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COJIEP)KAHUE

Arees AN, Ocumuos AH. Casurosoe TCUYCHHE BSI3KOM JKUIKOCTH
HaJl MUKPOKaBEPHOU C MyJbCUPYIOUIUM ITY3bIPHKOM.

AnexceeB M.C., AptioxoB B.A., ®pann E.A., I'anuenko I'.C., Jemexun E.A. HeycroitunBocth
MOTOKa C TPAJUCHTOM DJICKTPONPOBOMHOCTH TPH  3ANEKTpodopede  HOHOCEIESKTHUBHOU
MHUKPOYACTHIIBL.

Annniyesa AN. KopoTKOBOTHOBBIE ~ peIIeHHS  JIMHEapU30BaHHBIX  YpaBHEHUI
PEISTUBUCTCKON Ia30BOM AUHAMMUKH.

Amnkna  AJO., Hob6poxoroB C.IO., Hazaiikmackmit B.E., IlsetkoBa A.B. AcummnToTnka
COOCTBEHHBIX ()YHKIMH BOJHOBOTO YPABHCHMS C BBIPOXKACHHEM HA TPAaHHIEC U 3aXBauCHHBIC
OeperoBbIe BOIHEL.

Amnpponos I1.P., I'yseputok C.B., JIpinHNKOBa [".SI. O CBEepXKPUTHUECKUX PEKUMAX a3POYIPYrUX
KOJICOaHNH UIIMHPA B BI3KOH KUIKOCTH.

Boponynuu B.J., MBanos A.B., Kauamos }0.C., Mumenko J.A., Orlii, R., Hanifi, A., and
Hein, S. JloMuHUpYIOIHE HEYCTOMYMBOCTH MTOTPAHUYHBIX CIIOEB Ha CKOJIB3AIINX KPBUIbSIX U UX
KOJIHUECTBEHHBIE XapAKTEPUCTHKH.

Bpanyn J{.A. IIpocTpaHCTBEHHBIN CLIEHapUi MEPEXo/ia K XaoCy Yyepe3 pa3pylleHHe Topa B 3aJaue
0 XEMOKOHBEKIIH C KOHIIEHTPAMOHHO—3aBUCHMON TG y3nei.

bpanyn J.A., Koznos H.B., Momesa E.A., CupaeB P.P. XeMOKOHBEKTHBHAsI HEYCTOWYMBOCTD
JBYXCIIOMHON CHCTEMBI pEarupyrominX >KHIKOCTEH B OBICTPO OCHMUIMPYIOIIEM HHEPIIMOHHOM
ToJe.

Bynaros B.B., Bnamumupos 10.B. BHyTpeHHUE rpaBUTallOHHBIE BOJIHBI B CTPATH(OUIIMPOBAHHON
cpezie ¢ MOJIENBHBIMY PacIpeIeICHUSMU CABUTOBBIX TEUCHUN.
Benenees B.B. A0coiroTHast 1 KOHBEKTUBHAsI HEYCTOWYHUBOCTh 3aTOIUICHHBIX CTPYH.

Benensnun B.B., ®umun H.H., Yeuerkun B.M. YpaBuenue BrnacoBa—MakcBenna—HHIITENHA U
PpEeISATUBUCTCKAS TUAPOAUHAMUKA.

Beprtreiim WM., 3akc M.A., Caruro P.B., llapupynun A.H. YcToHunmBOCTH IBYMEPHBIX
MPOCTPAHCTBEHHO—TIEPUOAUUECKUX TE€UEHUN BA3KOW HECKUMAEMOMU KUAKOCTH K MEPUOIUUECKUM
BO3MYIICHHSM.

Bnacosa O.A., Kapryrun W.3. [ToBeneHne MHMIMHAPUIECKOTO U c(DepHUECKOTO Tella B KHUIKOCTH
TIPY MOJYJISIIAHM CKOPOCTH BPAILCHHUS TTOJIOCTH.

Bnacosa O.A., TTomexaes [I.A. NaTeHCHUUKAH MaccolepeHoca B KaHAIE KPYTJIOro CEYCHUS C
MIEPUOANIECKH N3MEHSIOMNMCS INaMETPOM.

Batkun B.A., bpanyn J[.A. KouBekTrBHas HEyCTOMYMBOCTH MHOTOKOMIIOHEHTHOH >KUJIKOCTH CO
CJIOKHBIMH 3aKOHaMU AAG G y3um.

laitnynnuna 3. @., bonotHosa P. X. MonenupoBanue TMHAMUKU yIapHBIX BOJH B BOJHBIX MEHAX
C YYETOM BA3KOYIIPYTHX CBOWCTB U SIBICHUI CHHEpE3HCca.

largenko I'.C., Illemmcror B.C. HenumneiiHble peXUMBI 3JeKTpodope3a HOHOCEIEKTHBHOU
MHUKPOTPAHYJIBI.

I'apees JI.P., Benenees B.B., 3aiiko 10.C., Tpudouos B.B., Peummun A.W. DkcrniepuMeHTaILHOE
HCCIIeJOBAaHUE Pa3BUTHS BO3MYIIEHUHN B KPYTJION CTpye.

IembapxeBckuii I.B., Ocunenko K.JO. IlepemexaeMocTs MOJ KOMIDIEKCHOTO Clie[la B paMKax
HenuHeHo# Monenu Tuna Ban nep Ilons, Jlangay—CrroapTa.

I'myxoB A.®., CugopoB A.C. KoHBeKkIUsI MarHUTHOM >XUIKOCTH B BEPTUKAJBbHBIX CBA3AHHBIX
KaHa/lax B IOCTOSSHHOM MarHUTHOM TIOJIE.

lonybxkmaa W.B., OcwummoB A.H. HccnemoBaHme Tra30KalelnbHOTO IMOTPAHUYHOTO CIOST Ha
annabaTUIeCKON CTEHKE TPU OTCYTCTBHUH (Da30BBIX MEPEXOI0B.

I'puropses 10.H., EpmioB U.B. Biusinue koneGaTenbHOro BO30YKICHUS Ha 30HY JIaMUHApHO—
TypOyJIEHTHOTO Nepexo/a Ha IUIaCTHHE.

I'punieny M.U., Xunenko /I.}O., KpuBonocosa O.D5. BrusHue myma Ha BBIOOpP BOJHOBOTO
yycla MpyU NOTepe YCTONYUBOCTH.

I'yseputok C.B., J[lemHuKoBa I'Sl. O mposBueHusx ¢yHIaMeHTampHOTO  3ddexra
MIPUCOETUHEHHON MacChl IIPH IBIDKEHHIH TeJl B BI3KOH KHUIKOCTH.

I'yseputok C.B., Ky3zemun A.I'., Cumonenko M.M. CtpykTypa M mepecTpoilka BUXPEBBIX
TEUYEeHWH Ha MOABETPEHHOM CTOPOHE OCECHMMETPHYHOIO Teja IIPH CBEPX3BYKOBOM OOTEKaHUH
IO YTJIOM aTaku.
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Hemun B.A., MapeimieB b.C., MenbmkoB A.M. JluHamMyKa KOHLEHTPAMOHHOTO (pOHTa U
azcopOLys MpuMecH NpH QUIIBTPAMU HAHOKUAKOCTH Yepe3 MOPHUCTYIO CpeLy.

IxamanoBa M.B. UuncineHHO-3KCIIEpUMEHTATIBHOE OIpEACTICHHE 3aBHCHMOCTH KO3 (HUIHEHTA
COIIPOTHUBIICHHS HAPALIIOTa OT BEINYNHBI TOJFOCHOTO OTBEPCTHSL.

Hproma B.C. O reomerpuu cucrems! ypaBHeHuit HaBre—CroKca.

Hynape O.W., Aynaps E.C. Ananmm3 mnporeccoB TeIuiooOMeHa M KOHICHCAIIUU TIPH TYPOYIEHTHOM
JBY)KCHUHU BO3IYXa B II0J3¢MHON BEHTHIILMOHHOM CETH.

IbsxoBa B.B., [TonexaeB [I.A. DkcriepuMEHTAIBHOE UCCIICAOBaHIE MPOCTPAHCTBEHHOTO pesbeda
Ha IOBEPXHOCTH CBIITY4eH Cpelibl B HEPABHOMEPHO BPAIAIOIIEMCSI TOPU3OHTAILHOM LIMJIHHIPE C
JKUAKOCTBIO.

HpskoBa B.B., Peicun K.IO., Cy66otun C.B., lllupsieea M.A. BiusHue HakioHa TOPLEBBIX
CTEHOK Ha CTPYKTYpPY T€UECHUS B HEPAaBHOMEPHO BpallaroIeMCsl LIUIHHAPE.

Keux B.B., laiipymmua A.M. IlponmonmsHble BHXpEBBIE CTPYKTYPHI B IBYX IIPOTHUBOIIONIOKHO
3aKpYUYCHHBIX CTPYAX NPU JTAMUHAPHOM H NEPEXOTHOM PEXKHUMaX TCUCHHUS.

Kurankma A.C., JlrooumoB [I.A. Anmamuz RANS/ILES wmeromoM BIHSHHS ypPOBHSA
TypOyJICHTHOCTH Ha pabOTy CBEPX3BYKOBOTO BO31yX03a00PHOTO YCTPOUCTBA.

Kunenko [1.10., Kpuonocoa O.D. YcrpaneHue TypOyJeHTHOCTH B C(HEPUUECKOM TEUECHHU
Kyarra.

KykoB K.A., KopueB A.A., Jloxuukos M.A., IlonoB A.B. YckopeHue mpouecca BbIXxoJa Ha
CTallMOHApP PEIIeHUH CHCTeMBl JUHAMUKHU BSI3KOTO rasa.

3ametaeB B.b. Acumntorideckas TeopHs TOHKUX TypOyJIEHTHBIX CABHIOBBIX CIIOEB.

3auroBen; A.I'., JleonteeB A.W., Kucenes H.A., Bunorpagos 1O.A., Tlomouu C.C. Bnusnue
KOHJICHCAIIUU KOMITIOHEHT CBEPX3BYKOBOI'O TIOTOKA Ha aJJHa0aTHYIO TEMIIEpaTypy CTCHKH.

30 Aysr, I'magkos C.O. O6 ogHO#t Moaenn TypOyJICHTHOCTH.

3y6koB A.®., Kysemun A.I., Cumonenko M.M. DkcnepuMEHTalbHOE U YHUCICHHOE

HCCIICIOBAaHUE  CBEPX3BYKOBOTO  TPEXMEPHOTO  OOTEKAHUS  KOJBIIEBOM  CTYNCHBKH  Ha
OCECUMMETPUYHOM Telle.

3yooBa H.A., JlrooumoBa T.II. HenuHeliHBIe pEXUMBI KOHBEKIMH OWHAPHOH CMeCH C
ko3(ppunrerToM TepMoaudPy3un, 3aBUCAIINM OT TEMIEPATYpPbI, B KBaIPaTHOH MOIOCTH.

UsanoB O.0., [TogonpoceeroBa A.b. DkcrneprMeHTaIFHOE HCCIIEIOBAaHUE KOJIeOaHM yIpyroro
LMJIHHIPa BOJIM3U TBEPABIX TEL.

WBamenko B.A., MymismkaHoB P.J. YCTOHYHMBOCTE BHXPEBOTO AMIIONS HMMITYJIBCHBIX CTPYH
TIepEMEHHOM MIOTHOCTH.

Unpmge A.T. [uHamudeckas YCTOHYMBOCTH OCTyIIMX VEOWHEHHBIX BOJH B MOJATIHBBIX
YOpyTUX TpyOax, 3aMOTHEHHBIX BOJOH.

Wmoxun U.M., Eropos U.B., Heiinann B.S. BiusiHue ckopocTu nmpocKasb3blBaHUS CTEHKH Ha
B3aUMO/ICHCTBUE CKauKa YIUNIOTHEHUS C JIAMUHAPHBIM OTPAaHUYHBIM CIIOEM.

Kapenrua A.H. Aospoaunamuka TypOyJEHTHOTO BO3JAYIIHOTO TIOTOKA — aKyCTUYECKUE
xapakTtepucTtuku (PeiiHombac).

Kupeesa T.C., Aptioxos J.A., ®pann E.A., enucros B.C., emexun E.A. OtpriB Buxpei npu
neKTpohope3e AUINEKTPHUECKOI JACTHIBI B CUIBHOM 3JIEKTPUUECKOM IIOJIE.

Kucenés H.A., 3auroBen A.I'., IlomoBuu C.C., Bunorpamo lO.A. DxcnepumeHTanbHOE
HCCIICIOBAHNE BIMSHUS MPOAOIBHOTO TPAJIMCHTa JaBICHUS HAa KOI()(UIMCHTHI TEIIOOTAAYN U
CONPOTHUBJICHUS.

Komecunx E.B., CwmupHoBckuit A.A., CmupHoB E.M. O HEeOIMHCTBEHHOCTH pPEIICHHUS
TPEXMEPHON 3a/Jaun, MOJEIHUPYIOUIEH CBEPX3BYKOBOE CTAIl[HOHAPHOE OOTeKaHHe oOmacTu
COMNPSDKEHUSI 3aTYIIEHHOTO TeNa U MIACTUHBI BI3KUM Tra3oM.

KomganoBa E.A. OcpenHeHHbIe BHUOPOKOHBEKTHBHBIE TEUYEHHsSI B JBYXCIOWHON cHCTEME C
IIOPUCTOM 30HOM pa3HOM NPOHULIAEMOCTH IIPYU HYJIEBOM T'PaBUTALMHU.

KonroxoB A.B., Jluxaue A.Il, Jleamos II.P. UncnenHoe MoAenupoBaHUE yIapHBIX BOJIH B
YCIIOBUSIX HEOJJHO3HAYHOT'O MPEACTABICHHS YAaPHO-BOIHOBOTO Pa3phIBa.

Kpacnomonbckuit b.1., Cepreenxko K.M. O npobiieMe BBIYUCIICHUS CTATUCTUYECKHMX MOMEHTOB
TypOyJICHTHBIX I10JIEH B UUCIICHHBIX pacuérax.

Kpusonocora 0O.3., Xwmenko J.IO. Binmsaume ¢§a30Boli CHHXpOHHM3AIMK HAa CBOWCTBA
TypOyJIEHTHOCTH.
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Ky#ioun I1.A. O BIMSHMM WUCTIAPEHUS W KOHJICHCAIMW HAa HU3KOYACTOTHYIO HEYCTOMYHBOCTH B
THIPOTYPOUHHOM TPAKTE.

KymukoBckuit A.I'., UnpnueB A.T., UyraitnHoBa A.Il., IllapratoB B.A. O6 ycroiiumBocTH
CTPYKTYpPbI HEUTpaNbHO YCTOMYNBOMN YAapHOI BOJIHBI B ra3e U O CHOHTAHHOM H3JIyYEHUHU.

Jlemanor B.B., Jlykamor B.B., [llapo K.A. Ilepexoa k TypOyJIEHTHOCTH Yepe3 MEPEeMEKacMOCTh
B MHEPTHBIX U PEarupyrolnx CTPysX.

Jlumaros M.U., Hro K.T. PacnpocTpaneHue BO3MYILEHHI B BBICOKOCKOPOCTHBIX JaMHUHApHBIX
TEYCHUSX C BO3BPATHBIMU JIMHUSMU TOKA.

JlnxaueB A.IL., I'y6anoB E.B., Menuna C.A. MoxenupoBanue BUXpeoOpa3oBaHHUs B TEOMarHUTHOM
XBOCTE MarHUTOC(Epbl NP KBa3HIIEPHOJHISCKOM MarHUTHOM IIEPECOCTUHCHUY .

Jrobumora T.II. MexaHW3MBI HEYCTOHYMBOCTH MEXaHHMYECKOTO PABHOBECHS B ABYXCIOHHBIX
CHCTEMaX KHUAKOCTEH ¢ 1e(OpMUPYEMBIMH TOBEPXHOCTSIMH Pa3zeia.

JlrobumoBa T.I1., Jlo6oa E.O. BnusHue Momymsiuu CHIbl TSDKECTH Ha yCTOWYHMBOCTD
KOHBEKTUBHOI'O TEYECHHUS B IIJIOCKOM BEPTUKAIBHOM CJIO€ C BHYTPEHHUMU UCTOYHUKAMU TEILIA.

Maxkapoa M.C., Jlymuk B.I'. TemmooOMeH Ha NIPOHHUIIAEMOH TOBEPXHOCTH B CBEPX3BYKOBOM
MIOTOKE MPH ByBe HHOPOAHOTO rasa.

Maxkaposa M.C., JIymuk B.T', Pemvun AWM. TemnooOMeH B IIIaCTHHYATHIX TETNTIOOOMEHHHKAX C
6e30TpbIBHBIME (D Py30pHBIMU KaHATIAMH.

Mariomns I1.B. OcobeHnoct (hopMHUpOBaHUS BHYTPEHHHUX BOJH B CJEJE 33 TEJIOM Ul CHIBHO
CTpaTU(QHUIUPOBAHHOMN BSI3KOM HKHUIKOCTH.

MenbaukoBa B.I'., Komenes K.b., Crpwxkax C.B. MopgenupoBanue oOTexanus mnpoduis
ra3oKareibHbIM IOTOKOM U pacyeT TOJIIHUHBI KHKOH IJICHKH.

MuxaitnoB E.A., Cubrarymumma M.H. MareHuTHbIC TONS BO BHEIIHUX KOJBLAX TallaKTHK U UX
B3aHMOCBSI3b C TYpOYJICHTHBIMH ABIKCHUSIMH MEX3BE3THON CPEIbl.

Muxees H.W., Aymun H.C., [llakupos P.P. [lnHamuka TypOyJICHTHOTO TEUEHUS B IPUCTCHOYHON
o0acTy KaHaJIa ¢ HU3KOH JUCKPETHOH MIEPOXOBATOCTHIO CTEHKH.

Mumenko [[.A., Bopomynun B.M., MBanoB A.B., Kawano I0.C. DxcnepumeHTanbHOE
uccieaoBanue 3Gp(HEKTUBHONO MEXaHW3Ma PacIpeIe/ICHHON TeHepallii HeCTAIl[MOHAPHBIX BUXpE
I'épTnepa HU3KOUACTOTHON TYpOYIEHTHOCTHIO HAOETaroMIero MmoToKa.

Morunesckuii E.J. BnusHne KOHEYHOUACTOTHBIX KOJE€OAHUH IJIOCKOCTH HAa HEYCTOHYHMBOCTH
CTEKaHUs IUICHKU HEHBIOTOHOBCKOM JKUIKOCTH.

Mopunesa U.B. Ilepuoanyeckue NpoCTpaHCTBEHHbIE KOHBEKTUBHBIE TEUEHUSI B TOPU30OHTAILHOM
cioe OMHAPHOM CMecH.

Moiuesa E.A., Omenkos B.O., MuszeB A.M. KoHBekTHUBHasi HEYCTOMYMBOCTh B H30TEPMHUUYECKUX
MHOTOKOMIIOHEHTHBIX CMECSIX.

Huxurua H.B. HoBelit B3 Ha MEXaHH3M BO3HHKHOBEHHS KOHIIEHTPUPOBAHHBIX MPOJOIBHBIX
BUXpEH B IIPUCTEHHBIX TypOyJICHTHBIX TEUCHHSX.

Ozepubix B.C., Hlemykos A.A., Konecandgenko N.B. O6HapykeHHEe MEeTaNTNUECKUX BKIIOUYCHUN
B 3JIEKTPOIPOBOAAILCH Cpeie ¢ MOMOIIBIO IEKTPOMAarHUTHBIX CHIL

OCI/IHIIOB AH. I/ICCJ'IC,HOBaHI/IG 30H HAKOIUICHUSA YaCTUIl B HECTAHUOHAPHBIX ,Z[ByX(baSHI)IX IIOTOKax
C MMOMOMIBIO IMOJIHOTO JIarpaHXEBa METO/1A.

[Mapmakosa f.H., Jlroommosa T.II. TemnoBas KOHBEKIMsS B JABYXCIOWHOH CHCTEME C
nedopmupyeMoii rpaHuiei paszgena M (UKCHPOBAHHBIM TEIUIOBBIM ITIOTOKOM Ha BHEIIHUX
TpaHuIax.

ITepexommeBa 3.B. K mporHo3y CcHUIBHBIX CMepueid, CBS3aHHBIX C MOIIHOW KOHBEKTHBHOM
HEYCTOHYHMBOCTHIO B aTMoc(epe W BO3HUKHOBEHHEM CWJIBHBIX IIKBAJIOB M IIKBAJIBHBIX Oyph Ha
JIOCTAaTOYHO OOIIMPHOMN TEPPUTOPHHU.

ITepmunoB A.B., Jliobumoa T.II. BnusHMEe BBICOKOYACTOTHBIX BHOpAIUi Ha DBOJIOIHIO
KOHBEKTHBHBIX PEKHMOB B 3aMKHYTOH TOJIOCTH.

IMusoBapos /JI.E., Ilonenenckas H.B., Hukutun H.B. IIpsimoe uncneHHoe MojenupoBaHHE
TypOyJIEHTHOTO TEYEHHUS B/IOJIb BHEITHETO YTJIa.

ITnaBauk P.A., 3aBesnoB W.H., IlnsmkoB E.B. DkcnepuMeHTaNbHBIN aHAIN3 yCTONYHBOCTH
TEYCHUS NPU (PUIBTPAIIMH C BBIICICHUEM ra30Boi (pa3bl BOJHOTO pacTBOpa KUCIOTHI
CKBO3b XUMUYECKU—AKTHUBHBIN CKEJIET.
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MomonpoceeroBa (Ilopommua) A.b., Benmenees B.B. DkcrnepuMeHTanbHOE HCCIICIOBAHHE
YCTOWYUBOCTH YHPYTUX TPYOOK C MPOTEKAIOUICH BHYTPH KUIKOCTBIO.

Ilonenenckas H.B., KpacnHomonbckuii b.M., Hukurun H.B. IlpocTpaHCTBEHHO-BpEMEHHBIE
KOPPEIALNH TYpOYJICHTHBIX ITyJIbCAlNil B INIOCKOM KaHale.

[Monosuu C.C., 3muroBeny A.I'., Kucenes H.A., Bunorpamo IO.A. DxcnepumeHTanibHOE
UCCIICIOBAaHNE aIna0aTHOW TeMIIEPaTyphl CTCHKH B CIICC CBEPX3BYKOBOTO IMOTOKA 32 YCTYIIOM.

IMonosuu C.C., 3nuroBen A.I'., Kucene H.A., Bunorpanos 10.A., Measenkas H.B. U3mepenue
annabaTHOW TEMIIEpaTyphl CTCHKHU IUIOCKOH IJIACTHUHBI, 00TEKaeMON CBEPX3BYKOBBIM BO3IYIIHO-
KaneabHbIM MTOTOKOM.

IIpoxodrer B.B., Ouepersnsrii C.A., SIxkoBnes E.A. KaBuranmoHHbI# TeHepaTOp NEPHOIHIECKIX
HMMITYJIBCHBIX CTPYH.

Pemernsak M.IO. TpexmepHas kackamHasi MOAETb TypOYIEHTHOCTH C BpAIlleHUEM U ITOI0TPEBOM.
Pemmvun AU, Tpudonos B.B., Jlymuk B.I'., MakapoBa M.C. JlamrHapu3aius TedeHHs B TpyoOe
C IOMOIIBIO BXOAHBIX YCTPOICTB.

Pemmvua AWM., Tpudono B.B., TemnoBomckmii C.X. UucneHHOe HCCIEIOBaHWE Pa3BUTHSA
TypOYJIEHTHOTO TEUCHUS B KPYTIOM KOHUYECKOM KaHaie MPH MaJlbIX duciiax PeifHompca.
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C/JABUI'OBOE TEUEHHUE BS3KOM KUJIKOCTH
HAJI MUKPOKABEPHOW C ITYJIbCUPYIOIIUM ITY3bIPLKOM

A.N. Arees, A.H. Ocummos
HUU mexannku MI'Y umenn M.B. JlomonocoBa, MockBa
aaiageev@mail.ru

IToBepxHOCTH, OONMamaOUIMe CTPYKTYPUPOBAHHOH IIEPOXOBATOCTBIO (TEKCTypOil) B COYCTAaHHH C
XUMHUYECKOH Tuapo(OoOHOCTBIO, HEOOXOAMMOW [UIl YICPKUBAHUS CHJIAMH IIOBEPXHOCTHOTO HATSKCHUS
MHKpPOITY3bIPHKOB I'a3a B KABEPHAX TEKCTYPHI, HA3BIBAIOTCs cynepruapododusivu mosepxuoctsimu (CITI). Tpenue
Ha MOBEPXHOCTHU Iy3bIPHKOB NMPAKTHUYECKH OTCYTCTBYET, UTO IPUBOIUT K MAaKPOCKOIMMYECKOMY MPOCKAJIb3bIBAHUIO
JKHUAKOCTM M 3aMETHOMY CHIDKEHHIO ocpenHeHHoro TpeHuss Ha CITI. OOGpYHO oCpeqHeHHass CKOpPOCTh
npockanb3biBanus xuakoctd Ha CI'TI mana, mostomy 3¢ddexTs!, 00yciIoBICHHbIE HATMYNEM Ta30BbIX ITy3BIPHKOB,
MPOSIBIISIETCS JIMIIB Ha MaclTadax, COMOCTaBUMBIX ¢ pazMepoM MukpokasepH CI'TI. YMeHbIIeHHE CONPOTHBICHUS
0COOCHHO 3aMETHO Ul HANOPHBIX TEYCHHWH B MHKpPOKaHajaX C TOJIIUHOM, COIIOCTaBUMOW C XapaKTEePHBIM
pasmepom TekcTypbl CI'TI, comeprkamieii ra3oBble IMy3BIphKU. BaskHON IpaKTHUECKOW 3aqadeii, BO3ZHUKAIOMIEH IpH
ucrionp3oBanun CI'TI, siBiasieTcss ONTHMM3AIMsA TEKCTYPhl IOBEPXHOCTH C IENbI0 MUHMMHU3AIWU TPEHHS IPH
obrexannu CI'Tl nnmm mepemnana maBieHus B kKaHaime ¢ omHo# wim aByms CITI. HeoOxommMmocTh pemieHus: Takoi
ONTHMHU3AIIMOHHON 3a/1a4i MOJIEP)KUBAECT MHTEPEC K MApaMEeTPHUECKOMY YHCICHHOMY MOJEIMPOBAaHMIO TCUCHHI
BSI3KOM JKHIOKOCTH BHOJNE TekcrypupoBanHbIXx CITI [1, 2]. B sKkcnepuMeHTaX CHIDKEHHE CONPOTHBIICHUS
HaOJromaeTcs KaK MpH JAMAHAPHOM, TakK U TypOyIeHTHOM pexxuMax Tederuid Baoib CI'TI. B cBsi3u ¢ 3TUM B JaHHOM
paboTe BHEpBbIE MPEANPUHATA MOMBITKA MPOAHAIN3UPOBATH BIMSHHUE ITyJIbCALUI AaBJICHUS B CABUTOBOM TEUCHUU
BA3KOM JKHUIKOCTH HaJ, MMKPOKAaBEpHOHM, 3aHATOW TIa30BbIM ITy3BIPHKOM, HAa OCPEIHCHHbIE XapaKTePUCTHKH
MPOCKAaIb3bIBAHUS U TPEHUS, YTO MOXKET MOJICIUPOBATh TEUEHHE B BSI3KOM MOCIOE TypOyJISHTHOTO MOTOKA BOIM3H
CIIT.

PaccmarpuBaercst nmepuoaudeckas TEKCTypa, COCTOSIIAs U3 IBYMEPHBIX KaBEPH, YaCTHYHO 3arlOJIHCHHBIX
razom. B mpubmmxennn Ctokca 3a1a4a CBOANTCS K PAcueTy CIBUTOBOTO TEUCHUS BSI3KOH JKHUIAKOCTH B OKPECTHOCTH
OJIMHOYHOH IPSAMOYTOJIBHONW KaBEPHBI C T'a30BBIM ITy3BIPHKOM IIPU HAIWYHHU MEPUOJMYECKUX TPAaHWYHBIX YCIOBHUH
Ha JIeBOM M MpaBoi TIpaHMIAxX pacdeTHOW oOmactu. Ily3pIpek coBepIaeT MEPUOANYECKHE IyJIbCAIIMH MO
JEWCTBHEM HAJIOXKCHHBIX TapMOHHYECKHX KOJIEOAHWH [aBICHUS, KOTOPHIE MPHBOMAT K IEPHOTUYECKOMY
W3MEHEHHIO 00bheMa ITy3bIpbKa W KOJIEOaHMSIM IOBEPXHOCTH ITy3bIpbKa. PenieHue TakoW 3afadu — MEpBbIM miar B
aHAIM3€ BO3MOXKHBIX HECTAI[MOHAPHBIX MEXaHW3MOB, BIIMSIONMX HA OCPEIHEHHYIO CKOPOCTH CKOJIBXKEHHUS M
BEJIMYMHY OCPEIHEHHOTO CONPOTHUBIICHNUS B TypOyIeHTHOM norpanudHoM cioe Ha CI'TL.

C HCHOJb30BaHMEM METOJIa TPAHWYHBIX JJIEMEHTOB pPEUICHHE YPAaBHEHMH IBIDKEHHS BSI3KOH JKHUIKOCTH
CBOJIMTCSI K YHCJICHHOMY PELICHUIO MPAaHMYHBIX MHTErPAJIbHBIX YPAaBHEHUH MJIS «IJIOTHOCTEH» (yHIaMeHTaNbHbIX
peuienuii oneparopa Crokca. Mcronbp30BaHHBI BapUaHT YHCIEHHOTO METO/a W OCOOEHHOCTH €ro peasu3alluu
OPUMEHUTENHHO K 3a/1a4aM CO CMEIIAHHBIMU TPAHUYHBIMHU YCIIOBUSMU H3JI0XKeHBI B [1, 2].

3a HavasjbHbIE OPMY U MOJIOKEHHUE My3bIpbKa MPUHUMAETCS] cTaTH4ecKasi opMa MOBEPXHOCTH IMy3bIPHKA,
BBIIYKJIasi BHYTpb KaBepHsl, 1 apamerpsl TekcTypbl CI'TI kak B [3]. KoneGanus naBieHus nexar B qUana3oHe, IpH
KOTOPOM IIOBEPXHOCTH IIy3bIpbKa BO3IlyXa, BBICTYNAIOIas B MOTOK, BCE elle OOecHeyrBaeT YMEHBIICHHE
OCPEIJHEHHOTO KacaTeJIbHOTO HANPSDKCHHWS B CTAIMOHAPHOM CIBHIOBOM IIOTOKE. MTHOBEHHBIE IOJIOXKEHUS M
(hopMBI TIOBEPXHOCTH ITy3bIpbKa BBIYHMCIIAIOTCS M3 YCJIOBHS COXpaHEHHs MacChl raza B ITy3bIpbke 0e3 ydera
T Qy3un raza B )KAIKOCTb.

IIpoBeieHHBIE YUCIEHHBIE PACcUYEThl TIOKA3aIH, YTO MAaKCUMAaJIbHbIE 1 MUHUMAJIbHBIE 3HAYCHUS OCPEAHEHHOMN
M0 TIEPHOAY TEKCTYpbl CKOPOCTH CKOJBXEHHUS W KacaTeIbHOTO HANpsDKeHHS JeKaT MEXAYy 3HAYCHUSIMH,
COOTBETCTBYIOIIMMH CTAllMOHAPHBIM TEUCHHWAM HAJ KaBepHAMH C IPEACIbHBIMU IIOJIOKEHUSIMH TOBEPXHOCTH
my3bIpbka (P MHUHUMaJIbHOM W MAaKCHMaJbHOM 3HaueHHMHM JaBlieHHs). Ha oOcHOBe BBIIOJHEHHOTO
MapaMeTPHUUECKOTO YHCICHHOTO HCCIEI0BAHIS 3aBICHMOCTH MTHOBEHHOT'O OCPEITHEHHOTO KacaTeIbHOTO TPEHUS Ha
CTTI oT BpeMEeHH MOXHO, B YaCTHOCTH, CJIENaTh BBIBOJ, YTO TITyOWHA KaBEpHBI, COAEpIKAIIEeH Tra30BbIi My3bIPEK,
pemaromM 00pa3oM BIMSIET Ha BEJIMYMHY CPEIHEro 3a IMEepHOJ KacaTebHOTO TPEHUS W SIBISETCS, HapsAdy C
mMpHHOM KaBepHbl U MaTepuanoM CI'Tl, BaXXHBIM ONTUMH3ALMOHHBIM APaMETPOM.

PaGora  BhImosHeHa 1o  rocOlokerHoMy — miuany  MIY  mpu WacTMUHOH — mOJUIEpIKKe
rpanra PO®U Ne 20-01-00103.
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HEYCTOMYUBOCTH IOTOKA C T'PAJJMEHTOM SJEKTPOIIPOBOJHOCTH
IPU DJIEKTPO®OPE3E HOHOCEJEKTUBHON MUKPOYACTHUIIBI

M.C. Anekcees, B.A. AptioxoB, E.A. ®@panr, I'.C. I'arnuenxo, E.A. [lemexun
O®unaHCOBHIH yHUBepcuTeT mpu [IpaButensctee PO, mabopaTtopus 31eKTpo- U THAPOTUHAMUKA MUKPO- U
HaHoMacmTaboB, KpacHomap
gandizel@mail.ru

W3BecTHO, YTO 3JIEKTPOTHAPOAMHAMHUYECKAS HEYCTOMYMBOCTE MOXKET BO3HHKATh IPU IPHIOKCHUH
INEKTPUYUECKOT0 OIS K JKUAKOCTSM C IPOCTPAHCTBEHHBIM I'PaJHEHTOM 3JIEKTpHYecKUX cBoicTB [1]. B wactHOCTH,
9TO MOXXET OBITh HEYCTOWYHMBOCTb, BO3HUKAIOIIAS B PE3YJIbTATE B3aUMOACHCTBHS MPUIIOKEHHOTO 3JIEKTPUUECKOTO
NOJS U TPagueHTa JIICKTPOIPOBOAHOCTH XHMIKOCTH. DTa HEYCTOMYMBOCTH INIHUPOKO H3ydajach MenpuepoM H
coaBTopamu [2—-3]. I'paaueHTBl NPOBOAMMOCTH JKHJIKOCTH BMECTE€ C IPHUIOKEHHBIM 3JIEKTPUUECKHM I0JIEM
TEHEPUPYIOT 3apsii B 00BEME JKHIKOCTH. [IpHIOKEHHOE OJJEKTPUYEeCKOe I0Jie MOXKET OKa3bIBaTh
JecTaOUITM3UpYIoliee BO3ACHCTBUE Ha 3apsDKEHHYIO JKMAKOCTH. ECIM 3Ta cuia IpeBBINIaeT KPUTHUYECKYIO CHILY,
KorJa quddy3us 6obIIe He MOXKET CTAOMITI3HPOBATH TIOTOK, BO3HUKAET HEYCTOHYNBOCTb.

[Ipn NpPOXOXXACHWM HOHOB 4Yepe3 HOHOCENCKTHBHYIO 4YacTuiy (cM. puc 1), KOoTopas HaXOOUTCS B

SIIEKTPUYECKOM TIOJIE JOCTATOYHO CUJILHON HANpsKeHHOCTH Eg,, mo3amu Hee, B 06IacTH BBIXOJSNIETO TOTOKA
HOHOB, 00pa3yeTcst 00IacTh ¢ CHITbHBIM rpamieHToM anekTpornpoBoanoctd K [4] (em. puc. 1).

IIppu  MajleHBKOHM  HANPS)KEHHOCTH
JNIEKTPUUECKOTO TOKA, ClIeBa W CIpaBa
OT YaCTHILBI, B O0OJNACTSAX BXOJSIIETO U
BBIXOJISILIETO MOTOKA HOHOB
COOTBETCTBECHHO, bopmupyrotcs
obmactu obexnenroro (K < 2) m
ob6orarennoro (K > 2) sanexrponura. C
YBEJIMYCHUEM HANPsHKEHHOCTH 00JIacTh
00O0TraIlleHHOTO 3JJIEKTPOJINTA C MPaBOM
CTOPOHBI CHJIBHO JAedopMHpyeTcs H
HOCTENECHHO NpeBpaIaeTcs B
BBITSIHYTYIO, TIOXOXYIO Ha CTPYIO CTPYKTYpY. [IpOTSIKEHHOCTh CTPYH B HAIIMX pacyeTax MOXKET JIOCTHIaTh JIECSATH

. . .. .
ion-selective particle

pamMycoB MHKpodacTHIBL Ilpu ysenmundennu E., oTHOIIEHHE KOHLEHTPALMH CONM BHYTPH CTPYH K PAaBHOBECHOI
KOHIICHTPAIH MOXKeT Jocturath 1:20.

@ 3 a0

2s| E_ =50 - Ota cTpys cylecTByeT Onaroaaps O0anaHCy 3J1eKTPOCTaTHIeCKON
2 zo cunbl, nuddysun U koHBekumu. [Ipu mocraTouHo OoJbIION
‘ N HANPSDKEHHOCTH  DJIEKTPUYECKOro  MmOJs  3TOT  OanaHc
s Y \ HapyIIaeTcs, 4TO MPUBOJIUT K BOSHUKHOBEHHIO HEYCTOHUYMBOCTH

o notoka (cMm. puc. 2). Ilpm Mambix 3aKPUTHYHOCTAX
. E =85 . ANIEKTPUUECKOTO TIOJIS MOSBIISIIOTCS PEryJIsipHbIE IEPHOIUUECKHEe
2 2 BOJIHBI, KOTOpBIE PaCIpPOCTPaHIIOTCS BHHU3 NO TedeHuto. [Ipu
»1e * JadbHEHIIEM YBEIWYEHUH OJIJICKTPUUECKOTO IOl KOJIeOaHHs
™ MIPUOOPETAIOT XaOTUYHBIH XapaKTep.

a5 s
0 A_g a HOZ[O6H3$I HSYCTOﬁqHBOCTL, BbI3BaHHAsl TI'PaAUCHTOM

© ?3 E =200 N JIEKTPOIIPOBOAHOCTH,  SIBJISICTCS  KIJIIOYEBBIM  (DAKTOpOM,
o % o OTrpaHUYUBaIOLIUM HaJC)KHYIO pabory CIIOKHBIX
=15 s 9NEKTPOKWHETHIECKUX OnoaHanuTHUeckux cucreM. OHa Tarxke
‘\ * MOXKET OBITh HCIIONIB30BaHAa [UIS OBICTPOrO  CMEIIMBAHHA
— KHUJAKOCTEH W KOHTPOJS TEYeHHS B MHKPOMACIITaOHBIX

’ ' ’ et ’ ’ ' yCTpOMCTBaXx.
HWccnenoBanme BeIMoHEHO NpH puHaHCOBOU nogaepkke PODU u anmuamnctpanun KpacHogapckoro xpas B

pamkax HaydHoro mpoekta Ne 19-48-233009 p mon_a, Ne 19-48-2330010 p_moi_a, Ne 19-48-235001 p_HacraBHuk
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KOPOTKOBOJIHOBBIE PEIIEHUS IUHEAPU30BAHHbIX YPABHEHUI PEJIITUBUCTCKOM
TA30BOM TMHAMHUKH

AW. AnnnmyeBa
Wucturyt npobiem mexanuku nmern A.}O. Ummmackoro PAH, Mocksa
esina_annal@list.ru

Masible BO3MYLICHHS ITIOTOKA PEISTHBUCTCKOTO Ta3a OMUCHIBAIOTCS YPABHEHUSMH PEJIITUBHCTCKON ra3oBOi
IMHAMUKH, JIMHEAPH30BaHHBIMH HA 3aJaHHOM BHENIHEM I0je. B JoKiame omucaHbl KOPOTKOBOJIHOBBHIC
(OBICTpOOCHMIITMPYIOLIHE M JTJOKAIN30BaHHbIE) PEeIICHNs TaKuX ypaBHeHUH. [TokazaHo, 4To HavyanbHOE BO3MYIIICHHE
pa3OuBaeTcs Ha TPU Pa3iIM4YHBIC MOJIBI — PELICHUs, COOTBETCTBYIOIIUE MEPBOM MOJE, PACIPOCTPAHSIOTCS BIOJb
TPaeKTOpUil BHEIIHEro MOTOKAa M He (OKYCHUPYIOTCS; PELICHUs, COOTBETCTBYIOIIME JIBYM JAPYIHMM, CBSI3aHBI C
TPaeKTOPUSIMH T'aMUJIBTOHOBOH CHCTEMBI B BOCBMHUMEPHOM ()a30BOM IPOCTPAHCTBE M YETHIPEXMEPHBIMHU
JIarpaH)KeBbIMU MOBEPXHOCTSIMH B 3TOM IpocTpaHcTBe. OmnucaHa 3BONIONMS aMIUIMTYABI JUIl KaXIOW MOABI, B
YaCTHOCTH, MOJy4eHBI (GOpMyIsl Al Teomerpudeckux (a3. OOCykaaercs BOSMOXKHOCTh POCTa BO3MYIICHUS LIS
KOHKPETHBIX IIPUMEPOB BHELIHUX [IOTOKOB.

PaboTa BeinonHeHa npu nojaepxkke Poccuiickoro Hayunoro ®onpa (mpoekt Ne 16-11-10069).

JIMTEPATYPA
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ACUMIITOTHKA COBCTBEHHBIX ®YHKIIA BOJTHOBOI'O YPABHEHUSI C BbIPOXKJIEHUEM
HA T'PAHUIIE U 3AXBAYEHHBIE BEPET'OBBIE BOJIHBI

A.1O. Arunkus, C.1O. lodpoxotos, B.E. Hazaiikunackuii, A.B. IIBeTkoBa
Uucturyt npobiem mexanukn nmern A.1O. Unmmmackoro PAH, Mocksa
anikin83@inbox.ru

[TocTpoeHa acuMNTOTHKAa COOCTBEHHBIX (YHKIMII BOJHOBOTO omepaTopa B JByMEpHOW oOmactu c
BeIpOXKJeHHUeM Ha rpanune [1, 2]. Takue coOcTBeHHblE (YHKIMH CBSI3aHBI C MHTETPUPYEMBIMH OHJIbSIpAAMH C
MOJYECTKUMHU CTEHKaMH U OITUCHIBAIOT 3aXBa4eHHBIE O€PETOBbIC BOJIHBI.

Pabora BeImoniHeHa Tipu moaaep ke rpanta PHO (16-11-10282).

JIMTEPATYPA
1. Anukun A.1O., JTo6poxotoB C.1O., Hazaiikunckuii B.E., I{BeTkoBa A.B. AcCUMNTOTHKH COOCTBEHHBIX (DYHKIIMIA
nBymepHoro omeparopa VD(X)V, cBsi3aHHBIe ¢ OUIBSIpPIaMH  C MONYKECTKHUMH CTEHKAMH, U 3aXBauCHHBIC
Geperossie BosHbI // Matematnueckue 3ametku. 2019. T. 105. Bein. 5. C. 792-797.
2. Anuxun A.1O., loopoxoros C.}O., Hazaiikunckuii B.E., LiBetkoBa A.B. AcUMITOTHKM COOCTBEHHBIX (QYHKIMI
onepatopa VD(X)V B aByMepHOH 00JaCTH, BBIPOKAAIOIIErOCS Ha €€ TpaHulle, W OMUIMApIBl ¢ MOJTYKECTKUMH
crenkamu // Iuddepenunanpubie ypasaenus. 2019. T. 55. Ne 5. C. 660-672.



O CBEPXKPUTHUYECKHX PEJKUMAX ADPOYIIPYTUX KOJEBAHUI IIUJINHIPA
B BA3KOM )KUJIKOCTH

I1.P. Aanponos, C.B. I'yBeprrok, I'.41. JIptHENKOBA
HUU mexannku MI'Y umenn M.B. JlomonocoBa, MockBa
guv@imec.msu.ru

XapakTepHOl OCOOCHHOCTBHIO OOTEKAaHWS KPYrOBOTO IFIMHIPA BI3KOM HECKMMAEeMOW JKUAKOCTBIO TIPH
yMepeHHbIX unciax PeiHonsaca Re=U D/v sBisiercs GopMHEpOBaHie TIEPUOANIECKON CHCTEMBI BHXPEH TOPOKKH
Kapmana, B pe3ynbTaTe 4ero Ha LIJIMHIAP ACHCTBYET MEpHOAMYECKAs THAPOJAMHaMHYecKkas cuna (¢ dactortoit fy
=U D'!St — B nonepeynoM HanpapieHun U ¢ yactotoi 2fy — B mpomoneHOM). 31eck U — ckopocTs moToka, D —
JUaMeTp LIHHIPA, V — KHHEMAaTHIeCKUH KOA(QUIUEHT BA3KOCTH XUAKOCTH, St — uncio Ctpyxanst. Ecian nununaap
MMEeT OJIHY IIOCTYNATeJIbHYIO CTeleHb CBOOOBI B HamlpaBiieHUH Y TIONEpeK MOTOKa U YAEPKHUBACTCS C IOMOILBIO
JIMHEHHO-YIIPYTO# CBSI3H TO, BapbHUpys KECTKOCTh MPYXUHBI K, MOXKHO MOJYYHTh PE30HAHCHBIC HE3aTyXarollue
aBTOKOJNIC0aHMS MWIMHAPA B TOTOKE BI3KOH JKHIKOCTH. OTO MPOMCXOIHUT, KOTJa MHEPHOA o COOCTBEHHBIX
KoyleOaHni mwiInHApa (Ha TMPY)KWHE B IOKOSIICHWCS BSI3KOM KHMIKOCTH) CTAHOBUTCA ONM30K K MEPHUOLY CXOnIa
Buxpeit nopokku Kapmana. Ho He Tonbko. MI3BeCTHBI AECATKH IMyONMKaNNi, TOCBSIICHHBIX SKCIEPHUMEHTAIEHOMY
W YHCICHHOMY WCCIEJOBAaHHMIO IAHHOTO SBJCHUSA. YCTAHOBJIEHO, YTO AMIUIMTYIAHBIH OTKJIMK ITONEPEYHBIX
aBTOKOJICOaHMH IMIMHAPA 3aBUCUT OT BEJIMYHMHBI IpUBEAcHHOM ckopoctn U*=UToD! u umeer Tpu BeTBH (Ha pHc.
OHU M300pakeHsl cxemarnueck, R = 0.5D): mokpurnueckuii pexxuM 1 — «HayanbHas BETBb»; KPUTHUECKUH PEXUM
3axBara 4acTOThI TOPOKKH KapmaHa 2 — «BEpXHsIsl BETBb»; CBEPXKPUTUUECKHI PEKHUM 3 — HIDKHSSL BETBbY, 31€Ch
MepHo/I aBTOKOJIe0aHUH CyIIECTBEHHO OOJblIe, YeM o, @ BUXpPEBasi CTPYKTYpa clie/ia 32 [UIMHAPOM OTINYAeTCs OT
KJTacCHYeCcKol BHXpeBoi nopoxku [1-2]. B paGote [1] sKcriepuMEHTAIBHO MOKA3aHO, YTO MEPEUHUCICHHBIC TPH
BETBH AaBTOKOJICOAHWH IMJIMHApPA MOTYT COXpaHATbCS W TIpH J00aBICHMHM B CUCTEMY 3HAYMTEIHLHOTO
MCKYCCTBEHHOTO AEMI(UPOBAHUS CTENEHH CBOOOABL. DTO O3HAYaeT BO3MOXKHOCTH OTOOpa IMOJIE3HOW MOIIHOCTH
a’pOyIPyTUX aBTOKOJEOaHWI Ha BceX YKa3aHHBIX peXHMMax. Bompoc OThICKaHHMS coueTaHWH MapameTpoB, MPH
KOTOPBIX BO3MOXEH MaKCHMAaJIbHBIH OTOOpP IOJIE3HOH MOIIIHOCTH a3pOyNpyTHX aBTOKOJeOaHWUi SBISETCS OTHOHN U3
TJIaBHBIX MOTHBAILMHA MOJOOHBIX MCCIECAOBAHMI IOCIEIHETO BpeMEHH. bobmIoi MHTEpec BBI3BAI yIUBHTCIIBHBIH
pe3ynpTar paboTel [2], B KOTOpOH aBTOPHI SKCIEPHMEHTAIBFHO WCCIICNOBATIM AaBTOKOJIEOAHUS B JKHUAKOCTH
CPaBHHTEIHHO JIETKOTO IIUIMH/PA C IBYMS CTEIICHSIMH CBOOOBI, N MICHTU(PHUIIMPOBAIN «CYyIIEp-BEPXHIOIO BETBb» 4
(cM. puc.). Ha 3T0i1 BeTBH aMIIUTY/a MOTNIEpeUHbIX Konebannii nunuHapa gocturana 1.5D. OgHako Bocponssecti
TaKOM PEKUM B YUCICHHOM MOJICITHPOBAHHUH JI0 TIOCIIEAHETO BPEMEHH He yaaBanoch [3].

B Hacrosimiedl paboTe mpeAcTaBiIeHbI HOBbIE pe3yJbTaThbl HCCIEIOBAaHMS JaHHOW 3ajayd B IOJHOM
CONPSDKEHHOM IIOCTAHOBKE JUId JAMHAMHUYECKOM W TUAPOAMHAMUYECKOM COCTaBIIOLMX. Bnepsble yzaanoch
BOCIIPOM3BECTH CBEPXKPUTHUECKHUI PEXHUM, COOTBETCTBYIOILINI «CyNep-BepXHel BeTBU» 4 (CM. pHC.) Ha JuarpaMme
aAMIUIMTYHOTO OTKJIMKA adpOYIPYIUX aBTOKOJIEOaHUH UIMHIPA C IByMS CTENIEHSIMU CBOOOIBI.

I Re = 3900
\

0 Wi
Ml

T50 1000 1250 1500 1

Hcnonp3oBaH pa3paboTaHHBIA aBTOpaMH OEcCETOYHBIN BHXPEBOI YHMCIEHHBI METOX BS3KHX BHXPEBBIX
JIOMEHOB (BBH), peanr30BaHHbII B OTKPBITOM KoJzie «Vvflow CFD Suite v2.1.1»
(https://packagecloud.io/vvflow/stable). DddexruBrocTs npumenenust 6ecceTounoro merona BB/l ompexpensiercs
BO3MO)KHOCTBIO OJJHOBPEMEHHO CTPOMTH PELIeHUs 3a7ad JUHAMHKH M THIPOJMHAMHMKH (0e3 paclieruieHHs Ha
MOCJIe/IoBaTeNIbHbIE CTaaun) B JlarpaH)keBbIX KOOpAMHATAX 0e3 OrpaHUYEeHUH Ha pa3Mephl pacuéTHON 00JIacTH.

Pabora BbINONTHEHA IpH YacTHYHOU (puHaHCOBO# mogaepxkke PODU (nmpoekt Ne 18-31-20057).

JIUTEPATYPA
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2. Williamson C.H.K., Jauvtis N. A high-amplitude 2T mode of vortex-induced vibration for a light body in XY
motion // European Journal of Mechanics — B/Fluids. 2004. V. 23. Ne 1. P. 107-114.
3. Simon Gsell, Remi Bourguet, Marianna Braza. One - versus two-degree-of-freedom vortex-induced vibrations of
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JIOMAHUPYIOIUE HEYCTOMYUBOCTHU NOT'PAHUYHBIX CJIOKB
HA CKOJIB3AIMUX KPBLJIbAX N X KOJTMYECTBEHHBIE XAPAKTEPUCTHUKH

B.1. Bopomnynunt, A.B. Upanos?, 10.C. Kauanos?, JI.A. Mumenko?, R. Orlii?, A. Hanifi2, and S. Hein®
MucruryT TeopeTrueckoii 1 npuxnanHoi Mexanuku umenu C.A. Xpuctuanosuda CO PAH, Hosocubupck
2Department of Engineering Mechanics, KTH Royal Institute of Technology, Stockholm, Sweden
3Institute of Aerodynamics and Flow Technology, DLR, Géttingen, Germany
misch2005@yandex.ru

Ha ocHOBe pe3ynbTaToB HSKCHEPUMEHTANBHBIX U TEOPETHUYECKHX HCCIEI0BAHUM, BBINIOJHEHHBIX, B
YaCTHOCTH, Ha MOJENAX DPEANbHBIX CKOJNB3ANIMX KPBUIEB, B JIOKJIale 0OCyxkmaercst mpobieMa NPUMEHUMOCTH
HanOosee Ba)KHBIX MEXaHU3MOB HEYCTOWYHMBOCTH K ONHCAaHHMIO Ha4yalbHBIX CTaJWi mepexoia K TypOyJICHTHOCTH B
tpéxmepubix (3D) TOrpaHMYHBIX CHOSAX, a TaKke, MOAPOOHO OOCYKIAIOTCS CBOMCTBA HAOIOAAaeMBIX
HeycToHuMBOCTel. B uacTHOCTH, MpUBENEHBI pe3ynbTaThl JETAIbHOIO aHAIN3a BCEX OCHOBHBIX XapaKTEPUCTHK
ycroitunBocT 3D TMOrpaHMYHBIX CIOEB MO OTHONICHHIO K HECTalMOHApHBIM (B 0OlIeM ciydae) Mojam
HeyctoiunBocTr monepeunoro teueHus (IIT) u 3D momam Tommmuna-1lnuxtuara (TI). AHann3 BBIONHEH Ha
OCHOBE 3KCIIEPUMEHTAIBHBIX TaHHBIX U PAacu€TOB B paMKaX JIMHEHHBIX TEOPUH YCTOWIMBOCTH, BKITIOYAs TTOAXO] Ha
OCHOBE MapaboMM30BaHHBIX ypaBHeHU# ycToiunBocTr (PSE). BriepBbie moka3aHa BO3MOXKHOCTh MOJTYYEHHS OYCHb
XOPOIIIETO COTJIACOBAHHUA MEXIy H3MEPEHHBIMH U PACUETHBHIMH XapaKTEPHCTUKAMH yCTOWYMBOCTH B YCIOBHUSX
TMPUCYTCTBUA (M y4€Ta B pacu€Tax) KpHBU3HBI 00TeKaeMOW OBEPXHOCTH U HETIapaJUIEIEHOCTH OCHOBHOTO MTOTOKA.

Tak skcnepuMenTsl, poBeaéHubie B KoponeBckom texHosnoruueckom uHcTHTyTe (KTH) B Crokronbme,
MOKa3alu pajuKajbHbIEC OTIWYUS CBOMCTB BOJIH HEYCTOMYMBOCTH MOTPAHUYHOIO CJIOSI HA OQHOW M TOM ke MOJENU
CKOJIB3SIIET0 KPbUTa NPH HW3MCHCHHH yriia aTakd. [Ipu oTpumaTenbHOM yriie ataku (ciaydait ‘A’) B MOTOKe
0’KU/IAJIOCh TOMHHHpPOBaHME BOJH HeycroiunBocTH IIT, HO yke mpu HEOOJIBIIOM HOJO0XKHUTENBHOM Yrie (Ciaydai
‘B’) oxwunanocs npeodnaganne 3D BomH TIL. DT oueHKHM MOATBEPIWINCH B pe3yibTaTe M3MEPEHHH W TOYHBIX
pacuéToB, BBINOJHEHHBIX IJIA YCIOBHM »sKkcmepuMmeHToB. Ha puc. 1 mokasaHo paaukanbHOE OTIMYUE YTIOBBIX
3aBUCHMOCTEH CKOPOCTEil HapacTaHusi MOJI HEYCTOHYHUBOCTH, H3MEPEHHbIX B skcnepumentax ‘A’ (f = 40 T'u, rpadux
a) u ‘B’ (f = 156 Tu, rpaduk b). [NpuHnunuansHOE OTIWMYHE HAOMIOAATIOCH WU TS 3aBUCHMOCTEH (Hha30BBIX
CKOpOCTEH BOMYIICHUH OT MOMEPEYHOTO BOJHOBOTO YUCIIA M YACTOTHI, a TAKXKE JUTS Psia APYTHX XapaKTESPUCTHK.
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JleranbHOe comocTaBieHHE N3MEPEHHBIX M PAaCCUMTAHHBIX XapaKTEPUCTHK YCTOMYMBOCTH IOKA3aJlo, YTO B
cirydae ‘A’ B IOrpPaHUYHOM CJIO€ TOJHOCTBIO JIOMUHHUPYIOT HecTanroHapHsie Mop! 11T, a B ciydae ‘B’ — 3D mozpt
THI. TIpumep OnecTsmiero CoriacoBaHUS KPUBBIX HapacTaHUs Moj HeycroWumBoctd [IT, momydeHHBIX B
sKCHepuMeHTax ‘A’ (TOYKH) C COOTBETCTBYIOLIMMHU PACUETHBIMH KPUBBIMHA (JIMHHH), TPOUIUTIOCTPUPOBAH HA pHUC. 2
quist wactot f = 60 I'u (rpaduxk a) u 40 'y (rpaduk b) a0 pa3nuyHbIX MONEPEYHBIX BOTHOBBIX yrcel ' (B pam/Mm).

B 3akiroueHne JIOKJIaga OTMEYAeTCs, YTO pa3BUTHE BO3MYylleHHit 3D morpaHn4HOro cios Hanboliiee TOYHO
OMHKCHIBACTCS pacdyeTaMH, OCHOBaHHBIMH Ha PSE-momxome, yduThIBaromieM, Kak 3QQEKThl HemapauieabHOCTH
TEUEHHMs], TaK ¥ KPHUBH3HY OOTEKaeMOH IMOBEPXHOCTH, XOTS JIOKAIbHO-TIApAUIENIbHAS TEOPUS] YCTOWINBOCTH TaKKe
CIOCOOHA PEAMCTUYHO OLICHUBATh HEKOTOPHIE OCHOBHBIE CBOMCTBA MOJI HEYCTOHYHBOCTH.

Pabora nmoanepkana 7-oi EBpomeiickoii pamounoii mporpammoii (mpoekt RECEPT, rpant Ne ACPO-GA-
2010-265094) u Ilporpammoii (yHIaMEHTaNbHBIX HccienoBaHuil Poccuiickux akagemuil Hayk B 2013-2020 rr.
(mpoext Ne AAAA-A17-117030610128-8).
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IPOCTPAHCTBEHHbBII CIIEHAPUM MEPEXOJIA K XAOCY YEPE3 PA3PYIIIEHUE TOPA
B 3AJIAYE O XEMOKOHBEKIIMM C KOHIIEHTPAIITUOHHO-3ABUCUMOM TU®D®Y3UENA

J.A. Bpayn
[lepmckuii HaLMOHANBHBIN HCCIEA0BATENbCKUI TOTUTEXHUUYECKUM YHUBEPCUTET, [lepMb
DABracun@pstu.ru

YHHBepcallbHbIE CIEHAPHU NEPEX0/ia K Xaocy B JTUHAMHYECKHX CHCTEMax K HACTOSIIEMY MOMEHTY XOPOIIO
n3ydeHsl. K THITHYHBIM CLieHapusM OTHOCATCS Kackal Omdypkannii ynBoeHus nepuona (cueHapuii Oeiirenbayma),
paspylieHue Topa Majoil pa3mepHocTH (cueHapuit Prosns—TakeHca) u mepexon yepes nepeMexaeMocThb (CueHapui
I[Tomo—ManneBmwust). B Oomee CHOXHBIX MPOCTPAHCTBEHHO-PACHPEACTNEHHBIX IHHAMHYECKHX CHCTEMax
HapacTapmias ¢ H3MEHEHHEM TIapaMeTpa CIO0XKHOCTh IIOBEJCHMS [0 BPEMEHH TECHO IIEPEIUIETaeTCs C
(opMHpOBaHMEM IPOCTPAHCTBEHHBIX CTPYKTyp. OnHaKo, BOIPOC O TOM, MOTYT JH B KaKOM-TO CLECHAapHU
MPOCTPAaHCTBEHHAs! M BPEMEHHAS! OCH TIOJIHOCTHIO IOMEHSATHCS POJIAMH, IO CHX HOP OCTaéTcsi OTKPHITHIM. B manHOM
paboTe BIepBbIC IpeIaraeTcs MaTeMaTHuecKass MOJeIb KOHBEKIIMN — peakiuu — Ju(GQy3un, B paMKax KOTOPOH
peann3yercsi MPOCTPAHCTBEHHBIM aHAJIOT TEPEX0/a K Xaocy Yepe3 pa3pyIleHHe KBa3HIEPHOAUIECKOTO PEeXMMa B
pamkax crieHapus Proans—Takenca. Mccnenyemas pusudeckas cucTeMa MpecTaBiseT co00i Ba BOAHBIX PacTBOpa
KkucioTsl (A) u ocHoBaHus (B), B HaganpHBIIT MOMEHT BPEMEHH pa3/elICHHBIX IO MPOCTPAHCTBY U IOMELICHHBIX B
BEpPTUKaNbHYIO sueliky Xene—1lloy, Haxoasuyocs B CTATUYECKOM II0J€ TsbKecTU. IIpu npuBeneHUn pacTBOpOB B
KOHTaKT HayMHAaeTcsi (pOHTalbHAs peakuus HeWTpamuzauuu Broporo rmopsinka A+ B — C, kotopas
compoBoxzaaercs BoiaencaueM coiu (C). Iporece xapakTepusyercsi CHIBHONH 3aBUCHMOCTBIO KOI(D(PHUIIMCHTOB
mud¢dy3un peareHToB OT NX KOHIEHTPAIWH, YTO IPUBOANT K BOSHUKHOBCHHMIO JIBYX JIOKAJIBHBIX 30H ITOHMKECHHOH
IUVIOTHOCTH, B KOTOPBIX HE3aBHCHMO JAPYT OT Opyra BO3HHKAIOT XEMO-KOHBEKTHBHBIC ABWXKCHHUS XHIKOCTH [1].
Cron, B KOTOpPBIX pa3BUBAETCS KOHBEKIMS, BCE BPEMS OCTAIOTCS pa3ACICHHBIMU MPOCIOMKON HENOABHXHOU
JKUJKOCTH, HO OHHM MOTYT BJIMATH APYT HA Jpyra IOCpenCcTBOM IU(Qy3nd peareHTOB uepe3 IPOCIOHKY.
@opMupyrOImasncss XeMO-KOHBEKTHBHAS CTPYKTypa TpPEICTaBIsSeT COOOH MOIYITHPOBAHHYIO CTOSYYIO BOJIHY,
MOCTENEHHO Pa3pyIIAlONIyIOCs CO BPEMEHEM, IIOBTOPSS MOCIEA0BATEIbHOCTh OM(ypKamii ClieHapus pa3pyLICHU
nBymepHoro topa [2]. TlokaszaHo, 9TO B XOJ€ IBOJOIUH CUCTEMBI MPOCTPAHCTBEHHAsI OCh, HANPABICHHAS BIOJb
(poHTa peakiuy, BBIIOIHIET POJIb BPEMEHH, & CaM0 BPeMsI UTPaeT PoJib YIPaBISIOIIETo apamerpa.
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Ha pucynke BBepXy IHpelCTaBIEHO MTHOBEHHOE IMojie Oe3pa3sMepHOl IUIOTHOCTH, JEMOHCTPHpYIOIIEe
(opMHpOoBaHHE KBAa3HMIICPUOAMYECKOW XEMOKOHBEKTHBHOM CTPYKTYphl B HIDKHEM KapMaHe IIJIOTHOCTH,
Haxozsuiencs: B Andy3nOHHOM B3aHMMOJICHCTBHN C HEYCTOWYMBOCTBIO BepxHero cios. Hmke npusenen ®ypbe—
CIEKTp ¥ BOCCTAHOBJEHHBIN (Da30BBI IOPTPET, KOTOPHIE JEMOHCTPUPYIOT Y CTPYKTYpHl HalInuume TpEX
HE3aBUCHMBIX 3HAYE€HHH BOJIHOBOTO YHCIIA.

Pabota BeImosIHEHA TIpH (pHHAHCOBOH moaaepxke Poccuiickoro Hayunoro ®onna, rpant Ne 19-11-00133.

