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MOZEJIMPOBAHUE TPEXMEPHOM
BUXPEBOW CTPYKTYPbI

BeegeHvie. [ina uccnefoBaHUA LUHAMUKA WH-
TEHCMBHBIX KPYMHOMACLUTAOHbIX BUXPEBbLIX CTPYK-
Typ B armocepe [1-3], B nogaBnsioLLeM
OONbLUNHCTBE CNYy4YaeB WCMO/b3YHOTCA MaTema-
TUYECKMe MOAENN, Ha OCHOBE YpaBHEHWi
Hasbe — CTOKCa, C y4eTOM Mogenei (ha3oBbIxX
nepexofoB U Ternno06MeHa. Mpy 3TOM OXnAaeT-
CA, YTO BU3Ya/IM3NPYHOLLAACA YacTb WUHTEHCUB-
HOro CMepya-TopHaZo, A0/MKHA WMETb Npea-
CTaBfileHMe B BUAe OMyCKatoLLencs CBepxy BO-
POHKW, C KOHAEHCauueli Bnary u3 BO3gyxa
1 NOAHUMAIOLLMMCS OT MOACTUNAIOLLEN NOBepX-
HOCTW MblNeBbIM BUXpeM (puc. 1, 2).

PUC. 1. IHTeHCKBHBII TOpHaAo. CxeMa hopM1POBaHNS

WORTEX AREA

dust furnzi

GROUND SURFACE

PUC. 2. CxeMa KOHBEKTMBHbIX NMOTOKOB
npy (HOPMUPOBAHNN NHTEHCMBHOIO
CMepya-TopHazo
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VIMeHHO 3Ty, BM3Yya/M31pOBaBLLYOCA YacTb, KaK NpaBu/io, U UHTEPNPETUPYIOT,
Kak COBCTBEHHO, CaM — CMepy-TOpHaz0. V3 HabnoaeHniA MOXHO cLenaTb BblBOJ, YTO
MOPOXAEHWNIO W (DOPMUPOBAHUIO WHTEHCMBHOIO CMepYa-TOpPHaL0 CMnoco6CTBYHOT
BHELLHWe CABUIOBble TEYEHWS N UHTEHCMBHASA BePTUKa/IbHaA LMPKYNALMs atMocdep-
HOro BO3AyXa, Bbl3blBaemMas MOLLEMOM TEMNIOro BO3AyXa B LEEHTPE U HUCXOAALLMMM
noToKamMn M ocagkamu B nepudepuiiHoin 3oHe (puc. 2). [OelicTBUTeNnbHO, 6apo-
K/IMHHbIE MeXaHU3Mbl [4] ABNAOTCA NPUYMHOW M3MEHEHUS 3aBUXPEHHOCTM, OLHaKO
MOZEenu, reoOMeTPUYECKM MpeLCcTaB/AloLLIMe CMepY-TOPHaZAO TOMbKO B BUie Bep-
TUKaNbHOTO WMHTEHCMBHOrO BUXPA (KaK OTpeska BMXPEeBOW TPYOKWM WU LWMUH-
[PUYECKOI BUXPEBOM MOBEPXHOCTK), ONPeAensiemMoro To/1bKO BUAVMOA YacTblo CMep-
ya-TOpPHaZo, NPOTUBOPEUUT TPeOOBaHWIO 3aMKHYTOCTU BUXPEBbIX TPY6OK, (hopmu-
PYIOLLMX BUXPEBbIE MOBEPXHOCTW, HE COOTBETCTBYHOT PeasibHO BO3HVKAOLLEMY MOS0
cKopocTei. Buammo noatomy, Ha OCHOBE BbILLENPUBELEHHbIX M0AX040B [1], He yaa-
eTCsl KOPPEKTHO CMO[ENMPOBATb HW MOMEHT 3apOX[AEHWS, HW 3BOJOLMIO CaMoi
BUXPEBOM CTPYKTYPbl — CMEPY-TOPHALO.

