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B crarthe paccmaTpuBaeTcs HadaJIbHO-KpaeBas 3aJada JJIsT CUCTEMbI TPABUTAITMOHHO-
TUPOCKONIMYECKUX BOJIH B puban)kennn byccurecka — mHTErpo-auddepernuaabHoil cu-
CTeMBl yPaBHEHUII B YaCTHBIX HPOU3BOAHBIX. CyIlecTBOBAHUE €IUHCTBEHHOI'O PEIEHUS
TaKOM 3aJa49M YCTAHOBJIEHO C UCIOJIb30BaHMEM METOJIOB TEOPUU BBIPOXKJIEHHBIX IBOJIOIU-

OHHBIX ypaBHEHU! B HaHAXOBBIX IIPOCTPAHCTBAX.

KittoueBble ciioBa: cucmema 2pasumayuoHHO-2UPOCKONUYECKUL 60AH, CUCTEMA 6HYMPEHHUL
804H, npubausicenue Byccurecka, HaUaADHO-KPAEBAA 300040, GHPOHCOEHHOE IBOAOUUOHHOE YPABHEHUE,

ypasrerue ¢ Namamsio.

BBenenue

PaccmoTpnM HavaIbHO-KPAEBYIO 33189y
vala,t) =0, (z,t) € 9 x [0,T), (1)

v(z,0) =vo(z), x €, (2)
JJIsL CUCTEMBbl YpaBHEHUl

vi(z,t) = [v(z,t),©] — r(x,t) + N? /Ug(x,s)egds, (x,t) € Q@ x[0,7T), (3)

V-v(z,t) =0, (z,t)eQx][0,T), (4)

OIUCHIBAIONICH B NpuOIMKEeHNH DyccuHecKa Majible KoJleOaHHs paBHOMEPHO Bpa-
IIAIOIIEHCA OTHOCUTEJILHO BePTUKAJILHON ocu Ors B IHOJIE CHJIbI TAXKECTH UICAJb-
HOIl HecxkuMaeMoil »kmarocTr. OHa Ha3bIBAETCS TaK:Ke CHCTEMOI I'PaBUTAIMOHHO-
IUPOCKONIMYECKUX BOJIH B mpubuzkennn Byccunecka [1, c. 186]. 3yech 0 C R? — orpa-
HUYeHHast obacTh ¢ rpanurneii J) kimacca C'°, BekTop v = (v1,U2,V3) — CKOPOCTh
YaCTUIL JKUJKOCTH, I — I'PaJUEHT JUHAMUYIECKOro jiaBjenus P, 1. e. r = (r1,1r9.r3) =
(P, Pry, Pry), €3 =(0,0,1), w — ynBoeHHas yriaoBas CKOPOCTb, |-, W] — BEKTOPHOE IIPO-
usBesienne Ha BekTop w = wez = (0,0,w) € R3, vzes = (0,0,v3), n = (ny,n9,n3) —
BEKTOD BHeITHe{i HopMas K rpanuie obmact OS2, (-, -)gs — CKaJsIPHOE IPOU3BEICHIE
B R3 v, = (v,n)ps, N> — uacrora Baiicens — Bpenra, V - v — JuBepreHnus BeKTOp-
dyuxnun v. HemspecTHbIMU 9BIISIOTCA BEKTOP-(DYHKIUKT U U T

