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MATHEMATICAL MODEL OF THE “GOLDEN RULE”

ZHUKOVSKIY V.1.%, SAcHKOV S.N.?, GOrRBATOV A.S.!

1RuUssIA, LOMONOSOV MOSCOW STATE UNIVERSITY

2RUSSIA, MOSCOW STATE UNIVERSITY OF TECHNOLOGIES AND MANAGEMENT

Abstract. In this paper we offer a new approach to the conflict solution. It is based on
the “Golden rule of morals”. The most famous wording of this rule is “And just as you
want men to do to you, you also do to them likewise” (Gospel of Luke 6:31). Using the
“Golden rule” to the conflicts solution we wittingly avoid a sharpening of relations,
wars and armed conflicts.

Key words: “Golden rule of morals”, situation, payoff function, Nash equilibrium,
Berge equilibrium, mixed strategy.

1. Nash equilibrium

A conflict arises when some persons with different own aims oppose to each
other. To solve a conflict is to choose such operations that the results of these
operations will be convenient for all participants of the conflict. This problem is
usually investigated by methods of mathematical non-cooperative game theory.
A mathematical model of conflict is represented by a non-cooperative game of
N persons:

r =< N, {Xi}ieN’ {fi(x)}ieN>'

Here N={1, ... ,N} is a set of the players (participants of a conflict) numbers.
Each i-th player uses his own pure strategy x, € X, = R". The players choose their

strategies independently of each other. As a result we get a situation

X = (X, ...,xN)eX=HXicR” (n:Znij. We define a payoff function f.(x)

ieN ieN

(i e N) of the i-th player on the set X . The i-th player obtains a payoff f,(x) which
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is equal to the value of his payoff function in the concrete situation

X=(X, ..., Xy) e X.
A situation x° =(x{,...,xy) e X inthe game I is called a Nash equilibrium if

max f, (x° %)= f,(x) (ieN), (1)

XX

where (x° ||xi)=(xf, c XXX ,Xﬁ,).
This solution of the game I was offered [1] in 1949 by American mathematician
John Forbes Nash. Nash equilibrium is a crucial concept in non-cooperative
games, and it won John Nash the Nobel prize in economics in 1994. The notion
of Nash equilibrium is used in market economics, evolutionary biology, politics
and military theory.

Note that the Nash equilibrium has an “egoistic character” because solving a
conflict every one of the players tries to satisfy his own interests only (by (1) the
i-th player chooses his strategy such that his payoff will be the largest possible).
But we demonstrate in this paper that it is possible to solve conflicts by a friendly
way. This way implies that every i-th player (using the Berge equilibrium) must
support to every other ones. The Berge equilibrium concept formalizes mutual
support among players motivated by the altruistic social value orientation in
conflicts. In this paper we have established that this friendly solution of a conflict
exists under standard (for the mathematical game theory) restrictions, such as
continuity of payoff functions and compactness of the sets of player’s strategies.

Thus in this paper we will prove existence (Theorem in Subsection 4) of
operations (in mixed strategies) of conflict participants which friendly solve
almost any conflict.

2. Berge equilibrium

In 1957 French mathematician Claud Berge published a book “General theory of
n-persons game”. The Berge’s book was translated into Russian in 1961 [2]. By
virtue of this book a new notion of equilibrium was formulated in 1994.

A situation x® € X is called a Berge equilibrium in the game T if

18
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fxXB)< f,(xB) WxeX (ieN). (2)

This notion is absent in the book [2]. The Berge equilibrium concept was
introduced intuitively in this book. The notion of Berge equilibrium first was
formalized by Zhukovskiy’s doctoral student Konstantin Vaisman [3-5]. In
contrast to (1) in (2) the sense of equilibrium has changed: every i-th player is
motivated to maximize the payoffs to the other players (forgetting himself) and
every player chooses strategies accordingly. Such altruistic approach to a conflict
solution makes it possible to avoid a sharpening of relations, wars and armed
conflicts.

In our opinion a Berge equilibrium is the only method of conflict solution
corresponding to the “Golden rule of morals”.

Konstantin Vaisman died suddenly at the age of 35 in 1998 and the investigations
of Berge equilibrium in Russia were interrupted. But the Algerian doctoral
students of professor Zhukovskiy (M. Larbani, M. Radjef) took out the notion of
Berge equilibrium to the West, where the Berge equilibrium is actively
investigated now (see review [6]). The stage of heuristic methods has already
been passed. Replacing the intensive accumulation of facts, the stage of
evolutionary development of the mathematical theory of Berge equilibrium
comes.

3. Sufficient conditions

For the game I we construct a scalar function
(X, 2) = nl]e%X[ f.(x1z) - fi(z)] ’ (3)
where z, € X; (ieN), z2=(z,...zy)eX..

Proposition. If for the function ¢(x,z) from (3) there exists a saddle point
(x°,2)e X xX, i.e.

o(x,2°) <p(x°, ) <p(x°,2) Vx,zeX, (4)

then x® =z° is a Berge equilibrium situation for the gameT.
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Proof. Setting z=x° in (4), in view of (3) we have ¢(x°,x°) =0. Therefore from (4)

we get gp(x,z"):m%x[fi(x” 2°)- f,(z°)]<0 VxeX . Hence we get for x®=2°

[ f(xlIx”)—f,(x®)<0 VieN | & [ fi(x|x)<fi(x®) VieN, xeX ].

Remark. The above proposition substantiates the following method of finding of
a Berge equilibrium situation. In order to find a Berge equilibrium situation one
must

a) construct a function ¢(x,z) of the form (3),
b) find a saddle point (x°,z°) determined by (4).

Then the situation z° is a Berge equilibrium situation for the game T,
4. Existence of Berge equilibrium

Assume that in the class of pure strategies there does not exist a situation x°
satisfying the Berge equilibrium condition (2). Then one can follow the approach
proposed by Borel, von Neumann and Nash. The approach is that the set X, of

pure strategies x, should be extended to the set of mixed strategies; then for the

game [ existence of Berge equilibrium can be established on a class of mixed
strategies.

Further we suppose that in the game I'

— the sets of pure strategies X, ecomp R" (i.e. closed and bounded),
— the payoff functions f,(x) are continuous on X =1_[Xi .
ieN

We construct the Borel o -algebra B(X,) for every compact set X, (ieN). In
game theory a mixed strategy v,(-) of the i-th player is a probability measure on
the compact set X,. A probability measure is a nonnegative scalar function v, ()
which is defined on B(X,)and satisfies the property of countable additivity and
the property of normability. Denote the set of mixed strategies v,(-) of the i-th

player by {v;} (ieN).

The measure-products v(dx) =v,(dx,)...v, (dx,) are the probability measures on

the set X of situations (in pure strategies). Denote the set of probability
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measures v(dx) by {v} . The measure v(dx) is called a situation in mixed

strategies.

Further we construct the payoff functions (mathematical expectations)

(V)= [ () v(dx) (ieN). (5)

We put into correspondence to the game I in pure strategies its mixed extension
I'= <N' {Vi }ieN ! { fi (V)}ieN> '

A situation v®(-)e{v} is called a Berge equilibrium for the game T (or a Berge

equilibrium situation in mixed strategies for the game T) if the following
conditions

f(vIv®)<f(v?) vv()e{v}, ieN, (6)
hold. Here (v[v?)=(vy(dx)..viy(dx, 1) v2(dx) vi,(dx;,)..vy(dxy)) -
The main result of present paper is

Theorem. Suppose that the sets X, (i e N) are nonempty and compact and the

payoff functions f,(x) (ieN) are continuous on X =1_[Xi in the game . Then
ieN

there exists a Berge equilibrium situation in mixed strategies for the game I.

Proof. For the game I" we construct a Germayer convolution:

B(v, ) =max [ £, 1l 4) - ()],

where () e{v;} and v(;), u() e{v}. In view of (5) f,(x) =I fi(D)u(dz), f;(vim)=

= [ [ [ o e X0 X X DV (00 Vg (0% 1) 24(d2,) v 4 (X ) v (D),

i1 Xi X Xy

X,z €X,and x,ze X.
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The validity of the following assertion is established in the same way as the
validity of the proposition from Subsection 4. If (v°,y°) is a saddle point of the

function ¢(v, ), i.e.

max @(v, 1°) = @o(v°, 1°) = min (v, 1),
m E{V}qo(vu) o(v 1) m emco(v 1)

then the situation in mixed strategies v®(dx)= x°(dx) is a Berge equilibrium
situation for the game T, i.e. this situation satisfies (6).

The proof is finished by applying of well-known in mathematical game theory
assertions:

a) if a function w(x,z) is continuous on X xZ and the sets X and Z are
compact, then the function max w(X,z) is continuous on Z (therefore the

function ¢(x,z) determined by (3) is continuous on X x X );
b) the Glicksberg theorem [8] of existence of a saddle point in mixed
strategies for a zero-sum game.

Besides we apply some properties of mixed strategies obtained in [9, 10].

The authors would like to thank RFBR for financial support (grant 14-01-90408).
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MATEMATUYECKOE MOAE/IMPOBAHUE
HETMHEWUHbIX 3A0AY LE®OPMUPOBAHUA
OBOJIOYHEK

Crapoxunnosa O.B.

Poccua, NMoBONKCKUA TOCYAAPCTBEHHbLIM YHUBEPCUTET TEJIEKOMMYHUKALUA U
MHOOPMATUKU

AHHOTauuA. CtaTbA paccmaTpuBaeT BOMPOCbl MOAE/NIMPOBAHUA HENMHENHbIX 3a4au
ynpyro - naactmyeckoro  gepopmupoBaHma  obonoyek,  UccnesoBaHWUIO
pacnpeaeneHuns HanpaxKeHun, NpPornbos, 30H NAACTUYHOCTU, PaA3rPy3KKU, BTOPUYHBIX
naacTuyeckmx aebopmaunini No ce4eHnam obo104KK

KnioueBble cnoBa: MaTemaTuyeckoe MOAENMPOBAHWE, YNpPyro - naacTuyeckoe
AebopmmpoBaHMe 060/104eK, BTOPUYHO MlacTUdeckMe aedopmaumn,  30HbI
NNACTUYHOCTHU, Pa3rpy3Ku, pacrnpeseneHmsa TONLWMH MHOTOC/OMHbIX 060N04EK.

PacwupeHne coepbl NPUMEHEHMA TOHKOCTEHHbIX 3/IEMEHTOB MNPUBOAUT K
HeobXxoAMMOCTM BO3MOXKHO 6o0see MOMIHOMO y4yeTa peasbHbiX CBOMCTB
matepuanos M [edOPMATUBHOCTM KOHCTPYKUMIA. YCNOBMA 3KCMAyaTaumm
TPebyloT pelleHma 3a4a4 B YyNPyro-naacTtMyeckom NOoCTaHOBKe, NMO3BOAOLWEN
onpeaennTb UCTUHHDBIN 3anac NPOYHOCTY.

MaTtemaTuyeckaas  MOZENb  PelWeHus  ABaXAbl  He/NWHEeWHbIX  3aJad
AedopMnpoBaHUA TMOKMX HEOAHOPOAHbLIX 060N0YEK UCMONB3YET NATUMEPHOE
[LeBMATOPHOE NPOCTPAHCTBO C NOC/AeAYOWMM UTEPALMOHHBIM MPOLLECCOM.

PaccmaTtpuBaloTca HEOAHOPOAHblE MHOTFOC/A0MHbIE 060/104KM NepemeHHOM
TONWMHbI U KPUBU3HbI, YAOBAETBOPAKOLWLME YyCNOBUAM TekydyecTn Mwuseca B
KaXXO0m 13 cnoesB mogenu. lpouecc Harpy»KeHmna peanmsoBaH KOMNOHEHTaMM B
[EeBMATOPHbIX NPocTpaHcTBax A.A.MNbloWMHA: NPOCTPAHCTBA HaNPAXKEHUN O,

nepopmaumii D, aedopmaumit CpeamHHON NOBEPXHOCTM D, U3MEeHeHMui
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KPMBM3H CPeAMHHOM noBepxHocTM ¥ . HanpsaxeHHo-gedbopmupoBaHHoe

COCTOAHME OnpeaenaeTcad CUMMETPUYHbIMU TEH30PAMWU  HaMNPAXKEHUn u
aAebopmaumnii. Ucnonblyetca runotesa eaMHON KpuBoM AedOpMUPOBAHMA

c, = f(su).

CBA3b MeXAay BEKTOpaMW HanpsaKeHun n gedopmauun ana npuMeHAemom
TEOPUU NNACTUYHOCTU UMEET BUA,

=N 5+q :
rae N=2G, d=0 v N=2G, =0 - cooTHoweHNA Teopun Mmanbix
ynpyro-naactuyeckux aedopmauni, G:L - moaynb casura, E -
2(1+ ,u)
G Oy "
MOAy/Nb  yNpyrocTw, S$=3. - CeKyWMiA MoAynb K Auarpamme
u

nedopmmpoBaHua. CBA3b MeXAy HanpaXeHusmu U gepopmaumamu
npeAcTaBMma B MaTPUYHOM BUAeE:

C

O11 a1 Agp A3 E11tZxn hy
C

Ol =| 81 89 Ang ||| €22 + Z¥ 20 | + |0
C

O gy Agp Agz | (€12 +2Zx12|| |Ms

—M’ a12=a21=M’ a13=a31=a.23=a32=0, a33=GS,
1+4Gy,

_ G 1 (2—;1) L 1 2u-1 1 1
Gy =y == = , o h= L
N P N N Y STl R

PacueT ynpyro-nnactmyecknx gedopmaumii B 0060104YKax BbIMNONAHAETCA
nocnefoBaTeNlbHbIMU - NPUBAUMKEHUAMU NO  BbIYUCAAEMbIM B CEYEHMUAX
nepemelweHnam u ycunanam. Cunosble ¢aKTopbl: YCUAUSA U MOMEHTbI, -

OMpeaenatoTCcA MHTErpupoBaHMem Hanpsxkenuin O jj no TonwmHe.
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Puc.1 MogenunpoBaHue npouecca gebopmmpoBaHnA rmMbKo 060104KHM

BbiABNEeHbl OCOBEHHOCTM  YMNPYro-nAacTMYecKoro MnoBeAeHUss 000N0YEK,
CBA3aHHblE C HECUMMETPUEN Harpy3KM, rPaHUYHbIX YCNOBUIM, pacnpeaeneHnem
TONWMH. [MoCTpoeHHaa MmaTeMaTUyecKkasa MOAE/b YYUTbIBAET CHUMAEMOCTb
MaTepuana u peanbHblt BUA Anarpammbl aepopmmpoBaHus. [JaHo peleHue
LWMPOKOTrO Knacca HECMMMETPUYHbIX 3a4a4 U3rmba HeoQHOPOAHbIX 060N04YEK
nepemeHHOM }KecTKocTu (puc.1).

MccnepoBaHo BAMAHME HA  Hanps»KeHHo-AedbOopMMPOBAHHOE COCTOAHME
060N104YeK MNapamMeTpoB reoMeTpuMM, MNEePEeMEHHOCTU TOALWMHbI, TPaHUYHbIX
YC/IOBUI, XapaKTepa Harpy»KeHus, CBOMCTB maTepunana, C/IoeB B MHOTOC/OMHbIX
obonoykax. MccnenoBaHbl TPAEKTOPUKN HaNpAXKeHUN U gedopmauuii.

Pa3paboTaHHbIN NaKeT Nporpamm No3BosseT eANHO06pa3HO NPOBOANUTL pacyeT
TMOKMX CNOUCTbIX 0DBONOYEK C y4yeTOM YMpyro-naactuyeckux aedopmauui,
npoc/iexuBaTb pPa3BUTME 30H MNAACTUYHOCTW, Pasrpy3kuM, BTOPUYHbBIX
nnacTmyecknx gedopmauymn. YCTaHOBNEHO, YTO HEOAHOPOAHOCTb CBOWCTB
MaTepuana no TONWMHE OOOJIOYKM MONKET MNPUBOAUTL K KayecTBEHHOMY
N3MEHEHMUIO pacnpeaenieHma HanpsaxKeHU M.

MoaennpoBaHue 3aga4 AePopMMUPOBAHUA HENMHENHbBIX 060/104EK MOKa3anu
XOpPOLWY  CXOAMMOCTb  ABYXCTYNEH4YaToro  UTEepauMoHHOr0  MeToAa,
pa3paboTaHHOro aBTOPOM, npm pacyeTe ynpyronaacTM4ecKkoro
AebopMUpPoBaHMA TMOKMX HEOAHOPOAHbIX 060/104EK.
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Cnucok nutepartypbl:

1. Craporkmnnosa O.B. MeTtoa moaennpoBaHUA HelWHENHbIX 3agay aAepopmmMpoBaHUS
TOHKUX obonoyek. Mpobaembl HENMHENHON MeXaHWKKU aedopmMupyemoro TBepaoro
Tena: Tp.BTopon mexayHapogHoh KoHdpepeHumun. KaszaHb,8-11lpekabpa 2009r. —
Ka3saHb: Ka3zaH.roc.yH-T1, 2009.-c.367-369.

2. Crapoxkunosa O.B. [IByxcTyneH4YaTbll UTEPALMOHHBIA MEeToA B NPUKAAAHbIX 3a4a4ax
ynpyro-nnactuyHoctn//O603peHne NpUKNAZHON U NPOMBILNAEHHOW MaTeMaTUKM.
2002.T.9,Ne3.C.655
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SECTION 2.
CHEMICAL SCIENCES
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YrnepoaHbIA MATEPUAN C BbICOKOWU
A1COPELUUOHHOM CNOCOBHOCTbIO

Basunos E.C.%, Kosanes U.H., Xepesuos 1.A.2

'Poccua, YENABUHCKUA TOCYAAPCTBEHHbIN YHUBEPCUTET

2Poccua, KOKHO-YPANIbCKUI FTOCYAAPCTBEHHbIN YHUBEPCUTET

AHHOTauuA. BoccTaHoBNEeHMEM AMOKCMAA Yyrnepoaa NoJsiydeH HOBbIM YyrnepoaHbli
maTepuan. WccnepgoBaHbl ero aAacopbuMOHHble CBOMCTBA. YCTAaHOBAEHO, 4TO
aAcopbuMoHHasa cnocobHOCTb NOJIYYEHHOTO MaTepuana CyWecTBEHHO Bbille, Yem Y
M3BECTHbIX GOPM yriepoaa.

KnioueBble cnoBa: yraepoaHble  matepuansl, aacopbuus,  HaHOTPY6Kw,
PeHTreHorpammbl.

B nocnepHee Bpems cUHTE3UPOBaAH pAg HOBbIX GOPM yrieposa, TakMx Kak
dynnepeHbl, HaHOTPYOKM [1]. U3BecTHbl cneaytowme MeToAbl MNONYYEHUA
YyrnepogHblX HaHOMATepuanos: NasepHaAa abnauyua [2], Tepmuyeckoe
pacnbineHMe rpaduMTOBOro 3N1eKTpoZa B NJasme AyroBoro paspsaga [3],
KaTaNUTUYECKNIA nuMponu3 yrnesogoponos [4]. B HacTtoAawee BpemA wmaet
aKTUBHbIM MOUCK HOBbIX METOA0B MOJIy4EHUA YINepPOAHbIX HAHOCTPYKTYp [5].

CambIM pacnpoCTPaHEHHbIM U AOCTYNMHbIM METOAOM MOJYYEHUA YINEPOAHbIX
HaHOTPYOOK ABNAETCS MUPOJIM3 YrNeBoAopoaAoB. B nonckax HoBoro crnocoba
NONIyYeHUA  YrNepogHblX HAHOTPYbOK MCnonb3oBaHa  YCTaHOBKA  ANA
nupoauTuyeckoro metoaa (puc. 1.).

B peakLMOHHYI0 30HY MOMELLANIN KeEPAMUYECKYIO N0L04KY C MOPOLIKOM MarHuA.
MpopayBas peakuMoHHy TPYOKy aproHom nog aasneHnem 0,5 aTm., Harpesanm
30HY peakuunm go 800°C, a 30Hy npeaBapuTenbHoro Harpesa o 150°C. Mocne
AOCTUXKEHNA HeobxoaMmon TemnepaTypbl B CUCTEMY 3aMyCKANU YINEKUCAbIN
ras nog aasneHnem 0,2 aTm. B pe3synbTaTe B3aMMOAENCTBUA COMTACHO peaKkumm
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CO, + 2Mg = C + 2MgO, obpasyetca yrnepog. [lony4yeHHbIn maTepuan
06pabaTbiBaIN KNCNOTOM, 3aTEM NPOMbIBA/IM BOAOW A0 HENTPANbHOM peakumu.

MunnusonbTmMeETP

Meyb npeaBapuTENLHOTO

Harpesa PeakunoHHas neyb

PeakunoHHas Tpy6ka

/]

Kepamuueckas

nogoyka c peareHTom
Tepmonapa

—— Yrnekucnblit ras MpombisHas
CKNsiHKa

Puc. 1. Cxema peakTtopa ana nony4yeHna YHM npu B3ammogencTemmn gnokcmaa
yrnepoga ¢ marHmem

AfcopbLMOHHbIE CBOICTBA NOly4EHHOrO MaTepmMana OueHnBanm no agcopobumm
6eH3ona. [na cpaBHeHMA M3 Mepumnagcopbumto pPasanYHbIX YraepoaHbIX
HaHOTPY6OK (YHT), caXuM M aKTUBMPOBAHHOIO yria mMapku BAY. PesynbTaTbl
npuBeAEHbl HAa PUCYHKE 2, B BUAE TMCTOrPaMMbl OTParKatoLen NpUpoCcT Maccobl
(B npoueHTax) obpasuoB B pesysbTaTe agcopbuum (puc 2.).

g 8 & & & B

,,-_-I.

YHT Arneporassss YHT=ramn HomL YHM
YO

Puc. 2. OTHOoCUTEeNbHOE YBENMYEHNE MACChI YI/IEPOAHbIX MaTepmnasios Npu
aacopbunm 6eHsona
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M3 aHanusa paHHbIX c/edyeT, YTO MOMYYeHHbIM aacopbumsa noayyeHHoro
yrnepogHoro matepuana (YHM) 6onee yem B ABa npesbillaeT agacopbuuto
aKTUBMPOBAHHOIO YI/s, YTO FOBOPUT O BbICOKOM yAebHON NOBEPXHOCTN HOBOTO
MaTepuana. [oBepXHOCTb MNOIYYEHHOrO MaTepuMana uccaeaosanmn Npu NOMoLLM
PacTpPOBOro  3NEKTPOHHOro  MMKpockona  "JEOL" JSM  -6460 LV
INEeKTPOHHOMMUKPOCKONMYEecKne  n3obpakeHma  obpasua  NoayyYyeHHOro
MaTepuana Npu pasMYHbIX yBENMYEHUAX NPUBEAEHBI HA pUC. 3. 1 4.

ipm JEOL 3/17/2014
X 20,000 20.0kV SEI  SEM WD 10mm  13:49:10

Puc. 3. DneKTpOHHOMMKpPOCKONU4Yeckoe n3obpaxkeHne nonydyeHHoro YHM npwm
yBEe/IMYEeHMNU PACTPOBOro 3/IEKTPOHHOIo MnKkpockona B 20000 pa3

— 100nm JEOL 3/17/2014
X 100,000 20.0kV SEI SEM WD 10mm  13:36:01

Puc. 4. neKTpoHHOMMKpPOCKonmnyeckoe nsobpaxeHune Hosoro YHM npwu
yBE/IMYEHMU PACTPOBOTro 3/IEKTPOHHOIo Mmmnkpockona s 100000 pas
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dopma YacTuL, 1 CTPOEHME NOBEPXHOCTM NONYYEHHOro MaTepMana OTANYaeTcs
OT TAKOBbIX A/1A M3BECTHbIX Yr/epoAHbIX maTepuanos (caxa, yronb, rpadwr,
HaHOTPYOKM. OT/NMYHA TaKXKe CTPYKTypa MOJlyYEHHOro MmaTepuana, O 4Yem
CBMAETENbCTBYIOT AaHHble peHTreHorpaduu (puc. 4).

Puc. 4. PeHTreHorpammbl yrnepoaHbix HAHOTPY6OK (A), noayyeHHOro
yrnepogHoro matepuana (b), aktusnposaHHoro yras (B), caxu ()

Ha peHTreHorpamme nosiyd4eHHoro matepuana (puc. 46) HabnogaeTca cunbHoe
Manoyrn10BOE paccesaHne, a TaKXe pag  JIMHWUK,  OTCYTCTBYHOLWMX B
PEHTreHorpammax Apyrux yrnepoAHbix ¢opm. Takum o06pa3om, MOMKHO
NPeANONIOXKNTb, YTO NOJIYYEHHbIN MaTepuan ABAsAETCA HoBoM popmont yrnepoaa.

Cnu1coK nutepartypbl:

1. Xappwuc N. YrnepogHble HAaHOTPYObl M POACTBEHHbIE CTPYKTYpbl. HOBble MaTepuansbl
XXI Beka. [Tekct] / M. Xappuc.— Mocksa.: TexHocdepa, 2003. - 336 c.

2. TnbcoH AK.A.E. HaHOTpy6KM. [TekcT] / O.A.E. TM6CcOH. — JlIoHaoH.: Nature, 1992. —
369 c.

3. Uunaxnma C.A. MuKpoTpy6Ku rpadutonogobHoro yrnepoaa. [Tekcer] / C.A. Unaxuma.
— loHgoH.: Nature, 1991. - 156 c.

4. New Scientist [Tekct]: HayuHblli XypHan/ Reed Business Information Ltd. — 1956,
HOAGpb — JloHAoH.: Sumit Paul-Choudhury. OxoHc A.E. dPynnepeHbl — Hogasn
AnnotponHaa ®opma Yrnepoga. 1986, Ne 2. - 50003kKs.

5. TonosuH HO.U. BeeageHne B HaHoTexHOAOrM0. — M.: U34-B0 «MalwKnHOCTpoeHUe —1»,
2003 -112c.
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NMONYYEHUE CYIbOOKATUOHUTA U3
OTPABOTAHHbIX PESUHOTEXHUYECKUX
U3OENNA

rasopvk M.[.1, BoYAPHMKOB B.A.2

poceua, YENABUHCKUIM TOCYAAPCTBEHHbIA YHUBEPCUTET

2Poccud, FOTOPCKU HAYYHO-UCCNELOBATENBCKUI MHCTUTYT MHOOPMALMOHHbIX
TEXHO/IOTUN

AHHOTaumA. MpeanoxkeH cnocob nepepaboTKM OTPABOTAHHbIX PE3NHOTEXHUYECKUX
n3Lennin B MOHOOOMEHHbI maTepuan. MonyYyeHHbIN KaTUOHUT MMeeT OBMEHHYHo
€MKOCTb, CPaBHUMYIO C KATMOHUTaMM, NPOM3BOAMMbIMWU NPOMbILLIEHHO.

Knrwouesble cnosa: yTnnnmsaymna oTxoaos, MOHOOBMEHHble MmaTepunanbl, KITUOHUTDI.
BsepeHue

Bonpoc ytTmnamsaumm Mcnonb30BaHHbIX aBTOMOOMIbHbLIX LWWH M NOKPbIWEK B
HacToAlwee BpeMA 419 MHOIMMX PA3BUTbIX CTPAH MMPA CTOUT OYEHb OCTPO aKK B
3KONOrMYEeCcKoM, TaK M B IKOHOMMYECKOM naaHe. B nepsBylo ouvepeapb, 2370
CBA3QHO C TEM, YTO W3HOLWEHHble WWHbI ABAAKOTCA MCTOYHMKOM CUbHOTO
3arpA3HEHMNA OKpYyKatowen cpedbl. Pe3MHa K TOmy e orHeomnacHa M masno
noaBeprKeHa bMonornyeckomy pasnoxeHuto. ExxerogHo Bo Bcem mupe obmi
06beEM M3HOWEHHbIX WWH yBeanumsaetcA Ha 10-15 MAH TOHH, a
nepepabaTtbiBaeTca Bcero okono 20% ot ux yncna. B Poccum n CHI exkeroaHbiii
06beM BblbpacbiBaeMbIX aBTOLMH oLeHMBaeTcs unppon 6onee 1 MAH TOHH.

B OCHOBHOM OTpaboTaHHble LWWHbI MNOABEPraloT Pa3MoJy, MNOJNYYEHHYIO
PE3MHOBYIO KPOLUKY MCMONb3YIOT B KayecTBe Hano/IHUTeNen ANA PasivyHbIX
PE3NHOTEXHUYECKUX U3AeNUIi, NOKPbITUM aAns popor u T1.4. Mpeanaraembint
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BapuaHT nepepaboTKM Pe3sMHOBOM KPOLIKM MO3BOMAET MOJYYUTb KaTUOHUT -
NPOAYKT, LUIWPOKO UCNONb3YEMbIN NMPU OYNCTKE BOAbI.

MeToad, nony4YeHWA KATUMOHUTA, OCHOBAHHbLIM Ha peaKkuuu cynbPuMpoBaHUA
HenpeaenbHbIX YrNeBo40pPOAO0B, CXOAEH C METOAOM M3/10XKeHHbIM B [1]. Ona
nposeaeHna cynbdmpoBaHma 15 rpamm npeaBapuTeNbHO M3MeIbYeHHOM
pe3nHbl nomectTnaun B Konby ob6bemom 100 mn. Konby HarpeBanm Ha necyaHom
6aHe go Temnepatypbl 150 2C. Mpu nepemewmnsaHnm aobasnanm 25 mn oneyma
(nnoTHocTb 1,89 r/cm3) B TeyeHun 60 muHyT. CynbduposBaHme NPoBOAMTCA B
TeYeHMU YeTbipex 4acos.

MonyyeHHbIN MPOAYKT NPOMbIBAAM AUCTUNIMPOBAHHON BOAOM HA BOPOHKE
BioxHepa 40 HeWTpanbHOW peaKkuuu, CyWwunM B CYWMAbHOM LWKady npwu
Temnepatype 75 2C A0 nNOCTOAHHOM Maccbl. Y MNOAYYEHHOro MpPoAyKTa
onpeaenann nonHyto (MOE) n guHamumyeckyto (AOE) obMeHHYHO €eMKOCTb.
ObMeHHYl0 eMKOoCTb MaTepuana onpegensann no copbuum MOHOB UMHKA
HaTpueBor GOPMOIN KAaTMOHMUTA, COrMNACHO METOAMKAM, M3/IOXKEeHHM B [2].
3Hayenuna sTux senndmH coctasunun: MOE = 1,36 mr-aks/r, AOE= 0,52 mr-aks/r.
3HayeHWe nonHOM OOBMEHHOM eMKOCTM ANA MPOMbIWNEHHbIX KaTUMOHUTOB
cnepytoulee: KY-2-8 (Bbicwunii copt) - 1,8 mr-3ks/r, KY-1 1,35 mr-aks/r. Takum
o6pa3om, nonyvyaembiii cy1bPpoKaTUOHUT MO OCHOBHOMY MOKA3aTeNt0 CPABHUM C
NPOMbILWAEHHbIMX 06pasLLamu.

CnuUcoK nutepartypbl:

1. bouyapHukos B.A.,, CupgopeHko H.B., AHgpees B.O. Cnocob nonyyeHwus
cynbdokatmonHuTa. MateHt PO RU 2241665 C1, 31.10.2005

2. MocksuH J1.M., UapuumHa JI1.I. MeToabl pasgeneHna U KOHUEHTPUPOBAHUA B
aHanuTUYeckom xummu. J1.: Xmumua, 1991. 256 c.

34



International scientific conference

SCIENCE, TECHNOLOGY AND LIFE - 2014

Czech Republic, Karlovy Vary, 27-28 December 2014

BAMAHUE NPOLECCA ANKU/IMPOBAHUA BYPbIX
VYrNEW LLEHTPANIbHOIO KA3AXCTAHA HA
NOBbLIWEHUE BbIXOAA LEHHbIX NPOAYKTOB

Fasanves A.M., KAsneBA C.K., PEgoPYEHKO B.U., UePAEB M. K., BANNAHOBA H. K.

KA3AXCTAH, KAPATAHAWHCKWUI TOCYAAPCTBEHHbIM TEXHUYECKUIA YHUBEPCUTET

AHHOTaumMA. WccnepnoBaHO BAMAHME NpoLEecca  anKUAMPOBAHUA  CNUPTaMKU B
NPUCYTCTBUU MUHEPANbHOM KMCNOTbI HA BbIXOZ BYPOYroNbHOro BOCKa 13 bypbix yriein
LleHTpanbHoro KasaxcraHa. MeTogom XpoMaTo-macc-CMeKTPOCKONUU NOKa3aHo, YTo
reKCaHOBbIN IKCTPAKT aIKUIMPOBAHHOTO YI/IA COAEPKUT HATUBHbIE CNOXKHbIE 3dUpPBI
KMPHBIX KUCAOT, AONOJSIHUTENbHO OyTunoBble 3GUPbI 3TUX KUCAOT B pesysibTaTe
ankunupytowen ob6paboTku. MoKa3aHO NONOKUTENBHOE BAUAHUE ANKUIMPOBAHMA Ha
yBen4eHme BbiXxoAa BOCKOBbIX ppaKumii 6UTymonaos b6ypbix yriaemn.

KnioueBble cnosa: TBEPAbIE roproyne UMCKonaemble, OpraHMYeCkKaAa Macca yrﬂEVI,

FOPHbIV BOCK, aNKMAMPOBaHUE BypbIX Yrien, SKCTparupoBaHue.

OaHuMM M3 Hambonee 3pPEKTUBHbLIX CNOCOBOB yBENNYEHUS PACTBOPUMOCTMU
TBEpAbIX roptoumx nckonaembix (TFN) asnaetca mogmuduKauma opraHMYeCcKoro
BeLLecTBa BellecTsa aNIKUNMPOBAHMEM. MpumeHeHne npoLeccoB
aNlKMNMpPoBaHMA U ocobeHHO O-ankunmpoBaHus, monogbix TIU, cogepKalmx
b6onbllOe KONMYECTBO KUCAopoacoAep)Kawmx  YHKUMOHANAbHbBIX TPy,
NPUBOAUT K 3HAYUTENbHON AeNoANMEPU3ALMM UX CTPYKTYPbI B MATKMUX YCI0BUAX

[1].

Hanbonee peaKuMOHHOCNOCObOHbIe 06beKTbI ana TaKoro BMAa
MmoamuduumpoBaHna — Topdbl, Bypble yraM, KaMeHHble YrN HU3KKUX CTaaui
MmeTamopdmama M UX OKUC/AEHHble GOpPMbl, a TaKXKe canponennTbl W
CaNPOMMKCUTbI, CTPYKTYpa KOTOPbIX NpeacTaBaseT cobon NNOTHOYMNaKOBaHHble
noAMMeTUNEHOBbIE Lenn anndaTUYeCcKNX COeaNHEHUN, YTO NPU NOAXOAALLMX
MeToAax Aenoanmepusaumm n MoanduLMpPoBaHUA MOXKET NOCNYKUTb OCHOBOW
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ANS NONYYEHUA TOPHOTO BOCKA, annNdaTUYECKMUX KapBOHOBbIX KMUC/OT, }KNAKOMo
TONAMBA U APYTUX LLEHHbIX NPOAYKTOB [2].

Hanbonee npuemnembim cnocobom XMMMUUYECKOTOo BO3AEWCTBUA Ha YrosbHOe
BeleCcTBO npeacTaBasercs moguduuMpoBaHMe Yrael C MCNOoNb30BaHUEM
HeAOopPOrux PeareHToB NPU MUHUMA/bHbLIX SHEPreTUYECKUX U KanuTasbHbIX
3aTpartax.

OAHMM M3 MEeTOA0B pelleHMAa 3TOM 3aJayM ABASETCA cnocob, BKAKYAKOLWNMK
OfHOBpPEMEHHble  npoueccbl  moauduumpoBaHua  TIN,  aKcTpakumuu
OpraHUYecKuUx coeguHeHnt wu3s moamduumposaHHoro TIM M nonyyeHus
pacTBopa 06eCCMONEHHOro BOCKAa, KOTOPble COBMELLEHbl BO BPEMEHU U
NPOTEKAlOT B OAHOM pPEAKTOpPE, YTO MO3BONAET YNPOCTUTb TEXHONOrMYECKYIO
CXeMy 1 yaeLweBnUTb NpoLLecc Npor3BoAcTBa 06eccmosieHHOro Bocka [3].

[aHHasa paboTa nocsAlleHA U3YyYeHUID MOANDULMPOBAHUA Yreld Ha OCHoBe
NPOLLECCOB aNKUANPOBAHMA C UCMOIb30BAaHMEM HEAOPOTNX PEAreHTOB, C Lie/bio
NoJIy4eHUsA OPraHNUYEeCKMUX COCTaBAAIOLMX B BUAE BUTYMonaos Bypbix yraen.

B HWMU Hosbix matepuanos KaplTY 6bian npoBegeHbl MCCnefoBaHMA NO
aNlKWNIMPOBAHUIO W OAHOBPEMEHHOMY  3KCTPAKUMOHHOMY  W3B/EYEHUIO
OpraHMYyeckux cocTaBaalwmux 6Oypbix yrnen LleHTpanbHoro KasaxcTaHa
(okucneHHble yran LybapkonbcKoro mectopoxkaeHus, bypble yram Kymbic-
Kyaykckoro mectopoxkaeHusa). O6pasubl yrnen 6bianm  moandULMPOBAHDI
M30NPONMUAOBbLIM CMMPTOM NPU KUCNOTHOM KaTanuse B XKuakoi ¢pase. B kKauectse
PaCTBOPUTENIEN-IKCTPAreHToB OblI BblOpaHbl: rekcaH, NeTPoNenHbin adpup
70/100, uMKnorekcaH.

JKCNepuUMeHT no aNKUNINPOBAHUIO npoBogunncA B cneayoulein
nocnepgoBaTtesibHOCTU. HaBecka namenbyeHHoro yrna 5 r obpabatbiBanacb npwm
Temnepatype KUMNEeHUs PEeaKUMOHHOM MaACCbl CMECblo YrneBoAO0POAHbIX
pacTBOpPMUTENIEN-PEareHTOB M M30MNPONUAOBOro cnupTa nNpu UX O0H6BEMHOM
cooTHoweHuu ot 1:0,5 ao 1:3. MaccoBoe COOTHOLLIEHME TBEPAOM U KuAKoM dpa3
Haxoaunocb B npegenax oT 1.5 po 1:15. B KayecTtBe KaTa/aumsaTopa
MCNo/sib30Banacb pPacTBOpMMan B CNMpPTE KucaoTa (WaBenesas KucaoTa) B
KOHUeHTpaumn 19 %. Bpems ankunmposaHua — 0,5...5,5 yacos (06bem cnupTa u
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BpemAa nepemellnBaHUA BblbMpalOTCA B  COOTBETCTBUM C  MaTpuULEN
NNaHUPOBAHMNA 3KCNEPUMEHTA ANA KOHKpeTHoro onbiTa). Mocne 3aBeplueHmn
npouecca pPeakUMOHHYID Maccy pasdensnvM Ha TBepayld W Kuakyw ¢asbl
dunbTpoBaHMemM. Huakyo ¢asy, COCTOAWYH M3 ABYX HECMeLIMBaKLIMXCA
PacTBOPOB 06€CCMOIEHHOIO BOCKa B YI/1€BOA0POAHbIX PACTBOPUTENAX U CMOJ B
M30MNPONUIOBOM CNUPTE, pPasgenann B AeNUTeNbHOW BOPOHKe. 3atem U3
pacTBopa 06ecCMONEHHOro BOCKa OTFOHANM YIrAeBOA0POAHbIE PAaCTBOPUTENMN,
KOTOpble BO3BPALLAIOT B LMK/, U MONYYUAM LLeIeBON NPOAYKT - 06eCCMOEHHbIN
BOCK. MeperoHKy ocyLecTBas/In Ha POTOPHOM Ucnaputene.

MaKcMManbHbIM BbIXO4, OPraHWYECKMX BELWEecTB Habnwganca ana yrnen
KyMbICKYAYKCKOrO MEeCTOPOXKAEHMA NMPU UCNONb30BAHUWM FEKCaAHa B KayecTBe
pacTBOpUTENA-IKCTPAreHTa.

B uenax nonyyeHus 3aBUCMMOCTEN, KOJIMYECTBEHHO OTParKaloWMX BAUAHME
OCHOBHbIX GaKTOPOB Mpouecca anKUANPOBAHUA YIAA CMMPTOM Ha Pe3ynbTaThbl
MmoanduKaumm, bbina npuMeHeHa MeToAMKa MNAAHMPOBAHUA SKCMEPUMEHTA C
nosy4yeHMem maTeMaTUYeCKUX MoZeNen B BUAE PErPECCUOHHbIX YpaBHEHMN [4].

Mony4yeHHOe ypaBHEHWE perpeccum MmeeT BUA

Y =5,744 +2,54X, -1,07X; +0,15X;X; -0,338%,2-1,138X,? (1)

roe X1 — KOOMpOBaHHOE 3HayeHue daKTopa BPEMEHM aNKUAMPOBaAHWA; Xz —
KOAMPOBaHHOE 3HayeHne obbema cnupTa.

MoNy4yeHHble 3aBUCMMOCTM aZleKBaTHbl NPW ypoBHe 3HaumMmocTn o = 0.95.
Habnioganocb xopollee CcOBMafeHMe pe3ynbTaTOB pPeasibHbIX ONbITOB C
MOAENbHbIM 3KCMEPUMEHTOM.

AHanu3 mogene W pag AONOAHUTENIbHbIX 3KCMEPUMMEHTOB  MO3BONA
onpeaennTb ONTUMa/bHbIe NO BbIXOAY OUTYMOB YCNA0BUA aIKUNIMPOBAHUA ANA
nccnegyemoro obbekta. C  yyeTomM PUIMYECKMX U TEXHONOTMMYECKMX
OrpaHnYeHunit 6blnM NpoBeaeHbl SKCMNEPMMEHTbI MPU 3HAYEHUAX KOANPOBAHHDIX
nepemMeHHbIX, COOTBETCTBYHOLLMX UMUK BAN3KNX K ONTUMANbHbBIM.

YacTHble 3aBMCMMOCTM BbIXO4A@ OPraHWYECKUX BELLECTB OT BPEMEHMU
anknnnposaHus. MonydyeHHble Npy 06paboTke ypaBHeHUs (1), npeacraBieHbl Ha

pucyHke 1.
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PucyHOK 1. 3aBUCMMOCTb BbIXO4a IKCTPArMpyemblix BELLECTB M3 yriei Kymbic-
KyAyKCKOro MecTopoXKAeHUs OT BPEMEHW NPOLLECCa aZIKUNMPOBaHUA

N3 npuBedeHHOro puCyHKa cnegyeT, 4YTO BbIXOA OPraHUYECKMX BELLECTB
yBeNMYMBaETCA B JIMHEMHOM nNOpsiaKe B 3aBUCMMOCTU OT BPEMEHU
aNKMAMpoBaHMA. TaK, NOBbIWEHME BPEMEHM Ha 4aC YBE/MYMBAET BbIXOA,
3KCTparnMpyembix BewecTB M3 yrna B cpeaHem Ha 1 %. U3 npeactaBieHHbIX
AAHHbIX MOXHO cAenatb BbIBOA, YTO AasibHeWllee MOBbIEHUE BPEMEHMU
aNKMANpPOBaHUA 3HAaYUTENbHO  YBE/NIMYMBAET  BbIXOA  OPraHUYECKUX
cocTaBaAwWmMX 6BUTYMmonaoB Bypbix Yyrnem U oH AOCTUraeT TOYKM ONTUMYMa B
onpegeneHHoe Bpems. HO, C NPaKTUYECKOM TOUYKU 3peHus, AanbHelllee
NoBbllEHNE BPEMEHM aNKMNANPOBaHMUS ABNAeTCA, Nno-BMAMMOMY,
HeuenecoobpasHbIM, TaK KaK BO3HMKAET MPOLECC KUNEHUS PAacTBOPUTENSA, UTO
HapyLlaeT HOPMa/ibHbIA MPOLECC a/IkUINPOBAHMA. TaK¥Ke C 3KOHOMUYECKOM
TOYKM 3PEHUA, MOBbILEHME BPEMEHW NPOLLEeCCa a/IKUINPOBAHMA ABASETCA
HeuencoobpasHbIM, TaK KaK 3TO MOMKeT TMPUBECTM K 3HAYUTE/IbHbIM
3HEPreTUYECKUM M KanuTasbHbIM 3aTpaTam.

YacTHble rpadumyeckne 3aBUCMMOCTU BbIXOAa OPraHWYEcKOM maccbl yrnen ot
obbema cnupTa, NpeacTaB/ieHbl Ha PUCYHKe 2.

N3 puUCyHKa BMAOHO, YTO BbIXOA OPraHUYECKUX BeELLeCTB AO0CTUraeT ABHOrO
MaKCcMMyMma npu obbeme cnnpta okoao 40 M Npu NOCTOAHHOM BPEMEHMU:
Xi=const. Tak, nosbilleHMe obbema cnmpTa ¢ 25 ma go 40 mn yBennmymBaeT
BbIXOA, OpPraHUYecknx coegmHeHun, B cpegHem Ha 0,3 %. C ganbHenwum

nosblilLEHNEM obbema cnupTa Ha6fll'0ﬂ,aETCﬂ YMeHbLUEHNE BbiXoAda
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3KCTparnpyembix BewwecTts. TaK, nosbllweHne obvema cnmpta ¢ 40 mn go 75 mn
yMeHbllaeT BbIXxog, B cpegHem Ha 2,4 %. [lpyM ONTMMANbHOM COYETaAHUMU
napameTpOB MaKCMMa/bHbI BbIX0oA cOcTaBAsET 8,2% OT OpraHMYeCcKOM Macchil.
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PUCYHOK 2. 3aBMCMMOCTb BbIX04a 3KCTParMpyembix BELWECTB U3 Bypbix yrnen
Kymbic-KyayKCKoro mectoporkgeHuma oT obbema cnupTa

Takum o06pasom, NO PerpeccMoHHOMY YpaBHEHUID Oblin  onpeaeneHsbl
ONTMMaNbHble YC/IOBUA aNKUAMPOBaHUA. M3 npeacTaBAeHHbIX AaHHbIX MOXHO
caenaTb BbIBOZA O TOM, YTO NPAKTUYECKMN BO BCEX CIYHAAX MAaKCUMabHbIM BbIXOA,
9KCTparMpyemblx BeLLeCcTB AocTuraeTrca npu obbeme cnmvpta okono 40 mn u
BpeMeHU anKkunmposaHma 12 yacos.

