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WAVE PROCESSES IN A FLAT BODY WITH
A SYMMETRIC LOCATED RECTANGULAR CUTOUT

Abstract. The work is devoted to the generalization of the difference method of spatial characteristics to the
case of the plane problem of the propagation of waves in a rectangular region of finite dimensions with a
symmetrically-located rectangular cutout at the lateral boundaries. Based on the numerical technique developed in
this work, the calculated finite - difference relations of dynamic problems are obtained at the corner points of a
rectangular cutout, where the smoothness of functions that is “familiar” to dynamic problems is violated. At these
corner points, the first and second derivatives of the desired functions suffer a discontinuity of the first kind. The
results of the study are brought to a numerical solution. The effect of stress concentration in the vicinity of the cutout
was studied and it was shown that the impact of the cutout on the particle velocity distribution, on the stress
distribution has a local character.

Keywords: clastic, velocity, stress, load, plane deformation, wave process, stress concentration, numerical
solution.

Introduction. Prediction of dynamic wave processes in solids of finite dimensions, taking into
account a number of attenuating factors (discontinuities in the boundary conditions, holes, cavities,
cutouts, etc.) by mathematical modeling to determine the nature of possible damage, is, besides purely
scientific interest, an important applied value determined by requests for engineering practice.

The majority of structures used in construction, engineering and other branches of technology are
characterized by the presence of various discontinuities in the form of holes, recesses, notches,
protrusions, etc., due to either manufacturing technology or operational requirements. Near such
discontinuities, as is known, the phenomenon of local distortion of stresses and strains arises, usually
called stress concentration. These effects make a significant change in the “average™ stresses and are often
the cause of failure. The qualitative and quantitative effects of stress concentration are influenced by a
variety of reasons related to the geometry of the concentrator, the type of impact, and the real properties of
the material. Therefore, the problem of stress concentrations is given great attention in modern
technology, which is reflected in the almost infinite number of domestic and foreign studies, as well as in
the special monographs and the reference manuals. In general, the number of works devoted to the
dynamic problems, taking into account a number of weakening factors, is very small; far from all aspects
of their working capacity under conditions of unsteady external loads are considered in them [1-19].
However, interest in these problems, due primarily to the importance of solving complex practical
problems, is great, and further improvement of numerical methods in various modifications using
increasingly sophisticated electronic computing equipment should lead to a significant development of this
direction.

The mathematical formulation of the problem. Let’s consider the basic equations of the problem of
the dynamic theory of elasticity for a homogeneous isotropic elastic body in a Cartesian coordinate
system. For convenience, the axes of the Cartesian coordinate system are denoted by Oxi (i=1,2), and the
time by t. The components of the stress tensor are denoted by oij ( x1, x2, t), the strain tensor by &ij
(x1,x2,t) (1,j = 1,2) and, finally, the displacement vectors by ui (x1, x2, t)(1=1,2).
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It is convenient to represent the equations of motion and Hooke's law in the form of a normal

hyperbolic system:
oij,j=p2uvdt2 (i=1,2), (D

Gij=A05i] + 2 psij, Q)

where p is the density of the medium material, 4, x are the Lame constants, 07 j is the Kronecker symbol,
@1s the volumetric strain equal to

0=gcll+e22+ 33 .
A comma with an index means the partial derivative with respect to the corresponding argument. The

summation is performed overj (7 = 1,2).
The transition to dimensionless variables is carried out according to the formulas [7]:

Lt LX 1 Ou,
t :ﬂ’ X, :ﬁj v, = u” @=L2)
b b ¢ Ot
_O-ll+o-22. q_o-ll 0-22
2pc 2pc}
- 0-122 B 723 >
PG ¢ (3)

where b is the characteristic length, c¢;,c, are the velocitics of the expansion and shear waves,
011,022, 01 are the components of the stress tensor, and vy is a constant parameter. In the future, the line
over dimensionless parameters is omitted. Differentiating dependences (2) with respect to time, adding
and subtracting the normal stresses 611 and 622, the equations of motion (1) and physical relations (2) are
written as a system of equations for the velocities of displacements v1 ,v2 and three linear combinations
P, q, tofthe stress tensor components [7]:
vi,t-p,1-q,1-71,2=0; v2,t-p,2+q.2-7,1=0; 4)

v2(y2-1)-1p,t—-vl,1-v2,2=0;
v2q,t-vl,1+v2 2=0;
v2r,t—-v1l,2-v2,1=0.

