ITucema B 2KOTD, Tom 118, BBIN. 6, €. 430 —437

(© 2023 . 25 cenTaAGpst

JIBa pexxuMma JUHAMHUKN KOT€PEHTHBIX CTOJIOOBBIX BUXPeEil

BO BPAIAIOIIENCsa KNJIKOCTHA

1. JT. Tymaugest* V) | C. B. ®unaros™, C. C. Bepresect*, A. A. Jleuenkot**

* Uucruryr Teopernueckoii puzuxu um. JI. JI. Jlarnay PAH, 142432 Yepuoromoska, Poccus

*Uucruryr ¢pusuxu tBepgoro reaa uM. 0. A. Ocunpsna PAH, 142432 Yeproroaoska, Poccus

* HanuoHaJIbHBIH HCCIeloBaTeIbCKUE yHUBepcuTeT “Briciias nikosa skonomuku”, 101000 Mocksa, Poccust

IToctynuna B pemaxmuio 17 utoss 2023 1.
ITocsie nepepaborku 2 asrycra 2023 1.
IIpunasara k mybnuxkanuu 2 asrycra 2023 r.

9KCHepI/IMeHTa.HbHO uccjgae0BaHa reiepalnud BUXPEeBOr'o TeYeHNd B HeCXKUMaeMOit KUJKOCTU BHYTPU Bpa~

[AIOIIEr0oCsT 3aKPBITOTO aKBapuyMa Kybudeckoit (popmbl. Bo3by:kieHrne TedeHUs OCYIIECTBIISIIIOCH IIyTeM CO-

3/IaHUsT MEJIKOMACIITabHbIX BUXpeil BOIM3U GOKOBBIX pebep Kyba. B obbeme KuukocTu HabIIIONAINCH KOre-

PEHTHbIC CTOJIOOBBIE BUXPU-TTUKJIOHBI, IIPDOCTUPpAIOIIUECA OT JHa JO KPBIIIKN Ky6a BpeMH CyluieCTBOBaHUA

IUKJIOHOB 3HAYUTE/IBHO IIPEBBIIIAJIO BPEMs BSA3KOI'O 3aTyXaHUA 3a CHET TpEeHUsd O JHO U KPBIIIKY. YcraHosie-

HO, 9TO CYLIECTBYIOT JBa pPEeXXKUMa KBaBH-ILByMepHOﬁ Typ6yﬂeHTHOCTI/I, KOTOpPBbIE XapaKTEepU3yIOTCsdA Pa3HbIMU

criocobaMu B3&I/IMO,H€I7ICTBI/I$I KBa3u-JABYMEPHOI'O T€Y€HUsA U MHEPIUOHHBIX BOJIH. I/ICCJIG,[LOB&HBI paguaJibHbIE

npoduIu cpeHeil IO BpeMeHN a3UMyTaJbHON CKOPDOCTH B KOT€PEHTHBIX BUXPSAX B 9THX JBYX PEKUMaX, IOKa-

3aHO, YTO OTJIMYAIOTCS Pa3MEPaMU M PacCIpeleeHueM 3aBUXPEHHOCTH 10 PAInycCy.

DOT: 10.31857/S1234567823180076, EDN: wxwjog

BBenenune. Unrepec Kk um3ydueHuio TypOyJIEHTHBIX
TeYEeHHUIl BO BpaIlalolieiicss KaK IeJ0e »KUJIKOCTU 00b-
SICHSAETCS MIUPOKKUM CIIEKTPOM IPUJIOKEHUN, HaunuHAasL ¢
reodU3NKY U aCTPOPUINKY U 3aKAHINBAST MHKEHEPHBIM
neqoM [1, 2]. Texuuueckuil mporpecc B U3MEpeHUH I10-
JIsI CKOPOCTH TEYEeHMs MEeTOJAMI U3MEPEHUs JaCTHUIL 10
uz0bpazkenuio dactutl (particle image velocimetry, PIV)
U U3MEpPEeHHsl JACTHUI] [I0 TPAEKTOpusM dacrtui (particle
tracking velocimetry, PTV), nocTurayTHIil B TIOCTIEIHIE
JIBa JIECATUJIETHs, OTKPBLI IIYTh JIJIsl 3HAYUTETHHO 6O-
Jiee JIeTaJbLHOTO OIPEJIeIeHNs] CTPYKTYPBl U JIHHAMUKHA
TeYeHU, B YACTHOCTH, TYPOYJIEHTHOTO IIOTOKA BPAIIAIO-
niefics Kak 111010 KUJKOCTH, CM., HAIpUMeEp, 0630D [3].

