOEPKUBATHCS OOIIEPUHATHIX 0Oo3HaueHwmid [1-7].
O6o3HaunM 4epe3 D u [ cOOTBETCTBEHHO, CAMHUYHBIN KPYT |Z| <1u eAUHUYHYIO

OKPYXHOCTb |Z| =1. O6o3naunm uepes L(E, @) rumepmmkn, nmpoxonsmmii uepes
i0 o 0

toukn £ =€'", =& u xoropeIii 06pasyeT yron ¢ ¢ muamerpom A°, coeqMHAIOMIM

toukn & n =& . Hyers H(E,@,,@,) — o6nacts, orpannuennas JByMs THIIEPLHK-

namu L(&,@,) n L(&,9,) . Uarepnperupys xpyr D kak MOZelb IUIOCKOCTH B T€0-

merpun Jlobauesckoro 06o3Haunm uepes o (Z;,Z,) HEeBKINIOBOE PACCTOSHIE MEXK-

Ay ToYKamu Z,, Z, u3 kpyra D:

1 1+u z,-12
o(z,2,)==In ,rie U=|———2|.
2 1-u 1-27,

[TonsiTre HOpMaNTbHOM (DYHKITHH, paCCMOTPEHHOE I MEpOMOP(HBIX QYHKIHHA 1
COCTOSIIIIEE B CBOWCTBE MOPOXKIATh HOPMAIbHOE CEMEHCTBO B rpymmne 1 Bcex KOH-
(hopMHBIX aBTOMOP(HU3MOB 00JacTH ompesesieHus], ObLIO 3aTeM TEPEHECeHO Ha Tap-
MOHHWYECKHUE U cyOrapMoHudeckue GpyHkuuu. B coydae eguauaHoro kpyra D rpymma

: 1
T cocrour u3 snementos T ={S(2);S(z)=€“(z+a)-(1+az) , & — npoms-
BOJIbHAs Touka B D, O/ — NpoU3BOJIbHOE JeHCTBUTENBHOE YKcio }. TIpunepkuBasch

1 .
Pabota BbInosiHeHa B paMKax IporpaMmbl pa3BuTHs Poccuiicko-ApMsSHCKOTO YHUBEPCHUTETA.



10 C.JI. bepbepan

00o03HaueHuil u3 pabotsl [1], ckaxem, uro neiictBurensHo3Ha4yHas Gynkuus f(z) e

R, ecnm Ha tpymme T Bcex KOHGOPMHBIX aBTOMOP(HU3MOB €IWHHYHOTO Kpyra D
nopoxnaemoe eto cemeiictBo ¢pynkuuit @ :{f (S(z2)); S(z) € T} nopmansuo B D B

cMbicie Montenst, T.e. u3 joboii nocienosarensHoctu {f (S, (z))} cemeiicta @,
rae S,(z) €T mosxno ussneus noanocnenosarensuocts { f (S, (2))}, pasHomepro

cxozsiyrocs Ha mo6oM komnakre K B D win paBHOMEPHO PacXOAALIYIOCS K —00
i k 10 Ha K. B cratee [1] B.W. 'aBpunoBeM Obuta chopmynupoBana obrast 3a-
naya 06 M3y4EHMH TPAHMYHBIX CBOWCTB MEPOMOP(HBIX (YHKIHMH, MOPONKIAOIIMX
HOpMaJIbHBIE CeMeNCTBA Ha moArpymmnax rpymmnsl T . Beuta paccMoTpeHa moArpymmna
0 O(N-QO(5) _ i0 -io )
T ={S](2);S,(z) =(z+ae")-L1+aze™), rme ac(-L1) n 9§, 0<O< =7
dukcuposano } . JleficTButensHo 3Haunyto gynkimio f (z) ormecém k kmaccy R,
e 0< @< rm- dukcupoBaHo, ecnu MOPOXKIAEMOE €I CeMEHCTBO (GyHKIMI
9 0 . 0 4
@7 ={f(S;(z)); S, €T’} mnopmamsho B D B cmeicne Mountens. Ilycts
H(&, ¢,,@,) — obnacts, orpannuennas xeyms runepunkiamu L(E, @) u L(E,¢,)

IMocnenoBaTeNnbHOCTh  TOUEK {Zn} ,z,€D,n=12,..,lim |Zn| =1,  npume-
n—oo

HHUTEIIBHO K rapMOHMYECKMM (YHKIMsIM, Ha3zoBeM P’ -mocienoBarenbHOCThIO [7],
ecnu a7st o000 ee GECKOHEYHOM MOAMOCIIEN0BATENRHOCTH {an } HAMeeT MeCTO Clie-

NYIOIIEE YTBEPKACHHE: KakoBO Obl Hu Obuto umcno &3>0 B 00bemuHeHHM

o0
kLilD(anvg) HEEBKJIUIOBBIX KPYTOB D(an’g) C HECBK/IMIOBBIMHU LCHTPAMH Z, U

HEeBKINIOBbIME paguycamu & > 0 rapmornueckas GyHKIs u(z) npuHUMaeT Oec-
KOHEYHO YacTO KaXKI0€ KOHEYHOE [eHMCTBUTENbHOE 3HaueHue. HaszoBem xopay
h(&,¢) P’ — xopnoii rapmonnueckoii gpynxuin U(z) B Touke & , ecmn h(&, @)
CONEPXKUT HEKoTOopyr P’ -mocnemoBaTenbHOCTh (DYHKIMH u(Z). Copmymnupyem

OJIMH M3 OCHOBHBIX Pe3yJbTaTOB HACTOSAIIEH paOOTHI.
Teopema 1. JIns Toro utoObl rapMonudeckas B D dyHKmms u(z) Obuta U3

xracca R?,0< 0 < & — pukcuposaHo, HEOGXOAMMO H TOCTATOUHO, YTOOHI B THO6OI
runepiykindeckoii oonacru H(E, ¢, 0,), rneé = e (um—e"), ne CYIIECTBOBA-

na Ob1 HU ofHA P’ -mocnie1oBaTenbHOCT.
ITpu 10Ka3aTENBCTBE TEOPEMBI 1 HCIIONB3yeTCs Clle/yIolee YTBEPIKICHHE.
Jlemma. ITycts HenpepbiBHast B D pynxims f (z) u3 xmacca 07,0<80 < 7 —

(MKCHPOBAHO U CYIIECTBYET TIpee M[l f(z,) =C mo moboii nocienoBareabHOCTH

{Zn}, nexamedl B HeKOTopoil rumepuukiandeckoi  obnactu H(E, @, ¢,) n

z, > &=¢€"(umxk —e'%). Ecim {z,} — mpou3sBoNBbHAS OCIENOBATENLHOCTh TOUEK



. 0
O P’ - nocredosamenvnocmsx zapmonuueckux ¢ynxyuti kraccos R

8 D, ws xoropoit limao(z,,2,)=0,tou limf(z,)=c.
N—o0 n—oo
CripaBeUTHBBI TaKXKe CIICAYIOIIHE YTBEPKIACHHS.
Teopema 2. TIpeArnonoKuM, 4To MOCIEA0BATEIBHOCTh {Zn} n=12,..., nexa-

masi B HeKOTOpoii runepuukimdeckoii oonactu H (&, @, @,), sBusercs P’ - moce-
JIOBAaTEJIBHOCTBIO IS TapMoHuYeckord B D dyHkmuu U (Z) U MYCTh {Zr:} — mobas

Apyras IIOCJICAOBAaTCIbHOCTL TOYCK Kpyra B D ,  YAOBJICTBOPAMOIIAA YCJIOBHUIO

lim O'(Zn, Z;) =0. Torma TNOCIEIOBATEIHLHOCTD {zr;} Takke sBisercs P’ -

n—oo

MOCIIEIOBATEILHOCTHIO (DYHKIIUU U (Z) .

TeopeMa 3. Hpel[HOJ'IO)KI/IM, YTO CYHIECTBYCT MOCICAOBATCIbHOCTDb MTOJIOKUTCIIb-

HBIX YUCEN {5n} , lim 5n = 0 u Takas nocinea0BaTeIbHOCTh TOYEK {Zn} , IeKamas B
nN—oo

HeKOTOpOi runepuukimyeckoit obmacru H (&, ¢, 9,), uto z, — & =€ ( mm
—e'%), u mo xoropoii rapmonmueckas B D (pyHKims u(z) UMeeT KOHEUHBIH Win

Geckoneunslit npenen limu (Zn) =, B TO BpeMs Kak JUId KaXIO0Tro N B HEEKIHIO-
n—oo
BOM KpyTe D(Zn , 5n) = {Z eD, G(Zn, Z) < 5n} cymecTByeT Touka t_ , B kotopoit

‘u ('[n ) — a‘ > &,, ecmi (' — KOHEYHOE YHCIIO U

u(t,)< =

< —, ecmu O — GECKOHEYHOE YHCIIO, (1)
rae &, >0 — duxcupoBanHoe uncio. Toraa U3 MocIeI0BaTEILHOCTH {Zn} MOKHO

&y

BBIOpATh MOJIMOCIICAOBATEILHOCTD, SIBISIFOLIYIOCS P’ -1ociieoBaTenbHOCTRIO ISt
dbyHKIIIN U (Z)

B kadecTBe ciencTBus monydaeM Teopemy 4.

Teopema 4. [Tycts rapmonmnueckas B D dynxums u (Z) AMeEET KOHCYHBIA WIIN

OECKOHEUHBIH mpejie !im u (Zn) = 10 TaKoil MOCJIe0BATENLHOCTH TOYEK {zn } ,
-
nexameil B HekoTopoil rumepumkiandeckoir  obmactu  H (S, ¢, 9,), uro
z, > &= e“g( win k —e'’ ), CYILECTBYET MOCIEI0BATEILHOCTh TOYEK {Z,:} , I KO-
TOpOit rl]im O'(Zn, Zr:) =0 u cnpaseumBsl cootHomenus (1). Toraa n3 mocnenopa-
—w
TENEHOCTH {Zn} (mm{zr’] }) MOYHO BBIIEIHUTE TIOANOCIEI0BATENBHOCTD, SBISIOILYIO-

cs1 P’ -mocienoBaTenbHOCTHIO A1t PYHKIHH U (Z) .

11
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ON THE P’_SEQUENCE OF HARMONIC FUNCTIONS OF CLASSES R’

S. Berberyan

SUMMARY
This paper considers the necessary and sufficient conditions for the har-
monic functions defined in the unit circle, classes R’ . Similar studies
carried out previously for meromorphic and holomorphic functions.
Keywords: harmonic functions, classes R’ , P’ — sequence.

erunk oNeNUYUL A-ZUUTUGNR FUQUULMIULESE U LEMraususnNnhu

U.L. FEppbpyui

uvoenenku

Ustuwnwtipnid ghunwpyynid & dhwygnp opowbind npnodwd
hwipunuhly $nruljghwtph R’ nuubphtt wwnjuubkhnipjut wi-
hpwdton b puwdupup yuydwbkpp: Unwye tdwt htwnnwgnunnt-
pintuubpp juuwpyl] B dbpndnpd b hnpndnpd dniuljghwmnbph
hwdwp:

Zpftwpmnkp’ hwpdnbply $mihghwibp, R® - quutp, P’ - hw-
qnppuljuunipnibbp:
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HNPUYNHHO-CJIEACTBEHHAS CBs3b
B OKOHOMMNYECKHUX ITOKA3ATEJIAX
HA ITPUMEPE KYPCOB PYbJIA, JOJIVIAPA U EBPO

A.A. Bazapwaxan, H.A. Bapoanan

Poccuiicko-Apmanckuil (Crassanckuil) yHueepcumem
Hucmumym mamemamuxu u blCOKUX MEXHOL02ULL
irena_123@bk.ru

AHHOTAIUA

B naHHO# cTaThe ObLIa H3y4eHa IPUYHMHHO-CICICTBCHHAS CBSI3b JUIS Bpe-
MCHHBIX PSIOB B YKOHOMHYECKHX MOKa3aTessix. IIpoBeaeH aHaiu3 Kyp-
COB pyOIIs1, oJUTapa ¥ €BPO ¢ MOMOIIBIO TPEYTOJIBHOTO U MPSMOYTOJIBHO-
r'O OKOH.

KiioueBble ci0Ba: BpEeMEHHOW psiJl, MPUYMHHO-CIICICTBEHHAS CBSI3b,
CHTHAJIBI, KYPCHI BAJIIOT.

BBenenune

CeronmHsi IS U3yUYCHUSI CBOMCTB OCOOCHHOCTEH CIIOKHBIX CHCTEM IIHPOKO HC-
MOJIB3YETCsl TTOAX0MA, KOTOPBII OCHOBAaH HA aHAIM3E CHUTHAJIOB, IPOWU3BOIUMEIX CHC-
TEeMOH. DTO OUCHb AKTyaJbHO B TOM CIydae, KOT/Ia OMMCaTh U3ydaeMblil mporece Ma-
TEMAaTUYECKH MPAKTUYECKH HEBO3MOXKHO, HO B PACHOPSIKEHUU HMEETCS HEKOTOpas
HaOmromaeMast BenmmunHa. [1loaTOMy M3ydeHHE cHCTeM, OCOOCHHO TPH SKCHEPHMEH-
TAIbHOM HCCIEIOBAaHUH, YacTO MPOU3BOAUTCS C IIOMOIIBI0 00pabOTKH pEerucTpupye-
MBIX CHTHanoB. Hampumep, B apUTMOJIOTMM TaKUM CHTHAJIOM SIBIISICTCS AJIEKTPOKap-
muorpamMa (OKI), B ceiicMonorum — xone0aHus KOphl 3eMJIH, B METEOPOJIOTHU — Me-
TeoHaOMIONCHNS U T.II. MccnenoBaHne TakuX CUTHANIOB, KOTIA TIPOU3BOIUTCS PEKOH-
CTPYKLHUS TUHAMHYCCKUX CHUCTEM, HAa3BIBACTCS AHAIUZOM BDEMEHHBIX PAOOG — M3Me-
peHUsT KaKoH-Tnb0 XapaKTEepUCTUKU MOJOOHOTO poja Ha MPOTSDKEHUH HEKOTOPOro
nepuoja BpeMeHH. BpeMeHHbIe psiibl UIMEIOT OOJIBIIOE 3HAUCHHUE U B SKOHOMHKE, OHU
OTPaXKarOT AUHAMUKY U3MEHEHUH SKOHOMUYECKUX TPOLIECCOB U SIBIICHHM.

Lenp anamm3a BpeMEHHOTO psifia 3aKIIOYACTCS B BBIBICHHN 3aKOHOMEPHOCTEH
9TUX U3MEHEHHH BO BpeMeHH. Kak mpaBuio, 60bIas 9acTh UMEIOIINXCS B pacmops-
JKEHUH SKOHOMMCTA CTATUCTUYECKUX JAHHBIX — 3TO BPEMEHHBIC PSI/IBI.

B yciioBusix HecTaOMIBLHON 3KOHOMUYECKOW KapTHHBI B MUPE 0COOCHHO HHTEpEC-
HO OMpeJeNeHre PUUHMHHO-CIIEACTBEHHON CBS3M MEXIY Kypcamu BamtoT. McxonHsle
JIaHHBIE KypCcOB pyOIsi, €Bpo U jaoiapa 3a nepuon 15.10.2014-15.10.2015 B3sTHI U3
apxuBa Kypco Bamot I[b PO (Www.val.ru), mpu moMoriu TpeyroibHOro U mpsMoy-
TOJIBHOTO OKOH OIpefieNieHa MPUYMHHO-CIEICTBEHHAs! CBSI3b JAHHBIX SKOHOMHYECKHX
MTOKa3aTeNne.
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MaTepl/IaJ] H METOAbI

Onpeoenernue. OrpaHMYEHHBI CHUTHAT x(n), n= 0, +1,..., asngerca cnencr-
BHEM OTPaHUYECHHBIX CUTHAJIOB
y.(n), n=0+1.., k=12,..m
€CITH CYIIECTBYIOT aOCOFOTHO CXOISIIUECS PSIBI

h.(n), n=0,£1,..., k=12,...m

TaKHue, 4To
x(n) =" > v (n=Dh(j) |, n=0,%1,..,
k=1 \_j=0

Onpedenenue. [IprauHHYIO CBS3b CUTHAIOB B TEPMHUHAX Z-TIpeoOpa3oBaHus 3a-
MIUIIEM B BUC

%(z) = iyk(z) he(z), |z]=1

rae h, (z) ABIAIOTCA OrpaHMYCHHBIMM AHATUTHIECKMMU (QYHKIUAMU BHE KPyTra ¢/IH-

HUYHOTO pajnyca.
Onpeoenenue. CKaxxeM, 4TO CUTHAII

x(n), n=0,%£1,---,

SIBJSIETCS.  TIOYTH IIEPHOJUYCCKAM, €CIH  CYIIECTBYIOT JCUCTBUTENbHBIC YHCIIA
o, €l-n, 7], k=0,1,---, uxommiekcusle uucna a,, K=0,1,---,m, Takue, 4T0

x(n)=>ae'™", n=041-
k=1

JIBycTopoHHEe Z-mnpeoOpa3oBaHue X(Z) JMIUCKPETHOTO BPEMEHHOTO CHTHAJa

X ={X,}._ ., 3amaércs Kakx:

X(2) = Z{x(m}= 3 x(n)z"

N=—0

rae N —menoe, Z — KOMIUIEKCHOE YHUCIIO.
z = Ae'?,

rie A —ammuryna, a ¢ — yriuopas yacToTa (B paAMaHax Ha OTCYET).

Teopema. Ecniu X(n), n=0,%£1,---, noutn nepuoguueckuii, To €ro z-npeodpa-

30BaHME OyIeT paBHATHCS



HpultuHHO'Cfle()CmﬁeHHa}l C653b 6 IKOHOMUYECKUX noKasameJisiix Ha npumepe Kypcos ...

rae O (Z), | z |:1 — o0beAMHEHHAS BETMYHHA, ICHTPAIM30BaHHAS B TOUKE 1.

OcHoBHas1 Teopema. OI’paHI/I'-IeHHHﬁ U IMOYTH HepI/IOIlI/I'-IeCKI/Iﬁ CHUI'HaJ1
x(n), n=0,%1,...
SABJIACTCA CIICACTBUEM OTPAHUYCHHBIX U MOYTHU NEPUOANICCKUX CUTHAJIOB

Ye(n), n=0,%1.., k=12,..,m
TOraa U TOJIBKO TOoraa, Korga
supp(X) < | Jsupp(§;)
-1

®opmyna sl OpsIMOYTOJIBHOTO OKHA:
1 | .
P.(x)=|— j X (t)e™dt
2r 7

®dopmyina 11 TpeyrojabHOro OKHa:
i

1} -
P(X)=|— | X()|1-% |[e™dt
(9= [ X017

Kypc nos1apa otHocuTeIbHO py0Jis.
75

l /% j\mm |

B5 \L

\ N
(=] I\M‘M\ [\Kp \/\‘—

551 v 1
sof /V | \5/\%\,1’/ 1

ol PV ]
/’f

40 L L L L
1] 50 100 150 200 250

HWcxonmupie nannsie 3a nmepuon 15.10.2014-15.10.2015.
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Hcxomupie nannsie 3a mepuoy 15.10.2014-15.10.2015.
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CpaBHEHHE YacTOT JJIsl KypCOB Jl0JIapa U eBpo (IMPSMOYTOJIbHBIE OKHA).
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CpaBHeHHE 4acTOT IS KypcOB JoJuIapa U eBpo (TpeyrojbHbIe OKHA).
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CAUSAL RELATIONSHIP IN ECONOMICS BY
EXAMPLE OF RUBLE, DOLLAR AND EURO RATES

A. Vagharshakyan, I. Vardanyan

SUMMARY
In this article we studied the causal relationship for time series in eco-
nomics. The analysis of ruble, dollar and euro rates using triangular and
rectangular windows is carried out.
Keywords: time series, causal relationship, signals, exchange rates.

NUSKULUZESEIULLUSEL ZUNULE NP ESNPLLELND
SLSGUNRESUL UL, NRLLNR, YNLULCDH BY, GNP OrhuLUuNY,

U.U. Jugupowmlyua, b U. Yuppubpmb

uvonoenkUu

Uju hnpJwénid dkup niunidwuppl) Gup wundwnwhbnbiwmb-
pwjhtt hwpwpbkpnipinitubpp ntnbkuwlw gniguthoubph dwudw-
twluyhtt pupplph hwdwp. Ywwnwpyky E thnpuwpdtph Jtpiniéne-
pintt noippng, gnjwph e EBYpnh hwdwp, owblnit B nigpui-
ntt wuwwnnthwuttiph oqunipjudp:

Zpdwpunkp’  dwdwiwluyght  swpplp, wwndwpwhbnbiwb-
pwjhtt hwpwpbpnipmnibubp, wqpubpwibp, hnjowpdbputp:



Ob OJHOM NNPEACTABJIEHUU A -OJHOPOJHBIX
MHOTI'OYJIEHOB OT IBYX IIEPEMEHHbIX

B.H. Mapzapau

AHHOTAIIUA

B nanHOM craThe JOKa3bIBAaCTCS BO3MOXKHOCTH NpeaCTaBICHUA A -OJTHO-
POOHBIX MHOTOYICHOB OT ABYX IIEPEMECHHBIX Y€PE3 MPOCTHIC MHOTOWICHBI.

KnroueBnle caoBa: A -OL[HOpOJIHBIﬁ MHOTI'OYJICH, Q)HKTOPI/IS&HI/UI MHOT'O-
YJICHOB.

ITycte N — mMHOKecTBO HaTypanbHbIX uncen N, = N U {O}, NZ — MHOXECTBO
JABYMEPHBIX ~ MYIBTHMHIEKCOB, T.e. Touek « =(ay,a,), a; €Ny j=12,
N? = {a =(ay,@,), a; eN j=1 2} , R? — 1ByMepHOE BeleCTBEHHOE YBKIHI0-
Bo mpoctpanctso Touek & =(&,&,), n R = {f =(&,8,) eR?, &4 iO} .
s aeNZ; &neR? u t>0 0003HAYNM T =Em- 87,
(65177)251771"'6527721 5'77:(51771152772)’ t§=(t§1,t§2), t* :(té’té) n
D* =D*D32,tne D; =0/0&;, j=12.

Myete A=(4,4), 4,>0, j=12, a P(&)=P(&,5)=Dy.& A-

OIHOPOAHBIA MHOrowieH mopsaka MM, rme cymMma pacmpocTpaHseTcs Mo Habopy
(P)={aeN, 7, #0, (a,4)=m|.

Jns A -ognopoanoro muorounena P oGosnaunm

S (P)={r R I Al =flnf* +]r. " =1, P()=0}
ord,z = min{l >0, > D*P(r)=#0, ¢ EZ(P)}

o=t

ord, ,z =min{1>0, > D*P(7)=0, 7 ) (P)}.
(a,2)=1

W3BectHO:

Jlemma (IIuumn). I[Tycte Q — oaHOpOAHBIH MHOTOWIEH nopsiaka M ot aByx me-

PEMCHHBIX. Torga Q TIPEACTABIIACTCS B BUIC!:

QO =0, T1(6-as) g veer

j=1

19
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s+2 ] ] o S+2
c N, {aj},—=1CR’ a;#a, i#]j, 1<i,j<s, Z;Ijsm
j=

s+2
rme SeNg, {Ij}

j=1

S+2

a (,— OZHOPOIHEIM MHOTOYIEH MOpsaka M —Z | j » A KOTOpOro (g, (f:) # 0 mpu
j=1

E#0.
Jlemma (em. [1]). ITycts Q(g‘) - A :(ﬂl,ﬂ?), ﬂj >0, j=1,2 onsoponusiit

muorounen nopsaka M. Torpanpu & # 0 muorounen Q mnpescrasnsercs B Buje:

Q(&) =0 (&)-+-af (£) a0 (&), (1)
e
a) Q5,0; j=1,...,S ananuTHueckue GYHKIHU MEPEMEHHOTO e Rg Kk | € N,
i=1..5s,
0) ecuu q,-(n)zo ais mekoroplx 7 e€RZ m jil1<j<s, To

0
q,(7)=0, i=j 1<i<su [[=—a,(n)#0 k=12
i1 0%
Hamra nens B I[aHHOP'I CTaThE 3aKJIFOYACTCA B TOM, 4TOOBI J0Ka3aTb BO3BMOXKHOCTDb
MpeacTaBICHUS A -OJJHOPOJHBIX MHOT'OWIECHOB OT JIBYX IepeMeHHBIX B Buue (1), rae

Uo,0; J=1...,S MHOrOWIEHSL
Ipennoxkenune. Ilycte r,Kk e N — B3aumHOo mnpoctele uncia NeN u
m, =r-k-n. Ecou m11 « €N02 I’-a1+k-0:2 =Mm,, TO CYHECTBYET YHCIIO
j= j(al) €Ny, 0<j<n rakoe, uto ; =K-j u o, =k-(n—j).
JlokaszareancTBo. Tak kak I' u K — B3aMMHO MpoCThIE YMCNIA U MO YCIOBHIO

(04 . .
TIPENOIIOKEHHUST I"?lZ(I’-S—aZ)ENO,TO a,/k:=jeN, u 0< j<n. Torma

a,=K-jna,=(r-k-n-r-k-j)/k=r-(n-j).

Jlemma 1. Iycts A = (ﬂl, /12), /lj >0, j=1,2, P — A -omHOpOomHbIil MHOrO-
uie nopsiaka M ¢ card (P) > 2. Torma muorowten P mpencraBmsercs B Buze (1),
rie d; j=1..,n mpocteie A-0oaHOpOAHBIE MHOTOWIEHB, a (), A -0AHOPOAHBI
MHOTOYJIEH, JJIs1 KOTOPOro 0, (77) #0mpu 7#0.

HokasarenbcrBo. U3 ycnous A -omxsopoanoctu MHorounena P B cuiy yemo-
BHS card(P) > 2 cnemyer, uto A, / A, pammonansHoe uncio. Tak kak A -oamo-

ponublii MuorowieH mopsaka M mis moGoro t> 0 sensercs t- A -oxHopomHbIi
MHorouwieH nopsaka t-M, to mpu card ( P) > 2 cymectsyer uucio t, >0 — Takoe,

YTO KOMIIOHEHTBI /110, A,ZO Bektopa A° = t, - 4 B3aMMHO IPOCTHIE HATYPAIIbHBIE YHC-
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na. IIpu atom, My :=t,-meN u
P.(&)=P(&)= D 7, & VEeR
(e o
Herpynuo nposeputs, uro cymecrsyor uncna |1, eN, (I, eN  npn

F’m0 (0,1) =0, I, eN npu P (l, 0) =0) raxue, uro:

Pmo( P& Z 7’051+|l aph)%L , =
(a2 )

=& &Ry (8) VrfeRz,
e

m =m,—(l,- 4 +1,- 4)) eN, card(Rnh):card(Pmo)zz 1

Ry, (0,1)- R (1, 0) #0.

U3  ycnosuii le (0,1)-le (1, 0)7&0 u m >0 cuenyer, uro ml/ﬂlo,
m, / 220 e N . Tak kak ﬂf, 2,20 €N — B3auMHO TpOCThIC YKCIa, TO OTCIOJA CIEIYeT,
aro cymecrsyer N €N, mwin kotoporo m, = A°- A -n. Torxa u3 npeacrasieHus

(2) B crity IpeIO’KEeHUST IMEEM:

Py (§) =2 Zyﬂznw(n J)+')C“‘mJ &

& - Zc (&%) (&) "= o (a.8)

rae Qn — omHOpOAHBIH MHOTOWIEH mopsiaka M. Torma u3 npencrasiaeHus (4) B CHIy

@)

neMMsbl [IuHn nmMeem

P()=R, (§)=2t& TT(& ~a&’) a(& &) ve ert, @
j=1
rac
seN,, s<n, {pj}jzl < N,, {aj}sj:1 c R,

S+2

a;#=a, i#j, 1<i,j<s, ZIan,

S
a (|,— OJHOPOIHEIA MHOTOYJIEH TOPSIKA S —Z Pi Qo (77) #0 mpu 77 #0. Jlemma
j=1

JIOKa3aHa.

21
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U3 npennonoxenwus (5) criemyer, 4To

1) ecmn 7 =+(0,1) GZ(P), o ord,z =1, ord, .z = -2,
2) ecnn 7 =%(1,0) € Y (P), 0 ord,z =1,, ord, .7=1,-4;,
3) ecniu T EZ P ng, 10 cymecrByer J,:1< jOSS JJIs. KOTOPOTO

rf—a,rf =0, ord,z=p, u ord, .7 =p, mln{ﬂ1 12}

U3 3) u npeacrasnenuit (4) u (2) caenyer, yTo A 10000 7 € Z(P) N R(f

ord, .7 < ﬂlmlﬂ,z mln{ﬂ1 ﬂz} {/11 ﬂ?} (5)

%

Jlemma 2. ITycts Q A= (ﬂ,l, /12), ﬂj >0, j=1,2, onHopoaHsIii MHOrOUJIEH
nopsiaka M OT ABYX epeMeHHEIX, JUI KOTOPOTO

Trenzaé)ordwr =1 (I<m).

Torma ¢ HEKOTOPOIt ocTOsIHHO# C

1+Z\D“ zcle. A" veeR

Joka3arenbcTBO. [IpeamnonokuM oOpaTHOE, YTO CYHIECTBYET MOCIEI0BATEb-

HOCTb {fs}; cR?

(6)

Z‘DaQ gs

A
,EH =1, s=12,... To 3a c4yer BEIOOpPA IIOCIENOBATEIIh-

Tak kak

o0

HOCTH {f S} , MOXKHO CHHTaTh, HTO MOCIE/I0BATENBHOCTD %=
S=:

s =1,2,... cxoaurcs mycTh K TOUKE T, ||z', i” =1. U3 onpenenenust Touku T B CHU-

JIy COOTHOMIEHHs (6) UMeeM, uTo T EZ(Q) Iyers ord, ,z =1,. Toraa B cuny
A — omgHopoaHOCTH MHOTOWIeHa Q WMeeM, uTo Tpu Bcex S =1, 2, ...

Zpre()z 3 o=l A" 3 ()

a,A)=ly a, )=

()
Tak kak pu 7° —> 7 mpu S —> 90, 10 u3 onpezeneHus |, umeem, yro mpu S —> 0

(Z):_ ‘D“Q(fs) N Z):_ ‘D“Q(r)‘>0. (8)

Ouenka (7) B cuy (8) nporuBopeunt cootHommenuto (6) tak kaxk |, < 1. Iomy-
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YEHHOE MPOTHBOPEYHE JOKA3hIBACT CIIPABEIUBOCTD YTBEPIKICHHSI JIEMMBI.
Teopema. Ilycte P — A0 -OJTHOPOJHBIA MHOTOYJICH, MPEICTABICHHBI B BUJE
(4). Torma ¢ HekoTopoi# moctostHHOM C
(" min{22,221

1Y@ zee ) veer?

JlokazaTtenbCTBO HEMOCPEACTBEHHO CIIEAYeT U3 JIeMMBI 2 B CHIIY IIYHKTOB 1-3 U
HepaBeHCTBa (5).

JIUTEPATYPA
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A REPRESENTATION OF A-HOMOGENEOUS
POLYNOMIALS OF TWO VARIABLES

V. Margaryan

SUMMARY
In the paper proved that every A-homogeneous polynomial of two va-
riables can be presented by elementary polynomials.
Keywords: A-homogeneous polynomial, factorization of polynomial.

erunk eNeNUYUL A-ZUUUUGL
FUQUULIUULLCE UP LEMEUSUSNRT

9. L. Uupqupyuily

uuenenkru
Uohiwnwtpnid wyugnigyus b Eplt thnthnfjuwith A-hwdwubn
puquunuuh tkpjuyugnidp nwpuljwt pauquutnuditpny:
Zpdtwpunkp’ A-hwdwube puquubnud, puquubnudh Jbppne-
Snipjnii:
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OB YCTOMYUBOCTH UHJEKCA
B AHU3OTPOIIHBIX TPOCTPAHCTBAX

A.I. Tymanan

AHHOTAIIUA

B nmanHO# paboTe MCClenoBaH BOMPOC YCTOWYMBOCTH MHACKCA MOIYIII-
JIMITHYECKOTO OIeparopa IpH BO3MYIICHHH Iu((hepeHIHaIbHOro ore-
paropa MIANIAMH WieHaMH. [0Iy4eHO TOCTaTOYHOE YCIOBHUE, TP BBI-
HOJHEHWH KOTOPOTO HHAEKC MOJIYIIUIHITHICCKOTO ONeparopa B aHU30-
TPOMHBIX COOOJICBCKUX MNPOCTPaHCTBAX (DYHKIMH, OMpENeTICHHBIX Ha
BceM R", sBIIsieTCS YCTONYMBBIM OTHOCHTEIBHO BO3MYIICHHUI MJIaIIIN-
MU wieHaMu AU EpeHIMaTbHOTO BEIPAKEHHS.

KioueBble cj10Ba: MHIEKC ONEepaTopa, HETEPOBOCTh, YCTONYMBOCTD HMH-
JIeKCa, MOy IUTHIITHYCCKAI OIepaTop.

HetepoBocTs U HcclieoBaHUE MHJIEKCA ONEPATOPOB HUMEIOT Ba)KHOE 3HAUCHUE
JUISl TAKMX BOTIPOCOB, KaK: CYIIECTBOBAaHHE M €IMHCTBEHHOCTh PELICHHs, OTpeieIIeHIe
YCIIOBHH Pa3pemImMOCTH ONEPaTOPHOTO YPaBHEHUS, CIIEKTPAIbHBIC CBOHCTBA OIepa-
Topos [1].

Jn1st CHHTYIAPHBIX HHTETpO-Au(GepeHIIMATBHBIX OIepaTopOB, ONpee/IeHHbIX Ha
TJIaJIKUX KOMITAKTHBIX MHOT000pasusx ¢ kpaeM u 6e3 kpast M.C. ArpaHoBuuem [2] yc-
TaHOBJIEHA AKBUBAJICHTHOCTb HETEPOBOCTH M DJUTUITUYHOCTH B OINPEICICHHBIX IIPO-
ctpancTtBax CobosieBa. ATheli 1 3UHTepoM HaleHa GopMysia i BEIpaKSHUS WHICK-
ca B TOIOJOTHMYECKUX TEPMUHAX VIS JJUIMITHYECKOTO OIleparopa Ha KOMIIAKTHBIX
MHOT000pazusx [3].

Jls mccneoBaHus HEOAHOPOMHBIX (u3nueckux moxeneit JI. Xepmannep BBen
KJIacC THITOUIMIITHYECKIX OMEPaTOpOB IPH M3YUYEHHH KOTOPOTO OBUI BBEICH KIlacc
MOJTYJUIMITHYECKUX onepaTopoB. C BaXKHOCTBIO KJlacca THIIOAJUIMITUYECKUX Olepa-
TOPOB CBsA3aHAa aKTYaJIbHOCTb U3YYCHUSI KOHCUHOCTH MHACKCA IJId TaKHUX ONEPaTOpPOB,
Ha 0a3e KOTOPHIX OymeT MOKa3aHa pPa3pelInMOCTh HEOTHOPOMHBIX ypaBHEHHWH. J{is
HEKOTOPHIX KJIACCOB MONYIJUTUITHIESCKUX OMEpaTopoB B padotax A.A. [lapOunsHa u
I'.A. KapanersiHa [4-5] noka3aHa HETEPOBOCTh M (PEATOIBMOBOCTD B ONPEIEICHHBIX
BECOBBIX MpocTpaHcTBax Tuna Cobosnera. s HOMy3UTUITHYECKOTO OIIEpaTopa ¢ Mo-
CTOSIHHBIMH Ko3(duimeMTaMu B o0jacTi B paboTe [6] MOCTPOEH peryispu3aTop u
HaliIleHO HEOOXOIMMOE M JOCTATOYHOE YCIOBHE HETEPOBOCTH IS OIEpaTopa C Io-
CTOSIHHBIMH KO3((HIMEHTaMH B aHH30TPOIHBIX COOOJIEBCKUX MPOCTPAHCTBAX (PYHK-

1mii, onpenenennbix Ha Bcem R [7]. VIHBapHaHTHOCTh MHIEKCA JTHHEHHOTO OrpaHH-
YEHHOTO OIlepaTopa Ha BIOYKEHHBIX 0aHAXOBBIX IPOCTPAHCTBaX M3ydeHa B padote [§],
a MHBAPMAaHTHOCTb WHJEKCA MOJIy3JIMIITUYECKOrO OIEPaTOpa Ha HIKaJe aHU30TPOIl-
HBIX ITPOCTPAHCTB B padote [9].

Jannas paboTta NMoCBsIIEHa UCCIIEAOBAHMIO MHIEKCA OIEpaToOpOB IIPH BO3MYIIIe-
HUSIX MITQIIIMMHK WIEHaMH i GepeHIaIBHOTO ONepaTopa.
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Onpenenenne 1. OrpaHnveHHbIN JTHHEHHBIH omeparop A, OnpeaeieHHBIA Ha
BCceM 0aHaXOBOM TpocTpaHcTBe X U JCHCTBYIOIIMH B GaHAXOBO MPOCTPAHCTBO Y ,
HA3bIBAETCS HETEPOBBIM, €CJIM BBIIIOJHSAIOTCS CIeAYIOIINE YCIOBUS:

1) o6nacth 3nauenHuii onepatopa A samxayto (IMA = ImA);

2) sapo omeparopa A smisiercs koneunomepusim (dim KerA < oo);

3) kosaapo oneparopa A koneunomepno (dimcokerA=dimY /ImA< o).

Onpenenenne 2. OrpaHuyeHHbIN JMHEHHBI omepatop A, ompeleneHHbI Ha
BCceM GaHaxOBOM IIPOCTPAaHCTBE X U JeHCTBYIOIMIA B 6aHAXOBO IPOCTpaHcTBO Y , Ha-

3pIBAETCS HOPMAILHO Pa3pelIMMbIM, ecliu 06pa3 onepatopa 3amkuyT ( IMA = IMA).
UHaeKcoM HETEpOBOTro omeparopa A Ha30BEM Pa3HOCTh MEKIY Pa3sMEPHOCTBIO
A7pa v KosIpa:

ind (A) = dimKerA — dimcokerA.

O0603HauNM:

C/ ={a(x) eC” :sup

xeR"

D”a(x)| <,V ez;‘}.

Paccmotpum augdepeHnransHoe BEIpaKeHUE

P(x,D)= > a,(x)D*, (1)

(a:v)SS
rac
veZ',seN,(a:v)=—"+...+—=, D =D/*...D",
Vl Vn
a n 0
D, =i—, x=(X,....x,)eR", n>2,a, (x)eC/,
OX,
a

P(xD)= > a,(x)D° )

(av)=s
Ha3bIBACTCS TJIABHOHM YacThio AU((HEepeHIIMANIBHOTO BHIPasKEHHS P(X, D), u 0003Ha-

YUM Yepe3

o, (08)= 3 a, (x)¢" ®

(av)=s
CHMBOJI IJ1aBHOM yacTn P (X, D).

Onpenesienne 3. CkaxeM, 4To P(X, D) PaBHOMEPHO TOTYRJITUNTHYECKHIHA, eC-

JI CYHIECTBYCT TaKasd IMOJIOXKUTEIbHAs TOCTOSAHHAA C , dTO
o, (x.€) =Cl&[} , vx eR", V& eR".

Omnpenesienne 4. s BekTopa V ¢ HaTypalbHBIMU KOMIIOHEHTaMU M HaTypallb-
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k n o
Horo yncina K o6o3HaumM gepes HV (R ) MHOECTBO M3MEPUMBIX (YHKIIHI {u} ¢

KOHEYHOW HOPMOH

( > )
ol ={ 2 JIpeu(x) o]
O003HaUYNM

1 [D”q(x)|

—>0u ——=—>0,01aVp €Z] npul|x|—
[a(x)

Q= q(x)ec;°°(R"):w

Onpepnenenne 5. [Ins1 BekTOpa V ¢ HaTypajlbHBIMH KOMIIOHEHTAMU, HATYPaJIbHO-

ro uncna K u QpyHkiuu q(x) € Q obo3HaunM gepes H‘lfq (R") MHOKECTBO HU3Me-

PUMBIX (PYHKITHI {u} C KOHEYHOH HOpPMOI

\1/2
de .
3aMeTnM, 4YTO P(X, D) SIBJIIETCSI OIPAaHUYEHHBIM JIMHEHHBIM OIIEPATOPOM U3

HL”S(Rn) B H (Rn) , C 00IaCTBIO ONpe IeeH S HL“S(R"). Yucno S HasoBeM

“w(xal

(
ol = ¥

av<k

MOPSIKOM OIlepaTopa.
3ameTum TaKxke, 4ro P (X, D) SIBIIIETCS] OTPAaHUYEHHBIM JINHEHHBIM OTIEpaTOpOM

u3 HELS (Rn) B Hr’q (Rn) C 006JIaCTHIO ONpeeNeH s H"f;s (Rn). Taxkoii oneparop
oGosmawnm P, (x, D):HY = (R") —> HE (R").

B paGoTe 10Ka3bIBAETCA CIEAYIOMAs TeMMA:

Jlemma 1. IlycTs P(X, D) HX* (R ) —>H* ( ") PaBHOMEPHO TIOJTYJLIHII-

R
THYECKUH HETEPOBBI ONepaTop H P X, D Hk+s( ”)—) H"f’q(Rn)HopManLHo

paspemmnmsiii. Torna P, (X, D): Hffs( )—) H, k ") TaKKe SBJSAETCH HETEPO-
BBIM Onepatopom, npudem iNd (P) =ind ( q).

Paccmotpum nn(b(l)epeHm/Iam,Hoe BLIpaH(eHI/Ie € MITQJIITUMU YJICHAMHU

Zb

DZV<S

rae b, (X) eC,”. Yepes P(X,D) 0003HAYNM P(X, D)+T (X, D).

I[OKaSaHa cIeayromasa Teopema 00 yCTOﬁ‘IHBOCTH HHACKCA OTHOCHUTCIIbBHO BO3-
MYH.[eHI/Iﬁ MIIaAIIMMH YJICHAMU:
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Teopema. Iyers P(x,D): H!™(R")— H (R") pasnomepro nomysmmmma-
wecknii oneparop u P, (x,D):HY:* (R") = H!  (R") - nopmamsho paspemmmmsi
orrepaTop. Ecm P(x,D): H* (R”) —H* (R“) u
P(x,D): H!*(R")— HY(R") semmores nerepossiu onepatopams, 10 ux -
nexent pasusr:ind (P) = ind (P).
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ON INDEX STABILITY OF SEMIELLIPTIC
OPERATOR IN ANISOTROPIC SPACES

G. Tumanyan

SUMMARY

In this paper index stability is studied for semielliptic operators perturbed
by lower order terms of differential operators. The conditions are estab-
lished under whichlower order terms of differential operators does not af-
fect the index of semi-elliptic operators, acting in anisotropic Sobolev
spaces.

Keywords: operator’s index, Noetherian operator, index stability, semi-
elliptic operator.
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Zhduwpwnkp” owbhpwwnph hugbpu, Wnubput  owkpuwwnnp,
huntpuh uyniunipinil, Jhuwkihywnhl oykpwwnnp:



O MOJIOKUTEJbHBIX PEIIEHUSIX OJ{HOI'O KJIACCA
HEJIMHEUHBIX UHTEI'PAJILHBIX YPABHEHU THUITA
YPBICOHA'

A.X. Xauampan, X.A. Xauampan, A.C. Ilempocan

AHHOTAIWUA

JaHHas cTaThsl MOCBSIIEHA HCCIIEAO0BAHMIO OJHOTO Kiacca HEIMHEHHBIX
WHTETPAIbHBIX YpAaBHEHHUH THna YpPHICOHA Ha TMOJIOXKHUTEIBHOW TO-
mynpsimoit. [Ipu onpeneieHHbBIX YCIOBUSX Ha HEIMHEHHOCTh YCTaHABIIH-
BalOTCs TJI0OAJIbHBIE TEOPEMbI CYIIECTBOBAHUS OJHONApaMETPHUECKUX
CeMEHCTB MOJI0KUTENbHBIX PEIICHNH B ONPeIeNIEHHBIX IPOCTPAHCTBAX.
KiroueBblie ci10Ba: ypaBHEeHHE YPBICOHA, MOHOTOHHOCTD, ITOJIOKHTEIb-
HOE peleHue, Mpeaen PemeHus.

BBeaenne

Henuneitnsimu HWHTErpaJIbHbIMU YPABHCHUSIMU BU1d
$(x)=JU(xtg(t)dt, x>0 (L.1)
0

(MMeHyeMBIMHU YPaBHEHUSMH THUIIA YPBICOHA) OMKMCHIBAIOTCA PSJL 3a/1a4 COBPEMEHHOTO
ecTecTBO3HaHM:. B yacTHOCTH, Takue ypaBHEHHS BO3HUKAIOT B KHHETUYECKON Teopun
ra3oB, B OMOJOTHMH, B p-aandeckod Matemarmdeckod ¢usmke [1-3]. B ypaBHeHUH
(1.2) ¢(X) — HMCKOMas M3MepuMas (pyHKIMs, onpencieHHas Ha R* :=[0, +oo).

®ynxius U (X,t, Z) onpenenena Ha MuoxkectBe R™ x R x R, mpuaumaer Bemect-

BEHHBIC 3HAYCHUS U YIOBJICTBOPSCT OMPEICICHHBIM JOMOIHUTEIBHBIM YCIOBUAM (CM.
(hopMyITUPOBKH OCHOBHBIX TEOPEM).
HUctopudeckn mepBas paboTa, OTHOCSIIASNCS M3YUCHUIO MHTETPABHOTO ypaBHE-
HUS BUAA
b
f(x)= g(x)+.[U (x.t, f(t))dt, xe(ab), —o<a<b<-+o, (1.2)
a
(B mampHEWIIEM UMEHYEMBIM YpaBHCHHEM YPBHICOHA) MOSBWIIACH B HAaYaje MPOILLIOTO

cronetus (cM. [4]). B manHo# paboTe MccieToBaHbl BOMPOCH MTOCTPOCHHS HETIPEPhIB-
HBIX pelIeHnit Ha otpeske [a@, b] mpwu mocTtatouHO CHIIBHBIX OrpaHUUYCHHSX HA QYHK-

0505 g nU (HerCpLIBHOCTL (1)YHKI_II/II/I g, CymICCTBOBAaHUE U HEMIPEPBIBHOCTL ITPOU3-

Boauol Gpyukuur U 1o TpeTbeMy apryMeHTy, ONpeaclIcHHEIC HEPaBEHCTBA A STOU
MPOU3BOIHON U T.71.). B nanbneiiniem, HaunHas ¢ 50-x rr. XXB., ObUTH HAYaThl CUCTE-

! PaGora Bemonsena npu unancosoit nogaepxkke 'KH MOH PA B pamMkax Hay4HOTO IPOEK-
ta SCS 15T-1A033.
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MaTHYCCKHE HCCIICJIOBaHUSI HEJNWHEHHBIX ypaBHeHHWH Buja (1.2) B paborax M.A.
Kpacnocensckoro, C.I'. Kpeiina, IL.IT 3abpeiiko [5-8]. 3aTtem npeacraBuTenu Hayd-
HoOM mkonbsl M.A. KpacHocenbckoro Hayaiu mpoBOAMTH OoJiee riIyOoKue uccienoBa-
HUS COOTBETCTBYIOIIMX HETMHEHHBIX OMIEpaTopoB YpricoHa. B aTOM acmekte cnemyer
oTMeTuTh paboTsl [9—13] B KOTOPBIX HaieHBI YHUKAIbHBIC, HEOOXOIUMBIC U TOCTa-
TOYHBIC YCIIOBHS, 00CCIICUMBAIOIINEG KOMIAKTHOCTh (MJIM TMOJHYIO HEMPEPHIBHOCTD)

OTIepaToOpoB YPHICOHA B 0aHAXOBBIX MPOCTPAHCTBAX Lp (a, b). C noMOLIBIO 3TUX YC-

JIOBUI IIpU JONOJHUTEIBbHBIX OI'PAaHUYCHUAX Ha g nU B JaHHBIX pa60Tax JTOKa3aHbI

JOBOJIFHO TOHKHE TEOPEMBI CYIIECTBOBAHUS U €IMHCTBEHHOCTH PEIICHUS. AHAIOTHY-
HBIE BOIIPOCHI MApAUISIFHO H3YyJaINCh Ha 3amaje B paboTax TaKUX KPYMHEHIINX Ma-
TeMaTukoB, kak: @. bpaynep, I'. bpeiizuc, XK. MunTu u 1.1. [14-17].

OnHako ciieiyeT OTMETHTB, YTO BO BCEX THX paboTax CYIECTBEHHYIO POJIb HI-
pajia KOMITAKTHOCTb (MJIK cllabass KOMIIAKTHOCTh) COOTBETCTBYIOIIUX OTOOpaKeHUH B
KOHKPETHBIX IPOCTPAHCTBAX. B HEKOTOPBIX CIIyyasx KOHEYHOCTh uucen d u D Takke
Urpaa KIIo4eByr poib.

B nociensee BpeMst B CBSI3H C Pa3BUTHEM PA3IIIYHBIX MaTEMaTHIECKAX MOJEICH s
HEJIMHEHHOTO KMHETHYIECKOTO ypaBHEHHUS bonblMaHa BO3poc MHTEpEC K MCCIIEIOBAHHIO
HEJIMHEeWHBIX WHTETPAIbHBIX YpaBHEHHI YPBICOHA Ha ITOJIOKUTEIBHON MOMYIPSIMOM, CO-
OTBETCTBYIOIIUI ONEpPaTop KOTOPBIX He 00JIaJaeT CBOMCTBOM KOMITAaKTHOCTH.

B Hacrosiiiet paboTe mpu HEKOTOPBIX orpaHnueHusx Ha GyHkumoo U chopmy-
JIMPOBaHBI TEOPEMBI CYIIECTBOBAHHS OJHOIIAPAMETPHYECKUX CEMEWCTB TMOJIOKHUTEIb-
HBIX PEIICHUN.

Oobo3HaueHHNe M BCIOMOTraTeIbHbIE (PAKTBI

Iyero E — oano wu3 cuenyomux Oanaxobix npoctpancts: L (R+),
1< p<+o0, C,(R"), rne C,(R") — mpocTpaHCTBO HENpepbIBHBIX (YHKLMH Ha

R™ ¢ nyneBbiM mpenieniom B GeckoneunocTd. OG03HauMM uepes () KJIace HHTerpaib-
HBIX orepatopos Bunepa-Xonga: R € Q, ecian ms nexoroporo K €L, (R)

(F)(x) =

JlocTaToYHO XOPOIIO U3BECTHO, YTO UHTEIPATIbHBIC OMEpaTOphbl U3 {2 JACHCTBYIOT
B K&)XIIOM M3 MpocTpancTB E, He 001amaroT CBONCTBOM KOMITAKTHOCTH B 3THX IIPO-

K(x—t)f(t)t, f eE. (2.1)

O —— ]

CTPAaHCTBAX.
Iycts Tenieps R €2 — unTerpanbHeiil oneparop Bunepa-Xomda, sapo K ko-
TOPOTO YIOBIETBOPSET CIEIYIOIINM YCIOBHSIM:

a) K(r)ZO, 7 eR, K eLi(R)m LOO(R),



O nonoxcumenbHvix peuteHusix 00H020 KIACCA HEIUHEHbIX unmezepalbHolX ypa@nenuli

b) ]2 K(r)dr =1, v(K) = T TK(T)dT <0,

—00 —00

c) I|r|jK(r)dr <+, j=12.

Torna, kak uzsectHo [18], omepatop | —*R (tme | — exunuuHbIi omeparop) mo-
IyCKAET CIIEAYIONIYI0 (haKTOPHU3AIIHIO:
l-R=(1-V)(I-V,), (2.2)

rae V, — cyTh BepxHHUE U HIDKHIE BOJIBTEPPOBBIE ONIEPATOPHI BHIA:

(v 1)(x)=
(V.1)(x)=

v_(t—x) f(t)dt, x>0, f €E,

v, (x—t) f(t)dt, x>0, f E,

Oy X X ey 8

npuyeM

v, (x)20,x20,v, eL,(R*)nL,(R"),7, =

+

v, (X)dx <1, y_ _[v x)dx =1.

I
O"—hS

Yucno y, B HAaIMX JadbHEHNINX PACCYKIEHHAX OyeT UrpaTh BaKHYIO POJIb.

BBeieM CIIeIyrOIIHiA KIIacC BEIECTBEHHBIX U M3MEPUMBIX (DYHKIHMIA: @ €., eciu:

1) cymectsyer uncno A> 0 Takoe, 4To npH BeskoM pukcupoBanHoM t € R”
o(t,y)T no y na[A +o),

2)60('[, y) >0, mpu (t, y) eR" ><[A, +oo)l

3) cymectByer supco(t, y) = ﬂ(t), e
y>A

B el (R )L, (R).m(B) :=Ttﬂ(t)dt < +oo,

4) w eCar, (R+ X[A, +oo)), T.C. TIPU KaKIOM (UKCHPOBAHHOM Y e[A, +oo)

GyHKIMS a)(t, y) mmepuma 1o { ma R u mourwm mpum Bcex t €R* dynxmua
a)(t, y) HEIpepbIBHA 110 Y Ha [A, +oo).

OCHOBHBIMH PE3YJIbTATAMH HACTOSIIEH PAOOTHI SBJISOTCS CIIEAYIOIIHE TEOPEMBI:
Teopema 1. ITycts cymectByer uncno A> 0 takoe, uto
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) U(xty)2K(x-t)(y+o(ty)) ma (xty)eR" xR x[A +»),
rae K yaoBiIeTBOpsET yCIOBUSAM a) — C), TIE @ €2,

I1) mpu Kaka0M (UKCHPOBAHHOM (X,t) eR" xR" ¢pynkmua U (X,t, y) T 1o
Y Ha [A, +oo),

"y v e Cary (R+ x R" x [A, +oo)) U IS K&KJOW U3MEPUMOM U OTPaHUYEHHOU

ma R*  ¢ysxkuoun ¢(X)Z¢(X)Z A xeR" o¢yakumn U (X,t,¢(t)) u
IU (X,t,¢(t)) dt msmepumer cootBercennomo t mmo X ma R™,

IV) cymectByer

pI[U (xt,y)-K(x-t)y]dt=g,(x), xeR", g, eLl(R+)m Lw(R+) u

y=A
m; (9, ) < +o.
Torma ypaBrenue (1.1) obmamgaer omHOIapaMETPHISCKIM CEMEHCTBOM IOJIOKH-
TENBHBIX W OTPAaHMYCHHBIX PEUICHUI {W (X)}yer[’ npuIeM !(mw (X): _7/7 ,
+

y € Il:= [A, +oo), TJe YUCNIO ¥, OIpEJENseTcs B MyHKTe 2.2.

Teopema 2. [Tycts ¢pyuknus U (X, t, y) I[OBJ'IGTBOpHeT CIHENYIOUTUM YCIOBUSIM:

i) U(xty)= K(x—t){y+a){t,y+ U (x,t,y) eR"xR" xR",

20e uucna A u y . onpedensiiomes ¢ nocpedcmeom @ u K, npuuem w €., a K
obnadaem ceoticmeamu a)-C),

I,) npu kascoom ukcuposannom (X,t) eR" xR" ¢ynxyus U (X,t, y) T no
Y na R",

i;) U eCar, (R+ x R" x R+) U 05l KascOOU CYMMUPYEMOIL U HeoOmpuyamens-

0

HOU DyHKyUL go(X), X>0 ¢gynxyuu U (X,t,¢(t)) u J.U (X,t,¢(t))dt usmepu-
0
Mmbl, coomeemcmeentio, no t uno X,

I,) cywecmeyem
sup [[U (xt,y)~ K (xt)y Jdt =g (), x R", § eL(R') L, (R")
y=0 0

ml(g)<+oo.
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Torna ypaBHEHHE (1.1) uMeer MOJIOKHUTETLHOES peleHue
¢ el (R)NL,(R"), mm koroporo lim ¢*(X) =0.
X—>+0

INoapoOHOMY OKa3aTENbCTBY 3TUX TEOPEM U OOCYXAECHHIO COOTBETCTBYIOLIUX
YacTHBIX MIPUMEPOB OyAeT MOCBSIIeHa OTAebHAsS padoTa aBTOpoB. OTMETHM TaKXKe,
4TO W3 TeopeM | m 2 HEemocpeACTBEHHO CJIEAYeT, YTO IPH BBITIOJHEHUN YCIOBHH
i) —1i,) (ycmous i) —1i,) Gosee cHIbHBIC 10 CPABHEHHIO CO ycioBusimu [-IV ypas-

Henue (1.1) omHOBpeMeHHO 00JamaeT OIHOMAPAMETPHUYSCKUM CEMEHCTBOM TOJIOXKH-

TCJIBHBIX U OT'PaHUYCHHBIX peHIeHI/Iﬁ {¢7 (X)} . C MOJIOXKHUTCJIbHBIMUA IIPEACIIaMU B
ye

OCCKOHEUYHOCTH U CYMMHPYCMBIM OI'PAaHUYCHHBIM MOJOXUTCIbHBIM PEHICHUCM

¢* (X) , IPEJIENT KOTOPOTo B 100 paBHa HYJIIO.
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ON POSITIVE SOLUTIONS FOR ONE CLASS URYSOHN TYPE
NONLINEAR INTEGRAL EQUATIONS

A. Khachatryan, Kh. Khachatryan, H. Petrosyan

SUMMARY
The work is devoted to the study of one class Urysohn type nonlinear
integral equations on positive half line. Imposing certain conditions on
nonlinearity global theorems of existence of one-parametric families of
positive solutions in concrete spaces are established.
Keywords: Urysohn’s equation, monotonicity, positive solution, limit of
solution.

NkRrrUNTk ShNk N2 30USPL PULSEA UL 2U4UUUCNRULED
UP *UUP ZUUUC HMUYUL LARONRULECE UUURL

U v, Musuunpyub, . U. Musunnpul, 2.U. MEnpnupui

uvoenenkU

Ushuwtnwtipp tdhpyws k npuljut jhuwwnwigph pu Niphunth
wnhwh ny gdwyhtt htnbqpu hwjuwuwpnidutph vh guuh nrunwd-
twuhpnipjup: Ny gdwjunipjutt ypw npny wuydwbbkph nhu-
pnud wouwnwpnid unwgyl] ki ppujut (nismudubtph kY ww-
pudbnpuing pinnwuhputph gnjnipjwi qnpw) phnptdutp:
Zluﬁlulpumhp‘ niphuntth hwjwuwpnud, Unbnunnumpinit, npw-
Jul jnidnud, (nisdwts vwhdw:



NHOOPMATHUKA

MNOJYYEHME 3D-MOJEJIN OB BEKTA,
HNCITIOJIb3Y CTEPEO3PEHHUE

A.B. I'eeopkan

AHHOTAIIUA

B naHoit crarbe mpezcrtaBiieH mero] mosydeHus 3D-monenu oObekrta,
UCTIONB3Ys 2 KaMepbl. MEeTO/l OCHOBAH Ha CTEPEO3PECHUH U, B OTIIMYUH OT
JIPYTHX PEUICHHH, HE HYXHAeTCsi B Ja3epe, YIbTPa3ByKOBOM Mpeood-
pasoBarerne Win APYrux A0porux ceHcopoB. CHavaia Mbl HAXOIUM COOT-
BETCTBYIOILIE TOYKH MEXKIY JEBBIM U MPABbIM H300paKCHHEM Kamep H
CTPOMM KapTy cMmenieHunil. [1o KapTe CMemeHHi MpU MOMOIH TPHAHTY-
JSIIAA MBI TTOJIy4aeM KapTy TIIYOUHBI U COOTBECTBYIOIIEE 00JIaKO TOYCK
obbekra mst oaHO# creHbl. CoepuHss oONKaka TOYeK 00BEeKTa U3 pas-
HBIX CIICH, MBI MOJIYYaeM €ro TPEXMEPHYIO MOJIEIb.

KioueBblie cioBa: crepeospenue, 3D-perucrparys, Kapra CMEIICHHHA,
00J1aK0 TOYeK

BBenenne

B mocnennee BpeMsi aKTHBHO pa3BUBAIOTCSA 3D-TeXHONOTHWH, KOTOPBIE HMEIOT
pa3NMYHYyI0 00JacTb NMPUMEHEHUS: B KHHOMHAYCTPHH, BUIEOUTPaX, POOOTOTEXHHUKE,
OMOMEeTpUH, MEIUIMHBI U B APYTUX oTpacisix. OJHa U3 CaMbIX aKTyalbHBIX 33134 B
JIAaHHOHW oOyacTy sBisiercs nonydenne 3D-Monmenn oObekTa, KoTopas 0ObIYHO pelia-
etcs ipu nomoinu 3D-ckaHupoBanus. 3D-ckaHephbl OOBIYHO PA3JICIISIOTCS HA JIBA TH-
na: KOHTaKTHBIE, KOTOpbIe TPeOYIOT HEMOCPEICTBEHHOE COIPUKOCHOBEHUS C OOBEK-
ToM Juia nonyuyeHus 3D-uHpopmanmu, u 6eCKOHTaKTHBIE. BeCKOHTAKTHBIE CKaHEephI
OBIBAIOT IBYX THIIOB: aKTUBHBIE (OOBIYHO M3IYYAIOT JIA3EPHBIN JIyd HIIH CTPYKTYPHPO-
BaHHEIA CBET) U MMACCUBHBIC (HUYETO HE W3IYYAIOT U aHAJTH3UPYIOT OTPaKEHHOE OKpY-
JKaroliee U3JIy4eHue).

B naHHOI cTaThe mpencTaBlieH METO] MOCTPOCHUs maccuBHoro 3D-ckaHepa Ha
OCHOBE JBYX OOBIYHBEIX BeO Kamep. JlaHHBII METOJ OCHOBAaH Ha CTEPEO3PEHUH U €TO
MPEUMYILECTBO B TOM, YTO HET HYXKBI B JOPOTOCTOSIINX 000PYIOBAHHUSX.

Crepeo3peHue — 3TO TEXHOJIOTHs, KOTOpask TI03BOJISET IPH TTOMOIIH JIBYX MU Ooliee
KaMmep TOJIyYHTh PACCTOSIHUE OOBEKTOB OT KaMephl (KapTy TiTyOuHbI). MBI Iomy4yaeM Kap-
Ty TIIyOHHBI B BHZAE 00JaKka TOYEK (MHOXKECTBO TOUEK C TPEXMEPHBIMU KOOPAHHATAMHE X,
Y u Z). i nomydennst 3D-Momem Hy)KHO COSAMHUTH 00JIaka TOYEK Pa3HbIX PaKypcoB
00BeKTa. DTOT MPOLIECC COSAMHEHHSI HAa3bIBACTCS PErUCTPaLeH.

IlocTpoenne KapThl IyOMHBI

PaccMmoTpuM B mozmpoOHOCTH MpoIiece MOMydYeHUs! KapThl ITyOuHsl. [locTpoeHue
KapThl TIIyOWHBI COCTOMT W3 CIIEAYIOIIUX 3TaloB: KaTHOpPOBKa, peKTU(UKAIUS, CTe-
PE0-COOTBETCTBUE U TPUAHTYJISIIUS.
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KanmnbpoBka — 3T0 3a1a4a onpeesIeHrs] OPUECHTALNHI H PACIIONIOKCHHUS KaMepHl B
MIPOCTPAHCTBE MO N300paKEHUIO, MOIYYEHHOMY C ee oMoIIbio. Bo Bpems kannOpos-
KH ONPENENIOTCS BHYTPCHHUE U BHEIIHHE MapaMeTphl KaMephl. BHyTpeHHUE mapa-
METPHI COZIEPKAT TaKHe JaHHEIE, KaKk (POKYCHOE pacCcTOSHHUE, pa3Mep IMHKCENs, Koop-
IMHATH TPUHINAIHATGHON TOUYKH U KOA(pHUINEHT AUCTOpPCHH. BHemH e mapamMeTpsl
MOKAa3bIBAIOT TTO3MLUI0O U OPHEHTAIMI0 KaMepsl B IpocTpaHcTBe. CyIIECTBYIOT pas-
JIMYHBIE CHOCOOBI KAIMOPOBKU KaMepsl [1], HAMU HCHONIB3YeTCsl METOJ KaTHOPOBKU
KaMephI TP MIOMOIIH [TaXMaTHOH JOCKH.

Ecim nBe xamepsl OyayT mapajuiebHBI APYT APYTY, TO UX M300pakeHHs OyayT
HUMETh OJIMHAKOBYIO IIOCKOCTh, U COOTBETCTBYIOIIME TOYKH JICBBIX U TPABBIX H30-
OpaxxeHHX OyIyT HAXOAWUTHCSA HAa OJHOM CTPOKE, TAaKMM 00pa3oM, o0JIerynTcs 3a1ada
cTepeo cormocTaBieHus. PekTuduKanms — 3To Mporecc MPOeKTHPOBAHUS H300paKe-
HUH ¢ KaMep Ha IUIOCKOCTh, IapaUIeNbHYI0 JINHUN, COSAUHSIOMEH eHTPhl 00bEeKTH-
BOB JIByX kamep (0a3oBas nuHus) [2].

Crepeo COOTBETCTBHE — 3TO HAXOXKACHHE OJJMHAKOBBIX ITHKCENEH B JIEBOM U Ipa-
BOM H300pakeHIUSIX KaMep, KOTOPHIM COOTBETCTBYET OJHA M Ta JK€ TOYKA B TpeXMep-
HOM TipocTpaHctBe. [lycth (X1, Y1) 1 (X2, Y2) KOOpIUHATEI TOYKH B JICBOM W IPABOM
N300paKeHUsX, KaKk ObLIO CKa3aHO, €CIIM M300paKeHUs] PEeKTUPHUIIMPOBAHBI, TO COOT-
BETCTBYIOIL[I€ TOYKH HAXOAATCS Ha OJTHOH cTpoke, To ecTh Y1 = y2. PazHocTh X2 — X1
Ha3BIBACTCS CMEIICHHWEM IUIM IUCIIAPUTETOM. 3ajada ajJTOpPUTMOB CTEPeo COOT-
BETCTBHS 3aKIIOYACTCS B MOCTPOSHHH KapThl cMemieHuid. CyIIecTByeT MHOXKECTBO
AJITOPUTMOB CTE€PEO COOTBETCTBHS, HO B OCHOBHOM HMX MOXKHO DPa3JIeiHWTh Ha JIBE
TPYHITBL: TII00ANIbHEIE U JIOKAJIBHBIE, KaXasl U3 KOTOPHIX MMEEeT CBOU NPEUMYLIECTBA
U He#ocTaTKH. [ mobanpHbIe aNropuTMEI OoJiee TOYHBI U UMEIOT JTydIllee Ka4eCTBO IO
CPaBHCHUIO C JIOKATBHBIMH, OJHAKO OHU MOTYT UMETh HETPHEMIIEMOE BPEMsI BBITION-
HEHUS, B OTJIMYKE OT JIOKAJILHBIX aTOPUTMOB, KOTOphIe Oosee ¢ dekTuBHLL. bonee
MoAPOOHO 00 aNTOPUTMOBAX CTEPEO COOTBETCTBUS U UX CPABHUTEIBHBINA aHAINU3 TPH-
BeseH B [3]. [l HaXOXIeHUS] KapThl CMEIICHUH MBI HCIIOJIB3yeM alrOpuT™M Semi-
Global Matching (SBM) [4], koTopslii COBMeIIaeT KaueCTBO MII00ATBHBIX aIrOPUTMOB
W CKOPOCTB JIOKAJIbHBIX.