B uenom perpeccroHHble MOAENN NOATBEPMKAAIT MONOXKUTENbHOE BAUSHUE
anknnmpytowen obpaboTkm yrnen Kak Ha obuiee ysenmyeHne 6UTYMMHO3HOCTH,
TaK M Ha BbIX0A, OPraHNYEeCcKMX COCTaBAAIOLWNX BUTYMOMAOB.

CocTaB reKCaHOBbIX 3KCTPAKTOB MOAMDULMPOBAHHBIX W  WUCXOAHbLIX Yraen
N3y4yanu C NPUBAEYEHMEM METO/a XPOMATO-MaCC-CNEKTPOCKOMUM.

[OnA yCTaHOBNEHWA COCTaBa FEKCAHOBOrO 3KCTPAKTA MCMNO/b30Ba/ICA ra30BbI
xpomaTtorpad Agilent 7890A macc-cenekTuBHbIM geTekTopom Agilent 5975C.
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PucyHOK 3. XpomaTorpamma rekCaHoBOro 3KCTPaKTa aNKUIMPOBAHHbIX yraen

®pPaKUMOHHbBIN COCTaB reKCaHOBbIX IKCTPAKTOB, onpeaeneHHble XpoMaTo-Mmacc-
CreKTpocKkonuemn, npeacrasneHbl 8 Tabaumue 1.

Tabnunua 1 — MpynnoBoM COCTaB 3KCTParMpyembix Bewects no AaHHbim XMC

CocTaB rekcaHoOBOrO 3KCTPaKTa, %

r bl COEANHEHUN Y

pynn )i MCXOAHbII YTONb MOoaNOULMPOBAHHBIN

yronb

ANKaHbI 20 23
CnokHble apupbl NPUPOAHbIE 63 18
CnokHble apupbl MeTUNOBbIE - 32
Kap6oHosble kucnotsl 11 6
CnupTbl 6 21

OpraHuyeckne coctasasawowme 6OUTYMOMAOB MCXOAHbIX 06pasLoB yraewn
npeAcTaBAeHbl B OCHOBHOM aslKaHamMM, CMMPTaMM U C/IOKHBIMU METUNOBbLIMM
adMpamu, YTO CBMAETENbCTBYET O NPOLLECCaX AECTPYKLMU OpraHMYECKOM Macchbl
yrneit. OTMeY€eHo, YTO reKCaHOBbIN IKCTPAKT a/IKUJIMPOBAHHOIO YrAA COAEPKUT
AONONHUTENBHO BYTUNOBbIE 3PUPLI KUPHBIX KNCNOT (32 %), 4TO He XapaKTepHO
ANA  3KCTpaKTa ucxogHoro yraa. KoanyectBo XUpHbIX Kucnot (11 %),
NPUCYTCTBYHOLLMX B TeKCAHOBOM 3KCTPAKTE a/IKUIMPOBAHHOIO YI/1A 3HAYUTE/IbHO
MeHbLe (6 %), Yem B IKCTPaAKTE UCXOAHOTO yraa. MpucyTcTBME CNOMXKHbIX 3GNPOB
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C OAHOBPEMEHHbIM YMEHbLUEHNEM A0/ KapbOHOBbIX KMCNOT 0b6bACHAETCA
NpoTeKaHNEeM peakuun >3TepuPuKaummn, a YMEeHbLUeHUE CNOXKHbIX 3PMPOoB
NPUPOAHOro NPOUCXOXKAEHUA — peakuum nepeatepudukauun. Kpome Ttoro,
recCaHOBbIM 3KCTPAKT, MONYYEHHbIA U3  ANIKWIMPOBAHHOIO YrAs, COAEPMKUT
3aMeTHO bonblioe KonuyectBo cnuptoB (21 %), uto obbAcHAeTcA
nepeatepudpuKaumen M3onponuaoBbIM CMUPTOM COOTBETCTBYHOLLMX BOCKOBbIX
3¢dunpoB C BblaeneHnem cnupTtos. MOABAAIOTCA B 3HAYMTE/IbHOM KOJINYecTBe
oyTunosble 3PuUpbl  aNNPaTUYECKUX KApOOHOBbLIX KUCNOT — MNPOAYKT
aNKUIMPOBAHMA OpraHnYeckoi maccobl yraa (OMY).

Ycnosua 06paboTkM MCXOAQHOro yrnAa CnocobCTBYeT YBEAMYEHUIO BbIXOAA
anudatnyeckon ¢pakunm. Poct obuiero BbIXoAa 3KCTPArMpyembiX BELLECTB
AOCTUTaeTca B 3HAYMTENbHOM CTENEeHU 3a cyeT ByTUNOBbIX 3PUPOB MOHO- U
AVKAapOOHOBbLIX KUCNOT, @ TaKXe CMUPTOB WM aNKaHOB, YTO YKa3blBaeT Ha
npoTekaHMe npoueccoB 3tepuduKkauum n  nepeatepudukaummn. Mpwu
ONTUMaNbHOM COYETAHMN NAPAMETPOB MAKCMMabHbINA Bbixod, cocTasun 9,4 %
OT OPraHMYeCcKoM Macchbl, TOrAa Kak ncyepnblBatoLLaa sKCTpakumna gana 1,4 %.

Takum 06pasom, MOKa3aHO MONOXKUTENbHOE B/UAHUE KUAKOPA3HOro
aNKNNNPOBAHUA Ha YBE/IMYEHME BbIXOAa anndaTmyeckux ppakumn butymomnaos
6ypbIx yraemn.
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PPAKUMOHUPOBAHMUE B3BELUEHHbIX YACTUL
KAK METOA UCCNEAOBAHUA PACNPEAENEHUA
TAXENbIX METANZI0B NO $OPMAM B BOAOEME

30n0TAPEB K. B., BENAEBA H. ®., Muxamnosa M. B., Haxoa K. B., HAxoa B. U.,
Muxannos A. H.

Poccuna, HAYYHO-UCCNEQOBATENBCKUIN UHCTUTYT BUOMEAULUUHCKON XUMUUN UM.
B.H. OPEXOBMYA

AHHOTaumA. Taxenble MeTanibl ABNAIOTCA OAHOM U3 NPUOPUTETHbLIX FPYMN BELLECTB,
3arpsAsHALWMX NpUpoaHble BoA0EMbI. KOHTPOIb M3MEHEHUA YPOBHEN coaepiKaHus
MEeTaNNoB B BOAOEMAX aKTyasleH U HeobXoAMM, OLHAKO BaXKHO MMeTb MHGOPMaLMIO O
dbopmax, B KOTOPbIX MeTaNbl HAX04ATCA B BOAOEME. OTU GpOopMbl NPU U3BECTHOM
[OMNYLLEeHUN  COOTBETCTBYIOT PPaKLMAM B3BELUEHHbIX YacTul, onpeaenéHHoro
pasmepa: 4acTuubl AuMameTpom > 1,2 MKM — B OCHOBHOM, HeOpraHuyeckue
coeguHeHua metannos; ot 0,2 go 1,2 MKM — opraHuyeckas ¢opma (npexae Bcero,
6uomacca MMKpoopraHnsmos); meHee 0,2 MKM — NPeMMyLLECTBEHHO MOHHaA dpopma
MeTaNNoB..

B xoze aaHHOM paboTbl 6bin pa3paboTaH M NPOTECTUPOBAH NPOCTON NabopaToOPHbLIN
MeToq, aHanu3a pacnpeaeneHns meTtannos no o¢pakumam. [Mpobbl  BoAbI
nocnenoBaTelbHO OTPUNABLTPOBbLIBANNCL HA MeMBpPaHHbIX GMUAbTPAX C Ppa3Mepom nop
1,2 n 0,2 mkm. Ocagkm BmecTe ¢ PpUAbTPamMM MNOABEPra/MCb MUKPOBOJIHOBOM
0bpaboTke B pacTBOpe, 61M3KOM MO COCTaBY K LLAPCKOMN BOAKE; aHa/N3 COAepKaHUA
meTannos BbinosnHAnca metogom MCM-MC, HO BO3MOXHO UCMONb30BaHMUE U APYIUX
MeToa08. Mo pe3ynbTaTam aHanM3a bblIM YETKO BUAHbI PA3INYMA NO pacnpeaeeHnto
MeTaN0B B Npo6bax BoAbl Pa3/IMYHOM YNCTOTbI U MPOUCXOMKAEHMSA, MO KOTOPbIM MOMKHO
Aenatb NpubansuTenbHble BbiIBOAbI O (GOPMAxX HAXOKAEHUA METANNOB B 3ITUX
obpasuax.

KntoueBble cnoBa: 3arpasHeHune, TAXKENble MeTabl, PpaKLMK, B3BELEHHbIE YACTULLbI,
MeMbpaHHble GUNBTPbLI, MACC-CNEKTPOMETPUA.
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BeBegeHue. Taxenble MeTannbl ABAAOTCA OAHOM W3 NPUOPUTETHbLIX TPYMN
3arpsasHUTeNnei, nonajatoWmnx B NpupogHble BOAOEMbI. MX nocTynieHue B
BOAHYIO cpeay CBS3aHO C MPUMPOAHbIMM M AHTPOMOreHHbIMU MCTOYHUKAMM.
MocTynaa B M36biTKE U BO MHOMO NpeBocxoaA MHAMBUAYANbHbIE NOTPEOHOCTH
OPraHM3moB, MeTa//ibl MOFyT BbI3blBaTb HapYLEHMA pPasAnYHbIX QYHKLNIA
rMApPobMOHTOB, HaKanAMBaTbCA B WX OpraHax, MpeBblllasd HOPMUpPYEMble
BENMYUHbI. [103TOMY KOHTPO/Ib U3MEHEHUA YPOBHEN COAEPKAHMA METAN/IOB B
BOAOEMaxX aKTyaneH n Heobxoaum [1]. OaHako ans onpeaeneHmns UCTOYHUKOB
3arpsA3HEHUss MOBEPXHOCTHbLIX BOAHbLIX OOBEKTOB M UX aHa/nM3a AaHHbIX 06
YPOBHe 3arpA3HeHWa BoAbl HeaocTaToyHo. Heobxogmmo onpepeneHue
MUCTOYHUKA BbIABNEHHbIX 3arpA3HEeHUN, MMeTb MHbopmaumito o ¢dopmax, B
KOTOPbIX MeTannbl HaxoasTcs B Bogoéme. Moa dopmoit B AaHHOM ciyyae
NOHMMAETCA (U3NKO-XMMUYECKOE COCTOAHME 3/1EMEHTOB B KOHKPETHbIX
ycnoBmuax OU3MKO-XMMMUYECKOM 0O6CTaHOBKM. [N pelleHns NoCTaBAEHHOM
3a4a4M HeobxoaMMmo onpeaeneHne reHesnca 3arpAsHeHn, 0A4HAKO 40 CUX Nop
HeT 4YeTKOoro NOHMMaHWA, KakMm obpa3om HeobxogMmo BbIABAATbL €ro ¢
NMOMOLLIbIO XMMUYECKUX MeToA0B [2].

OgHMM M3 BO3MOXHbIX MNOAXOA4OB AO/1A pPEeWeHMA 3TOM 3aJaynm ABAAeTcA
bpakUMOHNPOBAHME, T.e. pa3fefieHMe B3BELWEHHbIX B BOAE 4YacTuu,
coAepXawmx TAXKENble MeTannbl, Ha ¢pakuum nNo ux AnuameTpam C
nocneaylowmm aHann3om Bcex GpakuMii, BKAOYAA CaMyo MEJIKY0 NpPAMO B
BOAE, Ha COoAep)KaHMe MeTannoB. B 3aBUCMMOCTM OT pasmepa 4acTUL, MOXKHO
CyauTb 0 GOpMax HAXOXKAEHMA METANNOB U UX PeasNibHON MU NOTEHLUMAIbHON
OMacHOCTM ANA BOAHbIX 9KOCUCTEM. B nMTepaType Takon noaxod ONMCaH, XoTA U
NPMMeHANCA He Tak 4Yacto. Hanpumep, B paboTte LLUKnuHeBa B. M. ¢ coaBsT. [3]
6blAn nonyyeHbl GpaKkuuM B3BELLEHHbIX YacTul, BepxHel Bonrm B paioHe T.
[Ay6Ha. OgHaKo NOAYy4YNNOCh, YTO ONPeAeNANNCh TONIbKO Te MeTabl, YTO Hblan
NCXOAHO B MOHHOM pOpMe, MO3ITOMY OHM NOMaAaN B CAMYHO MeKY0 GpaKLuto
M eé Jona B pacnpeneneHnn meTtanna no ppakumam coctasnsana ok. 100%. Cyaa
Nno BCeMy, TaKOW pe3ynbTaT OOBACHAETCA Tem, YTO nepes aHaAM30M He
nposBoAuioCcb NpPobonoAroToBKM, HALENEHHOM HA PAacTBOPEHME MOJYYEHHbIX
dpakuMn n nepesBos MeTaNnoB B MOHHyO ¢opmy. Cambii NpocTon B
MUCMONIHEHMN W PACNPOCTPAHEHHbIN B HACTOALWEE BPEMA BaAPMAHT TaKOM
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npobonoAroToBKM — MMKPOBOJIHOBOE HarpeBaHue Npob B a30THOM KMUCOTE, NpwU
KOTOPOM 33 CYET NOCTOSAHHOIro 06bEMa NOBbIWAETCA AaBAEHUE, U TemnepaTypa
3HaAYMUTEeNbHO npeBblwaeT Touyky KuneHua HNOs (83°C) npu HOpMasbHbIX
ycnosuAx. Takmm obpa3om A0CTUraeTcAa 3HAYMTENbHOE MOBbIWEHNE CKOPOCTU
peakuni KUCNAOTHOrO rMapoamn3a CoeguMHEHUM, 4YTO MNO3BOJIAET MOJIHOCTLIO
pacTBOpATb, Hanpumep, OKCUAbl MeTannoB M HepacTBopumblie conn. B
aHanormyHbix pabotax [4, 5] MMKpoBoaHOBaA NpobonoaroToBKka NPOBOANNACH U
pacnpegeneHne MeTannos no @pakuuAM HOCKMAO NPUHUMMINANBHO WHOM
XapakTtep.

B Takux paboTax cywecTtByeT 2 NPUHUMMMANbHBLIX NOAX0AA K TEXHONOrMM
dpaKkumMoHMpoBaHnA B3Beceil. bonee npocton MmeTon npeanonaraer
nocnepoBaTtenbHylo GUAbTPALMIO BOAbl Yepe3 membpaHHble GUAbTPbI U3
NPOWU3BOAHDIX LLENINIH0/103bl C ONPeAeNEéHHbIM pa3Mepom nop. Taknum cnocobom
NpPou3BOANNOCL GPAKLMOHMPOBAHME B YMNOMAHYTbIX Bbllle WCCAeA0BaHUSAX.
Opyroit cnocob — dppakUMOHUPOBAHME B NOTOKe Npu Hanmumm nons (field-flow
fractionation , FFF) — ocHoBaH Ha pa3HoM ckopocTu anddy3um TBEPAbIX YacTUL,
pa3/INYHOro pasmepa B NOMNEPEYHOM CEYEHUM TAMUHAPHOIO MOTOKA TeKyLlel
UAOKOCTU, 4YTO NPUBOAMUT K BbICTPAMBAHUIO 4YacTUL, B nopAake ybbiBaHMA
pasmepa OT Hayana noOTOKa K KoHuUy [6]. TaKkoi noaxon nosBondaet
aBTOMaTU3MpPOBaTb GPaAKLMOHNPOBAHNE, HO ABNAETCA TEXHUYECKM CNOMKHBIM U
[OPOrMM, MO3TOMY B TeKyllelh paboTe npumeHAnacb MocaeaoBaTesbHan

dunbTpayma.

Matepuanbl n metogbl. OPpakUMOHHbLIN COCTaB oNpeaenancs nyTém
nocnenoBatenbHON GpUAbTPALUM UCXOAHOM NpPobbl BOAbl Ha MeMOpPaHHbIX
dunbTpax B nopaake ybbiBaHWA pazmepa Nop, nocne Yero puUabTPbl C 0CAZKOM
pacTBOpAAMCb B  LAPCKOWM BOAKe, 3aTeM pacTtBop pasbasnanca u
aHAaNN3MpPOBAJICA HA COoAepraHMe MOHOB MeTa/loB  MEeTOAOM  Macc-
CNEKTPOMETPUN C MHAYKTUBHO-CBA3AHHOM nnasmoint (MCM-MC). BbiaeneHue
dpaKkuMn YacTul, NPOU3BOAUIOCL NMYTEM MOCNeAoBaTeENbHOrO GUAbTPOBAHUA
npob Boabl Yyepe3d membpaHHble puabTpbl Millipore n3 HuTpaTOB M auetaTos
uenntonossbl (1.e. rmapodunbHblie) ¢ pazamepamm nop 1,2 mkm 1 0,2 MKMm. PunbTp
3aKkpennanca B odunbTpoaep)katene; ¢uabTpaT caAMBanca B Konby ¢
noAcCOoeAMHEHHbIM BOAOCTPYMHbIM HAcoCcOM. BHayane émkocTb C BOAOM
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BCTPAXMBANAcCb ANA BblpaBHMBAHUA Pa3MepoB YacTUL, No 06bEMY, 3aTeM BoAa
Ha/fMBanacb MepPHbIM LMANMHAPOM Ha O¢uabTp C pasmepom nop 1,2 mkm.
®dunbTpOBaHME MPOBOAMAOCH A0 MOAHOrO 3abuBaHMA PUAbTPA, NEPBUYHDLIN
éunbTpat cobupanca B OTAENbHYHO EMKOCTb  ANA  NPOAONKEHMA
dpakunoHmnposaHmsa. OcTaBLUAACA YacTb NPO6bI U3 BOPOHKM dunbTpoaeprKaTena
CAMBanacb B MEPHbIN UMAMHAP, YTO HeobxoamMmo AnAa usmepeHus obbéma
BOAbl, OTOUNBTPOBAHHON K MOMEHTY 3abuBaHunA ¢unbTpa. MIcnonb30BaHHbIN
GnNbTP BbIHUMANCA M OTKNAAbIBA/ICA A0 C/ieaytolero atana. [lanee nepBuYHbIN
dunbTpaT BCTpAXMBanca n dunbTpoBanca yepes ¢punbTp ¢ paamepom nop 0,2
MKM. PuabTpoBaHWE NPOBOAWMNOCH TaKXe [0 3abuBaHuA ¢unbTpa (06BEM
OCTaTKa NepBUYHOro ¢uAbTpaTa TaKXKe y4uTbiBancsa) AMBGO MNONHOCTbIO A0
OKOHYaHMA NepBUYHOro puabTpaTa. Micnonb3oBaHHbIA GUALTP M3bIMaACSa A0
cnepyloLLero aTana; u3 BTOpnyYHoro punbtpata otbmpanacb npoba (oK. 5 mn) ans
aHanusa, octanbHoM punbTpaT camBanca. O6vEM oTPUAbTPOBAHHOM BOAbI Ha 1-
M U/nnn 2-m aTanax GUNbTPALUM MOKET CAYHKUTb MOKa3aTeNIeM MYTHOCTM BOAbI
N KOHLLEeHTpaL MM B3BECEN.

®dunbTpbl BMECTE C 0CAAKOM Ha HUX NOABEPra/IMCb MUKPOBO/IHOBOM 06paboTke
B nabopaTtopHoit neunm Milestone Start D no meToauKke, pekomeHAOBAHHOWM
npousBoauTenem pna TBEPAbIX 0cCagkoB [7]. PuabTpbl nomewannco B
KepaMuyeckme UMANHAPbI U 3aAMBANUCL PAacTBOPOM, BAM3KMM MO CoCTaBy K
LapcKkoi Bogke — 75 06. % HNO3 (McxoaHan KoHueHTpauma 65%), 25 06. % HCI
(McxogHas KoHueHTpaumsa 37%). KucnoTbl Ana nNpuroToBieHWs pPacTBoOpa
MCcnonb3oBannucb 0cobo uuctble. LUnManHapbl 3aKpbiBaAUCb M NOMELLANUCL B
neyb. TemnepaTypHasa nporpamma ob6paboTkm B neun: 4 muH npu 90°C, 5 muH
npn 130°C, 14 muH npun 190°C, mowHOCTb Harpesa 1 KBT, 3aTem oxnaxgeHue ao
80°C (HecKoNbKo HUXKe TemnepaTypbl KMMNEHUA HU3KOKMMALLEFO KOMMOHEHTA
cmecn (HNOs) npu HopmanbHOM aTmocdhepHOM aAaBaeHun). [anee umanHAapbI
BCKpbIBanncb, oTbupanca Heobxoammbii 0H6BEM pacTBopa M pasbasnsnca
AENOHN30BAaHHON BoAOM B 6 pa3. [nA y4yéTa BO3MOXKHOIO COAEpHKaHuA
MeTannoB B GMAbTPAX, KMCAOTax U BOAE AHANOMMYHbIM MyTEM MPOBOANIOCH
nonyyeHue npobbl U3 YMCToro GpuabTpa.

KoHLeHTpauMm NOHOB METa/I/IOB U3MEPAJINCH C MOMOLLLbKD OKTOMOJ/IbHOTO Macc-
CMEeKTPOMEeTpPa C MHAYKTUBHO-CBA3aHHOM nna3mon Agilent 7500ce. [aHHbIM

45



International scientific conference

SCIENCE, TECHNOLOGY AND LIFE - 2014

Czech Republic, Karlovy Vary, 27-28 December 2014

MeTo4, SABASETCA Ha CeroAHAWHW AeHb Haubonee COBPEMEHHbIM U
yyBCTBUTENbHbIM (Npeaen obHapyxenua — 1 Hr/n). Paboume napameTpbl:
[laBneHue aproHa 7 aT, Temnepartypa oxnaxpgatower soabl 12°C, ocTanbHble
onpeaenannucb NPU Kaxkaon cepmm U3MepeHNn B Xoae HaCTPOMKKU. HacTpolika u
KanmMbpoBKa nprubopa NponsBoamnnach C MOMOLLbIO KanMBPOBOYHOrO PacTBopa,
COAEPKALLETO HECKOJIbKO MOHOB C 60/bLLIMM AMAaNa30HOM aTOMHbIX Macc (MOHbI
Li*, Y3+, Ce*, TI®*, Co?') ¢ KoHueHTpaumen 10 MKr/n. 3HaYeHMA KOHLEeHTpaLumi
MOHOB METa//I0B B NpobHax nepecymnTbiBaIMCh C Y4ETOM pa3baBneHMa Ha 06bEM
OTOUNBbTPOBAHHOM BOAbl HA COOTBETCTBYHOLLLEM 3Tane GUnbTPaLUMN.

Ona BblABNEHMA penpe3eHTaTUBHOCTM LOaHHOro MmeToaa ¢pakLMOHHOro
aHanu3a, T.e. TOro, HaCKO/IbKO OYEeBUAHA U AOCTOBEPHA pa3HULLA pe3y/NbTaToB
$pPaKLMOHHOIo aHan3a BOAbl C 3aBe40OMO PA3HOM CTENEHbH 3arpA3HEHHOCTM
B3BELUEHHbIMM YacTULuamu, bbi10 NpoBeAEHO CpaBHEHWE pe3y/ibTaTOB aHa/n3a
B 2 napax npob6. Bce npobbl cobpaHbl Ha BOAOEMAX, PACMONOXMEHHbIX Ha
Tepputopumn r. Mocksbl, Poccus. MNepsaa napa —Boaa p. Ay3a, HeJaneko oT yCTbA
(CepebpaHunyeckaa Hab. Ha nepeceyeHMM C TECCUMHCKMM nep.), MMmelowan
BbICOKYIO CTeNneHb 3arpA3HEHHOCTU B3BELEHHbIMW YacTMUAMM (NPO3pPaYHOCTb
25 cm), n Boaa p. MocKBa B TOYKE BXOXKAEHUA Ha TeppuToputo r. Mocksbl (nog,
CnacckMm MOCTOM, HeaaneKko oT nepecedyeHns MKAZ n Bonokonamckoro w.),
ABNAOLWLAACA AO0CTAaTOYHO YMCTOM C TOYKU 3PEHUA COAEPKAHUA B3BELUEHHbIX
yactuy, (npospayHoctb 130 cm). Btopas napa — Boda NOBEPXHOCTHOrO
NOXAEBOro cTtoka (cobpaHa B HMU3KOM TouyKe penbeda B panoHe a. 14 no yn.
leHepana EpmonoBa), Mmelowas O4YeHb BbICOKYI CTeneHb 3arpA3HEHHOCTU
B3BELIEHHbIMM YacTULamm (Npo3pavyHocTb 15 cm), n Boaa BbIBOAALLErO KaHana
KypbsiHOBCKMX OYMUCTHbIX coopykeHnn (KOC) B TouKe nepes BXOXKAEHMEM B
pycno p. MockBa, umeloWwaa AOCTAaTOYHO BbICOKYI 3arpA3HEHHOCTb
B3BELIEHHbIMM YacTUUamm (npo3pavyHocTb 40 cm). Mpo3payHOCTb U3MEPANU C
nomoubto Ancka Cekkn. O6bEM Kaxkaoin npobbl coctaBnan 2 N, oAHAKO ANA
MYTHbIX CYCMeH3W p[ocTaToyHo 6biio 1 N MAnm meHee wm3-3a 3abmBaHuA
dunbTpoB. AnAa KoHcepsBauum B npobbl gobasnanm 0,5 r/n a3mpa Hatpua u
XpaHunn npu 4°C.

PesynbTatbl U o06cyxKaeHue. [nAa Hambonbllen HaArnagHOCTU pes3yabTaThbl
dpaKkunoHnpoBaHns yaobHO oOUeHMBaATb, CPaBHMBAA [OAN MaCC KaXaoro
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MeTanna B Kaxaon m3 3 ¢dpakumin. PacnpeaeneHne TAXKENbIX METannoB No
dpaKkumam B Nnpobax nepBoit Napbl HOCMIO CleayroLW M XxapakTep (puc. 1):
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Puc. 1. PacnpeaeneHune TAXKENbIX METANI0B MO PppaKkymnam:
1-p. Ay3a, 2 —p. Mocksa

CornacHo puc. 1, 6onblIMHCTBO MeTannos (Bce, 3a uckntoyenuem V, Cr, Sn n Pb)
npeacTaB/aeHbl, raBHbIM 06pasom, B MIOHHOM dopme. YTo Kacaetca V, Cr u Pb,
TO AnAa Hux Habnopgaetca cneayowas TeHaeHUMAa — B npobe p. fAlysa camoe
BbICOKOE COAEpP)KAaHME KaXKAO0ro M3 3TUX META/I/IOB HAxoAWUTCA B KPYMNHOW
dpakumm (>1,2 mKm), B npobe p. Mockea — B menkoi ¢pakumm (<0,2 MKm).

3HauMTeNbHOE pa3AMyMe B pacnpegeneHum MeTannos no  epakuuam
Habnopaetcs Takxke ana Fe, Ni, As, Cd. Ona Kaxaoro mM3 3TUX MeTan/sioB
HabntogaeTca cneaylowan ogHOHaNpPaBAeHHaA TeHAeHUMA — B Npobe p. Ay3a
AONA MeTanna B KpynHoi ¢dpakumm 6onblie, a B Menkon ¢pakuum (MOHHOM

dopme) meHblue, yem B Nnpobe p. MockBsa.

Takum 06pa3som, MOXKHO CAenaTb BbIBOA, YTO B P. fly3a MyTHOCTb Bbi3BaHa, B
OCHOBHOM, Ha/IMYNEM HEOPraHMYECKUX COEAUHEHUMN, COAEPXaALMX TANKE/ble
meTannbl. Metoa GpakUMOHHOIo aHanM3a No3Bo/iMA caenaTb NpubansnTenbHoe
3aK/1l04EHME O XMMNYECKOM COCTaBe B3BELIEHHbIX B BOAE 3arpA3HEHMIA B MyTHOW
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peyHoM Boge Npu Han4mm obpasLLa CpaBHEHNA — OTHOCUTEIbHO YNCTOM peyHOom

BOAbI.

PacnpeaeneHue TAXKENbIX MeTannoB No ¢pakuuam B npobax BTOpoi napbl
HOCMAO cieayoWwmin xapakrep (puc. 2):
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Puc. 2. PacnpeaeneHune TAXKENbIX METANI0B MO PpaKkumam:

1 — noBepPXHOCTHbIN CTOK, 2 — KOC

CornacHo puc. 2, 601bLIMHCTBO MeTa/1I0B B Npobe NoBepxXHOCTHOroO CTOKa (Bce,
Kpome Cd n Hg) npeactasnieHbl, r1aBHbIM 06pa3om, B KpynHoON ppakumm, B TO
Bpema Kak B npobe KOC 6onblwmHCTBO meTannoB (Bce, kpome V, Cr n Pb)
npeacTaBieHbl NPEUMYLLECTBEHHO B MenKon ¢paKkuum (MoHHoM dopme). Mo
3TUM AAHHbIM MOXHO CYAUTb O CTeNeHM O4YUCTKM Boabl HA KOC oT B3BELIEHHbIX
3arpsA3HeHN, NOCKONbKY NOBEPXHOCTHbLIA CTOK NpeacTasaseT cobon soay A0
OYUCTKM, a BOAA BbiBOoAAWero KaHana KOC — nocne o4uCTKU. BugHo, 4TO
TexHonormyeckaa cxema KOC nosBondAetr, B OCHOBHOM, OYMCTUTb BOAYy OT
B3BELLUEHHbIX 3arpPsA3HEHUIN, coaeprKalmx TaxKeénbie meTannbl. OgHako V, Cr n Pb
B OUYMLLEHHOM BoAe npeobafaatoT B NpomMeKyTouHoM dpakuymm (0,2 — 1,2 MKMm),
XapakTepHou Ana O6ONblIMHCTBA MWUKpoopraHuamos. [pu oTbope AaHHOM
npobbl OTMeYanca CuHe-3eNéHbl LBEeT BOAbl, YTO FOBOPUT O BbICOKOM
coaepXaHmn Bogopocnen. Takmm o6pasom, NIOTMYHO NPEAnoNOXKUTb, YTO
3HauUUTENbHAA YacTb TAXKENbIX METaNN0B HAXOAWUTCA BHYTPU MUKPOBHOM

48



International scientific conference

SCIENCE, TECHNOLOGY AND LIFE - 2014

Czech Republic, Karlovy Vary, 27-28 December 2014

buomaccbl. MeToa @pPaKUMOHHOIO aHanu3a Mo3BOAUA NPUBANIUTENBHO
OLUEHUTb KayecTBO OYMUCTKM CTOYHbIX BOZ OT B3BELUEHHbIX 3arpA3HEHU u
CAenaTb OLEHOYHbIN BbIBOA 0 GOPME, B KOTOPOW TAXKENbIE MeTa/lbl HaX0A4ATCS
B OYMLLIEHHOM BOAE.

3aknoueHue. peanoxKeHHbIn meTod GPaKUMOHHOINO aHa/nM3a B3BELUEHHbIX
YyacTuL, ABNAETCA A0CTAaTOYHO NPOCTbIM U BbICTPLIM NO UCMONHEHUIO, NPU STOM
NO3BOJIAET AeNaTb OLLEHOYHbIE BbIBOAbI 0 GOpMeE, B KOTOPOM TAXKENbIE METANbI
HaxogATcA B BoAe (HeopraHMYeckue coeanHeHUa, MUKPOOPraHM3Mbl, MOHHAS
dopma M Ap.), a TakkKe oueHuBaTb 3OPEKTUBHOCTb PABOTbI OYMCTHbIX
COOPYEHUIM C TOYKM 3PEHUA OUYNCTKM OT TAMNKENbIX METANNOB B TOMN UAMU UHOWM
¢dopme. Kpome TOro, oH No3BONAET BbIABUTb PA3INUMA B pacnpeneneHmn no
bpaKkunam mexay TeMn NAN MHBIMU MeTallaMM.
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YINEPOAHBIE 3/IEKTPOAbI
CYNEPKOHOEHCATOPOB C BOAHbIM
3/IEKTPO/IUTOM

KucenesA E.A., LUKonbHMKOB E.N.

Poccuna, OBBEAUHEHHBLIA MHCTUTYT BbICOKMX TEMNEPATYP PAH

AHHOTauuA. B paboTe npmBeaeHbl pe3ynbTaTbl UCMbITAHNIA CUMMETPUYHBIX YIONbHbIX
CYNepPKOHAEHCATOPOB (CepHasA KMC/I0Ta B KAYECTBE 3/IEKTPO/INTA), 31EKTPOAbl KOTOPbIX
M3roToB/I€Hbl ABYMA Cnocobamu (HambleHWe U KanaH4PUPOBaHWE) U3 ABYX Yyrieun:
yronb mapku XH-OOW1 (Kutait) n yronb, pa3paboTaHHbIi aBTopamu. MNoKasaHo, yTo
YOENbHbIE XapaKTEPUCTUKUN CYNepPKOHAEHCATOPOB CYLLLECTBEHHO 3aBUCAT OT YAe/IbHOM
Maccbl 31eKTPoAoB (Mr/cm?), a TakKe OoT cnocoba Ux U3roToB/IEHUA.

Kniouesble cnosa: cynepKoHAZeHcaTop, CEPHOKMUC/IOTHbIN 3N1EKTPONUT,
aKTUBMPOBAHHbIN Yrob, KafaHApP5MpPoBaHMe, HamMblIeHKe.

BeepeHue

MepcnekTuBbl MPUMEHEHUA TMBPUAHbLIX 3HEProyCTaHOBOK TPaHCMOPTHOrO M
CTAUMOHAPHOro Ha3Ha4YeHWa [ano HOBbIM TOMYOK paboTam, CBA3AHHLIM C
CO34aHMEM UMMY/NbCHbIX HaKoMUTeNel 31eKTpuyeckon sHepruu. lMostomy B
nocnegHee BpEMS npoBogATcA MHOTOUYUC/IEHHbIE nccnenoBaHus
ABOMHOCNOMHbIX cynepkoHaeHcaTopos (CK).

B KauecTBe 3NEKTPOAHbIX CTPYKTYP ANA CYNepKOHAEHCAaTOpPOB  LMPOKO
NPUMEHAIOTCA yrnepogHble MmaTepuanbl. [puUyYnHOM 3Toro sBAAeTCA pAg,
YHUKaNbHbIX CBOMCTB YrnepoAa, TakMx KaK, BbICOKAs KOPPO3MOHHAA CTOMKOCTb,
[0CTaTOYHAA 3/IEKTPOHHAA NPOBOAMMOCTb, BbICOKas TeMnepaTypHasa CTOMKOCTD,
BO3MOXHOCTb pPEeryMpoBKM 3HAYeHUW YAENbHON MOBEPXHOCTU WU  APYruX
napameTpoB MOPUCTOM CTPYKTYpbl B npouecce cuHTesa [1]. Kpome ToOroO,
MHoroobpasune popm yrnepogHbix MaTepPManoB TaKKe no3sonaet bonee rmbko
noaxoamTb K BblbOpy 3neKkTpoaHbix matepuanos CK. Ha sHeproémkocTb
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YrONbHOI0O 3N1E€KTPOAa BAUAIOT TaKMe CBOMCTBA YI/IEPOAHOr0O MaTepmana Kak: TUn
MCXOAHOTO Cblpbfi, €ro AWUCNEPCHOCTb M 3/IEMEHTHbIA COCTaB, PEXUMbI
npeanMpoan3a n aktmeauum, moanduKauma nocae aktueaumm u ap. [2]. Ana
apdekTMBHOrO  GOPMUPOBAHUA  OBOMHOIO  3/IEKTPUYECKOrO Cc/noA B
cynepKoHgeHcaTopax Heobxogmmo obecneynTb BbICOKOPA3BUTYHO NOBEPXHOCTb
3NIeKTPOAHbIX  MaTepuanoB. WMMeHHO MNo3TOMy OAHMM M3 CaMbIX
PacnpOCTPaAHEHHbIX 3/1EKTPOAHbIX MATEpPUanoB ABNAAETCA aKTUBMPOBAHHbIN
yronb ¢ 601bWOM YyAENbHOM NOBEPXHOCTbLIO.

Oontnmmnsayma CTPYKTYPbI YrnepoaHbIX maTepmnanosB 1 3/1EKTPOAOB Ha UX OCHOBE
ABNAETCA B HacToAuwlee BpemA MNPUOPUTETHbIM HaMpasBieHNEM pa6OTbI no
NnoBbIWEHUIO YAENbHbIX XapPaKTEPUCTUK CYyNEePKOHOEHCATOPOB.

JKcnepumeHTasibHaA 4acTb

B paboTe Mcnonb30BasnoCh ABa BMAA aKTUBMPOBAHHbIX yraen: 1). Yronb mapku
XH-00W1 (Kutait) 1 2). Yronb, paspaboTaHHbii HaMK, 0603HaueH T-0. Yronb XH-
OOW1 no paHHbIM npousBoauTeneit paspabotaH cneumanbHo AN
CYyNnepKoHAEeHCaToOPOB C BOAHbIM 3/IEKTPOAIUTOM. [10 HaWMM AaHHbIM OH
obnagaer oAHMMU U3 CaMbIX BbICOKUX 3/IEKTPOXMMUYECKUX XAPaAKTEPUCTUK,
cpeau aKTMBUPOBAHHbLIX YrAeh, WMMeKLWMUXca B NpPoAake. OCHOBHble
XapaKTePUCTUKM UCC/ieayeMblX yrnen npueedeHbl B Tabn. 1. EMKoCTb
onpeaenanacb, Kak yaenbHaa eMKOCTb OAHOro 3/71eKTpoda, NoayyeHHana npwu

pa3page Tokom 0.34 A/r 8 BogHOM anekTpoanTte (4.9 M H,S0,).

Tabn.1 - XapaKTepUCTUKn yrnemn

XH-001W T-0
Mnouwaab nosepxHoctn (metog 63T), m?/r 2100 3400
MepgmMaHHbIN pa3mep YacTuL, MKM 10 10
MaKcumanbHbIN pasmep 4acTul, MKm 30 50
30nbHOCTb, % 0.4 0.25
EmkocTb, ®/r 254 310
Cbipbe HedTtaHol nek [pesecrHa

dnekTpoapl ana CK u3rotaBaMBaanch ABYMA METOAAaMWN: METOAOM HambleHUS
Ha 3N1EeKTPONPOBOAALLYIO NOANOXKKY — GONbIY M3 TEPMOPACLIMPEHHOTO rpaduTa
N MeTOAO0OM KanaHapUpoBaHuUA.

51



International scientific conference

SCIENCE, TECHNOLOGY AND LIFE - 2014

Czech Republic, Karlovy Vary, 27-28 December 2014

HanbineHne. B KauyecTBe CBA3YyHOLWEro WMCNOAb30Banacb BOAHAA CyCMeH3uA
Nafion (4% oT maccbl cyxoro aneKktpoga). Yronb CMELWWBANCs C 3TUNOBbIM
CNMMPTOM M AENOHW30BAHHOW BOAOM, 3aTem pgobasnsanca pacteop Nafion.
MonyyeHHaa cmecb pacnblNAfacb Ha Harpetyr MNOAJNOXKKY No4 AdaBAeHUEM
BO34yXa 4epe3 COoNA0 Ha CcneumanbHOM aBTOMATUYECKOM HaMblAAKOLWEN
yCTaHOBKe. HeKoTopble M3  HaMbINEHHbIX 3/1EeKTPO40B  NoABepraaunucb
NpeccoBaHUIO HA BbICOKOTOYHOM npecce Carver 4PR1BO.

KanaHgpuposaHme. B KavecTBe CBA3ylOLWEro MCNoOAb30Bajsacb BOAHAaA

cycneHsma o¢Toponnacta d-4 (4% OT maccbl Cyxoro 3eKkTpoga). Yronb
CMewWwunBanca ¢ 3STUNOBbIM CNUPTOM, 3aTem fobasnAnacb cycneHsuA
¢Toponnacta. [lonyyeHHYHO CMeCb MNepemewnBann [0 TecTtoobpasHoro
COCTOAHMA U 3aTeM PacKaTbIBa/IN HA BaJIKaXx.

lNocne U3rotToBNeHUA SINEKTPOAbl BbICYLLMBAINCD U NPONUTbLIBAANUCL B PacTBOpE
49 M cepHOM KUCAOTbl NOA BaKyymomM. B KayectBe meXKaneKTpogHoro
cenapaTtopa MCMNO/Ab30Basacb MOPUCTaa MNOAMNPoONMAeHoBas MemMbpaHa
TonwmHon 10 mkm. Mnowanb snekTpoaos 4.15 cm?. B KayecTBe NOANOMKKM-
TOKOCbEMa WCMoab30Banacb ¢oabra M3 TEPMOPACLWIMPEHHOrO rpaduTa,
ToNWwMHOM 200 MKM, MNpPONMTAHHAA cneuunanbHbIM HanoAHUTeNem AnA
obecneyeHns HeENPOHULAEMOCTM POSIbIN ANA SNEKTPONUTA.

Cbopka 3NeKTPoAoB oOcCyllecTBAANacb caeaywowmm obpasom. IdnekTpoabl,
pasgeneHHble MPOMNUTAaHHbIM SNEKTPOIMTOM CEenapaTopom, MPUNKMMANUCL C
obeunx cTopoH $oNbron U3 TepmopacliMpeHHoro rpaduTta. Aueiika 3axknmanacb
(nasneHnem 10 atm) mexay TUTAHOBbIMKU MAACTUHAMKU, K KOTOPbIM
npUcoeauHANNCL Kaemmbl noteHumoctata (Elins 30-S, YepHoronoska).
KOHTaKTHOE conpoTMBAEHME MEXAY TUTAHOBbIMUM NAACTUHAMM U AvenKkom CK, a
TaK)Ke OCTa/IbHbIX 3/IEKTPUYECKMX KOMMYTALWUIM cocTaBnano He bonee 2% ot
BHyTpeHHero conpoTtusneHuna CK. B pacyeTtax BKNag 4aHHOIO CONPOTUBIEHUA HE
YYUTbIBANCA.

JHeproémkoctb CK onpepenanacb npuv ero NOJHOM pa3pAne MOCTOAHHbIM
TOKOM Nocne MNATUMWHYTHOM BbIAEPXKKM NPU Pa3HOCTM noTeHumanos 1 B.
BHyTpeHHee conpoTuBneHMe PaccYUTbIBANIOCH MO NALEHMUIO HANPAMXKEHMA NpuU
CKa4yKe TOKa B Havase paspaga CK.
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Pe3ynbTaTtbl U NX 06CyKaeHne

Ha yrne XH-001W npu manbix TOKax paspAana pacKaTaHHbIe 3/1eKTpoabl UMEIOT
62113KMe napameTpbl — 8-8,5 BT*u/Kr cyxoro yrns. HecmoTps Ha To, 4To yaenbHas
Macca HanbleHHbIX 3N1eKTpoAoB Oblna MeHblle, YeM PaACKATaHHbIX, WX
JHepreTMYecKMe XapakTEPUCTUKM OKA3aaUCb A0BONAbHO HU3KUMMK - 6,76-7,15
Bt*u/Kr cyxoro yrnsa. MNpu 6AU3KUX NAOTHOCTAX 3/1IEKTPOA0B KO3pduumeHT k
OKa3ancA 3HaunTenbHo HuMke (k=1,4), yem B cnyyvae pacKaTaHHbIX 3/1EKTPOA0B
(k=2). Mo Bcen BMAUMOCTU, CGOPMUPOBAHHAA METOLOM HamblIEHUA CTPYKTYpa
He cmorna obecneymTb AOCTAaTOYHbIM AOCTYN 3NEKTPOAMTA B MOPbI YrAa Ana
apPeKkTnBHoro GopmMmmnpoBaHNA ABOMHOIO INEKTPMUYECKOTO CNOS U 3anacaHus
eMKOCTU. ITO MOKeT bbITb cBA3aHO ¢ ocobeHHocTaAMKM Nafion, npumeHeHHoro B
KayecTBe CBA3YHOLLErO.

Ha yrne T-0 npu manbix TOKax paspaga U masblX TOALWMHAX IHEProemMKocCTu
HanbIIEHHbIX 3/1IEKTPOA0B NPEBbLILLAIOT IHEPrOEMKOCTU pPacKaTaHHbIX. N3 Tabn. 2
BUAHO, 4TO B oT/InYme ot yrasa XH-001W KoapdumumeHTbl k B Ciydae HanblNEHHbIX
W pacKaTaHHbIX 31eKTpoaoB 13 yrna T-0 6amnskn — 2,72 n 2,76 coOoTBETCTBEHHO. B
yrne T-0 npucyTcTBYeT 06beM OTHOCUTENBHO KPYMHbIX ME30MNOpP, KOTOPbIX HET B
yrne XH-001W. SKcnepumeHT € HanblA€HHbIMWU 3N1EeKTPOogamMu, Npowweawmmm 5-
3TanHoOe npeccoBaHue, byaeT 06CyKaaTbCA HUXKE.

Mpn 60NbLINX TOKAxX pa3paga CUAbHOE pasnyme B XapaKTepMCTMKAX CBA3AHO
rnasHbiMm  06pasom C  BHYTPEHHUM  COMPOTMBAEHMEM. BHyTpeHHee
conpotusneHme CK C HanbINEHHbIMXU 31EKTPOL4aMWM  Bblle, 4Yem npwu
NCNOJIb30BAHUM INEKTPOAOB, U3FOTOBJ/IEHHbIX METOA40M KaNlaHAPUPOBAHMA. DTO
npoasnsaeTcA Kak Ha yrne XH-001W, Tak u Ha yrne T-0. Ckopee Bcero, 3To CBA3aHO
c ocobeHHOCTAMM GOPMUPOBAHUA CTPYKTYPbl 3NEKTPOAOB MNPU Pa3/INYHbIX
cnocobax WX WU3rotToBneHUA. Y HaMblIEHHbIX 3/71eKTpoaos 6onee pbixnan
CTPYKTYpa 4Yem y pacKaTaHHbIX. Bcneacteme 3TOro, KOHTAKT YacTul, yrasa apyr c
APYroM W, rnaBHbIM 06pas3om, C TOKOMPOBOAALWEN MNOANOXKOM B Cayyae
HanbINIEHHbIX 91EKTPOAOB HAMHOIO XyXe, Yem B C/lydae pacKaTaHHbIX. Tem He
MeHee, TOHKMEe  Hanbl/IeHHble  3/1eKTPOoAbl  MOKa3biBAOT  Hawuaydwwue
XapaKTEPUCTUKK AaxKe npu 60nblIMX TOKax. Ana HAMOTOYHbIX KOHCTPYKUMin CK ¢
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TOHKMMU NOANOKKAMN-TOKOCBEMAMUN OHU MOTYT OKa3aTbCA I'IpELI,I'IO‘-ITVITEI'IbHel\;I
PaCKaTaHHbIX.

