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AHHOTaLUA

Beeoenue. [y npenynpexaeHusi BOSHUKHOBEHHSI 1 YMEHBIICHHS TOCIIEACTBUN ONACHBIX M KaTacTpO(YUUECKUX sIBIIe-
HI/Iﬁ, CBA3aHHBIX C IEPCHOCOM B3BECH B IIPUPOJHBIX CUCTEMAX, HCO6XOZ[I/IMO CTPOUTH ONICPATUBHBLIC 1 HAYYHO OIIpaBaaH-
HBIE TTPOTHO3bI, BBIBIISITH KPUTHUECKUE COCTOSIHUS, IPU KOTOPBIX BO3MOKHO IOSIBJIEHUE YPE3BBIYANHBIX cUTyauui. Js
9THX LEJIEH ClIeyeT co31aTh TOYHBINH 1 OBICTPO paboTarONIMi HHCTPYMEHTApHUH, BKIIOYAIOINI aIrOpUTMBI YHCIEHHOTO
peIIeHNs MOIETBHOM 3a/1aul, YIUTHIBAIOIIeH crienn(uKy PUPOIHBIX CUCTEM. B HacTosmmel paboTe mpencTaBlIeHb a-
paienpHBIe aNTOPUTMBI YUCIIEHHOTO PEIIeHHs MPOCTPAHCTBEHHO-TPEXMEPHOH 3axaun aud(y3uH-KOHBEKITUH B3BECH,
TTO3BOJIAIONINE ONyTHMO CHH3UTH BpeMs pacu€ra (Oonee uyeM B 4 pasza), IpH CPaBHEHUH C pacyeTamH, MPOBOAUMBIMHU
C HCIIOJIb30BAaHHUEM IT10CIIEIOBATEILHOTO AJITOPUTMA.

Mamepuanst u memoost. J171s napajuieIbHOTO PEILIeHUs! IPOCTPAHCTBEHHO-TPEXMEPHOI 3a1a4u An(Py3UU-KOHBEKIMH TT0-
CTPOCHA HESIBHAsI CXeMa PACILEIUIEHHs, B KOTOPOH MCXOHas HElpepbIBHAs 3a]a4a 3aMEHSETCS] Ha LIETOYKY JIByMEpPHBIX
1 OMHOMEPHBIX 3a1a4. [Ipenaraemeie B paboTe CXeMBI pacIIeIUICHHS SIBISIOTCS (PU3NIECKH 000CHOBAHHBIME M YIUTHIBA-
0T CTICU(UKY TPUOPEKHBIX MOPCKHX CHCTEM, JIJIsI KOTOPBIX BIMSTHAE MUKPOTYPOYIeHTHOH Muddy3nun 1 aABEKTHBHOTO
mepeHoca CyOCTaHIUI COMOCTaBUMBI, IPUYEM IIPH ANIPOKCUMAIMK PeajbHbBIX 3a7a4 ceTodHoe 4ucio Ilexme He mpe-
BOCXOJIMT €AWHUIIBL. /1151 mapaiieabHON YUCICHHON peaiu3alliy UCIIONb30BaH METO/l IEKOMIIO3UIIMY CETOUHOM 00acTu
JIByMsI CEMECTBaMU BEPTHKAJIBHBIX IUIOCKOCTEH, ITapalieIbHBIMU KOOPAMHATHBIM TutockocTsiM Oxz u Oyz, B cOYeTaHUN
C MeToZIoM 3eiiziels py pelIeHNH ABYMEPHBIX CETOUHBIX 3a/ad B TOPU30HTAJIBHBIX IUNIOCKOCTSX M METOIOM ITPOTOHKH
MIPH PEIICHUH OJHOMEPHBIX TPEXTOUYCUHBIX 33]a¥ 10 BEPTHKAIBLHOMY HalpaBleHHIO. B paMkax mporpaMMHOHN peaiu-
3al{U MMapajuIeIbHOTO CUéTa MPECTABICH NapaUIebHBIN alTOPUTM, pealn3yIomuil 3anaqy nudQy3un-KOHBEKINN Ha
BBIYMCIUTEIBHON CUCTEME C UCIIONIb30BaHUEM TexHosorun MPI.

Pezynomamot uccneoosanus. I1onydeH cpaBHUTEIbHBIA aHAM3 MapaUIEIbHOTO U MOCJIEA0BATEILHOTO aIrTOPUTMOB Ha
TIpUMepe pelIeHs MOIEJILHOM 3a1a4u.