3Has FeOMEeTPUYECKOe PACIIONOKEHHE KaMep, MX BHYTPEHHHE MapaMeTphl U KapTy
CMEIICHHH, TIPH TTOMOIIH TPHUAHTYJISIIAA MBI MOYKEM BBIYHCIUTH KapTy TIIyOUHHI [5].

Peanuzanua

Hamu peanmszoBano mporpaMMHOe oOecrieueHrne, KOTOPOE MO3BOJISIET TIOCTPOUTH
TPEXMEPHYIO MOJENb IO U300pakeHUsIM, TOJIy4eHHBIM U3 ABYX Kamep. IIpoekt pea-
nmu3oBan Ha OpenCV [6-7] u Point Cloud Library [8].

JIBe Kamephl 3aKpeIuieHbI Ipyr OT Apyra Ha (PUKCHPOBAHHOM PACCTOSHUH TakK,
9T00BI OHM OBUTN MAaKCHUMAJIBHO MAaPAJIETBbHBI 110 OTHOIIEHUIO IPYT APYTY.

OO0bekT craBUTCS NMPUOIM3UTENLHO Ha paccTosHuU 40-50 cM oT Kamep U Bpa-
I1aeTcss Ha MaJICHBKUK yrout (0Kojo 2—5 rpamycoB). [ KaXKI0r0 BpalleHHUs BBIYHC-
JISIeTCsI KapTa riIyOuHBI B BUIE 00J1aKa TOYEK U JUIs KaXJI0TO 00Jiaka TOYeK 00BEKT OT-
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JIeTsIeTCs OT CLEHBI. TakuM 00pa3oM, JUisi K&XK0Tr0 BpallieHHs: 00bEKTa Mbl HMEEM EMY
COOTBETCTBYIOIIEEe 00JIaK0 ToUeK. Jlaee umeT mporece COeTUHEHHs 00JIaKOB TOYCK B
OIIHY eAnHy0 Mojaenb. COeIMHEHIE WM PETUCTPALUS OCYIIECTBISICTCS IIPU TTOMOIIIN
Iterative Closest Point (ICP) anropurma [9]. PedynbTatom anroputma OyneT moiry-
yegHasa 3D-Moens.

Ha Puc. 1 nokasan nmpumep noiydeHHO#H 3D-Momenu mpu MOMOIIM BEINICYKa-
3aHHOTO aJrOPUTMA.

c)

Puc. 1 [loctpoennas 3D-moznens.
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GETTING OBJECT 3D-MODEL USING STEREOVISION
A. Gevorgyan

SUMMARY

In this paper low-cost solution for getting object 3D-model from 2 web
cameras is presented. This approach is based on stereovision technique
and it benefits from other solutions that it doesn’t need laser, ultrasound
or some other expensive sensors. At first we match corresponding points
at left and right camera images and construct disparity map. From dispar-
ity map we get depth map by triangulation and respective point cloud of
the object from one scene. Merging object point clouds from different
scenes we get object 3D-model.

Keywords: stereovision, 3D-registration, disparity map, point cloud.

OFL8BUSk 3D-UNTELE USUSNRU
0oasSuaNrotLNd UStrenssunN1NekesNhue

U.q. Qhnpgui

uvoenenkru

Unyu hnpubnud ubpuyugdus b opjijnp 3D-Unplp 2 mbuw-
lughihg uvnnwbwynt dbpny: Loignidp hhdudws E vnbpbnunbung-
nipjul Ypw b mwpplpynud k nipho jnignudutiphg, np sh ywhwb-
onid (uqbpuyhly, nuyunpuwduyiuwghtt jud niphy puupdtp ukb-
unplbip: Ulgpnud dbip qununud Eup hwdwyuwunwupiwmt JEnkpp
wnbkuwpughljubph tjupbbpp dhel b jurnignid withwjwuwpnt-
pniuutph  pupubqp:  Uhwjwuwpmpinitibph  pwpuntqhg
wnphwigniughwmny dbup unwinwd tup junpnipniuttph pup-
wntqp b opjjnnh Yhwmbph wdwyp dh wbkuwpwihg: Uhwynpking
opitljunh Yhwnbkph wdwybpp mwppbp mbuwpuwibphg dbup unw-
unwd Lup opjjunnh 3D-Unpkyp:

Zhduwpwnbp' unbkpinnbunnnipinil, 3D-Jkpulwiqunid, wihw-
Juuwpnipjniiubph pwpwnkq, Yinkph wdy:



AJITOPUTM 3ABEPLIEHUSI U30BPAKEHUIN
OCHOBAHHbBIN HA DK3EMILISIPAX
C ®PUKCUPOBAHHOM ® YHKLMEN JOBEPHUSI

B.B. I'eéopzan

AHHOTAIWUA

3aBepiueHue (3aKpallMBaHUE) M300paKEHUH — 3TO MPOLIECC BOCCTAHOB-
JICHUSI TIOBPEKACHHBIX WM HEJOCTAIONIMX YacTeil n3o0paxeHus. OquH
13 HanboJiee M3BECTHBIX U APPEKTHBHBIX AITOPUTMOB B JaHHOW cdepe
SIBJSIETCS QJITOPUTM 3aBEPIICHUS] N300paKeHU, OCHOBAHHBIX Ha JK3EM-
ispax, pazpadboranueix Kpumunucu u ip. BoccTaHOBIIEHHE TEKCTYPHOU
U CTPYKTYypHOH MHGOpPMAIMU B JAHHOM alrOPUTME OYEHb 3aBHUCHUT OT
GyHKIMU mpuopHTeTa. 3HaUeHHsT (QYHKIUHU JOBEPHsL, KOTOPask BXOAUT B
(GYHKIMIO MPUOPHUTETa, B IMPOIECCE 3aBEPIICHHS YMEHBIIACTCS OYCHb
OBICTPO, YTO HETAaTUBHO BJIMSAET HAa MTOTOBBIMA PE3yIbTaT B HEKOTOPHIX
ciy4asix. B JaHHOU cTaThe MBI MpeiaraeM BO BpeMsi OOHOBJIECHHs 3HA-
YeHHUI J0oBepHs NPHCBAaNBaTh UM (HUKCHpOBaHHOE 3HaueHHe. Kak moka-
3aJId HaIlk SKCIEPUMEHTHI, JaHHBINA MOJXOM JAeT JY4IInil pe3ynbTar BO
MHOTHUX CITydasx.

KiioueBble ciioBa: yaaieHne 00BbEKTOB, 3aBEpIICHNAE H300paxKeHHit, a-
TOPUTM 3aKpalIiBaHMs OCHOBAHHBIA Ha IK3EMIULIpax.

1. BBeaenue

Crapsie ortorpaduy co BpeMEHEM HAYWMHAIOT MOPTHTHCS M BO3HUKACT
NOTPEOHOCTh B UX 3aKpAlllUBAHUHU. 3aBEpIICHUE M300pKEHUN TaK K€ TPUMEHS-
eTcs JUIsl ylajieHus o0bEKTOB, TEKCTa M3 M300payKeHWi U T.A. 3aBeplieHue (3a-
KpalluBaHue) U300PAKEHUI — 3TO MPOLECC BOCCTAHOBJICHHSI TIOBPEIKACHHBIX HITH
HEJIOCTAIONINX YacTell n300pakeHNst TAKUM 00pa3oM, YTOOBI ATO OBUIO HE3aMETHO
JUTst 0003peBaTensi. ANTOPUTMBI 3aBEPIICHUS MOXKHO Pa3JIE/IUTh Ha JIBA OCHOBHBIX
KJlacca: OCHOBaHHbIE Ha TU((Y3UU U OCHOBAHHBIC HA K3EMILIAPAX. AJLOPUTMBI,
OCHOBaHHBIC Ha TU(GPY3UH, B MEPBYIO OUYEpPe/ib, PACIPOCTPAHSIOT CTPYKTYPHYIO
UH(OPMALIMIO B TMOBPESKACHHYIO 00JaCTh MpU HOMOIIU Tporecca auddysun.
JlaHHBIN KJ1acc arOPUTMOB OOBIYHO pelaet 3amady npu nomornm Yactaeix ud-
¢depennuanbubix Ypasuenuit (YY), JlaHHbId MOAX01 Aa€T XOPOIIUN Pe3yNbTaT,
KOTJa 3aKpariuBaeMasi 00J1acTh MaJia, HO OHM HE MOJXOIAT JUIsi BOCCTAHOBJICHHS
00JbIIMX 00JIACTEei. AJITOPUTMBI, OCHOBAHHBIC HA IK3EMIUIAPAX, 3aMOIHSIOT 10-
BPEXKICHHYIO 001acTh 00J049HO. OHM MIIYT MOJXO/SIIME KYCKH ISl KOITMPOBa-
HUS 3HAYCHHI U3 M3BECTHOW 00JaCTH M300paKEHUsI M B COCTOSIHUHM 3aKPaIlInBaTh

OoJIbIIE 00JIACTH.
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2. AJITOPUTM 3aKpalIMBAHUA M300paKeHUil, OCHOBAHHBII Ha IK3eMILIA-
pax u Hama Moaudukanus

Jlns 3amanHoro u3obpaxenus | monmbsoBartens BeIOMpaeT ueseByio o6nacts (),
KOTOPYIO ClIeIyeT yAalIuTh U 3aKpacuTh. I'paHuIia 3Toi 0b6macTi 0003HavaeTCs yepes
0Q). O6nacTh UCTOYHMKA — JTA Ta 00JACTH OTKY/A AJITOPHTM OEPET 3HAYECHHUS JUIs

3aBepLIeHHs1 n300paxenus u obo3nadaerca kak D . ITo ymomuanuio B kauectBe P
Gepercs ocraBuieecss yacTh uzobpasenus (@ =1 —Q). Pasmep 610ka no ymosnua-
HUIO aBTOPBI OepyT 9X9 muKceneid, HO 3HAUYEHHUE ITOTO MapaMeTpa MOKET OBITh H3Me-
HeHo. [lanee anropuT™ BRIIONHSET CIEAYIOMINE ATy, 10 TeX HOp ITOKa BCE TOUKH HeE
OyayT 3aKpaiieHbl:

1. ompeneneHye TPAHMIHBIX TOYCK U BEIMUCTICHHS (DYHKIIUK TIPHOPUTETA JUTS HUX;

2. BbIOOp 6JI0Ka C LIEHTPOM B TOUKE C HAMOOJBIINM MIPUOPUTETOM (1IeIeBOM OJIOK);

3. muck HamboJee moxoskero 010ka (010K HCTOYHHKA) Ha [IEIeBOH OJI0K;

4. xonmMpOBaHNe 3HAUCHHI I[BETA IJIs1 HEN3BECTHBIX IHKCENEH M3 IIeJIeBOr0 0JIoKa
3HAYCHUSIMU THKCENIEH Ha COOTBETCTBYIOIINX MO3UIUH U3 OJI0Ka HCTOYHUKA,;

5. oOHOBJICHHE 3HAUCHHUN (PYHKIMU JOBEpHsl (KOTOpas BXOAUT B (DYHKIIUIO MPH-
OpHWTETA) IJISl TOIHKO YTO 3aKPAIICHHBIX TUKCEIEH.

I'paHMYHAas TOUKa — 3TO TOUKA, KOTopas MpuHaaIexkuT (2 ¥ UMeET COCEHIO TOUKY
u3 @ . OyHKIMA MpHOPHTETA IS TAKUX TOYEK CUUTAETCS 110 CIEAYHOIIEH (popMye:

P(p)=C(p)D(p), Vp 34,
rae C(p) massiBaercs QyHkuus nosepus, a D(P) — GpyHKIMSI JaHHBIX U OHH UMEIOT

CJIEIYIOLINI BUA:

qu‘]’pm(l—Q)C(q)
|, |

_ | VI en, |

,D(p) g

C(p) =

re| ¥ . | - 51a nomaw 6ok W p C LICHTPOM B T04Ke ) , (Y — 5T0 (pakTOp HOPMANH3ALUH
(paBeH 255 ays1 yepHO-0embIX H300pakeHuH ), N, — eAMHMYHBI BEKTOP OPTOTOHATBHBINH

L o
k 0 Q) BTouke P,a VI p “M30(OT (JIMHHS O/IMHAKOBON HHTCHCHBHOCTH) B ) .

®ynkunsa C(p) u3HauansHO npuHUMaeT crnexyromue 3Hauenus: C(p) =0,
VpeQ u C(p)=1LVp el —Q. Oyskuus 10Bepusi MOKa3bIBACT HACKOIBKO Ha-
JEXKHOMU siBIsIeTCsl MH(OPMAILHs BOKPYT TOYKH p. OHa JaeT NMPEeHMYIIECTBO TeM 0J10-
KaM, B KOTOPbBIX 6OJ'IBH_IC 3aIllOJIHCHHBIX TOYCK, U YE€M pPaHbIIC TOYKa 3aIll0JIHCHA (I/UII/I
H3HavajbHa ObLTa U3BECTHOM ), TEM HAJC)KHEE OHA.

Oynuxuuu ganusix D(P) HyxHa I TOro, YTOOBI JyUIIe COXPAHATH CTPYKTYp-
HbIe CBOWCTBA U300pasKEHHUSI.

IMocne HaXxOXIEHHs LENEBOro OJIOKA, aJrOPUTM HIIET Hanbojee MOXOXKUH OJI0K
n3 obnacTu uctoyHuka. [loxoxkecTs OJOKOB CUATACTCA MO Cleaytomei Gpopmyie:

Y, =arg glueg d(¥,,'¥,),
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rme ¥ q 210 010k ucrounuka, ¥ p — LIeIIeBOii OJI0K, d — dynkuus paccrosnus (moxo-

JKECTH) MeXIy OnokamMu. B kauecTBe QyHKUIUM paccTOsHUS OepeTcs cymMma KBaapa-
TUYHBIX Pa3HOCTEH LIBETOBBIX 3HAUYEHUI M3BECTHBIX TOYEK IIEJIEBOTO OJIOKA C TOUKAMHU
Ha COOTBETCTBYIOIINX HO3UIIAX OJIOKA NCTOYHHUKA.

3areM IUIS KaXIOTO HE3AMOJHEHHOTO IHKCENS U3 ‘Pp KOIHPYETCsl 3HaYCHUE
NIMKCeNIst Ha COOTBETCTBYOMIEH mosuiuu n3 ‘¥ q

B xonme 3HaueHus (GyHKIUH TOBEPHS JJIS TOJNBKO YTO 3AIIOJIHEHHBIX TOUYEK 00-
HOBJISIFOTCS CIICAYIOIIMM 00pa3oM:

C(t)=C(p),Vte¥, Q.

3HadyeHus (GYHKIMK JOBEPUS B MPOILIECCE 3alOMHEHUS JUTS 3aKpaIlleHHBIX TOYEK
yObIBaeT, MoKa3bIBasi, YTO Mbl MEHEE YBEPEHBI B IIBETOBBIX 3HAYEHUAX BOKPYT LIEHTpPa
nesteBoit oomactu. Kak mokaszano B [3], 3HaYCHHS TOBEPHS YOBIBAIOT 3KCIIOHCHITHAb-
HO U JaHHBIA (aKkT HCKakaeT PyHKIHIO MpropuTeTa. B manHO cratbe MBI mpeayara-
€M B Tpoliecce OOHOBJICHUS 3HAUYCHUI JOBEpHs BCEM TOUYKaM MPUCBAMBATH (PUKCHUPO-
BanHoe 3HaueHne K(0< k <1). Kak mokaszany Hauru 5KCIIEPHMEHTBI, OITHMAIbHOE
3HaueHue k Haxomutcs B mpomexytke 0.75—0.85. B ciemyromem pasnierne Mbl puBe-
JIeM CpaBHEHHE HAIIeTO MOX0/1a ¢ IEPBOHAYAIIEHBIM.

3. BKCHepI/IMeHTaJII)HBIe pe3yJabTaThbl

B maHHOH cTaTbhe MBI peaM30BaId alTOPHTM 3aKpaLIMBaHHUS W300paXeHUH oc-
HOBaHHBIN Ha 9K3eMIUIApaX, a Takke Hairy Monudukanuto. [Iporpamma peanusoBana
Ha sI3bIKe TporpamMMmupoBanust C++, ucnomb3yst OubInoTeKy 00paboTKH N300paKeHuUi
Open CV. Kak rmokasaiy Hallli S9KCIIEPUMEHTHI, Halll AJITOPUTM JIaeT JIydIlle pe3yibTa-
THI BO MHOTHX ciTy4asx. Hrke mpUBeIeHbI HECKOJIBKO IPHMEPOB.

c) d) e)
Puc. 1. CpaBrenue anroputMoB. Pasmep m3o0paxerns206x308. a) BxoaHoe
n3o0paxkeHue, b) Macka 3aKpanuBaHus, ¢) pe3yabTaT KpumuHucH,
d) mam pesynbrar npu k=0.8 ¢) Ham pe3ynbrar npu k=0.85

41



42 B.B. I'egopesan

Puc.2. CpaBraenue anroputmoB. Pazmep n3obpaskenus 618X 412,
a) BXOAHOe H300paxkeHue, b) Macka 3aKpanyBaHus, ¢) pe3yIbTaT
Kpumunucn, d) Ham pesynsrar npu k=0.8, €) Hamn pe3yibrar npu
k=0.85
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EXEMPLAR BASED INPAINTING ALGORITHM
WITH FIXED CONFIDENCE TERM

V. Gevorgyan

SUMMARY

Image completion(inpainting) is the process of recovering missing or
damaged parts of the image. Exemplar based inpainting algorithm pro-
posed by Criminisi et al isone of the most popular and effective algo-
rithms in that sphere. The priority of patches to fill is critical in that algo-
rithm, because due to it texture and structure information of damaged im-
age is recovered. A confidence term, which is used in the priority func-
tion, decreases very fast during the update stage and this fact harms the
result in some cases. In this paper, we suggest during update values of the
confidence termto update them with fixed value. Ourexperimental results
shows that this approach gives better output in many cases.

Keywords: object removal, image completion, exemplar based inpain-

ing.
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AN APPROACH TO SUPPORT GRID FILES

G. Gevorgyan
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SUMMARY

A new dynamic index structure for multidimensional data is considered.
Efficient algorithms for storage and access such indexes are proposed.
Estimations of complexities for these algorithms are presented.
Keywords: grid file, algorithms, dynamic index, multidimensional data.

1. Introduction

The concept of grid files allows to effectively organize queries on multidimensional
data [1] and can be used for efficient data cube storage in data warehouses [2, 3]. The
grid file can be represented as if the space of points is partitioned in an imaginary grid.
The grid lines parallel toaxes of each dimension divide the space into stripes. The num-
ber of grid lines in different dimensions may vary, and there may be different spacings
between adjacent grid lines, even between lines in the same dimension.

Dynamic aspects of file structures where all keys are treated symmetrically,
avoiding distinction between primary and secondary keys, are studied in [5]. The pa-
per introduces the notions of a grid partition of the search space and of a grid directo-
ry, which are the keys to a dynamic file structure called the grid file. This file system
is able to adapt to its contents under insertion and deletion operations, and thus
achieves an upper bound of two disk accesses for single record retrieval. It also eff-
ciently handles range queries and partially specified queries. Several splitting and
merging policies, resulting in different refinements of the grid partition are considered.

One of the problems intrinsic to grid files is the problem of non-efficient memory
usage by groups of cells, pointing to the same data buckets. We propose an alternative
data strucure for the grid file index, aiming to avoid storage of multiple pointers to the
same data buckets, as well as to maintain slow index size growth and provide reasona-
ble costs for common operations.

Firstly, we refuse from storing the grid file as a multidimensional array. The rea-
son for that lies within the necessity of creation of numerous new cells each time a
data bucket is split, while many of those cells contain duplicate pointers to the same
data buckets. Instead, all cells which contain pointers to the same data buckets are
grouped into chunks, represented by single memory cells with one pointer to the con-
sidered data bucket. Hence, chunks are used as a mechanism of struggle with empty
cells problem in grid file. For each dimension, the information about how it is divided
is stored in a linear scale. The data subspace, corresponding to a particular element of
that scale, is called a stripe, and is represented by an array of pointers to corresponding
chunks.
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Secondly, we consider each stripe as a linear hash table, allowing usage of over-
flow blocks to reduce the number of chunk partitions, while maintainingthe average
number of overflow blocks for the chunks of each stripe not greater than one. This
allows us to significantly reduce the total number of chunks, while guaranteeing not
more than two disk operations for data access in average.

2. Grid file structure

A grid file can be formally represented as a triple F = <D, S,C> where D is the

set of dimensions, S is the set of stripes, and C is the set of cells. Each stripe belongs
to exactly one dimension. We call a set of cells A < C a grid file chunk (or just
chunk), if the divisions between those cells are imaginary, and they all refer to the
same bucket. Each stripe is represented by an array of pointers to chunks, crossing the
corresponding data subspace.

To estimate the size of index directory and dynamics of its growth, several impor-
tant values have been estimated. Analysis have beenconducted under the assumption
that all dimensions of considered grid file data domain are independent and equivalent.
Let us denote the number of dimensions as nand the average number of splits per-
formed in one dimension as m .

The following table contains summary of the estimated values:

Value Assessment
Number of dimensions G)(n)
Number of divisions per dimension ®(m)
Total number of cells ®(mn)
Number of stripes per dimension ®(m)
Total number of stripes ®(nm)
Total number of chunks ®(nm)
Number of cells per segment mn\

Average length of segment side

Average number of segments crossed by stripe O(nm)

Table 1: Estimated average values


http://www.lingvo-online.ru/en/Search/Translate/GlossaryItemExtraInfo?text=%d0%be%d1%86%d0%b5%d0%bd%d0%ba%d0%b0&translation=assessment&srcLang=ru&destLang=en
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Since each of the ®(nm) stripes crosses O(nm) chunks in average, the total
number of stored pointers will be equal to O(nzmz). Also each chunk has one poin-
ter to data bucket, G)(nm) pointers in total. Hereby, the grid file directory size in this
case is O(nzmz).

3. Improvement of the grid file structure

The grid file memory consumption can be improved by allowing chunks to refer
to each other and removing a number of reverences from stripes pointer lists. Here is
the new definition for the set of pointers in the grid file structure:

Definition 1. Let there be a total order < defined on the set of chunks. Let us al-
so denote the projection of chunk A to dimension d as IT, (A) The set of pointers

E is defined as:
1. For each pair of chunks A and B st. A<B and a dimension d exists s.t.

I, (A) < I, (B), and no chunk C existss.t. A<C < B and I, (A)< I, (C),
there exists a pointer (A, B) in E . Let us call such pointer a pointer of dimension d.

2. For each chunk A and stripe s of dimension d , if there exists no pointer of
dimension d incoming into A, then there exists a pointer (S,A) in E.

It can be proved by means of proability theory that the expected total number of
pointers will be |E|= O(nzm). Hereby, the proposed structure modification leads to

effective reduction of directory size O(nzmz) to O(nzm).

3.1. Comparison of directory size

The described approach proposes several optimizations to reduce the directory
size. One of them is to consider each stripe as a linear hash table, which allows having
additional overflow blocks for chunks (but not more than one overflow block in aver-
age for each stripe). For uniform filling of the chunks it is practically helpful to store
statistical averages ofvalues stored in each chunk by every coordinate. Another impor-
tant optimization is to usethe chunking technique to address the problem of empty
cells in grid file.

This approach is compared to two main techniques for grid file organization de-
scribed in [6] — multidimensionaldynamic hashing (MDH) and multidimensional ex-

tendible hashing (MEH). Estimated directory sizes, provided in [6], for these tech-
1

( l+7\ l+—\
niques are OU *| and OLr ”HJ correspondingly. Here r is the total number of

n-1

records, S is the block size and n is the number of dimensions. Note that for this
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comparison the case of uniform data distribution is considered.

Since each chunk in our approach can have one overflow block in average, we
can, without loss of generality, assume that each of the overflow blocks will be half-
full in average, meaning that 1.5s records will be stored per chunk in average. Here-

2r

by we can conclude that the number of chunks m required to store all r records 3—
S

in average. Hence, according to Section 3, the grid file directory size can be estimated

nr
as O[E].Compared to MDH and MEH techniques, directory size in the de-
DS

1 n-1
) ) 2srs 2srnst )
scribed approach is OL an J and Ot an J times smaller correspondingly.

4. Grid file operations

This section desribes the basic operations performed with usage of grid files. Two
aspects of operations are distinguished: index modification expences (estimated in
terms of Big-O notation) and operation costs expressed in disk operations.

4.1. Index modifications

Insert. To insert a value we first locate the chunk it belongs to by given coordi-
nates, then read the corresponding data bucket and perform insertion. Since we con-
sider each stripe as a linear hash table, in case of insufficient space it may be possible
to add an overflow block. However, if after insertion there exists a stripe for which the
average number of overflow per chunk exceeds 1, we need to split current chunk into
two parts, and reorganize corresponding data buckets.

Split. Consider a chunk ¢ which is needed to be split. Firstly, we choose the dimen-
sion in which the split shall be performed. For that purpose we choose some dimension
d which currently contains the least number of stripes. Secondly, we choose some

coordinate d, in dimension d which will define the dividing hyperplane. Chunk C then
is split into two chunks ¢, and c,with all points from ¢ with d coordinate less than
d, belonging to @, and the rest point belonging to a,. The coordinate d, is chosen in

such a way that the numbers of points in the resulting chunks are as close as possible.
This can be achieved by storing additional statistical data for each chunk, like total num-
ber and average values of the points of considered chunk.As a result of split, some stripe
S in dimension d is also divided into two stripes s and s, . Pointers to the newly
created chunks should be added to pointer lists of all stripes crossing them.

Delete. To delete a value, as when inserting, we first find the chunk it belongs to
and read the corresponding data block. After deletion, the data block may become
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empty, meaning the considered chunk does not contain any more points. In such cases,
we can merge this chunk with some neighbour chunk. Even if the data block does not
become empty, it may still be possible to merge the chunk with a neighbor chunk, if
the condition of having not more than one overflow block per chunk in average is sa-
tisfied. The dimension towards which to perform the merge is again chosen in such a
way that the number of stripes in different dimensions differs not more than by 1.
Merge. Consider two chunks a,and a, which have a common boundary in di-

mension d and are being merged into a single chunk a. For any stripe s if its pointer
list contains either a pointer to a, or a,, those should be replaced with a pointer to a

instead. There is a possibility that after this operation an empty stripe arises, and has to
be removed.

Single key retrieval. In order to find all records for a key k from dimension d
we first find the stripe S which k belongs to, and then traverse over all the chunks
which are accessible from pointer list of s . Since all of these chunks have to be con-
sidered, and no other chunks may contain records matching the key k , only necessary
and sufficient chunks will be traversed. The average number of such chunks is

O(nm) according to Table 1. Assuming that the required stripe S can be found in
O(logm)time, the time complexity of a single key retrieval operation is
O(nmlogm).

Multiple keys retrieval. Multiple keys retrieval is performed in two steps. First,
a single key retrieval procedure is called for each of the keys, each one separately re-

trieving a set of referable chunks. These sets are then intersected, and only buckets
corresponding to chunks in the intersection are being considered. Time complexity to

perform a query using k keys is thus O (knmlogm).

4.2. Disk operations

Point lookup. To find a point provided its coordinates, we first find the chunk it
belongs to in the grid file, then read the corresponding data bucket. This requires at
most two disk operations in average, since the average number of overflow blocks per
bucket is not more than one. Additionally, if an update operation has to be performed,
a write opera tion is needed. Besides, adding/deleting a record can result in bucket
overflow or exhaustion, rising a necessity to perform a split or merge operation cor-
respondingly, resulting in another disk operation.

Queries with several coordinates and value ranges. We shall traverse over all
chunks, belonging to intersection of the stripes corresponding to the provided coordi-
nates, or to the grid file subspace matching the provided ranges. Number of disk opera-
tions equals to the number of considered chunks times two (due to overflow blocks).

Closest object lookup. To find the point, closest to the provided one, we first
find the chunk it belongs to, and check corresponding data buckets. It may happen
that, however, the nearest point belongs to a neighbor chunk, and it needs to be consi-
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dered as well. In worst case, we shall need to visit all n neighbor chunks. Since read-
ing data belonging to one chunk requires not more than 2 disk operations in average,
in worse case we shall need to perform 2(n +1) disk operations. Note that necessity

to add/remove a record and potential split/merge operations will also increase the
number of disk operations.

5. Conclusion

This paper descsribes a new dynamic indexing scheme for effective data man-
agement. This approach is based on an extended grid file concept. Each stripe is con-
sidered as a linear hash table, guaranteeing that the number of overflow blocks for
each bucket per stripe is less than one in average, and the growth of buckets quantity is
slow. A modification of grid file structure is also described, reducing the memory con-
sumption of the index directory. Basic operations on grid files are provided with cor-
responding analysis of complexities and memory usage. Chunking technique is used to
solve the empty cells problem intrinsic to grid files.
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SUMMARY

Public cloud storages such as Box, Dropbox, Google Drive or OneDrive
are used now in ubiquitous way for both personal and business purposes.
On the other hand, cloud storage providers gain full access to all informa-
tion stored on their servers. Different companies have emerged in recent
years to solve this serious security issue by applying cutting-edge encryp-
tion technologies to the user’s files in public clouds. In this paper we re-
view the main solutions in this domain designed to provide security for
public cloud storages.

Keywords: cloud encryption, Dropbox security, Google Drive security,
encryption gateway.

1. Introduction

Dropbox, Google Drive or any other public cloud storage provider take and can
read all information the users store there. This is a very serious security issue [1] and
for all individuals and organizations caring about their data security but still wanting
to benefit from public cloud storages, the only solution is using some encryption tool,
which will help to encrypt user information before uploading it to the cloud. The de-
sign of advanced security solution for public cloud storages and for distributed file
storages in general is a hard scientific and technical problem [2-6]. From the other
hand, there is a tradeoff between security and usability, as encryption eliminates the
easy access to data via search and also makes the sharing/collaboration harder. Vari-
ous special cloud encryption gateways had been emerged in recent years aiming to
secure users data in public cloud storages without compromising the sharing and col-
laboration features provided by the storage providers. In this paper we will review the
main solutions existing in this domain showing what level of security is provided by
each of them and their main advantages and disadvantages from both the security and
usability points of view.

2. Background

There are dozens of cloud encryption tools operating in the market. In this chapter
we review the most widely used solutions.

2.1. Sookasa

Sookasa [7] is a new emerged cloud encryption gateway specially designed to
help the companies from regulated industries and facilitate compliance with six federal
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standards such as HIPAA, FERPA, PCI DSS, GLBA, FINRA, SOX. It helps such or-
ganizations to store their data in cloud in encrypted form and also have full visibility
on how the data was used or shared. However Sookasa does not provide a perfect
secrecy as it handles all user secret key management on behalf of the users.

Sookasa secures the users files in Dropbox in the following manner:

1. Sookasa creates a special folder in user's Dropbox.

2. The user put sensitive files in that folder, which are seamlessly encrypted with
AES-256 encryption with unique file key randomly generated for that file.

3. Sookasa encrypts the file encryption key with the Sookasa's public key. The
encrypted file key is stored at the beginning of the file.

4. The encrypted files are synced among all devices

5. When Alice shares some file with Bob and Bob wants to access Alice's en-
crypted file, Sookasa's server takes the file key encrypted with the server's public key,
decrypts it and sends the file key to Bob.

As can be seen Sookasa owns all encryption keys used for securing the users files.
This is a serious security drawback as the powerful adversary or Sookasa itself can
always access the users sensitive files. Such solution may satisfy specific companies
but it cannot be a reliable security solution for companies which want to fully exclude
the chance of their data appearing into third-parties hands.

2.2. nCryptedCloud

nCryptedCloud [8] is another cloud encryption gateway working with most cloud
storage providers such as Dropbox, Google Drive, OneDrive and Egnyte. It provides a
rich functionality of file/folder sharing and unlike Sookasa allows securing any file in
any folder. However, from the security point of view there is still a little difference
between Sookasa and nCryptedCoud. The later provide perfect security for individual
files meaning the user does not need to share the file encryption keys with nCrypted-
Cloud as far as the file should not be shared with others users. But for securely colla-
borating on cloud files, the user again needs to share the file encryption keys with
nCryptedCloud's server. The following examples highlight the main file storing and
sharing functionality.

File encryption works as follows:

1. Alice creates a secure unique password for her file.

2. Alice encrypts the plaintext data using AES-256 Zip encryption by using the
generated password.

3. Alice encrypts the file password with her public key and stores the encrypted
password in the encrypted Zip file among with the encrypted file.

4. When she wants to share the file with Bob, she encrypts the file password with
nCryptedCloud’s server’s public key and sends it to server as well.

5. When Alice wants to open the encrypted file, she just takes the encrypted
password from the zipped file and decrypts it with her private key. Next, she decrypts
the AES encrypted file with that password.
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6. Bob receives the shared file and when he needs to access the files on his ma-
chine, nCryptedCloud verifies that Bob has access to the file key and distributes it to
him. Bob stores the received key on his local key store, so for further accesses he does
not need the nCryptedCoud to distribute him the file key.

Again, the main drawback of nCryptedCloud is the fact that it can learn the secret
keys and/or passwords used for file encryption. Although they claim that they never
can access the cloud encrypted files, theoretically they can do it having the cloud sto-
rage access token for each user as well as the secret keys generated by user for secur-
ing data.

2.3. Boxcryptor

Boxcryptor [9] is a cloud encryption gateway that provides a zero-knowledge ser-
vice to users. Its secure key management is based on asymmetric RSA cryptosystem
and all files are encrypted with AES-256 block cipher. Each user has own private and
public keys. The file encryption procedure works as follows

1. Create a secure random file key.

2. Encrypt the file using the file key.

3. Encrypt the file key with the user’s public key.

4. Store the encrypted file key next to the encrypted data in the encrypted file.

5. If file is shared among many users, encrypt the file key with each user’s public
key and append it to the encrypted file.

The main drawback of Boxcryptor is the fact, that if multiple users have access to
a file, the file key is encrypted multiple times with different user public keys and each
result is stored in the encrypted file. This forces the user to re-encrypt each file with
different file key every time the group of people having access to the file is changed.
Also the file size is growing linearly with number of people having access to it as for
each new user having access to that file a new ciphertext should be stored at the be-
ginning of the file.

2.4. Tresorit

Tresorit is an encrypted cloud storage provider providing own storage to users
where the data is uploaded only after being encrypted with client devices. Tresorit
claims to provide zero-knowledge solution meaning they never can have access to any
secret key used for user file encryption.

If the user wants to upload a file to a ‘tresor’, which is an encrypted and integrity
protected storage, it is encrypted and uploaded to the cloud by the client-side Tresorit
application. The encryption is performed with a fresh 256-bit symmetric key chosen
by the client-side application. The encryption algorithm Tresorit applies is AES in
CFB mode. The integrity of the files is protected with HMAC, typically HMAC-SHA-
512. Finally, once the encrypted file is uploaded, it has to be added to the existing di-
rectory structure in the cloud. This remote directory structure is the exact copy of the
client-side directory structure and consists of directories and files. All the files and
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directories are encrypted and a directory containing files and directories also holds the
related symmetric keys. This results in a layered hierarchy of directories, files and
keys of arbitrary depth and complexity. The top of the hierarchy is the root directory.
A file can be inserted into the directory structure in the cloud only if one knows the
key the root directory is encrypted with. The key that decrypts the root directory and
thus gives access to all the files and directories in a tresor’s directory structure is pro-
vided by Tresorit’s Agreement Module.

An RSA-based Agreement Module contains a set of pre-master secrets, one for
each user who is sharing the files, encrypted with the user’s public RSA key. Further-
more, the Agreement Module also stores the RSA public-key certificates of the users.
When a user wants to get access to the shared files, he or she has to provide a private
key to the Agreement Module. The latter decrypts the pre-master with the provided
private key and calculates the symmetric key of the root directory. The calculation is
done by applying HMAC to the user certificates as inputs and with the pre-master se-
cret as the key. The TGDH-based Agreement Module works similarly to the RSA-
based Agreement Module. The only difference is that the former does not store en-
crypted pre-master secrets, but the Diffie-Hellman certificates of the user. The key
decrypting the root directory in case of a TGDH-based Agreement Module is calcu-
lated using ITGDH. With the symmetric key provided by the Agreement Module, the
user can decrypt the root directory and access the files and folders, along with the cor-
responding symmetric keys, of the directory structure. By navigating in the same way
through the directories as one would do on her local machine, authorized users can
add, delete and modify files and directories with ease.

2.5. Viivo

Viivo provides a zero-knowledge solution for encrypting any folder in user com-
puter including all cloud synced folders. Viivo uses a multi-level hybrid crypto ap-
proach when securing user files, whether they are personal or shared. The advantage
of Viivo against Boxcryptor is that every time the user give or revoke access to a fold-
er, it doesn’t have to be re-encrypted. At the base level, Viivo creates a 2048 RSA key
pair to safely exchange keys between collaborators and devices. RSA Private key is
secured with user password. The password is strengthened using PBKDF2 HMAC
SHA256. All your files are encrypted using AES-256 before they leave the user physi-
cal device.

So the basicsof Viivo’s architecture are:

— Each Viivo user has a Private Key that is encrypted with AES-256. The key is
generated from your password using PBKDF2 HMAC SHA256

— All user’s files are encrypted with a unique, randomly selected, 256-bit AES
key. This is the "Session™ key — it is used for one file and never used again. A recipient
of that file needs to know the session key. We encrypt the session key for that (and
possibly other files) using an asset key.

— Asset keys are 256-bit AES keys which are generated by the client and en-
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crypted for the recipient before it goes to the server. For sharing assets(folders)the
shared asset Key is encrypted with the recipients’ RSA public key.

— When someone is removed from accessing an asset, his asset keys are taken
away, and also a fresh asset key is taken and used for future encryptions.

Viivo stores security keys separately from Dropbox, Box, OneDrive and Drive so
that they are kept as private as possible. This system keeps the users public and private
key pairs in separate locations, and they cannot be correlated outside of the applica-
tion. Although Viivodoes not store the user passphrase or private key on the server,
Viivo does support passphrase recovery through a secure process that uses data on the
server with data on the user’s Viivo-enabled device.

3. Conclusion

Public cloud storages thoroughly changed the way we work and collaborate to-
gether on digital data. But this should not be done at the price of compromised person-
al or corporate privacy. In this paper we have shown what solutions can be applied to
ensure privacy in insecure clouds. There are also number of companies bringing more
universal solutions to protect any data shared via any channel would it be public
clouds, email or other channel. The most important players are lonic Security and Ve-
ra. They provide a persistent data protection model for enterprises to securing data at
the point of its creation and use. By attaching visibility, control and protection to the
data at the moment it is created, enterprises enable full control of the data during its
entire lifecycle — from data inception to death regardless how the data was shared or
sent out of the company’s perimeter.
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AHHOTALUSA

CoBpeMeHHBIE OOJNauHble XpaHWIMINA JAHHBIX — TaKWX, Kak Box,
Dropbox, Google Drive niu OneDrive, OBCEMECTHO HCIOJB3YIOTCS B
YAaCTHBIX U KOMMEpPYECKUX IesisiX. Ho B3aMeH MOCTAaBIIMKU XPaHUJIHIL
JAHHBIX TOJIy9aloT MOJHBINA A0CTYN K HHPOPMALH BCEX MOJIb30BaTENCH.
B mocieanue rojpl MOSBHIMCH Pa3iMiHble KOMIIAHUH, KOTOPBIE CcTapa-
FOTCS PEIINTh ATY CEPhE3HYI0 MPOoOJIeMy OE30MaCHOCTH MyTeM MPUMEHE-
HUS TIEPEIOBBIX TEXHOJIOTHH IMU(poBaHus (GailIoB MOIb30BATENS B 00-
JIaYHBIX XpaHWINIIAX. B TaHHOHM cTaThe pacCMOTPEHBI OCHOBHBIE pellle-
HUS B TOH 001acTH, MpeAHa3HaYCHHbIC /I 00eceueH s 6e30acHOCTH
00JTaYHBIX XPAHUIIHIIL

KaoueBbie cioBa: o6mauyHoe mmdpoBaHue, Oe3omacHocTs Dropbox,
6e3omacHocts Google Drive, 1utto3 mugpoBaHus.

UUNUSHhL MU2N8LEMNRU SYUSULLE P
GUNSLUSrUUL WUNNRDPLECD NRhUNRULUUPMNRESNRU

1}2. Ephuqupnub

uvonenkuU

SYjwutph wdwuwyhtt wwhngukpp, husywhuhp tu Box, Dropbox,
GoogleDrive uud OneDrive, ujdd hwdwwnwpws oguuugnpsynid ku
wbdtmfjub b gnpstwfut tyuwwnwlubkpny: Tujuyt wdwuyght
wuwhngubph dwwnwlwupupibpp vnwinud o hwuwibhnipemnih
pninp ognnwunbkphph wyjuubkppht: dEpohtt nwphubphtt wwppkp
puytpnipnibubp Eu vnbnddtp nustine wyu 1nipe wunwbgni-
pjut juughpp” Yhpunking wpphwuljut qupnitugpdut nkjutunn-
ghwttp: Uju hnpuésnid nhnnwpldus i npnpunh wyt hhdbwlub
usnudubpp, npnp twhwnbudws Bt wywhnybint wdwwght
wwhngubpnid njuikph wifunwbgnipniup:

Zhdtwpunkp' wdwuyhl ndyuikph qunnuwgpnid, Dropbox wi-
Junwtignipnil, GoogleDrive wjwnwignipnily, ndjuutph qunun-
twgpUw uwninh:
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isma.team@gmail.com

uuonNeNrU

Ushumnuwipmid nhunnupljynud £ htnbpubn dhpwjuypnid qnpénn
ubdwlinhly gutighpny ubpljujugnny ghnbihputph puquih ju-
pujupdwi hudwlupgh dhgngutiph Unnhbhlughwih, npnup
pni Eu mmujhu unbnst] wdwuwihtt mEuninghwyny wohiwwnng
onpninnunbjuthulwi hwdwlwupghn:

Zpltupuntp’ wilyught pnpninnnkutthu, ukdwinhy gutg, gh-
wnbhputiph puqu, fanupuyhtt junwqupnid:

Udwuyht nkhuininghwjh oginugnpénid pnpninnuinbtuthjuljwi vhonguk-
pnud pnyp Ennwhu pupdpugub] tputg hunbjEjnniwnipiut wunhgwin:

Udwuyht pnpniinunbpihjuynid pnpnnp qunumd £ hudwgwugh dh
dwu: [npnntbpp wjunbkn gnpénid G ny Ukniup: bphig wthpudbown nbnk-
ymipjniutiph unwgnudp b dowlnudp sh juwnwpynid nbnnud: Uju wdkup
Juquultpuynd £ pnpninibphtt jupwydwpnn b hwdwguignid gnpénn hw-
dwlngh Ynnuhg: 9hpohtiu wyjwbwynpnid £ jnipwpwsinip pnpninh gnpénnnt-
pintuttipp b ghubpugund Spwugptp, npnup Jupny Eu htnbkpyphunwgyt] nn-
pnunnid wnjuw hwpynnujub vhongubnh Ynnuhg:

Npnnt hp gnpstubnipjut pupwugpnid hudwguig Yupnn b wpwpt) nk-
nkynipnitutn hp opowyyunp opjtljiniknh dwuht b hwyytwnynipjnt tputg
htw hp othmudubiph wpyniupubiph dwuht: Ujuyhuh juquultpynudp poy) |
wnwhu jupwywpnn hwdwlwupght puptjuyt)] hwdwnkn gnpénn nnpnpubtph
wpfuwnwipn:

bupttwpownd pnpnintkph wpiwnwuph Juquultpynidp hwdwpynud E
Ebtlunpy, Eplk wniw E tpuitg dugiughtt nhjujupdwt hbwpuynpnipeni:
Lwuptnpkih £ wyn gopépipugnid oqunmgnpsk] puwljut (kqnu: ‘Loklp np
dwpynt b nkjuhulwt dhongutph dhob tpljlunumpjut juquuljtpuynidp
hudwpynid E pupn ghnwljut jnughp: Uwuyt wdwyuwhtt inkjubninghuyh
nhypnid Untinpuyhtt hpwhwuqubph pugniunudp, tpug wkpunh hdwunwhu
Jhpndnipjuniip juunwpynud Bt wdwnud gnpénn mbkthiulwt b dpw-
gpwht hgnp dhgngutpny, npnup htsnwugumd tu uoqws ungph nisnudp:
Ujuntn fwbtwsyws dntinpwhtt hpwhwuqubph hadwywnwupwt ghubpug-
Ynud E pnpninhtt wnwpynn b bpw opquiubpp wudhpwlwt Jurwjwnpny
hpwdwuubkph pwpp:
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Uju wpiwwnwipnid wpwowplymd k pupdpugqus punhpuph nisdwt
hwdwp hhup punniul) PUUU htnbjulunniw hwdwlupgp, npp gnpénud
hudwgwugnid b akpjuynidu oqgunugnpdynid E phwut 1kqyny ubpluywg-
Jwd mkpunbtph hdwuwnwht pupquunipnitubph hwdwp[1]: Udwwyht nnpn-
wununkthjuh ywhwiettphtt wjt hwpdwpugubnt hwdwp wihpudbon k
Juwnwnpk] tpw npny dhgngubph qupqugnid b hwdwlwpgh spwgpuhi h-
ongutinh hwpuwnwgnid tnp pununphsubpny: Lhwp 1I-nid phpdws £ dbp Ynn-
Uhg wnwewpljynn pnpnintikph junwjupdwb wdwjwht vhengubph Lupinw-
puybwnnipniup, nph hhdpnd pujws £ PUTU hwdwlwpgp: Ljwpnid hwu-
nwugjué gétpny tpdwsd wpnklt thopdwplyus pununphsubtpp: Uyu wohiw-
wnwipnmd gpué pjuunhpubph nsdwt hwdwp tpuip Yuphp nitukt dhuygh
npnpwljh Unnhdhljughugh, huly pupuy gdtpny tkpluyugfwsd kb punwunphy-
ukp, npnugny whwp £ hwpunwgyh b jpugyh PUUU-h Juqdp, npyhuh wyt
1nSh wdwyuyhtt nktninghuwyny pnpnnbkph jurwdupdwi hwpgp: Qupg
ujupuqgptup hudnplwughnt hnuptph b hwyynnuljut wohtwwnwputph
Juquuljbpynudp  wowewpws upubdwynid: Zwdfupgh hwdwjupdwi
uljqprujutt thnynud junwpynid £ wpwpuyujut wphiwphh wyt Eipunh-
nnyph tjuwpwgpnudp, npunbtn yhwnp b juquultpydh pnpnntbtph gnpst-
ubnipniup: Ugu PUUU hudwlupgh 4Ep fadpwgphsh Ynnuhg hpulju-
ugynid £ wnwpluyuljut wppuwphh wyny Eipunhpnyph dnpbjuynpnudp Gh-
wbjhputph puquyh (FF) wnwudhtt pununphsnd, nphtt hbnwquynud jub-
Juubkup wujubph Eupwpwqu: Onpnnutph gopskubnipjut juqdw-
YEpyuwl thnynmd oyykpunnphg unnwgynid k piuljut (kqyny ukpjuyugyws
b wyn pnpnntkpht nindwsd hpwhwuqubp:

rnpronibph
puqin il

Bhuwbkphbwmbh hom

Skpuwh plmuwmjhh I I[Fnpnwbkph foro]ompmink I

JEpynakhy

Shankhphl Ll mem]mpaimh hodm!

Gnnkihplbkph
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Anly 2-md @L-h oqunipjudp yuwnwpynid £ wyy hpwhwiqubph mbkpunh
hdwuwnwhtt bpnidnipinit, nph wpyniupnid uvnwgymd E wyn mbpunht
hwdwpdtp, tpw phpujwtwlut JEpnwdnipmniup tkpluyugunn hhtwppuhly
dwnp: Ownh quqpep ukpjuyugunmd E hpwhwigh Enipiniip wpunwhwynng
puyp, hulj winnpuywu hwhgnyghbpp wyy pugh [pugnidubpp:

Anly 3-mud unwpynwd E hpwhwtqynn pnpninh dhljpngnpénnnipniuiik-
rh wwuth juqunud: Ldwt Wuwbwdnpdwb dudwiwl puduwpupdnd Eu Jbpp
uoqwsd sSwnny ubkpluyugyus ywuwhwigubpp b hwsyh wniynid pupwughl] ww-
hht pnpninht pgpgwyyunnnn hpbph thnpowupd ghppp: Uju pioljp tpgws nhp-
ptiph dwupt nfjujubp unwind t huwdwljupgh wjujubph upwpwuquyhg,
npnup wpnwgninid ki hpughdwlip wowpuyuljut wpiwphh pupwughly tu-
puwnhpnypend:

Lhwpugpus upubdwnmd PUUU hnbjEjunniuy hwdwljunpgh b tpu pw-
nunphsubph hwpdwpkgnudp gpdus tyuwnwyukpht (bughp Hnlyl, finy2, Fnl4
b AnY 5) wwhwignmd Eu wyn hudwlupgh npnpwljh dnphhjughw: Uwnnpl
pliptup wyn Unnhbhljughwutph ppwjubugdut wnwewpljynn ujubdwubp:

SYjuukiph Eupwpuquh mpudwpwbulub juqiulbpynudp

Unwowplynid E wndjuubph upwpuquyh juquuybpysuljut dhuynp-
ubkph b bpwig dhol htwpwynp Juwbkph Juqup hhdtwlwinwd hwdpuykgut;
hudwlupgh @£-h dhunpubph b bpwtg dhob Yuwbknph Yuquh htn: Uw
Pyl Juuu wutpwt thnthnpunipinititpny oqunugnpsdt)] hwdwlwupgh wppku
Upwljwé b thnpdwpydus dkp pudpugphsh b puquikph junwdupdwt hw-
dwlupgh dpwgpuyhtt dhongubipp: [2] wnwowplyynud k, np @L-u nhunwupldh
npybu wjuybu Ynsqus Unijpinhwtwnbkph hhtpuppuhly junnigusp niukgnn
ubdwlinhl gwg: Uniyjnhyknttpp kY dwjupguljuing hhtpuphhy gut-
gkp L S8mipwpwiynip Unyynhyibnh ququp hwinhuwind b JEpunuu
Unyynpytinh unnpunuu onuill: Uniypunhyknp tkphwigniguyhtt Yuwbkpp
wywhnynd Eu gquu-Eupunuwu hwpwpkpnipnitutp: Ujuyhuny, wyuwhny-
Unud k JEpunuu dniypnhugjbnukph hwtqnygubph hwnlnipniuikph dunw-
gnudp unnpunuubtph Ynnuhg: PUUU hwdwlupgnid wju hwugnygubpp
ubpjuyugunid o hpwlwt wojuwphh hwuljugnypubpp (Ynughuywuibpp):
Utp Ynnuhg wowowplynd £ @ dingul) qunjuljutt dwljwpnuljh dnywnhp-
wkwnubp, npnig unnpunuu hwbgnygubptt wpnkt Jukpjuywugut pnpnnh
opowwunnn wowpuyului wojuwnphh opjkjnnutpp: Uwluyl, npytugqh wyu
hwtignygubpny (hwupdtpnpbt Unpljuynpbip wnwpluyuljut wppuwphp, w-
hpudtonm pinih E wnwgwiinid hudwljupgnid dngby inp whugh juugbp

w) nnpnunhtl opowyunnn nwpwspnid wnlw opjkljnnukph nhppp ubkp-
Juyugubint hwdwup wnweowplyynid t FL-h qpunyuljut fwjwpgulh pipu-
pwiisjnip hwignyghtt pny) vnwy Ynnpnhttwn whyh hwnljwtthoh Jepugqpned,
npnup phwlwb bt Ynibkbwt Epbkp pwquonphy, Jupunwhwjndbu pykpny,
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Jupykt wowpuyulwt wopuwuphh dnphjuynpldwt dudwwly:

p) {knpninutph gnpénnnipjniubpp wwbwynpnn dngniyh wowwnwbpp
Juquuibpybint hwdwp wpwewplnud tup hwdwljwupg dingul] twb opykljn-
ubph thnfuwnwpd nhppp Wjwpugpnn juwbp, npnighg npnpukpp ghunwpy-
Jnud B gqpuljuiinipiniinid: Ujuyhuh hwpwpbpmipiniiubpg Eu Ri(a, b)- a
opjkiwnp quuynid k b opijnh Ypu, Ro(a, b)- a opjijuap quundnid £ b opjljunnhin
lhg, Rs(a, b)- b opjjinp hwinhuwunid k a opjkljinh pununphsp, b wy:

Zpwhwiqikpph wbkpunh hdwuwnught Jbpnishsh Uniwph b Giph

njuutph dbwswihp

Upnttu oyl Ep np dEpnushsh dninphtt hpwhwigh wbpuwnp whwup k
npyh phwlwb (kqyny: dkpnishsh Giph ubpjuyugdwt dbwswithp wyhwnp k
pwuwpwph hbEnbju; wwhwietubpht. wpnwhwynh dninpughtt nbkpunph
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hwugnygp whwp b dbhwynph wdwb Gupwdpwgptph Jubstph vh gniguy,
npnug pnnph juwnwpdwt ghypnid dkup junnwbwtp dnuinphtt mpdws hpu-
hwugh hpwljwbwgnid: Uwnnpl ppynid £ nbkpunughtt yhpnishsh Eph -
suthp: Gipnid hpwhwgh nipjniut wpdwnwghtt pununnphsp tbpluyugynid
E ghwbjhpukph snbdwpwih b npuk dbjpwthulub supdnid ubkpljuyuging
puyujwt nhwyh Ynughwyung (CO): Unwownlyny dbwswthnid pnbdwpuih
ynughyunutph wduwiunidutpp hwigtu Eu quhu dnitujghwutinh wagunid-
ukph mbkupny: tpwbg oqunipjudp Lipuyhtt hpwhwbqgp ukpjuyugynud k np-
wbku Updjubg Uke Ubpypdus $milghwibph hudwljwpg npp nith htnbyuy
$npuwy tljwpughpp:

<hpwhwg>:= Cy (Fwupgnidkunubph gnigul>)

<gniguljh kEdkun> = Ry Ci([<wpgnidkunubph gnigul>])

Ujunkn Ci-h ubpjuyugunid £ pinbdwputh gnjujut jud wswuljut Ynb-

gy, Rei-htt nu Co-h bt Ci-h dhol wnjw swpwhniuwljwi hwpwpbpnipniut
E, npp Shpugws k ghinbihpubiph puquyh ubdwtnhly guignud:

Ujuyhuny hpwhwigh Epwjhtt mkpunnp ubpyuyugynid £ npybtu hpw-
hwugh ptpujutwlwt JEpnisdwt hhtwppupl dwn Cy ququpny, b tpub
Eupuju C; kupwququptbpny:
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Qhwnbkjhpubkph puquyh ubdwiunhl guigh plunguyund wywbtwynpdw

Spugpuypt Unnmh wohimnwiph hwdwp

Zhknmwqu  owpunpjuspp  wwwhnybinmt  hwdwp  ghunwpdui  dbe
Uwingubup Uh pwth unp hwuljugnipnitbn:

Uwlpnhpwhwig — wyuyhuphtit Eup dbup hwdwpnid wy hpwhwigh
wnbpunbpp npnug Unn Jbpp phipqws dnpdwy tupugpbpnd Ci-ht ubp-
Juyugunid E ny pk wnfjuyubph Eupwpwuquyh opkljnnitp wyp tpw Jhpunuu
Unyunhytnibph ququpubpp tkpjuyugunn Ynughwyunibp: Ljuwnbkup np
hudwlupgh dntnphtt tdwt hpwhwiqukp skt fupnn husk] puth np dnin-
puyht hpwhwigp muh Ynulpbnnipniy, tpw dnn Ci-h phpnud Jupnn Lu
hwunbku quj Uhuyt myjujubph tupuwpuquyh opjjnubkp: dwpnhpwhwiqutp
uwntindnid b oqinuugnpénid Gup ghnbkjhputinh puquyh dbwynpdwt dudwwy

Uwlpnépwugptp — uw hpkuhg ukpuyugunid £ dwlpnhpwhwbqubp hw-
onpryuljwini pynt npnip Juuyulglus ki dhdjuig htwn U hknn', ud hb-
nn” npudupwiulub owkpughwitpny, b poiyp ki wiwghu ghnkjhpikph pu-
qu unknénnht pupng hpwhwigp wpnwhwynt] wykih wwpq hpuwhwbhqubpny:

Nputuqh wwywhnybp wblwhinipnit pnpninp wpjuwnbgunng  Spw-
qpbnh, wyjuyukph, hudwlwupgh htwpwynp qupqugnidutph dhol, wyu wp-
juwtnwtpnid wnwewplynid £ qupqugub] ghnbkihpttph puqui, ukdwunhl
guiigh hwignyygutph htinn juwh ke dingut] Ywjpnhpwhwuqubph b duypn-
Spwgnbkph mbkpuntpn: Uyn twyuunwlnyg wnwewnplynid E oqurnuugnpst) nh-
twihl ywiuynpdwh Unnkgnid’ pnpninbibph wounwbipuyht wjwmbh b
wpuwnwbipught dpwgpkph  ghukpughwt hpwlwbwgul] jnupupwtsnip
hpwhwugh nhypnud pun ghnkhpukph puquyh ptipwughl yupnibwlnipuis
Uju tyunwlny wpwowplynid L jnipwpwibygnip puyului wmhyh b Gy
dnrughwin ukpjuymgunn Ynugbuinutiph htn swpwhniuwu (uinpunw-
Juil) Juuh dke qnuynn Ci-h Ynughyunh dnnn ) Ry wtdhpwlw Juy Co-h
htw: Uy Juuwh winnht Ygk] hwdwyunwupuwt dwjpnbpuhwigp btwjuonnp
ugtt whglugubiny mkputnwhtt whwhquunnph dheny: 8nipwpwbynip tdwb
hpwhwigh nkpunp whwp k Jippwtiw tpwb hpwljwwgunn robotc h dnynih
Jud dujpnépugnh Juiyny:

Nnpnunubkph gnpdmiutmpjut yjwiwynpdwb Sdpwgpuyhtt Unnnih

ujubdwt

Loyws yuuh juqunulp wpwowplynud E hpwlwbwgut] htwnbjug
ufubdwyny:

Untnpuyhtt hpwhwgh dhpnisdwt wpyniupnid uinwiiwg wyn hpwhwi-
gh $npdw) mbupp npuntn Ci-htt nyjwjubph Eupwpuquyh dh npl | opjijunnt E,
hulj Co-t hpwhwtqyny gnpénnmipnit bpu aWundwdp: Gpt ghwnbihputph
puquynid wnlw k£ wyy hpwhwigp widhpwljuunpkt ubpjuyuging Jwljpn-
hpwhwigp wyw tpub Ygdws robotc-h Unnynip wnpynid £ wudhgwljut hpw-
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Juwtwgdwt hudwp: Zujwpwl nhypnid junwpynud k JEpplupwug supdnud
ntwh ykpunuu dnyunhybntbph ququpttpp: Lputghg punpynud £ wyu G,
-ht nphtt jw Ygdws Co puyp(gnupénnnipjniuin) hpwlwbwgung dwlpnhpu-
hwuqgp: Uju dwljpnhpwhwigh jud b tpwt hpujwbwgunn dwljpnépuqnt-
nnud pojnp C-ubipp thnpowphiynud Eu Ci-h Ynulpbn wpdtpny: Uwljpnépwg-
nh puguljuynipjut nhypnid Ci-htt thnjuwbgynid £ npujtu wpgnidbun, dwl-
nnhpwhwtght Ygqws robotc-h dniuljghuyht b wyny $niuljghwt tkpnpynud k£
pnpnunnh yjwbwynpynn gopénnnipniuubph guulh dke: Zujwnwl ntypnid
Juunuwpynd £ nfjuy dwipnhpwhwigh hpujwiwgdwt dwlpndpwughpp:
Cunnpnid wyu mwljnnid juwnwpynn dwljpndpugph pojnp pununnphs dwljpn-
hpwhwuqutpp ghnwpyynud tu Jupstu pht hwdwlwupgh Uninphtt inpguws
hwuwpwly hpwhwiqg: Ljwpugpdus ghljhy gnpspupugp wdwpwnynud | Lpp
upw pupwgpnid hwunhywé pnjnp dwipnhpwhwqutpp npnup htppeny ubkp-

npynud ku pnpnnh wjwmbwynpynn gnpénnnipjniuibph gulyh dke:
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OPIAHU3ALUSA PEYEBOI'O YIIPABJIEHUS B OBJIAUHBIX
POBOTOTEXHUYECKUX CUCTEMAX

3.C. Manykan, O.B. Manykan, 3.H. Manykau

AHHOTAIUA
B pabote paccmaTtpuBaeTcs MoauduKanus CpeACTB CUCTEMBI YIpaBile-
Hust 0a3bl 3HAHUH MPEOCTABICHHOH CEMAaHTHYECKOW ceThio U (yHK-
[IUaHUPYIOIMH B cpele MHTepHeTa. Momudukanuu oOuCnednBaoT 00-
JTAYHYIO TEXHOJIOTHIO CO3JaHUS POOOTOTEXHHIECKHUX CHCTEM.
KiioueBble ciioBa: 00iauHasi poOOTOTEXHHUKA, CEMaHTHUECKasl CeTh, Oa-
3a 3HaHMii, peueBoe yIpaBiIeHHE.
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VOICE CONTROL OF CLOUD ROBOTIC SYSTEMS
E. Manukyan, O. Manukyan, E. Manukyan

SUMMARY
In the project we have studied the modification of the means of the con-
trol system of the knowledge base provided by the semantic network,
functioning in the environment of the Internet. The modifications provide
cloud-based technology to create robotic systems.
Keywords: cloud robotics, semantic network, knowledge base, voice
control.
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ABTOMATHYECKASA KNIACCU®PUKALIUA 110
MY3bIKAJIBHBIM ’KAHPAM

A.A. Menkonsan

AHHOTANIIUA

IIpoGemMa aBTOMaTHYECKOM KiIacCH(PUKAIIMK TPOU3BEICHUH (My3bIKab-
HBIX WM KaKuX-THOO MHBIX) HPEICTABISAETCS BEChbMa CIOXKHOMU, a C OIl-
peleneHHO TOYKH 3peHHs BO MHOTOM M HE pa3peumoil mpobiemoii B
CHIIy HEKOTOPBIX OOBEKTHBHBIX M CYOBEKTHBHBIX OCOOEHHOCTel. B Ha-
CTOSIIIIEN CTaThe PACCMATPUBAIOTCSI OCHOBHBIC CYIIECTBYIOLIHME MOIXOIBI
K PEIIEeHUIO JaHHOU 3a/1aum.

KiioueBble cjioBa: MY3bIKaJIbHBIN JKaHP, AITOPUTM KIIACCH(HKAIHH,
TaKCOHOMHS JKaHPOB.

BBenenune

My3bIKallbHBIE XKaHPBl — 3TO BBICOKOYPOBHEBBIE OMHCAHUS, CO3/laBaeMble U HC-
MOJIb3YEeMBIe JIJIsl KaTeropru3alny My3blkd. BooO1ite, mpobiemMa apTomaTHyeckor (1a u
HE TOJBKO, aBTOMATHIECKON) KaTeTOPU3aUN MY3BIKH, 110 OOJBIIOMY CUETY, Ha Hail
B3TJI51/I, HE SIBJISIETCS TIOJTHOCTBIO PeIlaeMOi B CHIIy OIMPENENIeHHOTO psijfa OOBEeKTUB-
HBIX U CyOBEKTHBHBIX MPUYUH. B miepByI0 ouepenp, eie U IOTOMY, YTO He CyLIeCTBY-
€T YeTKOTO U OJHO3HAYHOTO OIPENEIICHHS KAaHPOB, T.€. ONMpPEAeTICHHAs MEIOIUSI MO-
JKET HE MOJXOJIUTHh K KaKOMY-JIHOO >KaHpy HIJIM, Ha00OpOT, colepkath B cebe ¢par-
MEHTBI, KOTOpbIe MOKHO OTMECTH K Pa3JIMYHBIM KaHpaMm U Tak jainee. bonee Toro,
COBpEMEHHAas My3bIKaJIbHAsi HHAYCTPHS TTOCTOSHHO MPOIYIIUPYET BCE HOBBIE U HOBBIE
xaHpsl. Kazanocs Obl, ecii mpobiieMa KaTeropru3aliii My3bIKH SBIISIETCS TPAKTUICCKH
HE pelaeMoi Jaxke I TAKOTO COBEPIICHHOTO KOMIBIOTEpa, KAKUM SIBJISIETCS YeIIo-
BEUYECKHIA MO3T, YTO TpeOOBaTh OT OTPAHUYCHHBIX BO3MOXKHOCTEW MOJIENE U KOMITb-
I0TepHBIX TporpaMMm? OmHaKo HOTPEOHOCTH B MOJOOHBIX IpOrpaMMax, IIyCTb U C
BEChMa Ype3aHHBIMH (YHKIMSIMA CTAHOBHUTCS BEChbMa CEpPhE3HOM, €CIM y4ecTh, UTO
KOJIMYECTBO MY3BIKAJIBHBIX (pailioB B IUQpPOBOM BUAE, NOCTYHHBIX B HTepHeTe,
CTPEMUTENFHO PACTET, MOABISIOTCS Pa3IMUHbIe CEPBUCHI, IPEAOCTABISIONINE JOCTYI
K 00JIbIIIOMYy 00bEMY MY3BIKH 110 TIOJNHCKE. ABTOMATUYECKHIA aHAIN3 MY3bIKH MOXKET
CTaTh OJHOHM U3 YCIYT, C MOMOIILIO KOTOPOU BIIANENBIBI TAKIX CEPBUCOB OYAYT MpH-
BJICKAaTh KIMEHTOB. Takas BO3MOKHOCTh MOXKET CTaTh IOJIE3HOW U U aAMHUHHCTpa-
TOPOB CETEBBIX apXWUBOB C HH(pOpManMeil 0 My3blKe, B TOM YHCIE, BKJIIOYAIOLICH
xaHp. OOBIYHO TaKWEe CEPBHCHI TOJATAIOTCS Ha PYYHYIO KIaCCU(UKAIUIO, SBIISAIO-
IIYIOCS] MEAJIEHHOM W TPOMO3AKOM.

Knaccnpukanus. OOmyro cxeMy pelieHus 3a1adn KiacCu(UKaIMd My3bIKaIb-
HBIX TIPOM3BEICHUH IO KaHpaM MOXHO YCJIOBHO Pa3/IeiUTh Ha CIEIYIOIINE 3TaIbI:

— OmpezeneHre Habopa MPU3HAKOB (B TaHHOM KOHTEKCTE MPHU3HAK 03HAYAET MOp-
nuio uHGOPMAIUK, KOTOpas MOXKET OBITh M3BJICUCHA M3 ayTUO3AINCH U 3aTeM HC-
MOJIb30BaHA JIsl €e OnucaHus win kinaccudukanuu [1,6]);
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— BbIJICJICHUE [IPU3HAKOB U3 ay/IH03aIHCH;

— BBIOOD aJITOpUTMa KJIACCU(PUKAIINY;

— BBIOOp TAaKCOHOMHH KaHPOB — MEPapXUYECKOTO MHOXECTBAa KaTeropHi, OTo-
OpakaeMoro Ha My3bIKAJIbHYIO KOJUISKIIUIO;

— KJ1accu(pUKaIUs BHIOPAHHBIM aJITOPUTMOM.