Cy1imecTByeT KaueCTBEHHOE Pa3/indue JIBYMEPHBIX U
TPEXMEPHBIX TYPOYJIEHTHBIX CTATUCTUYECKU U30TPOII-
HbIX TedeHnit. Torma Kak B TPEeXMEPHON TypOyJIE€HTHO-
cTH npeobianaeT IpaMoil Kackas suepruu [4, 5|, B 1By-
MepHO#l TypbOyneHTHOCTH NpeobiiajaeT OOpaTHBIN Kac-
kaJi sHeprun [6]. VupiMu cioBamu, B JIByMEPHOM Teve-
Huu HAOJIIOIaeTC O0beuHEeHe BUXpeil B boJsiee KPyTi-
HbIE, TOIJAa KaK B TPEXMEPHOM TedeHUU IpeobJiagaer
Japobienne BUXpeil Ha bosiee MeJIKHe. DKCIEPUMEHTDI TI0
JIByMEPHOI TyPOYJIEHTHOCTH B TOHKUX CJI0gX [7] moka3a-
JIM, 9TO B KOHEYHOIi CHCTEME CO CJIAOBIM TPEHUEM O JTHO
00paTHBIN KacKaJ IPUBOIUT K 0OPa30BAHUIO KOI'€PEHT-
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ubix Buxpeil. Korepenrasie crpykTypbl corsiacHo [8] —
9TO JOJTOXKUBYIIUE yIOPAI0YeHHbIe KPyIHOMACIITA0-
Hble obpazoBaHus Ha (HOHE MEIKOMACIITAOHON TypOy-
JIEHTHOCTH, KOTOPBIE 00JI4IAIOT BLICOKOH CTETIEHBIO yHI-
BEPCAJIbHOCTH JIJIsI OTIIPEJIEJIEHHOTO TYPOYJIEHTHOTO THIIA
nprzkenus. IIpuMepaMyu KOTepeHTHBIX CTPYKTYP MOLYT
CIIy?KHTh MTOJIKOBOOOPA3HbIE BUXPU B TYPOYJIEHTHBIX 10~
IpaHUYHBIX 05X [9] u KorgeHcarsr [10].
BosHnuknoBeHne KorepeHTHBIX BUXPeil HAOJII01aeTCs
U B TypOyJICHTHBIX TEYEHUSIX BPAIIAIONIeiics: KU IKOCTH,
rje cuna Kopuoauca JOMUHUPYET HaJl, CHJIAMH HHEP-
muu. B srom ciygae dpopmupytorcs cTogaboBbIe BUXpe-
Bble CTPYKTYPbI, OJHOPOIHBIC BJIOJIL OCH BPAINCHH, B
KOTOPBIX CKOPOCTh TeYeHHUsl HalpaBJIeHa B ILJIOCKOCTH,
OPTOTOHAJIBHOW OCH BpalleHus. 1akuMm obpasom, 3¢-
deKkTUBHAS PA3MEPHOCTH TEYEHUSI CHUZKAETCS J0 JIBYX,
B YaCTHOCTH, IPAMOil KaCKa,l SHEPruK CMeHseTcs obpar-
HBIM. Takoe KBa3W-I[ByMEpHOE TedeHne HabJII0IAJI0Ch
sKcrepumMenTasbo [11, 12] u B yncaeHHOM MOJIEIUPOBA-
uun [13]. B o6mmiem ciryuae nosiHoe TedeHune GhICTPO Bpa-
MIAFOMIEH ST 2KUJKOCTHU TIPEJICTABIIsIET COOON HAJIOKEHNe
KBa3U-/IBy MEPHOI'O T€YEHUs ¥ MHEPIUOHHBIX BOJH [2]. B
[JIABHOM NPUOJIMZKEHU 3TH TeUCHNUsI ABJIAIOTCH He3aBU-
cumbiMu [14], XoTs u B3auMozeficTByOIMME, G1arona-
ps ruApoMHAMUYEcKOil Hesmaeitnoctu [15]. Hecmorps
HA TO, YTO KOTEPEHTHBIE BUXPEBBIE CTPYKTYPDHI SIBJIs-
IOTCA IIPeJIMETOM M3YYeHMs YK€ MHOIHMe T'OJbI, Ha Ha-
TTucema B 2KOTO
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CTOSAIINY MOMEHT H€ sICHBI MEXaHU3MBI, OIPEEISIONINe
ux cTpyKTypy. OCHOBHOI IPOOJIEMON SIBJISIETCSI 3aMbl-
KaHWe ypaBHeHUsI PeliHOjiblica Ha CpellHee TedeHHe B
BHUXpE, KOTOPOE eCThb yCpelHeHHOe ypaBHenne Habe—
Crokca OTHOCHTEFHO OBICTPBIX TYPOYJIEHTHBIX ITYJIb-
canumii. 3aMbIKaHUE [IPEJIII0JIAaraeT BhIYUCIEHIE TEH30PA
Peitnonpaca mpu 1aHHOM Cpe/lHEM BUXPEBOM TEYEHUU.
B mopenu, copmysuposannoii B [16] u passuroii B [17],
9TO 3aMBIKAHUE [TPOBEJIEHO B IIpeJieJie CHIILHOTIO pa3Jie-
JIEHUsI MacIITabOB MeXKJ1y BUXPEBO CTPYKTYPOil U Typ-
OyJIEHTHBIMU IIYJIbCAIISIMIE.

Ilestbr0 9TOrO MUCHMA SBJISIETCS SKCIIEPUMEHTAIBHOE
n3ydeHrne OCOOEHHOCTEeN KBa3W-/IBYMEPHOIl TypOyJeHT-
HOCTHU B II€JIOM M YCTOWYMUBBIX BO BPEMEHU CTOJIOOBBIX
BUXpell B 4aCTHOCTH, OIIpeJleJIeHre PauaibHON CTPYK-
TYPBI 9THX BUXPEIl U OlpejlejleHne XapaKTepa X B3au-
MOJIEHCTBUSI C MHEPIIMOHHBIME BOJIHAMU. Vbl OcTaBIsIEM
3a paMKaMUu JAHHOTO HMCCJIEIOBAHUS BOIIPOC, KaK Pop-
MUDYIOTCSI U 3aPOXKIAIOTCsI BUXPU, PACCMATPUBAs CJIy-
Jail CTAaTUCTUIECKU CTAIMOHAPHOTO COCTOSHUS.

DKcHepuMeHTAJIbHAs METOAUKA. DKCIEPUMEH-
TajbHAs YCTAHOBKA IPEJCTaBJIsAIa cODON KyOmduecKuit
CTEKJISHHBIN akBapuyMm ¢ pedpom 1 M, yCTaHOBJIEHHBIH
Ha Bpamnaoyoocsd mwardopmy puc. la. Kyb mosrocTsio

Puc. 1. (LIperHoit omnaiin) (a) — DCKU3 IKCIEPUMEHTAIb-
HOI ycTanoBky; (b) — 9acTb MeIajKu, KOTOPOH IIPOU3BO-
[II0CH BO30YXKAeHNe TYPOYJIEeHTHOCTH

3all0JIHCH JUCTUIJIMPOBAHHON BOJLONW U CBEpXy IepMme-
TUYHO 3aKPBIT MPO3PATHON CTEKJITHHON KphIMKOil. Bu-
3yaJin3alys BUXPEBOTO JABUXKEHUS B YKUIKOCTU IIPOU3-
BOJIUTCSI C MTOMOIIBIO METOJIUKU Jia3epHOro Jjncta. Js
9TOr0 B BOJY J00ABJISIINCh YaCTUYKU IojmamMuia PA-
12 co cpemuum pazmepom 90 mMMm. HacTuukum moscBe-
YUBAJI JIA3EPHBIN JINCT, HAIIPABJIEHHBI TOPU30HTAJILHO
nocepenuue Kyba. Och pacrosoKeHHON CBEpPXy BHJIEO-