[Janee npegnaraetcs ynpoLleHHas TpexMepHas Mofelb MHTEHCUBHON BUXPEBOM
CTPYKTYpbl, He NPOTMBOPeYalLas OCHOBHbIM TeopeMaM O BUXPSAX W M03BOJAIOLLASA
cthopmMmpoBaTb BEKTOPHOE M0JIe MHTEHCYBHOIO KOHBEKTUBHOIO NepeHoca BO3AYLUHbIX
Macc COOTBETCTBYIOLLEe peasibHOW BUXPEBOW CTPYKTYpe TuMna CMepy-TopHazo.

1. ®opmupoBaHue reometTpun 3D CTPYKTYpbl. [NonaraeTcs, YTo BO3HUKHOBE-
HWe CTPYKTYPHOI 3aBUXPEHHOCTW Bbl3blBAETCA BHELLUHWM CABUIOBbIM TeYeHVEeM B
MPUMNOBEPXHOCTHOM C/10€ U 6apOKIMHHBIM MexaHu3MoM [1, 3, 4] Ha rpaHMLax NogHU-
MatoLLierocs BIaXKHOro, TEMIOro v OMyCKaroLLEerocs Xof04HOro Bo3ayxa. lKcxogs us
3TOro, MOXHO NPeAnonoXutb [4, 5], 4TOo aTtMocepHble SBMEHUSA, Bbl3blBatOLLMe
BO3HWKHOBEHWE BEPTUKa/IbHbIX KOHBEKTUBHbIX MOTOKOB (pUC. 2 1 3), B KOMOGMHaLWK
CO CLBMrOBbIM TeYEHMEM MOXET NpKBecT [6] K (POPMUPOBAHUIO, Haf NOLCTUNAIOLLIE
MOBEPXHOCTbIO (KaK Hafj MIOCKMM 3KpPaHOM), KpynHOMacLUTabHON TOpoobpasHoii
BUXPEBOIN CTPYKTYpbI (pUC. 4), 4N KOTOPOW caM, BU3ya/lbHO Hab/ogaeMblil cMepy-
TOpPHAZO, ABMAETCH Kak-Obl «AbIPKOM OT 6y6/MKa», BOKPYr KOTOPOW KOHLEHTPW-
pytoTCs BUXpeBble Tpyokn [7 — 10].

PNC. 3. Cxema hopmMmpoBaHUSA TOPOOOPa3HOIA PUC. 4. Cxema (hopmMupoBaHUA WHTEHCUBHOIO
BMXPEBOIA MOBEPXHOCTY, CMepya-TOpHafo NpU BO3HWKHOBEHUN
MpW BO3HWKHOBEHWMN BEPTUKANbHBIX CLBMIOBbIX NOTOKOB
KOHBEKTUBHbIX MOTOKOB
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3aBMXPEHHOCTb, B BUAE BUXPEBbLIX C/IOEB, COCTOALUMX W3 BUXPEBbIX TPYOOK,
KOHLEHTPUPYeTCA Ha TOPOOBPa3HON NOBEPXHOCTU, a ee CBOIWCTBA 3aBUCAT OT pacrnpe-
[eNeHns CUCTEMbl BUXPEBLIX NMHWUIA (BUXPEBbIX TPYOOK) Ha MOBEPXHOCTM Topa.
OfHako, npy 3TOM OCTaeTCsi OTKPbITbIMW Psf BOMPOCOB O CBSA3M TOMONOMMYECKMX
XapaKTepUCTUK W WMHBapUaHTOB CUCTEMbl BMXPEBbIX TPYOOK, pacrpefeneHHbIX Ha
TOpOO6pa3HOM MOBEPXHOCTU, C XapaKTepUCTUKaMW BEKTOPHbIX MO/ei CKOPOCTei
MOTOKOB, WHAYLUMPOBaHHbIX [aHHOM BUXPEBOM CUCTEMON WM WX [LMHAMUYECKME
CBOIACTBA, B TOM UYMCNE;

BO3MOXHble BapuaHTbl pasMeLLeHns CUCTEMbI BUXPEBLIX TPYOOK Ha TOpe;