Pabora Boimonmena mpu moiepKke Jlaboparopun KBaAaHTOBOIT Tomoornn UeastOMHCKOrO Tocyaap-
CTBEHHOrO yHHUBepcuTera (rpant npasuresnbersa PO Nel4.750.31.0020).
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Cucrema ypaBHEHUI ABJISETCA HEPA3PEITUMOI OTHOCUTEIHLHO IIPOU3BOJIHOI 110 Bpe-
MeHU (I/IHaqe roBOP«, BBIPOXKJICHHON 3IBOJIIOIIMOHHON CI/ICTeMOﬁ), TaK KakK He COJIEPXKUT
MPOU3BOHBIX 110 { OT HEKOTOPBIX HEU3BECTHBIX (DYHKIUN — OT (PYHKIUH 71, 7o, T3.
[Ipu sTOM OHA COMEPXKUT MHTErpPAJIbHBIN onepaTop BoJsibreppa, JIpyruMu CJIOBaMu, sB-
JIieTCd CHCTeMOll ypaBHeHHiI ¢ namaTbio. VccaenoBaHnIo BBIPOXK/IEHHBIX SBOJIIOIMOH-
HBIX CHCTEM C NaMAThIO TOCBAIIEH psl pabor M. B. @ananeesa u C. C. Opiiosa [2-5], a
Takzke pabor aBropos JganHoil ctaten n O. A. Craxeepoii [6-9]. B nepeuncieHubx pabo-
TaxX PACCMATPUBAIOTCA HadYaJIbHbIE 33JIa9U WA 3aJIa91 C 3aJJAHHON ITPEIbICTOPUEit JTs
b depeHuaIbHbIX ypaBHEHU B aOCTPAKTHBIX OAHAXOBBIX IIPOCTPAHCTBAX C Ollepa-
TOPHBIMU KO3 DUIMEeHTaMH, ¢ BBIPOXKIEHHBIM OMEPATOPOM IIPU CTAPIIENl TPOU3BOIHOIM.
[Tonydennble /st TAKUX 33189 T€OPEMbI 00 OJIHO3HAYHON Pa3PENINMOCTU UCIOJIB3YIOTCH
IIPU PACCMOTPEHUN HAYaIbHO-KPAEBBIX 3324 /I YPAaBHEHWI I CUCTEM YpaBHEHUI B
YACTHBIX TPOU3BOHBIX C MHTETIPAJILHBIM OIEPATOPOM TAMATH, HE PA3PEIIUMbIX OTHOCH-
TeJILHO TTPOU3BOIHOMN 110 BpeMeHn. OTMeTHM TaKKe PabOThI, TOCBSIIEHHBIE OHOZHATHOM
PA3pENMMOCTH BBIPOYKIEHHBIX SBOJIIOIMOHHBIX YPABHEHWII C IPYTUMU WHTErpagbHBIMU
oriepaTopaMu — ypaBHeHuii ¢ 3anasapiBanuem |10-12|, marpykenubix ypasaenuii [13;
14|, ypasuenuii ¢ gpobuoii npoussojHoii ['epacumosa — Kamyro [15-17].

OcHoBHast ujest TaHHON paboThl — peayImpoBaTh 3aja4dy (1)-(4) K 3amade 1is Bbl-
POXKJIEHHOT'O SBOJIIOIMOHHOIO YpaBHEHHUSA € MaMsIThIO B OAHAXOBOM ITPOCTPAHCTBE U C
HOMOITBI0 aBGCTPAKTHBIX PE3YJIbTATOB, MOJYYEeHHbIX paHee B (8], mosyduTh Teopemy 06
ojiHO3HAUHON pasperuvocty 3asa4du (1)—(4). Tlepsoiit maparpad coaepkuT HEOOXO M-
Mble CBeJIeHUs U3 paboThl 8], a BO BTOPOM OCYIIECTB/IEHA yKA3aHHAS DEJLyKIHsl 1 JIOKa-
3aHa COOTBETCTBYIONIAA TEOPEMA.

1. BprO}K,ZLeHHOG 9BOJIIOIIMOHHOE ypaBHE€HHE C IIaMATbIO

g 6anaxosbix mpocrpancts U, U gepes L(U; W) obosHaunM 6GaHAXOBO TPOCTPAH-
CTBO JIMHEWHBIX HEIPEPLIBHBIX ONEePaTopoB, jeicTByiomux u3 i B Y. Muoxkectso Jjin-
HEJHBIX 3aMKHYTBIX OIIEPATOPOB C 0BIACTAMHU OIPE/IeIeHNs, IVIOTHBIMI B IPOCTPAHCTBE
i, neiicrBytomux B U, 6yaem obosnadars depes3 Cl(L; ). Ecam U = 4, To coorBeTCcTBY-
fore obo3HateHus cokpararces 10 L(4) u Cl(L).

Yepes D), obosnaugaercst 0baacts omnpeesnenns orneparopa M € Cl(U; ). Crabxkén-
Hoe HOopMoit rpaduka || - ||p,, = || - |lu + | M - ||, 970 MHOKeCTBO sBIAETCA GAHAXOBBIM
IIPOCTPAHCTBOM B CHITYy 3aMKHYTOCTH oreparopa M.