ITucbma B 2KOTP Tom 118 BRm.5-6 2023

KaMepbl ObLJIa HAIIPABJIEHA MEPIIEHINKYJISIPHO JIA3EPHO-
My jgucty. llosyuennbie n3obpazkenue mocjie 06padboTKu
Ha KommbioTepe ¢ nomornsio PIV merona [18, 19] nos-
BOJISLJIN TIOJIy9aTh JBYMEPHOE IOJIe CKOPOCTH B ILIOC-
KOCTH JIa3€PHOro Jyda. Bo30yxkieHune TypOyJIEHTHOTO
JIIBUKEHHSI BHYTPU Ky0Oa IPOBOJIMJIOCH BpAIlEHHEM dYe-
TBHIPEX BEPTUKAJBHBIX PACIIOJIOKEHHBIX 0 yIJIaM Kybda
MEITAJIOK C 3aKPEIIEHHBIMI Ha HUX JIOAaTKaMu puc. 1b.
Ha xaxk0it Takoil MemnraJike pacroJsoxkeno 1o 10 Jioma-
TOK. Mermmaaku, TaKuM 06pa3oM, UM HEOTHOPOIHYIO
[0 BEPTUKAJU T'€OMETPHUIO, B PE3yJIbTATE Yero WX Bpa-
menne 3(pGEeKTUBHO BO30Y XK 1AJ10 MHEPIIMOHHBIE BOJIHBI.
Yrobbl Memiajku camMu 1o cebe He cOoODINau TeUEeHUIO
BpAIlleHIe OTHOCUTEIbHO BEPTUKAJIHHOM OCH, UX BPAIIe-
Hre ObLIO NMEPUOANIECKUM: B IEPBYIO CEKYHIY IMIPOUC-
xojuu 2 060poTa B OJHY CTOPOHY, BO BTOPYIO CEKYH-
Iy — 2 000pOTa B IPOTUBOIOJIOKHY 0 cTOpoHy. CKOPOCTH
BPAINEHUS MEIIAJOK BO BCEX DKCIIEPUMEHTAX OJINHAKO-
Ba. CUMMETPUYHOCTD JIBUKEHUS JIOIATOK [IPOBEPSLIACH
[IPOBEJICHIEM SKCIIEPUMEHTa, B KOTOPOM KyO BpaImascs
B IIPOTHUBOIIOJIOXKHYIO CTOPOHY, B PE3yJIbTATe 9ero ObLIN
I[IOJIy Y€HBI PE3YJIbTATHI, CTATUCTUYECKYU UJIEHTHIHbIE UC-
XOJIHOMY HallpaBJieHuIo BpaieHusi. OTMeTuM, 9410 Hau-
6oJtee OJMBKUIT K HAIIIEMY METOJ, BO30Y K ICHUS TEICHUsT
HCIOJb30BaJICs B paborax [20, 21].

Bce skcrepuMeHTh HAYUHAJMCH C PACKPYYUBAHUSI
Ky0a C OJJHOBPEMEHHBIM BKJIIOYEHUEM MEITAJIOK. JKCIIe-
PUMEHTBHI BBIIOJHAJIACH IPU KOHEYHON CKOPOCTU Bpa-
mernuss or 0.12 1o 0.7206/c, Koropas IOCTHIaIach
TIPU TIOCTOSAHHBIM yTI0BBIM yekoperueM 0.05 06/c2. s
KPYITHOMACITTaOHONH KBa3K-IBYMEPHON KOMIIOHEHTHI Te-
YeHUsl OCHOBHOI JIUCCUIATUBHOMN CUJION BO BpalllaoIei-
Csl CHCTEME sIBJIsIETCsI TPEHUE O JIHO U KPBIIMIKY Kyba B
HOrpaHudHOM cjioe JdxrMmana [1, 17]. Dro Tperne xapak-
Tepusyercst BpeMenem saryxanus 7 = H/(2v/v9), B Ha-
mux skcrnepuMenTax cocrasisasiinee 600 < 200 c. ITocse

PACKpPYTKH Ky0a M BKJIOYEHHS MEINIAJTOK BBIKUIATOCH
KaK MUHUMYM DT JJI TOTO, YTOOBI CHCTEMA IMPUIILIA B
COCTOSIHUE CTATUCTUIECKOI'O PABHOBECHSI.
TypbOysenTHoe Makpo-umcsio — Peitnospiaca  [22]
Rew = VpmsLy/v, BeIMUCIIEMOE 1O CPEIHEKBAIPATHY-
HOfl CKOPOCTH Vpps = (V2 + vz)l/ > u pa3Mepy JIOIATOK
Ly ~ 6.5cM, cocrasismo okono 2000 (pume.2). Typ-
OymenTnoe Makpo-uncio Poccou Roy = vpms/(290L5)
cocrasiisio or 0.35 mo 0.05. OrTHomlenne 3THX Iapa-
merpoB Re, /Ro,, 9TO ecTh XapakTepHOe 3HAUEHHE
orHomrenusi cuyi Kopronmca n 00beMHBIX BA3KUX CHJI,
HAXOJIUTCsI BOJIN3N 3HadeHns 5- 103, 4To sBiIsieTcst cTaH-
JAPTHON BEJIMYMHON JIJIsi TAKOI'O THIIA SKCIIEPUMEHTaX,
cM. 0030p [12]. 3navenusi Ge3pasMepHBIX NAPAMETPOB
TOBOPSIT O TOM, YTO B TEUYEHWH JOMUHHUDPYET CHJIA
Kopuosca, a camoe TeueHne yMEpeHHO TYpOYJIEHTHOE.
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Puc. 2. (Ilpernoit onmaiin) (a) — 3aBucumoctn Makpo-umcia Pefinosnbiaca (mycrsle kBajgparsl ) u uncia Buxpeit (3amo-

HeHHble KPY?KKH ®) OT 4acTOThI BpaieHus kyb6a. (b) — SaBucumoctu mMukpo-uuncia Poccbu Ro., (mycrsie kBagparer 0) n

Mmakpo-uncia Poccou Roy, (3amoiHeHHBIE KDY?KKU @) OT YacTOTHI BPAIeHUs KyOa

Bpemsi cheMKu B CpeIMHHON I'OPU30OHTAJBHON ILIOC-
KOCTH COCTaBJISIO 15 MHH ¢ YacToToil 75 KaJpoB B
cexkyH1y. /13 mo/ry9eHHBIX JAHHBIX C IOMOIIBIO METOIA
PIV nosywamun 2D2C nose ckopocru [18, 19]. IIpo-
CTPaHCTBEHHOE pa3pellleHne M0Jisi CKOPOCTU COCTABIISLIIO
0.4 cMm.