HanbineHHble 231eKTpoabl MOXKHO MNpeccoBaTb, YBeAMYMBAA MNNOTHOCTb
3/1eKTPO40B, B OT/IMYME OT PaCKaTaHHbIX, KOTOpPble NOABEPratoTCA CXKATUIO NpuU
$dopmMoBaHMMK, a NPU NPECCOBAHMM pa3pyLuatoTca. B Taba. 2 B nocneagHen cTpoke
NOKa3aHbl pe3y/ibTaTbl IKCMNEePMMEHTA, B KOTOPOM IN1EKTPOAbl U3roTaBMBAIUCD
n3 yrna T-0 ¢ noovyepeaHbIM HanblNeHMEM U npeccosaHmem gasneHunem 1000
aTm B 5 aTanos.

Tabn. 2 - CpaBHeHMe xapakTepucTuk CK ¢ anekTpoaamm ns pasHblx yrinemn

MnotHO | YaenbHas YpenoHoe
TonwmH
Vron ; M, CTb €MKOCTb BHYTpEHHee
me/em | k 3NeKTp | yrna B | CONPOTMB/IEH
b 3NeKTPO | ,
. MKM oaa, anektpoged | ne (ESR),
Ad, r/cm3 /r Om*cm
XH- PackaTka 400 23.2 2 0.58 245 4.4
(1)0W HanbineHue | 57 2.95 1,4 0.52 210 48
PacKkaTKa 300 12.3 2,76 0.41 280 4.5
1-0 Hanbinenune | 210 7.8 2,72 0.37 296 28
Hanbinenne | 5, 147 | 157 |047 |245 75
5 stanos

Takoi noaxon, NPUBEN K yBeNIMYEHUIO NAOTHOCTM 3neKkTpoaa ao 0.47 r/ecm? (no
cpasHeHnto ¢ 0.37 r/cm® 6e3 noanpeccoBoK) m ymeHbweHuo k go 1.57 (y
3/1eKTPOAO0B, U3roTOBNAEHHbIX 6e3 noanpeccoBOK, KOadPuumeHT k coctaBnan
2,7). YMeHblUeHME 3NEeKTPOUTA B INEKTPOAAX OTPULATENbHO MOBAUAIO Ha UX
yAOENbHYIO EMKOCTb, KOTOpana coctaBuna 245 ®/r B otanume oT anektTpoaos 6es
npeccosaHua - 296 ®/r.  DNEKTPOXUMUYECKME  XapaKTepPUCTUKM
CYNnepKOHAEeHcaTopa B pacyeTe Ha CyXyld MACCYy 3/IeKTPOLOB C TaKMMM
3NIeKTPOAAMMN 3HAUYUTENbHO HUXKE APYrUX BapMaHTOB, OAHAKO B pacyeTe Ha
Maccy AYenKku, gaHHbiM CK npu manbix TOKax paspaga 4EMOHCTPUPYET OAHU U3
NYYLWUX XapaKTepuCcTuK. Mpun 60abluNX TOKAxX pa3paga sHeproemMkocTb CK oyeHb
Hu3Kaa — 1 BT*u/Kr cyxoro anektpoga u 0,29 BT*u/Kr suenkn. ITo CBA3aHO C
PEe3KMM BO3pacTaHMeM BHyTpeHHero conpotnsaeHuna CK o sHauyeHua 75 Om*cm
(tabn.2), yto, NO BCEN BUAMMOCTU, OOYCNOBNEHO HEAOCTAaTKOM 3/1EKTPO/INTA B
CUCTEME M 3aTPYAHEHHOM TPAHCMOPTHOM AOCTYNHOCTbIO.
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CoxpaHeHue 3nekTpuyeckon emrkocth CK npu yMEHbLUEHUMW KONMYecTBa
3/IeKTPO/INTA B 3/1EKTPOAAX fABNAETCA OAHMM W3 HanpaBAeHWUK NOBbIWEHUA
yAenbHbIX Xapaktepuctnk CK. OpaHako nNpocTo OTKayaTb M3 31eKTpoaa
n36bITOYHOE KOJIMYECTBO 3/IEKTPO/INTA MOXKHO UWb B HEBONbLIMX Npeaenax:
npuv U3O6bITOYHOM YAANEHUM SNEKTPOAMUTA HaAuYMHAET PEe3KOo YBeNNYMBaTbCA
BHYyTpeHHee conpoTtmueneHne CK un napgaer emkocTb. BepoATHO, TepAeTcA
CBA3HOCTb 3NEKTPO/IMTA NO KPYMNHbIM TPAHCMOPTHbBIM MAKPOMoOpam MexKay
MMWKPOMOpamn, B KOTOPbIX FNaBHbIM obpasom npoucxoanT ¢opmupoBaHue
ABOMHOrO 3/1EKTPUYECKOro CNoA.

BbiBOAbI

O606uasa BbILEONMCAHHOE, MOXHO CKa3aTb, YTO TEXHONOrMSA WU3roTOBAEHUA
anekTponoB CK wurpaer BaXHYHO pPoOJib NPU peleHUM 3a4a4M MNoBbleHuA
yAenbHbIX Xapakrepuctnk CK B pacyete Ha Maccy KOHCTPYKUUKU. N3BbIToYHOE
KO/INYECTBO I/IEKTPO/INTA B INEKTPOAAX MNPUBOAUT K CUIbHOMY MaAEHUIo
YOENbHbIX XapaKTepPUCTUK. HeaoCTaTOK 3NeKTPO/InTa CMIbHO CKa3blBaeTCcs Ha
BHYTPEHHEM COMPOTUB/IEHUM W 3arnacaemon emMKOCTU. Takmm obpasom,
pe3ynbTaTbl  AAHHOrO  UCCNEAO0BAaHMA  UHMUMUPYIOT  HOBYytO  paborty,
HanpaB/IEHHYIO Ha onpeaeneHne HeobxoAMMOro KOAMYeCTBa 3N1EKTPO/INTA B
3/1IeKTPOoAax [NaBHbIM 06pa3om nyTem ONTUMM3AUUU BHYTPEHHEN MUKpPO-
Me30MNOPUCTOM CTPYKTYPbl aKTUBUPOBAHHOTO YI/1A U MAaKPOMOPUCTOMN CTPYKTYPbI
anekTpoaoB. PesynbTathl pabotbl b6yayT onybAnKoBaHbI B BAuMMKaMliem

byaywem.

C TOYKM 3peHUs JanbHenlero BHeAPEeHWA AaHHbIX TEXHONOTMA B MacCOBOe
NPOU3BOACTBO CYNEPKOHAEHCAaTOPOB TEXHONOIMMA KanaHApupoBaHMA 6onee
npegnoytTuTesibHa, T.K. OHa ferye peanmsyema. C ee MNOMOLLbO MONKHO
M3roTaBAMBaTb 3NEKTPOoAbl HONbWIMX  TOAWMH, 06Na[AWNX  HUIKUM
CONPOTUBNEHMEM WU AO0CTAaTOYHO BbICOKMMMU 3SHEProeMKOCTAMU. TexHoNorus
HanbI/IEHUA MOXKET HANTU NPUMEHEHUE B CNELMANN3UPOBAHHbIX HULLAX.
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PROMOTION EFFECT AND ROLE OF ANTIMONY IN
OXIDATIVE DEHYDROGENATION OF ISOBUTANE
OVERALUMINA SUPPORTED V-SB OXIDE
CATALYSTS

SARDARLY A.M., VisLovsKly V.P., SULEYMANOV G.Z., TAGIYEV D.B.

AZERBAIJAN, INSTITUTE OF CATALYSIS AND INORGANIC CHEMISTRY NAMED AFTER
ACADEMICIAN M. NAGIYEV, AZERBAIJAN NATIONAL ACADEMY OF SCIENCES, BAKU

Abstract. Dehydrogenation of isobutane in the presence of oxygen has been studied
over alumina supported vanadium (V/Al) and vanadium-antimony (VSb/Al) oxide
catalysts. Their catalytic behaviors at 550°C were compared with the sample
characterization data obtained by several physico-chemical methods: BET specific
surface area, X-ray diffraction, X-ray photoelectron spectroscopy, hydrogen
temperature-programmed reduction,temperature programmed desorption of oxygen,
in situ DRIFTS (diffuse reflectance-absorption infrared Fourier transform
spectroscopy), and in situ DSC (differential scanning calorimeter)methods. VSb/Al
catalyst exhibited,at high catalytic activity,the enhanced on-stream stability compared
to V/Al oxide. In the presence of modifier, antimony oxide, the amount of active mobile
oxygen species and their reactivity in redox transformations is improved. As a result,
VSb/Al oxide displays highcatalytic activity together with lower coking activity and
higher on-stream stability.

Keywords: isobutane; oxidative dehydrogenation;isobutylene; vanadium oxide;
catalyst; alumina support; antimony oxide; modification.

Introduction

Isobutylene is valuable and versatile chemical intermediate. Now isobutylene is
produced commercially by large-scale process of isobutane dehydrogenation
over chromia-alumina catalyst [1-7]. Meanwhile, this process is
thermodynamically limited and very energy-consuming. Oxidative
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dehydrogenation (ODH) of isobutane attracts attention as a potential alternative
process due to the use of oxygen as oxidant displaces the dehydrogenation
equilibrium, thus making the ODH process exothermic. However, over the
known catalysts, the olefin selectivity is relatively low because in the presence
of strong oxidant, oxygen, intense formation of carbon oxides, oxygenates and
coke takes place. The challenge is to improve catalytic performance with respect
to isobutylene formationas well as the catalyst on-stream stability.Manyof the
catalysts described in the literature for the ODH of light paraffinsare based on
vanadium oxide [1-7]. Among them, V-Sb-O complex oxides are well known as
highly efficient catalysts for prospective industrial process of ammoxidation of
propane to acrylonitrile [8], partial oxidation of toluene to benzaldehyde,
oxidation of H,S as well as for selective reduction of NO with ammonia. As it will
be shown, the alumina - supported V-Sb oxides are also rather active and
selective in the ODH of isobutane. Few studies, however, have been presented
to explain the role of antimony as a promoter forthese kinds of catalysts. Existing
information about factors controlling the catalytic behaviors of these systems is
still scarce. This paper isdevoted to clarify in details the nature of antimony
doping effect on the catalytic performance in the ODH of isobutane. A set of
techniques (BET specific surface area), XRD (X-ray diffraction), XPS (X-ray
photoelectron spectroscopy), H,-TPR(temperature programmed reduction by
hydrogen), O,-TPD (temperature programmed desorption of oxygen),in situ
DRIFTS (diffuse reflectance-absorption infrared Fourier transform spectroscopy),
in situ DSC (differential scanning calorimeter) has been used to elucidatethe
relationshipsbetween catalytic properties and catalysts characterization data.

Experimental

The catalysts were prepared by impregnation of amorphous y-alumina (Sger = 85
m?/g, grain size 0.3-0.8 mm) with mixed aqueous solutions of NH4VO3 and SbCl;
with furtherevaporation and calcination at 600°C. Total amount of the supported
component(s) was about 19 wt. %. The ODH of isobutane was studied in a
fixed-bed quartz U-shape reactor at 550°C; initial gas feed was : i-
C4H10:02:N,=20:10:70 and GHSV=900h™. in-situ DRIFTS spectra were recorded
by IFS 88 Bruker Fourier Transform spectrophotometer in flows of i-
C4H10,0,,0ri-C4H10/O,mixturesin dry He in 20-550°C range.Heats of reduction and
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re-oxidation were measured usingSetaram DSC-111 differential scanning
calorimeter with on-line GC analysis.O,-TPD studies were performed in the same
DSC set-up.

Results and discussion

Catalytic tests TheSb/Al and Sb-rich VSb/Al catalysts are not effective for olefin
formation. Non-modified V/Al catalyst shows good initial ODH activity
(isobutane conversion after 1h time-on-stream was 39.5 %) which declines after
2.5h on-stream to 29.5 %; initial isobutylene selectivity (~ 64 %) remains almost
the same.The best binary VSb/Al catalyst exhibits the initial isobutane
conversion of 36.5 % and olefin selectivity 70 % providing thus the initial yield of
i-C4Hg of ~26 %. This initial yield is very close to thatwasobserved initially for V/AI
(27 %) but remains unchanged after 4h on-stream; most of studied Sb-containing
samplesalso demonstrate stable activity and selectivity. Almost equal initial
catalytic activities and selectivitiesof both individual V/Al and Sb-modified
VSb/Al systems imply that their catalytic properties are mostly determined by
vanadium oxide and stabilized by antimony in VSb/Al samples. The main reason
why theactivity of the V/AI catalystrapidly decreases is coke formation. It was
proved by intense CO,evolution during the reoxidation of the usedV/Al catalyst
by air pulses at 550°C. Reoxidation of the used VSb/Al systems also was
accompanied byCO, evolution, but in very small amounts.

XRD study of fresh and used V/Al and VSb/Al catalysts has shown that besides
weak diffraction lines of Al,0s;, the distinct reflections of the V,0s-phase,
shcherbinaite (41-1426 file in the JCPDS database), are observed in the fresh
V/AI. After catalytic testing,the V,0s-type phase transforms into V,03, karelianite
(34-0187). On other hand, both fresh and usedVSb/Al catalysts do not contain
crystalline V,0s-phase, but instead,the XRD pattern of some of them points to
the presence of mixed vanadium-antimony oxide phase. This phase is assignable
toV1.1 Sbo9O4 bymeans of most intensive peak 20 =26.687 ° (file 47-1496 in the
JCPDS database).

59



International scientific conference

SCIENCE, TECHNOLOGY AND LIFE - 2014

Czech Republic, Karlovy Vary, 27-28 December 2014

Table - XPS analysis of V/Al and VSb/AI catalysts and results of deconvolutionof
V 2p3/2 peaks of the catalysts used in the ODH of isobutane

V2ps;2 Sb3ds; VA \Vau V3t
Sampl BE FWH BE FWH BE FWH % BE FWH % BE FWH %
e M M M M M
V/Al (F) ;17. 1.90
517. | 3.16 517. | 2.27 49. | 516. | 2.26 33. | 515. | 2.53 16.

V/AI (V) 1 5 5 0 7 0 8
VSb/AI( | 517. | 2.18 540. | 2.34

|6 2
VSb/AI( | 517. | 2.34 540. | 2.07 517. | 2.80 83. | 516. | 2.80 16.

u |7 2 8 9 |o 1

BE, binding energy, eV; FWHM, full width at half maximum, eV; F, fresh, U, used

Table summarizes spectral parameters of V and Sbsupported components and
results of deconvolution of V 2ps/, peaks taken from XPS spectra of the samples
after catalytic reaction. The binding energies (BEs) of V 2ps3,,peaks (517.2-517.6
eV)for fresh V/Al and VSb/Al catalysts are corresponded to V>* species. However,
the increased value of the peak full width at half maximum, FWHM (from
1.9eVfor fresh V/AI to 3.16 eV for this used catalyst) has revealed the notable
reduction of surface vanadium species during the reaction over V/Al catalyst.
The incorporation of antimony into V/Al increases the BE (and oxidation state)
of surface vanadium species.VSb/Al catalyst showsthe BE for Sb 3ds/,, identifying
as Sb>* species. Parameters of Sb 3d peaks for these samples remain unchanged
after catalytic runs. To interpret the change of FWHM of the V 2p;3,;peaks after
reaction, they were fitted for V°*, V¥, and V3* components. The results of
deconvolution point out that the presence of antimony increases the content
of V>*very much as compared to that of the V/AI catalyst; the used VSb/Al
catalyst practically does not contain V3* species as deeply reduced oxidation
state.

H,-TPR profiles of V/Al and VSb/Al catalysts are presented in Fig. 1.
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Figure 1. H2-TPR profiles of (a) V/Al and (b) VSb/Al catalysts

H,-TPR profiles of (a) V/Al and (b) VSb/AIl catalysts are presented in Fig. 1. The
reduction pattern of the V/Al sample comprises three peaks, i.e., two intense
and sharp high-temperature peaks centered at 663 and 783°C and low-
temperature peak centered at 500°C. The high-temperature peaks are similar to
those detected in the literature, which are attributed to the reduction of bulk
vanadium pentoxide to VO3 at 663°C and to V,0, at 783°C. The low-
temperature peak is analogous to thepeakthatwas assigned to the reduction of
supported V,0s-phase in the VO,/a-Al,03 system [9]. Judging from the result, it
is reasonable that the high-temperature peaks correspond to the reduction of
three-dimensional V,0s, whereas the low-temperature peak corresponds to the
surface vanadium oxide dispersed on the support. For the H,-TPR profile of the
VSb/Al catalyst, the high-temperature peaks centered at 783°C disappears
completely and the intensity of the second one centered at 655°C decreases
greatly. Instead, the low-temperature peak becomes the dominant one. The
broadening of this peak implies a higher heterogeneity and reducibility of
vanadium species. These H,-TPR data clearly showed that modification with
antimony promoter of V/Al system increases the reducibility of surface
vanadium oxide and enhances the amount of mobile supported oxygen species.
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0,-TPD method revealed that V/AIl catalyst releases only 0.9 umol O,/g while
heating to 670°C. Oxygen desorption from alumina-supported antimony oxide
starts at 580 °C; 28 umol O,/g were detected. During O,-TPD from VSb/Al
catalyst, which starts at 510°C, 52umol O,/g were detected. This shows s synergy
between components and suggests the formation of new active oxygen species
on the VSb/Al system, which are not presented in individual supported oxides.

0.08 -
Q

Absorbance

0 Time, min 100

Figure 2. Variations in absorbance of band at 2000 cm™ from DRIFTS spectra of
V/AIl (A) and VSb/AI (B) samples upon subsequent dosing of isobutane (0-40
min), O, (40-70 min), and He (70-100 min) at 450°C

0.3

0.25

—&— V19/A1
seed e+ V16Sb3/A1
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Figure 3. Intensity of 1560-cm™ band at 450°C on V/Aland VSb/Al catalyst
during interaction with isobutane flow

in situ DRIFTS technique provided information about redox behavior of V/Al and
VSb/Al catalysts. V=0 band at 2000 cm™ was used to estimate the reduction
degree of vanadium oxide component. This band disappeared when vanadium
ions are reduced approximately to V3*state. It is seen that VSb/Al catalyst
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demonstrates(curves B) higher rates both of vanadium reduction byisobutaneas
well as higherrates ofits reoxidation in O, than V/Al samplesshows (curves A).

Concluding remarks

It is generally accepted [1-4] that catalytic performance in selective oxidations of
hydrocarbons over vanadium oxide- based catalysts is determined with redox
properties of surface vanadium species operating according to Mars — van
Krevelen redox mechanism [10]. This is the case also for the ODH of isobutane
over V/Al and VSb/Al systems. The surface and even the bulk of the catalytically
unstable V/AI system is reduced strongly under reaction conditions (XRD, XPS):
V205-type phase transforms into V203, and the latter is able to be reoxidized to
V205 in a flow of air restoring its yellow color and initial catalytic activity. The
effective redox cycle on V/Al and VSb/Al catalysts would be likely to occur only
between V5+ and V4+. Accumulation of V3+ seems to be one of the main reasons
of the deactivation of V/AIl catalyst. The reoxidationof these strongly reduced
active sites can become the rate-limiting step decreasingthe on-stream activity
of individual V/Al oxidedue to non-properly regenerated V-containing active
site. The observed enhancement of the catalytic behavior as a result of addition
of antimony oxide seems to be related with the improved catalyst reducibility
and the increased amount of mobile oxygen species (Fig.1, H2-TPR data).

The reduction degree of vanadium component and the rates of redox
transformations on the surface of V/Al and VSb/Al catalysts were evaluated byin
situ DRIFTS technique. Using V=0 band at 2000 cm™that disappeared when
vanadium ions are reduced approximately to V3", it wasestimated thevalence of
vanadium ions during theirreduction in flow of isobutane at 450°C. It was also
seen that Sb-modified VSb/AI catalyst demonstrates higher rates of vanadium
reduction as well as rates of its reoxidation than those for V/Al sample (Fig. 2).

Interaction of isobutane flow with binary VSb/AI catalyst at 20°C leads to the
formation of some adsorbed species whose temperature-programmed
desorption proceeds with formation only of carbon oxide(s) without even traces
of isobutylene. Apparently, such products of isobutane adsorption can be
intermediates only in the total oxidation of paraffins and/or in coke formation.
After the interaction of isobutane with the catalysts at 250-450°C, no u(C-H)
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bands were detected but 1560 and 1460 cmbands were observed by DRIFTS.
Similar species are usually attributed to “carboxylates” which are intermediates

in the formation of coke. The comparison between V/Al and VSb/AI catalysts in
Fig. 3 clearly shows the advantage of Sb-modified VSb/Al oxide catalyst in at least

twice lower formation of coke precursor.
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SECTION 3.
BIOLOGICAL SCIENCES
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BAVNAHUE SK3OMETABOJ/IUTOB MOJ1/TFOCKOB
ANADARA KAGOSHIMENSIS (TOKUNAGA, 1906)
HA MAKPO®UTbI GELIDIUM SP

borpoanHA A.B., BEPErosada H.M., BEnaes b.H.

Poccua, UHCTUTYT Bronormnm KOXHbix MOPEM UM. A.O. KOBAJTIEBCKOTIO

AHHOTaUMA. DKCNEePUMEHTANbHO BblN0 YCTaHOBAEHO, YTO 3K3oMeTaboanTbl 9 ocobet
Anadara kagoshimensis yBennunnm ckopocTb pocTa 3 rpammoB Gelidium latifolium Ha
40 Mr/cyTkM (OTHOCUTENbHO KOHTPOASA), a KOHUEHTpauuMm OGUKOIPUTPUHA U
CYMMapHbIX KapoTuHonaos B 1,4 n 1,1 pasa cOOTBETCTBEHHO. ITO MOJIOXKUTENbHOE
B/IUAHME 3K30MeTabonuToB aHaZapbl MOXeT ABNATbCA 0b6bACHEeHMeM obpacTaHus
MOJIIFOCKOB KPACHbIMM BOZOPOC/IAMWU B €CTeCTBEHHbIX YC/N0BUAX cpeabl. B pabote
npueBeneHbl AaHHble O KAayeCTBEHHOM WM KOJMYECTBEHHOM COCTAaBe KapOTMHOMAOB
MakpoouToB G. latifolium w G. crinale, B3aTbix B NpubpexHoi 3oHe CeBacTtonona
(KpbiMm). TNoOKasaHO, 4YTO B €CTECTBEHHbIX YC/NOBUAX COAEep)KaHMe CYMMapPHbIX
KapoOTMHOMAOB Yy 3TUX BoAoOpoCnel 6AM3KM MO 3HAYEHWUsAIM, a COOTHOLWEHue [-
KapoTMHa U NoTenHa mnaeHTu4Ho (57:24). CxoxecTb NMUTMEHTHOro coctaBa oboux
6/IM3KMX BUAOB MAKPOPUTOB, MO3BOSIMNG MPEANONOXKUTb aHANOTUI0 BO BIMAHUM
ak3omeTabonutos Anadara kagoshimensis.

Kniouesble cnoBa: Gelidium sp., Anadara kagoshimensis, nUrMeHTbl, KapOTUHOUAbI,
3K30MeTabonuThI.

BeBepeHue

B Mopckoii cpege MHorue rmapobUOHTbI CTPEMATCA K  TPOPUUYECKUM
B3aMMOAENCTBMAM TECHO COXUTENbCTBYA APYr C APYrom, YTO MPUBOAUT K
pa3nnMyHbIM cumbuosam, annbumoszam [1, 2]. Tak B npnbpekHomn 30He YepHoro
MOpPA  MONIOCKU-OUABbTPATOPbl  4YacTo obpacTtaloT  pasHbIMM  BMAAMM
Bogopocnen u apyrumum annbmoHtamm [2]. MoaobHble B3aMMOOTHOLIEHMUS
AO/KHbI OblITb NPOAMKTOBAHbI 6/1aronpuMATHBIM BAMAHMEM 3K30MeTabonToB
MOIJTFOCKOB, MO CPABHEHUIO C OObIYHbIMM YCNOBUAMM OOUTAHMA MAKPODUTOB.
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OAHUM M3 CaMbiX YYyBCTBUTE/IbHbIX BUMOXMMUYECKMX MOKasaTenel COCToAHUA
GOTOCUHTE3UPYIOLWMX OPraHM3MOB ABAAIOTCA NUIMeHTbl. OHM NpeacTaBAAOT
coboit He TONbKO Xnopodpuanbl U PGUKOOUAMNPOTEUHDLI, HENOCPEeACTBEHHO
y4yaBcTBYOLMNE B GOTOCUHTESE, HO M KAPOTUHOWU DI, POJIb KOTOPbIX B OPraHM3max
rmapobuoHToB Ha MHoro wupe [3]. Llenbto gaHHoM paboTbl ObiI0 BbIACHUTD
BINSIHWE 3K30MeTaboIMTOB ABYCTBOPYATOrOo MOANKOCKa-dunbTpaTopa Anadara
kagoshimensis Ha pocTOBble U NUIFMEHTHbIE XapaKkTepuctuku Gelidium latifolium.

Martepuanbl U meTtogbl

Ob6beKkTamum UccnenoBaHUim ABAAAUCE Makpoodutbl Gelidium latifolium w
Gelidium crinale, cobpaHHble Ha XepCOHEeCCKom nobepexbe U MONNOCKU-
dunbTpaTopbl Anadara kagoshimensis (Tokunaga, 1906), cogeprkawueca B
cagkax Ha CeBacTono/ibCKOM B3mopbe (mexay KapaHTMHHOM U MapTblHOBOW
byxTamu). DKCnepMmeHT nposBoauMan B OKTabpe 2014 roga Ha ycCTaHOBKe
(pncl.(3)). OnutenbHOCTb 3KcMepumeHTa coctaBuna 15 gHel. KonebaHua
TemnepaTypbl B TeYEHUE BCEro sKCrnepumeHTa bbiam HesHauntenbHbl 19 — 21°C.
OcBeleHHOCTb NPUBANKEHA K eCTECTBEHHOM M AHEM HE NOAHMMANach Bbille
550 ntoKc. B KOHTPONbHOM Ky/bTMBATOpPE NUTATENIbHOM Cpeaon ABNANacb
4yucTan, NPoPUAbTPOBAHHAA Yepe3 NAOTHbIA GUABbTP MOPCKAA BOAA, B OMbITHbIX
Ky/NbTUBATOPax HaxoAunacb MOpPCKaa Boga ¢ meTabonutamm (9 ocobein)
MOANNOCKOB A. kagoshimensis, cpegHuii Bec KoTopbix 8,5+1,5 r. ObmeH cpeapbl
OCYLLECTBAANCA Karkable Tpoe CcyToK, 6apboTak BO3AYyXOM OCYLLECTBAA/CA
NOCTOAHHO W pPaBHOMEPHO BO BCeX KynbTuBaTopax. M3mepeHuAa Beca w
noKasaTesiem NMUIMEHTOB BOAOPOCNEN MPOBOAUAM MNepesd KaXKAbiM obmeHOM
cpeapl (T.e. Kaxkapble 3 aHA). UcxoaHbil Bec G. latifolium — 3.

MpepBaputenbHo 6Obln yCTaHOBAEH COCTAB  KApPOTMHOMAOB ABYX BWAOB
Mmakpodutos G. latifolium w G. crinale. 3KcTpakymio M onpeaeneHue
xnopodunna n cyMmapHbIX KapoTuHomaoB makpodutos G. latifolium v G.crinale
NpoBOAMIN B COOTBETCTBUM C METOAOM, peKomeHayeMbim B pabote KonbiToBa
t0.M. [4]. ®ukosputpuH onpegenanu no dopmyne Ry % = (0,014'Degso-
0,072'Dg15+ 0,122 Dss)'V:100/m., rae m —mr, V —mn, Ryps, % - P GMKO3pUTUPUH B
% [5]. AHanKn3 aKcTpakToB KapoTuHomnaos G. latifolium v G.crinale npoBoannu ¢
ncnonbzoBaHmem cuctembl Acquity UPLC (TexHonorma CBIXX), LC / MS aHanus
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KapOTMHOMA0B OCYLW,ECTBAANN Ha Macc- cnekTpomeTpe Waters Xevo G2S Q TOF
(Waters Corporation, Mundopa, CLLUA). Ana aHannsa Mcnonb30Banu KOJIOHKY
BEH Shield RP18 (1.7um, 2.1 X50mMm), noasukHyto ¢asy: MeOH/H,0 (80:20) B
Hayane MeOH (100%) (10 mmH), npu Temnepatype 40°C, ckopoctv notoka 0,4
MN/MUH, OeTeKTMpoBaHMe npoBoaAnan npu 450 HM. (aHanu3 BbIMNOAHEH B
nccnenoBaTeIbCKOM  MHCTUTYTE MPOAYKTOB nNUTaHuA . KuMoTto, AnoHuA, B
OKTAGpe 2014 ropa). MeTtoauka waeHTUOMKAUMM UM  NOAFOTOBKU nNpob
CTaHAapTHbI [6,7].

Pe3synbTaTthl NpeAcTaB/ieHbl BBUAE X+ S,. -
Pe3ynbTtaTbl M 06CyKaeHUA

O6a suaa G. latifolium (1) n G.crinale (2) asnatoTca 6AM3KOPOACTBEHHBIMU U
061aaatoT 60/1bLLOM BHELWHEN CXOXeCTbo. Ha pucyHKe 1 noKasaH BHEWHWI BUA,
3TUX KpacCHbIX YEepPHOMOPCKUX Bogopocnen. Oba BuMaa BCTpPeYaloTca B
€CTECTBEHHbIX YC/N0BMAX, B NpPUOPEXHOM 30HEe, YaCTO KakK 3MNUOMOHTHI
MOINOCKOB-OUAbTPaTOpPoB. Hamu 6bin NnpoBeaeH CpPaBHUTENbHbIN aHANN3 KX
MUIMEHTHOIO COCTaBa C LLe/1bi0 BbIACHEHUA NX OTAMYUTENIbHBIX 0COOEHHOCTEN.

\ 2
Puc. 1. ®oto G. latifolium (1) n G.crinale (2). Bua skcnepumeHTanbHOM

YCTaHOBKM NO BANAHUIO 3K30MeTabonntos A. kagoshimensis Ha pocToBble U
NMUIMeHTHbIe XapaKkTepucTmku G. latifolium (3)

KOHLLeHTPaLMM CYMMApPHbIX KapoTUHOMAOB 6binn 6AM3KM MO 3HAYEHMAM U
coctasnanu 330 + 9 1 110 + 60 mkr-ricyxoro Beca.
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XpomaTtorpamma 3KCTpaKTa Bogopocnen G. latifolium w G.crinale 6bina

naeHTMYHon  (puc. 2). CneKkTpasibHble  XapaKTEPUCTUKU  BblAENEHHbIX

KapoTMHOWMA0B MNOATBEPAMAN HANMUME B-KapOTUHA U /IIOTEMHA B COOTHOLLEHUU
(57:24).
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Puc. 2. CnekTpa/sibHble XapaKTEPUCTUKN KapOTUHOUAO0B B 3KCTPaKTax G.
latifolium w G.crinale:

a) CBOX xpomaTtorpamma; 6) macc-cnekTpbl B-KapoTUHA U NOTENHA; B) CNEKTPbI B-KapoTUHa
M NtoTeMHA B AnanasoHe 225-600 Hm
Taknum 06pa3om, CyLECTBEHHbIX OT/INYUIA B NTUFMEHTHOM cocTaBe G. latifolium v

G.crinale obHapyXeHo He 6bino. [anee ana skcnepumeHTa 6bin BblbpaH G.
latifolium kak 6onee [OCTYNHbIN B UCCNeAyeMOM PanoHe.

BHEWHMN BMA, IKCNEPUMEHTANIbHON YCTAaHOBKU MOKas3aH Ha pucyHke 1 (3).

YcTaHOBKa COCTOA1A U3 3-X NPAMOYTO/bHbIX KyN1bTMBATOPOB (06 beMomM OKoo 2

N), B KOTOPbIX coAeprkanucb mMakpodutbl G. latifolium w Kpyrnoro cTakaHa

(obbemom 5 n), B KOTOpOM Haxoaunucb MoAAOCKN A. kagoshimensis.

Pe3ynbTaTbl MO POCTOBbIM WM MUIMEHTHbIM XapaKTtepuctukam G. latifolium,

NoNy4YeHHble B XO4€ dKCMEPUMEHTA, NpuseaeHbl B Tabamue. [JaHHble KOHTPOAA
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M OMbiTa NPeACTaBAEHbl KaK cpeaHue 3HauYeHMA 3a BECb Nepuog, sKCNepumeHTa.
BennumHa KOHTpons Huxe 3 r., T.K. NpM agantaumm nepsble AHU BOAOPOCAU
TEPANU B BECe, 3TOT e 3PpPeKT oTpasuaca n Ha BUOXMMUYECKMX NoKasaTensx. B
nocnegHem ctonbue npeacraBaeHa pasHuua (A) mexKay KOHTPOAEM U ONbITOM
Ka*K4oro nokasarens.

Tabnnua - CpaBHuTeNbHasa Tabauua nokasaTenem pocta U nNUrmeHToB G.
latifolium mexXay KOHTPOAbHbLIM U OMNbITHBIMW BapMaHTamMu

No | MNoKasaTtenb KoHTponb OnbIT (A) cp.

1 Macca, r 2,75 +0,09 3,35+0,08 0,60+ 0,08

2 DUKOIPUTPUH, Mr/T 7,9+0,5 11,1+1,0 3,2+0,7

3 Xnopodwunn a, mr/r 0,98 +£0,10 1,09+0,14 0,11+0,14

4 CymmapHsble KapoTuHouapl, | 400 + 60 427 £ 51 12+9
MKr/r cyxoro Beca

5 CooTHolleHne B-KapoTuHa u | 57:42 57:42 bes nsmeHeHui
NOTENHA

Mpupoct 6MOMaccbl BOAOPOC/AEN B OMbITHbIX Ky/AbTMBATOpPax MpeBblan
KOHTPO/IbHbIM  BapuaHT. CKOpoCTb pocTa B  CpegHeM 33  BecCb
9KCMepUMEHTaNbHbIM nepuoa coctaBuna 40 Mr/cyTKM, a pasHULA MexXAay
KoHTposem u onbiTom 0,60 rp, YTo CBUAETENLCTBYET O 61aroNnPUATHOM BANAHUMN
3K30MeTO0MTOB aHagapbl. [ONOKUTENbHYIO ANHAMUKY Y MaKPODUTOB MMeNU
TaKXe GUKO3PUTPUH M xnopodunn a. Ha cogepaHnMmM KapoTUHOMA0B BAUSAHUE
3K30MeTabo/IMTOB OTPaA3n/IOCh HE3HAYUTENbHO, @ COOTHOLWEHMNE B- KapOTMHA U
noTeMHa Boobuwe He Hapywanocb. [locneaHee, BO3MOXHO, CBfI3aHO C
He[0CTaTOYHOM KOHUEHTpauuei sksaometaboIMTOB B MOPCKOM cpeae, TaK KakK
cooTHoweHne 9 ocober aHagapbl K 6 1 MakKpodmuToB (yumTbiBada 2 OMbITHbIX
Ky/NbTMBaTOpa) 661210 BbIOPAHO NPeAnoNoKUTENbHO. B ecTecTBEHHbIX YCA0BUSAX
cpesabl COOTHOLEHMA MAaKPOPUTOB M IK30METaboIMTOB MOTYT BbITb KaK Bbille,
TaK U HUXKe IKCMEepPeMEHTaNbHbIX.

MonyyeHHble pe3yabTaTbl CBUAETENIbCTBYIOT O MNONOMKUTENBHOM BJIMAHUM
3K3omeTabonnToB MonntocKkoB-duNbTPaTopoB A. kagoshimensis Ha pocToBble U
MUrMeHTHble XapaKTepuctukn G. latifolium: yBenuyeHne CcKoOpoCTM pocTa
Gelidium latifolium Ha 40 mr/cyTku (OTHOCUTENbHO KOHTPONSA), KOHLLEHTPaLUMn

duKoapuTpuHa B 1,4, a xnopodumnna a U cymmapHbix KapoTuHonaos B 1,1 pasa,
70



International scientific conference

SCIENCE, TECHNOLOGY AND LIFE - 2014

Czech Republic, Karlovy Vary, 27-28 December 2014

COCTaB KapOTMHOWAOB Obl1 HEM3IMEHEH. B ecTecTBeHHbIX ycnoBuax cpeabl G.
latifolium w G.crinale WMelT aHANOrMYHLIA  COCTaB  KapOTMHOMAOB,
COOTHOLLEHMe B-KapoTuHa u ntotenHa 57:24.

CxoxecTb ABYX POACTBEHHbIX BUAOB MakpodutoB G. latifolium w G.crinale no
H6rMoxmmmnyeckomy coctasy, apeany obutaHma u obbekTam obpacTaHuA agaeT
BO3MOHOCTb MPeAnoNOXKWUTb aHA/NIOTUIO  BAWAHWA 3K3omeTabonntos A.
kagoshimensis Ha 06a Buaa makpodpuTos.

BnaropgapHocTU. Bbiparkaem npusHaTeNbHOCTb SAINOHCKMM Konsieram (Research
Institute for Production Development,Kyoto, Japan) u amyHo gokTopy Takawm
Maoka 3a nomowpb B nposegeHun CBIKX U cneKTpasbHOM aHanuse
KapOTMHONAO0B.
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YTOYHEHHbIE AJAHHbIE NO XYXEANUUAM
(COLEOPTERA, CARABIDAE) 3AKA3HUKA
«ONbAXUKAHCKUIN», XABAPOBCKUIN KPAN

Bvaunos MN.B.%, Kyserckaa O.B.2

Poccuna, MHCTUTYT KOMMIEKCHOTO AHAIU3A PETMOHA/IbHBIX NPOBAEM BO PAH

2Poccua, AMYPCKUIM TYMAHUTAPHO-MELATOMMYECKUIA TOCYAAPCTBEHHbIM
YHUBEPCUTET

AHHOTauuA. MNpUBOAATCA YTOYHEHHbIE AaHHble 0 19 BMAAX Ky»Kenuy, U3 7 poaos C
TEPPUTOPUM 3aKa3HMUKA « ONIbAMKUKAHCKUNY.

Knrouesble cnosa: Coleoptera, Carabidae, 3aKka3HuK « ONbAXKUKAHCKUIAY.,

depepanbHbiM  3aKasHUMK  «ONbAXKMKAHCKMM»  Obln OpraHM3oBaH B
MYHULMNANAbHOM paiioHe UM. MNMoanHbl OcmneHKo XabapoBcKoro Kpaa B 1988 .
C LUEeNbl «COXPaHEeHMA, BOCCTAHOBAEHWA W BOCNPOU3BOACTBA pPEAKUX W
HAaXO4ALWMXCA MOA YrPpO30M MCYE3HOBEHMA KMBOTHbLIX, 3aHeceHHbix B MCOI,
KpacHble KHurn Poccuinickon degepaummn n Xabaposckoro Kpaa» (MonoxeHue...,
1995). B mapte 2011 r. TeppuTopuA 3aKasHMKA «OnbaKMKAHCKMIAY Oblna
nepefaHa noj KOHTPOAb [OCYyAapCTBEHHOrO MPUPOAHOro 3anoBegHMKa
«Komcomonbckmny.,

3aKka3HuK «ONnbOKUKAHCKUMM» pacnonokeH B 160 Km K ceBepy OT
r. Komcomonbck-Ha-Amype M 3aHMMaeT ¢aKTMYecKn Becb baccelH o03epa
YyK4Yarmpckoe M 1oro-3anafHytd OKOHEYHOCTb Xp. OmenbguHcKui. MNnowaab
3aKa3HWKa cocTasnseT 6onee 160 TbiC. ra, N3 HUX aKBATOPUA O3epa 3aHUMaET
36,6 TbIC. ra.
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KomnneKcHble uccnepgoBaHMa 6MOTbl 3aKasHMKa «ONbOXKUKAHCKUAY»  Oblan
HayaTtbl B 2011 r. coTpyaHnMkamm KOMCOMONbCKOro 3anoBeaHuKa. [lonesble
paboTbl NPOBOAWINCL B OCHOBHOM BAO/Nb Oro-3anagHoro nobepexbs 03.
YyKyarnpckoe 1 Ha octpose xany (puc. 1).

C6op maTepmana No U3y4yeHUo BUAOBOIO Pa3sHOObpa3ma XKyKenuuy NnpoBoanna
O.B. Kybepckas. bbino BbiaeneHo n obcnegosaHo 6 6uotonos:

Buoton 1 — mapb (cparHoBoe 6010T0). PacTUTENbHBIN NOKPOB CHOPMMPOBaAH
NPEUMYLLECTBEHHO  KYCTapHMKOBbIMKM  b6epe3amm U BaryabHUKOM, U3
KyCTapHUYKOB Hambonee TUNMYHA KAOKBA 6ONOTHAA, GOHOBbIE TPABAHWUCTbIE
pacTeHns — 0COKM un nywmnua. N51°57°27.27 E136°24°42.0”

Buoton 2 — peakonecbe, obpa3zoBaHHOe Ha MecTe rapu. [peBecHbl apyc
OTCYTCTBYET. B KycTapHMKOBOM sipyce npeobi1agatot pAbUHHUK PABMHONNCTHBIN
N LWMNOBHUK UTNUCTbIN. TpaBAHOM NOKPOB CHOPMMPOBAH OCOKO-BEMHMUKOBbLIMMU
rpynnuposkamn. N51°56°40.2°" E136°24°18.5”

Buoton 3 — NUCTBEHHUYHUK U3 INCTBEHHMLbI KasHaepa. KycTapHUKOBbIN Apyc
npeactaBneH pPAOGUHHUMKOM PABUHOAMCTHBIM U POAOAEHAPOHOM AaYyPCKUM.
Cpean XOpoLwo pPa3BUTOro TPABOCTOA AOMWMHMPYHOT BelHUK JlaHrcaopda u
rpywaHka KpyrnonmctHaa. N51°56°45.3" E136°24°57.5”

Buoton 4 — cmelaHHbIA nec M3 H6epesbl NAOCKOAUCTHON U NINCTBEHHULbI
KaaHaepa. B TpaBAHO-KycTapHMYKOBOM Apyce npeobnagator OpycHMKa
0b6bIKHOBEHHAA, MaHUK ABY/INCTHbIN U BeMHMK. N51°57°56.9"" E136°23°47.6™

Buoton 5 — yyacTok webHuctoro 6epera 03 Yykyarmpckoe, 6€3 pacTMTeNbHOCTY,
B 3—5 M OT Kpas bepe3HaKa (bepesa NAOCKONUCTHAA, POAOAEHAPOH AAaYPCKUN,
MOKKeBeNbHUK CMBUPCKNIA, BpYyCHMKA 0ObIKHOBEHHAA, KaMbll, 6eN0KPbIIbHUK
60n0THbIN). N51°57°44.0" E136°24°29.0”

BuoTton 6 — CKNOH toro-3anagHon akcnosmumm ckannctoro bepera o-sa [lxkany B
3 m oT bepera 03. Yykuyarnmpckoe. MoOYBEHHbIN CNOM CKyAHbIN, Ha Gonbluein
naowaan buotona oTcyTcTBYeT. PacTUTeNbHbIN NOKPOB CHOPMUPOBAH OTAENbHO
CTOALMMM  INCTBEHHMUAMM  KasHaepa, pPoOAOLEHAPOHOM  OAYPCKUM,
MOXKKEBENbHUKOM [AaYyPCKUM, PAOUMHHMKOM PAOGUMHONAUCTHbIM. B TpaBAHOM
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Apyce — KamHe/loMKa rpebeHyYaTopecHUTYaTans U KMBYYHUK MuageHgopoda.
N51°58°26.9"" E136°28°07.0”

C60p KYKOB XKyKenuu, npoBoauaca NnoYBeHHbIMM noByLwKamu bapbepa (Barber,
1931). B KauyecTBe NOByWEK WCNO/b30Ba/IUCb MNAACTUKOBbIE CTaKaHYMKU
Anametpom 6 cm n obbemom 200 ma, Ha 1/3 3anonHeHHble 4% pacTBOPOM
dopmanuHa.

JloBYyWKM pacctaBnanmMcb B AMHUIO no 15 wTyK B Kaxgom 6uotone. OHu
3KCNOHMPOBANUCL C PA3/IMYHON NPOJO/KUTENbHOCTbIO B nepuog ¢ 10 no 17
ntoHA. 0bwmin o6vLem paboTbl coctaBmn 500 NOBYLLIKO-CYTOK.

Bcero Ha TeppuUTOpMM 3aKasHUKa OblIO OT/IOBNIEHO 226 3K3. KyXKenul,

Vi
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YcnoeHble 0603Ha4YeHnsa
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rpaHvua 3akasHuka "OnbaKukaHcKuiA"

1-6 obcneaoBaHHbIe yyacTku

ARYE S

PucyHok 1. PacnonokeHune ob6cneaoBaHHbIX Y4aCTKOB Ha TEPPUTOPUM
3aKa3HUKa «ONbAKUKAHCKNIAY

MaTepuanbl 6biM YacTUYHO onpeaeneHbl n onybankosaHbl (Kybepckaa, 2012).
Mpu noarotoBke Hactosawer paboTel AnA  onpegeneHns  BUAOBOW
NPUHAANEKHOCTU AOMNONHUTENBHO YYUTLIBANINCh FEHUTa/IbHbIE NPU3HAKK. YacTb
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aK3emMmnaAapos 6bina agoonpeaeneHa, HEeKOoTOpble noaBeprancb
nepeonpeneneHunto.

Mpwn onpeaeneHnm NCNo/1b30BaNMnCh COOTBETCTBYHOLME pasgensbl
«Onpepenntens Hacekomblx HanbHero Boctoka Poccun» (/ladep, 1989) wm
MMEBLUAACA B  HAWeM  pPacropAXeHUM  KOANeKUMA  AeTePMUHAHTHbIX
3K3eMNIAPOB.

HomeHKnaTypa 1 cuctemaTmka gaHbl N0 «CUCTEMATUUYECKOMY CMIUCKY KYXKenuy,
(Carabidae) Poccum» (aneKTpoHHbIM pecypc).

leorpadunyeckoe pacnpocTpaHeHMe BWAOB MNPUBOAUTCA MO 6ase AaHHbIX
«Carabidae of the World» (3n1eKTpoHHbI pecypc).

