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A.E. bonnapes
Pemienne oOpaTHbIX 3a4a4 B MNPOrpaMMHOM KOMILIEKCe JIJIA
MOJEJIMPOBAHUS BA3KMX TEUEHUH B KaHAJIaX.

AHHOTauus

B pabote onmcan npouecc peanusaliiy alrOpuT™Ma pelieHus: oOpaTHbIX 3a]a4 B
IpOTOTHIIE MporpaMMHoOro komiekca ELT, nperHasHayeHHOM TPOTrpaMMHOTO
KOMIIJIEKCA JUIsl YUCIEHHOTO MOJEIMPOBAHMS U BU3YaJIbHOI'O MPEICTABICHUS
TEUEHUH BA3KUX TEIUIONPOBOIHBIX CPE/ B KaHaaX ¢ (PUKCUPOBAHHBIMU

I'paHUYHBIMHA YCIIOBUAMM. HpI/IBeI[eHI)I PE3YJIbTAaThbl TCCTOBLIX PaCUYCTOB.

A.E. Bondarev

The Inverse Problems in Program Set for Simulation of Viscous
Flows in Channels

Abstract

This paper considers the realization of inverse problems solution in ELT program set.
ELT program set is intended for numerical simulation and visual presentation of
viscous heat-conductive flows in channels with fixed boundary conditions. The

results of test calculations are considered.

Bepcus crathM ¢ [BETHBIMM  WUIIOCTpAIlUSIMHA ~ pa3MeleHa 1O  ajpecy
http://www .keldysh.ru/pages/cgraph/publications/cgd publ.htm.
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1. BBenenue

JlanHast pa0oTa MOCBSILEH peaiu3aluy aITOPUTMA PEIICHHUs] OOpAaTHBIX 3aAa4
B paMKax OOIIEro mpoeKTa, HAMpPaBJIICHHOTO Ha PENICHHE aKTyaJlbHOW MPOOIEMBbI —
YIOPABJICHHUS] CBOWCTBAMHM HECTAIIMOHAPHBIX BA3KUX TEIJIONPOBOJIHBIX TEUYCHHUM B
KaHajax M TpyOkax ¢ TMOKMMU CTEHKAMH C TOMOIIbIO KOMILUIEKCHOTO pelICHUS
MPSIMBIX, COTMPSDKEHHBIX M OOPATHBIX 337]a4 METOJaMHU YHCICHHOTO MOJCIMPOBAHUS
W HaydyHOWM Busyanuzanuu. JlanHas pabora sIBIsS€TCS  HEMOCPEIACTBEHHBIM
npoaokeHueM  pabor [1,2], coaepikalluX OMUCAHUE OCHOBHBIX CBOMCTB
MPOTOTUITHOTO BapuaHTa mporpammHoro komiviekca ELT, mpeaHazHaueHHOTo s
YUCJICHHOTO MOJICJTUPOBAHMUS CBOMCTB BSI3KUX TCUCHUH B KaHaJaX.

VYrpaieHre CBOWCTBAMHU  HECTAlMOHAPHBIX  BSI3KUX  TEIUIONPOBOJHBIX
TEYEHUH B KaHaJIax U TPyOKaxX ¢ TMOKMMHU CTEHKaMU SIBIIAETCS OJJTHOM M3 aKTyaJbHBIX
COBpPEMEHHBIX 3a/ad. OJIHOM M3 BaXKHBIX IeJed MOJO0OHOr0 YNpaBJIeHUS SBISICTCS
BBISIBJICHUE 3aKOHOMEPHOCTEH BO3HMKHOBEHHS PA3JIMUHBIX aHOMAJIUA B TEUCHHSIX,
YTO HKMEET BaXHOE TMPUKIAJAHOEC 3HAYeHUE B psije 3a7a4y COBPEMEHHBIX
WHJyCTPUAIbHBIX TEXHOJOTUM U B psAe 3ajJad MNPUKIAJHOW (PU3HOJIOTHUM.
VYmpaBiaeHue CBONCTBAMU TEUYEHHUS JOCTUIaeTCs C IOMOIIbI KOMILIEKCHOTO
pelIeHus TMPSMbIX, COMPSIKEHHBIX W OOpaTHBIX 3a7ad4 METOJaMH YHCIEHHOTO
MOJICIMPOBAaHUS U HayyHOM Bm3yanmusamuu. OO0  akTyanbHOCTH  pabOThI
CBUJICTEIILCTBYET OOJBIION MHTEPEC, KOTOPBIM BBIPAXKEH MHOTOYUCICHHBIMU
nyOonuKanmusiMu 1O JaHHOW  TpoOiemMaThKke B TAaKUX  OKypHajmaX  Kak
Computer&Mathematics with Application, Computer Methods in Appl.Mech.and
Eng. u np. Takxke 00 axkTyadbHOCTH TEMAaTHUKU TOBOPAT  OOCYXXJCHHUS Ha
koH(pepenuuasx NHTC ASME wu wmHorux napyrux ¢Gopymax, TOCBSIIICHHBIX
TEIJIOMacCOOOMEHY U PEIICHUI0 0OpaTHBIX 3a/1ay.

