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1. Introduction.The interest in the complexity of propositional proofs has
arisen, in particular, from two fields connected with computers: automated
theorem proving and computational complexity theory, the most famous open
problems of which is the P=NP problem. Resolution system R is one of the
most frequently used systems for automated theorem proving. The main
attractive feature of the resolution method is its single inference rule. Due to the
popularity of Resolution, it is natural to consider extensions of resolution that
can overcome its inefficiency in providing proofs of counting arguments. Now
there are many proof systems, which are generalizations of Resolution: Res(k)
(Resolution with bounded conjunction) introduced in [1], SR (Resolution with
substitution) introduced in [2], R(lin) (Resolution over Linear Equations)
introduced in [3] etc.

It is known that many tautologies, which require the exponential lower
bounds of proof complexities in R, have polynomially bounded proofs in R(lin).
We show that there are the sequence of unsatisfiable collections of disjuncts of
linear equations, which require exponential lower bounds in R(lin). After
adding the renaming rule, mentioned collections have polynomially bounded
refutations.

2. Preliminaries. We will use the current concept of the unit Boolean cube
(E™), propositional formula, conjunctive normal form (CNF), tautology, proof
system for Classical Propositional Logic (CPL), Resolution system and proof
complexity.

By |go| we denote the size of a formula ¢ (or of some its presentation),

defined as the number of all variable entries. It is obvious that the full length of
a formula, which is understood to be the number of all symbols or the number

of all entries of logical signs, is bounded by some linear function in |go| .



2.1. Resolution over linear equations. Let us describe R(lin) system
following [3]. R(lin) is an extension of well-known resolution, which operates
with disjunction of linear equations with integer coefficients. A disjunction of
linear equations is of the following form

(afl)xl +.__+a’(11)xn :a(()l))v...v(al(')x1 +...+a(’)xn =a((,t)),

n

where ¢ > 0 and the coefficients al.(j ) are integers (forall 0 <i<n1<;<t). We
discard duplicate linear equations from a disjunction of linear equations. Any
CNF formula can be translated into a collection of disjunctions of linear

equations directly: every clausev,  x, vV, ,—x, (where I and J are sets of

indices of variables) involved in the CNF is translated into the disjunction
Vi (x, =1)vv,, (xj = 0) . For a clause D we denote by D its translation into a

disjunction of linear equations. It is easy to verify that any Boolean assignment
of the variables x;, _ x, satisfies a clause D iff it satisfies D.
As we wish to deal with Boolean values, we augment the system with axioms,
called Boolean axioms:
(x,=0)v(x, =1) forall ie[n].

Axioms are not fixed: for any formula ¢ we obtain —¢, then we obtain
R(lin) translation of CNF of —~¢. We also add Boolean axioms for each variable.

Definition 1 (R(lin)). LetK ={K,,...,K,,} be a collection of disjunctions of
linear equations. An R(lin)-proof from K of a disjunction of linear equations D
is a finite sequence Dy, ..., D, of disjunctions of linear equations such that D; =
D and for every i€(l], either D; = K; for some j €[m], or D; is a Boolean axiom

(x, =0)v(x, =1) for somehe[n], or D; was deduced by one of the following

R(lin)-inference rules, using D; Dy for some j, k <.
Resolution. Let 4,Bbe two disjunctions of linear equations (possibly the

empty disjunctions) and let L,L, be two linear equations. From Av L, and
Bv L, itis derived Av B(L, +L,) (+resolution) or Av Bv (L, - L,)(-resolution).

Weakening. From a disjunction of linear equations 4 derive Av L, where L
is an arbitrary linear equation over X .
Simplification. From Av (0= k) derive 4, where A4 is a disjunction of linear

equations and (k # 0).
An R(lin) refutation of a collection of disjunctions of linear equations K is a
proof of the empty disjunction from K. Raz and Tzameret showed that R(lin) is
a sound and complete Cook-Reckhow refutation system for unsatisfiable CNF
formulas (translated into unsatisfiable collection of disjunctions of linear
equations).

Really, if we use the “- resolution” rule and “simplification” rule (instead
of resolution rule) to two disjunctions of linear equations, which are above
described translations from clauses of literals Cv x,and Dvx,, then we obtain

the R(lin)-proof.



2.2. Proof system R(lin)+renaming. Renaming rule is given by figure

leasza"'ax,'k . . . .. .
B = and application of this rule to some disjuncts of linear

Xips Xigoeees Xy

equations consists in replacing of variables x, (1<s<k) everywhere by the
variables x, (1 < s < k) (note that the renaming rule is not sound). By

R(lin)+renaming we denote the system R(lin), the set of inference rules of
which is augmented by renaming rule.

2.3. Proof complexity, polynomial simulation. In the theory of proof
complexity the two main characteristics of the proof are: ¢ - complexity, defined
as the number of proof steps, and /- complexity, defined as total number of
proof symbols. Let ® be a proof system and ¢ be a tautology. We denote by

I (Zf) the minimal possible value of ¢ - complexity (/- complexity) for all

proofs of tautology ¢ in @.
Let @, and @, be two different proof systems. Following [4] we recall
Definition 2. @, p-t-simulates (p-l-simulates) @;, if there exists a
polynomial p() such that for each formula @, derivable both in ®@; and D,

t;’z < p(tZ' ) . (ljz < p(l;f‘ )) .
Definition 3. The systems @; and @, are p-t-equivalent (p-l-equivalent) if
D, p-t-simulates (p-1 -simulates) @, and D, p-t-simulates (p-I-simulates) ;.
Definition 4. The system @, has exponential I-speed-up (t-speed-up) over
the system @, if D <P ( ¢1<~f¢)a§)’ and there exists a sequence of such formulas

) o1, %) @ ot >
On, thatl%] > 2", (t% > 2o, 7).

It is known that PHP (the Pigeonhole Principle Tautologies), Tsmodp(n)
(Tseitin modp Tautologies), Clique,x (the Clique-coloring Principle
Tautologies) require exponential ¢ - complexities and /- complexities in R.
Basing on presentation of mentioned formulas as some collections of disjuncts
of linear equations and using in addition the “+ resolution” rule, authors of [3]
show, that they have polynomially bounded proof-complexities in R(lin).

On the next section we investigate the sequence of tautologies, CNF of
negations for every of which, translated into unsatisfiable collection of disjuncts
of linear equations, as well as some other presentations of these contradictions
also as collection of disjuncts of linear equations require exponential proof-
complexity in R(lin).

3. New sample of «hard» tautolgies. In further consideration the follo-
wing tautologies (Topsy-Turvy Matrix) play key role

TTM, =V &, " VIL,x] (nz11<m<2"-1).

n,m (01,...0,)€E" =17
For all fixed n > 1 and m in above-indicated intervals every formula of this
kind expresses the following true statement: given a 0,1-matrix of order n X m
we can “topsy-turvy” some strings (writing 0 instead of 1 and 1 instead of 0) so
that each column will contain at least one 1.
In [5] is proved that CNF of =TTM,, has at least 2™ disjuncts, every of

which contains m literals therefore for ¢, =7TM ,, ~we have



ty >27"
n 2"-1
> (2 -1)2""
If we take above described translation of CNF of —o, into collections of
disjuncts of linear equations, then the number of axioms, which must be used in
R(lin) refutation is at least 2% —1, therefore

R(lin) 2"-1
t," > 2

> (2n-1)2"
But we can consider the other presentation for CNF of —¢, also as unsatisfiable
collections of disjuncts of linear equations.
So, "TTM, ;, expresses the following contradictionary statement:
There exists a 0, 1 — matrix of order n x m (n>1n, 1<m<2"-1) such that
by every “topsy-turvy” some strings at least one column consists only of 0.
Or the equivalent statement:
There exists a 0, 1 — matrix of order n x m such that by every “topsy-turvy”
some strings at least for one column the sum of elements is 0.

The statement can be presented by formula
_‘TTM"J" = &(o'] ,,,,a',,)eE" \/;’_:1 (Zi:l a('x’? ) = O) ’

X, o, =1

where a(x,.j."' ) ={ /

1- x; O,= 0
This presentation is already the collection of disjuncts of linear equations. After
some arithmetical transformations we have most simple equations.

Given 6={o;,-,0,}€E",1<l<n and 1<j<2"-1%" a(x))=0 from

@ =—TTM can be presented as

’
n,2"-172

G . _
X7 X +x 4o +x -,

)

—m X =k,

where k(0<k<n) is the number of “1” in & . Let for every z(1<z<2"-1) &

T

be the binary » -component presentation of integer m, then the unsatisfiable
collection for ¢ is the system of the following disjuncts of linear equations X, :

D i X7 v X7 v XD,

G n—1 G n—1 G n—1
Dz,,:XlZ v X, v...vX2,},1

lin) 0(K,|)

4. Main result. Theorem 1. /{"" > ") > 210

2. There exists polynomial p() such that

R(lin)+renaming R(lin)+renaming
fx, < I, < p(K.),
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Proof of the point 1.is based on the notion of main variables, introduced in [5].
In order to prove the point 2. at first we use special renaming rules and obtain
the collection
X0 X7, X, and D, .

Then we use some properties of R(lin)-proofs, investigated in [3].

Corollary. The system R(lin)+renaming has exponential speed-up over the
system R(lin).
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Armine A. Chubaryan, A. S. Tchitoyan

Some Generalization of Proof System “Resolution
over Linear Equations”

It is known that many tautologies, which require the exponential lower bounds of
proof complexities in resolution system (R), have polinomially bounded proofs in the
system R(lin) - “Resolution over linear equations”. Sequence of tautologies, which
require the exponential lower bounds of proof complexities in R(lin) are shown. After
adding the renaming rule, mentioned collections have polynomially bounded proof
complexity.

Upudhut U. 2nipupjui, U. U. &hunnjub

«@éuyhtt hwjwuwpmuubtph nkqnpnighw» wpunwsnidutph
hwdwljwnpgh npny pinhwipugnid

Zupnth t, np puquuphy Gngbwpubmpnibtbp, npnip wpnwsymd ka R
nhqnpmghnti hwdwlwpgnid ny yuljwu, pwb gnigsuyhtt pupnmpjudp, R(lin) «Q@swjhi
hwjwuwpnidubph nhqnpnighw» hwdwupgnud wpnwsynd B puqutigudwht
pupnnipjudp: Upjumwnwtpnid gnyg b wpynud, np gnmipjnit nibh  tnybwpw-
unmipnibtiiph wyjtyhuh hwonppujwinipinil, npnbg wpnwsdwt pupnnipnibikpp
R(lin)-nid mubkt uwwnpht gmgswyhtt quwhwunwlwl: dEputjuitdwt Jwbnth
wybjugnudp R(lin)-ht pny] £ wwjhu wydws  unyuwpwimpiniutbpp  wpunwst)
puquuinuduhtt dudwbwlynud:

Apmune A. Uyb6apsin, A. C. YutosiH

HexoTopoe 0060011eHMe cCUCTEMbI 10Ka3aTeILCTB “Pe3o/onun
HAJ JUHEHHBIMH paBeHCTBAMM”

W3BecTHO, 4TO MHOTHE TaBTOJIOTHH, BEIBOJMMEIC B cucTeMe pe3omormii (R) ¢ He
MEHee YeM DKCIIOHEHIIMAIFHOM CIIOKHOCTRIO, B cHCcTeMe “‘Pe3omronun Haj JTMHEHHBIMH
paBerctBamu’ (R(lin)) BRIBOIATCS ¢ MOTMHOMHAIBHON CIIOKHOCTBIO. JloKa3biBaeTcs,
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YTO CYHIECTBYET IOCIEIOBATEIHLHOCTh TABTOJIOTHH, KOTOPBHIE BBIBOJTCS B CHCTEME
R(lin) ¢ He MeHee YeM 3KCHOHEHIHATBHON cloXHOCThI0. JloOaBnenne k cucreme R(lin)
NpaBrIIa TIEPEHMEHOBAHHS TI03BOJISIET BBIBOAUTD T€ )K€ TABTOJIOTHH C TIOJIMHOMHAIBEHOM
CIIOXHOCTBIO.
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0] HEKOTOPBIX CUCTEMAX JOKA3aTECJIbCTB 1/
MHTyHHHOHHCTCKOﬁ ¥ MUHUMAJIbLHOM
MPONMO3HIINOHAJIBHBIX JIOTHK

(ITpencrasneno un.-kop. HAH PA T'. b. Maparmxsaom 19/ IX 2012)

KiioueBble caoBa: unmyuyuoHUCMcKas (MUHUMATbHASY) TOSUKA, UHMYU-
YUOHUCMCKY  (MUHUMATILHO) ONPeOersiiowull KOHBIOHKM, UHMYUYUOHUCICKU
(MUHUMATBHO) ONPedenTIoOwast OU3BIOHKMUBHASL HOPMATbHASL hopma.

1. HcciaenoBaHusi CJO0KHOCTHBIX XapaKTepHUCTHK BBIBOJOB B
WCYMCIICHUN BBICKA3bIBaHWIA, BO3HUKIINE B CBA3M C pa3paboTkamu
aBTOMAaTH3alUi JOKa3aTeNnbCTB M HOcUBIIME A0 KoHUa 70-x rr. XX B. JMILIb
(¢parMeHTapHBII W H30JIMPOBAHHBIN XapakTep, MOJydWIH OypHOE pa3BHTHE
nocye u3BecTHoro pesyibrata Kyka—Pexosa [1], qokazaBmux, uto NP # coNP
B TOM W TOJNBKO B TOM CIydae, €CIH HE CYIIECTBYET IOJIHMHOMHAIBHO
OTPaHMYEHHON CHCTEMBI JI0Ka3aTeNbCTB KIACCHUYECKUX TAaBTOJOTHH, T.€. I
JO0OW CHUCTEMBI JTOKAa3aTeIbCTB KIACCHYECKOU JIoruku BhickasbiBanuii (KJIB)
HalileTcsl TOCHEeNOBAaTeIbHOCTh Takux (HOpMyI, HWKHHE OIICHKH JUJIHH
KpaT4aiIInX BBIBOJOB KOTOPHIX MMEIOT CYyNepHOTMHOMHUAIBHYIO 3aBHCHMOCTD
ot 1nuH Qopmyn. MccnenoBanus pa3BHBAJINCh B ABYX HAIpaBICHHSX: TOUCKA
HOBBIX CHCTEM JIOKa3aTeNbCTB (UTO, €CTECTBEHHO, MOTPeOOBaj0 YTOYHEHHS
caMoro MOHATHA "'CHCTeMa JoKa3aTeahCTB") M MOMCKa Kiacca GopMyII, TPYIHO
JIOKa3yeMbIX B JaHHOU cucteMe. Jlormueckue paccykKieHus MpU JOKa3aTelb-
CTBE T€X HJIM MHBIX KOMOMHATOPHBIX YTBEPXKICHHM, MPETCHIYIOMMX Ha POJIb
TPYIHOJOKAa3yeMbIX, 3a4acTyl0 HOCAT KOHCTPYKTHBHBIN (MHTYHIIMOHHCTCKUN)
XapakTep, a WHOTA OTPaHWYMBAIOTCS paMKaMHd MHHHMAJIbHON JIOTHKH
Norancona [2]. B wacTHOCTH, JOTHYECKOE IPOrpaMMHPOBAHHE OCHOBAaHO Ha
WHTYHUIUOHUCTCKOU JIOTHKE.

B cBs3u ¢ ynmoMAHYTBIMH OOCTOSITENTECTBAMH HE MEHEE aKTyalbHBIMH (a
MOJeT OBITh, U 00Jiee) OKa3hIBAIOTCS Pa3pabOTKU HOBBIX CUCTEM J0KA3aTEIbCTB
W WCCIEeNOBaHUS CJIOXHOCTEH BBIBOJIOB B HEKIACCHUYECKUX JIOTHKaX. Psn
CYIIIECTBEHHBIX OTIMYMA MEXIy KIACCHUYECKOW W HEKIIACCHYECKUMH JIOTHKaMU
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JeTIaf0T HEeTPUBHAJIBHBIMU 3TH Pa3pabOTKU. B WacTHOCTH, MHOTHE CHCTEMBI
JIOKa3aTeIbCTB IS KJIACCHYECKUX TAaBTOJOTHA OCHOBaHBl HA WMILIMKATHBHO
SKBHUBAJICHTHBIX UM JU3BIOHKTUBHBIX (KOHBIOHKTHBHBIX) HOPMAaJIBHBIX (hopMax
STUX TaBTOJIOTWW, HO HAJMYUE TAaKOBbIX (OPM Ui WHTYUIUOHHUCTCKUX
TaBTOJIOTUH MPOCTO HEBO3MOXKHO B CHIIY TOTO, YTO JJISI BRIBOAUMOCTU (POPMYI
Buga AV B B WHTYHMIHOHHW3ME HEOOXOAWMO BBIBECTH WM A wid B, 4ro
HEBO3MOKHO IS AU3BIOHKTUBHONW HOPMAJIbHOM (DOPMBI.

Tem He MeHee, IJIsI HECKOJIBKO HEOOBIYHOTO ONpPEAETICHHUS SIEMEHTAPHOTO
IU3BIOHKTa, BBeneHHOro I. MuHueMm, B [3] MOCTpOeH aHajor CHUCTEMBI
pe3omroruii R/ 1l MHTYUITMOHUCTCKON JIOTHKY BhickassiBanuil (MBJI), omnako
Ha OCHOBE OJTOrO MOHATHS JU3BIOHKTA HE TPEACTABISAETCS BO3MOKHBIM
MMOCTPOCHUE WHTYUIIMOHUCTCKUX AaHAJOTOB TaKUX OOOOIIEHUH CHCTEMBI
pesomrortuii s KJIB, kakoBeiMu sBisitorcest Res(k) (B koTopoit MoryT
MOJIBEPraThCsl PE30JIOIKK cpa3y k mepemenHbix [4]), R(lin) (onepupytomieii ¢
IU3BIOHKTaMU M3 JIMHEHHBIX paBeHCTB [5]), U TeM Oojee apuMeTHUSCKUX
cuctem “Cutting Planes” [6] (cuctem nuHelHBIX HepaBeHCTB) U “Nullstellensatz
refutation” [7], onepupyroieii ¢ CUCTeMaMu JTUHEHHBIX PABEHCTB, U B KOTOPBIX
PE3KO YKOPAaYyMBAIOTCS BBIBOJABI MHOTHX H3BECTHBIX ‘‘TPYJHOBBIBOJUMBIX
KJIACCHYECKUX TABTOJIOTHH.

Hamu Ha ocHoBe RI/-BbIBOJA MPOW3BOJIBHON WHTYUIIMOHHUCTCKOW TaBTO-
JIOTUM BBOJUTCS TMOHSTHE OIPENEISIOMIEr0 MHTYUIIMOHUCTCKOTO KOHBIOHKTA
(TMTepanraMu B KOTOPOM SIBIISTFOTCS TIPOITO3UIIMOHAIBHEIE IEPEMEHHBIE C OJTHUM
WIA JIBYMS OTPWUIAHWSIMH) M CTPOUTCS COOTBETCTBYIOIIAs OTPEAEIISIONIas
IM3BIOHKTUBHAs HopManbHas (opma (paHee B [8] BTOPBIM M3 COABTOPOB OTH
MOHSTHS OBUTH JJAHBI JIJIS1 KJIACCUYECKHUX TaBTOJIOTHN).

OdeBHIHO, YTO caMW 3TH AW3BIOHKTHBHBIE HOPMalbHBIE (OPMBI HE
SIBIIIOTCS MHTYUIIMOHUCTCKUMH TaBTOJIOTHSMH, T.€. HE MOTYT OBITh BBHIBEICHbI
B MHTYHIIMOHUCTCKOM CHCTEME JA0Ka3aTeNbCTB, OJHAKO HAa MX OCHOBE YXKe
BO3MOXKHO TIOCTPOCHHE WHTYHMIIMOHHCTCKUAX aHanmoruii mns cucteM Res(k),
R(lin), Cutting Planes. Bce BBIIIEH3ITOKEHHOE TSI MUHUMAIHHOW JIOTHKH
Bbicka3zbiBauuii (MJIB) Horancona momydaercs Ha OCHOBE CHCTeMBl RM
(anaimrora RI), omucanHoro B [9].

2. @-omnpeneisONil KOHBIOHKT, (@-onpeaesiionias Ju3bIOHKTUBHASA
HopmaabHaa dopma aaa KJIB. HanmomuuMm HekoTopsle moHATHS u3 [8].
[ponmo3unuonanbHyw ¢GoOpMyly B AU3BIOHKTHBHOW HOpPMalbHOM
¢dbopme (HD) mbl paccmarpuBaeM Kak MHOXKECTBO KOHBIOHKTOB {Kj, K,...,
K;}, a korproHKT K — Kak MHOKECTBO JHTEpANIOB (JUTEpANl — 3TO TepeMeHHAs
WJIU IepeMEeHHas ¢ oTpuianueM) . [Ipu 3ToM HU B OJJUH KOHBIOHKT HE BXOJIUT
MepeMeHHass U Ta JXe IepeMeHHas c oTpuianueM. llepemennele p u p

Ha3bIBAIOTCA KOHTPAPHBIMHU.

O603Ha4MM eIMHUYHBIA m-MepHbIi KyO uepes E”. Jlna KJIB B [8]
BBEJICHBI CJICAYIOIINE ONPE/ICIICHUS.
[TycTth @ — npono3unMoHa bHas GopMyna u {py,...,p,} — MHOKECTBO €€ pa3-

m
JUYHBIX TepeMeHHbIX. [l1s Hekoroporo Habopa a:(al,...,am)eE
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KOHBIOHKT K = {plff‘ N2 } (ISm<n) HazoBeM g@-onpedenaio-

U

wiuMm, eciy, pUAaBas KaXI0W NMEepeMEeHHOH p, 3HaUEHUs o,, MOKHO Ompere-
]

JUTH 3HayeHHe QOpMYNbl ¢ BHE 3aBUCHMOCTH OT 3HAYCHUH OCTalbHBIX
nepemennpix. JIH® D ={K,K,,...,K,}| Ha3oBeM @-Onpenensiomes s
TaBTOJIOTUHU (), €CIM KaXKIblii KOHBIOHKT U3 D SBIAETCA (-ONPEACIIIIONIM U
p=D.

B [8] mpuBenen K-anmroputm mnoctpoeHust ¢-ompenenstomedt JHD nns
IIPOU3BOJIBHOM KJIACCHYECKOM TaBTOJIOIUHU @ C MCIIOIb30BAHUEM OIPOBEPIKEHUS
—@B obmen3BecTHO# cucreme pesomonnii R mis KJIB. OmHako Te ke
MOCTPOCHUSI HENPUEMJIEMBI Ul HEKJIACCUYECKUX JIOTUK BBICKA3bIBAHUM, Tak
Kak:

1) uHTYMIHOHHCTCKAsT (MUHUMAaJIbHAasi) TaBTOJOTHYHOCTH OIpEeaemsieT-
Csi Kak BBIBOAMMOCTh B HEKOM HHTYUIIMOHUCTCKON (MHUHMMAaJbHON) CHUCTEME
JI0Ka3aTeNbCTB,

2) nutepai z((p o1) DJ_) He dKBUBaJieHTeH autepany p B 1JIB (MJIB),
YTO MPEAINONAraeT B (P-ONPENESIOMNX KOHBIOHKTAX JUIS HEKIACCHIECKHX JIOTHK
TPUCYTCTBHE HE TOJBKO JIUTEPAIOB p H P, HO H ; m UWIB (p,pol u
(p>oLl)>L mma MIIB).

B nHacrosmieit pabore onucansl aHajgoru K-anroputma mist MJIB u MJIB.

3. Cucrema pe3omtouuii RI (RM). Onncannas B [3] cuctema R sBisieTcs
CCKBCHIIMAILHOW CHCTeMOH. Mpbl OylneM TMO0JIb30BaThCS  OOMIECHPUHSATHIMU
MOHATHUSAMHU  UEACHTa, AaHTElEACHTa, CYKIEICHTa, TMOJOXKUTEIFHOTO W
OTPHUIIATEIHFHOTO BXOXICHUS MoAGopMyT B (GopMmyiry, TIIyOMHBI (HOPMYJIBI,
COOCTBEHHOU MOA(POPMYJIbI, SIEMEHTAPHOHN MOAPOPMYIIHIL.

Monudunupyst onucanueni [. LlefiTuHOM MeTon cBeneHHus 000
TaBTOJIOTUH K MIPOTHBOPEUYMBON crucTeMe (HopMmys TiyOouHbI< 2, B [3] 3aMeHOM
KaXIOW HedJIeMEHTapHOH moadopMysbl HOBOW TEPEMEHHOH COIOCTaBISIeM
Kaxzaoi ¢opmyne cekBeHuu D,,...,D, — p , TIe Kaxnaas u3 D; uMeeT oJuH
W3 BHJIOB

po(gvr): (poq’)or po(9o7): pogr, (1)
rae p — WM p, Wi L.

Hns xaxxaoi popmyisl D; onHoro u3 BuaoB (1) BBejeM COOTBETCTBYIOIIYIO

CEKBEHIMIO D, BHJA
p=(qvr)s pog =>r pg—>rs pog p

Crenyst [3], onumrem cucreMy RI.

AKCHOMBI CUCTEMBL: p — p, L—> p
[IpaBuna BeIBozA:

(D—)119361—>r;2p—>L (D—)qu—W;Zp—w
IR >or 2 >or
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tﬂﬁﬁDngf}»q tﬁDPDL;:Ep%L

(Vi)p—>qu;F—)p;Zq—)si]‘[r—)s**

R IS ]-r
pg—>riT > pY—g P>l —>p
C C, ) =L
(Cie) ry—r (Cue) | —
-1
Lp)—
()2

rae I,Y,[1- LeAeHTHI, p,g,7 — MPONO3UIIMOHANIBHBIC TIEPEMEHHbBIE. —4 BBO-
nutcs kak A ol . Cuctema pesontortuu 111 MJIB (RM) ompenenseTcs 1mo
AQHAJIOTHM C CHCTEMOUN R/, mpu MOMOIIU yAaJIeHHUs TPaBUJl BBEIBOJA (3 X R) u

(L) -

B [3] mokazaHo, YTO s TPOM3BOJBHOW (OPMYJIBI @, €CId § —
nepeMeHHasi, KOTOpoi 3aMeHeHa caMa Gopmyia @, B R/ ¢ UCIOIb30BAHUEM B
KauecTBe JOMOJHHUTEIBbHBIX aKCHOM TOCTPOCHHBIC s ( U Ha3bIBacMbIC
JM3BIOHKTAMH  BBIIICOMUCAHHBIE CEKBEHIMH [); BBIBOIUMA  CEKBEHIIHS
—> sTOTJa U TOJIbKO TOT/a, KOT/a CEKBEHIUS —> ¢ BBIBOJMUMA B CHCTEME

HaTypanbHOro BbiBoga mius HMBJI, T.e. ABAseTCS HMHTYULHOHUCTCKOU
TaBTOJIOTUEH.

4. I-aaroputm nocrpoenusi @g-onpenenstomeii IH® B RI. Tlpexne uem
MEePEeUTH K OMHUCAHUIO aJITOPUTMa, BBEJIEM HEKOTOPHIE MOHATHSA, UCIIOIb3yEeMbIE B
JAHHOM TOCTPOEHUMU.

OCHOBHBIMH TIEPEMEHHBIMH (YOPMYJIBI @, TIPEACTABICHHON CEKBEHIUSIMH B
RI, Ha30BeM MepeMeHHBIC, KOTOPHIE BXOIAT B GOPMYIIY ¢ H

(1) npu noctpoenny BeIBoAa (GopMyJIbI ¢ TaHHAS IEPEMEHHAsI HE yYacTBYeET B

poqg—o>riXp—>L — o
HpaBI/IJ'Ie Z (D 1R) B KAQUCCTBC HepeMeHHOI/I q,
—>r

(2) npu moctpoeHH BbIBOA (OPMYJIBI (p JaHHAS TIEPEMEHHAsI HE YIaCTBYET
B IIpaBUJIE P242r2=>4g (3 3_R) B Kau€CTBE MIEPEMEHHON p.
>or
CexBenmio ' > A Ha30BeM OCHOBHOM, €CIIH OHA COAEPKUT XOTs OBl OJTHO
BXOXKICHUE OCHOBHOU NIEpEMEHHOMN U HE SBISETCS COOCTBEHHON akCUOMO# R/
[-anropuT™ 3aKII0YAETCS B CIEAYIOLIEM.
1) ns maHHOTO BBIBOJA —>s B R/ MOCTPOUM COOTBETCTBYIOIIEE
nepeBO-BbIBOJ. OTMETUM B HEM MYTH, KOTOPHIE YIOBIETBOPAIOT CIEAYIOIIUM

YCIIOBUSAM:

a) BEAYT OT BEPILMHBI, KOTOPBIM NPHUIMCAHBI OCHOBHbIE CEKBEHIINH, K BEp-
HIMHE, KOTOPO# MpUIHCaHa CEKBEHIUI — s ,

0) HM OfHA M3 OCHOBHBIX NEPEMEHHBIX HE MMEET OJHOBPEMEHHO MOJO-
XKHUTEJIBHOTO M OTPULATENIFHOTO BXOKACHUS B CEKBEHIIMU IAHHOTO MYTH,
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B) MHOXXECTBO Pa3JIMYHBIX CEKBEHIMI 3TOTO IMyTH HE COACPKHUTCS B MHO-
KECTBE Pa3IMYHBIX CEKBEHIIHA, TPUITMCAHHBIX BEPIIMHAM HEKOETO HHOTO MYTH,
YIOBJIETBOPSIONIETO ITyHKTaM a) U 0) .

2) Jlnst KaKa0ro M3 OTMEUEHHBIX MyTEH MOCTYIHM CIICAYIONUM 00pa3oM.
[TocTaBUM JaHHOUN BETBU B COOTBETCTBHUE HEKOTOPBIA MyCTOM KOHBIOHKT Kj.
JIBUTrasch OT BEpIIMHBI, KOTOPOW MPUMKICAHA CEKBEHIIUS —> S, BBEPX IO ATOMY
MyTH BKJIIOYAM B KOHBIOHKT K; BCe OCHOBHBIE TepeMeHHbIe U3 (popmyI
CEKBEHIIMM, TMPUIHUCAHHOW JaHHOW BepuimHe. IIpu 3ToM mnononHeHue K;
MIPOUCXOIUT CIEAYIONUM 00pa3oM:

a) eclii Kakas-mi00 CEKBEHIIMS Ha BETBU COJCPKHUT OCHOBHYIO IEPEMEH-
HYIO p, B CyKUEJEHTe, 100aBuM p; B K;

0) eciii Kakas-TMOO0 CEKBEHITHS HAa BETBU COJEPKUT OCHOBHYIO TIEPEMCH-
HyI0 p, B KaueCTBe (pOpMyJIbl aHTELENEHT, 100aBuM p, B K;

B) €CJIM CEKBEHLHMsS MMEET BHA p, DX —>y, TI€ p; - OCHOBHAs Mepe-

MeHHas, 1obasisieM p B K
r) €CIM CEKBEHLHMsS WMEET BUI p, D p, —> X, TIE p; U p, OCHOBHbBIE

TIEPEMEHHBIE, T. €. TOAPOPMYJIa p, D p, MMENA TOJNOKUTEILHOE BXOKICHHE,

TO OepeM JOTOHATETLHBIN KOHBIOHKT K, paBHEIN K;, 1 100aBisIeM p, BK,a
pn BK;.

IIponiecc BkirOUEHMs] MEpEeMEHHBIX B K; TMpeKpaiiaercss Ha HadaibHOM
BEpIIMHE (aKCHOME) ATOTO Iy TH.

[IponenaB BBIMICONMUCAHHBIM MpolieCC JUIsI BCEX OTMEUEHHBIX IyTeH
nepeBa, moiayduMm MHoXxectBo D = {K;, K, ..., K,}!, tne m He
NpeBRIIIACT ABYKPATHOC KOJMYCCTBO OTMECUCHHBIX HYTeﬁ.

KonBepramueii BXOXJICHUS TMEpPEeMEHHOW p (GOPMYIBI @ HA30BEM
M3MEHEHUS €€ BXOXKICHHUS C OTPUIIATSIILHOTO Ha TIOJIOKUTEIHLHOE U HA000POT.

OTMeTuM, 4TO MpH Hepexoae OT GOpMyIIbl @ K COOTBETCTBYIOIICH crCcTEME
JTU3BIOHKTOB-AKCUOM  €IMHOXABl TPOUCXOJUT KOHBEpTALMs BXOXKICHHUI
OCHOBHBIX TIEpEMEHHBIX, CIIEI0BATENHHO, IMTOCIIE MOCTPOCHH I KOHBIOHKTA K;
BBEJIEM KOHBIOHKT K,, KOTOPBIH COMEpKHUT Bee NuTepaisl K; ¢ OTpUIlaHHEM.

Ecnu B K, Obln nuTepan p;, To B K, oH Oyner mpeoOpa3oBaH B p,, €CIH B

K.—p,108 K,—p,, ecnuB K,—p.,T0 B K, - p. (Tak xak B UJIB p, ~p.).
YrBep:xkaenue. (19 OpoOU3BOJIBHOW HHTYUUMOHUCTCKOW TaBTO-
JIOTUH ¢ KaXIbIi MOCTPOEHHBIN MO /-arOpUTMY KOHBIOHKT K, IPEICTABISAET

COOOH ¢ -ONPENENAIOMMI KOHBIOHKT, a8 MHOXKECTBO Dz{kl,Kz,...,Km} -

onpenensitonyo JHO.

Jloka3aTenbCcTBO IOIydYaeTCsl IO aHAJOTHH C TIPUBEACHHBIM B [8]
JI0OKa3aTeJIbCTBOM.

OTMeTUM, YTO KaXXABIH (Q-OMPEACISIIONINN KOHBIOHKT, TOCTPOCHHBIN 110

[-anropuT™My, COAEPKUT TOJIBKO [Ba THIIA JUTEPAIOB: p WIH p (paHee
IpearoaraeéMoe NpUCyTCTBUE JUTEpaja p OTIAJO).
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Ompenensitomiie KOHBIOHKTHL U onpenensitomas JH® gns taBranoruit
MUJIB cTposiTcst aHaOTHIHBIM 00pa3oM, Ha ocHOBe RM—BBIBOZIOB.

OTMeTHUM TakKke, 4YTO TaK Kak Kaxnmasa TtaBtolorus MJIB

(MJIB) saBnseTcd KiaccUUYeCKOW TaBTOJOTHEHW, TO 3aMeHOW p, Ha
p, (p,>L)>L Ha p,) mid Bcex MEPEMEHHBIX MPOM3BONBHOI TaBTOIOTHH

WNJIB (MJIB) monyuaem u3 l[-onpenensiromeit (M-onpenenstomeit) JHD
ompenensromyto 111 KJIB. O6paTtHoe, €eCTeCTBEHHO, HE BEPHO.

5. HoBble cuctembl goka3arteabcTB aasa WUJIB (MJIB). Ecrtect-
BEHHO, 4YTO Yy)X€ Ha OCHOBe mocTpoeHHbIXx aas MJIB (MJIB) omnpene-
nsromux JJH® MoxHO a1 3Tux noruk moctpouTh aHaimoru Res(k),
R(lin), Cutting Planes ( CP), Nullstellensatz refutation (NR).

IIponemonctpupyem mnoctpoenue I/CP (CPnpns WJIB) Ha ocHoBe
CP.

[IpuBenem GpopmanbpHOE ompenelieHne cucTeMbl CP, cienys [6].

CHayana ompeneianM KJIacc BhIpaKeHUU CP({). EcnmaeZ u ieN,

10 aeé u (a-x)eé. Ecnmnm E,Feé nm aeZ, 10 a-E U E+F TpuHHAn-
aexar ¢&. CkaxeM, UYTO IIOJOXKHUTEIBHOE IEJI0€ YHUCIO C JAEIUT

BEIpaKeHHE E =) q-E , npuHammexamee &, u 06o3Hauum c|E, ecin

1715 BceX i BEpHO c¢|a; YacTHBIM sIBIseTCS E’:Zb,. -E ,rne b =a/c.
®opmynamu CP ABASIOTCA BbIpaxeHus Buna E>F,rae E.Fel.
CoOcTBeHHBIMU aKkcuOMaMu cucTeMbl CP SBISIOTCS HEpaBEHCTBA

x>0, —x>-1

JUTS TIPOU3BOJIBHOM apu(pMeTHYeCKOW EPeMEHHON X.
[IpaBunamu BeiBoa cucteMbl CP SBISIOTCS CIEAYIONINE MATh PaBUIT:
E>FF>G
1) TpaH3UTUBHOCTH ————,
E>G

2) OOBIYHBIX apuU(PMETHUYECKUX YHPOLICHUH HEpaBeHCTBA: KOMMYTATHB-
HOCTh M aCCOLIMATHBHOCTH CYMMBl M IPOM3BEINEHHS, AUCTPUOYTHU-
BHOCTh TIPOM3BEACHUS OTHOCHUTEIHHO CJOXEHMS, BBHIHECEHHS BBIpa-
XKEHHUH 3a CKOOKH, IEPEHOC WICHOB C OJHOH CTOPOHBI HEpaBEHCTBA B
IpPYTYI0 CTOPOHY C M3MEHEHHEM 3Haka K03()(UIMEeHTa, BBIYMCICHUE
CYMM M TpPOHM3BEICHHUN MLEJBIX YHCEed, MOJCTaHOBKa BbIpakeHUs 0
BmecTto 0-F W T.A.,

E>FF>H

3) cyMMHpOBaHUS: ——————————
)¢y P E+G>2F+H

E>F
4) yMHOXCHHS Ha HATypaabHOE YHUCIIO ¢: ———————,
c-E>c F
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E>b
5) nenenus: ecmu ceN,c¢>0,beZ, T0 ————— Trae E' 49acTHOE OT
E Z[b/ c]
nenenus E Ha c.
Ilon xowbproHKTHBHOW HOpManbHOW ¢(opmoit (KH®D) K mnonumaercs

CEMENUCTBO JU3bIOHKTOB {D1 ,D,...,D, } , a KaKIBII JU3BIOHKT

D. :{p;“,psz,...,pf"‘} MOHUMAETCs KaK MHOXECTBO JHUTEPAJOB, MPUUYEM

HU B OJIMH JU3BIOHKT HE BXOAAT EPEMEHHAS U €€ OTPUIIAHHE OJHOBPEMEHHO.
KaxmoMy IOU3BIOHKTY D, = {pi‘l’“ ,p;:z ,...,pf”} COMOCTABIAETCS Hepa-

BCHCTBO

ange o =1

xi/' > ij

> (pyoy) 21, e @ (py,0,) = 1-x,, &ftec, =0’

ij? i

a x;, — apuQMeTHIECKas epeMEHHa.