Obcyscoenue u 3axnrwuenus. PazpaboraHHoe MPOrpaMMHOE CPEICTBO MO3BOJISET €r0 MPAKTUYECKH HCIOIb30BaTh JIJIs
pelIeHNs KOHKPETHBIX THAPO(PU3MUECKAX 33a1a4, B TOM YUCIIE B KAY€CTBE 3JIEMEHTA IIPOrPaMMHOTO KOMILIEKCA.

KiwueBsble ciioBa: 3ajaua I[H(i)(byl%I/II/I-KOHBeKHI/H/I, pa3HOCTHad CxXeMa, ABYMCPHO-OJHOMEpHAasA CXeMa, IapaJlyiCJIbHbIC
BBIYHUCJICHUSA, MCTO 3e1‘/'1)1eﬂs[, METOA IMPOTOHKU
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Abstract

Introduction. To prevent the occurrence and mitigate the consequences of hazardous and catastrophic phenomena
associated with sediment transport in natural systems, it is necessary to develop operational and scientifically justified
forecasts, identify critical states at which the emergence of emergency situations is possible. For these purposes, it is
necessary to create an accurate and efficient toolkit, including algorithms for numerical solution of a model problem
that takes into account the specifics of natural systems. In this work, parallel algorithms for numerical solution of
a spatially three-dimensional diffusion-convection problem of sediment are presented, which allow a significant reduction
in computation time (by more than 4 times) compared to calculations conducted using a sequential algorithm.

Materials and Methods. For the parallel solution of the spatially three-dimensional diffusion-convection problem, an
implicit splitting scheme is constructed, in which the original continuous problem is replaced by a chain of two-dimensional
and one-dimensional problems. The splitting schemes proposed in the work are physically justified and take into account
the specifics of coastal marine systems, for which the influence of micro-turbulent diffusion and advective transport of
substances are comparable, and the Peclet number does not exceed unity when approximating real problems. For the
parallel numerical implementation, a method of decomposing the grid domain into two families of vertical planes parallel
to the coordinate planes Oxz and Oyz, combined with the Seidel method for solving two-dimensional grid problems in
horizontal planes and the tridiagonal matrix algorithm when solving one-dimensional three-point problems in the vertical
direction, is used. Within the framework of the parallel computing software implementation, a parallel algorithm is
presented that implements the diffusion-convection problem on a computing system using MPI technology.

Results. A comparative analysis of parallel and sequential algorithms is obtained using a model problem.

Discussion and Conclusions. The developed software allows its practical use for solving specific hydrophysical problems,
including as part of a software complex.

Keywords: diffusion-convection problem, difference scheme, two-dimensional-one-dimensional scheme, parallel
computing, Seidel method, tridiagonal matrix algorithm
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Brenenue. [Ipu yncIeHHOM MOJICTUPOBAHUY PUKIIAIHBIX 33]1a4 TPAHCIIOPTA BENIECTBA YPABHCHUS KOHBEKIUU-TU(DDy-
3uu [ 1-4] sBisitorcst 6a30BbIMU. OCHOBHBIME OCOOCHHOCTSMU TaKUX 33124 SIBJISIFOTCS, B YaCTHOCTH, HECAMOCOIPSIKEHHOCTh
oreparopa 3ajJ1a4, a TAKXKe CYIICCTBEHHBIC Pa3JIniusl B IPOCTPAHCTBCHHO-BPEMEHHBIX MAacIITa0ax pa3HOCTHBIX OIEeparo-
POB KOHBEKTHBHOTO U TU(PPY3HOHHOTO MTEPEHOCOB [5—8]. ITH 0COOCHHOCTH 3a1a4H JIOJKHBI OBITh YUYTCHBI Ha JUCKPETHOM
YPOBHE IPU NOCTPOESHUH alNPOKCUMAIIMH HEMPEPHIBHOM 3a/1a4u.