B Hacrosiee BpeMs cymecTByeT OOJBIION HAOOp YHCICHHBIX aJITOPUTMOB U
METOJ/IOB, KOTOPBIH TMO3BOJIIET MOJCIUPOBATH MPAKTUYECKU JH000M (usndeckuii
MpoIleCC B MEXaHUKE CIUIOMIHBIX Cpel W TMOJYYHUTh COOTBETCTBYIOIIEE IIOJIC

¢duznyeckux napameTpoB. OgHaKo /115 O0NbIIEH YaCTH MPAKTUYECKUX COBPEMEHHBIX
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3aa4 HEOCTATOYHO MPOCTO MOJIYYUTHh MOJEe (PU3MUYECKUX BEIHUMH KaK pelIeHue
npsIMOM 3aiauu MojenupoBaHus. Kak nmpaBuiio, HEOOXOAUMO MOIYYUTh HEKOTOPOE
ONTUMAJIBHOE DPEIIEHUE Uil NMpaKTHYEeCKUX Lenel. [IoMcK Takoro OnTumMaibHOTO
pellIeHUs COOTBETCTBYET pELIeHHIO O0OpaTHBIX 3aaad. WHbIMM cioBamH, B
IIPAKTUYECKUX MPWIOKEHUSAX HEAOCTATOYHO IPOCTO PACCUMUTATH II0JIE TECYCHUS —
HY’)KEH BbIOOpD HaWJIy4ylIero peuieHuss MU ONpEeAeISIIoUMX NapaMeTpoB 3aJadd,
dopMupyromux 3T0 pemieHue. Tak B OJHUX CIyyasX HILETCS TeoMeTpudecKas
dopma, obecneuMBarollasi MHHUMaJIbHOE  CONPOTUBIIEHHE, MAaKCUMAaIbHYIO
NOJBEMHYIO CHWIIYy M T.J. B Apyrux ciydasx uumiyTcs ycioBUsA, 0O€CHeYMBaroIINe
yHpaBjeHUE T€YEHUEM (MAaKCHUMaJbHOE CMELIEHHE, MUHUMAJIbHOE COIPOTUBIICHUE,
YBEJIMYECHHE UM TIOJIaBJIIEHUE BUXPEH U T.11.).

B uenom oOpaTHbie 3amauu B Ta30BOM JUHAMUKE pEIIAIOTCS HE Tak
MHTEHCUBHO, Kak oOOpaTHbIE 3aJauyd TEIUIONPOBOJHOCTH, aKyCTHUECKOIO M
AIEKTPOMArHUTHOIO 30HAUPOBaHUA. OCHOBHOM IPUYMHOM OTOMY CIIYXKUT TO
00CTOATEIBCTBO, UTO 33Ja4d Ta30BOM JIMHAMUKU B OOLIEM CIyyae MHOIOMEPHBI 1O
npoctpaHcTBy. T.e. Mbl 1OKHBI pemiaTh 4D 3anaun (3D+ BpeMms) B BapuallmOHHOM
IIOCTAHOBKE, YTO TpeOYyeT CEphe3HbIX BBIUYMCIMUTEIBHBIX U BPEMEHHBIX PECypCOB.
Taxxe cepbe3HOl NpoOIEMON SBISETCS BU3YaJdbHOE IPEICTABICHUE pEILICHUN
OoOpaTHBIX 337a4 KaK B KOHIENTYaJIbHOM CMBICIIE, TaK U B HHCTPYMEHTAJIbHOM. TeM
HE MeHee, OypHOE COBPEMEHHOE Pa3BUTHE BBIYMCIUTENBHBIX CPEACTB U METOJOB
IIO3BOJIIET B HACTOAIIEE BPEMS BIUIOTHYIO 3aHMMATbCS JTHUM KIJIACCOM 3aJa4

MAaTCMAaTUICCKOI0O MOJICIIMPOBAHMA.

