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MPOBJEMHO-OPUEHTHPOBAHHBIN TPOT'PAMMHBII KOMILIEKC
AJIA MOAEJIMPOBAHUA JTUHAMMWKU BHYTPEHHHUX BOJIH
B CTPATUOUNIIUPOBAHHOM OKEAHE

Huxeropoackuii rocyapcTBeHHbIN TexHuueckuil yauBepeuteT uM. P.E. AnexceeBa

N3zyyenne reopuznveckux SBICHHUH, MPOUCXOAAIINX B MUPOBOM OKeaHe, B TOM YHcje Ha Ienbge,
SIBIIIETCS aKTyaJbHOM 3a7jauell B paMKaxX OCBOEHHs MPUPOAHBIX pecypcoB. OJTHUM U3 OCHOBHBIX HHCTPYMEH-
TOB IIPU MCCIIEIOBAHNHU TaKUX KPYIMHOMACIITAOHBIX NIPOLIECCOB SIBJISETCS MATEMATHUYECKOE MOJAEIHPOBAHHE.
Jlist IpoBeAEHUsT YMCICHHOIO SKCIIEPUMEHTa HE00XOIUM HHCTPYMEHT, OPUEHTUPOBAHHBIA Ha MPOOJIEMBI,
pelaeMble B JaHHOW 00NacTH, a UMEHHO YYHUTHIBAIOUIHH OCOOCHHOCTH MHUIMAIU3AUU MoJenei, oopadoT-
KM W BU3yaJlHM3allid JaHHBIX, JOCTYMHBIA IJIs1 IpUMEHEHHs 0e3 M3ydeHusi UCXOTHOro kona. B craTtee pac-
CMAaTPHBAOTCS] OCOOCHHOCTH Pa3pabdOTKH MPOrpaMMHOI0 KOMILIEKCa AJIsl MOAEIUPOBAaHHS BHYTPEHHUX BOJH
Ha 0a3e ciaboHennHeHoH Teopud. [IpeanoKeHbl HOBBIE METOIBI UTS TOCTPOSHUS TPOTPAMMHBIX KOMIUIEK-
COB, HHTCTPUPYIOIIIUX B cebe JAaHHBIC, YUCJICHHBIC MOACIIN U CPEACTBA IMOATOTOBKH JaHHBIX, UCIIOJIB3YIOUINEC
KOHTEKCT Ul aBTOMAaTHUECKOW MHUIMAIN3aLUU YUCICHHBIX Moaeneil. Paccmarpusaercst Habop mporpaMm-
HBIX UHCTPYMEHTOB: HHCTPYMEHTHI UMIIOPTa AAHHBIX, MOANCPKKH (POPMATOB MEKIAYHAPOIHBIX THAPOIOTH-
YCCKUX aTjiacoB, aJIrTOPUTMOB BI)I60pKI/I " BU3yaIU3allul JaHHBIX, 0JIOKOB pacydeTa moJiei XapaKTCPUCTUK
BHYTPEHHHUX BOJIH ISl HHULMAIN3AaLUN MOJEJEH, CPeICTB BBOAA U aBTOMATUYECKOW BEepU(PHUKALUU Hadallb-
HBIX YCJIOBHH, BBIBOJIA PE3YJIbTATOB pacueTa U mocTpoeHus rpadukos. [lokazaHo nmpuMeHEeHHE KOMILIEKCa
Ha MpHMEpEe pacdera TPaHCPOPMAIMH W PACIPOCTPAHEHUS BHYTPEHHUX BOJH B akBaTopuu banrtuiickoro
MOpA.

Kntouesvie crosa: mporpaMMHBIA KOMIUIEKC, YUCICHHOE MOJICIMPOBAHUE, MOJIb30BATEILCKHNA HH-
Tepdeiic, 00paboTKa TaHHBIX, HHUIIMATU3AIM MOICIICH, BU3yalln3allus JaHHBIX.

