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K 100-1eTuio co JIHA POXKIEHUSI
aKaJIeMIKa,
Muxanna JIMurpuesnda MuinonmukoBa,

(16.01.1913-27.05.1973)

IInonoTBOpHOCTH M TBOpUYECKOE MHOTrooOpa3ue
KaK MoJieJib TypOysieHTHOCTHU. 'mnmoTe3a MMIIMOHIITTKOBA

Axagemuk M. JI. MuiinoHIIKOB — BBIIAIONINICS YIEHBIH B 001aCTH a3Po-
TUJIPOJIMHAMIKY, TTPUKJIAHON (PU3NKU U SJIepHOIl SHEepreTHuKu, opranmn3a-
TOP HAyKH, TOCYAapPCTBEHHBI 1 00IecTBeHHbIN JiestiTeib. OH BHEC OOJIBIIOI
BKJIJ] B PA3BUTHUE TAKUX 0OIacTell HAyKW 1 TEXHUKU, KaK TeOpHus TYpOy/IeHT-
HOCTH, Teopusl (UILTpAIN, MPUKIAJHAS Ta30Basg JUHAMIKA, pas3Jie/eHue
N30TOIOB, BHICOKOTEMIIEPATYPHOE PEAKTOPOCTPOEHNE, MIpsMoe TTpeodpa3oBa-
HUe SHeprun. B ncTopuio HayKu OH BOIIEI KaK aBTOp runoTe3bl MusiimoHIm-
KOBa, KOTOpas W IMOHBbIHE MUTHPYETCS YIEHBIMU BO BCEM MUPE: OHa aKTUBHO
IpUMEHSETCA B 3a/ia4aX, CBI3aHHBIX, TPEXkKEe BCEro, ¢ TypOYJIEHTHOCTHIO B
reopu3mnKe.

[Ipu Bcem MmHOTOOOpa3nu obracTeit, KoTopbiMu 3annMasicss Muxant Jmur-
pueBnd, TeMa TypOYJIEeHTHOCTH ObLIa CaMOil JIIOOMMOIl, OHa IIPOIILIa OT ac-
MUPAHTYPBI 70 TOCASTHUX JHeil ero »Ku3uu. [ crenuaancTtoB B 00JaCTH
TYypOyJIEHTHOCTU He TOKAXKeTCsl CTPAHHBIM YTBEpKJIeHUEe, ITO BCS JledATehb-
Hoctb Muxamia JImurpueBnda Obliia IpeKpacHoil MOJETbIO TyPOYIEHTHOCTH.
DHeprust, TBOpUeCcKasl caMoopraHu3alus, gcHas (popMyJIMpPOBKa IIpod/ieMa-
TUKW UCCJIEJIOBAHIA — 9TO JIN HE YePThI CTPYKTYPbI TYPOYJIECHTHBIX TOTOKOB?

CBou M3BeCTHBIE TEOPETUUYECKIE UCCIe0BaHUS 110 OJIHOPO/HON U30TPOII-
HOI TypOYJIEHTHOCTH, BayKHENINI Pe3yIbTaT KOTOPHIX BOIIE B HAyKy Kak
runore3a Muummontukosa, Muxant JIMmutpuesnd Buinoinmi B kKonre 1930-x
roJI0B, paboTas HaJl JuccepTalineil B acnupanType mpu MoCKOBCKOM aBUalll-
OHHOM MHCTHUTYTE 110Ji pyKoBojicTBoM Anjpest Hukosraesnua Kosmmoroposa.
B 1939 rosy 6bLi1a orydimkoBana neppas pabora Muxaunia ImurpreBnda 1o
TEOpUU M30TPOIHON TypOyJieHTHOCTU. B Hell n3yJaJics 3aK/IF0UUTe/IbHBII T1e-
PUO/T BBIPOK/IEHNUS, KOT/Ia ITPOTIECCAMU ITepepacIpe/ie/IeHIs SHEPTUH 110 CIIeK-
TPY MyJbCAINI MOYXKHO NpeHeOdpedb M0 CPaBHEHUIO € ITPOIECCAMU JTIUCCHUTIA-
muu. M. /1. MujummoHIIuKoB Haliies1 pelienne ypapaenusi Kapmana-Xoyapra u
YCTAHOBWJI 3aKOH M3MEHEHUs BO BpeMEHU KOPPEJTANMOHHBIX (PYHKIINN To/1eit
CKOPOCTH U TeMmIiepaTypbl. Pe3ybTarsl, MOJyIeHHbIe UM JIJIT aCUMITOTHYIe-
CKOT'O TIOBEJIEHUS KOPPEJANMOHHBIX (DYHKIUN Ha 3aKJIIOYUTEHLHON CTainn
BBIPOKJICHUST OJIHOPOJIHOI M M30TPOIHOI TYypOYJIEHTHOCTH, OKA3aJIICh Hau-
boJ1ee yI00HBIMU JIJIs1 SKCIIEPIMEHTAIbHON TTPOBEPKHU.

Hnsa nposepkn pesynabraroB M. . Mummonmukoa B 1948 rony JIx.K.
Bargesnop n A.A. TayHcen 1 npeipuHsAIN ClelialIbHble U3MEPEHHs B YCJI0-
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BUSIX, IO3BOJISIIONIUX TIOJYIUTH TYypPOYJIEHTHOCTH C BBICOKOI CTEIeHbIO BbI-
POKJIEHNUSI. DKCIIEpUMEHTAbHBIE PE3Y/JIbTaThl COBIAJIN C TEOPETUUCCKIIMIU.
Hbine cuumrTaercst, 9TO NPUIOKUMOCTH TEOPHH, IIPeIoyKeHHO Muxamiom
JIMuTpueBnueM, K aHAJIM3Y 3aKJIIOYATETHHOTO MEPUOJIAa BHIPOKJICHUS OJTHO-
POJIHOI 1 M30TPOITHON TypOYJIEHTHOCTH, HE BbI3bIBAET COMHEHUIT. Pe3yibraTh
9TUX UCCJIC0BAHNIT OBLIM NCIIOJIb30BaHbI JIJId pelieHus 0oJiee 00IIIeil 3a1a4u
00 M30TPOITHON TYPOYJIEHTHOCTH, KOTJIa MHEPIMOHHBIMU YJICHAMU B ypaBHe-
HUSX T'UJIPOJIMHAMUKH TIpeHeOperaTh HeJib3sd. Hy»KHO ObLIO peo/10/IeTh TiaB-
HYyIO TTpo0JIEMYy — HE3aMKHYTOCTL ypaBHennit Kapmana-XoyapTa.

['unroreza M. /1. MuiinoHmnumkosa 1o cBoeMy XapaKTepy Pe3K0o OT/IMYaAIaCh
OT IPEJJIOYKEHHBIX paHee. Bo-lepBbIX, OHa He MOje/bHasi U KacaeTcsd 00-
IIUX CBOMCTB M30TPOIHONI TYypOY/IeHTHOCTH. BO-BTOPBIX, METO/I0JIOIMIECKH
OHa HAXOJUTCS B MOJIHOM COIVIACHU C HMPUHIUIIAMU TEOPETUYEeCcKOo# (hu3uku,
JIOIyCKas CTporoe 000CHOBaHUE B IIPEJIEJILHOM CJIydae 3aK/II0UUTe/IbHOI cTa-
JINN BBIPOXKJIEHUST TYPOYJIEHTHOCTH. B-TpeThux, Kak BCSIKOE IPEI0I0KEeHIe
00I1Iero xapaxkrepa, UMeeT MHOTOYNC/IEeHHbIe NPUMEHEeHUsI U I03BOJIAeT UC-
CJIEJIOBATH UX PAa3HO00pa3HbIe CJIEJICTBUS.

CoberBerno runore3oit MuIIMOHIINKOBA Ha3bIBAIOT CJIELYIONIEE YTBEP-
JKjieHne: «KoppessinonHble PYHKIIMU YeTBEPTOrO MOPSJIKA 110JIsI CKOPOCTH
CBsI3aHbI CO BTOPBIMI MOMEHTAMU COOTHOIIEHUSIME, CIPABEIINBBIMU B CJIy-
yae HOPMAJILHOI'O pacIpejieieHs BeposiTHOCTel». [IpuIoyKeHns: TUITOTe3bI
MutrnoHIIKOBa, Ype3BbIdaiino oommpHbl. OHa UCIOIb30BAIACH /1T BHIUNC-
JIEHUsT KOPPEJISIIMOHHBIX (DYHKIINN JIaBJIEHUA U CKOPOCTH, KOPPEISIIIMOHHBIX
GyHKIMI 10JIs1 YyCKOPEHUii — TaM, IJe HPUXOJUTCA UMeTh JeJ0 ¢ MOMEeHTa-
MU 9eTBepTOro nopsjka. Ho mpekjie Bcero, sta rumnoresa ObLIa MpUMeHEHA
caMIM aBTOPOM /JIJIsl 3aMblKaHusi ypaBHeHusi Kapmana-Xoyapra.

Meton, npennoxkennsrit M. . MuamnoHIIIKOBBIM, OKa3a/ICT MOITHBIM TH-
CTPYMEHTOM HCCJIeIOBaHUsT XapaKTePUCTUK TYyPOYJIEeHTHOCTU, IMIUPOKO IIPU-
MEHSIEMBIM B TEOPETUUECKUX ¥ IIPUKJIAIHbIX padoTax. VceiieoBanus 110 Teo-
pPUHI OJOPOJIHOI 1 M3OTPOIHOI TYPOYJIEHTHOCTU IIPUHEC/IN PU3HAHNIE U IIH-
POKYIO U3BECTHOCTb UX aBTOPY.

B sTux paborax B IOJIHOII Mepe OTpas3u/ics TBOpUYEeCKMil cTuib Muxania
JMuTpueBrnda, KOTOPbI ITPOC/IEKUBACTCS BO BCEX €I'0 MTOCJIeIYIONINX TPY/Iax:
6e3yIpevyHOCTh TEOPETHIYECKOIO aHan3a, 0e3yCIOBHBIN TPUOPUTET SKCIIEPH-
MEHTaJIbHOI'O 3HAHU 1 ICHasi (POPMYJINPOBKA IPOOJIEMATUKH UCCIeI0BAHMA.
XapaKkTepHO ero 3aMedaHre BO BpeMsl JUCKYCCHH Ha OHON 13 KOH(ePEHIIHii:
«4 onmcniBato pupojy!s. OH cunrtal,. .. «4TO BCsiKasi eCTeCTBEHHAs HayKa,
B TOM 4ncJje (pusnka, siBJIsieTcss HayKoil, B OCHOBE KOTOPOM JIEXKUT SKCIIEPU-
MeHT. Her cbusukn skcriepuMeHnTaabHOI 1 GU3UKI TeopeTnieckoil. EcTh eau-
Hasl PU3UKa, B KOTOPOIl TEOPUHU pa3BUBAIOTCS HA OCHOBE 00OOIIEHMIT SKCIIe-
PUMEHTAJILHBIX 3aKOHOMepHOCTEl. AJbBEH Kak-TO ckazasl: «EjuHcTBenHast
HEdKCIIEpUMEHTaIbHAasT HAyKa — T€OJIOTHs, BCE OCTaJbHbIE HAYKH — SKCIIEPU-



MEeHTaJIbHbIe». ¢l TOBOPIO 0060 BCEM ITOM IIOTOMY, UYTO T€OpHUsl TYypPOYJIEeHTHO-
CTU — 9TO YaCTh COBPEMEHHON (pU3MKM, a, CcjiejoBaTeJbHO, JOJIKHA Pa3BU-
BaThCd TaK, KaK pa3sBUBaeTCs cOBpeMeHHasi dpusuka. Mexky TeMm, ydeHue o
TYpOYJIEHTHOCTU OKA3bIBAETCS MHOI'JIA 110]I BJIUSTHUEM HEJIOOLEHKN 3HAYEHMSI
SKCIIEPUMEHTAJILHBIX JIAHHBIX U OOIIMX 3aKOHOMEPHOCTEH, I0oJIydyaeMbIX W3
SKCIIEPUMEHTA. . . ».

B 1969-1972 ropax nybsmmkytores padborsl Muxamiia JIMurpuesnda 1mo Bo-
1pocaM TYPOYJIEHTHBIX TeUYeHHil B IIOrpaHuIHOM cJioe 1 TpyOax. st MHOTHIX
OHM ObLIM HEOXKUJIAHHBIMU U BBI3BAJIU YKIBOE 00CYXKJEHUE: Ka3aJI0Ch CTPaH-
HBIM, YTO OJITH U3 TIEPBOIPOXO/IIEB CTATUCTUYECKOI TEOPUH Ty pPOYJICHTHOCTH
obpaTm/icst K METOJ[aM, KOTOPhIE IPUHATO CUNTATH MOJIydIMInprudecKumu. Mu-
xau1 JMuTprueBnd 3HaJI 00 3TUX Pa3roBOpax, U B IIYOJNIHbBIX BBICTYILICHUSIX
YaCTO BO3BPAIAJICI K Pa3bsICHEHUIO CBOEH MO3UINN.

Hepenko Teopernmyeckue 0O00IIEHNsT 1 MOJEIN MMEIOT YacTHBII Xapak-
Tep, U300MIYIOT MPOU3BOJIbHBIMU TIapaMeTPaMU, CMbIC KOTOPBIX OCTaeTCsI
rymaHHbIM. Crrycerst 30 JieT mocie myOJInKaImil CBOUX IEePBBIX PabOT 10 TYp-
oynentHocTn, Muxami .JIMUTpueBnY BHOBBL J1aJ1 OJiecTsInil oOpasel] Toro,
KaK HY>KHO aHaJIM3UPOBATH OINBITHBIE JIaHHBIE U JIeJIaTh MTPEJIITOI0XKEHNs 00-
ero xapakrepa. BbizpeBajio 00JibIlIoe ncc/ieloBaHue, MOCTEIeHHO CKJIa Ibl-
BaJlach Mepapxusl MacCHUBa ONMBITHLIX JAHHBIX, M BO IJIABY €0 BLIXOMI YHH-
BepCcaJIbHBII JiorapudMuiecKuii npoduib ckopocTu. JomkeH ObLI CyIIecTBO-
BaTh KaKoOi-TO (pU3WIECKUIl NPUHITHIL, eIlle He HailJIeHHbIi, KOTOPHIH yIpaB-
JisieT (hopMupoBaHueM Takoro npoduid. .. Ho 910 ObL1 IpepBaHHbBII IOJIET.

Hayka — 910 oTKpbITag Kaura. Heyemuas »kaxkKaa MOKUCKa — 9TO IJIaBHBII
3aBeT, nepejannbiii Ham Muxamiom JImurpueBrndem MuimoHITUKOBBIM.

B.A. Knases



AKaﬂeMI/IK 13 Halleil IKOJIbI
A.A. JTopoHUITLIH

B cepenmne 20-x rogoB B ['po3HOM o yum/ics B IIKOJE B OJHOM KJiacce C
OpaTbaMu MULIHOHITTTKOBLIMI U OT HUX Y3HAJ, 9TO UX MJIJIIINI OpaTuInka,
KaK ¥ s, YBJICKACTCA XUMUEH 1 9JIeKTPOTEXHUKO. Tak BOoT Ha HGa3e XUMUKO-
9JIEKTPOTEXHIIECKUX MHTEPECOB U BO3HUKJIO HAIIE «COTPYIHUICCTBOY.

B To Bpemst B ['po3nom modTn He O6b1JI0 MHOTOKBAPTUPHBIX H0MOB. Cemeii-
cTBO MUIITMOHIMUKOBBIX KUJIO B MaJIeHHLKOM JIOMHUKE B pabovyeM IOCeJIKe.
Bozye pmomuka Obl1I MaJeHLKUI JBOP, a B HEM — capailunk JJisd XpaHeHUs
kamenuoro yriisi. (loma B ['posHOM oTarimBainch KaMeHHbBIM YIJIEM, JPOBa
ObLIN CIUIKOM joporu). B stom capaiianke Muxanit JImurpuesna (Torma
570 ObLT IpocTo Muriia, a To n Murika)  yeTponI «XUMIIECKYT0 J1abopaTo-
PHUIO».

Hamu xumudeckne mHTEpechbl ObLIM HAIPABJICHBI TJIABHBIM 00pa30M Ha
N3TOTOBJIEHNE B3PbIBUYATHIX BEIIECTB U CUJIBHO ropiodnx cmeceii. JIioOmmbim
B3PBIBUYATHLIM BEIEeCTBOM OBbLT HOAUCTHII a30T. [locTaTouno cierka yiapuTh
110 HEMY HOI'TeM IaJjibllia, KaK OH yzKe B3pbiBaeTcsd. Ceifyac MHE TPYIHO JazKe
OIIEHUTH, CKOJILKO JIUTPOB HAIIATBIPHOIO CIIMPTA U OYTHLIOUEK OJHON Ha-
CTOMKM MBI 3aKYIINJIN B alTeKax JJjs MMOJydeHns 9Toil B3pbiBuaTku. Ha atu
MOKYIIKA MBI TPATHIM BCe Te HEeDOJIbINNE JeHBIM, KOTOpble HaM YIaBaJoCh
3apabaThIBATD.

XopoIo MoMHIO Takyio crieHKy. OJiHaxK bl NpuxouT Ko Mmue Murtia ¢ cu-
SIIOIIUM ¥ OYeHb TOPJBIM BHJIOM: €My VJaJ0Ch COCTaBUTH TaKylO T'OPIOUYIO
CMECh, 9TO, KOTJIa OH €€ IMOJIZKET, BCIIBIXHY/IO BHICOKOE TIJIaMs U OTAJINIO0 €My
oposu. Ciasa Bory, rias He 1OBpeIIo, XOTsI PECHUIIBI TOXKE CJIerKa ObLIH
ocmouieHbl. [Ipusnatoch, g cuibHo no3apujgoBa Mumre. He Tomy, KonedHo,
YTO ornajmyi cebe OPOBHU, & TOMY, UTO «H300pes» CTOIb IPPEKTUBHYIO T'O-
prouyio cmech. Ho B jloyiry y Hero s ocraBaJjicss HeJo/ro. B mMarazmHyunke
XUMpeakTuBoB (ObLT Takoil B ['pO3HOM) KyIHJI MOPOIIOK MAaTHHUsI, CMeIaJt
ero ¢ MapraHieBO-KNUCIbIM KAJIMEM U CTaJ ojKuraTh. CHadaa 0CTOPOAKHO:
HOJIOXKIJT Ha CMeCh OyMaskKKy U IOJKer ee. bymarkka cropejia, a cMeChb He
cpearupoBaJjia. HeckoJbKO pas3 MoBTOPSI Ty MPOIEAYPY C TEM Ke pPe3yib-
TaToMm. Hakonerl s pa3o3/nics, 3axKer CIIUYKY U, JiepyKa ee B pyKe, CyHYJI
B cMech. VU TyT BCHBIXHYJIO gpKOe IiaMs ¢ (DUOJIETOBBIM OTTEHKOM. Temiie-
paTypa BCIBIIIKA OKa3a/ach TAKOH BBICOKOI, ITO s JIO Msica OOKer MaJIbI[bI
PYKH.

He nmomymaiiTe, olHaKO, UTO y B3POCTBIX MBI UMEIU PEIMyTAINIO YIEHBIX
MaJILIIKOB. [Toxkastyii, Ha0O0pOT. Y UnTe/Id PYCCKOIO A3bIKa CUNTAJIN HAC Ma~
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JIOKYJILTYPHBIMHU, TTOCKOJIbKY MBI COBEPIIIEHHO He NHTEPECOBAJINCH TaK Ha3bl-
BaeMoOil XyJI0XKeCTBEHHO JINTEpaTypoil M JlajleKo He BCerja MpOYnThIBAJIM
Jaxke U3 TOro, 9To TpebOBAJIOCH MIKOJBHBIMHU MporpaMMamu. B Mupe Tak
MHOT'O MHTEPECHOT'O, PEAJILHO CYTIECTBYIONIEr0, 3aUeM ¥Ke TPATUThH BpeMs Ha
YTeHNe KaKUX-TO HPUyMaHHbIX ucropuit? U eme onna jeraib. f HUKOIIA
He Bujies1, 4Toobl Muma MutmoHIUKOB «InHa» HOraMu MsTd. Hyma-mojia
Ha yTOOJ JJOKATUIACH 1 JI0 HAIIero ropoja. B To BpeMms B ['po3HOM X0
BapuaHT CTApUHHOI pyccKoil moroopku: «B cembe He 0e3 dyrdoucTas. K
cemeiicTBY MUJITHOHIIIMKOBBIX 9Ta MOTOBOPKA HE OTHOCHIACD.

[Tocie okoHYaHMS TIKOJIBI s, a 4epe3 JiBa roja u Mulia, MOCTYIII B
['posHeHckuit HePTAHON TEXHUKYM (Foprlﬁ (:baKyﬂbTeT). Ha nmame cuactne
TEXHUKYM OBbLJI IIEPENMEHOBAH BIIOCJIEJICTBUN B MHCTUTYT, XOTd yueOHast TPo-
rpaMMa OT 9TOr0 IeperMMEeHOBaHUs HUCKOJIBKO HE M3MEHMJach. 3aTO — MbI
BBIIIJIN MHKEHEpaMU, TO ecTh (opMasibHO mostyanin Bbiciiee (!) obpaszosa-
HUE U MOTJIN 3aHUMATDL MOCTBI, TPEOYIOIIIe NHKEHEPHOTO 3BAHA.

Benomunas jerckne rogbsl Muxamma IMuTprueBnva n ero mpojBUZKeHne
B HayKe, s MMPUXOXKY K BBIBOJY, UTO HACTOANIUI yUeHblii HAUMHAET 00pa3o-
BBIBATHCS YK€ B JIeTCKHEe TOJbl. Be/lb KaKeTcsd COBEPIIEHHO HEBEPOSTHBIM,
YTO YeJI0BEK, MMEBIINI (haKTHIECKN JIUIIH CPeHETEXHITIECKOoe 0Opa30oBaHue
(mpuTOM BechbMa, y3KO CIeNUaIn3upoBaHHOe — OypeHre HebTSTHBIX CKBAYKIH ),
B CBoell nasbHelinieit paboTe Mpolesn Bce HaydHbIE CTYIEHW OT KaHIuja-
Ta HayK JI0 aKaJeMUKa, MOJyYuB (pyH/IaMeHTaJIbHbIE Pe3yJIbTaThl B BEChbMa,
pPa3INUIHbIX 00JACTIX: B TEOPUU TYPOYJEHTHOCTH, B Ta30BOIl JUHAMWKE, B
aroMHoit ¢dpusuke. ITpodaeMbl 3T HU B MaJieiileil Mepe He 3aTparuBaJIiCh
B y4eOHbBIX Kypcax TEXHUKYMa-UHCTUTYTa, B KoTopoM Muxamn IMurpuesnda
yansicst. Bo3aMOXKHO JIUIIb 0JTHO OO'bICHEHHE: Y2Ke C JIETCKUX JIET BCe €ro yBJIe-
YEHUsI ONPEIe/ISINCh NHTEIEKTYaJIbHBIMI NHTEPECAMN, KayKI0M MO3HAHMS
Taita npupoasl. C JETCKUX JieT OH MPUBLIK HUCKATH OTBETHI Ha BO3HUKIINE
BOITPOCHI CAMOCTOSITENIHLHO, He Npuderasd K Ibeii-Tndbo moMOIIH.

B 300s10rUn ecTh MOHATHE «MMIPUHTUHT». [lepeBecTn MOYKHO TaK — «BIIe-
JaThIBaHWe». JTO T€ CBONCTBA, KOTOPOE YKUBOTHOE MpHOOpeTaeT B TEPBbIE
JIHA KU3HU U KOTOPbIE TOTOM OCTAIOTCA Ha BCIO KW3HL. Ho ecnm onm He
ObLIM MTPUOOPETEHLl B 9TH TEepBbLIE JHU, TO MOTOM OHU He MPUOOPETAIOTCH.
Taxk u cBoiicTBa, HEOOXOMMBbIE YEJIOBEKY, YTOOBI OH CMOT' CTaTh HACTOSIINAM
YUIEHBIM, JTIOJZKHBI «BIIEYATBIBATHCSI» C MAJIBIX JIET.

Ony6aukosano: Becrunk PAH. 1993. T. 63. Ne 1. C. 44-45.



CoBMmecTHO paborasi
A.E. Ieiinnnn

Mue noBesioch 3a JoJirne rojibl padboThl B AKaeMun HayK, a TaKzKe B Psijie
SHEPreTUYeCKNX OpraHu3alldii Hallleil cTpaHbl, ITO3HAKOMUTbCS CO MHOIMMHU
BblJIatoNInMICs criennaancramu. OJHUM U3 HUX, HECOMHEHHO, ObLIT aKaIeMUK
M. /1. MuaInoHIIUKOB, ¢ KOTOPHIM 00CTOSATE/ILCTBA, CBEJIN MEHS JIJIsI MHOIOI'O
COBMECTHOTI'O, YTO HaM MPHUILIOCH JiesiaTh B 1960-e u mocje iyoniue rojpl.

Eme no menocpencTBennoil Berpeun ¢ Muxamiom IMurpreBmdaeM s Cibl-
I1aJ1 0 HeM KaK 00 OIHOM 13 TaJIAHTIUBERIINX MOJIOABIX YUeHBIX Iaes bl C.A.
Xpuctnanosuda, M.B. Kenjpima n gpyrux, padboTaBimx BecbMa YCIIEITHO B
3HAMEHUTBIX HAYUHBIX YUIPEXKICHUIX.

B nagase 1960-x romoB B cBsi3u ¢ pedopMoil CTpyKTYphbl AKageMnn HayK
ee mpe3ueHToM ctaa akageMuk M.B. Keabli, a nepBbIM Bulle-1Ipe3n1eHTOM
— M. . Munnnonmukos. B 9ToT 2Ke neprnoj1 BpeMeHn ObLI pelleH BOIpoc 00
obpazoBannn B Akajemun HayK Otiesiennst pU3MKO-TEXHUIECKUX TPOOJIeM
SHEPreTUKHN U, €CTECTBEHHO, HeOOXOJAMMO ObLIO ompejenThb Jmaepa Otie-
JIeHUsT — aKaJleMUuKa-ceKperapsi. XOTsi 9T0 ObLJIO HEOOBIYHO (s MMEK B BH-
JIy COBMEIIEHHE JIOJIXKHOCTH BUIIE-TIPE3MJICHTA U aKaieMIKa-CeKpeTapsi), Bce
yKe OBbLIO HPHUHSTO pelieHne o ToMm, 9To craHopjenne Otjesennsi Gpusnko-
TEeXHUYIECKNX MPoOJIeM SHEPreTHKU JIYUIlle BCEr0 OCYIIECTB/ISATh C PYKOBO/IsI-
UM y9aCTHeM TaKOI'o BJIMATEIbHOIO, OIBITHOI'O, 3HAIOIIEro desoBeKa, Ka-
kuM Ob11 M. JI. MuummontmkoB. OH 1 cTaJI IePBBIM aKaIeMIKOM-CeKpeTapeM
Otiesiennst, B KOTOPOM sI IMEIO UeCTh COCTOSITh IIPAKTUYIECKU C IePBLIX JIET
ero CyIIeCTBOBAHMUSI.

Bosruagisist rosioBaoit nncruryt Otpenenunst — VIHCTUTYT BBICOKHX TEM-
nepaTyp, s, eCTECTBEHHO, JIOJI?KeH ObL/I YCTAHOBUTL CaMble TECHBIE CBA3U CO
CBOUM PYKOBOJICTBOM — aKaJIEMUKOM-CEKpPeTapeM — U PeliaTh MHOTHE BOIIPO-
CBI, BRIXOJIsIIE 38 paMkin OTie/eHns], ¢ BBICIIIM PYKOBOJICTBOM AKaeMIn
HayK: KaK C IPe3UJIeHTOM, TaK 1, KOHEUHO, C IIEPBBIM BUIIE-IIPE3UICHTOM, TO
ecThb ondaTh ke ¢ M. /. MujmmonmumxkoBbIM.

B Te ke rojpl 10Ji MOM HEIIOCPE/ICTBEHHBIM PYKOBOACTBOM B MHcTuTyTe
BBICOKIX TeMIlepaTyp ObLIM HadaThl MaclITabHble pabOTHI 110 HPOBEJICHUIO
dyHIaMeHTaIbHbIX ¥ IPUKJIAIHBIX HCCAEJOBAHUI B 00/1aCTH MAIrHUTOI'MI-
poaunamudeckoro (MIJT) npeobpasosatust suepruu. M.J]. Muimonimkos,
COOTBETCTBEHHO, B VHCTUTYTE aTOMHOI SHEPIUU Pa3BePThIBAJI IINPOKUE Pa-
60THI B 9TOI1 »Ke 00JIaCTU, HO ¢ AKIIEHTOM B CTOPOHY MCITOJIb30BaHUsT BO3MOXK-
nocreit MI'JI-tipeobpazoBaHust SHEPIUU B UHTEpecax aTOMHOI TexHukn. Ilos
pykoBojacTBoM Muxanta IMurpuesuda 3Tu paboThI Besl 3aMedaTe/IbHbIN HAIIT
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poccuiicknit yuenntit E.II. Beauxos. Torna Eprennii Ilapiosud 6b11 coBceM
MOJIOJIBIM Y€JIOBEKOM, 1, TeM He MeHee, MUJIIMOHIINKOB CYeJT BO3MOYKHBIM
JIOBEPUTH €My He TOJHKO OPraHn3alliio MIPOKIX NCCIEI0BAaHMI, HO I CO3/Ia-
HUE JIJIsT 9TOrO MOIIHOTO, TJIABHBIM 00Pa30M, SKCIIEPUMEHTAILHOTO HAYTHOTO
nenTpa BOM3U Mocksel, B paiione Kpacnoit [laxpsr. Teneps B pesysbrare
9TOI JlesitestbHoCTH Munonimukosa n Bejimxosa ycrenno pabotaeT orpom-
HBbIIl HAYYHBII IIEHTD. . .

Wrak, moe 3nakomcTBo ¢ M., MuIInOHIIMKOBBIM Pa3BUBAJIOCH U B 00-
JIACTU HAIMX HAayYIHBIX UHTEPECOB CO BCEi COMYTCTBYIONIEH TPOOIeMATUKOM
1 BO MHOI'OM HOCHJIO COPEBHOBaTeJIbHBIN Xapakrep. Bmecre ¢ Muxamiom
JIMurpueBndeM s mocemnias O9eHb NHTEPECHbIe MK IyHapO/IHble KOHMepeH-
I, KOTOPBIE CUCTEMATUYCCKU MPOBOJIMINCH B Te TOJbl B Psijie PA3BUTHIX
cTpaH, npex/e Bcero Takux, kak CIITA, Aurimsg, @pannus n Apyrux.

[Ipobiiema coszjtanus TPUHIUIIIAIBHO HOBBIX SHEPreTHYECKUX YCTAHOBOK,
UCIIO/IB3YIONIUX ITPUHITAIT MATHUTOIUIPOIMHAMITIECKOI0 ITpeo0pa3oBaHmsl SH-
epruu, craJja IpeaMeToM, MOYKET ObITh, JIaKe OJHUM 1 U3 OCHOBHBIX IIPeMe-
ToB nHTepeca Hayunoro coBera 1mo komIiekcHoit mpobeme « MeToan! mpsiMo-
ro npeobpa3oBaHus TEIJIOBOM SHEPIUN B 9JIEKTPUIECKYI0», KOTOPBI cHAYa Ia
BosaBsI akajteMuk A Il Anekcanapos, a ¢ 1970 r. npeacegarenem Cosera
oot M. /. MuummonmmukoB. DToT CoBeT 3aHUMAJICS TMTPOOJIEMATHKON HcCTe-
JIOBaHUS B OOJIACTU BO300OHOB/IIEMBIX HETPAJUITMOHHBIX UCTOYHUKOB SHEP-
ruu, 1 B ero pamkax Obuia opranmsoBana Ceknusi MIJI-mpeobpasoBaHust
SHepPruH, PyKoBoauTeseM Kortopoit cran Mwuxamn Amurpuennd. f axkTnsHo
y4acTBOBaJ B pabOTe 9TOM CEeKINH, IIOCKOJbKY ee OCHOBHasl JIesiTeIbHOCTD,
KaK yKe TOBOPUJIOCH, TECHO Obljla CBA3aHa C JABYMs HAYUYHBIMU KOJIJIEKTHU-
BaMu, paboraromumu B obsactu MI/I-nipeodpasoBanust sHeprun: LleaTpom
na Kpacnoit ITaxpe, rie pykosojgmniyio posb urpaji E.II. Bennxos, n Mmonm
HCTUTYTOM BBICOKUX TeMIIepaTyp.

M. /1. MunmonmmukoB, KaK 1 BO BCEX, MO-BUJUMOMY, CIyYasx, OUeHb OT-
BETCTBEHHO OTHECCsS K CBOUM ODSI3aHHOCTSM I10 00IIIEMY PYKOBOJCTBY UCCJIE-
noBaHugmu B odsactu MI'/I-nipebpazoBanns SHEPrun, MIPOBOIUBIINMUCS 110
BCeil cTpaHe U, JeTa/IbHO BHUKasl B CYIIECTBO COOTBETCTBYIOIIEIl Hay4IHON
poO/IeMaTHKH, JaJIeKo He (popMaIbHO OCYIIECTBIIST PYKOBOJICTBO BCEMU pa-
boTamu.

He mory He BCIIOMHUTB O psjie, Ka3ajoch Obl, YaCTHOCTEH, KOTOPhIE 3a-
MedaTe/IbHbIM oOpa3oM XapakTepusyior Muxaunia IMmurpueBnda. Kak 310
JacTO OBIBAET, MHOTHE U3 HAC He BCETJia CIOCOOHBI OOBEKTUBHO OIEHWBATD
CBOIO POJIb U U CBOM BO3MOXKHOCTH B UPE3BbIYAlHO IEPCIEKTUBHON 001aCTH
IIPOBOJIMMBIX HaMU KccieoBannii. CTaJKuBaIuch HHTEPECh, OlpeiesseMble
1o/I4ac 1 He COBCEM IPUHIMINAIBHBIMEI cooOpazkeHusimu. M. . Musiinon-
IIIUKOB, HECMOTPs HAa TO, UTO OH OBLT HEMOCPEJCTBEHHBIM PYKOBOIUTEIEM
I'PYIIIBI UcceoBaTeeil, paboTaronmx BOKPYT VHCTUTYTa aTOMHOI SHEPT I
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nM. 1.B. Kypuarosa, TO €cTh POJIHOTO 1 OTIEKaeMOT0 UM KOJLIIEKTHBA, BCETJIA,
YTO MEHs TOpOMl JlayKe YJIMBJISI0, HAXO/UJI B cede CUJIbI, 1TO3BOJISIBIINE €MY
ObITh OOBEKTUBHBIM JlaKe B TeX CJIydasix, KOrja 3Ta 00beKTHBHOCTH IIPOTH-
BOpeUn/ia UHTepecaM ero OJIMKaimmux corpyaHukoB. OH ObLI yIUBUTEIHHO
YeCTHBIM, HICKPEHHUM U JIOCTYIIHBIM B OOIIEHUN YeJIOBEKOM. e/ roBopuTsh 0
JyesioBeuecknx Kagectpax Muxausa JIMurpueBnda, To ero oTJindalsio u Jlaxe B
KaKOI-TO CTeIeHN MOPTUJIO eMy »KI3Hb HEeOOBbIYaliHOe IyBCTBO COOCTBEHHOI'O
nocrorHcTBa. OH ObLI PAHUMBIM, U 9TO OCOOEHHO OTYETJIMBO IIPOsIBJISLIOCH,
€CJIM OH BCTPEYaJICs C sIBHOI OECITPUHITUITHOCTDIO.

4 ouenn BrIcOKO onennBato padbory M.B. Kesubiima kak npesujienta Aka-
neMun Hayk. [1oj1 ero pyKoBOJACTBOM OBLIO CJI€JIAHO MHOT'O ITOJIE3HOIO U HY K-
HOI'O B Haleil AkajieMun, HO 9eJJ0BeK OH ObLI OUYeHb HEIPOCTOI U, KaK MHe
IIPEJICTaB/IsIeTCA, PADOTATh PAJOM ¢ HUM Ioj4dac O0bL10 Heserko. M. 1. M-
JINOHIIIUKOB, ¢ CJyYailHbIM 00pa30M ObLI HECKOJIbKO pa3 3TOMY CBHUJICTE/Ib,
OYeHb 0O0JIE3HEHHO BOCIPUHUMAJI MOPOI HEOIPaBJIAHHO PE3KNE KOHTAKTHI C
M.B. Kemnjpiiem, npuieM 9acTo 0€30CHOBATEIBHO OTHOCH MHOTOE B CBOIf
aJIpec.

JIBe peMapKu, OTHOCAIINECS K BOCIIOMUHAHUSM O T0e3/IKaxX BMecTe ¢ Mu-
xamaom JImurpuesumdem. Ilepsast — B ABcTpuio, B 3anbn0ypr, Ha 3-it Mex-
JIYHAPOJIHBIN CUMIIO3UYM 110 IIPOU3BOJICTBY 3JIEKTPOIHEPIUH C IIOMOIIBIO Mar-
HUTOTUJIPOTMHAMUYIECKIX TE€HEPATOPOB, U BTOPas — Ha TOJ00HOTO YKe PoJjia
KOHpepeH1nio, Koropas mnpoxoguia B Ctandopackom yuusepcutere B CIITA.
B narmmreit comecTHOI Toe3ike B ABCTpuio MblI ipoBesin ¢ Muxaniaom JImurpu-
eBrIeM DOK 0 OOK HECKOJILKO JHeil: mapy gHeit B Bene, rje »KuIm psiJIbIIIKOM B
OOIIEXKUTHU COBETCKOI'O TIOCOJILCTBA, a 3aTeM 110 JIopore B 3ajbl0ypr, Korja
MBI TIOEXaJI K MECTY ITPOBEJICHUS CUMIIO3MYMa U Ha aBTOMOOWJIE TIePECEeKIH
BCI0O ABCTPHIO, O3HAKOMUBIIICH C 3TO 3aMevuaTe/IbHOM CTPAHOM, TaK CKa3aTh
n3nyTpu. Bor 371ech g n ocosnag Bcio cBoiicTBennyio M. /1. MummnonmukoBy
JeTMKATHOCTD, YBaYKUTETHLHOCTD K OKPY?KAIONIUM €ro JIIO/IAM, HECMOTPS Ha,
TO, UTO UMEJH MECTO COBEPIIEHHO pa3Hble mepapxuyeckne ypoBHH — Mu-
xania JIMuTpueBmda, ¢ OJHON CTOPOHBI, W €ro KoJuter — ¢ japyroi. M./l
MUJIIMOHIIUKOB UMeJI IOYTH BCEe MBICJIMMbIE perajiii — HaydHble 1 o0Ie-
CTBEHHBIE, KOTOPbIE ObLIM B Halllell cTpaHe. MbI 2Ke, yIaCTHUKHI CUMIIO3IYMA,
OBLIN OTHOCUTEIbLHO PsSIIOBBIMU JIIOJIHLMI.

Bropas narmmra moesaka ¢ Muxamnom murpuesndem Obiia B CIIA, Ha
KoHdepeHIuio, mpoxoausinyio B Crandopackom yausepcurere. 13 Can-Opan-
IICKO MbI Ha aBTOMOOMJIE JI0OpaJiich J0 ropojka Ilago-AbTo, pacinooxKeH-
Horo okoJio Crandopaa. BermoMmnuaro, Kak moc/ie OKOHYaHIS OJHON U3 ceccuil
koHdepeniun, Muxann JIMUTpUeBUY MIPEII0XKIII ITPONTUCH JI0 OTesIsl: HaM
[I0Ka3aJI0Ch, 9TO IIyTh 9TOT OyAeT HexoaruM. Mbl JBHHYJINCH B IIyTh, HAC 00-
TOHSAJIN aBTOMOOM/IN, KOTOPBIE YACTO MPUOCTAHABINBAJINCH, N HAXOUBIITNECS
B HUX JIIOJIM CIIpAIUBaJ/IN, He HaJ0 JIN Hac 10jBe3Tu. [lejo B ToM, 4TO UIy-
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X IIEIIIKOM TaM BOOOIIe He ObLIO, 1, BePOSTHO, HAIIIE IIellee IIyTeIleCTBIe
Ka3aJ10Ch BCEM YIMBUTEIbHBIM. TeM He MeHee MbI JIOOpaJIUCh J10 OEH30KOJI0H-
KU ¢ HEOOJIBIIINM YHUBEPCAMOM, HAXOJIUBIIEHCs B MOJIIYTH OT YHUBEPCUTETA
110 ITamo-Anbro.

MbI OCTAHOBIJINCH OKOJIO YHIBEpPCAMA, UTOOBI [I€PE/IOXHYThH U, €CTEeCTBEH-
HO, TIPOJOJIZKAJI CBOIO Oeceiy. YCJbIIaB PYCCKYI0 pedb, HeKas JOBOJIBHO
IpeJIcTaBUTEIbHAS jlaMa, BBIIIE/IIasl ¢ MOKYIIKaMI U3 Mara3uHa, IOJIOILIa
K HaM U 3aroBopujia 1o-pyccku. ITo-Bujanmomy, 3T0 ObLIa KEeHIINHA, IIpue-
xapinast B CIIIA co Bropoii BosiHO#l smurpannu. HemHOXKKO 1mobeceioBaB ¢
HaMI, OHa IIpeIozKIIa 1mojasesTn Hac B Ilasmo-Aspro, 61aro ona ejer Tyua
»ke. OJIHAKO 9TO HpeJIozKeHre ObLIO CJIeJIaHO ¢ UPOHUEeH — He IOOOUMCS JIN
MbI I10eXaTh BMecTe ¢ Heil. PaccMesiBIINCh, MbI yCeINCh B ee MallliHYy, & OHA
JIOOPOJIYIIHO [TOCMENBASICh, IIPOJI0/KAIa NPOHI3UPOBATDH 110 ITOBOIY IIOPSI/I-
KOB B Hallleii cTpaHe, cKa3aB, B 9aCcTHOCTH, cjejayiomiee: «Ecan Obl s1 Moria
rmobece0BaTh ¢ KeM-JIM00 U3 PyKOBOJUTes el Balleil cTpaHbl, s Obl cKa3aJja
eMy Bce, 4TO JiyMal0 O TOM, 4TO y Bac Hpoucxoauts. Muxaun JImMurpueBnd
oTBeTUI eit: «Bbl Moxkere chenaTh 9TO mpsiMo ceifdac. ¢ sIBJISTIOCH IIpejice-
nareseM napsiaamenta Poccuny. 3abaBHO ObLIO CMOTPETh HA PaCTEPSIBIIYIOCS
JlaMy U Becesble 030pHble NCKOPKM B Tviazax Mmuxamma /Imutpuesnya. /la-
Ma ObljIa, COBEPIIEHHO pacTepsiHa, HO BCE MbI TeM HEe MeHee pPacCMEsLIUCh.
D10 ObLII0 OUeHb 3ab6aBHO. BMecTe ¢ TeM B 9TOM, Ha HEPBBI B3TJIsI], MEJKOM
daxTe ornrymasach HEOOBIKHOBEHHAs IOPJIOCTH 3a CBOIO CTPaHy U Mepa Beeil
OTBETCTBEHHOCTH, KOTOPYIO Mbl UyBCTBOBAJIH 32 ITPOUCXOJISIIIIEE.

41 mosBoJIIO cebe 0CTaHOBUTBLCS Ha ellle JIBYyX 3aMedare/bHbIX depTax Xa-
pakTepa Muxamnta ImutpreBnya.

Pabotast B ojinoit obsiactn — B obsiactu MI'JI-mpeobpazoBanus sHeprum —
MbI HeI30€:KHO KOHKYPUPOBAJIH, IIOPOil BCTYyIIas B CIIOPHI HE TOJIBKO ¢ KOJLJIEK-
tuBoM Muxanna JIMurpueBnda, HO 1 ¢ HUM camMuM. VHOrIa B 9THX criopax ¢,
MOZKeT ObITh, Iepexon 4epTy gomyctumoro, n Muxamn JIMurpueBund odu-
JKaJICSI Ha MEHsI, KaK s1 Tellepb IMOHNMAal0, HO yrKe OYKBAJILHO Ha CJIeLYIONInit
JIeHb ¢ MOT' BHJIETh, YTO HUYTO HE MEHSJIOCh B €0 JOOPBIX OTHONIEHUSIX U C
MOHUMU COTPYIHUKAMU, KaK MHe KarKeTcs, U CO MHOI TOXKe.

He mory He ckazathb emne 00 ognoM. Ha MeHst Beerga pou3BOIMIIO OI'POM-
HOe BIledaT/IeHne COBEPIIEHHO UCKIIUYNTeIbHOe oTHOIIeHne Muxania JImut-
pueBmnyYa K CBoeii ceMbe U 0COOEHHO K »KeHe — JIroamuie Muxaiiiopae. Hacto
oKasbIBagACh ¢ MuxamioMm JIMurpueBndeM HaeJHe B HE COBCEM JIeJIOBOI 00-
CTaHOBKe, (KaK MPABILIO, TO POUCXOJNIIO BO BPEMS HAIIMX COBMECTHBIX KO-
MAaH/IIPOBOK ), sI CJIBIIIAJ OT HErO YNBUTE/IBHO TEILIbIE CJI0BA B aJPeC CBOUX
OJIN3KUX, B OCOOEHHOCTHU CBOEIl »KEHbI, — 9TO OBLIN CJI0Ba, JIFOOSIIEro deIoBe-
Ka, U 9TO ObLIO OYeHb IPUSITHO.
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O Muxanae Imurpuesnde MuiIMoOHIINKOBE
H.H. IlonomapéB-Crennoit

Komner 1950-x — madajo 1960-x rogoB : VHCTUTYT aTOMHOI SHEPIUN aK-
TUBHO pa3BUBAET pabOTHI IO PA3TMIHBIM HAITPABIEHUSIM MCIIO/IH30BAHNIA ATOM-
HOIT sHeprun. Peasmsyiorcs MpoeKThl aTOMHBIX MTOBOIHBIX JIOJOK U aTOM-
HBIX JIEJIOKOJIOB, coopyzkaeTcs neppbiit BBOP na Hoso-Bopone:kckoii aTom-
HOIl CTAHIINU, Pa3padaThIBAIOTCA sSAepHBbIE PAKETHDLIC JBUTATENHN, JTal0TCS
IePBbIE AN 110 AePHON SHEPreTHKe /11 KOCMIYECKIX alllapaToB, M3yda-
I0TCSl TEPMO3JIEKTPUIECKUE, TEPMOIMUCCUOHHBIE I MarHUTOT U IPOTMHAMUIIe-
CKIe METOJIbI IIPSIMOTO TTPeoOPa30BaHnst SHEPTUN, BeLyTCs TPOPaOOTKU BLICO-
KOTEMIIEPATYPHBIX Ta300X/IaKIaeMbIX PEAKTOPOB PA3JIMIHOTO Ha3HAUEHUS.
Amnaroymii [lerpoBuu AjekcanapoB, Ha3HAUYEHHBIN JupeKTopoM MHcTnTyTa
aTOMHOI dHepruu mocje Konunubl rops BacunbeBnua Kypuaroa, 3nadn-
TEJILHYIO YaCTh BPEMEHH yJIeIsieT aTOMHOMY (PJIOTY, HAPOKIAIOIENcsT aToM-
HOIT sHepreTnke. OH MOYYBCTBOBAJ, UTO CO3PEBAIOIINE HOBLIEC HAyJIHBbIE Ha-
IIpaB/IeHNs BHICOKOTEMIIEPATYPHOI aTOMHOIT SHEPTeTUKN JOJIZKEH BO3TJIABUTD
YeJI0OBEK, UMEIONUil aBTOPUTET KaK B HAyYHOM, TaK U B «CPEIMAIIEBCKOM>
coo0ITIecTBe, MMEIOITII COOTBETCTBYIONIYIO HAYUHYIO MOJITOTOBKY, OIBIT U TIO-
HUMaHWe TOTO, KaK OT HAayIHBIX UJeil, 0T pyHIaMeHTaJIbHBIX NCCIeT0BAHMIT
MEPEXOTUTH K CO3JIAHIIO0 KOHKPETHBIX M3/ TN U TTPOMBIILIEHHBIX 00PA3IIOB.

Habopom sTnx kadectB obsagan Muxamn JIvmurpreBnd MujmmoHmmkos.
On npumen B MacTuTyT aroMmuoit sHeprun mo npuriamennio U.B. Kypua-
ToBa B 1949 romy. mes GsiecTdlyto MmoJIrOTOBKY B 00JIACTH TEOPUU TYp-
OyJIEHTHOCTH, TPUKJIAJHON T'MJIPOJIMHAMUKI, OH OBICTPO BKJIOUYUJICA B pe-
IeHne 3a/1a49, CTOSIBINNX Iepe]l OT/Ie/IEHNeM MOJIEKYIAPHOI (DUBNUKU, U BHEC
3HAYUTEIbHBII BKJIA/] B TEOPHIO MEHTPUPYZKHOI'O METO/1a pa3/ie/IeHIsT N30TO-
1I0B, OKa3aB CyIIeCTBEHHOE BJINIHIE Ha TTOCTAHOBKY MCCJIETOBAHNIT 1 OTTBITHO-
KOHCTPYKTOPCKUX pabOT Ha 000raTUTEILHBIX PEIPUITHAX aTOMHO OTpac-
. Mue BcioMuHaeTcsd, ¢ KaKUM yj10BoJIbcTBreM Muxann JImurpuesny pac-
cKasbIBaJl O Iepuojie padboT 1o oboralleHnio ypaHa. BeroMuHag  oH Hada 1o
paboT 1o menTpudyraM, Korja B TPYJAHBIX HAYTHBIX U TEXHUIECKIX 00CY K-
JIEHNSX PeNtaics BOIPOC O TOBOPOTe 0OOTATUTETHHOIN TTPOMBIIIIEHHOCTH K
HOBOMY, CYIIECTBEHHO 0OoJjiee 3(bPEKTUBHOMY IIPOU3BOJICTBY U30TOIOB. B 310
BpEMsI €ro Hay4HbI Oarak — ra3ojiInHaMIKa, — IPUTOJIMJICH HanboJiee MoJ-
Ho. C yJIOBOJILCTBUEM OH PACCKa3bIBAJ U O JJINTETHLHBIX KOMAHINPOBKAX BO
ryiaBe MPUEMOYHON KOMUCCUU Ha KOMOWMHATHI, IIe MPUXO/IMIOCH PeraTh He
TOJILKO HAy9YHO TEXHUYECKHNE BOIPOCHI, HO W aIMUHUCTPATUBHBIE ITPOOIEMBI.
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B sTo Bpewms, Korja paboThl 110 OOOTAIEHWIO HAXO/MINCH Ha IO/IbEME,
Amnarosmit Ilerposua Anekcanipos npejoxua M./I. MunmmoHIuKoBy 3a-
HATHCS MTPOobJIEMaMU MPSIMOTO MTPe00PA30BAHNA SHEPTUN C UCIOJIH30BAHUEM
MArHUTOTUIPOJIMHAMUYICCKITX, TEPMOIJICKTPUUECKUX U TEPMOIMUCCUOHHBIX
reHepaTopoB ¢ IPUIEJIOM Ha UCIOJIL30BaHNe 9THX Npeobpa3oBaTreseil B co-
YeTaHUU C BBICOKOTEMIIEPATYPHBIMH T'a300XJIaxKIaeMbIMI SJICPHBIMU peaK-
TOpaMy Ha 3eMJie W B KocMoce. PaboThl o 9TUM HallpaB/IeHUsIM Pa3BUBa-
JINCh Ha MOCKOBCKOII 11oma ke B cektope Ne 6 n B taboparopun na Kpacuoit
[Taxpe, kKoropasi BHoOCJIeAcTBUN Oblia BKJ/OUYeHa B coctaB Mucruryra. Ha
9TOi 00beIMHEHHON Oa3e ObLI0 co3aano OTiesieHne BHICOKOTEMIIEPATYPHBIX
yctaHoBoK BO miiaBe ¢ M.JI. MuyumonmukoBbiM. OrmbiT padorsr Muxaniia
Hmvurpuesnda B Mucturyre mexanukn AH CCCP u ITAT'U, a takxke B [Ipu-
eMHOIl KOMUCCUU MUHUCTEPCTBa, 3HaHUs cucTeMbl MUHUCTEpCTBA CpeJIHero
MaITMHOCTPOEHU, €r0 PYKOBOIUTE/IE 1 PEIPUATH OKA3aJIUCh BayKHBIMI
1 TTOJIE3HBIME JIJIsT PYKOBOJICTBA STUM HAITpaBJIeHneM PadoT.

Mznauaibio uccnenosanus no MI'J[-renepatopam B taboparopun Ha [Tax-
pe paccMaTpUBAIUCH TPUMEHUTETHHO K MCIIOIb30BAHNIO B COUETAHUN C SIeP-
HBIMI peakTopamu. B 3ToM ciiydae n3-3a OTHOCUTEILHO HU3KUX TEMIIEPaTyp,
KOTOPBIE MOXKET 00eCIIednTh PeaKkTop IPU JINTEeIbHOI paboTe, HEOOXOIIMO
OBLIIO PENIUTDL CJI0XKHYIO 3a/1ady: obecreunTh Tpedyemyro i paborsr MI/I-
regepaTopa 3JIEKTPOIPOBOIHOCTD IIa3Mbl. PyKOBO/Is1 9TUM HallpaB/ieHueM B
Kypuarosckom nacturyTe, M.J[. MuaiinoHnmkoB oka3ajicsd B IMEKOTINBOM
IOJIOYKEHNN KaK KoopaumHaTop pador mo MI'JI npeobpaszosaresssm B AkaJie-
MU HayK, TaK KaK B CTpaHe pa3BUBAJIOChL Hampassenne cozganusg MIJI-
IeHepaTOPOB I SJIEKTPOCTAHINI Ha OPraHUYECKOM TOILIUBE. DTUMHU Pa-
OboTaM1 HeIoCcpeICTBeHHO pyKoBoamin akagemukun B.A. Kupwimma n A.E.
[leiinina. BeriomunaeTes: 3acejjanne KoMuccun AKaJIeMUN HayK 10 pac-
cMoTpeHnto cocrosiHusi padbor 1o MII-reneparopy B MHCTHTyTE BBICOKHX
Temmepatyp, Ha koropom M./[. MuiimonmumukoB ovenb geTMKaTHO, HO TBEP-
JI0 1 OOBEKTUBHO M3JIarajl CBOIO TIO3UIIHIO.

Bo Bropoit nekajse amnpena 1961 roga Ha HayIHO-TEXHUIECKOM COBEIA-
nun B Cpemailiie 661710 paccKa3zaHo 0 pazpadoTaHHbiXx B CyxXyMCKOM (pU3NKO-
TEXHUIECKOM MHCTUTYTE BHICOKOTEMITEPATYPHBIX KPEMHUI-IrepMaHNeBbIX Tep-
MO3JIEKTPUIECKIX Ipeobpa3oBaTesissX. DBblLIo perieHo mpopaboTaTh WX HUC-
MOJIL30BAHNUE [ CO3/IaHNs KOCMUYECKON 9HepreTHIecKoil yCTaHOBKU B CO-
JeTaHnuu ¢ sijiepHbIM peakTopoM. lecant B Cyxymu Bo riase ¢ Muxaniom
JmurpueBndem OBLT BhICaykeH yzKe B II€pBOIl Jekajie Masd. PaboTa 3akuriea,
B Hee BKJIIOUIINCH JecaTku opranmsamuii Cpenmalia, a B aBrycre 1964 ro-
na B KypuaToBckoM MHCTHTYTE OBLT BBIBEJEH Ha MOIIHOCTD MEPBLIT B MUpe
peakTop-ipeobpazoBaTe/ib « Pomalikay ¢ HeloCpeICTBEHHBIM TEPMO3JICKTPHU-
YeCcKUM Ipeodpa30BaHreM TEIJIOBOM SHEPTUN B 3JIEKTPUUECKYIO.

Hecmotpst Ha Gosibinyto 3arpy3ky B Akajgemun, Muxawmia ImurpueBnd ak-
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THUBHO PabOTaeT B MHCTUTYTE, B OTJI€JIEHUN BBICOKOTEMIIEPATYPHBIX YCTAHO-
BOK B Mockse 1 Ha ITaxpe. Ha ognom ns obmux cobpannii otaesennst Muxani
JIvuTpueBnd moceToBasl MHe: «UTO-TO He Tak, HUKTO He KPUTUKYET — 9TO
HacTopaxkuBaeT!». Beriomunaerest u jpyroit ciydaii. Ha Yuenom coBere mH-
cTuTyTa noctapjeH jgoksa) Muxamita JIMurpuesumda o0 uccae0BaHUAX 110
BBICOKOTEMIIEPATYPHBIM yCTaHOBKaM. MbI B OTJIeJIEHUN BOJIHYEMCS, TOTOBUM
UJLTIOCTPAITMOHHbIE MATEPUAJIBI, HAM KayKeTCs, ITO TeperpyKennocTb Muxa-
nina JMuTpueBnya 3aTpyIHUT M3/I0KEHUE BCEX HAIUX JIOCTUXKEHUN W MpO-
ostem. Muxann JIMurpueBnd ObICTPO MPOTIA e/ NIJIIOCTPAITUN 1 OTITaPAIIIVLIT
Mend: «Iloemem Ko MHE J0MOil, 11000O€1aeM, paccjaduMcsi — 1 Ha, Y YeHbIil co-
BeT». ymato: «Kak ke Tak, Bejib HEOOXOIUMO eIlle MHOI'0e O0CYJIUTh, YTOY-
HuThH nudpsl. Hy un my, nposanum orders. M/ criokoen, xopoiiio nmoobe aJim,
MPUHAJIN JIyTT, Ha Y 4deHoM coBeTe M/l odenb sicHO 1 JIOXOTIUBO paccKaszag o
Hamunx padorax. Axkajgemukn Mcaak Koncranrunosuu Kukoun, Jles Amape-
esra Aprmmosnd, Anarosnii [lerposna Ajtekcanpos OBLIN OY€HD JIOBOJILHEI
JTOKJTAJIOM U PE3YIBTATOM O0CYZKJICHUS.

XopoIro n3BecTHa O0IIeCTBeHHas AedTeTbHocTh Muxanna Imutpuesnya.
Omn ObL1 OtHIM 13 J111epoB [Taryorckoro ABuKeHsT yIYeHbIX, 3aPO/INBIIEr0CsT
110 MHATIMATHABE BBIIAIONINXCA YIeHbIX MUpa B KoHile 1950-x rr. Muorue rompr
M. 1. Mumronniukos Bo3riaB/sti CoBerckuil [Taryormckuit KOMUTET, YIesT
eMy OO0JIbIIIOE BHUMAHHE. . .

A BcommHaro cirydait, korjga Muxawa JIMuTpreBud nNpuriacua MeHs ¢ Co-
0oit B moes3iky B AGxasuio, Ha KypopT IluiyH iy, rie oH miaHnpoBast IpoBeCcTn
MEKTyHAPOIHYIO TOJI0BYIO KoHdepeniuio [Taryomickoro apmkenns. OcMoT-
pesn KypopT, U 110 MECTHOMY OOBbIYalo HAC IMPUIJIACUIN B IOCTU B JIOM CTa-
peiimero »xutess nocesika. Cobpagoch 0ojiee COTHH UMEHUTBIX rocreit. Mu-
xana JIMuTpueBnd - camblil yBakaeMblil. X0O3gdUH TPUTJIACHT €r0 BhIOPATH
BUHO, KOTOpoe OyJieT MmojiaHo K cTosy. B mojsage jecaTok Oouek. «Kakoe
BUHO OyJieM 1uTh?» U 37ech MHE JIOBEJIOCh HADJII0IaTh HEIOCPEICTBEHHOCTD
Muxamra JimurpueBunda. OH HECKOJIBKO PaCTEPSLICs, CMYTHJICS 1 OTBETIL:
«He xyionounte, jr060e». Ho nputiioch mpodoBaTh pasHble BUHA J0 TEX 0D,
noka Muxamn JImurpueBnd e ckasair: «I1oly. Bekpbuim 601Ky, Hagamoch
3aCTOJIbE, MHOTO KPACUBBIX TOCTOB 3a KaXKJOT'O ITPHUCYTCTBYIOMIETO, MHOTO-
quCJIeHHbIe «ajiaBepibly. Kak Mbl moToM orTyaa yexaiaun?! Het cios omucarh
s1o! Hac criacsio 1o, 94To s nmokasaJt Xo3i1uHy OnjieThl Ha camosieT. Bejib abxas-
ckmit 3akoH rytacuT: «Iloka Best Oouka He OyJeT BBIIUTA, TOCTH He yXOmusT!»
A 6ouka Obu1a nTpoB 200—300! Muxamn ImurpreBud ceroBasi MHE HEOIHO-
KpaTHO: «Ecian MHe Ha M BUHO B OOKaJl, 1 HE MOT'Y OTKA3aThCd U JIOJIYKEH
BBIITUTD JIO0 KOHIIAY.

... Taxoit ke ciayuait 0b1 B Kpbimy, Korga Muxami ImurpueBud moce-
T MHetuTyT BUHOrpagapcTB U BuHOMAend Marapad u rocje jierycraiim
BUH OCTaBNJI 3aIIUCh B KHUTE JIjIsI ToueTHBbIX rocreii: «Iloceman Marapaa —
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kak?! Brinossan #Ha kapad-kax!». [To moTuBam 310it nmoesjkn »kena Muxania
JImurpueBnya co3jiajia 3aMedarebHOe CTUXOTBOPEHNE O MaJlepe. . .

Muxaunn IMuTpreBud Bce BO3JIOYKEHHBIE Ha, HEI'O 3a/lavun Jie/1aJjl ¢ IOJIHOM
ornadeil. Harpyska 0OoJibliiasi, MHOIJIA Ha JINCTOUYKE OyMaru OH I1ePEeUMCIIsI
CBOU JIOJIZKHOCTU: BUIE-IPE3UIEHT AKaJIeMI HAayK, 3aMECTUTEIb TUPEKTOPA
1 PYKOBOJIUTE/Ib OT/Ie/IeHNsT KypuaToBCKOro MHCTUTYTa, 3aBe 1yI0Nnii Kade1-
poit MU®U, riaBubIl pemakTop »KypHasa «ATomHas sHeprust», [Ipencesa-
Tesib Bepxosroro coseta PCOCP, npejiceiare/ib yIeHBIX COBETOB. .. 3aJIy-
MaBIIIHICh, ITOJABOIMI UTOI: «Humyero He mnojenaenib, — y4eHOMY HEOOXOIMMO
JeTbipe HallpaBJ/IeHUsT PabOThI: MCCJICI0BAHNS, HAyIHO-OPraHU3aIMOHHAS U
obI1ecTBeHHasi paboTa, IperoiaBaHnue, HayIHbIN YKy pPHAJ».

Muxann IMuTpreBud He MO CMUPHUTLCS C Te€M, UTO Ieperpys3ka oOIie-
CTBEHHBIMU U HAyYHO-OPraHM3allMOHHBIMI 3aa9aMi HE OCTaBJIIeT BPEMEHH
Ha COOCTBEHHBIE UCCJe0BaHusA, U B KoHIle 1960-X rojioB OH C 9HTY3UAa3MOM
MOJIOJIOTO UCCJIeJIOBATEISI BEPHYJICA K Teopun TypOysieHTHOCTH. Benomunaer-
¢, Kak Muxamt JIMuTpueBnd Ha 3acelaHUsIX, CUJIA B IPE3UINyMax, YBIeUeH-
HO Ha JIICTOYKAX BBIBOIMI (POPMYJIBI, IIICAJI CTATbH B »KypHAaJIbl. BeroMuHazo
ero OJiecTdInye 0K/ bl O BJIUSIHIN IIIEPOXOBATOCTH TEILIOOTIAa0Iell CTeHKN
Ha THIPaBINYECKOe COIPOTHUBJIEHNE M MHTEHCH(PUKAINIO cheMa SHeprun. B
KadecTBe UJIIIOCTPAIK CIIeKTpa IepoxoparocT Muxana JImMurpueBud mpu-
BOJIIJI CJleJIaHHBIE M C CaMoJieTa CHUMKN HebGockpebos Hbio-Ilopka.

Hositops 2008 1.
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Beuepa y MuniinoHITUKOBBIX
B.I1. MacJjos

4 TopcToUKYy 0B, CJIOBHO TOPCTKY MOHET,
Hecy ma na0HgX 1O/ COJIHEYHBIN CBET.

O, xak yrajiaioo, Gpa/blluBbl Wb HET?!

¢ mpexk e cabxaga Takue cJIoBa,

Ho Ob1tn orm, Kak qy»kas MOJIBa,

Kak mpormioro rojia cyxas Tpasa.

A 5Tu 3BEHSIT U NBLIAIOT B TOPCTH,

1 TemHyI0 HOUB OCBENIAIOT B ITYyTH,

1 xryT MHe JaJ0HN, U MIEnIyT: «BmycTns.
A cepjiie HaBCTpedy U3 KJIETKH JIETHT.
Takne ke TOYHO yIPSAMO TBEP/IUT,

U1 »kkKeT 0 HUX KPbLIbsl, 1 C HIMU TOPHT.
[IbL1aroT cjioBa, CJIOBHO CTas IJIAHET.
[I1bIBYT, OTparkast HEMEPKHYIIUIT CBET.

O, Kak yrajiaio, oH BeueH uib Her?!

JI.M. MujumoHIuKoBa

B pazBuTuu pycckoil KyJIbTypbl 04€Hb OOJIBIIYIO POJIb UI'PAJIT, KAK U3BECT-
HO, CaJIOHBI: B JIOME KaKOli-HUOY/Ib JaMbl, TJIe TI0 YeTBepraM WJIn, CKaXKeM, 110
cpeJiaM IMOCTOSIHHO COOMPAJINCh TOCTH, MHTEJIUIeHIUsI, Ky/JIbTYpPHbIE JedTe-
sn. Takue caJIoHbI, MEXKTy TPOYNM, CYIIECTBOBAJIM He TOJILKO B Poccun, HO 1
Bo OpaHiun, HalIpuMep caJIoHbl MajaMm Je [lommamayp, magam Pekambe u Jp.
[IpaBna, Bo @paHiuy 3T CAJOHBI OOJIbIIE UT'PAJIN JUIIOMATUIECKYIO POJIb,
TaM pellaJiich KaKie-HUOY/Ib CBETCKUE Jiejla U ILJIeJINCh MHTPUTH. Y Hac ¥Ke
CAJIOHBI OBLJIM B OCHOBHOM OYaraM# KYJIbTYPHI.