Hnsa xaxnoit KH® K ={D,,D,...,D,} B KadecTBe aKcuom cucremsl CP
(UKCHpYETCsI MHOXXECTBO HEPABEHCTB, COMOCTABICHHBIX KAXKIOMY [H3BIOHKTY
D, (1<i<l).

Ckaxem, uyro KH® K={D,D,...D,} CP—ompoBepxuma, eciu

CYIIECTBYET TaKas MOCJIEeI0BATEIbHOCTh HEPABEHCTB £, E,, ... E,, 4TO Kaxuoe
E, (1<i<m) mmbo sBNsieTcst COOCTBEHHOMN aKCHOMOIH, JTMO0 aKCHOMOM CHCTEMEI

CP, cootBercrBytoiiei KH® K, m160 BEIBOIUTCS U3 MPEABIAYIIIMX HEPABESHCTB
B TMIOCJIENOBAaTEIBHOCTH IO OJHOMY W3 IIpaBWJI BBIBOJA, W £E, sBisercs
HepaBeHCTBOM Buga 0>1. E; E, .. E, OyaeM Ha3bIBaTh ONPOBEPIKECHHEM
KH® K.

CkaxeM, uto popmyna A CP -BeiBoguma, eciu KH® K, cooTBeTcTBYOmAs
dbopmyne —4 CP-ompoepxkuma. OmnpoBepskerne K OyeM Ha3bIBaTh BHIBOAOM
(bopmynsL 4.

Cuctrema /CP mnonnoctbto coBnaaaer ¢ CP, no KH®, nmoctpoenHas kak
oTpunianue onpenensomert JH® i npous3BobHOM WHTYWIIMOHUCTCKOM
TaBTOJIOTUH, MTOHUMACTCSI KaK CEMEHCTBO AM3IBIOHKTOB, KAXKIBIH W3 KOTOPBIX
COCTOMT M3 jurepanoB p°, rae p'=p, a p' =p, HO apuUPMETHUECKOE
HEPaBEHCTBO, COIOCTABISIEMOE JTU3BIOHKTY, IIOJHOCTBIO COBIATACT C
BBIIICOMUCAHHBIM.

Te ’xe U3MEHEHUS JIMILb [IPU ONPEACICHUN JUIBIOHKTOB UMEIOT MECTO MIPU
onpenenennu cucreM Res(k), R(lin), NR nng UJIB (MJIB).

6. OCHOBOMOJIATAKIIMMH 11 CpaBHeHMs 3(PPeKTHUBHOCTH Pa3auy-
HbIX CHCTEM JIOKA3aTebCTB M KIIACCUYECKOM JIOTMKUM W HEKJIACCHYECKHX JIOTHK
SIBIISTFOTCSL CJICTYTOIITUE TIOHSTHS:

I -cj0:kHOCTD (IMHA) BBIBOJA, ONpeaesieMas KaKk CyMMa JUTMH BceX (opMyIl
(MM BceX MX TPENCTABJICHHI) BBIBONA, f-CJIOMKHOCTH — KaK KOJMYECTBO LIAaroB
BBIBOAA;

I-ci103kHOCTD (7-c10:KHOCTB) opmyaibl @ B cucteme @, onpenensemas
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KaK MUHHUMAIBHOE 3HAYEHUE CPEIU [-CIOKHOCTEN ({-CIOMKHOCTEl) D-BHIBOIOB
opmyitel ¢ 1 0603HAUAEMAS Yepes /) (t(f ) .

Ilycte @ u @, CyTh NPOMO3ULIMOHATIBHBIE CUCTEMBI BBIBOAOB. Cneays [1] ,
HAaIlOMHUM IOHSTHE ITOJIMHOMHAIBHOMN CBOIUMOCTH.

Onpeneaenne 1. @ p-/-ceogurca k @, (P, 1, D), ecnu cymecTByer

Takoi mosuHOM p( ), 9TO i JF000H GopMyIsl @, BEIBOANMON U B @) u B @, ,
@, @,

e <p(l).

Onpeneaenne 2. @ p-/-3kBuBaneHTHa D, (O, ~, ®,), ecau (DI,
(Dz) u (@21 lq)l)

AHaNOTHYHO BBOJSATCS TOHATHS p-f-CBOJAUMOCTH W p-t-3KBUBAJICHTHOCTH,
Ha OCHOBE t-CIIO)KHOCTH BEIBOJIOB.

Onpenenenne 3. @®, uMeeT DJKCHNOHEHIHMAalbHOE [-yCKO-
peHue (-yckopeHue) orHocuTenbHO @D,, ecnmu DI Dy (DI, D)) u

CYIIECTBYET TOCJICIOBATEIBHOCT BBIBOAUMEBIX U B @ 1 B D, popmyn Takux, 4To
(&) (&)
192 > 200 )| P2 5 0
Pn Pn :

Teopema.

1. ICP, IRes(k), IR(lin), INR umerom sxcnonenyuanvroe l-yckoperue (t-yckopeue)
omuocumenvho Rl;

2. MCP, MRes(k), MR(lin), MNR umerom skcnonenyuanvroe l-yckoperue (t-ycko-
peHue) omuocumenvuo RM.
Joka3zaTeqbcTBO OCHOBAaHO Ha AHAJOTMYHBIX JOKA3aTelnbCTBaxX  AJIs
cooTBeTcTBytOIMX map cucreM KJIB c¢ paccMoTpeHMeM B KadecTBE “TUIOXHX
NpUMEpoB‘ mocnenoBareabHocTeld popmyn ——¢, s WUJIB (((pn Sl)ol s

MJIB) ans mocienoBaTenbHOCTEH ¢, , pACCMAaTPUBAEMBIX T KaXKI0H U3 YEThIpeX
nap ykazaHHBIX cucTeM BbIBOJIOB B KJIB.

Pabora BemonHeHa B pamkax rpanta 11-1b023 'KH PA.

EpeBanckuii rocyJjapcTBEHHbIN YHUBEPCUTET
E-mails: sayadyans@yahoo.com, achubaryan@ysu.am

C. M. Casnsin, AHaut A. Yyodapsin

(0] HEKOTOPBIX CUCTEMAX JOKA3aTECJIbCTB AJI51 MHTyI/IIIHOHI/ICTCROﬁ u
MHHHMAJIbHOH NMPONMO3UIIMOHAJBHBIX JIOTHK

BBesieHEI TOHATHA OIpe e IAIONET0 KOHBIOHKTA U OIIpe e IAIomell Zu3bIOHKTHB-
HOM HOpMajIbHOH (OPMBI IS IPOIO3UIMOHANIBHBIX (POPMYJ, ABJIAIOUINXCA
MHTYMIMOHUCTCKUMU (MUHUMAIbHBIMU) TaBTodoruaMu. OIMCAaHBI aJITOPUTMBI
IIOCTPOEHUS YIOMSHYTHIX JU3BIOHKTUBHBIX HOPMaTbHBIX GOPM It 06enx HeKIac-
CHYeCKHUX IIPOINO3HIIMOHATBHBIX JOTUK. [IpOojleMOHCTPUPOBAH CIOCOG IIOCTPOEHUS
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Ha OCHOBE ONMCAHHBIX AWU3IBIOHKTUBHBIX HOPMAaJIbHBIX q)OPM Gosee Sq)(beKTI/IBHLIX
CHCTEM J0Ka3aTeJIbCTB AJIA YKa3aHHbIX JIOTHUK.

U. U. Uwyurnyui, Utwhhwun U. 2nipupjui

Punnihghnuhutnuljui b Uhthdw) wunypuyhtt mpudwpwiunipniutitnh npny
wpunusdwt hwdwlwpgbph JEpwpkpjug

Ukpdnisyl] Gu  npnohs  Yniymilyunh b npnohs nhgoiuunpy  tnpdwy At
qunuthwpubpp wunypwihtt hwoyh wjt pwbwdbbph hwdwp, npnup hunnithghnithu-
nwlwi b dptuhdw) tnghwpwinipnibbp B Ljupugpdus Bu wodws ghguniuluhyd
unpdwy dukph Juenigdw wignphpdubpp tpine Jipnhhojuy npudwpwinipniuubph
hwdwp: Snmigunpjws L twb wyy wpudwpwinipnitubph hwdwp  wyupugpus
ghqniujnhy tnpdwy  Aukph hhdwt Jpuw wowdb]  wppynibudbn wpnwsdwi
hwdwlwunpgtph jurnigdwb tnuwbwyp:

S. M. Sayadyan, Anahit A. Chubaryan

On Some Proof Systems for Intuitionistic and Minimal
Propositional Logics

The notions of determinative conjunct and determinative disjunctive normal form
for propositional formulae, which are intuitionistic (minimal) tautologies are introduced.
Some algorithms for construction of mentioned disjunctive normal forms for both non-
classical propositional logics are described. The way of construction based on the
described disjunctive normal forms of more effective proof systems for the mentioned
logics is shown.
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VIIK 517
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Axkanemuk B. C. 3axapsn, A. M. /l:xkpoawmsu, P. B. lannaksan

00 »- XapaKTepUCTHKAX AHAJIUTHYECKHX B eIMHUYHOM
Kpyre QyHKumMu
(ITpencrarneno 11/X 2012)

KuaroueBsble ciioBa: o606wenuviti onepamop Pumana — Jluysunis, npous-
sedenue muna brswxke, aopa M. M. [{cpbawsana.

1. BBemenme. M. M. J[xkpOamssHOM ¢ TPUMEHCHHEM HEKOTOPOTO
(YHKIIMOHAIEHOTO 0000IIeHust oreparopa apoOHoro wuHTErpoauddepen-
nuposanust Pumana—JIuyBwiist moctpoeHa Teopusi (aKTOPHU3ALUHM  KJIACCOB
N{®}| HeBaHIMHHOBCKOTO THIIA, OXBATHIBAIOIIAs BCE (YHKIIHH, MEPOMOPGHBIE

B SIIMHUYHOM KpyTe |4 <1 KoMIuIeKcHoii mnockocty [1]. Kinacesl N{w} 3aBucst
OT (PYHKIMOHATBHOTO MapameTpa (x), 3axanHoro B [0,1), KOTOpbIE B 3aBHCH-
MOCTH OT MOHOTOHHOTO BO3PACTaHHs WK yObIBAHUs DYHKIHH @(x) BIOXKCHBI
MM COZICPKAT HEBaHIMHHOBCKMI Kmacc N . Ilpu stom kmaccel N{wj,

comepxamuecs B N, oONajaroT TOHKMMH TPAaHWYHBIMH CBOWCTBAMH. OJTa
teopuss M. M. [IxpOamsHom u B. C. 3axapsHoMm [2] maHa B 00BEIUHEHHON
¢dopme ¢ mononmHeHusiMu  [2-4]. Tlo ananoruu ¢ kmaccom N MepoMOpQHBIX B
|z|<1 ¢yskuuii ¢ orpaHMYeHHOW HEBAHIMHHOBCKOW XapaKTEPUCTHUKON

T(p;F)xnaccsl N{w}, ONpeneNcHHbIC OTPAHHYCHHOCTBIO XapaKTEPHCTHKH
T,(r,f)M. M. JkpbamisiHa, MCCIEAOBAINCh MHOTMMH aBTopamu. B [5], B
cilydae yObIBarOIero (pyHKIHOHAIBHOTO MapaMeTpa @(x), HaiiieHa eCTeCTBEH-
Has CBsA3b MeXIy xapakrepuctukamu T(p;F) u T,(r,f), 4TO CBsi3aHO ¢
3aTPyXHCHHSIMH B CITydae BO3PACTAIOMEro @(x).

JlanHasi pa0oTa yCTaHaBIMBAaeT TeopeMy O xapakrepuctukax 7, (r,f) B

cllydae HeyOBIBAIOIEro (yHKIHOHAIBHOTO apamerpa o(x).
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Teopema 1.1. Ilycmbw € Q — neybbidaiowas GyHkyus u nycmo {a} —

i

NOCAE008AMENLHOCINb  HEYObIBAIOWUX, NONONCUMETbHBIX YUCET MAKUX, YMOo
a, —>1 npui—owou

i[c(ai,w)r <+,

i=1
20e C(z,w) —a0po M. M. lxcpbawsana [1, 2].
Torma cymiecTByer Takas MOCIIEIOBATEIbHOCTh KOMIUIEKCHBIX —YHCEI
AuA|=a,, xotopas it moGoii aHamuTmueckodl B |z|<1 ¢yHkumn f(z) ¢

HYISIMH o, 4t =1,2,..., YIOBICTBOPSIOLIUMU YCIOBHIO

2

1
I o(x)dx <+,
1

0
H=la,

HE OIrpaHU4YCHA, €CIIU

S ¢ (ai0)] L) {in]r (4)) = o

i=1
rie 1 - 00001IeHHBII  omepaTtop uWHTerponudPepeHIUpPOBAHUS H
(@) —[7(@ +
Lu(z) =[Lu(2)] .
2. O0o3Ha4yeHus1, onpeaesieHUs1 U A0Ka3aTeJbCcTBa. [Ipexae yem npuc-
TYIIUTH K JOKA3aTeIhCTBY TeOpeMbl 1.1, HeoOX0aMMO BBECTH psia 0003HAUCHUH

u ompenenennii u3 [2]. Uepes Q 0003HaYNM Ki1acc (yHKITHHA a)(x) , YIOBIET-

BOPSIONIMX CIIEAYIONIUM YCIOBHAM:
1) o(x) monoxurensHa 1 HenpepriBHa Ha [0,1);

2) »(0)=1, jw(x)dx<+oo )

OyHKIMIO P(7) OTHECeM K Kiaccy P, , €ClH IIpU HEKOTOPOoM @fx) € Q)
1
P(O) =1, P(r) = TI@dx, TE (0,1] R
X

U BBeseM B paccMoTpenue sapo tuna Komm — M. M. [Ixp6arisHa
0 k
C(z,a)) = ZZ—, |Z| <1
k=0 Ak

rIe

1
Ay=L A, =k[o(x) " dx, k=1,23,...
0
Snpo C (z, a)) , kak u sapo tuma [IBapua

© k
S(z,0)=2C(z,0)-C(0,0) =1+2ZZ— :

k=0 B

z| <1,
AHAJTUTUYECKUE B KPyTe |z| <1 QyHKIHUH C OCOOCHHOCTSIMH B TOUKE z =1:

lim C(z,w) =+,

r—1-0
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BBeneM B PAacCMOTPEHHE TAKKE TapMOHHYECKOE B Kpyre |z|<1 sapo Twma
[Tyaccona

0 k

. 7 ]
P(y,r,o)= ReS(re"y,a)) = 1+2ZA—cosk}/,z =re”.

k=0 B
Teneps a1s moObIX @(x)€Q u P(7)€ P, BBEIEM B PACCMOTPEHHUE CIIeyIomIee
0000menne nHTErpoAud hepeHITMAIEHOTO oneparopa Pumana—JInyBums:

7@ {¢(x)} = —%{xiqﬁ(xr)dP(r)}, xe(0,1),

rae Gyukmus ¢(x), onpenenenmas Ha (0,1), TaKOBa, Y4TO JIeBast JACTh PABEHCTBA
CYIIECTBYET MOYTH BCIOAY Ha (0,1) .

Kak moxHO yoenuthes (cM. [1-4]), mpuMeHeHne oreparopa 1) x mo6oit
dyHsknEn /' (z), ronmoMopdHONH B OKPECTHOCTH Hadajga KOOPJAMHAT, O3HAYaeT

0

YMHOXKEHHE KOA((QHUIHUEHTOB CTENEHHOTO psina | (Z):Zakzk Ha BEJIMYUHBI

k=0

A, re L9 f(z)]=2.A2" . Ilpumenenne xe 0GpaTHOro oneparopa — CyTh
k=0

nenenue Ko3(GGUIMEHTOB CTeNEeHHOro psaaa Ha A, . Takum obGpaszom, oneparop
1) sBnseTcs B3aMMOOAHO3HAYHEIM 0TOOpa)XeHHEM B KJIacce TOJIOMOP(HBIX B
|z|<1 (DyHKIHA.

Bens B paccmoTpenue aneMeHTapHbI daktop bismke — M. M. Jlxp6a-
LIsHa

1.(28)=[1-2 oo, (20)). (<1l <),
rie

Lol x o 5 o ok
w (z,f):J‘de—Z[ka‘w(x)xkldx—cfkja)(x)x“dx 3

(o}
g x k=l 0 2 k

oTMeTnM, uto mpr o (x) =1 (em. [1, 2])

A(z.6)=4,(z.¢)= f__gzzg (2| <1 |gl<1).

I[aﬂee, 6YI[GM npeamnojaratb, 4To mocCJI€A0OBATCIIBHOCTh KOMIIJICKCHBIX YHUCCIT

{zk} W3 eMMHAUYHOTO Kpyra MPOHyMEpOBaHa B MOPSIKE HEYObIBAHUS MOJYJIEH
U YJIOBJIETBOPSIET YCIOBHIO

w 1

Z j @(x)dx < +oo,

i
rie a)(x)— ¢dbynkmus knacca Q . Toraa m3BectHOo (cMm. [1-3]), uTo OeckoHEUHOE

NpOU3BE/ICHHE

B,(z2,)= ﬁ[l —i}waf)



aGCOMIOTHO M PABHOMEPHO CXOAMTCS B JIOGOM Kpyre |z|<r<1 u ompenemsier
(DYHKIIIO, aHATHTHYECKYIO B |7 <1, ¢ Hy/IsaMu {zk} )

OGo3HaunM depes Q' MOAMHOKeCTBO (yHKIMA o(x) W3 Kmacca Q,
OJYMHEHHBIX JOIOIHUTEILHOMY YCIOBUIO

|o(x)-1|<k, (r)x, (0Sx<7<1),

rae k,(7)>0 — mocrosiHHasL.

Mycts  F(z)=C,z*+C,,z*"' +...(C, #0)— mepomopdHas B kpyre |z/<1
dynkums, {a,} u {b,} — COOTBETCTBEHHO MOCIENOBATEILHOCTH €¢ HyJeH H

IUTIOCOB, OTJIMYHBIX OT z=0 M TPOHYMEPOBAHHBIX B INOpSIKE HEYOBIBAHHUS
MOAyJEH, ¢ y4eToM KpaTHOCTEeH. Torma M3BECTHO, UTO I 000 (QYHKITHH
o(x)eQ” u mis moGoro wumcma p(0<p<l) chopaBeaMBa CieAyOLIas

¢dopmyna (cM. [2]):

a
lnF(z)ziargCl+/1kw+/Iln£+ > lnAw[i;—”]—
p 0<‘“;1‘§P p p

_ 2.b ), L g( 200 @ ; ,
0MsplnAm[p,p]+27[ Os[pe ”,a)JL {1n|F(pe”)}da (lz2l<p), (D
t1-o(x)
rne k, = | ——%dx . Beenem B paccMoTpeHre GyHKINU
0 X
Nm(p;O)ENw(p;i} > VK{O;a—“j+n(0,0)(lnp—kw)=
F O<‘aﬂ‘£p p

- RO [ Larenwo)(np k)

o t

N, (p;oo)z N, (p;F): 0<‘IHZ“‘S%)WM[O;b?]+n(O,oo)(lnp—km)=
:j;n(t;oo)—tn(O;OO)n[%jdHn(o;w)(lnp,km)

1 1% 1
mw(p;O)zmm(p;F]:Ez[LE+2 IH‘F(T"H) do

m, (pi0)=m, (p:F)= %I’Li‘f; fin]F (peJao
rae s Kaxmoro £(0<t<1) uepes n(£;,0) u n(t;o0) 0603HAUCHBI COOTBETCTBEHHO
KOIMYECTBO Hyleil u IocoB QyHkumd F(z) B kpyre |z|<¢. Temeps s
n06oro o(x) € Q' moTOKIM
T,(psF)=m,(p;F)+N,(pF), 0<p<l.
Jlerko BHUAETb, YTO [Tm (p;F):'U

=T(p;F), tne T (p; F)— XapakTepucTHICCKAst

¢byukust HepannuaHE [5].
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Ipennonarast, uro yHKIms ©(x)— U3 Klacca Q Wi Kiacca Q, gepes
*
N{w} u N {w} COOTBETCTBEHHO O0O3HAYHM MHOKECTBA MEPOMOP(HBIX B

€IMHUYHOM KpyTre |z|<1 GbyHKIHH F(z) C OTPaHUYECHHON XapaKTepUCTUUECKOM
dynxmeit 7, (p, f).
HNmeer mecTo crnemyromas JjieMMa, HeoOXoammas IS JOKa3aTeahCTBa

Teopemsl 1.1.
Jlemma 2.1. Heybwisarowyio nocne0o8amenbHOCHb NOAOACUMENLHBIX YUCE]

0
{0:,.}l makyro, umo
w» -1
lime, =1 u Z[Cw(ai,a))] <400,
=
MOJHCHO OonoaHums unenamu y, (i=1,2,...) makum obpazom, umobsvl 00noi-

Hennas nociedosamenvrocms {5} yooeemeopaia ycnosusm:

i ,BI}T — n0Ced08amenbHOCHb HeyObl8AOWUX NOJIOHCUMETbHBIX YUCe],

(i) i[cw (B.0)]" <+,

-1
i)y __[ewe)] .
SR [C( j,w)J +[C(ﬂj+l,a))} +... +[C(ﬂi,a))J
3. HoxazarenscTBO TeopeMsbl 1.1. OTMeTUM, 4TO €CiH HyJIU a,,1n=12,...
aHAJIUTHYECKOH B |z| <1 pyaxkmum ~ f (z) HE VYIOBICTBOPSIOT YCIOBHIO

IIJIOTHOCTH

w1
w(x)dx <+,

#=l ‘0’/1‘
10 Xapakrepucruka 7, (r, /) He orpaHudeHa.
Terepb MOMONHMM IIOCTEIOBATENEHOCT {a | TOUKaMu {y,} Takum

o0pasom, dTOOHI MOMONHEHHAs mocaenoBarensrocts {B ), {B} ={aU{r}
ynoBieTBopsuta yciaoBusaMm (i), (ii) u (iii) u3 temmsl 2.1. Torma B crity hopMyIIsI

(1)
5%
p P

[IpumenuB onepatop 1) x oBemm wacTsM 3TOTO paBeHCTBa, MOIYYUM
a 2z ) )
} = Z 191 A, (iji} +L P (ie‘(e‘/’);le(w) {ln‘f(pe"")
PP 2ty \p

0<fa,|<p
L) {m‘ 1 (re” )‘} < 3 1 {m‘ £(pe”) } +

0<‘aﬂ‘£p

}dgo.

|f(z)= Y In

O<‘aﬂ‘£p

2z
+$£S(%e“";w}ﬁ”’) {ln‘f(pe[‘”)

} do,

g {ln‘f(rei"’)

OTKyia
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+£TPO (%ei(ggo);leii); {1n‘f(pei9 )‘} do (2)

0

n

I[aﬂee, nojiaras, 4To {R }— MOHOTOHHO BO3pacTaromiasa mnmocjaeaoBaTCIbHOCTb

IOJIOXKUTEIBHBIX YHUCE TAKHX, 9TO
f:[C(R”;a))]_l <400,
n=1

MpOBEJIEM KOHILIEHTPUUYECKUE KPYTH C LIEHTPOM B TOUKe z=0 WU C paguycaMu

R,. Tenepr ompenenuM IOCIEIOBATENBHOCTh {/1} Jns sToro mojaoxxum

A = p, a 3areM, NPENNOIOXKUB, YTO TOYKU A,4,,...,4, | YK€ OIPEHCICHBI,
OlpenenuM A, CIeaylomuM o0pa3oM: M3 TOYKH A, , HEepecedeHus paauyca

OA,_, € OKPYKHOCTBIO |z| =1, B OJIOXKUTEITLHOM HaIlpaBJICHUH HA €IMHUYHOU

OKPY>KHOCTH OTJIOXUM IYTy IJIUHBI [C ( H;a))T1 . O603HaUUM IPYroil KoHell
3Toi myrm uepes A, u mposeznem pagmyc OA,. Uepes A, 0003HauMM TOYKY

nepecedeHust pagmyca OA, C OKDYXHOCTBbIO |z|=p,. [lamee, 0003HauuB
u3 (2) nony4ynm

(Bl a1,
¢ Rn ’ RII

o [ e ol s

u, ¢ yMHOXKeHHeM Ha [ C(f:0)]

kmmT%WMM%MsMIZQHm

0<‘aﬂ‘SRﬂ

0, =argA B TOUYKE ﬂi,|/1i| <R

n>o

mmequﬂm

0<‘aﬂ‘SR”

- A\ io-
fictpso) o fleen
CyMMHpYS 3T HEPaBEHCTBA IO BCEM i , IJISI KOTOPBIX

2[C(R;0)] <1-4, 3)

[ )
R R

}Z[C(ﬂi;w)r R (';Jei(aw);le¢- 4)

i

~—
QL
S

R (w){ ;
o .([LH Inf (R,e)

MOITyIUM

Y[c(p:0)] 'yl ()} < X[c(Bi0)] 3 L;';g{m

i i 0<[a,|<R,

1% .
+;.([L((+;{ln‘f(Rne“’)

Janee nmokasbIBaeTcs, YTO MOJBIHTErpAIbHASI CyMMa IpaBoii yactu (4) orpaHu-
yeHa. Cie1oBaTesIbHO
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> [e(o)] Ll (4=

1-,2[C(R,:0)] "
< ¥ [cme)] ¥ 1n Aw(M'el& ;ﬁJ vo, [ 1) fn] (.o
1-42[C(R,:0)] 0<a, <R, R, R, 0

OYEBHIHO, YTO ITO HEPABEHCTBO UMEET MECTO TAKKE JUIS TeX A, , mis
KOTOpBIX f3 =|4|=0,, T.e.

> [C (ai;a))T]L((’f; {1n|f (4, )|} <

1-a,2[C(R,:0)]"
O |ﬂ7|ei9i al 2z )
< Y [cpo)] Y e m,| A +c3jL;;){1n|f(Rne*¢)|}d¢ (5)
1-5 2[('(13” ;w)]" 0<‘a”‘SR” Rn Rn 0

W3BecTHO [2], 9TO eciM IMOCIEIOBATEIHHOCTh {aﬂ}YI[OBJIeTBopHeT YCIIOBHIO
TeopeMsl, a @(x)eQ He yobiBaeT Ha [0,1), TO

2z
Bw(z,a#):B(z,aﬂ)exp[—iJ‘S(efyz;a))dl//()/)J, |2 <1,

0
rae B(z,aﬂ) — oOblyHOE Tpou3BeAcHUE bisiike, a 1//(;/) — HEKoTopas

HeyObIBatONIas, orpaHudeHHas Ha [0;27] QyHkuus. [IpuMeM, uTO PaBEHCTBO
CIIPaBeIUIMBO TaKXKe IUIL Kaxaoro (akropa mpousBeneHus B, (z, a ﬂ), T.C. JJIs

KaXIO0ro L
_a‘,—z|aﬂ| _LG iy .

Aw(z»%)——l_(yﬂz% exp{ 2”?!.S(e ’z,a))dy/(y)}, z|<1.

OTcrona ciemyeT, 4To
a, |/1i|ef9i
|ﬂ“i|ei9i.aﬂ _ Rn j Rn _ l i o g0
In A,{ R R —IHW E,([P(%”sa’)dl//(ﬂ-
R

TeMm caMbIM

}:o.

A |2{i|ei9i ﬂ
“\ R, 'R,
2z

Y [Clasa)] ffinlr(2)) <o [ £l (Re"ldo. 6

1-a,2[2C(R,;0) ]!

()
L(+) {ln

CrnenoBatenbHO, U3 (4) TOTydInM

YCM U 3aBCPHIUM JOKA3aTCIbCTBO.

Tl'ocymapcTBEHHBIN HHXKEHEPHBI YHUBEPCUTET APMEHUH
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Ulwunbdhlun 9. U. Qupuipjui, U. U. Qppuojui,
[}, 9. Fwpupyui

Cpowunid wbwhwhy niiljghwitkph @ —punipwuqphsibph dwuht

Qujwqny a)(x) wuwpwubnph hwdwp gnudus t dh wuwydwl, nphg hinbnwd E, np
opowlnid whwhwnhy f (z) dmulghugh 7, (r, f ) punipugnpsp whuvwhdwbwduy b
a)(x) = 1dwutwnp nhypnud, kpp 7, (r, f ) » N, (r, f—l ) dnrughwikpp nununud G
Lhwiyhituwgh 7'(r, f), N (r, f 71) punipwgnhsbp, wyn wingnudt wywugnigws £ U. Q.
Lwpinutihsh Ynnuhg:

Axagemuk B. C. 3axapsan, A. M. /I:kp6amsiy, P. B. lannaksan

00 @ - xapakTepucTHKAX AHAJTUTHYECKUX B eAUHUYHOM Kpyre GpyHKIIHi

Jns cinydass HeyObIBaromero  (yHKIMOHAIBHOTO I1apamMeTpa a)(x) HalIEHO

yCJOBHE, O0ECIeYHBaIOIIee HEOrPAaHWYEHHOCTh XapaKTEPHUCTHYECKOH  (YHKIMH
T, (r,f) aHAIMTHYECKUX B €AMHUYHOM KPYre KOMILUIEKCHOU IIOCKOCTH QYHKUUH f(z).

B wactHOM cityuae, korna a)(x)zl v Gyskumu T, (r,f), N, (r,ffl) NepexosiT B

. -1
HEBaHJIMHHOBCKUE XapakTepucTtuku 7'(r, f), N (r, f ) , TO YTBEPXKIICHNE paHee ObLUIo

nokazaHo A. I'. Hadranesuuem.

Academician V. S. Zakaryan, A. M. Djrbashyan, R. V. Dallakyan

On @ - characteristics of the Analytic Functions in the Unit Disk

The condition sufficient for the unboundness of the characteristics function
T,(r,f) of the analytic in the unit disk function f, is obtained for nondecreasind

@

parameter o(x). This assertion is a special case (when @(x)=1) and the functions

T,(r.f), N, (r,f_l) transferred to Nevanlinna characteristic 7(r, f), N(r,f’l) was

proved earlier by Naftalevich.
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1.Introduction. Mean field games is a recent area of research started by
Caines and his coworkers [1, 2], and independently by Pierre Louis Lions and
Jean Michel Lasry [3.,4,5]. It attempts to understand the limiting behavior of
systems involving very large numbers of rational agents which play dynamic
games under partial information and symmetry assumptions. Inspired by ideas
in statistical physics, these authors introduced a class of models in which the
individual player contribution is encoded in a mean field that contains only
statistical properties about the ensemble. The literature on mean field games and
its applications is growing fast, for a recent survey see [7] and reference therein.
Applications of mean field games arise in the study of growth theory in
economics [8] or environmental policy [9], for instance, and it is likely that in
the future they will play an important role in economics and population models.
There is also a growing interest in numerical methods for these problems [9,10].
By some authors there are considered the discrete time, finite state problem, and
the continuous time finite state problem [11,12].
Denote by P(T%) the set of Borel probability measures on T<. Let

H=H(x,pm):T*xR* xP(T?) >R
be a function satisfying appropriate continuity, differentiability and growth
conditions. Stationary mean field game is a system of PDE's on T¢. of the
form
Au(x) + H(x,Du(x),m) = H
Am(x) — div(DpH(x, Du(x),m)m(x)) =0
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The previous system of PDE's arise naturally in the study of mean-field games.
Not only stationary mean- field games have an independent interest but also,
due to results in [12] and [13] concerning the trend to the equilibrium of time
dependent mean-field games they encode the asymptotic properties of such
problems. A certain type of stationary mean field games can also arise from
variational problems: given H:T¢ x R% - R consider the stochastic Evans-
Aronsson problem
igff’ﬁ‘d AP (X)+H (x,Dp (X)) 5

The Euler-Lagrange for this functional can be written as

eAu(x) + H(x,Du(x)) = Inm(x) + H

{sAm(x) — div(DpH(x, Du(x))m(x)) =0
In [14] there are considered the so called quasi-variational mean-field games,
which are perturbations of mean field games with a variational structure. In this
paper we consider an extension of the mean field problem which allows the cost
function of a player also to depend on the actions of the rest of the players, that
is on the velocity field of players. Denote by y (T%) the set of continuous
vector fields on T¢. Let

H:T¢ xR x P(T*) X y (T%) - R
We consider the following equation on the d-dimensional torus T¢.

Au(x) + H(x,Du(x),m,V) = H
Am(x) — div(V(x)m(x)) =0 (D
V(x) = DpH(x, Du(x), m, V).

The unknowns for this problems are u:T¢ — R identified with the 1- periodic
functions on R% whenever it is convenient, a probability measure m € P (T¢ ),
an effective Hamiltonian H and the effective velocity field V € y (T%). We
require m to be a probability measure absolutely continuous with respect to
Lebesgue measure. By abuse of notation we use the symbol m both for the measure
and the density function. We assume that H is C? in the variables x and p and
satisfies growth conditions as detailed below:

H is quasi-variational [15], i.e., there exists a concave, increasing function
g:(0,0) - R and
Hy: T¢ x R x P(T¢) x y (T%) - R

continuous in all its variables, such that the following assumption is satisfied:
(A1)

|[HCx,p,m,V) — Hy(x,p,m, V) + g(m(x))| < C
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In the current paper we establish some a-priori estimates for the solutions to this
system. This kind of estimates can be later used in proving the existence of the
solutions via continuation method.

2. Assumptions. In this section we introduce and discuss the various
assumptions that will be needed throughout the paper, in addition to (A1l).

(A2) The function g: (0,00) = R is smooth, strictly increasing and concave, with

tg(t) convex in t.
In some results we will consider the following particular choices of g :

a)g(t) =Int,
b)g(t) =t¥,with0 <y <1,
in which case we will refer to them as, respectively, assumption (A2a) or (A2b).

We suppose that for the Hamiltonians H: T% x R? x P(T%) x y (T%) -» R
and Hy: T% x R* x P(T¢) X x (T%) > R there exist constants C,& > 0 such

that the following assumptions are satisfied:
(A3) Forall (x,p,m,V) € T¢ x R* x P(T¢) x x (T%)

Ip|? < C+ CHy(x,p,m, V) + 8[ alV|?dm
(A4) The function H(x,p,m,V) + g(m(x)) is twice differentiable in variables
x,p. For (x,p,m,V) € T x R x P(T%) x y (T%) we define the Lagrangian
L associated with H as

L(x,p,m,V) = —H(x,p,m,V) + pD,H(x,p,m,V).

With this notation we assume further:
(A5) There exists ¢ > 0 such that, for all

(x,p,m, V) € T x R? x P(T*) x y (T¢)
L(x,p,m,V) = c Hy(x,p,m, V) + g(m(x)) — € — [ 1a|V|?dm
(A6) For all (x,p,m,V) € T x R* x P(T%) X y (T4)
|DpH(x,p,m,V)|? < C+ CHo(x,p,m,V) + & 1a|V|*dm
Another hypothesis concerns the convexity of H in p. We suppose:
(A7) H is uniformly convex in p: there exists 6 > 0 such that for all

(x,p,mV) €T* X R* x P(T¢) X y (T*), the matrix D2,H(x,p,m,V) — 61
is positive definite, where I is the identity matrix in R%.
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Set
Hy = Dy[H(x,p,m, V) + g(m(x))],
Hxx = D%, [H(x, p,mV) + g(m(x))]r

Ay = Dy (DpHG,p,m, V).

(A8) Forall (x,p,m,V) € T¢ x R* x P(T*) x x (T%)
|Hex (6, 0, m V)| < €+ C Ho(x,p,m, V) + 6 alV|?dm

(A9) For all (x,p,m,V) € T¢ x R* x P(T¢) x x (T%)

|Hyp (x, 0, m, V)2 < C+ CHo(x,p,m,V) + & [ alV[*dm

For example, the following Hamiltonian satisfies all those conditions:
1
H(x,p,m,V) =2 |p|* = ap[aV ()dm(y) - g(m(»)),

with 6=% .

3. A-priori estimates. In this section we are going to present various a-
priori estimates for the solutions to the quasivariational stationary extended
mean-field game equation (1). Hereafter, by a solution to (1) we mean a tuple
(u,m,V,H) where u is m smooth, m > 0 such that the equations in (1) are
satisfied in the classical sense. Recall that by abuse of notation we denote both
the measure m and its density function by the same letter, so by saying m is
smooth and positive, we mean that the density of measure m is smooth and
positive.

