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Hacrosmuii HOMep Hay4yHOro ypHana «[IpoOieMbl BBIYMCIMTEIBHON M TMPHUKIAIHON MaTeMaTUKW» TOCBSINCH
mpobiIeMaM MaTeMaTHIECKOTO MOAEIMPOBAHUS M BEIYHCIUTEIFHOTO SKCIICPUMEHTA IPUMEHHUTENBHO K PELICHHUIO 3a1ad
MaccomepeHoca B TMOPHUCTBIX Cpelax, YTOYHEHHS OCHOBHBIX IAapaMETPOB pa3pabOTKH W MOOBIYH YTIIEBOIOPOIOB,
MOHHTOPHHTA 3KOJOTHYECKOTO COCTOSHHUS MPOMBIIUICHHBIX PETHOHOB, ONPEAETCHHS BIFSHUS AIIEKTPOMATHUTHBIX
TIOJIEH Ha COCTOSHHE AJIEKTPOIPOBOAHBIX TET H T.1I.

CraTby, BOIIEAIINE B JAaHHBIA HOMEp, COJEpXkKaT TMOJYYCHHBIE aBTOPaMH pPe3yAbTaThl HCCIEIOBAaHUN B
COOTBETCTBYIOIIUX NPEIMETHBIX 00IacTsX.

B uactHocTH, B crathe AnumoBa U. u Tyxranazaposa /[.C. mpuBeneHa maTemMaTHyecKas MOJAENb AJIS PELUCHUS
3a1aun (UIIBTPAIUHU JKUJAKOCTH B MHOTOCIOHHBIX IIacTaX B CIy4ae, KOTJa IUIOXO NMPOHUIACMBIC CIOU DPa3JeJICHBI
XOPOLLIO MPOHULIAEMBIM CJI0EM. ABTOpaMHU MPUBEACHBI PE3YJIbTAThl BEIYUCIUTEILHOIO SKCIIEPUMEHTA U UX CPABHEHUE C
pe3yabTaTaMy PacueToB IO APYTHM MOJICIISAM pa3pab0TKH MHOTOCIONHBIX MECTOPOKICHUI.

B pabore PaBmanosa H. , Hcnomosa H0.H., KykanoBoit M. npuBeneHsl MareMaTH4eckasi MOJEIb M YUCICHHBIN
QNTOPUTM IS PEUICHUS 33aJa9d HEYCTAHOBUBILICHCS (QIIbTparii HEPTH W ra3a B HEOAHOPOIHBIX IOPUCTHIX Cperax,
00JamaromuX Pa3MIHBIMH THAPOTCOJIOTHYSCKIMH XapakTepucTukamu. Ilpm paspaboTke MaTeMaTHUECKOW MOIETH
aBTOpaMH OBUTM YYTCHBl M3MEHEHHS AaBICHHUSA B (DHIBTPAIIMOHHBIX CIOAX MO BPEMEHH W IO MPOCTPAHCTBEHHBIM
MIEPEMEHHBIM B 3aBHCUMOCTH OT KO3 PHUIUEHTOB (MIBTPAIIUH, THE30IIPOBOIHOCTH, MOITHOCTH IIIACTOB

Cratbs HypanueBa @.M. mocBsiieHa MaTeMaTHIECKOMY MOJICIMPOBAHHUIO BIIMSHHS JJICKTPOMArHUTHBIX TMOJIEH Ha
nehopMHPOBAHHOE COCTOSIHAE TOHKHX DIIEKTPONPOBOIHBIX TEJ CTPYKTYpHBIM MeTonoMm R-dyakiuit B.JI. Ppauesa.
ABTOpOM perraercs 3ajaya MAarHHTOYIPYTOCTH TOHKHX IUTACTHH M OOOJIOYEK CO CIIOKHOU (opmoil. B kauectBe
IpuMepa B pacyerax B3sATa MEIHAs IUIACTHHA KPYriod (OpPMBI C JBYMsI KPYTOBBIMH BBIPE3aMH, HAXOMASIIASICS TOJ
JIEUCTBUEM OJIEKTPOMArHUTHOTO TIOJSI W PaBHOMEPHO paclpelelieHHON Harpy3ku. HcciemoBaHa CXOAMMOCTH
MPEUI0KCHHOTO  BBIYMCIUTEIFHOTO alTOPUTMa OTHOCHUTEIBHO KOJHYSCTBA KOOPIMHATHBIX (YHKIUH CTPYKTYPHI
pelIeHHiA.

[IporuosupoBaHue HKOJIOTUYECKOTO COCTOSHUS IPOMBIIIJICHHBIX PETHOHOB paccMoTpeHo B cratke Lllapunosa J.K.,
Tomremuposoit H. u Hazzynnaesoit H. ABTropamu npuBeaeHbl YUCICHHAS MOJEIb U BBIYHCIUTEIbHBIN aJITOPUTM IS
HCCIIeAOBaHMSA, IPOTHO3UPOBAHMS IIPOLIECCa PACIIPOCTPAHEHHS BPEIHBIX a3PO30JIEHBIX BEIIECTB B aTMoc(epe C IeTIbIo
MIPUHATHS YIPABICHYECKUX PEIICHHH M0 MUHHMH3AaIMH BO3MOXKHBIX 3KOJIOTHYECKHX PHUCKOB. llpn BBIBOmE Momenn
00BeKTa OBITM YYTEHBI OCHOBHBIC MOTOJHO-KIMMAaTHYECKHE (PaKTOpHI, NEHCTBYIOMNE Ha HMCCIEAyEeMBIH Ipoliecc, a
TaKkXKe TaKOM CYIIECTBEHHBIM MapaMeTp Kak peiabed MEeCTHOCTH paccMaTpHMBaeMoro pernonHa. Takxke B pabote
PacCMOTPEHO HCIOIBb30BaHNE T€OMH(OPMAIOHHBIX BeO-CEpPBUCOB B KAaueCTBE MCTOYHHUKOB BXOAHBIX NAHHBIX IS
pacyeTHBIX MPOrPaMMHBIX MOIYJIEH.

YCTONYMBOCTE SBHBIX PAa3HOCTHBIX CXEM [UIS THIICPOOIMYECKUX CHUCTEM paccMOTpeHa B pabore Amnoesa P.JI. u
XymoitbepranoBa M.Y. B cratbe paccMaTpuBarOTCs COBPEMCHHBIC YHCJICHHBIC METOJBI PCIICHHS YpPaBHCHHHA B
YaCTHBIX TPOM3BOJHBIX rUNepOonmyeckux cucreM. JlaHHas paboTa HpEACTaBIsICT HMHTEPEC AJIs HCCICAOBATEICH,
KOTOPBIC CTAJIKUBAIOTCS C HEOOXOIMMOCTBIO PEIICHUS THIEPOOTUUCCKUX CHCTEM B PA3JIMYHBIX 00JaCTAX MCXaHHKH,
(U3UKN ¥ IPUKIIATHOW MaTeMaTHKU. ABTOpPaMH MIPEICTAaBICHBI ¥ KIaCCH(HUIIMPOBAHBI Pa3IMIHBIC YHCICHHBIC METOIBI
(sIBHBIE Pa3HOCTHBIE CXEMBI), U3JI0KEHHBIE HA OCHOBE €IMHOTO O0IIero moaxoza. McciemoBaH BOIPOC YCTONYHUBOCTH
HEKOTOPBIX M3BECTHBIX Pa3HOCTHBIX CXeM, TaKuxX Kak cxema ['omyHoBa, Jlakca m PycanoBa, a Taxke HOBBIX SIBHBIX
Pa3HOCTHBIX CXEM.

Penakius
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MODELS AND METHODS
OF SOLVING OF TASKS FLUID FILTRATION
IN MULTILAYERED STRATA
Alimov 1., Tuxtanazarov D.S.

The paper presents the physic and mathematic models for fluid filtration in the multilayered strata with poorly
permeable and well permeable layer. Developed computational algorithm and program for the intermediate model.
Shows computer experiment compared the results with other modules for the development of a multilayered reservoir
field. Based on analysis numerical results are that the approval of the interim model is optimal in terms of efficiency of
computer time and memory consumption of computer technology.

Keywords: mathematic model, layer, fluid, filtration, model, permeability, pressure, porosity, viscosity, distribution,
algorithm, poorly permeable, well permeable, chink.

KO’P QATLAMLI PLASTLARDAGI SUYUQLIK
FILTRATSIYASI MASALASINING MODELLARI
VA YECHISH USULLARI
Alimov 1., Tuxtanazarov D.S.

Magqolada ko’p qatlamli plastlardagi suyuqlik filtratsiyasi masalasi uchun fizik va matematik modellar keltirilgan.
Oraliq modeli uchun hisoblash algoritmi va dastur yaratilgan. Yaratilgan algoritm orqali yaxshi va yomon o’tkazuvchi
qatlamlarning bosim qiymatlari va qatlamlar orasidagi sizib o’tuvchi suyuqlikning qiymatlari aniqlangan. Oraliq model
yordamida hisoblashlarni bir muncha kamaytirgan xolda boshqa modellardan katta farq qilmaydigan natijlar olingan.

Tayanch iboralar: matematik model, qatlam, suyuqlik, filtratsiya, model, o’tkazuvchanlik, bosim, g’ovaklik,
yopishqoqlik, sizib o’tuvchi, algoritm, yomon o’tkazuvchanlik, yaxshi o’tkazuvchanlik, qudug.
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1. BBenenue

Mmuorue He(TsIHBIE 31 ra30KOH/I€HCATHEIE
MECTOPOXXKICHUS TPEACTABISAIOT CO00H COBOKYIHOCTB
3aJIe)Ked, T.e. ABIAIOTCA  MHOTOIIACTOBBIMH. B
HEKOTOPBIX CITyJasx PO Ty KTUBHBIH TOPU30HT
1enecooOpa3Ho MOApa3NeNsITh Ha OTIENbHBIC TAdKH,
OCOOCGHHO ecliM OHM pa3o0INeHBl APYyr OT Jpyra

JIOCTaTO4HO BBIJICP)KaHHBIMU 1o TUIOLIA
NPOIUIACTKAMH, HAIIPUMEP TIIMHUCTBIMH.
Hdast TEOpHUH u HPaKTHKA pa3paboTku

MHOT'OIUTACTOBBIX KMJKOCTEH MECTOPOKACHUN Ba’KHO
YCTaHOBHUTH IPOHHUIAEMOCTh, CIa0YyI0 MPOHHUIAEMOCTb
WM HETPOHUIIAEMOCTh pPAa3eIAIoNINX mepemMbluek. B
HEKOTOPBIX CIIyYasx IO JaHHBIM Pa3BEJOYHBIX CKBAKUH
MO’KHO OTBETHTH Ha JAaHHBIA BOTIPOC.

Ecmm oqHOBpEMEHHO BBITTOTHSIOTCS YCIIOBHS:

1) pacmopeneneHue HAYaJIbHBIX ITACTOBBIX
JaBIICHUI (o) TOPHU30HTAM MOJIUHSETCS
Gapomerpuueckoit popmye;

2) KOHTAaKThl Ta3 - BOJAa HAXOIATCS Ha OJHOU
OTMETKE;

3) cocraBel JKHUAKOCTEH BO BCEX TOPU3OHTAX

OJIUHAKOBBI,
TO C JOCTOBEPHOCTBIO MOXHO CKa3aThb O IPOSBICHUU
TUAPOJMHAMHUYECKON CBSI3M 1O KpaHeW Mepe 3a
TreoJorndeckoe BpeMs. B Takux ciaydasx mpu
MIPOBE/ICHNH TIPOTHO3HBIX PAaCUETOB CIEAyeT HUMETh B
BUAY BO3MOXXHOCTH TIPOSIBICHHUS THIAPO-TUHAMHUYECKOMN
CBA3M B Ipolecce pa3paboTKH  MHOTOIUIACTOBOTO
MECTOPOXKICHUS.

IIpy HEBBINONHEHNM YKa3aHHBIX YCIOBUIH, a Takxke
OpU  pacHpeleNieHMd  HaudalbHOIO  JaBJIEHUS B
TOPU30HTaX MO THIPOCTATUYECKOMY 3aKOHY MOXHO C
YBEPEHHOCTBIO TOBOPUTH 00 HM30JIMPOBAHHOCTH MEXKIY
co00ll TPOIYKTHBHBIX TOPU30HTOB. IIpM ykazaHHOI
HICHTU(QHUKAINN CIeTyeT WUMETh B BHAY BO3MOXKHOCTP
OTCYTCTBUSI ~ THUAPOJUHAMHUYECKOH  CBSI3M  MEXAY
IUIACTAMH W HalMdue THAPOTUHAMHUYECKOH CBS3M B
o0acTé BOJOHOCHOCTH. Toraa oHO U3 MePeYHCICHHBIX
YCIIOBHI MOYKET BBITIOJIHATHCS.

2. IlocTaHOBKA 3a1a4H

IIpu pa3paboTke MHOTOIUIACTOBBIX MECTOPOKIACHUM
MOTYT  pEajM30BaThCS  COBMECTHAs,  pa3leibHas,
KOMOWHHpOBaHHAS ¥ COBMECTHO-pa3/ieJbHas CETKHU
ckBakuH (puc. 1, 2). B mepBoMm ciydae Kaxnmas
CKBa)XMHA OJIHOBPEMCHHO JPEHUPYET JBa IUlacta |
Oonee. Bo BTOpoM ciydaec Ha KaKAYI 3aJ€Kb HIU
nayvky OypUTCs CBOSI CUCTEMa CKBAXKHH.

ey e S

N —

Puc.1. Cxema openuposanusi 08yXniacmoeozo
Mecmopooicoenusi edunot (1), pazdenvroii (2) u
KOMOUHUPOBaHHOU (3) cemramu CK8ANCUH

Jlist pa3oOIeHnst TOTOKa >KUIKOCTa HCIOJIB3YETCs
makep.

IIpogykuust HMXKHEro IUlacTa MOCTyNaeT Ha
MOBEPXHOCTh 110 HACOCHO-KOMIIPECCOPHBIM  TpyOam
(HKT), BepxHero — 110 3aTpyOHOMY IIPOCTPAHCTBY.

PasnenbHast ceTka CKBaXXMH IPHMEHSETCS B
caenyromux — ciaydasx.  Kaxneli M3 IU1acToOB
XapaKTepU3yeTcs BBICOKOH MPOLYKTHBHOCTBIO.

Hed1s ogHOrO M3 rOPU30HTOB COAEPKHT, a APYTOTO
HE COJCPIKUT KUCIIBIE MM IPYTHUE KOMIIOHCHTHI.

HauanpHble 1UIaCTOBBIE MOABICHUSI B TOPU30HTAX
CYIIECTBEHHO Pa3INYaoTCs.

1 - nomox swcuoxocmu ¢ HKT u3z nusicnezo niacma,
2 - 9KCNIYamAayuoOHHAsl KOTOHHA,
3 - nepgopayuonnvie omgepcmusi;
4 - naxep, 5 - HKT

Puc.2. Cxema oonospemennot pazoeibHoul
IKCLYamayuy 08yXHiaACmMo8020 MeCHOPOINCOEHUs.

OnuH U3 TOPU3OHTOB MOXKET Pa3padaThIBATHCS TPH
OIHOM, a JApPYrod Npu JPYroM TEXHOJIOTHYECKOM
peXUME 3KCIUTyaTaluy (HampuMep, OJWH TPEACTaBICH
PBIXJIBIM, @ JPYTOH — YCTOMUUBBIM KOJUIEKTOPOM).

Ecim  Her  yka3aHHBIX  OTpPaHMYCHUH,  TO
HSKOHOMHYECKH  LIEJIECOO0pa3HOMl  MOXKET — OKa3aThCs
COBMECTHasl CETKa CKBAYKHH.

KomnpomuccHbIM MeXy pa3aeiabHON U COBMECTHOM
pa3paboTKaMH  CIYXXHT BapuWaHT OJHOBPEMEHHOU
pa3AeNbHON JKCIUTyaTallkd OJHOM CKBaKUHOM JBYX
TLTacTOB.

I[Ipu pazmenpHON pa3paboTKe MHOTOILUIACTOBOTO
MECTOPOXXKICHHS MOTPeOHOE HUHCIO CKBAXHH IS
MOOBIYM 33JAaHHOTO KOJHYCCTBA IKHUJIKOCTA K KOHILY
Nepro/a MOCTOSIHHON JTOOBIYM YacTO MPEBBIMIACT YHCIIO
CKBR)XUH JUIi COBMECTHOH pa3pabOTKu OIHOM CETKOM
CKB2XMH HECKONBKHX IIAcTOB. OJHAKO TOJILKO YHCIIO
CKBOXMH He onpexaensieT 3(PQeKTHBHOCTb CHCTEMBI
paspabotku. Tak, TpU HCCICAOBAaHMM BapUAHTA
pa3menbHON AKCIUTyaTallid OOBIYHO PAacCMATPHBAIOTCS
CKBaXMHBI MEHBIIETO IHaMeTpa, 4YeM I BapHaHTa
COBMECTHOW pa3paboTku. CreaoBareiabHO, C TOYKH
3peHHs PKOHOMHHM 37IeCh HE BCE cpa3y o4eBHIHO. llpm
9TOM HE TOJBKO SKOHOMHYECKHE ACIEKTHI HMPUXOIHUTCS
MPUHUMATH BO BHUMAHHE.
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Hanuume  rufpoaMHAMUYECKOH  CBSI3U  MEXKIY
IUIACTAMH MOXET 3HAYHUTEILHO BIMATH Ha BCE TCXHUKO-
IKOHOMHUYCCKUE MoKa3aTeiu paspabotku
MHOT'OIUIACTOBBIX MecTopoxaeHuil. [Ipu cocraBieHuu
MPOCKTa OIBITHO-POMBIIIJICHHOW JKCIUTyaTallid, K
COXAIICHUI0, TPYOHO OBIBaCT OLEHHUTh POJb CJA0O-
NPOHUIIAEMON  MEPEeMbIYKH  MEXIy IUlacTaMH  Ha
MPOTHO3HBIE  TOKa3aTeld  pa3pabOTKH. OnmnHaxo
HOSIBJISICTCS pealibHasi BO3MOXHOCTh ISl yUeTa JaHHOTO
(dakTopa TPH COCTaBICHUM MPOEKTA MPOMBIILUICHHOM
pa3paboTku, W TeM Oojiee TMPOEKTa IO0pa3pabOTKH
MECTOPOIKICHHUSL.

JUis  MECTOpOXACHUI  paccMaTpUBacMOro  THIIA
MOTYT TpPEICTABIATh HWHTEPEC B IUIAHE TEXHUKO-
9KOHOMHYCCKOTO HCCIICIOBAHMS, HANPHMEpP, BapHAHTHI
pa3paboTKku, peICTaBICHHbBIC HA puC. 3,4.

e e

Puc. 3. Pazoenvuble cemku CK8ANCUH npu Hajauduu
2A300UHAMUYECKOLL CA3U Me:»cdy njiacmamu

Puc.4. Paspabomka 08yxniacmoeoco MecmopoicoeHUs.
(npu Haauyuu 2a3000UHAMUYECKOU CB53U) 3a cuem
Openuposanus ckeasdcunamu Hudxcrezo (1) u éepxmeco
(2) naacmos

Kak u B mpenpiaymieM ciiydae, Ha KaxAbld IJIACT
MOXET OypuUThCSI CBOSI CETKa CKBaXWH. MOTyT
UCIIOJIb30BATHCS COBMeECTHas, OJTHOBPEMCHHAS
pasnenbHast 1 KOMOMHHPOBAHHASI CETKU CKBaYKUH.

B OTIINYHUE oT TPEIBIAYIIEro ciydas,
MHOTOIUTACTOBOE ~ MECTOPOXKICHHE TPU  HAJTUYUHU
THUIPOJAMHAMHUYCCKON CBSI3M MOXKET pa3padaThiBaThCs
OJTHOI CETKOM CKBa)KWH, MPOOYPEHHBIX HAa HYDKHUN WM
TOJIEKO Ha BEpXHUH muiact (puc. 4).

TIpenmnonoxum, 4TO BEpXHUN MPOAYKTUBHBIN ILIACT
o0nmamaeT HU3KUMH KOJUICKTOPCKHMH CBOMCTBAMHU FUTH
MPEICTaBICH HECIEMEHTHPOBAHHBIM IIeCKOM. B obomx
cirydasix 1eOWTHI CKBaKMH MOTYT OKa3aThCS MallbIMH, a
MOTpeOHOE YHMCIO CKBAXWH Ha Pa3pabOTKy BEpPXHETro
TOPU30HTA — 3HAYMTCNBHBIM. B  ciydae, eciu
OPOAYKTUBHOCTh CKBR)KUH, MPOOYPECHHBIX HA HIDKHUI
iacT,  BbICOKa, TO  Ielecoobpa3Ho  OypuTh
JKCIUTyaTallAOHHBIC  CKBAXHHBI TOJBKO HA  ATOT
ropusont. Torna BepxHuii Iuiact Oyner orpaboraH 3a
CYeT MEepeTOKa JKUAKOCTH B HIDKHHUH IUIACT BCIEACTBUE
3HAYUTEIbHO IUIONai KOHTAKTa MEXIY TOPH30HTAMH,
JIaKe B clTydae HU3KUX KOA(PPHUITUEHTOB ITPOHUIIAEMOCTH
ciabonpoHuaeMoi nepeMbrakr. OOMEHHBIE TIPOIECCHI
MOTYT OKa3aThCSl HHTCHCUBHBIMH.

Takum  00pa3oM, TpH  NPOCKTUPOBAHHH  H
peamu3alMu MPOCKTa pPa3pabdOTKH MHOTOILIACTOBOTO
MECTOPOXKICHHUS TIPU HAIHYUHM THIPOJIUHAMHYCCKON
CBS3M MEXIY IUIACTAaMU HEOOXOJIUMO CUHMTATHCA C 00-
MEHHBIMH TpoIlieccaMu (B OCHOBHOM IO Ta3y) MEKIy
OTEIILHBIMH TOPU30HTAMH. Hanpasienue "
MHTEHCUBHOCTD IEPETOKOB HE(PTH 3/1€Ch MOUTH IETUKOM
3aBUCST OT MPUHATHIX MPOSKTHBIX PEIICHUM.

B Teopum u mpakThke pa3pabOTKH HEPTAHBIX H
Ta30BBIX MECTOPOXKIEHUH TMPUXOIUTCS CTAITKHUBATHCS C
HEOOXOIMMOCTBIO YYUTHIBATH TIPU TMPOECKTUPOBAHWH H
aHajM3e TPOIECCOB  Pa3pabOTKH  MHOTOILIACTOBBIX
MECTOPOXKIEHUI HaJIn4ue THIPO- WId
TUAPOJIMHAMUYECKON CBA3M MEXy Mactamu [ 1, 2].

Coo0IieHre MexIy IUIacTaMH MOXCET BO3HUKATh
BCJICJICTBHE UX HEMOCPEACTBEHHOTO KOHTaKTa (pHC. 5).

Puc. 5. Cxema nenocpedcmeenno2o konmaxkma
npodykmuernwvix niacmos I u Il

Pemenue 3amaq pa3paboTK P HATUIHH TTOJ00HOM
CBSI3M MEXIy IUIacTaMH TpeOyeT 3HAYNTENbHOH (|
TPYIHO ompeaenuMor) wuHpopMmau 00 H3MEHEHHH
MapamMeTpoB IIACTOB B HAIIPABJIEHUU OCEH X, ' U Z.

Ha rpanuiie Mex/1y riactaMmu JOJDKHbI COOTI0AaThHCS
YCIIOBHS HENIPEPHIBHOCTU TIOTOKA

hoon_k o "

i On u On
Y HEPa3pBIBHOCTH JaBIICHUS

pl(xyy’t):pz(xay’t)' (2)
3nech ki, k, - K03DULUEHT MPOHULIAEMOCTH B IIACTAX
[0 HANpaBICHUIO HOpPMAalu #n , p,p, - JaBICHHUS,

BEJINYUHBI C HHACKCOM | OTHOCSTCS K HI)KHEMY ILIACTY,
C UHJIEKCOM 2 - K BEpXHEMY.

3. O630p pador

Pemennro 3amay moa3eMHON Ta30THIPOAUHAMHUKA IIPU
coomonennn ycnoBudd Tthma (1) m (2) TOCBsIIEHO
CpPaBHHTENBFHO  HEOOJBIIIOE  YHCIO  HCCIENOBAaHUI
(M.T. Abacos, 3.b. Anuramos, K.H. J[xammmos, B.A.
Kapmsrues, JK-{roBo, M. [romon). Yenosus (1) u (2)
MPUXOJUTCS YYUTHIBATh U MPU PEIICHUU TUTOCKHX 3a7ad,
KOT[la MapaMeTphl IUlacTa MO IUIOINAAM WIH BIOJb
KOOPAMHATHI X WK ) (OJTHOMEPHEIC 33]1a41) H3MEHSIIOTCS
CKa4YKo00Opa3Ho. HUccrnenoBanue TaKUX 3amad
omuceiBaercst B paborax [.M.  bapenOmnarra,
I''T. BaxuroBa, I'.JI. ToBopoBoii, M.A. TD'yceitnzaze,
M.M. CarrapoBa, B.H. IlenkaueBa. BcneactBue
OMM30CTH Ha3BaHHBIX 3aJad METOIBl PEIICHHUS OIHUX
MOXXHO HCIIOJIb30BaTh MNPHUMEHHTEIBHO K JPYTUM
(Myxutounos H.M., ApcnanoB A.A, AGyramueB @.b.,
Ammmos U. [3-5]).
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B Hacrosimiee  BpeMsi  YHCJIGHHBIE — METOJBI
«CKBO3HOTO» cueTa IMO03BOJIIOT 3(deKkTHBHO permaTh
¢unbTpanMoHHBIE  33jauM  mojoOHOro  poxa  Oe3
CIICLMANBHOTO BBIACICHHUS YCIOBHH COMNPSDKCHHS Ha
rpaHMax IIacToB MM 30H HEOHOPOIHOCTH.

Yacto macTsl pas3lensioTcs  ClaboNpOHHLIAeMOM
nepeMbsrakor (puc. 6). B aToM ciywae 3amadum Teopuu
(bunbTpaiK MOTYT PAacCMAaTPUBATHCS KaK JBYMEpHbIE.
CrenoBatenbHO, 33a4a yIpoIaeTcsi U JJake BO3MOXKHO
MOCTPOEHHE AHATTUTUYECKUX pelieHuit TSt
OTpE/ICTICHHBIX CXEMaTU3UPOBAHHBIX (DUIIBTPAIIMOHHBIX
teueHuii. Kpome Toro, cymecTBeHHO oOmerdaercs
HoJydyeHHe HeoOXOIMMOM Ui JaHHOTO Kilacca 3ajad
UHGOPMALIMK O KOJUIEKTOPCKHX CBOMCTBAaX IUIACTOB.
Hanuvue ruaponMHAMHYECKOH CBSA3H MEXKAY IUIACTaMH
YUYHUTHIBACTCS COOTBETCTBYIOLIECH 3aIUChIO
aubdepeHInanbHbIX  YPaBHEHHH HEYCTAHOBHBILCHCS
¢unbTpauuu HedTH.

Puc. 6. I[Ipooykmuenvie nnacmol I u Il, pazoenennovle
CAAOONPOHUYAEMOT NEePEMbIUKOL

3ajgaga 0 ABWKCHMH HE()TH B MacTe K CKBaXXHHAM
BecbMa  cioxHas. Korma — ruacTel  cuMTaroTCA
MHOTOCJIOIHBIMU, OHA YCIIOXKHSETCS €Ille BO MHOTO pa3.
HccnenoBanuio Takux 3agad MOCBSIIEHBI U U3YYEHBI C
HEKOTOPBIMU JIONYIIEHUIMH paboTsl [3-6].

B pabore [5] Ha OCHOBe H3y4YEHHBIX 337a4 BO
B3aUMOJICHCTBYIOIIMX  IUIaCTaX  IHpeiaraeTcs  Tak
Has3bIBaeMas npomMexxyrouynas monens (IIM). B nanHO#
CTaTb€ 93Ta MOJAENb NPUBOAUTCS MPUMEHHUTEIBHO K
PELIEHUIO TPEXCIOWHOTO B3aUMO/IEHCTBYIOIIETO TUIaCTA.

4. IlocTraHoBKa 3aMa4YH

Ilyctb uMeeTcst TpeXCIOWHBIA B3aUMOJICHCTBYIOIIMIA
IUIACT ¢ 00JacThIO D, CO CpelHeH XOPOIIO MPOHUIIAEMO#
M JByMS  KpalHUMU  IUIOXO  MPOHULAEMBIMU
nepeMbrakamMu (puc. 7).

AT

o

=
|
|

e dx —a] ¢

Puc. 7. Dnemenmapnwiii 00vem npu HAIUYUL MeHCOY
HIACMAMU XOPOWO NPOHUYAEMOU NePeMbIUKU

Tpebyercst onpenenuTs HENPEPHIBHYIO (YHKIHIO
gaBiaeHus P(x,y,z,t), YLOBIETBOPSIOUIYI0 CHCTEME

nugdepeHIaIbHBIX YpaBHEHUH:

E(Kl(xyyaz)%j—‘ri Kl(xsyaz)% +
Ox ox ) Oy oy

0 OB, oR,
+— K s Vs - :M A _;
82( 1(x,,2) GZJ 1(X,3,2) ot

a (KZ(xayaz)aﬁj-i_i KZ(xayaz)aﬁ +
ox ) oy oy

ox
o oP,

+—| Ky(x,y,2)— | = 3
62( 2(%:,2) 0z j (3)

=M2(x,y,z)aai;+F<x,y,z,t);

0

X

R\ o oP,
Ky(x, y,2)— |+ —| K5(x,y,2)— |+
(a(xyZ)axj & 3(xy2)ay

0 P, P,
| K (x,,2)— | = M4 (x, y,2)—>
az( 3(,,2) azj 3(x,,2) p

pyu Ha4YaJIbHbIX

B(x,y,z,0)=(p,-(x,y,z) (4)
" rPAaHUYHBIX YCIIOBUAX:
OP,
— =o. (5)
on |,

3necy P - papnenus; K;,M,;,F; -

) 3aJlaHHbIe (YHKIMH
cBOUX aprymeHtoB; i =1,2,3 | n - BHEWIHsIsEI HOpMaJlb K
I, I' - TOBEpXHOCTh paccMaTpuBaeMon 00JIaCTH
¢unbTpanuu D.

B xauectBe (QyHKIUM @, (X,),Z)
MOCTOSIHHYIO BEJINUNHY, XapaKTePU3YIOLIYIO
HEBO3MYIIEHHOCTh IUTaCTa B HA4YadbHBIH MOMEHT
BpEMEHH MPHU MPESHEOPEIKEHUN BECOM CTOJIOA KUIAKOCTH
B Ipenenax MOINHOCTH i-ro mpomracTka. CormacHo
Mojenu XaHTyma, BMecto pemenus 3agadn (3)-(5)
nmeeM Oojiee yIpOLICHHYIO 3a1a4y:

2 08). 220
ox ox oy oy

09
=M26_;+F(x7y7t)_q2;

l92|,=0 = ¢2()C,y); I)i|t:0 =¢i(~x:yaz);

qame Oepyr

_ ) _ ) 6
Pl|z:hl—0 - l92|z:hl-%—0 ’P3|z:h2+0 - l92|z:h2+0 ’ ( )
. K 0P
D=Nt4 4= | >
" h—h Oz .

1
G =—-|PBP(x,y,z,1t)dz,
2 hz—h1'[ > (%, 7,2,1)

The g, - IepeTok, i =1,3.

Hrtak, BMECTO MPOCTPAaHCTBEHHON HMCXOAHOW 3a1ayu
(3)-(5) Obutla TmomydeHAa CpPaBHUTENBHO  MpOCTas
KBazuTpexMmepHas 3az1a4a (6). B padore [6] paccMorpeHa
3aa4ya IO OTOW IOCTAHOBKE, NPUBCACHBI METOMBI
pelieHUssT B TECTOBBIX  JAHHBIX, MOJIYYCHBI U
MpOaHATU3UPOBAHEl  pe3yibTaThl. OIHAKO  mepen
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HCCIIeI0BATENSIMU BCE-TaKM BOZHHUKAIOT TPYIHOCTH HPHU
peLIeHHH 3aJadd 10 MOJY4YEeHHOW Mojenu, 3aHuMas
OoJpie mamMsATH ¥ BpeMeHd. C 3TOH IENbI0 MpUMEHsIEM
HECKOJIbKO  YIPOLICHHYIO  MOJelb, Ye€M  MOJENHu
XaHry1ra, IpOMeKyTO4UHYIO MOJIEJIb.

B 3amage (6), ocpemHssi  IBWKEHHS IO
MPOCTPAHCTBEHHBIM IEPEMEHHBIM U  ONPEICIICHUS
BEJIMYUH TIEPETOKA MEXKIY CIOSIMH H H3MCHEHUS
3HAYCHUN JaBIICHUs B IEPEMBIUKaX, IOJIy4acM TakK
Ha3bIBAEMYIO MOJIC)Ib MaTepPUabHOTO OaaHca:

09 09
E[Ki(z)_l}zMi_l; h_y<z<h;t>0, (7)
aZ az at
9o =9:(2); z€[h_.h],
08 . =
Ez=ho,hx -0 l91'|Z:hl’h2 _32 ’

1

11
9 =“E(x,y,z,t)dxdy; i=13;
00

J— N.x N)’ 1921 .
3mech 4, = ZZ—] ,tie N,,N, - KOTHIEeCTBO
1=l j=1*"x 'Ny
Y3710B 11O X, ).

V3MeHeHne mmomst JaBlIeHHUS B XOPOIIO IIPOHUIIAEMOM
IUTACTE OMPEACTACTCS C PEIICHHEM yPaBHEHHUS

2,29, 2 2%
ox ox oy oy
:Mi%+F(X,)’J)—‘]n2

®)

C COOTBETCTBYHOIIMMH HAYaJIbHBIM HW TPaHUYHBIM
YCJIOBUSIMU.

5. Meton pemenust

JUist  4MCIIEHHOTO pEeLICHWs] 33/1a4d  [EepexXOJuM K
0e3pa3MEepHBIM TIepEMEHHBIM

N
0= Azg(x_xiay_yi)ch )
i=1

__ L
KX}))CL)/LZ ’
x Lop
— 5. O =
/uxl‘x2 KxPxLyLz "

I[J'IH yZ[OGCTBa 3alucu OITyCKaeM YCPTOUYKM HaJ
NEPEMCHHBIMU.

3necy ¢,, - (yHKUUS TEPeToKa, BBICTYHAKOIIAs B

t=1

Op,

Ka4yecTBE PAaBHOMEPHO pacIpeleIeHHOT0 BHYTPEHHETO
CTOKa.

Takum 00pa3zomM, yCIIO)KHEHHAsT UCXOAHAs 3amada (6)
CBEJICHA K I10CJIE0BATEIbHOMY PELICHUIO OJJHOMEPHBIX
(7) m nBymepHoii (8) 3agau.

s pemenns 3amadn  (8) TIpUMEHSIEM METON
MPOJIOJLHO TIOTIEPEYHOM cXembl [7, 8] W TOTOKOBOTO
BapHaHTa METOa MPOTOHKH.

Hdus  sTOorO0  3amaHHYI0 ~ JIBYMEPHYIO
MMOKPBHIBAEM PAaBHOMEPHOM CETKOM:

o001acTh

. 1 .
a)x,y :{(xi :l'hx’ hx:N_ Yj :J.hY’

B ypaBHenun (8) BBOOMM TIepeMEHHBIC B BHIIE,
HEOOX0AUMOM JIsl IIPUMEHEHHSI IOTOKOBOI IPOTOHKH:
04 09
w, =K—%, wy, = —
ox
Torna (8) mpuHUMAET CIIETYIOIIHNA BH/I;

aw, Oy 38

=m—=+0-q,,. ©)
ox Oy ot
KoneuHo-pasHOCTHBIM BHI ypaBHeHHS (9) mpu
BBIYUCIICHUH c HCTIOTb30BaHUEM MIPOIOIEHO-
MOTIEPEYHON CXEMBI CIICTYIOIIUI:
1 1 1
k+— k+— h k+— h
2 2 _ X 2 ' .
Wy | W =m ;—, ;*+—F;
) i T
2
k k
Wy Wy o
1./+E A,/—z 19
F;'_T Qi,j_ Gp2 t+ h m; i s
v
(10)
k+1 k+1 h
_ v oghk+t "y oo
w, W =m; = ; +—F};
1,/+5 ij— T
k+l k+—
2
w -w
. i+%,_ j * i—;,_/ k '*%
Fy=t 0=t P = ;957

B ypaBuenuu (7) BBOIMM TI€PEMEHHBIC B BHIE,
HEoOX0MMOM ISl IPUMEHEHUSI IOTOKOBOI IIPOTOHKH:

w, =K%, i=1,3.

0z
Torna (7) mpuHUMAET CIETYIOIIHNA BH/I;:
WMo 9% 13, (11)
0z ot

KoneuHno-pa3HocTHsli Bua ypaBHeHus (11):

k+1 k+1 | _ hz k+1 hz
w, T —w, =m;—=3;" +—=F,

1 1 .
i 5 T T (12)
— ko
Fo=-m;8, i=13.
B mapaMeTpu30BaHHOM BHJIE T'DaHHYHBIC YCIOBHS

3aIUIIEM B BUIE
[ﬂ%+(l—ﬂ)&} =y, i=1,2,3.
on r

ITapametp A npuaumaet 3Hauenue 0 wiu 1 (mpu A =0
mepBO¢ TpaHWYHOE ycioBHe, mpu A =1 BTOpOE
TPAaHUYHOE YCIIOBUE).
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Jnst Berancnenns (10) u (12) MeTonoM MOTOKOBOH
MIPOTOHKH [6] MCTIONB3YyeM aITOPUTM CIIEAYIOMIETO BUAA:

o 2 [3:@—05@ﬂ%
V054 +(1-4) TV 05 4+(1-4)
j=(N,=1)..0, j=(N,-1)..0,
2 W
h7_ a1 /Bj+l_F}[T_aj+lj
=T f=—s :
l+7—aj+1 1+7—aj+1
h W h i
%r%—%(%—J—OSXr%{%—]
g _T T T T
((1—4)—0.5-”4}[%—’“}”11
T T T
J=0u (N, =), j=0..(N,-1),
(78] .
G = hzj7+ '(ﬁj+1_L91j)+ > 1=12,3.
7_aj+l

6. BoruncauTenbHbIN YIKCIIEPAMEHT

Co3zanbl MporpaMMHbIE OOECHEUeHUs! Ui METOJOB C
UCIIOJIb30BAaHHEM OOBEKTHO-OPHEHTHPOBAHHOIO  SI3bIKA
nporpammupoBanus Delphi.

JUis  TpoOBepKM  JOCTOBEPHOCTH  IOJyYEHHBIC
pe3yIbTaTHI o pa3paboTaHHBIM anropuTMaM
COTIOCTaBJICHHI C PE3YJIbTaTaMU MPOOHBIX () YHKITHH.

IIpenensl MPUMEHUMOCTH 3TOW MOJEIHA W OLICHKHU

BEJIMYMH ||E - .9,"‘ ; ||l9l - Wl|L ; ||Pl —Wi"C NPUBEAEHEI B

pabdore [5]. Jlma  aHaim3a  pe3yNbTaTOB IO
NPOMEXYTOYHON  MOJAENM W  CPaBHEHUS HX C
pe3ysbTaTaMHi pPacueToB, IOJYYEHHBIMH MO MOJEIH
XaHTymra, 3a OCHOBY PacuycTOB MHPUHSATHI CICAYIOIINC
HCXOJIHBIC JIAHHBIC!

F|,_, =100 atm; m;=m, =my;=02; k, =0.2;

ky =ky=0.05; hy=0; iy =1/12; hy =11/12;hy =1;
¢ =1; u=2; Ax=0.01; Ay=0.01; Az=0.02;

L Lx-Lx
86400

; Lx=1000a; Ly =1000a; Lz, =100m;

Lz =Lzy =50Mm.
3HayeHUsT OTOOPOB M KOOPIWHATHI PACIOJIOKCHHUS
CKB)KUH TIPUBENIEHBI B Ta0JI. 1.

Tabauya 1
Jlannvle ckeadxicuHbl
3
Ne /i X, M M 103 M
cym
1 200 200 10
2 200 400 10
3 200 600 10
4 200 800 10
5 400 200 10
6 400 400 10
7 400 600 10
8 400 800 10
9 600 200 10
10 600 400 10
11 600 600 10
12 600 800 10
13 800 200 10
14 800 400 10
15 800 600 10
16 800 800 10

Pacnipenenennst faBieHHsT XOPOIIO HMPOHHUIIAEMOTO
IlacTa M 3HA4YCHUS IEPeTOKa W3 INEPEMBIYKH 3a CUeT
CUMMETPHYHOCTH PaCIOJIOKEHHS OTOMPAaeMBIX TOYEK
(CKBaXXHMH) CHUMMETPHYHBI OTHOCUTEIBHO K CpPEAHUM
mractaM. IloaTomy cooTBeTcTBeHHO B Tabm. 2 u 3
MPUBE/ICHBI UX 3HAUYEHHS B YETBEPTH 10JIst. 15t TOJTHOTO
MPECTABICHUS X 3HAYCHUs HAa PUC. 8 MPE/ICTABIICHBI B
BHJIE KapThl M30JUHUI B MOMEHT Bpemenu 1 = 720 cyT.