A comma with an index means the partial derivative with respect to the corresponding argument. This
statement was chosen because such systems have been studied quite well by now, and in addition, when
choosing velocitics of displacements and stresses as dependent variables, the derivatives from the
boundary conditions are excluded.

Find the functions vi, v2, p, g, T, that in a rectangular strip 0 < x; £, —L<x, <L with a
symmetrically located rectangular cutout on the lateral boundaries (Fig.1) satisfy the equations (4), the
initial conditions for ¢ = 0

Vi (026100 =v, (5:%,:0) =Pl 3, 0) =406, %, 0) =23, :0) =0 (3)

and the following boundary conditions for 1>0:

v =f(), v,=0at x=0, —L<x,<L, ©)

p=q=0.7=0 at I%|=L. 0<x <« and ¥ <x <L, (7)
p+q=0,7=0at % =x. x} <|v,|<L and at X =X, X, <[ <L, )
P—q=0,7-0 at 2| =%, x <x <x, ©)

v, =v, =0at xlzl’ |X2|§L~ (10)
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The computational process is carried out in time steps. The time step £ is selected in accordance with

the necessary stability conditions [ 7]
2 2 2
(Ej Smin{ Z , 7/2 }
h 41 2(2-1) an

that are used by the explicit finite - difference calculation scheme. In this way, the values of the sought
quantities are calculated at any point of a rectangular strip with a rectangular cut at time 1 = 10 = kAt

To obtain results at the next time step # = (k + 1) A, it is enough to take the found values as the initial
data and repeat the calculations. For the numerical implementation of the developed finite-difference
scheme and the solution of non-stationary problems of the mechanics of a deformable solid, a calculation
method and algorithm have been created and based on them a complex of calculation programs in Fortran-
90 has been developed for high-speed personal computers.

Numerical results are given for the rectangular region 0<x1<100°h , |x2 |<100°h. As an example, an
I-beam construction with a deep symmetrically positioned side cutout was considered with the following
values of the initial data:

f()=A-t-e™ A=1, s=02,k=0.025 h=005 x"=20-h x =80-h, [B|=10-h v=03,
y=1.87.

When analyzing the calculation results, the symmetry property of the problem with respect to the axis
x5 = 0, at the points of which v, = 7 = 0 was used. Therefore, the obtained results are presented only for

positive values *2 (x, >0)
It is noteworthy that, as the compression wave (longitudinal wave) propagates, the velocity of which

[i+2. . . . . . .
¢, = %, at the comer points of the strip and cutout, zones of diffraction perturbations arise. The

emergence of these zones significantly complicates the construction of analytical solutions. From the
physical point of view, the presence of these zones is due to lateral unloading in a direct compression
wave, which, in turn, leads to a rotation of the velocity vector at internal points of the medium. The
reflected longitudinal and transverse waves over time undergo multiple reflections from all boundaries,
and the wave pattern is greatly complicated.

In the study of the complex stress state of an elastic medium, an analysis of the behavior of the
individual components of the stress tensor is insufficient to conclude dangerous stress concentrations in
terms of strength. In these cases, common criteria are often used, based on the application of the main
normal and maximum tangential stresses. In the accepted dimensionless form, they can be written as

0-172 :pi Vq2+2-2’ Tmax = qu +TZ' (12)

In this regard, Figures 2-4 in the plane x{/h-x,/h for the time instant £ = 500 - k show,
respectively, the isolines of the main normal oy = const, g, = const and maximum tangential
T .. = const stresses, which demonstrate the stress state characteristic of an I-beam structure with a deep

lateral cutout. The previous notation is accepted: solid, dash-dotted and dashed lines mark the contours of
compressive, zero and tensile stresses, respectively. The numbers around the lines correspond to the
values of the stresses on the isolines, and near the points - to the extreme values of the stresses. It can be
noted that the level of the main normal ¢;, o, and maximum tangential t,,,,, stresses, the nature of their
distribution is complex due to the superposition of reflected, diffracted, and interference waves and
constantly changes in time, which is typical for dynamic problems.