B oOmem Buze, 3amada kiaccHUKanuy ONpeneseTcs CIeIyIIUM o0pa3oM:
mycth X — MHOXECTBO ONUCAHUH OOBEKTOB, Y — KOHEYHOE MHOKECTBO UMEH KIIac-
coB. CymiecTByeT HEM3BECTHas 3aBHCHMOCTh — oTobpaxennme Y : X —Y . Tpe-
Oyercs moctpouth aimroputMa: X —>Y , CHOCOGHBIA KIacCHPUIMPOBATH MPOM3-

BOJILHBIHA 00BekT X € X .

XoTs pasneneHue MY3BIKHM 10 JKaHpaM SBIISIETCSl B HEMaJIOW CTENeHU CyObhek-
TUBHBIM, JUIS OTIMCAHUS TOTO FUIM HHOTO YKaHPa MOKHO HCIIOJIB30BATh KPUTEPHUH, CBSI-
3aHHBIC ¢ (DAKTypOi, ”HCTPYMEHTOBKOW M pUTMHUYECKOH CTPYKTYpOl My3bIkd. M3 Bce-
IO 3TOTO CIJIEIYIOT JIBa BaXXHBIX BOIPOCA aBTOMATHYECKOW KiacCH(HUKALUK IO YKaH-
paM: KaKue My3bIKaJlbHbIe ITPU3HAKK UCIIOIB30BaTh JUIS KiIacCH(UKALUH U KaK pa3pa-
0oTaTh HepapXHIECKOEe MHOKECTBO KaTETOPUH, B KOTOPOM OYIYT KiIacCH(DUITUPOBATH-
cs 3amucu. Hammane Hame)XHBIX IMPOBEPOYHBIX JAHHBIX TAKXKE SBISCTCS KITFOYEBBIM
TpeboBaHneM 11t 3)(PEeKTUBHOTO 00yYEeHHs KIIACCH(PHKATOPOB MY3bIKAJIbHBIX TPOU3-
BEJICHHH 10 KaHpaM. YUUTHIBask TOT (aKT, 4YTO MEXKAY aHHOTATOPaMH-ITIObMH (TIpo-
M3BOLIINME KJIACCH(UKAIINIO) MOXKET OBITh ITOCTUTHYTO TOJBKO OTPaHHUCHHOE CO-
TJIacye, MOXKHO CHENATh BBEIBOJ, YTO 3TO OTPaHUUCHHE 33JaeT BEPXHIOI TPAHULLY d-
(PEeKTUBHOCTH aBTOMaTHYECKOH KiIacCH()UKAINH )KaHPOB.

IIpusnakn knaccupuxanuu. OCHOBOM CHCTEM aBTOMAaTHYECKOTO aHANM3a ay-
IHO-CUTHAJIOB JIOOOTO THIIA SBISICTCS M3BICUCHHE BEKTOpa Mpu3HAKOB. OCHOBOTO-
JIaralolIMMH B 00JTaCTH Kiiaccu(UKAIUK TI0 )KaHpaM sBisiercs padota Jx. [laneraku-
ca u I1. Kyka [2], KOTOpbIMHU OBIIH B3SITHI 32 OCHOBY Pa0OTHI IO paclio3HABAHHUIO PEUH,
a TaKXKXC HEPCUYCBBIX CUTHAJIOB — TaKUX, KaK 3BYKU MY3bIKAJIbHbIX UHCTPYMCHTOB. Nmn
OBIJIO MPEIUIOKEHO TPU HAO0Opa MPU3HAKOB, CIYXKAIIUX JJIS MPEICTABICHUS TeMOpa,
pUTMa U BBICOTHI 3ByKa. Habop TeMOpaibHBIX MPU3HAKOB OB 3aMMCTBOBAaH M3 00JIac-
TH Paclo3HAaBaHUs PEUH U 3BYKOB B IIEJIOM, HO JiBa APYTUX Habopa ObLIM pa3paboTaHbI
HUMCHHO IJI IPEACTABJICHUS MY3bIKAJIbHBIX XapaKTCPUCTUK — pUTMa U TAPMOHHUU.

TemOp — 3TO XapaKTepUCTHKA 3BYKa, MO3BOJLIIOMIAS TBYM 3BYKaM OJWHAKOBOI
BBICOTHI ¥ TPOMKOCTH 3BYYaTh IMO-pa3HoOMYy. JlJIsl M3BICUECHIS TIPU3HAKOB, OIHCHIBAIO-
MUX TeMOp, MCHONB3yeTcsl CIEKTpajbHOE pacipeselieHne curHaia. TemOpaibHbIe
MPU3HAKK YaCTO HA3bIBAIOTCS HU3KOYPOBHEBBIMM, TaK Kak OOBIYHO BBIYHCIISIOTCS Ha
KOPOTKUX OoTpe3kax curraina (ot 10 go 60 MuimucekyHu).

[Ipu3Haky, ONMUCHIBAIOIINE BHICOTY CHTHANA, — ATO IPU3HAKHU, OIHCHIBAIOIIUC
TapMOHHUIO U MeNoAMI0. ['apMOHHS — CIaKEHHOCTh 3BYKOB M aKKOPAOB («TOPH30H-
TaJIbHOE» W3MEPEHUE MY3bIKH). MeNoaus — MOoCieI0BaTeIbHOCT 3BYKOB Pa3IMuHOM
BBICOTHI, BOCIIPHHIMAEMBIX KaK €JHHOE [eJIoe («BEPTHKAIEHOE» N3MEPEHHE).

TouHOTO OmperneneHus pUTMa He CYIIeCTByeT. MHOTHE aBTOPhI PacCMaTpHUBAIOT
PHUTM KaK HJICK0 BPEMEHHOH peryiisipHocTd. B Gosiee o0IeM CMBICIE, CIIOBO «PUTMY
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A.A. Menxousin

MOJKET HCIIOJIB30BaThCS AJIs1 0003HAUEHUS BCEX BPEMEHHBIX aCIIEKTOB MY3BIKaJIBHOTO
MPOU3BEICHHUS.

K BBICOKOYPOBHEBBIM IPHU3HAKAM OTHOCSTCS TOHAJIHHOCTh, OCHOBHASI YacTOTa,
MOCIIE0BATEIILHOCTH AKKOPIOB.

OCHOBHOI1 Hjieeil SIBIIETCS, KaK M B OOJIBIIIMHCTBE aHATTU3aTOPOB MEJIOJNU U Tap-
MOHUH, HCIOJb30BaHUE (PYHKIIMH, OMUCHIBAIONINX PAaCHpPEACICHUE BBICOT HA KOPOT-
KOM y9acTKe KOMITO3UIIMU: BBIYUCISICTCS HAOOp 3HAYEHHUH TaKUX MPU3HAKOB, KaK aM-
IUTATYABI U PACIIONIOKEHUSI OCHOBHBIX ITHKOB, BEIMYWHBI HHTEPBAIOB MEKAY HUMH H
1.1. T.e. Takue BRICOKOYPOBHEBEIE MIPU3HAKH HE HCIOIB3YIOTCA.

TexHUKH U3BJICUCHUS] BHICOKOYPOBHEBBIX CHTHAJIOB M3 MOIH(DOHHYESCKUX ayAHO-
CHTHAJIOB €IlIe BEChMa JAJICKH OT COBEPIICHCTBA. TeMOp COAEPIKHUT JOCTATOYHO WH-
(hopmamuu s rpyboro onpeneneHus xanpa. [1o pesynbratam pabotsl [3], mpaBuiIb-
Has KJIacCHU(HKAIMs 10 kaHpaM (Bcero ObU10 paccMoTpeHo 10 skaHpoB) ObLIa Tpom3-
BezieHa A 53% mpu npociaymuBauy 250 MIIIMCeKyHA U B 72% Mocie IpoCIyIly-
BaHus 3 cekyHn. [loaToMy cTana OBITOBATH TOUKA 3PEHUSI, UTO IS OMPEICIICHHUS JKaH-
pa He TpedyeTcs HCIOIh30BaHHE BEICOKOYPOBHEBBIX MPU3HAKOB, TaK KaK 3 CEKYHIBI —
CIIMIIKOM MAJCHBKUI BPEMEHHOU MPOMEXYTOK UL OIpeNeNieHUs] MY3BIKaIbHOU
CTPYKTYPBHI.

Onnako B pabdote [4] ObUI0 IPOBEACHO UCClieoBaHUe Ha Oa3e maHHbIX u3 20000
MpOU3BeIcHUH 10 18 sxaHpaM. Pe3yabTaThl MoKa3aiu, 4To MEXIy TEMOPOM U KaHPOM
CYIIECTBYET JINIIH HEOONBINas KOPPEISAIHS, U3 Yero CIEAyeT, YTO aHaJIM3aTOpHl, pa-
OoTaromue Ha TeMOpe, N3HAYaIbHO OTPAaHUYEHBI.

Aaroputmbl Kiaaccupuranuu. CyliecTByeT TPU OCHOBHBIX KJIacca aJrOPUTMOB
KJIACCU(DUKAIIHH:

— OKCIIEPTHEBIC CUCTEMHI,

— aNTOPUTMBI O0Y4EHUs O€3 yUUTes;

— aJITOPUTMBI OOYUEHHSI C YUUTEIIEM.

OKCIIepTHEIE CUCTEMBI OMPEACIIIIOT HaOOpHI TpaBwUi B SIBHOM Buae. s 3amaun
KJIACCU(DUKAIIMH TI0 Y)KaHpaM, 3TO ObIIO OBl aHAJIOTHYHO NEPEYUCIICHUIO Habopa mpa-
BUJI, KOTOpBIE OBl TOYHO M OJIHO3HAYHO MOTJIM OmUcaTh xaHp. [Toka He ObUTO mpeso-
JKEHO MOJIeJICH, OCHOBAHHBIX Ha 3KCIIEPTHBIX CHCTEMAaX.

OO0yuenne 0e3 yIuTens — 3TO KIIaCTepu3allis JaHHBIX HEKOHTPOIUPYEMBIM CIIO-
coboM TakuM 00pazoM, 4TO KiIacCH(UKAIMsI caMa BO3HHKACT W3 JaHHBIX Ha OCHOBE
OOBEKTUBHBIX MEp CXOJACTBA. IIpenMyIIECTBO COCTOUT B TOM, YTO TAaKOM MOAXOJ IO-
3BOJISIET M30€KaTh OTPaHNYCHU (PUKCHPOBAHHOW TaKCOHOMUH, MPUBOJAAIINX K HEOI-
HO3HAYHOCTU. KpoMe TOro, HEeKOTOpHIE IIPOU3BEACHUS MOTYT MPOCTO HE BIMCHIBATHCS
B 33JIaHHYIO TAKCOHOMHIO. AYIHO3aIHCh MIPEICTaBIICTCS HAOOPOM MIPU3HAKOB, a IS
CpaBHEHUS NIPOU3BEICHUN MEXIy CO00I MCIIONB3YIOTCS MEPHI CXOXKECTH (HampHMep,
Kakue-1u00 Metpukn). OJHAKO TaKHE METPUKH UMEIOT CMBICII, TOJIBKO €CITH BEKTOPBI
MPU3HAKOB HE M3MEHSIOTCSA BO BpeMeHH. VHaue NBa CXOXKHX MPOHM3BEICHUS MOTYT
0Ka3aThCs YAAICHHBIMH JPYT OT JApyra MO pe3ylibTaraM H3MEPECHUH, €CIIM CXOXKHe
MPU3HAKK CIBUHYTHI BO BpemeHH. OOydueHHe 03 yd4WTesss XOPOIMIO MOIXOMUT IS
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peanm3anny CUCTEM, OTPEIEIIIONINX CXOICTBO MY3BIKAJbHBIX IPOU3BEACHUHA B Iie-
JIOM, HO HE KOHKPETHO IS 33/1a4H KJIacCU(HUKAINU MY3bIKaTbHBIX )KaHPOB, TaK KaK B
9TOM CIIydae I0JTy4aeMble KaTerOPHU MOTYT OBITh HECOAEPKATEeIbHBIMH JUIS TTOJIb30-
BaTels. XOTS 3TH KaTETrOPHH MOTYT OBITH 00Jiee TOYHBIMH, [T0 CPABHEHUIO C KAHPAMH,
OTIpeNIeNIeMbIMHI JTIOJBMH, CHCTEMA, MCIONB3YIOMAsi CBOM cOOCTBEHHBII HAabOp >KaH-
POBBIX KaTeropui, OyaeT UMeTh OrpaHHYEeHHYIO MOJIE3HOCTh IS TIOJIb30BaTeNs, MPH-
BBIKIIIETO UCIIOJIF30BATH 3HAKOMEIC U TIOHSTHBIC JKAHPHI.

MeToapl 00y4YeHHS C YYHTEIEM HM3yYeHBI 00Jiee TOJPOOHO M MBITAIOTCS O0TOOpa-
3uTh 0a3y My3BIKAaJIbHBIX IPOW3BEACHUHM HAa 33JaHHYI0 TaKCOHOMHIO XXKAHPOB C HC-
MOJb30BaHUEM ITOPUTMOB MAaIIMHHOTO 0OydyeHus. Cucrema cHadana o0ydaeTcs Ha
KaKUX-TO JIaHHBIX, Pa3MEUYEHHBIX BPYYHYIO, a 3aTeM HCIIOIB3YeTCs s Kiaccuduka-
I HEpa3MECUCHHBIX JaHHBIX.

3axiouyenne. B HacTosmee BpeMst A1 U3BJICUCHUS 3HAYCHUN PU3HAKOB CYIIe-
CTBYIOT pa3iuyHbIe TOTOBBIe perenus. Hampumep, 6ubnnoteka Essentia [5], nmpenna-
3HauYeHHas Ul aHaJHM3a ay[uo3alKceld M My3bIKaJbHOIO MH(POPMAIMOHHOTO MOMCKa
Ha OCHOBE ayauomaHHBIX. OHA COTEPIKUT OOMIMPHYIO KOJDICKIUIO alTOPUTMOB, TaKHUe,
Kak 00paboTKa IM(PPOBBIX CHUTHAJIOB, AJTOPHUTMOB JIJIS TOJYYEHHUS CTATHCTHYCCKUX
OITMCaHW{ JaHHBIX M TaK Jlajiee, B pe3yibTaTe 4ero MMeeTcs BO3MOXKHOCTh OIHCATh
KaXyl0 ayAHO03anuch 99 npu3HaKaMu.

Kak yxe ObIIO CKa3aHO, BaXHBIM TpeOoBaHHEM JIS 3(PQGEKTHBHOTO OO0YYCHHS
KJIacCH()UKATOPOB MY3BIKABHBIX TPOM3BEICHII 10 KaHPaM SBILICTCS HAIMIUE HAIICK-
HBIX TPOBEPOYHBIX JAaHHBIX. [101 MPOBEPOYHBIMU JTaHHBIMU MMOHUMAETCS HAOOp map:
«My3BIKaJIFHOE TPOU3BeNIeHHe — ero xaHp». OIHUM M3 CaMbIX IOMYJSPHBIX HAaOOpOB
JaHHBIX sBisiercst Habop GTZAN, Haxomsmuics B CBOOOJHOM JOCTYIIE U pa3paboTaH-
HEBII aBTopaMu padotsl [2]. On cocrout u3 1000 30-ceKyHIHBIX MYy3BIKATBHBIX OTPBIB-
KOB, K@XIbIH M3 KOTOPHIX MOXET HpHHAIEeKaTh onHoMy M3 10 sxanpoB. TodHOCTBH
kiaccugukanuu ¢ ucrnoibzopanrueM GTZAN orenuBaetcs nmpumepHo B 61%.
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A.A. Menxousin

AUTOMATIC CLASSIFICATION OF MUSICAL GENRES.
A. Melkonyan

SUMMARY
The problem of automatic classification of works (music or any other) is
very difficult, but from a certain point of view, in many respects, and not
a solvable problem due to some objective and subjective features. This
article discusses the main existing approaches to solving this problem.
Keywords: musical genre, algorithm of classification, taxonomy of ge-
nres.
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Udundwn nquuuljupgnudp pun bpudonuljut jud npbk wy
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METO/JAbI TECTUPOBAHUSA CEPUAIN3YEMOCTHU
HAPAJUIEJIBHBIX TIPOTPAMMHBIX HHTEP®EHCOB

A.C. Ogaxkumsan, C.I. Capkucan

AHHOTAIIUA

B nanHOI1 cTaThe ONMUCHIBAETCS METOJ IPOBEPKH CEPHATIM3YEMOCTH MPO-
IpaMMHBIX HHTeP(EHCOB, METOIBI KOTOPBIX MOTYT OBITH BBI3BAHBI U3 He-
CKOJIBKUX TOTOKOB MapajIeNbHBIX IporpamMMm ojHoBpemeHnHo. [lox ce-
pHanM3yeMoCcThio UHTep(delica MOHMMAIOT CBOWCTBO HMHTEpdeiica, coc-
TOsIIIEE B TOM, YTO B JIIOOOM COCTOSHMM HMPOTPAMMBI pPe3yJbTaT Mapaj-
JIETFHOTO BBITIOIHEHMSI METOZIOB UHTepdelica B HECKOIBKUX MOTOKaX JK-
BHUBAJICHTCH HEKOTOPOMY IIOCJIIOBATEILHOMY BBINOJHEHUIO 3THX K
METOJI0B. MeTo1 OCHOBaH Ha aHAJIU3€e pe3yJIbTaTaM IIPOTOHA IIPOTpaM-
MBI Ha MHOXXeCTBe TeCTOB, Ka)l(,ILBIf/'I H3 KOTOpI)IX I/IH,Z[yLLI/IpyeT HEKOTO-
poe BEITIOTHEHUeE.

KiroueBble ci1oBa: mapajuienbHbId HHTEp(dEic, MHOrONOTOYHAsT MPO-
rpaMMa, CepHaIN3yeMOCTh HHTepdeiica.

B macrosiiee BpeMs, B COOTBETCTBHH C MHOTOSIEPHOW M MHOTOIIPOIIECCOPHOM
APXUTEKTYPOH 3JICKTPOHHO-BHIYUACIUTEIBHBIX MAIUH, MapalielbHOS MPOTrpaMMHpPO-
BaHHUe IMOJIYYHIIO IIHPOKOE pacpocTpaHeHne. Pa3pabaTeiBatoTcs IporpaMMBbl, COCTOS-
IIM€ U3 HECKOJIBKHMX ITOTOKOB, KOTOPBIE BRITOIHSIOT paboTy mapaiensHo [1, 2].

Pa3paboTka MHOTOIOTOYHBIX HMPOTPaMM HAMHOTO CJIO)KHEE MOCIEAOBATEIBHBIX,
MOCKOJIBKY TOPSIIOK, B KOTOPOM OYIYT BBINOJTHEHBI MHCTPYKIIUH Pa3HBIX MOTOKOB,
3apaHee Hellpe/icKasyeM U pa3paboT4hK JOJDKEH MPeayCMOTPETh KOPPEKTHYIO padoTy
POTpPaMMEBI TIPH BCEX BO3MOXKHBIX UEPEHOBAaHMSIX WHCTpyKIuiA. MHTepdeiic cocTout
U3 Oomnepanuii, KOTOPHIE MOXKHO BBIIIOJHATEH (BBI3BIBATH) C Pa3IHMYHBIMHA 3HAYCHUSMHU
napameTpoB. BrimonHeHre ornepariy 3aBepIiaeTcsi BO3BPATOM 3HAYCHHsI, HA3bIBACMO-
ro pe3yabratoM. KpoMe Toro, omepanui MOTYT ObITh BHIIOJHEHBI B Pa3IMYHBIX TIOTO-
KaxX OTHOBPEMEHHO.

BaxxHbIM CBOMCTBOM MapauIeTbHBIX MPOTPaMM SBISIETCS CBOWCTBO CepUal-
3yEMOCTH MPOrpaMMHBIX HHTepdeticor [3, 4]. ITapamenpHblil HHTEPPENRC COCTOUT U3
METOJ/IOB, KOTOPhIE MOTYT OBITh BBI3BaHBI M3 PA3HBIX MMOTOKOB MapaUICIBHOU MPO-
rpaMMBl OJHOBPEMEHHO. BEIIONHEHNE METONOB B HECKOJNBKMX IOTOKAX HA3BIBAIOT
napauIeIbHBIM BBHIIOJHEHHEM METOJA, 8 B BHIIIOJHEHUE B OJHOM IIOTOKE — MOCIEHO-
BaTEJIbHBIM BBIMIOJIHEHHEM MeTona. IlapajuieibHOe BBITOJHEHHE METOJa Ha3bIBAIOT
CepHan3yeMbIM, €CITH CYILECTBYET SKBUBAJICHTHOE TAHHOMY BBIMOJHEHHIO ITOCIIEO0-
BaTEeIPHOE BBIMOJHEHUE METOJa. TakuM 00pa3oM, CepUAN3yeMOCTh MPOTPAMMHOTO
uHTepdelica COCTOUT B TOM, YTO B JIFOOOM COCTOSHHH HPOTPaMMEBI Pe3yNIbTaT Hapall-
JICTIBHOTO BBIMTOJHEHHUSI METO0B HMHTep(eiica B HECKOJIBKUX MOTOKAX IKBUBAJICHTECH
HEKOTOPOMY IMOCJIEIOBATEILHOMY BBITIOJHEHHIO 3THX )K€ METO0B. VIHBIMH ClTOBamH,
uHTepdeiic TomKeH OBITh pa3paboTaH TaKUM 00pa3oM, YTOOBI JIFOOOMY BBHITIOTHEHHIO
MPOTPaMMBI COOTBETCTBOBAIO OBI TIOCIIENOBATEIILHOE BHITOHEHHE.
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CBOHCTBO cepHaIn3yeMOCTH JIOKAJIbHO U HeOIokupyeMo. JIokalbHOCTh 03Haua-
€T, 4TO, €CJIHM IT0Ka3aHOo, YTO METO/BI, pPabOTaloNIie C OJJHUM U TeM K& 00BEKTOM, ce-
pHATN3YEMBI, TO OHH B COBOKYITHOCTH CEPHATM3YEMBI C APYTHM CEPHATU3YEMBbIM Me-
TOJIOM, pa0OTAOIIUMHU C APYTUM 00beKTOM. CBOMCTBO HEOJOKHPYEMOCTH O3HAYAET,
YTO METOJ, BBI3BIBAEMEI B CEpPHANN3YEMOH IporpamMMe, Ul 3aBepIIeHHs paboTHI He
TpeOyeT BbI30Ba APYTroro MeToa.

Ha mpakTuke CBOWCTBO CEpHANN3yeMOCTH BEChbMa aKkTyanbHO. J[1s OubmmoTed-
HBIX (pYHKOWH, MpeTHAa3HAUEHHBIX IS MX HCIOJB30BAaHMUS B MHOTOIIOTOYHBIX IIPO-
rpaMMax, 3TO CBOWCTBO CIICIIMAJIBHO OTOBAPHBACTCS, YTO OOECIeUnBacT Oe30IacHbIH
BBI30B TakuxX (yHKumid. B ciydae mporpamm, pa3zpaOOTaHHBIX Ha OCHOBE KIIMCHT-
CEpBEPHON apXUTEKTYPHI, MPEIOCTABISIONINX CEPBUCHI KIUCHTAM, PE3yabTaT OJHO-
BPEMEHHOTO HCIOJIB30BaHMS OJHOTO M TO )K€ CEpBHCA Pa3HBIMHU KIMEHTAMH JOJDKCH
OBITh TAKHM K€, KaK €CJIM ObI KIIMEHTHI 00CITYKUBAJINCH TIOCIIE0OBATEIBHO 5, 6].

B obmiem citydae, 3ajada ceprann3yeMocTH He paspemnMa. Ho ee mMoxHO pe-
IINTh B CIy4ae OTPAaHWYEHHs YMCIIa METOIOB U MOTOKOB. OCHOBHAs CIIOXKHOCTH CO-
CTOHT B YNCJIC PA3HBIX BBHITIOIHCHHH.

[Iycts uMeeTcst HAOOP omepanuii Buaa op<name>, IUIst KOTOPBIX BBI30B ONEpPaiu
obo3HauaeTcs uepe3 op<name>_begin<parameters>, a OKOHYAHHE BBIMOJHEHHS OIIC-
patu — yepe3 op<name>_end<result>. Cuenapuii BBIMOTHEHHUS, HIIH TPOCTO BBIMOI-
HEHUE — 3TO KOHEYHas IOCJEIOBATeIbHOCTh COOBITHH BHAA o:op<name> begin<
parameters > u a:op<name> end< result >, Tae o - Ha3BaHWE MOTOKA. ['0BOPAT, 9TO
OTBET COOTBETCTBYET BBI30BY, €CJIM B CLIEHAPUH BBIIIOJIHEHHUS CYLIECTBYET I1apa COObI-
TUH BBI30Ba/OKOHYAHHMS, B KOTOPO# HAa3BaHHS IIOTOKOB U OIIEpAIIUil COBIAIAIOT.

Paccmotpum uHTEpdetic, cocTosmmii n3 Habopa ¢yrkumii {insert, delete, lookup}.

int x;
boolean b = false;
boolean insert (int 1) {
if (b==false) {
x=1;b=true;return true;
}
else return false;
}
void delete () {
b = false;
return;
}
int lookUp () {
if (b==true)
return x;
else return -1;

}
CueHapussMu BBIITOJTHEHUS IPUBEICHHOTO HHTEpdetica OyayT, HampuMmep, mocie-
nosarensHoctd hy hy hs, rae a, B, Y — iMeHa moTOKOB.
h;=a:op<insert>_begin<0>, P:op<delete>_begin<>, a:op<instert>_end<true>,
v:op<lookUp >_begin<>, B:op<delete>_end<>, y:op<lookUp >_end<0>;
h,=a:op<instert>_begin<0>, a:op<instert>_end<true>, y:op<lookUp >_begin<>,
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y:op<lookUp >_end<0>, B:op<delete>_hegin<>, B:op<delete>_end<>;
hs=a:op<insert>_begin<0>, a:op<insert>_begin <1>, B:op<insert >_end <true >,
B:op<insert >_end<true >.

BeinosnHeHe Ha3bIBaeTCs MOCIIEIOBATENbHBIM, €CIIM B HEM IEepPBOE COOBITHE SIB-
JISIeTCS BBI30BOM KaKOTro-MHOO METO/a, a 32 BCEMH COOBITHUSMH, KPOME MOCIIEeIHEro,
CllelyeT COOTBETCTBYOMMIA oTBeT. Hampumep, BhinonHeHue hz siBasieTcst mocieaosa-
TenHeM, ahy u h, — Her.

Hcropueii oroka o B crieHapuu BoimonHenus H (06o3H. (H | o)) HaswiBaeTcs
MOAIOCIIEI0BATEIBHOCT COOBITHI B BHINOIHEHHH H, B KOTOPBIX UMsI IOTOKA €CTh 0.
Hampumep, h; | o = a:op<instert> begin<0>, a:op<instert>_end<true>.

JBa cuenapus BeinosHenwss H u H™ Ha3piBaroTes sxBuBaneHTHBIME, (0003H. H ~
H"), ecnu mnst mo6oro motoka o uctopust H | o moToka o B clieHapuu BbinojHeHus H
9KBUBAJICHTHA UCTOPHH TOTO e motoka B H'. Hampumep, B IpUBEICHHOM MpUMepe
h;~h,: Cuenapuii BoimosHeHnst H Ha3bIBaeTCs COBEPIIEHHBIM, €CIIM VI KaKOTO-TO
moToka o ero ucropuss H | o sBiseTcs mociemoBatenbHbiM. Omneparus Ha3bIBaeTCs
OTJIOKECHHO#, €CIi 3a e BBI30BOM HE CJIeyeT OTBETA.

MakcuMalbHYI0 HOAIOCIEA0BATEIBHOCTh B CIIEHAPHUHU BbINONHEeHUsT H, cocros-
IIyI0 M3 BBI30BOB, 38 KOTOPBIMH CIIEYET OTBET, 0003HauMM uepe3 complete (H).

MHOKECTBO BBIITOJHECHUI S Ha3bIBAETCs 3aMKHYTBIM IO Mpedukcam, eciu mpe-
(ukc smobdoro BeimoHEHUS H u3 MHOXKecTBa S Tarke Haxomutcs B S. Ilocnemora-
TeNbHOM crieruduKanuell nporpaMMbl Ha3bIBACTCS 3aMKHYTOE 110 IpedrKcaM MHOXKe-
CTBO S MOCJe0BaTEIbHBIX BBINOIHEHMH. BeimomHenue H cootBeTcTBYeT cienuguka-
uuu, eciim HE S.

Beimonaenne H ompepenser HepedieKCHBHBIN yYacTHYHBIA mopsgok < H Ha
MHOKECTBE OIepalinii Takoii, 4To €y <y €1 ecnu 3a end(ey) cnenyer begin(e;) B H.

Brimonuenue H cepuanusyemo, eciu myrem 100aBIeHHs HEKOTOPOTO KOJIUYIECTBA
OTBETOB OHO MOKET OBITh JOMOIHEHO 0 Kakoro-to H’, mis KoToporo UMerT MecTo
CIIE/IyIOIINE YTBEPIKICHHS:

1) complete(H") skBHuBaieHTHO KaKOMY-TO IOCJICIOBATENLHOMY BBIMOJIHEHHIO S,
COOTBETCTBYIOIIEMY CIEIU(PUKAIIH;

2) <yE<s:

B npusenenHom Bbitie npumepe Ny cepuanusyemo, a hs He cepuanuszyemo, Tak
Kak JIr00as mocieaoBareNbHas cnenuduKalys, KoTopas SKBHBAIECHTHA N3, colepKut
JIBE ollepanuu insert , uto MIPOTUBOPEUUT CHIEITUPUKAIIHH.

HOHYCTI/IMLIM CYUTACTCs BBIMMOJIHECHUEC, KOTOPOC BCTPEYACTCS IPHU BBIINTOJTHCHUU
nporpammel. [Iporpamma cepuanusyema, eciu JIF000e TOIMYCTUMOE BEIIONHEHUE Ce-
pHaTH3yeMO.

[IporpamMma camocepuanusyema, eCiu is JI000T0 TOMYyCTUMOro BhimoaHeHus: H
CYLIECTBYET JIOIYCTUMOE TOCIE0BaTebHOE BhinonHenrne H  Takoe, uro H ~ H'.
Ecmu mporpamMma camocepuanu3yema, TO MOKa3aB, YTO BCE JOIMYCTHMBIC MOCICIOBA-
TEJIFHBIC BBHITIOHEHHUS COOTBETCTBYIOT CIICIU(DHUKALINY, TTOKAa3bIBACTCS, YTO MPOrpaM-
Ma cepHanu3yema.
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AHaJm3 NMporpaMMsl BBIIONHSETCS 110 PE3YJbTaTaM €€ MPOroHa Ha MHOXKECTBE
TECTOB, KaKIbIM M3 KOTOPBIX MHAYLUPYET HEKOTOpPOE BhINOJIHEHUE. B mporpammy
3apaHee BHOCSITCS CPEICTBA, MO3BOJSIONINE MPOKOHTPOIUPOBATH CLEHAPUU €€ BBbI-
MOJHEHUS.
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THE SERIALIZABILITY OF PARALLEL PROGRAMMING
INTERFACES TESTING METHODS

A. Hovakimyan, S. Sargsyan

SUMMARY

The article describes a method of testing of program interfaces serializa-
bility where the methods of the interface can be called from multiple
threads of parallel programs simultaneously. Under the serializable inter-
face we understand such a property of interface that any parallel execu-
tion of the program by using the methods of the interface in multiple
threads is equivalent to some serial execution of the same functions. The
described method is based on the analysis of results of the program that
run on a variety of tests each of which induces a certain implementation.
Keywords: parallel interface , multithreaded program , serializability of
interface.

oNhAULGr OrUSLUSEL BLSELHE3ULE UGMDULPQUSYUONRE3UL
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U.U. Znjulpdjwi, U Q. Uupguyui

uvonoenkUu
Znnjudnid ujupugpynud £ spugpuyghtt hunbpdbjubph ukphw-
1hquguut hwnynipjut uinnigdut vh knutwl: Punkpdtjup k-
ponutpp Jupnn o juisyl) gniquhtn dpugph dh pwuh hnupk-
rhg dhwdwdwbwly: buntpdtyjuh ubphwjhqugdwi wwl hwuljw-
unud B tpw wyt hwnnipiniup, np htnbpdtjuh dkpngutph qoi-
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quhtn Jubskphtt hwdwywwnwupjuwing spwugph guujugws Ju-
nwpnid hwdwpdtp b wynp dipnnubph npbk hwenppulwb ju-
nupdwip: Ghunwynpiui dkpngh hhdpnid pujws b phunughe
opptwlubph Ypw spwgph wphiwinwiph wpnymptph Jkpni-
snipjniup, npubn nipupubynip ptun hwiqbkgund t dpwgnph
npnowlh junwpdwi:

Zpdwpunkp’ qniquhtin hunbpdbju , puquuhnupwgh Spwughp,
huntpdbtjuh ukiphw hqugduénipju:
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2uuuyuraer vtcuunkhu

U.Q. Uupquuill, U.U. Zonjulhdjui ?

22 Bpnlwih whknwlwl hwduyuupub
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uvonenkrU

Ogquuwnhpnott wthpwdbown hudnpdwughuyh mpudwugpiwut b
wpwgq punpnipnit junwpbne hwdwp unbnsdl) b npnudwb
hwdwlwupgtp: Fpwtghg L ophiuy Google, Yandex, Yahoo b wyj:
vunhp £ wnwowtinid untnst] huwunwpnptph npnudwt wjtyh-
uh hudwljupg, npp ogrnunhpnet ogunid k thunnpnudp Junwnpty
huwdbdwwnwpwp phy b npny hdwuwnny juplnp huunwpnpet-
powd: Unp whyh npnudwt hwdwljupgh unbndnudp wykih £ jw-
punpynud  dwubwghnugws Juquuibpynipmiubbpnud  (h-
twhuwlul, hwyuuyuwhwljul, wnbnpujhtt b wyt) npytu hb-
dnpdwughwyh thunnpdwt ogunn Uhong:

Uuntnddt] b npnbdwt hwdwlupg, npubn hpujwbwugws b
uljqpuujuts hunpus hwunwpnpbph dpwlnid, YEpnidnipnil
b ogunuunhpny twppunpws pwbwlny Jupyuthywynpdus
thwutwpnpbph npudugpnid: Uowljqus b spugpnpkt ppulju-
twgws bt unnwwnhl (punn npny wwpuwdbnpkph) b ghtwdhly
(punn ubjpnuughtt gugh) YEpnisnipniutph dkpnnubp:
Zpdupunkp’ npnidwh  hwdwlupg, hugkpuwdnpnid, Gbjpn-
twhtt guugkp, guugh ntunigmid

Ontgon hudwguigp nfjujutpny b quuwquu hudnplwghuwyny jpugung
duppuig phdt wdnud bk Zwduwpwugqpué hudnpdwghuyh hhdwt Jpu
unbndymd ki puwquuphy Yhpwnnipniuubp, npnughg i npnudwt hw-
dwljupgbpp: Ophtiwl] Google npntdwt hwdwlwpgp wyuwhuph puughpubph
1nisdwt hudwp unynpupup npuwdwnpnud k 60-ht Unin thwutnwpnpbp, htsp
wihwpUwpnipnit £ unbnénid jupd dudjbnnd ntunidtwuhpby wyn ponp
thuwunwpnphpp:

Uohiwnwipnid tjupugpyus E hinhtwlubpp Ynndhg dowljyws thwu-
wnwpnptph apnudwt wjtyhuh hwdwlwpg, npp oquynnutphtt ogunid k
thinpnudp Juwnwpl] hwdbdwwnwpwp phy b npnp hdwuwnny  Jupbnp
thwunwpnpipnud: Uju npnudwt hwdwlwupgh oguuwgnpénidp wdbkih k
Juptnpymd npubu hudnpdwghuyh thnnpdwt oqunn dhong dwutiwmgh-
nwugyws juquuybpynipmnuiubpnud: Upuljdws B hwunwpnptph utnwnhl
b nhtwdhl dbpnisnipniuuubph JdbEpnnubp, npnup hpujubugdus btu
Uowljqus thwunwpnebiph Jupiuithywnpdudp npnudwt hwdwlwpgnid:
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Thuwdhly JbEppusnipiniuutph pwljdwt hwdwp wohwwnmwipnid oguw-
gnpéyk) kU ubjpntughtt guigtpp [1, 2]: Zudwlupgh dywldwt dudwbwl
wnwywgh) ku htnlywy fnunhpubpp:

— Zkwnwqgnuk) b hwpgh wetlk] twjuopnp tdwt thtnnpnidutpny oquynn-
ubiph Junwpwsé punpnipniaubpn:

— Cun wyy punpnipnibtiph wpynibpubkph vnwbw) hwunwpnpetph
Jupluihpwnplwt npny ghwhwnwljuibp:

— Zupyh wnubkny oquynnubtph wwhwiep' uwhdwbwhwll) Gpuyht
wyjuutph (URL-ukph) putwlp:

Uhjpntiughtt gwiigh-h dowldwl dwdwbml] wnpwewgh] Bt hhwnlyjuy
futnhpubpp:

— Upwky ubjpnuwghtt gmugh Swpunupuybnnipyniip:

— Quwynpk) nuniguing hwenppuljwnipjub mwppbpp:

— Ququuljkpyt] guigh nitunignudp hugbpuwynpyws thwunwpnptph
hwdwn:

— SBwugp Yhpwnk] thwuwnwpnpbiph gniguyh  hwdwyuwnwupw
guigujht qowhwwnwlwbttph vnugdwt hwdwnp:

— 9t b wnwewplty Jupuihowynpydwt quwhwwnwlwuitpny thwu-
nwppnpbph gniguy:

Zudwljupgh dpwldw hhdpnid puws b dbpkiuyulut niunignudp:
Untnpuwjhtt njuiiph hwjwpwénihg hwdwljupgh Epnud nnipu k phpynid
wyn nyjujibkph hwnynipniubph Jepwpkpyuy hudnpdwghw, npp ogunid k
Juwnwpk] npny punhwipugnudubp b jutiwgnipuynidutp ghnbu withwjn
njjuutph ykpupbpup: dw hbwpwynp £ uyt quwwndwnny, np gnpstw-
Juunpku pnjnp dntinpuwghtt ndjujubpp wupnitwlnud B htis-np opkptp b
ophtwswthmpinitp, npnup puguwhwjnbing hwdwlwupgp jupnpuiund k
Juwnwplk] npny punhwbpugniudubp: Oquuugqnpéyl] L hbwnwngupd juwny
ubjpntughtt gwgkph dkluwuhqup:

Opwgpuyhtt hwdwupgp hpuwjwwgyt; Python (kqiny [3,4]: Python-u
niih Uh pwpp wnwyknipjnitutp, npnighg hwdwljupgh dpwljdwt hudwp
Juplnpydt) B gpundnplhg wujwpnipniup b hwdwupgnd wy) (kgniutph
oquwugnnpéniup:

Ukjpnuuyhtt gwugh Jupbnp wpwbudtwhwwnynipniup, npp yjuynud k
tpw Juyt htwpwynpnipjniuitph b Ukd ynunbughwih dwupl, juywinwd k
pnnp dhwynpbph Ynnuhg wnbphjunynmpjut qniquhtn dywldwbh dke:
Zujuyuwlut pyny dhoubjpnuuyghtt juwbph wejuwmpemiup poy; £ wnwhu
qquih swihny wpuqugul) nmbintjunympjut dywuldwit gnpspupwugp: UEY
wy] ny Wulwu Juplhnp wnwdtwhwnlnipnit £ guugh unynpbnt b Yni-
nwlJws ghnbkihputpp pinghwipugubint nttwlnipiniip: SYjwukph vwhdw-
tuhwl pwqunipyubt ypuw Jupdigus guugn Jupnn b pughwbpugub)
unugyws nkntjunynipniup b juy wpnniuptbp gnyg mw) wyb ndjujukph
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hwdwp, npnip skt oguuugnpdyby ntunigdw gnpépupwugnid:

Ubjpntughtt gwigh wpiwwnwtptt hppwljutugynid £ hwdwlupgh Juw-
mnigyudph twhimgddwt, guugh nitunigdwt b fmbwsdwt juquuibpuydut
thnykpny:

Uunwnpl btnwbwlny dJupluihpwynpjws thwunwpntph hwdwp
hudwljwupgh dpwljnudp junwpynid k hknlbyuy puyjbpnd.

1. ®unpynn hwunwpnpliph hwjwpwugpdwi kpngh dowynid:

2. Quwunwpnpiph hwdwywwnwupiwb JEpnidnipinii:

3. Zujupwqpyus huwunwpnpbph huinkpuwynpnud:

4. Juplywhowynpusd thwunwpnetph npudwunpoid:

Quunupnptph puuujupgdut hwdwp hpuljutgqus tu pun mwuppkp
sunhwithpubph (punkph pwilh, tputg wknunpniput b wjb) wignphped-
ubp: Uhpnbuughtt guigh hwdwp dpwljdly b upu dwpnwpuybnnipniup,
Alwynpyt] niumguinng  hwynppulwunipnit, YJwquulbtpuyyl] guigh
nrunignid, unbkndyty

Jupljuihowynplut gpwhwnwljuwbibpny thwunnwpnptph gnigul:

Quunupnpnd npnudwt hwdwljupgh hwdwp punnpdus yupudbnpkp
Eu' wipjws punkph hwdwhnipnit , punh nknujuynud, puntph dhol wnlju
htnwynpnipnii: Uju wupudtnpbph dbwgnpdwt b jnipupwbynip toh hw-
dumywnuupuwt pwiigh dbunpdwt hwdwp dowljdl) Eu wygnphpdubp b
hpwwuwgyty: Smppkp dkpnnutpny uvnugyws wpnyniuputpp hwdbdwnbnt
hwdwn bpwip tnpdwhqugyty E, phpyty itnyt vhowuyph dke:

Cunn puntph hwdwpnipyut wignphpup b tjuwnh £ wpiinud phk pubh
wiqud £ hwinhynd ipwsé punp thwunwpnpentd: Qpput swwn E punp
hwunhwynid hwunwnpeoid wjipw Uks E hwunwpnph Jupluihon:

Cuwn thwunwpnrh Uky nhppwynpdut wignphpdp hwpyh L wnind wju
thwunp, pk npputt Unin £ qunidniud punp Eoh uljqphty, wyiput Uks £ hudu-
twlwunipinitp, np wyt wykh swn £ hudwywnuwuppwinid hwupgdwip, b
wybih UES E Eoh nwtiqp:

Cuwnn puntph dhol Enué htnwnpnipjut nkuypmid, Epk hwpgnudp ww-
poiuwlnid £ vhwdwdwiuwy vh putth pun, wyyw wlthwyn k, np higputs Unin
Eu hpwnphg quniynid hwpgdwt puntpp konid wjupwt wykjh ks £ hwuju-
twlwunipinitp, np wyt wykh E hudwywnuupjupwinid hwpgudwin: Geh
Eonid hwpguwt pninp pwnbkpp hwonppbt hpwp, wwyw wyy bop Yniukw
Ubkdwgnyt Jupuithy:

Zwdwljupgnid npninid Junnupkme hudwp wihpudhon £

1. ®uwnpyny punkph guily nuonnmd Untnpuqgpl) thunpynn puep jud
wpunwhwjinmpnibn:

2. Lok thunpdwt Jupyuihsuynpdwt wupwdbnpkpp, punptng Cuwn
hwfwhmpjul, Cun nknunpmpjub, Cun hkpwynpmpjub nuowntphg Uklp
Ywd dh pwthup:
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3. Lok URL-ubiph dwphudw) pwhwlp, npp wyhwnp L Jepugupduh hwdw-

Yuingp:
4. Zudwlupgp YEpunupdund £ wpyniupp Unwwnply duind Jqupluih-
owynpywd URL b Dhtrwdhly dbiny Jupluithpwynpjué URL gniguljubpnud:
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PA3PABOTKA PEUTUHIOBOI CUCTEMBI IOUCKA IOKYMEHTOB
C.I: Capkucsan, A.C. Osaxuman

AHHOTAIUA
J1s GBICTPOro MOKCKA HY>KHOM I0JIb30BaTeN0 HHGOPMALMY Pa3paboTaHbl
MIOMCKOBBIE CUCTEMBI TaKKe Kak , Hanpumep, Google, Yandex, Yahoo u jap.
Bo3HukaeT He0OXOAUMOCTb B IIOUCKOBOM CUCTEME, KOTOpasi CHOCOOCTBYET
MOHUCKY OTHOCHTEIFHO B MEHBIIIEM KOJIMIECTBE JOKYMEHTOB, IPHYEM Cpe-
11 HanOosiee BaxxHbIX. Co31aHUe HOBOTO THUIIA IIOMCKOBOI CHCTEMBI HMEET
CYIIECTBEHHOE 3HAUCHHE UIS CICHUANM3UPOBAHHBIX OpraHm3aimi (¢u-
HAHCOBBIX, OyXI'aITePCKUX, KOMMEPUECKUX U T.JL.).
Cozmana MOMCKOBas CHCTEMa, KOTOPAs BHIIONHACT aHAIH3 H 00paboTKy
IIPeIBApUTENbHO HAMJEHHBIX JOKYMEHTOB, IIOJBEPracT MX HEKOTOpOH
PEHTHHTOBOH OIEHKE M IPEIOCTABIACT IOIB30BATENIO HPEITOIHTENb-
HOE€ KOJMYECTBO JOKYMEHTOB. Pa3paboTaHbl M IpOrpaMMHO peaan3oBa-
HBI cTaTHdeckue (10 HEeKOTOPBIM MapaMeTpaM) W JUHaMH4eckue (Ha oc-
HOBE HEHPOHHBIX ceTeil) METOAbI aHAIH3A.
KuroueBble clI0Ba: ITONCKOBBIE CHCTEMEBI, HHACKCAINS, HEHPOHHEIE ce-
TH, 00y4eHHE CeTH.

DEVELOPMENT OF DOCUMENT SEARCH RATING SYSTEM
S. Sargsyan, A. Hovakimyan

SUMMARY

To quickly find the desired information for the user search systems such
as Google, Yandex, Yahoo and others are designed. There is a need for a
search system that facilitates the search for relatively fewer documents ,
and among the most important ones. Creating a new type of search en-
gine is essential for specialized organizations (financial, accounting,
commercial, etc.).

A search sistem that performs preprocessing and analysis of found doc-
uments , exposes them to a rating assessment , and provides the user a
prefered number of documents is created. The software static (in some
respects) and dynamic (based on neural networks) methods of analysis
are developed and implemented.

Keywords: search systems, indexing, neural networks, training of networks.
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IMPLEMENTATION OF A FRAMEWORK
FOR SECURE TWO-PARTY COMPUTATIONS

D. Danoyan', T. Sokhakyan®

Yerevan State University, Russian-Armenian University
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SUMMARY

Secure multiparty computation framework is a general tool allowing two
or more mutually distrustful parties each of them holding a private input
to a function f(x;,x,,...x,) compute the function value of their input ar-
guments without learning anything beyond the output value. In this ar-
ticle we propose general purpose framework for secure two-party compu-
tations utilizing special white-box cryptography-based oblivious transfer
protocol which in several orders accelerates the oblivious transfer (OT)
phase and, thus, the execution of overall protocol. Also we highlight the
insides of a compiler translating function description in higher level lan-
guage to one pass Boolean circuit, which is able to produce circuits hav-
ing billions of gates on modest personal computer.

Keywords: Secure computation protocols, Secure function evaluation,
Yao’s garbled circuits protocol, white-box cryptography, oblivious transfer

1. Introduction

Protocols for secure computations allow two or more mutually distrustful parties
to collaborate and compute some agreed function on each other’s inputs, with privacy
and correctness guarantees, without presence of trusted third party. For any computa-
ble function Andrew Yao showed that secure two-party protocols can be constructed
[csit 1]. Yao’s garbled circuit technique remains one of the most progressing and ac-
tively studied methods for secure two-party computations. The very first practical im-
plementation of secure two-party computation (2PC) [csit 2] used Yao’s basic garbled
circuit approach, and it remains the primary paradigm for the plenty of 2PC implemen-
tations have been developed during past decade [3 - 5].

Development of efficient secure computation protocols has a great practical signi-
ficance. In many real-world situations, the input of a party to the evaluated function
may be too valuable or sensitive to share with other parties. Efficient 2PC algorithms
enable a variety of electronic transactions, previously impossible due to mutual mi-
strust of participants. Huang et al. explored the use of such protocols for biometric
identification [6] in security applications, when it is desirable to keep individual genet-
ic data private but still check it against a specified list. The more general case of mul-
tiparty computation has already seen real-world use in computing market clearing
prices in Denmark [7]. This is not so forth full list of applications: contract signing [8],
set intersection [9], etc.
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2. Background

In this section we briefly introduce the main cryptographic tools we have used in
our framework: Yao’s protocol, white-box cryptography based oblivious transfer (OT)
protocol and optimization techniques for Yao’s protocol used in our framework.

2.1. Yao’s garbled circuits protocol

Yao’s garbled circuit protocol [1] allows two mutually distrustful parties holding
inputs x and y to evaluate an arbitrary computable function f (X, y) on their input
values without leaking any side information about their inputs beyond what is explicit-
ly implied by the function output. The main idea is that one party (often called garbled
circuit generator) generates garbled version of the Boolean circuit C computing the
function f , and the second party (called garbled circuit evaluator) obliviously com-

putes the garbled circuit. Note that reverse engineering techniques are not applicable
to garbled circuit, thus the evaluator does not learn any intermediate value.
Suppose the generator has a Boolean circuit C computing the function f f . At

the first step the generator fixes some integer k and assigns two random looking bit
strings w® W® and W' to each wire of circuit C (label w° conceptually encodes value
be {0,1} for the wire w). Then for the gate g having output wire w, and input wires

W,, W; generator prepares garbled table with following entries:

(i) o

where Enc is an encryption scheme fixed by generator and evaluator. The collection
of all corresponding garbled gates is called garbled circuit.

At second step the generator passes garbled circuit and mapping for the labels for
the output wires to the evaluator. Note that only the generator knows mapping be-
tween binary input bits for input wires and he can simply send the garbled circuit to

the evaluator with label W) for input wire W, , where X; is the i-th bit of his input.

Enc )

To obtain wire labels for his input the evaluator runs OT protocol described next with
the generator. The evaluation of garbled circuit is done in a hierarchical way. Given
labels w; and w; of input wires of garbled gate g the evaluator decrypts the appro-

priate entry of garbled table using keysw; and W;. When labels of all output wires are

computed the evaluator sends the function output value to the generator using pro-
vided mapping for output wires.
2.2. White-box cryptography based OT protocol

1-out-of-2 oblivious protocol (OT) is an essential part of Yao’s garbled circuit
protocol. It involves two parties: sender holding two strings W, andw, , and receiver
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holding selection bit b. OT protocol allows sender to transmit exactly one input string
W, to receiver; receiver learns nothing about W, ., and sender does not learn selec-

tion bit b. Currently several OT protocols are available. In our implementation we use
novel white-box cryptography based OT protocol which is secure in the semi-honest
setting and is introduced in [10].

2.3. Optimization techniques

To get more practical use of this protocol many optimizations are developed dur-
ing the past decade, some of which are compatible with each other and used in our
framework. Kolesnikov and Schneider [11] introduced a technique eliminating the
need to garble XOR gates (XOR gates become “free”, involving no communication or
cryptographic operations). Also, we use the technique proposed by Pinkas et al. [12]
allowing to reduce the size of a garbled table from four to three ciphertexts, and saving
25% of network bandwidth for non-XOR gates. Another optimization to apply is the
FleXOR technique by Kolesnikov et al. [13] combined with two garbled row reduction
[12] instead of one. We have added this option, as two garbled row reduction and
FreeXOR techniques are not compatible. The combination of optimization techniques
is user configurable.

3. Framework components

Our implementation follows traditional development paradigms of secure compu-
tations frameworks described in [2]. Like it is done in Fairplay, our framework con-
tains a circuit compiler generating single pass Boolean circuit from the algorithm de-
scription given in a higher level language. Popular flex and bison tools were used to
generate our compiler.

3.1. Language description

The input of our compiler is function description on an imperative language. The
syntax of the language allows writing algorithms with complicated logic without too
much extra syntax. Declarations of functions are allowed, but they must be non-
recursive to prevent reverse engineering by the evaluator. Arrays are also included in
our language, but the elements’ count and access indices must be constants or deter-
mined at compile time. All cycles are unrolled during compilation, thus cycle variable
can be used as an array index. Variables can be concatenated; bits or range of bits can
be selected or may be assigned to. Also, our compiler supports all types of bitwise
operations.

3.2. Compiler implementation description

The goal of the compiler is to generate maximum possible amount of XOR gates
to gain full advantage of FreeXOR technique. All circuit blocks generated by the com-
piler are locally optimized to meet this requirement. To obtain best result we have
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used Jegalkin polynomials [14] intensively. Addition circuit to add two unsigned in-
teger values x and y can be efficiently composed from a chain of 1-bit full-adders. One
bit full-adder produced by our compiler is presented on Fig. 1. It has input bits a, b and
¢, which is carry bit (in chain of m bit full-adders c is the output carry bit of previous
full-adder), and two output bits: ¢' is the output carry bitand sisthe suma @ b @ c.

—?
oy DL
KDL tj -
+ P

s

Fig. 1. One bit full adder.

Other building blocks produced by compiler are not presented here to save space
for other results.

Also, our compiler can generate special types of circuits depending on sizes of
operands and environment parameters. For example, when translating multiplication
of two 512 bit integers Karatsuba-Ofman multiplication [15] is more likely to be used
instead of the standard multiplication circuit, to produce more efficient output.

Fairplay compiler requires huge amount of computational resources to generate
circuits having far less size than real world applications. The main goal of our project
is to create a general purpose framework for secure computations which is open to
modifications and further experiments. Thus, writing an application specific frame-
work for circuit generation, the technique which is used in [16], is not an acceptable
option for us. To resolve resource consumption problems, we have implemented a
brand new compiler generating a more efficient output than Fairplay does. The file
produced by our compiler, holding circuit representation has less size on disc com-
pared to the output file generated by Fairplay.

Our compiler requires fixed amount of memory and utilizes availability of mul-
tiple CPUs. To reach these goals we have split the file writer in a separate running
thread of execution and the gate generator in another one. The connection between
them is done via circular queue which is instantiable without mutual exclusion.

3.3. Framework description

Our framework used 80 bit wire labels for garbled circuits. SHA-2 is used to gen-
erate the garbled truth-table entries. Whenever it is possible Intel Advanced Encryp-
tion Standard (AES) New Instructions (AES-NI) are used instead of SHA-2 for better
utilization of all processing power of the CPU. This becomes especially important for
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Intel CPUs. Before the evaluation of a Boolean circuit having N bit length input from
generator party requires the OT protocol to be applied N times. Popular frameworks
for secure computations include OT protocols which use public-key operations. In-
stead we make use of white-box cryptography based OT protocol, which is magnitude
of order faster than other OT protocols [10], in our framework and avoid expensive
public-key operations.

Both generator and evaluator parties are implemented using Message Passing In-
terface (MPI) library.

4. Conclusion

The framework described above is a general purpose system for two-party secure
computations and is secure against honest-but-curious parties. It utilizes white-box
oblivious transfer protocol to achieve better performance with large input data and
includes an efficient compiler to generate Boolean circuit representation of the func-
tion to be computed from higher level description. However, this is not secure against
malicious attackers and providing security in that attack model is a milestone for our
further developments.
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PEAJIMBALUSA IINIAT®OPMbI U151 KOHOUIEHIUAJBHBIX
BBIYUCJIEHUU C IBYMSA YYACTHUKAMU

M.A. anosan, T.B. Coxaxan

AHHOTALUA
ITnardopma n1 KOHGUICHIUATILHBIX BBIYUCICHUI MO3BOJIIET HECKOJIb-
KAM y4YacTHHKaM, KOTOpPBIE HE HUMEIOT JIOBEpUE IPYT APYTY, BBIYUCIUTH
3aHaueHue QpyHkuun f (xl,xz,...xn) 0T KOH()UICHIIHAIBHBIX apTyMEHTOB
Ka)XXJJOr0 Y4aCHHUKA TaKUM 00pa3oM, 4TO Obl BXOJHOM apryMeHT KaXKA0ro
YYaCTHHKA OCTaBaJICs TailHOW. B 3TOM cTaThe mpencTaBisieTcs peann3a-
¥ Takoi mIaTopMsl U1 ABYX YYaCHUKOB, KOTOPask MCIOJIB3YeT CIIe-
IUATBHBIA TPOTOKON 3a0BIBUMBON Tepefady, OCHOBAHHOW Ha KPHIITO-
rpaduu 1o cTpaTeruu 0enoro SIKMKa, KOTOpas B HECKOJIBKO pa3 dddek-
THUBHEE IPYrHX IMOJOOHBIX MPOTOKONOB. IlpencraBneHHas ruiatdopma
BKJIOYaeT B ce0e KOMIMIATOP, FEHEPUPYIOIUH OylbeByI0 cXeMy, pea-

JM3YIONIYI0 BXOTHYIO (DYHITHIO.
KnroueBble cioBa: KonduneHuuanbHbple BEIMUCICHUS C IBYMS y4acHU-

KaMH, IIPOTOKOJI ﬂO, 3a0bIBUMBAs nepeaayda.

GrunNk Utuuuusndg uudsuve 2Ucqduruuorbh
ZUUUL LURUSGUYUO 2UUUYUSEP PrUYULUSNRT

22 hwbnyywd, S.Y. Unfuwlyui

uuoenNenkryU
Uuunutg hwpduplubph hwdwlwupgp pnyp L wnwihu dhdjuig
squinwhnn Uh pubih dwubwhhgubph hwoby f(x,%p,...%,) nity-
ghuyh wpdtpp qunuuhp hwinhuwgnn Untnpwjhtt wpgnidkin-
ukphg wjtwybu, np mpwpbynip dwutwljgh dntnpuyhtt wpdbpp
dunud E qununuth: Uju hnpJuénud ubpjuyugdus b Eplne dwu-
twljgny wduwitg hwoquplutph hwdwp twpwnbtujus hwudw-

Jupgh hpwwbwgnid, npp ukpunnd £ hwpduplynn dnrulghw-
utph Wjupugpiui hbwdwp oqguugnpdyny pupdp dwlupguyh
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1Egnt b tjupugpdus $niuljghws hpugung poipgut vjubdwi u-
nnignn pupquuithy: Gupguuihsp mbwl b tdwbwnhy pupg-
dwhsutiph hwdbkdwn wykh phy hwpgupluyhtt nkunipubph b
puquuuypngbunpuyhtt  howduyph oquuwgnpsdwdp Junnigh)
poyjut upubdwtp: Muundnpunid Yhpundws tu hwupught pu-
twhny qununbugph puttlupdtp gnpénnnipjniuttpp oppwgng
unpugniyu dkpanutp:

lelﬁlulpmnhp‘ widunubg hwyquplubpph hwdwlwpg, Swnjh
Jupgpupwg:
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R. Aramyan
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rafikaramyan@yahoo.com

SUMMARY

It is known that a local equatorial characterization of zonoids does not
exist. The question arises.

Is there a subclass of zonoids admitting a local equatorial characteriza-
tion.

In this article was found a sufficient condition for a centrally symmetric
convex body to be a zonoid. The condition has a local equatorial descrip-
tion. Using the condition one can define a subclass of zonoids admitting a
local equatorial characterization. Also it was proved that a convex body
boundary of which is an ellipsoid belongs to the class.

Keywords: integral geometry, convex body, zonoid, support function.

The problem of geometric characterization of zonoids was posed by W. Blashke
(this question was posed repeatedly (see [2]) for the history of the problem). W. Weil
showed [7] that a local characterization of zonoids does not exist. Thus, no characteri-
zation of zonoids that involves only arbitrarily small neighborhoods of boundary
points is possible. In 1977, W. Weil (see [7]) proposed the following conjecture about
local equatorial characterization of zonoids. Let K & Ko be an origin-symmetric con-
vex body and assume that for any equator , there exists a zonoid Z! and a neighbor-
hood E! of S, such that the boundaries of K and Z! coincide at all points where the
exterior unit vector belongs to E!; then K is a zonoid. Affirmative answers for even
dimensions were given independently by G. Panina [5] in 1988 and Goodey and Weil
[3] in 1993. Recently, in 2008 F. Nazarov, D. Ryabogin and A. Zvavitch (see [4])
showed that the answer to the conjecture in odd dimensions is negative. The following
question arises. Define a subclass of zonoids admitting an equatorial characterization.
Our main results are the following (see [1]). We found a new representation for the
support function of a sufficiently smooth origin symmetric convex body. Using the
representation we propose a sufficient condition for an origin symmetric convex body
to be a zonoid. The condition has a local equatorial description. Using the condition
one can define a class of convex bodies admitting an equatorial characterization. Also
it was proved that ellipsoids belong to the class.
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30HOM/I IOITY CKAIOIINI SKBATOPUAJIbHYIO XAPAKTEPUCTUKY
P.TI. Apaman

AHHOTANIUA

W3BecTHO, 4TO JIOKAJIBLHOM 3KBAaTOPUAIBHON XapaKTEPUCTUKH 30HOUJIOB
He cymiecTByeT. BozHnkaeT Bompoc. CymecTByeT JI HOAKIACC 30HOHIOB
JIOIYCKAIOMIUI JIOKANbHYI0 SKBAaTOPHAIBHYIO XapaKTEpPUCTUKY. B 3Toif
CTaTbe HAWIEHO JOCTATOYHOE YCIIOBHE AN IEHTPAIbHO-CHMMETPHIHOTO
BBIIIYKJIOTO TeJa, ObITh 30HOUJIOM. Y CJIOBUE UMEET JIOKAJIbHOE SKBATOPH-
ambHOE ONHCaHHE. VICTIoNb3ys ycIoBHE MOXHO ONpENEeTHTh MOIKIACC
30HOUIOB JOIMYCKAIOIIUHA JIOKAIBHYIO 3KBAaTOPHANIBHYIO XapaKTepHCTH-
Ky. Taxoxe OBITO JOKa3aHO, YTO BHIITYKJIOE TEJIO TPAaHMIA KOTOPOTO Ipes-
CTaBIIsIeT COOOM INITUNCON] OTHOCHUTCS K KIaccy.

KiioueBble c10Ba: MHTETpalbHAS T€OMETPHS, BBITYKIIOE TEIO, 30HOM,
ornopHasi pyHKIHs.

onuNh}, NC EORSL E SULPU ¢NSYUSPL ALNRERUAMNRE3NRL
1}2. Upunljui

uvoenenkru

Zunuh E np qnunhph gnuljuyhtt punipugpmipinit gnjnipnil
snitih: Zupg b wnwgwinid® Yuw wpynp qnunhnubph Gupwnuu,
npp pny] L nmwjhu gnnjuyht punipugpmipini: Uju hnnuénid
hwjntwptpdty bt pudwpup wuydwt  wyb pwlp, np
Jtunpniwlwh uhdbwnnphl nienighl dwpdhup (huh gnunhn: Uy
wujdwlp nith gnuljughtt pumipwugpnipni: Oquwugnpsbkinyg
wuydwlp, vwhiwimd E qnunhnubph Ghpwnguu, npp poyp b
wnwjhu gnuljuyhtt punipwgpnipmi; Lwl  wwwgnighg, np
Ehwunhnp yunluinid E wyy npuupt:

Zpluwpunkp’ htunbgpuy bppuswihnipinit, mpmghly dwpdh,
qnunhn, hktwdniijghwm:



87

NON-IDEMPOTENT PLONKA FUNCTIONS

D. Davidova

Russian-Armenian (Slavonic) University
di.davidova@yandex.ru

SUMMARY

In [1] was introduced the concepts of p-function and of direct sum of al-
gebras with l.u.b.-property. And was proven that there is a bijective cor-
respondence between every p-function of algebra and its representation
as a direct sum of algebras with l.u.b.-property. In this work are intro-
duced concepts of a weakly idempotent Plonka function and a weakly
Plonka sum, establish a correspondence between these objects, and bring
examples of weakly idempotent Plonka functions.

Keywords: Non-idempotent Plonka function, weakly Plonka sum, regu-
lar identity

Introduction

Defnition 1. An algebra U = (U;2.) is called a weakly Plonka sum of its subal-
gebra (U.;X), where iel, if the following conditions are valid (cf. [1] - [3]):
U=(U;x)

U NU, =3 forall i, jel, i=j;

i) U =JU, ;
iel
iii) On the set of indices | there exists a relation < such that (I;<) is an upper

semilattice with the following properties;
iv) If i<, then there exists a homomorphism (pi'j:Ui—>Uj, where

PP =@, » for i<j<k and @ ;(X)=F(X...,x) for any Fe2 and
xeU;;
v) AeX andforall x,...,x, €U the following equality is valid:

A(Xi"'”xn):A((oil,io(Xl)""’(oin,io(xn))'
where the arty |A| =N, x el ..x €U i,.i, el i =sup{i,...i.}.

If an algebra U =(U;2.) is a weakly Plonka sum of its subalgebras (U;;>),
where i €1, then we write U = Sum(U,).

Let L, :{|A||AEZ} be an arithmetic type of an algebraU . The identity

o, = o, of an algebra is said to be regular, if the set of variables occurring in o, is
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equal to the set of variable occurring in o, .

Theorem 1. Algebra U =(U;2)) is a weakly Plonka sum of its subalgebras
(U;;2), where i e | and |I|2 2. Then in the algebra Sum(U,) are satisfied all reg-
ular identities that satisfied in each algebra(U,;2.) and moreover, every other equa-
tion is false in (U,; 2) .

Definition 2. Let U = (U; ) be algebra. The binary operation f :U —U xU
is called a non-idempotent Plonka function of U , if it satisfies the following identities
(cf. [1-3]):

1. f(f(x f(y,2)="1(x, f(y,2);

2. f(x,X) =F(X,...,x), for any operation F, € >_;

3. f(x, f(y,2)="1(xf(z,y));

4. PR X)) Y) = RFO, Y)ses F(X), Y)), for any operation
FeX;

5 F(y, R0 X)) = £V, R (T (Y %) £(Y, X)), for any operation
Fe;

6. F(ROG %), %) =R (X,..., X)), forany 1<i<n(t) and for any oper-
ation F, € %;

7. F(ROG - X0) RO X)) = RO&, - X, y) - for any  operation
F. €%

8. T(x, T(x,¥)="1f(xy).

To obtain a non-idempotent Plonka function different from Plonka function one
should assume that no operation of the algebra U is idempotent.

Main Result

Theorem 2. Let U =(U;2) be an algebra with a non-idempotent Plonka func-
tion. Then U is a weakly Plonka sum of its subalgebras.

Examples

1. Let Q=(Q;:) be a semigroup with X-X-y=X-y, X-y-y=X-Y and
X-y-Z=X-Z-Y identities. The function f:Q—>QxQ defined as
f(X,y) =X-V is a non-idempotent Plonka function of Q and hence by Theorem 2,
Q is a weakly Plonka sum of its subalgebras, i.e. algebras with the basic operation
f(x,y)=x-X.