Tabauya 2

3Hauenus XOpOUWo nporHuyaemozo niacma

500 | 0.998 0.998 0.996 0.995 0.994

0.993 0.994 0.993 0.993 0.993 0.993

150 | 0.998 0.997 0.996 0.994 0.992

0.993 0.993 0.992 0.991 0.992 0.993

400 | 0.998 0.997 0.996 0.993 0.980

0.992 0.993 0.991 0.979 0.991 0.993

350 | 0.998 0.998 0.996 0.994 0.992

0.993 0.993 0.992 0.991 0.992 0.993

300 | 0.998 0.998 0.997 0.995 0.994

0.994 0.994 0.993 0.993 0.993 0.994

250 | 0.998 0.998 0.997 0.995 0.993

0.993 0.994 0.993 0.992 0.993 0.993

200 | 0.998 0.998 0.997 0.994 0.981

0.993 0.994 0.992 0.980 0.992 0.994

150 | 0.999 0.998 0.997 0.996 0.994

0.995 0.995 0.994 0.993 0.994 0.995

100 | 0.999 0.999 0.998 0.997 0.997

0.997 0.997 0.996 0.996 0.996 0.996

50 0.999 0.999 0.999 0.998 0.998

0.998 0.998 0.998 0.997 0.997 0.997

0 0.999 0.999 0.999 0.999 0.998

0.998 0.998 0.998 0.998 0.998 0.998

Y 0 50 100 150 200

250 300 350 400 450 500

10 NPOB/IEMbI BbIYUC/IUTENIbHOM U MPUKNALAHOW MATEMATUKKN Nel 2016




MATEMATIK MODELLASHTIRISH / MATEMATUYECKOE MOAENUPOBAHUE / MATHEMATICAL MODELLING

Tabauya 3
3uauenus nepemoxa
500 | 0.0000 | 0.0024 | 0.0037 | 0.0057 | 0.0072 | 0.0073 | 0.0073 | 0.0078 | 0.0084 | 0.0079 | 0.0075
150 | 0.0000 | 0.0024 | 0.0039 | 0.0065 | 0.0089 | 0.0082 | 0.0077 | 0.0087 | 0.0101 | 0.0088 | 0.0079
400 | 0.0000 | 0.0025 | 0.0042 | 0.0077 | 0.0242 | 0.0095 | 0.0081 | 0.0100 | 0.0254 | 0.0101 | 0.0084
350 | 0.0000 | 0.0024 | 0.0039 | 0.0064 | 0.0088 | 0.0081 | 0.0076 | 0.0086 | 0.0100 | 0.0087 | 0.0078
300 | 0.0000 | 0.0023 | 0.0036 | 0.0055 | 0.0069 | 0.0071 | 0.0070 | 0.0076 | 0.0081 | 0.0077 | 0.0073
250 | 0.0000 | 0.0022 | 0.0036 | 0.0061 | 0.0084 | 0.0076 | 0.0071 | 0.0081 | 0.0095 | 0.0082 | 0.0073
200 | 0.0000 | 0.0020 | 0.0035 | 0.0069 | 0.0232 | 0.0084 | 0.0069 | 0.0088 | 0.0242 | 0.0089 | 0.0072
150 | 0.0000 | 0.0015 | 0.0027 | 0.0048 | 0.0069 | 0.0061 | 0.0055 | 0.0064 | 0.0077 | 0.0065 | 0.0057
100 | 0.0000 | 0.0010 | 0.0017 | 0.0027 | 0.0035 | 0.0036 | 0.0036 | 0.0039 | 0.0042 | 0.0039 | 0.0037
50 0.0000 | 0.0006 | 0.0010 | 0.0015 | 0.0020 | 0.0022 | 0.0023 | 0.0024 | 0.0025 | 0.0024 | 0.0024
0 0.0000 | 0.0024 | 0.0037 | 0.0057 | 0.0072 | 0.0073 | 0.0073 | 0.0078 | 0.0084 | 0.0079 | 0.0075
Y . 0 50 100 150 200 250 300 350 400 450 500
100
90
80
70
60 -
50
40
30
20
10
Puc.8. Hz06ap xopowo nponuyaemozo niacma
Tabauya 4
Paznuunvie snauenus koappuyuenma 8s3Kocmu no 08yM MOOEIAM
. u=2 u=5
c
v IIpomexyTo4Hast MOAEIIb Mopens Xanrtyma IIpomexyTo4Hast MOAEIIb Mogenr Xantyna
200 0.991 0.985 0.991 0.985 0.987 0.982 0.982 0.967
400 0.989 0.983 0.989 0.982 0.979 0.963 0.979 0.963
540 0.987 0.981 0.987 0.981 0.977 0.961 0.977 0.961
720 0.985 0.979 0.986 0.980 0.975 0.959 0.975 0.960
Termepb MOCMOTPHM, Kak MEHSIOTCS 3HAYCHUS W3 npuBefeHHBIX 3HAYCHUH MOXKHO  CHENaTh
JIABJICHUS] BOKPYT CKBRKHH C TEUeHHEM BpeMeHH. Mmes cremyrole  BbIBOABI. B obenx  Momenmsix B

B BUJY CHMMETPUYHOCTb pE3YJIbTaTOB, PacCMOTPUM
OJIHY M3 COCEJHHMX TOYEK K CKBAXMHE NpPHU Pa3JIMUHBIX
3Ha4YeHUAX KoddduiuenTa Ba3kocTu (Tabn. 4) mo aBym
MOJIEIISIM.

PacCMOTPEHHOM MpPUMEPE 3HAUYCHUS JABJICHHS IOYTH
OMMHAKOBBL.  [loaToOMy ¢ TakuMd  JJAHHBIMH
1eJIeCO00Pa3HO MPUMEHSTh MPOMEXYTOYHYIO MOJEIb C
HCIIOJIb30BAHMEM MAjoro 00beMa MaMsITH W MEHBIIETO
BpPEMEHH cyeTa.
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COMPUTER EXPERIMENT TO STUDY OF FILTRATION
OIL, GAS AND WATER IN A POROUS MEDIUM

Kurbonov N.M.
staff researcher, Center for the development of software and hardware-program complexes at
Tashkent University of Information Technologies,
tel.: +(99871) 237-62-34, e-mail: nozim_kurbonov@mail.ru

Saliev E.A.
rector, Jizzakh Polytechnical Institute,
tel.: +(8372) 226-46-05, e-mail: e.saliev1 956(@mail.ru

Accelerating the development of hydrocarbon deposits, improving their technical and economic parameters, maximum
extraction of the products of the old oil and gas reservoirs require complex investigations involving mathematical tools.
In this paper we consider a mathematical model and software tool designed for the study of the filtration process a
mixture of the "oil-gas-water" in a porous medium for concrete practical recommendations and administrative
decisions. In the course of the numerical calculations were the main parameters of the process and its change ranges,
allowing to determine the operation of the reservoir depending on the length and capacity, also the number of wells and
production rates. The suitability of the developed algorithm and program for calculation of fields of pressure and
saturation are demonstrated, as well as field development indicators in the "Oil-Gas" systems, the "oil-water", "oil-gas-
water". Results of numerical experiments on computer are presented as graphics.
Keywords: computer modeling, numerical method, numerical modeling, porous medium, software tool.

BBIUMCJIMTEJIbHBINA SKCITIEPUMEHT JIJI1 UCCJIIENOBAHUA ITPOLIECCA
OUJIbTPALIMU HED®THU, 'A3A U BO/IbI B IIOPUCTOU CPEJIE
Kyp6onos H.M., Canues D.A.

Yckopenne pa3paboTKH YIiIeBOJOPOIHBIX MECTOPOXKICHHH, IOBBIIICHHE X TEXHHUKO-IKOHOMHYECKHX IOKa3aTelew,
MaKCHMallbHOE W3BJICYCHHE IPOAYKTOB M3 CTapblX HE(TETa30BBIX 3ajJekeill TpeOyIoT MpOBENCHHS KOMIUIEKCHBIX
UCCIICIOBAHUNA C TMPHUBICYCHUEM MATEMATUYCCKHX HWHCTPYMECHTOB. B Hacrosimeidl paboTe NpPUBEACHBI OMHCAHUS
MaTEeMAaTHYCCKOW MOJICIU U MPOrPaMMHOTO CPEICTBA I MCCICAOBAHMS mpoliecca (GpribTpamuud cMecH «He(Th-ra3-
BOZIa» B IOPUCTOM Cpelie C LEbI0 MPUHATHS KOHKPETHBIX MPAKTHYECKUX PEKOMEHIAUHN U YIPaBIeHUYECKUX PEIICHUH.
B xonme mnpoBeneHHBIX UHMCJICHHBIX PAcuETOB YCTAHOBJICHBI OCHOBHBIE MNapaMeTpbl HCCIENYyeMOro Ipouecca Hu
JIMAna3oHbl UX U3MEHEHUS, MO3BOJISIOUINE ONpeaessITh BpeMsl dKCIUTyaTallld IlacTa B 3aBUCUMOCTU OT €ro JJIMHBI U
MOII[HOCTH, YHCJIa CKBAXMH M WX AeOuTOB. [lokazaHa MPHUIOJHOCTh Pa3pa0OTAHHOTO AITOPUTMA M MPOTPAMMEI IS
pacyeToB MOJeH NaBIeHUH 1 HACHIIIEHHOCTEH, a TaKXKe MoKa3aTesiel pa3paboTKH MECTOPOXKACHUN B CUCTEMaX «HE(PThb-
ra3y, «He(Th-BOAA», «HE(PTHh-Ta3-BOAa». Pe3ynpTaTel NPOBENCHHBIX BBIYUCIUTEIBHBIX SKCIIEpUMEHTOB Ha OBM
MIpeICTaBICHBI B BUJE TPaPUIECKiX 0OBEKTOB.

KiioueBble cjI0Ba: KOMITBIOTEPHOE MOJCIUPOBAHHUE, YHCICHHBI METOJ, BBIYHCIUTENBHBIA AKCICPUMEHT,
TopucTas cpesa, QIonI, IPOrpaMMHOE CPEICTBO.

G’OVAK MUHITDAGI NEFT, GAZ VA SUV FILTRATSIYASI JARAYONI
TADQIQOTI UCHUN HISOB TAJRIBALARI
Qurbonov N.M., Saliyev E.A.

Uglevodorodli konlarni qayta ishlash, ularning texnik-iqtisodiy ko’rsatkichlarini oshirish hamda eski neft va gaz
konlaridagi uglevodorodlarni maksimal qazib olish matematik apparat yordamida kompleks tadqiqotlar o’tkazishni
talab etadi. Ushbu ishda g’ovak muhitdagi “neft-gaz-suv” aralashmasi filtratsiya jarayonini aniq amaliy takliflar va
boshqarishga oid qarorlar qabul qilish magsadida tadqiq qilish uchun matematik model va dasturiy vositaning tavsiflari
keltirilgan. O’tkazilgan sonli hisoblar davomida g’ovak muhitdagi “neft-gaz-suv” aralashmasi filtratsiyasi jarayonining
qatlamni ekspluatatsiya qilish vaqtini uning uzunligi, quvvati, quduqglar soni va debitlari miqdoriga bog’liq holda
aniqlash imkonini beruvchi asosiy parametrlari va ularning o’zgarish oraliglari aniqlandi. Yaratilgan algoritm va dastur
bosim va to’yinganlik maydonlarini, bundan tashqari «neft-gaz», «neft-suv», «neft-gaz-suv» tizimlarida konlarni
ishlash ko’rsatkichlarini hisoblashga yaroqliligi isbotlandi. EHMda o’tkazilgan hisob tajribalari grafik ob’yektlar
ko’rinishida keltirildi.
Tayanch iboralar: kompyuterli modellashtirish, sonli usul, hisob tajribasi, g’ovak mubhit, fluid, dasturiy vosita.
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1. Introduction

The oil and gas industry is one of the key priority sectors
in the economy of oil-producing states. This statement is
true in relation to our country with large amounts of
natural resources and minerals.

Qualitative development of oil and gas sector and
activities related to subsoil use, traditionally associated
with the use of computer modeling techniques and a
comprehensive study of the object in order to determine
the main indicators of oil and gas deposits and
management decisions. In this regard, there is an actual
problem of developing new and improving existing
mathematical models and numerical algorithms for the
study of complex processes taking place in a variety of
natural and artificial conditions of exposure to mineral
deposits.

In this area there are numerous researchers, both in
Uzbekistan and abroad, which has already obtained
significant results of practical and theoretical nature.

In particular, in [1] created a mathematical model
that allows you to get the permeabilities to gas, water
and condensate by displacing water and gas condensate,
as well as oil, gas and water at a water displacement gas
and oil.

The process of oil displacement by water-gas mixture
based on the formation of micro bubbles by use of
blowing oil properties was considered in [2]. The authors
compared the effectiveness of various technologies and
injection water-gas mixture is obtained the optimum
ratio of water and gas in the mixture, which allows you
to reach the maximum oil displacement compared to
standard methods.

In [3] the possibility of reducing the dimension of the
problem of the three-phase filtration in layered
formations studied by the introduction of modified
(fictitious) instead of the original permeability relative
permeability, which are the coefficients of the original
system of equations in the model Muskat-Mures.

The paper [4] is devoted to the development of a
mathematical model of the flow of weakly compressible
fluid in a porous medium, constructed by analogy with
the quasi gas dynamic equations. The model is
generalized for the case of three-phase fluid and
supplemented by the equation of conservation of energy,
which allows its use in modeling perspective of thermal
methods of oil production.

In [5] with the help of numerical simulation of
multiphase flow processes in porous media studied
typical situations related to the presence of fractured
zones in inter-well space. Based on the results of
numerical experiments the authors found that in the
presence of fracture flooding in inter-well space are
usually accelerates water breakthrough, reducing oil
recovery, but in situations where the fractured zone
change connectivity, oil production could increase.

Simulation of unsteady flow of multiphase flow -
"oil-gas-water" in the reservoir and the well when the
pump is considered in [6]. The authors take for a single
phase in the formation, and take into account the relative
motion of the components of the multiphase medium,
heat and mass transfer and flow regime. The authors are

examples of the use of models to illustrate the transient
effects that occur in the process of oil production.

In [7] investigated numerically solved the problem of
one-dimensional three-phase filtration in a
heterogeneous formation, taking into account the
solubility of gas in the oil and aqueous phases, and phase
compressibility of the porous medium, and the force of
gravity.

In [8] the transfer task considered porous media in
the three-phase mixture "water-oil-gas" in the case where
the water contains a finely dispersed gas phase in the
form of micro- or nano-bubbles. It is assumed that the
transfer of bubbles is mainly determined by the flow of
the dispersed phase (water). These large concentrations
of gas phase in the pore space, as well as water and oil
carried in accordance with the modified Darcy law for
multiphase mixtures. The authors constructed a
mathematical model of motion of the mixture, when the
main phase (water, gas, oil) are subject to filtering
equations and the fine gas phase is described by the
Boltzmann equation type.

Analysis of the above sources and other scientific
papers showed that in studies hardly be considered a
process of bilateral displacement gas and oil by water,
resulting in the formation of pure gas zone, a mixture of
the "oil-gas-water" and clean oil. In this paper, efforts
have been made to fill this gap.

2. Formulation of the problem

Using the laws of fluid physics, it is possible to
formulate a mathematical model of the process of
stimulation and promotion of the volume of gas in the
fluid reservoir, which is reduced to the solution of the
following system of nonlinear differential equations with
appropriate initial and boundary conditions [9-11]:

when
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L
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L
2pRTZ x| I(r)
o 5)
=K pHKH + pBKB + KI"PHP ai
Hy sy  RIZu. ) ox x=@+0’
L
Tk (6)
dr ox x=@+0
L
E‘lx:@_() zallx:@+07 (7)
L L
P(x,0)=P,, S,(x,0)=Sy,, S, (x,0)=S5;,
0 0 (®)
SB()C,O):SB, l(O):l N O<x<l.

The following notation (7) - in the equations (1):
P(x,7)- pressure; S., S,, S, - the saturation of gas
K -
permeability; K., K, K, , ., t,, 14, - Respectively

species, oil and water; The absolute rock
permeability and gas viscosity, oil

P(x,0)=PB, , S.(x0)=8 ,

and water;
Su(x.0)=5,
S,(x,0)=Sy - The initial pressure distribution, gas
saturation, oil saturation and water saturation; p., p, ,

pp - Density of the gas, oil and water; R - The gas

compressibility; P, - The initial reservoir pressure; m -

Porosity of the formation; £, - Internal singular point

(injection and / or production wells); x =/(z)- Border

section; L - The length of the reservoir; ¢q. , g, -
Respectively, the intensity of injection and production
wells; «, f - Some constants for driving dimension.

3. The method of solving and discussion of
the results

From the statement of the problem (1) - (7), it is difficult
to obtain an analytical solution. Therefore, for the
numerical solution of the problem it was developed
computational algorithm based on the application of the
basic ideas of the method of straightening phase fronts
and integral-interpolation method to build a conservative
difference scheme, which in turn is solved by the sweep
method at each site [9-11].

On the basis of this algorithm software to analyze the
dynamic state of the object based on the joint motion of
a three-phase medium have been developed for different
operating conditions of the reservoir system.

The structure of this software includes modules:
control (fig. 1), entering the input data (fig. 2), the

constant; T - The absolute temperature; Z - Gas analysis and interpretation of results (fig. 3-4).
MNporpamma pac4éra Ans NPoLeccos npoexmponaumupaspaﬁormyrnemnopognmﬁeﬂopu;&gqui%: ; .
Beop paannbix  Pesynetatel  Bbixog

Nata/Bpemsa 0 nporamme

29.01.2016 15:11:11

Opraumzaumna

Jlaboparopna "MogemnpoBaHne CTIOMHBIX
ancrem”, LleHTp pazpaboTin NPporpaMMHbIX
NPOgYKTOB M 3NN3PaTHO — MPOTrPaMMHBIX
KomMnnexcos npn TYHT

ABTOpbI

NMporpammMa pacuéra gnga npoueccos
NPoeKTHPOoBaHKua K pazpaboTku
YrNeBoOPOAHDIX MECTOPOXIeHH

MporpamMMa NpeaHasHaYeHa ANA aHaNM3a AMHAMU4ECKoro
COCTORHMA M YNpasneHns 06LeKToM C YHETOM COBMECTHOMO
ABKeHnA TpexdasHoi Cpeabl NPY PAsNMYHBIX YCNOBHUAX
DYHKLOHMPOBAHUA CUCTEMBI,

H.PaswaroB — 3aBegyroumi 1aboparopmei, 4.1.H.,
H.M.KypOoHOB - HMA3LWHI HaYYHbIT COTDYOHNK

. Bomumcnenwe | [ 1. Boixon ]

Fig 1. The main program window
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=r
| & Beoa aanHbix
[NaHHble

HauansHoe pasnera = 200
MpoTsKeHHoCTs NNacTa =

Konuyectso Touek = 50
WupuHa = 700
BaxocTe HedT = 3
Baskoctbrasa = 0,2

TouHoCTs Bormcnenme EPS= 0,0001

TouHOCTs Bemcnenme EPS1= 0,00001

| & OuncTuTS paHHbie

NaHHble

Kon. nobbisaemoit X1aKocTu = 1000

Mopucrocte = 0,2
KoadduueHt dunstpawm = 0,4

MowHocTe MNacTa = 6§

Kon. nobesaemoi Hegtu = 0,0005
Kon. aobeisaemoit rasa = 0,0003
MnoTHocTe Hedmu = 0,85

AtmocdepHeit asneqna = 1

| Boxoa

Fig.2. Data entry window

The program involved the interface mode in order to
maximize ease of human-computer interaction.

To analyze and study the process of filtering the "oil-
gas-water" in porous media, the definition of its basic
parameters and the range of their changes on a computer
experiments were carried out (fig. 3-4).

Computational experiments were carried out under
the following input data: the length of the reservoir
L =30 km; capacity B=6m; width H =700 m; oil

P

"__ﬂ’ Pesynerar

viscosity =4 cm; number of produced fluid
q, =1000 tons / day; m=0,2; K =0,4 darcy;
ur =0,2 sP; B, =200 at; P, =0,85 g/sm’;
R=831]/(mole-K); T=273K; Z=40; N=50;
£=0,0001.

The results of computational experiments and their
analysis are given in [9-11], and in fig. 5-10.

N=50 ALF=1.01 KP=0.4 MP=0.2 PAT=1L=1000000
QN=0.0005 QG=0.0003 QJ=1000
RN=0.85R=8.31T=273 Z=1MN=3.0

EPS=0.0001

Bl= 9.641678 AGN= 1.555746

1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
0.9996
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000
1.0000

T2=0.02 TM=0.00000010 QJ=0.90036014 QN=0.00000000 QG=0.00000000

Fig.3. Output window results in text mode
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b;.wr_oﬂmi_ud!,ﬁzai;ﬁh:_masalaﬁ\\.laﬁaw,tlt s Mw_m_uk_w_wl}_]
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T
0,975
0,95 -
0,925
0,9
0,875
,85
0,825
0,8 -
0,775
0,75
0,725
0,7
a)
7
.-/.
P /
09 7
0,85
08 -
075 1 _.;'Tai-wells
/" 3-well
0,7 - - y 3-wells
. —— / 2-wells
o k=0,2 o s — / 1-wells
k=0,3 —¥
b) k=0,4
k

Fig.5. Dynamics of pressure redistribution in the reservoir when
different values of filtration coefficient (7 =100 days)
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Numerical calculations showed that the significant
parameters affecting gas filtration process, water and oil
in the reservoir system is the filtration coefficient and
structure of porous rocks (see. fig.5). At small
coefficient of filtration can be observed decrease in the
intensity of the fluid flow around the well. This leads to

a sharp drop in pressure around the wellbore by slowing
the speed of liquid filtration through porous media.

Fig. 6a, 6b shows the results of numerical calculation
on a computer - the differential pressure change in the
reservoir at the 4 wells. From fig. 6 that selection occurs
within the fluid filtration. There is a symmetrical
differential pressure with respect to the location of wells.

t=20
t=40

0,96
0,94
0,92

0,9
0,88

0,86

0,84

t=60

b)

t

4-wells

3-wells

40 t

Fig.6. Redistribution of pressure in the reservoir (in days) at the four well
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Q=400
Q=600

0,96

0,94

0,92

0,9

0,88

0,86 -

0,84 +—

3
- 7 2-wells
e
b Q=1000 Q=800 i /wells

Q=600

4-wells

/3
Y, 3-wells

Q=400 Q

Fig.7. Redistribution pressure in the formation at various values of the flow rates in wells (days)

Computational experiments were carried out for
different values of flow rates. As follows from the curves
in fig. 7, the pressure in the filtration area is reduced
proportionally, depending on the growth of well
production rates.

Changes in pressure and saturation fields in time and
space depend on the hydrodynamic parameters of the
object. Analysis of the numerical calculations showed
that the dynamics of the formation of pressure

redistribution depends essentially on the capacity and
location of the wells in the filtration reservoir. With the
increase in capacity of the reservoir and the well
pressure decreases neighboring points. As follows from
the analysis of numerical calculations on a computer,
while the producing formation operation (see. fig. 8)
essentially depends on its length, capacity, number of
wells and their production rates.
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The results of numerical calculations for different oil viscosity pressure around the well is reduced
values of the coefficient of viscosity of oil are shown in proportionally (fig. 9). This is especially true for large
fig. 9. From the calculations follows that with increasing capacity filtration layer (fig. 10).

/' 3-wells

2-wells

b) MN=9

Hy

Fig.9. Redistribution pressure in the reservoir at different oil viscosity value (days)
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0,95

0,9

0,85

0,8

0,75

Fig. 10. Redistribution of pressure in the reservoir at different Seam width values (days)

4. Conclusions

Computational experiments determined the basic
parameters of the filtration process, a mixture of the "oil-
gas-water" in a porous medium and ranges of change
that can be used for the purpose of design and
development of hydrocarbon deposits under unsteady
filtration of fluids in porous media.

The numerical calculations on a computer installed in
the operation of the reservoir, depending on the length
and capacity of the reservoir, the number of wells and
their production rates.

Analysis of the results of computational experiments
with a wide variation of filtration parameters for a
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MATEMATHYECKOE MOJAEJIMPOBAHUE BJIUAHUA
JIJEKTPOMATHUTHBIX IOJIEA HA
AE®@OPMHUPOBAHHOE COCTOAHHUE TOHKHUX
SJIEKTPOINNPOBOJHBIX TEJI METOJOM R-®YHKIIUI
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OCHOBHBIC YpaBHEHHS TEOPHH MATrHUTOYIPYTOCTH TOHKHX IUIACTHH M OO0OJOYEK BBIBOAATCS HAa OCHOBAaHUHU
BapualnoHHoro npuHuuna ['amunberoHa-Octporpanckoro. Ilpu 3TOM UCHOJIB3YIOTCS T€OMETPUUYECKUE COOTHOIICHHUS
Komm u ¢usmyeckue cooTHomieHus, B oOpatHoi (opme 3akoHa ['yka, a Takke 3aKOH U3MCHCHHUS IEPEMEIICHUIA,
00BEMHBIC CHIIBI JICKTPOMATHUTHOTO MPOUCXOXKACHUS, JTOOaBISIEMbIC K TOJHBIM OOBEMHBIM cuiam. [l penieHus
MOCTABJICHHOW 3aJ]auyd KOJICOAaHWUS MAarHUTOYNPYTMX IUIACTUH U TIOJIOTHX TOHKHX OOOJIOYEK NPUMEHSIETCS
BapHalMOHHBIA MeTo] byOHoBa-I'anepkuna. I[Ipm NOCTpOCHHMM MOCIEIOBATEIBHOCTH KOOPAMHATHBIX (DYHKIIHIA,
YAOBIETBOPSIOMNX 3aJaHHBIM TPAHUYHBIM YCJIOBUSM, HCIIOJIb30BaH CTPYKTYpHBIH Meton R-pynkmmit B.JI.PBauesa.
[Ipu pacuerax B KadecTBEe IpHMeEpa B3ATa MeAHAS IUIACTHHA, WMEIOIAs KPYyriyio (opMy C IBYMS KPYTOBBIMH
BEIpE3aMH, HAXOMAMIasCs MOJ JeHCTBHEM 3JCKTPOMAarHWTHOTO MO W PaBHOMEPHO pacHpeielICHHOW Harpy3KH.
HccnenoBaHa CXOOMMOCTD BEIYHCIATEFHOTO AITOPUTMA pacdeTa OTHOCUTENFHO KONMYeCTBa KOOPAWHATHBIX (YHKINH
CTPYKTYPbI PEIICHHH.

KiloueBble cj10Ba: MaTeMaTHYEeCKHE MOJEIH, MAarHHTOYNPYyroctb, MeTon R-pyHkmmit (RFM), o0060104Kw,
IUTACTHHBI, CII0KHAS KOHCTPYKIIMOHHAs (popMa.

MATHEMATICAL MODELING OF PROCESSES OF THE ELECTROMAGNETIC
FIELDS’ EFFECTS ON DEFORMATIONAL CONDITION OF THIN CONDUCTIVE BODIES
BY THE METHOD OF R-FUNCTION
Nuraliev F.M.

The basic equations of the theory of magneto-elastic thin plates and shells are created based on the variational principle
of Hamilton-Ostrogradskiy. It uses geometric relationships Cauchy and physical relationships in the reverse form of
Hooke's law, and the law of variation movements, volume forces of electro-magnetic form, adds to the overall body
forces. Variational method Bubnov-Galerkin is used to solve the problem of magneto-elastic vibrations of plates and
shallow thin shells. In the construction of a sequence of coordinate functions, satisfying the given boundary conditions,
structural method of R-functions by V.L.Rvachev is used. In the calculations is taken as an example of a thin plate
having a circular shape with two circular cut-outs, which is under the influence of an electro-magnetic field and a
uniformly distributed force. The convergence of computing algorithm was studied with respect to the number of
coordinate functions making structures.

Keywords: mathematical models, magneto elasticity, R-functions method (RFM), shells, plates, complex structural
form.

ELEKTROMAGNIT MAYDONLARNING YUPQA ELEKTR O’'TKAZUVCHAN
JISMLARNING DEFORMATSION HOLATIGA TA’SIR ETISH JARAYONLARINI
R-FUNKSIYA USULIDA MATEMATIK MODELLASHTIRISH
Nuraliyev F.M.

Gamilton-Ostrogradskiy variatsion tamoyili asosida yupqga plastina va qobiqlarning magnitelastiklik nazariyasi asosiy
tenglamalari chiqariladi. Bu yerda Koshi geometrik munosabatlari, Guk qonunining teskari ko’rinishidagi fizik
munosabatlar, hamda ko’chishlarni ozgarish qonuni, to’liq hajmiy kuchlarga qo’shiluvchi elektromagnit hajmiy kuchlar
foydalanilgan. Qo’yilgan magnitelastik plastina va qobiqlarni tebranish masalalarini yechish uchun Bubnov-Galyorkin
variatsion usuli qo’llaniladi. Berilgan chegaraviy shartlarni qoniqtiruvchi, V.L.Rvachovning R-funksiya tuzilmaviy
usuli yordamida koordinat funksiyalar ketma-ketliklari qurilgan. Hisob-kitoblarda misol sifatida elekrtomagnit maydon
va teng tagqsimlangan kuchlar ta’sirida joylashgan misli ikkita aylana kesimlarga ega aylana shaklli plastina ko’rilgan.
Qurilgan koordinat funksiyalar soniga nisbatan hisob-kitob algoritmining yaqinlashishi tadqiqot gilingan.

Tayanch iboralar: matematik model, magnitelastiklik, R-funksiya usuli (RFM), plastina, qobiq, murakkab
konstruksion shakl.
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1. BBenenue

OCHOBHBIC ~ TCHACHIMH  Pa3BUTHA  COBPEMCHHOM
ANIEKTPOHHO-BBIYUCIUTEIBHON W PaIUOAICKTPOHHOMN
anmmapatypbl  NPUBOAST K  YCWICHUIO  BIIMSHUS
ANIEKTPOMATrHUTHBIX 3¢ dekToB, T.C. BIIMSTHUC
ANEKTPOMArHUTHOTO oJIst Ha HATPSKCHHO-
ne(OPMHUPOBAHHOE COCTOSHHME YOPYrod cpemsl u
Ha000pOT. VYdYeT dJIeKTpOMarHUTHBHIX 3(h(EeKToB mpH
pa3paboTKe TaKOTO polia YCTPOUCTB SBISACTCS CIOXKHOU
po0IeMol, TpeOyIomel COOTBETCTBYIOMIETO HAYYHOTO
000CHOBaHHSA B mporiecce MIPOEKTHPOBAHUS
KOHCTPYKIMH W TPH TPOBEIACHWH MPEIAIPOCKTHBIX
HCCIIeI0OBaHUM.

I[lo npuumHe  HEBO3MOXXHOCTH  MPHMCHCHHS
aHAIMTHYCCKUX  MOAXO0JAOB W HedddeKTuBHOCTU
CYIIECTBYIOIIUX YUCICHHBIX METOJIOB PELICHUE 33134 B
TCOPUM DIICKTPONPOBOJIHBIX TEN CIOXHOH (opMbl B
TCOPUM U HA TMPAKTHKE OCTACTCS MPOOJICMHBIM.
HccrenoBanust 1Uis peIICHUS] 3THX TPOOIIEM B CBOIO
odepens CTHMYIHPYIOT pa3pabOTKy aHATUTHYCCKUX H
MpeXae BCEro YHCICHHBIX METOAOB, C  IICTBIO
MIPOBEACHUS pacdyeTa Ha KOMITBIOTEpE, M MX DPa3BHUTHE.
[pu pereHnn ATHUX 3amaq METOOJIOT U
MaTEeMaTHYECKOT0  MOJCIUPOBAHHUS HMMEET  0coboe
3HAYCHHUE — 3TO YaCTH4YHAsi aBTOMATH3alus Mpoliecca
HAYYHOTO HCCJICAOBAHMS, T.¢. JaeT BO3MOXXHOCTh
MOJTyYCHHsI YHCIICHHBIX, BU3YAIM3UPOBAHHBIX PELICHUMN
MyTeM TMOCTPOCHHS ¥ M3YYCHHS MAaTEeMaTUYCCKOM
MozIenu  O0BeKTa, pa3pabOTKH  BBIYHCIHUTEIBHBIX
QNTOPUTMOB  [UII WX  HCCIEHOBAaHUS, pPa3padOTKH
COOTBETCTBYIOIIETO IMpOorpaMMHOT0 obecmneuerns. Ilo
ITOH TIPUIHHE aZIcKBaTHOE MaTeMaTHIECKOe
MOJICNMPOBAaHME  MPOIECCOB  BIUSHHUA  IJIEKTPO-
MarHUTHBIX TIOJIEH Ha TOHKHE JIEKTPOIPOBOIHEBIC Tella
CTIOKHOM (hOPMOI BEChMa aKTyalbHO.

2. IlocraHoBKa 3a7a4y¥M MATHUTOYNPYIOCTH
TOHKMX IJIACTHH U 000/104eK

OCHOBHBIC YpaBHCHHS TCOPHH MAarHHTOYIPYTrOCTH
TOHKHX IUIACTHH U 000JOYEK BBIBOISATCS HA OCHOBaHHU
BapHAIUOHHOTO MPUHIIIA lamunbToHa-
Octporpanckoro. Ilpm  TOCTpOGHHMH  KOHKPETHBIX
MoJieNel HCIIONB3YIOTCS T€OMETPHUECKIE COOTHOIICHHUS
Komm n ¢pusndeckue cOOTHOIICHHUS, B 00OpaTHOM (hopme
3akoHa ['yka, a Takke 3aKOH M3MEHEHUS MepeMEIICHUH.
[Ipu BRIBOZE ypaBHEHUS HCIOIB3YETCS MPSIMOYTOJbHAS
cucTeMa KOOpIHHAT.

Bapuanuonnsiit MIPUHLIAII I'amuipTOHA-
OCTpOrpajacKoro 3amuchiBacTCs B CICAYIOIIEM BHJIC
[1-3]:

S[(T— 11+ Aydt = 0, (1)
t

rae T — kuHeTndecKkast U [/ — NOTeHIHUAJIbHASL YHEPTUU;

A — paboTa BHEITHUX CHIL.
Teopuss  obosouek

reOMETPUYECKON

(TacTMH)  OCHOBaHa  Ha
TUIOTE3€,  COTIACHO  KOTOPOH
HOpMaJIbHBIN K CpeIUHHOM MMOBEPXHOCTHU
IPSIMOJIMHEMHBIN JJIEMEHT 000J109KH rnociJie
nedopManuy ocTaeTcss NPSMOJIMHEHHBIM, HOPMAaJIbHBIM
K DTOH NOBEPXHOCTH B €€ 1e()OPMUPOBAHHOM COCTOSIHUM

U CcoxpaHieT CBoo JmHYy. JlaHHas rumoresa
(Kupxroda-JIsa)  momyckaer, dro  Jedopmanus
000JI0YKH TIpOMCXOMUT Oe3 aedopmarv CABUTa M B
TUIOCKOCTSIX HOPMAIIbHBIX cedeHuid u 0e3 medopmarmm
YIIHHEHUS 110 TOJIIHHE 000I0UKH.

AHnanutmueckn runotedy Kupxroda-JIsBa MoXHO
3anucath B Buje [4-10]:

u = (l+klz)u—zaa—‘:,

U, =(l+k22)v—za—w, )
oy

Uy = W.
TAC Uy, Uy U3 — MEPEMEIICHUS B MPOU3BOJILHOW TOYKE
oOomouku (MIacTWHbBI), u, Vv, W — IEPEMCIICHUI
CPEIIMHHOM MOBEPXHOCTH 000JI0YKH (TUIacTuHbl); ky, ky —
TJIABHBIC KPHUBH3HBI CPEIUHHON MOBepXHOCTH; k1=1/R;,
ky=1/Ry; 3mech Ry, R, — TaBHBIC panyCchl KPUBHU3HEL. B
ciydJae miacTuH ki =k,=0.

TlonyuenHble BbIpAKEHUSI BapHALIMK KHHETUYECKOM,
MOTCHIMAIBHOW DSHEPTMM ¥ PAOOTHl BHEITHUX CHII
MOJICTABJIsIEM B BapHAIMOHHBIA MPUHIMN [ aMmIbTOHA-
Octporpanckoro (1). IlomydeHHoe BapHalMOHHOE
ypaBHEHHE CYIIECTBYET NPH JIOOOM 3HaUYCHUU oObema V.
B cury npou3BOIbHOCTH 00J1acTH V), MOCIe MPOBEACHUS
COOTBETCTBYIOIIUX aHATUTHYCCKUX BBIKJIAJJOK
T pepeHIIMPOBaHUs, HHTCTPUPOBAHUS IO YacTsIM U
NPUBECHUS MOJOOHBIX WICHOB, MOJIyYacM YpaBHCHUS
JIBIDKCHUS U C€CTCCTBCHHBIC HA4YalbHBIC W TPaHUYHBIC
yciioBust 000J109KH (ractuabl) [11]:

2
_pha U+6N11 +6N12 +(kl_k2)aM12 N
o’ Ox oy oy
+N +R +q,+T, =0,
2
B ha leraN12 +6N22 (k _kz)aMlz N
or’ Ox oy Ox

+N,+R, +q,+T, =0,

: o*w LMy *M,, . *M,,
ot ot axdy oy
+h Ny + kN, +k12M22 +0.+R. -

0 0

_a(Mx _MRX)_g(My _MRy)+qz +Tzz +

3

O (4t
_ N _
+§(qu + Mo+ M, + My, )+
(MM M M) =0

oy v qv Tzy Tzy )=

IIpu 3TOM HEKOTOPHIC WICHBI YPAaBHCHHS, B YaCTHOCTH,
OT6pOH.ICHBI B CUITy X HE3HAYUTCIIBHOT'O BIIMSTHUA.

EcTecTBeHHBIC IPaHUYHBIC YCIOBUS CIICAYIOIINE:

(=Ny; + Np, +NTxx)5U|x =0,

(—Niy + Np, + Ny, )V |, =0,
KW oM, oM,
12 oxdy  ox oy

+ QPZ + Qsz -

o ~
~M, ~M, M ~Mp, |5W] =0,

Tzx
x
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(M, - Mp, _MTxx)é‘aa_I;Vx =0,

(-My, M, —Mrw)éaa—VyV =0,

(~Nip + Ny + Ny, )5U‘y =0, *)
(~Nyy + Ny, + Ny, )(W‘y =0,

B o'W oM, oM, 0p 40y -

12 oyox  Ox Oy

L
-M,, -M, -M;7, —MszjﬁW =0,
y

ow
(Mlz —Mp, _MTyx)é‘gy =0,
(M, —Mp, —MTy},)aa—W = 0.

%» y

Taxum oOpa3om, (3) ecTh ypaBHEHHE IBWKEHUS U (4)
- TPaHWYHBIE yCJIOBHUS, HAJlaraeéMble Ha BECbMa ITOJIOTYIO
0005109Ky, TONYy4YCHHBIE Ha OCHOBE BapHAIIMOHHOTO
TIPUHITUTIA TlamuneToHa-OCTpOTpagCcKOrO npu
WCIIONIb30BaHNM THIIOTE3bI Kupxroda-Jlssa.

B TaKkou IIOCTAaHOBKE 00BEMHBIC CHUJIBL
ANEKTPOMArHUTHOTO TPOMCXOXACHUS, T00aBIIeMBIE K

MOJHBIM OOBEMHBIM CHJIAM, MPEJICTABISIOTCS B BHIC
[4-7]:

f=pK = i (rot( rot (UxH)))xH, Q)

rae U(uy,up,uz) — Bextop nepememienuit; H(H,,H,,H.) —
BEKTOp HANPSIKEHHOCTH MAarHUTHOTO TTOJIS.

K  nomHOlt  NOBEpPXHOCTHOM M KOHTYpPHOM
(TpaHMYHO) cHIIaM TOOABIISIOTCS JIIEKTPO-
JMHAMHUYECKHE TEH30pbl HanpsbkeHuil Makcpesa:

1 6y
T, =—I|[Hh +hH,|-—“hH,
k 472_[ ik i k] 4z

1 6, -, =
T8 =——| Hh +h*HY |-—%h°H®, 6
ik 4ILI7Z'|: i "k i k:| Ar ( )
0,i #k,

T O =y ok

Cootnomieanss (3) u (4) ¢ yuerom (5) m (6)
OTIPE/ICISIOT MaTeMaTUICCKUE MOJIeIN
MarHUTOYNPYTOCTH TOHKHX IJIACTUH W 000JIOYCK.

3. BpluMcauTeJbHBIA AJTOPUTM pacyera
MATHUTOYNPYIrOCTH TOHKHMX IUIACTHH H
000J1049eK €O CJIO:KHOM ¢GopMOii MeTOaOM
RFM

Jlns  pemieHWs TOCTaBJICHHOM 3agaud  KoyicOaHUs
MarHUTOYNPYTHX IIACTUH U TOJIOTHX TOHKHAX 000JIOYEK
MIpUMEHsIEM BapHallMOHHBIA MeToq byOHoBa-I anepkuna.
Kak wm3BecTHO, MpHW 3TOM MpOIECC PEHICHHS 3agadn
COCTOUT M3 CJISAyomuX dranos [12, 13]:

- MOCTPOCHHE TIOCIEAOBATEIFHOCTH KOOPAWHATHBIX
GbyHKIUH  (CTPYKTYp pEIIeHWH), yIOBIETBOPSIONINX

3aaHHBIM ~TPAaHUYHBIM  YCJOBHSAM TP  CIIOKHOH
KOHCTPYKIMOHHON KOHPUTYyparuu 000J104eK (IJIaCTHH);

- JIICKPETH3AIHS o MIPOCTPAHCTBEHHBIM
MIEPEMEHHBIM, ITOCTPOCHHUE PAa3pEIAIONINX ypPaBHEHUH,
T.€. IOCTPOCHHE TUCKPETHOW MOIEIH;

- peleHue pa3penanx ypaBHeHNH H HaX0KICHIE
HEM3BECTHBIX KOMIIOHEHT CTPYKTYPBI PEIICHUI;

- ONIpeACTCHUE HEW3BECTHBHIX (YHKIMIA, B HalieMm
cllydae TaHTCHIMAIBHBIX U HOPMAJIBHOTO MEPEMEIICHUS
CPEAMHHOM NOBEPXHOCTH 000JIOYKH.

Ha MEPBOM JTarme npu MOCTPOCHHUH
MOCJIEI0BATEIILHOCTH KOOPJMHATHBIX G yHKIHH,
YIOBJIETBOPSIOMNX 3aJaHHBIM TPAHWYHBIM YCIIOBHSM,
WCTIONB30BaH  CTPYKTYpHBIM  Merton  R-pyHkmmid
B.JI.PBauena [8-10]. OTMETHM, YTO CTPYKTYPHBIA METOJ
R-pynkmmit  (RFM)  cTpouT  mociemoBaTelbHOCTD
KOOPAWHATHBIX (PYHKIMI B BUAE CTPYKTYPHI PELICHUH,
VIOBJIETBOPSIOMAX  TPAHWYHBIM  YCJIOBHSM  TIpH
NPAaKTUYECKA IPOU3BONBHON CIIOXKHOW KOH(QUTYpALUH
KOHTYpa 000104eK (IIaCTHH).

B  oOmem  ciyuae  CTPYKTypy  pCUICHUN,
nocrpoeHHyto MerogoM RFM, MoxHO mpencTtaBuTh B
BUJIC

u=u(w,d), v=v(w,®), w=ww,d;), ©)
e

Ny
D =Y ¢()4(x,),
i=1

N{+N,

D, = Y ¢(Op(x,),

i=N;+1
N;+N,+N;

D= )

i=N+N,+1

¢ () f;(x,y).

Torma wuckomble ¢yHKIMM (¥, Vv M W) MOXKHO
3amcath B opme

N
u= zci(t)u[(a)axay) s
i=1
N;+N,
v= 2 ¢y (@,x,y), (®)
i=N;+1
Ny+N,+Nj

vy

i=N;+N,+1

G (t)wi (Cl), X, y) .

3mech @ — HOPMANM30BaHHOE YPAaBHEHHE TPAHMIIBI

obmactu 00050UKH; @, ¢ U f; — HEKOTOPHIC IOJHBIC

(6a3ucHbie) cucTeMbl GyHKIUH (cTeneHHOM, YeOblena,

TPUTOHOMETPUYCCKHUEC  TIOJIMHOMBI U T.l'[.); [

HEOIIPE/ICJICHHBIE KOMIIOHETHI CTPYKTYPHI —PpELICHHH,
HOUIEKAIIHE ONPEIEICHHIO.