First of all, it should be noted that most of the area behind the cutout (lower shelf) is not loaded for a
long period of time (figure 2—4). The stress level in the "stagnant" zone is extremely low. The main
bearing part of the I-beam structure is its wall. The intermediate values by the stress level are observed in
the area located directly under the load (upper shelf). The lack of symmetry with respect to the midline
13
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KACHCTTCPIMCH OaHIMAHBICTBI OpTYpai cebemrep BIKman cremi. COHABIKTAH 3aMaHAYH TCXHHKAAA KCPHEYJCH
KOHIICHTPAMACHT MOCCIICCIHE VIIKCH HA3ap aydapeuiyAa, Oy OTAHABIK KOHC MICTEIIIK 3CPTTCYICPIOiH, COHIAH-aK
apHaifbl MOHOTpadmsanap MEH aHBIKTAMANBIK KYpalmapAblH KeOiciHAe KepiHic TanmTsl. MyHma#d oOisICTap YIIiH
MIEKAPAJIbIK MOCEICICP/l ey THIMAL CAHABIK 9MICTEPl KYPacThIPYChI3 MYMKiH eMec. COHIBIKTAH TYTac OPTaAaFsl
CTAMOHAP €MEC TOJKBIHIBI KOFAIBICTBI 3€PTTEY MOCEICICPIHIH aybIp HEHTPI €CENTEY HOTIKEICPIH >KaKcapTyFra
MYMKIHZIK OCpeTiH aWbIPBIMIBIK CXCMAIAPAbI MKAcay >KOHE KCTUIAIPYTe BIFBICHIN OTHIP. Anaiiaa Kasipri yakeITKa
JCHIH CAaHABIK OMICTCP APKBLUTBI OPTYPAl KOH(PHUIYpamusiel OIipTEKCi3 MICKTCIATCH ACHCICPACTI THHAMHKAIBIK
CEpPIIMILTIK TEOPIACHIHBIH INCIIUITCH MOCENCNepl cambicThIpManbl TypAae a3. Ocprmaiina IPaKkTHKAFa JIETCH
KOKETTLIIK OCHI KYMBICTHIH 3¢PTTEY IMOHIHE AifHAJNBIN OTBHIPFAH TYTAC OPTA AWHAMHUKACHIHBIH ©3€KT1 FHUIBIMH KOHE
TIPAKTHKAJIBIK MOCEICICPiHiH IICHOCPiH AHBIKTAHIBI.

JKyMBICTa MOCENICHIH, CBHI3BIKTHIK KOHBLIBIMBIHAA OYHIp INEKApaTapblHAA CHMMETPHSUIBI OPHATACKAH TiKOy-
PBINTHI KAMACHI 0ap TIKOYPBHIITHI OONBICTA AMHAMHKANBIK YHBITKYIBIH TApadybl TYPAJbl €CENl KAPACTHIPBLIAIBL
TOMKBIHABIK MPOLECCC CHIPTKBI THHAMHKAITBIK KYKTCMCHI TIKOYPBIITH OOTBICTHIH OCTTIK MCKAPACHHA KOO aPKBLIBI
TYBIHAAWABL, a1 OOJIBICTHIH OYifip meKapanapsl KepHEYACH 00C KaTaapl. TikOYPHIITH OOIBICTHIH TOMEHT] MEKAPACHI
KatThl OckiTinareH. TikOYPHIITH OWBIHABIHEIH, KOHTYPHI KEpHEYACH 00c. Macexe OyHip mekapanapaa TikOYpBIIITHI
OMBIHABICHI CHMMETPILIIBI TYPJAEC OPHATIACKAH TIKOYPHIMITHI OOIBICTHIH IIIHAC KYJIAM JKaTKAH >koHE & > 0 yaksIT
MOMEHTIHE OipHeme per Iu(pakupsIIaHFAH CEPIiMAL TONKBIHAAPABIH meOi apKACBIHAA TYBIHIAFAH KEPHEY MCEH
SKBITTAMIBIK OPICiH AHBIKTAYFA TIPEIC .