O6oznanm Takxke Ry = {r € R: 2 >0}, R, = {0} UR,,R_ ={z € R: 2 < 0},
R_={0}UR_.

[yers L € L(4;0), M € Cl(4;5). O6oznaunm p*(M) = {u € C: (uL — M)~ €
L(0; ) }. Crenys 18, c. 89|, oreparop M 6yiem HasbiBaTh (L, 0)-OrpaHIYeHHBIM, €CJIH
muoxectBo o (M) = C\ pP(M) orpanudeno B C. IIpu yciosuu (L, 0)-orpaHudeHHOCTH
oneparopa M oboznauum v = {u € C: |u| =r > a}, rae a > 0 Takoso, uro o (M) C
B, (0) ={p € C: |u| < a}. Paccmorpum mHTErpaJIBI

T _ 1 [
P=o- [ REOMdpe L), Q= / LE(M)dy € £().
Y v

Herpynno y6eautbest, aro P u (Q asistorcs npoekropamu. Iomoxxum U0 = ker P, 00 =
ker Q, ' = imP, Y' = imQ. O6oznauum uepes Ly (M}) cyxenue onepatopa L (M) na
UF (Dpy, = Dy N4F), k=0, 1.
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Teopema 1. [18, c. 90, 91|. ITycmo onepamop M (L, o)-oepanuuen. Tozda
(i) My € E(ﬂl;‘ﬂl), M, € cz(uo;mo), Ly € E(ilk;‘IIk), k=0,1;
(ii) cywecmeyrom onepamopv. Myt € L'(‘Bo;ilo), Lt e ﬁ(%l;ﬂl).

O6oznanm Ny = {0} UN, H = My 'Ly. llpu p € Ny oneparop M mazbiBaercs
(L, p)-orpannuennniM, eciu ou (L, o)-orpanuuen, HP # O, HPT! = Q.

O6oznaanm Takxke R(R ;i) — muO)ecTBO dyHKImit h @ Ry — 4 1y1s KOTOPBIX
HecOOCTBEHHBI nHTerpaa Pumana f0+°° |h(t)]|udt cxomures, Co(R_; 1) — GamaxoBo mpo-
CTPAHCTBO HENPEPBIBHLIX I OrPAHMYEHHbIX Ha R_ (DYHKIHIL, YIOBIETBOPSIONNX PABEH-
ey u(0) = 0 ¢ wopwoit [uley, gy = sup (0

Iycts K : Ry — L£(4;9). [Ij1a ypaBHeHns ¢ MHTErPATbHBIM OTePATOPOM MaMSATH

t
d
Ebmwzkmﬁﬂi/K@—QM@@+f@,te@ﬂ% (5)
npu BoinoHennu orpanudenus U° C ker K(s), s > 0, umeer cMblcjl paccMaTpuBaTh
MOPUIMPOBAHHOE YCIOBUE 3aJaHHON nctopun cucreMor (5)

Plu(t) —u_(t)) =0, t<0, (6)

KOIJla 3aJlaHa JIMIIb UCTOPHs MPOEKIMH COCTOSHUS CHCTEeMbl Ha HOJIpocTpancTBo UL,
Pemennem samaaun (5), (6) na mpomexkyrke [0,7") Oyaem HaspiBaTh (DYHKIUIO U €
C([0,T); Dyr) N C((—o00, T); ), nast koropoit Beimosmserca (6), Lu € CH([0,T);0) u
npu KaxkjoM t € [0,7T) cnpaBeminBo paeHcTso (5).

Teopema 2. [8]. ITycmv p € Ny, onepamop M (L, p)-oeparumen, u_ € C(R_; i), Pu_ €
Co(R;4) NR(R;8l), K € C(Ry; L(8)) N R(R4; L(4,D)), QK € R(Ry; L(4)),
U0 C ker K(s) mpu s >0, HEM; (I —Q)K € C*R; L(W)), H- My (I —Q)KW(0) =0,
1=0,1,....k—1, H*M;*(I — Q)K™ € R(R,; L(W), n =0,1,...,k, k=0,1,...,p,
fec(o,7);9), H*My; (I — Q)f € C*([0,T); ), k= 0,1,...,p. Toeda cywecmeyem

eduncmeennoe pewenue sadavwu (5), (6) na npomeorcymse [0,T).