2. Let Q=(Q;) be a semigroup with X-X-y=X-Yy, X-y-y=X-Yyand
X-y-Z-t=X-z-y-t identities. Then function f:Q —>QxQ defined as
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f(X,y) =X-y-X is a non-idempotent Plonka function for Q. Thus, by Theorem 2,
Q is a weakly Plonka sum of its subalgebras, i.e. subalgebras with the basic opera-
tions f (X, y) =X-X.
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HEUJAEMIIOTEHTHBIE ®YHKIIUUA MJIOHKA
J.C. /lasuoosa

AHHOTALIUA

B pa6ore [1] Obu1r BBeEeHBI TOHATHS P-GYHKIIMA U TIPAMOM CyMMBI aj-
redp ¢ l.u.b.- cBoiicTBoM. BBIIO 10Ka3aHO, YTO CYIIECTBYET OHEKTHBHOC
COOTBETCTBHE MEXIYy KaxIol P—QyHKIuel anreOpbl U ee TNpecTaB-
JICHHE B BHJE NMPsAMON cymMMsI anre6p ¢ |.u.b.- colictBoM. B HacTostmieit
paboTe BBOAATCS MOHATHS HeuaeMnoTeHTHOW (yHkuuu [TnoHka u cria-
001t cymmy IlnoHKa, ycTaHaBIMBAETCsS COOTBETCTBHE MEXKILY 3TUMH 00'b-
eKTaMH, ¥ TIPUBOIATCS IIPUMEPBI HEUIEMITOTeHTHBIX (QyHKIuii [TnoHKa.
KnroueBble cnoBa: HennemnorentHas gynkuus [Tnonka, cnabas cymma
[TnoHka, perynspHble TOXKIECTBA

N2p1EUMNNSELS 1LALVEUSE dNhLYSPULEN

U, Pwifhpnyw

uuoenNenkryU

[1] wohwwnwbpnid tbpdnisyby G p-dniuljghuygh b hwbpwhwohy-
utph ninhn gnudwph L.u.b.-hwnlnpjudp  qunuthwpubpp:
Ugugmgyby £, np wyy opjuntph thol gnymipjnit nuh phtljnp]
hudwywunwujuwinpnit: Lkipjuyugpus wojuwwnwipnid ubp-
Unidynd Bt ny hpbdwynunbutn Mnuluh $niuyghuyh b poyg
Mnujuyh gnudwph qunuiwpibpp: Zuwunwngus t juy ny
hntdynunbkutn Mnuljugh $niuljghwbph b poy; Mnuuygh gni-
dwiputph dholi:

Zhlfhmpumhp‘ Mnuluyh pniulghuyh, peny; Mnujuwgh gnidwp,
nhgnijjup unyunipniuttp
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OUBUKO-TEXHUYECKHUE HAYKH

YUCJIEHHOE MOJAEJIMPOBAHUE BOJIOKOHHO-
OIITUHYECKOI'O JATYUKA HA OCHOBE
IJIEKTPOOIITUYECKOI'O MUKPOPE3OHATOPA JIJIA
U3MEPEHUA BJIMKHEI'O DJIEKTPUYECKOI'O I10JISA
BAPSAKEHHBIX 1 U3JTYYAIOIIUX CTPYKTYP

O.B. bazoacapan, A.B. /lapvan, TM. Knazan

AHHOTADUA

B nmaHHO# cTaThe NMPOBENEHO YHCIEHHOE MOIETHPOBAHHE ONTHYECKUX
XapaKTePUCTUK 3JIEKTPO-ONTHYECKOTO JIATYMKa JJIi M3MEPEHUs OJIMK-
HEro JJIEKTPHUYECKOrO MOJS Pa3INYHBIX HCTOYHHKOB DIEKTPHIECKOTO
MOJIST U DJIEKTPOMArHUTHBIX BOJIH. JIaTYMK COCTOMT W3 AIJIEKTPOOIITH-
4yeckoro Mukpopesonaropa ®adpu-Ilepo ¢ MHOTOCIOMHBIMU TUIICKTPH-
YECKUMH 3epKajlaMu, COCTBIKOBAHHOT'O C OJJHOMOJIOBBIM ONITHYECKUM BO-
nokHOM. [lpemmaraeMelii TOJHOCTBIO JUIJIEKTPUUSCKHN NaTYMK HE HC-
Ka)kaeT U3MepsieMOoe BHEIIHEee 3JIEKTPUUECcKoe 10Jie U 00ecreunBaeT Bbl-
COKYIO YYBCTBHTEILHOCTh. MaJble pa3Mephl JIEKTPOONITHYECKOTO JaT-
YHKa MO3BOJIAT MPOBOAUTH UCCIIEIOBAHUS JIOKAIU3AINH 3JIEKTPHUECKOTO
TI0JTs1 BOJIM3M Pa3NMYHbIX 3apsDKSHHBIX H U3ITy9alOnX MUKPOCTPYKTYP.
KuroueBble cJIOBa: BOJIOKOHHBIH 3JIEKTPOONTHYECKUH IATYUK, H3Me-
peHUe OJIIDKHEro JIEKTPUYECKOTO OIS, SIEKTPOONTHISCKUI MHUKpOpe-
3oHatop ®Pabdpu-Ilepo, MHOrOCIOIHBIE TUAIEKTPUUECKUE 3epKajia, YUC-
JIEHHOE MOJIEINPOBaHHeE.

1. Beenenue

M3mepurenu 3neKTpUYecKrX MOoJIeH HAllUIM IIHUPOKOE MPAKTUYECKOE IPUMEHEHHE B
pasnmmyHbIX o0iacTsax [1]. K HEM oTHOCSATCS n3MepeHne aTMOC(EpHOTO 3JICKTPHYECTBA
[2], MOHUTOPHUHT DIEKTPOMArHUTHOW OOCTaHOBKH [3], U3MepeHue IEKTPHUECKHUX MO-
JIe B DNIEKTPOHHOH ammapaType U aHTeHHble u3MepeHus [4, 5]. Baxueiimeit 3amaueit
IPU TMPOEKTUPOBAHUM H3MEPUTENS DJEKTPUUYECKOro MOJsl SBISETCS MUHHMU3ALMS
BJIMSIHUSL MU3MEPUTENBHOIO JaTYMKa Ha u3MepseMoe moje. PaznuyHble THIBI AaTYMKOB
IEKTPUUIECKOTO OIS, KOTOPBIE IIMPOKO HCHONB3YIOTCS Ha MPAKTUKE, MPUHIUITHAIBEHO
coiepKaT METAUIMYECKUE IETalH, YTO HEM30eKHO BHOCUT CYIIECTBEHHYIO, HE BCETIa
KOHTPOJIMPYEMYIO MOIPEIHOCTh. VICIOIb30BaHUE 3IEKTPOONTHYECKUX AATUUKOB MO-
3BOJISIET CTPOUTb TMOJIHOCTBIO UDICKTPUUESCKHE H3MEPUTENH Mot [5—7].

OnTrnyeckre U3MEPHUTENH 0TS UCTIONB3YIOT 3¢ ekt [lokkensca, To ecTh JIMHEH-
HBIH 3MEKTPOONTHYECKUI AP(PEKT, KOTOPHI MPUBOAUT K JBOWHOMY JIydeIpesiomie-
HUIO MOJ1 ACMCTBUEM dJIeKTprUdeckoro nosi. B takux kpucramiax kak KDP (nuruapo-
¢docdat xamust), DKDP (nefirepupoBannsiii KDP) n aHuobat mtus (LiNbO3), Habmr0-
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maercst CHIbHBIN 3¢ dekT [Tokkenpca, TOITOMY OHM IIMPOKO HCIOJB3YIOTCS B DIICK-
TPOONTHYECKUX MOIyIsTOpax [8].

Uzmenenue koddhduImenTa mperoMICHUs KPUCTAIUIa 1O JCHCTBUEM DIICKTPU-
YECKOTO TI0JISI IPUBOANT K M3MECHEHHIO (Da30BOTO CIOBHra CBETOBOW BOJHBI IPH IIPO-
XOXIEHHU yepe3 KpucTaul. CymecTBYIOT IPHOOPEI, B KOTOPBIX IPOU3BOIUTCS HEIO-
CpeICTBEHHOEe M3MepeHHe (pa3oBOro caBura ¢ NpUMEHEHHEM Hepe30HAHCHBIX MHTEp-
(epenironnsix Metonos [5, 9, 10].

B Hacrosme#t paboTe paccMaTpuBaeTCs JICKTPOONTHUSCKUN M3MEPUTENh C JaT-
YUKOM Ha OCHOBE HEJIMHEHHOTO pe3oHaTopa. Takol JaTYHK MpeacTaBiseT COO0OH MHUK-
po-pe3onatop Pabpu-Ilepo U3 31EKTPOONTHYECKOrO KPUCTaia, IOMELIEHHOTO MEX-
JIy MHOTOCJIOMHBIMH TUDJIEKTPUYECKUMHU 3epKaiaMu. biaronaps BOJOKOHHO-OIITHYEC-
KOH CBSI3M MEXKIY NAaTYUKOM M W3MEPUTEIBHBIM IPHOOPOM HCKAKEHHE M3MEPSIeMOro
AIIEKTPUIECKOTO TIOJISl CYIIECTBEHHO HIDKE, YeM IIPH HCIIOIH30BaHIH METAJUTMIECKUX
CEHCOPOB U JJIEKTPUUECKUX Kabesei.

OCHOBHBIE XapaKTePUCTUKUA W3MEPHUTENs, TaKhe, KaK: YyBCTBUTEIHHOCTb, TUA-
Ma30H HM3MEPEHUs, IOTPEIIHOCTh ONPENEeIBIIOTCS HapaMeTpaMH MHKpPOPE30HATOpa.
s onpeneneHust mapaMeTpoB pe3oHaTopa TpeOyeTcsl HCUepITBIBAIONIee KOMITBIOTE-
HOE MOJIEIUPOBAaHUE, COOTBETCTBYIOIIEE MOCTABIEHHOW 3amade. B manHoit pabote
pa3paboTaHa METOIMKa KOMITBIOTEPHOT'O MOJIEIMPOBAHUS MMapaMeTpOB MUKPOPE30Ha-
TOpa, Ha OCHOBE METOa «eaHHOTo Beipaxkenns» (MSE) [11-13].

2. KoHCTpYKIMSI M NIPUMHLIMI JeHCTBUSA JIEKTPOONITUYECKOI0
U3MepuTessl moJist

KoHCTpyKIMS 31eKTPOONTHIECKOTO U3MEPUTENS 3JICKTPUIECKOTO MOt M KOH(H-
rypanus JaT4vka npeacraBieHsl Ha Puc.1.

J D———
JneKTpo- -
CeeToamosa ‘:;;'::;:;”” 1]
4d—>
OnTryeckui
daHanmsaTtop
CneKkTpa

Puc 1. KOHCprKIII/ISI DJIEKTPO-OINTHYCCKOI'0 UBMEPUTEIIA SJICKTPUIECKOTO ITOJIA.

[I1poKOMOIOCHBIH CBET OT CBETOAMOAA MAaaeT Ha JaTIYUK Yepe3 ONTHIECKOE BO-
JOKHO ¥ nupkynarop. Ilocnennuil nepeHanpapiseT OTpaxXEHHBIM OT Pe30HATOPa CBET
Ha ONTUYECKUH aHAIU3aToOp CHEeKTpa. JlaTuuk mpeacTaBiseT coOoi OTpakaTeIbHbIH
pesonarop ®adpu-Ilepo ¢ 3MEKTPOONITHISCKUM KPHCTAIIIOM.

B kadecTBe 3JEKTPOONTHYECKOTO KPHCTAIa paccMaTpuBajcs HHOOAT JIUTHS

91
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LiNbO;. U3BecTHO, YTO 3aBHCHMOCTHh H3MEHEHHUS KOIGHUIMEHTa MPETOMIICHUS OT

MNPUJIOKEHHOI0 MOJs JJId JaHHOTO KpHCTaljla MMECT BHJ An=n3r33E/2, rae

N=+& =+/4.5 — 3nauenne xodpPuLKEeHTa MPETOMIIECHHS B OTCYTCTBHE BHELIHETO

1OJIst, TIPH ONTHYeCKOH mmuHe Bonubl Ag =1.554m. Benuunna ry; — snexrpoontu-

yeckuii K03()(UIMEHT, PaBHBIN 11 JaHHOTO KprcTamia I'33=30,8- 10*2w/B [14]. 3nak
M3MEHEeHUsT KO QHIEeHTa PETIOMIICHNS 3aBUCUT OT HAlpaBJICHUS] BHEIIHETO MOJIs
OTHOCHUTEJIBHO OCH KpucTaia [8].

MHOTOCIIONHBIE AUAIICKTPUICCKIE OTpaXKaTelld MpPENCTABIIOT OO0 depemyro-
IMecs Mapbl YETBEPTHBOIHOBBIX CIIOEB C OTIMYAIOIIMMUCH KOI(QQHULIEHTAMH TPEIoM-
neHns. OHM 00ecTIeYMBaIOT BBICOKHH KO3(QUIMEHT OTpaXkeHHsI, HeOOXOUMBIN 11 00-
pazoBaHus pezoHaropa. s ompeneneHnst ONTHYECKUX CBOMCTB pe30HaTopa ObUIO Mpo-
BEJICHO YKCIICHHOE MOIEINPOBAHNE METOIOM «eIHHOT0 Bhipakerus» (MEB) [11-13].

3. UnciieHHOE MO/1eJIMPOBAHHE 0TPAKATEILHOI0
Mukpope3zonaTopa u3 LiNbO;

JUnst KOMILIEKCHOM aMIIUTy bl E, (z) 35eKTpudeckoil KOMIIOHEHTbI JIMHEHHO MoJIs-

PHM30BAHHOMN BOJIHBI M3 ypaBHEHMI MakcBeJlIa IoydaeTcst ypaBHeHue [ enbMrodbIa:
d’E, (2) :
X 2~ _
—5—=+kjé(z) E (2) =0, (1)
dz
rae Ky =@/C — KoHCTaHTa pacmpoCTpaHeHHs BOJIHBI B CBOOOIHOM MPOCTPAHCTBE, &
£(2)=¢£'(2)+ j&"(2) — xommIeKkcHas IMAIEKTPIYecKast IPOHHIIAEMOCTh CPEJIbI.

UucrieHHOE MOJIETMPOBAHUE MPOBOANIIOCH METOJIOM equHOoro Bhipakenus (MEB).
Cymaocts MEB 3akimodaetcst B TOM, 4TO 00IIee penieHre ypaBHeHUs [ enmbMrosbia Juist
KOMIUIEKCHOM aMITIUTY/IbI UIIETCS B BUIC:

E,(2) =U(2)-exp (- jS(2)), 2)

a He B TPAJUIMOHHOM (popMe CyMMBI BCTpeuHsiX BosH. 3xeck U (2) u S(z) — Bemect-

BEHHBIC BEJIMYWHBI, OMHCHIBAIOIINE PACIPEACICHHE MO0 OCH Z, COOTBETCTBEHHO, aM-
mutynbl B (asel. [logcraHoBka Beipaxkenus (2) B ypaBHenue [enbmronbia (1) npu-
BOAUT K cUcTeMe TPEX Mu(hepeHIHaNbHbIX YPaBHEHU OTHOCHTEIBHO aMILTUTY/IbI
U(z) snmekTpuveckoro mosisi BOJHbI, €€ MPOCTPaHCTBEHHOM mpousBoaHoi Y (Z) u Be-
mauEbl P(Z), mpomopirHoHansHON MIOTHOCTH TIOTOKA SHEpruu (BekTopy [loHHTHH-

ra) B cpeme [11-13]. Cucrema ypaBHEHHIl HHTETPHPYETCS UHCICHHO, HAYHHAS C
HEOCBEIIEHHOW CTOPOHBI MHOTOCJIOWHOM Cpefbl, TIie UMEETCsl TOJIBKO YXOSIIasi BOJI-
Ha. HauanbHble TaHHbIE AJI1 MHTETPUPOBAHHUS IIOJIy4ar0TCsl U3 FPAHUUYHBIX YCIOBUH Ha
HEOCBEILEHHOM CTOPOHE MHOTOCJIONHON cpeabl. UHCIEHHOE UHTErpUPOBaHUE BElETCs
IIOILIAar0BO K OCBELIEHHOM CTOpOHE MHOrOCIOWHOM cpenbl. Ha kax oM 1are MHTErpu-
pOBaHUs YYMTBHIBAETCA 3HAUYEHUE IUIJIEKTPUUYECKON IIOCTOSHHOM B TEKyLIEH Koop-
JuHate. B mporecce MHTErpUpOBaHMS 3alUCHIBAIOTCS 3HAUEHMS BCEX MEPEMEHHBIX



Yucnennoe MO()eﬂupOB(lHH@ B0JIOKOHHO-ONMUYECKO20 0amHUUKa ... 93

U(z), Y(z) u P(z). 3 rpaHn9HBIX YCIIOBHI HA OCBEIIEHHOW CTOPOHE CTPYKTYPHI

BOCCTaHABIIMBAIOTCS aMIUIUTY/IbI Mafaromen E,,, 1 orpaxennoii E,,, BonH. Beraucine-
HUS 3aKaHYUBAIOTCS OINpPEAEICHHEM KO(P(PHIMEHTOB OTPaKEHHA R ¥ IpOX0KmaeHus
T 1o momHOCTH.

DJIEeKTPOMArHUTHOE MOJICIUPOBAHUE OBLIO MPOBEACHO JUIS MHKPOPE30HATOPA,
CTPYKTypa KOTOporo msobpaxena Ha Puc.l. TIpoduiasb THAIEKTPHUECKON MPOHHUIIAC-
MOCTH M pacIipeie/leHie aMILIMTY bl BOJIHBI IpUBEAEHEI Ha Puc. 2.
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Puc 2. [Tpodune ausnextpudeckord mporunae- Puc 3. CrekTpsl oTpaxkeHHs: | — B OTCyTCTBHE
MOCTH & W paclpeneleHUe aMILTUTY bl BHEIIHETO 3JIeKTPHYECKOro 1ot € = 4.5,
2 — 10J1 ACHCTBHEM BHEILIHETO 3JIEKTPH-

BoaHBI £ B pe3onarTope TONIMHOl
yeckoro moiis € = 4.505.

kpucrama d=5,115MkM.

C menbio HarsImHOCTH Ha Puc. 2 mpuBemeHBI pe3yNbTaThl MOACIAPOBAHUS IS
TOJIIUHEI AIIEKTPOONTHIECKOTO CJIOS OKOJIO 5 MKM. B 3TOM cirydae XOpomo BHIHEI
OCHWUISIIMY aMIUIMTYAbl BAOJAb Ocu Z. IIpn MonenupoBaHUM peaJbHOM CTPYKTYpbI
tomuaa d=200 mkm. BHyTpeHHee mose, mpu 3TOM, UMEET aHAJIOTHYHOE pacIipenesie-
HHE, OJHAKO CO 3HAYMTEIILHO OONBIINM YHCIIOM OCHMIIISIHIA B kKpuctate. Otpaxare-
JM COCTOAT M3 Tap 4eTBepThbBONHOBHIX cioeB SiO,/N-LASF9 ¢ muanekrpryeckuMu
MPOHUIIAEMOCTSIMU, COOTBETCTBEHHO, 2,25 1 3,34 u tommuHamu 258 HM u 212 HM.
Uucno map cnoeB sl OTPakaTesst ¢ BHICOKUM OTpakeHHEM paBHO 13, a st cmabo
orpaxaromiero 7. [Ipu n3MepeHnn OCh Z KpUCTaia JODKHA OBITH HAaIpaBiieHa BIOJIb
HU3MEPSIEMOTO TIOJIS.

Jnst MozmenupoBaHMSI BIMSHUSL 3JIEKTPUUECKOTO TMOJIST HA CHEKTP OTPKEHUS,
HEBO3MYIIICHHOE 3HAYEHHE AMAJICKTpHIecKoi mpoHumaeMoctu LiNbO3 Ob110 B3TO paB-
oM £ = 4.5, a usmenennoe snauenne £ = 4.505. Takoe n3MeHeHne IUAIEKTPHUECKON
MPOHUIIACMOCTH COOTBETCTBYET BHEUTHEMY TOJIIO Mopsinka 1kB/cM., HampaBieHHOMY IO
ocH z kpructayuia. Kak BHIHO U3 pUCyHKA 3, IPU TaKOM HaIpaBJICHUH OIS CIIEKTPAIbHEIC
JIMHWY CIBUTAIOTCS BIpaBo. [Ipy n3MeHeHn HanpaBiieHUs BHETITHETO TOJIS IPOTHB OCH Z,
JMIIEKTPUIECKAst IIPOHUIIAEMOCTh YOBIBAET, M CIICKTP CABUTACTCS BIEBO.

MopzenupoBaHue MO3BOJAET ONTUMHU3UPOBATh I1apaMeTPbl MHOTOCIOMHBIX OTpa-
JKareleil W TONIIMHBI KPUCTaJIa C IEeTbI0 MOMYIeHHS TpeOyeMBIX MapaMeTpoB H3Me-
purens. [loxydeHHbIe pe3yasTaThl OYAYT IMOJIE3HBI MPH MPOSKTHPOBAHUU M pean3a-
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IUH TTOJTHOCTBIO JUBJICKTPHUICCKUX I/I3MepI/IT€Heﬁ QJICKTPUYCCKOT'O0 ITOJIA IJIA IPpUME-
HCHUA B aTMOC(l)epHI)IX, AHTCHHBIX U APYTUX U3MEPCHUAX.
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NUMERICAL MODELLING OF FIBER OPTICAL SENSOR BASED ON ELECTRO-
OPTICAL MICRORESONATOR FOR NEAR ELECTRIC FIELD MEASUREMENT
OF CHARGED AND EMITTING STRUCTURES

H. Baghdasaryan, A. Daryan, T. Knyazyan

SUMMARY

In the work numerical modelling of optical characteristics of an electro-
optical sensor for measurement of near electric field of different sources
of electrical field and electromagnetic waves. The sensor consists of an
electro-optical Fabry-Perot micro-resonator with multilayer dielectric
mirrors butt-joined with single-mode optical fiber. The suggested all-
dielectric sensor does not distort external electric field and ensures high
sensitivity. Small sizes of the electro-optical sensor will permit to carry
out analyses of electric field localization near different charged and emit-
ting microstructures.

Keywords: fiber electro-optical sensor, near electric field measurement,
electro-optical Fabry-Perot micro-resonator, multilayer dielectric mirrors,
numerical modelling.
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npjulut dhypnnkgniwwnnp, puquuobkpun nhijEjuphly hwybih-
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AJUABATUYECKOE OITMCAHUE KBAHTOBbBIX HITPUXOB

M. A. bazoacapan, .M. Kazapsan,
J.b. Aupanemsan, A.A. Capkucan

AHHOTADUA

B nauHO# cTaThe paccMOTpeHa 3a1ada 00 0COOCHHOCTSIX YHEPIeTHYECKO-
TO CIIEKTpa AIEKTPOHA B KBAHTOBBIX HITPHXaX. | €OMETPUYECKH KBAHTO-
BBIl IUTPHX MOXET OBITh ANMIPOKCHMUPOBAH B BHIC MapauleieruIcaa
WM yCEUeHHOW mpu3Mbl. Ha OCHOBe annabaTHYecKoro MPUONMKEHUS
ObUTM HAaiJIEHBI YHEPTETHYCCKHUI CIIEKTP M OrHOAroIIe BOJHOBBIC (DYHK-
[[MM KBaHTOBOTO MITPUXA, UMEIOIIEero GopMy yceueHHOH mpu3Mbl. [Toka-
3aHa BO3MOKHOCTB «BH3yaIH3aLii» MH(AropoOBIX TPOEK.

KioueBble cJIOBA: KBAHTOBBIH MITPUX, aanadaTHdeckoe MpUOImKeHHE.

BBeaenne

Kganrossie Touku (KT) sBisitorcest Hanboliee yI0OHBIMU CHCTEMaMU C TOYKH 3pe-
HUS YOPABICHHUS WX dHEpreTudeckuM crektpoM [1]. CoBpeMeHHBbIE MpenU3NOHHEIE
MeToabl BeipanmBanus KT mo3Bonwiu peanu3oBaTh cheprueCcKre, NUIHHIPUICCKUE,
JIMH3000pa3Hble, UTUICOUAAIbHbIE, KoablieoOpasHele u T.4. KT (cM. Hanpumep [2—
3]). CpaBuuTensHO HemaBHO ObLIHM peanu3oBanbl KT, nmeromnye GopMy CHIBHO BBITS-
HYTOH yCEeYeHHOMU MPHU3MBI, TaK Ha3bIBaeMbIC KBAaHTOBBIE ITpuxu (quantum dash) [4—
5]. Tak, aBTopsl [4] coobanu o0 peanu3aui KBAHTOBBIX IITPUXOB U3 InAs, ipu 3TOM,
UMH ObLTH OOHApY)KEHBI y3KHE SMHCCHOHHBIC JIMHHWHU, CBSI3aHHBIC C 0Opa3OBaHHEM
AIIEKTPOHHO-ABIPOYHON Maphl B OTICIBHO B3SATOM KBaHTOBOM miTpuxe. [Ipobiema
OITMCAHMUs TOBEICHUS HOCHUTENCH 3apsia B 3THUX CHCTeMax oOCykaanach B [5], rme
aBTOPBI, HA OCHOBE MPEJI0KECHHON TEOPETUUECKON MOJIENIH KBAHTOBOTO INTPUXA, UC-
CIIEIOBAJIM UX ONTHYECKHE CBOMCTBA M MOKA3aJlM yIayHOE COBIAJCHHE TEOpeTHYe-
CKHUX PacyeToB C pe3ylbTaTaMH SKCIepHUMEHTa. lIpmMedarenbHO, YTO KBAHTOBBIH
IITPUX AMMPOKCUMHUPOBAJICS CHIIBHO CIUIIOCHYTOM YCEUEHHOW MPU3MOW, a TaKXKe HE
YUUTBHIBAIIMCH 3(PPEKTH MEXaHUIECKOTO HAMTPSIKEHNUS.

B npemiaraemoli paboTe HcclieoBaHbl AJIEKTPOHHBIE COCTOSIHUS U MEK30HHOE
OIITHYECKOE TIOTJIOMICHIE B KBAHTOBOM INTPHXE UMeEomeM (hopMy YCEUSHHOH TpH3-
MBI MaJIOH BBICOTEL.

Teopust

PaccMOTpUM KBaHTOBYIO TOYKY M3 INAS ¢ GopMoil yceueHHON MPU3MBI, OIHA
CTOpPOHA KOTOPOH HAMHOTO MeHblire, 4eM ase apyrue (Puc. 1). L, << {Li, L, } Pac-

CMOTpHM JIBIDKCHHME YacTHIBI (DIEKTPOHA, IBIPKH) KBAHTOBOM INTPHXE, WMEIOIIEM
(hopMy yCEeYEHHOH MPU3MBI.
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Puc. 1 I'eomeTpus KBAHTOBOIO LITPUXA

O603Hauas > peKTHBHYI0 MacCy IEKTPOHA B HANpaBIeHUH 0Z depes 4, ¥ [ B

XOY 11ockocTH, MbI MOXeM 3amucath ypaBaenue LllpenuHrepa B JeKapTOBBIX KOOP-
JUHATaX:

L e W il
2,uL8X2 asz 2, 01°

+Veon (XY, 2) p P(X Y, 2) =E¥(X,Y,2). (1)

[Ipeamnonoxxum, 9yTo TpU3Ma SBISETCS HEMTPOHUIIAEMOM, TTOITOMY IS TIOTEHITUAT
OTpaHUYECHUS YaCTHILIBI (IJIEKTPOHA, JBIPKH) B AEKAPTOBBIX KOOPJIUHATAX MOXKET OBITh
MpeJICTaBlIeHa B BUJIE:

O,F cQ®

oo,F zQ® ’

VConf (X’ yl Z) = (2)

rae Q® _ o6nacts kBanTOBOI TOUKH. 13 reomerpudeckoi popmel KT cnenyer, uto
JBIDKEHHME YaCTHIIBI BAOJL OCH Z IPOUCXOAUT OBICTpee, YeM B INIOCKOCTH, EPIEHAN-
KYJSIpHOU K HEeW. DTO MO3BOJET MCIONB30BATh aquadaTHIeCKoe MpuOIImKeHne [6],
COTTIACHO KOTOPOMY TIOJIHBIA T'aMHJIBTOHHAH CHCTEMbI MOXET OBITH HPEJCTaBIICH B

BHJIE CyMMBI FaMUILTOHMAHOB «ObIcTpoit» ( H 1) U MEJUICHHOH (Hz) noacuctem. B

Oe3pasMepHBIX BennuMHax (Bce UIMHBI M3MepsieTcs: B 3 dexkTuBHBIX paguycax bopa
2

*
3JIEKTpoHa &, = —— ,Te M, — 3QdeKTrBHAsA Macca SIEKTPOHA, £ —M3JIEKTPHIEC-
e

Kast mpoHuIiaeMocTts Matepuaia KT, 3anumem:

. /J 62 . 82 82

H=H,+H,+V, (x,v,2), H=—"—— H,=—-— 3)
1 2 Conf ( ) ﬂz aZZ 2 aXZ ayz
3necs H =H/ E. oHeprus msmepsiercss B 3(QQeKTHBHBIX 3Heprusx puadepra
m.e*
E; = # . Ilpn ¢pukcrpoBaHHOM 3HAYCHHH KOOPAWHATHI X MEIJICHHOHN MOJICHCTE-
&

MBI JBM)KCHUE YACTHIIBI IOKATM30BaHO B OJJHOMEPHOM KBAaHTOBOMU siMe ¢ 3 (hEeKTUBHON
wpuHoii Ly (X)
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xtga, X €[0,x]
LS(X)= L3, X E[Xlixz]l (4)
L, —(X=X)tga, x €[x,, L]
rme X, = L, /tga, X, = L, —X,. U3 pemennst ypaBHenus Llpemunrepa st GbICTpOit
MOJICUCTEMBI JIsl SHEPTETUYECKOTO CIIEKTPa YACTHILIBI ITOJTyYaeM:
z°n?
Erast = ) ()
Bripaxkenue (5) npencrasisieT co0oil d(GeKTHBHBINA TOTSHIIUAT JUTS YPABHEHUS
[peannarepa MemieHHOW MOACHMCTEMBI. Kak MBI BUAMM, 3TOT TMOTEHIMAN 3aBUCHUT
TOJIGKO OT X 3TO O3HAUYaeT, YTO B BOJHOBAs (D)YHKIHMS U CIIEKTP SHEPTHU B HaIpaBlie-
HUH Y UMEIOT BUL:

zn 7n

2 .
¥ = |[—sin—Lvy,¢ =
ny(y) LZsm C Y. &, z

IToatomy MBI Oyzem pemath ypaBHeHue lllpeaunrepa B HanmpaBieHUH X ¢ 3Qdek-
THBHBIM TIoTeHIMaaoM (5). [iis Toro 4yToObl HAWTH 3HAYEHHE SHEPTHH, 3Ta IpodiieMa
JOJDKHA OBITH pellieHa B TPeX PETHOHAX, a 3aTeM PEICHHS B KaKIOM PETHOHE ITOJIK-
HBI OBITh CIIUTHI. PellieHusi B KaKAOM PETHOHE MOTYT OBITh 3allUCAaHbI B CIEAYIOLIEM

| = AXJ 22\/’ijLBxﬁY zzfx x €[0,x]
g 8, ),

=A exp{x —&, +%) +B, exp(—x

v = ANE, e (Vo (L))

2 tga

L XY, 7 (\/_X(Ll—x)),Xe[xz,Ll].

2 tgzx

Taknm 00pa3oM, MBI JODKHBI HAWTH KO3((GHUIUEHTHI C TOMOIIBIO YCIOBHS He-
NPEPHIBHOCTH QYHKUMH ¥/, | |, U MX [POM3BOAHBIX. Peliasi TpaHCUECHACHTHOE ypaB-

HCHHUEC, Mbl MOJKEM MOJIYIYUTh 3HAYCHUEC OHEPTUU 8)( .

PesynbTatel u 00CyKIeHHA.

3aBHCHMOCTH OOJTHORJICKTPOHHON SHEPTHU B YCEUEHHOH NMPH3ME B 3aBUCUMOCTH
OT yria pactBopa npu3Mbl Obutd usydena (Puc 2a). Kak moxxHo BuaeTh u3 Puc.2a,
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SHEpPIrusi MOHOTOHHO YMEHBIIAETCA C YBEIMYEHUEM YIJla pacTBOpa NPU3MBI U Ui

T
O/ —> — aCUMIITOTUYECKU CTPEMUTCA K OHEPI'UH IapauICICIIUIICaa.

00 05 10 15 20 25 30 00 05 10 15 20 25
a” ’ 0=50deg O =85 deg
Puc. 2 3aBUCHMOCTB OZTHO3JICKTPOHHOI SHEPTUH OT yIiia pacTBOpa MPU3MBIL,
6 - IWIOTHOCTH BeposiTHoCTH snekTpona B miockoctn XOY (Z =0)
JUTSL Pa3HBIX 3HAUCHHI yriia.

Kak moxxHO BHIeTh u3 Puc. 206, ¢ yMEHBIIEHHEM yTIIa IPU3MBI IPOUCXOAUT ClIe-
JyIoliee: BEpOsTHOCTh BO3PACTaeT B LIEHTPaAIbHOI 00JIacT U yMEHbLIaeTCs B obiac-
TH, OJIM3KOM K CTEHKaM. DTO CBSI3aHO C CUJIBHBIM OTTAJKUBAHHUEM CTEHOK.

— 17
71
— 55

E/Eg

1.5 20 25 30
Lx

Puc. 3 3aBucumMocCTb dHeprim st Tpex coctosumii E; o, E 4, Eg g B 3aBucu-
moctu ot L, mpu dukenposanmex Lyu L,

Kak 6p1u10 mMokazaHo, 4TO B KBaHTOBOM IITpHXE B (opMe MapaieNenumnesa mo-
MHMO JBYX-KPAaTHOTO BBIPOXKJICHHBIX YPOBHEH €CTh CEMEWCTBO TPHIKIBI BBHIPOKICH-
HBIX YpOBHEW. B maHHOM cilydae, Kak 3TO BUAHO U3 Puc. 3, nMeeT MecTo Takxke cOu-
JKEHHE KPHBBIX 3aBUCUMOCTEH PHEPTrUM (TPEXKpaTHOE BBIPOXKIIEHHE), OJHAKO HE B
cIy4ae KBaJIpaTHOTO CEUYEHUSs, T.C. LX = Ly, a B Cllydae HEKOTOPOTO COOTHOIICHHSI

CTOPOH.
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ADIABATIC DESCRIPTION OF QUANTUM DASHES
D. Baghdasaryan, E. Kazaryan, D. Hayrapetyan, H. Sarkisyan

SUMMARY

The features of the electron energy spectrum in quantum dash have been
considered. The shape of quantum dashes can be approximated as a pa-
rallelepiped or truncated prism. On the basis of the adiabatic approxima-
tion the energy spectrum and the envelope wave functions of the trun-
cated prism shaped quantum dash have been found. The possibility of
"visualization" Pythagorean triples have been demonstrated.

Keywords: quantum dash, adiabatic approximation.
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HOI'JIOMEHUE CBOBOJAHBIMU HOCUTEJISIMUA B
HMAPABOJIMYECKOW KBAHTOBOU SIME C YYETOM
PACCESHUSA HA TPEXMEPHBIX AKYCTHYECKHUX ®OHOHAX

A.O. I'esopean, I.M. Kazapan, A.A. Kocmanan

AHHOTAIWUA

B nmanHO# cTaThe pacCMOTPEHBI BHYTPUIIOA30HHBIE IEPEXOABI, 00yCIOB-
JICHHBIE IOIJIOIIEHUEM CBETa B MapaboIMYecKol KBaHTOBOH siMe C yue-
TOM paccesHHsl Ha TPEXMEPHBIX akycTHdeckux ¢ponoHax. [TomydeHo ana-
JIMTUUYECKOE BBIpaXKeHHE JUI KO3((UIMEHTa MOITIOMEHUS ¢ YIeTOM OJ1-
HOTO THUIIa MPOLECCOB — C MEePBOHAYAIBHBIM IOTJIOMIEeHHEM (GoToHa U ¢
JanbHEHIIUM paccesiHUEM Ha aKkycTudeckoM ¢oHoHe. st kodddunmen-
Ta TIOTJIOIIEHUS HCCIICJOBAHbI YaCTOTHBIE XapaKTePUCTUKU M 3aBUCH-
MOCTb OT IIMPHHBI KBAHTOBOH SIMBI.

KnaioueBble ci0Ba: BHYTPHIION30HHBIE II€PEXOJbI, IapadoInyuecKas
KBaHTOBas sIMa, aKyCTUIECKUH (H)OHOH.

1. BBeaenue

[Ipssmoe mormnormeHne cBeta CBOOOTHBIMH HOCHUTEISIMH HEBO3MOXKHO, T.K. 3TO
MPOTUBOPEUUT 3aKOHAM COXPAHEHMsI SHEPTruH U uMITyibca. Hanuuue ¢hoHOHOB, Ipu-
Mecell U Jpyrux Ae(eKTOB PEIIETKH IeNAl0T BO3MOXHBIM IOTJIOIIEHHUE CBETA, T.K.
paccemBaHHE Ha TpeThell dacTUie oOecIeunBacT W3MEHEHHE UMITyNbca. biaromapst
3TOMY, TloromeHue cBoooaabpIME Hocutesivu (ITICH) sBisieTcst omHUM U3 3P PEeKTHB-
HBIX MHCTPYMEHTOB /ISl BBISIBJICHHSI M OLICHKU MeXaHM3MOB paccenBanus. IICH 6bu10
PaccMOTPEHO B 06beMHbIX TIOJNYIMPOBOJHUKAX B paMKax BTOPOIO IMOPSAKA TEOPUH
BO3MYIIICHHM C YU€TOM Pa3IMYHbIX MEXaHU3MOB paccenBastHus [1], B TOM dncie u Ha
KoJleOaHusX pemerku [2].

EctectBeHHO, uTO MHTepec BbI3bIBacT paccMoTpeHue IICH B HHM3KOpasMepHBIX
CTpYKTypax. BciiencTBre pasMepHOT0 KBaHTOBAHUS (HAaIpHMEp, B OAHOM HaIpaBiie-
HUH B KBAaHTOBBIX SIMaX), BO3HHKAIOT YHEPreTHUECKHE ITO30HEI, UYTO JeacT BO3ZMOXK-
HBIM IIepeXONbl KaK BHYTPU OJHOW ITON30HBI (BHUTPUIOA3OHHBIE NEPEXOIbl), TaK H
MEXIy TTOJI30HaMH (MEXITOI30HHbIE Tepexoibl) [3].

BHyTpunoa3oHHsle nepexosl B KBaHTOBBIX siMax (KS) BeI3bIBatoT G0bIoil HH-
Tepec, Onaromapst CBOMM YHUKAIBHBIM XapaKTEPUCTHKaM: OOJBIIOTO TUITOJEHOTO MO-
MEHTa, YJIbTPa-OBICTPOIN pelTakcaiuy, OOJBIIOH BO3MOYKHOCTHIO HACTPOWMKH JITHH
BOJTH NTEPEX0/10B [4—6]. DTO BayKHO HE TOJBKO C TOUKH 3peHHs QyHIaMEHTAIbHON (u-
3WKH, HO ¥ Pa3pabOTKH HOBBIX TEXHOIOTHUESCKHUX MPHIIokKeHu# [7— 9].

OmHMM W3 TEepBBIX TEOPETHUECKHX pabOT, IOCBAIIEHHBIX ITOTJIONIEHHIO CBETa
CBOOOJIHBIMH HOCHTENISIMH B KBAaHTOBO-Pa3MEPHBIX CTPYKTYpax, SBIISFOTCS PabOTHI
Kasapsna u np. [10, 11], rae B pamkax BTOpOro nopsaka TEOpUHM BO3MYILIEHUH M0JIY-
YEHBI YACTOTHBIC 3aBUCHUMOCTH KO3((HIMEHTA MOTIOMICHNS CBETAa HEBBIPOXKICHHBIM
3JIEKTPOHHBIM ra30M B MOIYNpPOBOAHUKOBBIX IuleHKax (KS1) u mpoBosokax (KBaHTO-
BbI€ MPOBOJIOKN) [12—14].
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C mpyroil CTOpOHBI, BO3HHKAET HEOOXOIMMOCTh CO3IaTh Ooliee PeaTHCTHIHYIO
MOJIENTb OTPAHHYHMBAIONIECTO TOTCHIUANA C YUYETOM (PH3HKO-XUMHYICCKAX CBOWCTB U
TEOMETPHUU CTPYKTYpHL. IlepBeie (GopMUpPYIOT (OpMYy MOTEHIMAIBHOTO Oapbepa, a
BTOpasi — CHMMETPHUIO TaMUIIbTOHHAHA. [[pUMEHSIINCE pa3IMYHbIe MOACTH OTPaHNIHU-
BAaIOIIEr0 MOTEHIMAIA UIT HU3KOpasMepHbix cucteM [15-17]. B mepBom mpubiu-
JKCHUU TIOTCHIIUAN OTPAaHMYCHUS MOXHO AamlpOKCHMUPOBATh mMapabonudeckuM. B
JaTBHEHIIIEM MPEe/IIoIaraeTcs, YTO OrpaHnIuBaroImuil moreHnuan K5 nmeer Bua:

Vi (2)= Mo}z’
conf 2

*
rme m — 3(1)(1)6KTHBH&${ Macca 3JICKTPOHaA, a)o — HYacTOTa OrpaHUYMUBAONICTO NOTCHIIMAJIA

: )

K41, onpenensiemMast ¢ TOMOIIBbIO BUPHAIBHON TEOPEMBI, COITIACHO COOTHOIIEHUIO
yh
= * 2 1
ma

rae a — mupuHa K5I, y — HekoTophli IOArOHOYHBIN TapaMeTp

(2)

@,

2. Teopust

PacueTsl poBOAATCS HA OCHOBE CTaHIAPTHOW TEOPHUU KBAaHTOBBIX IEPEXOJIOB,
coryacHo obmiei hopmyie:

e
a= g 2Pt ®3)

rae € — auanekTpudeckas noctosunas, N — xomuuecTBo hoToHOB, magaronmx Ha KA B
€IMHHUIly BPEMEHU Ha CAVHMILY IIOIaad, C — CKOpOCTh CBETA, fi — (ynknms pacrpe-

nenenus 3apsifa, P — ckopocTb repexoioB (YHCII0 MEepexo/IoB B SIMHHUITY BPEMEHH).

Bripaxenne 111 P Bo BTopom nopsiixe Teopun Bosmymennit umeet suj [20]:

v J
272' ‘M im mf ‘
p =2y s | il s — 6~ hotha,), @)
h 516 —ént+tho
rac gi — 3Heprm[ HepBOHa‘IaﬂbHOFO COCTOAHUA, gf — 3H€pFI/IH KOHECYHOI'O COCTOsA-

HUS, &, — DHEPIrusd NpoMEeKYTOUYHOTO COCTOSAHUSA M-V — Mart WYHBIA DJICMCHT. 06 C-
> “m y » im ’ Y

o J o o
JIOBJICHHBIM IOTJIOICHHUEM (I)OTOHa, Mmf — MaTpUYHBbIM 3JICMCHT, 06y0J'IOBJ'IeHHBII/I

paccessHIEM Ha TPEXMEHBIX aKyCTHYecKHX ()OHOHaX. B HampaBneHWH Z 35eKTpoH Ha-
xoautces B mapabonmueckoit KA, a B mmockoctu (X, Y) nMeeTcs: IByMepHasi TpaHCIs-
LHUOHHAS CUMMETPHSL

IIpeanonaraercs, uto Ha K1 nmagaer nMHEHHO-NONSPU30BaHHBII CBET, IPUYEM MBI
HE KOHKPETU3HPYEM YTOJI, IT0]T KOTOPHIM MafaeT cBeT. OTMETHM JIMIb, YTO €CIIH XOTUM
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MOJYYUTh BHYTPHUITOJ30HHEIC TIEPEXO/IBI, TO TOJDKHBI OTPEOOBaTh, YTOOBI CBET HE Ia-
Jlall TapalesbHo Ha TiockocTh K (anekTpuueckuii BEKTOp MOJSpU3alMK TaJaroIero
CBeTa He ObUI MepHeHAUKYIsipeH miockoctd KA), a i moirydeHus: MEXIOA30HHBIX
MepexoIoB He0OX0MMO 0OpaTHoe [3]. DTO PaBHOCHMIIBHO TOMY, YTO KOMITOHEHTa BEK-
TOpa MOJSIPU3ALMY UMeNa OTIIMYHYIO OT HYJIA X, Y KOMIIOHEHTY EX‘y #0.

B nanHO#i paboTe paccMaTpUBACTCS MEPEXOIBI C IEPBOHAYATBHBIM MOTJIOIICHUEM
cBeta (puc. 1, mepexony | — M) u manpHelimmM norionienneM (Puc. 1, mepexony
M — f ) umu ncnyckanumem (Puc. 1, mepexomy M —> f ') akyctudeckoro donona.

OOmwmit BuJ BOMHOBOI (pyHKINU!

T (Ve ()
|g0>—\/;\/m 2 gikira 2 HHL " J 5)

rae @ — mupuna K5, S — momans ee nosepxuoct, H o — TOJIMHOMBI DpMHUTA.

Puc. 1. DHepreTuueckas AuarpaMma nepexooB.

DHEepreTUYeCcKuil CeKTp UMEeeT BU/L:

nkl:  ho,, n’k:  ho
= — E +—

osc

2

E=—="+ ; "
2m 2 2m

h2k$ ha)OSC
£ = e
2m 2

rne hw — sueprus Gporoua, ha)q — sHeprus akyctuueckoro gonona. C yderoMm BHIa

+hw;

, (6)

*

2
vh

1 ha)OSC = * 2
ma

BOJTHOBOW (DYHKITM MAaTPUYHBIH AJIEMEHT ITOTJIONICHUS (POTOHA UMEET BHU;
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M, = (0| H' ) =
1 1 —ikn pn-2°/2a € (=— ik p 22122 -
- [T e afa) (&) e e = )

2’ 27 s (ih_e)g n*
i k/r/nk/i/ mc ﬁ }ha)

[ pacueTa MaTpUYHOTO DIEMEHTAa PACCESIHUS Ha TPEXMEPHBIX aKyCTHIECKUX
(OHOHAX CUHMTAEM, YTO HMEEM JIEJIO ¢ (DAKTUYECKH YIPYTUM MEXaHU3MOM PACCESTHUS.
W3 3akoHa coxpaHeHHUs PHEPTUU U UMITYJbca, IpUHUMas BO BHUMaHue (yp. (6)), s
BOJIHOBOT'O BEKTOPA 3JIEKTPOHA UMEEM:

— 1 ( m*a) q m*a)\\
M=cosa* g 2" e )’ ®

rae K — BOJHOBOM BEKTOD JIIEKTPOHA 10 paccesiHus, K' — BOJHOBOI BEKTOp 3JIEKT-
POHa TIOCIE paccesiHUs Ha KojieOaHus peeTkd, 6 — yron paccesuus (yroa Mexay  (

k u k'), g= ‘k -k " — MOJyJIb Pa3HOCTH BOJIHOBBIX BEKTOPOB JJIEKTPOHA 10 U

TIOCJIE PACCESHUSL.
W3 (yp. 8) cimemyer, 4TO BOJHOBOH BEKTOP JIETPOHA MOXKET NMPHUMATh MHHH-

k

MaJIbHOC U MAaKCUMAJIbHOC 3HAYCHUA (‘k . u ‘ ) , KOTOPOC 3aBUCUT OT yIJia pac-
min max

( m*a)q q m*a)\ -
=| £ -——+ u ‘k =00.
min hq 2 hq max
PaccenBaHne Ha TpeXMEpHBIX aKyCTHYECKHUX (DOHOHAX CUHTATETCS (DAKTHUECKH
yIpyrum. Matpuia paccesiHus Ha TPEXMEPHBIX aKyCTHIeCKHX (oHoHax maercs [19]
he,D*? 1_ 1, k,TD?

<‘M:ﬁD‘2>:<¢f‘th|¢m>2: —2C| (Nq+5+§ = 2 9

k

CCAHUA ‘

U1t 00OMX TIPOIIECCOB: UCITyCKaHMS M K€ TOTJIONIeHHs (POHOHOB. TAe D — sBisiercs
HOCTOSIHHOM 1e()OPMALMOHHOrO MOTEHIMaNa, a C; — MPOIOJIbHAs YIPYTasi HOCTOSHHASL.
OTMCTI/IM, YTO M3 JUHEHHOCTH AUCTIEPCUOHHOI'0 COOTHOIICHHUS IS aKYCTUYCCKUX (1)0—
HOHOB CIIEJIyeT, 4YTO MaTpuIia paccessHus (9) He 3aBUCUT OT BEKTOpA pacCesHusl.

h
H ™ — ravunsronnan paccesus na akyctuueckux poHonax, Ny — GyHKuus pac-
IpesieNieHns akycTHIecKux (poHoHOoB (pyHKIWA pactipeaenenus boze—-JinmTeina):

1 kg T
N, = ~
exp(hcoq / kBT) -1 ’ho,

>>1. (120)

YduTBIBaeTCSA TOT (PAKT, YTO SHEPTUsl aKyCTHUSCKOTO (POHOHA HAMHOTO MEHBIIIE,
YeM TEeIUIOBas SHeprusl (MCKIYas HU3KUE TEMIIepaTyphl).
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g pacuera ko3 dunmenta nmoraomienus (cM. yp.(4)) B cirydae nepBoHavaIbHO-
'O MOTJIoNIeH s (JOTOHA M BTOPHYHOTO PACCESTHUS UCTIONb3yeM Bhipaxkenue [18]:

1 (25 )

_ d2kd?k 'x
(@) N-(c/ﬁ)L(Zﬂ)ZJJ‘
qor Ml Mal o 0 a
Lh (gi—gm+h60)2 & — & wx qu )

rae f(K) u f(k') — BepostTHOCTS 3amoNHEHHS HAYANBHOTO M KOHEUHOrO COCTOSI-

HHS, COOTBETCTBEHHO, (pactpeznenenne ®epmu-/npaka), N — KOIHMYECTBO MaJaloINX
(hOTOHOB Ha €IMHWYHYIO IUIONIAThL (paccMaTpuBaeTcs OAHOMOTOHHOE IMOTJIONICHHUE),
i — KO3 PUIMEHT MPETOMIIEHUS CBETA B CPELIE.

OrpaHn4nMcst pacCMOTPEHHEM HEBBIPOXKICHHOTO 3JIEKTPOHHOTO ra3a ¢ TemIiepa-
ypoit T , mpenebperas f (k') (r.e. f(k')=0); ma f (k) Bosemem dynximmo pac-
npeneneHus bonpnmana:

E 2 3/2 E;
N wr N 2zn?\
fk)=—=e "' =2almiT) © ol (12)
N 2a\mk,T

c

rae N, — KOHUEHTpalus CBOOOIHBIX 3JIEKTPOHOB.

IIpu moacTaHoBKEe BhIpaKeHHU MaTpuduHbIX d51eMeHToB (7), (9) B (11) u ¢ yuetom
BUJa QyHKUMU pactpeneneHus (12) ans koddduurenTa morjaomeHns noayduM cie-
JyIoliee BhIpaKeHHUE:

(E,D?) o hoy)
a(w)=C ETCIID J[%} expL—Z—E":CJ, (13)

TJIe UCTI0JIh30BaHBI CIICIYIOIINEe 0003HAYCHHUS:
E, =k,T;

3/2 (14)

4, %2 2
c Sz'm ETne(Zﬂ'h )
= : *
274~/ cah Lm ETJ
r1e & — AUDJIEKTPHIECKas MPOHUIAEMOCTb CPEibl, E1 — TemmoBas sHEprus CUCTEMBI.
3. PesyabTaTsl
AHanmM3 9acTOTHOM 3aBHCUMOCTH KO3(h(hUIHEHTA MOTIIONICHHUS TOKA3hIBAET 3aBU-

CUMOCTb X (a)) ~ —5 . Pe3ysbTarhl noMydYeHs! IS OIHOTO THIIA MPOLECCOB — C MEP-
(4]

BOHAYAJILHBIM TIOTJIONIEHHeM (POTOHA M C JAJIbHEHIINM paccesHHeM Ha TPeXMEepHbIH
aKyCTHYECKHI (POHOH.
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FREE-CARRIER ABSORPTION IN A PARABOLIC QUANTUM WELL WITH
CONSIDERATION OF SCATTERING ON 3D-ACOUSTIC PHONONS

A. Gevorgyan, E. Kazaryan, A. Kostanyan

SUMMARY

Intrasubband transitions caused by light absorption in a parabolic quan-
tum well is considered taking into account the scattering by 3D-acoustic
phonon. An analytical expression for the absorption coefficient is ob-
tained based on the the initial absorption of a photon and a further scat-
tering on acoustic phonon. Absorption coefficient frequency characteris-
tics and dependence on the quantum well width is examined.

Keywords: intrasubband transitions, parabolic quantum well, acoustic
phonon.
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CHARACTERIZATION OF CDS THIN FILMS DEPOSITED BY
VACUUM FLASH EVAPORATION TECHNIQUE

L. Hakhoyan

Russian-Armenian (Slavonic) University,
hakhlev@mail.ru

SUMMARY

For deposition of CdS thin filmswas used a vacuum flash evaporation
technique. XRD results have shown that all CdS films deposited at sub-
strate temperatures of 100°C, 200°C and 300°Cexhibit a predominant
sharp peak at 26 around 26.5° which can be assigned to the (002) plane of
hexagonal structure.lt was found that the intensities of diffraction peak
(002) increase with a decrease of the substrate temperature. Average
grain size calculated from XRD results is about 30 nm and weakly de-
pends on the substrate temperature. After 30min annealing at 400°C the
intensity of all these peaks increased considerably and at the same time
average grain size growth on 5-10%. Profiler results and AFM studies
have shown that the roughness and morphology of the CdS thin films
surfacesvary insignificantly with the variation of substrate and annealing
temperature.

The transmission and reflection spectrum of CdS thin films measured in
the spectral range 400-1000nm. The results of optical measurements
have shown that the optical bandgap 2.42eV (which corresponds to the
bulk CdS crystal)have films as-deposited at substrate temperatures of
200°C and 300°C. After annealing the bandgap values were changedneg-
ligible.

Keywords:cadmium sulfide(CdS), thin-film, solar cell, vacuum flash
evaporation technique.

1. Introduction

Cadmium sulfide (CdS) is a common material used in the formation of solar cells
based on cadmium telluride (CdTe) and CulnGaSe, (CIGS). In such solar devices n-
type CdS thin-film acts as optical window due to high band gap energy Eq,=2.42eV.
For solar cells application CdS films have to have relatively high conductivity to re-
duce electrical loses of solar cells, thin thickness to provide high transmission and
good uniformity in order to prevent electrical short-circuit effect. The structural, opti-
cal and electrical properties of CdS thin films strongly depend on the applied tech-
nique and the substrate temperature [1]. Different techniques have been reported for
the deposition of CdS thin films namely: vacuum evaporation [2], spray pyrolysis[3],
electro-deposition [4] and chemical bath deposition [5]. Among these techniques the
vacuum evaporation technique is applicable for formation of solar cells on flexible
polyimide substrate. Replacing the glass substrate to a flexible substrate reduces the
weight of thin film solar cells by 98%. Such solar cells are very promising for applica-
tion on spacecraft so far as they have high ratio of electric power to weight. Flexible
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solar cells represent also of interest in the market for the terrestrial applications as they
can easily be mounted on the surface of various shapes.

For fabrication of solar cell on flexible substrates it is necessary to use low-
temperature film deposition techniques because polyimide substrates do not allow
heating more than 450°C. As such techniques the most promising is the flash evapora-
tion technique. This techniqueis most applicable for deposition of multicomponent
thin films because provides the stoichiometric composition of deposited films.

The aim of thiswork was to studythe structuraland optical characteris-
tics of the CdS thin filmsdeposited on the glass substratesbyflashevaporation
technique. This technique is also called the method of discrete evaporation.

2. Experimental details

Thin films of CdS were fabricated by flash evaporation technique on commercial
glass slides used as substrate with thickness 1 mm and diameter 20 mm.

Distinguishing feature of this method is that the small particles of multicompo-
nent alloy (in our case it is CdS binary semiconductor) whose constituents (Cd and S)
have different vapor pressures fall from vibrator into the preheated boat and at each
moment in the boat there are particles with different temperatures which are at differ-
ent stages of evaporation. The presence of large quantity of particles in the boat which
are at different stages of evaporation provides at the average the same fluxes of evapo-
rated constituents (Cd and S) and provides the stoichiometric composition of deposited
film with pinpoint accuracy.

The film thickness and the duration of deposition were typically 200-300 nm and
20-40 min. The CdS films were deposited at substrate temperatures of 100°C, 200°C
and 300°C. As-deposited films were annealed at 400°C during 30 min in vacuum. The
structural properties of samples were studied by X-ray diffractometer URD-6 in the O-
201 mode using Cu - K, (A = 1.5405 A)radiation. The surface morphology and rough-
ness of CdS films were investigated by ZYGO profilerand by atomic force microscopy
(AFM) type NEXT supplied by NT-MDT Inc. Transmittance and reflectance, over the
wavelength from 400 to 1000 nm were measured using double beam Filmetrics F20
spectrophotometer.

3. Results and Discussion

3.1. Structural properties of as-deposited and annealed CdS thin films

Fig. 1 shows the X-ray diffraction patterns of as-deposited (red chart) and an-
nealed (blue chart)CdS thin films deposited by flash evaporation technique on a glass
substrate. XRD analyses showed that the CdS films were polycrystalline. Both as-
deposited and annealed CdS films exhibit a predominant sharp peak at 26 around 26.5°
which can be assigned to either the (002) plane in the case of hexagonal structure
[JCPDS card no: 41-1049] or the (111) plane in the case of cubic structure [JCPDS
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Fig. 1. XRD patterns of CdS films as-deposited (grey chart) at substrate tem-
perature: a) 300°C, b) 200°C, ¢) 100°C and after annealed at 400°C
during 30 min (black chart)

card no: 10-0454]. The exact interpretation of XRD patterns it is quite difficult be-
cause most peaks of cubic and hexagonal CdS structure differ negligible within in the
very small angle. The summery of XRD data of as-deposited CdS thin films at differ-
ent substrate temperature are presented in Table 1. In Table 2 are presented the sum-
mery of XRD data after annealing.
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It is seen from Table 1 that observed interplanar spacing-d and diffraction peaks
in the XRD patterns when 26 = 26.518° (substrate temperature 100°C), 20 =26.591°,
20 =51.577° (substrate temperature 200°C), 20 = 26.473°, 26 =51.546° (substrate tem-
perature 300°C) correspond with reflection from the crystal planes (002), (112) of CdS
hexagonal structure, which agrees well with standard XRD patterns (JCPDS card no:
41-1049).

After annealing, as can be seen from Table 2 the structure of the deposited films
clearly changed. After annealing the peaks around 26 = 51°(for CdS films as-deposited
at 200°C and 300°C) disappearedand the predominant sharp peaks at 26 around 26.5°
drastically have increased (Fig. 1, blue charts).

The average grain sizes (D) of the film was calculated using the Scherrer’s equation [6]:

D- 0.91 )
Bcos(e)

where A is the wavelength of the X-ray used (A=1.5405 A), Bis the full-width at half-
maximum (FWHM) of the (002) peak which has maximum intensity, and (6) is the
Bragg’s angle.

3.2. Optical properties of as-deposited and annealed CdS thin films

Using transmittance (T) and reflectance (R) spectra the absorption coefficient has
been calculated by the following equation:

1 1-R
o==In
t T
wheret is the thickness of CdS film.
Above the fundamental absorption edge the dependence of the absorption coeffi-

cient on the incident photon energy is given by Tauc’s model [7]:

aho = B(hm—Eg )n 3)

)

where hw is the photon energy, E4is the opticalbandgap, and B is a constant and n is
an exponent that depends on the type of optical transitions. For direct allowed transi-

tions n =Y%. The variation of (uhm)zodeS thin films deposited at different substrate

temperatures as a function of photon energy are shown in Fig.2. In Fig.3 are presented
the variation of (ahw)?vs photon energyof CdS thin films after annealing.

Table 1. XRD data of as-deposited CdS thin films at different substrate temperatures

Substrate 20, (°) d (A) ob- d(A) [hkI] c(A) c(A)
temperature served from standard plane observed standard
XRD JCPDS values JCPDS
T=100°C 26.518 3.3614 3.3567 002 6.7228 6.7134
26.591 .352 .3567 2 704 7134
T=200°C 6.59 3.3523 3.356 00 6.7046 6.713
51.577 1.7721 1,761 112 X X
26.473 3.3670 3.3567 002 6.734 6.7134
T=300°C
51.546 1.7731 1,761 112 X X
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Table 2. XRD data of CdS thin films deposited at different substrate temperatures after annealing

Substrate 20, ) d (A) ob- d(A) [hkI] c(A) c(A)
temperature served from standard plane observed standard
XRD JCPDS values JCPDS
T=100°C 26.541 3.3585 3.3567 002 6.7170 6.7134
T=200°C 26.579 3.3537 3.3567 002 6.7074 6.7134
T=300°C 26.524 3.3607 3.3567 002 6.7214 6.7134

Using the liner extrapolation method the value of the optical bandgap for as-
deposited CdS thin films is determined to be 2.39, 2.42 and 2.42 eV for 100°C, 200°C
and 300°C, accordingly. After annealing the optical bandgap is changed insignificantly
and became 2.38, 2.40 and 2.40eV, accordingly. The results of measurements have
shown that the CdS thin film deposited at 200°C and 300°C have the same optical
bandgap as the bulk of CdS crystalEg= 2.42 eV.
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Fig.2. Plots of (ahw)?vs. photon energy(hw) of  Fig.3. Plots of (ahw)? vs. photon energy (hw) of
CdS thin films deposited at 100°C, 200°C CdS thin films deposited at 100°C, 200°C
and300°C substrate temperatures and 300°C substrate temperatures after an-

nealing at 400°C during 30min in vacuum

3.3. Morphological properties of as-deposited and annealed CdS thin films.

Fig. 4 shows typical 1,5um x 1,5um AFM images of CdS films deposited on a glass
substrate by flash evaporation technique. For statistics a few AFM images of different sites
of the surface of each sample were investigated. Profiler results and AFM images show
that the morphology and roughness of the surface weakly depends on the substrate temper-
ature. A typical AFM image for annealed CdS thin film is presented in Fig.4.
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Fig.4. A typié%IAFM images and the distribution of grain size of CdS thin films
depositedon a glass substrate at 100°C after annealing

Conclusion

The structural, morphological and optical properties of the CdS thin films depo-
sited on glass substrate at different temperatures (100°C, 200°C and 300°C) by vacuum
flash evaporation technique have been investigated. The annealing effect on these pro-
pertieshas also been investigated. XRD results showed that both all of as-deposited at
different temperatures and annealed CdS thin films were polycrystalline, have hex-
agonal structure and exhibit a predominant sharp (002) peak at 26 around 26.5°. It is
found that the intensities of diffraction peak (002) increase with a decrease of the sub-
strate temperature. After annealing the peak at 20 = 51° (for CdS films as-deposited at
200°C and 300°C) disappeared and the predominant sharp peaks at 20 = 26.5° in-
creased.

The results of optical measurements have shown that CdS thin films deposited at
100°C have 2.39eVbangap and 2.42eV bandgap have films deposited at 200°C
and300°C. This value of bandgap (2.42eV) corresponds to the bandgap of CdS bulk
crystal. These values of bandgap after annealing slightly decreased from 2.39eV to
2.38eV and from 2.42eV to 2.40eV.