Byitip mekapamapaa TikOypBII OWBIHABICHI CHMMETPISIIBI TYPAC OPHANACKAH COHFBI OJNIICMAI TIKOYPBHINITHI
00JBIC YIIiH GACTANKBI JKOHS MICKAPATBIK IMAPTTAPBI OCPLATCH apaiac CCeNTi CAaHABIK QMICTICH MICIIY YIIH KCHICTIiK
CHIIATTaMAaNap SMICIHC HETI3IENTeH aWKBIH COHFBI aWBIPBIMIBIK cxXxeMa Kypsliabl. O OYKIT 3epTTEMIN OTHIPFaH
00BIC O6MIHCTIH TYHIH HYKTCICPAC KA3bLUFAH OHOCHIATTAMAajap OOMBIHTAFBI TCHACYJCP JKYHCCIH MHTCTpamgay
apKbLIBI AJNBIHFAH AKBIPIBI-AHBIPHIMIBIK KAaThIHACTApPFa HerizaenreH. JKymbIcTa Toyenmal aWHBIMAIBUIAD PETIHII
KEPHEYJIH OPBIH AYBICTHIPY >KbUITAMIBIKTAPBI MCH TEH30P BEKTOPBIHBIH KOMIIOHEHTTEpPI KaObUImaHaapl, ceOeOdi
KEPHEY MCH OPBIH ayBICTHIPY >KbLIIAMIBIKTAPBI MEXAHU3MACPL 3€PTTCY KAFbIHAH CepIiMi aeopMarust Ke3iHaeri
JUHAMAKATIBIK YACPICTEPAl aHBIKTANTHIH HETI3T1 (D3MKANBIK mamManap 0o cananaasl. Ecenriy Oynaiima KOHBLTY BI
MYHAAH >KyHeNepaiH Kaz3ipri Ke3Ae MKETKIMKTI TYPAC TEPEH KOHE KAH-KAKTHI 3CPTTEITCHAITIHEH, COHBIMEH KaTap
OpPBIH ayBICTBHIPY O KbUITAMIBIKTAPBI MCEH KEPHEYICPAl TaHJdy KeE3IHAE IICKAPANbIK I[MAPTTAPAAH TYBIHIABLIAP
CCKCPITMCHTIHAIKTCH TAHJAABL, a1 OYJ1 OCBHI MOCCTICHI CAHIBIK OJICTICH IICINY/IC MAHAAIAHY YIIiH 6TC MAHBI3IbL.

TikOypeIITEl OWBIFBI OAp KAPACTHIPBUIBINT OTHIPFAH ACHEHIH CPEKINCIIri TIKOYPBHIITHI OHBIKTBHIH OYPBIMITHIK
HYKTEJICPIHAC AWHAMHKAJNBIK MOCENCNEP VIIH «dACTTEr» (YHKIWSHBIH TYTACTBIFBI OY3bIIAABI, SIFHH OyI
HYKTENIepAc KapacThIPbLTFaH (D)YHKIHSJIAP MEH OJApAbIH OIpiHINI ’KOHE CKIHINI PETTi TYBIHABLIAPHI OIpiHIN TEKTI
y3imicke ymbIpaiiapl. Bi3 3epTTem OTHIPFAH MOCEICAC OCHIHIAM CPCKMIC HYKTEICP YIIIH SCemTey Omici Kypac-
TeIppUIMarad. COHABIKTAH OJAp TIKOYPHINTHI OWBIKTHIH KOMIMIT OYPBHINITHIK HYKTEIEPl PETIHAC KAPACTBHIPHLIAIBI
JKOHC OCBIHJAM CPCKINC HYKTCICPAC KAPACTHIPBLUTFAH (PYHKIMAIAPALI TAOYFa apHAJFAH IICIIYIN TCHICYICPOl aayFa
apHAJFaH oJIC YCHIHBUIBI OThIP. lllexapamblKk mmapTrap Y3UTCIHIH MaHAWBIHAAFHI JHHAMHKAJIBIK KEPHEY
KOHIICHTPALUACH 3CPTTCIAL. 3CPTTCY HOTIKEIICPi CAHIBIK MCIIIMIC ACHIH KSITipiai.