DKCIIEPUMEHTAJIbHBIE PE3yJbTaThl. XapaKTep-
Hble I0JIA 3aBUXPEHHOCTH W = OyUy — OyUy B ropu-
30HTAJIBHOM ILJIOCKOCTU Ha II0JIyBBICOTE, [IPEJICTABIEHBI
Ha puc.3 i MUHUMAJIBHON YacTOTHI BpallleHus Ky0a
0.1206/c (puc. 3a) 1 I MAKCHMAJIBHON YaCTOTHI Bpa-
menus Ky6a 0.72 06/c (puc. 3b). ZKesrsiit e coorser-
CTBYeT IUKJIOHUYIECKOMY BPAIEHUIO (BPAIIEHUIO B TY
JK€ CTOPOHY, 9TO ¥ BPAINEHUE CUCTEMbI), & CUHUH — aH-
TUIKJIOHnYecKOMy. Ha pucynke 3 MOXKHO HabJIIOJIATH
MHOI'O BUXPpeil, IPENMYIIECTBEHHO [UKJIOHUYECKO Ha-
[IPABJEHHOCTH. BUXPU OJHOPOJHBI IO BEPTUKAJIH, UTO
IIPOBEPSJIOCH B OT/MEJBHOM JKCIEPUMEHTE, B KOTOPOM
I10JIe CKOPOCTHU U3MEPSLJIOCh B BEPTUKAJIBHOM Cpe3e. DTu
BUXPHU IIE€PEMENIAIOTCS B TOPU30HTAIBHON IJIOCKOCTH C
XapaKTePHON CKOPOCTHIO HECKOJILKO €M/ C. AHTHIMKIIO-
HbI ObLIN /160 BBIPAXKEHBI U UMEJIA MaJIOe BPEMsI K13~
HU, IIO9TOMY B JAJIbHEMIIeM pedb IMOWIeT TOJIBKO IIPO
[UKJIOHBI. AHAJIN3 9BOJIIOIUN BUXPEBBIX MSITEH TMOKA3bI-
BAeT, YTO CYIIECTBYIOT BUXPU CO BPEMEHEM YKU3HU 00JIb-
e, uem Bpems 3xcrepumenta (900 ¢). CooTBeTcTBEHHO,
9TH BUXPHU CYIIECTBYIOT JIOJIBINE BA3KOIO BPEMEHU DK-
MaHa. Bojiee Toro, 3a BpeMs IKCIIEPUMEHTA He HADJIIO-
JIaJIOCh CYIIECTBEHHOI'O U3MEHEHUsI SHEPIUH TAKKUX JI0JI-
TOXKUBYIIIUX BUXPEIL.

Ha pucynke 3a aucso Buxpeit N npumepHo B 2—3 pa-
3a MeHble, deM Ha puc. 3b. Ilepexox o HEU3KOTO YnCIa
BUXpell Ha MUHUMAJBHON CKOPOCTH BPAINEHUsI K 0OJIb-
IIOMY YHUCJIy BUXpel Ha BBICOKOW CKOPOCTH BpaIlleHUsI

Ky0a MPOUCXOJIUT CKAIKOOOpPa3HBIM 00pa30M IIPU CKO-
pocru Bparenus okojo Q% ~ 0.3506/c, cMm. puc. 2a, a
He JIMHEHHBIM 00pa3oM, Kak Habmonanocs B [23]. Huc-
JIO BHXpeil, OJIHOBPEMEHHO IPHUCYTCTBYIOIUX B 0Obe-
Me, c1ab0 M3MEHSIOCh B TEYEHUU OJIHOI'O SKCIIEPHMEH-
ta. HecMoTpst HA TO, 9TO YUCIIO BUXPEl PE3KO MEHSIOCH
€O CKOPOCTBIO BpaIleHus Ky0a, CKA90K He HCIBITHIBAIOT
HEKOTOPOEe JIpyIr'He CTaTUCTHUYeCKrue BeauduHbl. K HuM
oTHOCsTCS MUKPO-gncyio Poccou Roy,, onpenesstomnieecs
KaK CPe/IHsAsl 3aBUXPEHHOCTb B IIEHTPAX ITUKJIOHOB JIe-
nennas Ha 200, u Makpo-uucio Poccbu Ro,, (puc.2b).
OTMmeruM, 9TO MMEeT MECTO MOUYTH JIMHEHHAs 3aBUCH-
mocTb Ro,, = 3.5-Ro,, +0.3. Dror rpaduk mokassiBaer,
YTO IIPU HU3KON CKOPOCTH BPAINEHUs] BUXPU SIBJISIOTCS
OTHOCHUTEJIbHO OoJjiee CHIbHBIMA. ['paduk Makpo-ducia
Peitnosnbica Re,, (puc.2a) takxke He JEeMOHCTPUPYET

KaKnX-11ub0 ocobeHHOCTEH BOIN3M 4acTOThI {*.
CkaukooOpa3Hasi 3aBHUCHMOCTBL 4YHcJa Buxpeit N,
TeM He MEHee, IMeeT COOTBETCTBHE CO CKAIKOOOPA3HOi
3aBUCHMOCTBIO 00Jiee IMOJIHOM CTATUCTHIECKON mHGOP-
manuu o Tedennu. Pyukuus pacupenenenus: (PDF) so-
kasibHOro uncsa Poccon Ro(r) = w(r)/2Q npu pasHbIx
ckopocTrsx Bpamienus Kyba (puc. 4), tue r = {x,y}, 1o-
CTPOEHHOTO JiyIsi 00JIACTH, He BKJIIOYAIOIIEH TOTpaHNY-
HBIE CJIOW, TaKKe JEMOHCTPUPYET CKAYKOOOpa3HOEe U3-
MeneHne. [Ipy HU3KHUX CKOPOCTHAX BPAINEHHUS TO UUC-
JIO BHYTPHU aHTUIIUKJIOHOB yJIOBJIETBOPSIET HEPABEHCTBY
Ro(r) > —1. IIpu BBICOKAX CKOPOCTSIX BPAIIECHUST HUXK-
HAg rpanuna Ro(r) > —0.5. AHaJOrmYHBIM 06Pa3OM
cyzKaeTcsl BepxXHsisl IpaHuiia pacrpesenenusi. Cieyer,
OJIHAKO, OTMETUTH, YTO CKA4OK B popme xBocTtoB PDF
MPOUCXOIUT pu Oojiee HU3KOM CKOPOCTH BpAIIECHWUS,
HEXKeJIM CKadoK unciaa Buxpeir N. B mesom ke pac-
[IpeJIeJICHIsT KAYeCTBEHHO CXOYKU C Pe3yJIbTaTaAMU, ITOJLY-
TTucema B 2KOTO
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Puc. 3. (Isernoii onuaiin) Ilose 3aBuXpeHHOCTH, yCpes-
HeHHoe 110 1/3 ¢ B MoMeHT ¢ = 166 ¢ mmocsie Hauasia CheMKH.
(a) — Huskas ckopocrts Bpamenusi 0.1206/c; (b) — BbICO-
Kasi ckopocThb BpateHus 0.72 06/c

YEeHHBIMU TIPEJBIAYIIIMEI HCCJIe0BATeNSIMI B [22, 24],
HECMOTpPsI Ha TO, YTO TaM HCIOJIb30BAJIMCH UHBIE METO-
bl BO30y KJeHns TypOysieHTHOCTH. B wacTHOCTH, pac-
[peJieJIeHUsT He CHMMETPHUYHBI OTHOCUTEJILHO HYJISI U CO-
OTBETCTBYIOT [IepeMeKaeMoiil craTucTuke. B Hamem skc-
neprMenTe KO3MOUIMEHT aCUMMETPUN COCTABJIsT 1.33
u 2.4 pu camoil HU3KOH u caMoil BBICOKON CKOPOCTSIX
cooTBeTCTBeHHO. OTMETUM 3/1€Ch, ITO MMEHHO ITOTOMY,
gT0 gncao Poccbm mocTuraeT 3HAYMEHUH TOPSIKA €IM-
HUIIBI, MbI HE KCIIOJIb3yeM TE€PMUH “TeocTpodudecKuii’
KaK XapaKTepUCTUKY KBa3U-IBYMEPHOI'O TE€UCHUs B Iie-
JIOM U CTOJIGOBBIX BUXpeii, B acTHoCcTH |2, 15], XOTS 11pM
BBINIOJIHEHNN HepaseHcTBa Ro(r) > —1 aro paszjesnenune
CTAHOBUTCS YCJIOBHBIM.

