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HEPET'YJISAAPU3YEMOCTD 3AJTAYM JJUPUXJIE JJISI OJTHOM
BUTAPMOHHUYECKOMN CUCTEMBI B R*

AM. Bacuk', E.B. I'punyx’, I.B. T'aayn'

1 o .
bpecmckuii 2cocyoapcmeennviii ynusepcumem umenu A.C. ITywkuna
2 Z . N
bpecmckuii 2cocydapcmeennbiii mexHuveckuti yHugepcumen

IRREGULARIZABILITY OF THE DIRICHLET PROBLEM FOR ONE
BIHARMONIC SYSTEM IN R*

A.L Basik', E.V. Gricuk?, D.V. Haluts'

'Brest State A.S. Pushkin University
2Brest State Technical University

Aunorauus. JluHeiinyi0 0QHOPOAHYIO cucTeMy p muddepeHIHaIbHbIX ypaBHEHHiT mepBoro mopsiaka B RY Hazosem Gurap-
MOHHYECKOH, €CM Kakhash KOMIIOHEHTa IIPOHU3BOJIHOTO €€ HENpephlBHO UM (EpeHIHPYyEeMOro penIeHus yIOBIETBOPSIET

ypasrenmio A’y =0, rme A — oneparop Jlammaca B8 R?. B HacTosimeif cTaThe MPUBOIUTCS PUMEp GUrapMOHHYECKOH CHCTEMBI

B R, He ABNAIOmEiics HM YETHIPEXMEPHBIM aHANIOTOM cHCTeMbI Komm — PuMaHa, HM SIUIMITHYECKOH HCEBIOCHMMETpHYC-
CKOU cucTeMOit. JIJIst 3TOM CHCTeMBI paccMaTpuBaeTcs 3a1a4a JJupuxiie B MpOU3BOJIBHON OrPaHUYEHHON 00JIaCTH € IOCTATOYHO
miaakod rpanuueil. JlokaspiBaercs, 4ToO B HEKOTOPOM TOYKE TpaHUIBl paHr marpuisl JlomatuHckoro 3amaun [upuxie He
SIBJIICTCSI MAKCUMAJIbHBIM. TaKoke MOKa3bIBAaeTCsl, YTO B 3TOM TOYKE MPEAEIbHAS 3a/1a4a Uil paccMaTpuBaeMoii 3agaun upuxie He
SIBISIETCSI OJTHO3HAYHO Pa3peIIMON.

KuioueBble ¢J10Ba: oL1unmuyeckas cucmema, 3a0aua ,Z]upume, pecyisapuzyemas Kpaesas SH()(I'JLI, yciosue Jlonamunckoeo.

Jnst wuruposanus: bacux, A.[. HeperynapusyeMocTs 3amaun JIupuxjie /s OJHONW GHrapMoHMYeckoii cuctemsl B RY /
AMN. bacuk, E.B. I'punyk, JI.B. Tanyn // IIpoGueMs! ¢u3nku, MaTeMaTHKH M TeXHUKH. — 2024. — Ne 4 (61). — C. 40-44. —
DOIL: https://doi.org/10.54341/20778708_2024 4 61_40.— EDN: UESTUB

Abstract. A linear homogeneous system of p first order differential equations in R is called biharmonic if each component of
its arbitrary continuously differentiable solution satisfies the equation A’z =0, where A is the Laplace operator in R?. In this

article we give an example of a biharmonic system in R*, which is neither a four-dimensional analogue of the Cauchy —
Riemann system nor an elliptic pseudo-symmetric system. For this system we consider the Dirichlet problem in an arbitrary
bounded region with a sufficiently smooth boundary. It is proved that at some point of the boundary the rank of the Lopatinski
matrix of the Dirichlet problem is not maximal. It is also shown that at this point the limit problem for the considered Dirichlet
problem is not uniquely solvable.

Keywords: elliptic system, Dirichlet problem, regularizable boundary value problem, Lopatinski condition.

For citation: Basik, A.I. Trregularizability of the Dirichlet problem for one biharmonic system in R* / A.I. Basik, E.V. Gricuk,
D.V. Haluts // Problems of Physics, Mathematics and Technics. — 2024. — Ne 4 (61). — P. 40-44. — DOL: https://doi.org/
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Beenenne

IycTs B pocTpancTee R* 3amana snaumnTuye-
CKas cucTeMa 4eThipex IuQdepeHIHanbHbIX ypaB-
HEHUI epBOro MOpsaAKa BUIA

L oU

> A4,—=0, (0.1)

=’ Ox.

Jj=1 J
rae A, (j=12,3,4) — 3amanHbIe NeHCTBUTEIHHBIC
KBaJIpaTHbIE  MATPHUIBI  YETBEPTOTO  MOPSIKA,
U = (u,(x),...,u,(x))" — HCKOMast HeTHIPEXKOMIIO-

HEeHTHas BeKkTop-QyHKimsA, x=(x,...,X,)€ RY, T

03Ha4YacT TPAaHCIIOHUPOBAHUEC.

© bacux A.U., puyyk E.B., l'anyy /I.B., 2024
40

[ycts Q c R* — orpanuuennas o61acTh, rpa-
HULIEH KOTOPOM SBIISETCS OOCTATOYHO IVIaJKasi IO-
BepxHOCTh JlsmyHoBa OC). PaccMoTpum Kpaemyro 3a-

nmady oteickanms perreHns U(x) cucremsr (0.1) B 00-
nactu ), yIOBJIETBOPSIOIIETO IPAHUMYHBIM YCIOBUSIM

%(y%j - f0) (ved).  (02)

Q3x—y
3nece f:0QQ —> R? — 3ajaHHbIHA JIByXKOMITOHEHT-

HBI BEKTOp-CTONIOEL; B — MaTpUuHBIH, pa3mepa
2x4, TpaHIUYHBIN OIIEPaTOp, COCTOALINA U3 CKaJAp-
HBIX JIMHEHHBIX OIEPaTOPOB, «IOJIMHOMHAIBHBIX
OTHOCHTEJIFHO HopMaiim» Kk 0Q [1].