3epTTey HOTIKEICPI KaTaH (DH3HKAJIBIK JKOHC MATCMATHKAJBIK HCTI3Hl TIPCK CTCAl. AJIBIHFAH HOTILKCICPIIH
JIONEITl IIEIIMIH TA0AThIH MOCEICHIH KaTaH MaTeMATHKAIBIK TYKBIPBIMBI MCH OCITLUII CAHABIK 9JICTEPAl KOTIAHY,
KQKCTTI OPHBIKTHI IAPTTAPABI OPBIHAAY MCEH CCEITECY OMICIHIH OPHBIKTBUIBIFBIH CAHIBIK JMICIICH TEKCEPY, CAHIBIK
ecenrrey MeH Panp-Jlam0a eceOiHiH aHAMHTHKAIBIK INCIIMIHIH COHKEC KEyl, aNblHFAH HOTIDKEICPIIH KOHBUFaH
ecenTiH (PU3UKAIBIK MA3MYHBIMCH COIKEC KENY1H TIPEK eTei.

CepriMIiTiK TEOPHACHIHBIH KA3bIK JMHAMUKAIBIK €CENTEPIH MIBIFAPYFa apHAJIBIN KYPACTHIPBLFAH MATEMATH-
KaJbIK MOJEIb APKbUIBI ©IIEMIl TIKOYPHINITH KOICHCH KMMACHI KOHE KYPACH TCOMETPISIIBIK (hOPMAIBI OUBIFBI
6ap KONAKTaFbl JTMHAMHKAJIBIK YHBITKYIbIH TapalIyblH TalJayAa MAHJaNaHBUIYBI MYMKIH. AIBIHFAH HOTIDKEICP
ANKBIHIAFAH JKOHE TAJKbUIAHFAH (DM3MKANBIK KYOBUIBICTApIAH 0acka KYPACTHIPBIIFAH E€CEITEY aITOPUTMIACPIHIH
THIMALTITIH A¢ KOPCCTC L.

Tyiiin ce3mep: ccpmiMai, >KBUITAMOBIK, KCPHCY, KYIN, KA3blK Ae(opMalma, TOJIKBIH VACPICi, KCPHEY
KOHICHTPALHSCHI, CAHIBIK HICITIM.

H.K. Amup6aes, /K. H. Ammpoaesa, M.T. Illoman0acpa,
P.b. Bekmoanaera, T.C. Cyaranber, IILE, AnThin0exon