BO3MOXHbIe TOMOJIOrMYECKNE XapaKTepUCTUKK, MapaMeTpbl W CBOWCTBA
CMCTEMbI BUXPEBbLIX TPYOOK pacrnpefiefieHHbIX Ha NOBEPXHOCTY TOPa;

BO3MOXHOCTb CYLLECTBOBaHWS MHBapUaHTOB, XapaKTePU3YHOLLMX BUXPEBYHO
CTPYKTYPY M3 BUXPEBbIX TPYOOK, 4/ peasibHbIX BUXPEBbIX OOBEKTOB TUMa CMepy-
TOpHaLO;

CTPYKTYPbl BO3MOXHbIX BEKTOPHbIX MOJell BHE MOBEPXHOCTU TOpa MHAYLM-
pyeMbIX 3aflaHHbIM pacrpefeneHneM CUCTEMbI 3aMKHYTbIX BUXPEBbIX TPYOOK Ha TOpe;

COOTBETCTBVE MOZE/bHOIO pacnpefesieHns BUXPeBbIX TPYOOK peasibHOMY BeK-
TOPHOMY NOJIKO CKOPOCTEl 4/15 BUXPEBOro 06beKTa Tuna cMepy-TOpHaLO;

0CO6EHHOCTM AMHAMUYECKOT0 B3aUMOLECTBUS BUXPEBbLIX TPYOOK.

2. XapaKTepuCTUKN 1 CBOMCTBA MOLE/IbHOW BUXPEBOM cucTeMbl. IMpeanona-
raeTcs, YTO MOPOXAEHME N U3MEHEHME LMPKYNALMN BOKPYT K&XAOW | -Oli 3/emMeH-
TapHOW BWXPEBOW TPYOKM MOXET OblTb OMpefeneHo uyepe3 pelleHve AuddepeHu-
abHOMO YPaBHEHWS C 3a[jaHHOM 3aBUMCUMMOCTBIO MAOTHOCTM BO3f4yXa OT AaBneHus,
BNAXHOCTM, TeMMepaTypbl 1 BA3KOCTYW cpefbl [4]

dr (1) _ 1

dt ) ?jr(p, p,.T.n) dp. @)

[anee, npegnonaraetcs, 4TO MOJAeNb BUXPEBON CTPYKTYpbl CMepy-TOpHag0
COCTOWUT M3 3aMKHYTbIX, pacnpefeneHHbIX (C 3afaHHbIMKU TOMOMOTNYECKMMI CBOW-
cTBamu) Ha Tope N BMXpeBbIX TPYy6OK [3, 7, 8, 10]. B Takom cnyyae, none CKOpoCTel
BOKPYr 3aflaHHOW cucTeMbl M (t) BUXpeid MOXeT ObITb OnpefeneHo  (opmysion
Buno — Casapa:

_ Mo(t) r (t) \dr' 4

Vixy.zth=a ——0 = ey
= 4p L r

B Takom cnyuae, AMHamMMKa BUXPEBOW CTPYKTYPbl MOXET ObITb OnpeaeneHa u3

peLLeHmns 3aaaun KoLy, nocTaBneHHol Ans ee MapKMpoBaHHbIX yacTul [11, 12]:

d? =V (F, 1), 3)
F () =, @
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3. XapaKTepuUCTUKM 1 CBOMCTBA MOAE/IbHOM BUXPEBON CUCTEMbI. YUnTbiBast
TO, YTO TOP — NOBEPXHOCTb BPALLEHNWS, NONyYaemas BpaLleHeM 06pasytoLLeli OKpYX-
HOCTMW BOKPYT OCW, /IeXallleid B MI0CKOCTU 3TON OKPY>KHOCTM U He MepeceKaroLLeii ee,
BapuaHTbl BO3MOXHOIO pa3MeLLeHns 3aMKHYTbIX JIMHWIA Ha NOBEPXHOCTW Topa ornpe-
[ensoTcs KOMMYeCTBOM MOPU30HTaNIbHBIX U BEPTUKA/IbHLIX BUTKOB BOKPYT MOBEPX-
HOCTV TOpa 1 BOKPYT €ro ocw.