As showed the AFM images and profiler measurements the roughness of the CdS
films is 5-8nm and weakly depends on both substrate temperature and annealing.
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XAPAKTEPUCTUKHU TOHKHUX IVIEHOK CYJIb®UJA KAJIMMUSA, ITIOJTYUYHEHHbBIX
METOAOM BAKYYMHOTI' O JUCKPETHOI'O HCITAPEHUSA

JIL.A. Axoan

AHHOTALIUA
st mony4yeHus TOHKUXIUIEHOK CAS MCmonp30Balicss METO/ BAKYYMHOTO
JIUCKPETHOTO HCTapeHus. PEHTIeHOBCKHE WCCIIEAOBAHUS ITOKA3aiH, Y4TO
y IUICHOK MOJYYEHHBIX TpH Temreparypax momioxku 100°C, 200°C u
300°C maGmonaercs peskuit Kk mpu 20 =~ 26.5°, KOTOPbIil MOKET GbITH
otHeceH K miockocT (002) rekcaroHajabHOM CTPYKTYpHL. Bbiio oOHapy-
JKEHO, YTO MHTEHCUBHOCTb AU pakiuoHHoro nuka (002) yBenuuuBaeTcs
C YMEHBIIEHHEM TEeMIepaTypbl HOATOKKH. 3 PEeHTTeHOBCKUX H3Mepe-
HUI OBUT pACCUMTAH CPEIHUN pa3Mep 3epHa, KOTOPHIil COCTABISIET OKOJIO
30 HM u c;1abo 3aBHCUT OT TEMIIEPATYpPbI MOJUIOKKH. Y CTAHOBJICHO, YTO
nocsie 30 MUH OTXKUra npu 400°C MHTEHCHBHOCTB BCEX THX MHKOB 3Ha-
YHUTENBHO BO3PACTAET M B TO JKE€ BPEMs CPEAHHI pa3Mep 3epHa YBEIHIH-
Baercss Ha 5-10%. HWccrnenoBaHus NIpoQUIOMETPOM U aTOMHBIM-
CHJIOBBIM MHKPOCKOIIOM IIOKa3ajH, YTO HIEPOXOBATOCTH U MOP(HOIOTHS
MOBEPXHOCTH TOJYYEHHBIX TOHKHX TUICHOK HE3HAYUTEIBHO 3aBHCAT OT
OTXKHTa M TEMIEPATYPhI MOIIOKKH.
VI3MepeHust CIIeKTPOBIIPOITYCKaHUS U OTpaxkeHHs IuieHok CdS mposoau-
muchk B auanazone amuH BoiaH 400-1000 mM. OnTryeckas mIMpHHA 3a-
HPEIICHHOM 30HBI PACYUTHIBANIACE ITYTEM 3KCTPANOJIIINH JIMHEIHOM Yac-
i rpaduka 3aucumoct (ahv)® ot sHeprum dorona (hv). Pesynbrarsl
ONTHYECKUX U3MEPEHHH MOKA3alH, YTO IUICHKH, MOJIYYCHHBIE MPH TEM-
neparypax nomioxku 200°C 1 300°C, uMerOT WMpHHY, 3ampelieHHOl
30HbI 2.42¢V, 9TO COOTBETCTBYET 00beMHOMY KpucTamuty CdS.
KatoueBble ciaoBa:cynsdun kaamus (CdS), ToHKas TUIEHKA, CONMHEYHbIH
3JIEMEHT, METO]] BAKYYMHOT'O JINCKPETHOTO UCTIApESHUS

JUuNkUUSPLIPUUNESONTESMUTTULELULUUNYUSUSIUCYUTYURNRURPUNE
Ly AUSTUEUNULELECPALNPEUSCEMPNRUNRULUURNRESNRUE

L.U. 2wfunjuis

uvoenenkru
CdS punuputph unwgdwt hwdwp oguugnpdyty E quynint-
duyhl phuljptn thnokgpdwi dkpnnp:thungkiyut hknwgnuni-
pibikpp gnyg kb by, np00°C, 200°C b 300°C obpUwuwnh&w-
tuyht wuydwbibkpnidunwgdus CdS punuiptbph Unn26= 26.5°
wpdtiph pypmd nhindmud £ unip pungdjws why, npp Jkpw-
gpynud E punupttphhtpuwugntiu] jurnigyusph (002) pjni-
pinuiwt hwppnipjuip: Swinhph obpdwunmhduh tjuqtgldu
nhypnud ghunud £ (002) nhppulghntt whijh htnkbupynipjub
wd: Nhungkiyut hbnwgnunipnitiiphguinugytk, np dwuihy-
ubkph Uhohti swthup dnwn 30 Wl kb pny) juwpijuénipnit nith
wwlynhph obplwunhdwihg: Zupnbwpkpgkk, np 400°C ghpuwu-
nhfwunud 30 pnyk okipdwd pwlnidhg htinn pnnp wju whlyk-
phhtt wktuhynipniuttpp qquihnpbtt wdkith b vhwdudwbwly
tuunydt) b dwuthlubph dpohtt swthuhwd 5-10%-ny: Mpndhin-
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dbwnpny b wmnndw-nmidughtt fwbipunhnulnyg junupws hbnw-
qnuinipnibtbpp Juynud L, np nwlnhph ehpdwunhguh tho-
thnjumpiniip b obpdwd swlnidp owwn whpwh wqpbkgnipmih
niuklt dwlkpunyph withwppenipniuubph b Unpdninghuygh Jpu:
CdS punuuputph winpuyupddwt b pugpnnuut vy klupubkpp
smthyby ki 400-1000 ud vhowluypnid: Oyunhjuljwt wpghjdus
gqnuint jujinypep npnodty b (ahv)’dbksnipyut $nunnth Hubpghughg
(hv) ujuJusnipyut gpudhljh gbuyhtt dwuh Epunpuiynjughwh
dhongny: Oyuhluljui htnmwgqnuunipniutpp gnyg ku wdty, np
200°C 1 300°C ghpuwunhgwlught wuydwiibpmd uinugfus CdS
punuiputpp nubkb 242K wpgbiws gnuint (uyunype, npp
hudwywunwupwbinud t dwupy CdS pyniptinht:

Zpdtwpunkp’ Yundhnidhunybhy (CdS), pupwlpunubpe, wpk-
quijuuyghub Edkun, Julnidught nhuljptin hnobkgpdwi dkpny
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NrNLTLEUUSPL NPUNRSUTUL YULUUYENNRUL
$rohuUYUL UL P -NULUINLULED
UNULUMUUUL B4 LOPOUUL UPRN3NY,

U U Uwyhpywib, @ U. Uudibjui

Zuy-(rmuwlpul hunduyuwpul
sos.mailyan@mail.ru

uuonoenkrU

Znnwsnid thnpd E wpdus hhultwynply, np ypnpbdught niunmg-
Uwh Juquulbpudwip, wjuhliph nwuh pipugpnid wpnpikdwhb
hpwyh&wlh untnddwtp tywwnwjuwhwpdwp § hwatl] $hghlju-
Jwl juughpbbtph, dwubwdnpuwbu binhp-wwpugnpubph dh-
ongny: Nputu nunigsh Ynnuhg dbwkpydus wpnpibd ubkp-
Juyugud t hwpuphpuljuinipput nbuntipjul hupnth' bplyn-
puwjubph wwpwynpup, b gnyg £ upjws, ph hywbu jupbih &
st uyt wowlkpunknh tkpgpududp:

Zpdiwpunkp’ wpnppkd, wpnpibdwhtt numgnid, wpnpybdwghi
hpwyh&wly, hwpwpbpujwinipni, hwoqupdwb hubpghuy
hwdwlwpg:

1. Ukpuémpimi. b’y Ewpnpbtught munignudp

Uudhnbih E, np thpjuynudu hwjuunutyubt dwujwdupduljut ghunnt-
pjut b nuypnguiuwi Yppuljui hwdwlwupgh weel ppdws b pupnugnyu
lutghp. hbswb'u pupdpugil] mumguwi gnpsplipugh wpnynwbnn -
pintup ghnwljut b ghnwnbkthjuljwut nbntjunydujut hnuph yuydw-
ubpnud: Uyn juuinhptt hp nne upnipjudp Swnwgk) £ twb $hghluyh ntunigdu
Utpnnhljugh wogl: B npuybtugh wpwlpnp, gupngt wjwpntng, jupn-
nuuw «pupwbwp dudwbwlht hwdwpwy), tw whwnp b lunpnipjudp jnipug-
uh wpnh $hqhyuyh Guplnpugnyb qunuiwpbpp hipbnpoybwpwp b -
untunnp Ytpwyny puguting pp o ghubjhptkpp b, np gwn jupbnp
Jupnqubw untndwgnpswpwp oqunyt wyn ghwbkihputphg:

Upu fuliphpp qmdbnt hudwp pupbthnjugly b tnpugdty £ dhqhljugh
nupnguljut dpwghpp, b wyn junpugphtt hwdwywnwupwt uwnbnsyt; Lu
VII-XI npuuwpuiikph $hqhljugh inp puuwgppbp’ tnp b tnpugdus podub-
nujuyht «yupnibuynipjudpy, husp ppwinud £ wpwlkpnutph pduguljut
gnpéniubknipiniup, qupqugunid tpuwig dnwsdnnnipniip b nitbwlnipnii-
ubkpp: Uynnithwinbpd Jupsnwd Eup, np vhuyt puptthnpudws nuuwghppt wi-
hpwdtown, puyg nhnbu pujupup sk toduws tyunwlhtt hwubkne hwdwnp.
Juplnp ki twl ntunigdwi wyt dkpngubkpp, npnigny dwnnigynid £ puuw-
qpph pnjuiuynipiniip: Uju jud wyt dbpngt punpbjhu hwpugnp E hwy-
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U wnlk] wowlkpunubph nwphpughll wpwbdbwhwnlnpmnibbpp” dub-
Juin wdwq nupngmd, huptnipnyt punnnnipnibbp wibnt tpubg
dquniup, ghnbkihputph dwjupgulp:

dhpohtt mwubtwdjwljubpht, wy juyulgnipjudp, ks hnyubp L ju-
wnud wyuytu Ynsqwsd ypnp bduwght nunigdwb htin:

Mponpiidughtt nunignudp wpwljpnubph dnwbnnuljut gnpénitbni-
plutp b pupnmitwynipnitubph qupqugudwip tyyuuwnnng nunigdwt dbpny k,
npp Jhpunynmd £ wowljbpinibnh nt unidbiwljutt wohiwnwiiph pnjnp hhdtiw-
Juwt nbuwlubpnid: Npnpiidwghtt ntumgdwt hhdpnid puljws o wdbuw-
nupphp nuumdbwljuwt wpnpkdukp, npnup npik wpwewnpup, hupg fud
juughp G, npnug jnsdwup wlinhynpbit dwubwlgnid Eu pojnp wpwljtpn-
ubkpp: dbpohtuitipu niunigsh wadhpwljwt dwutiwlgnipjudp Jud hupunipny-
twpwp htnnwgnuund & wpnpiidh Enipinibp, npnumd tpw (nisdwt ninp-
ubpp b Enubwlukpn:

Ukpluwywgynn hnpduénid «phdwnpuéd» E yponpibdwht puu, pungnpnud,
wponpiidt wnwownpmd £ niunighsp, hull nidnidp npnunid b qunbunud B
wowlkpinipp niunigsh hnionn hwpgkph ogintpyudp: Npukugh npuub wyk-
1h wpynibwybn unwuggh b wowltpnubph npwnpnipniup ubbngh ghyh
wpnpibdp, Jhpghtiu Ukplujwugpty Gup pnhp-wwpwunnpuh nbkupny: tuu-
ubpuyugdwt ugkiwpp, npp Ykpgpl] Bup hwpwpbpujuwinipjut hwwnndy
wnbunipinithg, Ynsynud Lt «Bplyynpyuljubph  wuwpwunnpup»: Ughtwpnid
niunigsh thnjuwpkt hwingku £ quihu @hwnntuhlyp, hull wowkpnutph huju-
puljut YEpyunp tkpjuyugunid £ Uugknhln:

2. dudwiwlh nununuwb plnypp

Lwpupwtt Eplynpuljutinh wwpwnnpuhtt wugutipn, @huntuhljan Gughnp-
Jht hhpkgumd L twjunpn nuup pbdwb, npp Jepuptpnd Ep dwdwwh
nuununduu tplinyph:

Qpuuwinulhtt gdwwywwnltpting wuowpd (K) b supdynn (K) hup-
Jupldwb hubpghwy hwdwlwpgtpp (0. 1) Shunmbhlyp gpoid E dudwbwlh
nubunuiwi putwdlp [1]

T =—" (D)

Uligkinhly. Shinnilihly, jupn'n bu hid hhobgil) pubwdlnud gpdws nw-
nkph bhqhjulju hdwuwnbbpn:

Ghuinnitihy. Phuplt: (1) pubwdlnd 7°-p K* hwdwljupgnid juwnwpynn
npbk wpngbuh wnbnnmpinitt k pun K hwdwlwupgh O uljqpirwlbinnid k-
nunpjus dudwgnygh, hul 7 -4 wyn tnyt ypnghuh nbnqmpniip pun K
hudwljupgh O uljgptwltinnid minunpjus dudwgniygh: V-u K" hwdwljup-
gh wpwgnipjniut k K-h tjundwdp. Gupugpnid tup, np vV -u phy E wmwppkp-
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ynud Juininidnud jnyuh nwpwsdwt € wpwgnipniihg. hhokgubd, np
¢ = 300000 yuAJ: by ykpwpkpnud t y -ht, myw wyl ...

<l

Ul 1 wpwpd (K) b pwpdynn (K') hwpdupldwi hubpghw) hwdwlwupgbp

U. ... wtuinud tu nhpjunhdhunwlut jud npkugut gnpdwljhg, npp
huuuwp £

(2)

Yupkih b wuky, np npkbgyull gnpswlhgp $niighw E wpugmipiniithg
y=r):

‘Luwijunpn nuuhtt dkup hwoyk) kEhip wyn $niuljghuwyh vh pwipp wpdtputp b
wthnih b wnnruwynid:

(Ugkwnhlp gpunwunulht ubpljuyuginud £ y(v) $niblyghugh dh pw-
uh wpdtpubp wdthnthnn wnniuwlyp:)

Unnuuwy 1. y(v) $niuljghuyh wpdtputiph wnniuwly

Vv /4 v /4
0 1 0.98¢ = 294-10° /4 ~5
0.6c =180-10° Yu /4y 1,25 0.99c = 297-10° yu/y ~ 7
0.8 =240-10° Yu/q 5/3~167 0,995C ~ 10
(\/§/z)c ~0.87¢ 2 0,999 C ~ 224
0.9c =270-10° Yu/q ~ 2,3 0,9999 C ~71
0.95c = 285-10° Yu/y ~ 3,2 0,9999 C ~224

buyytiu Wyuunbh E wgnuuwljhg b (2) pwbtwdlihg, 7 (v) dnrujghuts wdnn
L Lbtpp V> C wmyuy(v) > oo: p(v) $nulghuyh tuqugnyt wpdtpp 1 &
Uy wpdtiphtt (v) $mbijghwls hwutmd t, kpp v — 0 wjuhtipl kpp wpwugnt -
pmiip pujwlwbuswih thopp k inyup ¢ wpugmpniihg v << ¢ : Upu ykpeht
nhypnid (1) pwbwdlhg htnbnd E, np 7' =7 higp bpwbwlnud k, np thnpp
wpuwgnipniubph nhypnid nhnnwplynng wpnghuh mbnnmipniip pwpdyng b
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wipwpd hudwlupgh dudwgnygukpny dhliing b b, wyjuhbph' dudwbayp K’
b K hwdwlupgbpnid pupwinid ' Jhwnbuwl duny: Gph skl upuwpnud,
wyuuhuht kp dwdwbwlh pupwugpp Fuhith b Ynunnth gunfbpugdudp:

Q. Uwpku. Utgbwnpl, nnt ghipwquugtkghp hd pninp uwywubihpubkpp:
Uhuytt wybkjwmgubd, np et uwyt wuwhhi, Epp K 0 K” hwdwlwupgbph Ynnpgh-
twwnbkpp hwdpultkn (O =0%) b upwbg dwudwgnygutpp npdbkp Bu qpojh
Ypu, (1) pmuwdlihg hinbnd E, np

t'=—: (3)
v

(3) wntgnipniup tpwbhwlnd k, np owpdynny dudwgnygh swthwé dudw-
twlh t'" wwhp y whqud thopp E dudwbwh wyh t wwhhg, np gnyg k inughu
wlpwunpd dwdwgnygp:

Udthnthtny twunpny nuuh wpyniupubpp, Jupnn Eup, wjuwhuny, tg-
pujugtby.

— Zujuwuwpuwswth owpdynn dudwgnygh pupwgpp nuigunmd £y wh-
quu: Uy nuugunnudp (dwdwgnygh htwn pufulp) Yupng b gpuitgyl) w-
2wund uwppbph thongny:

— Bpp mwppbp dudwgnygubp pwupdynd Eu dhltingt wpugnipjudp,
wyw htwn kb puljunid vhtiinyt swthny, b wyn dudwgnygubph htwn owpdyny
uwpplpp npuitig htan puljikp skt jupnn gpuitigy:

By, yhppuytu, pn hupgh wuwwnwupuiwbp: Lwth np y gnpbuiljhgh wdnid
E wpwugnipjut Ukswgdwup qnigpuipug, wmyw, dudwgnijgh wpwuqgnipniup €
-ht Unnnkuwhu, tpw pupwgpp Jupnn E npput wubu gununty), puyg Epptip
upw ujwptbpp Jubg skt wnth. 2]:0 nn ny Up Wnipwlwb dwpdht sh Jupnn
ouipdyti] |nyyuh wpwgnipjudp: Cwupdynn hudwljwupgnid, wjuyhuny, nutnw-
nnud E judwjulut ypngbuh pupugp:

3. Gpynpjujukph ywpwnnpup

<. Ujdd, uhplih Uugtanpyy, jupny kup ptwplty Eplgnpjujutph wupuw-
nnpup, npp ny wy] hus k Gpb ny dnnught thnpd Gpldnpuyjutph dwubwy-
gnipjudp [2]: Bu jahwlipybd wyn ywpwynpup, puyg Ygubuwgh, np ot
hupn quubu (nisdwt pubiwht:

U. bulj ph sjupnnuibd quith] wyy pubugh

Q. Qupédnud &, hd ogunipjudp Ylupnnubwu: M, nipkdl, nipwnhp juhp
hud:

Ubtwt b Uwtkt kpyynpuly pnypkp Gu:

Nunnljkpugubkip Uhtwb dbmd £ Bplyph Jpw, hul Uwikh nhbqbpubugngd
Ubhimd E fudthnpymipyut nhwh Bpyphtt wdbiwdnn Yknu]pnup hw-
dwunbnnipjut Updw wuwnnp (Mpnpuhdw), npp dkquhg 4 (nruwwnwph htinw-
Ynpnipinit nith: (Zhpkgukup, np 1 jnruuwnwphtt wjt hbkpwynpnipeniut k, npp
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nyub whghmd E 1 nwpnud’ 1 jniuwinwuph =9,46- 10 Y, wytiygbu np Bplyph b
Npnpuhduwyh vholt hEpwnpnipeniup dUnnnwynpuygtiu 38 tiphhnt Yu k)

Blupunpkip nhbqbpubu]p supddnd £ v = %C = 240000 Yu/] wipwugni-

prudp Bpypht juupgws K hwogupluut hudwlupgh tjundudp (K -
UkS donnipjudp Junpkih £ hwdwnt) htkpghw) hwdwlwpg, Epp tpu uljqptiw-
Ytwp hwdpulund E Bpyph YEunpnuh htw): Ghjunhjhunuljut gnpsw-

.5

Yhgt wyn plgpudy ==

Lnypbphg mipupwtgnipp dudwtuyp hwpgupynid £ pun hp dwdwgnygh.
Uliwl' puwn bplpuyght dundwgnygh (7) , Uwiikl' pun whkqkpuitudh (27) :

Uttiugh hwpqupluudp Uwikh &wdthnpynipinitp whwnp E nth7 =10
wuph' 5 vwph Uhiish Mpnpupdught hwubbyp, bu 5 waph b dhish Gplyhp k-
nuunbup:

Puyg Uwtikh Jupshpny dudthnpnnipiniup whwp k nbh ng ph 10 vnwph,
wy] wbjh wulwu. st np whbqkpuiwdht juydus K’ hwojuplydub hw-
dwlupgnd dudwiwlp nubmunmd b, b hwdwdwgi (1) pubwdbh’

T'=— 4

npntn 7' -p Lwdthnpynipjull nlingnipiniut E pun nhkqbpuiudh dwdw-
gnygh: 9kpngpuy putwdlbihg tpiind £, np
= ;'T(;Lmuph =6 wmwph: (5)
Lowtwljnwd k, tplk Uwtkt Jhkpununuw Gplihp, wyw nppu~u whwnp k
qupiuiw, tpp hwynbwpbkph, np hupp 4 vwupny wdbth Ephinwuwpyg ©hp
tnlyynpyuyy ppnghg:

5

\

ey =L TP
W &

g
(d>CAY

LY. 2. Gpyynpyuljutph ywpwgnpup wupquipwbng bijup
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Uwikh qupiuipp dhwbquiuwgi  wknht & 9F np,  quinkngd
nhkqbputun]nud, tpul pdnd k, ph pwpdymud k ns ph hlpp, wy hp poypp

Gpynh htw Jhwuht, hwjupwl nignmpjudp, unyu v =%C wpwugnipjudp:

Mipkdt, whwp b quinunh Uhtugh dudwgnygp, b ny ph hp, wyuhipl’
Jtpunwpdh wwhht php dudwgniygny whwnp b wigws 1huh 6 mwuph, huly

Ulttuyh dudwgniygny ‘Emwph=3,6 wwph: Zhknbwpwp, Utbwb wyhwnp L

3
hpkihg kphinwuwpn (huh, wy b 2,4 wwpny:

Ppnp, unuguiip hwljuumpint’ yupunnpu:

Cunn dudwbwlh nuinunuub tplnyph wbwunp b «quinun skpubw»
2wupdynn pnuypp, b wyy gypnid, hpnp, unwgynud £ ywpunnpuwihtt hpuigh-
duly: Uh Ynnuhg, punn Utbuyh whbkqbpuguwg pnypp whwp b «quinun
Skpwtiwy, putih np owpdynnp hkug tw £ Upniu Ynnuhg, pun mhkqbpuguwg
ppng, whwp L tphrnwuwpy duw Uhbwb. Zl:o np tw Ubwb t pupdynd hp
(nhbkqpwtwygh) tjundwdp:

U.. Bu ghnbd, pt hswku £ hwignigunisynid wyu yywpungnpup:

Zadwduyh Ujipnuyih wnwght juipiwnpnyph [3] hwdwpdbp b dhugl
hwpyupldwt hukpghw) hwdwunpgbpp, dhtiypbn mhkqhputwyht juuduws
hwpyupldwt hwdwljupgu hubpghuy st: ot np, ophtwtly, Gpyphg Uklukihu
nhbgipwiuwyp swpdynd £ wpuqugnidny, Gphhp JEpunuwetwint hwdwp
nhbqipwbuwyp wkwnp £ hkwn opedh, npp hwdwp tpub nqupdju; whwnp k
hwnnpnyh wpuqugnid:

Upwqugniudny  swpddwb  dudwbwl whbkqbpwtwdh dwdwgnigh
pupwgpp whwnp E nuimwnh: Uy dwuhlb bu juppugl) & dbp qupngh gpuw-
nupwinid dknpu puwé hwipuwdwwnskih gppnud: &how L, swn pwt wyy
gppnid hud hwdwp wthwuljuwtwgh Ep, puyg uyly, hiy hwuljugw, fupsnud
Yoqup Epyynpuljubknh wwpunnpup hwigniguniskint: Uy qpphg hud hw-
dwnp wupq nupdwy, np Ujpkpn Ujapnugup uinbinsdt) E twl hwpwpbpulju-
unipjutt pughwinip mbkumpnit, hwdwduwytt nph wpuqugdudp odnqwd
hwydupldwt hudwljupgp Jupstu swpdynd L gpuhinwughnt qupwnny, b
wywhuh hudwlwpgnud quinan ghiunpgp sh wppkpod hupp gwpdnud
wpuqugniun’y, pk hp Ypuw wgymd b gpujpinughnt md: buly gpuighunw-
ghnt quonmd Judwjuljut dudwgnygh pupwgpp whwp b nuwununh: 2Ek-
nbwpup, wpugugdudp supdynn hwodupliut hwdwlupgnd dudwbwlyp,
hpnp, nuwununnid £ Nrunh, ppwubwpwp, htn jpuyuh nhtkqtpuuwyh dw-
dwgnygp, wy) Yhpy wuws wykih bphunwuwpn jutu fwbweyuphnpn bplgn-
pulp Uwikh:

Q. Uhpkh Ulgbwnhly, pn nuunngnipniuubpp vhwitqudugn mpudwpw-
bwub b, puyg sku puguunpmd wjtt thwuwnp, np numb Jhpugunbuhu
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unfbjh wuluu skpugws t jhind fwbuwuphnpn poypp Uwbkh, b wyh b 4
wupny: 2t np, kph wpuqugnidll wqymu b Uwbkh Yhtuwlwb wgh Jpu
nuununtgutiny uy, wyw dbp dnughtt thnpdnd dkup Jupnn tup jupdwg-
uk] dwbhwwwphh wt nbknwdwubpp, npnbn whkqbpuuwp swpdynd k
wpuqugiudp, hknhwpwup tuqbgil] wpuqugmun] supddtnt dudwiu-
Judhongp: Ujn nhwpnid Jupkjh E wunk), np Subwyuwphnpynipyut dudw-
twlh UES dwunid mhkqbpuwtwdp supddt £ hwjuwuwpuswih:

U. Puyg nputiugh wpuqugniiny pupdybnt dudwbwlp thuh wutpwl,
wnpkqipwbwyhtt withpwdbown | hwnnppb] swhwquig dbs wpuqugnid, hugp
Jutdwguh Uwtkh Yohnp puquuyuwnhl wiqud, hbnbwpwp wpuqugniudng
owpdytnt swn Jupd dudwbwljuihongnid Uwbkt Yqunih ghpplinudws
Jhdwlnud. tw Jupny b sphdwbw) wyn Jhdwhi:

Q. Uhpkh Ugbwunhl, gt hhwgunid Eu htid pn npudwpwbulut ww-
nwupwtbbpny: Ehtwykn Uwtkl, hpop, sh Jupnn ghdwbw] vwunpl ks
ghippbnujuédnipjul, wypnihwuntpd Epwluykup, pt Jupnn E, Zko np Jupnn
Ehtip wju hunpp-wwpungnpup phunwpll] twbh wowig Uwtbh. owpdyng
nhbkqbpwbwynud putgqunnud k ny vhuyt Uwmbkh jEhuwut wdh pupwugpn,
wyb yuduwywljwt wypngkuh pupwgp:

U. Bu, Jupstu, hwujugw. fwuwwywphnpy ppne nwunwr skpugdwb
wnngkup nknh k nitkinud hhdbwuinid hwjwuwpuswth supddwi piipug-
pnud: Bph honn hwuljugu, dudwbwljh wpuqugnmun] swpddwdp wuydu-
twnpyuwé nutnunnudp buljub wqptgnipnih snitth Uwtkh JEuuwlwuh wsh
nuunundu Jpu:

Q. Ujn, Uugkwunhy, tqpuljugnipniuy dhwbhqudwgt £§hown E: Uwukh «bkph-
nwuwppugnidpy wnknh b onttkind dhuwytt b hbnbwbu hwjuwuwpwsuth
ownddw [4]:

Ujunkn dhuyt wykjugubd, np phwbwn pnhsphg htnn nhkqhpuqtwug
Lplynpyulp’ U‘}u‘uhh, 4 wnupny thnpp bk dbwghk] mwbtt hpkt vyguunn Gpl-
Unpjuly ppnohg Ultuyhg, wdkubht E sh towbwlnud, pk tw hujuybu
Enhunnwuwpnugk) E 4 mupny, wy) bpwbwlnud E, np tw 4 vmupny mhgunhn}u—
yb b nhwh wyuqui b inp whwunh wwph hp Yuubtph 4 wwpht wppku
Epypuyhte o‘uldluhunﬂlnq:

U. bull Yupnn bu, Ghunimuhl, pkpk] hpwlwb thnpdbph ophtiwljukp,
npnugnid «hnbjh» E dudwbwlh nwinundw Eplnypn:

Q. bhwplyk, Uuglwnhl: Cwpdynn dwdwgnygh pupwgph pubnunuwi
(dwdwgnygh htw  puljubny)  thwuenp hwunwndnmd B puquuphy
nhunnwlutph b thopdbph dudwtwl junwpdus suhndubpny: REptd wyu-
uwhuh Uh ophtwul, npp juwdwsé E mphbkqhpuljwt fwpwquyptph nhundwb
htun: (Shtigkpuljut Lwpwquypubp bt wtduwunid whtqbpph junpptphg ntuyh
Ukqklnn dwubhlubph hnupbpp:) Uptnpnpuh Jbpht skpukpnuad dh pubh
nwulyul] Yhindbnp pupdpnipiniutipnud, wyy fwnwquyptbpp, puuyting
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onh dwuthlutph hbwn, wpwowgunid kb, wjuybu Ynsywsd, Epypopnughte
dwutihljutp, npnughg ownbpp hwutnmd &t Gpyph dwlbplinypht b gputg-
Jnud pupdpiintughtt ghnnwhbnwgnunujut juyubbponud: (Uyguhuh juyut
k, ophtwy, 22-mud Upwqus (kpwl snyh dwlkpinygphgutih pui 3200 U
pupdpnipjudp jmbght gnpénn mhtgkpuljut Swnwquypttph hbnwgnndut
Juywip, npp hhdwwunpyty L hwy hnswjugnp $hghlnutp Uppwhwd Ujhjow-
uny b Upnkd Ujhhwiywt Enpugpubph gwtptpny, 1943 pyuljuthi:)

Uy tpypnppuyhtt dwutthubph dbe jut, dwubwynpuybu, dni-dkqnu-
ubkp (Uninbukp), npnug Yyuuph nbnnnipniup, swthyws djnintht ninklgnn
(wyuhtipll dpninth Gjundwdp wipwupd) dudwugnygny, hwjuuwp b 7" = 2,2 -
107%], npp dntiwynpuybu y =100 wiqud thnpp k wytt dwdwbwlhg, nph
pupwgpnid Umintubpp dplunnpunh dtpht obpintphg hwutnd Eu dhtsh
Epinh duybpunype b qpuigynid: Unintth wpwugnipnitt wibpwbh suhnyg b
wnuwppbpynud (nyuh wpugmipnithg, b bpk djnintht ninklgnn dwdwgnigh
pupwgpp, hwdbkdwwnws Eplipujhtt dudwgnygh pupwgph hbtwn, spubnunbp,
wyw Yninbip Jubgkp piqudkip I = vt~ 660 U Swtwuwph b skp hwuth
Bpynh duybpunypht: Lowbwlnud E, djninth «skpugdwiy ypnghut huljuw-
whu nuununmu L, b bpw Jyuiph 7 wmbnnnipniup, pun tphpughtt dudw-
twlh, nuoimd E hujuuwp 7 = y7° =~ 100-2,2- 1070 = 2,2 - 10~*: Zkinlw-
pup, Bpph tjundwdp Wnnih whgus Swhuwuphp Yihuh' [ = vr = 66000
U, hsp wowbwlnwd E, np dynintip hwugunid £ wgub) dptninpunny:

Uw dudwbwlh guinundub tpinyph LHuupunughnipjut jujugqnyu
wywgnyguknhg vkl k:

U. Qhinmbihly, bu hudwduyg b bplynpyulibph wupunnpuhpn' phnt-
pjul opkuputphtt shwljwunn juhunn wpwdwpwbwlwl pugunpnipjubn:
Puyg mpbkqbpuwtwyp, ptybtn jupdunl, wyintudbbuwytithy Bupwuplynud
wpwgqugnidutph, b wugk], np tppuyhtt dwdwgnygubph hwdbdwwn nhtqt-
puiuwyh dwudwgnygh ujmpubpt wykih nquinunnpkt swupddtp wuydwbhw-
Ynpywsd E mhbkqbpwtwygh swupddwb wpugnipjudp, swntphtt jupnn E pduy
ny wjupwi hwinghs: Gu hkug tnp hhotgh hd juppugws dkpnpuljubt hwb-
nhuttiphg dkynud [5] putwpydws dh ophtiwml, Epp wpwqugdwi hwpg sh
wnwewbnid, puyg tny Lwbwyupht wigtjhu vnugynid £ dudwbwyutinh
unyuwhuh nwppbpnipnil, hiswhuht np Epynpulakph dinnughtt hnpdnud:
Yuipn ' kU tkpljuughty Ykphhowsu ophtwulyp:

Q. bhuipyt, Uugbwnhly: Zudwl nipungpnipjudp junid B phq:

U. Ujg ophtiwnud tphyynpyuy pnypkph thnpowpbt hwinbu b quhu
tpbp nhunpnitp’ Upninp, Augpunp b Qnop, npnig ponph hwogupldwlh
hwdwlwpgtpt k) hubkpghw) Eu: Cun npnud, Upnunp dunwd £ Bpyph Ypuw, huy
Pugpuup b Qnop Bpiph  Gjundudp  dhliingiw = 0,8cupugnipnil
niubkgnny whbqipuwbwybipny swpdynd ki hwwowly Ynndbp. Fwugpunp,
wugubiny Gpyph Ununy, posnid b nhyh Npnpuhdw wuwnnp, npunkn hwb-
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nhwynud £ @nehl, huySnnp, Mpopuhdwgh dnnny wigutiny, ninunpynud k nk-
wh Gplhp: ‘

Bplphunwnny pnskiniyuhhtt Fuqpunp pwnhnghp E niquplnud Gplihp
Uonwunhly, b tplyniub k| wyp wwhht hpktg dwdwgnygubpp numd Bu qpnjh
Jpu: twnhnghp utnwbugnt Wwhb pun Epypuyhtt dwdwbwyh tpwbwltng
t;-ny, hulj punhnghp nqupybjm Wwhi pun Pugpunh dudwgnygh ¢-ny,
Jwpnn kup, hkinbwpwp, gpky, np ¢ = t; = 0(pwlth np nwnhnghp niquiplyknt
L unwbiwnt ywwhbpp gpipt hwdpuyunwd u):

Cupniiulkym] prhspp’ Pugpuinp Mpnpuhdw wuwnnh dnn hwbnhynd k
nkwh Bpyhp poynn Qnohl b tpwh Gmyiybu punhnghp nupymu’ Gk
hp dwdwgnigh gniguniupp (npp Gpiphg Mpnpupdw nininpmipyut dwdw-
twljt £ pun Fugpunh dudwgnygh): @nnp, unwbtwny Fugpunh nwnhn-
ghpp, hp dwdwgnygp nunid £ qpoyp ypw: Gphypph Ununinyg wugubint wuhhu
Qnnl Upninhtt pwnhnjny hwnnpynid £ Pugpuinnhg utnugws tognigunipp b
hp dunfwgnyghtsgnigimipp (app @nnh Mpnpubtughg nhwh Gplhp nuln-
nnipjul mhnqmp]mhh E huodus anh dudwgnygny): Unwbtwny Gnnh
puhnghpp Upnup gpuiignud b hp' kpipughtt dunfwgnygh t; gniguniipp
(npp, pwljwiwpwp, Gphhp-Mpnpupdw-Gphhp sykpph whnnmpmub £ pon
Epypuyhtt dwdwgnygh gniguniph):

[sit] h0h2 tu Jupdnud, Ghnntbhly: Mwpqymd k, np t;+t; = 6 nwph, hown
wyupwly, nppwt Uwtikh prhsph mbinnnipiniut pun tpuw mhkqbpuwtwyh dw-
dwgnygh: bull Upnwnh dwdwgnygh gmiguniupt b, phwluwbwpwup,
hwdpllyunid £ Ultugh dwdwgniygh gniguniiph hbn, wyuhtipt' t, = 10wmwph:

Zhokiny tpkp nhuinppubph dwubwlgnipjudp ntkinh niukgnn dudwbwlh
nuununuut bpunypep, Epp puguljunud Bt wpuqugnidubpp, Bu wppbku
dhwiguduytt hwdnqynud &, np tplyynpyuyjubph ophtiwlnid dwdwuwyh
nuinunnuip yuydwiwynpjws tns ph wpuqugdudp, wy] wiswpd hudwp-
Ynn hwodupuwb pubkpghw hwmdwlwupgh tjundwdp swpdynn hwpdupl-
Uwl hkipghuy hwdwlupgh (ophtiwl] whkqbpuiun]h) wpugnipyudp:

Q. Uuynt'u, Uugkwnhly, tu hhwugué U pn gnhwgnighs wuwwnwujuwtihg:
Sukunipnil, Uhtish tinp hwinhynud:
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OPTAHM3AIIMA NPOBJEMHOI'O OBYYEHUSA IOCPEJICTBOM
BbIJIBUKEHUWS U PEHIEHWSA 3AJAY-ITAPAJOKCOB

C.C. Maunsan, I A. Cameensan

AHHOTALIUSA

B craTbe mpeAnpUHATA MOMBITKA 000CHOBATh, YTO OPTaHU3AlUH TPOO-
JIEMHOTO OOY4YEHHS, TO-€CTh CO3JaHusI MPOOIEMHOM CUTyalliy HA YPOKE,
[enecoo0pasHo JAOCTHYD MOCPEACTBOM (PU3UUESCKUX 33jad, B YACTHOCTH
3ajau-mapagokcoB. Kak mpobiaeMy, chopMyIHpOBaHHYIO MpernoaaBaTe-
JIeM, TIPEJICTaBIICH U3BECTHBIN MapaoKC OIM3HENOB TEOPUH OTHOCHTEIh-
HOCTH, U TIOKa3aHO, KaK MO’KHO €T'0 PeIaTh KOJJIEKTHBHO.

KiroueBble cjioBa: npobiema, npoGiemMHoe o0ydeHue, npoOieMHast CH-
TyaIs, Mapagokc, OTHOCHTENLHOCT, HHEPIHAIbHAS CHCTEMA OTCUYETA.

THE ORGANIZATION OF PROBLEMATIC TEACHING BY A MEANS OF
OFFERING AND SOLVING TASK-PROBLEMS

S. Mailyan, G. Samvelyan

SUMMARY

Brief characteristic reference. In the article an attempt is made to estab-
lish that in order to attain the organization of problematic teaching - that
is to create a problematic situation during the lesson - is suitable to
achieve by using physical tasks, especially task-paradoxes. As a problem
formulated by the teacher the known paradox of the twins of the theory
of relativity is presented and it is shown how it can be solved by involv-
ing the pupils.

Keywords: problem, problematic teaching, problematic situation, relativ-
ity, calculation inertial system.
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BUOJIOI'MYECKHUE U XUMHNYECKHUE
HAYKH

BUOJIOT'UA

U3MEHEHUE 59OPEKTUBHOCTHU UHI'MBUTOPOB I1OJIN
(A4@-PUB0O30) TIOJIMMEPA3bBI 1 B A/IPAX KJIETOK IIEYEHU
KPBIC IIOCJIE IN VIVO JJEMCTBUSA HUCILIATHHA

AJL Acampan, H.I'. Apuypynu, K.C. Mamunsan, 3.C. I'esopkan

AHHOTANIUA

Wuruduropst nomu (AJP-pubo3o) nonumepasel 1 (ITAPII 1) npoxonst
KJIMHUYECKUE UCTIBITAaHUS M MPUMEHSAIOTCS B XMMHOTEPAlMA OHKOJIOTH-
4ecKUX 3a00JeBaHMH COBMECTHO C IIUCILIATUHOM. JlaHHAs CTaThs IIO-
CBSILIICHA HMCCIIEIOBAHUIO JACHCTBUS LUCIUIaTHHA HA 3()(EKTHBHOCTH MH-
rubuposanus [TAPII 1 B snpax KJIETOK IEYEHH KPBIC KOHKYPEHTHBIM
(6enzamun) u amnocrepuueckuM (AT®) unruburopamu. VccnenoBanus
IPOBOJWINCH HA KpPbICaX JIBYX BO3PAcCTHBIX TPYIII, Haubosee 4acTo McC-
MOJb3yeMBIX B (hapMakoJIOTHUECKHX TecTax (camiipl, 6 u 10 Hemens).
TToka3zano, uro akTUBHOCTH [TAPII 1 3HaUNUTENFHO yMEHBIIAETCS B IPO-
1ecce B3pOCICHUS JKUBOTHOTO. BBeieHne KpbicaM IUCIUIATHHA BBI3bIBA-
€T pa3HOHalpaBjieHHOEe M3MeHeHue akTUBHOCTU [IAPIT 1 y KHMBOTHBIX
UCCIIelyeMbIX BO3pacTHBIX Ipynil. [lomydeHHBIE pe3ynbTaThl MOKa3bIBa-
10T, 4TO cTeneHb uHruOuposanus (epmenta ATD 3aBuCHT OT ero uc-
XOJJHOM aKTMBHOCTH. BBeneHHe >KMBOTHBIM LUCIIATHHA HE BBI3BIBACT
u3MeHeHus dddexktuBHocTH AT® B spax 6-M HENEIbHBIX KPBIC, OIHO-
BPEMEHHO pe3Ko yBenanuuBasg ee y 10-u HenenbHBIX XKUBOTHbIX. Mccie-
JIOBaHUE JeWCTBUS KOHKypeHTHOro uHruouropa ITAPIT 1 Genzamuma
BBIIBUJIO 0OJIbIIYIO 3P (HEKTUBHOCTD Y KPBIC CTaplIell BO3pacTHOMU Ipym-
TIBI KaK B KOHTPOJIE, TaK U MOCJIE ASHCTBUS IIUCIUIaTHHA.

PesynbraTsl HacTosmIel pabOTH! yKa3bIBalOT HA HEOOXOIUMOCTh KOPPEK-
UM XUMHOTEPAIEBTUUYECKUX CXEM C y4ETOM BO3PACTHBIX 0COOEHHOCTEH
neiictust uHruOuTOpoB ITAPII 1 pa3nuaHON NPUPOABL

Kawuessble cioBa: aktuBHocTh [TAPII 1, unru6buposanue, ATD, Gen-
3aMuUJl, IUCIUIATHH.

BBeaenue

Homu (Ad-pu60o30) mommmepasza 1 (ITAPII 1) sBusieTcst XpoMaTHH-aCCOIUUPO-
BaHHBIM (PEpMEHTOM, 3a/ICHCTBOBAHHBIM MPAKTHYECKH BO BCEX M3BECTHBIX MEXaHM3-
max penapaunu JIHK, u momaBneHne ero akTMBHOCTM NMPUBOAUT K YCHIJICHHUIO Tepa-
neBTHYecKoro dhdexra JJHK-ankunupyromux npenapaToB, IPUMEHSIEMbIX B JICICHUH
OHKOJIOTHUYECKHX OONbHBIX. B Hacrosmiee Bpems wmHruoOutopsl ITAPII 1 mpoxomsr



Hsmenenue s¢ppexmugrnocmu uneubumopos noau (aogh-pubo3zo) norumepasol ...

KIIMHUYECKUE UCIBITAHUS PA3IMYHBIX ypoBHEH, a npu neueHnn BRCA-nedunnTHpIx
OITyXOJIe MPUMEHSIOTCS B KauyecTBe MOHOTEPANeBTHUECKUX areHTOB. VIHTHOWUTOPHI
ITAPIT 1 4acTo MPUMEHSIFOTCSI COBMECTHO C IMCIUIATHHOM U Temo3onamuaom [1, 2].
N3BectHO, 4TO TepaneBTHUECKUH 3D (DeKT, Kak U TOKCHYECKOe JICHCTBUE JICKapCTBEH-
HBIX IIPErapaToB, HMEET BBIPAXCHHYIO BO3PACTHYIO 3aBUCHMOCTh. OIHAKO NEHCTBHE
(bapmakonorudeckux MHruouTopos ITAPIT 1 B 3TOM KOHTekcTe Mano u3ydeHo. Ha-
cToflIee UCCIEeI0BaHUE HAMPABIICHO Ha U3yYeHHE NEHCTBHUS KOHKYPEHTHOTO MHTHOM-
topa TTAPIT 1-Gensammuma u amioctepuueckoro MHrHOMTOpa-ATd Ha aKTHBHOCTH
ITAPII 1 snep keTok mevYeHu Kpbic 6-u 1 10-u HelenbHOTO BO3pacTa Iociie BBEACHUS
JKUBOTHBIM IIUCIDIATUHA. BBIOOP BO3pacTHBIX IPymmn OOYCIOBICH TeM, UTO (hapMaKo-
JIOTHYECKOE TECTUPOBAHUE MPENapaToB MPOU3BOAUTCS HA KUBOTHBIX YKa3aHHBIX BO3-
pacTHbIX Tpymi [3].

MarepuaJ 1 MeTOAbI

B pa6ore ucnons3oBansl peaktussl pupmer Sigma (CIHA). B kagectBe kcmepu-
MEHTAIBHBIX KUBOTHBIX CIIY’KHIIA CaMIIbl ONbIX OecTiopoaHbIX Kpbic 6-u U 10-1u He-
JeTbHOrO Bo3pacta. PacTBop mucmmatiHa BBOIMIN BHYTpHOpromuHHO (10 Mr/1000r
Beca >KUBOTHOTO). JKMBOTHBIX JEKalUTHPOBAIU uepe3 48 4acoB MOCIHEe WHBEKIHUU
npenapara. Beinenenue saep KIETOK MEYeHH IPOU3BOIIIN 0 MOAN(PHUINPOBAHHOMY
merony [4]. AxruBHOCcTh ITAPIT 1 m3mepsnm no y6summ cy6erpara (HAJ) B peakim-
OHHOM cpefie, coAeprkalleil H30JIUMPOBAaHHbIE sApa KIETOK IMeueHU (IJIOTHOCTh saep-
Hoii cycrnien3un coctaBisa 1mr/mn o JHK), IMM CaCl,, 6 MM MgCl, B Teuenue 10
MUH. Peaknuro HHUIMUPOBAIN J00aBIICHUEM HAI[+ K cycrien3ud siaep. Yepes 10 muna
PEaKINIO OCTAaHABIMBAIN ITyTEM OCAKICHUS SIEp U3 PEAaKINOHHON Cpeabl IeHTpUPy-
ruposanueM (2 mun 8000 g.). Kommuecto ocraTounoro HAJI™ onpenensiin B o6pas-
[ax HaJg0CcalouHOM KUAKOCTH (50 MKII) IO METOAY KOJOPUMETPUUIECKOTO OIpesesie-
HHS OKpAIIeHHOTo TpoykTa peakumn HAJT' ¢ anerodenonoM (mornoienne 378 HM)
[5]. Komuectso HAJI' onpeielnsiny o KaTnOpoBOYHOH KPHUBOIA.

HOCTOBCPHOCTL pa3n1/1t11/1171 MCXAY CPCAHUMH BCIMYMHAMU MOJYUCHHBIX JaHHBIX
omnpenensun 1o t-kputepuro CTBIOZCHTA.

Pe3yabTaThl 1 00cy:xKI€HUE

Br160p 3KCIEpUMEHTANIBHON MOJIENI B TaHHOW paboTe Onpenessiics Celyrou-
MU coobpaxenusimu. [TAPIT 1 sBisieTcss saepHbBIM (EpMEHTOM, W JICHCTBHE WHTHOU-
topoB ITAPII 1 Ha u3onupoOBaHHBIE sSJIpa MO3BOJISET UCKIIOYUTH BIMSHAE HEKOHTPO-
mupyeMoro m3MeHeHus aktuBHocTh [TAPIT 1, BhI3BaHHOTO JeiicTBHeM OcH3amuIa,
AT® u nucnnaTiHA Ha TIUKOIUTHYECKUI oOMeH. JlelicTBrie MHTHOUTOPOB (hepMeHTa
B MHTAKTHEIX SIpax HanboJjee MpUOIMKEeHO K peallbHON CUTyanuu in vivo [6, 7, 8].

UsBectHo, uro axktuBHOCTh IIAPIT 1 cknanpiBaeTcs M3 ABYX COCTaBIISIOLIMX:
TPaHC-KaTATUTUICCKOW M aBTO-KaTAIUTHYECKON KOMIOHEHT. [logapmnsroiee OObIIHMH-
CTBO TIpUMEHSEMBIX (hapMakonmorudeckux uuruéuropos ITAPIT 1 sensorcs HAJT'-
KOHKYPHPYIOIIVMHU BEIIECTBAMU, HHTHOUPYIOIMIMMH OOIIYI0 aKTUBHOCTH (hepMEHTa.
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Panee B cucreme in vitro 6pu10 MOKa3aHo, 4to AT®, Oyay4n aJuloCTEpUYECKUM HUHTHU-
OuTOpOM, CrenM(pHUIECKN MOJABISAET aBTO-KaTAIMTHYeCKylo akTuBHOCTH [TAPII1 [9,
10]. ITosmyueHHbIe HAMHU JTaHHbIE BBIABHIIA BO3PACTHBIE P3N HCXOIHON aKTHBHOCTH
ITAPII 1 snep xierok neuenu kpwic. Kak Buano u3 Puc. 1, aktuBaocts [TAPIT 1 10-u
HENENMBHBIX KPBIC B 3 pa3a HIDKE aKTHBHOCTU (hepMeHTa simep 6-U HeIeTbHBIX KHUBOT-
HBIX. BBeneHMe KpbicaM IMCIUIATHHA BBI3BIBAET Pa3sHOHAIPaBJIEHHOE M3MEHEHHE aK-

TuBHOCTH ITAPII 1 y 5KMBOTHBIX HCCIEIYEMBIX BO3PACTHBIX IPYIIL
0.45 -

1

0.4 -

0.35

0.3 E KOHTPONb
0.25

02 O umcnaatmH
’ (10 mr/1000r)
0.15

0.1

AkKkTusHoctb NMAPT

0.05

0
6 Hep. 10 Hepg.

Puc. 1. leiictBre nucriaruna (10mr/1000r, 484) Ha aktuBHOCTE [TAPIT 1 B
siIpax KJIeToK neueHu 6-u u 10-1 HeieTbHBIX KPBIC.

B cnenyromell cepuu 3KCIIEpUMEHTOB HaMU OBUTO HCCIEOBaHO JeiicTBue (u-
3HOJIOTHYECKUX KOHIIEHTpaIMid aymurocrepuieckoro HHrudutopa AT® Ha akTHBHOCT
[TAPII 1. bputa moka3aHa KOHIIEHTpAIIHOHHAs 3aBUCUMOCTh HHrHOuIMH [TAPII 1. ITo-
Jy4eHHbIE Pe3yJbTaThl MOKA3BIBAIOT TAK)Ke, YTO CTENEHb MHTHOMpPOBaHUS (epMeHTa
3aBHUCHT OT €T0 UCXOIHOM akTUBHOCTH. Tak, 3pekTuBHOCTs AT®D 3HAUNTENBHO HIKE
y 10-u HemenbHBIX KpBIC (PHUC. 2).

B KOHTPONb
@1mMATD
O5mMAT®
010 MM ATO

6 Hea. 10 Hep.

-
QN ® VW O
© © © ©o ©

Now B
© © ©

AkTusHocTb MNAPN 1,%
) 3

(=]

Puc. 2. [leiicTBue ¢pu3nonornuecknx koHuentpauniit ATO Ha akTUBHOCTh
[TAPII 1 B sapax kiaeTok neueHu 6-u u 10-u HeJeNbHBIX KPBIC.

BBenenne >KMBOTHBIM IMCIUIATMHA HE BBI3BIBACT HM3MEHEHUS 3(PQPEKTHBHOCTH
AT B aapax 6-u HEJEIbHBIX KpBIC, OTHOBPEMEHHO PE3KO yBenuuusas ee y 10-u He-
nerpHbIX Kpbic (Puc. 3).
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60 - B KOHTPONb
1 MMATO

40 O5mMATO

30 | 010 MM AT®

AKkTuBHoctb NMAPMN 1,%
v
o

6 Hea. 10 Hea.

Puc. 3. [leiictBue ¢uznonorndeckux konneHrpanuidi AT® Ha akTHBHOCTB
ITAPII 1 B sigpax kieTok rnedeHu 6-u u 10-u HelleNbHBIX KPBIC MOCIIe
BBegeHus nuciuiatuaa (10mr/1000r).

Hccnenosanue neifctBust koHKypeHTHoro uHruoutopa ITAPII 1 6en3zamuna BbI-
SBUJIO OONbIIYyI0 3¢ (EKTUBHOCTh Y KpBIC cTapIieil BO3PAaCTHOM TpymIbl Kak B KOH-
TpOJIE, TaK ¥ MOCIIE AeHCTBHUS mucIiaTuHa (puc. 4).

100.0
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50.0 O ymcnnatmy 484
40.0 +bam 20 MM
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AktTBHocTb MAPN 1,
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6 Hea. 10 Heq.
Puc. 4. JleiictBue 6enzamuna Ha aktuBHOCTH [IAPII 1 B sipax KiIeTOK
nevyeHu 6-u 1 10-u HeZleNbHBIX KPBIC B KOHTPOJIE U TOCJIE BBEJCHUS
nucmatiaa (10mr/1000r)

Takum 00pa3oM, MpeACTaBICHHbIE B HACTOAIICH paboTe JaHHBIE MMOKa3bIBAIOT,
gt0 3¢ dpexTrnBHOCTS nHrHOUpoBanus [IAPII 1 B siapax KIETOK MEYEeHH 3aBUCHT OT
BO3pacTa KpbIC, XapakTepa MPUMEHIEMOT0 HHIHONTOpa U ISHCTBUS UCIUIATAHA.

Pesynbrarel HacTosIIed pabOThl yKa3bIBAIOT HA HEOOXOAUMOCTh KOPPEKIHH XH-
MHOTEPAIleBTHYECKUX CXEM C YYETOM BO3PACTHBIX OCOOCHHOCTEH NeHCTBUS MHTHOU-
topos ITAPII 1 paznuuHoil mpupoasl.
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MODULATION OF POLY(ADP-RIBOS)YL POLYMERASE 1 INHIBITORS
EFFICIENCY IN RAT LIVER NUCLEI AFTER THE IN VIVO TREATMENT WITH
CISPLATIN

A. Asatryan, I. Artsruni, K. Matinyan, E. Gevorgyan

SUMMARY

Poly(ADP-ribos)yl polymerase 1 (PARP 1) inhibitors currently enter
clinical trials and are co-administrated with cisplatin in treatment of pa-
tients with oncological diseases.

In present paper we investigated the impact of cisplatin on efficacy of
PARP 1 inhibition by competing (benzamide) and allosteric inhibitor
(ATP) in rat liver nuclei. The rats of two different age groups (males, 6
and 10 week old) were examined (these age groups are examined in rou-
tine pharmacological testing). The results come to show that PARP 1 ac-
tivity is down-regulated in the course of animals growth. The in vivo
treatment of rats with cisplatin elicited oppositely directed changes in
PARP 1 activity estimated for different age groups. It was demonstrated
that the extent of inhibition by ATP depended on the baseline activity of
enzyme. Administration of cisplatin to 6 wk old animals did not affect
ATP efficiency, concomitantly enhancing the latter in 10 wk old rats. Ex-
amination of PARP 1 inhibition by competing inhibitor benzamide re-
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vealed its elevated efficiency in elder rats regardless to treatment with
cisplatin.

Results of present study necessiate further correction of chemotherapeu-
tic schemes which should consider age-dependent variables in PARP 1
inhibition by different inhibitors.

Keywords: PARP 1 activity, inhibition, ATP, benzamide, cisplatin.

MNLPUYD-PANYMNNLPUTIUR 1-b UreGLUYRLE P
UrsSNhuUgdesSNre3uL eNeNvNhE3NkhLE UNLESE L3UNM Db
FRUUNCPALEMNPU SPUMNLUSPULDP IN VIVO U1E3NhE3NRLPS 26SN

U.L. Uuwunpyui, . Q. Updpnrahp, G .U. Uwwnhlywb, E.U. Qanpguui

uuoenenru

M h(Wab-phpnq)uynhutpug 1-h wpgbjuyhsutpp Yihuhjulwi
thnpdwppowtnid  Eu b oulninghwljwt  hhywunmpiniuubph
phthnphpuylnhy gnpswnnyputpnid Jhpunynid b hwdwnbn
ghuyjuwunhth htwn: Ukpjuyugynny wowwnwipp wdhpjus L
ghuyuunhth wqpbgnipjut ntunidbwuhpnipjuup MUATN 1-h
Upgulguyhtr (pkiquilhn) b winuntphly (UEH) wpgbjmlhsubkph
wpnitwybnnipjut Jpu: Zknwgnunmpinibubpp junwpgl) G
phnupwwluwib thnpdwptiinipnibubpnid tpint wpwyl] hwdwju
Yhpwnynn hwuwluyhtt jadpiph wntbnubph ypu (wpnt, 6 b 10
owpwpwlwi): 8nyg bk wpdbk, np MULN 1-h wlwnhynipniup
qquihnpttt tJuqnud E Yhunuint hwunttugdwt plpugpnid:
Shuwjuwnhth ubkpwplynudp wnpwe L phipnud NULT 1-h
wljnhynipjutt nupudbn hnthnjimpmibibp muppkp hwuwlh
wpbnubph Unn: Zudwduyi vnwugqus nduiutph UEd-ng
NUNTN 1-h wpghjuldwh dbsnipniup jupuduws b Epdbunh
Elutunughtt wnhynipiniihg: 8huyjuunpup sh wqymd UEd-h
wpynitwybnnipjut Jpu 6 jwpwpwlwb wnbbwntubph Unu,
uwuyt Yupnil dbdwgunid £ UBd-h wppyniuwybnnmpniup 10
upwpwlut YEunwihubph yupgh peowynphqutpmu: Upgul-
guyhtt wpgbjulsh’ phuquuhnh, wqpbgnipjut niuntdbwuhpnt-
pjottp puguwhwynkg, np wpgkjuyhsp gpulinpoid Eudbih pupdp
wpyniiwyinmpntt wjwq hwowluwjhtt jadph p & unnighy, p b
ghuyjuunhb-tbpuplyus  wnbbniukph dnn:  Upjuwwnwiph
wpynibpubpp phjugpnud Bu phdhnpbipuwybnhl gopéwnnype-
utph JEpwtwydwt wthpudbynnipniup, hwoyh wotng MU
1-h wwppbp punyph wpgbjulhsubph wqnkgnipjui hwuwluyh
wnwidiwhwinlnipinittibpp:

Jplttwpunkp’ MUNN 1-h whnhympnt, wpgbpuyod, UBS,
phuquupn, ghuyjuunpt:
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OIIPEJEJIEHUE BUJOBOM IMPUHAJIJIEXKHOCTHU YETBIPEX
BHJIOB IIOJKOBOHOCHIX JETYYHNX MBIIIEHN
(RHINOLOPHUS) METOAOM I'EHETHYECKOI'O AHAJIN3A

A. Acnanan, M. Apymionsan,JI. Ilanan, B. Aipanemsan

AHHOTADUA

B xo7e 9BOMIONMM MHOTHE BUABI JIETYYHX MBIIIEH MOTEPHETH MHOXKECT-
BO U3MEHEHEHHMH. Y HEKOTOPBIX BHUJOB 3TO 3aMETHO HEBOOPYXKEHHBIM
rna3oM. MeHSIOTCS pa3Mepbl, OKpacka, MapLIpyThl MUTPAIlM, MecTa
oburanus. B HalmMX UCCIEIOBAHUSIX MBI TIBITAEMCSI YCTAHOBUTD MPHYH-
HBI TaKUX U3MEHEHWH. B nmaHHOW paboTe HaMu ObUIM OMpEENICHBI TO-
cienosatenbHocT reHoB COI (uuroxpom LI okcunaza, 1-as cyObenuHu-
1a) MutoxoHapuansHoro JJHK deTsipex BUIOB MOAKOBOHOCHIX JIETYYHX
meiieid (Rhinolophus).

KuroueBble cioBa: jgeryuue Mbid, Rhinolophus, nutoxpom C okcupa-
3a, [1LP.

BBeaenne

B nocnennee BpeMs HepeIKko BCTPEUYAIOTCS CIIydad, KOTJa YIeHBIE OIIHOAIoTCs ¢
OTIpeJIeNICHHEM BHJA WM HAXOMAT NMpeACTaBUTEIeH KaKoro-To BUJa TaM, IJie OHU HE
JOJDKHBI ObLIH HaxomuThest [1, 2, 3]. [lo 3TUM W MHOTMM JOpYrUM MPUYMHAM MBI pe-
LMK 3aHAThCA MCCIeOBaHUEM JIeTyuux Mblied. Hamra HayuHas rpynmna yxe JaBHO
paboTaeT B 9TOM HANpPaBICHUH W MPOBOIUT T€HETHYECKUE IKCIIEPUMEHTHI C IIETIBIO
YCTaHOBJICHUSL:

A) BUJIOBOTO COCTaBa MOAKOBOHOCKIX JIETYYHMX MBIIICH;

b) Hanmmare MeKBUIOBBIX TEHETHIECKUX N3MCHEHH;

B) Hamiare reHeTHYeCKUX U3MEHEHUH Y OHOTO U TOTO-)KE BHUIIA.

MaTepnanbl H METObI

Hamu OpUTH COBEpIIEHBI TOS3KH B pa3HBIC PAfOHEI, B pe3yNIbTaTe Yero HaM yja-
JI0Ch coOpaTh HEOOXOUMBIN MaTepHual i JanbHeield padbotel. OCHOBHON MaTepu-
a1 OblT moman u3 Marwy, Juinmxana, Teryra. MaTtepuaisl XpaHUIHCh B CIIUPTO-
BOM PacTBOPE 10 UCIOIb30BAHUS.

OnriTel ObUTH TIpOBEACHEI B My3ee u nHCTUTYTE 300510TH (Museum and Institute
of Zoology) B Bapmase.

B omnrwiTe 6[:1.]'[1/1 HCIIOJIb30BAHbI KOI'TU, XBOCT U ITOKPOB JICTYUHUX MBIIICH.

OTansl UcCle0BaHUS:

1. Beinenenue JIHK;

2. OYUCTKa,;

3. [P (mosmmepa3HO-LIeITHAS PEaKIus);

4. ouncTKa,

5. anekrpodopes;
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6. ceKkBeHUpOBaHHE.

O seigenenus JTHK HeoOXoauMO MPOBECTH JIM3KC KIETOK, KOTOPAsk BKIFOYAET B
ce0s MEXaHWYeCKOe pas3pylleHue (M3MENbYCHHUE, THIOTOHUYECKHUN JU3KC), XUMUYC-
CKYI0 00paboTKy (JIU3UC C TIOMOIIBIO IETEPTEHTOB U APYTHX arcHTOB) U (pepMeHTaTHB-
Hoe pacineruieHne 0enkoB. [l mu3rca Hamu ObUTH UCTIONB30BaHbl bydepa T1, B cocTas
KOTOporo BxoAaT kommoHeHTHl (SiO2 wmu Al203), mpenoTBpamaromme aacopouro
JHK Ha crenkax kroBetbl. [ ounctku JJHK ucmonp3oBanu crienuanbHble (HIBTPHIL,
rociie 4ero ObUIO TpoBezieHO meHTpudyrupoBanne u coopka JJHK Ha mHe mpoOupku.
Jiis xoreunoro noyuenus urctoro JJHK ucnonp3oBaiics wash buffer BW. Iloce gero
¢ nomomipto Thermo Scientific Nano Drop 2000 criekrpodoromerpa Oblia BBIACHEHA
xoHueHTpauus IHK narero o6pasua.

C nomomsto Metona [P (monmmmepasHo-TienHas peakius) ObIII0 OTYYSHO OIl-
penereHroe konmaecTBo GpparmentoB JHK, s ouncTku n maeHTHPHUKAITNN KOTOPBIX
HCIIOJIB30BAJICS METOJ| AJIeKTpodope3 B arapo3HoM reine. CekBeHHpoBaHHE (Ompejie-
nenue nocnenoBatenbHocTy JJHK) menmanock Ha HOBEHIIMX TEXHOJIOTHUSX, YTO MO3BO-
JUII0 HaM B TEYEHHE KOPOTKOTO BPEMEHH IOIYYUTH PE3YIBTATHI CpPa3y HECKOIBKHUX
YYaCTKOB TE€HOMOB. Pe3ynmbTaThl CHKBEHC-aHAIH3a PacIIA(POBBIBAEM C ITOMOIIBIO
TaKUX KOMITBIOTEPHBIX Mporpamy, kak Bioedit, BLAST u ap.

PesyabTarsl

IIpu npoBenenun ananuza B cucreMe BLAST HuKakuxX OTKIOHEHUI He 0OHapy-
JKHJIOCh, U BCE MOCNE0BATENBHOCTH MOKa3aIu Kak MUHUMYM 99% cxozacTBo ¢ 6a30if
nmauHbIX (Puc.1, Puc.2). EauHCTBEHHOE, 9YTO B HEKOTOPBIX CIyJasx HAIlld JaHHBbIC HE
copnaganu ¢ pe3ynpbratoM BLAST: B noneBbIX yCIOBUSAX Mbl ONPENEIUIN HK3EMILISP
kak Rhinolophus mehelyi, a BLAST nokazan 99% cxoactBo ¢ Rhinolophus euryale.
Taxue ciydan BO3MOXHBI B CUIIy TOTO, YTO X F€HETHKA IUIOXO M3Y4eHa U 3a4acTylo
aBTOPBI ONPEAESUIN BUJ XKUBOTHOIO, UCXOIS U3 €ro BHEIIHMX JaHHbIX. [lo Hammm
pe3yabTaTaM, caMUMH MHOTOYMCIICHHBIMH OKa3allich NpecTaBuTenu Buaa R. euryale
u R. ferrumequinum.
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Puc.1 IIpumep padotsr BLAST. Puc.2 Tabmuma pesynsratoB BLAST.
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Hamreld cnemyromeit 3aadeid ObIJI0 MEKBHUIOBOS CPaBHEHUE M CPaBHEHHE IPE/I-
CTaBUTEJIeH OJHOTO U TOrO K€ Bua. Bo BTOpoM cilyyae CpaBHUBAIX pa3HbIE MOIMYJIs-
uuu U3 pasHbix pernoHoB PA u HKP. OnHako HU B OHOM cily4ae HUKaKUX OTIAYHHA
o reHy COI obHapyxeHo He O0bu10 (Purc.3).

Puc. 3 CpaBrenue nocnenoparensHocTeld B BioEdit

B tabimne 1 npeBeaeHbl MEXBHUIOBbIE OTIIMYMH 10 TpuHIMITY BLOSUMG62.
Tabnuma 1. MexxBuaoBbIe OTIIMYHK 1o puHIty BLOSUMG62

R. euryale | R. ferrumequinum | R. mehelyi | R. hipposideros
R. euryale X 71 34 88
R. ferrumequinum 71 X 61 79
R. mehelyi 34 61 X 89
R. hipposideros 88 79 89 X

Wrak, GoJiblire BCcero Meskay coboii otmuuarorest mapsl R. euryale/ R. hipposideros
u R. mehelyi/R. hipposideros. B nienom, R. hipposideros oueHb cunbHO OTAMYAETCS OT
BCEX MAPYTHX NPEICTAaBUTENICH OTpsiga IMOJKOBOHOCHIX. Kak OKa3amoch, JOBOJBHO
omusku R. Euryale m R. mehelyi. Bo3aM0okHO, 3TO W SBJISE€TCS MPHYUHOW BHEIIHETO
cxojcTBa 3TUX BUA0B. OJTHAKO Ui TIOJOOHBIX BHIBOJOB HYKHO MPOBOAMTD JaJbHEH-
LIM€ HAIlIY OIBITHI Y>ke Ha ypoBHe uenoi mT-JIHK.
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SPECIFIC ACCESSORY TO FOUR TYPES OF BATS (RHINOLOPHUS).

A. Aslanyan, M. Arutyunyan, V. Ayrapetyan L. Papyan

SUMMARY

During the evolution numerous species of bats have gone through various
changes. Some of these changes are noticeable without an equipped eye,
for example, in their sizes, coloration, routes of migration, habitats, etc.
In our studies we are trying to reveal the reasons for these changes. In
this survey we were able to determine the sequences of COI (citohrom ¢
oksidaza) genes of mitochondrial DNA, belonging to 4 types of bats
(Rhinolophus).

Keywords: bats, Rhinolophus, Cytochrome C oxidase, PCR.

GELEShPIUYUL ULVULRRP UPRNSNY 201U SEUUYDP MU3SULP6 2012PULED
SGUUYUSPL MUSYULGLPNRE3UL NrNGNhUC

2. Uupulywily, U. Zwpnuypyniiywl, 9. Zugpungbuyul, L Duuguh

uuenNenhu

Eynynighuyh plpugpmd ynehljukph pun nkuwljibp puquuph]
thnthnjumpniuibp B Ypk: Opny wmbuwlubph phypnid pu
tjuunbih b wiqud wbqkt wepny: @Onthnpuynid Eu swhbpp,
qnujup, dhgpughuyh  minhlbkpp, phwympjubt Jupkpp: Ubkp
nunidtwuphpnipniabpnid dkup thnpdmid Gup hwuljwbw, ph
npubn ki puplquws wdwb thnthnjunipnibubph yundwnubpp:
Uju wohiwwnwbpnid dbkp Juuwpl] Bup hhnmwqnuumpiniuubp,
npntg  dhongnd  npnpyly B wwpnwppbph  plunwbhpht
wuwwluinn (Rhinolophus) 4 wtuwyh snohlutph dhwnpnunphuy
7YuE-h 8huinppnd C Opuhnuquyh (COI) ghubph hwonphuljw-
unipniubbkpp:

Zhdbwpwetp” snohlukp, Rhinolophus , 8hunppnd C Opuhnuqu,
NTI}:
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HNCCIEJOBAHUE CUHAHTPOIIN3MA Y HEKOTOPBIX
NPEACTABUTEJIEA MUIEKOIIUTAIOIIIUX METOJOM
HUCITIOJIb3OBAHUA ®POTOJABYIHIEK

I'.I'. I'améapan, JL.I'. llanan, 3.I. Aepyan

AHHOTADUA

Hcnonp3oBanne (OTOIOBYIIEK U BHACOPETHCTPATOPOB B HAIIMX HCCIIE-
JIOBaHUSX IIO3BOJIIET HAONIONATh 332 MOBEACHHEM M aKTHBHOCTBIO JKH-
BOTHBIX AUCTAHIMOHHO. [Ipy 3TOM, BpeMsl M HOTOAHBIEC YCIOBHUS CYIIECT-
BCHHOH POJIM HE UTPAIOT, T.K. HOBBIE MOJENH JAIOT BO3MOXHOCTH CHH-
MaTh IIPHU MFOOHNX yclIoBHAX. B JaHHOM HMccneoBaHNM HpecTaBlIeHa pa-
60Ta Hamux HUGPOBLIX YCTPOHUCTB Ha Hmpumepe cepoil kpeicel (Rattus
norvegicus).

KaoueBble ciioBa: cepas kpbica (Rattus norvegicus), ¢oTosoBymika,
CHHAHTPOIIH3M.

