


2U8-rNhUUYUL ZUUULUULN UL

LOULEE

ZU8-NhUUYUL ZUUULUUNULE

Uutrru

$rePalUUELGUUSPrIUTUL GY,
FLUYUUL @SNk E3NRLLEN

2032 Zpuinupulysnipinil
Bpluwt 2019



POCCHUMCKO-APMSIHCKUI YHUBEPCUTET

BECTHHUK

POCCHUHCKO-APMSIHCKOI'O
YHUBEPCUTETA

CEPUA:

PU3NKO-MATEMATHYECKHE
N ECTECTBEHHBIE HAYKHU

UznareanctBo PAY
Epesan 2019



IleyaTaeTcst mo pemieHUuI0 Y4eHoro copera PAY

Bectauk PAY, Ne 2. — Ep.: U3n-Bo PAY, 2019. — 84 c.

PepaknmoHHAs KOJIJIETHA:

I'maBHBII pemakTop: Kaszapsan O.M., akademux HAH PA, 0.¢h.-m.H., npogp.
3am. rnaBHoro penakropa:  Agemucsan 11.C., k.¢h.-Mm.H., O.¢hunoc.n., npo.

OtBeTcTBeHHbIN cekpeTaps: [llaeunan P.C., k.x.n.

YieHbl peAKOJIJICTHHU:

Pl Apamsn, 0.¢p.-m.n., npog.; A.A. Apaxensin, K.O.H., u.0. OoyeHma,
I Acampaun, 0.m.H., npog.; O.B. becos, unen-xop. PAH, 0.¢p.-m.n., npogh.;
B.U. Bypenros, 0.¢p.-m.u., npop.; I'I. Jlanacynan, unen-xop. HAH PA, 0.x.n.,
npog.; B.U. Myponey, 0.6.1., npog.; A.A. Ozanecsin, x.6.1., doy.; A.O. Menuxsn,
ynen-xop. HAH PA, 0.¢p.-m.n., npogh.; B.LL. Menuxsan, unen-xopp. HAH PA, 0.m.u.,
npogh.; P.JI. Menxonsn, 0.2.-m.n, unen kopp. HAH PA; A.B. Ilanosn, unen-xop.
HAH PA, 0.¢p.-m.1., npogh.; C.I". I[lempocsin, uren-kop. HAH PA, 0.¢h.-m.n., npogh.;
A.A. Capkucan, 0.¢p.-m.u., npogh.; A.I". Cepeees, akademux PAH, 0.¢p.-m.H., npocp.

KypHan BXOIUT B TepeueHb NEPUOINIECKUX U3AaHNH,
3apeructpupoBanHeix BAK PA u PUHI]

Poccuiicko-ApmsiHckuit yHuBepcurer, 2019 r.

ISBN 1829-0450

© MzparenscTBo PAY, 2019



Becmnuk PAY M 2, 2019, 5-18 5

MATEMATHKA

YIK: 517.518.9 Hoctymmma: 11.02.2019r.
Cnana Ha penensuto: 07.03.2019r.
Tlonnucana x meuaru: 29.05.2019r.

MOJN®UKAINSA ®UITBTPA KAJIMAHA JIJIS
MOJISIPHBIX M COEPUYECKNX CUCTEM
KOOPIUHAT

A.A. Jlapounan’?, A.P. Axonan'

"Poccuiicko-Apmanckuii ynusepcumem
? Boo Visior Technologies

AHHOTALIUA

[Tpu u3mepeHnn MO3UIKMK 0OBEKTA PAJAPOM BOHUKAET BOIIPOC O TOY-
HOCTH M3MepeHus1. UToOB MUHIMHU3HPOBATh OIIMOKY H3MEPEHHS, HCTIOIb-
3yercss @unpTp Kanmana. {71t aToro Heo6xoaumMo, 4ToObl u3MepeHue Obl-
710 OBI BBITIOJTHEHO B JIeKapTOBBIX CHCTEMAaX KOOPMHAT, HO OOJBITHHCTBO
pagapoB M3MEPSIOT MO3UIMIO B MOJAPHBIX WA CPEPUIECKUX CHCTEMAaX
KOOPJIMHAT W BO3HUKAET BOMPOC O JIMHEapU3aliy MOJIeNu u3MepeHus. Pa-
Hee JyIsi 3TOro ObuIa ucroiib3oBaHa Gopmyna Teiinopa. B 3Toii ke cTaThe
OyzeT pacCMOTpPEH METOJI MHHIMH3ALINH OIINOKHU JIMHEapH3alliy.

KioueBsie cioBa: Ounetp, Kanman, [lomspusie, Cdepuueckue,
Moaudukarnms.

1. BBenenue
O0o03HAYEHNA:
R™ — n-MepHOE BEIIECTBEHHOE BEKTOPHOE MPOCTPAHCTBO,
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C (X) — MHOX€ECTBO BCEX HEIPEPBIBHBIX QyHKIINI Ha MHOXKecTBe X C R",
Mx u Dx — maTeMaTH4ecKoe OXKMJaHME U JUCHEPCUs BEILECTBEHHOM
CIIy4allHOM BEJIUYMHBI X,

Cov(x,y) — KOBapuamys MeX/y BEIIECTBEHHBIMH CIIyYaliHBIMH ITEPEMEH-
HBIMU X U Y,

tr(A) — cien KkBagpaTHYHON MaTPHIBI A,

AT — TpancnonupoBanHas Matpua A,

[ — enuHUYHAs MaTpHIIa.

[TIyctb X — BEKTOp, COCTOALIMMI U3 71 CIyYANMHBIX BEIUYUH: X =
le
Bbynem o603HauaTh €ro MaTeMaTuyecKoe OXKHUAaHNEe U KOBapHUallMOH-
HYIO0 MaTpuIly Yepes3, COOTBETCTBEHHO,

Mx,
M[X] = M:xZ u Cov[X]:=
Mx,
Cov(xy,x1) Cov(xy,xy) - Cov(xq,xy,)
Cov(xy,%x1) Cov(xy,xy) -+ Cov(xy, Xy)
Cov(x,,x1) Cov(xy,xy) -+ Cov(xy xp)

ITocTanoBKa 3agaun:
JlomycTM, ©UMEEeM HEKOTOPBIN MBIKYIIHiiCS 00bekT B R™ ¢ 3a1aH-
HOU MOJIEJIBIO:
X1 = FiXy + G Wy, (1.1)

rae X; € R™ k-5 — mo3utius BeKTopa COCTOsIHUSA, Fj,-n X N — BelleCTBeHHAs
Marpuia, G- n X m — BeuecTBeHHass marpuua u Wy, — m-mepneiii ["ayc-
COBCKMH cityuaitHblii BeKTOp 151t Kotoporo M [W,] = 0 u Cov[Wy] = Qy ¢
KaKHUM-JIMOO Ha4yaJbHbIM COCTOSIHUEM X|;.

JlonycTim, 4TO HEKOTOPOE YCTPOIMCTBO U3MEPSIET TaHHBIA 0OBEKT CO
CIIEYIOIIEH MOJICIIBIO:
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X = H X, + Vg, (1.2)

rae X, € R” — usmepenne k-toii nosunuu, H, — MaTpuna pasmepar X n u
Vi — r-mepusbiit ['ayccoBckuil cimy4aitHblii BEKTOp, 1iist kotoporo M|V, ] =
0 u Cov[V,] = Ry.

PaccmotpuM o1ieHKY BEKTOpa COCTOSIHHSI HA OCHOBE M3MEPEHMIA:

X=X + K (X — HiX,), (1.3)
rae X, = Fy_1Xx_1, a Kj - m X 1 — BelecTBeHHAs MaTPHIIA.

Teopema 1. (cm. [1] wim [2]) Ecnu marpunty K, onpeaenutb ¢op-
MyJIOH
Ky = P H (HiPeHE + R) ™Y,

rzie P, onpenensercs peKypcHBHO:

ﬁk = Cov[Xy — Xk] = Fk—113k—1FkT—1 + Gk—1Qk—1GI€—1,
pk = Cov[Xy _Xk] =U- Kka)ﬁka

torma tr(Cov[Xy, — X,]) = tr(P,) = min. To ects ouenka (1.3) 6yaer
ONTUMAJIbHOM.

Kak MOXHO 3amMeTuTh, KOBapHallMOHHAs MaTpulia BeKTopa Xj —
X = Vj (T.e. Ry) urpaer IaBHyI0 polb B HAXOXK/IEHHH MaTpHIibl K}, u, ciie-
JIOBATEJIbHO, B MUHUMH3ALIUH OIIMOKY ONpeIeNICHUs] COCTOSIHUSL 00bEKTa.

3ameuanue: Matpuisl Ry, 1 Q) B oOmiem ciydae MOTYT OBITH He-
M3BECTHBIMH, TOTJIa BONIPOC UX OLIEHKU PACCMATPUBAETCS OTAEIBHO.

Uccnenyem mopenu, paccMoTpeHHbie B pabote [4]. [Tycts (cm. [4])
MoJIeNb ABMKeHHs B R? onuchIBaeTCs ciieyromeil CHCTEMOM ypaBHEHHIA.
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Moaean cocTOSHUSA
y1T?

Xns1 = Xp +TX,, + , tne My; =0,

. T?
Yn+1 = Yn + TYn +V22 , roe My, =0,

Xn1 = Xn + V1T,

Yn+1 = Yn T V2T,
rae T — BpeMst MEKLy M3MEPEHUSIMH.

A Mozenb M3MEPEHUsl ONUCBHIBACTCS HMKEIIPUBEICHHON CHCTEMOM
YPaBHEHUM.
Mopeab u3mepeHust
Xp = PnCOSUy,,
Yn = PnSinay,
Pn = Pn+$n, tae M&, =0uDE, = 0'52,

—

dp = @y + 1y, tae Mn, =0wuDn, = oy,

Xp = Pncosd, = (pp + &y)cos(ay + ny),

Vn = PpSind, = (pp + $p)sin(ay, + ny).

3amaya 3aKII0YaeTCS B JIMHEAPU3AIUU OTHOCUTENBHO X, &, U 1.
[Tpumenus popmyny Teiinopa, B pabore [4] Oblia mojyyeHa OLIEHKa KO-

BapHAIMOHHON MAaTpHIIbI.

2
o o 0
Cov(X, — HX,) = A2< £ 2>A£, rae A, =
0 proy
(cgsan —sinan). (1.4)
sina,, cosa,

PaccmoTpuM MOAEIb B TPEXMEPHOM Cllydae:
Moaean cocTOTHUSA

. leZ
Xpnt1 = Xp +Tx, + , rne My; =0,
— - y2T? —
Yn+1 = Yn +Tyn + 5 > 1A My, =0,
. ']/3T2
Zpny1 =2+ Tz, + , Tne My; =0,

Xn1 = Xn + V1T,



A.A. Tapounsan, A.P. Akonan

Yn+1 = Yn + 72T,
Zny1 = Zn +y3T.

Mogaeab u3mepeHuit

Xp = PnSina,cosg,,

Yn = PnCOSA,COSEy,

Zn = PpSinéey,

Op = Pn +&n, THE M, =0u DS, :0'525
&y = ay + 1y, Tae Mn, =0uDn, = oy,
&, =¢&,+8,, rHe MS, =0uDs, =0f,
Xy = PnC0SAyCOSER = (Pn + §n)cos(ay + Np)cos(en + 6y,),
Vn = PnSindncos&y = (pp + §p)sin(an + mMp)cos(&, + 6y),

Zn = PpSinéy = (pn + $p)sin(en, + 6,).

Bynem cuutath, uto &, 1, U O, HE3ABUCHUMBI.

Xn

X = Zn X R ‘”n
n.—lxn |, n= }v/n .
)
Zn

AHaJIOTUYHO C IBYMEPHBIM cllyyaeMm, B pabote [4] Oblia mosryueHa

0O003HaYUM

OLICHKa:
Cov(X, — HX,) ~
af 0 0
Az O p,zla,f 0 AL, (1.5)
0 0 paos
rac
cosa, Coss, —sina,Coss, —cosa,sine,
A; = (sinancosen €oSa, COSE, —sinansinen). (1.6)
sing, 0 cose,
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2. Ilpubaukenne B MOJSIPHBIX CHCTEMAaX KOOPAMHAT
st ¢ > 0 uepes L, 0603HaUUM
Lot={f | f—wsmepumas dynxuns u ||f||, =

\/ﬁf_*j (f()2e it dx < oo}

L, sBngercs [ uap0epTOBBIM IPOCTPAHCTBOM C JAHHBIM CKaJIIPHBIM IPOU3-

BCACHUCM:
2
1 +00 _Xx=
<ﬂ9>‘=ﬁgﬂwﬂﬂﬂﬂemmxvﬂg€%-
Tak xak
Xp = PnCOSd, = (pp + &p)cos(ay + ny) = ppcos(a, +ny) +
$ncos(ay + My),

TO Hawyulee npuOmmwkeHue st p,cos(a, + n,) OyaeM uckath B BHIC
Pn(AnNy + by), anns §ycos(ay, + 1y,) B BULE €&y TaK, YTOOBI IPH 0 = 0.

D[cos(a, + 1y,) — apfn — by] = min,
D[cos(a, +ny,) — c] = min.

W, 9ato TO Ke camoe:
||cos(a,, + x) — apx — by||s = min,
[lcos(an + x) = culls = min,

rIe a,, b, ¥ ¢, €cTh BEIIECTBCHHBIC YKCIIa U HE 3aBHUCAT OT &, U 1.
To ectb a,, = a,(ay), by, = by(ay), ¢ = cp(@y).
Taxum 06pazom, JUIst X,, COTIOCTABISAETCS IMHEHHAs! OTHOCUTENBHO &,

U 1), OLICHKA

Pnbn + crén + prann, . (2.1)

HYCTB Hn — IPOCTPaHCTBO MHOI'OYWICHOB IIOPsJAKa, HE BBIIIC YEM N

[3].
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[IpoctpancTBo H,, sIBIsIeTCS MOANPOCTPAHCTBOM L5, TAKUM 00pa3om,
Hallla 3a/1aya SKBUBAJICHTHA 3a/]]a4€ O HaXOXKICHUU
Py(x) =c, € Hyu P;(x) == apx + b,, € H; T.u.

[lcos(an + x) — Po(x)||s = _inf ||cos(an +x) — Qo(X)]lo>
Qo€Hp

[lcos(an +x) — Py(x)||, = inf [|cos(a, +x) — Q1 (x)|],-
Q1€H;

Tak xak 1 € H, 6a3u3 B Hy, a nmpoctpanctBo L, — ['mnsbepToBo, TO,
UCTOJB3Ys METOJ] HEONPEIeIeHHBIX KO (UIICHTOB, UMEEM:

<1,cos(a, +x)—c, >=0. (2.2)
CnenoBaTeibHO,
1 + o0 _i
o J_ (cos(ay +x) — cp)e ze?2dx = 0,
1 f+oo n _x_zzd cn f+oo _x_zzd 0
— 20 i 20 =
N2 cos(a, +x)e X—) € x .
2
1 40 X
Tax kax —— 77 e720%dx = 1, cnenosatensHo:
1 + oo xZ
Cp = f cos(a, + x)e 20%dx
210 J—w

! f+°° (cos(ay)cos(x) — sin(an)sin(x))e_;?dx

B \2mo

1 + o0 x2
.f cos(ay,)cos(x)e 202dx

B V2no

1 +oo x2
- sin(ay)sin(x)e 20%dx
V2mo f_oo

2 2
__ cos(an) +oo - sin(ay) r+o . X
= ﬁf_m cos(x)e zo2dx — ﬁf_m sin(x)e zo?dx.

X2

+o0 X
Kak M0XHO 3aMeTHTB, f_oo sin(x)e 202dx = 0, TO OTCIOJ]a UIMEEM:



12 Moougpuxayusa punempa Kanmana ona nonapnwix u cghepuveckux cucmem Koopounam

x2 a2
= Cos(an)f cos(x)e za2dx = cos(ay,)e 2. (2.3)
Tak kak
1 +o0 x?
<1x>= Ef—oo xe zo2dx = 0,

To (pynkuuu 1,x € H; o0pa3yrT opTOroHaNbHBIN 0a3uc B H;, cienosa-

TEJBHO, JIJIS HAaXOXKJICHUsS b, U a,, IMEeM:

<1,cos(a, +x)—b, >=0, (2.4)
< x,cos(a, +x)—a,x >=0. (2.5)

B cuity BeIieckazanHoro u3 ypaBHeHus (2.4) uMeem, 4To

o2

b, = cos(ay)e z. (2.6)

Pemmm ypaBHenue (2.5)
2

X
< x,co5(a, +x) — apx >= = fjozo x(cos(ay + x) — apx)e 20%2dx,

\V2TTo
1 + oo _i 400 2 _i
Ef_w xcos(a, + x)e 202dx — f e 202dx = 0.
Tak kak
2
1 +co 2 —
maf_mx e 202dx = 02,
TO
1 [* _x2
o’a, = J xcos(a, + x)e 20%dx =
V2ro

1 + oo x2
f xcos(ay)cos(x)e 202dx

B V2no
1 + o0 xZ
- xsin(a,)sin(x)e 202dx =
\/Znaf "
cos(an) X2 sin(ay) p+oo . _x2
= f_ xcos(x)e zo%dx —ﬁf_m xsin(x)e 20%2dx.
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x2 x2

Tak kak QyHKuus xcos(x)e 202 HedeTHas, TO f_t: xcos(x)e 2e2dx = 0,

CJIeJI0BATENbHO,
dla, = Sm(a”) f_ xsin(x)e_%dx.
Otkyna
2
a, = — 5\72%0:;) f_:o xsin(x)e_z%dx = —sin(ocn)e_az_z. (2.7)

Takum ob6pazom, Bce kod(hduientsr B (2.1) Haiinensl. I[loctaBum
aQHAJIOTMYHBIM 00pa3oM JUIst

Vn = PpSind, = (pn + &p)sin(ay, + ny) = ppsin(a, +ny,) +
$nsin(a, +1y).