IO:xH0-Kazaxcranckuii rocy napcTBeHHBIH yHHBEpCHTET M. M. Ay3308Ba, LIIbIMKEHT

BOJIHOBBIE TPOLECCHI B IINIOCKOM TEJIE
C CHMMETPHYHO PACIIOJTOKEHHBIM MPAMOYT'OJBbHBIM BBIPE3OM

Annotanmusi. [IporrosupoBaHwe JMHAMHYECKOTO MOBEICHHSA 3JIEMCHTOB KOHCTPYKIHH C YHYETOM psiaa
ocnabmomux (PakTopos (pasphIBbl B TPAHUYHBIX YCIOBUIX, OTBEPCTHUS, ITOJOCTH, BBIPE3HI U T.1.) HMEET HE TOJIBKO
TEOPETHUYECKOE, HO M MPHKIATHOE 3HAUYCHHUE, ONPEACIACMOE 3aIPOCAMH HHIKCHEPHOH MPAKTHKH.
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Jnst 6opIIMHCTBA KOHCTPYKIMH, NMPHMCHACMBIX B CTPOHMTEILCTBE, MAIMMHOCTPOCHHH M JPYTHX OTPACILIX
TEXHUKH, XaPAKTEPHO HAIMYHE PA3IIMIHBIX HAPYICHUH CIUIOITHOCTH B BH/IE OTBEPCTHH, BHITOUCK, NTA30B, BBICTYIIOB
U T.II., 00YCIIOBJICHHBIX JTHOO TEXHOJIOTHEH M3TOTOBICHUS, THOO IKCIUIY aTallHOHHBIMHU TpeOoBaHUIMH. Bo3ie Takmx
HECIUIOITHOCTEH BO3HHMKACT, KAK W3BECTHO, SBJICHHE MECTHOTO HCKAKCHUS HANPSDKCHHH HW  Ae(opMalm,
HA3BIBACMOC OOBIMHO KOHIICHTPAIMEH HAMPsDKCHUH. ITH 3(D()eKThI BHOCAT CYIIECTBEHHOES H3MCHCHHE B «CPEIHHC»
HANPSDKCHUSI M HEPEAKO SIBIUIOTCA NPHUMHOW paspymeHus. Ha KavyecTBEHHbIE W KOJMHYCCTBEHHBIE 3((eKTs
KOHIEHTPALMH HANPSDKCHUH BIFSIEOT PA3HOOOPA3HBIC NMPHYHHBL, CBSI3AHHBIC C TCOMETPHUCH KOHICHTPATOPA, BHAOM
BO3/ICHCTBUS, peaNbHBIMU CBOHCTBaMH Martepuana. [1osTomy mpoOxemMe KOHUCHTPALMH HANPSDKCHHIH YACIACTCS B
COBPEMCHHOM TEXHHKEC OTPOMHOE BHHUMAHHE, YTO HAILTO OTPAKCHHUEC B IMPAKTHUICCKH HEOOO3PHMOM KOJIMYECTBE
OTEYCCTBEHHBIX W 3apyOC;KHBIX HCCICIOBAHHH, 4 TAKKE CHCIHANBHBIX MOHOTPAQHAX M CIPABOYHBIX PYKOBOACTBAX.
Permenne kpaeBbIX 3ama4 I TAKHX OOJacTedl HEBO3MOKHO 0e3 pa3zpaboTku 3()()EKTHBHBIX UMCICHHBIX METO/OB.
[To3ToMy mEHTP TSKECTH HMPOOJIEMBI UCCICAOBAHNSI HECTAIIMOHAPHBIX BOJHOBBIX JABIDKCHUHM B CIUIONIHBIX CPEIax
BCE OOJIBINE CMEIIACTCS B CTOPOHY Pa3padOTKH M COBEPIICHCTBOBAHMS PA3HOCTHBIX CXEM, MO3BOJLIIOIINX YIIyUIIATh
pe3yabTatel pacyeroB. ONHAKO OO HACTOSIIECTO BPEMEHH CPABHHTCIBPHO MAJO PEIICHHBIX 33734 AWHAMHYCCKOH
TCOPHH YHPYTOCTH B OTPAHMYCHHBIX TEIAX C HEOJHOPOJHOCTSIMH PA3IMIHOW KOH()UTYPAIUH C HCIOJB30BAHUEM
YHCTICHHBIX METO/IOB.

Takum 00pa3oM, MOTPEOHOCTH MPAKTHKH OMPEACIBIOT KPYT AKTYANBHBIX HAYUYHBIX M IPAKTHUYCCKHX 33124
JUHAMHKH CILIOITHON CPE/IbI, KOTOPBIC CTAIHU MPEAMETOM HCCIICIOBAHI HACTOAIIEH PabOTHL.