. o 4
Hepezynapuzyemocms 3a0auu [Jupuxie 0ist 00HOU 6Gucapmonuueckol cucmemsl ¢ R

Kak mokazanu wucciemoBaHusi psiia y4eHbIX,
TPAaHUYHBIA OTIEpPaTop AJIS AIUIMITUIECKON CHCTEMBI
HeIIb3s1 3371aBaTh MPonu3BoJIbHO. OH J0HKEH B HEKO-
TOPOM CMBICIIE JOTOJHATh CBOWCTBA PELICHUN CUC-
TeMbl. [l smmunTrdeckux cucteM anddepeHiu-
QIBHBIX YpPaBHEHUH YCIIOBHE IOMOJHHUTEIEHOCTH
TpaHUYHBIX ycloBuil Obuto monyudeno S1.b. Jloma-
TUHCKHUM [2]; ero mpuHATO Ha3bIBaTh YCIOBHEM pe-
TYJIApU3yeMOCTH KpaeBOW 3ajaud, a 3ajady, Ajs
KOTOPOW 3TO YCJOBHE BBINIOJIHEHO, PETYIISIpH3Yye-
Mmoii. M3BectHO [1], [3], uTO perynsapusyeMocTs Kpa-
€BOH 3a/audl SBJIIETCS HEOOXOMMMBIM M JTOCTATOY-
HBIM yCJIOBHEM HETEPOBOCTH OllepaTopa, OTBEeYaro-
LIETo 3TOM 3afaue U AEHCTBYIOLIETO B ONPEIEICH-
HBIX 0aHaXOBBIX MMPOCTPAHCTBAX.

B cBoe BpeMsi OBUT HEOXHIAHHBIM TOT (aKT,
9TO I cucTeMBbl DbIoTepa (CHCTEMBI TIPOCTEHIIIECH
ctpyktypsl B R* mo tepmunonoruu M.3. Conoms-
Ka) Jro0ble TpaHWYHBIC YCIOBHA HE MOTYT 00pa3o-
BBIBaTh BMECTE C CHCTEMOW peETyJIsIpU3yeMyIo Kpae-
ByIO 3a51auy [4].

B.C. BuHorpanoB BbLAEIMI B IPOCTPaHCTBE
R* KJacc >UIMNTHYECKUX MCEBIOCHMMETPHYECKHX
CHUCTEM UETHIPEX YpaBHEHWH MepBOro mopsaka [5].
Just (0.1) 310 03Hauaer, uTo 4, = £ — eqUHUYHAY, a

A;=-A] mpu j=2,3,4 — KOCOCHMMETPHIECKHE

MaTpHIBl YeTBEpTOro nopsaka. B padore [5] moka-
3bIBaeTCs, 4TO, B ciydae koraa (0.2) ects omeparop
YMHOXKEHHSI Ha TIOCTOSIHHYIO MAaTpHIly pa3Mmepa
2x4 (3amaya Pumana — I'mnnOepta), omHOpomHas
kpaeBas 3amad4a (0.1), (0.2) mmeeT 6eckOHETHO MHO-
ro JHHEHHO HE3aBUCHUMBIX pemreHui. [lo3xke Obu1o
JIOKa3aHO OTCYTCTBHE BHYTPEHHHX PETyISPHU3YMBIX
KpaeBbIX 3a/1a4 VISl JIIMITHYECKUX MICEBIOCUMMET-
pHUeCKuX cucTeM [6].

B crarbe [7] ompenensercss MOHATHE MHOTO-
MepHoro aHajora cucremsl Komm — Pumana. Ilpu-
MEHHUTENIBHO K paccMaTpUBAaeMOMY CIIy4yalo, CHUCTe-
ma (0.1) Ha3pIBaeTcsi YETHIPEXMEPHBIM aHAJIOTOM
cucrembl Komm — Pumana (kpatko UKP-cuctemoit),
€CIIM Kak[gass KOMITOHEHTa ITPOM3BOJIGHOTO HeETpe-
peiBHO muddepeHInpyeMoro ee pemeHns yaoBiIe-
TBOpsieT ypaBHeHuro Jlamnaca B R*. Heo6Xoaumbl-
MH ¥ JOCTaTOYHBIMH YCIOBHSAMH NMPUHAIJICKHOCTH
cucremsl (0.1) UKP Tumy sBiseTcss HEBBIPOXKIICH-
HOCTh Marpull 4, (j=1,...,4) ¥ BbINOIHEHHE MaT-

PHUYHBIX PABEHCTB
Ak’lAj +A}T1Ak =0 (k,j=L...,4,k=j). (03)

A.T. Ycc mokazan orcyrctBue ansa UKP-cuctem
peryisipu3yeMbIX BHYTPEHHUX KpaeBbIX 3a1ad [7].

OTMeTHM, 4YTO B TPEXMEPHOM IIPOCTPAHCTBE
Juia cucteMbel Moucuna — Teogopecky [8], anst Tpex-
MEpHBIX aHaoroB cucreMbl Komm — Pumana [9],
JUTS CUCTEeM opToroHanbHoro THma [10] cymecTByroT
peryisapu3yeMble BHyTPEHHUE KpaeBble 3a/1auu.

B HacTosmen cratbe NpUBOAUTCS MPUMEP DJI-
muntudeckoit cucteMsl (0.1), koTopast He SIBISETCS
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YEeTBIPEXMEPHBIM ~ aHaJIoTOM  cucTteMbl  Komm —
Pumana [7], He NpUHAUIEKUT KIACCY SIUIMNTHYE-
CKHX TCEBIOCUMMETPUYECKUX CHCTEM [5], OJHAKO
Ka)XI0e HenpeprBHO auddepeHmpyeMoe ee pere-
HUE sBIsieTca OurapMoHmdeckoil ¢ynkmmen. [ms
STOW CHCTEMBI B HACTOSIIEH paboTe HCCIemyeTcs
peryisipu3yemMocTs 3a1auu Jupuxie.