Haiinem Taxke Hawtydmme npuOmmwKeHUs mis p,sin(a, +n,) B
BUzC Pn(apNy + by) 1 ans &, sin(ay, + ny,) B BUIE €, &,. Takum obpazom,
JUISL ¥, COTOCTABIISIETCA JIMHEITHAS OLICHKA:

Pnbn + Cn&n + Pr@ulln. (2.8)

AHnanornuHo (2.2) umeem, 4To

o2

¢, = sin(ay)e z, (2.9)
0.2

b, = sin(a,)e” 2, (2.10)
0.2

a, = cos(ay)e z. (2.11)

Takum o0pa3oMm, Mbl 10OKa3ajal TEOPEMY .

Teopema 2. [Tyctsb
Xn: = Ppbp + crén + pranmy,
Yn:= Pubn + Crén + Pranny,
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Torna sHauenwst qst D [%,, — x| u D[}, — V| OyyT HAMMEHBIIUMU

CpeIu JTUHEHUHBIX OIIEHOK.

Xy b Cn  Pnln\ (¢
X* = T*l) = ( ‘n) N N ( n).
n (Yn Pn b, + (Cn pnan) Mn

i} b,, — cos(a,,) Ch Pna
CoviXn = HXy[= Covlpn (b\n — sin(a n)) * (CZ PZdZ) (7?;)] N
n n

0 T
=@ (e o) @& ey =

(Cp pncgn) (05 0 )(cn c, )
Cn Pn@n/\O0 0y \ppan pnan/’

ITycth

Torna

CnegoBatenbHO,
Cov[X;, — HX,]| =
2 2 2 2
-2 - 2N o2 7 . _n
cos(ay)e 2 —ppsin(ay)e 2z \(of O cos(a,)e 2 sin(ay)e 2
. o on J\0  of . o i
sin(ay)e 2 ppcos(ay)e 2 —pnSin(ay)e 2 pycos(ay)e 2
2
age""" 0 r
Cov[X; — HX,] = A, , | AT (2.15)
0 progye

HetpyaHo 3ametutsh, uTo oreHka (1.4) sBisieTcs YaCTHBIM CllydyaeM
dbopmyisl (2.15), koraa 3HaueHNE a,f OJIM3KO K HYJIIO.
3. Ilpubau:kenne B chepudeCKUX CHCTEMAX KOOPIAUHAT

PaccMoTpuM poCcTpaHCTBO (PYHKITHIA
L(al,az) = {f |f — U3MepHMa U ||f||(al,az) =

2 %2

¥ - _x
[T 2 dy [T f2(x, y)e 27dx < oo,

— 00
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L(s,,5,) ABIACTCA JIMHEHHBIM NPOCTPAHCTBOM. ONpPENENUM TAKKe CKAJIAP-

HOC IIPOU3BCACHUC:
vf’gEL(ULUz) <fg>:=

2 2

¥ " 2
L [T e 293dy [T7 fx,y)g(x, y)e idx,

2m0109 Y~

[TpuMeHHMB TOT K€ METOJ BBIYMCIICHUH, MOJIY4YacTCsl ONTHUMAaJIbHAs
JMHEHHas olleHKa X, U cleylollas KoBapuallMoHHas MaTpuIa:

age_(”ﬁ+”§) 0 0
Cov(X; —HX,) = 45| 0 pggge—(aﬁwé) 0 A%, (3.1)
0 0 p,zlafe_"g
rac
cosa, Coss, —sina,Coss, —cosa,sine,
A; = | sina,cosg, cosa,Cose, —sina,sine,
sing, 0 cosg,

Hetpynno Taxke 3ameTuts, uto dopmyna (1.5) sBnsercs 4acTHBIM

cirydaeM popmysl (3.1), Kkoraa 3HaUeHHE (anz + &) 61M3K0 K HYJTIO.

4. IlpakTH4eckoe Hal/I0JeHHE B OJSIPHBIX CHCTEMAX
KOOpAMHAT

KoBapuaunonnsie matpuiisl (1.4) u (2.15) Obutn ncnosib30BaHbl Npu
anroputMe ¢uibTpanuun KanbMaHa Ha KOMIBIOTEPHOW CUMYJISIHH TIPH
Pa3IMYHBIX 3HAYEHUSX Op.

Hanee moxxeTe yBUAETh pe3yJIbTaT JAHHOW KOMITBIOTEPHOU CUMYJIS-
wnn, e e,=||X,, — X,,|| npu ucronb30BaHNN KOBAPHAIIMOHHON MATPUIIBI
(1.4), a e, — mpu ucnionb3oBanuu (2.15). Takum oOpazom, eciu e,-e; > 0,
TO HOBas KOBapHAIlMOHHAs MAaTpWlla BbLIACT JYy4IIUWA pe3ylbTaT W,

Ha000pOT.
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Puc. 1. S 0.01

14000
12000
10000

8000

6000

e2-el

4000

2000

91
109
127
145
163
181
199
217
235
253
271
289
307
325
343
361
379
397
415
433

-2000

Puc. 2. oy = 0.1

2000000
2000000
7000000
6000000
5000000
4000000

e2-el

3000000
2000000
1000000

37

55

73

91
109
127
145
163
181
199
217
235
253
271
239
307
325
343
361
379
397
a1s
433

-1000000

Puc. 3. oy = 0.5

8E+12
GE+12
4E+12

2E+12

e2-el

18
35
52
69
86
103
120
137
154
171
188

-2E+12

-AE+12

Kak BUAHO W3 MOJNy4YEHHBIX PE3yJIbTaTOB, HOBas KOBapHAI[OHHAs
MaTpulla B OOJBIIMHCTBE CIIy4aeB JIydlle MPeKHEH.



A.A. apounan, A.P. Akonan 17

5. IIpakTH4eckoe HaOII0JeHHE B OJSAPHBIX CHCTEMAaX KOOPAHMHAT

Puc. 4. g,, = 0.05 g5 = 0.05

25000000
20000000
15000000
—~
¢ 10000000
&
L)
5000000
0
- O~ M e s M o M 1N m - M~ 1N M e O~ Wnm
o o o H N NN NN MM M M s
-5000000
n
Puc. 5.0, = 0.1 g5 = 0.2
35E+10 -
3E+10
2.5E+10
2E+10
— 1.5E+10 H
¢
&
@ 1E+10
5E+H09
o
S T T T T+ s T e T s T o B+ N T T 2 ) o0 ~ i m
o~ O NS O WD MmN~ O ol & O o = m
SE+09 o e o e N NN NN MMM D m = =

El

Puc. 6. 0, = 0.4 g5 = 0.3

2E+12
1.5E+12

1E+12

e2-el

SE+11

91
109
127
145
163
181
199

-5E+11

n

B 3TOM cityyae Takxke BUIHO YIYUIICHUE alrOpUTMA.
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KALMAN FILTER MODIFICATION FOR POLAR
AND SPHERICAL COORDINATE SYSTEMS

A. Darbinyan, A.Hakobyan
ABSTRACT

When tracking an object with a radar one can face issues with accuracy of the
measurement. To minimize the error Kalman Filter can be used. In order to do that the
measurement must be made in Cartesian coordinate systems, but most of the radars
nowadays measure the location of the object in polar or spherical coordinate systems
and one must face issues with linearizing the measurement error. Previously the Taylor
series was used. In this article we will discuss another method - minimizing the
variance of the error of linearization.

Keywords: Filter, Kalman, Polar, Spherical, Modification.
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BOCCTAHOBJIEHUE HH®OPMALINHU
B AVITEBPANYECKOM KAHAJIE CBA3HN

B.K. Jleonmves’, I'.JI. Moscucan?, JK.I. Mapzapaw®

‘@Il MY PAH, Mockea
’I'pynna Bum, Mockea

3 Epeeanckuil 20cyoapcmeentbiii yHugepcumen

vkleontiev@yandex.ru, garib@hkzap.ru, j.margaryan@ysu.am
AHHOTAIUA

B paboTe BBenEHBI KIIaCChl 3KBUBAJIEHTHOCTU (TOJEPAHTHOCTHU), KO-
TOpPBIE UTPAIOT OIPEAEIIAIONLYI0 POJIb B 00IIEH TEOPHH BOCCTAHOBICHHS
coobmenus B lIleHHOHOBCKOI MoJenH epeaayn HHPOPMAIUH.

KnioueBble cJI0Ba: KIacchl 3KBHMBAJICHTHOCTH, TOJEPAaHTHOCTD,
BOCCTaHOBJIICHHE COOOIIEHNS, ITepeaada HHPOPMAIHH, areOpandecKui
KaHall.

Beenenue

Tounas mocraHoBKa 3aaa4u OOpHOBI ¢ TOMEXaMHU, POUCXOIIINMHU
B KaHane cBs3M, npuHaiexkuT K. IlleHHOHY M cOCTOUT B cieayroueM: Ha
BXO/IE KaHaJla U3BECTHO HEKOTOPOE MHOXKECTBO CJIOB, KOTOPOE COJAEPIKUT
BCE MOTEHLUAIBHO BO3MOXKHBIE COOOLIEHUs, ToAHbIe Ui nepenauu. [Ipo-
OremMa KOIMPOBAHHS COCTOMT B BBIOOpE TAKOTO CEMEWCTBa COOOLICHHUH,
YTO IPU NOJIYYEHHU Ha BBIXOJE KaHaja COOOLIEHHS Mbl MOXEM OJIHO-
3Ha4YHO BOCCTAaHOBUTH (JAEKOAMPOBATH) MEPEJaHHOE COOOIIIECHHE.
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§1. Kanajnbl CBSI3M M CJIOBapHbIe (PYHKIMH.
_ 053 *
[Tycts B = {al, az, ..., ap} — KOHEYHbIH andaButT u B* — MHOXKECTBO
BCEX CJIOB KOHEYHOU ANTMHBI HaJ| aindasutoMm B. CioBapHas QpyHKIUS — 3TO
MIPOU3BOJILHOE YaCTUYHOE OTOOpakeHre P CIeAyIOmEero BUua:

B*ﬂ B*

Mps1 OyaeMm paccMaTpuBaTh KaHa Kak mpeobOpa3oBaTesib mHGopma-
oy, 1 €CJIU MPUHATH TE3UC O TOM, YTO B JIIO6OM KaHaJIC CBA3U IMPOMUC-
XOIUT MpeoOpa3oBaHUE OJHUX CIIOB B JPYrHE, TO JOCTATOYHO OIKCAThH
o0l KaHaJI CIIeyIOIIKUM 00pa3oM.

3a71aHO0 HEKOTOPOE MHOXKECTBO:

V= {Yo, Y1, o) P}

YaCTUYHBIX CJIOBAPHBIX (PYHKINH.

P; .
B*> B*i=0m
U crnenyroriee MHOTO3HAYHOE OTOOPAKCHHE:

fx) = (Yo (x), Y1 (%), oo, P (1)),

rne x €W < B*. CoumepxareiabHO 3TO O3HaAYaeT cienyromee. Ecnm
x € W, 1o nocie nepeaauun no kanany K (W) 3To C10BO epeXouT B OJTHO
u3 cioB {Po(x), P1(x), .., Ym(x)} S W.

MHoxecTBO Bcex 00paTuMbIx oToopakenuit {;},;(a) € W o6o-
sHauum yepes T. [Ipu oTom Bee cyneprniozuimu Y; P, ... Y;, GyHKImi zpl-j
u3 MHOxecTBa W onpenenensr Ha W.

Onpenenenne [1]. AnreGpanueckum kanamoM cBsisu K (W) Hasbl-
BAETCSA CIIEYIOIIEE MHOIO3HAYHOE OTOOPaKEHHE:
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f =0 (1), 1(x), ..., Yo (X)), (1)

ecnu 1uig Beexy); € W, cienyer, 4to
-1
Y, eVw (2).

®opmyany (1) cnegyer moHuMaTh cieayromum oopasom. Ha Bxox ka-

HaJla ofiaeTcs ciioBo. Ha BeIxo/ie mosrydaeTcst pOBHO OJTHO U3 3HAYCHUH.
VYcnosue (2) Tpedyet, 4ToOBI H000E «IIPeodpa3oOBaHHOE» CIIOBO

MOTJIO OBITh BO3BPAIIEHO K HCXOJHOMY BHIy ITyT€M T€X )K€ CaAMbIX TPaHC-
(dhopmanuii.

OTtMeTuM, 4TO JIFOOOW aJIUTUBHBIA KaHAJI YJIOBJICTBOPSIET yCIOBUIO
(2) n aBngercs anredpanueckuM. OJJTHAKO ITO HE AHAJIOTUYHOE yTBEPIKIe-
HUE JUII MAaTPUYHOTO KaHaa, IIOCKOJIBKY HE BCE MATPUYHbIC KaHAIBI SBIIS-
10TCsl anrebpamyeckumu. Hampumep, MaTpU4HBIN KaHaJI C BBIIAJCHUEM
CHMBOJIOB.

B nansHeiimem Mbl Beeraa OyeM cuuTaTh, 9to Yo (X)= X, 4T0 MOXK-
HO UHTEPIIPETUPOBATh KaK BO3MOXKHOCTh 0€301IMO0YHOMN Mepeaaydn caoBa
o sTomy kanany, W = B* C B*

§2. Koasl, ucnpapJisiromue OlmuoOKH.

Omnpenesienne. MHOXXECTBO Ha3bIBaCTCA KOJOM, HCIIPABISIONIM
omnOku kanana K (W), eciu BBIOIHEHO CIIEAYIOIIEE YCIOBHE:

Pi(w) = 9P;) 3)

JUIsl BCex § U j W Juist Bcex clioB U, v € V.

Vcnosue (3) o3navaer, uto nocieacteus aAericteuii kanana K (W) na
KOJIOBBIE CJIOBA PA3IMYHBI, U IO3TOMY OIIUOKH MOTYT ObITh OOHAPYKEHBI
U MCTIPABIICHBI.

B nanbheiiniem 0603Haunm yepes V(W) Ko, HCIIpaBIISIONINiA OIIno-
ku kaHana K(W). B TepmuHax, BBEJIECHHBIX BBIIIE, OCHOBHAS 3ajada Ipu
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33JJaHHOM KaHaJIe COCTOMUT B mocTpoeHuH kojaa V(W) MakcuManbHOM
MOILIHOCTH "7 W).

ScHo, yro MomHOCTh Koma V(W) 3aBHCHT OT «CTPYKTYPbD» W MOIII-
HocTH MHOKecTBa W, «moposkaaromero» kanain K (W) u T.1.

UYro kacaercs BbIOOpa koja V', TO 3/1eCh OCHOBHOE HCKYCCTBO COCTOUT
B MPaBUILHOM BBIOOpE KOJIa, MO3BOJISIONIETO MO JII0OOMY MCKa)KEHHOMY
COOOIICHNIO MCXOJHOE OJHO3HAYHO BOCCTAaHOBUTH. OTHOBPEMEHHO, 3TO,
(dakTU4YeCcKH, BBIOOp HEOOXOIUMOW HM3OBITOYHOCTH B IEpelaBacMOi HMH-
dbopmaruu as obecrieueHust Hy>KHOUM gocToBepHOCTH. [1oCcKOIBKY M30bI-
TOYHOCTb IIPUBOJUT K YBEIMUEHUIO BpEMEHU paOOThl KaHala U, Clel0Ba-
TEJIbHO, K YMEHBUICHUIO CKOPOCTH Tepenadn MH(popManuu B KaHajie, TO
IpU NPUHATUM PELICHUS, YUYUTHIBAs KaK XapaKTEPUCTUKU KaHalla, TaK U
Croco0 JIeKOIUPOBAHUS, MBI JOJIKHBI 00€CIIeYnTh OaTaHc MEXIy He0OXo-
JUMOM JJOCTOBEPHOCTBIO M CKOPOCTBIO Iepeiadn. Bo3MoKHOCTE Haxoxae-
HUS Takoro OanaHca OCHOBBIBaeTcs Ha Teopeme llleHona: st onpezeneH-
HOT'0 KaHaja CBSI3M CYLIECTBYIOT KOJbI CO CKOPOCTBIO II€peiaull MEHbIIEH
IPOMYCKHOM CIIOCOOHOCTBIO KaHalla U 00eCTIeYMBAONINE CKOJIBKO YTOJTHO
OO0JIBIIYIO JOCTOBEPHOCTb.

Ha cerognsimHuii 1€Hb U3BECTHO MHOI'O METOAOB JE€KOJUPOBAHUS:
[IOCJIEI0OBATEIIbHBIM, IOPOrOBbIM, MaKOPUTAPHBIN, IO MPUHLMIYY MAaKCH-
MaJIBHOTO TPaBJONOI00uS U T.1. B KaxxqoM ciyyae MeToz BbIOMpaeTcs B
3aBUCMMOCTH OT KaHalla U KOJa, a TAaKXK€ YUHUTHIBAETCA BAKHOCTH, 1ICH-
HOCTb, CPOYHOCTH IepeaBaeMoii HH(OpMAaIHH.

Ha npaxTuke npuMeHstoTcst pa3paboTaHHbIE allTOPUTMBI, pealn3yo-
M€ Pa3TUYHble MOJU(PHUKAIIMY IEPEUUCICHHBIX METOJIOB.

Crnenyer OTMETHTB, UTO 33j1a4a BbIOOpa METO/1a JCKOJMPOBAHNUS U AITOPHUT-
Ma, peasu3yoIlero 3TOT METO/l, OTHOCUTCA K npobiemaruke «Mccnenosa-
HUs onepanuii»y. Cama npolierypa UCIIpaBIeHHs OIIMOOK Ha BBIXO/I€ KaHa-
na K(W)B oOmiem ciyyae MOXKET OBITh IPEACTABICHA B BUJE CIETYIONICH
CXEMBI, KOTOPYIO OOBIYHO HA3bIBAIOT «TabJ/uIei nexoauposanus» D (V)
WIN PEUIAlONIUM MPpaBUIoOM Ha npueMHoM KoHile kanana K (V). IIpu BbI-

MOJTHEHUU YCI0BHS (3) MPaBUIIO NEKOIUPOBAHUS IS
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V(YY) = {vy,vq,..., Uy} S B™ MOXKET OBITH OCYIIECTBIEHO C IOMOIIBIO
CTaHJapTHOU TabJIUIBI — «TabJIULA JEKOJUPOBAHUS»

Vo vy .. Uy
Y1 (vo) Pi(vy) | ... Y1 (vy)
Um(Wo) | Ym(vy) | .- Ym(Wy)

IlepBas cTpoka 3TO# TabIUIIBI — 3TO BCe KOOBBIE coBa. [lanee, nep-
BBII cTOJI6EI — 3TO BCe cioBa Yy (vg), Y, (Vg), ..., W (V). Bropoii cron-
oer — Yo(vy), Y1 (v1), oo, Y (v1) u T.1. Tlo Ompenesenuto, m000E «Iie-
penanHoe» cinoBo kaHanoMm K (W) BepHO, KOTOPOE JIEKHT XOTsI ObI B OTHOM
U3 CTOJOOB TaOIUIIBI.