BBenenue

IIpencraButenu oTpsiga TPHIBYHOB BCErna, B TOW MM WHOW CTETNIEHH, SBISUTUCH
cuHanTpornamu [1]. OHu TaBHO TPHUCTOCOOMIINCH K COXHTEILCTBY C YEIIOBEKOM W B
TE€UEHUE BPEMEHHU OTJIMYHO aJalTUPOBAINCh K HOBBIM yCIOBUSIM. YeroBeueckue mo-
CTPOMKH, B OCOOCHHOCTH MHOTO3TaXHBIE JOMA, B KOTOPHIX (PYHKIIMOHUPYIOT MYCOPO-
MIPOBOJIBI, SIBJISIOTCA JUIsl COJMIHOTO YHUCIIa BUIOB JKUBOTHBIX MPEKPACHBIM U yIOOHBIM
MECTOM JIJISl KHJTbsSI, TUTAHUS ¥ Pa3MHOXKEHUs [2].

Hcnone3oBanne GOTOMOBYIIIEK CTAHOBUTCS Bce Oojiee MOIYIISIPHBIM METOIOM HC-
CJIEJIOBAaHUSI CYTOUYHOW aKTUBHOCTH M MOBEIEHYECKOW OCOOCHHOCTH KUBOTHBIX. JlaH-
HBI METOJl UMEEeT OYeBHIHBbIC MpeumMyInecTsa [1, 3, 4]. YcTaHoBka QOTONOBYIIEK He-
MOCPENCTBEHHO OKOJIO BXOIOB HOP M BONM3H UEIOBEUCCKUX JKIUTHIL TO3BOJISICT OITH-
CBHIBaTh MOBEJCHICCKHE OCOOCHHOCTH KHBOTHBIX-CHHAHTPOIOB [2]. OqHAKO, HECMOT-
Ps Ha KaXyIIylocs MIPOCTOTY YCTAHOBKH (DOTOJIOBYILEK, HAJO YUUTHIBATH PSA BaXKHBIX
(haKTOpOB, KOTOPBIE CBSI3aHBI C MAJIEHBKUMHU Pa3MepaMM U APYTUMH OCOOCHHOCTSIMHU
CEPBIX KPBIC, [IOCTOSHHBIM NPUCYTCTBUEM B JAHHON MECTHOCTHU JIIOAEH M JOMALIHUX
YKUBOTHBIX.

MarepuaJ 1 MeTOAbI

B nepnion nronbs—Hos6ps 2015T. TPOBOAMIIOCE HECKOJIBKO AKCIIEIUNINI B pa3ind-
HBIX paiioHax PA (I'erapkynuk, Koraiik, Baitor /{30p, Apapar).

IIpu M3y4eHHH 3KOJOTHH TPHI3YHOB YacTO BO3HHMKAET HEOOXOIAMMOCTH OIpele-
JIUTH TPUCYTCTBHE WM MOCEIIEHHE TOTO MM WHOTO MECTa YKUBOTHBIM, 3 ()EKTHBHO
MIPOBECTH PETHCTPALUIO COOBITHI MPH JTF000M YpOBHE OCBEUIEHHS (M B ITOJIHOW TeM-
HoTe). C 3TOl IEepi0 MBI YCTAHABIMBAIHM HAIIM yCTPOWCTBA B IOABANAX IOMOB M B
cajax. YcTpoiicTBa paboTamu KPYrioCyTOYHO. B yCIOBHSIX HU3KOH OCBEIICHHOCTH
HAIlli yCTPOHCTBA MCIOJB30BaIN (DOTOBCIIBIIIKH, a CaMH (POTOJIOBYIIKH OBUTH ycTa-



Hccnedosanue CUHAHMpOnUsIma y HeKomopbslx npedcmaeumeﬂeﬁ Mmiaexkonumarowux ... 137

HOBJICHBI TUOO Ha 3eMJie, MO0 Ha JepeBbsiX (Ha OYCHb HU3KOU BbIcOTE). JlaHHBIN Me-
TOJ[ TIO3BOJISIET MPUMEHSTH €0 ISl CheMKH CaMbIX MEJTKHX MIICKOITUTAIONINX, a TAKKE
nTUI 1 OECIIO3BOHOYHBIX.

B cuity cBoeld KOMITAKTHOCTH M TIOCTYITHOCTH MBI BEIOpanu mozaens 940NM HD
(puc. 1). YcTpolcTBO UMeeT BO3MOXHOCTh paboTaTh OT 4-X Oarapeek B TeueHHe 4—5
4acoB, a JuIs OoJiee [UTUTENBEHOM paboThl TpeOyeT MONIHBIN KOMIUIEKT OaTapeek AA n3
8-u mr. 3amuck nHpopManMK BexeTcs Ha KapTy naMmsatH Qopmara SD emkocTbio
8/16/32 I'6 kitacca He HMXKeE 8, UTO MO3BOJISAET MUcath nopsaka 10—12 yacoB Buzeo B
dhopmate HD720. YcTpoiicTBO MO3BOJISET BECTH 3allUCh MAJICHBKHMHU (PparMeHTaMH
J0 1 MUHYTBL

Puc. 1 ®oronosymika moaenu 940NM HD

Hounas noacserka Ha moaenu 6 MK-cBeToanoaMy aBTOMAaTHYECKH BKITFOYAETCS
JATYNKOM OcBelleHHOCTH. OdYeHb ynoOHa Iisl HaOJrOAEHWUH MENKHX MIIEKOMHUTAo-
IIMX, KOTJIa 3alKCh COOBITHI MPOBOJUTCS HA OTPAaHUYECHHOM YYacTKe IUIOIMAABIO TT0-
psaaka 1 M? 1 0CTaTOuHa A paboThI BO BIXKHBIX YCIOBHS (OCaJKH, poca); He0OXo-
JMMa YCTaHOBKa KaMepsl B OOKCHI MM MHAs 3amura [4].

Pe3yJ1bTaTbI u 06cy>1¢11eﬂne

OueHb UHTEPECHBIC KAJPhI MOJYYMINCH Ha TEPPUTOPUE APapaTCKOTO PEruoHa, a
WMEHHO: B morpebax 4acTHBIX JIOMOB ropojia ApramaTa ObUTH OOHApYKEHBI CepbIe
KPBICHI, KOTOPBIE OKA3AIUCh YPE3BBIYAHO XOPOIIO MPUCIIOCOOTICHBI K COKUTEIHCTBY
¢ gemoBekoM. Ha kampax, CHATBIX BHICOPETHCTPATOPOM, BHIHO CIEAYIOIIEe: KOTAa
MBI CTaBUM IPUMAHKY, T.€. KyCOK KOITYEHO! PhIOBI, KpbIca MOAXONT, 3a0HUpacT KyCoK
1 MO0 HAYMHAET €CTh €ro, 00 3abupaet cede B HOPY, a MPH yCTAaHOBJICHUH OTPAB-
JICHHOW MPUMAaHKH KpBICa ke OJIM3KO HE MOAXOINT U HE JKEIAeT eCTh OTPABICHHYIO
pBIOY. DTO B OYCPEHHOW pa3 IOKAa3bIBACT BHICOKUH YPOBEHb CHHAHTPOITHOCTH ITHX
JKUBOTHBIX U MTPEKPACHO TMOKA3bIBAET HACKOJIBKO XOPOIIO OHU MPUCHOCOOMIHCH K CO-
JKUTEBCTBY C YCTTOBEKOM.
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RESEARCH OF SYNANTHROPISM OF SOME SMALL MAMMAL SPECIES BY
USING OF TRAIL CAMERAS

G. Ghambaryan, L. Papyan, E. Yavruyan

SUMMARY

Using of trail cameras and DVRs (Digital Video Recorder) in our re-
searches allows us to observe the behavior and activity of animals re-
motely. Weather and time do not have a significant role, because new
models allow us to shoot at all conditions. In this work we present the
functioning of our digital recorders on the example of the brown rat (Rat-
tus norvegicus).

Keywords: brown rat (Rattus norvegicus), trail camera, synanthropism.
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Q. Q. Twdpwmyul, [.2 Mwuywi, E.9. Sunjpnyuh
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Stuwbjupwhwiny wwppbph b, wjuwbu Ynsyws, «pnunnpu-
Jupnutph» oguugnpénidp dkp hbnnwgnunipniutpnid, poyp b
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ubpQuyuglws E ubp pdught vwpnbph woswwnwbpp Unfupugnyl
wnubkwnh ophwlny (Rattus norvegicus):
Zpdiwpunkp’ Unjupugnijh wnlikn (Rattus norvegicus), $ninnpu-
Jupn, uhtwbppnuhqu:



OLIEHKA JHK-JIUTI'AH]JI CBSI3BIBAHUSI «DJHEPTUEM
JIMHEWHOT O B3AUMOJEUCTBHUS (LIE)»

O.B. I'paéockuii, JI.C. Ynauau

AHHOTAIIUA

B nanHOM craTthe paccMoTpeHO B3aumozelcTsue auranga ¢ JJHK c uc-
MOJIb30BAHUEM METOJla SHEepruu JuHeHHoro B3ammoneiictus (LIE).
ITposenena onenka s¢dexrusnocty LIE mpu B3aumopeiictsuu JHK-
MeTuneHoBbid cuauid U JIHK-Opomucteiii sTuauit. Pacuersl mokasanu
s¢dextuBHOCTs MeToAa LIE, 0 cpaBHEHMIO ¢ APYrMMU METOJaMU IpH-
BOJUT K YMEHBILIECHHUIO 3aTPaT U BPEMEHH IIPU IPOBEICHUH BUPTYabHBIX
JKCIEPHMEHTOB.

Kmouessle ciaoBa: GROMACS, MM/I, B2, MC, THK, LIE.

BBeaenne

B MonekyispHOI NMHAMUKE B KauyeCTBE BBIUHCIHUTENBHBIX METOAOB HCIIOJb-
3YIOTCSl KaK OTHOCHUTENIBHO MPOCTBIE CUCTEMbI PACUETOB: TaKUE, KAaK HCIIOJIb30BaHUE
SMIUPUIECKHUX, CTATHCTUYCCKUAX (CKOPWHT) METOJIOB, TaK M Oosiee TpeOoBaTeIIbHbIC
CHCTEMBI, HAIPUMEP, pacyeThl cBOOOAHOMN sHepriun BosmymeHus (FEP).

IIpu wucnonb30BaHMM STHX METONOB HEOOXOAMMO YYHTBIBATh BO3MOXKHOCTH
OBM, Tak Kak CyImecTByeT 00paTHAasI 3aBUCHMOCTD MEXKIY CKOPOCTBIO (FUTH BEIYUCITH-
TENIFHONW CTOMMOCTH) W TOYHOCTBIO MONYYSHHBIX Pe3ynbTaToB. [lpu nmpaBHiIbHOM BHI-
60ope MEeTOAMK IS IUTaH-TU3aiH, ONTUMM3ALUN COSANHEHUS JIUepa UIH HCCIeno0-
BaHUsI B3aUMOAEHCTBHUS JIMTaH/I-MHUIICHb MO>KHO SKOHOMUTD Kak pecypchl OBM, Tak u
BpeMsl JUIsl KOMIIBIOTEPHOro 3KcrepuMenTa. OIHUM U3 TaKUX METOJOB SIBJIAETCS Me-
tox LIE [1], koTOphIli MCTIONB3YETCS MpPU pacueTax dHEPTHH CBSI3bIBaHUS. JaHHBIHA
METOJ SIBJISETCS YAOOHBIM MHCTPYMEHTOM HpHU (a3 ONTHUMHU3AINH COSANHEHUS JIHJIe-
pa, IpH KOHCTPYHPOBAHMHU JICKAPCTBEHHBIX MPENapaToB, TaK Kak MPEAIaraeT Xopo-
WA KOMIIPOMHUCC MEXIY CKOPOCTBIO 1 TOUHOCThIO. MeTon LIE ocHOBaH Ha CHIIOBBIX
MOJISIX, KOTOPbIE YYUTHIBAIOT KaK IPOCTPAHCTBEHHBIE MapaMeTphbl B3auMOJECHCTBHSA
JIMTaHJ-MUIIEHb, TAK M MapaMeTpbl pacTBOPHUTEN M SHTpomnuiiHele 3ddexter. Tou-
HocTh Meroza LIE, no cpaBHEHHUIO C APYrMMH METOAAMH, JOBOJIBHO BhICOKA. B kade-
CTBE TIpUMEpa MOXHO MPHUBECTH cpenHekBanparuueckoe (RMS) oTkinonenue pacuer-
HBIX DHEPTeTHYECKUX MMapaMeTpoOB OT IKCIIEPUMEHTABHBIX TAHHBIX MeHee ~ 1 Kkai /
MoIb [2, 3], B TO BpeMs Kak cpelHee MpPOU3BOJUTEIHLHOCTh OIICHOYHBIX (IOKHHT)
¢ynkmuit (2-2,5 xkkan/mons) [4]. HecMoTpst Ha TO, 94TO NaHHBIH MeTOA ObUT CO3IaH
JUISl TUTaHA-O0€IKOBBIX B3aMMOJEHCTBUIL, OH UCIONB3yeTCs TaKXkKe AJIs B3aUMOJeicT-
Bus JIHK-nmurann. B Hacrosimedl paboTe pacuuMTaHbl SHEPIUU CBSI3BIBAHUS Ul KOM-
iekcoB JIHK- metunenossiit cunuit (MC) u JIHK-6pomuctsiii stuawii (B3), ncrons-
3ys Meron LIE. Xumuueckue CTpyKTypbl UCIOJIb3YEMBIX JIMTAHIIOB IPUBEACHBI Ha
Puc. 1.
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Puc 1. Xumugeckue ctpykrypsl MC 1 B3, cooTBETCTBEHHO.

MarepuaJ 1 MeTOAbI

[Ipouecc cBsA3bIBaHMSA JIMTraHJa ¢ OMOJOTMYECKHMMH MaKpOMOJIEKYJIaMH MOYKHO
paccMaTpuBaTh Kak IpobiieMy paszeneHus, B koTopom jurany (L) mepemaercs u3 on-
HOW cpepl, T.e. cBoOoaHO B Boje (f) k Apyromy, CBS3BIBAIOIIECTO CaiiTa paCTBOPEHHOM
MakpoMoJIeKyssipHoi mutireru (D) B Boze.

YpaBHEeHHUSs SHEPrUi JTMHEHHBIX B3aUMOJCHCTBUM A OLleHKU ah(UHHOCTH CBS-
3bIBaHUS Ha OCHOBE CPEJTHUMH 3HAYCHUSMH YHEPTUH MOXKHO 3aIlUCaTh B BUJE:

AGy;y = O‘A<U |Vfdsw> + ﬁA<U s > 7
TJIe TTapaMeTp O ABIAETCSA IMITMPHYECKN BBIABICHHBIM HEMOIAPHBIM KO HUIIIEHTOM
MacIITaOHpOBaHUs, 3 — AJIS IEKTPOCTAaTUYECKOro BKJIaga U Y — KOHCTaHTa (XOTs He
CTPOr0 HEOOXOAUMO IS PACUETOB).

BaxHO OTMETHTH, YTO C 3THM ypaBHEHHEM MOXKHO BBIYHCIUTH CBOOOIHYIO 3HED-
THIO CBS3BIBAHUS IyTE€M YCPEIHEHUS JIUTaH] OKPYKaIOLMIUX MOTEHIUAIBHBIX SHEPIUH,
KOTOpbIE COOpaHbI TOJIBKO JUIS ABYX (PM3HMUECKUX COCTOSIHUI IUTaH/a, y4acTBYIOILIETO
B TIpoIlecce CBSI3BIBAHMA: CBOOOIHOE COCTOSHHE (IMIaHi PAcTBOPEHHAs B BOJE

<U|_S>f ) ¥ CBSI3aHHOE COCTOSTHHE (JIUTaHJ B PAaCTBOPEHHOH pelenTope B caifTe CBA-

3BIBAHHSA <U|_S> )

IIpu cozmanuu mopenei MonekynoB MC u B3 ObUTH TTOyYeHBI CHIIOBBIC OIS U
TOTIONIOTHYECKHE (PAIBI ¢ MCHONB30BaHUEM PA3HBIX MPOTPaMM IO OHOMOIIEIUPOBa-
Huto [5-n10]. [ng mpoBeneHUs: KOMIBIOTEPHOTO JKCIEPUMEHTa ObLI MCIOJIh30BaH
¢parment nsynenoueuHoro JJHK (mogexkamep Jlukepcona) B-¢popmsl, coctosmeit u3
12 map ocHOBaHHII CO CIEyIOIIEH MOCIeNOBaTEIFHOCTEIO B COOTBETCTBUU C MPUHS-
TBIMH ITPOTOKOJIAMH 110 OHOoMoiepoBanuio [11].

d(CpCRCRERARARTRIRPCRGRCRE)

b

Cumynsauuy DpoBOAUINCH B IUTaBarolled onuHapHoi TouHoctu. ITapamerpsl cu-
MYJISIIMY IPUBECHBI B Ta0mume 1.
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Tabmuma 1. [TapaMeTpbl cUMyISAITAH

° o < 8 >
O = = g ) = g
5T < z S S FE L~ 5 S E~
58 Egz :  fg g2fszig QE®
5 = =3 S © E M 8 "< E s B
= 2 O > § m E %
o | Csa3zaHHOE
=
g (bound) 10
MC-JHK & 418.65 13314 | 2¢c = 300
2 CpoboaHoe 5
N (free)
o | Csa3zaHHOE
=
Z  (bound) 40
BO-THK s 398.33 12754 2¢c 300
2 Cpoboxnoe 5
N (free)

Pe3yabTaThl u 00CYyXKIEHUS.

Jia uccnenoBaHus BOSMOXHOCTH TpsMoro Bzaumoneicteust b2 u MC ¢ JTHK
6buTH TIpoBeeHs! N Silico sxcrepuMenTHI. MICIOIB3yst METO «CIIETOH CIIoco0», OIH-
CBHIBAIOIIUI SHEPreTHUSCKU BBHITOAHBIC TOYKH B3amMoaeHcTBHS [12; 13], ObutH mOIY-
YeHbl Bo3MOokHbIE MecTa cBs3biBanug b u MC ¢ JIHK. Ha puc. 2 noka3aHsl BO3MOX-
Hble MecTa npsimoro B3aumoneicTeus b3 u MC ¢ JJHK. HyxxHo oTmeTuTs, 4Tto 00€

MOJICKYIIBI B3aUMOAEHUCTBYIOT C MaJIBIM KEJIOOKOM.

)
e =

f{& i

Puc.2 Caiitel cBa3piBanus 11 b3 (a) u MC (0) ¢ JIHK (nozexamep [luxepcona).

ITomydyeHHble MPOCTPAHCTBEHHBIE MapaMETPhl CBSI3BIBAHUS CBUICTEIBCTBYIOT,
4yTO NUraHAbl B3aumojencTByioT ¢ JIHK myTem BHEUIHEro CBS3bIBaHUS, IPU 3TOM,
opuenrtanus MC napaijienbHO MII0CKOCTH JKEI00Ka, pH 3TOM, CBsizbiBaHue B ¢ xe-
700KOM UMEET OTKJIIOHEHHE OT INIOCKOCTH Ha 5 1o cpaBHeHuio ¢ MC.
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bbutH mosydeHsl TaKkKe HEPreTHUSCKUE MapaMeTphl B3aUMOIACHCTBHS IS IBYX
nmurangos ¢ JIHK (ta6:1.2.)
Tabnuna 2. JHepreTHYeCKre mapaMeTphl B3aUMOICHCTBUS HCCIICAYEMbIX KOMIUIEKCOB

Bs3aumonetictBue Kynonosckue Ban-nep-Baansc
K]I>x/Momnb
MC-JIHK -70.1502 -182.074
b3-JIHK -291.071 -121.408

N3 Tab6un. 2. BunHo, uTto B cBsi3piBaeTcs cuiibHee, 10 cpaBHeHHIO ¢ MC, X014
Hafo orMmeruTh, uTo y MC mnonyueHHass BaHn-nep-BaanbcoBas 3Heprus Ha 60.67
KJIx/mMob BoIIIe.

s moydeHus Kputeprs CTaOMIBHOCTH TIPH CBS3BIBAHUN HaMU OBUIM paccuuTa-
HBI cpeHekBaapaTideckue otkioneHus (RMSD) ot ocu crimpamu JIHK. Ha puc. 3 no-
Ka3aHa CTaOMJIBHOCTh JIMTAHIIOB B caiiTax cBs3pIBaHU. [lonydeHHbIE pe3ysbTaThl CBU-
JIETENbCTBYIOT, YTO 00a JIMTaHAa He UMEIOT PE3KUX KO(POPMAIIMOHHBIX CABUIOB BO Bpe-
M1 CBSI3BIBAHHSL, 3TO 03HAYAET, YTO CBS3b SIBILICTCS CTAOMIBHBIM Kak 11 BD, Tak u s
MC.

RMSD RMSD

EBO after 1sq fit 1o EBO MEB after Isq fit 10 MEB

RMSD (o)

a) 0)
Puc.3. CrabunbHOCTB TMTaHIOB B caiiTax cBs3biBaHus Uit B (a) u MC(6).
HWcnons3ys meron LIE, 6bumi paccuntanbl 3HEprUn CBSI3BIBAHUS IS ABYX JIUTaH-

JIOB ¢ MaIbiM xkestookoMm JIHK, koTopeie mpuBeicHbI B Ta0J1.2.
Tabnuua 2. [TapamMeTps! 1 SHeprus CBA3BIBAHUA HCCIenyeMbIx auranzos ¢ JTHK

Kommekc a B Ein AG
KKaJI/MOJIb KKaJ1//MOb
MC-THK 0.695 0.5 -60.283 -12.822

b3-IHK 0.695 0.5 -98.582 -13.621
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Jlyia pacyera mapaMeTpoB CBSI3bIBaHUS JUIsl B B KauecTBE cTaHAapTa ObLT BRIOpaH
ko3 durnuent 0.5. D10 oOBsAcHsETCA TeM, uTo U B u MC SBISAIOTCS HOJOKUTEIBHO
3apspKEHHBIME MoJiekyaamu [14]. Jlnsa koaddunmenta HEMOISIPHOro MacIITabupoBa-
HUsL 0, 6610 BhIOpaHo 3Hauenue 0.695 [15]. Mcmonb3oBanue Toro ke koddduimenta
HETIOJIIPHOTO MAcIITaOWpOBAHUS O ISl IBYX JIUTAHIOB MOXXHO OOBSCHUTH WACHTHU-
HOCTBIO MECT CBSI3BIBAHUS, T.K. H3BECTHO, YTO O 3aBHCUT OT MECTa CBS3BIBAHUSI.

Takum 00pa3oM, MOKHO CIENIaTh BBIBOJI, YTO C IIOMOIIBI0 METOJA «9HEPTus JIU-
HEWHOTO B3aMMOJEHCTBISY MOKHO TIOYYHTh XOPOIINE pe3yabTaThl IPU TOM, UTO 3a-
MYCKAIOTCS 2 CUMYIIALUH, ISl APYTUX METOAOB TPEOYIOTCS 3aIyCTUTD 10 HECKOJIBKUX
JIECATKOB CUMYJISAIHIA, YTOOBI IOJyYUTh SHEPTHIO CBA3BIBAHUSL.
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EVALUATION OF DNA-LIGAND BINDING BY METHOD OF LINEAR
INTERACTION ENERGY/(LIE)

H. Grabski, L. Hunanyan

SUMMARY

This article discusses the interaction of the ligand with DNA using the
method of linear interaction energy (LIE). The efficiency of LIE method
has been evaluated through the interaction of DNA-methylene blue and
DNA-ethidium bromide. Calculations have shown that the effectiveness
of the method of LIE, compared with other methods as it reduces the cost
and time for virtual experiments.

Keywords: GROMACS, MD, MB, EB, DNA, LIE.

TuE-LPQULY ONULTESNREEUL FLUZUSNRUL «X0UShL
ONULTESNRE3UL ELEahUSH (LIE )» UGHENYNY,

2.9 Qpuipulih, [.U. Zoihwubyuiy

uvonenkrU

Uotuwnwlipp  udppywué L Yu@-Lhquun thnjuwqnbgnipjut
niunitwuhpdwip oquuugnpsdtinyg «géwjhtt thnpiwuqntgnipjui
tutipghuyh (LIE » dbpngp: Nuunidtwuppydl) E Yul-h htn k-
phikt  Juymynh b Ephphoud  ppodhnh thnjuowgpbgnipub
wnwidtwhwwnynipinibubpp LIE dbpngh ogumipjudp: Unnugdus
wpnibuptbpp Jyuynud G, np LIE dbpnnp wy dbpnnubph htn
hudbdwnws hwtwpwynpnipnit £ nwhu puwgbing Jhpunniug
thnpdtph juunupdwt dudwbwlp, hwubl] dogphn wpyynitp-
ubkph b nwghntwy oqunugnpst] hwdwljwpgsh nkuniputkpp:
Zpdiwpunkp’ GROMACS, U, ER, U4, VU@, LIE:



UCIOJb30BAHUS GPU B KAUECTBE COITPOIIECCOPA
IMPU PACUETAX MMPOLIECCOB MO.JIEKYJISIPHOM
JTUHAMMKHA

O.B. I'paockuit, JI.C. Ynauau

AHHOTAIWUA

B paborte uccnenoBanbl BO3MOXKHOCTH rpadudeckoro npoieccopa (GPU)
IpU  TIPOBEIICHUU MOJICKYJIAPHOTO MOJICIUPOBAaHUs Ha Iuatrdhopme
GROMACS. TIpoBenén cpaBHUTENBHBIA aHANINA3 PE3YJIHTATOB, MOIyUEH-
HBIX JUIS KJIACCHYECKOTO MOJICTTMPOBAHUS C UCIOIb30BAHUEM OCHOBHOTO
(CPU) u rpaduueckoro (GPU). Pe3ynbraThl mokasaiu, 4TO HCIIOIb30Ba-
Hue GPU B kadecTBe COMpOIecCOpa YBETHYMBACT MIPOU3BOIUTEINFHOCTD
u 3¢ dexruBHOCTH MporieccoB DBM npu MOJETHPOBAHUH.

Kmouesnie ciioBa: CUDA, GPU, GROMACS, IHK.

Beenenue

B Hacrosiiiee BpeMs Ui CO3JAHUSI MOJICKYJISIPHBIX MOJEJICH U MPOBEACHUs iNn
silico oKCTIepIMEHTOB HCTIONB3YIOTCS Pa3Hble MAKEeThl IIPOTPaMM, KOTOPhIE 00ecTeyH-
BAIOT KaK BUPTYyalbHOE KOHCTPYHUPOBAHUE MOJIEKYJ, TaK U MPOLECCH B3aUMOJCHCT-
BHSI TE€X WJIM UHBIX Mozenel [1]. MonekynspHas TMHaMHUKa UCIIONB3YeTCs ISl OTCIIe-
JKUBAHUS SBOJIOIMY CHCTEMBI YaCTHII, OCHOBAHHOW Ha B3aUMOJCHCTBUN MEXIY HIMH.
Ona ucnonb3yercst B (QU3MKe, OMOJIOTUH, B MPUKIAJAHON MaTeMaTHKe U XUMHH, TJIe
CHCTEMBI B pa3Mepe IO HECKOJBKUX MUIJIMOHOB aTOMOB MOJAEIMPYIOTCS B TEUEHHE
HECKOJBKHUX HE/IENb WU MECSIIIa.

Henbio sBISIETCS MCCIEIOBAaHIE UCIIONB30BaHUS rpa)UuecKoro mporeccopa Ui
ycKopeHusi pacyeToB. [losydeHHbIe HaMU pe3yJIbTaThl MOKA3bIBAIOT, YTO TPAJUIIMOH-
HOE MOJICJIMPOBAaHKE MOJISKYJISIPHON AMHAMHUKH MOXKET OBITh 3HAUYUTENBHO YIy4IIeHO
IpY BBIOJTHEHUH CHMYJBIIUHN OT 1 THS 10 HECKONBKUX JacoB. HecMoTpst Ha BBIUHC-
JUTENbHBIE MOITHOCTH, IIPEIOCTABISIEMBIE COBPEMEHHBIMU TpadHISCKIMHU MPOIIeCCO-
paMU, OHU TPaJULUOHHO OBUTH OIPaHMYEHBI K JJOMEHY IpaduKK B 3HAYNTEIBHOM CTe-
MIEHU M3-3a UX OTCYTCTBHS IIPOrpaMMHpoBaHus. J[0 HeaBHEro BpeMeHH rpaduieckue
MPOIECCOPBI MOTJIM OBITh 3apPOrpaMMHUPOBAHBI TOJNBKO uepe3 rpaduyeckuii API, Ha-
npumep, DirectX nnmm OpenGL. Ho ¢ mosiBnennem miatpopmer CUDA ot Nvidia B
2007, GPU cranu mmmMpoKo UCIOIBb30BaThCsl KaK BHYTPH, TaK U 3a €€ Ipe/ienaMu Hayd-
HBIX KpYToB [2].

OnmHUM 13 IPOTPAMMHBIX TAKETOB JJISI MOJICKYISIPHON TIMHAMHKH, KOTOPBIA CIIO-
co0eH HCIONB30BaTh IpadecKre MPOIeccophl B Ka4eCTBE COMPOIEcCOpa Ha CEro-
JHSIIHUI 1eHb, sBiseTcs GROMACS [3].

B Hacrosimiee Bpemst HanOosee 3(ppeKTUBHBIMU [Tl AMHAMUKY SIBISIOTCSI TETEPO-
TeHHBIE CHCTEMBI, NPEACTABIIONNE cO00i BBIYMCINTENbHBIE KIIACTEPHI, Y3JIbI KOTO-
peix comepkat kak CPU (uenTpanpHbIil mpomeccop), Tak 1 GPU (rpadudeckuii mpo-
IECCOP MITH COTIPOIIECCOD).
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Takum 00pa3oM, POBEJICHUE UCCIESIOBAHUIA MPOLIECCOB THHAMHUKHN B3aUMO/ICH-
CTBHS OMOJOIMYECKU AKTUBHBIX HU3KOMOJICKYJSIPHBIX COEIUHEHUH pa3auuyHoil mpu-
ponst ¢ IHK TpeOyer peanmusanuu MOJIEKYISIPHO-TUHAMUYECKUX MOAENEH NpH Io-
MOIIM YHUCICHHBIX METONOB, OPHEHTHPOBAHHBIX Ha HCIIOIH30BAHHUE COBPEMEHHBIX
BBICOKOTIPOM3BOIUTENBHBIX aJITOPUTMOB M TePadIONCHBIX T'€TePOT€HHBIX BBIYHCIIH-
TENBHBIX cUcTeM, conepkanmx kak CPU, tak u GPU.

MarepuaJ 1 MeTOAbI

TecToBBle pacueThl NMPOBOAWIMCH Ha BBIUHCIHTENbHOU cucteme ¢ CPU Q6600
2.4 GHZ, GPU NVIDIA Geforce GTX 960 ¢ 1024 CUDA[4] siapamu (3T0 — apXHUTEK-
Typa mapamutensabix Berauciennii ot NVIDIA), 8GB O3V, omneparsonHo# cucteMoit
Ubuntu 14.04 64 bit, kommuasitopamu GCC v.4.8.4, CUDA v.5.2.

IIpu co3ganum Mojeneit MOJIEKyJIOB METUIICHOBOTO CHHET0 U OPOMHUCTOTO STHIUS
OBLIN MOJTYYCHBI CUIIOBBIC MOJISI X TOIOJIOTHYECKUE (DaiIIbl C MCIIOTB30BAHUEM Pa3HBIX
Iporpamm 1o OouomojeupoBanuio [5—9]. s mpoBemaeHnsT KOMITBIOTEPHOTO JKCITe-
pUMeHTa OB MCIIONb30BaH PparMeHT asynenodeuHoro JIHK (momexamep Iukepco-
Ha), B-popmbl cocTosmmii u3 12 map OCHOBaHMI CO ClEAYIOLIEH MOCIe0BaTENbHO-
CThIO B COOTBETCTBUU C IPUHATHIMHU MPOTOKOIaMHU 1o Ouomoaenuposanuto [10]. Cu-
MYJISIIAHA TIPOBOIIIIUCEH B TIABAMOMIEH OAWHAPHON TOYHOCTH.

d(©CpG P CP G PA Y A RINIRINRPERG RPEPRG)

Bpems cumynsimun — 40Hc, BpeMeHHOH miar At = 2 ¢¢, TpH NOCTOSTHHOM TeMITe-
parype T=300 K u naBnenuem B 1 atm.

Bbeimn monydens! 20 nepBUYHBIX MOAENEH, Kaxaas U3 HUX no 2Hc, 10 — B3aumo-
neiicteus metunenoBoro cudero JIHK, 10 — B3aumopelicTBUS OPOMHUCTOTO STHAHUS C
JHK.

Pe3yabTatsl 1 00CyxKI1€eHUS.

B pabote mpencTaBieHsl pe3yabTaThl BpeMs BBITOJHEHUSI CUMYJISIVH JUTS B3aH-
MozercTBUsT OpomucToro 3tuaus u MetwienoBo cuHero ¢ JIHK (momexamep ukep-
cona) Ha CPU, GPU u na CPU+GPU. Bepcus na GPU peann3oBaHa npu moMoIm
porpaMmHo-anmnapatHoi apxutektypsl CUDA.

Ha puc. 1 nokazano Bpemsl pacyera B 3aBHCHMOCTH OT YHCJIa YaCTHI[ B paccMat-
pUBaeMOM cHCTEME JUTSl YMCEN ¢ TIaBaOIICH TOUKON OMHAPHON TOYHOCTH.

W3 puc. 1 Buano, uto GPU, no cpaBuenuto ¢ CPU B 6.3-8.0, OpicTpee, a cymiect-
BeHHoro pasnuaus Mexay GPU u CPU+GPU ne BugHo.
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Speedup of Simulations

Il CPU
Il GPU
I CPU+GPU

time(min)

DNA-EBO

Puc.1 Bpewmst BBITOTHEHUS] CUMYIIALUH IS B3aiiMOIeCTBHE OPOMUCTOTO
stunus 1 MetiieHoBo curero ¢ JJHK (monexamep JukepcoHna).

Ha puc. 2 noka3aHo Bpemsi pacyera B 3aBUCHMOCTH OT YMCIIa YacTHIl B pacCMaT-
pHBaeMbIx cucTeMax. TakuM 00pa3oM, MOXKHO CHIENIaTh BHIBOJ, YTO JOCTHTHYTA OYCHb
Xopomrasi IpousBoguTenbHOCTh Ha GPU, Onarogaps YCKOpEHHIO ITpOBEIEHHS
pacueros, 1o cpaBaenuto ¢ CPU, B 6.3-8.0 pas.

— CPU -
-~ GU .-
aol| - CPU+GPU -

600 e

200 P

5000 10000 15000 20000 25000
number of particles

Puc.2 Bpems BbINOJIHEHMS B 3aBUCHUMOCTH OT YMCJIA YACTHI C MJIaBaIOIIEH
3arsITONH OJMHAPHONW TOYHOCTH.
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Ucnonw3oBarnne GPU mo3BossieT JOCTHYE XOPOIIEro YCKOPSHHSI, TyTEM CHIDKE-
HUsS OOIIel BBIYUCIUTEIBHON CIIOKHOCTH arOpuT™Ma. Peanmsarusi CTPYKTypHl JaH-
HeIX Ha GPU sBNsieTCs MepCreKTHBHBIM HAMPABICHUEM LTS YCKOPSHHUS POBEACHUS
pacyeToB paccMaTpHBaEMBbIX 3aadax.
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USE OF GPU AS A COPROCESSOR IN THE CALCULATION OF MOLECULAR
DYNAMICS SIMULATIONS

H. Grabski, L. Hunanyan

SUMMARY

The aim of the study is the investigation of graphics processing
unit(GPU) performance and efficiency for molecular dynamics simula-
tion using GROMACS software package. Comparative analysis of the
results obtained for the classical modeling using the main (CPU) and
graphics (GPU) showed that the use of GPU as a coprocessor increases
productivity and efficiency of computer simulation processes.
Keywords: CUDA, GPU, GROMACS, DNA.

GPU-b OQSUGNIONRUC NONEU ZUUTNCNSEUNC UNLBUNRLUSPL
LU UPYUSP 2UCYUrYU UL ¢NOCLEUSNRU

2.9 Qpupulh, [.U. 2ol

uvonenhu
Usluwwnwtipp thpyws b unjEynyughtt ghtwdhuyh hwydup-
Jdwt gnpépupwugnid mbkuwpwpnh junwpnnquijuih b wpnni-
twybnnipjut niunidtwuhpnipjutipn, oquuugnpstingy GROMACS
dpwgpuyhlt thwpkpp. Zudbdunwlwb epmsnipjut Eu k-
punyyt] nuguws nuuwluwib dnphjuynpiut hwdwp oquw-
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gnpdynn  hhdtwlwl CPU-h b qpudhljuljuc GPU-h wprniup-
ubpp, npnup wywgnignid ki, np GPU-h oquuugnpénidp npyku
hwdwwypngbunp dkdwgunid t hwdwlwpgsh husybu gnpéni-
ubnipjul wpnwnppnpuljwinipniup wytybu b doghjudnpdwi
wnpyniiwyinnipniun:

Zpdiupunkp’ CUDA, GPU, GROMACS, U

149



150

NU3MEHEHUE YPOBHSI MCP-1 B CIIMHHOMO3I' OBOM
JKUJIKOCTU U HAPYILIEHUE HEKOTOPBIX
HNOBEJEHYECKHUX PEAKLIUI TP PACCTPOMCTBAX
AYTUCTUYECKOI'O CIHEKTPA Y KPbIC

K.C. ®epewmieman, M.J3. Aupaneman, M.JI. Mupyman, K.b. Enkosan

AHHOTANIIUA

PaccrpotictBa ayrucruyeckoro criektpa (PAC) SBISIOTCS KOMIUIEKCOM
HEBPOJIOTHYECKUX HapyLICHUH, NPOSIBISAIOIIMECS CTEPEOTUIIHBIM HIIN
MOBTOPSIOIINMCS TIOBEICHUEM, HapyIICHUSAMU BepOalbHON M HeBep-
OanbHOI KOMMYHHKalMi. B maTorenese TaHHOTO paccTpoiicTBa BaKHOE
3HaYeHUE WUMeeT NUCPYHKIUS UMMYHHOI CHCTEMBI, ONpeNeIsIonasics
MOBBIIICHHBIM YPOBHEM psAla LIUTOKWHOB B MO3TOBOM TKaHM, CIIMHHO-
MO3TOBOH KHJIKOCTH U B IJIa3ME KPOBH.

B nannoit pabote Hamu ObL1 onpenenieH ypoBeHb MCP-1 B niepedpociiu-
HAJIbHOM JKUJIKOCTH JKUBOTHBIX IPHU 3KCIIEPUMEHTAIBHOM MOJICIHPOBa-
Hun PAC Ha paHHHX 3Tanax MOCTHATAILHOTO Pa3BUTHS, a TAKKe ObUIH
UCCIIEIOBaHbl HEKOTOPBIC MMOBEICHUSCKHE PEaKIIMU KHBOTHBIX C IEIBIO
BaJIM AN MOJIEIIEH.

Pesynbrarsl npoBeAeHHBIX SKCIEPUMEHTOB BBISIBUJIH ITOBBIIICHHE YPOB-
Hs1 MCP-1 Ha 60 neHb MOCTHATAIBHOTO Pa3BUTHS B IepeOPOCTIMHATBLHOMN
JKUJIKOCTH JKUBOTHBIX MPU TOBPEKACHUH MUHJIAJIIEBUIHOTO siipa HOOTe-
HOBOH KHCIIOTOW M MEXaHMYECKOT'O IMOBPEKICHUSA YEpBsl MO3XKeuka, a
TaKXKe YJIy4IICHUE JIBUTaTEIIbHOW KOOPIMHALUHU >KUBOTHBIX DKCIIEPH-
MEHTaJIbHOM TPYyMNIIbL.

TakuM 00pa3oM, COMOCTaBIISAl M3MEHEHHS OMOXMMHUYECKUX M MOBEACH-
YECKHX JaHHBIX, MOXKHO 3aKJIOUUTh, yTO BocnaneHue npu PAC unaymnu-
PYET NOBCACHYCCKUEC HN3MCHCHHSA, BBIPAXKCHHBIC YJIIYUIICHHUCM JBUTa-
TEJbHOW KOOPJMHAIIMH U TIOHWKEHUEM TPEBOXKHOCTH.

KuroueBble cjioBa: paccTpoiicTBa ayTHCTHYECKOrO CIIEKTpa, MOHOIU-
TapHBIA XeMOATTPaKTAHTHIN OesIOK-1, IBUraTeIbHAs KOOPJHMHALMS.

BBenenune

PaccrpoiictBa aytuctnaeckoro crektpa (PAC) saBIstOTCS KOMITIEKCOM HEBPOJIO-
TMYECKUX HapylleHUH, nopaxatomux okoso 1% nereit B CLUA [1]. Tunuunas cumn-
tomatrka PAC mposBiseTcst y)ke B paHHEM BO3PACTe M OMPEIEIAETCS CTSPEOTHITHBIM
WIA TIOBTOPSIOUIMMCS TMOBEICHUEM, HApYIICHHSIMU BepOaIbHOW U HEBepOATbHOM
(Hamp. T7Ia3HOM KOHTAKT) KOMMyHHKanui. COTiIacHO MATOMY M3JaHUIO PYKOBOJCTBA
IO JMATHOCTHKE W CTAaTHUCTHKE IcuXxmiyeckux paccrpoiicts (Diagnostic and Statistical
Manual of mental disorders, DSM-V), k PAC otHOCSIT cCHHIpOM Acmieprepa, CHHAPOM
Kannepa, curnpom PeTrta, neTckoe qe3WHTETpaTUBHOE PAacCTPOMCTBO, Hecneruduye-
CKOE MepBa3MBHOE HapyIICHHUE pa3ButTHs [2] .

HecMmoTpst Ha MPOAOIDKUTENFHOCTD HcclienoBanuii, stuonorus PAC ocraetcs He-
W3BECTHOM. JlaHHBIC MOCICTHUX HCCICIOBAHUA MOMHMO T'CHETHYCCKUX U CPEIOBBIX
(aKTOPOB YKA3bIBAIOT TAKIKE HA BOBJICUCHHOCTH IITUTCHETHUCCKUX (HAaKTOPOB B IeHE3e
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aytusma [3]. HeilipoBusyanu3alMoHHbIE W HEHPOPHU3MOIOTHUYECKUE KCCIICIOBAHUS,
MPOBEJICHHbIE Yy MHOTUX JeTel, crpanaroumx PAC, BBISBUIM IIpe- U MOCTHATAIbHbIE
HapyIIEHUs] Pa3BUTUS Pa3HBIX OTIEIOB TOJIOBHOTO MO3Ta, B YaCTHOCTH, MO3XKEUKa,
MUHIAJICBUIHOTO Tella, BEHTPOMEHALHOU MPeppOHTATBHON U PPOHTOOPOUTAIEHON
Kopbl [4]. MHorue wucciaelnoBaHHs JOKAa3bIBAIOT HAIWYHE NUCOYHKIIMA WMMYHHOM
CHUCTEMBI TIPU PAcCCTPONCTBAX ayTUCTHYECKOTO CHeKkTpa. B wacTHOCTH, HabmogaeTcs
aKTUBAIUSl MUKPOTJIMH, MOBBIILIEHHE YPOBHS MPOBOCTIAIUTENbHBIX TUTOKUHOB B MO3-
TOBOH TKaHHM, IIepeOPOCTTMHATEHON KUJIKOCTH B IIa3Me KPOBH, a TAKXKE ITOBBIIICHHBIH
CHHTE3 [IUTOKMHOB NIeprU(epUIECKIMHA MOHOHYKJICAPHBIMHU KJIETKaMHU KPOBH [5].

B cBsi3u ¢ 3THM, B IaHHOW paboTe HAMHU OBLI ONPENENICH YPOBEHb MOHOIIUTAPHOTO
XeMOaTTPaKTaHTHOTO Oelika-1 B 1epeOpOCIMHANBHON JKUAKOCTH JKUBOTHBIX MPHU JKC-
MIEPIMEHTAIFHOM MOJIEITHPOBAHUN PACCTPONHCTB ayTHCTUIECKOTO CIEKTPa, a TAKXKE OBI-
JI0 TIPOBECHO MCCIIENOBAHNE TOBEACHHS JKUBOTHBIX C HEIBIO BATUIAIINN MOJEICH.

MomnonuTapHslii xeMoaTTpakTauTHeIl Genmok-1 (Monocyte chemoattractant pro-
tein 1, MCP-1) u3BecTeH Kak CUTHAJ aKTUBALUKM U MUTPAI[MA MOHOIIUTOB, T-KJIETOK B
30HY MOBPEXIACHHON TKaHW. B 1eHTpanbHoil HepBHOU cucteme MCP-1 Takke momy-
JMPYET MPOIecC MUTPALIIH MUEIIONAHBIX KIIETOK B 30HY BOCCIIAJICHUS WIH MTOBPEKIE-
HUS, T.H. IPH UIIEMUH, 00JIe3HN AJblreiiMepa U SKCIEPUMEHTATIBHOM ayTOMMMYHOM
sHiedanomuenure [6]. MHorue rpymnisl, ucciegoBasiire yposeb MCP-1 B pa3Hbix
CTPYKTypax TOJIOBHOTO MO3Ta, a TAK)KE B CHIBOPOTKE KPOBHU Yy JETEH, CTpaJalomuX ay-
THU3MOM, JIOKa3bIBAIOT IOBBINICHHE €ro ypoBHA. OUeHb 4acTO MOBBIMICHHAS MPOIYK-
uust MCP-1 cBsi3aHa ¢ HapylleHHEM HOPMAJbHBIX MOBEIEHYECKUX PEaKIUid U ajar-
TUBHBIX (YHKIMH [7].

MarepuaJibl U METOABI.

Kueommnuie

OKCIEpUMEHTHI MTPOBOJMIINCE Ha TAOOpaTOPHBIX OENbIX OSCIIOPOJHBIX KpBICAX,
MPEIOCTAaBICHHBIX BUBAPHYMOM MEIUIIMHCKOTO TOCYAapCTBEHHOTO YHUBEPCHUTETA
uM. 'epann (EITMYV), cornmacHo npasuinaM Otuueckoro komutera EIMY. Hccneno-
BaHUsI MPOBOJIMJIMCH HA HOBOPOXKICHHBIX KHBOTHBIX, KOTOpBIC 10 30 JHEBHOTO BO3-
pacrta comepkanuch ¢ Marepbio. [locie 4ero OBLIM M30MMPOBAHBI M COACPIKAIICH B
CTaHIAPTHBIX YCIIOBHSAX BHUBApHs, B IUIACTHKOBBIX KIIETKaX C MEJKOU IpeBecHOU
CTPYXKOH, He O6osiee 4 ocobell B KIIeTKe, KOPM M BOAY MOTydain 0e3 orpaHu4YeHUH.

Ikcnepumenmanvnoe mooenuposanue PAC

XUpypruvaeckoe BMEMIATeILCTBO MPOBOIMIOCH HA 7 NIEHb IMOCTHATAIBHOTO pas-
BUTHS JKUBOTHBIX B YCIIOBHSIX THIIOTEPMUYECKOW aHECTE3WH IyTeM OHaTepaibHOTO
BBEJICHUsI HMOOTEHOBOW KHCIIOTBHI pa3BeleHHOW B HaTpui-pochaTtHOM Oydepe
(3ug/0.3ul) u sxBUBaNEHTHOrO OOBEMA (PHU3UOTOTHUECKOTO PACTBOPA KMBOTHBIM KOH-
TpoJIbHOU TpymIiel. JKUBOTHBIE (PUKCHPOBATIHCH B CTEPEOTAKCHIECCKOM arllapaTe, Mo-
TU(QHUINPOBAHHBIM JUIsI pabOTBI ¢ HOBOPOXKIEHHBIMHU. [ MOBPEkKACHUST MUHIAIIE-
BUJIHOTO SJIpa HCIIOJb30BAIKMCH CIEIYIOIIME KOOpAMHATHI: +3.8 MM JaTepajbHO OT
CPeAMHHON JHHUHU, | MM KayJaabHee OT OperMbl, Mriia BBOAWIACH HA TIIyOUHY 6 MM
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OT BHYTpPEHHEN MOBEPXHOCTH Yepena no yriaoM 4 . Jliist BBeJeHns pacTBOpa HOOTEHO-
BOM KHCIIOTHI Hcrosis3oBaics mmpui; [ammnstona 10 mxa (Hamilton Co, GAS-
TIGHT®1801), ckopocts BBeaeHus cocrapistia 0.1 MKI/MUH, WIJIa OCTaBISUIACH HA
MecTe BBEICHHUE B TEUCHUE 3 MHUHYT, IIOCIIE Yero n3Biekanack. Koxka 3ammBanace my-
TEM HaJIOKEHHS ITPOCTOTO Y3JIOBOTO IIBa, paHa 00padaThiBaiaCh aHTHOMOTUKOM IIIH-
pokoro cnekrpa (ounH 5). [ToBpexxneHune uepBsi MO3KedKa IIPOM3BOIMIIOCH B TEX
e YCIIOBHSIX, B KaUeCTBE CTEPEOTaKCHYECKUX KOOPIMHAT HCIIOIb30Bajlach TOYKA HU-
XKe MepeceyeHus JaMOJOBHIHOTO U CTPEIIOBHUAHOTO IIIBOB Yepera.

Ilogedenueckue uccnedoganusn

Ha 30-35 u 60-65 nHM moCTHATaIBFHOTO Pa3BUTHS KUBOTHBIE KOHTPOJIBHOH M
SKCIIEPUMEHTAIBHOM TPYHII MPOXOAWIN TECTUPOBAaHHE B «IIPHIIOJHATOM KpPECTOO00-
pa3HOM JTaOUPUHTEY M HA «POTAPOJIELH.

TecT «npUTIOMHATHIA KPEeCTOOOPA3HBIN JIAOMPUHT» OBUT BHIOPaH B KauecTBE OJI-
HOTO M3 INMPOKO HCIIOJB3YEMBIX JUIS OLIEHKH TPEBOXKHOTO COCTOSIHHS JKHBOTHOTO.
YcTaHOBKA IMpeAcTaBiseT U3 ceOs MpUIOAHATHIN Ha 50 ¢M OT mosia JabUpUHT ¢ ABYMSI
OTKPBITBIMH ¥ IBYMS 3aKPBITBIMH pyKaBamu 1iuuHOU 50 cm m mupuHon 10 cm. XKu-
BOTHOE IOMEIMIANIOCH B LEHTpE JIAOMPHHTAa HOCOM B 3aKpPHITHIA pyKaB, HalbHEHIIee
MIOBEJICHUE PErHCTPUPOBAIOCH BUACOKAMEPOHl B TeueHue 5 MMHYT. MccienoBanuch
CIIeIyIOIME MOBE/ICHYECKUE [TOKAa3aTeIN: YUCIO BXOJOB/BBIXOJOB B OTKPBITHIC U 3a-
KPBITHIE pyKaBa JaOMPUHTA, [UTHTEIFHOCTh HAXOXKACHUS B OTKPHITHIX PyKaBax, B IICH-
Tpe U 3aKPBITHIX PYKaBax JIAOUpPHUHTA.

Jns vccnenoBaHUs JBHTAaTeIbHOW KOOPIWHAIIMM M JBUTATENBHON MaMATH KH-
BOTHBIX OBLT BBIOpaH TecT Bpaarorerocs mwmHapa “RotaRod”. JKuBoTHbie mome-
IIAJFCh Ha BPAIIAIOMINANCS C IOCTOSIHHOW CKOPOCTHIO IMJIMHAP II0 HAIPABICHHIO
IBIDKEHHS. Ha MpomomKUTeIbHOCTH TPeX MUHYT (PHKCHPOBIOCH BPEeMS MaJICHUS JKU-
BoTHOTO. [Tocie 4ero »KMBOTHOE BO3BPAILlAJIOCHh B KIETKY C KOPMOM H BOjoW. TecTu-
pOBaHUE MOBTOPSAJIOCH TPUXKABI C UHTEPBAJIOM 15 MUHYT, CKOPOCTbH BpallleHUs LIWINH-
npa MeHsutack 20 06/mMuH, 25 06/MuH, 29 00/MHH, cooTBeTcTBEHHO. [Tocie kaxmoro
YKHBOTHOTO MOBEPXHOCTH IIITHHApa oOpadateiBanack 30% CIIHPTOBEIM PacTBOPOM.

Buoxumuueckue uccnedosanusn

Ha 60 neHp mocTHaTanbHOTO Pa3BUTHUS MPOBOAMIACH ITyHKIHUS IepeOpOCTIHHAIb-
HOU >KHJKOCTH IOJI ypeTaHOBBIM Hapko3oM (1.2r/kr) [8]. Hdus onpenenenus MCP-1
HCTIONB30BalIcss MeTo] uMMyHodepmenTHoro ananmuza (MDA). MCP-1 BbisBISIHN C
MOMOIIBI0 KoMMepueckoro Habopa ratMCP-1 assay kit (REF JP17176, IBL Interna-
tional GMBH, Germany).

Pe3ynbTaThl HCCJIENOBAHMI M UX 00CYKIeHHE

Hzmenenue yposus MCP-1 ¢ uepoopocnunanvroit scuoxocmu

Pe3ynbraThl TpOBEEHHBIX SKCIIEPUMEHTOB BBISBUIIM, YTO TPHU TOBPEXKICHUN
amMuraansl K"ooTeHoBOW kucinoTor koHieHTpamus MCP-1 Ha 60 1eHb MOCTHATAILHOTO
pasBUTHSI B [epeOPOCITHHATBHON JKHUAKOCTH cocTaBmia 36,72 +4.8 pg/ml, uro B 0.9
pa3 BBILLIE MHTAKHOTO U B 1.2 pa3 KOHTpoabHOTrO 3HadeHul. [Ipu MogenupoBaHuu Mo3-
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JKEUYKOBOTO TOBPEXAECHUS Ha 60 JeHb IMOCTHATANBHOTO PAa3BUTHA KOHIICHTPALUS
MCP-1 B nepedpocnuHansHOU xuakocTu cocrasuna 41,03+6.1 pg/ml, uto B 1.3 pasa
BBIIIE KOHTPJIbHOTO ToKa3zaTens (Puc.1).

Kak mpu moBpexieHrr aMUrjaibl HOOTCHOBOM KHUCIOTOMH, TaKk M MPH MeXaHU4e-
CKOM TIOBpE&XJIeHNH MO3Keuka KoHmeHTpaius MCP-1 B niepeOpocMHANBHOMN KHIIKO-
CTH POCIIA: €CJIH B TPYIIIE «aMUTIaay, HaOIAanach TEHICHIIMS K TOBBIIICHUIO, TO B
TpyIIe «MO3KEYOK» MOBBINICHHE OBLIO SIBHBIM. [Ipr 00CYKICHUN MOIEIN «aMHIIa-
Ja» MBI cuuTaeM Oojiee Ienecoo0pa3HBIM CPAaBHEHHE NAHHBIX 3KCIIEPUMEHTAIBHOMN
TPYIIIBI )KHBOTHBIX C JAHHBIM KOHTPOJBHOM TPYHIIBI, HEKEMH WHTAaKTHOH. ToT ¢axr,
4TO B rpymme «amurgana» koHreHtparmu MCP-1 Bepocia MeHee BBIPaXEHO, IO
CPaBHEHHUIO C MO3XKEUYKOBOH, CBUIETENBCTBYET O TOM, YTO, MO BCEH BEPATHOCTH, MO3-
JKEUYKOBOE TTOBPEKICHUE IPUBOIUT K O0Jiee BRIPAKEHHOW XpOHHU3AIMH BOCTIaIeHus. B
o0onx ciyJasx HOBpeXIeHHe OBUIO CAETaHO Ha 7 JCHb MOCTHATAILHOTO Pa3BHUTHS,
YTO COOTBETCBYET MEPBOMY IMOCTHATAIBHOMY JHIO PAa3BUTHUS YEJIOBEUECKOTO FOJIOBHO-
ro mMosra, a aerekuust MCP-1 B niepeOpocnnHaiIbHON RKHUAKOCTH — Ha 60-bIii OCTHA-
TaIbHBIN NICHb PAa3BHUTHS, YTO COOTBETCTBYET S-JIETHEMY BO3pacTy deloBeka. DaxTu-
YEeCKH, BOCTIAINTEIBHBIA (DaKTOp, HHAYIHPYEMbI MOHOIIUTAMH, HIIH OCTAETCS aKTHB-
HBIM Ha MPOTSKEHUU BCETO BPEMEHM, WIH IKCIPECCUPYET B KAKOW-TO KOHKPETHBIMH,
HaM HEM3BECTHBIN cpok. Eclii UCXOIUTH OT TOW UAEH, YTO (PaKTOP MOBBIIACTCS CPas3y
MIOCIIe IOBPEXIEHHS (4TO HanboIIee BEPOSTHO, TaK KaK HOOTEHOBASI KHUCIIOTA SBIICTCS
HKCAMTOTOKCHYIHOMW, a yIaJleHHe BEpMHCa caMo o cebe HHAYIHUPYET BOCHaleHHe Kak
MUHHMYM Ha MECTE MOBPEKACHU), TO MOANepKaHue Bbhicokoro yposers MCP-1 Ha
MPOTSHKEHUH JABYX MECALEB, IO BCeW BEPOATHOCTH, CBUIETENLCTBYET O HATUYUU MeE]I-
JICHHO TIPOTEKAIOIIETO XPOHNIECKOTO BOCHAJICHUS C PAa3HOU CTETICHBIO BEIPAKEHHOCTH
B 3aBHCHMOCTH OT MOJENH JKCHEPHUMEHTAabHOTO ayTu3Ma. ToT ¢akr, 4To B MOAEIH
«amuraana» xonuentpauss MCP-1 nocie BBeneHust HOOTEHOBOM KUCIOTHI MOBBIIIA-
ercsi 6oyiee CyIIECTBEHHO, IO CPaBHEHHUIO C MHTAKTHOU (15.7%), a He KOHTPOJILHOM
rpymmnoit (9,2%), BO3MOKHO 00YCIOBJIEH (PaKTOPOM MEXAaHHUYECKOTO ITOBPEKICHHU,
KOTOPBIN B CIy4ae aMUTIAJIbl IIPHHIUITAAICH, UCXO U3 «TOYCUHBIX)» Pa3MEpOB sIpa.

Iloeedenue rcueomuvix 6 mecmax “rotarod” u «npunOOHAMBbLIL KPecmooopas-
HbLIL 1a0upunmy

PesynpTaThl IPOBEICHHBIX MOBEICHYCCKAX TECTOB BBIABIUIM, YTO HKCIEPHMEH-
TaJIbHBIE XUBOTHBIC TPOSBILIIOT 0OJNee KOOPIMHHPOBAHHYIO JBHTATENBHYIO AKTHB-
HOCTb, BBIPXKAIOIIYIOCS OoJiee JUIMTENbHBIM MPOOETOM Ha BPALIArOIIEMCs IIITUHIPE
tecta “rotarod”. Jlanusie Tecta, mpoBeaeHHOrO Ha 30 MOCTHATAJIBHBIN ICHb PA3BUTHS,
MOKa3bIBAIOT, YTO KUBOTHBIE IKCIIEPUMEHTANBHOM IPYIIbI «aMHUTAallay OCTAIOTCS Ha
uunuaape 120 cexyH, a »KMBOTHBIE KOTPOJIbHOM rpyninsl — 90 cexyna. JlaHHble TecTa,
IIPOBEZCHHOr0 Ha 60 MOCTHATAJIbHBINA AEHb Pa3BUTHsL, COOTBETCTBYIOT CIIEAYIOIIMM
3HaueHueM — 60 u 50 cekyHA, COOTBETCTBEHHO. Pe3ynbTaThl TeCTa JKUBOTHBIX C MO3-
JK€UKOBBIM MOBPEXKICHUEM MMOKA3bIBAIOT YBEIHMUEHNE BPEMEHH, POBEIEHHOIO Ha LU~
nmuHApe Kak Ha 30, Tak v Ha 60 JHHU MOCTHATAILHOTO PAa3BUTHS, COOTBETCTBEHHO, B 1.5
1 2 paza OTHOCHUTEIbHO KOHTpous (Puc. 2).
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HccnenoBanus MOBEACHHUS )KUBOTHBIX B TecTe “rotarod” mokasasu, 4To mpu obe-
ux monensax PAC y »KMBOTHBIX OBUTH HAPYIICHBI ABHraTEIbHBIC (DYHKIMH. JTO BBIpa-
JKAJIOCh TEM, YTO MPH PA3IUUYHBIX CKOPOCTIX BpPALICHUS SKCIEPUMEHTAIbHbIE KUBOT-
HBIC TaJalil ¢ IWIMHIPA IO03KE CBOMX KOHTpoJel. Mcxoas u3 3Toro, BO3SMOXKHO YT-
BEp)KACHHUE YITyUIICHUS IBUTATECIHHOW KOOPAWHAIMN >KUBOTHBIX. DTO IMPHUCYIIE H
nersam ¢ PAC.

HccnenoBanus TecTa MPUIIOTHIATOTO KPECTOOOPA3HOTO JTaOMPUHTA BBISIBHJIM Ha-
pyIIeHre HOPMAJIBHOHN TMOBEACHUYECKOW peakunu Ha 60 MOCTHATATbHBIN JACHb Pa3BU-
THS B TPYyMIE KUBOTHBIX C MOBPEXIECHHOW aMuraanon. JKUBOTHBIE KCIIEPUMEHTAIb-
HOU rpynmbl B 1.5 Oosnblie BpeMeHH NPOBOIAT B 3aKPHITOM pyKaBe JaOUPUHTA, YTO
CBUJIETETILCTBYET O MOHIKEHHON TPEBOKHOCTH.

TaxuM 00pa3oM, HOABITOKUBAS MPUBEICHHBIE PE3yIbTATHl, MOXKHO 3aKIIOUHUTD,
9TO anpoOMPOBaHHBIE MOIETH UMEIOT OOIIHE MOBEACHIECKUE YEPTHI C «PEaTbHBIMI
paccTporcTBaMH ayTUCTUYECKOTO criekTpa. Ilpu comocraBieHnH OMOXUMHUYECKUX H3-
MEHEHHI 1 TIOBEJCHUECKUX PEaKIUil MOKHO 3aKITFOUUTh, YTO BOCIAICHNE WHAYIIHPO-
BaJIO MTOBEICHICCKUEC N3MCHEHU, BRIPAKEHHBIC YIYUIICHHEM IBUTATEIIbHOW KOOPIH-
HAIM{ ¥ TOHIKEHHEM TPEBOJKHOCTH.

MCP-1 level in rat CSF Cerebellar lesion PND7
50 150
© g 11 T1l
E 30 100 == — mv1
= 20
[=2)
e 10 50 = 2
0
o v3
Amygdala Amygdala Cerebellum CNR
Ib.a CNR CNR Lesion Test 30 Lesion Test 60
Puc.1. YpoBeHb MOHOIIUTAPHOTO XemoarTpakrantHoro Oenka-1 (MCP-1) B
CITUHHOMO3TOBOM KHUIKOCTH JKUBOTHBIX pa3HbIX rpymnn Ha 60 moct-
HATaJILHBIN JICHb Pa3BUTHUSA.
X-maze on PND 30 Amygdala PND 7
Test PND 30
350
300 T T 150
250 100
200 mOpenarm = CNR PND 30
150 mClose arm 50
100 M 1b. a. PND 30
50 0
0 Vi V2 v3
Cerebellum CNR

Puc. 2. Bpemst aieHust )KUBOTHBIX PA3HBIX TPYIII C BPAMIAIOIETOCs IAIHH-
npa (tect “Rotarod”).
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100 mClosearm &0
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50
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Puc. 3. Bpewms, npoBeZieHHOE >KHBOTHBIMU Pa3HbIX TPYII B 3aKPHITHIX U
OTKPBITBIX PyKaBax MPUIOIHITOrO KPECTOOOPA3HOTO TAOUPHHTA.
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CHANGES OF MCP-1 LEVEL IN CSF OF RATS’ AND DISTURBANCES IN SOME
BEHAVIOURAL REACTIONS IN AUTISM SPECTRUM DISORDERS

K. Fereshetyan, M. Hayrapetyan, M. Mirumyan, K. Yenkoyan

SUMMARY
Autism spectrum disorder (ASD) is a group of complex neurodevelop-
ment disorders characterized by repetitive and stereotype behavior, im-
paired verbal and nonverbal communication. Immune dysfunction play a
main role in the pathophysiology of ASD, which defined by elevated lev-
el of different cytokines in brain, cerebrospinal fluid and peripheral
blood.
In present study on experimental models of ASD we have determined the
level of MCP-1 in rat CSF on 60" day of postnatal development of rats
after cerebellar and amygdala lessons. Animals were also subjected to
behavioral tests for validation of the used models.
The results showed the increase of MCP-1 level in CSF on PND 60 and
some abnormal behavioral reactions.
Thus, comparing biochemical and behavioral data it can be concluded
that in ASD the inflammation can lead to the changes in rats’ behavior,
which are expressed in the form up-regulated coordination and down-
regulation of anxiety.
Keywords: autistic spectrum disorder (ASD), monocytes chemmoattrac-
tant protein-1, motor coordination.

MCP-1 UTURUMUYD @NONuNRESNRULE UNLESE NP BN -N1ULAREGIUSPL
26NNhuNhU uw NCNT 4UMLUQOUSEL SELUCULSFE e UNRSPUShY UNBUSCh
nULQUCOARUULECE Y6NLNRT

Q U. $bpbobuywb, UL Zujpuwybuywl, U.L. Uppmdjul, 9.£. Calnjuh

uvoenenkU

Unitnhunhl uytuph pwbqupnidutpp (UUL) ywuppupwbw-
Juwt hhjwunmpinitubph unwdp B, npnup punipuqpynud b
Upwwnpy (4phudnn) Juppugdny, Jkppur b ngybppwy hwnnp-
nuijgdwt pwiqupnidutpny: Uniinhquh wupnghutqnid juplnp
E huntininghwjut nphubniijghuyh nbipp, npt wpnwhwjnynid £
up pwpp ghninhtitbph dwwpyuyh wény gjumnbnh nwppbp
Jupnygubpnud, munbn-nnunintnuyhtt htnnignud b wkphdtphy
wpyuh Ukg:

Ulinjuwywgynn wohiwwnwbph sppwtwljubpnid npnoyty £ MCP-1-h
pwlwlit wptbwnutph npbg-npunintnuyhtt higmiynud  htwn-
Suliyut qupqugdwt 60-py opnd nintnhyh b wpwdl dwpduh
Jun Juwudwt wuwydwbubpnud, hyybu twb junwpdl) b YEu-
nuuhutph Juppugbwjhtt phunwynpnid: Ywwnwpjws hknwgn-
wnnipniubkph wpnyniupubpp gnyg wykght, np ponp thopdwpu-
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puut pdpipmd mgdnid £ MCP-1-h dwjupnulyp ninkn-nnunink-
nujhtt hinnijnud b pupbjuydnd £ owpdnqujutt Ynnpphtiw-
ghwic

Ujuyhuny, hwdwnpbing Ytuwphdhwlw b quppugdught wp-
myniupubtinp, Jupkih kqpujuguty, np GUu-h nhypnid quipqugng
poppnpuyhtt gnpépupugn dwljwsnid E oupdnnqujutt Ynnpnhtw-
ghuyh pupbjuuudp b nuquyh dwpnidnyg wpnwhwjnjus
Juppugsuyhtt mknuowpdtpp:

Zpltupuinkp’ wninhunhl uyblunph pwbqupniditpp (GUR),
Unuinghnwp phdnwnpulnwbn vyhnwlnig-1, swupdnnuljui
ynnpnhtiwghu:
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XNUMUAs

CHHTE3 HOBBIX AHAJIOT'OB 2-IIAPUMUJIUHUJIITPOJIAHA"

C.IL I'acnapan, I'.I. /lanazynau

AHHOTANIUA

Pabota mocpsIeHa CUHTE3Y HOBBIX IOTEHLUAIBHBIX IPOTUBOBUPYCHBIX
COeIMHEHNH, aHAJIOTOB MUPUMHIVHIINPOINHA, COACPKALIUX CTPYKTYP-
Hble ()parMeHThl u3BecTHBIX npenaparoB AZT u HEPT, ucnons3yemsix
st neueHns BUY-undexnuii. CHHTE3bI OCYILECTBICHBI KOHICHCAIEH
COOTBETCTBYIOLIUX 3aMELICHHbBIX 6-aMUHOMUPUMUANHOB C 2-IIUPPOIUA0-
HaMH.