2. OﬁpaTHbIe 3ala9i B IIPUKJIQIHBIX UCCJICTOBAHUAX

OOpaTHBIM 3amadaM TIOCBSAIICHO JOCTaTOYHOE KOJIWYECTBO pabor [3-5].
Hcrnonb3ysi KOHIENIIMI0O W TIOCTAHOBKY OOpaTHBIX 3a/lady, Mbl MOXEM pElIaTh
MIUPOKHIA KpyT mpodsieM. YacTo oOpaTHbIe 3a1a9u KIACCUPUITUPYIOTCS aHAJIOTUYHO

[3,4], kak MOMCKHM TpaHHIbl, KOd(HIIMEeHTa, PETPOCTIEKTUBHBIE OOpaTHBIE 3aJauu



WM 3aJ]a4yd ONTUMAJIBHOIO MPOEKTUpPOBaHMSA. B 00mieM, B MPaKTUYECKUX LEAX
oOpaTHble 3a7aud (QOPMYJIHUPYIOTCA CIEAYIOIIUM O00pa3oM: HAWTH MpU KaKUX
ONpENENSIIOUMX MapaMeTpax B Kiacce 3ajay OyJeT BO3HHMKATh HHTEPECYIOIIee
MPAKTUYECKOTO MCCIEN0BATENS SIBJICHHE, HE3aBUCUMO OT TOTO, KaK MPOSBIISIETCS 3TO
SBJICHUE KOJMYECTBEHHO (JIOCTMKEHUSI HEKOM BEJIMYMHON  OIpeleNeHHOTO
3HAYEHMS) WM KaueCTBEHHO ( 3apO’KJICHHE BUXPE, CPhIB MOTOKA U T.1I.).

[Tonpobyem ¢dopmannzoBaTh MOAOOHYIO TPAKTOBKY OOpaTHOM 3agadyul Jis
o011ero ciryyas.

bynem ucxomuTh W3 MPEANONIOKEHUS, YTO PEIICHUE BHIOPAHHOW 3aJaud U3
OTpPEJICTICHHOr0 KJjlacca 3aJad  (QopMupyeTcsi B MPOIECCe MaTeMaTH4YeCKOro
MOJICTUPOBAHUS U OMPEACIISIETCS KOHEUHBIM HAOOPOM OMPEACIISIONIUX MapaMeTpoB
3aJlayd, KOTOpPbIC YCJIOBHO MOXKHO pa3fciauTb Ha TpU Ipynnel: A=(a,..a,) -
napameTpbl, XapakTepusyiomue (U3MUecKrue CBOWCTBA 3a/auyd M OTHOCSIIHECS K
BHIOpDAaHHOM  MaTeMaTU4eCKOW  MOJIeNu; B=(b,,..,b,) - IapaMeTpsbl,
XapaKTEepU3YyIOUIME YHUCIECHHBIA METOJ pealiu3alid MaTEMaTHYEeCKOM MOJENH;
C =(c¢,..,c,;) - TIAPAMETPHI , OTHOCSIIMECA K OpraHu3aluu Inpouecca pacuera. Ha

OCHOBE BBIOpaHHOW MaTEeMaTHYECKOHW MOJEIH, YUCICHHOTO MeTojga M crocoba
OpraHM3allMM pacyeTra B MPOLECCe pacyeTa BbIpaOATHIBAETCS YHCIECHHOE pEIIeHHE
F=F(A,B,C)=F(a,,..,a,b,..,b,,c,..c,).

BBenem mnonsTHe ¢yHKUIMOHAna coObITMl. B KkadectBe (¢yHKUHMOHaNA
coObITHI OyZIeM paccMaTpuBaTh GyHKIMOHANT @( F( A, B,C)) , KOTOPBIA Ha PEIICHUU
3aJjaud NPUHUMAET, MOJA00HO JIOTMYECKOW NepeMEeHHOW JBa 3HaueHus: 1 — eciu,
cOOBITHE, HHTEPECYIOLIEE UCCIIEI0BATENS HACTYNIIIO (HE3aBUCUMO OT poJa COOBITHS
— NOCTHKEHHME BEIIMYMHOW ONPEACIIEHHOTO 3HAYCHHUsI, ITOSBICHUE B IOTOKE HOBOU

Ka4eCTBEHHOU CTPYKTYPHI U.T.I1.) U 0 — eclii cOOBITHE HE HACTYITUJIO.
®(F(A,B,C))=0- coObITHE HE HACTYIIUIIO (2.1)
@D(F(A,B,C))=1 - cOOBITHE HACTYTIHIIO.