Ha ocnoBannu caeraHHbIX HAOIIOMEHUN MBI MOYKEM
BBIJIBUHYTH IIPEJIIOJIOKEHNE O CYIECTBOBAHUN JIBYX CY-
IIIECTBEHHO DAa3HBIX TyPOYJECHTHBIX PEKUMOB KBa3W-
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Puc. 4. (Iernoit onmaita) PDF snokanbroro uncaa Poccbu
Ro(r) = w/2Q

JIBYMEPHOIO TeveHus. Paccmorpum 6ojiee OAPOGHO
CBOICTBa CTOJIOOBBIX BUXPEH B 9TUX ABYX PEKUMAX.

Huskaa cxopocms epawserus xyba. s nsmepenust
CTATACTUIECKAX CBOWCTB OTIEIBHOTO BHXPS HEOOXOIM-
MO IIepefTHA B CUCTEMY OTCUeTa, Ha49aJJI0 KOTOPOH JIE2KAT
Ha ocu 9Toro Buxpsi. LlenTp Buxpst Besen 3a [10] onpene-
JISLTICS B TJIABHOM MTPUOJIMKEHUH KaK TIOJIOXKEHNE SKCTPe-
MyMa 3aBUXPEHHOCTH, TIOCJIE YET0 MPOM3BOIUIACH MTPO-
Helypa yTOYHEHUSI MOJIOXKEHUS CJICAYIONM 00Pa30oM.
BryTpu KBaIpaTHON 06/1CTH PA3SMEPOM 5 CM C IIEHTPOM
B 9KCTPEMyME 3aBUXPEHHOCTH HAXOMJIACH TOYKA, Xa-
PAKTEPU3YIOMAACT MAKCUMYMOM IUPKYJIAIUM, BbIYUC-
JISIBIIEHCS 110 OKPY?KHOCTH € HEHTPOM B 9TOH TOYKE U
pazmycoM 2.5 cM.

Jljist KaxK 10l CKOPOCTH BpallleHusl ObLI MOCTPOEH pa-
IUAJIbHBI TPOMUIb A3NMYTAJbHON CKOPOCTH B BUXPE
U&(r) = (Uf(r,,1)),,, ;> TA€ YCPe/HeHHe IPOU3BON-
JIOCH TI0 YIUIy (0, BPEMEHH M HOMEpPY 4 OTCJIE?KEHHO-
ro Buxps (KpacHas Kpubasg Ha puc.b). Ha paccrosuun
or 2 o 20cM HADIIOMAJICS MOYTH ILUIOCKHUIT YIacTOK
UZ(r). Toxoxuii MI0CKUii y9acTOK paUajbHOro Mpo-
buna U (r) yxe HAOMONANCS IKCIEPUMEHTATBHO |25]
B TOHKOM CJIO€ TIPOBOJAIIEH KUJIKOCTH C 3JIEKTPOMAT-
HUTHOW Hakavkoi. Tak:ke CTpOUIACH 3aBUCUMOCTD IIPO-
U3BOJHON 1O pajuycy IMpKy/siuu ckopoctu IV (r) =
T (wi(r, @, 1))+, (CHHAS IMITPUX-IyHKTHPHAS KPUBAsI
Ha puc. b), a 1 Tenepb — paccrosiaue j10 ocu Buxpst. Cro-
UT OTMETUTH, uTo npoduib Besndusbl [V(r) He MeHsieT
3HaK. Pagmyc reopre CEPANEBUHBI BUXPs, ONIPEIEIABIIEH-
sl COMJIACHO PABEHCTBY Teore * We|r=0 = 2U& (Teore), CO-
CTaBJIAI OKOJIO 2.3 CM.
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Puc. 5. (Isernoii onmaiin) [Ipoduim asumyTanbHO CKO-
pocru Buxpst Ug(r) (cusomuas aunus), Bemuuuast [V (r)
(IITPUX-TTyHKTUPHAS JIMHUS ), BEJUNIMHA AINPOKCUMAIINA
npodusis ckopoctu cpexpmero tedenus U (r) = w - r/2
(upsiMasi CUHssI MyHKTUPHAs MpsiMas), TPOdUIb a3uMy-
TAJBLHON CKOPOCTH C BBIYTEHHBIM IPOQUIEM CKOPOCTH
cpenuero teuenust UZ(r) — U?(r) (depHast myHKTHpHAsI
smHus). (a) — Huskas ckopocts Bpamennst 0.12 06/c, @ =
0.06c¢™; (b) — BBICOKAsi ckopocTh BpameHus 0.7206/c,
w=0.047¢""

OTHOCUTENHHO BOJIBIIIOE KOJUIECTBO BUXPEN MTO3BO-
JIsSIeET TOBOPUTH O IJI00AJbHOM CPeJHeM TeYEHUU Ha Mac-
mrabe Bceit obsiactu TedeHus. JIs TOro, 4ToOBI OT-
JIEJIATH TE€UYEHUE, CBI3AHHOE C PACCMATPUBACMBIM BUX-
peM, OT IJI00AJIBHOIO CPEIHErO TeYEeHMsT, Mbl IIPOU3BEJIN
BBIYUTAHUE U3 M3MEpPeHHOro npoduis ckopoctu UE (1)
cropocTH riiobasbHoro cpensero redenns U¥(r). ITo-
CKOJIbKY, COIVIACHO HAITUM HAOJIIOJEHUSIM, BUXPU B CPE/I-
HEM 3allOJIHSIJIH PAaBHOMEPHO JOCTYIIHYIO O0JIaCTh Te-

YeHus, Mbl alpokcuMupoBaiu U (r) JiuHeHHbIM 1IPO-
dbumem ckopoctu, U?(r) = w - /2. Hus onpenenenust
cpeJiHeil 3aBUXPEHHOCTU BHE IMOTPAHUYHOrO CJIOS W Ha-
MU TPOBOJWJIACH JIMHEHHAS AIMTPOKCAMAIAS I CKO-
pocreit UZ (1), jexamux Ha PACCTOSHUU GOJIBIIIX, YeM
30 cM (3es1eHast MyHKTUPHAS IpsiMasi HA puc. 5). Berau-
TaHWe KOJIJIEKTUBHOTO BPAINEHHUS] BUXPE U3 BHIMACTIECH-
HOro paHee Npoduis asuMyTaabHON ckopoctu UZ (1)
HO3BOJISIET SMIUPUYECKUM IIyTeM OIPEJeIUTh PaJyc
BUXpell Kak Touky, rie UZ(r) — U®(r) obpamaercs B
Hysib (cM. puc.5). Paccunranupiit Takum obpa3om pa-
nuyc Buxpeit pasen ~25cMm. OTMeETHM, YTO CKOPOCTH
cpensero Tedenusi (U), BbIUUCIIEHHAsS IIyTeM yCDeJHe-
HUS TIOJISI CKOPOCTH IO BCEMY BPEMEHU IKCIIEPUMEHTA, C
XOPpOIIIeil TOYHOCTH COBLAJET € TOM Ke OIEeHKON W - /2,
rje, B JAHHOM Cjlydae, T' eCTh pacCTOsSIHUE JI0 IeHTPa
KyOa.