Becb yKasaHHbIM B HacToAwen pabote maTtepuan cobpaH O.B. Kybepckon,
XxpaHutcs B konnekummn UKAPIM ABO PAH (r. BupobuarkaH).

YTOYHEHHbIN BUAOBOM CMUCOK KapabunaodayHbl 3akazHUKa «ONbaKUKAHCKUIAY
cogepxunt 19 Bngos ns 7 poaos.

Carabus (Morphocarabus) hummeli Fischer, 1823 — 15 6uoton 6.
PacnpocrtpaHeHue: Kutaii, MoHronunsa, CesepHaa Kopes, Poccua (Amypckan
obn., pecnybnuka bypatva; 3abaiikanbCkuii permoH (YuTuHckas o06n.);
BoctouHbit CasH; UpKyTckas o6..; XabapoBckuii Kpan; MNMpuMOPCKUIA Kpaw;
AkyTHMA).

Carabus (Aulonocarabus) canaliculatus sichotensis Born, 1914 — 23 6uoton 1;
3Q 6uoton 2; 154, 149 6uoton 3; 83, 149 6uoton 4; 23, 79 6uoton 5
PacnpoctpaHeHue: Poccusa (Mpumopckuit kpaii; 0. CaxanuH).

Carabus (Diocarabus) aurocinctus Motschulsky, 1844 — 14 6uororn 3.
PacnpocrtpaHeHue: Kutaii, MoHronunsa, CesepHaa Kopes, Poccua (Amypckasn
obn.; pecnybnuka bypAatms; 3abalikanbCkUM pernoH (YuTuHcKas o06n.);
XabapoBcKkuii Kpa; MaragaHckana o6n.; MpumopcKkuin Kpaid; AKyTus).

Carabus (Megodontus) vietinghoffi Adams, 1812 — 13 6uoton 1; 23, 19 6uoTon
2; 43,29 6uoton 3; 348, 1Q 6uoton 4; 13 6uoton 6.
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PacnpoctpaHeHue: Poccua (Cnbupb; XabapoBcKkuit Kpai; MpuUMopCKnin Kpan),
CLWA (Anacka).

Poecilus (Poecilus) fortipes (Chaudoir, 1850) — 19 6uoton 5.

PacnpocrtpaHeHue: Kutan (npos. KOHHaHb), AnoHua, MoHronua, CesepHasn
Kopes, Poccus (pecnybnnka bypatus; 3abaiikanbCckuii permoH (YntnHckan obn.);
NpKyTcKkana o0bn.; XabapoBckuin Kpait; MpumopcKuin Kpan), KOXkHas Kopes.

Poecilus (Poecilus) reflexicollis Gebler, 1832 — 19 6uoton 5.
PacnpoctpaHeHue: AnoHua, MoHroamsa, Poccus (XabapoBCcKkui  Kpal;
MpUMOpPCKNA Kpan).

Pterostichus (Metallophilus) interruptus (Dejean, 1828) — 23, 39 6uoton 2; 13
6uoTon 5; 19 6uoTon 6.

PacnpoctpaHeHue: Poccus (Mpuamypoe, Mpubaiikanbe, 3abaiikanbe, TyBa),
MoHronus, CeBepo-BocTtouHbin Kutair, CeBepHana Kopes.

Pterostichus (Rhagadus) microcephalus (Motschulsky, 1860) — 1% 6uoTton 1
PacnpoctpaHeHue: Poccusa (tor JdanbHero Boctoka, 3abaiikanbe), MoHronus,
BocTouHbin Knutan, Kopesa, AnoHus.

Pterostichus (Pseudomaseus) nigrita (Paykull, 1790) — 39 6uoTon 5.
PacnpoctpaHeHue: EBpona: AscTtpua, benbrua, bocHua lepuerosmnHa, bonrapus,
benopyccua, XopsaTtua, Yexua, laHma, 3ctoHna, Gapepckue o-sa, PHAAHANA,
®paHuma (BkA. Kopcmka, MoHako), Fepmanua, Mpeuns (Bkn. Kput), BeHrpus,
Ncnanaua, Wpnanaua, WUtanua (Bkn. Capauuua, Cuumnua, CaH-MapuHo),
Narteusa, lInxteHwTtenH, Jintea, Mongasua, Hugepnanabl, Hopserus, MonbLua,
Moptyranua, PymbiHuA, Cnosakua, CnoseHus, Wcnanua (Bkn. mbpantap),
Weeuuna, LWeenuapusa, VYKpauHa, Hrocnasua (Cepbus, YepHoropwus),
BennkobputaHua (Bkn. HopmaHackue o-Ba), Poccua (UeHTpanbHasA, ceBepHas,
loXKHasA eBponeickaa Tepputopua). CesepHas Adpuka: TyHuc, Mapokko
(Bkntoyan 3anagHyto Caxapy), Anxkup. Asua: Kutai, Poccua (BoctouHaa Cnubups,
[B), Y36ekucraH, KasaxctaH, MoHronusa, Cupus, Typuma, AnoHua

Pterostichus (Eosteropus) alacer A. Morawitz, 1868 — 23, 39 6uoton 2; 13, 42
6uoton 3; 13, 39 6uoton 4; 13 6uoton 5; 13, 12 6uoton 6.
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PacnpocrpaHeHue: Poccus: danbHuii Boctok (Mpunamypbe)

Pterostichus (Bothriopterus) adstrictus Eschscholtz, 1823 — 163, 239 6uoton 2;
42 6uoton 3; 79 6uoton 4; 29 6uoTton 5.

PacnpoctpaHeHue: Espona: [aHua, dctoHmAa, dapepckme o0-Ba, PuHNaHAMA,
LWeeuunna, Ucnanana, Upnanaus, Nateua, Hopserna, BennkobputaHua (BKA.
HopmaHgckne o0-Ba), Poccua (cesep eBponenckoin tepputopum). Asua: Poccus
(BoctoyHana u 3anagHaa Cubupb, OanbHuit BocTok), MoHronmsa, CeBepHas
Kopes. HeapKktuyeckaa obnactb

Pterostichus (Petrophilus) eximius A. Morawitz, 1862, 193, 179 6uoton 2; 29
6uoton 3; 23, 49 6uoton 4; 23, 19 6uoton 5; 13, 1Q 6uoTton 6.
PacnpocrpaHeHue: Poccusa (BoctouHaa Cnbupsb, AanbHuia Boctok), MoHroaus.
3ameuaHusa: paHee (Kybepckan, 2012) 6b1n oWIMBOYHO YyKa3aH KakK P. procax A.
Morawitz, 1862

Agonum (Olisares) impressum (Panzer, 1796) — 19 6uoTon 1
PacnpocrtpaHeHue: AscTpua, benopyccua, Kutaih (npos. HOHHaHb), ICTOHUA,
®paHuma, F'epmanuna, Benrpua, Utanmna, KasaxcraH, Jlatema, J/inutea, CeBepHasn
Kopes, HupepnaHabl, Monbwa, Poccua, Cnosakua, Cnosenus, Llsenuapus,
YKpanHa

Agonum (Europhilus) fuliginosum Pazer, 1809 1% 6uoTon 4

PacnpocrpaHeHue: Asctpua, benbrna, bocHma wn lepuerosuHa, bonrapus,
Benopyccusa, Yexma, JaHus, IctoHuna, duHnaHgma, PpaHuma, BenmkobputarHus,
FepmaHus, BeHrpua, UpnaHgus, Utanua, KasaxctaH, J1atBuA, JIMXTEHLUTENH,
NntBa, Monpgasus, HwuaepnaHgbl, Hopserus, Monbwa, Poccua (Antai;
Mpuamypbe; pecnybnmka bypatusa; LleHTpanbHaa Poccusa; YpanbCKue ropbl;
3abaikanbckmin permoH (YntnHckaa o6..); 3anagHbin CaaH; NpKyTckas obn.;
XabapoBckui Kpai; KpacHoAapcKkuia Kpaii; Mpumopckuin Kpan; TyBa; BocTouHbIN
CasH; AryTtna), Cnosakusa, CnoseHus, Ncnanus, Leeuymns, Lseuapua, YKpamHa

Amara (Zezea) plebeja (Gyllenhal, 1810) — 19 6uoTton 4

PacnpocrtpaHeHue: Asctpua, benbrna, bocHma wmn lepuerosuHa, bonrapus,
Benopyccua, Kutaih (npos. XannyHussH), Xopsatusa, Yexua, [aHuA, ICTOHUA,
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®PuHnaHgma, OPpaHuua, Benukobputanua, lepmanua, [peuuna, BeHrpus,
Wpnangua, Wtanua, AnoHus, KasaxctaH, Jlateua, Jlutea, Jllokcembypr,
Monpgasua, MoHronua, Huaepnangbl, Hopserua, Nonbwa, PymbiHMA, Poccua,
CnoBakua, CnoseHus, McnaHua, Leeyms, LUBenuapua, Typuma, YKpanHa

Amara (Amara) aeneola Poppius, 1906 — 1% 6uoton 4.

PacnpocrpaHeHue: Kutaii (NMekunH), KasaxctaH, MoHronusa, Poccua (Mpuamypsbe;
pecnybnuka bypaTtua; 3abaiikanbckuii peruon (YutuHckas 00:1.); WpKyTcKas
06n.).

3ameuaHua: paHee (Kybepckas, 2012) 6bin owmnboOUYHO yKasaH KaK A. erratica
(Duftschmid, 1812)

Amara (Amara) lunicollis Schiodte, 1837 — 34, 39 6uoTton 2

PacnpoctpaHeHue: ApmeHusa, Asctpua, benbrua, bocHua u [epuerosuHa,
Bonrapus, benopyccua, Kutam (Fanbey; Umuxain, LWsHben, CHBbL3AH), XopBaTus,
Yexusa, aHusa, dcToHua, PuHnaHama, PpaHuma, BennkobputaHmsa, Nepmanus,
lpy3ua, Benrpua, Wpnangma, Wtanma, KelprbizctaH, KasaxctaH, JlatBuAa,
NuxteHwTenH, Slutea, Jllokcembypr, MakegoHuna, MoHronms, HunaepnaHabl,
Monbwa, PymbiHMA, Poccua, CnosakmAa, CnoseHuAa, MWcnanuAa, Leeuyus,
LLBeruapua, YKkpanHa

Harpalus (Harpalus) laevipes Zetterstedt, 1828 — 15, 19 6uoton 2
PacnpocrtpaHeHue: Anbanua, ABcTpusa, benbrua, BbocHuAa u [epueroBuHa,
Bonrapua, benopyccua, Kntan (LLaHbeu, CuHbL3sH), XopBaTtua, Yexuna, JaHus,
®PuHnangma, PpaHuma, BenukobputaHua, [epmanHua, [py3una, BeHrpus,
Wpnavgua, Wranuna, Anonua, KasaxctaH, JlateuAa, JinteBa, Jltokcembypr,
MakegoHua, MoHronua, CesepHaa Kopesa, HuaepnaHabl, Hopserua, Nonbla,
PymbiHua, Poccma, HKOxHaa Kopesa, Chosakua, ChoseHuna, McnaHua, LUseuus,
LBenuapua, Typumsa, YKpauHa.

3ameuaHua: paHee (Kybepckaa, 2012) ykasaH CUMHOHMM =quadripunctatus
Dejean, 1829.

Cymindis (Tarulus) vaporariorum (Linne, 1758) — 13, 19 6uoTon 2.

PacnpoctpaHeHue: AscTtpua, bocHmnAa u lepuyerosuHa, bonrapua, benopyccus,
Yexua, Aanusa, IctoHua, GuHnanama, ®paHuma, Beannkobputanua, NepmanHums,
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peuus, BeHrpua, Mpnangna, Ntanua, AnoHna, KaszaxcraH, /latema, MakegoHuma,

MoHronusa, Huaepnanapl, Hopserusa, MNonbwa, MopTyranua, Poccma (Antanckunia

Kpai; Mpuamypbe, pecnybaunka bypsatva; Ypanbckume ropbl; 3abanKanbCKui

pervoH (YutuHckas o6n.); BoctouHbii CasH; UpKyTcKkaa o6..; XabapoBcKuit

Kpali; KpacHosipckmit Kpai; MaragaHckaa o6a.; Mpumopckmin Kpai; Cubups;

Tyea; 3anaaHbint CasH; Akytua), Ucnanus, WWeeyms.

CnNUcoK nuteparypbl:

1.

Kybepckas O.B. 2012. TepneTobuoHTHble KecTKoKpbinble (Coleoptera: Carabidae,
Silphidae) 3akasHuka  "OnbaxukaHckuin" //  EcTecTBeHHO-reorpaduyeckue
MCCNefoBaHUA:  Hay4yHbIM  anbMaHax. KomcomonbcK-Ha-Amype: W3patenbctso
"AMITITY". Bein. 9. C. 17-26.

Barber H.S. Traps for cave-inhabiting insects // Journal of the Elisha Mitchell Scientific
Society. 1931. Vol. 46. P. 259 - 266.

Nadep T.W. Cem. Carabidae - Xyxenuubl // Nep A.M. (pea). Onpepenutens
Hacekombix JanbHero Boctoka CCCP. T. 3. ecTKoKkpblinble, nam Kyku. Y. 1. J1.: Hayka,
1989. C. 71-222.

MNonoxkeHne o FocyAapCTBEHHOM OXOTHMYbEM 3aKasHWKe obuiepecnybiMKaHCKOro
(bepepanbHoro) sHayeHus «OnbarkMKaHckuin» ot 30.05.1995 r. Ne210.
CuctemaTmyecknii cnucok xyxenuy, (Carabidae) Poccum (K.B. Makapos, O. Jl.
KpbixkaHoBckuii, U.A. Benoycos, A.C. 3amoTainos, N.MU. Kabak, 6.M. KaTtaes, B.l. -
LUnneHKos, A.B. MaTanuH, O.H. depopeHkKo), http://
www.zin.ru/Animalia/Coleoptera/rus/car_rus.htm ot 18 oktabpa 2013 .
[9nekTpoHHbIN pecypc]. (MpocmoTpeHo 12.03.2014 r.)

Carabidae of the World, http://carabidae.org [9nekTpoHHbIN pecypc]. (MpocmoTpeHo
12.03.2014 )
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MoOANDUKALMNA METOLA OTK/IOHEHUIA AN
NOCTPOEHMA YPABHEHWUA rPYMNMNOBOIO
POCTABPIOXOHOTOro MONIIOCKABUCCINUM
OSAGAWAI

BAcunbeB A.T.

Poccna, MATAOAHCKUA HAYYHO-UCCNEQOBATENBCKUM MHCTUTYT PbIBHOTO
X0O3AMNCTBA M OKEAHOTPADUU

AHHOTauuA. [poBeaeH aHanW3 MHOroneTHerM AMHAMUKW pPA3MEPHOro CoCTaBa
6ptoxoHOroro monatcka Buccinum osagawai.  NpeanoXkeH MeTon NOAyYeHUs
MHGOPMALMM O pa3sMepHO-BO3PACTHOM COCTaBe C MNOMOLbBI WAeHTUPUKALMK
rogosbix npupoctoB. OnpegeneHbl napameTpbl YpaBHEHWA T[PynnoBOro pocTa
Buccinum osagawai.

KnioueBble cnoBa: H6pOXOHOTME MOJUTIOCKWU, POCT, METOZ OTK/IOHEHWI, ypaBHeHWe
BepTtanaHddu.

3HaHMA O TrpynnoBOM poCTe TMAPOOMOHTOB BaKHbl ANA pPaLMOHabHOM
3Kcn/lyaTauuMmM MPOMbICNOBOro 3anaca rugpobuoHToB. [lpu  nocTpoeHun
aHaIMTUYECKOro YpaBHEHMA TPYNMNOBOro POCTa MCMNONb3YIOTCA CBEAEHUS O
BO3pacTe, a TaKXKe pasmepe MAM Bece aHa/IM3nmpyemon ocobu, nosyyeHHble B
pesynbTaTe aIMNUPUYECKMX nccneaoBaHuin. Ecnm cbop MHPopmaumm o pasmepe
n Bece o6bEKTA He NpeacTaBaneT ocoboro Tpyaa, TO AaHHbIE O BO3PACTE MOXKHO
NONy4UTb TONIBKO B C/Ay4ae HaAMuMsA Yy  M3Yy4aemoro BMAA YeTKO
naeHTMdULMpPyeMblx UCCIeA0BaATENEM CTPYKTYP, PEFUCTPUPYIOLLMX BO3PACT.

Mpeanaraemblii aHaAUTUYECKMA MeTOoZ MNOCTPOEHUA YpPaBHEHWUA TPYNNoOBOro
pocTa MoXeT ObiTb NMPMMEHEH B TOM C/lydae, Korga CBeAEeHMA O Bo3pacTe
OTCYTCTBYIOT, HO UMeeTcA MHGOPMaALMA O MHOFOJIETHEN AMHAMMKE Pa3MepPHOro
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cocTaBa. B kKauecTBe mogenbHoro o6beKkTa BblbpaH 0AUH N3 BUAOB OHPHOXOHOMUX
MOANOCKOB Buccinum osagawai (Habeetlto, 1965).

MaTepunanom ana nccneaoBaHUm NOCAYKUAM AaHHbIE O Pa3MepPHOM COCTaBe
B.osagawai, nonyyeHHble ¢ 2006 no 2014rr. C60p AaHHbIX OCYyWECTB/EH B
OAHOM M TOM e MPOMbIC/IOBOM PANOHE MCKAOYUTENIbHON 3KOHOMUYECKOM
30Hbl CeBepo-OXOTOMOPCKOM NOA30HLIOXOTCKOrO MOpPA, OrpaHUYeHHOM
KoopanHaTtamum 57°10' u 59°27' c.w. mexay 149°20'-153°30' B.4. naowaapto
OKO/MI0 6—8 TbiC. KM?, N0 O0B6LIENPUHATBIM METOAMKAM, a TaK¥Ke MeTOAMKaM,
pa3paboTaHHbIM B MaragaHCKOM Hay4yHO-UCCNeA0BaTe/IbCKOM  UMHCTUTYTE
pbI6HOro X03ANCTBa M oKeaHorpadum (Muxamnos n gp., 2000, Muxainos u gp.,
2003, Bacunbes 1 ap., 2013, 2014a, 20146).

PocT OprOXOHOroro MOANOCKA B.osagawai MOXKHO ONMcaTb YpaBHEHMEM
BeptanaHpon (OBcsaHHMKOB, OcTpoBckui, 2008). [Ans MNOUCKA KOHCTAHT
YPaBHEHMA WCNONb30BaH METOA, OCHOBaHHbIM Ha rpaduyeckom aHanmse
JINHEMHbIX pa3mepoB 06beKTOB L U Ly B cneaytowme apyr 3a Apyrom rogbl, a
TaKXe Ha aHanuse noseaeHua nnHUKM perpeccumn (Ford, 1933; Walford, 1946;
Lindner, 1953; Rounsefell andEverhart, 1953; Pukep,1979).

Tabnnua 1 - XapakTepucTMka uccaeayemblX MacCUBOB AaHHbIX B.osagawai v
HEeKoTopble onMcaTeNbHble CTaTUCTUKU

fog | MNepuo | O6bem BbIGOPKY, Pasmep, cm
A 3K3. Cpea, | MuH | Makc | Cr. Cr. owmnbKa
pabot . . . OTKN.,0 | cpeaHeit

camupl

13.06-

200 | 16.07,

6 |2807- | 4 7,58 |34 11,2 | 1,16 0,014
14.09

200 | 10.04-

7 |2008 |717® 7,82 |40 | 12,0 | 1,05 0,012
21.06-

200 | 31.07,

g | 13.08- | 6718 791 |33 |117 | 1,01 0,007
09.12

200 | 07.08-

o |1212 |38 7,72 |47 |107 | 076 0,013
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Fog | Mepuo | O6bem BbIGOPKMY, Pasmep, cm
A 3K3. Cpes | MuH | Makc | Cr. Cr. owWnbKa
pabot . . . OTKAN.,0 cpeaHen

201 | 01.08-

0 07.12 | 7% 790 |31 |11,5 |0,85 0,009

201 | 16.09-

1 0412 | 3872 806 |37 |108 |1,15 0,018
20.05-

201 | 06.08,

2 10.10- | °1%0 806 |34 |11,3 |1.28 0,017
09.11
13.05-

201 | 24.08,

3 25.10- | 7226 799 |25 |11,8 | 1,31 0,015
26.10

CaMKH

13.06-

200 | 16.07,

6 28.07- | %8 7,68 | 3,7 |125 |1,28 0,014
14.09

200 | 10.04-

7 29.08 2459 805 |40 |119 | 1,09 0,014
21.06-

200 | 31.07,

8 13.08- | 23178 825 |21 |13,2 |1,04 0,006
09.12

200 | 07.08-

9 12.12 3153 7,81 149 |11,1 | 084 0,015

201 | 01.08-

o |o7.12 |80 823 |32 |116 |1,00 0,012

201 | 16.09-

1 |oa12 |40 853 |34 |11,3 | 1,19 0,017
20.05-

201 | 06.08,

2 10.10- 6065 847 |35 |11,7 | 1,34 0,017
09.11
13.05-

201 | 24.08,

3 25.10- 7621 829 |21 |12,0 |1,48 0,017
26.10

B ocHoBe npeasiaraemMoro Hamu MeToda MNOCTPOEHUS KPUBOW POCTa NEXKUT
MEeTOoA, OTKNOHEHUI OT cpeaHEeMHOoronetTHero pasmepHoro paga (Skuladottir,
1981), KOTOpbIN, B CBOIO o4yepesb, ABNAETCA MogudUKaLMEN METOAA CNEKEHMUA
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3a cmeleHrem mog (Sund, 1930) Bo BpemeHu. Habntogas 3a cmell,eHnem BA0Nb
ocn  abcumcc  NONOMKUTENbHbIX WAW  OTPULLATENbHbIX  OTK/IOHEHMK  OT
CpefHEMHOrosieTHero pasMepHoro pacnpegeneHna, MOXHO npocnegunTb
eXeroaHbl POCT OTAE/IbHbIX APKO BblPa*KEHHbIX MOKOJEHWUIM B NONYAALUN.

B oT/nume oT aBTOPOB MeToAa, NpeasiaraeéM PacCMaTpMBaTb HE MaKCMMaJibHble
MUKK NOJIONKUTENbHbIX WU OTPULATENbHBIX OTKAOHEHWM, KOTOpble He Bceraa
OA4HO3HAYHO MOryT ObITb UAEHTUPUUMPOBAHLI MUCCNeaoBaTeNEM, a TOYKM
nepeceyeHns JIMHUK, OMNUCHLIBAIOLWLEN CBEPXY M CHM3Y A0/0 BbIParKeHHbIX
BbICOKO M HWU3KO YPOXaWHbIX MOKOMIEHUN, COOTBETCTBEHHO, C OCbio abcumcc.
Apyrumu cnoBamm HeobXo4MMO NONYYUTb CBEAEHUA O CMELLEeHMU BAOJIb OCU
abcumcc TOYKM CMEHbI BbICOKO- U HU3KOYPOXKANHbIX MOKONEHWNI, OTK/IOHEHWNE B
KOTOPOW paBHO Hyto (puc. 1). Haunydlwee KayecTBo BM3yanu3auumM nokasanm
rpaduKun gnsa pasmepHbIX PALOB C LUMPUHOM KnaccoBoro nHTepsana 0,2 cm.

Puc. 1. Mpymep OTKIOHEHMA Pa3MEPHOro COCTaBa OT CPEAHEMHOIO/IETHUX
3HAYEHWUI U TOYKU CHATUA AAHHbIX NO roA40BbIM CMeLLLeHMAM (0603HaYeHb!
NYHKTUPHOMN NUHUEN)

Tabnnuya 2 - FlogoBble CMeELWEHNA PAa3MeEPOB ANA PA3HbIX YCI0BHbIX MOKOJIEHUM
B.osagawai B 2007-2014 rr., cm

lopg

rloxonenis 2007 | 2008 [2009 [2010 |2011 |2012 [2013 | 2014
Camupbl

1 noKkoneHune 6,2 6,8 8,1 8,2 8,5 8,8

2 NOKoNeHne 8,2 8,6 9,9

3 nokoneHune 3,8 5 5,8 6,4 7
Camku

1 nokoneHne 4,9 5,6 6,1 6,8 8,45 8,7 8,9

2 NOKOoNeHune 8,4 8,8

3 nokoneHme 4,2 5,0 5,7 6,7
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BbiABNEHO NO 3 MOKO/NEHUA CaMLOB M CaMOK, A/1IA KOTOPbIX MOMKHO YeTKO
NOeHTUPULMPOBATL rOAOBble MNPUPOCTbl. Pe3ynbTaTbl HabAwgeHut 3a
CMeleHNneMm BAONb OCM abcuucC PasMEPOB MOKOJIEHUA, HE UMELINX
OTKNIOHEHWIN OT CPeAHEMHOroONETHUX Pa3MEPHbIX 3HAYEHWUM, HO UMEIOLLUX
AaHHble Mo NPUPOCTam, NpeacTaB/ieHbl B Tabn.2 u Ha puc.2,3.

2006 2010

o R N WA
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o R N W
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N
4
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OTKNOHEHKE, CtM

N
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©
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2007

Pazmep, cm

2011

B o RN WA
5ot
B o RN WA
P

OTKNOHEHHe, tM
OTKNOHEHME, CM

N

[P

@

Pasmep, cm -4

2008

o r N WA
L

o R N W B
L

N
4
AN

OTKNOHEHME, CM
OTKNOHEeHKe, tM

(PR
N

&

Pasmep, cm

2009

OTKNOHEHHe, CtM
N RO RN W
.
OTKNOHEHKE, CM
PO R NWA
.

N

hob

Pasmep, cm Pasmep, cm

2014

o R N W A
!

0 N WO Q0N ©

OTKNOHEHME, CM
AN

)

Pasmep, cm

Puc. 2. lnarpammbl OTKNOHEHUMPA3MEpPHbIX PALOB CaMLLOB B.osagawaioT
CpeaHEeMHOroneTHMxX 3HadyeHmn B 2006—2014 rr.
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2006 2010
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Puc. 3. narpammbl OTKNOHEHUIN pa3MepPHbIX PAAO0B CAMOK B.osagawai ot
CpeaHeMHOroneTHux 3aHayeHmn 8 2006—-2014 rr.

CaenaHo gonyluieHune, 4To 61M3K1e 3HaYeHUA PasMepoB A5 Pa3HbIX MOKONEHUIA
(Tabn. 2) COOTBETCTBYIOT OA4HOMY M TOMY 3Ke BO3PACTHOMY K/lacCy, Ha OCHOBaHMM
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Yyero JaHHble CrpynnMPOoBaHbl MO COOTBETCTBYHOLWMM BO3pacTam, YTO NO3BOANNO
paccunTaTb CpegHEMHOro/IETHME 3HAYeHMA ANA Pa3HbIX NoKoneHun (Taba. 3).

Tabnnua 3 - Paamepbl B rogoBbIxX Kaaccax A5 pasHbIX NOKonAeHui B.osagawai,
cM

Bospacr, nert
lNokoneHue
T T+1 ‘t+2‘t+3‘t+4‘1‘+5‘t+6‘r+7‘t+8
Camupbl
1 nokoneHue 3,8 5 5,8 6,4 7 7,5
2 NOKONEeHMne 6,2 6,8 8,1 8,2 8,5 8,7
3 nokoneHue 8,2 8,6 9,9
CpegHee 3,8 5 5,8 6,3 6,9 7,8 8,2 855 | 9,3
Camku
1 nokoneHue 4,9 5,6 6,1 6,7 8,2 8,7 8,9 9,2
2 NOKONEeHMne 8,4 8,8
3 nokoneHune 4,2 5 5,7 6,7 7
CpegHee 4,2 4,95 | 5,65 6,4 6,85 8,2 8,55 | 885 | 9,2

MuWHUManbHbIN HabAAEHHDbIM B Y10Bax BO3pacT ANs yAobcTBa 0603HauUum T.
3HayeHMe BO3pacTa T COOTBETCTBYET BO3PacCTy ABYX NeT, U OblN0 NOAyYeEHO
OBCAHHUKOBbLIM M OcTpoBCKMM (2008) sKCNepUMEHTaNIbHbIM NyTEM.

ONnA Ka)kgoro M3 MHOMECTB, XapaKTepu3yHLMX peannsaunmm COOTBETCTBUSA
pPa3mMepoB BO3PACTHOMY K/AacCy CaMuUOB M CaMOK C MOMOLWbI MeToaa
HAaUMEHbLLNX KBAAPATOB,pacCcYMTaHbl KO3 PULMEHTbI ypaBHeHNA bepTanaHdpodun
(tabn. 4). MoaenbHble OLEHKM FPYynnoBOro Pocta N0 MHOFOAETHUM AaHHbIM
2006-2013 rr. 6/M3KM K IMNUPUYECKMM OLEHKAM, MOAYYEHHbIM C MOMOLLbIO
aHaNun3a CTPYKTYP, PErncTpupytowmx Bospact (puc. 4)cobpaHHbix B 1986 r. B Tom
e paroHe nccnegoBaHuit (OBcaHHMKOB, OcTpoBcKkuii, 2008).

AHanuz npsambix Yondopaa (Walford, 1946) (puc.5), nocTpoeHHbIX no
MOAENbHbIM AaHHbIM (Tabn. 8) nokasan, yto y CamuUOB roAoOBOM MPUPOCT
CHU)KAETCA HA NPOTAXKEHUWN BCEWN XKU3HU, U NPU pa3mepe okono 13,5 cm poct
npekpauwaetca. Yem 6auxe nuHua perpeccun Ly n Ly; (Ha30BEM ee NnHMeN
npupocTa) K AUHUK, NpoBedeHHOM nog yrnom 45°, tem 6onble rogosow
NPUPOCT NPU AaHHOM pasmepe. Y CaMoK pOCTNPOMUCXOAUT UHAYeE.
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Tabnnuya 4 - OnTMManbHble MapameTpbl ypaBHeHUA beptanaHodu ana
B.osagawai no MHOroneTHMM AaHHbim (p=0,05)

Mon Koado. pocTa | AcumnTt. pasmep | YC/0BHbIN R?
bpoyau K, Leo, cm BO3pPacT HYNEeBOrO
1/net pa3mepa t0, net

Cr. Cr. Cr.
Ouenia ownbka Ouenra owmnbka Ouenia owmnbKa
camubl 0,099 0,027 13,470 | 0,324 -1,481 | 0,348 0,996
CaMKu 0,085 0,048 14,810 | 0,539 -1,856 | 0,752 0,989
14
12 T =]
— - L —]

10 _ . .-i':.' '_:;__":,__,..-—-"""'
i 8 /-:' e
@ f’;}’
£ e
E 5] ’ f
a /w’

A /%

2 oy

o

0 2 4 6 8 10 12 14 16 18 20
Bozpacr, net
Camubl
- = = Camum

-—— 10: OBcAHHKMKOE, OcTposckMiA, 2008

Puc. 4. I'paduku ypasHeHn bepTtanaHddPu ana B.osagawai no moaeNbHbIM U
INTEePATYPHLIM AaHHbIM

Ha npoTaxeHWn yBenuMyeHuMs MX pa3mMepoB A0 NPUMEPHO 6—7 CM, NUHUA
NpPMpPOCTa NapannenbHa JVMHUK, NPoBeAeHHOM nog yrnom 45°, T.e. rogoBow
NPUPOCT MMeeT NOCTOAHHYIO BeandnHy. OgHaKo nocne yron HakAoHa AUHUU
YMEHbLUAETCA, YTO FOBOPUT O CHUMKEHUU BEIMYMH rO[0BbIX NPMpPOCTOB. PocT
CaMOK NpeKpallaeTca TakXKe, Kak U CaMLOB, rMpu pasmepe oKoso 14 cm. Takmm
obpa3om, aCMMNTOTMYECKNI pa3mep L, CaMLLOB M CaMOK, CHATbIA C MPAMbIX
Yondopaa, NoYTM HE OT/IMYAETCA OT PACCYMTAHHbIX HAMW [AHHbIX METOL0M
HauMeHbLINX KBaapaToB (Tabn.4). Mpn 3TOM U IMHUN NOCTPOEHHbIX PErpPeccmi
3aBMCMMOCTM NpupocTa OT Bo3pacTa (puc.4), M NOCTPOEHHble npsamble
Yondnopaa (puc. 5) xapakTepHo NOKa3biBalOT, YTO POCT Yy B.osagawaik KoHLy
KU3HU 3ameanaeTcs.
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Puc. 5. T'padukn Yondopaa — 3aBUCMMOCTM Pa3smMepoB No MoAe/IbHbIM AaHHbIM
B Bo3pacTe t+1 OT pa3amepa B Bo3pacTe t 419 caMu,0B U CaMoK B.osagawai
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YUCNEHHOCTb U OLLEHKA KAYECTBEHHOIO
COCTOAHNA MONOAM KETb!
(ONCORHYNCHUSKETA) BbIPAWEHHOW HA J1P3
MArAQAHCKOW OBNACTU B TEXHO/IOTUYECKUMA
LMKn 2013-2014 rr.

Uruatos H.H., CA®POHEHKOB B.I1.

Poccua, MATALAHCKUIA HAYYHO-UCCNELOBATE/IbCKUA MHCTUTYT PbIEHOTO
XO3ANCTBA U OKEAHOTPA®UU

AHHOTauuA. B HactoAwee Bpems B MaragaHckon obnactm yHKUMOHMpYeT 3
nococeBbix pbl6oBOAHbIX 3aBoga (/IP3), NOCTPOEHHbIX Ha KPYMNHbIX peKkax TayMCcKom
rybbl OXOTCKOro mMops, Ha KOTOPbIX Ky/JIbTUBUPYIOT 3 BUAA TUXOOKEAHCKUX S10COCEMN
(keTa, ropbywa, KuKyd). OCHOBHbIM ObOBEKTaM pasBeAeHUA ABNAETCA KeTa,
ofHaKoexKeroaHble 06beMbl ee BbiMycKa He 0becneynBaroT yCTOMUYMBbIE U BbICOKME MO
YMCNEHHOCTM BO3BPaTbl 3aBOACKMX NpousBoauTeneit B 6Ha3oBble BOgOEMbl. ITO
0bycnoBneHo HU3KoMN 3GPEKTUBHOCTLIO NPUMEHAEMO BUOTEXHO/IOTMKN pa3BeaeHuUA
nococei. B ctatbe npmBeaeHbl pe3y/ibTaTbl MOHUTOPWMHIA KaYeCTBEHHOIO COCTOSHUSA
MOJIOAM KETbI U YCNOBUI eé cogepkaHua Ha JIP3.

KnioueBble cnoBa: MHKYBALMOHHbIM MaTepuMasn, BOAOEMbI, MONOAb KETbl, BbIPOCTHOM
npy4, UHAEKCbl BHYTPEHHMX OPraHoB, BbIMYCK MONOAM.

PbiboBOAHbIE PaboTbl MO OTNOBY, BblAEPXKUBAHUIO NpousBoanTenen m cobopy
ONNOA0TBOPEHHOM MKPbI KeTbl, KaK OCHOBHOro 06beKTa BOCNPOM3BOACTBA, B
2013 r. B8 MaragaHcKoi 061acTu, OCyLEeCTBASAAN Ha 6 y4aCTKax, PacCnoN0OXKEHHbIX
Ha HepecTuauwax pek Tayickol rybbl OxoTckoro mops: KynbKyTbl (BMocTaHuuA
«KynbkyTtbl» ®IYM «MaragaHHWPO»), borypyaH, Ona (NnpuToKku | nopsagKa peku
NaHkoBas, TaHOH, YravMKkaHKa), ApmaHb, flHa. MHKybaUMOHHbIM MaTepuan ans
MaraZlaHCKMX N10coceBbIX pblboBoAHbIX 3aBoAoB (/IP3) 6bin cobpaH B nepuog,
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noaxona TMXOOKEAHCKUX NOCOCEN K MeCTaM HepecTa M HacTynneHua y Hux V
noaoBon ctagmm 3penoctn. OCHOBHOM 06beM MKpbl KeTbl (84,1%) 6bin cobpaH
Ha 3-x Bogoemax Taynckom rybnl: p. Ona — 44,8%, p. ApmaHb —21,3% u p. AHa —
18,0%. Ha ocTtanbHbix Bogoemax — pekun fAma, Kynbkytbl, borypyaH — 6bino
ocBoeHo Bcero 15,9% ot ero obuwero obvema (taba. 1).

Tabnunua 1 - CBegeHms 06 obvemax n gone cobpaHHon ana nHkybaumm Ha J1P3
ONN0A0TBOPEHHOM MKPbI KETbl B Bogoemax MaragaHckoit obnactm B 2013 .

Ldona oT
NeNe Bogooemsl Keta obuwero
obbvema, %
1 p. Ama (Bogoem-goHop) 0,057 0,6
2 p. BorypyaH (Bogoem-goHop) 0,277 2,9
p. Ky/bRyTbI (bnocTtaHuus oryn
3 "MaragaHHWPQO") 1,187 12,4
4 p. Ona (6a3oBbii Bogoem O3MAB) 4,281 44,8
5 p. ApmaHb (6a3oBbiii Bogoem AJIP3) 2,033 21,3
6 p. AHa (6a3oBbili Bogoem AJIP3) 1,714 18,0
Bcero cobpaHo 9,549 100
MnaH 10,200 -
Peanunsauna nnaHa, % 93,6 -

CobpaHHbI MHKYDAUMOHHbLIN MaTepuan bbin pacnpeaeneH Ha 3 JIP3: Onbckas
3MNAB — 5,525 mnH.; ApmaHckuia JIP3 — 2,310 maH.; AHckun J1IP3 — 1,714 mnH. U3
Tpex aencteytowmx JIP3 Ha Onbckon IMAB 6bln0 3an10XKeHO Ha WMHKybauuto
HanbonblLee KONYECTBO UKPbI KETDI.

B pesynbTate BblpawmsBaHma polbosogHoM npogykumm B 201471, ¢ J1IP3
MaragaHckon obnactm 6bin0 BbinyweHo — 7,307 MAH. 9K3. KeTbl. Bbinyck
MoAnoAM nococei npomsBoamacs: B 6asoBble Bogoembl JIP3 — pekn Ona, ApmaHb,
flHa M B BOZOEMbI, ucnonbdyemble AnA GOPMMPOBAHMA UCKYCCTBEHHDIX
NPOMbIC/IOBO-MATOYHbIX NONYAALMIA nococei, — pekn Okca u KynbKkyTbl (Taban. 2).
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Ta6m4u,a 2 - BbII'IyCK monoan Ketbl prGOBO,CI,HbIMVI npeanpunaTuamm
®reY «OxoTcKpbibBog» B 2014 .
NP3 Beero CpOKM BbINycKa MecTo BbinycKa
(MAH. 3K3.)
1,077 02.06-03.06.2014r. p. TaHOH
Onbckas 3MAB 2,338 01.06-21.07.2014r. p. YrnnKaHka
0,885 29.07-30.07.2014r. p. KynbKyTbl
Bcero no IMAB 4,300
. 0,998 16.07.2014r. p. Okca
Apmakicknn J1P3 0,559 25062014, P. ApMaHib
Bcero no AJ1P3 1,557
AHcKkmin NP3 1,450 03.06-16.06.2014r. p. AHa
Utoro no ANIP3 1,450
Utoro no Iy 7,307
«OxoTcKpbI6BOAY

* - naHHble PIBY «OxoTcKpbIOBOAY.

Vlayqume KQuyeCTBEHHbIX NOKa3aTenemn 3aBO,CI,CKOl71 monogun Ketbl npoBoANIN Ha
ee cneayrowmnx NnapTuax:

— Onbckana IMAB, NOTOMCTBO NPOU3BOAMUTENEN KETbI IETHEN CE30HHOM pachl
npupoaHbIx nonynaunii (p. JlaHkoBas, p. TaHOH, p. YrnvMkaHKa (bacceiH p.
Ona)) 1 noTomMCTBO npou3BoauTenei KeTbl OCEHHeN Ce30HHOWM pachl
WCKYCCTBEHHOM nonynaumm  p.  KynbKyTbl (cmewaHHaa npoba),
onnoagoTteopeHne nkpbl —25.07-01.10.2013 r.

— ApmaHckmin J1IP3, NOTOMCTBO NpOU3BOAUTENEN KETbl IETHEN U OCEHHEMN
(cmewaHHas npoba) ces3oHHbIX pac NpupoaHON nonyasuun p. ApmaHb
(onnopoTtBopeHme nkpbl —23.08—-01.10.2013 r.).

— AHckmM JIP3, NOTOMCTBO NPOM3BOAMTENIEN KeTbl JIETHEM U OCEHHEeWN
Ce30HHbIX pac nonynaumm p. AHa, onnogoTsopeHue uKpbl — 02.08-

30.09.2013 r. (cmewwaHHan npoba).

Cpoku npoBeaeHus paboT No oueHKe BMONOrMYECKOro COCTOAHUA MONOAN KeTbl
MoYTM COBMANM C BbIMYCKOM C 10COCEBbIX PblOOBOAHbBIX 3aBOA0B MaragaHcKkom
obnactn. OueHKy 3aBoACKOM moaoau nposBoaunu B nepuod ¢ 28.05 no
14.07.2014 .
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Monoab KeTbl MCKYCCTBEHHOTO MPOMCXOXKAEHUA, BblpaLleHHAA Ha pa3sHbix JIP3
MaragaHckon obnactM B TexHonornvyeckmin umkn 2013-2014 rr., okasanacb
KayeCTBEHHO HeoaHOpPoAHOM. Mpu 3Tom KeTy ¢ Onbckoi IMAB nepes BbiMyCKOM
B cBOOOAHDLIN Haryn noAapalimBanm B pas/INYHbIX YCNOBMAX: Npyabl B 6a3zosomn
npoTtoke Onbckoro JIP3 p. YrankaHka (6ac.p. Ona), B eCTeCTBEHHbIX BbIPOCTHbIX
npyaax p. KynbKyTbl (Manbii Bogoem Brnagaet B 3a1. OasaH Taynckom rybbl).

B Tabnuue 3, npepcrtaBneHbl pe3ynbTaTbl HMONOrMYECKUX aHANM30B MOJIOAM
KeTbl NoKosieHna 2013 r. paHHUX NAapTMI 3aKNaAKU UKPbI HA MHKYDauuio Npu ee
coaepXaHmn B Lexe-nMToMHuKe Onbckon IMNAB 1 ecTecTBEHHOIO BbIPOCTHOIO
npyga p. YrankaHka B 2014 r. CpaBHUTENbHbIM aHanuM3 6GUONOIrMYECKUX
noKasaTesiem MONOAM KeTbl NMOKas3as, YTo ee NnepeBos M3 LEeXa-MUTOMHUKA B
bonee 6GnaronpuATHbIE YCNOBWUA eCTECTBEHHOro BOJOeMa cnocobcTeoBan
YBEJINYEHUIO €€ Pa3MePHO-BECOBbIX XapaKTepUCTUK (Tabn. 3).

C 5 ¢eBpansa no 28 maa 2014 r. cpeagHAs OIMHA Tela MONOAN OJIbCKOM KeTbl
ysennuumnace ¢ 34,4 no 36,4 mm, cpeaHaa macca Tena — ¢ 0,327 po 0,349r.
HeBbiCOKMe NpMpoCTbl 06BACHAIOTCA TEM, YTO B MapTe B BbIPOCTHOM Npyay
NpPoun3oLWA0 NOAHATUE BOAbl M NMOAMbIB LIAHAOPbLI, KOTOPbIA MOBNEK 33 cobol
Heperyinpyemblii CKaT MoO04M, MO3TOMY B npobe OTCyTCTBOBasa KpynHas
Mmonoab.ons nuTaBwMXCA pblb B BbIBOPKAX M3MEHANACb CKAYKOOHPA3HO, YMCNO
nUTaBLWKMXCA Pbi6 TO BO3pPacTano, TO YMEHbLUaN0Ch, YTO CBMAETENbCTBOBAIO O
TOM, 4TO Honee KpynHasa Mo/si04b NOCTENEHHO CKaTbiBanacb U3 npyga. OaHako
BCE K& OTMEYEHO yBe/MYeHMe KonmyectBa notpebnaemon monoabto nuLm.
CpegHumn nHaekc HanonHeHuna XKKT ysenmnunnca ¢ 0,47 po 33,53%oo.

Tabnnuya 3 - buonormyeckme nNOKasaTeNM MONOAM KeTbl PaHHUX NapPTUK
3aKNagku npu ee cogeprkaHum B ycnosmax Onbckon IIMAB n ectectBeHHOro
BblIpOCTHOro npyaa 8 2014 r.