IIpencrasnsass @(F(A,B,C)) Kak @(F(A,B,C))=®(a,,..,a,,b ,..,b, ,C s.sc;),

MOXHO B 00111eM ciiy4dae chopMyIupoBaTh 0OPATHYIO 3a/1auy CJIECAYIOIINUM 00pa3oMm:



HAUTH BCE 3HAYEHUS ONPENEISIOIINX apaMmeTpoB

(a,yra,,b ,...b,,C,..,C ), npu KOTOPBIX BBITIOJIHACTCS YCJIOBHE
D(a, gy @,y b, yues b, C sy, ) =1 (2.2)
PaccmatpuBast (a,,...,a,,b s b, s € sesc,) KaK HaOOp OA3UCHBIX BEKTOPOB,

MOJKHO IIPEICTaBUTh IIPOCTPAHCTBO OIIpEIEIIAIOIUX I1apamMeTpoB
L(a,,..,a,,b,,...b,,c ,.,c, ), UMeIONIEee pa3MEpPHOCTb (n+m+1). Torma B oOmEM
cily4yae 0OpaTHYyIO 3a7a4y MOKHO c()OpMYJIUPOBATh TAK:

HAWTH B MPOCTpaHCTBE L Bce MOAO00JACTH L', Al KOTOPBIX BBIMOJIHSACTCS
O(L)=1.

Cnegyer OTMETUTbh, YTO MOAOOHAs MOCTAaHOBKA MMEET Ba)KHOE 3HAYEHUE C
TOYKH 3pEHUS BBIPAOOTKM BHU3YaJbHOW KOHIEMIMM W TPUMEHEHUS METOJOB
HAayYHOW BU3YQIM3alMU Ul [OCTPOCHUS BU3YaJbHOI'O IPEACTABIICHUS PELICHUN

oOpaTHBIX 3aj1a4.

3. Peasim3anus ajiropuTrMa peuieHus 00paTHbIX 32124

Peanuszamus anroputma pemieHus OOpaTHBIX 3ajad B [POTrPAMMHOM
koMmiiekce ELT mpoBOAMTCS B MOJHOM COOTBETCTBHM C OOIIEH (OpMYIUpPOBKOM
pelieHusi OOpaTHBIX 3a7ad, M3J0KEHHOW B mpenpiaymeM naparpage. OCHOBHYIO
POJIb IPU IPOTPAMMHON pealii3aluu aJropuTMa petieHus: 00OpaTHBIX 3a/1ay UTParoT
nBa nporpammubix 0soka: 0ok ANALYSER u 6nox UPR.

biok ANALYSER nonywaer u3 pemieHds MOpsSMOM 3aJayd  MOJIHYIO
UH(OPMAIMIO O TOJIAX BCEX Ta30AMHAMUYECKUX BEJIMYMH, IMOJSX HX IMEPBBIX H
BTOPBIX TPOU3BOJHBIX, JOCTPAMBACT HEOOXOAMMYIO HH(POPMAIMIO U TMPOBOJUT
aHaJIu3 pEIICHHs, TPOBEPssl BbINOJIHEHHE ycioBHs (2.2). [lonydeHHbId pe3ysbTaT
nepeaeTes B yIpaBisomui pemenruemM ooparHoit 3agauun 610k UPR. B 6i1oke UPR