Mpn paccMOTPeHWW BapUaHTOB pacrpefeneHns CUCTEMbI 3aMKHYTbIX JIMHWUIA
(BMXpeBbIX TPYOOK, KaK 3/1EMEHTOB BUXPEBOW CTPYKTypbl (puc. 5, a—e) Ha nosep-
XHOCTW TOpa, BWAHO, YTO YBE/IMYEHWEe KOMMYECTBA BUXPEBbLIX JIMHWIA yny4luaeT
annpoKCMMaumio  BUXPEBOI MOBEPXHOCTW B BUAe Topa. OfHAKO, eCNu YYecTb, YTO
3aMKHYTble JIMHAW Ha MOBEPXHOCTW TOpa MpPeACTaBnAt0T COO0W BUXPEBble TPYOKM
VHOYUMPYIOLLMe BOKPYr cebsl Mone CKOPOCTEN, TO UMEHHO MX pa3MeLLeHue Ha Tope
(xapakTepu3yemoe TOMOMOMMYECKUMMN MapaMeTpamu) v ONpefenuT CTPYKTYpY Bek-
TOPHOrO M0/ CKOPOCTEN NOTOKa BHE MOBEPXHOCTM TOPa.

PUC. 5. Cnctema 3aMKHYTbIX BUXPEBbIX IMHWIA: a — coneHoug, (1 BUXpeBas MMHNS, 7 BEPTUKa/IbHbIX
BUTKOB); 6 — 3auenneHve Xonga (3 BUXpeBble MHUM C 1 rOpPM3OHTaNbHBIM U 1 BepTyH-
Ka/IbHbIM BUTKOM); B — 3 3ay3/leHHble BUXPEBble SIMHUK C 3auenneHuamu (1 ropusoH-
TaNbHbIA N 2 BepTUKa/IbHbIX BUTKA); I —1 BUXpeBas IMHUA: 3 FOPU3OHTANbHbIX BUTKA;
[, — 3 BUXPEBbIe IMHUN, C 2 TOPU3OHTASIbHLIMW BUTKaMU 1 1 BEPTUKAbHLIM BUTKOM; € — 3 3ay3-
NEHHbIE BUXPEBbIE NIMHUK C 3aLenneHnsIMm (7 ropU3oHTaNbHbIX U 1 BEPTUKAbHBINA BUTOK)
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4. OnpefeneHve BEKTOPHbIX Nosei. [anee npeAcTaBneHbl MOAEbHbIE NprYMe-
Pbl NpefenbHbIX Cy4YaeB, B KOTOPbIX BMXPEBas CTPYKTypa cocTtouT 3 N Hesa-
Y3MeHHbIX 3aMKHYTbIX BMXPEBbIX TPYOOK PACMOMIOKEHHbIX Ha MOBEPXHOCTU TOpa.
Mone CKOpOCTe BOKPYr 3afjlaHHOW CUCTEMbl BUXPE onpefensetca no gopmyne
Buo — Casapa (2).

Ha puc. 6, a — r BUAHO, YTO yBE/MYEHVE BEPTUKA/IbHbLIX BUTKOB BUXPEBOW HUTK
(DOPMMPYIOT FBHO BbIpaXXeHHOE BpALLATE/IbHOE TeYeHWe BHYTPW TOpa, BOKPYr ero
BEPTUK&/IbHON OCK, a YBE/IMYeHWe TOPU30HTA/IbHbIX BUTKOB, pUC. 7, a —T, [AEMOH-
CTPUPYET ABHO BbIpaXKeHHOE BEPTUKa/IbHOE TeYEHNE B CAMOM LieHTpE Topa.

r r

PUC. 6. a — mofenb BWMXPeBOM CTPyKTypbl. PUC. 7. a — MOoAenb BWXPEBOW CTPYKTYpbI.