[Tpex e Bcero, MHE BCIIOMUHAETCS CAJIOH «3e/IeHasl JIaMIIay, Mej0e cood-
mecTBo, B Koropoe Bxoami B.A. ZKykoBckuii 1 KOTopoe B KaKOH-TO CTeleHn
HAXO/IMJIOCH TI0JI BJUSIHUEM €0 TBOPYECTBA: MHOI'ME YJIeHbI 9TOI'0 CajlOHa HO-
CUJIN UMeHa repoeB ero Oajuiaj. [IymKuH, Kak MbI Bce 3HaeM, BXOIUI TY/IA
110]T UMEHEM «DoJ10Ba apday, IOCKOJIbKY y Hero Beerja 0ypdasio B KHUBOTE.
Bxojmta Tyjta erie n MoJIoJieyKHast TPYIIIIA.

He menee sHamMeHuTbIMU ObLIK caJIOHbI XUTPOBO-PUKEIBMOHI, KOTOPbhIE
cobupaJIi II09TOB, IIcaTeseil, My3bIKaHTOB 1 BECh LIBeT 00IIecTBa. bbLiu ere
IIpUEMBI IIPK JIBOPE: Y BEJINKNX KHeA3€l, Y BJIOBCTBYIONIEH NMIIEpATPHUIIHI — HO
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9TO ObL/IN OpUIIIATILHBIE TPUEMbI — BCTPEUN BHICOKOIIOCTABIEHHBIX TUHOBHU-
KOB. JIuTepaTypHble Ke HeopHuIuabHbIE CAJIOHBI OIPEJIEIAN OYeHb MHOTOE
B PYCCKOI KYJIbType: B HIX Pa3BUBAJIACh KYJIbTYpHAs *KU3Hb CTPaHbI.

Yro kacaerca nHadajga XX Beka, To m3BecTHa «bammsy Bsdecnapa lBa-
HOBA&, TJIe COOMPAJIUCH TIOITHI, KayKeTCs, TOXKe B YeTBepr. TaM BCTpedasnuch
HCKJIIOYMTEIBHO MTO3THI U YUTAJIN JIPYT JIPYTYy CTUXU. Dbl Takne cbopuina
u B [leTepOypre, T/1e BCTpedaanch KOMIIO3UTOPHI, MY3BbIKAHTHI, XY TOKHIKH.
[To/100HBIM TTOCTOAHHBIM KYJIBTYPHBIM IEHTPOM ObL1a jgada Bosomuna B Kok-
Tebesie, Ky/la Che3yKaJCh caMble pa3Hble PEeJICTABUTEN PYCCKOW NWHTE N~
PEHITUN: TaM MOYKHO OBLJIO HAfTH U 1O3TOB, U XYJI0XKHUKOB, U JIPAMATYPIOB.

[Tocste peBosTIOIUN yeTpanBaTh TakKue CAJIOHBI CTAI0 3aTPYIHUTEIHHO, TaK
KaK MHTEJUTUTEeHIINs He MMeJsa yyKe TaKUX OOJIbINNUX MOMEIIeHui st coopa
rocreit. [oBopsT, B MOCTXPYIIEBCKIE BpEMEHa, IOCJEe pacce/ienns KOMMYHa-
JIOK, JIIOJIM CTaJI COOMPAThCs Ha KYXHsX OTJIE/JbHBIX KBapTup. Ho 310 ObLII0,
KOHEYHO, He TO.

A mMory ckazaTb, YTO Takas Tpauiinsg BO3PoaAnIach Y MUIIMOHITIKOBBIX
B X O'POMHOM KOTTe ke Ha [lexoTnoit yniure. [Iponcxoxaenne sTux KoTTe-
JIZKeil ciaeaylolee.

B Te Bpemena oueHb OOJIbINIOE 3HAUEHUE JJI HaIlell CTpaHbl MMEJIO0 CO-
37]aHie aTOMHOM 60MOBI, YTOOBI MBI MOIVIH cebs UyBCTBOBATH Ha PaBHBLIX C
aMepUKaHIIaMI B XOJIO/IHOI BOITHE, BCILIXHYBIIIC II0CIe HACTOMIIICH, TOpsaIeil
BOItHBI ¢ hamucTckoit ['epmanueii. V1 kpynHeiine y4aeHble Haleit cTpaHbl ca-
MOOTBEPXKEHHO yIaCcTBOBAJIN B paboTe HaJl ee co3manneM. Benb Torja ObLIa
peasibHasg yrpo3a, 9TO XOJOoJHas BOIHA TepepacTeT B Tropddee CTOJTKHOBE-
Hue ¢ aMepukKaHiamu. Kciau O6b1 He aTomuas 60MOa, KOTOPYIO OHU CO3AJIM,
TO BIIOJTHE BO3MOXKHO, EBpoma, rjie BO MHOIMX CTpaHaX KOMMYHHCTBI I1O-
cJie BOWHBI TT0JIb30BAJIICEH OosibiiM BiusiaueM (1 B Vtamun, u Bo @pannum
KOMMYHUCTBI TIOYTH OBLIN Y BJIACTH ), ObLTa OBl TIOJHOCTBIO 3aXBadeHa COBET-
ckuMu Bofickamu. U mpuiiTu K BJIacTH KOMMYHHUCTaAM B 3TUX CTpaHaX ObLIO
TaK:Ke JIerKo, Kak 1 B crpanax Bocrounoit EBponbl. I To, uTo ObL1a cOpO-
ImeHa aroMmHasi bomba Ha Xupocumy n Haracakm, ObLIO TIpejlylperkIeHueM
HaM. VI MBI TOT/Ia MOHAIM, YTO ONpEJIeJEHHYIO I'PAHUILy MbI IEpPecTyaTh
He MoxkeM. Hammmm BjacTu moHmMasin, 4ToO JIOJKHBI CO37aTh aTOMHYIO OOM-
Oy 1 9TO-TO NPOTUBOIIOCTABUTH TAKOMY ITPEBOCXOJICTBY. [IpuMeHnTh aToMHOe
OpyzKHne MpOTUB HAC aMEPUKAHIIBI €Ile, eCTeCTBEHHO, He MOIJIN, HO caM (haKT
CYIIECTBOBAHUS TAKOTO OPYXKUA JIeJIaJ CJIUITKOM OOJIBINOI MTepeKoC B CMBICIC
CUJIbI ¥ BIUSIHUSA B UX TOJIB3Y. [loaTOMy B cTanmmnckmne BpeMeHa aTOMITUKAM
IPEIOCTABJISIINCH OUeHb OOJIBbIIIE PUBUJIEINN: TaK »Ke, KaK U B AMepuKe,
Te, KTO 3aHUMAJICS aTOMHON OOMOOIi, MMeTN TaKWe Ke JIbI'OThI, KaK U TJIe-
HbI TIPaBUTEIbCTBA. HACKOIBKO s MOMHIO, OHU MOTJIM OECILIATHO JIeTaTh Ha
camoJiere. IIpecTmk nMenHo PU3MKOB ObLT YPE3BLIYAITHO BHICOK. Kcym cefi-
Jac IMPecTuzk yaeHoro B AMepuke 3HAUNTE/IHHO YIIasl Jdake 110 CPaBHEHUIO C
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IPeCTUKeM ydeHoro B 3anaJiHoii EBpore, To B Te MOpbI, KOIjia aTOMIIIKH
cozjiasin OOMOy, UX IIPECTIK B AMeprKe OblLI 09eHb BBICOK. AMEPUKAHIIbI 110-
HUMaJIN, 9TO U3 00K IeHHO# ['epMaH HY»KHO ObLIO BBIBO3UTH HE CTAHKH 1
JIpyTHe MaTepuaJibHble IEHHOCTH, & YUYCHbBIX, KOTOPBIX IPOCTO BbLJIABINBAJIN
u repenpanisiin B Amepuky. B pesysibrare um yiaajioch co3jiaTh aTOMHYIO
60MOY, a MBI CMOTJIM MOOEJIUTH ['epMaHUio 0 TOro, KakK OHa Co3jiajia CBOE
aTOMHOE OpYIKIe.

VY Hac B cTpaHe, KaK s y’Ke CKazaJjl, aTOMIINKN TaKKe IT0JIb30BAJIICH MHO-
rumu puBmerusyMu. VM, B yacTHOCTH, OBLIN BbIJIAHBI KOTTEZKI ¢ HEDOTb-
muMn ydactkamu Ha [lexoTHoit yiuie BOm3u KypuaToBCKOTO WHCTUTYTA.
3 sTtux KorTerKkeil BujiHA TpyDOa, M0-MOEMy, 3TO Tpyba KakKoro-To Kpema-
TOpHUsl, U3 KOTOPBII BaJuT JbIM. BOIM31M aTOMHOIO MHCTUTYTa, HABEPHOE, 1
YPOBEHDb pajIuaIii ObLI BbIIIE, HO, TEM HE MeHee, 3TO OBLIN POCKOIIHbBIE JIBYX-
sraykHble KOTTe KU 110 150-200 KB. METPOB Ha KazKJIOM 3TarkKe, ¢ O'POMHbBIM
10/IBAJIbHBIM ITOMelleHneM. B Taknux KoTTelzKaxX MOYKHO ObLIO yCTpPamBaTh
MHOI'OJIIO/IHBIE Bedepa, IPOJIOJIXKAIOIIIe TPAJIUIINT PYCCKO KYIbTYPHI.

41 Korma-To ObiBaJI B KoTTeKe y akajgeMnka A.l. Annxanosa, He na Ile-
XOTHOW ysuIle, a Ha Tepputopun MHCTUTYyTa TeopeTndecKoil n SKCIepuMeH-
TaJbHOI pu3uku, riae Mbl Berpedaan HoBblil rog B 0o4eHb OOJIBIION MOJIO-
nexxkHoit komnanuu. Ho TaM He yecTpanBaJiich IIOCTOsIHHBIE Bedepa. A BOT 110-
CTOTHHBIE MHTEPECHbIE BCTPEYN B TOCTENIPUIMHOM JIOME, MHE KayKeTCs, ObLIH
TOJIbKO Y MUJITMOHIITNKOBBIX.

I xkak B npexkKHHE BpeMeHa, KOrja, I'OBOpsl O caJjloHe, BCerja yIOMUHA-
JIN UMsI He XO3sIMHA, a XO3dUKH J0Ma, 3/IeCh TOXKE MOYKHO CKa3aTb, 9TO 3TO
ObL1a 3aciayra He M/, xoTsg oH 1 ObLI, KOHEYHO, 3BE3/10i1, s1 00 9TOM CKaxXKy,
Ho JIromurer MuxaitioBabl MUJIIHOHIITUKOBOI, KOTOPasi B OOJIBITION CTEIeHH
Tsiroresia K uckyccrBy. OHa ObLIa 3aMedaTe/IbHBIM YKUBOIKICIIEM, €€ KapTHHbI
BBICTaBJIAINCH, KcTaTh, B KypuyaroBckoM nHCTUTYTe Oblila OJIHa U3 €€ BbICTa-
BOK, KOTOpas MPOoIILjIa ¢ O9eHb OOIbINM ycrexoM. He najio qymMarh, 9To 9Ta
BbICTaBKa, Obljla OpraHn3oBaHa, TaK cKa3aTh, 10 3HaAKOMCTBY. OTHIOIb HET.
Heno B Tom, uTo KypuaToBCKMiT HHCTUTYT UMEHHO M3-3a TOI'0, YTO aTOMIIIU-
KU ObLTN TaK HYKHBI, ObLT B U3BECTHOI Mepe He3aBUCHM, OH MO3BOJISI cede
TO, YTO Jpyrue MHCTUTYTHI MO3BOJUTL cebe He Moriu. Hampumep, repBble
BoicTyILIeHnst CoJlKeHUIIbIHA [TPOXOAnin nMeHHO B KypuaroBckoMm. ¢ Tam
cayira CoJlzKeHUIIbIHA, KOI'JIa OH IOTPsICAIOIe YUTaJI CBOU IIPOU3BEJICHUST 1
OTBeYaJI Ha BOIPOCHI, U, CJyIIasl €ro BBICTYILICHU, s TOIJa yrKe TOHUMAJI,
Kak 3a0J1y>K/IaI0TCs HAIIIN BJIAaCTH, cauTasi, Y70 COKEHUIIBIH B KAKOH-TO CTe-
nexn uM 0J1m30K. OcobEeHHO PE3KO OH BBICTYIIAJ IPOTUB IIcaTe 1eil, KOTopbIe
BO3IVIABJIAIN OpullnaIbHbIe ITucaTebckrue opranusaiun. Ilosxke Coszkenn-
I[bIHY 3allpeTU/IN BBICTYIATh IJe-1u00, HO B KypuaToOBCKOM HHCTUTYTE OH
BBICTYTIAJL.

A Benomunato erte ojun Bedep: y Ilonomapesa-CrerHoro, Ky/a MeHs 110-
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3BaJI ¢ c000#t MUIIMOHIIUKOBBI. DTO KaK pa3 ObLI IIPHeM, KaK s OIIChIBaJI
BBbIIIE, «Ha KyXHe». MajieHbKas KBapTUpKa Oblia OMTKOM HabWTa TOCTSIMU.
Tam BBICTYTAT OJINH W3 3aITPENIeHHbIX TTO9TOB-HOBATOPOB, YTO OLLIO JIOCTAa-
TOYHO cMeJio B Te 1mopbl. OH BBICTYIA PE3KO OIIMO3UIIMOHHO, W MHE, Kak
JIIOOUTEJTIO TI093UN, HEKOTOPbIE €TI0 IPOM3BEJIeHNsT TTOHPABUINCH, KAK BOOD-
111e ObLIM NHTEPECHBI T€ HOBBIE HAIIPABJICHUS B 1T093WU, B U3BECTHOI CTEIeHN
MIOKUPYIOITIe O0IIECTBO, KOTOPbIE TOABUINCH B TOT MOMEHT. ¢l MOMHIO, UTO
03T 00OBITPBIBaJ Pppazy «OcTOpozKHO, JIBEPH 3aKPbIBAIOTCS .

D10 ObL/IN He PYTYPHUCTHI U JIazKe He M0c/e[0BaTe/ i (hyTYPUCTOB, 9TO ObLI
HEKWil HOBBIN CTHUIb, SMATUPYIONNi MyO/inKy. ¢ 09eHsb XOpoIno 3aIloMIHATO
CTUXU U MOTY IPUBECTH HEKOTOPBIE CTPOKH, HE TOT'O 09T, KOTOPBIIl BHICTY-
naJi y ITonomapesa-CrenHoro, a Jipyroro, Ho TOro e »kanpa: «Mama, mama,
4TO TaKoe, KaK KJayOHu4IHOe Bapenbe?! Tuiie, JieTu, 9T0O nara BJIUI B TPaM-
Baitnoe kpyienbey. Vin: «Buusy youiu desnoseka! Buusy youin dejoBeka?
Bunzy yonan denoeka. Bansy yonam deyioBexa. . . », TO €CTh YeTBEPOCTHUIIHE
COCTOSAJIO U3 TIOBTOPSIONIEHCS ¢ pa3HbIMI HHTOHAIUSIMU OJTHON CTPOYKHU. DTO
HOBATOPCTBO He TOJIYUNJIO PA3BUTHUSA U HE OCTABUJIO, K COXKAJIEHUIO, CJIEIO0B
B COBPEMEHHOI IT033UMN.

Yro kacaerca mpoma MUJIIHMOHITUKOBBIX, TO STOT JIOM OBLT Ipe3BbIYaii-
HO YOIOPHBIi, 1 TaKOHl HECKOJHLKO BOJIBHBIN CTUJIb, KOTOPBIH ObLT MPUHAT,
HAITPUMEp, B cpejie OoreMbl, B HEM OBLT COBEPIIEHHO He ymecTeH. ¢ mom-
Hi0, Kak M/I ObLI IMIOKMPOBaH CJIOBOM «IIPOCTUTYTKA», KOTOPOE ObLIO KEM-TO
npoustecero. [loaTomy, Koneuno, Takme MOITHI U BOOOIE HoremMa He MOTLJIH
IPUCYTCTBOBATDH B cajione MumnonmukoBbix. Ho, TemM He Menee, y HUX cobu-
paJIiCh COBCEM pa3Hble M0IThI, HaduHast 0T AHJipest Bo3HeceHCKOro n KoHdast
Eropom McaesbiM. Beapb cama JIroamuina MuxaitioBra Oblia 3aMedaTe/IbHBIM
MO9TOM, U3IABIINM HECKOJIHBKO COOPHIUKOB CTHUXOB.

Kpome y4ueHbIx y HUX ObIBAJIN U OYeHb HHTEPECHBIE XYI0XKHIKH, HAITTPIMED
Buiagumup @egoposud rpannx. 9To ObLIT COBEPIIEHHO OYapOBATEIbHbIIM
CaJIOH, B KOTOPOM BMECTE COOMPAJINCh JIIOIU pa3HbIX Ipodeccuii. I3 akTe-
poB  nomHIo Totbko Hatanbio dareeBy, KoTopast Oblia B Te TMOPHI CBA3AHA,
¢ yYeHbIM MHUPOM, MOCKOJIbKY ee MyK bopuc bopucosna Eropos, cbin 3na-
MEHUTOr0 XUpypra akajgeMuka Eroposa, cam Bpad U KOCMOHaBT, OBLI T€CHO
CBABaH C YYCHBIMU KPyTaMH.

Ha Bedepax coBeplieHHO MPOMecCHoHAILHO Pa3bITPLIBAINCE MAPaIbl. Y
MuLIHOHIITMKOBBIX OBLT 11e/IBI HAOOD crenna/ibHbIX KocTioMoB. Cam M /I 00-
JIaJ1aJ1 UCKJII0UNTE/IbHBIM JapoM uMmipoBudaropa. OH OJiecTsiiie urpaJj u ObLI
Ype3BbIYaiiHO HAXOIUB, yMeJI TPOM3HOCUTH HEOXKUIaHHbIE W SKCTPaBaraHT-
HbIe pedn. B mapajax npuHuMaJn yaacTue 3HaMeHUThIe yueHble: AJIeKcaH 1p
Muxaitiosua Ilpoxopos, Hukosait I'ennagpeBua BacoB u apyrue. AKTUBHO
y4acTBOBaJIA U MOJIOAEKD. Y MUIINOHITIUKOBBIX BOOOIIIE IIAPI/Ia CMECh ITOKO-
JIEHNI, TIOCKOJIbKY JeTn Bosoyg un Tang npuHUMaIN B 9TOM caMoe aKTHBHOE
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ydacTue.

41 Ob1 ckazaJsI, YTO B HEKOTOPOM OTHOIIEHUN 3TOT CAJIOH OBLI CTApOMO/IEH,
1 B 3TOM Oblila ero npesiectb. Hanpumep, «Jlosmrys HabokoBa ML npocto
HE MOI' BLIHOCUTH, OH CUMUTAJ 3TO IPOU3BE/ICHNE aMOPAJILHBIM.

Tem He MeHee B HEM, HTOBTOPSIIO, BO3POXKIAINCH TPAJUITINI PYCCKON KYJIb-
TYPBbI, KOTOPbIE B KAKOH-TO [T€PUOJL ObLJIN YHIITOKEHBI HACTOJIBKO, ITO JIIO/IH,
3aHUMaBIINECs JTUTEPATYPOil, He 3HAIN TaKUX MO3TOB, KaK Mapuna [IBeTtae-
Ba. Mory ckazatb, 4To jaxke Pasuib Vckanjaep He 3HaJ TOrIa XJIEOHUKOBA.
A, ckaxkem, FOpuit Harubun B cBoeit crarbe 0 XJ1eOHUKOBE HAIIMCAJ TAKYIO
epPyHJLy, UTO sI eMy IO3BOHIJI U CKa3aJl O ero OIMNOKaX, a OH W3BUHSIICS, UTO
10 CcyIIecTBY XJIeOHNKOBa He 3Haj. OH Hanucas, 9To y XJIeOHUKOBa, He ObLIO
PEBOJIIOIIMOHHBIX [T09M, TOTJIa KaK CaMble 3HAMEHUTBIE €ro TO9MbI KaK pa3
peBostorionnbie. 11 B casione y MujIMOHIIMKOBBIX 9TH UMEHA, TaK CKa3aTh,
BO3POK1a/NCh. CaMbIM KyJIbTOBBIM 1109TOM ObLI 3abosorkuii. Ero «Crosio-
IIbI», MOXKET OBITD, 38 KOTOPBIE €0 U MOCA U, TIOC/Ie Yero OH yKe He MICaJT
TAKIX SMATUPYIONINX OOIIECTBO CTUXOB, B 9TOM JIOME IEHUJINCH OUYeHb BBICO-
ko. [{uraTel 13 pasropopa Aracdonosa ¢ KopaeeBbiM 3a00/I0IIKOTO TIOCTOSTHHO
IIPOU3HOCIINCH, BECh PA3roBOp KakK Obl NpuCyTCcTBOBaJ Ha npuemax: «Cpe-
TN TIOCYJT, I Pa3/InJalo MpeKpPacHbIil YaifHiK anrIndans, — Takas, HalpuMep,
dpaza nim: «mIpegMeT, TOCTOWHBIN JIYUIINX MeCT, CTOUT HAIIOJTHEHHBII oTpa-
BOit, rjie AracoHOB Kallly ecT». DTU CTPOKH U IUTATHI U3 JPYTUX CTUXOTBO-
peruit 3a00JI0IKOTO MIPSIMO BUTAJN B BO3/yXe, KaK B Hallle BPEMsl BCe 3HAIOT
Takue KpbLiaTbie ppasbr nu3 «Macrepa n Maprapurtsl» bynrakosa, Kak «Ta-
nepeda, KOTJia 9Ty HaJl0e/ asly CIUIABUIN, Mbl OTKPOEM JAMCKHI Mara3mHy.
A pamnbllie, B MOU TIKOJIbHBIE T'OJIbI, HAM3YCTh 3HAJN MpoussejieHust Mibda u
[TerpoBa, cBsizaHHBIE C CATUPUIECKUMH OIIO3UITMOHHBIMI HACTPOCHUSIMU B
Halmneil cTpane TOro BpeMeHu.

Tak 49TO 9TOT cajoH OBLT 3aMeYaTeJIbHO HWHTEPECHBIM, W CBA3b YUCHBIX C
JINTEpaTypPHBIM MUPOM OCYIIECTBJIAIACH B HEM KaK, ITOXKaJIyit, HUre 0oJibIie.

A yxe roBopuit, uro M/ Ob11 GJtecTAIIMM IMIIPOBU3ATOPOM, Y KOTOPOT'O
pedb JUIach, KaK pydeil, OH TOBOPUJI COBEPIIIEHHO CBOOO/IHO, Ha JTIOOYIO TEMY,
B CUJIy CBOEH MIMPOKOI 00pa3s0BAHHOCTH OH MOI' MPOW3HECTH MEJIbIH CIud.
M/I 3aHuMaJ/ HEKOTOpPbIE HOMEHKJIATYPHbBIE JOJIZKHOCTH, OH ObLJI CIIMKEPOM
Bepxosraoro Cosera PCOCP. ¢ nomuio Taxoii amm3o.. I'ne-1o on gosKeH ObLI
BLICTYTIATD, I €0 3aCTAaBUIN MPEABAPUTETHLHO HAITNCATD, a8 3aTeM ITPOINTaTh
TOKJTa]T. Kro 9T0 cTpaliio TaroTusio, OH TOBOPUJI, YTO BBICTYIIUT C «¥KUBOI»
peubto. Ho Her, 310 He nosaranock. Ilorom, korga M/I mpounTas cBoio pedb
1o OyMazkKkKe, OKa3aJjoChb, 9T0 KocklrmH BbICTyIaa 6e3 Oymaxkku. M/ ObL1
CTPAIIHO HEJOBOJIEH, UTO €TI0 3aCTaBWJIN YUTATH TEKCT, KOT/Ia MOXKHO OBLIO
9TOTO HE JIeJATh.

[IpekpacHbIM apTUCTUYECKUM TajIaHTOM 00Ja1a1 Takxke cbii M/ — Bo-
jojsi. OH O4YeHb XOPOIIO UMUTHPOBaJ rojoca. VI ofHaxKbl, KOrja B TOCTH
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upuiiest Upaxsmit Anjponnkos, Bosiojst 1o310poBasics ¢ HIM €ro T0JIOCOM.
1 o nmomumo, kak Mpakimii Ob11 dpannnpoBaH, OH KaK-TO JiayKe OTIHPSHYJI:
caM BCeX Ilepejipa3HuBasi, OH He IIPUBBIK, 9TOOBI €My MOAParKaJiu.

Boobirie urpaJin Beerjia camMo3adBEeHHO, BECEIO U 09eHb PO eCCHOHATBHO.
Kak pa3 npodeccnonajibiuble akTepbl HE yMEIOT Tak OJIECTSIEe NUMITPOBU3U-
poBaTh, u, Hampumep, yrnomaayToit Haranbe dateeBoit 3TO0 Kak-TO ILJIOXO
yJlaBaJioCh, €ii, BUJIMMO, POJib HY?KHO ObLIO 3apaHee yuuThb. Ho M/I, kak s
y2Ke TOBOPWJI, ObLIT 3aMevaTe/IbHbII IMITPOBI3aTOP.

Cruxu Ha Beuepax o0bIaHO dnTasia Jloamuia Muxaitiosna. HYro Kacaercst
M/I, To s moMHIO, 9YTO OH BCerjia MoBTOPsI ojiHy dhpa3y n3 Mapiiaka: «Hero
noTpedyeT JI0UKa, JOJXKHO ObITh MCIIOJTHEHO — TOYKAa».

norja jieToM ycTpanBaJjii SKCKYPCUHU 3a TOPO/I. bpaJin pack/iajiHble CTo-
JINKU U CTYJIbsl U HA HECKOJIBKUX MAIllMHAX OTIPABJISINCH Ky/la-HIOY/ b B JIeC.
M/I cam Best mammuny. Bech payT nmponcxojmi, Kak TUKHUK.

['ocTenpuuMcTBO 3TOi ceMbl ObLIO COBEPIIEHHO YAUBUTEIbHBIM. ¢ Beera
nopazkaJics, Kakas y HUX Oblja BKyCHas IHINa, MojaBaan paodInkoB. [ToTom
mue Bosionst u Tans ckazasm: «IIpuxonn mouarne, Korja Thl HPUXOAHUIIb, Y
HAC TOTOBST PAOIMKOBY.

KoneuHo, MHE OYeHb 3allOMHIJICS 9TOT XJIEOOCOIbHBII JIOM, KOTOPBIil BMe-
masl B ceOst CTOJBKO TaJaHTIMBBIX JIIOJIEH, TOM ¢ TAKUM OCOOBIM apoMaTOM:
MbI OB B MoOCKBe, HO Ka3aJ0Ch, YTO HAXOAMMCA 3a TOPOJIOM, TaK KaK BO-
KPyT poc/in JiepeBbs. I HECKOJIBKO CTapOMOJIHBIN CTHIb, POJIOJIZKEHNE Tpa-
aunuit maTe/nrennn 20-X roJI0B MPOU3BOJIIIN COBEPIIEHHO 3aMedaTebHOe
BIleuaTIeHne. KoOHeIHO, 9TO ObLIO CBI3aHHO C MOEi MOJIOJOCTBIO, U TIO9TOMY
JJIT MEeHS 3TO MMeeT 0coObIil KoopuT. I stm BocmoMmuanus muHe ocoben-
HO npusiTHbl. Ho Torja st MCIbIThIBAJ OIIYIIEHUST CUYaCTbsl, HAXO/ISICh B 9TOI
ceMbe, B 9TOIl 0OCTAHOBKE IIOIPY:KEHUsI B UCKYCCTBO, OTPEIIEHUs] OT BHEIII-
HUX 3a00T, TPEBOT. JTa arMocdepa, CYIecTBOBaBIIAA B JJOME, €CTECTBCHHBIM
obpazoM BioxHoBJsIa JI1oaMuTy MuxaitioBHy Ha TBOPYECTBO: MNCATL Kap-
TUHBI U IIICATH CTUXU.

JobpbiM aHresiom 3Toit cembu ObL1a Basientuna Ilerposna OcTpoBekas,
KOTOpas JI0 TOTo Kak craTh moMortarnkoM M/ pabortasia B OHOM 13 OT/IEIOB
Axkanemunn Hayk. [Toz:ke oHa cTasia 100pbIM reHueM yKe Beeit AkajiemMun: Kak
Basentuna ITerpoBha cBsizana ¢ Akajemueil, Tak n akajemust ObLa CBsI3aHa
¢ Banentunoii IlerpoBhoii. 4 cunTaro, 9To B 9TOM OOJIBINAL 3aCayTa TPUHA-
nexxkut MJI, mocKoIbKY, HACKOJIBKO s 3Hal0, UMEHHO OH ee Hales1. Ona ObLta
He TOJILKO TOMOIIHUTIEH, HO U JIPYTOM, WIEHOM BCEr0 9TOr0 COODINECTBa, O
KOTOPOM s TOBOPHJI, I TaK »Ke OblLjIa IIPOHUKHYTa JIyXOM 9TOI'0 KOMbIOHHUTE.

Ecnn Jlrogmuira MuxaitioBHa Obliia 9eJI0BEKOM OYeHb YPAaBHOBEIICHHBIM,
CIIOKOITHBIM 1 KaK ObI CO3epLAIOIIUM TOT MUD, KakK Obl HAOJIOIATEIEM, TO
M/I ObLI 4eIoBeKOM O4YeHb BO3OYIMMBIM U OY€Hb OCTPO PEArnupyIONINM Ha
Bce. OH He BBIHOCHJI HU MaJiefilliero XaMCTBa, BCIBIXUBAJ U, KaK T'OBOPHUT-
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s, 3aBOJIUIICS ¢ TToJIyobopoTa. Tak OJM3KO K cepJiry OH IPUHUMAJ U JIeJA.
On pacckasbiBas Mue, 9to Korja A.Il. Asnexkcannpos ckazas emy, uro M/I
XOTSAT BBIIBUHYTH B aKaJIeMUKH, OH HACTOJIBKO 3TO MEPEeKNUBaJ, UTO y HETro
1o/ IHsI10Ch JaBaeHue. OH BOJTHOBAJICA, KaK K 9TOMY OTHECYTCS B MHCTUTYTE.
Koneuno, na Beibopax on mpories oJecrdiie. Ho jiist mero sro 6n110 coBep-
IIIEHHO HEOXKUJIAHHO, 9TO He ObLIO TeM CJIydaeM, KOTJla YeJOBEK caM I10jaeT
3asiBJIEHUE 1 KaK-TO caM aKTHBHO JleficTByeT, YT0OBI MPOTH B djieHbl AKa-
nemun. MJI He TOJILKO caMm He MPUHUMAJ HUKAKOTO y9acThsl, OH OBbLT TPOCTO
Or'OPOIIIEH 1 KaK Obl BHYTPEHHE COIPOTUBJISLICS 9TOMY, TaK KaK 3TO €0 CJIHIII-
KOM BO30Y>KJ1aJ10. & HEro M Tak BCe OBLJIO XOPOIIO B CMbIC/IE HAyKHU, BCE IO
rrajko. VI TyT — Takue pelienus, MpudeM ero Kapbepa CTPEeMUTETbHO pas-
BUBAJIACh U JIAJIbIIIE: CTaB aKaJeMUKOM, OH TOJIYUIW/I MIOCT BUIIE-TIPE3UJIeHTa,
AkajieMnn HayK. DTO HAKJIQ/IBAJIO [EJIbII Psijl JOMOJHUTEIbHBIX 3a00T, KO-
TOpBIE, s JIyMalo, U HPUBEJIM €ro K paHHell CMepTH, HACTOJILKO OH HE MOr
PABHOJIYIIIHO OTHOCUTCA HU K YeMY, BCe BOCIIPUHIMAJI C KOJIOCCATBHBIM Ha/l-
PBIBOM, OTJaBasiCh paboTe O BCeil JIyIIoii.

Hacko/bko s1 cebe mpecTapiisiio, ¢ npesugenTom Axajgemun MceruciaBom
Bceepostogosuuem Keabimem y Hero ObLIN caMble XOpolne oTHoIeHns. KeJ-
TIBITT TTpUE3yKa/l K HeMy, MpaBja, HedacTo, HO OH BCET/ia OBbLT YKeJaHHbIM T'o-
creM. ¢ He ckazaJsr Obl, YTO MEXKy HIMU ObLIa JIPYK0a, HO OTHOIICHIA ObLITH
camble Terible. B ngena, kacatomuecs aunano M.B. Kesgpima, M/ nukorna me
BMeImBaJicsd. B gacTHOCTH, KOrjia s ¥KaJioBaJicd Ha TO, UTO HECIIPpaBeIJIIBO
MOCTYTIAIOT € YUYEHBIMU, MOUMHU Jpy3baMu u3 nactutyTa Kemaabima, To M/I
MHE TOBOPWJI, UYTO 9TO HE ero 00JacTh, 9TO MOJHOCTHIO B pyKax Mcruciasa
BceeposiogoBuya.

M/I MHe roBOpHJI, YTO MHE TIOMOT, KOIJIa PEIIaJICsd BOIIPOC O MOEl Moe3 1
Ke Ha Konrpecc B Hummny. ¢ ObLT mpurialiien Ha 3TOT KOHTPECC KaK JacoBOil
IJICHAPHBIN JOKJIQTINK 1 KaK JOKJIa 9K Ha ceknun. OH MHE TOBOPUJI, YTO
y MeHsl ObLJIN TPYJHOCTH, sIKOOBI MEHsI BBIYEPKHYJ/IN U3 CIIICKOB B YHUBEPCHU-
Tere. EMy yra/ioch MeHst BOCCTAHOBUTD, U IMIO9TOMY COCTOSIACH MO MOE3JTKa,
Ha KOHT'Pecc, KOTopas ChIrpasia Jid MeHsl 0UeHb OOJIBITYI0 poJib. Toraa mpo-
NCXOJININ cTpaHnble Bermu. Hampumep, moit ToBapui, mpodeccop B.B. I'py-
IITUH, KOTOPBIH 0OPMIISIICS Ha KOHIPECC BMECTe CO MHOIH, OBLT NCKJIIOUEH U3
CITICKOB yYaCTHUKOB, KOIJIa y2Ke CaJuanch B camosier. CaauMcst B CAMOJIET, a
damunun «'pymuny B cimcke HeT. Mbl 3a0erain, MbITAINCH BBIICHUTD, TI0-
yeMy B crimucke Het ['pymmna. Toabko uto npoxomuan LK, npyrue komuccnn
— ['pymmn Besjsie ObLT U BIAPYT HCUYe3 U3 CIUCKOB. Tak oH M He roexaJ. A
notoM s cripocust y MJI, uto ciayumiaoch ¢ ['pymuHbIM, OH cKazaJjl, 9TO 3TO
TOKe€ YHUBEPCUTET B TMOCIETHUN MOMEHT 3ajiepxKaj ['pymuna, a mouemy —
HEM3BECTHO.

Yro Kacaercs HaydHOIl JesrenabHOocTH MJI, OH TOorjma odeHb yBJIEKaJICs
TYpOyJIGHTHOCTBIO B Tpybax, HalmcaJ KHUTY Ha 9TY TeMy U IoJapul MHE ee
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¢ Takoit najnuchio: « Bukropy MacjoBy ¢ 61aro/lapHoCTBhIO 38 TO, 9YTO OH BCE
TTOHSLT».

MbI ¢ HUM 00CY2KJa/Ii pas3Hble MHTEPECOBABIINE €0 BOIPOCHI, B JacT-
HOCTH, CBSI3aHHbIE C aKaJeMUIeCKOl JledTe/bHOCTbIo. OH, Kak s yzKe IOBO-
pusi, odenb Bbicoko 1enm H.H. TTonomapesa-Crennoro n E.II. Benuxosa.
13 japyrux ydennix st Mmory Hazsatb O.M. BejonepkoBckoro, 3a KoToporo o
HepesKIBaJI 1 BOJTHOBAJICS, Korja ToT mpoxoami B Akajgemuio, n I.11. Bapen-
oJsiaTTa, paboThl KOTOPOI'O OH BBICOKO CTABHJI.

Mue xouercss 3aKOHYUTL 9TH BOCIIOMUHAHUS, KAK s 1 HAYaJ, CTUXOTBOPE-
nueMm JIoamuiab Muxail/loBHBL:

BambL1o J1y10 HaJl OY/IBIKHOI MOCTOBOII.
CTBOJI ¢ HAPE3KOIO, C TOI caMoil — BUHTOBOII.
Y10 BUepa ele NpUBLIYHA U METKA,

C yTpa j10 Houn 0e3 ycrajn pyka

Hapoanna mo merasy, a ceitgac

CMepTHOI THMOIO METHT JIYJI0 MPSMO B TJIa3.
Kensakamu HaJ1 OYyIBIKHOI MOCTOBOI
XOoJIAT MYCKYJIbI, KaK KaMHHU I10JT PYKOIA.
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Muxann JvmurpmeBud MnjimoHOIMKOB — OJIeCK 1
Tpareans
I'"'1. Bapeno6JjarT

MHe He HpHUIILIOCh 03HAKOMUTBCA C OOJIBITMHCTBOM CTATEl HACTOSIIErO
coopuuka. OIHAKO s1 HE COMHEBAIOCh, YTO COOPHUK JACT IIOJIHOE OCBEIeHHe
mnaroct Muxania JIvurpuesnua (M/]), ero posin kKak opranusaropa HayKH,
YYEeHOro, IJIOJIOTBOPHO PabOTABIIEro B BakKHelleir 06/1acT SHEPTeTHKH, 110~
JTH4IecKoro Jesresd. Y MJI Oblia BeswKoJIelHast peryTalns, — 3a 9TO Obl
OH HI OpaJicsi, OH J00uBaJICA ycrexa. MaJleHbKUil IpumMep Jjist HLIOCTPAIINL.
M/I ObL1 B jomosiHEeHME KO BeeM cBouM obsizanHocTsM IIpencenarenem Bep-
xoHoro Cosera PCOCP. Kazajoch Obl, 9T0O 9TO IIpEICTABUTEIbCKAST JTOJIK-
HOCTb, HO W 3JIeCh OH IPOsIBJIsI cedsa TajgaHTmBo. [loce omHOl U3 ceccnii,
B rapjiepobe m3BecTHbIl KnHOpexKuccep Cepreit I'epacuMoB, Toxke JeryTar,
ckazas emy: «IIpocto He nonumato kak Bam 310 yinaércs: Ber u pacrosara-
eTe BBICTYILJICHUST TaK, UTO CJIyIATh (M COMOCTABJISITH! ) MHTEPECHO, U BCEria
KOHYaeTe UJIeaJILHO BOBpeMsi!».

Cosaercst moJiHoe BredaTaeHue oOjieckal

Mon ornomenus ¢ M/I 0b1n ocodbiMu, 1 9Ta 0COOEHHOCTH 00bACHAIACDH
TeM, 9TO Mbl 00a ObLINM HPSMBIMU YYeHHKAMUI-THIPOINHAMUKAMEI AHIpesT
Huxkosaesuua KosimoropoBa, oH — cTapiinM, si — MJIQJIIIIM 110 BO3PACTY.
OTHoIeHnsT MeKJIy HAMU, HECMOTDsI Ha PA3HUILY B Bo3pacTe (U MOJI0KEHNUH ),
ObLM ToBepuTebLHbIMI. HanmpuMep, Kak-To B Oecejie ¢ Tyia3y Ha TJia3 OH CKa-
3aJl MHe co B3ji0xoM: «3Haere, Huna CvupHoBa OblLIa B MOJIOIOCTH — IJIa3
He orBectH. Ceityac ee cbiH KoHUMI HedTsaHO! MHCTUTYT, U OHA IIONPOCUIIA
ero ycrponthb. BosbmuTe ero kK cebe m cuenaiite ero gesnoBekom!y. Ceituac
pocpeccop A.M. Kynua — BUIHBII clienra/IucT 10 IPUKJIAIHON MeXaHIKe 1
pasHbiM ee npuiokennsM. Cpejin ero nHTepecoB — TYpOY/JIeHTHbIE TeUEHUsI
BOJIBI C MOJIUMEPHBIME JI0OaBKaME (€ 3TOr0 Hadas), TYpOyJIeHTHOCTb B OKe-
aHe u MHoroe jipyroe. On 3aBejiyer jaboparopueil B IHCTUTYTe NeOXUMIH 1
anajmnTndeckoit xumun uMm. B.U. Bepnajckoro PAH.

Mozker ObITh, UMEHHO 13-3a 9T0il joBepureabHocTu M/I 1mo3BoJis cede B
Oecesax €co MHOH NMPHUOTKPBIBATL JAPYIYI0 CTOPOHY MeIasu CBOeil »Ku3Hm. A
9Ta JApyras cTopoHa ObLia Tparndeckoit. M/ ObL1 HCKPEHHUM yUeHbIM, OH 3a-
HUMAJICS HAYKOIi, IOTOMY YTO OHa ero mHTepecopasa. OH He 0xKuJial HOBBIX
Harpaji, OH yKe 1 TaK MMeJ BCe BO3MOYKHBIE JIJI COBETCKOI'O YIEHOI'O Ha-
rpaJibl . Ho MJI naTepecoBasia TpyaHeiiias o01acTh — TYpOyJIEHTHOCTD, OH
YBJIEUEHHO €10 3aHUMaJICsI, HaXO/sI B CBOUX 3aHSTHUSIX HAYKOIl OTIBIX M yCIIO-
KoeHue. Bosppalnasich M03/IHO BeYepoOM JOMOIl 1Ocje U3HYPUTETbHOIO JTHST
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aJIMIHICTpaTUBHONI padoThl, M/l cajuiics 3a cBonm BbIUKMC/IEHUs. £1-TO 3HAJI
9TO He IOHACJIBIIIKE: OH YacTO 3BOHUJI MHE I103/IHO HOUYbIO II0COBETOBATHCSI.
Kax-to mepen mokiaagom Ha ceMuHape Anupest HukomaeBumda oH O3BOHII
MHE JIaJIeKO 3a IIOJIHOYb: €My II0Ka3aJ/I0Ch, 9TO y Hero omudka. ITompocui
1poBepuTh. [IpoBepu1, 03BOHMII eMy — BCE BEpHO. £l yCbIIal B310X cHacT-
JINBOT'O Y€JIOBEKA.

Bonpocsk! BHerrHero npectuzka obLin jjst M HecyinecTBeHHbI. f BCoMm-
a1 cruxorBopenne JILA. JlrocTrepHuka, — 3aMedaTe/IbHOIO MaTeMaTHKa, 1 K
TOMY K€ OJIapPEHHOI0 1109Ta, OCBsIIEHHOe JAPYTy ero Mojogoctu M.A. Jlas-
PEHTBEBY:

O, Tbl, HAy4HBI OIOPOKPAT,
Jlackaer SIM TBoIT »Ka 0Dl 38,1

Kax-to mbl HazHaumim Berpeay ¢ M/ na yaure. CMoTpIo, OH 10/ Ibe37KaeT
He Ha 1oJiozKeHHoM eMy 110 unHy 3MMe, a Ha «1pocroity «Bosres. 4 ciipocut:
«I10 Kak?». Orer ObL1 OoueHb B cruiie M/: «Mue Hajoe/nm0 e31uTh He HA
MAaIlliHe, a Ha MPECTUKe, KOTOPBII BEYHO B PEMOHTEY.

M/I 6bL1 100pOCOBECTHBIM U THIATENLHBIM HCcaegoBaTeaeM. g mpo-
BEPKU €ro TEOPUU eMy ObLIM HY»KHbI dKCIEPUMEHTAJbHbIE JaHHbIE. 37eCh
YMECTHO HAIIOMHHUTBH OYeHb BazkHble cjioBa Anjpest Huxosiaesuda o Hadasie
ero pabornbl B obstact TypoOyserTHocT. OH chOpMyIHPOBaJ 00N CTUIIb,
KOTOPOT'O OH BCETJIa MPUAEPXKUBAJICA CaM, U KOTOPOMY MbI, €r0 yUeHUKH,
crapaeMcs CJIeJIoBaTh: «Bckope MHe cTajio SICHO, YTO TPY/AHO HAJIeAThCS Ha
co3/laHNe 3aMKHYTOH B cebe Teopun (TypOyJIeHTHBIX TeYeHWUH KUJIKOCTH I
razoB. — [.B.). 3a orcyrcTBHEM Takoil TEOpUH MPUJIETCS OMUPATHCS HA TH-
IIOTEe3bl, HOJIYYeHHbIe 13 00PAOOTKH SKCIEPUMEHTAJbHBIX JaHHbIX». Korma
M/I my>KHBI ObLIN SKCIIEpUMEHTAIbHBIE JIaHHbIE JIJIST TTPOBEPKU €r0 TEOPUH,
OH He OCTAHABJINBAJICA HU MIEPeT 9eM, YTOOBI UX JJOOBITH U CAMOMY ITPOBEPUTD
Bce udnciia. [Ipumep: order o padbore ['ostoBuya, BeinoinenHoit B [IBeitapun,
O TYPOYJIEHTHBIX T€UEeHUAX B MIEPOXOBATHIX TPydax He ObLI MoIpOOHO OITyD-
JinkoBaH. M/ 100BLT 9TOT OTYET € IIOMOIIbIO. .. COBETCKOI'O IIPEJICTaBUTEISI
B [Ipeitnapun 3.B. MupoHoBoii u TimaTe/ibHO €ro U3y4nJI U UCIOJIH30BAJI.

Meuroit M/ 0b110 TIOJIyIUTH TIOJIE JIT CAMOCTOSTETbHON TeATeTbHOCTH.
OHn Kak-TO NpsiMO cKazaJ MHe: «4 Meuraro, Korjia Anatosmii I[lerposud
(Anekcanypos, gupekrop VuceruryTa aromuoii sueprun nm. U.B. Kypuaro-
Ba. — Ilpum. I'B.) Beiiijier B orcTaBKy, crarh jaupekTopoMm KypaaToBeckoro
UHCTUTYTa». Bejla B TOM, UTO 3TOr0 He CJIyUMIoch. B Teuenume jecdaTn mo-
caeanux jieT Ku3au M/I Obl1 B oJlunHeHnn y desioBeKa, KOTOPOro s 3J1eCh
rasoBy [ukraropom Hayku (IH). Tor, k1o 3HAET, — TOWMET, HO sI HE XOUY
HA3bIBATL €r0 110 MMEHH: ero cecTpa ObLIa OJIHOM M3 CaMbIX 3aMevaTeTbHbIX
JKEHIIMH-MaTEMATUKOB CBOEINO BPEMEHH, €€ CHIHOBbSl — BEJIUKOJICITHBIE yUe-
Hble, KOTOPBIMU cpaBeinBo ropautcsd Poceus. JIH naBno octaBmt 3ansaTus
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HAYKOIi, U ero pas/ipaKaJii JIOJU B €ro OKPYKEHNN, KOTOPbIE 110 MTPU3BAHNIO
NCKpEHHEe 3aHUMAJINCh HAayYHBIM TBOPYECTBOM U JIEJIAJIM 3TO TAJaHTINBO.

st moaTBepK aeHus npusery npumep. .5, 3enbaoBud — 01HO U3 caMbIX
3aMevaTe/bHbIX UMEH B COBETCKOIl HayKe — HMMeJ HeOCTOPOZKHOCTD, Yiijisd ¢
PaKTUIEeCKO pabOThI, MepeiiTH B MHCTUTYT, B KOTOPOM JUPEKTOPCTBOBAJ
HH. ¢ npeaynpexkian ero, 9To 3ps OH 3TO jejaeT. Tak BOT, U ero, Harpaxk-
JIEHHOTO TpeMs 30JI0ThIME 3Be3/iaMu, akajeMmnka, JIH yamkan, nomydas oT
9TOTO 3JI00HOe yJjioBaeTBOpenue. IIpsmo-Takn XynoKHUK HepTKOB U3 roro-
neBckoro «lloptperas. Xapakrepubiit ciaydaii: flkoB BopucoBuu nompocut
IPUHATH HA UMEBIIYIOCA Y HEro BaKaHCUIO MJIQJIIIETO HAYIHOTO COTPY/IHUKA
Camy [ITaupenbmana, ToJbKO 9T0 OKOHUIEBIIEro aciimpantypy MI'Y (kcrarw,
cbiHa 3HameruToro acrpodusnka WM. [kiosckoro). Calia aKTUBHO CTyTIAJ
MOW JIEKITUH, 5 €0 JIBaYK/Ibl 9K3aMEHOBAJI U YK€ TOT/1a MOT' UMETh CY2KJIeHHE O
ero crocobnoctax. Ceituac mpodeccop A.U. IIaupesbMan — n3BECTHBIN Ma-
remarTuk. Peakius /IH 6bu1a: «A MBI MOCMOTPHUM, TakK JIM YK OH TayBAHT/IINB
(tak. — [Ipum. I'B.), kax ero npejcrasiser Axos Bopucosuu!s. [Tocmorpe,
oTkazaa. Mul ¢ 4D 6bun OmuskuMu Jpy3bsaMu, OH MpuexXaJs KO MHe, ero PYyKH
Tpsicauck. ¢ ckazan emy: «Bac nnrepecyior obiine BO3AbIXaHns NN yCTPOi-
crBo [IIHUpebMaHa Ha PadboOTYy, riie oH OyJAeT UMeTh BO3MOXKHOCTH PabOTaTh C
Bamu? { 6epych 9T0 cliesaTh 3a HECKOJIBKO MUHYT». 4B mocMoTpesn na MeHs
o3ajadento. Ho g ne mpeyBemamBaJjI CBOU BO3MOXKHOCTH. 4 MHOTO paboTast B
HeTAHON HAyKe U OBLIT JIOCTATOTHO U3BECTEH cpein HedTsHIKOB. (Broce -
CTBUM 3a 3TH MOU padbOTHI MeHd BBIOpasn B HanmoHa/JbHyo WHXKEHEPHYIO
akagemito Hayk CIIIA nmenno kak nHykeHepa-HeTIHUKA). 91 TO3BOHMT j1-
pekTopy 1eaTpaabaoro BHUnedTh 1 monpocus B34Th TaJaHTINBOIO YeJI0-
Beka. [Topyumicsa, aro 10 mporeHTOB CBOEro BpeMeHU OH OyJIeT 3aHUMAaThCS
HepTAHBIMUI 3a/1adaMi, HO 32 9Th 10 MPOTIeHTOB OH ¢/ies1aeT Hosiee, YeM JT0CTa-
TouHO. «B 1uem npobsema, ['puropuit Mcaakosud, mycts npues:kaet!s. Cara
IpuexaJi, ero B3s/IM, OH yCIIeNHO paboTal, BCKOPE ero MPOU3BEIN B CTAPIITHE
Hay4IHble COTPYJHUKH. YTO Npu 9TOM 4yBcTBOBaJ fB. — nonsgaTHo. A Toyib-
KO ckazaj emy: «berute orryialy. O yiren He OrisIbIBasiCh, KaK TOJbKO
peICTaBIIACh JOCTONHASA BOZMOYKHOCTD.

Ho sT0 BCE ObLT gacTHBI caydail, a y Muxania MuTpreBnya Takme yHu-
JKeHUs ObLIN MOCTOSHHBbIMU. HUKTO He 3HaeT Hpupoibl paka, HO s1 YOeK ieH,
YTO 9T KazKJIOHEBHbIE MyUeHUs TOYKe BHEC/IN CBOIT BKJIa/] B PAHHIOIO CMEPTD
M/I (kax u ero kosutern 1o ure-npesugenrcrsy B.I1. Korncranrunosa, ymep-
IIero elre paHbliie OT CepedHOl HeJI0OCTATOUHOCTH ).

006 oxuom mukJje pabor ML xouy yrnoMsiHyTb 0c000. OH HIpeIIozKILIT MO-
JeTb TYPOYIEHTHBIX CJIBUTOBBIX TE€UEeHMIT, B KOTOPOIl CYIEeCTBEHHYIO POJIb T~
paJm OpraHm30BaHHbIE CTPYKTYPHI — «KoJiecay, Kak nx Haspajg M/I. [Tommio,
KaK 1ocJje ojgHoro u3 jgokaanoB MJI nmozagn mens men JIH ¢ aByms nmomxa-
JINMaMHU. «Xa-Xay, — CKaz3aJl OJIUH U3 HUX, JbCTUBO 3arJis/ibiBas B ryia3a JH,
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UIA ¥ HAXO/s OJJIEPKKY. f1 Toraa OrJIsIHYJICS U YBUJIET 3Ty OTBPATUTE b
Hyto cieny. «Ilogemy 2Ke 3TUX «Kojiec» HUKTO HE BUJIE!».

Yeugenu. lox cnycrs mociie ecmepru M/ nogBuiack ObICTPO CTaBIIasT
sHaMmenuTol cratbs [. Bpayna u A. Poriko, nocsie KoTopoil «KorepeHTHbIe
CTPYKTYPbI», — T€ CaMbI€ «KOJIECA», CTAJM OJHUM M3 I'VIABHBIX 00bEKTOB HMC-
caeoBaHuil B TypOyJIEHTHOCTH.

Ho Angpeit Hukonaesna Kosmoropos ymesr, MOT 1 XOTeJ 3allUIATh CBO-
ux y4ueHukoB. ITomuio ogma n3 TypOyIeHTHBIX ceMuuapos Anjupest Hukosae-
Br4a, Ha KoTopoM M/l moksajibiBa/l HOBOE clienuabHOe pelleHne B 3ajade
OJIHOPO/IHOI M30TPOITHOI TypOyIeHTHOCTH. KOMMeHTapmil Ipyroro u3 ymnomsi-
HYTBIX BbIIIIE (Ha caMoM Jiejie mepBoro o Bpeaaoctu!) nogxamnma JIH, 660,
YTO €CJIM B 9TOM PEeLIeHUN OJIMH U3 IapaMeTPOB IOJIOXKUTH PABHBIM HYJIIO, &
JIPYroii — paBHBIM OECKOHEYHOCTHU, TO IOJYUYUTCs pPelleHne, JJaBHO UM I10JIy-
yennoe. Anjpeit Hukomaesnd 3amer, mokaunsas Horoii: «K coxasennio,
Bor mpaBbily — «A nmodemy, K coxkasennio?s — «A moromy, uro Bamre perre-
Hie abCOIIOTHO OECCMBICIEHHO!» — «A moueMy IMEHHO OHO OECCMBICJIEHHO! ».
Annpeit Hukonaesuu gajnn oobsicuenne: «Ho 9o Hurme #e omyOIuKoBaHO!».
1 TyT nocsenosan nepa Buosine B pyxe Anjpest Hukonaesuua: «Bujgure s,
HeOITyOJIMKOBAHHBIE BEIIM JIeJIATCA Ha, JBa Kjaacca. OJHU He OIyOJIMKOBAHBI,
IIOTOMY YTO UX He 3HaeT HUKTO. /Ipyrue, — MoTOMYy, 9TO OHI U3BECTHBI BCEM.
Bam ciay4gait orHOCcuTCsl KO Bropomy Kiaccy. Oanako Bbl Takasi 3HaMeHH-
TOCTH, CIIYTHUKH 3allyckaere (9T0 ObLia UPOHUS: B TO BPEMsl XOJUJIa JICTeH-
Jla, 9TO 9TO JINIO MMeeT PYKOBOJISIINE OTHOIIEHNE K 3allyCKy CITYTHUKOB.
HecocTosiTetbHOCTD 9TOI JiereH bl Oblia ceKperoM IlouimumHes st B Hay THbIX
u Texundecknx kpyrax. — I[lpum. I'B.), mosromy ciemyer mamedararsb 9ToT
pe3ysIbTaT B OJJHOM 9K3EeMILIApE clernuaabHo s Bac!»

Ormeay momyTHO, uTo mMeHHO Amnapeii HukosaeBnmd HazBas rumoresy
KBa3MHOPMAJIBLHOCT B TEOPUU TYPOYJEHTHOCTH I'MIIOTe30it MUIInoHIIIKO-
Ba. OrHomenne M/I K HalleMy BeJIMKOMY yUNTEIIO OBLIO IIPOCTO TPOraTe Ib-
HbIM. B Mostofoctn, Oyaydm ero acimmpaHToM, OH ODOPYIOBAJ BOJIOIPOBO/I
B ux ¢ I1.C. AsekcanIpoBbIM 3HAMEHHTOM 3aropoJIHOM JoMme B KomapoBke.
Korma Anapeto Hukosaepuay ucrostamiocsk 60 jet, ML mpobui «HaBepxy»
npucBoenne emy 3panusi Lepost Cormasmncrideckoro Tpyga, mpeojoses (o
MHE 9TO [IPSIMO TOBOPUJI) HeMaJioe conpoTusienne. B npasnanosanue 60-1ernst
Annpes Hukonaesmaa M 1 ero nesabbiBaeMast mpeannast moMoIauniia Ba-
nentuHa IlerpoBHa OcrpoBcKasi BHECIM OI'POMHBIN BKJIal. DTO IIpa3HOBa-
HIU€ CTaJIO BBIIAIOMIMMCS COOBITHEM, BEXOil B HAYUHON »KU3HU.

B moro 6brTHOCTD TeilyIopoBCKUM TPOgreCCOPOM I'MJIPOMEXaHnKN B Kem-
OPMIPKCKOM YHHBEpPCUTETE s CJbIIIAJ OT KoJuier, 4yTo jiopj P. Bariep — mu-
HUCTD B IIpaBUTe/IbCTBe Y. Uepdu/iisi B Iojbl BOIHBI, BIIOC/IEJICTBUN BUIIE-
npeMbep, a 3aTeM MacTep T puHUTH-KO/LIeKa B KeMOpuazke, ObLI JIydIINM
HECOCTOSIBIIIMCS [IPEMbEP-MUHICTPOM B uctopun Anrinu. ¢ mosarato, 91o
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Muxana ﬂMI/ITpI/IeBI/I‘l MI/IJUII/IOHH_H/IKOB OBLII JIVHIIIUM HECOCTOABIIMMCA IIPE-
31 JCHTOM AKaﬂ;eMI/H/I HayK 3a BCE BPEMA €€ CYHIECTBOBaHNA.

XKk

[Tycth 9TO BBegeHue Oyjer 3aBepiieHo cTuxoTBopenueM JIromamuasr Mu-
xaitjioBubl Munmmonnukosoii (MyxuHoit) u3 c60pHUKa, MOCBAIIEHHOTO T1a-
MSATH MYyZKa.

TAJIAHT

T'bl BoJIST 1 HEBOJIS,

fpmo u 100pshIit 1ap,

Henaxanoe mo.e,

Heryrensrit moxxap.
Bcro »kusnb BeCTH peTuBO
Kpyryto 6oposiy,
Y1006 BCTATh Ha/l HEIO HUBOIL
Y coJiHTa HA BUJLY.

Tpyn Beuen n ymopem,

11 Bce X ObIBaeT Tax,

Yro cam cebdsi 1101 KOPeHb

U3 nosist, Kak COpHSIK.
Ho BHOBB, He yHbIBad,
CkJIoHSIICS U TTAI —
TopormT 3epen cras
[To 3akpomam jrymin.

A TBI TOPHIIL TOXKAPOM,

1 Hajgo0HO yMeTh

C TBOMM OeCIEHHBIM JIApOM,

Cropasi, HEe Croperhb.
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Turbulent Flows at Very Large Reynolds Numbers:
the Lessons of Investigation

G.I. Barenblatt, A.J. Chorin, V.M. Prostokishin

Shirshov Institute of Oceanology, RAS, Russia,
University of California, Berkeley, USA,
Lawrence Berkeley National Laboratory, USA,
National Research Nuclear University " MEPhAI”, Russia

gibar@math.berkeley.edu

Turbulence was the first and the last love of Mikhail Dmitrievich in
science. We deeply regret that we are unable to deliver our work to him
and to listen his opinion and comments.

Turbulent flows at very large Reynolds numbers ( In Re >> 1) are
generally considered as happy province of the turbulence realm. Accord-
ing to common opinion, two basic results already obtained there, ”the
von Karméan-Prandtl universal logarithmic law” and Kolmogorov-Obukhov
"law of 2/3 (-5/3)” will enter, basically untouched to the future closed in
itself theory of turbulence which our mentor, Andrey Nikolaevich Kol-
mogorov dreamed about. Both these laws are based on the assumption
that the flow in its basic region is viscosity independent.

In our lecture the validity of this assumption leading to the universal
logarithmic law is discussed in detail. It is shown that it does not corre-
spond to experiment. The universal logarithmic law is founded to be not
quite correct, and an alternative law is proposed for the velocity distri-
bution in the shear flows, as well as for the drag law corresponding to it,
which are in an instructive agreement with the experiment. Some possible
corrections to the Kolmogorov-Obukhov law are also discussed.

On wave propagation in shallow water and in
hyperelastic media

Lorenzo Brandolese

Institut Camille Jordan, Université Lyon 1, 21, avenue Claude Bernand
69622 Villeurbanne Cedex FRANCE

brandolese@math.univ-lyonl.fr

We unify a few of the best known results on wave breaking for the
Camassa—Holm equation (by R. Camassa, A. Constantin, J. Escher, L.
Holm, J. Hyman and others) in a single theorem: a sufficient condition for
the breakdown is that wug + |ug| is strictly negative Sin at least one point
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xo € R. Such blowup criterion looks more natural than the previous ones,
as the condition on the initial data is purely local in the space variable. Our
method relies on the introduction of two families of Lyapunov functions.
Contrary to McKean’s necessary and sufficient condition for blowup, our
approach applies to other equations that are not integrable: we illustrate
this fact by establishing new local-in-space blowup criteria for an equation
modeling nonlinear dispersive waves in elastic rods.
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Pugwash
Francesco Calogero

Physics Department, University of Rome ”La Sapienza” Istituto
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A terse description will be provided of the origin and history of the Pug-
wash Conferences on Science and World Affairs, an international organiza-
tion of scientists and other eminent personalities that began in 1957 and
played a significant role in bringing about various important arms control
developments (especially involving weapons of mass destruction: nuclear,
chemical, biological) and the end of the Cold War. Current activities of
Pugwash will also be outlined.

Academician Millionshchikov was an active participant in International
Pugwash activities from 1964 to 1973, also serving as Chairman of the So-
viet Pugwash Group and as Member of the Pugwash Council and Executive
Committee.

I was involved in International Pugwash activities from 1965, served as
Secretary General from 1989 to 1997 and in that capacity accepted in Oslo
(10 December 1995), on behalf of Pugwash, the Nobel Peace Prize jointly
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awarded to Joseph Rotblat and to Pugwash for their efforts to diminish
the part played by nuclear arms in international politics and in the longer
run to eliminate such arms.

Isochronous systems are not rare
Francesco Calogero

Physics Department, University of Rome ”La Sapienza”, 00185 Rome
(Italy), Istituto Nazionale di Fisica Nucleare, Sezione di Roma

francesco.calogero@romal.infn.it

A survey will be given of isochronous systems, i. e. systems that oscillate
with a fixed period (for largely arbitrary initial data). It will be shown how
to manufacture many such models—mainly many-body problems whose
time evolution is characterized by Newtonian equations of motion. In
particular a technique will be described to modify fairly general models
describing a time evolution, so that the modified systems are isochronous
(with period T') yet mimic closely (or even exactly) the behavior of the
unmodified system for a time interval 7" much smaller (or just smaller)
than T'. These findings are also valid in a quantal context.

As a particularly remarkable example (joint work with F. Leyvraz), it
will be shown how—given the (autonomous) Hamiltonian H describing
the most general (standard) nonrelativistic many-body problem (arbitrary
number N of particles, arbitrary masses, arbitrary dimensions of ambient
space, forces depending arbitrarily from all the particle coordinates)—it is
possible to construct another (also autonomous) Hamiltonian H (in fact, an
infinity of such Hamﬂtomans) featuring two additional arbitrary positive
parameters T and T with 7' > T, and having the following two properties.

(i) The new Hamiltonian Htllde yields, over the (arbitrarily long!) time
interval T, a dynamical evolution very similar (or even identical) to that
yielded by H. B

(ii)) The Hamiltonian H is isochronous: all its solutions (for arbitrary
initial data) are completely periodic with period T". These findings are also
valid in a quantal context.

This finding raises (interesting?) questions about the difference among
nonintegrable and integrable dynamics (all isochronous systems are inte-
grable, indeed more than superintegrable), about the definition of chaotic
behavior (including the apparent need to invent some such notion for a
finite time interval), about the validity (say, for N a2 10%*) of statistical
mechanics and of the second principle of thermodynamics, about cosmol-
ogy (say, for N ~ 10%). It also demonstrates the impossibility to ascertain
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which dynamical theory is the correct one, out of an infinity of different
theories predicting the same (almost, or even exactly, the same) evolution
over an arbitrarily long (but finite) time interval, but being qualitatively
different (isochronous versus chaotic, integrable versus nonintegrable).

Coexistence of “strong” and “weak” wave turbulence
Claude Cambon
ILMFA, Ecole Centrale de Lyon, France
claude.cambon@ec-lyon.fr

The quasi-normal approximation, with zero fourth-order cumulants for
the multipoint statistics, was introduced very early by Millionshchikov [1].
Such an assumption is well justified in wave turbulence theory, when the
fluctuating velocity is modulated by dispersive waves, so that the nonlinear-
ity is weak: this yields an “intrinsic” (or exact ?) closure, as shown by, e.g.
[2]. In fact, both the two-time decomposition in terms of “slow” amplitudes
and “rapid” phases of the wavemodes and the random phase approxima-
tion give asymptotically a mathematical / physical support to the QNM
(Quasi-normal Markovian) ingredient in classical wave turbulence theory
[3, 4, 5]. On the other hand, this QNM ingredient is present in theories
and models for the “strong” nonlinearity reflected by the spectral energy
transfer in the absence of waves. Despite the lack of a rigorous asymptotic
justification, correct predictions are possible, using a model of nonzero
fourth-order cumulants, to mimic nonlinear damping of third-order cumu-
lants. One of the simplest models is Orszag’s EDQNM (Eddy Damped
Quasi-Normal Markovian) approximation [6]. Its relationship to Kraich-
nan’s theoretical approach will not be discussed for the sake of brevity.
It has been shown that the ED (Eddy Damping) vanishes when EDQNM
reaches the asymptotic limit of wave turbulence theory, especially when
three-wave resonance is permitted by the dispersion relation [7].

Given that in many flow configurations, the linear eigenmode decompo-
sition contains both wave and non-propagating (sometime called “vortex”)
modes, we propose to model the nonlinear spectral transfer by a generalised
EDQNM approach, in which the semi-empirical ED ingredient is only im-
portant for vortex-vortex interactions involving the non-propagating mode,
whereas classical wave-turbulence theory can be applied both to wave-wave
interactions and to wave-vortex interactions. Instances of such flows, in
which strong turbulence and weak wave turbulence coexist, include weakly
compressible turbulence at low Mach number — solenoidal mode versus
acoustic waves — and rotating stably-stratified turbulence in deep water
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— potential vorticity mode versus inertia-gravity internal waves (see [§]
and references therein.)