MPOBOJAUTCSl PELICHUE BapUAIIMOHHOW 3a/laud MO BHIOPAHHOMY OMPEACIISIOIEMY



napameTpy, 10 TeX Mop, Moka He OyneT BeImoHeHO ycioBue (2.2). Takxke 610k UPR
OTBEYaeT 3a M3MEHEHHE JPYrMX BBIOPAHHBIX OMNPEACISIONINX I[apaMeTpPOB C
BBIOpPAHHBIM IIAIOM W OPraHU3alMi0 MHOTOKPAaTHOrO pacueTra oOpaTHBIX 3adad C
LEJbI0 TMOJIyYEHHS 3aBUCUMOCTH TOIO IIapaMeTpa, OTHOCUTEIIBHO BapHUallUH
KOTOPOIO pelaeTcss oOparTHasi 3ajiaya, OT JPYTHMX BbIOMpPAEMbIX MOJIb30BATEIEM
napameTpoB. lloscaumM Ha mnpumepe. JlomyctumM, Mbl HMEEM S5  BaXKHBIX
OMPENENAIONIUX [apaMeTpOB 3aaauu f,, f,, fi» fi» fo- IlycTb oOpatHas 3amaya
pElIaeTCs OTHOCHTENBHO BAPUALMU [IAPAMETPA £, 10 MONYYEHUs 3HAUCHHUS f, , IIPHU
KOTOPOM BBINIOJIHEHO ycioBue (2.2) , a Bce OCTaJIbHbIE MapaMeTpbl (UKCHUPOBAHBI.
biok UPR opranun3yer MHOTOKpaTHbI pacdyeT OOpaTHbIX 3aJad, BapbUPYs

OCTaBILMECS ONpENENsoIue napamerpsl f,, f;, fi» /s C BbIOpAHHBIM IIaroM B
npefenax ux o0yacTh M3MEHEHHs. DTO IO3BOJISIET MOJydaTh 3aBUCHMOCTH THIMA
fl*( fos fos fos f5). B TaHHOM THpUMEpPE YHUCIO ONPEACNSIONIUX NApaMETPOB MOXKET

OBITH U OoJIee 5, HO CIIEyeT yYUThIBaTh BO3HUKAIOLIME OIPAHUYEHUS HA MOUIHOCTb
BBIYMCIIUTEIBHBIX PECYPCOB U BPEMsI pacyera.

31eCh BO3HUKAKOT HMHTEPECHBIE 3aJa4yd C TOYKH 3PEHUSA IOCTPOECHUS
KOHLENUIMUA W BbIpaOOTKM METOJIOB HAy4yHOH BuU3yanu3auuu. JIErko NpencTaBUThH

BU3yaJIbHO B BHJC IOBECPXHOCTH 3aBHUCHUMOCTb THIIA fl*( L fi), YyXKe ropasno

CJIO0KHEC OPraHnu30BaTb BHU3YAJIBHOC IIPCACTABICHHUC obOnactH IMPOCTPAHCTBA

fl*( fos [os fo). llpaBuiibHast W AOCTyINHAs 3PUTENIO0 OPraHU3alus BHU3YyIUM3alUU

3aBUCUMOCTEH OT 00Jiee ueM TpeX MapaMeTPOB SBISIETCS MPEIMETOM pa3padOTOK H
UCCJICJIOBAaHM B 3a/1a4aX HAyYHOW BH3yaTU3alliu.

[TonobHas opraHu3zaiyss MHOTOKPATHOTO pacueTa OOpaTHOH 3aJayu O4YeHb
XOpOIIIO  YKJIaABIBAETCS B  HJEOJIOTHIO  TMOCTPOCHUS  MHOTOIPOIECCOPHBIX
napajuIeNbHBIX pacdyeToB. JIOTHYHO HCIIOIB30BaTh NMPHUHIMIT «OJHA 3a7ada — OIUH
nporueccopy. [lapannenpHplil MOAX01 MO3BOMIAET PE3KO YCKOPUTH MPOIIECC pacueTa u
caenatb ero ropaziao Oonee AG(EKTUBHBIM C TOUYKH 3pEHUS KOHKPETHBIX

MIPAKTUYECKUX MTPUIIOKEHUI.



4. Pe3yJbTaThl pacyeToB

Jlnst mpoBepku paboTocrnocoOHOCTH mporpamMmMHOro komriekca ELT Obun
MIPOBEJEH DS CTAHAAPTHBIX TECTOBBIX PAcyETOB NpsMbIX 3axad [l]. B kauectse
TECTOB pPacCMaTpPUBAJIMCh BAapUAHThl TEUEHUN KaHajle C (PUKCUPOBAHHBIMU

IPAHUYHBIMM YCIOBUSIMM B LIMPOKOM JaMamna3oHe uyucen M, U Re,. B kauectse

MaTeMaTU4YEeCKONM Mojenu corjlacHo [l1] wucnonp3oBanach IOJIHAs CHUCTEMa
HECTAalMOHAPHBIX ypaBHeHUMKA Habe-CTOKCa, OMMCHIBAIOWIAS [BUKEHUE BA3KOTO
TEIUIONPOBOJIHOTO CKUMAEMOro rasa.