[Ipu 4nceHHOM pellleHHH YKa3aHHOTO KIlacca 3aja4 ¢ MePCIeKTHBOM 3(PPEKTHBHOIO pacnapaiIeTUBaHUs XOPOIIO
3apEKOMEHI0BAN Ce0sl METO/ PACIICIUICHUS 10 TEOMETPHYCCKUM HarpaBiieHusIM [9—12]. PaccmarpuBaemast HesiBHAS CXe-
Ma OCHOBaHa Ha PaCUICIUICHUU TPEXMEPHOIo oreparopa AudQy3ur-KOHBEKIIMU HA IBYMEPHBIA M OJHOMEPHBII orepa-
TOPHI ¥ (POPMHUPOBAHUU JIBYMEPHO-OHOMEPHOM aZIATUBHON CXEMbI pacUICIUICHUs. PellieHie pa3HOCTHOM TPeXMEpHOU
3a/1a4ui CBOAMUTCS K PELICHUIO TOCIIE0BATEIbHOCTH CBS3aHHBIX 110 HAYaJIbHBIM U KOHEYHBIM JIAHHBIM IBYMEPHBIX U OHO-
MEPHBIX Pa3HOCTHBIX 3aJ1a4, YTO AA€T BO3MOXKHOCTD CYIIECTBEHHO YMEHBIIUThH BPEMEHHbIE 3aTPaThl Ha BHITIOJIHEHHE Olle-
parmii oOMeHa B apaJIeIbHON BRIYUCIUTEIBHON cucTeMe. [ YMCICHHOTO PEIICHHs IBYMEPHOUW Pa3HOCTHON 3aa4qn
(P PYy3UU-KOHBEKIIMN HCIIONIB3YETCs MapauIebHbIA BapUaHT MeTona 3eii/iessi, OCHOBAHHBIA Ha JICKOMITO3UIMH TPEX-
MEPHO CETOYHOM 3a/1aul BEPTUKAIBHBIMU TUIOCKOCTSMH, MapaJlJIeIbHBIMU COOTBETCTBYIOIIUM KOOPAUHATHBIM ILJIOCKO-
CTSIM TI0 YHCITY MMapauieIbHBIX BhraucianTeneld. COBOKYITHOCTh OJHOMEPHBIX PAa3HOCTHBIX 3a1a4 Auddy3ur-KOHBEKIINU
110 BEPTHKAIBHOMY HANpaBJICHUIO PEIIAETCS B KaXIOM MPOLECCOpe HE3aBUCUMO OT JIPYTMX C UCIHOJIb30BAHHEM MOCIIe-
JIOBATEIbHOIO aJirOpUTMa MPOroHKH. [Ipyu MCTIOIB30BaHUM TAKOTO AJITOPUTMA CYIIECTBEHHO YMEHBIIAIOTCS 3aTPaThl Ha
MEXKIIPOIIECCOPHBIC OOMEHEI TI0 CPABHEHUIO C OTHOMEPHBIMU CXEMaMH PACIIETIICHHSI, KOTOPBIC BEITIONHSIOTCS B COOTBET-
CTBHH C IATUTOYCYHBIM ITA0IOHOM ISl IPUTPAHUIHBIX Y3JI0B, BXOMSIINX B OTEIBHBIC OJIOKH CETOYHOMN MH(pOpMAIHH,
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Ha3Ha4YeHHbIE JUI1 00pPaOOTKH B OTJEIBHO B3ATHIX IIPOLECCOPAX. ANMPOKCHMAIINS UCTIONB3YET KOCOCHMMETPHUHYIO (op-
My MPEACTAaBICHUS KOHBEKTHBHBIX WICHOB, & TAK)KE OCOOCHHOCTH TEUEHHUH B MPHOPEKHBIX MOPCKHUX CHCTEMAX, AJIS KO-
TOPBIX, B IIOJABIIIONIEM OOJIBIIMHCTBE CIIy4aeB, CETOUHOE uKcio [Iexiie He mpeBbIIacT eAUHUIBL. DTO0, B CBOIO OYEPE/b,
TIO3BOJISIET ISl peasIbHBIX 3a71ad MPU BBIOOPE I1ara 1o BpeMEHH (CEKYH/bl MIM HEMHOTHE AECATKH CEKyHH) 00eCIIeunTh
CTpOTo€ INaroHaJbHOE MPeoOIaganue B MaTpuUIle, COOTBETCTBYIOIIEH OnepaTtopy 3aaqu, ¥ CXOAUMOCTh METOa e aerns
CO CKOPOCTBIO FeoMeTpuueckoil nporpeccuu. Ha npumMepe pemeHuss MOAENbHON 3aauyi IPOBOJUTCS CPABHUTEIbHBIN
aHaJIM3 MapauIeIbHOTO U MOCIEI0BATEIFHOTO aITOPUTMOB.