IToacraBnsist CTPpYKTyphI pemieHuii B ypaBHeHus (7),
(8) m mpoBens mpouenypy IOHMCKpPETH3aLUH IO
NPOCTPAHCTBEHHBIM IIEPEMEHHBIM X M Y, HOJIydYaeM
pasperiaioniee ypaBHEHUE (JUCKPETHYIO MOJEIb) IUIst
HaXO0X/CHUSI HEOIPEEICHHBIX KOMIOHEHT CTPYKTYPHI
perieHuil.

B cnywyae nuHaMMKM paspeliaroniee  ypaBHEHHUE

HPe/ICTaBISIETCS CUCTEMOH 0OBIKHOBEHHBIX
muddepenHnuansueix ypasaenuit (COLY):
AC+BC=F )

C Ha4YaJIbHBIMH YCJIOBUSIMHA
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q,_ =G, ¢| =6, (10)

=ty 1=t

B cimywae cratuku paspemiaroimiee  ypaBHEHUE
NIPEACTABISIETCSl CUCTEMON JIMHEHHBIX anreOpanyecKux
ypaBuenuii (CJIAY):

BC=F. (11

Jns pemieHust paspemarolux ypaBHEHUH MOXXHO
UCIIOJIb30BaTh M3BECTHBIE YHCIICHHBIE METOJBI aareOpbl
W aHanm3a, B YacTHOCTH, s pemwenust COAY (9)-(10) —
Meron Hplomapka, mpsiMOro WHTETpUPOBaHUS, a s
pewenust CJIAY (11) — meron uckmouenus ['aycca. [1pu
9TOM  BBIYMCJIEHHE  OINpEIEICHHBIX  HHTETPaoB,
NPEACTABISIONMX KOMIIOHEHTHI UISi MaTpUIl Macchl U
KECTKOCTH, & TAKKE KOMIIOHEHT BEKTOPA MPAaBOH 4acTH,
BIIOJIHE TIPUMEHMM YHCICHHBIH METOJA BBIYMCICHUS
IIBYKpaTHBIX HHTeTpanoB ["aycca.

4. BbIlYMCIUTENbHBIH JKCIEPUMEHT 10
pacuery CTATHKH U AUHAMUKH
MATHUTOYNPYIOCTH TOHKHX IUIACTHH €O
cJ10:kHOH (popmoit MeTogoM RFM

B kadectBe mpuMepa BO3bMEM MEAHYIO IUIACTHUHY,
HUMCIOLIYI0 KPYIJylo (opMy ¢ JIBYMSI KpPYrOBBIMH
BBIp€3aMH, HaXOJAIIyIOCS MOJA AEHCTBHEM PaBHOMEPHO
pacnpeneneHHoi Harpy3ku q. CTpykTypa peleHui s
TPaHUYHOTO YCIOBUS: JKECTKO 3allleMJICHHBIN Kpai -

u=wd, v=0b,, w=o'd, (12)
3neck @ =F A(F, AF3).

Jlorndeckue GyHKITUM AJ1s1 ONOPHBIX obnacret F, F;
u F'; nmpencraiisieM B BUJE

Fl=R2—x2—y220;
F, :(x—a)2+y2—r220;

F =(x+a)* +y* -r* 20,

rae R — pamdyc KpyrjioW IUTAaCTHHBI, 7 — Pajndyc
KpYTOBOTO BBIpe€3a IJIACTHHEI C IIEHTpaMH B TOYKax (a,()
u (-a,0).

PaccmoTpum 3amaqy n3ruda (u=v=0)
MarHUTOYNPYTOH  IUTACTHHEI, HaxXomAIIyIOCS B
MarHuTHOM noJe c 3aJaHHBIM BEKTOPOM

HaNpsDKeHHOCTH MarHutHoro monst H(Hx, Hy, Hz).
VYpaBHeHHE COCTOSHMSL B O€3pa3sMEpHBIX KOOpIMHATaX
JITaHHOH IJIACTHHBI, B cuity (3), IMeeT BUI

o'w o'w o'w o'w
k 4+k23+322+4 >+
ox Ox” 0y Ox“0y Ox0Oy
o'wotw | otw | oW
+ks 2 + kg kg + kg =4
oy Ox Ox0Oy oy

rac
I(H} +H?) LiH H,
=l k =2+——
4D 4D
Lj*(H>+H?+H?
by =2 ¢ D ),
4D
I°H .H
k=24
4nD

_ e btaiend) 6=_ha2(H§—H§),

ke =
5=/ 4D 4D
) 2 2 gr2 2
=_4h]a HxHy'k =h] a (Hy—HX)'
7 4zD O ° 4rxD
Ilpu pacuere MNpPUHHUMAEM CICAYIONINE BXOIHBIC

MCXaHUYCCKHE n TCOMECTPHUICCKUEC mapaMeTphI:

H, = H, = H = 10 €3, (19 = 1 "/(n""cex));

P =8,9%10° ke/M’ — TMIOTHOCTH MaTepHaa IIACTHHBI
4

h = 107 M — TOMMHA TTACTHHBI q:%:l

HATpy3Ka, AelicTBylomas Ha miactuny; E = 10" H/w® -
Moayiab yrnpyroctd; v =0,3 - xosdppunuent Ilyaccona;
R=1wm;r=0,2 m; a=0,5 m.

B kauectBe 0a3MCHOrO NHONMHOMA, BXOZSIIETO B
CTPYKTYpY penieHus (12), Bo3bMeM CTCIIEHHOW OJIHHOM.

Ha puc. 1-4 mnpuBemeHsl rTpaduky H3MEHEHHS
nporu6a W OTHOCHUTENFHO CTEICHU MOJNMHOMA (nk) u
yucna y3noB ['aycca (clutoch) no ceyenmsim OX u OY.
Ha puc. 1 u 2 nmpuBeneHs! TpaduKu U3MEHEHUS ITPOTrHOa
o ceuenuto OX, nipu clutoch=20, a nk n3meHsercs ot 2
no 4 u npu nk=3, a clutoch npuanmaer 20 u 32,
cooTBeTcTBeHHO. Ha puic. 3 u 4 npu TeX ke 3HAYSCHHUIX
nk u clutoch coorBeTcTBEHHO IO ceueHnio OY.

0,0009

0,0008

0,0007

0,0006 \
0,0005
s \
0,0004 \ 3
\ — =

0,0003 \\ n=4
0,0002

—n=2

0,0001

0 T T T = T )
0 0,2 0,4 0,6 0,8 1 12
Ox

Puc. 1. Ilpoeud no ocu Ox

0,0008
0,0007

0,0006 \
0,0005 \

= 0,0004 \

— clutoch=10

0,0003 \ — clutoch=32

0,0002 \

0,0001

0 T T T . T .
0 0,2 04 0,6 0,8 1 12
Ox

Puc. 2. IIpoeubd no ocu Ox
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0,0016

/N
/N

0,0012

0,001 \

= 0,0008 \

n=2

n=3

0,0006 n=4

0,0004

0,0002

o 0,2 0,4 0,6 0,8 1 1,2
Oy

Puc. 3. I[Ipoeu6 no ocu Oy

0,0016
0,0014

0.0012

2 00008
clutoch=20

elutocha32

00005

0,0002

o4 06 o8 1
Oy

Puc. 4. I[Ipoeu6 no ocu Oy

W3 rpadukoB, MpuUBEACHHBIX HA pUC. 1-4, BUIHO, 9TO
Iporud JOCTHTaeT MaKCHMAIBHOTO 3HAYCHHS B CEYCHUH
OY tipu npuOIMKEHUH K Touke x=0, y=0.5, 4T0 ciexyer
oxunate. U 3HaueHwne nk=3 SABISETCS TOCTATOYHBIM IS
WCCIIEIOBAaHUSl TIOCTaBJIEHHOM 3a/layd, NpH KOTOPOH
HaOmomaeTcss xopomasi cxomumocTh. ClienyeT Takxke
OTMETUTh, YTO C YBEIMYEHUEM clutoch CXOAUMOCTb
YIIy4IIaeTcs.

Hanee paccMOTpUM HCCIENOBaHHE CXOAMMOCTH
YHCJIEHHBIX PE3YJIbTATOB pacuera OTHOCUTEIBHO Kak
KOJIMYECTBA KOOPIUHATHBIX (YHKIMH, Tak H 4YHCIa
y3moB [aycca. B  kadectBe mpumepa BO3bMEM
JKECTKO3alIeMIIEHHYI0  (MEAHYI0) TIUIACTHHY  (OPMBI
Kpyra C JOByMsS KpYTOBBIMH BbIpe3aMu. basucHyro
(yHKIIMIO, BXOIAIIYIO B CTPYKTypy pemenus (12),
BEIOEpEM B BHIE CTETIEHHOTO TMoinHOMA. VccienoBaHms
MPOBOIIIINCH MPH TEX K€ BXOISIINX MEXaHHYECKUX H
TreOMETPUYECKMX  [apaMeTpax,  IPHUBEICHHBIX B
HpeABIIYIINX pacyeTax B ciydae cratuku. Ha puc. 5
JIaHbl pPe3yJbTaThl YUCIEHHOTO HCCIIEIOBAaHUS B TOYKE
(0,0) oTHOCHTENHHO  KOJMYECTBA  KOOPIAMHATHBIX
¢dynkwmii, korna yucio y3nos ["aycca (clutoch) pasHo 20,
a cTeneHs nojxuHoMa (psna) (n) umeer 3HadeHus 2, 3, 4,
a Ha puc. 6 TPHUBOAATCA PE3yNbTATHl YHCICHHOTO
uccienoBaHusl B paccMmoTpenHodt  Touke  (0,0)
OTHOCHTENIFHO uncia y3ioB ["aycca (clutoch=10, 20, 32)
npr  (QUKCHPOBAHHOM  KOJHYECTBE KOOPIMHATHBIX

hyHKIINH.

371ech TaKkXKe ClIeAyeT OTMETUTh, YTO C YBEIUUYEHUEM
KOJIMYeCTBAa KOOPAMHATHBIX (yHKUMHA u y3ioB ['aycca
CXOAUMOCTb PE3yJIbTaTOB YBEIMYMBAETCS, a TaKkKe
YBEJIUUMBAETCS. TOUHOCTh YHCICHHBIX PacueTOB.

0,6 1+

0,5

0,4

0,3

0,2+

W*1074

0,1

0

011

clutoch=10

\ — — ——clutoch=20
/ \x ------- clutoch=32

Puc. 6. IIpozu6 6 mouxe (0, 0)

HexoTopble uccienoBaHus B JaHHOM HalpaBiICHUH
TaKke TMpuUBeACHBI B paborax [14, 15]. Pacuersr
NPOBOAMJIMCh Ha 0a3e KOMIUIEKCA MPOTrPaMMHBIX
CpEeJICTB, ONMMCAaHHOTO B padorax [16, 17].

5. 3akarouenue

Hccnenosana CXOJIMMOCTh BBIYUCIUTEILHOTO
aNropuT™Ma  pacyeTa  MAarHHTOYINPYrOCTH  TOHKHX
000JI0YEK W IUIACTHH CO CJIOXHOW KOHCTPYKIIMOHHON
(GopMOI  OTHOCUTEIBHO KOJMYECTBA KOOPIMHATHBIX
(GYHKIUN CTPYKTYPHI PEIICHH, TOCTPOCHHBIX METOJI0M
R-yHkmmii, a Takke OTHOCHTENHHO KOJIWYIECTBA y3JIOB
(ToYeK) IpU BBIYMCICHUH IBYKPATHBIX UHTETpaNOB. [1pn
9TOM B KadecTBe Oa3MCHOTO TIOJMHOMAa BBIOMpPAETCS
CTENEHHOW  TIOJIMHOM W XOpomias  CXOJIWMOCTb
HaOJIOmaeTcss TpH CTENeHW TonuHoMa 3-4, d9To
COOTBETCTBYET KOJHMYECTBY KOOPJMHATHBIX (YHKITHH,
paBHOMY 10-15.
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A mathematical model and a numerical algorithm for the solution of the problem of unsteady filtration process of oil
and gas in layered heterogeneous porous media with different hydrogeological characteristics is discussed in the paper.
In developing the mathematical model the temporal and spatial changes of pressure in the filtration layers depending on
the coefficients of filtration, piezo-conductivity and bed thickness were taken into account.
Since the developed model is described by a system of nonlinear partial differential equations with relevant internal,
initial and boundary conditions, its solution is found by performing the linearization of nonlinear terms and further
applying of the numerical algorithm based on finite-difference approximation of differential operators.

Keywords: Mathematical model, numerical algorithm, filtration, oil, gas, pressure, bed thickness, layer.

HYMCJIEHHOE MOJEJIMPOBAHUE 3ATAYN OUJIbTPALIIA HEDOTU 1 T'A3A
B TPEXCJIOMHOU ITOPUCTOU CPEJIE
Pasmanos H., Mcnomos O.H., Kykanosa M.

[IpuBoasTCS MaTeMaTUYECKask MOJCbh Y YHCICHHBIN alrOPUTM IS PELICHUS 33[[a4d HEYyCTAaHOBUBIICHCS (DHIbTpanuu
HepTH ¥ Taza B HEOJHOPOIHBIX IOPHUCTHIX CcpexaxX, OOJamaloMMX pPa3TUIHBIMH THAPOTCOIOTHICCKUMHU
xapakTepuctukamMu. Ilpm paspaboTke MareMaTHdecKOW Mojaenn OBUTH YYTEHBl W3MEHEHHS JaBICHHUSA B
(WIBTPAIMOHHBIX CIIOSIX 10 BPEMEHH M IO IPOCTPAaHCTBEHHBIM IEPEMEHHBIM B 3aBUCHMOCTH OT K03(duimeHToB
(GMIBTpAINy, MHE30TPOBOIHOCTH, MOITHOCTH IDIACTOB. Tak Kak pa3paboTaHHAs MOJENb ONHCHIBAETCS C TOMOIIBIO
CHCTEMBI HENWHEHHBIX audQepeHnnanbHBIX YpaBHEHHH B YacTHBIX IPOM3BOAHBIX C  COOTBETCTBYIOIIMMU
BHYTPCHHUMH, HAaYaJbHBIMH WM TPAaHUYHBIMH YCJIOBHSAMH, TO €€ pelIeHHe OCYIIECTBIISUIOCh IyTEM JHMHEApH3alUuu
HEJIMHEWHBIX YWICHOB U IMOCIEAYIOIUM MPUMEHEHHUEM YHUCIECHHOTO alrOpUTMa, OCHOBAHHOI'O HA KOHEYHO-Pa3HOCTHOM
aMMpPOKCUMAIUH TU(PPepeHIIHATBHBIX OMEPATOPOB.

KiroueBble ciioBa: mareMaThdecKas MOJICNb, YHUCICHHBINH alropuT™M, QIbTpanus, HE(PTh, Ta3, IaBICHUE,
MOIIIHOCTb, IJIaCT.

UCH QATLAMLI G’OVAK MUHITDA NEFT VA GAZ FILTRASIYASI MASALASINI SONLI
MODELLASHTIRISH
Ravshanov N., Islomov Yu. N., Kukanova M.

Ushbu ishda turli hil gidrogeologik xarekteristikaga ega, bir jinsli bo’lmagan g’ovak muhitdagi beqaror neft va gaz
filtrasiyasi masalasini yechishning matematik modeli va sonli algoritmi keltirilgan. Matematik modelni yaratishda
filtratsiya, qatlamdagi bosimning qayta tagsimlanishi hamda qatlamlar quvvati koeffitsentlariga bog’liq ravishda, vaqt
va fazo bo’yicha filtratsiya qatlamlaridagi bosimning o’zgarishi hisobga olingan. Shunday qilib, yaratilgan model
boshlang’ich, ichki va chegaraviy shartlari mavjud bo’lgan xususiy hosilali nochiziq differentsial tenglamalar tizimi
yordamida yoziladi, uning chizigsiz hadlarini chiziqli ko’rinishga keltirish va differentsial operatorlarni chekli ayirmali
approksimatsiyalash asosidagi sonli algoritmni qo’llash orqali yechiladi.
Tayanch iboralar: Matematik model, sonli algoritm, filtratsiya, neft, gaz, bosim, quvvat, qatlam.
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1. Introduction

Mathematical models of the filtration process of multi-
component fluids (oil, gas, and water) in layered porous
medium can be described by the general laws of
mechanics, and are reduced to the system of non-linear
multi-dimensional partial differential equations with the
corresponding initial, boundary and internal conditions
which are impossible to get a solution in the analytical
form. Every researcher studying the filtration process of
multi-component environments using various
simplifications in the physical formulation of the
problem and thereby simplify the mathematical model of
the object, as a result of which deviate from the object of
study. The question of the adequacy of the developed
mathematical model of the object of investigation
remained unanswered.

The problem of mathematical modeling of fluid
filtration in porous medium are researched by many
major scientists and they obtained significant theoretical
and practical results.

Development of mathematical model of fluid flow in
nanoporous rocks is considered in [1]. In the
development stage of mathematical modeling, it is
suggested that the filter layer consists of two
components: a fractured porous medium and the specific
organic impurities consisting of kerogen. The model is
based on the hypothesis that the permeability of
inclusions essentially depends on the pressure gradient.

Enhanced mathematical model for the equilibrium
two-phase (e.g. water-oil) flow in porous media is given
in [2]. Received results of the calculations are compared
with experimental data.

In [3] authors developed a mathematical model of
filtration  of  multicomponent medium  porous
environment in which the relative permeability of the gas
phase is replaced by a new expression, taking into
account the effect of viscosity, density and the capillary
effect of the mixture, and in [4] carried out the studies of
capillary pressure corresponding to triangular tensor
capillary diffusion in a three-phase fluid.

The work [5] is devoted to mathematical modeling of
oil and gas field development process with consideration
of the probability distribution of the parameters of the
object of study.

Problems of building integrated mathematical models
of multicomponent media filtration in multilayered
reservoirs and the flow of gas-liquid mixtures in the oil
and gas gathering pipeline networks are considered in
[6].

Modeling such a complex system is defined as the
process of calculating the generalized solution of the
initial boundary value problem for a system of equations
describing real physical processes in the reservoir, wells
(lifts) and oil and gas gathering networks of land-based
pipelines.

Questions of the mathematical modeling of non-
isothermal filtration in porous medium, in case that a
complete mixture flow is given, are considered in [7].

The problem related with the spread of the pressure
field in low-permeability porous medium with two wells,
which are connected by technogenic fracture is

considered in [8]. For this case, an approximate
numerical solution is received. The analysis of the effect
of the abovementioned fractures in the system
parameters is made; the responses of pressure in the well
are modeled. An inverse problem is solved using
numerical algorithm and the parameters of the system
are estimated for field data measured during
hydrodynamic study by hydro-listening.

In [9] the problem of transfer in the three-phase
mixture of a porous medium "water-gas-oil" in the case
where the water contains a finely dispersed gas phase in
the form of micro- or nano-bubbles is considered. It is
assumed that the transfer of bubbles is mainly
determined by the flow of the dispersed phase (water).
At the same time large concentrations of gas phase in the
pore space, as well as water and oil are carried in
accordance with the modified Darcy law for multiphase
mixtures. A mathematical model of motion of the
mixture is developed, when the main phase (water, gas,
oil) obey the equation of filtration, and the highly
dispersed gas phase is described by the kinetic equation
of the Boltzmann type.

2. Materials and methods

Taking into account the abovementioned facts, the
process of unsteady filtration of the fluid in
heterogeneous porous medium is considered in this
paper, which differs from each other by the
hydrogeological characteristics (fig. 1).

Let us consider the fluid filtration process in two
layers. Each filtration layer has a corresponding
pressure, which changes with time and the spatial
variable, depending on the coefficient of permeability,
diffusivity and thicknesses of layers and etc.

A mathematical model of the object is described by a
system of differential equations in partial derivatives:

d oP} L0 les
o ( (R) J 6‘y[k3(P3 _6y JJF
L0 Pl o
2 [ 3(R)—> J=5(M3P3);

[ ko »apz] ai(kz(a)a”z]

OP. oM, P,
ky(P) 22 |= 222
6[2<2)6J 2

2[4 2R or),
ax[kl(Pl) axJ ay[kl(P) y}

2
Lk 2 |- 200
oz 0z ot

with the appropriate initial and boundary conditions:
B (x,,2)|,_y = Pu(x.3,2);
Py (x,,2)|,_y = Bu(x,7,2); (4)
Py (x,9,2)|,_y = Bu(x,,2,1);

)
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Fig. 1. Schematic representation of the three-layer filtration field
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Here, when /=1 z varies in 0<z<H; at [=2
H <z<H,; 1=3 - H,<z<Hy; (Fig. 1), B - the
fluid pressure in the /-th layer; &,(F) - permeability of

M,

the /-th layer; ¢; - volumetric flow rate (at atmospheric
pressure) in the wells; my, z, - super compressibility
factor and porosity under normal conditions.

Parameters o, Oy, 0, O, B By By Ba
depending on the statement of problem can take the
values 0 or 1.

From the statement of the problem, it follows that it
is described by a system of nonlinear differential
equations in partial derivatives with the corresponding
boundary and internal conditions and it is impossible to
obtain an analytical solution.

To solve this problem we develop an efficient
numerical algorithm based on the finite - difference
approximation, by using differential operators whose
systems are replaced by the difference [10-14].

For the numerical integration of the equations (1) -
(3) and the corresponding boundary conditions (5) - (6)
we linearize the nonlinear terms as follows:
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To solve the stated problem, we approximate the
boundary conditions (5) - (6) with the second order of
accuracy of the spatial variable and get the following:
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where the boundary coefficients can be calculated as
follows:
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3. Conclusion

0 — %ay,.l—2 )ay J

P/,J =

A mathematical model is developed for the solution of
the problem, describing the dynamic process of filtration
medium with complex components in a heterogeneous
porous medium, which takes into account the interaction
between well-permeable layers with poorly permeable
layers with conjugation conditions.

To solve the problem nonlinear terms of equations
describing the process are linearized, and a numerical
algorithm based on the splitting the coordinate variables
is developed.

The developed mathematical software of the process
can be used for numerical calculations on a computer
with the purpose of analysis, forecasting, decision-
making for the development and projecting of oil-gas

fields under various conditions of influence on the
formation and adoption of specific practical
recommendations, depending on the hydrogeological and
geophysical properties of porous medium.

¢’1PIJ ( ¢’30‘y1 2)(0‘y,J—2Pl,J—1 +ﬂy,J—1)+

+53ﬂy,./71 = (1 - 54)Pca
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KBA3UOJHOMEPHAS MOJIEJb U AHAJTUTUYECKOE
PEIIEHUE 3AJJAYUM O PACIIPOCTPAHEHUY BOJIH
B TPYBOMPOBOJIE C JEMII®EPOM BO3MYUIEHUIA
JIABJIEHUS

Xy:kaeB U.K.
JI.T.H., BEAYIIUH HAYIHBIN COTpYAHUK [leHTpa pa3paboTKu MpOorpaMMHBIX MPOITYKTOB U
almapaTHO-IIPOrPaMMHBIX KOMITIEKCOB IpH TalIKeHTCKOM YHUBEPCHTETE WHPOPMAIIMOHHBIX TEXHOJIOTHHA,
ten.: +(99890) 349-70-61, e-mail: hujayev i k@mail.ru

Mamanaanen X.A.
cTapiuii HayqHbI coTpyaHuK L{eHTpa pa3paboTKu MpoTpaMMHBIX MIPOTYKTOB U

annapaTHO-IPOrPAMMHBIX KOMILIEKCOB IpH TamKeHTCKOM YHUBEPCUTETE HHPOPMAILIMOHHBIX TEXHOJIOT U,
Ten.: +(99893) 597-69-17, e-mail: husniddin_m1@bk.ru

C y4JeToM CHJI TPEHHS M TPaBUTAINH, JIOKAIFHONW COCTABISIONICH CHIIBI MHEPIIMH MOJIYICHO aHAIUTHYECKOE PEIICHHE
3a/1aui O PAcIpPOCTPAHCHUHU BO3MYILCHHUI JABICHUS M CKOPOCTH KHUIKOCTH Ha JIEMEHTAPHOM yJacTKe TpyOompoBoaa ¢
BO3YIIHBIM KOJIMIAKOM TPH IOJIHOM WJIM YaCTUYHOM IPEKpaIIeHUuH 0TOOpa. YUeT BO3AYIIHOTO KOJIMAKa MPOU3BEACH
o U.A.Yapromy. YpaBHEHHs] OTHOCUTEIBHO CTATHYCCKOTO AABJICHHUS U CKOPOCTH MOTOKA, MOCTPOCHHBIC U3 YPaBHCHUI
H.E.JXKykoBCKOT0, pemieHbl METOJIOM PACIpe/IeiiCHHs MEPEMEHHBIX JJIsi CMEUIaHHBIX PAHUYHBIX ycioBuil. Ha ocHoBe
MOJYYCHHOTO PCIICHHUS NPOBEICH BBIUMCIUTEIBHBIA JKCICPUMEHT, PE3YJbTaThl KOTOPOrO IO3BOJIMIIA BBISIBUTH
OCOOCHHOCTH CriakuBaHus (MpeoOpa3oBaHMs) BO3MYIICHUI JaBIICHUS M CKOPOCTH B 3aBUCHMOCTH OT PAa3JIMYHBIX
IapaMeTpoB, B TOM YHCIIE OT 00beMa BO3AYIITHOTO KOJITaKa.

KiioueBble cjioBa: TpyOoOmpoBOa, OTOOpP JKHUAKOCTH, PAacHpOCTpaHEHHE BO3MYIICHHH, MaTeMaTHUECKOe
MOJIeNIMPOBAHIE, BO3IYITHBIN KOJIAK, TejerpadHoe ypaBHEHHE, METOJ pa3leiieHHs MEepPEeMEHHbIX, BHIYUCIATEIEHBIN
9KCIIEPUMEHT.

QUASI ONE-DIMENSIONAL MODEL AND ANALYTICAL SOLUTION OF THE PROBLEM
OF WAVE PROPAGATION IN THE PIPELINE WITH A DAMPER OF PRESSURE
DISTURBANCES
Hujaev L.K., Mamadaliev H.A.

With the account of the forces of friction and gravity, the local component of the force of inertia, an analytical solution
of the problem of the distribution of pressure and fluid velocity perturbations at the elementary section of the pipeline
with the air chamber is obtained, with full or partial termination of the selection. The account of the air chamber is done
according to I.A.Charniy. The equations of the static pressure and flow rate, built due to N.E.Zhukovsky equations are
solved by variable distribution method for mixed boundary conditions. On the basis of the solution a computational
experiment carried out, the results of which revealed the features of smoothing (conversion) the pressure disturbances
and speed depending on various parameters, including the volume of the air chamber.

Keywords: pipeline, fluid consumption, propagation of disturbances, mathematical modeling, air chamber,
telegraph equation, variable distribution method, computing experiment.

BOSIM QO‘ZG*ALISHLARI SO‘NDIRUVCHIST ULANGAN QUVURDA TO‘LQIN
TARQALISHI MASALASINING MATEMATIK MODELI VA ANALITIK YECHIMI
Xo’jaev 1.Q., Mamadaliyev X.A.

Qarshilik va og‘irlik kuchlari hamda inertsiya kuchining lokal tashkil etuvchisi hisobga olinganda havoli qo‘shimcha
hajm ulangan qiya quvurda suyuqlik olishning to‘la yoki qisman to‘xtatilishi tufayli hosil bo‘lgan bosim va tezlik
qo‘zg‘alishlari tarqalishi masalasining analitik echimi olingan. Quvur oxiriga ulangan havoli qo‘shimcha hajm
[LA.CHarniy taklif etgan usulda hisobga olingan. N.E.Jukovskiy tenglamalari asosida qurilgan bosim va tezlikka
nisbatan alohida tenglamalar aralash chegaraviy shartlar uchun o‘zgaruvchilarni ajratish usulida echilgan. Olingan
echim asosida o‘tkazilgan sonli tajriba bosim va tezlik qo‘zg‘alishlarining havoli hajmning kattaligi va boshqa turli
omillardan bog‘liq holda so‘nishi xususiyatlarini o‘rganish imkonini berdi.

Tayanch iboralar: quvur, suyuqlik olinishi, qo’zg’alishlar tarqalishi, matematik modellashtirish, havoli qo’shimcha
hajm, telegraf tenglamasi, ozgaruvchilarni ajratish usuli, sonli tajriba.
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1. BBenenue

Kak rmokazamm  pesynbrarbl  paborel  [1], npm
OTKJIIOYEHWH  IOTpeOMTEeNst B KOHIE  ydacTKa
TOPU30HTAJIBHOTO M HAKIOHHOTO C MaJlbIM YKIOHOM
TpyOOIIPOBOZOB Ha JaHHOM  y4acTKe OXKHIAeTCs
Ype3MepHOe YBeJNWUYeHHEe paBieHus. [lpu OGonpmimx
TTOJIOKUTETFHBIX YKIIOHaX TPyOOIpoOBOAa, OCOOEHHO B
ciIydae HaNpaBJICHHOTO BEPTHKAIBFHO BEPX HMCXOIHOTO
MIOTOKa, TOPMOKEHHE IT0OTOKA IPUBOAUT K OOJBIIUM
CKa4yKaM JaBJICHUS B HIDKHEM KOHIIE YJacTKa.
[IpomomkuB TemMy paboTsl [1], B HacTosmiei cTarbe

paccmarprBaeM 3a1a4y 0 pacrpocTpaHeHu!
BO3MYILCHHH JIaBJICHHST M  CKOPOCTH IIOTOKa B
HAaKJIOHHOM  TpyOONpoBOJE, K KOHIy KOTOPOTO

MOJKJIIOUEH BO3YLIHBII KONMaK.

MartemaTuueckass MOJENb IOCTPOEHA Ha OCHOBE
MmarepuasioB pabor [1-3]. Ilpu sTOoM mnomaramm, 4rto
IIyT€BOE U BPEMEHHOE W3MEHEHMs [ABJICHUS CBSI3aHbI
JIOKQJIbHOM COCTAaBISIOLIEN CHJIBl HHEPLMM, CHUIAMH
COTIPOTHUBIICHUS u TpaBUTAIIHN. [Momyuennsie
OTHOCHTEIFHO JABJICHHUS M CKOPOCTH MOTOKA ypaBHEHUS
muHeapu3oBaHbl 0 M.A. YapHOMY B pEIIeHB METOJOM
pa3zeneHns IepeMEHHBIX.

[TonyueHnHble pe3ynbTaThl MO3BOJWIM U3YUUTH POJIb
BO3JIYIIHOTO KOJIMAKa IMpU TalleHMH BO3MYLICHHIA
JIaBJICHUS] U CKOPOCTU MOTOKA.

2. IlocTaHOBKA 3a1a4H

Cucrema KBa3HOJHOMEPHBIX YpPaBHEHHUH COXpaHEHUS
UMIOyJIbCa W MacChl MAaJIOCKHMAEMOU  JKHIKOCTHU
(p ~ const ) IO HAaKIIOHHOMY TPyOOIIPOBOAY MMEET BUJ
[1-3]:
Op ow dy
-——=p| —+2aw+g—|,
ox p(& e
19 ow
D,
ot Ox
3nece p(x,t) , w(x,t)

ey

CTaTUYCCKOC MOaBJICHUC U

CKOpPOCTh JKMJKOCTHM Ha pAacCTOSIHUM X OT BXOJa B
y9acTOK B MOMEHT BPEMEHH f; g — YCKOPEHHE CHIIBI

sokectu; a = Aw, /(4D) = const ; y(x) — HuBeaMpHas

BBICOTA OCH TpyOompoBoga (B pamMkax pabOThI

y .
NPUHUMAETCS d_ =SsIna = const); W, — xapaktepHas
X

JUIL  paccMaTpuBacMOro Mpomecca CKOpOCTh, L —
IUIOTHOCTb KHUAKOCTH.

CKOpOCTh MaJIBIX BO3MYILECHHUHN [IaBJICHUS B CHCTEME
TpyOa-KuaKocTh B [4] onpeneneHa ¢popmyon

-1
gz.&+2&
k ES )’
rae ,00 u D - INIOTHOCTh XKHUJIKOCTU U ,HI/IaMeTp

TpyOorpoBona ©Oe3 BO3MyLIeHWH npaBneHus; k , £ —
MOJYJIH YIPYTOCTH TPAHCIOPTUPYEMOH JKHIKOH cpempl
U Matepuana Tpyobl; § — TONIIHHA TPYObI.

3amaua permaeTcs UL JEHCTBYIOIIETO
TpyOOoTIpoBOA. Ucxonnas CKOpPOCTB MOTOKA
NPUHAMAETCS  PaBHOM W, HUcxongss w3 aroro,

OMpe/IeJICHO Ha4yalbHOE pACIpEe/ICHHEe NaBICHUS 10
TpyOOITPOBOAY COINIACHO MEPBOMY YPaBHEHHIO CHCTEMBbI
(1) u chopmMupoBaHbl HAYATLHBIE YCIOBHS:

t=0: w=w,,
: )
p(x,0) = p,, —2apw,x — pgsinax.
3necy p,, = p(0,0).
I'pannunoe ycioBue Ha
NPUHUMAETCS B BUJIE

p(0,8) = p,, . (3)
CumTaercs, 4TO Ha BBIXOAE M3 Y4acTKa C JUTHHOM [
3a1aH 00beMHBIN pacxon xuakoctdn O = Q(¢) . K koHiy

BXOJle TpyOompoBoIa

y4acTKa NOAKIIOYEH BO3MYLIHBIH KOJIIAK, B KOTOPOM
cpenHue O00BEM W JaBICHUS BO3JyXa COCTABISIOT
", D, - Yepez y o0Oo3HaueHO yBenuueHue oObBEMA
KUAKOCTH  (yMeHbIIeHHEe  oObeMma
BO3/YIIIHOM KOJIIIAKEe 10 BPEMEHH.
bananc o0bema >KHIKOCTH B BO3IYIIHOM KOJIIIaKe
OINCHIBAEM B BUJIE

d
B (rw).,-00).

3neck f=zD’/4 — mnomanas MONEPEYHOTO CEUECHHS

BO3llyXa) B

TpyOOTpOBOIA; ( f w) ., — OOBEMHBIH PacXOM KHAKOCTH,
BTCKIIICH B KOJIMIAK.

[IpuHUMaeTcs, 4TO BO3AYX B KOJMAKE CKUMACTCS
nzorepmuuecku. Torma u3 ypaBHeHus MeHpaesneesa-
Knaneiipona cnegyer paBeHCTBO

pVy=pl,—y).

OTcrola HaXO/IMM 3HAYCHHE JTABJIICHUS HA BBIXOJIC U3

KOJIIaKa:

oV,

V,—y

Ilonaras V, >>y,npu p = p, , IoJTy4aem

_ 1
1-y/V,
pzpo(l-l-y/VO).

Otcrona MOXKHO HalTH, 4TO ) = MV0 "

pO
dy _V, dp
@ ad
C npyroil CTOpPOHBI, COTNIACHO BTOPOMY YpPaBHEHHIO

cuctemsl (1), W3MEHEHHWE  JaBJICHHUS  CO3/AeT
OTIpe/ieICHHbII IPaIHeHT CKOPOCTH B TPYOOIIPOBO/IE:

U3 Yero JJIsi KOHIA TpyOOIpoBO/a CIIEAYET YCIOBHE
dy pc’V, ow(l,t)
dip, ar
B cBa3u ¢ 3TMM ypaBHeHHe OayaHCa MacChl Ha
BBIXOJI€ U3 TPYOOTPOBOIa IPUOOPETACT BH]T
pc’V, ow(l,t)
PaccmatpuBaercss Bapuant (Q(f) , Korma CKOpPOCTb
MOTOKa B KOHIIE TpyOompoBona mpu f=(0 MIHOBEHHO
nepexomut w3 w, Ha A : Q@)= f A nupu t>0. Ipu
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9TOM 3HAa4yeHHE JaBJIEHUA p, Ha BXOJe B TpyOONPOBOA
0CTaeTCs MOCTOSHHBIM.

be3 Bo3ymHoro konmnaka (1.e. npu ¥, =0) ycnosue
(4) cnenyer Opats B Bune w(l,t)=A [1].

B memom, Takas TOCTaHOBKA 3a/add OTJIMYAETCS OT
[1, 2] Tem, 49TOo 37€Ch MOTOJHUTEIHHO YYHUTHIBAETCS
HaIM4Yhe  BO3AYIIHOTO  KOJIaKa, HWCXONHOE |
MocJeTyronIee pacipeaesieHie AaBJICHAS O BIMIHUEM
MTOCTOSTHHOTO YKIJIOHa TpyOompoBoaa ¢ kodhdumreHToM
sina .

3. Merona pemeHust

CHavanma pemaercs 3ajada OTHOCHTEIBHO CKOPOCTH
moroka w(x,f) , I 4Yero u (OpMHpPYEM KpacBbie
YCIIOBHSL.

Ucxonnas CKOPOCTb MOTOKA oJaraeTcst
HOCTOSHHOM: W(X,f)=W,, U TaK OHa COXpaHA1ach J0

MOMEHTA BPEMEHHU [ = 0. HOBTOMy MOXKEM IPUHATH

ow(x,0) —0.
ot
Ha BXozme B y4acTOK MOANEP>KUBACTCS IMOCTOSTHHOE
110 BPEMEHH 3HAYCHHUE [ABJICHHMS: @ =0. Torna,
t
COIJIaCHO BTOPOMY YypaBHEHMIO cuUCTeMBbl (1), MOXHO
NIPUHATD w =0.
Ox
C yderoM (4) KpaeBble YCIOBUSI UMEIOT B[
ow(0,1) ow(l,t) )
—==0, f———=+w(l,1)=4,
ox Ox
2
V
rue ﬂ = & (> 0) .
/)

[epexpectHbiM nHdepeHINPOBAHNEM YpaBHEHUMH
cucrembl (1) cocraBisiercst ypaBHEHHWE OTHOCHTEIBHO
CKOPOCTH TTIOTOKA YKHJIKOCTH:

2 2
OV g 20w (6)
or’ ot ox?

B 3amaue (5) wu (6) rpaHUYHBIE YCIOBUS
NPEACTABISIIOTCS B OAHOPOJHOM BHJIE, JUIL YEro
BBOJIUTCS] HOBast HICKOMast

u(x,t) =w(x,t)—A4. @)
Kpaesbie ycnoBus (5) mpeoOpasyroTcs:
u(x,0)=w, -4, M=O;
ou(0 0 E;t ®
M:o, ﬂM+u(l,t)=0.
Ox Ox

YpaBHeHHE ocTacTcs 03 U3MCHEHHS
2 2
LIS LAY )
or ot ox’
Jnst pemenust 3amaun (8)-(9) Oymem mNpUMEHSTH
METOJI pa3zeiicHHs TIepeMeHHbIX [4,5].
Ilomaraem, 4to

u(x,t)=T{)X(x) .
Torna ypasaenue (9) npuHUMaET BUI

T'()X(x)+2aT'() X (x) = T(1) X' (x) .
OTC}O,Z[a COCTaBJIAKOTCA ABTOHOMHBIC YPaBHCHUA
OTHOCHUTCJIIBHO UCKOMBIX:

T"(t)+2aT'(t) X"(x) _

cT( X(x)

Jdns X(x) ypaBHeHHE UMeEET BHI
X'"(x)+ A’ X(x)=0.

BO3MOXKHO,  €CIIH

-1’ <0.

Takoe byakmus X (x)
NpPEJICTABISIET CHHYC U KOCUHYC apryMeHTa Ax .
YenoBusimu st X (X) , COTIIAaCHO TIOCIEIHUM JBYM
ycioBusM u3 (8), OyayT
X'0)=0, X'(O)+pX({)=0.
Pemienue uniercs B Buae
X(x)=AsinAx+ BcosAx.
Torna rpaHn4HbIe YCIOBUS IPUHUMAIOT BUJI:
AAdcos0—BAsin0 =0,
PAAcos Al — BBAsin Al +
+ Asin Al + Becos Al = 0.

W3 nepBoro ypaBHenus cienyet, 4to A =0 (4 #0).
Torna u3 BTOporo ypasHeHus pu B # 0 nosydaem
—Afsin Al +cosAl=0.

OTcroma COCTAaBIISIETCS yPaBHEHHWE OTHOCUTEIIBHO
coOCTBEHHOI0 uncia A 3a1adu

tgAl=1/(pA).
IIpencraBus fgAl u 1/(fA) B mepBoM KBamapaHTe
KOOpAWHATHOW TwiockocTH (A, y) , ybOemammcs, dUTO

YpaBHCHUC UMECT CYHETHOC KOJINYCCTBO peHIeHI/Iﬁ " npu
A>0 BOo3pacTaromue €ro 3Ha4YCHUdA  COCTaBJIAIOT

nocienoBarenbHocTs A4, A,, A, ..., 4 ,...

Takum 00pazom, COOCTBEHHBIMU (QYHKIMSIMH 331a4H
no x ectb X, (x)=cosA x, rae A, — TNONOKUTENIbHBIE

PCILICHHS TPAHCLUCHACHTHOTO YPaBHECHHS
1gAl=1/(p4,).
Cnenyer ormeruts, uro mpu V, >0 ( f—0)

ypaBHEHHE  OTHOCHTENHLHO  COOCTBEHHBIX  YHCEN
npuHuMaer Bux cosA /=0 . C ywerom X (0)=0
COOCTBEHHBIMH byHKIIUAMEI OynyT CITYKUTh
2n—1 2n—1

X (x)=cos =~ % npu 4, =2 %[1,5].

JokazaHa  OPTOHOPMHUPOBAHHOCTH  COOCTBEHHBIX
¢yaxomii 3agayn (8)-(9) mo X :

1

] l in> A/ _
_[X,,(X)Xm(x)dx: 2( + Bsin® 4,1) npu n=m,
0

0 ipu n # m.

CpaBuenue co ciyuaem S =0 mnokaszano, 4to B
JAHHOM MPEJCTABICHUHM KBAAPaT HOPMbI YMECTEH IJIsi
ciy4aeB kak ipu =0, Tak uipu S#0.

Tax xak coOCTBEHHBIC 4YHcna A4, W3BECTHBI, MOXHO

NPUCTYITUTH K HaXOXJICHUIO COOCTBEHHBIX (DYHKIUH IO
¢t W3 ypaBHEHHMS

T'(1)+2aT' () + AT (£) = 0.
Cocrasisgercs XapaKTCPUCTUICCKOC YPAaBHCHUC
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s +2as,+c’A7=0.
B 3aBucuMocTH OT 3HA4YeHUS 4YETBEPTOH YacTH
D =a-cA
XapaKTePUCTHUUECKOTO ypaBHEHUS OYIyT

(Su )1.2 =-a i\/97” .

Osxuparores Tpu BapuanTa pewenus 7 (¢) [1,4]:
e’“’(Anch\/ZTﬂt-i-anh\/EnI)

npu D, >0,
T({t)=5e“(4,+B) npu D, =0,

e (A4, cos| D, [t+B,sin,/| D, |f)

npu D, <0.