Torna KogoBOE CII0BO, JieXKallee B IEPBOM CTPOKE JIFOOOT0 U3 TaKUX
CTOJIOLIOB, U SIBJISIETCS «IIPOOOPA30M» MEPEIaHHOTO CIIoBa. SICHO, 4TO eciu
CJIOBO U TMPUHAJUICKHUT €TMHCTBEHHOMY M3 CTOJIOIIOB TaOJIHIIBL, TO IPOIIECC
«JIEKOTMPOBAHMSI» TIPUBOIUT K MPABHILHOMY PE3yJIbTATy.

B cuy ycnosust (3) kaxaplit aneMeHT Y; (V;) MOXKET MOMacTh JIHIIIb
B OJIH U3 CTOJIOIOB TaOJIHIIBI ACKOMpoBaHus. [loaToMy mpoiiecc ucrpas-
JIeHUs1 OMIMOOK HOCHT OYEBHJIHBIA XapaKTep: HMIIEM CTOJIOeI, KOTOPOMY
OPUHAIICKHUT CII0BO Y; (Vs); IEPBBIil SIEMEHT 3TOr0 CTOJIOIA U €CTh Iepe-
nagHoe coobmenue. OUeBHUIHO, YTO KaKABIHA CTOJIOEI] TaOIMIbI IEKOIHU-
poBarust D(W) — 3TO OKPECTHOCTH MEPBOTO MOPSIIKA COOTBETCTBYIOIIETO
K0I0BOro cioBa v;, T.e. Y1 (v;) = {Yo(vy), Y1 (vy), .., Y (W)} [5].

3ameuanusi. B cranpaptHeIx anreGpamueckux tepmuHax Wl(v) —
3TO TPAaH3UTHUBHOE MHOXECTBO WJIM OpOWTa cioBa v. PazHuma coctout B
TOM, YTO MHOKECTBO TpeobpasoBanuii W(x), BooOIIIe TOBOPSI, HE ABJIETCS
IPYIIION.

SIcHO, YTO BCeTrJ]a UMEET MECTO COOTHOIIICHHE:

Utpl(v) c Bn

VeV
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Yreep:xkaenne 1. Kox V ucnpasiser ommnbku kanana K (W) torga u
TOJIBKO TOT/[a, KOTJIa CTOJIOIBI TAOIHUITEI IEKOUPOBAHMS HE UMEIOT OOIINX
CJIOB.

OTMETHM TakKe, YTO CJIOBa OJHOTO CTOJOMA TaOJHUIBI JCKOIUPO-
BaHMsI HE 00513aHBI OBITh PA3IMYHBIMHE, YTO HE BIUSIET HAa CIIOCOOHOCTH KOJa
V ucnpapnsate ommbku kanana K (V).

YrBepxaenune 2. Eciu umeer mecto | (V)| = |¥| - |[V|, roe neBas
9acTh PABEHCTBA — 3TO MOITHOCTh MHOKECTBA PA3IMYHBIX 3HAYCHUH (PYHK-

i u3 ¥ Ha MHOXKecTBe V, TO Koz V mcnparisier ommoOku kanana K (V).

§3. IlocTpoenne KOI0B, HCIIPABJISIIONIUX OIIHOKHU B
aJre0panveckoM KaHase.

Omnucanue Beero cemeiictsa ko108 {V (W)}, ucrpaBisironux omuoKu
kanana K (W), MoxeT OBbITh JIaHO B TEPMUHAX OTHOIIICHUS TOJEPAHTHOCTH.
MHoskecTBO citoBapHbIX GyHKIui{ 1; (x) }mopoxkaaer Ha MHOKECTBE
B™ oTHOIIICHHE CIICAYIONIETO BUIA:
x~ya3;i(x)=9;(y) 4)
OtHoueHue (4) sBJII€TCsS OTHOLLIEHUEM TOJIEPAHTHOCTH HA MHOXKECT-
Bo B™. OHO 00i1aaeT CBOMCTBAMHU CUMMETPUYHOCTH U PEIICKTHBHOCTH,
HO, BOOOIIIE TOBOPSI, HE SBJISICTCS TPAH3UTUBHBIM.
Onpenenenne. Kiacc TonepanTHocTd R, TOPOKIESHHBIA MHOKECT-
BOM ciioBapHbIX (yHKIui {;(x)}, u cimoBom a € B™ — 310 Ki1acc CIIOB M3
B™, HaXO[ANMXCS B OTHOIICHNH (4) 10 OTHOIICHHUIO K @ WITH TOJICPAHTHBIX .

B" = URa

a€EeB™

Toraa nonyuum:

rae R, — xinacc cioB u3 B™, TonepanTHeIX a. B atom cityuae nro6oii Habop
MpEACTaBUTENCH KJIACCOB TOJIEPAHTHOCTH 00pa3yeT Ko V', ucTipaBIistonnit
ommOku kanana K (V).
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B TepmuHax OTHOIIEHUSA TOJEPAHTHOCTHU KaxIbld koa V, ucmpas-
nsrotuid ormOku kanana K (W), MOKHO onmucath CIeIyonM 00pa3oM:

Yreepxkaenue 3. Kox V ucnpasisier omnbku kanana K (W), ecinu u
TOJIBKO €CJIM OH COJIEPKUT HE 00JIee OJTHOTO AIEMEHTA U3 KaXI0ro Kiacca
TOJIEPAHTHOCTH R, .

CnencrBue. Ecnu kon V(W) siBisieTcss MakCUMAalIbHBIM TS KaHaa
K(¥P), o

IIpumepnr:
1) Ilycte W = {1, }. Pazo6rem MHOkeCTBO B™ Ha Ki1acchl TOJIEPaHT-
HOCTH IO CJIEYIOIIEMY OTHOIIEHHIO:

x ~y 2YPo(x) =Po(y)

[Ipu 3TOM, ecnu B34Th 110 OAHOMY HPEACTABUTEIIO U3 KaXKJ0r0 KiIac-
ca TOJIEPAHTHOCTH, TO MBI MOJyYUM MAKCUMAJIbHBIA 110 MOIIHOCTH KOJ,
ucnpasistomuii ommoku kanana K (W), a MOIHOCTh MAKCUMaIbHOTO KO
paBHA YKCITy Pa3IMYHBIX 3HAYCHUI, PUHUMAEMbIX (QyHKIueH YP,(x) Ha
MHOXecTBe B™, To ecth (p + 1)™.

JleiicTBuTensHO, B 9TOM citydae tadimna nexoaupoanusD (P)umeer
CIEAYIOLINNA BUA:

Vo Ve Uy

Taxk xak v; # v;, Uit Beex [ # j, TO 10 3HAYCHUIO ) = U, MbI OJTHO-
3HaYHO BOCCTAHABIMBAEM V.

2) Paccmotpum kanan W = {1y, ;}. Tabmmma nexomupoBaHUs
D (¥) umeer crenyronyii BUI:

Vo Ve Uy

Y1(vo) | Y1 (vy) | ... Y1 (vy)
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B sToMm citywae knacc TojiepaHTHOCTH R, — 3TO, MO ONPENEIICHUIO,
CllelytolIee MHOXKECTBO:

Ry = {x € B™:x ~ a} = {x € B":19o(x) = o)V, (x) =
Y1 (@)ViP1(x) == Po(@)Viho(x) = Y1 (a)} .

Takum oOpazoM, R, — 3TO 00bETMHEHNE MHOXKECTB PEIICHUH CJICTYIONINX
YpaBHEHUM:

{wo(x) = Po(a) {l/)o(x) =4(a) 5)

Y1(x) = P1(@)” Wy (x) = Pola)

Ecmu B = {0,1}, ¥ (x) = {§o(x) = x,3;(x) = X}, T0 cucremsl (5) mpu-

00peTaroT cneayomuil BUaI:

—~
x| R
i1
Ql Q
—~
Rl R
i1
2 al

rJIe X — JIOTHYECKOe OTPHUIIAHHUE X.

Wmu x = a,x = a.llostomy R, = {a, a}.

JIro6oii kon V, ucnpasmisronuii omuoOku kanaina K (W), He Jo/bKeH
coJiep)kaTh OJHOBPEMEHHO CJoBaa W a Juis Jjroboro cioBaa € B™. Jlis

n-1
ciydast n = 2k + 1, xon V = {v, |v| < T} UMEET MaKCHMAaJIbHYIO MOIII-

HOCTb, ITOCKOJIBKY B 3TOM CJIy4ac

n+1
2

V| =n—|v| =

v nostomy v & V. C gpyroii ctoponsl, |V| = 2™"71, uto coBnanaer ¢ Bepx-
Heil rpaHuIel MomHocTH pu m = 1[5].
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RESTORATION OF INFORMATION INANAL GEBRAIC
COMMUNICATION CHANNEL

V. Leont'ev, G. Movsisyan, J. Margaryan
ABSTRACT

In the present work, equivalence (tolerance) classes are introduced, which play
a crucial role in the general theory of message restoration in the Shannon model of
information transfer.

Keywords: equivalence classes, tolerance, restoration of messages, information
transfer, and algebraic channel.
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ON THE ACHROMATIC INDEX
OF GRAPHS WITH A SPANNING STAR

N. Hovsepyan
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ABSTRACT

A proper edge-coloring of a graph G is a mapping a: E(G) — N,
such that a(e) # a(e") for every pair of adjacent edges e, e’ € E(G).
A proper edge-coloring of a graph G with colors 1,...,t is called a
complete t-edge-coloring if for every pair of colors i and j, there are two
edges with a common vertex, one colored by [ and the other colored by
J. The largest value of t for which G has a complete t-edge-coloring is

called the achromatic index Y'(G) of G. In this paper, we study the
achromatic index of graphs with a spanning star. In particular, we derive
a lower bound on the achromatic index of some graphs which are

constructed by joining 1 copies of any graph H with a spanning star at a
shared universal vertex which is connected to all vertices of copies of H.

Keywords: Achromatic number, achromatic index, complete edge-
coloring, graph with a spanning star, windmill graph.

1. Introduction

All graphs considered in this paper are finite, undirected, and have no
loops or multiple edges. Let V(G) and E(G) denote the sets of vertices and
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edges of a graph G, respectively. The maximum degree of vertices in G is
denoted by A(G), the chromatic number of G by y(G) and the chromatic
index of G by x'(G). We use the standard notations K,, for the complete
graph on n vertices. The terms and concepts that we do not define can be
found in [3,7,13].

A proper t-vertex-coloring of a graph G is a mapping a: V(G) —
{1,...,t}, such that for any uv € E(G), a(u) # a(v). The chromatic
number y(G) of a graph G is the smallest value of t for which it has a proper
t-vertex-coloring. A proper t-vertex-coloring of a graph G is a complete ¢t-
vertex-coloring of a graph G if for every pair of colors i and j, there is an
edge uv, such that a(u) =i and a(v) = j. The achromatic number 1 (G)
of G is the largest value of t for which G has a complete t-vertex-coloring.
The achromatic number of graphs was introduced by Harary and
Hedetniemi in [8]. In [9], Harary, Hedetniemi and Prins showed that for any
graph G if y(G) <t <Y (G), then G has a complete t-vertex-coloring. In
general, it is known that the problem of determining of the achromatic
number is NP-complete for bipartite graphs, cographs, interval graphs, and
even for trees [1, 6, 12].

A proper edge-coloring of a graph G is a mapping a: E(G) —
{1,...,t}, such that a(e) # a(e") for every pair of adjacent edges e, e’ €
E(G). A proper edge-coloring of a graph G with colors 1,...,t is called a
complete t-edge-coloring, if for every pair of colors i and j, there are two
edges with a common vertex, one colored by i and the other colored by j.
The largest value of t for which G has a complete t-edge-coloring is called
the achromatic index '(G) of G. The problem of determination of the
achromatic index of the complete graph K,, was first considered by Bouchet
[2], who proved that there is an intimate connection between this parameter
and the existence of finite projective planes.

Theorem 1.1f g is odd andn = q% + q + 1, theny’(K,,) = gnifand
only if a finite projective plane of order g exists. Moreover, if ¥'(K,) =
qn, then the vertices covered by each color class in any complete ' (K,,)-



30 On the achromatic index of graphs with a spanning star

edge-coloring form the lines of a finite projective plane with the vertices of
K,, as points.

The achromatic index of complete graphs was also considered by
Jamison [11]. In [11], the author obtained some lower and upper bounds for
the achromatic index of complete graphs. He also showed thatifn > 4, then
V' (Kyy2) = Y'(K,) + 2. Moreover, Jamison [11] showed that the

achromatic index of complete graphs Y’ (K,,) grows asymptotically like ng
The achromatic index of complete bipartite graphs was first considered by
Chiang and Fu [4]. In [4], the authors obtained lower and upper bounds for
the achromatic index of complete bipartite graphs. The achromatic index of
complete bipartite graphs was also considered by Hovsepyan and Petrosyan
[10]. In particular, the authors proved that the following lower bound:
V' Ksns1) = V' (Kmy) + m+n— 1. In [5], the achromatic indices of

regular complete multipartite graphs were investigated.

In the present paper, we study the achromatic index of some graphs
with a spanning star. In particular, we consider graphs which are constructed
by joining n copies of any graph H with spanning star at a shared universal
vertex which is connected to all vertices of copies of H.

2. The main result

In this section we consider complete edge-colorings of graphs with a
spanning star. We also consider a special class of such graphs which is
called windmill graph. The windmill graph Wd (k, n) is a graph constructed
for k > 2 and n = 2 by joining n copies of the complete graph K, at a
shared universal vertex. It is a 1-clique-sum of these complete graphs.
Figure 1 shows graph which is constructed by joining four copies of Kz at a
shared vertex, which is the same as (5,4) .
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Figure 1. The Windmill graph Wd (5,4).

Theorem 2. If G is a graph constructed by joining n copies (n > 2)
of a graph H with a spanning star at a shared universal vertex which is
connected to all vertices of copies of H, then

Y'(G)zy'(H)+(n—1)-A(H).

Proof. Let v, denote the universal vertex, which is connected to the
rest of the vertices in graph G and H! denote i-th copy of the graph H in G.

First, we color the edges of a graph H! with complete edge-coloring
using {1,...,9¥'(H)} colors. We may assume that the edges incident to
vy, e € E(H?) are colored with {1,..., A(H)} colors. Then we need to color
other copies of H. We will color H? with the same coloring strategy, but
replacing {1,...,A(H)}colors with new colors in the color set
{1,...,9'(H)}. The coloring is proper as at the only shared vertex v, the
edges incident to vy, e € E(H') edges are colored with {1,...,A(H)}
colors, the edges incident to vy, e € E(H?) are colored with new replaced
colors. We can repeat this operation and color the rest of H copies. As we
showed, the coloring is proper. For every H', we are using the same color
set with new A(H) colors, which means number of colors used in G is
Y'(H)+ (n—1)-A(H). Let us show that the mentioned coloring is
complete. The coloring of every H' is complete and {1,...,A(H)} colors
with their replacements for copies are used to color also edges incident to
vy, e € E(G), which means for every pair of colors i and j, there are two
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edges with common vertex v, one colored by i and the other colored by j.

This proves the lower bound.

10.

11.

12.

13.

Corollary. Forany k > 2Zandn > 2,
wd(k,n) =2¢'(Ky) + (n—1) - (k —1).
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OB AXPOMATHYECKOM UHIEKCE T'PA®OB
C OCTOBHO{ 3BE3/J1011

H. O¢cenan
AHHOTALIAS

Oynkuus a: E(G) — N Ha3piBaeTcs NpaBUIBHON peOepHOil packpackoii rpada
G, eciu 11 KaKIoM mapel cocequux pebep e, e’ € E(G), a(e) # a(e’). lIpaBunbHas
pebepHas packpacka rpada G B uBera 1,...,t Ha3pIBaeTCs MOIHOM pebepHON t-pack-
packoii rpada G, ecinu A KaXI0i maphl LBETOB i, j CYIIECTBYIOT Ba COCEIHUX Peo-
pa, OAHO W3 KOTOPBIX OKPAIIEHO B {-BIi I[BET, a Ipyroe — B j-bIif 1BeT. HanbonpImee
3HaueHue t I KOTOporo G MMeeT TOJIHYIO peOepHyIo t-packpacKy Ha3bIBaeTCs «ax-
pOMAaTHYECKUM HHIEKCOM» U 0003Hauaetcs depes P’ (G). B Hacrosieir pabore MbI
MOTYYMIM HIWKHIOIO OIIEHKY aXxpOMaTH4YeCKOro MHJIEKca IS HEKOTOPHIX IpadoB c
OCTOBHOI 3BE3I0M.

KiroueBble cjI0oBa: axpoOMaTHIECKUI HOMED, aXpOMaTHIECKUI HHIIEKC, Tpa-
BUIIbHAS peOepHast packpacka, rpag ¢ OCTOBHOM 3BE3/10H.
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AHHOTAIMS

JU1s1 HEKOTOPBIX CEMENUCTB (OPMYJI CPAaBHEHBI OCHOBHBIE CJIOXKHOCT-
HBIE XapaKTEePUCTHKH BBIBOJOB (KOJIMUECTBO IIAr0B U ATHHA) B «CI1aboi»
MPOMNO3ULIMOHANBHON CHUCTEME BBIBOJOB, OCHOBAaHHOM Ha 0000IeHUU
METO/Ia PACUICTUIEHHS, U B OJJHOM U3 «CHUIIBHBIX» CUCTEM — cucTeMe Ppe-
re. [l oqHOTO M3 K1accoB (hOpMyII IepBast CHCTeMa OKa3anach JIydIen
JUIsL 00CUX CIOKHOCTHBIX XapaKTePHCTHK, IS IPyTroro Kiacca — BTopast
CHCTEMa, 9TO YKa3bIBaeT Ha (haKT HECPABHUMOCTH 3TOU TTaPHI CUCTEM.

KurodeBnie ciioBa: 0000OLICHHBIN METOJ PACIIEILUICHHS, CHCTEMBbI
®pere, AIMHA U KOJUYECTBO LIaroB BBIBOJA, CBOAUMOCTb CUCTEM.