BBenenune

JeranpHoe u3ydyeHue (U3MUECKUX IMPOIIECCOB, BO3HMKAIOMIMX Ha MIenbde, MpHOpeKkHON
30HE U MAaTEPUKOBOM CKJIOHE SIBJISICTCS BAXKHOM 3a7a4eil Il OCYIIECTBICHUS JAIbHEUIIIETO OCBOE-
Hus 1menabpa MupoBoro okeana. JlanHeie 00 3TUX Mpoiieccax HeOOXOIUMBI i 6E30MacHOTO MPo-
CKTI/IpOBaHI/IH 158 CTpOI/ITeJ'II)CTBa FHI[pOTeXHI/IquKI/IX COOPY)KGHHﬁ, aHaJIn3a U IMOBBIICHUS HpOI[YK-
TUBHOCTH MOPCKHX 5KOCHCTEM, TIOMCKAa M OOBIYM YTIIEBOAOPOTHOTO CBHIPhS M APYTUX IMOJIE3HBIX
HCKOIIAEMBIX, YMEHBIIICHHSI PUCKa 3arPSI3HEHUA MOPCKOM CPEJIbI.

B kauecTBe OJHOrO M3 TakMX MPOLECCOB CIEAYET PAacCMaTpPUBATh PACIPOCTPAHEHHE U
TpaHcQOpMaI0 BHYTPEHHUX TPABUTALMOHHBIX BOJH. /IaHHBIA THI BOJH MIpaeT BaXHYIO pOJIb B
JUHAMUKE BOAHBIX Macc U 3kocucTeM. OHM OKa3bIBAIOT 3HAUMUTEIBHOE BIMSHUE HA MEepeMelInBa-
HHE BOJAHBIX CIJIOCB, CyCHeHZ[I/IpOBaHI/IC u nepeMemeHI/Ie 0CaI0OYHBIX MaTCpI/IaJ'IOB, pa3MI>IBI)I JHa U, B
KOHEYHOM uTore, popmupoBanue penbeda nHa menbGoBoi 30Hb. Takke OHH CYHIECTBEHHO OIpe-
OCIIA0T paCHpC}IGHGHI/IG IINTATCIIbHBIX BCIICCTB U 6I/IOJ'IOFI/I‘-ICCKYI-O HpOJIYKTI/IBHOCTI). TequHﬂ, HNH-
TYyLIUPOBAaHHbIE BHYTPEHHUMH BOJHAMH, BO3JEHCTBYIOT Ha MOABOJHBIE YACTH MOPCKHX THAPOTEX-
HHUYCCKUX COOp}OKCHHﬁ, yCI/IJ'II/IBaSI COCpGI[OTO'—ICHHBIC Harpy31<1/1, 1/13r1/16a}0nme nu prTSIHII/IC MOMCH-
Thl U HATSOKEHUE 3asIKOpUBAIOLIUX Yy3JI0B. KpoMe TOoro, BHyTpeHHHE BOJIHBI B 3HAUUTEIBLHON Mepe
ONPEACIISIIOT MPOLIECCHl PACTIPOCTPAHEHUSI €CTECTBEHHBIX U TEXHOTECHHBIX MPUMECEN M BIMSIOT Ha
KaueCTBO BOJABI M OMOTPOAYKTUBHOCTH MOPCKOM CpEIbI.

st 3ppexTuBHOrO MCClIeOBaHUS TUHAMUKA BHYTPEHHHUX BOJIH HEOOXOJUM HMHCTPYMEHT,
ONTUMU3UPOBAHHBIN JJI BHITOJTHEHUS LEJIO0r0 Kiacca 3aa4 Mo MOJAEIUPOBAHUIO BHYTPEHHUX BOJIH
M WCCJIEIOBAHUIO XaPAKTEPUCTHK W (PU3UYECKUX ToJieH, (OPMHUPYEMBIX B MPOIECCE MX Pacipo-
CTpaHEHUs B TOPHU30HTAIHHO HEOTHOPOJIHOM CTPATHU(UIIMIPOBAHHOM BPAIIAIOIIEMCsl OKEaHe.