JUCKPpUMHHAHTA KOpHAMUA

B paccmartpuBaemoii 3amaue 4 , ¢ U A HMEKOT
HOJIOKUTENIbHBIE 3HAYEHHUs, TI03TOMY ycjloBus 2, >0,
D,=0n D, <0 MOKHO 3aMEHUTh HA PABHOCUJIbHbIE
ycnoBus  a>cA,

a=cA, M a<cAd , 4eM H

MOJIb3yeMCs Jalee.
Takum o6pazom, monydeHo penierne 3anaqu (8)-(9):

e (A ,ch\D, t+ B, sh\D,1)
npu a > cA,,
u(x,0)=Y| e“(4,+B) npua=cl,

e (A4, cos | D, [t+
+B,sin/| D, [t) npu a <cA,

I[lo dopmyne (7) ocymecTBisercs

nepexo]] K CKopoctu w(x,?):
w(x,t)=A+u(x,t)= A+

A,chD, 1+ B sh\[D, 1

npu a>ch,

cos A, x.

00paTHBIT

+e"“i A +Bt

n=l

npu a=ch,

A, cos || D, [t+B,sin,/| D, |t

npu a<ch,

cos A, x.

Haxonum 3Hadyenus koddounuentos 4, u B, .
CornacHo nepBomMy ycioBuro u3 (5), umeem
Ww,—A=) A cosAx.
n=1
[IpenBapuTessHO YMHOHB o0e CTOPOHBI
HOCJIEHET0 PAaBEHCTBA HAa COS A Xdx , HHTErpUpyeM II0
x or 0 go / . C ydeToM OpPTOHOPMHPOBAHHOCTH

COOCTBEHHBIX (DYHKITUH TIOJTydaeM

(w, — A) sin A, [ 4 ||X "2 .

n

Ortcroa clieflyer, uto

n

4 =204 G
X

Oo6paTtuMcst ko BropoMy ycinosuto u3 (5). CornacHo
MOJYYCHHOMY pEIICHHIO, €r0 MOXKHO IPEJICTaBUTh B
BHJIE ZZ'(O)XH (x)=0. Tak kak X, (x)# 0, To KOKHO

n=1

n

obiTe T(0)=0.

W3 ycnosus 7)(0) =0 cienyer

Sy _ano )smll
[

31eCh MOJIB30BAIINCE 0003HAYEHUEM

\/STH npu a > cAh,,

v, =131 npu a =cAh,,

1D

B cBsi3u ¢ 3TUM pellieHne OTHOCHUTEIBHO CKOPOCTH
MOTOKa proOpeTaeT 00Jiee MPOCTOM BU/L:

Wz, 1) = A+ (w, - A)i sind !

4%,
e chﬁt+\/;_nsh\/5nt npu a >cl,,

e“(l+at) mpu a=ci,
X cos A x.

e | cos,/|D, |t + ,_st Lt

mpu  a<ch,

npu a < cA,.

n

[IpuctynuM K pEUICHHIO 33a4d  OTHOCHUTEIBHO
nasieHust p(x,t). K coxanenuro, mepexoa K €IHHOMY

YpaBHEHHIO OTHOCHUTEJIBHO AaBJieHUsT p(x,¢) Tuma (6) He

yIaJoCh, TaK KaK ycioBue (4) HE MOIJIH IPEICTABHUTh
yepe3 p(x,f) B TPOCTHIX BhIpakeHUsX. IloaTomy
obpaTwiuch K ypaBHeHUsM cucteMbl (1), Tme w(x,?)
CUMTAIN 3aJaHHON (PYHKITHCH.

[Ipu uHTErpUPOBaHUY MEPBOTO YPABHEHUS CUCTEMBI
(1) mo gmuue X ¢ rpanuuHbIM ycaoBueM p(0,f) = p,
HNOJYYWIM pEIICHHE, KOTOPOE IO3BOJIMIO HOCTPOUTH
rpadukn  maBneHma. Ho, oxa3asioch, 9T0 B TaKOM
pEIIeHNH TTepexo]l TUHAMUIECKOTO JaBJICHUS KHUIKOCTH
Ha CTaTHYeCKOe, MPH TOPMOXKEHUH HOTOKA, BBIPAXKAJICS
B HeznocTtaTouHou mepe. [losTomy cnemyromiast monsITKa
MPOBOIUTCA HMHTETPHPOBAHHEM BTOPOTO YpaBHEHHS
cuctemsl (1) o 7 :

(10)

oTpezeNseTcs

ow(x, t)
p(x.t) = p(x,0) - pc j -

3nayeHne gaBieHus 1pu (=0
BTOPBIM YCJIOBHEM U3 (2).

[lpexxge dYeM MPUCTYNHTh K HHTETPHPOBAHHIO,
cHayama guddepenumpyem  w(x,f) mo x. Jas
oOneryeHus 3aicH MpeacTaBuM w(x,t) B BHIE

=, sinAd/

w(x,t) = A+ (w, A)Z —— T TO ()X (x).

|| n ||

CHayvasa BeImosHUM nuddepeHnupoBanme:
X!(x)=-4,sinx.

[lepexoauM K HHTETPUPOBAHHIO.

IIpu &k =1 umeem

TV =e"

ch\/9_nt+\/%nsh\/©_nt =
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1 a
=—||1+ P SR

a

ITosToMy HCKOMBIM HMHTETpajd HMMEET CIEAyIOUUn

BUJL:
T [ 2a(e “’ch\/7t 1)
—\/9_”—\/0;;7 e"”sh\/@_”t .

3nech ucnoNb30BaIM TOKAECTBO @’ —D, =c’ A’ npu
D, >0.
IIpu k =2 umeem
T?(t)=—e"(1+at).

3HaueHneM uHTErpasa GyaeT

t - _2a e*[’l _1 _azteflll

[T (t)dt = ( _ ) .

0 ¢ ﬂ/ﬂ

2 212
31ech MCMONB30BAIM PABEHCTBO a@ =C A, KOTOpoe

e(—ﬁJD—n "

j O (1)t =

BBITEKACT U3 D, =

Wnpu k =3 nmeem

TO(t)=e" cos \|D t+\/_51n,/ el
Hurerpupys, nonyqaeM

IT<‘>(t)dt [2a(e cos [0, ]r-1)+
Jo.l

3nech, yuursiBasg D, > 0, HCHOJIB30BAIM PABEHCTBO

IMoxcraHOBKa STHX WHTETPANOB TNPUBOAUT K
CIEIyOMmEMY:
j-f)w(x,t)dZ (w, A)Z s1n/ll
) ox C n=1 12|
—2a (e""ch\/D—”t - 1) +
2
_\/@_n_ \/% e’“’sh\/@_nt
npu a > cA,,
x| —2a(e —1)-a’te npna=cA,, |(-sinAx).
—2a (e"” COS 4 /|5Dn |t - 1) +
2
+ .[|’Dn —ﬁ e sin,/|©ﬂ t
npu a < cA,
MoncranoBka ero B (10) u mocienyromee

YIpOIIEHHE 0T
p(x,t)=p, — pgsinax—2padx+

> s1nll
KA vy

—2a (e"”ch\/D_”t - 1) +
/o - ﬁ e sh D1

npu a >ch,

x| —2a (e"” - 1) —d’te™ mupua=cl, [sindx

—2a (e"” COS 4 /|©n |t - 1) +
2
+ |®n ——%_|esin |®“|t
ey

npu a <cA,

CpaBHEHHE C pEIIeHHEeM, KOTOpOoe OBbLIO TOJTydYeHO
MIPY WHTETPUPOBAHUHU TIEPBOTO ypaBHEHUS cucTeMbl (1),
MOKAa3bIBAET, YTO ClIaraeMble M0/ CyMMOH, KOTOpbIE HE
3aBUCSIT OT ¢, BBINA/IANN P BHIYUCICHUH POU3BOIHOM

ow(x,t)

ot
NepBOTO  ypaBHEHHs cucTeMbl (1) modydmics He
MOJIHBIM.

[TosTomMy pe3ympTaT IMpH WHTETPUPOBAHHH

OcTaHOBUMCS ~ Ha  HAaXOXKAEHUM  3HAYEHHH
COOCTBEHHBIX UHCeN A, .
3HaueHHst coOcTBeHHBIX wncen A, mpu [=0

MPUBEICHBI BHIIIE.

Ipu f#0 3HaueHuss COOCTBEHHBIX YUCEIT TIOTYUCHBI
pelIeHneM TPaHCLEHJCHTHOTO BEKOBOI'O ypPaBHEHHSI.
Jns  oTOM menum  cHavalia  BBIACIMIA  TPaHUILY
NPOMEXKYTKa  MPUHAUICKHOCTH N -0 KOpHS
(n-1)<Al<(n-0.5)7, nanee A1 3TOro MPOMEXYTKA
NPUMEHSITH MeToN auxatoMuu [6]. OrpaHHIuiImch
nepBeIMA 36 araMy MpHUOIMKEHUsS, 9YTO 00eCTIeunBaeT

tounocts 10° mpm omnpenenenun A, UL JTMHBI

yuactka / =1000.0 m.

4. O0cyxneHne pe3yibTaToB

Pacuerst mpoBogwiiMCh cOrjacHO JaHHBIM ©3  [1]:
D =0.200 M, A =0.018, c=1200.0 Mm/c,
w, =w, =12.0 m/c. lllar nno Bpemenu cocrasui [/ (4c).
Yucno uneHoB pasznoxxeHus cocrasuino 500.

Ha puc. 1 mpuesneHsl rpadyiku CKOpPOCTH IOTOKA
yepe3 KaxIblii BTOpOil oTpe3ok //(4c) Mt UIMHBL

TOPU30HTAIBHOIO Yy4acTka | xm mpu sina =-1 ,
A=0.0001 ar’.

Topmoskenue, coBepiieHHOE npu ¢ = 0 , IPUBOAUT K
00pa30BaHUIO BOJHBI YIUIOTHEHHS, KOTOpas HAaYMHACT
nepeMemaTbcs MPOTHB IBM)KCHHUS TIOTOKA, ITOCTUTAET
JIEBOr0 KOHLIA y4YacTKa Ipu / /¢, COCTaBiIssl MOHOTOHHO
yObBaromryro nuHHIO. [lociie mocTkeHMs Hadana
ydacTKa KpWBasi CKOPOCTH NepeBopaunBaeTca. Ecim B
npomexytke (0; //c) KpuBBlE WMEIM 4YacTH: HE
JocTuruias  (POHTOM  YIUIOTHEHMS, CaM  CKaudoK
VILUIOTHEHHS M YaCTh MOCJCICTBHS BOJHBI YIUIOTHCHUS,
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to npu (//c; 21/c) mumeer mecto oOpaTHas KapTHHA.
Ecii B mHEepBOM IIPOMEXKYTKE KpDHUBBIE W=W, U
w=w(x, //c) cocTaBuiu Bu3yajJbHble OTUOAIOIIUEC
KpHBBIE CKOpOCTH, TO B npomexytke (//c;2l/c)
BU3yallbHBIMH ~ OTHOAIOIIUMU  CIy4YasMH

w=w(x,l/c)u w=w(x, 2l/c).

SIBJIAFOTCS

[lepBas u mocieayoole BU3yalbHbIE OTHOAIOIINE

o6pa3013am/101> noa BIHUAHHUEM  CHUIIBI

TpeHHs, dTO

—at
OGYCHOBJIGHO MHOXXHTCIIEM € . CioBo «BU3YyaJIbHas»
OTHOCHUTCIIBHO OFI/IGaIOH.[I/IX HCIIOJIb30BAaJIM B CBA3U TCM,

YTO OHH CIIy’KaT B Ka4eCTBE Kaxylleics orudaromnei, Ho
He caMoi orubarouieid. ITo 0OBACHAETCS TEM, YTO TPH
OonpIIMX AJMHAX y4YacTKa OHHM, KpOME IepBOM
orubaromeit (w = wj ), OTXOIAT APYT OT JpyTa.

Ecmn nepBas orudaroras

w(x,0) =wy =const , TO BTOpasd

COCTaBJIsIIa
BU3yallbHAs
orubatommast OynmeT yObIBaromied, TPeTbs BH3yaslbHAs
orubaromias w(x, 2//c)— Bo3pacTtarouieii u T.1. Bce onn
npoxozst yepe3 Touky (/; 0). IlpenenbHblil MX nepexon

cootBeTcTBYeT W(X, nl/c)=0 — COCTOSHHIO MOTOKA.
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Puc. 1. H3menenue cpedneti ckopocmu nomoxa scuokocmu npu L =1000.0 m, sina =-1.0, V, = 0.0001
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To, 4ro orubaronye kKaxyugecss (KpOMe UCXOIHOTO
pacmpe/ielieHus] CKOPOCTH), OoJiee SIPKO MPOSBISCTCSA B
KPHBBIX J1aBiieHus (puc. 2).

Huxnsas JeficTBUTENIbHAS orubaroras
COOTBETCTBYET KpuBOi nHaBneHust p(x,0) . Ckauox

YIJIOTHEHHsA, OOpa30BaHHBI TOPMOXKEHHEM MOTOKa,
MIPOABUraeTCs NPOTUB MOTOKA U MpU ¢t =[/c¢ AocTUTaeT
JIEBOr0 KOHIA ydacTka. CKadok JaBleHUs, B OTIMYUE OT
CKauKa CKOPOCTH, HE IEPEBOPAYMBACTCS M B TAKOM XK€

HnopsAke Bo3Bpamiaercs Hazal. OTpaxeHHe BOJIHEI
JIaBJICHNWS B KOHLAX Y4YacTKa CBA3aHO C MEpexXoJoM
KHHETUYECKOM OSHepruu K ymnpyroit nedopmanmu
JKHJIKOCTH M CTEHKHM TpyOompoBoma ¥ 0OpaTHBIM
IepexojoM K KHHeTHYecKoW osHepruu. Kaxymmecs
BTOpass U TpPEThs OTMOAIOIINE COOTBETCTBEHHO OynyT
BO3pACTAlOIe MW YOBIBAIONIME, KOTOPBIE IPOXOIAT
gyepe3 Touky (0, pgg) - C HcTeueHHEM BpEMEHU OHM

CTPEMATCA K COCTOSTHHUIO TTOKOS.

30
e 20
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0
0 200 400 600 800 1000
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- =1111 - — 1,389 1 G5
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5
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— g A — . 4,732 —_—
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— - GO - o =T 252 S "
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0
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Puc. 2. Jlunamuxa uz6u61mouno20 cmamucmuiecko2o 0agnets Ha 31eMeHmapHom yuacmie
. 3
npu L =1000.0m, sina =-1.0, ¥, =0.0001.n
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C yAnMHEHHWEM YydYacTKa OTMOAIOUIUE OTXOISAT OT
CBOMX CcOCTaBIITtONIMX. KpuBBIE CKOpOCTH OymyT ONH3KU
KpUBBIM, KOTOpPBIE TOJYYAlOTCS MPU PEIICHUH 3aJauu
TEIUIONPOBOAHOCTH C YCJIOBHEM BTOpPOrO poja IpH
x=0 wu mneporo poma mnpu x=1[ KonuuectBo

BUAUMBIX CKAaYKOB YMCHBIIACTCA C YAJIMHCHUEM YYaCTKa.

Hanpumep, npu minune / =10 KM OTpaK€HHasl B IpaBOM
KOHIIE BOJIHA CKOPOCTH JOCTHUTaeT JIeBOrO KOHIIA CO
sHaueHueM ~ 11 m/c. A tpu ¢t > 2//c OHM BU3yaTBHO
He HaOmomaroTcs. Takas jke KapTHHA HAOIIOMaeTCs JJIs
KPHBBIX JaBJICHHUS.

C cokpameHWeM [JIMHBI yd9acTKa
BUAMMBIX OTPaXCHUH YBEIMINBACTCS.

Takme QaxTel ciy’kaT B TOJB3Y IOCTOBEPHOCTH
MOJlyYCHHBIX  PE3YJIbTAaTOB, TaK KaK CYIIECTBYET
rpajanus TpyOONpPOBOIOB HA «UIMHHBIC» H «KOPOTKHUEY,

KOJINYCCTBO

rae  npeoONagarT  CHIIBI
COOTBETCTBEHHO [2, 3].

IIpu panHHOW ANMHE ydvacTKa OUHAMHUKA CpeIHei
CKOPOCTH IMOTOKA OCTaBaJIACh MPAKTHYECKU OJHMHAKOBOU.
Ho c¢ yBenmuenweM o00beMa BO3IYIIHOTO KOJIIAKa
CYIICCTBCHHBIC HM3MCHCHHS IPETCPICBAIN  KPHUBBIC
JTABJICHUS B COOTBETCTBYIOIINX BPEMEHHBIX HHTEPBAIAX.

Ha puc. 3 npencraBneHsl N3MEHEHHS NaBICHUS TIPH
Vo =0.1 M um L=1000 wm JUIS.  TOPU3OHTAIBLHOTO
TpybompoBona. B ormume ot puc. 5 u3z [1], B aTOM
clydae MaKCHMAllbHOC JABJICHUE, JOCTUTaeMoe IIpU
t —>1/c, mpakTHYeCKM Ha TOPSIOK YMCHBIIACTCS.

Tpex3BeHHOCTh  KPHUBBIX JIABJICHHS TaK JKe€ He
Habmonaercs. KpuBble CTPOro OrpaHHYEHbl MEKAY
IByMs KPHUBBIMH JHaBieHUs: cHu3y p(x,0) , cBepxy

p(x,l/c).

TPpCHUA u nHEepUUn

-10
-12
-14
-16
-18
-20

p, MMNa

0 200 400

600 800 1000

Puc. 3. Hzmenenue uzbdblmouno2o cmamucmuiecko20 0As1eHUs 8 CeS3U ¢ MOPMONCEHUEM HCUOKOCTIU
o . 3
6 konye yuacmka c¢ onuroti L =1000.0 m, sina =0.0, V, =0.1m

0 =
c
s -5
a
-10 X, M
0 200 400 600 800 1000

Puc. 4. H3menenue uzdblmouno2o 0asnieHus, eciu K KOHYY Y4acmra noOKIOYeH 6030V UMb KOINAK
3 .
c oovemom 10 M7, sina =0.0, L =1000.0 m

Kak u B ciiydae ¢ yAJMHEHHEM Y4YacTKa, B ITOM
cirydae TakKe HaOJIOZall CBOEOOpa3HBIM Tepexon W3
MapaboIMIHOCTH PEIIeHUS K TUIIEPOOJIMIHOCTH B CBS3H
C yBelIMYCHHEM o00beMa BO3AYLIHOrO Konmaka. Ilpu
CPEIHUX 3HAYCHHAX V[ mepen HBIPKOM (WM CKAauKOM

BEpX) B KPHBBIX JaBJICHHsS 0Opa30BaJICH BBHIMYKJIOCTH
(MM BOTHYTOCTH) B KPUBBIX.

Kax BumHO, ¢ yBeIHUCHHEM 3HAUCHUS Tlapamerpa [
(T.e. V) 4acTu KpUBBIX, COOTBETCTBYIOUIME CKAUKy H
IOCJIE CKayKa, CIIMBAIOTCSl U COCTABISIIOT EUHYIO OoJiee
INAAKYI0 KpuByro. s mpumepa mpeicTaBUM KPHUBBIC
CKOPOCTH M JaBJIEHUs, MONydeHHble npu Vjy =10 o
(puc. 4). KpuBble CKOPOCTH 110 BPEMEHHU PacroararoTcs
CBepXy BHHU3 (HE IepeceKasch), a KPHUBBIC aBICHUS
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pACIIONararoTCss MEXKAY IBYMsS OTHOAIOUIUMH BOKPYT
psIMOIt
P(x,1) = pog —2apwox,

KOTOPBIC PACIIONIaraiich JOCTATOYHO OJIU3KO.

BrsiBiIeHO, 4TO 7151 TOPH30HTAIBHOTO TPYOOIIpOBOAa
CO CpeAHEN JUIMHOM MOAKIIOUYEHHE BO3YILIHOTO KOJIaKa
MIpH MaJbIX €ro 00beMax MPHUBOTUT K CIIIAXKMBAHUIO
CKayKa, a YBEIMYCHNE 00hEeMa BO3AYIIHOTO KOJIaKa — K

JIaBJICHUSL. UpesmepHoe yBEJIUYEHHUE o0bema
BO3JLyLITHOTO KOJIIIAKA MPUBOJUT K OBICTPOMY IIEpEXony
K COCTOSHUIO IIOTOKa TaK, YTO MHTEpBal H3MEHEHUS
JIaBJICHUS TI0 BPEMEHHM CTPEMHTCS K HyJ0 (cM. puc. 4).
IIpenensHOE COCTOSIHME ISl CKOPOCTH COOTBETCTBYET
MOKOI0, a M JaBJICHUs — PaclpelesiCHHUI0, COIJIaCHO
3aKOHAM COTIPOTHUBIICHUS W TPaBUTAIUH.

yMeHBH.IeHI/I}O aMl'[HI/ITyZ[BI CKa4YKOB CKOpOCTPI nu
15
S 1 I e MW WS —
¥ 5 |
0 : : . : :
0 400 800 1200 1600 2000
— - = 0,556 - =1111 —— 1,667
— 2,222 — 2,778 3,333
10
I T E T A TR e e e - e e e
T AT e e
0 . : . : :
0 400 800 1200 1600 2000
— 3,333 - = 3,889 - =4,444 5
— =5,556 —_— - 6,111 6,667
5
2,5 + -
e e e o e
0 T T T T T
0 400 800 1200 1600 2000
— 6,667 - - 7222 - =7,778 ——8,333
— = 8,889 — . 9,444 —10
1
R S
0,5 - |
0 T T T T T
0 400 800 1200 1600 2000
10 - = 10,556 = - =11,111 ——11,667
— =12,222 e 12,778 13,333
1 -
0,5
0 T L] T T T
0 400 800 1200 1600 2000
13,333 = = 13,889 = - =14444 ——15
e =15,556 = - 16,111 =———16,667
1
0,5
0 I T T T T
0 400 800 1200 1600 2000
X, M
—16,667 = = 17,222 = - =17,778 18,333
— =18,889 ~— - 19,444 20

Puc. 5. Kpusvie cpedneil ckopocmu nomoxa scuoxkocmu, nonyuennvie npu L =2000.0.m, sina =-1.0, V, = 0.1
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Ecrm mpu  sinag =0 Hanbosblmee  3HAYCHUE
JIaBJIeHUs OKUAaeTcs nociue ¢ =2//c, 1o mpu sina =1
Takoe uMeeT Mecto npu ¢t —> [ /¢ . C 3TUM BECOMBIM JIs
MPAKTHKH YTBEpAKJICHHEM HauMHAaEeM aHanmu3
pe3yapTaToOB, MOIYYEHHBIX MPU TOPMOXKEHUM IOTOKA,
HANpaBJICHHOTO BepPTUKANbHO BepxX. Pe3ympraTel 1o
JUHAMUKE CKOpPOCTH MOTOKAa, IOJy4EHHbIE I
TOPH30HTATFHOTO TpyOOIIpOBOIa, MTOBTOPSUTHACH
Ka4eCTBEHHO [UIi BEPTHKaJbHOTO TpyOOIpoBOma B

OCHOBHOE OylIeM yIelsaTh HW3MCHCHHIO
JIaBJICHMS.

OTOT Cciyyail TpaHCIIOPTUPOBKH KHUAKOCTEH Tpedyer
OOJIBIIION HEPTUH B BUJIC TOBBIIICHHOTO JTABIICHUS, TaK
KaK MpPHUIETCS BIOXKUTH JOMOJHUTEILHOE YCWIME Ha
mpeojioyicHie Cuibl rpaButanuu. OOpaTHOE majcHUE
TOPMOXKEHHOHN JKUAKOCTH K IUIOCKOCTU X = 0 IpUBOAUT
K yBenuueHuto naasineHuss ao 10 MIla kak B cuny

BO3palI€Husl BOJIHBI, TaK W B CHIIY BO3HeﬁCTBHH

BHHUMAaHUC

paMKax TOYHOCTM MalUMHHBIX BbluMcieHui. Iloatomy rpaBATALlAM.
20
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Puc. 6. Kpusvie usdovimounozo oaenenus, nonysennvie npu L =2000.0.m, sina=-1.0, V, = 0.14°
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INoaxnroyeHne BO3AYLIHOIO KOJIIaka € OO0BEMOM
Vo =0.010 ' cHmwkaer HauGosbliee 3HAYEHHE

JapneHus 10 ~8 Mlla, a mpu V= 0.1000 M oHO

HO3BOJIAET YMEHBUIMTH CKA4KU JABJIECHUA TaK, YTOOBI
JAaBICHWE HE TPEBBICHIIO Py Janereimee

YBEJIMYCHHE 00bEMa BO3IYIIHOTO KOJIMAKa MPUBOIUT K
CTJIOKUBAHUIO U YMCHBIICHHUIO CKAYKOB C MPEICIbHBIM
MEPEX0I0M K COCTOSHHIO ITOKOsI, KOTJa
p(x,t) = poo —2apwyx—2pgx .

Crnenmyromasi cepus pacdyeToB MPOBOIMIACH LIS
MMOTOKA >KAIKOCTH BepTHUKAIBHO BHU3 (sina =-1.0). B
COOTBETCTBMU C  TIOJOXKEHHUEM  IOCTIIEPEBaIHLHOTO
peXuMa TEYEeHHS MaBICHHE BHU3 IO IOTOKY pacTeT
jmHeHo. Hanbomnplnee 3HadeHNE NAaBICHUS OXKHUIAECTCS
mpu ¢t — 2/ /c . Bece ocTambHble 0COOCHHOCTH JHHAMUKU
CKOPOCTH U JaBJICHHSI OCTAOTCS B CBOUX CHJIIAX, B TOM
YUCJIe WHTEPBAJl U3MEHEHUS JAaBJICHUS MO0 BPEMEHHU TIPH
YBEJIIMYCHUHN 00BeMa JeMIT(pUPYIOIETO YCTPOHCTBA.

Cepusi pacyeToB MNpOBeACHA A JUIMHBI Yy4acTKa
L =2000 m.

Ha puc. 5 m 6 mpuBeneHb KpHUBBIE CKOPOCTH H
CTaTUYECKOI'0 JaBjeHus sl ciydas sing =-1.0 ,
Vo =0.1 M. COTracHO PHCYHKAM, COBMEIICHHE IBYX

«mmapabonm3upyomux» (GakTopoB: OoNbIIasg UIMHA |
BO3/YLIHBIA KOJMAK - YCTPAHUIN CKAYKH CKOPOCTH H
JIABJICHUSI  TOCTATOYHO OBICTPO, MW  pEUICHHE 3a
JIOCTaTOYHO KOPOTKOE BPEMsI IIEPEXOAUT K MPEIeIbHOMY
PELICHUIO.

Puc. 7 u 8§ [EMOHCTPUPYIOT BO3MOXKHOCTH
UCIIONIb30BAHUS BO3/YIIHOTO KOJIIaKa JUIS
BEPTUKAJIBHOTO U TOPU30HTAIEHOTO I'a30IIPOBOJIOB.

TunuuHble MapaboInvecKie KPUBbIC MOJYYEHBI MPH
L=10000.0 m (pumc. 9, 10). C yBenmueHueM obOBeMa
BO3AyIIHOTO Koimaka (puc. 11) mabmromaeTcst ctporoe
OrpaHHYCHUE H3MEHEHHUS IaBJICHUSI BOKPYI COCTOSIHUS
MOTOKA.

p, MMa
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0 400 800

X, M

2000

1200

1600

Puc. 7. H3menenue uzdovimounoz2o oasnenus npu L =2000.0m, sina=1.0, V, = 1.04°

p, MMNa
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0 400 800
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1200 1600 2000

Puc. 8. Hsmenenue uzbvimounozo dasnenus npu L =2000.0.x, sina =0.0, ¥, =10.0 M
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0 2000 4000 6000 8000 10000
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— 27,778 =+ 30,556 33,333

0 . . . , .
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Puc. 9. Usmenenue cpeoneii ckopocmu nomoxa npu L =10000.0 », sina =-1.0, V, = 0.001.°
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Puc. 10. Kpusvie usbvimounozo dasnenus npu L =10000.0 .y, sina =-1.0, V, = 0.001.°
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Puc. 11. Hsmenenue usbvimounozo dagnenus npu L =10000.0 m, sin = 0.0, V, =10

5. 3akarouenue

VYpasHenue (6) B JICBOM 4YacTH COJEPXKUT INEPBYIO M
BTOPYIO IpPOU3BOJAHBIE OT CKOPOCTM IO BPEMEHHU,
COOTBETCTBYIOLIUE JIOKAJIBHOW COCTABISIOINEH CHIIBI
MHEpLUUH U (aKkTopy TpEeHUS.
Eciu me ywects cumy TpeHus (a=0), TO
MOTyYCHHOE pEIICHWE 3afadd TPHBEIO OBl K HE
raciiiuM  KOJeOaHUSIM  CKOPOCTH  MOTOKa:  IpHU
MEepPEMEIIEHUHN BOJIHBI YIUIOTHEHUS HAJIEBO MOTYYMIN OB

HYJIEBYIO CKOPOCTb, a TPH MEPEMELICHUH €€ HApaBo —

OJTHOPOJIHYIO CKOPOCTh Wo.

Ecmu B ypaBHeHHH (6) UTHOPHUPOBATh IIEPBOC CICBA
PaBEHCTBO  WICHA, TO TMONYYWIU OBl  KPHBEIC,
CBOWMCTBEHHBIEC «TEIIOBBIMY» BOJHAM.

B mepBom ciiydae ypaBHeHue (6) mpuoOperaer BU
TUIepOOIMIecKOT0 YpaBHEHHS, a BO BTOPOM CIydae —
BHJ Tapa0OJUYecKoro ypaBHEHHWs. Takoi Tmepexon
NPUMEHUTEIBHO K  TPyOONPOBOAHOMY TpPAaHCHOPTY
(ronIoB O3HAWaeT ~— Hepexox  OT  KOPOTKHX
TpyOONIPOBOZOB K [UIMHHBIM. B camom gene, s
JUIMHHBIX ~ TPYOONPOBOJOB  MOJIYYCHHOE  PCLICHHE
COOTBETCTBOBAJIO PCIICHUIO apadoTMIeCcKOro
YpaBHCHHS, YTO BEIPAKACTCSI TAIICHUEM BO3MYILCHH 3a
CYET YNMPYTOCTHBIX XapPaKTCPUCTHK >KUAKOCTH U TPYOHI,
a U1l KOPOTKHUX TPYOOIPOBOIOB — OECKOHECUHOMY YHUCITY
OTpaKeHUI BOJHBI YIUIOTHEHUSI.

DT pemnieHuss XOpOoIIo HM3y4YeHbl B YYEOHUKAx IIO0
MaTeMaTH4eCcKOH (M3WKE W CTadd TPHYUHOW BBIOOpA
CpemHMX  JUIMH  y4YacTKa  TpyOompoBoma s
BBIYUCITUTEIFHOTO SKCIIEPUMEHTA, KOT/Ia CHJIBI HHEPIIUU

Jlureparypa

U TPEHHS TPOSBISIFOTCS MPAKTHYCCKH B OJWHAKOBOM
cTereHd. A OCHOBHbIMH (DAKTOpaMH HM3YYEHHs CTallH
00beM JeMIUPYIONIETO JJIEMEHTAa W TOCTOSHHBIN
YKJIOH OCH TPpYOBI OT TOPH30HTA.

PesynbraThl mMOKa3zanu, YTO JUHAMHKA CKOPOCTH
MOTOKA MpH (PUKCHPOBAHHBIX 3HAYCHUAX YKIIOHA sin
TpyOOIpPOBOJA MOMYYHIACh MPAKTUYECKUA OIMHAKOBOU
MPU Pa3IMYHBIX 3HAYCHUsIX napameTpa [ . Pois oGbema

BO3IYIIHOTO KOJITaKa BBIPA3njach, B IEPBYIO OYepenb, B
CTTIAKMBAaHUM  CKA4KOB  CKOPOCTH, a Jamee B
YMCHBIICHHN WX AaMIUTUTYAbl, U B KOHEYHOM HTOTE
MIPOAJICHUIO BPEMEHH TIPOIecca 3aTyXaHUsI CKOPOCTH Ha
yUYaCTKE.

AHAJNOTUYHOC MMOBEACHUE HAONIONACTCA U B KPUBBIX
CTaTUYECKOTO JIABJICHUS.

O0HapyxeH a¢dexr, HaOJFOTaeMBIT y
BEJIOCHIIEUCTAa: Tepe] I[OBOPOTOM B OJHY CTOPOHY
BEJIOCUIIEUCT packauMBaeTcs B JPYyrylo cropony. To
€CTh Tepea HBIPKOM B KPHBBIX CKOPOCTH W JaBJICHUS
o0Opa3oBannch BHIIYKIOCTH. K coxaneHwWio, B paMKax
JIUHEHHOW BOJHOBOW TEOPHHM HEJB3s O0OOCHOBATH 3TOT
¢akt. Ilo-BUIMMOMY, S5TH BBITYKIOCTH CBS3aHBI C
MIEPEX0I0M OT THIEPOOJMYHOCTH K IMapabOoTMIHOCTH
pEIIeHMsI, TaK KaK B MapadOIMUCCKOM PEIICHUU JOJHKHBI
ObUIM TOJYYHTH MOHOTOHHO BO3DPACTAIONIUC  HIIH
yObIBatomye rpaduku.

[MonkaroueHUe BO3AYIIHOTO KOJIMAKA M YBEIUUCHHE
ero odobeMa MPHUBOAAT OBICTPOMY MEPEXOAY K MaJbIM
BO3MYIICHAEM CKOPOCTH f—> 00 B IOJIC JaBJICHU,
00pa30BaHHOM I10J{ MOCTOSIHHBIM BO3JCHCTBHEM CHIIBI
IpaBUTAIINY, COTJIACHO 3aKOHY Topuyentu.

[11 Xyowcaes UK., Mamaoanues X.A., Kykanosa M.A. AHanATHYIECKOE PEIICHUE 3329l O PACTIPOCTPAHECHUH BOJHBI
YILUIOTHEHHS B HAKJIOHHOM TPYOONPOBO/IE, BBI3BAHHOW TOPMOXKEHUEM KUAKOCTH // TIpobieMbl BBIYUCIUTEIbHON
Y IPUKJIATHOW MaTeMaTHKH. — Tamkent, 2015, — Ne 2. — C.65-79.
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[3] Aaues P.A., benoycos B.J]., Hemyopos A.I'. u op. TpyGonpoBoaHBIN TpaHCHOPT HE(TH U ras3a: yueO. 11 By30B. —

2-e u3n., nepepad. u non. — M.: Hayka, 1988. — 368 c.
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686 c.
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TAKING INTO ACCOUNT TERRAIN
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At work, numerical model and algorithm are developed for research, forecasting and making management decision
about the process of the spread of harmful airborne substances in the atmosphere. In deriving the mathematical model of
the object of the study, the basic weather and climatic factors are taken into account which influence the process of
transfer and diffusion of pollutants as well as a significant parameter, the terrain of the region. In the article for
solutions of the first and third boundary, the numerical algorithm for the numerical calculations on the computer has
been developed. On the basis of mathematical models and numerical algorithms we developed a software tool in high
level language, Borland C ++ Builder. The results of numerical calculations are presented as graphics.
It is also considered the use of geo-information web-service as information security software modules for settlement.
Keywords: mathematical model, transfer and diffusion of pollutants, weather and climatic factors, fluid mechanics,
numerical algorithm, the software, computing experiment.

UMCJIEHHOE MOAEJIMPOBAHUE ITPOLECCA PACIIPOCTPAHEHM A BPE/IHBIX
BEINECTB B ATMOC®EPE C YUETOM PEJIbLE®A MECTHOCTH
[Mapunos /1.K., Tomrremuposa H., Hap3ynnaesa H.

[IpuBoasTCs YMCIIEHHAs MOJACIh M AITOPUTM JJIsi MCCICIOBAHUSA W MPOTHO3UPOBAHHS IMPOIECCa PACIPOCTPAHCHUS
BPEIHBIX a3pPO30JIbHBIX BEIISCTB B arMocdepe ¢ LEeNblo MPUHATUS YIPABICHUYSCKUX pemieHui. [Ipu BeIBOIE MOICN
00bekTa ObLIM yYTEHbl OCHOBHbBIE MOTOJHO-KIMMAaTHYCCKUe (aKTOpBI, NEHCTBYIOIINE HA HCCIEAYyeMbli Impolecc, a
TaKKe TAKOW CYIIECTBEHHBIH MapaMeTp, Kak peibed) MECTHOCTH paccMaTpuBaeMoro pernoHa. Ha ocHOBE cO31aHHOTO
MaTEeMaTHYECKOro armmapara pa3paboTaHO MPOTrpaMMHOE CPEICTBO M IMPOBENCHbI YUCICHHBbIE pacueTbl Ha DBM.
Pe3ynbraThl MPOBEJCHHBIX BBIYHCIUTEIBHBIX IKCIIEPUMEHTOB MPHUBEICHBI B Buae rpaduuecknx o0bekroB. Takxke B
paboTe pPacCMOTPEHO WCIOJIb30BaHWE T'eOMH(POPMAIIMOHHBIX BeO-CEPBHCOB B KadecTBE HMH(DOPMAIIMOHHOTO
obecrieueHu st IS PACUETHBIX [TPOTPAMMHBIX MOYJIECH.

KiroueBble cjioBa: MareMaTuieckas MOJCIb, IEPEHOC U TUPPY3uH BPESIHBIX BEIICCTB, MOTOTHO-KIMMATHUCCKUIA
(dakTop, THAPOMEXaHHUKA, YUCICHHBIN alTOPUTM, IPOrPAMMHOE CPEIICTBO, BBIYHUCIUTEIBHBIA IKCIICPUMCHT.

YER SATHI RELEFINI HISOBGA OLGAN HOLDA ZAXARLI MODDALARNI
ATMOSFERADA TARQALISHINI SONLI MODELLASHTIRISH
Sharipov D.K., Toshtemirova N., Narzullayeva N.

Ushbu ishda atmosferaga zaxarli aerozollarni tarqalishi jarayonini kuzatilishi, bashorat qilish va boshqarish qarorlarni
qabul qilish uchun sonli model va algoritm ishlab chiqildi. Matematik kuzatilayotgan ob’ektning matematik modeli
keltirib chiqarishda zaharli zarachalarni kuchish va diffuziya jarayonining klimatik va ob-havoning asosiy omillari va
yer sathini, past va balandliklarni hisobga olingan. Maqolada birinchi va uchunch chegaraviy masalani yechish uchun
sonli algoritm yaratilgan va ushbu algoritm asosida EXM da xisob-kitob otqazilgan. Taqdim etilgan matematik model
va sonli algoritm asosida yuqori darajali dasrurlash tili Borland C++ Builderda dasturiy mahsulot yaratildi. Olingan
sonliy xisob-kitob natijalari grafik ob’ektlar kurunushiga keltirgan. Maqolada hisob tajribalarni olib borilishi uchun
geoinformatsion veb-servis yordamida axborot ta'minotini yaratish texnologiyasi va hisoblash modullari to’g’risidagi
ma'lumotlar keltirilgan.

Tayanch iboralar: matematik model, zaxarli modalarni tarqalishi, ob-havoning omillari, gidromexanika, sonli
algoritm, dasturiy vosita, hisoblash tajribasi.
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1. Introduction

Since the ecology of atmosphere is one of the most
important indicators of the state of the environment,
these circumstances put the need for forecasts, the
impurity concentration in the surface layer of the
atmosphere for different time frames. In particular, the
practical interests are short-term forecasts relating to the
stipulated maximum permitted concentration of harmful
impurities in the design of new structures businesses.

Contamination of the surface layer of the atmosphere
and land surface, including the transfer and diffusion of
pollutants, and their deposition and concentration - this
is a very complex process, subject to the influence of
many factors including geographical and climatic
conditions characteristic of a particular region under
consideration. Moreover, it is important to take into
account the fact that the weather conditions change
throughout the day and seasons.

Intensive growth of production and the expansion of
transportation systems in the world space have
significant impact on the ecological environment. This is
particularly evident in developing countries where there
is a high rate of construction of new production facilities.
The increase in the emission of harmful substances into
the atmosphere inevitably involves an imbalance in the
ecological state of industrial regions with possible
changes in climatic conditions.

Construction and operation of industrial facilities
without sanitary standard equipment increases the gas
content of the atmosphere increases, the direct
consequence of which is to reduce the yield and quality
of the agricultural sector as a result of loss of aerosols in
the form of "acid rain."

In addition to industrial facilities, the source of
emission of harmful particles in the atmosphere is their
removal from the surface of the soil as a result of the
turbulent motion of air masses in the atmospheric
boundary layer. This question is particularly relevant for
the Aral Sea region, as the decline of the Aral Sea has
led to the exposure of more than 35,000 square meters.

One effective mean of supporting decision-making is
a computer simulation. Many studies are carried out with
the use of computer simulation of the process of transfer
and diffusion of pollutants in the atmospheric boundary
layer. The problem of mathematical modeling of
transport and diffusion of pollutants in the atmospheric
boundary layer are actively being solved by many
scientists in Uzbekistan and abroad ones. This problem
has been solved is being solved by such prominent
researchers as a G.I. Marchuk, M.I. Lunev, M.E.
Berlyand, V.V. Penenko, V.M. Belolipetskii, F.B.
Abutaliev, S.K. Karimberdieva, S.G. Black, S.V. Balls,
etc. Entire schools of effectively working today were
created.

In particular, the paper [1] is devoted to the
development of mathematical models of the dynamics
and kinetics of the process of transfer and diffusion of
gases and aerosol in the atmosphere.

In [2] the developed software, the process of placing
inflammable objects and their optimization takes into
account the terrain and spatial form.

The authors of [3] the conducted study relied on the
developed regional models of diffusion of substances
expressed by the equation of molecular heat conduction
in the active layer of soil based on the heat balance of the
underlying surface. The authors investigated the
environmental problems associated with the distribution
of pollutants from known sources and determining the
probable location of the source.

The process of transfer and diffusion of pollutants in
the atmosphere is considered as well, taking into account
the different climatic factors and external disturbances
[4].

[5] devoted to the process of dispersion and diffusion
of reactive primary pollutants emitted from elevated line
sources in a stable boundary layer of the atmosphere
with a generalized wind speed and a quadratic function
of the vertical height. The authors came up with the
exact solution of the problem with the help of the
Laplace transform, taking into account the ongoing
chemical reaction, the change of state of aggregation of
the particles and their deposition on the underlying
surface.

Important results of the numerical simulation of
turbulence and diffusion of impurities in the surface
layer of the atmosphere are contained in the works of
D.L. Laikhtman [6].

Significant achievements in the field of mathematical
modeling of atmospheric processes are contained in the
work of A.E. Aloyan [7]. In particular, the author
considers the mathematical model of the transfer of a
multicomponent admixture based on photochemical
transformation and formation of aerosols in the
troposphere.

The main approaches to solving the problem of
identification of aerosols of various origins and results of
the studies are described by V.K. Danchenko and T.C.
Ivlev [8].

A complete methodology of mathematical modeling
is developed in the works of G.I. Marchuk and his
followers [9]. Moreover, its fundamental questions have
been studied and they proposed original design
approaches to the study of atmospheric and ocean
circulation as well as to the solution with the help of
mathematical models of weather problems, the theory of
climate and environmental protection.

Issues of mathematical modeling of climate theory
are studied by Academician V.P. Dymnikova and his
disciples.