1. BBeaenne

Teopust CI0KHOCTEN BBIBOJOB M3Yy4YaeT KOJMYECTBEHHBIE XapaKTe-
PUCTUKU BBIBOJIOB, TO €CTh HACKOJIBKO «IPOCTO» WM «CIIOMAKHO» MOMKET
OBITh JJOKA3aHa Ta WU UHas TeopeMa. TordkoM uisi OypHOTO pa3BUTHS Te-
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OpUHU CJIOKHOCTEH MPOIO3UIIMOHATILHBIX BBIBOJIOB SIBUJICS M3BECTHBIN pe-
synbTaT Kyka m Pekxay o HepaBeHcTBe MHOeCTB NP v cONP, B TOM U
TOJIBKO TOM CJIy4ae, €CJIM He CYIIECTBYET MOJIMHOMHUAJILHO OTPaHUYEHHOMN
CHCTEMBI JOKa3aTEIbCTB KIIACCUYECKUX TaBTOJOTHM [1]. 3a roabl MHTEH-
CUBHBIX MCCIICJIOBAHUI MTOJIYYEHO MHOXKXECTBO MHTEPECHBIX OLICHOK JITTUHBI
(l-cnostcnocmu) u KOIMYECTBA TATOB (#-C10JCHOCMU) BBIBOJIOB B pa3iiny-
HBIX CUCTEMax KJIAaCCHYECKOro ucuncienus BoickaspiBanuii (KMB), Ha oc-
HOBE KOTOPBIX BBICTPOEHA HEKash Uepapxus MPONO3UIUOHAIBHBIX CUCTEM
BBIBOJIOB. HEKOTOpBIE N3 HUX C OTHOCUTEIBHO MPOCTOM CTpATEruel MoucKa
BBIBOJIOB, YCJIOBHO ONPE/IEJICHbI KaK «CJIa0ble» CUCTEMbI — CHCTEMBI, B KO-
TOPBIX JUIsl OTJENBHBIX KIacCOB (POPMYJI MOTyUEHbl HIXKHUE SKCIIOHEHITH-
aJbHbIEC OLICHKHU JUIMH BBIBOJIOB, @ T€ CUCTEMBI, B KOTOPBIX HU JUISl KAKOTO
KJIacCa TaKOBBIX OLEHOK MOKa HE HANAEHO, CUMTAIOTCS «CHIbHBIMI». K
MEPBOMY MHOECTBY OTHOCHTCSI, B YaCTHOCTH, CUCTEMa, OCHOBAaHHAas Ha
00001IeHHOM MeToie paciueruieHuit OP, onpeneneHHas B [2], Ko Bropomy
KJIaCCYy OTHOCSITCS HAaM0O0JIEe €CTECTBEHHBIE CHCTEMBI BHIBOJIOB — CHCTEMBI
Opere F. B Hactosmieil paboTe BBISBICHO HEKOE HECOOTBETCTBUE MEKIY
XapaKTePUCTUKAMU «CIa0bIi-CUIBHBINY» COOTHOIICHUSMU HA3BaHHBIX CHUC-
TeM: JIJIsl OIHOTO U3 KjaccoB (opMyIl MepBasi cucTeMa OKas3allach Jydlei
JUIsE 00EMX CIIO’KHOCTHBIX XapaKTePUCTHUK, JUISl IPYroro Kjacca — BTOpas
CUCTEMa, YTO YKa3bIBaeT Ha (haKT HECPABHUMOCTH ITOM Maphbl CUCTEM.

2. llpeaBapuTe/ibHble MOHATHA. /(15 10Ka3aTeabCTBAa OCHOBHOIO
pe3ynbTaTta HalOMHUM HEKOTOpbIE MOHATHUS U 0003HaueHusi. Mbl Oyaem
MOJIb30BATHCS OOIICTIPUHATHIMU MOHATUAMH €IMHUYHOTO 7-MEPHOTO OyIie-
Ba Kyba (E™), nmpomno3uIMoHaibHOM (OPMYJIbI, TABTOJOTHH, CHCTEMBI JI0-
ka3arenbcTBa KVB.

KoHkpeTHbIli BBIOOP sI3bIKA ISl MPEACTABICHUS TPOMO3UIIMOHAIb-
HOU (hopMyIbl (2 3HAYHT, © CUCTEMBI JI0KA3aTEeIbCTB) HE UMEET 3HAUCHHUS
JUISL HAIIUX PACCMOTPEHUMN, OJHAKO M3 TEXHHUYECKUX COOOPAKEHUH MBI
MpeArnoiaraéM, 4T0 OH COJIEPKHUT MPOIMO3UIIMOHATIBHBIE TIEPEMEHHBIC P);
(i =2 1) u (umm) pi; (i =1,j =1), norudeckue CBA3KU —1, &, V, D U napy

CKOOOK ( , ).
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JlnHa hopMyIIBI @, onpeenseMast Kak KOJIMYECTBO BCEX BXOXKICHUN
B HEe JIOTHYECKHUX CBS30K, 0003Havaercs uyepe3 |@|. O4ueBuaHO, YTO JIH-
HEHOH QyHKUUEH OT |@| oneHuBaeTcs U NMONHAsA JuIHA (GOPMYJIb, TOHH-
MaeMast KaK KOJIMYECTBO BCEX CHMBOJIOB.

Crnenyst oOWWENpUHATON TEPMUHOJIOTHH, Jumepaiom OyAaeM Hasbl-
BaTh NepeMEeHHYI0 Wwin ee oTpunanue. KonbloHkT K Moxer ObITh Tpen-
CTaBJICH KaK MHOKECTBO JIUTEPAJIOB, IPHYEM 3TO MHOKECTBO HE MOXKET CO-
JiepKaTh IEPEMEHHYIO U €€ OTPUIIAaHHE OJTHOBPEMEHHO.

B paGote [4] BBenmeHbl cienyromue moHsTus. s mpou3BOJIbHON
MPOTIO3UIMOHATBHON (POPMYIIBI ¥ CIEIYIONINEe TPUBHAIBHBIC YKBUBAJICHT-
HOCTH Ha30BEM NPABULAMU 3AMeUeHUS:

0&Y =0, Y &0 =0, 1&yY =1, Yp&l=1,
0V Y=, Y VvOo=1, 1vy =1, YyVvi=1,
0oy =1, Yo 0=1, 1oy =1, Yyol=1,

=y =1, p=1=1.
[IpumeHnenne npaBui 3aMeLIEHUS K HEKOTOPOMY CJIOBY 3aKJIH0YaeTCs
B 3aMEHE KaKOTo-J1M00 ero MojcaoBa, MMEIOILIEro BUJ JICBOW YAaCTH OJTHOTO
U3 YKa3aHHBIX JKBUBAJICHTHOCTEH, IIPABOU YaCThIO.
OTMeTHM TakKke, 4TO (GyHKIUS p° ONpenenseTcs OOMETPUHATHIM
o6paszom: p’ects —p, a p' ecTs p.

2.1. OnpenesieHnst pacCMaTPUBAEMBbIX CHCTEM
CormnacHo [1], kaxnas cuctema @pere F ucCnonb3yeT NEPEeUUCINMOE
MHO>KECTBO MPOTMO3UIIMOHAIBHBIX TIEPEMEHHBIX, KOHEYHOE, (PYHKIIHOHAb-
HO TI0JTHO€ MHO>KECTBO JIOTUYECKHUX CBSI30K; F MIMEET KOHEUHOE MHOXKECTBO
NpaBUi BBIBOJA, OompeaesieMbiX s dopmya AnAz ... ,Am u B B BUze
AA4,... A,
2 (mpaBmIIa BEIBOJIA, KOJIMYECTBO MOCHIIOK KOTOPBIX PABHO HYJIIO,

CUMTAIOTCS akcMoMaMu); cuctema F JoKHA ObITh HEMPOTUBOPEUYUBOM U
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MIOJIHOM, T.€. €CITU TPU HEKOTOPOM 3HAYCHUM TEPEMEHHBIX BCE (POPMYJIBI
A1,A2, ... ,Am MICTUHHBI, TO U B 1OJKHO OBITH HICTUHHBIM, U BCE TABTOJOTNHU
JIOJKHBI OBITH BBIBOTUMBI.

Cucrema 00OOIICHHBIX pacHieiuieHnid Obuta ommcana B [2]. O6006-
LIEHHBIN METOJ] paclIeIuIeHHH (0.M.p.), BBEJCHHBIM HA OCHOBE METO/a pac-
LIETUICHUH, OMUCAHHOTO B [3] TOJIBKO JUIsl IU3BIOHKTUBHBIX HOPMAaTbHBIX
dhopm (1.H.(.), mo3BOJIAET KAk A0M GOPMYJIE ¢ COIOCTABUTH HEKOTOPOE I10-
MeUeHHOE OMHApPHOE JAEPEBO pacIIeIICHUs (11.p.), KOPHIO KOTOPOTO MPHUITHU-
caHa cama (popMylia ¢, KOHEUHBIM y3JIaM MpHUIKUcanbl 3HaueHus: 0 wim 1, a
CBIHOBBSIM KaXJIOTO y371a U, KOTOPOMY MIPHUIIHCaHa HEKOTopas hopMyIa ¢,
TIPUITHCAHBI PE3yJIbTaThl PACHICIUICHUS (0, 10 HEKOTOPOU MEPEMEHHOM P,
BXOJISIIEH B (0, CIICAYIONIMM 00pa3oM:

1) mpu paciienyieHu TaBTOJIOTHH ¢, TIO TUTEPATY & IeTaeM IIOMETKY
« Ha pedpe, BeayIIeM OT y3JIa C IIOMETKOH ¢, K Y31y ¢ TIOMETKOH ¢, [a],

2) cama dopmyna ¢, [a] cTtpouTcs o ¢, cieayromuM o0pa3oM: ec-
ma = p(a = P), TO BCIOAY B ¢, BMECTO IIEPEMEHHOM P MOJICTABIISIEM 3Ha-
yenue 1(0) u npumeHsieM npaBuia 3aMelleHus: WIK J0 NoJyuyeHus: Gopmy-
JIbI, HE COJICpIKAIICH KOHCTAHTBI, HJTH JIO TTOJYYCHHS KOHCTAHTHI.

EctecTBeHHO, 4TO, MEHSS TTOPSIOK MIEPEMEHHBIX, 110 KOTOPBIM IPO-
U3BOJIUTCSl PACHICIUICHUE, MOXKHO IOJIyYaTh pa3iudHbie 1.p. OYEeBHIHO
TaK)Ke, YTO TABTOJIOTHUSAM COOTBETCTBYIOT JICPEBbs, KOHCUHBIM y3JIaM KOTO-
PBIX TPUTTUCAHBI TOJIBKO ¢IMHHUIIBI.

CooTBeTCTBYIOIIAsl CUCTEMA, OCHOBAHHAS HAa O.M.p. C OJIHOM aKCHO-
MOU-TaBTOJIOTHEH — 1 M OTHUM ITpaBHIIOM BBIBOJIA @ [p], @ [P] + ¢,0003Ha-
yeHa uepe3 OP.

2.2. C10’KHOCTHBIE XapPAKTEPUCTUKHA BbIBOJI0B
OCHOBHBIMH CJIOKHOCTHBIMH XapaKTCPUCTHUKAMH BBIBOJOB ABJIAIOT-
Csl: t — CJIOKHOCTD, OIpeieisiemMasl Kak KOJMYECTBO pazIu4HbIX (OpMyIl B

BBIBOJIC, U /- CJIOKHOCTD, OIIpEACIIsICMan Kak CyMMa IJIMH BCEX PA3JIMIHBIX

¢dbopmyn B BeiBoje [2]. [TycTh ¢ siBIIsSIETCS HEKOTOPOU CHCTEMOMN BBIBOJIOB,
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a (¢ — HeKOTOopasi TaBTosorus. Yepes tg,’ (lf‘; ) 0003HaYUM MUHUMAJILHO BO3-

MO>KHOE 3HaYEHHE f-CIOKHOCTH ([-crodxcnocmu) BCEBO3ZMOKHBIX BBIBOJIOB
TaBTOJIOTHH @ B cucteme ¢. Ciieqyromune NOHITHS BBeICHBI B [ 1].

[Tycts @1 1 @2 IPOU3BONIBHBIC TPOTIO3UIIMOHATBHBIC CUCTEMBI.

Onpeaenenue 2.2.1. Cucrema @1 p-l-umumupyem (p-t-umumupyem)
cucreMy @2 eciu CymIeCTBYeT TaKOH IMOJMHOM p(), 4TO Ui JIFOO0OM
dbopmyIiel @, BBIBOIUMOM B 000ux cuctemax @1 u d2, umeer Mecto lf,[,) 1<
pUg?) (tg' < pt3?)).

Onpenenenune 2.2.2. Cucremsl @1 u Oz p-I — sxeusanenmuul (p-t —
aKeusanreHmusl), eciu kaxaas u3 cuctem @1 u Oz p-1 — umumupyem ( p-t —
umumupyem) Npyryro.

Jlanee OyayT TOJYYEeHbl BEPXHUE M HW)KHUE OIECHKH YKa3aHHBIX
CJIO)KHOCTHBIX XapaKTEPHCTUK BBIBOJOB U JUISI X 3aIUCH OyIyT UCIOJb-
30BaHbI CIEAYIONINE OOIIECIPUHATHIE 0003HAYCHUS:
ectu Icy Ik, Vx > kq|f(x)| = c1lg(x)|, To MBI Gymem mmcarsf (x) =
Qg (x)),
ecn IcyAk, Vx > ky|f(0)] < cylg(x)|, To mMbr Gynem mmcarsf (x) =
0(g(x)).

[Ipy BBITIOJIHEHWH 3THX O0EUX yCIIOBUH Oyaem mmcath f(x) =
0(g(x)).

2.3. Ba:knblie gopmy.ibl

B Hammx paccMOTPEHHSX BaKHYIO POJIb UTPAIOT TABTOJIOTHH

m n

TTMpm=_ V& Vpi(nz1,1<sms<2"-1),

(01,..0n)EEMj=1i=1" Y

KOTOpBIE MPU KaXkAbIX (UKCUPOBAHHBIX 1 = 1 M M U3 yKa3aHHBIX UHTEP-
BaJIOB «BBIPAYKAIOT) CIIEAYIOIIee UCTUHHOE yTBEpXkKAeHHE: B Kaxkaoi 0, 1-
MaTpHlle pasMepa N X M MOXKHO TAK «IePeBePHYTH» CTPOKHU (3aMe-
HUTH 0 Ha 1 1 1 Ha 0), YTOOBI B KAXKAOM CTOJIOLE ObLJIA MO KpalHel

Mepe oaHa eAuHUNA. OTMETHM, YTO |TTMn,m| =n2"m.
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Bropoii kiacc paccmatpuBaeMbix (GOpMyITT — COBEpIICHHBIC I.H.(.
TaBTOJIOTU I

n
DNF, = v &p’t(n=>1).

(04,...07)EEM i=1" "

OrmetumM, uto [DNFn| = (n+ 1)2™" - 2.

3.0cHOBHBIE pe3yabTaThI.

3nech cHavasa OyIyT JaHbl OLIEHKHU IIaroB U JUTMH BBIBOAOB (OPMYJ
DNF, B cuctemax F u OP, 3arem OynyT NpUBEICHBI OLEHKH TEX e
CIIO’KHOCTHBIX XapaKTE€PUCTHUK B TeX ke cucremMax i opmyn TTM,, on_,
U Jlanee OyeT 1aH CpaBHUTENbHBIN aHAIN3 OJYyYSHHBIX PE3yJIbTaTOB.

Teopema 1.

thP\)IFn =0(n)wu lgRIFn = 0(n2"),
thnrn = Q2" 1 By = (2.

I[JIH A0Ka3aTeJIbCTBa TCOPEMBI IPCABAPUTECIIBHO CACIACM HECCKOJIBKO
3aMEUaHNUIl 0 BO3MOXKHOCTSIX MOCTPOCHUSA ACpPCBa PACHICIVICHUA, OCHOBBI-
BasCb HAa O0.M.p. AJid

n
DNF, = v &p'(n=1).

(0’1,...,0'n)EEn i=1

B cuity «cuMMeTpU4HOr0» pacnosokeHus IEPEMEHHBIX B 3TUX (Gop-
MyJiax HOpsiI0K BbIOOpa NEPEMEHHBIX, 10 KOTOPbIM Oy1eT IPOU3BOJUTHCS
pacILEeNICHUE, HE BaXKCEH.

[IpousBenemM pacierieHue o NEPEMEHHBIM Dy, Pp—1, -.., P1 1100UE-
penHo Ha KaXI0M ypoBHE. PaccMoTpum, kKakue popMyIIbl TOTY9aroTCs IPH
pacmerieann Gopmynsl DNF, 1o BBINICyKa3aHHBIM TMepeMeHHbIM. Ha
MIEPBOM YPOBHE JIEPEBa, €CTECTBEHHO, HAX0UTCsA cama Gpopmyna DNF,, Ha
BTOpOM — 1Be popmynbl DNF .1, Ha TpeTbeM — yeTbipe popmynsl DNF,. 2,
Ha TPEIIOCIIeIHEM ypOBHE OyIyT HhopMyIibl p; V —p;, a Ha MOCICIHEM —
OJlHM enuHullbl. HeTpyaHO 3aMeTuTh, YTO CpeAM BBILIEHEPEUUCIEHHBIX
dopMynax poBHO M + 1, OTIMUHBIX APYT OT APYTa. a 3HAUMT towp, =
0(n). Cymma anuH BecexX pa3inuyHbIX (JOPMYIT B 3TOM BBIBOZIE PaBHA:
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(m+1)2"—-2+n2"t—2+--+3(2%)-2+202HY-2=
(n—1)2"*1 + 2+ 2™ — 2 — 2n = 2n(2" — 1) < 2n2",

cieloBaTeNnbHo, 9y p, = 0(n2™).