Bamevanue 1. OuennHO, 4T0 ypaBHeHUE (5) MOXKHO [EPEIICATL B BHJIE

%Lu(t) = Mu(t) + //C(t — s)u(s)ds +g(t), tel0,1), (7)

rIe
0

Mﬂ=ﬂ0+/K@—WL@$,

u paccMaTpuBaTh jjis ypashenus (7) yzke mpocro 3ajaqdy Komn u(0) = ug win 3agaay

P(u(0) — ug) = 0.

2. Cucrema rpaBUTaAaIOHHO-TUPOCKOIINYEeCKHNX BOJIH
B HpI/IGHI/I}I(eHI/II/I BYCCI/IHGCKa
O6oznaunm L = {v € (C(Q))* : V-v = 0}. Bambikanne jauneana L 1o HOp-

Me mpoctpancTBa Ly = (Ly(2))3 oboszmaunm uepes H,. Ilycrs H, — opToronaibuoe
nomnosiaenne K H,, I : Ly — H,, — opromnpoekTop Baoab H,,.
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Crenyst nomaxopy, npumenéanomy B pabore [19] k cucreme ypasuenuii Cobosesa,
KOTOpasi OT JIAHHOW CUCTEMbI OTJINYAeTCsl JIUIIb OTCYTCTBUEM MHTEIPAIHHOIO CIaraeMo-
ro, UCIOJIb3yeM 0OOOIIEHHYIO TIOCTAHOBKY HAadaJbHO-KpaeBoil 3amaqdu (1)—(4), 3aMmeHus
ypaBHeHHe HeckuMaeMoctn (4) u rpanndnoe yciosne (1) Ha ypasHeHne

Mu(-t) =0, te0,T). (8)
[Tocae 3amensr w(t, ) = v(t,x) — vo(x), cauras, aro vy € H,, HOTYyUINM HAYATHHO-

KPaeByIoO 3319y B
w(z,t) =0, (x,t)eQxR_, 9)

wy(z,t) = [w(z,t),w] — r(x,t) + Nz/wg(a:, s)esds +

+ [vo(z), w] + Ntvgs(x)es, (x,t) € Q% [0,T), (10)
Hw(-,t) =0, te€][0,T). (11)
[Tpu sTOM cumTaercs, YTO MPEJLICTOPHUsI, Onpe/esemas ycaoBueM (9), TOXKIECTBEHHO
HyJIeBasl, MOCKOJIbKY OHA HUKAK He BJIUAET Ha COCTOSHUE CHCTeMbl Ipu ¢ > 0.
Dopmyoit G z— [z w|, w = (0,0,w), 3818/ IMM JIMHEHHBI HEITPEPBIBHBIN OTIEPATOP
G:L, — Ly, G, = G\H O6osnaunm ¥ = [ — II, Py € L(LLy) — mpoekTop BEKTOp-
dbyukimii Ha ock Oxs, T. e. P3z = (2, e3)ps = (0,0 23) ecin z = (21, 22, 23). [lomoxkum

U =9 =H, x H,, (12)

Torjia BeKTOpbI umeror Bun u = (w,r) € W f = (g,h) = (Xf,11f) € U. [Ipu srom
HCIIO/IB30Bato To, 4T0 B cuity (11) w(-,t) = 0 € H,, a rpaguent nasienus r(-,t) =
VP(-,t) e VHY(Q) = H, nis Beex t € [0, 7).

Cucremy (10), (11) moxkno 3amaTh B Buje (5) ¢ HOMOIIBIO OIEPATOPOB

I O >G, O Sk()P; O
L:<© @>,M:<H@U _I>,K(t):(nk<tgpg @>ec(u>, (13)

N% te[0,7),
k(t)y=< N?*(1—(t—-T)), te [T, T+1),
0, t>T+1,

u dynkmun f(t) = [vo(z), w] + N2tvgs(x)es.