© Trorun [1.10O., Kypxkun A.A., Kypkuna O.E., 2018.
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CymiecTBylomye nporpaMMHbIe KOMIUIEKCHI C OTKPBITHIM HCXOJHBIM KOJIOM 3apyOe:KHBIX
paspaborurkoB (MITgcm [1], POM [2], ROMS [3]) co3manbl ¢ pacueToM Ha OoJiee MIMPOKHIA
CHEKTpP TUAPOJAMHAMUYECKUX 3a/1a4, TPeOYIOT IIyOOKUX 3HAHUN B 0OJACTH MPOTrpaMMHUPOBAHUS U
YHCIICHHBIX METOAOB. JJIl MHUIMATU3AIUK MOJIENIeH B 3TUX KOMIUIEKcaxX TpeOyeTcsl BHEIIHSS MMO/I-
rOoTOBKa JlaHHBIX. Poccuiickue pa3paboTKu B 00JIaCTH BBIYMCIUTENBHON THAPO- M adPOAUHAMUKH
(maket nporpamm JIOT'OC u np.) He HAXOAATCS B CBOOOJHOM JIOCTYIIE, OPUECHTHPOBAHBI HA IMPO-
MBIIIJICHHOCTh U HE MOJIEPKUBAIOT PACYEThl B CTPATUPUIIMPOBAHHON KUAKOCTU (TOJIBKO B MHO-
ro¢azHoii).

TakuMm 06pazoM, Ui peuieHus 3a1a4i MOJICTUPOBAaHUS BHYTPEHHUX BOJIH HEOOXOAUMO JIH-
00 pa3paboTaTh CBOM MCXOJHBIC KOJBI B OJJHOM M3 ITAKETOB MOJICIMPOBAHUS OOIET0 Ha3HAYCHUS,
HanpuMmep Martnab, 100 U3yYUTh UCXOJHBIM KO OJAHOTIO M3 CBOOOJHBIX MAKETOB JJISl MOJIEIUPO-
BaHUs, HAWUTH MOJIXOSIINE JTaHHBIE, 00padoTaTh MX A WHUIHMAIM3AIUN MOJEIH, IPOBECTH pac-
4YeT W IpOoaHAIU3UPOBaATh pe3ynbTarhl. Kak mpaBuiio, mpu 4YUCIEHHOM 3KCIEpUMEHTE TpedyeTcs
MIPOBOJIUTH MHOXKECTBO PAcueTOB, MEHSISI KaK HadalbHbIE YCIIOBHS MOJEIH, TaK U BEIOOPKY JaHHBIX
Ui e€ MHUIMaNu3aunuy. Takoil moIxo ] OTHUMAaeT MHOTO BPEMEHHU, K TOMY e U3Y4€HHUE UCXOJIHO-
ro KOJa TMaKeTa Uik MOACTUPOBAHMSA, KaK U pean3aius MOACTH ¢ HyIs U e€ Bepudukanus tpedy-
10T 3HAYUTENBHBIX YCHIIUNA U BPEMEHH, U 3a4aCTyI0 CO3/IaHUE MOJIETU HE SIBJISIETCS LIEJIbI0 UCCIIEO0-
BaHUs. CyIIecTBYIOT yCTOSIBIIUECS MOJETH Ha 0a3e oOIIenpu3HaHHBIX CUCTeM ypaBHeHHi. [1o3To-
My UMEHHO Pe3yJbTaThl MOACTUPOBAHUS B paMKaX 3TUX CUCTEM ypaBHEHUH B ONpPEICICHHON aKkBa-
TOpUH Ha 0a3e OOIIETOCTYITHBIX THIPOJIOTHYECKIX aTIacoB 00 Ha 0a3e HATYPHBIX U3MEPEHUN U
WX aHaJU3 IPEICTABISIOT OOJBIINI HHTEPEC.

B sTOM citydae MHCTpYMEHT, HHTETPUPYIOIINK B ceOe OOIIe0CTyIHBIE MOAETH, JaHHbIE,
cpenctBa 0O0pabOTKU NaHHBIX ISl MHUIMAIM3ALWN 3TUX MOJIENEH, CpecTBa 3aJaHus HauyaabHBIX
YCIIOBHIA, CPEJICTBA MPOBEJACHUS PAaCUue€TOB M BH3YaIHM3AlUU PE3YIbTATOB 0€3 M3yUCHHUsT HCXOTHOTO
KOJ[a MPOTPAaMMHOT0 MTaKeTa, MOT ObI MOBBICUTH 3P (HEKTUBHOCTh HCCIEAOBaHUN B JaHHON 00JIacTH.