JIJ1st OLIEHOK CJIOKHOCTHBIX XapaKTepUCTUK B cuctemMax dpere Ha-
MIOMHHM TIOHSITHE CYIIEeCTBEHHOU 1o dopMytbl TaBTosoruu [4]. [Toxdop-
MyJia 3 TaBTOJIOTHH ¢ SIBISIETCS CYLIECTBEHHOM, €CIIU pe3yJIbTaT ee MoBce-
MECTHOM 3aMEHbl Ha MIEPEMEHHYI0, HE BXOSLIYIO B (0, HE ABJISIETCS TaBTO-
norueil. Tam ke 000CHOBAHO, YTO €CJIHM KOJMYECTBO PA3TUYHBIX CYIIECT-
BEHHBIX 1MOA(OPMYIT TABTOJIOTHHU €CTh K, TO t;f =Q(k)n l{; = Q(k?). Ec-
JU B KaXJA0M KOHBIOHKTE (hopmyiiel DNF, paccTaBuTh CKOOKH, criapuBast
JUTEpAIBI CIIpaBa HAJIEBO, & CAaMH KOHBIOHKTHI TaK)Ke CIIapUBaTh CIpaBa
HAJIEBO, TO HE TPYJAHO YOCAUTHCS, UTO JIJIS KAXKIOTO 1 KOIMYECTBO pas3iny-
HBIX CYLIECTBEHHBIX noAdopmyn B DNF, paBHO:

n+22+234+ . +204+2"-1>3(2"),

OTKYJIa CIEAYET, uTo thypn = Q2™ u [y = Q((2M2).

HaromunM, uto B [4] 10Ka3aHO, YTO JUIS HEKOTOPOTO MOJIHHOMA p()
F F
trrm < brm < p(|TTMp,n_4)),

n,Zn—l n,Zn—l

a B [2] mokazaHO, YTO TIPH MPOM3BOJIHLHOM JIOCTATOYHO OOJBIIIOM N U

Vi(1 <i < [nlog, 2]) ansa popmyn @) = TTM,, ,i MeeT MecTO:
logzt;i1 =Q(n')n logzl;-1 = Q(n').

CpaBHMBasi 3TH OLEHKM C pe3yJibraraMu Teopembl 1, moiydaem
CIIEIyIOLIECE YTBEPKICHHE.
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Teopema 2. Cuctembl F u OP HecpaBHUMBI 10 11araM BbIBOJIOB.

JeiictBurenpHo, cuctemMa F MMeeT 3KCIOHEHIMAIBHOE YCKOPEHHE
waroB Gpopmyisl TTM;, ;n_; 0 CPABHEHUIO C KOJIMYECTBOM HIArOB BBIBO-
IoB Toi ke gopmynsl B cucteme OP, u HaoOopoT: cuctema OP umeet
HKCHOHEHIMAJIbHOE yCcKOpeHue maros ¢opmyisl DNF, 1o cpaBHEHHIO C
KOJIMYECTBOM IIIaroB BBIBOJIOB TOM ke (hopmyiiel B cucteme F.

HHTepecHO MPOBECTU MCCIEAOBAHUSA II0 CPAaBHEHHIO KOJIMYECTBA
LIaroB OJHUX U TeX ke Gpopmyna B cucreMe OP U psje Apyrux U3BECTHBIX
IIPONO3ULIMOHAIBHBIX CHCTEM C LIEJIBIO MOCTPOCHUsS OBITh MOXKET HOBOM

HepapxXuu 110 maramM BbIBOJOB.

Hccnedosanue dannoti cmamv 8bIN0IHEHO NPU purancosol noddepaicke I ocyoapcmeen-
Hozo komumema no Hayke MOH PA ¢ pamkax nayunozo npoexma Ne 18T-1B034.
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ON SOME PROPERTIES OF PROPOSICIONAL SYSTEM BASED ON
GENERALIZATION OF SPLITTING METHOD

A. Chubaryan, S. Hovhanisyan, H. Gasparyan

ABSTRACT

The main proof complexity characteristics (number of steps and sizes ) are
comparisen for two classes of formulas in “weak” propositional proof system, based
on generalization of splitting method, and in one of “strong” systems — Frege systems.
The first system is better by both complexity characteristics for one of considered
formula classes, just as the second system is better for the other classes.

Kaywords: generalising splitting method; Frege systems; size and number of
proof steps; simulation of systems.
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ON NEAR-INTERVAL COLORINGS
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ABSTRACT

A proper edge-coloringa of a graph Gwith colors 1, 2, ..., t is called a
near-interval t-coloring (interval (¢, 1)-coloring) if all colors are used and
the colors of edges incident to each vertex v € V(G)satisfy the
conditiond;(v) — 1 < max(S(v, a )) —min(S(v,a)) < d;(v), where
d; (v) is the degree of the vertexv, and S(v, a)is the set of colors of edges
incident to v. We prove that all bipartite multigraphs with 4(G) =
2r (r = 2)and vertex degrees d;(v) € {1,2,2r —1,2r}have an
interval (2r, 1)-coloring. We also prove that every bipartite graph with
bipartition (U, V) where for every u € U, d;(u) = 6 and for every v €
V,dg(v) € {1,2,4,5,6} has an interval (7,1)-coloring.

Keywords: interval coloring, near-interval coloring, interval (t,1)-
coloring, bipartite graph.

1. Introduction

We use [11] for terminology and notation not defined here. All graphs
considered are finite, undirected, allow multiple edges, and contain no
loops, unless otherwise stated. A simple graph is a graph with no multiple
edges and loops. Let V(G) and E(G) denote the sets of vertices and edges
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of a graph G, respectively. The degree of a vertex v € V(G)is the number
of edges that are incident to the v, and in a multigraph, loops are counted
twice. The degree of a vertex v is denoted by d;(v), and the maximum
degree of G by A(G).

A proper t-edge-coloring of a graph is a mapping a:E(G) —
{1,2,...,t}, such that a(e) # a(e") for every pair of adjacent pairs e and e'.
If a is a proper edge-coloring of G and v € V(G), then S(v, @)(spectrum of
the vertex v) denotes the set of colors of edges incident to v. An interval
(t, 1)-coloring (near-interval t-coloring) of a graph G is a proper edge-
coloring aof G with colors 1,2, ..., t such that all colors are used and the
colors of edges incident to each vertex v € V(G) satisfy the condition
dg(v) —1 <max (S(,a)) —min(S(v,a)) < dg(v). This notion was
introduced by Petrosyan and Arakelyan in 2007 [6]. In particular, in [6,7]
Petrosyan, Arakelyan and Baghdasaryan proved that if a connected graph G
has an interval (¢, 1)-coloring, then t < 2|V (G)| — 1. They also described
all possible values of t for which the complete graph K,, has an interval
(t, 1)-coloring. In the same paper the authors proved that if G is a graph
with A(G) < 3, then it has a near-interval coloring. On the other hand, in
[7] it was proved that for any integer A > 24, there exists a connected graph
G with the maximum degree A that has no near-interval coloring. In [8],
Petrosyan, Khachatrian and Mamikonyan investigated near-interval
colorings of bipartite graphs. In particular, they proved that all bipartite
graphs with maximum degree 4 admit near-interval colorings. Some
interesting results on biregular bipartite graphs were obtained by Casselgren
and Toft [5]. In 2018, Petrosyan [9] proved that if G is a graph with A(G) <
4, then it has a near-interval coloring. On the other hand, he also proved that
for any integer A > 18, there exists a connected bipartite graph G with
maximum degree A that has no near-interval coloring. Recently, Pastuszak
and Petrosyan proved that all bipartite graphs with maximum degree 5 have
near-interval colorings.

If a is an interval (¢t 1)-coloring of a graph G such
thatmax(S(v, a )) — min(S(v, a )) = d;(v) — 1for any vertex v € V(G),
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then « is called an interval t-coloring of G. This notion was introduced by
Asratian and Kamalian in 1987 [3,4]. Note that every graph that has an
interval t-coloing also has an interval (¢, 1)-coloring but not every graph
that has an interval (¢, 1)-coloring also has an interval t-coloring. In general,
it is an NP-complete problem to determine whether a bipartite graph has an
interval coloring or not [10].

In the present paper we consider near-interval colorings of bipartite
graphs. We first prove that all bipartite multigraphs with A(G) = 2r (r =
2)and vertex degrees d;(v) € {1,2,2r — 1, 2r} have an interval (27, 1)-
coloring. Then we consider near-interval colorings of some class of bipartite
graphs with maximum degree 6, and we show that all graphs from this class
have an interval (7,1)-coloring.

2. Main Results

For two integers a and b with a < b, the set{a,a + 1, ...,b} is
denoted by [a, b].

A graph G is called Eulerian if it is both connected and has a closed
trail (a walk with
no repeated edges) containing all edges of a graph. A 2-factor of a graph G,
where loops are allowed, is a 2-regular spanning subgraph of G. We need
the following classical result from factor theory [1].

Petersen’s theorem. Let G be a 27-regular graph (where loops are
allowed). Then & can be represented as a union of edge-disjoint 2-factors.

We now are able to formulate one of the main results of the paper.

Theorem 1. If G is a bipartite multigraph with A(G) = 2r (r = 2)
and for every vertex v € V(G),d;(v) € {1,2,2r — 1,2r}, then G has an
interval (2r, 1) — coloring.

Proof. In the proof of this theorem we follow the idea from [2].Define
a new graph G*as follows: first take two isometric copies G, and G, of the

graph G and join by an edge every vertex with an odd vertex degree in G,
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with its copy in G,. Then for every vertex v € V(G1) UV (G,) of degree 2,
add r-1 loops at v. Note, that G* is a 2r-regular graph. By Peterson’s
theorem, G* can be represented as a union of r edge-disjoint 2-factors
F,,F,, ... ,E.. By removing all loops from 2-factors Fy, F,, ... ,F. of G*, we
obtain that the resulting graph G' is a union of edge-disjoint Eulerian
subgraphs F{, F;, ... ,E!. Since G* is bipartite, for each i (i = 1,2, ...,7)F]
is a collection of even cycles in G'. Next, for each F/(i = 1,2,...,7) of G,
color the edges of F; alternately with colors 2i-1 and 2i. Let a be the
resulting coloring of G'. Note that a is a proper edge-coloring of G' with
colors 1,2, ..., 2r and it has the following properties.

1. For each vertex v € V(G'") withd g (v) = 2r, Sy (v, @) = [1, 2r].

2. Since for each vertex v € V(G') with dg(v) = 2, there exists
exactly one Eulerian subgraph F; such that dFi,v W) =2,S;(v,a) =

[2i, — 1, 2i,] for some i,,.

Now consider the restriction of this proper edge-coloring to the edges
of graph G. The resulting coloring of G has the following properties.

1. For each vertex v € V(G) with ds(v) =1, S;(v,a) is {2i, —
1} or {2i,} for some i,,.

2. For each vertex v € V(G) with d;(v) = 2,5;(v,a) = [2i, —
1, 2i,] for some i,,.

3. For each vertex v €V(G) with dz(v) =2r —1, S;(v, a)is
either[1, 2r]\{2i, — 1} or [1, 2r|\{2i,} for some i,,.

4. For each vertex v € V(G) with d;(v) = 2r,S;(v, @) = [1, 2r].

Clearly, this coloring is an interval (2r,1) — coloring of G.

The next result concerns bipartite graphs with A(G) = 6.

Theorem 2. Let G be a bipartite multigraph with bipartition (U, V). If
for every vertex u € U,d;(u) = 6 and for every vertex v € V,d;(v) €
{1,2,4,5, 6}, then G has an interval (7, 1)-coloring.

Proof. Construct the auxiliary graph G' as described above. Note,
that G' is a union of three edge-disjoint Eulerian subgraphs F], F;, F3 and
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each F,i =1, 2,3, is a collection of even cycles in G'. Then color the edges
of F|alternately with colors 1 and 2. Similarly color the edges of F, with
colors 3 and 5 and the edges of F3 with colors 4 and 6. Let a be the resulting
coloring of G'. Note that a is a proper edge-coloring of G' with colors
[1,6].Consider the restriction of this proper edge-coloring to the edges of
graph G. Note that the resulting coloring of G has the following properties.

1. For each vertex v € Vwith d;(v) = 1, there is only one color in
Se(v, ).

2. For each vertex v €V with d;(v) = 2, there exists only one
Eulerian subgraph Fi'v such that dFi’,, (v) =2 and S;(v, @) is an interval

with at most one gap.
3. For each vertex v € V with d;(v) = 4, there exists only one
Eulerian subgraph Fj such that dps (v) =0. In this case Sz(v,a)is

{1,2,3,5},[3,6] or {1,2,4,6}. If S;(v,a) = {1,2,4,6} we recolor the edge
with color 6 with color 0 and we obtain S; (v, @) = {0,1,2,4} which is an
interval with one gap.

4. For each vertex v € V with d;(v) = 5,5;(v, @) is an interval with
at most one gap.

5. For each vertex v € V with d;(v) = 6,5;(v,a) = [1, 6].

Finally, we shift the colors of edges by 1. It is easy to see that the
resulting coloring of G is an interval (7,1)-coloring.
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O NIOYTU UHTEPBAJIBHBIX PACKPACKAX HEKOTOPBIX
ABYAOJIbHBIX I'PA®OB

I'.Il. Mameeocan
AHHOTAIUA

[IpaBunpHas pebepHas packpacka a rpada G B uBera 1,...,t Ha3pIBaeTcs MoY-
TH UHTEPBAIBHON t-pacKpackoi (MHTepBayibHOH (t, 1)-packpackoii), ecnu Bce IBeTa
UCTIONIB30BAHBI M JUIA KaxIoi BepiunHsl U € V (G)Bbimonasercs ycnosue dg (v) —
1< maX(S(v, a’)) —min(S(v,a)) < d;(v), rned;(v)—creneHs BepIIMHBIV B
rpade G, a S(v, @)— MHOXKECTBO IIBETOB pedep, MHIMACHTHBIX BeplinHe V. B pabore
JIOKa3aHo, YTO BCE JBYMONBHBIE MYTBTHTPAdBl ¢ MaKCHMANbHOM crenensio A(G) =
2r (r = 2)ucdg(v) € {1,2,2r — 1, 2r} umeror unreppansuyio (27, 1)-packpacky.
Taxxe Toka3aHo, 4TO BCE IBYOJbHBIC Tpadsl ¢ pazdueHuem BepmmH(U, V), rae mis
mo6oi BepmmHbl U € U, dg(u) = 6, a mns moboi Bepumabl v € V — dg(v) €
{1,2,4,5,6}, umetor untepBanbayio (7, 1)-packpacky.

KnoueBble cjioBa: MHTEpBalbHAs pacKpacka, MOYTH HHTEpBaJbHAS pac-
Kpacka, MHTepBajibHad (t,1) packpacka, IBYAOIbHBIH rpad.
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ABSTRACT

Negative capacitance schemes are very useful analog standard
blocks with a wide range of usage. They can be used to solve such a
significant problem as parasitic reducing and compensation, increasing
of amplifiers operating frequency and for filters design calibration
without using passive inductors, among other uses.

The method for improving and controlling CMOS floating negative
capacitance frequency response is presented in this paper. The negative
capacitance is obtained by the basic negative impedance converter
(NIC); the proposed method is also fitted for negative inductance and
resistance. The proposed approach has been tested for 14nm FINFET
technology.

Keywords: negative capacitance, parasitic reducing, high frequency
performance.

Introduction

Negative capacitance schemes or negative capacitance generators
(NCGQG) are applicable analog building cells, used for many different
applications enabling:
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* the improvement of already existing architectures, through the
compensation of undesired parasitic capacitance, like bandwidth
improvement of various kind of amplifiers [6], [7], opportunity to speed
up some DAC architectures, improvement of ESD protection circuits [3],
improvement of active inductor design [1], [4], etc.;

* the design of new circuit architectures like the new compact
equalization filters, new RC and LC oscillator structures, etc.

There are also other techniques for grounded and floating negative
capacitance generation, mostly known for decays.

Generally, any other well-known negative impedance converter
(NIC) which employs operational amplifiers or current conveyors can be
used. Negative capacitance obtained with presented approach is more
precise, with a wide allowable signal swing. The presented approach has
disadvantages like required large area and high-power consumption,
particularly for floating capacitor generation, and performance for high
frequency is limited.

Also, other known basic structures can be used as a floating NC,
for example, common source amplifier with cross-coupled capacitors
and source’s parallel r-C pairs [2], or the relaxation generator with cross-
coupled MOSFETs described in [3] which is a highly effective approach.

The mentioned structure generates a negative capacitance and
negative resistance as well and performs with a predictable noise figure
and degradation of linearity; it is quite basic, and provides great
possibilities for improvements and controllability and was thereby
chosen for the design and performance estimating.

Implementation

A. Common Negative Capacitance

The simple way to obtain floating negative capacitance is a cross-
coupled pair of transistors on a basis of positive feedback.
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Fig. 1. Basic negative capacitance.

The positive feedback loop is obtained by transistors M1 and M2
which is formed because of difference at the output currents to get an
opposite polarity to the differential voltage.

Hence, the output impedance is negative. The equivalent
impedance can be given by

7 _ _igm+S(Cas+2C) (1)
equ sC 9m—SCgs

In equation channel length modulation is disregarded. As long as f
<<fT, where fT is the unity gain frequency or switching frequency of
transistors, also impedance can be approximated by

1 (Cgs+20)

Zequ™ —c =~ g o SSIT )

The impedance at the output is the complex impedance with
reactive and resistive components. The circuit with a shorted capacitor
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C can be used as negative resistance. Further modification presented in
[5] enabled a negative inductance generation as well.

Fig. 2 (a) and (b) show the structure of negative resistance and
inductance circuits [5].

i Zg v

i l i

M; MZ

(a) (b)

Fig. 2. Schematic views of (a) negative resistance and (b) negative inductance
generators.

B. A Simplified Implementation Model

The NCG described above is loaded with the rest of the schemes
where it operates as a negative capacitor, and disadvantages like possible
stability issues mostly depend on the application details. An undefined
load will be replaced with dynamic load for further analysis. MOSFETs
shown as current sources are for simplicity. An equivalent schematic
diagram is shown in Fig. 3

In Fig. 4 there is shown equivalent impedance and negative
capacitance of NCG. It has been assumed that the transistors are with
ideal parameters, without parasitic capacitance but with realistic constant
transconductance gm. Transconductance defines the value of negative
resistance while the C defines the negative capacitance. The transistors’
transconductance and capacitance define the higher limit of the NCG. In
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Fig.5 the equivalent negative capacitances for several capacitor values is
shown. Ideally, only the sign will be opposite.