Jlemma [20]. ITyemo zadanv, npocmparcmea (12) u onepamopwt (13). Tozda onepamop
M (L,0)-ozparumen, npu 2mom npoexmopv umeom 6ud

I O I O
P:(HCAJU @)’ Q:(@ @)'

U3 Buna npoekropa P u omeparopos K(t) ciemyer, aro (9) st naHHON 3a1adn
umeer Bug yeaosus (6), u 40 C ker K(t) npu Beex ¢ > 0. Ilpu 3TOM MO MOCTPOEHHIO
dbyukmun k(t), e ausromemy na 3agady (9)—(11) npu xkoneunom T > 0, mosydaem
MHTErpupyeMocTh 1o Pumany oneparop-dyuknumit K u K (tam, rge sta mpousBojHast
cymecrByer — Besjie, Kpome Todek ¢t =T u t = T + 1) Ha nosioxkure/bHOiT mosryocu R, .
U3 Teopemst 2 cieyer paspentumocts 3a1a4qu (9)—(11), a smaqnt, u 3amadn (2), (3), (8).

rIe

Teopema 3. Ilycmv vy € H,, T > 0 woneuno. Tozda cywecmeyem edurcmeennoe
pewenue 3adavu (2), (3), (8).

3ameuanmne 2. B ciaydae w = 0 mosrydaercs cuctreMa BHYTPEHHUX BOJIH B TPUOJIMZKEHUT
Byccunecka |1, c¢. 186], misg koropoii Teopema 3 Takzke BepHA.
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ON UNIQUE SOLVABILITY OF THE SYSTEM
OF GRAVITATIONAL-GYROSCOPIC WAVES
IN THE BOUSSINESQ APPROXIMATION

L.V. Borel®, V.E. Fedorov®
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Initial boundary value problem is studied for the system of gravitational-gyroscopic waves
in the Boussinesq approximation, i. e. for the integro-differential system of equations with
partial derivatives. The existence of a unique solution is proved for the problem by the
methods of the theory of degenerate evolution equations in Banach spaces.

Keywords: system of gravitational-gyroscopic waves, system of internal waves, Boussinesq

approzimation, initial boundary value problem, degenerate evolution equation, equation with memory.

References
1. Demidenko G.A., Uspenskii S.V. Partial Differential Equations and Systems not

Solvable with Respect to the Highest-Order Derivative. New York, Basel, Marcel Dekker,
2003. 490 p.

Falaleev M.V., Orlov S.S. Vyrozhdennye integro-differentsial’'nye uravneniya
spetsial’'nogo vida v banakhovykh prostranstvakh i ikh prilozheniya [Degenerate integro-
differential equations of a special form in Banach spaces and their applications].
Vestnik Yuzhno-Ural’skogo gosudarstvennogo universiteta. Seriya "Matematicheskoye
modelirovaniye i programmirovaniye” [Bulletin of South Ural State University.
Mathematical modelling and programming|, 2011, iss. 7, no. 4 (221), pp. 100-110. (In
Russ.).



22

JI. B. Bopeinn, B. E. ®enopos

10.

11.

12.

13.

14.

15.

16.

Falaleev M.V., Orlov S.S. Integro-differentsial’'nye uravneniya s vyrozhdeniyem v
banakhovykh prostranstvakh i ikh prilozheniya v matematicheskoy teorii uprugosti
[Integro-differential equations with degeneration in Banach spaces and their
applications in the mathematical elasticity theory|. Izvestiya Irkutskogo gosudarstvennogo
universiteta. Seriya "Matematika" [News of Irkutsk State University. Mathematics|, 2011,
vol. 4, no. 1, pp. 118-134. (In Russ.).

Falaleev M.V., Orlov S.S. Degenerate Integro-Differential Operators in Banach Spaces
and Their Applications. Russian Mathematics, 2011, vol. 55, no. 10, pp. 59-69.

Falaleev M.V. Integro-differentsial’nye uravneniya s fredgol’movym operatorom pri
starshey proizvodnoy v banakhovykh prostranstvakh i ikh prilozheniya [Integro-
differential equations with a Fredholm operator at the highest derivative in Banach
spaces and their applications|. lzvestiya Irkutskogo gosudarstvennogo universiteta. Seriya
"Matematika" |News of Irkutsk State University. Mathematics|, 2012, vol. 5, no. 2,
pp. 90-102. (In Russ.).

Stakheeva O.A. Lokal’'naya razreshimost’ odnogo klassa lineynykh uravneniy s
pamyat’yu |Local solvability of a class of linear equations with memory|. Vestnik
Chelyabinskogo gosudarstvennogo universiteta [Bulletin of Chelyabinsk State University],
2009, no. 20 (158), iss. 11, pp. 70-76. (In Russ.).