In this section we use ideas and techniques from [15] with some
modifications to allow for the dependence of H on V.

Proposition 1. Assume conditions (A1)-(A5) hold and (u,m,V,H) is a
solution to the system (1). Then there exists C > 0, such that

|H| < € +C 8 alV|*dm.

Corollary 2. Assume conditions (A1)-(A5) hold and (u,m,V,H) isa
solution to the system (1). Then, there exists C > 0 such that

a Ho(x,Du(x),m,V)dx < C+ C 5[ q|V|*dm.
T T

Corollary 3. Assume conditions (41)-(A5) hold and (u,m,V,H) isa
solution to the system (1). Then, there exists C > 0 such that

Jpa Ho(x, Du(x), m,V)dm < €+ C 8 [ ja|V[*dm.
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Proposition 4. Assume conditions (A1)-(46) hold and (u,m,V,H) is a
solution to the system (1). Then, there exists C > 0 such that

IVl pay < € + € 8 galVI*dm.

Proposition 5. Assume conditions (A1)-(A6) hold and (u,m,V,H) is a
solution to the system (1). Then, there exists §o > 0 such that for any
6 €[0,68,] we have

JalV|?dm < C.
Combining Proposition 5 with Propositions 1, 4 and Corollaries 2, 3 we get:

Corollary 6. Assume conditions (A1)-(A6) hold and (u,m,V,H) is a
solution to the system (1). Then, there exists C >0 such that for any
5 €[0,6,] we have

|Hl < C,
Jra Ho(x, Du(x), m,V)dx < C,
Jpa Ho(x, Du(x), m,V)dm < C,
Il o, < .

Proposition 7. Assume conditions (A1)-(A9) hold and (u,m,V,H) is a
solution to the system (1). Then, there exists C > 0, such that for any
6 €[0,68,] we have

Jpag (m)|Dm|?dx < C, [ q|D?ul*dm < C.

Corollary 8. Assume conditions (Al), (A2a), (A3)-(A9) hold, and
(w,m,V,H) is a solution to the system (1). Then, there exists C >0 such that
forany § € [0,6,] we have

*

2
dem7dx <C

and
JpalDul*dx < C,

where 2% = ;—_dz is the Sobolev conjugate of 2.

Corollary 9. Assume conditions (Al), (A2b), (43)-(49) hold, and
(u,m,V,H) is a solution to the system (1). Then, there exists C > 0 such that
forany § € [0,6,] we have

"
dem7(y+1)dx <C.
Furthermore, [ f 2y +1 < 2?(]/ + 1), then
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JpalDu|*dm < C.
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In the paper we consider quasivariational mean field games system with additional
dependence on a velocity field of the players. We obtain certain a-priori estimates for
the solutions to that system.
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HeKOTopble OICHKMU IJIdA OﬁoﬁmeHHle UI'P CPEAHEro 1MoJas

PaCCManI/IBaeTCSI CcUcTeMa ypaBHeHI/Iﬁ Urp CpeAHEro noJisi KBa3uBapuallMOHHOTO
THIa C HOHOHHHTGHBHOﬁ 3aBUCUMOCTBIO OT IIOJIA CKOpOCTefI HUI'POKOB. HOJ'Iy‘{eHI)I
HCKOTOPBIC alIpuOPpH OLCHKHU IJIA peHIeHI/Iﬁ 3TOU CUCTEMBI.

9. 4. Nuljuiyut
Npny quwhuwnuljubibp pinhwipugjuws vinughnwp vhohtt uiswnh
Jounbph hudwp

Thunwplpmd o pjughjuphughnt - wnhwh - dhghtt  qupwnp - pawnbph
hwjwuwpmdubph hwdwlupg pjpwnugnnubph wpugnipmitubph nuownhg hbkwnbyuyg
JupiJuémpjuudp: Unwgll] Eu wwyphnph quubhwwnwlubibp wynpuyhup hudwljupgh
nusnudubph hwdwp:
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In this paper it is shown that the set of all maximum independent sets
of bipartite graph is a distributive lattice, which allows to view the
problem ofgenerating the maximum independent sets of bipartite graph in
a new aspect, namely, to find not all, but only the join-irreducible
maximum independent sets. Also an algorithmproviding these sets is
presented, the complexity of which doesn’t exceed the complexity of the
best algorithm providing just one maximum independent set.

1. Introduction.In this section we present the required preliminaries
that can be found e.g. at [1] and [2].An independent set of a graphG is a
set of its vertices no two of which are adjacent. Sets with the maximum
cardinality are maximum independent sets of G,and their cardinality is
denoted by a(G). The Maximum independent set problem is to find a
maximum independent set of the given graph, whilethe Maximum
independent sets generation problem 1is to report all maximum
independent sets of the given graph.A vertex cover of G is a set of its
vertices incident to all its edges. Note that the complement of a vertex
cover is an independent setand vice-versa, so the complements of
themaximum independent sets are the vertex coversofthe minimal
cardinality. These vertex covers are theminimum vertex covers of G, and
theircardinality is denoted by 7(G). The Minimum vertex cover problem
and the Minimum vertex covers generation problem are defined like the
ones for maximum independent set, and obviously they are equivalent
respectively. A matching of G is a set of its edges no two of which are
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incident. Sets of maximal cardinality are the maximum matchings of G,
and their cardinality is denoted by v(G). It can be observed that if M is a
matching of G and C is a vertex cover of G, then each edge of M is
covered by a separate vertex of C, so it holdsv(G) < 7(G). The
Maximum matching problem is to find a maximum matching of the given
graph, while the Maximum matchings generation problem is to report all
maximum matchings of the given graph.In general case the Maximum
independent set problem and the Minimum vertex cover problem are NP-
complete, while the Maximum matching problem is solvable in
polynomial time. Within the study of these problems, the study of the
special case of bipartite graphs is of crucial importance. Konig’s theorem
states, that for bipartite graphs it holds v(G) = 7(G). It can be checked,
that this formulation is equivalent to a notion that no maximum matching
has an edge connecting vertices of the same minimum vertex cover. This
yields to the fact that for bipartite graphs given a maximum matching,
one can construct a vertex cover in linear time, and vice-versa, which, in
its turn, makes the Maximum matching problem, the Minimum vertex
cover problem and the Maximum independent set problem equivalent to
each other for bipartite graphs. The known algorithms solving the last
two problems find a maximum matching first, and then obtain a
minimum vertex cover or a maximum independent set. In domain of that
algorithms the concept of an augmenting path is a key concept. For a
matching M of a (not necessarily bipartite) graph G path P is calledM-
alternating, if its edges are alternatingly out ofand inside theM; P is
called M-augmenting, if it isM-alternatingand it starts and ends at
vertices unmatched by M. It can be observed, that if P is an M-
augmenting path, then MAP(here A denotes the symmetric difference of
two sets) is a matching of cardinality |[M| + 1.Berge’s theorem states that
a matching is maximum if and only if there are no augmenting paths with
respect to that matching. Thence many known algorithms construct a
maximum matching through the searchof augmenting paths. Here is a
survey on algorithms solving the Maximum matching problem for the
iven bipartite graphwith n vertices and m edges.

1| 0(nm) Hungarian method 1955
210 (\/ﬁm) Hopcroft-Karp algorithm 1971
3|1 0(n?*%%logn) Matrices based algorithm 1981
Push-reliable flow based
15 [
4 O(Tl m/log n) algorithm 1991
_ Graphs compressed
5|0 ((2 log, m)Vn m) representation based algorithm 1991
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1.1. Generation problems.As it is mentioned above, the Maximum
matching problem is equivalent to the Maximumindependent set problem
for bipartite graphs, since there is a linear time constructive
correspondence between the maximum matchings and the maximum
independent sets of a bipartite graph. However, various maximum
matchings correspond to the same minimum vertex cover, and the
generation problems of matching and vertex cover are not known to be
equivalent.It makes sense to consider the notion of complexity of an
algorithm solving a generation problem carefully, as in these problems
the size of output is usually in order higher than the size of the input.
Obviously, each such algorithm requires at least as much time as it is
needed to obtain one output, plus the time needed to report the whole
output. There is an algorithm [2], that given a maximum matching,
enumerates all maximum matchings spending just linear time for each of
them, so obvious is an algorithm solving the Maximum matchings
generation problemfor a bipartite graph with n vertices and m edges in
0(t(m,n) + output size) time, where t(m,n) is the time needed to
obtain a maximum matching at the beginning. For the Maximum
independent sets generation problem there is anO(t(m,n) +
output size)algorithm [4] (note that the output sizes are not the same in
last two bounds), whichobviouslyis asymptotically the best, if it is
required to provide all the maximum independent sets one by one.
However, it might not be the case if there are better ways to provide the
entire set of all maximum independent sets rather than separately
providing each element of it. Next we show that actually there is such
way, and present an algorithm providing the set of all maximum
independent sets in that way in time O(t(m, n)).

2. The lattice of maximum independent sets.Here we refer to some
basic properties of lattices which can be found e.g. at [3]. A lattice is a
partially ordered set in which any two elements have unique supremum,
which is called join, and unique infimum, which is called meet. A lattice
can also be defined as an abstract algebra with join and meet operations
which are commutative, associative and absorptive. If these operations
are also distributive, then the lattice is called distributive.A distributive
lattice can also be defined as a topological space, where the union and
intersection of the sets correspond to the join and meet operations of the
lattice elements.A join-irreducible element of a lattice is one that is not
equal to a join of elements all other than itself. As it follows from
Birkhoff's representation theorem, a finite distributive lattice is
determined by its join-irreducible elements, in sense, that its each
element is uniquely represented as an irreducible join of some of its join-
irreducible elements. In this section we show that the set of all maximum
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independent sets of bipartite graph forms a distributive lattice with
respect to some simple set theoretic operations, and show how to
construct the join-irreducible elements of that lattice.

2.1. The lattice.Let G = (U,V,E) be a bipartite graph. For a set of
vertices W € UUV we will denote Wy =W NU and Wy, =W NV.
Let X and Y be two maximum independent sets of G, and let X denote
the set of all maximum independent sets of G, so X,Y € X'. We define
XVYand X AY as follows:

XVY =X, UY)U X, NY,), @)

XAY =Xy nY,)U(X, UY,). )

It is easy to check that X VY and X AY are independent sets of G.
Moreover, they are maximum independent sets. As X and Y are
maximum independent sets, we have |X| =|Y| = a(G), and as X VY
and X AY are independent sets, we have | X VY| < a(G) and |[X AY| <
a(G). Further, note, that

IXVY|+ | XAY|=|XVY))UXAY)|+|XVY)N(XAY)| =

IXuY|+[XnY|=I|X|+|X| =2a(G),

sowe get [ X VY| =|XAY| = a(G). Thus (1) and (2) define two binary
operations over the set of maximum independent sets of G, that are
V: XXX ->Xand A: X XX — X. It holds the following.

Lemma 1.The triple (XC,V,A) is a distributive lattice.

Proof. Indeed, from (1)and (2) it follows that the set family {X} |
X € X} is closed towards the set union and intersection operations, and
thus forms a distributive lattice with respect to them. Further, there is an
obvious isomorphism between this lattice and (X,V,A), so the lemma is
proved.
Consider the partial order induced in (X,V,A). By definition, for X,Y €
X we have X <Y if and only if X = X AY (which in its turn is the case
ifand only if Y = X VY). From (1) and (2) it follows that it is the case if
and only if X;; € Yy (which in its turn is the case if and only if X}, 2 ;).
We denote by X the top of (X,V,A), that isX := Vyex X. Note that
from(1)it follows, that X}, is the U-part of the union of all maximum
independent sets of G, and X, is the V-part of the intersection of all
maximum independent sets of G. Obviously, also the dual claim holdsfor
the bottom of (X,V,A), which is X = Axcx X. As it is mentioned above
(X,V,A) is determined by its join-irreducible elements. As X is be
bottom, then it is one of them. Next we indicate the others. Recall, that
(X,V,A) is naturally isomorphic to the finite topology(Xy,U,N), where
Xy ={Xy | X € X}. The non-bottom join-irreducible elements of a
finite topology are the closures of its points (the closure of a point is the
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least set containing it).So the closure of u € X, \ X is the least set of
(Xy,U,N) containing u, andobviously the isomorphic image of that set in
(X,V,A) is the least maximum independent set of G containing u. We call
that independent set the closure maximum independent set of vertex u.
Thus the non-bottom join-irreducible elements of (X,V,A) are the closure
maximum independent sets of vertices u € X; \ X;. The next two
lemmas form this claim, and their proof basically explainsthe proof of the
corresponding claim for finite topologies to the terms of lattice (JC,V,A).

Lemma 2./n G, the closure maximum independent set of each vertex
u € Xy \ Xy is join-irreducible.

Proof. Let X be the closure maximum independent set ofu, and let
X=YVZforsomeY,Z € X. Sinceu € X, then from (1) it follows, that
u€Y or ueZ, and as X is the least maximum independent set
containing u, then X < Y or X < Z. On the other hand, since X =Y Vv Z,
we have X > Y and X > Z. Thus we obtain that X =Y or X = Z, which
means that X is join-irreducible.

Lemma 3./n G, if X is a join-irreducible maximum independent set,
thenthe closure maximum independent set of each vertexu € Xy is the X.

Proof. Let for vertices u € Xy, X,, denote the closure maximum
independent set of u. Observe, that from (1) it follows, that Vyex, Xy =
X. On the other hand, for each u € X, sinceX,, is the least maximum
independent set containing u, then it holds X,, < X for all u € X;, which
means that Vyex, Xy < X. Thus we obtain Vyex, X, = X. Since X is
join-irreducible, then for some u € Xy, it holds X = X,,.

Lemma 4.The join-irreducible maximum independent sets of G are
X and the closure maximum independent sets of vertices u € Xy \ Xy.

Proof. Immediately follows from Lemma 2 and

Lemma 3.

In this section we have described the set of maximum independent sets of
a bipartite graph, and in the next two sections we will show how to
maintain that set.

2.2. The least maximum independent set algorithm.As it follows
from

Lemma 4, in order to construct a join-irreducible element of
(X,V,A), one has to construct the least maximum independent set
containing some given vertex of G. Next we discuss a wider problem of
finding the least maximum independent set containing the given set of
vertices R € U UV, if there is one. To do it we first prove some
properties.
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Lemma 5.In G, if X is a maximum independent set and M is a
maximum matching, then each edge of M is incident to exactly one vertex
out of X, and there are no other vertexes out of X.

Proof. Immediately follows from Konig’s theorem. Recall, that the
complement of X, which we denote by X, is a minimum vertex cover of
G, so each edge of M is incident to at least one vertex X. But it is incident
to exactly one vertex of X, and there are no other vertices of X, as
Konig’s theorem states that [X| = |M|.

Corollary.ln G, the union of all sets of vertices unmatched by some
maximum matching iscontained in the intersection of all maximum
independent sets.

Proof. Indeed. If X is some maximum independent set, and u € U is
some vertex not incident to some maximum matching M, then it is also
not out of X, since, as it follows from the lemma, all vertices out of X are
incident to an edge in M. Thus u € X.

Lemma 6./n G, if a vertex u € U is contained in some maximum
independent set X, then for any maximum matching M the endpoint of
any M-alternating path of even length starting at u is also contained in
X.

Proof. Let M be some maximum matching. Note that it is sufficient
to prove the lemma only for an M-alternating path of length two, that is
for a path uv,u,, where (u,v,) € E and (u,,v,) € M, and this case it
obvious. Indeed, as X is an independent set, then v; € X, and as
(uy,v1) € M, then from

Lemma 5 it follows that u; € X.

For a maximum matching M of G, we denote by 5M the directed graph
obtained from G by directing the edges of M from V to U, and the other

edges from U to V. We use G u to operate with the M -alternating paths of

G. Note that the last are just the directed paths of G u-Now we present an
algorithm providing the least maximum independent set containing the
given set of vertices R € U U V, if there is one, and otherwise reporting
that no maximum independent set contains R, given a maximum
matching.

Algorithm A

Input:  a bipartite graph G = (U, V, E), a maximum matching M of G,
aset of vertices RS UUV.

Output: if R is contained in some maximum independent set of G, then
the least one of them, otherwise, a message indicating that no
maximum independent set of G contains R.

Step 1. Denote by W the set of vertices unmatched by M.

Step 2. ConstmctaM and find all directed paths starting at Wy U Ry;denote by

F the set of their vertices.
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Step 3. Denote by F the complement of F.

Step 4. If Wy, U Ry & Fy, then report that no maximum independent set of G
contains R and exit.

Step 5. Provide Fy; U Fy, as the least maximum independent set of G containing
R.

Now we show that this algorithm is correct.

Lemma 7.The Algorithm Ais correct, and it works in time O(n +
m), where n is the number of vertices and m is the number of edges of
the input bipartite graph.

Proof. The claim regarding complexity is obvious, as the Step 2 can
be implemented via a traversal over G u» which takes O(n + m) time, and
the other steps can be implemented by a lookup over the vertices of G.
Now we prove that the algorithm is correct. As it follows from the
corollary of

Lemma 5, after Step 1 it holds that W is contained in all maximum
independent sets ofG, so if there is one containing R, then it also
contains Wy. Obviously, after Step 2 it holds that F;; and F, are
respectively the even and the odd vertices of the M-alternating paths
starting at Wy; U Ry;. Observe that after Step 3, by denotation of F, we
have that (i) no edge connects a vertex of F; with a vertex of Fy, so
Fy U F, is an independent set, and Fy; U Fy, is a vertex cover; (ii) no edge
of M connects a vertex of F, with a vertex of Fy; (iii) Wy € Fy, so each
vertex of Fy; is matched by some edge of M. If W;, & F,, then there is an
edge between F; and Wy, so, as it follows from the corollary of

Lemma 5, no maximum independent set contains Fj, and as it
follows from

Lemma 6, no maximum independent set contains Ry, therefore no
maximum independent set contains R, as the algorithm reports at Step 4
in this case. Otherwise, if W}, € Fy,, then each vertex of F,, is matched by
some edge of M, so referring to (ii) and (iii), we get that |[M| = |F, U
Fy|, further referring to (i) and Konig’s theorem, we get that F; U Fy, is a
maximum independent set, and moreover, referring to

Lemma 6 and the construction of F, we get that F; U Fy, is the least
maximum independent set containing Ry. The last means that Fy, is the
union of the V-parts of all maximum independent sets containing R, so
if R, € F,, then no maximum independent set contains R = Ry U Ry, as
the algorithm reports at Step 4 in this case. Otherwise, if R, € F,, then
obviously Fy U F}, is the least maximum independent set containing R,
which the algorithm provides at Step 5.

Corollary.ln G,the union of all sets of vertices unmatched by some
maximum matching coincides with the intersection of all maximum
independent sets.
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2.3. The join-irreducible maximum independent sets
algorithm.As it follows from

Lemma 4, the join-irreducible maximum independent sets of G are
Xu {Xu lue Xy \ X U}, where X, is the least maximum independent set

containing u. For any maximum matchingM of G it holds thatX is the
least maximum independent set containing a vertex unmatched by M, so
one can obtain a maximum matching, execute Algorithm A for each
vertex u € U, thus obtaining the join-irreducible maximum independent
sets. Note that such approach may obtain the same join-irreducible
maximum independent set twice, and that it doesn’t indicate the partial
order between them. Next we provide an algorithm which doesn’t have
these disadvantages.For simplicity we assume that G is connected.

Let M be a maximum matching of G, and let W denote the set of
vertices unmatched by M. Denote by H the set of strong components of

5M. Obviously someL € H containsWyand someR € H containsWy,. Let

< denote the partial order over H'induced by the arcs of 51\4 between its
strong components, so for a pair of strong components =< indicates
whether there is a path of 51\4 from second to the first.It can be checked
that L and R are correspondingly the bottom and the top of (, <).It also
can be checked that H, as well as L and R, doesn’t depend on M, and
that (#£,<) except L and R, corresponds to the Dulmage-Mendelsohn
decomposition [2] of G. Now let H € H \ {L, R}be a strong component,
and let H* be the union of all strong components preceding or equal to H.

Lemma 8.For a vertex u € Hy it holds thatH}; U H;, is the least
maximum independent set containing u.

Proof. From the definition of H* it follows that in 5Mu is connected
with all vertices in H*, and that it is not connected with any vertex in H*,
so the proof immediately follows from Algorithm A and Lemma 7.
Finally we provide the algorithm obtaining the partially ordered set of the
join-irreducible maximum independent sets of the given bipartite graph.
Algorithm B
Input:  a bipartite graph G = (U, V, E).

Output: the partially ordered set of the join-irreducible maximum
independent sets of G.

Step 1. Obtain a maximum matching M of G.

Step 2. Construct 5M.

Step 3. Construct (#, <), and indicate L and R.

Step 4. Denote X, := Ly U Ly, and provide it as the bottom join-irreducible

maximum independent set.

Step 5. Iterate{ \ {L, R}in a non-decreasing order, and for each H in it do Step

6.
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Step 6. Denote Xy, := Hpj; U H_‘; and provide it as thejoin-irreducible maximum
independent set succeeding all already provided X,s-s, such that H' < H.
Now we show that this algorithm is correct.

Lemma 9.The Algorithm B is correct, and it works in time
O(t(n, m)), where n is the number of vertices andm is the number of
edges of the input bipartite graph, and t(n,m) is the complexity of an
algorithm finding a maximum matching of the given bipartite graph.

Proof. The claim regarding complexity is obvious, as the strong
components can be obtained in linear time [2]. Next, from

Lemma 4 and

Lemma 8 it follows that Algorithm B provides all the join-
irreducible maximum independent set of G, and from the definitions of
(X,Vv,A) and (7€, <) it follows that at Step 6, if H' < H, then it holds
Xy < Xy. Thus the lemma is proved.

3. Conclusion.We have studied the underlying structure of
maximum independent sets of a bipartite graph and we have shown that it
is a distributive lattice with respect to join and meet operations defined
by (1) and (2). The join-irreducible maximum independent sets describe
the entire set of the maximum independent sets, in sense, that each
maximum independent set is uniquely represented by an irreducible join
of some of the join-irreducible maximum independent sets. This faced
allows to view the Maximum independent sets generation problem in the
aspect of obtaining the join-irreducible maximum independent sets rather
than reporting all the maximum independent sets. Algorithm B obtains
them in time needed to obtain just one maximum independent set.
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It is shown that the set of all maximum independent sets of bipartite graph is a
distributive lattice, which allows to view the problem of generating the maximum
independent sets of bipartite graph in a new aspect, namely, to find not all, but only the
join-irreducible maximum independent sets. Also an algorithm providing these sets is
presented, the complexity of which doesn’t exceed the complexity of the best algorithm
providing just one maximum independent set.
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4. Q. Uhtwyywu

Eplynpuwhgpubhpnnpuupuhdwjutjujupuqinipnibntphpw
qunipjuudwuht

8nyg £ wpymd, np Epyynnuwuh qpubh dwpuhdw)] wiljup puqunipinmiutph
puqUmipmip  pupfiwlub judup k- pusp poygp Eownwihu Eplyynndwih - gpuph
dwpuhdw) whjwp puqunipiniiubph ghkubpugdwt punhpp nhwnk] npnpwhnpk tnp
wuyklinmy, uwyh £ quib; ns pk popnp, wy dhugb dhudnpludp whpunungpbih
dwpuhtw] wijwp puqUmpnibibpp: Lub tkpluyugdmd b wyn puqUnipniubpp
wpwdwnpnn wignphpd, nph pupnmpeniip wykht sk, pwt dhuyt by dwpuhdug
wtjupu puqunipinit npudwnpnn jwjugny wignphpdh pupnniemnibp:

B. MuHacsH

O MHO’KecTBe BceX MaAKCUMAJIbHBIX He3aBHCMMbIX MHOKECTB
ABY/0JILHOTO Tpada

HoxasaHo, YTO MHOXECCTBO BCEX MaKCHMaJIbHBIX HE3aBUCUMBIX MHOXCCTB
JABYHOOJIbHOI'O rpa(ba €CTh Z[I/ICTpI/I6yTI/IBHa$[ peuieTKa, 4TO IHO3BOJEKICT pacCMaTpuBaThb
3aJa4y reHepali MAaKCHUMAJIbHbIX HE3aBUCHUMbBLIX MHOXKECTB JABYAOJIbHOT'O rpa(ba B
HCKOTOPOM HOBOM acCIICKTE, a HMCHHO, HaWTH He BCC, a TOJBKO HEPA3JIO)KHMBbIC B
06”I)CZ[I/IHCHI/Ie MaKCHMaJibHbI€ HE3aBHCHMbIC MHOXeCTBA. Taxxke MPUBEACH aJIrOPUTM,
HpeZ[OCTaBJISI}OHII/Iﬁ 9TH MHOXECTBA, CJIOXHOCTH KOTOpPOro HE OOJIbIIIC CIIOKHOCTH
HaWIy4lIero aJropurMma, NpeaOCTaBIAIOUICT O TOJIbKO OJHO MaKCHUMaAJIbHOC
HE3aBUCUM O€ MHOXECTBO.
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1. Introduction. Let ¢ be a power of a prime number p and F, be the

finite field of order ¢", n>1. Any mapping from a finite field into itself is
given by a polynomial. A polynomial F(x) is called a permutation polynomial
of Fq , if it induces a permutation on Fq .. The study of permutations of finite

fields started in 19-th century with the work of Hermite and later Dickson. In
recent years, there has been tremendous amount of interest in constructing
permutation polynomials of F, due to their applications in combinatorial,

cryptography, and coding theory. In general finding nontrivial classes of
permutation polynomials of finite fields is a difficult problem. In [2, Theorem
1] and [2, Theorem 2] Kyureghyan gives very important criteria for
constructing permutation polynomials of F,. This paper will focus on

casen =2 ,i.e. construction of permutation polynomial over F.. The following

definition is used further in paper.
Definition. 4 non-zero element o e Fq . is called an « -linear translator

for the mapping f:F, —>F, if f(x+ua)-f(x)=ua holds for any xeF,,
ueF, and afixed acF,.
Theorem 1. (Theorem 1, [2]). Let L:Fq,, —>Fq,, be an F, -linear
permutation of F,. Let beF,,h:F, —>F, and yeF, be a b-linear translator
q q q q q

of f+F, —>F,. Then the mapping G(x)=L(x)+L(y)h(f(x)) permutes F, if
and only if g(u)=u+bh(u) permutes F,.
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Theorem 2. (Theorem 2, [2]). Let L: F,—>F, be an F, -linear mapping of
F, with Kernel aF,,a #0. Suppose a is a b-linear translator of f: F,—>F,
and h:F, — F, is a permutation of F,. Then the mapping
G(x)=L(x)+7h(f ()
permutes F, ifand only if b= 0 and y does not belong to the Image set of L.

In this paper a generalization of the following result from [3] is given.
Theorem 3. (Theorem 5.12, [3]). Let q=p". Then the following are

permutation polynomials of F,

(@ f,,,(x)=ax +bx+(x" —x)k , for a,be F, such that a#+b, and for all even
positive integer k.

(®) [, (x)=ax’ +ax+<xq —x)k, if aeF, , and p and k are odd, and in

addition k is relatively prime withq—1 .

2. Results. The following lemma is proved easily with help of Theorem
7.9 from [1].
Lemma 1. Lef be Fq ., Where a and b are not simultaneously equal to 0,

and L,,:F, > F, and L,,(x)=ax' +bx. Then L,, is a F,~linear mapping on

Fq , . Moreover,

q+l1
(@) ‘Kernel(La,b)‘:{O}, ie. L,,(x) permutes F., if and only %;J =1 or

b0 and a=0;

g+l
(b) ‘Kernel(La,b )‘ =gq, if and only if (éj =1.
a
The following theorem generalizes Theorem 3 for case (a).

Theorem 4. Let gq=p" and f,,,, (x)=ax’ +bx+a(x" +x)k, where

g+l
a,b,a €F, such that (—j =1 or b#0 and a=0. Thenf,, ,, (x) permutes
a
F, if and only if g(x)= x+(7q +7)xk permutes F,, where y is the preimage

of a in ax? +bx .

g+l
Proof. Let L(x)=ax’+bx, f(x)=x'+x and h(x):=x". Since (—j =1 or
a

b#0 and a=0, from Lemma 1 we get that L(x) permutes on F, .
So preimage of a exists. Let y be the preimage of «, so

L(y)=ay’ +by = a . Next we show that y e F, isa (y" + ;/) -linear translator of
x?+x:

(x+}/u)q+x+7u:xq+x+(7/u)q +}/u=x"+x+(7q+7)u.
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Note that (;/" +7)qu if ¥ €F,. So y is a (;/" +7) -linear translator of
/(x). Hence from Theorem 1, we will have that
k
fa,b’a‘k (x) =ax?! +bx+ a(xq +x)
permutes £, if and only if g(x)= x+(;/q + y)x" permutes F, .
Theorem 5 generalizes Theorem 3 for case (b).

Theorem 5. Letq=p". Let f,, , (x)=ax"+bx+ a(x" + x)k, where

g+l
a,b,yquz,(—j =1 and ged(k.q-1)=1. Then f,, ,,(x) permutes F . if and
a

onlyif azb and y ¢ Image(L) .

Proof. We will prove this theorem with help of Theorem 2.

Let L(x)=ax’+bx, h(x)=x" and f(x)=x"+x.
Lemma 1 shows that |Kernel (L)| =g . Let ¥ be a generator of Kernel(L). It is
obvious that y is an (7" +7) -linear translator of f(x). Theorem 7.8 from [1]
shows that h(x)=x" permutes F, if and only if ged(k,g—1)=1. So by
Theorem 2 f,, ., (x) permutes F, ifand only if ye Image(L) and y?+y #0.

Note that y? +y equals to 0 if and only if a =5 because ay? +by =0.

3. Examples. The following examples show that Theorem 4 and Theorem
5 generalize Theorem 3. First we consider case (a) from Theorem 3.

Let f,,, (x)=ax’ +bx+<x" —x)k , where a,beF, such that a=+b and
k>0 is an even integer. Let weF, such, that o’ =-w. Note that such an
element exists, since by Lemma 1 kernel of x? +x is not equal to {0} . Then

k k
Fosi (@x) = a0’ x* +box+ a(a)"xq — a)x) = —wax’ — a)qu+(—a)xq —a)x) .
Thus
5 * k k
fopi(@x)=a'x" +b'x+(-0) (x" —x) ,
where ¢ =-wa, b =wb. Note that (—a)" ) =" because k is even. Let

L(x)=ax"+bx. If a=0 then " =0 and b =0 because w=0 and b=0. For

g+l
case when a a =0 it is obvious that [ j can be equal to 1 if and only if
a

a a a a

b q+1 b q+1 b 2 b g+l
(—j =1. Further (—j =(—j , since a,beF,, and therefore (—j can be

*

q+1
equal to 1 if and only if a=+b. Thus ( j #1 or a°=0 and b #0.
a
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Hence L(x) permutes F.,s0a preimage of " exists. Let o be the preimage

k-1

of @".Itis easy to check that o =
a+b

Hence by Theorem 4, f,,,(ox) permutes F. if and only if
g(x)= x+(a" +a)x" permutes F, . Note that

- q — _ —
5 C()k 1 a)k 1 a)k 1 a)k 1
a’+a= + +

a+b a+b:_a+b a+b:

and thus g(x)=x and it permutes F, . Hence by Theorem 4 f, , (wx)
k
permutes F . , and so does f, , , (x)=ax’ +bx+(x" —x) .

Next we show that Theorem 5 generalizes of part (b) of Theorem 3. Let
g=p" and f,  (x)ax’ +ax+(xq —x)k , where aeF,, p and k are odd, and in
addition £ is relatively prime with g—1. Let w e F, such, that @’ = —w@. Then

Soi(0x) = —(aa)x" —awx+ o' (x" +x)k) )

—aw

aw

g+l
Note that ( j =1 and —aw #aw if p is odd. Further we show that

o" ¢ Image(L), where L(x):=awx’—awx.
Let, in contrary, " e Image(L) . Then for some & e F, aws’'-aws = o* . Since

o#0,we get
ad’ —ad ="
By raising both sides of the previous equation to power ¢, we get
ad—ad’ =o',
sincek—1 iseven and a € E.. From the last two equations and the fact that p is
odd we get that " e Image(L) if and only if &=0.
So by Theorem S f, , (wx) permutes ., and so does f, , (x).

Institute of Informatics and Automation
Problems of NAS RA

M. G. Evoyan
On A Class Of Permutations On Finite Field

Problem of determining permutation polynomials of the shape

k . . .
F (x) =ax’+bx+a (x" + x) over the Fq , field is considered. Two new criteria of de-

termining permutation polynomials of the shape F (x) =ax? +bx+ a(q“ + x)k over the

Fq , are given.
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U. Q. Eynjub

dhpgurnp quignkph Ypw nbnuhnjumpymittph
th quuh dwupl
Muunmdtwuppus £ F, qugnh Jpw F(x)=ax’ +bx+a(qx +x)k wnbuph k-
nunpnipjul puquuinudutph Junnigdwt aughpp: Unwowpldws k
F(x)=ax"+bx+ a(xq + x)k ubtuph puquubnuutbph  nbnuhnunput puqlub-
nud {huknt EpYynt tnp swhwthy:

M.T. OBosin
O Tune NepecTaHOBOK HA KOHEYHBIX MOJISIX

PaCCMa’I‘pI/IBaeTCﬂ np06neMa OIPCACIICHUA NEPECTAHOBOYHLIX MTOJIMHOMOB q)OpMI)I

k
F(x)=ax? +bx+a(x?+x) Hagmomem F,. JlaHBI IBa HOBBIX KPUTEPHUS IIepecTa-
. purep P

k
HOBOYHOCTHU TIOJTUHOMOB ()OPMBI F (x) =ax? +bx+ a(x" + x) HaJ II0JIeM Fq ..
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KuioueBble coBa: poouil, sxcmpaxyus, CReKmpogomomempus, npom-
cmouHble 800bl 108EUPHOU abpuKu.

OnHuM U3 Ba)XHEWIIMX HAINPABJIEHUH XMMHYECKOTO aHajin3a, B KOTOPOM
O0OBIYHO HCHOJB3YIOT MPEIBApUTENbHOE pa3leleHue IUIATHHOBBIX METANJIOB,
SIBIISIETCS OTpEeJIeNIeHHe KOMITIOHEHTOB C OJIM3KMMU CTPOSHHEM U CBOWicTBamHu. B
Pa3JIMYHBIX 00JIACTAX TEXHUKHU OJ1arogapsi BBICOKOH XUMHUUECKOH HHEPTHOCTH U
0COOBIM (DPU3UYECKUM CBOMCTBaM IIMPOKO NPUMEHSETCS POAWi. YcCOoBeplIeH-
CTBOBaHME METOJIOB OIpENEIEeHUs MIATUHOBBIX METANIJIOB, B TOM YMCJIE U pPO-
nus (III), Bo3sMokHO Tpu coueTaHud 3()(HEKTUBHBIX CIIOCOOOB MX KOHLEHTPH-
pOBaHUs, pa3elieHUs U BBICOKOUYBCTBUTEIBHOIO M CEJIEKTUBHOI'O OIpese-
JIeHUS.

[Tpu aHamu3e 0OBEKTOB, COAEPIKAIIMX OOJBIINE KOJIMYECTBA APYIHX dJie-
MEHTOB, HEOOXOMMO NpeABAPUTEIILHOE KOHLIEHTPUPOBAaHKE, AJIs 4ero Haubo-
Jiee 4acTO UCHONB3YIOT SKCTPAKLUIO, ABIIOIIYIOCA Oonee sKcnpeccHor. B moc-
JIEIHUE TOMbI AJIS1 ONPENEIeHNUs MUKPOKOJIUUECTB IIJIATUHOBOM I'PYIIIBL, B TOM
yuciae u poaus (11I), ycrnemHo npuMeHs0TCS OCHOBHBIE KPaCUTENH Pa3IMIHbBIX
KJIACCOB, OJIHAKO B JIUTEpaType 3TOT BOIPOC OCBELIEH HegocTaTouHo. [loaTomy
MIOMCK HOBBIX YYBCTBHUTEIIFHBIX U CEIEKTUBHBIX peareHToB Ha poauit (I11) Bech-
Ma aKTyaJieH.

Lenbro HacTosmIel paboTHI SBISIACH Pa3pab0OTKa HOBOTO AKCTPAKIIMOHHO-
CHeKTPO(hOTOMETPUIECKOTO METO/Ia ONpeAeieHus] MUKpokoanuecTB poaus (I11)
JIMa3MHOBBIM KpacuteneM cadpanuHoM “T” B coistHokucion cpene. PaspaGo-
TaHHBII MeToJ ObLT TpUMeHeH A onpeaeneHus poaus (I11) B mpoMcTodyHbIX
BOJIax FOBEJIUPHOU (haOpuKu.
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®dopmyna KpacuTesns

H.C N\:©iCH3
HZN N/ NH2

cl’

Cadpanun “T”

Panee s onpenenenust mukpokoiaudectB poaus (111) BnepBsie ObuH NpU-
MEHEHBl OCHOBHBbIE KPACHTENIM: THa3HHOBOIO psaa TeTpamerwnTuoHuH (M)
[1], Tpumeruntuonus (A3. 1) [2], numeruntuonus (A3. 1) [3], Tuonun (TH)
[4], u3 akpunuHOBOTO psina — akpuIUHOBBIN kenTbiid (AX) [5] u muponun “b”
u3 okcuHoBoro psna (I1b) [6, 7].