JIUTEPATYPA
1. Bratsun D., Kostarev K., Mizev A., Mosheva E. Concentration—-dependent diffusion instability in reactive
miscible fluids // Phys. Rev. E. 2015. V. 92. P. 011003.
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XEMOKOHBEKTUBHASI HEYCTOMUYHUBOCTD JIBYXCJOMHON CUCTEMbI PEATUPYIOIINX
KMJIKOCTEM B BbICTPO OCHUJIJIMPYIOIIEM MHEPIIMOHHOM IIOJIE

J.A. Bpanyn?!, H.B. Kosnos?, E.A. Momesa?, P.P. Cupaes!
TMepmckuii HAMOHABHBIN HCCIEN0BATENLCKUI TOIUTEXHUIECKHH yHIBEpcuTeT, [TepMb
2HMucTutyT MexaHuku crnomHbix cpes YpO PAH, Iepmb
DABracun@pstu.ru

B paboTe 3KCIIepUMEHTATIBHO U TEOPETHYESCKH HCCIIEAYETCS BOIPOC O BIMSHUH BBICOKOUACTOTHBIX BUOPAILIHiA
Ha XEMOKOHBCKTHBHBIC HCYCTOWYMBOCTH, BO3HHKAIOIIUE B CHCTEME JBYX BOJHBIX PAacTBOPOB KHUCIOTH (A) u
ocHoBanus (B), B Ha4anbHBIII MOMEHT BPEMCHHU Pa3/ICIICHHBIX MO MPOCTPAHCTBY U MOMCIICHHBIX B BEPTHKAIBHYIO
sueiiky Xene—Illoy. Ilpu mpuBeneHHH pacTBOPOB B KOHTAKT HAYMHACTCS (DPOHTAJBbHAS PEAKIUs HEHTpaTu3aIiu
Broporo mopsnka A+ B — C, xoropas compoBoxmaercs Bbeienenuem conmu (C). Ilpomecc xapakrepusyercs
CUIIHOW 3aBHUCHMOCTHIO K03 duimentoB muddy3un pearcHTOB OT WX KOHICHTPAIMH, YTO MPHBOIUT K
BO3HUKHOBEHHMIO JIBYX JIOKAJIBHBIX 30H MOHMKEHHO# rutoTHOCTH. Kak 610 mokaszano panee B [1, 2], B cratudeckom
MOJIe TSHKECTH B TaKOW CHUCTEME MOXKET BO3HUKHYTh JHOO HEYCTOHYMBOCTh B BHJE MEPUOJMYCCKON CHUCTEMBI
KOHBEKTHBHBIX STYEEK, OTPAHUYCHHBIX IByMsI MACCHBAMH HETOABMKHOMN JKHIAKOCTH, JTMOO HEYCTOWYMBOCTH B (hopme
BOJIHBI IUIOTHOCTH YIApPHOTO THMA C IUIOCKUM (POHTOM, OPUCHTHPOBAHHBIM MEPHICHIUKYISPHO CHIIE TSKECTH.
Janubrit agdext ObLT MPOASMOHCTPUPOBAH ISl PA3IMYHBIX KOMOUHAIMNA a30THON KHUCIOTHI M TOMOJOTHYECKOTO
psma ocHoBanuit (LIOH, NaOH, KOH, CsOH), 4ro cBuaerenscTByeT 00 YHHBEPCAIBHOCTH MEXaHHU3Ma
HEeyCTOWYHMBOCTH. B aHHO# paboTe ObLIO H3YYEHO BIMSHHUE BHICOKOYACTOTHBIX BHOpAIMil, OPTOrOHANBHBIX (DPOHTY
peakiuu. IlocTpoeHa CcHCTeMa OCPETHCHHBIX ONPEACISIONMIMX YPABHCHUN peakuu-Tu((y3unu-KOHBEKIIUH.
YucneHHOE MOJCTHPOBAHUE MOKA3aJI0, YTO BUOPAIMHU, HAUMHAS C HEKOTOPOTO KPUTUYECKOTO 3HAYCHHUS YACTOTHI U
aMIUTUTYbI, OKAa3bIBAIOT CYIICCTBEHHOC BIMSHHC HA pa3BUTHE HEYCTOMYMBOCTH, moAaBisiss. OcoOeHHO
YYBCTBUTEIBHON K BHOPAI[MOHHOMY BO3JCHCTBHIO OKa3ajach BOJHA IUIOTHOCTH, PACHpPOCTPAHCHHE KOTOPOU
3aBHCHUT OT MHTCHCUBHOCTH CMCIINBAHUS B €€ CIIyTHOM IOTOKE.

DKcneprMeHTaNbHOE HCCIICAOBAHNE YACTUYHO MOATBEPIMIM TEOPETHYEeCKHEe BbIBOABL. Ha pucynke
MPUBEJICHBI PE3YNITATHI MO YIPABJICHHUIO TUIOCKOH BOJHON MJIOTHOCTH, U3y4YeHA DBOIIOIMS CTPYKTYPhI TCUCHUS H
MOJTY4YEHBI MOJIsI CKOPOCTHU TIPH PA3IMIHBIX BUOPAIIMOHHBIX YCKOPECHHUSIX.

A3soTHas
KHCII0Ta 7
HNO3 “' ¢% ¢

; 5 ryws i
R LE
I'mapokenn g =t

KaJus l i 5
KOH

L)

0 v, MM/C 2.75

Ha pucyHke cieBa ImpeacTaBIeHO CXeMaTHIECKOE N300pakeHHE IKCIIEPUMEHTANIBHO siueiiky, rae nudpamu
otmeueHs! nonaromue (1, 2) u orBoasmue kanansl (3, 4), Hacoc (5). DKCIIEPUMEHTHI BBINOJIHEHBI B siueiike Xene—
oy ¢ pazmepamu 5.0%10.0x0.12 cm. Co3ganue ABYXCIOWHON CHCTEMBI OCYHIECTBISUIOCH TIOCPEICTBOM YETBHIPEX
TpyOOK, KOTOpBIE C O/THOM CTOPOHBI OBLIM TOJIBEICHBI K MTOJIAIOIIMM M OTBOJSIINM KaHaJlaM SYCHKH, C IPYroi — K
Hacocy, oOecrieunBaroneMy CHHXPOHHYIO 110/1ady pacTBOPOB U MX JABYXCTOPOHHIOIO OTKauKy M3 30HbI KOHTaKkTa. B
KadecTBE PEareHTOB HCIIOJIF30BaHBI BOJIHBIE pacTBOPHI a30THOH kucnoTel (HNO3) u ruapokcuna kamus (KOH) c
HadalbHBIMHA KOHIEHTpanmusaMu 2.6 u 1.9 MONB/T COOTBETCTBEHHO. ODKCHEPHUMEHTHI OBUIM TPOBEICHBI IPH
¢ukcupoBannoit gacrtore 40 ['m m amruinTyne, kotopas m3MeHsIach B auanasone 0.2—0.4 cm. Ha pucynke crpasa
NIPUBEICHBI II0JII CKOPOCTH, IONYyYCHHBIE IUIS CIIy4aeB IOCTOSHHOTO TPABHTAIMOHHOTO (a) M TEPEeMEHHOTO
nuHepIroHHoro 1o (0). Bpemst ¢ MoMeHnTa Hauana skcriepuMenTa 270 ¢, ammuryaa Bubdpanuii 0.35 cm.
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BHYTPEHHUE I'PABUTAIIMOHHBIE BOJIHBI B CTPATU®UIIMPOBAHHOM CPEJE
C MOJIEJIbHBIMM PACIPEJEJEHUSIMHA CABUT'OBbIX TEUEHU I

B.B. bynaros, 10.B. Bnagumupos
WucturyT npobiem mexanuku nmeHn A.1O. Mnumuckoro PAH, Mocksa
internalwave@mail.ru

Cpemu 00BIIOr0 MHOTO0Opa3Ms HAOIOJAeMBIX BOTHOBEIX HPOIECCOB PA3INIHON (HHU3MUECKOW MPUPOIBI
okeane ® arMocepe 3emim oco0oe MECTO BBI3BIBACT B3aMMOACHCTBHE BO30YKIA€MBIX BOJH C
THAPOJMHAMHYECKUMH TOTOKaMH. JIBIDKeHHEe CTpaTH(UIMPOBAHHOW Cpenbl SIBISIETCS OJHMUM M3 OCHOBHBIX
(haxTOpOB, BIUSIOUIMX HAa JMHAMUKY BHYTPEHHHUX T'PaBUTALMOHHBIX BOJIH, KaK B €CTECTBEHHBIX YCJIOBUSX, TaK U B
TEXHUYECKHUX YCTPOHCTBaX. B COBpEeMEHHBIX HayuyHBIX HCCIEAOBAaHMAX IpPH aHAJINW3e AWHAMMKM BHYTPEHHUX
TPaBUTAllMOHHBIX BOJH B IMPUPOJHBIX CTPAaTH(UIMPOBAHHBIX CpelaX C y4ETOM HAIWYUS TEUEHHH NPUMEHSIOTCS
aCHUMIITOTUYECKHE METOJbl MCCIEJOBAaHUS aHAIUTHYCCKUX MOJeNed BOJHOBOII reHepauun. B nuHelHOM
NPUOIMKEHUH CYIIECTBYIOIINE MOAXOIbl K ONHMCAaHWIO BOJHOBOW KapTHHBI BO30YKIAAEMBIX IMOJIEH BHYTPEHHHX
TPaBUTAllMOHHBIX BOJH OCHOBaHBI Ha NPEACTABICHHUHM BOJHOBBIX Moied wuHTerpamamu @Dypbe U HX
ACHMITOTHYECKOM aHalh3e. B peanbHBIX OKEaHWYECKHMX YCIOBHSAX HEOOXOOMMO pPAacCMaTpUBATh BHYTPEHHHX
TPaBUTAIMOHHBIX BOJIH, PACHPOCTpaHAOMNeCcS Ha (OHE CPeTHHX TEUCHHH C BEPTHKAJIBHBIM CABHIOM CKOPOCTH,
IpUYEM BapHanys CKOPOCTH IO BEPTHKAJIM COCTABILIET AECSATKH CM/CEK M M/CEK, TO €CTh MMEET TOT XK€ HOPAIOK,
YTO W MaKCHMallbHbIE CKOPOCTH BHYTPEHHUX TI'DaBHTAllHOHHBIX BOJH. Takwe TEUCHMS MOJDKHBI CYIIECTBEHHO
CKa3bIBaThCSl Ha PACHPOCTPAHEHHH BHYTPEHHHX I'PaBHTAllMOHHBIX BOJH. Ecnm MacmTa® WM3MEHEHHs TEUCHHH MO
TOPU30HTAJIM MHOTO OOJbIIE JUIMH BHYTPEHHHMX T'PAaBUTAILIMOHHBIX BOJIH, & Macmtad BPEMEHHOW W3MEHYMBOCTH
MHOI'0 OOJIbIlIE MEPHUOJOB BHYTPEHHUX BOJH, TO E€CTECTBEHHON MaTeMaTHYeCKOW MOMAENBI0 SBISETCS Cilydait
CTallUOHAPHBIX ¥ TOPH3OHTAJIBHBIX OJHOPOIHBIX CHBHUIOBBIX TeueHHH. J[Is MOAENHpOBaHHUS TeHepaluu
BHYTPEHHUX TPABUTAI[MOHHBIX BOJH TOYEYHBIM HCTOYHHKOM B PEaJbHOM OKEaHe MOXKHO CUHUTAaTh KPYyTOH CKIIOH
MONEPEYHOTr0 XpedTa B MPOJUBAX, KOTOPHIH OOTEKAaeTCs] COBUIOBBIM TEUCHHWEM M IEPUOJUYESCKUM NPUIUBHBIM
TCUCHHEM.

Pemena 3amaya o0 JWHAMHKE IO TapMOHMYECKMX BHYTPEHHHX TPAaBUTAMOHHBIX BOJIH B
CTpaTU(HUIUPOBAHHON cpefe KOHEYHOW TITyOWHBI NPH HAJIWMYUHM CIABUIOBOIO TedeHHUsS. JIIs aHaJIMTHYECKOTO
pelIeHusT 3aJaddl HMCIIOIb30BAHO IIOCTOSHHOE pPAacIpeAeIeHHE YacTOTHl IUIABYYECTH W PA3IMYHbIC JIHHEHHBIC
3aBUCHMOCTH CABHTOBOTO TE€UEHHS OT ITyOHHBI. VICIONB3ysI MOJEIbHYIO THAPOJIOTHIO, TTOMYIEHBl aHATUTHIECKHE
BBIPAXKCHUSI, OMMCBHIBAIOIINE JMCIIEPCHOHHBIE 3aBUCHMOCTH, KOTOPBIE BBIpaXKArOTCS depe3 MOIU(UINPOBAHHYIO
¢yakuuto beccenst MEMMoOro mHaekca. IIpu BBITOJHEHMH YCIOBHSA YCTOHUMBOCTH Maiinca M GONBIINX YHCIAX
PuuapicoHa 1id TOCTPOEHHS AHAIMTHYECKHX pEIIeHHH OBUIM HCIONB30BaHBl J1e0aeBCKHE aCHUMITOTHUKU
moaupuipoBanHoi ¢yHkuun beccens MHuMoro wuHzaekca. [loapoOHO M3ydeHbI CBOMCTBA JUCIIEPCHOHHOTO
YpaBHEHHS W HCCIIEJOBAaHBl OCHOBHBIC AHAJIUTHYECKHE CBOMCTBA IUCIIEPCHOHHBIX KPHBBIX. B mnpuOmmxeHun
CTallMOHAPHOM (Da3bl MOCTPOEHBI MHTETPANbHBIC MNPEACTABICHUA PEIICHWH IS MajJbHUX BOJIHOBBIX MOJEH.
UucneHHO paccyuTaHbl (a3oBble KapTHHBI BO30Y)XKIA€MBIX I0JIel BHYTPEHHHMX TI'PaBUTALIMOHHBIX BOJIH IS
Pa3IMYHBIX MOJIENEeil BOJIHOBOW TeHepanuy. VcciieoBaHsl 3aBUCUMOCTH BOJIHOBBIX XapaKTEPUCTHK BO30YK1aeMbIX
MOJIEH OT OCHOBHBIX MTAPAMETPOB MCIIOIb30BaHHBIX MOJIENIEH CTpaTH(PUKAIINN, TSUCHUI W PEXKUMOB TeHEPALHH.

Pabora BemonHeHa npu puHaHCcoBOU noanepkke PODU mpoekt Ne 20-01-00111A.
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ABCOJIIOTHASI U KOHBEKTUBHASI HEYCTOMUYHUBOCTD 3ATOILIEHHBIX CTPYI

B.B. Beneneen
MI'Y mmenu M.B. JlomoHOCcOBa, MockBa
vasily@vedeneev.ru

HeycToiumBOCTh TCUCHHUH KUAKOCTH M APYTHX (U3WIECKUX CHCTEM MOXKET OBITH IBYX BHIOB. B mepBoM
cily4yae, KOTJja OTpaHWYCHHbBIE B IIPOCTPAHCTBE PACTYIINE BOSMYLICHHMS (BOJHOBBIC MTAKETHI) CHOCATCS MOTOKOM M3
mro00# 3amaHHO 007macTH, HEYCTONYMBOCTE KOHBEKTHMBHAs, a €CIM PAcTyT BBEPX M BHHU3 IO IMOTOKYy — TO
abcomotHast [1]. U3BectHO [2, 3], 4TO B CTPYWHBIX TEUYCHHSAX W TCUCHHSX B BHJIC CJleIa 3a TCEJIOM C
«KIIACCUUECKUMU» TMPOQHUISIMA CKOPOCTH HEYCTOHYMBOCTH BCErJa KOHBEKTHBHAs, a aOCOJIOTHOM OHa MOXET
CTAaHOBUTHCA JHUIIb MPU HAJIUYUU JTOCTATOYHO CHUJIBHOTO BO3BPATHOIO TEUEHHs (B YAaCTHOCTH, BO3HUKHOBEHME
nopoxkn Kapmana 3a nmnmHzapom npu Re>47 oObsicHsieTcss Kak pe3ylbTaT aOCOJIOTHOW HEYCTOHYMBOCTH
CTaIMOHapHOTO 00TeKaHus [4]).

Panee mnpum aHanmM3e HEBA3KOM HEYCTOWYMBOCTH KPYINIBIX 3aTOIUIEHHBIX CTpPYH, CO37aBaeMbIX
ycrpoiictBoM [5], GBUT0 0OHAPYKEHO, YTO HEYCTOWUIHMBOCTD, MOPOXKIaeMasi BHEIHEH TOUKOM mepernba B mpodiie
CKOPOCTH, BOJIM3M BBIXOJAHOTO OTBEPCTHS YCTPOHCTBA siBisieTcs abconmoTHOI [6]. OnHako, OHa He peaTr30BhIBaIaCh
B 3KCIIEPIMEHTAX M3-3a BA3KOTO «PAa3MBIBAHIS MPOQHISI CKOPOCTHU NPH YAAICHUH OT BBIXOIHOTO Auddysopa.

B Hacrosmei padbore nccnenyercs xapakTep HEYyCTOWYHBOCTH IUIOCKUX CTPYH ¢ y4éToM BsskocTu. Kak u B
cilydae KpPYIJIBIX CTPYH, Ul BO3HHUKHOBEHHS a0CONIOTHOM HEYyCTOWYMBOCTH HeoOXoammbl 1Ba ycioBust: (1)
CKOPOCTb B TOUKE Iepernda JoinkHa ObITh Maia, (2) KpyTH3HA MMaJeHUS CKOPOCTH B TOYKE Nepernda JomKHa OBITh
JIOCTaTOYHO BBICOKOH. [Ipy BhImoIHEeHNH 000UX yCIOBUI Bo3HHKaeT 1:1 pe3oHaHC Mexay BBEpX U BHHU3 OerylnIuMu
MOJaMH, 9TO WU Ja€T abCOJIOTHYIO HEYCTOMYMBOCTh. B KIACCHUECKMX CTPYHHBIX Mpoduisax ckopoctu [2, 3]
BBITIOJIHSIETCS JIMIIb BTOPOE YCIOBHE, M MX HEYCTOWYHMBOCTH SIBJISIETCS] KOHBEKTHBHOW. OIHAKO, MX MOAU(BUKALINS —
YMEHbBIIICHHE CKOPOCTH B TOYKM Ieperuda — NPUBOIAMT K BBHINOJIHEHHIO W TEPBOTO YCIOBHS, M HEBSI3Kas
HEYCTOHYHMBOCTb CTAHOBHUTCS aOCOJIIOTHOI.

HccnenoBanue BA3KOW HEYCTOMYMBOCTH ITOKA3aJI0, YTO YMEHbIIEHHE YHcia PeiiHOIbCA U, COOTBETCTBEHHO,
YMEHBIICHHE WHKPEMEHTa pacTyIled MOJBI, NPHBOANUT K CMEHE XapakTepa HEYCTOHYMBOCTH OOpaTHO Ha
KOHBEKTHBHBIN. J{71s1 paccMOTpeHHBIX npoduiieil cKkopocTH HaleHs! uncia PefiHosbaca, COOTBETCTBYIOIUE CMEHE
XapaxTepa HeyCTOHIHUBOCTH.

[IpencraBneH KOHKPETHBIH IIPUMEpP PACCUMTAHHOTO JIAMUHAPHOTO MPOQWIS 3aTOIUICHHOH CTPYH,
WCTEKAIONIEeH M3 IUNIOCKOTO yCTPOWCTBA, aHAJIOTHYHOTO [5], B KOTOPOM peann3yercst abCoIfoTHas HEYCTOWYHBOCTb.
ITpu sTOM Touka mepernba pacroyioKeHa B OT TPAHUIBI CTPYH, U aOCOJIOTHBIA XapaKTep HEYCTOWIUBOCTH
coxpaHseTcs Ha OONBIIOM pacCTOSHUU OT (opMuUpyOIIero ycrpoiictBa. Oxkumaercsd, 4TO 3TO NPUBEAET K
rJ00aNbHONW HEYCTOWYMBOCTH HPOCTPAHCTBEHHO HBOJIIOLHOHUPYIONIEH CTpyd B 1ejoM. Pa3paboTka METO/OB
co3/1aHuUs aOCOJIIOTHO HEYCTOMUUBBIX CTPYH MOXET OBITh HCIIOJIb30BaHA JJISI YCKOPEHMS TypOyIH3alMU CTPYH H
TIOBBIIIEHHSI HHTEHCUBHOCTH MIPOIIECCOB NMEPEMEITHBAHUS B HUX.

Pabora moanepxana rpantom PH® Ne 20-19-00404.
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YPABHEHUE BJIACOBA-MAKCBEJUIA-OMHIITEMHA
N PEJIATUBUCTCKAA TNAPOAJUNHAMHUKA

B.B. Benensnun, H.H. ®umun, B.M. UeueTkuH.
WuctutyT npuxiagHoi matematuku umenn M.B. Kennpina PAH, Mocksa
vicveden@yahoo.com

Co BpeméH MakcBemna u bossiMaHa ypaBHEHUS Ta30- M THAPOJUHAMUKH TOMYYalOTCS M3 KHHETHIECKUX
YpaBHEHHUH IMOJCTAaHOBKOM MAaKCBEJIOBCKOro pacmpenenceHus. IIpu temmeparype paBHOM HyJI0 MaKCBEJIOBCKOE
pacnpeeneHue BEIpOKAaeTes B IesibTa QyHKIMIo J{upaka, 1 Takas oJCTaHOBKA CTAHOBHUTCS TOYHOM, KaK 3TO OBLIO
obHapyxeHo emé BracoBsiM Ha mpumepe ypaBHenuit tuma Bmacoma [1]. IlpuMmeHeHHe 3TOH MOJCTAHOBKH B
PENATUBUCTCKOM cHuTyanuu TpeOyeT TIIATEeIbHOTO BBIBOJA YypaBHeHMHM BrnacoBa—MakcBenna—OiHIuTeiiHa u3
COOTBETCTBYIOIIMX KJIACCHYCCKHX JarpamkuaHoB Makcseuta—DinmTeitna— unpbepra [2—4]. UtoObl BhIMKCATH
yYpaBHEHHs JABW)KEHHS YacTHI], HOTpeOoBanoch M30aBUTHCS OT MHTEPBaja MM COOCTBEHHOTO BPEMEHH B OOBIYHOM
nojxoae, 4ToObl 3aTeM mepeiTH K ypaBHeHuto JluyBwuist B ¢popme Poka—Beitnbepra [2]. A uToOBI BBIIHCATDH
ypaBHEHHS [UIA TIOJIeH, MOTpeOOBaJOCh MepeiiTh K HOBOW (opMme IeHCTBUS, 3alMCaHHOTO dYepe3 (HYHKIIHIO
pacmpeseneHus: TaKuM 00pa3oM BIIEpBBIC IIOJMydYEeHA B 3aMKHYTOM BHIE MpaBas 4acTb ypaBHCHHMH OWHIITEHHA.
[lomydennass ¢opMa ypaBHEHHH pPE3KO OTJIMYAECTCS OT MpeaiaraBIIuxcs paHee (opm ypaBHeHHs Briacosa—
MakcBesuia—DiHIITeiHA WK Jake npocTo BracoBa—Ditnireitna [5-8]: paHee ucmnonb3oBaBIInuecs ypaBHEHHUs, KaK
BBIICHWJIOCH, O0JIaJaf0T HEIOCTaTKaMHM, B YAaCTHOCTH, HE COXpaHSIOT ymcio dactum. Ilocrme 3Toro mepexon K
THAPOJMHAMHUKE TPAaBUTHUPYIONIEH 3apsDKCHHOW OJKMIKOCTHM B paMKax oOOIedl Teopuu OTHOCHTEIHHOCTH
3aKaH4YMBACTCS CHOBA TOYHOM I'MIPOAUMHAMHUYECKON MOJACTAaHOBKOM TaK K€, KaK 3TO JeNaeTcs A yPaBHEHUM TUIIA
BunacoBa B HepensTHBUCTCKOM ciydae [1, 9-13].
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YCTOMYHUBOCTD JIBYMEPHBIX IPOCTPAHCTBEHHO-IIEPUOUYECKUX TEUEHUI BSA3KOM
HEC)KUMAEMOM )KUJIKOCTH K NEPUOJIUYECKHAM BO3M YIIIEHUSIM

W.W. Beprreiim', M.A. 3akc?, P.B. Carutos®, A.H. lapudymuun*
! MucTuTyT MexaHuKH cIutomHbIX cpen YpO PAH, IMepmb
2 Vuusepcuter umenu I'ym601ba10B, Bepaun
3 TlepMcKuii rocyjapcTBEHHbIH HALMOHANBHBIHA HCCIIEI0BaTeIbCKMit yHUBepcuTeT, [Tepmb
4 [TepMckuii HALMOHANBHBIN HCCIEN0BATENLCKHUI TONUTeXHUYeCK1H yHuBepcuteT, [lepMb
wertg@icmm.ru

PaccMmoTpeHbl AByMepHBIC TCUCHUS BSI3KOM HECI)KUMACMOM JKUIKOCTH B IUIOCKOH MPSMOYTOJILHOW O0JIACTH,
BBI3BAHHBIE CHJIOM, MEPHOAMYECKOH MO MPOCTPAHCTBEHHBIM KOOpPIAMHATAM M TOCTOSHHOM 1O BpemeHu. Jis
HCKOTOPBIX KOH(DUTYpalnii CHITBI M3BECTHBI peleHus ypaBHeHU HaBbe—CTOKCa, B KOTOPBIX TBOSIKOIICPUOIUYHO U
nojie CKOPOCTH, a Tepuojsl ly, |y KpaTHbl MPOCTPAHCTBEHHOMY MEPHUOJY CHUJIbI: B YAaCTHOCTH, JBYXBHUXPEBOE C
MIPOKAYKOH B JBYX HampaBleHUSAX [l] W OJHOBHMXpeBOE THIA «Komadbd riasza» [2]. JlarpamkeBa TuHaMHKa
MACCHUBHOM MPUMECH B TAKHX TCUYCHUSIX HEOObIUHA: ()PAKTATBHBIN CIIEKTP CKOPOCTH, aHOMAIIbHBIC XapaKTCPUCTHKH

TpaHCHOpPTa W T.. B maHHOW paboTe, IS BBIHY)KIAIOIICH CHJIBI BHA ﬁ(x, y)=(4sin(y), 4,sin(x)) » © y4ETOM
HapaMeTPU30BaHHOrO uepe3 Rey u Rey HEHYJIEBOTO pacxoja >KUAKOCTH B X- U Y-HampaBlICHHUSX, HCCIEI0BaHA
YCTOIYMBOCTh OCHOBHBIX W BTOPHYHBIX CEMEHCTB TEYCHHWH ¥ TPOBEICH aHAINW3 BO3MOXKHBIX HM3MCHEHUH B
JNarpamkeBOil IMHAMKKE Mepenoca. YacTHeivu ciaydasmu spisiores Teuenne Kommoroposa (nanee K59) (4, = Rey
= Rey = 0) [3] n Teuenne ¢ nByxKOMNOHEHTHOH cuioii (nanee ZPK96) (4,= 4,=1) [1]. B mepsom cnyuae pemenne

¢ GyHkmmel Toka W, (X,y)=A4,cos(y) ycroiuuso mpu ly <27z JINTMHHOBOJHOBAas MOHOTOHHAS HEYCTOHYMBOCTb

K59 (ly —»o) nonyuena mpu A, = V2 [4]. Ans sueex xoneuHoit amunkl ly >27 B Momuduxanuu K59 ¢ Rey.#0 u

ero JBYMEpHBIX 0000IICHHUSIX peanu3yeTcs KojaebaTesbHas HeyCToiunBOCTS [5].

J1sl HaxOXIEHUs CTallMOHAPHBIX PEIICHUH CHUCTEMbl U MCCICNOBAaHUS MX YCTOWYMBOCTU MCIOJIb30BaH
MHOTOMEpHBIIT MeTon HbIOTOHA, PUMEHEHHBIH Ui CHCTEMBI anreOpanvyecKux ypaBHEHHH B y37Iax CeTkKd [6].
HccnenoBanbl  yCTOMYMBOCTh  CTALIMOHAPOB K  INEPUOAMYECKMM BO3MYILUCHMSAM, IOCTPOCHBI JHAarpaMMBbL
YCTOIUYUBOCTH HA IIIOCKOCTH ONPEENAIONINX NapaMETPOB M BBITOIHEHBI PACUETHI MOJHOW HETUHEHHONW CHCTEMBI.
Ycranosneno, uro s ZPK96 B kBampaTHOH suelike, COOTBETCTBYIOIIEH NPOCTPAHCTBEHHBIM NEPHOAAM

BhIHYXatomedt cubl (mpu |, =1, =27) mepsuuHOe pemenue ycTOHYMBO Jakke MPU JOCTATOMHO GONBIIMX

3HAYCHUSIX aMIUTHTYIBI CHIIBL A. J[Ist citydast IpSIMOYTOJIBHBIX SYEEK, B CTOPOHBI KOTOPBIX YKIIA[BIBACTCS HECKOIBKO
NEepPUOJIOB CHIIBI, TOKa3aHa BO3MOYKHOCTh TOTEPH YCTOWYHBOCTH OCHOBHOTO TEUYCHHS C BO3HHKHOBEHHEM
CTalMOHAPHBIX U aBTOKONEOaTeNnbHbIX pexumon. Ha pucynkax npusenensl 3aucumoctu A, (1) n A, (Re,) nus

K59 n ZPK96 1 3aBHCHMOCTb HHKPEMEHTOB Oy BOMYIIEHHH C Pa3HBIMH ly, Iy oT .

0.5
— 1 =27 (K58) 25 — 1,721 =4x(l =4, =2r)
10 o Iv=2: (ZPK98) 20 —|l=2fr.ly=6ﬂ(lx=67r,ly=27r)
h |’(=2f (ny(21]=2_50) (ZPK98) |x=27r |y=87r(|,=87r4|y=27r)
o
-~ .
10 |
01 20 30 40 5 © 1 2 3 4 s 05, 1 2 3 4
1 f(2m) Re A

Pabora BbImosHEHA TpH GuHAHCOBOH TomIepxkke PODU (mpoekt Ne 20-51-12010 HHUO a) u Hemenkoro
Hayuno-uccenosarensckoro obmectsa (DFG: Projekt ZA 658/3-1).
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HOBEJEHUE INJIMHAPUYECKOI'O U COEPUYECKOI'O TEJIA B ZKKUJIKOCTH
P MOAYJIAIUN CKOPOCTHU BPAIIIEHUA ITOJIOCTH

O.A. Bracosa, 11.D. Kapryaun
IIepMmckuii rocy1apCTBEHHBIN I'YMaHUTAPHO-IIEAArOTMUECKUN YHUBEPCUTET, Ilepmb
vlasova_oa@pspu.ru

JluHaMnKa HEOMHOPOAHBIX MO IIOTHOCTH THAPOANHAMHYECKHX CHCTEM MPH BPALICHUM MHTEPECHA B CHIY
MIMPOKOTO PACIIPOCTPAHEHMS MOJOOHBIX CHCTEM B IPHPOJIC M TeXHUKE. Bo3aeiicTBEe BHEITHNX CHIIOBBIX MOJEH Ha
BpAIAIOIINECS CUCTEMBI MOXKET OBITh MCIOJIB30BAHO /IS YIPABJICHHUs AMHAMUKOW BKJIIOUCHUI Pa3IMYHbIX THUIIOB,
4TO SIBISCTCS AKTyalbHOW 3ajadeit sl KocMmuueckux TexHojoruit [1, 2]. Ilpu mamoil rpaBUTAnuu gaxe
HE3HAYMUTEIbHOE BUOPAIIMOHHOE BO3/ICHCTBUE HA CUCTEMY MOXET NPUBECTH K MOSBICHHUIO CHIIbL, JACHCTBYIOLIEH Ha
(ha3oBbIE BKIIIOYEHUSI BOJIM3H TBEPIOW TPAHUILIBI.

B Hacrosimieit paboTte n3ydaercsi JUHAMHKa TSKEJIOTO Tesla BO Bpalarouielcsl HMINHIPUIECKON MOJIOCTH C
KHUIKOCTBI0. CKOPOCTh BpAIEHHs TI0JIOCTH TIEPHOIMUECKH U3MEHSIeTCsl (MOIYIMPYETCs) C 3a/laBaeMOM 4acTOTOH U
amMmaTynoi. I1pu 3ToM cpenHsst CKOPOCTh BPAIIEHHS MTOJIOCTH OCTATOYHO BBICOKA AJISI TOTO, YTOOBI TSHKENIOE TEIO
MOJ JICHCTBHEM IIEHTPOOEKHOH CHIIBI HAXOMWJIOCh y CTEHKH IMOJOCTH M COBEPINAIO TBEPAOTEIHHOE BpAILCHHE
BMECTE C JKHIKOCThIO. B KauecTBe HCCIEOyeMBIX TeJ HCHOJIb3YEeTCS LIIMHAP M INApUK, IUIOTHOCTh KOTOPBIX
MPEBBINAET IUIOTHOCTh JKMIKOCTH. [l0JIOCTH 3amoNHSAETCs BOXHBIM PACTBOPOM TIJIMIEPHHA, BA3KOCTH KOTOPOTO
BappupyeTcs. JlnHaMuKa Tena M3ydaeTcs B IIMPOKOM JHana3oHe O0e3pa3MEpHBIX YacTOT: B MPEIEIbHBIX CIIydasx
TOJIIMHA MTOTPAaHUIHOTO ciiog CTOKca CpaBHUMA € XapaKTEPHBIM pa3MEpPOM TeJa, TMO0 MHOTO MEHBIIIE HETO.

BpamatenbHpie KOJIcOaHUS CTEHKH MOJOCTH Ha (POHE JOCTATOYHO OBICTPOrO CPEIHEr0 PABHOMEPHOTO
BPAILICHUS BBI3BIBAIOT a3WMYyTalbHBIC KONCOAHHUS TSHKENOro Tena BHOAb ee rpaHuibl [3]. VICTOYHHKOM 3THX
KoJyieOaHMH SIBJISETCS B3aMMOJICHCTBHE TeJa C BSI3KHM IOTpaHUYHBIM ciioeM CTokca, (GOPMHUPYIOIIMMCS Ha CTCHKE.
B xone HepaBHOMEPHOIO BpPAILEHUS IOJIOCTH BSA3KUI NOTPAHUYHBIN CJION YBJIEKAET MOTPYKEHHYIO B HErO 4acThb
WJIMHAPA, OJHOBPEMEHHO CMeEIasi TeJO BJOJb IPAaHMIBI M 3aKpy4uuBasl €ro BOKpYr coOcTBeHHOW ocu. Ha ¢one
BpaIllaTeIbHBIX KOJICOAHWH Tena NpH AOCTATOYHO OOJBIIMX aMIUIMTyJaX MOIYJISALIMH BO3HUKAET OCPEAHCHHOE
BpallleHUE Telna BOKPYT cBoei ocu. IIpym momoImmm CKOPOCTHOH BHAEOCHEMKH JETATHHO H3YYalOTCS OCHOBHBIC
XapaKTEePUCTUKH JIBIDKCHHUS TEJNA, & TAKXKE CTPYKTYPBI TeUCHNUS BOIN3U HETO.

Pabota BhinonHeHa npu puHaHCOBOM mouepxkke PODU (npoekt Ne 18-31-00363).
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NHTEHCUOUKANINA MACCOIIEPEHOCA B KAHAJIE KPYI'JIOT'O CEYEHUA
C IEPUOJUYECKHU UBMEHAIOIIUMCA THAMETPOM

O.A. Bnacosa, JI.A. TTonexaes
IIepMmckuii rocy1apCTBEHHBIN I'YMaHUTAPHO-IIEAArOTMUECKUN YHUBEPCUTET, Ilepmb
vlasova_oa@pspu.ru

OKCIIepUMEHTAIBHO U3Y4AEeTCsl MacCOIEePEHOC apoB H3OMPOIMIIOBOTO CIIMPTA B BO3AYXE B AJMHHOM KaHAJle
KPYIJIOTO CEYCHHS IEPEMEHHOI0 AWaMeTpa B YCJIOBHSX, KOTAA BO3IAYX COBEpILIACT NPOJNOJIBHBIE KojeOaHus. B
KaHajlax IIOCTOSIHHOTO M TEPEeMEHHOTO CEYeHMsT B OTCYTCTBHE KOJIeOAHMH NPOJONBHBIN IEpeHOC BELIeCTBa
NPOUCXOIUT BeiencTBue nuddysun. MHTEeHCUBHOCTh ITU(PQY3UH MOXKET OBITh CYHNIECTBEHHO YBEIWYEHA, €CIH
BO3JlyX B KaHaJle COBEpILNAET IPOAOJIbHBIE KojieOaHus. DKCIIepUMEHTAIbHBIE NCCIIEIOBAaHUS TIOKa3bIBAIOT, YTO MPH
HammuuK KoseOanuii 3ddexTuBHBIN K03 (GUIMEHT NpomosbHON Auddy3un B KaHajlax MOCTOSHHOTO JUaMeTpa
u3Mensercs no 3akony Dadd ~Pe? [1] (Pe = bwd/D - umcno Ilexne, b u » - aMmmirysa ¥ HUKIMYeCKas 4acToTa
konebanuii, d - auamerp kanama, D - xosdduiment ecrecTBeHHON ANPDY3HH) U MOKET B HECKONBKO pa3
mpeBeIaTh KodpduuueHT ecTecTBeHHOH muddy3mn. HMHTeHCHMHUKAannUs MaccomepeHoca B 3ITOM  CIydae
obmsicHsierca qucnepeueii Teitnopa [2], koTopas HanbOoinee >pdeKTUBHA, KOTAA TOJIIMHA BSI3KOTO MOTPAHHYHOTO
ciosi, popmupyromerocsi BOJIM3M CTEHKH KaHajla, CpaBHHMA 110 BEJIWYMHE C €ro AUAMETPOM, TO €CTh B MPEASIIbHOM
cllydae HU3KHX Oe3pa3MepHBIX 4acToT. [Ipu yBenmuueHHH Oe3pa3MepHON 4acToThl aucrepcus Teitnmopa OBICTpO
ocabeBaeT ¥ CTAHOBHTCS NPEHEOPEKMMO MAJION B IIPEIEILHOM ClIydae BEICOKHX Oe3pa3MepHBIX 4acToT.

B HacrosleM SKCIIEPUMEHTAILHOM HCCJICHOBaHHM BHHMAaHHE YHACISETCS H3YYCHHIO MaccolepeHoca B
JUIMHHOM KaHajle KPYrOBOTO CEYEHHUs C MEePHOANYECKH H3MEHSIOUIMMCS THaMEeTpOM B OO0JAacCTH BBICOKHX
0e3pa3MepHBIX 4acToT Kojebanuit. OOHapyxeHo, 4To 3(dekTuBHbli kodddunment auddy3un 3aBUCUT OT 4yuciIa
[Texne w MokeT mpeBbIaTh KOA(QQUIHMEHT ecrecTBeHHOH aupdy3un Ha mnopsnok. IIpeanonoxuressHo,
MHTEHCU(HKALUSI MacCONepeHoca B 3TOM Cliydae OOBSICHSETCS TeHepallell OCPeIHEHHBIX BUXPEBBIX TCUCHHUIl B
s4yelikax KaHaja. BUXpeBble MOTOKM BO3HUKAIOT BCJIEJCTBUE HEOJHOPOJHOCTH aMIUIUTYABI KOJEOaHHH BO3/1yXa B
Y3KHX M IIMPOKUX CEUYCHMAX KaHana. B mpenBapUTENbHBIX HKCIEPHUMEHTAX [3] ¢ OCHMIMPYIOMIEH JKUIKOCTHIO B
KaHaJle C TEPUOANYESCKA H3MEHSIOIUMCS AWaMETpOM OOHapy»KeHO, YTO B KaXKIOM M3 CETMEHTOB KaHaja
BO30Y)KHACTCSl OCPECIHCHHOE TEUCHHE JKHIKOCTH B BHAE CHCTEMBl TOPOMIAJIBHBIX BHUXPEBBIX CTPYKTYD.
VIHTEeHCHBHOCTH OCPEHECHHBIX IIOTOKOB BO3PACTACT C HOBBIILICHHEM aMIUIUTYIBI M 9aCTOTHI KOJICOaHUH KHKOCTU 1
B KaHaJe 3aJaHHOW I'C€OMETPHH OmpelelsieTcs BEINYUMHOW MyJIbCalllOHHOTO 4Yncia PeitHonbaca m Ge3pasmepHoO
yacToToi. [Toka3aHo, 4To B 00JIaCTH HU3KUX Oe3pa3sMEpHBIX YaCTOT B BSA3KHX IOTPAHUYHBIX CIOSX (HOPMHPYHOTCS
NEepBUYHBIC BHUXPH, 3aHMMAIOIUe Bech 00beM cermeHTa. C yBenMYeHHEM Oe3pa3MepHOI 4acTOThI IOIEPEYHBIH
pa3Mep MepBUYHBIX BHUXpEW yMeHbILIAeTCs (BUXPHU JIOKAIM3YIOTCS BOJIM3M TpaHHIBl y3KOW 4acTh KaHana). Ilpu
JIOCTaTOYHOW HMHTEHCHBHOCTH JIBMIXKCHUSI TNEPBHUYHBIX BHXpEH B OCTAILHOM 00beMe cerMeHTa (OpPMHUPYIOTCS
BTOPHUYHBIE BUXPH MPOTHUBOIOJI0KHON 3aKPYTKH.

B obnactu HH3KHX Oe3pa3MepHBIX YacTOT KoJieOaHM BKJIaJ B MaccomepeHoc aucnepcun Teiopa MOXeT
OBITH CpPaBHHMM C BKJIJIOM BHXPEBBIX TEUEHHH B siueiikax KaHaia. B BBICOKOYACTOTHOM Mpejielie BKJIAJ BUXPEBBIX
HOTOKOB CTAHOBHUTCS JOMUHUPYHOIIUM.

Pabora BrimonHeHa mpu ¢uHAHCOBOH moxnepxke PODU (mpoext Ne 17-41-590773) m mpaBHTENbCTBA
Iepmckoro kpast (mpoexT Hay4nast mikona C-26/1191).
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KOHBEKTHUBHASI HEYCTOMYUBOCTh MHOTOKOMITIOHEHTHOM KUJIKOCTH
CO CJIOXKHBIMH 3AKOHAMHU TUDDY3IUU

B.A. Batkus, I.A. Bpanyn
[lepmckuii HaLMOHANBHBIN HCCIEA0BATEIbCKUIM OIUTEXHUUECKUI yHUBEpCcUTeT, [lepMb
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HeycroitunBocTs nBoiHOMN nuQy3un B KUIKNX MHOTOKOMITOHEHTHBIX CHCTEMaX UMEeT OOJBIIOe 3HAaUCHHUE
JUTS 33]1a9 OKEAHOJIOTHH ¥ XHMHUUYECKOH TEXHOIOTHH. JI0CTaTOYHO MOAPOOHO NCCIIEIOBAHBI IBYCIOMHBIE CHCTEMBI, B
KOTOPBIX B HayallbHbIii MOMEHT BPEMEHHU CMECH Pa3JeJIeHbI 110 NPOCTPAHCTBY M 3aTeM JU((YHIUPYIOT HaBCTpEUy
apyr apyry. OmHako, IpUMEHEHHE IOJOOHOHM MOCTAaHOBKHM K 3a/jadyaM OKeaHorpaMu JOCTATOYHO CIIOPHO, T.K.
TEIIO ¥ COJIb B OKeaHaX, BHOCAIINE pa3HbIe M0 3HAKY BKJIAJbl B IIPUPALIEHUS IUIOTHOCTH, AUGPYHAUPYIOT B OTHOM
Hanpasnenun [1].

B nanHo#l paboTe paccMaTpuBaeTCs JBYXCIOWHAs CHCTEMa, COCTOSIIAs W3 BOIHOTO pPacTBoOpa CMecH
KOMITOHEHT (HWKHHUI CJIOM) U pacTBOpUTENs (BEpXHHUH CIIOW), B Ka4ecTBE KOTOPOT'O MCIOJIb3YyeTcs Boja. B naHHOM
ciydae 06a KoMIoHeHTa OynyT andGyHIUPOBATh B BEPXHUI CIOW B OJHOM HaIlpaBICHHUH. PaccMaTpuBaroTCs IBa
cirydas, Korzja OBICTPBI KOMIIOHEHT Oonee Jierkuii m Oosiee TsDKenbld. MaTtemaTwdeckas IOCTaHOBKA 3aJadd
BKJIIOYaeT B ce0sl COBMECTHOE DEIICHHE CIEAYIOINX ONPEASIIMIOMNX YPaBHEHUH: YpaBHEHHS HEpa3phIBHOCTH,
ypaBHeHus HaBre—Crokca B npubmkennu Xene—llloy, a taxoke ypaBHeHHS 1u(Qy3un 111 000MX PaCTBOPEHHBIX
B Bojie KOMIOHEHT. nddy3noHHbIe craracMble B YpaBHCHHUSX Ul KOHLIEHTPALMH KOMIIOHEHT 3allMCHIBAIOTCS B
BHUJIE, YIUTHIBAIOIIEM 3aBHCUMOCTh K03 duimenTos anddys3nu oT KOHIEHTpanun peareaTos [2, 3]. J{ns pemenus
OTIPEICTAIONIMX YPaBHEHUI HEOOXOIUMO C/IeNaTh HECKOJBbKO BaXKHBIX MPENNONIOKeHUH. Bo-nepBhIX, Kaxablil U3
KOMITOHEHTOB MOYKET BJIUSTH TOJBKO Ha CKOPOCTh CBOEH COOCTBEHHOW AM((Y3nH, YTO 0OYCIOBIEHO MX MaJbIMU
KOHIICHTPAlMsAMH, Kak 3T0 Obuto B dKcmepuMmente [1]. Bo-BTopeiX, B pamkax mnpubmmkeHus ByccuHecka Ml
npeHeOperacM BapHalMsIMH IUIOTHOCTH BO BCEX ciaraeMbIX B ypaBHeHuH HaBbe—CToKca, KpoMe MHEPIIMOHHOTO.
[Mpuuem, mpu pa3noXKEHUH IUIOTHOCTH B CllaraeMoM, IpeICTaBIsIolmeM O0beMHYyI0 cuity, B psan Teinopa
HEOOXOINMO OCTaBISTh WICHBI, UMEIOLINE MOPSJOK BBINIE JMHEHHOTO, YTO MOKHO OOOCHOBATH MOTECHIIMAIHHO
CJIOKHOM 3aBUCHMOCTBIO TUNIOTHOCTH OT KOHLIEHTPALMH BEIECTB.

[Ipn peniennu 3amauM CHa4ajga HAXOMWJIOCH OCHOBHOE COCTOSHHE CHCTEMBI, IO KOTOPHIM ITOHHMAaeTCs
COCTOSIHME peaknuu-Tudy3un, a S>KHUIKOCTh HAXOAWTCSI B MEXaHWYECKOM pPAaBHOBECHH. Takoe COCTOSHHE
HaXOAMJIOCh YMCICHHO C IOMOIIBI0 METOAa KOHEYHBIX Pa3HOCTEH, a 3aTeM HCCIEeNOBaIOCh Ha YCTOWYHMBOCTS.
Hanpumep, ju1st ciydast ObICTpOH | JIETKOI KOMIIOHEHTHI, B KA4€CTBE KOTOPOI paccMaTpUBAJICS AlleTOH ¢ HaJaJIbHOH
KOHIIeHTparmeit 2.748, u Tsokenoit MemieHHONW KOMMOHEHTHI (cynbdar Memu ¢ konientpanued 0.117), mokasamu
HaJlMyhe TOTEHIHMAIbHOW HeyCcTOHuMBOCTH B IUddy3noHHON 30He. Ha pucyHKe npencTaBiIeHbl pe3yJbTaThl
NPSMOT0 YMCICHHOTO MOJAEIMPOBAHUS TOJIHON HEJMHEHHOW 3a7a4u. DBOJIIOIMS UIOTHOCTH [TOKa3aHa JUIsS YeThIPEX
MOCJIEI0BATENILHBIX MOMEHTOB Oe3pasmepHoro Bpemenu t=3 (a), t=4 (6), t=5 (8) u t=6 (r). Pacuer mokasan, 4TO
HEeYCTOWYHMBOCTH JIBOMHON Au(dy3un B JaHHOI cHCTeMe pa3BUBAETCSI C HEKOTOPHIM 3amaspiBanueM (a). Korna xe
HEYCTOWYMBOCTh HAYMHAET pAa3BUBATHCS, TO OTO MNPOHUCXOJUT HECHMMETPUYHO: NaJbYMKOBBIE CTPYKTYPBI,
pa3BUBarOIIKeCs BHU3, ABUTatOTCA ObicTpee (0). Co BpeMeHeM, KapTHHA CTAHOBUTCS CHUMMETPHYHOMH (B, T).

0 0 0.004 0 0.01 0 0.015
-0.001 -10 0.002 -10 -10
0.005 0.01
-0.002 20 0 -20 -20
0.005
-0.003 0
30 -0.002 -30 -30
-0.004 0
-40 -0.004 -40 -0.005 40
-0.005 -0.005
-50 -0.006 -50 -50
-0.006 -0.01
-0.01
.0.007 -60 -0.008 -60 -60
-0.015
-0.008 -70 -0.01 -70 70 -0.015
-0.009 -80 -0.012 -80 -0.02 -80 -0.02
0 10 20 0 10 20 0 10 20 0 10 20
(a) (6) (B) (r)

Pa6ora BeimonHeHa npu noauepxke PODOU (mpoext Ne 19-01-00621).
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MOJAEJIUPOBAHUE TUHAMUKHU YJAPHBIX BOJIH B BOJHBIX TIEHAX C YYETOM
BA3KOYIIPYTUX CBOMCTB U ABJEHU CUHEPE3UCA

3.®. lattnymnaa, P.X. bomorHOBa
Wucturyt mexanunku uMm. P.P. MaBmrotoBa YOUILL PAH, Ya
elina.gef@yandex.ru

BaxxHOCTB HCCeIOBaHUS IEMII(PHUPYIOMINX CBOHCTB BOAHBIX IIEH IPH THHAMHYECKOM HArpyKEHHH CBs3aHA C
BO3MOKHOCTBIO HCIIOJIH30BAaHUS TICHHBIX OapbepoB B KadecTBE A(PQPEKTHBHBIX NPOTHBOYIAPHBIX 3alIUT OT
pa3pyluTeasHOro Bo3eiicTBus yaapHsIx BoiH (YB). B [1 — 4] uccnenosassl cBoiicTBa BOJHBIX IEH, II03BOJSIONIUE
CHIM)XXaTh OCHOBHbIE mapamerpbl YB. BzaumopeiictBue ceprueckoro yaapHOro MMITyJbca C HEHHBIM 3KpaHOM
u3ydeno B [1, 2] ¢ mpuMeHeHHEM MeETOJa TMOABMXKHBIX JarpamxeBbix ceTok [1] u makera OpenFOAM [2, 5] B
JIBYMEPDHOH OCECHUMMETPUYHON IIOCTaHOBKE. UYMCICHHOE MOJCIMPOBAHUE DBOMIOUUM YB, HMHUIUMUPOBAHHOU
B3peIBOM BB, B BOJHOI meHe i YCIOBHI dKCIepUMEHTOB [3] mpoBeneHO B [4] B OAHOMEPHOM HPUOIIKCHUH
METOJIOM CKBO3HOTO CYETa C aHAJIM30M BIJIUSHUS MEK(a3HOr0 KOHTAKTHOTO TEIIIOOOMEHA Ha CTETCHb JUCCUIIALNH
sHepruu YB.

B HacTosmielt pabote mpoBeneHO MaTeMaTHISCKOe W YHCICHHOE MOICTHPOBAHNE TUHAMHUKH CPEPUICCKOTO
B3pBIBa B BOJHOI TMEHE B COOTBETCTBHU C IKCIEpUMEHTaMH [3] ¢ Ooiee MeTambHBIM, IO CpaBHEHHIO C [4], yaeToM
CHII MeX()a3HOTO CONPOTHBICHUS, KOHTAKTHOTO TEIDIOOOMEHa, BS3KOYIPYTHX CBOWCTB M CHHEpE3Wca IICHBI C
YpaBHEHHUSIMU COCTOSIHHSI €€ KOMIIOHEHT st Bo3ayxa [6] u Bomel [7]. IpemnoxeHHas Momesib BOJHON IMEHBI
YHCIICHHO pEaIM30BaHa B HOBOM pelIaTelnie, pa3padOTaHHOM aBTOpAMH HACTOSIIETO HCCICIOBAHUSA B OTKPBHITOM
nakete OpenFOAM.

CucremMa MOJAETBHBIX YpaBHEHHH BKIIIOYACT 3aKOHBI COXPAHEHHUS MAacChl, MMITylIbca M JHEpruu ¢a3 B
COOTBETCTBHM C OJHOJABICHYECKUM, IBYXCKOPOCTHBIM, ABYXTEMIIEPATypHBIM HPUOIIKEHUSIMH B TPEXMEPHOM
mocTaHoBKe. J{J1s1 onrcaHus BI3KOYIIPYTHUX CBOICTB BOIHOM TIEHBI HCITONB30BaHa 3(h(heKTUBHAS BSI3KOCTH [ epiierns—
Bankmu [8]. TloTepst BoJoCOMEp)KaHUSI B BEPXHHX CIIOSIX TEHBI 3@ CUCT OCAKICHUS (CHHEpEe3rca) yuTeHa B BHIC
yOBIBafoIIeil M0 BBICOTE (YHKIUM €€ HadallbHOTO pAaCHpeleNiCHHs, a TakXKe IpH ONHCAaHHUH MexX]pa3sHoro
conporuBnenust lumnepa-Haymana [9] BBeneHumem mapamerpa, 3aBHCSIIEIO OT HCXOAHOTO BOJOCOZIEPKaHUS.
Meskda3Hblii KOHTAKTHBIN TEMII000MEH onpeeneH o ¢popmyine Panna-Mapinamna [9].

B mopenm mpenmonaraercs, 9To 3a GpOHTOM CHIIbHOW YB meHa paspymraercs Ha Mukpokaru [10] B Bume
MOHOJUCTIEPCHOH ra3okarmenbHoi cMecu. s cmadbix YB, kornma HampsoKeHHs COBUTa HIDKE MpeeNa yIpyrocTH,
[PU OTMCAHUU CBOWCTB BOJHO# MEHBI UCTIONB3YETCs BI3KOYIpyras Moens [ epiens—bankiu [8].

B pesynpraTe YHCICHHBIX MCCIEOBAaHMI H3ydeHa IUHAMUKA PpACIpPOCTPAHEHWs B BOJHON IIeHE
chepuueckoii YB, BeIBaHHOW B3peIBOoM BB, mma ycmoBumit skcmepumentoB [3]. IlokasaHo, dYro mpm
pacnpocTpaHeHu YB Briay0b BOJHON TEHBI ¢ TEYEHHEM BPEMEHH TMPOWCXOJUT 3HAYUTENbHOE OciabiieHne
WHTEHCUBHOCTH (poHTa YB, uyTo 0O0yClIOBIEHO auccumanueidl sHeprun cdepuueckoir YB mo mpocTpaHCTBY,
SHEPTONOTJIONIAIONTUMH CBOMCTBAMH BOJHO MEHBI U BIMSHUEM €€ BA3KOYNPYIHX XapaKTEePUCTHK. YUET IPOIEeCCOB
CHHepe3Hca Ha YIOaJICHHH OT IEHTpa B3phIBa MPHBOAHUT K HEKOTOPOMY YBEIHUYCHHIO CKOPOCTH YB U ocrabieHuto
BIIMSTHUS CHJT MK (a3HOTO COMPOTHBIICHHSI.

CpaBHHUTENBHBIA aHATH3 SKCIEPUMEHTANBHBIX JAaHHBIX M IOMYYEHHBIX pEIIeHHH Mo mpeanoxeHHo 3D
MOJIEJIN BOJHOM TEHBI MOKa3al WX HAWIydIllee COIVIACOBAaHUE IO OTHOLICHMIO K paHee MOIY4YEeHHBIM pe3yibTaTaM
JUTsI aHAJIOTUYHOM 3a1auu B 60Jjiee MPOCTOM OJHOMEPHOM MPUOIKEHUH [4].

HccnenoBanue BbINONHEHO 1pu (pruHaHCcOBO# noyiepkke PODU B pamkax HayuHoro npoekta Ne 20-31-90013.
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HEJIMHEWHBIE PEXKAMBI JIEKTPO®OPE3A HOHOCEJIEKTUBHOM MUKPOT PAHYJIBI
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®unancoBblll yHuBepcuret npu [IpasutensctBe Poccuiickoit @enepanuu, KpacHonap.
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SBnenune snekrpodopesa mpencTaBiseT coOOW ABIKCHHE YACTHIl B XKHAKOCTH IO ICHCTBHEM BHEIIHETO
JIEKTPUYECKOr0 ToisA. Takoe ABMKECHHE BO3HHKAeT Onarofapsi IBOMHOMY S3JEKTPHUECKOMY CIIOI0, B KOTOPOM
(hUKCUPOBAHHBINA 3aps/l CO CTOPOHBI YaCTHIBI KOMICHCHPYETCS MOOMIBHBIM 3apsSA0M CO CTOPOHBI 3JIEKTPOJIHTA.
BHeHee anekTpudeckoe nose 1eicTByeT Ha MOOMIIBLHBIN 3apsiil, KOTOPBIH yBJIEKaeT 3a co00i Oy(hepHYyIO KHIKOCTh
Y MTOPOXKJAeT JIBI)KCHNE CaMOM YaCTHIIBI.

Ipu aBM>KEHHM MUKPOYACTHI, BBUAY MaJbIX 4yuced PeliHombaca, W3HAYAIbHO OBLIO MPHUHATO CUUTATh, YTO
0oOTeKaHHE SIBIIACTCS JIAMUHAPHBIM, @ CKOPOCTh YAaCTHIBI MPSIMO IMPOMOPIIMOHATbHA HANMPSDKEHHOCTH BHEUTHETO
3NEeKTpUUEcKoro nos (anexTpodopes nepsoro poaa) [1]. Oxgnako cymecTBeHHO no3aHee JIyxuH mokasai, 4To ecliu
MHUKPOYACTHIIA U3TOTOBJICHA U3 MOHOCEICKTHBHOIO MaTepualia, TO IUIS OOJBINUX 3HAYCHHN HANPSHKEHHOCTH TOJIS
JMUHEHHasT 3aBHCUMOCTh HApYIIAeTCs, W YaCTHIA JIBIKETCS OBICTpee TeopeTHdecKux mpenckaszanmii [2]. Torma
JdyxuHpIM OBITAa TIPEANIOKEHA TEOpHs DJIEKTpodope3a BTOPOTO pPoOAa, MpeAroiararmas KBaIpaTHIHYIO
3aBHCHMOCTh CKOPOCTH OT HANPSHKCHHOCTH TMOJA. TeopeTndeckd NaHHAs CUTYalds aHAIOTHYHA HEPABHOBECHBIM
mporieccaM, MPOUCXOIAIIAM OKOJIO MOHOCEICKTHBHOW IIOCKOW MOBEpXHOCTH [3], UTO HaMEKalo Ha HAIHJHE
HEYCTOWYHMBOCTEH U AJIEKTPOKOHBEKITHH.

B nmoxmame mpencTaBICHBI Pe3yabTaThl TEOPETUIECKOTO HCCICIOBAHUS DIEKTPO(POpe3a MOHOCSICKTHBHON
MUKpOI'paHyJibl Ha OCHOBC UYHUCJICHHOI'0 MOACIUPOBAHUA W ACHUMIITOTUYECKOI'0 aHain3a. I[J'ISI MaJlbIX
HanpsHKEHHOCTEH 3JIEKTPUYEcKoro moiisi OblIo monydeHo o0oOmieHue ¢(opmynsl CMOIYXOBCKOTO Ha Cllydaid
MOHOCENEKTUBHON MHKporpanyibl [4]. C yBelndYeHHEeM HaNpsDKEHHOCTH TI0JIST BO3HMKAET 3JIEKTpodope3 BTOPOro
poJa. BblI0 00HapYKeHO, YTO IIPH 3TOM CKOPOCTh 2/1eKTpodopesa ABIsSeTC He KBaAPaTUYHOI, a UMeeT cTereHs */3,
4TO JIyYIlle COTJIACYETCS ¢ MMEIOIIUMHUCS KcrepuMerTaMu [5]. Tlpu 3TOM, cOrlacHO OXKHMIAHHAM, LIS JOCTATOYHO
OOoNBPIIMX HAMPSOKEHHOCTEH TIONI1 CTAallMOHApHOE OOTEKaHHWE TepseT YCTOHYMBOCTh M MPHUBOAWT CHadalda K
MIEPUOTUIECKUM, a 3aTeM W K CTOXAaCTUYECKHM TedeHWsM. Hamm mociemHue HCCIeNOBaHMS IOKA3bIBAIOT, YTO
MpUpOAa IEKTPodope3a BTOPOrO pola OKa3bIBaeTCs 0ojee CIOXKHOH, YeM MPOCTO HalUYHe 3JICKTPOKOHBEKIIUH.
Tak, OpUTO OOHApPY)KEHO HAJW4YHE ABYX CTAlMOHAPHBIX PEKUMOB OOTEKAaHWS, KaXIbIH M3 KOTOPBIX II0-CBOEMY
TepsieT YCTOHYUBOCTS [6].

Ha pucyHKe AeMOHCTPHUPYETCS IKCIIEPUMEHTAIbHAS BU3yaIH3alus TCUCHUs mpu djaekrpodopese [2] (ciaera)
U pe3yJIbTaThl YHCICHHOTO MoenupoBanus [5] (crmpasa).

Pabota Bemonnena npu nojyepxke PODU n anmunauctpamun KpacHonapekoro kpast (nmpoextst Ne 18-08-
01158, Ne 18-58-15004, Ne 19-48-233009, Ne 19-48-233010).
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3KCIEPUMEHTAJIbHOE UCCJIEJIOBAHUE PA3BUTHS BOSMYIIEHU B KPYIJIOM CTPYE
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HUU mexannku MI'Y umenn M. B. JlomonocoBa, MockBa
gareev.lr@yandex.ru

JanHas paboTa TMOCBAIIEHA 3KCHEPHMEHTAIBHOMY WCCIEIOBAaHHIO DPA3BHTHS BO3MYIIEHHH B KPYIJoOi
JTaMHUHApPHOW CTpye, a TaKKe HEKOTOPhIM METOAaM WX H3MepeHHs. lccriemoBaHWs NpPOBOMMINCE Ha 0Oase
nmabopaTtopun sKcnepuMeHTanbHo ruppogmHamukn HUUW Mexaamku MIY Ha ycrpoiictBe, (opMupyromem
KPYIJIyIO 3aTOILICHHYIO JJAMUHAPHYIO CTPYIO.

B nuneliHON Teopun yCTOHYMBOCTH NMPUCTEHHBIX CABUTOBBIX MOTOKOB BCETO JIUIIB HECKOJIBKO KJIACCHYECKHUX
pe3ysbTaToOB OBLIM MOJTBEPIKAEHBI IKCIIEPUMEHTAILHO, HAalpUMeEp, MOrpaHH4HbIA cioil bnasuyca [1], TeueHue
Ilyazeiinas B kpyrioit tpyde [2], mnockoe Tedenue [lyaseiins [3]. YCTOHUMBOCTH CTPYWHBIX MOTOKOB M POCT
BO3MYIICHUH B HUX H3y4EeHBI rOpa3fi0 MEHbIIE M3-3a HU3KUX KpUTHYECKUX uuceln PeiHonpaca Re u paspymienus
CBOOO/HBIX CTPYH Ha BBIXOZAE M3 OTBepcTHs. HenaBHO aBTOpaMu ObLT IPENCTaBIEH METOMA CO3AaHUs JTAMHUHAPHBIX
cTpy# Bo3nyxa auamerpoM D = 0.12 M, COXpaHSIOLUX CIOUCTYIO CTPYKTYPY Ha paccTossiHuu 5.5 D OT BBIXOJHOTO
oTtBepeTus Ans uncen PeitHonbaca Re ~ 10000 [4]. CxeMa ycTaHOBKM IPEACTaBIECHA HA PUCYHKE.

B Hactosmel paboTe mpoBeneHa cepus AKCIEPHUMEHTOB C BH3YyalW3alled CTPYH Ja3e€pHBIM HOXOM,
HalpaBJIeHHAasl Ha MCCIIEJOBaHUE PA3BUTHS BOSMYILIEHHUI, T€HEpUPYEMbIX KOJIEOaHUIMHU METAJUINYECKOTO KOJIbIa, ’
nocienyomas obpaboTka MOJYYEHHBIX pe3yNbTaToB. JlmaMeTp Kousiblla mojabHpancs TakuM o0pa3oM, 4YTOOBI
JIOKaJbHbIE BO3MYIIEHUS TCHEPHPOBAIUCH B TOUKE Ieperuda mpoduist CKOPOCTH, COTJIACHO JHHEHHON TeopHH
ycroiunBocTH. IlomydeHsl U MpoaHaJIM3UpPOBAHBI JUIMHBI U YaCTOTHI BOJIH, BUJIMMBIX Ha OOKOBBIX KpasX TEUCHHS.
Hmeer MecTo Ka4eCTBEHHOE ¥ BO MHOTOM KOJIMYECTBEHHOE MTOTBEPIK/ICHUE TEOPETHUECKIX PacyeTOB.

Taxoke ObUIA TIPOBEIEHA CEPHS TEPMOAHEMOMETPHUECKHUX n3MepeHni. bplta HalieHa 3aBUCHMOCTD ITPOQHIIS
CKOPOCTH M OTHOCHTENIbHBIX IMYJIbCallMii CKOPOCTH OT paccTosHus oT nuddysopa. Pe3ynapraTsl 3KCIIepUMEHTOB
MOKA3bIBAIOT COOTBETCTBUE PA3BUTHS BOMYIICHUH JIMHEHHON TEOPHN YCTOHIMBOCTH.

Pabora moxnep:xana rpaatoM PH® Ne 20-19-00404.
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HEPEMEXAEMOCTbH MO/l KOMILIEKCHOT'O CJIEJIA B PAMKAX HEJIMHEMHOM MOJIEJIA
THUITIA BAH JEP IIOJIA, IAHJAY-CTIOAPTA

I".B. I'embapxesckwuii, K.}O. Ocunenxo
Uucturyt [Ipobdaem Mexanukn nmern A.1O. Ummmmackoro PAH, Mocksa
gvgemb@ipmnet.ru

B memax ¢pusmueckoro MoaennpoBaHUs KOMIUIEKCHOTO cliefia Obuta pa3paboTaHa mpocTasi OJHOMEPHAs MOJEIb
OmDKHEro ciena, OTIMYAIOUIAscs Y4eTOM HEIMHEHHOCTH B3aMMOAEHCTBHS MEXIy 00nacTaMH (OpMHUpPOBAHHA
nopoxxek Kapmana oT mapumanbHBIX HUIMHAPOB. [lepBOHAYaNbHBIN BapUaHT MOJETH OBbUT NMPEJIOKEH B paMKax
pabot o npoekry PO®U 13-01-00742 [1]. B pamkax Mojenn yaaeTcs BOCHPOU3BECTH OCHOBHbIE BU3yaIU3UPOBaH-
HBIE PEXHUMBI clie[ja napbl HWIMHIPOB: MOABI CHH(A3HO M NPOTUBO(A3HO CUHXPOHU30BAHHBIX J0pokek Kapmana,
JIBYXYaCTOTHYIO MOJly acHMMeTpuuHoro ciefa=biased flow, a Taxke MOy MOJHOIO TOAABJICHHS OHOW U3 JIOPO-
xek Kapmana. CornacHo MoJeny, TUIIMYHBIH peXXuM TypOYyJEHTHOrO cliesia - IMEePEeMeKacMOCTh MEXAY MOJaMHu
(ceMb pa3IUUHBIX PEKUMOB), TOT/A KaK HCCIEJ0BATENIN OOBIYHO YKa3bIBalOT HA MOHOMOJOBBIM PEXHUM, peanusye-
MBI B TOJABIIAIONICH YacTH KOH(QUTYPAIIMOHHOTO TPOCTPAaHCTBAa Takoro TeueHHs [2, 3]. DTo HecooTBETCTBHE
MOXHO OOBSICHHTB, B YACTHOCTH TEM, YTO B CJIydae MaJlOH BEPOSTHOCTH PEaln3alliy OJHOHW M3 KOHKYPHPYIOIINX
MOJI 9KCIIEPUMEHTATOP MOJKET €€ HE PA3IMINUTh HA (POHE IIyMOB PA3IMYHOTO NPOUCXOXKACHHS, TypOyICeHTHOCTH.