1 Mpumep 6urapmonnyeckoii cucrembl B R*
371ech U BCIOJy HUXKE, €CJIM HE OTOBOPEHO MPO-
THUBHOE, CYUTAEM, 4TO 4, = E£ — eIWHWYHAsA MaTpH-

11a YETBEPTOTO MOPSIZIKA,

0 0 0 1 0 0 1 0
A2:0—1—20A3:1 0 00’
0 1 1 0 -1 0 0 1
-1 0 0 0 0 -1 -1 0
0 11 0
I (1.1)
1o 0 0 -1
0 01 0

Xapakrepuctuueckass Matpuma cucremsl (0.1) ¢
MaTpuyHbIMU KO3 duienTamu (1.1) umeer Buj

AG=D AL, =

& & &t& &
és - ‘24 E.’l - ‘t:z —2&2 2&4
_g3 éz él + };2 éz - §4
_‘tez _‘tes _223 + E.>4 E.’l

¥ TIpU 3TOM JuIst Beex BekTopos & € R*\ {0} Bbimon-

(1.2)

HSETC HEPABEHCTBO
2 2 2 252
detRA(E) = (& +&; +&; +&,)" #0.
HOCJ'ICI[HCG 03HAa4YacT, 4YTO paccMaTpuBacMasl CUCTEC-

Mma (0.1), (1.1) siBISIETCS SIUTUNITUYECKOH.
OueBuano, uto (0.1) He ABIAETCS TCEBAOCHUM-

MeTpHueckoii cuctemoif B R*. TTockonbky

00 -1 0

O . 00 0 1

A A4, + A, = 006 0 0 #0
00 0 O

(1. e. Hapymarotcs paBeHctBa (0.3)), To cucrema
(0.1) He gBmsAETCA YETHIPEXMEPHBIM AHAIOTOM CHC-
teMbl Ko — Pumana. Tem He MeHee, CIIpaBeIsIuBO
cleyIolee YTBEepKICHHE.

Teopema 1.1. Kaxcoas xomnonenma u,(x)
(k=1,...,4) npoussonvrnoco Henpepuvlgno Oudge-
penyupyemozo pewernus U(x) cucmemst (0.1) s61s-
emcsi OueapMOHUYeCcKoll QyHKyuetl.

Hoxazamenscmeo. Iyers U:Q — R* — ne-
npepbiBHO  muddepeHnmpyemas BekTop-QyHKIHS,
ynosnerBopsitomas cucteme (0.1). TTockonsky pac-
CMaTpHBaeMas CHCTeMa SIBISICTCS SJUIMITHYECKOH,
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TO KaxkJas koMnoHeHrta u, (x) (k=1,....4) Bekropa

U(x) siBnsiercst beckoHevHO anuddepeHupyemMoi B

obnactu Q ¢ynkumeit [11, c. 141]. [pumenss x

oU(x)

HYJIEBOW BEKTOp-(PyHKINU ZA oreparop

j=1 j
4
ZA,: l i, IIOJTY4UM
- X,
Au, + o’u, B o’u, N o’u, B
Ox,0x, Ox,0x, Ox0x,
3 ou, 3 ou, B o’u,
Ox,0x, Ox,0x, Ox,0x,
o’u, o’u,

o’u,
+ +
Ox,0x, 0Ox,0x, Ox,0x,
B o’u,

o’u Ouy
ox,0x;  0Ox,0x,
2 2

raie A=—+..+—; — oneparop Jlannaca B R*.
X, Ox;

(1.3)

0,

o’u,
0x,0x,

I
=

Au, —

Au, +

Torga
— u3 yeTBepTOro paseHctra (1.3) ciemyer, 4ro

A2u4 =0 B oOmactu Q;
— u3 TpeThero paBeHcTBa (1.3) ¢ yderom dert-

BEpTOrO:

pry, = A | A
Ox,0x, Ox,0x,
— u3 BTOporo paseHctBa (1.3) ¢ yuerom der-
BEpPTOrO:
A2y — 0’Au, B 0’Au, B 0’Au, 3 0’ Au, o
* oxox, Oxox, Ox,0x, Ox,ox,

— U3 mepBoro paBeHcTBa (1.3) ¢ ygerom BTOpO-

IO U TPETHEro:

A2 :_62Au2 0’ Au, _62Au3
l Ox,0x, 0Ox,0x, Ox,0x,
O’Au, 0’Au, 0*Au,
+ + + =
ox,0x, 0Ox,0x, Ox,0x,
_ o o’u, 3 o’u, _ o’u, B o’u,
Ox,0x; \ Ox,0x, 0Ox,0x, Ox,0x; Ox,0x,
o (0w, du,  Ju,  Ju, |
5x26x4 Ox, 6x3 6x16x4 Ox,0x, Ox,0x,
62144
+
Gx] 6x3 axl 8x3 8x26x4
82u4
8x18x4 x18x3 6x26x4
82u4
+
6‘x26x3 6x16x3 6x28x4
+ 4, Ou, =0.
8x26x4 6x16x3 0x,0x,
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Takum oOpazom, kaxngas U3 QYHKOHH

u, (x)
(k=1,2,3,4) ynosnerBopseT ypaBHeHHIO A’u =0
B obmactu (), T.e. sABIAETCS OUTapMOHUYECKOH B
Q ¢yHKIHEH. O

2 3apaua [upuxie aJsi paccMaTpuBaeMoii
CHCTeMBI

B Teopun ananuthueckux QyHKIMHA MOA 3a37a-
yell Jlupuxie MOHUMAIOT 3aJady OTHICKAHUS TOJIO-
MopdHOH B orpanmdcHHO# obmactu Q < C dyHk-
OUU U +iv TI0 U3BECTHON HA TPaHUIIEC 3TOW 00JIACTH
ee JICHCTBUTEIbHON (MJIH MHUMOM) 9acTH