1.8p
-1.8p
=3.0p
-5.0p

1§

g

—~

Fig. 3. Simple NCG with load.
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=133.2
-133.3
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-133.4
-133.5

40K

2eM 16
freq [Hz]

Fig. 4. Simple NCG model. Negative capacitance and complex impedance.

To increase the high limit of frequency, the range of the value of C
needs to be reduced. In real design this process it is not permit table.
Another way to expand bandwidth is to increase currents and transistors
transconductance.Fig.6 shows expected changes.
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Fig. 5. Negative capacitance vs input capacitance, ideal model.
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Fig. 6. Negative capacitance vs. transconductance, ideal model.
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Fig. 7. Negative capacitance and complex impedance vs. transconductance,
ideal model.
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High limit of bandwidth depends on transistors’ transconductance and
current I value. Therefore, circuit controlling is becoming easy. The
complex impedance is shown below in Fig. 7.

Verification:

A. General Information

The circuit has been designed with 14nm FINFEET technology, but
the proposed design can be implemented in other technologies by
optimization according to a specific design.

B. Physical Implementation

e
sl 4F e
2 B e g
sisT— L
. 1

Fig. 8. Negative Capacitance Generator.

In Fig. 8 the proposed NCG is presented. The ideal current source is
replaced by sink mirrors. The power down circuit gives an opportunity to
enable parallel connection between several NCGs. This technique is
implemented to control transconductance of transistors by changing W\L
ratios.

In Fig. 9 real circuit vs. model comparison is depicted. Transistors’
Cgs parasitics is the main cause of difference. It can be compensated by
increasing capacitance C value.
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Fig. 9. Complex impedance and Negative capacitance, model vs. real circuit.
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Fig. 10. Negative capacitance vs. transconductance.

In Fig. 10 the bandwidth high limit characteristics for different
transconductance values is shown. Parallel connected simple NCGs
increases the high frequency limit for almost every decade. Also,
bandwidth can be controlled by current. Fig.11 shows the controllability
of IB current.
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Fig. 11. Negative capacitance vs. current.

Conclusion:

A simple approach to increase and control the NCG bandwidth high
limit is presented. The technique makes it achievable to increase
frequency range and control high frequency limit with high precision.
The technique can be used for Rc oscillators design. The same technique
can be used for high speed /O parasitic resistance reduction and thereby
high frequency performance improvement.

REFERENCES

1. Reja M.M., Moez K., Filanovsky I. A wide frequency range CMOS active inductor
for UWB bandpass filters, 52-nd IEEE International Midwest Symposium on
Circuits and Systems, 2009.

2. Azmnar F., Celma S., Calvo B., Digon D. A fully integrated inductorless AGC
amplifier for optical gigabit ethernet in 0.18um CMOS, IEEE International
Symposium on Industrial Electronic, 2008.PP. 1662—1667.

3. Gallal S., Razavi B. 40-Gb/s amplifier and ESD protection circuit in 0.18pum CMOS
technology, IEEE J. Solid-State Circuits vol. 39, Dec. 2004. PP. 2389-2396.



58 CMOS negative capacitance with improved ac performance

4. Andriesei, L. Gorag, F. Temcamani, B. Delacressonnier. Improved RF CMOS
Active Inductor With High Self-Resonant Frequency, IEEE International
Conference on Electronics, Circuits, and Systems, Athens, 2010.

5. Yoo K., Abdul-Latif M.M., Han G., Sanches-Sinencio E. Negative Impedance
Circuit and Its Application to Inductorless Resonant Oscillators, ProcInt SOC
Conference, 2007. PP. 13-16.

6. YooK, LeeD., Han G., Park S.M., Oh W.S.A 1.2V 5.2mW 40dB 2.5-Gb/s Limiting
Amplifier in 0.18um CMOS Using Negative-Impedance Compensation in Proc.
ISSCC, San Francisco, CA, Feb. 2007. PP. 56-57.

7. Youn J.S., Kang H.S., Lee M.J., Park K.Y., Choi W.Y. High-Speed CMOS
Integrated Optical Receiver With an Avalanche Photodetector, IEEE Photonics
Technology Letters, VOL. 21, NO. 20, October 15, 2009. PP. 1553—-1555.

8. Allen P.E., Holberg D.R. CMOS Analog Circuit Design, 2nd Edn., Oxford
University Press, 2002.

9. Razavi B. Design of Analog CMOS Integrated Circuits, International Edition,
McGraw-Hill, 2001.

OTPUHATEJIBHAS EMKOCTB KMOII C YJIYYIIEHHBIMHA
YACTOTHBIMU XAPAKTEPUCTUKAMMN

A.A. Amanecan
AHHOTALIUA

CXxeMBI ¢ OTPUIIATEIBHON EMKOCTBIO MPEJCTABISIOT COO0H 0YSHB TOJIC3HBIC
aHAJIOTOBBIE CTaHJIAPTHHBIE OJIOKU C ITUPOKUM CIIEKTPOM MpUMEHEeHUs. X MOXKHO
WCIIO0JIb30BATh JJIsl PEHICHUS TAKUX BaXKHBIX TPOOJIEM, KaK yMEHBIIIEHUE U KOMIICH-
canys apa3uTHBIX eMKOCTEH, YBEIMYCHHE pabodeil 4acTOThI YCHIIUTENEH, a Tak-
K€ I KaTUOPOBKY (PUIBTPOB 0€3 UCIIOIH30BaHNS TACCUBHBIX UHYKTOPOB H T.II.

B cratpe mpeacTaBieH METO/ yIyULICHHS U YIIPABICHUS YaCTOTHON XapaK-
TePUCTUKON TIaBatomeil orpunarenbHoil emkoctu KMOIIL. OTtpunarensHas eM-
KOCTh TIoJy4aeTcsi 0a30BBIM IpeoOpa3oBaTelieM OTPUIATEILHOTO KOMILIEKCHOTO
conporusiienust (NIC). [Ipemmaraempiii cioco0 Takxe MOJAXOIUT JIJIst OTPULIATEITb-
HOW MHAYKTHBHOCTH U CONMPOTHUBIEHUA. [IpeyioxkeHHbIi moaxox OblT TPOTECTH-
poBas aus 14-um Ttexnonoruun FINFET.

KuaroueBsle ciioBa: oTpunareabHas eMKOCTh, YMEHBIICHHE TTAPa3UTHBIX CO-
CTaBIISIOIINX, BRICOKOYACTOTHBIC XapaKTEPUCTHKH.
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CHUHTE3 HOBBIX IOTEHIIUAJIBHO
BNOJIOTNHYECKHN AKTUBHBIX ITPOU3BO/IHbBIX
2-TUMETUJIAMUHO-4,6-I1UXJIOP-1,3,5-TPUAZNHA
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AHHOTANOUA

Ha 6aze 2-gumerunamuHo-4,6-nuxiop-1,3,5-Tpua3uHa CUHTE3UPO-
BaH MeTul (4-xJop-6-(qumerninamMuHo)-1,3,5-Tpra3un-2-ui)rIuuHaT,
KOTOPBIN MMOJIBEPTHYT NANBHEHITHM MPEBPALICHUIM. 3aMEIICHUEM aTo-
Ma XJIOpa B MOJIEKYJIE IIOCJIEHET0 NOJIy4YeHa COOTBETCTBYIOLIAS YETBEp-
TUYHAs aMMOHKEBAs COJIb, B3aUMOJICHICTBHEM KOTOPOU C KaJTHEBBIMHU CO-
nIMU  5-S-3aMereHHbIX MPU3BOAHBIX |,2,4-Tprazona U 2-aMHHOTHA30-
JIOM CHHTE3UPOBaH Psjl MPOU3BOJAHBIX HEKOHACHCUPOBAHHBIX OH- U TPHU-
reTepOLUKIMYECKUX CUCTEM C cOUYeTaHHeM B Mosekyinax 1,3,5-tpuasu-
HOBOT'O LIMKJIA ¥ PA3JINYHBIX a30J10B. [ MIpa3sHHOIN30M METHII INIMIIUHATA
MOJyYeH €ro ruApasuj, KOTOPBIH ¢ pa3NMuYHbIMHAPHIAIBIETUAAMU 00-
pa3yer COOTBETCTBYIOIINE apWIIAJCHALIETOTHIPa3uibl. CHHTE3UPOBaH-
HBIE COEIMHEHUSI TIPOSIBUITU B KCIIEPUMEHTE CTUMYJIHpYIOLee AeHCTBIE
Ha POCT PaCTEHUI.

KuroueBsblie ciaoBa: metmn (4-xmop-6-(qumermnamMuno)-1,3,5-Tpua-
3UH-2-WI)rMnuHaTt, 1,2,4-tpua3onun- u 2-aMUHOTHA30JIMITPUA3HHEI,
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TpHUa3HHHIAMHHOAPWIIHICHAIICTOTHAPAa3UIbl, KOHPOpMannoHHas u Z,E-
HM30MepUsi, POCTOCTUMYJINPYIOIIAs aKTUBHOCTb.

BBenenue

B HacTosi1iee Bpemst y10BIE€TBOPEHHE MOTPEOHOCTEN pacTyIIero Ha-
CEeJICHUS IJIAHEThl MPOAYKTAMU NMHUTAHUS SIBJISAETCS OJIHOM M3 OCHOBHBIX
npo6iem Hayku. [IoBbIIIeHNE yPOKaHHOCTH CEbCKOX03SICTBEHHBIX KYJIb-
Typ JAOCTUTaeTCsl HCIOIb30BAaHHEM MUHEPAIbHBIX YIOOPEHUI U MEeCTUIH-
I0B. X0T4 yxKe pa3pabaThIBatoTCsi OMOIOTHYECKUE yA00pEeHUsl U CpecTBa
3alUTHl pACTEHHI, TEM HE MEHEee M0 MaciuTabaM MPUMEHEHUs! OHU MT0Ka He
MOTYT KOHKYpPHpPOBaTbh C XMMHUYECKUMH HpenaparamH. IJKOJOTHUUYECKHE
TpeOOBaHUS K MOCJIEITHUM CTAHOBSTCS BCe O0JIee )KECTKUMH, TOCKOJIbKY OC-
TaTOYHbIE KOJIMYECTBA MECTUILINIOB U IPOYKTOB UX PA3JI0KEHHSI MOTYT Ha-
KaIuIUBaThCs B IOYBE U BOJIE, a, CJICJOBATENIBHO, U IPOHUKATh B IPOYKTHI
nutanud. [loMumMo 3TOro mpu AIUTENBHOM HCIONIB30BAHUU XMMHYECKUX
CPEIICTB 3alUThl paCTEHUI y BpenuTenel u Bo30yaureneii 0oye3Hei cenb-
XO3KYJIBTYp BbIpabaThIBaeTCsl PE3UCTEHTHOCTH 10 OTHOIICHHIO K TPUMEHSI-
eMBIM IpernapaTamM. ITH 00CTOSATENbCTBA JIENAI0T HEOOXOAUMBIM MOCTOSH-
HO TMOMOJHATH apceHall IECTUIIMI0B HOBBIMH, SKOJIOTHYECKU Oosee 6e30-
nacHbIMU cpeAcTBamMu 60pbObI. [Ipu 3TOM GosbIIOe MpaKTUYECKOE 3HAYE-
HUE€ UMEET BBISIBJICHUE aKTUBHBIX MPENapaToB B PsiAy HOBBIX CUCTEM, IO
OTHOIICHUIO K KOTOPBIM y BpeAuTeneil u Bo3OyauTeneit 6onesHeil emie He
chopmMupoBaiach pe3UCTEHTHOCTbD.

[Ipou3BoHBIE FETEPOLUKINUECKUX a3UHOB, B YacTHOCTH 1,3,5-Tpua-
3MHA, MPOSIBISIIOT ITUPOKUNA CHIEKTP OMOJOTHYEeCKON aKTUBHOCTU. Psiy je-
KapCTB M MECTULIMJIOB, IIUPOKO UCIOJIb3YEMBIX B MEIULIMHCKON IIPAKTUKE
U CEJIIbCKOM XO3SMCTBE, ObUT CHHTE3UPOBAaH Ha ocHOBe 1,3,5-Tpuaszuna |1,
2]. B nocnegHue rosipl cpeau €ro NpOU3BOAHBIX BbISBICHBI COCUHEHUS C
anTubaktepuanbHoit [3—11], nporuBorpubkosoii [10,11], npoTuBOBHpYC-
Hoii [12,13], npotuBoTyOepKyny3Hoii [14], npoTuBopakoBoii [15-21], an-
i-BUY [22], anTuTpunanocoMHoi [23] u antumansipuitnoit [24, 25] ak-
TUBHOCTSIMH.
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B cenbckoM X03SHCTBE B OCHOBHOM IMPUMEHSIOTCS TepOUITUABI Psiaa
TpHa3WHA U UTPUA3HMHOHA, a TAaKXKe OOJIBIION PsIT UX CYJIb()YPOHOBBIX MPO-
M3BOJHBIX. B TO ke Bpems, Cysl IO IMTepaTypHbIM JaHHBIM, MAJIO U3yYe-
HBI COCAMHEHUSI ¢ KoMOuHaimen 1,3,5-Tpua3uHOBOrO KOJblia C APYTUMHU
(hapMakopOpHBIMH TeTEPOIMKIIAMH, B YaCTHOCTH C a3zonamu (1,2,4-tpua3zo-
JIOM,THA30JIOM U U30KCa30JI0M), XOTs Ha 0a3e MOCIeIHINX CUHTE3UPOBAH H
HIUPOKO MPUMEHSIETCS B CEJILCKOM XO03MCTBE LIEIbIN apceHa MeCTUIIUIOB.

Lenbro ganHoi paboThl ObUIA pa3paboTKa AOCTYHNHBIX U 3((HEeKTHB-
HBIX METOJIOB CUHTE3a HOBBIX MPOU3BOJHBIX 1,3,5-Tpua3uHa, a Takke coe-
JUHEHUH ¢ coueTaHueM B MoJiekyne 1,3,5-tpuasuna ¢ 1,2,4-Tprua3onbHbIM,
THA30JIbHBIMU W30KCa30JIbHBIM IHUKIAMUN HU3YYCHHE MX OHUOIOTHYECKOU
AKTUBHOCTH C TOYKH 3PEHUS TIOMCKA HOBBIX IKOJIOTUYECKHU Oosiee Oe3Bpe/-

HBIX IIECTULIUJIOB UJIU PETYJIATOPOB POCTa PACTCHUM.

Pe3yabTarsl M 00cyKIeHHe

Peakuueii ucxoanoro 2,4-nuxnop-6-gumerunamuno-1,3,5-tpuasuna
(1) ¢ TUAPOXIIOPUIOM METHIIOBOTO d(Upa TIUIMHA B CpeJie alleTOHa CUH-
Te3UpOoBaH cooTBeTcTBYIONMI 3dup (2). [locnenyromee 3amenieHue BTo-
poro aTomMa xJiopa OOBIYHO MPOTEKAET TPYAHEE W C MEHBIIUM BBIXOJOM,
MO3TOMY CHayvasa ObLUIa MojlydyeHa TpUMETHIaMMOHUeBas coib 1,3,5-Tpua-
3uHa (3) 1 Jajee OCyIIECTBIEHB] PEAKLIMU C IPEJBAPUTEIBHO M10JIyYEHHBI-
MU KaJIMEBBIMU COJIAMH S-S-3aMelleHHbIX TPU3BOAHBIX 1,2,4-TpHUazosna u 2-
aMUHOTHA30JI0M, B pE3yJIbTaTe KOTOPBIX CUHTE3UPOBAHBI 11€JIEBbIC MPOAYK-
TBI — PsiJ] MPOU3BOIHBIX HEKOHJICHCUPOBAHHBIX OU- U TPUTETEPOIIMKINYEC-
KHMX CHUCTEM C COYETaHUEM B MoJieKyax 1,3,5-TpruasuHOBOIO LUKJIA U pa3-
JUYHBIX a3010B (4, 5).

C nenpo CUHTE3a apyIMICHTUApa3uaoB (7) cHavaia B3auMoIeCT-
BueM 3¢upa 2 ¢ 63% ruapasuHOM CHHTE3UPOBAH COOTBETCTBYIONINHN TH/I-
pasuj, KOTOPBIH ¢ apuiiaibAeTuaaMu 00pa3yeT eIeBbIe MPOTYKTHI 7.
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CHHTEe3UpOBaHHbBIE COEIMHEHUSI OYEHb MHTEPECHBI C TOUYKU 3PEHUs
IIPOTEKAIOLIMX B UX MOJIEKYJIAX IPOLECCOB TMHAMUYECKOM n3omepuu. Taxk,
B criekTpax SIMP Bcex coeanHeHMi 11 AUMETHIIAMHUHHOTO U aMUHO3(up-
HOT'O 3aMECTUTENIeH TPUA3MHOBOTO IMKJIA HAOMIONAIOTCS IO JBa Habopa
CUTHAJIOB, YTO CBSI3aHO C 3aTOPMOKEHHBIM BHYTPEHHUM BPAILlCHUEM JTUX
rpynn BOKpYr cBsazer N-rerepouuki. [loBellieHHE MOpsKa yKa3aHHBIX
cBsizell 00yCIIOBICHO B3aMMOCHCTBUEM HEMOICIICHHBIX AIEKTPOHHBIX Map
HK30IMKINYECKUX aTOMOB a30Ta C P-3JIEKTPOHHBIMU OPOUTAIISIMHU TpHA3H-
HOBOTO LIMKJIa. AHAJIOTUYHBIE TPOIECChl KOHPOPMALMOHHOW U30MEPHUH B
MoJieKyax 2,4-ankui (JuanKkuwi) aMMHO3aMEIEHHbIX IPOM3BOAHbIX 1,3,5-
TpHUa3uHa ONucaHbl B padote [26].