Marepuajibl 1 MeTOABI

Pa3HocTHas1 cxema [J1s1 TPEXMEPHOIro ypaBHeHHs I (P Py3un-KOHBeKUMHU. B IpsMoyroabHO 1eKapTOBOil cucTe-
M€ KOOPJMHAT PacCMOTPUM TPEXMEPHOE ypaBHEHHE O] (y3UN-KOHBEKIMN C UCIIOIb30BAHUEM KOCOCHMMETPHUYECKON
(hopMBI TIpeNICTaBICHHS Olleparopa KOHBEKTUBHOTO TIEpeHoca:

@+l{ ol b dluc)  olve) a(wc)}zi(u @}i[u @}i(uv@)ﬂﬁ ()

or 2| ox ey ez oax oy oz o\ "ox) oMy ) oz ez

rae ¢, ¢ = c(x,y,z,f) — KOHIIEHTpaIl¥s YaCTHIl B MOMEHT BpeMeHH ¢, ¢ € [0;77]; u,v,w — KOMIOHEeHThI BekTopa U CKOPOCTH
BOIIHOM CPEJIBL; |, [ — KOO()QHUIMEHTHI TOPU3OHTATLHOH M BEPTHKANBHON Ju(dy3nn yacTul, f— (QyHKIUS HCTOYHHKA,

S=r@yz).

VYpaHenue (1) nononHseTCs HAYaTBHBIMU YCIOBUSMH U TPaHUYHBIMH YCIOBUSIMHU Jupuxie:

(x.7.2.0)= ¢, (x.3.2). (x.7.2) € G, @
G={wyA<r<l, 0<y<l, 05251} 3G=G\G;

c(x,y,z,t):v(x,y,z,t), 0<t<T, (x,y,z)e oG. 3)
BBeneM paBHOMEDPHYIO TIPAMOYTOJIbHYO IIPOCTPAHCTBEHHO-BPEMEHHYIO CETKY O = ®,®_, T/IE

o, =, =ih,,y, = jh,,z, =kh., i=LN,, j=LN, k=ULN., N.h =1 ,N,h, =1, N.h =L},
0, = {tn =(n+0c/2)r, ae{O,l}; n=0,1,.,N,; NtTET}.

Ha Bpemennoii ceTke 0 _3amennm 3anady (1)—(3) uenodkoi «aBymMepHas — OXHOMEPHAS 337124y BUJA:

) ) 1) (1) ) Q) (1)
oc +l u@c +V8c +8(uc )+8(vc ) _0 Hh@c_ +i W, Oc +f(1), (x,y,z)eG, )
o 2| Ox oy Ox oy Ox Ox oy oy
t,<t<t,+0,5t, n=0,1,..,N, -1,
(x,,2,0)=¢,(x,7,2), (v,5,2)€G, 5)
x,p,z.8,)=c?x,y,2.8,), (x,3.2)€G, n=12,.,N, -], (6)
@) (2) @)
—60 +l|:w_6c + Olwe }: [ J , x v,z ) G, (7
o 2 Oz Oz
t,+05t<t<t,,, n=0L..,N,
c(z)(x v,z,t" +0 ST):C(I)(X v,z,t" +0 517) (x .z )e 5, n=0,.2,..,N, -1, (3

JIOTIONHEHHYIO IPAaHMYHBIMH YCIIOBHSAMH NEPBOTro poaa Buja (3), f = f W4 f (). B oTHOWICHMN IByMEpHOI 3a1adH I

(YHKIIMN KOHIIEHTPAIMU BEIIECTBA ¢ 3A€Ch NCIIONB30BANICSA BEpXHMH nHIEKC (1), a B OTHOIICHHH OJHOMEpHOH — (2).
@DyHKIMA UCTOYHMKA f IpeCcTaBuUMa B BUAE [ = f W4 f ) B ranbueiimmix paccyXIEHHUSAX HUCIIONIb3YEM YEPTY BBEPXY

1 2
Hajx QyHKOUSAMH ¢, f ( ), f @) JUIsl 0003HaYEHHS MX CETOUYHBIX aHAJIOTOB.
PasHocTHBIC aHamOTN ypaBHEHUH (4)—(6) IPUMYT BHI:

=n+l/2 _ —=n

5__:;+1@@Jﬁy
T 2

n+1/2(x+hx’y’ )