2. Statement of the problem

For the numerical modeling of the process of transfer
and diffusion of pollutants in the atmosphere, a one-
dimensional transport equation is considered as well as
the diffusion of harmful substances into the atmosphere
from the surface of the earth are into account orography
as the first boundary value problem [11-12]:

op  OpH

—tu
ot ox

2
OOH | r(x.0), (ri)eD,

with the following conditions

+opH =
()

x2
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o(x,0) = o, when 1=0, 0 < x < L, ?)
@(0,¢) =v,,whenx =0, 3)
o(L,t)=v,,whenx = L.

0
Here @, ¢ - the original and the concentration of
aerosol particles in the atmosphere; u - wind speed; o -
absorption coefficient; x - The coefficient of
turbulence; f(x,f) - The power of the source; H -

Option to define the terrain, using the desired ratio, L -
the length of the decision problem.

0 - when layer is under the earth;

1 - when layer is in the atmosphere;
H=
(77 —Zg o5 )/Az - when layer is on the

orographic surface.

Here 77 - the height of the hill by a plane parallel to
the sea level as well Az =z, 45— 245
For each layer of the model introduced a factor
H (0< H £1), determining the degree of blockage of
airflow (Figures 1).
Suppose that # =0 in the equation (1), we obtain the
following
op o’pH
—+opH = y———+ f(x,1). 4
o PO = H TS D ()

3. The method of solution

The problem (1) - (3) to solve the difference method. We
introduce the grid area

o, =(x; =ihi=01,2,.. ,N+1,h=

L iianj=0..T).

N+1
IA
| : [ ] [ ]

N R N N N
N I e %:a: Y
e e e R R R
ey 4444 e o res e e
R R RE R TR R NE d‘u vees e
L o e 4+ :i * Z L +4
T o S o—flj L ot

/'% I\_«o élirjr: V&i#»-&
[ R e P EEERE < 8 =
+ 7"‘ 1\'deH_Bv' ¥ \")_0 +

v

Fig. 1. The terrain along the field of aerosol
transport emissions

O- H=(n-z¢45)/0z, X- H=0, @- H=1.

On the grid @, will replace the differential operators
difference [13]:

JHL_ o)
(%j _2 =0 o,
ot J At

4 . . (5)
82(P _ (f’i]++11Hi+1 _2¢1!+1Hi + (DijjilHifl 02
) Iz Foth)
and substituting (5) into (4) we get.
JHL_ )
% % +O_¢ij+1Hi —
At
j+1 j+1 j+1
¢il+ Hi =20/ " H, +¢/  H,;_
=u +1 +1 hz 1 1 + . (6)

+f7(x,0) + o(AL + h?)
Herei=1,2,...,N, j=0,1,2,...,J.
Equation (6) can be writtento i =1, j=0

10

?—@ 1
AR L oplH, =
AL O 1

1 1 1 '
H, -2¢pH +p,H, =
:/u(Pz 2 (P}iz 1% 04 7l(x,1)

Taking into account the boundary conditions (3) we
have,

1 L MHH 4
2 4 6H + =—fl(x,0),
Al 1}/’1 2 2 Ji (x,1)

=l A g v

1 1 At(” EAY 1]

Similarly, when i =2 we get

o -3 _ @iHy =20 H, + I H,
A 2

ropyt = u P20 O 7y

or
JI 2u 1 |
—@H —-|—=—+—+0 |ppH, +
hz(ﬂl 1 (hz Al jfﬂz 2
H o1 71 L .
+—@H, =— X)+—
e P33 [fz( ) At%j
For i =3,4,..,N —1 we have

Mo 2p 1 |
—o_ H_ —-|—+—+0 |pH,+
hzfﬂll 1 (hz AL j(ﬂ
Mo (= I o
+h_2(pi+1Hi+l __(fi (x)+E¢i j
When i = N, the equation (6) can be written as
o — PN _
At
_ (011v+1HN+1 _2(0]1VHN +¢]1V—1HN—1

+ fy (%)
or

2 1
hiz(DJIV—lHN—l —(h_élJFA_t‘FU)(P}vHN +

+hﬁ2¢zlv+1HN+1 = —J_’,{, (x),
where

Iy () Hy :(fjxl/(x)+é(00(xzv)+hi2(ﬁzv (m)}

62

NPOBNEMbI BbIYUC/TUTE/IbHOMN U MPUKTALHON MATEMATUKM Nel 2016



MATEMATIK MODELLASHTIRISH / MATEMATUYECKOE MOAE/IMPOBAHUE / MATHEMATICAL MODELLING

So, to find ¢)l~1 (i=12,..,N) in the end we get a

system of linear equations that can be solved by the
sweep method,

AD=-F, (7
Where
(2wt 1 2 0.000. .. ..0
PN s
H 2uH. H.
—ﬂz”l [#’+1+ Hjﬂ —”2'“0 ......... 0
I At h
7
HH, 2uH; 1 u o pH
00.0 —— - +—+0oH, | =
s ( PN K
H, 2uH,
000. ..0 & (”2 +1+0'H,-J
h h
Here

O=(. @ h), F=—(f, f1re SN,
711 :_£711 (ﬂ(xl hl Vl)J

At

To solve the system (7) sweep method is applicable
since the coefficients of the system satisfy the conditions
for stability of the sweep.

Studies of the spread of harmful substances into the
atmosphere have shown that depending on the rate of air
flow dynamics and direction of change of concentration
of impurities in the atmosphere varies considerably over
time which is needed for transporting particulate
boundary of solutions of the problem, or vice versa.

Based on the above, for a more adequate description
of the process it is necessary to consider the process as a
third boundary value problem.

Suppose D=(0<x<L,t>0) you want to find in

the solution of the equation

o0

Ty=~{ Bro a5

2

0“pH
—+opH = + f(x,1), 8
o TPt = T () @®)
with boundary conditions
P(x.0)=p(x), 0<x< L, ©)
Op

a|x:0 -9 =V,

(10)

0
__(p| =L ~P) =V,

The problem is solved in a similar manner as the first
task.

To increase the order of approximation we construct
a difference scheme of the second order of accuracy by

integrating the equation (8) from zero to %where (hon

the grid x ).
W2 o h/2 W2 52 hj2
J—dx+0'j(pde yj—dx+‘[f(x)dx

Hence,

”f OoH , _ 6¢)H|

0 ox |o

opH opH
:ﬂ((p_) _ﬂ(Lj - (11
ox 2 ox 0

U pH, —pH,

h
According to the mean value theorem, we have
W2 OpH| h _0gyHy h

j%x= 2 (12)
! o o |2 o 2

B2 I
ajngdx 0¢H|h/2 : (13)

h/2

h
— (gt _V1)+f05

Similarly to the ﬁrst part
hj2

f S (x)dx = fo (14)

Substituting in (8) of (11) -
differential equation for x = 0

(14) and obtain the

oph h o - h
—— 40, —= 0 («a v)) |+ fo—
o 2 (002 ﬂ[ i (9 —v1) fo2
or
0P,
—+ o, =
o 7
2 2 2 1’
=ul| | Fta—|o+t—So ||th+—/
h h
2 2
—[h—2ﬂ+a1—#+0')(ﬂo+ R4 —[ﬁﬁ—lj (15)
Let
_2u _2u 2u
a R ——, by=a,+c,+ta,—+o0.
0= h2 G = i o =d T TAT

Similarly, we integrate the equation (8) on the

segment. [L —%;L}

L o L
I —dx+o I

pdx =
L O L-h)2 1)
L &0 L
=y j —dx+ j f(x)dx
L-hj2 X L-hj2
So, when x = L we get the equation,
0@, h h
L op,H, ==
o 2 oYyi1y 5
2 oy Hy_ h’
:;ﬂ(_ = lh —(0y 1 Hyy _Vz)j"—f/HéE
o,
—L+0
o o, H

>

2 2 2 2v.
:ﬂK—ZﬁLazzj(/’/H/ +h_2(/’szfz}+fo+72

2 2

(32 S HtTa h#+0' Py +

17
2 H f+2ﬁ "
h2 (PN N = oty
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We denote.

- 24y

2u
ay =Cy =—5, by, =ay toy +a, ) +o0.

Thus, to obtain qa,-l (i=0,1,...,N+1) the location of
the system of differential-difference equations

% 4p--F. (18)
ot

Where ,
_bo CO 0 O .ee 0 0

a by ¢, 0.. 0 0
gD 1 G ’

000 0 ..ay, by,

O = (@)@ 0.
F=~fg- i sesSin)

In order not to complicate the record drop of the
index.

Matrix - Jacobi diagonally dominant. It can be
written as

A =VAV. (19)
A - a diagonal matrix whose elements are the
eigenvalues of the matrix; 4, (n=L12,..,N) 4; V -
Fundamental matrix corresponding to the matrix whose
columns are 4, V =[v,v,,...,vy], - right eigenvectors
corresponding to the eigenvalues. Multiplying (18) on
Vx_1 and taking into account the properties of the matrix
A, obtained N independently of differential equations
with the appropriate boundary conditions, A,
1
dzt() + a2V H, =—F | (20)

0
2" (0) =", 1)
N, Ay =—4, 4,<0,
1 -1 1 1 1
o =10 =(p". 0o,
FO _p-1p_ (fl(l) (1) f(l))

It is known that the solution of (20) and (21) takes
the form

0 t
oV (1) =e " [(p;D +[et fi(l)dr] : (23)
0

where, i =1,2,...

(22)

Using (23) we find the value of ¢} (£)

N
ol () => v 0 (), i=12,..,N
and the solution of the problem (8) - (10).

Now consider the case when u = 0

2
2(” +uH Z"’ +opH = u aa(”H FFLOH,  (24)
t

with boundary conditions

o(x,0) = p(x),

(D(O’t): Vis x=0,
o(L,t)=v,, x=1L.

(25)

1uH

We introduce the replacement functionp=e > “ &,

and differentiating (24) according to x obtain
1uH 1 uH

0 luH —5,_ Y op
EL Y pte’ @ (26)
Ox 2 u ox
1uH 1uH
O _VWwH® 5o LuH 5,7 0p
o? 4 1 2 u ox
LuH 55505 50’
_Ltuld ot 09 _‘f - 27)
2 u 6x ox
2452 _LuH i o luH o
1”H62# a_ﬁeZ# 9P, 2 u a(zp'
4 y U Ox ox

Expressions (26) and (27) Substituting (24) and
obtain an equation.

oG L2H? 62 _lul
Ll oH+L 2 |5= +f(x)e 2 H.(28)
ot y ox?

Accordingly converted and the boundary conditions (25),

0(x,0)=5(x), 0<x <L, (29)

¢(0,t)=v;, x =0,
pONYx (0)
o(L,t)=v,, x=1L.
We introduce the grid area
o, = (xl- =ih,(i=0,1,2,.,N+1),h=

_ L i iaLj=0l,..
N+l I ]

On the grid will replace the differential operators
difference

/+1_ j
‘Z’ %m;. 31)
2 j+1 —20 ]+1H+ j+1
6(;#21‘1 P H (Plhz @iy +o(h) (32)
X

Substituting (31) - (32) to (28) and obtain.

—j+l _ —~j 2
5" -4, [0 +_J ZH, =
1 Al 1 # 1 . (33)
gol”H -20/"'H, +¢J/+H
Herei=1,2,..,N, j=0,1,2,..T.

Equation (33) to i =1, j = 0 write,
—1 -0 2
b N L P H, =
At luz
—1 —1 —1
H,-2¢/H +p,H, -
:/u(ﬂz 2 (P}iz 1+ Polty + 7O (0 H,
Taking into account the boundary conditions (29) we
have,
2u 1 _ 2u 71
- —=+—+o | H +—p,H, =—f (x)H,.
[hz AL jfﬂl 1 hz(/’zz St (0)H,
Where

fori=2
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—1 =0

2
) U |-
—=+|o+— |p,H, =
At [ quj¢2 2

_ (531H3 —25211"[2 Jr(511171

— 1 _ .
+(f21(x)Hz *E‘”‘ﬂ
or

21 1y (2_/!

1 _
h_z(ﬂl 2 +A_t+6](p21H2+

>

+h£2(531H3 = _J721(X)H2

for i=N
—1 =0

2
Pn — PN u |
N o+ — |pyHy =
AL ( #zj(ﬂzv N

b

+7]\1/(X)HN

—1 —1 —
vy “2ovHy + oy Hy

2u 1 _ 7 =
_(h_2+A_t+UJ(p}vHN +h_2¢]1\/+1HN+1 =—fy()H)y.

So, to find a system of linear algebraic equations

AD =-F . (34)
Where
—(2—“ imj 900
WAt h?
“ _(2_ﬂ+L+ ]ﬂo 0
A=| p? WAt h? ,

000.. = —(2—”+i+aj

As in the past, to solve the system (34) apply the
sweep method, since the coefficients of (34) satisfy the
conditions for stability of the sweep.

4. Calculating experiment and numerical
analysis

On the basis of mathematical models and numerical
algorithms we developed a software tool in high level
language Borland C ++ Builder. This software is
designed for analysis, forecasting and monitoring of the
spread of harmful substances in the atmosphere in order
to support decision-making.

The software has a modular structure (fig. 2 - 5). The
main module is designed to prepare and enter the main
process parameters (speed of the air mass, the diffusion
coefficient, the absorption coefficient of harmful
substances in the atmosphere, the power source, the time
for computing, integration step at the time and spatial
variables, type of ingredient, the coordinates of the
emitter of harmful substances).

Fig. 2 displays the main menu. The set includes the
following submenu items:

- "File" button to select, open, save, print, and close
the project;

- "Enter", respectively, to enter the main parameters of
a mathematical model of the process;

- "Method" is used to select the finite difference
method for the integration of the problem, including
an explicit, implicit and semi-implicit scheme;

- "Help" for more help with the numerical calculations
on a computer.

The software also includes a module of visualization
results of the numerical calculations on a computer to
interpret them with the ability to save as a graphic object.
Diagramming carried out in separate windows program
(fig. 4).

4 Equation of transfer and diffusion =10l x|
Eile Enter Method Help

Wind speed = 5 Iratial vahies -]
The difusion coefficient = [Go5 | ¥ 2km 4km km 8km 10km 12km 14kn  [16km  [18kn
Coeificient of absorption = |0.0062 Ini val = o 0 o 0 o 0 o 0

Power of the source = 10

Calculation lime = 10 < ¥
Length of the field = 50

St i= 3 Sources of pollution

Z M dx 4 km Bkm Bkm 10 km 12 km 14 km 16 km 18kn

Stepin t [time] = 01

Selection of substance [Nirogen onide _! Pow.sour= |0 0 1] 0,001 0 0 ] 0 0

MPC 2 00000858306885 g/m™3 2 '

‘wind speed = 2 km/hours

The diffusion coefficient = 0, 0500000007 450581 :

kern/hours ™2 The result of calculation

Eo.effcient of absorption = 0,0062000001 7906888 dedd:  |2km Ak |8km |8km Ilﬂkm l'z""‘ ]Mkm I‘Jﬁkm [" 2

gk hours

Calculation time = 10 hours

Length of the field = 50 km

Stepin x = 2km

Step in t time] = 0,100000001 430116 houwrs

Number of points at % = 25 poirt

Mumber of points at t = 93 experience

e

Fig. 2. Work program interface
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Iia Enter Method

Open
Save
Print

Quit

T AFERAR AR

Initial values
dx 2 km
L val.=

Method Help

1 Wind speed
{ The diffusion coefficient
fl Coefficient of absorption

i Power of the source
Time
Length of the field

2 Step inx

3

- step in t (time)

»fl

TRTIogerroxge——==w

Help
- Explicit
. Implicit
. f Semi explicit
v e TR

Fig. 3. Main menu and submenu items in the program

far al

File Enter Method Help

Wind speed = 2
The difusion coefficient =[5 05
Coefficient of absorption = (0,062
Power of the source = 10
Calculation tine = 10
Length of the field = 50
Stepink= 2
Step in t (ime) = 01

Sehcthnofm.bstm1uhugmm .I

MPC 3,98837355461895E33 o/m™3

Wind speed = 2 km/hours
The diffusion coefficient = 0,0500000007450581
km/hours "2

Calculation time = 10 hours
Length of the field = 50 km
Stepinx=2km

Step in t (time] = 0,100000001430116 hours
Numbes of porits at x = 25 po
Numbes of points at t = 33 exg)

25000
20000

15000 4

10000

5000

Changes in concentration of substances
T B | ST e uo

7.9000001145 86263341< 5637864141 5107967752 4. 117275

-0l x|
=
Iﬁkm |8km JLET PSS TS VTS (77N CT Y7 | B
B =@ %
1] 0 ‘__ == = —
Changes in concentration of substances
Ekm Skm
a 1]
=
The result of calculation
diandd  [14km |'IB|un |18km |2Ukm

2,0000001 135,%95??42? 5.700919792 5,13910157¢ ¢,423597lt.

1 i

0 14388
X 01 245,105
cebendeenioe bl |0 281076 081
H 01590842
Q6oasaes
02wz
Mns15047
0 112,461
Ozo732
3488
Oogas
Qogre
noct

S 10 15 20 25 30 35 40 45 s0 (00001

Bo

B4 1719
BEs10603
| [Be 716848

5 10 15 20 25 %0 35 4 45 5o [0

Fig. 4. Program interface with the results
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The developed program for data input can be used in
two ways: first by using "INPUT" menu, and second
through the appropriate form on the top left of the main
window (fig. 5a). Each line is a field for input values.

The main factors used in the calculation are shown in Fig.

5b. The window shown in fig. 5 is used to define the

B4 Equation of transfer and diffusion
File Enter Method Help

‘ind speed = [2

coordinates of the source and its power, and the initial
concentration of pollutants in the atmosphere.

To display the results of the numerical calculations
on a computer, you can use a text and a graphical
representation of the results depending on the method of
solving the problem in a variety of colors (fig. 6).

MPC 3.98837355461895E 33 o/m™3
“Wind speed = 2 km/hours
The diffusion cosfficient = 0,0500000007 450581

The diffusion coefficient = | km/hours "2
|0.05 Coefficient of absorption = 000620000071 /306533
Coefficient of absorption = {0,002 kg"km;"haurs
Pawer of the source = 10 Calculation time = 10 hours
Caleulation time = 10 Length of the field = 50 km
Length of the field = =0 Stepins =2 km
Sk [z Step it [ime] = 0,100000007430716 hours
o = Murnber of paintz at » = 25 paint
tepit fine} = : MNumber of paints at t = 99 expenence
Selection of substance iNitrogen oxide _:j
a) - input b) - the main factors
Fig. 5
Initial values 1=
dx 2km 4 km |Ekrn |8km I1Ukm '12km I‘Nkm |13krn |13kn
Ini.val = 0 0 0 0 0 0 0 0
Ld »
Sources of pollution
dx 4 km 6 km 8 km 10 km 12 km 14 km 16 km 18 kn
Pow.sour= |0 0 o 0 1] 1] 1] 0 ]
‘ L]
Fig. 6
W Equation of transfer and diffusion =10] x|
\Wind spesd = G Initisl values -
The Sl in tonbcorts. a1 [ 2km 4km Bkm Bkm 10km 12km 14 km 11Bk.m |1Bkn
Coefficient of absorplion = [0,0062 Ini. vl = 0 0 0 0 0 ] i il
Power of the zource = 10
Calculation time = 10 « [
,  Length of the field = 50
Stos e S Saurces of pollution
. . dx 4 km B km Bkm 10 km 12 km 14 ke 16 km 18 kn
Step in & [time] = a1
Selection of substance W Pow.sour= |0 0 o o a o a o o
[MPC 3.98837355461895E 33 g/m™ 3 3 %
i ensed — e oo Sy
B Implicit scheme = =2 [= ]
Changes in concentration of substances R . : : . I 26 km 28 km o
I ' ' b pEEheTy S B ete7aa74 268387722 2, =
Changes in concentration of substances | B Explicit sch &

o

1234567 891011121314151617181920]

Changes in conceniration of substances

o

o @ ©We

L 12345678 891011121314151617181920212223243

tnra el

123456786 91011121314151617181920212

Fig. 7. Results of computational experiments in tabular and graphical form
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For the study, the analysis and prediction of the Experiment Lx
spread of harmful substances and a series of numerical 3 The time of the T 10:00
experiments on the computer were conducted with the experiment :
real data (table 1, fig. 8 - 14). 4 Wind speed vV 1m/s
The diffusion
Table 1 3 coefficient Mx 0,05
Number of Variable 6 | Ratio absorption G 0,0062
Ne . Value
variables Name 7 Step to X Dx 1 km
MPC harmful i
| substancesu Sulfur 0.0005 8 ]:Fﬁle tlmi stepf Dt 0,1 hours
X . dioxide / m3 € number o .
(ingredient) g 9 sources and Ist ! 30’01 Eg /
2 Field Length 50 km power m> per hour
H Explicit scheme =R == .“ Explicit scheme = EO] /
Changes in concentration of substances Changes in concentration of substances
- : 1o - : T
5o 10,002
10,009 4 Bo114
11829 §43887
5035 02657
00,043 3 14203
1 0,003 03459
10,000 02542
T 2 B1.794
§o 11095
§o 1 0,501
1o L5 B0.288
o B0,124
0 ldm L = == = (00 0 . . . . 000855
2 4 B8 8 10 12 14 16 18 20 22 24 |[MO 2 4 6 8 10 12 14 16 18 20 22 24 |HO.02
a) after 1 hour b) after 10:00
Fig. 8. Change in the concentration of harmful substances in time
: T T (B0 io
f : | @000z B 0,000
ali-- o o |B0114 00,014
| i i 0 4,887 0166
s L e I s
34T oo (a2 g 0 1.64€
. 1 ! ! ; 03,499 01,539
! S C | |W2s4z 11532
24 TR | 1,79 1622
| B | |M1,008 0151
: Ay | |Bosm H159
i i I C| | mo2e8 01,556
: ! ! C| |mo124 | i : 11,509
- I —r T : 0 l. . ,I IG'EEE 0- |I |l T T T T T T T T T I1'423
2 14 16 18 20 22 24 [ROON 2 4 B B 10 12 14 16 18 20 2 z¢ (W13
a) at a speed of 1 km /' h b) at a speed of 3 km /' h

Fig. 9. Changes in the concentration of harmful substances at different values of the velocity of the air mass
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a) at a speed of 2 km / h, b) at a speed of 2 km / h,
Nitric oxide (MPC = 0.0004) Ammonia (MPC = 0.0002)

Fig. 10. Change in the concentration of harmful substances
at different values of the maximum permissible concentration
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a) when the absorption coefficient G =0,0062 b) if the absorption coefficient G =0,01

Fig. 11. Change in the concentration of harmful substances at different values of the absorption coefficient
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a) The change in the concentration of harmful substances  b) changes in the concentration of harmful substances
in the two sources of the same power and wind speed in the two sources of the same power and wind speed
1km/h 2km/h

Fig. 12. Change in the concentration of harmful substances in time
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fo

f 0,002
Boi14
042337
04857
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§ 3498
02542
01794
01,085
§ 0501
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B0191
02455
02348

2 4 & 8

a) the change in the concentration of harmful
substances at two different power sources
(ql/2=q2) and a wind speed of 1 km / h

o
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b) changes in the concentration of harmful substances at

two different power sources (ql/2 = q2 ) and a wind speed

of 2 km / hour

Fig. 13. Change in the concentration of harmful substances in time
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a) the change in the concentration of harmful
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b) changes in the concentration of harmful substances
for the same three power sources () gl =q2 =¢3 and a

wind speed of 2 km / hour

Fig. 14. Change in the concentration of harmful substances in time

5. Conclusions

Thus, this software tool, developed on the basis of the
above study of a software problem, allows you to
calculate the following indicators:

- The total amount of aerosols in the specified area
over a certain period of time;

- The average number of aerosol in a specified area
over a specified time period,

- The amount of aerosols dropped to the underlying
surface;

- The number of aerosols separated on the underlying
surface at a given time at a given point.
Computational experiments established that the

change in the concentration of aerosols in the

atmosphere depends on the absorption coefficient of the
particles, which varies depending on the meteorological
indicators, the season and time of a day. The maximum
absorption of harmful particulate matter in the
atmosphere is typical for the morning and evening hours;

It has been found that a change of concentration of
aerosol emissions in the atmosphere directly influence
the direction and velocity of air flow in the atmosphere,
particulate mass, location and the number of aerosol

generators in this region. When the power of aerosol
generators increases, the area of the region, where the
concentration exceeds the permissible sanitary norms,
grows as well. When there is unstable stratification of
the wind, the area of distribution of harmful substances
have a spiked character, increases within a short period
of time.

Simulation results revealed that a change in the wind
speed and direction plays an important role on hills. Hills
or ridges that are in the open landscape. Above the hills
the wind speed is higher than the surrounding flat areas.
Since the high pressure area actually extends some
distance up the hill, the wind changes direction before
reaching it. If the air mass meets a steep hill with a rough
surface, the wind speed increases dramatically, which
leads to an increase in the coefficient of turbulence.
Wind speed increases with the difference of atmospheric
pressure and air flow rate decreases due to friction at the
surface roughness of the underlying surface;

The analysis of computational experiments shows
that when predicting air pollution, a special role plays
consideration of the coefficient of the interaction with
underlying surface.
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It has also been found that during the emission of
high concentrations of pollution sources, the maximum
recorded in hazardous wind speeds (in the range of 3 to 6
m / s depending on the flow rate of gas from the mouth
of blowout pipes). Dangerous winds combined with
unstable stratification and intense transfer of impurities
leads to the maximum increase in the concentrations of
pollutants in the surface layer of the atmosphere. In such

cases a fundamental role in the dissipation of air
pollutants horizontal play streams.

The software can be successfully used for the study,
analysis and prediction of the spread of harmful
substances in the atmosphere for further decisions on the
optimal design of new industrial facilities, as well as
environmental planning.
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The article describes and examines modern numerical methods for the numerical solution of partial differential
equations of hyperbolic systems (shortly hyperbolic system). Hyperbolic equations can be found in many areas of
physics and mechanics, such as acoustics, fluid dynamics, elasticity theory, magneto-hydrodynamics, shallow water
equations, and others. The article is designed for researchers who are faced with the necessity of solving hyperbolic
systems in various areas of mechanics, physics and applied mathematics. The feature of the article is to present and
classify the different numerical methods expounded on the basis of a single common approach. The article aims to
provide a set of reliable modern numerical methods to solve linear and nonlinear hyperbolic systems of partial
differential equations in one-dimensional and multidimensional cases. Some well-known difference schemes such as
Godunov, Lax and Rusanov are discussed, and new explicit finite difference schemes are suggested.
Keywords: difference scheme, hyperbolic system, stability, approximation.

YCTOMYUBOCTD IBHBIX PASHOCTHBIX CXEM
JJIA TUTTEPBOJIMMECKUX CUCTEM
Anoes P.Jl., Xynoitbepranos M.VY.

PaccmarpuBaroTcsi COBPEeMEHHBIE UYHCICHHBIE METOABl pEIIeHHs YpaBHEHWH B  YacTHBIX  IPOW3BOIHBIX
THITEPOOTMUECKUX CUCTEM. | nepOonndeckre CHCTEMBI BCTPEYAIOTCS BO MHOTHUX 00J1acTAX (PH3UKN U MEXaHUKH, TaKHe
KaK aKyCTHWKa, THAPOJUHAMHUKA, TEOPHUs YHPYTOCTH, MarHWTHAas THAPOAWHAMEKA, YPaBHEHHS MEJKOW BOIBI M [Ip.
CraThs IpeHa3HAYEHA JJIS MCCIeIoBaTeIeH, KOTOPhIE CTAIKMBAIOTCS C HEOOXOIMMOCTRIO PEIIeHHUs THIEPOOTHIECKIX
CHUCTEM B Pa3JIMYHBIX OOJIACTSAX MEXAHUKH, (PH3MKM M MPUKIAJAHOW MaTeMaTuku. OCOOCHHOCTBIO PabOTHI SBISICTCS
MPEJCTABICHAC U KIACCH(UKALUSA PA3IUYHBIX YHCICHHBIX MCTOAOB (SBHBIC PAa3HOCTHBIC CXEMBI), M3JIOKCHHBIX Ha
OCHOBE €IUHOTO 00mIero moaxoaa. Takke HCCIEIyeTcs BOMPOC YCTOHYMBOCTU HEKOTOPBIX M3BECTHBIX PAa3HOCTHBIX
cxeM, Takux Kak cxema ['onyHoBa, Jlakca u PycaHoBa , a Tak:ke HOBBIE SIBHbIE PA3HOCTHBIE CXEMBI.
KiroueBble cjioBa: pa3HOCTHAs CXeMa, TUIIEPOOINYECKast CHCTEMa, YCTOMYHMBOCTb, AlIIPOKCHMAITHSL.

GIPERBOLIK SISTEMALAR UCHUN
OSHKOR AYIRMALI SXEMALARNING TURG'UNLIGI
Aloyev R.D., Xudoyberganov M.U.

Magqolada giperbolik tipdagi xususiy hosilali differensial tenglamalar sistemasining (giperbolik sistemalarning) sonli
yechimlarini topish uchun zamonaviy hisoblash metodlari quriladi va tadqiq etiladi. Giperbolik tenglamalar sistemasi
fizikaning turli sohalarida, akustika, gaz dinamikasi, elastiklik nazariyasi, magnit gidrodinamikasi, mayda suv
tenglamalari va boshqa sohalarda uchraydi. Turli sonli metodlarni yagona yondashuv orqali tadqiq etish magsadida
magqolada bir o'lchovli va ko'p o'lchovli xususiy hosilali chiziqli va chiziqsiz giperbolik tenglamalar yechishda
go'llaniladigan ishonchli zamonaviy hisoblash metodlarini yaratishga harakat qilingan. Godunov, Laks, Rusanov va
yangi oshkor ayirmali sxemalarning turg'unligi tadqiq etilgan. Maqoladagi natijalar dastlabki differensial masala
yechimining mavjud va yagonaligini ta'minlaydi.
Tayanch iboralar: ayirmali sxema, giperbolik sistema, turg unlik, approksimasiya.
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1. Introduction

In the recent decades, methods of mathematical
modeling are widely used in science. By mathematical
modeling we understand the following logic chain:

Physical
model

Mathematical model [—

Computational
P | program | Computer

model

Direct application of methods of mathematical
modeling is impossible without a detailed analysis of the
relations between the mathematical and computational
models of a phenomenon. Note that in the theory of
differential equations there already exist the approach of
simultaneous study of the original mathematical problem
and its discrete (finite-difference) analog, for instance,
the fundamental work [1] as well as the monographs
[2, 3].

For the construction and investigation of
computational modeling, we require the conformity of
computational model of original differential problems.
By conformity we understand that the computational
model should be constructed in order to prove the
theorem of existence of the solutions to the original
differential problem. This is really important because in
numerical calculations we have to be sure that the
approximate solutions do converge to the solution of the
original differential problem.

For modeling an original problem mathematically,
we consider an initial boundary value problem for
symmetric ¢ - hyperbolic systems with dissipative
boundary conditions (see [2, §15]). For clarity we
confine one dimensional problem.

We consider general symmetric hyperbolic systems.

Definition 1: The system of N equations

ou ou
—+C—+Du= 1
a Tttt M)

for the N unknown functions u = (u;,u,,...,uy) with
the matrices

= ”cik " = "cik (x, t)"’D = "dik " = "dik (x, t)"
is called hyperbolic if all the roots of the characteristic
equation det ||C —kE" =0 (E is the identity matrix) are

real and distinct.
In [2] it is shown that the system (1) leads to some
special canonical form

ov ov

—+K—+Mv=g, 2
o o £ @
where K is a diagonal matrix and the nondegenerate

matrix Z is
-1 0 0
Z (DZ+—Z+C—2Z2)=M,
ot ox

Zflf :g;v:Zflu

Suppose that the eclements of the matrix K are
ordered as follows

K 0
K = Kz N
0 o
ky 0
k
K, = ? :
_kNOH 0
K, = _kN0+2 ’
0 _kN0+N1
0 0
0
05 = :
0 0
%,—/
NZ

where k; >0, i=1,---,Ny+N;; Ny+N, +N,=N.
The system (2) can be rewritten as follows

ov ov
A—+B—+Qv=F, 2'
o Bt @)

where B=AK, Q=A4M, F =Ag and

A =diag L,---,;,l,---,l )
ky kN0+N]

Consider the region0 < x </, ¢ > 0. The solution of
(2) with the boundary conditions at x =0
vi=sy’ 4+ g (3)
and at x =/
vt =Rr'+g". )
The initial data for this problem are given in the form
v;(x,0)=¢(x), 0<x<!/, (i=L...N). (5

Here
v YNy +1
V. Y
1 2 11 Ny+2
vl=| 2, pli=| Morz |
%
Ny YNy+N,
g ENy+1
1_ p) 11 _ gNU+2
g = . ’ g = .
&N, ENy+N,

S is a rectangular matrix of dimension N, xN,, R is a

rectangular matrix of dimension Ny x N; and
ki = ki(tax)a g = g[(t)a §= "Skl " = "Skl (t)||5
R=||Ry|| =Ry )]
¢ (x),i=1,...,Ny+N,, k,[=1,....N

HISOBLASH VA AMALIY MATEMATIKA MUAMMOLARI Nel 2016

73



HISOBLASH MATEMATIKASI / BbIYUCNIUTE/IbHA MATEMATUKA / COMPUTATIONAL MATHEMATICS

are given functions.

Definition 2. Problem (2)-(5) is called mixed, as for
the solution it requires not only the initial conditions, but
also the boundary conditions.

Definition 3. (a) The boundary conditions (3) at
x =0 are called dissipative if at the boundary points for

any vector function (v,v,+-,vy) satisfying the

boundary conditions (3), the following inequality (at
g' =0) holds
Ny+N,

—Zv + Y viz0. (6)

i=Ny+1
(b) The boundary conditions (4) at x=1[ are called
dissipative if at the boundary points for any vector

va|=

function  (w,v,,---,vy) satisfying the boundary
conditions (4), the inequality (atg'' =0)
Ny+N,
va| Zv—2v>0 )
i=Ny+1

is true.

Definition 4. The boundary conditions (3)-(4) are
called strictly dissipative for the system (2) if for any
nonzero vector function ( v;,v,,---,vy ) satisfying the

boundary conditions (3)-(4), and the following
inequalities, with g'' =0,g' =0
Ny +N Ny +N
—Zv+2v>kozv (®)
i=Ny+1 i=Ny+1
at x =0 with the constant &, > 0and
N y+N,
—Zv - Z v; >k12vl, )
i=Ny+1

at x =/ with the constant of k; > 0.

Problem 1. Show that, with the appropriate choice of
functions 4 (¢,x), i=1,,
w; = uv;,, i=1---,N, the

conditions is dissipative, where constants k, and k; are

N for the new dependent

variables boundary

arbitrarily close to unity.

Hint. In the mixed problem (2)-(5), we need to
introduce new dependent variables
w; = uv;, i=1---,N, and therefor the boundary
conditions (2) and (3) can be written as

wh=m's"y W s Mg at x =0,
= MURMY T+ MY at x =1,
where
Hy 0 Hny+1 0
M= - Ml = -
0 Hy, 0 Hyy+n,

Problem 2. Show that the dissipativity of the
boundary conditions is equivalent to the matrix
inequalities

Iy -8*§20, Iy -R*R=0,
and the strictly dissipativity of boundary conditions is

equivalent to the matrix inequalities
Iy, =S*S=>kyly, Iy —R*R=kly ,

where /) and /) are the unit matrix of dimension N,

and N, respectively.

Problem 3. Suppose the boundary conditions (2)-(3)
are not dissipative, then by introducing the new
unknown functions show that it can be made dissipative.

Definition 5. The system of equations

= f(x,t,u)

is called symmetric 7 -hyperbolic system, if the matrices
A and B are symmetric, and the matrix A is positive.

Thus, in one dimensional hyperbolic system (1) after
transforming it into the canonical form (2), is symmetric
t -hyperbolic.

Now we derive the energy integral identity for
symmetric ¢ -hyperbolic systems. This identity plays a
major role in the study of stability of difference schemes.
We restrict ourselves to linear systems. For the function

ou ou
A(x,t)—+ B(x,t)—
(x )at (x )at

1
1(t) = j(Av, v)dx,
0
we have the inequality (see [2])

Iy
(1) < I(t)+ J.[Ml(z) + NJI(t)]dx. (10)

gt
Lemma 1.1 (integral inequality [2]). Assume that for
0<¢<T the function /(t)=0 is continuous and

differentiable, and for any 0<¢ <t¢, <T, I(?) satisfies
the inequality (10) with M >0, N >0 then

MM,
JI(0) < \J1(0)e 2 +H(e2 ~1. (11)

In the following, we will construct the discrete
analogues of (11) for the various difference schemes,
which can be used to prove the theorem of existence and
uniqueness of the solution of the mixed problem (2)-(5).

Problem 4. Find the estimation for the solution of
the mixed problem (1)-(4) of the type (11) in the case

g #0and g''#0.

In [2] the following theorem of existence unique and
uniqueness for the solutions of the mixed problem (1)-
(4) is proved.

Theorem 1.1. Let

(a) the coefficients and the right-hand sides of (2),
the coefficients of the boundary conditions (3)-(4) are
smooth;

(b) the boundary conditions (3)-(4) is dissipative;

(c) the initial data ¢(x), i=1,...,N are smooth and
consistent with the boundary conditions together with its
derivatives of sufficiently high order.

Then there exists a unique solution of the mixed
problem (2)-(5) in rectangle 0<x </, 0<¢t<T.

2. Lax’s difference scheme

Consider the mixed problem (2)-(5) in the case of
constant coefficients, ie, elements of the matrices
A, B, O, S, R are constants. It will be shown later

the obtained results in the following analysis can be
extended to the variable coefficients. In the region
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G={(tx):0<t<T, 0<x<I[} we construct the

difference grid with steps size
At=A, Ax=h (T =mA). In Fig. 1, the internal points
marked by crosses are denoted by G,,, circles are taken
along the boundary Q,, squares and triangles are taken
along 1"2 and FZ, respectively. In addition the whole
set of grid points (kA, ih), k=0,---,m; i=0,---,n is
denoted by G, . Note that G, = G, UT') UT}, UQ, .

i
B4\
B . A\
B f——F—F—A\
hY
J‘I::‘I N 4 LY 7 [ Lx
At MMM x
(;\iﬁb/ U o
Fig.1

We will call the sets r2 and Fi, are the left and right

borders of the difference grid, respectively. Let Ul-k

denote the approximate solution of the mixed problem
(2)-(5) at the point (kA, ih) of the difference grid
f_lh, i=l---,n, k=1---,m. For the steps ratio A/h

we use the standard notation r. Lax’s difference scheme
for the mixed problem (2)-(5) is formulated as follows:

AU = %A(Uk +UL) —%VB(U,ﬁI ~Uf)-

i+1
~A-Q-UF+A-FF, (12)
k=0,-m—=1; i=1--n-1,
UHE=s- WM, k=1--,m, (13)
UM =R-U"E, k=1,--,m, (14)
U =g(i-h), i=0,---,n (15)
where
Uf =(@HE,0™H, U™y,
$= (. bronby) -

Thus, to determine the numerical solution, we have a
system of linear algebraic equations (12)-(15) for the

unknowns {Ul-k},(k-A,i-h)eéh .
difficult to see that this system is not closed to the

However, it is not

borders F2 and FZ , 1.e. the resulting system of linear
algebraic equations is insufficient to determine the
U= {Ul»k} . Therefor the additional boundary conditions

need to be constructed [5]. First, we need to count how
many conditions are needed for the system to be closed.
The number of unknowns is equal to (n+1)(m+1)N ,

and the number of equations (13)-(15) is equal to

[(n+D)(m+1D)N—-—m(N,+ N,)—m(Ny+N,)].
Thus, it is necessary to set m(N, +N,) on the left
boundary conditions 1"2 and m(N, +N,) on the right

boundary conditions FZ in order to uniquely determine
an approximate solution of U . Namely it is necessary to
set the conditions for determining the vector components
INk o 7 INK g 7 DNk /N
(U )Os(U )03(U )n)’(U )n)9 k=0,"',m,
We propose the following options on how to define
the additional boundary conditions:
(UII g+1 — (UII ){( ,(UH] ]6+1 — (UIII ){( ,

(16)
k=0, ,m—1,
(UI )ﬁ%»l — (UI )ﬁ_l,(UIH )2#»1 — (UIII )ﬁ_l’ (17)
k=0,,m—1,
or
(UII )16 _ (UII ){C, (UIII )16 _ (UIII ){C, (16')
k=0,-.m,
Wy =W W™, =W, !
(17)
k=0,-m,

It should be noted that the whole difference scheme
(12)-(17) (or (12)-(15), (16), (17)) has a first-order
approximation, although in G, U, the second-order

approximation is also arised.
Theorem 2.1. Let

rlAB|<4(4), i=1-,N,  (18)
where  A;(4) and A4(B), i=L---,N are the

eigenvalues of the matrix 4 and B, respectively. Then
the difference scheme (12)-(15), (16), (17, (12)-(17) is

stable in the energy norm /3, (,/3,( ), where
5 _& 1
S =S+ AU LU ) +
+([A" +r- 1 U0 ) +

S (e N[ R
+([4" +r- 1y U T U T

n—1
3, =h > (4-UF U
i=l1

and /) is the identity matrix of order N, and so on.

Proof. First, consider the difference scheme (12)-
(17). To prove its stability, the technique of constructing
difference analogue of a dissipative integral energy is
applied, that allows us to get the energy inequality, from
which the stability of the difference scheme follows.

Rewrite the system of equations (12) in the form

AUS™ = DU, + DU, - AQU +AF, (19)
1 1
where D, = E(A -rB), D, = E(A +7B).