Nokasatenu [ata otbopa npob monoam KeTbl Ha aHaAM3
05.02. | 25.03. | 28.04. | 28.05.
MpouncxoxaeHne Peku JlaHKkoBas, YravkaHka, TaHoH (6acceiH p. Ona)
MecTo otH60pa npob Lex npyA npya npya
OnvHa tena no CMuUTTy, Mm 34,410,2 34,310,1 34,610,2 36,410,2
32,0-39,5 32,0-36,0 31,0-37,0 34,0-40,0
Macca Tena, r 0,327+0,01 | 0,323+0,005 | 0,339+0,01 | 0,349+0,007
0,196-0,427 | 0,256-0,390 | 0,265-0,451 | 0,253-0,496
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NokasaTenu [ata otbopa npob monoau KeTbl Ha aHaNn3
05.02. 25.03. 28.04. 28.05.
KoadpodumumneHT ynutaHHoctn no | 1,20+0,01 1,1640,01 1,2140,02 1,0410,02
®dynbToHY, (Ko) 0,89-1,48 0,95-1,31 1,59-0,99 0,82-1,51
Jona ocobeit c xentouHbim | 100 94 100 67
MeLKom, %
OTHOCUTENIbHaA macca | 10,66+0,31 | 8,88£1,00 6,45+0,89 1,5610,43
*KENTOYHOro MellKa, % 5,92-16,31 2,57-54,16 1,31-23,39 0,0-18,04
Oona ocobeir ¢ nuwesbim | 4 74 6 24
KOMKOM, %
MHpaeKc HanonHeHua | 0,47+0,24 53,6545,58 | 6,1344,81 33,53+£10,76
*KenyaovyHo-KuweYyHoro Tpakra, | 0,00-15,34 0,00-130,54 | 0,00-231,39 | 0,00-256,73
%00
NHaekc cepaua, % 0,24+0,01 0,171+0,04 0,1940,01 0,23+0,01
0,14-0,38 0,11-0,24 0,10-0,37 0,11-0,34
MHaeKc nevyenun, % 1,1610,03 0,82+0,03 1,11+0,04 1,33+£0,07
0,67-1,77 0,54-1,30 0,53-2,05 0,76-3,43
MHaeKce xenyaoyHo-KnweyHoro | 3,18+0,08 3,07+0,07 3,70+£0,15 5,7240,25
TpakTa, % 1,88-4,66 1,99-4,05 1,73-7,12 3,4-10,89
N, 9K3. 50 50 50 50

B BbiIbOpKE MONOAM KeTbl, B3ATOM Ha aHANM3 M3 LEeXxa-NMMTOMHUKA B deBpane
(05.02.2014 r.), pbibbl C OCTaTKaMM KeNTOYHOro mewka coctasunm 100%.
CpeaHAA oTHOCUTENbHAA Macca Xentka coctasmna 10,7%. Y monoau Ketbl,
B3ATOM Ha aHa/n3 M3 Npyaa B mae (28.05.2014 r.), 0cobu ¢ }KeNToYHbIM MELLIKOM
coctaBnanm 67%, nNpu OTHOCUTENbHOM Macce Xentka 1,56%. K KoHuy
noApalimMBaHMA MONOAM KETbl B YC/NOBUAX Npyda Takxe Oblo OTMeYeHo
yBenMYeHne noKasaTenenm MHOEKCOB BHYTPEHHMX opraHoB (neyeHu, MKKT).
Mepepn, BbINYCKOM B NPUPOAHbLIA BOAOEM CPEeAHUA MHAEKC NedyeHWn 6bin paBeH
1,33%, *enyaodHo-KunweyHoro Tpakta — 5,72%. B 2014 r. n3 ecrectBeHHOro
BblpocTHOro npyaa Onbckor IMAB 6bin10 BbiNyweHO B p. YI/IMKaHKa

2,201 MAH. 3K3. Monoau KeTbl (cm.Tabn. 2).

Mpobbl KYNbKYTUHCKOM KeTbl Bblan cobpaHbl Ha CTaguMU «IMYMHKA-MANEK» B
6accenHax Onbckom IMAB n B npyaax p. KynbKyTbl. 3a Becb nepuog cbopa npob,
C Hayana ¢eBpana NO KOHel, MIONA, CPpeaHAaAa ANMHA Tena MOJIogM KeTbl
yBenmumnnacek B 1,7 pasa (c 25,4 mm go 42,8 mm), cpeaHaa macca Tena — B 2,8
pasa (c 0,294 o 0,812r) (tabn. 4).
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Tabnnua 4 - buonoruyecknme nokasaTenm MOJIOAN KeTbl MO3AHUX NapPTUM
3aKNagku npu ee cogeprkaHum B ycnosmax Onbckon IMAB M ecTecTBEHHOrO
BblpOCTHOro npyaa 8 2014 r.

Jata otbopa npob monoam KeTbl Ha aHanu3

fokasatenu 14.07.14r. | 19.07.14r. | 24.07.14r. | 29.07.14T.
MpoucxoxaeHune p. KynbKyThbl
MecTo ot6opa npob uex npya, npyAa npya,
0.382+0.009 0,489+0,01 | 0,528+0,01 | 0,802+0,03
Macca tena, r —’—'—0 916-0.511 0,254- 0,301- 0,589-
’ ’ 0,662 0,685 1,118

37,410,3 39,040,3 40,1+0,2 42,840,6
32,0-42,0 33,5-42,5 35,0-44,0 34,0-48,0
MHAaeKcol, 0,17+0,04 0,23+0,01 | 0,27+0,01 | 0,31+0,01
cepgua, %: 0,12-0,28 0,16-0,38 0,18-0,36 0,21-0,59
1,10+0,04 1,1240,02 | 1,24+0,02 | 1,58+0,10
0,51-1,86 0,89-1,36 0,84-1,68 0,29-2,96
6,5810,20 5,10£0,13 | 5,6940,10 | 8,10+0,24
3,09-10,82 3,35-7,40 3,68-7,51 4,57-11,35
1,70+0,26 1,30+£0,20 | 0,5040,10

AnnHa Tena, mm

MHaeKcbl nevenu, %:

MupeKebl, KT, %:

OTHOCUTENIbHAA macca XenTKka, % 0,00-8,83 0,00-5,74 0,00-3,88 0

[ona pblb c OCTaTKOM *KenTka, % 74,0 96 88 0

Yucno nutatowmxcs ocoben, % HeT gaHHbIX | 100 100 100
394,3+33,9 363 8424 8 451,5+40,9

Nupekc HanonHeHus, KT, %og HeT AaHHbIX | 71,7- —’—’—51 3-960.7 104,2-
1027,5 ’ ’ 830,4

KoaddpuuneHt ynutaHHoctn no | 1,03+0,01 1,13+0,01 | 1,114+0,01 | 1,49+0,05

dynbToHy (Ko) 0,86-1,18 0,88-1,37 | 0,93-1,30 1,03-2,62

N, aKs. 50 50 50 50

KenTouHblh  MeWOoK KYAbKYTUHCKOM  MOJIOAM  KeTbl K  3aBEPLUEHUID
nogpalwmuBaHna B Npyaax MNOAHOCTbO  pe3opbuposancA. [Mpomsowno
yBenn4yeHne UHAOEKCOB cepaua, nevyeHu, MKenyaovyHO-KULWEYHOro TPaKTa,
KoapoduumeHTa ynuTaHHOCTU. B X04€ aHaNn3a MHTEHCMBHOCTM NUTAHMA Y MOJIOAM
KeTbl 6b110 0OHapyKEHO cneaytoLLee: 3a NepPUos ee NoApaLLMBaHMA B NpyAax p.
KynbKyTbl MpOM30OWANO  CyWEeCTBEHHOE MOBbIWEHWE WHAEKCA HANOJAHEHUA
¥KeNya04YHO-KULWEYHOro TPaKTa, @ YMCA0 NUTaBLUMXCA 0CO6en, Npu 3TOM, AOCTUMIO
100%.Bcero B ycTbeByto 4acTtb p. Kynbkytbl ¢ 29 no 30.07.2014 r. 6bino
BbinywieHo 0,885 M/IH. NOAPOLLEHON MONOAM KETbI (Cm. Taba. 2).

Ha ApmaHckom JIP3 y monogm KeTbl Npu BbiMyCKE OblIM OTMEYEHbl Camble
HU3KWE NOKasaTenu AJMHbI U MACCbl TeNa NO CPaBHEHWUID C MONOAbIO KeTbl C
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Apyrux JIP3. 9Ty monoapb cogeprkanm B bacceHax 3aBoda U He NoApPaLLMBANN B
npupoaHbIx Bogoemax. B tabaunue 5 npeacrasneHbl bronornyeckme nokasartenm
MONOAM KeTbl, B3ATOM Ha aHanm3 B ¢eBpane — uwoHe 2014 r. Ha 3Tane
noAapalmeaHnA U nepes BbiMYCKOM B €CTECTBEHHbIM BOAOEeM. 3a nepuos
noApawmBaHma monoamn Ketbl B ycnosuax ApmaHckoro JIP3 ¢ 18.02.14 r. no
04.06.14 r. cpegHAs AnvHa Tena ysennymnach (¢ 32,6 mm ao 35,3 mm), cpeaHas
macca Tena (c 0,327 po 0,355 r). B nioHe oCTaTKM }KENTOYHOro MelKa bbian
oTMeueHbl Y 94% uccneayembix ocoben. Ha 04.06. gona nuTaBwmMxca pbib B
BblbOpKe cocTaBmaa 47%. B KoHLe noapawwmnBaHma 6b110 OTMEYEHO YBENNYEHNE
KonnyecTBa NoTpebasemoint Monoapto NULLN.

Tabnuua 5 - Buonornyeckne nokasaTenn Mo0AM KeTbl, BblPalLleHHOW B Lexe-

NMTOMHMKe ApmaHcKoro J/IP3 B8 2014 .

MNokasatenu [JaTta otbopa npob monoam KeTbl Ha aHaNM3
18.02. | 31.03. | 30.04. | 04.06.
MpoucxoxKaeHue A/IP3 (6acceH p. ApmaHb)
MecTo oTb6opa npob uex uex uex uex
OnnnHa Tena no CMUTTY, MM 32,610,1 35,340,2 35,740,2 35,310,1
31,0-34,0 33,0-37,0 33,0-38,0 32,0-39,0
Macca Ttena, r 0,327+0,005 | 0,333+0,01 | 0,366+0,01 | 0,355%0,01
0,281-0,379 | 0,250-0,424 | 0,256-0,484 | 0,228-0,551
KoaddpuumneHt ynutaHHoctn no | 1,41+0,02 1,12+0,01 1,20+0,02 1,15+0,01
®ynbTOHY, (Ko) 1,11-1,58 0,93-1,36 0,86-1,55 0,82-1,44
Jonsa ocobeit c xentouyHbim | 100 100 88 94
MeLlKom, %
OTHOCUTENbHAA macca | 13,78+0,65 6,23+0,32 2,04+0,19 2,21+0,13
*KEeNTOYHOro MmellKa, % 1,33-18,26 2,27-12,92 0,00-7,31 0,00-6,90
dona ocobeit ¢ nuWeBbIM
KOMKOM, % 0 26 30 47
MHAaekc HanoNHeHusa | — 25,99+7,83 | 35,04+10,55 | 51,3048,27
KenyaovyHO-KMLWEYHOro TPaKTa, 0,00-255,90 | 0,00-299,46 | 0,00-326,02
%00
NHpekc cepaua, % 0,19+40,01 0,20+£0,01 0,21+0,01 0,27+0,01
0,11-0,34 0,12-0,32 0,11-0,35 0,13-0,40
MHAaeKc neyeHn, % 0,81+0,04 1,33+£0,05 1,16+0,04 1,371£0,04
0,41-1,42 0,63-2,35 0,71-2,50 0,59-2,98
MHAEKC KenyaouHo-kmweyHoro | 2,42+0,06 4,61+0,16 5,68+0,17 6,39+0,13
TpaKTa, % 1,87-3,04 2,98-7,59 3,18-8,10 3,36-11,04
N, 3Ks. 25 50 50 97

96




International scientific conference

SCIENCE, TECHNOLOGY AND LIFE - 2014

Czech Republic, Karlovy Vary, 27-28 December 2014

NHAeKc HANONTHEHMA KeNnya04YHO-KMLWEYHOro TpaKTa coctasun B nitoHe 51,30%o0
(npn Bapuaumm nokasatena ot 0 go 326,02%op). Takke OblNO OTMEYEHO
yBeNMYeHne cpeagHuUx nokasartesen MHAEKCOB BHYTPEHHUX OpraHoB cepaua (c
0,19 10 0,27%), neyeHn (c 0,81 go 1,37%), Kenya04HO-KMLIEYHOrO TPaKTa (€ 2,42
[0 6,39%).

Bbinyck monoam ketbl ¢ ApmaHcKoro J1P3 6bia npon3BeaeH B ABa 3Tana: 25 uioHA
B NPOTOKY 3aBoaa 6bino BbinyweHo 0,559 maH. manbKos, gpyras YyacTb MON0OAM
16 nona 2014 r. 6bina nepeBe3eHa M BbinyweHa B p. OKca B Koauyectse
0,998 MNH. manbKoB (cm.Tab. 2).

Ha AHckom JIP3 nogpalwmBaHme mosiogn KeTbl NPOUCXOLUNI0 TaKXKe, KaK U Ha
ApmaHckom J1IP3 — B H6acceltHax 3aBoaa. OaHaKo TemnepaTypa BoAbl Ha AHCKOM
JIP3 B 3umHe-BeceHHMI nepuoa He onyckaetca Huxe 39C, T.e. aBnaetca bonee
6naronpuATHOM ANA KyNbTUBMPOBAHMA NOCOCEN, MO3STOMY MONOAb KeTbl C
AHcKoro J1IP3 oTanMyanacb NOBbILWEHHbIMU TIMHEMHO-BECOBbLIMW NOKA3aTeNAMN B
CPaBHEHMWU C apMaHCKoM monoabio. B Tabnuue 6 npeacraBieHbl pe3ynbTaThbl
61010rMYeCcKoro aHaan3a MosioamM Ketbl NokoneHua 2013 r. npu ee cogepaHnm
B ycnoBusax fAHckoro JIP3 B 2014 r. 3a nepuos nogpauwmsanua (¢ 18.02 no
04.06.2014 r) cpeaHsa AnMHa Tefa MONOAM KeTbl yBenndmnnacb B 1,2 pasa (c 33,0
no 40,5 mm), cpegHas macca tena — B 1,6 pasa (c 0,341 go 0,549 r). Bbina
OTMeY€eHa YeTKana TeHAEHUMA K YMEHbLUEHMIO B BbIBOpKax monogu aonm pbib c
Ha/ZIMUMEM KENTOYHOrO0 MeLlKa M ero OTHOCUTEeNbHO Beca. Tak B ¢eBpane,
YKENITOYHbIN MeLLOoK Bbl1 OTMEYEH Yy BCEX Uccaeayembix ocobeir, a ero cpegHan
OTHOCUTEeNbHAs Mmacca coctaBuaa 10,66% oT maccbl Tena (nNpu Bapuauum
nokasaTtens ot 5,16 0o 16,74%). B Hayane anpensa (01.04) gona pbib B BbI6OPKeE
C OCTAaTKOM »XeNTO4YHOro Melka coctasuna 72,0%, a cpegHAA OTHOCUTENbHAA
Macca KenTka coctaBuna yxe 3,53%. lNepep BbinyCKOM B €CTECTBEHHbIN BOA0OEM
4 voHA, [onA pblb C *KeNToYHbIM MeLKOM B BblbopKe, coctaBuna 15%, a ero
cpeaHAs OoTHOCUTeNbHana macca coctaBunaa Bcero 0,03% oT macchbl Tena (npwm
Bapuaumm nokasatena or 0 4o 1,38%), UTo xapaKTepusyeT YC/I0BUA COAEPKAHMA
Ha AHcKom J1P3 KaK 6nharonpuaTHbIe.
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Tabnuua 6 - BMonornMyeckne nokasaTeNn MOJIOAM KeTbl, BblpalleHHOW Ha

AHckom JZIP3 B 2014 .

[ata otbopa npob monogm KeTbl Ha aHaAn3
MNokasatenu
18.02. 01.04. 04.06.
MpoucxoxaeHne ANP3 (bacceitH p. AHa)
Mecto oTbopa npob uex uex uex
OnnHa tena no Cmuntty, Mm 33,0£0,2 36,940,3 40,5+10,4
31,0-35,0 33,0-43,0 33,0-50,0
Macca Ttena, r 0,341+0,01 0,406+0,01 0549+0,02
0,264-0,416 0,252-0,662 0,323-1,186
KoadoumumeHT ynutaHHoCcTM no OynbToHy, (Ko) 1,38+0,02 1,16+0,02 1,12+0,02
1,20-1,51 0,77-1,50 0,30-1,74
Jona ocobeit ¢ KenTouyHbiM MewKkom, % 100 72 15
OTHOCUTENbHAA Macca *enTouyHoro mewka, % 10,66+0,60 3,53+0,70 0,031+0,01
5,16-16,74 0,00-20,29 0,00-1,38
Jona ocobeit c NULLLEBbIM KOMKOM, % 12 34 54
MHOEKC HanoNHeHMA  XKenyao4vyHO-KULWEeYHOoro 3,45+2,30 146,59+25,07 | 163,29+20,85
TpakTa, %oo 0,00-53,90 0,00-566,58 0,00-826,87
NHpekc cepaua, % 0,24+0,01 0,1940,01 0,2910,01
0,15-0,37 0,09-0,35 0,13-0,58
NHpeKc neveHn, % 1,00+0,05 1,18+0,04 1,1440,05
0,38-1,73 0,58-2,08 0,27-3,31
NHAEKC KeNy[04HO-KULWEYHOTOo TpaKTa, % 2,6340,10 6,0840,26 8,31+0,19
1,79-3,98 1,14-10,82 3,50-12,86
N, 3K3. 25 50 100

B ¢deBpane (18.02) gona nutaBimxca pbib B BbibopKe coctaBaana scero 12,0%,
B anpene (01.04) yxe 34,0%, a B uoHe (04.06) — 54,0%. 3a nepwop,
nogpawmBaHus (c pespans no MoHb) 6bIN0 OTMEYEHO YBENNYEHNE KOMYECTBA
notpebnaaemort monoapto NULN. NHAEKC HANOAHEHUSA KeNyaAo4YHO-KULEYHOTO
TpakTa ysennumnca ¢ 3,45 po 163,29%0. lNepen BbiNyCKOM MONOAUN KeTbl B
€CTeCTBEHHbIA BOAOEM CpefHWe 3HAYeHWUA MHOEKCOB BHYTPEHHMX OPraHos
cocTtaBunn: nHaekc cepaua — 0,29%, nevyenn — 1,14%, »kenygo4HO-KNLWLIEYHOTO
TpakTa — 8,31% oT Beca Tena (tabn. 6). Bcero c 03 n016.06.2014 r. c AHckoro J1P3
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6b1710 BbiNyLW,EHO B 6a30BYyto peky 3aBoaa (p. AHa) 1,450 MAH. 3K3. MONIOAN KeTbI
(cm.Tabn.2).

BbiBOAbI

B uenom no mMtoram BbINOJIHEHHbIX UCCAEA0BAHUIMN MOMKHO 3aKAHOUYUTb, YTO
3aBOJCKan Monoab KeTbl (noKoneHue 2013 r.), BbipalleHHas B ycnoBUAX AHCKOro
NP3, a Takxe monoapb Ketbl ¢ Onbckowm 3IMAB, nocne noagpawmBaHuA B
eCTEeCTBEHHbIX BOAOEMax XapaKTepu3oBasacb  AOCTAaTOMHO  BbICOKMMMU
Pa3MEepPHO-BECOBbIMMU U XOPOWUMU GU3MONOTUYECKMMM MOKa3aTenamu, 3a
WUCKNIOYEHMEM MONIOAM KeTbl MPOUCXOXKAEHMA M3 p. ApmaHb. CoseplueHHO
o4YyeBMAHO, YTO Ha ApmaHckom JIP3 B HacToAwee Bpema HET TeXHUYECKUX
BO3MOHOCTEN ANA yAydlWweHUss BMONOrMYecKUX nokasaTtenem Monoau KeTbl.
Mo3aToMy OogHMM M3 peanbHbIX NYTEN YAYyYLWEHUA KAaYeCTBEHHbIX NMOKasaTenemu
monoau Ha 3tom JIP3 nepen ee BbINYCKOM B MOpe, ABAAETCA pacluMpeHHoe
MCNONb30BaHNE MNPUPOAHbLIX BOAOEMOB AN CaAKOBOro nojpalinBaHuA
nococen.

B 2014 r. B Bogoembl MaragaHckoi o6nactu 6bii1o BbinyweHo scero 7,307 MAH.
MonoAu KeTbl. He3HaumMTenbHble 06BEMBI BbiMyCKa MOA0AM KeTbl B 6a3oBble
BoZoeMbl TayMckon rybbl B 6anrKalMlwen nepcrnekTnBe He cMoryt obecnevymnTb
BbICOKYIO YMC/IEHHOCTb HEPECTOBbIX BO3BPATOB 3aBOACKMX NPOU3BOAUTENIEN B
3TV BOAOEMbI.
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AUTOSEGREGATION OF THE UNIANTHY—
SYNANTHY CHARCTERS IN APOZYGOTIC
PROGENIES OF SUGAR BEET (BETA VULGARIS L.)

MALETSKII S.1., YUDANOVA S.S., MALETSKAYA E.I.

RuUssIA, INSTITUTE OF CYTOLOGY AND GENETICS SB RAS

Abstract. The autosegregation of unianthy-synanthy (UA-SA) characters in
apozygotically reproduced progenies of hybrid sugar beet has been studied (UA-SA
character is connected with mono- and multigerm character). The different proportion
of UA-SA plants were observed in the apozygotic progenies. It is shown that the
instability of UA characters expression, conditioned by epigenetic variability of loci
controlling this character, is observed in recessive homozygotes (mm) progenies. In
particular, mixoploidy (multichromotide chromosomes), which high occurrence
frequency was noted in the Chenopodiaceae family, where B. vulgare belongs to, may
be one of epigenetic variability mechanisms. Experimental data about the influence of
plant growth conditions on the UA-SA character expression are discussed.

Key words: Apozygotic seed reproduction, autosegregation, epigenetics, mixoploidy,
unianthy and synanthy expression.

Beet plants form on carrying shoots with a large number of flowers located on
shoots either separately from each other (unianthy phenotype — UA) or
assembled in clusters (synanthy phenotype — SA). It was shown in the first
experiments on the inheritance of this characters that it is realized on the
monohybrid scheme: UA — the recessive character (mm), SA — the dominant
character (MM or Mm) [1, 2]. It was shown during numerous observations that
the UA-SA characters segregates not according to the Mendel rules. In particular,
the instability of the UA-SA characters expression is observed in the progenies
obtained under the reproduction of mm homozygotes contained in them, i.e.
epigenetic variability [3].
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The nature of epigenetic variability is not univocal, and cytosine methylation or
demethylation in DNA molecules, providing the active or inactive state of certain
loci, is one of its mechanisms. Cytosine methylation in C-G pairs (m>C) does not
affect DNA coding properties because m°C participate in coding the same
polypeptides as nucleotides without methylation. It was shown that, changing
the sugar beet genome methylation level (epimutagene 5-azacytidine-treated
plants), it is possible to decrease the portion of "flower cluster” of phenotype SA
in progenies [4]. Polyploidy is the other mechanism of epigenetic variability in
plants. Mixoploidy or variability of chromosomes number in plant somatic cell
nuclei is typical of beet somatic cells [5, 6].

The aim of the present research was: a) analysis of autosegregation on the UA —
SA character in apozygotic progenies of hybrid of sugar beets reproduced in two
geographical locations; b) theoretical and experimental analysis of the UA-SA
phenotypic ratios in apozygotic sugar beet progenies (generations A; and A,).

Material and methods. The apozygotic progenies of two ms-hybrids “Lenturon”
(BL) and “Iris” (BI) were used as a material. F; sugar beet ms-hybrids are obtained
by crossing of monogerm ms-lines (genotype mm) with a multigerm beet form
(genotype MM). Generations of apozygotic reproduction are designated with
letter "A" with a lower index indicating the number of generation: Ag — initial
plants (or F;, genotype Mm); A; and A, — progenies obtained after 1 or 2
generations of apozygotic reproduction, respectively. Experimental observations
were made in two locations: 1) Novosibirsk (Russia); 2) Nesvizh (Belarus).
Autosegregation on the UA-SA character was observed both in A; (parent plants
had genotype Mm) and in A, (parent plants had genotype mm) generation. The
investigation were carried out during three years (2010-2012).

Parthenogenetic mode of seed reproduction. Sugar beet afford to reproduce the
seeds both zygotic (double fertilization) and apozygotic way (partenogenesis)
[7]. Partenogenetic (without pollen) seed reproduction is characteristic for wild
species of genus Beta [8]. It is possible to obtain seeds without pollen
participation both in sugar beet plants with fertile pollen and from male sterile
plants [7]: such plant embryogenesis begins in closed flowers. To obtain
apozygotic seed progenies plants were grown in an isolated plot, leaving only
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plants with completely defective pollen grain (phenotypes mc0O, mcl) and
removing semi-fertile (phenotype mc2) plants.

Theoretical autosegregation models. Autosegregation is a genes distribution in
diades and tetrades cells of megaspores during meiotic divisions in heterozygous
genotypes [9]. Herein, heterozygosity is understood as not only the presence of
two different alleles (Mm) in one locus, but also as epiheterozygosity (mm’) -
when recessive alleles of one locus are both in active (m’) and inactive states (m).
In the present report, autosegregation in the progenies obtained under seeds
apozygotic reproduction in homozygotes mm (UA plants) is considered.

Seeds in an apozygotic progenies also have a diploid level (dihaploid seed
progenies) by mono-parent reproduction of diploid plants. Such situation is
possible if either tetraploid cells with monochromatide chromosomes, or diploid
cells with two or more chromatides in chromosomes (cells with duplo- or
quadruplochromosomes) [7, 10, 11] enter meiosis in diploid plants.

The theoretically expected phenotypic ratios on the UA-SA character in the
progenies under apozygotic reproduction are presented in Table 1.
Homozygotes mm form flower-carrying shoots of phenotype UA [1, 2]. But if the
transformation of a normal allele into epiallele (m—->m’) occurred during
epigenesis, then epigenotypes that form SA plants appear in plant progenies of
genotype mm [3].

Stochastic genetic markers (number of chromatides) variability frequency in
interphase cells and macrospore cells allow one to use the hypergeometrical
homological chromatides distribution model at meiosis in the description of their
genotypes formation process on the studied locus [9, 11]. The expected
proportions of UA — SA phenotypes on the character under study (Table 1) were
calculated from the following suppositions: a) the ratio of chromatides number
in parent plant interphase nuclei varies from 2 to 8; b) the number of
chromatides with a normal and epimutant allele in homological chromosomes
may be both the same and different.
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Table 1 - The expected ratio of geno- and phenotypes by the autosegregation of
the UA-SA characters (Mm locus) in the apozygotic seed progenies at different
ratios of normal (m) and epimutant (m') alleles in the homologous chromosomes

no. ratio of 2 types | doubled number | Geno- and phenotype
chromatid in | of chromatid in | ratio by autosegregation -UA-pIants_ (nzm)
. , in progenies, %
interphasee megaspore (m'_:mm)

1 m' m 2m' 2m 5:1 16,7

2 m' 2m 2m' 4m 9:6 40.0

3 m' 3m 2m' 6m 13:15 53.6

4 m' 4m 2m' 8m 17 :28 62.2

5 m' 5m 2m' 10m 21:45 68.2

6 2m’' m 4m' 2m 14:1 6.7

7 2m' 2m 4m' 4dm 22:6 21.4

8 2m’' 3m 4m' 6m 30:15 40.0

9 2m' 4im 4m' 8m 38:28 42,4

10 2m' 5m 4m' 10m 46 : 45 49.5

11 3m’ m 6m' 2m 27:1 3.6

12 3m' 2m 6m' 4dm 13:2 13.3

13 3m’ 3m 6m' 6m 51:15 22.7

14 3m' dm 6m' 8m 63:28 31.5

15 3m’ 5m 6m' 10m 75:45 37.5

Fifteen variants, which will be used as null-hypotheses when discussing the data
about autosegregation in seed apozygotic progenies on the UA-SA character, are
presented in Table 1. The calculation of two genotypes frequency (UA and SA)
was carried out on formula (1) — hypergeometrical probability distribution model
[11], where a and b — numbers of two chromatide types in homological
chromosomes carrying allele m and M or m and epiallele m’, respectively.

(2) (g) i+ (1) () mimo+ (5) () mom = (“ 37) @

The cells that appear during meiosis are supposed to be diploid, i.e. they have
two chromosomes (chromatides) of each homologue [7, 9], independently from
a chromatides number in MMCs (mother megaspore cells). The total number of
various geno- and epigenotypes in the progeny is given in the right part of
formula (1), on the left — the frequency of each of three geno- and epigenotypes
that occur during meiotic divisions. As it follows from Table 1, the portion of UA
plants, depending on the chromatides number of the considered variants, varies
from 3.6 to 68.2%.
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Statistical processing. If apozygotic progenies are obtained from UA plants (mm),
then the appearance of plants with the dominant phenotype (SA) in their
progeny may be connected with epimutation of allele m—>m’. The supposition
on the thing that segregation on the UA — SA character in apozygotic progenies
is described either as autosegregation of heterozygote Mm or autosegregation
of epiheterozygote mm’ is accepted as " null-hypothesis". Statistical agreement
criteria G was used to compare selective proportions with the "null-hypothesis"
(Table 1). The "G" criterion is the basic one when comparing the '"null-
hypothesis" and empirical distribution under characters segregation in genetic
experiments [12]. The value of criterion G was found on formula (2), where f;and

fi are empirical and theoretical concrete distributions frequencies over the

character under study.

f; .
G=2 (Z filnf—.i): 2 Z f, (Inf,=Inf)(2)

Results. The expected ratios of UA and SA phenotypes in seed progenies, at the
supposition that MMCs of different plants differ from each other in their
chromati-des number in chromosomes, and they have epigenome variability, are
presented in Table 1. As follows from the above-mentioned calculations, a
gradual increase of the portion of UA phenotypes in the progenies — from 16.7%,
under mono-chromatide chromosome structure, to 22.7% at triple-chromatide
structure (models 1, 7, 13) — proceeds at an also equal chromatides ratio in
homological chromosomes carrying alleles m and +n (1:1, 2:, etc). If the ratio of
chromatides carrying epialleles m and » is presented not at an equal proportion
(1:2 or 2:1 and others), there are sharp differences observed in the portion of
plants with the recessive UA phenotype: 40 and 6.7% (models 2 and 6,
respectively). Experimental data for 3 years of observation on auto-segregation
of the UA-SA character in the hybrid progenies, which correspond to different
proportions of UA &SA phenotypes are presented in Tables 2 and 3.

The observation results on segregation in sugar beet hybrids "BL" and "BI"
(generation A;), reproduced in two geographical locations (Novosibirsk, Nesvizh),
are presented in Table 2. The plant ratio of SA and UA phenotypes in hybrid
"«BL»" (Novosibirsk) corresponds to model 1 according to which heterozygote
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Mm had standard one-chromatide chromosomes and the expected phenotypic
ratio of 5SA : 1 UA. As is seen from the data of these table, the value of statistical
criterion G (df = 1) is equal to 1.14, i.e. the obtained proportions on the UA-SA
character in hybrid 'BL" do not contradict the null-hypothesis with a probability
that exceeds 95%. This very hybrid, but grown in the other location (Nesvizh),
had a different phenotypic proportion — 22 SA : 6 UA (model 7), which is
indicative of the thing that, in this case, heterozygous plants Mm had two-
chromatide chromosomes. This, at first sight, paradoxical difference does not
contradict the earlier published data, according to which the phenotypic ratio on
the UA-SA character in segregating progenies is not rarely determined by growth
location and conditions. Despite the thing that plants of only UA phenotype in
studying inbred progenies, 'among 19 inbred progenies none was found to have
a stable UA character expression. The portion of each of phenotype in inbred
progenies depended on the location of seed plant growth [13]".

Table 2 - A ratio of plants with the UA-SA phenotypes in male sterile hybrids
«BL»and «BI» in A; generation (apozygotic reproduction) in two geographic
points*

Hybrids | Years Number of plants An expected | G-test value (df = 1)
total | SA UA | %UA ratio of
phenotypes
SA : UA **
«BL» 2010 108 | 94 14 12,96 |5:1(1) 1,14 (0.30< P < 0.10)

2012 351 | 284 |67 19,09 22:6 (7) 1,16 (0.30< P < 0.10)
«BI» 2010 |58 |45 |13 [22,41 |11:3 (7) 0,2 (0.70 <P <0.50)
2012 111 | 76 35 31,53 63:28(14) 0,04 (0.95 <P <0.90)

* Novosibirsk, 2010; Nesvizh, 2012.

**In the brackets shown a number of model that was used as null hypothese (table 1)

In hybrid "BL" (genotype Mm) autosegregation on the UA-SA character in A; was
realized according to model 7, according to which the hybrid chromosomes
consisted of 4 chromatides and their phenotypic ratio in the progeny
corresponds to ratio 11 SA : 3 UA (model 7, Table 1). The value of static criterion
G (df = 1) for hybrid "BI'" (Novosibirsk) is equal to 0.2, i.e. the segregation data
do not contradict the "null-hypothesis'" at probability P > 95%. This very hybrid
grown in the other geographical location (Nesvizh) gave a different ratio of
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phenotypes corresponding to model 14. According to this model, MMCs had 7-
chromatide chromosomes.

Table 3 - A plant ratio by UA-SA characters in the progeny of «BL- hybrid» (A,;
Nesvizh, 2012)

Sample Number of plants An expected | G-test value
designation | total | SA UA | % UA | phenotype (df = 1)
ratio SA : UA*

«BL» —2 205 128 77 37,56 |3:2(2) 0.50 (0.50< P < 0.30)
«BL» — 10 176 105 71 40,34 [3:2(2) 0.02 (0.70< P < 0.50)
«BL» —49 175 101 74 42,29 [3:2(2) 0,38 (0.50< P <0.30)
«BL» — 71 121 87 34 28,10 | 63:28(14) 0.66 (0.50< P < 0.30)
«BL» — 76 170 114 56 32,94 | 63:28(14) 0.16 (0,95 <P < 0,90)
«BL» — 85 227 153 74 32,60 |63:28(14) 0.06 (0.70< P < 0.50)
«BL» —108 | 170 118 52 30,85 |63:28(14) 0.60 (0.50 < P < 0.30)

*In the brackets shown a number of model that was used as null hypothese (table 1)

In further experiments, plants of generation A,, obtained from UA plants (mm),
from A; were used in the following experiments. Despite the thing that
homozygotes progenies are involved in breeding (progenies of plants with UA
phenotype), in the next reproduction generations, just as in A;, segregation on
the studied character is also observed. Then observation results of 6 A, progenies
in hybrid «BL» are presented in Table 3. As is seen from the presented data,
despite the thing that homozygotes were used as the initial material, segregation
on the UA-SA character is observed in A, of all 6 progenies. The theoretical
models no. 2 and 14, taken as the "null-hypothesis", are indicative of the thing
that autosegregation proceeded according to model 2 (3-chromatide
chromosomes) in 3 out of 6 progenies, in the rest 3 progenies — according to
model 14 (7 chromatides participated in segregation).

Analogous materials on segregation in generation A, of «BI» hybrid are
presented in Table 4. As it follows from the materials, in 3 cases out of 7, MMCs
had two-chromatide chromosomes with an equal epiallelic ratio (model 7). In
this case, the expected phenotypic ratios in the analyzed progenies are equal to
11SA:3UA. Seven chromatides (model 14) participated in segregation in 3 cases
out of 7. The expected ratios are 63SA:28UA. The segregation in one progeny is
described with model 13 — 3-chromatide chromosomes with an equal epiallelic

ratio. The expected phenotypic ratio is 51 SA : 15UA.
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Table 4 - A plant ratio by UA-SA characters in the progeny of «BI- hybrid» (Ay;
Nesvizh, 2012)

Sample Number of plants An expected | G-test value
designation | total | SA UA | % UA phenotype ratio | (df = 1)
SA : UA*

«Bl» —7 222 | 164 58 |26,13 |22:6(7) 2.77 (0.10 < P < 0.05)
«Bl» — 45 187 | 146 41 121,93 |22:6(7) 0,03 (0.95 < P < 0.90)
«BI» — 56 145 115 30 20,69 22:6 (7) 0,05 (0.95 < P < 0.90)
«BI» —1** 380 286 94 24,72 51:15(13) 0.86 (0.50< P < 0.30)
«BI» — 46 117 86 31 26,50 63:28 (14) 1.03(0.50< P <0.30)
«BI» —27 137 96 41 29,93 63:28(14) 0.05 (0.95 < P < 0.90)
«Bl» —34 185 | 126 59 [31,89 |63:28(14) 0.11 (0.95 < P < 0.90)

*In the brackets shown a number of model that was used as null hypothese (table 1)
**The seeds reproduced in Nesvizh (2011).

Discussion. The idea about the alleles of one locus being active or inactive
(recessive) and the thing that the states determine progenies proportions in
segregate-ing progenies has been long known. As it follows from the materials
of Table 2, segregation on the UA-SA character (locus Mm) is observed in both
A; hybrids. When comparing the portion of UA plants in the same plants in two
geographical locations, it is seen that the portion of UA plants is higher in Nesvizh
than that in Novosibirsk: 19.09% and 12.96% on hybrid «BL», and 31.53% and
22.41% on hybrid «BI». Considering the segregation results on the UA-SA
character within the concept of epigenetic variability, one can note that a
different epigenetic variability level is typical of the plants grown in these two
geographical locations. In one case, plants 2-chromatide chromosomes (model
1) for hybrid «BL» in Novosibirsk (2010); in the other case, — 4-chromatide
(model) 7 in Nesvizh (2012). The situation is similar also on hybrid «BI»: the 4-
chromatide segregation model in Novosibirsk (2010, model 7) and the 7-
chromatide segregation model in Nesvizh (2012, model 14). The differences
between the results of comparison on each of hybrids in two geographical
locations are statistically not significant (G = 2.13 for " BL" progenies and G =
1.56 for «BI» progenies). In summing up the hybrids observation results in both
locations, the portion of UA plants was 17.6% in «BL» hybrid progenies on the
average; that of hybrid «BI» — 28.64, the difference between the hybrids being
statistically significant (G = 8.36, prominence level P < 0.01).
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A, seed progenies obtained by A; (mm) UA plant self-reproduction, as it follows
from the materials of Tables 3 & 4, segregate in both geographical locations
despite that mm homozygotes were chosen as parents. More than a 1.5-fold
variability on the UA — SA character is observed in these progenies. The plant
portion of UA phenotype in different apozygotic progenies deviates from 28.10%
to 42.29% over "BL" progenies and from 20.69% to 31.89% over «BI» hybrid
progenies.

One can suppose that epigenetic changes in the activity of locus determining the
UA-SA character in beet are connected with cell genome mixoploidy in somatic
cells which, in its turn, determines the genome methylation level and genes
activation and inactivation connected with it. It is possible to conclude that
segregation in homozygous plant progenies (genotype mm) on the UA - SA
character is a bright example of the third (epigenetic) type of inherited
variability.

As it was mentioned in the Introduction, the plant intracellular variability
mechanism is epigenome variability of a chromosomes number in cell
population nuclei. This variability can be experimentally observed determining
the DNA mass per nucleus or by calculating a chromosome number in meristem
cells [14, 15], or indirectly — by calculating a number of chloroplasts in closing
cell stomata. Other observations and ours show that, a number of chloroplasts
grows in closing stomata cells [6] with a growth of genome ploidy level.
Instability of chromosomes number in somatic cells [14, 15] is one of sugar beet
cytogenetic peculiarities. For instance, deviations in DNA mass per certain nuclei
of beet shoots tissue are different at two orders [14]. One can suppose that the
number of homological chromatides at the cell cycle interphase may strongly
vary, and this is determined by cell and tissue activities and is connected with a
program of cell metabolism in concrete growth and developmental conditions.
The multitude of chromosomes number observed in somatic cell nuclei is absent
in meiotic division products: restoration of gametic (somatic) chromosomes
number is likely to proceed in these cells. Probably, the structural connection of
chromatides with a nuclear membrane is a possible stabilization mechanism of a
chromosomes number. The nucleus membrane is structured and the number of
chromosome attachment compartments is limited, and it corresponds to the
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gametic (somatic) chromosomes number in cell nuclei. Therefore, the additional

nuclei synthesized in interphase nuclei are disintegrated during cell (meiotic)

divisions and the process of gamets genotype formation proper is stochastic. The

similar regulation mechanism of megaspores of geno- and phenotypic proportions

was shown in the analysis beet apozygotic progenies on isozymes markers [16].
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TEXHONIOTUA rEPEAPU3ALUMN MEXAY NNCTOB
CNAHBOHAA

Cnasropoackuin A. B.

Poccna, BOPOHEXCKWUM rOCYAAPCTBEHHbIM YHUBEPCUTET

AHHOTaumA. [peasoXKeHa HOBaA TEXHONOTUA CYLWKU WM XpPaHEHMA repbapHbIX
06pa3LoB. OHa COCTOUT B UCMONb30BAHMM HETKAHbIX NOIMMEPHbIX MaTepuanos (HMM)
ANA Co34aHNA BO3AYLIHOM NPOC/IONKN, KaK MeXKay 06pasuammn pacTeHWU, Tak U CETKOM
npecca. MNpecc CTArMBAETCA CUHTETUYECKMMWU PEMHAMMU C CUNOBLIMMU 3aTANKKAMMU.
XpaHeHue ocywectsasetca B8 HIMM, M3 KOTOpbIX M3roTaBAMBAOTCA MOAJNOXNKM ANA
06pa3L0oB, BUAOBbIE U POAOBbIE PYOALLKM, MAMNKU ANA XPAHEHWUA NAYeK.

Kniouesble cnosa: repbapuii, HOBbIM CNocob CyWKU pacTeHWUI, HeTKaHble
NoJIMMepHble maTepmanbl, CNaHOOHA, reoTeKC, arpoTeKc.

MeToabl repbapu3aunm pacTteHUin onucaHbl B page nybankauum, a Tak Xe B
cneuyanbHbiX pykosoactBax (PbiumH, 1948; Cioses, 1949; KaTtaHckasn, 1956,
1981; CksopuoB, 1967, 1977; lepbapHoe pgeno...,, 1995; Yemepuc, 1999;
NncnuypbiHa, 2003, 2006; LLlepbakos, Maiopos, 2006; The Herbarium..., 2010).

CywKa W coxpaHeHMe pacTeHWi npu cbopax B MOMEBbIX YC/IOBMAX ABNAKOTCA
BaXKHbIMW 3Tanamm B CO34aHUU Cyxmx Koanekumin. CyliecTByrowmMe MeToAbl
yoobHbl  npu  repbapmsaumm  CyxOonyTHbIX  pacteHuin. [epbapusayma
BHYTPUBOAHbIX U OKONOBOAHbLIX PACTEHWUIN TPAAMLMOHHbIM CNOCOHOM OYeHb
TpyaoémKa, TpebyeT 3HaUMTENbHO HONbLUMX 3aTPaT py4HOro Tpyaa (/incmubiHa,
2003, 2006).

B HacToAwee Bpems cobpaHHble pacTeHWA cywaT AnMbo HenocpeacTBEHHO B
nonesbIX ycnosuax, MMbo cobupatoT no «metoay LLsanHdpopca» obpabaTbiBan
pacteHuns cnupTtom (FepbapHoe geno..., 1995 : 248), a 3aTem npeccyroT U cywat
B nabopaTtopun. MocneaHuin meton AOPOr M LWIMPOKO He uchnosb3yetcAa. B
NoneBbIX YCNOBUAX COBpaHHble 0bpasubl cywaTt obwenpuHATbIM cnocobom B

repbapHbIX CeTKax C NpUMeHeHMemM bymaru (TKaHen, BaTbl U T.M.) B KayecTse
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Bflarootbupatowlero martepuana, nNpPOKNaAbiBas TrOPPUPOBAHHbIA  KAPTOH,
donbry unm pewétkn us agepesa anAa yckopeHusa cywku (FepbapHoe geno...,
1995). Xopowo wu3BecteH meTton Mapanbckoro (Madalski, 1958, uut. no
lepbapHoe aeno..., 1995 : 247 — 248). OH OCHOBaH Ha TOM, YTO NPecChl AenatoTcA
AOBOMIbHO TOHKMMM, 4TOObI BCA B/Aara wcnapsanacb HeENocpeacTBEHHO C
NOBEPXHOCTU, @ HE YAANANACb NPM CMeHe NPOKAaAO0K.

YaobeH ana cywku BoaHbix pacteHnint metog A.U. luteuHoBsa (CkBopuoB, 1967,
Yemepuc, 1999) ncnonbayembin B repbapumn UHCTUTYTa BUONOTUU BHYTPEHHUX
Bog um. WU.A. ManaHmHa PAH (IBIW). O6pa3supl BHYTPUBOAHbLIX PaCTEHUN,
BbICyLUEHHbIE 3TUM METOAOM, MOJIy4atoTCA BbICOKOKAYeCTBEHHbIMU. OAHAKO,
NPUMEHAEMOE B KayecTBe MPOKNAAOK CYKHO O4YEeHb TAXENOE M, NO3TOMY,
MaNoNPUroAHO AN1A CYLKM PAcTEHMI B MELMX 3Kcneamumax. XopoLwo U3BecTeH
MEeTOZ, 3aKNafKM BHYTPMBOAHbLIX PACTEHMW CO CAMNAOWMMUCA Ha BO3Ayxe
NINCTbAMM B BOZE HA INCTE NepraMeHTa, KalbKn AN Ha Ntobom NAOTHOM ucte
Bymaru c nocneayoLen cywKom obwenpmuHATbIM cnocobom (/incmupbiHa, 2003,
2006).

B HacTosiee Bpems co34aHbl HeTKaHble MNoAuMMepHble matepuanbl (HMM)
Haleawne  LWKUpoYalwee MNPUMEHEHME B CE/IbCKOM  XO3AMCTBE W
NPOMbILWNEHHOCTU. MX cBOBOAHO MOXHO KynuTb B MarasuHax. B nocnegHue
rogbl OHW CcTanAn pgewesne Oymarn, TKaHbIX MATepuManoB U CyKHa (PbIHOK
cnaHboHAa..., 2006; Poccuiickunii pbiHOK..., 2009). MpumeHeHne HIMM KopeHHbIM
06pa3om MeHsAEeT BClo cucTeMy cbopa, CyLLKM U XpaHeHUA, repbapHbix 06pa3L,oB..

TexHonorua «cnaHboHa»

C Hauvana XX| Beka LUMPOKOEe pacnpocTpaHeHue B ObiTy, NPOMbIWAEHHOCTU U
CENIbCKOM  XO3AMCTBE MOJIYYMU/IM  HETKaHble MO/IMMepHble  MaTepuainsl,
npousBoAMMbIE NO TexHonormn cnaHboHa. CnaHboHpg (spunbond) — 3To
TEXHONOIMA MNPOM3BOACTBA HETKAHOro MaTepuana, KOTopas 3aK/aw4yaerca B
BblAE/IEHUN U3 pacnnaBa noaumepa 4yepe3 ¢uabepbl TOHKUX HenpepbiBHbIX
HUTen (GnnameHTOB), YKNaAbIBAHUM UX B XO/ICT C NOCNEAYIOLUM CKPENAEHUEM
pa3inyHbIMK MmeToaamm (PbIHOK cnaHboHAa..., 2006).
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[o Hauyana 1990-x rogoB HEeTKaHbIM MaTepmnas HEBO3IMOXKHO OblZI0 MPUMEHUTb
Ansa repbapusaumm pacTeHWi, TaK KaK TOJIWMHA BONOKOH Oblna CAMLIKOM
60/blWON, M3-33a Yero maTepuan MNoNy4Yanca XKecTKMM W HepaBHOMEpPHbIM.
PeBontoumoHHyto TexHonoruto Reicofil npepnoxmna Reifenhdauser Group,
OTKPbIBLIAA LEeMblA MOTOK HOBbIX TEXHO/NIOTMYECKUX PELUEHUIA CO CTOPOHDI
npoussoautTenen obopyaoBaHUA AN BbIPabOOTKM HETKaHbIX MmaTepuanos. B
pes3ynbTaTe COBPEMEHHblE TEXHONOrMW MO3BOMAKOT MNPOM3BOAUTL MaTepuan
noytv B 50 pa3 TOHbLUE YeNOBEYECKOro BOIOCA, U OTIMYHOM PAaBHOMEPHOCTbHO
Nno BCEN LWNPUHE NONOTHA. TepMOCKpPeneHbl cnaHboHA, — 3TO, KaK NpaBu/o,
nerkuit matepman (a0 150 r/m?), npeHa3sHauYeHHbIN A8 MCNO/Ib30BaHNUA ero BO
MHOIMMX OTPAcNAX HAPOAHOro X03ANCTBA. TepMOCKpenneHbld cnaHboHA,
MAOTHOCTbIO nopAagka 150 r/m? ychnewHo npuUMeEHAeTcA W B KadecTse
reoTekcTmns. B uenom gmanasoH naoTHocTel cnaHboHAa BapbupyeT ot 15 r/m?
0 600 r/m? (PbiHOK cnaHboHAa..., 2006).