Buicoxas cxopocmv epawerus wyba. PannaabHble
npodusu azuMmyTaibHol ckopoctu U (1) M BeJuduHbI
I'(r) npexncrabiens! Ha puc. 5b. Buxpu siByisiice B 3Ha-
YUTENBHO CTeNeHN N30JMPOBAHHBIMY (B TEPDMUHAX Da-
6orel [26]). B n30/MpOBAHHBIX BUXPSX 3aBUXPEHHOCTH
B 00JIACTU CEPIIEBUHBI BUXPSA KOMIIEHCUPYETCS 3aBHX-
PEHHOCTBIO, UMEIOIIEil TPOTUBOIIOJIOXKHEIN 3HAK, B TeJe
BUXpsl, TAK UTO WHTErpaJs moj kpusoit [V(r), aro ectsb
nosiHas nupKyssnus 1'(r), cBg3aHHas ¢ BUXPEM, PaBEH
uyso. B mamem ciygae I'(r) mocruraia MUHIMYM Ha ~~
15 cM, 9TO MOXKHO CYMTATh PaJUyCcoM 3THX BuXxpeii. Pa-
JIUYC CEPJIIEBUHBI BUXPS T'core COCTABIIA Te XKe 2.3 CM.
ITo-npekHeMy JIUHEHAS AIIPOKCUMAIAA CPEIHEro Te-
verust (U) Xopomio onuceiBaeTcst KO3 OUIMEeHTOM .

Takum 06pa30M, IPHU BBICOKOI CKOPOCTHU BPAIlEHUs
BUXPH OKa3BIBAIOTCS HE TOJBKO OTHOCHTEJHHO 0oJee
CJIa0BIMU, HO U 0OJiee MEJIKMMU, 9TO, PA3yMEeTCs, Ha-
XOJINTCS B COIJIACUM C MX OGJIBLIIMM KOJUYIECTBOM Ha
eAMHUIly IIonaau. MHTerpaabHoil Mepoii 0IHOBpeMeH-
HO CHJIBI W BEJIMIWHBI BUXPEH MOXKET CJIy’KHTD BeJId-
yuHa (QJIYKTyaldii SHEpIUd TedeHus Ha (POHe CcpelHe-
ro (U). Ha pucyHke 6 nocTpoeHa 3aBUCAMOCTh CPeJIHEH
IJIOTHOCTH 3HEPIUH TIOJHOTO TeHeHus v2,,./2 W Cpejl-
Heii mIoTHOCTH dHeprun cpeamero redenns (U)2/2 or
CKOPOCTH BpallleHHsl. BerauTass u3 mepBoro BTopoe, Mbl
MOJIy9aeM MCKOMYIO MEpPy — KHHETHUIECKYIO SHEpPIuio,
3aKJIIOYEHHYIO B OTJeJbHbIX Buxpsx. CormacHo puc. 6,
OHa HE 3aBHCUT OT YaCTOTHI BpalleHus Kyba. 3aMeTuM,
YTO 3Ta BEJIMYMHA OTHOCHTEJILHO yCTOMYMBA K METO-
Iy mogcuera. Hampumep, €M CUMTATH SHEPIHIO BUX-
peii IIyTeM MHTerpupoBaHUsI KOMIEHCUPOBAHHOIO IIPO-
buna UE (r)—U?(r), cM. puc. 5, To OTHOIIEHHE SHEPIHUHI
M30JIMPOBAHHBIX BUXPEH K BUXPSAM Ha HUZKOW CKOPOCTH
Bparenus Kyba coctasut 0.5-0.6. Ta BesmanHa, yMHO-
JKeHHasl Ha, 4IUCJIO BUXpeii, IPOIOpIMOHaIbHa CpeHeil

TTucema B 2KOTO
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Puc. 6. (IIsernoit onnaiin) 3aBUCUMOCTH CpeHEN SHEPrun
(OTKpPBITBIE KPY?KKH ©O), SHEPI'UU CPEJIHEro TeUYeHus (3Be3-
JIOUKU *), U PA3HUILBI [IOJTHON SHEPIUHU ¥ CPEJIHErO TeIeHHsI
(3aKpaleHHBIE KDY’KKI ®) OT 4acTOThI BpalleHus Kyba

SHEPIUu, COMEPKAIIEHCST B OTJAEIbHBIX BUXPIX HA €U~
HUILY ILIOIIAJIN, YTO TAKXKe II0YTH He 3aBUCUT OT CKO-
pocTu BpalleHusi. B urore, ecjiu Tenepb HOPMUPOBATH
sHeprumio Buxpeit Ha )2, TO MBI OIIATL TPHIEM K 3aKJIIO-
YEHWIO, YTO BUXPHU HA BBICOKHX CKOPOCTSIX BPAIEHUS
ABJISIIOTCST OTHOCUTEJIHHO O0JIee CIabbIMU.

Ob6cyxaeunme. [Ipu TypOysieHTHOM IBUXKEHUH BO-
JIbI BO BPAIIAIOIIEMCsT KyOe HAOIIOMAIOTCS JOJTOKIBY-
IIie KOTePEeHTHbBIEe BUXPH. VX BpeMs KU3HU 3HAYUTEIb-
HO DOoJIbIITEe BpeMeHn DKMaHa. MOXKHO PEJIOKUTH IBa
MeXaHU3Ma IOJIep:KaHusi 3Heprun Buxpeil. Ilepsorit —
3a CYeT CJUSIHUsI CTOJIOOBBIX BUXPEH, KOTIa TOJIBKO 9TO
OTIEJIUBINUICA OT MEIIAJKNA BUXPb IOIJIOMIAETCS BUX-
peM, KOTODBIi yKe IpucyTcTByeT B Kyoe [27]. Bropsim
MEXaHU3MOM IIOJJIEPXKAHNS SHEPIUU BUXPEN SBJISIeTCS
[IOTJIOTIEHNE CTOJIOOBBIMU BUXPSIMU HHEPITUOHHDBIX BOJIH,
s 9ero Tpebyercs BoIojHeHne ycaoBuii Rey, > 1 u
Ro(r) = —1 [22, 28, 29].