Teopernyecknii aHAJIN3

Jlis onucaHus JUHAMHMKM BHYTPEHHHUX BOJH pa3padoTaH psiji OOIIENPU3HAHHBIX MOJEJEH,
IPUMEHUMBIX K pe3yjbTaTraM J1abopaTOPHBIX SKCIEPUMEHTOB M K pealbHbIM MPUPOAHBIM YCIOBH-
sM. OuH Kacc 00pa3yroT MOJIETIN Ha 0a3e MPsIMOTO YUCICHHOTO UHTETPUPOBAHMSI TTOTHBIX HEJH-
HENHBIX cucteM ypaBHeHHH HaBbe-CTOKca, IBYMEpHBIX IO MPOCTPAHCTBY. Takue MOJENH, Kak
MpaBWIO, TPEOYIOT OONBIINX BBIYUCIUTENBHBIX 3aTpaT. YYeT B HUX JIOMOJHUTEIbHBIX BHEIIHUX
(bakTOopoB BeJeT K TpeOOBaHMIO ydeTa TPEeTbell MPOCTPAaHCTBEHHOW KOOPIMHATHI M MO3TOMY 3a-
TpynHuteneH. [pyroit kimacc mojerneid OasupyeTrcss Ha clabOHETMHEHWHOW TeopuH JIUMHHBIX (10
CPaBHEHMIO C TITyOMHOMN KUAKOCTH) BOJH. B 3TOM ciiyuae AMHaMUKa BOJIH ONMUCHIBACTCS OAHOMED-
HbIM 3BOJIIOIIMOHHBIM ypaBHeHHeM Kopresera — ae Bpuza (KaB). Kosdduumentsl ypaBHeHus
OTIPEIENIAIOTCS PacIpe/IeIEeHUEeM INIOTHOCTH MO IITyOHHE, TOPU30HTAJIBHOIO CABUTOBOTO TEUEHUS U
YCIIOBUSIMH Ha MOBepXHOCTH. K mpenmyIiecTBaM JaHHOTO Kilacca MOJeNel, B OTIMYME OT MOJHO-
HEJIMHEHHBIX, OTHOCUTCSI MEHbIIas BBIYMCIUTENIbHAS CIIOKHOCTh, BO3MOXXHOCTh 000OLICHUS IS
TOPU30HTAJILHO HEOJAHOPOAHOW KHUAKOCTU. {71 onucaHusi BOJIH OOJBIIMX aMIUIUTY]] ypaBHEHUE
KnB moxer ObITh YTOYHEHO MyTeM Y4eTa MONpPaBOK CIEAYIOUIMX IMOPSJIKOB MajocTu. B Takom
clydae MoJXO/sIIKM siBisietcs: ypaBHenue ['apauepa [4] (ypaBuenue Kopresera — ne Bpusa ¢ kom-
OMHHPOBAHHOHN HEIIMHEWHOCTHIO):

3
@+(C+om+(xln2)a—n+[38—n:0, 1)
ot OX ox3
r7ie M| — CMEIIeHUE U30MMMKHUYECKOI MOBEPXHOCTH B MAKCUMYM€ BEPTUKAJILHON MOJIbI; KO3 dUIH-
€HTBI C, O, O U [ ompenenstoTcsl cTpaTuduKaluel IIOTHOCTU U TIIyOuHOM okeaHa (¢ — ¢a3zoBas
CKOPOCTh JJIMHHBIX JTUHEHHBIX BHYTPEHHUX BOJH, O — KOA(P(ULMEHT KBaJpaTHUHON HEJIMHEHHO-
CTH, 01 —KO3(QPHUIHUEHT KyOMUecKOi HEeIMHEHHOCTH, B — KO PHUIMEHT naucnepcun). BeipakeHus
TSt pacueTta K03 GUIIMEHTOB OIpoOHO OMMCaHbI B [5, 6].
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Y4er ropu30HTaIbHONW HEOJTHOPOIHOCTH KHUIAKOCTH W TIIYOMHBI OacCeiHa MPUBOIUT K H3-
MEHYHBOCTH KOA(PUIIMEHTOB ypaBHeHUs (1) BIOIb HaNpaBIeHUs! PaCcIIPOCTPAHECHUS BOIHBI, B 3TOM
cllydae JMHaMHKa BOJIH MOXKET OBbITh oOmucaHa 0OOOIIEHHBIM ypaBHEeHHEM [apaHepa Ha ciydai
IJIABHO HEOJAHOPOIHOM cpenibl [7]. OHO MMeeT BU:

% [209Q,  0109Q% 2106 | PO 0% _
x| c?(x) c2(x) s ¢ 4(x) os°

()

nx,s o
rae &(X,S) = % S — KOOpJUHATa C COMPOBOXKAAIOIIECH BOJIHY CHCTEME OTCUYETa BJIOJIb TPACCHI,
Xo
J.— —t, Q — dbaxTop ycuienus.

c(x)
Jnis ygera BpaleHus okeaHa ypaBHeHue [ apiHepa MOXeT ObITh JOMOTHEHO. B aToM cityuae
MOYKET HCIOJIb30BaThCsl ypaBHeHHE ['apaHepa-OcTtpoBckoro [8], 3amucaHHOe I HEOJHOPOIHOU

cpensl (3):

% [200Q L m()Q? o]0 B() 2% _ t7

+ > +-3 3= jids,
x| c2(x) c?(x) s c*(x)os® 2¢(x)

rae f — mapamerp Kopuonuca, f =(4n/Ty)sin(e), Te — nepuon BpauieHus 3emiu, ¢ — reorpadude-

(3)

CKasi IHUPOTA.
VpaBuenus (1) — (3) pea3oBaHbl B BUJE PACUCTHBIX MOIYJIEH MPOTPAMMHOI0 KOMILJIEKCA,
Ha 0a3e HEeSIBHOM ICEBAOCIICKTPAILHON cXeMbI [9].

Pa3pa6oTka mporpaMMHOro KOMILIeKca

Jlis MHULMAIM3aluy MOJICIM Ha OCHOBE ypaBHeHWH KnB-Tumna ObLIM MCHOIB30BaHBI MEXK-
aynapoansie rupponornueckue amiacel — WOA (World Ocean Atlas) [10], GDEM (Generalized
Digital Environmental Model) [11]. BeperoBas nuHus 3a1aHa Ha OCHOBE JAaHHBIX aTiiaca OaTUMET-
pun Boicokoro paszpemenusi ETOPOI [12], ¢ 1-munyTHO# ceTkoil. ['muponornyeckue aTiacel co-
Jep>KaT MPOCTPAHCTBEHHO-BPEMEHHbIE NMPO(UIN TeMIepaTypbl U COJCHOCTH BOABI. DTH JaHHBIE
HCIIONB3YIOTCSA B KOMIUJIEKCE ISl pacuera npoduiied MIoTHOCTH, YacToThl bpenTta-Bsiicsns u mo-
7eil XapaKTepUCTHK BHYTPEHHUX BOJH (ko3 duimentsl ypaBHeHus ['apaHepa). ApXuTeKkTypa mpo-
rPaMMHOTO KOMIUIEKCa IIpeICTaBIeHa Ha puc. 1.
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Nonb3oBaTeNbCKUIA UHTEpdEiC
| TpaduKk GyHKUMM

i

BusHec-norunka NPpUAOKEHWA

|
lpaduk nons ‘
|

MHTepaKTMBHaA KapTa

I

YucneHHble mogenu u o6paboTka gaHHbIX |

MporpammHas Mogenb AaHHbIX ‘

Co3zgaHue BbIbBOpKM U leHepauma Ha4YanbHbIX

BnoK HeperynspHbix
BAOK BNOMEHHbIX CETOK ycpeaHeHus (paspes) BO3MYLLEHW

CEeTOK

Bepudmrkama HavanbHbIX
YCNOBWIA

Bnok zarpysku WOA,
GDEM,ETOPO1

Mogenu Ha ocHose KaB (yp-ue
KaB, yp-ue lapaHepa, yp-ue

Bok nmnopta ns FapgHepa-OcTposcKoro) PacueTHblit 610K NOAA NNOTHOCTH
TeKcToBoro dopmaTa