Ulg=0 (V=9

Ecmn ¢ynkums ¢ HempepbiBHa 1o ['enbaepy Ha
rpanuie ooysactu OC), TO CYIIECTBYET CIMHCTBCH-
Has rapMoHn4YecKast B Q (yHKLMs, TPHHAMAIOIAs
3aJjaHHble TpaHWUuHble 3HauyeHus. ComnpspkeHHas K
Hell rapMoHu4eckass (YHKUHS OIpenensercs u3
cucrembl Komm — Pumana ¢ TOYHOCTBIO 1O TTPOM3-
BOJIHOW JEHCTBUTENBbHON mocTostHHOU. W3 mpuBe-
JICHHBIX PACCY)KICHUH TakKe CIEAyeT, YTO IMPOH3-
BOJIGHO 3aJ1aBaTh 3HAYCHHUS AHAIUTHYECKOH (yHK-
MU Ha TpaHuIile 00IacTH HEeNb3s, N0 JeHCTBUTEIh-
Has 9acTh ()YHKIIMH BOCCTAHABIIMBACTCS 110 MHUMOM
yacTd (YHKIHH C TOYHOCTBIO IO THPOW3BOJIBHOM
NOCTOSIHHOW M HaoOopoT. Takum oOpa3zom, 3amaua
BOCCTAHOBJICHUsI aHAJUTHUYECKOH (YyHKIMH MO M3-
BECTHOW Ha IpaHuIe O0JIaCTH «IIOJIOBUHE» €€ 3Ha-
YeHUH (IefCTBUTENFHON MIIM MHUMOM YacTH) SIBJISI-
eTCsl peryJIsIpu3yeMoii.

[ycts Q c R* orpanuyennas o6nacts, rpa-
HUIEH KOTOpOH SBJsIeTCS TIJagKash ITOBEPXHOCTH
JlanynoBa 0C). Ilo aHanoruu ¢ IBYMEPHBIM Clyda-
em nox 3anadyerd lupuxie g cucremsl (0.1) Oynem
TIOHUMATh 33/1a4y OTBICKaHHWS HeTpepbiBHO aAnudde-
penmmpyemoro pemenns cuctemsl (0.1) B obGmactu
Q) u HempepbiBHOro no I'enbaepy B 3aMbIKaHUU
9TON 007acTH, YHAOBIETBOPSIOMIETO TPAHUIHBIM YC-
JIOBUSIM BHUJIA

Uy o= (%), LH(x) (xe0Q), (2.1)

rae f,,f, :0Q+> R — 3anaHHBIC HENpEpHIBHBIE IO

Uy |og=

lemppepy ¢yHKIMH (IBa TPaHUYHBIX YCIOBHS —
«TIOJIOBUHAY» 3HaYCHU BeKTOP-QyHKIIH U(X)).

Teopema 2.1. 3aoaua [Jupuxne 0nsi cucmemuvl
(0.1), (1.1) He ssnaemcs peeynsapuzyemolil.

Jloxazamenbcmeo. HamomHuM, 4YTO 3a/1aua
(0.1), (2.1) Ha3BIBaeTCS PEryISIPU3YEMON, €CIU IS
Hee BbInosiHeHo ycnosue Jlonarurckoro. OHO mpef-
CTaBJIsIeT cOOOW JOMONHUTENFHOE OrpaHUYCHUE HA
MaTpUIly I'paHHYHOrO omeparopa (2.1) u mma pac-
CMaTpUBacMOW 3aJayll COCTOUT B TOM, YTO pPaHr
MaTpHIIBI

L(y,1) = [B- A Ov(y) + D) 2.2)

SABJIACTCA MaKCHUMAJIbBHBIM B Ka)KI[Oﬁ TOUKC y € oQ

1 TpU Ka)XJOM HEHYJEBOM KacaTelbHOM K O) B
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. o 4
Hepezynapuzyemocms 3a0auu [Jupuxie 0ist 00HOU 6Gucapmonuueckol cucmemsl ¢ R

Touke y Bektope T. B dopmyne (2.2) yepes v(y)

0003HaYeH €IMHUYHBIN BEKTOp BHYTpEHHEH HOpMa-
m K 0CQ) B TOYKE y, MaTpHIia TPaHUYHOTO OIepaTo-
pa (2.1) umeer Bug

0010
%:
00 0 1
U UHTETPUPOBAHHUE BEAETCSA IO MPOCTOMY 3aMKHY-

TOMY KOHTYpPY 7, J€XalleMy B BEpXHEHl KOMIUIEKC-
HOH A -TIOJIYIUIOCKOCTH M OXBAaTBIBAIOIIEMY HAaXO-
JIIMECs TaM KOPHU ypaBHEHUS
det2A(Av(y)+1)=0. (2.3)
[ToxaxkeM, 4TO B TOH TOUKE ) TpaHUIBI O), B KO-
TOPOH BHYTPEHHsIS HOpMaJb IapaiensHa ocn Ox,,

ycnosue f1.b. Jlomatunckoro 3amaun (0.1), (2.1) He
BEITONTHsIETCS. B atom cimywae  v()) =(1,0,0,0),

1=(0,1,,7,,7;), ypaBHeHue (2.3) IpUHMMAeT BHUJ
AM+|t[)’ =0, rme |t[=1 +1; +1; 20. Iycts
KOHTYp Y OXBaThIBaeT TOUKy i|t|. Torma, mpume-
HsIsI OCHOBHYIO TEOPEMY O BBIYETAaX, OTYIHM
L) 1 AT, —AT, + 1, 1]+,
r,T :J. 2 232
s+ [T) L+ )
2 2 2
T Nk A I ol A
2 2
LA +[T[)
A=At AT+t ) -1 ] 4T Tt
(Tz _13)(}"2+ | T |2)
A (1, — 1) +AT T + 1 T Jh =
A+ T]?)