[eweBnsHa nony4yaemoro MmaTepumana cnocobCcTByeT ero  LWMPOKOMY
PacnpoCTPaHEHUIO BO BCe OTPAC/AM X03AMCTBa. MaTepuanbl C TOProBbiMMU
Ha3BaHUAMWU «arpoTeKC», «arpun», «cnaHboHa» HamHOro aewesne bymarw,
TKaHeN U CyKHa. [TonmepHble HUTKU, U3 KOTOPbIX COCTOUT MaTepunan, obnagatoT
CBOMCTBOM OTTa/IKMBATb BAary, oHM He HaMoOKatloT. Yepe3s maTepuan nobown
NAOTHOCTM €cBOOOAHO NPOXOAWUT BO34YX W Napbl BOoAbl. A Hy)KA CENbCKOro
XO3ANCTBA  BbIMYCKAeTCA  MaTepuan  4YEpPHOro  LUBETa, CcoAepKalumn
cBeTocabmnmsnpyrowme nobaBkM, He paspylialoWwMnca noa BO3AeNCTBUEM
CONHEYHbIX nyyei (PbiHOK cnaHboHAa..., 2006).

Ucnonb3oBaHue HMM B repbapHom gene

YKa3aHHble MaTepuasnbl ngeanbHo noaxogAt ana repbapusaummn pacteHuin. B
2007 roay MHOM NpeasioXKeH HOBbIWM CNocob CylWwKK pacTeHui ana repbapus
(Cnasropoackuit, 2007, 2008, 2013, 2014). OH 3aKknto4aeTca B CO34aHUN BOKPYT
obpa3ua B repbapHom npecce, ¢ nomouwpto HIMM, TOHKOM BO3A4YLLIHOWN
npocnoiikn. bnarogapsa csobogHomy aoctyny Bo3ayxa ob6pasel, pacTeHuA
6bICTPO BbICbIXaeT, MpuobpeTasa NAOCKyt0 ¢opmy. YCTPONCTBO [N CYLUKM
pacTeHu 3anateHToBaHo (Cnasropoackuit, 2008). Cnocob YpesBblyaMHO NPOCT
N He TpebyeT cneumanbHOM NOATOTOBKU U CIOXKHOTO 060pyA0BaHMA.
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PacTeHua cywart B repbapHOM npecce, BMeCTO 0bOLENPUHATBIX ra3eT NPUMeHAA
pyballku 13 arpoTeKkc (reoTekc) YEpHOro LBseta NAOTHOCTbIO oT 60 r/m? go 150
r/m2. BnaroBnuTbliBatoLme NPOKNAAKM He HyKHbI! MepeknaabiBaTb pybaLlKku He
Hy>KHO! PacTeHMe oauH pa3 3aknagbiBaetca B repbapHbiv npecc B pybaluky m3
HMM, cTArMBaeTca CUHTETUYECKUMMU PEMHAMMU C CUNOBbIMU 3aTAXKKAMU W
BbICTAaBAAETCA Ha APKOe COJIHLe, rae OCTAaéTca A0 MOJIHOMO BbICbIXaHUA. Ecau
COJIHUA HeT, MOXHO CYWnTb U B TeHW. CyllKa uaeT rno NpUHLUNY «3a70XKUN U
3a6bn». B oanH repbapHbI Npecc MOXKHO 3aknagpiBaTb Ao 50 pybawek c
obpa3suamu. PyballKku M3 arpoTekc YEPHOro LLBETA Ha CO/IHLLE HAarpeBakTCsA, YTo
yCcKopsAeT cylwKy 06pa3LoB. BogHble pacTeHUA COXHYT BbicTpee CyXonyTHbIX, TaK
KaK fierdye otgatoT Bnary. HexkHble 4acTn pacteHMi He npuaunatoT K HMM. Mo
3aBEpPLLUEHNM CYLLKN COXPAHAETCA eCTECTBEHHbIN LUBET pacTeHWUI. [10 cpaBHEHUIO
c obuwenpuHatbim (FepbapHoe peno.., 1995, The Herbarium.., 2010),
npegnaraembliii cnocob no3BosfeT 3HAaYUTENbHO CHU3UTL TPyAo3aTpaTbl Npu
repbapusaumnm, Npm nyvywem Kayecrtse nonydaembix 06pasyos pacteHMn. Bec
HOCMMOrO B 3Kcneauumn komnnekTa pybawek ns HMM nerye, yuem ns bymarm.
Pyb6awku 13 HIMM cny»KaT gonblue, Yem rasetbl.

[na xpaHeHns repbapHbix 06pasuoB Takxke noaxoaat HMM. OHM gonroseyHee
M HamHoro paewesne 6ymarn, He KpolwaTcs, He BAWUTbIBAlOT BAaary wu3
OKPY)KalolWero BO3Ayxa, He CTpagaloT oOT conHua (matepuanbl €O
cBeTocTabunmsupyrowmmmn gobaBkamm), Mx He MNOBPENKAAOT Hacekomble. B
KayecTBe BMAOOBbIX M pPOAOBbIX 00/0XEK MOMKHO MCMNOAb30BaTb arpoTeKC
yépHoro ugeTa naoTHocTbio oT 30 r/m? o 80 r/m2. A B KauecTBe NOAJI0XKKM ANA
MOHTMPOBKM 00pa3ua creayetr MCNOAb30BaTb TOT Ke arpoTeKkc (reoTekc,
cnaHboHa, arpun) NaoTHocTbio oT 120 r/m? n 6onee. O6pasel, MOXKHO KpenuTb,
NPUWMUBAA CUHTETUYECKMMU HUTKAMWU WAN OCTaBJIATb He MNPUKPENnIEHHbIM.
BO3MOXHO M MCNONb30BaHME KaedA, He paspyllaloweroca B pesy/bTaTe
OINTENBbHOTO  XpaHeHUA. XpaHEeHWe MOXKHO OCYLLeCTBAATb Ha OTKPbITbIX
CTeNna)kax nomewyas naykmM obpasyoB PaAcTeEHWUI B MaAnKW, U3roTOB/IEHHbIE U3
HIMNM 3akpbiBalowmeca NAOTHO Ha 3acTeXKax-mosIHUAX. CO/IHeYHble NyyYn He
nospexaatoT obpasubl B naykax, NOCKONbKY HIMNM umerT
cBeTOoCTabuamsmnpyowme aobasku. Joctyn Bo3gyxa K obpasuam csobogHbIN,
4yTO no3sosiAeT m3bexaTb NoBperaeHUn rpmbamu. B mayky He NPOHUKHYT
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HaceKoMble nospexaatolme obpasubl, bymary 1 gepeBo. [NOCKO/IbKY OTBEPCTUSA
B8 HMM upe3Bbl4aHO Manbl U B repbapum HeT Bymaru, a oT AepeBaHHbIX LWKadoB
MOKHO N1erKO OTKa3aTbCA, 3aMEHUB UX META/I/TUYECKUMMA.

Pe3ynb1'a1'b| NoseBbIX UCNbITAHUI

B 2009 — 20011 rogax YCTPOMCTBO CYLUKWM pacTeHUn ana repbapusa npowwno
NpoBepPKy BO Bpema nonesbix paboT B CpeaHeirt Poccun, Ha ceBepHOm Ypane, B
CesepHon Adpuke n dpaHumn. CylwKe noaBeprasMcb MOPCKME U O3EPHble
MAKpPOBOAOPOC/N, CyXONyTHblE U BOAHbIE CMOPOBbIE U LBETKOBbIE PAaCTEeHMUA.
Be3ge ycTponcTBO 3apekomeHA,0Bano ceba ¢ Hanayyluen CTOPOHbI.

3TO yCTPOMCTBO OT/IMYaETCA YA06CTBOM B MCNO/Ib30BaHUM, ObICTPO BbICYyLUMBAET
pacTeHUA B YCNOBUAX MOBbILEHHOW BIAXKHOCTU 6€3 NoTepu BHELHEro BMaa u
oKpackn (npo¢. O.B. CmupHoBa, LeHTp no npobnemam 3Konormm w
NPOAYKTUBHOCTU necos PAH).

MpeanoKeHHbIM NOAMMEPHbIA MaTepman «arpoTeKkey, bbln NCNoNb30BaH HAaMU
ANA WajAWen CyWKN GUTOCbIPpbA NIEKAPCTBEHHbLIX PAaCTEHUMA HA OTKPbITOM
BO34yXe: MPUKPbLITbIE MaTepMaNOM «arpoTeKc», cobpaHHble M Mope3aHHble
pacTeHMsa He pasneTaloTcA OT BeTpa, ObICTPO BbICbIXalOT, HE TEPAIT LUBETA U
KayecTBa (3am. Anp. Bcepoccuitckoro Hay4yHo-UccneaoBaTeIbCKOro UHCTUTYTA
JIEKAaPCTBEHHbIX U apomMmaTuyeckmx pacteHmin PACXH, H.U. CuaenbHukos).

The original action process of the model consists of soft, progressive evaporation
of water through special materials, named Agrotex, which, to my knowledge,
were not used for this purpose before. This new material provides excellent
drying as it perfectly prevents from moisture. By its little weight and comfortable
size, this sampler is easy to carry and provides perfect for botanical field
collection.

Thus | am pleased to attest that the patent is worth being produced in larger
numbers and should be proposed for sale at international level (Dr. habil. I.
Soulie-Marsche, Universite Montpellier Il, France).
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Mpenmyuwiecrea ucnonbsosaHua HMNM

1. Mpecc nonyyaeTcA MHOTOKPATHO fierye, Yem npecc ¢ rasetamu. 2. He Hy»KHO

MMETb 3anacC raset n mnx CywunTtb. 3. MOXHO 3aKknagbiBaTtb pacteHnAa, Kak noj

BOAOM (Aa*ke rnyboko nog BoAOM C UCMOJ/Ib30BaHWEM aKBaNaHra), Tak U Ha cylle

B Nt0byo0 noroay, B TOM Ynucne nog NpoamBHbIM AoXAeM. 4. Pyballkm MOXKHO

MCNonb3oBaTb MHOrokpatHo. 5. HIMM pewesne 6ymaru. 6. Pybawkum He

3a4epKnBakoT B cebe BAary. 7. PacTeHnA nerko otaenAaAtoTca oT py6aLueK, He

NMMHYT. 8. PacTeHMA NOMIHOCTbIO COXPAHALIOT CBOM LBET M Ka4ecTBo.
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METOA XMMUYECKOIO MYTATEHE3A U.A.
PANOMNOPTA B CO3AAHUU KOMIMJIEKCOB
LEHHbIX NPU3HAKOB U BUOPA3HOOBPA3UA Y
O3UMOW NLWEHULLbI

ounrec H.C., BonyeHko I.A., BonyeHKo C.T.

Poccuna, UHCTUTYT BUOXUMUYECKON dU3UKK UM. H.M. DMAHYaNnA PAH

AHHOTauuA. MpeacrtaBneH MeToh, XMMUYECKOTro MyTareHesa, OTKPbITbIN KPyMnHbIM
yyeHbiMm reHetukom W.A. Panonoptom. [laHHbIM MeTOAOM aBTOpamMu MOJy4eHOo
WMpPOKoe reHoTunuyeckoe u ¢eHoTMNMYecKoe pa3HoobpasMe XemMOMYTaHTHbIX
NPWU3HAKOB, MYTaHTOB W COPTOB MMM obnapgatowmx. PasHoobpasmne cBA3aHO, B TOM
yucne c BOSHUKHOBEHMEM HOBbIX MPU3HAKOB, HE XapaKTEPHbIX ANA 03MMOM NEHULbI.
B BuMae npumepa paccMaTpuMBalOTCA ABa HOBbIX CENIEKUMOHHO LEHHbIX MpU3HaKa:
YCTOMYMBOCTb K MYYHUCTOM POCE M OYEHb BbICOKME aAanTUBHbIE CBOMCTBA (Ha ypoBHE
P*Kn), NOAPOOHO — YCTOMYMBOCTb K PasHbIM KOMMNOHEHTaM, COCTaBAAOWMM NPU3HAK
3MMOCTOMKOCTMH.

KnioueBble cnoBa: meTo XMMMYECKoro mytareHesa M.A. PanonopTa; yCTOMYMBOCTb K
MYYHUCTOM POCE; 3MMOCTOMKOCTb; HOBblE MPWM3HAKM; 03MMas MWEHULA; KONNeKLMs
XEMOMYTaAHTOB; FeHbl; Cynpeccopbl.

BbicOKO 3pPeKTUBHbBIN METOA, XMMUYECKOTro myTareHesa 6bin OTKpbIT B Poccum
KPYNHbIM y4yeHbiMm reHeTukom WM.A. Panonoptom ewgé po Btopon mmposom
BOMHbI [1]. BoMHa nomewana onybavMkoBaTb 3TO OTKPbITUE U OHO b6blNo
onybaMKOBaHO BCKOpe mnocne BOMHbl. MeToa XMMW4YeCcKoro mytareHesa 6bin
LWMPOKO BHeApeH ewgé npu KunsHu Mocnuda AbpamoBmya B pasHble OTPaACaM
HayKu n npounssoactea B 60-bie — 90-bie roabl XX BeKa.

OCO6EHHO LWMPOKUM 6bIN0 BHEAPEHWE B CENEKUMIO CENbCKOXO3ANCTBEHHbIX
KYNbTYyp U B Ce/bCKOe X03AMCTBO. MHOrMe copTa pasHbiX Ky/AbTyp YCNewHo
npownun FocygapcTBeHHble COPTOUCTbITaHMA U BblaK BKAOYEHbl B [ocpeecTp
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CENEKUMOHHbIX AOCTUMEHWUM, [AONYLWEHHbIX K ucnonb3oBaHuio. Ocoboe
3HAYeHMe WMeNn CcopTa X/JOMYATHMKA, MWeEeHUUbl, MOACONHEYHUKa (Y
nocnegHero ¢ HOBbIMW MPU3HAKaMM, XapaKTEPHbIMU ANA ONIMBKOBOrO Macna,
4yTo 0cOBEHHO BaKHO, T.K. 0/InBbl B Poccum He npouspacTatoT). Mo npowecTemm
25 net nocne yxopa u3 Xu3HU Mocuda AbpamoBuya PanonopTta npousolna
COpTOCMeHa M Tenepb B [ocpeecTpe nNpeBanupyroT COpTa, F1aBHbIM 06pa3om,
CO34aHHblEe  TPAAUUMOHHBIMM  METO4AMM  Cenekumu C  NpUMEHeHUem
rmépumamsaummn n otbopos. ManouymncieHHOCTb B HacTosLee Bpemsa B FocpeecTpe
COpPTOB, CO34aHHbIX C WMCMONb30BaHMEM METO4A XMMWUYECKOro MyTareHesa
ob6bACHAeTCA ewé M Tem, 4YTo B [0OCY[APCTBEHHYD KOMWUCCUIO MO
COPTOMCNbITAHMIO CE/IbCKOXO3ANCTBEHHbIX KYbTyp Tenepb NOCTyNaeT MeHbllee
4YMCN0 COPTOB NO cpaBHeHMto ¢ 60 —90 rogamm NPOLINOro BEKa, YTO 0H6bACHAETCA
TPYAHON AOCTYNHOCTbI XMMMUYECKUX CYyNepMyTareHoB, PeEKOMeHA0BaHHbIX U.A.
Panonoptom. HoBble xeMOMyTaHTHble COpTa Tenepb BO3MOXHO CO3/4aBaTb,
4yepnasa UCXOAHbIN MaTepuan U3 KOANEKLUMA XEMOMYTAHTOB Y CE/IEKLMOHEPOB,
r4e OHW COXPAHUINCL CO BpeMeH XX BeKa. TaKMX KONIEKLMIM B HAacTosALLEee BpemA
HEMHOro, T.K. Yy Ce/NleKUMOHEepPOB OrpaHUYEeHHble BO3MOMKHOCTU  UX
BO30OHOB/NIEHMA M COXPaAaHHOCTU. pynna MyTauMOHHOWM Cenekumu, KOTopom
Y4,a/10Cb COXPAaHUTb KONNEKLUMIO, NPOLOMKAET U3y4YeHUe MyTaHTOB U BblaeneHune
Cpean HUX NyYWKnX. XapaKTepHON 4YepTor KOANEKUMU ABNAETCA e€ LMPOKoe
reHoTUnNMyeckoe U ¢GeHoTUNMYecKoe pasHoobpasne, B TOM u4uc/ie 3a cyeT
BO3HMKHOBEHWA HOBbIX XEMOMYTAHTHbIX MPU3HAKOB.

B Hawwux nccnepgoBaHuAx 66110 HageHo Hanbonee apPeKTMBHOE BO3AENCTBUE
(M3 UcnbITaHHbIX) cynepmyTareHOM Ha O3MMYIO0 TMWEHULY, cocTosilee B
npeobpasoBaHUM FrEHOMA NPU BO3SHUKHOBEHMW MHOKECTBA FEHHbIX MyTaLnii 6es
noBpeXAeHUA reHeTUYECKOro annaparta KAeTku [2], BKAtoYasa anureHeTuyeckue
npoueccbl. C MNOAYYEHHbIMXU MyTaHTamn, o06naJ3OWMMU  XO3ANCTBEHHO-
LEeHHbIMW MNPU3HAKaMK, BEAETCA WCKYCCTBEHHbIM OTOOP C HaNoXeHUem
3/1eMEHTOB ecTecTBeHHOoro otbopa. MocneaHee ocobeHHO nposBnaeT cebs B
HebnaronpuATHbIE MO KAMMATUYECKMM YCAOBUAM FroApbl.

Hanbonee 3ddekTMBHbIM  BO3gencTBMEM  Oblna  o0bpaboTka  cemsaH
BbICOKOMYTabWAbHOro COpTa O3UMOM MWEHULbl 3STUNEHMMUHOM B ao3ax 0,01—
0,04% npu 3kcno3numm 24 yaca. bbino nonyyeHo WMpoKoe pasHoobpasue
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NMPU3HAKOB M BbICOKWUIM BbIXOA MyTaUMM M MYTAHTOB WX HECYLLMX, BKAKOYAA
CEeNEeKUNOHHO LeHHble [3]. Mpu aToM cenekUnoHepy npeaocTaBaatoTca bonbline
BO3MOHOCTWU BbIOOpPa MYTAHTOB C HYMKHbIMWU NMpPuU3HaKaMu. MHOMKECTBEHHbIE
reHHble myTaumm 6e3 nnenoTponHoro appexkTa BO MHOrOM ONpeaenaArT 3TO
LULMPOKoe pa3Hoobpasune, a nocnegHee — BO3MOMXKHOCTb MCMO/Ib30BaHUA LEHHbIX
NMPU3HAaKOB B pPasHbiXx BOCTPebOBaHHbLIX HanpaBneHuax: 1) 3epHoBoe
NPoOAOBONLCTBEHHOE; 2) 3epHOBOE dyparkHoe. 3) 3eNEHOKOPMOBOE, Ha CUJIOC,
CEeHaX, 3epHoceHaX, ceHo; 4) 3Konoruyeckoe; 5) 3KoHomMueckoe; 6)
MeAULMHCKOe; 7) HaXxoXAeHWe  SKOJIOTMYECKUX  HUW, B  KOTOPbIX
COOTBETCTBYHOLLME MYTAaHTHbIE reHbl HAMboiee APKO NPOABNAIOT CBOE AelCTBUE.
[JanbHenwee mnayyeHne KONNEKUUM MYTAHTOB BO3MOXKHO BbIABUT €LLE KaKue-
NMbo HanpaBNeHWA WCNOAb30BaHUA LEHHbIX Npu3HakoB. [MocneaHee 7-oe
HanpasneHWe onpeaennno BO3MOXKHOCTM CO34aHMA HOBbIX XEMOMYTAHTHbIX
COpTOB ANA pa3HbiXx pernoHoB CtpaHbl: LleHTpanbHoro, 3anagHo-Cnbupckoro,
CeBepo-3anagHoro, CTaBpONO/AbLCKOrO KpadA, a TaKXe ana BocTtoyHoro
KasaxcTtaHa.

MpuBoAMM KPaTKYIO XapaKTEPUCTUKY XEeMOMYTAHTHOro COpTa, O4HOro wu3
nepsBblX HaWwMX CcOpToB, npoweawmnx [ocynapcCTBeHHOE COPTOMUCMbITaHME W
BHeApEHHOro no LleHTpasnbHOMY pernoHy Poccuu.

CopT umeHun PanonopTa

BkntouéH B locpeecTp CENEKUMOHHbIX AOCTMMKEHUW, OONYLWEHHbIX K
ucnonb3osaHuto B 1995 rogy. B HacToAwee BpemAa COPT BblpaliMBaeTcA B
MockoBckoi, TBepcKkoi, Ps3aHckon obnactax. Obuwasa naowanb cocTaBasieT
6onee 1000 ra. B MocKoBckoi 0bnactn oxBadeHbl cenyac AMUTPOBCKUIN U
KnnHCcKnM panoHbl. PaHee copT BblpawmBanca B paMoHax: HOrMHCKOM,
EropbeBckom, MNogonbckom, Moxarckom, JlyxoBuukom, CepebpsaHO-NpyaCKOM.
HoBaA cuTyaums B cenbCKom xo3ancTee B KOHUe 90-x roaos 20-ro Beka cy3uaa
apean pacnpocTpaHeHua copTa B MOCKOBCKOM 06s1acTy, O4HAKo naowaau
NoceBOB NOA HUM YBEIMYMIUCH. IMeeTCA NepcneKkTnBa pacnpocTpaHeHUA copTa
B PA3aHCcKoM obnacTum.

CopT meHuM PanonopTa xapaKTepm3yeTca BbICOKMMU aAanTUBHbIMU CBOMCTBAMM
[4] — 3MMOCTOMKOCTbIO, 3aCyXOYyCTOMYMBOCTbIO, HeTpeboBaTe/NbHOCTbIO K
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TEXHOJIOTUAM  BO3A4e/biBaHMA, arpodoHy, BbICOKMMKM  xnebonekapHbiMK
cBoMcTBaMM [5], YCTOMUYMBOCTbIO M TONEPAHTHOCTbIO K KOPHEBbLIM THUNAM,
HU3KoTeMnepaTypHbiM  canpoduTHbiM  ¢uTOMaToreHam [6], BO3pacTHOM
YCTOMYMBOCTbIO K 06AMraTHOMY ¢puTONaToreHy — My4HMCTOM poce. HekoTopsble
M3 3TUX NPU3HAKOB NPEeACTaBAAOT coboi HOBU3HY: 1) KaK He xapaKTepHble Ans
O3MMOI MNIUEeHMLbI M BO3HUKWIME MOA BAMAHMEM MyTareHa. 2) UHble —
NPeAcTaBnAloT coboi HOBU3HY MO CTEMEHM BbIPAYKEHHOCTU U APKOCTM
nposBAEHUA.

B nepBom cny4yae 1) npM3HaK yCTOMUYMBOCTM K MyHHUCTOM poCe ABNAETCA HOBbIM,
T.K. TEHETUYECKM He CBOMCTBEHEH A1 03MMOW MWEHULbl C TPEeMA reHOMaMMu,
npousoweawmMmn OT pasHbiX MUCXoAHbIX ¢opm [7]. B HacToswee BpemsA
CYLLECTBYET HEACHOCTb: ABNAETCA /IN FeH YCTOMYMBOCTM HOBbIM, BO3HUKLUMM B
pe3ynbTaTe MyTaLMW, UAK OH CYLLECTBOBAA B reHOMeE, HO Bbln NoOAaBAEH FreHOM
— Cynpeccopom, MyTaLMsa KOTOPOro N03BoAMAA NPOABUTLCA FEeHY YCTOMYMBOCTH
[7]. UTaK, Npu3HaK YyCTOMYMBOCTN K MyYHUCTOMN pocCe ABNAETCA HOBbIM, B 060MX
CNyyanax, a MYTAHTHbIM reH 6yaeT HOBbIM, €CIM OH BO3HWK MoA AeNCTBMEM
MyTareHa, u He 6bl1 B reHOMe A0 ero A4eMUcTBUA 1 Nposasuca nocne. Mbl roBopum
06 04HOM reHe yCTOMUYMBOCTU K MYYHUCTOM POCE, NOCKONbKY Hall reHETUYECKUIA
aHa/NN3 NOKa3a/l MOHOTEHHYO YCTOMUYMBOCTb.

Kakol 13 3TUX ABYX MEXaHU3MOB YCTOMUYMBOCTM K MyYHUCTOM pOCe, BbI3BAHHOM
AEeNCTBMEM MyTareHa, cyllectsyeT y copta MimeHn PanonopTa, A4/1a Hac NokKa He
ACHO. AICHO, YTO 3TOT NPU3HAK HOBbIN. MIMeeTcs BO3MOMXKHOCTb MCCNeAO0BaHUA
AaHHOro Bonpoca 6onee noapobHo.

Cneaylowmii NPU3HaK, KOTOPbIM Mbl OTHOCMM K HOBbIM — 2) cay4am
XapaKTepusyeTcss BbICOKOM CTENEeHblD €ero  BbIPAXKEHHOCTU U APKUM
nposasieHnem. [lJaHHbIM MPU3HAKOM B MNOJHOM Mepe obnagaet copT UmeHu
PanonopTa. 3To 04YeHb BbICOKME aAanTUBHbIE CBOMCTBA, KOTOPbIE MMEKTCA U Y
APYrUX HalWnX COPTOB.

BbicOKas cTeneHb BblpaXKEHHOCTM NPU3HAKa oTan4yaeT copT MimeHn PanonopTa m
[ipyrue Halu copTa OT UHbIX COPTOB, NOYYEHHbIX 6€3 NCNOoNb30BaHMA MeToaa
XMMMYECKOrO MyTareHesa. BbICOKMM aganTMBHbIM CBOWMCTBaM copta MmeHu
Panonopta M ApyrMm XeMOMYTAHTHbIM copTaM W 06pasuam KoasieKumu
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CBOMCTBEHHA MHOFOKOMMOHEHTHOCTb TMpPU3HAKa, BK/OYAOWAA HECKO/bKO
cocTtasnaowmx. K npumepy, oaAnH TONbKO MPU3HAK BbICOKOM 3MMOCTOMKOCTM
BKAtOYaAEeT B cebA, No KpaliHel mepe, WecTb KOMMOHEHTOB, KOTOPbIE Mbl MOT/IU
HabntoaaTb, COCTaBAAIOWMX AaHHbIA MPU3HAK: 3TO YCTOMYMBOCTb K HU3KMM
TemnepaTtypam — K BbIMep3aHMi0 (MOPO30OCTOMKOCTb);  BbIMOKaHMIO;
BbIMPEBAHMIO; 3a4blXaHMIO MOA CHErOM; K CHEXHOM nneceHu (K nocneaHen —
TONEPAHTHOCTb); K NeAAHbIM KOPKaM U AaKe K TOJILLE /1bAa; BbIMUMPAHMUIO.

Mpounntoctpupyem KpaTko nosegeHue copta WMmeHm Panonopta B
LleHTpanbHOM pernmoHe B OTHOLEHMW NPU3HAKA 3UMOCTOMKOCTU U KOHKPETHO —
B OTHOLLEHWM Pa3HbIX KOMMOHEHTOB, COCTABAAIOLWMX 3TOT NPU3HAK. He cnyvyanHo
ANA aHanu3a b6bin B3AT OTPE3OK BpeMeHMU, Korga Hambonee yacto Habaaanncb
HebnaronpuATHble U KpanHe HebnaronpuATHbIE MO KAMMATUYECKMM YC/I0BUAM
rogbl: 1994 — 2001, T.e. BpeMEHHOM NPOMENKYTOK 3a 8 neT.

Foa 1993/94. HornHckuiA paioH MoOCKOBCKOW 061acTu, X03aMcTBO KyaMHOBO.
OceHblo 1 B Hayane 3MMbl, KOraa eLLé He Hbl10 cHera TemnepaTypbl ONYCKAIUCh
Ao -25°C. CHer ponro He BbiNagasn, a Koraa Bbinaa Bo 2-0M NONOBUHE 3UMbI, TO
6b1n1 0o4eHb 06UNbHBIM, BbICOTOM 6onblue meTpa. OH A0NTO He cxoAMAn U cTan
TennonpoBoAHbIM. B mapTe co3ganuncb ycnoBuA NA AbIXaHUA PacTEHUM Mog,
CHerom npu oTcyTcTBMM GOTOCUHTE3A. PacTeHns pacxoaoBanun camu cebs. Takue
YCNI0BUA OKA3aMUCb KpaHe Heb1aronpuATHbIMM, SKCTPEMA/IbHbIMM 1A 03MMOM
nweHuubl. CopTa, Bo3denbiBaemble B HoOrMHckom parioHe B 1993/94rr.
MupoHoBcKaa 808 1 3apAa He BbIHEC/IN 3TUX YCNOBUIN 1 NOrMbam Bo Bcex YeTbIPEX
X03AMCTBAX, XOTA paHee NPOABAAIN BbIHOCAMBOCTb. O4EeBUAHO NX BbIHOCIMBOCTb
6blna HegoCTaTOYHOM, YTOObI BbIXKMUTb B SKCTPEMA/IbHbIX YC/IOBUAX OCEHU, 3UMBbI
n BecHbl 1993/94rr. C 3epHOM 03MMOM MLUEHULbI OKa3a/10Cb TO/IbKO XO3AMCTBO
KyauHoBo, y KoToporo 6bino 30 ra. noceBa copta WMmeHwm PanonopTa,
cdopmmpoBaswero ypoxain 47,6 ufra. (puc. 1) Ha o4eHb HU3KOM arpodoHe
necyaHbIX M cynecyaHblx No4ys. [pyroi Haw XeMOMYTaHTHbIM copT benana Takxe
IOCTOMHO nepeHéc 3Tn ycnosus. Ero yporkali coctasnan 41u/ra. Mocne 1994 r.
BCe x03A1cTBa HOrMHCKOro panoHa
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CTaan CeATb TONIbKO copT um. PanonopTa,
OTKasaBWMUCb OT copTtoB MupoHOBCKaA
808 n 3apa. CoBlpta Mockosckaa 39,
KOTOpbIA celyac pacnpocTpaHEéH B
Poccuun, Torga ewé He 6bino. OaHako,
Tenepb B YCAOBUAX 30H PUCKOBAHHOIO
zemnegenna copt MockoBckaa 39 He
Bceraa BblAepXKMBaeT ocobo
3KCTPEMaNbHble YCNOBMA U NO HAWMM
HabnogeHnam  3MMyeT Ha  YpPOBHe
coptoB MunpoHoBscKaa 808 n 3aps.

MpoBOKaLMOHHbIE ycnosus ans
Bb>KMBaHMA B 1993/94rr. B HormHckom
parioHe 6bln: BbiIMep3aHue,
BbINMpPaHWe, 3a4blXaHNe Nog CHEFOM.

lop 1995, cheayoWwmMn 3KCTPEMANBbHBIN.
Yporkaii 47,6 u/ra. 1994r. HOrMHCKMIM palioH x03a1icTBO KyauHOBO.

HoruHckmit paitoH, x03aicTBo CHer coweén paHo — B mapte. bbina
KyanHoso, 100%

. naLcoBaAa Temnepatypa WU pacTteHunA
nepesmmoBaBLLUUX PaCTeEHUN.

Ha4yann BereTMpoBaTb. 3aTeEM HECKONbKO
pas B TeYeHUM MapTa Habnoganucb KOHTpacTUpylowme TemnepaTypbl OT
natocoBbix Ao -12, -15°C. PacteHua copta MmeHn PanonopTa HECKONbKO pas3
3amep3anan n ottaneanm. Kak 6ol Benum ceba B 3TUX yCI0BUAX CTaHAAPTHbIE cOpTa
MupoHoBcKaa 808 n 3apa Mbl He 3HaeMm, T.K. UX He BbiCeBaan nNpu Hac. Koraa
HacTynMa MOpPO3 B OTCYTCTBMW CHera NO NOJ0BOAbLIO pacTeHuAa copta MmeHu
PanonopTta oKasanucb B TOAWE NbAa, YTO OMNacHee, Yem neaaHasa Kopka. J1éa
6bln NPO3pPayYHbIM M pacTeHMA B HEM NPOCMATPMBANUCh KaK BOAOPOCAN, pebAaTa
KaTaMCb MO 3TOMY NbAy Ha KOHbKax. Cneunannctel Npegpekanun rmbenb copra.
CopT He normb, Ho cTebnectoit nopegen. Yposkai coctasun 24 — 26 u/ra.
MoaobHoe M3pexMBaHME CNyYaeTCa C COPTOM MM. PanonopTta KpaliHe peaKo U
Ha NPOTAXeHUU aanbHenwmnx 20-Tn net ero He 6biN0. MNoA06HbIN ecTeCTBEHHbIN
OT60p, HANOMKEHHbIM Ha TEHETUYECKM BbI3BaHHYH BbICOKYH 3MMOCTOMKOCTb,
NPULWENCA Ha NOAb3y COPTY M €ro 3MMOCTOMKOCTb BO3POC/a.
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MpoBOKaLUWOHHbIE ycnoBUA B Xx03sUcTBe KyauHoBO HOrMHCKOro paiioHa Aans
BbIXXMBaHMA B 1995r.: BbIMOKaHMe, BbiImep3aHue, oniefeHeHune.

Ffog 1997/98 KpaHe 3KCTpemanbHbIM No nepe3MmoBKe. MNoA0NbCKUIA PaMoH,
Yuxo3 Mwuxannosckoe, KpacHasa MNaxpa, OnbiTHoe none MCXA. OceHbio 1997
roga, Koraa npu OTCYTCTBMM CHera (aHanorMyHo oceHu 1994r.) temnepaTypbl
onyckanucb Ao -25°C m Hmke. BecHa 1998 r. 6bina bHecnpeueaeHTHO
HebnaronpuATHOM: MoOcC/e cxXxoZa CHera B KOHLE MapTa M Hayasa Beretauuu
pacTeHUM NPU HACTyNAEHUM MOJIOKUTENbHbBIX TEMMNEPATYp, BbiNaa CHer. 3aTem
OH pacTaan M — CHOBa BereTauma. Ho Korga BO BTOpPOM pa3 BbiMan CHer Ha
BEreTMpylowme pacTeHMa W CHOBa OH COWEN B Hayane Mmasa, npeacrana
KOHTPACTHaA KapTuHa (puc. 2) XeMOMYTAHTHbIA COPT MMeHM PanonopTta He
n3peanncs, ypoxanm ero coctasun 46,7 ufra., a psagom pPacrnoNOXKEHHbIN
CTaHAAPTHbIA copT MHHa, co34aHHbIA TPAAUUMOHHBbIMU MEeTo4aMKn cenekumm
BHE MeTOZa XMMMYECKOro MyTareHesa, He nepe3mMmoBal. To e Habaoganoch B
JlyxoBULKOM palioHe.

MNepe3umoBka copra o3umon nwexuust MM. Panonopma s cpaBHeHuu ¢ copTom MuHa (cmandapm)
Mockogckan obn. MNogonbckuh p-H. Yuxo3 Muxainosckoe. 1998 rog ¢ kpaitHe HebGnaronpuATHLIM
OceHHe-3uMHe-BeCeHHEM NEepPUOAOM: CHEeXHAan NNeceHb, BbIMOKaHue, BbiMep3aHue, BbinpeBaHue.

Cnesa — copm UmeHu Panonopa. Cnpasa

(4epes npomMexyTok) — copT
95% nepe3uMOoBaBLUMX PaCTEeHMIA. WHHa, cmandapm. 95% rubenu pacreHuit
Ypoxaii1 46,7 u/ra. nocne 3umbl: Ypoxawn 0.
PucyHok 2.

CopTt MockoBckas 39 B MNogonbckom n OANMHLOBCKOM paloOHax nepe3MmoBan
TONbKO Ha 10%.

MpOBOKaLMOHHbIE YCNOBUA Ha BbKMBaHMe B 1997/98r. 6biaun: Bbimep3aHue,
BbIMOKaHWe, CHeXHaA nneceHb, BbiNUpaHMe, NeAHAA KOPKa, 3adblXxaHWe nog

cnhoem BHOBb BbliNaBLWIEro CHera.
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Ffoa 1999. KpaliHe HebnaronpuaATHbIA BeceHHUMN nepuoa. MoaoNbCKUIA PalioH,
Yuxo3 MuxannoBckoe, KpacHasa MNaxpa, AepesHaA bbioBo.

[NpOoBOKaLMOHHbIE YC/IOBUA HA BbIXKMBAHME: BbiIMep3aHUe, BbIMOKaHWe, neaaHas
KOpPKa, oneaeHeHne, 3aabiXxaHmne B Bo4e npum BbICOKUX TEMNEPATYPAX BO34yXa.

CopT benas. MoaonbCkum panoH. Yuxo3 Muxannosckoe. OnbiTHoe none MCXA.
HdepeBHA lonoxBacToBo. BecHolt cHer cOWwén B KOHUE anpena npu 6ypHom
TasHuu. MonAa 6blAM 3anMTbl BOAOWM NpU  BbiCOKOM natocoson (+23°C)
TemnepaTtype Bo3ayxa AHEM. 3emna npu 3Tom bblna npomépswen. HoyHble
TemnepaTtypbl ObIIN HASKMMKU M 3eMNIA 4ONTO He OTTanBana. Houbto 6bin nég, a
AHEM — pacTeHMAa CToAAM B Boge. Becb 3TOT Komnaekc HebnaronpuATHbLIX
dakTopoB bbIN rybuTenbHbIM Ana pacteHnin. Ho copt benasa BbIKWA, HECMOTPSA
Ha TO, YTO BMA, NONA NOC/Ae yCTaHOBMUBLUEMUCA BereTauum bbln MEPTBbIM, a
pacteHna — 4YépHbimn. CopT OTpoc, 06/1aaan BbICOKOM pereHepaunoHHOM
CNocobHOCTbIO U chopmmpoBan ypoxkan 40 u/ra.

[MpOBOKALMOHHbIE YCNOBUA ANA BbIXKMUBaHMA 1999r.: BbiImep3aHMe, BbIMOKaHue,
rmbenb BO ibay, 3aAbIXaHMe B BOAE.

lfog 2001. NMogonbCcKnia panmoH, Yuxo3 Muxannosckoe, KpacHas Maxpa. CunabHoe
nopaxkeHMe CHEeXHOW nseceHblo copTa MM. PanonopTta U CTaHAAPTHOrO copTa
Mockosckaa 39 — 90-100%. MNocne nopaxkeHMa CHEXHOW N/eCeHbl0 PacTeHUA
copta um. PanonopTta, 061anaa BbICOKOM pereHepaLuoHHOM CNOCOBHOCTbIO U
TONIEPAHTHOCTbIO K CHEXXHOM NaeceHu, 6bICTPO OTpacan. YporKkalh ero coctaBun
40u/ra. CopT MocKoBckas 39, o6s1agas  MeHbleW pereHepaumoHHOM
CNOCOBHOCTbLIO U OTCYTCTBMEM TOJIEPAHTHOCTU, OTpoc cnabo. Yposkan 8u/ra, T.e.
B 5 pas HUXKe No cpaBHEHMIO ¢ copTom um. Panonopra.

3a npomexyTok BpemeHn ¢ 1994 no 2001rr., T.e. 3a 8 neT, KpanHe
HebnaronpuATHbIE YCI0BUA NePe3nMOBKMN NOBTOPAANCH 4 pasa, Kaxkapble 2 roga.

Yactoe nOBTOpPEHME 3KCTPEMAsbHbIX YCNOBUA MNEPE3MMOBKM MOMOI0 Ham
BbIABUTb BbICOKO3MMOCTOMKME XEMOMYTAHTHble copTa M ob6pa3supl, a TaKxKe
NPOaHaNN3NPOBATb B OTHOLUEHMW KAKMX MapamMeTpoB MNepesrMMOBKM Hallun
XEMOMYTaHTHbIE COpPTa MPOABAAKT BbIHOC/ANMBOCTb. OcOBEHHO BHMMATENbHO
n3yymnm copt MmeHn PanonoprTa.
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3a 3TO0 Bpems npupodoih ObiM  npepocTaBneHbl Bce Habawaaemble
HebnaronpuATHble $aKTopbl Nepe3nMoBKU. MPOBOKALMOHHbIE YCNOBUA ANA
BbIMEpP3aHUA MOBTOPAAUCL Haubonee yacTo. Mogpl 1997/98 6binn Hamnbonee
6oratbl Heb6naronpuATHbIMU pakTopamm nepesmmoBKku. Copt Um. PanonopTa mx
BblAEPrKaN: He BbiNaAa/l, He U3PEKMBAJICA, COXPaHAN ypOrKali M B nNocaeaytowme
rogbl. COpT OKa3asnca 3acTpaxoBaHHbIM OT BbINag0B U rMbenn Ha reHeTUYeCcKoM
ocHoBe. Mbl 3TOT ¢eHOMEH Ha3biBaeM MHOTOKOMMOHEHTHON YCTOMYMBOCTbIO.
3Ta YCTOMYMBOCTb OMPeAEeNnaa O4YeHb BbICOKYHO APKO BbIPAXKEHHYK CTEeMNeHb
3MMOCTOMKOCTM, YTO MNO3BOAMIO 3TOT MPU3HAK Ha3BaTb HOBbIM. Bnarogaps
3TOMY ypoOrKaii copTa MUmeHun PanonopTa cTabuieH no rogam.

Cnu1coK nutepartypbl:

1. Panonopt MN.A. KapboHWAbHbIE COEAMHEHNA U XUMUYECKMI MeXaHu3m myTauui. //
JOoknapgbl A.H. CCCP. 1946. T. 54. Ne1l. c. 65 — 68.

2. durec H. C., Baticdenbg /1. U., BonuyeHko . A. CneumduUHOCTb XMMMUYECKOTO
MyTareHesa Ha O03MMOWM MWEHWLE WM CO343aHME MYTAHTOB C MHOMXECTBEHHbIMMU
MyTaUMaMK, onpeaenaolmMmm Hanbonee BaxHble NpusHaku. // Tesucol 4oKknagos |
cbe3ga Bcepoccuiickoro BaBWAOBCKOrO 06LLecTBa FEeHETUKOB M CeNeKLMOHepoB
(BOImC). CapaTtos. ekabpb 1994. l'eHeTuka. 1994. T. 30. MpunoxkeHue. C. 187.

3. Jurec H.C.,BonuyeHko A.,, BonyeHko C.I., KysHeuosa H./1.,, Baicdenbg /.U,
KaxpumaHoBa H.H. HekoTopble 3aKOHOMEPHOCTM METOoAa XMMMUYECKOro MyTareHesa
npu NpMMeEHeHUM Ha 03MmON nweHuue. MNoceawaetca U.A. PanonopTy B rog 100-
NeTua co AHA poxaeHus. // 36ipHUK HayKosux npaupb 100-pivyto Big, AHA HAPOXKAEHHSA
N.A. PanonopTta NpuceaYyTbcA. «HayKoBbIHMI MyTareHe3 B ceneKuil pocauH. BHAY.
bina Uepksa. 2012. C. 13 — 29.

4. 3dunrec H.C., BonueHko [.A., BonueHko C.I. MeToa XMMWYECKOro MyTareHesa B
CO343aHUM CBOWMCTB BbICOKOM adanTUBHOCTM Y O3MMOM MWEHWUUbI AAA PasHbIX
pernoHos. // [loknaapl n coobuieHna | MexayHapoaHON HayYHO-MPaKTUYECKOW KOHG.
8 — 13 anpena 2013r. «feHodOHA, N cenekuma pacteHnn». Monesblie KynbTypbl. T. 1.
Hosocmbupck. 2013. C. 582 — 590. ISBN 978-5-906143-25-9.

5. 3iirec H.C., BonyeHko I.A., BonyeHko C.I'., JoHew H.B., KysHeuoBa H./., YnenHuek
B.M. MNpumeHeHWe HEKOTOPbIX LEHHbIX MPU3HAKOB XEMOMYTAHTOB O3MMOM MLIEHMULbI
B CENIeKLIMOHHOM npoLecce 1 B cenbckom xo3anctsee. // BUOTEXHO/TOTUNA n kayecTBo
XU3HU.  MexKayHapogHasa  HayvyHo-MpakTUveckaa KoHdepeHuua. B pamkax
MockoBckoro MexayHapoOHOro KoHrpecca «buoTexHonormsa, coctosHue w
nepcnektusbl passutna» 18 — 20 mapta 2014. Mockea C.217-218. lNMog, naTpoHaxKem
npasuTenbcTea MoCKBbI.

6. durec H.C., BonueHko I.A., BonyeHko C.I'. TonepaHTHOCTb K HU3KOTEMNEpPATypHOMY
duTONaTOreHy, NoAy4eHHasa C UCNOb30BAHMEM METOAA XMMUYECKOTO MyTareHesa y
o3umoit nuweHuubl. // B cb6. Tpygoe IX MexayHapoaHoi KoHd. «®daKTopbl
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3KCMEepUMEHTa/IbHOM 3BONOLMU OpraHuamoB». (22 — 26 ceHTabpa. 2014. Kues).
NHCTUTYT MonekynapHoi 6uonorum n reHetnkn YAH. U3a. Nloroc. YKpanHcKkoe 06-80
reHeTUKOB U cenekunoHepos um. H.U. Basunosa. 2014. T. 14. C. 172 — 176. ISSN 2219-
3782.