Bropoit Mmexanu3M, 0JHAKO, OKA3bIBAETCS TO/IABJICH-
HBIM, ecjin Makpouucjao Poccou Ro,, okasbiBaeTcs HU-
JKe HEKOTOpPOTO TOPOroBoro mpejeia. llokaxkem 310,
cantas unciao PoccOoum manbivM, Ro(r) < 1. Ilpene-
Operasi HeJIMHEHHBIM B3aMMOJENCTBHEM WHEPIIUOHHBIX
BOJIH MEXKJy COOOH U mpejrosiarasi, ITo JJIMHA BOJI-
Hbl WHEPIIMOHHBIX BOJIH MaJjia [0 CPABHEHHUIO C XapaK-
TEPHBIM MAacCIITabOM KBa3U-IBYMEPHOI'O TEYEHUs, MbI
MOXKEM II0 TEOPHH BO3MYIIEHWI OIHCaTh HeJUHEHHOe
BJIMSIHUE HEOTHOPOIHOCTH KBa3W-JBYMEPHOTO TEYEHUS
Un(t,r) Ha BOJIIONUIO BOJIHBI, OIKMCBHIBAIOILYIOCS [OJIEM
ckopoctu u(t,r, z). PaccMoTpuM BOJIHOBOH maker, JBU-
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rafomuiica no tpaekropun R(t). Ypasuenne Hasbe—
Crokca, TUHEAPU30BAHHOE OTHOCUTE/ILHO U, U 3aIIUCAH-
HOEe B BOJIHOBOM IIPEJCTABJICHUH B OKPECTHOCTH TOUYKH
R, nmeer Buzg

<8t +i(U(t,R) - k) — JgakQ%) u+2[Q xu]=
=—((u-V)U), —ikp— vk*u, (1)

riae k — BOJIHOBOI BEKTOD, I'PAIUEHT CKOPOCTH KBa3u-
JIByMepHOTro TedeHust 0gq(t) = 0,Up(t,R) Gepercs B
TOYKe HaxOXxKJeHus R(t) BOIHOBOIO makera, a NHIEKCHI
o, = {x,y}. B cuiy OTHOCHTEIBHON MAJIOCTH JJIUHBI
BOJIHBI MBI OTPAHUYMJINCH IPUOJIMKEHHEM KBa3u- JIBY-
MEPHOTO II0JIsi CKOPOCTH JIMHEHAHBIM ITPO]UIEM.

IIpoanasmsupyem ypasaetue (1). Bropoe cinaraemoe
B KpyIJIOii cCKOOKe B jieBoii yacru (1) obecrieqnBaer nepe-
HOC BOJIHOBOT'O ITaKeTa co ckopocThio moroka U(t, R(1)).
ITycTs y paccMaTpuBaeMoro BOJHOBOIO MAKETa BOJHO-
Boii BekTop ectb K. Cuna Kopuosmca B (1) npusogur
K JBMKCHHIO BOJHOBOIO IIAKETa OTHOCHUTEJILHO IIOTOKA
C IPYIIIOBO# CKOPOCTHIO, TOPU3OHTAIBHBIE KOMIIOHEHTBI
koTopoit cytb VI = (2QK,/K?3)K,. CkopocTh 1Buze-
HHUA BOJHOBOTO IIAKETa B TOPU30HTAJIBHON INIOCKOCTH,
TakuM 0Opa30M, eCThb

dR,
dt

=V{({t) +Ua(t,R). (2)

Tperbe ciaraemoe B KpYyLJoil cKoOKe B JIEBOH dacTw
ypaBrenus (1) BbIpazkaer BJUSHIE HEOTHOPOIHOCTU Ha
noJie Bosinbl. Ero seiicreue Ha Jro6oe mmoJie, B TOM 9HC-
Jie T10JIe MHEPIMOHHON BOJIHLI, IPUBOJNUT K U3MEHEHUIO
BosiHoBoro Bekropa K B0/ xapakrepucruku [16, 17],

dK,/dt = —osa K3, K, = const. (3)
OTMeTnM, 9TO 9TO Ke CJIaraeMoe BMECTE CO CJIaraeMbIMU
B IIPaBOil YaCTU 00ECIIEYNBAIOT M3MEHEHUEe AMILIUTY/IbI
BOJIHBI CO BPEMEHEM.
Teneps  paccMmoTpum

croaboBoil BUXph ¢ nosiem ckopocru U, = UZ(r) e?,

aKCI/IaJIbHO-CI/IMMeTpI/I‘IHbeI

IJle BEKTOp 7 OTCUYUTBHIBAETCS OT OCHU BUXDS, a €JIu-
HUYHBIA BEKTOp ef HallpaBJjIeH 110 a3suMyTy. ['pajueHTt
TAKOI'O II0JIS €CTh

OBa = 27’& 6?/7’ + (Ug/r)eﬁa’ (4)

rae JokambHas cuia casura X = r0.(UE/r), a €ap —
e/JUHUYHBI aHTUCHMMETPUYIHBIH TEH30p BTOPOIO paH-
ra, €, = 1. Bropoe ciaraemoe B (2) nmpoussonur nepe-
HOC BOJIHOBOI'O ITAKETa BMECTE C JIEMEHTOM JKUJIKOCTH,
JBIZKYIIEMCSL 110 KPYyrOBOI OpOHTEe B BUXDE, & BTOPOE
ciraraemoe B (4) mpomssomur coracHo (3) BpalueHue
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BOJIHOBOT'O BEKTOPa& BMECTE C 3TUM 3JIEMEHTOM KHTKO-
cru. Oba 3THUX BKJIAJa MOTYT OBITH HCKJIIOYEHBI Hepe-
XOJOM B CBA3AHHYIO C 9THUM 3JIEMEHTOM CHCTEMY KOOD-
auHAT. B 9T0i crcTeMe KOOpAUHAT CHCTEMa, YPaBHEHUH
(3), (2) mpuobperaer Busx

dK, dR
= YK — —VI=
dt i r

a xKommoneHTHl K, m K, He n3MensAoTCs. VIcKmouns u3
cucreMbl ypasHeHuit (5) BpeMsl, TOJLYIUM