i(2r2 |t +r12r3) i(2r1 Eds —1:1121'3)

|
|
|
3 3
o 4l alr
B it 3 it, !
2|7| 2|7| |
|2|r|3 + (2t [T +1,7 - 1,T,T,) i(l'2 —213)
4|zf 4|tf
_i(‘EZ—T3) 1
21| 2

Ocranock 3aMeTuTh, uto nipu T =(0,0,0,1) Matpuia
JlomatuHCKOTO 33729 [lypuxie B TOUKE ) TPHUHU-

MaeT BUJ
L@’T)z[o 0 mi n]'
0 0 - m
CrnenoBarensHO, rank L(y,1) =1< 2. O

JoxazanHas Teopema o3Hadaet [1], uTo omepa-
TOp, OTBeHarOlUi 3amade [upuxie uisi CHUCTEMBbI
(0.1), He sBmAETCS HETEPOBCKUM B ONPEAETICHHBIX
0aHaXOBBIX TPOCTPAHCTBAX, T.€. UMeeT JHOO He-
3aMKHYTO€ MHOJXKECTBO 3HAueHHH, MO0 OeckoHeu-
HOMEPHOE SIJIPO MITH KOSIZIPO.
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3 JIpyroe 1oxka3arejibCcTBO Teopembl 2.1

PaccMoTpuM apyroe a0ka3aTenbCTBO TEOPEMBI
2.1. He orpanmuymBas OOIIHOCTH, MOXXHO CYHTATh,
YTO TOYKAa ) COBIQJAeT C HAYaJIOM KOOPIHMHAT.

3amade (0.1), (2.1) coOoTBETCTBYEeT TaK HazbIBacMas
npenenbHas 3amada [12] Ay UCXOMHOM CHUCTEMBI
(0.1) B momympoctpancTBe x, >0 M TIpaHUYHOIO
ycrmoust  (2.1), 3amaHHOTO Ha THIEPIUIOCKOCTH
x, =0 (mo tepmunonoruun WM.M. I'embdanga [12],

MBI paccMaTpuBaeM KpaeByIO 3ajady IIOJl MHKPO-
CKOIIOM B OKPECTHOCTH TOYKH ) CO BCE OOJBIINM U

00npmuM  yBenuucHHeM). CrenaB B IPEACIbHON
3agaue npeobpazoBanue Dypbe MO MEPEMEHHBIM
X,, X; U X, TOIy4uM

50 nN_ . 3 ’
a_xl(xl»é)— (A8, + 4,8, + 4,E)U(x,,E) 3.1)

(x, >0),
1 |x|:0: by, iy | o=h,, (3.2)

rae & =(,,6,.8,), U(x,&) — mpeoGpasoBanue

Oypoe U(x):

U(x,&)=2n) "> jj j e 15 S O (), dlx,dix,
R}

OkBuBaNeHTHAs (HOPMYIHPOBKA YCIOBUS PETYIApHU-
3yemoct kpaesoit 3amaun (0.1), (2.1) B Touke y

COCTOHT B TOM, YTO TPH KKIOM HEHYJIEBOM BEKTO-
pe & B mpocTpaHCTBE YCTOIUMBBIX perneHuid 9T,
cucreMsl ypaBHeHnid (3.1) (T.e. cTpemsmuxcs K
HYyJIIO IpH X, — +0) 3axada (3.1), (3.2) oxHO3HAU-
HO pa3zpemmma [12], [13].

Paccmorpum  (3.1), (3.2) mpu &' =(0,0,1)
(cpaBHUTB C BEKTOPOM T U3 JJOKa3aTeIbCTBA TeOpe-
MBI 2). B aTOM citydae —id, ecTb MaTpulla CUCTEMbI

(3.1), umeromas NBYKpaTHBIC COOCTBEHHBIC 3HAYeC-
Hus —1 m 1. Torma MHOXECTBO YCTOMYMBBIX pelie-
Huit cuctemsl (3.1) 3agaercs Gpopmyoit

Ux,8)=(Cy, +C,(wx, +v,))e ™, (3.3)
rae v, = (i,1,0,0)" — coGCTBEHHbIH BEKTOP MaTPHIIBI
—i4,, OTBeYarolui COOCTBEHHOMY 3HAUCHUIO —I;
v2=(0,—3,2,2i)T — BEKTOp, MPUCOECIWHEHHBIH K
BekTopy Vv,; C,,C, — IPOU3BONIBHBIE TOCTOSHHBIE.

Ocranoch 3aMeTHTh, YTO TIpu mobom C, u
C, =0 d¢ynxuus U (x,,&"), 3amannas dopmyoi
(3.3), sBisIeTCS YCTOMYMBBIM peIIeHHEM OJHOPOA-
Ho# 3amaum (3.1), (3.2) mpu &' =(0,0,1). Takum

00pa3oM, YCIIOBHE OJHO3HAYHON Ppa3perImMOCTH
(3.1), (3.2) B M, nHapymraercs.
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IMPABHUJIA JJISA ABTOPOB

Crarbsi, HanpaBiisieMasi B PeJakLHi0 KypHaia
«I[IpobGaembl (u3MKK, MaTeMaTHKH W TEXHHUKH»,
JIOJDKHA!