N =1, 1 ropusoHTa/bHbIlA 1 90 Bep-
TUKa/bHBIX BUTKOB; 6 — BeKTOpHOe
none CKOpOCTeld B rOPU30OHTa/IbHOM Ce-
PEAMHHOM CEYEeHWUM Topa; B — BEKTOP-
HOe Mosie CKOpOCTeli B MepuaNOHa b-
HOM CEYEHUM TOpa; I — BEKTOPHOE Mosie
CKOpOCTEli B CEPEAVHHOM  CeYeHWUU
Topa

N =1, 1 BepTUKa/bHbIli U 70 ropu3oH-
Ta/lbHbIX BUTKOB; 6 — BEKTOPHOE MoJie
CKOpOCTeli B TOPU3OHT/ILHOM  Cepe-
JVHHOM CEYeHWW Topa; B — BEKTOPHOE
Mofie CKOPOCTEN B MEPUAMOHAIbHOM
CeYeHWW Topa; I — BEKTOPHOE rose
CKOpoCTeli B CEPeaMHHOM  CeYeHUM
Topa
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5. BEKTOpPHbIe NoNsA MOLe/IbHOM BUXPEBOW CTPYKTYPbl TUMNa CMepy-TOPHAZL0
cocTosled 13 11 He3aysNeHHbIX BUXPEBbIX TPYOOK, C ABYMS TOPWU3OHTa/bHbIMU
1 OHVM BEPTUKANbHLIM BUTKOM Ha TOpe.

Mpw cpaBHeHuM puc. 8, a—r ¢ puc. 6

N 7, Ha (hOHEe BUXPEBbLIX TPYOOK, XOpO-
LLIO BWUAHO, YTO NP YMEHbLUEHUN KO-
YecTBa FOPU3OHTaNIbHbLIX U BEPTUKab-
HbIX BWUTKOB [ANS KaXAOW BUXPEBOWA
TPY6KM, NpN OLHOBPEMEHHOM YBE/NYe-
HUWM KONMNYECTBA CaMMX BMXPEBbLIX TPY-
OOK BO3HMKAOT BEKTOPHbIE MONA SBHO
BbIP&XXEHHOI0 BpaLlaTe/lbHOe TeyeHus
BHYTPM TOpa W WHTEHCUBHOIO Bep-
TUKa/IbHOTO TEYEHUS B CaMOM LIeHTpe
TOpa, YTO KayecTBEHHO COOTBETCTBYET
CTPYKTYpe TeYeHUs B peasibHOW BUXpe-
BOI CUCTeMe CMepy-TOpHaZo. Brxpesas
CTPYKTypa coctoswas n3 N BUXPeBbIX
NHUA, UMEKLMX MO OAHOMY BUTKY
BEPTUK&/IbHON N FOPU3OHTA/IbHON No-
CKOCTM Ha Tope (C 3auenieHuammu)
npeAcTaBnseT coboit 3auenneHune Xon-
(a ¢ N anemeHTamu. VIHBapuaHT Teue-
HMs B 06beme U 3aHVMMaeMblil TOpOM —
ato cnmpanbHocTb (helicity) [3]. Ana
OMCKPETHON MOLeNn, LaHHbIA MHBapK-
aHT (helicity) MoxeT ObITb ornpegeneH
yepes 3M1eMeHTbI MaTpULbl 3aLeneHui
BUXPEBbIX TPYOOK AaHHOW AWCKPETHOM
BUXPEBOI CUCTEMbI

N N
o O
' H=aal;+al (6)
PUC. 8. a — MOAENb BUXPEBOI CTPYKTYpSI. =L jti i
N =1, 2 ropu3oHTa/IbHbIX 1 1 BEpTU-
Ka/lbHbIA BUTOK; 6 — BEKTOPHOE rorne Ycnosume yCTOMYMBOCTA BCEW BUX-
CKOPOCTE/ B TOPU3OHTaNbHOM Ce- DEBOVi CTPYKTYpbI, MpU ee 3BOMOLMM,
PeAVMHHOM CEYEHUM TOpa; B — BEKTOP-
HOe MOone CKOpOCTel B MPOAO0SbHO- MOXET ObITb anopmynMpOBaHo, B Buae
MONEPEHHOM CEYEHNN TOP3, T — BEK-  ycrioBUA  COXPAHEHUS  UYMC/IEHHbIX