Two examples will be emphasized. Firstly, the turbulence in an un-
bounded stably-stratified fluid is addressed: we identify the toroidal cas-
cade as the strong cascade, explaining the layering, whereas interactions of
internal wave with itself and with toroidal velocity yield a secondary cas-
cade. Three-dimensional inertial wave-turbulence is then illustrated by an
unbounded rapidly rotating fluid at low Rossby number. When the flow is
bounded in the axial direction, the non-propagating two-dimensional mode
is affected by its own (inverse) cascade, and interactions with the inertial

wave-turbulence cascade are carefully investigated, with recent new results
[9].
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Helicity decay in homogeneous turbulence
0O.G. Chkhetiani, A.O. Levshin
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On the basis of the Karman-Howarth equation for two—point correlation
of velocity and vorticity [1] we consider helicity decay in homogeneous
turbulence, taking into account the integral invariants of the form

oo

" = /rm (u(X)w(x+r))dr
0
(w =rotu, r = |r|).
Helical analogues for integral Loitsyansky (m =4) and Birkhoff-Saffmen
(m = 2) as well as relevant integral in the case of m = 3 conserve during
the decay. Helicity decays the self-similar power law.

The results on the decay of the helicity are given in the comparative
table.

Invariant

Energy

Helicity

Iy (13)

t_6 5

t_3/2

I3 (I3)

t_4/3

t_8/5

Iy (I})

t—lO 7

t_5/3

Helical analogue of integral Loitsyansky

oo

Ay = /7’40 (r)dr
0

is associated with the angular momentum H and linear momentum L of a
turbulent fluid

(1)

Here ([u(x) x u(x+71)]) =2C (r)r.
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Equivalent measures and stochastic equations for
determination of the turbulent velocity fields and
correlation moments of the second order

Artur V. Dmitrenko
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National Research Nuclear University « MEPhI»
Moscow State University of Railway Engineering, (MIIT)
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In article [1], based on the definition of measures equivalency between deterministic
and random process, the system of stochastic equations of energy, mass and momentum
for the areas space-time: 1) the beginning of the generation; 2) generation; 3) diffusion
and 4) the dissipation of the turbulent fields were defined. Also analytical expressions
for the first and second critical Reynolds numbers and critical point, using the system of
equations for the region of the beginning of the generation, were derived. It is known
[2-11], that the beginning of the formation of a developed turbulent flow occurs at the
first critical Reynolds number, in critical point. Using the system of equations for the
region of the generation of the turbulence, the analytical expressions for determination
of velocity profiles and correlation moments of the second order depending on the fun-
ction originally existed excitations in the system (the initial turbulence) are presented.

1. Assessment of the value of the integral energy generation of turbulence.
According to [1] considered the physical process is represented as a nonequilibrium
thermodynamic system with i - subsets, which is characterized by the values of energy

DH(E,.)W , momentum U(Ml{)m and mass U(M )., -Here U, is the speed. O (£,)., -the

energy stochastic field (index gg); U (E, )., -the part of the energy field, its determi-

nistic component (index col ), having the stochastic component measures null; O(E‘. ).,

-part of the energy field, in fact stochastic component of the field (index st). Similarly,
identify the components of the momentum and mass ( p -density). In [1], the system of
the equations for the pair (N,M)=(1,1) ,for the «correlator» D, (:;m;7)=D,(r:m;1), in

the region 2) (the generation of turbulence)r, x, + av, + a7, +ar, +ar) -, was defined as

d(p)cal,sl — d(p)gl
dr i dr (D
dr dr
1,1 (2)
R
AE) ) _ _(d(E),
dr ), dr 3)
d(E),

div (u jTi.j)ml st2 T

dr

,0,[} Juu,, T, 4T -density, velocity vector, the velocity component in the direction x;, x;
(1, j=1,2,3), stress tensor, the dynamic viscosity and time, respectively. Further L-linear
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of the perturbation - scale turbulence. L, on x,=y, or L, , X;=X, X; and X, coordinates
along and normal to the wall. In result of the decision of systems (1)-(3) the amount of
the initial energy of the chaotic state during energy transfer from deterministic at the
critical point increases in times [Re, ~1/Re,|. The energy is concentrated in the critical-

some point and may have spectra of species Delta function or continuous spectrum.
2. The value of correlation of the second order. The turbulent kinetic energy q in the

critical point is determined as
1 1
=(E,/ Re , -
J (E, p)u( e, R%J

g=(/E, /pL)z[ReS,— -

Here an index of 0 corresponds to the initial turbulence. This depends on the data [12-
14] gives a satisfactory fit

2
JE, !
9 _0J44*[[5‘p]ﬂ] Red(Re“n—l]zlhsz
U " Re,,

)
3. Profiles of speed turbulent flow in a pipe and plate. As is known, experimental
study of the averaged characteristics in the field of developed turbulence showed that
the velocity profiles are affine equivalence. For example, the classical incompressible
isothermal flow of liquid or gas in a tube of radius R (diameter (d ) and speed the axis
Uy , and the flow in the boundary layer (J,,. = J- thickness of the boundary layer,v=1/p )

. . . 1/n 1/n
and obey the equations respectively: (u /U)= ey /R (ul/U)=(x2/5HC)

m

. In

1
according on (1)-(3), the dependence for «n» can be obtained as 4—12(3)2" = B‘Re“—Regt1
n

or, x’(B]' =BRe,~R¢]

473
=BA=constant , x=1/2n , here [l#(ﬁ]) - 5 . Rey- turbulent
8 pU% /2( L

Reynolds number on the parameters the initial turbulence. For the flow over along the
flat plate (Up-speed on the border of the boundary layer) were obtained

2 2
Gz (2))] =43 2 (8)) oot or <oy —o2ses, e
n PU 0 PU "o

x=1/n . Then we obtain the values of the exponentn =6+10, relevant Rest=11+23,

=BC=constant ,

consistent with the results in [12-14].
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First integrals of ordinary difference equations:
Beyond Lagrangian methods

V. Dorodnitsyn

Keldysh Institute of Applied Mathematics of Russian Academy of
Science, Miusskaya Pl. 4, Moscow, 125047, Russia
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A new method for finding first integrals of discrete equations is pre-
sented. It can be used for discrete equations which do not possess a vari-
ational (Lagrangian or Hamiltonian) formulation. The method is based
on a newly established identity which links symmetries of the underlying
discrete equations, solutions of the discrete adjoint equation and first in-
tegrals. The method was applied to invariant discretizations of a second
order and a third order ODE. The set of independent first integrals al-
lows to find the general solution of the discrete scheme. The method is
compared to a direct method of constructing first integrals.

Acoustic turbulence of second sound waves in
superfluid helium

V. Efimov.

Institute of Solid State Physics RAS,
Chernogolovka, Moscow district, 142432 Russia

victor_efimov@yahoo.co.uk, victor_efimov@yahoo.co.uk

In a report we’d like to review a wide set of our experimental investiga-
tions of second sound waves in superfluid helium.

Superfluid helium is the unique medium for modelling turbulence pro-
cesses by different nature. Extremely low helium viscosity in normal and
superfluid state allows to study kinetic turbulence — formation of vortex
system after moving bodies. In helium it is possible to observe quan-
tum vortexes at zero temperature and absence of thermal excitation in
medium [1]. Experimental investigation of heat fluxes in helium gas and
fluid allowed to observe convectional turbulence in very wide dynamical
range (11 decades in Rayleigh number), the largest dynamical range ob-
served in any single run in physics on one apparatus [2]. Experiments with
heat waves in superfluid helium get a unique possibility to study acoustic
turbulence with control changing of nonlinear velocity coefficient [3].

The temperature wave or second sound is a contraflow of normal and
superfluid component in superfluid helium. These waves have linear disper-
sion ratio wy = vy * k and extremely interesting dependence of nonlinear
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coefficient of sound velocity vy = vy * (1 + v % 0T"), where §T is ampli-
tude of the wave. Under the saturated vapor pressure, in the region of
roton second sound, T' > 0.9K, the nonlinearity coefficient is big positive
(o > 0) for temperatures T' < T, = 1.88K (like the nonlinearity coefficient
of conventional sound waves in ordinary media); but it is negative in the
range T, < T < Ty (up to infinite at T)) [4]. At T = T, the nonlinearity
coefficient passes through zero. So, it is possible to check all acoustic tur-
bulence phenomena with different values (and sign) of nonlinear coefficient
by simple changing of temperature of liquid helium.

In our experiments we studied the behaviour of second sound waves
in high quality quartz cylinder resonator. The amplitude of low intensity
harmonic heat wave in resonance circumstance increases. It leads to distort
shape of the wave by nonlinear effect and formation of discrete multiple
harmonics.

Based on measurements of nonlinear second sound waves in a high-
quality resonator, we observed formation of a steady-state wave-energy
cascade in He II involving a flux of energy through the spectral range
towards high frequencies [5], time dependences of frequency cascade for-
mation and decay. These measurements defined a time of nonlinear energy
transmission along the frequency spectrum for acoustic turbulence.

We found that under some circumstances, wave energy in the acoustic
system can also flow in the reverse direction — formation a cascade of
subharmonics [6]. The nature of inverse cascade is three-wave decay of
pumping wave. Very long time of formation of inverse cascade allowed ob-
serving redistribution of energy fluxes between direct and inverse cascades.
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Laminar and turbulent regimes of Taylor-Green
vortex decay
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We report results of numerical modeling of the classical Taylor-Green
vortex decay problem basing on smoothed, or quasi- gas dynamic (QGD)
equation system for viscous compressible gas flow. It is shown that QGD
equations provide a uniform numerical simulation of both laminar and
turbulent evolution of the vortex.

The background, finite-difference approximations and various applica-
tions of the QGD system are presented in monographs [1]-[3] and in the
later papers. QGD equations can be obtained by averaging gas dynamics
equations over a small time interval, that results in additional smoothing
or regularization. The additional strongly non-linear terms that appear
due to averaging are the second-order space derivatives in factor of a small
parameter 7 that has the dimension of a time. The 7-terms bring an ad-
ditional entropy production and so they have a dissipative character. The
influence of additional terms is inessential for the stationary flows, but for
strongly nonstationary flows their contribution becomes important.

In calculations parameter 7 is defined as 7 = ah/c , where h is the
mesh size, ¢ = /vp/p is the speed of sound, 0 < a < 1 is a numerical
coefficient to be tuned, and h/c is the time required for a perturbation
to travel across a grid cell. In this way 7-terms reproduce a non-trivial
kind of subgrid-type dissipation. Similar to sub-grid dissipation in LES
models, they smooth, or average the fluctuations of flow parameters on a
time-space scale depending on discretization. The sub-grid dissipation in
QGD equations differs from the turbulent Smagorinsky viscosity, as the
T-terms have different mathematical structure and properties. Additional
terms appear not only in the momentum and energy equations, but also in
the continuity equation. This latter property models the turbulent mass-
diffusion, which is inherent to turbulent mixing. In the boundary layer the
T-terms vanish.

43



Taylor-Green Vortex
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Figure 1: Time-evolution of iso-surfaces of z-component of the dimentionless vorticity.
Computational grid is 653

These features of the QGD equations open nice perspectives for the
simulation of turbulent flows together with laminar-turbulent transition.
The first encouraging results were obtained for laminar-turbulent transition
in a separated flow over a backward-facing step and in a vicinity of a
hypersonic vehicle.

Fig. 1 shows the vorticity contours in simulation of the Taylor-Green
vortex flow decay for Reynolds numbers Re = 1600 for time t=0 and t=15.
Here Mach number is equal to 0.1, working gas is nitrogen in normal con-
ditions.
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Figure 2: Time-evolution of the decaying kinetical energy (left) and the rate of dissipation
(right). Computational grid is 1293

In Fig. 2 the comparison of the kinetic energy (E};,) dissipation rate
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with the reference data from [4] are demonstrated. Good agreement with
the reference is clearly seen. Laminar flow calculation for Re=100 and 280

will be also presented. Additional computational results can be found in
[5].
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Turbulence theory in 21 century: a synthesis of
Kolmogorov and Landau?
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I will briefly review developments of the last 15-20 years in turbulence
theory with an emphasis on fundamental aspects like self-similarities, sym-
metries, their breakdown and emergence. The take-home lesson is that
there is more to turbulence than cascade. Then I will discuss the unsolved
problem of turbulence interaction with a mean flow.
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Turbulence in the Lobachevsky plane
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I will discuss the joint work with Gregory Falkovich exploring the be-
havior of stochastically forced Navier-Stokes equation in the background
of two-dimensional hyperbolic geometry.

Size distribution of litospheric plates
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P.Bird [1] presented the cumulative area, S, distributions of N = 52
plates. After exclusion of 6 continental plates and of three smallest ones he
approximated the rest of the plates by power law with exponent n = —0.33.
The dimensional arguments and hypotheses of Kolmogorov—Obukhov type
for turbulence have been already applied to statistical description of granu-
lar motions within the fractured solid bodies. The same kind of arguments
in this case for the cumulative size distribution of the plates produce the
power law with exponent —%. The examples of real home experiments with
size distributions of stochastic polygon areas distributions and of areas of
polygonal sizes of broken eggshells are qualitatively supporting our conclu-
sions. Moreover, the numerical prefactor at the Bird’s law is found close to
5 supporting the saying by Albert Einstein that in the valid dimensional
by derived expressions the numerical coefficients should be of order one, as
quoted by P. Bridgman [2].
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Several models for simplified description of turbulent motions are known.
Among them, the Burgers model of turbulence (or ”Burgulence” [1]) is
of particular interest because of its universality. The well known Burgers
equation )

ov v 0 v

ot * Yor ~ Vor?’ 2)
describes a variety of nonlinear wave phenomena arising in the theory of
wave propagation, acoustics, plasma physics and so on (see, e.g., [2, 2, 4,
5]).

This equation was originally introduced by J.M.Burgers as a model
of hydrodynamical turbulence. It shares a number of properties with
the Navier—Stokes equation: the same type of nonlinearity, of invariance
groups and of energy-dissipation relation, the existence of a multidimen-
sional version [6]. However, Burgers equation is known to be integrable and
therefore lacks the property of sensitive dependence on the initial condi-
tions. Nevertheless, the differences between the Burgers and Navier-Stokes
equations are as interesting as the similarities and this is also true for
the multi-dimensional Burgers equation. Nonlinear noise signal propaga-
tion in soft biological tissues is governing by integro-differential equations.
Physical properties of a medium are defined by the kernel K(s). In the
limiting cases on ”short” or ”"long” memory the equation transforms to
the Riemann-Hopf or Burgers equations. We will here use the integro-
differential equations in the form similar to the classical Burgers equation

o P
W / K (s)o(x — s,1)ds (3)
0

The goal of the present report is the investigation of the evolution of
random nonlinear waves in complex media with dissipation and weak dis-
persion, describing by the integro-differential equation, when the dissipa-
tion play leading role. The behavior of waves in such media is similar to the
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behavior of the waves describing by the Burgers equation. In the limiting
case of vanishing viscosity the continuos wave transforms to the sequence
of sawtooth waves. For the complex media with dissipation and weak dis-
persion the shocks have a finite width, and the structure of the shocks will
be determined by the kernel K (s) of the integro-differential equation.

We will consider here the influence of nonlinearity and weak dispersion
on the decay of broadband noise in two limiting cases: at the initial stage,
when the number of the shocks is relatively small, and at the late stage,
when the wave is a sequence of sawtooth waves with the random positions
of the shocks. It is well-known for the periodic waves at large Reynolds
number due to the increasing width of the shock, the nonlinear stage of
evolution replaced by the linear stage of decay. For the broadband noise
the nontrivial behavior may exist: even for small initial number the linear
stage of decay may be change to the nonlinear stage of evolution. In the
late stage the high-frequency asymptotic of noise will be determined by the
kernel K (s) of integro-differential equation and fluctuations in the width
of discontinuities.

We have benefited from discussion with A. Saichev, I. Demin.The work
is supported by the Mega-grant of Russian Government 11.G34.31.066 and
by President Grants for leading scientific school. It is supported also by
RFBR.
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We present a unifying view on dynamical agglomeration processes, com-
ing from different domains of physics, chemistry and biology, such as the
formation of fullerenes and tubular structures made of carbon atoms, qua-
sicrystals, the glass transition in oxide and non-oxide glasses, and viral
capsid formation.

In all these processes, some of which may present quite complicate pat-
terns, a simple and powerful method consists in the use of non-linear differ-
ential equations of a generalized Volterra type, and the stochastic matrix
formulation.

In all the aforementioned cases, one has to identify first the recurrent
stable configurations which under appropriate condition may agglomerate
and form larger clusters. Dividing the process into elementary steps con-
sisting of forming doublets, then triplets, and then even bigger clusters, we
can find the variation of the statistical distribution of elementary building
blocks by renormalizing the probabilities after each step, and thus follow
the variation of those probabilities, and form first or second order differ-
ential equations ruling the process.

The probabilities of each elementary agglomeration process contain purely
statistical factors, depending on the geometry and topology of building
blocks, as well as Boltzmann factors imposed by the energy barriers char-
acterizing each of the particular elementary agglomeration steps. This
method is suitable for the description of finite agglomeration, which is the
case of the fullerene synthesis in a hot electric arc around graphite elec-
trodes, or in the case of viral capsids made of coat proteins with pentagonal
and hexagonal symmetry;

In the case of agglomeration leading to infinite structures, like glasses
or quasi-crystals, another method is used, that of a stochastic matrix. As
usual, one starts with defining the complete set of configurations that may
arise on the surface of forming clusters. Successive addition of elementary
blocks leads then to changes in statistical distribution on growing surfaces.
A flow diagram describes all such local transformations, and the action
of thus obtained matrix on a set of probabilities can serve again for the
establishment of Volterra-type system, whose stationary solutions define
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the glass transition or at least the asymptotic behavior of the bulk matter
that is formed.

Application to the glass transition temperature and the classification of
capsid viruses will be also presented.
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Kinematic dynamo theory is presented for turbulent conductive fluids.
We describe how inhomogeneous magnetic fluctuations are generated be-
low the viscous scale of turbulence where the spatial smoothness of the
velocity permits a systematic analysis of the Lagrangian path dynamics.
We find analytically the moments and multi-point correlation functions of
the magnetic field at small yet finite magnetic diffusivity. We show that the
field is concentrated in long narrow strips and describe anomalous scalings
and angular singularities of the multi-point correlation functions which are
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manifestations of field’s intermittency. We study also anisotropic flows
with strong regular shear component. We show that dynamo effect takes
place for two-dimensional flows (with the magnetic field being essentially
three dimensional). The talk is based on the following publications:
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One manifestation of the violation of mirror symmetry in natural sys-
tems is the presence of helical features in the correlation properties of
turbulent flows. The flow helicity is defined as the scalar product of the
vectors of velocity and vorticity. Along with the energy, the helicity is a
quadratic invariant of a perfect fluid motion [1]. Nonzero values of the
helicity are widely observed both in the laboratory setups and natural geo-
physical /astrophysical flows. A typical example of the helical flow is the
Ekman layer spiral, characterized by the rotation with height of the direc-
tion of the wind velocity, due to the joint action of the surface friction and
Earth’s rotation [2].

It can be assumed that the turbulence in the atmospheric boundary
layer (ABL) is helical, which property was firstly inferred from field ex-
periments conducted in 2004, 2007 in the A.M. Obukhov Institute of At-
mospheric Physics, Russian Academy of Sciences Academy of Sciences [3].
In particular, the spectra slopes for helicity were obtained close to -5 /
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3. Spectra-based integral estimates of the helicity bulk density gave val-
ues 0.02-0.03 m/s2, which are close by an order magnitude to the helicity
values for mesoscale rolls within ABL [4].

Helicity measurements are associated with those of vorticity. Hot-wire,
optical and acoustic laboratory techniques for measuring vorticity compo-
nents are hardly applicable under real conditions of atmospheric turbu-
lence. The first measurements of turbulent helicity were carried out with
the acoustic “circulation meter”, earlier developed in the Institute of At-
mospheric Physics, USSR Academy of Sciences [5]. Technical features of
that method did not not allow simultaneous measurements of all three
vorticity components. It was necessary to measure vorticity with one-
or two-component “circulation meter” synchroniously with the acoustic
anemometry of velocity. To minimize the inevitable errors and discrep-
ancies accompanying such a procedure, a novel measuring method was
proposed and implemented during the 2012 Tsimlyansk field campaign. It
allowed simultaneous measurements of all terms entering the vorticity flux
tensor (u,wj), including its diagonal terms, whose sum gives exactly the
helicity. The measuring setup was a rectangular tetrahedron, elevated at
the height zp=5 m with the edge length [=5 m and four three-component
acoustic anemometers mounted in the tetrahedron vertices.

The obtained helicity values are primarily determined by the horizontal
components of vorticity, due to the vertical shear of wind velocity. They
appear to be close to those previously obtained and have a mean value of
-0.03 m-sec™2.

The data on the spectral distribution of helicity and its characteristic
values for different stratification regimes can be used to determine the

parameters of ABL-models, taking into account the helicity contribution
[6].
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The Vlasov kinetic equation, dynamics of continuum
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We consider a continuum of interacting particles whose evolution is gov-
erned by the Vlasov kinetic equation. An infinite sequence of equations of
motion for this medium (in the Eulerian description) is derived and its gen-
eral properties are explored. An important example is a collisionless gas,
which exhibits irreversible behavior. Though individual particles interact
via a potential, the dynamics of the continuum bears dissipative features.
Applicability of the Vlasov equations to the modeling of small-scale tur-
bulence is discussed.

The development of two- and three-dimensional
multimode perturbation under the influence of the
gravitational instability
P. Kuchugov, N. Zmitrenko, V. Rozanov

Keldysh Institute of Applied Mathematics of the RAS, Lebedev Physical
Institute of the RAS

pkuchugov@gmail.com, zmitrenko@imamod.ru,
rozanov@sci.lebedev.ru

The numerical simulation is one of the most frequently used methods for
investigation of physical processes to date, as the experiment setup is either
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difficult and expensive, or not possible, and the analytical approaches need
the base for further development.

One of the well-known problems for which investigation are used the
numerical methods is the Rayleigh—Taylor instability (onwards RTI) and
the results of the impact of its development in a variety of applications.
Currently the most significant applications are the objectives of laser ther-
monuclear fusion, where compression symmetry plays a crucial role, and
the development of perturbations can cause of ignition failure. It is also
necessary to note the continuing interest in the RT1 applied to astrophysical
problems, for example, when studying the explosion and further expansion
of supernovas.

One of the most contentious issues in studying of the dynamics of per-
turbations under the influence of RTT is the question of the impact of the
initial conditions at the later stage of the mixing process and the exis-
tence of restrictions on the realization of self-similar a-mode (L = aAgt?
a = const). This paper presents the analysis of the numerical calculations
of 2D and 3D multimode random density perturbations. Modeling was
carried out using the parallel version of the NUT on a hybrid cluster of
the Keldysh institute of applied mathematics. Authors investigate the var-
ious integral and statistical characteristics of the process, compare them
with the development of 2D and 3D single-mode solitary perturbations,
and make conclusions about the similarities and differences in the behav-
ior of various types of perturbations. So, 3D random density perturbations
show almost the same growth rate of the mixing zone width depending on
time compared to 2D, but have a different distribution of kinetic energy
by the scales, while the single-mode solitary perturbation in 3D geometry
destructs considerably later than in 2D. This fact leads to adjustments of
the authors’ evolutionary approach [1, 2] for the case of a wider spectral
range of initial perturbations and the definition of new important physical
mechanisms that need to be taken into account when building models to
describe the mixing process.
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Modelling of coherent structures in turbulent
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The modelling of turbulent convection in astrophysical and in geophys-
ical flows has posed a long-standing challenge, since traditional concepts
such as turbulent diffusion, mixing length, and downgradient models are
only of limited applicability and remain highly disputed. Even today and
also within the framework of large eddy simulations the numerical mod-
elling of turbulent convection can only partially compensate for the lack
of a general theory. The Reynolds stress technique has remained the most
systematic theoretical approach to construct predictive models for this pur-
pose. The most advanced Reynolds stress models ([1], [2], [3]) close the
hierarchy of moment equations at fourth order using among others the
eddy-damped, quasi-normal approximation for the highest order correla-
tions, though some simplifications are usually introduced to reduce the
complexity of the models in applications ([4], [5]). A different strategy
was proposed by [8], [6], and [7]. Guided by mass flux models they sug-
gested a new approach how to compute third and fourth order moments of
the hydrodynamical equations for a flow with distinct, coherent structures
as they are found in turbulent convection. - In this talk an overview on
these developments will be given including comparisons with data from
astrophysical and geophysical problems. Particular attention will be paid
to the influence of boundary conditions in large eddy simulations on their
ability to successfully predict the hydrodynamical quantities of interest in
solar models.
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In this talk we demonstrate that breaking phenomena in incompress-
ible fluids can be considered as a route to the Kolmogorov spectrum [1]
and the Kraichnan spectrum [2] for three- and two-dimensional developed
hydrodynamic turbulence respectively.

For two-dimensional turbulence we study the appearance of sharp vor-
ticity gradients and their influence on the turbulent spectra [3,4]. We have
developed the analog of the vortex line representation [5] as a transfor-
mation to the curvilinear system of coordinates moving together with the
di-vorticity lines. Compressibility of this mapping can be considered as
the main reason for the formation of the sharp vorticity gradients at high
Reynolds numbers. In the case of strong anisotropy the sharp vorticity gra-
dients can generate spectra which fall off as k=2 at large k resembling the
Kraichnan spectrum for the enstrophy cascade. For weak anisotropy the
spectrum due to the sharp gradients coincides with the Saffman spectrum
[5]: E(k) ~ k=% We have compared the analytical predictions with direct
numerical solutions of the two-dimensional Euler equation for decaying tur-
bulence. We observe that the di-vorticity is reaching very high values and
is distributed locally in space along piecewise straight lines. Thus, indi-
cating strong anisotropy and accordingly we find a spectrum close to the
k~3-spectrum [3,4]. In the numerical experiments [7] for the 8192 x 8192
grid points we observe the spectra with strong angular dependence which
can be interpreted as a set of jets with their both weak and strong over-
lapping. The structure functions of second and third orders show a good
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correspondence to the Kraichnan direct cascade picture with the constant
enstrophy flux. Powers (,, for higher structure functions grow weaker the
linear dependence relative to n demonstrating the intermittency property.

Recent numerical experiments in the framework of the Euler equations
for two colliding Lamb vortex dipoles Orlandi and Co. [8] testify to favor of
the collapse appearance when the vorticity becomes infinite in a finite time
according to the law (to —t)~!, the collapse region vanishes like (to —t)/?,
and the velocity component parallel to the vorticity blows up proportionally
to (to — t)_l/ 2. During the collapse the region of the maximal vorticity
represents the pancake-like structure. In this paper it is shown that all
these self-similarities can be obtained from the analysis of the singularity
while breaking of vortex lines. In the collapse instant the vorticity 2 gets
the singularity of the Kolmogorov type: Q ~ z2/3 where z coincides with
the direction of the breaking [9].
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The theory of weak turbulence [1] describes numerous system of weakly
interacting waves: ripples on water and gravity waves on the surface of
oceans, Rossby waves in the atmosphere of planets and oceanic Rossby
waves, Langmuir waves in plasma and spin waves in magnetics. The re-
markable properties of liquid hydrogen — the high nonlinearity of capillary
waves on the surface and its relatively low viscosity, and the possibility to
excite waves on the charged surface by electrical force — reveal a unique
opportunity for experimental studies of weak wave turbulence. The use of
liquid hydrogen for experiments on wave turbulence has already allowed us
to study phenomena predicted by the theory, e.g. Kolmogorov-Zakharov
steady state spectra of capillary turbulence in a wide range of frequen-
cies, as well to observe new ones which have been explained successfully
in the framework of the weak turbulence approximation: quasiadiabatic
decay of capillary turbulence and suppression of high-frequency turbulent
oscillations by additional low-frequency driving force [2].

Superfluid helium is unique liquid for studying turbulence phenomena in
the system of capillary waves due to its extreme low viscosity and density.
The properties of superfluid helium allows us to investigate wave turbulence
in the kinetic and in the discrete regimes where an influence of the discrete-
ness in the wave spectra caused by finite size of the experimental cell on
the turbulent distribution plays the important role. It is well known that
for capillary waves the main processes of the nonlinear interaction are three
wave processes of decay and merging that satisfy the conservation laws of
frequency and wave-vector. In an ideal discrete system conservation laws
cannot be satisfied for capillary waves [3]. Fortunately the situation can
be changed if broadening of resonance modes due to viscosity or due to
nonlinear interaction is taken into account.
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The measurements were carried out at temperature T=1.7 K. Helium
gas was condensed into the copper cup of inner diameter 35mm and of
depth 4mm or in the quadratic cup with side of 42mm. The surface of
the liquid was charged with positive ions created by a radioactive plate.
By applying a low-frequency AC voltage in addition to DC voltage, waves
were excited on the surface. Oscillations of the surface were detected by
a laser beam reflected from the liquid, Fig. 3. In these measurements two
types of low-frequency driving force were used: in the discrete regime the
surface of liquid helium was driven by a sinusoidal force, in the kinetic
regime a driving by a noisy force was used..

—

Figure 3: The scheme of registration of oscillations on the surface of superfluid helium.

In the kinetic regime (broadband excitation) the frequency dependence
of turbulent cascade in the inertial interval and the position of high fre-
quency edge are described well in the frames of the theory of wave turbu-
lence [1]. At high frequencies in the dissipative domain very fast decreasing
turbulent cascade was observed. This fall off could be described well by
“quasi-Plank” function in wide frequency range [4].

a) | b)

Figure 4: Turbulent cascade on the surface of liquid helium at T=1.7K in quadratic
experimental cell. Pumping at frequency 90 Hz. a) High level of excitation. b) Moderate
level of excitation, local maximum is seen.

In the case of discrete regime at moderate level of excitation by harmonic
force we observed a wave energy accumulation at high frequencies — a
local maximum in the turbulent spectrum. The position of this maximum
depends on the frequency and amplitude of the driving force Fig. 4.

Qualitative model of this phenomenon takes into account discreteness of
the spectrum of surface oscillations in the cylindrical resonator. Bottle neck
on the turbulent cascade is due to a detuning effect of nonlinear harmonic
frequencies and eigenfrequencies of surface oscillations in the cell [5].
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Figure 5: Formation of low-frequency waves on the surface of superfluid helium with
increasing the driving force in three times.

In the cylindrical cell at moderate pumping Fig. 5a) the direct cascade is
formed in the high-frequency domain w > wy, in agreement with previous
observations [2]. At very high frequencies cascade is terminated by bulk vis-
cous damping. The low frequency oscillations at w < w, are mainly caused
by mechanical vibrations of the experimental setup. With increasing the
driving voltage in three times the turbulent spectra drastically changed:
the heights of the low-frequency peaks increased in a few orders of magni-
tude Fig. 5b). Estimation energy distribution over frequency range shows,
that at moderate level of excitation almost all energy is in inertial interval.
In the case of high level excitation when the inverse cascade is registered

90% energy lays in frequency range lower frequency of excitation.
This work was partially supported by RFBR project #13-02-00329.
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In the theory of turbulence there exists a fundamental hypothesis about
a small-scale helical turbulence that under certain conditions may provide
an energy transfer from small to large scales and evoke a large-scale insta-
bility governing the structure formation. The specific properties of small-
scale helical turbulence resulted in large-scale structure generation were
first discovered in magnetohydrodynamics. This phenomenon, known as
the alpha-effect, allows us to explain the growth of large-scale magnetic
fields in electrically-conducting media and forms the basis of the MHD-
dynamo theory [1].

The formal similarity of equations describing the magnetic field in a
moving electrically-conducting medium and vorticity field in non-conducting
fluids gave an impetus to a search for analogs to this phenomenon in general
hydrodynamics.

Thirty years ago, the first theoretical example of large-scale helical in-
stability in general (non-MHD) hydrodynamics was proposed by Moiseev
et al. [4] and, by analogy, coined the hydrodynamic alpha-effect. In pa-
per [3] that followed right away, a hypothetical scenario for intensification
and sustaining of large-scale vortex disturbances in the atmosphere due
to energy transfer from small-scale helical convective turbulence — the so
called turbulent vortex dynamo — was proposed as a possible illustration
for self-organization of turbulence with the broken mirror symmetry. The
theoretical estimates obtained by substituting the specific atmospheric pa-
rameters in model solutions [3] were tested to describe tropical cyclone
formation in the Earth’s atmosphere [3] as well as, a few years later, by
Fortov and co-authors [4, 5] to explain the size and structure of large-scale
long-lived vortex disturbances in Jovian atmosphere after the collision of
comet Shoemaker-Levy 9 with Jupiter in July 1994. The theory showed
a very good agreement with the characteristics of observed phenomena in
the atmospheres of both planets. Summary of those results was given in a
review work [6].

It is worth to note that there exists an essential difference between the
two dynamo models. The MHD-dynamo effect is based on interplay of two
different physical fields, namely, magnetic and velocity fields whilst the
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turbulent vortex dynamo operates only based on the velocity field alone.
This difference made it very difficult for a long time to realize how the
vortex dynamo might work in real conditions of the Earth’s atmosphere.
First of all, by what means a positive feedback [6] between the solenoidal
components of the vector velocity field may be generated.

Let us explain it in more detail bearing in mind tropical cyclone (TC)
formation. A developed TC is an intense atmospheric vortex, in which
the main component of velocity lies in a horizontal plane. The powerful
tangential circulation is superimposed on a weaker transverse circulation
formed by the radial and vertical velocity components (in the cylindrical
coordinates). Meanwhile, the transverse circulation is of crucial impor-
tance for the existence of such vortical system as a whole and ensures an
energy supply from the ocean and linkage of air streamlines, i.e. the helical
structure of the flow. In the rotating Earth’s atmosphere, a link is evident
between the transverse and tangential circulation: it is provided by the
action of the Coriolis force on the horizontal velocity. However, until very
recently [7], it was completely unclear how the second link might be formed
between the tangential and transverse circulation that is needed to close
the feedback loop for the vortex dynamo effect.

Only recently has it become possible to test the hypothesis on the tur-
bulent vortex dynamo with a physically consistent data set.

Only recently have studies been conducted to examine reasonably high
horizontal resolution (~1-3 km of horizontal scale and less) numerical simu-
lations of TC formation. Near-cloud-resolving simulations [8, 9] brought an
important discovery about vortical nature of atmospheric moist convection
in the tropical zone and allowed to identify rotating cumulus clouds which
were coined Vortical Hot Towers (VHTSs) [8]. Montgomery et al. [9] offered
a new scenario of hurricane formation based on self-organization of con-
vective processes in an otherwise favorable tropical environment. Although
helical features of these simulated flows were not taken into consideration
within the framework of paper [9], self-organization of vortical convection
was observed similar to "helical” scenario [6], namely, as an enlargement of
vortex structures from the size of individual rotating cumulus clouds in the
model, their induced concentration of absolute angular momentum on the
system scale circulation, and their merging with each other to yield newly
forming larger vortices and an intensifying circulation on the system scale.

The first attempt to interpret the self-organization process discovered
in [9] as a manifestation of fundamental properties of moist-convective
atmospheric turbulence with the broken mirror symmetry — helical self-
organization in a rotating inhomogeneous atmosphere — was undertaken
in paper [10]. Using the data of numerical simulation [9], helical charac-
teristics of the velocity field were calculated and analyzed. It was found
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that the TC formation is accompanied by the generation of non-zero and
increasing integral helicity that implies a new topology of the flow when it
is characterized by linked vortex lines [11]. This gave the first example of
non-zero integral helicity generation found in a real natural system — the
tropical atmosphere of the Earth. With such a break of the mirror symme-
try, following the theory of turbulence [12], energy transfer to dissipation
scales may be suppressed and large-scale vortex instability is possible.

In this paper, we emphasize the role of VHTs that make it a reality —
the turbulent vortex dynamo in the tropical atmosphere.

We use our research approach [7, 10] based on near-cloud-resolving nu-
merical simulation and developed to quantitatively analyze helical self-
organization of moist convective atmospheric turbulence. We highlight a
key process of vertical vorticity generation from horizontal components and
its amplification by VHTs, which is found to be a pathway for generation
of a velocity field with linked vortex lines of horizontal and vertical vor-
ticity on local and system scales, i.e. helicity generation, during the whole
evolution of tropical cyclone. Moreover, VHTSs link the primary tangential
and secondary transverse circulation on system scales providing the closure
of positive feedback loop between the circulations. As soon as such linkage
occurs, the nascent large vortex becomes energy self-sustaining.

The feedback is sustained by convective instability and vortical convec-
tion in the central region of the circulation. The existence of such rising
warm flows suggests a release of potential energy that is converted into
kinetic energy of developing large-scale helical vortex. It is shown that
with adequate moisture fluxes from the underlying sea surface to maintain
a degree of convective instability in the cumulus zone, the active feedback
provides energy exchange between the primary and secondary circulation
and their further mutual intensification, i.e. a self-sustaining amplification
process of the system-scale circulation.

Based on the obtained results, we suggest new criteria and numerical
diagnosis for tropical cyclogenesis.
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Hydrodynamic and wave turbulence in superfluids
Victor S. L’vov
Weizmann Institute of Science, Israel

Because superfluid eddies can only be formed from quantized vortex
lines, one might expect that turbulence in superfluids to be very different
from its classical counterparts. But that is not necessarily so: Basic ideas,
experiments and physical models of superfluid turbulence will be discussed
in my talk.

In the Introductory part I will shortly remind basic ideas in turbulence
of classical fluids, mentioning contributions by Euler, Navier and Stokes,
Reynolds, Richardson, Kolmogorov, Millionschikov and others. Then I
overview discovery of superfluidity in He-4 and He-3 and peculiarities of
superfluid dynamics and turbulence.

In the body of my talk I will concentrate on the energy distribution
between scales in superfluid turbulence. There are three different regimes:
the quasi-classical interval of scales (much above the mean intervortex dis-
tance), the quantum regime, dominated by Kelvin waves (at scales below
the intervortex distance) and the crossover scale with the bottleneck energy
accumulation.

Perspectives of studies of superfluid turbulence will be discussed in the
Conclusion.

On the geometry of integrable systems of
hydrodynamic type

Franco Magri
U. of Milano-Bicocca

Through the exam of a few selected examples ( KdV, KP and its dis-
persionless limit, the Whitham equations of genus one) I wish to point
out a structural property which is shared by some well-known classes of
integrable equations of hydrodynamic type, which can be regarded as re-
sponsible for their integrability. This property is of interest also outside the
field of equations of hydrodynamic type, for instance in Topological Field
Theory and in the Theory of Singularity. These connections, however, will
not be discussed in the talk, if not for a short hint on the relation with

WDVYV equations.
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Applications of Millionschikov’s zero-fourth-order
cumulant hypothesis to the theory of homogeneous
turbulence

C. Mamaloukas, H.P. Mazumdar

Department of Statistics Athens University of Economics and Business
Indian Statistical Institute Calcutta - 700035

mamkris@aueb.gr, hpmi2003@yahoo.com

Exploiting Millionschikov’s quasi-normality hypothesis as titled above,
various features of homogeneous and isotropic turbulence have been ana-
lyzed in some details. Since publication of the original hypothesis of M.D.
Millionschikov in 1941, innumerable number of scientific papers have been
published in the fields of homogeneous turbulence e.g., general type of hy-
drodynamic and magneto-hydrodynamic fields, fluctuating pressure and
temperature fields etc. Besides, effects of breaking reflexional mirror sym-
metry (helicity) on the correlation functions of homogeneous and isotropic
turbulence and on the acceleration correlation functions have been dis-
cussed using Millionschikov’s hypothesis. Refinements of Millionschikov’s
hypothesis are to be addressed well to describe the convective boundary
layer turbulence and convection for free deep water of the ocean. Mirabel
(1969) modified the Millionschikov’s hypothesis and calculated the spec-
trum of turbulence with initial nonzero third-order moments of spectral
form, using a vortex model. In order to find a deterministic set of equa-
tions Millionshchikov proposed his quasi normality hypothesis for turbu-
lence which states that all fourth order moments are related to second
order moments as a joint normal distribution. In the light of the above
formulation of Millionschikov’s hypothesis we would point out further the
treatment of first author (2013) on the final period decay of isotropic tur-
bulence using the points-merging technique employed here.
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The universal nature of the Reynolds number in local
and nonlocal phenomena
P. Miskinis
Vilnius Gediminas Technical University, Saulétekio Ave. 11, LT-10223,
Vilnius, Lithuania
paulius.miskinis@vgtu.lt

In the case when the properties of a system in a certain point of con-
figuration or phase space depend not only on the properties of this system
at this point, but also on the properties of at least one point of the envi-
ronment, we deal with the nonlocal phenomena. From the mathematical
point of view, such phenomena are usually described by integro-differential
equations. Over the last few years more attention has been given to a spe-
cial part of theory of integro-differential equations, the so-called fractional
calculus. This approach is applied not only in the theory of fractals, but
also for description of electrical, biological and diffusion phenomena. The
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latter topic, as follows from the growing number of publications, receives
the bulk of attention.

Of greatest interest are, of course, nonlocal generalizations of natural
phenomena that preserve some of their local characteristics. In this contri-
bution, a nonlocal generalization of the one-dimensional Burgers equation,
which is described by the fractional derivatives, is suggested. The explicit
form of a particular analytical solution, existence of the travelling wave
solution, interaction of nonlocal perturbations, asymptotic behavior of so-
lutions as well as the symmetries and conservation laws of the equation
are considered. Its relation with the Burgers equation of integer order and
the universal nature of the Reynolds number both in local and nonlocal
phenomena are shown.

Maximum entropy states of quasi-geostrophic point
vortices under periodic boundary conditions

Takeshi Miyazaki, Hironori Miyamoto, Satoshi Funakoshi
Univ. Electro-Communications, Tokyo, Japan
miyazaki@mce.uec.ac. jp

Geophysical flows are subject to strong influence of the buoyancy and
the Coriolis force. Both effects suppress vertical fluid motion, and geo-
physical flows are considered to be two-dimensional at the lowest order of
approximation. The statistical mechanics of two-dimensional point vor-
tices has been a long lasting problem, starting from Onsager (1949)[1].
Joyce and Montgomery (1973)[2] and Montgomery and Joyce (1974)[3] de-
rived the mean field equation (so called the sinh-Poisson equation) for a
system of point vortices of mixed sign, based on an empirical maximum
entropy theory. There are also many numerical works on two-dimensional
decaying turbulence, in which the relaxation process towards a maximum
entropy state is investigated. In actual geophysical flows, the fluid motion
is almost confined within a horizontal plane, but different flow patterns are
realized on different horizontal planes. The ‘quasi-geostrophic approxima-
tion’ incorporates this three-dimensionality. The numerical simulations,
of decaying quasi-geostrophic turbulence indicate that the vorticity field
develops coherent vortex structures, and that their interactions dominate
the dynamics of the turbulence. Therefore the investigation of the statisti-
cal mechanics of quasi-geostrophic point vortices will be of importance in
understanding fundamental aspects of the geophysical turbulence. Actu-
ally, statistical investigation of the non-dissipative point vortex system may
provide two basic aspects of geophysical turbulence. Firstly, the potential
vorticity distribution inside the elemental vortex structure that appears
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spontaneously in the geostrophic turbulence can be investigated. Secondly,
the final state of the geostrophic turbulence can be determined under the
constraints of energy conservation.

As for the first subject, the statistical properties of quasi-geostrophic
point vortices in an infinite domain, were studied numerically by Hoshi
and Miyazaki (2008)[4] and Miyazaki et al. (2012)[5]. Axisymmetric equi-
librium states are formed starting from any initial distributions. When the
energy is low, the radial vorticity distribution of the center region becomes
flatter. In contrast, if the energy is high, the radial vorticity distribution of
the center region becomes sharper with tighter concentration near the axis
of symmetry. The most probable distributions were also determined the-
oretically, based on the maximum entropy theory. The numerically found
equilibrium state is actually the maximum entropy state, under the con-
straints of the fixed vertical distribution, the angular momentum and the
energy.

As for the second subject, we investigate the statistical mechanics of
quasi-geostrophic point vortices of mixed sign under periodic boundary
conditions, numerically and theoretically. Direct numerical simulations
under periodic boundary conditions are performed using a fast special-
purpose computer for molecular dynamics (GRAPE-DR). Clustering of
point vortices of like sign is observed and two-dimensional equilibrium
states are formed. It is shown that they are the solutions of the two-
dimensional mean field equation, i.e., the sinh-Poisson equation (Funakoshi
and Miyazaki (2012)[6]). The reason why only two-dimensional equilib-
rium states are formed in the numerical simulations is discussed from the
point of the Shannon entropy. We drive a new mean field equation with
three-dimensional Laplace operator, based on the maximum entropy the-
ory. This equation is a natural extension of the sinh-Poisson equation
derived for two-dimensional point vortices. We solve the mean field equa-
tion using an efficient iteration procedure proposed by Turkington and
Whittaker (1996)[7]. We obtain several three-dimensional solutions, whose
solution-branches can be traced in the higher energy region, where the di-
rect numerical simulations are performed. Two-dimensional equilibrium
states have the largest entropy at any energy level, which seems to be the
reason why they are formed in the numerical simulations. The stability of
the equilibrium states is also investigated by direct numerical simulations
of the continuous quasi-geostrophic equation.
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The Role of Helicity in Turbulent Flow
Keith Moffatt

Department of Applied Mathematics and Theoretical Physics University
of Cambridge, UK

h.k.moffatt@damtp.cam.ac.uk

Helicity is, like energy, a quadratic invariant of the Euler equations, and
may therefore be expected to constrain the turbulent cascade of energy
from large to small scales. Indeed, in local structures where helicity is
maximal, nonlinearity is totally depleted so that such structures tend to
persist in coherent manner. Some basic properties of helicity will be re-
viewed in this lecture, with particular reference to its bearing on dynamo
generation of magnetic fields in conducting fluids, and on the existence of
Euler flows of arbitrarily complex topology. Recent work on reconnection
of vortices will also be described, and it will be demonstrated that helicity
(again like energy) s not in general conserved during such reconnection
processes.

Topological invariants in magnetohydrodynamics and
DNA supercoiling

M. Monastyrsky, P. Sasorov

Institute for Theoretical and Experimental Physics, Moscow 117218,
Russia
Keldysh Institute of Applied Mathematics, Moscow 125047, Russia

We discuss the structure of topological invariants in two different me-
dia. The first example relates to the problem of reconnection in magneto-
hydrodynamics and the second one with the supercoiling of DNA. Despite
apparently different systems, the behavior of magnetic spread lines and
supercoiling process in DNA has some common based on the existence of
Hopf’s type topological invariants.

Topological invariants in Magnetohydrodynamics. In this section we study
the topological structure of magnetic field lines within the framework of
almost ideal magnetohydrodynamics (MHD). For the smooth flows and the
magnetic viscosity v = 0, all topological invariants are conserved. In this
case all topological invariants admit a representation by the higher orders
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linking coefficients introduced in [1]. These invariants may be considered
as a generalization of the well known Hopf invariant. However in the case
of v # 0 the fluid flow may leads to formation of weak singularities that
can be described as a magnetic field reconnection. This process take a
small time as compared with so called diffusion time 75 o< 1/v. These
reconnections can be determined by the cut-and-glue procedure, see the
definition in Ref. [1].

The question is what kind of topological invariants conserved under the
reconnections procedure?

We derived in Ref. [1] that if the two different magnetic field tubes
T, and T5 reconnected in a resulting tube 7" then the first order linking
coefficients /;;1, introduced there, obey the following formulae:

et (T, T') = ky (T1, TY) + by (To, To) + 2k (T4, To)

and R R R
kl (T37 T/) — kl (T37 Tl) + kl (T?n TQ) .

This implies that for the class of magnetic fields we considered, the
only topological invariant, conserving in the process that admit of the
reconnection, is the Hopf invariant Ref. [1].

Supercoiling in DNA. Topological methods were successfully applied to
the description of the processes od DNA supercoiling. The DNA described
by the Calugareanu formula(CF):

Lk =Tw+ Wr,

where Lk is the Gauss linking coefficient and T'w is the twist and Wr is
the writhing number correspondingly. The process of removal supercoils
takes place exclusively by cutting edges of the DNA ribbon, twisting and
sewing the band. Thus the CF should be modified as:

(Lk — ) = T + r

Here ¢ is the number of cutting-sewing events and Tw and Wr are modified
parameters of the CF. Since we deal with with the ensemble of cuts and
sews the final formula after averaging over all states looks like

(Lk —q) = <T\1/U> + <W\7“> :

This explains the applicability of topological methods to study scDNA
relaxation caused by enzymatic activity of topoisomeras. It can be shown
that intrinsic hydrodynamics behavior of DNA is closely related to this
process [2].
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Cluster of interacting wave triads in QG model:
quadratic invariants

S.V. Nazarenko
University of Warwick, Mathematics Institute, Coventry CV4 7AL, UK
s.v.nazarenko@warwick.ac.uk

We consider clusters of interconnected resonant triads arising from the
QG model. A cluster consists of N modes forming a total of M connected
triads. We investigate the problem of constructing a linearly independent
set of quadratic constants of motion. We show that this problem is equiv-
alent to an underlying basic linear problem, consisting of finding the null
space of a rectangular M x N matrix A with entries 1, —1 and 0. In par-
ticular, we prove that the number ofindependent quadratic invariants is
J=N—M*> N — M, where M* is the number of linearly independent
rows in A. We formulate an algorithm for decomposing large clusters of
complicated topology into smaller ones and show how various invariants
are related to certain parts and linking types of a cluster, including the
basic structures leading to M™* < M.

These results were published in [1].
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Multiscale phenomena, asymptotics and
thermonuclear fusion in cavitatrd bubbles

Robert Nigmatulin
Schirshov Institute of Oceanology
nigmar@ocean.ru

A paradox is a real phenomenon, which contradicts ordinary insights
and human intuition. Paradoxes are milestones of science.

Two-phase bubbly fluids manifest a number of paradoxical properties.
In spite of the negligible amount of the gas (mass concentration ~ 107°)
the thermo-physical properties of the gas in the bubbles exert a significant
influence on the shock and acoustic wave attenuation. At the same time the
variation in viscosity and other thermo-physical properties of the liquid,
which composes almost all of the bubbly liquid mass has little influence on
wave attenuation.

It is common for the bubbly liquid to damp the shock, but for some
regimes the shock waves can be strongly amplified by bubbly liquids. The
basis for this phenomenon is determined by a very specific property of
the bubbly liquid known as a local volume deformation inertia when the
pressure depends not only on the density, p, but on the acceleration of
compression, p.

The third paradox of bubbly liquid is connected with the bubble motion
in a vertical column with a bottom subjected to intensive vertical vibration
(w ~10 Hz). For specific regimes gas bubbles can be entrained on the upper
surface of liquid and move down forming a gas cushion on the bottom of
the column. This cushion may initiate additional vertical oscillations with
frequency, 2. Interaction of these two frequencies may be resonant and
initiate motion of the bubbles down and up. This phenomena can be used
for very effective mixing of two liquids which normally are mixed poorly.

Many paradoxes are manifested in sonoluminescence and bubble fusion
experiments (Taleyarkhan, West, Cho, Lahey, Nigmatulin, Block, 2002,
2004, 2006). The last experiments showed that neutron emission and tri-
tium formation may occur in deutorated acetone under acoustic cavitation
conditions. Intensity of the fast neutron (2.5 MeV) emission and tritium
nucleus production is 10* - 10% s71. This suggests ultrahigh compression of
the matter produced inside the bubbles during their collapse. Systematic
research is being carried out on vapor bubble implosion in intense acous-
tic fields in D-acetone (C3DOg) to provide the observed effect theoretical
confirmation and explanation. The dynamics of the bubbles formed during
maximum rarefaction in the liquid is numerically studied on the basis of
the models developed for a single bubble and bubble clusters. It is assumed
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that during their growth the bubbles coagulate and form a few bigger bub-
bles, which then collapse under the additional pressure pulses produced
in the liquid through the amplification of compression waves within the
cluster. A shock wave is shown to be formed inside the bubble during the
latter’s rapid contraction. Focusing of this shock wave in the bubble center
initiates dissociation and ionization, results in violent increases (0.77 x 10°
times) in density (10 kgm?), pressure (10'°-10!! bar) and temperature 108-
10° K), high enough to produce nuclear fusion reactions. The bubble looks
like a nano-hydrogen bomb. The diameter of the neutron emission zone is
about 100 nm. The highest neutron emission is recorded at about 25 nm
from the bubble center. The number of neutrons emitted during the im-
plosion of a single bubble is ~10 neutrons per implosion, and the number
of tritium nuclei is the same. It is found out that the intensity of bubble
implosion and the number of neutron emitted increase with variations in
nucleation phase, positive half-wave amplitude, and liquid.

Some important features of the process analyzed in our theoretical paper
(Nigmatulin et al, 2005) were:

1. The cold liquid effect, where relatively small variations of the liquid
pool temperature strongly influence the acceleration of the liquid and
intensity of the thermonuclear fusion reaction.

2. The bubble cluster effect, where multi-bubble cluster dynamics pro-
duce an amplification of compression compared with the incident pres-
sure of acoustical field

3. Non-dissociation of the liquid, where, in spite the high pressures and
temperature experienced on the interface (10° — 10 bar, 2500 K) the
liquid has insufficient time for dissociation during 10 ns. That is why
the liquid is much less compressible than implied by the equilibrium
adiabat which corresponds to more than a microsecond of compres-
sion. Thus only the extrapolation of first part of D-U shock adiabat
should be used for the estimation of compressibility of the liquid.

4. “Cold” electrons. During the extremely short time of the compression
(1071 — 10712 ) the electrons have no time to be heated by ions.
Thus the heat capacity of the gas/vapor is ~ 2,000 J/kg instead of
the equilibrium heat capacity of fully ionized plasma, ~ 8,000 J/kg.
This allows the temperature of ions to be four times higher than for an
equilibrium plasma which results in conditions suitable for thermonu-
clear fusion. Moreover the “cold” electrons do not produce intensive
energy losses by photon emissions.

5. Intensive collapse of the bubble is a multi-scale phenomena with the
final sharpening. During the different stages the different physical
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phenomena, spatial and time scales dominate the process. These
physical processes are: heat transfer, evaporation, condensation, tran-
sition from two phase to supercritical fluid, transition from a non-
compressible liquid and a homobaric pressure distribution in the vapor
(this stage takes almost all the time of the process (41.5 us from 42
ps) to high compression of the liquid and to shock wave phenomena
in gas (0.5 us), dissociation, ionization and finally to nuclear fusion).
The spatial scales are the following: acoustical field scale is ~ 1072 m,
cluster scale is ~1073 m, bubble scale is ~ 10~° — 10~* m, dissociation
and ionization cores scale is ~ 1077 - 107% m, thermonuclear core scale
is 1078 — 107" m. The time scales are the following: evaporation and
condensation scale is ~ 107° s, compression wave scale is ~1079 s,
dissociation and ionization scale is ~107? s, and thermonuclear time
scale is 107!% 5. The numerical code needs to vary the equations to
accommodate the different physical phenomena and different sizes of
the grid and different time steps form At =107 s to 10~ s. To clar-
ify the process in the tiny central thermonuclear core this zone should
be considered by the cell size Ar =101 m in the bubble with radius
107° m. The same problem exists with the thin boundary layers near
the interface.

6. Three-dimensional analysis for the shape of the bubble supports the
assumption of a spherically symmetrical flow to produce the concen-
tration of the energy in the tiny core.

All these effects are crucial for the prediction of the thermonuclear reaction
intensity.

Knot polynomials as new tool for turbulence research
Renzo L. Ricca
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ITALY
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In recent decades there has been overwhelming evidence that vortic-
ity tends to get concentrated to form coherent structures, such as vortex
filaments and tubes (the “sinews of turbulence”), in both classical and
quantum fluids. In the case of vortex tangles, structural complexity meth-
ods have proven to be useful to investigate and establish new relations
between energy, helicity and complexity [1]. Indeed, this approach can
be pursued further by introducing knot polynomials. By using a suitable
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transformation in terms of helicity, it has been recently shown [2] that
the standard Jones polynomial of knot theory can be interpreted as a new
invariant of topological fluid mechanics. By briefly reviewing this work,
we show how to compute this invariant for some simple, but non-trivial
topologies. Then, by considering the standard decomposition of the helic-
ity of a vortex filament in terms of writhe and twist, we focus on geometric
aspects of vortex reconnection, a key feature in real vortex dynamics, and
present a recent result [1] on the conservation of writhe under reconnec-
tion. For dissipative systems, this means that any deviation from helicity
conservation is entirely due to twist, inserted or deleted locally at the re-
connection site. This result has important implications for helicity and
energy considerations. We conclude the talk with some speculations on
future work, by showing how a combination of these results may lead to
the development of a novel approach to investigate fundamental aspects of
turbulence research.
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Asymptotic solutions and regularization for the
Cauchy problem for the induction equation
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The description of the magnetic field temporal evolution in a conductive
fluid plays an important role in the study of strong fields of planets, stars
and galaxies. In particular, a lot of papers was devoted to the detailed
study of the effect of hydrodynamic dynamo — unlimited growth of the
magnetic field at large times caused by irregular behavior of the trajectories
of the smooth velocity field of the fluid. From the mathematical point of
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view, it means there are eigenvalues with positive real part of the induction
operator and the Cauchy problem‘s solutions, which grow exponentially as
t — oo. We study the alternative effect — instantaneous growth of the
field due to the velocity field‘s jump (break). It appears that the magnetic
field has delta-type singularity on the surface of discontinuity. The correct
generalized statement of problem exists, in particular, if passing through
the surface only the amplitude changes rather than direction of the velocity

field.

Dynamics of geostrophic vortices in two-layer
rotating fluid: stability, choreographies, chaos
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Motion of a system composed of 2A point vortices is investigated in
the frames of two-layer quasi-geostrophic model on a rotating plane. We
suppose that layers are of the same thickness, and A identical vortices are
initially located in corners of a regular A-gon in each layer. Polygons of
the upper and lower layers have the same center, but, generally, different
lateral lengths.

Let the variable 2 = 27 + iy} to be a complex coordinate of the vortex

located in the layer ] and having intensity x% (j = 1,2;a = 1,2,..., A).

We suppose that —xi = —k? = ... = —k{l = /{% = /@% = . = /<;‘24 = K,

where k > 0, i.e. in the upper and lower layers we have Correspondmgly
A negative and positive vortices of the equal modulo intensity.
Equations of motion for 2A-vortex structure are [1]:

: A
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A
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where the upper bar denotes complex conjugation, K; is a modified Bessel
function of the first order, v is a parameter inversely proportional to the
Rossby radius of deformation A = v/¢’/2f (¢’ being the reduced gravita-
tional acceleration and f is Coriolis parameter).
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Figure 7: Absolute trajectories of vortices in upper (red) and lower (blue) layers: (a) Fam-
ily of absolute choreographies for the cases A = 2 and A = 3; (b) Example of parametric
instability in the case A = 3, r; = 1.683, and indicated values of 79

The analysis of the system (4) allowed us to make classification of all
kinds of motion under investigation for different parameters of A and 7},
where r; (j = 1,2) are the radii of circumcircle around the polygons. We
obtained diagrams for possible states of the vortex system. In the plane
of parameters (r1,72), we found existence domains of different types of
solutions for different numbers of A. In particular, we found a family
of absolute choreographies, where all vortices of the upper layer rotate
along one closed trajectory, and each vortex in the lower layer performs
nutational periodical movements along closed peripheral orbits (panel (a)
in the Figure1). Vortex rotational periods in the lower layer 7} and in the
upper layer T, follow the conditions 7;/T, = 1/A. At A > 3, there appear
areas of parametric instability (panel (b) in the Figurel) and of chaotic
vortex behavior.
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Most of the practically important turbulent flows are exposed to external
factors (extra strains), such as density stratification, solid body rotation,
external magnetic fields, etc. Some of these extra strains support wave so-
lutions in linearized problems (e.g. gravity waves in stably stratified flows,
inertial waves in rotating flows, Alfven waves in MHD turbulence) that
lead to complex wave-turbulence interactions in fully non-linear formula-
tion. In addition, the extra strains may render the large-scale flows strongly
anisotropic. We present an investigation of turbulence anisotropization by
external body forces (gravity, rotation and magnetic friction) using the
quasi-normal scale elimination (QNSE) theory of turbulence. This spec-
tral theory uses a recursive procedure of small-scale modes elimination
based upon a quasi-normal mapping of the velocity and temperature fields.
The approximation of qusi-normality (Millionshchikov, 1941) is used in a
very weak sense for the modes been eliminated and is complemented by the
"renormalization” of eddy viscosity. By virtue of implying the quasi-normal
modal forcing and eddy damping by the effective viscosity for every mode,
the QNSE theory belongs in the class of the quasi-normal eddy-damped
theories of turbulence. In the limit of weak extra strain, the theory be-
comes completely analytical and yields simple expressions for horizontal
and vertical eddy viscosities and eddy diffusivities. In addition, the the-
ory provides expressions for various one-dimensional spectra that quantify
turbulence anisotropization. Tendency to two-dimensionalization is clearly
seen in flows with solid body rotation and magnetic friction. Anizotropiza-
tion of stably stratified flow is different; in this flow the effective viscosity
in the vertical direction decreases but remains finite while the vertical dif-
fusivity diminishes on large scales where stratification is strong. On the
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other hand, both horizontal viscosity and diffusivity increase on large scales
compared with the case of neutral stratification.

The exact solution of the two-dimensional
Poincaré—Sobolev equation in a trapezium
S.D. Troitskaya
Institute of Content and Methods of Education of the Russian Academy
of Education, Pogodinskaya 8, Moscow 119435 Russia

troitsks@gmail.com

We consider the following initial-boundary problem for Poincaré-Sobolev
equation:

0% (0?2 0? 0?
( p p>+ p

A oy

Plobx(0,00) = 0, (6)
p‘tzo — pO(x7y)7 ptltZO - pl(xu y); (p0|aD - 0,p1|5)D = 0)7 (7)
where D is a trapezium:

D:={(z,y): —1<y<0, —-l<z<y+l1}

This problem arises in the study of small oscillations of a rotating ideal
fluid in a two-dimensional model case. The choice of the domain is defined
by the fact that in experimental studies of rotating fluid in a cylindrical
container with such cross-section D the internal vibrations of a special kind
were discovered (see [1, 2]).

Let po, p1 be functions from Sobolev space W (D). We call a two

times continuously differentiable in ¢ function p(z, y;t) valued in IV 3(D) a
generalized solution (in the sense of theory of distributions) of this problem
if they satisfy (7) and the equality

/(Ptt:::%@z + Prypy + Pyipy)dD =0Vt € (0,00) (8)
D
keeps for any ¢ € C§°(D). If such a function p is a sufficiently smooth

solution of the problem, then it is its classical solution.
Consider the hyperbolic equation:



If A € (%, %), then for each A there is a parallelogram P(\), inscribed in
the trapezium D so that its sides are parallel to the characteristics of the
equation (9).

Theorem 1 Suppose,

(y—1* 4222 + 6z +4+ (1 —y)\/(y — )2+ 4(x + 1)

)= 20y~ 17 + (& + 2) 1

Ao(z,y) = oL 2oy 22?(2 (_1 1_)2%\;(? —rA 1), (11)
W3+ 422+ (y+3)/(y+3)? -4z + 1)

A3(@,y) = 2((y + 3)% + 22) o (12)

M(y) = (y+1)2+222 4+ 62 +4+ (L+y)\/(y+ 1)2+4(z + 1) 13)

2((y + 12 + (z +2)?)

and Ay < A, As, Ay € (%,%) Then the function p(z,y,t), given in the
Fig. 8, is a solution of the problem (5)—(7) in the domain D, with py given
in the Fig. 9, and p; = 0.

Figure 8:

The existence of this type of oscillations of a rotating fluid in this domain
D questioned the existence of the wave attractor, as predicted in the works

2, 3].

83



Figure 9:
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Small-scale air-sea interaction is one of the most important factors de-
termining the exchange processes in the air-sea boundary layers (i.e., wind
stress, heat, and mass exchange between the atmosphere and the ocean).
These processes govern the boundary conditions for the atmosphere and
the ocean and affect the coupled dynamics of both geospheres. Therefore,
parameterization of the ex-change processes on the air-sea interface is of
special interest, particularly with the view of improving the climate and
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weather prediction models, investigation of the sea-air interaction under
severe wind, tropical hurricanes, etc. Another important aspect of the air-
sea interaction is excitation of surface waves. Omne of the most debated
open questions of wave modeling is concerned with the nonlinear effects of
wind input in the wave field, especially for the case of steep and breaking
waves [1]. Two physical mechanisms are suggested to describe the excita-
tion of finite amplitude waves. The first one is based on the treatment of
the wind-wave interaction in quasi-linear approximation in the frameworks
of semi-empirical models of turbulence of the low atmospheric boundary
layer [2, 3, 4]. An alternative mechanism is associated with separation of
wind flow at the crests of the surface waves [5]. The ”separating” and "non-
separating” mechanisms of wave generation lead to different dependences
of the wind growth rate on the wave steepness: the latter predicts a de-
crease in the increment with wave steepness, and the former — an increase.
In this paper the mechanism of the wind-wave interaction is investigated
basing on physical and numerical experiments.

In the physical experiment, turbulent airflow over waves was studied
using the video-PIV method, based on the application of high-speed video
photography [6]. Alternatively to the classical PIV technique this approach
provides the statistical ensembles of realizations of instantaneous velocity
fields. Experiments were performed in a round wind-wave channel at In-
stitute of Applied Physics, Russian Academy of Sciences. A fan generated
the airflow with the centerline velocity 4 m/s. The surface waves were gen-
erated by a programmed wave-maker at the frequency of 2.5 Hz with the
amplitudes of 0.65 cm, 1.4 cm, and 2 cm. The working area (27.4 X 10.7
cm?) was at a distance of 3 m from the fan. To perform the measurements
of the instantaneous velocity fields, spherical polyamide particles 20 4 m in
diameter were injected into the airflow. The images of the illuminated par-
ticles were photographed with a digital CCD video camera at a rate of 1000
frames per second. For the each given parameters of wind and waves, a
statistical ensemble of 30 movies with duration from 200 to 600 ms was ob-
tained. Individual flow realizations manifested the typical features of flow
separation, while the average vector velocity fields obtained by the phase
averaging of the individual vector fields were smooth and slightly asymmet-
rical, with the minimum of the horizontal velocity near the water surface
shifted to the leeward side of the wave profile, but do not demonstrate
the features of flow separation. The wave-induced pressure perturbations,
averaged over the turbulent fluctuations, were retrieved from the measured
velocity fields, using the Reynolds equations. It ensures sufficient accuracy
for study of the dependence of the wave increment on the wave amplitude.
The dependences of the wave growth rate on the wave steepness are weakly
decreasing, serving as indirect proof of the non-separated character of flow
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over waves.