Yro naer mozens A 0O0BsACHEHHA 3¢ QeKTa NepecTpOWKU cliefa OT Maphl IMIMHAPOB IOJ IeHCTBHEM
TIerome-ro paspsiga [4]? B skcnepuMeHTe ¢ yBeIMYEHHEM TOKa paspsaa HaOmrofanach IUlaBHas TpaHC(hOpMAIs
CIIEKTpa IMyJIbCALMH CKOPOCTU OT paclpeleieHus ¢ equHcTBeHHbIM BY nukom, pacnonoxeHusiM Ha 1.12 k[ B
ra30BOM TE€UEHUHU, K PACTIPEACIECHUIO C IBYMs MUKaMu isl Teuenus miazmel BY nukom Ha 1.12 kI['it 1 HY nmukom Ha

0.8 k['. [Tpu 5TOM YacToTa MyJbcalmii B ciee oaunounoro muamnapa f = 0.9 k['n. Tpancdopmanus crekrpa

mono
OblTa MHTEPIPETHPOBaHA KaK MEpecTpoiika ciega OT peXuMma OZHOW riiobdanbHOW Monel - BU B rase, k pexxumy
nepeme-xaemoct Mexxay BU u HU monamu B ma3me. Berony npucyrerBytomas BU Moaa uneHTuduumpoBaHa Kak
MoJia cuH(a3HO-CHHXPOHU30BaHHBIX NOpokeK (Onaronmapsi HaOJIIOAGHUIO «3aXBaTa» YacTOThl ocLMuiui mo BY
MojZie 00epTOHOM uacToThl BUOpanuu ycranoBku). Torma HY cnekrpaipHBIH MK CIEAYyeT OTOXAECTUTH C
acumMeTpud-Hoit Momoit biased flow (w/mmu cummeTpudHO#t MOIO# IPOTHBO(DA3HO CHHXPOHU3O0BAHHBIX JIOPOKEK).

Pacunrannsie B paMKax MOACIN 6€3p33M€pHHC MOIOBBIC YHaCTOTHI OCL[I/IJ'IJ'ISILII/Iﬁ w= f / fmono

NPOMILTIOCTPHPOBAHEl TOHKHMH JIMHHAMH YPOBHS Ha IUIOCKOCTH mapamerpos Mozemn A,l, mma cnyuas
A=-0.1;£~0.1-0.2. ToncTelie TMHUU — TPAHUIIBI 0ONACTEl cymiecTBOBaHus MOA. ['paduku a) u b) coorBercTByroT
MoJiaM CHH(E3HO- U NPOTHBO(hA3HO-CHHXPOHU30BAaHHBIX JI0poxek Kapmana, coorBercTBeHHO. [Ipu 3TOM yacrora
OCIWJUTSIIINA aCHMMETPUYHOM MOJIbI HA TPAHUIIE ee 00JacTH CyIIecTBOBaHUS cocTaBuia Bennunny @ = 0.88 —0.89.
B cooTBeTcTBUY C IPUBEICHABIME JaHHBIMH, TPAHC(HOPMAIIHIO ClIella YAACTCS HHTEPIIPETHPOBATh KaK IIEPECTPOIKY
OT MOJbl CHH(A3HO-CHHXPOHU30BAaHHBIX JOpOokeKk K wMoje biased flow (Bo3moxHO ¢ mOpUMechi0 MO/IBI
MPOTHBO(A3HO-CHHXPOHU30BAaH-HEIX  JOPOXKEK), TPUYEeM TpH  CICAYIOMHMX  3HAYCHHSIX  IapaMeTpoB
B3aMMOJEUCTBUA: 1 ~0.48;l ~—(0.8-0.9).
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a b

Iepectpoiika ciejia IPOMCXOAUT B PE3ysbTaTe HEKOTOPOTO M3MEHEHMs 3HaueHuil mapamerpoB moxenn A,| mon
JeiictBueM paspsiga. dusndeckuil MeXaHH3M CIEAYIOIUIl: pOCT TOKa pas3psia BBI3BIBAET COOTBETCTBYIOILIEE
YBEJIMYECHUE TOJIIMHBI MTOTPAaHUYHOTO CJIOSI Ha LWJIMHIAPAX, YTO CyXaeT «3(P(EeKTHBHBI» 3a30p Mexay OJIU3KO
PACIIONOKEHHBIMH LHIMHIPAME H IPUBOIUT K BapHaruy napametpos mogenu A, | u k nepectpoiike Teuenus.
BbIBO/I: B pamkax mpocToil MojeNM cieia OT Tapbl LWIMHIAPOB YJACTCS MHTEPIPETHPOBAaTh M OOBSCHUTH
(xauecTBeHHO) 3((PEKT NMepecTpOKK ciiesa MoJ JIeHCcTBHEM Tietomero paspsaaa. C BKIIOUCHHEM pa3psizia, 3a cyeT
BBIJIEJICHUS] TeIIa B IMOTPAHUYHOM CJIO€ Ha IUIUHIPAX PpacTeT €ro TONIMHA U TEM CaMbIM YCHIMBAeTCs
B3auMo/ieiicTBie obnactell opmupoBaHust nopoxkek Kapmana 3a OJIIM3KO pacrioiOXEHHBIMH IMIMHAPAMH, YTO
BBI3BIBACT MEPECTPOIKY MOJIOBOM CTPYKTYPBI TEUSHHUS OJIMIKHETO Clieia.
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KOHBEKIIMSI MATHUTHOM )KUJIKOCTH B BEPTUKAJIbHBIX CBSI3AHHBIX KAHAJIAX
B IOCTOAHHOM MAT'HUTHOM HOJIE

A.®. I'myxos, A.C. Cumopos
IlepMmckuii rocy1apCTBEHHBII HALIMOHAJIBHBIIN HCCIEN0BATENbCKUI YHUBEPCUTET, IlepMb
sidorovaliksandr@mail.ru

B paboTe sKkcneprMEHTalBbHO HCCIENOBANIOCh KOHBEKTHBHOE TCUCHHWE MAarHHUTHOH XHIKOCTH Ha OCHOBE
YHIEKaHa B BEPTHKAIBHBIX CBS3aHHBIX KaHAJaxX, MOAOTPEBAEMBIX CHHU3Y, B IPAaBUTALIOHHOM M MarHUTHOM IOJISX.
Kananbel KBaapaTHOTO cedeHus mUpuHOit 2d=3.2 MM 1 BbIcoTOI 50 MM BBIpe3aHbl B miactuie 21x6.2x70 Mm® u3
natynu. TedeHue B KaHanmax (UKCHPOBAIOCH AW QepeHIUaIbHON TepMonapol, KOTopas H3Mepsula pa3HOCTb
TEeMIlepaTyp Mexay Hux neHTpamu 20. KOHBEKTHBHOE TEYCHHE YHIEKaHa BOJHM3M IOPOra HEYCTOHMYMBOCTH
paBHOBECHsI SIBJISIETCSl CTAllMOHAPHBIM, HAlpaBJICHHE TEUCHUS peanu3yercs ciaydailHo. B MarHUTHO# >kuakocTu
HaOMI0Aal0TCsT neproauyueckre (T~1 yac) caMOnpou3BOJIBHBIE NMEPEXOJbl CUCTEMBI MEXIY IBYMS BO3MOXKHBIMH
HanpasneHusMu konpekiuu [1]. JKupkocTh ¢ yacTMIaMu MarHeTurta paamycoMm 6 HM, BsskocThio 5.8:108 m2ct,
TeMIepaTyporpoBoaHocTeio 1.1-107 M%cl, cpenneii konuenTpamueil co=0.16, mioTHOCTH 06pasua po=1.46 r/cm?,
TEeMIIEPATyPHbIA M KOHLEHTPAUMOHHBIH K03duuuentsl Pr=1.0-10° K u B.=3, xosdppuuuent Cope St=0.2 K,
[Ipupona mepronuUecKUX IEPEXOAOB CBsS3aHA C TEPMO(OPE30M MArHUTHBIX YACTHIl MONEPEK KAaHAJIOB 32 CUET
TOPU30HTANIBHBIX TEMIICPAaTypHBIX TPAIUCHTOB [2], BO3HHKAIOIIMX B CEUYCHWH KAHAJIOB ONaroiaps KOHBEKIHH.
Tepmoopes gacTuIl BOIM3H CTEHKH €O CKOPOCTBIO v=S.D®/d HCKPHBISET WX KOHBEKTHBHBIE TPACKTOPHH, B

pe3ynabTate 0oOpa3yeTcs CBOeOOpa3Has JIOBYIIKA — TOHKHI MOTPAHHYHBIA CIIOW, B KOTOPOM O3THU YACTHIIBI
HaKalIuBaloTCs (PUCYHOK clieBa), OJWH KaHAJI TsDKeNeeT — JAPYroil craHoBUTCS Jjerde. Bce 3akaHumBaeTcs
OYCpCAHBIM MEPEXOAOM CUCTEMBbI Ha APYIr'yl0 KOHBCKTUBHYIO BETBb. 9T1oT nmpouecc BHUJACH Ha TEpMOrpaMMeE B
ueHTpe. XapakTepHOE BPEeMs PA3[CICHHUS YACTHIl MEXIy KaHamaMu t =48 d’/n’B.cS;D ONPECACISCT NEPUOL

nepexoaoB. [lpupoja ONMUCAHHBIX KOHBEKTHBHBIX KOJICOAHWI W3y4eHa ITOCTATOYHO MOAPOOHO, HMEIOTCS
KOJIMYECTBEHHBIE COBIAICHHUS C DKCIIEPUMEHTAMH IPYTHX aBTOPOB, HANPUMEpP, B ONpPEACICHUH KO3()(HIHEeHTa
Cope [3].
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B nononHuTENbHBIX ONBITAX KaHAJbl IOMEIIAIUCH BO BHEIIHEE OJHOPOJHOE MarHUTHOE IIOJIE, CO3/1aBAEMOE
karymkamu I'enbmronsua. Ilone HampaBieHO TOPU3OHTANBHO U INEPHEHAMKYISIPHO BEPTUKAIBHOW IUIOCKOCTH
kaHanoB. Ha pucyHKe cmpaBa IOKa3aHO YMEHbIIEHHE Oe3pa3MEpHOro Iepuoja KonebaHHH C yBEIHUCHHEM
HaNpsKEHHOCTH BHEIIHETO MO AT TpexX Mepenajgos TemnepaTyp. [Ipupona sBIeHUs MOKa A0 KOHIIA HE MOHSTHA.
I'mnoTteTnyecky, oJ{Ha U3 BO3MOXKHBIX MPUYHH, 3TO MarHuTo(ope3 4acTuIl OT HEHTPa KaHajla K CTEHKaM B KaHalle C
TEUEHHEM >KHJIKOCTH BBEpX. HeoJHOpOJHOCTH 101 B KaHaJIe MOTYT BO3HUKATh OJiarojapsi MpeJoMIICHHIO CHIIOBBIX
JIMHUHA Ha TPaHMIE KHUIKOCTH M CTeHKH. MarHutodopes MOXKeT yCKOPUTH pa3zeeHHe YacTUIl MEeX/y KaHalaMHu 1
neprosi yMmeHbmaercs. He cTout cOpackiBaTh CO CUETOB M APYroil MeXaHH3M BO3IEHCTBHS Ha KOHBEKTHBHYIO
CHCTEMY — 3TO TEpPMOMAarHUTHBIN 3(deKT, CBA3aHHBI C 3aBHCUMOCTHIO HaMarHWYEHHOCTH OT TEMIICpaTyphl
M = M(T), 9TO IPUBOAMT K MOSBICHUIO TaK HA3bIBAEMOI TEPMOMArHUTHON CHIIBI. J[JI1 OKOHYAaTEIBHOTO BHIBOAA O
[IPUUYMHAX SBJIEHUS HYKEH KOJIMUECTBEHHBIN aHAIIN3 PE3YJIbTaTOB S3KCIIEPUMEHTA.

Pabora BeITIONTHEHA TIpH prHAHCOBOH noepx ke PODU (poekt Ne 20-01-00491).
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UCCJIEJOBAHME T'A3BOKANEJIBHOT'O HIOTPAHUYHOI'O CJIOSI HA ATMUABATHUYECKOM
CTEHKE ITPA OTCYTCTBHUH ®A30OBBIX IEPEXO/J0B

W.B. T'ony6xuna, A.H. Ocunios
HUU mexannku MI'Y umenn M.B. JlomonocoBa, MockBa
giv-mm@mail.ru

Hccnenyercs oOTekaHWe IUIOCKOW TEIUIOM30JMPOBAHHOM IUIACTHHBI CBEPX3BYKOBBIM ITOTOKOM BS3KOTO
TEIIONPOBOJHOTO Ta3a IPH HAIWYUM Kamlelb, 00pa30BaBIIMXCS B pe3yibTaTe CKayka KOHJCHCAIIMU BHIIIEC IO
TeUeHHIO0. M3ydeHHIo BIMSHUS KUIKOU AUCTIEPCHON PUMECH Ha XapakTep TeUEeHUs U TeIUIOOOMEH B OIPaHUYHOM
CJI0€ TIPU Pa3IMYHBIX YCJIOBHAX NOCBSIIEHA cepus pabor, omyOmukoBaHHBIX B [1-3]. B Hactosme#t pabote
paccMaTpuBarOTCsl YCIIOBHS, INPH KOTOPBIX HE IIPOMCXOJUT WCIAPEHMS W KOHAGHCAIMM KUAKOH (as3bl B
norpaHu4HoM cioe. IIpu 3ToM s KOppPEeKTHOro pacdera Mex(dasHoro TermiooOMeHa HEoOXOJMMO YYHTHIBATH
3amas3/iblBaHie B M3MEHEHUHM TEeMIIEpaTypbl >KUAKOCTH BHYTPHM Kamneib. J[ns aToro, Hapsay ¢ ypaBHEHHSIMH
JBYXKOHTUHYaJIbHOM MOJENH, B KOKA0H TOUKE pacueTHOW 00JacTH pelaeTcs ypaBHEHHE TEIUIONPOBOJHOCTH I10
o0pemy Kami [4]. B mexda3zHoM oOMeHe UMITYJIECOM, TIOMHMO CHJIBI 23POJMHAMHUIECKOTO COTIPOTHBIICHUS Karleyb,
yuuTheiBaeTcs OokoBas cuia Cadmana [5], oOycnoBI€HHAs CABUTOBBIM XapaKTepoM MOTOKa BONMM3M cTeHKH. Ilox
Bo31eiicTBIEeM critbl CadMaHa Karuli BEIHOCATCS Ha 00TEKaeMylo IIOBEPXHOCTh, (JOPMHUPYS TOHKYIO IICHKY.

B pesympraTe UYMCICHHOTO MOJENUPOBAHMS YPABHCHHWH Ta30KalelIbHOTO IIOTPAHUYHOTO CIIOS C
HEOJHOPOAHBIM TIOJIEM TEMIIEpPAaTypbl BHYTPH Kallesib IMOCTPOEHBI NMPO(QMIN CKOpOCTeH, Temmeparyp ¢a3 u
KOHIICHTPAI[NM Kalellb B IOTpaHHMYHOM cioe. IlomydeHa KonWYecTBEHHas OICHKA CHIDKEHHS PaBHOBECHOMH
TEeMIIepaTypbl CTEHKH B pe3yjbTaTe BBINAJCHUS Ha HEC OTHOCUTEIHHO XOJIOJHBIX Karedb. YCTAaHOBIJICHO, UYTO
CTETeHb OXJIAXKJCHHUS CTEHKHU CYIIECTBEHHO 3aBUCHUT OT IapaMETPOB JUCIEPCHOM (ha3bl, TAKUX KaK OTHOCHTEIbHAsS
MaccoBasi KOHIIGHTpalUsl Karenb o W MapamMerp K, XapakTepusyloluii BennunHy cwibl Capmana. Ha puc. 1
M300pakeHbl KPHUBBIC PacIpellelieHNs] TEMIIepaTypbl CTCHKH, OTHECEHHOH K TeMmIepaType Haleraromero HoToka.
BupHo, 4TO CHIDKEHME TEMIIepaTypbl CTEHKH MOXeT gocturath 10% u Oojiee mo CpaBHEHHUIO C YHCTHIM ra3oM Aaxe
MpY HEOOMBIINX 3HAYCHHUSIX MACCOBOI KOHIICHTPALMH Kallelb B HaberaromeM rnotoke nopsaxa 1%.

HccnenoBanue BBINOIHEHO 1O OTKpbITOMY IaHy MI'Y u 3a cuer cpenctB rpanta Poccuiickoro HayyHOro
¢donna (mpoext Ne19-19-00234).
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Puc. 1. Pacnpenenenne paBHOBECHON TeMIIEPATypbl CTEHKH
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BJIUAHUE KOJIEBATEJIBHOI'O BO3BYX/JIEHUSA HA 30HY
JAMUHAPHO-TYPBYJIEHTHOI'O IEPEXOJA HA IIJTACTHHE

I0.H. T'puropses?, .B. Epuios?
Mucruryt BhaucnuTensHbx Texuonoruit CO PAH, Hosocubupcek
2Hosocubupckuii rocy1apcTBeHHbIH arpapHblii yausepcuteT, HoBocubupck
i_ershov@ngs.ru

B nmoxiaze BBHIMONHEHB! ONEHKM BIHMSHUS KOJICOATEIBHOTO BO30Y)KIECHHSI MOJIEKYJSIPHOTO Ta3a Ha 30HY
JaMUHapHO-TYpOyneHTHoro mepexonaa (JITII) B cBepX3ByKOBOM MOrpaHMYHOM CIIO€ Ha IUIacTHHE. B KadecTBe
KpUTepHs Tepexojla HCIONb30BAIUCh WHTETpajbHBIE KPHUBBIC IPOCTPAHCTBEHHOIO HApacTaHMs JIMHEMHBIX
BO3MYILEHHUI 10 YPOBHS aMIUIUTYJ, ONpPEAEIIEMOro Tak Ha3biBaeMbiM N—(akropom, KoTopbiid npuanmaics N=8.
PaccmarpuBanuch JuHEHHbIE BO3MYIIEHHS BUJIA!

a*(x, y, = a(x, y, t)exp[i(ax-wt)],

I7ie U KOMIIJIEKCHOM BOJIHOBOM YHMCIIE 0=0,+i M BEIIECTBEHHOW YacTOTE @ MMEET MECTO MPOCTPAHCTBEHHOE
pa3BUTHE BO3MYLICHHH, a NP BEIICCTBEHHOM 0. M KOMIUIEKCHOH 4acToTe w=wr+iwi — pa3BUTHE BO3MYIUCHUH BO
BpeMeHU. B pacuetax 3amauy JIMHEWHOHN YCTOHYMBOCTH HCIOJB30BAINCH JIOKAIBHO-aBTOMOJAEIBHBIE PEIIEHHS
CHCTEMBI JBYXTEMIICPaTyPHBIX ypaBHEHHI cTannoHapHoTo norparndHoro cios (I1C). s aux 0pu10 Tokazano [1],
YTO HMMEET MECTO CXOAUMOCTh MO MPOJOIBHOM KOOPAMHATE K YHCIEHHBIM KOHEYHO-PA3HOCTHBIM PEIHICHUSM
ypaBHenuii [1C B monHO#M nocTaHOBKE.

Heo0xoaumblii MHTEpBaJI YacTOT HaXOAWJICA M3 pacueTa KpHBOH HEHTPaIbHOM YCTOIYMBOCTH BPEMEHHBIX
BO3MYIICHUN Ha MIOCKOCTH (wr, Rey). IIpu uncie Maxa M=2.2, rae Haubosee omacHa moza I, paccMaTpuBaauch
KBa3WIBYMEPHBIC BO3MYIICHHS, PACIPOCTPAHSIONIHECS MO yrioMg = T/3 K OCHOBHOMY MOTOKY, & JUIs YHCIIa
Maxa M=4.5 nyst 6onee omacHoi Mot 11 [2], paccMaTpuBaiich YucTo AByMepHbIe Bo3myteHus ¢ = 0. MHTepBan
YaCTOT, COOTBETCTBYIOIIMI HIKHEH BETBH HEWTpPAILHON KPUBOI, paBHOMEPHO pa30uBajcs Ha 20 MOAWHTEPBAJIOB.
Ha xaxmod mnpsmod @y=CONSt mis Habopa Touek Reyx pemranuch 3amauu JIMHEHHOH YCTOMYMBOCTH ISt
OPOCTPAHCTBEHHOTO Pa3BUTHS BO3MYIIECHHUH, W3 KOTOPHIX HaXOIWINCh MHKpeMeHTh HapacTauus oi(Rex) < 0. Ilo
HUM BJIOJIb KPUBBIX (0y=CONSt BEIYUCIISIINCH KPUBbIE MHTETPAIbHOIO HAPACTAHUS BO3MYILEHUI

Rey
N(Rex) =- _[Oti d Rey,
Re,q

3ateM sl CeMeWCTBa MapaMeTPU30BaHHBIX MO @y KpuBbiX Hapactanus Nr(Rey) crpommacs orubarormasi,
nepeceueHue KoTopoii ¢ npsimoii N =8 onpenessuto yucio PeitHonbaca nepexoaa Rex.

JlanHBICe pacyeToB npuBeaeHBI B Tabmume, rae Ki, K't u Ky, K2 — mapamerpsr Touek nepexona mox [ u 11 ms
COBEpILIEHHOTO U KoJeOaTeIhHO BO30YKIEHHOTO ra3oB. BumHo, 4To KonebaTenpHOE BO30YXKICHUE CABHTAET TOUKY
nepexo1a IpuMepHo Ha 5—7 % BHHU3 TIO0 IOTOKY 110 CPABHEHHIO C COBEPIICHHBIM T'a30M.

CoBeplUeHHbIN ras KonebatenbHO BO36YKAEHHDIN ras
K1 K> K’1 K’z
M wrl10° Ret-107 wrl10° Ret107 wrl0° Rer107 wr10° Ret-107
2.2 1.950 2.894 — — 2.010 3.066 — —
4.5 2.150 5.746 8.250 2.381 2.210 6.048 8.500 2.533

Pabora Beinon#eHa npu noaaepxkke PODOU (mpoekt Ne 20-01-00168).
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BJUSHUE IIIYMA HA BBIBOP BOJIHOBOI'O UHCJIA ITIPU IIOTEPE YCTOMUYUBOCTH

M.U. I'punena23, J1.10. Kunenko*, 0.3. Kpusonocosa*
Finnish Geospatial Research Institute, Masala, Finland
2Department of physics, Helsinki University, Helsinki, Finland
SVpanbckuil penepanbublii yausepcuter, ExaTepunoypr
‘HUU mexarnku MI'Y umenn M.B. JlomoHocoBa, Mocksa

B TpexMepHBIX TEUEHHUSX BA3KOM HECKMMAEMOW XUIKOCTUM IPU OJHHUX M TeX K€ yuciax PeilHonbaca
BOJIHOBOE YKCJIO IOCJIE TOTEPH YCTOWYMBOCTH ONpPECIseTcs MpeabicTopuedl passutus Teuenus [1,2].
[IpencraBneHsl pe3ynbTaThl HKCIEPUMEHTAIHLHOTO HCCIEIOBAHMS 3aBUCHUMOCTH BEJIMYMHBI BOJHOBOIO 4YHCTA OT
YPOBHSI IITyMa MPH MOTEPE YCTOWYMBOCTH BO BpAIIAIOIIEMCs cheprudecKkoM cioe. BHelHsAs cdepa HEMOIBIKHA, a
yIJ0Basi CKOPOCTh BpAIICHUS BHYTpPeHHEH cdepbl ) WU3MEHsIACh JIMHEHHO CO BPEMCHEM, HAuWHAs OT YHMCEI
PeitHonpaca HUXKE mpenena yCTOWYMBOCTY M 3aKaHUMBas yuciaMmu PeliHonbjaca BellIe npenena ycroiunBoctd. Ha
npenene yCTOMYMBOCTH BTOPUYHBIE TEUEHHUS] HMEIOT BHUJA PACIPOCTPAHSIONMIMXCS B HANpaBJICHUU BpalleHHUs
BHYTpPEHHEH cdepsl a3uMyTalbHBIX BOJIH C BOJHOBBIMH 4mciaMd m = 4 mwm m = 3. lllymoBBIe BO3MYyIIEHUS,
MOHNMAaeMble B JaHHOW pabore kak Mmamnble (He Oomee 1.5%) OTKIOHEHHS CKOPOCTH BpAIICHUS OT 3aJaHHBIX
BEIMYMH, BHOCHWINCH CHCTEeMOH  ympaBieHHs. Awmmryna Imyma N ompenensercs — OTHOIICHHEM
CPeIHEKBAIPATUIHOTO OTKIIOHEHHUS YTIIOBOU CKOopocTH ) K ee cpenHeMy 3HaueHUro: N = rms (Q) / Q av. BHOCHMBIIA
LIyM, TaK kK€, KaK U B [3], HE U3MEHSIET MOJIOKEHHUS Mpesiea YCTONIMBOCTH.

IToka3aHo, 4TO B 3aBHCHUMOCTH OT BeMWYMH N M YCKOpEHHS MOXHO BBIICIUTH TPU CICHAPHUS PA3BUTHIL
BTOPUYHOTO TeueHus. Kak Mmpu OTHOCUTEIBHO MaJIbIX, TAK U OTHOCHTEIBHO OOJIBIINX aMILTUTYIaX IIyMa BOJIHOBOE
YHUCIIO OCTaeTCsl MOCTOSTHHBIM HE3aBUCHUMO OT BEJIMYMHBI YCKOPEHHUsS: M=3 B MEPBOM ciiydae U m=4 — BO BTOPOM.
[Tpu mpomexxyTounbix BenuurHax N ¢ yBeTWUYEHHEM YCKOPEHHs BOJHOBOE YMCIIO BTOPUYHOTO TEUEHHUs J[Ba pasa
MEHSET CBOE 3HayeHue: 4 — 3 — 4.
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Ha neBoM prcyHKe NMOKa3aHO, KaK M3MEHSIOTCS B 3aBHCHMOCTH OT Oe3pa3MepHOro BPEMEHH T H3MepsiemMas
Ja3epHBIM aHEMOMETPOM CKOpPOCTh Te€4eHHs U(t) M BbUHCIIeMble U3 U(t) aMIUIMTYABl JIMHEHHBIX MoJ A(m=4) u
A(m=3). Crauasia 006€ aMIUTUTYIbl YMEHBIIAIOTCS, 3aTeM HAUMHAIOT pacTH. AMIUIMTY/a IPEBATUPYIOIIEH MOJBI — B
JaHHOM CIly4ae 3TO MoJa m=4 — HauyMHaeT PacTH paHblle, 11 NMPOMEXYTOK BPEMEHH MEXIYy MHHUMYMaMH
aMIUIMTYA. Bpems MexIy MHHHUMYyMOM aMIUTUTYZAbl TPEBAIMPYIOMIEH MOABI M MaKCHUMYMOM aMIUTHTYZbI
Hucnanaromeid T xapakrepusyer oOiiee BpeMsi B3aMMOAEHCTBHS KOHKypupyrommx mon. Ha mpaBom pucyHke
MOKa3aHbl 3aBUCMOCTH WHKPEMEHTOB HapacTaHHs A JIMHEHHbIX Mo 3 U 4 ot ypoBHs myma N [4]. Bugno, uro ¢
yBesmaeHueM N MeHsSeTCsl COOTHOIIEHHE WHKPEMEHTOB, TO €CTh IPOMCXOANT CMEHa BOJIHOBOTO YHCJIAa ¢ M=3 Ha
m=4. YCTaHOBJIEHO, YTO YeM BBHIIIe HadaJlbHOE YnCiIo PelHomnbaca, TeM Ooiblle aMIUINTYyAa IIyMa M BEIHMYHHA
YCKOpPEeHHs, COOTBEeTCTByomme cMeHe m. C BO3pacTaHWEM AaMIUTUTYABl IIyMa YBEIWIHBAIOTCA BpEeMs
B3aMMOJICHCTBHS KOHKYPHPYIOIMX MOA T2, MaKCUMaJIbHBIE aMIUTUTY/BI 00EHX MO/ M MIX MHKPEMEHTHI HapacTaHusl.

PaboTa BbINONIHEHA IpH YacTHYHOM Toepxkke PODU, nmpoextsr Ne 18-08-00074 u Ne 19-05-00028.
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O IMPOSIBJIEHUSX ®YHIAMEHTAJIBHOI'O Y®®EKTA IPUCOEJIUHEHHON MACCHI
IPH JIBUKEHUU TEJ B BA3KOM )KUJIKOCTH
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HUU mexannku MI'Y umenn M.B. JlomonocoBa, MockBa
guv@imec,msu.ru

Bompocsl, CBsI3aHHBIE C MPUCOCAMHEHHBIMH MacCaMH B BSI3KOM JKHUAKOCTH, 0OCYXKIOAIOTCSI B JIMTEpaType
BIUIOTh 10 HACTOSIIETO BpeMeHH (cM., Hampumep, [1]). BompmmHCTBO uHCCiiemoBaTeneil, OCHOBBIBAsCH Ha
JKCIICPUMCHTAIBHBIX HAONIOICHUSIX U HEKOTOPBIX TCOPETUUCCKUX PACCYKICHUAXK, MPUICPKUBAIOTCS MHEHUS, YTO
TEH30p TPUCOCAMHCHHBIX MACC HE 3aBHCUT OT BSA3KOCTH, T.C. COBMAJAeT C TCH30POM IMPHUCOCIAMHCHHBIX Macc B
MOTEHIMATIBHBIX TCYCHUAX. B TO ke BpeMs B psJie HeNaBHUX paboT (cM., Hanpumep, [2]) UCTIONIB3YIOTCS 3HAYCHUS
OPHCOCANHEHHBIX Macc, 3aBHCSIIME OT BsA3kocTH. B pabote [3] cTporo mokazaHa Teopema, COTJIACHO KOTOPOW,
THUIPOJMHAMHYECKAS CHJIa, NCHCTBYIONAS B BA3KOH HECI)KUMACMOH KUIKOCTH Ha TEJO, IBIKYIICECS C YCKOPCHUEM,
npejcTaBisieT co0oit cymmy mBYX cHll Fy = Fsat + Fadd, THe Fstat COOTBETCTBYET NBMKCHUIO O€3 YCKOPCHHUS MPH
3aJJaHHOM pacIpeeieHIUH 3aBUXPEHHOCTH B MIPOCTPAHCTBE, a Fagd — CHIla IPHCOCIMHEHHBIX Macc, KOTOPAast 3aBUCUT
TOJBKO OT YCKOPEHHS U TEOMETPHYCCKUX XaAPAKTEPUCTUK, HO HE 3aBUCHT OT BS3KOCTH U PpaClpeeieHUs
3aBUXPEHHOCTH, T.€. SIBISICTCS TAKOU K€, KAK B MOTCHIIUATbHBIX TCUCHHSX.

B naHHOW paboTe TeopeMa AEMOHCTPUPYETCSl Ha YHCICHHBIX MPUMEpax JBWKEHHS Tel C KyCOYHO-
MOCTOSIHHBIM YCKOPEHHEM.
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Ha pucyHkax mokasaHsl pe3yJbTaThl, NOJTy4YSHHbIE I ABMKCHUS Npoduis 1 LWIMHApa. B BepxHeil yactu
PHCYHKOB M300pakeHbI rpaMKi CKOPOCTH TeJ, a B HW)KHEH — 3aBHCHUMOCTH KOI((HIMEHTa CONPOTUBIICHUS OT
BpeMeHH. Bo Bcex ciydasx ckadok Cx paBeH NPOM3BEICHHIO CKayka YCKOPEHHsI Ha NPHCOSIUHEHHYIO Maccy,
BBIYHCIICHHYIO JJIsl TIOTEHIMAIBLHOIO TEeUYeHHs. PacueThl BBINOIHEHbI OECCETOYHBIM METOJOM BS3KHX BHXPEBBIX
JqomeHoB [4]. B ciydae nninnapa npuMeHeHa Mo UKaIMs METO/a, TpeioKeHHas B [5].

Kpome atoro, B maHHO# paboTe mpeuaraercss METOJ PELICHHs CONPSDKEHHBIX 3aiad JBHXKCHUS Tell W
JKMJIKOCTH, OCHOBaHHBIH Ha HCIIOJIb30BAHUH NPUCOCAMHEHHBIX Macc. [IpeyiaraeMplii METO MO3BOJISIET NPUMEHSITh
CXEMBI C pacIleIUIeHHEeM B CiIydae Tell, 00Jalaloninx Mauoil Maccoil Mo CpaBHEHHUIO C NMPHCOEINHEHHOW Maccoi
KUJKOCTH. M3BECTHO, 4TO B 3TOM cliydae OOBIYHBIE CXeMbl C paclIeIUIeHHeM HeycTOW4MBBHL PelieHa 3anaya
KoJsie0aHus yIpyro 3aKpeIICHHOTO JIETKOTO IIMIMHAPA B )KUAKOCTH MPEIOKEHHBIM crioco6oM. Pesynbrar pemenus
CPaBHHUBACTCS C PE3YJIbTATOM, [TOTyYSHHBIM MOHOJUTHBIM METOJIOM, OTIMCAaHHBIM B [6].

Pabota BrmosiHeHa B pamkax HUP no reme AAA-A19-119012990116-2.
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CTPYKTYPA U IEPECTPOMKA BUXPEBBIX TEYUEHUI HA NOJABETPEHHOM CTOPOHE
OCECUMMETPHUYHOTI'O TEJIA ITPU CBEPX3BYKOBOM OBTEKAHHUU IIOJ] YIJIOM ATAKHA

C.B. T'ysepuiok?, A.T. Kyspmun?, M.M. CumoHeHKo?
THUU mexaruku MI'Y nmenu M.B. JlomonocoBa, Mocksa
2Cankt-TleTepOyprekuii rocyapcTBeHsbli yaupepeutet, Cankr-TleTep6ypr
sim1950@mail.ru

[IpencraBneHpl pe3ynabTaThl YHCIEHHOTO MOJEIUPOBAHUS TPEXMEPHOTO OOTEKaHMS CBEPX3BYKOBBIM
MOTOKOM BS3KOI'O COBEPIIEHHOTO Ta3a 3a0CTPEHHBIX Y/UIMHEHHBIX TN MOJA YIJIOM aTaku Ha MpuMepe
WJIMHAPUYECKOTO Tella ¢ KOHWYECKUM HAKOHEYHHKOM. MjeHTnhuunpoBaHsl BO3HMKAIOIIUE IMIPU Pa3HBIX yriax
aTakl OTPBHIBHBIC M BHUXPEBBIC CTPYKTYPHI, AaHO OObsSCHEHHE 3((eKTa aHOMaJbHOTO IOBBIIICHUS JaBJICHHUS Ha
MOJBETPEHHOI MOBEPXHOCTH TeNA.

PaccmatpuBaeMoe TeNO COCTOUT M3 PACIOJIOKEHHBIX COOCHO KPYroBOTO IMIMHApPA AuameTpoM 0=30 MM u
JuinHOW L=260 MM M KOHHYECKOTO HAKOHEYHHKA C yriioMm monypactBopa 20°. Ilapamerpbl HaOeraromero moToka
COOTBETCTBOBAJIM YCIOBHSAM AKCIIEPHMEHTOB B a’poauHaMuieckoii Tpybe A—7 HUU mexanmkun MI'Y npu umcie
Maxa naberaromero notoka M=3, monsom nasnennu P, = 4.3-10° ITa u uncne Peiinonsaca Re;=3.7-107 M [1]. Ha
TpaHMIAX pPAcUeTHOH OOJACTH CTaBHIOCH YCIOBHE CBEPX3BYKOBOM CKOPOCTH TEUYEHHs, a Ha Tele — YyCIOBHE
NPWININAHUS W OTCYTCTBHE TEIJIOBOTO IOTOKA. YMCIEHHOE MCCIIEAOBAHUE IIPOBEICHO Ha OCHOBE YpPaBHECHHUH
Peiinonpca ¢ aByxmapamerpuueckoil auddepeHiuansHoi Moaensio TypOyneHtHoctH K- SST. Pemenus
CTPOWIIMICh METOZOM YCTaHOBIICHHSI C TIOMOIIBIO BErAHCIHTENbHON iporpaMMbl ANSY'S CFX-15.

Ha pucyHke nokasaHsl 1oJie OTHOCUTENIFHOTO MOJHOTO JaBJeHHUA (@) U MoJie IPOEKIIMH BEKTOpa CKOPOCTH
(6) B ceuennu x/d=7, a TakkKe TpHU BO3MOXKHBIC CXEMbI TCUCHHS HA MOJBETPEHHOI CTOPOHE MOBEPXHOCTH Tena (6)
st caydas o=11.3°. VMaeHTnduumpoBaHsl NEpBUYHBIA M BTOPUYHBIA OTPBHIBBI MOTOKA. [lepBHYHBIH OTPHIB
npezonpeessier o0pa3oBaHue II00aNbHON BHUXPEBOW CTPYKTYpHI, (DOPMHUPYIOLICHCS B MOTOKE C HOABETPEHHOM
CTOpOHBI OOTekaemMoro tena, cM. (a). C yBenMueHHEM Yrjla aTakd BO3HHKAET BTOPUYHBIH OTpPBIB, KOTOPBIH
MPUBOANT K 00pa30BaHHIO JIOKATHHBIX BUXPEBBIX CTPYKTYpP Y NOABETPEHHOH MMOBEPXHOCTH Tena, cM. (6). Ilpu sTom
WHTCHCU(HUIUPYETCST MOBEPXHOCTHBI OTTOK Tra3a OT IUIOCKOCTH CHMMETPHHM B TIONEPEYHBIX HAMPABICHHSAX,
COIPOBOXKIAOIINICS YMEHBIICHHEM TOJIIMHBI IOTPAHUYHOTO CJIOS Ha IIOBETPCHHOW CTOpoHE Tena. Broms
MOABETPEHHOW CTOPOHBI (OPMHUPYETCS y3KO JIOKAJIN30BAHHOE CBEPX3BYKOBOE TEUEHHE, B KOTOPOM IIOJHOE
JIaBJICHUE COIOCTABUMO C IIOJIHBIM IaBJICHHEM HabOeraromiero moroka. C yBeIWYEHHEM YTia aTakd OTPHIBHBIE U
BUXPEBBIE CTPYKTYPBI CMEIAIOTCSl BBEPX 10 ITOTOKY.

TZ, B8UA CBEepXy

Amnanornunele 3(QQEKThl TOBBIIIEHUS JAaBICHUS B TMOABETPEHHOM TEUYEHHHM paHee HaOII0Janich B
OKCIIEPUMEHTANBHBIX [1] 1 uncieHHsix [2] ncciemoBaHMsIX 3a1a4M O CBEPX3BYKOBOM OOTEKAHWMH IMIMHIPHUCCKUAX
TEJl C KOJIbIIEBBIM BBICTYIIOM Ha OOKOBOW TTOBEPXHOCTH.

PaboTa BbINoOJHEHa NpH YacTHYHO# (uHaHcoBoi mojuepxkke PODU, npoekr Ne 19-01-00242, pacuerst
MIPOBEJICHBI C UCTIONB30BaHUEM pecypcoB Beraucnurensroro nentpa CIIOIY (http://cc.spbu.ru).
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JUHAMUKA KOHIHIEHTPAIIUOHHOI'O ®POHTA U AICOPBIIUA TIPUMECH
P ®UJIBTPAIIMU HAHOXKUAKOCTHU YEPE3 IOPUCTYIO CPELY
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Mepmckuii rocyiapcTBEHHBIN HALIMOHALHBIH HCCIEN0BATENLCKUI YHUBEPCUTET, IlepMb
2MucTutyT MexaHuku crnomHbix cpes YpO PAH, Iepmb
demin@psu.ru

BBINONHEHO MPsIMOE YHCIICHHOE MOACIMPOBAHUE Mporecca GUIBTPALUH HAHOKUIKOCTH Yepe3 MOPHCTYIO
cpeny. HcciemoBaHo sIBICHHE 3aKYIOPKH [Op MarepHana 3a CYET aJCOpOLMM HAHOYACTHI[ Ha CTEHKaX Iop.
Teoperudeckoe OmMMcaHne (QHIBTPAIHOHHOTO MPOIECCa OCHOBBIBACTCS Ha 3aKOHe JlapcH ¢ y4eToM MepeMeHHON
MOPUCTOCTH M TPOHUIIAEMOCTH CPEMbl, KOTOphIe CBsi3aHbl (opmynoit Kosenn—Kapmana. B Mozmenu yduthiBaeTcst
HeJMHEHHbIH 3 (deKT B Buae 00paTHOH CBsI3H, KOTZA 3aKylmopKa B elle OOJNbIIeH CTEHNeHH YMEHBIIACT CKOPOCTh
GUIbTpalMK W TEM CaMbIM YCHIIHBaeT aAcopOLUIO MpuMecH. Pa3paboTaH MeTO] pElICHHUs 3a[JadH, COCTaBIICH
OPOTPaMMHBII KO, MOACTUPYIOIINI TPOHUKHOBEHUE CYCIICH3HU B MPSIMOYTOJIbHBIN 0Opasen. YHCIeHHbIC pacueThl
JIEMOHCTPHUPYIOT, YTO M3MCHCHHE PACIPEACICHHS HMMOOMIBHON PUMECH B MOPHCTOM MaTEpHale ONpPENeIIsIeTCsI
JIMHAMUKOM KOHIEHTPAIIMOHHOTO (PpPOHTA, KPYTHU3HA W CKOPOCTH ABIIKCHHS KOTOPOTO 3aBHCST OT COOTHOIICHUS
mapaMeTpoB 3amadn: koddduuuenra nupdysun, mapameTpoB ancopOUMH—AecOpOUMK M Meperaja JaBICHUS Ha
BXOJI€ U BBIXOJIE TOPUCTOTO MaTepHaia.

IMoka3aHo, YTO MPH COOTBETCTBHH CBOWCTB CYCIICH3HMI 3asABJICHHBIM TPEOOBAHHUSM IO pa3MepaM YacTHII,
¢buzuyeckast copOLUs ABISIETCS OCHOBHBIM MEXaHH3MOM 3aKyIIOPKH TIOp, T.€. B3aNMOJCHCTBIE YaCTUII CO CTEHKaMU
NOpHUCTO cpenbl obecrieunBaetcs cuiiamu Bau-mep-Baanbca. Pe3ynbTaThl pacyeToB MOKa3bIBAOT, YTO OCHOBHBIM
(akTopoM, BIMAIONMM Ha (HOPMY TEUCHHUS M 3aKYIIOPKY CPE/Ibl, SIBISCTCS HEMMHEHHOE B3aMMOJCHCTBHE MOTOKA C
HOPHUCTBIM MAaTEPUANOM, a TAKKe Iepenaj JaBIeHUs Ha rpaHuiax obpasua. IToxazaHo, 4To 0OpaTHOE BIIHSHHUE
CKOPOCTH (UIBTpAIMK Ha COPOLMOHHBIC CBOWCTBAa MPHBOMUT K OOPA30BaHHIO KPYTOrO (pOHTAa MMMOOHIHHON
COCTaBILSIFOLICH, CKOPOCTh JBH)KEHHS KOTOPOTO pacTeT C YBEIWYCHHEM Iepernana maBieHus.. MckakeHus,
BO3HHKAIOIIHE W3-3a TPABUTALOHHOTO MMEPEepacIpeeieHUs IIPIMECH, & TAKXKE HCKYCCTBCHHO BHOCHMBIC B IOTOK
BO3MYLICHUS CTIIXKUBAIOTCS, M XapPAaKTEPHCTUKH (PUIBTPALMOHHOIO MPOIIECCa CTAHOBSITCS C TEYCHHEM BPEMEHH
GoJee PaBHOMEPHBIMH II0 TOJIIMHE OOpasua. [IpoaHaIM3upOBaHO BIMSIHHE KOHBEKTHBHOTO IIEPEHOCA MPUMECH,
[OKa3aHO, YTO IS Mepenaia IaBiIcHHs B pabodyeM AWana30He KOHBEKIHS HE BHOCHT CYLICCTBEHHOTO BKIala B
MaccoIepeHoc. Pe3ynbTaTel pacueroB, MOJTyYCHHBIC B PAMKaX PacCMaTPUBAeMON MOJEIH, XOPOIIO COTTIACYIOTCS C
9KCHEPUMEHTAIBHBIME JAHHBIMH I10 IIPOIMTKE IIOPUCTHIX MATEPUAIOB HCKYCCTBEHHOTO IPOUCXOKICHHSI.

Pabora BeITIONHSITACH 1O/ TaTpoHaXxeM [IpaButenbcTBa [lepMCKOro Kpas B paMKax mporpaMmbl (GPHHAHCOBOM
noaepxku Hayurbix mikoun «IlepMckast mikosia ruapoaaHaMukiy (rpant Ne C-26/788).
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Ha namommseMocTh Kymona mapamrota W ero kodddummeHT comportusieHnss Cp CYIIECTBEHHBIM 00pa3oM
BIUSIFOT JUTMHA CTPOI M TKaHEBas BO3AYXONPOHHIAEMOCTh. M3BECTHO, UTO MPH ONTUMAIBHON JJIMHE CTPOII, PaBHBIX
JMaMeTpy KyIloja B IUIOCKOCTH pacKpos, W HW3TOTOBJICHHOTO M3 BO3AYyXOHENPOHHIIAeMOM TKaHH, 3HadeHue Cp
3HAYUTENILHO yBeNMuKMBaeTcs. Ho aisi 0CECHMMETPUYHOTO TapalllioTa YBEJIHYUTh €ro KO3 UIHUEHT CONPOTHBICHHS
MOXKHO eI€ 3a CUeT BBEJCHHUS JOMOJHUTENBHBIX KOHCTPYKTHUBHBIX 3JIEMEHTOB, TaKMX KaK IIEHTpaJbHas CTpOIIa,
TIOJIFOCHOE OTBepcTHe. B paboTe paccMaTpHBainch MOJAENM TApallioTa, MPEJCTABISIONIME TUIOCKHH KPYT B PacKpoe
wiomansio 0.5 M?, W3rOTOBJEHHBIE W3 KAaNpOHOBOM TKaHM ¢ HYJEBBIM 3HAUYEHHEM BO3JyXONPOHHMIAEMOCTH.
OKCIEpUMEHTH! MPOBOJWINCH B JO3BYKOBOW a’poanHamuyeckod Tpydoe A—6 Mucrturyra mexanuku MI'Y mpu
cKopocTax Haberaromero motoka V =10 m/c u V=25 m/c. B pe3ynbraTe mpoBeaeHNs SKCIEPHIMEHTOB OBUIN TTOTyYCHBI
Harpy3KH, JEHCTBYIOIIUE Ha MAPAIIIOT IS PA3IMIHBIX BAPHAHTOB ITOJIOCHBIX OTBepcTHH. BapuanT 1 — mapammor 6e3
TIOJIFOCHOTO OTBEPCTHS; BApHAHT 2 — MOJIOCHOE OTBepcTHE B BepiuuHe auamerpoM Do = 0.07 M ¢ nomoaHuTEIEHEIMU
BHYTPEHHUMH KOPOTKUMH cTponamu anuHoit | = 0.08 M, cxomsimmmucs K eHTpansHo# ctpore. Jis Bapuanta 3 — Do
=0.11mul=0.13 M, qust Bapuanta 4 — Do =0.14 mu | =0.16 m.

Ha pucyHke mokaszaH HaTypHBIH (CI€Ba) M pacYeTHBINA MapaloThl (CIIpaBa) C MOIIOCHBIM OTBEPCTHEM

B Hacrosimee BpeMs 3a/1a4a O pacKphITHU KyIIOJia MapalifoTa B MOTOKE Ta3a B OCHOBHOM peIlaeTcs METOI0M
FSI (Fluid Structure Interaction), koTopslii OCHOBaH Ha COBMEUICHHOM JIarpaH)X€BO—MJIEPOBBIM OIUCAHUU
npkeHnst [1] W TpeOyeT 3HAYMTENBHBIX BBIYMCIUTENBHBIX M BPEMEHHBIX pecypcoB. IIpuMeHeHHe xe
KBa3HCTATHYECKOTO IOJXOAa B JAHHOM ClIy4yae OKa3bIBAaCTCS HEBO3MOXKHBIM H3-3a OTCYTCTBHS cxomammoctH. C
UCIIOJIb30BAaHUEM HEKOTOPBIX JOIOJHUTENBHBIX TUIIOTE3 peIIeHHe MOomoOHOH 3amaun ObUI0 monydeHo B [2]. B
JAaHHO#M paboTe TNpeMIoKeH MOMUGBHUIIMPOBAHHBINA JIAaTPAHXKEBBIA TMOAXO0J, OCHOBAaHHBIH HA HTEPALUOHHON
npore/ype, COCTOsIIEH U3 MBYX 3TanmoB. Ha mepBoM 3Tare 3ajava MO PACKPBITHIO KYIOJa TMapallioTa PeraeTcst
NOIIArOBO B JWHAMHYECKO MOCTAHOBKE C HCIOJB30BAHHEM SIBHOW CXEMbI HHTETPHPOBAHHS IO BPEMEHH C
TPEIMCAHHBIM TMIEPETa oM IaBICHHUS 10 KYIOJy, B3STHIM M3 SKCriepuMenTa [3]. 3HaueHHe JaBICHUS 3a1aeTCs 110
HOpMaJIM K HAa4YaJbHOW JUISl JAHHOTO IMara KOH(MUTYpalud Kymoja B BHAE JIMHEHHON (YHKIHH OT BPEMEHH.
BennumHa BpeMEHHOTO WHTEpBala MEXIy IIaraMd BBIOMpAaeTcs B COOTBETCTBMH C KpurepueMm KypanTta st
obecredeHns] CXOOUMOCTH TpOoLeAypsl. Ha 3akIroYuTeIbHOM 3Tale peliaeTcsl y)Ke KBa3UCTaTHYeCKas 3ajada C
HESBHOH CXeMOW WHTErpUPOBaHMS IO BPEMEHH C KOH(QUrypalued Kymosa, MONYyYeHHOW B pesyibrare
NPOBEICHHOTO JHMHAMHYECKOro aHanu3a. CXOAMMOCTh PELICHHS] Ha 3TOM 3Talle JOCTUTAeTCs BCEro 3a HECKOJBKO
aroB. DKCIEPUMEHTAIBHBIC M pacyeTHbIe 3HaueHust Cp OTIINYarTCs He Oojee yeM Ha 3 %.

Kak mokazanu ¢u3MyYeckue W YHCICHHBIE AKCICPUMEHTBI, MaKCHMalbHOE 3HaueHHe Kod(hduireHTa
conpoTuBienusi Cp MOJYYSHO Ui MApallioTa ¢ MOMIOCHBIM oTBepctHeM D = 0.07 M W JONMOJHHUTEIbHBIMH
BHyTpeHHnMH ctporamu | = 0.08 m.
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O rEOMETPUU CUCTEMBI YPABHEHUI HABBE-CTOKCA
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Cucrema ypaBHeHmii HaBpre—CTOKca ommMCHIBaomIasi CBOHCTBA TEUCHHUN HEC)KUMAEMOM BI3KOHM JKUAKOCTH
paccMaTpuBaeTCsl ¢ TEOMETPUYECKOW TOYKM 3PEHUS OCHOBAHHOM Ha CIICAYIOUIEM YTBEPXKICHHH: TeH30p Puuunm

R_{ik} 14-mepmoro mpocrpancrsa ¢ xoopaumatamu (X,Y,Z,t,77, o,m,u,v,w, p,&,<,N), ochamennoro
PumanoBoii meTpukoil Buaa

ds"2 = 2dxdu + 2dydv + (-u(U "2 + P) —vUV - pU —wUW + u(wU, +vU  +uU,)dn"2 +
+2dtdp +2dnd& +2dpdg + (-v(V A2+ P) —uUV — pV —wWVW + u(WV, +VvV, +uV,)dp"2
(—WwW"2+P) —vWV — pW —uUW + p(WW, +VW, +uU, )dm"2—(uU + VvV +wW)dt"2 +
+ 2dzdw + 2dmdn

obpamaercs B Hynb R_{ik}=0 na pemenusx cucrems ypasuennii Hasbe—Crokca, rne U,V W, P, 1/ —3aucsamue
ot koopmuHat (X, Y, Z, t) KOMIOHEHTHI CKOPOCTH TEYCHHs, MaBICHHS W Bs3KocTH xumkoctu (cm. [1], [2]). B
HacTosIeH paboTe H3y4arTCs TeOMETPHYCCKHE XapaKTePHCTHKH TMPOCTPAHCTBA, U3 KOTOPBIX HAXOISITCS
COOTHOIICHHSI MEXIY CKOPOCTHIO TEUCHHUS U TABJICHHEM KUIAKOCTH.

PaccmarpriBaeMoe IPOCTPAHCTBO MPHHAIICKHUT K XOPOIIO H3BECTHOMY KJIACCy MHOTOMEPHBIX ITPOCTPAHCTB
pPHMaHOBOH T'COMETPHH C HYJCBBIMH CKAJSIPHBIMHA HMHBAapHAHTAME, COCTABICHHBIMH W3 KOMIIOHCHT TEH30pa
KpUBH3HBl PUMaHa M €ro KoBapuaHTHbIMHU mpom3BoxubiMu (cM. [3]). B moxmage GyayT moCTpOEHBI MPHMEpHI
HEHyJIeBbIX qubdepeHnaibHbIX napamMeTpos bensrpamn

A_1(W) = g™k}, i- W, k AW, D) = gMik}V,i- Dk,
a TaKke HeHyJIeBbIX MHBapUaHTOB KapTana Buza
S(k) = R7iajb - R™ jeid -k~a-k~b-k~c-k~d,
rne K —nym-sexrop, R/Mi@jb —temsop xpupmsEbl MeTpuki. C MX TOMOIBIO TONYYAOTCS PHMEpEI
cootnomenuit Mmexny ¢pyakmmamua U,V ,W, P xotopsie nanmee mpoBepsioTcss Ha COBMECTHOCTD C YPaBHEHUAMU
Teuenus skujakoctTh. B wacthoctu, uz ycnosmit Buaa R_ij;K+R_jK;i+R_Ki; j=0wm R_ij;k—
—R_JK;i+RMnijk;n=0 wa Tensopsl KPUBM3HBI METPHKM MOJNYHAIOTCS OWIMHEHHBIE OIHOPOIHBIE

MHBAPMAHTHbIE COOTHONIEHMUS.
Vpasuenus reoaesudeckux gunmit XN + TN IK] - XMK - XN ] = 0 merpuxu pacnajiaiotcs Ha 0T/ bHBIE TPYTITIBI

5(5) = O! é’(S) = 01 n(S) = O! 77(5) = O’ p(S) = 01 m(S) = O,
X(s)—F1=0,Y(s)—F2=0,7(s)-F3=0,t(s)-F4=0,Fi = F(x,y,z,t,UV,W,P, 1),
U(s)—H1=0,v(s)-H2=0,w(s)—H3=0, p(s) —H4 =0,Hi=Hi(x,y, z,t,u,v,w, p,U,V,W, P, 1)
C MOMOIIbI0 KOTOPBIX HAaXOJUTCA HEJIIMHEMHOE ypaBHEHHE B 4Y.Ip. MEPBOIrO MOPSAAKAa UHTETPUPOBAHHE KOTOPOIO
MPUBOAUT K CEMHUMEpPHOM THIEPIIOBEPXHOCTH OIpPENEIsIEMON COOTHOIIEHHEM BHJIA @(X, Y, Z,t,u,v,w, p) =0,

cBoiicTBa KkoTopoill cymecTsenno 3asucat or ¢ynxmmii U,V W, P . Wsyusenwe rpynner romonommii

TUNEPIOBEPXHOCTH MMEET Ba)KHOE 3HAYEHUE Ml NOHUMAHUS TOIOJOTMYECKUX CBOICTB pEIIEHUH CUCTEMBI
ypaBHenuit HaBbe—CroKCa.

B 3akirouenue B IOKIage MPUBOANUTCS HECKOJIBKO HOBBIX IPUMEPOB TOYHBIX pemIeHWH ypaBHeHUIT HaBpe—
Crokca u 06cykAal0TCs IPEUMYIIECTBA TEOMETPHUECKOTO MOJAX0/a K UX MOJIyICHHIO.
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B kadecTBe CTaHIApTHOI BETBH CETH paccMaTpHBACTCS IMJIMHApHYECKas TpyOa (II0JOCTh) ¢ IMEpOXOBATOH
MOBEPXHOCThIO. [ omucaHWs TypOyJIEHTHOTO [BIDKCHHS MapoOBO3LYIIHOW CMecH B TpyOe NpUMEHSeTCs
JIByXcioiHas wmozenb [lpanarns. Mopnenb mo3BosisieT cBsi3aTh KO3()(UIMEHT CONPOTHBICHUS, SBISIOLIMICS
K03 PHUIHEHTOM MPOMOPUHOHANIBFHOCTH Mepenana qaBieHus U KBajpara pacxoja, ¢ mpoduiem ckopoctu [1]. B [2]
OIICaH CrMoco0 AHAIUTHYECKOTO OMHCAHHS KPUBBIX compoTuBiicHUs A(RE), sKCIepUMEHTATbHO MOMYYeHHBIX U.
Hukypanze [3] mis pasnuyHbIX 3HAUCHUIH OTHOCHUTENBHOI mecouHoi mepoxoBatoctu K/r (K — BBICOTA 37€MEHTOB
IepoxoBaTocTH, I' — paauyc TpyOsl). Kpussie A(Re, k/r) mo3Bonsiror Haiitu: 1) pacnpeneneHne MOTOKOB B BETBAX U
JaBJCHUI B y37ax ceTH, 2) mpoduiab CKOpPOCTH A Kaxkmod BerBu [1]. J{ns pemieHus mepBod 3amaduu ObLT
ucnonb3oBaH MKO-MJIP meTon (MeTOx KOHEUHBIX 3JIEMEHTOB — METO[l JIAMHHAPHBIX PEUICHHUH), pa3padOoTaHHBIH
aBTopamu [4] Ha ocHOBe OOHAapy)XCHHOI aHAJOTMH YNPYTroro M IUTACTUYECKOTO PaCTIKEHHSA—CHKATUS CHCTEMBI
CTEpKHEH C JaMHHAPHBIM W TYpOYJIEHTHBIM TEUCHHEM >KHAKOCTH B CHCTeMe TpybOompoBonoB. MHpopmarus o
npoduire CKOPOCTH MO3BOJISET BHIOIHNATH aHATIH3 MTPOIECCOB TEINIO0OMEHA NMAPOBO3AYIIHONH CMECH C BMEIAIONIIM
TOPHBIM MacCHBOM M KOHJEHCAIlUM BJark Ha CTEHKaxX IOA3EMHBIX BBIpaOOTOK. B cmiry maremarmueckoit
WICHTUYHOCTH ypaBHEHHH KOHBEKTHBHOTO TEIUIOOOMEHa M MaccOoOMEHa IpH KOHICHCAIMM A aHauu3a o0oux
IPOIIECCOB MPUMEHsUIoCh penreHue Jlaifona [5] 3amaum cranmuoHapHOTO TErIooOMeHa MoTOKa W cTeHKH. OHO
MO3BOJISIET OTPENENIUTh CPEIHEMACCOBYI0 TEMIIepaTypy IMOTOKa, TeMIeparypy CTeHKH, uucio Hyccempra n
KO3 (PHUINEHT KOHBCKTHBHON TEIUIOOTJAaud, KOHICHTpAIMIO Mapa (CPeIHEMAcCOBYIO M Ha CTCHKE), YHCIIO
Hyccenbra nas maccoOMena, ko uuueHT Maccootaayn. HecranponapHas 3ajada 0 paclnpoOCTpaHEHUH TeIuia B
0OECKOHEYHOM T'OPHOM MAacCHBE OT JBIIKYIIErocs B IMJIMHAPHYECKON MOJOCTH MOTOKa BO3AyXa Obula pelieHa
MetonoM QyHkuuid I'prHa B couetanuu ¢ npeodpaszoBanuem Jlamnaca [6].

Crnenyer oTMeTHTh: 1) 3amadum JBIDKCHHS MapOBO3LYLIHOM CMECH, TEIUIOOOMEHa M MaccooOMeHa NpH
KOHJICHCALINH SBIIIFOTCS CBSI3aHHBIMM; 2) KOHICHCANNS PacCMaTPUBACTCS TOJIBKO B BETBSIX, TEMIIEPATypa BO3IyXa B
KOTOPBIX IIPU OXJ@KACHHHM Ha CTEHKE JOCTHUTaeT TOYKH POCHI; 3) TEIUIOBOIM NMOTOK M3 HEAp 3eMJIM MOBBIIMIACT
€CTECTBEHHYIO TEMIEpaTypy TOPHBIX IOpPOJ ¢ TIIyOMHOW, MO3TOMY KOHACHCAIMsS OCOOEGHHO XapaKTepHa M
HETITyO0OKuX Tmoa3eMHbIX coopykeHuid (300—400 M oT moBepXHOCTH); 4) TUTPOCKOIMMYHOCTH TIOPOJ, CIIOCOOCTBYET
KOHJIeHCAllnH; 4) TOHOBBIE KOJeOaHUs TeMIIEpaTypsl aTMOC(EPHOr0 BO3AYyXa, a 3HAYHUT U €ro BJIAroCoJepXKaHUA
CYIIECTBEHHO BIIHSIOT Ha IPOLECCHI TEINIO0OMEHA U MacCOOOMEHa B OKPECTHOCTH 3—5 KM OT BXO/Ia B CETb.

Ao e B Ha ocHOBaHWM Tpe/ICTAaBICHHON TEOpHU
PO — s 6b11 pazpabotan naker nporpamm MineClimate,
aoss =22 KOTOpBIM INPUMEHSUICA Ul pPELICHUus psjaa
22 11T 1 o 11 T T 1 Texuuueckux sajad: mpoOIneMEl KOHJCHCALMH
e con o o N ' OOJIPIIOTO  KOJIMYECTBA BIIATH B  KaJMHHBIX
L0179 5.00 \ pyAHUKax BepxHEKaMCKOTO MeCTOpPOXKICHHS;
o o0 \\ f npoOyieMbl HarpeBa BO3AyXa JIO BBICOKHX
oool 1 1 =1 ] oool 1T MN__1_ 1 = temmeparyp B IITyOOKHX pYAHUKAX
I'pemsamackoro (Bomrorpanckas oOmacte) u

Hugsenckoro (KanuauHrpaackas o01nacTsb) MECTOPOXKACHUH KaTUIHBIX COJEH.

Taioke OBLIO HMCCIEAOBAHO BIMSHHE PA3IMYHBIX [apaMeTPOB Ha IPOLECC KOHACHCALUH B IOJ3EMHOM
coopyxeHnH. Ha pucyHKe IoKa3aHa 3aBHCHUMOCTb T'OJIOBOI Macchl KOHJEHCATa M MaKCHMAIIbHOM JUIMHBI 30HBI

KOHJICHCAIIMK OT JBYX MapaMeTpPOB: CPEIHETOM0BOM Temieparyphl atMochepst Tay (C, d) u rryOuHBI TOpH30HTA
H (e, f).

3393 1.00
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OKCHepuMEHTANBHO HCCIIeyeTcsl AMHAMUKA KBa3WUCTAIIMOHApPHOTO penbedpa Ha IpaHMIE pasjeia MExIy
JKUJKOCTBIO U CBINy4Yell cpelod B HEPaBHOMEPHO BpalLAIOIIEeMCs! (JMOpUPYIOIIEM) TOPU30HTAIBHOM IMIMH/DE.
JluOpaunoHHOE BM)KEHHE IOJIOCTH BBI3BIBACT a3UMYTajbHbIE KOJEOAHUS JKUIKOCTH OTHOCHUTEIBHO KOJBIEBOTO
CJIOsSl CBITyYeH cpeabl W CTEHOK LMIMHApA, BCIEACTBHE YEro M3HAYaJIbHO OCECHUMMETpUYHAs IpaHUIla pasjena
MEXAY KHJIKOCTBIO W CHITy4Yel Cpelol MOPOrOBHIM O0pa3oM TEpsieT YCTOMYMBOCTH K IOSIBICHUIO PETYJSIPHOTO
KBa3HUCTAIMOHAPHOTO penbeda B popme aroH (puc. 1).

OKCIIEpUMEHTHI TPOBOIATCSA C MPO3pavyHON IFUIMHAPHYECKONW KIOBeTOW IumHOW L =2.2 cM m mumamerpom
D = 14.4 cm. B kauecTBe ChIlyueii cpe/ibl UCTIONb3YIOTCS CTEKIsIHHbBIe chepuueckue dactuilpl auamerpom d = 0.05,
0.09, 0.18 wm 0.36 Mm. B kadectBe pabodeill >XHAKOCTH HWCHOIB3YIOTCS BOJOTIIUIICPUHOBBIC DPACTBOPHI
KUHeMaTH4ecKkoil Ba3kocThio v = 3.3 — 10 ¢Crt. B skcnepuMeHTax CKOpOCTh BpauieHus fr u3smeHsercs B nuama3oHe
ot 4 1o 7 06/c, 4acToTa azuMyTanbHbIX Kojebauuil fi Bapeupyercs B muamasone ot 0.3 g0 12 'y, ammauryna
MOJYJISIIUMA CKOPOCTH BpamieHus € npuHuMaeT 3HadeHus ot 0 mo 0.50. B pabore m3ywaroTcs BeICOTa W AJHMHA
XOJIMOB B 3aBUCHMOCTH OT CKOPOCTH BpallleHHs M NapaMeTpOB OCIMIUIALUM, BSI3KOCTH XHJIKOCTH, AMAMETpa U
KOJIMYECTBA YaCTHUI[ Chiydyell cpeapl. Pabora sBisieTcss NMPOAOJDKEHHEM HCCIIEAOBaHUI MOpora yCTOWYHBOCTH
KOJIBI[CBOTO CJIOSI CBIMTyYei CPebl M BpEMEHHON THHAMHKH KBa3HCTAI[MOHAPHOTO pebeda [1].