KnioueBble cioBa: C-azaHykjeo3ua, MOIU(UKanus HYKIEO3UIOB, BU-
pyc, BUU-undekuus, npoTHBOBUPYCHBIH Npenapar.

BBenenune

B ocHOBe coBpeMEHHOH cTpaTeruu CHHTe3a JIEKapCTBEHHBIX CPEACTB IMPOTHB
BUY nexar mpeAcTaBieHHs O CTPOCHWU W KU3HEHHOM IHMKJIE BHPYCHOW YACTHUIIBI
(Buprona). XKuznennsiit uka BMY cocTOUT M3 HECKOIBKHX MOCIIEIOBATEIILHBIX CTa-
Ui, 1 Bo3aeiicTBUE Ha MHPEKIIUI0 MOKET ObITh OKa3aHO Ha JIOOOM U3 THX 3TaIoB.
OnHOI M3 OCHOBHBIX MUILIEHEH sBiseTcs pepMeHT 00paTHOM TpaHCKpPUNTA3kl. | eHe-
THYecKass HHPOPMAIUI OONBIIMHCTBA CYIIECTBYIOIINX B IPHPOIC KIETOK W BUPYCOB
3akoaupoBana B Bune JIHK. ¥ BUY ona 3akomupoBana B PHK u st sToro Bupyc
HCTIONB3yeT (PepMeHT Mo Ha3BaHUEM «0OpaTHas TPAHCKPHUIITA3a», C MOMOIIBIO KOTO-
poro PHK mnpespamaercs B JIHK. Ha sTom 3Tane Bupycy Mo>KHO MmoMemniath U Takoe
NeCTBIE OKAa3hIBAIOT IPOTHBOPETPOBHPYCHBIC Mpemaparbl, KOTOpPBIE HAa3bIBAIOTCS
WHTHOUTOpaMH OOpaTHOM TpaHCKpUNTa3bl. IHrHOWTOp M30MpaTeNbHO, MO MPUHIINITY
KIII0Y-3aMOK, pearupyeT ¢ ONpeAeiICHHBIMA XUMUYECKHUMHU TPYIITUPOBKAMU aKTHBHO-
ro IeHTpa — 0co0oro ydyacTka OenKoBOH Moyiekynbl (epmeHTa, KOTOphIli obec-
MEYNBACT €T0 CHEeNU(PUIECKOe COCTUHEHIE C CyOCTPaTOM M KaTAIUTHYCCKYIO aKTHB-
HOCTh. MoJeKylia HHrHONTOpa JOIDKHA HAMIYYIINM 00pa3oM COOTBETCTBOBATH IIPO-
CTPaHCTBEHHOMY penibedy W MPHUPOJE XUMHUYECKUX TPYII aKTHUBHOTO ILEeHTpa ¢ep-
MEHTAa.

XOopoIIo W3BECTHHI M IUPOKOE MPUMEHEHIE HAILIH HYKICO3HIHBIC aHAJIOTH HWH-
rubuTopoB obpatHoi TpaHckpunTasel — NRTIS, cTpykTypa KOTOPBIX COCTOHT U3 Te-
TEPOIUKIMYECKOW OCHOBBI (B YAaCTHOCTH, NMHUPUMHIMHOB) M CaxapoB. IlepBeIM u3
NRTISs, npuHecmyM peanbHbIA ycnex B JiedeHHH U npodmnaktuke BUY-ungeximm,
obu1 3'-a3u0-2',3"-nuae30KkcUHTHMUINH (AZT), KOTOPBIi SBIAETCS MPOU3BOIHBIM ITH-
PUMHUIMHOBOIO HYKJIEO3HJIa TUMUAMHA.

1 .
Pabora BrimonHeHa B paMmkax IIporpaMmsl passutus Poccuiicko-ApMsSHCKOTO YHUBEPCUTETA,
(huHaHCHUpyeMoii u3 OropxeTa PO.



Cunme3s HOBbIX AHANO208 2-NUPUMUOUHUTNPOTUHA 159

C nmpyroii cTOpPOHBI, IPEIIOKEHB U HCCIEAYIOTCS COCAMHEHHUS, IPEAHA3HAUCH-
HBIC HETIIOCPEJCTBEHHO IS CBSI3BIBAHHS OOPATHOM TPAHCKPHITA3bl B yCTOWYHBBIN
KoMIDIeKe (epMeHT — cyocTtpar. OHHM MONYYMIM HA3BaHHE MHTUOUTOPBI OOpATHOM
TpaHCKpunTa3sl HeHyKieo3uaHol npuponsi — NNRTIS. TlpoctpancTBeHHas KoH(pU-
rypanus GyaknuoHanbHEIX Tpynn Moiekydl NNRTIS, mo 3ambiciny ydeHbIX, Hammyd-
muUM 00pa3oM OTBEYaeT OOBEMHOMY penbedy M XUMHYECKOH TPUPOJE aKTHBHOTO
nentpa ¢epmenra. Oauum u3 npezcrasutenaeir NNRTIS ssaserces 1-(2-ruapokcu-
sToKCcHUMeTHN )-6-(hermntro)tumun (HEPT) [1].

Mertoabl u 00cy:KIeHHe Pe3yJIbTATOB

Monudukarwst HyKJIeo3uI0B yKe TaBHO MpHU3HAHA B KAYeCTBE BaKHOTO MOAX0a
JUTSL YIyYIIeHUsT TPOTHBOBUPYCHON HIIM IMPOTHBOOIYXOJICBOM akTHBHOCTEH [2—4]. B
OTJIMYHME OT ECTECTBEHHBIX HYKJIE03uaoB, B C-HyKIeo3uaax puOodypaHO3MIbHAS
IpYIIIMPOBKA CBs3aHA C TETEPOLMKINYECKUM ocHoBaHHeM depe3 C-C cBs3b, U 9Ta
JIMKO3WUIHAsI CBsI3b Ooyiee CTaOWIIbHA K THAPOIN3Y W peakiuu (epmeHToB. Kpome
TOTO, OCTATOK caxapa C-HyKIICO3UIOB, I/Ie KUCIOPO 3aMEHEH aTOMOM a30Ta, 00pasy-
eT UHO# BakHBIN Kiace - C-a3aHyKICO3uIbl, KOTOPBIE CIIOCOOHBI MHTHOUPOBATH TIIH-
koruapoiassl (glycohydrolases), oteeuaromue 3a pacienieHie MTHKO3UIHBIX CBI3CH
[5-7].

B nmutepatype M3BECTHHI pa3MUYHBIE METOIBI CHHTe3a C-a3aHyKJICO3UAOB, B Ua-
CTHOCTH, TaKHe€, KaK C UCIOJIH30BAHUEM peakiu Xeka, 1,3-TUIoNSIpHbBIX [UKIONPH-
coeauHeHni, C-HYKICO3UAUPOBAHNUE IO TUITY MaHHUXa, IUKIM3a1HUs Y-a3UI0KETOHOB
o IlItaynunrep-aza-Burtury u T.1. [8—15]. OmHako 3TH METOIBI TPYIOEMKH U MHO-
TOCTaIUIHBI, CIIEAOBATENEHO, pa3paboTKa HOBBIX OoJiee TOCTYIMHBIX METOIOB CHHTE3a
SIBJISIETCSI aKTyalIbHOM 3a/1ayeil.

Panee mamm OblT pa3paboTaH M OCYIIECTBJICH OJHOCTAJWMHBIA CHHTE3 HOBBIX
npom3BOAHEIX C-a3aHYKI€03UIOB — MUPUMHIMHWIIIPOINHOB B YCIOBUSIX PEaKIMU
Bunbcmeepa [16]. TTocieanue sBisitoTcs MOAUGHUIIUPOBAHHBIME aHATIOraMH MPOTHBO-
BUpYycHOro npenapara AZT.

o o o
CH R
CH 3 1
HN)i/ 3 fﬁ R\N ~ H
)\ 2\
o N o N S o N \NH
°© HO _~ ) \
HO o R
N3
AZT HEPT R =H, Me; R, =H, CH,OH, COOMe.

B nanHOW paboTe MBI MPUBOJUM IOJYYEHUE HOBBIX aHAJIOTOB MHPUMUIAHUII-
MPOJIMHA, COACPKANINX CTPYKTYpHbIe 31eMeHThl kak AZT, tak u HEPT. Koneunsie
MPOAYKTHI OBLIIM CUHTE3UPOBAHbI KOHAECHCAIIMEH COOTBETCTBYIOIIUX 6-aMHUHOIUPUMHU-
JIMHOB C 2-TIMPPOTUIOHAMH 110 TO¥ e pa3paboTanHOil Hamu Metoauke [17].



160

snemeHTHoro aHanuza, MK- u SMP cnektpoB u BemecTBa MJOKHBI IMPOUTH

C.II TI'acnapsm, I'1I. Jlanazynan

HN R-NH,  HN o°N HN N
Al — )\ L — -
o N PCl, o NN
R R g R R,

(0] (0]
CH,B OQ Z
r HN H HN H
JEN L —
| N NH, PCl, S N NH
3H7
0 (@]
Ce$\ f\ P
HN o N HN N
PNy s :
N N

o

CTpOCHI/Iﬂ BCE€X CHUHTE3MPOBAHHBIX COB}Z[HHCHI/IIZ MOATBECPKACHBI PE3yJIbTaTaMU

OHOJIOTHYECKHE HUCCIICOJOBAHUA.

O b WN P

© 00 N O

JUTEPATYPA

. De Clercq E. Nat Rev Drug Discov., 2002, 1. P. 13.

. Slater M., Amphlett E., Andrews D. Med. Chem., 2007, 50. P. 897.

. Butora G., Olsen D., Carroll S. Bioorg. Med. Chem., 2007, 15. P. 5219.

. Guntaka R., Varma B., Weber K. Int. J. Biochem. Cell Biol., 2003, 35. P. 22.
. Yokoyama M., Toyoshima H., Shimizu M., Togo H. J. Chem. Soc., Perkin Trans. 1, 1997. P

29.

. Ganem B., Papandreou G. J. Am. Chem. Soc., 1991, 113. P. 898.

. Schramm V. Annu. Rev. Biochem., 1998, 67. P. 693.

. Furneaux R., Limberg G., Tyler P., Schramm V. Tetrahedron, 1997, 53. P. 2915.
. Yokoyama M., Ikeue T., Ochiai Y. J. Chem. Soc., Perkin Trans. 1, 1998. P. 2185.

10. Wong C., Provencher L., Poroco J. J. Org. Chem., 1995, 60. P. 1492.

11. Chen X., Link T., Schramm V. J. Am. Chem. Soc., 1996, 118. P. 3067.

12. Hainke S., Arndt S., Seitz O. Org. Biomol. Chem., 2005, 3. P. 4233.

13. Wellington K., Benner S. Nucleosides, Nucleotides, Nucleic Acids, 2006, 25. P. 1309.
14. Hdéiberli A., Leumann C. J. Org. Lett., 2001, 3. P. 489.



Cunme3s HOBbIX AHANO208 2-NUPUMUOUHUTNPOTUHA 161

15. Kim D., Yoo K., Kim D., Chung B., Park S. Tetrahedron Lett., 1999, 40. P. 4825.

16. Black StC., Bowyer C., Ivory A., Jolliffe K., Kumar N. Tetrahedron, 1996, 52.P. 4687.

17. Martirosyan A., Tamazyan R., Gasparyan S., Alexanyan M., Panosyan H., Martirosyan V.,
Schinazi R. Tetrahedron Lett., 2010, 51, 2. P. 231.

SYNTHESIS OF NEW ANALOGS OF 2-PYRIMIDINYLPROLINE
S. Gasparyan, G. Danagulyan

SUMMARY

The work is devoted to the synthesis of new potential antiviral com-
pounds, analogs of pyrimidinylproline containing structural fragments of
the known AZT and HEPT drugs used in treatment of HIV-infections.
Syntheses were carried out by condensation of the corresponding substi-
tuted 6-aminopyrimidines with 2-pyrrolidones.

Keywords: C-azanucleoside, nucleosides modification, virus, HIV-
infection, antiviral drug.

2-MhCPUNULPLNCOLPUD LS TOULSSULLEG P URLETER
U1 Quuyupyub, ¢.2. hubwgnijjul

uuenenru

Ugluwwnwtipp thpjws £ whphdhnhhjypnihth wswbguiubp
hwunhuwgnn unp, ynnkughw; hwjwyppniuwhtt Yhwugnipmni-
ukph uhtiplqhl, npnup hpkug jurnigquspmd yupnibwlnd b
UDPUY-Jupuljh pniddwtt hwdwp hwjpnuh ninudheongutp AZT-h
. HEPT-h junnigqubpuyht bjEdbkunukp:

Jpltupuinkp’ C-uquibmlyjnghnikp, tniynghnubph Unnhdh-
Jughw, Jhpniu, UPUY-Jupuy, hwjwdhpniuwght inudheng:
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CHUHTE3 U PEAKIINA
(2)-4-(4-(4,6-TAPEHOKCH-1,3 5-TPUA3UH-2-
WJIOKCU)BEH3WJINJEH)- 2-OEHUJIOKCA30JI-5(4H)-OHA

I'.T. I'vkacan, B.O. Tony3an

AHHOTADUA

B nmaHHOW CcTaThe HM3ydeHa BO3MOKHOCTH cHHTe3a 4-(4-(4,6-mudpenn-
nokcu-1,3,5-rpuazun-2-miokcu)-0eH3mwin e H)-2-permnnokcaszon-5(4H)-
OHa B YCJIOBSIX peakuuu ODJEeHMelepa, UCIONb3ysS MHKPOBOJHOBOE H
06baHOe HarpeBaHue. OCYIIECTBICH CHHTE3 HEKOTOPBIX aMHIIOB C MPH-
MHHEHHEM BBIICYOMSIHYTOTO HEHACHIIIIEHHOTO OKCAa30JI0Ha.
KmoueBbie cioBa: 2,4,6-tpusamemienaue 1,3,5-tpuasunsr, S(4H)-
OKCa30JI0HBI, aMUBbI |, [ |- 1eruipoaMuHOKHUCIIOT.

Henacpimennsie 5(4H)-okca3oi0HbI HAIDIM IIHPOKOE IPUMEHEHNUE B OpraHuyec-
KOM CHHTE3¢ IMpeAcTaBUTENel pa3HOOOpa3HBIX KJIACCOB COeAMHEHMH. B muteparype
HMMEIOTCS Pa3InyHble MPUMEPhl MPUMEHEHUS dTUX CHHTOHOB B CMHTE3€¢ aMHHOKHUCIIOT
[1], keTokucmoT [2], aMmuHOCTIUPTOB [3] WM PA3TUYHBIX TETEPOIUKINIECKIX CHCTEM
[4-7]. 5(4H)-Okca30m0Hbl TakXKe MPEACTABISIOT HHTEPEC B KaYeCTBE OHMOJIOIMYECKU
akTUBHBIX BemlecTB [8—10]. M3BecTHO Takxke, YTO MPOU3BOJHBIE CHM-TPUA3UHA TOXKE
MPOSIBJISIOT (PU3UOJIOTHYECKYI0 aKTUBHOCTH [11-14]. Mcxons u3 BBIIECKa3aHHOTO,
SIBIISIETCSL aKTyaJbHBIM CHHTE3 HeHachlmeHHoro S5(4H)-okcazomona, comepskariero
octarok 1,3,5-Tpua3uHa.

Hamu ocymectien cunte3s 4-(4-(4,6-nudenunokcu-1,3,5-rpuasun-2-uiokcu)
GenswmmeH)-2-permnnokcazon-5(4H)-ona (4) o cxeme:

CuHTe3 4 mpoBOAWICS B YCJOBUSAX pEaKIUU ODpleHMelepa Mpu HarpeBaHWUH C
MOMOIIBI0 MHKPOBOJIHOBOTO 00yueHust. cxoausrii 4-(4,6-nudpenunokcu-1,3,5-rpua-
3WH-2-WIOKCH) OeH3anpaeruy (3) CHHTe3UpOBaH B3auMOJACHCTBAEM 2-Xiop-3,6-aude-



Cunmes u peaxyuu (z)-4-(4-(4,6-ougpenoxcu-1,3,5-mpuasun-2-unoxcu)benzuiuoen)- ...

Hokcu-1,3,5-tpuasuna (1) ¢ 4-ruapokcudeH3anbISTHIOM B CMECH alleToH-Boaa, 1:1 B
MPUCYTCTBUH KapOoHata Kanus. HaMu yCTaHOBIIEHO, YTO MPH COOTHONICHUU XJIOPUIA
1 w ampperuga 2 1:1, peakuus Mpu KOMHATHOW TEMIIepaType HEe 3aKaHUYMBACTCS B Te-
yeHue 24 yacoB. B ciydae ke n30biTka anpaeruna 2 (1:1.2), cormacHo manaeiM TCX,
MOJTHBIN pacxox xyopuaa 1 Habmogaetces yxe uepes 15 u.

BzaumopeiicTBre anpaeruna 3 ¢ TUIIYPOBOH KHCIOTON OCYIISCTBIUIA B CPEle
YKCYCHOTO aHTHIpUIA NPH Pa3InIHBIX TeMIlepaTypaX. B kauecTBe KaTalu3aToOpOB
peakuuu JpieHMeiiepa OBUTH NMPUMEHEHB! alleTaThl HATPHUs, KoOaabTa W IIMHKA, a
TaKkKe OKHCh ITMHKA. [lomydeHnbie qanHble npuBeneHs! B Tadbmune. Kak BumHO 13 Tad-
JIMIBI, CO CPABHUTEIBHO BBHICOKUMHE BBIXOJIAMH COCIAMHCHUE 4 MONydaeTcsl MPH IMpo-
BeJICHUH PeaKIuu B MPUCYTCTBUM aieTata Hatpusnpu 100°C (omn.6). Ipu ucnomnb3o-
BaHHHMM B KaueCTBE KaTalHM3aTopa areraTa KoOalbTa, O CPAaBHEHHUIO C alleTaToOM Ha-
Tpusl, BBIXOJBI IejeBoro mnpoaykra 4 muskue (om. 1,2,6,8 u 11,13). B npucyrctBun
arieraTa IMHKA MOCNEANHA 00pa3yeTcs JIMIIb B HUYTOKHBIX KOJHYECTBAX, TOINA Kak
MpU NPUMEHEHWH B KauecTBE KaTallu3aTopa OKMCH LIMHKA BBIXOJ OKca3oioHa 4 co-
craBiser 27% (om.15).

[Ipu m3yueHnn BIUSHHS TEMIIEPAaTyphl HA BBIXOJ IENEBOTO MPOAyKTa 4 oKa3za-
nock, uto npu 80°C B Teuenne 10 mun (om.1) coemuHenue 4 momaydaercs ¢ HU3KMM
BBIXOJIOM, B TO BpeMs, Kak mocie 10-MUHYTHOrO HarpeBaHHUs PEaKIUOHHON cMecH
npu 100°C BBIXOZ ero mocTturaer 10 50% (om.5). OmHAaKo ¢ JaTbHEHITUM TOBBIIICHH-
eM TeMIepaTypsl HaOJIOmaeTcss CHIDKCHHE BBIXOJA IENIEBOTO TNponaykra 4
(om.11,17,20), B TO BpeMst Kak yBeJTMUECHUE BPEMEHHU HarpeBaHUs PEaKIIMOHHON cMecH
10 30 mun npu 100°C (om.6,7) crocoGCTBYET MOBBIIEHHIO BBIXOAA COEAMHEHHS 4.
Opmnako manmpHeimee HarpeBaHue a0 60 mun HE TPUBOAWUT K TOJOKUTEIHHBIM pe-
3ymbTaraM (om.8). CiuemyeT Tak:Ke OTMETUTbh, YTO TIPH BBICOKHX Temmeparypax (140 u
150°C) yBenuueHHEe BpPEMEHH HATPEBAHKS PEAKIIMOHHON CMeCH OT 5 10 15 mun toxe
OTPHIIATEIBHO BIUSET HA BBIXOJ IieeBoro npoaykra 4 (om.17-21).

Taéauna

3asucumocms  evixoda 4-(4-(4,6-ougpenunorcu-1,3,5-mpuasun-2-unoxcu)-6en3u-
auoen)-2-penunoxcazon-5(4H)-ona (4) npu cunmese nazpesanuem ¢ MUKPOBOIHOBHIM
obnyuenuem om Ycrosuli npo8edeHUs peakyuu U Kamaiuzamopd.

Ne VYcnoBus peakuuu Karanmnzarop Brixog,

OTIBITA %
TeMIIepaTypa, | Bpems oOiydyeHus,
oC MUH.

1 2 3 4 5

1 10 CH3COONa 24.7

2 30 CH3COONa 40.1

3 80 30 (CH3CO0)2Co | 25.7

4 60 CH3COONa 41.4
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4 5
5 10 CH3COONa 50.6
6 15 CH3COONa 548
7 30 CH3COONa 704
8 100 60 CH3COONa 645
9 30 (CH3C00)2Co | 62.0
10 30 Zno 206
11 5 CH3COONa 206
12 10 CH3COONa 41.0
13 15 CH3COONa 425
14 120 10 (CH3C00)2Co | 37.9
15 10 (CH3C00)2Zn | creapr™
16 10 Zno 276
17 5 CH3COONa 379
18 140 10 CH3COONa 336
19 15 CH3COONa 305
20 5 CH3COONa 379
21 150 10 CH3COONa 35.1

Hcxonst 13 BBIIECKA3aHHOTO, PEAKIIMIO CUHTE3a LIEJIEBOT0 a3JIaKTOHA OCYIIECTB-
JISUTM TIPY HarpeBaHWeM Ha KHIseM BojasHoM OaHe B Tedenue 30 muH. [Ipu 3TOM,
0KCa30J10H 4 moy4eH 72%-HbIM BBIXOIOM.

Hccnenopany Takke BO3SMOKHOCTh CHHTE3a HEKOTOPHIX aMu10B N-6enzowmn-[1,1-

*obnapyacusaemcs ¢ nomowwpio TCX.

nerua- po-3-(2,4-nudenoxcu-1,3,5-rpuasun-6-mn)-ananuna (5).




Cunmes u peaxyuu (z)-4-(4-(4,6-ougpenoxcu-1,3,5-mpuasun-2-unoxcu)benzuiuoen)- ...

R= a) C6H5; 6) CH2C6H5; B) CH, CH,CgHs;

Peakunro a3zmakToHa 4 ¢ aMHHaMH TIPOBOIMIN B cpenie OeH30J1a IpH KOMHATHOW
TEMITepPaType WIH MPU KUTISTYCHUN PEAKIUOHHON cMecH. AMHIIBI 5 MOTYyYeHBI ¢ BBIXO-
oM 57-81%.

Takum 0Opa3om, Hamu pa3paboTaH yaoOHbIH MeToxn cuHTe3a 4-(4-(4,6-nudenu-
nokcu-1,3,5-TpuasuH-2-miokcu )oeHswnIeH )- 2-henmnnokcazon-5(4H) — ona peakuueit
THONYpOBOH KHCIOTH ¢ 4-(4,6-andenunnokcu-1,3,5-Tpuasun-2-1uiIokcu) OeH3anbae-
THUIOM B YCIIOBUSIX PEaKIINU DpIIeHMelepa B MPUCYTCTBUHM arietata HaTpusi. CorimacHo
nmaHHbpM SIMP criektpa okca3zosioHa, 4 BHHWIBHBIM TPOTOH TposBisercs npu 7.30
M.JI., YTO CBUJICTEILCTBYET O €ro Z-KOH(HUTYpalru.

JKCcNepUMEeHTATbHAS YacT

Crnektpsl IMP "H - Ha npubope “Varian Mercury 300V X” ¢ paboueit uncToTOM
300.08 MTI'y B pactBope IMCO-ds. TCX mpoBezena Ha rutactuakax “TLC Silicagel
60 Fy54”, amoeHT — O6en3osr — Metanon 10:1, mposBuTens — Y®-1yun u mapsl dona. 2-
Xnop-4,6-mudpenokcu-1,3,5-rprasun mosydex mo meroauke [15].

Cunres coequHenud 3.

K pactBopy 4 mmons 4-runpokcuben3anpaeruaa u 3,34 mmons kapOboHaTa Kajius
B 10 Mz BOABI MpH MEPEMENIMBAHUU TOOABIAIOT pactBop 3,34 mmons 2-xmop-4,6-
nmudenokcu-1,3,5-rpuazuna B 10 mr anetona. CMech MEpPEeMENINBAIOT MTPU KOMHATHOM
temreparype 20 u, Ipu STOM BBIIIAAAET OENbI 0CaI0K, KOTOPHIH OT(IIFTPOBHIBAIOT,
MIPOMEIBAIOT BOJOH U CyIIAT HAa BO3IyXE.

4-(4,6-Mudenmiokcu-1,3,5-rpuasun-2-uiokcu)densaabaerus (3). bebie kpu-
CTaJLIbI, T.ILI. 172-1750C, BoIxoJ 95,6%. Crnextp SAMP 'H O m.a., J I'm: 7.12-7.17
(4H, m, CeHs); 7.22 (2H, T, J1=7.4, J,=1.2, C¢Hy); 7.33-7.40 (6H, m, C¢Hs); 7.89-7.94
(2H, M, CgHy); 9.97 (1H, c, CHO). Haiineno, %: C 68.07; H 4.11; N 10.46.
Cy,H15N30,. Beruucieno, %: C68.56; H 3.92; N 10.90.

Cunres coenunenud 4.

Cwmech 0.56 mmons runmypoBoit kuciotbl, 0.56 mmons 4-(4,6-mudeHnnokcu-
1,3,5-tpuasun-2-unokcu) 6enzanpaeruaa, 0.56 mmona anerata varpus (0.185 mmons
arerata kobdanbta, 0.185 mmonn anerata nunka wim 0.185 mmons oxucu nuHka) B 2
M1 YKCYCHOTO aHTHIpH/Ia HArPEeBaJIM C MUKPOBOJIHOBBIM O0JIydeHHEM OT 5 10 60 mun
(cm. Tabn.). K peaknnoHHO#M cMecH M00aBIsIH 3 M1 BOJBI M OCTABIISUIM TPU KOMHAT-
HOH TemmepaType 12 u. BeimaBimii mpu 3TOM 0CagoK OT(HHIBTPOBHIBAIIH, TIPOMBIBAIIH
BOJION W CyIIWIIM Ha BO3JIyXe. 3aTeM K OCajKy J00aBIsuM 3 M alleTOHA U OCTABIISIIH
IpY KOMHATHOU TeMIeparype HECKOIBKO YacoB, MTOTOM OCAIIOK OT(HIBTPOBHIBAIH,
MIPOMBIBAJIM aLIETOHOM U CYLIMJIM Ha BO3AYyXE.

2-®ennn-4-(4-(4,6-mudenmiokcu-1,3,5-Tpu-a3un-2-naoKcu)6eH3uauIeH-5-
okca30J10H (4). XKonteie kpucramisl. Ciektp AMP 'H O ma., I T 7.13-7.25 (6H, m,
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CeHs); 7.28-7.41 (6H, m, C¢Hs); 7.30 (1H, ¢, CH=); 8.16-8.21(2H, m, CgH,); 8.27-8.32
(2H, M, C6H4).

Haiineno, %: C 70.06; H 4.01; N 10.85. C3;H0N4Os. Beraucaeno, %: C 70.44; H
3.81; N 10.60.

Cunres coeqnHeHus 5.

K cmecu coenunenus 4 (0.19 mmonv) u 10 mn 6en3ona nobasisiot 0.2 mmoas co-
OTBETCTBYIOIIIETO aMUHA M OCTABJISIOT MPU KOMHATHOM Temreparype 24 y uiu Harpe-
BAaIOT Ha BOAsHOU Gane 12 u. IIpu 3TOM BBIMAAAET OCAI0K, KOTOPBIH OT(QUILTPOBBIBA-
FOT U CYIIAT Ha BO3/yxe. [lepeKpuCTa/uTM3aIiI0 TPOBOIAT M3 OEH3071a.

(Z)-N-(1-(4-(4,6-nudenoxcu-1,3,5-Tpua3zuH-2-niaokcu)peHus)-3-oKkco-
3(¢penunamuuo)npon-l-en-2-un)oenzamun (5a). benple kpucramiel, T.am. 135-
1380C, BbIX07 57%. Cnektp SIMP 'H O m.a., J I'm: 7.00-8.10 (24H, m, apomar. 1H
NH); 7.18 (1H, ¢, CH=); 10.02 (1H, ¢, NH). Haiineno, %: C 71.48; H 4.37; N 11.27.
C37H27Ns50s. Breruncaeno, %: C 71.38; H 4.27; N 11.06.

(Z2)-N-(3-(6en3maammuno)-1-(4-(4,6-nudpenoxcn-1,3,5-rpuazun-2-
wiokcu)penmn)-3-oxkconpon-1-en-2-uin)oenzamun (5a). Benble kpucTamisl, T.ILL.
114-11700, Beixozx 60%. Crexrp SIMP 'H o wmp, I 4.42 (2H, ¢, CHy); 7.18 (1H,
¢, CH=); 7.10-8.10 (24H, ™, apomar.); 8,48 (1H, T, NH); 9.48 (1H, ¢, NH). Haiineno,
%: C 71.79; H 4.37; N 11.02. C33H,9N5Os. Brrunciieno, %: C71.69; H 4.27; N 10.81.

(Z)-N-(1-(4-(4,6-nudenoxcu-1,3,5-TpuazuH-2-uiaoxkcu)peHu)-3-okco-3-
(penernaamuno)mpon-1-eH-2-un)oensamua (58). benbie kpucramisl, T.ur 112-115
0C, BeIxoz 82%. Crextp SIMP 'H O mn., J T 2.80 (2H, T, CH,); 3.42 (2H, k, CH,);
7.20 (1H, c, CH=); 7.04-8.60 (24H, ™, apomar.); 7,90 (1H, T, NH); 9.80 (1H, c, NH).
Haiineno, %: C 72.09; H 4.81; N 10.78. CzgH3;N5Os. Boruucieno, %: C 71.99; H
4.71; N 10.57.
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SYNTHESIS AND REACTIONS OF (Z)-4-(4-(4,6-DIPHENOXY-1,3,5-TRIAZINE-2-
YLOXY)BENZYLIDENE)-2-PHENYLOXAZOLE-5(4H)-ONE

G. Ghukasyan, V. Topuzyan

SUMMARY
It has been studied the ability of synthesis of the Z)-4-(4-(4,6-diphenoxy-
1,3,5-triazin-2-iloxy)benzilidene)-2-phenyloxazole-5(4H)-one in Elen-
meyer’s reaction conditions applying microwave and common heating. It
has been carried out the synthesis of some amides applying aforemen-
tioned unsaturated oxazolone.
Keywords: 2,4,6-trisubstituted 1,3,5-triazines, 5(4H)-oxazolones, amides
of a, b-dehydroamino acides.

(2)-4-(4-(4,6-FhDELOLUP-1,3 5-SCPULHL-2-PLOLUP) AELRPL FYE U-2-
$HUPLOLUULNL-5(4H)-b UPLREAC L NEUUSHULLLT

Q.S Mniljwupul, 9.0. Poinigui

uuenenru

Mundbwuppyby k (2)-4- (4- (4,6-phdtuopup-1,3,5-nnphwqhi-hiop-
uh) phughihnku-2-ptuhjopuwqni-5(4H)-h uhupkqh htwpwynpni-
pmiup Bikudbtph nbwighuyh wuwydwibbpnud Ghpuekng dp-
Ypnwihpughtt b unynpuljub mwpwugnid: bpuljwbwgyty E npny
wlhnubph uhtipkq JEpnhhojuy opumqninith Yhpundudp:
Zhduwpunkp’ 2,4,6-konbnulupdws  1,3,5-nphwghuibp, 5(4H)-
opuwqninbkp, a, b-nthhynuwdhunppeniutpnh wdhnubp:
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BBEJIEHUE ®APMAKO®OPHBIX I'PYIII B MAPUIVHEI 1
MAPA30JIO[1,5-A]-TMPUMUIUHBI YEPE3 PEIIAKJIA3 AN
MOJAMETUJIATOB IUPUMMIUHA"

I'.I. lanacynan

AHHOTADUA

JlaHHas CTaThs MOCBAIICHA JBYM HOBBIM MEPErpyNIHPOBKAM HOIMETH-
JATOB aMHJIOB W 3(HUPOB MHPUMHIANHIIYKCYCHON KHCIIOTHI, IPOTEKAIO-
UM TI0J JeHCTBHEM aMHHOB H THIPA3HIOB KapOOHOBBIX KHCIOT, CO-
Jepxamux (apmakohopHsle rpymisl. B pesyneTraTe peakmnuii 00pasyroT-
Csl TPYIHOJOCTYITHBIC MHBIMH ITyTSIMH HPOM3BOJHBIE HHKOTHHOBOW KH-
CIOTHI U mupasono [1,5-a]nupumuauna.

KnaroueBble c10Ba: NHPUMHAWH, aMHH, HEperpylnIHpOBKa, IHPa30-
no[1,5-a]-nupuUMHUIHH, TAPUTAH.

BBeaenne

[IpousBoHbIe MpHUANHA ¥ MAPUMHUANHA TaK XK€, KaK KOHICHCHPOBAaHHEIE CHCTe-
MBI Ha Gaze mupuMuanHa (upasoso[l,5-ajoupumuaus, Tpuasosol 1,5-ajnupuMu i),
COJIeprKaIllie MOCTHKOBBIA aToM a30Ta, JexXaT B OCHOBE MHOTHX JIEKapCTB, OHH IPO-
SIBIISIIOT aHAJIBT€THYECKYIO, MIPOTHBOOIYXOJIEBYIO, IPOTHBOTYOEPKYJIE3HYIO, ICHXO-
TPOIHYI0, aHTUBYPYCHYIO, IIPOTUBOCYIOPOKHYIO aKTUBHOCTH. [lo3TOMy HaxoxkIeHIE
U pa3pabOTKa HOBBIX METOMOB CHHTE3a MEPEUUCICHHBIX CUCTEM MPEACTaBIACTCS aK-
TyallbHO U IIPAaKTUYECKH BaXKHOH 3a1a4ei.

B mammx mpenmpigymux paboTax OBLIM HAWICHBI MPEBPAIICHHS, TMPOTEKAIOIINC
gepe3 MEKKIacCOBbIe penukim3anui. OHU TPUBOIMIN K MOTYYICHHUIO TPOU3BOIHBIX
HUKOTHHOBOM KHCIIOTHI U mupa3ono[l,5-a]mupumusuuaa. B passurie 3tux paboT Mbl
MOMBITAINCH UCIIONB30BaTh O0OHAPYKEHHBIE TPEBPAILCHUS C BHEAPEHUEM (parMeHTOB
AMHHHOTO pearcHTa WM paaukana KapOOHOBOH KUCIOTHI U BBEICHUS Pa3IMIHBIX
(hapmMako(hOpHBIX TPYII, B TOM YUCIIC M COJIEPIKAIMNX OMOAKTUBHBIC TETEPOIMKIIBI, B
MPOU3BOHBIE 3aMEIICHHON HMKOTHHOBOM KHCIOTHI WM mupasoio[l,5-ajmupumu-
JIMHA.

Coaepsxanue 1 pe3yJbTaThl.

Nsydenbl peakiuu uonuoB 1,4,6-TpumeTnin-2-(3TOKCUKapOOHUI)METHIT THPH-
MUJMHHUA, a TAKKe COOTBETCTBYIOIUX aMUIOB U HUTPHUIIA, C 3aMEIIEHHBIMHU B a30J10-
BOM Koublle N-aJKWUJIaMHHAMH, 2 TaK)Ke OMOTCHHBIMH aMUHAMHU — TPUITAMHHOM U
OKTOIIAaMHUHOM. B0 BCeX OIbITaXx OCHOBHBIM MPOJYKTOM MpPEBpaIleHuil ObUT MPOAYKT
MEPETPYIIUPOBKH € BKIIOYEHUEM (PparMeHTa COOTBETCTBYIOIIETO aMHUHHOTO pearcH-

1 o
Pabota BrimonHeHa B paMmkax Poccuiicko-ApmsHckoro rpanta 13RF-087 Komutera Hayku
Mun.O6p.Hayku PA u PO®N, a takxe «I[Iporpammsl passutust Poccuiicko-ApMIHCKOTO
YHUBEPCUTETAY.
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Ta. YacTMYHO peaklys NPOTEKAeT U 10 CXEME U30MEPU3ALIMOHHBIX €HAMHHOBBIX pe-
[UKIIM3AUHA, PUBOAS K IOJYYEHUIO STWIOBOTO 3¢dupa (amMuia Wi HUTpHiIA) 2-
MeTHJIaMUHO-4,6-TMMETHIIHUKOTHHOBOW KHCJIOTHI M HE3HAYMTENIFHO - MPOIYKTY Je-
METUIMPOBAHUS UCXOIHOM COMH.

CH

} Pharmacophore
)
/)\/
H,C N Nf Pharmacophore

3 I+
R |_

Buc-rerepoapunpHbie CHCTEMBI, colepKamme (parMeHT peareHra, oOpa3yroTcs
IpU B3aMMOJICHCTBHH TOTO K€ HMCXOmHOro moauna 1,4,6-tpumernin-2-(3TOKCuKapoo-
HUJI) METWJI MUPUMHIUHUSA C THAPA3UAaMHU Pa3IMYHBIX a30JUI- ¥ a3HHUI-COACpIKa-
MmUX KapOOHOBBIX KUCIIOT. B pe3ynpraTe penukin3aniid ObUTH IOyYeHBl TPON3BO-
HbIe OWIMKIUYECKON CHCTeMBI — nupaszonofl,5-aJnupumuduna, codepocawue ceme-
POapuibHbLL hpasmenm 2uopazuda 8 NUPA3oabHOU YaACmU MOAEKYIbl 00pa3yIoue2ocs
nupazonof 1,5-a]nupumuouna. Peakuus npoTeKkaeT 3a CYEeT 3aMEIICHUs OJTHOTO U3 aTo-
MOB a30Ta MAPUMHUIUHOBOTO KoJbIia TpexaToMHBIM N-N-C ¢parmenTOM runpa3uaHoit
(hYHKIIMOHAIEHOU TPYIIITHI.

BaxxHbIM pe3ysbTaTOM 3THUX UCCIICJIOBAHUH SBJISAETCS TO, YTO PEIUKIN3ALNHN ya-
JIOCh OCYIIECTBUTH TaKXe MOJ] AeHCTBUEM PEeareHTOB (aMHHOB U T'MIPa3HIOB), COAEP-
JKAIX YYaCTBYIOIIYIO B MEPETPYIITUPOBKE (HYHKIIMOHATBHYIO TPYIITY HENOCPEACT-
BEHHO B TeTEpOapwiIbHOM Koiblle. OTMETHM, YTO paHee MOAOOHbIC PElUKITH3AINN
yaBaJoCh IPOBOJUTH JIUIIE C YYACTHEM NMEPBUYHBIX aTu()aTHIeCKUX aMHUHOB.

Ve \/CONHNHZ Me
| \N / N Me |
7 ——
N N »>CONHNH
Me” >N\, COOEt _ _H /f\i\l \_/ 2Me X\ COOEt
\ COOEt
— N XN+
N=¢ “NH Me™ °N
35 — Me 4 \

N
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CTpOCHI/IC BCE€X CHMHTE3UPOBAHHLIX BCIIECCTB NOKa3aHO CIICKTpaJIbHBIMH MCETOJaMH, B
HEKOTOPBIX ClIyHasdX TAKKE PEHTICH-CTPYKTYPHBIM aHAJIU30M.

INTRODUCTION OF PHARMACOPHORE GROUPS INTO PYRIDINES AND
PYRAZOLOI[1,5-A]PYRIMIDINES VIA REARRANGEMENTS OF PYRIMIDINE
IODOMETHYLATES

G. Danagulyan

SUMMARY

The report is devoted to two new rearrangements of amide iodomethy-
lates and pyrimidinylacetic ester iodomethylates proceeding under the ac-
tion of pharmacophore-containing primary amines and carboxylic acid
hydrazides. The reactions result in almost inaccessible by other ways ni-
cotinic acid derivatives and those of pyrazolo[1,5-a]pyrimidine.
Keywords: pyrimidine, amine, rearrangement, pyrazolo [1,5-a] pyrimi-
dine, pyridine.

1ENUYh VURGCD LGMUNRONRUC MBCPYPULLEGEE G4 MhUQNLA[L,5-
AINPCRURYPLLECE UBR MPCRUP YR UL 3N YU BEPLUSLED
4ErUnURUYNMNPULED UPRNSNY,

Q.2 hwbhwgnijjub

uvonenkuU

Uphiwinwipp hpywsé £ whphdhnhupy pugupwppdh widhy-
ubph b tuptpubpp tpynt tnp JEpwpudpuynpnidubphl, npnup
pupwinud ki ghnuyhp adpkp wwpnibwlnn wdhbutbkph b jup-
pnuwppniutph  hhgpuqhnubph  wqpbgnipjudp:  Upgyniupnid
unnwgynid &t uhuplqh wy pwbwliubpny ndjupudwwnstih
thynunhtwppyh b whpwqnin(l,5-alyhphuhnhukph wswbgyu-
ubp:

thlﬁlmpmnhp‘ whphupnht, widht, JEpujudpudnpmd, whpugnn
[1,5-a] whphuhnht, whphnht:



CUHTE3bI BUC-TETEPOAPUJIBHBIX JIMT'TAHIOB
HA OCHOBE l'[I/IPI/IMI/II[I/IHA1

T.M. 3anan, A. A. Axonan, A.K. Tymanan, I'.I. /lanazynan

AHHOTAIIUA

B3aumoneiicTBreM 2-XJIOPIHPUMHIMHOB C THAMHHOATIKAHAMH, THPa30-
JIWJIAMUHAMH W THAPAa3HIAMH MTHPA30JIHIKAPOOHOBBIX KHUCIOT CHHTE3H-
POBaHBI CUMMETPUYHBIE U HECUMMETPUUYHBIE OHC-TETEpOapUIIbHBIE CHC-
TeMbI. A TaKke B JaHHOW CTaThe M3y4Y€HAa BO3MOXKHOCTH CHHTE3WPOBAH-
HBIX COEJUHEHUI 00pa30BbIBATh METAIIOKOMIUIEKCHI.

KuioueBble cj10Ba: MUPUMHUINH, THPA30IL, JTUTAH, KOMITIEKC, HOH MEIHN

().

BBenenne

W3BeCcTHO, 4TO METAIJIOKOMILIEKChl HA OCHOBE TeTEPOLMKINYSCKUX COCAMHECHUM
MPEACTABIIAIOT OOJBIION MPAKTUUCCKUI UHTEPEC KaK C TOYKH 3PEHUS MOUCKA HOBBIX
OHMOJIOTHYECKH aKTUBHBIX BelIeCTB [1-5] U mpUMEHEHHs B KaueCTBE CHHTETHYCCKUX
OHMOKATAIM3aTOPOB, MOACIUPYIOIINX JEATEIBHOCTh (PEPMEHTOB B KUBBIX OPraHU3Max
[6], Tak u ¢ HenBIO CO3[AaHKS HOBBIX YYBCTBUTEIBHBIX XEMOCCHCOPOB AJISI OIpeaerie-
HHS KATHOHOB MeTajuios [7-18].

Hannune B MoJyieKysie JOHOPHBIX aTOMOB a30Ta, JISTKO MPEIOCTABISIONINX HETo-
JIeJICHHbBIC 3JICKTPOHHBIC Maphl Ui 00pa30BaHHs CBSI3Ed ¢ KATHOHAMH METAJUIOB, Jie-
JIaeT a30TUCThIC TETEPOLUKIIBI OMHUMH U3 HanboJiee BOCTPEOOBAHHBIX, U, KaK CICACT-
BUE, U3YYCHHBIMH CPEIHM KOMIUIEKCOOOPa3yronmx cucteM. YacTo B TakHe CHCTEMBI
BXOJIAT J1Ba WK 00Jiee TeTEPOIUKINICCKUX (parMeHTa, 4To o0JIeryaet u JeiacT He-
00paTHMbIM KOMILTIEKCOOOpa30BaHKE ¢ KATHOHAMH METAJIIOB.

MarepuaJbl M HcCIeJ0BAHNE

B npencraBieHHOM COOOLIEHUM IPUBEAEHEI PE3YILTATHl HCCIIEA0BAHMI 110 CHH-
T3y Pa3IMYHBIX CHMMETPHYHBIX ¥ aCHMMETPUYHEIX OMC-reTepOapUILHBIX CHCTEM Ha
ocHOBe mupuMuanHa. CHHTE3 CHMMETPHYHBIX OHMC-TUPUMUANHOBBIX CHCTEM OCYIIE-
CTBJIEH B3aUMOJCUCTBUEM 2-XJIOPITUPHMHUINHOB 1 U 2¢ TMaMHHOAIKAHAME B COOTHO-
meHuy 2 K 1, ¢ MOCIAEAyIOMMM METHIMPOBAHMEM IONYYEHHBIX COCAMHEHUN METH-
JMOIUIOM. B pesynaprare OBUIM CHHTE3MPOBAHBI CUMMETPHYHLIE OHC-IIMPUMHUIN-
HOBBIE cucTeMbilb-e, 2a-€ u 3b-d — noTeHIMaNBHBIE TUraHIBl B PEAKIMIX KOMILIEK-
c000pa3zoBaHMsL.

1 o
Pabora BeimonHeHa npu GUHAHCOBOH noanepskke ['ocynapcTBeHHOro KOMUTETa HAYKH MUHU-
crepcTBa 00pa3oBaHus U Hayku PecnyOnuku Apmenus (tema 13-1D334), a Taxke B pamkax
«IIporpammsl pa3BuTHs PoccHiicko-ApMSHCKOTO YHUBEPCUTETAY.
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R CH, CH,
|-|2Nf(CH2)n'NH2 P
L p N> CH,l SN N
c | n=ao: by JN\ I | — | L Jao |
1,2 OKAEAT ANy N(CH-N SNROHCT N™ NH-(CHnNH "N "CH,
R=1) H; 2) CH,, H H I CH, 1~ CH,

1b; 1c; 1d; 1e. 3b; 3c; 3d.
2a; 2b; 2c; 2d; 2e.

N N= Cu2+ 5. Cu?*; 6. Ni2+; 7. Aud*
4 \> ~(CH,)s
N ‘K}\l / «"n=6
H

A ﬁ i
4 \},\‘l N= )\ )\

(CHz)n

4 5b; 6b; 5d; 7d.

Peaxkiueti 4,6-muMeTHI-2-XTOPIUPUMUINHA C THAPA3UH THAPATOM, B COOTHOIIIE-
HuM 2:1 CHHTE3MPOBAaH CHMMETPHYHBIN Ouc-(4,6-IuMeTHITUPAMHUIMH-2 -1 )T HIpa-
3MH, TOTJAa KaK B3aWMOJCICTBHE IKBHMOJIBHBIX KOJIHYECTB PEAreHTOB MPHUBOIHUT K
MOJYYEHUIO 2-THIPa3uHO-4,6-muMeTunnupuMuanaa. ClienyeT 3aMeTHTh, YTO B CIIydae
HE3aMEIICHHOTO 2-XJIOPIUPHUMHUINHA HE3aBUCHMO OT COOTHOIICHUS PEarcHTOB ObLT
BBIJIEJICH TOJBKO 2-TUAPA3UHONUPUMHUINH.

CH, CH,
H,N-NH,

SN NTX 2:1

L A

H,C™ N UNHNHT N ey

Ha ocHOBe CHHTE3MPOBAHHBIX CHMMETPUYHBIX OUC-TUPUMHIUHOBBIX CUCTEM, CO-
Jep>KaIliX METWIBHBIC TPYIIBI B MMPUMUANHOBOM KOJBIIE, MOTYYEHBI KOMIUICKCHI,
HUMEIOIIHe, B 3aBUCUMOCTH OT THIIA JINTaHAa U MPUPOIEI KATHOHA METAJUIa, Pa3InIHOEe
crpoenne — coequnuenus 4, 5b, 5d, 6b, 7d.

Peakiusimu 4,6-1uMeTHII-2-XJIOPIMPUMUIMHA C PA3IMYHBIMU MHPa30JIMIaMHIHA-
MU ¥ TUApa3HJaM{ 3aMEIICHHBIX MHPa30JUIKapOOHOBBIX KHUCIOT CHHTE3UPOBAHBI
HECHUMMETPHYHEIC OHC-TETePOApHIILHBIC CUCTEMBI, BKIIOUAIOIINE TATHWICHHBINA TAKT
a30J1a W MIECTHWICHHOE KOJBLO a3WHA — MUPUMHINHA. B mpeacraBiseMoM cooOIe-
HUHM CHUHTE3 HECHUMMETPUYHBIX OHC-TETCpOAPUIBHBIX CHUCTEM OCYIIECTBJICH B3aUMO-
nelicTBreM B dTaHoJE 4,6-aumetnn-2-xnopnupumuansa (1) ¢ amunamu 8-10, conep-
KAIIAMH TINPa30IbHOE KOJBIO, JIMOO THIpa3hIaMy 3aMeNIeHHbIX MHPa3oIiIkapoo-
HOBBIX Kucnor 11-14, B coortHomenun 1:1. B pesynbrare konaeHcauuu c N-
MUPa3oIUIAIKIIaMuHamMu  TTonydeHsl  2-(N-mrupazonwmTun)aMuHO-4,6- TuMe THIIH-
pumuans (15), u 2-[2-(3,5-aqumermnmipasod- 1 )unatun|amuHo-4,6-THMe THITPUMU-
v (16), coueraromye B MOJIEKYyJle TMPUMHIMHOBOE M NMUPA30JIbHBIE NUKIEL B Tex
e YCIOBHAX W3 MUpUMHUIWHA 2 U ruapa3unoB 11-14 cunaresuposassl (4,6-1UMETH-
JMUPUMUIAH-2-1IT) TUAPA3HIIBI 3aMEIICHHBIX N-HPa3oIITPONHOHOBBIX KHCIOT 17—
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20. B peaknuu xjgopnupuMHuInuHa 2 ¢ 4-aMruHO-3,5-mumerninupasonioM (10) cuntesn-
poBan 2-(3,5-aumerunmupazon-4-wmwn)amuno-4,6-qumetun-nupumuand (21), uro cBu-
JIETENbCTBYET O BO3MOXKHOCTH BOBJICUCHHS B IMOMOOHBIC KOHAeHcanuu Takxke C-
AMHIHOA30JI0B, COMCP KAINX aMUHHYIO TPYIITYy HEIOCPEACTBEHHO B Kojible. Ha Oaze
coemuHeHHs 21, peakiueil ¢ XJIOpUAOM MW, CHHTE3UPOBAaH METAUIOKOMILIEKC 22,
UMEIOIINI CCHIBHUYCBYIO CTPYKTYDPY.

R

Ne. R1
N N= CH
CH, HNT 7; 2 CH, HoO N}X 3 R1
R1 A 2N o NF
SN R SN H,N-N R2 o L €T ) X
Y N e—— | Y He SN NNce N X
HC N N/\/N > 8:9 ne N el 11-14 HH HH, 'R
H R1 2 17-20
CH, 11,17 Rt =CH, R2=H, X = H;
8,15.R=R!=H, cu \ ’ 3 ! ’ CH,
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CrpoeHue Bcex CHHTE3UPOBAHHBIX BELIECTB JI0KA3aHO CIIEKTPaJIbHIMH METOJa-
mu. B criektpax SAMP 'H MPOAYKTOB KOHAEHCALNK NPUCYTCTBYIOT CUTHAJIBI IPOTOHOB
000MX TETEPOIMKIIOB, a TAKXKE COSAUHSIONIET0 UX MOCTHKA. Tarxke WH(GOpMATHBHbI-
MU JIJIS1 TIOATBEPXKICHHS CTPYKTYP BCEX CHUHTE3UPOBAHHBIX COCTUHEHHUN OKA3aJIUCh M
criektpel SIMP Bc.

Peakuumeli coenmuuennii 16, 18 u 21 ¢ xmopuaom meau (II) B Meranose ObuH 110-
Ty4eHbl KOMIUIeKCchl. OOpa3oBaHHe KOMIUIEKCOB OTMEUYaeTCs MOTEMHEHHUEM OKPacKH
pacTBOpa A0 YepHOro M BbimaaeHueM ocajka. B MK-cmekrpax BceX BBIJIEIECHHBIX
KOMIUIEKCOB OTMEUYEHO CMELIEHHE IMO0JIOC MOIJIOIEHHUs OTAENbHBIX TPYII, MO CpaB-
HEHUIO C CUTHaJaMHU B CIEKTpax MCXOnAHBIX Jurannos. Tak, B UK-cnekTpe meramio-
KOMIUIEKCa 22 3apeTUCTPUPOBAH CUTHAN TOTJIONMIEHHS JIUIIH OJTHOW aMHUHHOM TPYIIIBI
(3320 CM'l), TOTJIa KaK B CIIGKTPE UCXOJHOTO aMuHa 21 OBITM OTMEUYEHBI JIBE MOJIOCHI
norsowenus (3340 u 3560 CM'l), OTHOCHMBIX K NH-rpynmaM aMuHHOTO MOCTHKA U N-
1 mupazonbHOro Koybla. OTMEYEHHOE MO3BOJISIET MPEATIOI0KHUTh, YTO CBSI3b C KATHO-
HOM MeTajlla B KOMITJIEKCE OCYIIECTBIISIETCS 3a CUET 3aMEIeHUs aToMa BOJOpPOja
aMUHHOTO MOCTHKA. B criekTpe HaOmogaeTcs TakKe CMEIICHHE MOJI0C TOTIOMICHHS
C=N, C=C rpynn NOUPUMUIMHOBOTO M MHUPA30JBHOIO KOJIEL IO CPaBHEHHUIO C
MIPOSIBJICHUEM TE€X K€ TPYIII B CIIEKTPEe UCXOIHOTr0 JHUranja. ¥ @-creKkTpbl HCXOJHbBIX
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OucC-reTepOaprIIbHBIX COCTUHEHUH M IMPOAYKTOB MX B3aWMOICHUCTBHS C HOHAMH Me-
TAJJIOB HE PETEPIICBAIOT 3HAYNTEILHBIX H3MCHCHHH.

HecomuenHo, 06 00pa3oBaHiK KOMIUICKCOB CBUIETEIBCTBYIOT TAKKE U3MCHEHHE
(UBUKO-XUMHUYECKHUX [TApaMETPOB MOJIYYECHHBIX COSTUHEHHM (T. UL, BHEITHETO BH/A,
R, pacTBOpUMOCTH), a TaKKe MaHHBIC JJIEMEHTHOIO aHajlu3a COCAMHEHMH, MOKa3bl-
BaIOIINE HAJIMYUE B MPOAYKTAX PEAKIMH METAIIOB U C BBICOKOH CTEIIEHBIO JOCTOBEP-
HOCTH CBHJIETEIBCTBYIOMKE 00 0Opa3oBaHMU KOMILUICKCOB MPEACTABICHHOTO HIKE
cocTaBa.

JlaHHBIE 3JIEMEHTHOTO aHaJIM3a KOMIUIeKca 22, TIOJy4eHHOro U3 aMuHa 21, cBH-
JIETENBECTBYIOT O €r0 XEJIaTHOM CTPOCHHH, BKIIIOYAOIIEM J[Ba JIMTAH[A, CBI3aHHBIX C
OJTHMM KaTHOHOM MeTayia. JlaHHBIE 3JIEMEHTHOTO aHajiW3a COOTBETCTBYIOT KOMII-
JICKCY COeAWHEHHs 22 C ABYMsI MOJIEKyJaMH BOAbl. Takke B BHIEC AUTHAPATOB
HaXOIATCS KOMIUIEKCHl 23 U 24, ¢ TOi JUIb pa3HHIIEH, YTO OHU COJEpXKAT TaKXKe
XJIOPHU]T HOHEI.

CH, /@ CH,
uz* cuz CH
Z\: CH, P 3
/@ N= 2CI- ZONT I N=
X i | 2H,0
H,C N N/\/N _ 2H,0 e \N N_Ng_ﬁ—c—N Y Br 2
I s 2 T
H CH 2HCI

24 3 23

IIpoBeneHpl HCCleA0BaHUS aHTHOAKTEPHUAIBHOW M aHTHOKCHIAHTHON aKTHBHO-
CTell CHHTEe3MpOBaHHBIX coenuHeHuil. [lokazano, uro coemuuenus 15, 20, a taxxe
KoMIUTeKC 23 o0yaaroT cnaboil aHTHOaKTepHAIbHONH aKTHBHOCTBIO, TONABISAS POCT
MHKpPOOPTaHU3MOB B 30HE quameTpoM 10—12 mMm, Torma kak rugpasua 18 u KoMITIeKe
22 TPOSIBUIIM BBIPOKCHHYIO aHTHOAKTEPHAIBHYIO aKTHBHOCTH, MOJABJISISI POCT HC-
MOJI30BaHHBIX IITaMMOB B 30He nuameTrpoM 17-20 mm. ['mnpasunasr 17 u 20 obnana-
IOT BBICOKOH aHTHOKCUIAHTHON aKTUBHOCTHIO, a Tujpasuj 19 u koMriekcol 22 u 24 —
TIPOSIBHJIM CPETHUI YPOBEHb aHTHOKCHIAHTHOTO JCHCTBHS.
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SYNTHESES OF PYRIMIDINE-BASED BIS-HETEROARYL LIGANDS
T. Zalyan, A. Hakobyan, A. Tumanyan, G. Danagulyan

SUMMARY
By the interaction of 2-chloropyrimidines with diaminoalkanes, pyrazo-
lylamines and pyrazolylcarboxylichydrazides symmetric and asymmetric
bis-heteroaryl systems were synthesized. The ability of the synthesized
compounds to form metal complexes was studied.
Keywords: pyrimidine, pyrazol, ligand, complex, copper ion (I1).

NPCPURYDUD ZDUUL 40U ARU-ZGSELNUCPL ThGUULILEP UBLETA
SU. Quyub, U.U. Zulnppub, U. Y. Pmdwmbpub, 2. twlhwgniyuh
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II) hnt:
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HOBBIE ITPOTUBOBUPYCHBIE COE/IMHEHUSA
HA OCHOBE A30J10-1,2,4-TPUASUHOB

B.JI. Pycunoe, O.H. Yynaxun, B.H. Yapywun, O.U. Kucenes

AHHOTANIUA

B nanHO# cTatbe 0000IIECHBI pe3yabTaThl (PYHIAAMEHTAIBHBIX HUCCIIEIO-
BaHUH 10 CO3JaHUI0 CUHTETHYECKUX MPOTUBOBUPYCHBIX XUMUOIIPENapa-
TOB, BBITIOJIHEHHBIE B Y PalbCKOM (pefiepaTbHOM YHHBEPCUTETE MMEHH-
nepsoro Ilpesunenra Poccun b.H. Enpunna, a taxke B MHCTHTYTE Op-
ragnueckoro cuate3a nMmenu U.S. TloctoBckoro YpanbcKoro oTAeneHust
PAH, HIY rpunna M3 P® B coTpynHudecTBe ¢ OMONIOraMy akaJeMuye-
CKHX U OTPACJIEeBbIX HHCTHUTYTOB.

KiioueBble ciaoBa: a3oiso-1,2,4-TpHasuHbl, NPOTUBOBHPYCHAS AKTUB-
HOCTb, TPUA3ABUPUH.

Beicokast oItacHOCTb BUPYCHBIX MH(EKIMI, H3MEHYMBOCTh BUPYCOB, ITOSBICHUE OCO-
00 ONACHBIX arcHTOB ONpPEACIIOT AKTYyalbHOCTh Pa3pabOTKU HOBBIX 3((EKTUBHBIX
CpencTB TPOQIIAKTUKH W JICUCHWS BUPYCHBIX 3abomeBaHmii. B pesynprare uccie-
JOBaHWH, MPOBOJUMBIX B YpalbcKkoM (eneparsHoM yHuBepcutere, MHCTHTYTE Opra-
Hudeckoro cunte3a YpO PAH, HUU rpunna M3 PO u psane Apyrux opraHusaruii, Haii-
JICH HOBBIM OpHIMHAIBHBIM KJIACC HEHYKJICO3UIHBIX NPOTUBOBUPYCHBIX 3THOTPOIHBIX
BEIeCTB, YP(EKTUBHBIX B OTHOIICHHN 3a0O0JICBAHMIA, BHI3BIBACMBIX BHPYCAMH TPHIIIA,
reprieca, KJICIEeBOro dHIe(ariTa, pa3INnIHbIX TeMOPPArmIeCKHX JIMXOPaJoK — IHPa30iIo-,
nmuaasono-, 1,2, 4-tpuasono[3,1-C]-1,2,4-tpuazun-7(4H)-oubl 1 U COOTBETCTBYIOMLIHE 7-
amMuH0a30510[5,1-c]-1,2,4-tpuasunsi 2 [1].

OcHOBHBIE METOJIBI TTOCTPOCHHS TAKMX OMIMKINYECKHX CTPYKTYp BKITIOYAIOT aHHE-
JIMPOBaHUE a3WHOBOI'O IMKJIA K a30JbHOMY, YTO MO3BOJISIET UCHOJIB30BaTh LIMPOKUHA KPYT
AMUHOA30JI0B ¥ IOCTYITHBIX CHHTOHOB — IPOM3BOIHBIX YKCYCHOM, MaJIOHOBOM KHCIIOT WJIH

arleToHMTpria (cxema 1).

Cxema 1
NH,

R' +
/,Z\N AN H,0,H
Y

0
1 1
7 Et0OC._ _R R
/,Z\NH Y/’ N ~ /IZ\N)%/
N 4\ X + i J\ N
X7 “NH N, XT N
H
1
EtOOCYCOOEt
7
R’ v COOFt
N —
XTI 1 R! = F,Cl, Br, 1, NO,,
4 R CN, COOE, Ar, Het;

X,Y.Z=N, CH, CR3
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[omy4eHHbIe TaHHBIC MIPEACTABISIOT PEATFHYIO OCHOBY JJISI CO3MAHUS CEPHUHU d(-
(hEeKTHBHBIX OTEYECTBEHHBIX MPOTHBOBUPYCHBIX JICKAPCTBECHHBIX CPEIICTB.

[epBrIit mpenapar, co3aaHHbIH Ha 6a3e ATOro KJIacca COSAMHECHUM, «TPHAa3aBUPHH)
(marpueBas comp  2-MeTHITHO-6-HHTpO-1,2,4-TpHazono|5,1-c]-1,2,4-tpuasun-7-oHa,
IUTHApAT), TPOIIEN MONHBIA UK KIMHHYECKUX HCIBITAHHA B Ka4yeCTBE IPOTHBO-
rpunmo3Horo cpenctsa u 28.08.2014r. BKIIOUEH B peecTp JIeKapCTBEHHBIX cpeacTB Poc-
cuiickort penepaunu Ne JI[1-002604. Brenpenne npenapara BHIIOIHIIOCHh COBMECTHO C
000 «3aBog Mencunre3» 1 OO0 «Ypanbckuid IIeHTp OnodapMareBTHISCKUX TEXHO-
JIOTHi» B paMKax coTpyaandectBa ¢ MuHoBanmoHHBIM DoHI0M «CKOIKOBOY.

0
N\N)H/Noz
4
CH,$— _I 2H,0
— /N
NJ\N Na+
TZV

CrpykTypHas popMya «TpHa3aBHpUHA»

[pemnapar «rpuazasupur» (TZV) 3¢deKTHBEH B OTHOIIIEHUH IIHPOKOTO CIIEKTPa
BUPYCOB — TpHIINA, PECIUPATOPHO-CHHINTHAIBLHOH MH(EKINH, Maparpurmna, ajieHo-
BUpYca U Apyrux. MHaekc 3 (peKTUBHOCTH B OTHOIICHHH BUPYCOB TPHIINA TUIOB A U
B cocraBun 65-80%. IIpemapat >¢pdextuBen kak mpu JeueOHO-TIPOPIITAKTHICSCKOH,
TaKk W NpH MPOQUIAKTHYSCKON W JIeueOHOM cXxeMax BBeJeHHWs. Bhicokas mpoTHBOBU-
pyCHas akTUBHOCTh |ZV NPOJEMOHCTPUPOBAHA TAaKKe B OTHOLICHUH BO30yauTeneit
KJIEIIEBOTO SHIE(ATNTA U TEMOPPArHIECKUX TUXOpagoK [2—6].

TZV otHOCHTCS K MaJOTOKCHYHBIM JICKapCTBEHHBIM BemecTBam [V kimacca [3, 5).
Kimnanuecknmu uccnenosanusmu (pasel 1) ycranoriieno, uto ucnons3opanvie TZV B
STHOTPOITHOM TepaIriy TPUIMINA CIIOCOOCTBOBAJIO COKPAIIECHUIO MPOIODKUTENBEHOCTH OC-
HOBHBIX CHMITTOMOB 3a00JIEBaHMS (I/IHTOKCI/IKaL[I/II/I, JIMXOpalKy, KaTapaJlbHbIX CHUMIITO-
MOB), OBICTPOI HOPMAITH3AINN TEMIIEPATyPhl B TEPAIEBTUUECKUX TPYIIIaX U CHIDKSHUIO
YPOBHSI TIOBTOPHOT'O BBIIIEICHUSI BUPYCOB TpuIa. [Ipu cpaBHUTEIBEHOM OLEHKE d(Pdek-
THUBHOCTH TIpenapaToB «TaMudiro» 1 TZV ObUIo MOKa3aHO, 4TO TI0 PpsLy MapaMeTpoB To-
CIIeTHUH TIPEBOCXOAUT «TamMu(Toy. Tak, B rpymie ManueHToB, NoryJyaBmux 12V, Bpems
BBI3JIOPOBJICHUSI, JUTUTEIIBHOCTh TEMIICPATYPHOH pPEaKIK, TOJOBHOH OOMM W MHAITHA
OBUIH CTAaTUCTHYECKU JTOCTOBEPHO HIDKE, UeM B TPYIIIE IPHHIMABIIHX «TaMH(Io» (prc.
1). Ypoens noBTopHoro BoisaBieHust PHK BupycoB rpunmana 5-e cyTku 3a0051€BaHUs 110
pesyabratam [TIP-nrarHocTiky 1u1st TPkl MpUHUMaBIIed TZV, ObUT mouTH B 2 pasa
HIDKE, YeM JUTS TPYIIIBL, PUHUMABIICH(TaMI(ITIO.