Fedorov V.E., Stakheeva O.A. O razreshimosti lineynykh uravneniy sobolevskogo
tipa s effektom pamyati [On solvability of linear Sobolev type equation with memory
effect|. Neklassicheskiye uravneniya matematicheskoy fiziki |[Nonclassical equations of
mathematical physics|. Novosibirsk, Sobolev Institute of Mathematics of SB RAS Publ.,
2010. Pp. 245-261. (In Russ.).

Fedorov V.E., Borel L.V. O razreshimosti lineynykh evolyutsionnykh uravneniy s
effektami pamyati [On solvability of linear evolution equations with memory effects|.
Lvestiya  Irkutskogo gosudarstvennogo universiteta. Seriya "Matematika” [News of
Irkutsk State University. Mathematics|, 2014, vol. 10, pp. 106-124. (In Russ.).

Fedorov V.E., Stakheeva O.A. On the local existence of solutions of equation with
memory not solvable with respect to the time derivative. Mathematical Notes, 2015,
vol. 98, iss. 3, pp. 472-483.

Fedorov V.E., Omel’chenko E.A. On solvability of some classes of Sobolev type

equations with delay. Functional Differential Equations, 2011, vol. 18, no. 3—4, pp. 187—
199.

Fedorov V.E., Omel’chenko E.A. Inhomogeneous linear Sobolev type equations with
delay. Siberian Mathematical Journal, 2012, vol. 53, no. 2, pp. 335—344.

Fedorov V.E., Omel’chenko E.A. Linear equations of the Sobolev type with integral
delay operator. Russtan Mathematics, 2014, vol. 58, no. 1, pp. 60-69.

Fedorov V.E., Borel L.V. Solvability of loaded linear evolution equations with a
degenerate operator at the derivative. St. Petersburg Mathematical Journal, 2015, vol. 26,
no. 3, pp. 487-497.

Borel L.V. O razreshimosti vyrozhdennykh nagruzhennykh system uravneniy [On
solvability of degenerate loaded systems of equations|. Matematicheskiye zametki Severo-
Vostochnogo federal’nogo universiteta [Mathematical notes of North-Eastern Federal
University|, 2015, vol. 22, no. 4 (88), pp. 3-11. (In Russ.).

Fedorov V.E., Gordievskikh D.M. Resolving operators of degenerate evolution
equations with fractional derivative with respect to time. Russian Mathematics, 2015,
vol. 59, no. 1, pp. 60-70.

Fedorov V.E., Gordievskikh D.M. Resheniya nachal’no-krayevykh zadach dlya
nekotorykh vyrozdennykh system uravneniy drobnogo poryadka po vremeni [Solutions
of initial-boundary value problems for some degenerate time-fractional order systems
of equations|. lzvestiya Irkutskogo gosudarstvennogo universiteta. Seriya "Matematika"
[News of Irkutsk State University. Mathematics|, 2015, vol. 12, pp. 12-22. (In Russ.).



006 0THOZHAYHO PA3PEIUMOCTH CHCTEMBI I'PABUTAIHOHHO-THPOCKOITMIECKUX BOJIH. .. 23

17.

18.

19.

20.

Fedorov V.E., Gordievskikh D.M., Plekhanova M.V. Equations in Banach spaces
with a degenerate operator under a fractional derivative. Differential Equations, 2015,
vol. 51, no. 10, pp. 1360-1368.

Sviridyuk G.A., Fedorov V.E. Linear Sobolev Type FEquations and Degenerate
Semigroups of Operators. Utrecht, Boston, VSP, 2003. 216+vii p.

Sobolev S.L. Ob odnoy novoy zadache matematicheskoy fiziki [On a new problem of
mathematical physics|. Izvestiya Akademii nauk SSSR. Seriya matematicheskaya, 1954,
vol. 18, iss. 1, pp. 3-50. (In Russ.).

Fedorov V.E., Ivanova N.D. Nelineynaya evolyutsionnaya obratnaya zadacha dlya
nekotorykh uravneniy sobolevskogo tipa [Nonlinear evolution inverse problem for
some Sobolev type equations|. Siberian Electronic Mathematical Reports, 2011, vol. 8.
Proceedings of the Second International School-Conference, p. I. Pp. 363-378. Available
at: http://semr.math.nsc.ru/v8/c182-410.pdf. (In Russ.).

Accepted article received 02.05.2016
Corrections received 10.06.2016