Puc. 1. Penbedp Ha moBepxHOCTH Chillyueidl cpensl B nubpupyromem mwimaape: d = 0.09 mm,
v=5.2cCr, fr=4506/c, fi=1.0Tm, £ =0.25,ho=1.00 cm

[Toka3aHo, YTO YIPABIISIONIMM TapAMETPOM JUTS OTPEICICHNsT OTHOCHTEIBHON BBICOTHI penbeda 1/b, rae b —
AMIUIMTYa KoneOaHuil KUJKoCTH, sBNseTcs KpuTepuit mobuibHoctu W = (27fi b)%/(p - )(2xfy )2ad [2] (a-—
paccTOsTHKUE OT OCH BPAIICHUS MOJOCTH JI0 KOJBIIEBOTO CIOS ChIMy4eil Cpe/ibl, p — OTHOIIIEHHUE TUNIOTHOCTH ChIMTyUei
Cpeibl K TJIOTHOCTH YKUAKOCTH), KOTOPBIH HPEICTABISIET COO0M OTHOIICHHE NEHCTBYIOIIEH HA YaCTHILY [TOJbEMHOM
CHJIBI, BO3HHKAIOLICH BCICACTBHE TPAJUCHTa CKOPOCTH B IIOTOKE >KHUIKOCTH BOJNM3M CHIIy4YeH cCpenpl, K
LEHTPOOSIKHOH CHJIe WHEPLUUH, CTpeMslleiics yaepaThb YacTHLy Ha MecTe. Pe3ynpTaThl 3KCHEPUMEHTOB
KAQUeCTBEHHO COTJIACYIOTCS C JIAHHBIMH JIa0OPATOPHBIX OKCIICPUMEHTOB, B KOTOPBIX JKHIKOCTH COBEpIIACT
MOCTYMATebHBIE KOJICOAHUSI BOJM3M HEMOJBIKHON Tmecuanod momtoxkn [3]. dopma XOJIMOB, Kak MpPaBHIIO,
xapakrtepusyercsi mapamerpom T/A. B [3] mokasaHo, 4TO B €CTECTBEHHBIX W JTa0OPATOPHBIX YCIOBHSX, KOTZa
’KUJIKOCTh COBEPINAET IMOCTYIAaTeIbHbIC KOJNeOaHuUs BOIM3H CIOS CHIMyYed CPEbl, 1)/A MEIJICHHO YMEHBIIAeTCs C
yBernuuenneM gucina Lunsaca 0 = 2xfy bv/(p - 1)(2xfr )?add (6 — Tommuna norpanuynoro cnosi CTokca), KOTOPHIi
TpeICTaBISIET COOO0M OTHOIICHHE BA3KOW CHITBI, CTPEMSIICHCS TIEPEMECTUTD YaCTHILY BIOJb MEK(Da3HOW rPaHHUIIbL, K
HEeHTPOoOSKHOH cuie nHepuun. OOHApYKEHO XOpOoIlee COracHe 3KCIEPUMEHTANbHBIX JAHHBIX, MMOJYYSHHBIX B
IKCMIEPUMEHTAX ¢ TMOPUPYIOLIMM IJIMHIPOM, C JTaHHBIMH U3 0030pa [3].

Pabora BeInONTHEHa IpH pUHAHCOBOI opaepxkke Poccuiickoro Hayunoro ®oupa (mpoekt Ne 18-71-10053).
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DKCIIEPUMEHTAIBHO HCCIIEYeTCs CTPYKTYpa W MHTCHCHBHOCTh OCPEIHCHHOTO TECUCHHsI, BO30YKIaeMOro
WHEPIMOHHBIME KOJICOaHUSIMH JKUAKOCTH B HEPaBHOMEPHO Bpariaromemcs (JiuopupyromeM) mwmaape. CKopocTbh

BpAIICHUs TIOJIOCTH B J1aGOPaTOPHOH CHCTEMEe OTcCdeTa HM3MeHsercst mo 3akoHy Q(t)=Q+A@Q, sin(Qt).

JIuOpanuy MPHUBOAAT K BOSHUKHOBEHHIO OCIMIIMPYIOMIETO IBIDKCHHS JKMAKOCTH B BHAC WHEPIIOHHBIX BOJH,
KOTOpBIE TPH HEKOTOPHIX YaCTOTaX HCIBITHIBAIOT MIPOCTPAHCTBEHHBIN pe30HAaHC, BO30YkKaas KpymHoMaciTaOHBIE
OCHWJITHPYIONHE BUXPEBBIE CTPYKTYPH — HHEPIUOHHBIE MOABI. B IIIHHIpE ¢ MPSIMBIMU TOPLIAMH BO30YKIAOTCS
HCKJIIOYUTEIBHO OCECHMMETPUUYHBIE MOJbI, IPUYEM B PE3YyIbTATE€ HEJIMHEHHOIO OTKIMKA B IOTPAHUYHOM CIIOE
Crokca BOJIM3M OOKOBOW CTEHKHU IUIHHIpPA TE€HEPUPYETCS OCPEHEHHast MPKYIsiust sxuakoctu [1]. OcpenHennoe
TEUYCHUE MPEACTABISIET CO00M CHCTEMY TOPOHIAIBHBIX BUXPEH, KOJHYECTBO KOTOPBIX OIPEIACIIACTCS OCEBBIM
BOJIHOBBIM UHCJIOM MOAbl. HakJIOH TOpPLIOB OTHOCUTENBHO OCH BpAILEHUS NPUBOJUT K PaCIpPOCTPAHCHUIO B
JKUJIKOCTH a3MMYTajbHO HEOJIHOPOIHBIX BO3MYIICHHUM, B pE3ylbTaTe YEero BO30YKAAIOTCS HEOCCCHMMETPHUYHBIC
HHEpUUOHHbIe Moabl. Tak, mmOpanmu ¢ vactorod o=, /Q=0.52 Bo3dyxmgaror mogy {l, 1, 1}, xoropas
MPEICTaBIsIeT COOOH OTHOBHUXPEBOE TEUCHHE, 3HAK 3aBHUXPEHHOCTH B KOTOPOM MEHSETCS B TEUEHHE IEpHOna
mubpanuii. MccnemoBaHne MIHOBEHHOTO TOJS CKOPOCTH TOKa3bIBACT, UYTO OIHOBPEMEHHO C W3MCHCHHEM
WHTEHCUBHOCTH MYJbCALIMOHHOTO JBW)KEHHUA JKUJKOCTU B BHUXpE, HWHEPUUMOHHAs MoJa MNEPUOIUYECKHU
MOBOPAYMBACTCS B a3MMYTAJbHOM HampaBicHUW Ha yroa 7w/2. [Ipu 3TOM OCpeqHEHHOe TeUYeHHE He 00iamacT
0CEBOIl CHMMETpHEH 1 UMEET BUJ CTPYH, OBIONINX BIOJb BCCi OOKOBOI CTeHKH moocTH. HampasieHue ABMKCHUS
JKAJIKOCTH B OCPEAHEHHBIX CTPYSIX MEHSETCS Yepe3 a3UMYyTaJIbHbII yrosl ~ 7.
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Puc. 1. MrHoBeHHOE 10JIeé CKOPOCTH B OCEBOM CEYEHHMH MoJocTH mpu =068 u £=0.10 B ¢ase naubpaumit

Qut =n/4 (cneBa) U COOTBETCTBYIOIIEE OCPEAHEHHOE II0 MIEPHOY JTHOpaLUii II0Jie CKOPOCTH (CIpaBa)

OG6HapyXeHO, YTO B pe3yibTare CYNEpIO3WIMH BO3MYIICHHH C a3UMyTadbHBIM ddcioM K =1,
PACIpPOCTPAHAIOIIUXCSA OT TOPLOB MOJOCTH, IIpU dacToTe Jubpanuii ¢ =0.68 Bo30yx1aeTcs HHEPUUOHHAS MOJA C
asuMyTaJbHBIM uuciaoM K =2 (puc. 1, monma {2,1,2}). CmeHa pexxuMa MyJbCAllHOHHOTO JIBYIKCHHS NPHBOIHUT K
M3MEHEHHIO HANPABJICHHUS OCPEIHEHHOTO ABWKEHUSI KUAKOCTH BOJIM3HM OOKOBOW CTEHKH LIMIMHAPA.

Pabora BbImosHEeHAa mpM noAJep)Xke Benymeid HaywyHOW ImIKoibl (coryamieHue ¢ MUHHCTEPCTBOM
obpasoBanus 1 Hayku [lepmckoro kpas NeC-26/1191).

JINTEPATYPA
1. Subbotin S. Steady circulation induced by inertial modes in a librating cylinder // Phys. Rev. Fluids. 2020. V. 5.
Ne 1. P. 014804.

36



MPOJOJIBHBIE BUXPEBBIE CTPYKTYPBI B /IBYX ITIPOTUBOIIOJIOKHO 3AKPYUEHHBIX
CTPYAX ITPU TAMHUHAPHOM U NEPEXOJHOM PEXXNMAX TEUEHUSA

B.B. XBux, A.M. l'atidpymmna
LenTpansHBIN a3pOrHAPOANHAMHYECKIH HHCTUTYT MMeHH npodeccopa H.E. XKykosckoro, XKykoBckuii
vladzhvick@yandex.ru

PaccmarpuBaroTcs 1Be napajienbHble IPOTHBOIOIOXKHO 3aKpyYEeHHBIE 3aTOINICHHbBIE CTPYH, BBIyBaeMbIe U3
IBYX TpyO WJIM U3 ABYX OTBEpCTHH B cTeHKe mpu yuciax PefiHompaca 100 u 2000 cOOTBETCTBEHHO W MapameTpe
3akpytkn S = 0.5. Yucno PeiiHonbaca ompeneneHo MO CpeAHEPACXOAHOW CKOPOCTH W JHAMETPY OTBEPCTHS,
napaMeTp 3aKpyTKH — OTHOLIEHHWE MaKCHMAaJIbHOH a3MMYTallbHOM CKOPOCTH B OTBEPCTHH K MaKCHMaJIbHOM
NPOJONBHON ckopocTH. UunciieHHoe pemeHne ypaBHeHnd Habe—CTokca IS BSI3KOW HEC)KMMAEMOH JKHIKOCTH
MOJIy4eHO METOO0M KOHe4HBIX 00béMOB. [Ipu Re = 100 monenmupyrotcs cTpyu ¢ napaboIM4ecKuM HadallbHBIM
npoduieM npogoIbHOM CKOPOCTH, KOTOPBIE MOTYT OCTaBaThCs JIAMHUHAPHBIMH JI0 PACCTOSHUM B COTHH KaluOpOB
[1]. dns MomenmupoBaHus CTPpyd C yAapHBIM HEBO3MYLIEHHBIM HAYalbHBIM MPO(HUIEM MPOAOIBHON CKOPOCTH MPH
Re = 2000 pemratorcsi HecTalMOHApHBIE YPAaBHEHHSA Ha CETKE C pa3MepoOM sTdeeK MOpsiIKa TPEX BA3KUX MacITaboB.
HavanpHblil TpOGHIbE a3MMyTaNIbHOH CKOPOCTH B OOOMX CIydasx COOTBETCTBYET TBEPAOTEILHOMY BPALICHHIO H
MMeeT TaHICHIMANbHBIN Pa3phblB Ha IPAHULIEC OTBEPCTHSL.

JlaMHHapHBIA pexuM
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Ha pucyHke mokasaHbl 10Jisl IPOJOJIFHON 3aBUXPEHHOCTH B MOMNEPEUHBIX cedeHuAX. KoopauHaTe! ceueHnit
JaHbBl B JMaMeTpax OTBEPCTHH, 3aBUXPEHHOCTH — B OTHONICHMAX MAaKCHMAalIbHOM IPOJOIBHOM CKOPOCTH B
oTrBepcTUU K nuamerpy. CTpyKTypa MO 3aBHXPEHHOCTH B OJHOW CTpye HPH BBIXOJE M3 OTBEPCTUS — BHXPEBOC
PO, OKPYKEHHOE BUXPEBOW IIy0Oil (a3MMyTalbHBEIM CJIOEM CMEIICHHs) MPOTHUBOIIOIIOKHOTO 3HAKa, KOTOpas
o0pasyeTcs B pe3ynbraTe JudPy3un TaHTSHIIHATFHOTO pa3phiBa a3UMYTaJIbHON CKOPOCTH.

[Ipu namuHApHOM pexuMme TeueHus [2] BUXpeBbie IyObl MEPEKPBIBAIOTCS BCIIEACTBHE COMMKEHUS JIBYX
CTpyH H 4YaCTHYHO AaHHHTWIHUPYIOT. 3aTeM BCJICICTBHE NHPKYJISAIHOHHOTO MABIDKCHHS BHXPEBHIX MIyO,
WHIYIUPYEMOTO BHUXPEBBIMH SIIPAMHU, TPOWCXOIWT CIIOJI3aHHE BUXPEBBIX mry0. JlampHee mmoile MpPOJONEHON
3aBUXPEHHOCTH SIBISICTCSl KBajpymojeM u onucbiBaetcs pemrenneMm [3]. Tlpu Re = 2000 passuBaercs
HeycToiunBocTh KenbBuHa—I'enpMrosipia asuMyTalbHOTO CJOs  cMemieHus (BuxpeBoil 1ryOwl). JlanHas
HEYCTOWYHMBOCTh HPUBOIUT K BO3HHUKHOBEHHIO a3MMYTAJbHBIX HEOJHOPOJHOCTEH M MOCIEAYIOUIEMY pachamy
BUXPEBOH MIyObl HA HECKOJBKO W30JIMPOBAHHBIX BuUXpei. [Ipu 3TOM BUXpEBbIEC sipa MPUHUMAIOT (GopMy 3BE3N C
Mapoil KyCOYKOB BHXPEBOM IIYOBI OKOJO KaXAOro Jyda. [lomyueHHas KapTHHA KadeCTBEHHO COTJIACYETCS C
aKcriepuMenTamu [4, 5].

Pabora BeinonHeHa npu noaaepxke PODOU (mpoekt Ne 19-01-00163).
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AHAJIN3 RANS/ILES METOAOM BJIMSIHUA YPOBHSA TYPBYJEHTHOCTHU
HA PABOTY CBEPX3BYKOBOI'O BO3/IYXO3ABOPHOI'O YCTPOMCTBA

A.C. Xurankun, J[.A. JIro6uMoB
LleHTpanbHbIM HHCTUTYT aBUALMOHHOTO MoTOpocTpoeHus umenu I1.1. bapanosa, Mocksa
aszhigalkin@ciam.ru

Ha Teuenme B y3max COBPEMEHHBIX aBHAIMOHHBIX CHIOBBIX YCTAHOBOK Ha HEKOTOPBIX PEXHMax paboThI
3aMETHOE BIMSHHE MOJKET OKa3bIBaTh TYpOYIECHTHBIH XapakTep TEUCHMsS B HUX. TEUCHUS C THIUPYIOMIEH POJIBIO
TypOyJEHTHOCTH IUIOXO Mojenupylorcss merogamMu RANS, mostomy st MX ONMCaHWs HPEANOYTUTEIHHO
UCIIOJIb30BaTh BUXpepaspelaromue moaxoasl. OqHako oHH TPeOyIOT OYeHb OOJBIIMX BBIYUCIUTEIBHBIX PECYPCOB.
B Hacrosimee BpeMst IS pelIeHUs MPAKTUUECKUX 33/1a4 MPUMEHSIOTCS KOMOMHUPOBAHHBIE METO/BI, KOT/a 4acTh
MPUCTEHOYHOT'O CJIOS, B KOTOPOM NPeo0IIaialoT MEJIKOMAaCcIITaOHbIE CTPYKTYPbI, MOJICIUPYETCS C MCIIOJIb30BaHUEM
RANS wu wmogemu TypOyiaeHTHOCTH, a oOcTajdbHas yacte — wMerogoM LES. HenmaBuo paspabotaHHBIN
komOuHupoBaHHblii RANS/ILES meton [1] ¢ HesiBHOM SGS—Moenbio Xopomo ce6s 3apeKOMEeH0Bal ISl PELIeHUs
psina 3a7a4 aBUaIBUTaTEIECTPOCHHS, HAIIPIMED, pacueTa TeUEHHS B COIUIAX PA3IMIHON KOH(PUTypaluu U X CTPYIX
[1], Takske pacuera CBEpX3BYKOBBIX BO3yX03a00pHBIX ycTpoiicTs (B3Y) [2]. Hcmonp30BaHne BUXpepa3peIaronmx
MOAXOAOB Ul MOJENUpOBaHMsA TeueHHs B B3Y sBisercs akTyanbHBIM, TaK KaKk OHM ITO3BOJIAIOT ONPEICIUTH
TypOyJICHTHBIEC MYJIbCAllMN JABICHHUA W CKOPOCTH, YPOBEHb KOTOPHIX BIUSCT HA 3(PPEKTUBHOCTH M yCTOWIHBOCTH
paboTHl KOMIpeccopa W ABUTraTelisl B IeJoM. BenndanHa 3THX IMyJibCcalllii 3aBHCUT HE TOJBKO OT peXuMma paboThI
B3V, HO 1 0T ypoBHS TypOYJIEHTHOCTH HAaOEraromero NoToka — arMoc(epHoit TypOyneHTHOCTH. I ee nMHUTannu
B pPaMKax BHXpEpa3pellalolIuX IIOAXO0J0B HCIOJIB3YIOTCS pa3lU4YHble METOABl TeHepalud CHUHTETHYECKOH
TypOyJIEHTHOCTH, TPOAYLMPYIOIIME HECTALMOHAPHOE IIPOCTPAHCTBEHHOe mnone (Quykryanuii ckopoctH. B
HacTosiliedl paboTe pacueTbl NMPOBEAEHBI C KCIOIB30BAHUEM CHEKTPAaJbHOTO METO/A 33JaHHs CHHTETHYECKOU
TypOysaenTHoctH [3] Bo BHelIHeM roToke. [ 'eomeTpust MoJebHOTO cBepx3BykoBoro B3V (moka3aHa Ha pUCyHKE) U
napaMeTpsl HaOeraroliero NmoTOKa COOTBETCTBYET HCCJIEJOBAaHHOMY JKCIIEpUMEHTaJbHO B pabote [4]. Pacuers
nposesiensl RANS/ILES MeTooM Ha CTPYKTYpPHPOBaHHO MHOT00JI04HOM ceTke, coepxkarueii 9-10° sueek. Uncino
Maxa Haberatomiero motoka osuto 1.8, ncio PeitHonbaca, BeramcieHHOE Mo BhicoTe Bxona B3V (0.1M) u ckopoctn
naberaromero notoka 2.9x10%. Pexum pa6otsl B3Y cooTBeTcTBOBaAN BeluuMHE Ge3pa3sMEpPHOM IIOTHOCTH TOKA HA
Beixozie 3 B3Y ((A)=0.7. PacueTpl mpOBOAMIKMCH MPHU PA3IMYHBIX 3HAYCHHSIX WHTCHCHBHOCTH TYPOYJIEHTHOCTH
Halerarolero moroka ly u auHeliHoro macmrada li. I[IpoaHanu3upoBaHO HX BIMSHUE Ha MOJIS JaBJICHUS, CKOPOCTU H
YPOBHH IIyJIbCAallMi 3THX ITapaMeTpoB Ha BbIxojae u3 B3Y. Ha pucyHke HipKe mpeicTaBieHbl MO MyJbCanuil
CTaTHYECKOTO JaBJICHHUS B BBIXOAHOM ceueHMHM B3V, OTHECEHHBIX K CTaTHYECKOMY JaBJICHHIO Haberaromiero
MOTOKA, JJIsI TMOCTOSHHOTO Ha0eraromero mnoTtoka (B IEHTpe) W Ipu TypOyJeHTHOM HaberaromieMm MOTOKe ¢
HHTEHCHBHOCTBIO TypOyseHTHOCTH |=5% 0T ckopocTu Haberaroriero mortoka u macmrabom |y =0.01 m (cmpasa). B
TalJNMIEe Mpe/CTaBICHBl CPEIHEPACXO/I0BbIC 3HAueHMs Ha BbIXxoJe M3 B3Y cpeaHekBajpaTHYECKHUX MyJbCalni
MOJTHOTO JIABJICHHSI, CTATHYECKOTO JIaBICHUS U CKOPOCTH, OTHECEHHBIX K 3HAYEHUSM COOTBETCTBYIOUINX BEJIMYUH B
HaOeraromieM MoToke. Pe3ynbTaThl JEMOHCTPUPYIOT 3aMETHBI POCT MHTEHCHBHOCTHU ITYJIbCALIMH PACCMOTPEHHBIX
BEJINYMH NPH YBEJIMUYESHNH YPOBHS TypOyJIEHTHOCTH HAOETaIOIIEro MOTOKa.

Pabora BrmosHeHa nipu moaepykke rpanta PODU Ne 18-08-00271.

-0.4

pOrms/p0H, % prms/pﬂ, % Urms/Usx, %0
1=5%, |t =0.01 m 1.50 3.21 2.18
HeBo3myieHHBIN TOTOK 1.23 1.73 2.05
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YCTPAHEHUE TYPBYJIEHTHOCTHU B COEPUYECKOM TEYEHHWU KY3TTA
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olga@imec.msu.ru

B mociexHee Bpems 0oiblIOe BHUMAHHE YAEISETCS HCCIACIOBAHMSIM BO3MOMKHOCTEH KakK CHIDKCHUS
WHTCHCUBHOCTH IIyJIbCAIllMd CKOPOCTH B TYypOYNEHTHBIX TedeHUsAX [l, 2], Tak W TONHOTO TOJABIICHUS
typOynenraoctn  [3-5]. IlpencraBieHbl pe3ysibTaThl  IKCIHCPUMEHTANBHOTO HCCICHOBAHHS  BO3MOMKHOCTH
ycTpaHeHus] TypOyJeHTHOCTH BO Bpamfaroiiemcsi cepudeckom cioe. CHavyaga Mpu CTAMOHAPHOM BCTPEYHOM
BpAIllCHUH TPaHUIl (OPMHUPOBATIOCH TYpOYJICHTHOE TEUCHHE, OCOOCHHOCTHIO KOTOPOTO SIBISACTCS IMEPEXOa K
JAMUHAPHOMY TEPHOJMYCCKOMY TEUCHHIO MPH CHIDKCHHH CKOPOCTH BpAICHUS BHYTpeHHeH cdepsl. 10
JAMHHAPHOE TEYCHHE CHMMETPHYHO OTHOCHTENBHO IIOCKOCTH JKBaTopa M COCTOMT M3 TpeX BHXpEil,
PACIPOCTPAHSAIOIIUXCS B a3UMYyTAlIbHOM HampaBieHHH. VIcxoiHble TypOyJeHTHbIE TEYEHHS IOJBEPrajkcCh
BO3JICHCTBHIO MOAYJISIIAK YIIIOBOW CKOPOCTH BpamieHus BHetnHen chepst Q(t): Q(t)= Qa(1+Asin(2xft+¢)), rae Qav
— cpemHee 3HaueHHE YrioBod ckopoctd, A, f — ammimTyna u wacrora momyssiiud. JlasepHBIM aHEMOMETPOM
U3MepsUIach a3uMYTajlbHas KOMIIOHCHTa CKOpOCTH TedeHnsl. CHeKTpBl CKOPOCTH IPH MalbIX aMILIUTYHaX
MOJIYJLILUH AHAIOTHYHBI CIIEKTPaM «IBYMEPHOW» TypOYyJIEHTHOCTH, C HAKJIOHOM, OJIHM3KHM M0 BEJIHYUHE K -5/3 Ha
HHU3KHX YaCTOTaX W HAKIOHOM -3 Ha BBICOKHX 4YacToTax. C yBENMYCHHEM aMIUIUTYIbl MOAYILILHN TypOYICHTHOCTD
paspymaercsi BO BceM C(EpHYECKOM CIIoe, U CTPYKTypa JAMHHAPHOTO TCUYCHMS CTAHOBHTCS aHAJOTHYHOM
OIMCAHHOM BHILIE.
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Ha nmeBoM puCyHKe MOKa3aHbl 3aBUCHMOCTH OT BpeMeHH yriioBoi ckopoctd Q(t) (1) um asumyrambHON
KOMIIOHEHTBI CKOpOCTH TeueHHs U (2). Paspymienme TypOysieHTHOCTH, Kak BHIHO Ha BEpPXHEH 4YacTH JIEBOTO
pHCYHKa, TPOUCXOAMT B MOMEHTHI BpeMeHH, Ommskue k MuHHMyMy Q(t). Ilpn yMeHBIIEHHH aMIUTUTYHBI,
OTMEUEHHOM BEPTUKAJIBHON JIMHUEH Ha HW)KHEM YacTU JIEBOIO PUCYHKA, BO3MOXHO BOCCTaHOBJICHHUE
TypOyJEHTHOCTH. DTO BOCCTAHOBJICHHUE NPOUCXOJUT C TUCTEPE3UCOM M B MOMEHTHI BpPEMEHH, OJM3KHe K
Makcumymy Q(t). Paspyiienue TypOyJIeHTHOCTH MPOUCXOIUT B 00JACTH MapaMeTPOB, KOTOPas MPH CTAIMOHAPHBIX
TPAaHWYHBIX YCIOBHSAX HambOoyiee yaajleHa OT TrpaHMIbl ee (¢opmupoBanusi. Haobopor, BoccTaHOBICHHE
TypOyJIEHTHOCTH NPOMCXOANT NPH NPHOIMKEHUHN K TpaHuIe ee popMupoBanus. Ha npaBoM pucyHKe IpesicTaBiIeHa
3aBUCHMOCTh KPHUTHYECKOTO 3HAUCHMS aMIUIMTYIBI A1, COOTBETCTBYIOIIETO ITO/ABICHHIO TypOYyJIEHTHOCTH, OT
yacTtoThl Moxymsiumu f. Oka3anock, YTO JIOKAIBHBI MHHAMYM Ha 3TOH 3aBHCHUMOCTH COOTBETCTBYET 4YacTOTE
MPOXOXKJCHUSI OJHOTO BHXPS B IPEALIECTBYIOIIEM (OPMHUPOBAHHIO TypOYJIEHTHOCTH NEPHUOANYECKOM TEUCHHH.
Takum oOpazoM, TypOYJIEHTHOCTh HanOoyiee BOCHPHUMMYMBA K BO3MYIIEHHSM, YacTOTa KOTOPBIX OINpPEAEsIeTcs
CTPYKTYpPO# T€4eHHs, IPEAIIECTBYIONIETO Nepexoay K TypOyIeHTHOCTH.

Pabora BBIONMTHEHA TpH YacTHYHOW mojanep:kke Poccuiickoro ¢onna ¢yHIaMEHTaNbHBIX HCCIEIOBaHHH,
npoektsl 18-08-00074 u 19-05-00028.
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YCKOPEHME ITPOIIECCA BBbIXOJIA HA CTAIIMOHAP PEIIEHUI CUCTEMBI
JUHAMMUKHU BA3KOI'O T'A3A
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3amaun ra3oBOH IWHAMHKH MMEIOT OTPOMHYIO 00JIacTh NPHIIOKEHUH, OJHAKO YPaBHEHUS, OIMCHIBAIOIINE
JMAHHYI0 TUHAMHUKY, UCKIIFOYUTEIBHO CI0XKHBI JJISI MaTeMaTHIeCKOro uccienoBanus. [1o cyTu, Ha JaHHBIA MOMEHT
OTCYTCTBYET Y/IOBJICTBOPHUTEIbHAS Teopus MuddepeHINANBHBIX 3aa4, & BO3MOXHOCTH JUI1 COBEPIICHCTBOBAHHMS
YHCJICHHBIX aJTOPUTMOB €Ill¢ HEe MCUCPMaHbl. 3aJadyl CTAOWMIM3alMU OOBIYHO €IIE CIIOKHEE, T. K. CYIMICCTBEHHO
onuparTcs Ha (HYHIAMECHTANIBHBIC PE3YJIbTAThI TUIIA TECOPEM CYIICCTBOBAHUS U ¢IMHCTBEHHOCTH.

B nanHO# paboTe paccMaTpuBacTCs HEIUHEWHAs CUCTEMa YPaBHCHHUH, OMKCHIBAIOIIAS JUHAMUKY BS3KOTO
OJTHOMEpHOT0 OapoTpomHoro ra3a. J[ns maHHON CHCTEMBI CTPOWMTCS TOJYHEsBHAasS KOHCUHO-Pa3HOCTHAS
ANMPOKCUMAITHS, JUIT KOTOPOH TEOPETHYCCKH M YHCICHHO pEIlIeHA 3a/iaya CTaOWIM3aluy 10 HAYaJIbHBIM JTaHHBIM
METOAOM HYJEBOTO MpHOMMKEHHS. B pamMkax TpemIoKeHHOrO IIOJXOAa YHpaBICHHWE CTPOWUTCSA VIS
JMMHEAPU30BAHHBIX ypaBHCHHWH, HO TPUMEHSCTCS M HEIHMHEHHOW CHCTEMBl. B  YacTHOCTH, IOIydYeHBI
TEOPETHICCKHE PE3YIBTATHl O CTPYKTYpEe WHBAPUAHTHBIX IOANPOCTPAHCTB M OICHKH Ha CHEKTP JIMHEAPH30BaHHOU
3a/1a4, 9TO MO3BOJIIET OICHUTh CKOPOCTh CTAOMIM3alii M 0OOCHOBATh aliTOPUTM, KaK [UIs TMHCHHOW 3a/1a4d, TakK
Y JJIs1 MAJIbIX BO3MYILIEHUH NOJIHOM HETMHEMHON CUCTEMBI.

IIpoBeneHHass cepusi YHCICHHBIX AKCIEPUMEHTOB I HEMMHEWHOW 3amadd Mokaszana 3(¢QEeKTHBHOCTD
JIAHHOTO MMOAX0/1a. Pe3ybTaThl SKCIIEPUMEHTOB XOPOIIO COTIACYIOTCS C allPUOPHBIMH OlEHKaMHU.

Pa6ota BeimonneHa npu nojaepxke PODOU (mpoekt Ne 15-01-08023).
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ACUMIITOTUNYECKASA TEOPUA TOHKUX TYPBYJIEHTHBIX C/IBUT"OBBIX CJIOEB

B.b. 3ameraes
HenTpanbubrit asporuapoanHammdeckuii mactutyT (IIATH), 140180, XKykoBckuit
OUIL «MadhopmaTuka u Yrpasnernue» PAH, Mocksa
MockoBckuii puzuko-Texamaecknit ”HCTUTyT (MO THN), HonronpyaHsrii
zametaev.vb@mipt.ru

PaccmarpuBaeTcsl cTallMOHAPHOE NIBYMEPHOE TEUEHHUE BS3KOM HECKUMAEMOW MKUAKOCTU OKOJO IUIOCKOHM
TUIACTUHBI/B CTpye/B KaHane amuHor L; cM. puc. 1. XapakTepHoe BpeMsi, pa3Mep U CKOPOCTh HaOeraromero moToxka

pasuel L/V_, L,V , coorBercrtBeHHO. [laBnenue BBomutcs no Qopmyne p=p, +pV2:p, IAe p— INIOTHOCTDH

KHUIKOCTH. Bce ruppoanHammueckue (yHKIUH, IUIMHBI M BpeMs 00e3pa3MepeHbl TpPaJWIMOHHBIM 00pa3oM ¢
HCTIONIb30BAaHIEM YKa3aHHBIX [apaMeTpoB MoToka. Ywcno Peiinonmbaca BBommrces kak Re=pV, L/u n umeer

OOBIIYIO BEJTMYNHY B 3TOM aCHMITOTHYECKOM HCCICIOBAHUH. B OTJIMYHE OT BHELIHETO MOTOKA, CIABUTOBBII CIOi
cudTaercs TypOyJICHTHBIM, UMEsi B BUAY IyJIbCAIIMH JABICHUS U CKOPOCTH OTHOCHTEIBHO MCKOMOTO OCHOBHOTO
npoduiIs CKOPOCTH MOTOKa. Manasi 6e3pa3MepHast TONIIKNHA TypOYICHTHOTO CI0Sl UMEET MOPSIIOK BEIUYHUHBL O .

B nanHO# paboTe mpeanosiaraercs, YTO aMIUTUTYAa BOSMYIICHUH Majla B OCHOBHOW 4acTH CIBUTOBOTO CJIOS;
OJJHAKO KBaJpaThl MyJbcaluid (OcpeHeHHbIC 3HAUCHUs] KOTOPBIX M3BECTHBI KaK HaNpsHKeHHs1 PeliHONbICA) TOTKHBI
BIMATh HAa OCHOBHOHM MOTOK. ONEHKHM TaKkKe IOJDKHBI YYUTBIBATh, YTO COTJACHO JKCrepuMeHTaM Schubauer &
Klebanoff (1951) u Klebanoff (1955) u teopun Konmoroposa (1941) ocHOBHasi KHHETHYECKasi SHEPTHS MYJIbCAIIUI
B TypOYJICHTHOM CIIO€ COAEPXUTCS B OBICTPBIX HEBSI3KMX BUXPSX, XapaKTEPHBIC pa3Mepbl KOTOPBIX MO BCEM OCSAM
HUMEIOT OJIMH M TOT K€ MOPSJIOK BEIMYMHBI M COMOCTABUMBI C TOJIIMHOM cios & ; cM. puc. 1. Takue BUXpH

ou'v' o, . , ., 74
OTHOCATCS K «HMHEPIMOHHOMY» JManasoHy: ——~U,—; X'~y ~z'~8 ;—=>v' ~u'~w'~52, 6—>0.
oy' OX
Hcxonmst M3 TMEPEYUCICHHBIX (AKTOB W TPEIMOJIOKCHHUM, aCHMITOTHYCCKHAE PA3IOKEHHS PEIICHUS B OCHOBHOMN
vacTu cBUrosoro cios mpu & — 0, Re — oo cienyer uckath B BU/E:

U= Uy (X, ;) + 82U, (X, Yy, 20t X) 48U,y +..ey V=82V, (X, ¥y0 2,1, X) + 8V, +...,  X—MeOnennas nepemennas

X z t
W =82 W, (X, ¥;, 2, b, X) + W, +..., p =82 P, (X, ¥y, 2, 6, X) 48P, +oy X =5 =%,zl =§’t1 =3 — Gvicmpoie

Pemenue JJIs1 BOSMyH_[eHI/Iﬁ MEPBOro mopsAaka Mpru OTCYTCTBUH 3aJJaHHOTO MOICPEUYHOI'0 IMOTOKAa MOXKET 6I)ITI)
Pa3jIoKCHO KaK CyMMa MCIJICHHBIX ABYMCPHBIX CTAIMOHAPHBIX YJICHOB U 6I)ICTpI)IX TPEXMEPHBIX HECTALIMOHAPHBIX
myabcanuid: V, =V,o (X, ;) +V,, (X, Y5, 2,6,%X), Py = P (X)+ P (X, Y, 2,1, X) . ABTOPBI BIIEpBbIE CTOJKHYJINCH C
MCIJICHHBIM CTAallMOHApPHBIM BKJIAJIOM B Typ6y.HeHTHBI€ BO3MYLICHHA U OYCHb 3aMHTEPECOBAIIUCH UM, IOCKOJIbKY
HMMCHHO BEPTUKAJIIbHAA HETPUBUAJTIbHASL CKOPOCTH obOecrieunBaeT 0OMEH Maccoil ¢ BHENIHMM ITIOTOKOM / IIOTOKOM B

aape. Yaanoch HAaHTH aHATMTHYECKOE CTAIIMOHAPHOE PEIICHHE IS CJIOSl CMELIeHUs (CM. CpaBHEHHE 3TOH TeopHu ¢
9KCHEPUMEHTOM, puC.2), 2D—CcTpyn U TypOyIEHTHOTO IIOTPAHUYHOTO CIIOS.

yv T xsagom T
urue m x=65cm - /

2 mem - i

T
+ x=90cm theory

Veo

(=} correlation coefficient
. P2 o et

‘ Laminar ‘Tvansnion ‘ {{G/g,v
(o) o

7w Turbulent -2 -1 12yix
)

Boonmel: ToHkHe TypOyJNEHTHBIE CIOWM OO0JAJalOT CBOWMCTBOM CTallMOHAPHOTO TMOMEPEYHOTO IepPeTCKAHMUS
JKUJIKOCTH, KOTOPOE OIPENeNsIeT MPOJOIbHEIA MOTOK. CTallMOHAPHBIA MOTOK (HA3bIBAEMBI BTOPHYHBIM) SIBISCTCS
BSI3KUM IT0 BCEH TONIIMHE TYpOYJIICHTHOTO CJIOs, YTO MPEoiIaraeT KPyImHOMACIITaOHYO BSI3KOCTh U IOATBEPKAACT
XOPOIIO HM3BECTHYIO (PU3MUYCCKYH0 KOHICTIHUIO «TYpOYJICHTHOH Bs3KOCTH». CaMOMHIYIMPOBAaHHOE BOBJICUCHHE
JKUJIKOCTH B TOHKUH TypOYJICHTHBIH CIIOW MOXHO PacCMaTpPUBATh KaK MEXaHU3M IMOJIaYd KHHETUYECKO YHEpPruu B
30HY BO3HUKHOBCHHUS TypOYIICHTHOCTH HE3aBHCHUMO OT BHUJa reHepanuu. HailiieHHOoe cTalMmoHapHOE pelicHHe He
3aBUCHUT OT MacmTaba 30HbI TeHepaluu TypOyJIeHTHOCTH U MaciiTaba Kommoroposa B TmaBHOM MPUOIMIKSHHUH.

IMomnepxxano PH® (Ne20-11-20006) B MOTU, PODU (Nel19-38-90296). Pacuerst BoimonHeHsl B LIATU u
OUILL 1Y PAH.

[}

JINTEPATYPA
1. Gorbushin A.R., Zametaev V.B. Asymptotic Analysis of Viscous Fluctuations in TBL // Fluid Dyn. 2018. V. 53.
Ne 1. P. 9-20.
2. Zametaev V.B., Gorbushin A.R., Lipatov I.l. Steady secondary flow in a turbulent mixing layer // Int. J. Heat
Mass. 2019. V. 132. P. 655-661.
3. Gorbushin A.R., Zametaev V.B., Lipatov I.l. Steady secondary flow in a plane turbulent free jet // Fluid Dyn.
2019. V. 54. Ne 2. P. 244-256.
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BJIUAHUE KOHAEHCAIIUU KOMIIOHEHT CBEPX3BYKOBOI'O IIOTOKA
HA AIMABATHYIO TEMIIEPATYPY CTEHKH

A.T. 3nurosen, A.U. Jleontre, H.A. Kucenes, }0.A. Bunorpanos, C.C. ITonoBuu
HUUM mexaanku MI'Y nmenn M.B. JJomoHnocoBa, MockBa
zditovets@mail.ru

W3BectHO, uTO yem Bhimie uncino Maxa (M) motoka u uem Oombime umcno Ilpannrisa (Pr) orimmgaercs ot
eAWHUIIBI, TeM OOJbIIe TeMIeparypa TOPMOKEHHS NPUCTCHHBIX CJIOEB (TeMmIeparypa anuabaTHOH CTEHKH)
OTJINYAEeTCsl OT HAaYaIbHOW TeMIepaTypbl TOpMOXKeHHs1 noToka. [yist GonpuimHCcTBa ra3oB Pr = 0.7, 4to He mo3BossieT
MOJIYYUTh CYIIECTBEHHYIO DPa3HOCTh MEXIY YKa3aHHBIMH TeMIepaTypaMHu Jake IpPH BBICOKMX 4YMciax Maxa.
Hanpumep, mis Bozayxa (Pr = 0.72) npu yuncine Maxa M=3 Temneparypa anuadaTHON CTEHKU MPH TYpOYJIICHTHOM
pexxuMe TedeHust coctaBisier 0.935 OT BeNMMUMHBI HA4YaJIbHOW TEMIIEpaTypbl TOPMOXEHHs MOToKa. Bo MHoOrmx
obyacTsaX, TakMX Kak TEIUIOBas 3aluTa, OE3MAaIlMHHOE O3HEepropasieieHHe W T.I., CHIKEHHE aanabaTHOU
TEeMIIepaTypbl CTEHKH NPU MPOYMX PAaBHBIX YCIOBHSAX HNPUBOAMT K CYHIECTBEHHOMY IOJIOKHTEILHOMY 3(D(heKTy.
V3BecTHBI CIIOCOOBI, MO3BOJIAIOIINE CHU3UTH aauabaTHYIO TeMIlepaTypy CTCHKH, TaKde Kak: HaHEeCeHHE Ha
o0TeKaeMyIo IOBEPXHOCTh penbeda onpeneseHHOH GopMBL; pelaMiHHapH3alHsl IOTPAHUYHOTO CIIOST; CO3aHUe 30H
OTpBIBa IOTOKA, HAIpHMep, B 0OONACTH B3aMMOJCHCTBHS C Magalolleil yIapHOH BOJHOW HJIM NpH OOTEKaHHU
npensaTcTBusA. B HacTosimiedl paboTe SKCHEpPUMEHTANBHO HCCICAYeTCS BO3MOXKHOCTh BIMSHHSA Ha aaunabaTHYIO
TEeMIEpaTypy CTCHKHU ITyTeM U3MEHEHHs1, KaK Ha4aIbHOI OTHOCHUTENBHOM BIAXKHOCTH MOTOKA, TaK M €ro Ha4albHOTO
BJIArOCOACPKAHHMS.

Jl0o3BYKOBO#H NOTOK CBepX3BYKOBOH MTOTOK Topmorxkenue cBEpPX3BYKOBOIO NOTOKA
100 MM 200nMm 200mM™m

[ Braxcuuti
6030yX

TenmoBmzop

Puc. 1 Cxema pabouyero cBepx3ByKOBOM aapoANHAMMUYECKOW YCTaHOBKM.

UccnenoBanusi mpoBOAMIUCH HAa CBEPX3BYKOBOHM aspoanHamuueckod ycraHoBke HUM mexanuku MIY.
Pabouas wacTe npencTaBisiiia coOOH OCECHMMETPUYHBIN KaHAN, COCTOSIUN M3 UIMHAPHYECKOTo (C HEOONBIIUM
Cy)KEHHEM Ha BXOJ€) ydJacTKa M CIEAYIOIIMX 3a HUM JIByX KOHMYECKHX W JBYX NWIMHAPUYECKUX YIaCTKOB
KPYTJIOTO IOTIEPEYHOro cedeHus, cM. puc.l. [imHa kaxkgoro ydactka 100 mM. OOmiast qirHA KaHalla COCTaBIIsIIA
500 mM. Martepuan cTeHOK KaHasla — 1aTyHb. JuameTp kpuruueckoro ceueHust — 10 mm. PacuerHnoe uucino Maxa Ha
BBIXOJI€ M3 KOHHMYEeCKoro ydactka M=1.8. Bnonp kaHama pacrosarajuch HPHEMHHUKH CTaTHUYECKOTO JaBJICHHMS.
BraxxHele BO3AyX MONydYaldM IYTEM CMEIICHHUS «CyXOT0» BO3/yXa M IEperpeToro BOASHOrO mapa. B oGmactu
BO3HHKHOBEHHS CKauyka KOHJEHCAIMM (MEpBBIIl KOHWYECKHH Y9acTOK) M B MecTe Nepexoja C KOHMYECKOro Ha
IITHHAPHYECKUH yU4aCTOK 4acTOTa PACIIOIOKEHHUS TPHEMHUKOB YBEJINYCHA.

HccnenoBanus mpoBelieHbl AJIsi TPeX 3HAuYeHWW HadalbHOM Temmeparypsl TopMmoxkenus (25 °C; 35°C u
46 °C), HayaabHOE TABJICHHEC TOPMOXCHHS BO3ayxa 3.25 aTM, HadalbHAas OTHOCHTEIbHAS BIIAXKHOCTH BO3ayXa
M3MEeHsUIach B ananazone 7-90%, Binarocoaepskanue B auanasone 3.4—18.2 r/kr.

IIpoBeneHHBIE SKCIIEPUMEHTANIBHBIE UCCIIEA0BAHMS MOKA3aJId, YTO B 3aBUCHUMOCTU OT Ha4aJabHOI BETHYMHBI
BJIaroCo/IepXKaHus 3HauUCHHE aauabaTHOM TeMnepaTypbl CTEHKH MOJKET, KaK BO3pacTH (HM3KOE BJIarocojepXaHue),
TaK M CHU3UTHCS (BBICOKOE BIArOCOAEpKaHUEe) TI0 CPABHEHHUIO CO CIYYaeM «CyXOT0» BO3IyXa.

Pa6ota BemosnHeHa npu noaiepkke rpanta PH® Ne 19-19-00234.
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OB OJJHOM MOJIEJIX TYPBYJIEHTHOCTH

30 Aysr, C.O. I'magkoB
MocKOBCKHT aBHAITMOHHBIN HHCTUTYT (HAIMOHAIBHBIN HCCIIEIOBATEILCKIHI YHUBEpCHUTET), MOCKkBa
sglad51@mail.ru

IIpemnokena cxema ceneHus ypaBHeHHs HaBbe—CTOKca U HEC)KUMAEMOM JKHUAKOCTH K UTEPALMOHHOMY
ypaBHEHHIO TUMa ypaBHeHUs: DepxronbcTa, HO C ABYMs HE3aBUCUMBIMH MapaMeTpamu. [loJgydeHO UTepalioHHOe
ypaBHCHHE, OMNHKCHIBAIOIICEe OU(YypKAIMK, Pa3BUBAIOIIUECS BO BPEMCHM, W TOKAa3aHO, YTO B OTJIMYHE OT
KJIACCUYECKOT0 PEIICHHS, UMEIOIIETO OJIHY HEMOJABMKHYIO TOUKY, OHO UMEET JIBE HEMOJBWKHBIE TOUKU. [IpuBeneH
aHaJu3 JIByX €ro He3aBHCUMBIX OM(YPKAIIMOHHBIX PEIICHUH, U JI0Ka3aHO, YTO MPU HEKOTOPOM 3HAYCHUH MapaMeTpa

H=uU ( pcr), rae [ —eme oaun mapameTp, a [, — KPUTHYECKOE 3HAYEHHE DTOTO MapameTpa, HPH KOTOPOM

MPOHCXOJUT IepecedeHue o0OMX pEIIeHUH, BO3HHMKAIOT JIBE BO3MOXKHOCTH: 1. TypOyJIEHTHOCTb YCHJIMBAaeICs U
npuoOpeTaeT XapakTep KaracTpodsl M 2. MPOUCXOIMT raiieHue TypOyJeHTHOCTH M THAPOAMHAMHYECKUIH MOTOK
BBIXOJUT Ha JJAMMHAPHOE TCUEHHE.

Jlns pereHus nocraBieHHoi 3anaun ypapHeHue HaBpe—CTOKCa 3anMChIBAETCS B CTAaHAAPTHOM BUE

@+(V-V)v:—V—P+vAv+g+i, @
ot P

rae V —TuIpoArHAMUYecKas CKOPOCTh HOTOKA, 0 — ILIOTHOCTh XUIKOCTH, P —jaBieHue, V — KuHeMaTUdecKas
BA3KOCTb, { — yCKOpeHHe cuilbl TshkecTH, T — nefictByromas oGbemHast cuia.
Ecnu BBeCTH HEKOTOPBIN XapaKTEpHBIH MaciiTab M3MEHEHHSI CKOPOCTH TOTOKa L, Ha KOTOpOM CKOpPOCTh

MEHsETCSl Ha BETMUMHY MOpsAIKa caMoi cedst, onepaTop Jlamraca MOKHO TPEACTaBUTh B IPUOIIKEHHOM BHJIE KaK

1 y V2
A= — 2 CyOCTaHI[MOHAILHOE ClIaraeMo¢ B JIEBOH 4acTH ypaBHeHuUs (1) 3ammIiiercs Torja Kak (v . V) V~—.
L

3TO 03HAYAeT, YTO MOCIIE BCeX Mpeodpa3oBaHuii ypaBHEHHE (1) MOXKHO CBECTH K HTEPALIOHHOMY YPaBHEHHIO BUa

Xo = 1%, (1=%, )+ P, )
1 ’f Re L2
rje mapamerpsl [ =14+ —, P =——-——— a uncno PeiiHonb/ca ONpeieNeno KaK Re=—.
Y7,
Re Lo 1+Re (2%

B 3akmtoueHne oTMeTHM.
1. IpeasyioxkeHO MOJEIbHOE OIMMCAHUE TYPOYICHTHOCTH IMyTEeM CBEeICHHs HelnHeitHoro ypaBuenuss HaBbe—CTOKCa K
UTEPAIIMOHHOMY YPaBHEHHIO THIIA YpaBHEHUsSI DepXr0JIbCTa ¢ ABYMSI MapaMeTpaMu;
2. TpoaHanu3upoBaHa KapTHHA Xaoca, BO3HHKAIOIIAS NPU OIPEACIICHHBIX 3HAYCHUSAX MapaMeTpoB (cp. ¢
pesynbratamu [1], [4]).

Pabora moxnep:xana rpaatoMm PODU Ne 17-08-00663.
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SKCHEPUMEHTAJIBHOE U YNCJIEHHOE UCCJIEJJOBAHUE CBEPX3BYKOBOI'O
TPEXMEPHOI'O OBTEKAHMS KOJIBIIEBOI CTYIIEHBKA HA OCECUMMETPUYHOM TEJIE

A.®. 3y6xoB!, AT. Kyspmun?, M.M. Cumonenko!
THUU mexaruku MI'Y nmenu M.B. JlomoHOCcOBa, MockBsa
2Cankt-TleTepOyprekuii rocyapcTBeHHbli yaupepeutet, Cankr-TleTepOypr
sim1950@mail.ru

[IpencraBineHsl pe3ynbTaThl SKCIEPUMEHTAIBHOTO M YUCICHHOTO MCCIIEAOBAHMUS CBEPX3BYKOBOTO OOTEKaHHSA
3a0CTPEHHOTO OCECUMMETPUYHOIO TeJla C MPSIMOM KONbLIEBOH CTYNEHbKOM Ha NOBEPXHOCTH MO YIIaMU aTakKH.

OKCHepuMEHTHI POBEJCHBI B aspoanHamuueckoil Tpyde A—7 HUM mexanuku MI'Y [1]. Pabouas cpena —
BO3AyX ¢ Temmeparypoir Topmoxenus 270-275 K. [lonHoe naBieHue mMOTOKa M 4ucio Maxa B pabodedl dacTu
Tpy6sI ObumH Py = 4.3x10° ITa u M = 3.0 cooTBeTcTBeHHO. Enunmunoe umcio Peiimomsaca Re; = 3.5x107m,
OKkcnepuMeHTaNbHast MOJIeNb BKIIIOYAIa THHAPUYECKUN KopIyc quaMeTpoM D=46 MM ¢ yCTaHOBJIEHHBIM COOCHO
BBIIBIKHBIM [WITHHAPHICCKUM cTepikHeM aunamerpom 0=30 mm. BbicoTa KONBIEBOW CTYMEHbKH, 00pa3oBaHHOM
GOKOBO TTOBEPXHOCTBIO CTEPIKHS M TOPILICBOM MOBEPXHOCTHIO KOpITyca, coctaBisia h=8 mm. CBOGOMHBIN KOHEI
BBIJIBIDKHOTO CTEP)KHS MMENT KOHHYECKOE 3a0CTPEHHE ¢ YINIOM moiypacTBopa 20°. B Xozme sKcrepuMeHTa INpH
(PMKCHPOBaHHOW JJIMHE CTEpP)KHS OCYIIECTBISIOCh HENPEPHIBHOE W3MEHEHHE YIVIa aTakd, Kak B CTOPOHY
YBEIMYCHUS, TaK M B CTOPOHY YMEHBIICHHS, a TaKKe HEMPEphIBHOE W3MEHEHHE JUIMHBI CTEPXKHS TIPH
(PMKCHpPOBaHHOM yTJie aTakW. PerucTpupoBajoch NaBICHHE Ha HABETPEHHOH M MOABETPEHHOM ITOBEPXHOCTH
CTYNEHBKH B PaBHOYJAJICHHBIX OT OCH CHMMETPHHU TOYKaX Ha paccTossHUM /3 OT mOoBEepXHOCTH CTepHs. PacdeTs
BBINOJIHEHBI B paMKax BbIYUCIUTENbHON TexHoiorun URANS, peannzoBanHoil B makere ANSYS CFX-15 (meton
KOHEYHBIX O00BEMOB BTOPOrO TIOpsAKA TOYHOCTH, JBYyXMapamerpuueckas audQepeHnuaibHas MOJCIb
typoynentaocTr k- SST) amst cimyaast L/h=20 [2].

[Tox yriom araku peXUM CBEPX3BYKOBOT'O OOTEKaHHMsI CTYIEHBKH CYIIECTBEHHO 3aBHUCHT OT IIOJIOKEHUS
CTYNECHbKH OTHOCHTEIbHO TOJIOBHOM dacTu Tena L. Ha mnpumaraemoM pucyHKe TIOKa3zaHa 3aBHCHMOCTB
oTHocutensHOoro naeieHuss P/Py (Py — cratmdeckoe naBneHue Haberaroliero MOTOKa) OT yriia aTakd o Ha
HaBeTpeHHOU (¢p=0) 1 moaBeTpenHoM (p=180°) cTopoHE CTYIEHBKHN I pa3INYHBIX 3HaueHnd L. Ha HaBeTpeHHOM
CTOPOHE IPH YBEIWYEHHUHN 0 JaBJICHHE MOHOTOHHO BO3pACTaeT M MPaKTHIECKN He 3aBHCHUT oT L. Ha mogserpenHoi
CTOPOHE TPH YBEIHMUCHUH . 10 0. =~ 5° NaBIICHHE MOHOTOHHO YOBIBAaeT M TaKke IMPaKTHIEeCKH He 3aBucHT oT L. Ilpn
0>5° HabmogaeTcs paccinoeHune KpuBbIxX 1o L. [Ipu nocraTtouno Gonpinx 3HaueHMAX L JaBieHne Ha mMoBETPEHHOMN

- CTOpOHE CTYNEHBKH IOBBIIIACTCA IPH
L o180 YBEJIMYEHUH @ W JAKE  MOXKET
NpPEeBBIIATh 110 BEJIWYMHE JABICHHE Ha
HaBETPEHHOM CTOpoHe (KpuBas 1).

Takoll  xapakTep  U3MEHEHHUs
JABJICHUS] TIPU YBEIMYCHUM yTJa aTaku
CB3aH C pPAa3sBUTHEM IIONEPEYHOTrO
OTpbIBa Ha IWJTHHPUYECKOI
TTOBEPXHOCTH CTEPIKHS n
¢dopMHpOoBaHMEM B  IIO/IBETPCHHOU
obJiacTi mapel BUXpeH, HHATUAPYIOIIIX
TIOTIEPEYHBINl OTTOK Ta3a OT IIOCKOCTH
CUMMETPHU B JIBYX IPOTHBOIOJIONKHBIX
HaNpaBJIEHMSIX  C  COITyTCTBYIOUINM
YMEHBIIICHHEM TOJIIMHBI TOTPaHIIHOTO

0 3 6 9 12 ®,° 15 CJOAd Ha TIOABETPEHHOW IIOBEPXHOCTH
crepxxHsa. [lpm moctaroyHo OonBIIOM
YIAJCHWU CTYNEHBKH OT TOJIOBHOM YAaCTH IO Mepe YBEIMUYEHWH yIJia aTakd B MOJBETPEHHOI 00JacTh CTEp)KHS
(opmupyeTcs JIOKaJbHAs CBEPX3BYKOBasi CTpyHKa, ITOJIHOE AaBJIEHHE B KOTOPOH COIOCTaBMMO IO BEJIMYUHE C
TIOJIHBIM JIaBJICHHEM HaOeraromero MmoToKa, MPOIMIEJIIEr0 IOJOBHOW CKayoK Iepesl KOHMYECKHM HAaKOHEYHUKOM.
Crpyiika NMpoHHMKaeT B 00JAcTh OTpPHIBA K MOABETPEHHOW IOBEPXHOCTH M B3aHMOJICHCTBYET CO CTYNEHBKOW B
YCIOBHAX, XapaKTepHBIX MJs HEBA3KOIO B3aMMOJAEHCTBHA. Pe3ynbTaThl pacdyeToB COIVIACYIOTCS C JaHHBIMHU
SKCHEPUMEHTOB.

PaboTa BbImoNHEHa mpu 4YacTHYHOHN (uHaHcoBOH mojuepxkke PODU, npoexr Ne 19-01-00242, pacuerst

MIPOBEJICHBI C UCTIONB30BaHUEM pecypcoB Berauciurensroro nentpa CIIOIY (http://cc.spbu.ru).
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HEJUHEWHBIE PEXKUMbI KOHBEKIIMA BUHAPHOI CMECH C KO3®®UIIMEHTOM
TEPMOJIN®®Y3UU, 3SABUCSIIUM OT TEMIIEPATYPHI, B KBAJIPATHOM ITIOJIOCTH

H.A. 3y6osa?, T.II. JTro6umosa® 2
"Mucturyt Mexanuku conommnsix cpeg YpO PAH, ITepmb
[lepMckuii TocyIapcTBEHHBIH HALMOHAIBHBIN HCCIEN0BATENLCKUI YHUBEPCUTET, IlepMb
zubova.n@icmm.ru, lubimova@psu.ru

OOBIYHO TIPY MOJETMPOBAHNN KOHBEKTHBHEIX SIBIICHHH B CMECSX JEJACTCS MPEANOI0KEHHNE O TIOCTOSHCTBE
ko3 duuneHToB mepeHoca. OMHAKO, PE3yNbTaThl JKCICPUMCHTATBHBIX U TEOPSTHYCCKHX HCCIICAOBAHHMA (CM.,
Hanpumep, [1-4]) mNOKa3BIBAIOT HANWYWE 3aBUCHUMOCTH KO3(D(HUIMEHTOB MepeHoca OT TeMIeparypbl |
KOHIEHTPALMH, YTO MOXKET CYIIECTBEHHO MOBJIUATH HA BO3HUKHOBEHUE U PA3BUTHE KOHBEKIIHU.

B pabore mpencTaBieHBl pe3yibTaThl UYUCICHHOTO MOJCIHMPOBAHMS HEITUHEWHBIX PEKUMOB KOHBEKIIUH
OMHapHOW CMeCH B KBaJpaTHOM TIOJIOCTH C YyYETOM TOJMHOMHUAIBHOM 3aBHCHMOCTH Ko3(hduieHra
tepmoauddy3un OT Temrepatrypbl. ['paHUIBI TOJOCTH CUYMTAIOTCS TBEPIBIMH, HEIMPOHHMIIACMBIMH IS BEIIECTBA.
BokoBble TpaHHWNBI TEIUIOM30JHMPOBAHBI, TOPH30HTANBHBIC MONACPKHUBAIOTCS TMPH TOCTOSHHBIX  Pa3HBIX
TeMIIepaTypax, COOTBETCTBYIONINX HArpeBy cBepxy. [lapaMeTpel cMecH COOTBETCTBOBAIH PAcTBOPY IOBapEHHOMH
CONMM B BOJE, C MaccoBoi moneit comm, paBHOW 0,0285. Jlms 3TOH cMecH HW3BECTHO, 4TO €€ KO3 (HUIMEHT

TepMoaUQ QY31 3aBUCUT OT TEMIIEPATYphI TIO CleytoleMy 3akony: Dy ~107 (1, 86—-0,17T +0,00131T2)M2 /K,

KOTOPBII MOXKET OBbITh MPUMEHEH B AMara3oHe Temmeparyp ot 273 o 318 rpanycos Kenbsuna [1, 5].

Pacyersr mpoBoamITNCh ¢ HCHoab30BaHUEeM mporpamMMHoro makera ANSYS Fluent. B HauansHBIE MOMEHT
BPEMEHH KOHIIEHTpALUs MPUMECH B TOJIOCTH CUYMTalIach OTHOPOIHOW. JInsl TeMIepaTypbl pacCMaTPHBAINCH IBA
BapHaHTa HadyaJIbHBIX YCJIOBHH. B mepBoM ciydae B HaUaJIbHBII MOMEHT BPEMEHH TEMIIEPATypa B IMOJOCTH JINHEHHO
3aBHCENIA OT BEPTHKAIbHONH KOOPANHATHI, BO BTOPOM — BHYTPH ITOJIOCTH TEMIIEpaTypa CUNTAIACh PAaBHOW 3HAUCHHIO,
3aJaHHOMY Ha HIDKHEH TpaHHWIe, a Ha BEpXHEW TIpaHUIE MTHOBEHHO BKJIIOYAJCS HarpeB. Bropoii BapuaHT
HayalbHBIX YCJIIOBHUH MHTEpeCeH TeM, 4YTO B HadalbHBIi MOMEHT BpEMEHM 3HaueHue KoddduieHTa
tepmoanddy3un OyJeT MOCTOSIHHBIM BO BCEH TOJIOCTH, a 3aTE€M, BCIIC 3a TEIJIOBOM BOJIHOM, PacpOCTPaHSIONICHCS
OT BepXHEW IpaHuILIbl, IPOUCXOJMUT COOTBETCTBYOLIEE H3MEHEeHUE K03 duunenTta repmoauddy3uu.

3HaueHMsl TeMIlepaTypbl Ha TOPU3OHTAJBHBIX TPaHHULAX IOJOCTH BHIOMpAIKCh TaKHMM 00pa3oM, YTOOBI

BHyTpH mosioctd npu 1 = 285.4 K mpoucxonnino u3sMeHeHue 3Haka koddduimenta tepmomuddysuu. CoriaacHo

3aKOHy 3aBHCHMOCTH Koddduumenta Tepmomuddysun ot Temmeparypsl npu T < 285.4 K kosddumment

tepmoaudy3un TosiokuTeNeH. B 3TOM ciydae mpu HarpeBe cBepxy Oosiee Jierkash KOMIIOHEHTa CMecH
HaKaIJIMBAeTCsl BO3JIe TOPsUel BepXHEH TpaHUIIbl MOJIOCTH, a 0oJiee TshKelas — BO3Jie XOJOJHOW HiKHel. B aTom
cilydae KOHBEKIMS HE BO3HUKAcT. BO3HHKHOBEHHE B IOJNIOCTH 00JacTH, TIe KOI(PPHUIHEHT TepMOTUPPy3un

orpunaresnied (T >285.4K), npuBOANT K W3MEHEHHIO HAMpPABICHUsI I'PAJMCHTA KOHIEHTPALUH W CTAHOBHUTCS

NPUYMHON BO3HUKHOBEHMS KOHBEKLMH. [IpoBelieHHbIE pacueThl MOKa3ajid, YTO BO3HHUKAIONUIEE TEUSHHE CHIILHO
NnepeMEeIIMBacT CMEChb, TaK YTO B HeH’I’paJ’IBHOﬁ YaCcTU IOJIOCTU KOHLCHTpAIUsA IMPAaKTUYCECKU OAHOPOJHA, a
HanOoJIbIIee N3MEHEHHE KOHIICHTPAIIUH HabIIogaeTcst BOJIM3HU IpaHuIl.

Pabora mpoBenena npu moxanepxke IIpaBurensctBa Ilepmckoro kpast (Ilporpamma momnmepxku Hayunbix
kon [lepmckoro kpasi, Cornamenue Ne C-26/788) u mpoekta Iporpammer YpO PAH (mpoekt Ne 18-11-1-8) u
PODU (npoekt Ne 16-51-10079).
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3KCHEPUMEHTAJIbHOE UCCJIEJJOBAHUE KOJEBAHUM YIIPYTOTI'O HUJIMH/IPA
BBJIN3U TBEP/JBIX TEJI

0.0. UBanos, A.b. [TogonpocBeroBa
HUU mexannku MI'Y umenn M.B. JlomonocoBa, Mocksa
ivanov@imec.msu.ru

Konebanus, BO3HUKAOMINE B ITOTIEPEYHOM HOTOKE JKUIKOCTH WM Ta3a 3a INI0X0 00TEKaeMbIMH TEIaMH 13-3a
MIEPUOTUYECKOTO CPBIBa BHXpEH, SBIIOTCS MPEIMETOM JOCTaTOYHO JIHTENBHBIX HccienoBanuit [1, 2]. lanHoe
SIBJICHUE MOXKET NPUBOJIUTH K HEMPUATHBIM YCIOBUAM JKCIUTyaTallMM Pa3IHYHBIX KOHCTPYKIHH, BIJIOTh OO0 UX
pa3pyllieHHs, HO B TO >X€ BpeMs 3TH DPE30HAHCHBIE KOJICOAHHMsS MOXKHO HCIOJB30BaTh B MaJIbIX YCTPOWCTBax,
npeoOpasylonX JHEPrHI0 JABWKEHHS CpPEIbl B 3JEKTPOIHEPIHIO, MOITOMY H3YYEHHE JTOrO SIBICHHS HMEET
60MBIIYI0 NPAKTUYECKYI0 3HAUUMOCTb.