TZV n ero mpon3BoJHbIE NPOAEMOHCTPHPOBAIH BBICOKYIO 3((EKTHBHOCTH B
OmbITax iN Vivo H, 94T0 MpUMEYaTENbHO, 3aMETHO MEHBIITYIO TPOTHBOBUPYCHYIO aKTHB-
HOCTb B 3KCHEPHUMCHTAX Ha KJICTOYHBIX KYJIbTypax. ITO 3acTaBisIeT pPEAINOJIOXKUTD,
YTO MEXaHM3M JICHCTBHS Npenapara U OJM3KHX K HEMY COeIMHEHHH 3aBUCHUT OT BO3-
HUKHOBEHHS B OPTaHW3Me eT0 aKTUBHBIX METAa0OJIHUTOB.
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MpoaoMKUTENBHOCTD CUMNTOMOB B rpynnax
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Puc. 1. InuTeIbHOCTH OCHOBHBIX CUMIITOMOB 3200JIEBaHUS TIPU HCIONIB30-
BaHMH MIPEMapaTOB «TPUA3ABUPUH» U «TaMHQIIION.

BrImoHEHO KOMITBIOTEPHOE MOJISIIMPOBAHUE B3aMMOICHCTBHS cyOcTaHmu T2V
C TEeMarrJITHHHHOM TaHaeMudeckoro Bupyca rpumma A/California/04/2009(HINT),
MO pe3yJIbTaTaM KOTOPOro OOHAPY)KEHO ISTh MOTEHIMAIBHBIX CAaHTOB B3aHMMOJCHCT-
Bus (Puc. 2).

ITepBudHOE B3aMMOCHCTBHE C OCIKAMHU-MUIICHAMHU 11 1ZV oCyIIecTBIsSeTCS,
TJIaBHBIM 00pa3oM, 3a CYEeT OTPUIATENBHOTO 3apsga OCHOBHOW YACTH MOJCKYIHI, B
CHJIy 4Yero B KAueCTBE CAWTOB «IIOCAIKW» Ha MOJIEKyJle TeMAarrIIOTHHHHA BHpYyca
rpunna uaeHTu(UIUpoBaHbl KopoTkue nocnepoBarensHocTH: CKLRGV (Lluc-JIus-
Jleit-Apr-I'mu-Ban), LGK (Jlei-I'mu-JIuz), FYKLIW (®en-Tup-Jluz-Ach-Jleit-U3o-
Tpm) (Puc. 2). B nosp3y Takoro cBA3bIBaHHS CBUACTEIBCTBYET OOHAPYKEHHOE METO-
JIOM MOBEPXHOCTHOTO IUIA3MOHHOTO PE30HAHCA HATUYME HEKOBAJCHTHOIO M JIWHAMU-
yeckoro Bzaumoseiicteus TZV ¢ remarrmotuauaoM (Puc. 3).

L4 -5TzZV
ka:1.07E+05 1/Ms kd:2.01E-01 1/s KD:1.88E-06 M
40000 © L4A2-T2
=)
£
20000
3
o
o
$
3
0
-40 0 40 80 120 160
Puc. 2. Pe3ynbTaThl MHOKECTBEHHOTO Puc. 3. /lerexTipoBaHue B3auMOAEHCTBUS UMMOOH-
nokuHra TZV u reMarritoTHHH- JIN30BAHHOTO FeMarrIrOTHHUHA TOATHIIA
na A/California/ 04/2009(H1N1) H3N2 (320 HM u 640 uM) u TZV (100 HM)
BUpyca rpunmna. [loka3aHsl Hau- METOJIOM OBEPXHOCTHOTO IJIA3MOHHOTO pe-
JIy4IIMe N0 SHEPTHH B3aUMOIeH- 30HaAHCA.

CTBUSI B3aUMHBIE PACTIOTIOKEHHS
MoJiekyi1. Monekynsl TZV 060-
3HAYEHbI )KENTHIM [[BETOM.
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Jnst onpesiesieH st MexaHu3Ma JeHCTBHsL, YCTaHOBJICHHS MUIIICHH U METaboIn3Ma
B OpraHU3ME TOCTABJICHBI MOJICIEHBIE IKCIIEPUMEHTBI 110 U3YUCHHUIO B3aUMOICUCTBHS
mpernapara ¢ COOTBETCTBYIOMIMMHU OuoreHHbIME S- win N-mykieodrmnamu. Takoid
MOJXOJ [O3BOJISIET, C OMHOM CTOPOHBI, HPEICKAa3aTh TEUCHHE XUMHYCCKUX PEaKInid,
CONYTCTBYIOIMX MOBEICHHUIO Iperapara B OpraHu3Me, a ¢ JIPYro CTOPOHBI, MyTeM
CHHTE3a COOTBETCTBYIOIIMX COCAMHECHUH, CMOJEIUPOBAThH MPOIIECC 00pa3oBaHHs KO-
BaJICHTHBIX CBs3¢H MOTCHIUAIBHBIX META0OIUTOB C COOTBETCTBYIONIMMHU (pparMeHTa-
MH KIIFOUeBbIX OesikoB Bupyca. CHHTE3 MOTEHIMAIbHBIX META0OIUTOB MOXKET TAKKe
HPECTABISATh CAMOCTOSATEIbHBIA HHTEpPEC ISl IOMCKA U OMOJIOTHYECKOT0 TECTHPOBA-
HUs OOJiee aKTUBHBIX MPENapaToB.

Hawumydmimu mo SHEpruy B3aUMOJAEHCTBUSA W B3aUMHBIX PACIONOKEHUHA MOJIe-
KyJI TeMarmIfOTHHUHA U TZV oKa3aJIMch CalThl, CoJlepKalllie OCTaTKU IMUCTEHHA, JTU-
3MHA M AprUHHUHA, YTO MO3BOJSIET MPEINOI0KUTh BO3MOMKHOCTh B3aUMOJACHCTBHS
(hparMeHTOB aMUHOKHCIIOT C MOJIEKYJIOH Tpernapara. [IpoBeneHHbIe MOJEIBHBIC YKC-
MEPUMEHTHI TTOATBEPIKAAIOT TAKYI0 BO3MOXKHOCTh. Y CTAHOBIICHO, YTO XOTSI HATPUEBAsI
COJIb 2-MeTHATHO-6-HKUTPO-1,2,4-Tprazomno[5,1-C]-1,2,4-tpuasun-7, OHa HE pearupyeT
HanpsMyro ¢ N- 1 S-HykJiieounamu, HO B TpUA30JIOTPHAZHHOHAX 3, HMEIOIIMX 3aMeC-
TUTEJH B MOJIOKCHUU 4, JISTKO MPOMCXOAUT 3aMEIICHUEe HUTPOTPYIIBI IIPU B3aUMO-
nevictBun ¢ L-mipctenHOM M L-riryTaTHOHOM, a TakKe ¢ ATUIOBBIM d(upoM L-mm3una
u apyrumu N-Hykieodwmiamu ¢ odpasoBanneM coenunennit 4 (Cxema 2). Baxkno ot-
METHTb, YTO ATKHJIUPOBAHHUE WIIH TIIMKO3WIHpoBaHue TZV 1o aToMy a30Ta BO3MOYKHO
U mpu MeTaboJIU3Me B OPraHU3ME BCIEACTBHE TOTO, YTO 3TO COCTUHCHHUE SBIISCTCS
H30CTEPOM ITYPUHOBBIX OCHOBAHUH, JIJIs1 KOTOPBIX XapaKTePHbI JaHHBIC MPEBPAIICHUS.

Cxema 2.
0 O 0
N NO, N )H/Noz R
N N 1 N~
7 7 R'H N
Cst—< 7|\ |N —_— CHSS—< %\ lN — = CH35—</ /k |
N N/ N N N/ N/ _N
Na | I\II
3 R 4 R
R = Me, Et, +-Bu, Bn, (CH,),0Ac, CH,C(Me)OEt, CH,CH,0C(0)Bu-r;
(0]
CO.H
W, oy
1= H R
R S\/\COZH, S N. NH, , HN. _~_~ ’HN\/\OH , HN NH,
0 COH CO,Et

JlaHHBIE PEHTTEHOCTPYKTYPHOTO aHANIN3A TPETHYHOM CTPYKTYpPhI TeMarraroTHHH-
Ha YKa3bIBAalOT Ha HaJM4YME IUCYIb(QUIHBIX CBS3eH MEXIy OCTaTKaMH IHCTEHHA.
MOoXHO HpPeANnoIOKUTh, YTO MOA JeiicTBueM TZV HpoucXonaT U3MEHEHHs TUCYIIb-
(buaHBIX CBs3el B reMarrmoTuHUHE. )11 MOAETUpOBaHHS 3TOTO MPOIIEcca UCIOb30-
BaIM MENTUABl TreMarnmoTHHHHA Bupyca rpunma A: HA-I: DCNTTCQ; HA-II:
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YGNCNTKCQ; HA-II: LCKLGGIAPLHLGKCN-amid. Otu coenuHeHus: coaepikar
O JIBE THOJIbHBIE TpymIbl — SH, pa3o0IeHHBIX pa3IHYHBIMU MTOCIC0BATEIBHOCTAMHU
Mo JUIMHE W MEPBHYHON CTpyKType. IlenTumsl MHKYOMpOBaTH B (PU3MOIOTHYECKUX
ycIoBusX ¢ TZV B pa3IMyHBIX KOHIEHTPAIMAX. AHATN3 MPOAYKTa HHKYOAIlUH TPO-
Boauimu MetogoM MALDI-macc-criektpomeTpuu. M3 MONMydeHHBIX JaHHBIX CIIEAYET,
yTo TZV 0IHO3HAYHO CIOCOOCTBYET 00pa30BaHUIO S-S CBsA3EH, MPSIMO B3aUMOAEHUCT-
BYET C THUOJCOACPKAIIUMH MENTUAAMHI H SBJSIETCS TOCTATOYHO CHJIBHBIM OKUCIHUTE-
JIEM THOJIOBBIX (pparMEeHTOB MOJUNIENTHIOB. DPPEKTUBHOCTE AeiicTBus TZV ompene-
JISICTCS KaK CTPYKTYPOU MENTHIOB, TaK U PEAIbHBIME YCIOBHAMHE INVIVO u invitro. Ec-
TECTBEHHO, IPH ITOM, TIPOUCXOTUT BOCCTAHOBICHUE HUTPOTPYIIIBI H MPOITYKTOM pe-
aKIUU SBISIETCS  2-MeTUITHO-6-amun0-1,2,4-tpuaszono-[5,1-c]-1,2,4-tpuasun-7(4H)-
OH. DTH JaHHBIC MMOATBEPXKIAOTCS HCCIeNOBaHMsIMHA 10 (apmakoguHamuke 12V, B
KOTOPBIX B KA4€CTBE OCHOBHOI'O TIEPBUYHOIO META0OJINTA TIpenapaTa uaeHTHGUIIpo-
BaHa €ro BOCCTaHOBJICHHAs (hopma.

JUTEPATYPA

1. Pycunosé B.JI., Ynomcxuu E.H., Yynaxun O.H., Yapywun B.H., A3zono[5,1-c]-1,2,4-
TpUa3HHBl — HOBBIM KilacC IPOTUBOBUPYCHBIX coenunenuit // U3sectus AH, Cep.: xumnue-
ckas. 2008. C. 967.

2. Yynaxun O.H., Pycunoe B.JI., Ynomckuii E.H., Yapywun B.H., I[lempos A.IO., Kuceneg
O./. HatpueBas coib 2-METHITHO-6-HUTPO-7-0kco0-[5,1-C]-1,2,4-Tpuasun-7-(4H)-oHa, au-
ruapar, obnajaronas IpoTUBOBUPYCHOM akTuBHOCTHIO // ITatent RU2,294,936. 2007.

3. Karpenko 1., Deev S., Kiselev O., Charushin V., Rusinov V., Ulomskiy E., Deeva E. Antivir-
al properties, Metabolism, and Pharmacokinetics of a novel Azolo 1,2,4, Triazine derived
inhibitor of influenza A and B virus replication // Antimicrobial agents and chemotherapy.
2010. V. 54.P. 2017.

4. Kucenes O.U., [leesa O.I'., Menvnurkosa T.U., Kozeneykas K.H., Kucenes K.H., Pycunog
BJI., Yapywun B.H., Yynaxun O.H. HoBblif poTHBOBUPYCHBII IpenapaT TpuazaBUpHH.
Pesynbratsl |l da3sl knmuHuueckoro uccnenosanus // Bonpocsl Bupyconoruu. 2012. T. 57.
Ne 6. C. 0.

5. Jlocunosa C.A., bopucesuy C.B., Pycunos B.JI., Ynomckuii E.H., Yapywun B.H., Yynaxun
O.H. OueHka TOKCUYHOCTH HOBOTO OT€YECTBEHHOI0 XMMHUOIpenapaTa TpuazaBUpuH // AH-
THOHOTHKY 1 XuMuoTepanus. 2012, T. 57, Ne 11-12. CC. 8-10.

6. Jlocunosa C.A., bopucesuy C.B., Pycunos B.JI., Ynomckuii E.H., Yapywun B.H., Yynaxun
O.H. Nzyyenue npoduiakTHieckoil 3GPEeKTUBHOCTH TpHUa3aBUPHUHA B OTHOLIEHUU SKCIIe-
pUMEHTaIbHONH (opMbI KiemmeBoro sHuedamura y Oenbix Mplmiel / AHTUOMOTUKH U XU-
muotepanus. 2015, T. 60. Ne 5-6. C. 8.



Hosvle npomusosupycuvie coedunenus na ocnoge asono-1,2,4-mpuasunos

uae 20uUdprrNhuuskhy UbUSNRESNRLLEN
uonLN-1,2,4-SChrubuLLElrh ZhUUL 4LU

Y.L (nruphny], O. L. Zniwyyuijupls, I U 2upniphl, O.P. Ghukily

uuoenenru

Unyt hnnpjuénid wdthnthdws tu uhiptnhl hwludhpniuwght
phthwlut vhugmipniuubph uhtiptqh $niugudbinnw hbwnwgn-
nnipntutiiph wpnyniupubpp, npnup juwnwpdt Eu ntuwunw-
uh wnweoht twhiwquh R.'U. Bighth wdwb Nipuh $nkpuy hw-
dwpuupuind, hiyywbu twb Oniwwunwih  ghumpinitubph
wlwunbdhugh Nipuh pudwidniuph’ P.8w. Mnuninduljhh widwh
opqutww uhtiplqh htunpununnmd” wjugbdhwwh b dwu-
tw&niquyhtt htunnhnnmnbbph jEuuwpwitbph hwdwgnpswly-
gnipjuup:

Zfbwpwetp’ wqnn-1,2,4-nphwghtutp, hwiwdhpniuwghtt wy-
wnhynipinil, mphwquyhphb:

NEW ANTIVIRUS COMBINATIONS ON THE BASIS
OF AZOLO-1,2,4-TRIAZINES

V. Rusinov, O. Chupakhin, V. Charushin, O. Kiselev

SUMMARY

The article summarizes the results of the fundamental research on the
creation of synthetic antivirus chemical combination conducted in the
Ural Federal University named after the first president of Russia B. Yelt-
sin, as well as in the Institute of Organic Synthesis named after I. Post-
ovskiy of the Ural department of the National Academy of Sciences of
Russian Federation with collaboration from biologists of academic and
branch institutions.

Keywords: azolo-1,2,4-triazines, antivirus activity, triazvirin.

181



182

TUAAUA3O0JIO[1,5-A[IIMPUMU/INHBI B KAYECTBE
INEPCIIEKTUBHBIX IITPEJINECTBEHHUKOB
BUOJIOTHYECKHA AKTUBHBIX TETEPOILMKJIOB?

K.B. Casamees, E.H. Ynomckuii, B.JI. Pycunos, JI1.H. Pycunosa

AHHOTADUA

B nanHo# pabore ObLT MPEATIOKEH HOBBIN CIOCOO CHHTE3a aHOMAJIbHBIX
HYKJICO3UJIOB C IIOMOIIbIO HUTPOTHAAUA30IONUPUMUANHOB Yepe3 peak-
W0 XJIOPJIC30KCUTCHNPOBAHUA M aMHUHHpoBaHHA. Kpome Toro, momy-
YeHHBIC S-aJIKMIIAMHHO-6-HUTPO-7-0KCcOTHAIMa3010[ 1,5-a ] MHpUMHUANHEL
SBIIAIOTCSI MEPCHEKTUBHBIMU CTPYKTYPHBIMH aHAJIOTaMH HHTHOHTOPOB
a/IeHO3UHOBBIX PELENTOPOB.

KroueBble cj10Ba: aJeHO3WHOBEIE PEHENTOPEI, aHOMAIbHBIE HYKICO3HU-
JIbl, XJIOPJIE30KCUT'€HUPOBaHUE, THAANA30Ibl, TUPUMUIUHBL.

Pernocrieruduaneiii cHHTE3 OHOJOTMYECKH aKTUBHBIX 7-3aMEIICHHBIX TyPHHOB
SIBIISIETCST BXKHOU MIPOOIIEMOH B CHHTE3€ JIGKAPCTBEHHBIX CPEICTB, MIPUHAIICKALTIX K
TpyIIe aHOMAIBHBIX HYKJIeo3umoB. Ha ceroaHsmHmii JeHs OOMBIIMHCTBO MOJXO0I0B K
CHHTE3y aHOMAJIbHBIX HYKIICO3HIOB MIPECTABIIACT COO0M aTKUIUPOBAHUE TETSPOITHK-
JIMYECKOT'O OCTOBA C OOJIBINCH WM MEHbIIEH CTeneHpto cenektuBHOCTH [1]. Takum
o0pa3oM, OCHOBHasI MmpodJieMa 3aKiro4yaeTcss B 00pa30BaHUU BTOPOTO PETHOM30MEPA,
KOTOPBI 3a4acTyio 00IagaeT HeKenaTeIbHON OMOaKTHBHOCTRIO [2], UTO IPUBOAMT K
HEOOXOIMMOCTH pa3zieeHHs OIM3KUX 110 CBOMCTBaM H30MEpOB.

Hamu Obu1 mpemioxkeH peruocrenupuueckuii oJXoA K CHHTE3Y aHOMAallbHBIX
HYKJICO3UI0B, KOTOPEIA BKIoYaer cuHte3 7-R-mypmuoB (II) M3 COOTBETCTBYIOMIMX
azoJo [1,5-a] mupumauunos (I).

X~ RI 2 N

= OO

Y ., [

Ll WL

(1)) an R
X=Y=K=N

X=N;Y=CH; K=S
R;, R, = nitrogen-containing groups

Cunrernueckd, myth oT coequnenns (I) k mypunam (1) mpoxoaut uyepe3 KOHBEp-
CHIO UCXOJHBIX OKCOIMpPOM3BOIHBIX (I) B COOTBETCTBYIOIINE XJIIOPTETEPOIUKIIBI C MMO-
CJICYIONUM aMUHHPOBAaHUEM TIOCTETHUX. B 3TOM cilydae, OJTHUM U3 MPEUMYIIECTB
THAJMA30JIONUPUMHUIMHOB HAJ[ TETPa30J0aHAIOTaMHU SBJISETCS OoJblnas CTaOWiIb-
HOCTb XJIOPIPOU3BOJHOTO (2): OHO MOXKET OBbITh BBIIEIEHO U3 PEAKLIMOHHON Macchl U

! TIpoext BeImonHeH mpH noxaepxkke Poccuiickoro Hayunoro doraa (rpaut Ne 14-13-01301) u
MunucrepctBa o0pazoBanus 1 Hayku PO (mpoext Ne 2458).
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oxapakTepu3oBaHo. COOTBETCTBEHHO, Onaromapsi STOMy, Ha CTaIudl aMUHHPOBAHIS
o0pasyercst MeHbIlIe TOOOYHBIX MPOJYKTOB, YTO YHPOIIAET BBIAEICHUE MPOoAyKTa (3)
U TOBBIIIAET BbIXOJ. CTOUT OTMETUTh, YTO XJIOPJEC30KCUTeHUPOBAHUE HUTPOTHAOHA-
30JIOMTUPUMHUIMHOB MPEACTABJICHO B JuTeparype [3], oqHaKo MeTox He omucaH AJs 2-
HEe3aMEIlEHHBIX THAANA30JIONUPUMUINHOB. VIMEHHO HOCIeIHIE IPENCTABISIOT UHTE-
pec ¢ TOYKU 3pEeHUs JalbHEeHIIel BO3MOXKHOCTH JECTPYKIMU THAAUA30JbHOTO (par-
MEHTA U NOITy4eHHs aHOMAJIbHBIX HYKJICO3UJOB ITypUHOBOTO Psja.

0 0 Y
NN NO: poci, Ny NO,  RrnmH, /N\N NO,
g g g
ST N Con Py ST N Sa $T N N-R
) @ Q)

>
R =Bu; i-Bu; Pr; AcO(CHy), ;s § ¢
1

CH,

Kpome Toro, 5-ankuaamMuHO-6-HUTpoTHamua30m10[l,5-a]mupumunnast (3) sBis-
I0TCSl OJNIM3KUMH CTPYKTYPHBIMH aHaJOTaMH TPHA30J0TPHA3MHOB, KOTOPHIE ITOKA3bl-
BAIOT aKTHBHOCTh B KAYECTBE aHTArOHHCTOB a/ICHO3MHOBBIX perentopos [4]. Tak, oa-
HUM W3 Hambojee MEePCIEKTHBHBIX aHTaroHucro B AP sBmsercs ZM-241385 [5].
CTpyKTypa CHHTE3UPOBAaHHBIX THAHA30JOMUPUMHIANHOB (3) MOAEIUPYET KIFOUYEBbIe
ocobeHHocTH cTpoeHus ZM-241385, B 4aCTHOCTH HHUTpPOTpYIIA SBJISAETCS XOPOIIHM
9JIEKTPOHHBIM aHAJIOTOM MHUPUIUHOBOro N-aToma, B TO BpeMsi KaK THaIHa30JIbHOE
KOJIBIIO TPEACTABISET COOOH abTepHATHBY TPHA30JbHOMY IUKIy. Eme ogamMm mpe-
HUMYIIECTBOM IIPEIaraeMoro IMOIX0/1a SBISETCS BO3MOKHOCTD THOKOM MOIr(UKAIIT
IpYNIBI-THHKEPa, KOTOpas B CTpyKType ZM-241385 mpencraBieHa OCTaTKOM THpa-

MUHAa.
OH
NN N~ NoO,
L~ AL 0
= —
(o) N
(ZM-241385) ®3) R

Kpome Toro, Hamn Obla TpoBeZeHa MOJENbHAS AECTPYKIHUS THAIHa30JIbHOTO
IIMKJIa HA OJHOM COEJMHEHWH M3 yKa3aHHOro psaa. Oxaszanock, 4To IpH 00paboTke
coequnenus (3a) 5% pacTBOpoOM THAPOKCHAA HATPHs 0Opas3yeTcss MPOIYKT AECTPYyK-
i (4), mpuuem, cyas 1o pesynstatam MK-anamusa — 0TCyTCTBHIO HHTCHCHUBHOM TIO-
JIOCHI HUTPWIJIBHOH TPYTIITBI, NECTPYKIHS IPOXOIUT cpady 10 SH-(opmsl.
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—Bu
(3a) H

(0] (o) (0]
NO NO NO,
/N\N 2 1. NaOH BN 2 HN |
¢ e | N | — s
ST\ N 2. HCI S N > N—Bu HS™ N N—Bu
(O] H ®)

Takum oOpa3oM, B JaHHOH paboTe ObUla CHHTE3UpOBaHa cepus S-R-amuHO-6-
HUTPO-7-0KcOTHaANna30y0[1,5-a]nnpuMHIMHOB, KOTOPBIE SBIISIOTCS MEPCIEKTHBHBIMU
MPEIIECTBEHHUKAME K CHHTE3y IIMPOKOTO Kpyra MOTEHIMAIbHO OHMOJIOTHYECKH aK-
TUBHBIX TETEPOIMKIIOB. BBIOOp 3amMecTHTENel P aMHHOTPYIIIIE OCHOBAH Ha JIUTEpa-
TYPHBIX JIaHHBIX, KOTOPbIE [TOKA3BIBAIOT, YTO 8-AJIKWIITPUA30JIONYPUHBI U 7-R-IIypHHBIL
JEMOHCTPUPYIOT BBICOKYIO MOJIE3HYIO OHOIOMYECKYHO aKTHBHOCTH [6].
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THIADIAZOLO[1,5-A]PYRIMIDINES AS PERSPECTIVE PRECURSORS OF
BIOLOGICALLY ACTIVE HETEROCYCLES

K. Savateev, E. Ulomskiy, V. Rusinov, L. Rusinova

SUMMARY

In this paper we proposed a new method for the synthesis of abnormal
nucleoside via nitrothiadiazolopyrimidines through chlorodeoxygenation
reaction and further amination. Furthermore, the obtained 5-alkylamino-
6-nitro-7-oxothiadiazolo[1,5-a]pyrimidines are perspective structural
analogs of adenosine receptor inhibitors.

Keywords: adenosine receptors, ubnormal nucleosides, chlorodeoxyge-
nation, thiadiazoles, pyrimidines.
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ukph oqunipjudp pinpptqopuhgbimgdwt b wdhtmugdwt dhon-
gny: Pwugh wyn, unwugdws 5S-wyhjwdhun-6-uhwnpn-7opunphw-
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ki
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CUHTE3 U BUOJIOTTHYECKAS AKTUBHOCTH [1, 2, 4]
TPHA30JIOAHHEJIMPOBAHHBIX [1, 2, 4, 5] TETPASMHOB'

C.I'. Torwuna, A.B. Kopomuna, P.U. Huimemosa,
JL.U. Pycunosa, I'.JI. Pycunos

AHHOTANIIUA

Pa3paboTaH MeTOX CHHTE3a U IOJYYEH PsJ MPOU3BOIHBIX HEH3BECTHOM
paHee reTeponnKIndeckoi cucremsl — [1,2,4] tpuaszono [1,5-b] [1,2,4,5]
terpasnHa. CHHTE3UPOBAH Psijl IPOU3BOIHBIX H30MEPHOI TpHasoio [4,3-
b]-annenupoBanHoii cucrembl. McciaenoBaHa TyOepKylnoCcTaTHYECKas U
GbyHrUCcTaTHYECKAsT aKTHBHOCTD MOJy4YeHHBIX Tpuasoio [1,2,4,5] rerpa-
3HHOB.

KioueBble ciaoBa: azonoasusl, [1,2,4] tpuasono [1,5-b] [1,2,4,5] Ter-
pasunsl, [1,2,4] tpuaszoso [4,3-b] [1,2,4,5] TeTpasunbl, aHAIOTH MypHHA,
Ouonorndeckasi akTUBHOCTb.

ABONaHHENNPOBAHHBIE A3WHBI SIBIIIOTCS W30CTEpaMU IypHHA W IIPEACTABILIIOT
OOJBIION MHTEpEC AJISl COBPEMEHHON MEIMIIMHCKON XMMHHU KaK MOTEHIIUAIbHbIE O1o-
JIOTUYECKH aKTUBHBIE COENUHEHHUs. Tak, Hampumep, umunaszo [1,2-a] mUpuUAUHBL U
nMuaa3o [1,2-a] MUPUMHIUHBI IPOSBIISIOT MIUPOKUH CIEKTp OMOJOTHYECKON aKTHB-
HOCTH, B TOM YHCJIE IIPOTUBOBUPYCHOW W aHTHOAKTEepHalbHOM [1, 2].

IlepcriekTHBHBIM HampaBJIeHUEM IMOWMCKA HOBBIX JIGKAPCTBEHHBIX CPEACTB SBISIETCS
CHHTE3 M OMOCKPHUHUHI TOJMA30TCOAEPKAIINX a3070a3MHOB, B YaCTHOCTH, A30JI0aH-
HEJIMPOBaHHBIX TeTPa3uHOB. JlaHHBIC COSNMHEHN, 00IaIasl aKIETOPHBIM XapaKTepoM 1
OOJIBIINM KOJIITYECTBOM T'eTePOaTOMOB B CTPYKTYPE, IMEIOT OTIOJHUTEIHHBIE BO3MOMKHO-
CTH HEBAJICGHTHOTO CBS3bIBAaHHSA C Pa3UYHBIMUA OHOIOTMYECKUMH MHUIIeHsMU. Kpome To-
0, BBICOKas MEKTPOMUIBHOCTh TETPA3UHOBOTO ITUKIIA MOXKET 00E€CIEYUTh XUMHUYECKOE
CBSI3BIBAHIE C MTATOTCHHBIMI OOBEKTaAMH, IPUBOIIAIIEE K HAPYIICHUIO MX (DYHKIIHH.

K HacrosmmeMy MOMEHTY UMeEETCs psii OATBEPKICHUN TOTO, YTO a30JI0aHHEIH-
poBaHHbIe 1, 2, 4, 5-TeTpa3uHbl 00NAJAIOT BHIPAKEHHON OMOIOTHYECKON aKTHBHO-
cThto. Tak, Hampumep, ObUIa BBISIBIIEHA MPOTHBOMHUKPOOHAs aKTUBHOCTH 1,4-muru-
poummumaszo [1, 2-b] [1, 2, 4, 5] terpasunoB [3], HpoTHBOTYOEpKyIE3HAs aKTHBHOCTH
tpuasoio [4, 3-b]- m umumazo [1, 2-b] [1, 2, 4, 5] TerpazunoB [4], aHTHOaKTEpHATEHOE
u (yHrucratuueckoe nekictBue THazoio [3, 2-b] [1,2,4,5] terpasunoB [5], a Takke
MPOTHBOOITYX0JICBasi aKTUBHOCTH Tpuasoio[4, 3-b] [1, 2, 4, 5]retpasutos [6] u uMu-
nazo[1,2-b][1,2,4,5]rerpasunos [7]. OnHako asonoaHHeaupoBanusie 1, 2, 4, 5-terpa-
3UHBI, HECMOTpPSI Ha MPOSBIAEMbIM K HUM HMHTEPEC, OCTAIOTCS MaJOpacHpOCTpaHEeH-
HBIM KJIACCOM COEIMHEHHMIA, YTO CBA3aHO, TNIABHBIM 00pa3oM, C OTCYTCTBHUEM YIOOHBIX
METOJ/IOB UX CHHTE3a U MOAU(UKAIINY.

Takum oOpa3om, pa3paboTka METOIOB CHHTE3a HOBBIX a30i0[1,2,4,5]reTpasuHoB

! Pa6ora BbInoHEHa pH GUHAHCOBOI moepxkke PODU (mpoekt 14-03-31066 mon_a), a
taroke rpanra [pesumenrta Poccuiickoit @enepannn (MK-2788.2014.3).



Cunmes u buonoeuveckas akmusnocms [1, 2, 4] mpuaszonoanneruposanuuix ...

C LENBIO TIONCKA HOBBIX 3()(hEeKTUBHBIX JICKAPCTBEHHBIX NPENAPATOB SBISCTCS aKyallb-
HBIM U IIEPCIIEKTUBHBIM HalpaBICHUEM HCCIIEOBaHUH.

Jannas pabora HampapiieHa Ha CO3JaHHe HOBBbIX Tpuasono[l,2,4,5]TeTpa3suHoB C
ENBIO JabHEHIIIEr0 U3yYeHUs UX TYOSpKYIIOCTaTHUSCKOM B (DyHTUCTaTHUECKOM aKTHB-
HOCTH.

BriepBrie ObUT TpOBENIEH CHHTE3 IMPOU3BOAHBIX HEM3BECTHOW paHee TeTepOIUKIN-
4eckol cuctemsl — [1, 2, 4] Tpuasono [1,5-b] [1, 2, 4, 5] Tetpasuna. JlaHHbIe COSAUHCHHS
MPENICTABIISIOT OCOOBIN MHTEPEC IS HCCIISIOBAHUS OHOIOTMIECKO aKTHBHOCTH, TaK Kak
TI0 PACTIONIOKEHUIO aTOMOB a30Ta B MOJICKYJIE SIBIISTFOTCSL OoJiee OJM3KUMH aHAJIOTaMH 1Ty-
pUHA, YeM H30MEpPHbIE UM U3BECTHBIE TpHas3ono [4,3-b] [1, 2, 4, 5] Terpasuns (cxema 1).

Cxema 1.

Pa3paboTaHHBIif METON CHHTE3a HOBBIX TPHA30JI0TETPA3MHOB 3AKITFOYACTCS B OKHC-
JIATENBHOM IUKJIN3AIMH TIPOU3BOAHBIX 2a-, comeprkarnx aMuIHHOBBINA (hparMeHT (cxema
2). TlokazaHo, 4TO OKHCIICHHME 3aMEIIeHHBIX amuauHamu 1, 2, 4, 5-terpasunos 2a-f B
tpuasono [1,5-b] [1, 2, 4, 5] Terpasunbl 3a-f mpoxomuT mox AEHCTBHEM AHAIICTOKCHIOM-
Oemsona B TpudTopaTaHone. LleneBrie mpomykTel 00pasyrorcs ¢ Bexogamu 35—70%. [Ipu
OKHUCJICHMH OEH3aMHIMHOBBIX MPOM3BOMHBIX 2D, C MOKHO Takke HCIONB30BaTh N-
OpOMCYKIIMHUMUJ] B AIIETOHUTPHJIE B YCJIOBHUSIX MHUKPOBOJHOBOTO 0OmydeHus. [Ipu stom
HapsITy ¢ IUKIIM3aIe MPOUCXOTUT OPOMUPOBAHKE MTUPa30JIbHOTO ukia mo C(4) ¢ o6pa-
30BaHKEM IpoaykToB 3¢, h (cxema 2).

Cxema 2.
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Ha npumepe coenunenus: 3¢ mokasaHo, 410 HOBbIe Tpuasoso[1,5-b][1,2,4,5] ret-
pa3uHBI, Tak e Kak M30MepHble uM Tpuasono [4, 3-b] [1, 2, 4, 5] Terpasuns [8],
BcTynatoT B peakuuu ¢ N- u O-Hykieodpunamu ¢ 00pa3oBaHUEM IPOAYKTOB 3aMellie-
HUS a30JIWJILHOW TPYNIBI B TETPA3HHOBOM IHKIIE 4a-¢ (cxeMa 2). JlaHHbIe peakluu B
JanbHEeHIIeM MOTYT OBITh MCIOJIB30BaHbI sl Moauukanuu Tpuasoio [1, 5-b] [1, 2,
4, 5] TeTpa3uHOBOW CHCTEMBI IIEIICBHIME CTPYKTYPHBIMHU (pparMeHTaMH.

Panee Obut0 moka3zaHo, uto [1,2,4]rpuazono[4,3-b][1,2,4,5] Terpasunsbl, comep-
JKaIre aJKIITHOMBHBIC MITH IUKIOAIKIITHOIBHEIE 3aMECTHTENN MOTYT BEICTYIATh B
KadecTBe HHruouTOpoB nporentkuHas PKNA, PknB mukobakrepuii TybepKkyie3a u sB-
JISTIOTCS MOTEHIMABHBIME TyOSpPKYIIOCTaTHKAMH C HOBBIM MEXaHU3MOM JCHCTBHS [4].
B peakmmsax 3-runpasuno-1,2,4,5-terpasuHa 5 ¢ cepoyriepooM U alKHIHPYIOIIUMH
areHTaMu ObLIHM IMOJy4YeHBI HOBBIE 3-anmkuitHo-[1,2,4] tpuaszono [4,3-b][1,2,4,5] tet-
pazunbl 6a-f aust nanbHeifero n3yveHus Mx TyOSpKYIOCTATHYECKOW aKTUBHOCTU. B
pesynbrate MoAu(bHKALNK TPHA30IoTeTpa3uHa 6f B peakimu HyKIeopUIBHOTO 3ame-
[IEHWS C 3TAHOJAMHHOM IOJNyYeH HOBBIA Tpuasomorerpasun /f, couerarommii B
CTPYKTYpE JTHUITOPHIHHBIA TUKIOOKTIITHOIBHEIA U THAPO(QHUILHBIA STaHOJAMUHOBBIN
(parmenTsI (cxema 3).

Cxema 3.

HccrnenoBana TyOepKymocTaTHUeCKass aKTUBHOCTh CHHTE3HPOBAHHBIX TPHA30-
10[1,2,4,5]rerpasunoB 3a-h,4a-c,6a-f,7f B ormomenun mramma M. tuberculosis
Hs7Rv, a taroke dyHrucratuueckas akTHBHOCTh B OTHOIIEHUH MUIIEIUANBHBIX aHTPO-
MOGUIBHBIX M 300aHTPONOGHIBHBIX TprHbOB gepmaroduTos (Trichophyton, Microspo-
rum u Epidermophyton), Ber3siBarominx 3a0ojgeBaHUs KOKH U €€ IPUAaTKOB (BOJIOC,
HOTTel), U ApoXoKenono0HbIX rpuboB poma Candida.

Coenunennst 3a-h,4a-C nposiBitH crnabyto TyOepKYIOCTATHIECKYIO aKTHBHOCTH C
MHHHMAaJIbHON nHruoupytomen xonnertpanueii (MIC), ve npesimaromieit 6 Mxr/min. B
TO € BPeMs B JAHHOM PsiTy ObUTH BBISBIICHBI TP COSMHEHNS C BHICOKOH aKTHBHOCTHIO B
otHotrernu rpudos nepmaroduros (MIC 1.5 mxr/von). M3omepsie [1, 2, 4] Tprasomno [4,
3-b] [1, 2, 4, 5] Terpasunn 6a-f, 7f, HampoTHB, He OOMAmATM CYIECTBEHHOW MPOTHBO-
rpubkoBoii akTuBHOCTBIO (MIC > 50 MKT/MIT), OTHAKO B MX Py OBUIO BBISBICHO MPOU3-
BOJIHOE, TTO/IaBIISFOIIEE POCT MUKOOAKTEepHi TyOepKye3a B KOHIIEHTpany 3.1 MKI/MIL

TakxuM oOpa3oM, MoKa3aHo, YTO CHHTE3MPOBaHHBIE 3,7-AM3aMeIeHHbIE TIPOU3BOI-
HbIE HOBOM TETEPOIMKINYECKOM cuctemsl [1, 2, 4] Tpuasono [4, 3-b] [1, 2, 4, 5] terpa-
3WHa MEPCTICKTHBHBI JJIsI [IOUCKA B MX Psi/Iy HOBBIX TIPOTHBOTPHOKOBBIX TIPEHapaToB.
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SYNTHESIS AND BIOLOGICAL ACTIVITY OF [1, 2, 4] TRIAZOLO
ANNELATED [1, 2, 4, 5] TETRAZINES

S. Tolshchina, A. Korotina, R. Ishmetova, L. Rusinova, G.. Rusinov

SUMMARY

The method of synthesis of previously unknown heterocyclic system [1,
2, 4] triazolo [1,5-b] [1, 2, 4, 5] tetrazine has been developed. Synthesis
of these derivatives and also isomeric triazolo[1,5-b]-annelated sistem’s
derivatives has been carried out. Tuberculostatic and fungistatic activity
of obtained triazolo [1, 2, 4, 5] tetrazines has been investigated.
Keywords: azoloazines, [1, 2, 4]triazolo[1,5-b][1, 2, 4, S]tetrazine, [1, 2,
4]triazolo[4,3-b][1, 2, 4, 5]tetrazine, purine analogs, biological activity.

SChULNTNULULELPMNYUSYUD [1, 2, 4, 5] SESCULPLULELD UbLETER B4
YGULUURLULUYUL UUSPINRE3NPRU[L, 2, 4]
U.Q. Spjpshtw, U. 9. Ynnnwunlhiuw, (2.5 Podlwnniw, [.P. (fmupbnyguw, @.L. [kniupbng

uuonoenku
Uswljyty k uhtiptgh dkpng b uvnnwugyl) tu bwhhind withwyn
htwnbpnghyihy hwdwlupgh dp owpp wbdwbguybbp’[l, 2, 4]
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wphwqnn [1,5-b] [1, 2, 4, 5] mbkwpwght: Uhupkqk] o hgnubp
wnphwqnnf4,3-b]-wut hpndugdus hwdwlwpgh dh swpp wéwb-
gruutp: Zknwgnuyty E unwugjws tiphwqnnfl, 2, 4, 5] wknpw-
qhuliph wniptpyninquht b $niighghnu) whnpynipynip

Zpduwpwntkp’ wgninughbubp, [1, 2, 4] wphwqnn [1,5-b] [1, 2, 4, 5]
wbkwnpwughtubp, [1, 2, 4] wphwqnn [4,3-0] [1, 2, 4, 5] mbkwnpwuqht-
ubp, yniphth wtwngukp, jiluwputwljut wjnhynipjnti:



CHUHTE3 HOBBIX CTUMYJISATOPOB POCTA PACTEHUH B
PALY NPOU3BOAHBIX ITIMPUJASUHUITIOKCUA3ZNHOB

P.C. lHlaunoea, T.A. I'omkyan, A.B. Kapanemsan, A.Il. Enzosan

AHHOTAIIUA

Peakuueit kanueBbIx coneit 6-ruapokcunupuaasui-3(2H)-oxa u ero 2-N-
3aMeNIeHHbBIX MPOU3BOIHBIX C XJIOPHUAAMH TPUMETHIAMMOHUEBBIX coJel
2-MeTOKCH(IuaIKuIaMuHo)-4-amuno-1,3,5-Tprasina CHUHTE3UPOBAHBI
COOTBETCTBYIOIIME TPOU3BOJHBIE MUPUAA3HHMIOKCH-1,3,5-TprasuHa.
B3aumoieiicTBHEM KAJTMEBBIX COJICH MUPHIA3HHA C XJIOPALETOYKCYCHBIM
3GHUPOM U TOCITEYIOMEeH reTepOUnKIN3alnuell MoaydeHbl THPHIa3uHHU-
JIOKCHITUPUMUIU-HOBBIC TPOU3BOHbIe. CHHTE3UPOBAHHBIC COCANHEHUS
MPOSIBUIIM B OWOJIOTHUECKHUX OKCIEPHMEHTaX BBIPOKCHHBIE CBOMCTBA
CTUMYJIITOPOB POCTa PACTCHUIA.

KaroueBble ciioBa: MUPHIa3HHIIOKCUTPHA3ZHHEL, TTHPUIa3UHIIOKCHITH-
PUMHUIUHBI, TETEPOIMKIN3AIINS, CTUMYJISATOPBI POCTA PACTCHUI.

ITomy4yeHue BBICOKOTO U TapaHTUPOBAHHOTO YpOXKas CEIbCKOXO3IHCTBEHHBIX
KyJIbTYp B HAcCTOsIIEe BpeMs CTal0 BO3MOXKHBIM IOCPEICTBOM NPUMEHEHUS WHTEH-
CUBHBIX TEXHOJIOTMM MX BO3ZEJbIBAHUSA, OCHOBAaHHBIX HA MCIOJIb30BAHUU MUHEpalb-
HBIX yHoOpeHuil u nectunnaoB. KoHeuHo, B mocienHee BpeMs MHOTO TOBOPSIT 0 OHO-
JIOTMYECKUX CPEACTBAax 3alUThl pacTeHH. OHAKO 0 UX MPOMBIIUICHHOTO IPOU3-
BOJICTBA B HEOOXOANMBIX 00bEMax eIle 0ueHb Janeko. [loaroMy B HacTOSIIHI TIEPHOT
MECTUIMIAM HEeT aJbTePHATUBBL, TaK KaK X IPUMEHCHHE 00YCIOBICHO BBICOKOH KO-
HoMmuueckor 3ddexkTrBHOCTRI0. OJHAKO OJJHOBPEMEHHO BO3HHKAET 3aj1avya Oesorac-
HOCTH YEJIOBEKa M OKPYXAaIOLIeH Cpeabl, KOTopasl CBA3aHa C 3arpsi3HEHHEM IOYBHI,
BOJIbI, @ TAK)KE C HAKOIUIEHUEM HUX OCTATKOB B IMILEBBIX MPOJYKTaX.

OaHMM U3 HEIOCTATKOB COBPEMEHHBIX MECTULUAOB SABJISIETCA TO, YTO BPEIOHOC-
HBIE OPTaHU3MbI IIPHOOPETAIOT CTAOMIBHOCTh IO OTHOLICHHUIO K MpenapaTaM. JTo He-
JKEJIATCIIbHOC SBJICHUC IMPUBOAUT K HCOGXO}Z[I/IMOCTI/I CHUCTEMATHUYCCKOI'O ITOINIOJIHCHHUSA
MECTULIMJOB HOBBIMU NpernapaTaMy, HaJeJeHHBIMU PAa3IMYHBIMH MEXaHU3MaMH BO3-
eNCTBHA.

B nocnexnue npa gecATHIETHS 3aMETHOE BHHUMAaHHE HCCIIEOBaTeICH MpHUBIIEKa-
10T MPOU3BOIHBIE a3WHOB [1-6]. BmecTe ¢ TeM, B IuTepaType Mallo JaHHBIX 0 OHOJIO-
TUYECKON aKTUBHOCTH HEKOHJEHCHPOBAaHHBIX I'€TEPOLMKINYECKHX CHUCTEM C cOodera-
HHEM B MOJIEKYJIe IByX a3MHOBBIX LIUKIOB. [0 3TOM npu4MHE LEnbl0 HACTOAIIErO UC-
CIICIOBAHMUS SBISUIOCH MPOJODKEHNE HUCCIeIoBaHMM [7, 8] mo pa3paboTKe HOCTYITHBIX
u 3(1)(1)6KTI/IBHLIX METOAOB CHUHTE3a HOBBIX IMPOU3BOJHLIX MUPUAASUHUIIOKCUA3UHOB,
10 OTHOIICHHIO K KOTOPHIM y BPEIHBIX OPraHM3MOB €lle He BhIpaboTaiach pe3u-
CTEHTHOCTb M M3y4eHHE MX OMOJIOTHYECKOH aKTHBHOCTH B IUIaHE ITOMCKA HOBBIX IT€C-
TULU/IOB U PETYJISATOPOB POCTa PACTEHUI.

Peakiueit kanmeBbix conedl 6-ruapokcunupumasui-3(2H)-oma u ero 2-N-
3aMEIIeHHBIX NPOM3BOAHBIX (1) ¢ XJopHaamMu TPUMETUIAMMOHHUEBBIX CONCH 2-
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METOKCH(IHaIKIIaMUHO)-4-amuH0-1,3,5-TpnasuHa  CHHTE3MPOBAaHBI COOTBETCTBYIO-
IIKe MTPOU3BOJIHbIE MUPUAA3HHIIOKCH-1,3,5-Tpuasuna (2-10).

NH, 1
e e R NH,
o N_N\ oK C-l(H3C)3;\|)I\N/)\R © N\ll\l ’\f N
U \ O)\ N/)\R
1 2-10

R = OCH3;, N(CHy),
R'= H, CHj, CgHs, CgHsO(CH,),, p-CH3-CsH,-O(CHy),

Amnanoruunbie  2-N-aJKUIIHPHIA3UHIIIIPOU3BOIHEIC MOTYT OBITh TTONYYCHBI
TaKke Opu aidkuaupoBanun 6-((4-ammuo- [1,3,5]TprasuH-2-m1)OKCH)-TIHPHIA3HH-
3(2H)-onoB. BzammopeiictBuem  6-((4-amuH0-6-(muMeTHIamMuHO)-1,3,5-TprazuH-2-
win)okcn)upuaasua-3(2H)-ona (6) ¢ alKuIragoreHuaAaMU CHHTE3HPOBAHBI COOTBET-
crBytorue 2-N-3amerennsie npoussoansie (11-13), crekTpaibHble mapamMeTpbl KO-
TOPBIX COBIAJAIOT CO CIIEKTpamMu coequHennii /—10, urto yka3bpIBaeT Ha TO, YTO B CO-
eIWHEeHNH 6 3aMemeHne MPOTEeKAET 10 aTOMY a30Ta MHPHIA3UHOBOIO IMKIA (POPMBI
A, a He 10 aTOMY KHCIIOPOJia COOTBETCTBYIONIEH BTOPOU TayTOMEPHOM (hopMbl — 6-(4-
amMuHO-6-1umetunamMuto-[ 1,3,5]rpuasun-2-unokcu)-nupuaasun-3-oia (B).

C 11eJIp10 TMOTyYCHUS TUPUAA3UHUITIOKCUTHPUMUIMHOB B3aUMOICHCTBAEM Kalne-
BBIX COJIEW MCXOMHBIX MHUpUAa3uHOB (1) ¢ XIOpaIeToyKCyCHBIM 3QHUPOM CHHTE3HPO-
BaHbl  3TWIOBBIe  3hupsl  2-(1-3amereHHbIX-6-0kCc0-1,6-AurHApO-MUpUIa3HH-3-
HJIOKCH )-3-0KCO-0yTaHOBBIX KUCIOT (14-16). VX mocieayromieil reTeponrKIn3annei
C TUAPOXJIOPHUIOM T'yaHUIWHA MOJYYCHBI MUPUAA3UHUIOKCUTHPUMUIMHOBEIC MTPOH3-
Bomubie (17-19) [9].
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[Ipu mpenBapuTeNBHBIX JTAOOPATOPHO-BETETAIMOHHBIX HCIIBITAHUAX PSIl COENU-
HEHUI MPOSBHIN BBIPRXKEHHOE CTUMYIHpYIOIee AEUCTBHUE HAa POCT PacTeHUi, 4TO
YKa3bIBaeT Ha MEPCIEKTUBHOCTh CUHTE3UPOBAHHBIX HOBBIX I'€TEPOLUKIMYECKUX CHC-
TeM JJIs IOUCKA POCTOPETYIATOPOB pacTeHuil. [loMrMo 3TOT0, MOJIyYeHHbIE COEANHE-
HUSI MOTYT OBITh yCHENTHO IPUMEHEHBI B KaUeCTBE MCXOIHBIX BEIIECTB IUISi CHHTE3a
HOBBIX Ps/10B OMOJIOTUYECKU aKTUBHBIX COCTMHEHUH.

3KCHepI/IMeHTa.]IbHaﬂ 4acTb

Crekrper SIMP 'H u °C cusirer ma cniextpomerpe “Mercury-300” ¢ paGoueit
vacroroir 300 MI'n B pactBope IMCO-dg + CCl, (1:3). B xauecTBe BHYTPEHHETO
cTanmapra ucnoiib3oBaicsa Terpamermwicuiad (TMC). 3a XonoM peakiuii 1 YUCTOTOM
CHHTE3UPOBAHHBIX COCNUHECHUI CIICAMIN KaK CHEKTPAJbHBIM METOJOM, TaK U C II0-
MOIIbI0 TOHKOCIOWHON XpoMmartorpagun Ha mnactuHax “Silufol UV-254”. B kauecTtBe
JIIOSHTA UCIIONB30BaJIacCh CMECh PACTBOPHTENIEH alleTOH-TeKCaH B COOTHOIIEHHH 1:1,
nposiutens — cMeck 2% AgNO3 + 0.4% OpomdenonoBoro cunero + 4% IMMOHHON
KHCIIOTHL.

Cunres coequnenni 2-10.

K cmecn coemunenns 1 (0.001 moms) 1 10 mir arierona mpu 0—4 oc MOPUUSMH J10-
bapisiror 0.001 MOJTB XJTOPUIOB TPHUMETHIIAMMOHHUEBBIX COJICH a3WHOB, 3aTeM IIpO-
JIOJDKAIOT IepeMelBaHNe NpY KOMHAaTHOM Temmeparype. Ha cienyromuii nexs mne-
peMemuBaioT npu 45 —50 °C 110 oxonuanus BeyIeneHKs amuHa. [Tocie yZnajaeHus aue-
TOHA OCTATOK 00padaThIBAIOT BOJIOH, OT(OHUIHTPOBHIBAIOT M MTPOMBIBAIOT BOJIOM.

6-((4-AMuno-6-meroxcu-1,3,5-rpuazun-2-ua)oxcu)nupuaazun-3(2H)-ou  (2).
Benbie kpuctamiel, T.mw1. 245-247 OC, BbIXOJ 63%. Criextp SIMP 'Ho M.1., J I': 3.87
(¢, 3H, OCHy); 6.88 u 7.27 (an, J=9.9 T'u, 2H, CH=CH); 7.31 u 7.44 (cc, 2H, NH,);
12.59 (yurc, 1H, NH). Crextp SIMP *C O m.x.: 53.97, 130.41, 131.68, 147.86,
159.91, 168.91, 170.71, 171.91. Haiigeno, %: C 40.71; H 3.46; N 35.63. CgHgNOs.
Brruucieno, %: C 40.68; H 3.41; N 35.58.

6-((4-AmMuno-6-merokcu-1,3,5-rpuazun-2-un)oxkcu)-2-meruanupuaazua-3(2H)-
oH (3). bembre kpuctamiel, T.01. 208-210 OC, Boixop 80%. Crekrp SIMP 'O M.I., J
I'u: 3.62 (¢, 3H, NCHy); 3.85 (¢, 3H, OCHy); 6.95 u 7.30 (ma, J=9.9 T', 2H, CH=CH);
7.32 1 7.38 (cc, 2H, NH,). Haiineno, %: C 43.28; H 4.07; N 33.66. CgH1oN¢O3. Borunc-
neHo, %: C 43.20; H 4.03; N 33.59.

6-((4-Amuno-6-meTokcn-1,3,5-TpuazsuH-2-ua)okcn)-2-peHUIMUPUIAHH-
3(2H)-on (4). Bensie kpuctamisl, T.m1. 203-204 °C, Beixox 67%. Crextp SIMP 'H [
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m.1., J I'u: 3.84 (¢, 3H, OCHa); 6.97 u 7.31 (an, J=9.9 'y, 2H, CH=CH); 6.75-7.16 (M,
5H, Cg¢Hs); 7.33 u 7.40 (cc, 2H, NH,). Haiineno, %: C 53.77; H 3.89; N 26.79.
C14H1oNgO3. Beraucaeno, %: C 53.85; H 3.87; N 26.91.
6-((4-Amuno-6-meroxcu-1,3,5-Tpuazun-2-un)oxcn)-2-(2-
denoxcmyTua)nupuaazun-3(2H)-on (5). bensie kpucramiel, T.mi. 148-150 °C, BbI-
xon 57%. Cnextp SIMP 'H o m.a., J T'm: 3.85 (¢, 3H, OCHy); 4.28-4.40 (M, 4H,
CH,CH,); 7.12-7.25 (M, 5H, CgHs); 6.97 u 7.35 (na, J=9.9 T'u, 2H, CH=CH); 7.35 u
7.42 (cc, 2H, NHy). Cuektp SIMP °C O m.x: 49.65, 53.92, 64.00, 114.30, 120.41,
128.88 129.91, 131.06, 147.25, 157.88, 158.68, 168.97, 170.61, 171.90. Haiineno, %:
C 53.99; H4.51; N 23.69. C16H16N6O3. Beruuncinieno, %: C 56.47; H 4.74; N 24.69.
6-((4-Amuno-6-(mumernnamuno)-1,3,5-Tpuazsun-2-Ui1)OKCH ) TUPHIA3HH-
3(2H)-om (6). benbie kpuctamisl, T.w1. 275-277 °C, BhIx0x 80%. Crektp SIMP *H [
.., J T 3.03 u 3.09 [ce, 6H, N(CHa),]; 6.48 1 6.73 (cc, 2H, NH,); 6.83 u 7.22 (uz,
J=9.7 I'u, 2H, CH=CH); 12.49 (ymc, 1H, NH). Haiineno, %: C 43.31; H 4.41; N
39.47. CgH11N7O,. Brruncneno, %: C 43.37; H 4.45; N 39.34
6-((4-Amuno-6-(aumernnamuno)-1,3,5-Tpuazun-2-uia)oxcu)-2-
mernanupuaazun-3(2H)-on (7). Benbie kpuctamisy, T.u1 254-255 °C, Bhixon 88%.
Crnextp SIMP 'H O m.a., J T 3.02 1 3.10 [cc, 6H, N(CHs),]; 3.62 (c, 3H, NCHy);
6.48 u 6.69 (cc, 2H, NH,); 6.89 u 7.28 (ax, J=9.7 I'u, 2H, CH=CH). Haiineno, %: C
45.71; H4.91; N 37.37. C1oH13N;O,. Brraucneno, %: C 45.62; H 4.98; N 37.24.
6-((4-AmMuno-6-(aumernnamMuno)-1,3,5-Tpuazun-2-uia)oxcu)-2-
dennanupunazuu-3(2H)-ou (8). bensie kpucramisl, T.mut 175- 176 °C, Bobixox 88%.
Cnextp SIMP 'H O m.a., J T 3.03 u 3.12 [cc, 6H, N(CHa),]; 6.51 u 6.72 (cc, 2H,
NH,); 7.31-7.48 (m, 5H, CgHs); 7.03 u 7.62 (o, J=9.7 Hz, 2H, CH=CH). Haiineno, %:
C 55.41; H4.62; N 30.27. C45H15N7O,. Beraucneno, %: C 55.38; H 4.65; N 30.14
6-((4-Amuno-6-(nmumernnamuno)-1,3,5-rpuasun-2-min)oxkcun)-2-(2-
(denoxcudTH)-mupuaazun-3(2H)-ou (9). Bensie kpucramisl, T 180-182 OC, BBI-
x01 95%. Cnekrp SIMP "H O m.x., I T 3.02 u 3.10 [cc, 6H, N(CHa),]; 4.24-4.38 (m,
4H, CH,CH,); 6.50 u 6.74 (cc, 2H, NHy); 6.77-7.10 (M, 5H, CgHs); 6.95 u 7.36 (ax,
J=9.8 T'n, 2H, CH=CH). Haiineno, %: C 55.41; H 5.22; N 36.37. C;7;H19N;O3. BrI-
gucneno, %: C 55.38; H 5.18; N 36.54
6-((4-Amuno-6-(mumernnamuno)-1,3,5-rpuasun-2-un)okcn)-2-(2-(p-roJau-
aoken)->Ti)mupugasun-3(2H)-on (10). Benste kpucramsy, T.ut 233-235 °C, BbI-
xox 65%. Cnekrp SIMP 'Ho m.a., J T'u; 2.26 (¢, 3H, CH3); 3.00 u 3.10 [cc, 6H,
N(CHy),]; 4.22-4.38 (m, 4H, CH,CH,); 6.48 u 6.73 (cc, 2H, NHy); 6.73-7.04 (M, 4H,
CeHy); 6.92 u 7.30 (nm, J=9.8 T', 2H, CH=CH). Haiineno, %: C 56.31; H 5.57; N
25.63. C1gH,1N7O3. Beruncneno, %: C 56.39; H 5.52; N 25.57.

Cunres coexnuennin 11-13.

K cmecu coequnenus 6 (0.001 monb) u 10 M numeTtundopmamuia J00aBIsSIOT
0.011 mMomns apUIOKCHATHIOPOMHUIA WK MTPOU3BOTHOTO TaJIOTeHKApOOHOBOM KHUCIOTHI
U mepeMemmBaioT 2 Jaca mpu 50-60 °C, satem npu 60—70 °C no pH 7. PactBopuTens
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YIAJSIFOT, OCTaTOK oO0pabaThiBatoT Bojoi U 10%-ueiM pactBopom KOH, otdunbrpo-
BBIBAIOT, TIATEIHHO MPOMBIBAIOT BOJIOH U BBICYIIHBAIOT.
2-(3-((4-Amuno-6-(mumeTnaaMun0)-1,3,5-TpuazuH-2-ua)oxcu)-6-

okconupuaazu-1(6H)-um)aneramun (11). Bensle xpucramiel, T.m1 263-265 OC,
BbIxof 70%. Crextp SIMP 'H O m.x., J Ty 3.04 and 3.10 [cc, 6H, N(CHs),]; 4.54 (c,
2H, NCH,); 6.47 u 6.84 (ymr.c, 2H, NHy-amun); 6.92 u 7.30 (mm, J=9.8 T'u, 2H,
CH=CH); 6.95 u 7.35 (ymr.c, 2H, NHy-amun). Crexrp SIMP Bcn m.xa. 35.56, 35.68,
53.16, 130.45, 147.50, 158.65, 166.05, 167.42, 167.61, 169.18. Haiineno, %: C 43.01;
H 4.50; N 36.18. C;;H14NgOs. Brruncneno, %: C, 43.14; H, 4.61; N, 36.59.

Irua  2-(3-((4-amuHo-6-(mMMeTHIAMHIHO)-1,3,5-TpHA3HH-2-HJI)0KCH)-6-0KCO-
nupu-ga3un-1(6H)-umn)auerar (12). Benbie kpucramiel, T.m1 220-222 °C, BbIxox
70%. Cnextp SAMP 'Ho M., J I'm: 1.30 (1, J=7.1 I'u, 3H, CHj3); 3.00 u 3.08 [cc, 6H,
N(CHz3)2]; 4.22 (x, J=7.1 T'i, OCH,); 4.68 (¢, 2H, NCHy>); 6.50 u 6.90 (yur.c, 2H, NH,-
amuH); 6.97 u 7.38 (an, J=9.8 I'n, 2H, CH=CH). Haiineno, %: C 46.47; H 5.02; N
28.97. Cy3H17N;0O,. Beruucneno, %: C, 46.56; H, 5.11; N, 29.24.

6-((4-AMuno-6-(mumerniaamuno)-1,3,5-rpuazun-2-uia)oxcu)-2-(2-(p-rosm-
Jokcn)-3tua)mupuaazun-3(2H)-ou (13). Bensie kpuctamisl, T.0m1 233-235 °C, BbI-
xox 65%. Croextp SAMP ' coBmagaeT co cnekTpom coenunenus 10. Haiineno, %: C
56.42; H 5.47; N 25.69. C1gH1N7O3. Beruncneno, %: C 56.39; H 5.52; N 25.57

Cunre3 coenunenuii 14-16 ocyiecTsieH mo MeToy, omucaHHOMY B pabote [9].
TeMmreparypsl IIaBJACHHUs MOJYYECHHBIX COCAMHEHHMH COBMANAIOT C JAHHBIMH ITOU
pa6otst (110-112 °C R=H; 44-46 °C R=CHj; 115-117 °C R=CgHs).

Cunres coequnennii 17-19

K ankorossary, noixydenHomy u3 10 vt nuzonponunosoro cnupta 1 0.03 Mo me-
TaJuTH4ecKkoro Hatpus, npuoasistoT 0.01 Mo ryanuauHruapoxiopuna u 0.01 mons
a¢upa (14-16) u kunsrur 10 4. Ha BoasiHOM GaHe. CIIUPT OTIOHSIOT, K OCTATKY IMPH-
Gapiror 20 MJT BOJBI U TIOJKUCIISAIOT YKCYCHOHM kuciotoit 10 PH 7. Ocagok oTQuibT-
POBBIBAIOT, TPOMBIBAIOT BOJION M BBICYIIIMBAIOT .

6-((2-AMuHO-4-rHAPOKCH-6-Me THINHPUMUIANH-5-1i1)okcn)nupuaasuu-3(2H)-
on (17). Xenteie kpuctamisl, T.mwt. 335-337 OC, BRIXOZ 50%. SIMP *H [ M.I., J T
2.01 (c, 3H CHy); 6.27 (yurc, 2H, NHy); 6.83 u 7.21 (an, J=9.9 T'u, 2H, CH=CH);
11.09 (ymr.c, 1H, OH);11.98 (yur.c, 1H, NH). Haiineno, %: C 45.92; H 3.73; N 29,83.
CyHyN5O3. Brruncneno, %: C 45.96; H 3.86; N 29.78

6-((2-AMUHO-4-THAPOKCH-6-MeTHIIMMMPUMHUANH-5-HIT)OKCH)-2-MeTHIITHPHIA-
3un-3(2H)-on (18). XKenrsie kpuctamisl, T.wr. 205-207 °C, Beixox 65%. Crekrp
SMP 'H O m.x., J Tz 2.01 (¢, 3H CHa); 3.48 (c, 3H, NCHs); 6.24 (cc, 2H, NH,); 6.88
u 7.20 (an, J=9.7 I'u, 2H, CH=CH); 11.05 (yur.c, 1H, OH). Haiineno, %: C 48.23; H
4.50; N 28,23. C1oH11N503. Beruncieno, %: C 48.19; H 4.45; N 28.10

6-((2-AMuHO-4-rHIPOKCH-6-MeTHINHPUMHUIMH-5-UJT)0KCH )-2-
dennanupuaaznn-3(2H)-on (19). Kenrsie kpucramwsl, T.ur 180-182 °C, Brixox
56%. Criexktp SIMP 'H 0w, I T 2.05 (c, 3H CHy); 6.33 (mic, 2H, NHy); 7.25-7.54
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(M, 5H, CgHs); 7.03 u 7.32 (mm, J=9.8 T'i, 2H, CH=CH); 11.14 (ur.c, 1H, OH). Haiixe-
HO, %: C 57.76; H 4.28; N 22,33. C15H13N503. Beruncieno, %: C 57.87; H 4.21; N
22.50
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SYNTHESIS OF NOVEL PLANTS GROWTH STIMULATORS IN
THE SERIES OF PYRIDAZINYLOXYAZINES DERIVATIVES

R. Shainova, T. Gomktsyan, A. Karapetyan, A. Yengoyan

SUMMARY
The treatment of potassium salts of 6-hydroxypyridazin-3(2H)-one and
its 2-N-substituted derivatives with trimethylammonium chlorides of 2-
methoxy(dialkylamino)-4-amino-1,3,5-triazine afforded the correspond-
ing pyridazinyloxy-1,3,5-triazines. The reaction of the same pyridazin
potassium salts with chloro acetoacetic ester and further heterocycliza-
tion leads to pyridazinyloxypyrimidines derivatives. The synthesized
compounds have shown strongly pronounced growth stimulant proper-
ties.
Keywords: pyridazinyloxy-1,3,5-triazine, pyridazinyloxypyrimidines,
heterocyclization, plants growth stimulators.

£NP3UGID LA UKUNEULRULELT UPLETAC MPRYUQRULPL -
OLURULPLLEGLP UOULSSULLEh TULLNPU

LU Cwhbnywm, U.U. Sodlliguly, U. 9. Qupuwbuymb, U.D. Ghqnyul

Uuenenku
6-Zhnpopuhuyhphnughti-3(2H)-nth U npw  2-N-nbnuljuus
wswugyuutph Jujhnidwlwi wnkpp b 2-dkpopup(nyhwyyhjudh-
tw)-4-wdptiw-1,3,5-nphwghth  wphdkphjudnihnidwhtt wnkph
pinphnubph thnpuwqpbgmipjudp uhbipkqyt] . huwdwwyuwnwu-
uwt whphnwghthjopuh-1,3,5-nphwqhuiikpp: Mhphnwghth iy
Juhnudwljut  wntph npbwlghwt pppugbunnpuguiwpepyh
tuptph htwn b htwnwgqu hknbpnghlnudp hwigkgpt) £ 5-nbinu-
Qupjws  whphnwughtpjopup-whphuhghiwghn wéwugyuukph
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unnugdwip: Yhkttuwpwtwut topdwupynidubph  plpwugpnid
uhtipliqqué dhwgmpiniuubpp gniguwpkpl) G wpnwhuwyndus
wdwjupwihs hwwnnipniuttp payubph tjundwdp:
Zwftmpunkp’ whphywqhtpopuh-1,3 5-nphughtiitp, whphp-
qhupjopup-whppuhnhttp, htwnkpnghlnud, poyubph wdwpipw-
upgtbip:
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