JKcnepuMeHTaJbHAA 4acTb. CTaHIApTHBIA 3amacHOM pacTBOp rekca-
xnoppoauara (I1I) roropunu pactBopennem HaBeckn RhCl;-4H,O B 6 M HCI,
Harpesas pacTBop okono 2 4 10 110°C. Pa36aBnss MCXOXHBIH pacTBOp, HONTY-
yaiau pabouue pactBopsl poaus (III) HeoOxomumoil xoHneHTpauuu. BomHbiit
pactBop kpacutens cappanuna “T” (CO “T”) roroBuiIN pacTBOPEHHEM TOYHOM
HAaBECKH IIpernapara MapKH «4.71.a.» B COOTBETCTBYIOIIEM 00beMe AUCTHILIUPO-
BaHHOH BoAblL. Pa3baBieHHbIE PaCTBOPHI CONSHONW KUCIOTHI TOTOBIIM U3 0.1 N
¢ukcanana HCl coorBercTByromuM pa3dapieHueM. KoHIeHTprupoBaHHbIE pac-
TBOPBI COJISTHOM KUCIIOTHI TOTOBHJIM M3 TPOJAXKHBIX KOHIIEHTPUPOBAHHBIX PacT-
BOPOB, KOHIIEHTPALIUIO IIPOBEPSI adpoMeTpoM. Mcrons30BaHHBIE OpraHUdec-
KHE€ PACTBOPHUTENH KBAUTU(PUKAIMU «U.7.2.» U «X.4.» JOTOTHUTEIbHON OYMCTKE
HE Mo/IBeprayiuch. B kauecTBe sKcTpareHTa ObLIN IPUMEHEHBI TaKXKe OMHApHBIE
CMeCH pacTBOpHUTENEHL.

PaBHOBecHbIe 3HaueHus: pH BogHOI (ha3bl KOHTPOIMPOBAIU TPU TOMOIIN
pH-merpa pH-121 co crexisHHBIM 37ekTpoaoM. Ontudeckyro mioTHOcTh (OI1)
BOJHBIX PACTBOPOB, OPraHMYECKHX KCTPAKTOB M UX CIIEKTPOB IOTJIOIIECHHS U3-
Mepsuin Ha criekrpodoromerpe CD-16.

U3 Gonp1Ioro ymcia OpraHuuecKUX pacTBOPHUTENEH, a TaKkKe NX OMHAPHBIX
cMmeceil, onpoOOBaHHBIX Il W3BJIEUEHUSI 00Pa3yIOIIErocss TPOHHOrO CoenuHe-
Hust, Haubonee 3QPekTUBHBIM OKazascs auxiaopataH. O0bEeMHOE COOTHOILIEHHE
BonHOHU U opranmdeckoit ¢a3 2:1 (10 u 5 mu coorBercTBeHHO). [locne skcTpak-
MU HabmroaeTcs ocaxaenue nonnoro accomuara (MA) ¢ CO “T” mexay Boj-
HOW 1 opraHmdeckoil (azamu B TBepAOM cocTossHUU. [locne pa3aeneHus opra-
HIYECKOH (pa3bl MONydeHHBIH 0calok (BIOTHPYeTCS Ha CTEHKAaX W JHE JeNuTe-
JEHOU BOpOHKHU. OCTOPOXKHO pasjenseM U BoAHYI0 ¢a3y. [TonmyueHHbIN 0CcajioK,
HaXOJAILIMICS B ENUTEIbHON BOPOHKE, pacTBOpseTcs B alneroHe. OnTuMaib-
HBIH 00BeM arerona 5.0 ML
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Bbutn CHATBI CHIEKTPBI MOTIIOMIEHHS OPraHMYECKUX 3KCTPAKTOB 00pa3yro-
mierocsi A, «XoIocToroy omeita ¥ BOJHOTO PacTBOpa KPaCHTEINS.

Bo Bcex Tpex ciydasx MakCUMyM CBETOINOTJIOMIEHUs HabtogaeTcs Mpu
OITHOHM M TOM ke anmuHe BOJMHBI A=520 HM. Takum obpazom, CO “T” okazancs
PEeaKIMOHHOCIIOCOOHBIM MO OTHOIIeHHIo K xyopponuaty (III). B ocHoBe B3au-
MOJICHCTBUS JIGKHUT OOpa3oBaHHE COJICOOpPA3HBIX COEAMHEHHUH, Ha3bIBAeMBbIX
HOHHBIM aCCOLUATOM WM TPEXKOMIIOHEHTHBIM KOMILIEKCOM.

Jnst onpeneneHus] ONTUMANBHBIX YCIOBHI AKCTPAaKIMU ObLa M3ydeHa 3a-
BucuMocts OII skctpakToB UA OT KUCIOTHOCTH BOAHOM (hasbl B mHTepBaie pH
ot 4.0 1o 5.0 moms/n mo HCl. MakcumansHoe 3HaueHue OIl skcTpakroB, a
ClIeZI0BaTeNbHO, M MakcuManbHoe m3Bneuenne MA terpaxioppoauata (III) CD
“T” mabmromaercs pu pH 2.0 mo HCI. MakcumanbHOe B TOCTOSHHOE 3HAYEHHE
OIl UA nonyyaercsa npu koHueHtpauu 1.0-2.0 ma 0.05% -Horo pactBopa CD
“T”. Obpasyromuiics MA KOTUUECTBEHHO W3BJIEKAETCS B OpraHUYecKyro (asy
OJTHOKPAaTHOW 3KCTpaKIMed. DKCTPAKIMOHHOE PABHOBECHE CO3/IA€TCsS B TEYe-
Hue 0.5-1.0 mun. ®@akrop nssnedenuss R=92.6%. OII skctpakroB A Terpa-
xnoppoauara (III) ¢ CD “T” coxpansiercs B Teduenne 60 MuH. J{namasoH ompe-
nensieMblx koHneHTpanuidi poaus (II1) ¢ CO “T” cocrasnser 0.73—-14.7 Mkr/10
M. Ha OCHOBaHWMM NaHHBIX KaJIMOPOBOYHOrO Tpaduka paccuuTaH CpemHUN
MOJIIPHBIN KO3((HUIUCHT MOTalleHus &, =5.0-10" - Mmoo -em™ . Jlns om-
peneneHus CTeXHOMETPUYECKOrO COOTHOLICHUS PEearupyrolInx KOMIIOHEHTOB
OBUI MCIONB30BaHbl JTaHHBIE, MOJIyYEHHBIE M3 KPUBOW HACHIIICHUS peareHra
(meron Acmyca) [8]. ®@ynkums mnpsmonuHeliHa npu n=1. CnemoBarenbHO,
MOJIbHOE COOTHOIIEHHE KOMIIOHEHTOB B 0Opa3yIOIIeMCS HMOHHOM accoluare
terpaxnoppoauara (I1I) k xaruony C® «T» pasHo 1:1.

OTH NaHHBIE COBMANAIOT C JUTEPATypPHBIMHU, TaK KaK KOMIUIEKCHBIH aHUOH
[RhCl¢]* momBepraeTcst akBaTaLuu npy KOHLEHTparuu nona [H'] menbme 6M
[9-14]. B pe3ynbrare mpolieccoB akBaTalliM, THAPOJIN3a U AaHHOHUPOBAHUSA pe-

aKIUI0 B3auMOJIeHCTBUS A MOXKHO MPENICTABUTD CIEIYIONUM 00pa3oM:
K

[RhCls]” + H,0 = [RhH,OCIs]* + CI,

K
K

[RhH,OCls]* + H,O = [Rh(H,0),Cl,] + CI..

K

[Mockonpky xnopakBokomiiekcel pomus (III) obnamaroT KHCIOTHBIMU
cBoiicTBaMu [15], B yCTaHOBIEHHBIX ONTHUMAJIbHBIX YCIOBUSIX PACTBOPOB CYIIIE-
crByer [Rh(H,0),Cls] dopma, koropas B BomHOU (pasze kak crmabas KuUCIOTa
B3aMMOJICWCTBYET ¢ KaTHOHOM OCHOBHOI'O KpacuTemsl auazuHoBoro psiga CO
“T”, xoropsiii umeeT +1 3apsa, oOpa3ys MOHHBIN accouuar. Peakuus B3aumo-
JEUCTBUA UIET IO YPAaBHEHUIO

H[Rh(H,0),Cl,] + RCIl = R[Rh(H,0),Cl4] + HC,

rae RCIl — monexyna CO “T”.

55



[TosTOMY MOJBHOE OTHOLIEHHWE KOMIIOHEHTOB B 00pa3yrOIIEMCsl HOHHOM
accouuate Terpaxioppoauara (I1I) k karnony C® «T» pasHo 1:1, T.e.

[Rh(H,0),Cl,] : [CD «T»]" = 1:1.

B ycTaHOBIIEHHBIX ONTUMANBHBIX YCIOBUSAX OBLIO M3y4E€HO BIMSHHUE IO-

CTOPOHHUX M COITYTCTBYIOUIMX DJIEMEHTOB Ha HM30UPATENLHOCTb IKCTPAKIUU

UA poaus (IIT) c CD «T».

JlanHble npuBeneHs! B Ta0M. 1.

Taoauna 1

JonycTrMble KOJIMYeCTBA HOHOB MPH 3KCTPAKIMOHHO-CIIEKTPO-
doromerpuueckom onpenesenun 9.1 Mxr Rh/10 mj ¢ CO «T»

ComyTCTBYIOLIUIA HOH K=C0s/Crn
Zn* 2.27-10°
Cu** 0.37-10°
Co*" 0.75-10°
AP* 1.14:10°
Mn** 1.50-10°
cd** 3.0-10°
Cr(VI) 0.38:10°

Omnpenenenuro He MemaroT 301070 (111) u mammanuii (11). MaremaTnueckue
CTaTUCTUYECKHE Pe3yAbTaThl pa3padOTaHHOTO METo/Ia IIPUBENEHHI B Ta0M. 2.

n=5, P=0,95,

t,~2,78,

2A=520 um

Taoauma 2

(comep:kaHMe 30,10Ta B NPOMCTOYHBIX BoAax 2.4 Mkr/2.0 mu)

Cogepxanue poaus, JloBepuTenbHbIN Ko dpurpent
MKT/10 M HHTEpBaI N
B Haii >4 -af + A+t S Bap;aunn
BeneHo | Haiineno | ¢ [&\71 - 7) 7 ~Ya,f " / _
" ) Jn ©==-100%
A A
0.23
0.24
0.22 0.226 0.0167 0.226+0.02 7.39
0.20
0.24

Ha ocHOBaHWM MOJTy4eHHBIX PE3yNBTATOB pa3padoTaHa HOBAs YyBCTBUTEIbHAsS
Meroauka onpeneneHus poaus (III) B mpomcTouHbIX BoJax IOBETHPHOH (ad-

PUKH.

EpeBaHckuii rocygapcTBEHHBII YHUBEPCUTET
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H. O. I'eokusin

Omnpenesienne poausi B MPOMCTOYHBIX BOJAX I0BeJTUPHOI padpuku
IKCTPAKUHOHHO-CNEKTPOPOTOMETPHYECKHM METOI0M

Paccmotpensl B3aumoneiicrsue poaus (III) ¢ opraHM4ecKMM OCHOBHBIM KpacHUTe-
JIeM INa3HHOBOro psia — cabppanusoM “T” B COITHOKHUCIION Cpefie U BIMSIHUE pa3iind-
HbBIX MELIAIOIMX M COIyTCTBYIONIMX 3JIEMEHTOB Ha skcrpakuuio poaus (III). Ompene-
JIEH COCTaB 00pa3yroLIerocss HOHHOro accouuara. Pa3paboTaH 3KCTPaKIMOHHO-CHEKT-
podoromerpuueckuii meron omnpeaeienust pomus (II1) ¢ cappanunom “T” B cosmstro-
KHCIIOH Cpe/ie B IPOMCTOYHBIX BOJAX.

L. O. Qunlsjut

(nnhnudh npngnudp nufpswlwb pupphljugh wpnugpujub
puthntmgptpnid Ppuinpulghnt-uybjnnpndnunnyuhwjut Ewtwlng

Zhinwugnuk) E ennhnud (TI)-h pinphnujhtt wghnninduy kpuh thnjimgnkgmpiniup
nhwqhtuyghtt pupph opquu it hhdtiuyhtt tkpluiynip vwdpwth “S”-h htin b nnnh-
nud (III)-h npnpdwt ypw pawbiquiphy b minbklgnn Uh pwpp wnwppkph wqntgmpeniup:
Uouwiljyty Lt vwdpwtht “S-h & nnphmud (III)-h npnpdwl Epunpuljghnti-unginpndn-
nndbnpulut tpubwl wnuppduyhtt thpwjuypnud:

N. O. Geokchiyan

Determination of Rodium in Industrial Waters of Flow of Jewellers
Factory by Extraction-Spectrofotometric Methods

The interaction between rodium asidocomplex and diazine raw organic basic due
safranin “T” and the influence of a series interfering and accompanying elements on the
determination of the rodium (III) have been studied. The compound of the formed ionic
associate is determined. An extraction-spectrafotometric method for determination of

rodium (IIT) by has been elaborated.
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HexoTopbie 0c0O0eHHOCTH 00MeHAa TUKAPOOHOBBIX
AMMHOKHCJIOT B MO3re KPbICHI

(ITpencraBneno akagemukoM M.A. laBrsnom 22/111 2012)

KiioueBble coBa: mo32, MUMOXoHOpUlY, ACRAPAUH, 2LYMAMUH, O-KEmOo-
enymapam.

Eme B cepenune mponnioro Beka ObuIa mokazaHa BO3MOXKHOCTh 0OpaTHMO-
ro B3auMOIEpexo/ia TIIyTaMUH — acllaparvH B Mpernaparax NedyeHd U mosra [1,
2], mpaBaa, B JajbHEHIIIEM ONPOBEPrHyTas [3] u najee BOBCE HE paccMaTpHUBae-
Mas. B Te e roas! koo MaiicTepa ObITH TIOTyYeHBI JaHHBIE O TPaHCAMUHH-
POBaHUU aMHUJIOB JTUKAPOOHOBBIX aMUHOKHUCIIOT C TIOCIEAYIOIIUM (M-€3aMH N~
poBaHHeM oOpaszyomuxcs keroamuoB [4]. MaTepecHo, 4To aBTOPHI anpoOupo-
BaJIl YHAMY KETOKHCIIOT, 32 HWCKIIOYCHHEM O-KeTOTIyTapara, OTIHMYaIOIerocs
HauOOJIBIIUM CPOJICTBOM ¢ aMuHOTpaHchepasamu. [Ipenacrapisiiu HHTEpEC TakK-
)K€ JaHHBIC 0 HATMYUU HEKOTOPON TpaHCAMUHA3HON aKTUBHOCTU y OUYHUIIICHHBIX
MperaparoB acmapTar-B-aexkapOoKkcuassl [5], B JanpHEHIIeM OTBEPKICHHBIC
U AeKapOOKCHIIa3 MHOTHUX OPTaHOB MIICKOITUTAIONINX, B TOM YHCJIE TIIyTaMar-
JeKapOOKCHIa3bl Mo3ra [6], KOTOpas MOXET OCYIIECTBISATh 3aBHCHMOE OT Jic-
KapOOKCHIIMPOBAHUS TPaHCAMHUHHPOBAHWE TIyTamMaTa W NpsSMOe TPaHCAMUHH-
poanue ['AMK c mupunokcansdocharom. Hamm Obuta moka3aHa TakKe BO3-
MOXHOCTb HPSMOTO JeKapOOKCHUIIMPOBAHUS TIyTaMHHA B MO3Ie ¢ 00pa30BaHU-
eM '’AMK-amuna u nocnenyromiero aezamuanpoanus amuaa B TAMK [7-9].

Lenpro HacTosmeil paboOTHI SIBIIIOCh W3YYEHHE BO3MOXKHOCTH T€HEpAIHH
IyTaMHHA U3 aclliaparvHa B TOMOTeHaTaX U MUTOXOHAPHUAX MO3Ta U POJIA KETO-
riiyTapaTa B 0OMEHe YKa3aHHBIX aMUHOKHCIIOT.

OmnbiTer ipoBoMIH Ha 40 Oenbix Kpbicax-camiax maccoit 120-180 . XKu-
BOTHBIE COJEPAIMCh HAa OOBIYHOM ITMIIIEBOM DAllOHE B YCJIOBHUAX BUBAPHA
Wucturyra 6uoxumun HAH PA. Kpeic mocne snerkoro 3¢upHoOro Hapkosa 3a-
OWBaNU IeKaNuTaIMe, MO3T TIIATEIHHO OCBOOOKIAH OT MO3TOBBIX 000JIOYEK,
MIPOMBIBATN OXJIaXHAeHHBIM pactBopoM 0.3 M caxapossl B 0.05 M Tris-HCl
oydepe, pH 7.4, u3menbuaan ¥ TOMOTCHU3UPOBATU B 9 00bemax Tris-caxapo3bl
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B CTEKJISIHHOM TOMOTEHH3aTope ¢ TEPIOHOBBIM NecTukoM. Ha mpoly Opanu mo
0.5 M romorenara, cofepaiiero 6-8 mr oemka. MUTOXOHIpUANBHYIO (ppak-
A0 KOPBI MO3Ta MOJIydYaId METOA0M Iu(pPEepeHINaTBLHOTO IIEHTPH(PYTHPOBa-
uus B Tris-caxapose [10].

AMUHOKHUCIOTHI MO3TOBBIX TXY-3KCTpaKkTOB pa3Aessuid ¢ HOMOLIBIO BBI-
COKOBOJIBTHOTO 3MeKTpodope3a Ha Oymare U Onpeaessuld HUHTHIPHHOBBIM Me-
TogoMm [11]. AMMUak ¥ riIyTaMHH OTpeaessiIi MUKPo () y3HOHHBIM METOIOM
[12], a-keTormyTapaT — CIEKTPOPOTOMETPHUECKIM MeToaoM [ 13].

U3 Tabn. 1 BUOHO, YTO MHKYOALUsl TOMOT€HATOB KOPBI MO3ra ¢ acnaparu-
HOM B pocpatHOM Gydepe B mprucyTeTBrr Mg® mpHBOIHT K GoNee 3HAYMTEb-
HOMYy oOpaszoBaHui0 riyramuHa (1.6 MkMonb/mpoba), dem riayramara (0.1
MKMOJIb/TIpoOa). CoaepikaHue aMMHaka Hpd 3TOM Ho4Tth He Mmensercs (1.5
MKMOJTb IpoTuB 1.7 B koHTpose — 'K 0e3 nHKyOanun), oJHaKo nMeeTcs He3Ha-
YUTEIbHOE IOBBIIIEHHE ypPOBHS acmapraTta. Takas HampaBleHHOCTH IMPEAIo-
JlaraeT BO3MOJXKHBIM CHHTE3 TIIyTaMUHa U3 aclaparuHa, OJHAaKO OJHO3HAYHO 00
3TOM HE CBUICTENILCTBYET. bonee BrlpaskeHHOE 00pa3oBaHUE IITyTaMUHA U TIIy-
Tamara U3 acraparuHa perucTpUpyercsl B IPUCYTCTBUM B MHKYOALlIMOHHOH cpe-
ne o-kerorimyTtapata (2.6 u 0.3 MkMoib/mpoda cooTBeTcTBEHHO). [Ipu 3TOM
UMEeT MECTO MOJHAas yTHIM3alMs 3HAOTEHHOTO amMMmuaka. Hexoropoe ymeHb-
LIEHUE COAEP)KaHWs aMMHaka HaOIrofaeTcs W B OTCYTICTBHE B IIPoOe O-KeTo-
riyTapaTa, HO IpU HAIMYHM TIIyTaMmara, XOTd MPHU ATOM cojiepkaHue A00aB-
JICHHOTO TJIyTaMaTa He MeHseTcs. AcmapariH MOAaBisieT YTHIM3aLUIo [IyTa-
Mata Takxke B nmpucyrctBuud AT® u keTormyrapara.

Tab6umnna 1

Coaep:kaHne aMMHOKHMCJIOT U AMMHAKA NPU HHKY0alluyM aciaparuHa
€ FOMOIreHATaMHU M03ra

AH+no6aBxkn I'K I'H AK NH;
I'K 6e3 7.2+0.5 - - 1.7£0.2
WHKyOarmu
- 0.1+0.02 1.6+0.01 * 1.8+0.02 * 1.5+£0.2
T'K 7.7+0.6 - - 0.9+0.1 *
I'K+KT 7.7+0.5 - - 32404 *
TK+AT® 7.7+0.7 - - 1.0£0.1
KT 0.3+£0.03 2.6+0.03 * 2.7+0.03* 0+0 *
KI'+AT® 0.7+0.05* - - 1.4+0.1
I'K+KI+AT® 7.2+0.4 - - 0.7+0.1

Ipumeuanue. Bo Bce poOBI 100aBIIeH acmaparid B KOHEYHOH KOHIIEHTpauu 8§
MM. HNHKy6ammonnas cmechk coxepxkana: 0.1 M K-docdarnsrit 6ydep, pH 7.4, 0.05 M
Tris-HCI 6ydep, pH 7.4, 0.12 M MgSO,. B oraenbHbie 1po0bl H00aBIIECHBI TITyTamar
(I'K) — 8uM, a-ketormytapat (KI') — 5 MM, AT® — 5 MM. Nakybauus 40 MuH npu
37°C. Peakuuio ocranaimBanu noGasnednem TXY B KOHEYHON koHneHTpanuu 3.3%.
AH — acmmaparms, I'H — rmyramun, AK — acnaprat. n=7. * — p <0.05.

B ombITax ¢ MUTOXOHAPUANBEHON (pakLueld KOpbl MO3Ta ObLUTH MOJTy4YeHBI
HECKOJIBKO MHBIE pe3ynbTathl (Tabm. 2). [Ipu nHKyOGannu MUTOXOHApHI ¢ acna-
paruHOM HUMeeT MecTo oOpa3oBaHMe IiIyTaMaTa 0e3 nmpupocta ammuaka. Hamu-
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4ye B cpejie IiTyTaMaTa MOBBIIIAET BBIXOJ aMMHaKa B UETBIpE pa3a MpH Hemoc-
TOBEPHOM YTHJIM3allMM aMUHOKHCIIOTHL. KeTorayrapar u B OCOOCHHOCTH KETO-
nrytapatr ¢ AT® cnocoOCTBYIOT 0Opa3oBaHUIO aMMHaKa, YMEHBINAs BBIXOI
rnytamara. MlHTEepecHO, 4TO MpH HaTMYUK B WHKYOAllMOHHOW cpele BCeX WH-
CPEIMEHTOB UMEET MECTO MOBBILICHUE YPOBHS IIyTaMarta, XOTh U CTaTHUCTUYE-
CKH HE3HAYHMOE.

Tabnuua 2

KosnuyecTBeHHbIE CABUTH COAEPKAHUSA IIIyTaMaTa H aMMHaKa
B MHTOXOH/IPHAJILHOH (PpaKILUH KOPBI MO3ra

AH+no0aBku T'K NH;
I'K 6e3 nakyOanmn 8.5+£0.6 0.17+0.02
- 2.0£0.03 0.17+0.03
'K 7.2+0.5* 0.68+0.04*
'K+ AT® 6.0+0.4* 1.15+£0.22
KI 0.2+0.04 0.44+0.05*
KI'+AT® 0.5+0.04* 0.85+0.09*
I'K+ KT 8.6+0.9 0.34+0.05
I'K+KT'+AT® 9.7+1.1 0.34+0.04

Ipumeuanue. IeKyOaninoHHas Cpefa U COKPALICHHUS T€ Ke, 9TO B Tabm. 1.

n=5.

Tadauna 3

Bausinue Og-Ke€Torjyrapatra Ha YPOBCHb JHAOTI€HHBIX AMHHOKHCJIOT
B MUTOXOH/IPUSIX MO3ra

Jlobasku TK TH AK TAMK NH,
Puxc. 0.56=0.05 0.3240.04 0.2540.01 0.1840.02 | 0.12+0.02
KOHTPOJIb
M. 03240.03* | 0255003 | 045£004% | 020£0.02 | 0.28+0.04*
KOHTpOJ'H)
KD 0.8820.06 * | 0202001 | 0.05£0.008* | 0.12£0.01* | 0.28£0.04
ATD 0.16£0.02* | 037£0.02* | 0562006 | 022+0.02 | 1.85+0.15*
K[+AT® | 0.85+0.07 | 0.35£0.04* | 0.05£0.009% | 0.10:0.01% | 1.54+0.18*
HAJ 020+0.03 * | 0232004 | 0250.01* | 022+0.04 | 1.65:0.20*
KO+ HAJL | 0.90£0.07 | 03440.02% | 0.06=0.010* | 0.12£0.01* | 1.33+0.09*

Ilpumeyanue. IaxyOanmoHHas cpena (Ho Ge3 acliaparrnHa) U COKpalleHUs Te XKe,
yro B Ta0J.1. KoHnenTpamwus a-keroriayrapara B mpobax 5 MM. n=5.

[TockonbKy KETOTITyTapar sIBISIETCS] YHUBEPCAIBFHBIM aKIIETOPOM aMHUHOTPYTI,
HaMH OBLIIO HU3YUYCHO €T0 BJIIMAHUEC Ha COACPKAHUC SHAOTCHHBIX aMUHOKHCIIOT U
aMMHaKa B MUTOXOHIpHUAX Mo3ra (Tabn. 3), Tle OH y4yacTByeT B aHaIUIepoO-
THYECKHUX peaknusax nukina Kpedca. MHKyOanmst MUTOXOHAPUI MPUBOAWT K JI0-
CTOBEPHOH yTHIIM3AINH TIyTaMaTa, COMPOBOXKIAIOIICHCS TTOBBIIIICHUEM YPOBHS
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acrmapTaTta U aMMHakKa, 9TO COOTBETCTBYET OCHOBHOI HAIPaBIEHHOCTH OOMEHa
rilyTamMata B MUTOXOHApHUsIX mo3ra [14-16]. AT® u HAJl ciocoOGcTBytoT yTH-
JMU3aIUA DHIOTEHHOTO TIyTamaTa C IOBBIINICHWEM YpOBHS aMMHaKa, OJHAKO
€CJIM TIEePBHIN MPUBOJIUT K MOBBLIIICHUIO BBIXOJA aclapTraTa U TIyTaMHHA, BTO-
poii momoOHOTro NefCcTBYSI He OKa3biBaeT. KeTormyTapaT BBI3BIBAET TOCTOBEPHOE
YMEHBIIICHUE KOHIeHTpanuu acraptata u AMK u caBuraeT oOMeH aMHUHO-
KHCIIOT B CTOPOHY CHHTe3a TiyTamara. [Ipm 3TOM KOHIIEHTpanusl aMMHakKa U
TIIyTaMHUHA B CPABHEHHUH C MHKYOUPOBAaHHBIM KOHTpPOJIEM HE MeHsieTcs. Bmecte
C TEM KETOTJIyTapaT HECKOJIbKO MojaBiseT Beixond ammuaka u3z AT® u HA/,
MO-BUANMOMY, HAIPaBIIsiA €r0 Ha CHHTE3 TIyTaMaTa U TTyTaMUHa.

Tabnauna 4

YTunuzanusi KeTorjayrapara B IpUCyTCTBUHU acapTaTa B
MHUTOXOHAPHUAX KOPbI MO3ra

VYceno- KonTt-

BHs pors | MmkyGa- | ATo | KT KD’ ATO | mo | AT®
omsita | (ukca- st urca- HHKY- +I1®

m st Oarus
bes % %
KT 20.0£2.0 | 40.5+5.2 CIL. - - - - -
4.1+
Kr - - - 10.2+0.7 | 5.8+0.3* | 3.4+0.2* 0.2% 2.5+0.1*

IHpumeuanue. T1® — nupugokcanbdocdar. Duaorennsii KI' npencrasnen B HM. B
npo0Os1 ¢ KI' no6asneno mo 10 MxM acnaprara. KI' no6asnen no 10 mxM/mpo6a. n=5.

YTunusanus caMoro KeTorjiyTapara B MUTOXOHAPHSIX PE3KO YCHIUBAETCS
B npucyTcTBuM acnaprata 1 AT® (tabn. 4). Tak, nodasnenne AT® u acmap-
TaTa K MUTOXOHIPHUSAM IMPUBOIUT K MOJTHOMY OKHCICHHIO 3HJOT€HHOI'O KETO-
riyTapaTa U pe3KOMY YMEHBIICHHIO KOHIEHTPALM{ 3K30T€HHOTO. AHAJIOTHY-
HOE, HO MEHee BBIPAKCHHOE JICHCTBUE HA yTWIH3ALUIO KETOTIyTapaTa B IpH-
CYTCTBHM acmapTraTa OKa3blBaeT nupHuaokcaibocdar. Ihdextsr 00oux xodak-
TOPOB KyMYJIMPYIOTCS, IPUBOAS K 3HAYMTEIBHONW yTUIM3ALMM KETOIJIyTapara
MHUTOXOJPHUAMHU.

[lony4yeHHBIE NaHHBIE CBHUJCTENBCTBYIOT O CYHICCTBEHHBIX Pa3lIMuUsAX B
0oOMEHE aMHHOKHCIIOT CeMEWCTBa IIIyTaMHHA B TOMOI€HAaTaXx M MUTOXOHIPUSX
MO3Ta, YTO CBA3AHO HE TOJIbKO C HEHPOHO-TIMAIBHOM, HO U BHYTPUKIETOUHOU
KOMITApTMEHTaIM3aImeii ooMeHa aukapOOHOBBIX amMuHOKuCIOT U 'TAMK B
Mo3re. BMecte ¢ TeM OHM YKa3bIBalOT Ha LEHTPAJIbHYIO POJIb KETOIIIyTapara B
MPEBPALICHUAX aMHHOKHCIOT CEMeHCTBa IIyTaMUHA. Pe3ylbpTaThl ONBITOB HeE
HMOJTBEPXKIAI0T BEPCUIO O MPEANOYTUTEIPHOM TPAaHCAMHUHUPOBAHUU aMHJOB B
CpPaBHEHUH C aMHHOKHCIOTaMu. HanmpoTHB, OHU TOBOPST O HECpaBHEHHO OoJjee
BBICOKOH CKOPOCTH TPaHCAMHMHHUPOBAHHUS MOCIETHUX. Bompoc 0 BO3MOXKHOCTH
CHHTE3a INIyTaMHHA U3 aclaparuHa aHaJOIMYHO OOpaTHOMY IIpOIecCy, HECMO-
Tpsl HA HEKOTOPBIE YKa3aHUsl Ha €ro HaJW4yHe, OCTACTCs OTKPBITHIM M TpeOyeT
JambHEHIINX UCCIETOBAHNHN C UCTIONIb30BAaHUEM PaIHOAKTUBHBIX H30TOIOB.

Wucruryt ouoxumun um. I'. X. Bynsrsaa HAH PA
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k. Q. Pudwjjui, U. @ Juppuiyub, L. . vuywnpuyl,
2. U. Qphgnpjuts

Bpyjuppnt wdhtwpentutnh ynipwhnjwbwlnipjut npny
nipuhunnipniuitpp wetubnh nynoud

Munidtwuhpyt) £ wuwywpwghhg gpnunudhtp uhtipkqh htwpuwnpnipniup
wnubknh nininnud: Mintnh hndngbbwwnttph hin wuywpwughth huynipughwi phipnud
E wuyupununh, gpyninudwnh b gnunudhth wnwewgdwip: Yhngni-lnupunp
byuwunnd k ioqus wlhtwppniubph wnugwgdwip b Luonid | wykjugdus qpninw-
dwwnp jnipugnudp UBd-h wnluynipjui b pugujunipjut yuydwbbpnud: Ldwt
wpgbjulnudp toynid | btwl ninbnh dhnnpnunphmudubpnid: Uuywpwghtup tyywuwnnid
E quninudwinp jnipugdwip b wdnthulh wowewgdwup tpwhg: UEd-n b LU-p
tynuunnid b gpoinwdwnh jnipugduip dhupnugphnwd-utph Yondhg: UES-p pup-
dpugind £ wuywpuwnh, gnunudhth nt wdnthwyh Epp tugngbu gnunwudwnhg,
huy LU dhuyt wdnthulh wowewgnidp: Yhwnngpninw-puwnp okinnid E wdhbw-
ppeniubnh ympuhnjuwbtwlnipniup niyh gnunudwnh vhtptqp: Bugngbu b Eyqn-
gkl YEnngnunupuwnp wpyntbwgbn mupugynud £ nintinh dhnnpnunphowdubtph Ynn-
uUhg; Ypohtiu hwnljuybu UED-h b whphnopuwdpnudwnh wnluynipyudp:

R. G. Kamalyan, A. G. Vardanyan, N. Kh. Khachatryan,
H. S. Grygoryan

Some Features of Dicarboxylic Amino Acids Exchange in Rat Brain

The possibility of glutamine synthesis from asparagine was study. Incubation of
asparagine with brain homogenates leads to aspartate, glutamate and glutamine
formation. Ketoglutarate promote formation of these amino acids, particularly aspartate
and glutamine and inhibits utilization of added glutamate in presence and absence of
ATP. The same inhibition takes place also in the brain mitochondria. Asparagine
promotes glutamate utilization and ammonia formation from the last mentioned. ATP
and NAD promote glutamate using by mitochondria. The first increases aspartate,
glutamine and ammonia output from endogenous glutamate, while the second increases
only ammonia level. Ketoglutarate moves amino acids metabolism to side of glutamate
synthesis. The endogenous and the added ketoglutarate are used intensively in mito-
chondria, particularly the last one is used in presence of ATP and pyridoxalphosphate.

P.T. Kamausn, A. I'. Bapaansn, H. X. Xauatpsn, A. I'. I'puropsin

HexoTtopnbie ocodeHHOCTH 00MeHA TUKAPOOHOBBIX AMUHOKHCJIOT
B M0O3re¢ KpbICbI

HccnenoBana BO3MOXHOCTD CHHTE3a IUTyTaMHHA M3 acnaparuHa. MHKyOanus ac-
naparrHa ¢ roMOreHaTaMH MO3ra MPUBOAUT K 0Opa3oBaHHMIO acmaprara, IilyTamaTa
riryramuHa. Kertoriyrapar cmocoOCTByeT 00pa30OBaHUIO YKAa3aHHBIX AMHUHOKHCIOT H
HOAABJIAET YTWIN3ALUIO N00aBJICHHOTO ITyTamMaTa B NPUCYTCTBUM U B OTCYTCTBHUE
AT®. [Togo6HOE MHTMOMpPOBaHNE HAOIONAETCS W B MUTOXOHIPHUIX MO3ra. AcnaparuH
CIOCOOCTBYET yTHJIM3AIMU TJyTamMara M BbIXOJLY amMMuaka u3 mocienHero. AT® wu
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HAJI ycunuBaroT UCHIOIb30BAHUE IIyTaMaTa MUTOXOHIPUAMU. [IepBbIil yCUIUBAET BbI-
XOJ] acmapraTa, ITyTaMHHAa U aMMHaKa U3 DHJIOTCHHOIO IIyTamara, TOrAa Kak BTOpPOil
MOBBIIIAET JIMIIb YPOBEHb aMMuaka. KeToriayTrapar casuraet oOMEH aMHHOKHCIOT B
CTOPOHY CHHTE3a IIyTamara. JHIOTCHHBIH W JOOABIEHHBIH KETOTIIyTapaT HHTEHCUBHO
UCTIONIB3YIOTCSI MHUTOXOHAPHSAMH MO3Ta, IOCIEAHUH B OCOOCHHOCTH B HPHCYTCTBHU
AT® u nupumokcanbhochara.
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akanemuk K. I'. Kapare3sn

JlelicTBHE BOAHOI0 3KCTPAKTA CEMSH ThIKBbI HA MPOLIECC
JIMMHUTHOM NMEePOKCUAALUM B TOMOIreHATaxX MO3ra 1 nmeYyeHu
0eJIbIX KPBIC B ONBITAX in Vitro

(ITpencrasmeno 11/V 2012)

KnroueBble c10Ba: nepexuchoe okucieHue aunuoos, MaioHo8blil ouaiboe-
U0, AHMUOKUCIUMENbHAS AKMUBHOCMb, C80000HOPAOUKANbHOE OKUCIeHUe,
B0OHDBII IKCMPAKM CEMSH MBIKGYL.

OngHMM H3 OCHOBHBIX IATOTCHETHUYECKUX (HaKTOPOB OOJIE3HEHHBIX
W3MCHEHUI oOpraHu3Ma SBIISCTCS AaKTHBHPOBAHHE INPOIIECCOB IEPEKHUCHOTO
okucnenus sunuaos ([10JI), mpoucxomsmee B CTPOro IJIUMHUTHPOBAHHBIX
npenenax [1-5] mpu Quznonorudecku 00yCIOBICHHOM PaBHOBECHU MEXKIY
CTCIICHBI0 €T0 BBIPAKEHHOCTH U COCTOSIHUEM AaHTHOKCHIAHTHON CHCTEMBI,
CHIDKEHUE YPOBHS KOTOPOTO TPUBOAWUT K Pa3BUTHIO MEMOPaHOTOKCHYECKHX
mporieccoB [6,7]. Beicokue koHteHTpanuu npoaykToB I10J1, rmaBasIM 00pa3zom
KOHEYHOTO TMpOAyKTa — MaloHoBoro muambaeruga (MJIIA), oka3plBalOT B
KOHEYHOM cuYeTe MeMOpaHOJIUTHYeCKoe nedcTBHe [8,9], B CBs3M C dYeM
BO3HHKJIA HEOOXOAMMOCTh B TIONYYEHHH HOBBIX CPEACTB, O00JaJaronIuX
AHTHPAJUKAJILHBIMUA CBOWCTBAMH, B YACTHOCTH W3 PACTUTEIBHOTO CBIPhS, TJIC
3TH  TPOAYKTHI  SIBJISAIOTCS  C©CTECTBEHHBIMH  PEryJSTOpaMH  YPOBHS
cBoboHOpaauKansHoro okucieHnus (CPO) munumos.