B naHHOM HCcleIOBaHMM paccMaTpUBAETCs OOTEKaHHWE YNPYroro HWJIMHIPA — PE3UHOBOTO KPYIJIOro IIHypa
quameTpoM D = 6 MM, yCTaHOBJICHHOTO B pabodeil 4acTH a’dpoJUHAMHUUYECKOIl TPyOBI C MONEPEYHBIM CEYEHHEM
500x300 mM. KperureHnst mrHypa, ®KECTKO 3alIeMILIIONINAE €r0 KOHITH, BBIHECEHHI 32 Pa004yI0 9acTh, TaK YTO €ro
JUIMHA COCTaBIsIeT 568 MM. AMmHuTyna KoseOaHui (DUKCHpOBaiach Ja3epHBIM JAIbHOMEPOM, BH3YaTH3ALUS
BUXPEBOTO TEUEHHs NPOU3BOIMIACH C TOMOIIBIO bIMa U JIa3epHOTO HOka. CKOPOCTH, Ha KOTOPBIX HAOIIOAAI0TCS
CyIIeCTBEHHBIC PE30HAHCHBIE KoeOaHus, mMetoT nopsimok 0.4—0.5 m/c.

[IpenBapuTenbHbIe SKCHEPHUMEHTHl C OJMHOYHBIM ITOKAa3aJH MaKCHMAJIbHYIO OTHOCHTEIBHYIO aMIUIHTYIY
koebannit A/D ~ (0.26 m KadeCcTBEHHOE CXOICTBO C IPYTHMMH OKCHepuMeHTaMHu [l], mpoBeneHHBIMHU
NPEeHMYLIECTBEHHO Ha YNPYTo MOJBELICHHBIX IUIMHApax. Busyanuzanus nokasana HeOONBIIYI0 MOIU(UKAIUIO
BUXPEBOH JOPOXKKH M3-32 OCHMJUIALNH MIHYpa. Clenyronue cepiuu IKCIIEPUMEHTOB IPOBOIMINCH NPH MTOIEPEUHOM
OTHOCHUTEJIBHO CKOPOCTH IOTOKA PACIONI0KEHUH YIPYTroro HIHypa U: a) KECTKOTO IIIMHAPA TaKOTOo e AUaMeTpa;
6) >KecTKOH IUIaCTHHBI, COHAINIPABJICHHOI ¢ MoTOKOM. Bnmsuue 3azopa G MeXIy ynpyruM IIHYPOM U BTOPBIM
00BEKTOM Ha aMIUIMTYJy IOKa3aHO Ha pUCYHKe. [ TaHIeMma IMIMHIPOB HalAEHO, YTO IPU 3a30pe, MEHbIIEM
TIOJIOBHHBI, KOJICOAHUS OTCYTCTBYIOT, a aums 1-1.5 nmamerpoB cymiecTByeT IUIaTo, i€ aMIUIMTyda KojeOaHmi
NpUOIN3NTEHHO OMHAKOBA, 3aTEM OHO PE3KO IEPEXOAUT B 30HY OTCYTCTBHUS B3aUMHOTO BIMSHUSA LUIHHAPOB APYT
Ha Jpyra. B BHUXpeBBIX KapTHHaX TakkKe OOHAPYKEHO CEpPhE3HO OTIMYHE B KapTHHaX OOTEKaHHS: Ul
HETIOJIBIDKHOTO TaHZAEMa, Halpumep, Uit 3a3opa 1.25D Buxpu cXoasaT ¢ MEHbIIEH 4acTOTOH, Kak ¢ Tela OOJIBIIero
pa3Mepa; NpH OCHWULINNY IIHYpa BUXPU C KaKAOTO IWIMHAPA CXOIAT IapaMH C 4acTOTOH, COOTBETCTBYIOIIEH
pe30HaHCy.

03
e [ o e e o
L, °
[} ]
0.2 1 o" o® e
o0
(=]
~ 0.15 °
< W
@
0.1
0.05 4
0 & . . .
0 0.5 1 G/D 15 2 2.5

Jusi mnacTUHBL TIpeBApUTENbHBbIE pPE3ydbTaThl W3MEPEHHUH IM0KAa3bIBAIOT MOHOTOHHOE BO3pacTaHUe
aMIUIUTYIbI B 3aBUCHMOCTH OT 3a30pa.
Pabota BeImosHeHA Ipu noaiep kke rpanTa POOU Ne 18-31-20057.
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YCTOMYUBOCTH BUXPEBOI'O JTUMOJIA UMITYJIbCHBIX CTPYI MNEPEMEHHOM IVIOTHOCTH

B.A. Upamenko®?, P.W. Mymiamxanos+?
Mucruryt Tennodusuxu umenu C. C. Kyrarenanse CO PAH, Hosocubupck
?HoBocuOupcKuii rocy1apcTBeHHbIH yHuBepcuTeT, HoBoCHOUpCK
v.ivashchenko@g.nsu.ru

HNMmynpCcHBIE CTPYH TPEACTABISIIOT CcOOOH BaKHBIM ATall SBOJIONWN TEUYEHHUS, KOTOPBIM OIpenenseT
CKOPOCTB MEPEMEIINBAHMS U TPOLEecCh nepeHoca B nenoM [1]. IlepemeHHbIE XapaKTEpUCTHKH CPEAbl, TAaKHE KAk
TUIOTHOCTD U BSI3KOCTh, IIPUBHOCST JONOJHHUTENbHBIE (Prsnueckre 3G QeKTsl, yciaoxkHsronue ananus. OcodeHHOCTH
pacnpocTpaHeHHs TaKOi CTPYH TECHO CBSI3aHBI C JUHAMHMKOH BHUXPEBOTO JTUIOJS, KOTOPBIH OOBIYHO (hOpPMHUpYETCS
Ha ee ¢ponre [2, 3]. Ero nuHamuka Xopomo u3y4eHa Jisl ciydasi IOCTOSIHHOM MJIOTHOCTH, B TO BpEMs Kak B Cllydae
MEPEMEHHBIX XapaKTEPUCTUK cpelbl MH(pOpManuu NpeacTaBieHo He Tak MHoro [4, 5]. B panHOi pabore MBI
UCCIIelyeM BJIMSHUE OTHOLICHMS IUIOTHOCTHU JIBYX MEPEMEIIMBAIOLINXCS HEPearupyromux ra3oB, a TakKe BIUSHHUE
BXOJIHOTO MPOQUIISI CKOPOCTH Ha (POPMUPOBAHKE M YCTOWYNBOCTH BUXPEBOTO JUTIOIIS.

M1 paccMaTpuBaeM JHOO TTONHOCTHIO Pa3BUTHIN TypOYIEHTHBIH MOTOK BO3IyXa, BRITCKAIOMINN U3 JIITMHHOM
TpyOBsl B OOMNBIION pe3epByap, 3alOJHEHHBIM BO3IYXOM, YIJICKHUCIBIM Ta30M WM TeJlWeM, JIHOO JTaMHHAPHBIN
CTaIMOHAPHBINA MPO(HIIb, COOTBETCTBYIOIINI ONIMCAHHOMY OCPEIHEHHOMY 10 BPEMEHHU TypOyJICHTHOMY. DBOJIOIHS
TEUCHHsI OTMCHIBACTCS IpU MoMoIy ypaBHeHHH HaBbe—CTOKca B MpHOMIKCHWH Masloro 4yucia Maxa, KOTOpbIe
3aMBIKAIOTCS TPAHCIIOPTHBIM YPAaBHEHHEM Ha I10JI€ KOHIIEHTPAIWU W yPaBHEHHEM COCTOSHUS. s pemIeHust 3Tux
YpaBHCHHH HWCIIONB3YETCS CIEKTPalbHBIM BeMHCHUTENbHBIN Kox Nek500 [6]. KommdecTBOo MCIONB3yeMBIX
BBIUHCIUTENBHBIX Y3JI0B cocTaBisieT 6osee 120 MIIH. 7151 OCHOBHOM BBIYMCIMTENBHON 061acTu 1 6oJiee 7 MITH. Ui
nojBoAmieit Tpyobl. Yucno Pelinonbpnca Re=5300, mocTpoeHHOE MO CPEAHEPACXOMHOW CKOPOCTH U IHAMETPY
MOJBOIAIICH TPYOBI, (PUKCHPOBAHO Ul BCEX TPEX pACCMATPHUBAEMBIX CIIyYacB, YTO MO3BOJICT MPOBOIUTDH IPAMOE
CpaBHEHHE.
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Ha pucyske moka3zaHo cpaBHEHHE MONIEPEYHON KOMIIOHEHTHI MOJISl 3aBUXPEHHOCTH B OJMH MU TOT K€ MOMEHT
BPEMEHHU B 3aBHCHMOCTH OT BXOJHOTO mpodmiis (a) u ais Bcex Tpex map raszo (0, B). Jlamunapusiii npoduiis Ha
BXOJIE POKAAeT CHUMMETPUYHBIH BHXPEBOW AMIONG Ha (POHTE CTPYHM, B TO BPEMs KaK IOJHOCTHIO Pa3sBHUTOMY
TypOyJIEHTHOMY MPO(MIIO COOTBETCTBYET ITOXOXHMH ITUIOJIb, OJHAKO, CHMMETpPHUsS HapylleHa. BuaHo, uro cTpys
pacnpocTpansercs OblcTpee B OoJsiee Jerkoi cpeze, YTO MHTYUTHBHO TOHATHO. TeM He MeHee, Oomblas pa3HOCTb
IUIOTHOCTEH (Clydall «BO3AYX — YIJIEKHCIBIH Ta3») NMPUBOAWT K pacHagy BHXPEBOTO AWIOINS, COXpaHSs JIHIIb
HEKOTOPOE BOJIHOBOE JIBIYKEHHUE B CIIOE CMEILICHHSI.

Pabora wactmuHO monmepkaHa rTpantam POOU Ne 18-38-00717, Ne 19-08-01227, paspaboTka
BBIUMCITUTENIFHOTO KOJA BBINMOJIHEHA B paMKax rocyaapctBeHHoro 3amanust T CO PAH. ABrtopsl GiaromapHsI
CubupckoMy  CYNEpKOMIBIOTEPHOMY LEHTPY, MEXBEIOMCTBEHHOMY CYNEPKOMIBIOTEPHOMY IIEHTPY U
MHPOPMAMOHHOMY BBRIYHCIHTENEHOMY eHTpY HI'Y 3a mpenocTaBieHHbIE BEIYUCIUTEIBHBIE PECYPCHI.
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JAHAMHUYECKAS YCTOMUYUBOCTD BET'YIIIUX YEIUHEHHBIX BOJITH
B IOJATJUBLIX YIIPYTHUX TPYBAX, 3AIIOJTHEHHBIX BOJIOM
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MaremaTmueckuit nHCTHTYT UMeHH B.A. CrexinoBa PAH, Mocksa
ilichev@mi-ras.ru

YpaBHEeHUS AN KBa3MOJHOMEPHOTO ABIKCHHS HICATHHON JKHIKOCTH B OCECHMMETPHYHOW MEMOpaHHOU
TpyOKe ObuTH TOoNMy4deHB B [1] myTem mpsiMoro BeIBoma. lccnemoBaHne CHEKTPaNbHON YCTOWYMBOCTH BETBU
CTAllMOHAPHOTO PEIIEHUs THIA HEMOABMXHON YyeIWHEHHOH BOJIHBI (HAa3bIBA€MOI'O aHEBPU3MOI) NMpHU OTCYTCTBUU
JKUJKOCTH BHYTPU TPYOKH (Cllydail ¢ peryimpyeMbIM JaBieHHEM) NpuBelneHo B pabore [2]. budypkannoHHbM
napaMeTpoM ObUI0 MHQIIALUOHHOE JABJICHUE, U aBTOPBI OOHAPYKHMIIHM, YTO BCE CEMEHCTBO BOJIH THIIA aHEBPU3MBI
BCET/Ia CIEKTPAILHO HEyCTOWYMBO (T. €. BO3MYILEHHE (POPMBI BOJHBI SKCIIOHEHIIMAIBLHO PAacTeT co BpeMeHeM). B
pabote [3] M3y4eHa yCTOWYHMBOCTH BCEr0 CEMEWCTBA PELICHUH THIA aHEBPU3MBI NPHU HAIMYUH KXHIKOCTH BHYTPH
TpyOKH, HO TIPH 3TOM CpejiHee Te4eHHe (IIOCTOSHHAsI CKOPOCTh XKHUKOCTH Ha OECKOHEYHOCTH) T10JIaraioch PaBHBIM
Hymo. beio oGHapykeHo, 4TO aHEeBpH3Ma BCE €IIe HECTaOMIbHA, HO HAIWYME >KUAKOCTH OKA3bIBAET CHIBHOE
cTabmmsupytomiee neiictere. ABTOpHI paOoTHI [4] MPOBENH aHAIH3 YCTOWYMBOCTH PEIICHUH THITA aHEBPU3MBI IIPH
HaJIMYMH CPETHETO TEUCHUSI U OOHAPYKHIIM, YTO €CIIM CKOPOCTH JKUIKOCTH HAa OCCKOHEYHOCTH OT/ENICHA OT HYJIS, TO
aHEBPHU3Ma MOJKET OBITh CIIEKTPAIBHO ycTOIuMBOM. B padote [5] ObLI0 ycTaHOBIICHO, UTO I MEMOpaHHBIX TPyOOK
C JIOKAJM30BaHHOW HEOIHOPOJHOCTHIO CTEHKH CYIIECTBYIOT [[BAa CEMEHCTBA YEAWHEHHBIX BOJIH BO3BBIIICHHS,
IpUYeM HIDKHEE CEMEHCTBO C aMIUIUTYJaMH{, YBEIWYMBAIOIIMMHCS TPH YBEIWYEHUH JaBlCHHS WHQIINY,
CIEKTpabHO yCTOIunBO. B mocienHem ciyyae MOXKHO TOBOPHUTH O HACTOSIIEH BOJHOBOH (a He OpOUTAIbHOIN)
yCTOfI‘IPIBOCTPI, IMOCKOJIbKY 3aJiavda yYKE HE UMCCT TpaHCJ’IﬂHHOHHOﬁ WHBAaPUAHTHOCTHU.

PaccmarpuBaercs mnpoGiemMa YCTOMYMBOCTH OJUHOYHBIX BOJIH, PACIPOCTPAHSIONIMXCA C HEHYJIEBOH
CKOPOCTBIO B 3allOJHEHHOH JKUAKOCTBIO OCECHMMETPHYHOW MeMOpaHHOH TpyOke. B aToM ciyuae mapamerpom
Oudypkanuu sBiseTcs y)xe He AaBieHue HHQISIIUU (OHO MOXET IIPUHUMATH TPOU3BOJIbHBIC 3HAYEHUsI), & CKOPOCTh
YEOUHEHHOW BOJIHBI. PaccmarpuBaeTcss CHEKTpanbHash YCTOWYMBOCTh OTHOCHTENIBHO OCECHMMETPUYHBIX
BO3MYIICHNH OETYIMX YEAWHEHHBIX BOJH C IIOMOIIBIO MOCTpOeHHs (GYHKIMM OBaHCAa M MOAcYeTa ee HyJed
(coBmamaromux ¢ HEYCTONYMBBHIMH COOCTBEHHBIMH 3HAUEHHWSMH JIMHEAPHU3AIMH OCHOBHBIX YPABHEHHH BOKPYT
pELICHHUs TUIA yeAWHEHHON BOJIHBI) B IIPAaBOH KOMIUICKCHOM MONYIJIOCKOCTH CIIEKTPAIBHOTO IIapaMeTpa, Ie OHa
ABJISIETCS aHANMTHYeCKOH. PaccMmaTpuBaeTcs ceMEHCTBO BOJIH BO3BBILICHUS, OTBETBILIONIMXCS OT HAaHMEHBIIETO
3HAYCHMS] KPUTHUECKOH CKOPOCTH. AMIUINTY/IAa YEMHEHHOW BOJIHBI TeM OoJblile, YeM OJInke ee CKOpPOCTh K HYIIIO.
st ckopocTel Cs < Co, Iie Co — HEKOTOPOE MaJIOE KPUTHYECKOE 3HAUYEHUE, CYLIECTBYET 10 KpaliHEel Mepe OJiHa
HeyCTOﬁ‘IHBaﬂ Moaga C COOTBETCTBYIOIIUM COOCTBEHHBIM 3HAaYCHUCM, PACIIOJIOKCHHBIM Ha MMOJIOJKUTEIIbHOM
BEIIIECTBEHHOI MoiyocHu. Bo3Mo)kHO, UTO MeHbIIee COOCTBEHHOE 3HAYCHHUE TAKXKe CYIIECTBYET, HO OHO HACTOJBKO
MaJio, YTO He yAaeTcss OOHAPYKUTh €ro ¢ IIOMOIIBI0 HAILIEr0 YHCIEHHOTo MeToia. [109ToMy BOJIHA BO3BBIIIEHHS IS
Cs < Cp PKCIOHEHLIHMAIbHO HeycToWumBa. Korma Cs mepexomuT depe3 Co, HEyCTOMUMBOE COOCTBEHHOE 3HAYCHHE
ucye3aeT ¢ TIOJOXHUTEIbHOM BemecTBeHHOW monyocu. Jlins Cs < Cp, KOraa coOCTBEHHbIE 3HA4YCHUS Ha
MOJIOKUTENBHON BELIECTBEHHOM MOJIYyOCH OTCYTCTBYET, aIallTUPYETCS METO, [6] ouenku (yHKIuH DBaHCca
Ha KOHTYpE C JOCTaTOYHO OONBUIMM pPagHyCcoM. 3aTe€M HCIIONIB3yeTCs MPUHIMII apryMeHTa I IHOJCYeTa YHCia
Hyne#l ¢yHKIMM DBaHca (COBMANAIOMIMX C HEYCTONYMBBIMH COOCTBEHHBIMH 3HAUYEHUSMH) BHYTPH YHOMSHYTOI'O
KOHTYpa (B O0JIBIIOH 00JIaCTH MPaBOi NOJIOBHHBI KOMIUIEKCA MNIOCKOCTH CIEKTPAJIBHOTO MapaMeTpa, OrpaHuYeHHOMN
MHHMBIM OCBIO) M BBISACHSETCS, YTO TaM HET Hysel. DTo 3aBepIlacT J10Ka3aTeIbCTBO TOTO, YTO YEIHMHEHHBIE BOJIHBI
BO3BBIIICHHUS JJISI CIEKTPAJIbHO YCTOWUMBEI IPH Cs < Cp, T. €. €CIM CKOPOCTh YEeIMHEHHON BOJHBI OTJEJICHA OT HYJIS,
OHa CIIEKTPAJIBHO yCTOHYMBA.

JlaHHOe nccneoBaHKue BBIIOIHEHO MPH MoaaepkKke rpanta POOU Ne 18-29-10020.
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BJUSHHUE CKOPOCTH ITPOCKAJIb3bIBAHUSI CTEHKHA HA B3AUMO/IEMCTBUE CKAUKA
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WM. Wmoxun'?, U.B. Eropos?, B.51. Heiinana®
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B3anMopeficTBre ABIKYIIETOCS CKauKa YIDIOTHEHHS C TIOTPAHUIHBIM CJI0EM — PAaclpoCTpaHEHHAs 3a/1a4a B
CBEPX3BYKOBOH a’poamHamuke. B [1] mpeacTaBneHa acHMOTOTHYECKas TEOPHs, OMUCHIBAIOLIAS B3aWMOCHCTBUEC
HETIOJIBI)KHOTO CKayKa C JJAMUHAPHBIM ITOTPaHUYHBIM CJIOEM HaJ| IBMXKYIIEHCs MIIACTHHKOW. B naHHOM mocTaHoBKe
OBLIO IPOBEAECHO YHCIICHHOE MOIEINPOBAHNE B3aUMOACHCTBHUS JJAMUHAPHOT'O OTPAHUYHOTO CJI0S HaJl IUIACTUHOM ¢
TIOCTOSIHHOW TEMIIEpaTypoi IOBEPXHOCTH CO CKaYKOM YIUIOTHEHUs, 3aJJaHHOM C IOMOIIBIO TPaHUYHBIX YCIIOBHUH
Penkuna—['toroHno B BuJE yIapHOH BOJHBI OT KiMHA. YHMCIEHHOE MOJENMPOBAaHME OCHOBAHO HA pEIICHUU
IByMepHbIX ypaBHeHHHd HaBbe—CTOKca JuIsi C)KMMaeMOIO COBEPLIEHHOTO ra3a C IIOCTOSHHBIM IIOKa3aresieM
amnabatel (y=1.4) u uncnom Ipauaris (Pr=0.72). Pemenne BBIMONHEHO ¢ TIOMOIMIBIO Taketa mporpamm HSFlow
[2,3]. dns Bepudukanuu pacyeTHbIX AAaHHBIX MPOBOJHUTCS CPABHEHHE OTPHIBHOTO OOTEKAHHS HEIMOIBHUKHON
IUIOCKOW TUIACTHHBI C OKCICPUMEHTANBHBIMU JaHHbIMU [4]. Pe3ynmbraThl CpaBHEHHS MPEACTABICHBI HA
WnTocTpanuy. [IpoBeeHo mccineoBaHUE BIMSHHUS CKOPOCTH MPOCKATIbh3BIBAHUS CTEHKH HA CTPYKTYpPY TCUCHHUS.
YcTaHOBIIEHA 3aKOHOMEPHOCTD, COTIIACHO KOTOPOil YeM OBICTpee CTCHKA ABIDKETCS BBEPX I10 MOTOKY, TEM JAJbIIe
pacTpoCTpaHIIOTCS BO3MYIICHHUS IABJICHHUS 110 MOTPAHUIHOMY clioro. Kpome 3toro, mpu onpeneaéHHOM 3HAYCHUHN
CKOPOCTH CTCHKH YJaJIOCh M30aBUTHCS OT OTPHIBA MOIPAHMYHOIO CJIOS. 3aBUCUMOCTh MHUHHMATBHOW CKOPOCTH B
MOTPAHUYHOM CJIO€ OT CKOPOCTH JIBH)KEHHMsI CTCHKH MpEACTaBJIeHA Ha WIUTIOCTpaluH. KOpPpPEeKTHOCTh YUCICHHOTO
MeToJla OATBEPXKIIeHa cpaBHEHNEM ¢ Teopuel brasuyca. Pe3ynbraThl MoJenMpoBaHusl KaYeCTBEHHO COTJIACYIOTCS
C BBIBOJIAMH aCHMITTOTHYECKOM Teopun [1].

Paborta BbInONIHEHA 1TpH TIoAepkKe rpanTa POOU No19-01-00525.

M=2.3, Reg = Re(xp) * 10~°
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ADPOJIMHAMHUKA TYPBYJEHTHOI'O BO3JYIIIHOI'O IOTOKA — AKYCTUYECKHUE
XAPAKTEPHUCTHUKH (PEMHOJIBJIC)

A.H. Kapemun
Cankr-IlerepOyprckuii rocynapcTBeHHBIH MOPCKOM TeXHUYecKnil yHIBepcuTeT, CankT-IleTepOypr
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C 2002 roma B ¢ummane CIIOIMTY mnpoBommmncek abopaTopHBIE M TEOPETHUECKHE HCCIICIOBAHUS
3aKpY4YEHHBIX ITOTOKOB.

OnHUM W3 HampaBJICHUH HMCCIEAOBAHWMH OBUIO HM3YYeHHME THIPOAKYCTHUECKHX  XapaKTEPHUCTHK
a’pOJIMHAMUYECKOTO (BHXPEBOro) IymMa TYpOYJIEHTHBIX 3aKpy4CHHBIX CTPYH CJIOXXKHOH TIE€OMETpHH B
«OECKOHEYHOM» MPOCTPAHCTBE COCTOSTHHUS.

Teopernueckast 0OCHOBa MPAKTHYECKUX HCCIIETOBAHUM 3TO — TEOPHs MOAOOMS M MaTeMaTHYECKUE METOJBI
TEOPHH IUTAHUPOBaHHs dKCepuMenTa [1-4].

Maremaruueckast Mozienb GopMyiupoBaiack ciaeayomum odpazoM. B kauecTBe neneBoit QyHKIUM TEOpUU
nogobust B "GeCKOHEYHOM" TPOCTPAaHCTBE NPHUHUMAIHNCH OTHOCHTENIBHBIE eIWHHUIBL - + B/d. —oTHOCHTEnsHOE
NPELEeCCHPOBAHNE CHUCTEMBI CTPYH, BBIPQ)KCHHOC B BHUIE OTHOIICHMS IUIMHBI TOPH30HTAIBHOTO OTKJIOHEHHS OT

HPSIMOJIMHEHHOTO TEUCHHUsI CTPYH B TOPU30HTAIBHOH MIOCKOCTH coml + B k guamerpy corua d; - Seipyu_ —
2s

coruia

OTHOCUTEJIIBHOC PACKPBLITUEC CHUCTEMbI Cprﬁ, OTHOLICHHUC IUIOMAaaAM CCUCHHA CHUCTCMBI Cprﬁ SCTp K TI1omaau

ceueHus comen S - VIV — oTHOCHTENbHAsE CKOPOCTh PACIPOCTPaHEHUsI CUCTeMBI cTpyil, rae Vo = 0,15m/c,

com’
CKOPOCTh BO3[yXa [OIyCKaeMas CAaHUTAPHBIMA HOPMaMH B TOMEIICHHM 0pH Hamwmuauu mroged; - I/lo —
OTHOCHTEJIbHAsI IYMHOCTh CHCTEMBI CTPYH B OeckoneuHoM mpoctpanctse, rae lo = 130 db, «6onesoii Gapbep»
4eJIOBeKa.

I[Ipu >ToM BapbupoBanuch cieayromue daxropsl: - X1 = Re = (0,9 + 8,37)10* — uucno Peifnonsaca, kak
KPUTEPHil epexo/ia OT JJAMUHAPHOTO K TypOYJICHTHOMY PeXUMY TeueHus u obpatHo; - Xz = L/d. = (20,83 + 91,67)
— OTHOLICHHE PACCTOSHUSA OT INIOCKOCTH Cpe3a COIeN A0 IUIOCKOCTH ToYek 3aMepa L x amamerpy comna de; - X3 =
Bc/d. = (6,25 + 27,08) — oTHOILIEHHE MTONIEPEUHOTO PACCTOSHHS MEeX Ty coriamu Be k muametpy corua d..

H3mepeHre akyCTHYECKUX XapaKTEePHCTHK MMITYJIbCA JaBJICHHS BBIIOJHSIOCH C TIOMOLIBIO 3BYKO3AIHCH H
JaJbHEHIIero KOMIIBIOTEPHOTO aHajiuM3a ad’pOJMHAMHYECKOro IyMa CISAYIOIUM 00pa3oM: MHKPOQOH
YCTaHaBJIMBAJICS B TOYKE MO OcH CTpyH Ha paccrosauu (X = L = 20,83d:; y = 0) u B panbHeiIeM npoBOUINCH
UCCIIeIOBAHUS [0 IPOrpamMMe.

Ha puc. 1 npexacraBnena 3aBucHUMOCTh ypoBHA Imyma | oT Re mpu (uxcupoBaHHOM pPacCTOSHUHM MEXIy
comiamu, B = 6,25d..

90

70 T+
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40 +
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l,ab

Rex10-4

Puc. 1. 3aBHCHMMOCTB YPOBHSI IllyMa CHCTEMbI B3aUMoIeicTBYomuX cTpyit | ot Re mpu L=20,83d; B, =6,25d.
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OTPBIB BUXPEM IPH SJIEKTPO®OPE3E JUIJEKTPUYECKOMN YACTHUIIbI
B CWJIBHOM JSJIEKTPUYECKOM ITOJIE

T.C. Kupeesna, JI.A. Aptioxos, E.A. ®pann, B.C. lllenucros, E.A. [lemexun
OunaHCOBHIN yHUBepcuTeT nipu [IpaButensctBe PO, 1aboparopus 37eKTpo- U THAPOIMHAMUKA MUKPO-
1 HaHOMacITaboB, KpacHomap
gandizel@mail.ru

JluHeiiHas 3aBUCHMOCTh CKOPOCTH YacTHIBI OT HAaNpsHKEHHOCTH O3JIEKTPHYECKOro Mojis E,.,, BIEPBEIC
nosrydeHHasi CMOJIyXOBCKHM, IIepecTaeT paboTaTh B CHIIBHOM JJIEKTPUYECKOM I0JIe, KOT/Ia HAYWHAIOT MPOSBIATHCS
HenuHeHble 3¢ dekTer. TeopeTndeckoe omucaHe HEKOTOPHIX HEIWHEHHBIX 3(P(PEKTOB MOSBIIIACH CPAaBHUTEIHHO
HexasHo [1-3], npuuem no Gobleit YacTr OBUTH MPETOKEHBI TOIBKO aCHMITOTHIECKAE METOABI AJIsS HEKOTOPBIX
YaCTHBIX ciy4aeB. [Ipm 3TOM UHCICHHBIH aHAJIU3 OrPaHMYCH MaJbIMH M YMEPEHHBIMH HaNpsHKCHHOCTSMH
IEKTPUIECKOTO IO

Jisi mpakTUUEeCKUX NPHIOKEHHH, KPOME CKOPOCTH 3AJeKTpodopesa Tak k€ Ba)KHO 3HATh paclpeeieHHs
CKOPOCTH KHMIKOCTH, DJIEKTPHUYECKOTO MOTEHIHAla U KOHIEHTPAIIMH MOHOB OKOJIO TOBEPXHOCTH MHUKPOUYACTHUIIBL.
Jist 3TOro MaeansHO HOAXOJUT MPSAMOE YHCICHHO MOJEIMPOBAaHNUE, KOTOpoe ObLIO MPOBENEHO B JaHHOH paboTe B
IIUPOKOM J[MAIla30HE IAPaMETPOB.

2 0.02
15 0015
1 = 0.01

\
05 X 0.005
\
0 i 0
i
05 £ -0.005
r
A _ -0.01
15 -0.015
2 -0.
2 A 0 1 2 002

Ha pucynke cneBa mpHBENEHBI MOCIEIOBATENbHbIE KaApbl pPAacHpOCTPaHEHHs BUXpsA. BuaHo, 4YTO BUXPH
3apokaaeTcs Ha SKBaTope mpH 3HadeHumn yria 6 = 90°. Ilpm ymaneHMM OT MOBEPXHOCTH YACTHIBI BHXPH
BBITSTUBAIOTCS BIOJIb TCUEHHS M 3aKaHUMBAIOTCS INPH TPeledbHOM 3HadeHnH yria 6 = 60°. Jlns Bcex pacdeToB
npesenbHblil  yroa MeHsuics cinabo W Haxomwics B juanaszoHe 50-60°. ITlpu panbHeiileMm yBeJHYEHUU
HaNpSKEHHOCTH AJIEKTPUYECKOTO IOJII MUKPOBUXPH TEpSAET CTAIIMOHAPHOCTh M MPOHMCXOIWUT €ro MepHOAMYECKHH
OTPBIB OT NMOBEPXHOCTH M YHOC BMECTE C NOTOKOM, (CM. pHCYHOK). IIpm moctatouHo GONbLION HANpPsKEHHOCTH
OTPBIB IIPHOOpETaEeT XaOTHYECKUN XapakTep. SIBJIeHNEe CUIBHO HAallOMUHAET oOpa3oBaHMe Ienouyku KapMaHa, HO B
CHITY IIPHONMKEHHUS TON3YIIETo TeUSHHs UMeeT APYro GU3NIecKuil MEXaHU3M.

C moMompl0 aCHMOTOTHYECKOTO aHaIM3a OBUIO IMOKAa3aHO, YTO CYIIECTBOBAHHME CTALIOHAPHOTO BHXPS
(usmueckn 00BIACHIETCSI HEPAaBHOMEPHOCTBIO paclpeesieHns 3apsaaa (pPUCYHOK CIIpaBa), a, CleI0BATEIbHO, U CHIIBI
Kynona BOIM3M MOBEpXHOCTH YacTHIBI. BO3HMKaeT Bompoc, Io4eMy HpH JOCTATOYHO OONBIION HanpsKeHHOCTH
SNEKTPUUYECKOr0 TIONsI MHUKPOBUXPH HAUMHAKOT OTPBIBATHCSI OT IOBEPXHOCTH YaCTHUIBI? OpHum w3
MPEAIOI0KEHUH, NCIIOIb30BaHHBIX B ACUMITOTHYECKOM aHaJIM3e, SBJSIETCS 0OpalieH!e B HOJIb WieHa ¢ 00bEMHOM
JNeKTpuUecKoil cuioil B ypaBHennn Crokca (3a mpenenamu cios [lebast). OnHako, Kak MOKa3bIBalOT YHCIICHHBIE
pacdeTsl, Takoe MPEIOI0KEeHHEe BEPHO TOJBKO IS JOCTaTOYHO MAalbIX HampspkeHHocTed moist. [Ipm moctatouHo
OONBIINX 3HAYCHHAX HANPSDKEHHOCTH MPOWCXOAWT HEOOBIYHOE SBJICHHE: 3apsi/i HAUMHACT YBJIEKATHCSA MTOTOKOM
JKAJIKOCTA M BBIXOJMT BO BHEIIHIOIO 001acTh. OJHO M3 €ro CiIeACTBHM — HEBBINOJHEHHE OanaHca CUJI, 4TO U
NPUBOAWT K OTPBIBY BUXps. THNHMYHOE paclpeneleHue 3apsaa Uil 3TOTO CiIydas MpPHUBEACHO HAa PHUCYHKE:
OTIIEJICHHE 3apsijia MPOUCXOIUT KaK Ha 3kBaTope mpu 0 = 90°, Tak 1 Ha MOTIOCE YacTUIBI pH 6 = 0°.

HWccnenoBanme BeIOHEHO NpH (puHaHCOBOH noanepkke PODU n agmunncTpanu KpacHomgapckoro kpas B
pamkax HayuHoro rpoekra Ne 19-48-235001 p_ HacraBuuk.
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SKCIHEPUMEHTAJBHOE UCCJIEAOBAHUE BJIUAHUA ITPOAOJBHOI'O T'PAJJUEHTA
JABJIEHUSA HA KOYOOUIUEHTHI TEIIVIOOTAAYHU U COITPOTUBJIEHUA

H.A. Kucenés, A.I'. 3qutosen, C.C. ITonoBuy, }0.A. Bunorpamos
HUU mexaanku MI'Y nmenn M.B. JlomoHocoBa, MockBa
kiselev.nick.a@gmail.com

VYxe Oonee TONMyBeKa MHOTHE HCCIEIOBATEIM H3Y4YalOT IIPOIECCHl NEPEHOCAa TEIUIOTHI W HMITYJIbCa B
onHO(MA3HBIX TEUYEHHSIX C TpaaneHTOM fmaBieHus [1-4], omHako HEKOTOpsle OCOOECHHOCTH — BIHSHUS
HeOIaronpusTHOTO I'paJIMeHTa JaBJICHUS Ha TEIUIOBBIE M AMHAMUYECKUE MTOTPAaHUYHBIE CJIOW BCE CIe HE BBISBIICHBI.
B HacTosmee BpeMs rpaJueHTHbIEC TEUCHUS BCE €lIe ABIAIOTCS MPEIMETOM aKTUBHBIX TUCKYCCHIl.

B nanHO# paboTe mpeacTaBleHO HWCCIENOBaHWE BJIMSHHMS HEOIArompUsTHOTO TIpajJueHTa JaBJICHUS Ha
NPOLIECChI, IPUBOJSNIME K HWHTCHCU(DHKAMKM TeIooOMEHa Ha TNAAKUX W OOJyHEHHBIX IOBEPXHOCTSIX.
OKcIepUMeHTaJIbHbIE HUCCIIEAO0BaHMs MPOBOJWINCH HA J03BYKOBOHM a’poauHamuueckoi ycranoBke HUUM MI'Y
(pucyHok 1), pabounii kaHaJ KOTOPO# BBINOJIHEH ieneBbiM: aiuuHa L=1190 MM, Beicora H=50 MM 1 mmpuna B=300
MmM. [Tocnenssis pabodast cekuust uMeeT ATUHY 270 MM B OCHAIIeHA IOABIDKHOW BEpXHEH CTeHKOU. Perymipys yromn
pacKpbITHsA (MOJ0KEHUE BEPXHEW CTEHKH), Ha pa004nil y4aCTOK HaKJIAJBIBACTCS PA3IMYHBINA IPaUCHT AaBICHHS.
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Puc. 1. Cxems! ycTaHOBKH (a) 1 pabodero kanaia (0)

B pesyiprare OIKCIIEpUMEHTANBHBIX HCCIICIOBAHMI IMOJYYEHBI TIONS CKOpocTed (ycpeaHeHHas |
MyJbCallUOHHAs  COCTAaBJIIOIIME),  3aBUCHUMOCTH  KOI(GQUIHMEHTOB  TEIUIOOTAAYHM M CONPOTHBICHUS
(TermoruapaBIMUecKie XapaKTEPUCTUKH) IIaIKOH W 00IyHEHHOH MoBepxXHOCTH. [loka3aHo, 4T0 HEOIaronpUsITHBIN
TPaJIMEHT JIaBJICHUSl CYIIECTBEHHO BIIMSET Ha TEIUIOTHIPABIMYECKHE XapPAKTEPUCTUKHM TJIaJKOH W OOIyHEHHOH
MOBEPXHOCTH, a TaKKe Ha MPOQHIN CKOPOCTH B TYpOYJIEHTHOM IOTPAaHUYHOM CJIO€.

HccnenoBanue BBIONHEHO 3a cueT rpanTta Poccuiickoro HayuHoro ¢onna (mpoekt Ne 19-79-10213).
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O HEEJIMHCTBEHHOCTMH PEIIEHUSI TPEXMEPHOM 3AJIAYU, MOJEJIUPYIOIIENA
CBEPX3BYKOBOE CTAIIUOHAPHOE OBTEKAHUE OBJIACTHU COIIPAXKEHUA
SATYIINIEHHOI'O TEJIA U IIJIACTUHBI BA3KUM I'A30M

E.B. Konecnuk, A.A. CmuproBckuii, E.M. CmupHOB
Cankr-IlerepOyprekuit monmtexHuaecknii yausepcuret I[lerpa Bemmkoro
kolesnik_ev@mail.ru

UucneHHO pemraeTcs 3afada  CBEPX3BYKOBOTO OOTEKaHWA yMUIMHEHHOTO LIMIMHIPUYECKOTO —Tena,
YCTaHOBJICHHOTO Ha IUIACTHHE, BJOJIb KOTOPOH pa3BUBAETCs JIAMHHApPHBIN MOrpaHWYHBIA cioil. MccnenoBanne
CTPYKTYpBI IIOTOKa U TEIUIOOOMEHA B MOJOOHBIX KOH(QUIYypalMsX sSBISETCS Ba)KHBIM, HalpUMeEp, NPU pa3paboTke
a’POKOCMHUUECKOI TeXHUKH. Pacuernas obmacte mokazana Ha puc. 1la. CornacHo HCIOJIB3yeMOW MOJEIH BS3KOTO
COBEpLIEHHOT0 Ta3a, TEYEHHE OIpEeNelsieTcsl CIEAYIOIMM HabopoM Oe3pa3MepHBIX MapaMeTpoB: 4ucioM Maxa
Haberaromero notoka M, uncinom PeliHonbaca Rep, mocTpoeHHOM 10 AuameTpy 3aTyruieHus, uncioM [Ipannris Pr,
TeMepaTypHbIM pakTopoMm Tw/Tw, MOKazaTeneM aanabarsl y, a TAKKe MPOTHKEHHOCTBIO TNTACTHHBI Lplae 10 MecTa
comnpsbkeHus. PemieHust 3ajaun HaXoJuJIMCh JJIsi Habopa MapameTpoB, COOTBETCTBYIOIIETO JaHHBIM paboTsl [1]:
M=6.7, Tw/Tin=4.75, Rep=1.25-10* (D=2.5Mm), Pr=0.7, y=1.4, Lpae =145 mm. Ha BXonHo# rpanuie
pacdeTHOH o0iacTH 3amaBaicsi OXHOPOAHBIN MOTOK, HA MOBEPXHOCTH Tella W IUIACTHHE — YCJIOBHE IPIIIHIIAHMSA.
[ToBepxHOCTH TeNa M IUIACTUHBI MOJICPKUBAINCH NIPH ITOCTOSTHHONW TeMmeparype Tuw.

Jns  pacueToB  HCIOJB30BANICS  KOHEYHO-OOBEMHBIH  «HECTPYKTYPUPOBAaHHBII» MPOrPaMMHBIN  KOJ
SINF/Flag-S, pa3spabarsiBaemblit B MUHCTHTYTE NpuKiIaaHoi MaTeMatuku U mexanuku CIIOITY. Pemranuch nonHbie
ypaBHenuss HaBbe—CToKCa; YMCICHHBI METOJ pemieHust onucad B [2]. s mpeacTaBisieMbIXx pacdeToB cHauaia
HCTIOJIb30BANIach KBa3HCTPYKTYPHPOBAHHAS CETKa, cojepxkamas 10 MiH sdeek. 3aTeM, B IEIIX MPOBEPKU CETOYHOH
CXOJIMIMOCTH, PacueThl ObUIN BHIIIOJHEHBI M HAa CETKE C 25 MITH sT4eeK.

[Mpenpinymune uccienoBanus (cM., Hanpumep, pabdoty [1] m Oubamorpaduro B Heit), mokasaiu, 4To MpU
00TeKaHHH CBEPX3BYKOBBIM IIOTOKOM YCTaHOBJICHHOTO Ha IUIACTHHE 3aTYIUICHHOTO Teja BCTPEUYHBIH TpajHeHT
JIaBJICHUSI TPUBOIUT K OTPBIBY IOTPAaHUYHOTO CJIOS. BHYTpM OTpBIBHOH 001acTH TOTOK pasroHseTcs 10
CBEPX3BYKOBBIX CKOPOCTEH, BO3HHUKAIOT MECTHBIE BOJIHBI YIIOTHEHHS, YTO MPUBOJMT K MOBTOPHOMY OTPBIBY
MPUCTEHHOTO TEUEHHMSI, U B PE3YJIbTAaTe Nepes] TeIoM (GOPMHUPYETCs] NPOTSHKEHHAS OTPhIBHAS 00JIacTh, COZeprKamast
COBOKYITHOCTb ITOJIKOBOOOPa3HbBIX BUXPEH.

B pesynprare HacTOSIIIMX PacdeTOB YCTAHOBIECHO, YTO NMPH JAaHHOM HAa0Ope MapaMeTpoB CYIIECTBYET IBa
YCTOWYMBBIX CTAIlMOHAPHBIX pemenus (puc. 1b). IlepBoe pemreHne xapakrepusyercs 0ojiee KOPOTKOH OTPBIBHOM
00J1aCcThI0, IEHTP OCHOBHOTO MOJKOBOOOPA3HOTO BHXPSI HAXOIUTCS HA PacCTOSHUM OKOJIO oxHoro kamubpa (D) or
nepenHel KpOMKH Tesa. Bo Bropom peleHnn oTpbIBHas 00yacTh 0osiee MPOTSKEHHasI, a IEHTP OCHOBHOTO BUXPS
pacroJio’keH MOYTH B J[Ba pa3a Aajbllie 0T 00TekaeMoro Tefa. PacnpeneneHie OTHOCUTENFHOTO TEIUIOBOTO MOTOKA
BJIOJIb JIMHUH CHMMETpPHH Ha tiactude (puc. 1h), moMumo rimobansHOro Makcumyma (HaxXoauTCes BHE modist puc. 1b),
COJICPIKUT €llIe OJIMH SIPKO BBIPQKEHHBIN JIOKAIBHBII MAKCUMYM B NIEPBOM PELICHHH U JBA JIOKAJIbHBIX MaKCUMyMa
MEHBIIEr0 ypPOBHS BO BTOPOM pellieHWH. [locieqHee XOpOIIO COINACyeTcss C YHCICHHBIM peIleHHeM |
OKCIICPUMEHTANBHBIMA TaHHBIMUA paboThl [1] (BOMPOCH BO3MOXKHOM JABOWCTBEHHOCTH pEIIeHHs B 3TOi pabore He
3aTparuBalIvich).

Pabora BrmosHeHa npu oaaepykke rpanta PODU 17-08-00854 A.
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OCPEJHEHHBIE BUBPOKOHBEKTUBHBIE TEUEHHS B IBYXCJIOMHOM CUCTEME
C IOPUCTOM 30HOM PA3BHOM IPOHULIAEMOCTH IIPU HYJIEBOU T'PABUTALIUU

E.A. KonuanoBa
IlepMmckuii rocy1apCTBEHHBIN HALIMOHAJIBHBIN HCCIIEA0BAaTENbCKUN YHUBEPCUTET, [IepMb
kolchanovaea@gmail.com

B pabote paccmaTtpuBaeTcs 3agada O BO30OYKICHHH OCPEIHEHHOM TEPMOBHOPAIIMOHHON KOHBEKIUH
HEOJHOPOJHO HAarpeToll OJHOKOMIOHEHTHOH KHIKOCTH B YCIOBHAX HyJIEBOH rpaBHTanui. JKHUAKOCTH 3aHONHSET
TOPU3OHTAIIBHBIA CIIOH, pa3JelieHHbIIl Ha JBE YacTH MOPUCTON 30HOM (cM. pucyHOK). Co3aaHHas TakuM oOpa3oM
JBYXCJIOMHAsl CHCTEMa <OKHIKOCTb — MOPUCTas 30Ha» OCHWUIMPYET MONEPEYHO BEPTHKAJIBHOMY TI'paJHEHTy
TEMIIEpaTyphl C BHICOKOH YacTOTOW M MaJIol aMIuIMTy#oi. [lepro ocimyuisinyii cauTaeTcst MaJbiM 10 CPaBHEHHUIO C
XapaKTEepHBIMH ~ TEIJIOBBIMH W THIPOJUHAMHYECKMMH BpeMeHamu 3afadyd. (C)KUMaeMOCTBIO JKHJIKOCTH
npeneOperaercs. I[IpoBoAMTCS YHCICHHOE MOJAEIMPOBAHUE OCPEIHEHHBIX YpPaBHEHHH TepMOBHOPAIMOHHOM
KOHBEKIHUH B crosix [1, 2] npu pasmuynbix 6e3pa3sMepHBIX YacTOTax BHOpaunuu () U MOPUCTOCTAX M, CBS3aHHBIX C
MPOHHUIIAEMOCTBIO TTOPUCTOI 30HBI Qopmynoit Kapmana—Kozenu. IlonmydeHsl ycioBus Ha TpaHHIE pas3zaera
JKUJKOCTHOTO M MOPHCTOTO cioeB. IIpoBeneHo cpaBHEHNE YHCIICHHBIX JaHHBIX C PE3yNbTaTaMH PaHHHUX pPadoT 1o
TEpMOBHOPALIMOHHO KOHBEKLMH B IPEACTBHBIX CIydasix 0JHOCIOWHBIX XXHIAKOCTHBIX [1] 1 mopHcTHIX cucteM [2].
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W3BecTHO, 4YTO B YCJOBUSIX MHUKPOTPaBUTALMHM OObIYHAS TI'paBUTAllMOHHAs ocialieHa WM BOOOLIE
OTCYTCTBYeT. BpI3BaTh KOHBEKTHBHOE TE€UEHHE B 3TOM CJIy4ae MOXHO C MOMOIIBIO MMONEPEYHON BBICOKOYACTOTHOM
BuOparuu. [Tox neficTBueM NepeMEHHBIX HHEPIIMOHHBIX CHJI B CUCTEME I'eHEpUPYETCs OCPEJHEHHOE TeUCHHE, KOTAa
BUOpanonHoe uucio Panes-/lapcu mpeBblmaeT KpUTHYECKOE 3HA4YeHHE (CM. PUCYHOK). B mpoTtmBHOM cityuae
JKUJKOCTh OCTAaETCsI HETIOJIBM)KHOM B CpeiHeM Ha ()OHE BHICOKOYACTOTHBIX OCIIMILISIINH.

[oka3zaHo, 4TO B OTIIMYHUE OT CITy4asi CTATHYECKOTO MOJIS TsHKECTH [3] MM citydast BepTHKAIBHOH BUOpAlMK B
rpaBUTallMOHHOM Tione [4], Koraa pocT TOPHCTOCTH ¥ NPOHHLAEMOCTH  OJHO3HAYHO  YCHIIMBACT
TEPMOTrPaBUTALIMOHHYIO KOHBEKIIMIO, TPY BUOPALMOHHON KOHBEKIMH B YCIIOBHUSX HEBECOMOCTH KPUTHUECKOE YUCIIO
Panes—/lapcu MOKeT HEMOHOTOHHO M3MEHATHCS ¢ POCTOM IOPUCTOCTH. 3/IeCh UTPaeT Poilb 3Ha4eHHe Oe3pa3MepHOit
yacToThl BUOpanuu. [Ipu yacrorax, mensiux 0.8, ocpeaHeHHOe TeueHue nojasisiercs, a npu Q > 0.8 noswisercs
uHTepBan nopuctocteid ot 0.3 mo 0.8, rme xoHBekIws ycuiuBaercs. HecMOTps Ha 3Ty pas3HHMIly, IPH BUOpaIuu
COXpaHSETCsl XapaKTEPHBIM /IS CJIOUCTBIX CHCTEM CKauKOOOpa3HbIW MEepexo]] OT KOPOTKOBOJIHOBOW KOHBEKIUH K
JUIMHHOBOJIHOBOW KOHBEKIIMH, NMPOMCXOMSIINI C MOBBIIICHHEM IOPUCTOCTH (M3JIOMBI KPUBBIX 1—4 Ha pHUCYHKE).
OTOT Mepexoj MMEeT MECTO TaKXKe IPU YMEHBUIEHWH OTHOLICHWS TOJIIMH >KUAKOCTHOTO W IIOPHCTOTO CIIOEB.
[IpoHnKHOBEHHME TeUeHHE B MOPHUCTHIN CIIOW M (OPMUPOBAHUE AJIMHHOBOJIHOBBIX BaJIOB (PMKCHUPYETCS C POCTOM
HaJIKPUTHYHOCTH IIPH aHAJIN3€ HEJIMHEHHBIX PE)KUMOB OCPETHEHHON TepMOBHOPAMOHHOI KOHBEKIIIH.

HccnenoBanue BBIONHEHO 3a cueT rpanTta Poccuiickoro HayuHoro ¢onna (mpoekt Ne 19-71-00067).
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YU CJIEHHOE MOJE/JIUPOBAHUE YJAPHBIX BOJIH B YCJIOBUAX HEOJHO3HAYHOT'O
HPEJACTABJIEHUA YIAPHO-BOJIHOBOI'O PA3PBIBA

A.B. Konroxos, A.Il. JIuxaues, I1.P. JleBamios
OOBenMHEHHBI HHCTUTYT BRICOKHNX TeMmepaTyp PAH, Mocksa
konyukhov_av@mail.ru

B nacTosmelt paboTe npencTaBieHBl HOBBIE PE3yIbTaThl YHCICHHOTO MOIEINPOBAHIS yAapHEIX BoiH (YB) B
YCIIOBHAX HEOJHO3HAYHOTO NPEACTABICHUS YIapHO-BOIHOBOTO paspbiBa. B paborax [1-3] 6pUIO mOKa3zaHO, YTO
JIMHEHHas TeOpHs YyCTOWYMBOCTH IUIOCKOI YB B cpenax ¢ mpou3BoJIbHBIM YpaBHEHHEM cOCTOsIHMSA [4, 5] mo3BoIseT
YCTaHOBHUThH HAJIWYWE Ha ynapHOH aguadate (YA) ydyacTKOB aHOMAaJbHOTO TOBEJICHUS YAApPHBIX BOJH, HO HEBEPHO
oIpeZieIsieT WX IPaHUIBl M XapakTep BO3HHMKAIOMIMX aHOManui (moxpoOHBI 0030p paboT Mo paccMaTpuBaeMOM
npobsieme iaH B [2, 3]). B wacTHOCTH, NpU BBINOJHEHUH JIIO00TO U3 JIBYX JIMHEHHBIX KPUTEPUEB HEYCTOHYMBOCTH
Ha YA BO3HHMKaeT 00JIacTh HEOJHO3HAYHOT'O TpeJCTaBieHus Y B, mepekpriBaolias y4acTOK €€ HeyCTOMYMBOCTH
[6]. B aroii obnact YB nubo pacnagaercst ¢ o6pa3zoBaHiHeM KOMOWHUPOBAHHON BOJIHBI CkaTHs (yciaosue L < —1,
3/IeCh W HWKE HCIONB3YIOTCA T€ K¢ 0003HaueHws, 9To W B pabortax [4, 5]), mubo sBisieTcss MeTacTaOMIBHOM
(ycnmoBue L>1+2M). B mocmennem ciydae, aHaaW3y KOTOPOrOo M IIOCBSIIEHa JaHHas paboTa, MOBEACHHE
BO3MYILICHHON yIapHOH BOJHBI 3aBHCUT OT BEJIMYMHBI M XapakTepa BO3MYILICHHWI: OHa JMOO BOCCTAHABIMBACT
HCXOZHOE COCTOsHME (YyCTOHYMBAs peaknus), TMO00 MEpexXOJUT B HECTAMOHAPHBIA PEKHM, XapaKTepU3YIOIINHCS
pacnpocTpaHEeHHEM BJIOJIb IOBEPXHOCTH YAAPHOW BOJIHBI BTOPHYHBIX BOJH. BTOpHYHBIC BONHBI “TIEpEeKIIOYArOT”
JOKaJIbHBIE 3HAYCHUS IIapaMeTpoB 3a (POHTOM YAApHOW BOJHBI MEXIy YYacTKaMH YIAapHOW amauadaThl,
NPUMBIKAIONIMMU K y4YacTKy HeycTroiuuBoctd L>142M co CTOpPOHBI MeEHBLIETO M OOJIBIIETrO JaBJICHUIM
(HeyCTOHYUBOE COCTOSHHE).
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[pu HamMuuK GOKOBBIX MPaHMI] WM IPU TIEPHOJIUUECKOM XapakTepe Bo3MylieHun ¥ B ¢poHTta pasBuBaercs
OCHMJUTMPYIOMIMH PEKUM TMOBEACHHS YIAPHOHW BOJHBL MyJbCallMH NapaMeTpoB 3a ()POHTOM yJIapHOI BOJHBI HE
3aTyXarT CO BPEMEHEM (HEIOJIHAs aHAJIOTHA C SYEUCTOMN CTPYKTYPOH JCTOHAIIMOHHBIX BOJIH). B HacTosei padore
C HCIOJIb30BAaHUEM MOJIENILHOTO ypaBHeHus coctosinus [3] nmposeneHo 2D u 3D monenupoBaHue mnoseaeHus YB,
MOJTy4eHbI HOBBIE PE3yJIbTATHI, IEMOHCTPUPYIOIINE METacTaOMIBHOCTE YAApHBIX BOJIH HAa TEX CETMEHTaX 00JlacTH
HEOJIHO3HAYHOI'0 NpelcTaBieHus YB pa3pbiBa, KOTOpblE NPUMBIKAIOT K y4acTKy HeyctoHumBoctd L>1+2M. Ha
PHCYHKE ClieBa MOKa3aHa MOBEPXHOCTh YAapPHOW BOJIHBI U I0JIE IUIOTHOCTH 3a €€ (PPOHTOM B HEKOTOPHI MOMEHT
BPEMEHH I0CJIe BOSHUKHOBEHMS OCIHJUIMPYIOIIEro pexxuma. Ha pucyHke ciipaBa mokaszaHa 3BOJIONMSA JABJICHUS 32
(hpOHTOM BO3MYIIEHHON YIAapHOW BOJHBI IS HECKOJBKHMX TOYeK YA B HWKHEH 00JacTH HEOAHO3HAYHOIO
npezacTaBieHuss YB paspsiBa. Bo Bcex pacuerax 3ajaBajiach OJIHA M Ta K€ aMIUIMTYJla HAYaJIbHOTO BO3MYILIEHMS
VB. /IBa Buaa 3aBUCHMOCTEH (c1aboe 3aTyxaHHe ITyNbCAI[i JaBICHNS W POCT aMIUIUTYIBI IMyJIbCAIIIA C BBIXOJOM
Ha HACBHIIIEHHE) COOTBETCTBYIOT YCTOWYHMBOM W HEYyCTOMYMBOW peakIWH yJapHOW BOJHBI Ha HAYaJIbHOE
Bo3MyIeHue. Pabora BeImonHeHa rpu noanepskke rpanta POOU Nel6-02-01179.
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O ITPOBJIEME BbIYUCJIEHUS CTATUCTUYECKAX MOMEHTOB TYPBYJIEHTHBIX NOJIENR
B UMCJEHHBIX PACUETAX

B.U. KpacHononsckuii, K.M. Cepreenko
HUU mexanuku MI'Y umenu M.B. JlomonocoBa, MockBa
krasnopolsky@imec.msu.ru

CymecTBeHHBIM (DakTOPOM, BIMSIOIIMM Ha TOYHOCTh pacuéra TypOYJIEHTHBIX IOJIEH, BBIIOIHEHHOTO C
NPUMEHEHNEM BHXpEpa3peIlaronIiX METOIOB, SBISIETCS BEIWYHHA BBIOOPKM OCpemHEeHMs. B cmimy rumoressr o0
SPrOAWYHOCTH CTATUCTUYECKH CTAIIMOHAPHBIX TypOYICHTHBIX TEUEHHUH, HA0OP CTATUCTUKU MOXKET OCYIIECTBIATHCS
3a c4€T OCpPEIHEHUs MOJICH MO0 OTHOPOIHBIM NPOCTPAHCTBEHHBIM KOOPIMHATAM, MO BPEMEHH WM IO aHCaMOIIIo
HEKOPPEJIMPOBAHHBIX peai3aluii OJHOr0O M TOTO K€ TypOyJIeHTHOro TedeHus. IIpakTH4ecKd 3HAYUMBIM
NPE/ICTABISIETCSl YCTAHOBJICHUE CBSI3M, KOTOpas MO3BOJMJIA Obl BBECTH YHH(UIMPOBAHHYIO METPUKY OLCHKH
TOYHOCTH IIPU OCPETHEHUH.

B [1] u psane apyrux paboT OBUIO TPEUIOKEHO HCIOJIB30BaTh ISl KOJIMYECTBEHHOT'O COINOCTABJICHUS
Pe3yJIbTaTOB OCPEJHEHHUs MOHSATHE 3(P(PEKTUBHOTO pazMepa BBIOOPKU. DTO MOHSITHE ONpPEIEIsieT SKBUBAJICHTHBIH
pa3Mep HEKOppEeTMPOBAHHOW BBIOOPKH, OOECIEUMBAIOIIMI TaKyl0 € TOYHOCTh OCPEIHEHUs, 4TO U JaHHas
BBIOOpKaA, oOOnajgaromas HEHYJIEBBIM KOPPEISIHMOHHBIM MacmTabom. Hambonee pacmpocTpaHeHHBIM, HO He
€MHCTBCHHBIM [2], KpUTEpHEM OIpENeICHHsS TOYHOCTH OCPEIHEHHUsS SBISETCS BBEICHHE METPUKH depe3
OTHOIIIEHWE JUCIEPCHH CPEOHETO AL BHIOOPKM KOPPEIMPOBAHHBIX M HEKOPPETUPOBAHHBIX BEJWYMH. TO €CTh,
KOppennpoBaHHOH BbIOOpKe MIMHEI N CTaBUTCSA B COOTBETCTBHE HEKOPPEINPOBAHHAS BIOOPKA AITHHBI Neff ¢ paBHOM
Jucnepcue.

B Hacrosmieit paboTe nMpUBOAATCA PE3yabTaThl HCIONb30BaHUS JaHHOW METPUKHU JUIS CPaBHEHHS TOYHOCTH
OCpPEJHEHHs 110 BPEMEHM M II0 OJHOPOJIHBIM MPOCTPAHCTBEHHBIM KOOpJIMHATaM Ha MpHUMepe 3aia4d o
MO/ICTIMPOBaHUH TypOYyJCHTHOTO TEUEHHUs B IJIOCKOM KaHaie. PaccMaTpuBaeTcs BO3MOKHOCTh IPUMEHEHUS! TaHHOM
METpPHUKU Uil 000CHOBaHMs HabromaeMoro 3¢¢eKra CymECTBEHHOTO IMOBBIIIEHNS TOYHOCTH OCPEAHEHHs (HIIH
YMEHBIICHUSI CyMMapHOTO HWHTEpBaJla OCPEJHEHHsI MPU COXPAaHEHHH TOYHOCTU OCPETHEHUs) NMPH KOMOWHALUH
OCpeJHEHHs 10 BPEMEHH W [0 aHCcaMOJI0 He3aBHCHMBIX peanusanuid. [lociennee HaOroleHHE MPEACTaBISET
0coOBIi MHTEpEC ISl NaNbHEHIIero pa3BUTHs AJITOPUTMAa MOJAEIMPOBAHUs TypOyJNeHTHBIX TEYCHUI, OCHOBAaHHOTO
Ha OJTHOBPEMEHHOM MOJICITMPOBAHNH HECKOJIBKHX HEKOPPEIMPOBAHHBIX COCTOSHHUN TypOyJIeHTHOTO TedeHwus [3].

PaGoTa BBINONHEHA C WUCMONB30BaHHMEM 00OpynoBaHMs lLleHTpa KOJUIEKTHBHOTO  MOJB30BaHUS
CBEPXBBICOKONIPOU3BOIUTENBHBIMU  BBIUUCIUTENBHEIMU pecypcaMu MI'Y umenn M.B. JlomoHocoBa u ¢
UCIIONE30BaHUEM BBIMHCIUTEIRHEIX pecypcoB OBK HUILI «KypuaTtoBckuit mHCTHTYTY, http://computing.nrcki.ru/,
npu noanepxkke rpanrta PH® Ne 18-71-10075.
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BJUSHUE ®A30BOI CUHXPOHU3AIIMA HA CBOMCTBA TYPBYJIEHTHOCTH

0.3. Kpusonocosa, /1.10. XXunenko
HUU mexannku MI'Y umenn M.B. JlomonocoBa, MockBa
olga@imec.msu.ru

HccrnenoBanmsM CHHXpOHHU3ANH B TYpOYJICHTHBIX TeUCHHIX B atMocdepe [1], Tak ke, KaKk ¥ B MOJICIBHBIX
TypOyJIEeHTHBIX TedeHusX [2, 3], ymemsercs B mociemHee BpeMs Oonbioe BHUMaHUe. [IpencTaBieHBl pe3yIbTaThl
IPSIMOTO YHCIICHHOTO MOJICIIUPOBAHUS TypOYICHTHBIX TSUSHUH BA3KOH HEC)KUMASMOW JKUIKOCTH BO BPAIArOLIEMCs
cheprueckom crnoe. CHHXpOHHM3aLMs B TakUX TEYEHHSIX oOecleynBaeTcs MOIYJSHUEH YIJIOBOW CKOPOCTH
BpateHus BHyTpennei chepnr Q(t): Q(t)= Qa(1+Asin(2nft+¢)), rae Qay— cpe/Hee 3HaUEHHE YIIIOBOM CKOPOCTH, A,
f — ammiuTyna u acrota MOAYJISIUK. PacyeTsl MpOBEICHBI ¢ UCTIONB30BaHUEM anroputMa [4].

-SE-06 - C

f, Hz 1 2

Ha neBoM pHCyHKE NpPHUBEIEHBI CIIEKTPHI a3MMYTaJbHOM KOMIOHEHTHI CKOPOCTH TEYEHHsS B OTCYTCTBHUE
Moxayisinun (a) u npu ee Hanuuuu (b), BEpXHHE KPHUBBIE — pacdeT, HWKHUE — dKcrepuMeHT [5]. Bee nanHble Ha
JIEBOM PHCYHKE COOTBETCTBYIOT TOUYKE M3MEPEHHUS, PACTIONOKEHHOM Ha CPEeHNX IHMPOTAaxX BOJIM3K BHEUIHEH cepbl
[5]. Ha dparmente (c) 1eBOT0 pUCYHKa MOKa3aHbl PE3yJIbTAThI pacuyeTa CTPYKTYPHOU QYHKIIUH CKOPOCTH TPETHETO
nopsgka Dy (tutpuxoBas nuHMA JUI ciydas b, CIUIOIIHAS Juis cioydas a). B oTcyrcTBue Moaynsiiuu (a) HaKJIOH
cnekrpa -11/5 kak B pacyere, Tak ¥ B 3kcrepumenTte, a Dy <0, 4T0 CBHIETENBCTBYET O HAIMYUHM TPEXMEPHOI
TypOyJIEHTHOCTH, 4TO JJIsi HeCTpaTH(OUIMPOBAHHBIX M30TEPMHYECKUX TEUCHHUH BS3KOW HEC)KHUMAEMOW JKHIIKOCTH
YHCIICHHO MONy4YeHo BrepBoie B mupe. Ilpu A>0 (D), TypOyaeHTHOCTh CTAHOBHTCS IBYMEPHOH, C HAKIOHOM
CHeKTpa -5/3 Ha HU3KUX YaCcTOTaX U -3 Ha BBICOKHUX, MpH 3ToM Dy >0 (¢).

®dazoBasi CHHXpOHHU3ANUS PUBOAUT K IEPEMEKAEMOCTH B BUJIE TIPON3BOJIBHOTO YEPEJOBAaHMS BO BPEMEHH
YYacTKOB C ITOCTOSTHHOW BO BPEMEHH Pa3HOCTHIO (a3 MEXIy CKOPOCTbIO C(epbl M CKOPOCTBIO TedeHHs (cradas
TypOYJIIEHTHOCTB), W YYaCTKOB C H3MEHSIOIIEHCS BO BPEMEHH pPAa3HOCTBIO (a3 (CmwibHas TypOyJICHTHOCTB).
OTHOCHUTENbHAsT TPOAOJDKUTEIBHOCTh YYaCTKOB C CHJIBHOM CHHXPOHM3AIMEH JUId a3WMYyTaJbHOW KOMIIOHEHTBHI
KUHETHYECKOH PHEPruM TeUeHHs gy, MEPUANOHANBHON Tgy, U MOMEHTa CHJI TpeHHs Ha BHemHed chepe Tmo B
3aBUCHMOCTH OT A TIpUBEJEHa Ha NPaBOM PHUCYHKE (OTKpBITBIE CHMBOJbI). JIMHHMEH ¢ TEeMHBIMH CHMBOJIAMH
nokazaHo otHonreHue BenuunHbl (EG/E,) k TOM ke Benmumne mpu A=0 (ocs cmpaBa). B TeueHmsax c
nepemexaemoctbio (T < 1) 310 oTHOMIEHNE Gobine 1, a mpu monHo# cuaxponnsanuu (T = 1) — menbmie 1. Takum
00pa3oM, CHHXpOHM3AINs n3MeHsieT cootTHomenue Ey/E, Mo cpaBHEHHIO CO CTAIMOHAPHBIM BPAIIICHHEM.