Also direct numerical simulation of the airflow over finite amplitude
periodic surface wave was performed citetr7. In the experiments the prim-
itive 3- dimensional fluid mechanics equations were solved in the airflow
over curved water boundary for the following parameters: the Reynolds
number Re=15000, the wave steepness ka=0-0.2, the parameter c¢/u,=0-
10 (where u, is the friction velocity and c is the wave celerity). Similar to
the physical experiment the instant realizations of the velocity field demon-
strate flow separation at the crests of the waves, but the ensemble averaged
velocity fields had typical structures similar to those excising in shear flows
near critical levels, where the phase velocity of the disturbance coincides
with the flow velocity. The wind growth rate determined by the ensemble
averaged wave-induced pressure component in phase of the wave slope was
retrieved from the DNS results. Similar to the physical experiment the
wave growth rate weakly decreased with the wave steepness.

The results of physical and numerical experiments were compared with
the calculations within the theoretical model of a turbulent boundary layer
based on the sys-tem of Reynolds equations with the first-order closing
hypothesis. Within the model the wind-wave interaction is considered
within the quasi- linear approximation and the mean airflow over waves
within the model is treated as a non-separated. The calculations within the
model represents well profiles of the mean wind velocity, turbulent stress,
amplitude and phase of the main harmonics of the wave-induced velocity
components and also wave- induced pressure fluctuations and wind wave
growth rate obtained both in the physical experiment and DNS.

Applicability of the non-separating quasi-linear theory for description
of average fields in the airflow over steep and even breaking waves, when
the effect of separation is manifested in the instantaneous flow images, is
explained by strong inhomogenity of the separation zone in the transversal
direction (along the wave front), shown in DNS. It appears that the vor-
ticity is mostly concentrated in thread-like vortex structures, which have
a horseshoe shape and resemble well-known A-vortices extensively studied
in the case of a "classical” boundary layer over a solid plane boundary.
The instantaneous flow velocity and vorticity fields averaged only along
the wave front (and not in time) are non-separating and characterized by
the well-known Kelvin’s "cat eye” pattern. We verified applicability of the
model in wide range of wind and wave parameters on the base of laboratory
and field experiments.

Wind-wave interaction at extreme wind speed is of special interest now
in connection with the problem of explanation of the sea surface drag
saturation at the wind speed exceeding 30 m/s. The idea on saturation
(and even reduction) of the coefficient of aerodynamic resistance of the sea
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surface at hurricane wind speed was first suggested in [8] on the basis of
theoretical analysis of sensitivity of maximum wind speed in a hurricane to
the ratio of the enthalpy and momentum exchange coefficients. Both field
[9, 10] and laboratory [11] experiments con-firmed that at hurricane wind
speed the sea surface drag coefficient is significantly reduced in comparison
with the parameterization obtained at moderate to strong wind conditions
(see [12, 13]). We supposed that the peculiarities of surface drag coefficient
can be explained by dependence of the form drag of surface waves at strong
wind conditions.

To verify the supposition we measured simultaneously aerodynamic re-
sistance of the water surface and frequency-wave number spectra of wind
waves in wide range of wind speeds in the laboratory tank of the Institute
of Applied Physics [14]. Wind friction velocity and surface drag coefficients
CD10 were retrieved from the measurements by the profile method. Sim-
ilar to data [11] surface drag coefficient flattens for wind speed exceeding
30 m/s. We compared the obtained experimental dependencies with the
predictions of the quasi-linear model of the turbulent boundary layer over
the waved water sur- face [4]. The quantitative agreement occurred when
momentum flux associated with short wave part of the wind wave spectra
was taken into account. The model is also in agreement with the data on
parameters of wind and waves measured in the course of field experiments
at the lake part of the Gorky reservoir at the Volga river for wind speeds
exceeding 4 m/s.

The model is generalized to the case of stratified atmosphere over the
ocean. This work is supported by grant of the government of the Russian
Federation (contract 11.G34.31.0048), Federal Targeted Program ”Scien-
tific and Pedagogical Staff for Innovative Russia” for 2009-2013 and by
RFBR (13-05- 00865, 13-05-97068).
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We describe connection between Lioville Equation, Vlasov Dynamics,
Hydrodynamics and Magneto-hydrodynamics [1-16]. We consider H-theorem,
Boltzmann Extremes and asymptotic behavior as time tends to infinity,
and the theorem ”"Time Averages coincides with Boltzmann Extreme”
6], Arnold-Kozlov [11-14] lemma on commuting fields with a modification
for Vlasov-Maxwell and Vlasov-Poisson equations, derivation of Hamilton-
Jacobi equations from Lioville and Vlasov equations [15-16].

References

[1] L.D. Landau and E.M. Lifshits. In: Theoretical Physics Vol. 2, Nauka,
Moscow (1967).

2] V. V. Vedenyapin Boltzmann and Vlasov Kinetic Equations, (in Rus-
sian) FIZMATLIT, Moscow, 2001.

3] V. V. Kozlov, "The generalized Vlasov kinetic equation”, Russian
Math. Surveys, 63:4 (2008), 691-726.

88



[4] M. B. Gavrikov, V. V. Savel’ev. Plasmastatic problems in magnetohy-
drodynamics with allowance for the electron inertia // Fluid Dynam-
ics, 2010, V 45, N 2, P. 325-341.

[5] V.V.Vedenyapin, M.A.Negmatov. Derivation and classification of
Vlasov-type and magneto-hydro-dynamics equations: Lagrange iden-
tity and Godunov’s form. Teoret. Mat. Fiz., 170:3 (2012), 468-480.

[6] V.V.Vedenyapin. Time Averages and Boltzmann Extremals. Soviet
Math. Doklady,v. 422, N2, 2008,pp.161-163.

[7] V.V.Vedenyapin, A.V.Sinitsyn and E.V.Dulov. Boltzmann and Vlasov
Kinetics. Amsterdam-London-New-York-Tokio, Elsvier, 2011. Pp.1-
304.

[8] V. P. Maslov, P. P. Mosolov ”The asymptotic behavior as N — oo
of the trajectories of N point masses interacting in accordance with
Newton’s law of gravitation”, Izv. Akad. Nauk SSSR Ser. Mat., 42:5
(1978), 1063-1100.

[9] Boltzmann L. Weitere Studien uber das Warmegleichgewicht unter
Gasmolekulen. Wien: Akad. Sitzungsder, 1872. Bd. 66. S. 275-370.

[10] L.Boltzmann. Uber die Bezeihung zwischen dem zwiten Hauptsarze
der Mechanischen Warmetheory und der Wahrscheinlichkeitsrechnung,
respective den Satzen uber das Warmegleichgewicht. - Wien . Akad.
Sitzungsber. ,1878 , Bd. 76, S. 373-435.

[11] Arnold V.I. On topology of three-dimensional streams of ideal fluids.
Pricl.Mat.Mech., 1966, v.30, N1, pp. 183-185.

[12] Arnold V.I., Mathematical Methods of Classical Mechanics. M, Fiz-
matlit, 1974.

[13] Kozlov V.V. Hydrodynamics of Hamiltonian systems. Vestnic MGU,
Ser. Mathematics, Mechanics, 1983, v.6, pp.10-22.

[14] Kozlov V.V. General theory of Curls. Izhevsk, Regular and Chaotic
Dynamics, 1998.

[15] Vedenyapin V.V., Fimin N.N., Lioville Equation, Hydrodynamic Sub-
stitution and Hamilton-Jacobi equation. Russian math. dokl., 2012, v.
446, N2, pp. 142-144.

[16] Vedenyapin V.V., Negmatov M.A., On topology of stationary solu-
tions for Hydrodynamic and Curl consequances of Vlasov equation
and Hamilton-Jacobi method. Russian math. dokl., 2013, v. 449, N5,

pp. 1-6.

89



Fractal Dimensions of Energy and Enstrophy
Containing Structures

Alireza Nejadmalayeri, Alexei Vezolainen, Oleg V. Vasilyev

Department of Mechanical Engineering, University of Colorado, Boulder,
CO 80309, USA

Alireza.Nejadmalayeri@Colorado.edu,
Alexei.Vezolainen@Colorado.edu, Oleg.Vasilyev@Colorado.edu

Turbulence flow intermittency is an important phenomenon that has
been widely recognized, yet mostly overlooked by turbulence modeling
community. Exploiting flow intermittency to construct reduced models
of turbulence (e.g. in terms of coherent vortices [1]) or to optimally use a
finite number of computational elements (e.g. using adaptive mesh refine-
ment [2]) are promising ways of constructing a simplified representation of
turbulence. Fractal dimensionality of turbulent flow structures is the di-
rect measure of flow intermittency and was extensively studied in the past
in terms of understanding of flow physics, e.g. [3, 4, 5]. This work is an
attempt to tie fractal dimensionality of turbulent structures representing
different flow physics with numerical simulation and modeling.

The fractal dimension of turbulent structures can be estimated analo-
gously to the analysis of Ref. [6, 7] where the f—model of [8] was utilized
to show that the spatial degrees-of-freedom of an intermittent turbulent
flow should scale like Re3Pr/(Prt1) where Dp < 3 is the fractal dimension
of the active part of the turbulent flow. To distinguish the dimensionality
of different flow structures, the Reynolds number scaling study is combined
with the wavelet thresholding filtering, which, depending on thresholding
strategy, can isolate either energy or enstrophy containing flow structures.
In particular, in the recent computational complexity studies of CVS (Co-
herent Vortex Simulations) and SCALES (Stochastic Coherent Adaptive
Large Eddy Simulation) of linearly forced homogeneous turbulence [9] the
fractal dimensions Dp = 1 and 2 were observed respectively for energy
and ensrophy containing structures. This recent work not only presented
the first Reynolds number scaling of CVS and SCALES, where threshold
level of the wavelet-thresholding filter were set to constant values corre-
sponding to capturing energy containing flow structures, but also offered
Reynolds number scaling of SCALES at constant levels of fidelity by means
of a novel continuously variable fidelity space/time/model-form adaptive
methodology [9] capable of dynamic adaptation of computational mesh
and model-fidelity to ensure the spatially and temporarily uniform turbu-
lence resolution. The model fidelity or “turbulence resolution” is defined
as the quantity that measures the level to which one would like to resolve
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the most energetic/dynamically-important structures of turbulence. In this
work the turbulence resolution is measured by the local fraction of SGS dis-
sipation (FSGSD, F) %, where €,.s and II are the local resolved viscous
and SGS dissipations. The two-way coupling between numerical resolution
and physical models is achieved through the use of spatio-temporal vari-
ation of the wavelet thresholding factor [9, 10], which controls both the
local numerical resolution and modeled dissipation. This variable fidelity
approach provides a unique framework for performing a dynamic compu-
tational complexity study of SCALES, where the Reynolds number scaling
for different levels of turbulent resolution can be explored.

A summary of the Reynolds number scaling study [9] can be outlined
as follows: to construct the Reynolds number scaling statistics, a series
of CVS and SCALES simulations of linearly forced homogeneous turbu-
lence [11] with progressively increasing Reynolds number were performed.
First, CVS and SCALES simulations were performed with constant thresh-
old levels € = 0.2, 0.43 respectively, which are set to based on earlier works
on 256% turbulent simulations [12, 13]. Then to study the influence of the fi-
delity of simulation on the Reynolds number scaling of SCALES, a series of
simulations of different turbulence resolution were conducted. The different
fidelity is achieved by using spatially variable thresholding approach [9, 10]
with different goal values of F, namely G = 0.2,0.25,0.32,0.4,0.5. The
simulations were performed on a dynamically adaptive dyadic grid with ef-
fective nonadaptive resolutions of 2563, 5123, 10243, and 20483. These cor-
respond to Taylor micro-scale Reynolds number of Rey, = 70, 120, 190, 320.

The CVS scaling exponent is observed as 3, Figure 10(a), while, the
slope of Re) scaling of constant-dissipation SCALES spatial modes at least
up to 10243 remains approximately the same regardless of the level of tur-
bulence resolution, Figure 10(b). In other words, the scaling exponent of
constant-fidelity SCALES is nearly insensitive to the level of fidelity, while
the dependence of the compression ratio on the turbulence resolution is
quite strong and faster than G2 for all Reynolds numbers studied, Fig-
ure 10(c). It is observed that the fractal dimension for constant-threshold

CVS and SCALES are Dp,s < 1 and Dpy,,.s S 13 respectively, while
fractal dimension of constant-dissipation SCALES is Drqcans S 2.
Retaining constant threshold in either CVS or SCALES implies a con-
stant relative level of the resolution of the velocity field and consequently
kinetic energy. In other words, the percentage of resolved kinetic energy is
kept constant by using the same threshold value. As a result, Dp,, S 1
represents that the number of flow structures at a constant percentage of
resolved kinetic energy is linearly increasing with the Reynolds number.
On the other hand, maintaining a fixed level of fidelity, dissipation, implies

that relative enstrophy is kept constant. All in all, fractal dimension of
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Figure 10: Reynolds number scaling of constant-threshold CVS and SCALES as well as
constant-dissipation SCALES at various goal values. Turbulence resolution scaling of
constant-dissipation SCALES at different Reynolds number.

the energy containing structures is close to unity and fractal dimension of
enstrophy containing structures is close to two. These results are consis-
tent with previous findings of vortex filaments (Dp = 1) and vortex sheets
respectively (Dp = 2) [5, 14], as well as the sheet-like structures of the
iso-dissipation surfaces (Dp = 2) [3, 15]. The presented fractal dimensions
observations are indeed consistent with most of asymptotic ideas except
that of Ref. [4], where the fractal dimension 2.7 for the regions of active
dissipation was reported. Both CVS and SCALES at constant thresh-
old resolve the energy containing structures, which are indeed the vortex
filaments. SCALES utilized a relatively large threshold and therefore as
the Reynolds number increase, the SGS stresses become more pronounced.
Hence, the resolved vortex filaments do not contain all the deterministic
modes responsible for the energy cascade. That is why the fractal dimen-
sion of constant-threshold SCALES is less than 1. Although, the fixed
threshold chosen for CVS is also the optimal threshold corresponding to
2563 simulations, still it was small enough to retain majority of significant
modes and as result, the performed constant-threshold CVS resolves most
of the important vortex filaments cores and retained a fractal dimension
of 1. The constant-dissipation SCALES, maintains dissipation at a fixed
level throughout the space and time; therefore, it captures iso-surfaces of
dissipation as sheet-like structures and as a result fill the space with fractal
dimension of 2.
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A Probabilistic Description of Turbulent Processes in
the Atmosphere

Vladislav P. Yushkov
Physics Department, Moscow State University
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A way is suggested to obtain a statistical description of inhomogeneous
and anisotropic turbulence through expansion of probability density of La-
grangian particles. The role of adiabatic motions in the spectral energy
transfer is discussed. The spectrum of adiabatic fluctuations at the homo-
geneity and isotropy scales is shown to follow the Planck’s curve.
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The appearance of vortex filaments, the power-law dependence of ve-
locity and vorticity correlators and their multiscaling behavior are derived
from the Navier-Stokes equation. This is possible due to interpretation of
the Navier-Stokes equation as an equation with multiplicative noise, and
remarkable properties of random matrix products.

Understanding of statistical properties of a turbulent flow is one of the
classical problems of hydrodynamics. In particular, experiments and nu-
merical simulations demonstrate scaling behavior of velocity structure func-
tions with intermittent scaling exponents [1, 2]. The most successful, and
conventional nowadays, way to interpret this intermittency is the Multi-
fractal approach introduced in [3]. It allows, in particular, to express all
observed intermittent characteristics by means of velocity scaling expo-
nents [4].

However, the Multifractal method is a phenomenological theory: it does
not derive the scaling properties from the Navier-Stokes (or Euler) equa-
tion, and it does not specify the structures, or configurations, that are
responsible for the intermittency. The attempts to derive the Multifractal
formalism directly from the first principles (Navier-Stokes equation) have
not been successful yet.

On the other hand, the numerical simulations [5] reveal the importance
of high-vorticity regions called vortex filaments for power-law structure
functions. In this work we investigate the stochastic Navier-Stokes (Euler)
equation to describe the formation of these filaments. The main idea is that
random oscillations of large-scale velocity result in systematical stretching
of a filament. Stretching produces power-law structure functions. Different
filaments contribute to scaling exponents of different orders, this is a source
of multiscaling.

To derive statistical properties, one has to introduce randomness into
the Navier-Stokes equation. This is usually done by adding a large-scale
random external force into the right-hand side of the Navier-Stokes equa-
tion. But the external volume-acting forces might exist in the flow and
might not. Also, these external forces do not simplify the problem.

We propose another way: large-scale fluctuations of velocity are them-
selves treated as independent random quantities. The stochastic properties
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of small-scale fluctuations can then be derived based on the properties of
the large-scale fluctuations.

We analyze the stochastic equation for small-scale velocity fluctuations
that is a stochastic analog to the Navier-Stokes equation [6]. It appears
that, for a large class of solutions, high-vorticity regions undergo exponen-
tial stretching, despite the stochastic symmetry of the large-scale velocity.
This stretching produces exponential growth of vorticity and formation of
vortex filaments. It also provides the scaling behavior of structure func-
tions. This stretching, and not decay, of vortices appears to be the main
mechanism of turbulence development.

We note that in our model there is no finite-time singularity, even in
the non-viscous case. Scaling of velocity structure functions is achieved by
stationary scaling profiles of velocity and vorticity in the vortex filaments,
while in the middle of a filament there is always a constantly narrowing
non-stationary inner part.

The dispersion of the stochastic large-scale parameters results in nonlin-
ear dependence of scaling exponents of their orders, i.e., in intermittency.
This gives a qualitative explanation of multifractal formalism: different
scalings are produced by different vortex filaments. We derive a simple
approximation to the dimension function D(h) expressed in terms of the
properties of large-scale velocity distribution.
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®opmupoBaHne (pUHTEP — CTPYKTYP B BOJIHAX
GUILTPAINOHHOTO TOPEeHN

A.Il. Angymmna, T.I1. BieBa

DenrepasibHOE rocyiapCcTBeHHOE OIO/PKEeTHOE yUupexkjaenne Hayku Nucrutyr
CTPYKTYPHOI MakKpOKHHETHKH U 11pobjieM martepuasioBegenuss PAH,
r. YeproroJjioBka

®ubrpanuontoe roperne (PI') — pacnpocTpanenne BOJH 9K30TePMUTE-
CKOI'O IIPEBPAIIEHNUST B IOPHUCTON cpejie Ipu (PUIBTPAIITH OKUCJIUTEST — pea-
JI3YETCST KaK B MPUPOJIHBIX YCJIOBUSIX (TJICHUE, TIO[3eMHbIe T0yKaphl U T.II.),
TaK U BO MHOTHX TEXHOJIOIWIecKnx mporeccax |1, 2]. Dddexrusroe ucrob-
zoBanme PI' B TexHo/OrMYECKUX TEIdX IMPeoaraeT CTallOHAPHOE pPac-
IIpoCTpaHeHue IJIOCKOr0 (PPOHTa PeaKIny, 3aIl0JIHAIONIEro Bce ceueHne Ka-
HaJla peakTopa, CoJleprKalllero MopucToe ToInBo. VceiegoBanne yecToitanBo-
cru ot @I [3] mokazasio, 9To MpH ONpe/e/IeHHbIX YCJIOBUSAX CTAIIMOHAPHOE
pacipocTpaHenne IjI0CKoro (ppoHTa peakiuu CTaHOBUTCS HEYCTONYNBBIM. B
IUIPOIMHAMITIECKOM TTPUOJINZKEHUH, TIPE/IIoIaraiolieM 30Hy ropeHnst 6ecKo-
HEYHO TOHKOII 110 CpaBHEHUIO C IMMUPUHOI KaHaa, 3a/1a49a 0 (PUJIbTPAIMOHHOM
ropernu (PI') 0bJiaaeT TeM e CeKTPOM PEIeHnil, 4TO U U3BeCTHAS 33/1a9a
Caddmana — Taitopa (Saffman — Taylor, (ST)) o BeITecHEHUN MaJIOBSI3KOM
KUJIKOCTBIO CHJIbHOBsI3KOI »KujikocT [4]. B oboux ciydasix CrekTp perie-
HUIl BKJIIOYAET CEMENHCTBO CHMMETPUYHBIX U ACHMMETPUYHBIX YeIMHEHHBIX
dunrepon. Buibop peasibHOro pelieHus B I'uipoguHaMudeckoii mpodieme ST
IPOUCXOJIUT IIyTEM ydeTa MMOBEPXHOCTHOIO HATsXKEHUSI Ha I'PAHUIE pa3jielia
YKIJIKOCTE, MOJIaBJ/ISIIONIEro acuMMeTPUIHbIe (DUHIEPHI 1 yCTaHABIUBAIOIIIE-
I'0 IPUOPUTET OCE- CUMMETPUIHOrO (DUHIEpa, 3aI0JIHAIOIIET0 TTOJIOBUHY ceve-
Hus Kanasa. B ciydae @I moBepxHocTHOE HaTs»KEHHE Ha TTOBEPXHOCTH pa3ie-
Jla CrOpeBINell 1 HeCropeBIleil YacTeil TOpUCToil cpejibl OTCyTCTBYET. [ 715 BbI-
sICHeHHsI XapakTepa pacipocrpatnenust ¢ppornra @I’ B objiacT HEyCTOMINBO-
CTHU TIJIOCKO#l BOJIHBI HEOOXOJIMMO YUUTHIBATH KMHETUKY (DUBUKO-XUMIIECKITX
IpeBpaIeHnil, pacTIruBalonux GPPOHT TOPEHUs] B 30HY KOHEYHOM IHPUHBI.
B nok/aje npejcTaBieHbl pe3yJibTaTbl YMCJIEHHOTO UCCIe0BaHUS JINHAMUI-
KU pacrpocTpanenns BoiHbl @I B opucToit cpeje, mpo/IyBaeMoil ra3oM, co-
JIeprKallliM OKUCIUTE/Ib 1 NMHEPTHYIO KOMIIOHEHTY. MaremaTudeckasi MOJIe/Ib
Ipoliecca BKJIIOYAET ypaBHEeHHsI OajiaHca TeIlia M MaCChl TBEPIbIX U ra3000-
pPa3HbIX PearcHTOB, KUHETHYECKOE YPABHEHUE BLIMOPAHUS TOILINBA, 3aBUCH-
MOCTH KO3(DPUITUEHTOB TEIJIOMACCOIEPEHOCa OT COCTaBa OPUCTONH CPEJIbI.
CropocTh puibTpalnun ra3a omnpene/siiach mo 3akony lapcu. Bajaqua pac-
CMaTpuUBaJaCh B IIJIOCKOIl TeOMeTpUN, UMUTUPYIOIIE TOHKUI IeJICBUIHBII
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KaHaJl, 3aIll0JITHEHHBII MOPUCTHIM TOIJINBOM. PaccmaTrpuBasinch 0ba BapuaH-
Ta TOJIaul OKHUCJUTEIsT BO (DPOHT PeaKIuu - depe3 MPOJYKThl CropaHus u
Yepe3 TOIINBO. B KadecTBe TPAHUTHOTO YCI0BUS HA BXOJE B KaHAJ 3a/1aBaJl-
Csl pABHOMEPHBIIT 110 ceUeHUIO MOCTOSHHBIH oToK rasa GO0 ¢ dpukcnpoBanHoii
KoHrenTparnueit okucyantesd . Ha puc. 11 mokazan mporecc paciipocTpaHeHust
BOJIHBI TOPEHUS B JUIMHHOM KaHaJie ITPU (PUILTPaIUN ra3a 4epe3 IPOoJLyKTh
cropanus. OJHOPOJIHOE IO MUPUHE KaHaJa WHUINUPOBAHIE PEAKINH MpPU-
BOJIUT K (DOPMUPOBAHUIO IIJIOCKO BOJIHBI, HEYCTOINIMBOCTH KOTOPOil cHava a
MPOSBJIIETCA B MEJKOMACIITAOHBIX BO3MYIIEHUAX TOBEpXHOCTH (qpponTa. B
XOJIe JlaJIbHEIIell 9BOJIIOIIY BOJHBI FOPEHUsT HAUNHAIOT 11peobJiajiaTh KPYIl-
HoMacITabuble Bo3MyTieHnst. OpoHT pasriazkuBaeTcs, U €ro TOJ0BHAS JacTh
npuobperaer gpopmy ST dunrepa.

Gydg —

Puc. 11: [Iunamuka CTpYKTYypHpOBaHHsi (GDPOHTA B JIJIMHHOM KaHaJe IPH OJHOPOIHOM
sazkurannn (K =6, d=24 )

OcecumMmeTpuyHbIil (bUHTED , 3AMOJTHSAIONINI TOJOBUHY CCUCHUA KaHa/a,
SIBJISIETCSI JIOMUHUPYIOIIEH CTPYKTYPOil B 3a/1a1Ue O BLITECHEHIH BABKOM YK /I-
koctu [4. Ilpn dbuabTpainoHHOM TOpeHnH, KakK MOKA3bIBAIOT PACIEThI, BO3-
MOXKHBI 1 Jipyrue Kondurypanun ¢pponta. Hanbosiee BaykHBIME ITapamMeTpa-
MU 3a/1a491, OTIPEJIE/IAIONINMI JIUHAMUKY paciIpocTpaHeHus (hPOHTa, ABJISIOT-
cs1 OTHOIIEeHNE KO DUIUEHTOB (PUIBTPAIMK ITPOAYKTOB PEaKInu U TOILINBa
(K), mupuna kanasa d (B Macirrabe TOJNIIUHBI 30HBI TOPEHUST TLIOCKON BOJI-
HbBI) U XapaKTePUCTUKE 3a:KUTaHust (paciipe/iesieHne TeMIepaTypbl Ha BXOJIe
B KaHAJI [IPU HHUIUATA3AINI TTIPOIECCa).

Ha puc. 12 nokazaHna 3BoJitorus (GpoHTa FOPEHUs IIPH JIOKAJHLHOM UHUIU-
MPOBAHNN BOJIHBI PEAKIINN BHICOKOTEMIIEPATYPHBIM HCTOUYHUKOM, COCPEI0TO-
YEeHHBIM Ha, OJIHOI TpeTHu IMUPUHBI KaHaJia B IEHTPpaJIbHOil ero yactu. B oTsm-
e OT IPEJIbIIYIIEro BapuanTa, B JJAHHOM C/Iydae MOC/Ie/I0BATeTbHOCTD MSAT-
Kux TpanchopMalmii (hpoHTa 3aKaHIUBaeTCs (GOPMUPOBAHUEM JIBYX) (DUH-
repoB, PACIPOCTPAHSIONINXCS HE3ABUCUMO JIPYT OT JPYTA.

Pabora nojiep:kana Poccniickum oHIoM (DyHIaMEHTAIbHBIX HCCIIEI0-
Banuit, nmpoexT 12-03-00944.
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Puc. 12: /lunamuka cTpyKTypupoBaHus (PpOHTA B JITMHHOM KaHaJIe P JIOKAJIbHOM 3a-
xurannn (K =6, d=48)
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Ob6paTtumble CTPYKTYPbhl pa3pblBOB U yCpeIHEHHbIE
YPaBHEHUA B I'MAPOJINHAMUYIECKNX MOJIEIAX C
YCJIO2KHEHHOM JIucCIiepcueit

N.b. Baxoaauna

Wucrnryr npuxkiagaon maremarukn num. M.B.Kesbima PAH, 125047,
Poccust, MockBa, Muycckast 1. j1.4

ibbakh@yandex.ru

AHaMM3upy0TCs IUC/IeHHBIE PEIeHnsT 3a/a91 O paciaje MPOU3BOJILHOIO
pa3pbIBa I yPaBHEHUI B YaCTHBIX TPOU3BOJIHBIX, OIMKUCHIBAIONINX CPEJIbI C
VCJIOXKHEHHOM Jiucriepcueil n HeJmHeHOCTIO [1]. VpaBHeHUs Kak MpaBujio
OTHOCSTCS K HEMHTEIPUpPyeMoMy Tuity. PaccMarpuBaloTcst 9ucTo obpaTuMble
10 TIPOCTPAHCTBY M 110 BDEMEHU ypPaBHEHUSA U aHAJOTMYHbBIC YDABHEHUA, TJIC
nobapyeHa ciabas Jguccunalus. B mepBoM ciydae co BpeMeHEeM BO3HHKAET
perienne, B KOTOPOM MTPOTSAXKEHHOCTHL BOJIHOBBIX 30H pacTeT co BpemeHeM. B
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caydae yropsI0ueHHoro peretns, 0HO aBTOMO/IEIbHOE, OTMOAIONTAasd 3aBUCUT
ot x/t. Permenne Moxker ObITH TaKzKe CTOXACTHIECKUM. Bo BTOpom cirydae co
BpEMEHEM pacIIipeHre PpeKpalaeTcs, pelieHne CTAaHOBUTCS CTAIMOHAPHbBIM,
HEPUOJIMIECKIM 110 BPEMEHHU U/ CTOXaCTUIEeCKUM. B yIIOpsIoueHHOM ciiydae
BOJIHOBBIE 30HBI OIINCHIBAIOTCS] YCPEIHEHHBIMI YPABHEHUSIMHE, & He BOJIHOBBIE
30HBI — YIPOIIEHHBIMU ypaBHeHUAMEI. BHYTpH 5Tux pereHuili BcrpedaiTces
obpaTuMble CTPYKTYPhI pa3pbiBoB (KuHKY). OHU TIPEJICTABIISIOT co0O0ii mepe-
XOJIbl MEXKJIY OJIHOPOJIHBIME, HEPUOINIECKIMU, JIBOSIKOIIEPUOINIECKUME CO-
CTOsIHUSIMU. AHAJIM3 PE3y/IbTATOB YNUCJACHHBIX PACUYETOB IOKA3bIBAECT, UTO B
CJIa00UCCUTIATUBHOM CJIydae JIJIsi HEKOTOPBIX MHTEPBAJIOB aMILIATY/Ibl Ha-
JaJIbHOI'O pa3phbiBa 110 MEpPe YMEHbIIEHHs ITapaMeTpa JIMCCUIAINN TPOUCXO-
JIAT [1ePEX0/l OT CTAIMOHAPHOI'O PeIIeHusI K IePUOJINIeCKOMY BPEMEHH, a 3a-
TeM — K CTOXaCTHYECKOMY, T.€. MMEIOT MeCTO OudypKaIlMOHHbIE EPEXO/Ibl,
TUIUYIHbIE JIJIsT OOIEeil Teopun JUHAMUYECKUX CHCTEM W B YaCTHOCTU JIJIsI
TYPOYJIEHTHBIX TIPOIECCOB [2].

Paspaborana MeTo/iuKa IIPOrHO3a BO3MOYKHOCTHU CYIIIECTBOBaHUSI CTPYKTY-
pbl pa3pbiBa, OCHOBAaHHAs Ha OIEHKE PasMepHOCTel yCTONINBOro U HEYyCTOl-
YUBOI'O MHBAPUAHTHOI'O MHOI'000OPA3Ms CUCTEMbI OOBIKHOBEHHBIX duddepen-
[UAJbHBIX YPAaBHEHUI OEryIINX BOJTH. DTa METOINKA ITOIKPEeIlJIeHa METO aMM
YUCJIEHHOI'O aHaJIN3a, pelleHnil 0ObIKHOBEHHBIX (D depeHInaIbHbIX yPaBHe-
HU, TIO3BOJIAIOMIIMI HARTH pellleHne 1 MOATBEPANTD I OIPOBEPIHYTH €ro
cymectBoBaHne. HeoOXoMMbIM yCIOBHEM YCTOMUNBOCTH CTPYKTYPhI pa3phbl-
Ba ABJISIETCS YCJIOBUE DBOJIONMOHHOCTU. B ciiydyae runepOoJIMIHOCTH YIIPO-
IIIeHHBIX WU YCPEIHEHHBIX YPaBHEHUI COIVIACHO YCJIOBUIO IBOJIIOIMOHHOCTH
YUCJI0 IPAHUYHBIX YCJIOBHUII Ha pa3pbiBe JOJKHO OBITH Ha €JIUHUILY OOJIb-
I1e 9Icia yXOAANNX XapaKTepUCTUK. YCIOBUS Ha Pa3pbIBe MOsIBISIOTCI KaK
CJICJICTBUSI COBIIQJICHUSI JIJISI Pa3HBIX CTOPOH pa3phbiBa KOHCTAHT, BOBHUKAO-
IUX TIPU TIEPBUYHOM HHTErPUPOBAHUN YPaBHEHNU{T OErylix BOJH (OCHOBHBIE
IPAHIYHBIC YCJIOBUST) U KaK YCJIOBHUs CYIIECTBOBAHUS PEIICHIs ypaBHEHN e~
TYIIIX BOJIH (JIOMOJTHUTE/IbHBIE TPAHUIHBIE YCIOBHsI ). JjisT KUHKOB JI7IsT KasK-
JIOil NpsIMOil CTPYKTYPBI BCerjia CyIecTByeT obparHasi. [y BbIsIBJIEHHBIX
THIIOB KMHKOB ObLIO OOHAPY?KEHO, YTO BCTPEUYAIOTCSI CJIydar, KOIJa 9BOJIIO-
[UOHHBI 06 CTPYKTYPBI (MOJTHOCTHIO 0OpATUMbBIE CTPYKTYDBI) U KOTJIa OJTHA
9BOJIIOIIOHHA, & JIJIsT JIPYTOil THCII0 YCI0BU N30BITOTHO (TaCTHIHO 00pATH-
MbI€ CTPYKTYPHI). BBLIO ¢IeJIaH0 TPEeNOIOKEHNe, ITO 9TO SIBJISIETCS OOTIIM
CBOIICTBOM DpeIlleHNil HEKOTOPOT'O KJjacca ypaBHEHUI [3] s omeHKN ducia,
YXOASAIIX XapaKTEPUCTUK aHAJIM3UPYETCsI, KaK PacIoIOyKeHa OTHOCUTETHHO
JCTIEPCUOHHBIX KpUBBIX w = w(k) npsimas V' = w/k, coorBercrBytomnast
CKOpPOCTHU pa3pbiBa. [ljIs1 OlleHKHM XapakKTepa pellleHnsd Ha KaKoi-aubo cTo-
poHE OT pa3pbiBa (OJHOPOJHAS 30HA, OJHOBOJHOBAS 30HA, JIBYXBOJHOBASI)
OIICHUBAETCH YMCJIO [epPeceYeHNil ITON IPAMOIl ¢ JUCIHEePCUOHHBIMU BETBAMMU.
Yucsio nepecevdeHnii NCIOIb3YeTCsl TaKKe JIJIsi ONEHKN pa3MepHOCTel MHBa~
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PUAHTHBIX MHOIrooOpa3uil, 0JIHaKO Takas OIeHKa He BCerjia JaeT MPaBUJIb-
HBIIl pe3y/bTaT JiId JIBYXBOJHOBBIX PEIeHNi, TT09TOMY Oblia paspadoTaHa
creruaIbHas METO/INKa, OCHOBaHHAs HA TOCTPOEHNN BETBeN MEPUOIMIECKIX
pemennii [2]. B pesysibrarte npuMeneHns 3Toi METOIUKN ObLIO OOHADYIKe-
HO, 9TO CBOICTBa CEMENCTB MEePUOJINUEeCKUX PeNIeHnii B NHTErPUPYEMOM U
HEMHTErPUPYEMOM CJIydae CYIIECTBEHHO OTJIUYAIOTCS W PE30HAHCHI UTPAIOT
bospIyto posib. [loj pesonancoM 37ech MOHUMAETCA TO, 9YTO OTHOIIEHUE TTe-
PHUOJIOB BOJIH PaBHO paIlMOHAJIbHOMY 4ncy. J[TMHHOBOJIHOBAS BETBH PBETCS
Ha (bparMeHThl, IePEeXO/IAINe B BETBH C IEJTIM OTHOIIIEHNEM TIEPUO/I0B BOJIH.
HabJrotatorcst cOoTBETCTBYIONINE CTPYKTYPBI.

Bee 910 1103B0JIIIIO €O3ATH HOBYIO KJIaCCUMUKAIINIO TUIIOB PA3PLIBOB [3].
3a HyJIeBO KjIacc MPUHSATHI aHAJIOIN YJIAPHON BOJHBI B Ma30BOM JIMHAMUKE:
JIJT 38JIAHHBIX 3HAUEHNN KOHCTAHT TEPBUYHOIO MHTEIPUPOBAHNS YpaBHEHWIT
Oerymnmx BOJIH CYINECTBYET OJiHa, KOHEUYHOE WJIM CYETHOE YUCJIO0 CTPYKTYP.
B kmacce -1 s cyIiecTBOBaHUSA CTPYKTYPBI TpedyeTcsa Mogdop mapameT-
pa, OOBITHO 9TO CKOPOCTh. B Kjacce +1 y perrenusi ecTb OJIMH CBOOOHBII
napamMeTp. K paccMOoTpeHunIo JIOMyCKaIOTCd W HeCTallnOHAPHBIE CTPYKTYPHI C
MHOT'OBOJTHOBBIME 30HaMU OOIIEro (Hepe30HaHCHOTO0) Tuia. B TakoM ciydae
BO3MOXKHBI CTPYKTYPBI KJlacca -2 1 BbINIE. B ¢BaI3u ¢ TeM, YTO OJIUH U3 Me-
TOJIOB TTONCKa CTPYKTYP pa3pbIBOB OCHOBAH Ha TOCJIEIOBATETHLHBIX ITPeIeTh-
HBIX TIepexoax OT MEePUOJNYEeCKUX BOJH K yeTMHEHHBIM BOJIHAM, & 3aTeM
K KIHKaM, B JIAHHYIO KJIACCU(DUKAIMIO BKJIIOUYEHbl TaKyKe IePUOINIeCKe 1
yeTMHEHHbIE BOJTHBI.

Pabora BbInostHEeHA 1TpH 110/1/Iep2KKe Poccuiickoro donta GpyHaMeHTa b
HBIX nccaegoBanuii, Homep mnpoekrta 11-01-00034-a u IlpesumpgenTckoii mpo-
IrpaMMBbl TIOJIJIEPXKKHI Beaynnx Haydnbix mkos, HITI-1303.2012.1.

Crcok anrepaTryphl

[1] Baxonmun I.B. Besanccunatusibie paspbiBbl B MEXAHIUKE CILIONTHON Cpe-
Jibl. M.:@usmarimut, 2004. 318 c.

|2] Baxommua U.B. Cramuonaphbie n HecTalnmoHAPHBIE CTPYKTYPBI Pa3pbi-
BOB JIJIsl MOJieJieil, olnchbiBaeMbIX 0000IIeHHbIM ypaBHeHneM Kopresera—

Broprepca// Ilpukiannas maremaruka u Mexanuka. 2011, T. 75. N. 2, C.
271-302

3] Baxommur N.B. Merojis! nccsieoBamusi, Teopust u Kjiaccupuraims obpa-
THUMBIX CTPYKTYP Pa3pbIBOB B MOJIE/IAX THApoAnHaMImdeckoro Tuma. I1pe-

npuaT VMIIM um. M.B. Kengpimma, Mocksa, 2013, Ne30.
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IlepemexkaemocTh 1 0000IIIEHHOE caMoOIIofo0ne B
TypOYJIEHTHBIX HOTPAHUYHBLIX CJIOSX J1abOpaTOpPHOI M
MarHuTocdepHoii IJIa3MBbl

B.I1. Bynaesn, JI.M. 3emnensrii, C.II. CaBun

HUI[ KypuaroBckuii nactutyT , 123182, mi1. Kypdarosa 1, Mocksa, Poccust
HNucruryr kocmudeckux ncciegopanuii Poccuiickoit Axagemun Hayk,

117997, MockBa, Poccust
budaev@Omail .ru

B rypbynenrnbix norpanciosx (TIIC) maraunrocdepsr 3emin u BOIM3M
I'PAHUIL IIJIa3Mbl, yJIE€PKUBAEMON B TEPMOSIEPHBIX YCTaHOBKaX, HaOJII0ja-
I0TCs TIepeMerKaeMblil XapakTep QUIYKTyalllii 1 aHOMaJbHbBIM IIEPEHOC Mac-
ChI U UMITYJIbCA 38 CUET CIOPAIMIECKUX ILIA3MEHHBIX MOTOKOB C BEPOATHO-
CTBIO OOJIBIINX AMILIUTYJI MOTOKA 3HAYUTEJHLHO OOJIbINE, YeM IpeIcKasbl-
BaeTCs I'ayCCOBBIM 3aKOHOM KJjaccuiecKoil muddys3un. DKcrepuMeHTaaIbHO
00HApYKEeHO, ITO TypOyaeHTHOCTD B masMennbix TIIC obagaer obobIIEn-
HBIM CBOWICTBOM MACIITabHOIl MHBAPHAHTHOCTH (pACITHPEHHON aBTOMO/IE/b-
HOCTH) B IIKPOKOM JIHATIA30HE XaPAKTEPHBIX MACIITA00B, MTPOCTHPAIOIIEMCST
BILJIOTH JIO MacIITabOB juccumnanni. Takoe cBOHCTBO obeciiednBaeT JajibHIe
KOppedIuu B TYpOYJIEeHTHLIX Torpancioax. Habiromaemble cBoiicTBa Typ-
OYJIGHTHOCTH IIJIA3MEHHBIX TOIPAHCJIOEB, TaKie KaK MepeMeKaeMOoCTh, 0000-
IEHHOE CaMOoII0I001e, MYJIbTUPPAKTATBHOCTD, JaJIbHIE KOPPEJAINT He MO-
I'yT OBbITH OObSICHEHBI B paMKax CTaHJaPTHBIX KacCKaJHbIX Mojiesieil TypOy-
JIEHTHOCTH - Mojiesin n3oTponnoit Typoynentanoctn K41 Koamoroposa u mo-
nenu Npomnnkosa-Kpeunana. CpaBHUTE/IbHBIN aHa I3 9KCIIEPUMEHTATbHBIX
naHHbIX [1] mokaszas, 9ro ckeilimHrE TYPOYJIEHTHOCTH U HAOJ/II01aeMoe CBOTi-
CTBO 00ODIIEHHOI'O CaMOIIOA00MsT XOPOIIIO OIMCHIBAIOTCS JIOI-IIyaCcCOHOBCKOI
MO/JIEJIBIO TYPOYJICHTHOCTH CO CyYallHBIM aHU30TPOITHBIM KACKaJIOM B IIPE/I-
TOJIOXKEHIHN CYTeCTBOBaHUS (DUITAMEHTAPHBIX (KBA3UOAHOMEPHBIX) JINCCHIIA-
TUBHBIX CTPYKTYp. Takue cBoiicTBa HabJIIOAIOTCSA TaKyKe B TYPOYJIEHTHOCTH
HeATpaIbHOM YKUJIKOCTH, UTO CJIY?KAT apI'yMEHTOM B II0JIB3Y HPEIIOJI0ZKEHUSI
00 YHUBEPCAJTLHOCTH CTATUCTUYIECKIX CBOWCTB TYPOYJIEHTHOCTH C ITepeMerKa-
eMOCTBIO. 3aKOH CPeJIHEKBa/IPATUIHOIO CMEIEHIS YaCTHI]

(02°)
CO BpeMeHeM
T?

HOﬂyquHblﬁ N3 9KCIIEPpUMEHTaJIbHBIX JTaHHbIX 1 OIIMCHhIBACMBIil HOF—HyaCCOHOBCKOﬁ

MOJIE/TBIO TYDOYJIEHTHOCTH,
(622) oc T
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C IIOKa3aTeJIeM

a~(1,2+1,8)

CBUJIETE/ILCTBYET O HAJNINN cynepauddy3nun B MIa3MeHHBIX TYPOYJIEHTHBIX
norpaHndHbIX caosix [1]. Onpegenenne xapakrepa 06001eHHOrO Auddy3u-
OHHOT'O IIPOIECCa U3 MMEIOIINXCsl PEryJIAPHBIX JIAHHBIX SIBJISIETCS OJIHUM U3
HEOOXOIMMBIX IIIaroB Ha IyTH KOJUYECTBEHHOTO OIMCAHUS IIPOIECCOB IIepe-
Hoca B TIIC. IlojiyueHHble U3 9KCIIEPUMEHTa XapaKTEPUCTUKNA 1 CKEeHJIMHIH
aHOMAaJILHOTrO JnhPy3UOHHOTO TPoIiecca B TypPOYJIEHTHBIX MOTPAHCIOAX Jia-
6opaTopHOil 1 MArHUTOCHEPHOI IJIa3MBbI SIBJISIIOTCS OCHOBOM JIJIsT pacCMOTPe-
HUSI YHEBEPCAJBHOCTH CTATUCTHIECKNX CBOHCTB TYypOYJIEHTHOCTH C IIepeMe-
JKaeMOCTbIO, HabJII0/IaeMOil B PA3INIHbIX Cpe/laX - B MJIa3MeHHbIX U THPO-
JTMHAMIYCCKIX TTOTOKAX.

Crmcok anrepaTyphl

[1] B. II. Bynaes, C. I1. Casun, JI. M. Benensiit, Habtro/1eHus mepemeskaeMo-
CTH U 0DOOIIEHHOTO CAMOMOI00US B TYPOYJICHTHBIX TMOIPAHUIHBIX CJIOSIX
J1A00OpaTOPHON 1 MarHUTOCEPHON T1a3Mbl: Ha, IyTH K OINPEJICJICHIIO KO-
JINYECTBEHHBbIX XapakTepucTuk nepenoca , YOH, 1. 181, N9, c. 905-952,
2011.

JKcIepuMeHTaJIbHOoe N3yvdeHne TypOyJIeHTHOCTI B
npejesjiax TOPoACKOI 3acTpoiiku
M.U. Bapennos, II.1. Koacrauntunos, T.E. Camconos, 1. A.
Penmnna, A.FO. ApramonoB, A.B. I'lmazynoB

MI'Y um. M.B. JlomoHnocosa, I'eorpacpudeckuii paxyipret, Kageapa
meTeoposiornn u Kianmarosoran, 119991, Mocksa, Jlennnckue ropeor, 1. 1
MI'Y um. M.B. Jlomonocosa, I'eorpacpudeckuii ¢pakynbret, Kagpeapa
kapTorpacpun u reounpopmaruku, 119991, Mocksa, Jlennnckue ropel, . 1
Wucrnryr pusurn armochepsr um. A.M.Ob6yxosa PAH, Jlaboparopust
B3anMoJieiicTBust okeHa u armoccepnl, 119017, MockBa, IIbKeBeKuii 1ep., 3
WNucruryr Boraucaunrenpuoit Mmaremaruku PAH, Jlaboparopust
B3anMoJielicTBUsI okeHa u arMocgepbl, 119333, r. Mocksa, yi. I'ybkuna, 8

mvar910gmail.com, kostadini@mail.ru, tsamsonov@geogr.msu.ru,
iar.ifaran@Ogmail.com, glazunov@inm.ras.ru

O 1Hoit 13 aKTyaJIbHBIX 38/1a1 COBPEMEHHOI METEOPOJIOTUN SABJISIETCS YTy -
IeHne KavyecTBa MPOrHO3a MOTOJIbI JIId ypOaHU3UPOBaHHbIX TEPPUTOPUIL, B

103



npeJjiesiaX KOTOPLIX IOPOJICKas 3acTpOiiKa OKa3blBaeT CYIIECTBEHHOE BJIUS-
HUE Ha COCTOSTHUE TTONPAHUYIHOTO cJjios arMocdephl. JlanHas 3ajada sBJdeT-
cd KpaiiHe IIMPOKOl 1 BKJIOYAET B cebsl IpeJicKa3aHne TaKuX sIBJICHUM, KaK
rOpPOJICKOIl OCTPOB TeIlljia, SKCTpeMaJsbHble CKOPOCTH BETPa B YCJIOBUAX TO-
POJICKUX YJIUII, ONACHbIEe KOHIEHTPAITUN 3arpsa3nennit n T.1. g Bcex 9Tmx
SIBJICHUIT 1 JIJIsT BCEX CPOKOB IPOI'HO3a, OT KPATKOCPOYHOTO JIO KJIMMATHYe-
CKOI'0, HEOOXO/IMMO YUHUThIBATH BJIUSIHAE IOPOJICKOI 3aCTPONKK HA COCTOSHHE
PU3EMHOI0 U TIOIPAHIIHOIO CJIOEB aTMOCEPDI, U, B IEPBYIO OYEpE/ib, Ha Xa-
PAKTEPUCTUKHU TYPOYJIEHTHOCTH, BO MHOT'OM OITPEJIE/IAIONTIE TeMITEPATYPHBII
1 BETPOBOI PEXKUM MOIPAHIMIHOTO CJIOS.

B nacrosiimee BpeMsi Bce 3Tu aKTOPbI JIMIIb HAYMHAIOT BKJIIOYATHCS B
IPOrHOCTUYECKIE MOJIe/In aTMOCephl yepe3 pa3ndHble MapaMeTpu3aliin,
OIMCBIBAIOIIIIE BJIUSHUE TOPOJICKOI 3aCTPOIKY, HAIIPUMED, Ha OCHOBE KOHIIETI-
[N TOPOJICKOTO KaHbOHA [4] — YIIPOIIEHHOI MOJIE/IN YIIUIBI C BBITSHYTHIME
BJIOJIb Hee JjoMamu. Hy»KHO OTMeTHTH, UTO HMPaKTUYECKN BCE TH IHapaMeT-
pu3alny BKJIIOYAIOT B ce0sl SMITUPUIECKIE WU MOJTYIMIIMPUIECKIE KOMIIO-
HEHTBI, OIIpe/ie/isieMble Ha OCHOBE JTaHHbIX n3Mepenuil. [Ipm sTom, nsmepenmit
B TIpeJieiaX TOPOJICKOIl 3acTpoiiku, a TeM OoJiee B Ipejesax IOpPoJICKUX Ka-
HBOHOB — OYKMBJIEHHBIX FOPOJICKUX YJIUI] — OCYIIECTBJISETCA HE TaK YK MHOI'O
naxke B EBporte, a B Poccun onn panee He mpoBouInCh BooOIe. B gannom
NCCJIEIOBAHNE TTPEIPUHATA MOIBITKA TPOBEIEHUS SKCIIEPUMEHTATBHBIX U3~
MepeHnii in situ B ropoJickoii 3acTpoiike B mpejiesiax MoCKOBCKOro MeraroJm-
ca U MCIIOJIb30BaHUs JAHHBIX HAOJIIOIEHNIT JIJIs1 N3YYeHUsT XapaKTePHbIX 0CO-
O6enHocTeil TypOYyJIEHTHOCTH, a TaKyKe JJIsI TeCTUPOBAHUS U YJIyUIIeHIA MO-
JeJILHBIX MapamMeTpusanuii. [1oj sxcrepuMenTaIbHBIMI U3MEPEHUSIMT 3]1€ChH
nMerorcd B By skcrepuMenThl UrbEx-2011 n UrbEx-2013, npoejiennbe,
cooTBeTCcTBeHHO, B arpeJsie 2011 roja u utose 2013 roga u ABJsgrONINECs 11eP-
BbIMI B Poccun m3MepeHussMu XapakTepUCTUK TypOYyJIEeHTHOCTH B Ipejesiax
ropojickoit 3actpoiikn. dkcrepumernT UrbEx-2011 Ob11 HalIpaBJieH, B IIEPBYIO
odepe/ib, Ha M3yUeHNe MUKPOKJINMATHYCCKUX PA3IUINNl MEXKJIy NOPOJICKUM
KAQHBbOHOM U PACIIOJIO?KEHHOI 110 COCEICTBY JIECONAapPKOBOIl 30HOI Ha TEPPUTO-
pun MI'V, 1 1103BOIN/T BBIABUTL CYIIECTBEHHYIO PA3HUILy KaK B 3HAYEHUSIX
TeMIepaTypbl U CKOPOCTU BETpa, TaK U TYypPOYJIEHTHBIX MOTOKOB, OlleHUBaE-
MBIX METOJOM KOBapHUAIMM BUXPEBLIX ITYJbCAIN, MEXKIY JIBYMs TOUKAMII,
pacnoyiozkeHnbIiMu Ha paccrognnn 100 meTpoB jpyr ot apyra. [lomydennnie
JAHHBIE UCTIOJIb30BAJICH JIJIsT TECTUPOBAHNA U YIYUIIECHUS MTapaMeTpu3aIinii
JIJTsT MEe30MACHITaOHBIX MOJesell, OCHOBAHHBIX Ha MOUMUIINPOBAHHON cxeme
POPOJICKOIO KaHBbOHA, COTIACHO [3].

OxkcrepumenT UrbEx-2013 Ob11 1poBejieH B camoMm 1ieHTpe MocKBBI 1 ObLIT
HaIlpaBJ/IeH Ha M3yUeHNe XapaKTePUCTUK BO3IYITHBIX TOTOKOB B JIBYX IIepIIeH-
JINKYJISIPHBIX TOPOJICKUX KaHboHax: [IbizkeBckOoM 1 CTapoMOHETHOM IIepey.Ji-
Kax. B Xojie 3Toro skcnepuMeHTa BIEPBbIe OBLIN OIMPOOOBAHBI MOOMJIbHBIC

104



ABTOHOMHBIE M3MEPHUTEIbHBIE KOMILIEKCHI, coOnpaemMble Ha Oa3e JIerKOBBIX
aBTOMOOMIIEN 1 000pYyIOBaHHBIE aBTOMaTHIecKuM MeTeocTanmsiMu DAVIS
VANTAGE PRO 2 un akycrugecknmu anemomerpavu METEC. /lannbie ns-
MEpPeHN TO3BOJIN/IN MOJIYIUTh IIPeJICTaBIeHIEe O MOBEJIEHUN CKOPOCTH BETPa
B JIBYX IIEepIEHINKY/IAPHBIX KaHbOHAX, OJMH M3 KOTOPBIX PACIOJIOXKEH Ia-
paJLIeIbHO HAIIPABICHIIO BETPa HaJl TOPOJIOM, a JIPYToil — MepeHInKy/IsIpHO
emy. B gactHoCcTH, OBLIO TIOKA3aHO, 9TO HECMOTPSI Ha TO, 9TO CPEJIHSST CKO-
POCTb BeTpa BBIIIE B IapaJlJIeJIbHOM MOTOKY KaHbOHE, CKOPOCTH MaKCHMAJIb-
HBIX ITOPBIBOB BBIIIE B IEPIEHINKY/ISPHOM IOTKY KAHBOHE, UTO BayKHO JIJIsT
3aJ1a91 [IPOTHO3a 9KCTPEMaJIbHBIX CKOPOCTell BeTpa B IpejesaX TOPOACKOi
3acTpoiike. Pe3ysibraTbl n3MepUTEILHOIO KCIIEPUMEHTA CPaBHUBAJIICH C Pe-
3yJIbTATAMI JHCJIEHHOIO MOJIETNPOBAHUS C MOMOIIBIO BUXPepaspeliaolei
mogiesin UIBM PAH [1, 2|, B pesysibrare dero 6bLIn 0OKa3aHO, 9TO PE3YJibTa-
THI M3MEPEHUT U MOJEJINPOBAHUS XOPOIIO COOTBETCTBYIOT JIPYT APYTY.

* Pabora BbIosiHEeHa 1pn nojepzkke rpanta Ilpesuaenra Poceniickoit
Denrepaliun 1151 TOCYAAPCTBEHHON TMOIEPYKKI MOJIOIBIX POCCHIICKIX YIEHBIX
— kapgugaTos Hayk MK-1497.2013.5

** NcenenoBanne BbIoJIHEHO pu (huHaHCoBOI nomaep:kke PODI B pam-
Kax Haydnbix mpoekToB Ne 12-05-33090 n Ne 13-05-41443
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ABTOMOIEJILHBIN TYpOYJ/IeHTHBII ITOrPaHUYHbIN cJI0ii ¢
rpaJueHTOM JIlaBJeHus. HeThIpe pekuMa TedeHus

.. Burapoposn4

Nucruryr mexanukn MocKOBCKOIo rocyiapcTBEHHOI'O YHUBEDCUTETA HM.
M.B. JlomonocoBa, Muuypurckuii mp., 1, Mocksa, 119192, Poccus

HcenenoBanbl aBTOMOJIE/IBHBIE TEUCHNsT HECZKUMAECMOI KUJIKOCTH B TYy]P-
OYJIEHTHOM IOTPAHIYIHOM CJIOE, KOTJIa CKOPOCThH HAOEIaIoIIero MOTOKa 3a/1aHa
KaK CTeleHHasl, ¢ IoKasareaeM M, (PYHKIMs IPOJOILHON KoopauHaThl. AB-
TOMOJIEJILHAS TI0CTAHOBKA HE TOJILKO YIPOILAET PEIIeHUe, CBO/IS YPABHEHUSI
JBUZKEHNSI K OOBIKHOBEHHBLIM D depeHnnaibHbIM yPABHEHIAM, HO 1 I03BO-
ageT ¢chopMyIUPOBATH YCIOBHs 3aMbIKaHUs 3a1a491. [loKaszano, 4To Jijs pac-
CMaTPUBAEMOrO KJIACca TeYEHUil, 3aBUCSIINX OT TPeX ONPEIEIAIONNX Iapa-
MeTpOB, be3pa3MepHbIil Iy Th CMeIleHns BO BHEIIHe 061acT ecTh (OyHKIUS
OTHOCHUTEJLHOIO PACCTOSIHUST JI0 CTEHKHU U IIOKA3aTeIsd M, a B IPUCTEHOY-
HOit obtacTn — yHEHBepcaiabHasd (DYHKIMA JIOKAJILHOIO unciaa Peiinonbica,
IpUYeM II0CIeJIHUI BLIBOJL CIIPABEJINB 1 IIPU O0PAIleHUN B HYJIb TPEHUs Ha
crenke. B pacuerax sra QyHKIUA HOJIarajach He 3aBUCAINCH OT IpajiueH-
Ta JABJICHUSI, YTO JAaeT PE3YJLTAThl OYeHb OJIN3KUE K SKCIEePUMEHTAILHLIM
nauHbIM. CyIIecTBYIOT YeThbIpe Pas/JMYHbIX aBTOMOJEJbHBIX PEKIMa Tede-
anst. KaxKioMy pezKuMy OTBedaeT CBOI mapaMeTp HOJ00UsT, OJHUM U3 KOTO-
PBIX SIBJIAETCs U3BECTHLIN apaMerp pasHosecHocT Kiaysepa, a Tpu Apyrux
YCTaHOBJICHLI Blepsble. [Ipu nebaronpusgTHOM IpaJMeHTe JaBICHUs, KOrIa
IIOKA3aTe/Ib CTEIICHH M JIEZKUT B HEKOTOPOM [IUAIIA30HEe, 3aBUCSIIEM OT THCJIa
Peitnosbjica, 3ajada UMeeT J1Ba PEIIeHns ¢ PA3HLIMU 3HAUYCHISAMEI TOJIIIIAHBL
HOIPAHUIHOIO CJIOSE U TPEHUS Ha CTEHKE, YTO YKA3bIBAET Ha BO3MOKHOCTD T'U-
cTepesuca B UPeJOTPLIBHOM Tedennn. OTphIB HACTYIACT HEe [PH MUHAMAJIb-
HOM 3HAQYCHUN M1, KOTOPOE COOTBETCTBYET HamboJIee CUILHOMY HeOJIarompu-
SITHOMY I'DaJiieHTy jasjenust, a upu m = —0.216 — 0.4Re;1/3 + O(Re;2/3),
rie Re, — uncio Peitnosbjica, 00pasoBaHHOe 110 IPOJIOIBHOMY I'DAUEHTY
JaBJIeHnst. Pe3ysbrarbl Teopun HAXOJATCsS B XOPOIIEM COOTBETCTBUHU C IKC-
HEPUMEHTATLHBIMU JTAHHBIMU.

st TypOyYIEHTHOTO TIOrPAHUIHOTO CJIOS CO CTEIIeHHBIM paciipejie/ieHneM
CKOPOCTH HADETaoIero MoToKa CyMIEeCTBYIOT YeThIpe aBTOMOJIETbHBIX PEXKI-
Ma Tedenus. [Ipm OaronpugdTHOM M yMepeHHOM HeOJIarompUsITHOM TI'pajiu-
eHTe JaBJIeHUsI (HepBbIﬁ pe>K1/1M) MOTPAHUYHBIN CJI0fl IMeeT OOBIYHYIO JIBYX-
CJOMHYIO CTPYKTYPY, TaKylo Ke Kak Ipu Oe3rpajuenTHoMm Tedenun. [lapa-
METPOM T0JI0ONsT SIBJIETCS W3BECTHBIN MapaMeTp paBHoBecHOCTH Kiaysepa

B L, 4.
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[Ipu cusbHOM HEOJIArONPUSITHOM I'DaJIMEHTe JIaB/eHust (BTOPOH pexKiM)
MOTPAHUYHBIN CJIOM CTAHOBUTCS TpexcjoitHbM. Hat jorapudymdeckum mo/1-
cjoeM BOJIM3KM CTEHKH 0oOpa3yercsi IPOMEXKYyTO4YHas 00J1acTh — I'PaJIMEeHT-
HBIII [OJICJION, B KOTOPOM KacaTeJIbHOE HaIlIPAKeHNe U3MEeHdACTCd JIMHEHO.
Bo BHemmHeit yacTu rpaJIneHTHOTO TOJICI0s TTPOMUIL CKOPOCTU O IUNHIAET-
cd 3aKOHY KBaJIpaTHOro KopHd. Bo BHernrHeit obiactu nmpoduib CKOPOCTH B
[IEPEMEHHBIX T10/{00MsT OIUChIBAETCS YHUBEPCATBHON (3aBUCAIIEl TOJBKO OT
Oe3pasMepHOro paccrosiusi jio crenkn) dyuknueir. [Tapamerpom momgobust
ciyxnT semanna w = (¢ /2)Y0/T+ B. B aTom peskinve TIpH KazK/I0M 3Ha-
YEeHUU MOKa3aTe s CTENeHn M CYIIEeCTBYIOT POBHO JIBa PEIeHNs ¢ Pa3HbIMU
3HAYEHUAMU TOJIIUHBI TOIPAHUYHOTO CJI0sl U TpeHus Ha crenke. [lepexos
C OJIHOII BETBU pEIIeHNs Ha JPYTYIO MPOUCXOJIUT MPU BEJIUINHE MapaMeTpa
mos106us w =~ 0.66. OTHOCUTE/IbHAS TOJIINHA IOIPAHUYIHOTO CJIOSI 3aBUCUT
OT TIPOJIOJILHON KOOP/IMHATHI M YObIBAET BHU3 110 MOTOKY ITPOIOPIUOHATHHO
(InRe,) ™' u (In Re,)~%/® 1151 HepBoro u BTOporo pezKima COOTBETCTBEHHO [2].

TpeTbuM gBJIIETCS TPEJTOTPLIBHBIN PEXKUM T€UEHUST, TP KOTOPOM TIOI'pa-
HUYHBII CJION MO-TIpezKHEMY NMeeT TPEXCIONHYIO CTPYKTYPY. DTa CTPYKTY-
pa TakoBa, UTO MPOMUIL CKOPOCTHU, MOJYIEHHBIN U3 peltenns /i BHeITHelt
00J1aCTH, YJIOBJETBOPSET Ha CTEHKE YCJIOBHUIO «ITPOCKAJIL3bIBAHUSY U KPOME
TOTrO MOJUUHAETCS 3aKOHY KBaJIpATHOTO KOPHHA. Benmdnna MpoCKab3bIBa-
HUsI YMEHbBIIAETCs 110 Mepe pocTa mapamerpa mnojgobus 2 = /—0,U' /U u
obparaercst B HyJib 1pu 3nadennn (2, = 0.0911, koTropomy oTBeYaeT OTPHIB.
[IpeToTpBIBHBIIT peKUM — 3TO TOCTETHWI PEXKUM TedeHUsd, TP KOTOPOM
pod b CKOPOCTH UMeeT JIorapubMUIecKIil yaacToK [3].

Jlorapudmudecknii MojCcI0ii MOJTHOCTHIO UCUYE3aeT MIPU Y€TBEPTOM PEXKU-
Me TeJdeHUs, IPU KOTOPOM TpPEeHIEe Ha CTEeHKe MOYKEeT 00paTUThCs B HYJIb. Enmy
MPUXOJUT Ha CMEHY IMPOMEYKYTOTHAas 00/1acTh, B KOTOPOil TPOUTIH CKOPOCTH
HO/TINHSICTCS 3aKOHY KBaIPATHOIO KOpHd. [lorpanndHblii ¢/10if BHOBL MPHOO-
peTaeT JIBYXCJIOMHYIO CTPYKTYpyY. Bo BHernHelt obyiacTu mpoduib CKOPOCTH B
IepEeMEHHBIX 110100151 OITMCHIBACTCS OJTHON YHUBEPCAJIbHON KPUBOIA, ITOJTyYeH-
Hoii tipu §2 = §Q,. [TapameTpom 10001 SIBJISIETCS BeJTMIUHA T = Rel%/ Scf /2.

Pemenne jaer nonpasky nopstika Re /3 st smavenus napamerpa €2, npn
KOTOPOM IIPOMCXOJUT OTPBIB IIOTOKa. [Ipu TperbeM u deTBepTOM perKruMax
TOJIIIITHA IIOMPAHNYHOTO CJI0sT 1 HHTErPaJIbHbIE TapaMeTPhl B IIEPBOM IIPUOJIN-
JKeHUU JINHEITHO pacTyT 110 JJIMHE, OJHAKO BCEr/a, BO BCeX YeThIPeX CJIydasix,
TpeHHe Ha CTeHKe He IIOCTOsIHHO U 3aBHCHUT OT IIPOJOJILHOI KOO INHATHI.

B pesyibrare TOYHONO aCHMIITOTUYECKOIO DeIleHMs 3aJadil yCTaHOBJIEH
XapakTepHbIil MaciTab jgedexkTa CKOpocTH BO BHeITHe obsracTu (3aKOH Jie-
bekTa CKOPOCTH ), CIIPABE/INBBII [IJTsT BCEX 4eThIPeX PeKNMOB TedeHust. Pac-
CUYNTaHBI JIBa ceMelicTBa Oe3pasMepHbIX POoduIeil CKOPOCTH, 3aBUCAIINX OT
napamerpos [ u ). ChopmynpoBaHbl 3aKOHBI 1101001 J1j1sT TPOMUIeis KOM-
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noHeHT Ter3opa PeiiHosibjica. YcTaHOB/IEH 3aKOH TPEHM, CIPABEIUBLII BO
BCEM JIMalla30He M3MEeHEeHWs I'PaJIneHTa JaBJIeHHs, OT OJIATOIMPUSTHOTO JI0
BBI3BIBAIOIIET0 OTPBIB MOTPAHIIHOTO ¢JIodA. B (hopMyTmpOBKY 3aKOHA BXOIAT
TP YHUBEpcaJbHble (PYHKINUU OT repeMeHHbix 3, ) m T COOTBETCTBEHHO.
[Tokazare/b crenenn m ectb GYyHKINs JBYX MapaMerpoB 1oobust £ u 2.