K. (1 1
2d(—=) = =2dR.
K@d(K) g =R (6)

Kak n mo/mKHO OBITH [j1d 6€3IMCCUIATUBHON CHCTEMBI,

IIPOIIECC M3MEHEHNUI TTapaMeTPOB BOJIHBI 0OpaTuM. Heob-
PATHUMOCTD JIOCTUTAETCS TOJIBKO B CJIydae, eCJIH HHTe-
rpaJj oT paBoil gacTu (6) okasbiBaeTCs M0 abCOIOTHOI
BeJIMYMHE HACTOJIBKO BEJIUK, YTO aOCOJIIOTHAS BEJINIU-
Ha K BOJHOBOTO BEKTOpa B HEKOTOPBII MOMEHT 0Opa-
MAeTcsi B GECKOHEYHOCTb. JTO O3HAYAET, UITO C YIETOM
BSI3KOCTHU IIPOU30MIET NCYE3HOBEHNE BOJIHBI U IIEPe.ia-
Ya ee dHEPIMH KBa3u-JIByMepoMy TedeHHIO. [Tockosb-
Ky MHTerpaj oT npasoil yactu (4) oleHMBaeTCs Kak
Upms/2§), & 3HAYEHUE BOJIHOBOIO YUCJA BIAJIH OT BUX-
pst kKak K ~ 1/L;, T0 ycioBueM NOCTHXKeHUs HeoOpa-
THMOCTH SIBJISIETCsl [IPEBBIINIEHIE MaKpo-ducjioMm Poccon
HEKOTOPOTO TMOPOTOBOTO 3Hawenusi, Ro,, > Ro},. OTme-
THM, 9TO IPEICTABJIEHHOE PACCyXKIeHUe Tpedyer, ITo-
OBl JtoKaJIbHOE uncsIo Poccbu 6bu10 Magsio, /20 < 1,
B IIPOTHUBHOM CJIydae CJeAyeT yIUTHIBATH ITOMPABKU K
Jqacrore BpameHust () co cTopons! Tevuenud [26]. Onna-
KO U I[P HAPYIIEHUH STOTO YCJIOBUS CJIEJIAHHBIE BHIBOJIBI
OCTAIOTCsI KAY€CTBEHHO BEPHBI.

IToporosoe makpo-uncsao Poccbu Roj, ~ 0.1 cormac-
Ho rpaduky Ha puc. 2b. Ilpu gyacToTax BpaIeHus HUXKe
* MBI MOXKEM PACCYUTBHIBATH HA HPUMEHUMOCTH TEO-
puu, pazsuroii B [10, 16, 17]. HeiicrBurensbuo, Ha puc. H5a
€CTb 00JIACTD C IJIOCKUM YIaCTKOM PaJINAJILHON 3aBUCH-
MOCTH cpejiHeit ckopocTh B Buxpe U (1) B cOOTBeTCTBUM
¢ TeopeTnuecKuME orieHKamu [17]. Passuras 31ech Teo-
pHUsl PE/ICKA3bIBAET, YTO B ITOI 0OJACTH B IIPOIECCE
[IOTJIOMIEHUSI BOJIH 00Pa3yroTCsi TAPMOHUKH C OOJIBIITIM
BOJIHOBBIM 9HCJIOM, 9TO HAXOJIUTCS B COIVIACUU C IKCITE-
PUMEHTAIbHBIMA JAHHBIMI: SHEPIeTUIECKUN CIIEKTD Be-
neT cebs Kak k24 Ha HUBKHX YacTOTaxX BPAINECHHU, TO-
IJ1a KaK Ha BBICOKUX CKOPOCTSIX BPAIEHUsI UHJIEKC YBe-
JmauBaeTca 1o ~ —3.3. Hamm monsITkm, ogHako, BCIET
3a [30] ycTaHOBUTH BBINIOJHEHNE ypaBHEHNs! PeifHoubaca
[IOKA3aJId, 9TO IIOJHOE BPEMsl HAIero HabJIIOJEeHUs He
JTaeT JOCTATOYHOrO OObeMa MAHHBIX [IJIsi TOJHOIEHHO-
IO CTATHCTUYECKOTO yCPeJHeHusl TeH3opa Peitnosbica
B ypaBHEHHUH Ha, CPeJ[Hee TeUYeHUe B BUXPE.

3akaoueHne.  IJKCIEPUMEHTAJIHHO  [TOKA3aHO,
YTO CYIIECTBYIOT JBa TYPOYJEHTHBIX DPeXKMMa KBa3U-
JIBYMEPHOI'O TEYEeHWsI B COCyle C T'OPU30HTAJbHBIMUI
rpaHunaMu. PeXuMbl OTIMYaloTCsd PA3HBIM  KOJIH-
YeCTBOM BUXPEH-NMKJIIOHOB # uX mnpodwmismu. B
000MX pexkKuMax IUKJIOHBI SIBJISIFOTCSI YCTONYIMBBIMU BO
BPEMEHH CTPYKTYPaMH, KOTOPBIE CYIIECTBYIOT IOJIbIIE
BPEMEHHU BS3KOTO 3aryxanusd. [lepexos Mexk iy pekuma-
MU ITPOUCXOJUT IIPU IIOPOrOBOM 3HAYEHUU MAKPOYUCTIA
Poccou Ro), = 0.1, noxaspIBaroIeM OTHOIIEHHE aM-
IUINTYZAbl CKOPOCTH TEYEHWs W TPYIIIOBOI CKOPOCTH
WHEPIMOHHBIX BOJIH. HaMu npuBesieHbI TeopeTudyecKue
apryMeHTbl B TIOJb3y TOIO, HUTO MEPEXOJ, COIpPO-
BOXKJA€TCsI M3MEHEHHEM DEXHMMa B3aMMOJEHCTBUS
WHEPIIMOHHBIX BOJH C KBAa3W-IBYMEDPHBIM TEUYEHUEM.
I[Ipu oTHOCHTEILHO HU3KUX CKOPOCTSIX BpAIlleHUsI
cocyzia, KOTOPBIE COOTBETCTBYIOT OTHOCHUTEIBHO 0OJIb-
momy uuciay Ro,, > Ro},, KBa3u-IByMepHOE TedeHue
3¢ HEKTUBHO IOTJIOMAET WHEPIMOHHBIE BOJIHBL. 1lpu
OTHOCHUTEJIbHO BBICOKHX CKOPOCTHAX BpAINEHUS 3ITO
YUCI0 TAJAeT, TAK YTO CHIXKAETCHd 3(DDEKTUBHOCTD
repejiadu SHEPruu OT WHEPIMOHHBIX BOJIHBI CTOJIOOBBIM
BUXPsIM.

Pabora Bemosmena B Jlaboparopum “CoBpemen-
Has THAPOIUHAMUKA’, CO3JAHHON B paMKax TI'DaHTa
MunucrepcTBa HayKu u BbIciero obpazoBanust PP
075-15-2019-1893 8 UT® wum. JI. . Jlanmay PAH,
IpH TOJIEpXKKe TpanTa Poccuifckoro HayIHOro oA

4 22-22-00977.
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