Nmeromasicss mHoOpMaruss O BIUSHAW CMECEH pa3IMYHBIX CEMSIH |
BOJIHBIX OTBApOB PACTCHUU Ha ONpejelieHHbIe (U3MOIOTHYeCKHe (QYHKIUU H
OOMEHHBIE TIPOIIECCHI THIEPXOJIECTEPUHEMHUYECKHX KpBIC OCHOBaHa, B
JacTHOCTH, Ha WHpopmarmu 00 dpdekrrax cMecu U3METLYCHHBIX CEMSH JIbHA,
MOPTyJTaKa W THIKBHI AHTHATEPOCKIEPOTUYECKOTO, TEMaTOMPOTEKTOPHOTO H
MMMYHHTET-aKTUBHpYIoIero aercteus [10,11]. OTBap auctbeB Oenmoro u uep-
HOTO TYTOBHKa MOAYJHPYET (PYHKIIMOHAIHHYIO aKTHBHOCTP JIEHKOIIUTOB B KPO-
BH OONBHBIX THHOTHpeo3oM [12]. CMmech Macen 4epHOTO, TPEIKOTO OPEXOB U
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npHa uwHakTHBHpyeT mporecc [1OJI B kpoBu, mepudepudecKuX TKaHIX U
OpraHax IMpH OCTPOM TOKCHYECKOM MopakeHWU medenu, BeizBanHoMm CCly [13].
[TomoOHBIM aHTHOKCHIAHTHBIM NEHCTBHEM, KaK MOKa3alld MPOBEJCHHbIE HAMH
paHee HcClieIOBaHUsl Ha MO3TOBOM, EUEHOYHOH TKaHAX U MeMOpaHax 3pUTpO-
IIUTOB, 00JIAIAIOT TAK)KE BOJIHBIC SKCTPAKTHl BAHOTPAJIHBIX KOCTOYEK [14].

Llenpro HACTOSIIETO MCCIIEIOBAHUS SIBISTIOCH H3YUYeHHUE NEHCTBHUS BOJHOTO
DKCTpaKTa CEeMsH TBHIKBHI OOBIKHOBEHHOW Ha TedeHue mporecca I[IOJI B
MO3TOBOM M IICYCHOYHOM T'OMOT€HATaX B OMBITaX in Vitro.

Marepuas u MeTOAbI HccJaen0BaHUil. [[nsg momyyeHUsT BOIHOTO
skcTpakTa ceMsiH THIKBBI (BOCT) mcnonp3oBaiu 5 © OYMIEHHBIX OT IIETYXH
ceMsiH, pacTepThix B (apopoBoOil CTymke A0 COCTOSHMS KAIIWIBl M IepeHe-
ceHHbIX B 200 M1 3piieMeepoBCKyIo Kooy ¢ gobaBnenreM 100 M1 AUCTHILTHPO-
BaHHOW BOJIBI M KUTISTYEHHUEM ITPH TIOCTOSHHOM TIepeMEIBaHNN HA MarHUTHOW
MelIajgke B TedeHue 1 4. BeimapeHHbId 00beM CONEPKUMOTO JOBOAMIIHN JUC-
TAJTMPOBAHHOW BOJOW IO MEPBOHAYAIBHOTO W meHTpudyruposanu mpu 3200
06/muH B Teuenue 20 mumH. HamocamodHyro XUAKOCTh MEPEHOCHIH B TEPMO-
CTOMKMI CTEKJISIHHBIN CTaKaH, JOBOIMUIN 10 KUIleHus, 100asism 0.5 T akTHBHU-
POBAHHOTO YIUIA C NEpeMEIIMBAHMEM Ha MarHUTHOM Memanke B TedyeHue 30
MUH Y TOCIEAYIOMUM (UIBTPOBAHUEM IO BAKYYMOM UYepe3 TUIOTHBIN OyMax-
HbeIH QuiabTp. g oneiToB oTOMpanu mo 0.5 MII 3KCTpaKTa, a OCTAIBHOW 00beM
XpaHUIU B XOJ0oAWIbHUKE Tipy +4°C [J1sl MajibHEHIIero yrnoTpeoacHus B Tede-
HUE 5 nHEN.

DKCIEPUMEHTHI MPOBOIWIUCEH Ha 14 O6ecrmopoHbIX OeIbIX KphIcaX Maccoi
200-220 1, comepxaBIIUXcs Ha OOBIYHOM NHIEBOM paruone. [locne nexamu-
TaIMX TOJIOBHOW MO3T M NIEYEHb MPOMBIBAIH (PU3PACTBOPOM, OUHUIIAIH OT KPO-
BEHOCHBIX coCyn0B U roMoream3uposanu B Tpuc HCI 6ydepe (pH 7.4). B axc-
MepuMeHTax HUCroib3oBaiu 10%-Hble TOMOreHaThl MO3TOBOM H TMEYEHOUHOM
TKaHe. YpOBEHb JMMUAHBIX TMEpPEeKHceil ompeaesuii B HedepMEHTaTUBHON
(ackopbaT3aBUCHMOI) CHCTEME TIEPEOKUCIIEHUS TI0 BBIXOAY KOHEYHOTO
npoxykra — MJIA, obpasyromero ¢ THOOaApOUTYPOBOH KHCIOTOW KOMITJICKCHOE
COEMHEHNE PO30BOT0 I[BETa, MHTEHCUBHOCTH KOTOPOT0, COOTBETCTBOBABILAS
KOJIMYECTBY OOpa30BaBIICHCS TMEPEKUCH, PETUCTPUPOBAIACH CIIEKTPOMETpHUYE-
cku (mpu ayuHEe BOJHBI 535 HM) [1,15]. OO0 aHTHOKUCIHTENHFHON aKTHBHOCTH
(AOA) BOCT cyaunu 1mo M3MEHEHUSM MPOICHTHOTO coaepkanus MJIA B
OTBITHBIX MPO0ax M0 CPAaBHEHHUIO C KOHTPOJIBHBIMU U3 pacueTa Ha 1 Mr mpezBa-
PUTENBHO OMpeAeNieHHOTo KonndecTBa Oenka [16]. Cratuctuueckyro o0paboT-
Ky JaHHBIX TPOBOJMIN TIO KPUTEPHUSIM ocToBepHOCTH Duinepa — CThIOIeHTa.

JanHble, mpuBeAeHHbIC B TaONHWIE, CBHIACTEIBCTBYIOT O CTaTHCTHYECKH
JOCTOBEPHOM TNOHMkeHUH ypoBHsI MJIA non aeiictBuem BOCT B Mo3roBoM u
MeYeHOYHOM romoreHatax (52.6 u 57.3% cOOTBETCTBEHHO).

Cornacao mosyueHHbIM pesynbTatam, AOA BOCT Heckonbko 3¢dek-
THUBHEE NPOSIBIISETCS B IEUEHOUYHOM TKaHU, yeM B Mo3roBoM. IIponecc CPO nu-
MHUJIOB B NIEYEHOYHOM TKaHU MO OTHOIIECHUIO K HOpMe Mojasisiercs B 2.34 pasza
cCuiIbHEe, a B MO3roBoii — B 2.10 pa3za.
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HN3menenue conep:xxkanuss MIIA (1M/mr 6enka) noa aeiicreuem BICT

Hccnenyemas KonTpons OmnsiT % pasuuupl o1 | Kosdduument
TKaHb (n=14) (n=14) KOHTPOJIA COOTHOILIEHUS
KOHTPOJIB/OTIBIT
Mosrosas 6.22+0.16 2.9440.12 -52.6 2.10
P<0.0001
INeuenounas 5.08+0.12 2.91+0.10 -57.3 2.34
P<0.0001

Takum o0pa3zom, MOKHO 3akitounTh, uT0 BOCT kak Oe3BpeaHOE pacTu-
TeJIhHOE CPEICTBO, OONamaromee 3HaUnTeNNbHO AOA, MOXET OBITh HCITONIB30-
BaHO IS TTOJABJICHUS YPE3MEPHON aKTHBAIMK OKHCIUTEIHLHOW CHCTEMBI, HAO0-
JOJJAEMOM TPU Pa3IUYHBIX 3a00JICBAHHUAX, CONPOBOKIAMOINUXCS 3HAYUTEIh-
HBIM HAKOTUIEHUEM JIUITHTHBIX TIEPEKUCEH.

HayuHo-TexHoIOrn4ecknii UeHTp OpraHuYeCcKOn
u papmanesruueckoit xumun HAH PA

O. M. AmupxansHs, C. C. Opakumsin, I'. A. I'roab0yaarsy,
akagemuk K. I'. Kapare3sn

JelicTBHE BOAHOI0 3KCTPAKTA CeMSAH THIKBbI HA IIPOLECC JIUITHIHOI
NMEePOKCHAAIINH B TOMOI€HATAX MO3ra U NeYeHH OeJIbIX KpbIC
B ONBITAX in vitro

IToka3zaHO, 4YTO BOJHBIC OSKCTPAKTHI CEMSH THIKBEI TIPOSIBISIOT BBICOKYIO
AHTHOKUCIIUTEIbHYI0 aKTHBHOCTh B TOMOTEHATaX MO3ra W nedeHu. [1og ux BIUSHUEM
MPOTEKAIOIME B OpraHax Peakiiu CBOOOIHOPAIUKAIBLHOTO OKHCICHHUS JIMIHJIOB B
opraHax MNpOTEKarT ObICTpee, W 0Opa30BaHUE MEPEKHCEH 10 OTHOIICHHIO K HOpPME
nogaBisitoTes B 2.10 u 2.34 pa3za COOTBETCTBEHHO.

Z. U. Udhpluwiywi, U. U. Zojuyhdjwui, @. U. Qnupoiqunyu,
wljunbuhlnu Y. @ Twpugnqui

“nudh ubpdbph gpuyht hwndyubph wqnkgnipiniup thwyhnubkph
qtpopuhnugdwi gnpépupwgh ypw ninbnnid b jjupgnid
in vitro thopdh yuydwbbpnud

Zhnmwgnunipiniiubpp wupgl) L, np nintinh b gupnh hndngitwnubpnid gnnudh
ubpdbph  opuwyhtt  hwunijubpp gmigupbpnid Eu  puwpdp  hwlwopuhnuunught
wlnhynipnil: Lpwtg wqpkgnipyudp wyy opqubibpnid pipwgnn 1hyhnutph wquwn
nunhfujuyhtt nbwlghwitpp pipuwind o wdbh wpwg b ghpopuphnubph wnwow-
gnidp inpduyh hwdbdwwn £ugynd B hwdwwywunwupwtwpwp 2.10 b 2.34 muqud:
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H. M. Amirkhanyan, S. S. Hovakimyan, G. A. Gyulbudaghyan,
academician K. G. Karageuzyan

Effects of Water Extracts of Pumpkin Seeds on the Process of Lipid

Peroxidation in the Brain and Liver Homogenates of Rats in Conditions of

in vitro Experiments

Our data obtained have shown that water extracts of pumpkin seeds have a

pronounced antioxidative activity. So they may be used in different pathological states
of organism, which are accompanied by formation of high quantities of lipid peroxides.
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Poab xoumHoBOrO 3¢pupa N-(2-meroxcndenzoni)-O-
U30MPONUI-0,B-1eruApOoTHPO3UHA B M3BMEHEHUHN KOHIIEHTPAIUH
THPEOTPONHOT0 TOPMOHA TMNO(PH3a U THPEOUTHBIX TOPMOHOB
B KPOBH JIBEHAINATHMECSYHBIX KPbIC MPHU
IKCIEPUMEHTATBLHOM I'MIIOTHPE03e

(ITpencrasneHo akagemukom K. I'. Kaparessnom 18/VIII 2012)

KarwueBrble ciioBa: mupeoudnvie 20pMOHbL, SUNOMUPEO3, MUPeompon-
HbIU 20PMOH 2UNOPU3A, XONUHOBbL d¢hup n-(2-memokcubensoun)-O-uzonponu-
0, f-0ecudpomupo3una, Heupomeouamopul.

B nacrosmee Bpemst oqHOH M3 Hamboliee PacHpOCTPaHEHHBIX MATONOTUI
muToBUAHON Jkene3bl (LK) miexonuTaromux sBiseTcs e€ mucyHKIUS — TH-
notupeos (I'TIT) — KTUHUYECKU CUHIPOM, BBI3BAHHBIN JJIUTEIHHBIM, CTOUKIM
HEIOCTATKOM THPEOUIHBIX TOpMOHOB (TI') B opraHu3me U CONpOBOKIAIOIIUICS
CHIDKEHHEM HX Owmonorndeckoro 3¢ ¢dekra Ha TkaneBoM ypoBHe [1]. Hapy-
menune ¢ynknun DK ceugerenscrByer o cHmwkennu [TIT wiam moBBITIICHHIH
(Tupeotokcukos, runeprupeos) Beipabotku TI' — Tupokcuna (T4) u TpuitoaTu-
pornHa (T3) [2]. OcoOblit HHTEpEC B CBSI3U C 3THM NPEACTABISET BBISCHEHUE
Bo3pacTHBIX ocobennoctelt perymsimun ¢dyaknuy LK mpu I'TIT. Pa3zpabarsiBa-
IOTCSI HOBBIE IOAXOMBI K JiedeHHI0 ociiokHeHHHM [TIT y pa3sHbIX BO3pacTHBIX
rpynn 6onbHBIX [3]. M3BecTHO, Y4TO CHCTEMY HEHPOIHIOKPHHHOU peryJsiiuu
kietku [4] momumo TI' ¥ CTEpOUIHBIX TOPMOHOB COCTABIISIIOT TAK)Ke Helpome-
nuatopsl (HM), B Tom umcne anetunxonud (AX), sBISIOMIMIHCS OTHIM U3 dPU-
poB xonuHa [5]. YCcTaHOBIEHO, YTO B KOPPUTHPOBAHUU COMAaTHUECKUX U HEHPO-
TCHHBIX HapyLICHUII HEBTOPOCTENICHHA POib 3()UPOB W aMUAOB XoiMHa [6],
3aCITy’>KUBAIOIIUX CYIECTBEHHOI'O BHUMAHUS C TOUKH 3PEHHUS OCOOCHHOCTEH HX
CHHTE3a U OMOJIOTMYECKOM aKTUBHOCTH. BMecTe ¢ TeM ImpoaoIKaloT OTCYTCTBO-
BaTh CBEACHUS OTHOCHUTENIBHO AeHCTBUS 3()UPOB M aMHIOB XOJMHA Ha U3Me-
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HEeHHe nokasarenell TupeorponHoro ropmona (TTI), obmero T3 u T4 B kpoBu
KPBIC pa3IMYHBIX BO3pacTHBIX rpynm npu natoiorusax DK tuma T'TIT.

IIpencraBieHHbIN aHAIU3 HEAABHUX U3YUYEHUNA HEUPONPOTEKTOPHBIX areH-
TOB TMO3BOJISET 3aKIOYUTh, YTO HYKHBI HOBBIC d(P(EKTUBHBIC CPEICTBA IS Jie-
yeHus skcriepumenTanbHoi matonoruun DK kpeic tunma ['TIT [7]. C yuérom
MyJIbTH(GAKTOPHON M MyJIbTH(Aa3HONW Moenn pa3BuTus maroioruit LIDK, Takux
kak ['TIT, 3¢ pekTHBHON MOXKET CTaTh CTPATETUS TEPAIUU XOJIMHOBBIMU MTPOH3-
BOJHBIMH [8§, 9].

Lenpro HacToOsIIEro HCCIEOOBaHUS SIBUJIOCH U3YyUCHUE ACUCTBUS OHOTO
13 MPOU3BOAHBIX XOJIHMHA — XOJMHHOBOTO 3¢upa N-(2-MeTokcuben3omn)-O-u3o-
nponui-o,B-neruaporuposnna (X2/]) — Ha m3menenus nokaszareneit TTI, o6-
mero T3 u T4 B kpoBu ABeHaAaTUMECSTUHbIX KpbIc pu ['TIT.

Uccnenosanus npoBeneHsl Ha 50 ABEHAALATHUMECSYHBIX KpPbICAX-CAMIAX
(muann Buctap, maccoit 200 — 220 r). I'TIT BbI3pIBasics MyTE€M MPOBEICHUS TH-
PEOUASKTOMUU. TUPEOUIIKTOMUS OCYILIECTBIISUIACH MO CIACAYIOLIEMY alrOpUT-
My. Js mpoBeseHusT omepanuy KpbICH 1MoA (pHUPHBIM HApKO30M (PHKCHpPOBa-
Jvch B nojioxkeHuu Ha cruue. Joctyn k 2K ocyiectBiisiiicss yepe3 pa3pes3 Ko-
KA B O0JIACTH e JUIMHOW okoiio 3.5 — 4 cm. 3arem oOHaxanachk 11K, ort-
MperapupoBaMCh 2/3 e€ JacTh ¢ COXpaHeHHEM NapalluTOBUIHBIX JKeJE3, OT
KOTOPBIX C TIOMOIIBIO OCTPBIX HOKHHUI[ OTCEKAIHUCh JIOJH, ITOCIE Yero Mo Kax-
Y10 U3 HUX MOABOJUIUCH JUTaTyphl. PaHbl mocnoitHo 3ammuBanuch. JKUBOTHEBIE
XOpouo nepeHocunu omepanuio u coycrs 0.5 — 1 4 mocie omepauuu moj-
XOIIMJIM K KOpMY W Boje. Tupeommdkromust Oblia npoBeneHa v 40 kpoic. JXKu-
BOTHBIC OBUTH pa3zelieHbl Ha 3 MOMOMBITHRIE TPYIIEL: 1) HHTAKTHBIEC JKUBOTHEIE
— 10 sx3emriutsipoB; 2) kuBoTHble ¢ ['TIT, He moiydaBIIME KaXKJOTHEBHBIX
nasekmid XOJ] — 10 sx3emrsapos; 3) xuBoTHBIE ¢ ['TIT, momydapmme X3/ B
noze 200 MKr/kr maccel Tena B TeueHue 14 mueit — 30 sk3emmsapos. Ilocie
TUPEOUAIKTOMUN U okoHYaHus naun XOJ[ y Bcex 50 kpbic ObLTH MPOBEACHBI
JeKanuTanus 1 cOOp KpoBU. B CHIBOPOTKE C MOMOIIBI0 UMMYHO(EPMEHTHOTO
Meroma ompenensuiack kouneHntpamus TTI, obmero T3 m T4. IlomydeHHBIE
JIAaHHBIC TOJBEPraliuCh CTATUCTHYECKOW 00paboTke B cucteme Statistica for
Windows, ¢ mpumenennem pacnpenenenus [lyaccona u kpurepus [lupcona.

Tupeon PKTOMUS Y KpBIC 2-i MOJONBITHON IPyIIIBI MPUBOIKIIA K MOSBIIC-
HUIO XapaKTepHbIX cABUTOB B coxepxkanuu TTI u TI' B kpoBU, KOTOpBIE OTpa-
’kanu Bo3HMKHOBeHUe y HuX coctosinug I'TIT. Kak Buano Ha puc. 1, b, Tupeou-
JPKTOMUS TIPUBOJMIIA K 3HAYUTENbHOMY MoOBBIIIeHHI0 comepxanus TTI (ma
328.5 %) B CBIBOPOTKE KPOBU KPBIC TAHHOMW IMOJIOTBITHOMN TPYIIIILI, COACPKAHUC
obmero T3 monmxkanock Ha 111.1%, a obmero T4 —na 145.8 % mo cpaBHEHHUIO
C WHTaKTHBIMU XUBOTHBIME (puc. 1, A). ITocne BBemenus XOJ[ B moze 200
MKTI/KT Macchl Teja B TeueHue 14 nHed y Kpbic 3-i OJOMBITHON TPYyNIbl ObUIH
OTMEUYEHBI CleAylomue nokasarenu: coaepxkanue TTI B kpoBH cocTaBUIIO
115.3% 1o cpaBHeHuIo ¢ HOpMOH, puHsATON 3a 100 % (puc. 1, A); conepxanue
obmero T3 cocraBuio 96.2 %, a obuiero T4 — 89. 3 % (puc. 1, B).

Takum o00Opazom, npumeHenne X3/ cmocoOcTByeT HOpMaIH3alWH BhILIE-
yKa3aHHBIX nokaszateneid TI' B KpoBU IBEHAALATUMECSYHBIX KPBIC U MOBBIILIAET
nokazarenu TTI mo cpaBHenmio ¢ HOpMmoi Ha 15.3%. IlomydeHnsie pe3yib-
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TaThl MOTYT OBITh YUYTCHBI B KJIMHUYECKOW NPAKTHUKE, MPU MPOTHO3UPOBAHUHU
TEYCHHUS W HMCXO0Ja (PYHKIIMOHAILHOTO BOCCTAHOBIEHHS Y JIHI] C ITaTOJIOTHEH
K, rakoi, kak I'TIT.

s+ A = B

T
T3— 0
T4—l

MHTAKTHBIE  ITIT xan

Puc. 1. V3meHeHHs1 KOHIIEHTPALMU THPEOTPOITHOTO TOPMOHA TUIIO(H3a U THPEOHTHBIX
TOPMOHOB B KPOBM JBEHAIIIATUMECSUHBIX KpbIC B HOpME (A), npu runotupeose (b) u
rocie JeWcTBHs XonnHOBOro 3¢upa N-(2-metoxcubenszon)-O-uzonponui-o,3-1erum-
poruposuHa (B). KoHueHTpamust THpeoTponmHOTO TropMoHa THno¢u3a BbIpaKeHa B
MME/M71, TpUHOITHPOHWHA — B HI/MII, THPOKCHHA — B MKT/MJIL.

'MucTutyT npukiaassix npodaem ¢pusuxkn HAH PA
zHay‘iHO—TeXHOJIOFI/llIeCKI/Iﬁ LEHTP OpraHu4YecKon
u papmanesriueckoit xumun HAH PA

T. C. Xauatpsn, B. O. Tony3sn

Posb xonunoBoro 3¢pupa N-(2-meTokcndenzonn)-O-uzonponui-o,p-
HeruIpoTHPO3NHA B H3MEHEHHU KOHUEHTPALMU THPEOTPOIIHOTO0 FTOPMOHA
runogusa U THPEOUAHBLIX TOPMOHOB B KPOBH /IBEHAAIATUMECSYHBIX KpPbIC

NPH IKCIEPUMEHTAJbHOM IHIIOTHPeo3e

HccemoBamich 0COOCHHOCTH KOHIIEHTPAIIMH THPEOTPOITHOTO TOPMOHA THITO(hH3a
U TUPCOUIHBIX TOPMOHOB B KPOBU ABCHAAUATUMCCAYHBIX KPbIC C SKCIICPUMCHTAJIbHBIM
TUIIOTHPEO30M [I0 U TOCJIe MHBEKIUH XOIHMHOBOrO 3dupa N-(2-merokcubenzomn)-O-
H30TPOITHJI-O,3-IeTHAPOTUPO3UHA. Y CTAHOBICHO PE3KOE MOBBINICHHE YPOBHS THPEOT-
POITHOTO TOPMOHA THUTO(H3a M PE3KOE TIOHMKEHHE YPOBHS THPEOHIHBIX TOPMOHOB B
KPOBH, a TaKkKe MOHIKEHHE KOHIIEHTPAIIMH THPEOTPOITHOTO TOPMOHA THITO(H3a U IO~
BBIIIIEHHE YPOBHS THPEOMTHBIX TOPMOHOB.
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S. U. vusuunpyuily, 9. O. @nthniqpuiy

£n1huh tuptp N-(Utpnpuhptiqnhy)-O-hqnuypnuyhi- a,p-
nthhnpnphpnghth ntpp hhthnphgh phpnhr hnpuntih b quihwbulugtndh
hnpunuiitph puyuypmipjui hnthnpjdwi ke muubtplnt wduwljwi
wntbkwnukph wppud ke thnpdwpwpului hhthnphptngh dudwiuy

Zhwnwgnuty E hhthndhqh phpnhn hnpunth b Jwhwbwlwqgbndh hopdnbbbph
pununnipjul wunhdwip tplnt wduwjuwb wetbnttph wput ke, thnpdwpwpuluh
hpihnphptingh wwydwbtkpnud, pnjhup fuptp N-(Ukpnpubptiqnhy)-O-hqnuypnupy-a.p-
nkhhnpnphpnghtt oquuugnpstinig wnwye b htwnn: Mwpqyl) E np wpyub dby wbnh L
niuikuind hhthnbhqh phpnhny hopunth pununpoipjut jupniy wd b yuhwbwljuqtndh
hnpunbubph punuppmput Yupnly tjugnud, wnbtnh b nibbind bwb hhthndhqgp
phpnhn hnpunuh pununpnipjut fupnly tWwugnid b quhwbwlwgkndh hnpunuubph
pununnipju jupnil) ws:

T. S. Khachatryan, V. O. Topuzyan

Role of Choline Ester N-(2-methoxybenzoyl)-O-isopropyl-a, B-
Dehydrothyrozine in Changes of Concentration of Thyroid-Stimulating
Hormone and Thyroid Hormones in the Blood of
Twelve-Month Rats with Experimental Hypothyroidism

The features of concentration of thyroid-stimulating hormone and thyroid hormo-
nes in the blood of rats with experimental hypothyroidism before and after injections of
N-(2-methoxybenzoyl)-O-isopropyl-o,B-dehydrothyrozine choline ester were investiga-
ted. The sharp increase of the level of thyroid-stimulating hormone and the sharp drop
of the level of thyroid hormones in blood, as well as the drop of thyroid-stimulating hor-
mone concentration and the increase of the level of thyroid hormones was established.
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Introduction. The importance of bacteria resident in human and animals
gut is becoming progressively more known. The bacteria play a number of vital
roles in organism and protect it from "unfriendly" attacks such as disease-borne
bacteria, parasites, viruses, yeasts, and fungi [1-4]. Food is mainly digested in
midgut of the digestive system of mosquitoes. The species from the family of
Enterobacteriaceae: Citrobacter, Enterobacter, Escherichia, Klebsiella, Serra-
tia and Morganella were found in midgut microflora of various inspects [1,5].
According to investigations, despite some studies have described a negative
impact of midgut bacteria on host insect-organism [5,6], the microorganisms
play vital roles for many insects, too [7, 8, 9]. Besides the simply moving
through alimentary canal and sugar metabolize, there is a more complex of
bacterial interaction in metabolic process of mosquitoes ,and the drop in ROS
levels following blood feeding is an adaptation to reimburse for the ingestion of
the pro-oxidant meal: blood [10]. Bacteria may be important for the develop-
ment of the larvae [11], for high and normal fecundity of mosquito and it may
be source of mosquito semiochemicals [12]. The diversity of inspects’ gut bac-
teria differs within inspect species and populations and the mechanisms of its
actions in host organism are also different.

The map of malaria-endemic countries is presented in Malaria-endemic
countries [http://wwwnc.cde.gov/travel/yellowbook/2012/chapter-3-infectious-
diseases-related-to-travel/malaria.htm].

Plasmodium vivax is the only cause of malaria cases in Armenia, and
An. maculipennis is the dominant malaria vector among An. superpictus, An.
claviger, An. sacharovi, An. Hyrcanus and An. Plumbeus here. Taking into
account also the important role of various Proteobacteria, including En-
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terobacteriaceae species from mosquito gut microflora on inhibiting the
development of Plasmodium [4], the aim of these investigations was to
characterize the predominant Enterobacteriaceae isolates in midgut micro-
flora of Anopheles mosquitoes from the different regions of Armenia,
collected during the summer of 2011.

Materials and methods. Mosquitoes collection and processing. The
mosquitoes’ samples were collected from five locations: Lori, Syunik and Va-
yots dzor regions in summer, 2011 (Figure).

For the isolation of bacteria on Anopheles mosquitoes, the 5 pools mos-
quitoes of 10 mosquitoes each were homogenized in 1.5 ml of phosphate buf-
fered saline (PBS), resuspended it again in 1,5 ml Luria—Bertani (LB) medium
(10g tryptone; 5¢g yeast extract; 10g NaCl per liter; pH 7.5).

During the midgut bacterial investigations, the mosquitoes were sterilized
3sec. in 95% ethanol, and dissected under the microscope. The midgut extracts
in 100 pl sterile PBS solution were vortexed for 2 min. The debris was removed
by low-speed centrifugation (700xg, Smin) and the supernatant was serially
diluted in PBS. The number of colony forming units (CFU) of Enterobacteri-
aceae was determined by colony count of dilution series from fresh extracts
applied to MacConkey agar plates with further use of the selective media,
antibiotic discs and conventional biochemical testing [13,14]. Gram staining
and motility for the identification of Enterobacteriaceae species was also
performed, and the Enterobacteriaceae on An. mosquitoes and its midgut
microflora were investigated utilizing a culture dependent pathway.

I nvestigations on bacterial growth. Bacteria were grown in LB medium at
pH 7.0, 9.0, 9.5, 10.0 and 10.5 as described earlier. The pH of medium was
adjusted by using NaOH or HCI. In order to assess the role of different carbon
sources in the bacterial growth, the cells have been grown in M9 medium with
addition of Glucose, Lactose, D-Mannitol, D-Sorbitol, (+)-Xylose, L-(+)-Arabi-
nose or Dulcitol [13].

The susceptibility to the next antibiotics: tetracycline 15 pg/ml (Oxoid),
doxycycline 15 pg/ml (Biomerieux), amoxicillin 25 pg/ml (Biomerieux), ampi-
cillin 35 pg/ml (Biomerieux), kanamycin 50 pg/ml (Oxoid), gentamicin 50
ug/ml (Oxoid), chloramphenicol 30 pg/ml (Oxoid), streptomycin 50ug/ml
(Oxoid) were tested during the investigations. The cells were plated on LB-agar
with corresponding antibiotics and inspected for growth after incubation for 24
hat37°C.

Statistical analysis was performed using the CHITEST (null hypo-
thesis). The probability of p<0.05 was to reject the null hypothesis.

Results and Discussion. The Klebsiella, Edwardsiella and Escherichia
species were revealed on mosquitoes and its midgut microflora during our in-
vestigations (Table 1).
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According to literature data, Enterobacteriaceae species, presented in mos-
quito midgut, may pointed out as pathogens of mosquitoes and may negotiate
the ability of Plasmodium to establish infection with different mechanisms [3].
Mosquitoes, treated with antibiotics, became more susceptible to Plasmodium
infection [4]. The presence of Klebsiella and Edwardsiella species in midgut
microflora of mosquitoes, collected in Armenian regions, possibly influences on
Plasmodium infection here. At the same time, Escherichia found only on mos-
quitoes, which could be result of environmental contamination (Table 1).

Table 1
Predominant Enterobacteriaceae isolates identified during the investigations on
Anaphales mosquito, collected from Armenian regions during the summer of 2011

Enterobacteriaceae isolates
Fioletovo . Vayk
. Sarnanunk Gexi
. Tashir (LORI . . (Vayots
Bacterial
actenia (LORI region) region) (Sygmk (Sygmk Dzor
sources region) region) .
August, 2011 August, June. 2011 June, 2011 region)
2011 une, une, June, 2011
mOSOL?i‘[OGS Edwardsiella | Klebsiella Klebsiella Klebsiella,
q Escherichia | Escherichia Edwardsiella | Edvardsiella
In midgut Edwardsiella | Klebsidlla | Klebsiella | Klebsiella Edvardsiella
microflora

The anterior half of the larval mosquito midgut, in opposite of most other

organisms, has a 10.5-11.5 luminal pH, that probably is conditioned by presence
of bicarbonate/carbonate in gut lumen [15]. Taking into account this data, the
growth of revealed Enterobacteriaceae isolates at pH 7.0, 9.0, 9.5, 10.0 and
10.5 of growth medium during our future investigations were studied. As have
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shown the results of these investigations the isolates keep their growth abilities
in pH 10.0 of LB medium. 17 % of these isolates was resistance two or more
classes of investigated antibiotics.

during the last years (Table 2). In spite of there is not data on human
infection in different locations of Armenia during the 2011, we assume that the
increasing number of infections might be conditioned by the high number of

Table 2
Results of prophylactic examination of children at the age
of 0-14 years old in Armenia*
Diseases 2006 2007 2008 2009 2010
Infec‘g(.)n apd 36552 28386 28791 28538 32776
parasitic diseases
Blood diseases and
other hematogenic 4631 4765 4847 5303 3372
disturbances
Dlgestlve organs 17137 15442 15289 14899 16268
disorders
Urogenital disorders 3728 3953 4484 4576 5115
Skin infection and
underskin 9955 10020 179 | 12637 | 14065
fat diseases
Osteo-muscular and
connective tissue 1469 1295 1227 1240 1466
disorders
Number of diseases
per 100 000 39713.6 | 410016 | 437851 | °13799 | 514609
children - total

* http://www.armstat.am/file/doc/99466648.pdf (Yearbook of Armenia-2011)

opportunistic pathogens in ecosystem.

Malaria infections remain one of impactful vector-borne disease over the
world. Current investigations necessitate the significance of studies on
microbiology of mosquitoes and soil and animals surrounding of mosquitoes in
malaria-less regions.
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K. A. Harutyunova, M. A. Harutyunova, A. Z. Pepoyan,
A. G. Grigoryan

Characterization of Enterobacteriaceae Isolated from Anopheles
Mosquitoes in Armenia

The effect of various types of Enterobacteries which were isolated from the intes-
tinal microflora of mosquitoes, on the growth and development of Plasmodium was exa-
mined. Samples of intestinal microflora of the mosquitoes were collected from different
regions of Armenia: Lori, Syunik and Vayots Dzor.

It was found that the presence of samples of Klebsiella, Escherichia and Edward-
siella in the intestinal microflora of the mosquitoes, inhibit the growth and the develop-
ment of plasmodium infections and, thus, prevent the development of malaria.

Y. U. Zwupnipyniundu, U. U. Zupnippoiunduw, U. Q. @thnjud,
U. Q. Gphgnpyuit

Zuyuutnwind hwjuwpwd Anopheles mbuwljh Udtnukh wnhpuyhe
dwupktubph dEnruwugnidp b pimipwghpn

Zhnwgnuyt) E dwpuphuyh ddbnh wnhpuyhtt dhpndinpuyhg wnwbdimgpus
wnwppkp nmbkuwlh Funbkpndwiptubph wqpbgnipniip wpuqunphwibph wsh b qupqug-
dwl Jpu: Uwquphuyh ddnh dpypndinpuyh wdnpubpp Jipgws b Zuywunwih
wwppbp dwpqtphg® Lnhhg, Upntithphg, Swjng 2nphg:

NMupqyty & np dwquphugh ddtinh wnhpuyhtt dhjpndinpuynid wnlw Klebsiella,
Escherichia Edwardsiella Eunnkpndwptubpp jungpungnuinid tu wjjuqunnphwiubph wqnt-
gnipniihg wnwewgws Jupuwlh wéht b qupqugdwip, wn pynud twh dwpuphwgh:

K. A. ApyTionoBa, M. A. ApyTioHOBa, A. 3. [lenosin, A. I'. I'puropsin

Boinenenue n xapakTepucTHKA KHIIEYHBIX 0aKTEPHiT KOMapoOB poja
Anopheles, coOpaHHBIX B ApMeHHHT

HccnenoBaHo BiIMSHME Pa3NUYHBIX BUAOB SHTEPOOAKTEPHH, M30JIMPOBAHHBIX M3
MUKPO(MIOPHI KUIIEYHHKA MAIIPUHHOTO KOMapa, Ha POCT U pa3BuTHE Twiazmoauit. [Ipo-
061 MUKPO]IIOPHI KUIIEYHUKA MAIIPUHHOTO KOMapa OTOMPAINCh B PA3IHMYHBIX PEruo-
Hax Apmenun: Jlopu, Cronuke u Baiior [30pe.

BersicHMIIOCH, 4TO Hanmuuue B MHUKpO(IIOpe KUIIEYHHKA Majs[pUHHOrO Komapa
Klebsiella, Escherichia Edwardsiella uHrubupytoT poct u pa3BUTHE IIa3MOHUIHBIX WH-
(bexuuii ¥ crefoBaTeNbHO NPENATCTBYIOT Pa3BUTHIO MAJISPHUH.
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Introduction. LVV-hemorphin-7 (LVVH7) and hemorphin-7 (H7) are
members of the hemorphins family, an endogenoius nonclassical opioid pepti-
des, derived from hemoglobin (Hb) and exhibiting a multiple functions (For
Review see Ref.[1]).

Earlier it has been established that Ca**/ calmodulin (CaM)-dependent pro-
tein phosphatase calcineurin is a key enzyme underlying the molecular mecha-
nism of hemorphins action in the brain and immune system [2]. Hemorphins in
vitro were shown to modulate calcineurin activity by binding with CaM, exhi-
bitting a concentration-dependent biphasic response on enzyme activity.