Pabota BbInostHEHA TIpU TIoj1tepkKe Poccniickoro donuga gpyHaMenTa b
ubix ncesepoanmii (Ne 12-08-00260).
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NuTerpaJjibHbIe OIEHKN KPUTUYIECKIX YMCEJI
Peiitnoabaca aaga ypaBuenus Oppa— 3ommMmepderbaa

.B. I'eopruescknii, B.X. MroJiep, B.9. Abanu
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B nmuneapu3oBaHHOT TEOPUN THIPOTMHAMIIECKON YCTONINBOCTH DOJTBITIOE
MeCTO 3aHUMAIOT 3aJlauil yCTONYMBOCTU OJHOMEPHOI'O CTAIlMOHAPHOIO ILJIO-
CKOIIapaJLIeIbHOTO TedeHUs CILIONIHON cpejibl. K uncity Takux TedeHmit oT-
HOCUTCH JIBUKEHNE HBIOTOHOBCKOW KUJIKOCTH B TLIOCKOM cjoe. [Ipu sTom
pedb UJET Npexjie Becero o Tedennsx Kysrra, [lyaseitnsg nm mx BO3ZMOXKHBIX
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kKoMOmHaIusix. VcceieoBaHnio yCTONINBOCTH TaKUX TeYeHUil, BBIITIOJIHEHHO-
My B JyXe Kak IMPSMOT0O aHaJn3a CIEeKTPAIbHBIX 3a/ad, TaK U C IpUBJeTe-
HUEM JPYTUX METOJIOB, MOCBAIIEHO DOJIBIIOE KOJMIecTBO paboT (cM. 0030phI
B [1, 2, 3]).

Cpe/ir yHOMSIHYTBIX JIDYTUX METOJIOB BbIJIEJIUM pa3BUBaEMbIil B JIOKJIa-
Jie METOJi MHTerpasibHbIX cooTHomeHuit [4, 5, 6]. On mosBosser mosydarsb
JIOBOJILHO 00IIMe, B OCHOBHOM JIOCTATOYHbBIE, OINEHKU TUJIPOIMHAMUYECKOI
YCTOMYNBOCTH, T. €. HIKHIE OIEHKN KPpUTUIecKux dnces Peitrosbica. B mu-
POKOM CMBICJIE OH BKJIOUaEeT B ce0s UCIOIb30BAHUE MHTEIPAJILHBIX Hepa-
BeHcTB (Tuna HepasenctB @puypuxca, Ilyankape, [llBapna) u anmpuopsbx
OIEHOK B Pa3IMIHBIX (DYHKIIMOHATBHBIX POCTpaHCTBax [7].

B nokiagie [8, 9] Ha ocHOBe MeTO/Ia MHTErPAJIbHBIX COOTHOIIEHIH aHATITH-
YECKU UCCJIEyeTCsT YCTOWIMBOCTD PsAJjia OJJHOMEPHBIX IJI0CKOTIAPasIIeTbHbIX
CTallMOHAPHBIX TeYEHMIT BA3KON HecxKUMaeMoil »KujakocT. MaTremaTndeckast
IIOCTAHOBKA CBOJINTCs K 3aJiadaM Ha COOCTBEHHBIE 3HAUYEHUS JIjIs YPaBHEHHUSI
Oppa — 3omMepdenpia. B KadecTBe rpaHUIHBIX YCJIOBUN BHIOMPAETCS OJIH
U3 TPeX BapUaHTOB: PABEHCTBO HYJIIO BCEX KOMIIOHEHT BO3MYIIIEHUs] CKOPOCTH
Ha 00enX I'paHulax cjos (B 9TOM CIydae HMEeeT MECTO KJIACCHIecKast 3a/1a-
ga Oppa— 3oMmepderbia); paBeHCTBO HYJIIO BCEX KOMIIOHEHT BO3MYIIEHUST
CKOPOCTH Ha OJIHOI U3 I'PAHUI] I PABEHCTBO HYJIIO BO3MYIICHNI KacaTeIbHOI
KOMITOHEHTBI BEKTOPa HAIPSAZKEHUsT 1 HOPMaJIbHOI KOMIIOHEHThI CKOPOCTH Ha,
JIPYTOi1; PABEHCTBO HYJIIO BCEX KOMIIOHEHT BO3MYIIEHUS CKOPOCTH Ha OJTHOI
rpaHuiie n TpeboBaHue, 9TOObI Apyras rpaHuiia Oblia cBoOojHa. ['panmy-
HbIE YCJIOBUA, BBIBEJCHHBIC B TOCTCTHEM CJIydae, XapaKTepPU3YIOTCA BXOXK-
JIEHHeM B HHUX CIIeKTPaJbHOrO mnapamerpa. [l KuHemMaTudecKux yC/I0BUil
YIIYUIIA0TCs HIPKHIE OIEHKN KPUTUYEeCKOro 4mncia PeifHosibiaca — OleHKn
Jzkozeda—n. B ocTalbHBIX Cilydasx Pa3sBUBAETCS TEXHHKA METOIA HHTe-
I'PAJIbHBIX COOTHOIIEHUI, UTO MPUBOJUT K HOBBIM OIEHKAM YCTONIHMBOCTH.
it TpaHUYHBIX YCJIOBHIT BCEX IEPEUNCCHHBIX THUIIOB BBIBOJATCS aHAJIOIN
teopembl CkBaiipa. [latorcs BepxHue OlEHKH MHKPEMEHTa POCTa BO3MYIIIe-
HUil B 3ajladaxX Ha COOCTBEHHbIE 3HAYEHUs JIJIsi ypaBHeHUs1 Pejiest ¢ JByMs
TUITAMU TPAHUIHBIX YCJIOBUIA.
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dopMupoBaHe TypOyJIEHTHOTO MOTOKA 3a JBYMEPHOIi

IepUOANIECKON CTPYKTY PO
A.B. I'mymmaesa, A.C. CaseinbeB, 9.E. Con
OUBT PAH

B nocsieinee Bpemst yjiesisieTcst OrpoMHOE BHUMAHNE U3YIEeHUIO TYPOY/IeHT-
HBIX TedeHnii. B j1abopaTopHbIX YCIOBUSX JIjIs CO3/IaHusT TYPOYJICHTHOCTH B
MOTOKE MPUMEHSIOTCS TYpPOYIU3aTOPhI - 3TO JABYMEPHBIE WU TPeXMepHbIC
HEPUOUINCKIE CTPYKTYPbI, IPU3BaHHbIE BHECTH BO3MYIIEHHE B 1MOTOK. OT
reoMepPTPUN JIAHHON CTPYKTYPhI 3aBUCUT TYPOY/IN3aliisl IOTOKA - XapaKTep-
HBIH MacIiTad BUXPEBLIX BO3MYINeHUH ' 1 uHTerpajbHblil Maciarhd Typoy-
JIEHTHOCTU L, a TakK »Ke paccTogHHue, Ha KOTOPOM 00pa3yeTcs OJTHOPOIHDII
TypOyIeHTHBII TOTOK [1].
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B nacrosineit skcriepuMeHTaJIbHO paboTe it TYpOyIM3aIii TOTOKa UC-
I0JIB3YETCSI JIByMepHast IeprojInviecKast CTpyKTypa — pererka. Pererka mnpe/i-
CTaBJIAET COOOI CIIETEHHYIO CTAIbHYIO TPOBOJIOKY YKECTKO3aKPEILJICHHYIO Ha,
pamy. [eoMeTprdecKre mapaMeTphl PelIeTKH: pasMepoM aueiikn — 1x1 cm?,
JINAMETpP IPOBOJIOKN — 3 MM. Perrerka romeraercss Ha BbIXOJE U3 COILIA
cBepx3ByKoBoii TpyObr CT-4, KoTopas co3jaer cBepX3BYKOBOM 1MOTOK M=2.
B kadecTBe MeTO/1a IMATHOCTUKN MOTOKA MPUMEHSIETCS TEHEBONH METO/I.

TeneBasi BU3yaJm3aliyst OTOKa MO3BOJIIIA PACCMOTPETH CTPYKTYPY Tede-
Hust. [Ipn obTekanun pereTkn ¢BePX3BYKOBBIM ITOTOKOM OT IPYTHEB OTXOJIAT
yJlapHbIe BOJIHBI, KOTOPhIE Ha PACCTOSHUU TOJIIIIHBI IIPYTa IIPEBPAIAIOTCS B
CKaYKW YIJIOTHEHUS, & 3aTEM BBIPOK/JIAIOTCSA B CJIa0ble BO3MYIIEHNs U HCYe-
3aI0T. 3a MPYTOM PENIeTKH pacipocTpaHseTcsa TypOyaeHTHbII caen. Typoy-
JIEHTHBIN CJIeJ] PACHTUPSAETCsI IIPOXO0/Id IIePBOe TiepeceueHne CKauKoB YILIOTHE-
HUSI, & 3aTeM TepsieTCsl B OJHOPOJIHOI cTpyKType noroka. [Ipenbiayiiue mc-
CJIeIOBaHUS BBIABUIN yCHUJIEHWE BO3MYIIEHUI TYpOyJIeHTHOCTH W yObIBaHUE
MHTErPaJILHOIO MaciiTada TypOyJIeHTHOCTH TTPHU MePecevyeHnt CKauKa YILIOT-
HeHUst [2], oHAKO B cIydae CJabbIX BO3MYIIEHUIT, PACIIPOCTPAHSIONIIXCS OT
peleTKn, ycuieHne TypOyJIeHTHOCTU He ObLIO oOHapy:keHo. Busyasmzarmst
MOTOKA TTOKA3bIBAET, YTO Ha PACCTOSHIH B HECKOJIBKO pa3sMepoB sdeitkn 3—4d
MOTOK CTAHOBUTCS PABHOMEPHO TYPOYIN30BAHHBIM C XapaKTEPHBIM Pa3MepOM
TypOysienTHOCTU TTopsika 0.5d.
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I'paBuTanmonnas TypOyJeHTHOCTH M
KpyITHOMAacInTadbHasa cTpykTypa BcesenHoii

C.H. I'yp6aroB, A.1. Canuen, C.®. IMTangapun
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VHUBEPCUTET
Department of Physics and Astronomy, University of Kansas

gurb@rf .unn.ru

B xocmostorun mousiTie KpynHOMACIITAOHON! CTPYKTYPhI OTHOCUTCS K Pac-
IpeJIeIeHII0 TaJakKTHK U MacChl TEMHOTO BelecTBa (Ha Macirabax oT Off-
HOTO JI0 HECKOJIBKHUX cOTeH Meranapcek). CoBpeMeHHast Teopust 0ObsCHsIET
dopMupoBaHe KpPyIHOMACIITAOHONH CTPYKTYpPbl BeejleHHOIT Kak cjejcTBue
pocTa UCXOAHBIX CJAa0BbIX (BJIYKTyaluil IJIOTHOCTH BEIIeCTBa 3a CUeT I'DaBu-
TalmoHHOI HeycroiunBocTu. Ilpn sToM dopMmMupoBanne sipko BbIPayKEHHBIX
9JIEMEHTOB CTPYKTYPbI IIPOUCXOUT Ha HEJIMHENHHOM cTajuu. VIMeHHO 1o3To-
My Iporecc (hopMUPOBAHUS KPYITHOMACIITAOHO! CTPYKTYPbI MPUHSITO MHO-
IJ1a HAa3bIBaTh I'PABUTAINOHHONI TYPOYJIEHTHOCTHIO.

Haubosiee 0ueBuIHBIN 11y TH IIPEOIOJIEHIS CJIOXKHOCTH yUIeTa 3aKOHOB HEJIN-
HEIHOI 3BOJIIOINN I'PABUTAIIMOHHON HEYCTONYNBOCTH Ha IIOBE/ICHUE 10T I1JI0T-
HOCTHU BEIECTBa COCTOUT B UNCJIEHHOM MOJIEINPOBAHIN TPEXMEPHOIO JIBUZKE-
Hust N I'PaBUTAIMOHHO B3aUMOJEHCTBYIONUX YacTuil. AJIbTePHATUBON sB-
JISIIOTCS PUOJINYKEHHbIE aHAJIMTUYIECKNE PellleHnsI HeKOTOPhIX YpaBHEHUl B
YACTHBIX ITPOM3BOJIHBIX, aJIEKBATHO OIUCHIBAIOIINX POCT (PJIYKTyalllii HEO -
HOPOJIHOI TIJIOTHOCTH BelllecTBa B paciupsronieiics Beenennoit. [lepsorit u3
9TUX II0JIX0JI0B ObLT IIpejiiozKeH 3esbiposudeM B 1970 romy. Bropoit ananinTu-
YecKUil 1oJIX0/ K MpobjemMe onucanust (pOpMUPOBAHUS KPYITHOMACIITAOHO
crpykTypbl Beenennoit |1] 6asupyercst Ha BEeKTOPHOM ypaBHeHH# Broprepca.
B nanHOM 110/1X0/1¢ MHOT'OIIOTOKOBOE JIBUKEHIE I'PABUTAIIIOHHO B3aNMO/Ieii-
CTBIOIIUX YaCTUI] B OCOOEHHOCTSIX, IIPUBOJIAINEE K UX JOKAJIU3ALINNI, MO/ -
pyeTcst BSIBKUM CJIaraeMbIM B ypaBHeHun Broprepca. B npejenbnom ciydae
NCUe3alole MaJsIoil BA3KOCTH 9TO SKBABAJICHTHO CJIUIIAHIIO YACTHUIL U TIOITOMY
JTAHHBII ITOJIX0/] YACTO HA3bIBAIOT Npub/mKeHneM cinnanus - adhesion model
(em., mampumep, |2, 3, 4]). [Ipegenbrast Bepcust MOJIE/IN CUIAHNST €CTECTBEH-
HBIM 00Pa30M OIICHIBAET XapaKTePHYIO MO3AMYIHYIO CTPYKTYPY pacipejesie-
Hus BerecTBa Bo Beesiennoit. OCHOBHBIE 9/IEMEHTHI “MO3aUKN B TPEXMEPHOM
IPOCTPAHCTBE (BEPIINHBI, peOpa, I'PAHI U BHYTPEHHOCTH ST9€€K) MOT'YT ObIThH
aCCOIMUPOBAHBI ¢ HAOJIIOMAEMbBIMI CTPYKTYPAMHI TPEXMEPHOIO paciipejiesie-
HUST TAJIAKTUK (KOMIIAKTHBIC CKOIICHUSI TAJAKTHK, (PUIAMEHTBI — MEITOYKIH
raJlakTUK, IIOBEPXHOCTU CO CPABHUTEIbHO BBICOKOI ILJIOTHOCTBIO T'aJIaKTUK, 1
TeMHbBIE 00JTACTH MEXKJIy HUMHU, Oe/IHbIe TAJaAKTUKAMI).
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Cama sBoJTIOIUST KPYITHOMACIITAOHOM CTPYKTYPhI BeesienHoit MoKeT Tpak-
TOBAThCA KaK HEIPEPBLIBHOI IPOIECC TPAHCIOPTUPOBKHU BEIIECTBa ITPEUMY-
IIIECTBEHHO 13 00'bEKTOB OO0JIBIIOI pa3MepHOCTH K 00beKTaM MO3auIHON CTPYK-
TYpbI, 00J1aJAI0NNM MEHbIIE pasMepHOCcTbI0. K ipuMepy, BemecTBo u3 BHYT-
PEHHUX S9eeK MO3AUIHON CTPYKTYPhI (TPEXMEPHBIX 00bEKTOB) [IEPeTeKAeT B
ee rpaHn (KBasuBYMepHBIE 0OBbEKTHI), a U3 HUX B pedpa U BEPIIHHBI MO3a-
NYIHOIT CTPYKTYPHI. B TO »Ke Bpemst, caMi ST9eiiKi yIacTBYIOT B HEIIPEPBIBHOM
JIBUZKEHNN, jiecpopMallii U MOTJIOMICHUH OJIHUX S9eeK JPYTHUMHE.

Kak un B ogHoMepHOM ciydae, Jijisi MHOrOMEpHOil TypOyJsienTHOCTH BIiop-
repca ¢ KOHEYHOIT Jiucriepcueil HadaJibHOTO MTOTEHINA/Ia YJIaeTcs JJaTh UcYep-
IbIBaoIIee olcaHne TypOyJIeHTHOCTHU, HAITH OHO- M JIBYXTOYe4YHbIEe Be-
POSTHOCTHBIE pacIpeaeeHns, CIIEKTPhI 1 KOPPeJIsaIlnoHHbIe (DyHK-
MU BEKTOPHOTO 10JIst |2, 5]. B obiiem ciiydae nosejieHue TypOyIeHTHOCTH
Ha OOJIBIIIX BpeMeHaX OIPEJIe/IsIeTCsl «XBOCTaMIy (DYHKIIUN PaCIpe/ie/IeHIS
HavaJIbHOIO MoTeHIasa. [Ipr 9ToM B 3aBUCHMOCTH OT BIJIa HAYaJIbHOIO pac-
npejie/IeHIs MOTEHIAa MOTYT PEAJN30BATHC TPU YHIBEPCATbHBIX aBTOMO-
JIeJILHBIX peXKNMa 3aTyXaHus TypOYJIeHTHOCTH.

Pabota BbintoiHeHa 1pu rojjepzkke MerarpanTta Poccuiickoro npasuresib-
crBa Ne 11.G34.31.066 u rpanTa rocy apCTBEHHO OJIEPyKKI BEAYIINX Ha-
YUIHBIX TTKOJT
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HeycroiituBocTh KOHTAKTHOII I'paHUIbl ABYXda3HOIi
CHUCTEMBbBI >KMJIKOCTEel CO CJIOXKHOI peoJiorueil

A.H. lonyneHko

Ob6be/IMHeHHBII HHCTUTYT BBICOKHX TeMIepartyp, yi. Vxopckast, jom 13,
ctp. 2, Mocksa, 125412, Poccrst

adoludenko@gmail . com

TeueHust cpej; co CI0XKHON peosiorneil siBJIAI0TCsS BaXKHBIM KJIacCOM (DyH-
JIaMEHTAJIbHBIX 1 IPUKJIAIHBIX 3a/1a4, & 00J1aCTU IPUMEHEHHS BKIIOYAIOT XU-
MUYECKYIO, METaJLJIyPrudecKylo, IMUIEeBYI0 IIPOMBIIIJICHHOCTH.

Hacrosimast pabora mnocssiiieHa Heycroitunpoctu Peses-Teitiopa Bsizko-
IJIACTUYECKOI, TMIaTAHTHON 1 IICeBIOIIaCTUIECKO »K1gKocTell. B KauecTBe
OCHOBHO{I peoJIormyecKoil MOAe/ N, BKJIIOYAIoneil 3(hdeKThl BA3ZKOILIACTIYe-
CKOM »KWJKOCTH, Oblla BbIOpaHa Mojiesib bunrama. B ducjiennom Mojesn-
pPOBaHUU paccMaTpUBaeTCd MHOTOMOJOBOE BO3MYIIEHUE I10J1s CKOPOCTU KOH-
TaKTHOI rpanuiiel AByX cpes (puc. 13). [naBHOi 1ebt0 paboThl OBLIO PO-
BeJleHNe YMCJICHHOTO MOJEeJIMPOBAHUA TIepeMellnBaHns JIBYX Cpell ¢ pa3jnd-
HBIMU PEOJIOTUAMHU, IJIOTHOCTU KOTOPBIX OTJIMYAIOTCH B J[Ba pas3a, U I0JyYe-
HUE B3aUMOCBA3U MEZKJIY Pa3BUTUEM HEYCTONYNBOCTU U XapaKTePHbIMU CBOJi-
CTBAMU HEHBIOTOHOBCKUX KIJKOCTeNH. OT/IMINTEeIbHOI 0COOEHHOCTHIO ITOI
MOJICIN {BJIIETCA TO, YTO B CHUCTeMe U3 JBYX a3 KaxKiasd U3 HUX HMeeT
pas3JnvHble PEOJIOTNYECKNe 3aBUCUMOCTU.

s ")

Puc. 13: Tonosorust rpanunsr pasjiesia npu nepeMernBaHiy HBIOTOHOBCKUX (a) 1 GHHIaMOBCKIX
(b) kmaKocreil B pesysnbrare paspurust Heycroitunsocru Pesesi-Teitiopa.
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HpHMOG qucCJ/JI€eHHOoEe MO/JEe/JINPOBaHNE TEe4eHUIl C
MNCIIOJIb30BaHEM BUXPEBbLIX 1M JUIIOJIbBHBIX YaCTHI]

I'.d. JIsirnankoBa
MI'Y Nmvex, Muaypnnckuit npoctiexT, ;. 1, Mocksa 119192, Poccust
dyn@imec.msu.ru

BuxpeBble MeTO/IbI YNCJIEHHOI'O MOJICJIMPOBaHUST TE€UEHUI MTO3BOJISIOT HC-
CJIeJI0OBATh JUHAMUKY B3aUMOJIEHCTBUSI pa3HOMACIITAOHBIX BUXPEBBIX CTPYK-
TYp, 9TO aKTYaJJIbHO JIJIs TOHUMAHUs IIPOIECCOB BOSHMKHOBEHUsT 1 PA3BUTHUS
TypOy/IeHTHOCTH. B 0CHOBE BUXPEBBIX METOJIOB JIEXKHUT PACUET BOJIOIII BIX-
PEBOTO T0JIs1 B JIarPpaHKeBbIX KoopnHaTax. st 9Toro ob/acTh 3aBUXPEHHO-
CTHU IIPEJICTaBJISIeTCsT HADOPOM JIBUXKYIIUXCSI BUXPEBBIX 3J1eMeHTOB. B pe3yiib-
TaTe MOSIBJIAETCS BOZMOYKHOCTD IMOCTPOCHUsT OECCETOUHBIX YUCICHHBIX CXEM.
[IpuBIeKaTeILHOCTH TAKIX CXeM 00YC/IOBJIEHa BOZMOYKHOCTHIO SKOHOMUN BbI-
YUCJUTEIbHBIX PECYPCOB, TaK KaK BO MHOI'MX CJIydasiX BUXPEBbIe 00JIaCTH 3a-
HUMAaIOT OTHOCUTEJIbHO HEDOJIBIIIYIO YaCTh TeUeHHsI, KPOMe TOT'0, DeCCeTOIHbIe
METO/IbI CYIIECTBEHHO 00JIErYaiOT PACUETHI IPU CJIOZKHON 1 N3MEHATOIIecs BO
BpeMeHHn reomerpun odrTekaeMbix Tes1. [lojie ckopocTit HecKuMaeMoil »KuIKo-
CTU MOZKET OBITb BBIUNCJIEHO 10 PACIIPeIe/IEHNI0 3aBUXPEHHOCTHU C IIOMOIIBIO
dopmyisr Buo-Casapa.

Buxpesble MeTOJIbI NIPUMEHSIOTCs JI/IsT pacueTa, Kak JIBYMEPHBIX, TaK H
TpexMepHbIX Tedennii. OyHako, B cilydae TPEXMEPHBIX TeUeHUil BO3HUKA-
eT 1npodJsemMa JUCKPETU3aIui BUXPEBOTO T0JIsI, 3aTPY/IHAOIasl TpUMEHEHIe
6eCcCceTOYHBIX METOJ0B. DTO CBA3AHO C TEM, UTO COJIEHOUIAJHLHOCTD I10JIsI 3a-
BUXPEHHOCTH, HAOPAHHOIO M3 JINCKPETHBIX 3JIEMEHTOB B TPEXMEPHOM IIPO-
CTpPAHCTBE, MOXKET HAPYIIAThHCS IIPHU JIBIKEHNN 3JIEMEHTOB, B pe3yJibTaTe te-
I'0 POTOP TI0JIsT CKOPOCTH, BhlUnceHHOro 110 dhopmysie Buo-Cabapa, moxker
CYIIIECTBEHHO OTJIMYAThCA OT I0JisI, 00Pa30BAHHOIO dJIEMEHTaMU, YTO sIBJIs-
eTCd NCTOYHUKOM ITOT'PENTHOCTEl, IJI0X0 MojIatomuxed anaan3y. [lostomy B
HACTOSIIEe BPeMsI JIJIsl pacdeTa TaKUX TeIeHI T NCIOJIb3YIOTCSA THOPUIHbIE Me-
TOJIbI, COYETAIOIINE OECCEeTOUHBIIN MOJIX0/1 JIjIsI OIMCAHUs IIePEMEeIeHIsT BUX-
PEBBIX JIEMEHTOB C MX IIOC/IEIYIONINM IIepepaciipe/ie/ieHieM Ha CeTKe B Iie-
JISIX BOCCTAHOBJIEHNS cojieHoutaibHocTH. [TocTpoenue crporo obocnoBanHOro
IIOJIHOCTBIO JIaTPaHKeBa BIXPEBOI'O METO/Ia JIJI TPEXMEPHBIX TeUeHUT /10 CUX
IIOP OCTAETCsl OTKPBITOM IIPOOIEMOIi.

B nanHOli paboTe Jjisi MCC/Ie0BaHUs JIBYMEPHBIX T€UEHU ITPUMEHSAETCs
beccerounblit Buxpesoit Meroj Bsskux Buxpessix lomenos (BBI) [1, 2],
a JI/IsT TPEXMEPHBIX TeYeHU IpejIozKeH HOBbIi MeTo1 Bsizkux JInmosbHbIX
Howmenos (BZLI) [3].

Meron BB/I obJiajiaeT psijioM NPEUMYIIeCcTB 10 CPABHEHUIO ¢ CYIIECTBYIO-
MU BUXPEBBIMU METOJIAMHU MOJIEJINPOBAHUs JIBYMEPHBIX TEUYEHUI, OH He
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COJIEPZKUT SMIIMPUIECKIX AapaMeTpoB, 00/1a/laeT HU3KOH CXeMHON Bs3KO-
CTBIO, YCTOWYMBOCTBIO YHCJIEHHON CXEeMbl, U SIBJISIETCSI OOOCHOBAHHBIM Me-
TofoM perennst ypaBuenuit Happe-CTokca B JrarpamkeBbIX KOODJIMHATAX.
bBaroiapst HU3KOI cxeMHOiT BA3KOCTH W YCTONUNBOCTU YUCJIEHHOM CXEMBI Me-
tos, BB/I 11o3BOJISIET pacCUnThIBATH TEUEHUsI IPU BHICOKNX 3HAYCHUSIX THCIIa
Peitrosbica 6e3 mpuBiedeHns Mo/ieseil TypOy/ieHTHOCTH. B yacTHOCTH, 9TUM
METOJIOM ObLIT BOCIIpou3BeieH 3(hdeKT cHUKeHUsT Ko DuImenTa conpoTuB-
JieHust (TaK HA3bIBAEMbIil, KPU3UC COMPOTHUBJICHN ), HAOIIOMAeMbIi Tpu 06-
TeKaHUN IIIMHIPa B ananasone uncesl Peitnosbiaca 10° < Re < 10°. Tpa-
JINIIMOHHO JIAHHBIH 3 deKT 00bsicHsieTcs TypOyIm3alineii TeueHnsi B 00J1aCTu
OTPBIBA MOTPAHUIHOTO CJIOS.

st Mojie/TupoBaHusl TPEXMEPHBIX TeUeHUil B JJAHHON paboTe MCIoIb3Y-
eTcsl BCIloMoTraTe ibHas BeKTOpHast (DYyHKIUsI, Ha3BaHHAsI IIJIOTHOCTHIO JIUIIO-
neit. Jluckpernsaiinst 1oJisi JUIOoJIel IPUBOJIUT K PACCMOTPEHNIO MHOYKECTBA
JACTHI] B3aUMOIEHCTBYIONTIIX JIPYT € JIPYTOM I10 3aKOHY B3ANMOJIEHCTBU JI1-
noJieit. Panee mONbITKE MOJIeTUPOBaHUs TYPOYJICHTHBIX TEUEHU ¢ MTOMOIIBIO
Junosieit npeanpuanMauch B paborax [4, 5|. OHaKo OHE He ObLIN JIOBEJIeHbI
JI0 peasin3allii IMCJIeHHBIX METO/0B, BO3SMOXKHO, U3-38, HEYCTONYINBOCTH HHC-
JIEHHBIX CXeM, B KOTOPBIX JUMOJN CIUNTAINCH TOYCTHBIME, a YKUJIKOCTD HJIe-
aJqbHOil. B mannoit pabore npu B3anMOACHCTBUN JUOJBHBIX YACTUIL Y IATHI-
BaeTCs UX POTS?KEHHOCTD & TaKKe HAJTUINE BI3KOCTH »KUJIKOCTH. BhIBeIeHbI
ypaBHEHIs SBOJIIOIIH OJIA IJIOTHOCTH JUIIOJIEl, SKBUBAJIEHTHbIE YPaBHEHNU-
am Hasbe-Crokca. IlocTpoena dmcrennast cxema co CBOHCTBaMU KOHCEPBa-
TUBHOCTH. [IpUBOSATCS MPUMEPBI PACUETOB.
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Hemoposbie 3dbdeKThl yCTONYNBOCT KOHBEKTUBHOT'O
Te4deHUs B TUJIPOJMHAMMNYECKOIN MOJIeJI POCTa
KPUCTAJJIOB 110 YoxpaJibCKOMY

M.K. EpmakoB
UIIMex PAH, npocit. Beprajckoro 101/1, Mocka, 119526, Poccrsi

ermakov@ipmnet.ru

DBOJIIOIMOHHBIE OTIEPATOPHI JI/IsT BO3MYIIEHIIT BO MHOIMUX MJIPOJIMHAMU e~
CKUX CHCTEMaX He SBJIAI0TCS HOpMaJibHbIMU. HeopTrorona/ibHOCTH cOOCTBEH-
HBIX MOJ] TAKMX CUCTEM MOYKET NMPUBOAUTH K 3HAUUTEIHLHOMY POCTY SHEPTUN
CHUCTEMBl B IEPEXOJIHBII MEepHOJI 33 KOPOTKHE ITPOMEYKYTKI BPEMEHH JIarKe
JJIsT ACUMIITOTHYIECKH YCTONYMBBIX Tevenuii |1, 2].

PaccmarpuBaercst 1yiodasibHasi yCTOMYNBOCTH KOHBEKTHBHOTO TEUYEHUS B
TUJIPONHAMITIECKON MOJIET POCTa KPUCTAJIIOB 110 JoXpajabCKOMY B ITHPO-
KoM juarnaszone auces [panaras or 0,005 10 30 110 OTHOIMIEHWIO K ABYMEPHBIM
1 TpexMepHbIM Bo3MmyteHusaM. Mojienb npejicrapisger codoit ocecuMMeTpry-
HBIIT 00beM YKUJIKOCTU B TUTJIE, CBOOOTHOIN TTOBEPXHOCTH KOTOPOI CBEPXY Ka-
caercsl KpucTtajl. KcTecTBeHHO-KOHBEKTHBHOE TeUeHHe BO3HUKaeT OJjaroja-
PS Pa3HUIlE TeMIIEPATYP MEK/Iy CTEHKON TUTJIA U MOBEPXHOCTHIO KPUCTAJLIA.
Teuenne onucoiBaercs ypasaenusimu Hapbe-Crokca B npubsinzkenun Byccn-
HeCKa C ypaBHEHHEM IIpHUTOKa Teilia. VccienoBanue JUHEHONR yCTORYMBO-
CTH CUJIBHO HEJIMHEHHOro OCeCUMETPUIHOTO TedeHUs] CBOJUTCS K PEIICHUIO
0000ITIeHHOI 3812491 Ha coOCTBeHHbIEe 3Hadennss Axr = ABx ¢ BbIPOXKJIEHHOI
MaTpurieit B. Perenne Takux 3a1a49 s HeJIMTHEIHBIX OCECUMMETPUTHBIX Te-
yeHnit Ha ocHOBe MeToja HbioroHa B MarpudHOil dopMme It HAXOMKTHUS
0a3MCHOIO pelleHus] U MeToJie OOPATHLIX UTepaIuil JJisd peleHus: o0OoIeH-
HOM 3a/1a9i Ha COOCTBEHHbIE 3HAYCHUST paspaboTano B [3].

Hnst aucen Ilpanarirg xkujakoctu B auarazone or 0,005 go 30 naiijgeHb
KpUBBbIe HEHTpasIbHON yeTofiunBocTu (Kpurtndeckue dncia ['pacroda), asn-
MyTaJIbHbIE€ BOJTHOBBIE YNC/Ia KOTOPLIX MEHAIOTCA OT 1 J10 6 B 3aBUCUMOCTH OT
qncaa [pangras. s ducen Ipawarisg Boine 12 Hanbosiee HEYCTORIMBOI
CTAHOBUTCH JIByMepHas Mojia. Jlanabie pe3y/1bTaThl CPABHUBAIOTCSA C PE3YJIb-
TaTaMu PadOTHI [4], B KOTOPOIl TOYKHN HEHTPaJIbLHOU KPUBOI OIIPEJIe/ISIINChH
METOJIOM IPSIMOI'0 YHCJICHHOTO MOJCTUPOBAHUS JIJIsi OrPaHUYCHHOTO HabO-
pa guces [pamariasg. Pasimmane pe3ybTaToB HAOTIOMACTCS JIIT TPEXMEPHDBIX
Bosmytenuit mpn unciaax [Ipamgraa 0,05 n 30. g BeIgBIEHNS TPUIMHBI
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pasIMIus pe3yJIbTaTOB OBLIN MPOBEJIEHBI PACUYETHI IBOJIIOITMOHHOIO TOBE/Ie-
HUs CUCTEMBI C TEM YKe OIepaTOPOM LIS CJIYUaHBIX BO3MYIIEHUIT.

B ciygae uncia [Tpanaris 30 as caabo HaJAKpUTHIECKITX 3HAUYEHNN dnc-
na ['pacroda BozMyIeHIS HAYAJIBHBIX JAHHBIX BhIpacTaioT OoJiee yeM B 100
pas Ha MePexoTHOM dTalle, YTO MOYKET OBITH MHTEPIPETUPOBAHO KAK HAJIITIHE
HEYCTONYMBOCTU MTPU OTPAHMYIEHHOM WHTepBaJie nnTerpupoBanud. B ciydae
qnca [pangras 0,05 st HaaKpUTHIeCKUX 3HadaHuil unciia ['pacroda mnpu
HEKOTOPBIX HaYaJ/IbHBbIX BO3MYIIEHUSX IOJYYEHO KPATKOBPEMEHHOE YMEHb-
IeHne aMIInTY/Ibl BO3MYyIennit npumepHo B 10 pas, 4To MoxKeT ObITh WH-
TEPIPETUPOBAHO KaK YCTONYINBOE COCTOSHUE.
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Ilorpanm4aneblii cjioit B TypOy/In3mpoOBaHHOM IIOTOKE
KMIKOCTU

B.M. 3yb6apes
NIIMex PAH
Poccus, 119526, r.Mocksa, np-t Bepnayickoro 101, koprr. 1
zubarev@ipmnet.ru

st ncenemoBanus MPUCTEHHBIX MOIPAHNYHBIX CJI0EB U U3YUYeHUS BJIUS-
HUs TypOYIN3UPOBAHHOTO BHENTHETO TTOTOKA PACCMOTpena MOInUINPOBaH-
Hasl MOJIC/Tb TYpOyJIeHTHOCTH k-€ (1epeHoca KHHETHIeCKO SHeprun Kk 1 CKO-
POCTH ee JINCCHUTIAIIN €), TO3BOJISIIONIAsT PACCUNTBIBATH HEIIPEPBIBHBIM 0Opa-
30M 00JIACTHU C JIAMUHAPHBIMHE, MEPEXOTHBIMEI 1 TYPOYJIEHTHBIMI PEsKUMaMU
TeUYeHus, PN Pa3JIUIHbIX WHTEHCUBHOCTAX TYPOYJIEHTHOCTH HabOeraloIiero
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0TOKa T'Us. V3ydeno Biausnue mapaMeTpoB MHTEHCUBHOCTU TYPOYJIEHTHO-
CTU 1 BeJININHBI €€ Maciitaba L, [1] Ha cTpyKTypy mepexojia B TOrpaHnTHOM
cJ0€e B Jnaras3one oT MaJIbIX 70 OOJBINX 3HaYeHMiT JIOKAJIbHBIX duces Peii-
HOJTBJICA |2, 3.

[Ipu obrekanumu MI0CKOI MJIACTUHKH MTOTOKOM HECXKIMMAEMOI YKUJIKOCTHU C
60JIbIII01 cTeneHbio TypoyienTHOCTH T'Us = 4.86 % [6] pesysibraTsl pacueros
110 NIPUCTEHOYHON k-£ MOJIe/In [4, 5]7 3aIMCAHHON JJIs1 JJId TIOJTHOW CKOPOCTH
JUCCUTIAIN, COIOCTABJIEHBI C pe3y/braramu u3Mmepenuil [6] mo mpodusisiv
CKOPOCTU U MHTEHCUBHOCTH TypOyaenTHoctu. [Ipu unciennom mojiennpona-
HUU UCIIOJIL30BAJNCH JaHHbIE SKCIIEPUMEHTA.

Pabota BeiotHeHa PN pUHAHCOBOIT TIO/1IepzKKe mporpamybl PODU (rpanT
Ne12-08-00260).

25
+
u

20

15

10

Puc. 14: CpaBuenne pacCIuTaHHBIX ¥ U3MEPEHHBIX MTPOdUIeil TPOIOJIBHON CpeTHeil CKo-
poctu ut(¢T) coorBercTBeHHO B cevennsax norpanmanoro ciog: & = 0.2, 0.3, 0.6. 31ech
1 — pacuer no mogesn |4, 5| npu &’ = 1.84; 6e3pasmepHast CKOPOCTh JIUCCUTIAIMN SHEPIUU
TypGysenrnoctu e\ = Rey,/V2 cBazana ¢ IUCCHIAIMOHHBIM MacITaboM L., 0OpaTHO

. 3/2
[[POTIOPIHOHAILHON 3ABUCHMOCTBIO! oy = Cp kb /Loo; ¢cp = 0.164; R — njvHa miacTuH-
Ki1; Voo — CKOPOCTB HAOETAIOIIEro MOTOKa; 2 — sKcrepuMeHTaababie Toukn @, ¢, W us [6]; 3
— MMHenbIi 3akoH crenku vt = (T 4 — morapudmudecknii npodmis vt = 2.51n (T +5.1;
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IlomaBjienne TypOyJIEHTHOCT B MHTEHCUBHBIX
aTMOC(EePHBIX BUXPAX — MEXaHN3M MOJIOXKNTEIHLHOI
oOpaTHOIi CBsI31

JI.X. Nurenn

PI'BY «HIIO «Taiipyns (Pocrugpomer)
Poccust, 249038, Kaury:xckast 0bJ1.,r. OQbHuHCK, yi1. 1lobebr, 4

lev.ingel@Ogmail.com

J1j1st mHTeHCUBHBIX aTMOChEPHbIX BUXPeii (TOPHAI0, TPOIMIECKUX TUKJIO-
HOB) XapaKTepeH TaK Ha3bIBAEMBIH IUKJIOCTPOQUUeCKuil baiane — npubJim-
JKeHHOe PaBHOBECHE MeYK/Ty HAITPAB/IEHHOI K OCH BpallleHus CUJIOi IpaJineHTa
JIABJIGHUS U CYMMOIl IIEHTPOOEXKHOI 1 KOPHUOJIMCOBOM CHIJI (HOCHG,ZLHHH 00y-
CJIOBJICHA IJIAHETAPHBIM BpaIllcHUEM U B IIEHTPAJbHBIX 00JaCTIX MHTCHCUB-
HBIX BUXDEil OOBITHO PEHEOPEKIMO MaJIa). DTOT HAJTAHC HAPYIIAIOT, MPEeK-
Jle BCEro, JUCCUIIaTHBHBIE (DAKTOPHI — BA3KOCTH W TEILJIONPOBOJIHOCTL. [Ipn
OOJIBINNX CJBHUIAX CKOPOCTH, CYIIECTBYIONINX B TaKUX BUXPsX, TYPOYyJIEHT-
HOCTH U CBSA3aHHAS C Hell JMCCUIIalsS BUXPS, HA MEPBLIN B3IV, JTOJKHBI
OBITH BeCbMa MHTEHCUBHBLIMU U 3 deKTuBHBIMU. Hampumep, npu ropusoH-
TaJbHBIX pa3Mepax cMepya 30 M, n KoadpduimenTe TypOyJIeHTHOrO 0OMeHa,
10 M2/c cranapTHas ONEHKA XapaKTepHOTO BpeMeHN JIN(dY3MOHHBIX MTPO-
IIECCOB JIaeT BpeMsl JUCCHUTIAINN BUXPs MOPAIKa OJHOI MUHYTHI. Ho Takme
BUXPHU OOBIYHO CYIIIECTBYIOT 3aMETHO JOJIbIIE, U JIaXKe KOI'Ja OHU CYIIECTBY-
I0T HEJIOJIro, HabJiro/laeMast KapTuHa OOBIYHO He TOXO0XKa Ha KJIACCHIECKYIO
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nuddysnio: nabdJroIaeTcs BecbMa pe3Ko BhIpaykeHHasd BePTUKAIbHAas WU Ha-
KJIoHHas rpannta Buxps |1, 2|. Takue rpaiueHTs! (CKAUKI) MPeICTABIISIIOTCS
HECOBMECTHMBIMU ¢ WHTEHCUBHLIM TYypOYJIEHTHBIM IepeMelTuBanneM. B ka-
YecTBe 00bICHEHUST, MOXKHO TTPEJIITOJI0KNTE, IYTO BayKHYIO POJIb B MHTEHCUB-
HBIX BUXPSIX UIPAIOT HEKOTOPhIE OCOOEHHOCTU B3aMMOICHCTBUST BPAICHUST
n TypOyseHTHOCTH. VI3BECTHO, YTO MHTEHCHUBHOE BpAIEHHE MOYKET, 110/100-
HO YCTOWYMBOI CTPATH(MUKAIINN JIOTHOCTH, 3aMETHO MOABIATH TYPOYICHT-
HoCTh [3 — 6]. TlosTomy mpocMarpuBaeTcst CJISIYIONIIA MEXaHU3M OJIOKU-
TeJIbHON 0OpaTHOil cBsizu. BricTpoe BpalieHnue rmojasiisier TypOyJIeHTHOCTD,
a 9TO, B CBOIO 0YePe/ib, CIIOCOOCTBYET MOJIJIEPKAHNIO0 U MHTEHCH(DUKAIINN I[UK-
JIOCTPO(IIECKOTO PEXKIMa ¢ OOJIBINUMEI CKOPOCTIMHI BPAIEHUS W TOPU30H-
TaJLHBIMU [TepenajiaMi JIaBJIeHns 1 IaBydecT. B HACTOAIEM JIOKIaJIe 9Ta
MBICJ/Tb TTPOMJIJIIOCTPUPOBAHA HEKOTOPHIMU IIPOCTHIMU AHAJTUTUICCKUMU MO-
nensimu. Ha ocHOBe aHa/m3a MOJIyIMIIMPUYIECKOTO ypaBHEHMs OaJiaHca, Typ-
OyseHTHO# sHEprun (MOAUMUIUPOBAHHOTO ¢ yIeTOM 3D MEKTOB BpAIeHUS)
OIleHEHO XapaKTepHOe BpeMsI MoJIaB/IeHns TypOyJIeHTHOCTH B cMepye. Pe3yib-
TAThI MOKA3BIBAIOT, YTO B sIJIpe MHTEHCUBHOTO BUXPsI TYPOYJIEHTHOCTD I10/1aB-
JISIETCST 32 BpeMsi, CPABHIMOE C XapaKTEePHBIM IIEPUOJIOM BPAIIEHHSI, T.€. BeCh-
Ma 3P HEKTUBHO. DTO, B JACTHOCTH, 3aTPY/IHET TPOHUKHOBEHNE TYPOYJIEHT-
HOCTH «U3BHE» B HaIpaBJeHUN och BpaleHus. [loceanee oOCTOATE/HCTBO
JIAeT BO3MOXKHOE 00'bsICHEHNE U HADJIOAAEMOT0 OTCYTCTBUS CUJIbHBIX MOPbI-
BOB BeTpa B IJIa3e TPOIIMYECKOTO MUKJIOHA (IIPejjiaraeTcsi COOTBETCTBYOIIAS
aHaJINTHYIecKas MOJIeIb HeJlnHeiHol quddy3nn sHeprun TypOyJIeHTHOCTH ).
PaccMmoTpena Takzke mpocTast JUHeiHast MOJIe/ b KOHBEKITUI BO Bpallalonieii-
csl cpejie, JeMOHCTPUPYIONas NHTEHCU(MUKAIIIO BPAICHUST IPU OCJIa0ICHIH
JCCUTIATHBHBIX PaKTOPOB (TypOy/ieHTHOTO 0OMeHa). PesyibraTs! Oy 1yT mo-
JAPOOHO M3JI0KEHBI B 7).
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MaTteMmaTuieckoe MOAeJINPOBaHNE TYPOYyJIEeHTHOTO
norpaHuvHoro cjos 3oHajbHbIM RANS/LES metomnom
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Kazaxckmnit HarmoHa ibHbBIIH yHUBEpcHTeT uMeHn aJjib-Dapabu, AjMarsl,
Kazaxcran

alibek.issakhov@mail .ru

3a nocsteune ro6 3oHabHEbie RANS /LES MeTosb1 Mojie/poBanust 1mo-
JYIUJIN 3HAUNTE/IbHOEe BHUMAHWE M3-38 X BO3MOXKHOCTU TMPUMEHUTH LES
TOJILKO B HEOOXOIMMBIX 30HaX MOTOKa. OIHUM U3 MPUMEHEHUIT 3TUX METOJI0B
siBJisiercst Beruncienne RANS B 3oHax, rjie ctaniapTHbIe MOJIE/N TYPOY/IeHT-
HOCTH OyKIJIAIOTCS TOYHBIMU, B TO BpeMst Kak LES ncnoibs3yercst B HepaBHO-
BECHBIX 30HaX MOToKa. [Ipobema, KoTopas BOSHUKAET B 9TUX MTPUIOKEHUIX
— 3TO MOBeJIeHNE TIOTOKa B 30He mepexoga Mexkay 3oHamu LES n RANS. B
sone RANS perrienne Jij1st IOTOKa COJIEPKUT UHPOPMAIIUIO TOJIBKO O CAMbIX
OobIMX MaciTabax JBUXKEHUA, ecjin OyjeT NPHUCYTCTBOBATH KPYITHOMAC-
mTadbHasg HEYCTONINBOCTD; OOJILIMMHCTBO WM BCE HAIpsyKeHWUA PeitHosb /-
ca obecrieunBaloTCcs Mojie/Ibio TypOyieHTHOCTH. C APYroil CTOPOHBI B 30HE
LES, pasperennbie MaciiTadbl J0JIXKHbBI IPEIOCTABIIATE OOJIBIITYIO YacTh Ha-
npsizkennsi Peftnosjica, a st obeciiedeHnst 9TOro JIOJKHbBI TPUCY TCTBOBATD
CTPYKTYPBbI MeJKOTO MaciTada. Kak mpaBmio, 30Ha mepexojia CyIecTByeT
TaM, TJle paspelieHHble, CoJeprKallie SHEPIHI0 BUXPHU TOCTENeHHO 0Opa3y-
I0TCs 1 pacTyT. ['eHeparys peaaucTuieckux TypOyJIeHTHBIX KOJieOaHmil B 11e-
pexojie or RANS B LES siBiisiercst Kpurnmdeckum hakTOPOM HIPU ONPEJIeICHITH
JUTHHBI 9TOI 30HBI MTepexojia. Kak MUHIMYM CYIIECTBYET JIBa CIIocoba obecrre-
YUThH [TEPEXOTHOE YCIOBUE B 30HATBHOM I0/IX0/1€: MTEPBbIil MOJIX0 HCIIOTb3yeT
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MOJIeJIb HelIpepbIBHOI TypOyieHTHOCTH, KoTopast nepexout u3 RANS mero-
na B LES meTo1 - 1151 3aMbIKaHIs CHCTEMbI ypaBHEHH B €JIMHOI 00J1aCTH, Ha-
npuMep Takne Metojibl kak Detached-eddy simulation (DES). Jpyroit meros,
BKJIFOUAIOIIII NCIIOJIb30BAHNE JIBYX Pa3/JIMIHBIX BBIUNC/IUTEIbHBIX 001acTeil,
B KOTOPBIX pe3ysbrarbl RANS ncnoib3yorcs, 9To0bl IpegoCcTaBUTh CTaTh-
CTUKY TypOYJIEHTHOCTH, KOTOPasi Oy/eT NCI0JIb30BaThCs B KAIeCTBE IIPUTOKA
st LES n 3aTem obe 30HBI HaKJIa IbIBAIOTCsl BMECTE B OJIHY O0JIACTb.

MojiesinpoBaHne METOIOM KPYIIHBIX BUXPell OCHOBaAHO Ha OT(UILTPOBAH-
HoMm ypapaenun Hapbe - CTokca /1151 TPEXMEPHOI'0 C2KUMaeMOro 1oToka. st
IIPOU3BOJILHON IIEPEMEHHOIT TOTOKa MCIIOIB3YeTCsT IIPOCTPAHCTBEHHOE OCPE/I-
Henne 1o Paspy:

e % /V Gz dlws, )V

rie G(z;) — dyukiws GuibTpaun u p — MIOTHOCTh. Vcnonb3ys cran-
JIApTHBIE 0003HAYEHUsI, OT(MUIHLTPOBAHHBIE 110 IPOCTPAHCTRY, YPaBHEHHE 110~
Jaydaercs B TakoM Bujie [8,12,13,14,15]:

op 0
ot " o,
0 0 ey 0P _ 07, or5 s

a(pl%) * 8_%@%“]) * GIZ B al’j ailfj

(pus) =0

0 0 0 0
o Y ~__ | ~_SGS - SGS
—(pet) + —(per + P)uj = —(wiTy; + w7 7)) — =—(@; + ¢7)
ot 833j J 633j J 4 8$j J J
OcuoBoii cunTerndeckoro mMeroga Buxpst SEM (Synthetic eddy method)
SIBJIAETCsI PeHepaliist CKOPOCTHOIO CUIHAJA, C IPEIIICAHHBIM IEPBLIM U BTO-
PBIM MOMEHTAMHU B TPEXMEPHOM BUPTYaJILHOM 110J1e. B gannoii pabore MoMeH-
THI BTOPOI'O TIOPSIJIKA 3a1aI0TCsl B BHJIE HOPMAJIM30BAHHOIO CTOXACTHIECKOTO
currana u;(x,y, z,t), HaloXKeHHOro Ha cpejuee 3Hadenne U;(y) ¢ HCIOIB30-
BalleM pa3sioxKeHns Xoenxkoro A;;(y) n mpe/incantoro Ten30pa HalpsizKe-

uus Peitnosca R;i(y) |1-7]

uj(xayazat) = Uz(y) + ZAU?L(xaya Zat)7i = 17273
J

Bonasbibie MojeupoBarnsg RANS/LES Obuin BBIOIHEHBI, UCHOIb3YS
CBSI3BIBAIOIINIT METOJI, OCHOBAHHBII Ha 00beIMHEHHOI CHHTETHYECKON TypOy-
JIBHTHOCTH U Ha METOJe KOHTPOJIMPYEMOI'0 BO3/IECTBUS, KOTOPBIi, KaK ObLIO
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10Ka3aHo, ObLI A(PEKTUBEH IPU CO3AAHIHU ITOJTHOCTBIO PeaJIICTUIECKOM Ty ]P-
OyJIEHTHOCTH, 3aIlyCKAIOIIeHCsT ¢ CHHTETUIeCKON TypOyJIeHTHOCTHIO B HPE/ie-
JIaX KOPOTKOI'O pacCTOSHUS W BpeMeHU. B 9TOM MeTojie UCIOIB3YeTCs TIepe-
KpBIBAIOIIasicst 30Ha, B Kotopoii perrenne RANS obecrieunBaer cratuctutde-
CKHe JIAaHHbIE JIJId CUHTEeTUYECKON TeHepaliy TypPOYyJIeHTHOCTH U JIJId METOJIa
KOHTPOJIMPYEMBIX BO3JeiicTBII, ncioab3yeMbie B 30He LES. 9ToT MeTo 1 Mor
OBl TaKXKe MCIOJIb30BATHCA B AHAJOTMIHOM ITOTOKE B IMPE/IJIOZKEHHOM BUJIE
st moyinoro LES mojempoBanust, ecyin ObI UCIOJIB30BAIAChH Ta, YKe ILI0C-
KOCTb, KOTOpasi paszjesser nepexojnyio odjactb ¢ RANS B LES. B nesowm,
OBLIIN BBITIOJIHEHBI MHOTO YCIIETITHBIX 30HAIBHBIX MojiesmpoBannii RANS /LES
HEPABHOBECHBIX MOIPAHNYHDBIX CJIOEB. DTU MOJIEJUPOBAHUS MTOTIEPKIBAIOT,
4710 npapuibHoe repekodenne ¢ RANS B LES spBisiercst KpuTudeckKumM B 110-
JIy9eHUH TOYHBIX pe3yJsibTaroB B 3oHax LES. Hcnonb3oBanne ciHTETHYECKOI
TYpPOYJIEHTHOCTH B OJIHOM II€PEX0/ie MPUBOIUT K TOMY, UTO TYpPOYJIEHTHOCTH
B 30He LES ObIcTpo 3aTyXaeT, mopoxKasd HEMPaBUILHYIO CPETHIOI0 CKOPOCTD.
[Ipu ucnosb3oBanuu 30ubl Hastoxkennss RANS /LES merosa, B KoTopoit, 1to-
Obl yIpaBJISAThL HallpsizkeHreM cipura B LES K 3HadeHusiM, 1moJiydeHHbIM U3
RANS, mobaisieTcs MeTo]; KOHTPOJUPYEMOI'O BO3JEHCTBUS, KOTOPBIN a1
XOPOIINil Pe3yIbTaT M0 CPABHEHUIO ¢ MOJHBIM MojenpoBannem LES.
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Kiacrepuzalius cjiy4aifHOro moJIOKUTEJIbHOIO MOJIst
KaK 3aKOH IIPUPOJIbI

B.1. Kasauknu
Wucruryr pusurn armocepnr um. A.M. Obyxosa PAH
klyatskin@yandex.ru

Xaoc ecmb mecmo, smewarowee 8 cebsa ueoe.
HUmenno, ecau bvl o1 He A€HCAA 8 OCHOBAHUU,
MO HU 3EMAA, HU 8004, HU NPOYUE INEMEHMDL,
HU BECH KOCMOC HE MO2AU Obl U BO3HUKHYMD.

Cekcr Dmmupuk, Covunerus 6 deyx momax, pen. A.D. Jloces,
1. 1, Jlee xnuzu npomue dusukos, c. 318, M.: Mbicib,1976.

B croxactnuecknx, mapaMeTpudeckn BO30YIKIaeMbIX JUHAMUYECKUX CH-
cTeMax, B OTJIETbHBIX Pean3allisaX MoJ0KUTEIHHOTO CIydaiinoro nos f(r, t)
MOZKET IIPOUCXOINTD SIBJIEHNE KJIACTepU3any B (pa30BOM 1 (PU3HIECKOM IIPO-
crpaHcTBax. Kiacrepusalins CIydaifHONO 10JIsI — 9TO BO3HUKHOBEHME KOM-
IAKTHBIX 00J1acTell ¢ OOIbIIMMU BEJIMUYMHAMU JIAHHOIO 10JIsI Ha (POHE OKPY-
JKaIoux obJ1acTeil ¢ OTHOCUTEILHO HU3KNMI X 3HAaUeHusIMU. EcTecTBeHHO,
9ITO TPAJUINOHHBIE CTATUCTUIECKNE XapAKTEPUCTUKN (TUIIA MOMEHTHBIX
KOPPEJISIIIUOHHBIX (DYHKIHI JTI060r0 TOpsijika) He OTParKaroT siBJIeHUsT KJla-
crepuzanun. U ecim Kjacrepusanyst OCyIIECTBISIETCA B HPOCTPAHCTBE, TO
9TO MPOUCXOIUT B KOHKPETHBIX Pean3aliax IIOUTH BCErJa, T.e. ¢ BEPOsSIT-
HOCTBIO €IMHNIA, 1 XapaKTePU3YeTCs [1JIsi IPOCTPAHCTBEHHO - OJHOPOIHOI
CTATUCTUIECKON 3ajiatde CJIeIyIONUMI CBORCTBAMU:

1. C redeHneM BpeMeHH I10JI€ TOUYTH BO BCEX TOUYKAX IIPOCTPAHCTBA YObI-
BaeT (pasyMeeTcs, ¢ KAKIMU-TO (DJIyKTyarnusMi);

2. Ho, tipu 9TOM B camMoM IpoCcTpaHCTBe {7} BO3HUKAIOT 00JIACTH MAJIOTO
obbeMa, TJie 9TO ToJIe KJIaCTePU3yeTcs.

[Ipu sTOM CcTOXAaCTHYECKOE CTPYKTYPOoOoOpa3oBaHue 00yCIOBIeHO Auddy-
sueit caydaiinoro noss f(r,t) B ceoem azosom mpoctpancTse { f}. B sTom
clydae KJiacTepus3alius moJist Jiroboit npuposl f(r,t) sBisgercs odImuM CBOTi-
CTBOM JMHAMUYECKHX I10JIel, 1 MOXKHO CKa3aTh, YTO CTPYKTYPOOOPA30BAHIE
JIJIs1 JTIOOBIX TaKUX CJIYYaiHBIX I0JIell — 3aKOH IPUPOJILI.

Ha magasibHOM 3Tale mpocTpaHCTBEHHO-BPEMEHHOM IBOJIIONNN IIMHAMUIe-
CKOIl CHCTeMBI, OINCHIBAEMON YPaBHEHUSIMI B YaCTHBIX IIPOM3BOIHBIX, ITapa-
METpHYECKH BO30Y K IaeMoe MOJIOKHUTEbHOE Caydaiinoe nose f(r,t), oboit
LIPUPOJIBI, SIBJISIETCSI JIOTHOPMAJILHBIM U JjIsI Hero (hOPMYIUPYIOTCS YCJIOBHS,
IIPU KOTOPBIX KJIACTEPHU3aIsI OCYIIecTBIsgeTcs. Takne 3a1a91 BOSHIKAIOT B
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IUJIPOJMHAMIKE, MArHUTHON TUIPOAMHAMEKE, (PU3MKE ILJIa3Mbl, aCTPOMU3U-
Ke u pajuodusuke. [IpuMedarebHO, YTO STU YCIOBUSI UMEIOT HPO3PaUHbIii
busmKo-MaTeMaTHIeCKNil CMBIC, U OHU OIMCHIBAIOTCS Ha JTOCTATOYHO DJIe-
MEHTAPHOM MATeMATHIECKOM YPOBHE (HA OCHOBE Wjlefi CTATHCTHIECKON TO-
norpacun).

Crmcok anrepaTryphl

[1] http://gc.Ipi.ru/proceedings.html
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[3] V.I. Klyatskin, in Chaos and Complex Systems, Proceedings of the 4th
International Interdiscipl. Chaos Symp., Springer — verlag, 2013.
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DopMyIMPOBKA I'MAPOMEXaHNKN 0€3 TmIoTe3bl
IICEBA0OTBEPAEHUS >KNIKOM TOYKM

B.A. Kugazes

HUIT "Kypuarosckuit uncturyt . Akajgemuka Kypuarosa, ;1. 1, MockBa,
123182, Poccust

knyazev_va@pochta.ru

Kaccnueckast cucreMa ypaBHEHUN TIPOMEXaHUKHN (HECKIMAEMOTT K-
KOCTH) BKJIFOUAET YDABHEHUs HEPA3PBIBHOCTHU, UMITYJIbCA, MOMEHTA MMITY/Tb-
ca, SHEPI'UHU, & TaKrKe PeoJIOrnyecKoe COOTHOLIEHNE CBA3U TEH30Da HallpsizKe-
mnit 11 ¢ TEH30pOM CKOpocTeil gedpopmarun D. YpaBHEHUS MOMEHTa UMITYJTb-
ca U SHEPI'uU BBIBOJIATCI C UCIOJIb30BAHUEM TMIIOTE3bI 11CEBI00TBEP/IEHUS
Kot Touku. CrieficTBHEM 3TOr0 ABJISTIOTCs: (1) J0Ka3aTebCTBO CHMMET-

pUm TeH30pa HanpsizKeHuit u (2) ycraHojieHrne paBeHCTBa juccuranuu 11
KOTOpag Bcerjga HeorpuiarejbHa, U MOIIHOCTA BHYTPEHHUX CUJI 0, COOTBET-
CTBYIOIIEH TTPOM3BOJICTBY SHTPOINH, KOTOPasl JOJKHA ObITh HEOTPUIIATE b
HOI1 B ecTecTBEHHOM IIporiecce. [TocieHee yTBep K ieHne 03HAUaeT, YTO JIFOoe
JMHAMIYIECKHN BO3MOYKHOE JIBU2KCHIE COBMECTHMO € TPEOOBAHUSIMHI TEPMOIU-
HAMUKMA.

[Ipencrapiienne peaabHBIX XKUJIKNAX TeJ CILIONIHOI cpeioit, B KOTOPOii OT-
CYTCTBYET IOHATHE MaTepUaJbHONW TOYKU, IIPEAIIogaraeT, 4TO IIepeMeHHbI-
MH TEOPUHM MOTYT OBITH TOJBKO IIOJIEBBIC II€pEeMEHHbIe, T.e. (DYHKIUU TOY-
KII HEIIPEPLIBHOI'O IIPOCcTpaHcTBa. Jljis1 onmcanusi JUHAMUKE MaTePHUaIbHBIX
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TeJI BBOJUTCSI HOBas I0JIeBasl IepeMeHHas — JMHAMIIEeCKU TeH30D K . Ero
IIOTOK Ha 3aMKHYTYIO IIOBEPXHOCTH PaBEH HMIIYJIbCY TeJja, OI'PAHMIEeHHOIO
sroil nosepxuocreio. Ilo ompenenenuo, divK = OV, T.e. JUBEpPreHLNs JIM-
HAMIYECKOro TeH30pa K XapaKTepusyeT CKOPOCTDb IEHTPa Macc 3TOro TeJia.
urerpaibHoe ypaBHEHNE UMITYJILCA JJIsI 2KIJIKOIO TeJla, OrPAHIIEHHOTO 3a-
MKHYTO#l ITOBEPXHOCTHIO X, IPUHUMAET BU/I:

d ~ d~ . = =
E%[(.dg_% EKJrvdwK -dE—j{H'dz,

rje T = vdivK - CUMMETPUYHBII TEH30D MOTOKA UMILYJILCA.

[Ipumenenne JUHAMIYECKOTO TEH30pa He MEHSET BUJIA JIOKaJIBHOI'O ypaB-
Henust uMmiysabca. [lpunnmas peosorndeckoe coornomienne II = 2uD, momy-
quM ypaBHenne asuzkernst Hapbe-Crokca.

UuTerpasibHoe ypaBHEHNE SHEPTUN UMEET BUJI;

7{17- %I?Jrf—ﬁ -dZ:—/a-dT.

3 j10Ka/IbHOIO YpaBHEHNA BbIICJIACTCA COCTABJIAOIIAA N3MEHCHNA KIMHE-
TUYECKOI SHEPIun neHTpa MacCChbl 2KAKOI'O 3JIEMEHTa 1 I10JIydaeTCd ypaBHE-
HHYE HEPIrun ABM2KEHNA OTHOCUTEJ/IbHO TOYKH LEHTPa MaCC 2KIMAKOI'O 3JIEMEH-

Ta:
2

gradﬁ:%[?—kﬁ:f:@—a, Pﬂeﬁ:f:U-grad%,
KOTOPOE YTBEPKIAeT, YTO TEeMII U3MEHEHWs SHEPI'UH OTHOCUTEILHOTO JIBUKE-
HIS HEe MOYKET ITPEBOCXO/IUTD Juccutiaiyi. [[puBoggaTes paciersl, oKa3biBato-
mue, uro pertenus ypasuennit Hapbe-Crokca cofiepkar 0bJIacTi TedeHMs, B
kKoTOpbIX 0 < 0. B 6e3pazmeprom Bujie JuHAMIYIECKH BO3MOYKHOE JIBHZKEHNe
COBMECTUMO C TPEOOBAHUSIMI TEPMOITHAMUKH, €CJIH:

1 = == ~ ~ o~

—&—D:T>0, tue ® =2u(D : D).
Re

OTHOCUTEILHOE BJIUSHUAE JUCCUIIAIINE YMEHBIIACTCS € YBEJIMUEHUH THC/Ia
Re, T.e. Teuenns, TepMOJMHAMUYECKI BO3MOYKHbBIE TIPU HEKOTOPBIX OTHOCH-
TeJILHO MAJIbIX 3HAYEHUsIX e, MOryT epecTarb ObITh TAKOBBIMU IIPH JIOCTa~
TOYHO OOJILIINX 3HAUEHUAX Re.

[Tosryuentoe HepaBEHCTBO SABJISIETCS KPUTEPUEM TOTO, YTO B PACUYETHBIX
TOYKAX, IJIe OHO HAPYIIAETCs, JIOJIZKeH ObITh CKOPPEKTUPOBAaH TeMIl jedop-
MAITIU T0JIST CKOPOCTU. Y PaBHEHUe UMITYJIbCA He JaeT KOHKPETHBIX PEKOMeH-
JaIuil il TaKo KOPPEKTUPOBKU. Takme peKOMEHJIAIUU JIAeT ypaBHEHMe
MOMEHTa, UMITYJIbCA.
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Ornpenenss KUHeTHIECKUIT MOMEHT Kak L = f (F X K > - d ¥ UCKJIIOvast

COCTABJIIOIILYI0 MOMEHTa, KUJIKOT'O dJIeMEHTa KakK MaTepuaJibHOIl TOYKH, I0-
JIYYUM COCTABJIAIOILYI0, KOTOPas OlpeesisieT BOBHUKHOBEHIE COCPEJIOTOYEH-
HOI'O MOMEHTA YKIJIKOTO 3JIeMeHTa (TOYeUHBIN BUXPb WM BUXDeBasi TejIeHa ),
PN 3TOM C HEOOXOJIMMOCTBIO TOSIBISIOTCS JIONOJTHUTEIHLHbIE HECUMMETPI Y-
Hble KOMIIOHEHTHI TeH30pa HaIllPIzKeHnil.

MexaHuka CILJIOIIHON Cpejbl JIOIYCKaeT JH00e Cy:KJIeHHe OTHOCHUTE/IbHO
TeH30pa HalpsizkeHuil. Paszperenne npodeMbl Hy?KHO UCKATh B MOJIEJINPOBa-
HUU CBOICTB CILIONIHOM cpebl. VcenenoBanne ypaBHeHNS SHEPTUN TTOKA3AJI0,
YTO TOJIBKO PEOJIOTMYECKOli MOJIeJIn He JIOCTATOYHO.