B cnyuae coennHeHuil 7 K yKa3aHHbIM JMHAMHYECKUM IpOLECCaM
nobasnsieTcs Takxke Z, E-uzomepust npu aBoitHo# cBsa3u C=N. B atom ciy-
yae rnpeo0iaiaeT cTepuuecky 0oJiee BBITOIHBIN E-U30Mep.
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Buosnornyeckue cBoiicTBa CHHTE3MPOBAHHBIX COeIMHEHUI

CuHTE3UpOBaHHbIE COCAMHEHUS] OBUIM MOABEPrHYTHI Ja00OpaTOpHO-
BETETAIIMOHHBIM HCTBITAHUSAM JUIsI ONPEACNICHUs] TepOUIUIHBIX, (YHTH-
LUIHBIX POCTOPETYJIHUPYIOIINUX CBOMCTB CHUHTE3UPOBAHHBIX COEIMHEHUM.
[IpakTueckn BCE COEOUHEHMSI MPOJAEMOHCTPUPOBAIN CTUMYJIHMPYHOLIEE
JIEICTBUE HA POCT PACTEHUM. DKCIIEPUMEHTHI IPOBOJWINCH HA CEMEHAX U
caxkeH11ax (haconu oObIKHOBEHHOM (Phaseolusvulgaris L.). U3ydanocs Biu-
STHHE BOJHBIX CyCIIeH3Ul coenuHeHuit 1-7 B koHIeHTparusax 25 u 50 mr/n
Ha ’KU3HECNIOCOOHOCTh CEeMsIH, IPOPACTaHNUE U POCT paccajbl. DTH JaHHbIE
CPaBHUBAJIUCH C aHAIOTUYHBIM 3()h(HEKTOM PacTBOPOB reTepoayKCHUHa TeX
K€ KOHIIEHTpaluid. AKTUBHOCTh COSMHEHHI Koyie0anach B MHTepBaye 46—
87% 10 CpaBHEHHUIO C TeTEpPOAyKCUHOM. J/laHHBIE OMOJIOTHYECKOTO CKPH-
HUHra OTPa)KalOT UHTEPECHBIN (PaKT, KOrza B psijie CIydaeB CTUMYIIHPYIO-
11ee JIefiCTBUE paCTBOPOB C MEHBIIIEH KOHIIEHTpalUel 0Ka3aloch BhllIe 60-
Jiee KOHLIEHTPUPOBAHHBIX PACTBOPOB. BellecTBa, NposSBUBILINE B SKCIIEPH-
MEHTE akKTHBHOCTS BhIie 70% (4a, 4b, 7b), oroOpans! ams 6onee rimyOoKko-
IO U3y4YEHUS U JaJbHEHIINX MOJIEBBIX UCIBITAHUM C IPUMEHEHUEM TaKXKe

PacTBOPOB CHHTE3MPOBAHHBIX COSAMHEHUN B KOHIIEHTPAIUAX < 25 MI/I.
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JKCNepUMEHTAIbHAS YaCTh

Cnextpsl AMP 'H u C cnsarsl npu 30°C ma cnexkrpomerpe SIMP
Varian Mercury-300 (300 u 75 MHz, COOTBETCTBEHHO) B CMECH PacTBOPH-
tenet IMCO-ds+CCls (3:1) ¢ npumMeHeHHEeM CTaHIAPTHOM HMMITYJIbCHOM
II0CJIEZI0BATEIBHOCTH, B KAYECTBE BHYTPEHHETO CTaHAAPTa UCIOIb30BANICS
TMC. J1as1 CHHIIIETHBIX, YITUPEHHBIX CHHTJICTHBIX, TyOIeTHBIX, TPUILIET-
HBIX, KBQJIPYTUIETHBIX M MYJITUIUICTHBIX cuTHan0B IMP ucnonb3oBanuich
COKpalleHus: ¢, yuic, 0, m, K 1 M. XOJ peaklUid U YUCTOTA MOIYYEHHbIX
coenuHeHuil nposepsuiack MerogoM TCX Ha mnactunax “Silufol UV-254”
B KaueCTBE DJIFOEHTA MCIIOJIb30BaJIach cMech arieTon/rekcan (2:1). Temme-
paTypsl IUIABJICHUS ONPECIISUINCH KAIUIUIIPHBIM METOZOM U HE KOPPEKTH-
POBaHBI.

Metua (4-xa0p-6-(numerwinammuno)-1,3,5-Tpuasuu-2-ui) riavuu-
HaTt (2). K cmecu 0.01 mons 2,4-quxiiop-6-aumetiiaMmuto-1,3,5-tpuasuna
(1) u 0.01momnst ruApOXIIOPUAA METUIOBOTO Aupa riuiuHa B 30 Mt ariero-
Ha npu oxnaxaeHuu (-5—0°C) npukanbeiBatoT BoaHbIA pacTBop 0.02 Mouns
Na2COs. Harpesator 2 yaca npu 50-55°C, npuiuBaroT K X0JI0JHYIO BOAY U
unbTpyror. Beixoa 81%, T.w1. 173-175°C. Cnekrp 'H SIMP dm.1., J (I'n):
3.07 u 3.11 (c,c, 6H, N(CHs3)2); 3.67 u 3.70 (c,c, 3H, OCH3); 3.94 u 4.00
(m,m, J=6.1 I'u, 2H, NCH2); 7.51 u 7.94 (1,1, J=6.1 I'n, 1H, NH). Cnextp
BC SIMP 8m.1.: 35.5, 35.7,41.7, 42.0, 51.0, 164.3, 165.1, 168.0, 169.5.

4-(AumeTHIaMNHO0)-6-((2-MeTOKCH-2-0Kc0ITHI)aMUHO)-N,N,N-
TpuMeTwiI-1,3,5-rpuazsuaunammonnymxiaopun (3). K pacrsopy 0.01 mo-
ns coenunenus 2 u 10—15 mn 6ensona npu oxnaxaenuu npudasisroT 0.015
Mot N(CH3)3 B 6en3zoune. OctaBnsroT npu 20°C Ha HOUb. BeimaBmmii oca-
JIOK (pUIBTPYIOT, MPOMBIBAIOT 3(PUPOM U XpaHAT B dKCHUKaTope. Buixox
84%, 1.1, 138-140°C. Cnekrp 'H SIMP dm.x., J (Tu): 3.10 1 3.15 (c,c, 6H,
N(CHz3)2); 3.41 (c, 9H, N(CH3)3); 3.68 u 3.72 (c,c, 3H, OCH3); 3.96 u 4.03
(m,m, J=6.1 T'n, 2H, NCH2); 7.68 u 8.02 (1,1, J=6.1 I';, 1H, NH).

Cunre3 coenunennii 4a-d
Cuauana B atietone u3 0.01 Mot COOTBETCTBYIOIIETO S-3aMEILIEHHO-
ro Tpuazona u 0.01 mons uzmenpuenHoro KOH nosnyuaroT ero kanueByro
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COJTb, 3aTeM ITPH OXJIAKICHHUH 110 MTOPIUSM NMPUOaBIstoT coearnaenue 3. Oc-
TaBJISIOT HA HOYB, TIOCIIE Yero HarpeBatoT mpu 45—-50°C 10 mosHOro BhIJIE-
neHus TpuMmeTwiamuHa. CMech yNapuBaioT, 00palaThIBAalOT BOJIOW H
GUIBTPYIOT MPOIYKT PEAKITHH.

Metua (4-(5-(0en3niaruno)-1H-1,2,4-rpua3zon-1-mwn)-6-(1umernsa-
MuHo0)-1,3,5-Tpuazun-2-un)rauuunar (4a). Beixon 95%, t.mm. 155-
156°C. Cnektp 'H SIMP dm.1., J (T'm): 3.13, 3.17, 3.22 u 3.24 (c,c,c,c, 6H,
N(CHs)2); 3.69 u 3.70 (c,c, 3H, OCH3); 4.00 u 4.12 (1,1, J=6.0 I', 2H,
NCH2); 4.39 u 4.40 (c,c, 2H, SCH2); 7.18-7.45 (m, SH, CeéHs); 7.60 u 8.13
(1,1, J=6.0 Ty, 1H, NH); 9.06 u 9.12 (c,c, 1H, CH-tpuazon). Cnexrp *C
SAMP om.a.: 34.99, 35.03, 35.05, 35.63, 42.0, 42.1, 51.0, 126.6, 126.7,
127.7, 127.8, 128.5, 128.6, 137.0, 144.40, 144.42, 159.2, 161.7, 164.7,
165.7, 169.6.

Metuna 2-((1-(4-(auMeTHIaMHUHO)-6-((2-MeTOKHU-2-0KCOITHII ) AMM-
HO0)-1,3,5-Tpua3zun-2-un)-1H-1,2,4-tpuaso-S-uwi)tuo)auerar (4b). Boi-
xox1 79%, 1.1 138-139°C. Cnextp 'H SIMP dm.x., J (T'u): 3.13,3.17, 3.20
u 3.22 (c,c.c,c, 6H, N(CH3)2);3.70 u 3.73 (c,c,6H, 2xOCH3);4.00 u 4.10
(1, J=6.1 I'y, 2H, NCH2);4.03 (c, 2H, SCH2);7.62 u 8.18 (1,1, J=6.0 ',
1H, NH); 9.06 1 9.13 (c,c, 1H, CH-tpuaszon). Cnextp *C AMP dm.1.: 22.0,
28.7, 29.0, 31.3, 32.65, 32.68, 35.54, 35.67, 35.78, 35.80, 42.1, 51.05,
51.20,51.77, 51.85, 144.7, 159.2, 160.8, 164.7, 165.0, 165.7, 168.1, 169.6.

Metua (4-(aumeTnaIaMuH0)-6-(5-((2-penokcumdTmin)tno)-1H-1,2,4
-Tpua3oJ-1-mi)-1,3,5-rpuasun-2-ua)rauuunar (4¢). Boixon 82%, T.m.
135-137°C. Cnektp 'H IMP dm.x., J (T'm): 3.12, 3.18, 3.20 u 3.21 (c,c,c,c,
6H, N(CHz3)2); 3.52 (1, J=6.5 ', SCH2);3.70 (c,3H, OCH3); 4.00 u 4.10
(1, J=6.0 I'u, 2H, NCH2); 4.30 (1, J=6.5 ', OCH2); 6.85-7.28 (M, 5H,
CeHs);7.60 u 8.18(t,1, J=6.0 'y, 1H, NH);9.08 u 9.15 (c,c, 1H, CH-Tpna-
3om). Criextp °C AMP dm.1.: 29.0, 29.6, 29.7, 35.5, 35.7, 35.8,41.9, 42.1,
51.0, 51.1, 66.0, 66.1, 114.1, 114.2, 120.2, 120.3, 128.8, 128.9, 144.57,
144.59, 144.65, 157.8, 157.9, 159.3, 161.5, 164.7, 165.0, 165.7, 165.9,
169.62, 169.65, 169.97.
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Metua (4-(nmMeTniiamuuo)-6-(5-((3,5-1umeTnan3oKkca3o.1-4-uJ)-
T™0)-1H-1,2,4- Tpna3zon-1-uia)-1,3,5-trpuazun-2-ua)ranunnar(4d). Ber-
xo71 78%, 1.1, 213-215°C. Cniextp 'H IMP 8m.1., J (T): 2.23 u 2.24 (c.c,
3H, OCCH3s-u3o0kc.); 2.50 (c, 3H, NCCHs-u3o0kc.); 3.12, 3.15, 3.20 u 3.22
(c,c,c,c, 6H, N(CH3)2); 3.69 u 3.70 (c,c, 3H, OCH3); 3.98 n 4.08 (1,1, J=6.0
I'u, 2H, NCH2); 7.62 u 8.23 (1,1, J=6.0 ', 1H, NH); 9.00 u 9.11 (c,c, 1H,
CH-tpua3zomn). Ciektp'*C AMP dm.x.: 9.7, 11.1, 35.54, 35.61, 35.67, 35.79,
41.9, 42.1, 51.0, 51.2, 101.2, 144.8, 145.0, 159.2, 160.1, 161.2, 164.6,
165.7,165.9, 169.6, 172.5.

Irua 2-((4-(nmMeTHIaMHHO0)-6-((2-MeTOKH-2-0KCOITHII)AMUHO)-
1,3,5-Tpna3un-2-ni)aMuHo)-4-MeTwiTuazon-S-kapookcuaar  (5). K
cmecu 0.01 mons 2-amunotuazona u 0.01 monst coenunenust 3 B 10 mut ane-
ToHa npu oxnaxaeHuu (-5—0 ° C) mo mopuusam nobasnsot cyxoir KOH.
Harpesatot 3 u npu temneparype 40—45 ° C, punabTpyror, aueToH ynapu-
BalOT, JOOABIISIFOT BOJYy U BBINABIIMKA OCaJI0OK OTQUILTPOBHIBAIOT. BhIXoa
89%, T.11. 270-273°C. Cnextp'H SIMP dm.1., J (Tu): 1.27 u 1.28 (1,1, J=7.0
I'n, 3H, OCH2CH3); 2.50 (¢, 3H, CHs-tHa3s.); 3.10, 3.13,3.20 u 3.22 (¢,c,c.c,
6H, N(CH3)2);3.63(c,3H, OCH3); 3.96 u 4.10 (1,1, J=6.0 I'u, 2H, NCH2);
4.22 (x, J=7.0 T'u, 2H, OCH>CH3); 7.56 (yur.x, 1H, NH); 11.39 (ymc, 1H,
NH).

2-((4-Xuop-6-(numeTnIaMuUH0)-1,3,5-TpUasuH-2-ni1)aMHHO)aLle-
Toruapasus (6).Cmece 0.01 mons coenunenus 2 u 10 ma 63% N2Ha niepe-
MEMIMBAIOT ITPH KOMHATHOM Temmieparype nBa nHs. Jlo6aBnstor 10 Mt BObI
1 GuIbTpyroT coeauHenue 6. Boixoa 90%, T.wi. 185-187°C. Cnektp 'H
AMP dm.a., J (T'm): 3.12 (c, 6H, N (CHs)2); 3.82 (1, J=6.0 ', 2H, NCH>);
4.18 (yuic, 2H, MH2); 7.48 (yuc, 1H, NH); 8.80 (yuic, 1H, NH).

CuHnre3 coequHeHuii 7a,b

K cmecn 0.01 monst coenunenns 6 u 10 M1 Bojbl 1o Karisim nproas-
a0t 0.01 monst 20% HC, 3atem 0.01 MoJisi COOTBETCTBYIOIIETO AJlbJETU-
na. IlepememmBator npu 20°C 4 yaca u OCTaBISAOT Ha HOYb. BhimaBumi

0CaJIoK (QUIBTPYIOT.
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"-ben3nnuaeH-2-((4-xa0p-6-(numermiaamuno)-1,3,5-rpuazun-2-
ni1)amuHo)aneroruapasus (7a).Bexon 95%, .. 225-227°C. Cnextp 'H
AMP om.a., J (T'): 3.18 (c, 6H, N(CH3)2); 4.07, 4.19, 4.50 u 4.58 (1,1,1,1,
J=6.0 T'u, 2H, NCH); 7.35-8.03 (M, 5H, Ce¢Hs); 8.03u 8.24 (c,c, 1H,
CH=N); 9.20 (uc, 1H, NH); 11.63u 11.98 (ymc, 1H, NNH).

2-((4-Xs0p-6-(mumeTniaMmuno)-1,3,5-rpuasun-2-mia)amuno)-N'-
(4-meToxcudensunuaen)aneroruapasua (7b).Beixon 87%, T.aur. 211-
212°C. Cnextp 'H SIMP dm.1., J (T'w): 3.11 (¢, 6H, N(CH3)2); 3.78 u 3.80
(c,c, 3H, OCH3); 4.08, 4.18, 4.50 u 4.55 (1,n,1,1,J=6.0 I'n, 2H, NCH>);
6.95-7.96 (M, 4H, CsHa); 8.02 u 8.22 (c,c, 1H, CH=N); 9.00 (mc, 1H, NH);
11.58 u 11.90 (yuic, 1H, NNH).
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SYNTHESIS OF NEW POTENTIALLY BIOLOGICALLY ACTIVE
2-DIMETHYLAMINO-4,6-DICHLORO-1,3,5-TRIAZINE DERIVATIVES

Zh. Azaryan
ABSTRACT
Based on 2-dimethylamino-4,6-dichloro-1,3,5-triazine methyl (4-chloro-6-

(dimethylamino)-1,3,5-triazin-2-yl)glycinate was synthesized, which was subjected to
further transformations. By replacing the chlorine atom in the molecule of the latter,
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the corresponding quaternary ammonium salt was obtained, itsfurther interaction with
potassium salts of 5-S-substituted 1,2,4-triazole derivatives and 2-aminothiazole
afforded a series of of non-fused bi- and triheterocyclic systems derivatives with
combination of 1,3,5-triazine ring and various azoles. Hydrazinolysis of methyl
glycinate gave its hydrazide, which with various arylaldehydes formed the
corresponding arylideneacetohydrazides. In the experiment the synthesized
compounds showed a stimulating effect on plant growth.

Keywords: methyl (4-chloro-6-(dimethylamino)-1,3,5-triazin-2-yl)glycinate,
1,2,4-triazolyl- and 2-aminothiazolyltriazines, triazinylaminoarylideneacetohy-
drazides, conformational and Z E-isomerism, plant growth stimulating activity.
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AHHOTANUA

ApTeMI3UHUHBI IPEACTABISIOT CO00H OOJBIIYIO TPYIITY IIPHPOJTHBIX
U CUHTETHUYECKHX NMPOAYKTOB C HIMPOKUM CHEKTPOM OHOIOTHYECKON aK-
TUBHOCTH, BKJIIOYAIOIINM aHTHOAKTEpPHAIbHYIO, AHTHOKCHAAHTHYIO,
IPOTUBOBOCIAJIUTEIbHYIO, aHTUKAHLIEPOTEHHYIO, UMMYHOMOIYJIUPYIO-
I1y10, TIPOTUBOMHUKPOOHYIO, aHTUT€IbMUHTHYI0, aHTUBUPYCHYIO, TIPOTH-
BOTPHOKOBYIO, aHTUMAIPHIHYIO U Ap. OnHako uX (papMaKkOKHMHETHKA,
(apmMakogMHAMUKa, TOYHBIE MOJISKYJISpPHBIE MHIIEHH HEIOCTaTOYHO
u3yueHsl. JlanHast paboTa MOCBSIIIEHA UCCIEJOBAHUSIM B3aUMOACUCTBUS
APTEeMHU3WHIHOB C CBIBOPOTOYHBIM aTbOYMHHOM 4enoBeka. CBsI3bIBaHIE
IpenapaToB ¢ aTbOyMUHOM MOXET KOHTPOIUPOBATh UX PACIpeesieHHe
B TKAHSIX, OKA3bIBasi 3HAUNTEIHHOE BIMIHUE HA (papMaKOKHHETHKY MHO-

THUX JICKapCTB. I[J'DI HU3Yy4YCHUA B3aMMOJEHUCTBUS BEILECTB C aJ'IL6YMI/IHOM
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€CTh PSII METONIOB, TaKUX Kak (pIyopecleHTHasl CIIEKTPOCKOMH s, HH(p-
pakpacHasi CHEKTPOCKOMNUs ¢ npeodpasoBanueM Dypbe, KPyroBoi Jux-
pOoU3M, KaJJOPUMETPUUECKUE METOJIbI X MOJIEKYJIIPHOE MOAETHUPOBAHHUE.
Hawmu mpoBeieHBI MONEKyIIsIpHAs THHAMHKA CBIBOPOTOYHOTO aTbOyMUHA
YeJI0BEKa, a TAK)Ke KJIACTEPHBIN M TOKUHI aHAJIN3 MOCIEIHEr0 C apTeMu-
3uHuHOM. [0 pe3ynpTaTaM JOKMHTA NOTCHIHATBHBIMA CATaMH CBS3HI-
BaHUS apTeMU3HMHUHA sABIst0TCS A cyOnomeH Il nomena, B cyOaomen I
nomeHna 1 A cyomomen III nomena. Bo Bcex Tpex caifTax apTeMU3UHHUH
00pazyeT BOJOPOAHBIE CBS3H C Pa3THYHBIME AMHHOKHCIOTaMH, BOBIIE-
YEHHBIMH BO B3aUMOJEHCTBUE C ICKApCTBAMU, KCECHOT€HHbIMU (aKkTopa-
MU U T.1.