Recently, it has been shown that hemorphins act as homeostatic agents in
response to endotoxin-induced stress [3]. It has been reported, that endotoxin
((lipopolysaccaride, LPS) administration activates calcineurin [4]. Increased
activity of calcineurin in both plasma and brain of rats, received ip LPS, was
recovered by treatment with hemorphins [3]. Calcineurin controls gene
expression of several cytokines, including IL-2, tumor necrosis factor
o (TNFa) and others via dephosphorylation and nuclear translocation of
NFATc (nuclear factor of activated T cell) family members [5]. NFAT
transcription factors cooperate with AP-1 (activator protein-1), and NFkB
transcription factor, which plays a critical role in the expression of IL-2, TNFa
and other cytokines on gene transcription level [5]. The involvement of
calcineurin and transcription factor NFxB in immunological synapse formation
has also been reported [6]. In its inactive form NFxB consists of three-subunit
complex, consisting of 50 kDa (p50) and 65 kDa (p65; RelA), and inhibitory
subunit, called IkB (IkBa or IkB). The NFkB complex is located in the cytosol
and is activated when IkB is induced to dissociate from the complex. The p50-
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p65 dimer then translocates to the nucleus and binds to 5’ regulatory elements
consisting of the decameric sequence in genes responsive to NFxB [7-8].
NFkB/Rel proteins share a highly conserved 300 amino acid long N-terminal
Rel homology domain (RHD) responsible for DNA binding, dimerization, and
association with inhibitory proteins. In resting cells most NFkB/Rel dimmers
are bound to IkB and retained in cytoplasm. It has been shown, that calcineurin
mediates NFxB activation [9] in LPS-stimulated mouse peritoneal
macrophages. The involvement of calcineurin and protein kinase A (PKA) in
the regulation of NF«B activity was found in human monocytes as well [10].
Moreover, p-opioid receptors (MOR) agonist [-endorphin induced
hyperphosphorylation

and rapid degradation of IkBa in human monocytes was reversed by inhibitors
of calcineurin and PKA [10]. It has been reported that hemorphins have a
capacity to induce P-endorphin release from pituitary into circulation [1]. It
addition, we have shown that H7 induces activation of DNA binding ability of
NF«B in stimulated Jurkat T cells [11]. Because the action of hemorphins are
more pronounced in pathophysiology, so that it is considered advisable to study
DNA binding activity of NFxB in brain nuclear fraction of endotoxin-induced
stress, by using NFkB/p65 Active ELISA Kit.

Materials and methods. In the experiments were used rats, Wistar line
both sexes, weighing 180-220g at the time of experiment. Rats, provided by the
Animal House of the Institute of Biochemistry of NAS RA, were caged in
groups of 5 with food and water given ad libitum. The animals were kept at 22°
C on a 12 h light-dark cycle. Experiments were conducted between 09:00 and
14:00 h. Stress was induced by single intraperitoneal (ip) injection of LPS (0.5
mg/kg). Rats were randomly divided into 4 groups (n=10 per group): the first
control group received ip injection of an equivalent volume (0.5 ml) of 0.9%
w/v saline; the second group received ip injection of LPS; the third and fourth
groups received simultaneously ip injection of LPS with either LVV-
hemorphins-7 or hemorphin-7 (1mg/kg). Animals were sacrificed at 4 h after ip
injection of saline, LPS and LPS+hemorphin. The brains were rapidly removes
frozen and stored at -70° C until use.

The brain tissue lysate preparation, nuclear fraction collection and the
measurement of NFxB (free p65) in the brain tissue nuclear fraction were done
using NFxB/p65 Active ELISA™ Kit (IMGENEX Corporation, San Diego,
CA) according to the manufacturer’s recommendation.

Statistical analysis. The results were expressed as the means £ SEM. Data
were analysed statistically by one-way ANOVA, using GraphPad Prism 4
software. Statistical significance indicates p < 0.05.

Results and discussion. As one can see from the Fig. 1, ip injection of
LPS (0.5mg/kg) in combination with H7 or LVVH7 (1 mg/kg) induces the
increase in expression level of NFxB (2.3 fold for LPS+H7 and 2.2 fold for
LPS+LVVHT7 respectively) in brain tissue nuclear fraction, in compare with the
level of NFkB in the brain of rats in control group, received ip injection of
saline. LPS administration alone induces increase in NFxB level 1.52 fold only.
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Interestingly, MOR agonist morphine was reported to modulate NFxB
activation in macrophages [12].

12 4

10 4

NFKB p65 (ug/ml)
R

Control LPS LPS+H7 LPS+LVVH7

Fig.1. The regulatory influence of LVVH7 and H7 on the expression level of
NFkBin rat brain tissue nuclear fraction in response to endotoxin-induced stress.

It seems very likely, that hemorphins, likewise B-endorphin[10], have capacity
to activate NFxB-dependent transcriptional processes in response to stress. It is
well known an antiapoptotic function of NF«B [13]. It should be emphasized,
that very recently, our data obtained give us reason to suggest, that hemorphins
may induce apoptosis of cancer cells [14]. In addition B-endorphin has also
been recorded to increase apoptotis in lung cancer [15] as well. Moreover, it is
suggested, that the role of calcineurin in NFkB activation could be cell type-
and/or stimulus specific in LPS-stimulated macrophages [9]. It is proposed that
different effect of hemorphins and B-endorphin in LPS-induced stress and in
pathophysiology of cancer may depend from type of disease as well. Both
hemorphins and B-endorphin are members of endogenous protective system of
the organism and in pathophysiological conditions (e.g. stress, infection,
inflammation, cancer and etc.) they serve as one of factors that switch on the
compensatory systems in the organism, in order to recover homeostatic
disturbance.

H. Buniatian Institute of Biochemistry of NAS RA
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2. Z. Qupuipjuit

Untutwnttph mptnmd NFkB inpuuljphujghnt qnpénth tpuwyptuhugh
Jupwinidp htunpdhuukph Ynnuhg h yuunuwuwt  tunnuinnpupiing npwbdus
upphkuh

8nyg t npjws, np LPS-h (0.5 Uq/llg) hwidwwnbkn Gkpnpnduyiughtt thpuplnudp
htaunpdhuh (1 dg/jq) htn jupwund E NFB-h Epuyplupwit nintinh Ynphquyhtt dpul-
ghuynid (2.3 wbqud LPS +H7-h hwdwp b 2.2 whqud LPS +LVVH7-h hudwp, hwdw-
wuwnwupwbwpwip) b hwdkdwwn NFkB-h pwtiwljh hbwn unnighs jadph wntbtntbph
nuptinnud, npnbp wnwgly Eht 0.9%-ng NaCl: Uhuyt LPS-h Ubkpupynid unnugud wn-
ubintkph Unn NFkB-h pwbwlp wikutnud Ep 1.52 whqud: Unwugjus ndjujikpp
Jyuymid Eu uybt dwuht, np hkdnpbhutitpp mbwl Eu japwubk; NFkB-Jupuyw) ipubu-
Yphyghnt ypngkuttpp h wunuupwub uppbuh:

. A. 3akapsH

Crumyaanus remopunamu 3xcnpeccnu NFkB TpanckpunumnoHHoro
(haxTopa B MO3re KpbIC B OTBET HA SHAOTOKCHH-HHAYLIIMPYeMBbIii cTpecc

IMToka3aHo, uTo coBMeCTHas BHyTpuOprommuHas uabekuus LPS (0.5 mr/kr) ¢ re-
MopbuHoM (1 MI/KT) BbI3bIBa€T 3HAUMTEIbHOE MOBbIMIEHHE 3Kcnpeccud NFxB (B 2.3
pa3a i LPS +H7 u 2.2 paza i LPS +LVVH7, cooTBETCTBEHHO) B SAEPHOH hpakuuu
Mo3ra Kpsic ¢ LPS-MHIyNMpOBaHHBIM CTPECCOM IO CPaBHEHMIO C KOHTPOIbHOH IpyI-
noit kpeic, nomyduBiux 0.9%-ubiii NaCl. Uabsekuus LPS B OTIENbHOCTH BbI3bIBAJA
nosbleHue sxcnpeccur NFkB B 1.52 paza. IlonyueHHbIE 1aHHBIE CBUIETEILCTBYIOT O
CIOCOOHOCTH reMOpP(UHOB CTUMYIMPOBATh akTUBalMi0 NFkB-3aBUCHMBIX IPOLECCOB
TPaHCKPHUIILIUK B OTBET Ha CTpecc.

H. H. Zakaryan

Hemorphins Stimulate the Expression Level of NFkxB Transcription Factor
in Rats Brain in Response to Endotoxin-Induced Stress

It has been shown that intraperitoneal (ip) injection of endotoxin
((lipopolysaccaride, LPS) (0.5mg/kg) in combination with H7 or LVVH7 (1 mg/kg)
induced the increase in expression level of NFxB (2.3 fold for LPS+H7 and 2.2 fold for
LPS+LVVHT respectively) in nuclear fraction of brain tissue, in compare with the level
of NF«xB in the brain of rats in control group, received ip injection of 0.9% w/v saline.
LPS injection induced the increase of NFkB level at 1.52 fold only. Data obtained
indicate that hemorphins have ability to activate NFkB-dependent transcriptional
processes in response to stress.
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U. U. Tunpupuail, 0. U. Twqupu!?, U. U. Ghundjui!

Uwpnnt oh&ntljuhtt wypnidhuth wpunwunpnipjui
JEhuwntutininghuljwt tnwbwlutpp b hipwuwpbbtpp

(Lkpyuyugyws t 22 QUU prp. winud U. 2. @nynijuth Ynnuhg 20/VIII 2012)

Unwhigpuyht punbp. dwpnn: ppdntjuypll uypnidhl, npubugliu-
Jhl pphid, Fpuwypbupw, wylhnhnjophnuq $lpukinn, Pichia pastoris:

Uwpnnt oh&dnitjuyhtt wypnwdhup (Human serum albumin-HSA) wp-
jmt yuquuyh hhdtwlwt uywhwwlnigh E nph Ynbghinpughwib
wpub vyhwnwlnigubph juqunid wdkbwpwpdp mnlnut £ juqunid b
wwwhnynid £ wjuquuyh oudnwnhly £upnudp [1]: Ujh hpujubwgunid E
uh wpp Wniphph dhinfuwnpnudp, wyy pYod npnp ughnwyoigikph b
wnwppkp hntubph, whqubunubph (phihenipht), hopdnuubph (Jubhwbw-
&l gbindh hnpunuubp), unbkpnhnubph, wquun Swpyuwppniutph, htyybu
twl opquuhqd dwnws uhuptwnhl phnuiynipbph thnppwnpnudp [2]:
Uwpnnt sh&nijuyhtt wypnidhth Epponpn jupbnp $niujghwts wyt E np
wpnidhp hwpniun b wpwg hpugynn vyhwnwlnigujhtt ywhbun L
Uppnudhtip odndws E twlk §niyniquginng b htwljnhjugunng hwwnlnt-
pintuitipny, hkwmbwpwp btpw Ynughtinnpughuwyh hokignidp dkdwgunid k
wpub yuquumud ygupnibwlynn wquun, JEuwpuinpbit wljnhy
dvhwugnipjniuitinh, wyn pynud twb wgptuhy ynipbkph pwbwlnipniup
[2,3]:

Ujuyhuny, dwpnnt wpjut wjuquugh shdnitjuyhtt wypnidhp pug-
dwdnijghntiwy, puguuwlut thgpuwynpws, wshuwgpwsuughtt dhw-
gnpn syyupnibwlnn nuskih uyhwnwlnig k: Uyt juqudws £ 585 wdhuw-
ppYwiht dtwgnpy wwpnitwlng onpwhg, npnughg 35-p ghunthuu k
npnup wnwowgunid kb nhunybhnuyhtt juybp Junibwgubing wipni-
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dhth Eppnppujhtt juenigwspp: ASA-h dnjkynyujhtt quuqduép Jug-
Unud £ 66,5 T [3,4]:

ZEnwgnuumpinibubph wpyniupubpp [4] gnyg L widk), np wput
oh&nijuyhtt wypnidhtip Ynpuynpnn ghutt odndws E pwpdp wnjhunp-
$hquny, b ukpjuynidu hwynbwpkpqus tu tpuw wydkjh put 30 ghuk-
nhljulut nwppbpulutp (wnwpnidhuttp):

Unnne dwppjutg wput wjuquuynid ASA-h §nughunpughwi
hwutinid E dhtsh 42+3.5 q/1-h: Snipwpwbynip ywhh wpjut hnupnid
opowbwnynid £ Udnwn 160 q ph&nijuyghtt wypnidht [5], b tpw fhuw-
wnpnhdwt mbnnmipniup 19-20 op k:

Upuwt ohdnijuyhtt wypnidhtp juyt hpwpnipnit nith gnpéstw-
Jub pdoynipjutt mmwuppbp npnpunbbkpnid” pnidwuljut ywpulunhjuynd®
funpnp wjpywsplbph, htnpwughly onlh, hhynypnnkhubdhugh b yunh
Enhppnpjuuningh, huswybu twb jjupnh ghpngh htwnbwipny wnwow-
gué wughwnh pniddwt, wpjub wjuquuwjh oudnnhly Lupdwt Ypulwb-
gudwt tywwnwlny: Npubtu hudbnid wyt oqgunugnpdynid k bl yun-
Juunwiympbph b uyghnwlnigujhtt pnidhy yphwwpwwnubkph, htyybu
twl YEpohuubkphu unwgdwtt hwdwp oquugnpéynn utiinuyhtt dhow-
Jujptph ququh dbg [4,5]:

Chénijuyhtt wpnidhip hhdtwjwinid vnnwtnd Bu pnunpuljut
wpnitihg: Uwluyl, tbpiuynidu wdpnne wpjuwphnd gnunpuljut wp-
jut jupun wuwfuwu £ qqugynud, husp juudws b gnunpubph pih
thnppugdwt b pnunpujut wpyuwb tjundwdp yuhwiywpyh dkswg-
dwt htn [4-6]: Inunpuljub wpnithg uinugus wpnidhth Jhpundwh
uwhdwtwthwlnidubpp quydwbwynpyws tu ny dhuytt tpw pupdp
huptwpdtpny, wj] twb wyt hwiqudwipny, np ppuihg unugus
ypbwwpuwwnbph dhongny ntghyhbunmhtt htwpwynp k hudbklghnt
wgkunttp hnpuwbgl], dwubwynpuwybu puntbwjhtt wbpwduwpupne-
piut (UPUY), hbyyuunhwnh b uh owpp wy yhpniutkp [7]:

dtpnhhojuh htinn juwyydws Yhuhjuljui b mbntuwfuit nbuwb-
ntuthg wpwyl] dbs wywbwlimpnit b uvnwind dwdwiwlulhg
JEhuwnkfubninghwlwlb Enuwbwlakpny uvnwuguws uyhwnwlniguht
ypbwywpuwwnibph ognugnpénidp: Lhpjuynidu wppnwphnid wnljw Uh-
nnidubphg Jupth £ Gupwnnt], np dnn dadwbwljubpu nknh nitbiw
wpniihg unugué yphkywpuwnitph wunhfwbwjut hnppowphtnwd
nhnUphttwtitnuyhtt uyhwnwlniguhtt wpunwnpupubpny:

Ukpjunudu jEtuwnbtuninghwljut fwtwwywphny dwpnnt oh-
&nijuyghtt wypnidhtth uvnwgdwt hwdwp dowldl Eu b owpnibwlynid
kb wplownwtiputpp Uh owipp wppynitwybn wpnunpuljut tnubwl-
ukph unbnddwb munnnipjudp: Ujuybu, JEpghtt mwubwdjulnid dpwly-
Jb] Eu dwpnpnt wpjubt oh&nijuyhtt wipnidhth uvnnwugdwt unp Enw-
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twlubp, npnup hhduJws tu Escherichia coli [11], Kluyveromyces lactis
[12] (quwnkuwn US 6,686,179, 2004 1.), Saccharomyces cerevisiae [13]
(quwntuwn US 7,045,318, 2006p.), Pichia pastoris Uplpnopquihqulubpp,
npwbtughiughtt YEunwuhubtph [14] b poyubph [15] dhongny wyy
ughwulnigh uhtiphah ypuw: Pulnkphublpp, (hikng wpniwphonhy
opquithquubp, punnitwl skt hpujuwbwgubjnt Etnijuphnwun opquthqu-
utph uywhwwlnigubphtt punpny hEkwnwnpwbujughnt dnnhbhljughw:
Pwugh wyn ywpnynighin ypnlwuphnnhl snwdubph gupdwbtwlwt wje-
nwdtunipjudp odnwsd (hubnt wuydwbbbpnd nEindphtwtwnwght
ugyhunnwlnigubpp Jupnn bt wwupnitwlb] Lugnunpuhuubph  juwn-
unipnubp, nph hbnbwupny pwlunbphwy dwguwt pkindphttwbitnuht
uy hwnnwlnigubph Epjupunb ogunugnpénidt ninklgynid £ whgwulw-
1h Ynnuuwlh wqptgnipniutpng b vwhdwbtwthwlnud L wpynibwpk-
pulut tnuwtwlh yEpwsybint htwpwynpnipjniun [8,14]:

1981 p. wdbkphljmt Genentch puljipnipjut Ynnuhg wnwehtt wb-
qud rASA-h qkup hwonnnmipjudp tpuypbuhwjh b Gupwpldty £ coli
Epuypbuhnt hwdwluwpgmd b wwnbkunwynpdt], vwlujt Epuwypk-
upugh dwupnulp wjipwb gwsp Ep, np skp Jupnn oguugnpéty
wpnnibwpbpujut tyuwwnwliubpnyd: Udkh n wdbphljjut dEy wyp
npuytpnipjut Ynnuhg oquugnpédytg P. pastoris Epuyptkuhnt hwdwlwp-
qn, npp wjkg 45 ¢/p wpymbp b Jupny Ep wpynibupbpuljub
Enwtwl hwtnhuwbwyy: 1990 p. Swwyntwlwt vh pulkpnipnit (hgkt-
qhw (hpwynitp) vnwuguy wju tnutwlh hhdwb ypw wpnwnpnipmia
Juquuytkpytint hwdwp, nph wpwehtt wpnwunpuupp vhowqquyyht ont-
Jw gnipu Ejuy 1999 . [4-6]:

Uwpnnt nklndphttwbtiinuwhtt wypnidhth wpiwnpnipjut wnwght
gnpswpwup gnpswplyt) kE &wwynuhuynid, npp nupkju tmwhu kp 40
n wpununpuip: Uyt ujul) £ wojawnty 2000 pywlwihg [6]: Udkih nip
Qhttwunwtnid unbndytg bu Ukl wppynibwpbpulwbt Enwbwl, npp
hhdtiJwsé L wpwbugktiwghtt ppidhg vnnwbwnt Jpu: Gntnwd ki, np
npwbugbkuwghtt ppudhg A54-h vnwugdwt Enwuwlp owwn Juplnp k
Qhttwuwnwth hwdwp, pwth np wyny Epypnud ubnuyhtt uyhwnw-
Ynigutiph ks wwhwhownl u: ASA-h qhuh tkpunisnwdp Oryza sativa-h
ghunud hpwlwbwgymd k Agrobacterium ginh puljnbkphwttph uwbkgh-
$hy wyuquhnubph dhgngny: Cun npnid mpwbugkt ppadh hwnhlnid
wupnitwlynn  nwskh uyghwnwlnigh juqunid OsrASA-h wupnibw-
Ynipyniup pupdp k (dhush 10,58%): Uju tnutiwlp htwpwynpnipjniu £
wnwjhu 1 Yq unynpuljut ppudh (Oryza sativa) nputiughiught tmuppk-
pulihg unwbwnt 99% dwppnipjudp 2,75 q¢ dwpnnt oh&nijuyght
wpnidht (OsrHSA): Unwugus OsrHSA-u Eyyhdukun b pHASA-hu hy-
whu Jhbuwphvhwlwt hwunlnipniuttpnyg, wuybtu b dhghlului
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Junnigwépny, $niulghwtpny b hunitbingbumipjudp  (Wpubg
Unjtyniuyhtt quiugqusubtpp tnyub b, tnyut ki twb wdhtwppdujht
hwonppuwljwtnipjniup, N b C sdwypkpp, dnkynyh Epypnpnughtt b
Eppnpnuyhtt jupnigquspubpp): OsrHSA-u Uks putwlnipjudp §ninw-
ynud £ mpwiughiughti ppudh ubkpdtph Eunnuybpunud: Uy bnubwlyng
dwpnnt ph&nijuyhtt wypnidhtth unnwugnudp mbnbkuwybu swhwybwn b
Uunwugdws wipnidhth dowlinudt pungpinud £ tpw wbowwunnudp b
ppndwwnngpudhuyh bpbkp thnybpp® Capto-MMC, Q-Sepharose W Phenyl-
HP, npnup hpwljwiwugynid i hwdwywnwupwbwpup junwugdui,
wnuqpldwt b |hndhihquglutt hwdwnp:

Uwppdwt gnpépipugp wuimd £ dnnnwynpuuybu 48 dwd, b
wpyniipnmid Jupnn E Jbpuluwbqudl] uyhwnwlnigh 45-50%-p, husp
hwdwpdtp k1 §q ppidhg 2,75 q OsrHSA-h unnugdwup (Uwppnipjut
wunhdwip nwnwbynid k 99,45 + 0,19%-h dhowljuypnid), npp JYuynid
E dwppuwt mbjuuininghwjh hntuwjhnipjut b pupdp wpnnwunpoquljw-
unipjut ywuhte

NEyndphttwtiinuyhtt wypnidhth uvnwgdwt tnubwlubkphg dbyu
Ubphinpnd Pichia pastoris mkuwjh fudnpwutlftph peoh dke dwpnnt
osh&nijuyhtt wypnidhth ghuh thpunisdwb vhongny nklndphttwtitnughte
oh&nijuyhtt wypnidhuh uhtpkqp, npp wpwehtt wmuqud thnpdwplyk) k
1993 p.: Uju pwwn hwpdwp, hwdbdwnwpup Edut b nkuthjuybu
hwuwttjh tnwuwl k, nph hwupdwpuybnnipniop juydus E awb wyb
hwuqudwiph htwn, np vnwugwé wpnidhut wpnuquuymd k dhe-
poouyhlt tnwpwénipnilt, husp htwpwynpmipnitt E wwhu hbpwunnt-
pjudp whowwnk] wyt [9]:

Pichia pastoris-pn Ukphinunpnd judnpuwuniy k, npp juyunpku Yhpwn-
Ynud E nklndphtwbtiinuhtt uyhwnwlnigutph wpunwugpnipju hwdwn:
‘Upw wnwybjnipynibubph B

1. hwdbdwwnwpup wpwg wédp (guuphg dhtsh jEtuwuhuptqh w-
Jupuip mbinwd k 3-5 op),

2. iyuwwnwluwyhtt uyhwnwlnigh pupdp Gpp (Uhtgh 40 g/),

3. ubtinuuhowuyph dwwnskihmpniup (g hgkpht, dbkpwin), wdh-
wy),

4. pipuktnnwughwyh dwwnskih ghtp,

5. unonp wnihybwwnhnubph vnugdwt httwpwynpnipiniup (550
),

6. g hnhquguw htwpwynpnipjniup,

7. unnugyws uyhwnuwlnigh wpnuquuunuip ubigudhowduyp b
wynpnunbwqubph wpnwquundwbh gusp wpdbtpn:

tpnipnitubpp yujdwbwynpjus tu N-gqihynihqugdut dudw-
twl hunitingkt othgnuwjuwphnutpnh wowewgdwdp: Fugh wyn wndjuyg
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tnwtwlny ny pnnp uywhwnwlmgutph vnwugnidt L wpynitwgbn, b
Jut twlb npnyp wpuintwgpuyhtt vwhdwbuwhwynidubp® wpynibwpk-
pulut wpnunpnipjut hwdwn:

P. pastoris-h tpuypbkuhnt hwdwlupgh Yhpwunenidp nwhu £ twb dh
ownp wj] wnwybkjnipiniutbp, npntp juyyuws tu ghubnhluljut dwuth-
wynigughwiubph Juwnwpdwt htynnipjut htwn, wmbp pehe — Jkjwnnp
wpynitwybnn hwmdwlupgh wejuwmpjut htwn, npp tkpwend £ hpu-
wnwl] jupquynpynn b Ukd hupdwpynpujuiunipjudp odnjus AOX7
wnnuUnunph weluwnipnitp, htyybu bwb ghunydhnuyhtt juwbph b
wy] Enitjuphnnhl hbwnnpwbujughntt dnphbhlughwtph wnwowg-
dwt htwpuwynpnipjniip:

P. pastoris-h Jhuuwquiqush wdkgnidp juunwpymd £ BMG
(ghwwnnl, pdnpuuttluht Epunnpuln, qihgipht) jud BMG2 (Jadnpu-
uliljuyhtt Epunpwlun, qihgipht) vttnudhowdwypbpnid, hul] tyuwnw-
Juyhtt Wniph uhtuptqu hpuwjuwbwgynid £ BMM (ghwywnnt, dkpwini,
hudnpuwuttluhtt tpunpuljnn) Yud BMMZ2 (Ukpwtn), judnpuutljught
Epunnpuljn) ubtinudhowyuypbpnud:

P. pastoris-h pohoubpt nmitwl] Eu wdknt 4-37 ° C dhowluypnid,
uwjuyt wdkgdwtt oyunphdwy otipdwuwnhdwup 30° C-u Lk Pohoukiph
wbpnp yuydwbtbpnd wdkgubjhu dhpwduypt wutpw ppdtgunid
(oupnnhdwy pH-p' 4.5-4.6): Npuibu wsluwsdlh wnpmip peholipp YJupnny
kb oquuugnpsdty Uh pwpp wupq dhwgnipniikp® qpniyng, qihgbpht,
Ukpwing b wyji: Npuhu wqnnh wypmp jupnn b oquugnpst) wdh-
uhbhljugwé hwipwyhtt wntpp, wdhttwppntutpp b Jhquiynipp (htg-
whu whpnp, wytybu £ whwbpnp wuydwbbbpnud):

HSA-h qhup ubpjurnigdut hwdwp wdkbwhwpdwpp P pastoris-h
AOXI wpnunwnnnt E, npp Jupguynpnid £ wjnhnjopupnuq $tpdtunh
Epuypbuhwi, pwuh np dkpwinih dhowjuypnid wdkgubihu wyn dbp-
dUktinh yupnitwlmpniup upnn £ hwutt) peoh punhwtnip uyhwnw-
Yniguyhtt Juquh dhtsh 30%-p: Uhtish wydd Uh pwpp nkindphtiwb-
nuwjhtt uyhwnwlnigubp hwennnipjudp tpuypbuhugh Eu Gupwplyt
AOXT ynnunwunph JEpuhulngnipjul nnul:

AOXI wpnununnph phpnuemiup juyydws b jEtuwquqdusp k-
pwinh dhpwujpmd wgkgdwmt hbwn, pwuh np Jbpohtiu pwwn pyni-
puyun k, pnitiwynp:

Pugh wyy dbpwinmd wénn pohotpp ppywsuh dkd sdwhuu Lu
wwhwbenid, husp wuwhwignid £ utinuuhowuyphtt dwpnip ppeydusuh
wkpugnid’ Ukswgkin] gnpspipugh swhuwnwpmpiniip, b uwhdw-
twhwlinud Uk  dwupnwptbpny wdbgdwtt  htwpwynpnipjnibp:
Utpwunh wuhpwdbonnipjut unph oppwugdwtt hwdwp, npybu
utinuuhowduyp, Yunpkh k oqunuugnpst] wyptinputipuyhtt ypnunwnp-
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ubp, ophwl  gihgkpuykhhy nkhhypngtwgh wpndnnnpp (pGAP),
$npuwnthhny nhhnpngltwgh ypnunwnpp (pFLD) b wyj

Unlthnthtny Ypnhhojup whnp  plingdhy, np dwpgoe phémjught
wpnidhtth unwgdwt Juuwnbininghwlwt tnwuwlubkph Yhpwunnt-
Up hwdwpynid £ dudwbwluljhg, wpynitwybn, hipwijupught nin-
nmpjnily, b ZZ-mud gnpshwlwb wnnnowwwhnipjut npnpumd tpw
ubpypnudp jupnp b unwbw] hwbipuybnwjut towtwlnipmnia b
niubiu UkS hEinwtljwpubn:

122 U0 wnnd. . Snpjuith wijwb wpntbwpwbulwub jEunpnt
Gphwuh whnwljut hwwjuwpw

U. U. Munpwojui, M. U. ©wqupui, U. U. Ghindjui

Uwpnn oh&nijuyht wpnidhth wpunpnipjui jitvuwnkimnghuljwi
Enuuwlukpp b hinwiljwpubpp

PEpJws ki JEuuwwnbjuuninghwljut dkpnnubpny dwpnnt oh&nijughtt wypnidhh
unugdwt inpugnytt wpynibwpbpuut tnuwtwlutph hwdbdwnwlwt punipwg-
phpQ:

C. C. Jaroamsn, II. A. Kazapsiu, M. M. ' mHoBsiH

BuorexHo0rnyeckoe NpPoU3BoOACTBO Y€I10BEYECKOr0 CHIBOPOTOYHOIO
aJIbOYMHHA M ero NMepcneKTUBbI

JlaHa cpaBHMTENbHAS XapaKTEPUCTUKA HOBEHIIMX MPOMBIIIJICHHBIX OHOTEXHOJIO-
TMYECKUX METO/IOB ITOJIyYEHHS YEIIOBEUYECKOTO CHIBOPOTOYHOTO allbOyMHUHa.

S. S. Daghbashyan, P. A. Ghazaryan, M. M. Ginovyan

Production Human Serum Albumin by Biotechnological
Methods and Perspectives

The newest data of the comparative characteristics of the productive biotech-
nological methods of obtaining the human serum albumin are presented.
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Introduction. Among cyclic amidohydrolases those displaying the
hydantoinase activity are employed in a two-step biocatalytical production of
optically pure D- and L-amino acids from hydantoin racemates. Hydantoinases
stereospecifically cleave the amide ring of D,L-5-monosubstituted hydantoins to
form the corresponding N-carbamoyl amino acids, which can be further
converted to free D- or L-amino acids by stereospecific carbamoylases [(N-
carbamoylamidohydrolase; EC 3.5.1.6) [1]. Enzymes of pyrimidine metabolism
are considered to exhibit the hydantoinase activity [2]. Both non-stereospecific
and D- or L-stereospecific hydantoinases have been detected in many soil
bacteria [3, 4, 5]. In Arthrobacter aurescens DSM 3745 the stereospecificity of
hydantoinase has been shown to be substrate dependent [6]. The hydantoinase
gene has been located on an indigenous 172-kb plasmid in the Pseudomonas sp.
NS671 strain [7] that allowed postulating an extrachromosomal origin for this
gene in bacteria.

Hydantoinases of thermophilic bacteria are of particular interest for
biocatalysis. ATP-independent hydantoinases have been detected in G.
stearothermophilus NS1122A and SD1 strains [8, 9] and the corresponding
genes have been cloned and characterized [10, 11]. Though amino acid
sequences of G. stearothermophilus hydantoinases have been found to be very
similar, but the G. stearothermophilus SD1 enzyme exhibits strict D-
stereospecificity whereas the G. stearothermophilus NS1122A enzyme is non-
stereospecific.

The discrepancy in substrate specificity exhibited by similar cyclic
amidohydrolases as well as the scarcity of data on genes involved in hydantoin
metabolism emphasizes the necessity to obtain further insights into their
structure-function relationships. In this study we have cloned and characterized
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two thermostable hydantoinases of G. stearothermophilus. The genetic and
enzymatic analyses indicate that the hydantoinases are involved in pyrimidine
metabolism.

Methods. Genomic bank construction and hydantoinase gene cloning.
DNA of G. stearothermophilus ATCC 31783 was partially digested with Sau3A
endonuclease and 2-5 kb fraction was ligated with BamHI digested AZAP
phagemid vector (Stratagene). The ligated DNA was packaged into A phage
particles and the E. coli XL1 Blue MRF’ strain was infected with these
particles. The phage plaques were transferred onto nylon filtres and hybridized
with a 371-bp hydantoinase- specific DNA probe of G. stearothermophilus
ATCC 31783. The hydantoinase-specific DNA was labeled by random-primer
incorporation of digoxigenin labeled 11-dUTP (DIG DNA labeling kit,
Boehringer Mannheim). Coding DNA of ATCC 31783 and ATCC 31195
hydantoinase gene was amplified by PCR, with simultaneous creation of Ncol
and EcoRI flanking sites and inserted into pET2Id(+) vector. The cloned
hydantoinase genes were overexpressed in E.coli BL21(DE3) cells.

Hydantoinase activity. The G. stearothermophilus and E. coli cells were
harvested by centrifugation, washed in Tris-HCI buffer 0.1 M, pH 8.0 and
sonicated (10 min by pulsing 10 s at 19 kHz) in the same buffer in presence of 2
mM  MnS0, at 4°C. Hydantoinase activity was checked over G.
stearothermophilus cells growing at 56°C in the presence of 50-100 mM
substrate, 500 pl intact cells, MnSO, 10 mM and Tris-HCI buffer 25 mM, pH
8.8. Characterization of the recombinant enzymes was performed on a partially
purified extract obtained after heat treatment (15 min at 60°C) and desalting on
a PD-10 column (Pharmacia) as described previously [12] and the N-carbamoyl
derivatives produced were quantified as described [13].

Pulsed-Field Gel Electrophoresis (PFGE). G. stearothermophilus cells
grown at 56°C in LB-broth were harvested in the exponential phase (ODgg 0.8),
pelleted by centrifugation for 10 min at 5000 g, washed in Tris 10 mM,
NaEDTA 1 mM, pH 8.0 and then resuspended in Tris 10 mM, Na,EDTA 100
mM, pH 7.5 at a final titer 10° cells/ml. An aliquot of a suspension was
immediately mixed with an equal volume of 1.5% low melting agarose and the
embedded cells were then treated with lysozyme and pronase as described by
Daniel [14]. Agarose blocks were treated by 30 U of Smal, Notl or Sl
restriction endonucleases (New England Biolabs) for 3 h, respectively at 25°C,
37°C and 50°C. Electrophoresis was carried out in a 1% agarose gel on a TAFE
apparatus (Beckman Geneline 1) with running buffer composed of Tris 10 mM,
acetate 4.35 mM, free acid EDTA 0.5 mM, pH 8.2 at 10°C at 140 mA (constant)
and with pulse times of 20 s for 16 h.

Results and discussion. Cloning and analysis of the hydantoinase gene.
Bacterial strains of G. stearothermophilus were tested on their capacity to
convert hydantoin to N-carbamoyl glycine. High hydantoinase activity was
detected in G. stearothermophilus ATCC 31783 strain. Therefore, a gene library
of this strain was constructed using 1Zap vector. Hydantoinase gene carrying
clones were detected among 25.000 tested phage plaques; all positive clones
acquired from 1-kb to 3-kb DNA fragments. Next, a 1539-bp DNA fragment
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carrying the hydantoinase gene from another strain, ATCC 31195 was also
amplified by PCR using a pair of degenerated oligonucleotides.

The cloned DNA fragments from two strains were sequenced and 93.9%
identity was found between their hydantoinase genes. Alignment of cloned G.
stearothermophilus and two other hydantoinase genes with revealed the highest
relatedness between the ATCC 31783 and SD1 enzymes (Fig. 1).

Genes
S 93.9%
ATOCILTAI 53,08
ATOr31195 79.5%
MNE1122R
Proteins
- 97.4%
KTOCI17H e o

ATOC31185 71.C

HE1133R8

C-terminal region of hydantoinases

EQFVGEPGYGE QYVERARYGA LMA-DQDVVE NS 4
KQFVGEPGYG QYLERAEKYGT STISEQSEEL TI 4

EQFVGEPGYGE QYLERAKYGT STISEQSEEL TI
EQFVGEPGYG QYLERAKYGT LTLSEQDEKL

ATCCI1185

Fig. 1. A relatedness of G. stearothermophilus hydantoinases established by nucleotide
and amino acid sequence comparisons. Only C-terminal portions of proteins are shown.

With the exception of the C-terminal region, the amino acid sequences of G.
stearothermophilus hydantoinases were found to be highly similar. The G.
stearothermophilus hydantoinases share high similarity with
dihydropyrimidinases and to a lesser extent with dihydroorotases, allantooinases
and ureases (data not shown).

Overexpression and substrate specificity of hydantoinases. The cloned
hydantoinase genes were overexpressed in E. coli cells. The recombinant
hydantoinases retained their activity towards hydantoin within pH 8-10 with the
highest activity at pH 9.0 and at 60°C. The activity of the enzymes was ATP-
independent. Enzymes lost their activity after dialysis against EDTA; however,
addition of Mn®" to the reaction mixture restored the activity to almost its initial
level. The thermostable enzymes hydrolysed D-5-(2-methylthioethyl) hydantoin
but not L-5-(2-methylthioethyl) hydantoin (Table 1). The specific activity of
recombinant enzymes was found to be rather high in the pellets obtained after
centrifugation of E. coli cell extracts (1.4 and 4.9 U-mg" protein, respectively
for ATCC 31195 and ATCC 31783 enzymes) in comparison with the
supernatant fraction (3.0 and 4.7 U-mg' protein, respectively for G.
stearothermophilus ATCC 31195 and ATCC 31783 encoded enzymes). This
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could be related with low solubility of recombinant enzymes under the
conditions used.