[Tonydena cucreMa ypaBHEHHUI, B KOTOPOIl cTaHapTHad CUCTEMa JIOTIO0JI-
HEHa YDABHEHUEM SHEPTUH OTHOCHTETHHOTO JBIZKEHUsT (YPABHEHUEM TIPOI3-
BOJICTBa SHTponmu o). B pacderHbix Toukax, 0 = o < 0, reHepupyercs

—0*
v

BOSMYIICHNE 3aBUXPEHHOCTHU w* ~

[IpuBossiTes npumepsl pacdera. V3 jpaHHOil pabOThI cjeyer, YTo TypOy-
JICHTHOCTb — 3TO €CTEeCTBEHHO TeYCHUE KUJKOCTHU, YIIPABJIAEMOE YCJIOBUEM
HeyObIBaHUs SHTPOINUN B JIEHCTBUTETHLHOM ITPOIECCE.

MopaenupoBaHue CBOMCTB MaTepPUaJIOB U
PUBNKO-XUMUIECKIX ITPOIEeCCOB HA OCHOBE II€PBBIX
IIPUHIIAIIOB B MEeXaHUKEe

B.JI. KoBaJsieB

Mockosckmii rocynapcersennnlii yuupepeureT um. M.B. JIomoHocoBa,
MeXaHUKO-MaTeMaTHIeCKHUI (PaKyJIbTeT

valerykovalev@yandex.ru

[lepcrieKTUBBI Pa3BUTHA HAYKOEMKHUX OTpacjeil MPOMBIIIIEHHOCTH TPedy-
10T TTPOBEJICHUST HOBBIX NCCJIEIOBAHUI (PU3UKO-XUMUIECKUX ITPOIECCOB B 9KC-
TPEeMaJIbHBIX YCJIOBHUSIX U IPU KOHCTPYHPOBAHUU HOBBIX MaTepuasoB. Oco-
OEHHO aKTyaJIbHBIM CTAHOBUTCS Pa3BHUTHE IIPejcKa3aTebHOI0 MOJIEINpOBa-
HU, UCIIOJIB3YIOIIEr0 METOJbl KBAHTOBOI MEXaHUKM U MOJIEKYJIAPHON 1u-
HAMUKHN. Takue MoJX0JIbl CTaJIu BO3MOXKHBI B ITOCJEHEE BpEMsS Ha OCHOBE
BBIYMCJIUTEJIbHBIX CYIEPMOIHOCTEI.

B pabote npuBougaTcsa pe3y/abTraThl UCCIeI0BAHMI, IPOBEIEHHBIX HA OCHO-
BE€ METOJIOB MOJIEKYJIAPHOI JUHAMUKN U KBAaHTOBOII MEXaHUKU, CBA3aHHbBIE C
uccJeJJoBaHueM KaTaJUTUYECKUX CBONCTB TEIIO3AIIUTHBIX HOKPBITUIT MHO-
ropa30BbIX KOCMUYECKHX allllapaToB U aJICOPOIMOHHBIX CBOMCTB YTIJIEPOTHBIX
HAHOCTPYKTYP. Takue MeToJbl IMO3BOJIMIA TaKyKe pas3padoTaTh MHOT'OYPOB-
HEBbIEe MOJIeJIM U COOTBETCTBYIONIUE ITPOIPAMMHBIE CPEJICTBA UX peau3allin
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TSl UCCJIEJIOBAHUS HEPABHOBECHBIX (DUBNKO-XUMUYECKUX ITPOIECCOB B Iep-
CIIEKTUBHBIX aBHAIlMOHHBIX JIBUTATE/ISIX U SHEPIeTUIeCKNX yCTaHOBKax. Teo-
peTnyeckoe OoNucannue MO3BOJNIO CYyIECTBEHHO YMEHBITNTEL 00beM dKCIIepH-
MEHTAJILHOI PAabOTHI MIPU UCC/IC/IOBAHII TaKUX 3a/1ad.

PabGora Beinosinena mipu nojiepkke PODOU (nipoexktsr Ne 11-01-00280 u Ne
13-01-12091- ocu-m).

O Pa3BUTUUN 1I€CHaHbIX BOJIH B HAIlIOPHOM KaHaJIe
FO.I'. Kpar
JBI'VIIC, Cepsbimrea, jom 47, Xabaposck, 680000, Poccrst
kratyuliya@mail.ru

B pabore npeiozkena MaTeMaTHYeCcKas MOJIEb 3aJa9 O PA3BUTHN JIOH-
HOI1 TIOBEPXHOCTY B HAIIOPHOM KanaJie. Moje/b BKIo4YaeT B cedd JIMHeapus30-
BaHHbIC YPABHEHUSI JIBUKCHIST BOJHOIO IIOTOKA, YpaBHeHue DiicHepa, onpejie-
JISTIOIIEE BOJIIOIMIO JOHHOI HOBEPXHOCTH ¥ OPUTMHAILHYIO (DOPMYILY JIBUKE-
HIS BJIEKOMBIX HaHOCOB |1|, yuurbiBatoras Biusiane (bU3nKo-MeXaHUIeCKIX
XapaKTePUCTUK JOHHOIO MaTepuaJa U HePOBHOCTU JOHHOI MOBEPXHOCTH Ha
TPAHCIOPT BJIEKOMBIX HaHocoB. [Ipesioxken ajiroput™ pacdera 3a1adu, yau-
THIBAIOIINI JIABUHHOE J[BIZKEHHIE JIOHHOTO MaTepuasa |2|.

B paMKax IpeIoyKeHHOH CTOXaCTHIecKOoil Mojaeaun pOpMUPOBAHUA JIOH-
HBIX BOJIH [IOJIyYeHbl YACICHHBIC 3aKOHOMEPHOCTHU, OLPEIEIAIONIIE POCT JIJIN-
HBI BOJIHBI BO BPEMEHH, B 3aBUCUMOCTH OT XapaKTePUCTUK I'MJIPOMHAMIIC-
CKOT'O TI0TOKA 1 (PU3NKO-MEXAHNYECKNX U IPAHYJIOMETPUUCCKIX M1APAMETPOB
JIOHHOTO MaTepHaJa. BBIIOJHEHO CpaBHEHHE MOJIYYEHHBIX 3aBUCHMOCTEl ¢
M3BECTHBIMU SKCIIEPUMEHTATBHBIMU JTAHHBIME |3)].

Crmicok aurepaTyphl

[1] Tlerpor A.T., Ioranos N.M. O passurum BO3MYIIEHUIT MeCIaHOTO JHA
kanasta // dokmager Axagemun mayk. 2010. - T. 431. Ne 2. - ¢. 191 - 195.

2] Kpar FO.T"., [Toranos N.M. Mojiesib cTOXaCTHIECKOTO PA3BUTHST JIOHHBIX

BostH // Bectruk ¥Vmmyprckoro yausepcurera. 2013. - Beim. 2. - ¢. 85 -
91.

[3] Stephen E.Coleman, Juan J.Fedele, Marcelo H.Garcia. Closed-conduit
bed-forms initiation and development // Journal of Hydraulic
Engineering. - 2003. - Vol. 129, Ne12. - p. 956 - 965.
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NccnenoBanme TypOyJIe€HTHBIX IIIYMOB OOTeKaHUs:
9KCIIEPUMEHT B IJIyOOKOM MoOpe

E.B. Kynames, B.A. Koabmraunpsra, B.I1. Mapmios

Nucruryr kocmmaecknx uccegopannii PAH, 117997, Mocksa,
[Ipopcorozrast yi., 1. 84,/32
KpbLiosekuii Hayuanbriit Lentp, 196158, Cankr-Ilerepoypr, MockoBckoe
mroccee, 1. 44

kudashev@iki.rssi.ru, marshov41@mail.ru

B jokjajie mpejicTaB/ieHbl pe3yJibTaThl SKCIIEPUMEHTAIBHBIX HCCIIEI0Ba~
HUIl CTATUCTUIECKNX XapaKTEePUCTUK TYypPOYJIEHTHBIX MYIbCAITIIT 1aBICHUS B
ycsioBusx riyookoro mops. B 1974 r. akagemuk M./l MuiinoHmmukoB o6-
paTu BHUMAHUE SKCIEPUMEHTATOPOB Ha, TO, 9TO «YUeHue o TypOyJIeHTHO-
CTU OKa3bIBAETCsl MHOTJIA 1101 BJIUAHIEM HEJIO0OIEHKN 3HAYEHIST SKCIIEPUMEH-
TAJTBHBIX JIAHHBIX U OOIIIX 3aKOHOMEPHOCTEH, MOyIaeMbIX U3 SKCIIePUMeH-
Ta...Hanbosiee mpsmMbiM Oy/1€T TOT My Th, HA KOTOPOM MBI, OIUPasiCh Ha SKCITe-
pUMeHTaJIbHbIE 3aKOHOMEPHOCTHU, CTPONJIN OBI MOJIEN, OObACHATONIIE ITH 3a-
KOHOMepHOCTU» [1]. B HAIMX necsieoBanusaX py MHTEPIPETAINNA IKCIIEPU-
MEHTAJILHBIX JJAHHBIX, HCKAXKEHHBIX N3-3a OCPEITHEHNUS MYILCAINN TaTIIKOM
KOHEYHBIX Pa3sMepoB, YTOObI BOCCTAHOBUTDH HEMCKAYKEHHbBIE CIIEKTPHI, MPUXO-
JINTCSI CTPOUTH KOPPEKTUPOBOUHBIE (DYHKITHH, KOTOPhIE, B CBOIO 0Uepe/ib, 3a-
BUCST OT TOI'O, HACKOJIBKO PEAJUCTHIHBI UCTIOJIL30BAHHBIE MOJIEN UCCIIETY-
eMbIX TypOyJIeHTHBIX moJjeil. [[yiss Toro, 9To0bI OTKOPPEKTUPOBATH CIIEKTP
MOIIIHOCTHU TYPOYJIEHTHBIX MY/IbCaIliil, MCKAXKEHHDbII TTPU M3MepeHusix, Heob-
XOJIUMO 3HATH B3AMMHbIH CIIEKTD IyJIbCaliil, T.€. 0 TyOyJIEHTHOM I10JIe HYKHO
3apaHee 3HATH OOJIbIIIE, YeM Mbl XOTUM B HEM H3MepUTh. [lJisi IpoBejieHnst
9KCIIEPUMEHTABHBIX UCCIEOBAHNN THAPOINHAMITIECKIX IITYMOB OOTEKaHNUS
B CyxyMckoit akBaTopun HepHoro Mopst pazpadborana ABTOHOMHAasT MOPCKast
JabopaTopust. Pa3BUT HOBBII METOJ| UCCICIOBAHUS CTATUCTUYECKUX XapaK-
TEPUCTUK TYPOYJIEHTHBIX Iy/JbCaIlUil JaBJIeHUA B YCJIOBHUSX IIyOOKOIO MO-
psI, OCHOBAHHDIN Ha MPUMEHEHNN BCILIBIBAIONINX yCTPOicTB. BemmbiBaloniee
YCTPONCTBO TpeJICTaBIsgeT coOO0il YA TMHEHHOE TEJI0 BpAIeHNd, UMeolee B
HOIPY?KEHHOM COCTOSTHUN W30BITOYHYIO apXUMEJIOBY IIJIABYYECTh M IO ITOIl
IPUYNHE CIIOCOOHOE CaMOCTOATEIBHO BCILIBIBATHL U3 TVIYOOKOBOJIHBIX YacTeil
MOPCKOII aKBaTOPUHU, KyJa OHO TPEIBAPUTETHLHO JOCTABJISETCS € TOMOIIHIO
CHeNMaIbHBIX 3arTyO/IdIoNux mpucnocodaenuii. PexkuM Tedenust B morpa-
HUYHOM CJIO€ BCILIBIBAIONIETO YCTPONCTBA MPAKTUYECKW Ha BCeil ero JiimHe
sIBJIsIeTCs TYPOYJICHTHBIM, C IPAUEHTOM CPEJIHEro JaBJIeHIs, PABHBIM HYJIIO.
OcHoBHOE BHUMaHUE P co3aHun ABTOHOMHOII j1abopaTopuu ObLIO COCpe-
JIOTOYEHO Ha MOJICJIMPOBAHIHI NHTErPATbHBIX KHHEMATHUEeCKIX U JTUHAMITIC-
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CKUX XapaKTEePUCTUK MOTPAHUYHBIX CJIOEB Ha KOPITYCaX CyJ/IOB M SKCIIEpUMEH-
TAJTHLHOM OTIPeJIeJIeHNN CIIEKTPOB TYPOYJIEHTHOIO TIyMa.

B pesynbrare Oblia co3iana ABTOHOMHAasT MOPCKasi jrabopaTopusi, OCHa-
IMIeHHAs JJATIMKAMU TYJIbCAIII JlaBJeHns, udpoBOil perucTpupylomeit ar-
napaTypoil U CHCTEMOIl aBTOMATHYECKOTO YIIPaBJIEHUs IPOIECCOM M3Mepe-
HUsI, CIIOCOOHas1 3(PPEKTUBHO padOTaTh B MOPE IPU BCILILITUN C TJIYOUH J10
200 M ® CKOpOCTSIX BCILIBITHST JO 3HadeHnit 25 m/c. [IpuHmumiel, peaanso-
BaHHbBIC TIPU CO3/IAHIK BCILIBIBAIOIINX YCTPOMCTB, MO3BOJISIIOT OCYIIECTBIISTD
CJIOYKHBIN aKYCTHKO-THPOIMHAMUIECKIIT SKCIIEPUMEHT B TYPOYJIEHTHOM I10-
IPAHIYHOM CJIOe TIPU BBICOKUX 4ucaax Pefinosbica (1o 3nadennit 108) B aB-
TOHOMHBIX YCJIOBUSX, O€3 BMeIaTeIbCTBA OllepaTopa, TPaKTHIeCKN He NCKa-
JKEHHBIH MOCTOPOHHUMU TTOMEXaMHU.

B cepun sKcriepuMeHnTOB ITPOBEJIEHO OOJIBINIOE KOJNIECTBO N3MEPEHNT CIIeK-
TPOB MOITHOCTU ¥ B3aUMHBIX CIIEKTPOB TYPOYJIEHTHBIX ITY/IbCAIUI JTaBICHUS
TOYCTHBIMU JTATUYNKAME JTHaMETpoM 1.3 MM U ypOBHEl CUT'HAJIOB, BOCIIPUHNU-
MAEMBbIX MMPOTSIKEHHBIMI 303/ IEKTPUIECKIMI TTPeodbpa3oBaTe/IsIMI TaBJIe-
nus auaMerpom 20 MM. HacTOTHBIHN uana3oH UCCaeJ0BAHIS TYpPOYJIeHTHOTO
mryma paciupet 1o 80 k', [IpeacraBiien xapakTepHBIi BUJL CIIEKTPOB MOIII-
HOCTH TYPOYJIEHTHBIX JABJICHUIT Ha MOBEPXHOCTHU BCILIBIBAIOIIETO YCTPOHCTBA,
ABTOHOMHOI MOPCKOIl JtabopaTopun. B n3MepeHHbIX crieKTpax oOHAPYZKEHBI
HeOKHIJIaHHble 0COOEHHOCTU: Tepernd craja crnekTpa Ha 8-10 Kri m momab-
eM BBICOKOYACTOTHOI 00s1acTi crekTpa BILIOTH j10 dactor 80 Krip [5]. Bei-
MOJIHEHHBIN aHaIN3 Ha OCHOBE TEOPHUH Pa3pertaionieil cltocoOHOCTH TaTINKOB
KOHEIHBIX pa3MepoB |2, 3| mo3Bosimt 00bsicCHUTH 9TH ocobertnocTu. M3mepen-
HBIII CIIEKTP OBbLI OTKOPPEKTUPOBAH Ha BJMSAHIE pa3Mepa Mpeodpa3oBaTeIs
C HUCIOJIb30BAHIEM KOPPEKTHPOBOYHOMN (DYHKIIMH, TOCTPOCHHOMN 110 MOJIE/IH
B3aMMHOI0 criekTpa Kopkoca, W (OyHKITUH, TTOCTPOEHHON 1O JBYyXIapaMeT-
PUYECKOil MOJIeIM B3aMMHOTO CIIEKTpa, MpeioyKeHHOil CMOIbsKOBBIM [4].
KoppekTuposka crieKTpoB TypOyJIeHTHOTO JIaBJIEHUS Ha OCHOBE MOJIETN B3a-
NMHOIO criekTpa Kopkoca npuBesyia K IPOTHUBOPEUYMBLIM pe3y/bTaraM B 00-
JIACTH BBICOKUX JacTOT. KoppeKTHpoBKa Ha OCHOBE JIBYyXIapaMeTpPUUIecKOit
MO/JIEJTN TIPOTHO3UPYET HoJiee CUIbHBIE UCKAYKEHUs CIIEKTPa 110 CPABHEHUIO C
Kopxkocom. @yukimst CMOJIbIKOBA IIPY YBEJIMIEHUN 9aCTOTHI CIIaJ[aeT HEe MO-
HOTOHHO, & ¢ HEKOTOpbIMu (uiykTyarmsamu (¢ nepernbamu). C dbusmaeckoit
TOYKH 3PEHN BO3HUKHOBEHIE TTepernd0B N3MEPEHHBIX CIIEKTPOB Ha BHICOKIX
JaCcTOTaX 00bICHAETCA T€M, YTO pacipe/ie/ieHue SHEPTUH 110 BOJTHOBBIM HHC-
JIaM B 9aCTOTHO-BOJIHOBOM ITPOCTPAHCTBE [IJIsT MOJIEJIN B3aMMHOIO CIIEKTPa
CMoOJIbIKOBa TOJIy4daeTcss 060jiee KOMIIAKTHBIM, UTO 9KBUBAJIEHTHO OOJIbIIE
CTETIECHN «3aMOPOXKEHHOCTH» 1T0JI TYPOYIECHTHDBIX faB/ienuit. Vcnoib3oBanne
JIBYXTIApaMETPUYIECKON MOJIe/IN B3AUMHOTO CIIEKTPa JjIs1 IepecueTa m3MepeH-
HBIX CIIEKTPOB TO3BOJINJIO YCTPAHUTh HAO/IIO/IaeMOe B 9KCIIEPUMEHTE BO3HUK-
HOBEHUE TIEPEruO0B CIEKTPOB U MOJYYUTH JIJIsI [IPEJICTaBICHUS 9aCTOTHOIO
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CIIeKTpa TYPOYJIEHTHBIX JIABJIEHIH MOHOTOHHBIN (63 1meperuboB) crajy Criek-
TPaJIbHbIX YPOBHElN Ha BBICOKUX YaCTOTaX.
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Metoa noaunomoB Jlareppa B 3ajavax BOJIHOBOIA
MeXaHUKN CTPYKTYPHO-HEOIHOPOIHBIX TeJI

Buranuit I'anaziok, Urops Ky3s, Urops Typuun

JIbBoBCcKmIT HAITMOHAJIBHDBIH yHUBEpcuTeT nMenu Vamna @Ppanko, yiI.
Yuupepcurerckas, 1, JIbos, 79000, YkpanHa

ihorkuz@yahoo.com, ihorturchyn@gmail.com

MaremaTnueckoe MoJIeJINPOBaHNE HECTAIIMOHAPHBIX (PU3UKO-MEXaHUIIECKIX
IIPOIECCOB B HEOJHOPOJIHBIX 3JIEMEHTaX KOHCTPYKIIUIT, UMEIOIINX TeXHOJIOTU-
qeckue JeeKThl CTPYKTYPbI (HAIIOJHUTE/TH, BKIIOUEHHsI, TPEIIMHbl U T.1.)
4acTO IPUBOJUT K CJIOKHBIM U MaJIOUCCJIE/IOBAaHHBIM 3ajJadaM MaTeMaTHh-
yeckoit pusuku. Haiitn perienne Takux 3ajiad TPaJUITUOHHBIMUA METOIAMM
odeHb cJ0xKHO. [losToMy B mociiemHee BpeMd B HaydHOI JMTepaType IMpH
MCCJIEIOBAHII TAKOI0 Pojia, PU3UKO-MEXaHUICCKUX IIPOIECCOB UCIIOJb3YIOT
IUCJIEHHBIE METOJbI (B OCHOBHOM METOJ KOHEUHBIX 9JIEMEHTOB WJIH METOJ
IPAHIIHBIX 9JIEMEHTOB ¢ MHOTOYUCIEHHBIMI MOJAUMUKAIIAMIE ), & TaKyKe 0C-
HOBaHHbIE Ha TUX METOJaX MakKeThl MPUKIJIHLIX IporpaMM. Hecmorps Ha
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BBICOKYIO 3(P(MEKTUBHOCTL ITUX METOJIOB B MPUKJIAJTHBIX WHKEHEPHBIX UC-
CJICJIOBAHUAX J1Ie(POPMUPOBAHIS 3JIEMEHTOB KOHCTPYKITUI U3 TPaUIMOHHBIX
MAaTEPUAJIOB, TPU PACCMOTPEHNN HOBBLIX OOHEKTOB, OCHOBAHHBLIX Ha IpUMe-
HEHUU COBPEMEHHBIX MHYKEHEPHBIX PeIeHnil 1 TeXHOJIOTUi, CyIIeCTBYIOIIIe
YUCJIEHHbIE TIOJIXO/IbI ¥ aJITOPUTMBI JIJIsd IOy YeHUS JJOCTOBEPHBIX KAK B KOJIU-
YECTBEHHOM, TaK 1 B KQUEeCTBEHHOM ILJIaHE PEIeHnil TpeOyIoT olpeeIeHHO
KOPPEKINN 1 ycoBepIeHcTBoBanuA. B nadane 90-x Ha Kadeipe MeXaHIKH
JIbBOBCKOTO HaIMoHaJbHOrO yHuBepcuTeTa nMenn Bana dpanko moj py-
koBojicTBoM B.A. T'astazioka 0ObL1 pazpaboran u anpodupoBan 3 ek TUBHbBIT
METOJI PeIIeHnsT Haua IbHO-KPAeBhIX 3a/1ad MaTeMaTuIecKoil (hU3UKN — METO/I
noyinnoMoB Jlareppa. 3a mocjeHmne JecaTHIeTus 9TOT METOJ ObLT Pa3BUT,
B YACTHOCTHU, Ha MIUPOKWI KJIacC JUHAMUYECKUX 3ajJad g CTPYKTYPHO-
HEO/IHOPOJIHBIX Tesl. B JoK/Iajle paccMaTpUBAIOTC TEOPETHIECKUE OCHOBBI
MeTo/1a IIOJIMHOMOB Jlareppa, a Tak»kKe 0COOEHHOCTU €ro IPUMEHEHUs K JIi-
HAMIYIECKUM 3a/la9aM TEOPUH YIPYTOCTH CJAOUCTHIX TIJIOCKUX W IUJINHIPUIe-
CKUX TeJT U K HeCTAITMOHAPHBIM 3a/ladaM BOJHOBOI MeXaHWKN CO CMeNTaHHbI-
MU KPaeBLIMH YCJIOBUSIMU.

OcobeHHOCTII BUXPEBOI'O IIepeMENINBAHNAS UMIIYJIbCA 1
TellJia B aTMOC(EePHBIX TeUeHUIX IIPHU yCTONYIMBOIA
cTpaTnduKaInm
A.®. Kypb6anxkwuii, JI.U. Kypbankast

HNucruryT Teopermdeckori n npukjiagaoi Mmexanukn um. C.A.
Xpucrunanopuda CO PAH, r. HoBocnbupck
WNucTuTyT Berauc/mreibHON MaTEMATHKH H MaTeMaTHIeCKOH reopu3nKu

CO PAH, r. HoBocubupck
kurbat@itam.nsc.ru, L.Kurbatskaya@ommgp.sscc.ru

RANS cxema Typ0Oysentaoctr [1], BKtogarormast 3¢ ekt BHYyTpeHHUX rpa-
BUTAIIMOHHBIX BOJIH, IPUMEHEeHa, JIJIsl aHaJIn3a 0COOEHHOCTEel BUXPEBOrO Iie-
peMeNInBaHNs B YCTONINBO CTPATUMUIIIPOBAHHOM aTMOC(HEPHOM ITOIPAHITY-
woMm ciioe (AIIC) u B cBobosHOIT aTMocdepe (BepxHeit Tporocdepe 1 HIKHE
crpatocdepe).

1. RANS cxema mypbysenmuocmu das ycmotivueo cmpamudu-
UUPOBAHHBIL 2e0huduveckur meveruti . BbipakeHusi iJisi BUXPEBBIX
kKo dunrerToB auddy3un UMIIYJIbCa U Telia MOI'YT ObITb BbIBEJICHBI U3
3aMKHYTBIX YpaBHEHHUI [TepeHoca Jjisi IOTOKOB NMIIY/IbCA U TeIlIa B IPUOJIN-
JKeHnu ¢1abo paBHOBECHOiT TypOyieHTHOCTH [1]:

o ov
0z’ 0z
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K, = EySy, K), = Ep.Sy, T

e Sp = 5 m(Gp, N, 7,62, Sy = % fu(Gh, N) - crpykryphbie dyHKIjm;
Ye = Ye(Gm, Gn, N, 7, 62) - TeMiepaTy pHEL TPOTHBOIPAMEHT, KOTODbIIi BKIIO-
"aeT BKJIaJl KPYIHBIX BUXpeill B mnosmbii notok. Gy, = (15)%,G), = (TN)?
D = D(G,Gy),m = Ei/e, Ex, = Wu;/2 - kxuneTndeckast SHeprusi Typoy-

nerarnoct (TKE), a e- crnekrpanbroe pacxomosanue TKE, N = (ﬁg%—?l/ 2

qactora miasyuecru, S = ((OUOz)? + (0V/92)Y?) - seprukaibubiii cpur
cpeaHeil ropusonTabHOl ckopocT. Tpu mapamerpa TKE, € u aucnepcus
TemIepaTypHbIX (GJIyKTyanuii 02 HaxosITcst U3 pelleHns: ypaBHeHuii mepeHo-
ca [1].

2. Buxpesoe nepemewusarue: koappuuuenmsv, duddysuu um-
nyasvca u menaa 8 ycmotiwuso cmpamuguuuposarrom AIIC. C po-
crom yeroitunoctu AIIC BepTuKabHBIN TIEPEHOC UMITYJIbCA U Terlia TypOy-
JIEHTHBIMI BUXPSIMHU CYIIIECTBEHHO ocaad sgeTcs crpaTudukaiueil. Bospacra-
IOIIast IIPY 9TOM aKTUBHOCTH BHY TPEHHIX I'PABUTAIIMOHHBIX BOJIH CIIOCOOCTBY-
eT TOJJIeP:KAHII0 NMITYJIbCa TeUeHHsI, HO He Tellia. BkiodeHnne B Tpexiapa-
MeTprieckyio B — e— < 62 > RANS cxemy crpaTuduiumpoBatHoil Typoy-
nertHoCTH [1] 3chbbekTa BO3MeiCTBIS BHY TPEHHIX BOJTH HA [IEPEHOC NMITYJIbCA
MI03BOJISIET KOPPEKTHO BOCITPOU3BECTHU MTOBEJICHNE BUXPEBLIX KOI(DMUITMEHTOB
muddysun nmiybca n Teita (puc. 15) B coryiacun ¢ JaHHBIMU H3MEpeHuit
B armocdepe [2].

3. Buxpesoe mnepemewusarue: koaphuuyuernms. dupdysuu um-
nyavca u menaa 6 c6o0bodHoti ammocgepe (eepxrreti mponocdepe u
nuatcHett cmpamocgepe). uddy3nonnbie Mporecchl MajblX KOMIOHEH-
TOB B BepxHeil Tpornocdepe n HUXKHElN cTpaTocdepe CyMeCTBEHHBI JIIA TJI0-
6aTbHOTO MOTEIICHIS KJIUMAaTa, UCTOIMIEHIA CTPATOC(EPHOTO 030HA W TIPO-
6J1eMbl TPAHCTPAHUIHOTO 3aIrPsA3HEHUS BO3/1yXa, ITOCKOJILKY OHU PEryJInpyIoT
MaccooOMeH MexK 1y Tporocdepoit u ctparocdepoit. B Bepxneii Tponocdepe u
HUZKHEl cTpaTocdepe BO3/IyX 0OBITHO YCTONYINBO CTPATU(MUITMPOBAH U BHYT-
pEHHIE TPaBUTAIMOHHBIE BOJIHDLI, NHIYIIUPYyEeMble T€UCHUEM B MTOTPAHUIHOM
c0e, 1 oporpadus oKa3bIBaIOTCd JoMUHUPYIonuMu. ['enepamus TypOyienT-
HBIX BUXPEH B 9THX aTMOC(HEPHBIX CJI0SIX ITPOUCXOUT CIIOPAJINIECKH, KOIjia
I'PABUTAINOHHBIE BOJTHBI pa3PyNIAIOTCA, I BOSHUKAET C/IBUTOBas HEYyCTONYN-
BOCTb. DTU TYypOYJIEHTHBIE BUXPU MEPEHOCAT UMITYJIbC U MACCy, pa3pyliasch
3aTeM ILJIABYYeCTho M Ba3kuMu cuyamu. Ha puc. 16 mpejcraBieHbl BepTU-
KaJIbHbIe TTpoduIn BUXpeBoro kodddunuenTta auddy3un nMmiyibca K, |
BBIUUC/ICHHBIE TI0: JBYXIIApAMETPIYECKIM CXeMaM TYPOYIeHTHOCTH (ITPIX-
nyHKTHpHas JuHus, "crapgapraas"k — € Momgenab TypOyJIeHTHOCTH, ITYHK-
TUPHAs JUHUS C JIByMs IITPpUXaMHU, ajredpandeckas k — € JByxXnapaMeTpu-
yeckasl Mojlesib), U Tpexuapamerpudeckoil £ —e— < 6% > RANS cxeme
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TypOysIeHTHOCTH (TOJICTast TpuxoBast JinHus). Puc. 16 nokasbiBaer ckopee
KaueCcTBEHHOE COTJIACKe, BHIYUCIEHHOTO 110 JIBYM k — € MOJIeIsiM TYpOyJIeHT-
HOCTH, BEPTUKAJIBHOI'O paclipejie/ieHns] BUXPeBoro koddduimenta auddy-
3UU UMITYJIbCA C €ro MPsSIMO M3MEPEHHBIM aHAJIOroM. XOpolllee COorjiacue ¢
u3MepeHHbIM TpoduieM Kosbdunuenta K, (TojicTas CIUIONIHAS JTUHUS HA
puc. 16) nmokasbiBaer podusib (TOJICTAsT ITPUXOBAST JIMHUSA ), BBIYUCICHHbIT
o Tpexmnapamerpudeckoit RANS cxeme TypbynentrocTn. MoxKHO cienaTh
BBIBOJI, UTO MPUOJINKEHIE CJIaD0OPABHOBECHOM TYPOYJICHTHOCTH, MOJIOKEHHOE
B OCHOBY BBIBOJIA IIOJIHOCTBIO sIBHOI Tpexmnapamerpudeckoit RANS cxembr
reou3nIeckoil TypOyJIeHTHOCTH, (pusnydeckn OoJiee aKKypaTHO YIUThIBAET
BO3JleiicTBUE cTpaTuduKalun B BUXPEBbIX Koadduimenrax auddysun. B
BepxHeil Tponocdepe u HIKHEN cTparocdepe (aTMOChEPHBIX CIOSIX OT 4KM
710 8kM 1 0T 14 KM 70 18 KM, cOOTBETCTBEHHO), Hab0[aeMble 3| 1 BbIUmC-
JeHHbIe 110 Tpexmnapamerpudeckoit RANS cxeme koaddurnmenTsr BuXpeBoii
nnddy3nn UMITyJIbca U TEIJa, OKa3bIBAIOTCS CPABHUMBI MO TIOPSJIKY BeJIN-
qunbl, Kj ~ K,,. 9T0 opa3suTebHO KOHTPACTUPYET ¢ BHENIHE 00J1acThIO,
CJI0EM TeTeporeHHoit Temueparyproit uasepcun, ycroitauoro AIIC, rie or-
womenne Kj/ K, B yCJOBUSIX CHJIBHO YCTONUMBON CTpaTH(MUKAIMN MOXKET
nocturaTh 3HadeHnii, papabix 0, 1 - 0,02 [1].
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Puc. 16: Buxpesoii koaddurment mud-
Puc. 15: Koadpdunuenter Buxpesoil qud-  Pysun umiyiabca K, OPIMO M3MEPEHHBIH
bysmn nmmyasca K, (mmusg-1) n rem-  JOTJIEPOBCKHM PaJapoM (TojcTas CILIONI-

na K (mmmus -2), HOpMaJu30BaHHbIe Ha ~ Hag JIHHAA 1) B CpaBHEHHH CO 3Hade-
/
BemunHy W2/S , kKak GyHKIEE umcia  HUAMH KO3 duimenTa, OINCHEHHBIMU 10

Puuapscona B ycroitumBo crparudunupo- — TPEM  CXeMaMm TypOYJICHTHOCTH:  TOHKAs
BAHHOM ILJIAHETAPHOM TOTPAHUYHOM cjioe.  HITPUX-IIYHKTUPHAA JIHHNAA 2 - cranjgapr-
Hanusie m3mepennit [2]: K - O, K, - O. Has k—€ MOJIe/Ib, TOHKas IMTPUXOBasd JIBYX-

IyHKTUDHAS JIMHUA 3 - aJredpamdecKast
k—e€ Mome/Tb 1 TOJICTAsT ITPUXOBAast JTMHMS 4
- Tpexnapamerpudeckast RANS cxema Typ-
OyJIEHTHOCTH.
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Uccnenosanue BoIIOJIHEHO TPpH pUHAHCOBON 1ojiepkke PODIU, B pam-
kax rpoekTa Ne13-05-00006a, a Takrke MHTErPaIMOHHOTO ITPOEKTa 110 (PyH1a-
MeHTaJIbHBEIM uccienoBannam Nel32 u Ne35 CO PAH.

Crmicok aurepaTypbl
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12| Pardyjek E. R., Monti P., Fernando H. J. S. Observations of flow and
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2002. V. 459. P. 307-316.

3] Ueda H., Fukui T., Kajno M., Horiguchi M. FEddy Diffusivities for
Momentum and Heat in the Upper Troposphere and Lower Stratosphere
Measured by MU Radar and RASS, and a Comparison of Turbulence
Model Predictions // J. Atmos. Sci. 2012. V. 69, 323-337.

Pab6orer M. /1. MuannonimukoBa 1 ux pasputue B IIAT'U

.C. Jaannos, U.N. Jlunaros, P.4. Tyrazakos

HAT'U um. npogp. H.E. 2Kykosckoro, yi1. 2Kykosckoro, jjom 1,
2Kyrosckunit, Mockosckoii 06.1., 140180 Poccust

igor_lipatov@mail.ru

Hacrosmmmit 1oK1a/1 TOCBAIIEH Pa3BUTHIO HEKOTOPLIX HAYYHBIX HAIPaB-
Jenuit, koropbiMu 3aHuMasicss M. 1. Munonniukos. OcHoBHOE cojiepKaHne
cBs13aHO ¢ ero paboroit B [lerTpasbaom Asporunaponnnamuydeckom MueTnry-
Te umenu npodeccopa H.E. 2Kykosckoro. Pabora akanemuka MuimoHnm-
KOBa, COBIIAJIA BO BPEMEHU C PEIIeHIEeM HOBBIX MPAHIMO3HBIX 3a/a4 110 CO3/1a-
HUIO aBUAIIMOHHON 1 pakeTHOi TexHuku. HeyiuBureabHo, 9TO 0jiHA U3 padOT
Muxanna JIMuTpueBnda TOro BpeMeHH ObLla Y4eOHUKOM, B COAaBTOPCTBE C
C.A. XpuctnanosudaeMm, JI.A Cumonoseim u B.I'. Tampnepunbiv «IIpukira -
Hasl razoBasd JuHaAMUKay. HeoOxomnmo ObLI0 0becednTh YIeOHIKaMI HOBBIX
JIOJIeH, TPUXOJIAIIIX B HAYKY, U, XOTsI BIOC/IEJCTBUH 0sIBIJINCHL MHOI'UE TIe-
pPeBOJIHbIE KHUTH, 9Ta Obljla OJHON 13 IePBbIX.

Hoxa coctouT u3 paccMorpenust psajga pador M. /. MummoHmuKoBa u
ONUCAHWSA HEKOTOPBIX JAJbHENINNX HCCAEOBAHNN, TPOIOIZKAIONIIX PAOOTHI
100MIpa.
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['oBOpst 0 Ta30BOI JIMHAMIKE, CTOUT TaKKe YIIOMSHYTb KHUI'Y 110 TEeOpUN
1 dy30poB, HO MBI 3JIeCh KOCHEMCS 110 OOJIBINE YacTH BOIPOCOB Ia30BOil
JIMHAMUKH B IIeJIoM. B KadecTBe npumepa CTOUT YIOMSIHYTH OOJIBINOE UNC/IO
pabOT 110 UCC/IEIOBAHUIIO IIPOIECCOB IIepelavil BO3MYIIEHI B THIIeP3BYKOBBIX
MOIMPAHIYHBIX CJI0siX [1], TOXKe B OIpejIeIeHHOI CTereHn BOJHOBOM Ia30Boil
auHaMuKi. Takske mpejcTaB/eHbl Pe3yIbTAThl UCCJIEI0OBAHNIT ICEBIOCKATKA
2], BOBHUKAFOIIETO TIPH TOPMOYKEHIH CBEPX3BYKOBBIX TEUCHNU{T B KaHATAX.

Eme oxgno nanpaienne pador M. /1. MuinonnukoBa cBsa3aHO ¢ HCCIET0-
BaHUSIMI IIPOIECCOB B I'a30BBIX HEHTPUdYyTrax, 00eCIednBaIOIINX pa3ieIeHe
n30TOI0B. PaboThl 9TOr0 HalpaBjeHHs MTO-BUIUMOMY OCTAIOTCS BHE OTKPbI-
Toit bubsmmorpadun. Bmecre ¢ TeM ObLIN NIPOBEJIEHBI CCJIEI0BAHNSs YCTOMIN-
BOCTU TedeHuil raza B TedeHusix Kysrra-Taitopa MexK1y BpaIlaiOIMUCST
LUINHpaMi. Dbl olpejiesieHbl THKPEMEHThI POCTa U B pe3y/brare pele-
HUsI HEJIMHEWHBIX ypaBHEHUIT 1moJiydenbl popmbl Buxpeit Taitmopa—IepTiepa
3]

BonpocaMm ncrnosib3oBaHus Mojie/ieil YucaeHHOTO MOJIe/INPOBaHUsT TYypPOy-
JIBHTHOCTH IIOCBSIIIEHa 3aK/II0UNTeIbHAsl 9acTh J0K/Ia/la. B ToM ducie pac-
CMOTPEHBI BOIPOCHI IPSIMOI0 UHUCJIEHHOI'O MOJIEJINPOBAHNST OTPBLIBHBIX TeUe-
Huit [4], ucrospzoBanue quddepeHmanbHbIX Mojesieii TypOyIeHTHOCTH JJIst
ornucanusi d6adTUHra — aBTOKOJe0AaTe/TbHOIO TeUYeHUs, BO3HUKAIOIIErO IIPH
B3aUMO/IEICTBIH CKAUYKa YILIOTHEHHSI ¢ TeUeHHeM B IIOIPAHUIHOM cJjioe. Tak-
JKe TIPEeJICTABICHBI PE3Y/IbTAThI HCCIE0BAHUsT IIPOIIECCOB JIOKAJIHLHOTO OTPhIBa
(bepcToB) B TypOYJIEHTHBIX U HEPEXOHBIX TeueHusX |5].

Crmicok aurepaTyphbl

[1] Heitang B.41., Borosenos B.B., lyaun I"H. Acumnrornueckast Teopust
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DKcCIIepUMEeHTaJbHOE U YMCJIEHHOE MCCJIeIOBAHIE
JJaMAHAPHO-TYPOYJIEHTHOTO IIepexojia 3a IIPensTCTBUEM
B KaHaJie

A.B. Mazo, E.1. Kagquauu, B.M. MoJjoyHuKoB

Kazancknii ¢penepasbablit yaupepcenter, Kaszansb, yi1. KpemiéBckast, . 18,
420008, Poccus
HccnenoBarenbckuii HaydrbIi 1eHTp 1pobsem sHeprerukn KazHI[ PAH,
Kaszanb, yi. Jlobauesckoro, j1. 2/31, 420111, Poccrusi

amazo@ksu.ru

[Ipn Tedennn BA3KOI KUJIKOCTH B KaHaJEe ¢ MPENITCTBUEM HaOJ/IIOTAeT-
Cd OTPBIB TOTOKA W (POPMUPOBAHKE YIIOPSIOUYEHHBIX KPYIHOMACIITAOHBIX
BUXPEBLIX CTPYKTYP, KOTOPble KBA3UIIEPUOIMIECKN BBIHOCITCI M3 O0JIACTH
orpeiBa. llpn pocrarouno GOJBIINX 3HAUEHUAX Yucaa PeiiHobica B ciie-
Jle TIPOUCXO/IUT pacla)i KPYITHBIX BUXpel Ha KackKaJ MEJKIX ¢ MePEXOI0M K
TypOysienTHOCTU. Mexannusm bopmupoBaHus u TypOyJIeHTHOTO PACIajia dTUX
CTPYKTYD U3ydaJsicst B paborax |1, 2|, osHAKO JJ0 HACTOAIIEr0 BpEeMeHN HeT 00-
1meit TOYKN 3peHnsl Ha TPUINHBI JTaHHOTO (DeHOMEHA.

B pamkax macrogdieil padOThI BBITTOJHEHDBI JTaOOPATOPHBIE MCC/IeI0BAHNSA
1 IPAMOEe YUCJIEHHOE MOJIETNPOBAHUE TPEXMEPHOTO OTPBHLIBHOIO TEUYEHUSA 3a
MOTIEPEIHBIM TTOTYIIMJINHIPUIECKIM BBICTYIIOM B KaHaJe Ha JaMUHApPHOM W
MePEeXOIHOM K TYPOYJIEHTHOMY PEXKIUMAaX TeIeHUS .

Puc. 17: Pesysbrars Busyaausanuu (a) u pacdera (6) Tedenns 3a BbicTyIOM npu Rey =
1500 (Rep, = 225). Bug cepxy.
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DKCIEePUMEHTAIBLHOE HCCIe0BAHNE TTPOBOJIMJIOCH B KaHaJIe MPSIMOYTOJIb-
HOTO TIoIepedHoro cevdennd BbicoToit H = 20 u mmpunoit 50 MM ¢ IJIaBHBIM
BXOJIOM, BBITIOJIHEHHBIM 110 JieMHHCcKaTe bepnysan. BoicTyn ycranaBimBacs
Ha paccrogunr 106 MM OT BXOJHOIO cevueHusT pabodero y4acTka M UMeJ Bbl-
cory h, paBHYIO 3 MM. DKCIEPUMEHTHI IPOBOJIMJINCH B JINAITA30HE N3MEHEHUST
qucsta Peitnonbica Rey = UgH /v = 390...2930, rie Uy — cpejiasist CKOPOCTD
II0OTOKa, V — KUHEMaTHYecKasl BSI3KOCTh BO3ayXa. COOTBETCTBYIOINIEE UNC/IO
Peitnosib/ica, BBIYUCIEHHOE 110 BBICOTE HPENATCTBUSI h, N3MEHSJIOCh B Jualia-
sone Rej, = 58.5...439.5.

st coctaBienns: OoJiee MOJTHON KapTUHBI JJAMIHAPHO-TYPOYJIEHTHOTO TIe-
pexoja B KaHaJie ¢ HOJIYIUJINHIPUIECKIM BBICTYIIOM OBLJIO BBIIIOJHEHO IIpsi-
MOe YHCJIEHHOE MOJIe/INpOBaHue nccienyeMoro Tedennst B makere Ansys Fluent
14.5 [3]. Pacuernasi 061acTh B TOYHOCTH COOTBETCTBOBAJIA KOH(UIYDAIUT
pabodero ydacTka JabopaTopHoil ycranoBku. Perasiach TpexmepHas HecTa-
mmoHapHas 3aja4a HaBbe-CTokca B mepeMeHHBIX “‘CKOPOCTb-IaBjieHne’” Jiist
HeCKNMaeMOIl »KIIKOCTH Tpu unciax Peitnobaca B auanasone 1100 < Rey <
3200 (165 < Re;, < 480).

CpaBHeHIe MOJIYIeHHbBIX 9KCIIEPUMEHTAIbHBIX U PACUETHBIX KAPTUH Teue-
nng npu Rey = 1500 npencraBieno Ha puc. 17. YcTaHoB/IeHO, YTO HETOCPEI-
CTBEHHO 3a BBICTYIIOM (DOPMUPYETCs Iapa CUMMETPUIHBIX YIVIOBBIX BUXPeii,
BKJTIOUAIONIIX CITUPAJIEBUIHOE JIBUXKEHNE YKIJIKOCTH OT OOKOBBIX CTEHOK K
IEHTPY KaHaJja 1o nepudepun 3TUX BUXpeil u 3acToiiHble 00JIaCTU B UX TCH-
TPaJbHOI YacTH.

[Ipu nocTrzKeHnn KPpUTUIECKOTo Ync/ia PeitHosib/ica 3a BRICTYIIOM (hOpPMI-
PYIOTCsl BUXPEBBIE CT'YCTKH, JIOKAJIM30BaHHbIE BOTIM3H IJIOCKOCTH CUMMETPUH
KaHaJja. PazMep 9TuX crycTKoB 110 TpaHCBEpPCAIbLHON KOOPIMHATE COCTABIISAET
npuban3uTenbHo 0.25 mupunbl kKanaia. C pocroM uncia PefiHosbica yriio-
Bble BUXPU COXPAHAIOTCSI, OJHAKO UX MACHITad YMEHbIIAeTCs, a 30Ha Hada Ia
dopMuUpoBannsa BUXPEBBIX CI'YCTKOB CMeEIaeTcs B cTOpony BuicTyIia. [Iporecc
COITPOBOXKJIAETCA JIPOOJIEHIEM KPYITHBIX BUXpeil Ha 60jiee MeJIKiue BUXPEBBIC
CTPYKTYPBI, YCHJIEHIEM ITyIbCAlliil TOTOKa, TeUeHne B cIejie 3a MPEeNITCTBH-
eM HUKe JIMHUU [PUCOeNHEHNs [IpIoOpeTaeT 4epThl TYPOYJIeHTHOIO PerKu-
Ma. [Ipn sTOM Teuenue B OJIMKHEM CJIEJIe OCTAETCS JIAMIUHAPHBIM.

Mexanu3m popMupoBaHns BUXPEBBIX CTPYKTYP 3a BHICTYIIOM B KaHAJIe 3a-
KJII09aeTcd B caeyiomeM. [Ipn yBennaenun anciia Pefinobaca BeIe KPUTH-
JeCKOT0, SHEPIUsd MUPKYJIAINN KIJIKOCTH, HaKAIlJINBaeMad B 3aMKHYTOI OT-
PBIBHOIT 00J1aCTH, TTPEBBINIAET SHEPTUIO, OTBOJUMYIO OT €€ TPAHUIILI BO BHEIII-
HUIT ITOTOK 3a CUeT BA3KOCTH. B 3TUX yCJIOBUAX TeUeHUE B OTPHIBHOI 00/1aCTH
B 30HE II0JIO?KUTEJILHOT'O I'PaJIMEHTa JIaBJICHIS TePseT YCTONINBOCTb, 00pasy-
I0TCA TIOIIePeYHble BUXPEBBIE CTPYKTYPbI, KOTOPbIE TEPUOITICCKN BHIHOCATCS
13 PEHUPKYJIAIMOHHON 00/1aCTH BO BHEIIHUI ITOTOK.
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TouHoe orpejiejieHre BOJTHOBOT'O COIIPOTUBJICHUS
TBEPJIOT'O TeJia, PABHOMEPHO ABUXKYIIETOCd B YKUJKOCTH
KOHEYHOI1 IIyOMHBI, 110 IIapaMeTpaM CO3aBaeMbIX MM
BOJIH

J.B. Maknakos, A.I'. IleTpoB

Kazanp, KDY,
Mocksa, HIIMex PAH

petrovipmech@gmail.com

PaccmarpuBaeTcs Testo, IBUKYIIEECd MOCTYIATETbHO HaJl IJIOCKUM TOpH-
30HTAJILHBIM JIHOM C TIOCTOSIHHO CKOpOCThIO. Basmm oT Tesa, Buepean Hero,
JKIJIKOCTH TTOKOWTCA W MMeeT TOCTOSHHYIO TIyonuny h, a mo3aju Tejaa ycTa-
HABJIUBAIOTCSA BOJIHBI JITMHBI A, JIBIKYIINECA CO CKOPOCTBIO Teja. Kapruna
YCTAHOBUBIIETOCS TEYEHUs B CUCTEME KOOPJIMHAT, CBA3AHHOMN C TeJIOM, N300~
pakeHa Ha puc. 18.

y
2 |9
N v K
h| = G, N
i - - X
M 0 L

Puc. 18: Cxema ycTaHOBUBIIIErOCs TEUEHUS
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[Tpubmmkénnas gpopmy/ia Jijisi BOJHOBOIO COINPOTUBJICHUS TeJIa, JBUXKY-
IIErocsd B TSXKEION YKUJIKOCTU TapaJiie/IbHO JTHY ¢ IOCTOSTHHONH CKOPOCTBIO,
ObL1a mostydena JiopjoM KenbunbiM B 1887 rosy. KebBUH MpUMeHN/T 3aK0H
U3MEHEHUS UMITYJIbCA, & TTOTOKN UMITYJIbCOB HAIIET U3 PEIeHns 3a1aun JIIst
JInHeitHo BoJiHbI. Takum obpa3oM, ObLJI Hali/IeH TJIABHBIN 9JIeH Pa3JI0XKEeHUsT
COIIPOTUBJIEHNsI, KBaIpaTUIHbIi 110 aminiuTye. Cusia conporuBieHust R, u
KO DUIIMEHT CONPOTUBJIEHUS ¢, B IPUOIIMKeHn KejlbBuHa MMeeT B/

A\’ 1 2D A h
R, = pg o Cy, Cx:ZCLQ l—ShD : a:X27r, D:X27r,

rjie a u D — 6e3pa3MepHble aMILIATY/Ia U TJIyOrHA.

Coiejtyrolnue 4jieHbl pa3/iozkKeHusl 110 aMILIUTYJIe OCTABAJIUChH JI0 CUX HOP
HEM3BECTHbIMU. B jlaHHOil pabore HafijleHbl TOYHbBIE COOTHOIIEHHsI, CBA3bI-
BAIOIIE BOJIHOBOE COIMPOTHBJICHIE 1 MAPAMETPhI BOJH KOHETHO aMILINTY IbI
JaJsieKo mosa i rejia. Hanpumep, it 6ecKOHEIHOI 1iyOUHbBI HAllIEHO TOYHOE
coornormenne R, = (311 — 2T) /A, rue Il u T — noreniuaibHas 0 KUHETHIE-
CKasl SHEPIHsi OJIHOIO [EPUOJia BOJIHBI.

0.05

9

=

0.04

0.03

0.02

0.01

Puc. 19: Kosddurment conporusieHust

[Tokazano, 9To cpejHne YPOBHU BIIEPEIN U MO33 11 TeIa B KIJTKOCTH KO-
HEYHOM MTyOMHBI pa3InvaroTcsd W 3TOT 3(M@PEKT BAUAeT Ha BEJIUINHY BOJIHO-
BOI'O cOIpoTHUB/IeHNs. Pazpadoran 3(hdeKTUBHBIN YUCICHHBIN METO/, TO3BO-
JISTIONTU I HAWTH BOJTHOBOE COITPOTHUBJIEHNE, €CJTH M3BECTHBI TTapaMETPDI, OIlTpe-
JIEJISTIONTIE BOJIHBI, HAIIPUMED, €CJIN U3BECTHBI CPEJIHAs TUIyOMHa BOJIH 34 Te-
JIOM, UX JIMHA U aMIinTyia. IIpeioxken Takke ajaropuTM, 10 KOTOPOMY
BBIUHC/IACTCA JTI000H KOI(MDMUITUEHT CTENEHHOTO Psijia 10 aMILIUTY/IE BOJIHBI
JIJIsT BOJTHOBOTO COMPOTUBJIeHUA. 71 OeCKOHETHON TIYOMHBI PsAJi ¢ TOYHO-
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CTBIO JIO YJIEHOB 12-0if cTerne’Hn TakoB

¢y = laz _ §a4 _ Qae; 297&8 _ 559733a10
4 8 48 2880 201600
Ha puc. 19 npusesieno cpaBHenue popMyJI JJjisi CONPOTUBICHUS ¢ TOUHBIM
YUCJIEHHBIM pacuéToM. YepHas JMHUS - TOUHBIN PACUET, MTPUXITYHKTUPHAA
— chopmysia KenbBuHa 1 MITPUXOBast — BBIIMCAHHBIE WJIEHBI Psijia.
KosdpdumuenTol psiga B o0IeM ciaydae HaiiJleHbl B BHJIE PallOHAJIBHBIX
dyunmit mapamerpa IIyOMHBI. YCTAHOBJIEHO, YTO MPU TPUOIIKEHIH aM-
IJIATY/ABI K TP IbHOMY 3Ha9eHNIO 3aBUCUMOCTD COTPOTUBRJIEHNSA OT aMILIH-
TYJbI sIBJISIETCSI OCIUJLINPYIOIei pyHKIel, nMmeroreil 0ecCKOHEeUHYIO T10C/Ie-
JIOBATEJIbHOCTh MaKCUMYMOB U MHUHUMYMOB, M 3Ta (PYHKINA MOTINHACTCS
YHUBEPCAJIbHOMY acUMIITOTHYIecKOMY 3aKoHy JIonrer-Xurrunca u @oxca.

+ O(a'?)

IIpsimoe ancjieHHOE MO/ IMPOBaHIE IIPOCTPAHCTBEHHOT'O
JJaMUHAaPHO-TYPOYyJIEHTHOI'O IIepexoaa Ha cdepe

I1.B. Mationmn, B.A. I'ymun

Wucruryr aBromaruzaiuu npoektupopanns PAH
2-a Bpecrckast yi., j. 19/18, Mocksa, 123056, Poccust

pmatyushin@mail.ru, gushchin®@icad.org.ru

Hcnosb3yst mpsiMoe duc/ieHHOe MOJIeTpoBatne (0e3 BBeJIeHIsT KAKIX JIH-
00 Mojiesteil TypOyJIeHTHOCTH) B HACTOsIIIEN paboTe yIajioch MOy IUTh IPO-
CTPAHCTBEHHBIN JIAMIHAPHO-TYPOYJICHTHBII TIepexo/i Ha HpocTeileM Tpex-
MEPHOM Tejie KOHEUHBIX pa3MepoB (cdepe), KOTOPOMY COOTBETCTBYET pe3-
Koe ymenblierne (kpusnc) xosbduruenta conporusierns cdepot ¢ 0.455
10 0.155 mpu 5 - 10* < Re < 4-10°, rne Re = U - d/v — aucio Peitrosb/ica,
U u d — ckopocthb 1 jiuamerp cdepbl, v — KOIPDUIUEHT KIHEMATHIECKO
BsizkocTu. st MojesmpoBaHust ucioJib3oBajnchk ypasuenns Hasbe-Crokca
B npub/mKennn ByccuHecka, ommchiBaoIme ¢iabo HeOIHOPOHBIE 10 ILIOT-
HOCTH TEYEHUs] HECKUMAEMOM BSI3KOI »KMJIKOCTH. 3Jech Hapsamy ¢ Re ecTb
ere OJIMH JIONOJTHUTE/IbHBIN IapaMeTp TedeHns — BHyTpeHHee dncio Opya
Fr = U/(N -d), rne N — gactora mjaBydecTu. B JJaHHBIX pacderax pac-
cMaTpuBasuch oosbiiue aucia Fr (Fr > 100). B pesynbrare BHyTpu morpa-
HUIHOTO ¢J10s1 (Y JIMHUE TIEPBUTHOTO OTPBIBA) YJIAJIOCH MOJIYIUTh XapaKTep-
HOE JIJIsi KPU3UCA CONPOTUBJIEHNST (DOPMUPOBAHIE OTPLIBHBIX I1y3bIpeil (Bbl-
TSHYTBIX B [IOMEPEYHOM HAIPABJICHNN ), UX JAJBHEHIIN{ POCT, CHOC BHU3 110
TEUEHNIO 1 TOCTIeAYIONYI0 TpaHCchOPMAINI0 B BUXPEBBIE MMeTin ciaena. st
BU3yaIN3alllN IPOCTPAHCTBEHHBIX BUXPEBLIX CTPYKTYP TEUEHUSI CTPOWIINCD
M30MOBEPXHOCTH 3 (MHUMOI 9aCTH KOMILIEKCHO-COTIPSIZKEHHBIX COOCTBEHHBIX
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SHAYEHUIl TeH30pa IPaJIieHTa CKOPOCTH ) U U30IIOBEPXHOCTH Ag (BTOPOro cob-
CTBEHHOI'O 3HAYEHIS CUMMETPUIHOIO TEH30pa, COCTOSIIIEro 3 CYMMBbI KBa/I-
pPaToOB CUMMETPUYHON U HECUMMETPUYIHOI JacTeil TeH30pa I'paineHTa CKOpo-
cru). Xoporiast paboToCocOOHOCTh [—-Busyaansalyn ObLia TPOJEMOHCTPU-
posana B [1]. [lis pacdyera TedeHuii Ha CyNEpKOMIIBIOTEPAX UCIOJIB30BAJICS
MeTOJ pacIielieHns 110 pu3ndeckuM gpakTopaM JIjisi HECXKIMAEMO »K1JTKO-
cru MEPAHZK [2] ¢ siBHOIT, rubpuHOl KOHETHO-PA3HOCTHOMN CXEMOiT JIJIst all-
IPOKCHMAITMN KOHBEKTUBHBIX YJIEHOB yPaBHEHUil (BTOPOI MOPSIIOK aIpOK-
CUMAIIUN 110 POCTPAHCTBEHHBIM MEPEMEHHBIM, MUHUMAJIbHAS CXeMHAas BsI3-
KOCTB U JTUCIIEPCUsT, MOHOTOHHOCTH ). PaboTa BeIoTHEHA TIPH 101 1epKKe Poc-
cuiickoro dona GyHIaMeHTaATBHbIX nccaeoBanunii (nmpoektsr 11-01-00764,
13-01-92696) u mporpamm QyHIaMeHTATbHbIX HccaeroBanuii [Ipesuinyma
PAH u Otyiesiennst maremarundecknx Hayk PAH.

Crmcok anrepaTryphl

[1] B.A. 'y, I1.B. Mattonmn, Mexaru3mbr (hopMupoBaHisi BUXpeii B ¢Jie-
ne 3a cdepoit mpu 200 < Re < 380 // Uss. PAH. Mexanuka »Kujkoctu
u raza. 2006. Ne 5. C. 135-151.

2] O.M. Benonepkosckuii, B.A. I'yimun, B.H. Konbmun, Meroj paciiern-
JICHUSL JIJIsI UCCJICJOBAHNS TeYeHUH CTpaTuUIMPOBAHHON »KIJIKOCTUH CO

cBob6o1HoI toBepxHocTbio // 2KBM u M®. 1987. V. 27. Ne 4. C. 594-609.

O TormoJsiornm cTaMOHAPHBIX penIeHnit
IUAPOJAMHAMINYECKNX U BUXPEBBIX CJIEJICTBUIA
ypaBuenus BiacoBa u meron I'ammiabrona- fkobn

B.B. Benensnun, M.A. HermaroB
HNIIM PAH, M®THU, Mocksa, Poccust

maliknegmatov@gmail.com

Ypapuennsa Biacopa-Ilyaccona u BitacoBa-MakcBesiia ycento mco/ib-
3YHOTCs JIIsl OlMCaHust 1ia3Mbl [1-5]. Jljist arux ypaBHeHUIT UCTIOIB3YeTCs TH/I-
POJIMHAMIYIECKas [TOCTAHOBKA, KOTOPas PEAyIUPYeT NX K YPaBHEHUSIM THIIA
MI'I. st ypaBHEHMIT nea bHONl HecxKMaeMoii KigkocTu B. M. ApHosb oM
[6] ObLIa JOKA3aHA TeOpeMa O CTPYKTYpPe CTAIMOHAPHBIX PelleHuil, OCHOBaH-
Hasd Ha HAJUYIUN JIBYyX KOMMYTHUPYIONINX BEeKTOPHBLIX 1oJieii. B.B.Kozmosbim
[7-9] sTa KOHCTpYKIWsT OblIa 000OIIEHA HA CKIMAEMYIO KUJIKOCTh. MbI Hec-
caeyeM BO3MOXKHOCTHL TaKUX KOHCTPYKIINI B ciydae ypaBHeHmit Biacosa-
[Tyaccona n BracoBa-Makcsesna. B obonx ciaydasx MOXKHO MOJTYYUTL JIBA
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KOMMYTHPYIOMHUX 110J1s1 ApHoJibjia-Koziosa. Paccmorpena aHaiorus Mex,ry
ypaBHeHusiMu JInyBuist u ypaBHeHusiMu BiiacoBa ¢ B3auMHBIM 0OOTallleHU-
em. [l ypasaerus JInyBusiis Mbl Oy YU KOPOTKII IYTh K YPaBHEHUIO C
MTOMOIIBIO THJIPOANHAMUYECKO TIOJICTAHOBKHU ¢ 0DOOIIEHNeM Ha HEraMUIbTO-
HOB cjiydail. B ciydae ypaBuenus BiiacoBa, MBI mosiydaeM ypaBHeHUEe THUIIA
lammibTona-Akodbu st ypaBuenust Biacosa-Ilyaccona, a Jiisi ypaBHeHU
Brnacosa-Makcsesia 5To He IIPOXOJINT.
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O mMexaHm3Me MPUCTEHHO TYypOYJIeHTHOCTHU 1
CHIDKEHNS TypOyJIEHTHOIO TPEeHUd

Hukouait Hukurua

HUN mexanuxku MI'Y umenn M.B. Jlomonocosa, MudypuHcKuii IpocriexT
a. 1, 117192 Mocksa, Poccus

nvnikitin®Omail.ru

Cuuraercs, 9TO UK/ CAMOIIO/IIepyKaHusI TYPOYJIeHTHOCTU B IIPUCTEHHBIX
TeUYEeHUSIX BKJIIOUAET B ce0sl HECKOJIBKO 3BEHBbEB. Pe3ysibTaThbl J1a00paTOPHbBIX
1 YHUCJICHHBIX SKCIIEPUMEHTOB CBHUICTE/IbCTBYIOT, YTO BCIIBIINIKHU ITYJIbCAIU-
OHHOI aKTUBHOCTHU IPOUCXOJIAT Ha (POHE BBITSHYTHIX BJIOJIb IIOTOKA II0JIOC
3aMeJIJIEHHOTO JIBUKEeHHsI, T/le JIOKAJIbHbBIN IPOMUIb CKOPOCTH UMeeT TOUKY
neperuda. JIjisi BOBHUKHOBEHUS I10JI0C HEOOXOIUMBI JIBUXKEHUsI B IIOIEPEeY-
HOI K OCHOBHOMY IIOTOKY IIJIocKOocTH. Ilociennne obpa3yroTcs B pe3y/ibTa-
Te HeJMHEeTHOro B3auMOJIeiCTBISI MEJIKOMACIITAOHBIX IyJsbcaluii. [TonbITku
CHUYKEHUsI TypOYJIEGHTHOIO TPEHMs HalleJIeHbl Ha Pa3pbIB OJHOIO 13 3BEHbLEB
TYypOyIeHTHOTO 1KJIa. B pabore OyueT gaH KpaTKuil 0030p CyLIECTBYIOIINX
METOJIOB, TAKIX KaK IIPOJI0JIbHOE OpebpeHue, molepeunble KoiedaHmst 00TeKa-
eMOil ITOBEPXHOCTHU 1 KOMOMHAIINS STUX JABYX II0JX0J0B. BynyT 1peicTaBiieHb!
pe3yJIbTaThl, IIOJyUeHHbIe aBTOPOM U JPYIUMHU KccienoBaTeamu. VHTepec-
HO BBbIsIBJIEHIE MeXaHu3Ma CHUKeHUsi TpeHus. llocieaHne pesyibTaTbl CBU-
JIeTEJILCTBYIOT O CYIIECTBEHHOI POJIM TaK HA3bIBA€MbIX OITHMAaJIbHBIX BO3-
MYIIICHUIA.

Pabora BbinosiHena npu dbunancoBoii nojep:xkke PODU, nmpoexT Ne 11-

01-00088-a. Borancyienust mpoBOIMINCH Ha CyNEPKOMITBIOTEPHOM KOMILIEKCE
MI'V “Yebpimmen”.

IIpumenenne f-momesm TypOyJIeHTHOCTH JJIsi pacydeTra
BHYTPE€HHUX 3ada49 'mApOoJNHaAMUKN N
TeIlJIO-MacCcooOMeHa
B.A. ITaBiaoBcknii, C.HO. MajsamaHoB
Cankr-Ilerepbyprekuii IocynaperBensblii Yauepcurer. Poccust, 199034,
Cankt-Ilerepbypr, Yausepcurerckast Hao. J1.7-9.

v.a.pavlovsky@gmail.com, stevmal@mail.ru

st pacueTa BHYTpEHHUX 3aJjiad T'MIPOJMHAMUKKA U TEII0-MaccOoOOMeHa,
paspaboTaHa f-Moze/b TypOYyJIEeHTHOCTH, KOTOPasi CONEPKUT B BhIPAYKEHIH
JIJIsT OCPEHEHHOI'O TEH30Pa BA3KNUX HAIIPIZKEHUI JIOMMOJTHUTEIbHY IO HEM3BECT-
HYIO CKAJISIPHYIO BEeJTMIUHY f, XapaKTepHU3yIONLyIo CTeleHb TYpPOYIeHTHOCTH.
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[Toste sroii ckassgpHoil BesudauHbl f(7,1) ONpesessieTcss COOTBETCTBYIONIM
ypaBHeHneM 1epenoca. Cucrema ypaBHEHHIT JIjIs OIUCAHUST T€UEHUsT BI3KOI
HEC2KMMAaeMOl KUJIKOCTH UMeeT BUJL:

d7 — gf
E:—vp+(1—f)A7+2M( 5
oV =0
_>
a vf-v/f B (Tpx V) (T x V)
por=mA S+ (l_f)¢(f)+(1 f) o a2 ol

31ech d 1 w - TEH30p CKopocTeil jgedopMaIiii U CINH, COOTBETCTBEHHO, Xa-
pPaKTepU3yIONne CUMMETPIIHYIO I aHTHCUMMETPUYIHYIO JacTH TeH30pa I'pa-

ANEeHTOB CKOpOCTeﬁ; JABE TOYKU - ,ZLBOﬁHOG CKaJIdpHOE IIPOU3BCACHUEC TEH30-

poB; Y(f) - ckanspras yukuust, Y(f) = %(11—})0))’

e o u - aBe PeHOMEHOJIOInYecKe KOHCTAHThI, YHUBEPCAJbHBIE J1JIsT
BHYTPEHHIX 3a/a4 THapoMexaHukn, o = 2.5, f = 8.5.