PaboTa BbITNIONIHEHA TIpH YacTHYHOW Tojepkke PODU, nmpoextsr Ne 18-08-00074 u Ne 19-05-00028.

JIUTEPATYPA
1. Read P., Castrejon-Pita A. Phase synchronization between stratospheric and tropospheric quasi-biennial
oscillations // Q. J. R. Meteorol. Soc. 2012. V. 138. P. 1338-1349.
2. Read P., Morice-Atkinson X., Allen E., Castrejon-Pita. Phase synchronization of baroclinic waves in
differentially heated rotating annulus experiment subject to periodic forcing with a variable duty cycle // Chaos.
2017. V. 27. P. 127001.
3. XKunenko I1.1O., KpuBonocoa O.3. CunxpoHuzauusi B TypOyleHTHOM cdepuyeckoM TeueHHH KysTra mop
neiictBieM HepaBHOMepHoro Bpawenus // JKT®. 2019. T. 89. Bem. 7. C. 998-1003.
4. Nikitin N. Finite-difference method for incompressible Navier-Stokes equations in arbitrary orthogonal
curvilinear coordinates // J. Comput. Phys. 2006. V. 217. P. 759-781.
5. XKunenxo /[.1O., Kpusonocosa O.3. M3meHeHHne cBOWCTB TypOYyJCHTHBIX TE€UYEHHH B C(EPUUECKOM CIIOE IO
JeWcTBHEM MOIYJIsIUK ckopocTd Bpamienus // ITucema B JKTD. 2017. T. 43. Bem. 10. C. 87-94.

57



O BJIMAAHUU UCIHHAPEHUSA U KOHAEHCAIIUU HA HU3KOYACTOTHYIO
HEYCTOWYUBOCTH B T'UJPOTYPEMHHOM TPAKTE

IT.A. Kyii6un
Wucturyt Temmnopuznkn umenn C.C. Kyrarenamze CO PAH, HoBocubupck
kuibin@itp.nsc.ru

Hapsimy co MHOTMMH HECTallMOHAPHBIMH SIBICHUSIMH B THIPOArperarax MOXHO BBIJICIHTH MYJbCAllWH,
00yCIIOBJICHHbIE BOZHUKHOBEHHEM KaBUTAIMOHHOW MOJOCTH MOJ pabounM KojiecoM TypOuHbl. CTaHIaPTHBIM ISt
MOJICITUPOBAHUS TOMOOHBIX SIBJICHMH CYMTACTCS MOAXON, OCHOBaHHBIH HAa TIOHATHH KaBHUTAIMOHHON
nogatiuBocTh [1]. B yka3anno# pabore ObUIO MOKa3aHo, 4TO AU HY30pHOCTH OTCACHIBAIOIIEH TPYOBl M 3aKpyTKa
NOTOKA SIBIAIOTCSA JecTabmwinsupyommmM  QGakropamu. B crathax [2, 3] BbIABICHO BIHSHHE XapakTepa
pacnpesieneHus 3aBUXPEHHOCTH M pa3Mepa KaBUTALMOHHOHM MOJIoCTH Ha KOA(QUIMEHTHl XapaKTepUCTUYECKOTO
YpaBHEHHS, pElIeHHE KOTOPOro JaeT cOOCTBEHHBIE YaCTOTHI M MHKpEMeHTHl konebOanuii. [lokazaHo, 4yTo BiusiHHE
3aKPYTKH HA YCTOWYMBOCTH 3HAYUTEIBHO MEHBINE, YE€M OMUCHIBAIOCH B [1] W OBICTPO yMEHBLIACTCS C POCTOM
pa3Mepa KaBHTAIMOHHOHN mojocTH. B maHHO# paboTe B pa3sBUTHE MOJCIH PACCMATPHBACTCS BOMPOC O BIIUSHUU
(ha30BBIX MEPEX0JI0B HA MyJIbCAIMU KABUTAIMOHHOM MOJOCTH U CBS3aHHBIC C HUIMH HU3KOYACTOTHBIC BO3MYIICHUS
JIABJICHUS U Pacxo/ia B MPOTOYHOM YacTH ruapoTypOunsl. [lonocts MomenupyeTcs cheprudeckuM my3bIpeM.

B pabore [1] ObuiM BBIBEIEHBI [BAa OCHOBHBIX YpPaBHEHHs: YpaBHEHHE HEPa3pbIBHOCTH, OIKMCBHIBAIOIIEE
B3aUMOCBSI3b MEXK/Y PAacXOlIOM B HAmopHOM BojoBoje, Qi, U B orcackiBaromieil Tpyoe, Q2 Q2 — Q1 = — C dp /dt
(C =-0V/0p: — xaBuTanMOHHAs TOAATIMBOCTL); U YPAaBHEHHUE, CBS3BIBAIOIIEE JABJICHHE HA BXOJE B CHUCTEMY C
JIaBJICHHEM Ha BbIXoJe. UTOOBI ydecTh BiMsHHE (Aa30BBIX INEPEXOAOB, MBI INPUBJIEKAEM IBa JOMOJHHUTEIBHBIX
ypaBHeHus. OHO U3 HUX OTBEYAET 32 M3MEHEHHUE JaBJICHUS U pa3Mepa MOJIOCTH MPH 33IaHHOM TEIUIOBOM HOTOKE
[4] u momkHO OBITH 10OABICHO B MPaBYIO 4YacTh ypaBHeHHs Hepa3psiBHOCTH [(if pck + dRc/dt] 3Cipc/Re. 3nech y —
MoKasaTesb aquabatel [UIs mapa, Pc — JaBlIeHUE mapa, pc — IIOTHOCTh Napa, Re — pagnyc KaBUTAIMOHHOM MOIOCTH
(Ve = 4 n R3/3), k — ckphITas TemioTa napooOpa3oBaHus, () — MIOTHOCTh TEMIOBOIO MOTOKA OT KABUTALMOHHOM
MOJIOCTH B KMUIKOCTb. BTOpoe momosHHUTENbHOE ypaBHEHHE — ypaBHEHHE IMEpeHOoca Telula — Ha paclpelesieHne
TeMIepaTypsl B xuakocTH T). IIpu 3am1aHHOM mosie TeMIiepaTypbl TEMJIOBOW MOTOK Ha TPaHMIE Map — JKUAKOCTS!
gi= A (OTV/ON)r = re. Tlocie nMuHeapu3anuy ypaBHEHHI W MMOCTAHOBKM 3aJaud O HEYCTOWYMBOCTH FapMOHHYECKUX
BO3MYIICHUI BBIBEJCHO XapaKTEPUCTHYECKOS ypPaBHEHHE — YpaBHEHHE UYETBEPTOrO MOPSAIAKA HA KOMILICKCHYIO
4acTOTY ® = wR + im. BellecTBeHHass 4acTh MR JaeT 4YacTOTy, a MHHMas 4acThb M — CKOPOCTb 3aTyXaHUs
(mexpeMeHT) Wir pocta (HHKPEMEHT) BO3MYIICHHUS.

T T T T T T
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Ha pucyHke 10Ka3aH IpuMep COIOCTABICHHS PaCcUYeTOB COOCTBEHHBIX YaCTOT M MHKPEMEHTOB/IEKPEMEHTOB
BO3MYIIEHUI pacxola B NPOTOYHOM 4YacTH THApoarperara B NMPHUCYTCTBUM KaBHTALMOHHOW IOJOCTH C yYETOM
(cmommHble THHMUK) B 0e3 ydera (a30BBIX NMEPEXOAOB (IITPUXOBBIC JHHUHM). B maHHOM mpuMepe NpH HAIAIHH
(ha30BBIX IEPEXOJI0B IMANa30H PACXO0JI0B, NIPU KOTOPBIX HEYCTOMUYMBEIE KOJIEOAHU BO3MOXKHBI, CTAHOBUTCS YXK€ U
CMeIaeTcs B 30HYy OONBIIMX pacxomoB. IIpu MajibIX pacxogax HMX ydeT BeAeT K crabwim3anuu, a npu Q > 0,744
BO3MOJKHBI M CTAOMIIN3AIHMs, U IeCTa0MIN3aIHs BOSMYIIICHUH.

Takum o6pa3om, B paboTe MOIydniIa pa3BUTHE MOJETb THAPOIUHAMUYIECKAX HI3KOYACTOTHBIX KONeOaHui B
nporoyHoi yacti ['OC, BEI3BaHHBIX HAIMYMEM KaBUTAIMOHHOM MOJIOCTH. B MoJieny yuTeHB! SBIEHHS HCIIapeHHs U
KOHJICHCAIIY B KABUTAI[MOHHON ITOJIOCTH. B 3aBHCHMOCTH OT MmapaMeTpoB MOXET UMETh MECTO KaK CTaOMIIN3amus,
TaK M yBEJINYEHHE MHKPEMEHTOB POCTA BO3MYIIEHHH.

Pabora Beinon#eHa npu nogaepxke PODU (rpant Ne 18-58-53052).
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Ob YCTOMYMUBOCTHU CTPYKTYPHI HEUTPAJIBHO YCTOMYUBOM YIAPHOM BOJIHBI
BT'A3E U O CIIOHTAHHOM U3JIYYEHUU
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Maremarnueckuii uncTutyT nmenu B.A. Crexnosa PAH, Mocksa
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ITocTpoeHo pemieHue 3agadd O CTPYKType CHOHTaHHO W3Nydamomeil ymapHoil BomHe (CHYB) B raze m
JIOKa3aHa YCTOWYMBOCTb 3TOH CTPYKTYpbl. Pe3ynbTaThl OTHOCATCS K KOHKPETHOM MOJEIM yIAapHOM BOJHBI U
KOHKpPETHOH ee CTPYKTypbhl. OIHAKO, 3TH pe3yNbTaThl IOKa3bIBAIOT, YTO apryMeHTHl He cymectBoBaHus CUYB,
BBICKa3aHHbIE B [1] U COMHEHUSI B OTCYTCTBUU CIIOHTAHHOI'O M3JIydeHHUs [2, 3] HecrnpaBeUIUBLL. ABTOpHI JaHHOMN
paboTBl CYMTAIOT, YTO HET OCHOBAaHMH IIOJBEPraTh COMHEHHWIO BBIBOJBI HMCXOJHBIX KJIacCHYECKUX pabor 00
YCTOIYMBOCTH YAApHBIX BOJH B razax [4—6]. BaxHo oTMeTUTh ycTOWYHBOCTH CTPYKTYpsl CUYB B paccMoTpeHHOM
B paboTe KOHKpETHOM cityyae. KoHeuHO, BBIBOJ 00 YCTOHUMBOCTH CTPYKTYPhI OTHOCUTCSI K KOHKPETHOMY CIIy4aro
3aBHCUT OT MOJIEJIU CTPYKTYpPbl, HO €CTh HEKOTOpble OCHOBaHMS JyMaTh, UTO €CIM CTPYKTypa CBs3aHa C
JUCCUIIATUBHBIMU IPOLIECCAMH, TO OHAa OKaXXeTCsl YCTONUMBOM. 3aBUCHUMOCTb 4YaCTOThl OT BOJHOBOTO YHCJIA
OIUCHIBACTCS AWCIEPCHOHHBIM cooTHomeHHeM D=0, mosydeHHBIM B pe3yJbTaTe TOTO OOCTOATENHCTBA, HUTO
TpaHWYHBIC YCIIOBHUS Ha JIMAWPYIOUMIEH YAapHOW BOJIHE COZIEpKaT TOJBKO MH(POPMAIMIO 00 OTPaKEHHBIX BOJHAX
(Bcero mmMeercst 4eThIpe TAKWX BOJHBI, ISITAs BOJHA — IIAJalolIasi, €€ MHTEHCHBHOCTH IIPEIIIONIATacTCsl PaBHOM
Hymo). [Toka3aHo, 4T0 npu PUKCHPOBAHHOM BOJIHOBOM UHCIE, AUcnepcroHHas GpyHknusa D He obpamaercs B Hylb
IPY BELIECTBEHHOH M MHHMMOHM YacTsAX YacTOTHl OompIinX Hymd. s 3TOoro mcronb3yeTcss HMPUHIMI apryMeEHTa
Teoprud (PyHKIMIT KOMIUIEKCHOTO TIEPEMEHHOT0: 00pa3 3aMKHYTOTO KOHTypa Ha IUIOCKOCTH  BEIECTBCHHAs 4acTh
Y4aCTOThI — MHMMas 4acTh 4acTOThI (puc. 1) B pe3ynbrare oToOpaxenus D (npu ¢pukcupoBaHHOM BOJTHOBOM YHCIIE)
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HNEPEXO/J K TYPBYJEHTHOCTU YEPE3 NIEPEMEXAEMOCTbD
B MTHEPTHBIX U PEATUPYIOIIUX CTPYAX
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Wucturyt Temmnopuznku nmenn C.C. Kyrarenamze CO PAH, HoBocubupck
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B Hacrosmiee Bpems U CTPYH, HCTEKAIOIIMX M3 COMENT KOH(Y30pPHOTO THIA, B OCHOBHOM pPEaln3yeTcs
CyOTapMOHHYECKHI BOJHOBOM MEXaHM3M Mepexofa K TypOyJICHTHOCTH, CBS3aHHBIA C SBICHHEM CIapHBaHHSA
BUXpell B cioe cMmeureHusi cTpyu [1]. B maHHOW paboTe paccMaTpuBaeTcsi HMPHHIMIHAIBHO APYroil CueHapuil
nepexojia yepe3 MepeMekaeMoCTh. B CBSI3U C 3TUM BBINOJIHEHO DKCIIEPUMEHTAIBHOE HCCIIeIOBAaHHE WHEPTHBIX U
pearupyrommx CTpyi, UCTEKAOMMX M3 JUIMHHBIX TPYOOK JuaMeTpoM 2—8 MM B BO3AYIIHOE MPOCTPAHCTBO NPHU
HM3KMX uyucaax PeitHombnca 400-5000. B kauectBe pabouero Tena WCMONBb30BANINCH: JJISI HWHEPTHBIX
M30TEPMHYECKUX CTPYH — BO3JYX, IByOKHCH YIiepoja, nponaH, Gppeon-22; uis pearupyromux CTpyid — IpomnaH B
cMecu ¢ uHepTHBIM pasdasutenem (COz). B wuHcTpymeHTapuit BXoAwiau: ruiabOepT—Busyanmusanus, PlV,
TEPMOAHEMOMETPHSI M 30HAOBas TepMoMmerpusi [2]. VICKycCTBeHHbIE BO3MYLICHHSI B IIOTOK HE BHOCHJIHCH, KaK
BHYTPH TpyOKH, Tak W B CTpye. BrmepBble oOHapykeH CICHapHil mepexofa K TypOyJICHTHOCTH Yepe3 MEXaHU3M
MEPEMEKAEMOCTH B MHEPTHBIX U pearupyromux crpysx. OH peanusyeTcs B auana3zoHe uyucen PeitHonbaca 1900—
3500 xorma BHYTpH MCTOYHHMKA CTpyd — B jaiuHHON TpyOke (I/d>100) mpoucxoaut naMHHAPHO-TYPOYIECHTHBIN
nepexon. TypOynentasle natHa (puff), oOpasyrommecs B TpyOe B MEPEXOJHOM PEXUME, HMEIOT CTATUCTHYCSCKHH

XapakTep U J0CTaTOYHO YCTOﬁqHBLI B OJIMOKHEM I10JIE CTpyH.
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Ha mepBoM prcyHKe NOKa3aHO M3MEHEHHE CKOPOCTH 10 BpeMeHH ais uctedenus crpyn COz B Bo3qyx Ha

paccrosiauu ot Tpyoku x/d=0.8 (Re=2462, d=8 mm). Takoe pacrpenenenue, C IUIABHBIM MEPEIHUM H KPYTHIM

3aJHUM (POHTOM, XapaKTepHO Ui CTPYKTypbl Tuma nopsiB (puff) mpu nepexone B tpy6e [3]. HeperymsapHoe

JIBIDKEHHUE 3TUX CTPYKTYp JIGKUT B OCHOBE Mpoliecca MepeMen}aeMOCTH. DTO NPOMIIIIOCTPUPOBAHO HA BTOPOM

PHUCYHKE B BHE pacrpenesieHus koddhduinenta nepemMexaeMoCcTH Ha ocu cTpyH mpomana (1) u Bo3myxa (2) s

x/d=5, KOoTOpOe aHAJIOTMYHO HM3MEHEHWIO JAHHOIO IlapaMeTpa i TedeHus B TpyOax [3]. 3uauenue y=0
— COOTBETCTBEHHO TypOYyJeHTHOMY TedeHuio. l[lpu »ToMm

COOTBETCTBYET JIaMMHAapHOMY Te4deHHio, a v=I
BozjeiicTeie PUff mpuBOAMT K CyIIECTBEHHOMY COKpAIEHHIO 30HBI MEpexoja K TypOYICHTHOCTH, KOTOpas Mpu

HHU3KHX YHciax PeiiHombaca Moxket coctaisaTh X/d=100-200 [4].

Hdnst  pearupyrommx IubQy3HOHHBIX (akesioB  (IIPEIBapUTEIBHO HENEepPeMENIaHHbIE CMECH) ecTh
CYILECTBEHHOE OTJIHYHE, KOTOPOE CBSI3aHO C HAIMYMEM XUMHYECKHX PEaKUMid W HEH30TEPMHYHOCTH TCUCHUSL.
Onuako, CTpyKTypbl THna PUff 1 MexaHHW3M MepeMekaeMOCTH 3apETHCTPUPOBAHBI H B TCUCHHSAX C XUMUYECKUMH
peakuusmMu. JIOKaM30BaHHBIE CTPYKTYpPbl CYIIECTBEHHO BIHMSIOT HAa JUHAMUKY (akena, B YaCTHOCTH MOTYT
NPHUBOJHUTH K IIEPEXO/Y OT IPHCOSTHHEHHOTO MIAMEHH K OTCOSJMHEHHOMY U HA000POT.

PaboTa BbInONIHEHA Ipu oAiepkke Munoopuaykn P®  (Per. Ne AAAA-A17-117030310010-9) wu

Poccuiickoro Gonaa GpyHaameHTanbHbIX ncciaenoBanuii (Ne 17-08-00958).
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CTpy# npu HU3KKX uncnax Peitnonbaca // Tlucema B dKT®. 2013. T. 39. Bain. 9. C. 34-40.

60



PACHPOCTPAHEHHUE BO3MYIIEHU B BRICOKOCKOPOCTHBIX IAMUHAPHBIX TEYEHUSIX
C BO3BPATHBIMH JIUHUAMHA TOKA

W.N. JIumaros, K.T. Hro
HAT'U mmenn npodeccopa H.E. XKykosckoro, MOTU, XKykoBckuit
igor_lipatov@mail.ru

HccenenoBaHbl THUIEP3BYKOBBIE TEYEHHS B YCIOBHAX CJabOro THIEP3BYKOBOTO — B3aMMOJCHCTBHAL
BriBeieHHOE paHee COOTHOIICHHE UL ONPENENICHHS CKOPOCTH PACIPOCTPAHEHMS BO3MYLICHHH B IOTPaHMYHBIX
CIOsIX 000OIICHO TS OIMICAHUS PEKUMOB €l1aboro B3auMonecTBust [2]. PacnpocTpaHeHre BO3MYILCHHUI BBEPX MO
MOTKY B TMIEP3BYKOBBIX IOTPaHUYHBIX CJOSX CBS3aHO C CYIECTBOBAaHHEM B IIOTPAHUYHOM CJIO€ MPHCTCHOYHOM
obJacTu 103ByKOBOTO TeueHHs. Takoro posa 3dexTsl BaXKHBI, KaK AJIsI MPAKTUUECKHUX 3a/ad adpOJANHAMUKH, TaK U
Jutst popMynHpoBaHus 3aj1a4, CBSI3aHHBIX C Pa3BUTUEM HEYCTOWYMBOCTH B MOTPAHUYHBIX CIOSX.

Jns onpeneneHuss CKOPOCTEH paclpoCTpaHEHUs] BOMYLICHUH HEOOXOAMMO 3HATh NMPOQHIN MPOIOILHOM
CKOPOCTH M 3HTANbIHU. ITH NpODIIH MONydeHbl U3 peureHuil ypaBHeHuit donkuepa—CkaH [3]. Panee perienue
9THX ypaBHEHWi moiydeHo B paborax Xaptpu m Crroaprcona [4-5] mis Heckmmaembix Tedenmid. Ha puc. 1
NPEICTAaBICHBl 3aBUCHMOCTH MOBEPXHOCTHOTO TPEHHs OT Hapamerpa [3, ONpPENeISIONIero IpaJueHT IaBJICHHS,
MOJTyYeHHbIE B HAcTOsIIeH paboTte u B paborax [4-5].

'w

Al m2 3

Puc.1

B pmamHO#t paboTe BmepBEIE TMONydeHO pemieHne ypaBHeHHH @onkHepa—CKIH U1 COKUMAaEeMBIX
BBICOKOCKOPOCTHBIX Te4deHWil. Haiinenbl 3aBucHMMOCTH TNpoduieldl CKOPOCTH M JHTAIBIIMKM B 3aBUCHMOCTH OT
napameTpa p 1 TemreparypHoro axkropa gw.

[Tpu oTpHLaTEIBHBIX 3HAYCHHSIX Mapamerpa B peuieHue ypapHeHnid @onkHepa—CKIH UMeEET JIBE BETBH, OJIHA
13 KOTOPBIX OMHUCHIBAET TEUEHHS C BO3BPATHBIMU JTMHUAMH TOKA.

Jlns obeux BeTBeil MOJy4YeHB! BEIMYMHBI CKOPOCTEH paclpoCTpaHEHHs BO3MYIIEHHIH BBEpX IO IOTOKY,
YCTaHOBJICHBI 3aKOHOMEPHOCTH BIIMSHHUS Ha IPOIECCHl PACIPOCTPAHEHUS BO3MYIICHWH TpagueHTa JaBICHUS U
TeMIiepaTypHoro ¢akropa.

Pabora BeInoNiHeHa npu YacTHyHOU moaaepxke PODU (mpoekt Ne 20-01-00184).
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MOJEJIUPOBAHUE BUXPEOBPA30OBAHUA B TEOMATHUTHOM XBOCTE MATHUTOC®EPBI
IIPU KBASUIIEPUOAUYECKOM MATHUTHOM INIEPECOE/JMUHEHUU

AIL Jluxaues!, E.B. I'y6anos?, C.A. Meaun'?
106benuHEnHEbIH MHCTUTYT BEICOKKMX TeMnepaTyp PAH, Mocksa
ZMoCKOBCKHI (PU3NKO-TEXHUUECKH T HHCTHTYT, JIOJITONPY IHBIH

apl2211@mail.ru, apl@ihed.ras.ru

[IpoBeneno riobanpHOE MOJEIMPOBAHNE OTKJIMKA MarHUTOC(epbl 3eMIIM Ha BO3ACHCTBUE COTHETHOTO BETpa
OpU  Pa3IMYHBIX 3HAYEHHAX MPOBOAMMOCTH IUIa3Mbl. PacueTsl BEmHCh B MEPHIMOHATBHOW IIIIOCKOCTH C
WCIIONB30BaHUEM NIByMEpHOH pesuctuBHONH MIJI mozenu. B orimume oT paHee NMpoBEeNeHHBIX HCCIIEAOBaHMIM [1]
paccMmarpuBaniachk IIOJIHAas pacyeTHas o0jacTh 0e3 HaJloXKEHHsl YCJIOBHS OCEeBOW cumMmerpuu. I[lapamerpsl
COJTHEYHOT'O BETpa C FOXKHBIM HAMNPABICHUEM MEXKIUIAHETHOIO MAarHUTHOTO MOJIA IOJNarajuch CTAllMOHAPHBIMH.
PacyeTsl NPOBOJAWINCH NPM ABYX 3HAYEHMAX HPOBOAMMOCTH miasmbl op = {10 10%} Cwm/M, 3amaBaemoii
MIOCTOSIHHOW BO BceM IMojie TeueHus. [Ipum MeHbliel BennuuHe mpoBoguMocTH M umcie Jlynaksucra Lu~0.1
peann3yercsi peKUM CTallMOHApHOW MarHUTOc(epHOil KOHBEKIMHU (CM., Hampumep, [2]), mpu OonblIeM 3HaUYCHUU
(Lu~10) pemieHre MMeeT HECTAILMOHAPHBIA XapaKTep C KBAa3WUIECPHUOAWYSCKAM MATrHUTHBIM TEPECOCIMHECHHEM B
TEOMarHUTHOM XBOCTe (MuiI0oOpa3Hoe coObiTHe). IMEHHO 3TOMY pEIICHUIO B JOKNAAC YAENAETCS OCHOBHOE
BHUMaHue. PaccmarpuBaemoe MI'/] TeueHue TepsieT yCTOWYMBOCTb M CTAaHOBUTCS ACUMMETPUYHBIM B CBSI3U C
0o0pa3oBaHNEM BUXPEBOW IOPOKKM KapMaHOBckoro tuma. MI'J] B3amMoneicTBHE CTHMYIHPYET WM IMOJABISET
BUXpeoOpa3oBaHHE B PAa3HBIX OOJACTAX TEUCHUs, a NEepeMEIleHHe BHXpeHd B cmily 3((eKToB BMOpPOXKEHHOCTH
CONPOBOXKIAeTCA AedopManyell CWIOBBIX JMHUM MarHuUTHOro moist. IIpoBemeH aHanmu3 Ipomecca JAeNeHHs
MPUCOETUHEHHBIX BUXPEH, NX CHOCA W 3BOJIIOIMH B JUIOJIFHOM MAarHUTHOM moie. [Toka3aHo, 4TO IO aHAJIOTHH C
YUCTO THIPOAMHAMHIYECKOW MOJenbio [3] oTpbIB mepudepuiiHOW (HMKHEH 10 IMOTOKY) YacTH MPHUCOCTMHEHHOTO
BUXPS POUCXOAUT B pe3yJIbTaTe PacTATUBAIOIIEI0 BO3IEHCTBUA CyMMapHOH 00BEMHOM CHIIBI (TpaiueHTa AaBICHUS
U TMOHAEPOMOTOPHOM cuibl jXB). OmpenmeneHsl XapakTepHbIE YacTOThI BHXpeoOpa3oBaHHsS B pPa3HBIX (aszax
MHJI000PA3HOTO COOBITHS.
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JleBas maHemb: CHJIOBBIC JINHUM MarHUTHOTO MOJIS M PACIIPE/ICNICHUsI TUIOTHOCTH TOKa jy (LIBETOBas 3aJMBKa); paBast
MIaHeJb: BEKTOPHBIE JIMHUM CKOPOCTH IUIA3MBl M paclipeieieHie 3aBUXPEHHOCTH M, (LBETOBas 3ajJMBKa). MOMEHT
BPEMEHH COOTBETCTBYET MArHUTHOMY MEPECOCIMHEHHIO TIPH Miepexo/ie OT (Gasbl pocTa K (aze IKCIaHCHUH.
HccnenoBanne HOCHT (yHIAMEHTAIbHBIH XapakTep, BO3HHMKHOBEHHE BUXPEBOW JOPOKKH KapMaHOBCKOTO
THUIIa B MEPUIMOHAIIBHOI INIOCKOCTH MarHUTOC(epbl OTMEUYaeTCst BIIEPBBIE.

X,
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MEXAHHU3MbI HEYCTOMYUBOCTU MEXAHUYECKOI'O PABHOBECHSI B JIBYXCJIOMHBIX
CUCTEMAX XHJIKOCTEM C JE®@OPMUPYEMBIMHU IOBEPXHOCTSIMHU PA3JEJIA

T.I1. JlrobumoBa
WuctutyT Mexanuku crutomHbIX cpen YpO PAH, Ilepmb
lyubimovat@mail.ru

B 3eMHBIX yCIOBHSX CHIa TSXKECTH T'aCHT BO3MYLICHHS INOBEPXHOCTH DPa3liena, COXPaHsAs MOBEPXHOCTh
paslerna IUIOCKOH, IOSTOMY M8 TaKHX YCJIOBHH KOHBEKIHS, KaK IPaBHIO, HCCIEAYeTCs B IPEHEOPESIKEHUH
nedopmanmsiMu moBepxHOCTH pasnena. OpHaKo, JUIs HEKOTOPBIX CHUTyallMid npuOivmkeHue Henedopmupyemoit
MOBEPXHOCTH paszeia HEAOCTATOYHO. B 4YacTHOCTH, B YCIIOBHSIX IOHMXXEHHOH TpaBUTALUM, U JKUIKOCTEH C
ONMM3KMMHU IUIOTHOCTSIMH, Ae(OpMali MOBEPXHOCTH pa3jesia MOryT ObITh OosbiimMH. B TO ke Bpews,
npubamxkenne byccuHecka, OOBIYHO HCIONb3yeMOE B TEOPHH CBOOOJHOW TEIUIOBOM KOHBEKIIMH HECKHMAEMOM
KHUAKOCTH, HECOBMECTHMO C Y4ETOM e(OPMUPYEMOCTH MOBEPXHOCTH paszaena [1, 2]. O6obuieHHoe mpubImKeHne
Byccunecka, mo3Bossitoliee KOPPEKTHO y4ecTh JAe(OopMalvy IIOBEPXHOCTH pasjeiia B Cilydae >XHIKOCTEH C
OMM3KUMHU TUIOTHOCTAMH copmynupoBaHo He3aBucuMO bycce u JliobumossiM B [3, 4]. B 3TOM npubmmkeHNn
OJJTHOBPEMEHHO C MPEIEIbHBIM IIEPEX0I0M, B KOTOPOM YHCIIO ["anuiiest CTpeMUTCs K GECKOHEYHOCTH, YCTPEMIICTCS
K HYJIO HE TOJBKO OTHOCHUTENIbHAs TeMIlepaTypHas HEOJHOPOIHOCTH IUIOTHOCTH (mapamerp byccuHecka), HO M
OTHOCHUTEJIBbHAS PA3HOCTh IUIOTHOCTEH JXHIKOCTEH. B 3TOM cilydae MOKHO IOJIb30BaThCs OOBIYHBIMU YPABHEHHAMHU
KOHBEKLUH B MPUOJIMKECHUN ByccuHecka, ydnuThIBasi pa3HOCTh INIOTHOCTEH JIMIIB B YCJIOBHH OajaHca HOpMaJbHBIX
HalpsDKSHUH Ha IIOBEPXHOCTH pasJiena.

B noknane aHanM3MpyrOTCS MEXaHU3Mbl HEYCTOHYMBOCTH MEXaHMYECKOTO PABHOBECHS B ABYXCIIOWHBIX
cHCTeMax TOPH30HTAIBHBIX CJIOEB HECMEIINBAIONIMXCS JKUAKOCTEH, BOZHUKAIOLINE BCIIEJCTBUE 1e(hOPMUPYEMOCTH
MOBEPXHOCTH pasjieNia, IPH Pa3IMuHbIX TEIUIOBBIX YCIOBHMSX HA BHEUIHMX TIPaHHULAX CHCTEMbl M Pa3JIMuHBIX
YPOBHSIX TSDKECTH, B OTCYTCTBHUE U NP HATMYUH TEPMOKAITMILIPHOT0 3G peKTa, a TaKKe BIUSIHUE Ha yCTOWYUBOCTD
MEXaHUYCCKUX BUOpAIIHIA.

Pabora nposenena npu noxnepxke IIpaBurensctBa Ilepmckoro kpast (IIporpamma monmepxkkn HaydaHbix
kot [Tepmckoro kpasi, Cornamenue Ne C-26/788) u PODU (rpant Ne 15-01-09069).
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BJUSHUE MOJYJISILIAU CUJIBI TSIXKECTA HA YCTOMYUBOCTHh KOHBEKTUBHOI'O
TEYEHUA B INTOCKOM BEPTUKAJIBHOM CJIOE C BHYTPEHHUMHU UCTOYHUKAMM TEILIA

T.I1. Jlro6umosal, E.O. Jlo6oBa?
Mucturyt Mexanuku conomssix cpeg YpO PAH, Iepmb
[epMckuii TocynapCTBEHHBIH HALMOHAIBHBIN UCCIIEN0BATENLCKUI yHUBEpCUTET, IlepMb
lyubimovat@mail.ru

OnmanM n3 (akTOpOB, OKA3bIBAIOIINX CYIIECTBCHHOE BIHMSAHHE HA yCTOHYMBOCTH PAaBHOBECUS M TECUCHHUH
HEOHOPOAHO-HATPETHIX KUAKOCTEH SIBISCTCS MOAYJsLus cuibsl Tspkectd [1]. B pabore [2] uccnenoBanach
YCTOMUMBOCTh CTALIMOHAPHOT'O IUIOCKOMAPAICIbHOTO KOHBEKTUBHOIO TEUEHHs B INIOCKOM BEPTHKAJIBHOM CJIOE C
OJTHOPOJIHO paclpeieIeHHbBIMA 10 00bEMY BHYTPEHHUMH HMCTOYHHUKAMU TEIUIA B CTAaTHYECKOM II0JIE TSDKECTH.
HaiineHo, uTO BHYTpEHHHUIl pa3orpeB NPUBOAUT K CTAllMOHAPHOMY IUIOCKONApaielbHOMYy KOHBEKTUBHOMY
TEUEHHIO C YETHBIMU 110 TOPHU30HTAIM MPOPUISIMU CKOPOCTH M TemmepaTypbl. CKOPOCTb 3TOTO TEYEHUs PacTeT
MPOTOPIIMOHAIIEHO MOIHOCTH TETIJIOBBIACICHHUS M IPU JIOCTaTOYHO OOJBIIOM €€ 3HaYeHHH TEUYEHHE CTAHOBHTCS
HeycToWuMBBIM.  Hacrosimas ~ paboTra  mOCBAIIEHa ~ WCCICAOBAaHHMIO  YCTOMYMBOCTH  CTallHOHAPHOTO
IUIOCKOTIAPAIIEIbHOTO KOHBEKTUBHOTO TEUCHHUS B TNIOCKOM BEPTHKAIBHOM CIIO€ C OJHOPOAHO PACHPEICICHHBIMHU
no o0bEMY BHYTPEHHHMH HCTOYHHKAMH TEIUIa B MOIYJIMPOBAHHOM MOJIE TSDKECTH. I'paHMIBI CIOSI CUMTAIOTCS
TBEPABIMU U MICATHHO TEILIONPOBOIHBIMH, OHHU ITOAAEPKUBAIOTCS MPH OJMHAKOBBIX ITOCTOSIHHBIX TeMIlepaTypax.
PacueTsl mpoBeneHBI NPW Pa3NWYHBIX 3HAUYEHHWAX 4ucia [IpaHATis, aMIDIMTYZBl M 9acTOThl MOXYyIsauud. Jlis
OTIpeZIeTICHNUsI TPAHHIL] YCTOHYMBOCTH YHCICHHO METOAOM KOHEYHBIX Pa3HOCTEH pelaeTcs JIMHeapu30BaHHas 3a1a4a
0 TOBEIEHHHM MaJbIX BO3MYIIEHHI OCHOBHOI'O TEUEHMsI BO BpPEeMEHM. 3ajjaya pacCMaTpHUBAETCS B NPHOIMKEHUH
Byccunecka. IlpenmosnaraeTcs BBIIONTHEHHBIM YCIOBHE 3aMKHYTOCTH MoToka. IlapameTrpamu 3amauM sBISIOTCS

Ge3pasMepHas amIUIUTyaa MOAYIALMH #=a w’ /g, uucio I'pacropa Gr=gpQOhK /(2v’k), uucio Ilpanaris
Pr=v/y u Ge3pa3mMepHas yacToTa Moaynsamun Q =h’ew /v . Ha puc. 1 u306pakeHbl TPAaHUIE! YCTOHYMBOCTH HA

TUIOCKOCTHU NapaME€TpOB MHUHHUMAJIbHOC KPUTHUYCCKOE YUCIIO Fpacroq)a — aMIIUTyaa MOAYJIALUUN A Pa3JIMIHbIX
JacTOT MOAYJIAIUH. Kak BUIHO, IIPU MaJIbIX 3HAYCHUAX 7 U MaJIbIX Q MOAYJIALA CUJIbI TAKECTH OKa3bIBACT
CTa6I/IJ'II/IBI/IpyIOH.lC€ ,I[CﬁCTBPIe. HpI/I YMEPCHHBIX HaCTOTAaX MOAYJIALUSA OKA3bIBACT Z[eCTa6I/IJ'II/ISI/IpyIOH.Ie€ ,Z[eﬁCTBPIe
IIpyu MaJIbIX aMIUIUTyaX U CTa6I/IJ'II/ISI/Ipy}OH.lC€ npu OOJBIINX aMIUIMTyAax, Mpu4eMm, ¢ poCTOM YaCTOTbI MOAYJIALINN
00I1acThb ,I[CCTa6I/IJ'II/I33L[I/II/I pacmumpscTcH.
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Puc.1. 3aBUCHMOCTH MUHMMAJILHOTO KPUTHYECKOTO yKcia ['pacroga oT aMIuIUTy 1l MOAYJISILIMHU TIPH MaJIbIX
(cmeBa) M yMepeHHBIX (CIIpaBa) 9aCcTOTaxX MOIYJIALINH.

Pabora BeimosiHena npu nonaepxke [IpaButensctBa [lepmckoro kpast (I[Iporpamma momaepxku HaydHbix
ko [Tepmckoro kpas, rpant Ne C-26/788) u PODU (rpant Ne 15-01-09069).
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TEIJIOOEMEH HA ITIPOHUIIAEMO# IIOBEPXHOCTH B CBEPX3BYKOBOM IIOTOKE
ITPU BAYBE HHOPOJHOI'O T'A3A

M.C. Maxapoga, B.I". JIymk
HUU mexannku MI'Y umenn M.B. JlomonocoBa, MockBa
mariia.makarova@gmail.com

Hcnonp30BaHie MPOHUIAEMBIX MOBEPXHOCTEH B Pa3UYHBIX TEXHHYECKHUX YCTpOIcTBax OOYCIOBICHO
HEOOXOAMMOCTBIO TEILIO3AIUTHl CTEHOK MPHU MOMOIH BAyBa. O0 akTyaJbHOCTH MPOOJIEMbI TEIUIO3AIMTHl CTEHOK
MOJKHO CYITUTh 110 OOJBIIOMY YHCITY ITYOJUKAIIHiA, JOCTATOYHO MOJIHAS OuOIMorpadust KOTOPBIX CONEpKUTCs B [1].
Jlis psjga MpUKIAAHBIX 3aad MPEJCTABISIIOT WHTEPEC TCIUIOHOCUTENH ¢ MAllbIMU 3HAUCHUSIMH 4ducia [IpaHmmis
(Pr<1), koTopsie MOTYT OBITH PEATU30BAHBI B FA30BBIX CMECSX, HATIPUMED, TeIIUsI C KCEHOHOM.

B pesynbrate mpoBegeHHOro [2,3] YHCIEHHOI'O MCCICIOBAHUS JIAMUHAPHOTO CKUMAEGMOTO MOTPAHUIHOTO
CJIOSl Ha MPOHUIAEMOW IUIACTUHE C BJYBOM ras3a C MOCTOSHHBIM uucioMm [Ipannris Pr=0.3 oOHapyxeH HOBBIA
3¢ ekt - CynecTBOBaHUE 00JIACTH TEMIIEPATyp MPOHUIIAEMON CTCHKH HIDKE TeMIIepaTyphl BAyBaeMoro rasa. [Ipu
9TOM MaKCHUMalbHasi Pa3HOCTh TEMIIEpPaTyp BIyBaeMOI0 ra3a M CTCHKH JOCTHUraeTCsl MPH 3HAUYCHHU TeMIepaTypbl
BIyBaeMOI'0 ra3a HIDKE TEMIIEPaTyphbl aquabaTHOW HENpPOHHIAEMOW CTeHKHU. [IpeacTaBiseT HHTEpPEC UCCIeI0BaTh
BIIMSHUE HA Pa3HOCTh TEMIIEPATYp MEPEMEHHOCTH 4duciia [IpaHATis, KOTOpas MOXET ObITh pealn30BaHa MyTeM
BIlyBa HHOPOJHOTI'O ra3a, B YaCTHOCTH MPU BYBE TeJUs B CBEPX3BYKOBOM MOTOK KCECHOHA.

Pacuer TedeHHs U TEIIIOOOMEHA B CXKMMAEMOM MOTPAHMYHOM CIIO€ Ha MPOHHIAEMO#! MIacTHHE ObLT MPOBE/ICH
C HMCIIOJB30BAaHHEM CHCTEMbI YPaBHEHHU HEPa3phIBHOCTH, JBUWKEHHS, SHEPrUM v OuHapHO# auddy3un razos. s
TypOyJICHTHOTO MOTPAaHUYHOTO CJIOS MPHU OMPEACICHUH BEIUYHUHBI TYpPOYICHTHOTO TPEHHS, BXOIAIICH B ypaBHCHUE
JIBIDKCHHUSI, KCIIOJBb30BaHA TpexmapaMeTpuueckas muddepeHimanisHas Moaelb TypOYJIECHTHOCTH, O0OOIICHHAs Ha
TeueHue ¢ TeroodMeroM [4]. [l onpenesneHust TypOyJCHTHBIX MOTOKOB TEIUIA M MAacChl, BXOASAIIMX B YPaBHCHHUS
sHepruv © AuGGy3ud, WCHONB30BAJIKNCh TUIOTE3bl, OCHOBAHHBIC HA BBEICHHM IOCTOSHHBIX 10 TOJIIUHE
MOTPAHUYHOTO CJI0s1 TypOyneHTHbIX yrceln [Ipanamis u [lImuara. B pacuerax miuactiHa 00TeKaaach CBEPX3BYKOBBIM

*
IIOTOKOM ra3a (Xe) ¢ HOCTOSHHOI ckopocThio U, mpu umcite Maxa M =3 u temneparype Topmoxenust 1, =400 K.
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Ha pucyHke Ui JaMHHApPHOTO HOrPaHMYHOIO CNOS HpeJCTaBlIeHo n3MeHeHue no mmHe (Re, = X(pu/n),)
TeMITepaTypsl CTeHKHU T,,, OTHECEHHOMN K TeMIlepaType aqnabaTHOi HENPOHHUIAEMOH CTEHKH T,,,, VSl TEMIIEPATyphI

BityBaemoro raza (He) T, =T,

aw0 >

TPH KOTOPOH JIOCTHIaeTCsi MaKCHMallbHast pasHoCTh Temreparyp T, —T,, . Kak Buaso,
s rasoBoit cmecu He(5%)-Xe(95%) ¢ mocrostHEeIM umcnom Pr=0.18 (pmc. a) Bemramna AT=1-T, /T, =He

TIPeBOCXOHT 4.5% TIpH U3MEHEHNH Ha MTOPSIOK MHTEHCUBHOCTH ByBa jo = (pV),, / (pU), , B TO BpeMs Kak MpH BIyBe
He B Xe (puc. ¢), korga uncio [Ipanmis ra3oBoit cMecu Ha creHke Pry (puc. b) mepemenno, Benuuuna AT mocturaer
12% npu cnabom Bmyse ( jC=0.00001) u HeMHOro ymeHbIIaeTcs ¢ poctoM jo. Takum 06pa3oM, UHMCIEHHOE

WCCIIE/IOBAaHNE TOATBEPIHIIO CYIIECTBEHHOE YMEHBIICHHE TEMIIEpaTypbl CTEHKH IPH HWHOPOJHOM BIyBE TEJIUS B
KCEHOH C MEPEMEHHBIM I10 JUIMHE YHCJIOM Pr 10 cpaBHEHHMIO C OJHOPOJHBIM BIYBOM Ta3a ¢ IOCTOSHHBIM YHCIIOM Pr.
st TypOyIeHTHOTO MOrPaHUYHOTO CJIOS MOTyYEHbl aHAIOTHYHBIE PE3YIIBTATHI 110 BIMSHHUIO IEPEMEHHOCTH yncia Pr
Ha pa3HOCTb TEMIIEPATyp CTEHKH M BIyBaeMOTrO ra3a, HO B 3HAYMTEIbHO MEHBIICH CTEIIEHH, YeM IS ITAMHHAPHOTO.
HccreroBanue BIMOIHEHO 3a CUET CPEZCTB rpanTa Poccuiickoro HayaHoro (oraa (mpoekt Ne19-19-00234).
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TEIIJIOOBMEH B INTACTUHYATbBIX TEIINIOOBMEHHUKAX C BE3OTPBIBHBIMH
JUD®DPY30PHBIMU KAHAJTAMHU

M.C. Maxapoga, B.I". JIymuk, A.W. Pemmvun
HUU mexannku MI'Y umenn M.B. JlomonocoBa, Mocksa
mariia.makarova@gmail.com

[oBpimenne >()(HEKTUBHOCTH TEIUIOOOMEHHBIX —allapaTOB 3a CYeT WHTEHCH(HUKAIUK IIPOILECCOB
TEII000MEHa ABISIETCS aKTyaJIbHOH 3amadeil sHeprocOepexeHus. K HacTosmeMy BpeMEeHN NPEIOKEHO OOMbIIoe
KOJIMYECTBO Pa3HOOOpasHBIX CIOCOOOB MHTEHCH(MKAIMU TEMJI000MeHa, 0030py M aHalIu3y KOTOPBIX IOCBSIIEHA
oOwmmpHas auteparypa (cM., Hanpumep, [1]). IIpu 3TOM mpakTHUecKu Bce M3BECTHBIE CIIOCOOBI MHTCHCH(UKAIMN
TEIJIOOOMEHa CBSI3aHbI C YBEJIMYCHUEM MOIIHOCTU Ha NMPOKAYKYy TEIJIOHOCHUTENIS, YTO SIBJISIETCSI HEJOCTATKOM 3THX
crocoboB. B miacTMHYATHIX TEINIOOOMEHHHMKAX, KOTOpbIe COrJlacHO [2] HauUTM IIUPOKOE NpPHMEHEHUE,
UCIIOJNIB3YIOTCA IUIACTHHBI € PAa3IMYHOTO TUIA To(PUPOBAHHONH IOBEPXHOCTHIO, KOTOpBIE MPUBOIAT K
MHTEHCU(UKALUK TEINIO0OMEHA U YBEINYEHHIO MTOBEPXHOCTH TemiooomeHa [2]. [Tpu aTom ko3 duIeHThl TpeHus
B INTACTHHYATHIX TEMJIO00OMEHHMKAX ¢ TO()PUPOBAHHBIMY [UIACTHHAMHI HAMHOTO BBIIIE, YEM B TJIaAKUX KaHalax, IPA
OJIMHAaKOBOM umuciie PeliHoibaca.

Lenpto HacTosmied pabOTHI SABISIETCS PACCMOTPEHHE BO3MOXKHOCTH HHTEHCH(HKAIUHM TEIIOOOMEHa B
IUIACTUHYATHIX TEIJIOOOMEHHMKaX ¢ TiaakuMu Iud(y30pHeIMH KaHamaMd. OCHOBAaHHEM Ui WCIIOJIB30BaHHA
I dy30pHEIX KaHAIOB B IUIACTUHYATOM TEIUIOOOMEHHHKE TIOCIY)KWJIO IIpoBefeHHOEe B [3] umcneHHOe
WCCIEJIOBaHNE TEUYCHUS M TemiooOMeHa B 0e30TphIBHOM auddy3ope, KOTOpOE IOKa3alo, YTO OCHOBHBIE
XapaKTepUCTUKY TerutooOMena — uncio HyccenbTa u dakrop ananoruu Pelinonbaca — B nuddys3ope oka3pIBarOTCsS
3HAYUTEJIHHO BHILIE, YEM B KaHAJIE IIOCTOSIHHOTO CEUSHHs! P TOM ke unciie PeiiHonbca.

YucneHHOE MOAEIMPOBAaHUE TEIJIOOOMEHA B INIACTUHYATOM TEIUIOOOMEHHUKE ¢ AU HY30pHBIMHI KaHAJIAMU C
MajJbIMHA yIJIaMH  PAcKpbITUS TPOBENEHO, Kak W B [3], € UCHOJB30BAHHUEM TpeXmapaMeTpUIeCKOM
muddepeHunansHoOil Moenn TypOYJIEHTHOCTH, AOTIOJHEHHOW ypaBHEHHEM IepeHoca /sl TypOyJeHTHOTO IMOTOKa
teruia [4]. TIpoBeneHHoe wWccienoBaHHE IOKa3ano, uto 4wmciao CTaHTOHA Ha BCeHW UIMHE, a KOX(PQHUIHEHT
TEIUIOOTAAYM HA OOJNBIIEH YacTH [UIMHBI B TEINIOOOMEHHHKE ¢ IU(Qy30pHBIMU KaHATaMH (PUC. a) MPEBOCXOIAT
COOTBETCTBYIOIINE BEIMYUHBI JUI TETNIOOOMEHHHMKA C KaHaJlaMU MOCTOSHHOTO ceueHus (puc. 0). Iloxydennsie B
pacderax BEIWYHWHBI WHTEHCHBHOCTH TYpPOYJICHTHOCTH M HANpsKCHUS CABHTa CYIIECTBEHHO BO3PAacTaiOT B
muddy3ope, 9TO MPUBOAUT K MHTCHCH(DHUKANWN TEIUIOOOMEHA B TEIUIOOOMEHHHKE ¢ MU(P(QY30pHBIMH KaHAIAMHU.
[TokazaHo Takxke, 4TO B TeII0OOOMEHHHKE C AU((GY30pHBIME KaHAIaMH 32 CYET WHTEHCH(HUKAIWHU TEeTIoo0MeHa
KOJINYECTBO IEPEaHHOTO TEeIUIa OT «TOPSYero» TEMJIOHOCHUTENS K «XOJOJHOMY» BO3PAcTaeT 10 CPaBHEHHUIO C
TEINIOOOMEHHUKOM C KaHaJaMH IOCTOSHHOro cedyeHusa. CrencTBueM 3Toro sBiseTcs OoJbpInas pPa3HOCTh
TEeMIIepaTyp B “X0JIOMHOM” U “TOpsiueM” MOTOKAX B TEINIOOOMEHHHKE ¢ AUPPY30PHBIMU KaHAJIAMH 10 CPABHEHHUIO C
TEIJIO0OMEHHUKOM C KaHaJaMH MOCTOSHHOTO ceueHus. [lorepu cratuueckoro aasieHus B qU((y30pHBIX KaHAIax
NpU MajbIX yIJIaX pPacKpbITHS MEHbIIE MOTePh CTATHYECKOTO JABJICHHs B KaHAJlaX IMOCTOSHHOTO CEYEHHs IpH
OJIMHAKOBBIX YHCiIaxX PelHoibaca.
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Takum 00pa3oM, mpejyiaracMoe B paboTe MCIOIb30BaHKE B IUIACTHHYATHIX TEINIOOOMEHHHUKAX 0€30TPBIBHBIX
1 dy30pHBIX KaHAJIOB C TIIAAKOI MOBEPXHOCTHIO, 0OECIEeYMBAIOIIEl MHUHUMAIbHBIE T'HIPABIMYECKHE MOTEPH,
MO3BOJIMT OOECTIEYNTh WHTEHCU(HKAIHIO TEIulIooOMeHa B auddy3ope MpakTHUecKd 0e3 pocTa KoddduuneHTa
TPEHHS, YTO XapaKTepU3yeT MPHUHIIMITHAIBHOE OTINYHE PACCMOTPEHHOTO CIOoco0a MHTeHCH(UKAIUU TEII000MeHa
OT APYIHX H3BECTHBIX CHOCOOOB, TJAE YyBEIWYEHHE TEMJIOOTAa4YN JOCTUTaeTcsl IIEHOW 3HAYMTENFHOIO pocTa
THPABJINYECKHUX MTOTEPb.

HccnenoBanue BBHIMOMHEHO NpH 4YacTUuHOM mnopnepkke PODOU (mpoext Ne 17-08-00115) u Cosera mo
rpanTam [Ipesugenta PO (CI1-3993.2018.1).
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OCOBEHHOCTHU ®OPMHUPOBAHUSA BHYTPEHHHUX BOJIH B CJIEJE 3A TEJIOM
JIJISI CWJIBHO CTPATU®UIIUPOBAHHOM BA3KOM JKUJIKOCTHU
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WuctutyT aBToMaTH3anuu npoektupoBanus PAH, Mocksa
pmatyushin@mail.ru

B macrosme#t pabore momonHeH onmcaHHBIH B [l] MexaHu3M (QOpPMHPOBAaHHS IPOCTPAHCTBEHHBIX
TPaBUTAllMOHHBIX BHYTPEHHHUX BOJH JUIA JIMHEHHO CTPAaTU(QHUIMPOBAHHOW IO IUIOTHOCTH HECKHMAEMOW BSI3KOH
JKUIKOCTH, MHULMAPOBAHHBINA HAYaJIoOM ABWKEHHs aucka nuamerpoM d u tommuumuoi h = 0.76-d B ropusoHTasHOM
HAlpPaBICHUH BIOJIb CBOCH OocH cuMMeTpuu Z Co ckopocthio U cmpaBa maneBo (puc. a-6). Eciu B [1] ocHOBHOE
BHUMaHHE YJENSeTCsl Mpoleccy 3apoxaeHus aedopMupoBaHHOro BuxpeBoro koipuna N Hag mectom Q crapra
THUTbHOM cTOpOHBI Aucka mpu T = 0.2 + 0.5-(N-1) B cuny caBUroBoil U rpaBUTannoHHON HeycrtoitunBocTeit (N = 1,
2, 3, ...) (T — Bpems1, oOe3pa3MepeHHOE Ha TIEPHO]l ITABYYECTH XKHUIKOCTH Tp, Touka Q Ha pHC. a—6 HAXOJUTCS Ha
NepeceyeHNH YEepHOH BEPTUKAIBHOM NMHMU (ocH () ¢ ocklo Z), TO B Hacrosmleld paboTe akUEeHT AeiaeTcs Ha
nporeccax TpaHC(OpMaIUK JIEBBIX MOJOBHH YETHBIX M HEYETHBIX Kouel Ly B mosyBonHbl rpedHeii [osn 1 BagnH
Bos(n+1), COOTBETCTBEHHO, M OOBEAMHEHHs NpaBBIX IOJOBMH Kojell Ry B jaBe rpymmsl. Maremaruueckoe
MOJICTIMPOBaHNE TEYECHUI KUAKOCTH IMPOBOAMIOCH HA OCHOBE pelIeHUs! cucTeMbl ypaBHeHMH Hape—CTokca B
npubmmxkennn byccuHecka Ha BBIYHCIHMTENBHBIX pecypcax MeXBEZOMCTBEHHOTO CYNEPKOMIBIOTEPHOTO IIEHTpa
PAH npu momomm umcnenHoro meroma MEPAHXX ¢ sBHOW ruOpmaHONW KOHEYHO-PAa3HOCTHOW CXEMOW st

OTOHHOCTB) [2].
.

Ha puc. a—¢ npuBejieHa CTpYKTypa TedeHust st BHyTpennero uucina Opyna Fr = U-Ty/(2nd) = 0.3 u uncna
Peitnonmpnca Re = Ud/v=50 mpu T=1.9: ¢ — MrHOBCHHBIC IIMHHH TOKAa B CHCTEME OTCYETAa, CBS3aHHOU C
JKUJIKOCTBIO, B BEPTHKANBHON TuockocTu X—Z; 6 — m3omuauu >0 c¢ marom 0.002 B miockoctd X-Z; ¢ —
u3onoBepxHOCcTh = 0.005, rae v — k03hduUIMeHT KMHEMATUIeCKOH BsA3KOCTH xuakocTH, B(IT) — MHUMAs 4YacTh
KOMIIJIEKCHO-CONPSKEHHBIX COOCTBEHHBIX 3HAUEHHH TEH30pa TpaJueHTa CKOPOCTH B OKPECTHOCTH HEKOTOPOH
tTouku Il — ycpenHeHHass 1Mo BpEeMEHH YIJIOBas CKOPOCTh BpaleHUs >KWUAKOCTH BOKpyr Il B cucreme orcuera,
cBs3aHHOM ¢ Toukoii 11 [1]. Ha puc. 6 BugHa cuMMeTpus TeUEHUs] OTHOCUTENBHO miockocTeid X—Z u Y-Z. [Toatomy
BCE pacCyXJIeHHUsl, IPUBEACHHbIEC 3/1eCh, OTHOCATCSI TOJbKO K BepXHeMy moiynpoctpanctBy X > 0. Merka «+» Ha
pHC. @ TIOKa3bIBaeT, YTO B stueiike N mupKymamus sxuakoct y > 0. 3HaKK Yy y KOKABIX JIBYX COCEIHMX sS9eeK OyayT
pasaeiMu. [To onpenenennio, BUXpeBast CTpyKTypa T€UeHHs Ha pUC. 6—6 JaeT HEMHOTO MCKa)KEHHOE ITPEACTaBIICHHNE
0 peanbHON CTPYKType TedeHHWs Ha puc. a. [lostomy kaptuny wm3onmuuil >0 Ha puc. 6 Hajgo 00s3aTeNBHO
paccMmaTpuBaTh BMECTE C KapTUHOW JIMHUM TOKa Ha puc. a. Hanpumep, ase Buxpesble stueiiku 01 u 02 y oCTphIX
TOPLOB J¥cka Ha puc. 6 (mpu X >0) BXOIAT B OJHY HYJICBYI0 KOHBEKTHBHYIO SYCHKY, PAcCHONOKEHHYHO Iepea
JIICKOM U 10 O0KaM jaucka Ha puc. a. Onmpasich Ha puc. 6—6, MOXKHO OBIJIO OBl CKa3aTh, YTO IpaBas 1MoJioBuHa R3
koubiia 3 mipu 1.8 < T < 2 pacmurromuBaetcs, peBpamiasch B 0mH, a pu 2 < T < 2.1 TepsieT CBOIO CepAlCBUHY, T.€.
Rz mpeBpamaeTcst B KOJBIO, Y KOTOPOTO ecTh TpaBas Rar u neBas Rz momoBunbl. Takum oGpazom, mpu
195<T<21 - T2=Ls+Rs.. Ho, Ha camom pnene, Ha puc.a npu 1.8 <T<2.1 uger ysenuueHue L4 u capur
ueHtpa L4 BHM3 K ocu Z 3a CUET TOrO, YTO 3HAKM LUPKYJSAIMU XKUAKOCTH B L4 M BOKpyr Bcero ciena npu X >0
coBnaaarot (y > 0), ¥ TOITOMY BHEITHUH MOTOK packpyduBaet La, T.e. I'2 = Las. Bonee Toro, mpu T = 0.5-N kapTuHa
n3oauuuii B maér Iosy = Ly + Rag-rL, HO, Ha camoM Jene, I'osy = L. [TomyBosubl rpebrei [osn (Y > 0) Hax ockio Z
AHAJIOTMYHBl TOJIOBHBIM YaCTSM IIEMOYKH BHUXPEBBIX IETENb B BHJE LIMWIBKK JJIsI BOJIOC B Clelie 3a TeJIoM
KOHEYHBIX Pa3MEpOB, ABUTAIOLIErOCS B OTHOPOAHON BS3KOH YKMUAKOCTH [3]; MOXKHO BBIICNHTH HOXKH Fn.i 9THX
BUXPEBBIX METelb, NPEACTABISIONINE COO0I BUXPEBbIC HUTH, HAYLIHE OT 05N K TBUIBHON CTOPOHE AUCKA (pUC. 6—86).

PaboTa yacTuuHO BhINOHEHA TpH 1o/iepkke PODU (Ne 14-01-00428).
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MOJEJIUPOBAHUE OBTEKAHUA MTPOPNIIA T'A3OKANNEJIBHBIM IIOTOKOM U
PACYET TOJIIIUHBI )KUJIKOMU IJIEHKH
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HHcTuTyT cuctemHoro nporpammupoBanus uMenu B.I1. ViBanaukoBa PAH, Mocksa
strijhak@yandex.ru

IIpoGmema obneneHeHHs ABMSACTCA aKTyalbHOH 3afadeil B aBHAllMM M B BETpOIHEpreTuke. B Hacrosmiee
BpEMS BO MHOTHX POCCHHCKHX W MEXIYHAPOAHBIX HAYYHBIX KOJJIEKTHBAX INPOBOAATCS PAaOOTHI MO H3YUCHHIO
oOpa3zoBanus pa3nmu4HbiX ¢GopMm npaa. Bo OI'YII «IAT'M» BBINONHAINCH HCCICHOBAHHUS MHUKPOGUIUUCCKUX
napaMeTpoB 00JIAaKOB M BIMSHUS PEeXHUMa I0JIeTa JIETATeIbHOTO armapara Ha HHTEHCUBHOCTB O0JIe/ICHEHHS, a TaKkKe
M3y4aJIMCh Tpollecchl 00pa3oBaHKs OapbepHOro JbJa 1oja pykoBoacTBoM mpodeccopa A.JI. Cracenko [1-3]. B
Hactosimuil MoMeHT PI'VII «LIAT'M» pacnonaraer TpeMs a’pOXOJOAMUIBHBIMU YCTAaHOBKAMHU: a3pPOXOJIOAUIBHOM
TpyOOli CE30HHOTO JAEHCTBUS, 9KEKTOPHOW YCTAaHOBKOH CE30HHOIO JEWCTBHS M BCECE30HHBIM CTEHIOM
UCKYCCTBEHHOTO oOieneHeHus. KomnektuBoM aBTOpoB Oblia chopMynupoBaHa (PU3MKO-MaTeMaTHYECKasih MOJIEIb
BO3JCHCTBHS MOTOKA BO3[yXa, COAEP KAIIEr0 KPHUCTAIUIBI JIbJA, Ha IJICHKY BOJBI, ABHXKYLIYIOCS IO MOBEPXHOCTH
tena [2]. Cucrema ypaBHeHHi BKIIOYaja B ceOs ypaBHEHHS HEPaspBIBHOCTH, HMITYJIbCA, SHEPIUHU IUICHKU H
YpaBHEHHs NepeHoca KOHLEHTpauumu vactull B Hed. Ilo pesynmpTaraM pacdeTa MOMY4YEHBI 3aBHCUMOCTH JUIA
TOJIIMHBI TJICHKH ¥ CKOPOCTH TEUCHUS IUICHKN HA IMIMHIPE, 3aBUCUMOCTh 00BEMHOM J10JI KPUCTAIJIOB B IIJICHKE
OT a3UMYTAJILHOTO YIJIa IPH pa3IM4YHBIX pacxojax nojaauu BoAsl yepes mens. Bo OI'YII «HUAM» npoBoauauch
paboTHl 1O M3YYCHHIO TPOLECcCOB (Pa30BOTO MPEBPAIICHHS JICASHBIX KPHCTAUIOB IIPHU HX ABWKEHHH IO TPAKTYy
ra3oTypOHHHOTO JABUraTellsl  paboThI IO pa3paboTKe CHCTEMBI 3JIEKTPOOOOrpeBa st apuaasuraress [4].

MopenupoBanue MHOro(ha3HbIX IIOTOKOB C HENPEPbIBHOW M JAWCIEPCHOM (ha3oll 4acTo MpPOBOAUTCS C
UCTONIb30BaHueM Oiinep-JlarpamkeBa Moaxoaa, B KOTOPOM HENpephIBHAs (a3za paccMaTpuBaeTcs B DiliepoBoi
CHCTeMe OTCYeTa, B TO BPEeMsl KaK YacTHLbI B JUCHEPCHON (ha3e OTCIEKUBAIOTCS WHIUBHIYAIbHO B JlarpaHxeBoit
nmoctaHoBke. B nmanHO# paboTe mpoBeneHO MmojenupoBanue obTekanus npoduist NACA 0012 razokamenbHbIM
notokoM mpu M=0.42 u Temrieparype okpyxkatomei cpeasl T= —45C. Marematndeckas MOAeIbh BKIIOYaIa B ceOs
OCHOBHBIE 3aKOHBI COXPAaHEHUS U MOJIEINb KHUIKOHM MIEHKH. J{1s MOAEIMPOBaHUS UCIOJIb30BANIC HECTAIMOHAPHBIN
pemrarens reactingParcelFilmFoam s cxxuMaemMoro jgaMHHapHOTO MM TypOYJIEHTHOro moToka. [l ommcaHums
JIBIDKEHUS Ta30KanenbHOM Cpebl HCHoIb3oBanachk Oinep—Jlarpaxesa monens. s MOAEIHUPOBAHUS MICHOYHBIX
CJI0eB OOBITHO HEOOXOIMMO BBIACIATH U3 a3POJUHAMHIECKONW 00IacTH CHENHalbHYI0 BHELTHIOW 00IacTh ceTku. B
3TOI BBIJIENICHHON 00IaCTH CETKN PaCCUUTHIBAIIMCH BCE MTapaMeTphl TOHKOH JKHJIKOH TJICHKH.

B mpsAMOyroibHYIO pacueTHY 00JacTh BBOJMIOCH OOJAKO YaCTHIl CO cpeaHuM auametpoM (=50 MKM.
PacmipesienieHdst 9acTHIl TI0 Pa3UYHBIM JHAMETPAaM 3aJaBajlioch C TOMOIIBI0 MOJENH pachpeneneHus Rosin-
Rammler. O6mias Macca )HIKHX Kareb 3a1aBajack paBHoit m=2.5e-04 kr. Bpems cueta cocraBmiio 1 cekyHuy.