B pabote B AMHCHHOM MOCTAHOBKE PACCMATPHBACTCS 33a4a O PACHPOCTPAHCHAN THHAMHYCCKHX BO3MYIICHAN
B IPSIMOYTOJIBHOM OOJIACTH KOHEYHBIX PAa3MEPOB C CHMMETPHYHO-PACIONIOKEHHBIM IPSIMOYTOIBHBIM BBIPE30M HA
OOKOBBIX I'paHUIAX. BONHOBOW MPOIECC BBI3BIBACTCSA MPHUKIAABIBAHWCM BHCINHCH JHHAMHYECKON HArPY3KH HA
JHUICBOH TPAHUIC TMPAMOYTOIBHOHN 001acTH, a OOKOBBIC TPAHHUIBI O00NACTH CBOOOJHBI OT HANPKCHHH. Hrokmasa
TPaHMIA TPSMOYTOJBHON OOJIACTH >KECTKO 3akperuicHa. KOHTYp IpsAMOYTOIBHOTO BEIpE3a CBOOOJCH OT HAIps-
JKeHHH. 3a/1a4a 3aKIFOYACTCS B ONPEACICHUH BHYTPH IPAMOYTOJBHON OOJACTH C CHMMETPHYHO-PACTIONI0KCHHBIM
MPAMOYTOJBHBIM BBIPE30M HAa OOKOBBIX TPAaHUNAX MOJNCH HATPSHKCHHH M CKOPOCTCH, BBI3BAHHBIX (DPOHTAMH
TAJAFOIINX ¥ MHOTOKPATHO AH()ParMpPOBAHHBIX YIPYTHX BOJH B MOMEHT BpeMcHH ¢ > 0.

JI7st YMCTICHHOTO PEIICHHST CMEIIAHHOM 3a1a4M C HAYaJbHBIMHA M TPAHWYIHBIMH YCIIOBISIMHE IS IIPSIMOY TOJIBHOM
00JIaCTH KOHCYHBIX PAa3MEPOB C CHMMETPHIHO-PACIOJIOKCHHBIM TPSIMOYTOJIBHBIM BBIPE30M HA OOKOBBIX I'PaHMIAX
TOCTPOCHA SBHAS KOHEYHO-PA3HOCTHAA CXEMA, OCHOBAHHASN HA METOJEC IPOCTPAHCTBCHHBIX Xapakrepuctuk. OH
OCHOBAaH Ha KOHEYHO — PA3HOCTHBIX COOTHOIICHHSX, ITOJIYUCHHBIX MHTCTPHUPOBAHHEM CHCTEMBI YPABHCHHH BIOJb
OMXapaKTCPHCTHK U 3ANMHCAHHBIX B Y3JI0BBIX TOUKAX, HA KOTOPBIC Pa3OMBACTCS BCA HCCACAyeMas o0macte. B padore
B KA4YCCTBC 3ABHCHUMBIX IICPEMCHHBIX IPHHUMAIOTCS KOMIIOHEHTHI BEKTOpPA CKOPOCTEH TMEpEeMEHICHHH M TEH30pa
HANPSDKCHAH, TOCKOIBKY HANPSKCHHSI W CKOPOCTH TIEPEMCUICHUM SBILTIOTCS OCHOBHBIMH  (DH3HYCCKUMH
BEJIMYMHAMH, IPEICTABILTIOMIMMI HHTEPEC C TOUKH 3PCHHS M3YUCHHS MEXaHH3MOB, OIPEICILIIOIINX THHAMIUCCKAC
TPOIIECCHI MPH YNPyTroM AcopMupoBaHWH. 3Ta MOCTAHOBKA BHIOPAHA IIOTOMY, UTO TAKHE CHCTEMBI H3YVUCHBI B
HACTOANICE BPEeMsI JOCTATOYHO TIyOOKO M OCHOBATEIBHO M, KPOME TOTO, ITPH BBIOOPE CKOPOCTEH NMEpeMEHICHUH U
HANPSUKCHUH B KAUECTBE OCHOBHBIX IICPEMCHHBIX, HCKIIFOYAIOTCS MPOU3BOAHBIC M3 TPAHUYHBIX YCIOBHH, |TO
YPEe3BbIMAWHO BA’KHO ITPH HCTIOIb30BAHHUH UHCICHHBIX MECTO0B PEIICHHUS 3aJa4H.