KpaeBbIMU yCJIOBUAMHE JIJIsT 9TON CHCTEMbI yPABHEHUI SIBJIAIOTCH YCIOBUS
HPUJINIAHNIS U BI3KOI'O HbIOTOHOBCKOI'O TPEHUsI Ha TBEP10il rpanuiie S ¢ Hop-
MaJIbIO ﬁ, a TaKyKe PaBEHCTBO HYJIIO0 PyHKINN f Ha ITON CTEHKE U YCJIOBHUE
Ha TTPOU3BOIHYIO MOJYJISI CKOPOCTH TI0 3TON (PYyHKITNN:

V.2 dv

Vis=0 d-Tls="c fls=0 |rls=(a+ BV,

B sTux Bbipaxkenusix V, - nmHaMmdeckasi CKOPOCTb.

J1J1sT IIPOCTBIX CABUIOBBIX TEUEHHIT 3Ta MOJIe/Ib II03BOJIIeT HAXOAUTh pelle-
Hust B KBaJiparypax. OHa jgaer npejesbHble ePexX0/Ibl - IPU MaJIbIX UNC/IaX
Peitnosibjica pereHns COBIAJIAIOT € KJIACCHYECKUMU JIJIsl JIAMUHAPHOTO pe-
JKIMa, a IPU OOJIBIINX - JIAl0T JiorapudMudeckre Ipoduin CKOpocTeil 1 xXa-
paKkTepHbIe JIJIsSI 9TOr0 PekKuMa, JiorapudMuiecKre 3aKOHbI COIPOTHBIIEHUS.
[Tpu pemennn 3aja4 Terio00MeHa ¢ IIOMOIIBIO f - Mojesn MOAuMpUINpYy-
eTcst 3aKoH TeronpoojHocT Pypbe. B 3ToM citydae TypOyJIeHTHOE YHC/IO
[IpanTiist BRIYUCISIETCSI B XOJI€ PAcdeToB.
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Pacnpocrpanenne gucnepcHoii pa3bl 1 TEIJIOOOMEHa B
OrpaHNYEHHBIX TYypPOYJIEHTHBIX Ta30KalleJbHbIX
OTPBIBHBIX IMOTOKAX

M.A. ITaxomoB

OI'BYH Uucruryr remnopusukn um. C.C. Kyrarenagze CO PAH, np. Axk.
JlaBpernTnbesa, j. 1, 630090, HoBocubupck, Poccust

pakhomov@ngs .ru

BzaumojieiicTBre MeXK1y MEJIKUMU JacTUIIAMU U TyPOYJIEHTHBIM Ia30BbIM
IIOTOKOM SIBJISIETCSI CJIOYKHBIM M HE ITOJTHOCTBIO M3yUeHHBIM siBjIeHneM. /IByx-
dazHble TeUYeHNs ¢ YKUJKUMU YacTUIIAMU B TEXHUYECKUX YCTPOICTBaX, KaK
[IPaBUJIO, aHUBOTPOIHBIE U MOTYT OBITH OCJIOYKHEHBI MeXK(a3HbIM TeIJI000-
MEHOM, UCIAapEHNEM KallejIb, OTPBIBOM WJIN 3aKPYTKOil nmoroka. Hann4ane pe-
IUPKYJ/ISIIIIOHHOIO 1 3aKPYUEHHOI'O TeUeHUsl OKa3bIBACT 3HAUUTEIbHOE BJIN-
siH€ Ha MHTEHCHUBHOCTD IIPOIECCOB IEPEHOCA MUMITYJIbCa, TEIJIOThl 1 MacChl
1 OIIPEJIE/ISIIOT CTPYKTYPY TYpOysieHTHOrO AByXaszHoro redenust. O HUM U3
BayKHBIX IPUJIOYKEHIIT JIBYX(a3HbIX 3aKPYUCHHBIX ITOTOKOB sIBJIETCs cTabu-
JIN3alls TOPEHMs MCIaPSAIONINXCsT Kalle/Ib TOILINBA C IIOMOIIBIO CO3/IaHIs OT-
PBIBHBIX 00J1acTell.

[eJibio pabOThI ABJIsSIETCsI IPOBEIEHIE YNCIEHHOI'O UCCJIeI0BaHUsT PACIIPO-
CTpaHeHUs JUCIIEPCHOI NpumMecu, TypOyJIEHTHOCTH Ta30BOil (ha3bl U TEILIo-
oOMeHa Iocjie BHE3AITHOTO paciiupeHus TpyObl B JIByX(a3HOM TOTOKE, B TOM
quc/ie U Ipu HaJIMYUK 3aKpyTKH TedeHus. Jjis onmrcanus J1ByXdasHOro Io-
TOKa MPUMEHSIeTCsT 9iiJIepoBO KOHTHHYyaJIbHOE Oomucanne JByX a3 (Tak Ha-
3bIBAEMbIE JIBYXKUJKOCTHBIE MOJIEJIN) U JIATPAHYKEB TPAEKTOPHBIN MOJIXO/I.

B pabore jij1s1 onucanns JMHAMUKN Te9eHUsl U TEIJIOMACCOIIEPEHOCA B I'a-
30BOIT 1 JcriepcHoil hasax ncnosb3oBascs siiepos [1, 2| u jarpanxes [3]
110/IX0/IbI. Pacuer KOMIIOHEHT IyJibCalliii CKOPOCTH, TeMIlepaTrypbl U TYpOy-
JIEHTHOT'O TEIJIOBOT'O TIOTOKA JINCIIEPCHON (ha3bl OCYIIECTBIISICTCS ¢ UCIIOIB30-
BaHUEM MOJIEJIU [IepeHOca PeiiHOIbICOBBIX Halpszkenuit [4]. TToJie koHmenTpa-
UM YacTUIl PACCUNTHIBAJIACH B PaMKax TaK Ha3bIBAEMOI'O IIOJIHOI'O JiarpaH-
kesa mogxosa Ocummosa [5] . Pacemorpena 3agada o auaaMmuke nByxdas-
HOT'O ra30KalleJbHOr0 3aKPYUYeHHOro TypOy/ieHTHOro notoka. [lpu pemennm
ucnoibsytorest 3D RANS ypaBHenusi, 3anmcantbie B IUJITHIPUICCKIX KOOP-
JINHATaX, C y4eTOM OOpaTHOI'O BJIMSIHUS YACTHUIL Ha IIPOIECCHl OCPETHEHHOIO
1 TypOYJIEHTHOI'O IIepeHoca B raze. Pacuers! npoBojuinch Ha cetke 156-80-64
KOHTPOJIbHBIX 00EMOB.

[TokazaHo 1ojjaBjieHne MEJIKOANCIEPCHBIME KAILISIMU TYPOYJIEHTHOCTH I'a-
30BOI1 aszbl. ITOT 3IPPEKT B OCHOBHOM OIrpaHUYEH IIPUOCEBOI 30HONH TPYOBI
13-3a HCIApPUTEIbHBIX IPOIECCOB, KOTOPhIe MHTEHCUBHO IIPOTEKAIOT B IIPU-
creHHoit obsiactu. MeJsikojucnepcHasi TPUMECh XOPOIIO BOBJIEKAIOTCSA B pe-
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IUPKYJISIIIIOHHOE TeUeHHe U IPUCYTCTBYIOT 110 BCeMy cedeHuto Tpyonl. Kpyri-
HbIe JaCTUIIBI IPOXOSIT Y€Pe3 CABUIOBBII CJI0M 1 MPAKTUIEeCKN He TOa aloT
B OTPBLIBHYIO 00J1acTh. [IpucTeHHast yacTb TPYObl OKa3bIBAETCs IIPAKTUUE-
CKI CBOOOJIHOM OT YaCTHI[ 38 CYET UX HMHTEHCHBHOI'O IIPOIECCa HMCIIapEHMUs.
HabJto1aercst 3Ha4nTe/IbHOE yBEJINUeHNe NHTEHCUBHOCTH TEIJI0O00OMEHa IIPH
JTO0ABJIEHIN UCTIAPSIONINXCST KAlleJib B OTpbIBHOE TedeHue (6osiee dem B 1.5
pasa Mo CpaBHEHUIO ¢ OHO(MA3HBIM MOTOKOM). [T MEJIKOIUCIIEPCHOTO O~
TOKa yBeJUYeHue TeliooOMeHa IPOUCXOIUT Ha BCEM ydacTKe 3a OTPBHIBOM
JIByX(}a3HOro MOTOKA, a JIJisi KPYIHBIX YaCTUI[ — B OCHOBHOM 3a& TOYKOIl 11pu-
COEJTNHEHUSI.

Jl1st comocraByieHNsI B pexKuMe JIBYX(a3HOro 3aKPYyUeHHOI'O MOTOKa, Obl-
JIM UCIOJIb30BAHbBI U3BECTHBIE IKCIIEPUMEHTA/IbHBIE JlaHHble [6]. 3akpyuentoe
JByx(da3Hoe TedeHne NCCje/I0BaHO B OIYCKHOM PEXKIMe TedeHUs 3a BHe3all-
HBIM pacIiupeHneM TpyObl. Pacuersl 1al0T HECKOJBKO MEHBINYIO BEJIUINHY
ckopocTeil (a3, dem JlaHHble U3MEPEHUil JiIsi 9aCTHUI[ ¥ HECKOJIBKO 3aBbI-
IIIeHHOe 3HaveHue s ra3oBoii das3bl. B cuily MHEPHMOHHOCTU YacTUIl 30-
Ha 0OpaTHBIX TOKOB JIJIsl JINCIIEPCHON (Da3bl 3aMETHO MEHBIIIE, 110 CPABHEHHIO
C 30HOI PerupKyJIsIuu ra3oBoil ¢daswl. [IpoBejieHo comocTapieHne Mo Tpem
KOMIIOHEHTaM OCPEJIHEHHBIX M IIYJIbCAIIMOHHBIM CKOPOCTSAM I'a3a U YacTHUIl C
JIAHHBIMI M3MEpPEHMI 1 IOJIyJeHo TaK:Ke Hellioxoe corjacue. [Ipu pacderax
MaCCOBOI'0 ITOTOKA YACTHI] 3aMETHO HAJINUNE MAKCUMYyMa B IIPOQIIe MACCOBO-
o TIOTOKa B IIPUOCEBOIT 30HE TPYObI, coxpaHsdrolieecs 10 paccTosguus x—200
MM OT ee BHe3amHoro pacimupennd. C yBeJndeHneM pasMepa dacTUIlbl MOTYT
HE BOBJIEKATHCS OTPBIBHOE T€UEHUE 1 COXPAHSIOT MOJOKUTEIbHYIO BEJINIINHY
CKOPOCTH 10 BCe JJIMHE pacueTHOit obactu. B cuyry mHEPIMOHHOCTH YaCcTHIL
30Ha OOPATHBIX TOKOB JIJIs JIMCIIEPCHOI (ha3bl 3aMETHO MEHbIIIEe, 110 CPaBHe-
HUIO C 30HOI PEIUpKYJIANIN Ia30Boil (a3bl. PacdeTsl yI0BJIETBOPUTEIHHO
COIVIACYIOTCA C JIAHHBIMKM M3MepeHMi i JBYX(a3HOI0 OrpaHUIeHHOT'O 3a-
KPYYEHHOI'O U OTPBIBHOI'O TTOTOKOB.

Pabota BwIoJIHEHa TIpu (PUHAHCOBOI TOJIEpyKKe T'paHToB Poccuiickoro
dbona dynmamenTaabHbIX nccaeoBanuii (mpoekt PODU Ne 11-08-00112) u
rpanta [Ipesumenta PO s mosonbix qokropos Hayk (M/1-670.2012.8).
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Kpynunomaciirabuble CTpYKTYpPbl B TYPOyJI€HTHOI
KUJKOCTU C TBEPAbIMHI YAaCTUIIAMU U C My3bIpbKaMu
rasa

A.C. Ilerpocsu
Nucruryr kocmudeckux uccejgoBanuii Poccuiickoii Akajiemun Hayk
apetrosy@iki.rssi.ru

B nocneanee BpeMsi 00JIbIIOE BHUMAHWE YJIEJIA€TCA MpobjieMaM BO3HUK-
HOBEHUsI CTPYKTYP B HepaBHOBECHBIX cpejiax. OcoOblil MHTEPEeC BbI3bIBAIOT
KpyIHOMACIITaOHbIe BUXPU, BOSHUKAIOIINE B TYPOYJIEHTHO »KIJIKOCTH, - KO-
repeHTHble CTPYKTYPBI. Takne CTPYKTYPbhl HAOTIOAAIOTCS SKCIEPUMEHTAJ b
Ho. KorepeHTHbIe CTPYKTYpPbl HaOJIIOMAIOTCA TaKxKe U B HNPUPOHBIX YCJIO-
Bugax: Buxpu Poccon B armocdepe 3emin n FOnurepa, Tpormndeckue k-
joubl. [Ipn uzydenun siBjienns TypOyJIEHTHOCTH BarKHYIO POJIb UI'PAET MO-
JIeJIb OJTHOPO/IHOM M30TPOITHON 1 CTAIlMOHAPHOI TypOyenTHOCTH. Bo3HuKaer
BOIIPOC, MOYKET JIM TaKas TypOYJEeHTHOCTH YCHUJIUBATH KPYIHOMACIITAOHBIE
BO3MYIIEHU. B MarauTHoOl IuapouHaMUIKe MMOKa3aHO, ITO MCXOIHO OJIHO-
poJiHasl, M30TPOITHAs U 3ePKaJIbHO-CUMMeTPUIHAsT TYPOYJIeHTHOCTh HE MOYKET
YCUJINBATH KPYITHOMACIITaOHbIe MArHUTHBIE 110J1s. OJTHAKO, €CJTH 3epKaJibHAast
CUMMETpHUs TypOYJIEHTHOCTH HapyIlleHa, TO Takas Cpejia MOYKET YCHJIMBATD
KPYyIHOMACIITaOHOE MarHUTHOE T10J1e. DTO ABJICHUE MOy YN0 Ha3BaHUe Mar-
HuTHOTO AunaMo. IIpocreiimuii mpuMmep HapyIeHns 3epKaJabHOI CHMMETPUN
peJicTaB/sgeT co0oil 1oJie CKOPOCTeil, B KOTOPOM BeJIMIMHA CPeIHEN CITmpaJib-
HOCTHU OTJIMYHA OT HyJIsd. Takoe TypOyJI€HTHOE I10Jie CKOPOCTEel XapaKTepHO
TEeM, YTO I[PaBOBUHTOBbLIE U JIEBOBUHTOBBIC BUXPHU HaOJIIOIAIOTCA C Pa3HOI
BEPOSAITHOCTBIO, TO €CTh BUXPEll OJIHOI0 3HaKa 00JIbIle, YeM JPyIroro.

150



B paboTe MbI n3ydaeM CBOICTBa CIIMPAJILHON TYpOYJIEHTHOCTU B HECYKIIMA-
eMOil >KIJIKOCTH, 3aIl0JIHEHHOM TBepbIMU JacTuiaMu. OrpaHnInBasiCh CJIy-
JasgMU, KOI'JIa Pa3Mephl TBEP/IbIX YacTUIl BO MHOI'O Pa3 00JIbIlle MOJIEKY/IsIPHO-
KHHETHYECKUX 1 MacIITabbl paccMaTPUBaeMbIX BO3MYIIEHUI TaKOBBI, 9TO
TBep/Ible YacTHI[bl 00Pa3yIOT CILIOMIHYIO CPEJy, MbI II0JIb3YeMCs ypaBHEHU-
saMu JIByXdasHoii rujpoauHamMuki. [Ipun BbIBojIe yCpeTHEHHBIX YpaBHEHMUIT,
MbI CYIIECTBEHHO HUCIOJIb3yeM (aKT, 4TO OTHOCUTEJIbHBII 00beM, 3aHUMa-
eMbIil JacTHUIlaMK, MaJl, 4TO II03BOJIIeT HaM IIpeHeOpedb CTOJIKHOBEHUSIMU
JACTUI, MEXKJLy coOoii. JIBrKeHne Bs3KOil HEC:KMMaeMOil »KUJIKOCTH C TBEp-
JIBIMI 9aCcTHUIAMU OyJIeM OIHUCHIBATL CJejyiolieil cucremoit ypaBuennii P.I.
Hurmarynuna:

on —
- ' — 1.1
5 + div(nVs) =0 (1.1)
div(V) — —gﬁa?’div(n)(vs _7) (1.2)
oV, — — = 1
BT =T+ (T P =0 (13
oV e | —
ED +n(Vs=V)+ (V. V)V + ;VP =vAV (1.4)

Bnech V, n V. — FHAPOAMHAMIYECKIE CKOPOCTH KIIAKOH 1 TBepoil das
COOTBETCTBEHHO, Pg U P — UX IIJIOTHOCTH, 1 — KOHIIEHTPAIIUS TBEPIbIX YaCTUIL C
paJuycoM a, ¥ — KHUHeMaTu4decKasl BsI3KOCTh, PP — naBjienne B cpejie. B mojesn
(1.1-1.4) gacTuier TBepP10it haszbl MPEINOIATAIOTCST HEB3aNMOIEHCTBY FOIIMU
Mexk iy coboii. KosddunmenTor

y = —m%%; p=--L (1.5)

OITICBIBAIOT CTOKCOBCKOE TPEHME MEXKJIy KOMIIOHEHTaMU KaxKjoil das3bl. Mc-
0JIB3YS KOPPEJISIINOHHOE MPHUOJINZKEeHe BTOPOro HOPsiJIKa U THIIOTe3Y JIBY-
MaCIITAOHOCTH, MBI TIOJIydaeM 3aMKHYTble YpaBHeHus PeitHosbaca B uHeli-
HOM TI0 CpejHeil CKOPOCTHU TTPUOIMKEHIH:

) 4 modiv( (V) = 0 (1.6)
div(V) = gwa?’% (1.7)

T
o TPV (V) + () =0 (1.8)
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a(V) - — ] -
—L —ng({V) = (Vi)) + arot({V)) + =VP = vA (V) (1.9)
ot 0

[Tokazamno, 970 B 3aMKHYTBIX yPaBHEHUSIX BOSHUKAET TeHEPAITMOHHBIN UIeH
13-3a HEHYJIEBOI JMBEPreHInN B pe3ysbTaTe O0TEeKaHHUsI TBePIbIX YacTHIL
»kuakocTbio. 1o cymecTBy Takass aByxdasHasi cpejlla BelleT ceds KaK CxKU-
Maemad. [IpoBe/ieHHBIN aHaIN3 MoKa3aJjl, YTo CliupaJibHasd TypOYJIeHTHOCTD B
HECKUMAEMOI KUJIKOCTUA C TBEP/AbIMU YaCTUIIAMU HEYCTONYNBa OTHOCUTEJIb-

HO BUXPEBbIX BO3MYIICHUIA.

AHaJIOrnIHbI MeXaHI3M MeHepalliil BUXPEBBIX CTPYKTY]P UCC/IeLyeTCsI J1JIs
cJydasl »KIUJKOCTU ¢ PacIpeIe/IeHHbIMU I'a30BbIMU 1Iy3bIpbKaMu. Byigem uzy-
YaTh IHPOIECCHI B YKUJIKOCTH C paclpejie/IeHHbIME Iy3bipbKaMu. Mbl Oyiem
1peHedperaTh CXJIONbIBAHUEM IIY3bIPbKOB, CUUTAasl, YTO B »KUJIKOCTH ITOIJIEP-
JKUBAETCs MMOCTOAHHOE KOJIMYECTBO IIY3bIPbKOB, COBEPIIAIONNX PaluabHbIC
KoJsiebaHusi. st m3ydeHust TypOyJIeHTHBIX JBUXKEHII TaKO# CMeCH BOCIIOIL3YeM-
Ce CJIeIYIONIel CUCTEeMO! YpaBHEHNI TN IPOANHAMUKI CMECH KIUJIKOCTH C IIy-
3bIPbKAMU:

dp 0
4+ —(pV))=0 1.10
ot o (pVi) (1.10)
0 Vp v
—Vi+ (Vi, Vi)V; = —— + =A% 1.11
BN + (Vi, Vi) P + P ( )
HomoyiHerHOE ypaBHeHue Pajies 1j1st 0IMHOYHOIO 1Iy3bIPbKa, !
. 3. 1
RR+ =R* = —(p, —p) (1.12)
2 Po

B (1.10-1.12) p — mwIoTHOCTH Ia30:KUIKOCTHO cMecH, p — naBieHne u V;
— CKOPOCTH Cpejibl , R — pauyc my3blpbKa, py — IIOTHOCTH KUJIKOCTH, D
— JIaBJIeHNe ra3a B IIy3bIpbKe. YpaBHeHnne (2.3) 9KBUBAJIEHTHO CJICIYIONIEMY

ypaBHEHUIO /i1 o0beMa my3bIpbka U = §7TR3

W

&U_éU—%U_§U2+§RQZpT—p, mea:po/?)%(élﬂ) (1.13)

Mcnonb3yst KoppessinunoHHoe TPUOJINzKEHIe BTOPOTO MOPsIKa U THIIOTE3Y
JIBYMacIITaOHOCTU, MBI MOJIYUUM CHCTEMY YpPaBHEHHUI, OIMCHIBAIOIINX BO-
JIIOIMIO CPEJIHUX JBUXKEHUIT Ha pOHE MEeJKOMAaCIITaOHO CIupaJbHOl TypoOy-
JIEHTHOCTU B YKUJIKOCTU C IYJbCUPYIONINMHI IIy3bIpbKaMU Ta3a B JIMHEHHOM
10 CpejiHell CKOPOCTH MPUOINKEHIH:
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oV, =2 VD Vo o
— =arot(V;) — + —A%Y; 1.14
ot ) Po o (1.14)
dp 0 —
—+ —(Vipg) =0 1.15
7= po(1 —nU + xP) (1.16)
P

[Tonydennoe ypaBuenne nmeer pactyiue perienus. [logsienne B ycpe-
HEHHBIX yPaBHEHUSIX HEYCTOMIMBLIX pelleHni 00sI3aH0 HAJTNYINIO B HECKUMar-
eMOIl JKIJIKOCTH OCITUJITUPYIOMIIX MTy3bIPHKOB, KOTOPbIe 00eCTIeUnBAIOT HEHY-
JIEBYIO JIMBEPTEHIINIO HA MACIITade MyIbCAITMOHHBIX JIBUXKEHUN T TeM caMbIM
HAPYIIAIOT CUMMETPUIO HalpsKennit Pefinosb ica B ycpe THEHHBIX YPaBHEHN-
AX.

VccnenoBanbl cBOIICTBaA CIINPAILHOIN TYPOYIEHTHOCTH B T€TEPOTe€HHBIX Cpe-
nax. llokazano, 9To B HecKMMaeMON KUJIKOCTU C TBEPJBIMUI YaCTHUIAMU
BO3MOYKHO yCHJICHHE KPYIHOMACIITAOHBIX BUXPEBBIX BO3MYIIEHUN MCXOJIHO
OJIHOPO/IHOI, N30TPOIHON W CHUPaJILHOI TypOy/IeHTHOCTHIO. Hammaue TBep-
JIBIX 9aCTHUIL, JBUKEHIEe KOTOPBIX 0OecriednBaeT HEHYJIEBYIO JINBEPreHInio Ha
MyJIbCATTIOHHOM MacIITabe U TeM caMbIM 0becrieunBaeT HeHYJIeBble 3HATEHUST
Hanpsizkennit Pefinosibiica B ycpe/lHeHHBIX ypaBHeHUAX. Haiijiena Buxpenas
HEYCTOWYMBOCTD CIIUPAJILHON TypPOYJIEHTHOCTH B HECKUMAEMOM YKUJIKOCTH C
OCIMJLTUPYIONUMHI TIy3bIPHKAMU I'a3a 110 OTHOIIEHWIO K KPYITHOMACIITAOHBIM
Bo3MyIeHnsM. [lokazano, 4To Kojiedanns Mmy3bIPHKOB 00ECIIeUNBAIOT aCuM-
MEeTPUIO HalpsyKeHuit PeitHo/ibca B ycpeJHEHHBIX YPaBHEHUAX U TOSIBJICHUE
reHepaluoHHbIX 4ieHoB. OOpaTuM BHIMAHNE, YTO IOJIydaeMble B PE3Y/IbTATE
CTPYKTYPbI UMEIOT CIIMPAJIbHBII XapaKTep, TO €CTh <7> rot(<v>) # 0.
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Pacuer ruapaB/inyecKoro cormpoTuBJI€HUS IIPU
00TeKaHUM II0JIOTUX ABYXMEPHBIX I'Psij TYypPOy/JIeHTHBIM
IIOTOKOM

A.T'. Ilerpos, N1.I. 1loTamnos

Nucruryr npukaagroit mexannkn PAH, 119526, MockBa,
Berancinrensanrit nearp /JIBO PAH, 680000, Poccust

petrov@ipmnet.ru, potapovii@rambler.ru

YpaBHeHusi ruJpoAnHaMuKu. B pabore mncciemyercs sajada JIBYX-
MEPHOTO TYpOYJIEHTHOIO TEUeHUsT HECKUMAEMOTi XKUJIKOCTH HaJl TIePUOINIe-
CKU BOJIHHCTOIi [IIEPOXOBATON TTOBEPXHOCTHIO. 3a/1aua PeIiaeTcs OTIe/bHO BO
BHYTPEHHEH 1 BHeIHell 00jiacTsiX TedeHus. PelieHre cTpouTest B Bujie pas-
JIO’KEHUST 110 JIByM MaJjibiM napamerpas. [lepsoriit mapamerp h = Hy/H xa-
pakTepu3yeT COMPOTHBJIEHIE MOTOKY CO CTOPOHBI JIOHHOTO pesibeda, BTopoii
apamMerp [/ XapakTepu3yeT COMPOTUBJIEHNE 33 CUeT JIOHHOM 1ePOXOBATOCTH
w=1/In(H/Zy), rie H - BbicoTa JlorapuMUIecKoro cjiost moToKa, Zg - Bbl-
cora mepoxoBarocTn jHA. Maremarnmaeckasi GOPMYTHPOBKA 33a91 HMEET
BHJ] 1 0003HAYEHNST IPUHATEIE B pabore [1]

@Jrva—@—o
Ox or

ov Op—w  ,0T

U%—’_ ox —n 0z’
208 Op—w _ ,0r

ox ox or’
VpaBHeHus YI0BICTBOPSIOT I'PAHUYHBIM YCJIOBIAM
do
2=0, v=0, ©=h— + ..,
dx

1 71
z—>00, v=1y(2) = In <Z L ZO) In (—) :
20 20

a TaKKe YCJOBUIO NEPUOIUIHOCTH
v(z,z) =v(x+ L, 2),

rjie
v=X/H, z=Z/H, h=H,/H,
v=V/U, z20=2y/H, p=1/In(1/z%),
T =T/(pr’U%), p=P/(pU%), w=Q/(pU?),
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3nech U, P - cKOpocTb 1 JaBjeHne I0oToKa Ha BbicoTe 2 = H. Penbed aHa
OIpeJIeIAeTCsT IPU TTOMOITM Oe3pasMepHoil hyHKIun o (), onpeesoreit
VPOBeHb JHa 110 ypaBhennto Z = Hyo(x), Hy - aMIiuTya JOHHBIX BOJIH.

B pabote mnosydena aHajuTH4YecKas (hopMyJia MO3BOJISIONIAsS OICHUTD,
KacaTeJbHbIe MMPUJIOHHBIE HaIlPSIKEHUsI, BOSHUKAIONINE HaJ| IEePUOINIeCKOi
JIOHHOI ITOBEPXHOCTLIO.

TeopeTuveckn yCcTaHOBJIEHO, UTO XapaKTep 00TeKaHUsl JIOHHBIX BOJIH (OUK-
cupoBaHHOi GOPMBI 0 () 3aBUCUT OT €JIUHCTBEHHOTO He3pa3sMepHOro mapa-
merpa h/pg. Tlpu ero ysejimueHnn TedeHne CTAaHOBUTCST OTPBIBHBIM, U 30HA
OTPBIBA CTPEMUTCS K yBeauwdeHnio. Kpurudeckoe snaderue h/pg, pun Ko-
TOPOM TedeHHe CTAHOBHUTCSI OTPBIBHBIM, 3aBUCUT OT (POPMbI JOHHBIX BOJIH
o(x). Ha Bbicore z GoJibllie fiy BO3MYIIEHIE CKOPOCTH MOTOKA CTPEMUTCS K
MOTEHIINATHLHOMY.

[Tokazano, 4T0 HAJIMYKE CJIBUTA MEXKJLY CPEJIHEI CKOPOCTHIO TIOTOKA, 1 ITPH-
JIOHHOIT CKOPOCTBIO, IIPU 9TOM 3HAUEHNE CJBHUIa IIpU (PUKCHPOBAHHON MeoMeT-
PUH JIOHHBIX BOJIH 0 (X) 3aBUCHT OT eJIMHCTBEHHOTO Oe3Pa3MEPHOr0 MapaMeT-
pa h/pu.

Pabora BeinosHeHA T1pH TOIepKKe oHga (Kog mpoekta 12-01-98518-p
BOCTOK(a)).

Pab6ora Boimosaena npu nojyiepKke Gomga JIBO PAH, (kox npoekra 12-
[11-A-03-034).

Crmcok anrepaTryphl

[1] Andepos O. C., Hekpacos U. B., Ilerpos A. I O6rekanune moJsoro-
ro JIByXMEPHOIo XOJMa TypOyJeHTHbIM HoToKOM//Pusnka arMocdepb
n okeara. T. 36 N. 1, 2000. C. 55-63.

Onenkn ppakTaIbHBIX XapaKTEPUCTUK PaNOTEIJIOBOIO
n3JIydeHusa arMocdepnl

A.A. Iloranos

NP5 nm. B.A. KorensanrkoBa PAH, yi1. Moxosasi, gom 11, kopir. 7,
Mocksa, 125009, Poccus

potapov@cplire.ru

PajmmorerioBoe u3irydenst Tporocdephl sIBJISETCST YaCTHBIM CJTy 9aeM TeTll-
JIOBOTO (TeMIIepaTypHOro) M3JydeHns. B mepBoil 4acTu J0K/aja aBTOpoOM
IPUBEJICHB! (DPAKTATBHBIE XaPAKTEPUCTHKI PEATLHOTO TIPOTIECca PaIHOTeNl-
JIOBOTO M3JTyueHUsI Ha JiTiHe BOJHDI 8,2 MM [1].
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B skcriepuMenTax u3aMepsijii B OCHOBHOM BEJIMYMHY BEPTHKAJIBLHOTO TIOIJIO-
menns I'P na jmue Bosnbl 8,2 MM. PajmoMeTp ¢ 4yBCTBUTENBLHOCTBIO 0,5
K, BBITOJHEHHBII 110 MOJLY/IATIMOHHON CXeMe C CYTepreTepoIMHHBIM TTPUEM-
HUKOM Ha BXOjle, obeclieunBa/l U3MepeHne MyMOBOIO CUTHAJIA B YaCTOTHOI
mosioce Af = 400 MI'ty 10 0OCHOBHOMY U 3€pKaJIbHOMY KaHaJiaM IpPU IIPO-
MexkyTounoit yactore 250 MI't. Momynanusa curnana ¢ dacroroir 1000 I'n
OCYTIECTBJISIIACH IPU TIOMOITH (heppUTOBOIO TIepeKTovaTeid. B kadecTse am-
TEHHBI UCIOJIL30BAJICA PYIOp € MIMPUHON JUarpaMMbl HallpaBJIeHHOCTH 99X
1°. ¥YerpoiicTBo BHYTpeHHEH KaJMOPOBKU Ha BXOJI€ PUEMHUKA BKJIIOYAJIO B
ceOsT BOJIHOBOJIHBIN ITEPEK/II0IaTe b, COTJIACOBAHHBIE HAIPY3KU IIPH TEeMIIEpa-
Type OKPYZKaIoIeil Cpejibl U YKUJIKOTO a30Ta, JIEKTPOMEXaHNIeCKUil TPUBO/T
EePEKJII0UaTe st U JIATIUKE ero moJioxkerus |[1]. Beuio npoanamusuposato 5
cepuit 3arceit, IPOU3BEIEHHBIX B PA3IMIHBIX METEOYCIOBHUSIX.

Ha ocHoBe 1ojiy4eHHbBIX JTaHHBIX BOCCTAHOBJIEHBI (DA30BbIE TOPTPETHI JIJIsT
KayKJI0il cepur M MOCTPOEHBI aBTOKOPPEIATMOHHBIE (PYHKITNN UCCIETYEMbBIX
cepuil. DMIUPUIECKIE PACIpe/ie/IeHUs BEPOITHOCTEN 3HAYCHIIT PaInOTEILIO-
BOIT TeMIIepaTypbl, IOCTPOEHHBIE Ha PA3IMIHBIX CEPHUIX IKCIIEPUMEHTATbHBIX
JAHHBIX, CJ1a00 pa3/IMIaloTcs MeXK/ Iy co0Oil. AHaIM3 CTaTHCTIIECKUX XapaK-
TEPUCTHUK PATUOTEIIOBOIO U3TyUEHUS TPONU3BEEH C TTOMOIIBIO TUATPAMMDI
[Tupcona. CraTucrundeckue xapakrepuctuku cepuit N 1w Ne 2 rpynmnupyrores
B 00J1aCTH 3aKOHOB paclpejiesieHnii, OJIN3KNX K IayCCOBCKOMY, C JIpYTOil CTO-
ponbl, cepun NeNe 3 - 5 HaxosITCsl B 00J1aCTH CTEIIEHHBIX 3aKOHOB C TAXKEJIbI-
MU XBocTaMu. J[aHHbIl GpaKT rOBOPHUT O MEIeCO00PA3ZHOCTH NCIOJIL30BAHUS
NMEHHO COBPEMEHHOI (pakTaabHOil obpaboTku. [lajgee n3mepsinch dhpak-
TaJabHas pasMepHOCTh [) m mokazarenb Xepcta H. 3mepennas Beamdanna
H roBopuT 0 BBICOKOI aHTHIIEPCUCTEHTHOCTH IIPOIECCa PAJIMOTEILIOBOIO N3~
JTyIeHTA.

BsanmoseiicrBue crapryomux u Jjerdmnx kocmudecknx paker (KP) c
okpyzkatoreit cpejoit (OC) gBJIAIOCH MPEMETOM MHOTUX HCCJIeI0BaHu [2].
B gacTHOCTH, YCTAHOBJIEHO, YTO XapaKTep B3anMOIeHCTBHSI CYIIECTBEHHO 3a-
BUCUT OT BBICOTHI h, KOMIIOHEHTOB PAKETHOTO TOILINBa W JPYTUX (DAKTO-
pos. [IpunaTo paccmarpuBaTh 0COOEHHOCTH B3anmMojeiicTBus pakersl ¢ OC
B Tpex obsactsix: B nonocdepe (15< h <30 kM), HukHuil nonocdepe (60-
70< h <120 kM) u Bepxueit nonocdepe (120 - 450 km). MuorouncienubMu
NCCJIeIOBAHISIME TTOKA3aHO, YTO OCHOBHBIE BOJTHOBBIE MTPOTIECCHI, CTUMYTHPO-
Banuble KP, cBs3aHbl ¢ aKyCTHKO-rpaBUTAIIMOHHBIMI BOJITHAMU B HOHOC]EPE,
AKYyCTHYECKIME BOJIHAMHU B aTMocdepe, siBJIeHUIMEI B ONTHIECKOM U KBa3u-
OITHYECKOM JHalla30Hax, reHepaliueili HU3KOYaCTOTHBIX 9JIEKTPOMArHUTHBIX
KoJIeDaHMiT 1 BO3MYIIIEHUEM TeortoJieil, obpaszoBaHneM NOHOC(EPHBIX JbIp. K
n3aydennto C/B — BOJIH MPUBOJAT CJIE/IyIONIHE MPOIECChl: BOSHUKHOBEHUE
CIIOHTAHHBIX JIEKTPUIECKUX Pa3psIoB Ha Kopiyce pakeTbl; MI'/I-adpdexTn
IPOBOJIAIINX 0ObEMOB; aKyCTHIECKIEe (BUODAIMOHHBIC) KOJIEOAHMST TLIa3MBbI
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axeia pakeThl; HHJYIMPOBAHHBIE BBICHIIAHUS YacTHIL [2].

dpaKTaabHbIIl KCIIPECcCc-aHaIN3 JTaHHBIX ITPOBOJINIICA 110 CEePUAM H3Mepe-
HUI JJIMTEJIbHOCTBIO 0KOJIO 5 MUH. B Xoje 00paboTku orpejeisiach (ppak-
TaJbHasd pasMepHOCTb D) a TakzKe pa3MepHOCTh BJIOKEHUs (DA30BOrO MOPT-
peta cepun nsMepenuii. @paxrajbHas pa3MepHOCTb OlpeeIdiach 10 YIJIy
HAKJIOHA KOPPEJIAIMOHHOTO MoKa3aTesst. B jjaHHOM cjiydae 4ncjio HadJIo]1e-
Huit 6b110 paBHo 500, T.e. pa3MepHOCTH Olpejie/isijlach B CKOJIb3AIIEM OKHE
1o 500 uzmepeHnii.

Bo BTopoit qacTn jIoK/1a/1a 1pe/IcTaBIeHbl n30paHHbIE PE3YIbTAThI IKCIIPECC-
aHa/m3a PpakTaJIbHO-CKEHJINHIOBBIMI METOaMU IIPOIECCOB OOHAPYYKEHHST
1 WICHTUPUKAITIT NCKYCCTBEHHBIX MOHOC(EPHBIX BO3MYIIEHUI IO 9KCIIepHU-
merTasbbiM ganabiM USMUPAH u HUMJTAP [2].

PesyiibraruBHOCTD paInoU3NIECKUX MCC/IEI0OBAHNNI MOYKET ObIThH 3HAUN-
TeJILHO IIOBBINIEHa OJiarojapst y4dery (hpakTajJbHOCTH BOJHOBBIX SIBJICHUII,
Pa3BUBAIONINXCS Ha, BCEX dTalax W3/TyUeHUs, pacCessHus U PaCIpPOCTPaHEHUS
BOJTH B Pa3/INUHbLIX cpejiax. Kopennoe oryimane (ppakTaJbHON panohu3mKl
OT KJIACCUYECKON CBS3aHO € MPUHIMITNAIBHO MHBIM IOJIXOJI0M K OCHOBHBIM
COCTABJISIONNM CUTHaJA U 11071 |1 - 4]. DTo 1mo3BoIsieT nepeiiTi Ha HOBBIi
YPOBEHb WHMOPMAIINOHHON CTPYKTYPHI PEaTbHbIX HEeMaAPKOSCKUT CUHAAO8
u noaed.

[Tostyuennbie B JIOKJaJie PE3yJIbTaThl MOKA3BIBAIOT MEPCIEKTUBHOCTD NC-
M0JTb30BaHUS (PppaKTaJbHON - CKeHJMHIOBOI 00paboTKM MH(OpMaIlul B Ha-
VUIHBIX W MPUKIATHBIX 3aadaX HUCCIeI0BaHUs Tpomocdepbl 1 NOHOChEphI
COBPEMEHHBIMI METOJaMU PAJIMOPU3NKU.

Crmcok aurepaTyphl

[1] German V.A., Potapov A.A., Sykhonin E.V. Fractal Characteristics of
Radio Thermal Radiation of a Different Layer of Atmosphere in a Range
of Millimeter Waves // Proc. PIERS 2009 “Progress in Electromagnetics

Research Symp.” - Cambridge, MA: Electromagnetics Academy, 2009. P.
1813 — 1817.

2] I'epman B.A., Muzatinos FO.M., Ilomanos A.A., Caseaves C.M., Illy-
cmoe O. M. OpakrajabHble U3MEPEHId NCKYCCTBEHHBIX BO3MYIICHUN HOHO-
cepnt // Co. goxi. IV Beepoccuiickoit kond. "Pagnosokanus u pa/uo-
cBsi3b" (Mocksa, 29 HosiOps — 03 mexabps 2010 r.).- M.: UPD um. B.A.
Korensaukosa PAH, 2010. C. 216 — 217.

[3] Ilomanos A.A. Unenrtudukanus pakTajbHbIX XapaKTePUCTUK 13-
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B COBPEMEHHBIX MpodaeMax TypOyJIeHTHOCTH
O6beIMHEHHBII HHCTHEGBbICOKIX Temmeparyp PAH,

Mofermmer it vahsmsy Kep s oHIgMEpRN PP AHCTHTY T
MockoBCKH (PU3NKQ-TEXHIUSCKII HHCTUTYT

send@eanrdfgnall . com

AHHoTanus. B HacTosmeM TOKIane MPUBOIATCSA Pe3yabTaThl padoT Mo Typ-
OyJIeHTHOCTH, BBINOJIHEHHbIE B rtocieanue roasl B MOTU u OUBT PAH. Ilpusene-
HBI paboOTHI TTO0 TypOYICHTHBIM TEUSHHSIM BO BpaIlalomuxcs Tpybdax, TypOyJIeHTHBIE
TEUeHUs B M0JIe 0OBEMHBIX CHJI, TYpOYJICHTHBIE TEUCHHUS DIIEKTPOIPOBOTHOM JKHUIKO-
CTH B MarHMTHOM II0JI€ TIpH OOJIBIIMX MarHUTHBIX duciax PeitHonbiaca (acTpodusu-
Yyeckas TypOyJNEHTHOCTh W TypOyJIeHTHOCTh TEPMOSACPHOHM IIa3sMbl), TypOyJIeHT-
HOCTb HEHBIOTOHOBCKOM MJIKOCTU B CABHMIOBBIX TEUCHHAX, peleH-TeHIOpOBCKas
TypOYIEHTHOCTD BA3KOIIACTUYECKON XHUIKOCTH, CBEPX3BYKOBas TYpOYJICHTHOCTh WU
€e pacrnaj 3a peneTkon, TypOyJIeHTHOCTh TEPMOBSI3KON JKHIKOCTH.

B 1947 M./l MUNIHOHIIMKOB CTaJI OHUM U3 NepBbIX mpodeccopoB MOTU u
Bmecte ¢ C.A. XpUCTHaHOBUYEM MPUHUMAJ aKTUBHOE yyacTue B cozgaHuun MOTU.
B 10 Bpems nM OBIIIM MHUITMMPOBAHBI AKCIIEPIMEHTAIIBHBIC H TEOPETHIECKHE PAOOTHI
o typOynentHoctd B LIATY u MOTU. Ilo3xe, HauuHas ¢ 1962 r. paboTel mo Typ-
oynentHoctr B MOTU mpomomxuiick Ha Kadenpe Gpu3MuecKol MEXaHWKH B Hayd-
seix mkonax C.A.Xpuctuanosuua, B.M.Mesnesa n E.C.IlleTnHKOBa, TECHO CBs3aH-
HbIX ¢ M. J[. MUUTHOHIIIMKOBBIM.

TypOyJIeHTHOCTB 3J1eKTPONPOBOJHON KUAKOCTH NPU 00JBIIMX MATHHUT-
HBIX YHcaax PeiiHouabaca. YnciaeHHOE MOJCTMPOBaHUE TYPOYICHTHBIX TCUSHUH BO
MHOTHUX NPUJIOKECHUAX OCHOBAHO Ha YPaBHCHHUAX MOMCHTOB. TpaHCHOpTHbIe YpaBHE-
HUSL ZJI1 MOMEHTOB BTOPOT'O IOPSIKa BO MHOTHX ITAKeTaX YMCICHHOI'O MOIEIHPOBa-
HUA Typ6yHeHTHLIX TEUECHU N MPEACTABJICHbBI B BHUJIC 3aMbIKAIOIUX COOTHOIIICHUH
ypaBHeHHH TypOyneHTHOCcTH. st 3amad TypOyJIEHTHOTO IBHMIKEHHS HPOBOJSIIMX
Cpell cucTeMa ypaBHEHHH NPEICTaBIsCT KOMOWHALMIO yPaBHEHMI T'MAPOAMHAMUKHI
JUISL BEKTOPOB CKOPOCTEil M ypaBHEHHMH AJIsl MHIYIHMPOBAHHOTO MAarHUTHOTO IOJIS.
[Tpn ManeIx MarHUTHBIX 4nciax PefHombACa Mylbcalli MArHUTHOTO TIOJIST MHTYIIH-
POBAHHOEC MATrHUTHOC I10JIE MaJI0O U €Tr0o MYJIbCAllMN BBIPAXKAIOTCA 4Y€PE3 IyJIbCalluu
ckopocreii [1]. Ilpu GompmIMX MarHUTHBIX YUClaxX PeifHONbICa Myabcallid MarHUT-
HOT'O ITOJIA MOT'YyT OBITH MPEACTABJICHBI B BUAC, AHATIOTUYHOM IYJIbCAIIUAM CKOPOCTH.
Jlis mocTpoeHus: MOMHOM aHAJIOTMH MOXKHO MCIOJIB30BaTh IepeMeHHbIE Dnb3accepa
[2]. B mepeMeHHBIX Dnb3accepa MepeMEHHBIE CKOPOCTH M alTb(hBEHOBCKOM CKOPOCTH
MIpeJCTaBJICHBI B BUJIE CYMMBI ckopocTell. B ciydae, koraa uncia PeltHonbaca u mar-
HUTHOE 4ucio PelHoibca UMEIOT CYIIECTBEHHO PA3IMYHBIC ITOPSIKH, MOXXHO BBE-
CTH aHB(bBeHOBCKHe CKOPOCTH U UX ITyJIbCAlUU B Typ6yJ'[eHTHOM IIOTOKC

h(

A= H a' =
\a4rp ’ \/47;0.

YpaBHEHHS ABIKCHHUS TYPOYICHTHOTO IBHKEHHUS MOTYT OBITh 3aIIFICAaHBI B BHJIE

S R
ﬂ:_@+%+%+izi+izf’
dt ox, Ox, Ox, Ox, ox,

i
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R R . N 9]
rae o, — Hanpsbxenus Crokca, o, — Hanpsbkenus Pelinoneaca, 7, — cpeanuii
MAKCBEJUIOBCKMI TEH30p HAnpsuKeHWH, T, — CTATUCTHYECKHIl MaKCBEIUIOBCKUH

TEH30D, OIPEIEIIIEMbII AaHAJIOTUYHO TEH30pPY HaIpsDKEHUH PeitHomnbaca.

YpaBHEHHS 111 MATHUTHOTO 1101 IIOCJIE MIPEACTABIEHUSA B BUIE CPEAHUX 3HAYCHUN U
IyJbCAMOHHBIX BEJIMYUH IPUBOJATCA K BUAY, aHAJIOTMYHOMY YypaBHEHMsM Peil-
HOJIBJICA JUISL BTOPBIX MOMEHTOB CKOpocTed M =<v';y';> M BTOPBIX MOMCHTOB

IyJIbCALMH MarHUTHOTO 10N B, =<g'ia'; >

dM . ov. ov. o
T=o® “tof - (<pVv >0, +<p'Vi>5,+ M, |-
dt * ox *ox,  ox 1 Lk o
k k k
av’. aV’ . aal_ aa! )
V| (Vv ! v'; / -2&.+A4 v ! v / +
"o ' N AR i
Xk X X X
! ! 1 !’ a !
+<viai> Hiv,aar) TV aiav),
* ox, ox,
i i ov', ov'; 0A. 04,
Y4V Y = 4 a'; Vi + a'-ij —<ag vi>—-<aVv >—L 4
k k J i JjV k iV k
ot ox, ox, ox, ox, ox,
oV, ov. 0*as a
+<aiay> —t+<diad>=L+v,|la; )+ lai L
ox, ox, Ox,0x, 0ox,0x,

Kunernueckast sueprust B MI'JT — TypOyJICHTHOCTH MPEACTABISIET CyMMY KHHETHYE-
CKOH OHEPruv ruAPpOAMHAMHUYCCKOro ABMKCHUA W NYJIbCAIMOHHOI'O MArHUTHOTI'O I10-
JId.
1 ., <h?> <v?’> <a’>
k=—<v >+ = + .
2 870 2 2

B pesynbTare nis ypaBHEHHH TYpOYJIEHTHOTO ABMXKCHHS 3JIEKTPOIIPOBOTHON JKUTIKO-
CTU B MArHuTHOM I10JIC IMOJTY4YarOTCs YPABHCHH A, KOTOPBIC AaHAJIOTMYHbI YPABHCHUAM
MOMEHTOB JUIsl TypOyJI€HTHOTO JBM)KEHHUS 0e3 MarHuTHoro mosist. Hanpuwmep, ypas-
HEHHUS 17151 BTOPBIX MOMEHTOB MYJbCALIMOHHOT'O MATHUTHOTO TIOJISI HMEET BUJL.

dB 0q ;k

ij _ pB B
——Pij _8x —2817 +VmABij
k

dt
I7ie MPOU3BOJACTBO TYPOYJIEHTHOCTH OMNpeNessieTcsl Kak reHepanueil TypOyIeHTHBIX
MyJIbCAIlUi CKOPOCTEH, TaK M TeHepalrued TypOyJIeHTHBIX IMyJbCalliii MarHUTHOTO
TIOJISt

ov. ov.
M B i
P +PB =-M a—’—Mjk8

ik
k k

[Ipennaraemslii o1xo/ MOXKET ObITh OCHOBOM JJIs1 UUCIIEHHOI'O MOJIEIMPOBAHUS Typ-
OyJICHTHBIX JBMKEHUI MpH OOJIBIINX 3HAUEHHUSIX MAarHUTHBIX uncen PeiiHonbaca.

[Ipumenenue runore3s! MUUIMOHIIMKOBA B JAaHHOM NpoOiieMe NMPUBOIUT K
COOTHOILIEHUSM MEXJy YETBEPTBIMH MOMEHTAMH ITYJICALIMOHHBIX T'MIPOAMHAMUYE-
CKUX U aJIb()BEHOBCKUX CKOPOCTEH AT BO3MOKHOCTb 3aMbIKAHUSl YPAaBHEHUH Typ-
OyneHtHoro asmxeHus. Jns 3agau pacnaga TypOYJIEHTHOCTU 3a PELIETKOH B Ipo-
JOJIbHOM MarHUTHOM I10JI€ MOKHO IIOJy4UTh aHayor ypaBHeHUs Kapmana-XoBapra u
HaWTH pelleHne Ha CTaJluy pacnazia TypOyJIeHTHOCTH.

0A.
214[ +(Rik _Rki)ij
X, ox,

oV, ov,
+B, Gx,j +B, - +(R, R,
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KaBuranmonHble aBTOKOJIEOAHNISI KAaK peJlaKCAallOHHBIE
npegejbHble MIKJIbI B IIEpEMEeHHBIX ‘“‘pacXo/I-aaBjeHune”’

A.K. TakmazpsH, B.B. IIpokodneB

Mockosckuii ['ocynaperBennbiii Yuuepcurer um. JlomonocoBa, Uucruryr
Mexanuxkm MI'Y. 119992 MockBa, Muaypunckuii np., 1

takmazian@gmail.com

B pabore mouennpyercst TedeHne B MCKYCCTBEHHON BEHTHIMPYEMOM Ka-
BepHE C MTOBBINIEHHBIM 110 OTHOIIEHHUIO K OKPYKAIONIEMY ITPOCTPAHCTBY JaBJie-
HueM (KaBepHa ¢ OTpUIATEIbHBIM YHC/I0M KaBuTannn). Jlannast 3a1ada ObLia
panee apropamu uzydena sxcrepumMentaibho [1| B HUW mexannku MI'Y na
IIJIOCKOI CTPYMHOI yCTaHOBKEe, IPUYEeM JIBYMEPHOCTL TeYeHUd JJOCTUTAJIACTD
3a CYeT TOro, YTO OHO MPOUCXOMIO MEXKY JBYMS OJIM3KO PACIIOJIOKEHHbI-
MU TTapaJiie/IbHBIMU ITacTHHaMu. Bojia n3 HakonuTess mnomnajiaer B Tpyobo-
IIPOBO/I, 3aKaHUYNBAOIIHiica (bopKaMepoil ¢ Cy»KaroluMecst TIJIOCKIM COILIIOM.
Ctpyst BOJIBI 1IOC/IE BBIXOJIa U3 COILIA yapsaeTcs IepIeHIuKYJIAPHO B dKpaH
1 UMeeT BO3MOYKHOCTH CBOOO/IHO BLITEKATH B OJIHY CTOPOHY BJIOJIb SKpaHa B
armMocepy, a ¢ JIPYroif CTOPOHbI OrpaHUYeHa 3aMKHYTOI 00JIacThIO TTOBbI-
IMEHHOTO JIaB/ieHnsT (KaBepHOii), KOTOpasi TO/JIePsKIUBACTCS yTeM MOJIadl B
Hee BO3JIyXa.

B 3aBucuMocTi oT COOTHOIIEHUS PACXOJIOB 0/1aBaAeMOil YKUJIKOCTU | 01
JIyBa€MOT'O I'a3a, BOBMOXKHBI TPU KAYeCTBEHHO Pa3/IMYHBIX BUJIa CTAIMOHAD-
HOTO MCTEYeHUsI CTPYH: 1) CTPysl BBITEKAET U3 MOJOCTH HAPYIKY, HE KacasiCh
9KpaHa, 2) ¢Tpys Ipu yiape ob KpaH pacTeKaeTcsl Ha JiBe: HAllpaBJIEHHYTO
BOBHE, U BHYTPb KABEPHBI, 3) KPUTUIECKUH PEXKUM - CTPYsi KACAETCsT SKPaHa,
HO BBITEKAET IEJTMKOM HapyrKy U3 KaBepHbI. [Ipn cBEpXKPUTHYECKUX PEXKU-
MaxX Te4YeHUs] B SKCIEPUMEHTax HabJIIo/IaInCh YCTONYMBbBIC aBTOKOJICOAHMS
cTpyu B OOJIBIIOM JiMana3oHe BHEMIHUX HapameTpoB. C HecTalmoHAPHbBIME
peKnMaMi TpU MPAKTUIECKO pean3ai Te9eHuil ¢ OTpuliaTe/ IbHbIM YUC-
JIOM KaBuTanuu crajkuBajuch B Mncruryre mexanuku MI'Y B 60-x u 70-x
rojiax (Mcc/ie0BaHms, TPOBOIMMBIE 10T PyKOBOICTBOM akaiemuka JI.M. Ce-
nosa npocdeccopamu B.@. IlymmanosbiM, B.I1. Kapimnkoeim 1 ux corpy/-
HIKAM ).

[Ipn ykazanHoMm Bujie T€UEHUs YCKOPEHUE YKUJIKOCTH Ha BHEITHEH TpaHuie
CTPYHU HAIPaBJIEHO 110 PaJUyCy U3 YKUJKOCTU B ras3, a Ha I'PAHUIE KaBEpHBI,
HA00OPOT, U3 ra3a B *KUJIKOCTh. TakKuM 00pa3soM, rpaHuIla KaBEPHbI MOIBEP-
kena Heycroitunsoctu Pajiesi-Teitnopa (PT) [2]. Oxnako B Hacrostiem mc-
CJICJIOBAHUH TIPEJIoIaraeTcs, ITo 3pMeKTh, CBI3aHHble ¢ YHOCOM Ta3a 3a
cyer PT-HeycToiYnBOCTH HE CUJILHO BJIMSIOT Ha CBOMCTBA aBTOKOJEOATE/b-
HBIX PEKIMOB TE€UEHUs.
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Ciiejtyst OJIXOLy, UCHOJIb30BAHHOMY B [3|, TOKA3aHO CYIIECTBOBAHUE aB-
TOKOJIEOAHUIT B UCC/IelyeMOM TedeHHH. Y PABHEHUsI COXPAHEHUsT KOJINIeCTBa
JIBUYKEHNUST JIJIsT KUJIKOCTH B TIOJBOJISIIIEH CHCTEMe B OJJHOMEPHOM (THIPABIII-
9eCKOM ) TIPUOJINZKEHIN HHTEIPUPYIOTC 10 JIJIHHE TPYOOIPOBO/ia OT BXOJIA JI0
BBIXO/Ia U3 TOABOJIsAINEH cucTeMbl. [Ipu 9TOM BBOJNTCS 3aMbIKAIOIIEe M1PE/I-
IIOJIOZKEHNE O CBSI3H JIaBJIEHUsI Ha BBIXOJE U3 COILIA C JABJICHHEM B KaBEpHE.
B jmammoMm ciydae, 9TO IPeIoJozKeHne 06 OTCYTCTBUH TOTEPh B CBOOOIHOIT
CTpye, Ha BCEM ee MPOTSKEHUH OT COILIa J0 BbIXoja B arMocdepy. Takmm
obpazom, nosryuaercad OJLY s pacxojia XKUJKOCTH B COILIE, B KOTOPOM 3a-
BUCHMOCTb OT JIaBJIEHUsI B KaBepHE BXOJIUT 4epe3 KOIDMUIMEHT CyrKeHUsI
CTPYH TIPH €€ MONaJIaHIl B aTMOChEDY.

YpaBuenue 6ajtaHca Macchl raza B KaBepHe cocTapiisieT Bropoe OJIY cu-
crembl. [IpuTok raza dyepes nuraoninii TpyOboIpoBoj MOXKHO CUUTATh 110CTO-
SIHHBIM, T.K. PACXOJHBII KpaH Ha BXOJE B KABEPHY I'a30MHAMIYIECKN 3aIepT.
Mcreuenne raza m3 KaBepHbI MPEJIIoIaracTcad KBa3UCTAIMOHAPHBIM U 3aBU-
CUT OT MI'HOBEHHO-PABHOBECHDBIX 3HAYCHWIT JaBJICHUs U IJIOTHOCTU B KaBEPHE
1 OKPYZKaIoIei cpejie, a TakxKe OT JiaMeTpa OTBEpCTHA. B mpeooyKeHnm
N30TEPMIIHOCTH IIPOIecca, ypaBHEeHIe IIPUHIMAET 3aMKHYTHIN B, TaK KaK
3aBUCUMOCTb pa3Mepa OTBEPCTHsI OT MapaMeTPOB CPEJbl U3BECTHA (KBA3MU-
craTnka), b0 ero AMHAMUKY MOXKHO ornucaTh HeKoTopbiM OJLY.

[TonnocToio cucrema aByx O/Y 3aMblKaeTcs, ec/ii U3BECTHA 3aBIUCHMOCTD
K03 uImenTa cyzKeHus (MOIKATUsSI) CTPYU OT MCKOMBIX TIEPEMEHHBIX - PAC-
Xo/a B Tpybe m jaBjienns B KaBepHe. Vcmob3ys M3BECTHOE TEOPETHIECKOE
perienne (cMm. HarnpuMep [4]), MOXKHO MOCTPOUTH MOJTUHOMUATBHYIO ATPOK-
CUMAIIMIO 3aBUCUMOCTH KO3(DPUIMEHTa CYy»KEHUsI OT TOAXO0sIeil KoMOnHa-
AN JIABJIEHUs U pacxona [H].

B pesyabraTe 3ajada cBejach K OBICTPO-MeJIEHHO CucTeMe, ONMUChIBAIO-
el pesrakcannoHHble Kostebanust ¢ S-obpasHoii "MepienHoit" KpuBoit ¢ aBy-
Ms YCTOHYMBBIMU W OJIHON HEYCTONYNMBOI BETBLIO, KAK B OCHUJIIATOpe Bam
nep Ilosst. Beenenne B cucremy jnonosianTesibaoro (Tperbero) OV mist kpu-
BUBHDBI CTPYH MTO3BOJIAET MOJTYUNTH KOJUIECTBEHHOE COBIAJIEHNE C JTAHHBIME
9KCITIEPUMEHTA.

Pabora nojiepxkana rpantom PODU Ne 13-01-00250.
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AHOMAaJIbHBIE PEKNMbI TPAHC3BYKOBOTO TYyPOYJI€HTHOTO
00TeKaHNs KPbIJIOBOTO MPOMUIILA C SJI€POHOM
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B nociieigee gecstusieTre psji UNCAEHHBIX HCCJIEIOBAHUI IIPOJIEMOHCTPH-
POBaJI BBICOKYIO UYBCTBUTEILHOCTH TPAHC3BYKOBOI'O T€UEHUS K U3MEHEHUSIM
1apaMeTpoB HaberaroIero Ha KpbLIoBoil podu/ib IIOTOKa B TOM CJIydae, Ko-
ra IpoUIb NMeeT YIacTKN MaJIoi KpUBU3HBL. 1yBCTBUTEILHOCTD BhI3BAHA
B3aUMOJIEICTBIEM JIBYX JIOKAJIbHBIX CBEPX3BYKOBBIX 30H, IPUMBIKAIOIINX K
npocdutio. ¥Ypeaudenne dnces Maxa cBOOOJIHOIO TTOTOKA BeJIET K pacliupe-
HUIO CBEPX3BYKOBBIX 30H. CJIeJICTBUEM STOT'O sIBJISETCs CJUSIHUE JIBYX CBEPX-
3BYKOBBIX 30H, IIPH 3TOM PE3KO MEHSIIOTCSI JIaBJIEHNE W adPOIUHAMIIECKIEe
CHUJIBI, JieficTBYIOIIe Ha HPOMUIb. DTO dBIEeHNE ObLIO U3YUYEHO KaK JIJIs Psi-
Ja CUMMeTpUYHBIX Ipoduiedi [1], Tak u i HECUMMETPUIHOTO POMILIIs
J-T8, BepxHsisi IpaHuIla KOTOPOI'O UMEET B CpeJHell JacTu MaJjiyio KpPUBU3-
my [1, 2|. HeycroitanBocTh 6IM3KO PaCOIOKEHHBIX 30H HCCIIE0BAHA TAKZKe
nuist mpoduteit Drela Apex 16 n Boeing 737 Outboard, Ha HUXKHIX TTOBEPXHO-
CTSIX KOTOPBIX BOJIU3H TepejiHell KPOMKU UMEIOTCs MOYTH IIJIOCKHUE YIACTKH
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13, 4, 5]. B [4, 5] paccmarpusasiocs obrekanue npodusis Witcomb, caabken-
HOTrO 3j1epoHOM. OTKJIOHEHHE 3JIepPOHa IPUBOJANT K YILJIOMIEHUIO pOoduisi B
OKPECTHOCTH COeMHEeHNsT TPOMIIL-3JIePOH MIN Jake K 00pa30BaHUIO BIIa-
JINHBI.

B nacrosiiieit pabore 4HUC/IEHHO HMCCJIEyeTCsl TPAHC3BYKOBOE OOTEKaHUe
KpbL1oBoro npoduist Dsma-523b [6] ¢ sseponom. Permenne ocpeiHeHHBIX
o Peitnonpcy ypasaenunit HaBbe-CToKca mpoBOANMIOCH C ITOMOIIBIO ITAKE-
ta Ansys CFX - 13 [7] MeTo10M KOHEUHBIX 06'bEMOB, OCHOBAHHBIM Ha, CXEME
BBICOKOIO pasperienus [8]. HesiBrasi Broporo mopsijika TOYHOCTH OOpaTHast
cxeMa Jitjiepa BOBJIeUeHa, JIJIsl PeIIeHNs] 110 BpeMEHHbIM Iaram. PacdeTnl Bbi-
HOJIHSIJINCh Ha THOPUJIHBIX HECTPYKTYPHUPOBAHHBIX CETKAX, KOTOPbIE CTYIIa-
JINCH B IIOIPAHUYHBIX CJIOSAX, B CJIEJE U B OKPECTHOCTH CKAYKOB YILJIOTHEHNUSI.
Bespasmepnast ToJIIMHa EpBOro ¢Jiost ceTku Yy Obuta Menblie 1. B 6o/b-
IIMTHCTBE PACYeTOB MCIOJIb30BAJIACh CTaHIaPTHAS MOJIEIb TYPOYJICHTHOCTH
k —w SST. B psige ciydaeB IpoBegeHO cpaBHEHUE ¢ MOJIE/IbI0 TyPOYIeHTHO-
cru BSL Reynolds stress [7]. Ilpurogtocts ncmosib3yemoit mporpaMMbl Jiist
TPaHC3BYKOBBIX TedeHUil OblLIa IIpoBepeHa Ha HECKOJIBKHUX TEeCTOBBIX 3a/la-
Jax IyTeM CpaBHEHUsI IMOJIYUEeHHBIX PEe3yJIbTATOB C JIAaHHBIMHU SKCIIEPUMEHTa
1 9ICJIEHHBIX PAcdeToB, JOCTYIHBIX B JINTEpAType.

[Tosryueno, 9To CymecTBYIOT TaKue Iuana3oHbl duces Maxa, yriioB araku
U yIJIOB OTKJIOHEHHS 3JIepPOHA, B KOTOPBIX MaJjible M3MEHEHUs yIJIa aTaKi u
qucsa Maxa ¢cBOOOIHOIO OTOKA BEJAYT K 3HAUUTE/IbHBIM N3MEHEHUSIM 10/ b-
eMHOIT CHJIBI, 9TO MOKeT MPUBECTH K OIMACHBIM CHTYAIMAM JJISI SKUIIAXKa I
IACCAKIPOB CaMoJjIeTa. B To »Ke BpeMst Ipu Ipyrux mapaMeTpax Haberarore-
r'o IOTOKa OTKJIMKM Ha ITOBOPOTHI 9JIEPOHA OKA3BIBAIOTCS aHOMAJbHO MaJibl
1 yIpaBJeHHe II0JeTOM C ITOMOIIBIO 9JIEPOHOB OKA3bIBAETCSI HEBO3MOXKHBIM.
JIBa pa3ImIHbIX PeKIMa 00TEKaHUSI XapaKTePU3yIOTCsT PA3IMTIHBIMEI Pa3Me-
paMI 1 PaCIOJIOXKEHNEM CBEPX3BYKOBBIX 30H, MIPUMBIKAIONINX K ITPOMIIIIO.