[Ipyu mnpoBeAeHUM TECTOBBIX PACUETOB MPUMEHSJIACH THOpHUHAS HEsBHas
KOHEUHO-Pa3HOCTHAs cxeMma, MoapoOHo mpencraBienHas B [10,11].  [lanHas
KOHEYHO-PA3HOCTHAsI CX€Ma Ha KaKJIOM HaIpaBieHUH 00JaJaeT BTOPHIM MOPSIKOM
anmpoOKCHUMAIlMd 10 BPEMEHH W TMPOCTPAHCTBY C J00aBOYHBIM  YIICHOM,
BBITIOJIHAIOMINM (DYHKITUU HMCKYCCTBEHHOM BSI3KOCTHU. YTIPABJICHHE HCKYCCTBEHHOU
BSI3KOCTBIO OCYILECTBIISIETCS C MOMOIIBIO BECOBBIX Kod(dduiinenton. [Ipumensemas
cxema SIBIsAeTCS O€3yCIIOBHO YCTOMYMBOW. YUeT HEIMHEWHOCTH KOI(PPHUIIMEHTOB
OpraHU30BaH C TOMOUIBI0 AKCTPAMOJALMN HETUHEHHBIX KOA(DPUIMEHTOB 110
MPEAbIIYIIUM BPEMEHHBIM CIOSIM.

[IpakTHuecku Bce TECTHI OKA3aJIM XOPOUIYIO COTJIACOBAHHOCTD C U3BECTHBIMU
AHAJTUTUYECKUMU W OKCIEPUMEHTAIbHBIMU 3aBUCUMOCTSAMH U YHUCJICHHBIMU
sKcepuMeHTami [8,9].

Crnenyer 3aMeTHTb, YTO TECTOBbIE pacyeThl MOKa3ald HEOOXOAMMOCTb IPHU
MPUMEHEHUU TUOPHUIHBIX HESABHBIX KOHEUHO-PA3HOCTHBIX CXEM JJIsi ONTUMM3ALUU
BBIYUCIIUTEIbHBIX  CBOMCTB W TOYHOIO  OMNPEIENCHUS] TPAHUL  BECOBBIX
K03 (PUIIMEHTOB B paccMaTpuBaeMOM KJlacce 3ajad MPUMEHSTh YHUCICHHO-
BU3YaJIbHBIA METOJUYECKHI MOAX01, TOAPOOHO OMKUCAaHHBIH B [6,7]. JlaHHBINA Moaxo0q
npeanoiaraeT pemeHrne oOpaTHOM 3alayu C IIEJIbI0 OIpPEAeNIeHUS MUHHUMAIBLHOTO

3HaUEHHUA BecoBOro koddduimenta §,, OTBEYAIONIETO 3a  yMpaBIICHUE



HMCKYCCTBEHHOW BSA3KOCTbIO M OOECIEUYMBAIOUIEIO OTCYTCTBUE HEXKEIaTEIbHBIX
ocumwusinuin - [8,9]. Peanmzanust anroputma perieHuss oOpaTHOM — 3ajadu
anpoOupoBajiach MMEHHO B ATOM IMOCTAHOBKE. 3aMETHUM, 4YTO 3TO oOOecredyrBaeT
JOTIOJIHUTENIbHY0 TOJIb3Y C TOYKM 3pPEHUS] KOMIUIEKCHOTO TECTUPOBAHUS
nporpaMmmHoro komruiekca ELT, Ttak kak B pabortax [6,7] HacTOWYMBO
PEKOMEHAYETCsl ~ NPOBOAMTH  MOJOOHOE  HUCCIAEAOBaHUE  JUJIi  KaXJOro
paccMaTpUBaEeMOro Kjiacca 3a/1au.