TOPHOe MOne CKOPOCTE B cepefuH- o . .
HOM CeuyeHun Topa 3Ha4YeHnn Lij’ | = 1,..., N v )= 1,..., N.
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BbiBogbl. Tononormyeckas CTPYKTypa MPeL/IOKEHHOVW MOZENN WMHTEHCMBHOIO
BMXPS NO3BOMSET M36eXaTb NPOTUBOPEUN A B OTHOLLEHUM 3aMKHYTOCTU BUXPEBbLIX
TPYOOK peasibHbIX MHTEHCUMBHbLIX BUXPEBLIX CTPYKTYp TUNa cMepy-TopHago. CTpyk-
Typa WU VHTEHCVBHOCTb BEKTOPHOIO MO/ MOAENbHOIO TEYEHWS 3aBUCAT OT Ko/nye-
CTBa BUXPEBbLIX TPYOOK M OT WX PacrosiokeHWsi Ha TOPOWAANbHON MOBEPXHOCTH
(4TO OTpaxkaeTcAa Ha TOMOMOTMYECKMX MapameTpax W WHBapumaHTax). [opoxzaaemoe
[AaHHON CTPYKTYPOI BEKTOPHOE MOJIE CKOPOCTEN He NPOTUBOPEYUT TEHEHUAM, Hab/Ho-
[aeMbIM Npyi BO3HUKHOBEHUM 1 3BOMOLMM UHTEHCUBHBIX CMepY-TOpHato. EcTb ocHo-
BaHWA nonaratb, YTO CLeHapuy 3BONMKOLMN U Pa3pyLLIEHNS CMepya-TOPHAZLO0 COMPOBO-
XKAA0TCA WM3MEHEHMEM TOMOJMIOrMYECKUX WHBApUAHTOB BUXPEBOW CTPYKTYpbl (cnu-
pa/IbHOCTW, MHAEKCA 3auenneHnin 1 3ay3NeHHOCTU BMXPEBbIX TPY6OK). BosHukaeT
BOMPOC O BO3MOXHOCTW YNpaB/ieHUs [AVHaMWYECKUMU TpoLeccamn, B BUXPEBOWA
CMCTEMe CMepy-TOpPHaJo, MeTOAOM B/USHWS Ha ee MapaMeTpbl M3MEeHSoLLMe
TOMO/OMNYECKNE NHBAPUAHTBI.

M.A. BaciH, A.1. YepHii
MOZENMOBAHHSA TPVBVMIPHOI BUXPOBOI CTPYKTYPU

Po3rnsaHyTo MatemaTUyHy MOfLeflb TPUBMUMIPHOT IHTEHCUBHOI BMXPOBOI CTPYKTYpPU TUMY CMepy-
TOPHaJo, reOMeTPUYHO MPeACTaBNeHOl Yy BUMNAAI CUCTEMU 3aMKHYTUX BUXPOBKMX MiHIR, 3 3a4en-
NEHHAMW, Ha MOBepxHi Topa. lMpeAcTaBfeHi BEKTOPHI MONsA Tedill BUKIMKAOTLCA BUXPOBUMMU
CTPYKTYpamu nogiéHoro Tuny.

P.A. Vasin, D.I. Cherniy
THREE-DIMENSIONAL VORTEX STRUCTURE MODELING

A mathematical model of a three-dimensional intense vortex tornado-type structure geometrically
representable as a system of closed vortex lines with the links on the torus surface is considered.
Vector fields of the flows caused by vortex structures of such type are presented.

Cnuncok nutepaTypbl

1.  AxgpuaHoB C.A., BacunbueHko W.W., 3abasuH B.H., OHydpues A.T., Typuak J1.U.,
LLep6uH M.[. YucneHHOe MOLENMPOBaHME WMHTEHCUBHBLIX BEPTUKa/IbHbIX BUXPE B aTMO-
cthepe. M.: BLL PAH, 2000. 144 c.