— COOTBETCTBOBATH NMPOQHIIIO KYPHAIIA;

— SIBIISITBCS. OPUI'MHAIIBHBIM IPOM3BEICHUEM,
KOTOpOE€ HE MpPEJOCTaBISIIOCh HA PAacCMOTPEHHE U
He IyOnmKoBajoch paHee B oboveme Oosee 25% B
JIPYTHX TEYaTHHIX W (MJIM) IEKTPOHHBIX M3AHMSX,
KpoMe IyOJMKAaNuy TPEeNpuHTa (PYKOMIICH) CTaTbU
aBTOPOB (COABTOPOB) HAa COOCTBEHHOM CaiiTe;

— colepKaThb BCE IPEAYCMOTPEHHBIE NEWUCT-
BYIOLIMM 33aKOHOJIATEJIbCTBOM CCHUIKM Ha LIUTHPYe-
MbIX aBTOPOB U HWCTOYHHUKHU OHy6HI/lKOBaHI/IH 3auM-
CTBOBAaHHBIX MAaTEpHAaJIOB, aBTOPOM (COABTOpaMH)
JIOJDKHBI OBITH MOJIy4eHBI BCE HEOOXOAMMBIE paspe-
IIEHUs Ha HCIIOJIb30BAaHHE B CTaThe MaTEPHAIOB,
npaBooOanareneM (JISIMH) KOTOPBIX aBTOP (COaBTO-
pBI) He sSBIIAETCS (FOTCS).

CraTbs HEe JOJDKHA COAEPXKaTh MaTepHaibl, HE
MOJJIEKAIIHE OITyOIMKOBAHHUIO B OTKPHITON TEYaTH,
B COOTBETCTBHU C ACHCTBYIOUIMMH 3aKOHOAATEIb-
HbIMH akTamu Pecny0Osmku benapycs.

CraThs MpeACTaBIsIeTCsS HAa pyccKoM, Oeropyc-
CKOM HJIM aHTJIMICKOM SI3BIKaX B JABYX 3K3CMILIApax
Ha Oenoii Oymare gopmara A4 ¢ IpOHYMEpOBaHHbI-
MU cTpaHuniaMu. OZHOBPEMEHHO B pEIaKIMIO Ha-
MpaBIsieTCs JIEKTPOHHBIN BapuaHT cTatbu Ha CD,
WK IO 3JICKTPOHHOI mouTte (e-mail: pfmt@gsu.by).

JIJIst TOIrOTOBKH CTaThbH MOXKHO HCIIOJIB30BaTh
pemakrop MS Word for Windows (2000/2003),
mpudpt — Times New Roman, 14 pt, Bce momst —
2 cMm, i cuctemy LaTeX c ommuei 12 pt B cran-
JIapTHOM cTuJIe article 6e3 mepeomnpeneneHus: cTaH-
naptabix cruieit LaTeX'a u BBeeHHsSI COOCTBEHHBIX
KoMaH[ (Bce Mo — 2 cM).

B neBoM BepxHEM yIUly IEPBOM CTpaHULIbI CTa-
Tbu cTaBuTcs uHAekc Y /K, Huxke mo ueHTpy Ha
PYCCKOM M aHIJIMMCKOM S3bIKax: Ha3BaHUE CTaTbU
NPONUCHBIMU OyKBaMH, MHUIMANbI U (paMiuIis aB-
TOpa (aBTOpPOB), Ha3BaHWE OPTraHHU3ALMH, B KOTOPOM
oH (oHHU) paboraer, anHOTaNUA (10 10 cTpOK) U Te-
pEUYCHb KITIOYEBBIX CIIOB.

Cratbsi, KaK NPaBUIIO, JOJDKHA COJCPKATh: BBE-
JICHHE, OCHOBHYIO 4acTh, 3aKIIFOUCHHUE U JINTEPATypy.

HasBaHue cTaThy JOMKHO OTPAXKaTh OCHOBHYIO
UJICI0 MCCIIEI0BAHUS, OBITh KPATKHM.

Bo BBeneHun naercst kpatkuit 0030p JuTepa-
TYpbl, 000CHOBBIBAETCS LieJIb pabOThI U, €ciiu HeoO-
XOAMMO, OTpaXKaCTCA CBA3b C HAYYHBIMH U ITPAKTU-
YeCKUMH HarpapieHusIMA. O0s3aTeNbHBIMA  SIBJIS-
IOTCS CCBUIKM Ha pa0OTHl IPYruX aBTOPOB, MyOJH-
Kaliy TOCIEIHNX JIET B O0JAacTH HCCIIETOBaHUS,
BKITIOYAas 3apyOeKHBIE.

OCHOBHas 4acCTh JOJKHA COJECP)KATh ONIMCaHNE
METOJIUKH, 00BEKTOB MCCIEIOBAHMS C TOUKH 3PEHHS
UX Hay4HOW HOBH3HbL. OHa MOXKET JEIHUThCS Ha
mojpasaienbl (C Pa3bACHSIIONMMHU 3aroJIOBKAMH) H
collepXKaTh aHAU3 MyOJMKAIUi, OTHOCSIIUXCA K
COJIEPIKAHHUIO IAHHBIX MTOJIPA3/IeIIOB.
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DopMybl, PUCYHKH, TaOJIHIBI HYMEPYIOTCS B
npejenax pasaena, Hanpumep: (1.1), (2.3), pucyHok
1.1, Tabnuma 2.1. Hymeparuu nojajiexaT TOJIBKO Te
(dopMyJIBl, Ha KOTOpble MMEIOTCS cChUIKM. Homep
(opMyJIBI TIPIKMMAETCsl K MIPaBOMY Kparo CTpaHU-
e, a cama (opmysia HEeHTpupyercs. PuUCyHKH u
TaOIUIIBI PACHOIATaIOTCS HEMOCPEICTBEHHO B TEK-
cte. Pa3mep pucyHKOB U rpa)MKOB HE TOJDKEH IIpe-
Boimate 10x15 cm. IlomyronoBeie  QoTorpadun
JOJDKHBI UMETh KOHTpacTHOe m3o00paxkenue. [1oBTo-
peHHe OIHMX M TeX K€ NaHHBIX B TaOIHIax W pH-
CYHKax He JIOIyCKaeTCs.