B Onoke ANALYSER mnpoBoawics aHanu3 mojiedl MepBbIX M BTOPBIX
MPOU3BOJIHBIX C IEJIbI0 KOHTPOJISI YCIOBHUSA, 4YTOOBI KOJUYECTBO JIOKAJIbHBIX

SKCTPEMYMOB n, He IIPEBBINIANO0 HEKOTOPOTO 3a[aHHOTO 3HaueHus n, . B 6moke UPR
IIPOBOAWIOCH PEIICHUE BaPUALMOHHOM 3a1a4M C LEJIbI0 MUHUMH3ALNN S, BILIOTH A0
HapylleHuss ycinoBuss n,<n, . OpHoBpemenHo B Onoke UPR mnpoBomunach

kl

OpraHu3alds MHOTOKPAaTHOTO pacueTra oOpaTHBIX 3ajad IyTeM Bapualuud ¢
BBIOPAHHBIM IIaTOM TaKHX OMPEAEISIONINX MapaMeTpoB 3a7aun Kak yucia Maxa M

u PeliHonbaca Re, € LIENBIO MOJy4YEHUs 3aBUCUMOCTHU S, =S, (M _,Re,_ ).

HpOBe,Z[eHHBIe pPacudCThbl IIO3BOJIMIN IIPOBCCTH IIOCTPOCHHUC IIOBCPXHOCTHU

S, =8,(M_,Re,) 1 1aJli BO3BMOXXHOCTb I10JIy4aTh 3aBUCUMOCTH THUIIA S, =8, (M ) U
S, =S, (Re, ) ipu PUKCHPOBAaHHOM BTOPOM MapaMeTpe.
Ha puc.l npencraBiena 3aBUCUMOCTb S,(M_) TIpu (PUKCHPOBAHHOM HHCIIC

Re,=1000.
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Ha puc. 2 mpexacraBneHa 3aBHCHUMOCTH S, =S, (Re,) Tpu (QUKCUPOBAHHOM

3HaYeHUU M =3.
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Takum oOpa3zoM, MPOBEJECHHOE TECTUPOBAHHE IIOKA3AJI0 XOPOIIYyI paboTy
aNropuTMa pEIICHUs OOpPaTHBIX 3aJlad W IO3BOJIMJIO MOJYYUTh OTPAaHUYEHUS IS
BECOBOTO KOd(hpuimenTa pa3HOCTHOM CXEMBI I IIMPOKOTO AMarna3oHa yucen M, u
Re, B TaKOM KJIacce 3a/1a4 KaK TCUCHHUS B KaHaJle ¢ (PUKCHPOBAHHBIMU IPAaHUYHBIMU

YCJIOBUSIMU.

5. 3akaouenue

Pa3pabotan u peanu3oBaH ajNroOpuTM pelIeHHs OOpaTHBIX 3adady B
nporpaMMHOM Komiuiekce ELT. JlaHHBIM DPOTOTUITHBIA NPOTPAMMHBIA KOMIUIEKC
ABJIIETCSl HadYaJbHOMW (a3oil 0O0Iero mnpoekTa, HAMpaBJIEHHOTO Ha pelIeHue
aKTyaJbHOW TPOOJEMBbI — YIPABICHUS CBOWCTBAMH HECTAI[MOHAPHBIX BSI3KUX

TEIJIOMPOBOAHBIX TEUEHUHW B KaHaJaX U TPyOKax ¢ THOKMMHU CTEHKaAMHU C ITOMOIIBIO
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KOMIUIEKCHOTO PEIICHUsI MPSIMBIX, CONPSKEHHBIX M OOpAaTHBIX 3ajlad METOJaMU
YUCJIICHHOTO MOJEIMPOBaHUS M HaydyHoM Busyanuzauuu. OmnucaHa o061mas
GbopMyIMpOBKa pelIeHUs OOpaTHBIX 3aJady B MPUKIAIHBIX HCCIEIOBaHUAX. B
pamkax oOmielt (GOpMYJTUPOBKM pEATM30BaH M ONMUCAH QJITOPUTM PEHICHUS
oOpaTHbIX 3a7a4. [IpoBeneHo u omucaHo TectupoBaHus anroputMma. [IpoBeneHHoe
TECTUPOBAHUE TOKA3aJI0 XOPOIIYI paboTy ajaropuTMa pemieHus oOpaTHBIX 3ajad.
Pemennbie B mporiecce TECTUPOBAHUS OOpAaTHBIC 3aa4dl  TMO3BOJIMIN TOJYyYHUTH B
KAueCTBE PEIICHMs YeTKHE OTPAaHUYEHUS JJI1 BECOBOrO KOA(h(dUIIMEHTa Pa3HOCTHOM

CXEMBbI JUIS LIWPOKOro Auamna3oHa 4yucea M, U Re, B TAaKOM KJlacCe€ 3aja4d Kak

BA3KHC TCIJIOIIPOBOAHBIC TCUCHUA B KaAHAJIC..
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