‘ Bnok perynsapHbix ceTok

BbnokK Bbibopa
MHOTOMEPHbIX AaHHbIX

PacueTHbIli 610K YacToTbl BpeHTa-
Bsaiicana

I PacyeTHbIld 610K KpaeBoli 3a8a4m

NetCDF

Puc. 1. ApxuTekTypa NporpaMMHOI0 KOMILJIEKCA
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OcHOBOW 11 XpaHeHUs TaHHBIX sBiseTcs ouommoreka NetCDF [13]. /lannas OuOmuoreka
IIMPOKO pacCIpOCTpaHEeHa B HAYYHOM COOOIIECTBE, YACTh JAHHBIX B OTKPBITHIX MCTOYHHKAX YiKE
onuceiBaetcst B popmare NCF. s 3arpy3ku TaHHBIX B TEKCTOBOM (popMate MperycMOTPEH OJIOK
MUMIIOPTa U3 TEKCTOBBIX JAHHBIX, KOHPHUTYPHUPYEMBIi MPU MTOMOIIH MOJIb30BATEILCKOTO HHTEPQEii-
ca. Takum 00pa3oM, OH HE 3aBHCUT OT KOHKPETHBIX JaHHBIX, @ MOXKET OBITh HACTPOCH IMOJIb30BaTE-
nem. [lannbie npuBoaaTcs k enuHomy dopmary NCF, 3atem 3arpyxarorcs B mamats. @opmat NCF
MO3BOJISIET ONKMCHIBATH MHOTOMEPHBIE JIAaHHBIC U COXPAHATh X ONMHUCAHHE BMECTE C CAMUMU JAHHBI-
MH, B TOM YHCJIE Pa3IMYHYIO CIY)KEOHYI0 MH(POPMALMIO O HA3BaHWUU (PU3MUECKUX MOJEH, eAMHUI]
W3MEPEHUsSI U OINOPHBIX TOYEK CETKU. TakuM 00pa3oM, 3arpy3ka OTKPBITBIX HCTOYHHKOB MOXKET
OBITH BBITNIOJHEHA ITYTEM COIIOCTABICHHUS HAa3BaHUU MEPEMEHHBIX M MPOBEPKH E€IUHHI] U3MEPEHHUS.
st aToro npemycMotpersl Habopbl onucanuii i atimacoB WOA u ETOPOI. [Tons3oBatenbekuii
uHTepdeiic KOMIUIEKca MPeICTaBlIeH Ha PUC. 2.
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Puc. 3. UncTpyMeHT 1151 3a1aHusI BLIOOPKH IaHHBIX



56 Tpyovt HI'TY um. P.E. Anexceesa Ne 2 (121)

[IpumeneHne koMILIeKca He TpeOyeT U3ydeHHUs ero UCXOJHOTO KOJla M KOMIIIALUU. 3aJaHue
HayaJbHBIX YCIOBUM YACTUYHO aBTOMATHU3MPOBAHO HAa OCHOBE KOHTEKCTA JAHHBIX JUIsI MHUIUATU-
3anuu Mojend. Tak, BBIOOpKa NaHHBIX JUIsl MHUIMATU3alUid MOJENU MPUBs3aHa K reorpaduueckoit
Kapre, puc. 3.