2. UepHuin O.W., BacuH M.A. MogennpoBaHne BEKTOPHbIX NOMei BUXpeBbIX CTPYKTyp. XVIII
International Conference “DYNAMICAL SYSTEM MODELLING and STABILITY INVESTI-
GATION” (DSMSI-2015), Abstracts of Conference Reports, May 24 —26, 2017, Kiev,
Ukraine, Kiev: 2017. C. 101.

3. Topological Aspects of the Dymamics of Fluid and Plasma. Kluwer Academic Publishers.
1992.

4. KouuH H.E., Kubenb N.A., Poze H.B. TeopeTuyeckas rugpomexaHuka. T. 1. M.: TUDMJI.
1963. 584 c.

5. Capnkaita T. BbluucnuntenbHble METOAbI BUXpeil. CoBpeMeHHOe MalLMHOCTPoeHue. Cepus A,
Ne 10. 1989. C. 1 - 60.

6. [osruin C.A., ®nom6oiim A.B., YepHuii .. MaTtemaTtnyeckoe MoAennpoBaHMe NpoCTpaH-
CTBEHHbIX CTPYHbIX 3(hpekToB. KomnbloTepHas maTemaTmka. 2016. Ne 1. C. 27 — 35.

ISSN 2616-938X. KomnbtoTepHad maTemaTuka. 2018, Ne 1 15



M.A. BACVH, O.M. YEPHWW

10.

11.

12.

Boiiyexoscbkuii C.0., Mapkywa B.1., YepHiii O.1. Lo 3agadi npo AMHamiKy TopHago. BicHuk
KWiBCbKOro yHiBepcuTeTy, cepisi (isnko-maTemaTuyHi Hayku. Kuis: KY-2004. Bun. Ne 2.
C. 378 - 381.

Boiiuexoscbkuin C.O., Mapkywa B.1., UepHili [.1. MogentoBaHHA AnHaMikn TopHaao. XXypHan
ObuucnioBanbHOT Ta npuknagHoi maTemaTuku. Kuis: KY. 2004. Bun. 2(91). C. 81.
Cherniy D.l., Meleshko V.V., Dovgiy S.A. Topological Aspects of the Vortex Structure of
Tornado. Book of Abstracts, IUTAM-Symposium “Hamiltonian dynamics. Vortex structure.
Turbulence”, Steklov Mathematical Institute of RAS, MOSCOW, August 25 — 30, 2006.
P.69-71.

Cherniy D.l., Meleshko V.V., Dovgiy S.O. Topological aspects of the tornado problem.
Abstract Book and CD-ROM Proceedings, FM23 12868, 21-st International Congress of
Theoretical and Applied Mechanics. (21-st ICTAM, 2004 Warsaw), August 15— 21, 2004.
Warsaw, Poland. P. 176.

Josruin C.A., NugpaHos N.K., YepHuii .. MeTo4 CUHTYNAPHUX UHTErpasbHbIX YpaBHEHWI
N BblUMC/UTENbHbIE TexHoMoru. K.: N3aatenscTBo «KOCTOH», 2016. 380 c.

Dovgiy S.O., Lyashko S.I., Cherniy D.l. Algorithms of Discrete Singularities Method of
Computational Technologies. Cybernetics and System Analysis. 2017. N 6. P. 147 — 159.

MonyyeHo 19.06.2018

06 aBropax:

BacuH NaBen Anekceesu,

CTYLEHT MarmcTpatypbl, PaKy/bTeT KOMMbIOTEPHbIX HAYK U KNOEPHETUKN
KneBCKOro HauuoHansHOro yHvueepcuTeTa umeHmn Tapaca LLieByeHKo,

UepHuin AMnTpuit MBaHoBWY,

KaHAUAAT PU3MKO-MaTeMaTUYECKIX HayK, AOLEHT Kaeapbl BbIUMCINTENLHOW MaTeEMATUKH,
(haKy/bTeT KOMMLIOTEPHBIX HAYK 1 KWBEPHETUKM
KWeBCKOro HaLyoHaIbHOTO YHIBEpPCUTETA MMeHN Tapaca LLIeBUEHKO.
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