Kaxxmas tabnuma momkHa MMETh 3arojioBOK, B
Hell 00s3aTeNbHO YKa3bIBAIOTCS SIUHMIBI H3Mepe-
HHS pacCMaTpUBaeMbIX BeMUUH. PazMepHOCTBH Beex
BEJIMYMH JOJDKHA COOTBETCTBOBaTH MexkIyHapo.-
HoOW cucteme enuann m3mepennit (CH). He momyc-
KaeTcs COKpAalleHHE CJIOB, KPOME OOIIEeNpUHATHIX
(T.e,uT. I,UT.IL).

B 3axmroueHnm B cxxaToM BHIE (OpMyYIHPYIOTCS
TTOTy9YeHHBIC pe3yIbTaThl, UX HOBH3HA, IPEHMYIIECT-
Ba M BO3MOYKHOCTH TPAKTUIECKOTO HCIIOIb30BAHHUSI.

Crncok JmTepaTyphl JOJDKEH COAEpKaTh IOJ-
Hble Oubmmorpaduueckue mnanueie. OH COCTaBIsAET-
sl B MIOPSIIKE YITOMUHAHUS CCBUIOK B TekcTe. Cehbll-
KU Ha HEOITyOJIMKOBaHHBIE pabOTHI HE AOIYCKAIOTCS.
CchUIKM 1aI0TCSI B OPUTUHAJIBHOW TPaHCIUTEPALIUH.
[NopsinkoBble HOMepa CCHUIOK IO TEKCTy YKa3bIBa-
FOTCS B KBaJIPaTHEIX CKOOKax (Hampumep, [1], [2]).

Cratbsi moanmchIBaeTcsi BceMH aBTopamu. K
CTaThe IMPUIIATAIOTCS:

— CONPOBOIMTEIHHOE MICEMO OpPTaHU3AINH, B
KOTOpOH BBINIONHEHa paboTa ¢ mpock0oit 00 omyo-
JTUKOBAHUHY;

— cBeZieHHs 00 aBTOpax;

— OKCIIEPTHOE 3aK/IIOYCHHE O BO3MOXKHOCTH
OITyOJINKOBaHUS CTaThbH B OTKPBITOM IEYaTH;

— JIOTOBOp O TIepejade aBTOPCKOTO IpaBa (B
JIBYX 9K3eMILIsApax).

CaeneHust 00 aBTOpax IPEACTABIISIIOTCS HA OT-
JIeTIbHOM CTpaHuIe U conepskar: pammimio, UMs, OT-
YEeCTBO aBTOpa (ABTOPOB), YUCHYIO CTCIICHb, 3BaHUE,
MeCTO PabOTHl M 3aHMMAEMYIO TOJDKHOCTB, CIICITHA-
JIFCTOM B KakoOW 0OJacTH SIBISICTCS aBTOP, MTOYTOBEIHA
WHJIEKC ¥ TOYHBIN aipec AJs MepenucKy, TelaedoHbI
(cy)keOHBI WM TOMAIIHHIK), aapec 3JIeKTPOHHOU
mouthl. ClefyeT yka3aTh aBTOpa, C KOTOPHIM HY>KHO
BECTH IIEPENUCKY U HalpaBieHHEe, K KOTOPOMY OTHO-
CHTCS TIpeJicTaBIeHHas paboTa ((hu3rKa, MaTeMaTHKa,
TEXHHUKA).

[TocTynuBIIas B peJakuuIO CTaTbs HaNpaBils-
eTcsl Ha pelieH3upoBaHue. B ciaydae e€ oTkiIoHeHUs
penakiys cooOIaeT aBTopy pelleHHE PeIKOJUICI NI
7 3aKIIOYCHHUE PEICH3eHTa, PYKOIHCh aBTOpPYy HE
BO3Bpamaercs. PerreHne o a0pabOTKe CTaTbU HE
O3HaJaeT, 4T0 OHA MpHHATA K mevatu. [locme mopa-
OOTKHM CTaThsg BHOBH PACCMATPUBACTCS PEIIEH3EHTOM
U pENAKIIMOHHON KOJIJIETHEH.



Penmakuus octaBisieT 3a co00Oi MpaBo MPOU3BO-
JIUTh PelaKIMOHHBIC U3MEHEHUS M COKPAIICHHS, HE
HCKa)KaIOII[1e OCHOBHOE CO/IEP)KaHHE CTAThU.

CTaT])l/I, HE OTBCHAIOIUEC NEPECUNCIICHHBIM TpEC-
OOBaHUSIM, K PAcCMOTPEHMIO HE MPUHUMAIOTCS U
BO3BpaIaroTcsl aBropam. JlaToil moiyudeHus pyko-
MIHCH CUMTACTCS JIeHb IMOJTYYEHHs pelaKnueil OKOH-
YaTeJIbHOTO BapHaHTa.

ABTOpBI HECYT OTBETCTBEHHOCTD 32 HAIIPABIICHUE
B PEIOAKIUIO Y)K€ paHee OITyOJMKOBAHHBIX CTaTeH ¥IIH
CTaTel, IPUHATHIX K [IeYaTH APYTUMHU W3TaHUIMH.

Penakiwst mpenocTapisier IpaBo MePBOOYEPEIHO-
ro OmnyOJIMKOBAaHMS CTareil JIMLaM, OCYIIECTBILSIOIINM
TMIOCTIEBY30BCKOE 00yueHHe (aClUpaHTypa, TOKTOPaHTY-
pa, COMCKAaTesbCTBO) B TOJ 3aBepIUEHUs] OOy4eHUs.
[nara 3a omyOIMKOBaHKE CTATEH HE B3MMACTCSL.

Bcro KOppecrnoHASHIMIO ClefyeT HANpaBiIsATh
NPOCTHIMU WJIM 3aKa3HBIMU IHCbMaMu (OaHAeposs-
MH) Ha aJpec PeAaKIuu.