[ToaTomy uacTh mapameTpoB, Hampumep, napamerp Kopuonuca B ypaBHenuu ["apanepa-
OCTpPOBCKOTO MOKET OBITh MOJIyUEH U3 KOOPJMHAT pa3pesa. 3aJaHue aMILTUTYIbI HA4aJIbHOTO BO3-
MYILIEHUS JUIsl HEKOTOPBIX THUIIOB YpPaBHEHHI MOKET OBITh BBIIIOJIHEHO OOJee TOYHO, C Y4ETOM
OTPaHUYEHUH, UCXOISIINX U3 aHAIUTHYCCKOW OIEHKH B paMKax CiaboHeTuHeiHoW Teopuu [14].
Tak, 3alaHue Ha4aJIbHOTO BO3MYILEHUS Ul pacyeTOB B paMKax ypaBHEHHUs [ apiHepa MOXKET ObITh
YTOUHEHO B TOM ClIy4ae, €CJIM HayaJIbHbIM BO3MYIIICHHEM SIBJIIETCS COJMTOH ypaBHeHUs ["apiHepa.
Ecnu napamerp kyOuueckoil HEMMHEHHOCTH OTPULIATENICH, TO BO3MOXHBI COJIUTOHBI OJTHOM MOJISAp-
HOCTH (OmpeessieTcs 3HaKOM MapaMeTpa KBaJIpaTUYHOM HEJIMHEHHOCTH) U OrpaHUYCHHbBIC aMILTU-
TYJ0M:

Ajim = — o/ay. (4)
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Puc. 4. AHanm3 BXOAHBIX apaMeTPOB AJIS 3aJaHUSI HAYAJIbHOI0 BO3MYIICHUSI
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Ecnu mapamerp kyOn4yeckoi HETWHEHHOCTH TIOJIOKHUTENICH, TO CYIIECTBYIOT JBE BETKH CO-
JIUTOHHBIX PEIICHUN U BETKA MPOTUBOIIOJIOKHON 3HAKY Ol MOJIIPHOCTH OrpaHUYEHA 0 AMIUIUTYIE
CHHU3Y aMILIUTYI0N aire0pandeckoro coauToHa (5)

aa|g = —2(1/(11. (5)

JlanHast pOBEPKa BBIMOIHACTCS B KOMILICKCE aBTOMATHYECKH, T0JIb30BATENb MOJyYaeT I0-
npoOHbIii aHanu3 (puc. 4).

IKCIepUMEHT

PaccMoTpuM pacueT nMHAMUKH BHYTPEHHUX BOJH Ha 0a3e ypaBHeHUs [ apaHepa, B KauecTBe
HAYaJIbHOTO BO3MYIIECHHMSI 3a/laH COJMTOH ypaBHeHHs [apauepa, ¢ amrmiutyaod —7 merpos. s
WHULIMATIM3AIMU MOJICJIH UCIIONIB3YETCs pa3pes, MoKa3aHHbIi Ha puc. 3, 4. B HayanbHON TOUKE Ma-
pametpbl 01=0.0003, 0=-0.01, orpaHnyeHre aMILUIUTYIbl OTCYTCTBYET, TaK KaK BETKa COJMTOHHBIX
peIICHHI HaXOAUTCS BO BTOPOM KBaJIpaHTE M HaYaIbHOE BO3MYIIIEHUE OTpHUIlaTebHO (puc. 4).
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Puc. 5. PesyanaTu MOACTHPOBAHUS TUHAMHUKHU BHYTPEHHUX BOJIH

Ha puc. 5 npencrasiena tpanchopmanus conntoHa. COIUTOH OTPULIATEILHON MOJISPHOCTH
annabaTU4ecKyu MeHseTcs 10 TOUKH Tpacchl x = 40 kM. 3aTeM nmapameTp o MEHsIET 3HaK, U COJTUTOH
TpaHC(OPMUPYETCS B YT BOJIH HOJIOKHUTEIBHOM MOJISPHOCTH.

