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1. Mathematical Methods and Tools for Modeling
Complex Systems

NEW METHODS IN POTENTIAL THEORY

B.P. KONDRATYEV

Udmurt State University, Izhevsk, Udmurtia, Russia
E-mail: kond@uni.udm.ru

A theory of equigravitating bodies has been developed. They allow one to
represent external force fields of the volume axially-symmetric figures through
single integrals. The theory is developed in three directions. The first direction
is related to the proof of existing equigravitating rods. Such rods can have both
real and imaginary density distribution. However, the mass and the external
potential of the rods remain real. The rod boundaries are marked with special
points. (These are points of fractures on teh surface or else special points of
analytical continuation of the external potential inside to the body.) At two
special points there is a single equigravitating rod, otherwise the rods will be
composite and or form equigravitating "skeletons". In case of isolated special
points the external gravitating fields can be represented as a set of rods and
mass points.

A second directionis based on the representation of the external gravitating
field of volume bodies with the help of potentials of plane disks. All cases when
such disks are located over the equigravitating rods have been described. The
contrary is always valid: for a homogeneous disk or any non-uniform circle disk
one can find an equigravitating rod and therefore an equigravitating volume
body with an equatorial plane of symmetry. It is possible to build chains of
equigravitating bodies of ’spheroid - disk - rod’.

A third direction is related to the development and expansion of the the
application area of the method of cofocal transformations. This method is
modified and applied both to continuous homogeneous ellipsoids (as made
Maclourin, Ivory and Laplace), and to stratified non-uniform ones with stratifi-
cation of the general type, as well as to homogeneous and non-uniform shells.
Any elementary or thick ellipsoid shells (as well as continuous non-uniform
stratified ellipsoids) connected by special confocal transformations have been
found to be mutually gravitating.

Paspa6orana Teopus SKBUIPABHTHPYIOINMX TEJl, C IOMOLIBIO KOTOPHIX BHEI-
HUE CHJIOBBIE IOJS OOBEMHBIX OCECHMMETPHYHBIX (DUTYP MOMKHO IIPEACTAB-
JISITh Yepe3 OMHOKPATHBIE MHTErpaJibl. Teopusi PasBUBAETCS B Tpex HAIDAB-
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seHusix. [IepBoe CBSA3aHO ¢ JOKA33TeIbCTBOM CYIECTBOBAHNS SKBUTDABUTHDY-
omux creprkuett. Takue CTEPKHM MOTYT MMETh KaK PeajlbHOe, TAK M MHHUMOe
pacIpefeNneHie MIOTHOCTH, OJHAKO MACCa ¥ BHEUIHHH MOTEHHUAN CTepKueit
OCTAIOTCA BEINeCTBeHHLIMU. ['panus! cTepeell oTMedeHbl 0COBBIMY TOYKAMH
(3TO TOUKM M3NOMOB Ha IOBEPXHOCTH MJIH 0COObIE TOYKH aHATHTHYECKOTO [Ipo-
JOJDKEHNU s BHEIIHETO [IOTeHIHANa BHyTPS Tesa). [Ipu nByx ocobbix Touxax k-
BUIPABUTHUPYIOINUH CTEPXKeHb OAHH, B IPOTHBHOM CJIy4Yae CTepKHM COCTABHbIE
1M 06pasy1oT SKBUrpa-BuTHpyiomue "ckeyers!". IIpu H30IHPOBAHHEIX 0COGBIX:
TOYKAX BHEIIHNE IPABATALHOHEBIE IIOJIA MOMKHO IIPELCTABUTH COBOKYIIHOCTHIO
cTep KHell ¥ TOUeUHBIX MacC. BTopoe HanpaB/ieHHe ONUPAETCS Ha IPENCTas-
JIEHHe BHEIIHEro IPABHTALHOHHOTO HoJst O6BIMHBIX Tesl € MNOMOIILIO TIOTEHIIY-
AJIOB IUIOCKHX JMCKOB. YKA3aHBI BCE CAYYaM, KOIJa TaKHe AMCKH HAXOLATCS
0 3KBULPABUTHPYIOIMM crepxkuaM. OGpaTHOe BepHO Beerja: IJIsi OHOPOX-
HOTO WM J1000ro HEOMHOPOAHON'O KPYINIONO JUCKA MOXKHO HaliTH SKBHUIDABU-
THPYIOIHH CTEPIKEHb, & SHAUNT, U SKBUIDABATHDYIOLIee eMy 0OLIMHOE TeNIo ¢
9KBATO-PHAJBHON IIOCKOCTHIO CUMMETPHH. YIAYTCH IIOCTPOUTD LEMOTKY SKBIH-
rpaBuTUpyomEX TeN Thia "chepons - guck - crepxkens”. Tperse HarpaBienue
CBSI3QHO ¢ PA3BUTHEM M PacIlMpeHHeM 0BNacTy IpUMeHeHHA METONa COPOKyC-
HBIX Ipeobpa3onanuii,. T0T METOL MOAUDUIIPYETCH B IPUJIAraeTCs He TOJILKO
K CILJIOIIHBIM OJHODPOAHEIM aJuMncongaM (kax sro fenanu Maxnopen, A#Bopu
u Jlannac), HO ¥ K JLIHNCOMASM CJIOUCTO-HEONHOPOIHBIM CO CTpaTH(HKAIM-
el caMoro oblero BEOA, & TAKXKE K ONHOPOJHBIM M HEOKHOPOUHBIM 0GOJIOU-
koM. JIo6ble 31eMEHTAPHEIE WITH TOJCThIE JUIMICONAANbHEIE 060I0YKY {2 Tak-
K€ CILTONIHBIE CJIOECTO-HEOHOPOMHEIE SJUIMICOMIH), CBSI3AHHBIE CIEIUAILHbI-
ME CO-DOKYCHBIME NpeOOpPA30BAHMAMY, OKA3BIBAIOTCS SKBHIPABHTUDYIOMIHMHU

APYT Opyry.

NUMERICAL SOLUTION OF ELLIPTIC PROBLEMS WITH
NoON-CLASSICAL INTERFACE CONDITIONS

N. KoLkovska, D. VASILEvA

Institute of Mathematics and Informatics, Bulg. Acad. Sci., Sofia, Bulgaria
E-mail: natali@math.bas.bg

A finite difference discretization of elliptic problems with discontinuous
coefficients is investigated. The interface condition relates the jump of the
normal derivatives and a second order elliptic operator in tangential variables.
Error estimates of the method in Sobolev spaces are obtained. Numerical tests
illustrate the features of the presented method.
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