O0pa3zer opopMIIeHHs CTaThU, CBEICHUI 00 aB-
TOpax, SKCIEPTHOTO 3aKJIFOUEHUS U TEKCT JJIOT0BOpa O
nepeaye aBTOPCKOrO IpaBa pasMelIeHbl Ha caiiTe
XKypHaa 1o anpecy http://pfmt.gsu.by.

XKypHan BKIOYEH B KaTajJor MeYaTHBIX
cpenctB MaccoBoir mHopMmaru Pecrybmiku bena-
pycb. Uanekc xyprana: 01395 (ans mHIUBUAYATH-
HBIX moanmucdukoB), 013952 (s mpemmpustuil u
opraHu3aIui).
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GUIDELINES FOR AUTHORS

In order for papers submitted to be published in
the journal “Problems of Physics, Mathematics and
Technics” the following rules should be taken into
account:

— the paper should be in agreement with the
type of the journal;

— the paper should be an original work, it
should not have been submitted for consideration or
previously published in the bulk over 25% in an-
other scientific edition and (or) electronic publica-
tions with the exception of preprint publication
(manuscript) of the paper of the authors (coauthors)
on their own website;

— the paper should contain all statutory refer-
ences to the cited authors and published sources of
the borrowed material. The author (coauthors) must
obtain all the necessary permissions for the use of
materials in the article, in the event that he is (they
are) not their right holder (right holders).

The paper should not contain the materials
suppressed for publication in the press in accordance
with the laws of the Republic of Belarus.

Contents of a paper should be written in line
with the scope of the journal. The paper should be
written in Russian, Belarusian and English, edited
thoroughly and submitted in two copies to the Edito-
rial Office. The manuscript should be printed on A4
white paper with all pages numbered. In addition,
the authors must submit the electronic version
of their manuscript either on a CD or by e-mail
(e-mail: pfmt@gsu.by).

To prepare a paper it is possible to use MS
Word for Windows (2000/2003), Times New Roman
type, 14 pt. All margins are 2 cm. The author may
also use 12 pt LaTeX in standard style article with-
out redefinition of the margins and introduction of
the author’s commands.

Index UDC is sited in the left corner of the first
page. The title of the paper in capital letters is fol-
lowed by the name(s) of the author(s), authors' af-
filiations and full postal addresses next to which are
an abstract of no more than ten lines and keywords.
Relevant keywords should be placed just after the
Abstract.

A paper, as a rule, should include Introduction,
Body Text, Conclusion and Literature. The title of
the paper must be concise. It describes the main idea
of your research.

In the Introduction the author gives a brief re-
view of literature, his grounds and specific objec-
tives, he describes links with scientific and practical
branches. All background information such as refer-
ence to the papers of others authors and some
previous publications (including foreign ones) in the
field of investigation is necessary.

The main part should contain description of the
techniques used and objects of investigation within a
large scientific framework. This part may be divided
into subsection (with explanatory headings). It provides
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the readers with the analysis of the publications on
the problem described in these subsections.

Formulas, figures and tables should be sequen-
tially numbered in the framework of the section, for
example: (1.1), (2.3), figure 1.1, table 2.1. The author
should number only the formulas with appropriate
references. The formula number is placed on the right
side of the page and the formula itself is centred.

Figures and tables should be put into a contex-
tual framework. The size of figures and charts does
not exceed 10x15 cm. Halftone photos should be
glossy and contrast. Do not repeat extensively in the
text the data you have presented in tables and figures.

Each table should have the heading, in which
units of measure describe the values under consid-
eration. All measurements and data should be given
in SI units, or if SI units do not exist, in an interna-
tional accepted unit. The authors are advised to
avoid abbreviations except for generally accepted
ones (i.e., etc.). Define all abbreviations the first
time they are used.

In the Conclusion the received data are de-
scribed in concise form. The novelty of these results,
advantages and possibility of practical use are pre-
sented.

Publications cited in the text should be pre-
sented in a list of references following the text of the
manuscript. References should be given in their
original spelling, numbered in the order they appear
in the text and contain full bibliography. Please, do
not cite unpublished papers. The numbers of refer-
ences are sited in square brackets (e. g. [1], [2]).

The paper should be signed by all authors.

The following documents should be attached to
the article:

— covering letter of the organization in which
the work was done with a request for publication;

— information about the authors;

— expert opinion on the possibility of publish-
ing an article in the press;

— treaty on the transfer of the copyright (two
copies).

The authors should provide the following in-
formation on a separate sheet: surname, first name,
patronymic, science degree, rank and correct postal
address for correspondence, organization or com-
pany name and position, title, research field, home
or office phone numbers, and e-mail address.

Then the paper is sent to the Editorial Board to
be reviewed. The Editorial Office informs the au-
thors of paper denial and the reviewer's conclusion
without returning the manuscript. A request to revise
the manuscript does not imply that the paper is ac-
cepted for publication since it will be re-reviewed
and considered by the Editorial Board. The authors
of the rejected paper have the right to apply for its
reconsideration.

The Editorial Board has the right to edit the
manuscript and abridge it without misrepresenting
the paper contents.



Papers not meeting the above requirements are
denied and returned to the authors. The date of re-
ceipt of the final version by the Editorial Office is
considered as the submission date.

Authors are responsible for the submission of
their publication because submission is a representa-
tion that the paper has not been previously published
and is not currently under consideration for publica-
tion elsewhere. The Editorial Board charters top-
priority for postgraduate students (postgraduate
course, persons working for doctor's degree, com-
petitors for scientific degree) during the current year

of the completion of a course. Publication of the
paper is free of charge.

Samples of the preparation of an article, infor-
mation about the authors, expert opinion and the text
of the treaty on the transfer of the copyright are
placed on the site http://pfmt.gsu.by.

The journal «Problems of Physics, Mathemat-
ics and Technics» is included in the mass media
catalogue of the Republic of Belarus. Index: 01395
(for personal subscribers), 013952 (for enterprises
and organizations).
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