3akjaouyeHue

Pa3paboran mporpaMMHBIM KOMIUIEKC, OPHEHTHPOBAHHBIN Ha pElleHUE 3aJaud MOIEIHpO-
BaHUS BHYTPEHHHMX BOJIH B CTPaTU(UIMPOBAHHOM OKeaHe Ha 0ase ciaboHenuHeiHoi Teopun. OH
BKJIIOYAET MOJIEIMPOBAaHNE HAa OCHOBE ypaBHeHMH ['apnnepa u ['apanepa-OcTpoBcKOro ¢ yuyetom
cuil Kopuonuca. /[ noaiepxku NpoBEAEHNS YUCIEHHOTO 3KCIEPUMEHTa B KOMIUIEKCE peain3o-
BaH Ha0Op MHCTPYMEHTOB, BKJIOUasi HHCTPYMEHTHI UMIIOPTa AAHHBIX, MOJIEPKKH (POPMATOB MEXK-
JYHApOJHBIX TUIPOJIOTHUECKUX aTJIaCOB, aJITOPUTMOB BHIOOPKH M BU3yallU3allMM JAaHHBIX, OJOKOB
pacdera Mojiei XxapakTepUCTUK BHYTPEHHHUX BOJIH JUISl MHUIIMAIW3ALUN MOJIENEH, CPEACTB BBOAA U
aBTOMaTH4YeCKON BepU(HUKAIIMM HAauyaIbHBIX YCIOBHI, BBIBOJIA PE3YJIbTATOB pacyeTa M MOCTPOCHHS
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rpadMKOB B Pa3IUYHBIX MPOeKIMAX. [lokazaHo NMpUMEHEHHE KOMIUIEKCa Ha IpuUMepe pacyera
TpaHcGopMaIlK U pacpoCcTpaHeHHs] BHYTPEHHUX BOJIH B akBaTopuu bantuiickoro Mops.

Pa3zpaboTanHblii KOMIUIEKC COAEPKUT BCE HEOOXOIUMBIE KOMITIOHEHTBI Ui MPOBEACHUS
YHCJIEHHBIX HKCIEPUMEHTOB B JIIOOON 00JaCTH MHPOBOTO OKeaHa Ha 0a3e ciaboHeNnHEeNHHOU Teo-
pun 6e3 HalMCaHUs JOTMOJHUTEIFHOTO IPOrPaMMHOTO Koja. B pe3ynbTare u3ydeHrne BHYTPEHHHX
BOJIH, BO-TIEPBBIX, MOKET MPOBOJIUTHCA IMOJIb30BATEIAMH 0€3 3HaHUI B 00JIACTH MPOrpaMMHPOBa-
HUS, & BO-BTOPBIX, HAJIMYMAE TAKOI'O MHCTPYMEHTA 3HAYUTEIHbHO KOHOMMT BpEMs Ha aJanTalHdio
JAHHBIX M YUCICHHBIX CXEM, YTO MOBBIIAET Y3PPEKTUBHOCTD UCCIICIOBAHUM.

[Tepexon otr Habopa UCXOAHBIX KOJOB U PAa3pO3HEHHBIX JAHHBIX K MPOrPaMMHOMY MPOAYK-
Ty, UHTETPUPYIOIIEMY B ceOe JaHHbIE, aIrOPUTMBI 0OPaOOTKM U YHUCICHHBIE MOJEIH, MO3BOJISIET
MEPEUTH K TEXHOJIOTUU JUIsl UCCIIEI0BAHUSI BHYTPEHHUX BOJIH.

Ilpedcmasnennvle pezynvbmamol nOIy4eHvl 3a cuem cpedcme epanma Poccutickozo nayuno-
20 ponoa (npoexm Nel7-71-10101).
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D. Y. Tyugin, A.A. Kurkin, O.E. Kurkina

PROBLEM-ORIENTED SOFTWARE PACKAGE FOR MODELING DYNAMIC
OF INTERNAL WAVES IN THE STRATIFIED OCEAN

Nizhniy Novgorod state technical university n.a. Alekseev

Purpose: Proposed a new software package for researching dynamic internal waves in the World Ocean.
Design/methodology/approach: A theoretical framework based on weak non-linear theory. A set of models based on
KdV equations was implemented. A set of tools for data processing, models initialization, results visualization and
analysis were implemented. The software package provides ability to conduct internal waves modeling without source
code knowledge and manual data preprocessing unlike other widely used software packages.

Findings: The proposed approaches for automated models initialization using built-in datasets and data context can be
used in other applications related with geophysical processes modeling.

Research limitations/implications: The present study is a starting point for extending the software package with
additional models and data sets which allow more detailed research of internal waves and theories comparison.

Key words: software package, numeric modeling, user interface, data processing, model initialization,
data visualization.