Table 1
Affinity and activity of partially purified recombinant hydantoinases
towards different substrates

Km Vmax
Bacteria Substrate (U'mg
(mM) :
protein)
Dihydrouracil 15 7
G. Dihydrothymine 0'3 6.2
stear othermophilus Dihydroorotate ) N 'D
ATCC 31195 D-5-(2- 40 3’4'
methylthioethyl)hydantoin ’ '
Dlhydrouragll 0.8 30
G. Dihydrothymine 0.7 6.1
stear othermophilus Dihydroorotate | N .D
ATCC 31783 D-5-(2- 25 5' 9'

methylthioethyl)hydantoin

N.D. - non detectable

The partially purified hydantoinases were also tested for their ability to cleave
the amide ring of pyrimidine metabolism intermediates (see Table 1). No
activity was detected towards dihydroorotate. Both enzymes exhibited higher
affinity towards dihydrouracil and dihydrothymine, than towards D-5-(2-
metltylthioethyl)hydantoin. Thus, the catalytic properties of recombinant
hydantoinases indicated their affiliation to dihydropyrimidinase family of
enzymes.

Location of the hydantoinase gene. PFGE analysis revealed the presence
of several high molecular weight plasmid DNAs in G. stearothermophilus
ATCC 31783 and ATCC 31195 strains (Fig. 2). Both undigested total and
plasmid DNAS as well as Smal-, Notl- or Sfil-generated DNA fragments were
probed to hydantoinase-specific DNAs. Analysis of the hybridized DNA
fragments clearly showed that the hydantoinase gene is located on the
chromosome of both G. stearothermophilus strains.

The gene of hydantoinase has been found to be clustered with L-N-
carbamoylase and hydantoin racemase genes in the Pseudomonas sp. NS671
strain [7, 15] and in Microbacterium liquefaciens AJ 3912 [16]. Recently, we
have cloned large 12.7-kb region of G. stearothermophilus ATCC 31783
genome. Partial sequencing of this region shows that the hydantoinase gene is
preceded by a sequence sharing high similarity with eukaryotic
dihydropyrimidine dehydrogenase. This observation along with the data
presented here indicates that hydantoinase is involved in pyrimidine degradation
via reductive pathway in a thermophile bacterium G. stearothermophilus.
Noteworthy, that because of the biotechnological importance of Geobacillus
species, five genome-sequencing projects are running at the moment in different
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laboratories  (http://www.ncbi.nlm.nih.gov/genome), which will provide
valuable information on metabolic pathways in these bacteria.

Fig. 2. PFGE of G. stearothermophilus ATCC 31195 and ATCC 31783 total and
plasmid DNAs (a and d) and hybridization with two hydantoinase-specific DNA probes:
a 371-bp DNA fragment of ATCC 31783 (c and ¢) and a complete 1.4-kb hydantoinase
sequence of ATCC 31195 (b). Lanes 2, 3 (a, b), and 5 (d, e) - total DNA of ATCC
31195 digested with Smal (2a, 2b), Notl (3a, 3b) and Sl (5d, Se); Lanes 4, 5 (a, c) and
3 (d, e) - total DNA of ATCC 31783 digested with Smal (4a, 4c), Notl (5a, 5¢) and Sfil
(3d, 3e). Lanes 2 (d, e) - total DNA of ATCC 31783. Lanes 6 (d, ¢) —plasmids of ATCC
31783. Lanes 4 (d, e) - total DNA of ATCC 31195. Lanes 7 (d, e) — plasmids of ATCC
31195. Lanes 1 (a, b, d, €), DNA concatemers of the phage A genome (New England
Biolabs) indicated in kb beside the gel.
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Characterization of Thermostable Hydantoinases Cloned from
Geobacillus stearothermophilus

Recombinant hydantoinases are thermostable metallo-dependent enzymes, which
exhibit D-stereospecificity and show high affinity for dihydrouracil and dihydrothimine
and no for dihydroorotic acid. The protein sequences are closer to eukaryotic
dihydropyrimidinase than to bacterial dihydroorotase and other cyclic amidohydrolases.
Analysis total and large plasmid DNAs separated by pulsed-field gel electrophoresis
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and hybridized with specific molecular probes revealed that the hydantoinase gene is
located on chromosome in both strains. The data presented show that hydantoinase is
involved in pyrimidine reductive degradation pathway in G. stearothermophilus.

N. 9hqky, . Uwnl, 2. U. Uquiyulg,
22 QUU wpnwuwhdwiyuy wunuwd 9. U. Uwupwiyui

Geobacillus stearothermophilus-hg Yintwynpdus opdwljuynii
hphnwiwnnhuwqgh punipugpnidp

8nyg Lt wpyb, np nEyndphttwinn hhnpuwnnhtiwqubpp okpdwluyni, dbwnwn-
Jwpyyw), D-unbpbnuwtghdhl dEpdbunmbbp B b mubkt pwupdp pbwdwlgnipmit
nhhpypnoipughth b ghhpnpophdhuh tundudp b skt infuwgqgnud nhhhypnopn-
wnwppyYh htwn: Uyhnwuynigutiph wpwetiwght hwenppuljuwunipnitutptt wykjh Unn tu
Enjuiphnuintph ghhhnpnwyhppdhnghtiwght, pwb puyntphu) ghhhnpnopninwught b wy
ghyhy wdhgnhhgpnjuqubph hwenppulwinipniutbpht: Lpndnunduyghtt b junonp
wuquhnuyhtt FuP-tph niumdtwuhpnudp, npnp pwdwyl] G “Pulsed-Field Gel
Electrophoresis” dkpnnny b hhpphnugyt] uwybghdhl unibynyuyghtt wdnipubpht, gnyg kb
wnylk] hhnpwtwnnhtiwq qkh ppnUdnunduhtt poypp: Lkpjuyugdus wyjuutpp gnyg tu
wnwihu, np hhnuitnnhtimqp plngplyws £ G. stearothermophilus-h  whphuhnhuikph
Lhnpdwl nuynnud:

I1. Beiireanb, ®. Mapk, O. A. AransiHu,
uHoctpanublii wied HAH PA B. A. Cakansin

XapaKTepI/ICTHKa TepMOCTaﬁl/[J'lBHOﬁ TrHaaHTOuHA3bI, KJIOHI/IpOBaHHOﬁ
u3 Geobacillus stearothermophilus

[Toka3aHo, YTO PEKOMOWHAHTHBIE I'MIAHTOMHA3bI SBIIOTCS TEPMOCTaOHIbHBIMH,
METaJUI03aBUCUMBIME U D-crepeocniennduunbsivu pepmentamu. [lepBrunas mocieno-
BaTEJIbHOCTh OeJIKOB Ooiiee CX0ka ¢ AUTMAPONUPHMHUIMHA3AMHU 3YKapHOTOB, YeM C
OakTepuaabHBIMH AUTHUIPOOPOTa3aMH M APYTUMHU LUKJINYECKUMU aMHUIIOTUAPOIIa3aMH.
Anamm3 xpomocoMHON U Oonmpimmx miasMugHblX JJHK (oOHapy)XeHHBIX B 3THX IITaM-
Max), 00pabOTaHHBIX 3HIOHYKJI€a3aMU PECTPUKIMH, pa3lielieHHbIX MeTonoM “Pulsed-
Field Gel Electrophoresis” 1 ruOpuIM3UpPOBAaHHBIX CO CHEUU(PUYHBIMU MOJEKYJISP-
HBIMH ITpo0amMH, yKa3all Ha XpOMOCOMAJIbHYIO IIPUPOAY I'eHa TuaaHTonHassl. [lokaszaHo,
YTO I'MJAHTOMHA3a YYacTBYeT B PEIYKTUBHOM IYTH JIErpajallii NMUpUMHIUHOB B G.
stearothermophilus.
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MogaeanpoBanue pery/isiiii paBHOBECHS B CHCTeMe
apTepuHaJbLHON 0apopeueniuu HA OCHOBE THOPHUIHOTO
aBTOMAaTa

(ITpencrasneno akanemukoMm K. I'. Kapareszsnom 17/X 2012)

KnrwoueBbie ciioBa: apmepuanvhas 6apopeyenyus, 0apopeyenmopHbiil
peqiiekc, pasHoGeCHvie CUCMEMbL, MOOEIUPOBAHUE DPAGHOGECHBIX CUCMEM,
2UOPUOHDBLLL asmomam

Beengenne. OntumManbHbeIi ypOBEHb CHCTEMHOI'O apTepUaIbHOTO JaBJIEHUS,
BO3MOXKHO, SIBJISIETCS HanOojiee BaKHBIM (DAKTOPOM, HEOOXOIUMBIM IS
aZeKBaTHOM JIESITENBHOCTH CepledHo-cocyaucToit cucrembl [1]. U3-3a
KU3HEHHON HEOOXOAMMOCTH YETKOW PErysilui JTaHHOH BETUYMHBI, 3HAYEHHUS
KOTOpOil MOTYT HW3MEHATbCA 1[0 pa3HbIM [pPUYMHAM, B OpraHu3Me
3aJIeliCTBOBAHO MHO)KECTBO MEXaHW3MOB, HANpaBJICHHBIX Ha MOIJCpKaHHE
CTa0MILHOCTH ONITUMAJILHOTO YPOBHS apTEPUAILHOTO AaBJICHUSI U YMEHbIIICHHE
€ro BapuabeIbHOCTH B PA3IMYHBIX CUTYaIHsX.

OO0BeKTOM HAaCTOSILETO HCCIIeI0BaHUS SIBIISICTCS cucreMa
KpPaTKOBPEMEHHOW peryjsiid apTepUalbHOTO [ABJIEHUS Yepe3 MEXaHH3M
apTepuanbHON OapopeuentopHoil pednekcuu. B pabore BBemeHa Qopmanu-
3aLKsl MOJICNH, OIKCHIBAIOIIAsA PETYISIIMIO apTepUaIbHOrO IaBICHHU HA OCHOBE
apTepuanbHOro Oapopediiekca B COCTOSHMM MOKOs. Mozenb peann3oBaHa Ha
OCHOBE THOpPUAHBIX AaBTOMATOB, NPUBOIAIINX CUCTEMY apTEPUAIBLHOTO
GapoperenTopHoro pediekca B COCTOSIHUE PABHOBECHS.

OcHoBHBbIC TOHATHS W (QopMaTU3alUs MOJedH. ApTepUalbHBIN
GapoperenTopHbI i pednekc SIBJISIETCSI Ba)KHEUIITUM MEXaHU3MOM
KpPaTKOBPEMEHHOW (CEKYHIIbI) PETYJSINU apTepHabHOrO JaBICHHUS, KOTOPBINA
npeAcTaBisieT co0oil  MOCTOSHHO (YHKIHMOHUPYIOIIYIO — PEryIHpyIOUIyIo
CHUCTEMY, IPEAOTBPAILAIOIIYIO OTKIOHEHHUS B JESITEINbHOCTH CepAlla U COCY/O0B,
KOTOpbI€ MOTJIM OBl TPUBECTH K CYIIECTBEHHBIM H3MEHEHHSM CPEIHEro
aptepuanbHoro nasinenus [1]. [lonnas gyra aprepuaibHOTO 6apopenenTopHoOro
pednekca mpencrapnser coboil PEryasITOPHYIO CHCTEMY, COCTOSIIYIO U3 ABYX
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yacrel: 3((EKTOPHOIA, BKITIOUAIONICH cep/ile, nepudepuieckue KpOBEHOCHBIE
COCyJbl, U HEPBHOM, B COCTaB KOTOPOH BXOASAT apTepHalbHbIe OapopelenTopsl
(MpeuMyIIeCTBEHHO JIOKAJM30BaHHbIE B JAYre aopThl M KapOTHIHBIX CHHYCax
COHHBIX apTepuil), ux apdepeHTHbIe HEPBHbIE BOJIOKHA, COCYIOABUIATEIbHBIN
LEHTP TNPOJOATrOBaTOro Mo3ra u 3((epeHTHble CepleuHO-COCYINCThIE
CHUMITaTHYECKIE U Cep/IeUHble apacuMIIaTHIeCKUe HEpBHBbIE BOJOKHA (puc.l).
[loBbllIeHNEe CpeAHEro apTepuajbHOrO [JABJICHUS BBI3BIBAET YBEIMUYEHHE
CKOpOCTH oOpa3oBaHuA MOTEHIMaNa neicTBus apTepHabHBIMU
OapopenentopaMy, 4TO NPUBOAUT K YYAIIEHHIO MMITYJbCALlH, MOCTYMAroIei
mo addepeHTHBIM MyTAM B COCYJOJBHUTaTebHBIA IIEHTP NPOJOITrOBaTOrO
Mo3ra, rae nox BiausHueM I[THC mmeer MecTo reHepauysi OTBETHOM peakimu
CHIDKEHUSI TOHMYECKOM aKTHUBHOCTH CEpPACUYHO-COCYIAUCTBIX CHUMIATHYECKUX
HepBOB. [loHW)KEHHE apTepUalbHOrO JaBJICHHS, HANpOTHUB, BBI3BIBACT
YBEJIMYEHHE CEPACUHO-COCYANCTON CUMIIAaTUIECKON aKTHBHOCTH.

CocyIoIBHTaTeIbHEIH HEHTP
IIPOJOITORATOTO MO3Ta H
GapopenenTopsl

AKTHEHOCTB Cpenasee
CHMITAaTHY2CKHX HEPBOB apTepHAThHOE
TaBIeHHe

\ Cepmaiie H cocyabl I —/

Puc.1. lyra aprepuaisHoro 6apopenentopHoro pediexca.

[lockonmeky apTepuajbHOE JaBlieHHE B 0apOpeLenTOpHON cucTeMe
SIBIISIETCSl OMIHOBPEMEHHO PEryIHpyeMOil BETMUMHON M BXOAHBIM IapaMeTpoM
Uil HEWpPOHAJIBHOM 4YacTH, KaK M CepACYHO-COCYAMCTas CHUMIATHYeCKas
AKTUBHOCTb TMPEJCTABISIETCS BBIXOJHBIM IApaMeTpoOM HEHpPOHAIBHOW U
BXOJHOM BeMMYMHON H(PQEeKTOpHONH 4YacTH, TO BIIOJHE BEPOSTHO OTHECTHU
MeXaHM3M () YHKIMOHUPOBAaHUS OapopenenTopHoro pediekca K 3aMKHYTON
CHUCTEME C OTPULATETIbHOW OOpaTHOW CBSI3bIO, CTPEMSLICHCS K pPaBHOBECHOMY
cocrosiHMO [1,2].

I'paduyeckn nesaTenbHOCTh apTEpUANBHONH 0apOpelenTOpHOH CHUCTEMBI
MOXHO M300pa3uTh B BHUAE () yHKIMOHATIBHBIX KPHUBBIX f; H f3, TAe QyHKIUA f;

! B janpHeiiieM CCHUIKM HA aKTMBHOCT NMAPACHMIATHUECKHX HEPBHBIX BOTOKOH OyIyT
omymeHsl. OfHAKO B OIMCAaHHM MEXaHHM3Ma pETYIHH OapopelenTopHOro pediexca
YUHUTBIBAETCS PELHUIIPOKHOE M3MEHEHHE aKTMBHOCTH CEpPAEYHBIX MapacUMIIATUYECKUX HEPBHBIX
BOJIOKOH IIPH U3MEHEHUH aKTHBHOCTHU CEPJEYHO-COCYAUCTBIX CUMIIATHYECKHX HEPBHBIX BOJIOKOH.
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oToOpakaeT 3aBHCUMOCTh YPOBHS ~ aKTUBHOCTH  CEPACYHO-COCYIMCTBIX
cummnatryeckux HepBoB (CCH) or BennunHbl apTepuansHoro nasienus (Al), a
¢byakius  f; — w3menenue enumumHbl AJl ot aktuBHoctm CCH (puc.2). B
cucreMe 0apopelenTopHoro peduiekca paBHOBECHE IOCTUTaeTCsl B TOUYKE
nepecedeHnss (QPYHKIMOHANBHBIX KpPUBBIX  f; W f;, 3Ha4YeHHE KOTOpOU
COOTBETCTBYeT ypoBHIO HopMmanbHOro AJl (P, Ha ocu y) mpu onTHUMaIbHON
aktuBHoctu CCH (C, Ha ocu x).

vll

BauaHue Afl Ha

akmBHocTb CCH
200 £
'J: 150
]
g- P Bausanue CCH Ha Af],
2 100" TS
S 1
|
m!
50 R
=Rl
i wili§
1
! >
Husroe G, Bbicokoe X
AxmuBHocTb CCH,
KO/IMMECTBO UMMYABCOB/C

Puc.2. PaBHOBECHOE COCTOSIHHE PETYIATOPHON GapopeLenTopHoi cucTeMsl [1].

HAns  ¢GyHKUMHM f; BXOAHBIM MapamMeTpoM  CIyXHUT BenumunHa AJl,
BBIXOJTHBIM 3HaueHHEeM — ypoBeHb akTuBHOCTH CCH, B TO Bpems Kak s
¢byakuun f> 3HaueHue AJl SBIAETCS BBIXOAHBIM MApaMeTpoM, a YPOBEHb
aktuBHOCTH CCH — BXO/IHOW BETMYNHOMN.

[Ipu ycnosHoMm obo3HaueHuun ypoBHsS aktuBHocTH CCH 3a ¢, a 3HaueHus
Al 3a p byHKUMH f; 1 f> TIONyYaT CleAyrolIue oTpaxkenus: f;=c, f>=p. Kak
BuAHO w3 puc.2, 3aBucumocth aktuBHoctu CCH ot 3Hauenus AJl  f;

MpeAcTaBsieT  CcoOoi yObIBaIOIIYI0 (QYHKIMIO, TOrga Kak (QyHKIUS
3aBUCcMMOCTH 3HaueHus: AJ] or ypoBHs aktuBHoctm CCH f SIBIISIETCSL
BO3pacTarouieil.

Ecnmu mo xakum-mibo oOCTOATENhCTBAM B OpraHH3Me HMEET MECTO
otkioHenue AJl or cBoero HopMmanpHoro ypoBHs (Py), TO mpm 3TOM
npoucxoauT usmeneHue aktuBHoct CCH B cooTBeTcTBHH ¢ GyHKUMEH f; mpu
MOCIEAYIOIEM HEM3MEHHOM CABUre BeMmuuHbl A/l cormacHo ¢GyHKUMH f> U T.1.
(puc.3). ®dakT B3aUMHOTO BIHMSHUS Ha YyKa3aHHbIE MOKA3aTeNd MPEKPaTHUTCS
TOJIBKO B TOM CJydYae, KOrjaa Tekyliue 3HaueHus A/l u ypoBHS aKTUBHOCTH
CCH cranyr paBubivu P, u C,, coorBercTBeHHO [3].

fi

=, f X

1

Puc.3. B3aumHuoe BnusiHue GyHKUMHA f; 4 f> Apyr Ha apyra.
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Co croponsl 3¢ eKTOPHON YacTH BOZMOXKHBI TPHU BHJA HAMPaBICHHOCTH
(unmu xapakTepa) U3MEHEHUS COCTOSTHUS: TeHepalysl MOBBIIAIOIINX p OTBETHBIX
peaxuuit npu ¢ < C,, MOHIWKAIOUIUX p U3MeHeHul npu ¢ > C, Win OTCyTCTBUE
W3MEHEHHs COCTOsIHus p, eciu ¢ = C,,.

B wHelipoHanpHON uacTH  aprepuajbHOro Oapopeduiekca  TaKke
MPOSIBIIIIOTCS. TPU BUJA HANPABICHHOCTH W3MEHEHUS COCTOSHHS B BHIE:
yBeIM4YeHHs ¢, ecau p < P,, yMeHplleHus ¢ mnpu p > P, wim oTcyTcTBUA
W3MEHEHUs ¢ B ciydae p = P,

BrlnensnokeHHOe MO3BOJSET 3aKIIOYUTh O CBSA3M TMOBEASHUS MOJENN
apTepUaIbHOr0  OapopelenTopHoro pediiekca ¢ HAIWYHEM HECKOJBKHX
PEKUMOB (AJTUTENBHBIX WM MTHOBEHHBIX), HANpPABICHHBIX HA yBEIWYEHUE,
YMEHbIIIEHHE WM COXPaHEHWEe HEWU3MEHHOCTH mapameTpoB ¢ u p. CmeHa
PEeKUMOB OOYCIIOBIIEHa HACTYIUIGHHEM OIpPEICSNICHHBIX TPOSBICHUA THIA
MPUHATHS TapaMeTpoM p 3HadeHus P,

Onpeaesienne TrMOPUIHOTO aBTOMATa M JI0KAa3aTeJbCTBO TeOPEMBI.
ObocHosaHue 68edeHus eubpudHoco asemomama. Moaenu perynsiuun
apTepUANbHOTO JABJICHUS M MEXaHM3MOB TE€MOAMHAMHKH B OCHOBHOM
OMHUCHIBAIOTCS cucTeMaMu JudQepeHInanbHbBIX YpaBHEHUH, Tlle OTpaxaroTcs
HEIpephIBHBIE BO BpeMeHu mnporeccel [4, 5]. OmHako MHOTHE peajbHbIe
MPOIIECCHl AOMYCKAIOT, HApsAy C OMHUCAHHEM HX HENPEepPHIBHBIMH MOAEISIMHU,
TaKkKe TMOCTPOSHHWE MAHMCKPETHBIX MoOJeNnel, BOCHPOM3BOMSALIMNX OCHOBHBIC
KayeCTBEHHbIE XapaKTEPUCTUKH 3TUX MPOIECCOB U JIOTHKY MX M3MEHEHHUH [6].
OCHOBHBIMH XapaKTEpHBIMH OCOOEHHOCTSIMHU JUCKPETHBIX MOJIENEH SBIAIOTCS
JMICKPETHOCTh «BPEMEHW», B KOTOPOM MPOHCXOAUT (PYHKIMOHHWPOBAaHHE, U
3aJJaHde TEKYIIEro COCTOSHHSA MOJENH, MPH KOTOPOM HCIHOJB3YIOTCA HE
KOJIMYECTBEHHbIE, & KAYECTBEHHBIE XapaKTEPUCTUKU MOJESIUPYEMOTO Tpoliecca
[5]. B Hacrosmiee BpeMs Uil ONMUCAHMS PETYIATOPHBIX MPOIIECCOB OCOOBIM
UHTEpEC MPEACTABISIOT HENPEPhIBHO-IUCKPETHBIE CHCTEMBbI, MPEACTaBIIONINE
co0OH  MOCHEeNOBAaTENFHOCTh  CMEHAIOMIMX  JPYyr  Jpyra JJIMTEIbHBIX
HEMPEepPBIBHBIX M COOBITHHHO-3aBUCHMBIX MTHOBEHHBIX  JUCKPETHBIX
noBefieHuil. HenpepbIBHO-TUCKPETHBIE CHCTEMBbI, MM THOPHUIHBIE aBTOMATHI,
MO3BOJISIIOT OMKCATh KaK MpeObIBAaHUE MOJENH B JJTUTENBHBIX COCTOSHUAX MPHU
3aJJAHHBIX YCIOBUSX, TaK U CMEHY PEKHMOB C HACTYIUICHHEM OINpeIeTIeHHbBIX
coObiTuii [7]. TlpudyeM YUCIIO COCTOSHUI M YCJIOBUSI MEPEXOJ0B CHUCTEMBI U3
OJTHOTO COCTOSIHHSI B APYroe 00eCHeyuBar0T AUCKPETHOE MOBEACHUE CUCTEMBI,
TOrja Kak NpeObIBaHUE CUCTEMBl B T€X WM MHBIX COCTOSHHSAX OIHCBHIBAETCS
HENpepbIBHBIM BO BPEMEHH IporeccoM [4].

BapopenentopHass perymsiuus apTepuanbHOrO JAABICHUS TNPENCTaBIsIeT
co00l COOBITUHHO-YIPaBIAEMYI0 AMHAMHYECKYIO CHCTEMY, TJe H3MEHEeHHUs
(coOBITHS) BOSHHMKAIOT 1O NPHHATUU MEPEMEHHBIX BEMMYUH (¢, p) 3HAYCHHI,
OTBEYAIOUIMX OTpeleNieHHbIM TpeOoBaHUsAM (ycnoBusiM). Ecnu mpuMeHHTb
TEOPHI0 THOPHUIHBIX ABTOMATOB K OIMCAHUIO MOAeNH ()YHKIMOHUPOBAHHSA
OapopenienitopHoro  pediuekca  (puc.4), TO TnpeObIBaHME MOJACIH B
COOTBETCTBYIOIIMX COCTOSHUAX OYAyT OMpEeAENATh MPOLECCHl, HalpaBJICHHBIE
Ha M3MEHEHHE MOAYNS 3HAYSHWH ¢ U p, a YCIOBHS IEPEXOAOB CHCTEMBI U3
OITHOTO COCTOSIHMSL B JPYroe IMOCHYXaT O0ECleueHHIo xapakTepa (BEKTopa)
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W3MEHEHUs 3HaYeHUH ¢ u p. B 3Toil CBS3M cMeHa COCTOSHMIA Mojenu Oymer
MPOUCXOANUTh TPH CABUrax (HACTyIJIEHHE COOBITHS) B CHCTEME, CBSI3aHHBIX C
NPUHATHEM ¢ W p 3HAUYEHHH, YJOBIETBOPSIOMIMX ONpPENEeIEHHBIM YCIOBHAM
CMEHBI PeXMMa COCTOSHHUS CHCTEMBI.

I

S2

N
Puc.4. IIpumenenue ruGpUIHOrO aBTOMaTa K CUCTeMe 0apOpeLeNTOpHOH perymisiuu
AJl. S, — rubpuaHblil aBTOMAT, OTOOPXKAIOUIMI CUCTEMY I'€Hepaluy CUMIATHYECKOro
UMITyIbca OT HeHpOHaNbHOH YacTH OapoperientopHoro pediekca, S, — ruOpuaHbIH
aBTOMAT, OTOOPaXKAIOIIMN OTBETHYIO PEAKIUIO CEPAEUHO-COCYAUCTON CUCTEMBI B BUJE
n3MeHeHus 3HadeHus AJl. OyHkuuu f; U f; OpeacTaBiIstoT co0OH  3aBUCHMOCTH

coOTBeTCTBeHHO ypoBHs akTBHOCTH CCH oT BemmunHbl AJl 1 W3MEHEHHs BEITMYHHBI
A]l or akruBHOCTH CCH.

Onpeodenenue eubpuonozo asmomama. I'MOpUAHBIM aBTOMAaTOM Ha30BEM
Habop S=(A, B, Q, Z, ¢, w, W, ¢, z) C BBIICICHHBIMA HaYaJILHBIMH
mapamerpamu ¢q € Q, z € Z, tne A, Q, Z, B — KOHe4YHbIe MHOXECTBa
HATYpaJIbHBIX YHCEJI, SIBJSIONIMXCS COOTBETCTBEHHO BXOJHBIM alihaBUTOM,
andaBUTOM pexuMa, andaBUTOM COCTOSHHS W BBIXOJHBIM aj(haBUTOM
aBToMara S; ¢ — QyHKIHS [Tepexo/ia aBToMara S, onpe/ieiecHHas: Ha MHOXECTBE
A X 7 v npuHHMaroIas 3HaueHue U3 MHOXKecTBa Q; w — (QYHKIMS BHYTPEHHETO
COCTOSIHMSI aBTOMata S, ompesesieHHas Ha MHOXKecTBe Z X (Q ¥ mpuHUMaroImas
3HAYEHUE U3 MHOXeCTBAa Z; y — (YHKIUS BBIXO/IAa aBTOMATa S, Ompe/ieicHHAs
Ha MHOXKECTBE Z U MPUHUMAIOIIAs 3HAUEHHE U3 MHOXKecTBa B.

B xnaccuveckoM omucaHuM THOPUITHOTO aBTOMATa BXOJHBIE W BBIXOJHBIC
MHOXECTBA OINPENENIAIOTCS  OTJEIBHO JJIi HEMPEPHIBHOTO W JUCKPETHOIO
nporeccoB Monenu [4]. B manHOl paboTe mpencTaBieHO YIPOIICHHOE OIMUU-
caHue THOPUJIHOTO aBTOMAaTa C OJHMM BXOJHBIM M BBIXOJHBIM MHOXECTBaAMH
HATypaJIbHBIX YKCEIN, MOHITHE BHYTPEHHETO COCTOSHUS TMOPHIIHOTO aBroMara
COXpaHEHO M ONpeaAeNsiercs mapoit (¢, z), rae ¢ € Q, z € Z. Ilonarue «Bpe-
MEHHU» aBTOMAaTa S HOCHUT IUCKPETHBIA XapaKTep U ONPEJEIIIETCS MHOKECTBOM
Te{n, ©, t,...,0}, TOe TMOCIEAOBATEILHOCTh T|, Ty, T3,...,[; COCTOUT U3
MOMEHTOB pEaJIbHOT'0 BpPEMEHH, B KOTOPOM pPacCMaTPUBAETCS COCTOSHHUE
peabHOTO Mpoliecca, U MPEIoIaraeTcs, 4To 3aJaHHOE BHYTPEHHEE COCTOSHUE
aBTOMara S U BHEIIHEC BO3JCHCTBHE HA HEr0 B MOMEHTBI Ti, T2, T3,...,T
JIOCTaTOYHO TIOJHO ONUMCHIBAIOT peayibHBIM  mponecc. MuHoxkectBo T
MPECTaBJIsIET COOOM MOCIEI0BATENBHOCTh C TIOCTOSIHHBIM IiaroMm Az, 7; = 1; +
At (i - 1), i = 1, 2, 3..., u npu (QYHKIMOHMPOBAHHM aBTOMAaTa S
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CYLIECTBEHHBIMU SIBJIIIOTCSL HE CaMH 3HAYCHUS Ty, T2, T3,...,7;, @ HoMepa 1, 2,
3,...,] OTHX MOMEHTOB.

Omnpenenaenne 1. Ilycte S, :(QB’Q’pr’w,y/,O,ck ) — TuOpHIHBIH
aBTOMAaT S, omuChIBalOIIUN M3MeHeHne ypoBHs akTuBHocTd CCH B orBeT Ha
nu3MeHeHus BenrmdnHbl AJl B cucteme 6apopenentopHoro pediekca.

Torna 3naueHuss QyHKIMH f; OyOyT COCTAaBISATH KOHEYHOE MHOXKECTBO
Cz{cl,...,cn} BO3MOKHBIX BXOJHBIX 3HAQUEHMM aBTOMaTa S., KOHEYHOEC

MHOXeCTBO B={b,...,h,} — BO3MOXKHBEIC BBIXOJHbIC 3HAUCHUS aBTOMATa S,
pexuM aBroMaTa S. ompenenser emuunHa ¢ € Q = {1, -1, 0}, cocrosHue
aBTOMaTa S. OMMCHIBAETCA MHOKECTBOM Z ={z,,...,z, |, (GYHKIHS Iepexona o,

(GyHKIUS COCTOSHUA @, QYHKLIMS BBIXOJA ¥ aBTOMara S; B MOMEHT BPEeMEHHU
7=1,2,3...,] omnpeaeneHbl COOTBETCTBEHHO CIEAYIOMIMM 00pa3oM:

q, =0,
q, =1, ec z,_, —c, <0
c.,z._. )= 1
#leza) g, =-1, ecmn z, ,—c, >0 M
q, =0, eciu z,_, —c, =0
zZ=¢,
o(q,,z._,)=
(qr l) {ZT = Zr—l +qr
v(z): b =z

Onpenenenne 2. Ilyets S, =(pp Q.70 ov.0.p, )— TUOpHAHBIA

aBTOMAT S, OMMCHIBAIOIINHN XapakTep M3MEHEHUs BennduHbl AJl B OTBET
Ha H3MEHECHHUE YPOBHS AKTHUBHOCTH CEpAEYHO-COCYAUCTBIX
cumnarrdeckux HepBoB (CCH) B cucteme 6apoperentopHoro peduiekca.

Torna 3HaueHust GyHKIMKM f> OYAYT COCTaBISATh KOHEYHOE MHOXKECTBO P
= {pi,....pn} BO3MOXHBIX BXOJHBIX 3HAUCHUH aBTOMaTra S, KOHEUHOE
MHOXecTBO B = {by,...,by} — BO3MOKHBIE BBIXOJIHBIC 3HAUEHUS aBTOMaTa Sy,
peXUM aBTOMaTa S, onpenenier BeaumuuHa g € Q = {1, -1, 0 }, cocrosnue
aBTOMAaTa S, OIUCHIBAECTCS MHOXKECTBOM Z={z|,...,Zc}, (YHKLUS Iepexona ¢,
(yHKIUS cOCTOSHUA @, (GYHKIUA BBIXOAA ¥ aBTOMAaTa S, B MOMEHT BPEMEHU T
=1, 2,3, ...,/ onpeneneHbl COOTBETCTBEHHO CJICYIONIUM 00pa3oM:

4 =0,
g =1, eciu z,_, —p, <0
b = ’ ' 2
(/’(pr erl) q. = _1’ e z_, —p > 0 ( )
q.=0, ec z_ —p. =0
A=
w(qT’ZTI)_{ZT =z, 149,
y/(zr)Z b, =z,
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Teopema. Ilycte f; — ctporo yObiBaromas ()YHKUHUS, OMMCHIBAIOIIAS
BIIMSIHUE U3MeHeHus BeanuuHbl AJ] Ha ypoBenp aktuBHoctu CCH, f> — ctporo
BO3pacratoiias GyHKIMs, OMKUChIBAIOIIAs BIusiHUE ypoBHs aktuBHOCTH CCH Ha
mmenenne sennuuabsl AJl. Ha mockoctu [C x P] , e Ce[0; cmax] , P€[0;
Pmax] (Cmax M Pmax — MAKCUMaJBHO JIOMYCTHMBbIC 3HauYeHus AJl u ypoBHS
aktuBHoctu CCH B cucreme OapopelentopHoro peduiekca) THOpHIHbBIC
aBTOMATHI S U Sy, IPU JIFOOBIX OTKIOHEHUSAX BeMUUHH A/l U ypOBHS aKTUBHOCTH
CCH npuBomaT cucreMy OapopelenTopHOro peduiekca B pPaBHOBECHOE
COCTOSIHHE.

JokazaTenbcTBo. OG03HaumM — TOuKoi A e(f),f,) ¢ KOOpAMHATAMH

(¢o>py)> THE Co € f1, po € f> — TOUKY TiepecedeHMs (YHKIHOHATBHEIX —KpH-

BBIX f; U f>, Toukoil K € [C X P] — mpou3BONBHYIO TOUKY C KOOpAMHATAMU
(cts pr), OTOOpAXKAIOUIYIO COCTOSHUE CHCTEMBI MpPH €€ OTKJIIOHCHHUU OT
HOPMaJIbHOTO PaBHOBECHOTO cocTosiHua  (puc. 5). Torma ansg mocTmkeHus
Toukoi K pPaBHOBECHOT'O COCTOSHHS €€ KOOPAWHATHI JOIDKHBI CTPEMHUTHCS K
KOOpJIUHATAaM TOYKH A, a UMEHHO: ¢y — Co U Pr—> Py.

Ecnu mpenmnonoxute, 4To (yHKIUOHATBHBIE KPHUBBIE f; M f> YCIOBHO
pazgenstor 1wiockocTh [C x P] Ha yerhlpe wactu, To Toraa Touka K MoxeT
HAXOAMTHCS JTMOO B OJTHOM M3 ATUX YEThIpeX 00JacTel, MO0 HEeMmoCPEICTBEHHO
Ha (QYHKIIMOHAJIbHBIX KPUBBIX f; U f> .

4
P

Po |-------T%

>
L

C

Puc.5. Pacionoxenune Touku K (¢, pr) Ha miiockoctu [C x P] B obnactu pestenbHOCTH
GapopenenTopHoro peduiekca ¢ Toukoit 4 (cy, py) B COCTOSTHUM PaBHOBECHSI.

ITon BoO3zeiicTBHEM aBTOMaTa S. KOOpAHUHATA C; TOYKA K OTHOCHUTEIBHO
ocu C MOXET WM OCTaBaTbCcsd HEU3MEHHOW, WM HU3MEHAThCS B JBYX
HaMpaBlIeHUAX: <— (YMEHbIICHUE 3HAYCHUS ;) U — (yBEIMUCHUE 3HAYCHUS Cy ).
IMox nelicrBuem aBTOMara S, KOOpAMHATA Py TOYKU K TakkKe MOXKET OCTaBaThCs
00 HEU3MEHHOM, MO0 U3MEHSATHCS B IBYX HANPABICHUSAX OTHOCHUTEIHLHO OCH
P : T(yBenuuenue 3uauenns p;) u  (yMeHblIeHue 3HaueHns p;). Hampasienue
W3MEHEHUS] KOOPAMHAT Cx U py OTPENeNseTCs 3HaUeHUEM PeXHMa ¢, aBTOMAaTOB
Sc 1 S, coorBercTBeHHO ((hopMynsl 1, 2). Mogynb U3MEHEHHsT KOOPAUHAT ¢ U
Pk ONMHAKOBBINA U paBeH MOIYIMIO |g; | aBToMaToB S, 1 S,,. IIpu 0003HaUeHNH ¢,
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aBTOMAToOB S U S, 4epe3 ¢. U ¢, COOTBEICTBEHHO, Mapa (g., gp) BBICTYIAET
OIpeACISIONINM MTapaMeTpoM ABwkeHust Touku K Ha tutockoctu [C x P] .