20,
(x+hx,y, ) "+1/2(x+hx,y, ) (x hx:ys ) "+1/2(x_hx’y’z)]+

n+1/2(

x—hx,y,z)+

2h

X

+% v(x,y’z)gnmz(x y+h,z lhy "“/z(x,y—hy,z)+
v(xy+h ) ””/2(x,y+hy, ) (xy h,, ) "“/2<x,y—hy,z) B ©)
2h, -
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:i uh(x+h ’ Z)E"H/z(lﬁ-hx,y,Z)—E”H/z(x,y,Z) uh(x , Z)En+l/2(x,y,z)_5n+l/2(x_hx,y,Z)
h, e h, > h,
1 Fr2 X,y+h,,z g2 X0,z Frin2 X0,z _gmn X,y—h .z
T by +h,.2) ( “ h) 2) w,(x,7,2) ter.2) h : -]

y y y

+ _]n: (xayaz)e (’Ohﬂ nzo,l,...,Nt—l,

t"<t<t"? n=0,1,.,N, -1, (10)
El(xayazso)zco(xayaz)7 (xayaz)em/ﬂ (11)
c" (x,y,z,tn)z E””/z(x,y,z,tn ), (x,y,z)e ®,, n=12,..,N, -1. (12)
Pasnocruele ananorn ypasHenuii (7), (8) npumyT Bu:
gl g2 L W(x,y’z)anﬂ(x’y’z +hz)—5n+l(x’y’z_h2)+ (13)
T 2 2h,
. w(x,y,z + hZ)E'”l (x,y,z +h, )—w(x,y,z - hZ)E"+1 (x,y,z - hz)
2h, -
—n+l —n+l —n+l —n+l
YRR TETAR TSE IR (SEE S
+‘f_~2n+1/2’ (x,y,z)eooh,
t,+05t<t<t¢t,, n=01.,N, -1,
c"+1 (X,y,Z,tn+1/2)=Cn+1/2(x,y,z,tn+1/2), (x,y,z)e ah: n= 031929"‘3Nz _1' (14)

UucnenHoe pemieHne AByMepHO# 3amaun (4)—(6) mpoBomuTcst MeTonoM 3eiaens, a onHoMepHou 3agaun (13)—(14) —
METOJIOM IPOTOHKHU. MOXKHO MOKa3aTh, 4TO AJIA 3a7a4 ¢ CeTOUHBIM 4yncioM [lexie, He MPeBOCXOAALINM €AUHUILY, METO
3eliaenst CXOAUTCSI CO CKOPOCTBIO TeOMETPUIECKOi nporpeccuu co 3HameHarenem 0,7—0,9 11 peaibHBIX 3a1a4 THAPODH-
3MKH IPUOPEXHBIX cUCTeM. Takke B 9THX YCIOBHSAX METOJ IIPOTOHKHU OyneT ycroiunB. Ha 000CcHOBaHNMY 3THX CBOMCTB
B JIaHHOM CTaThe AJISI KPATKOCTH M3JI0KEHHS MBI HE OCTaHaBIMBAEMCH.

Pe3yabrarsl HccieqoBanus. [IporpamMmMHas peanusaris napaieIbHOro cuera. B pamMkax gaHHOH pabOTHI MOCTPOEH
napaJuieNIbHBIN AITOPUTM, PEaATM3YIOIINI TpEXMEpHYIo 3ana4y auddy3nu-konsexkumu 1iist ypasuenui (10)—(14) ¢ ucnonb-
3oBaHueM TexHonoruu MPI. [Ipu napaiiensHO# peanu3aiyuy IPUMEHSIIMCh METObI IEKOMIIO3ULMK CETOUYHBIX olliacTer
JUTSL BEIYHCITUTENILHO TPYAOEMKHUX 3a/1a4 AU (y3nU-KOHBEKIINH, YIUTHIBAIOIINE apDXUTEKTYPY U apaMeTphbl BEIYNCIUTEIb-
HOU cuctemsl [13, 14]. JIeKoMITO3UIHS pacUETHOH AByMEPHOH 00JIAaCTH BBITIOIHEHA IO IBYM MPOCTPAHCTBCHHBIM ITepe-
MEHHBIM X U y, TAKXK€ HCIIONb30BaIACh JIEKOMITO3HIS [0 OAHOMY IPOCTPAaHCTBEHHOMY HAIIPaBJICHHIO (OTHOM BepTH-
KaJbHOHM KoopauHare). [lapamiensHblii anropuTM penieHns AByMepHoii 3anaqu (10) nmpencrasien Ha puc. 1.