By (18) the matrix D,>0, i=1,2 . For the
symmetric positive definite matrix the following chain of
inequalities takes place
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1 1
(DU,V)=(D2U,D2V) <

<J(DU,U)J(DV.,V) <

S%(DU,U)+%(DV,V),
where U,V are vectors of dimension N . Multiply the
system (19) from the right by the vector U; kel
(AUSLUf ) = (DU, UF D + (DU U -
~AQUF, U+ A(FF UM
Applying the above inequality to the quadratic form
(DULLUR, (Dz UL, UM, gives

i+1>

1
(AU Uy < L (Dlv,ﬂ, ,ﬁ1)+5<020,»’11,v,~’11)+

+E([Dl + D2 ]UI'IC+IJU1']€+1) -

~AQU; U D+ AFE U,
Using the following obvious relation and inequalities
(1) D+D, =4,

(2) |e-uf.ufh

ctal et ot

S%'IIQII'((U,-" R+ (U, URY),

Sy

S%((F/‘,F,-k)+(U,-"+1,Ul-"“)),
1

N N ) )2
where ||Q|| = ZZ|ql]| , 1s the Euclidean norm of

i=1 j=1
0, we obtain
(AUk+1 Uk+1) < (D1U:+1a £1)+(D2U,!11,U£1)+
+A{(lo| @ UH +(|of|+ DU +
+HFF). 20)

Multiply both sides of the inequality (20) by # and
sum over i from 1to n—1

hZ(AU“1 Uit < hZ[(DIU,H, Ul +

+(D,UL,, U, 1)]+Ahz{(||Q||(Uk,U"

+(lof+ 1><U,-’”‘,Uf“> +(FEDY.
Applying the following relations and inequality:

Z(Dl Uz+l7 z+l) Z(Dl Utk’U )—
—(D1~U1,U1)+(D1~Un,Un),
n—1
Z(DZ Uz 1> ik—l)ZZ(DZ'Uik’Uik)'l_
i=1
+(D, - U07U0) (D, - Un 1> r]:—l):

k k
(3) Wy, >s—ﬂmm i

Uuk,ub),

where A, (4) = min4;(4), gives
1<i<N

n—1 n—1
hY (AU U < kY (4UfUf) +
i=1 i=1

+h(D,U§ Uy )~ (DU UL ) -
(DU |, U Y+ (D, U* U+

n— 1’
n—1
Ahz{%;(,wfﬂ,ulm @1

i=1 min (

Jol- Uf,U,-k>}+

mm (A)

+ max hZ(Fk Fk)

0<k<m i-1

Denoting

® = max - hZ(Fk Fk)

0<k<m
_loj+r - __ o]
: ﬂ’min (A) ’ : ﬂ‘min (A) ’

the inequality (2.10) gives
S <3, +H{K + K, )+
AL Sy + 1,5+ D) (22)
where
Ky =(D,U5.Ug) —(DIU{‘ Up),
K, =(DUL,UN=(DUS UL,

Note that in the energy inequality (22) the boundary
conditions, including the additional boundary conditions
is not taken into account. For the boundary conditions to
take place, consider the quadratic forms K; and K, ,
respectively, on the left and right borders, i.e. for the

vectors U0 and Un , satisfying the boundary, including
the additional boundary conditions (13), (14), (16), (17).
First, consider the quadratic form K, . Using the

boundary conditions (13) and (16), we have:
=@ e O W)
(A" = WU O ) +
+(AIH (UIII )]6 ’(UIII )]6)_ (AIII (UIII ){c ’(UIII ){c) _
~([A4" = rIy JUD U -
(4" =iy JUE WD} =

:%{_([AH IN ](UU k+1 (UH )]6+1)+
+([A" =1y 1O, U ) -

—(A111 (U111 10{+1, (U111 )k+1)+ (AH] (UH] )16’ (U]H )g) _
—([A4" =l JUD D

Denote y, = 12}1{3)}(\] A4 (A4) . Then the quadratic form

(A" +r1y YU .U =27 (WU )5) is  a

negative definite when the vectors (U ! )]5 and (U n )16
satisfy the boundary condition (13), provided that
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Yo—r
Yot T
where k, is the coefficient of dissipativity (see. (8)).
Indeed,

(A" + 7y, UG .U ) +2r(U 5. U )p) <
<(r+ o)UY, UHE) = 2r (UG, (U )g) =
=—(r+y) I =S SHU 5. U"H5) +
+(ro =W )5, U ) <
<[=ko(r+70) + 70 11U, ")) < 0.

Here we have used the strict dissipative boundary

conditions (13). In addition, we note that by (18) we
have the following inequality

—([4" =r1y JUDE . WHD) <0.

Then, discarding aforementioned negative definite
quadratic forms in K instead of equality, the following
inequality is obtained

Ky <—Epn +E,

ko > (23)

where
1
Ep =4 +r Iy 1- (U5, UE) +

HA UL O}
Similarly, the following inequality for the quadratic
form K, is obtained as
Ky <-M; ,+M,,
where

M= {04+ 11, JUDE U +

n (A”] (U111 )k (U’” )k )}
The last inequality is proved under the condition that
n-r

k> ,
n+r

max A (4). (24)

Ny +1<k<Ny+N,

Taking into account the inequalities for K| and K, ,
from (22) we obtain
Skt ST Ay Sy + 13 + O (29)
Lemma 2.1. Suppose that a sequence of numbers I,
31, I, satisfying (25) for V k. Then for small A
the following inequality holds:
3, £ Cp FptC D, (26)
where C,, C, are positive constants, independent of

A, mzz, T = const.
A

Proof. Rewrite (25) in the form

Sk <X Sot P, 27)
where
1+Au A
Xo = —23 X = .
1-Ap 1=Ap
From the inequality (27) it follows
k+1

ktl~ Xo —1

~
Sk SX St T

1

We need to show the magnitude of ;(g” is bounded.

Indeed,

(1+A/I2)k+l < (eA/JZ )k+1 < eTﬂz ;

—au <1+2A,
at small A, i.e.
(1- Ay )—(k+1) <(1+2Ap )k+1 < (eZA”' )k+1 < 2Tr
Hence
}((])Hl < ol m2m) _ C,,

P U Y 7

4 = (1-Awy) =
Xo—1  1=Awy Ay + 1)
_l,(])“'l_l eT(ﬁz"’zﬁl)_l_C
= =C.
M+ iy Mty

Lemma 2.1 is proved. Inequality (27) implies the
stability of difference scheme (12)-(17) in the energy

norm /3, . We now consider the difference scheme

(12)~(15), (16), (17). In this case

Ky = =" o1 JUDE W)

+([A" + 1y JUDG.UHE) -
~2r(U")5.U"6)) <
<=2r(U")5. U 0)+
(4 1Ly, 1. U"5) <0.

Similarly we can prove that K, <0 . In deriving
these inequalities, we used the strictly dissipative
boundary conditions (23) and (24) and inequality (18).
From (22), we obtain

St ST AT + 1,3 + O
and by Lemma 2.1.
3 G35y + .

The theorem is proved.

Note that the condition (18) is the Courant-
Friedrichs-Levy (CFL) condition, and it is a necessary
condition [6]. Whereas we have proved that it is not only
a necessary but also a sufficient condition for the
stability of difference scheme.

Since the difference scheme (12)-(15), (16), (17) or
(12)-(17) are explicit, numerical algorithm for finding an

approximate solution is quite simple. If the values {Uik}

of a k™ layer of points are known, from the formulas
(16) and (17), the values

(UH )16+1, (UIH 16+1’ (UI )£+l’ (UHI )ﬁ-%—l are
Then by (13) and (14) we can define (U’ SH and
(U™)5*! The formula (12) allows us to calculate U**!

for all interior points (i =1,---,n—1), for the (k+1)’h

found.

layer. Since U, 9 are known from the initial data (15), the

1
values for U}, U7, etc. can be determined.

To find the numerical solution of the scheme (12)-
(15), (16), (17), you must change the order of finding a
solution at the boundary points and at interior points of
difference grid in the above algorithm. Suppose that the

values {Uik} for k™ layer points are known. According
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to (12), we can find Uik "1 for all interior points
(@=1L...,n=1), and by (16), (17), (13) and (14) we
define Us*" and U™, Next step is to follow the above
algorithm, i.e. from the known initial data Ul-0 (15), the

values for U/, Ul-2 , etc. can be determined.

Example. In the region

Q={(t,x):0<t<1,0 <x <1} consider the system
1

u, +—u, ~Z v =

cos(t +27x),
27 2r

1
v, +—v —ﬁv+u=ea" cos(t —27x)
"ot o2rm

with the boundary conditions
u(t,0) = Sv(¢,0), v(¢,1) = Ru(t,1), 0<t <1

-2 L
0 02 04 06 08 1

X

and the initial data
u(0,x) = e** cos2xx,
w(0,x) = e#* cos 27x,
a, a, p, S, R are
S=e R=e"*% Then the condition of dissipative

boundary conditions are formulated in the form of
inequalities a 20, a>a+f.

where constants, and

For the numerical calculation, we apply the
difference scheme (12)-(17). The Mathcad’s code is
displayed in the Appendix 1. The numerical results are
shown in fig. 2, which shows that the approximate and
the exact solutions are in good agreement.

Lo
0 02 04 06 08 1

Xj

Fig. 2. The exact and approximate solutions in the case of stable difference scheme
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3. Godunov’s difference scheme

Consider the mixed problem (2')-(5) in the case of
constant coefficients. For the numerical solution we
consider the Godunov’s difference scheme

AUF = aUk —%rB(Uk ~Uf)+

i+l
+3rCWUL, 20 +UE) - AQUY + AFF, (28)
k=0,....m—1;, i=0,....n—1,
with boundary conditions (12), (14), (16), (17) (or (13),
(14), (16", (17") and the initial data (15). Here
C =diag(l,1,...,1,0,...,0) .
—
No+N,

Note that in Godunov’s scheme the approximate
solution of Ul-k can be found in G, , without specifying
the additional boundary conditions if the conditions (3)
and (4) is approximated as follows

UHE=sUMF, k=1...m, (29

Uk =RUY . k=1...m. (30)

However, for the determination of U in 6,, , We
need to define the components of (U™)E, (U™)E,

u’ )1,;, o™ )i although they will not participate in the

approximate solution U of the difference scheme (15),
(28)-(30).
Theorem 3.1. Let
r< min A4,(4) 31

1<i<Ny+N,

Then the difference scheme (13)-(17), (28) is stable
in the energy norm /M, , and the difference scheme
(13)-(17), (28) and (15), (28)-(30) are stable in the

energy norm 4/, where

My =3+ M@, WD)+ @, WD}
Proof. Consider the difference scheme (13)-(17),
(28). Rewrite the system (28) in the form
AU = DUF + D,UL, + DU, - AQUF + AFF,
where
Dy=A4-rC, D, =~

—%(B ~C), Dy = %(B +C).

Note that, by (31) the matrix D, >0, i=12,3.
Then the following inequality is true (see §2):
AU U < (DU, ufy+ (D,UL, U ) +

HOULL UL+ Ao+ DU U +

HOlWEUby+ (Y ED),

Multiplying both sides by /4 and summing the
resulting expression for i from 1 to n—1 (see §2), we
obtain

Sial S;’sk +h(K1;+ K))+ (32)
+A{ﬂ1~‘k+1 + 1S +<D},

where 14, 1,,® are constants.

Consider K, and K, are in the quadratic forms for

the vectors U , satisfying the boundary conditions
(13), (14), (16), (17). Then we have

Ky |= (U, W) (@, =
=r(U" .U - WU ) =

=—r([Iy, -S"SIUT;. W5~ (33)
(U5 WD+ W) <
<= (@™ W™+ (@M. "p).

In obtaining (33), the dissipative boundary condition
(7) has been used, whereas in the Lax’s difference
scheme demanded strictly dissipative boundary
conditions ((8) and (9)).

Similarly, we obtain the following inequality for K,

Ky <=, WD =r(@";. ;).

Applying Lemma 2.1 to (32), the following energy

inequality is obtainable
M, <C\M,+C,
where C, and C, are constants (see Proof of Lemma

2.1). Thus, we have established the stability of difference
scheme (13)-(17), (28). Now consider the difference
schemes (13)-(15), (16), (17), (28) and (15), (28)-(30). In
both cases we have the following inequality

K, =r(UNS(UHO-r( @™y, 0™ =

k=1,--,m,

=—r([Iy, -S"SIUF.U") <0. G4
Similarly we have
K, <0 (3%
Substitute (34) and (35) into (32) gives
5, <C,5,+C, @ (36)

Inequality (36) indicates the stability of the above-

mentioned difference schemes in the energy norm /3, .

The computational algorithm for finding approximate
solutions of the mixed problem (2')-(5) for the difference
scheme (13) - (17), (28) or (13)-(15), (16), (17", (28) or
(15), (28)-(30) differs slightly from the algorithm of the
previous section.

First, consider the difference scheme (13)-(17), (28).

Let the value {Uik} in the k™ -layer points be given,
then by (16) and (17) we obtain
W 16+1 ™ /6+1 Uy, @y
9 B n n .
Consequently by (13) and (14) we define (U')§"

and (UT)**' . Hence, the values U™ ;i=1,---,n—1, for

all interior points of the (k+1)"

Since U? are known, the values U!, U?

obtainable by (15).

The algorithm for finding the solution of the
difference scheme (13)-(17), (28) is similar with the
algorithm of the difference scheme(12)-(16), (17').

The approximate solution of a mixed problem for the
difference scheme (15), (28)-(30) can be found as

follows. Suppose that the value of {Ul-k} for a points of

-layer can be found.

etc. are

the k™ -layer are known. According to (28), the values
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Nevertheless, in proving the convergence of the

-,n—1, for all interior points are obtainable.

1,

Then by (29) and (30) we define (U ! )

numerical solution of the difference scheme, these vector

components can be defined, for example, by linear

extrapolation.

k+1
n

and (U")

k+1
0

etc. can

i

2

i

1

Further, as U, are known, the values

For the numerical example we solve the problem in
Section 2 using Godunov’s scheme. Fig.3 shows that the

be calculated using (15). It should be noted that in the
process of finding the solutions of difference scheme

solutions are in excellent

exact and approximate

agreement.

components

vector

the

(28)-(30)

(UIII)

(15),

involved.

(Ul)ﬁ, (UIH)]; are  not

k
0>

k
0>

o™

S

ST

iy

V2Qi

Logi

u2qi

M 2qi

-2

1

0 02 04 06 08

1

0 02 04 06 08

Fig. 3. The exact and approximate solutions for the stable difference scheme
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4. Rusanov’s difference scheme

Consider the first order accuracy of Rusanov’s
difference scheme given by

AU = AU - rB(U,+1 Ui+

+— rD(Ul+1 —2UF +UF ) - AQUF + AFF,

k=0,....m-1, i=0,...,n—-1, 37
with the boundary conditions (13), (14), (15), (17) or
(13), (14), (16), (17") and the initial data (15), where
D=wC, o>0 is a real parameter and C is a diagonal
matrix described in §3. Obviously, if =1 then the
scheme becomes Godunov’s difference scheme.

In this section we will study the influence of the
parameter ® to the stability of Rusanov’s difference
scheme.

Theorem 4.1. Let

w=1, or< min 4;(4) (38)
I<i<N

Then the difference scheme (13)-(17), (37) is stable

in the energy norm \/M_ , and the difference scheme

(13)-(16), (17", (37) is stable in the energy norm V3,
where

M =5, +A(w+1>{((U”)o,(U”)o)+
+H(U .U}
Proof. Rewrite the difference scheme (37) as follows
AU = DUF + DUL, + DUE, —-AQU + AFF

where D, = A—rD, D, =——(B-D), D, =—(B + y
here D, = A—rD, D, 2(BDD3 23 D)B

virtue of (38) the matrix D, 20, i=1,2,3. We can
easily obtain the following inequality (see the Proof of
Theorem 3.1)

S <3, +h(K +Ky)+
ket =~ ( ! 2) (39)
A Sy + 1,3y + D,
where
K, :(D3U(])CsU(I){)_(D2U1k’U1k)’
Ky =(D,U,,U;) = (DU, 1,Uy ),
and g4, 1,,® are constant defined in §2.
We investigate the quadratic forms X, and K, for

the vectors U , satisfying the boundary conditions (13),
(14), (16), (17). We have

Ky ==Z (o= WH)-
= @+ "L wMH+
+2 @+ (UG +
+ (=D ("U") =

:%(a)+l)((U1)g,(UI)l(§)+

+1<w—1><<U”>’5,(U”>’5>—
——(w+1)((U” o LW+
= @+ EU) -
@+ ") -
S @=DHt.w =
:_g(ml)([lM -8"S1- (U5, WU )5) +
2 @GO +
S @@ Wi+
= (=)0 -
S @=DhHi.uh <

S%(wﬂ){((U”)é,(UH)g)—

(U™ k+l (UII)kH)}’ (40)

provided that &, > w_i is the dissipativity coefficient
-+

of the left boundary conditions, where we have used the
inequality @ > 1. Similarly, we obtain the inequality for

the quadratic form K, given by
r
<@+ DI, UD)-

_((UI )ﬁ+l’(Ui)ﬁ+l)}
where we have set the dissipativity coefficient of the
w-1
o+1’
Substituting the right-hand sides of the inequalities
K, and K, into (39), gives the following energy

(41)

right boundary conditions, k; <

inequality (Lemma 2.1)
SCMy+CD, k=1,...,m
where C, and C; are constants defined in §3. This

means that the difference scheme (13)-(17), (37) is
stable. Substituting (13), (14), (16), (17) into (40) and
(41) yield

r
K, =@+ )W,

—r(U™)5, (U )g) - (42)

r

—5(@=DWHr,uHH <o,

K, <0. (43)

From (39), using (42) and (43) we obtain the energy

inequality
3, <G5y + O, k=1,...,m
which indicates the difference scheme (13), (14), (16),
(17", (37) in the energy norm \/fik is stable (Lemma
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2.1). The algorithm for finding the approximate solutions Fig. 4 shows the exact and approximate solutions for
of the mixed problem (2')-(5) for the difference scheme the example in §2 in case of a stable difference scheme
(13)-(17), (37) or (13)-(16), (17", (37) is similar to the are in excellent agreement.

algorithm for solving the difference scheme (13)-(17),

(28) or (13)-(16), (17", (28).

2 I I I I 1 I I 1 I
0 02 04 06 08 1 0 02 04 06 08 1

X X
Fig. 4. The exact and approximate solutions for examples of §2 in case of a stable difference scheme

5. One explicit difference scheme b < % - <2b 1mi111\/ 4(4) 5)
<i<

We formulate the difference scheme for the mixed Then the difference scheme (13) — (17), (44) is stable

problem (2)-(5). Consider the difference scheme in the energy norm \/M_k and the difference scheme
AUS = AU} = rB(UE, UL +bAWUE, -

1

(13) — (16), (17", (44) is stable in the energy norm 1/5,{

—2Uf +UL) - AQUS +AF, » where
. _& I Ik o7 1Tk
k=0,...,m-1 i=1...,n-1, M =3, +bA{(AT (U)o, (U )p) +
with (44) the boundary conditions (13), (14), (16), (17) +(A1 (UI )ﬁ,(UI )1;)+(AIU (UH] )](;’(UHI){;)"‘

or (13), (14), (16), (17") and the initial data (15). Here b N N
is an arbitrary real number. HAT(UT),, U ))-

Theorem 5.1. Let Proof. Rewrite the difference scheme (44) as
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AUz‘kH :Dle'k"“DzUik+D3Uikfl_AQUik+AE'k
where
Dy =(1-2b)4, D2=bA—%B,D3=bA+%B.

By (38) the matrix D; 20, i=1,2,3. It is easy to obtain
the following inequality (see Proof of Theorem 3.1)
Spn S5 +h(K + K+ A5y + 1,5, + @), (46)
where
K, =(DyUg.Up) ~ (DU, UY),
Ky = (DU, U) = (DU, .Uy ).

Now, consider the difference scheme (13) — (17),
(44). Substitute the boundary conditions (13), (14), (16),
(17) into the quadratic forms K, and K, above, we
obtain

K, = —%«U’)’&(U’ ) -
—%«U” LU+
+§«U1>{‘ (U -
—%«U” LU+
+b-(A" (U, (U Ye) +
+b- (4" (U, (U Y) +
+b . (AIII (UIII )16 , (UIII )g ) _
~b- (A" UMY, W) -
—b'(AH (UII ){c’(UII ){C) _
—b . (AIII (UIII ){{’ (UIII ){c) <
S CANCEHE

—%«U”)ﬁ LUk +

b A (AW, (U) +
+b-(4" (U, U )) -
—b. (A” (U” )lom ,(U” 10c+1) i
+b- (AIII (UIII )l(;’(UIII )16)_
—b- (AIII (UIII )I(§+1, (U111 )I(§+1) <

s[—ko(gw-ﬂmax<A’>>+Mmax<A’>}x

(U U +b- (4" U, U) -
_b'(AH(UH 16+l’(U]1 g+l)+b’(AIH (UIH)g, (UHI)I(;)_
b-(4™ 16+1 (U111)16+1)
Suppose that the dissipative coefficients of the left

boundary conditions, k, satisfies the inequality

1
kOZ bﬂ“max(A) )

r I
—+bA A
5 (4")

max

Then
K =b{(A”(U”){§,(U”)§)—
_(AII(UII 16+1’ (UII 16+1)+
4 )g’(UIII)g) —4t gt )g,(UIII)(l;) _
—4 16+1’ ' 18+1)}’ 47)

where 4, (4")= max 2,(4").
I<i<N,

Similarly, the dissipativity coefficients of right
boundary conditions, k;, satisfies the inequality:

LN

r b4
—+bA A
5 (47)

Then the following inequality for the quadratic form
K, is true
K, 2b{(4'(U"),,(U"),)-
_(AI (UI )f:Jrl’(UI )i:+1)+ (48)
+ (AHI (UIH )k (UIH )k ) _

_(AIII (UIII )k+1 (UHI)I:‘H )} .

Then from §4 the energy inequality is given
M, <CM,+CD,
where C,, C|, @ are constants defined in Lemma 2.1.

Consider the difference scheme (13) — (16), (17"),
(44). Following the same step as above, we obtain the
inequality (46). Substituting the boundary conditions
(13), (14), (16) (17" into (47) and (48) yield

K =§{((U’)’5,(U1>’5>—2<(U” )W)+
HUHF U +bA" U, U -
-b(4' U, UHH <

< {b Ay (41— ko)ga +hko)}x (U5, (U"5) <0,

where
-
by (A1) )
ko2 ———=.
DAy (A1) + 3
Similarly, if
b ' ﬂ’max (Au ) - £
kj>—— 2 then K, <0.

b-A. (4" +%

Therefore, from the inequality (46) it follows that the
difference scheme (13) — (16), (17'), (44) is stable in the

energy norm, -/ ﬁk . Computational algorithm is similar

to that described in the preceding section. Fig. 5 shows
the exact and approximate solutions for example §2 in
the case of stable difference scheme are in excellent
agreement.
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I I I I
0 02 04 06 08 1

Xj

e
3
A

e

i
SESETE:
ey
TS
=

e

=

I I 1 I
0 02 04 06 08 1

Xj

Fig. 5. Exact and approximate solution for examples §2 in the case of stable difference scheme

6. A loop-shaped three-layer scheme

Consider the following three-layer scheme for the mixed
problem (2")-(5)
AUE = AL - B UL )+

+2AQU¥ +2AFF, (49)
k=0m-1, i=1n-1,

'y +§[(U’ L ohi= 50

=5SWU™YE ke =1,m—1,

[k +§[(U” Y@yl = -
=SRUNE, k=1,m-1,

[UII ](]g — [(UII {{+1 + (UH {C*l]/z’

- (52)
k=1m-1,
Ik _ IN\k+1 I\k-1
W' =10+ @02, 3)
k=1m-1,
U =(i-h), i=0n, (54)

where & and y are positive parameters and 1+y =9 .

It should be noted that in the process of calculating of
the approximate solution U by scheme (49) do not need

the values of (U™ )15 and (U™ )ﬁ

completeness, we assume that they are given, for
example, by conditions (16) and (17").

Note that from the difference scheme (49), the
boundary conditions (50) and additional boundary
conditions (52) can be rewritten as

However, for
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" =" {ssWw™ys ~y Wi
+%R1(UI )%+ (50"
Y Apl 177k I~k
+2 AR'-QUf + (K, 1},
Uk = p gt k=t T pli Uy
(U WO+ REUT); (52)
+AR"[-Q"Uf +(F) T,

where
R = (AI)’l n_ (AII)—l
I Y o ply-1
D =(1N0+5rR ),

1
I/ (]N] +5rRH)71,

QI F]
0=|0" |.F=F"|
QIII FIII

QI , QU , QHI are rectangular matrix of dimension
NyxN,N,xN,N, xN, and FI,F”,F[” are the vector
functions of dimension Ny, N;,N , , respectively.
Theorem 6.1. Let the parameters y, J, r satisfy the
inequalities
y<0L2y, (0=1+y, 1<0<L2)

r < min 4 (4)
I<isN

Then the difference scheme (49) — (55) is stable in

(55)

the energy norm 3 « » Where

S = h"ZlSk +A{(BUI,Ug) = (BUN, U,
i=1
S, = (AU US4 U BlUL, ~U* ).
Proof: Multiply (6.1) by a scalar vector U + U :
Sy +S, =—r(BIUL, ~US LU -
—r(U, BIUS U5 D=2AQU U+ (56)
+UF Y+ 2AFF U + UM,
In deriving of (56) we have used the following
relation

(AU =U LU + U] =
= (AU U= (Uil
Multiplying (56) by %~ and sum the resulting
expression for i from 1to n—1 gives
3, -3 =AK+M), (57)
where
K=K +K,,
K, =2(BU, [US +Uf)),
K, ==2(BUL.[UM + U D),
n—1
M =25QUF +ELUE +UR)

i=1
In deriving (57) we have used the following relation

n—1
1
2 WL B +US )+
i=1
+USTBIUS +U S D) =
=~(U{.BU; )~ (U . BUf ) +
(U1, BU, ) = (U, BU,T).
Using the inequality
n—1
>hY. (1-rb)(AUS UM + (AU U,
i=1
we estimate the expression for M,

w, <5 2o

(AUFUF) +
i=1 lmm(A)

+

Y A){(AU,-k“,U,f‘+1>+<AU,-’“1,UZ“1>}

2AFF <

1 el
(A) 1-rb

1’1’11[1

where A, (4)= min 4,(4), b=
I<i<N i (4)
given in Lemma 2.1.
Now we show that K, for the vector U satisfying
the boundary conditions (50) — (53) is non-positive.
Indeed

, and @ is

= (U, 0" - (U")5,0") =
=@sw". Lol o) -0 =

:(gSa)”,a)I)_%(wl,a)l)_%((wﬂawﬂ)S (58)

< %{([% 88'S—1y 10" 0" )+

+(%5 -9, o' )} <0,

where o' = (U (U Note that in the

derivation of the inequality (58) we have used the

conditions (55) and
1 1

‘(Sa)” a)”)‘<(S S, 0™ )2 (0!, 0')? <
Sa(wl,a)l)+5(S*Sw”,a)”),

1o .
J08'S =1y, <551y

In a similay way, it can be proved that K, <0 .

Consequently K <0.

Exercise: Prove that for the vectors U , satisfying the
boundary conditions (51) and (53), the inequality
K, <0 is hold, if a,f,r are subjected to conditions
(55). Finally, we obtain the following energy inequality

i+ Sper SALLS, + 1Sy + 1P,

ol +2

where = L =
# l=ra 4 ? ﬂ’min (A) '
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Hence, we have (see Lemma 2.1)
3, <C3,+CD, k=1,...m-],

stu o M@ =)
Ed B
2
Note 6.1. Note that with the help of difference

scheme (49) - (54) it is impossible to find the
approximate solutions on the first layer with respect to

where C) =e . QED.

. . 1. . .
time, ie. value U;; i=0,...,n . To overcome this

difficulty, one has to use for example the schemes (13) —
(16), (17), (44).
Computational Algorithm: Let the value of {Ul-k}

and {Ul-k_l}) with respect to a k— layer points are
known. Substituting (50) and (52") into (49) gives the

I I I I
0 02 04 06 08 1

X

values Ulk ,Uf , and hence the values of the vectors
w ! )15 and (U n )]5 can be found. Similarly the values of

the vectors (U ! )l; and (U u )l; are found by the formulas
(51) and (53). Then, the wvalues of the vectors
U,-k“; i=1,...,n, for all internal points k +1— layer are
calculated from the formulas (49). The values of

UI-O' i=0,...,n are known and calculated according to

the formula (54). In order to compute Ul-l; i=0,...,n we
need to apply one of computational schemes described in
the preceding paragraphs. Thereafter, using the values
U,»O and U! we find U,»k; k =2,---,nsuccessfully.

1

Example. (Listing)

I I I I
0 02 04 06 08 1

Xj

Fig. 6. Exact and approximate solution of examples of §2 for stable difference scheme
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The article considers the problem of constructing specialized computing devices based on uniform approximation of
functions by splines. Also methods and computer-oriented algorithms, designed to implement a class of special
functions are analyzed.

Keywords: Cubic spline, approximation, interpolation, signal, polynomial.

MOJEJIMPOBAHUE METOJOB ®YHKIHNOHAJIBHBIX 3ABHUCHMOCTEM
HA OCHOBE OJHOMEPHbBIX CIINTAMHOB
Mup3zaeB A.D., Xanunos C.I1.

PaccmaTtpuBaeTcss mpoOieMa TOCTPOCHMS  CHEUMAIM3UPOBAHHBIX  BBIYMCIHUTENBHBIX  YCTPOHCTB Ha  OCHOBE
pPaBHOMEPHOTO MpHOIMIDKeHNsT (QYHKLIUH crlalHaMu. AHQJIM3UPYET METOJbl M KOMIBIOTEPHO-OPUEHTHPOBAaHHEIE
AITOPUTMBI, TIPeIHA3HAUYCHHBIE I PeIM3aliH Kilacca ClIeIMalIbHBIX (QYHKIIHH.

KaioueBble c1oBa: KyOM4ecKuii CriaiiH, anpOKCUMAIHs, HHTEPIIOJISILHS, CUTHAJI, TOJIMHOMUAJL.

BIR O'LCHOVLI SPLAYNLAR ASOSIDA FUNKSIONAL BOG'LIQLIK
METODLARINI MODELLASHTIRISH
Mirzayev A.E., Xalilov S.P.

Magqolada splayn funksiyalarning teng yaqinlashuvi asosida maxsus hisoblash qurilmalarni ishlab chiqish muammolari
ko’rib chiqiladi. Bundan tashqari, maxsus funksiyalar sinflarining realizatsiyasi uchun mo’ljallangan metodlar va
kompyuterlarga mo’ljallangan algoritmlar tahlil qilinadi.

Tayanch iboralar Kubik splayn, approksimatsiya, interpolatsiya, signal, polinomial.
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1. Introduction

In the last years of development modern technologies in
all of the world we see that issues of recomposing signal
and working up of them, growing quantities of scientist
technical works and they concerned to device based on
huge integral schemed architect of their algorithm.

The modern methods of working up image and
signals mainly are up to development algorism and
structure devices, elements of counting devices and view
of architect.

It is complicated and measurable in the many
circumstances the information about various devices
with sensor techniques with their signals, temperature,
radiation, electromagnetism, gravitation, hotness and
other situation of physic areas and measures.

Demands for high improvement of counting system
which are used in these spheres will be satisfied by
devices with big processor of parallel conveyers
counting, as well as new methods of process of working
up digital signals.

2. The purpose of the work

Currently, there are a number of studies on the properties
of the spline - functions and their possibilities for
technical applications. The wide popularity of spline -
approximation due to the fact that they serve as a
universal tool of modelling features and compared to
other mathematical methods with equal with them
information and hardware costs provide greater
computational accuracy.

In general, the development of spline theory goes in
two directions:

1) Spline interpolation system satisfying certain
boundary conditions and conditions in the interior of
areas.

2) Smoothing splines when considering how to
optimize various kinds of functional.

3. Function module

Any spline sufficient smoothness can be represented in
terms of basic splines. In particular, when d = 1 for the
decomposition, so-called «normalized» basis splines
degree m (B-splines). They are local (finite), piecewise-
polynomial functions and satisfy the following
conditions

1) B, (x)=0atx¢ (X, X,

i+m+1 );

2) B, (x)>0atxe(X;,X;,,.1);
X,

i+m+1

}Bm(r)dr= I B, (r)dr=1.

m

X

Their Fourier transform as a finite functions
determined by the formula

. m+1
F (W) _ (Sznviv/vz/ 2)) .

They can also be defined as the convolution
operation results in - splines lower grades

B, (x)=B,_,(x)- By (x) = T B, (x)By (x—r)dr,

where B,(r) - rectangular pulses (rect-function).

To provide approximation for the entire interval [a,b]
B-splines to be set to a wider region by introducing
additional nodes 2m i = -m, m + 1, ..., n + m being, all
the nodes may be irregularly

For calculation of normalized B-splines arbitrary
degree m can apply the recursive formula [1-5]:

X = X; .Bim—l (x)’ xe[xi_m+l xi+m_1:|
B =) fem TN 272
m,i — .
Kiemed “Xi | pm-l (x)
X, —X i+l PXE|X g X
i+m+1 i+1 i——, i+l——

The simplest analytical expression for B-splines are
obtained for the case of uniform grids task. Here are the
basic elements of expression for some degrees.

For the first degree of B-splines

x—1, atxe[—l,O]

By, (x)z 1-x,
0 atx e[0,1].
1) For the second degree of B splines
0, x>3/2,
2
%(%—x] 1/2<x<3/2,
By, (x)= 3 1
——X 0<x<—,
4 2
Bg,z(—x) x<0.

Nodes B-splines of the second degree are located in
the points i—1/2,(i =-2,-1,0,..,n) . Selecting nodes
between nodes in the middle due to the requirements of
the uniqueness of interpolation approximation.

Methodical error of approximation of parabolic
splines defined by the inequality:

&< %max‘ I (x)‘h3.

Charts B - splines of zero, first and second degree for
the case of a uniform grid are shown in Fig. 1. Charts B-
splines of degree zero coincide with the schedules
renowned rect-functions.

One of the important properties of B-splines is the
continuity of several of its derivatives. For example, the
first and second derivatives of a parabolic base B-spline:

1) in the interval -1,5 <x <- 0,5

BO’Z(X):%(LS—X)Z =0,5(2,25+3x+27);
By, (x)=0,5(2x+3)=15+x;

B(;,z (x)=1
2) in the interval -0,5 <x < 0,5

3 . "
By, (x) = Z‘xz; By, (x) =-2x; By, (x) =-2.
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Bo,i A
1,0
1 2 3
1,0
1 2 3
1,0
x
0 1 2 3
B,,i A
1,0
.
4
.
.
X
2 1 0 1 2 3

Parabolic B-splines zero, first and second degrees

4. Conclusion

An analysis of the spline approximation methods
revealed that the vast majority of the elementary
functions used in practice can be successfully
approximated basic splines. The mathematical apparatus
of approximation basic splines allows us to represent the
functional dependencies in the form of sums of pairwise
products of constant coefficients on the values of basis

functions. It provides a basis for significant parallelism
both analytically and table-set of functional
dependencies. Local property basis spline defines a
limited number of (N + 1, wherein the N-degree spline)
terms in the approximate amounts and minimum volume
tables of basis functions. The combination of basic
splines and table-algorithmic methods of implementation
of processor means possible to obtain parallel computing
structures.
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NMOTEHIIUAJI AKTUBHOU CUCTEMBI
U EE YCTOUYUBOCTD

Pycramos H.T.
I.T.H., Mexxaynapoansiii Kazaxcko-Typenkuil yausepcuret uM. X.A. flcaBu
e-mail: nasim52@mail.ru
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CamapkaHJICKHii rocyJapcTBeHHbIH yHuBepcuteT uM. A. HaBou
Tei.: +(99866) 239-04-17, e-mail: porsacv@rambler.ru

PaccmarpuBaeTcst BoOmpoc, CBSI3aHHBIM C  OMNpEIENICHHEM YCIOBUS OUEHKH YCTOMYHUBOCTH CYLIECTBOBAHMS
OpraHU3allMOHHBIX CTPYKTYp, MPEACTaBICHHBIX KaK akTHBHas cuctema. [Ipu sToM Jaercs ompeaeneHUE MOTEHLMAIA
opraHuzanui. A TMpolLecc IUIAaHUPOBAHMS MPEACTABISETCS KaK IMOCTPOCHHE Mapaljiesieluneaa ¢ OpTOrOHAJIbHOM
TpaHbIO, MPEACTABIAIONIETO COOTBETCTBYIOIINE KOMITOHEHTHI IMOTEHIMala opraHu3anuu. C HOMOIIBIO alropuTMa
(opMHUpOBaHKS COOOMICHNUS O BBHIIONHEHHH 33/J[aHHOTO IIaHA JJIEMEHTAMH AaKTUBHOW CHCTEMBI IOKAa3aHO BIIHSHUE
TAaKOTO COOOIICHUS HA YyCTOWIMBOCTH yrpaBiieHUA. [loka3zaHBI BOZMOKHOCTh OLIEHKH (PPEKTHBHOCTH YIPABJICHUS MIPH
aKTUBU3AIMH TOTCHIMANIA YTIPABIICHUS CHCTEMOI C OLCHMBAHWEM MAaHHITYJIHUPYEMOCTH COOOIICHHH O BBITOTHEHHUH
IUTaHa 3JIEMEHTaMHM ATOM CHCTEMBI H POJIb TIPOIEAYPHI aIMIHUCTPATHBHOTO KOHTPOJISA B TAKOH OICHKE.

KiloueBble cJji0Ba: yCTONUMBOCTH AKTHBHOM CHUCTEMBI, MAaCCMBHASI CHCTEMa, OPTOTOHAJbHAS IPaHb, MpoLeaypa
aIMUHUCTPATUBHOTO KOHTPOJIS,, YCTOWYUBOE YIIPABJICHUE, SJIEMEHTHI AKTUBHOM CUCTEMBI, TOTEHIIUAJ OpraHU3alUH.

CAPACITY OF ACTIVE SYSTEM
AND ITS STABILITY
Rustamov N.T., Porsaev G.M.

The paper deals with the issue related to the definition of the condition assessment of the stability of the existence of
organizational structures, presented as an active system. This defines the capacity of the organization. A planning
process is presented as a building of the box with an orthogonal edge represents the relevant parts of the building. With
the formation of the algorithm implementation reports specified plan, the active elements of the system, shows the
effect of the message on the control stability. It is shown the possibility of assessing management effectiveness when
activating the system management capabilities, assessing manipulability reports on implementation of the plan elements
of the system and the role of the administrative control procedures for such valuation.

Keywords: active stability of the system, a passive system that is orthogonal to the brink, the procedure of
administrative control, robust control, active elements of the system, the potential of the organization.

FAOL TIZIMNI POTENSIALI
VA UNI TURG’UNLIGI
Rustamov N.T., Porsayev G.M.

Ushbu maqolada faol tizimning tashkiliy tuzilmasi tahlil qilinadi va uning turg‘unlik bo‘lish sharti aniqlanadi va
baholanadi. Shu bilan birga tashkilotning potensiali aniqlanadi. Bunda rejalashtirish jarayoni bevosita to‘g‘ri
parallelipidni yaratish bilan bog‘lik bo‘lib, uning yog‘lari esa tashkilotni potensialining qismlarini tashkil etadi.
Berilgan rejani bajarilishi xabarlarni shakllantirish algoritm orqali amalga oshiriladi va ushbu xabarlarni boshqaruvni
turg‘unliligiga ta’siri baholanadi. Tizimni boshqarish potensialini faollashtirish orqali va tizim elementlari tomonidan
rejani boshqarish maqsadida xabarlarni o‘zgartirishni baholash va tizimni ma’muriy nazorat qilish jarayonining
ahamiyati bevosita boshqaruv samaradorligini baholash imkoniyati kursatib berilgan.

Tayanch iboralar: farl tizimning turg‘unligi, passiv tizim, ortoganal yon, ma’muriy nazorat jarayoni, boshqaruv
turg“unligi, faol tizim elementlari,tashkiliy potensiali.
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1. BBenenue

B xonme 60-x romoB XX Beka, Ha (oHe OypHOro
pa3BUTHsT  KHOCPHETHKH, HAYaIHCh  WCCICIOBAHUS
omepanuii  MaTeMaTHYECKOW  TCOPHH  YIPABJICHUS
(Teopust aBTOMaTH4ecKoro peryiaupoBaHus - TAP) u
WHTCHCUBHOTO BHEIPCHUS WX PE3YJIbTaTOB IIPU
CO3aHUM HOBBIX W MOJACPHH3AINH CYIIECTBYIOIINX
TEXHUYECKUX CHCTEM NPAKTHIECKH OJHOBPEMEHHO BO
MHOTHX HAay4YHBIX IICHTpax Kak B PecmyOmuke
Kazaxcran, Tak u 3a pyOexxom, a  Takke
MPEeONpUHAMAINCE TOTMBITKM HPUMEHEHHS  OOmmX
MOXO/OB TEOPHH  YHOpaBICHUS JIS  Pa3pabOTKH
COLMAJBHBIX W OJKOHOMHYECKHUX CHCTEM (meopus
axmuguwix cucmem — TAC [1-3], meopus upapxuueckux
uep — THU [4, 5], Mechanism Design — MD [6, 7]). Ha
CCTOJIHAIIHUN JIeHb MOXKHO KOHCTATHPOBATH O TOJHOM
CIMSHUU 3TUX HAYYHBIX HAMPABJICHUN W TIOSBICHUU
HOBOTO CHHTETHYECKOTO HalpaBlIeHUsS — meopuu
VIPABieHUs. OP2aAHUSAYUOHHBIMU CUCEMAMU.

Jnst  moctpoeHnss  d()PEKTUBHBIX  MEXaHH3MOB
YHOpaBJIeHHS HEOOXOOUMO MMETh MOJENb YIPaBIIEMON
CHCTEMBI JUII TOTO, YTOOBI MCCIICOBATh €€ PeaKkIuy Ha
T€ WJIN WHBIC YIPABISIONINE BO3ACHCTBHUA. DJIEMEHTAMU

OpFaHI/BaHI/IOHHOﬁ CHCTCMbI SIBJISIFOTCS nepcoHal
Oopranu3anuu, X rpyfrnbl, KOJUICKTUBBI U T.[. HepCOHaJ’I
Oopranu3anuun OTJINYACTCA CITIOCOOHOCTBIO

CaMOCTOSATENIFHO MPHHUMATh PEIICHUsS, I03TOMY B
MEPBYIO O4Yepelb CIEAYeT OICHUBATh CTCNCHb KX
YIPaBJISIEMOCTH.

B cBolo ouepeap Takas OIEHKa CBsi3aHa C
OTpEJETICHUEM pEeaKlul 3JEMEHTOB OpraHu3allid Ha
ynpasisiromue Bosnedicteuss. B TAC, TUM u MD
M3HAYAIBHO IPE/IOJIAraeTcsi, YT0 MOJCIH YIpPaBICHHS
3ajalotcs. Ha mpakTHke 3TH MOJENH CTPOSTCS Ha
MHTYHIHAX PYKOBOJUTENS OpTaHu3anuu [8].

OCHOBHOW IENBKO  JaHHOW pPabOThI  SIBISCTCS
OIIpesieJIEHHE yCIIOBUI OLICHKH YCTOWYMBOCTH
CYILIECTBOBAHUSl  OPTraHU3aLMOHHBIX CTPYKTYp MpH

AKTHUBU3allUU MMOTCHIIMAJIA YIPAaBJICHNUSA CUCTCMBbI.

2. OCHOBHBbIE IOHATHS U ONPJeJIeHUS

H3BecTtHO [1], 4TO noJ opraHuzauuein
(opranu3anMoOHHOM CHCTEMOI) TIOHUMAETCS
0o0beIMHCHHUE  JIOACH, COBMECTHO  PEaJHM3YIOIINX

HEKOTOPYIO MPOTrpaMMy WM LENb U JICHCTBYIOIIMX Ha
OCHOBE ONPEJCICHHBIX MpOLEAYp MW MpaBWwl. Ty
CHCTEMY ONpeNeNuM Kak axmuseHas - A, , a JIOJeH,
paboTaloMmMX B 3TOM CUCTEME, KaK aKmMugHble d1eMeHmbl
- A,

PaccMoTpuM 00IIIyIO KIIACCUYECKYI0 (OPMYIUPOBKY
3aa4il  yMpaBiCHWs HEKOTOPOW (MMACCUBHOW WM
aKTHBHON) cucTeMod. IlycThb COCTOSIHME CHCTEMBI
OIUCHIBAETCA TEpPEMEHHON yeA, TpUHaIeKaAIIEH
JIONTYCTUMOMY MHOXeCTBY A. CoCTOSHHE CHCTEMBI B
paccMaTpuBacMbli MOMEHT BpPEMCHH 3aBHCUT  OT
ynpasistomux Bosaekctsuit 7€U: y=G(n) [7].