7. dnrec H.C., BonueHko T.A., BonueHko C.I. YcTOMYMBOCTb K MYYHUCTOW poce,
BO3HMKLLUAA NOA BAUAHUEM CynepmMmyTareHa 3TUAEHUMMHA — HOBbIA M NPU3HAK ANA
03MMOW MArKOM  rekcansouaHon nweHuupl? // Te3nm ponosigent MixkHapogHoi
HayKoBOM KOHdepeHLji «CeneKkuiiHo — reHeTMYHa HayKa i ocsiTa» (19 6epesHs 2013
poky) YAH. YmaHb. 2013. C. 119 — 121. (YKpauHa).
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SECTION 4.
TECHNICAL SCIENCES
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OnbIT CTPATUGUKALUMU B YNIPABJIEHUU
KAYECTBOM MALUMHOCTPOUTE/IbHOM
NPOAYKL MU

AcnaHosB 3.10., 9dEHAMEB 3. M.

A3EPBANOXAH, ASEPBEAVMAMAHCKMIM TOCYAAPCTBEHHbI SKOHOMMWYECKUIA
YHUBEPCUTET

AHHoTauuA. Cpean CTaTUCTMYECKMX METOZOB KOHTPOASA KayecTBa ocoboe mecTto
3aHMMaeT cTpatudmKaums. MpoBeaeH aHaN3 KayecTBa BYPUIbHOIO MHCTPYMEHTA C
a/IMasHbIM  Hanbl/IeHUEM pPeXylen 4YacTu. AHanM3 CTaTUCTUYECKMX JaHHbIX,
CrpYNMNUpPOBaHHbIX MO MPUHAANEKHOCTU K Kaxkaon paboyen bpurage B oTAENbHOCTY,
NnokKasa/l He0b6X04MMOCTb KOPPEKTUPYIOLLEro BO3A4ENCTBUA 415 NOBbILLEHUA KayecTBa
a/IMa3HOro HanbineHna 6ypunbHOro WHCTpymeHTa. CTpatuduKaumsa nossondeT
Nnoay4ynTb NpeacTaBNeHNE O CKPbITbIX NPUYMHAX AedEKTOB.

KniouyeBble cnosa: CTpaTMd)MKaLLMﬂ, Ka4yecCTBO, TMCTOrpamMmma, HanbolneHume.

BeepeHue. COBpEMeHHbIe noaxoAabl K ynpasaeHMO KaveCtBOM MnpeanonaratoT
BHeApeHNE CUCTEMbLI KOHTPOANA NMoKasaTesiel KayecTsa npoaykumnmn Ha BCeX
3Tanax ee *XWM3HEeHHOro uukna, Ha4nHaAa OT MNPOEKTUPOBAHUA U 3aKaH4YMBAA
nocnenpona*xHbim O6CI'IY)-KMBaHVIeM. NMpumeHAOTCA pa3/IMYHble MeToAbl
KOHTPONA Ka4yecCTBa NpoAyKuuu, cpean KOTOPbIX ocoboe mecTo 3aHMMmaloT
CTaTUCTUYECKHUE METOAbI.

CneyManuctbl BblAENAIOT HECKONIbKO OCHOBHbIX CTaTUCTUYECKUX METOA0B
KOHTPO/1A KayecTBa, K KOTOPbIM OTHOCATCA cneaytowme: [1]

— rucTorpamma

— Auarpamma lapeto

— cTpatudumKayma (paccnoeHune)

— Anarpamma McuKkasbl (NPUYNMHHO-CNeACTBEHHAA AMarpamma)

— KOHTPOJIbHaA KapTa
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— MeTop «6 cnMrman.

B ynpaBneHUM KayecTBOM YacTO MCMNONb3YIOTCA MeToAbl, pa3paboTaHHblie ann
Apyrux obnacten aeatenbHocTu. Tak, amarpamma lMapeto 6bina paspaboTaHa
nocse 1-i MMPOBOI BOWHbI AN1A SKOHOMUYECKUX UCCedoBaHNIi. TncTorpamma
OTpa)kaeT 3aKOH pacnpefenieHua Cc/ydalHblX BennduH. Metoa «6 curma»
No3BONSAET NPaBM/IbHO Bbl6paTb ONTUMA/IbHbIE AOMYCKU Ha pa3mep.

CTpatudmKauma TaKKe MNepBOHAYANbHO MpPUMeEHANacb Ana  GU3NYECKUX
npoLeccoB, nNpeAnoceBHOM MOATOTOBKM CEMAH, KJ/acCOBOro pasfaeneHus
obuiecTBa 1 ApPYrux NOHATUMNA.

MeTog cTpaTUdMKaUMM WM paccnamBaHMA ABAAETCA OAHUM U3 Hanbonee
3P EKTUBHbBIX CTATUCTUYECKMX METOAO0B, WMPOKO MCMNONAb3YEMbIX B CUCTEME
yrnpaB/ieHMA KayecTBOM. B cooTBeTCTBMM C3TMM  MeETOAOM  NpPOBOAAT
paccnavBaHWe  CTaTUCTUYECKUX  OaAHHbIX, T.e.  TPYNAMPYIOT  AadHHble
B 3aBMCMMOCTM OT YCNOBUIN WX MOSIlYYEHUA U NPOU3BOAAT 06pabOTKy KaxKaoM
rpPynnbl JAHHbIX B OTAENbHOCTW. [2]

[aHHble, pasgeneHHble Ha rpynnbl B COOTBETCTBMM C UX OCOBEHHOCTAMM,
Ha3bIBAOT CNOAMM (CTpaTamMu), a cam NpoLecc pa3aeneHms Ha cnom (cTpatbl) —
paccnamBaHnem (ctpaTudukaumeint). PesynbTaTbl cTpaTUPUKaLMM  YacTo
NMOKa3bIBalOTCA B BUAE AMarpamMmm u rpadmKos.

B ynpaBneHMM KayecTBOmM cTpaTUdMKaumMa — OCHOBA AN APYrMX METOA0B,
TaKWX, Kak aHanu3 lNapeTo MAM AuarpaMmbl paccemBaHuA. Takoe coyeTaHue
MeToA0B AenlaeT ux bonee aPpPeKTMBHbIMM.

Ha malwunHocTpouTenbHOM npeanpuatTun HedtaHoro obopyaoBaHus Obin
nposefleH aHaAM3 KayectBa OYpPUIbHOTO WMHCTPYMEHTA C  a/iIMa3HbIM
HanblIEHUEM PEXKYLLEN YacTn ANa BypeHUa CKanbHbIX NOpoA. Bblan nony4yeHsi
CTaTUCTUYECKME [AaHHble MO TO/NWMHE CNoA HanblieHus. daKTopamu
CTpaTUdMKaALMM MacCMBa CTAaTUCTUUYECKUX AAHHbIX BblaM BbIBpaHbl TP 6puraapl,
paboTatowme Ha aToM y4yacTke.[3,4]
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MapameTp TONWMHbI C/I0S HaMbIIEHUS U3MEPAACS AN Kaxkaon 6bpuraapl
oTAenbHO. bbin NpoBeaeH aHaNn3 KayectBa OYpUAbHONO MHCTPYMEHTa OAHOM
HOMEHKNATYpPbl B Te4eHne pabouel Heaenn no Kaxkaon bpurage.

Mocne cbopa CTaTUCTUYECKUX [AaHHbIX Obla NOCTPOEHa rMcTorpamma,
oTobparkalollas cayyamHoe pacrnpeaesieHWe rNaBHOro napameTpa KayecTsa
NPOAYKLMM — TONLMHbI C/10A a/IMa3HOro HanblAeHUA.

fMcTorpamma, xapaktepusytowasa paboty Bcex 3-x bpurag, MMmeeT HOPMabHbIM
XapakTep pacnpegeneHua napameTtpoB. Popma rMCTOrpammbl MOKa3biBaeT
pacnpeaeneHune 6ansKoe K HopmanbHomy. (Puc.1)

TonuwuHa c10s aAIMa3HOro Hanbl/IeHMA BO BCEM NAPTUKN He BbIXOAMUT 3a npeebl
AonyckoB. He cTpatudmuMpoBaHHble AaHHbIE MOKa3blBAlOT, 4YTO Mpouecc
OCYLLECTBNSIETCA HOPMaJbHO U He TpebyeT KOpPeKTUPYIOLWUX BO3AENCTBUMN.
OpAHaKo, ecnmn NpoBecTn cTpaTuduKaumio no paboumm 6puragam, To CUTyauus
b6yaet cheayowas.

1. AHanu3 cTaTUCTUYECKUX AaHHbIX, CTPYNNMPOBAHHbIX MO NPUHAANEKHOCTH
K nepBoi Opwurage, nNOKasbiBaeT, 4YTO pacnpeaeneHue CayyYanHowm
BEMYMHbI NPOoBepAeMoro napamerpa 6/M3KO K HOpMasnbHOMY, OAHAKO
BCA TMCTOrpamMma CMelleHa K HUXKHel rpaHuue gonycka. (Puc.2) 3to
O03HaYaeT, YTO YacTb OYPOBbIX MHCTPYMEHTOB OKaXXeTcA C MMHMMANbHO
AOMNYCTUMbIM CNI0EM HanblIeHMA. 3TO NOBAEYET 332 CO6OM yMeHbLueHue
AONTOBEYHOCTH MHCTPYMEHTA. B atom cnyyae  Tpebyetca
KOppeKTMpyloLee BO34eNCcTBME A1 BO3BPpaTa Npouecca K cepegmHe nons
AONyCKa.

2. CtpatndumKauma AaHHbIX NpoBeAeHa NO MNPUHAANEXKHOCTU KO BTOPOM
6purage. AHanM3 MOKasbIBaeT, YTO pacnpeneneHue KOHTPONpPYyemOom
BENMYMHbI 6/IM3KO K HOPMAZbHOMY M HAaXoAWUTCA B Npeaenax, 6an3Kmx K
cepeanHe nona ponycka. MOMHO nNpu3HATb, 4YTO TOJMWMHA CAoSA
HanblIeHMA OTBEYAET YCTaHOBAEHHbIM TpeboBaHuAM. (Puc.3)

3. CrpatudumKauma [aHHbIX MPoOBeAeHa NO NPUHAANEKHOCTU K TpeTbew
6puraae. AHaNn3 NOKA3bIBAET, YTO pacnpeseneHmne Cly4ahHOW BE/INYNHDI
MMeeT aCMMMETPUIO BMPaBO WU CMELLEHO K BEPXHEW FpaHMUe A0nycKa.
(Pnc.4) 3To 03HA4aeT, YTO B YaCTM MAPTUM OKAXKETCA onpeneneHHoe
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KOMYeCcTBO OypoBbIX WHCTPYMEHTOB, C 60/1ee TO/ACTbIM C/I0EM
HanblneHuns, yem Tpebyetca. CneactBMem 3TOro OyaeT nepepacxon,
[LOPOroCTOAWEro a/Ma3HOro MOpPOLWKa, YTO BbI3OBET MOBbIWEHUE
cebecTommocTu NPoAYKUUMU. Heobxoaumo KoppeKTupyouiee
BO34ENCTBME AN YCTPaHEHMA acMMMeTpMM WM BO3BpaTa npouecca K

cepegyvHe nons Aomnycka.

A

y

1,

Puc.1. F'nctorpamma, xapaktepusytowian paboty scex 3-x 6purag,

X

—

v

Puc.2. f'ncrtorpamma, xapaktepusytowas paboty 1-1 6puragbl

v

Puc.3. Tmcrorpamma, xapaktepusytowan paboty 2-i 6puragbl
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[ .

X
Puc.4. Tmctorpamma, xapaktepusytowan paboty 3-i 6puragbl

CTpaTM(bMKaLI,MFI AaHHbIX 06bI4YHO BbINOIHAETCA cneayrowmm o6pa30N\:

1. OnpegenaioTca  ¢akTopbl, NO  KOTOopbiM  ByaeT  NpoBOAUTHLCA
cTpaTudmkauma. B KavectBe aKTOpOB MOryT BbICTyNaTb BPeMmSs,
paboTHMKM, obopynoBaHME, YC/NOBMA MNPOU3BOACTBEHHbLIX OMNEpPaLuii,
MaTepuanbl, CpeacTBa W3MepeHus (TakMe Kak U3MepuTenbHoe
060pyao0BaHME) U METOAbI USMEPEHMA.

2. Onpegensietca umcno cTtpat (cnoes). KonunuvectBo cTpaT bHepetca
COOTBETCTBEHHO KO/MYecTBY GaKTOPOB, BbIBEHHbIX Ha NpeablayLlem
sTane. Hanpumep, OTKNOHEHWA B MNOKasaTenax nNpPoAyKUUM MOryT
BO3HMKaTb M3-3a AeWCTBMI onepaTopa. Ecam K nponsBoAacTBY NPoOAyKTa
NPUB/AEYEHO 4YeTblpe onepatopa, TO CTPATUPUKALMA BbINOAHAETCA MO
yeTblpem ¢GaKTopam M YUCNO CTPAT AO0MKHO ObITb 4yeTbipe. Man, ecam
YCNOBMS NpPOM3BOACTBA NPOAYKTA OCTAOTCA OAHMMM W TEMU Ke,
M3MEHEHUA B XapaKTepPUCTUKAX MOTYyT BO3HMKaATb B pa3sHble nepuoabl
BPEMEHM — MepBana CMeHa, BTOpaAa CMeHa MW TpeTbA cMeHa paboTbl. B
3TOM BapuaHTe cTpaTt byaeT Tpu (N0 KONNYECTBY CMeEH) U cTpaTudUKauma
nNpoBOAMTCA MO Tpem dpaKTopam.

3. BbibupaeTca HeobXOAMMBIN WMHCTPYMEHT KayecTtBa ANA rpaduyeckoro
npeacTaBAeHUA CTAaTUCTUYECKUX AaHHbIX. Kak npaBuao, gna aTux uenen
ncnonb3yetca  Auarpamma pas3bpoca, KOHTPOJIbHAA KapTa uWau
rmcrorpamma. MoHO NpUMeHATb U TabANYHbBIN MEeToA, HO rpaduUUeckunii
cnocob asnsetca 6onee HarnAgHbIM M NO3BONAET ObICTpee onpeaennTb
CUCTEMHOCTb B MPeACTaB/IEHHbIX AaHHbIX.

4. OnpepenaetcA KOAMYECTBO CTAaTUCTUYECKUX [aHHbIX, Nonagarowmx B
Kaxkgyto cTpaty. [Ans Toro, 4tobbl cTpaTUdMKauMA [aHHbIX 6blna
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apdeKkTUBHOM, HEOHXOANMMO NPUAEPKUBATLCA ABYX YCA0BUN. Bo-nepBbIX,
pPasinumMa mexay 3HauYeHWsAMU CAyYalHOM BEAMYMHbI BHYTPM CTPaThl
AO/KHbI ObITb KAaK MOXHO MeHbLUe MO CPaBHEHMIO C pasnymMem ee
3HAYEeHMN B WMCXOAHOM COBOKYMHOCTM AaHHbIX. Bo-BTOpbIX, pasnnuua
MeXKAY CTpaTamMm A0KHbI ObITb KaK MOXHO 60/bLie. KonnyecTtBeHHO 3TO
pasainymne MoXKHO onpeaennTb No pasHULLE CPeaHUX 3HAYEHMN CYyYaHON
BE/IMYMHbI B KaXK40M cTparTe.

5. Ha BblbpaHHbI rpadryecKknii snemeHT KayecTBa HAHOCATCA AaHHble C
YKa3aHMEM NPUHAANEKHOCTU STUX AAHHbIX K KaX40M M3 CTparT.

6. MNpoBoauTcA aHanAM3 MNOAMHOXECTBA [AaHHbIX. AHaAM3  AaHHbIX
NPOBOAMTCA ANA KAXKAO0WN CTPATbl OTAE/NbHO.

Mo pesynbTaTam CTpaTUPUKALMM CTAaTUCTUYECKMX [AOAHHbIX MOryT ObiTb
chopMynnpoBaHbl NPeaNOKEHUA MO YAYULIEHUIO KayecTBa NPOAYKLMK Lexa. B
YaCTHOCTU, KayecTBO NPOAYKLUMU MOXKEeT ObiTb MNOBbIWEHO TO/NbKO 3a CYyeT
npoBeAeHMA OPraHM3aUMOHHO-TEXHUYECKUX MeponpuaTUi 6e3 KanuTanbHbIX
B/IOXEHMN B coBpemeHHoe bonee TouHoe obopyaoBaHme. [5]

PaccnoeHne pgaHHbIX (CTpaTM(I)MKaLI,MFI) Nno3BOIAET NONYYUTb NpeacTtasieHne o
CKPbITbIX MPUYNHAX AQCI)EKTOB M onpegenntb HeABHble NYTU MNOBbIWEHNA
KayecTBa npoaykuunu.

MpUMeHeHMe pasNnYHbIX MEeTOA0B PacC/anuBaHWA 3aBUCUT OT KOHKPETHbIX
3a4a4. Hanpumep, AaHHble, OTHOCALLMECA K U3AENMIO, MPOU3BOAMMOMY B Liexe
HenocpeACTBEHHO Ha paboyem mecTe, MOryT B KAKOM-TO Mepe pPasnmyaTbCs
B 3aBMCMMOCTM OT WUCMONHUTENSA, NPUMeHAemoro obopyaoBaHWUs, TEXHOIOTUM
nposeaeHMA paboumx onepauyuii, yciosui Tpyaa v T.4. Bce st otanuma moryt
6bITb GaKTOpamm pacciamBaHus.

B npon3BoACTBEHHbIX MPOLLECCAX YAaCTO UCNOb3yeTcA meToa 5M, y4nTbiBatoWwmin
¢daKTopbl, 3aBucAWME OT YesioBEeKa, MallWHbl, MaTepuana, MeToaa,
n3mepeHus.[6]

B sTOM cny4yae cTpaTUdPUKALMIO MOKHO MPOBOAUTL NO C/EAYIOLNM KPUTEPUAM:

— MNO UCNoOJIHNTENAM — I-(Bal'IM(I)VIKaLI,VIFI, onbIT, CTaX pa6OTbI nT.A.
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— NO TexXHO/NOrMyeckomy o60pyA0BaHUIO — COBPEMEHHOE W  CTapoe
obopyaoBaHue, moae b, NPON3BOAMTENb U T.A.

— MNOCbIpblO M MaTepuany — Mecto MPOU3BOACTBA, NPOU3BOAUTEND,
NOCTaBLUMK, KaYecTBO CbipbA U T.A4,

— MO TEexXHOo/IorMWM NPOWU3BOACTBA — TEXHO/IOTMYECKMIA MPOLLECC, YPOBEHb
aBTOMaTM3auUuKM, opraHM3auma NnpomM3BoACTBa U T.4.

— MO KOHTPOJIIO — MEeTOZ W3MEepPEeHUs, BUA, U3MEPUTE/bHbIX CPeAcTB, WX
TOYHOCTb U1 T.A.

CnegyeT OTMETUTb, YTO MOAb30BATbCA 3TUM METOZLOM He TaK NpocTo. MHorga
cTpaTUdMKaumMa No o4eBUAHOMY NapameTpy He AAeT OXKMOAEeMOro pesynbTraTa.
B 3TOM cnyyae HyXXHO NPOAO/XKUTb aHaNM3 AAHHbLIX MO APYTMM BO3MOMKHbIM
napameTpam B NOUCKaX peLleHUA BO3HUKLLEN Npobiembl.

BoiBoabl. MeTog cTpatuduKaumm UM paccnamBaHMa ABAAETCA OAHMM
13 Hanbonee spPeKTUBHbLIX CTATUCTUYECKUX METOA,0B.

CTpatuduKauma no3BonsieT MOAYyYNTb NPEeACTaB/eHME O CKPbITbIX NPUYMHAX
AedeKTos.

KauectBo NPOoAYKUUN MOXKeT OblTb NOBbIWEHO TO/ILKO 3a cyeT nposeneHMA
OpPraHM3auMNOHHO-TEXHNYECKUX MEpOI’IpMHTMVI 6€e3 KanuTaNbHbIX BNOKEHUN.

3dPEeKTMBHOCTb CTPAaTUPMKALMM BO MHOTOM 3aBUCUT OT NpaBMAbHOro Bbibopa
$aKTOpOoB, MO KOTOPbIM OHa byaeT NPoBOAUTLCA.
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JUSTIFICATION OF REQUIREMENTS AND
DEVELOPMENT OF THE SOFTWARE FOR THE
MOBILE PLATFORM

BAZHENOV R.!, SENKOVSKAYA A.?

1KAZAKHSTAN, THE KAZAKH AGRO TECHNICAL UNIVERSITY OF S. SEYFULLIN

2KAZAKHSTAN, KAZAKH UNIVERSITY OF ECONOMY, FINANCE AND INTERNATIONAL TRADE

Abstract. The paper studies the issues of development of mobile applications. The
article defines the main objectives of problems Trials design and development of
mobile applications. In the end of the article presents the expected results of research.

Keywords: mobile application, mobile platform, development of mobile applications.

At present, the development of various software for mobile platforms have
some problems learning and their compatibility, due to the significant number
of types and kinds of software [1]. Therefore, the planned research focused on
the development of mobile applications in view of science-based software
requirements, the application of which will save various costs, whether it is time
or resources [2].

In the software development process plays an important role test automation
work together different types of applications of computing systems. Efforts to
integrate these types of testing will determine the length of the development
cycle and quality of software [3]. All this and leaves relevance of the work to
date.

Like other traditional engineering disciplines, software development deals with
problems of quality, value and reliability [1].
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The aim of the study is to validate the requirements and the development of
software for the mobile platform, which allows monitoring and controlling the
internal behavior of the system under test to provide automated steps,
collection and analysis of results, reduces labor costs and time of the test phase.

Despite distinctions, mobile devices are similar at each other that all of them
execute mobile applications. Mobile applications can be divided into three types.

Built-in applications. The built-in applications installed on the device represent
the binary executed programs created with use of packages of software
development (software development kit — SDK) and extended through storages
of appendices (app store). SDK exist for each mobile operating system and,
unfortunately, differ among them.

For example, to create an app for iOS, you must download and install the iOS
SDK and development tools, and writing code to perform the programming
language Objective-C. Android-application is developed using the Android SDK
and is written in Java. Thus, to create a mobile application, you need to know
each SDK and use a supported language. To study the SDK for each platform you
need to spend a lot of time, so the development of mobile applications is a
difficult task.

Web-based applications. Web-based applications downloaded to mobile Web-
browser, different from the built-in that their code is written using Web-based
technologies (HTML, JavaScript and CSS), which do not depend on the operating
system of the device. No need to learn a variety of programming languages for
each device. HTML and JavaScript are familiar Web-developers to create Web-
pages for desktop browsers. In most cases, mobile Web-browsers can visualize
the same Web-pages, Web-sites but often provide a mobile version of the
information with a smaller volume and faster loading (due to the smaller size of
the screen and the slower network).

To start the Web-based applications the user enters a URL-address in the mobile
Web-browser. After this loading Web-site, this is the entry point to Web-based
application. Web-based applications do not extend through the storage
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applications; they are common links that you can incorporate into other Web-
pages, emails, or even write down on paper.

Built-in and Web-based applications have their own advantages and
disadvantages, causing much debate about what the application better. To settle
the dispute may hybrid applications that try to combine the advantages of both
types of mobile applications.

Hybrids as Web-based applications are programmed using Web-based
technologies, but packaged as embedded applications. Hybrids can be written
for multiple mobile operating systems using a programming language, familiar
to many developers. Since a hybrid is actually built, you get access to the device
features of JavaScript, which is not yet available for Web-based applications.
Hybrids can distribute and install via the App store, like built.

PhoneGap - a popular set of tools for creating hybrids. It is a mobile
infrastructure with open source JavaScript-containing interfaces to access the
different devices, such as accelerometers and cameras.

Native applications.This kind of applications the most resource, but at the same
time it allows the maximum use of the opportunities offered by each particular
operating system. As a result, native applications benefit both functional and
operating speed other types of mobile application. It is to this approach now
comes those companies that do combined application. For example, Facebook
started with the combined application: native controls (switches, tabs, and so
on) and a web page as content. Despite the fact that this is a good solution to
performance problems lead to the developers to depart from the combination
web.

Objectives of the research:

1. Review and analysis of the use of mobile platforms, the basic and
advanced features of mobile platforms, review and analysis of existing
software mobile platforms, their advantages and disadvantages.

2. Formulation of requirements for the development of software, analysis
software, compliance and justification of the selection conditions of the
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mobile platform. At this stage we use prototypes that we hang on the
board and arrows show how the navigation will occur.

After receiving the layouts, the guideline and cutting, work begins developer.

3.

4.

Development of software for the mobile platform, the development of the
algorithm software, description of physical modeling.Basic principles used
in the creation of the user interface include: aesthetic integrity,
consistency, direct interaction, feedback, use metaphors of real world
objects, balancing the level of control over the user runs the application
actions.

Development of guidelines and instructions for use.

Researchers are planned on a certain group of people, different age groups and

from different sectors of activity, in order to identify all positive and negative

properties of the test version of the product.

On the basis of comprehensive studies carried out the following results:

1.

Development of software algorithm describing the process of physical
modeling, taking into account the science-based requirements to the
software.

Conduct testing of software and debugging of all its components.For the
testing of mobile applications, of course, ideally better use the mobile
devices themselves. However, few have the entire range of mobile
devices, and viewing on the smartphone applications hosted on a local
web server, it would be problematic. Therefore it is better to use a mobile
device emulator or mobile browser.

Development of specialized techniques of software for the mobile
platform, taking into account all the nuances of the test version of the
product.

Development of security features from unauthorized changes to the
software product.

Development of methodological features and recommendations on
working with views of the software package.
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Target consumers of the results of research in the form of software for the
mobile platform and guidelines for its use are mass market, whose main
objective is saving it for specific resources - time.

Design and development of software for mobile platforms and
recommendations for its operation will be theoretical and practical
advancement in IT technology, programming applications for mobile platforms.
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NPUMEHEHUE ®PEOHOBOIO KOHTYPA HA
KOHAEHCALUWMUOHHBbIX SHEPTOBJ/IOKAX

rpuropbeBA O.K., TonyseBA J1.0.

Poccuna, HOBOCMBEUPCKNI TOCYOAPCTBEHHbINM TEXHUYECKUIA YHUBEPCUTET

AHHOTauuA. B cTaTbe NpoBeAeHbl UCCNeL0BaHMA TEMIOIHEPrETUYECKOM YCTAHOBKM,
BKNOYAIOLWEN KOHAEHCAUMOHHYIO MapoBytd TypbuHY ©  PpPeoHOBbIA KOHTYp.
MpuBeaeHbl TEPMOANHAMUYECKME XaPAKTEPUCTUKM GPEOHOBOrO UMKANQ, MONYYEHbI
XapaKTepPUCTMKMN 060pyA0BaAHUSA, BXOAALLETO B COCTAB YCTaHOBKM.

KntouyeBble cnoBa: TensiosHepreTM4eckan yCTaHOBKaA, d)peOHOBaﬂ CTyneHb, XnagareHT,
HU3KOMOTEHUWMaIbHAA 3HEPTUA.

JHeprocbeperkeHme BO BCeX OTPACAAX NPOMbILWNEHHOCTU ABNAETCA BaXKHENLLINM
baKTOpOM CHUMKEHUA cebecToMMOCTN NPOM3BOACTBA NPOAYKLMN M NOBbILEHMA
€€ KOHKYpPEeHTHOM cnocobHocTU. YpesBblyaliHO aKTya/lbHbIMW CTAHOBATCH
BOMPOCbl MCNONb30BaHMA COPOCHOrO Tenna W 3HeprMM BO30OHOBASIEMbIX
NCTOYHMKOB. OaHMM 13 cnocoboB 3¢PPEKTUBHOrO WUCMONb30BAHUA TaKUX
SHEepPropecypcoB ABAAETCA reHepaums 3S/EeKTPUYECKOW 3SHepruM Ha OocHoBe
napoTypbuHHbIX ycTaHOBOK (MTY) ¢ HU3KOKUNALWMMM pabounmm Tenamm (HPT).

B npepnaraemon ycTaHOBKE KOHAEHCAUMOHHOM TypbuHbl C ¢ppeoHoBOM
CTYNeHbIO B KayecTBe HU3KOKUMALWEro BeliectBa mcnonblyerca xnagoH HFC-
134a (tetpadTopataH C2H2F4), BbIGOp KOTOpPOro O0OYCNOBAEH KaK
TepMOANHAMUYECKUMMU, TeNNodU3INYECKNMHU n 3KOHOMMYECKMMMU
coobparkeHMaAMM, Tak M Be3onacHOCTbIO AN1A OKpyKatowen cpeabl. CuHTe3 HFC-
134a 6b1n HNMUMKUpPOBaH TpeboBaHMAMM MOHpPEanbCKOro NPOTOKO/1a N0 NOUCKY
030HOo6e30MnacHbIX Pabounx BeLEeCTB XON0AUNbHOM TEXHUKNK [1].

B cTaTbe paccmaTpuMBaeTCcs NepCcneKkTMBa Co34aHMA NapoTyPOUHHOM YCTaHOBKM C
¢dpeoHoBOM TexHoNorMel. MNMpUHUMNMANbHaA TeN0BasA CXema npeasiaraemomn K
NccneaoBaHUIO YCTAaHOBKM NOKa3aHa Ha pucyHKe 1 [2]. OtpaboTaHHbIN BoAAHOM
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nap nocne NnapoBon TypbunHbI NOCTYNaeT B UCMApUTENb, NPeACcTaBAAOLWMIA COboM
TPEexcTyneH4yaTbli NogorpeBaTesb, Kyaa No mepe ABUKeHUA GpeoHOBON cpeabl
nocTynaeT CHaya/sa oTpaboTaBWwKMi Nap nocae NapoBon TypOMHbI, 3aTem nap ¢
napameTpamu nocnegHero pereHepaTMBHOro OoTb6opa, B MOCAEeAHIOCTYNEHb
nocTynaeT Mmap C HauBbICWMMM NapameTpamu. lMapameTpbl BOAAHOro napa,
NnogaBaemMoro B MCnapuTesb, MOXHO M3MEHATb, BblbMpasa pereHepaTUBHbLIN
oT60p NapoBOMN TYPOUHDI.

<t %/_
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Puc. 1. MpuHUMNManbHasa cxema TenJ103HePreTUYeCKon yCTaHOBKMU
(KOoHAEHCAUMOHHBIN 3HEProb10K ¢ PPEOoHOBOM CTYNEHbIO)

a): 1 - napoBas TypbuHa, 2 - 3NeKTPUYECKnit reHepaTop, 3 - ucnaputenb, 4 - nogorpesaTenb
HW3KOro AaBsieHus, 5 - AeaspaTop, 6 — nogorpesBaTesb BbICOKOro AaBfeHus, 7 - Koten, 8 -
dpeoHoBanaTypbMHa, 9 - cyxas BeHTUNATOPHAanA rpaanpHs, 10 - Hacoc; 6): 0-Ha Bxoae B
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naposyto TypbuHy, 1-Ha Bxoae B ucnaputesnb, 1°-2 - npouecc aanMabaTnMyeckoro ckatusa B
KOHAEHCALMOHHOM Hacoce, 2-3 — Harpes cpeabl B CUCTEME pereHepaumu, 3-Ha BXO4eE B
KoTen, 4-8xoz ocTporo ¢peoHOBOro napa B ppeoHoByo TYpOUHY, 5-BX0A B CyXyto
BEHTUIATOPHYIO rPaanpHio, 6-8xoa GPeoHOBOM cpeabl B UCNapUTENb.

®peoHOBLIM Nap nocne wucnapuTens nocTynaer Ha OAHOUMAMHAPOBYIO
oAHOBa/ibHYOGpeoHoBYO TypbuHy. OTpaboTaHHbIM ¢$peoH HanpaBaAeTca B
TpybuyaTbIi KOHAEHCATOP, YCTAHOB/IEHHDbIN B CYXOM BEHTUNATOPHOM rpaaunpHe, B
KOTOpYl noAaérca aTmochepHbit BO3ayx. [lanee CKOHAEHCUMPOBABLUWMICA
dpeoH nogaeTca HacoCoOM B UCMapUTEe/lb, TEM CaMbliM 06Pa30BbIBaA 3aMKHYTbIM
GpPEOHOBbIN KOHTYP.

[aHHas ycTaHOBKa 6a3npyeTcsa Ha TENJIOBbIX CXEMAX KOHAEHCALUVOHHbIX TYPOUH.
Mo ¢peoHOBOMY LMKAY 3a4aeTcA ABa MOCTOAHHbLIX 3HAYEHUA, 3TO AaBAeHUe
ocTporo ¢pPeoHOBOro MNapa W p[aBleHWEe KOHAEeHCauuu oTpaboTaHHOro
¢dpeoHoBOro napa. [laBneHne KoHAeHcaumu coctaBnsaeT Py=2,5 6ap, a gaBneHue
ocTporo ¢ppeoHOBOro napa Ha Bbixoae u3 ncnaputensa P,=50 6ap.

Ha npumepe cxembl, 6asupytowenca Ha TypbuHe K-200-130-7, npusogATca
HEeKoTopble TEePMOAMHAMUYECKUE  XapPaKTEPUCTUKM  PPEOoHOBOro  LMKNA
BTabnumue Nol, paccumTaHHble No ¢popmyne Ha OCHOBE YPaBHEHWS COCTOSHUA
peanbHoro rasa (MapTtunHa-Xoy-AnTtyHuHa) suaal3, 4]:

B Tabnunue N2 npuBeaeHbl HEKOTOpPble XapaKTepuUCTUKM obopyaoBaHus,
BXOAALWEro B AaHHYK YCTaHOBKY. [lpn pacyete ¢peoHOBOM TypOMUHDI
NPUHMMANUCb CaeaylolWme BeNNYUHDBI: OTHOCUTE/NIbHbIN BHYTPeHHUI Kl
TypbuHbl paseH 0,9;K03dPULMEHT NOTEPL ANACONNOBOMKN pabounx peleTok —
0,04;k03ddunumeHT pacxoga — 0,99; cooTHoweHWe cKopocTen u/cy=0,55.
Yactota BpauweHua ¢peoHoBoM TypbuHbl 3000 06/mMuH. KoHaeHcaTop
paccumnTbiBanca npu Temnepatype -10°C (xapakTepHasa TemnepaTypa 3UMHEro
nepuoga B CnbmnpckomdesepanbHomokpyre Poccuiickoin Pepepaumn).
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Tabnnuya 1 - NapameTpbl GpeoOHOBOro LMKAA

[asneHne, SHTanbNuA, JHTpOoNuUA,
O603HayeHue 6ap TemnepaTypa, K K IK/KT K[k /KK
OCTp*bIVI dpeoHoBbIN Nap 50 438 578 1895
(1.4)
OTtpaboTaHHbIN
¢dpeoHoBLI nap nocne | 2,5 333 453,3 1,93
TypbuHbI (T.5)*
?;ZE;SHOBMM KoHAeHcaT 25 268 192 0,96

*TOYKM NO TEPMOANHAMUYECKOMY LMK/Y, COOTBETCTBYIOT MO3ULMAM, YKa3aHHbIM Ha
pucyHke 16.

Tabnunua 2 - NapameTpbl GpeoHOBOM TYpOUHDI

MNokasaTtenb Eg‘;:g::lm 3Ha4yeHune
MOLLHOCTb KOHAEHCALMOHHOIO 3Heprob1oKa MBT 200
MowwHOoCTb GppeOHOBOM TYPOUHDI MBT 80
Pacxopn ¢peoHoBOro napa Kr/c 1093
CymMMapHbI pacxog, BOAAHOrO napa Ha ucnaputenb Kr/c 143,5
KonunyecTtBo cTyneHel ¢ppeoHoBOM TYpOUHDI - 2
[OnnHa paboumx nonaToK nocneaHen cTyneHu MM 297
MNepudepuitHbin AMameTp nocnegHen CTyneHm MM 1025
Mnowaab TenNoobMeHa ucnaputens m2 16,6
Mnowaab TennoobmeHa KOHAEHcaTopa m2 5870
BbiBog,

B npeanaraemon yctaHoBKe 6e3 A0ONONHUTENbHbIX 3aTpaT TOMJ/MBA,
NCNONb3YAHN3KOMNOTEHLMAIbHYIO 3HEepPrnio GpeoHOBOro napa, BbipabaTbiBaeTcs
AOMNONIHUTE/NIbHAA  3NEeKTpo3Heprna. [puyem COOTHOWEHWE  BbIPaboOTKK
3NeKTpPOo3Heprnn ¢GpeoHOBOro KOHTypa K napoBoaaHomy paBHsetca 0,4 (Ha
npumepe TypbuHbl K-200-130-7). MonyyeHHbie pasmepbl NPOTOYHOM 4YacTu
dpeoHOBOM TYPOUHbI 3HAUNTENBHO MEHbLLE B CPAaBHEHUWU C MAaPOBOM TYpPOUHOM
TOW K& MOLLHOCTW.
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METO40/OMMYECKUE NOAXO0AbI K
MOAE/TMPOBAHUIO KOHTAKTHbIX
B3SAUMOAEUCTBUN B BUBPALMOHHbIX
TEXHO/IOTMYECKMX MPOLLECCAX M MALLUHAX C
YYETOM HEYAEP}XUBAIOLWUX CBA3EN

Enuncees A.B.Y, Enncees C.B.%, KALYEA B.B.?

1POCCI/IFI, NPKYTCKUA TOCYAAPCTBEHHbIN YHUBEPCUTET NYTEN COOBLLEHUA

2Poccua, BPATCKMI FOCYAAPCTBEHHbBIA YHUBEPCUTET

AHHoTauuA. [lpegnaraetca nNoaxoZ K MOCTPOEHUID MaTeMaTUMYecKol Moaenmu
npouecca BU6PaLMOHHOIO YNPOUYHEHMA NOBEPXHOCTEN AIMHHOMEPHbIX AeTanen npu
B3aMMOZENCTBUM C CbiNyyeld cpegolt W3  CTalbHbIX LWApPUKOB. PaspaboTaHbl
TEXHO/IOTMYECKME CpeacTBa KOHTPOAS BMOPAUMOHHOTO MOAA  TEXHONOTMYECKUX
NnpoueccoB U MawwuH. lNpuBeaeHbl pe3ynbTaTbl YUC/IEHHOrO MOAENMPOBAHUA WU
AaHHbIE 3KCMEePMMEHTOB.

KnioueBble cnoBa: HeyaeprKuBatowme cBA3mn, BUBpauMoHHOe ynpoyHeHne, Bubpaumsa
Cbinyyen cpeabl, HeENpepbliBHOE NogbpacbiBaHMe

|. BBegeHue. BubpaLlMOHHbIE TEXHO/IOTMYECKME NPOLLECCHI NOAYYUIN LUMPOKOE
pacnpocTpaHeHne B NPOU3BOACTBEHHbIX CUCTEMAX, OTHOCALMXCA K Pa3NNYHbIM
OoTpPacaAM TEXHUKN. BUbpaumna akTUBHO MCNO/Ib3YETCA B TEXHONOTMAX 06paboTKM
AeTanen, Takux Kak BMOpaUMOHHOEe pe3aHue maTepuanos, BUMOPOranToBKa,
BMOpPaLMOHHOE YNPOYHEHME U Ap.

Bo mMHOruMx cnyyasx BMBpaLMOHHOE BO3AENCTBME pacCMaTpuBaeTCs Kak daKT
BO34ENCTBMA HA COCTOSIHWE  B3aMMOAEMWCTBYIOWMX CTOPOH  KOHTAKTa
CONPMKACaOWMXCA TEN U BO3HUKAIOLLMX NPU 3TOM CBA3EN. B MmeHbluen cTeneHu
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N3y4yeHbl 0COBEHHOCTU HeyaepKUBalOWMUX CBA3EM, KOTOPbIe XapaKTepHbl As
TEXHOJIOTMYECKMX  MpoLEeccoB  BubponepemelleHusa, BUBPOYyNpoYHEHUS,
BMOPaALMOHHOIO TPAHCMOPTMPOBaHMA.

Il. MocTtaHoBKa 3agauun. Obwme nonoxkeHuna. Mertoponornyeckme OCHOBbI
OLLleHKU AMHAMUYECKOro KOHTAKTa A1A TBEPAbIX TeN C 04HOM TOUKOM KOHTAKTA.
PaccmaTpuBatoTca noaxoAbl K MOCTPOEHMI0 MaTeEMATUUYECKUMX MoAenen,
oTpakatowmx ocoO6eHHOCTM AMHAMUNYECKMX B3aMMOLENCTBMIN, XapaKTepPHbIX ANA
TEXHONOTMYECKMX NPOLLEeCCOB BUOPALMOHHOIO yrnpoYyHeHusa. TexHonormyeckume
3pdeKTbl A4OCTUTAOTCA B NEpUoaMyeckmux BMOpPoyaapHbIX KOHTAKTax paboyen
cpeabl U3 MEeNKUX CTalibHbIX WAPUKOB U BUbpupytlowen paboyeit noBEpXHOCTH
obpabaTbiBaemort aetanu. [pegnoxkeHa KOHUENUMA MaTeMaTUYecKoro
MOAEeNNPOBaAHMUA TEXHONOMMYECKOro npouecca BMBPAUMOHHOrO
B3aMMOAENCTBMA TBEPAOro Tena C BUOpUpYoLWEe NOBEPXHOCTbIO, HA OCHOBE
MCNONb30BaHMA NpeaCcTaBAEHNI O coyaapeHmnn 6e3 ynpyroro oTcKokKa.

MeTogonornyecknin 6asmnc nccnenoBaHnA BKAOYAET B cebs 3aKOHOMEPHOCTU
dopMMpPOBaHUNA TPAEKTOPMUN C HEMPEPLIBHLIM NOAOpPaCbIBAHUEM, AIUTENBHOCTb
KOTOpPOro KpaTHa nepuoay BMOpauUMM KOHTAKTUPYIOWEN MNOBEPXHOCTU;
XapaKTEPUCTUKM U aHANUTMYECKME COOTHOLLIEHMA, onpeaensalolmne ycaoBus
OTPbIBa U [ABUMMKEHMA MaTepuasbHbIX YacTUL,;, OCOOEHHOCTU KOHTAKTHbIX
B3aUMOAENCTBUIA U BAUAHME pPAOA TEXHONOTMYECKUX PaKTOPOB, CBA3AHHbLIX C
YY4ETOM BO3HMKAOLMX CUA CONPOTMUBAEHMSA CO CTOPOHbI pabouelt cpeapl [1+9].

B KauecTBe npumepa Ha pPUCYHKe 1 npuBeAeHbl BapuaHTbl TPAEKTOpUN AN
KPaTHbIX PEXMMOB NPW BapbUPOBaHUN HACTPOEYHbIX MAapaMeTpPOB.

C yyeTom cneumduKn B3aMMOAENCTBMUSA YacTUL, B CNOE, KOTOpbIM obpasyet
pabouyas cpepa, npeanorkeHa W paspaboTaHa MeTogMKa UCCNenoBaHUA
PEXMMOB B3aMMOLENCTBUSA C Y4ETOM CUA TPeHMA. Ha pUCyHKe 2 npeacTaBAeHbl
obnactM KpuTuyeckux napameTpoB oTpbiBa (l), obnactb, B KOTOpoi He
BO3MOXHa peanusaumnsa pexmma KpatHoro nogbpacbkiBaHua (lll). Kputnueckoe
3HayeHue KoadPpuumeHTa BA3KOro TpeHmns HaxoauTtca B obnactu (I1)[3].
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PucyHok 1. F'padukm nognetos ana PucyHoK. 2. O6nacti peannsaumm
KPaTHbIX PEXMMOB noabpacbiBaHMA C

pa3HbIMU KOIhPULMEHTamM
p, =6xelc, p, =18ke/c,m =1ke,w=60pao/c, A, =0.06m. A, =0.08m

LAy S "~/ Le\— - 4 6

KpaTHoro nogbpacbiBaHuMA

lll. MeTog OUEHKM YCNOBUA AUHAMMUYECKOrO KOHTAaKTA ANA COCTAaBHOrO
TBEpPAOro Tena C y4eTOM HeyAep’KMBaloLWero Xapakrepa csaseil. Ocobbin
MHTepec npeacTaBNfeT pa3BUTUE 000OLLEHHbIX NPeACTaBNEHNIA O KOHTAKTHbIX
B3aMMOAENCTBMAX, KOTOPblE HE COMPOBOMKAAKTCA HapPyLIEHMEM KOHTAKTa. B
KauecTBe KOHTAaKTUPYIOLWMX 3SNEMEHTOB pPacCMaTpPUBAlOTCA TBepAable Tena
KOHEYHbIX pa3mMepoB, 444 KOTOPbIX CMelLeHWe AO0MyCKaeTCA TOMbKO BAONb
HOPMaIM K KOHTAaKTHOM NOBEPXHOCTW.

Ona paga MoaenbHbiX 3adady  paspaboTaHa MeToAMKA OLEHKU YCNOBWUIA
COXpaHeHMA  [AMHAMMYECKOro KOHTaKTa. Ha pucyHke 3 nokasaHa
MaTemaTUyeckaa Mmoge/slb, B KOTOPOW YCNOBME HapyLleHMEe KOHTAKTa
onpeaensetca napameTpaMm MACCOMHEPLIMOHHbIX W YNpyrux csasen. AnA
peanusaumnmnm MeToaa OUEHKM YCI0BUN COXPaHEHUSA KOHTAKTa BBOAMTCA MOHATUE
O NOZIHOM U ANHAMUNYECKOMN peaKuUsX.