Puc. 1. [lexommo3uriust JByMepHOH CETOYHOM 00JacTH M CXeMa IS pacueTa BEeKTopa peIeHHH

Permenne monenbHOM 3anadn. [IpogeMoHCTpHpYEM pe3ynbTaThl paboThl MapauIeIbHOTO ajJTOPUTMa Ha IIPUMEpE MO-
JeNbHOU 3a1a9u s ypaBHeHU (1) ¢ rpaHMYHBIME ycnoBusaMH upuxie. BxogHble qaHHBIE 3a0a9d:

U= (u,v,w) = (x,2y,3 - 32),

c=lx(l, —x)+ k{1, =)+ K, 1—expli +h, (£ +0,1),
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z

.2
u, =const, u, = k{l,l+sm%],

ky=ky,=2x+I +2y+l,, ks =const, k, =const, ks = const,
0<¢<10, 1, =1,=1,=10m.

VuautbiBas cienu(uKy MpUOPEKHBIX TEPPUTOPHUH, TTOAOHpPANTUCH KO3 GHUIMENHTHI £,, k, 1 k, nopsaka 1+5. Ha puc. 2
MpeNCTaBlIcHa 3aBUCHMOCTh BPEMEHH HCIIONHEHHS pacyeTa OT KOJIMYECTBa y3JI0B PACYETHON CETKH VISl CIydYaeB, KOraa
HCIIONB30BATUCH MAPAJUICITBHBIN 1 ITOCIICA0BATEIIBHBIN aJITOPHTM.
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Komnaectso y3J10B pacquHoﬁ CCTKH

Puc. 2. Fpa(l)I/IKI/I 3aBUCUMOCTHU BPEMCHHU UCIIOJIHCHHUA pacuCTa OT KOJIMYECTBA Y3JI0B paC‘{éTHOﬁ CCTKH:
1— JJI TapaJuICJIbHOI'O aJITOpUTMa, 2— JJI1 TOCJICAOBATCIIBHOTO aJIrOpUTMa

IIpuBenem cpaBHUTENBHBIN aHATN3 BPEMEHH UCITOTHEHUS pacdera (Tabnuma 1).
Tabmuma 1

CpaBHeHI/Ie BPEMEHU UCIIOJTHEHU pacye€Ta B ClIydac mapajjICJIbHOTO U IMOCIEA0BATEIIBHOTO aJilTOPUTMOB

KommaecTBo y3moB ceTkn 32x32 64x64 128x%128 256x256
Bpewms paboThl mapasienbHOTO 0,111 1,125 17,656 253,561
aJropuTMa, ¢
Bpewms paboThl mocienoBaTensHOTO 0,388 5,405 108,180 1203,670
ajropuTMa, ¢

Pe3ynbrarhl AEMOHCTPHUPYIOT COKpaIIeHHE BpEMEHH pacuéToB sl MapaljielbHOro ajiroputMa Oonee yeM B 4 pasa 1o
CPaBHEHUIO C TIOCIIEIOBATEIbHBIM aJITOPUTMOM.

O6cy:knenue U 3aKiaouenus. [IpeioxkeHbl anropuTMbl nNapajiebHOTO U OCIIES0BaTEIFHOTO CUéTa sl peLeHUs
TpexmepHoi 3anaun auddys3un-konsekuyu. [I[puMeHeHne TapaIeIbHOrO AITOPUTMA MOXKET OIYTUMO CHHU3UThH BPEMs
pacueta (Oosee yeM B 4 pasa), UTO SIBJISICTCS BaXKHBIM JJIS CJIy4YacB OMEPATUBHOIO MPOBEACHUS PHCK-aHAIN3a U OIpe-
JIeTIeHus] cybObI B3BELLICHHOTO BelllecTBa B Mope. PazpaboTraHHOE MPOrpaMMHOE CPEACTBO MO3BOJISIET €r0 MPAKTHYECKU
HCIIOJIB30BAaTh JId PCHICHUSA KOHKPCTHBIX FI/ILlpO(l)I/IZSI/I‘leCKI/IX 3a7a4, B TOM YUCJI€ B Ka4€CTBC 3JICMCHTA IMPOTrpaMMHOI0
xomruiekca [11].
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