—0.2]

d: 1.5E-08 5.1E-05 1.0E-04 1.5E-04 2.0E04 2.5E-04 3.0E-04

Y 5 T T o T o2 " o8" o T
X

Ha pucyHke mokaszaHbl 00J1acTh BBOJA YaCTHIl B PACUETHYIO 00JIacTh, Pe3yJIbTAaThl pacueTa JIBHKCHHS YaCTHII
M MX B3aMMOJICUCTBHS C MPO(HIEM B MOMEHT BpeMeHH t=1 cekyHaa. [JoNoIHUTENEHO OBUTH OTIpeIeNICHbI TOJIIMHEI
KUJIKOH TUIEHKH Ha KPOMKE IPOGIISL B 3aBICHMOCTH OT H3MEHEHUS CPeTHEeTo qruaMeTpa kKanens 10 200 MUKpOH.

HccnenoBanue BbIONHEHO NpU (uHaHCOBON mojiepxke PODU B pamkax HayuHoro mpoekra Ne 19-29-
13016.
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MATHUTHBIE I10JIAA BO BHEHHIHUX KOJIBIHAX 'AJIAKTUK U UX B3AUMOCBA3b C
TYPBYJEHTHBIMHU IBUKEHUSMHA MEK3BE3/THOM CPEbI
E.A. Muxaiinos!, N.H. Cubraryaiunt?3
MockoBckuii rocyaapcTBeHHbIH yHuBepcuTeT uMend M.B. JlomoHocoBa, Mocksa
2HMucturyt okeanonoruu umenu ILII. IlIupmosa PAH, Mocksa
SHIHCTUTYT cHCTEMHOTO TIporpaMmupoBanus umenu B.I1. Msannukosa PAH, Mocksa
ea.mikhajlov@physics.msu.ru

B Hacrosmiee BpeMsl XOpOILO MU3BECTHO, YTO psJ acTpodusnueckux oObeKkToB (Takux kak CouHIle, Apyrue
3BE3]Ibl, IUIAHETHI, TAJIAKTHKH ¥ T.J.) 00JaJal0T MarHUTHBIMHU TIOJISIMH, CYILIECTBOBaHHE KOTOPBIX IOATBEPIKIAETCS
Kak HaOJIoJaTeNbHBIMUA JaHHBIMH, TaK U TEOPETUUECKHMMHU MopaeimsiMu. OTIEeNbHBIH HHTEpeC NPEICTaBISIOT TakK
Ha3blBa€Mble BHEIIHHE KOJbIIAa TAlaKTUK, KOTOPBIE PAcloaraloTCsi HA HEKOTOPOM PACCTOSHUM OT OCHOBHOM uyacTu
ranakTuky. CyIecTBYIOT CEpbe3HbIE IPEANOCHUIKH, TOBOPSAIIME O TOM, YTO OHHM TaKxke OO0NajaloT
KPYMHOMACIITAOHBIMUA MATHUTHBIME TOJIsIMH [1]

C TeopeTHUecKOll TOYKHM 3pEHHs BO3HHKHOBCHHE TaJaKTHYECKMX MAarHUTHBIX TII0JIeH OOBsACHAETCA C
MIOMOIIBI0 TaK HAa3bIBAEMOro MexaHu3Ma JIuHamo. C ydeToM YCIOBHS BMOPOKEHHOCTH MAarHUTHOTO IIONS B
MEK3BE3HYIO cpely, ero pabora oOBACHIETCS ABYMs OCHOBHBIMH 3(dekTaMu: HETBEPAOTEIHHOCTHIO BPAIICHHS
TaJlakKTUK W UX BHEIIHUX KOJIel, a Takxke ainbda-3ddhexTom, KOTOPHIA CBA3aH C 3aKPYYEHHOCTBHIO TYpOYIEHTHBIX
JBIKCHHUI Mex3Be3HOI cpensl [2]. Kak npaBuiio, B ciyyae OCHOBHOW 4acTH TajlaKTHUKH TYPOYJICHTHBIC JIBIKCHUS
CUNTAIOTCS M3BECTHBIMH, W IIOJAEPKHBAIOTCS C IOMOIIBIO B3PHIBOB CBEPXHOBBIX. B Cilydae BHEIIHHMX KOJIEI]
JaHHBIN ((GEeKT MOXKET ObITh 3HAYMTENLHO OcjialiieH (BBUAY 3aMETHO MEHBIIEro 4Kcia MOAOOHBIX OOBEKTOB),
MOATOMY OJJHMM M3 BO3MOXXHBIX MCTOYHHKOB MOJIEPKAaHUs TYpPOYJIEHTHOCTH MOXKHO CYMTATh KpyINHOMacITabHOE
MarHMTHOE TI0JIe, KOTOPOE MOXKET 3aMETHO MEHSTh XapakTep IBIKCHUI MEX3BE3IHOM cpenbl, oOnajaaroeit
JIOCTAaTOYHO BBICOKOM ITPOBOIUMOCTBIO.

Hamu Obliia cocraBieHa MoJielb, KOTOpas YYUTHIBAET BIMSHHE MAarHUTHOT'O MOJIS Ha TEUCHHsS BO BHELIHUX
Konblax. IlapamMeTpsl MarHUTHOTO MOJS OBUIM HOJYYCHHI C MOMOIIBIO MOJENH JHHAMO B TOpe, KoTopas Obuia
NpeIoKeHa Ui ynpomieHus pemenust ypaBHeHus lllteenOexa—Kpayse—Paanepa B monoOHBIX oOBbekTax. beima
COCTaBJIEHAa CHCTEMa YPaBHEHHUI, KOTOpasi OMICHIBACT JIBIKCHNE TPOBOJIAIICH JKHIKOCTH C YUSTOM JEHCTBHS CHIIBI
JlopeHna co cTOPOHBI MarHUTHOTO TOJISI ¥ TPAaBUTALMOHHOTO MPUTSDKEHUS K LIEHTPY TajJakTHKU. s ee pemeHus
ucnonezoBaics kox NEKS000, ucmonms3yromuii MeTOJ CHEKTPANIbHBIX 3JIEMEHTOB. PelleHne wmieTcss B BUAC
pasnoxenust mo MHorowieHaMm Jlarpamka B Toukax ['aycca—Jlobatro—JIexxanapa, 4To MO3BOJISICT M30ABUTHCS OT
5(}eKToB, CBA3ZAHHBIX ¢ YMC/IeHHOH aupdysuel. Pemenus uckamuch juis ciydas ymepeHHbIX (10 10%) umcen
PeitHONbBACA, YTO XOTSI M OTHOCHTEIHHO HEBEIHKO MO MEpKaM TaJlakTHK, HO MO3BOJIIET MOMYYHTh PEATUCTUYHYIO
KapTHHY TCYCHHI TP HE OUCHb OONBINUX BRIYUCIHTEIBHBIX pecypcax [3].

B xome mozenmpoBaHHsa OBUIO MOKa3aHO, YTO JABIKCHHMS MEXK3BE3IHOW cpelbl BO BHEIIHHUX KOJBIAX B
3HAYMTEIBHOM Mepe MOXO0XKH Ha cIBUTOBbIe TeueHus Kyatra. [TokazaHo, uTo sHeprust TypOyJSHTHBIX ABHKECHUI 32
CYeT MAarHUTHOTO MOJISI MOXET PacTH, a €€ CHEeKTp — CriaxuBaThCs. OTHEIBbHBIM MHTEpEeC NMPEICTABIAET TaKXkKe
BIMSHUE TypOyJEHTHOCTH Ha MarHUTHOE MOJ€, YPaBHEHHS /ISl 3BOJIIOIMH KOTOPOTO COAEpXaT KO3(D(UIMEHTHI,
CBSI3aHHBIC C 3aKPY4YCHHOCTHIO JIBIDKCHHH. M3yueH BOIpOC O TOM, KaKk OHa MEHSET YNpaBISIONIME MapaMeTpsl
JIHAMO.

Takum oOpa3oMm, OBUIO IOKA3aHO, YTO MAarHUTHBIE MOJS JCHCTBUTEIHBHO MOTYT SIBJISTHCA OJHHUM W3
JBIDKUTENEH MEX3BE3HOW TYpOYIEHTHOCTH BO BHEIIHHMX KOJIBIIAX raJakTUK. OTMETHM, YTO KpOME NPOCTEHIIero
Clly4as BHEITHEro KoJjblia, UMEroLIero (opMy Topa MpsSMOYToJIbHOTO CEYECHUsI, MHTEPEC MOTYT IIPECTABISATh TAKKE
00BEKTHI, UMeroIue cedeHre B opme Tpanennu. C aCTpPOHOMHYECKOH TOYKH 3PEHHS 3TO COOTBETCTBYET KOJIBILY,
pacmmmpsiomeMycst K KpasM. MOXHO OXHIaTh, YTO B TaKWX OOBEKTAaX BO3MOXKHO BO3HHKHOBEHHE BHYTPEHHHUX
BOJIH, CXOXHX C TEM, UTO paHee ObIIO U3YUEHO B 3a1a4ax okeaHoaoruu [4].

Pab6ora BeinosHeHa npu moaaepxke PODU (mpoekr 18-02-00085a).
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JTAHAMHWKA TYPBYJEHTHOI'O TEYUEHUSA B IPUCTEHOYHOM’ OBJIACTH
KAHAJIA C HU3KOM JUCKPETHOM IIEPOXOBATOCTHIO CTEHKH

H.U. Muxees, H.C. Jymms, P.P. Hlakupos
WHceTuTyT 3HepreTuku u nepcnekTuBHbIX TexHoaoruit ®UIL KazHI[ PAH, Kazanp
n.miheev@mail.ru

OcHOBHasi unesd HWHTCHCU(UKALMKM TEIUIOOOMEHa COCTOMT B YMCHBIICHHM TOJIIMHBI TEIUIOBOTO
HOTPAaHWYHOTO CJIOSl IIyTeM pa3pyLleHUs W OOHOBICHUS NUHAMHUYECKOTO MOTPAHMYHOTO CJIOS B HMPUCTCHOYHOMN
obnactu. OnHuM u3 Hambosee 3pPeKTHBHBIX COCOOOB BO3AECHCTBUS HA MOTPAHUYHBIN CIION SIBISIETCS] HAHECEHHE
Ha CTEHKY JJIEMEHTOB JUCKPETHON IIEPOXOBAaTOCTH B BHJIE MONEPEYHBIX BHICTYIOB, KaBEpH WM JIYHOK. BwicoTa
(rryOuHa) 3JIEMEHTOB LIEPOXOBATOCTH JOJDKHA OBITH HE CIHMIIKOM BEJIHMKA 10 CPAaBHEHHUIO C TOJIIUHOW BSI3KOTO
nozcios. IIpy mpeBbllIeHHH 3TOrO pa3Mepa Ha TOpsSAOK U Oojee TeMI MHTCHCU(HUKALMH TEIUIOOOMEHa CHIILHO
3aMeUIIeTCs, HO THJIPaBINYEeCKOE CONPOTHBICHUE IPOAOIDKAET OBICTPO YBEIMYMBATHCS, B PE3YJIbTaTe Yero
TeIIoruApaBnndeckas d(QQPEKTUBHOCTh HHTEHCH(UKALWK TEIUNIOOOMEHa CHIKAeTCA. PaluoHanbHOW ISt
TYpOYJICHTHBIX IIOTOKOB SIBIISICTCS BHICOTA MOIIEPESYHBIX BBICTYIOB MopsAnka 1-2% OT THIPaBIMYECKOro AUAMETpa,
KOTOpasi IIPH YMEPEHHO BBICOKHX YHCJIaX PeliHONbIICA JMIIB B HECKOJIBKO Pa3 OOJIbIIE TONIMHEI BA3KOTO MOACIIO,
T.€. FOPa3/i0 HIKE IPAHULIBI IIOJTHOTO MPOSIBICHHS IIEPOXOBATOCTH.

Metomom SIV [1, 2] BbIIOJHEHBI W3MEpEHHs AWHAMHKHA BEKTOPHBIX IOJEH CKOPOCTH IOTOKAa IIpH
TYpOYJICHTHOM TEYCHHWH B KaHaje C AUCKPETHOH INEepOXOBAaTOCTHIO CTEHKM B BHIE MOIEPEYHBIX BBHICTYIIOB
KBaJIPAaTHOTO CEYCHHMS JJIS TPEX OTHOCHUTENBHBIX BBICOT N MO OTHOIIECHUIO K THIpaBindeckoMy auamerpy D: h/D =
0.02, 0.055 u 0.1. BeimonHeHa OIEHKa HMHTErpajbHOrO MacumTaba TypOyJNIEHTHOCTH B NPUCTEHOYHOW 00JacTH
JICKPETHO IIIEPOXOBAaTOr0 KaHala Ha OCHOBE H3MEPEHHBIX IMPOCTPAHCTBEHHBIX KOPPEISALUOHHBIX (QYHKIHH.
I'padyuKu MPOCTPAHCTBEHHBIX KOPPEISIUI My IbCAIMA TPOA0ILHON KOMIIOHEHTBI CKOPOCTH IOTOKA Ha BhICOTE Y/h =
1.3 mpencraBnensl Ha pucynke: cneBa — npu h/D = 0.02, cnpaBa — npu h/D = 0.055. Ycranosneno, 4to ¢
YMEHBIICHUEM OTHOCHTENILHON BBICOTBHI JWUCKPETHOW ILIEPOXOBATOCTH OTHOCUTENBHBIA WMHTErpalibHBIA MaciiTad
TypOYyJEHTHOCTH CMEIIaeTcs B CTOPOHYy Ooniee kpymHbIX MaciitaboB: ot L/h=1 mpu h/D = 0.055 no L/h=2 npu
h/D =0.02. B cnektpax TypOYJIECHTHBIX MYJbCAllMd CKOPOCTH MOTOKA B IPUCTEHOYHOW OOIACTH TEUCHHUS
YBEJINYUBACTCSl SHEPTHsA IMyJIbCAlUid B 00JIACTH HU3KHX OTHOCHTENBHBIX wactoT fh/u (f — wactoTa, U — cpenHss
CKOpOCTh TOTOKa). B cmywae Hm3kmx BolicTynoB (h/D = 0.02) 3HaunTenvHas 4YacTh JHEPTHM ITyJbCaLHil
COCPEIOTOYCHA B OKPECTHOCTH OTHOcuTenbHO# wactotel fh/u=0.1-0.2, nambOonee OnarompusATHOH i
MHTCHCH(HUKAMK TeIuIooOMeHa B OJIM)KHEM cliefie 3a BBICTYIOM. JTO 3HA4YCHHE YCTAHOBICHO JUIA OOTEKaHMS
BBICTYIIA B YCIOBHSAX BBIHYKICHHBIX KOebanuit motoka [3].

R 1
0.75

0.5

0.25

Axlh Axlh

Ilpy wW3MEHEHHH OTHOCUTENbHOW BBICOTHI 3JIEMEHTOB JIMCKPETHOM NIEPOXOBATOCTH CYIIECTBEHHO
nepecTpanBaeTcs CTPYKTypa IMOTOKA U AWHaMUKa (OPMHUPOBAHMS BUXPEBBIX CTPYKTYp. IIpn oOTekaHMM BBICOKHX
BBICTYIIOB (DOPMHUPYETCsI BBIPRKEHHAs! OTpPBhIBHAas 00JacTh C 0Opa3oBaHMEM B CABHIOBOM CIIO€ OTHOCHTEIILHO
MEJIKHX BUXpEil, KaK 3TO BUIHO U3 MPEACTABICHHOTO HA PUCYHKE BEPXHEro Kajapa BU3yanu3auu TeueHus npu h/D
= 0.055. B cnezne 3a HU3KAM BBICTYINOM (HWKHHN Kaap Busyanuzauuu, h/D = 0.02) HeT crauuoHapHO# OTPBIBHOM
obJiacTy, a 3HaYNTEIbHYIO YacTh BPEMEHH HETIOCPEICTBEHHO 3a BBICTYIIOM CYIIECTBYIOT BUXPH MaciuTaba Iopsiaka
2h, mepuoANYeCcKH BBIHOCSIIMECS BO BHELIHWI MOTOK. JIMHAMuKa OOTeKaHWs HHM3KHUX BBICTYIIOB CTAl[HOHAPHBIM
MOTOKOM NPHUOJIMKAETCS K TAKOBOH MPU OOTEKaHMH BBICOKHX BBICTYIIOB IYJbCHPYIOLIMM MOTOKOM IMPH YaCTOTax
BBIHYX/ICHHBIX KOJIeOAHHUH, ONITUMAJIbHBIX JJIsl ONITUMHU3AIMU TEIIOOTa4uH B OJIMIKHEM CIIE/Ie 32 BBICTYIIOM.

HccnenoBanue BoIMONHEHO TpH o iepykke PODU (mpoekt Ne 19-08-00421).
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SKCHEPUMEHTAJIBHOE UCCJIEJOBAHUE DO®EKTUBHOI'O MEXAHU3MA
PACHPEJIEJJEHHON T'EHEPAIIUY HECTAIITMOHAPHBIX BUXPEM I'EPTJIEPA
HU3KOYACTOTHOM TYPBYJEHTHOCTBIO HABETAIOIIEI'O IOTOKA

J.A. Mumenko, B.W. boponynus, A.B. MBanos, }0.C. Kauanos
UTIIM CO PAH, HoBocubupck
misch2005@yandex.ru

B nmokmage mnpeacTaBieHBI pe3yNbTaThl CHUCTEMATHYECKOTO HKCIEPUMEHTANBHOIO HCCIEIOBAHUSA, IIO-
BUINMOMY, OHOTO U3 Hanbosee 3¢)(heKTHBHBIX MEXaHU3MOB ITOPOXKICHNUS B IIOTPAHIIHBIX CIOSX HECTAIIMOHAPHBIX
(B obmem ciyuae) Buxpeid ['€priepa [1], BO3HHKAIONIMX B IMHPOKOM CIIEKTPE adPOAMHAMHYECKUX YCTPOMCTB,
(YHKIIMOHMPYIOIIMX B YCJOBHUSX MOBBINIEHHON MHTCHCHBHOCTH BHXPEBBIX BO3MYIIEHHH HaOeraromero MmoToka.
OTOT MEXaHU3M CBS3aH C paCIpeleNeHHBIM pAacCesTHUEM IPOJOJIbHO OPHEHTUPOBAHHBIX HHU3KOUACTOTHBIX U
CTallMOHAPHBIX BUXpeW HaOEerarolero rnoTtoka Ha eCTECTBEHHOW HEOJHOPOJHOCTH HapacTAalOIIEro MOTPaHUYHOTO
cios. [lompoOHBIE TepMOaHEMOMETPUYECKUE W3MEPEHUS NPOBENCHBl B MaJOTYpOYJIICHTHOH a’pOJUHAMHYECKOH
Tpybe T-324 UTIIM CO PAH npu ckopocTH OCHOBHOTO MoToka 9,18 M/c B 1ByMEepHOM IOTPaHUYHOM CJIO€ THIIA
Bnasmyca Ha BOTHYTOH TOBEpXHOCTH BBICOKOTOYHOW AKCHEPUMEHTAIBHOW Monenu (paamyc 3akpyTICHUSA
R = 8,37 m). XapakTepucTUKy THHEHHOW YCTOWYHMBOCTH (MHKPEMEHTHI W (ha30BBIE CKOPOCTH) HECTAllMOHAPHBIX
TéPTICPOBCKUX MOJ] MOIYYEHBI B XOJI€ AOMOJHHUTEIBHON CEPUH AKCIIEPUMEHTOB. JTH JaHHbIC HEOOXOIMUMBI IS
MOTyYCHHSI KOJHMYECTBEHHBIX XaPAKTEPUCTUK HCCIEAYEMOr0 MEXaHW3Ma BOCIPHUMYHBOCTH — KO3(QUIEHTOB
pacnpesieleHHOM BHXpPEBOH BOCHIPUMMYHUBOCTH. OCHOBHBIE M BCIHOMOTraTEIbHBIE HCCIEIOBAaHHUS IPOBEACHBI B
OIHOM M TOM JK€ CPEIHEM TEYEHHH C HCIOIb30BAHUEM IONHOCTBIO KOHTPOJIUPYEMBIX HECTALMOHAPHBIX
BO3MYILEHHUH (ITOTPaHUYHOTO CJIOSl M HAOEraroliero NoToka), KOTOpble FTeHePUPOBAIHMCH C MTOMOIIBIO CIIEIHATBHBIX
HCTOYHHKOB. [IpsiMbIe SKCIepUMEHTAbHBIC PE3yIbTAThl MOMYyUCHBI Iisi Buxpeit ['épriepa tpex yactot f =8, 13 u
17 T'u (wacrotHeii mapamerp F =9,29; 15,09 u 19,73) ¢ mnomepeyHbIMH UIMHAMH BOJH A; =7 +24 MM
(6e3pasmepHEIi TonepednkIii MacmTad A = 119 + 758) B muanaszone uncen ['éprnepa G'= 8,6 + 21,0.

JlaHHBIE 3KCIEPUMEHTOB II0 YCTOMYMBOCTH, B LIEJIOM, XOPOLIO COIVIACYKOTCSI C PE3yJbTaTaMHM PACUETOB,
BBINOJIHEHHBIX MO JIOKAJIbHON mapayuienbHON (1) M HeloKalbHOW HemapayuledbHON (2) JTHHEHHBIM TEOopHsiM
HECTAl[MOHAPHOW TrépTiepoBckoil HeycToitumBocTH A.B. Boiiko [1]. HoBble 3KcCHepUMEHTANbHBIE PE3yJIbTAThI
JOTIONHAIOT TpenplIymue uccienoBanus [1] (BBINOJIHEHHBIE TOJNBKO JUIL TpeX IONEPEYHBIX MAacIITaOoB
BO3MYILICHUI) M NPHUTOAHBI U BepU(HUKAIWMU PA3IUIHBIX TEOPUH JIMHEHHON HeCcTanMOHApHOH TEPTIEpPOBCKOM
HEYCTOMYHMBOCTU NOIPAHUYHBIX CIIOEB Ha BOTHYTBIX MOBEPXHOCTSX.

OOHapyXeHO, 4YTO MEXaHW3M pAacHpeleJICHHOW BHXPEBOH BOCIPHUMYMBOCTH cHocoOeH 3ddexTHBHO
MOPOXKAATh KaK CTAl[IOHApHBIC, TAK M HecTallMOHapHbIe BUXpHU ['€pmiiepa, a Takke CynIeCTBEHHO MOJU(UIIMPOBATh
3aKOHBI Pa3BUTHS HECTAI[MOHAPHBIX (IO KpaiHel Mepe) répTiIepOBCKUX MOJI BHHU3 110 MOTOKY. [lelicTBue MexaHH3Ma
CIOCOOHO OYEHb CHIIBPHO M3MEHATh HHKPEMEHTHI BOSMYILEHHH TOTPaHUYHOTO cjI0s. B pesynbrate, pacnpenenéHnas
BOCTIPHMMYHBOCTH MOKET IPUBOJUTH KaK K YCHJICHHIO, TaK M K MOJJABJICHHIO HECTAIIMOHAPHBIX TEPTICPOBCKUX MO
M, B YaCTHOCTH, OOECHEeYMBATh HApPACTaHUE T'EPTIEPOBCKUX BUXpEH ONM3KMX K HEWTpajbHO—YyCTOH4YMBBIM. I[Ipu
aHau3e OSKCIEePUMEHTANbHBIX TaHHBIX, IyTEM pELICHHS CIO0KHOW MaTeMaTHYeCKH HEKOPPEKTHON 3amadd, B
Hacrosiliedl paboTe MOJy4eHbl OLEHKH COOTBETCTBYIOUIMX KOMIUIEKCHBIX KO3()(HUIMEHTOB pachpe/ieeHHOM
BOocIpuMMYMBOCTH. HaiineHo, uro aMrumryasl U ¢as3bl K03()(UINEHTOB SBISIOTCS MOCTOSHHBIMH BEJIMYMHAMH
(xoHcTaHTamu). B WcciemoBaHHOM [Mana3oHe IapaMeTpoB, AaMIUIUTYABl KO3(GHUIMEHTOB HapacTalT (1o
JMHEHHOMY 3aKOHY) C POCTOM YacTOThI BO3MYILCHHH, a TAK)Ke ¢ POCTOM HX IOIEpedHoro macmraba (0COOCHHO B
00J1aCTH BBICOKHX YacToT).

OOHapy>KeHO, YTO 110 LETOMY PSIy NPUYMH MPSMOE TOJTyHIeHHE OLIEHOK 3KCIEPUMEHTAIBHBIX KO3()(HIIMEHTOB
pacrpeeneHHol BOCIPUUMUYNBOCTU NP NOPOXKAECHUN cmayuoHapHelx BUXpeil ['épriepa okaspiBaeTcs NPaKTHYECKU
HEBO3MOXHBIM. TeM He MeHee, 3TH OLECHKH OBUIM IONYYEeHBI ITyTeM JMHEWHON aNMpOKCHUMAIMM YacTOTHOH
3aBHCHIMOCTH  aMIUTUTYZ KOX(PQUIMEHTOB TPH MOPOXKICHWH HECTAIlMOHAPHBIX TEPTIEPOBCKUX BHUXpEH C
MOCIIEYIOIIEN SKCTPANoIALUE Ha HyJIEBYIO yacToTy. HaliiIeHO, 4TO OTBETCTBEHHBIH 3a IIOPOXKIECHUE CINAYUOHAPHBIX
MOJl HeycToMuuBOCTH I'€pTiepa MexaHU3M paclpeleeHHOM BUXPEBOH BOCIPUMMYHUBOCTH SIBISIETCS 3HAYMTEIBHO
6ornee c1abbIM, 4eM B CIydae MOPOXKICHHS HeCMayuoHapHulx TEPTIAEPOBCKUX MOJ.

ITosmyueHHbIE pe3ynbTaThl, MOTYT OBITh HCIONB30BAaHBl UIS BEpUUKAIMH PA3TUYHBIX TEOPHH
pacnpesieneHHOro BO30YyX/IeHHsT HECTalMOHAPHBIX M CTalMOHApHBIX MOJA HeycToWumBocTH ['€pTiepa BUXpSIMHU
Ha0eraromero 1MoToka M NPUMEHEHbl Ha TPaKTHUKE, JJISI MPEeACKa3aHMs IOJIOKEHHs JIAMHHAPHO-TYpOYJICHTHOTO
nepexoZia B HMOTPaHMYHBIX CJIOSIX HAa BOTHYTHIX HOBEpXHOCTSAX. Hapacranue 3(QeKTHBHOCTH MCCIIETOBAHHOTO
MeXaHH3Ma BOCIPUUMYHMBOCTH C 4YacTOoTOH (Ha (oHe oOciabieHns MeXaHW3Ma JIMHEHHOW TIépTiIepOBCKOM
HEYCTOWYHMBOCTH) MOXET IPHUBECTH K 3HAYMTEIHHOMY PpAaCIIMPEHHUIO JWana3oHa 4YacToT, B KOTOPOM BHXPH
cBOOOJTHOTO TTOTOKA CIIOCOOHBI BIMATH HA JIAMUHAPHO-TYPOYJICHTHBIN Tepexo/l B MPAKTHUECKUX MPUITOKESHUIX.

Pa6ora nognepxana PODOU (rpant Ne 12-01-31211).
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TeueHNs] TOHKMX JKHUAKMX IUICHOK IO BEPTHKAIBHOW IUIOCKOCTH HEYCTOWYHMBHI K AJIMHHOBOJIHOBBIM
BO3MYIICHUSAM NpH JIOOBIX dnciax PeifHoNbAca, IpU TCUYSHUH 0 HAKJIOHHOW — KpUTHUYECcKoe 4ncio PeitHombnca
MPOMOPIMOHAIIFHO KOTAaHIeHCY yIila HakJoHa. JTOT 3(deKkT MMeeT MecTo Kak Uil HBIOTOHOBCKHMX, TaK W IS
HEHBIOTOHOBCKHX cpeal. B HacTosimed pabote u3ydaeTcs cnocod BIMSHUS Ha MapaMeTpbl HEYCTOMYMBOCTH TUICHKH
MyTeM BHECEHHUS KOHEYHBIX NEPUOJUUYECKUX BO3MYIIEHUI: IMIOCKOCTh, MO KOTOPOH CTEKaeT MJEHKAa COBEpIIaeT
NPOJOJIbHBIE TapMOHWYeCKHe KoyieOanus. Takue BO3AEHCTBHS BIMSAIOT Ha TEYEHHE JBYMS IIyTAMH:
HETOCPEACTBEHHO M3-32 B3aMMOJCHCTBUS BHEIIHUX MNEPUOJUUYECKUX BO3AEHCTBUHA C BO3MYIIECHUSIMH U depes
U3MEHEHUE MapaMeTPOB OCHOBHOT'O TEUEHUsI, UMEIOIUX MECTO [ HETMHEHHO-BSI3KUX KHUIKOCTEH.

OCHOBHBIM TCUCHHEM SIBIISICTCA OC3BOJIHOBOE TEUEHHE IUICHKU C IUIOCKONH CBOOOIHOW I'paHMIEH, MMeeTcs
€IMHCTBCHHAs] HEHYyJIeBash KOMIIOHEHTAa CKOPOCTH, HANpaBJCHHAs BJOJNb IUIOCKOCTH, €€ BEIMYMHA 3aBHCUT OT
MONepEeYHOil KOOpAMHATEI M BpeMeHH. OCHOBHOE TCUCHHME ONMCHIBACTCS MNEPHOANYECKON (YHKIHUEH, MepHox
COBITAJIACT C MEPUOAOM KoJieOaHNH TIIOCKOCTH. [IyIsl pacueToB ncnosbs3yercs Moaensb Kappo, KoTopast conepKuT JBa
6e3pa3MepHBIX TapaMeTpa U 1aeT HENPEPhIBHBIN IEPEX0/1 OT HRIOTOHOBCKHX JKHIIKOCTEH K CTETICHHBIM.

[IpoBoanTCSA MMHEHHBIA aHATN3 YCTOMYMBOCTH K MAJIBIM MPOJIOIBHBIM BO3MYIICHUSAM. VIcons3yeTcs MeTox
HOpMaJIbHBIX MO/JZ, pacCMaTpuBarOTCd MNEPHUOIUYCCKHUEC TI0 TMPOCTPAHCTBY BO3MYIICHU, BOJIHOBOM BEKTOP
COHANpaBjJeH C HaNpaBICHHEM CKOPOCTH OCHOBHOro TeueHus. [lomydyeHo oOoOmenHoe ypaBHenune Oppa-
3omMepdenbaa, KOTopoe B JaHHOM Cilydae HpeICTaBiseT OO0 JMHEHHOE SBOIOIIMOHHOE YPABHEHHE B YACTHBIX
npou3BoaHbIX. /st onpenenenus KO3 PUIMEHTOB YCHIICHUS UCTIONB3yeTcs Teopust Dioke.

PaCCManI/IBaeTCH npeueanblﬁ cnyqaﬁ MaJIBIX BOJIHOBBIX YUCCI, PECIICHUE CTPOUTCA IMYTEM PA3JIOKCHUA 110
BOJIHOBOMY YHMCITy, aHAJIOTHYHO padote [1], rae Obima perreHa mogoOHas 3a1ada JUisi HBIOTOHOBCKOW KHUAKOCTH H
MOJTy4CHO aHAJMTHYECKOE PEIICHHUE IS TONIPABOK K K03(GUINECHTY YCHICHUS H3-3a KOJIeOaHNH IIOCKOCTH.

IToxazaHo, 9TO I JIFOOOTO PEOTOTHYECKOTO 3aKOHA M IS JIIOOBIX MapaMeTpoB KoJeOaHW KpPUTHUECKOE
yncno PeiiHonmbACa MPOMOPIMOHANEHO KOTAHTCHCY yTJla HAKJIOHA IUIOCKOCTH. OTHOIIEHWE KPUTHYIECKOTO YHCIa
PeitHonmbica U1 TeueHNs MO KOJEOIIOIEeiics IOCKOCTH K TaKOBOMY Ha HETIOJABIDXKHOH (I) paccMaTpuBaeTCsl Kak
OCHOBHOW KpHUTEpHH cTaOWIN3alMy WIM AECTaOMIM3aliK TeueHHs. JI7sl HbIOTOHOBCKOW >KHIKOCTH JHana3oHbI
9acTOT, AECTAOWIN3NPYIOMNX M CTaOMIM3HPYIONMX TeueHHe, YepenyloTcs, HauOoiblas BeIWYHMHA TONPABKUA B
JMama3oHe OBICTPO MaJaeT ¢ POCTOM HOMepa auamna3oHa. Hanbombuiuii 3h(hexT MMeeT MeCTO Ha HU3KHUX YacTOTax.

Ha pUCYHKaX |2 ! L

i |
MOKa3aHbl 3aBUCUMOCTH r 4 r

HOPMHPOBAHHOTO L \ |
KPUTHUYECKOTO yHucna
Peiinonbca r oT | 0.9
Oe3pasMepHOil  4acTOThI ' i
kojebanuil b, B kayecTBe
KOTOpOH BEICTYTIAET 0.9 T 08
YHCITO Peitnombaca, ° 5 b 10 0 5 b 10

BBIYHMCIIEHHOE 10  aMIUIMTy[Je  KOJIeOaHWH  CKOPOCTH U

XapaKTEpPHOMY 3HAYEHHIO BSI3KOCTH [UIS MOTOKA MO HETOJBM)KHOM CTEHKE Ul ICEeBIOIUIACTHYECKOW (cieBa) u
JMJIaTaHTHOM sKkunkocTH (cripasa). [Tapamerpsl Moaenu Kappo BbIOpaHbI Tak, YTO JKHIKOCTH OJIM3KH K CTETIEHHBIM C
nmokazarexsimu 0.7 u 1.4 coorBerctBeHHO. KpuBpie 1-4 momydeHsl i Oe3pa3MepHBIX 3HAYCHWH AaMIUIHTY.
Kosrebanuit ckopoctu miockoctu 0.1, 0.5, 0.8, 1, B kagecTBe MacmiTaba BRIOpaHa CpeHsIsl CKOPOCTh CTAIlHOHAPHOTO
CTEeKaHHs M0 HETOBHXHOM MIIOCKOCTH.

Jnis 1ceBOMIIacTHYECKUX JKUAKOCTEH KOoIeOaHUst yBENMUYMBAIOT (KT CTaOMIM3aluK Uil KOHEYHBIX
YacTOT, JUIsl JMJIaTaHTHBIX MOSBISIETCS YYacTOK CTAaOMIN3AIMK NPU MaJbIX 4acToTax. [loka3aHo, 4To BaXXHYIO POJIb
UTPalOT MHEPLUUOHHBIE WICHBI, YTO NPUBOAUT K OTIMYMSAM OT DPE3yJIbTAaTOB, MOJYYEHHBIX JUIS OCPEIHEHHBIX
MoJieJiell Ui HEHbIOTOHOBCKHX JKHJKOCTEH 0Oe3 ydera kosieOaHMi [2] W ¢ y4eTOM WX BIHMSHHS Ha OCHOBHOE
teuyenue [3].

Pabora BeInoniHeHa 3a cuet Poccuiickoro HayuHoro ¢ouna (mpoekt Ne 18-71-00049).
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PaccmarpuBaercsi 3ajada O BO3HUKHOBEHHH BTOPHYHBIX ABTOKOJICOATENIBHBIX PEKHMOB KOHBEKIUH B
TOPU30HTAILHOM CJIO€ KHUAKOCTH C MPUMECHI0. ['paHHIBI CII0S MPEAIIONAraroTcsi CBOOOJHBIMH, H30TEPMUYCCKUMH,
Y KOHIIEHTpalMsl NPUMECH Ha KaXAoi M3 HUX cuutaercs 3aganHoil. [lepexpecthbie addexTsl Tepmonuddysun n
T dy3HOHHOW  TEIUIONPOBOAHOCTH HE YYHMTBHIBAIOTCA. Pacxol JKMAKOCTH dYepe3 MOINepeyHoe CeueHHe
npearnosaraeTcs paBHbIM HYJIr0. Bo3HHKaromuye B ciioe OMHApHON CMECH JIBH)KEHHMSI ONHMCHIBAIOTCS YPABHEHUSIMU
KOHBeKIMH cMecH B mpubmmkeHnn O6epbeka—byccunecka [1]. YpaBHeHHs ABIDKCHHS HMEIOT CTallHOHAPHOE
(ocHOBHOE) peleHne, COOTBETCTBYIOIIEE MOKOSIIEHCS CMECH, B TIPEIIONIOKEHNH, YTO TPAJUEHTHl TEMIIEpaTypsl U
KOHIIEHTPAIIMX TTOCTOSIHHBI U BePTUKAIBHBIL. M3BecTHO [1], 4TO, B OTIMYMY OT Ciydasi YUCTOW cpebl, B OMHapHOU
CMECH BO3MOJKHBI JIBa BU/Ia HEYCTOHYMBOCTH — MOHOTOHHAS U KoJiebaTebHasL.

W3yvaeTcsi BO3HHKHOBCHHE aBTOKOJIICOAHW, BOSHUKAIOIIUX IPH KOJIeOATENHHON IOTEpe YCTOWYMBOCTH
OCHOBHOTO DPEXHMa OTHOCHTEIBFHO NPOCTPAHCTBEHHBIX BO3MYIICHUH, NEPHOJUYCCKHX IO OIHOPOIHBIM
MepeMEHHBIM. Y paBHEHHUS BO3MYIICHUH nuMetoT rpynmy cummerpun O(2)x0(2), u npumeHnMa teopus oudypkranuu
POXKACHMS LUKIOB B CHCTEMax € Takoil cummerpueil. 13 pe3ynbraTtoB Teopuu [2] cienyer, 4To B ciiydae obIiero
THOJIOXKEHHS TIPH MIepeXxo/ie apaMeTpa yepe3 KPUTHIECKOE 3HAYCHHE OT OCHOBHOTO PAaBHOBECHS MOTYT OTBETBHUTHCS
LUKJIBl, KOTOPHIM OTBEYAIOT aBTOKOJICOAHMs THUIA T'OPU3OHTAJIBHBIX OEryIIMX BOJH, KOCBIX OEryIIMX BOJIH H
Pa3IUYHBIX HEJIMHEHHBIX CYNEPIO3UIINI KOCBIX OEryLIUX BOJH.

B onanHOii paboTe MPOBOAMTCS aHAIM3 XapakTepa BETBICHUS W YCTOMYMBOCTh BO3HHMKAIOIINX
MPOCTPAHCTBEHHBIX aBTOKOJIEOATENbHBIX PEKUMOB B FOPU3OHTAIBLHOM clloe OMHapHOW cMmecu. /[lnsg storo Obuin
HalJIeHbl aHAIMTHYECKUE BBIPKEHUS Uil KOO (UIIMEHTOB CUCTEMBI YpaBHEHHH Pa3BETBIICHHSI pacCMaTpHBaeMOil
3agaun. OTH KOA()OUUMEHTHl NMPEACTABISIOT co00i (YHKIMOHANIBI, KOTOPHIC BBIPAXKAIOTCA 4Yepe3 COOCTBCHHBIC
(GYHKIMHM JTHHEHHOW ¥ CONPSDKCHHOM 3ajad yCTOWYHMBOCTH, PELICHHs psAja HEOTHOPOIHBIX KpaeBBIX 3amad c
NpaBbIMH YacTSAMH, SBHO 3aBUCAIIMMHU OT JTHX e COOCTBEeHHBIX (pyHKIMHA. Kak H3BECTHO, IPOCTPAHCTBEHHBIM
BO3MYIICHUSIM COOTBETCTBYIOT OOJIBIINE, YeM IUIOCKMM, KPHTHYECKHE 3Ha4yeHHs mnapaMerpoB. OpHaKo Ui
JUTMHHOBOJIHOBBIX 0 TOPH30HTAJBHOMY HANpaBICHUIO BO3SMYLICHHH OTH KPUTHYSCKUE 3HAYCHHS OJH3KH.
HcenenoBanus MOKa3alld, 4TO TOJBKO UTHHHOBOJHOBBIE PEXKUMBI THIIA TOPH30HTAJIBHBIX U KOCHIX OCT'YIMX BOJH
MOTYT OBITh YCTOWYMBBIMH, OCTAIBHBIE K€ PEKUMBI POXKAAIOTCS HEYCTOHUMBBIMM, MEHSAETCS JIMIIbL XapakTep HX
BETBJICHUS. BBIsSICHEHO, 4TO M3MEHEHHsI XapaKTepa BETBJICHHS aBTOKOJIeOaHU CBs3aHbBI C OOpallleHHeM B HYJIb HIIH
0OECKOHEUHOCTh OJHOTO M3 KOA(h(HUIMEHTOB ypaBHEHHH pa3BeTBieHMs. HalijeHbl 3HaueHHs NapaMeTpoB, NpPHU
KOTOPBIX 3TO MPOMUCXOJUT. J[Jisi BOZHUKAIONIMX aBTOKOJEOATENbHBIX PEKMMOB BBIITMCAHBI MEPBbIC JIBA WieHa psja
0 CTENEHsIM MapaMeTpa HaIKpUTHYHOCTH.

Pa6ora Beimon#ena npu noauepxke PODU (mpoekt Ne 16-48-230107 p_a).
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BeptukanbHOoe IepeMelMBaHWE OKEAaHWIECKMX M MOPCKHX BOJA OOECICYMBACT KyJIbTHUBAIMIO HX
HPHUIIOBEPXHOCTHBIX M a9PaLHio NIyOHHHBIX cioeB [1]. Takoe mepeMernnBaHie IPEHMYIIECTBEHHO OCYIIECTBISCTCS
3a CYET KOHBEKTHBHBIX TEUEHHH, KOTOpble (OpMHUPYIOTCS B Tojimie Bojabl. OMHON M3 NPUYMH KOHBEKLUH CIYXaT
1 dy3rnoHHBIE MEXaHU3MBI, KOTOPbIE B Cilydae pa3Hoil ckopocTd MuddyHIUPYIOMNX KOMIOHEHT YKUAKOH Cpeibl
OPUBOIST K BOSHUKHOBEHHIO HEYCTOWYMBOCTH IBOMHON mudpdysuu [2]. B xadecTBe KOMIIOHEHT, BIMSIOIIMX Ha
of1ee pacmpeseneHre INOTHOCTH B CPeJie, MOTYT BBICTYNAaTh TEIUIO U PACTBOPEHHOE BEILIECTBO (COJb — B CIIydae
MoOpeil U OKeaHOB) WJIM J(Ba PACTBOPEHHBIX BEIEeCTBA. B mocinenHeM, M30TEpMHUECKOM, Cllydyae CTaHAAapTHas
MOCTAaHOBKA 3aJladyll COCTOUT B HCCIIEJOBAaHUM YCTOMUMBOCTH JBYXCIOMHOM CHCTEMBI, KOMIIOHEHTHI KOTOPOM
W3HAYaIbHO PACTBOPEHBI B COCEAHHX CHOSIX M IU(DOYHAMPYIOT HaBCTpedy Apyr Apyry. Takas mOcTaHOBKa
HCCIIeIOBaHa JOCTATOYHO Xoporuo [3].

B nmanHOlf paboTe SKCIIEPUMEHTAIBFHO HCCIECAOBAHBI YCIOBHS BO3HHKHOBEHUS HEYCTOWYHMBOCTH JIBOWHOM
¢y 1 cTpyKTypa KOHBEKTHBHOTO TEUCHHS B M3HAYAIBHO YCTOMYHMBO CTPATH(QHIUPOBAHHOMN IBYXCIOWHOMN
CHCTEME CMEIIMBAIONINXCS JKUAKOCTEH MpH COHAmpaBieHHOH au¢¢y3nn KoMmoHeHT. IIpu 3ToM oanH U3 cioeB
CHCTEMBI 00pa30BaH YMCTHIM PacTBOPHUTENEM (BOZOI), a BTOPOI — OJHOPOIHBIM PacTBOPOM IBYX BEIIecTB. MHaue
TOBOpSI, PAacTBOPEHHBIE KOMIOHEHTHI TU(PQYHIUPYIOT «HANEPErOHKW» BO BTOPOH CIIOW, COJEpIKAIIUI YHCTHIHA
pacTBopuTENb. Vcnonb3yeMble BelecTBa OTIMYAIOTCS CKOPOCThIO MU(dy3uH, a TakKke BHOCIT PasHBIA MO 3HAKY
BKJIa]] B MpUpAIlEHHe TUIOTHOCTH C POCTOM KOHIEHTpauuu. Takas mocTaHOBKa 3ajayd HanOoiiee NMpHOIMKEHa K
pAlly OKECaHOJOTMYECKMX NPWIOKEHHUH, Tle pa3BUTHE HEYCTOHYMBOCTH OOYCIIOBIEHO HEPaBHOMEPHBIM
pachpeieneHleM TeMIIepaTyphbl U COJIEHOCTH MOPCKOI BOJIbI, M pacCMaTpHBaeTCs B JaHHOW paboTe BIIEpBHIE.

HccnenoBansl YeThIpe BO3ZMOMKHBIE CUTYalMH, OTINYAIOIIMECS N3HAYAIbHBIM PACIOI0KEHAEM KOMIIOHEHT B
BEPXHEM WM HIDKHEM CJO€ M COOTHOIIEHHEM KO3(h(HIMEHTOB ANGQY3UH JIETKOTO U TSIKEIOT0 KOMIIOHEHTOB.
OKCHepuMEeHTaNbHO O0HAPYKEHBI 00IACTH PAa3BUTH HEYCTOWYMBOCTH B BHJE KOHBEKIMH NBOWHON muddy3uu u
KOHBEKIIMH Anu(py3noHHOTO cnos. MHTepdeporpaMmbl NaHHBIX THIIOB HEYCTOHYMBOCTH MPEACTABICHBI Ha
pucynkax (a) m (06) coorBeTcTBeHHO. [IpemnmoxeH Habop Oe3pa3sMEpHBIX IapamMeTpoB, Ha OCHOBE KOTOPOTO
MOCTPOEHA KapTa PEXMMOB KOHBEKTHBHOTO TEUCHHMS, IO3BOJISIONMAs 0000MINTh SKCIIEpUMEHTAIbHbBIE HAOIIOJeHNSI.
Taroke BHEepBble AJIsl HEYCTOWYMBOCTH BOMHON M dy3un oOHapykeHa BO3MOKHOCTh aCUHMMETPUYHOTO Pa3BUTHS
KOHBEKTHBHOTO JIBWXEHUs. VIHTepdeporpaMmbl, JIEMOHCTPHUPYIOIIME KOHBEKLWIO JBOiHOW 1uddy3un u
KOHBEKITHIO TU(PPY3MOHHOTO CJI0s MPEACTABICHBI Ha PUCYHKaX (B) U (I') COOTBETCTBEHHO.

(©)
Pabora BeinonteHa npu nogaepxke PODU (nmpoekt Ne 19-01-00621).
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HOBBI B3I'J151]] HA MEXAHU3M BO3HUKHOBEHH S KOHIIEHTPUPOBAHHBIX
MPOJIOJIbHBIX BUXPEW B IPUCTEHHBIX TYPBYJIEHTHBIX TEUEHUAX

H.B. Huxkutnna
HUU mexannku MI'Y umenn M.B. JlomonocoBa, MockBa
nvnikitin@mail.ru

BrITSAHYTEIE BOONH OCHOBHOTO IIOTOKAa O0OJACTH KOHICHTPHPOBAHHOW MPOMOIHHON 3aBHXPEHHOCTH
(TIpoToTIBHEBIE BUXPH) YacTO BCTPEUAIOTCS B TyPOYIICHTHBIX TEUCHHUSIX C TPAJUCHTOM CKOpPOCTH. CBSI3aHHBIE C HUIMHU
MOTIEpEYHbIE JIBIKEHUS BBI3BIBAIOT XapakKTEPHYIO TOMEPEUHYI0 MOIYJSALUI0 (TMOJ0cYaThle CTPYKTYphl) B
pacmpeneNeHuyd MpoJoJibHON ckopocTH. CuHMTaercs, B YaCTHOCTH, YTO C IUKIMYECKHMM BO3HHUKHOBEHHUEM U
pa3pyllIeHHEeM MOJOCYATHIX CTPYKTYP B IMPUCTCHHBIX TCUCHUAX CBS3aH IIUKJI CaMOIOJICPKAHUS TypOYICHTHOCTH.
IIprunHBl BO3HUKHOBCHHUS TPONOJBHBIX BUXpEH B TYpOYJICHTHBIX TEUCHUAX H3YYAIHCh BO MHOXECTBE PalOT.
YCTaHOBIICHO, B YacCTHOCTH, YTO IIyJIbCAllUH, BBIPACTAIONIME Ha (POHE IOJOCYATBIX CTPYKTYpP, IOJUICPKHUBAIOT
BUXpH. [IpenioKeHO HECKOJBKO MOJeNicii HeTMHCHHOW OOpaTHOM CBSI3M, OOCCIICUMBAIONICH TAKYH MOAICPKKY.
Koncencyca B 3TOM BoOmpoce, OJHAKO, JO CHX IOp HE IOCTHUTHYTO. B OompIIMHCTBE pabOT CYUTAETCS, UYTO
TypOyJIeHTHBIE MYJIbCAlMM BO3HUKAIOT B pe3yJbTaTe HEYCTOWYMBOCTH MOMAYIHMPOBAHHOTO pacIpeeleHHs
MPOJOJBHOW CKOPOCTH, MpPH 3TOM BIHUSHUEM MPOJOJBHBIX BHUXPEH, BBI3BIBAIOIIUX TAKYI0 MOIYJIALHUIO
npeHeOperaercsa. B Hacrosmeii paboTe mMmoka3piBaeTCs, B YaCTHOCTH, YTO HANIWYHE TPOJOIBHBIX BHUXpeEl
CYIIECTBEHHBIM 00pa3oM ompenenseT (popMy HEYCTOHUMBBIX BO3MYILIEHHIH, UTO 0OecrednBacT OOpaTHYIO CBS3b,
HEOOXOIUMYIO IJIS TIOAIEPKAHUS BCETO IUKIa 00pa30BaHMs U pa3pyIICHUS IPUCTEHHBIX CTPYKTYP.

Ilyrem wumcneHHoro pemeHus ypaBHeHHHt HaBpe—CTOkca  BOCHPOHM3BEAEHBI  IIPOCTPAHCTBEHHO-
JIOKAJTM30BaHHbBIC PEIICHUsI, MOJCIUPYIOIIUEC TaK HAa3bIBAEMbIC TypOYJICHTHBIC MOPBIBBI («a(bI»), BOSHUKAIOIINE
B Tpy0ax MpH IEPEXOAHBIX 3HAUEHHMAX 4ucia Peiinosnpaca. Cremyst uTepandoHHOM mpoueaype [1] mosmydeno
HEYCTOWYMBOE IpENeNIbHOEC peIleHHe Ha cemnapaTpuce, pasjeismiomeid B (a3oBOM NPOCTPAaHCTBE 00JacTh
NPUTSHKCHUS. JaMUHapHOTO (TeueHust [lyaseiins) W TypOyJeHTHOTO pelIeHHd. DTO pelIeHHe HacleayeT psij
Ka4eCTBEHHBIX TPH3HAKOB TYpOYICHTHOTO pEIICHHUS, HO OKa3bIBACTCA Topa3fo Ooyiee MPOCTHIM, YTO TO3BOJIICT
MPOBECTU HCUEPIBIBAIOIIEE €r0 HU3ydyeHue. B 3TOM pelleHuu yJanoch BBISIBUTb, B YACTHOCTH, MEXAHU3M
MOJICPIKAHKS TTOJOCYATHIX CTPYKTYpP U HPOJONBHBIX BHXPEH, MOPOXKIAOMIMX 3TH CTPYKTYphl [2]. CyTh 3TOTO
MeXaHU3Ma COCTOHWT B TOM, YTO TPOIOIBHBIC BHXPU TaK AeHOPMHUPYIOT MyIHCAIMOHHOE MOJE, YTO HEeTMHEeWHOe
B3aMMOJICHCTBHAE MYJIbCAUI MaeT MOJOKHUTENBHBIA BKIIAA B TEHEPAIMIO MPOMOIBHBIX BHXped. Takum oOpazom
obecrieunBaeTcst OOpaTHAs CBS3b.

IIpoBeneH 4MCIeHHBIA aHANKU3 TYpOYJICHTHBIX TEUCHHMH B TpyOax KBaapaTHOro ceueHus. [lokazaHo, 4To B
OCHOBe O00pa3oBaHMs BTOPUYHBIX TeueHWH IIpaHATias 2-0ro poja JEXHT aHaJlOTMYHBIA MexaHuwsm [3].
HccnenoBans! penienns ypasHeHnit HaBpe—CTOKCa, MOJETUPYIONINE PAa3BUTHIE TypOYIEHTHBIC TEUCHHS B TNIOCKOM
kanane. [lomydeHHbIe pe3yabTaThl CBHIETENBCTBYIOT, YTO OOHAPYKEHHBI MEXaHW3M MOJEPKaHUs TPOJOTbHBIX
BUXpEW SIBISETCS BEPOATHBIM MEXaHM3MOM O0O0pa3oBaHUsl MPHUCTEHHBIX IMOJIOCUATBIX CTPYKTYp B Pa3BUTHIX
TypOyYJICHTHBIX TCUCHHSIX.

Pabora BhIMONHEHa ¢ UCHONB30BaHHEM oOOpynoBaHUS lLleHTpa KOJUIEKTHBHOTO IIOJNB30BaHUS CBEPX-
BBICOKOIIPOU3BOJUTENILHBIMU BhIUMCIUTENbHBIMU pecypcamu MI'Y umenn M.B. JlomoHOCOBa B COOTBETCTBUU C
mwianoM ucciepoBanniit HUM mexanuku MI'Y (temsr AAAA-A16-116021110203-6; AAAA-A19-119012990110-0)
«Y CTOWYHBOCTD THAPOAVHAMHYECKUX TCUCHHN U TyPOYICHTHOCTBY.
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Flow. Phys. Rev. Lett. 2013. V. 110. P. 224502.
2. Hukutun H.B., ITumanoB B.O. O momuepkaHuu KojeOaHUH B JIOKaJM30BaHHBIX TYpOYJICHTHBIX CTPYKTypax B
Tpy6ax // 3. PAH. MXKT'. 2018. Ne 1. C. 68-76.
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OBHAPYKEHUE METAJIJIMYECKHUX BKJIIOYEHU B 3JEKTPOIIPOBO/ISINENA CPEJIE
C IOMOIIBIO JIEKTPOMATHUTHBIX CIAJI

B.C. OzepHsix, S.A. lllenrykos, 1.B. Konecanaenko
WuctutyT Mexanuku crutomHbIX cpen YpO PAH, Ilepmb
ozernykh.v@icmm.ru

B wHacTosiee BpeMsi B IIPOMBIIUICHHOCTH BO3HHKA€T BONPOC O YHCTOTE HCIOJIB3YEMbIX METAIJIOB.
OuuIleHHBI MeTaT 00JaaeT JIydlinMu (PU3NKO-MEXaHUYECKUMH CBOWCTBAMH, MO CPABHEHUIO C METAIIOM C
npumecsimu [1]. Bo MHOrOM YHCTOTa KHAKOTO METAJLIA ONPEAEIAET CPOK CITY:KOBI TOTO MM HHOTO 000PY/I0BAHMUS.

BaxHbIMU BOMpPOCAMHU METAJUTYPIHU SIBISIOTCS KaK OYMCTKA METAJIOB OT MPUMECCH, Tak M U3MEpPCHUC
CTEMEHU YUCTOTHI MeTayuta. OnmHUM K3 Hambojiee yMOOHBIX METOJOB OYMCTKA METAJJIOB OT MPHUMECEH sBIsSCTCS
BO3JICHCTBHE HA METALT JJICKTPOMArHUTHBIME cuiamu [2, 3], KOTOpbIe «BBITOJKHYT» MPHUMECH HA MMOBEPXHOCTH,
OTKyJla PUMECH BO3MOKHO YAaIuTh MexaHudeckuM myteM [4, 5]. KpoMe TOro, ajeKTpoMarHuTHOE BO3AEHCTBHUE
MOJKET MCIOJIb30BaThCSI U IS IETCKTUPOBAHUS MPUMECEil B MPOBOIAIICH cpejie.

B pamkax pa0oOThl MPOBOJMTCS CEpUsl YUCICHHBIX DKCIIEPUMEHTOB. PaccMmartpuBaercst sdeiika >KHIKOTO
Metawia co chepuueckoil yactuiell B HeHTpe (Kak mokasaHo Ha pucyHke (a)). K cucreMe moaBOIUTCs Pa3sHOCTb
MOTEHIMAJIOB, HAKJIA/IBIBAETCS BHEIIHEE MArHUTHOE MMOJe. B 3aBUCUMOCTH OT BEIMYHMHBI TPOBOJUMOCTH YaCTHIIbI
(MeHbIIIe, paBHA WK OOJIBIIIE TIPOBOJUMOCTH METAILIA) BOBMOXHBI PA3JIMYHbIC BAPHAHTHI PACTEKAHUS TOKA B sTUCHKE
(cM. pucyHOK (0)).

B pabote mpoBeAeHO HCCIEIOBAaHHE TEUCHHS AIICKTPOIPOBOAHON >KHUAKOCTH B KaHaje MOJ JCUCTBHEM
MOCTOSIHHOTO MarHUTHOTO ITOJIS C IEJBIO JHArHOCTUPOBAHUS OCOOCHHOCTEH TCUCHUS JKUIKOCTH.
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N3yueHsl 0COOEHHOCTH OOTEKaHMS TBEPIOW DSJIEKTPONPOBOJHONW YACTHIBI TMPOBOMAIMICH JKUIKOCTBIO.
ITposeneno uccnepoBanue BenuuuHbl DJIC, a Takke TOMOJOIMU PACTEKAHUS 3JIEKTPUYECKOTO TOKa B 00BbEME
NIEKTPONPOBOAHON kuakocTu. IlomydeHo, 4yTo BONM3M 4YacTHIBI 00pa3yloTcs BHXpeBble TedeHus. Ilpu craboit
9JIEKTPOMAarHUTHOU CUJI€ TEUEHHUE CTALMOHAPHO, IIPU CYLIECTBEHHOM YBEIMUEHUHU MOJYJIS CHJIbl TEUEHUE KUAKOCTH
MpUOOPETaeT CIOXKHBIA XapakTep.

Ilomyuensl 1O CKOPOCTHM  TEUEHMs] SKUAKOCTH, PpACOpelelCHHE JIIEKTPOMAarHUTHBIX CWJI B
paccmarpuBaeMoM oObeme. [locTpoeHa 3aBUCHMOCTD CpeIHEH CKOPOCTH TEUSHHMS JKHUIAKOCTH B BBIZEJICHHOH TOYKE
npocTpaHcTBa. M3 pucyHKa (B) BUIHO, 4TO CKOPOCTh TEUEHHS BO3PACTAET 110 MEpe YBEINUEHHS CHIIBI TOKA.

W3yueHsl xapakTepHbIE 4acTOTHl KoieOaHWH ckopocTH BONM3M dacTuipl. C MOMOIIBIO BEHWBIET aHAIHM3a
OIIpeZieIeHbl KaK MEJIKOBOJIHOBEIE KOJIE0aHMs, TaK U KpyITHOMAacIITaOHbIE MyJIbCallii CKOPOCTH.

Pabora BeITONTHEHA TIpH TOAAEpKKE TMpaBUTENIbCTBAa [lepMckoro kpas (IPOEKT MOJAEPKKH BEIYIIHX
Hay4HbIX ko C-26/788).
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HNCCIEJOBAHUE 30H HAKOIIVIEHUA YACTUIL B HECTAIIMOHAPHBIX IBYX®A3HbBIX
INOTOKAX C IOMOIIBIO ITOJIHOI'O JIATPAHXKEBA METOJJA

A H. Ocunmos
HUU mexannku MI'Y umenn M.B. JlomonocoBa, Mocksa
osiptsov@imec.msu.ru

TeueHust pa3pexeHHBIX ABYX(a3HBIX MOTOKOB THMA «ra3 — WHEPIMOHHBIE YacCTHIBI», KaK IIPaBUIIO,
OIMCBHIBAIOTCSI B paMKax ABYXKOHTHHYaJIbHOTO IIOJIXO0Ja, IPH 3TOM Cpella YaCTHI[ MOJECIUPYETCS KOHTHHYYMOM,
JIMIIEHHBIM COOCTBEHHBIX HanpspKeHUi. Takoil KOHTHHYYM SIBIISICTCS YpE3BBIUAHHO «C)KUMaeMbIM», Oojiee TOro, B
JIMCIIEPCHOM Cpejie BO3MOXKHO BOSHMKHOBEHHE 30H NEPECEKAIOIIUXCS TPACKTOPHH YaCTHIL, HA TPAHUIAX KOTOPBIX
BO3HUKAIOT «KayCTHUKH» - OrHOarolye TpaekTopuil. BOJIM3M KaycTHK, a TaK)Ke TOUEK «COOPKH» KOHTHHYYMa YacTHIL
MPOUCXOJUT PE3KOE BO3pacTaHHE YUCIOBOW KOHIEHTpAaUUH YacTull. JJaHHbIe 0COOCHHOCTH JENaloT HEBO3MOKHBIM
WCIIOJIb30BAaHHUE CTaHIAPTHBIX AHUIEPOBBIX IOIXO/I0B JJIsl ONMUCAHUS CPE/Ibl HHEPIMOHHBIX YacTHI. AJIbTEPHATHBON
SIBISICTCSI TOJHBIN JIArPAaH)KeB METOJ, MPEUIOKEHHBIA aBTOpoM panee (cM., Hampumep, [1]). B noxmane
MPE/ICTABICHBI HEKOTOPBIC PE3YIbTATHI, CBS3AHHBIC C PA3BUTHEM METOM0B MOAEIHPOBAHUS CTPYKTYPHI JTOKAIBHBIX
30H HAKOIUICHUS] MHEPLMOHHOH AnCIepcHOH (as3bl B 3albUICHHBIX NMOTOKaX. OCHOBHOE BHHMAaHHE YIEJICHO TPEM
HaIpaBJICHUSIM MOJACINPOBAHUS HECTAIIMOHAPHBIX U TypOyJICHTHBIX ABYX(pa3HBIX TCUCHUI.

[lepBoe HampaBieHHE CBA3aHO C pa3pabOTKOIl 0OecceTOYHOro MeTojqa YMCICHHOTO MOJCIHPOBAHUS
HECTallMOHAPHBIX Ta30[MCIEPCHBIX TEUCHUH, OCHOBAHHOTO Ha KOMOWHALIMM METOJa BSI3KMX TUCKPETHBIX BHXPEH
U Hecynied ¢asbl M IOJHOTO JIarpaHkeBa MeToja A aucriepcHoil ¢aser. Taxoil momxonx MO3BOJMSET CBECTH
3ajjayy pacuera JIBYMEpPHBIX (IUIOCKMX WM OCECHUMETPUYHBIX) T'a30/UCIEPCHBIX BUXPEBBIX PEUYCHUH C BSI3KOH
Hecyuiel (a3oi kK cucreMaM OOBIKHOBEHHBIX AU(B(GepeHIUaIbHBIX YPABHEHUH I BUXPEBBIX JOMEHOB, KOOPJHHAT
NpOOHBIX YAaCTHIl U KOMIIOHEHT SKOOMaHa Iepexosia OT JIJIEPOBBIX K JIarpaHKEBbIM NEPEMEHHBIM B ypPaBHEHHUSIX
JBIDKCHUSI 4acTHll. BO3MOKHOCTH JaHHOTO IOJXOJa MPOMUTIOCTPHPOBAHBI HECKOJIBKUMH TPUMEpaMH pacdera
HEO/IHOPOJIHOTO pacIpeAeICHs] KOHLEHTPAllMH JAUCIEPCHOM (a3l B HMMITYJIBbCHBIX JABYX(a3HbIX CTPYSIX H
BUXPEBBIX KOJbIAX [2].

Bropoe HampaBneHne CBA3aHO C Pa3BHTHEM KOMOWHHMPOBAHHOTO 3HICPOBO—JIAarpaH)keBa MOAXOAA IS
pacdera 30H IPEANOYTHTEIHHOM aKKyMYJSIIIMM YacTHI B OJHOPOIHBIX TypOyneHTHbIX mnomsx. Hecymas cdasa
MOJIETIMPYETCS] C UCIOJIb30BAHINEM METOJa KPYITHBIX BUXPEH, a A CPEIbl YacTHUIl BEIBOAWTCS JIATPaHKEB aHAJIOT
ypaBHEHHS KOHBEKTHUBHOM nu((y3nn, MO3BOIIOMMN pPACCUUTHIBATh KOHIEHTPALMIO YacTUIl B 00IacTIX
MIePECEKAIOIINXCS TPAEKTOPHI ¢ y4eTOM TypOyJIeHTHOH anddy3un 4acTull 3a CUET MEIKOMAcCIITaOHbIX IyJIbCali
CKOpOCTH Hecyllei ¢asbl. JlaHHBIH 1M0JX0J] NPOMILIFOCTPUPOBAH pacyeTaMu CHHTYJISIPHBIX MOJIEH KOHLEHTPAIH
JUISL  psila  MOZEJBHBIX MYJIbCHUPYIOUIMX OJHOMEPHBIX TEYSHHUH U sl TPEXMEPHOro TIOJIsi OJHOPOJIHOM
TypOysenTHocTd. [IpoBeJieHO cpaBHEHHE Pa3BHTOrO OOOOIIEHHOTO JiliepOBO—JIarpaHKeBa MOAXOAA C MPSIMBIMHU
pacueramu TypOyJICHTHBIX MOJIEi HeCyIeH Ghas3bl U AMHAMHUKH GONBIIOrO Yrcia MpOOHBIX yacTHil [3].

TpeTbe HampaBieHHE CBA3aHO C MPOBEPKOM THUMOTE3bl [4] O CBS3M JIOKANBHBIX 30H HAKOIUICHUS
WHEPLUOHHBIX YaCTHIl B OJHOPOAHBIX TYpPOYJICHTHBIX IOTOKAaX C IIOJIOKEHUSIMH TOYEK HYJIEBOIO YCKOPEHHMS
Hecynied ¢asbl. s MPOCThIX TapMOHMYECKUX MOJIETIeH TIOBEICHNSI CKOPOCTH HecyIei (as3bl B OKpECTHOCTH TOYEK
HYJIEBOTO YCKOPEHHMS NPOBEJICHBI PACUEThI JIOKATHHOTO paclpeieseHs] KOHIIEHTPalui ¥ HaliIeHbI yCIOBHS, KOTAa
TaKHe TOYKHA MOTYT OBITh TOUKaM «IIPUTSDKEHUS AUCTIEPCHON (asbl.