Hacrosmasa padora noggepxkana PODIU, rpant Ne13-08-00288. Hccieno-
BaHUsI OBLIN IIPOBEEHBI C UCIOJIB30BAaHNEM BBIUNCINTEIBHBIX pecypcoB Pe-
cypcuoro Ilenrpa "Boraucinrenshsriit neatp CIIGIY" (http://cc.spbu.ru).
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Xaoc u TypOyJIeHTHOCTH B JIBYXJU(PDYy3MOHHOI 1
IIPOHUKAIOIIE KOHBEKIIUN

Nnpsac Cubrarynana
Mockoscknii I'ocynapcrennsbiit Yausepcurer um. M.B. JlomonocoBa
sibgat@imec.msu.ru

Hapsiny ¢ MozennpoBanmeM pa3BUTHIX TYPOYJIEHTHBIX TedeHHUil 0O0JIbInoe
3HAUEHIE NMeeT U3yUeHle U MOJEeIUpPOBaHue MPOIECCOB Iepexoia OT JIaMu-
HAPHBIX TedeHuil K TypOyaeHTHbIM. OCcOOEHHO 9TO BayKHO U3-3a TOrO, YTO
TaKne PeXKUMbl TPYJIHO IIPOTHO3UPYEMbI U JIJIg HUX ITOMUMO XaO0THIECKOI'O
perKuMa MOTYT IIPUCYTCTBOBATD PEXKUMBI C IIEPEMEZKAeMOCThIO, IIPH KOTOPHIX
XaOTUIECKIE BCILJIECKN BOBHUKAIOT Ha (DOHE JIINTE/IHLHBIX CTAIMOHAPHDBIX I
MEPUOJIMIECKIX PEyKUMOB. [lJI TaKUX pe:kKMMOB BBIJICISETCS JIBa MEXaHU3-
Ma HEYCTOMYMBOCTU: OJNH IPONCTEKACT N3-3a HEYCTONYNBOCTU B IPUCTEHHONI
00J1aCTHU, JIPYTroil CBsA3aH ¢ HEYCTOWYMBOCTHIO KOHBEKTHBHOI'O TeUYeHHsI B 3a-
MKHYTOII 00JIaCTH, IIPH 9TOM IPUCTEHOUYHbIE OCOOEHHOCTU MOIYT He UI'PATh
OOJIBIIION POJIM.
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MbI Ipoj10/IKIIN UCCTIEIOBAHIS KOHBEKIINHT B YKUJIKOCTAX C TAKUMHU OCO-
OeHHOCTSIMM KaK JiBoiiHast juddy3us Win aHoMaJjbHas 3aBUCUMOCTH ILJIOT-
HOCTHU OT TeMIepaTypbl. /I ByMepHBbIe DEXKIMBI IBJISIOTCS HEYCTOIINBBIMU 110
OTHOIIIEHNIO K TPEXMEPHBIM BO3MYIIEHUAM, HO JAIOT IpEeJICTaB/JIeHne O Ju-
HAMUYIECKUX PEXNMaxX, KOTOpble MOTYT Pa3BUBATLCA B paMKaX ypaBHEHMWIT
Hapbe-Crokca. Ha xapaxkTep perieHust Tak:Ke CHJIBHO BJIUSIOT CHMMETPHH
perennsi, BOSHUKAIOIIE N3-3a TPaHUIHBLIX yeaoBuil. B aByxanddysnonnoit
KOHBEKIINN BO3MOKEH crieHapuil mepexojia K xaocy Peiirendayma, B TO BpeMst
KaK JIJIs IPOHUKAIOINIEH KOHBEKIINM BO3HUKAIOT CYOKpUTHYECKHe OudypKa-
U1, TTPUBOJISAIINE K KBA3UIIEPUOIMIECKOMY PEIIEHUIO U 3aTeM K PEyKHUMaM C
nepeMezKaeMoCThIo. T'pexmMepHble pesKUMbI ITPOHUKAIONIEH KOHBEKINH JTazkKe
B CTAIIMOHAPHBIX KOH(MUTYPAIUAX TOKA3BIBAIOT €Ile 00Jiee CJI0XKHBIE CTPYK-
TYPBI U TPAEKTOPUU YACTHI, YeM IIPEJICTABJIEHO B [3| Jyist Kiaccuueckoil KoH-
BekIm Pestes-Benapa. Jl1s1 uccieoBanmii npuMeHsieTcst BHICOKOTOYHBII T1CEeB-
JOCTIEKTPAJIbHBIN METO/T, TIO3BOJIAIONINI B MINPOKOM JINATIa30He MCCIeI0BATH
HeCTaIlMOHAPHBIE PEXKUMBI U TIEPEHOC SHEPTHH MexK 1y Mojamu Dypbe.
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KomnbioTepHoe Mo/jieJiMpoBaHe pacopoOCTPaHEeHUsl BOJIH
B MeTacTaOMJILHBIX cpeiax
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JlokJiaj1 TOCBsIIeH aHan3y pa3paboTaHHBIX METOJIOB MaTeMaTHIeCKOro
MO/IEJIUPOBaHUS I€PEXOHBIX MPOIECCOB IIPU PaCIIPOCTPAHEHUU TOPEHUS B
HEOJIHOPOJIHBIX Cpejax Ha MHOIOIpPOoIeccopHbIX cynepdBM. B nacrosiiee

165



BpeMsl MaTeMaTHIeCKOe MOJIeJTMPOBaHNE KaK IIPOIECCOB Iepexojia TOpeHust
B JIETOHAIIMIO, TaK U paCIIeIJIeHUs JIeTOHAIIMOHHOIO (hpOHTa Ha, yIapHYIO
BOJIHY M OTCTAOIIYIO OT Hee 30HY I'OpeHMs TpeOyeT BBICOKOIl CTEIeHH IpOo-
CTPaHCTBEHHOT'O Pa3pelleHts, CPABHUMOIO C TOJIIUHON 30HbI PEAKINU. DTO
JIeJIaeT pacdeThl peasbHbIX IIPOIECCOB B 00JIACTSX CJI0YKHOM NeOMETPUH TPY/I-
HO BBITTOJTHUMBIMU B T€UeHNe Pa3yMHOro BpeMenn. [losromy npumeHenme Jiist
9TOIl 1IeJIN IMapaJiie/IbHbIX BbhluncaeHnii Ha cynepdBM npejcrasiisiercs Bech-
Ma repciekTuBHbIM. C JIpyroii CTOPOHBI MOJEJIUPOBAHIE TAKUX CJIOXKHBIX
B3aIMO3aBUCUMBIX IIPOIECCOB, KaK B3auMOeiCTBHe XUMUYECKUX, (pu3nde-
CKUX ¥ Ta30MHAMIIECKUX IIPOIECCOB B TYPOYJIEHTHBIX [TOTOKAX HE IO/ 1aeT-
cd pacrapaJiie/IMBaHuio “HAIIPSAMYIO', & POU3BOAUTEILHOCTD BbIYHCIUTE b
HOI'O KOMILJIEKCa, He IPsIMO IPOIOPIIMOHAJbHA YHC/IY IIOJK/II0YaeMbIX I1PO-
1ieccopoB. [oaTomy 0/1HO# N3 OCHOBHBIX 3814 MCC/IEIOBAHNIN SIBJISICTCS Pas3-
paboTKa MeTOJI0B paclapasiieuBaHIsI BEITUCICHN TePEXOIHBIX MPOIECCOB
IIPU PACIIPOCTPAHEHNI TOPEHUsI B HEOJHOPOIHBIX CPEJIax, 1 OIpeIeeHne 3a-
BUCHMOCTH CKOPOCTHU BBIYHCJIEHUI OT KOJIMYECTBa, IOJKJIIOYAEMbBIX IPOIEC-
copoB. PazpaboTannble MOJeIN IPUMEHSIIOTCS JIJIS UCCJI€IOBAHUS BJIMSHIST
HEOIHOPOJIHOCTH PAaCIIPEIe/IeHUsT TOPIOYEro, CJI0XKHOCTH MeOMeTPHUH T'PaHMUII,
KOHIIEHTAIINI TOPIOYEro B CMECH I ee TeMIIEPATYPhI Ha PEZKIMbBI 3ayKUTaHNUSI,
MOTYXaHNs U [IEPEX0/a TOPEHHs B I€TOHAIINIO.

ccnenoBanne MexXaHU3MOB Iepexo/jia TOPEHUs B JIETOHAIINIO, ITPOBEICHHOE
ABTOPCKUM KOJIIEKTUBOM, IOKA3aJ10, 9TO SKCIIEPUMEHTAIbHO HabJI0jaeMast
MHO>KECTBEHHOCTD CIIEHAPHUEB IIPU IIePEX0ie TOPEHUsI B JeTOHAINIO O0bSICHSI-
eTCsl BOSHUKHOBEHUEM TeILJIOBBIX B3PBIBOB B TOPSINX TOUKAX, 00Pa3YIOIIIXCSI
B pe3y/ibTaTe B3auMOJIEHCTBUs BOJIH Iepe]] YCKOPSIIOMIIMCs (PPOHTOM ILIaMe-
1. B 3aBHCHMOCTH OT IIPEIBLICTOPHUH IIPOIECCa U IPaINeHTOB BpeMeH 3a,1ePrK-
KU BOCILIAMEHEHHUSI B OKPECTHOCTH TOPsAYeil TOUKHU, TEIIOBOil B3PHIB MOXKET
IPUBECTU JINOO K BO3HUKHOBEHUIO JE€TOHAIIMOHHON BOJIHBI, JINOO K BO3HUK-
HOBEHUIO BOJIHBI HOPMAJILHOTO FOPEHUsI, PACIPOCTPAHSIIONIEr0CsI 13 0dara BO
BCE CTOPOHBI. JIOKAJILHO B OTIEIBHO B3SITOM 9K30TEPMUYIECKOM IIEHTPE BO3-
HUKHOBEHIE JeTOHAINN IIPOUCXOINT CAeAYsT 3aKOHOMEPHOCTSIM CIIOHTAHHOTO
MeXaHHU3Ma, B TO BpeMsI KaK IOsIBJIeHNEe 9K30TePMUIECKUX [IEHTPOB B IIOTOKE
IIPOUCXOJIUT BCJIEJACTBUE €0 HEOJHOPOJHOCTEl, TypOy/in3amm, B3anMoieli-
cTBUsI BOJIH. TakmMm oOpa3oM, Kak ITOKA3a/Il IIPOBEIEHHBIE HCCJIEI0BAHIS,
KJIIOYEBBIM MOMEHTOM IIPU M3YYeHHH IIePEXOIHBIX MPOIECCOB TAKOIO THIIA
SIBJISIETCSI BOBHUKHOBEHME U 9BOJIIOINs OTJE/JbLHOI0 ouara jeroHanun. [Ipo-
I[ECC STOT CYIIECTBEHHO TPEXMEPHBI, 1 TpedyeT i U3y YeHHsI COOTBETCTBY-
IOIUX TPEXMEPHBIX Mojeseil. TypOyJIeHTHOCTh MOTOKa IIPU 9TOM JIOJIXKHA
Urparh CYIIECTBEHHYIO POJIb KaK B IIPOIECCEe IIePexojia MOPEHUsl B JI€TOHA-
IUI0 B IIEJIOM, TaK U IPU BO3HUKHOBEHUU M Pa3BUTHUU OT/IEJIbHBIX O4YaroB
JIeTOHAIIN.

B HacTosiiee BpeMs TpexMepHOe YUC/IeHHOE MOJIE/INPOBAHIE [1epexo/ia I'o-
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peHusi B jeToHalnio Ha Oaze ypasuennit Hapbe-Crokca jij1st ciiydast IpOCTOii
OJIHOCTYIIEHYATO KHHETUKI ITPOBOJIUTCSI IPYIIIION JTaO0PATOPUN BOEHHO-MOP-
ckux uccaenoparmii CIIA. Oapnako, mosydaemble MU PE3yJIbTAThl JaCTO
HE COOTBETCTBYIOT SKCIIEPUMEHTAJbHBIM JIaHHBIM, BEPOsITHO, BBHUJY HEBO3-
MOXKHOCTH y4€CTb II0JICETOUHYIO TypPOYIeHTHOCTE. B cBeTe 9Toro jgaHHasi Mo-
JIeJIb TIPEeJICTaBIAeT CYIIeCTBEeHHBI Iar BIepe, TaK KakK OHa IIPeJIoJiara-
eT yINTBIBATH MOJICETOIHYIO TyPOYJIEHTHOCTH M MHOTOCTAINHHYIO PEIyIIIPO-
BAHHYIO KHHETHUKY (110 mstTu crauit). Kpome Toro, mepexojiHbie mporeccsl j10
HACTOSIIIEI0 BPEMEHU YHCJIEHHO KMCCJIEIOBAJINCH C IIPUMEHEHIEM II0C/Ie/I0Ba-
TEJILHON CXeMbI BBIYUCJIEHHI, 9TO P TPeOYyEeMOM YypPOBHE IIPOCTPAHCTBEH-
HOT'O pas3peleHns IPUBOJANT K UCKIIOYUTEIBHO IJINTEILHOI IIPOIeIype pac-
yeTa, OIPOMHOMY KOJMYECTBY IMIAroB. B OTJIMYMM OT IOMOI'€HHBIX I'a30BbIX
cMeceil IpOoIecchl Iepexojia MOPEeHHsl B JIETOHAIMIO B IIOJIUIUCIEPCHBIX Ie-
TEPOTEHHBIX CpeJlaX He HACTOJbKO XOPOIINO H3Y4YeHbl B HACTOSIIEE BpeMsl,
4TO, MO-BUINMOMY, O0bSICHSIETCsT OOJIBITNM HHTEPECOM K yIapHO-BOJTHOBOMY
MHULIIUPOBAHUIO JIETOHAIINN B TAKUX CPeJlaX, IPOsiBISIBIINMCS POCCUACKAME
1 3apyOe:KHBIMU HCCJIeI0OBaTe/IIMI 10 I0cjenHero speMenn. [IpoBegerHble
KOJLJIEKTUBOM HCCJIEOBAHUSI IIEPEXO/IHBIX IIPOIIECCOB B I€TEPOreHHbIX CPe/lax,
BO3HUKAIOIINX IIPU MATKOM HHUIUHPOBAHNN, TIOKA3AJIM CYIIECTBEHHYIO POJIb
HEPABHOBECHOCTH (PU3NIECKUX MPOIECCOB (Pa30BBIX IIEPEXOIOB HA PEXKIMBI
pacIpocTpaHeHns 9K30TepMIIECKIX BOJIH B TaKuX cucreMax. HoBusna mpej-
[10JIara€MBIX B JJAHHOM IIPOEKTE UCC/IEI0BAHUI, B TaCTHOCTH, COCTOUT B TOM,
4TO OYyJeT M3ydaTbCd ‘MATKOoe WHHUIIMUPOBAHUE JIETOHAIMH B JIUCIIEPCHBIX
ra30->KIIKOCTHBIX CHCTEMAaX B IIPOIECCe IePexoa TOPEHUsI B JIETOHAINIO.
Pabora nmopuep:kana rpantom PODU 11-03-00213.

NccnenoBanme gedopmanmii monepevHoil pycIOBOIA
Ipope3u C IIOMOMIbI0O MaTeMaTU4YeCKOl MoJejan AJIid
HeyCTaHOBUBIIETOCS PYCJIOBOIO IIPOIiecca

K.C. Cauryp
BIT ZIBO PAH, yin. Kum FO Yena, jgom 65, Xabaposck, 680000, Poccust

snigur_ks@rambler.ru

B pabore mpejoxkeHa ojiHoMepHas MaTeMaTudeckas MOJIe/Ib, KOTopasd
BKJIIOYAET B cedsl CTallOHAPHOE YPaBHEHUS JIBUYKEHUST BOJIHOI'O TIOTOKA, OTIpe-
JIeJICHHOEe B paMKax IpUOJINyKeHUsT MEJIKOI BOJIbI, ypaBHeHUe OajlaHca HAHO-
COB, HEPABHOBECHOE ypaBHEHME I[EPEeHOCA B3BEIIEHHbIX HAHOCOB, paBHOBEC-
HYI0 POPMYITY JBUZKEHUST BJIEKOMBIX HaHOCOB. Dopmysia JIBUKEHUS BJIEKO-
MBIX HAHOCOB YUUTBHIBAET BJIMsIHIE MOPMOJIOrNN JTHA, (DUBNKO-MEXaHMIECKIX
U TPaHYJOMETPUYECKUX I[MapaMeTpOB JOHHOI'O MaTepuaja W He COJEePKUT
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B cebe (heHoMeHoJIOrnIecKnX napaMeTpos. [Ipeioxkenias MaremMaTudecKast
MO/IeJIb PYCJIOBOIO TIOTOKA BKJIIOYAET B eOst: - ypaBHEHHE MEJIKON BOJbI [1]

o [ U? T
— | =—+ + = Q=U H,; 14
ox <2 g 77) gHp,, 0, ’ (14)

- ypaBHEHNe MepeHoca B3BEIeHHBIX HAHOCOB |2, 3]

oS 0SU W

ot e oY) )
- ypaBHenue iicaepa [4]
ag G w
(=g + 5 = oS- =9 "

Maremarutdeckasi nocranoBka (14) - (16) 3aMbIKaeTCss HAYATBHBIMEI U IDa-
HUYIHBIME yCJIOBUSAMI

C,0) = G, 0), S(,0)=5.. ((LD)=">=1

G(0,t) =G°, H(L,t)=H". (17)

Ob6o3HaveHs!, NCIOJIb3yeMble B Bbipaxkenusix (14)-(17): z, t — npocTpancTBeH-
Hasl ¥ BpeMeHHas KOOpJHMHaTa cooTBeTcTBeHHO, U — ckopocTh moToka, H —
rIyonHa moToka, () — pacxo/ nmotoka, n = H + ( — ypoBeHb ¢BOOOIHOII TI0-
BepxHOCTH, ( — YPOBEHDb JIOHHOI ITOBEPXHOCTU, T — CJIBUIOBBIE HAIIPSZKEHUSI
COIIPOTUBJIEHUSI, Py, — ILIOTHOCTH BOJIbI, Ps — ILIOTHOCTH I1€CKa, § — yCKOpe-
Hiue ¢BOOOIHOIO IajieHnsl, S — KOHIIEHTPAIUsI JaCTHI] B IIOTOKe, Sy — TpaHC-
HOPTHUPYIOIIAsT CIIOCOOHOCTH MOTOKa, W — ruapaBindeckasi KPYIHOCTD JIJIsT
IIEPEXO/IHOTO MTOTOKA, Ie d — IrnaMeTp YaCTHIl, € — HOPUCTOCTh JOHHOI'O Ma-
TepuaJja, G — IMOTOK BJIEKOMBIX HAHOCOB, J — YKJIOH JIOHHOIl IOBEPXHOCTH,
G° — TpamsuT JOoHHBIX HaHocoB, H° ~TyyOUHA NOTOKA Ha BBIXOJE N3 Pac-
JeTHOI obsacTu. TpaHcropTHUpyolast CIIOCOOHOCTh TOTOKA Sy HAXOIUTCSI
o dopmyiie, mpeioKenHoit apropom [3]. OmpejiesieHne HampsizKeHUH [T~
PaBJIMYECKOTO CONPOTHUBJICHUSI MTOTOKY 7 BbIOJIHseTCst 110 opmyste [le3u.
[ToToK BJIEKOMBIX HAHOCOB U3 ypaBHeHus (16) ompesernsercs mo HedeHOMe-
HOJIOTUIECKOiT Moziestn [4]

G =Gy (1 X)—Go—ﬁ{(l )(9@] X = T; (18)

tan ¢ cos7y Ox
4 Ps T 1, v<1
Go = - ) = , - )
O 3k /Paps — pu)gtangcosy’ {07 x>1
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3 K%d(ps — pw)g tan o cosy

8 Cy '
IJe T, — KPUTUYECKoe JIOHHOe HallpsizKeHnue, (¢ — yroj BHYTPEHHEro TPeHUs
YaCTUIl, C; — JIOOOBOE COIPOTUBJIEHIE YACTHUIL, Y — OCTPBII YyIoJ MEeXKIy HOP-
MaJIbIO K ITIOBEPXHOCTH JIHA U BepTUKaJILHON junueit, £ = 0.4 — nmocrosinuasd
Kapwmana. Pe3ysbraTbl MOACINPOBAHKS 110 IPEIJIOKEHHON MOJIe/IN ITPUBEIC-
Hbl Ha puc. 20, rie Kpusble 1-3 olpejiessiioT reOMeTpUIo PYCJIOBOIT IIpope3n
B pa3/IMIHble MOMEHTHI BpeMeHn. ['eoMeTpnsa HOHHOI TOBEPXHOCTH, OIIPee-
JIEHHAsI 110 SKCIIePUMEHTAJBHBIM JIaHHbIM [5], mpencrasiena Ha puc. 20 To-
YeUHBIMU MOKecTBaMu 4,5. Pe3ybrarsl MoIeIMpoBaHnsd 10 TPABUTAIIMOHHON
JIBYMEPHOI Mojiesin [5] IpejicTaB/ienbl Iy HKTUPHBIMU KPUBBIMU 6,7.

Tx

< ()

02 ——=_m ¢ -

0.18 - '

0.15 1

0.12 1

0.09 1

0.06 - 1 - Bpenta HabmoneHms Ou.

0.03 | 2.4.6 - Bpen Habmioera T,

3.,5.7 - Bpema HabmrogeHNA 144,

° 3 8 9 12 15 L (™)

Puc. 20: CpaBHeHI/Ie QKCIIEPUMEHTAJIbHBIX U PaCYE€THBIX JaHHbIX
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O BJIUAHUN U3MEHEHU KJINMAaTa Ha ANHAMUKY
KPYITHOMACIINTAOHBIX BOJIH B arMocdepe FOxkHoOro
MOJIy A PUsI
C.A. Coanarenko, A.B. TeprbltHnKOB

Centre for Australian Weather and Climate Research, Melbourne
Wucruryr npukrajmor reopuznkn, Mocksa

S.S50ldatenko@bom.gov.au

zmenenns kiamMmaTa, Hab/IIOgaeMble B IIOC/IEIHIE HECKOJIBKO JIeCSATHIIe-
THil, B OlIpe/IeJIEHHOI Mepe 00yC/IaB/INBaOT I1peodpa30BaHmsd, ITPOUCXOISIITIE
Ha HAIINX IJ1a3ax B NPUPOJHBIX M aHTPOIOTEHHBIX cucTeMax. [IposBienns
n3MeHeHnii KJIMMaTa BecbMa pa3HooOpasHbl. B gacTHOCTH, OBLIO 3aMeveHo
HEKOTOpPOE YBEJINYEHNEe CTATUYECKON YCTONYMBOCTH W ocjabJieHne Mepu -
oHaJsibHOTO T'pajmenTa Temmeparypbl (MI'T) B psige obmacteir 000MX MOJTY-
mapuit (cMm., Hampumep, [1]). DTu u3MeHeHUs NMPUBEIN K YMEHBIIEHIIO KO-
JINYECTBa W OCJTa0JIEHUI0 MHTEHCUBHOCTU CPETHENTUPOTHBIX CHHONTHIECKUX
BUXpeil (IIUKJIOHOB) U CABUTY 10 HAIIPABJIEHUIO K MOJIIOCY MITOPM-TPEKOB. B
pesyJibrare B 102KHOM ITOJIYIIIapUU CYIIEeCTBEHHO N3MEHUJIUCH ITOTO/HbIE YCJIO0-
BIsI HAJI OOIMMPHBIMI TEPPUTOPUSIMHU, BKJII0Yast ABCTPaJINiiCKIT KOHTHHEHT.

OCHOBHBIM MEXaHU3MOM 3aPOrKJIEHIS CHHOITUIECKUX BUXPEl B CPeIHUX
MUPOTax, KaK W3BECTHO, CJIAYXKHUT OAPOKJIMHHAA HEYCTONIUBOCTH KBA3U30-
HaJIbHOTO TI0TOKa. CpaBHUTE/IBHBIN aHan3 O0apOKJIMHHON HEYyCTOINYNBOCTH,
xapakTepusyeMoit kpurepuem Dujnrca, TpoBeAeHHbBIN Ha OCHOBE JAHHBIX
peanam3a 3a rnepuojabl 1949-1968 u 1975-1994 u Gosiee 103HMIT MHTEPBAJI
BpEMEHHU, MMOKa3aJ 3HAYUTE/TbHOE YXYJIIIEHe CO BpeMEeHEeM OJIaronpusiTHBIX
YCJIOBUIl JIJIsi pa3BUTUsI OAPOKJIMHHON HEICTONYNBOCTH B CPEJIHUX IIHPOTAX
FOzxHOrO moJtymapust, 4To, mo-BIHIUMOMY, 00YCJIOBIIO U3MEHEHIE OO0 IHbIX
yCJIOBHIT Ha 3HAYUTE/IbHBIX Teppurtopusix [2|. zBectHo, uro passutue Ga-
POKJIMHHOII HEYCTONINUBOCTU OIIPEJICJISIETC CTATUYECKON YCTONYNBOCTBIO aT-
Mocepbl 1 MEpPUJIMOHAJIBHBIM TEMIIEPATYPHBIM I'PaJINEHTOM, 00yC/IaBInBa-
IOIIUM HaJIMYNe BEPTUKAJILHOIO I'PaJieHTa CKOPOCTU 30HAJIBbHOTO ITOTOKA.

B noxiajie paccMaTpuBaeTCs 1yBCTBUTETHHOCTDH XapaKTEPUCTUK KPYITHO-
CaMINITAOHBIX BOJTH (B MEPBYIO 0Yepe/ib CKOPOCTH POCTA HEYCTONIMBBIX MO
Xk, TJie k - BOJIHOBOE 9YNC/I0) K BaphAIisiM TTapaMeTpa CTaTHIecKOil yCToii-
YUBOCTU 0( U BEPTUKAJIBHOI'O IPaJeHTa CKOPOCTH 30HAJILHOIO MOTOKa A B
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armocdepe FOxkuoro nosymapusi. st u3ydenust 1yBCTBUTEIbHOCTH XapaK-
TEPUCTHK BOJIH CHHOIITHYIECKOT0 MaciiTaba (30HaIbHbIE BOJTHOBbIE 4ncia 5-8)
OCTPOEHa MOJIes b Tutta Mojesu Unn va f - miockoctn [3]. B pesynbrare mc-
KJIIOYEHUS U3 PacCMOTPEHUsI I'PaBUTAIIMOHHLIX BOJIH IIOJIyY€Hbl aHaJIUTUYIe-
CKHe BbIpayKeHus Jijid (PYHKINH 9yBCTBUTEIBLHOCTH S, 1 Sy, MO3BOJISIIOINIIE
OIIEHUThH BJIMSHNE BapUAINil ITapaMeTpoB oy 1 /A Ha CKOPOCTb POCTa HEYCTOI-
YUBBIX BOJIH. [IpuBejieHbI OTIeHKN BAMSTHNS YKa3aHHBIX BBIIIE TapaMeTPOB Ha
JIJINHY BOJIHBI C MAKCUMAaJIbHOI CKOPOCTBHIO POCTa U BEJIMYNHY KOPOTKOBOJIHO-
BOI'O OTCEYEHUs, XapaKTepHOro Jijis mojienn Vn. @yaknum 9yBCTBUTETHHO-
CTHU MO3BOJISIIOT OIEHUTD BJINSIHUE BapHUallnil mapaMeTpoB oy 1 A Ha CKOPOCTH
pocTa HeyCcTOWInBBIX MO, Hampumep, BinusgHme mapaMeTpa oy OIEeHIBAECTCS
ciieytonmM obpasom: Yi(og + d0) ~ xk(0g) + Sy X doy.

JL71st onlenKM BINSIHNSA CTATUYECKON YCTOMUNBOCTU U CKOPOCTU 30HAJILHOTO
MOTOKA Ha JIMHAMUKY BOJIH TLJIAHETAPHOTO MaciiTaba (30HaJbHbBIE BOJTHOBBIE
qucsia 1-4) UCIob3yercss MoJiesib, MOCTPOEHHAsT HA OCHOBE TIOJIHBIX ypaBHE-
HUI THPOTEPMOIUHAMIKI aTMOCdepbl Ha 3 - TIJIOCKOCTH ITyTEeM X OCPEeJIHe-
HUSI 110 BePTUKAJU B NPUO/IKeHun ojurporrocti [4]. Yucnenuo mosryde-
Ha 3aBUCUMOCTH MHUMOI 9acTu (pa30BOii CKOPOCTH BOJH PA3JIMIHON JIJTITHEI
OT BEJMINHBLI Oe3pazMepHOro BEPTUKAJILHOTO TEMIIEPATYPHOIO I'PaJINeHTa I
OCpEeJIHEHHOI TI0 BEPTUKAJIN CKOPOCTH 30HAJLHOTO MOTOKa. lIpemmokentbie
MOJIEJTH TIO3BOJISIIOT B TIEPBOM TNPUOJINZKEHNN UCCIEI0BATL BANUAHNE Bapua-
Uil TapaMeTpOB, OIPEJIEIAIONINX pa3BUTHE ODAPOKINHHOI HEYCTOWIMBOCTHU B
CPEJIHUX IMUPOTax (MapaMerpa CTaTHIeCKOH YCTONYINBOCTH U BEPTHKAIBLHOTO
rpajieHTa CKOPOCTH 30HAIBHOTO [IOTOKA) Ha XapaKTePUCTUKU HEYCTONINBBIX
BOJIH CUHOIITUYIECKOTO U TJIAHETPHOTO MaciTaboB. [loydennbie pe3yibTaTs
KaueCTBEHHO O0BSICHSIOT Te€ M3MEHEHM ITOT0JIHBIX YCJIOBUil, KOTOpbIE IPO-
M3O0IILIN 32 MOC/IeIHIe HECKOIBKO JecaTuineruil B FOxkmoM mosrymmapun.

Crmicok aurepaTyphl

[1] Frierson D.M.W. Robust increases in midlatitude static stability in global
warming simulations // Geophysical Research Letters. 2006. Vol.33. No.
24. Article ID L24816.

|2] Frederiksen C.S., Frederiksen J.S., Sisson J.M., Osbrough S.I. Observed
and projected changes in the annual cycle of Southern Hemisphere

baroclinicity for storm formation // Proc. 19th International Congress
on MODSIM, Perth, Australia, 12-16 December 2011. P. 2719-2725.

[3] deimuaukos B.I1. YeroitauBocTs 1 1pejickazyeMocTh KPYITHOMACIITAOHBIX
armocdepubix mporeccos. - M.: UBM PAH, 2007. 283 c.

171



[4] Anumaes JI.M. O jpunamuke jBymepHoil GapokjmuHON aTmocdepsl //
Nzs. AH CCCP. ®usuka armocdepnl n okeana. 1980. T. 16. C. 99-107.

YpaBHeHue JInyBujuig, rujipoguHaMuvecKasi
IIOACTaHOBKA N YpaBHEHUE l'amuabrona—Axkobu
B.B. Beaensnuna, H.H. ®uvmun
HUIIM nm. M.B. Kesapimia PAH, Muycckast 1., gom 4, Mocksa, 125047,
Poccust

vicveden@yahoo.com

[IpogeMoHCTpUpPOBaHa BO3MOKHOCTD BBIBOJA OA3UCHOIO YPABHEHUA METO-
na NaMubrona- SIKobu ¢ HCIOIB30BAHKEM MUAPOIMHAMUIECKOI [01CTAHOBKY
[1]-[2] B ypaBuenue Jluysuiisa. Pacemarpusaercst perienne cucreM OObIKHO-
BeHHBIX Au(PepeHnnaabHbIX YPABHEHUH U yPaBHEHNI ¢ JUCKPETHBIM apry-
MEHTOM 1-T0 IIOPSI/IKA OCPEICTBOM UX IIPUBEICHUS K YPABHEHUAM KIHETHIC-
CKOI'O TUIIA, C IOCJIELYIOMINM UCIIOJIb30BAHUEM JIJIs ITOC/IEIHIX BBIIIEYIOMSIHY-
TOM I'MJIPOANHAMUYECKON OJACTAHOBKY. IIpUBeIeHbl IPUMEPBI NCCICI0BAHMST
CHCTEM YDaBHEHHUIl, CBsI3aHHBIX ¢ MojessaMu TypOysenTHoctn Jloperna (3] u

Do [4].
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BuxpeBoii kacka HeyCTOMYINBOCTE 1 IIepexoa K
TypOYJIEHTHOCTHA B CABUTOBOM CJIO€

C.B. ®oproBa
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Ha ocroBe 4ncieHHOTO MOJIETMPOBAHUS UCCIEIyeTCs 3a/iada O CJIBUTOBOM
cJI0e TIPU HAJIMYUH MTOCTOSIHHOTO BHEITHEro BO3JeicTBus (3aaad1a Kosmoro-
poBa). V3yvaercs nuHamMuKka pasBUTHST TEUCHUST IPU PA3TUIHBIX TTPOQUIIIX
IIPOJIOJIBHOI COCTABJIAIONIE CKOPOCTH B HavaJbHBIII MOMEHT BpemeHu. Pac-
CMaTpUBACTCH IIEPEXO0Jl OT JABYMEPHOI'O JIAMUHAPHOI'O TeUYCHUdA K IIPOCTPaH-
cTBeHHOMY TypOysnenTnomy. [lokazano, 4To pa3BuTne TuIpoinHAMIIECKITX
HEYCTONYMBOCTEN IIPUBOJAUT K BOSHUKHOBECHUIO BUXPEBOI'O KacKa/a, KOTOPBI
naJsiee pu epexo/ie TeIeHus B TypOyJIeHTHYIO CTa U0 COOTBETCTBYET Pa3BU-
TUIO KacKa/Ja BUXPeil B 9HepreTUu4YeCcKoM 1, Jlajiee, NHEePINOHHOM NHTepBaJjax.

Teuenne KommMoroposa Jijist ¢ABUTOBOTO CJIOS TP PA3INUHBIX MTPOQPUITX
IIPOJ/IOJIBLHOII COCTABJIAIONIEHl CKOPOCTH B HaYaJIbHBII MOMEHT BPEMEHU pac-
CMATPUBAJIOCH MTPU PA3INIHBIX pa3Mepax pacueTHON 00J1acTH, a UMEHHO, Ha-
quHas 0T y3Koro Kanania L, = 7/8, L, = 7, L, = 27 n KomH4as IpOCTPaH-
CTBEHHBIM ciydaeM L, = 2w, L, = 2, L, = 27. Ha pucynke 21 npojemon-

L]

Puc. 21: Nzonosepxuocru ycnosnoit konnenrparmu upu ¢ = 10. Tlepexon kK TypOyaenTHOMY pe-
JKUMY B CJIydae IapadoimiaecKoro npoduis CKOPOCTU: JIJAMIHAPHOE TeUeHNe, BTOPUTHOE TeUeHUE
u TypOyaerTHOe Tedenne. CleKTp KHHETUIECKON Ha PA3BUTOM cTauu TypOYJIEHTHOCTH B MOMEHT
BpeMeHnu t = 28.

CTPUPOBAH IIE€PEXOJ] OT YCTONYNBOTO JIAMUHAPHOIO TECYCHUS B Y3KOM KaHAJIe
K MPOCTPAHCTBEHHOMY TypOy/aeHTHOMY. [losydennble pe3yabTaThl MOKa3bl-
BalOT, YTO MpPU yBEJIUYEHUHN MUPUHBI 00JIACTA B MOTEPEIHOM HAIPaBJIEHUH
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TedeHue MepecTaeT ObITH JIAMUHAPHLIM U IIPEJICTaBIsSeT cOOOi yCTOMINBYIO
BO BPEMEHHN KPYIHYIO CTPYKTYpPYy (BTOPHYHOE TeUEHHE), 9TO COOTBETCTBYET
JIByMepHoiT Teopun bardenopa [1] [Ipu naabreiimeM yBeTndennu pacaeTHON
obstactu opmupyercsi TypOyJIEHTHOE TeueHne aHajorudHo [2-4].A umenHo,
HavaJbHBIN 9Tall PasBUTUA TYPOYJIEHTHOCTH COCTOUT W3 (DOPMUPOBAHUS OJ1-
HOIT KPYIIHOHW CTPYKTYPDI (aHaﬂOFI/I‘{HO JABYMEPHOMY Cﬂyqalo) 1o popme Ha-
IIOMUHAOIIEI'0 BUXPEBOIi PYJIOH. 3aTeM Ha ITOBEPXHOCTHU PYJIOHA HaberaroImii
“JlaMuHApPHBIA IIOTOK 00pa3yeT BTOpUUHbIE HEYCTOMUYMBOCTU B BHJE BUXPeE-
BBIX PYJIOHOB MeHbIero. Takum oOpaszoM, HaJmdIue odepeHbIX HeyCTONIu-
BOCTEll Ha MMOBEPXHOCTH IPEALIYIIIX NPUBOJIUT K 1TOTEpe CTaOUILHOCTU Te-
YCHU:A U BbI3bIBACT pa3BUTHE BUXPEBOI'O KacKa/la.
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OOIIenPUHSITBIM TIOJX00M K OIMCAHUIO TEYEHUsI BASKON HECKIMAEMOI
JKIJIKOCTH, BOOOINE, W TeUYeHUsT TaKoil »KUJIKOCTH B TPyDaxX pPas/IMIHOIO Ce-
YeHHUsI, B YaCTHOCTHU, sIBJISIETCS HAXOXKJIEHUE PeIeHUil CUCTeMbl YpaBHEHMIT
Hasne-Crokca.
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Ecu tpyba nmeeT KpyroBoe cedeHne, TO B CTAITMOHAPHOM CJIydae CUCTEMA
ypasaennit HaBbe-CTokca moImycKaeT eJMHCTBEHHOE aHAJIUTHYIECKOe perire-
HUE B BUJIE BBIPAYKEHUsI, OMUCHIBAIONIErO MapadoJIMIecKuil mpoduib cKOpo-
cTu Tpu JIIOOBIX 3HadeHusix ducia Peitnosbica [1]. Tlpuuem Takoe perenne
SIBJISIETCSl YCTOWYUBBLIM IIPU UCCJIEJOBAHUN 3aJlaull Ha yCTONYUBOCTL B JIU-
HETHOM ITOCTaHOBKE. DTOT Pe3y/IbTaT IIPOTUBOPEUNT OIPOMHOMY KOJHIECTBY
9KCIIEPUMEHTOB, B KOTOPHIX OOHAPYKUBAIOT PA3JUIHbIC PEXKUMbI TeUeHUsT
JKUJIKOCTH B TpyOax KPyroBoro CeYeHust 1 COOTBETCTBYIONINE UM PA3JINIHbIE
ocpejiennbie mpodusm ckopocru [2]-[4]. [Tpu Gosbinx unciax Peitrosibica
yCTaHABJIMBACTCA TYPOYJIEHTHBINH PEXKUM TeUeHUs »KUJIKOCTH. Takoil pexKinm
TeYeHUs dABJIIeTCsl IPKUM IPUMEpPOM HeJIeTePMUHUPOBAHHbBIX — CTOXaCTUYe-
CKUX TIPOIEccoB. B (KBasu)cralmoHApHOM CJIydae eMy COOTBETCTBYET JIoTa-
pudmuydecknii npoduib CKOPOCTH.

[Tpu anciennom pemrennn ypasuenuit Hapbe-Crokca Ha pexknmax ¢ 601b-
MTIMU 3HAYEHISIME Jucia PeffHosibaca i HaXoK IeHUs TPOQIIsa CKOPOCTH,
COOTBETCTBYIOIIET0 IKCIEPUMEHTATHHOMY, UCIIOJIL3YIOT JOIOJHUTEIbHbIE UC-
KYCCTBEHHbIE TIPUEMbI, HAIIPUMep, 3aJaHe 1epUoInYecKOro BO3MYIIeHns Ha
ocn TpyosI [5].

[lenbio paboThl ABJsIETCS pa3padOTKa METO/Ia OMUCAHNS CTOXACTHIECKIX
porieccoB (6e3 MpuBIedeHnst OOBITHOM B TAKIX CJTyYastX METOIOJIOTHH CTOXA~
crudeckux JuddepeHIuaibHbIX ypaBHennil) [6] u oTbICKaHue ¢ ero MoMOIIbIo
JIOMOJTHUTEILHBIX aHAJIUTUIECKUX PEIIeHnil 3a/Ilaul TeUeHns BA3ZKON HeCKu-
MaeMoil XKIIKOCTH B Tpybe KPYyroBOro ceueHus ¢ TJIaJKIMU CTEHKAMIU.

151 9TOTO MPOCTPAHCTBO TEPEMEHHDBIX PACIINPAETCA 3a CUeT BBEEHUS
HEeIlpEePBbIBHO U3MEHSIONIecs MJI0THOCTU BEPOSATHOCTU pPeau3alui UCcCaery-
eMOro TapaMeTpa, XapaKTepu3yIOIero TeueHne KIUJIKOCTH (HAIIPUMED, CKO-
pocTn).

Taxoit ToIX0/ TTO3BOJIAET JIJIA CTOXACTUIECKNX CUCTEM, He UMEIONTNX BbI-
JIeJIEHHBIX COCTOSHUI paBHOBECHUS, TOJYYUTH COOTHOIIEHUE, CBI3bIBAIOIIEe
OTKJIOHEHHE CJIYYailHON BEJUYUHBI OT CPEJHUX 3HAYCHUN peasn3alluili CJIy-
YailHbIX BEJINYUH B JBYX BPEMEHHbBIX TOUYKaX, & TaKzKe IIJIOTHOCTU BEPOSATHO-
CTU 9TUX pean3aliuii.

Ha ocnose 3T0T0O COOTHOIIEHNS TTO/TyU€eHa CICTEMa YPpaBHEHHIT, OIICHIBAIO-
ast BOJIOINI0 TPAEKTOPUIT OTKJIOHEHUIT UCC/IelyeMOoro IapaMeTpa OT Cpe/l-
HEro 3HAYCHUsS B (DA30BOM CTOXACTHYECKOM MpocTpaHcTse [6].

st 6osbinux 3HadeHuit qucsia PeffHosibaca coBMecTHOE pelieHre ypaBHe-
nuit HaBbe-CToKca ¢ JOMOTHUTEILHON CTOXaCTHIeCKOl IepeMeHHoi 1 ypaB-
HEHU, OIMCHIBAIONINX SBOJIIOIUIO TPAECKTOPUIT B (hA30BOM CTOXACTUIECKOM
[IPOCTPAHCTBE 103BOJINJIO HallTW aHAJUTUYECKOE pellleHue 3a/adl TeYeHUs]
BABKON HECXKUMAEMO »KIJIKOCTU B TPyOe KPYTOBOTO CEUCHUS, XapaKTePU3y-
eMoe JiorapupMUIecKUM MMPOQPUIEM OCPEIHEHHON CKOPOCTU TeUYeHUS.
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HnddepenimnanibHasg MeXaHNKa KN IKOCTE:

VMHCTPYMEHT pacdeTa AUHAMUKN U CTPYKTYPbl T€YEeHUN

FO./1. Hameuyknn
NIIMex PAH, MockBa, Poccus

B nociegane ronpl Bce 60jiee aKTUBHO Pa3BUBAIOTCSA UCCIEOBAHUSI [€O-

MeTPHIECKIX (POPM MEXAHUKHI KIIKOCTEl, JTOIOJIHAIOIIIe TPaINIIOHHOE OIII-
canne. OnHON U3 MOOYIUTE/NIbHBIX NPUYNH Pa3BUTHA JAHHOIO HAIIPABJICHUSI
SIBJISIETCST YHIUBEPCAJHLHOCTD BUJIOB TOHKIX CTPYKTYP IPUPOSHBIX IIPOIECCOB.
BoipazkeHHbIe peryssipHble TOHKIE CTPYKTYPhI OTMEYal0TCA BO BCeX JOCTYII-
HBIX JIJIs1 HaOJIIOIeHNsT IIPUPOJIHBIX CHCTEMaX, MACIITad KOTOPBLIX IPOCTHPA-
€TCsI OT CBETOBBIX JIET B MEXK3BE3/IHOI cpejie 10 MeTpoB B armocdepe 1 Tl
pocchepe 3emiin. B J1a00paTOPHBIX YCJIOBUSX 9JIEMEHTHI TOHKOM CTPYKTYPhI
BIXPEBBIX I BOJIHOBBIX TeUeHUiT 00Jjiee MeJIKIe C OoIepedHbIMU Pa3MepPaMu OT
CAHTUMETPOB JI0 MUKDOH ([IPUBOJSITCS pUMEpBI). Pacuerst cTpyKTyphl J10-
[OJIHSIIOT TPaIUIIMOHHOE ONICAHNEe JIUHAMUKHI IPOIECCOB B YKUJIKOCTAX KJIH
razax. OOCyKJIarTCs TeOPeTUYeCKe OCHOBbI MEXaHUKM »KHIJIKOCTei, 000c-
HOBBIBAETCsI BHIOOD OCHOBHBIX (DU3UUIECKUX BEJIUUMH C yIETOM YCJIOBHIl MX
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nabsoaemoctu [1]. ObocHOBbIBaeTCst BBIGOD ypaBHeHuUit, 06pasyomux GyH-
JIAMEHTAJILHYIO CHCTEMY — OCHOBY MATEMATUYECKOTO MOJIETUPOBAHUS TeUue-
Huil. AHaIU3UPYIOTC MHUHUTE3NMAIbHBIE CUMMETPUN CHCTEMbI, BKJIFOYa-
IoIIell ypaBHEHUS HEpa3pPbhIBHOCTH, OaJiaHca UMITYJIbCAa U SHepruu, J1nddy3un
KOMIIOHEHT U 3aMbIKalolllee YpaBHEHNE COCTOsAHNUS, TTOKA3BIBAETC UX COIJIa-
cue ¢ 0a30BBIMU HPUHIIAIIAMEI (DUBUKN, OTMETaeTCs OT/INYNEe CBOHCTB JIPYTuX
paCIpOCTPAHEHHBIX MOJIETbHBIX crucTeM [2|. Takue cBoiicTBa, Kak paHr 1oJI-
HOIl cucTeMbl YpaBHEHUi, MOPSIOK ee JIMHeapu30BaHHONl BEepCUU U CTEIICHD
aIrebparIeckoro XapakTepucTHIecKoro (JUCIepCHoHHOT0) YPABHEHNUS, KO-
TOPBIE OIPEJIEISIOTCS YCJIOBUEM COBMECTHOCTH, OKA3bIBAIOTCS 3aBUCSIINMU
OT CTEeNeHN y4eTa JUCCUIATUBHBIX (DAKTOPOB, U JOCTATOYHO BBICOKHMHU [3].
Hanbueimuil anam3 CBOMCTB pelieHuil JInHeapu30BaHHONH (opMbl DyH/Ia-
MEHTAJILHOW CHCTEMBbI IPOBOJINTCST METOIAMU TEOPUU CUHTYJIsIPHBIX BO3MYIIIE-
HUil B pubsmzKernn craboii guccuranu |3, 4]. [Tokazano cyiecTBenHOe pas3-
JINYINEe CBOWCTB PEryJisipHO BO3MYIIEHHBIX KOMIIOHEHT pEeIeHwil TNCIepCuo-
HOI'O YPaBHEHUS, OMUCHIBAIOIINX KPYITHOMACIITaOHbIE KOMIIOHEHTHI T€UCHUIT
1 60raToro ceMeiicTBa CUHIY/ISIPHO BO3MYIIEHHBIX PEIIEHU, 33/IaI0INX TOH-
KYIO CTPYKTYpy TedeHwuii. BriepBblie jaHa moJjiHas MaTeMaTHdecKas KJ1acCh-
pukanmsa permennit pa3IMIHBIX MOJETBHBIX CUCTEM, MUPOKO MCITOTB3Y IOTIITX-
csl B TPAKTHIECKO THAPOIMHAMITKE, TTPOCICYKEHa, 9BOJIIOIUS COTY TCTBYIONINX
TOHKOCTPYKTYPHBIX KOMIIOHEHT, JIOTIOJTHSIOIIIX KPYITHOMAaCIITaOHbIE 3JIEMEH-
ThI EPUONYIECKUX TeUeHUIT IpU yIpoIeHnn Buia Mozeseit. ObcyKaaTest
CJIEJICTBUS BBIPOKIEHHOCTH KJIACCHIECKON CHCTEMbI YpaBHEHU T Hepa3pBhIBHO-
CTH U TepEeHOCca MMITY/Ibca B MPUOIMKEHNN OJIHOPOJIHOM »KijiKocTu. [IpuBo-
JISITCST TIPUMEPBI pacdeTa I'eHepallui U PacipocTpaHeHnst MHQUHUTE3NMa T b-
HBIX BHYTPEHHUX BOJIH M COIIYTCTBYIOIINX TOHKOCTPYKTYPHBIX KOMIIOHEHT,
BO30Y2KJaeMbIX B HEITPEPBIBHO CTPATH(DUITTPOBAHHDBIX CPe/IaX KOMITAKTHBIME
2D u 3D ucTtouHUKaMU, COBEPIIAIONIIMEI JIMHEHHbBIE WM KPYTUIbHBIE KOJIe-
Oanust [4] u cpaBHEHUS ¢ JAHHBIME KOHTAKTHBIX U JIUCTAHIMOHHBIX M3MEPe-
HUIl BHYTPEHHUX BOJIH, BBIIIOJHEHHBIX B Hallleil cTpaHe M 3a ee IMpeje/aMu
[5]. OubITHI, BBIOJHEHHbBIE € UCIOJIB30BAHIEM BBICOKOPA3PEIIAIONINX TeHe-
BBIX TTPUOOPOB, TO3BOJISIOT MPOCIEUTDH SBOJIIONNIO TOHKOW CTPYKTYPBI PH
U3MEeHEHUN TTapaMeTpPOB TeUYeHUsl, OKa3bIBAIOIIEl CYIIeCTBEHHOE BIUSHIE HA
paccestHie 3BYKa CIyTHBIMHU TeUeHUsAME 3a mpensitcTBusivi [6]. B pacaerax
110 KOHCTUTYTUBHBIM MOJIETISAM, JOCTATOTHO TOYHO OMHUCHIBAIONINM KAPTUHBI
BOJTHOBBIX TIOJIEll, TOHKAsA CTPYKTYpa MOoJIeil TIJIOTHOCTH HE BOCIPOM3BOUTCS
[7]. B 10 2Ke BpeMst ¢ MOMOIIBIO0 BEICOKOPA3PEIIAONINX HHCTPYMEHTOB y/IaeT-
Csl TIPOCJIEINTDH TPAHCPOPMAIINIO TOHKOM CTPYKTYPHI IIyUKa [TePUOITIECKIX
BHYTPEHHUX BOJIH C yBeJNUEeHUEM aMILTUTYIbl KoJIeOannii ncTounnka, dhop-
MUPOBAHWE Pa3PbIBOB B I0JI€ IPAUEHTA MIJIOTHOCTH W KOMIIAKTHBIX BUXPEil
BJIaJIM OT UCTOYHUKA B 00JIACTAX KOHBEPIEHIIUN TOHKOCTPYKTYPHBIX KOMIIO-
HEHT BOJIHOBBIX 10J1eil. Takue cTpyKTypbl CYIIECTBEHHO BJIUSIIOT Ha IIEPEHOC
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IpuMeceii, POCT KOHIEHTPAIIMN B OJHUX O0JIACTAX TeueHus n yObIBaHue B
apyrux [8]. TIporiecehl pecTpyKTypu3anun BeecTBa IMPONCXoIaT JOCTATOY-
HO MeJIJIEHHO B II0JISIX BHYTPEHHUX BOJIH M BEChbMa SHEPIUIHO B OBICTPOIIPO-
TEKAIOIINX ITPoIeccax, 0OyCJIOBJIEHHDBIX MMaJICHIEM KA OJIHON »KIJTKOCTU B
apyryio |9]. B onbitax pasjesienue nepBoHadaibHO OJHOPOJHOTO MATHA Pac-
TBOPUMOII NIpUMeCH Ha OTJ/e/IbHble BOJOKHA HabOJIIOIaeTCsd KaK B BOJTHOBBIX,
TaK W BUXpeBbIX mporieccax [10]. B kadecrBe mintrocTpalinm CBOMCTB MOTHBIX
peIIeHNl IIPUBOJATCA PE3YJIbTaThl PACIYCTOB JBYMEPHLIX TE€YeHUIl, WHYIN-
pPOBaHHBIX JinPy3ueil B HEOIBIKHON CTPaTU(MUITMPOBAHHON Ccpejle Ha Ha-
KJIOHHOH moioce n Kimne |11, 12|, Pacdersr 3ajia1 B mosiHoil mocraHoBKe,
BBIIIOJIHEHHbBIE Ha CYIEPKOMIIBIOTEPHBIX KOMILICKCAX, I[TO3BOJIAIOT OJHOBpE-
MEHHO IPOCJCINTD IBOJIIOIUIO JUHAMUKNA U TOHKON CTPYKTYPBI IIPU YCTAHOB-
JIEHUU TeYeHUil, BBIJIEINTH OCOOEHHOCTU W MTOKA3aTh Pa3/IMdus 1MoJieil OCHOB-
HBIX (DUBNYECKUX BEJIMIUH — CKOPOCTHU YKUJIKOCTH, 3aBUXPEHHOCTH U TEMIIA €€
OapPOKJIMHHOI reHepaliu, JIUCCUTTAINA MEXaHUIeCKO SHEPIUn, BO3MYIIICHMIT
IJIOTHOCTU U JlaBjieHusI. B 3aK/i0ueHne IpoBOINTCs CPaBHUTEIbHOE 00CY K-
JleHne MaTeMaTUIecKOTO 1 (PU3UIECKOT0 COJIepyKalnsd MOHATHN «IBUKEHIE
1 «TedeHUe YKUJIKOCTU», TpeDOBaHNIT K N3MEPUTETHLHON TEXHIKE 1 METOIUKE,
obecIiednBaloNINX BBIITOJHEHNE YC/IOBUS MOJTHOTHI SKCIIEPUMEHTA.
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['mapoanHaMuKa aTMocdepbl, BCIEJCTBUE HAJUUNs JIBYX JOIOJHUTE b
HBIX (PaKTOPOB — BPAIICHUS U TPUTSIKEHIS — OOHAPYKUBACT OOJIBIIYIO C/I0ZK-
HOCTH 1 0OraTcTBO 3(P(MEKTOB 110 CPAaBHEHUIO C KJaccuuecKoil. Bzammoeii-
CTBUE 9THUX JIBYX CHUJI YACPKUBACT CILIONIHYIO CPEJLy Ha TOBEPXHOCTH ILJIaHEThI
B COCTOSIHUU PaBHOBECHsI B 1ieJioM. BmecTe ¢ Tem Ha (bOHE 3TOIO PaBHOBECHSI
IPOUCXOJIAT JIBUKEHUST PA3JINIHBIX MacCIHITabOB.

Mojtes1b MeJIKO#t BOJIbI, IMIMPOKO NTpUMeHsieMast B pusnKe arMocephbl, mpeji-
cTaBJjsieT coboil runepdbomIecKyto cucremy auddepeHnnaabHbIX YpaBHEHMIT
[1, 2], 3aarHy10 HA KOMIAKTHOM MHOrO0Opasuu [3] - moBepxXHOCTH Bpaliao-
meiics MpUTATUBAIONIEN cephl.
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B nacrosimeit pabore u3ydaroTcst ypaBHEHHsI MEJIKOW BOJIbI Ha Bpalliaio-
mieiicst npuTsrnBaroIeil cepe, B KOTOPHIX YATeHbI TOPU30HTAIbHBIE COCTAB-
mstrornne cnibl Koprostica u rientpobesknoit cuiet [4]. B [2] maiigen n ncese-
JIOBAH KJIACC CTAI[MOHAPHBIX PEIIEHUI CUCTEMbI. DTH CTAITMOHAPHBIE PEIeHUsT
IPEJICTABIAIOT CODOI COCTOsIHMST PABHOBECHsI TBEPJIOTEILHO BpAIAIOIIEHCsT
JKIJIKOCTH, B KOTOPBIX 00€ KOMIIOHEHThI CKOPOCTH PaBHBI HYJIIO, TOIJA IIPO-
buib TIyOUHBI XKUJKOCTH JIOCTUTAET MAKCUMyMa Ha 9KBATOPE, a MUHUMYMA
Ha T0JII0CaX U BHENTHUM BUJIOM HAIIOMUHAET S0JI0KO.

[TomuMmo cocTosiHUST paBHOBECHsI CYIIECTBYET KJIACC TOYHBIX 30HAJbHDBIX
TEYEHNI, B KOTOPBIX MEPUINOHAIbHAS CKOPOCTH paBHA HYJIIO, & JOJrOTHAsI
OTJINYHA OT HYyJIsl, TeUE€HUE HAIIPABJIEHO BJIOJIb HapaJliesieil, Ipu 3TOM I1pOo-
dusib TiIyOMHBI OT/IMYaeTCss OT npoduiisd B paBHOBecHOM coctosinun. Cyiiie-
CTBYIOT PEICHHUSI, CONPSITaloIie COCTOSTHIE PABHOBECHSI C TAKIMU TCUCHISIME
Jepe3 KOHTaKTHBII pa3phIB.

Ha ¢ur. 22 nokazan npodusb rIyOMHBI CJIOA KIJIKOCTH B PasBOpOTE
Ha TIOCKOCTH (6, @) JIJIsi 9eThIpex IMOC/Ie0BATEIbHBIX MOMEHTOB BDEMEHH.
Broib ocu OX orkiagsiBaercs mmpora, 1o ocu OY — posrora . Hacelien-
HOCTH 3aJIMBKI OTBEYaeT IJIyOMHE CJI0sI, MEHSISICh OT CBETJION0 K TEMHOMY IIPH
yBesmmdaennn riryounnl. Temubie uHun Ha purypax — JUHUU TOKa. B Havab-
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Puc. 22: a (t=0) 6 (t=60)

HBIIT MOMEHT BpeMeHH Ha (hoHe paBHOBECHOI'O COCTOSHUSA Ha chepe MMeroT-
csl JIeCATH OJINHAKOBLIX IMEBPOHOB, PACIOJIOKEHHBIX B CPEPUIECKOM IMOsICe
¢ rpanutamu (0.27,0.47) u paBHOYIAJMEHHBIX JApyTr oT jpyra (dur. 22a). B
KazKJIOM IIIeBpOHE 3aJlaH0 30HaJIbHOe TeueHune. TeMHble TMHUKM Ha pUTrypax —
JINHUU TOKA.

Pacrnipocrpanenune BOJH NP TaKWX HAYAJTbHBIX JTAHHBIX COTTPOBOKIACTCS
0Opa3oBaHUeM CUCTEeMbl BUXPeil pas3TindHbix Macitabos (dur. 226), KoTopbie
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B3AMMO/ICHCTBYSI JIPYT C JIPYTOM ITOPOKIAIOT elrie OOJIbIIee KOJIMIecTBO DoJiee
meskux Buxpeil (dur. 23a). C Tedennem BpeMeHH BCe BUXPHU yracaioT U HA
(boHE PABHOBECHOTO COCTOsIHUSI OCTaeTCsi 30HasbHOe Tedenne (dur. 236). B
UTOre HadaJibHas CUCTEMa IIIEBPOHOB IIOPOXKIaeT 30HaIbHOE TeUeHne Ha (poHe
HCXOJTHOTO PABHOBECHOI'O COCTOSHMS.

[IpuBeieHHbI HTpUMED UMeeT HAIVISIHYIO (PU3NUECKYI0 NMHTEPIIPETAIIIO:
obpa3oBaHus B BUJIE IIIEBPOHOB HAOJIIOIAIOTCS HA CHUMKAX CO CITyTHUKOB I10-
BEPXHOCTH 3eMJIH U JPYTUX IIaHeT (Kak 00JIAKOB B aTMocdepe, TaK 1 Tede-
Huit B okeane) [5].

Pabota Boimosinena npu gpunancosoit nojiep:kke PODU npoext Ne 11-01-

00026, Narerpannonnoro nmpoekra CO PAH Ne 44 u nporpammbr O9MMITY
Ne 2.13.4.
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TypbynentHocts mo KoJMoropoBy u AmHaAMUKA
TBEPAOI'0 TeJia, B3aUMOJIENCTBYIOIIETO CO Cpeaon

M.B. IITamosmu

Nucruryr mexanunku MI'Y um. M. B. Jlomonocosa, Muaypunckuit np., 1. 1,
Mocksa, 119192, Poccus

shamolin@rambler.ru, shamolin@imec.msu.ru

A. H. Kosnmoropos B cBoux kiaccnaeckux paborax |1, 2], B KOTOpbIX Haua-
TO CUCTEMAaTHYIECKOe U3y IeHUe MeJIKOMACIITAaOHON Ty pOy/IeHTHOCTH, cDOPMY-
JINPOBAJI JIBE THIIOTE3bI, KACAIOIINECs CTATHCTUICCKIX CBOMCTB OJIHOPOIHOI
1 U30TPOITHOM TYpPOYJIEHTHOCTH IIPHU OOJIBINNX ducaax PefiHosbica.

1-5 2unomesa Koamozoposa. CraTuctudeckue CBOHCTBA B MHEPIMOHHOM
U JIMCCUIIATUBHOM mHTepBaJsie (T.e. Ha MacmTabax [ << L) He 3aBucAT OT
criocoba Bo30YKeHNs TypOYyJIEHTHOCTH U YHUBEPCAJIbHBIM 00pa30M oIpe/ie-
JISIIOTCA TPeMsl ITapaMeTpaMi: CKOPOCTHIO JUCCUTIAITINT SHEPIUN €, KHHEeMAaTH-
YeCKOM BA3KOCTBIO ¥ M CAMUM MacIiTaboM [.

2-5 2unomeda Koamozoposa. CraTuctuyieckue cBoiicTBa TypOyJIeHTHOCTH
B MHEPIIMOHHOM HHTEpPBaJie B HEKOTOPOM POJie YHIUBEPCAJIbHbBI 1 3aBUCST TOJIb-
KO OT CKOPOCTHU JIUCCUIIAIINN SHEPIUN € 1 MaciiTada [.

Hamnee, M. JI. MuninonmmuKoB npruHIMaJs BO BHUMaHNIE TMIIOTE3y O HOP-
MaJIbHOM DACIPEJIeJIeHIH Y IbCUPYIONINX CKOPOCTell (J/Is JIOKAJIBLHO 130~
TPOIHOIO TYPOYJIEHTHOTO 110JIs1) B CTal[iOHApHOM ciiyuae (3] (mpu usyuennu
TeOpUN TypOYJEHTHOCTH JIJIsT CIIEIHATBHBIX TIeJIeit).

Kak usBecTHO, TYypOYJIEHTHOCTD SIBJIsIETCsl HIPOIECCOM XaoTumdeckuM. Ho
CYIIECTBYET W MHAas TOYKa 3pEHUs Ha TYpOYJIEHTHOCTb, BbicKazaHHas [lpu-
roxkunbiM |4, 5, 6]. CoracHo eif mepexoji OT JJAMUHAPHOIO TE€UEHUsT K TYD-
OyJICHTHOMY SIBJISICTCS ITPOIECCOM CAMOOPIaHUB3AINI, IIPU KOTOPOM SHEPIHSI
TEILJIOBOIO Xa0ca IePEXOIUT B IVI00aJIbHOE OPIaHN30BAHHOE JBUYKEHIE YIIOPsi-
JIOUCHHBIX CTPYKTYP, SIBJIAIONINXCS JIMCCUIIATUBHBIMEI. DTO OOCTOSATEIHLCTBO
1 IOBBIIIIAET BHYTPEHHIOK YIOPSII0UYEHHOCTh CUCTEMbI 110 CPABHEHUIO C MO-
JIEKYJIAPHBIM Xa0COM.

OTpazkeHne JaHHBIX BOIIPOCOB M COJEPYKUTCS B padOTe IPU IIOCTPOEHUN
MOJIE/IN BO3JICHCTBUS CPeJIbl Ha TBEPOE TEJI0, HECMOTPS HA TO, YTO B JAHHOI
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00J1aCTH 3HAHUI, KaK [PABUJIO, HE COJEP:KUTCS U3yUeHUe JIBUXKEHUST CPE/IbI,
a mceJieryeTcs b " aprmKnmoe’ Tejio.

Pabota BbinosiHeHa 11pu (puHAHCOBOIT 1oIepkKe Poccniickoro douia pyH-
JTaMeHTaIbHbIX nceseoBannii (rpantsl Ne 12-01-00020-a).
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TypbyaeaTHocTtb B arMocdepHbIX BUXPEBBIX T€UEHUAX
A 1O. ITIuxosBIiieB
Nucruryr Comreuno-zemuoii puznxn CO PAH, yi. JlepmorToBa, 126-a,
Hpkytck, Poccrst
artempochta2009@rambler.ru

B pabore paccMaTpuBalOTCs MEJKOMACHITAOHBIE IMYIbCAIINN XapaKTepH-
CTUK aTMOoc(epHOil TypOYJIeHTHOCTH B YaCTU UX O00YCJIOBJECHHOCTU KPYITHO-
MacIITabHO TypOYJIEHTHOCTBIO, PACCMATPUBAEMONl KaK B IHPOKOM JIHara-
30HE HHEPreTHIECKOro CIIEKTpa, TaK U B OTJEIbHBIX ero mHTepBajiax. [lpn
9TOM I10Ka3aHO HACKOJIHKO JIAJIeKO MOXKET CKa3bIBAThCs BJIMAHUIE BHEITHErO
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TedeHus Ha TypOyJIeHTHbIE HEOTHOPOHOCTU PA3HBIX IPOCTPAHCTBEHHDBIX JTHa-
11a30HOB crieKTpa. [loJydeHbl ClieKTphl myJibcalinii TeMIepaTypbl 1 CKOPOCTH
BeTpa B IMMPOKOM JIMala30He MACIITadOB W MPOAHAJIN3NPOBAHA CBIA3b MO
MeJIKoMacITabHoit armMocdepHoil TypOYJICHTHOCTH € MOJIEM CHHONTHYECKUX
HEOJIHOPOJIHOCTEN TeMIlepaTyphbl U CKOpocTH BeTpa. OIeHeHbl BLICOTHBIE Jie-
dopmalun jrarnaszoHa CHHOINTHYECKONH TypOYJICHTHOCTH C ITOKa3aTe/IeM CTe-
nexHn “-3” B cjioe oT 2 M JI0 cBOOOIHOIT aTMocdephl. st aHam3a UCIIOJIb30-
BAaHBI JIAHHBIC HAOJIIO/ICHII HA BBICOTHOI MeTeoposornyaeckoii Mmaare (BMM)
r. Ooumncka B cjoe 2-301 M 3a 2008 1., JlaHHbIE aKYCTHYIECKON MeTeoCTaHIIH,
PACIIOJIOXKEHHOI Ha T1I01a/[Ke BOoJIBIIOro coTHETHOTO BAKYYMHOI'O TEJIECKOIIa
(BCBT) nHa BbIcOTE 5 M 1 JlaHHBIE TIPAMBIX OnTHYecKuX Habro1eHnit CosHIa
na BCBT. IlpejcraBiennbie pe3yibTaThbl CIEKTPAJILHBIX HUCCIE0BaHUI aT-
MocepHoit TypOyJIEeHTHOCTH TIOJIE3HBI JI/I TOHUMaHUs (PU3NYECKNX 3aKOHO-
MEepHOCTEl B3auMOIeiCTBUS TypPOYJICHTHBIX aTMOC(EPHBIX HEOITHOPOTHOCTEI
Pa3HBIX MACIITA0OB, YTO BayKHO Kak JIJIsi 001IIell Teopun TypOyJIeHTHOCTH, TaK
U JII ee PUJIOXKEHUi B (pU3MKe U ONTHKE aTMOCQEpH.
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