CnenoBarenbHo, Touka K B pe3ynbTaTe pabOThl aBTOMAaTOB S M S, MOXET
JBUTATbCS B CIEAYIOMMX 9 HampaBlICHHSAX, KOTOPbIE OMNPEACNIAIOTCS Mapon
(Qc, qp) (pHC6) HpH (qca qp) :{(09 1)’ (0’ '1)} u (Qc, qp) :{(19 0)’ ('1’ 0)}
Touka K pacmojaraercsi COOTBETCTBEHHO Ha ()YHKLIHMOHANBHBIX KPUBBIX f; H
S, mpu (e, qp) ={(-1, 1), (-1, -1), (1, -1), (1, 1)} Touka K HaxomuTcs Ha
miockoctax I, I, 111, IV cooTBercTBeHHO.

B kaxmoit 3 4-x obmacreit miockoctu [C x P] (puc.7), xoTropsim
COOTBETCTBYET KOHKPETHOE 3HaueHUE mapel (q., ¢p), Touka K MOXeET
JBUTATbC B CTPOrO ONpEAEJICHHOM HampaBieHUH. [lOCKONBbKY MOIYIb
W3MEHEHUS] KOOPJUHAT C; U Py ABIACTCS OJMHAKOBBIM M PaBHBIM MOIYIIO |q | =
|| = 1, yron HakiIOHa HalpaBJIEHMS ABIKEHHS TOUkH K B KaXAod o0JacTH
otHocuTenbHO oceit C u P cocrapmier 45°. Ipu pacnonoxenuu Toukn K Ha
OIHOM W3 (YHKUMOHAJIBHBIX KPUBBIX f; WIM f, HampaBJCHUE €€ IBHKEHUS
OKaxkeTcsl mapaiesbHbIM ocu C il ocu P cCOOTBETCTBEHHO .

(0,1) »
(-1,1) t (1,1)
(-1,0) 0,0 (1,0)
(-1,-1) v (1,-1)
(01'1) C "
Puc. 6 Puc.7

B pesynbrare noouepeqHOro JeHMCTBHS aBTOMAaTOB S. U S, ToYKa K Ha4yHeT
JBUTaThCS B CTPOr'O OIpPENEICHHOM HAIlpaBIEHUU C IIOCIENI0BaTEIbHBIM
nepeMeleHdeM U3 OJHOM oOnacTu B mocienyrooulyto. JpmwkeHue Touku K
npekparturca npu pexume (0, 0), IpU KOTOPOM ¢x € f; U px € f>, UTO
BBIMOJIHSIETCS. B TOUKE IepeceyeHnsl () yHKIMOHANBHBIX KPUBBIX f; U f5, T. €. B
TouKke A ¢ KoopauHaTamH (cy, pg). ClienoBaTeNbHO, B pe3ysbTaTe MooYepeaHOM
paboThl aBTOMATOB S U S, IMEET MECTO COBIMaJeHUE TOUKH K ¢ ToUKoil 4, 4To
COOTBETCTBYET pPaBHOBECHOMY COCTOSHHIO CHCTEMBI OapOpeLenTOpHOro
pedekca.

WUtak, MOXHO 3aKJIOYUTh, YTO B pe3yjibraTe padOThl THOPHUIHBIX
aBTOMAToB S; ¥ S, IPH OTKJIOHEHHUX 3Ha4eHuH AJl u yposna aktnBHOCTH CCH
cucremMa 0apopelenTOpHON CHCTEMbI BO3BPALIAETCsl B PABHOBECHOE COCTOSTHHE.

ABTOp BBIpakaeT OnaromapHocTh mpod. 3. D. ['acaHOBY 3a MOCTaHOBKY
3aJlauM.

Hay4yHo-TeXHOIOrM4YeCcKHil IEHTP OPraHu4ECKOi
u papmanepruueckoit xumun HAH PA
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M. 3. llInpunsax

Mozlemlponaﬂne peryjasinui paBHOBeCHSA B CUCTEME apTepPlﬂJIbHOﬁ
6ap0peuenulm Ha OCHOB¢ Fl/lﬁpl/l)_IHOFO aBTOMaTa

HccnepoBana cucreMa KpaTKOBPEMEHHOW PEryislud apTepUalbHOrO JaBJICHUS
yepe3 MeXaHu3M apTepuanbHoi OapopeuentopHoil peduexcuu. Beenena dopmanu-
3allisl MOJIENHU, KOTOpas OMNUCHIBAET PETYIALMIO apTEpPUAIbHOIO JaBIEHUS HA OCHOBE
apTepuaibHoro 6apopediaexca B COCTOSHUM MOKOA. Mojenb pealu3oBaHa Ha OCHOBE
rUOpPUIHBIX aBTOMAaTOB, HPUBOMASINIUX CUCTEMY apTEpPUaIbHOrO O0apopeLenTOpHOro
pediiekca B paBHOBECHOE COCTOSHUE.

U. E. Chphiyui

Zujuuwnpuljonnipjui jupquynplut Unnjunpmup quiplipuljugh
pupnptgbuyghuyh hwdwlwpgnid hhpphn wjnnduntph Yhpundwdp

Mumdbtwuhpjws hwpgp  Jepupbpmd £ wpuwb  quplbpulught - uodwb
Jupdwnl jupquynpdwt hwdwlwupght, npp hpuljubugymd b qupybpuljught
pupnphgbuyunnpubph dwubwlgnipjudp: Ugjpunwipmd tkpungws | Unnbih npdw-
lhqugmuup, npp httwpwdnpmipnit £ wwjhu tjwpwqpl) quplbpuljughtt gopudwh
Juuntwynpdut dnnbgnudubpp’ hhdujws pupnphgbuyunnpuypt pkdikpup Jpu’
hwtuqhun wyuydwbtbpnud: LoJws dnnbip hhdugws bt hppphy wynndwwnubph qnp-
Snitubnipjutt uljqpnitipibph Ypw, npnugny wuydwbwynpjus b pupnplgbyinnpugh
nkdikpuh hwjuuwpulohre thukp:

M. E. Shirinyan

Modeling of Equilibrium Regulation in the Arterial Baroreceptor System
on the Basis of Hybrid Automaton

The system of short-term regulation of arterial pressure through the mechanism of
the arterial baroreceptor reflex is researched. The formalization of the model, which
describes the regulation of arterial pressure based on arterial baroreflex in the state of
quiescence is introduced. The model is realized on the basis of hybrid automata
returning the arterial baroreceptor reflex system into the state of equilibrium.

Jlnteparypa
1. Mopman [, Xennep JI. @usnonorus cepieuHo-cocynuctoil cucremsl. CII6.
Iurep. 2000.
2. Tapacosa O. C., Mapmusanoe A. A., Poouonoe U. M. - Ilpupoma. 2002. N11.
C.21-27.

3. Kamyyne b.I' ba3ucHasa u xnuHudeckas papmaxonorus. T.1. M.—CII6. bunom-
Hesckuii J[Inanexr. 1998.

4.  Cenuuenxog FO. b. YucnenHoe MoaenupoBanue ruopunsix cucreM. CII6. HM3n-
Bo [ToymrexH. yH-Ta. 2004.

5. Kouwenes B. b., Myxun C. H., Cochun H. B., ®@asopckuii A. I1. Matemarnueckue
MOJIeNIN KBa3H-OIHOMEPHOU remoanHaMuku. Meron. nmocobue. M. 2010.

107



KynpsBues B. b., Anemmun C. B., Ilomkomun A. C. BBeneHue B TeOpUIO
aBromaroB. M. Hayka. 1985.

Cenuuenxos FO. 5. OCHOBbI TE€OpPUM U CPEJICTBA MOJEIMPOBAHUS TMOPUIHBIX
cucreM. ABtoped. 10kT. quc. CII6. 2005.

108



ZUBUUSUULPl @PSNEhE3NPLLENMNrP ULQGUSIL UUWUTBEUDLU
HANMWOHAIIBHAS AKAJEMMUNSIA HAYK APMEHHUHU
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L OKJIAJIBI 9Q6uUNP38LEL REPORTS
Zulmn
T 113 2013 Ne 1
Volume

NUSUNRE3NDPL

U. U. Uwhwljjut

Uwpunnguuyunnidp Twuqup Pupybkgnt «Zuyng
yuwwnunipjui» Uk

(Lkpuyugyws k 22 RUU prp. winud L. Z. Uppwhwdjwith §nnuhg 12/XT 2012)

Unwbigpuyhtt puntp. ugpnipbih dénppbpnid, Uwhwl Muppel, Gnp
dupunnguwunnnid

Ujwbwynp huyugbn Uwtntly Upknyuip Twqup Qupykgnt «Zw-
ng yquwnunipjuiy dwynnguuywnnidp punpnonid E wjuybu. «@upuyb-
ghtt wunud E Uh jpwntiwl] yuwndnipnil, np ptwy tdwi sk ny Tunphiiw-
gnit b ny k| Unpynith quwndwsubphl, b hupt php dbe £ mhuwn hwljw-
uwut b ([1], ke 356): Pull ytponid wunid E dvh mnpquunwljuyhtt kqpui-
hwugnid. «...Qupuykgnt MTuwndnipjut gpbph gynunh JEpupkpju hwn-
Jwst hp wdpnnonipjudp nhn ntuntdtwuhpkih E pwgpujut nkuwlyk-
wny, pwtth np nu, hsywbu wwpq tplnud k, whwnupn sh dbwgkp (ke
358): Ulipnipw, puwqph hwlwuwlwt jhubp Gupwnpmd E, np wgb
wnuyunyuws k, puyg ny wyt wmunhdwl, np huth yujuwuwynnp:

Pwll wjt k, np pk’ U, Upknyubp, pb Mwqup @wpubkgnt plugph
hpwwnwpulhsubpp b wyy dEyuhstbp (nk'u [2], b 15, upqp. 3, [3], ke 32-
34, Supqp. 11, [4], p. 11-12, ko 15) hmdwphky L, np . Qupytgnt Mwwn-
Unipjut dwownnguuyunnidvhg wujuunid £ wntjuq tpkp wwppbpne-
pinil, npt k' Uwpwningh dvhowghnpjut wnwpbinipniup b gpbph qni-
np:

Uw hwyj ptimgpughwnnipjut yuundnipjut dky wdktwhwjnuh tp-
lnypl k, kpp mbkp jphy, wdpnnowljwi (n's whwnwpw) plwghp, puyg
wyn phwghpp XVIII 1. gpsh, XIX 1. hpwwnwpuysh b XX 1. dEYuhsh Ynn-
Uhg plupdnid b hppl wuwluwuwynp phwghp, npnyhtnb togwusibtpp’
XXI 1. pupkpgnnutpn] hwinbkpd, shwoqws pugunmpmubpp (op.
wku [5], by 223-225, 229-232) quinjnud kb YUnpnith U funphiwgnt
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dwpunnguuyuwnnidh wqptgnipjut nwl), npny qpbph gnunt wipudwb
E nhnynud dhpwghwnpjut gnpéninnidhg: Uhtisntin Twqup Pupytght
nith ubthwlwt nbuwlbnp gpbph gynunh hwpgnid, npt £ (hnyht, pb-
Uniq thnpp-pty upphtt b wnwjwn nény, ubpluyugpty k hp Mundm-
pjut I ppdugnid:

Uhw, punn TMwqup Pupybkgnt dwpnmnguuuwnnidh, Zugkljug gni-
nh qwpnwih npnh, wppniuh ghtnp nt nuihp, wyw® dguuynp Uwp-
wnngp, np Ukd hinhttwlnipnit tp Juybnud hwuwpwlnipyut b quibw-
jubt-wbtuyuwunwlwb sppwutbpnid, swwn kp dnwhngqud huwjkpkh
gpuynp gnpéniubnipinitt sihubnt Wuwdweny, dwbtwdwin, np jub
hwjtipkt tpwbwgnpbp:

Puthg wupqynud E, np wyp wpwbwqpbph gnnipjut dwuhtt dkyp
Eytinkgnid hwjnub] £ dowdpwuynih wppuyhty, pk hupp nputp wnbkub) b
uh gyninnud ndt Byhuljnynuh dnwn: Yowdpwuyynihp whwnwpptp k dbw-
gh] wyn (miph Wyundwdp, puyg wyny dwuht hwynik) £ huyng upnnh-
Ynu Uwhwl Mwpplhl, npp tnybybu wbwnwppbp b pugniul) nupp:
Uwluy, htug np Uwpwnngh htwn qpnuyg b pugynid hugtpku qpbph
dwuhl, yipghthu hwjnunid t dnwdpwynihhg opkp wnwe jumé nknk-
ynipjniip: Munh dwnbnd Bu puquynph dnwn, npp bu wugnd E hp
uwdp. «&r hngw jnikuy quyu p puquinpll, hnipugnigumblhh qhw
wubyny, pbk dhylbw qunugu UkS b oguuupkn wopiuphhu Zuyng ghinpu
wjunphl h dwdwinulu pnj, np pwwn wykjh we juyuyul phpk pkg puh,
Jpounnul win/nmug ki ogniwn Eplinuinp Juybihg, pul ghopruiiniphri
Juwquinpniplwin pn, ki Jud npwlu junwye puill gpkq wfulihpl pn Lha
Jquggli UpowlniGlwgy ([4), te 32): ‘

Puquynph thwnwuhpmpnibp onyny  «jwpjmnugh wnpyng
Jwhphd hojpwtht phugut Eu niquplnud jnipp hwynbws Eputbh
Zuphk) tpkgh dnw, Ykpohtiu k| hp hbppht «hnipuiiuyp» hwutund | hp
Ubpdu]np, pupbywown (n's knkuwgh, n's wunph - U:U.), upwiiskih
tyhuljnynu Ytwuhbih dnwn, nphg wntbny tpwbwgpbpp pkpnd E wp-
pniuhp:

Qwqup Pupubght, np gqpbpp phpkp wwnt hwndusp dhuwu
owpugpnid £ pun Ynpymbh hwdwywinwupowt Jepnbppu uppu-
gpnudubpny, gpbpt Ynpmith puntpny wybkjugunud k. «bull wppuyh
Zwjng, unipp Juwpnphlnuunt i Gpwubjbutt Uwownnght, puljujbug
quowtiwghputt h Zwplk, nipwhu thukht» (ke 32):

Upwuny Twqup wyuudhsp wupunmd E hugbkpbt wowbwqgpbkpp
gquubnt wuwndnipniup b, supnibwlbny, tkpjujugund £ wyy wow-
twqpbph hhdwt ypw wypnipkt jupgbnt b fhpupldub dbe pnubme
gnpdp, npp Uwowingp hwgnnnipjudp Juwnwpnid E, npnghbnb tpub
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«muttmghwunnpbt» oqumid E Jwpnnhynu Uwhwly Nwpplp, htsybu
ulqphg, wnwght qponiyghg b kw, jununwghy bp:

Puyg wupqymud k, np hugbpku wypnipkup nshy swpdk, bpk nu
subpypdh nupngubpnud, puly nypngnud sh Yupny tkpypdl;, dhish
hujtipkt spupguuuygh u.@hppp: bull wdktwlwpbnp b npddup wyy gnp-
op Jupnn E wil) dhdhuwyt Uwhwly Mwpplp, npht ) ghunid o wqgn-
Jh, pungpbny, np tw uvnnwbdth wyny qnpép, np Ukdnipjudp hhokgunid
tpw twhwwyuyh Sphgnp Lotuwdnpsh upupwlpp, «<op jubghnnipkik
f odwphun wunniwsqhunniphrl wnwehnpnbug wphnuphhu Zuyngs (ke
38): Uhw unyuuwhuh thunpny k wuwlynid bl Uwhwlyp:

N°pt E mphut gpiph unbpdsdwi Uy Twpwnngh phph pun Nwuqu-
ph. huybpbl qupmpjui hupgn] dnunwieyt p, Jupnnhynuhl oo
puqunphit qph hupgnud pnuykgub |p, ph- Fwbhbjh Unin yuhyub-
Jud wpwlwgptpp jwupgh phplp Uwhwlh ogunipjudp b nupngubp
hhudukp:

Quuwnnpll unnwgynid k, np bpwbwqpbpp sk hnphudby, wyp dbknp
El phipyby, b nuw TYwquph yquundnipjut vk wpnnwhwynyt) t dh puth
wbquu:

1. 8n1yg wnwyniy, np Uwipnnngn dwnwhng ni wpunnid Ep huybpki
pupnipinil snibbhwin: qundwunny, Qupuybkghi gnnid k. «Quju h
puqnid dudwtwulug quuuur wstw) Epwibkjh wnt Uwownngh b
thndjugbw] jmudl jnip, dwbwiwby pk gnt tpwbwgqhpp hwjtipkh
1kqninju, npny htuwp kE htpbwt dwjuht, b ny Unipuwguén) puppw-
nny, pwht] qnghu wpwbg tr jwbwig we hwuwpul judtbuwjt
tytntghu puqunipbw» (Ze 30):

Bt npntnhg E juk] Uwownngp tpwbwgptph gnnipjut dwuhb
Uhtslh Uwhwljhg hdwtwp, Twqupp sh wunid:

2. Zuply Epkgh uhongny bpwhwgnkpp Uwpwninghl hwughbinig
hkwnn luqupp gpnid F (wyu wkpnid pwhwubpbbph Jupsdhpniy
phwghpp wwhwuwynp F, o XVIII pupnid dknwgph qphsp uyl
jpugnpky F fvnpkiwgn: Nwwudnipjul Jky knwé dwpwnnguiuyu-
wnidpg ([4], p.11-12)). 61 wpuytu nhwybw) ghinh bowhwgpugh’
Abknt h gnpé wpluwikp tpwubkiht Uwownng...» (o 34), np whkwnp F
hwulwhwy, pk wuwmnwhbny bowhwgpkph gninpl Uwswnngp gn-
néh whguy:

Ujunithbnlb pwghpt wnuwnyby b (yéppipliny gl unipp huy-
puwbnpl Zuyng Uwhwluy...»), ntunh Jupbh £ wowewnll) wykjh
&hown pupbkpgdwt wappbpwly. «....j&ppipkinyg qiw hkgbiuyhl ninnuw-
duylniplbwll’ unky hupgdwdp niuwiking b unipp Jupnghlnukli Uw-
hwluy qupnipuyhgh qunuhwp ' pun whuugpupnipbulb piahl: [Pul]
unipp huypuylbnhli Uwhwluy ghipwhiwp Sdwhowwph gnigubbing
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Jupquppniplwl gpkinu b nuyny lu oqhwlwhu b wyy uypu puih-
pochu I dnwghu p pwhwbuyhgh Zuyng, npp Ll win vwluy up, npuytu
tpuwhljhl Uwpwuing, dbpdunnpbuyp p jnibupkl hkqkhuyhbaul (hull juy
hUwgnnp Uwhwla b pun Ywquph — UU.), npnud wnwolngl whnibil
Ip 8nhwl p quuuuntia Ehknkwg, I Eplpnppht Snjulih p Mugwiului
wwhth, b Eppnpphl SEp p onpdkany, b snppoapphls Unigk h Swpotmy,
npng oqllynil gopkp Epwbkih Uwpwing, hubhnuybkgniguilpn qhuykplki
wpnipuyul puwn Jupguwl upinyrughgl Snihwg: Jwul gh ns jhakhl
punwlml p Jdwply whupiuy mgnulh wnwbg wnwehnppling Gnguw
uppny huypuwylbnhli Uwhwluy, np jmpd wnjghuy Jupdhip wbhgquiblp
gqrugnid ghwninypl Sniinug...» (ko 34-36): Ujuyhuny, Uwpwnngu wdku
uh dkntwpynid hwgnnty k ouinphhy Uwhwlh:

3. Yhwnwuplklp bu Uh Jhjuwynipinitlh wre uyl, np Uwiowngnp Gnp
pwhwgplbp sh hnphlk] pun Twquph: Zuyng wyjwuq pwhwiw-
bkpp ' Uwownngny, hwlwpupbbpl ni wwhninkpkpp  puguign-
pny, u.Qhppp pupguubbint jpbppubipny phunid ki Juwpnphlnu
Uwhwlhb wukny. «Ukp np Judp wnweh pn, hwinkpd kpwik-
(twit Uwownnght, qnp quppnjg wunniwswjh punph h guulynt-
phiiu wju Yupgk qunbgnigh gphw) pupwghpu (. Lywbw-
ghpu' puwn U. Upknjuth nigndwb - U.U.) mwunhgl, qnpu ny ni-
pnip kp hnqugbw) wplwut] h Yhp, wy] wunph dbdwowt b wlo-
gninn ntudwdpplt wojpwwnbtw)p jnjunpun...dhish quuur (gunuygkg-
U.U.) ghp & wennkiny £phuwninup Ejkw] judnidt mwljwiht qo-
pwiiwyg...» (ko 36):

bPusybu wnbhuwbp, Twquph dwryninguuywunnidh dbky ny dh phw-
gpuyjhtt fugnid sju: Mupquubu V. nuph ykpenid niukup qptph unbns-
dwtt Uh nipnyt wwwndnipnil, npp bujuinpkt wuppkp L Unpynithg:
Puyg pwtwubpubpht othnph E dwntb], hwmwbwpwp, wyu hwpquph
wnnippp, np Lwqupp hnk) £ Ynpnitht «lwndnipjuby wnwghtt npdw-
qh 10-pn, hwwnJwsmd. «&r quyu pk Jundhgh np ghinky hunwumbur ™ h
wunnuniplkil gnng wnh gubluyh Ynplkwl, wowlbpnp dnphb Epuik-
iyl Uwpwuingh, Jupnugkuy wnbnkluugh qyupu [kinug npw, k1 ghp
huybplth bpwlnugpugh, plt E pp Gund nup b jund jogp nipnip Akl quuubE
puquiinphi Zuyng Ynundounyhny pbpdknwinl ppbgpkiny. gnp Jupgbug
gnlyny Hdwpunwyltu junwewnpbuy uypl hnglnp Ynphil, niuwnmp b
Ukp pugmd whquid jupnuyny nkpklugbuy hwyuumnbuis (Lo 30):

Ppujuwinud, Twqupt wdkt pwt £hpn £ wuk). ph nignud tu nk-
nkjwutuw) Uwpwnngh Yyuuphl, ph tpp, npunkn jud nud dknpny E gty
hwjng ghpp dpwidswynihh fulgpuibipny, Yuppu' Ynpymb: Twquph
Wjupwgpushg popnpnyptt wwpq k np Uwpwnngp hwybpku gpbp sh
unbinst]: Yupstu Twqupp puqnd wiugud Jupnughy £ dhwyt Ynpyne-
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uh ujqpuwdwup: Twquph Jupshpny Uwpwnngh hknwqu qnpép JEpw-
phpnud £ dhuytt Fwuhbjut tpwbwqgptph jupquynpdwip b Yhpupy-
dwtp: Ujuntwdbktwythy, tnwpophtiwly sk, np wjupwithg htitnn Nwqupp
Uh tnpphl hwndws Cwhphgh wpwpknpmiip b Ywuhbyub gpbph
dbnpphpnudp, qplpk punwgh punuqnt) £ Ynpnitth ptwugphg, npnyhk-
nl npuiny bw hwjwuwnb] E YUnpnith wpdbpn:

Uj pwlt E np ptwgpuyhtt dwtip wnbisnipmnibutp tu ghunwplynid
unphiugnt bt @upykgnt dvwonnguuyunnidibph dholi: Npuntinh’g np-
pup, kpk npkuwgnt «Mwwndnipjuy vk dwpnnguuyunnidp hbwnw-
qu (VII-VIII n1.) jadpwgpmipjutt wpyniup £, nph hwdwp wnpnip
Swnwykp Ynpniuh «dwppp» b Twquph «Muwndnipmniip»: Untu §nn-
Uhg, hywtu nkuwlp, Lwquph wowght npyugh gjjuwynp wypmnipp &-
nk] k unpktwgnt «Mwwndnpniup» (nk u [6], ke 51-91, twl [1], ke 354-
358): Ujuhupl, pnit Iunpktiwugnt «Nwwndnipniup» wnpmnip E ink)p Tw-
quph hwdwp, hull Twquph «Mwndnipniip» wnpmnip b tnk) unpk-
twgnt «NMwwndnipjutr pugdhowplnn-jadpugpnh hwdwp: Ukgpkpkup
Epynt piwgpuyhtt mbnhubkpp:

U. Iunpbtwgh. «@npiwmnplyny qhuybplti wpnipuyull puwn whuuyg-
Jpupniplbwl uhiqupuyhg 2B Eiuging (2.53):

1. Oupubgh. «Jwiphwybgniguilp qhuybplll wpnipuyul puwn
Jupguwl upinypughgl Sniliug, unby hwpgdudp b niuwbking h
unipp quypnphlinull Uwhwluy qupnipughgl qupuihwp, pun whuuy-
pupniplwi Sniihi» (ke 34):

U. Iunpbkuwgh. «..fJupglbuy puwnn dbny ophhwlh mibwlwihb
qiunlignigh gpluy pupwghn nwnhg (%.52):

V. Qupwbgh. «..Jupgky quyiomgl gqplwy pwpwgppu [t
Lowlnughpu/ nnunhgl, gnpu ns nipnip kp hnqugbuy wplwbly o [hp
(Lo 36):

Puwgpuyhtt hwdwwnbpunhg wlukpl E, np Gpynt qnyq dkppbpnid-
utph nphwypnid £ Twmqup Pupuybtgnt ninnbpp husnud Bu wydkjh phujub
niL hwpwquuw, hulj unpitiwgnit yhpugpdus ninntpp Uh nbuwly wpht-
unwljui ki hwplwpbgdws wwndwhnp nghi:

FPuyg ju bu Uh wunipnuljh ptwgqpujhtt wntsnipinil, np sh ujuwn-
yb], puyg owwn jununit k: Upnku ok Eup, np unpktwugnt «Mwwndni-
pjuby pundhowplnn-fudpughpp V- nuiph ulqpitkph wowght plym
nwutwdjulh hwdwp ywwpuhg wppw k fwtwynid dpwdhtt’ Zuqybp-
wnh thnjuwpbku (U.Junpktwgh, II1, 52): ‘Unyt upjuwp nkutnid Gup Twqu-
nh Unwn, puyg wpnkt ny uunwhwlwib, npnyhtnb Twqupp Jupst) L,
np wy dudwbwl] pin swpnittwlnid kp hojuk] Cwwnihp, hull Cwwnt-
hhtt hpwlwunid hwenpyk) E dowdp (ke 40): Ujuyku np, dowdp wup-
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uhl puquynp E dh ghypmu upwg hdwgnppudp, dnie ghupnod’
upuw] hwudnquniiph yuwwngwnny:

Yupkih® k wpynp Jupst), Uwintl Upbgubh juulwusp hnpewp-
Ytny (hudwn.[1], ko 357), np Puipybkgnt «NMwwndnipjub» hbnnwqu upd-
pughpp ogunwugnpsty E unphtwgnt «NMwwndnipjuty judpugph tbpune-
dws dwomnnguyyunnidp:

0's, npndhknl kplynt phwgpbph tdwimpput hhdpp juqunng kplyn
thnpphl wnbntinipjniiubpp hwnnl Bu dhdhuygtt Twqup Gwpuybgnt
dwonnguwunnidh hwykguljupghl, pun nph’ Uwpwnngp ns ph gplph
unbindnnp, wy npputg jupquynpnnt b Muwnwhwlwb sk, np Uwownngh
wyn unp Pniujghwt wnwe b phpkp Epynt wpwbgpwjhtt Eqpupwn-
nbkpdhbbp hkghw, wpnipw, h hwdbndt Ynpyniuh whpnypw-fugh:
Upu wbuwlbnhg tugbnt phwypnid puwgqpuyhtt wnbynipinitubph
huunhpp jnwdynid k hognin @uiputigni: Fugh wyn:

Bpt Twuqup Pupytghtt Aknph ] nitkuwp unpttwgnit YEpw-
gpyus dwonnguuyuunnudp, tplh skp pwdupupgh wyny Gplnt sushu
«punuqpnipjuudpr, puyg b dhbitnyuu k, ubwp hp nbuwlbnht hwjw-
nwphd wjtybu, htyybu punupuljut ywwndnipjut hupgmd k dbw-
gy, bpp tw Ukd Zuyph wuudmpmiip pudwinudhg dhiish puquidn-
pnipjul wilhnud, pwpunpty £ puyy we puyp punugpliny wwwndwhnp
plwgnhg wnwtg tpw winittip nuyne: tw quy Gplinud E phljnig htug
upwlhg, np Twqupp, h nuppbpnipnit vnpktwgnt, | poipjubt £ dwn-
unud wwpuhg wppnithph b Uwhwly Mwpplh hwwnnily hwpwpbpne-
pintuubkpp b, hwnjuwybu, Uwhwyh dhotunpynipjudp hp thtuw Zudw-
quuy Uwdhlniyuttht hwng uvywpuwybn Jupgbip b wp: Uppku
wunq k, np Twqupp, Spugpuyhtt hwdnqunitp jud mkuwlbn nitkhw-
1nt nhypnud, etk npu nmwuppkp E unpltiugnig, wuktp yuundwlwb nplk
thwuwnp YEpwpbpdwdp, htnbnmd E hp hdwgwsht: Fpw judwugnyh
Jyuynipiniub E wyl, np UkS Zuyph pudwiinidhg htwnn Uplbjut Zujw-
unwtnid - hojunn - puquiynpbph  thwpwybkghwljwl pwppp  (unupndy-
Yowdrwuynih-Junupny-Cuynth-Upnwotu) unpkuwgnt htn tnyhw-
Yub k puyg whw wwpuhg pwquynpbph pwppp wwppbpjod £
Iunpkiugnt pwpphg:

U. unptktwgh. Swynth - Upwnnwohp — dnowd - Zuqpn — 9owd -
Zuiqytpu:

1. dupytgh. Twwnih - 9pwd - Zuqltpn - dowd - Zuqytpun:
funptiwgnt Unin Upwnwphptt wykjnpy k. nw quihu k tputihg, np unpk-
twghtt Cwwynth widwb nwl nkub) E wupuhg Epupuljjug wppuyht,
npp upuwy k, hull Twqupp ghnh hpujut Swwnth II-hi, nph opnp ULS
Zugpp pwdwiglg: Quuyws npub \wqupl b hp hkppht vhowyly k
upwitg junwjupdut dudwbwlubph hwupgnd: Fuyg wdktwlnuyhwn
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upuwtt wyt E, np TYwqupp huyng 9pwdpmwynith wppuyhtt wykjh onin
Ubngunid, pwitt iput bpwbwlnn wwpuhg Swynihht, wyt nlypnid, tpp
hpwlwt dpwdpmynihp jurwywpt) £ btwb Cwwynithh npph 9dnowdh b
upw hwenpnh’ dowdh knpuyp Zwqkpinh opnp: Hhn wbhl,  Uwp-
nngt hp Jyuiuph whwywunwlub sppwttht wjwpunwd kE, npht
hwonpnbkint £ gpbph gnunp, dnwdowwnihh hhuighpnpny wwpnud, Gpp
hpwlwiunid wyny mwpmd Uwpwnngp unp L gununid Ypnbugnp (Unn
396 p.): Phunplk, Ypnuwynpnipjut ujhqp nt yhpep othnplint wuwndw-
np whwp Lk thunplk] YUnpnith ywsd Frwuhbpwut qpbph vnwugdwt pdw-
Juih wndwundwt dke® h hhugkpnpnh widh, hushg Epinud E, np wndw-
wnnudp bnk) E nphnliu hhighpnpn nupnud:

Pusn] puguinpl) Ynpnibih qpsh poy ujws nwup nupdu whiw-
1. np nwubthhigh thnpowpk hp'ug £ qplp, jud wwuinbgh thnjuwpbi®
Jkg: Puyg wyn upjuwp pwn pupbyuwnth tp Twquph hwdwp, wjjw-
whu' gpkph gninh yundwljut nwupmd, dowdpwuynihp Junnig wh-
wnh dbnwé (hukp pun Twquph: Umnie nnudhg, Twqup Qupybght
&hpwnn ghnh Uwhwljh b Uwpwningh dudwbwl hpjaws wppwubpht® bp-
nt dowd, kpynt Zwqltpwn, npng hbwn hwdwdwyu £ Ynpniup, npptu b
hnnud £ Cwqupp kpypnpy whqud” inyiput hwpquibipny: Nipkadi hi-
2IIDL Eotinynud Unpyniuhg'  gqplph gynunp nubkng IV qupnud: Gplhh Tw-
quph wwwndwgpujui dpugpny twhmnbujws tp dnwdowuwnih
wnpuwjh Jur junwjupnidp...

Udktugt hwjuwbwlwunipjudp, Gukny Twmquph dwpnnguuyw-
wnnulh pntt Spugphg nt huykguljupghg, whwp E wuk), np tpub wyy
yuundwujui-dudwtuljuqpuljut ndjujubpp skt hniql], tpw hwdwp
qluwynpp Enkp £ Uwpwnngh, Uwhwlh b 9owdpwuynihh ntipkph ykpw-
guwhwwnnudp, hushtt b hwutky b Qunh bpub pudupupky E dowdow-
wnthhtt dhwytt Cwynihh opnp nukip, gyninh Jun dudwbwlp, npnyhb-
nl wyn wdkt wbwppnuhquutpp musynud, wthbnwinid Et Uwhwljht
nt. Uwpwnghtt hwnjugws wunpny tplup yuiuph dudwbwlwop-
owlund’ Uhtish Zwqlbpun 11, b sk hwpnignud nplt hwlwunipnit hp
«NMuwundnipjut» wnweohtt npjugh puwgpnid: Ujuwybu np, Epwtbh
Unpnilip pon hp wbknnud - dow, npkiughtt' hp wknnud, wpwbg hhow-
nuljdwil, yundwugpulul ufqpnilipt b hp wknnud. skqudtbpp swyb-
(uguk), tnustutpp stuqtguly (ke 16):

Uhw Nwqup @upuykght pun wpwehtt npiugh. wyp wuwndwghp,
«aqhjuwbwgbwy, np Jupnn E dnwstk] dh pul, wubk] niphy pwt b wky dh
wy] pwl, hsyku mbuwtp Ynpnith b tpw hbpnutbph hwunby niuk-
gwd Yyhpwpkpuniuph hwpgnud;

Ujuyhuny, yunnwhnpbt Jupkjh £ wpdwbwugpty.
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1. MTuqup Pupuykgn: «NMwwndnipjul» wwwnikph ko wpnki
spwgpywd kp Uwmhwl Nupplh hkpnuwgnidp:

2. Umhw§p hbpnuwignidp Juwnmwpll; F Yphgnp [niuwynpsh
Ukénipyul hkwn Gpw hwjwuwpbgdwl b Uwpwuingh qnpdh «buk-
dwgdwi» ninhny:

3. Qupwkgni duipnnguyuwnnidp phwghpp wwlwuwynp sk b
hp hEkpphl Yhuynid F np Rnpkhwgn: «Muundnipyub» ke
uhgrimybu Jwomnguuwumwnnid sh knkj:

4. Mwquph dwpunguwwwmnidhg oquik; F Rnpkiwgn:
«Nuwndnipyul» pdpughpp VII-VIIpy. vwhdwbnid:

5. Luwnn uwqup Qupuhkgn: «Nwwndnipul» dwornnguuyw-
wnidp ' Uwpwngp ns plk ghp F unkndk;, wy pubhbywi brpwiw-
gplpp qupquijnpky k:

Uwunktunupub

U. U. Uwhwljjut
Uuwpunnguuunnidp Lwmqup Qupukgnt «Zuyng wuwndnipjuis Uk

Zpugbkpnpn nuph wwwndhs Twqup Gupytghtt hp «Zwng yuudnipjuy wnw-
ohti npyugnid Juppwghp YUnpmiht gpjunbing hwinbpd’ swpugpmu b alwpunn-
guyuwnnith» inp mwppkpwl, nph piwughpp, hwjurwl pubwuhpnipjut ke pugniu-
Jud Junpshphl, Ukq £ hwub] wlpbkph:

A. A. Caakan

Paccka3s o Mamroune B «cropun Apmenun» Jlasaps Ilapnenu

HUctopuorpad V B. Jlazaps [lapmenu B mepBod yactu cBoeit «Vctopun Apme-
HUWY», BocxBassis «OKutue Mamronay KoproHa, TeM He MeHee U3J105KUJI HOBYIO BEPCHUIO
npuoOpeTeHus andaBuTa, HMEIOCTHBIA TEKCT KOTOPOH JOIIeN 10 Hac Oe3 IoTeph BOIpe-
KH TIPUHATOMY B apMSHCKOW (DHIIOJIOTHU MPOTUBOIIOIOKHOMY MHEHHIO.

A. A. Sahakyan

The Mashtots Story in Lazar Parpetsi’s “History of Armenia”

Though the 5% century historiographer Lazar Parpetsi praises hagiographer
Koryun in the first chapter of his “History of Armenia”, he still introduces a new
version of the “Mashtots story”, the original version of which, against the views
accepted in philology, has reached us in a perfect condition.
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Gpuwljwbnip)nib

Uptnywt U., Eplkp, 5. @, Cplwi, 1968:

Nwqup Qupyhkginy Nuwidniphid o jpnigp, Sthphu, 1904,
Bunwowpwt», Q-F

(Twqup Swpwbtgh, Zuyng ANDwwdnipnil, Pnigp Jwhwi
Uwihnijuihi, wppruphwpup Jupquuinipintin I/}
Swhnpwgpnip/niibbpp Fugpun iynipupyuihp, Eplhwi, 1982:
Stp Ulhpwnsymt Q., «Upuwpuns, 1901:

Uwpwuhpnuyut Upwn., Dwpwung, Eplwi, 1982:

wpuptwt An., Ququp Qupwykgh b gqnpdp dnphl, wwndwlwh
b gpulwmi phliniphil, Unulniw, 1883:
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