Jlyist maccuBHOW cHCTEMBI (HalpUMep, TEXHUYECKOMN)
3aBHCUMOCTH ¥ = (G(7]) ABISIETCS MOAETHIO CUCTEMBI —
YIIPaBIIeMOro O0OBEKTa, OTPAXKAIOIIEIO PErJIaMEeHT €ro
(YHKIMPOBaHHSI.

Nnaye oOCTOMT 4€70 B aKTHBHBIX cucTeMax A,
yHpaBlisieMble CyOBEKTHI KOTOPBIX 00J1aal0T CBOHCTBOM
aKTHBHOCTH, B TOM YHCJIe — CBOOOJAHOTO BBIOOpA CBOETO
coctostHusl. [ToMUMO BO3MOYKHOCTH BBIOOpA COCTOSIHUS,
DJIEMEHTHI ~ aKTHMBHOM  cucTeMbl A,  00iamaror
COOCTBEHHBIMH  HWHTEpECaMH M TMPEATNOYTCHUSIMH,
OCYILIECTBIIIIOT BBIOOP COCTOSHHS IIEJICHANPABICHHO
(MHaYe WX TOBEJCHHE MOXHO pPacCMOTPHBATh Kak
nmaccuBHOE). B 3ToM ciywae 3aBucumocts ¥y = G(7)
OTIPENICIIICTCS PEAKIMEH Ha YIPAaBIISIFOIIUE BO3IACUCTBUS
A,.

B nannoii pabote npemiaracTcs aHATUTHYCCKUN BH]T
TaKOW MOJEIIH, a TaKKe HEOOXOIMMOCTHL OICHKH CBS3U

pOLEAYPhI aJIMUHHUCTPATUBHOTO KOHTPOJIS,
obecreynBaronel yCTOMIMBOCTh PaOOTHI MOJICTIH.
CrabuibpHOE CYIIIECTBOBAHHE 000

OpPraHU3aIMOHHON CTPYKTYPHI (AaKTUBHOM CUCTEMBI A.),
BO MHOTOM 3aBHUCHUT OT €¢ IOTCHIMAajIa Hff U OT
MCIIONIb30BaHMS ATOTO MOTEHIIMANA, COCTOSIIETO U3 TPEX

A
KOMIIOHEHT: BHEIIIHETO MoTeHIuana 117 ;

3 BHYTPEHHETO

4
noreHnmana I1°¢ ;

o 5 TIOTEHLMANA YIIPaBIECHUS HyA" , T.e.

4 = 74 4, 4,
I = Il & Iy & 1T .
Ilpenmonoxum, yto Ha MHOXecTBe UXA 3amaH

4.
Q(n Gy, 1, ),
3 PeKTUBHOCTH (YHKIIMOHHPOBAHUS CHCTEMBI (C TOUKH

(dbyHKIIOHAT ONpeeNAIOImUN

3peHHs YIpaBIAONero oprana). Bemanna K(7, Hfﬂ )=

=G, 11} )
cuctemsl 17€U. 3nech Hff :H:;j & 1T & H;‘f

em

HaszpiBaeTcsl  A(P(HEKTUBHOCTHIO

BBIpQ)KAeT TOTEHIHAT AKTHBHOW CHCTEMBI, Ha OCHOBE
KOTOPOTO OCYLIECTBIIAECTCS MpOLEeAypa IUIaHUPOBaHUs X
nesitenbHocTH A, Ilpu Tako mocTaHOBKE 3agada
OllCHKU J(P(PEKTHUBHOCTU ympaBieHUs A. C y4eTOM

4 .
UCIIOJIB30BAaHUsI KOMIIOHEHTOB [I,* B oOIpejesIeHHOM
HPOIOPLIMH NTPHOOPETAET aKTyalbHbII XapakTep.

3. [TocTanoBKa 3a1a4u

OcHoBHas 3a7a4a 3aKI04acTCsa B ONPCACIICHUU TAaKOI'o
AO0IMYyCTUMOTO YiipaBJIC€HUA npu OIPCACIICHHBIX

A
COOTHOIICHUAX KOMITIOHCHTOB IoTCHIIMala Ho ¢

AKTUBHOM CHCTEMBI, KOTOpas MAaKCHMH3HPOBaja ObI
3¢ PeKTUBHOCTH yIpaBIlIeHUS, obecrieqnBaroniei
YCTOMYHUBOCTh A, NMPU YCIOBUU, YTO M3BECTHA PEAKIUS
G(1)  DIEMEHTOB  CHUCTEMBI  HAa  YIPABISIOUINC
BO3JICHCTBUS, T.C.

n" edrgmax K(n, 1% )={neU| vveU

K(n I )>K(v T )}, (1

nu TI0Ka3¢e pu 3TOM poim AAMUHUCTPATUBHOI'O
KOHTPOJIA.

4. MeToabl pelieHust

JomycTiM,  9TO  KOMIIOHEHTHI  TMOTeHImWanma  A.

MPOCTPAHCTBEHHO B3aWMOCBSI3aHbI MEXY COOOM, KaK Ha
puc.l a. 3xgecp HaOmomaeTcss UHTepecHbI ¢akT. Ecim
IpY MOCTPOCHHH Mapasuienenunena (puc.l a) coxpaHuTth
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OPTOTOHAIBHOCTH €r0  YEeTHIPEXyroJIbHOH TpaHu (B
IOpUHINIE, Napajiesienune]] CTPOUTICA C LEHTPOM M0
Hauana  JesTenpbHocTH A, T.e. B  MpoLexype
IUIAaHWPOBAHUS, 3HAYMT IIPOLEAYpa IUIAHUPOBAHUS — 3TO
€CTh IIOCTPOCHHUE MapauleNIeNHIIesia), TO MocjiIe Havaja
JeITeNIbHOCTU A, BBINIAAMT Kak nupamuzia Xeorca (puc.

1 6). B atom ciyuae K(, 117 )= S, 5 . Tocne nauana

JNeATEJIbHOCTHU A, rapajuieJIeumne (puc.la)
npespamaercsi B nupamuay (puc.16). Ilpu Takom
JIONYIICHAY TIHpaMHjIa, MOKa3aHHas Ha puc.l6, Oyaer
ycTouuBoil. Micxons M3 3TUX COOOpakeHWH, BBIBEIAEM
YCJIOBHE YCTOMYMBOCTM  aKTHBHBIX cucreMm. Ilo
nmpenaraeMoi KOHIEMIIUN TIHpaMUaa acCOIMUPYETCS
Kak JgesaTelbHOCTh A, Takad KOHIENIHSA JacT
BO3MOXXHOCTh  ONPEAENUTh, B KaKAX TPOTIOPIHIX

A, o
HCIIOJIB30BaTh KOMIIOHCHTBHI IIOTCHIHMAJIA HO ¢ aKTUBHOM

o0ecIieunBaromen

CHCTEMBI,
ynpaBJieHUs A..

s pexTuBHOCTH

. 4,
Puc.1. [Ipocmpancmeennwiii 6uo I, 0o nauana
Odesamenvrocmu A,, - a, u nocie - 6

TlonsTHO,4TO TOCIEe Havyajga AEATEeIbHOCTH A. LIEHTP
A,
OyZeT HCIONb30BaTh KOMIIOHCHTBI Ha‘ [0 Pa3HbIM

COOTHOILICHHUSIM B 3aBUCHUMOCTH OT Tuma y = G(7)).
ITosTOMY NEATENBHOCTD A, BBITIIAIUT, KaK Ha puc.16.

UYroOs! A, paboTana 3¢ PeKTHBHO, TUpaMuUa JT0JDKHA
ObITh ycToituuBoil. [Tupamuna Oyzner ycroiunBoi, ecin
Sy e =E-(04) . re.
IPUHIUI <(30JI0TOr0 ceueHusn>. [Ipu TakoM noaxone Mbl
MOJEM OLIEHUTh COOTHOLICHHUS MEXAY KOMIIOHEHTaMU
m*

N , IIpOLEe Ty Pl
IUIaHUpOBaHusl X, O0OECIeuYMBaIoel yCTOHYUBOCTD
NEeSATSILHOCTH A..

I[pu 3amansoit mnemun W 4

IOJDKEH  COOJIIOIAThCS

SIBJIAOIIUMHUCA OCHOBOH

LCHTP CTpoUT

napayuieNienuIe] akTUBHOW cuctembl (puc. 1 a). A B
mporenype IUIaHWPOBaHUS X  IEHTP  ONpenesieT
OpHUEHTAINIO AEATEIHHOCTH CUCTEMBI, 00ecTIeunBaromeit
s exTuBHOCTL ympaBieHus A. Takas opueHTAIHS
ompezenseTcs NpoLefypod IulaHHpoBaHMA. B 3sToM
cllyyae UMEEeTCsl TP BapuaHTa:

. 4
- OpueHTHpOBaHHBIN Ha 1. ;

. 4
- OopueHTHpOBaHHBIN Ha 1. ;

- OPUEHTHUPOBAHHBIN HA H;‘f .
OTH BapUaHTHI, ONPEACISIOIUE LEHTPp A., OymyT

A
HCII0JI30BAaTh KOMITOHCHTHI Ho ¢ B mponecce

nesTenbHOCTH A, B 3TOM ® 3aKimo4aercs CMBICI
cTparerudeckoro mianupoanus [9,10].
Ecnu fesresibHOCTh OpraHu3alyi OPUEHTUPOBaHA Ha

AL‘
NOTeHLMaN ynpasienus [1;° (puc. 2 a), 3T0 FOBOPUT O

4
TOM, YTO Yy oOpraHusauud orpanudeH [/)¢ . Ecmu

JACATCIBHOCTD Ooprann3anuu OPHUCHTHpPOBAHA Ha

. A4,
BHyTpeHHuUI notennumain I7,¢ (puc. 2 6), To TOBOPAT, 4TO

0OJBIION  3aImac
TEXHOJIOTHYECKUX  pa3paboToK. Haxkomnerr, ecin
JIeATENbHOCTh ~ OpraHM3alli  OpPUEHTHpOBaHa  Ha
BHEUIHUI MOTEHLHAJ, MOXHO TOBOPUTb O TOM, YTO
opraHu3aiys paboraer Onaromaps pecypCHOMY 3amacy
(puc. 2 6).

JAst n1ocTHKEHUsSl TMOCTAaBICHHOM Lenu LEHTp A,
Mocje IUTAHUPOBAHHS JCATEIBHOCTH CHCTEMBI OyaeT

y  OpraHu3aIuu KagpOBBIX W

aKTUBU3UPOBaTh 1 yAf [11]:

(NI —> 1T > X, 2
a mpoleaypa aKTUBM3aUMU M OyZeT BBIOOpOM MOJENH
ynpasienuss G(7j). C Takoil TEXHOJOTHEW yIpaBICHUS
LEHTP MOXET COXPaHUTh IEATENbHOCTh A, KaK LENIYI0
CHUCTEMY B YCIOBHSX OrpaHMYeHHOCTH pecypcoB. C
JIpyroi CTOpOHBI, 3PPEKTUBHOCTh TaKOH aKTHBU3ALMU
CBsi3aHa C MPOLEAYPOH aAMHUHHUCTPATHBHOIO KOHTPOJIS
A, [12,13].

Tenepp, paccMOTpUM cCily4ail, KOraa JesTeIbHOCTh

4,
A, opHeHTHpOBaHA Ha OTCHLUAN ylpaBieHus [1;° .
BriBegem ycnoBue yctounBocTd. Jis aToro ciydas
4
U OLIEHUM COOTHOIICHHs MeKAy KoMIoHeHTamu [1)¢ . B

9TOM Cily4ae AesATeIbHOCTh A, BBIMJISJUT Kak MUpaMUa,
MoKazaHHass Ha puc.l 6, W BBHIPAKAETCSA ITUIOMIABIO

Saasc
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H..i

Puc.2. Opuenmayus nomenyuana axmusnou cucmemwvt A, [9]

TEOPEMA 1. [lesTenbHOCTb aKTUBHOM CUCTEMBI A,
OyzneT yCTOHYMBOWA, eciu OyIeT BBIMOIHEHO CIICIYIOIIee
yCIIOBHE:

Sipc =2 +(04)’, 3)
rie y - 4McioBoit koaddunment.

Joka3areancTBo. [lupamuma OyneT ycTOHYHMBOH,
€CIIM TOJYMHSCTCS NPUHIHUIY 30J0TOTO CEYSHHMs, T.C.
IUIOLIA/Ib [PaHU TTMPAMUJIBI IOJDKHA PABHATHCS KBAAPATy
BEPIINHBI MHPAMUABL. Beraucianm S ¢ :

a =(AB) =+/(OB)* +(04)*,
6 = (AC) = (OC)* +(04)?,
¢=(BC) =+/(0C)* +(0B)*.

Ha  ocnoBe  dopmynasr  T['epona
tpeyronsauka ABC cregyromas:

IJIOIIAb

1
Saisc =[p(p—a)p—6)Xp—c), rre pylatate).
TaK KaK CTOpOHLI napannenenpmez{a OpTOFOHaHLHLI,

1.e. OB=1,6 OC, Torma OC = %OB =0,60B.

i

Jamee
AC =1/(0,6)*(0B)? +(04)2,
AB =J(OB)? +(04)>.
Ecmu CTOPOHBI napanenenunena Oynyt

OpPTOrOHANILHBI YE€ThIPEXyroibHUKaM, T.e. OA4 =1,6(0B),

TO
BC =1,16-0,6(04) ~ 0,704,

AC =1(0,6)2(04)* +(04)* ~ 04,

AB = \/(0, 6)?(0A4)* +(04)* = 04,
p =%-2,7(0A) =1,3(04),
5=
1,3(04)(1,3(04) - (04))x
x(1,3(04)-0,7(04)1,3(04)—(04))

S ~0,2(04)°.
Teopema mokazaHa.

PesyneraTom  TeopeMbl  OyxeT  ompezeseHUe

COOTHOMICHUA JUIA TOTCHIHAJIOB YIPABJICHUA H;l‘ .

4
BHYTPEHHEro  moTeHmuana  [I,; ®  BHEIIHETO
4
noteHuuana I1,¢:
A2 4\2 412
()" = 1L,5(1 )" +0,5(11 5 )" 4)
Takoe  COOTHOLIEHHE  MOXHO  BBIBECTH  JUIs

OCTaJIbHBIX OPUEHTAIUHN JIESITENLHOCTH A...

@opmyna (4) noxasvieaem, umobwi desmenbHocms A,
bvL1a ycmouuugou , eé gHympeHHul nomenyuai A, Haoo
ucnoavzosams Ha mpu pasza Oonbule, YeM BHEUHUL
nomenyual.

Ecmn LIEHT] A,

MMEIOIINH HOTEHIIAAN

Hfl‘ :an; &H(ﬁ;‘ &H;lf , OymeT mpu aKTHBH3aLUU
17 ;1 ¢ MCMOJIb30BaTh CBOU MOTEHLHUAJIBI MO YCa0BHIO (3) U
coOnroaTh COOTHOIICHUE (4), TOrna NesTeNbHOCTh A,
Oyner ycroiumBod. M3 ycmoBus (4) BHAHO, dYTO
3(eKTHBHOCTD YIIPABICHHUS 3aBUCHUT OM UCHOJb30BAHUSA
BHYMPEHHUX U BHeWHUX NOMeHYUAN08 8 OnpeoesieHHOl
nponopyuu.

VYcnoBue (4) obecneunBaeT 3¢ (HEKTHBHOCTH
ynpasienuss A, T.e. BbmonHseTcs ycioBue (1).
[IpakTH4eckue WCCIeOBaHUS TOKA3ald TPaBHIEHOCTH
9TOro yTBepxaAeHus [9].

Teneppr paccMOTpHM, Kak BIHSCT
aJMHUCTPATHBHOTO  KOHTPOJS Ha
ynpasieHus 4.

nporeaypa
3¢ HEKTUBHOCTD

B npunnumne npoueaypa akTUBU3aALUA H;l" u Oynmer

yIOpaBJ€HHEM AaKTHBHOM cHCTEMOH A, C ydeToM
MOTECHI[MAJIa  CaMOM  CHCTEMEIL. Tonpko  Takou
TEXHOJIOTUEH yIpaBJICHUS MOJKHO obecneunTh
YCTOWYUBOCTD NEATEILHOCTH 4. KaK IENyI0 CHCTEMY B
YCIIOBUSAX OTPaHUYEHHOCTH pecypcoB. C  mpyroi

CTOpOHBI, 3((HEKTUBHOCTh TAKOW aKTHBHU3ALUU HyAf

CBS3aHA C IPOLEAYPOH aAMHUHHUCTPATUBHOTO KOHTPOIS
A, [12].
Cam moTeHUIMAN YIpaBICHHS HyAf KpoeTcsi B

HHCTPYMEHTaX YIPaBJISIOIINX BO3ACHCTBUN -
YMCTBEHHOTO  (3;), HCIOJIHHUTEIbHOTO  (3;) |
HaOomaTeNbHOTO (23) (puc. 3).
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4

Vnpasnsromee
Boseiicteie U

Puc.3. @opmuposanue ynpasisiowezo
6o30evicmeus A, [12]

3ILCCI> a; - YMCTBCHHas COCTaBJAMOIIAsA, KOTOpad
AHAJIU3UPYET W OLCHHUBACT YIIPABJIACMOCTb AC; a; -
HaGJ’IIO,HaTeJ'II)HaH COoCTaBJIsArOIIasd, KOoTOpast

KOHTPOJIUPYET  BbINOJHeHMe 1TaHa X (S,¥,) u

YIpaBIsAEeMOCTb AC AKTHUBHBIX JOJICMCHTOB, az -
HCIIOJTHUTCJIbHAA COoCTaBJIsArOIIasd, KOTOpas
OCYHICCTBJIACT BBINIOJIHCHUEC IJIaHa Aa - M.

[orenuman ynpasiaeHus HyAf aKTHBHOU CUCTeMBI A,

3aBUCUT OT B3aUMOCBS3M @, a;, a3. Kaxiaomy
WHCTPYMEHTY YIIPABIISIOIIETO BO3JIEHCTBUS
COOTBETCTBYET OTpeelieHHAsT TEXHOJIOTHS aKTUBU3AINH

A,
HyL (ala A, a3):

KBaTH(UINPOBAaHHOCTD, a; — OPTAaHW30BAaHHOCThH, a3 —
MHPOPMHUPOBAHHOCTD. B TIPUHITHATIC TaKoe
pacripenieleHie HOCHT YCIIOBHBIM XapakTep, Tak Kak
OO0 aKT YIpaBIISIONIETO BO3ACHCTBHUS BBHICTYIAET KaK
MOMEHT €OMHCTBAa  B3aUMOACHUCTBHSI BCEX  TpeX
WHCTPYMEHTOB, a 3HAYAT, W MOMEHT eJHWHCTBA
OpraHU30BaHHOCTH, HHGOPMUPOBAHHOCTH u
KBaTH()UIUPOBAHHOCTH YIPaBJICHUSL. Cmenenv
eouHcmea  mpex  WHCTPYMEHTOB U  8blpadicaem

MMCHHO aKTuBM3allusgd, a; —

A, o
nomeHyuajl ynpaejieHus HyL AKTUBHOU CUCTCMBbI Ac.

COOTBETCTBEHHO  KOHKPETH3UpPYETCs U
cucreMbl ynpasnenus G(77) , Koropas

MOJECIb
JIOJKHA

YUUTHIBATH TPOSIBICHHS AKTHBHOCTH  YIPABISIEMBIX
CcyOBeKTOB A,. Ympamisionye BO3IEHCTBUS (WK

4,
npoueypa aKTUBU3aLUK OTCHUMANa yupasnenus 1)

neU mo cBoell (U3MUECKON mpUpoIEe HUMEET IBE
KOMITOHEHTHI: cuny W 2ayouny. OT I3THX KOMIIOHEHT
BO3JICHCTBHS ¥ 3aBUCHUT BHIOOP THIIA yIIPABIICHISI.

Cuna eoszoeticmeuss F — BO3IEHCTBYE, BIUSIONIECE Ha
COCTOSIHHE OOBEKTa VIPABICHUSA. IJTO MOXKET OBITh
MH(QOPMALMOHHBIA CUTHAJNI, CTUMYJI, BIACTh, aBTOPHUTET,
MPUKa3, UHCTPYKIUS H.T.JI.

Inybuna 6ozoeticmeuss () — CTCICHb BIHMSHUS
BO3CUCTBHsI HA 00BEKT ynpasicHus. CoueTaHue cuivl U
2nyOuHbl BO3JCHCTBUS OIpPENEIIACT TUN YIPABICHUS.
VYnpaBrneHue — 3TO BO3IEUCTBHE, HMEIOIIEE BH/I
U = F&Q. EcrecTtBeHHO, Ha JTO BO3JCHCTBHE
00s3aTennbHO OyAeT peakuus YIpaBJIIEMOTO JJIEMEHTa
A,.

Peaxmiu A, Ha ynpaBIsIONIe BO3ACHCTBHS B HAIIIEM
cilydae pa3eliuM Ha YEThIPE TPYIIIIbL:

S — COIpOTHBISAEMOCTh A, Ha YIPABIAIONIUC
Bo3aercTBHs.  CONPOTUBIIAEMOCTh  BBIPAXKACTCA B
yIaJICHUU HeXXeJIaHWS BBIMOJHUTH 33/JaHHBIH TUIaH;

I — uOuparensHOCT, A, Ha  YHPaBISIONIUC
Bo3zciicTBus. OHa BhIpakaeTcss B H30MPATEILHOCTH
(TIpeAMOYTHTEIBHOCTH) BBITIOTHCHUSI IJ1aHA;

N — HeompeneneHHOCTh A, Ha YIPaBISIOIINE
Bo3zciicTBUs. OHa BBIPAXKAaeTCs B HEOMPEICICHHOCTH
iy B 6e3pa3uyiy BEIITOTHEHHS TUTaHa;

Al — akTHBHOCTH A,. OHa BBIpaXKaeTcsl B OOJBIIIOM
JKEJITAHWW BBITIOJIHUTD 33JaHHBIH TIIaH.

L= {S,LN,A1} — hakTHUECKN HE TOJBKO OMPEACIACT
yEA aKTUBHOW CHUCTEMBI, HO TIO3BOJISIET PYKOBOJIUTEIIO
OpraHM3allMi OLCHHUTh TIOTCHIHAI OpPTaHW3alud |
COCTaBUTH CTparerudeckuii miaH 4. Takum oOpazowm,

LHEeHTp A, aKTUBU3UPYSA MOTEHIMAN YIpPaBICHUS H;l"

CUCTEMBI
. 4, 4, 4,
EN((ITE NI — 1) —> X,

MIPOU3BOIUT YIIPABJISIOIINE BO3EHCTBHS Ha A, [12]:
G(n)=(n—>S) & (n=>D)& (n—=>N) & (n—>41). (5)

Henp nentpa obosnaunm kak ¥, (X,Q) ) [7], tme

4 .
X( IIJ* ) — nuaH, KOTOPHIA JOIDKEH BBINOJHUTE A,
(2 - MHOXECTBO TUTIOB A, , B TIpUHIUIE, (2 O3HAYaeT

Y .
11 axTuBHOM cuctembl 4. EcrecTBeHHO, y 1leHTpa A,

4
cyuecTByet uenb . (X, £2) B Bune mnanos X(I1*) u
COBOKYITHOCTh aKTHBHBIX 3JIEMEHTOB A, BBINOJHAIOUINX
9TH TuIaHbl. TOYHO TaKkKe CYIECTBYET LeJb aKTUBHOTO
4,
anementa A, - VY, (x;,y;,7), roe x;e X(II)¢ ), y;€A,

7;€£2. W3-3a pa3sHULIbI (HE COBNANEHUS LIEJIH)
\PAC (X,Q) - \PAC (xiayian‘)

MOSIBIISIETCSI HEO0XOIUMOCTh B npolenype
AOMHUCMPAMUBHO20 KOHMPOs A, 3a BBINOIHEHHEM X

4
aKkTUBHbIMU »nemeHTamu A.. 3pecs X( IIv ) -
COBOKYITHOCTb IUIAHOB A, KOTOpPBIE HEOOXOIUMO
BBITIONIHATE; A - COBOKYITHOCTH COCTOSIHUH A, TOCHe

Bozaeiicteui U.

B MHOTO 251IeMEHTHBIX A, TUTaH, Ha3HAYaeMBbIH i - My
A,, obo3HaunmM depe3 x;e X( Hff ), X( Hfﬂ) -
MHOXECTBO  JIONyCTUMBIX IUIAHOB, COOOIICHUE O
BBITIOJTHEHUH TIIaHa i - TO A, OyneM o003HadYaTh §; € S
iel. Beimonnenne miuaHa x; 4, - M B oOIIeM cirydae
BBISBIISIETCS. HA OCHOBE cooOmIeHus s;. Takoe cooOiieHue
coOupaeTcs ¢ MOMOIIBIO MPOIEIYPHI aIMHUACTPATHBHOTO
KoHTponst A, [14].

Bynem cuurtath, 4TO LEHTP ONpEACNIACT IUIAHBI IO
npoueaype IiaHupoBamus 7z S—X, rae S= Hsi ,

iel
X= Hxi , W IUIaH, Ha3Ha4aeMbli i-My A, Oyzmer
iel

OTIpeNIeNATECS BRIpaKeHUueM x,=7( S), i €l; s;€ S.

Jns  Toro 9ToOBI  ONPENENUTh YCIOBHE  JUIS
npouenypsl  A,, oOecrneduBaronme  yCTOWYUBOCTD
ynpasienuss  (2),  TOpoaHATM3HpPYyeM  MPOLEIYpPYy

IUTaHUPOBAHUSA.
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Ilnan X coctomt m3 {a;(x;)} uacrteit, rne x;eX —
COJEp)KaHMs IUIaHa, g; — i - Tast 9acTb 3Toro miaHa. C
JIPYTO# CTOPOHBI, X NOIKEH BBIMONIHATECS K 3alaHHOMY
CPOKY t = {t;,t5t3 ....}. HacTh IJIaHa, BBITOJHIEMYIO K
3a[AHHOMY CpPOKY, BBIDAa3sHM Kak d;;" (x;) €Xj-a, 4acThb
waHa JX, BBINOJHAEMYIO 3a BpEMs {; - AKTUBHBIM
anemenToM A4,. Takum o0pa3om, LEHTpoM A. 3amaeTcs
MHO)KECTBO IUIAHOB, JIEMEHTHl aKTHBHOH CHCTEMBI A,
KOTOPBIE JIOJDKHBI BBIIOJHSTHCS B 331aHHOE BPEMS £:

X:{a””(XI), azztz(Xz), anm(xnn)};

30€Ch [=t;+1r+....+t,.

Ilocne »3TOrO  pPYKOBOAMTENM  CTPYKTYpHl A,
pacripeaensioT no A, - taMm 3TH 1naHel. [lpu 3Tom
PYKOBOAMUTENN  CTPYKTYpbl A,  HOJDKHBI  YETKO
c(hopMyIHpPOBATE COACPKAHUSA IUIAHOB X;,X2,....X,
KOTOpbI€ aKTUBHBIE 2JIEMEHTHI A, TOJKHbBI BBIMOJIHSITH B
3aJJaHHBIA CPOK CICAYIOIIMM 00pa3oM:

x/"'=b; tyepema t, =1 +1] +..+1f;

x''=b, tyepematy =ty +63 +..+13°;

te = th + tZ + - + thn =bt, epems.

3neck by, — colepKaHue MIaHa xy, X, €X; t=t;+t+....+t; -
o01ee BpeMs JJI BBITIOTHEHHS paboThl { b,,b,,....by}. C
JIpyro CTOpPOHBI, b;eB — pabota, SBISIOIIASCS
comepkaHneM TaHa X, JIeIWTCS < HAa  9acTH
by = b} + b} + b} ...t b} U TpeOyeT OMPELEICHHOTO
MIPOMEKYTKA BPEMCHH #; JJISl BBIMOJHCHHS dTUX YacTei
paboTsl b,. Takum o6pazom, wian X Oynet pyHknued B
ut, 1.e. X(B,1).

3rto PaBEHCTBO BBIpaXKaeT (hopmupoBaHue
coobuiennii S , mepenaBaeMbIX LEHTPY A, uepes A,.
HNmenno, ¢yHKIMEH mMpoueaypsl aIMHHUCTPATHBHOTO
KOHTPOJNS A, BBIABISACTCA HEIOMYIICHWE HWCKAKCHUSI
3TOT0 COOOIICHUS.

Hcxonss W3 W3IIOKEHHBIX BBINIE  COOOpPaKCHUH,
TIpoLeaypy IIAHUPOBAHUA 7: S—>X MOXKHO MPEICTAaBHTh
B BUJI€ TaOJINLIBL.

Dra Tabnuma BhIpa)kaeT OallaHC BBIOJHCHHUS IJIaHA
X aKTHBHBIMH 3JICMCHTaMH A, OpraHU3aluu B 3aJJaHHOC
BpeMsi. A yCIOBHE BBINIOJHCHUS IUIAHA BBIPAXKACTCS
CIey oI IpoLeypo.

AKTHUBHBIH 311EMEHT A, OyIeT BBINONHATE IUIAH X; ,
KOTOPBIH OTpakaeTcsi Ha COOOLICHUH sj , X(B,t) nHa
coobmernn S . COOBIICHHE O TOM, YTO 3JIeMeHT A,
BBITIOJTHUII TUTAH X;, ¥ OyAET OTpaxxaTbCs Ha COOOIICHUHT

s; . Pesynbrupyromum coolwieHueM S O BBIIOJIHCHUH

miana X oyner
SZi(S;+s;)~ (6)
i=1

DT0  PaBEHCTBO BEIpakaeT  (opMupoBaHue
coobuiennii S , mepeaBaeMbIX LEHTPY A, uepes A,.

®dopmyna (6) BeIpakaeT OanaHC BBITOJHEHHUS IIaHA
X aKTUBHBIMH 3JI€MEHTaMHU A, OpraHn3allii B 3aJaHHOE

BpeMs. A yCJOBHE BBITIOJHEHHS IUTaHAa BEIPaKaeTCs
MpOIeAYPOit

n k
X:2b) S (7)

c=l e=1

AL‘
Ilpouenypa  akruBusauuu — moteHuuana 11

AKTHBHOM CHCTEMBI:

E((TENITE) > IT)) > X
Oyner oOecrieyMBaTh YCTOHYMBOCTH ICATEIBHOCTH A,
ecnu  BeIMoOdHAeTcs ycnoBue (7). Orta  mpormemypa
MOKa3bIBACT, YTO  PE3YNbTaThl  MpoHeaypel A,
onpenensoT 3PGEKTUBHOCT YIPaBIeHHUS A, OICHUBAs
CTEIeHb NCKaXKEH s COOOIIEHMIA S.

VYcnoBue (7) TOKa3pIBaeT, YTO  PE3YJIbTATHI
MPOLIEAYPHI A, OTIPECIISAIOT YCTONYMBOCTH
CYLICCTBOBAHMS AKTUBHOW CHCTEMBI NPU BBINOIHCHUH
ycIoBuiA (4).

Cka3aHHOE MOKHO BBIPA3UTh CICIYIOMICH TCOPEMOIi.

TEOPEMA 2. Ilycts X - mnaH, KOTOPbIN A, HOJIKEH
BBIMOJIHUTh, U Y - BBIMOJNHCHHAS YacTh 3TOTO IUIAHA.
Torma mpoueaypa BBIMOIHEHUS 3TOTO IUIAHA BBITILIIAT
kaKk S:Y—>X Tpu BIIONHEHHH ycI0BHS (4).

Joka3aTeabcTBo. UTOOBI CKOPPEKTHPOBATH IIaH X,
LeHTpY A, HyXHO He HCKaxeHHoe coobuienue S. Ecmu S
OyneT MCKaXkaThCs, TO KOPPEKTHPOBKA IUIaHA OyNeT He
obocunoBanHoi. Ecam coolmienne uckakaercs, TO H3
Taby. 1 BugHO, 4YTO OajaHC BBIIOJIHEHHMS IUIaHA
Hapymaercs, T.e. S <I. Ecim cooBIieHne o BBIIONTHEHIN
IUIaHA HE OYyJIeT UCKaXaThCs, TO OaJaHC BBIMOJHCHUS
miaHa He Hapymiaercs, T.e. S =/. Ha ocnose (5) G(1)=1.
U3 aroro cnenyet

775'= eArgmax K(n, 17;4“):
=(neU| vveU K(n, I} ) 2K(v, IT}* )}.

Tem camMbIM BHUIHO, UYTO pe3yIbTATHl PaOOTHI
npoueaypsl A, TpsIMO BIHUSIOT HA YCTOWYMBOCTH
YIIpaBJIEHUS OpraHu3aIuen.

Taxum obpazom, Argmax = K(17), ecin BbINIOIHSICTCS
ycioBue (6). Ilpomemypa Ax (4) ompenpenser,
BBITIOJTHAETCS JIX ycloBue (6).

W3 3TOTO BBIXOIUT, YTO COJEpKaHUE COOOIICHMI S
SBISICTCS pe3yabTaToM paboTel Tpouenypsl A,, T.e.
nporenypa A, cooOIIaeT NEHTPY OpraHU3alik O He-
MCKAEHHOCTH coo0mIeHnit S. TeM caMbIM LEHTp y3HaeT
O  BBIIONHCHUWH  ycloBus (6) W TIPUHUMACT
YIPaBJICHYCCKHC PEIICHUS.

5. BEIYHCIUTEIBbHbINH JKCIIEPUMEHT

Tenepp  YHMCIEHHO  OLEHMM  BCE  KOMIIOHEHTHI
HOTEHIMAIa Hf" = H;‘:; & H:;; & HyAl' AKTUBHOM
CUCTEMBbI. BHYTpEeHHMI MOTEHLMAll aKTUBHOM CHUCTEMEI

H;‘:; oneHuBaercs ¢ nomoiubto SWOT- ananuza [15],

o o A,
BHCIIHMKM IIOTCHIMAJI AaKTUBHOU CHCTCMbI Hm—; - C

nomotisio VRIO- ananu3a [16], moTeHIHan yrpaBieHUs
aKTUBHOW CHCTEMBI - C MOMOIILI0 anroputMa «AITY-
aHanmms» [9].
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Bsequre sHayeHWe BHYTDEHHErO NATEHUWANa ig

: 5 3 F 7 7 z 3
A.r. b
g.
A 5 b,(1,) & () 5 (&) B (&) & (4] i"’; 5
-l
A, X, by(1) B (8) 5 (&) b (&) 8 (@« > 53
%
4, 2 5. (1) 8} () 6 () & @) 8@ T4 5
& ] 3 L. & i i f & . - -
o] B Tne Hel  ZEE Zea T x-z[zb;u;ﬂ -z[zb
- -l - =l =) -t e s milmel
§ s; S: 3; 5. S} 56 -[ ] §-=[ .
-3()
é.‘.. le
Ma‘rpuua akKTMBM3auMK1 NoTeHuWana ynpaeneHWa
BeeauTe 3HaueHue BHEWHEro NoTEHUMaNa ré—
" P OpMUPOBaHUE YNPABNAIWMK BOSASHCTEWA B AC
Brewnmi noTeruran AC
[ fex ]
Bryrper Wit noteHuman AC

Hago axkTuemauposare:
8"- al->max, a3->max

3TDW.WWOMWWWWZ

[83) AMCUMNAKHA, BOSHAMPAKAEHUE TPYLS, UEHTPAAM3AUMA, NOPAICK

BryTperHui noTeHumMan |
SWOT-aHanus cpeab! I MNorequman ynpaeneHua AC
[ Cmeicn ayeex
1" - al->max 1 - Corpalwenrie NPoaaKa aKTHBOR, UFBATHE BAOKEHMI,
2" - aZ->max 2 - BHewHuil pocT: BEpTHKAaNbHAA HHTErpauMa, NOKYNKE TeXHONOrWiA;
3" - al->max, a2->max, a3->max 3 - BHEWHWit pOCT: ropU3OHT abHAA UHTEMDAUKR, UHTEMDAUMA B ANbAHC. AYTCOPCUHN;
4" - al-»max, a2->max 4 - BHewHAn AUBEPCHPHKAUMA, PEKOMOMHALMA KOMNUTEHLMIA, PECTPYKTYPHSAUMA,
5" - a2-ymax, a3-»max 5 - BHyTpeHuit pocT: PasBMTUE PbiIHKa, COTPYAHUNECTBO C NOKYNATEnem;
6" - a2-ymax, a3->max 6 - BHyTpeHuii pocT: passMTUE PhiHKa, COTPYAHMNECTBO C NOKYNaTenem;
7" - al->max 7 - BHYTPEHAA AMBEPCHPMKAUHS, MOAEPHUIAUMA NPOU3BOACTES,00Y4EHHE NEPCOHaNa;
8" - al->max, ad->max 8 - BHYTPEHHWA POCT, MHHOBAUMM,
9" al->max, a2->max, a3->max 9 - BHYTPEHHWIA KOHUEHT PUPOBAHHE POCT.

5 - BHyTpeHWit pocT: PasBUTUE PbIHKE, COTPUAHMYECTEO C NOKYNATENeM;

[a1) pazaeneHue TPYAS, NOAYHHEHME AUYHBIX UHTEPECOE O6WMM, CNPABEAAMBOCTE, HHWUWATHES

noapoér'eel

Puc.4. Hnmepgheiic npoyedyp akmuguzayuu nomenyuana ynpasienus

. Ac Ac Ac
Aneopumm axmususayuu & : g N 115 ) = I115F .
J71s 5TOro LeHTp A, B IEPBYIO OYEpeb JOJKEH OLEHUTh
4
H c

o, TonbKO MOCHE 3THX MPOLEAYP

AL‘
a zarem II .

MOJXHO OLCHNWTH KOMIIOHCHTHI ITIOTCHIINAIA YIIPABJICHUS,
OpUHAJIC)KAIIUEC K aKTHBU3ALUU. I[J'IH 9TOI'0 U3 TOYKH

4
nepeceueHus JMHuUM I u H;‘:;, BEPTHKAJIbHO BHHU3

OITyCKaeM JIMHHIO. JTa JIMHUS MOKaXeT aTpUOyTHI H;f ,

Do IC)KAIUEC aKTUBU3aIlUH.

4 .
Kak wu3BectHo, [I,; (BHemHuMil  noTeHLHMAN

4 .
raHN3aINN), BHYTPEHHHH  IOTEHIHA
OpraHusa; I e OTEHIHA.

OpraHW3aIlNN) W Hfﬂ (motenuman ympasiueHHS A.)

ONpENeNATCsT B BUAE MaTpulbl B  MpOLEIype
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TUIAHUPOBAHUS LEHTPOM A.. 3alONHEHUS 3TUX MaTPHIL
omucassl B padorax [9,16].

Wnrepdeiic paborsr anroputmoB SWOT-ananus,
VRIO-ananmu3 u AITY - aHaim3 rmokasaH Ha puc. 4.

IIpennoxkeHnass KoHmemnus amnpobupoBana Ha 100
aKTUBHBIX CHCTEMaX, CymecTBylomux ot 1 roma mo 10
JeT.

[Ipu mpoBemeHUH SKCIiepUMEHTa A, pa3feiNiifd Ha
YeTHIpe TPYIIIHL:

4
- A: nesTenbHOCTb A, , OpMEeHTUpOBaHHas Ha 115 ;

Y
- B: nesTenbHOCTb A, , OpUEHTUpOBaHHAsA Ha [1,; ;
- E: nesrenpHOCTD A,
Y
I & I,

em 2

OpUCHTHUPOBAaHHAsA Ha

- C: pesarenbHOCTH A,
(I NI = 1T}

em

OpUCHTUPOBAHHAsA Ha

AHanu3 JIEATCNFHOCTH JTHX aKTHBHBIX CHCTEM
MoKasall, 4T0 JACATENLHOCTh A, BXoasmas B rpymmny C,
OpUCHTHPOBAHHYI0 HAa aKTUBU3AIMIO  YIPABJICHUA,
CyIIeCTBYET 0oJiee UM MEHEee YCTOHYMBO (pHC. 5).

Puc. 5. Yemouuusocmov pasnuunvix A., 8 3a8ucumocmu om opueHmayuu 0esmeabHoCmu

5. BeIiBOBI

Tlorenunan ympaBieHUsS OpraHU3aALUU H;‘" U €ero

aKTUBM3allMsl  BCErja BIUSIOT HA  YCTOWYMBOCTH
aKTUBHOM  cucTteMbl. [loBbIlIEHWE  YCTOWYMBOCTU
OpraHU3allMOHHBIX CTPYKTYp, @pPH OTPaHUUYEHHOCTHU
pecypcoB, MMeeT XU3HEHHO BaxkHoe 3HaueHue. Cama
Mporeaypa aKTHBU3AIUN CUJIBHO 3aBHCHUT OT OIEHKH
HCIIOJIB30BaHUS COOTHOIIIEHHHI KOMITOHEHTOB

A o
norcHuuamga CHCTCMbI Ho(’ C Apyrou CTOPOHBI,

3¢ PexTUBHOE yNpaBiIcHHE aKTUBHON CHCTEMOM TpeOyeT
addexTBHON Tpouenypel A,, Tak Kak B TpoIiecce
ynpaBlieHus: 6e3 00paTHOH CBS3M IICHTP OpTaHHU3AINH HE
MOXET TNPUHHMATh  ONCPATUBHO  YIIPABICHYCCKUX
pewenuit. Ilostomy B A, Oynmer pa3yMHBIM, €CIIH
TPEJCTABIATh Mepenauy cooOuleHuil S o BHIIONHEHHH

Jlureparypa

IJJaHa AaKTUBHBIM DJJIEMEHTOM A, OpraHu3aiyu ¢
MTOMOIIBI0 TIPOLEAYPHl AIMHHHUCTPATHBHOTO KOHTPOJISL
A, Heob6xoaumocTs 3TOTO BO3HHUKACT H3-3a
CYIIIECTBOBAHUS B CTPYKTypax A, U MEXKIy aKTHBHBIMH
JJIEMEHTAMHU PCaKIMKA Ha YIPABISIOIIAC BO3IACHCTBUS
G(n). B oToM cnydae HCKakeHHe coobmenuii S
nepeaBaeMoe IEHTPY, OyIeT MUHHMAJBHBIM. 3a CYET
9TOr0 YCTONYMBOCTH YIPAaBJICHUS MaKCHMHU3UpyeTcs. B
MPUHIUIEC YCTOMYUBOCTH AKTHBHBIX CHCTEM, Kak
MOKa3alld HAaIIM SKCICPUMEHTHI, 3aBUCUT OT TOTrO, B

A, 4,
Iy, Hy R
a TakKXke OT TOro, 4YTO BO BpEMA OICPATUBHOTO
HCIIOJIB30BaHUA KOMIIOHCHTOB IIOTCHIIHAJia AKTUBHOM

4
KaKUX MPONOPLUAX LEHTP UcHonb3yeT [1.7,

4 74
cuctembl 11, I, OyneT akTUBU3UPOBATh H;‘f.

em >
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VIK 517.518.392

BbBIYUCJIEHUE HOPMbI ®YHKIINOHAJIA
HOI'PEINIHOCTHU U IIOCTPOEHHUE OIITUMAJIBHBIX
O NOPAAKY CXOANUMOCTHU BECOBBIX
KYBATYPHBIX ®OPMYJI TUIIA DOPMUTA
B ITPOCTPAHCTBE COBOJIEBA

lagnmeroB X.M.
I.¢.-M.H., mpodeccop, 3aBenyrommii kKadeapoit «KomnbroTepHas rpaduka 1 HHGOPMAIIMOHHON TEXHOIOTHI

TanKeHTCKOro MHCTUTYTA HHKEHEPOB JKEJIE3HOAOPOIKHOTO TPAHCIIOPTa,
ten.: +(99890) 620-20-84, e-mail:shadimetov-@mail.ru

Kamoaos O.H.
K.(.-M.H., JOLEHT Kadeapbl HHPOPMALMOHHON TEXHOJIOTUH ByXapCKoro rocyJapcTBEHHOTO YHUBEPCHUTETA,
Ten.: + (99891) 648-35-29, e-mail: 0zod-jalolov @ mail.ru

Benercst uccnenosanue mias KyoarypHbIX ¢opMyin B pyHKIHOHambHBEIX npoctpancTBax C.JI. CoboneBa L(zm)n LY s

HKHI/Iﬁ 3aJaHHbBIX B n - MC HOI7[ CHHHI/I‘{HOﬁ cpepe. IIPOCTPAHCTBEC BBIUUCJICHA HOpMa HKIIMOHAaJIa
, B Jis

MIOTPENTHOCTH BECOBBIX KyOaTypHBIX (OopMyn THIa DpMHUTa W HaljeHa skcTpeManbHas yHkius. [lomydena omeHka
CBEpXY Ul HOPMbI (DYHKIIMOHAA MOTPEIIHOCTH BECOBBIX KyOaTypHBIX (opMys M Ha OCHOBe Teopembl baxBanoBa B

MIPOCTPAHCTBE L(zm)(S) MOCTPOCHA ONTHMAJbHAS TI0 TOPSIKY CXOAWMOCTH KyOarypHas (opmyna st (QyHKIIHA,

3aJJaHHBIX B 71 - MCPHOU CIMHIUYHOU cepe.
KiroueBble cj10Ba: MpocTpaHCTBO, KybaTypHas hopMyina, YHKITMOHAI MOTPENTHOCTH, SKCTpeManbHast (pyHKITHS.