OCOOCHHOCTBIO PACCMOTPEHHOTO TENA C MPSIMOYTOJBHBIM BBIPE30M SABILIETCS TO, YTO B YIJIOBBIX TOYKAX
TPAMOYTOJBHOTO BBIPE3a HAPYINACTCS IMPUBBIMHAS» A AWMHAMHUYECKHX 33734 TJIAJKOCTh (BYHKUOHWH, T.€. B 3THX
TOYKAX UCKOMBIC (DYHKIIMH U MX IICPBBIC H BTOPBIC MPOU3BOJHbIC TEPILIT Pa3phiB MEPBOTO poaa. st Takmx 0coObIX
TOYCK, KOTOPHIC HMMEIOT MECTO B HCCICAYEMOM HAMH 3a1ade, METOA pacuyera He paspaborad. [loaromy oHum
paccMarpuBarOTCsl KaK OOBIMHBIC YTJIOBBIE TOUKH IPSAMOYTOJIBHOTO BbIpe3a. BBUT MPEmIoKEH METO[ MOIyHCHHS
PA3pCIIAOIUX YPAaBHCHHH I HAXOKIACHHSA HCKOMBIX (YHKUHH B J3THX O0COOBIX TOukax. Hccaemosana
KOHIEHTPAUHsI JHHAMHYCCKAX HANPSDKCHHH B OKPECTHOCTH Pa3pblBa TPAaHHUHBIX YCJIOBHH. PesymbraTsl
HCCIICAOBAHNS JOBCACHBI 10 YHCICHHOTO PEIICHIL.

Pesyaprars! nceneoBaHUH OA3HPYIOTCS HA CTPOTUX (DPH3HMUCCKUX M MATEMATHIECKHX OCHOBAX. JIOCTOBEPHOCTH
MOJYYCHHBIX PE3YJIbTATOB OOYCIOBICHA CTPOTOH MAaTeMaTHYCCKOH (OpMyIMPOBKOH permacMou 3agauu |
TIPUMCHEHUEM HM3BECTHBIX YHCICHHBIX METOJOB PEHICHHS, BBHIIOTHEHHEM HEOOXOIMMBIX YCIOBHH YCTOWYMBOCTH H
YHCJICHHON NPOBEPKOM YCTOMYMBOCTH METOJA PACYUETA, COBHAJACHHEM PE3YJIbTATOB YHUCJICHHBIX PACUETOB C
pe3yIbTaTaMH TOYHOTO AHAIMTHYCCKOTO pEIlcHMs 3a7aduu Pamest — Jlam0a, COOTBETCTBHEM MOJYUCHHBIX PE3YIIb-
TaTOB (PM3HICCKOMY COACPKAHMIO IIOCTABICHHON 3a/1aH.

Paszpaborannas MaTeMaTHYECKass MOACTD PEIICHHUS IUIOCKUX AWMHAMHYECKUX 33734 TCOPHH YIPYTOCTH MOMKET
OBITh HCIONB30BAHA U1 AaHANHM3a PACIPOCTPAHCHHS AMHAMHYCCKUX BO3MYINCHHH B IIOJIOCE C MPAMOYTOIBHBIM
TIOTICPEYHBIM CEUCHHEM KOHCYHOTO Pa3Mepa M BBIPE3OM CIIOXKHOHW reoMeTpuieckor Gopmbl. Kpome BBIIBICHHBIX H
00CY KICHHBIX (DM3MUCCKUX SBICHUH, IOJyUCHHBIC PE3YJIBTATHI JCMOHCTPUPYIOT 3(PPESKTUBHOCTH Pa3pabOTaHHbBIX
PacUETHBIX AJTOPHTMOB.

Kimo1ueBbie c10Ba: ynpyrocrs, CKOPOCTh, HANPSDKCHUE, HATPY3Ka, IIOCKas Acopmanust, BOJHOBOI mporecc,
KOHICHTPALHSI HATPSDKCHUH, YACJICHHOE PEIICHHC.
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