Pabora BemonHeHa Mo rocOromkeTHOMY Tany MI'Y mpu gactuaHoi noanepkke rpanta POOU Ne 20-01-
00103.
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TEILJIOBASI KOHBEKIIUS B IBYXCJIOMHOM CUCTEME C TE®OPMHUPYEMOM I'PAHUIIENA
PA3JIEJIA U ®PUKCUPOBAHHBIM TEIIJIOBBIM IOTOKOM HA BHEIIIHUX TPAHUIIAX

S.H. Mapmakosa?, T.II. Jlio6umosa’?
"Mucturyt Mexanuku conomnsix cpeg YpO PAH, Iepmb
[lepMckuii TocyIapCTBEHHBIH HALMOHAIBHBIN HCCIIEN0BATENLCKUI YHUBEPCUTET, IlepMb
parshakova@icmm.ru

B nacTosmieit paboTe mcciienyeTcs BIMSHHAE OTHOIICHHUS TOJIIHMH CIIOEB HAa BOSHUKHOBCHHE W HEIMHEHHBIC
PEXKUMBI CBOOOTHOM TEIUTOBOW KOHBEKITUH B JIBYXCIIOMHOW CHCTEME JXUAKOCTEH ¢ 1ehOPMUPYEMO TTOBEPXHOCTHIO
pas3zena M 3aJaHHBIM TEIUIOBHIM NMOTOKOM HAa BHENIHHMX TpaHMIAX. 3ajada MUCCICAYEeTCS B paMKax 0OOOMICHHOTO
npubsmxkenust byccunecka, chopmynuposanuoro J[.B. JIlro6umoBbiM B [1] U MO3BOMSIONIET0 KOPPEKTHO YYECTh
JepopManuy MOBEPXHOCTH pa3jieia B CIIydae CUCTEMBI KHUIKOCTEH ¢ OJM3KMMHU IUIOTHOCTSIMU. PacueTsl mokasanu,
9TO B 3EMHBIX YCJIIOBHUSIX HEYCTOWYMBOCTh MEXaHUYECKOTO PABHOBECHS CHUCTEMBI BCEra OOYCIIOBIICHA Pa3BUTHEM
MOHOTOHHBIX BO3MYyIIeHHU. [Ipy CHUJIBHO OTJIMYAKOIIUXCS TOJIIMHAX CJIOCB HAWOOJiee OMACHBIMU SIBISIFOTCS
JUIMHHOBOJIHOBEIE MOHOTOHHBIE BO3MymIeHH. OOHapyXeHO Takke Hanugue OONacTH IMHHOBOJHOBOM
HEYCTOWYHMBOCTA TIpH ONM3KUX TOJIIMHAX CJIOCB, YTO CBA3aHO C CHJIBHON CTaOMIM3amueld sSIeucToit
HEYCTOWYHMBOCTH B 3THX YCIOBHX. [lopor yCTOHUHUBOCTH SIBIISICTCS CAMBIM BBICOKUM UTS OMU3KHUX TOJIIUH CIOEB.
KonebarenpHbIe BO3MYIICHUS B 36MHBIX YCIIOBHSIX HE SIBIITIOTCS HAMOOJIee OMACHBIMU HH TPU KaKUX OTHOIICHHUSIX
TONMIUH cioeB. [IpoBeneHHOE YNCIICHHOE WCCIICIOBAHIE BOSHHUKHOBCHHS M HEIMHEWHBIX PEKUMOB KOHBEKIIMU B
CHCTEeMe MypaBbHHAs KUCIIOTa — TpaHcopmaTopHOe Macio MetogoM Volume of Fluid moareepaumo, 4to 3HaueHME
KPUTHYCCKOT'O MEperniaga TeMIepaTrypbl MaKCUMaJIbHO IJIsd 6J'II/I3KI/IX TOJIIIUH CJIOCB. B sTom CJlyda€ KOHBCKIIUA B
000MX CIIOSX BO3HHMKAET OJHOBPEMCHHO, OHa HMEET [BYXBIPYCHYIO CTPYKTYpPY, TOPHU30OHTAJbHBIN pasmep
KOHBEKTHBHBIX S4€CK MOpsaKa ToumHel ¢ios (Puc. 1a). B ciyuae, koraa cioii TpanchpopMaTopHOro Maciia TOJIIIE,
4eM CJIOM MypaBbHUHOHN KHCIOTHI, KOHBEKIIMS BO3HHKACT BHavajie B cioe Tpanchopmaroproro macia (Puc. 16). B
MIPOTUBOTIONOKHOM CIy4ae, KOT/Ia TOJIIE CIIO MypaBbHHON KHUCIOTHI, KOHBEKIIMS BOZHUKAET BHaYase B TOM CJIO€.
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Puc.1. Tons dynkuuu Toka ais caydas Ga=-10". (a) c10M KUAKOCTeH OAMHAKOBOH TONMIHHEL (6) TOMIIHHA CIOS
MypaBbHHOH kuciotel h =0.42, a cinost Tpancdopmaroproro macna h, =1.58, monxas Ge3pasmepHas TouIMHA

cucrteMsl h=2.

Pabora mpoBenena npu moxnepxke IIpasurensctBa Ilepmckoro kpast (Ilporpamma mogmepxkn Haydnbrx
ko [Tepmckoro kpasi, Cormarenne Ne C-26/788) u PODU (mpoekt Ne 15-01-09069).
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K IPOrHO3Y CUJIBHBIX CMEPYEM, CBSI3AHHBIX C MOIIIHOM KOHBEKTUBHOM
HEYCTOMYUBOCTHIO B ATMOC®EPE U BOSHUKHOBEHUEM CHJIbHBIX IIIKBAJIOB
U IIKBAJIBHBIX BYPb HA IOCTATOYHO OBILIUMPHOM TEPPUTOPUU

3.B. Ilepexonmena
Poccutiickuii Texnomornaeckuii yansepcuretr (MHUPOA), I'mapomernentp Poccnn, Mocksa
perekhod@mecom.ru

B naHHOM nOKIane MPUBOZSTCS PE3YNbTaThl MPOTHO3a W aHAIN3a BO3HHKHOBEHHS CHIIBHBIX CMeEpUeH Ha
EBpomnelickoil Teppuropun Poccuu Hapsiy ¢ BO3ZHMKHOBEHHEM B HX OKPECTHOCTH 3HAUUTEIBHOTO KOJIUYECTBA
CHJIBHBIX INKBaIOB. [IpHBOIWTCS COMOCTaBIEHHE T'MIPOJMHAMHKO-CTATUCTUYECKOTO MPOTHO3a (aKTHUECKH
HaOII0JaeMbIX SBJICHHH C TeOpUE X BO3HUKHOBCHUSI, H3T0KEeHHbIX B [1] u [2].

O pa3pylIeHHAX, BBI3BIBAEMBIX CHJIBHBIMH IIKBAJIAMH M CMEpYaMH, HAIUCAHO JIOCTATOYHOE KOJIMYECTBO
crateit u kuur. J.H. Hamuekun [3] cobpan u 0600IIMI OOMIMPHBI MaTepual H3 HAIIMX U aMEPHKaHCKUX
ucroyHukoB. HecmoTpst Ha To, yto cMmepun B Poccum (topnamo B CIIIA) He mocturairor mo kiaccudukaruiu
T.®ymxuts! Kateropuu 4 u 5, 1a u Kateropuu 3 (kak, HanpuMmep. cmepun B IT. Koctpome u iBanose B mrone 1984
I.) IOCTUTAIOT JOCTaTOYHO PEIKO, OHM NPHHOCAT HE TOJBKO OTPOMHBIE SKOHOMHYECKHE IIOTEPH B AECATKH
MHIUIHOHOB pyOusieif, HO W MOpoil 4YeloBeuecKrue >KepTBBl. B cuHONTHYECKOH mpakTuke B Poccum MpOrHO3 3THX
SBJICHUH HE AETCsI HE TOJIBKO B KATETOPUYECKOM BHJIE, HO U B BeposiTHOCTHOH (hopme. B CIIIA B ocHOBHOM naetcst
CBEPXKPATKOCPOUHBIH MPOTHO3 3THX SBJICHHUH, OCHOBAHHBIM Ha WCIIOIb30BAaHWH PAJHOJIOKAMOHHBIX JaHHBIX
JONIIIEPOBCKHUX JIOKATOPOB, a TAKXKE (PAKTHUECKUX JAHHBIX (B OCHOBHOM, CBEACHHUH OYEBHINEB, T.K. TOPHAIO YACTO
MPOXOIAT MUMO METEOPOIOTHIECKUX CTAHIIUH).

CMepuH ¥ TOPHAZ0 UMEIOT BUJ BUXpEH C BEPTUKAIBHON OCBIO, COPOBOXKIAIOTCS OYEHb CUIBHBIM BETPOM U
rynom. Opnako B Poccuu paspyiieHus, CBsI3aHHbIC C CHIBHBIM BETPOM (CKOPOCTHIO 22—30 M/C) BBI3BIBAIOTCS TAKKE
W SBICHUSMH — IIKBAJIAMH. OJTH SIBJICHUS, KaK U CMEPUYH, BO3HUKAIOT MPU PAa3BUTHH MOIIHOM Ky4eBO-IOXKIEBOM
00IaYHOCTH, JAIOT YCHJICHHE BeTpa Ha (pOHE CpEeIHEro BEeTpa, TAKXkKe 3a4acTyl0 ¢ HW3MEHEHHEM HalpaBJICHUS.
3abmaroBpeMeHHOE TpecKa3aHne 00pa3oBaHMs Ky4eBO-I0KAEBOW 00JavHOCTH, 3aBUCAIICH OT COYETaHHUS MHOTHX
napaMeTpoB aTMoc(epbl U MOJCTIIIAIONIEH MOBEPXHOCTH, SIBIISIETCS IO HACTOSAIIET0 BPEMEHH JOCTATOYHO CIIOXKHOU
U aKTyaJIbHOM 3a/1adei.

Jns mpencka3aHMs NIKBAJIOB y CHHOINTHKOB yxke K 1985 romy Oblnm pa3pa®oTaHbl HEKOTOPBIE pacucTHBIC
rpadudecKkie METOJBI, 3aBHCAIINE OT CYMMapHOI ckopoctd Berpa B cioe oT 850 rlla mo 500 rlla, a Takxke ot
MPOTHO3UPYEMOI MAaKCUMAJILHOH TeMIIepaTyphl y 3eMid. M3BecTHO Takke OBIIO, 4TO MIKBAIBI BO3HUKAIOT YacTo Ha
XOJIONHBIX (pOHTax, Ha (poHTax ¢ BonmHamu. OJHAKO, HECMOTPSI Ha 3HAYUTEJIHHOE PAa3BUTHE 32 MOCJIEIHHUE TOJIbI
THIPOTMHAMHYECKUX MPOTHO30B, MPOTHO3 IKBAJIOB U OCOOEHHO IIKBAIOB CO CKOPOCTHIO 25 M/c u Goiee sBIsAETCSI
CyOBEKTHBHBIM, OH B 3HAYUTEIHHOI CTEIIEHN 3aBUCHUT OT CHHONTHKA.

B Hactosmee BpeMms yxke B TedeHue 20 ner B ['mapomeTiieHTpe u B YIpaBICHUSAX IO THIPOMETCIyxOe

UCIIONIb3YETCs pa3pa0OTaHHbBII HAMU OOBEKTHBHBIN CTATUCTHYECKHUIT MPOTrHO3 onacHou ckopoctu Betpa (V>25 m/c).
NPE/ICTABICHHBIN Teleph B HOBOW TEXHOJOTMH pacyepuMBAaHUs KapT, NPEICKa3bIBAIOIINA BO3HHKHOBEHHE U
pa3BUTHE MOIIHOW Ky4eBO-JOXKIeBOH oOmayHocTH. 3abiaroBpeMeHHOE TIIpe[cKa3aHhue oO0pa30BaHUS TaKoH
00JIaYHOCTH, 3aBHUCSAIICH OT COUYETaHHsI MHOTHX MapamMeTpoB arMoc(epbl U MOACTHIAIONIeH TOBEPXHOCTH, SBIISETCS
JIO HACTOSIIIEr0 BPEMEHH JIOCTATOYHO CIIOKHOW U aKTyalIbHOM 3ajaueil. DTOT METOJ IPOrHO3a IIKBAJIOB U cMepyeit
NpoILIes UCIBITAHUS, PEKOMEHJOBaH Ul MCHOJIB30BaHUS B CHHONTHYECKON NpakThke. B nokmaze mpuBomsTcs
MIPUMEPBI, B YaCTHOCTH IIPOTHO3 IIKBAJIOB U cMepua B bamrkoprocrane B aBrycre 2014 r. Cmepu Habr01a1CA B TIOC.
Hioptionu SIHayabCKOro paiioHa, a BOKpYr U B [loBO/DKbe ObUTH 3aMKCHPOBaHBI Ha cTaHiusx 20 IIKBaJOB CO
ckopocTsiMu Gonee 20 M/c, a B IeCTH MyHKTaX — CO CKOpocThlo Oonee 24m/c. IlpuBomsTcs Takxke W Apyrue
NpUMEpHI TIPOTHO3a CMepyYell Hapsily ¢ CHIbHBIMU IIKBajJaMu. OOBSCHEHHE 3TOMY SIBICHHIO Ja€T COJHMTOHHAs
Teopust BO3OYKJICHUS TOPHA/I0 MIKBAJTBHBIMU OypsiMu, paspadorannas C.A. ApcenbeBbiM 1 H.K. I1leKOBHUKOBBIM.
[IpuBonstcst akTHueckue JaHHBIE MapaMeTpoB aTMoc(epbl M WX IIOPOTOBbIE 3HAYEHHs, B COOTBETCTBHH C
KOTOPBIMH IIPY HAJIMYUU HEYCTOWYMBOCTH B aTMOc(epe U Pa3BUTHH Ky4eBO-10KAE€BOH 00JIAYHOCTH U 00pa3oBaHUU
cynepsiueek [4] ¢ GONBIIOH BEPOSTHOCTHIO CIEAYET OXHIATh BO3HHKHOBCHHS CMepyell B OKPECTHOCTH MyHKTa
MpPOTHO3a.
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BJUSAHUE BbICOKOYACTOTHBIX BUBPAIIUI HA 3BOJIIOIMIO KOHBEKTUBHBIX PEXKUMOB
B 3AMKHYTOM IMOJIOCTH

A.B. ITepmunos?, T.I1. JTro6umopa?
Mepmckuii HAMOHAJBHBIN HCCEN0BATENLCKUI TOIUTEXHUIECKHH yHIBEpcuTeT, [TepMb
2MucTutyT MexaHuku crnomHbix cpen YpO PAH, Iepmb
perminov1973@mail.ru

B pabote m3ydaercst 3BOMIOLUST KOHBEKTUBHOTO ABW)KEHHS XHIKOCTH B 3aMKHYTOH IOJIOCTH KBaJIpaTHOTO
CEUCeHHUs NMPU BO3ICHUCTBUM BBICOKOYACTOTHBIX BMOpauuii. Ha BepTHKaIBHBIX TpaHHLAX MOJIOCTH, COBEPILAIONIEH
BUOpAILMK BAOJb TOJS TSDKECTH, MOJJICPKUBAIOTCSA IOCTOSIHHBIE pasHble TeMmmeparypsl +0. Ha ropmsoHTanmbpHBEIX
TpaHUIAX paclpeleNeHue TeMIepaTyphl 3a1aeTcs JIMHEHHBIM 3aKOHOM. 3ajjaua pacCMaTpUBAaeTCs B MPUOIIKEHHU
BBICOKOYACTOTHBIX, MAJIOAMIUTMTYTHBIX, HO HE aKyCTH4YeCKMX BHOpanuii, OCpelHEHHBIH 1O Iepuoay BUOparuii
TEIJIO- ¥ MacCOIEPEHOC B JKHJIKOCTH OIMKCHIBACTCSl yPaBHEHUSIMH TEPMOBHOPAIIMOHHON KOHBEKIIMH, MOJTYYECHHBIMU

B [1]. s ommcanust Bo3AeiicTBus BuOpaumii BBoAUTCS Oe3pa3mepHsiii mapamerp V =a0)u/ (pth), KOTODBIH, B
OTIMYKE OT TPAAULIUOHHO UCIIOIB3YyEMOTO B 3aJadax O TEPMOBHOPALMOHHOW KOHBEKIIMH BHOPAaLMOHHOTO 4YHCIIa

I'pacroda, He 3aBUCHUT OT TIpaaveHTa TEMIepaTypbl. OTOT mapamerp (aKTHYECKH SBIseTCs Oe3pa3MepHOi
aMIUIMTYI0M ckopocTH BUOpanuii. Benuuuna noabeMHO# cuibl onpenenseTcs oObIYHBIM yucinoMm ['pacroda

Gr = gpenh’p’ / p’.3anaua pemiaeTcs YMCIEHHO, METOJIOM KOHEYHBIX DAa3sHOCTEH. PacueThl BBHIIONHSIOTCS B

IIMPOKOM JHamna3oHe 3HaueHui nmapamerpoB V u Gr mpu uucne [Ipanaras Pr = 100, xapakTepHOM, Hanpumep, IS
HedTeit u HeGTenpoyKTOB.

Ha pHUCYHKE 1
NIPEACTaBICHA KapTa pEeKHMOB
KOHBEKILIUH Ha  ITUIOCKOCTH
BHOpaIoHHBIN mapametp V —
gmcno ['pacroda Gr mpu Maibix

100

! 3HAYECHUSIX BHOPAIIHOHHOTO
napamerpa. B obmactu I

0.1
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ool Puc.2 xapakrep. Ilpu mepexone uepes

rpanunel 3, B obmactu |V, B
OCpPEJHEHHOM TEYEHHHM TIPOUCXOIMT Iepexo]] K KoJjeOaTelbHOMY pEeXHUMY KOHBEKIMH. [lorpaHcioiiHbie
CTaIlMOHApHBIE PEXHUMBI KOHBEKIIMM U TEPEX0] K KoyieOaTeIbHBIM peXMMaM B aHAJOTWYHOW MOCTaHOBKE, HO 0e3
BUOparmii BHepBbIe HM3y4danuch B [2]. PesympraThl mpoBeAeHHBIX B HacTosmed padore pacueroB mpu V =0
corjacyroTrcs ¢ pesyabtatramu pabotel [2]. Kak BugHO #u3 pucyHka 1, BuUOpanuu Majioii MHTEHCHBHOCTH
CTa0MJIM3MPYIOT MOTPAHCIIONHBINA pexxuM TedeHus, ofaHako rmpu V = 0.01 addexT crabunmzanuu pe3ko CMEHseTCs
JecTabuin3anuei.

Ha pucynke 2 npuBeneHa KapTa pexXHMOB KOHBEKIUH B obmactu V, dompimux 0.1. Kak mokasanu pacueTsl,
npu V ~ 0.1 morpaHcIORHBIA peXUM KOHBEKIIMH HE Pealn3yercs, B 9TOM Cllydae yCHJICHHE TepMOBHOPAIIHIOHHOTO
MeXaHU3Ma IeHepaliy ABIDKEHHS IPUBOIUT K MOSIBICHHIO OCPEJHEHHOTO CTAIIMOHAPHOTO TPEXBUXPEBOTO TEUCHHS.
JanHoe TewueHne peanmsyeTcss B obsactu mapamerpoB II. Ilpu 3HaueHwmsx mapamerpoB BOMM3M KpuBoi 1, B
MPOTUBOMNONOXKHBIX yINax MOJIOCTU MOSBISIOTCS 3aCTOMHBIE 30HBI, IZIeé TEHEPUPYEeTCd Mapa BUXpPEH, KOTOpHIE C
poctom Gr cTaHOBSITCSI MHTEHCHBHEE, C)KMMasl IIEHTPaJIbHBIH BUXph. [Ipn nepexoze uepe3 KpUBYIO 3 OCpeHEHHOE
TeueHHe cTaHoBUTCs KosiebaTenbHbIM. [Ipn V > 80 BHYTpH 0b6nacTu || nosBisieTcst orpaHnyeHHast KpuBOM 2 00J1acTh
Ill, B xoropoil peamu3yercs CHMMETPUYHOE CTAallMOHAPHOE YETHIPEXBUXPEBOE TEUCHHE, OOYCIIOBIEHHOE
BUOPALMOHHBIM MEXaHU3MOM I'€HEPAIMH JIBIKEHNUS, IBIISIONIMMCS JOMUHUPYIOIINM B YCIOBHSIX MUKPOTPAaBUTAIIN
n HeBecomoctu [1]. Ilpnm mepexosme uepe3 BepXHMH YYacTOK KpWBOM 2 mpH yBenwdeHuH uunciia ['pacroda
YEeThIPEXBUXPEBOE TEUCHHE TPAHC(HOPMHUPYETCsl B ONMCAHHOE paHee TPEXBUXPEBOE TEUSHHE, KOTOPOE Ha TpaHule 3
CMEHSETCS KOJIe0aTeTbHBIM PEKUMOM.

PaGota BeInoHeHa npu noaaepkke POOU (mpoext Ne 15-01-09069).
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NPAMOE YUCJIEHHOE MOJEJIUPOBAHHUE TYPBYJIEHTHOI'O TEUEHUA
BJ1OJIb BHEIIIHET'O YIJIA

J.E. IluBoBapos, H.B. Ilonenenckas, H.B. Hukutun
HUU mexannku MI'Y umenn M.B. JlomonocoBa, MockBa
nvnikitin@mail.ru

B TypOyneHTHBIX TEYEHUSX B MPAMBIX TpyOax HEKPYIJIOro CEUYCHHUS CpelHee TeUeHHE KpOMe NPOIOJIbHOM
KOMIIOHEHTBI CKOPOCTH UMEET TaKkKe M MONEePEYHbIE COCTAaBILIONINE — BTOpPHYHBIE TeueHus [Ipanaris 2—oro poxa.
[omnepeunoe nBmxenue ammuutya0it O(1/Re) criocoOHO BBI3BIBaTH M3MEHEHUSI B IPOJOJIBLHOM JIBIDKCHUN U TPEHUU
Ha creHke ammutynod O(1). B monmaBnstomeM OONBIIMHCTBE paHee PacCMaTPUBAINCH BHYTPEHHHE BTOPUYHBIC
TEUCHHMs, T.€. TEUCHUS], BOSHUKAIOLIHNE B MIOTOKAX BIOJIb BHYTPEHHUX YIJIOB. MEX/y TeM, TEUSHHUS BJOJIb BHEITHUX
YIJIOB SIBJISIFOTCSL HE MEHEE PacIpOCTPAHCHHBIMH B TEXHUYECKUX MPWIOKECHUSX, YTO AUKTYET HEOOXOIMMOCTh MX
M3Y4EHUsI C LIENbI0 Pa3padOTKH aleKBaTHBIX HH)KCHEPHBIX METO/IUK pacyera.

B Hacrosiieli paboTe ¢ 1enbio U3yUeHHs JeTallei TeueHHs BJI0JIb BHENTHEro yria rnposeneHbl DNS pacueTst
TEYEHHs B MPAMOM JUIMHHOM TpyOe ¢ cedeHHeM B BHIE KPYrOBOTO CEKTOpa ¢ yrioM pactBopa B 270°. YpaBHeHus
Hapbe-CtoKca peraroTcesi YUCICHHO KOHEYHO-Pa3HOCTHBIM MeTonoM [1] B IMnIuHApHYecKOl cucTeMe KOOPAMHAT C
YCIOBHEM IIPWIMIIAHHMA Ha TBEPIBIX CTEHKaX M YCJIOBHEM IEPHONMYHOCTH BIONb TPyObl. Beraucnenus
npoBOAMIIKCH TipH umcie Peiinosnbaca Re=UyR/v=2000 (Up— cpennsisi ckopocth, R — paanyc kpyra) B TpyOe UIMHON
10R Ha cetke 64x32x64 (1m0 MHE, MO paaMycy W MO yrity) u Ha cetke 128x64x128. Craptys co ciyyaillHBIX
HavyalbHBIX JaHHBIX ypaBHeHHs HaBbe—CTOKCAa MHTETPUPYIOTCS IO BPEMEHHU C YCIIOBUEM MOCTOSHCTBA pacxoja JIo
BBIXOJIa PELICHHS HA CTATHCTUYECKU CTALJMOHAPHBIA PEXKUM. 3aTeM BBIYHCIIAIOTCS CPEIHUE IOJIS OCPEIHEHUEM IO
BPEMEHH, 110 OJHOPOJHOW MPOJOIILHOW KOOPANHATE U OCPEIHEHHEM OTHOCHTEIBHO INIOCKOCTH CHMMETPHHU TPYOBL.
Pe3ysprathl, IOJNy4eHHBIE HA IBYX CETKaX COBIAJIAIOT KAUE€CTBEHHO U OJIM3KU KOJIMYECTBEHHO.

Ha pucynkax n3o0paxeHs! (clieBa HalpaBo) JIMHUKM TOKa BTOPUYHOTO TE€UEHHMs (CIUIOIIHBIE JIMHUU OTBEYAIOT
JIBIOKCHHIO MPOTHB YaCOBOM CTPENKH, MyHKTHPHBIC — 110 YaCOBOIl CTpeJiKe), TMHUH YpoBHs cpemueit ckopoctu U/Up
(ot 0 no 1.4 ¢ marom 0.2) u mone gaBIeHUS B OCPETHEHHOM TEUCHHH (CpeAHee IO CeYeHHIO paBHO 0, CIUTONIHEBIE
JIMHUHA — TIONOKMTEILHEIE 3HAYEHUS, TyHKTHPHBIE — OTPHMIATENBHBIE). B OKpecTHOCTSX yrioB B 90" BTOpHuHBIE
TEUEHHUsS HMEIOT HAlpaBJCHHE [BIDKEHMS, AHAIOTHYHOE TEYCHUSIM B YTJIOBBIX 0OJACTSIX TPyO NPsIMOYTOJIBHOTO
CEUCHHMA: JKHUAKOCTh MABWXKETCS B HANpaBJICHWM YIJa W PAcTeKaeTcs BAOJb CTEHOK. MakcHManbHas CKOpPOCTh
BTOPUYHOTO T€YEHHS B ATHX 007acTsax okoio 1.1% or Up. B oKkpecTHOCTH BHEIIHETO yIiia HAlpaBJeHHE BTOPUIHOTO
TeYeHHUsI 0OpaTHOE — CTEKaHHNEe K YITIOBOIM TOUYKE B/IOIb CTEHOK M BHIIUIECKMBAHUE HAPYXy BIOJb OMCCEKTPHCHI yIia.
MakcuManbHasi CKOpOCTh BTOPHYHOIO TeYEHHs 31ech cocraBisier okoio 4% ot Up. OnmcaHHoe HamnpaBieHHE
JIBMDKEHHS] BO BTOPUYHBIX TEUCHHUAX OTPaKaeTcsl B XapaKTepHBIX Ne(OpMaNnsIX JIMHUH YPOBHSI CpeTHEH CKOPOCTH.

[loBenenne BTOPHYHBIX TEUYEHHH JIETKO OOBSCHUTH, NPHHUMAs BO BHHMAHHE IPEUMYIIECTBEHHOE
HarpaBJeHHe KoJeOaTeIbHOTO ABMKEHUS YaCTHI] )KUAKOCTH B TIONIEPEYHOM CEUEHHH TPYObI B IIPUCTEHHOH 00nacTu
(3t KojeOaHWsI TPOUCXOIAT BIOJIH JIMHWH, KAdeCTBEHHO ONM3KMX K JIMHUSAM YPOBHS CpPEIHEH CKOpOCTH,
n300paKEHHBIX Ha CPEIHEM pPHUCYHKE). BOMM3M Tiamkoil 9acTw OKpYKHOCTH KOJNeOaHHS MPOUCXOIAT MO Tyram
OKPY>KHOCTH (BOJHM3M CTEHKH paJlaibHasi KOMIIOHEHTA CKOPOCTH MHOTO MEHBIIIE TaHTE€HI[MAILHOM), YTO BBI3BIBAET
HEHTPOOCIKHYIO CHITy, HANPABJICHHYIO K CTEHKE M MOBBIIICHHE JaBJICHUS HAa CTEHKE. OTO MOBHIIICHHOE /aBJICHHE
PaBHOMEPHO PAcCIIpeesieHO BAOIb OKPY>KHOCTH W HE BBI3BIBACT ABIKCHHS XUAKOCTH. CHTyalus U3MEHSIETCS MpH
OpUOMMKEHHH K YIJIOBBIM  To4YkaM. KpuBH3HA TpaekTopwi KojeOaTeNpHOTO JIBI)KEHHS MOBBIIMIACTCH,
COOTBETCTBEHHO, IOBBIIIAETCS M IEHTPOOEKHAS CHIIa, M JIaBJICHHE BOJIU3M CTEHKU. BO3HHMKAIONIIMI BIOJIE CTEHOK
TPaJIMEHT JABJICHUS BBI3BIBAET PACTEKAHUE >KHIKOCTH, YTO KOMIIEHCHPYETCSl 3aTeKaHHEM W3 BHEUIHEH o0sacTh
BHYTPh yria. B okpecTHocTH BHeIIHero yria HaOmtomaercsi oOpartHast kaptuHa. [lynpcannoHHoe oOTekaHue
BHEIITHETO YIJla BBI3BIBACT LEHTPOOSKHYIO CHIIy, HalpaBieHHYIO OT yIJa, NOHW)KCHHWE JABJICHHS M oOpaTHOe
HaNpaBJIEHUE BTOPUYHOTO TCUEHUS.

PaboTa BbIMONIHEHA C HCHOJIB30BaHWMEM O000pynoBaHMs LleHTpa KOJUIEKTHBHOTO IOJIb30BAHMS CBEPX-
BBICOKOIIPOU3BOJUTENIBHBIMU BBIUMCIHUTENbHBIMU pecypcaMmu MI'Y umenu M.B. JlomMoHOCOBa B COOTBETCTBUU C
wianoM uccienoBannii HUU mexanuku MI'Y (tembr AAAA-A16-116021110203-6; AAAA-A19-119012990110-0)
«Y CTOHYMBOCTD THAPOANHAMHYECKIX TEUCHHUH U TypOyJIEHTHOCTBY.
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3KCHEPUMEHTAJIbHBIN AHAJIN3 YCTOMYUBOCTHU TEUEHUS IIPA ®UJILTPAIIUM
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CKBO3b XUMHUUYECKU-AKTUBHBII CKEJET
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Mockosckuit @usnko-Texaudeckuit Macturyt (HUY), JonaronpyaHbrii
rinat-plavnik@yandex.ru

Cpenu METOOB yBENWYEHHS TOOBIYN YIIIEBOAOPOIOB OJHIM M3 HanOOJee MEPCIEKTUBHBIX SABIACTCS METO
KUCJIOTHOHM 00pabOTKH IuiacTa, 3aKIIOYAIOIINICS B 3aKauKe B MPU3a00IHYI0 30HY Ul PaCTBOPEHHS YaCTH IOPO/IbI
pacTBOPOB KHCJIOT. ABTOPaMHU M3y4YaroTCsl IPOLECCHI, MIPOTEKAIOIIUE PU M30TEPMUYECKON (HUIbTpaly pacTBopa
KHUCJIOTBI CKBO3b IOPUCTYIO Cpely, COAEPXKAIlYyH0 XMMHUYECKU-aKTUBHBIC KOMIIOHEHTBl U HACBHILEHHYIO
BBICOKOBSI3KUM (urtonnoM. JlaHHas (uibTpanys MpoXomUT C HM3MEHEHHeM (pa30BOro cocraBa KOMIIOHEHTOB, a
MMEHHO, B XUMHYECKOW peaKkIMi MeXy pacTBOPOM KHCJIOTHI M KOMIIOHEHTAaMH IUIacTa BbLesieTcs ra3oBas dasa.

Ipu npoBeneHnH YHUCIEHHOTO MojenupoBanus [1] u maboparopHoro skcrmepuMmeHTa [2] maHHOTO THIA
TeUeHHs1 HaOMIOAaINCh KoJIeOaHus NaBICHUS B 0OIACTH NMPOTEKAHMS XMMHUYECKON PEaKIHH, PH 3TOM JBIKCHHE
pacTBOpa KHCIIOTHI M Ta30BOH (ha3bl IPOUCXOIAMIIO BOJIHAMH, HA3BaHHBIMHU «KHCIOTHBIMHU BOJTHaMm». Llenbio nanHoON
paboTHI SIBISUICS Ta00PATOPHBIN MMOUCK MPHYMH BOSHUKHOBEHHS ITaHHBIX BOJTH.

Jns mpoBeneHns SKCIepuMeHTa ObLTa coOpaHa IUIOCKas Mpo3padHas sdeika ¢ BHYTPEHHHMH pa3MepaMu
350x160x15 MM, KOTOpas 3amloNHSIACH IMOPUCTOM cpemoil. HrkHssS dYacTh sueiiku ObLTa 3aKpbiTa CETKOM,
HNPOMYCKAaIOIIEed pacTBOP KHCIOTBI M HE MO3BOJIAIOIIEH IOPUCTOM cpele BbINanaThb W3 SYEHKH, BBEPXY
pacronarajiuch JABa OTBEPCTHS, Y€PE3 OJHO U3 KOTOPBIX NMPOBOJMIACH 3aKauka (UIIOUA0B B sUCHKY, a uepe3 Apyroe
— OTBOJ| U30BITKOB JKUJIKOCTH ¥ ra3a JJIsi MOJICPXKaHUs TIOCTOSIHHOTO JaBJIeHHs B siueiike. Biomnbs onHOI U3 cTropoH
sYelKy ObUIM YCTaHOBJICHBI 15 1aT4nKoB AaBjieHus ¢ maroM 20 Mm.

B kauecTBe MOIENM XMMHUYECKH-aKTHMBHOW MOPHCTON Cpelbl MCIOJIB30BaJICS CTEKIOOMCEp, CMEIIaHHBIH C
MUIIEBOX COJIOM, B KAYECTBE OKHUCIUTEIS — BOJHBIA PACTBOP JMMOHHOM KHUCJIOTHI, BBICOKOBSI3KOI'0 HACBILIAOLIETO
(monna — MUHEpanbHOE Maci0. PacTBOp KMCIOTHI ObUT MOAKPALIEH YePHUIAMH JUTS JTy4IIeil BAIUMOCTH B STUCHKE.

OKCHEepUMEHT TPOXOAWJ cieaylomnuM o0pa3oM. Brauvane sdelika 3amonHsulach IOPUCTOW cpenod ¢
OIpeeNEHHON MacCOBOM KOHIIEHTpAeH MUILEBOM coabl. 3aTeM C IOMOLIBIO HacOCa MOPHCTas CpeAa HAChIIAIACh
MAacIIOM, TOCJIE Yer0 HaYMHAIACh 3aKayKa pacTBOPA KUCJIOTHI 3aJaHHON MacCOBOM KOHIIEHTPALUEH.

Cepur CHUMKOB C pacpOCTPaHEHHEM BOJIHBI IIPEACTABIECHBI HA PUCYHKE clieBa. DOTOCHUMKH CIETYIOT APYT
3a JIPyroM ¢ IIPOMEKYTKOM B OJIHY ceKyHAy. PuibTpamus pacTBopa KHUCIIOTHI (MOJKpaIIeH YEPHBIMU YEPHUIIAMH)
MPOXOIUT CBEpXy BHHU3 IO sUeiike. benble 30HBI OTBedaloT 00JACTAM, TJe TOPUCTas CpeAa HACHIIIEHA TOJBKO
MUHEpalpHBIM MacioM. Ha kangpax BuaHa uépHas KOHTpPAcTHas TPaHUIA, PACHPOCTPAHAIONIAast B HAIPaBICHUU
(DUIBTpaLNU — «KUCIIOTHAS BOJIHAY.

Pe3ynbraTel uccienoBaHUS BOZHUKHOBEHHUS BOJH B 3aBUCHMOCTH OT KOHIIEHTPAIIMH XMMHYECKH aKTHBHBIX
KOMIIOHEHT IPE/CTaBJIEHB Ha MapaMeTpHUecKoi auarpamMMme (Ha pUCYHKE cIpaBa), U3 KOTOPOH MOJKHO CHAeNaTh
BBIBOJI, YTO 30Ha BOSHUKHOBEHHUS «KHUCIOTHBIX BOJIHY JIEXKHT BBIIIIE HEKOTOPOH KPHBOH IOX0XKEH Ha THIIEpOOITy.

20 .
]
=18
£ 4 ¥
;15 \
g 14 4
g
: | = e o * *
‘ g1 :
£ 10 !
1 2 3 4 5 é{g g meo
b4 \
;=>' [ *
]
: \ *
§4 » \\:
g
8§, = B e
A==

MaccoBas KOHUEHTPaUMsA okucnuTens, %

#Hanuyue KUCNOTHLIX BOMH ™ KMCNOTHbIE BONHBI HE BO3HMKANK

10

6 7 8 9

Pabora BeinonseHa npu noaaepxke PODU (mpoekt Ne 16-08-01071).

JINTEPATYPA
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2. Zavialov I., Varov A., Salikhov R., Antsiferov E., Konyukhov A. Laboratory modeling of flow with gas-
producing reaction in porous media // Journal of Porous Media. 2018. V. 21. Ne 10.
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3KCHEPUMEHTAJIbHOE UCCJIEJJOBAHUE YCTOMYUBOCTH YIIPYTUX TPYBOK C
MPOTEKAIOIIEA BHYTPH )KUJKOCTBIO

A.b. TTogonpoceerosa (ITopommuna), B.B. Beneneen
Mockosckuii I'ocynapctBensblil Y HuBepcutetr uMeHu M.B. JlomonocoBa, MockBa
poroshina@imec.msu.ru

IIpoGmema B3amMOAEHCTBHS KPOBOTOKA CO CTEHKAMH KPOBEHOCHBIX COCYIOB SBIISICTCS BaXKHOM MpoOiieMoit
CEpEYHO-COCYAUCTON CUCTEMBI. TEOpEeTUUECKHE U 3KCIEPHUMEHTAIbHBIE HCCIIEIOBAaHUS YCTOMYMBOCTU MOAENEH
KPOBEHOCHBIX COCYAOB, TPAHCIIOPTUPYIOUIUX JKUAKOCTh, IPOBOJUIOCH B TEUCHUE HECKOIBKUX AecATUiIeTu [ 1, 2].

Boubias yacTh 3THX MCClIeIOBaHUH MPOBOANIACH TOJBKO JUIS TYPOYJIEHTHBIX TEUSHHH, M TOJIBKO HECKOJIBKO
HCCIIeTOBaHU#t GBUTO MPOBEACHO JUTs TaMHHAPHBIX TeueHui [3]. OnHako, B HOPMAIbHBIX YCIOBUAX KPOBb TEUET Ha
TypOyJIEHTHOM PEXHME JINIIb B HEOOIBIION 4acTH CepAeYHO-COCYIUCTON CUCTEMBI, TOTa KaK IPEenMYyIEeCTBEHHO
TEUEHHE KPOBH SIBJISICTCS JIAMUHApHBIM. TakuMm 00pa3oM, BIMSHUE PEKUMOB TEUCHUS] Ha YCTOWYHMBOCTH YIPYron
TpYOKH MpeJcTaBIsieT OrPOMHBII HHTEpEC.

Jlaruuk
abconoTHOTO
JlaBJIeHNs Ynpyras TpyOka
Pacxoflomep\'
\i Pabs
—
Bona
" Jlatuuk qudy. nasneHus
Kpaet PR ——{AP4 F
Jaruuk 1ud). AasieHus Jaruk . rapnenus
—[AP3 F
Jlatunk jtud. nasieHus |

OKCIepHUMEeHTaIbHOE UCCIIE0BAaHNE B JAaHHOU paboTe MPOBOAMIOCH HAa HanOoJee 4acTo MCIOIb3YeMON AT
TaKOro pPoJia IKCIIEPUMEHTOB YCTaHOBKE, HMMEIOLIeH NPUHIMIHAIBHYI0 cxeMmy «Starling resistor». YcraHoBka
COCTOUT M3 TOHKOCTEHHOH »JacTHYHOM TpyOku (TpyOkm IleHpoysa), HATIHYTOH MeXIy IBYMS >KECTKUMHU
TpyOKamHu, ¥ pOTEeKaoLIel BHYTPH )KUAKOCTHIO.

CHavasla IpOBOAWJINCH 3KCIIEPUMEHTHI TI0 ONPENECIICHHUIO JUaMeTpa ynpyrod TpyOKH Uit JTaMHHApPHOTO H
TypOyJIEHTHOTO TOTOKOB. B KaudecTBe padoueil KUIKOCTH NPH TYpOYJIIEHTHOM pEXHMME TEUCHHUS HCIIOJIb30BAJIACH
BO/JIa, a MIPY JJAMUHAPHOM PEXHUME — BOJHBIC PACTBOPHI INIHIIEPHHA.

[Janee paccunThIBanach BSI3KOCTh (KOHIEHTpAIWs) BOIHBIX DPAacTBOPOB IJIMIEPHHA M CKOPOCTH IIOTOKA,
KOTOpBIE 00ECIeYMBAIOT TOT JK€ IIepenaj JaBJeHHWs B TPyOKe NpH JIAaMUHAPHOM M TYpOYJIICHTHOM TEUEHHSIX.
[Mony4eHo, 4yro AnamnazoH pacxoja ot 2,2 JI/MUH /10 2,8 JI/MHH M KOHIEHTpAIMs BOJHBIX PACTBOPOB IIIMIEPHHA OT
40% no 44% npu Temneparype 20°C SBISAIOTCS HEOOXOJUMBIME YCIOBHUAMH JUUISI CPABHEHUSL.

HaxoHel1, MpoBOJAUINCH HE3aBHCHUMbIE IKCIIEPUMEHTHI 10 HW3YYCHHIO YCTOWYHMBOCTH YNPYTroW TPYOKH AJist
TypOYJIEHTHOTO ¥ JJAMUHAPHOTO TIOTOKOB.

BblIH BBISBIICHBI YEThIPE TUIA KOJIEOAHUH /s TJAaMHUHAPHOTO U TYpOYJIEHTHOTO MOTOKOB, HabII01aeMble 110
JlaTYMKaM Tepernaa qaBieHus], JaTYNKy BbIXOJAHOTO JABJICHHS, M3MEPEHHSIM MUKPO(GOHA U BU3YyallU3aluU PEIKHIMOB
KoneGaHui TpyOKH.

Pabora BeinonHeHa npu noaaepxke PODOU (mpoekt Ne 18-29-10020).
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2. Heil M., Hazel A.L. Fluid-Structure Interaction in Internal Physiological Flows // Ann. Rev. Fluid Mech. 2011.
V. 43.P. 141-162.
3. Bertram C.D., Tscherry J. The Onset of Flow-Rate Limitation and Flow-Induced Oscillations in Collapsible
Tubes // J. Fluids Struct. 2006. V. 22. Ne 8. P. 1029-1045.
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IPOCTPAHCTBEHHO-BPEMEHHBIE KOPPEJISIIIUUA TYPBYJIEHTHBIX ITYJIbCAIIUIA
B IINTOCKOM KAHAJIE

H.B. Ilonenenckas, b.1. Kpacnononsckuii, H.B. Hukutun
HUU mexaanku MI'Y nmenn M.B. JJomoHocoBa, MockBa
nvnikitin@mail.ru

[IpocTpaHCTBEHHO-BpEMEHHAsl KOPpENSUUS JAeT CYIIECTBEHHO OoJiblle MH(POPMAaLUK O TypOyJISHTHBIX
CTPYKTypax, 4eM MPOCTO IPOCTPAHCTBEHHAs WJIM IPOCTO BpeMEeHHas Koppessinus. Hampumep, B CIOBHUTOBBIX
MOTOKaX (IYKTyallMd CKOPOCTH B (PMKCHPOBAHHOH 3HJIEPOBOM TOYKE MOTYT MMETh Mallblii BpPEMEHHOW MaclTad
KOTEPEHTHOCTH, TOT/Ia KaK TypOYJIEHTHBIE CTPYKTYPHI, IEPEHOCHMBIE TEUEHHEM, MOTYT COXPaHITh KOI'€pPEHTHOCTh
Ha OONBIIMX BpeMeHax. B 4YacTHOCTH, BOIPOC O BPEMEHHM XHM3HU KOT€PEHTHBIX CTPYKTYpP BCTa€T B CBSI3U C
OIIpe/IeJIeHUEM XapaKTepHOTo Iepuoja IeKOPPESIIUU TypOyJIeHTHOTO ITOTOKA, Pa3JeisIOLIero CTaTHCTHYECKU
HE3aBHUCHMBIE COCTOSIHUSL.

B Hacrosmieli paboTte onpenesneHbl XapakTepHble BpeMeHa IEKOPPEISIIU TYpOYJICHTHOTO TI0TOKA B INIOCKOM
KaHaye Tpu TPEX 3HAYeHHWsX uucia Peiinompaca Re ~ 4200, 10300, 16400 (Re; = 180, 390, 590) [1]. 3mech
Re=Uoh/v, Uo=1.5Uy, Uy — cpenusis ckopocth, h — monymmpuna kanana. C 3toll nenbio Obutd mposeaeHsl DNS
pacdersl U TpH Kaxa0oM Re Ha quck ObLTH 3amucaHbl 1o JaBe cepud (S=1, 2 — KOpoTKas u AnuHHAs cepus) u3 251
MTHOBEHHOH peali3alliy IIOJHOTO TPEXMEPHOro MO CKOPOCTH YCTaHOBHMBLIErOCs IOTOKA, Ha OTPE3KEe BPEMEHH
t=0...250At;. UnTepBasl Mo BpeMeHH MEX/Iy COCeAHUMH peanusanusamu coctaBmsuin Ati=At(Re) u At,=10At(Re) B
KOPOTKOM M JUIMHHOM CEpHU COOTBETCTBEHHO.

[IpocTpaHcTBeHHO-BpeMeHHas Koppemsuus Ri(r,z;y) mynbcanuit i-0d KOMIIOHEHTBI CKOPOCTH B TOYKaX,
pa3len€HHBIX PacCTOSIHUEM I BIOJIb KaHala M MHTEPBAJOM BpPEMEHHM T ONpenelsieTcs 1o cienyloeil ¢hopmyre
(yrioBble CKOOKH O3HAYAIOT OCPEIHEHHE 110 OJHOPOIHBIM KOOPAMHATAM X H Z, @ TAK)Ke 10 JOCTYITHOMY KOJIMUECTBY
peanu3anuii o BpeMeH )

i,y z.thu'iix +roy 2t + 7))
R;(r.my) = —
u E_i’i"ﬂ.S {}‘:I
JlocTynmHOE KONMMYECTBO peanu3aluil onpenaensercs BearnuuHol t: npu 1=0 310 251 peanmsanus, mpu t=250At —
TOJIEKO OJIHA PeaT3aLlysl.
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Ha pucynkax mnpuBeneHb pe3yibTaThl BeMuciaeHud 118 Re=16400. CrmeBa — IUHHH YPOBHS

MPOCTpaHCTBeHHO-BpeMeHHOH koppesiwn (o1 0.1 1o 0.9, ¢ marom 0.1) s U-kOMOOHEHTHI ckopocTH mpu Y =10.
Junus %y (T7) coemuHseT TOUKHM I, TIPH KOTOPBIX JOCTHTAaeTcsl MAKCMMAaslbHas KOPPENALMS MPH KaxaoM 7. Baob
3TOM JTMHUH COXpaHsIEeTCs HanOOJbIIasi KOTEPEHTHOCTh MYJIbCAIlNil CKOPOCTH. 3HAUEHHSI KOPPEIALUH B0 TUHAN I
=%y (T7) a0 ABYX cepuii COXpaHEHHBIX peanu3aluii (CIUIOMIHAS JIMHUS — KOPOTKAS CEpHsl, KPYIJIble CUMBOIbI —
JUIMHHAsT CepHsl) TIPUBEIEHBI HA CPEelHEM PHCYHKE. XapaKTepPHbBIH BPEMEHHOH MacmTad JeKOPpelInnu MOTOKa Ha
KaXXJIOM PacCTOSHUH Y OT CTEHKH MOYKHO OIIPEEIUTh KaK HHTETPaIbHbIN MacIuTa0:

LG = [ R(m @,y
o
Pacnipenenenns mHTErpanpHOrO Macimraba momepek kaHama npu Re=16400 ams Tpex KOMIIOHEHT CKOPOCTH
MOKa3aHbl HA IPABOM PUCYHKE.

PaGora BBINONHEHAa C UCHOAB30BaHMEM o0OopynoBaHusi LleHTpa  KOJUIEKTHMBHOTO  IIOJIb30BaHUSA
CBEPXBBICOKONPOM3BOJUTEIbHBIMY  BBIUUCIUTENbHBIMU  pecypcamu  MIY  umenn M.B. JlomonocoBa
U C UCIIOJIb30BAHUEM BBIYUCIIUTENBHBIX pecypcos OBK HUILJ «KypuaToBckuit HUHCTUTYT»,
http://computing.nrcki.ru/, mpu moanepsxke rpanta PH® Ne 18-71-10075.
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3KCIEPUMEHTAJIbHOE UCCJIEJJOBAHUE AJIMABATHOM TEMITIEPATYPHI CTEHKH
B CJIEJAE CBEPX3BYKOBOI'O IIOTOKA 3A YCTYIIOM

C.C. ITonoBuy, A. I'. 3murosern, H. A. Kucenes, F0.A. Bunorpamnos
HUU mexannku MI'Y umenn M.B. JlomonocoBa, MockBa
pss@imec.msu.ru

W3BecTHO, YTO MOBEPXHOCTh, 00TEKaeMasi BHICOKOCKOPOCTHBIM ITOTOKOM, Pa3OTPEBACTCs 10 TEMIIEPaTYpBhI
ONMM3KOM K JIOKAJbHOW TeMIepaType TOPMOXKCHHS HEBO3MYILICHHOTO MOTOKa. OAHAKO MOJHOTO BOCCTAHOBJICHHS
TEeMITEpaTyphl 10 3HAYCHUSI TEMIIEPaTypbl TOPMOXKEHHS HE IPOUCXOAUT. ECIN MOBEPXHOCTH TEMJIO M30JIMpOBaHA
(HempoHMIaEMa IS TETUIOBOTO TIOTOKA), TO €€ TeMIIEpaTypa (ajuabaTHas TeMIEpaTypa CTEHKH — Ty’ ) Oy/1eT paBHa
TeMIlepaType NPHUCTEHHOTO CJIosl ra3a, B OOIIeM ciydae HE paBHOW TeMIeparype TOPMOXKEHHs HoToka. Mepoi
OTKJIOHEHUs CIYXXUT KOI(P(QHUIMEHT BOCCTAHOBJIEHUS TEMIEpaTypbl I, IMOKa3bIBAIOIIMI /OO KHHETHYECKOM
SHEpPIruy MOTOKA, IepeXoasIiell B TeII0 Ha CTEHKE.

Bo BBenmeHuum jgoxiiafa cienaH 0030p JIMTEpaTypHBIX HCTOYHHMKOB, OTKYyZa CIEAyeT, 4TO JJIs BO3AyXa
K03 PHUINEHT BOCCTAHOBIICHHUS TEMIEpATYphl I MpH TypOYJICHTHOM O€30TPHIBHOM OOTEKaHWH IDIACTHUHBI U TeEll
BpAIlIEHN C IMIaJKUMH 00pa3yromiMH (IMINHID, KOHYC), B COTIIACHH ¢ MHOTOYHCICHHBIMH 9KCIIEPUMEHTAIbHBIMU
marabiME [1], cocraBmser 0.89+0.01. BremmHwne Bo3neifcTBus (IpaIWeHT NaBJICHUS, MPOHUIIAEMOCTh CTEHKH,
nu3MeHeHne (GopMBl U penbeda MOBEPXHOCTH, CKAaYKH YIDIOTHEHHS U OTPHIBHBIC TEUCHHUS) MOTYT IPUBOANUTH KaK K
MOBBIIICHHUIO a3POJMHAMHYIECKOTO HarpeBa B JIOKATM30BAHHON 00JACTH, TaK M K OXJIXKJCHUIO CTEHKH — CHIKCHHIO
K03((HUINeHTa BOCCTAHOBICHHUS TEMIIEPATYPBI.

JlaHHOE HcceoBaHue SIBISIETCS] IPOJOIDKEHUEM SKCIIEPUMEHTAIBHOTO M3YUeHHs paHee 3apUKCUPOBAHHOTO
addekra cHIDKEHNS arabaTHOI TeMIlepaTypbl CTEHKH B clie/ie 32 00TeKaeMOoil perpaioil B CBEpX3ByKOBOM ITOTOKE
[2]. Lenpto maHHO# paboOTHI SIBISETCA HCCICAOBAHHE I[apaMETPOB a’3POTEPMOMMHAMHKH TIPH TECUCHHH
CBEPX3BYKOBOTO ITOTOKA HAa IUIOCKOH MOJIEIH B CIIEJIE 32 YCTYIIOM.
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Ha pucynke mnoka3zaHa cxeMa CBEpX3BYKOBOIo aspoauHammuyeckoro creHna AP-2. UYwmcmo Maxa
Haberaromero moroka Mo=2.2, TeMieparypa TopMoxkenus 1o =293 K (ompezensieTcss TeMIepaTypoii II0AaBaeMoro
KOMIIPECCOPOM BO3/yXa), MaBieHUe TopMoxkeHus Po =600 kIla. BricoTa ycTyma BapbHpoBagach oT 8 10 20 MM,
TOJIIIIMHA HaOeraromero HeBO3MYIIEHHOTO MOTPaHUYHOro ciiosg — okoio 6 MM. Kputepuii PeitHonbiaca no ammHe
JMHAMHYECKOTO MOTPAHMYHOrO clios — He MeHee 2107 Ha cpese comna mepen ycTynoM. JlokanpHas TemIepaTypa
MOBEPXHOCTH 3a YCTYNOM (puKcHpoBanmack MH(PPAKpPacCHOW KaMepoil, paclpeleleHHe TeMIepaTypbl B Ciele —
TEpMOTIapaMH C TepMOKOMIIeHcanueil. Busyanm3amus KapTHHBI TEUeHHS NPOW3BOAMIOCH TEHEBBIM M MAacio-
Ca)kKEeBBIM METOIOM.

B 3akirodenue B TOKIJIaje TOKAa3aHO CYIIECTBOBAHME HMU3KHMX 3HAYEHWI afnabaTHOW TeMIIepaTyphl CTCHKHU B
00J1aCTH PEIUPKYIALNH, Pe3KHH POCT C AOCTIKCHHEM MaKCHMyMa B 00JaCTH MPUCOEIMHEHHUS OTPAaHNIHOTO CII0s
W CHWD)KEHHE B 00JIacTH cieja JI0 3HaueHHWH OoJjiee HU3KUX I0 CPAaBHEHHUIO ¢ OE30TPBIBHBIM OOTEKaHHWEM ILIOCKOM
CTEHKH. D(PPEKT OXJIAKICHUSI CTEHKN BO3PACTAET C YBEJINYEHHEM BBICOTHI yCTYyIa M COXPAHSETCS HA PacCTOSHUU
110 20 KamOpOB HIKE TI0 TCYCHHUIO.

Pabora BeimonHseTcs mpu noanaepsxkke rpanra PH® (mpoext Ne19-79-10213).

JINTEPATYPA
1. JleontseB A.U. I'a30quHaMu4ecKue METO/BI TeMIlepaTypHo# crpartudukanuu (063op) // 3s. PAH. MXKT'. 2002.
Ne 4. C. 6-26.
2. Leontiev A.l., Popovich S.S., Strongin M.M., Vinogradov Y.A. Adiabatic wall temperature and heat transfer
coefficient influenced by separated supersonic flow // EPJ Web of Conferences. 2017. V. 159. P. 1-5.
DOI: 10.1051/epjconf/201715900030.



W3MEPEHUE AJIMABATHOM TEMIIEPATYPbBI CTEHKH IVIOCKOM IIJIACTUHBI, OFTEKAEMOM
CBEPX3BYKOBBIM BO3YIIHO-KAIIEJBHBIM IOTOKOM

C.C. Tlonosu4?, A.T. 3qutosen?, H.A. Kucenes?, I0.A. Bunorpaznos!, H.B. Measenkas?®
THUU mexaruku MI'Y nmenu M.B. JlomoHOCcOoBa, MockBsa
20UBT PAH, Mockaa
pss@imec.msu.ru

HccrnenoBannio B3anMoaeicTBHs ABYX(a3HBIX (IUCIEPCHBIX) IIOTOKOB ¢ OOTEKaEMBIMU TEJIaMHU ITOCBSIIEHO
MHOKECTBO paboT (cM., Harpumep, 0630p [1]). Hanuune naxce HEOOIBIIOro KOJIMYECTBA IIPUMECH (JJOJIM MPOLICHTA)
B OCHOBHOM IIOTOKE MOJXET IPHUBOJUTH K CYIIECTBEHHBIM H3MEHEHHMSM €ro IapaMeTpoB Ha MOBEPXHOCTH
obTekaemoro Tena. B naHHOW paboTe BHUMaHHE CKOHLIEHTPHPOBAHO Ha BIIMSHMM NPUMECH BOJHBIX Karlelib B
CBEPX3BYKOBOM BO3/IYIIHOM ITIOTOKE Ha TEMIIEpATypy NOBEPXHOCTH 0OTEKaeMOT0 Tea.

W3BecTHO, YTO MOBEPXHOCTh, 00TEKaeMasi BHICOKOCKOPOCTHBIM ITOTOKOM, Pa3orpeBaeTcsl 10 TeMIIEpaTyphl
ONMM3KOM K JIOKAJbHOW TeMIeparype TOPMOXKEHHs HEBO3MYILEHHOrO MOToKa. OJHAKO MOJHOIO BOCCTAHOBJICHUS
TEMIIEpaTyphl 10 3HAYCHUS TEMIIEPaTypbl TOPMOXKEHHS HE NMPOUCXOAWT. ECnm MOBEPXHOCTH TEMIIO M30JIMPOBAaHA
(HempoHMIIaeMa JAJI TEIJIOBOTO IIOTOKAa), TO ee Temmeparypa (ammabaTHas TeMmepaTypa CTEHKH — |W¥*) Oymer
paBHa TeMIIepaType MPUCTEHHOTO CJI0s ra3a, B 00IIeM ciIydae He paBHOW TeMIepaType TOPMOKEHHUS ITOTOKA.

Bo MHOrmx mnpuKIagHbIX 3afadax (TEIUIo3amuTa, Oe3MaIllMHHOE 3HEpropasieieHHe W T.I.) CHIDKCHHUE
annabaTHOW TEMIEpaTypbl CTEHKHM OTHOCHTENBHO TEMIIEpaTypbl TOPMOXKCHHS TPHUBOIUT K CYIICCTBEHHOMY
TIOBHIIICHHUIO TTOJIOKUTENBHOTO 3 dekta [4—10]. Hanpumep, maHHOE 00CTOATENBCTBO MOXKET HCIIONB30BATHCS IJIS
NOBBIIEHHS A(P(PEKTUBHOCTH  YCTPOMCTB OE3MAIIMHHOTO DHEPropasieieHus, padoTaloMUX [0 CXeMe,
MpeJNIoKEHHOH B pabore [4].

B Hacrosimeid paboTe NpenCTaBIEHBI PE3yNbTaThl HM3MEPEHHS TEMIIEpPaTypbl MOBEPXHOCTH ILIOCKOW
IUIACTUHBI, OO0TEeKaeMOW CBEPX3BYKOBBIM BO3JYIIHO-KaleJIbHbIM IOTOKOM. Il1acTMHa W3 JIOpAIIOMHHUS
yCTaHaBJIMBAJIAaCh BEPTHUKAJbHO B pabodyeM KaHaue a’dpoAMHAMHUYECKOH ycTaHOBKM. Karum sxuakoctu
(mucTHIUIHpOBaHHAS BOJA) B BO3AYIIHBIA IOTOK PACHBULUIACH B (opKamepe depe3 LeHTpoOekHbIe (OPCYHKH.
MaccoBasi KOHLIICHTPAIHS JKUAKOCTH cocTaBisiia M = 0.36%, 0.27% cpexnuii muamerp Kamnens o 3ayrepy - = 110
MKM, guciio Maxa Haberaromero moroka M = 2.5, 3.0. TemnepaTypa HMOBEpXHOCTH HU3MEpSIach TEIIOBU30POM.
PesynbraThl m3MepeHn TeMITepaTypsl MOBEPXHOCTH IUNIACTHHBI I CiTydasi ogHO(a3Horo (0e3 Kamens) BO3IyITHOTO
MOTOKA CPAaBHUBAIKCH C PE3yiabTaTaMH Ul BO3YIIHO-KAalEIbHOTO ITOTOKA IPH OJMHAKOBBIX Mapamerpax (1o
BO31yXy) B (opkamepe. Taxxe a1t MHTEHCH(BHUKAUN OCAXKICHUS Karlesb >KUIKOCTH Ha IUTACTHHY HCIOIb30BaJICs
TEHEPATOP CKavKa YIUIOTHCHUSA B BUJC KIIMHA, YCTAHOBJICHHOI'O BEPTUKAJIBHO MEPE]] IUTACTHHOM.

TloTok

Haubospirero cHIKEHUS TEMIIEpaTyphl MOBEPXHOCTH MJIACTUHBI YAAJIOCH JOOUTHCS Ha pexnme M=2.5, m =
0.27%. u reHepaTopoM cKauka Iepe] IUIaCTUHOM, PUCYHOK crpaBa. B 3ToM ciydae, Ha MOBEPXHOCTH ILIACTHUHBI
MPOMCXOIIMIO BBIMAJACHNE OCaaka B BHAE JbJa, YTO MPHUBOAWIO K JIOKAJPHOMY CHIDKCHHIO TEMIIEPaTypHl
noBepxHocTd Ha 10—13 C 1o cpaBHEHHIO CO CllydaeM OOTeKaHUsI OHO(A3HBIM TOTOKOM.

Pabora BrImosHSETCS B pamMKax rocOromkeTHON TemMbl AAAA-A16-116021110200-5 HUN mexanuku MI'Y
(http://www.imec.msu.ru) mpu 4acTHYHOM moepkke rpanta POOU Nel7-08-00130.
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KABUTAIIMOHHBIA TEHEPATOP NEPHOAUYECKHAX UMITYJIbCHBIX CTPY

B.B. [Ipokodses, C.A. Ouepersinbiii, E.A.SIxoBneB
HUU mexannku MI'Y umenn M.B. JlomonocoBa, MockBa
vlad.prokof@yandex.ru

B HWuctutyre Mexanmkn MI'Y mpoBeneHo Oo0NbIIOe KOJNMYECTBO SKCHEPUMEHTATBHBIX HCCIEIOBAHUN
ABTOKOJI€0aTEeNIbHBIX PEXUMOB TEUEHHS JKUJIKOCTH B THAPABIMYECKOH CHCTEME B NPHUCYTCTBUEM BEHTHIIMPYEMOIl
KaBEepHBI C MOBBIMICHHBIM AaBieHueM [1, 2]. WccrnemoBaHuii, MOCBSIICHHBIM TaKOTO POAa THAPOAMHAMHYCSCKUM
KoJieOaHHsM HEMHOTO — KpoMme MHCTUTyTa MeXaHHKHM MOKHO elle Ha3BaTh rpymy npodeccopa [1.M. Illkanosa
(MI'TY um. Baymana), koTopasi uccienoBana aBTOKOJICOaHHs B THIPOJIUHUN C HCKYCCTBEHHOW Ta30BOi KaBEepHOM
Ha Bbixoze [3]. B Hactosimieli paboTe u3ydyaeTcsi BOMPOC O BO3MOXKHOCTH HCIIOJIB30BAHHS PEKMMa aBTOKOJICOaHHIA
JUIL CO3JIaHWSI Ha BBIXOAE MNEPHOANYECKUX HMITYyJIbCHBIX CTPYH, KOTOpPBIE MOTYT OBITH HCIIOJIB30BAHBI MPHU
THIPOJMHAMHYIECKAX CIOC00axX pa3pyIIeHHs, HalpuMep, TOPHBIX MOpoJ. MccrnenoBaHUs cHOCOO0B pa3pymICHUS
MaTEpPHAIOB BEICOKOHAIIOPHBIMU CTPYSIMH, IPOBOJAMMBIE PA3IUYHBIMU HAYYHBIMH KOJIJIEKTHBAMH, TIOKA3aJIH, YTO HX
3¢ GEeKTUBHOCTE CHJIBHO 3aBHCHT OT XapakTepa IPHJIaracMelXx Harpy3ok. lIpM TpepeIBUCTO — MEPEMEHHBIX
JVUHAMHYECKUX Harpy3kax TIpOHCXOANT HMHTCHCHU(HKAIMI TPOIECCOB MIENe00pa3oBaHUsl M pacKaJbIBaHUS
MaTepHuana, CIEACTBUEM KOTOPBIX SBISETCA POCT MPOM3BOAUTENBHOCTH. Kak mpaBuio, B TaKMX yCTAHOBKAX
HCIIOJIBb3YIOTCST MEXaHUYECKHE YCTPOHCTBA, 0OecHeunBarolye MyabcHpyomyo padory [4]. B paccmarpuBaeMom
TEYEHUH MOXeT OBITh pea30BaH MEPUOAWYECKMH pEXKHUM MPEPBIBUCTOTO HCTEUCHHS JKUAKOCTH TIpU
MOCTOSIHHBIXIIApaMeTpax IO0JaBaeMbIX B CHUCTEMY BOJbBl W Ta3za, 0e3 NMPUMEHEHMs KaKHX-THOO MEXaHHYECKHX
cucteM. KoHKpeTHO, HCCIeI0BaIUCh aBTOKOIEOATEIbHBIC PEX