CALCULATION THE NORM OF THE ERROR FUNCTIONAL BY ORDER CONVERGENCE
OF THE OPTIMAL CUBATURE FORMULAS TYPE ERMIT IN THE SOBOLEV SPACE
Shodimetov H.M., Jalolov O.1.

In the work the research is conducted for cubature formulas in functional spaces S.L. Sobolev of L(zm) and L) for the

functions specified in the n - dimensional unit sphere. In the space L7 the norm of error functional of weight cubature
formulas of Ermit is calculated and extreme function was found. We obtain an upper estimate for the norm of the error
functional of cubature formulas and weighting based on the theorem Bahvalova space L(zm) (S) built for optimal

convergence order cubature formula for the functions defined in the n - dimensional unit sphere.
Keywords: space, cubature formula, functional error, extremal function.

SOBOLEV FAZOSIDA ERMIT TIPIDAGI KUBATUR FORMULA HATOLIC
FUNKCIONALINING NORMASINI HISOBLASH VA YAGINLASHISH TARTIBI BUEICHA
OPTIMAL KUBATUR FORMULA GURISH
Shodimetov H.M., Jalolov O.I.

Ishda n-o’Ichovli birlik sferada berilgan funksiyalar uchun S.L.Sobolevning L(zm) (S ) va L7 (S ) funksional fazolarida

kubatur formulalar uchun izlanishlar olib borilgan. L) fazoda Ermit tipidagi vaznli kubatur formula ekstremal

funksiyasi topilgan va hatolik funksionali normasini hisoblangan. Vaznli kubatur formula hatolik funksionali normasi
uchun yuqoridan baho olingan va N. S. Bahvalov teoremasiga asoson n-o’lchovli birlik sferada berilgan funksiyalar

uchun L(zm) (S ) fazoda yaqinlashish tartibi bo’yicha Ermit tipidagi optimal kubatur formula qurilgan.

Tayanch iboralar: fazo, funsional hatolik, kubatur formula, ekstremal funksiya.
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1. BBenenue

B mocnemHee BpeMs MHOTO pabOT  IOCBSIICHO
MOCTPOCHHIO KyOaTYpHBIX (POPMYIT [T TIPUOTIKEHHOTO
BBIUMCIICHHSI HMHTETPAJIOB IO IOBEPXHOCTH  cdep,
TOYHBIX JUIsI C(EPUYCCKHX TapMOHUK HEKOTOPOTO
nopsnka [1-11].

Mycte pyakuuu f (6’), 3aJJaHHbIC HA CIUHHUYHOU
chepe S, mnpuHAMIEKAT HEKOTOPOMY OaHAXOBOMY
MPOCTPAHCTBY B, BIOXEHHOMY B mpoctpaHctBo C (S)

HempepbBHBIX (QyHKMA Ha S. OyHkuun f (9) eB
OPOJO/DKUM Ha BCE MPOCTPAHCTBO R" |, cumtas ux
MOCTOSTHHBIMH Ha JIy4ax, BBIXOMSAIIMX M3 LEHTPa cepbl
S u Oyaem o6o3HauaTh uepes f (9) , e S - n—MepHas

eIMHUYHAs cdepa.
PaccmoTpum HOFpCH.IHOCTL KyOaTypHOU (HOpMYITBI

Jp(e)fw)de ZZ( D (@) (1)
la|<t A=1

Ha quHKuHﬂX u3 B:
<, f >=[p(6)f(0)d6-
s

)
3 S £ o = [ @) f6)de.

<t 2=1 e
#(0)=5,(1-r) p(6)-
_Z icg“) () (9_9(/1)), 3)
laj<t 2=1

Ss(1-r) , 5(6’ e ) nenbTa-pyHkimn  Jlupaka,

2 2 2
N T i o Z =
P

lo|=ay+a, +..4a, u J-p(ﬁ)d¢9<oo, 0<t<m.
s
IMorpemrocTs  (2) kybOarypHoit  dopmynsr (1),
OYEBHJIHO, SBISETCS (PYHKIIMOHAIOM, 3a/JIaHHBIM Ha B,

27r"/2 .
)pOO’

U B CHIy NpPEANOJIOKEHUs BioxeHHOCTH B — C (S )
9TOT PYHKIIHOHAIT E(ﬁ) OyZeT HepePHIBHBIM.
2. ITocTaHOBKA 331240

B mpoctpancTBe B HOpMa ompeaensieTcs o Gopmyiie

‘((]\‘;‘) up ‘<€(]\0,’),f >‘

sesjsieo /18]
Oynkius  f, € B, a1 KOTOPOH HMEET MeCTo

| B¥| =

PaBCHCTBO

<& fy 5| =) 181181,
Ha3bIBACTCS IKCMPEMANLHOU PYHKYUEI].

Takum o00pa3oM, 3ajaya OLEHKH IIOTPELIHOCTH
KyOaTypHOH QopMysnbl Ha (GYHKIHSIX HEKOTOPOTO
IpocTpaHcTBa B , paBHOCHJIbHA BBHIYMCICHUIO 3HAYEHUS
HOPMBI (DyHKIIMOHAJa MOTPELIHOCTH B CONPSHKEHHOM K

B npoctpanctee B wmmm, 4tOo TO XKe camoe,

HAXO0XJICHUIO JKCTpEMalbHOW (YHKIUW I JTaHHOU
KyOaTypHOH (GOPMYIIBI.
J1st penieHnst 3TOW 3amadd B KadecTBE B BO3BMEM

npoctpauctso L) (S).
ONPEJIEJIEHHUE. L7 (S)

OIpeNeNsIeTCss KaK MPOCTPAHCTBO (DYHKIUMA, 3aTaHHBIX
Ha S W 00MaJaroImMX KBAAPATHIHO CYMMHPYEMBIMU
000O0IICHHBIMU TPOU3BOAHBIMHU TOPSIKA m , HOpMa

IIpoctpancTeo

KOTOPBIX OMIPEACIACTCA PABCHCTBOM [9] .

oc o‘nk)

SN @ k" (k+n-2)", (4)

k=1 (=1

iz -

e ak’V,:J’Yk’é(t?)f(H)dH, M TPENNONOKEM, UTO

S
2m>n.
3. Bbluucienne HOpMbI (QYHKIHOHAJA
NMOTPELIHOCTH BECOBBIX KyO0aTypHBbIX

¢dopmya Tuna Ipmura HaA NMPOCTPAHCTBOM
CoboJsieBa 11 QyHKUMHA, 321aHHBIX HA 71 —
MEpPHOM eIMHUYHOI cdepe

KavectBo KkyOaTypHOH (opMysbl  XapakTepH3yeTcs
HOpPMOH  (YHKIMOHANa IIOTPELIHOCTH, U  SIBJISETCS
¢yHKIMEH HEM3BECTHBIX KOI(P(GHULMEHTOB U  Y3JIOB.
IlosToMy JUI1 BBIYMCIHTENBHON NPAKTUKH MOJIE3HO
YMETh BBIYUCIHTh HOPMY (YHKIMOHAJNA IOTPEIIHOCTH
(3) u oueHuTH ee.

CrpaBeyinBa cieayromas

TEOPEMA 1. HopMa ¢yHKIFOHAIA TOTPEITHOCTH

Z(“) (3) xybarypHuoit ¢popmynsl tuma Opmwura (1) Han

npoctpancTomM Ly (S ) paBHa

|40/ ()] -

—

212
ol P > ¥ hect v (09
~ i"(”’ ot 221
=1 m K" (k+n-2)" ’

rae Prs :IP(Q)YM/ (6)do.

N

JokazateancTtBo. M3ectHo [9], dro ecim
f (H)EL? (S) , TO At aOCOJIOTHOH M PaBHOMEPHOM

CXOIMMOCTH pPsizia

rae Y, (0) - chepuueckue rapmonuku mnopsuka k
JTOCTaTOYHO BHINOJHEHUE YCIOBUS 2/ > 71 .
Takum obpazom, ¢pyukuus f(60)€ Ly moxer GbITh

pa3io’keHa B PaBHOMEPHO M AOCOJIOTHO CXOISIIMHCS
psia 1o chepuuecKuM rapMOHUKaM:
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0)=27(0) =X Z a Y, (0. )
k=1
e Y, (6’) - chepuyeckue TapMOHUKH mopsaka k

Buma /!, aH:IYH (0)f(0)d0 n o(nk) - uncno

S
JIMHEHHO HEe3aBUCHMBIX C(l)eplfl‘{CCKI/IX TapMOHUK, T.C.

(k +n— 3)
IMoncrasinss (5) B neByro 4acThb (2), HAXOAUM
<), £ (6) >=< 55 (1-r) p(6) -

5 icgag(a)(g_gu))’

|of<t A=1

C(n+2k-2).

Ecnu B mnpasoit wactu (6) @, YMHOXUTH Ha

- m
k2 (k+n—2)5 , @ KybaTypHyl0 CyMMY pa3JeluTh Ha

STOT MHOXHTEJb M IPUMEHUTH HepaBeHcTBO Ko, To ¢
y4eToM paBeHCTBa (4) mosrydaeM

w o(nk) m m
‘<€(]‘VZ),f>‘:Z ap k2 (k+n-2)2 x
k=1 =1
cha) (/)(9(4))
|a|<t 2=1
X <

m

k2 (k+n-2)2

1
2
ap k" (k+n=2)"1 x

N ok
L - T S (o) )]
iﬂ(",k) |t A=1 _

= K" (k+n-2)"

o(n,k)

k=

—

(=1

5

k=

Ltz s}

N[ =

G(nk[l’w > el (o ))} ™)

> |af<t 2=1
X
; ; K" (k+n- 2)m
U3 (7) cnenyet

0 (5)

D ARY

‘a‘<t/1 1

K" (k+n-2)"

s (o ’)] %(8)

ITokaxkem, 9T0 B (8) PaBEHCTBO MOCTHTACTCS JISI
byHKITIN

b Y0 (0), )

u3 L) (S), rne

ZZ( 1y, (9”))

‘a‘<tﬂ 1
K" (n+k-2)"
JleficTBUTeILHO, TaK KakK  JUIs
(yHKIMI IMEEeT MECTO OIICHKa [10]'

(10)

bk,/ =

cheprueckux

J=cE "> )/ (s).
to u3 ompeneneHus (10) koadpdummentoB psga (9)
crenyer, uto U(6)e L) (S).

Boruucnus norpemHocts (6) KyoarypHoi (opmysbl
JUTS 3TOM (PYHKIMH, TIOJTydaeM CIIeyIOIIee PaBeHCTBO:

‘< f(,@’),U >‘=

- Y 3 s ( ),
|e|<t 2=1
IR 3 SEe L
>y e

K" (k+n—2)m

max|Yk(

=|<8s(1-r)p
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i“(”k ‘o%t;( n* C ( ))

k=1 (=1 k" (k+n—2)m

x[< 85 (1-r) p(0), %, (6) > -
-y icﬁ“) <s@ (9—9“)),% (6) >]

‘a‘ét A=1
o o(nk) Z Z( b C ( ))
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Ushbu maqolada bir tildagi elektron hujjat matnlarini boshqa tillarga mashina yordamida tarjima qilish usullaridan
foydalanib matn va so’zlarni o’zbek tilidan qoraqalpoq tiliga va aksincha qoraqalpoq tilidan o’zbek tiliga tarjima qilish
dasturini yaratish masalasi o’rganiladi. Har xil elektron hujjat matnlarini kamchiliksiz, asliy hususiyatlarini
yo’qotmagan holda, bir tildan ikkinchi tilga sifatli tarjima qiluvchi tarjimon dasturi haqida fikr yuritiladi.

Tayanch iboralar: mashina tarjimasi, web-sayt, web-dasturlash, tarjima modeli, muntazam ifoda, web-server.

CO3AHME ITPOI'PAMMBGI ITEPEBO/JIA TEKCTOB
C IOMOUIBIO A3BIKOB WEB-ITPOTPAMMUWPOBAHNA
VYreymue H.Y., AGnamuesa I'.P., Cepnazapos P.A., Auunos /I.C.

PaccmatpuBaroTcsi BOIPOCH! CO3/IaHMS IPOTPaMMBI TIEPEBOa TEKCTOB U CIIOB € Y30EKCKOTO SI3bIKAa Ha KapaKalIIMaKCKUN
1 Ha00OPOT C MOMOIIBI0 KOMITBIOTEPHBIX METO/IOB MEPEBO/IA AIEKTPOHHBIX JOKYMEHTAIBHBIX TEKCTOB C OJHOTO S3BIKA
Ha apyroil. Peus uaét o mporpamme - nepeBoAYUKE, MO3BOJISIIOLIEH CAEIaTh KAYECTBEHHBIN MEPEBOJ] C OJTHOTO SI3bIKa Ha
JIpyroii 6e3 CyIIeCTBEHHBIX HEJIOCTATKOB, 0€3 TOTEPH CTHIIMCTUISCKUX 0COOEHHOCTEH TEKCTA.

KiioueBble cji0Ba: MamIMHHBIA IIePEeBOA, BeO-CaiiT, BeO-POrpaMMHpOBAHHE, MOJENH IEPEBOAA, PETYISPHOE
BEIpaKECHUE, BeO-cepBep.

DEVELOPMENT OF TEXTS TRANSLATION SOWTWARE
USING WEB PROGRAMMING LANGUAGES
Uteuliev N.U., Abdalieva G.R., Sernazarov R.A., Achilov D.S.

Proposed article considers the issues of developing the program for translation of texts and words from Uzbek to
Karakalpak language and vice versa, by means of computer methods of electronic documentary text translation from
one language to another. The program allows to perform quality translation from one language to another without
significant defects, or loss of the stylistic particularities of the electronic text.

Keywords: machine translation, web site, web programming, translation model, regular expression, web server.
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1. Kirish

Ma’lumki, tarjima bir tildagi matnni boshqa tilga
o’girishdan iborat bo’lgan adabiy ijod turi hisoblanadi.
Bu soha azaldan millatlararo alogalarni ta’minlashda
muhim ahamiyatga ega bo’lib kelgan va hozir ham o0’z
mavqeini yo’qotgani yo’q. Millatlararo muloqotning eng
muhim ko’rinishi hisoblanmish tarjimaning bir gancha
turlari mavjud. U asliyat va qayta tiklangan matn
xususiyatiga qarab badiiy tarjima, ilmiy tarjima va
boshqa turlarga ajratiladi. Asl nusxani aks ettirish
xususiyatiga ko’ra  tavsif, tadbil, sharh kabi
ko’rinishlarga ham ega bo’lishi mumkin. Bu soha
bo’yicha ko’pchilik o’zbek, qoraqalpoq [1-3] va xorijiy
olimlarning ilmiy ishlarida [4-7] bir tildagi matn va
so’zlarni boshqa tillarga tarjima qilish masalalari
o’rganilgan va tarjima usullari, muammolari, talablari va
aspektlari ochib berilgan. Axborot texnologiyalarining
rivojlanishi tarjima sohasiga yangi “mashina tarjimasi”
atamasini olib kirdi. Mashina tarjimasi yoxud
kompyuterlashgan tarjima bu - kompyuter yordamida
bajariladigan, bir tabiiy tildan boshqasiga maxsus
kompyuter dasturi yordamida matnlarni (yozma yoki
og’zaki) tarjima qilish jarayoni hisoblanadi. Yana shu
kabi tizimlarni tuzishga bog’liq bo’lgan ilmiy—-
tadqiqotlar yo’nalishi ham shunday nomlanadi.
Kompyuterlashgan tarjima, ko’p hollarda mashina
tarjimasi deyiladi, bu esa sun’iy tafakkurga ega bo’lgan
amaliy jarayon tomonidan bajariladi [8]. Mashina
tarjimasining asosi bo’lgan tarjima modeli tushunchasini
izohlab o’taylik. Tarjima modeli — bu jadval shaklida
berilgan bo’lib, unda bir tildagi tizimga oid bo’lgan
barcha so’zlar va frazalarning boshqa tilga tarjima
qilgandagi mavjud ma’nolari beriladi va shu
ma’nolarning ehtimolligi ko’rsatiladi. Tarjima modeli
uch bosqichdan tashkil topgan: birinchi bosqgichda
parallel hujjatlar, ikkinchi bosqichda ularning ichidan
gaplarning juftliklari va uchinchi bosqichda esa so’z
yoki so’z birikmalarining juftliklari tarjima qilinadi [9].

2. Masalaning qo’yilishi

Masalaning e’tiborga molik tomoni turkiy tillardagi
ilmiy, badiiy, publitsistik, rasmiy uslublar ko’lamining
qiyosiy tadqiqi yetarlicha amalga oshirilmaganligidadir.
Ma’lumki, elektron ma’lumotlar hajmining ko’pligi
bo’yicha ingliz va rus tillari muhim o’rinni egallaydi.
Matnlarni chet tillardan turkiy tillarga, turkiy tillardan
chet tillarga yoki bir turkiy tildan boshqasiga (o ’zbek-
qgoraqalpoq, qoraqalpogq-o’zbek) kompyuter dasturlarisiz
tarjima qilish jarayoni ancha murakkab va ko’p vaqt
talab qiladigan jarayon. Aniqrog’i, tarjima jarayonida
so’zlarning semantik tarkibi rang-barangligi, gap
bo’laklari tartibining o’zgarishi (invertsiya), so’zlar
o’rtasidagi polisemiya (ko’p ma nolilik), omonimiya
(shakldoshlik), troplar (ma’no ko’chish  turlari),
frazeologik birliklar xususiyatlarini hisobga olish lozim.
Tadqiqotda so’z, so’z birikmalari, gap va iboralarni bir
tildan boshqa tilga sifatli tarjima qilish masalalari
qo’yiladi va tahlil gilinadi.

Hozirgacha har xil hujjatlar bilan ish yurituvchi
tashkilotlar, ta’lim muassasalari va boshga sohalar uchun

turli maqsadlarda bir tildagi matnlarni ikkinchi bir tilga
xatosiz tarjima qilish masalasi turli munozaralarga sabab
bo’lib qolmoqda. Masalaning dolzarbligi shundaki,
bevosita inson qo’li bilan yozma ravishda yoki
to’g’ridan to’g’ri tarjima qilish jarayonini amalga
oshirish birinchidan, ko’p vaqtni talab qiladi va
ikkinchidan, turli xatolarni keltirib chigarishi mumkin.

Tarjimon dasturini yaratishdan maqsad — tarjima
jarayonining sifatini yaxshilash, avtomatlashtirish va
qulayliklar yaratishdan iborat..

3. Tarjima jarayonini kompyuter
yordamida amalga oshirish usullari

Kompyuter yordamida tarjima qilish algoritmlarini
tuzishda ikkita raqobatdosh texnologiya mavjud bo’lib,
bular: qonuniyatlarga asoslangan tarjima (rule-based

machine translation) va statistikaga asoslangan
tarjima  (statistical-based ~ machine  translation)
usullaridir. Bu usullarni  bir-biriga qiyoslaganda

afzalliklari va kamchilik tomonlari ham kuzatiladi.
Birinchi usul an’anaviy bo’lib, bu usulda ishlovchi
tizimlar (Rossiyada Promt, Frantsiyada SYSTRAN,
Germaniyada Linguatec va boshqalar) [8,10] keng
qo’llaniladi. An’anaviy usulda tarjima qilinadigan matn
tizim tomonidan maxsus algoritm yordamida bir necha
bosqgichda tahlil qilinadi va tasdiqlangan tahlil tarjima
variantiga biriktiriladi. Ikkinchi, statistika
gonuniyatlariga asoslanib ishlovchi tarjima xizmatlariga
Google translate [11], Yandeks tarjimoni [12] va ABBYY
[13] xizmatlarini keltirib o’tishimiz mumkin. Bu
usulning an’anaviy usuldan farqli tomoni, bunda tarjima
uchun lingvistik algoritmdan foydalanmasdan, stilistik
bir-biriga mosligini qiyoslash orqali tarjima amalga
oshiriladi. Statistika qonuniyatlariga asoslangan mashina
tarjimasida katta ko’lamdagi til juftliklari ikkinchi tildagi
varianti bilan taqqoslanadi. Til juftliklari — bu bir tilga
tegishli matn va gaplarning ularga mos ikkinchi parallel
tildagi tarjimasi hisoblanadi. “Statistika qonuniyatlariga
asoslangan mashina tarjimasi” tushunchasi ikki tildagi
matnlarni  birlashtirishdan olingan ma’lumotlardan
foydalanib, gaplarning ehtimolligi yuqori bo’lgan
tarjimasini  izlashga asoslangan, tarjima qilish
muammosining  yechimga yo’naltirilgan umumiy
yo’nalishi deb bilamiz. Masalan, Yevropa iqtisodiy
birlashmasining rasmiy hujjatlari 11 tilda bosib
chiqariladi; BMT bo’lsa, hujjatlarini bir necha tilda bosib
chigaradi. Bu materiallar statistik mashina tarjimasi
uchun bebaho resurslar bo’lib hisoblanadi [8, 10].
O’zbekiston Respublikasi o’quv o’rinlaridagi
o’qitiladigan bir necha tillardagi o’quv darsliklar,
hujjatlar va ikkinchi tilga tarjima qilingan badiiy asarlar
bizga turkiy tillar tarjimon dasturi  bazasini
kengaytirishda keng imkoniyat yaratib beradi.

3.1. Mashina tarjimasi usullaridan foydalanib,
tarjimon dasturini yaratish

Tarjima jarayonini kompyuter orqali amalga oshirish va
bu masala yuzasidan yangi yaratilayotgan dasturimiz
haqida to’xtalib o’tamiz. Dasturni ishlab chiqishda web-
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dasturlash tillaridan foydalanildi va dasturlashtirish
jarayonining navbatdagi bosqichi davom ettirilmoqda.

Tarjimon dasturini  yaratishda quyidagi web-
texnologiyalardan foydalanildi:

- PHP;

- Java Script;
- HTML;

- Jquery;

- MySQOL;

- CSS.

Dastur interfeysining asosiy qismi hisoblanmish matn
kiritish oynasi (textarea) JQuery kutubxonasi yordamida
yaratildi. Sababi textarea katta ko’lamdagi matnlarni
kiritishda qulay hisoblanadi. JQuery esa matn
oynasining funksional imkoniyatlarini oshiradi. Qolgan

dizaynlar bilan ishlashda HTML va CSS dan foydalanildi.

Dasturning tarjima qilish algoritimini ishlab
chigishda, asosan, o’zbek va qoraqalpoq tillarining
stilistik va grammatik qonuniyatlariga tayanildi. Turkiy
tillar oilasiga mansub tillardagi matnlarni tarjima
qilishda so’z birikmalari, neologizmlar, sinonimlar va
iboralar qiyinchilik tug’diradi. Shuni hisobga olgan
holda dasturda tarjima qilinishi zarur bo’lgan matn
ichidan oldin ko’lami bo’yicha uzunlari, ya’ni eng ko’p
elementlisi tartib bo’yicha tanlab olinadi va ikkinchi
tilga tarjima qilinadi. Shu asnoda so’z birikmalarining
ma’no  buzilishining oldi  olinadi.  Dasturning
ma’lumotlar bazasi uning eng asosiy qismi hisoblanadi.
Tarjima natijasining sifatli bo’lishi, ma’lumotlar bazasi
ko’lamiga bog’lig. Shu sababdan ma’lumotlar bazasi
uzluksiz to’ldirilib boriladi hamda foydalanuvchilarning
taklif va mulohazalari hisobga olinadi. Matnni tarjima
qilish bosqichida, qatorlar bilan ishlashda yana bir kuchli
vosita muntazam ifodalar bo’lib, ular yordamida ko’lami

from-to.uz

r c

| Q'zbekchadan v Qoraqgalpoqchaga

_Buﬁe_pure q:aﬂn @ain i

| Flash texnologiyasi hagida ma'lumot

| Flash texnologiyasiga - ShockWave Flash (SWF) formatii vektorli grafikdan foydalanishga asoslangan texnologiyadir. Bu
ormati foydalanuvchilarga grafik imkoniyatiari cheklanmagan

(MacOS tizimli Macintosh kompyuteriari voki '-.‘-.*sndm"l/
uning yordamida _\'aranlgan tasvirlar nafagat an:ma;}"
dasturiash orqali boshqarilishi mumkin. Flash texnd,
yaratish imkoniyati ko' pchilik Web-dizaynerlar o r:asﬁi\

elect languages

B Ti- A-9- 8- 7~ x,ax-'ﬂ'f U % B ™ &« ¢ 9

format eng samarali grafik formatlardan bo’Imasada, SWF f
grafiklar bilan ishlovchi vositalar va natijani Web- brouzeriarda kel'a}lm:gxamr!arda foydalanish imkoniyatilari mavjud
Flash texnologiyasining imkeniyatiardan yana biri - Du_yn\l}"'

Input text

berdi. Shuning uchun bu texnologiyaning yaratilishi bilan Bir va,_fh___4&dia kompaniyasi tomonidan ikki asosiy web-
brouzerfari, Internet Explorer va Netscape Communicatorlar uchun elementlar Plug-In yaratildi. Bu esa, o'z navbatida
Flash texnologiyasini Internetda yana ham keng tarqalishiga olib keldi

va murakkabligidan qat’iy nazar har qanday qatorlar
bilan ishlash imkoniyati mavjud. Bu esa tarjima
jarayonida yuz beradigan stilistik muammolarni yechish
imkoniyatini yaratadi. Mashina tarjimasi usulidan
foydalanganda parallel matnlar ishlatiladi va dasturdan
katta ko’lamdagi qo’shma so’zlar va iboralar bilan
ishlash talab qilinadi. Til bazasidagi elementlar sonining
oshishi, yuqori tezlik va katta xotirani talab etadi.
Tarjima jarayonida gaplarning ma’nosini yo’qotmaslik
uchun dastur oldin so’z birikmalari va frazalarni sodda
so’zlardan ajrata olishi zarur bo’ladi. Buning uchun
dasturdan tarjimani bir qancha bosqichda olib borish,
ya’ni dastlab parallel gaplar, so’ngra so’z birikmalari va
so’zlarni taqqoslash talab gilinadi. Masalan: o’zbekcha
“Yangi shahar vujudga keldi” gapini qoraqalpoqcha
tarjimasi “Jan’a qala payda boldr’ deb tarjima qilish
to’g’ri bo’ladi. Bu gapni so’zma-so’z tarjima qilganda
“Jan’a qala denegekeldi’ kabi xatolik yuz bergan bo’lar
edi. Biroq yevropa tillaridan turkiy tillarga tarjima qilish
uchun katta ko’lamdagi tarjima modeli asosidagi bazaga
ehtiyoj tug’iladi. Shu joydan ham tarjima modelining
qanchalik ahamiyatga ega ekanligini anglash mumkin.

3.2. Tarjima jarayonining ketma-ketligi

Ushbu tarjimon dasturidan foydalanish uchun internetga
ulangan kompyuter, planshet yoki mobil telefondagi
web-brouzerlar orqali from-to.uz saytining manziliga
kirish lozim. Foydalanuvchilar o’ziga kerakli matnni
tarjima qilish uchun saytning bosh sahifasidagi matn
kiritish formasiga matnni kiritadi va kerakli tillarni
tanlab “Tarjima qilish” tugmasini bosadi (1-rasm).

& =
Lotin CKill | " K S*“"";OZ L
Specialized foydalanuvehi

translation xizmat

ko'rsatmoqgda

-

v \wlicijf, ya'ni bu format barcha platformalarda

Jatilishi mumkin. Yana bir quiay imkoniyat
“yentlar va tovush bilan boyitilishi hamda
<Vva interfaol muttimediya dasturlar

_Aini mashhurligini oshishiga imkoniyat

1-rasm. Yuqoridagi rasmda web-saytning matn kiritish oynasi aks etgan

Jo’natilgan matn serverdagi dastur yordamida qayta
ishlanadi va tayyor tarjima qilingan holda mijoz
brouzeriga generatsiya qilinadi. Dasturning asosiy
tarjima qilish funksiyasi web-dasturlash tillari yordamida

amalga oshiriladi. Tarjima
bosqichlardan iborat bo’lib,
keltirilgan (2-rasm).

jarayoni  bir
u quyidagi

gancha
sxemada
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Orginal text

correcting error
symbol

Specialized
transiation

Change symbol

separating the
part which
cannot be
translated of the
text

Specialized
translation

Specialized
translation

Translated
text

correcting
change
symbol

Main BASE

translate

suffix &
affix

2-rasm. Tarjima jarayonining sxemasi

Tarjima jarayonining ketma-ketligi:

1) Matn maxsus oynaga kiritiladi.

2) Tarjima uchun kerakli tillar va ixtisoslik tanlanadi.

3) Matn tarjimaga jo’natiladi.

4) Kiritilgan matn ichidagi belgilar qayta kodlanadi.

5) Matnning tarjima qilinmaydigan qismi ajratib
olinadi.

6) Ma’lumot qayta ishlanadi va tarjimaga tayyorlanadi.

7) Ixtisoslik va asosiy umumlashgan baza yordamida
tarjima amalga oshiriladi.

8) Qo’shimchalar ustida amallar bajariladi.

9) Oldingi o’zgartirishlar joyiga qaytariladi va xatolar
to’g’irlanadi.

10) Tayyor bo’lgan matn tarjima qilingan holda fayl
yoki bufer orqali foydalanuvchiga uzatiladi.

Bundan tashqari kiritilgan matnning yuqori qismida
JQuery asosida ishlovchi uskunalar paneli joylashtirilgan
bo’lib, foydalanuvchiga huddi Microsoft Office Word
dasturidagi kabi uskunalar panelini yaratib beradi.

Uskunalar paneli (foolbar) orqali foydalanuvchi
tomonidan kiritilgan matnni tahrirlay olish imkoniyatiga
ega bo’ladi.

Uskunalar panelining imkoniyatlari:
- Shriftlarni qalin yoki kursiv shaklga o’tkazish;
- Shriftlarga rang berish;
- Qator va harflarning ostiga va ustiga chizish;
- Shriftlar turini belgilash;
- Shriftlar o’Ichamini o’zgartirish;
- Shriftlarni katta yoki kichik shriftga o’zgartirish;
- Qator joylashish o’rnini belgilash;
- Ragamlash, markerlash va boshqa funksiyalar.

4. Natijalar tahlili

Yaratilgan dastur web-server uchun mo’ljallangan bo’lib,
Apache bilan MySQL serverlarida sinab ko’rildi. JQuery
va JavaScript animatsiyalari Internet Explorer, Google
Chrome, Mozilla, Opera, Safari kabi brouzerlarning
yangi versiyalarida sinovdan o’tkazildi.

Saytda MS Word hujjatlarini, Excel jadvallari va
boshqa turdagi elektron matnlarni tarjima  qilish
imkoniyati mavjud. Tarjimonning asosiy tarjima
funksiyasi obye’ktga yo’naltiriligan =~ PHP  web-
dasturlash tilida yaratilgan bo’lib, dastur skriptlarini
PHP 5 versiyasi qo’llab-quvvatlaydi. Animatsiya va
boshqa effektlar JavaScript tilida, dizayn qismi CSS
(sascading style sheets) da, matn kiritish oynasi
(textarea), uskunalar paneli (tool bar) va jarayon
ko’rsatkichi ~ (progress  bar) funksiyasi JQuery
kutubxonasi ~ yordamidan  foydalanib  yaratildi.
Ma’lumotlar bazasiga bog’lanish va undan foydalanish
uchun MySQL serveridan foydalanildi.

Ushbu dastur yordamida bir qancha (o’zbek,
goraqalpoq, rus, ingliz, tojik, turkman, qirg’iz, qozoq va
boshqga) tillarining elektron materiallarini bir tildan
boshqasiga tarjima qilish ustida ilmiy—tadqiqot ishlari
davom ettirilmoqda. Shu jumladan, web-sahifaga
qo’shimcha tariqasida matnlarni lotinchadan-kirillchaga
va kirillchadan-lotinchaga o’girish funksiyasi ham
qo’shilgan.

Biz ishlab chiqqan tarjimon dasturimizning Sokrat,
Google Translate, Yandeks tarjimoni, Ace Translate va
Promt kabi tarjimon dasturlardan farqli tomonlariga
qisqacha to’xtalib o’tamiz:
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&«

c

from-to.uz

Sayt hozirda 2 ta foydalamuvchiga xizmat ko'rsatmogda.

www.from-to.uz

Matnni tagqoslang va Oficee Word hujjatiga saglab oling.

Bosh saxifaga
BEEE (el

L i text (
Flash texnologiyasi' haqqi'nda\__&.__{mat

Flash texnologivasiga-ShockWave Flash ( SWF ) formatli’ vektorli
grafikdan payvdalani'wg'a tivkarlang'an texnologiva boli'p tabi'ladi’. Bul
format yen' na'tivieli grafik formatlardan bo'lmasada, SWF formati
pavdalani'wshilarg'a grafik mu'mbkinshilikleri shegaralanbag'an grafiklar
menen islevtug'in qurallar ha'm na'tivieni Web-brouzerlerde, kerekli
redaktorlarda paydalani'w mu'mkinshilikleri bar. Flash texnologivasinin’
mu'mkinshiliklerden ja'ne biri-bul woni'n' maslasi'wshi'li'g'i’ boli'p
tabi'ladi’, vag'ni'y bul format barli'q platformalarda ( MacOS sistemali’
Macintosh kompyuterleri yamasa Windows sistemali’ kompyuterleride )
isletiliwi mu'mkin. Ja'ne bir golay mu'mkinshiligi woni'n’ ja'rdeminde
jarati'lg'an suwretler tekg'ana animatsivali boli'wi’, ba'lki interaktiv
elementler ha'm dawi's menen bayi'ti'li'wi’ ha'mde programmalasti'ri'w
arqali’ basgariliwi mu'mbkin. Flash texnologivasinin’ ivkemlesiw ha'm
interaktiv multimediva programmalar jarati'w mu'mkinshiligi ko'pshilik
Web-di'zaynerler wortasi'ndagi’ tarti'slarg'a sebep boli'p, woni' belgililigin
asi'wi'na mu'mkinshilik berdi. Sol sebepli bul texnologivanin' jaratili'wi’

manan hir wani'rta Macrramadia Pamnanivasi’ fa'raninan wvals tvlare'd’

Statistika
Gaplar-8
So'zlar-162
Abzats-2
__ Umumiy simvollar-1340

[ The first text )

=
Flash texnologivasi llaqiﬁ'«-.m\_ > —

Flash texnologivasiga - ShockWave Flash (SWF) formatli vektorli
grafikdan fovdalanishga asoslangan texnologivadir. Bu format eng
samarali grafik formatlardan bo Imasada, SWF formati
fovdalanuvchilarga grafik imkoniyatlari cheklanmagan grafiklar bilan
ishlovehi vositalar va natijani Web- brouzerlarda, kerakli muxarrirlarda
fovdalanish imkonivatilari mavjud. Flash texnologivasining
imkonivatlardan vana biri - bu uning moslashuvchanligidir, va'ni bu
format barcha platformalarda (MacOS tizimli Macintosh kompyuterlari
voli Windows tizimli kompyuterlarida) ishlatilishi mumbin. Yana bir
qulay imkonivati uning vordamida varatilgan tasvirlar nafagat
animatsiyali bo "lishi, balki interfaol elementlar va tovush bilan boyitilishi
hamda dasturlash orqali boshqarilishi mumkin. Flash texnologivasining
mosalashuvchanlik va interfaol multimediva dasturlar varatish
imkonivati ko pchilik Web-dizaynerlar o” rtasidagi bahslarga sabab
bolib, uni mashhurligini oshishiga imkoniyat berdi. Shuning uchun bu
texnologivaning varatilishi bilan bir vaqtda Macromedia kompanivasi

tememidan ikl asneiv weh-hranzerlar Tnternat Fynlorer va Neterans

3-rasm. Saytning tarjima jarayoni yakunlanganidan keyingi ko rinishi aks etgan

Masalan, Sokrat tarjimon dasturida tarjima qilingan

matndagi rasmlar, jadvallar va boshqa xususiyatlari
qoldirilib ketiladi. Google translate tarjimoni yordamida
tarjima qilingan matnda ham shu kabi kamchiliklar
mavjud bo’lib, matndagi rasmlar tushirilib qoldiriladi.
Biz ishlab chiqgan tarjimon dasturining boshqa shu

tarzda

qu

ishlaydigan dasturlardan afzalliklari

yidagilardan iborat:
tarjima jarayonida matnning original xususiyatlari
(abzats, tabulyatsiya, qatorlar masofasi va boshqa)
saglanib qolinishi;
matndagi rasmlar saqlanib qolinishi;
harflarning xususiyatilari (rangi, o’lchami, shrift turi
va boshqa) o’zgarmasligi;.
tarjima jarayonining tezligi;
tarjima qilingan so’zlarning ma’nosini o’zgarmasligi;
tarjimada oldin gap bo’yicha, keyin so’z bo’yicha
taqqoslash imkoniyati;
matnni to’g’ridan-to’g’ri brouzerda tahrirlay olish
imkoniyati;
sayt interfeysining qulayligi;
sahifani ko’pchilik qurilmalar qo’llab-quvvatlashi,
ya’'ni sahifa o’lchamining kompyuter, planshet yoki
mobil telefon ekrani o’lchamiga qarab avtomatik
moslashishi;
ixtisoslik bo’yicha matn tarjimasi;
tarjima jarayoni tugagandan keyin matnni yuklab
olish imkoniyati.

Adabiyotlar

(1]

Tarjima jarayonida kelib chiqishi mumkin bo’lgan
muammolar sifatida quyidagi holatlarni ko’rsatib o’tish
mumkin:

- keltirilgan matn tamomlanmagan bo’lsa,
yozilish jarayonida bo’lsa;

- matn noaniq yozilgan bo’lsa;

- matnda imloviy xatoliklar bo’lsa;

- qator yolg’iz parchadan iborat bo’lsa;

- matn qoniqgarsiz holatda bo’lsa;

- matnda notanish va kam qo’llaniladigan belgilardan
foydalanilsa;

Ushbu holatlarda, so’z va so’z birikmalarining
ma’nosi va imlosida har xil xatolar yuz berishi va
0’zgarishi ehtimolligi mavjud.

yoki

5. Xulosa

Xulosa qilib aytganda, tarjimon dasturimizda yuqorida
ko’rsatilgan  kamchiliklarning ko’pchiligi deyarli o’z
yechimini topdi va dasturning qolgan bosqichlari ustida
ilmiy-tadqiqot ishlari olib borilmoqda. Tarjima natijasi
va sifati baza ko’lamiga bog’ligligini hisobga olib,

dasturning tarjima bazasi sayt faoliyati davomida
uzluksiz to’ligtirilib boriladi.
Ishlab chiqilgan tarjimon dasturi yordamida

foydalanuvchilar ixtisoslik bo’yicha ilmiy adabiyotlar,
darsliklar, rasmiy hujjatlar va badiiy adabiyotlarni
tarjima qilishda foydalanishi mumkin.

O’zbekcha - qoraqalpoqcha va qoraqalpoqcha - o’zbekcha lug’at / J. Bazarbaev, M. Buranov, G. Qurbaniyazov,
A. Pirniyazova, Sh. Ayapov. — Toshkent, 2011. — 283 b.

[2] Mammunssri nepeBoa. — URL: https://ru.wikipedia.org/wiki/ManmiHHBIA_TIEpEBO.
[3] Yandeks tarjima xizmati. — URL: http://translate.yandex.ru.
[4]

~ Pp. 3-23.

Kay M. The Proper Place of Men and Machines in Language Translation / Machine Translation. — 1997. — Ne 12.
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(9]

H]umosea O.I'. ACTIeKTBl U3y4EHUSI HHOSA3BITHON JIEKCHKH PYCCKOTO SI3bIKA: METOAMYECKas pa3padorka. — ToMck:
M3n-Bo roc. Ilen. yu-ta, 1996. — 32 c.

Komuccapos B.H. Obmias teopus nepeBoga. — M., 1999. — 108 c.

Pyccko-Kapakanmakckuii croBaps / I[Tox pen. H.A. backakoBa. — M., 1967. -1123 c.

Hoserii momxonq ABBYY k  mepeBomy TekctoB. — URL: http://joomla-master.org/books/html-css-php-
cms/perevesti-tekst-v-onlaiene-pomojet-kompaniya-abby.html.

MamuHHbIH nepeBoa: npasuia npotus cratuctuku. — URL: http://filolingvia.com/publ/25-1-0-898.

[10] Turkiy tillar. — URL: https://ru.wikipedia.org/wiki/Turkiy tillar.

[11] Onlayn matn tarjimoni. — URL: http://www.from-to.uz.

[12] Google tarjimoni. — URL: http://translate.google.ru.

[13] Crarucruueckuii mammHubIi nepesoa. — URL: https://yandex.ru/company/technologies/translation.
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