KawoueBsble ci10Ba: apTeMH3UHUH, CHIBOPOTOYHEIH allbOyMHH €TI0~
BeKa, MOJIEKYJISipHasl AMHAMUKA, KIIAaCTEPHBIA aHAIN3, JTIOKUHT.

Beenenue

Cpenu pa3innyHbIX OMOMaKPOMOJIEKYJI CHIBOPOTOYHBIN anbOyMHH ye-
noseka (CAY) sBnseTcs Hanbosee pacnpocTpaHEHHBIM PACTBOPUMBIM Oell-
KOM B CUCTEME KPOBOOOpaIeHus1, 001a1al0IMM MHOTUMHU (PU3UOTIOTHYEC-
kuMu pyHkmsmu. Ha ero gomro npuxoaurces npumepHo 60% oobriero 6e-
Ka, COOTBETCTBYIOIIETO KOHIIeHTpauu 42 1/1 B kpoBu. CAY urpaer poib
B PETYJIMPOBAHUN OCMOTHYECKOTO AaBieHus 1 pH, cekBecTpanuu cBoOO -
HBIX PAJMKAJIOB KHCIOPOJa, NHAKTUBAIIMK PA3JIMYHBIX TOKCUYHBIX JIUIIO-
(GWIBHBIX META0OJUTOB M TPAHCIOPTE SHAOTEHHBIX (PKUPHBIE KHCIIOTHI,
TOPMOHBI, XKETYHbIE KUCIOTHI, AMUHOKHUCIIOTHI) U 3K30T€HHBIX COSIMHEHHH
(MonekyJbl IeKapcTB U nuTaTenbHble BemectBa). CAY npencraBiser co-
00 OTHOIIETIOYEUHBIH TTTUKO3WINPOBAHHBIN MMOJUIICTITUI, KOTOPBIH coiep-
KUT 585 aMUHOKHCIIOT ¢ MoJieKyJisspHO Maccoi 66 500 [la. CAY conep-
KHUT 35 HUCTEHHOBBIX OCTATKOB, OOJIBIIIMHCTBO U3 KOTOPBIX 00pa3yroT Ju-
CyJb(pUIHBIE MOCTHKH, KOTOpPBIE CTAOMIM3HPYIOT TPETUUYHYIO CTPYKTYPY
Oenka, ¥ 0/IHy CBOOOJIHYIO IIMCTEMH-IIPOU3BO/IHYIO, red-0X aKTUBHYIO TH-
onbHyto SH-rpynmy (Cys-34), Ha kotopyto npuxoautcs 80% (500 momns/m)
THOJIOB B 1u1a3me [ 1, 2].
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B3aumoneiicTBue Mexay J1eKapCTBEHHBIMH CPEJCTBAMHU U OelKaMu
TUTa3MBl OYEHb BAKHO IS (papMaKOKHMHETUKU M (hapMaKOAMHAMUKH Jie-
kapcTB. CAY y4acTByeT B NOMJIOMICHUH, PACTIPEICIICHIH, METa00IN3ME 1
9KCKpenuu npenapara [2, 3].

B Hammx npeaplaynx Uccie10BaHusaX U3y4alloch B3aUMOIEHCTBHE
apreMu3uHuHa (APT) ¢ TIOKOKOPTUKOUIHBIM penentopoM [4—7]. Apte-
MU3HHUH OBl BIIEPBBIE BBIJCIIEH U3 PACTCHUS Arfemisia annua — Claakou
IIOJIBIHU, UCTIOJIb3yEMOM B TPAIULIMOHHOM KUTalickoil Mmeauninae. OH OTHO-
CUTCSI K CTPYKTYPHO YHUKAJIbHOMY CEMENCTBY TPUOKCAHOBBIX CECKBUTEP-
IIEHOBBIX JIAKTOHOB, COJEPKAILIUX SHAONEPOKCHIHBIM MOCTHK, KOTOPBIH
CUHMTAETCSl KIFOYEBBIM B MPOSBICHUH €r0 OMOJIOTMYECKOTo AeicTBus [8].
ApTeMU3MHUHBI 00J1aa10T HIMPOKUM aCCOPTUMEHTOM OMOJIOTHYECKUX aK-
TUBHOCTEH: aHTMOAKTEPHAIbHBIM, aHTUOKCHJAHTHBIM, NPOTHBOBOCIIAIIH-
TEJbHBIM, AHTUKAHLIEPOTE€HHBIM, UMMYHOMOYJIUPYIOIIUM, POTUBOMHUK-
POOHBIM, aHTUT€IBMUHTHBIM, aHTUBHPYCHBIM, IPOTUBOIPUOKOBBIM, aHTHU-
MaJSApUHHBIM U IpyrumMu. OHako papMakoKuHETHKa, hapMaKoAUHAMUKA,
TOUYHbIE MOJIEKYJIsipHble MuIIeHn APT HenocTarouHo usyueHsl [8,9].

Lenpto mpeacraBneHHONW paboThl ObLIO in silico uccienoBaHue Xa-
pakTepa B3aUMOJICHCTBUSA apTEMU3MHUHA C CHIBOPOTOUHBIM aJb0yMHHOM

YCI0BCKa.

MarepuaJibl 1 METObI

3D crpykrypa CAY B dpopmate PDB B3sita u3 6a3bl nanasix RCSB
Protein Data Bank (RCSB PDB) [10]. Henocratomue aMHHOKUCIOTHI B
Kpuctammueckoil ctpykrype CAY 100aBieHbl ¢ MOMOIIBIO TPOTrPAMMBI
Modeller [11]. [Inga onTumMH3anuu CTPyKTYphl MPOBEIACHA MOJIEKYJISApHAs
JMHAMUKa MoIy4eHHOU cTpykTypbl CAY mpu momouy nakera nporpamMmm
GROMACS [12]. lunamMHiKy IPOBOAWIIN C UCIIOJIB30BAHUEM CHIJIOBOTO I10-
a1 Amber 99SB-ILDN [13] u Bognoit mogenu TIP3P [14] npu Temnepary-
pe 300 K, co ciyqaiinbiv go6asnenrem nonoB Na~ wiau Cl1* s Heiirpany-
3alMU cucTeMbl. MoJseKyJisipHas IMHaMUKa 3aiyckanach 4 pasza no 400 He.
s nonydenus: Haunbosee Berpeyatonieiicss koHpopmanuu CAY 611 nipo-
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BEJICH KJIACTEPHBII aHaau3 ¢ nomoluipio nakera nporpamm GROMACS wme-
tonoM Gromos [12]. 3D ctpykTypa apreMu3MHIHA ObuIa OTy4YeHa U3 0a3bl
nmaHHbBIX PubChem [CID: 68827] [15]. JloKMHT aHaIH3 OTYyYEHHBIX TIOCTIE
KJactepHoro aHayimsa koHpopmaruun CAY ¢ apTeMU3MHUHOM TTPOBOIUIN
nporpamMmubiMu TakeramMu AutoDockTools u AutoDockVina [16]. Ananus
BOJIOPOJIHBIX CBSI3eH W TUAPOPOOHBIX B3aUMOJICHCTBHI POBOIWIN C T1O-
momrsio Ligplot [17]. Busyanuszanus mosydyeHHBIX JaHHBIX MMPOBOAMIACH
ripu oMoty Pymol [18].

Pe3yabTarhl 1 00CyKACHHE

Hamu npoBeneHbl MOJIEKyJIsipHast JMHAMUKA U KJIACTEPHBIM aHau3
ctpyktypbl CAY u nonydeno 36 kiactepos, e 1-blil KilacTep COCTaBIsI
— 43,25%, 2-oit — 14,44%, 3-nii — 13,12% u 4-p1ii — 10,42% ot obuiero
yrciaa KoHpopMmarmid. J{is Kaka0ro U3 3TUX 4 KIacTepoB ObUIM MOTYyYEHBI
LEHTPOUIHBIE CTPYKTYpbl. s ncciaenoBaHuss MeXxaHU3Ma B3aUMOJIEHCT-
BUS apTEMHU3UHHUHA C LEHTpouAaMHu yeTbipex kinactepoB CAY nposoauiics
JIOKHMHT aHAJIN3.

CAY coctout U3 TpEX rOMOJIOTUYHBIX O-CIIUpaiIbHbIX JoMeHOB (I, 11
u III), u xaxablii U3 HUX nojapasnensercsa Ha aBa noajaomeHa (A u B). Cy-
LIECTBYIOT JIBa KPYMHBIX U CTPYKTYPHO CEJIEKTUBHBIX CBSA3BIBAIOLIUX CaiiTa
(Drug site 1 u 2, COOTBETCTBEHHO), KOTOPBIE PAaCHOJI0KEHbI B JoMeHax ITA
u IIIA [2].

Pe3ynbTaThl 1OKMHI aHain3a ¢ neHTpouaamu l-oro kiacrepa CAY
[I0Ka3aJM, YTO apTEMU3UHUH B3aUMOJICHCTBYET C y4aCTKOM, KOTOPBIH co-
otrBetrcTBYeT A cyonomeny Il nomena (Drug site 1) (Puc. 1A). Dueprus csi-
3bIBaHMA MPH 3TOM paBHa -8,4 Kkan/monb. ApreMu3nHuH o0pasyeT BOJO-
POJIHYIO CBSI3b C apTMHUHOM 218, UrparoIiuM KpUTHUECKYIO POJIb B CBSA3bI-
BaHUM THPOKCHHA, BapdapuHa, Onnnpyouna u xonectepona [19,20] (Puc.
1B).
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Puc. 1. A) JJoxune apmemusununa c yenmpouoom 1-o2o xnacmepa CAY.
b) Ananuz eudpoghobuuix e3aumoodeticmauti u 6000POOHBIX CEs3€ll APMEMUSUHUHA C
yeumpouoom 1-ozo knacmepa CAY.

JIOKMHI aHanu3 apTeMU3MHUHA ¢ LIEHTpOUIoM 2-0ro kiactepa CAY
nokasai, uyto APT B3aumozgeiictByer ¢ B cyoiomenom I nomena c sneprueit
cBs3biBanus -8,0 Kkan/mons (Puc. 2A).

Val462 Serl93

e

Puc. 2. A) Joxune apmemuzununa ¢ yenmpoudom 2-ozo knacmepa CAY. B) Ananus
2UOPOPOOHBIX 83aUMOOEUCMBULL U 6000OPOOHBIX CE53€U APMEMUSUHUHA C YEHMPOUOOM
2-020 knacmepa CAY.
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N3BecTHO, 4TO AAHHBIA CAUT OTBETCTBEHEH 34 CBS3BIBAHHUE C IE€MU-
HOM, OmnmupyOrnHOM, (Dy3UI0BOM KHCIOTOW M TUAOKauHOM [21]. AHamus ¢
noMoIikko mporpammsl Ligplot mokasan, uto APT o6pa3syer onHy BOJOpOA-
HYI0 CBSI3b ¢ TUpo3uHOM 148 (Puc. 2B).

JlokuHr aHanu3 ¢ ueHtpouaoM 3-oro kiacrepa CAY mokasan, 4to
APT B3aumoneiictByer ¢ A cyonomenom 11l nomena c sneprueii csizpiBa-
Hus -8,2 Kxan/mons (Puc. 3A). C nanneiM caiitom APT oGpasyer 2 Bono-
ponnbie cBsi3u ¢ acnaparuaoM 391 u cepunom 489 (Puc. 3b). Jlannsiii yuac-
Tok sBnsieTcs Drug site 2 CAY 1 0TBETCTBEHEH 3a B3aMMOACHCTBUE THPOK-
cuHa, nobynpodena, npornodona u t.1. [21].

3 ) %f:.).eu453
§r9485

Puc. 3. A) Jloxune apmemuzununa ¢ yenmpouoom 3-oco kiacmepa CAY. b) Ananuz
2UOPOPoOHBIX 83aUMOOCUCMBULL U B0OOPOOHBIX CE53ell APMEMUSUHUHA C YEHMPOUIOM
3-020 knacmepa CAY.

ApTeMu3MHUH B3auMojieicTByeT ¢ A cyonomenom Il nomena neHt-
poupa 4-oro knacrepa CAY, kak 1 B ciiydae ¢ LEHTpOU0oM |-oro kinacrepa
(Puc. 4A), Ho ¢ 6ombiieli sHeprueit cesa3piBanus (-9,2 Kkan/mons). C nan-
HbIM caiitoM APT o0Opa3yer MHOKECTBO THAPOPOOHBIX B3aUMOICHCTBUN U
JIB€ BOJIOPOJIHBIE CBSI3U C APTMHUHOM 257, UTPArOIIUM KPUTUYECKYIO POJIb
B CBSI3bIBAHMU JIEKapCTBEHHBIX MpenaparoB B Drug site 1. MccnenoBanus

CHeI_[I/I(I)I/I‘-IHOCTI/I CBA3bIBAHUA U MOI[I/I(l)I/IKaI_II/II/I HMCHHO 3TOI'0 aprUHUHA
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MOTYT OBITH IOJIE3HBI JJIs1 TEPATIEBTHUECKUX METO/IOB JICUCHUSI, HATIPABIICH-
HBIX Ha MPEeJO0TBpAIlEHNE ONOCPEAOBAHHBIX METUITIIMOKCAIEM TOOOYHBIX
peakuuii y manueHToB. Tak, mogudukarmu R257 u R410 cBs3aHbI ¢ MHTH-
OMpoOBaHMEM KaTaju3a MPOCTATIAHAMHOB, YMEHBIICHHEM CBS3bIBAHUS
caiiT-mMapkepa BapdapuHa, T.e. in vivo cBsi3biBaHHE ¢ R257, MoxkeT uMeTh
(GyHKIMOHATBHBIE TIOCIIEICTBHS Il MeTaboIu3Ma MpocTarjiaHAnHa u Ou-
0JIOCTYITHOCTH JIEKAPCTBEHHBIX CPeNCTB [22].

Phe211

Trp214 D

Ala215 Leu238
Leu219 %ﬁ‘g
ARIZ) His242

e

Glu292

A b

Puc. 4. A) Jloxune apmemusununa ¢ yeumpouoom 4-oco kracmepa CAY. b) Ananuz
2UOPOPOOHBIX 83AUMOOCUCIMBUL U B0OOPOOHBIX C853€ll APMEMUSUHUHA C YEHMPOUOOM
4-020 knacmepa CAY.

Takum 0O6pa3omM, HaMH MTPOBEIEHBI MOJIEKYJISIpHAsI AMHAMUKA, KJlac-
TepHbIN 1 qokUHT aHanu3 apremusnnuHa ¢ CAY. Ilo pesynbTaram in silico
UCCJIEIOBaHM NOyUeHbI YeThIpe pa3Hbie koHpopmarmu CAY u npoBenéx
nokuHr nociaenaux ¢ APT. IloreHumanbHeIMU caiiTaMu cBa3bIBaHuS APT
saBisroTcst A cyoaomen Il nomena, B cybnomen [ nomena u A cy6nomen 11
nomeHa. Bo Bcex Tpex caiitax APT o6pa3syer BoJIOpOAHbIE CBS3U C pa3iny-
HBIMU aMUHOKHUCIJIOTaMH, KOTOPbIC B TOM MJIM MHOW CTETICHU BOBJICUYECHBI BO

B3aHMOﬂeﬁCTBHH C JICKapCTBaMH, KCCHOI'CHHBIMHA (baKTOpaMI/I U T.AO.
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MOLECULAR MODELING OF THE INTERACTION OF ARTEMISININ
WITH HUMAN SERUM ALBUMIN

S. Ginosyan, H. Grabski, S. Tiratsuyan
ABSTRACT

Artemisinins are a large group of natural and synthetic products with a wide
range of biological activities, including antibacterial, antioxidant, anti-inflammatory,
anti-carcinogenic, immune modulating, antimicrobial, anthelmintic, anti-viral,
antifungal, anti-malarial, etc. However, the pharmacokinetics, pharmacodynamics,
exact molecular targets of artemisinins are not well understood. This paper is devoted
to the study of their interaction with human serum albumin. The binding of drugs to
albumin can control their distribution in tissues, which can have a significant impact
on the pharmacokinetics of many drugs. There are a number of methods for studying
the interaction of substances with albumin, such as fluorescence spectroscopy, Fourier-
transform infrared spectroscopy, circular dichroism, calorimetric methods and
molecular modeling. We carried out the molecular dynamics simulation of human
serum albumin, as well as cluster and docking analysis of the latter with artemisinin.
According to the results of docking, potential binding sites of artemisinin are
subdomain II of domain A, subdomain I of domain B, and subdomain III of domain A.
In all three sites, artemisinin forms hydrogen bonds with various amino acids involved
in interaction with drugs, xenogenic factors, etc.

Keywords: artemisinin, human serum albumin, molecular dynamics, cluster
analysis, docking.
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