B ocHOBe meToAa /IeXKUT NOCTPOEHUE aMNIUTYAHO-YaCTOTHOM XapaKTepPUCTUKM
nepefaToyHolr ¢GYHKUMM C  BXOAHOrO BO3AENCTBMA HA AWMHAMMUYECKYHO
KOMMOHEHTY KOHTAKTHOM peakuun. Ha pucyHke 4 npeactaBsieHbl rpadpuKkm
amnauTyabl KonebaHuAa AUMHaMMYecKon peakuun (1-4) ana  pasnnyHbIX
amnAnTyn KonebaHusa OMOpPHOM MOBEPXHOCTU B CPAaBHEHUM CO CTAaTUYECKOM
peakuuel (5).
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PucyHok 3. CoctaBHOe TBepAoe Teno PUCYHOK 4. OueHKn amnantyabl
Ha ynpyrom KOI'Ie6I'Il0IJ.I,eMCF| KonebaHus ,ﬂ,MHaMMl-IeCKOﬁ
OCHOBaHWNHA KOMMOHEHTbI peakunn.
Zl . P' - CU/1bl BA3KOIO TpeHwuA, Qi - CUNbI 1,2,3,4 — oueHKHU ,CI,VIHaMM‘IECKOl\/‘I
TAXECTH, Fi _nocrosnHble cubl, N12, N2y KOMMNOHEHTDbI 4717 aMNANTY [,
a, b _ KMHemaTuyeckoro sosmyleHma A otl po 4

Mo/IHble KOHTAKTHble peakuuu, 2,

KOHTAKTHbIE MOBEPXHOCTH MM. 5-ypOBEHb CTaTUYECKOM peakLumm

B 3aBUCMMOCTM OT MapameTpoB CUCTEM YC/I0BME KOHTAKTHOrO ABWUXKeHUA
nNPpUHUMaeT BUA,:

2\2 2
\/(k (mzk1w1 ) +(p2k1601) x A <m,g+ fc. (1)
1

—(m, + mz)a)lz)z +((p, + pz)wl)z

HepaBeHcTBO (1) MoXeT 6bITb NpeAcTaBAEHO B BUAE MHOXECTBa NapamMeTpoB
CUCTEMbBI B BUAE aMMIUTYAHO-4aCTOTHOM 06/1acTU KOHTaKTa. B cooTBeTcTBUM C
PUCYHKOM 5 npeAcTaBnieHO MHOXECTBO aMNnaMTy A, M 4acToT, obecneymnsatomx
TO/NIbKO KOHTaKTHOe KoJsiebaHuMe COCTaBHOrO TBEPAOro Tesfa Ha MPOMeEXKyTKe
YCTaHOBMBLLEroca ABUMKEHMUA.

B cooTBeTCTBMM C pPUCYHKOM 6 npeactaBneHo pasbueHne amnanTygHO-
YyacToTHOM o06nacTM Ha noAobAaACTU  Pa3NMUYHBIX  PEXMMOB KonebaHus
COCTAaBHOro TBEPAOro Tesfa B 3aBUCMMOCTM OT AOMNONHUTENIbHOM NOCTOAHHOM
CUNbI, ABNAOWENCA (GAKTOPOM KOHTAKTHOrO ABUMKEHUSA C YYETOM MacChl
3/1eMEHTOB.
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PucyHoOK 5. AMNAUTYAHO-4aCTOTHaA PucyHok 6. O61acTn xapaKTepHbIX
06/1aCTb KOHTAKTA PEXMMOB B3aMMOAENCTBUA TBEPAOIO
| — obnactb KOHTaKTa, ii-obnactb Tena c NOBEPXHOCTbIO KoslebaHuA

BO3MOXXHOIO 3a30pa, g — IMHWA YPOBHA N,

ana dyHkuun A, - A(w,) , C-KOHTaKT, d —
BO3MOXHbI1 OTPbIB

PucyHoK 7. CoctaBHOe TBepaoe
TeNI0 C S KOHTAaKTaMMn U 2s

dparmeHTamm
A) KoHcTpyKTUBHan cxema. Ly, I -
x “It /,iml lj\;;l | KOHTaKTHble MOBEPXHOCTU GpParmMeHTOB.
“I ! =" Z,, L, - koopanHaTbl NoBEpPXHOCTEV
* t 1 L. e vy konebanua, My, ;, M,,-pparmeHTbl g -ro
Fcﬁ-%jx Foafea fas B D,
COCTaBHOrO TBEPAOrO Tena, kzq_z,zq_1 -
kh.z,zs_lzi"*'“"'l}.h-. YKECTKOCTb YNpPYyrux 3siemeHTos, 6)
B W (5 By BaRenaFi S yuunTbiBaemble cunbl: Fyj - cunbl BAskoro
& “rI _..D.,-,,,_,{ET%E:} vy ‘I'Nn‘l_'l J',‘-—"Ln"i TpeHus, Fy; - Cunbl TAKeCTH, Fo;i -
X “:I t g, iz— lj\,i' 7 " MOCTOAHHBIE CUAbL, Ryy 154 50 Rogogi”
2 I'r... mal =" peaKumA CO CTOPOHbI YNPYInX 3/1E€MEHTOB,
ki"“éf“'““ T T T 1] @, -cunbl MHepuuy, i=1..n; qu,gq_l,
o
1 IHM B, BnRu B, 3, N2q-1,2q NOJ/IHbIE KOHTAKTHbIE peaKkLuun,

onopHble NoBepxXHOCTN 1 1 2s
noasuHol, g=1.s, i=1..n. n=2s

Mpeanaraemas metoanKa o606L1aeTcs Ha MHOTOMEpPHblE MOAE/NbHbIEe 334a4M.
Ha pucyHKe 7 npeacTaB/ieHa MexaHMYecKas CUCTeMa C  HEeCKONbKMMMU
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COCTaBHbIMM YaCTAMM, 3a)KaTbiIMW MEXKAY MOBEPXHOCTAMM MNOCPEACTBOM
Yyrnpyrux 31emMeHToB. KOHTaKT MeXAay 4YacTAMM HOCUT Heyaep’KuBatoLWwmi
XapakTep.

IV. MeTtoabl NnapameTpUYEecKoro peryimpoBaHMa AMHAMUYECKOro KOHTaKTa C
YYETOM HeyAep)KUBAIOLWEro Xapakrepa cBfA3ei. HekoTopble NpuAoXKeHUA.
BubpaumoHHOe none peanbHOro TEXHOMIOMMYECKOro npouecca MAWM MallWHbI
dopmupyeTca B pesysbTaTe B3aMMHOMO BJIMSIHUA Pa3HOPOAHbLIX (GaKTOpPOB.
OnvtenbHas paboTa TEeXHONOrMYEeCKOM MallMHbl  MOXKEeT MNPUBECTM K
OTK/IOHEHUIO XapPaKTEPUCTUK OT AO0NYCTUMbIX 3HA4YeHUN. [nA KOHTpPOAs
XapaKTepUCTUK  BUOpAUMOHHOIO MNoNA  NPeanoXKeH  Aatunk  (puc.12)
onpeaeneHns rpaHNYHbIX NapameTpPoB B3aMMOAENCTBMA TeN B BUOPALMOHHbIX
cuctemax[10].

PucyHok 12. [laTumK onpegeneHun
rPaHNYHbIX MapaMeTpPoB
B33MMO,EI,€V1CTBMF| Ten s

BM6paLI,MOHHbIX Ccucremax:
noBepxHocTb BUbpocrtona (5),
UMAKHAPUYECKUn Kopnyc (1);
WHEPLUWOHHbIE 31eMeHTbl paboyeit cpeapl
(2); nbesoaneKkTpUYECKUA 31eMEHT (3);
KpeneXHbl anemeHT (4); TokosbiBoAb! (6).
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TexHuyeckas NPUMEHMMOCTb W peanusaums  gatumka  obocHoBaHa
TEOPETUYECKUMU pe3ynbTaTaMn U MOAe/IbHbIM 3KcnepumeHTom. Ha ocHoBe
onbITHOro obpasuya nosay4yeHbl U obpaboTaHbl rpadmkn bopm cUrHanos ANs
COOTBETCTBYOLLMX pPeXMMOB ABUXKEHUA OMNOPHO NOBEPXHOCTU
3KCMNEePUMEHTA/IbHOM YCTaHOBKM.

Pa3paboTaHHbIN METOAO0NOrMYEeCKM 6a3ncC  UCCNeaoBaHUA  KOHTAKTHOrO
B3aMMOJENCTBMA C YYETOM HeyAepKMBaloWmMX CBA3EN Obll NPUMEHEH K
PacCMOTPEHUIO KOMMJIEKCA BOMPOCOB CBA3aHHbIX C 0bocHOBaHMEeM Bblbopa
napameTpoB paboTbl BUOPALMOHHOrO CTeHAA, Ha KOTOPOM peanusyercs
npouecc BMbpoynpoYyHeHUs 1oNacTu BepToeTa.

PaccmoTpeHo  ¢opmumpoBaHME  nNapameTpoB  BMOpOCTEHAAQ,  KOTOPbIM
npeacTaBaseT cobon TBepAoe Teno ¢ 6-10 cteneHAMM cBob60obl, onUpatoLWUmMmca
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Ha ynpyrue anemeHTtbl. PopmmnpoBaHMe BMOpPaLMOHHOro Nosa obecneynsBaeTcs

NHEPUMOHHbIM BMbpoBo3byauTenem. KnHemaTnyeckaa cxema npuBeaeHa Ha
pucyHke 15.
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PucyHoK 15. KuHemaTtnyeckasa cxema PucyHoK 16. Cxema namepeHus
BubpocTteHaa. Bua cboky KonebaHuit BUbpocTeHAa.

1-KOHTENHep c u3genuvem, 2 — subpaTtop, 3-
KapAaHHble nepeaayn mexay Bafiamu
BMbpaTopa M BalOM CMHXPOHM3aTOPA, 4-ceKuma
BMOpoOCTeHAa, 5-—ynpyrnin anemeHT

BubpocteHa, Bua ceepxy
B-cTaHUMA CUHXPOHHOW 3anuncK
CUTHANOB C JAaT4YMKoB, C-yCTPOMCTBO
BbIBOAA MHPopmaumm, |-Vl —gatunkm
Ona dopmmupoBaHMA OAHOMEPHOrO MONA B KOHCTPYKUMM BUOPaLMOHHOrO

CTeHAa NpeayCMOTPEHO BBeAEHWNE OrpaHnYmTeNnen U ynopoB. Cxema nsmepeHun
BMOpaLMKM NoKasaHa Ha pUcyHke 16.

MpoBeaeHHble 3KCNEePUMEHTHI, C MCNONb30BaHNEM KOMMJeKTa
BUOpOM3MepUTENbHOM annapaTypbl BY-8, nokasanm [0CTaTOYHO Xopollee
COrNacoBaHMe C pacyeTHbIMM AaHHbiMM. Ha pucyHKke 17 nokasaHa

ocuMnnorpamma TouYKe TBepAaoro Tena, GoOpMUPYIOWEro OAHOMEpPHOoe
BMGpaLMOHHOE nose.
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PucyHok 17. F'padmKM oCcuMnnorpaMm yCKOPEHUMN Ha OCHOBE CUTHANO0B C 6-TH
AaTYNKOB
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Ha ocHoBe maTpuua B3aMMHOW Koppensuuu, npeacrasneHa B Tabauue 1,
BblABMHYTa rMNOTE3a O BO3MOXKHOCTU CBeAEHUS MOAENU K CUCTEmMe C OAHOM
cTeneHblo cBoH60AbI.

Tabavua 1. MaTpuua KoadOUUMEHTOB B3aMMHOM KOppensaumMm CUrHaios

BMOPOYCKOPEHUI C 6-TU AaTYMKOB

Jatumk 1 Oatumk 2 | JaTtumk 3 Oatumk 4 | JaTumnk 5 Jatumk 6
datumk 1 1
Jatumk 2 0,99 1
Jatumk 3 0,94 0,92 1
Jatumk 4 0,99 0,99 0,95 1
Jatumnk 5 0,98 0,97 0,98 0,99 1
JaTtunk 6 0,93 0,9 0,98 0,94 0,96

JKcnepMMeHTaslbHO OBHApPYXKEHO, YTO YCTOMYMBBLIN NPOLLECC HEenpepbIBHOroO
nogbpacbiBaHNA XapaKTepusyeTca Haanumem 6OMeHMA, 4YacToTa KOTOpPOro
onpeaenaeTca aencTBMem BUOPAUMOHHBLIX GaAKTOPOB, GOPMUPYIOLLMXCA NPWU
BMOPALUMOHHbIX B3aMmoaenctsmax paboyen cpedbl C  BUbpUpyloLe
NMOBEPXHOCTbIO C MPOAB/JEHMEM NPOLECCOB YACTUYHOrO MPOEKMBAHMA U

KOHCTPYKTUBHbIMW OCOBEHHOCTAMM BUOPALMOHHOM MaLUUHbI.

V. 3aknouyeHue. poBeseHHOe UcCnefoBaHMeE NO3BOAAET CAeNaTb OCHOBHbIE

BbIBOAbI:
1. NpepnaraetcA noaxon K MCCNAEAOBAHMIO CAOXHOIMO KOHTAKTHOMO
B3aMMOAENCTBMUA B  MeXaHW4YecKon  KosebaTenbHOM  CUCTEME,

co,u,epmau.l,eﬁ COCTaBHble TBepAable Tena, HaxogAaulmeca noa BHELWHUM
KUHeEMaTn4eCKMm " CMa10Bbim BOS,EI,EVICTBVIEM.
2. HoBM3Ha npegnaraemoro noaxoaa 3akar4aeTca B NOCTaHOBKE 3a44d4Y1 Ha

onpeaeneHne ycnosuna yaepXaHUA CAOKHOIO KOHTAKTa MexXay

dparmeHTamu COCTaBHbIX TBEpPAbIX Tes, BXOAAWMX B  COCTaB

MeXaHUYECKOWN CUCTEMbI Ha NPOMENKYTKE YCTAaHOBUBLLETOCA ABUMNKEHMUS.
3. MNpeanaraembii MeTod, MCCNEAOBAHUA AMHAMMUYECKOrO KOHTAKTHOrO
B3aMMOAENCTBMA  MO3BOJIAET  OnNpeaenatb

ycnosume KOHTAKTHOTO

B33MMO,£I,€V1CTBMH C HECKOJIbKUMU KOHTAKTHbIMU NTOCKOCTAMM.

153



International scientific conference

SCIENCE, TECHNOLOGY AND LIFE - 2014

Czech Republic, Karlovy Vary, 27-28 December 2014

4. BbiaBNeHHble 0COHBEHHOCTM U Xapaktep 3aBUCUMMOCTU KOHTAKTHOTO

B3aMMOAENCTBUA MO3BONAIOT PEryIMPoBaTb YC/0BMA  peannsauum
KOHTaKTa Ansa Tpebyemoro 4acTOTHOro [AmanasoHa. B KauyecTse
6e3pasmepHbiX  MNapameTpoB  PEry/JiMpoBaHUs  MOryT  BbICTYNaTb
0606LLEeHHbIe MapamMeTpbl CUCTEMbI.

Pa3paboTaHHbIA [AaTYUK MOMKET ObiTb WMCNONb30BaH ANA KOHTPOAA
rPAaHMYHbLIX NapameTpoB BMOPALUMOHHOIO MNOAS  TEXHONOTUYECKUX
NPOLECCOB M MALUUH.

Cnucok nutepartypbl:
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KOHTaKTax cocTaBHbIX TBepAblx Ten / A.B. Eancees // HayuHble npobaembl TpaHcnopTa
Cnbupu n OanbHero Boctoka.- 2014.—Ne1-2.— C. 179-183.

Enncees A.B., Enncees C.B., ApTioHnH A.U., XomeHKko A.[., Kaumos E.B. YcTpoiicTBo
ONA raweHua KonebaHuii : nat. Ha nonesnyto moaenb 136112 Poc. ®epepaums: MIMK
F16F 15/04(2006.01) / aBTopbl W 3aaBuTenn Enucees A.B. [u p4.p.];
MateHToObNapatens: PreQy BMNO UplyNC.
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Enncees A.B., Enucees C.B., AptioHnH A.U.,, Kaumos E.B. YcrtpoiictBo ans
peryimMpoBaHus ynpyroamccunaTtMBHbIX CBOMCTB BUOPO3aLMTHOM CUCTEMbI : MaT. Ha
nonesHyto moaens 142137 Poc. depepaums: MIMK A16A 15/02 (2006.01). / aBTopbl 1
3ansutenun Enncees A.B. [u a.p.]; . MateHToobnagaTens: PTEOY BMNO UplYIC.
Enucees A.B., Enucees C.B., AptioHnH A.UN., Kammos E.B. [atumk onpepeneHusA
rPaHMYHbIX NapameTpoB B3aMMOAENCTBUS TeN B BUOPALMOHHBLIX cUCTeMax [TekcT] :
naT. Ha nonesHy mogenb 142137 Poc. ®egepauma : MIMK GO1P 15/09(2006/01) /
aBTopbl U 3aaButenn Enucees A.B. [u a.p.]; . MateHToo6nagatens: ®reQy BMO
Uplync.
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TOPMOS3HbIE BALLMAKU ANA
HKENESHOAOPOXKHOIO TPAHCNOPTA

3ABABUHA M. B.

Poccua, OAO «BHUNHKT»

AHHOTaUMA. AHaNM3MPYIOTCA KOHCTPYKUMM W ycnoBua paboTbl COBPEMEHHbIX
TOPMO3HbIX 6alMaKoB. YKasaHbl Cnocobbl YCTPaHEHMA TaKUX MOBPEXAEHMUM, KaK
pacnatolmMBaH1e U OTPbIB HOCKa, OTPbIB BOPTOB, U3N10M U CMATUE PYYKW. MNpuBogaTca
NpUMepbl NEPCNEKTUBHbIX MOZENEN CTOAHOYHbIX M TOPOYHbIX HaLLMaKOB.

KnioueBble cnoBa: ropoyHble GallMaKu; 3KCNIyaTaUuMOHHbIE MOBPEXKAEHUSA; aHaNn3
KOHCTPYKLUN.

Ha XenesHo4OopOXKHOM TpaHCMNopTe WMPOKO NPUMEHAKTCA npucnocobneHmn
ANA PYYHOrO TOPMOXKEHUA (B TOM YMcC/e aBapUIMHOIO) M oA 3aKpenseHmna Ha
CTOAHKaX NOABUMKHOIO COCTaBa — TOPMO3HbIe balwMaKku. CylLecTByeT MHOXECTBO
KOHCTPYKLMI TOPMO3HbIX balumakoB. HeKoTopble M3 HUX NpeacTaB/ieHbl Ha pyC.
1

HecmoTpa Ha 60nbllyt0 PacnpoOCTPaHEHHOCTb, A0 HACTOALLErO BPEMEHM He
cywectsyeT 060CHOBaHHOMo BbI6Opa KOHCTPYKLMKN M MaTepuanoB Hbawmakos. B
WMHCTUTYTE »KeNe3HOLOPOXKHOro TpaHcnopTa Oblna npoBegeHa pabota no
nccnenoBaHUIO YCNOBUIA PaboTbl M TUNOB NOBPEXAEHNI TOPMO3HbIX 6aliMaKoB
Pa3/IMYHOrO MNPUMEHEHMA W BbiPabOTKM peKomeHAaunii no paspaboTke
KOHCTPYKLUN.

HekoTopble Aoporn ANna 3aKpensieHMAa COCTaBOB MNPUMEHAOT 6ecnososHble
TOPMO3HbI€ YMNOpPbl, aHA/IOrMYHble aBTOMOOUAbHLIM (cm. puc. 1a). Ho, Kak
NOKa3bIBaeT ONbIT, B OT/IMYME OT aBTOMOBMIbHOTO TPaHCNOpPTa, FAe BO3MOXKHO
NPUMEHeHMe MaTepuanoB, obecrneymBaloMX  BbICOKMA  KOIOUUMEHT
CLENNEHNA C PE/IbCOM U KONEeCOM, NPW Hae3ae CTa/IbHOro KoJieca Ha CTaJibHble
yNopbl OHW YaCTO BbICKA/Ib3bIBAIOT U3-M0J Koleca ¢ 60NbLIOK CKOPOCTbIO U MOTYT
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co34aTb aBapuiHyto cuTyauuto. [lo3TOMy KenesHoOLOPOXKHbI 6awmaKk B
obA3aTenbHOM Mopsiake [OJ/IKeH COCToATb M3  nosfosa ¢ 6optamu,
YOEPKUBAOLWMMM €0 Ha penbce, U YNOPHOM KOMOAKM C Py4YKOM Ans yaobcTsa
nepeHoca (pucyHku 16,8). 3agaya KOHCTPYKTOPOB, TaKMM 06pa3om, COCTOUT B

pa3paboTKe ONTMMaNbHOW KOHCTPYKUMM M MaTepuasoB MNOA03a U YMNOPHOM
KONOAKWN.

Puc. 1. HeKkoTopble TMMbl HalMaKoB, NPMMEHAEMbIX B Pa3/IMYHbIX CTPAHAX:

a,b6,8 - TOpMO3HOW balumaK, NPMMeEHAEeMbI B cTpaHax EBponbl
OTAnYnUTENBHON OCOBEHHOCTbIO KenesHoA4O0pPOXKHbIX KoseC ABNAETCA Haan4vme

rpebHsn, yaepKMBatOLLEro KONeco Ha penbce. Ho npu Haesae Ha Nono3 balimaka
B KpuBOW rpebeHb Koneca MosKeT 3a4eTb 6opT Noso3a 1 oTopBaTh ero, puc. 2.
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Puc. 2. OTtpbiB 60pTa Nono3a

[Ona npepoTBpalleHMa 3TOro Ha MHoruMx 6awmakax 6opTa caenaHbl
yKopoyeHHbIMK (puc. 1 B). MNMOCKONbKYy Hae3n rpebHs Henb3Aa WUCKAHYaTb,
YO/IMHEHHbIA HOCOK A0KeHObITb 06A3aTeNbHOM 0COOEHHOCTbIO KOHCTPYKLNM
¥KeNe3HOA0POXKHbIX 6alLIMaKOB.

Mo xapaKtepy paboTbl TOPMO3Hble bOaliMaKM MOMKHO MoApPa3AeNUTb Ha
CTOAHOYHbIE, NPeAHA3HAYeHHble ANA 3aKPEN/IEHNA U yAepKaHUA COCTaBOB Ha
CTOSIHKaX, U FOPOYHblE WUIN aBapuUMHble, NpeAHa3HaAYeHHble ANA pacceAHun
3Heprnmn ABMNKYyLLErocsa coctaBa. PaccmoTpum ocobeHHOCTN paboTbl KaxKaoro ns
3TUX TUNOB.

CTosAHOYHble 6awmaku. CToAHOYHble balmaKkM paboTatdoT B OCHOBHOM B
CPaBHUTENIbHO NETKUX YCNOBUAX TPEHUA-NOKOA. OCHOBHOE TpeboBaHME K HUM —
yAeprKaHMe cocTaBa OT yxoza B Ntobbix ycoBUAX. [0STOMY pesibCbl HAa CTOAHKAX
nocbINatoT Neckom gns obecneyeHms BbICOKOro KoapdpuumeHTa TpeHns. Ho ecnm
H6awmak He OyneT CKONb3UTb, TO MOABAAETCA BO3MOXHOCTb MepeKaTblBaHWA
Koneca yepe3 bawmak. CnenoBaTesibHO, KOHCTPYKLMA CTOAHOYHOIO Halimaka
[ONI}KHA, C OAHOM CTOPOHbI, obecneynTb HafeXKHoe yAepraHWe COCTaBa B
YCNOBUAX MaKCMManbHOro KoadpduumeHta TpeHusa (mo 0,6), a c apyron —
npeaoTBPaTUTbL MepeKaTbiBaHME Yepe3 Hero Koseca. [MOCKONbKY CTOAHOYHbIE
H6almMaKknm MOryT MnepeHOCUTbCA BPYYHYHO Ha OonbluiMe pPaccTosHMA, TO
HeManoBa*KHbIM TpeboBaHMEM K HUM ABnAeTcA Hebosbwon Bec. MaccoBoe
NPMMEeHeHMe He NO3BO/ISIET UCMO/b30BaTb AOPOrMe matepuasnbl U TEXHONOTUK
ynpoyHeHnA. COBOKYNHOCTb 3TUX TpeboBaHWUI npegnonaraeT UCNo/sib3oBaHMe
TEPMOYNPOYHEHHbIX CTasel. Kak NoKasbiBalOT pacyeTbl, NP MCMNOb30BAHUK
CPaBHUTE/IbHO HEAOPOrMX CPEAHEYINEPOANCTbIX CTaNeN MOXKHO CHU3UTb Maccy
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CTOAHOYHOrO H6awMaKa A0 3-4 Kr ¢ COXpaHEeHWEeM A0CTaTOYHOro CPOKa CAYK6bI
NPWY UHTEHCUBHOM Mcnonb3oBaHuu (3-4 roga).

OCHOBHbIMM NOBPEKAEHUAMM CTOAHOYHbIX HALLMAKOB ABAAIOTCA U3/IOM PYYKU U
KO/I04KW B pe3ynibTaTe NnepeKaTbiBaHMA Koseca (puc. 3 a,6) u cmaTre HOCKa (puc.
4). CmAatTMoO HOCcKa cnocobcetByeT ¢pesepoBKa HOCKa. CuuTaeTtcd, 4yto 3TO
obneryaeT BKaTblBaHME KoJieca Ha N0OM03. IKCNEPUMEHTbI, O4HAKO, NOKa3anu,
4YTO TOAWMHA nono3a Ao 10 mm He BbI3blBA€T HUKAKUX 3aTPyLHEHUW AnA
BKaTblBaHMA KoJieca, HO €€ yMeHbLUEHME Pe3KO CHUXKAET NPOYHOCTb HOCKA.
MoaTomy npobnema cmaTna Gbina peleHa NyTem ycTpaHeHua Gpe3epoBKU U
yNpoYHEHMs NON03a.

Puc. 3 a, 6 - Usnom n gedopmaums py4kmn npm obpaTtHoM Haesge KoJsieca Ha
PYYKY KONOAKM
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Puc. 4 CmaTtne HocKa

[nsa npenoTBpalLeHNs NepeKaTbiBaHMA KOJieca BbiCOTa YNOPHOM KooaKku bbina
yBEeNMYEHa, a ANA CHUKEHMA €€ MacCbl MPUMEHUNM  YNPOYHSIOLLYIO
Tepmuyeckyto o0bpaboTky. Mogenb nNepcrnekTMBHOro CTOAHOYHOro balimaka
npeacTaBaeHa Ha puc. 5.

Puc. 5 Moaenb nepcnekTMBHOro CTOAHOYHOro Halwmak

FopouHblebawmakun. fopoyHble U aBapuiiHble balwiMmaku paboTaloT B ropasao
b6onee Taxenbix ycnosuax. Mpu TOPMOMKEHUM TAXKENOro oTuUena, ABUXKYLLErocs
CO CKOpoCTbio A0 4m/c, TOPMO3HOIM balumak Noja KOJNecoM C Harpyskou Ao
300 000 H gonkeH BblaepKMBaTb NYTb CKOMbXEHUSA A0 25 M (MaKcMmanbHbIN
KoadpuumeHT TpeHus coctasnsnet 0,6). Mpu pabote H6awmaka obpasyroTcs aBe
napbl TPEHMA HA NO/03€: KOJIECO-MO0NA03 U NON03-PEeNbC, PACNONOXKEHHbIE ApYyr
Hag Agpyrom. B pesynbTtate paboTta cun TpeHus, Bblaensiemas B Hebonblom
o0bbEMme Noz ONOpoN Koneca yaBanBaeTCA:

Pl 30000025
2Ap=2-—= 2222

=25000000 H-m,
frp 0,6

MOLLHOCTb CUA TPEeHUA B 30HE ONOpbl KOJsleca CoCTaBAeT:

160



International scientific conference

SCIENCE, TECHNOLOGY AND LIFE - 2014

Czech Republic, Karlovy Vary, 27-28 December 2014

W = 2'13Tp _ 250040000 — 625000BT

roe: P— Harpyska Ha Koneco,
| = nyTb CKONbXKEHUA,
fro — MakCcUManbHbIN KoapPuumneHT Tperua (0,6)

Mpu aTom Bblgenaetca aHeprna~6000 KKan , a Ha NATHE KOHTAKTa NoA Kosiecom
MeTann nonosa nporpesaetca aotemnepatypbl 700°C.[1]Kpome Toro 6awimak
ncnbiTbiBaeT H6onblUME AMHAMMUYECKME HArpy3KkuM NpuW BKaTbiBaHUM Koneca Ha
nono3 M yaape o Konoaky. Mpu ABMXKEeHMM B KpuBbIX Ha 6opTa nososa
AEeNCcTBYIOT HOKOBbIE CU/IbI, KOTOPbIE B CYMME C CUaMM TPEHUS NPEBOCXOAAT NO
BE/INYNHE BEPTUKANbHbIE CMAbl. [Tog AeNCTBMEM 3TUX CUA NPOUCXOAUT pas3rmb
60pTOB U KOpobneHue nonosa. Kpome TOoro matepuansl aetanein bawimaka
AO/KHblI NPefoTBpalLaTh BbICKaNb3blBaHME €ro B MOMEHT yAapa Konaeca o
KONOAKY.

Takum 06pasom, K PasIMUHbIM 4YacTAM M0/103a U K KOJMOAKENpPeabaABAAOTCS
npoTMBOpeYMBble TPebOBaAHMUA, UYTO 3HAUYMTENIbHO YC/IOXKHAET U yA0pOXKaeT
NPOM3BOACTBO rOPOYHbIX HaLLIMaKOB.

MOCKONbKY HOCOK NOa03a NoABepraeTcA Harpesy 40 TemnepaTyp BbICOKOro
OTMYCKAa, €ro Ha ero NPOYHOCTb B/MAET TONbKO CTPYKTypa. MN3BecTHO [2], uTO
NAaCTUHYATbIE CTPYKTYPbl MMEOT 60/bllee CONPOTUBNEHNENIHOCY, KOHTAKTHOM
YCTaNoCTU M NNACTUYECKOMY CMATUIO. MOSTOMY HOCOK NOJI03a A0/IKEH ObiTb
TepMoo6paboTaH Ha NAACTUHYATBIM NEePANT C TBEPAOCTbIO, COOTBETCTBYHOLLEM
W1 HEMHOTO Bblle TBEPAOCTU CTanu npu otnycke Ha 700 °C. CTpyKTypa HOCKa
npeacTaB/ieHa Ha pUc.6.

Puc.6. MMKPOCTPYKTYpa HOCKA NepPCneKTUBHOMO ropo4YHoro 6awmaka, x500
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MocKkonbKy 6OpTa MOM03a AO/KHbI, C OAHOW CTOPOHbI MMeTb 6onblioe
CONPOTUB/AEHNE NNACTUYECKMM fgedopmaumam, a C APYrod — BCeE Ke He
nomatbca npu 6onbwnx aedpopmaumax, KoTopble HensbexHbl BCaeacTBue
M3HOCaA U M3MeHeHUN GOPMbl PENbCOB M Konec, HeobxoAMMO ONTUMANbHOEe
COYeTaHMe MX MPOYHOCTHbIX M MNAACTUYECKUX CBOMCTB. O4eBMAHO, 4TO 34€eCb
NyYlle NMPUMEHUTb CTaNIN C 3EPHUCTbIM NEPSIUTOM, UMeoLWMM bosiee BbICOKUE
nnactTuyeckne ceoictea. OnNbITHbIM NyTem 6blN10 HAMAEHO, YTO ONTMMA/IbHaA
TBEPAOCTb 3a4HEN YacTM Non03a, BKAOYaa 6bopTta, Ao KHA 6bITb 270-300 HB.
BHelwwHM BUA ropoyHoro 6almaka HOBOM KOHCTPYKUUM NpeacTaB/ieH Ha puc.7

Puc. 7. BHeWHNI BUA, ropo4HOro 6alimaka ycoBepLLIeHCTBOBAHHOM
KOHCTPYKLUM

IKcnyaTauMOHHbIE UCMbITaHMA HOBbIX TOPMO3HbIX 6alLMaKOB NOKAa3anu, YTo X
CPOK CNy»KObl NPEBOCXOAMUT CPOK CAYKObl NPUMEHAEMbIX B HAaCTOALLEE BPEMA B
2 pasa.

Cnu1coK nutepartypbl:

1. Tennosble npoueccbl B cucteme “Konoaka-koneco-penbc” [ocTaHOBKa 3aday M
KpaTKMin 0630p uccnegoBaHuin. [pumeHeHWe TenJIoBbIX modenen Ana aHanmsa
NPOLECcCcOB B CUCTEME «KOJIOAKA - KOJMIECHAA Mapa — Penbec» 3n.KypHan “TpeHue,
M3HOC, cmaska”, 2004, Ne2, 21 sbinyck. Kapos N.A.

2. Mapkos .M. Tpubonorva n eé npMMeHeHMUe Ha XKeNnesHOO0POKHOM TpaHcnopTte /
Tpyapl BHUMKT. — M.: UHTeKcT, 2007. — 408 c.
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CTABMNN3ALUA NPOTPAMMHOIO ABUXEHUA
AUCKA HA BA3KOYNPYIromM OCHOBAHUU

KanbmoBA M.A., lNABnosB I.B.

Poccna, CAMAPCKMIN TOCYAAPCTBEHHbBIA APXUTEKTYPHO-CTPOUTE/IbHbIN
YHUBEPCUTET

AHHOTauuA. B paboTe mccnepoBaHO ABUMKEHME HEro/IOHOMHOM KOHCepPBATMBHOM
MeXaHM4YecKol  cuctembl  YanabirMHa  «AMCK-BA3KOYNpyroe pesiakcupytollee
OCHOBaHMe» mogenn KenbBrHa, MMeoLWwan UMKANYECKMe KoopamHaThl. PeweHa HoBasA
3343@4a O NOCTPOEHUM ACMMMTOTUYECKM YCTOMYMBOIO MPOrPaMMHOIO ABUMKEHMUA
OMCKa. 3ajaya pelleHa npAmMbIM meTogom JlanyHoBa € UCNOAb30BaHUEM GYHKUMMU
JlanyHosa.

KnioueBble cnoBa: cuctema “YannbirMHa, ypaBHEHWA BO3MYLLEHHOTO ABWMKEHWUSA,
ctabunmsmpytollee ynpasaeHne, aCUMNTOTMYECKAA YCTOMYMBOCTb.

Bonpocbl yCTOMYMBOCTM [ABUMKEHUSA CUCTEM TECHO CBA3aHbl C Teopuen
ynpaB/ieHUA, B YaCTHOCTU C TEOPMEN ONTMMANIbHOTO YMPaBAEHUA, OCHOBbI
KoTopou 3anoxeHbl J1. C. MoHTpAruHbim, B. . bontaHckmum, P. B. Famkpenungse,
E. ®. MuweHko u P. bennmaHom. B pe3ynbTaTe Takol CBA3M NOABUAOCH HOBOE
HanpaB/JieHWEe B MeXaHWKe, KOTOpPOe OTHOCUTCA K npobnemam ctabunmsauunm
ynpaBAsembiX ABUXKEHWUIA. DTO HanpaBaeHue oTpaxeHo B [1], [2]. B paboTte [3]
aHanM3npyeTca ABUMKEHUE OLHOOCHOM KONECHOM TPAHCNOPTHOM NaaTthopmbl C
ABYXCTEMNEHHbIM TMPOCKONOM, Nepemeltatowenca 6e3 npocKanb3biBaHMA MO
NJOCKOM He BpallatoLLencs ropu3oHTaIbHOM NOBEPXHOCTU. [MonyyeHa obuwian
MaTeMaTU4eCcKaa MoZe/ib, KOTOPaA B YaCTHOM C/lyvyae COBMagaeT C MOAENbIO B
dopme ypaBHeHMM YannbirmHa [4], 4TO no3BOAAET MNOAYYUTb U3UYECKYIO
MHTepnpeTaymio ypaBHeHMN YanabirmHa.

OAHaKo ucciegoBaHWe AUHAMMUKKN TeN BPaLLLEHUA Ha BA3KOYNPYromM OCHOBaHUM
HaZeNleHHOM HacneACTBEHHbIMM CBOWMCTBAMW PACCMOTPEHO HeAoCTaTOUYHO
MOJHO.
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3aja4a O KaYeHUM ANCKA Ha BA3KOYMPYrom OCHOBAHMWU ABASAETCA KOHTAKTHOWM
3agaven. [BuxkeHune ANCKa bynet onpeaenaTbcs cucTemon
anddepeHuManbHbIX YypaBHEHUI B dpopme mMoaUPUUMPOBAHHDBIX YPaBHEHWIM
YannbirnHa, BKAOYalOWMX OOOOLLEHHYID PEOJIOTMYECKYIO CUAY pPeakumMm u
ypaBHeHMAMM cBA3en. HanpaxeHHo-gebopmmnpyemoe COCTOAHME OCHOBAHMA
onucbiBaeTca agudpdepeHumanbHbIM YPaBHEHUEM, BbITEKAIOLWMM U3 CTPYKTYPbI
Mmogenu KenbBuMHA. YCNOBWUA  COMPAMKEHWUS  PeaNIN3yOTCA  COBMECTHbIM
peLlleHMeM 3TUX CUCTEM YPABHEHUN.

Kak nssectHo [5], ypaBHEHUSA HErONOHOMHbIX CBSI3€i U YpaBHEHMA OBUNKEHUA
[IVCKa Ha BA3KOYMNPYrom OCHOBaHMM, NpeAcTaB/ieHHble B ¢popme YanibirvHa,

UMeIoT BUA,
d o(T) o) 2 do
+Mr20gpsin 0 =0, o) o) .p
sin@—-gM —c,£ =0,
dt oy oy dt o  o¢ M -G

" agg) 66(;) +gMrcosf—Prsinfcosd =0, &, =r(dsindsiny —cosy (p+ycosd)), (1)
1. = —r(@sin cosy +siny (¢ +y cosh)),

—a—m—a—m—Mrzwésin0=0, : ; '

dt o9 Op ¢ =récosd-¢,

3pecb (T) - KMHEeTUYeCKaa aHeprmnsa, C NCKNKYEHHbIMN 3aBUCUMbIMU CKOPOCTAMMU,

- paguyc aucka, M - macca gmcka, ¥ - yron npeueccum, @ - yron cobcTBEHHOro
BpalweHua, 6 - yron Hytauumn, P - peonoruyeckas cuia peakuumm ocHosaHus, § -
BEPTUKaNbHAA COCTaBAAWANA AepOopmaLMm OCHOBaHUA, ( - ycKopeHue cBob6oaHOro
nageHus. KoopamHata @ - UMKAMYECKasA, I - KBasWMLMKAMYECKas, TaK KaK OHa
BXOJMWT B ypaBHEHUA HErONOHOMHbIX cBaseil. KoopauHatel € U { - NO3MUMOHHBbIE.

Cunosoe BSHMMOAGVICTBMG OCHOBaHMA C AOWUCKOM, OMNuUCbiBaemoe MoAae1bio
KenbBWHa, NpeacTtaBaeHO BblpaXKeHUeMm:

nP+P =ncs +cc. 2)

roe N - BpemA penakcauuu, ¢ - MIHOBEHHbIN MOAyAb YNPYrocTu, ¢; - AJIUTENbHbIN

MOZAY/lb YNPYroctu OocHoBaHuA. MNpu OTCYTCTBUWM BA3KOYMNPYroro OCHOBAHWA, Koraa
¢ =0,P=0, ypasHeHus (1) nepexoasaT B U3BECTHblE ypaBHeHMA [6].
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B cuny ocobeHHOCTEN ecTeCTBEHHOWM CTPYKTYpPbl MaTepuana OCHOBaHWS, TMMa
Nopo/iIoHa, Npeanosiaraem megiaeHHoe usmeHeHne gepopmaLmini OCHOBaHMA Mo
CPaBHEHMUIO C NepPUOAOM KonebaHM, KOTOPbIA 3aBUCUT OT YaCTOTbl BpaLLEHUA
HecbanaHCMPOBAHHOIO AMCKa, a, CNefoBaTeNbHO, OT CKOPOCTU ABUMKEHUA €ro
LEeHTpa macc, cuMtaem gedopmalmio OCHOBAHWMSA MOCTOAHHOM B npegenax

O4HOrO nepuoda M UHTErpupyem ypaBHeHue (2), B pesynbTate MNoay4yum

dYHKUUIO
on ,
P=c¢(Q-e ”)Eﬁ+§)+cn§, 3)
roe B — cratuyeckuii npormb ocHoBaHua, L <N - BpemeHHON WHTepBan
NHTErpUPOBAHUA.

C yyetom (3), npMHMMas rMnoTesy paamanbHOro HanpaBAeHUA PEONOTMYECKOM
CWUJbl, NPUXOANM K CUCTEME YPaBHEHU

sin00(1,¢+2(—1, + 1, +Mr?)cos Oyr) + 1, sin” 95 + (1, + Mr?) cos 9(¢5 + cos 6y7) =0,

—(1, +Mr?)sing8y + (1, + Mr?)(¢+cos 6y7) =0,

]
%(4r cos O(gM —sin 49)(c1(1_et—”ﬂ+g) +en8)) +4(1, +Mr2)sin Opyr +2(~1 + 1, +Mr?)sin 20y -
1
—4Mr cos 6 +4(1, + Mr?)6 =0,
4

—gM +¢,¢ +sin 0(c1((1_t—en)+§)+cn§+Mr6"2)+M§—Mrcosl99':0. (4)

1

Nccnegyem cuctemy (4) Ha ycTonMumBoCTb. [NA NOCTPOEHUA YpPaBHEHW,
OMUCbLIBAIOLLMX CTALLMOHAPHOE ABUMKEHME, CAeNaeM NOACTaHOBKY, BbITEKaIOLLYIO
N3 U3BECTHOTO MOJIOKEHUA-MOCTOAHHbBIX 3HAYEHUAX LMKANYECKMX CKOPOCTEN U

NO3NUMOHHbIX KOOPAUHAT

165



International scientific conference

SCIENCE, TECHNOLOGY AND LIFE - 2014

Czech Republic, Karlovy Vary, 27-28 December 2014

0 =a=const, =0, ¢ = B =const, { =0, y =Q=const, ¢ = w=const. (5)

YpaBHEHMA  CTAaUMOHApPHOrO  ABWXEHWS NpW  TMNoTese  PaAnasibHoro
Hanpas/IeHMA PEONOTUYECKOM CU/bl UMEIOT BUAL:

Q(=2(1, + Mr*)(w+Qcosa)sina +1,Qsin 2a) - 2rff cosac, 0
21, +Mr? —Mr? cos 2a -

—(2cosa(Q((I, +Mr¥)o+ (-1, + 1, + Mr*)Qcos a)sina +r gcos ac,)) / (-21, — Mr? + Mr? cos 2c)

\nsi 6
—gM +ﬁcl(1+sinoz+—(1_e )nsma) (®)

- L -0.
M

3aBMCMMOCTb Yria HyTauuMuM AUCKa @=a OT YIIOBOW CKOPOCTM COBCTBEHHOrO
BpalleHWs, TMOCTPOEHHaA nNpu  CAeAyloWMUX  YUCIEHHbIX  3HAYEHUAX:
npeacrtasaeHa Ha puc. 1 (7)

Mr?

I, = ke-cm®, r=0,2cm , 9~=£ ao ,
> cm 2p
Mr? H
I, = ke-em’, c=¢,=10—, n=50c
4 cM

, £=002em , M=l , g:locﬁ2 ,

t,=20c, v=300, B=0,0lcx, k =0,

k2=%pad , k3:%pa0 , k,=0,01lcm |

Cy=2—, Cp=

H H
Puc. 1 HarnaaHoe nsobpakeHne =2 7,785, u=1, 1=40,

ABYMEPHOCTU MHOroob6pasusa
CTAaLMOHAPHbIX ABUMKEHUN.

TOYKM BEpXHElM MNNOCKOCTM Ha puc. 1 COOTBETCTBYIOT ABWMMKEHMAM AWCKA C
Pa3NNYHBIMU  YI/IOBbIMM CKOPOCTAMM COOCTBEHHOrO BpPALLEHMA M Yr1amu
HaKNOHA AMCKa C OCHOBaHWeMm (yrnamu HyTauuu). M3 pucyHka cneayeT, yto

HanboNbLIMIA Yron HyTaumm He npesblwaeT 57,30. TaK e BUAHO, YTO yrnoBas
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CKOpPOCTb npeueccuu Q NPakKTU4ECKN HEe BJIMAET Ha BEINUYUHY YyIr/1a HyTauuw.
bbino NMOCTPOEHO NporpamMmmHoe ynpasaeHmne anA 3agaHHbIX ABM)‘KGHMVI ANCKa:

l//np.zklt’ (onp:th’ enp:kS’ gnp=k4.

Mepeliaem OT ypaBHeHWI (4) K ypaBHEHUAM B OTKNOHEHMAX, OMNpeaenvns
OTK/IOHEHUA PaBEHCTBaAMM:

O=a+x, O=X,, {=P+%, =X, Y=Q+X, p=0+X%. (8)

YpaBHEHMA BO3MYLLEHHOrO ABUMNKEHUA NPUMYT BUA,:

X =Xy,
b

X, = (e "(cnr(28(cosk, —2cos(x, +k,)sink, —2(cosk, —2cos(x, +Kk,)sink;k, +
+sin 2(x, + Ky ) (X, — B+ K, ) —4cos(x, +K;)sin(x, + k) (X, — S +Kk,)) +

Y
+e" (2r cosk, (gMt, —cngsink,) — 2(1, + Mr?t, sin(x, + kg )(Xs + K, ) (X +K,) +
+2sink, (tk (-1, + 1, + Mr?)cosk.k, + (I, + Mr?)k,) +cr(n—t,)(cosk, —
—2c08(x, +K;)k, ) +sin 2(x, + k) (1, — 1, = Mr)t, (x; + k) +cr(t,(x, +k,) —n(x, — S +k,))) +
+2r cos(x, +k;)(2cnBsink, — Mt (g + rxZ sin(x, +K,)) —

_ZCSin(Xl + k3)(t1(X3 + k4) - n(xs _/B + k4))) + 2rt1X3 COS(X1 + k3)C1))) /
12t,(1, + Mr? —Mr? cos(x, +k;)?),

X3 =Xy,

4

x,=—(e" (2cn(—% Mr? B cos(x, +k,)sin 2k, +(=2(1, + Mr?) ++Mr? cosk; cos(x, +k,)) sin k;k, —
—Mr? cos(x, +k;)* sin(x, +K;)(X; — B+K,) +2(1, + Mr?)(Bsink, +sin(x +k;)(x, — S +k,))) +

4
+e" (Mr cos(x, +k,)(2r cosk, - (~gMt, +cngsink,) + (I, + Mr?)t sin 2(x, +k,)(x; +k,)?) +
+Mr (1, +Mr?)t, sin 2(x, +k;)(Xs +k,) + Mrcos(x, +k;)sin 2k, ((I, =1, = Mr?)tk’ +cr(-n+t)k,) +
+25sin ky (=Mr (1, + Mr®)t, cos(x, +K; )k k, +2c(l, + Mr?)(n—t)k,) +
+2(1, +Mr?)(=2cngsink, +sin(x, +k,)(Mrt,x; +2c(ng —n(x; +k,) +t,(x, +k,)))) -

—2Mr cos(x, +K;)? (—=gMrt, +sin(x, + k) (1t (% +k,)* +cr(nB—n(x, +k,) +
+H, (X%, +K,))) =21, + Mro)txc,))) / M (1, +Mr? — Mr? cos(x, +k,)%)),
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