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Toaeyos I'., UcaraeB M.C.", MycaraeB A., Akancepuna T., badamesa JI.,
PyctremoBa C., HypmaramoeroB M., Tamabex /l.

HUNDT®, Kazaxckuii HaMOHAIBHBINA YHUBEPCUTET UMEHHU anib-Dapadu,
. Anmvarsl, Kasaxcran “e-mail: Muhtar.Isataev@kaznu.kz

MCCAEAOBAHUE AMHAMUKU PA3BUTUA KOTEPEHTHbBIX CTPYKTYP
CAOXHOIO TEMEHUNA B CTPYAX U «CAEAAX»

XapakTepuctuyeckme 4actoTbl (DOPMMPOBAHMS BEPTMKAAbHBIX BO3MYLLEHUIA B €CTECTBEHHOM
Pa3BUTMM MCCAEAYIOTCSI SKCMEPUMEHTAAbHbIM MyTeM. MX AMHammKa MCCAEAOBaHA MpM MOMOLLM
METOAMKM yCpeAHeHus (has 1 CBsi3aHa C BU3yaAM3MPOBaHHbBIMM CXEMaMM MOTOKOBYACTOT BO3MYLLLAIOLLLEN
CUAbI, TPUBOAS K 3HAUMTEAbHbIM M3MEHEHMSM CPEAHEeapUMPMETUUECKON XapaKTEePUCTUKKU U
XapakTepUCTUKM MyAbCaumu. MccaeaoBaHUE CTPYKTYPbl BUXPS «CAEAQ» 32 LMAMHAPOM OrpaHUYeHHOM
AAVHbI MOKA3bIBAET, YTO KOHEUHbIE SIBAEHMS BEAYT K AecTabuAamndaumnm Buxpein KapmaHa v yAAMHEHMIO
30HbI UMPKYASILMKM B cAeAe. Boaee moapo6HYI0 MH(OPMALMIO MO AMHAMMKE Pa3BUTUS KOTE€PEHTHbIX
CTPYKTYP MOXHO MOAYHYMTb MPU MCMOAb30BAHMM METOAMKM OCPEAHEHMs a3 npu npeobpasoBaHum
CUIHAAOB CKOPOCTM MOTOKA M TemriepaTypbl. AAst GOAee yTAyGAEHHOTO M3yUeHUsl COOTHOLLEHMS MEXAY
npoueccamm CMeWMBaHUs U AMHAMUKKM Pa3BUTUS KOFEPEeHTHbIX CTPYKTYP CAEAYET MCMOAb30BaTh
AQHHYIO METOAMKY M METOA CMHXPOHM3ALMOHHOM BM3YaAM3aLMM BCMbILIKM UMITYAbCA B MCCAEAYEMOM
30He notoka. B aaHHOM HayuHoM paboTe Bbina cAeAaHa MorbiTKa 00bICHUTL (DU3MUEcKMe CBOMCTBA
BbILIEOMMCAHHbIX SIBAEHMI MOCPEACTBOM YTAYOAEHHOrO WCCAEAOBAHMSI KOFEepeHTHbIX CTPYKTYP,
KOTOpble 06pasytoTCsl B MEPBOHAYAABHOM M MEPEXOAHOM YaCTU TPEXMEPHbIX CTPYMIM CAEAOB MO3aAM
UMAMHADPOB KOHEUYHOM AAMHbI.

KatoueBbie cAoBa: cBoGOAHasl CTpysl, TYPOYAEHTHOCTb, COMAO, PacrpeAeAeHue Temrepatypbl,
rpaAyMpoBKa

Toleuov G., Isatayev M.”, Musataeva A., Akanserina T., Babasheva D.,
Rustemova S., Nurmagambetov M., Tamabek D.

IETP, Al Farabi Kazakh National University,
Almaty, Kazakhstan, “e-mail: Muhtar.lsataev@kaznu.kz

Investigation of the dynamics of the development of
coherent structures of complex flow in jets and trails

The characteristic frequencies of the formation of vertical disturbances in natural development are
investigated experimentally. Their dynamics has been studied using the phase averaging technique and
is associated with visualized schemes of frequency fluxes of the disturbing force, which lead to signifi-
cant changes in the average arithmetic and pulsation characteristics. A study of the structure of the vortex
of a trails behind a cylinder of limited length shows that finite phenomena lead to destabilization of the
Karman vortices and an extension of the circulation zone in the trail. More detailed information on the
dynamics of the development of coherent structures can be obtained by using the phase averaging tech-
nique for converting flow velocity and temperature signals. For a more in-depth study of the relationship
between the mixing processes and the dynamics of the development of coherent structures, this method
and the method of synchronization visualization of the flash pulse in the investigated flow zone should
be used. In this scientific work, an attempt has been made to explain the physical properties of the
phenomena described above by in-depth study of coherent structures that are formed in the initial and
transitional part of three-dimensional jets and trails behind the cylinders of finite length.

Key words: free jet, turbulence, nozzle, temperature distribution, grading.
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Teneyos f., Mcataes M.C.", Mycartaes A., AkaHcepuHa T., babaliesa A,
Pyctemosa C., HypmarambeTtos M., Tamabek A.

ITDF3U, anr-Dapabu at. Kasak, yATTbIK, YHUBEPCUTETI,
AAmaTsbl K, KasakcraHn *e-mail: Muhtar.lsataev@kaznu.kz

AfbIHLLIAAAPAAFbI XKOHE «i3AepAeri» KYPAeAi aFbICTapAbIH,
KOTepeHTTi KYPbIAbIMAAPAbIH, AAMy AMHAMMUKACBIH 3epTTey

KeAiMri AaMyaafFbl BEPTUKaAAi KO3YAAPAbIH, TYbIHAQYbIHbIH, CUMATTbIK, >KMIAIKTEDPI 9KCMEPUMEHTTIK
>KOAMeH 3epTTeAAi. OAapAbIH AMHaMMKAChl pa3arapAbl OPTaLLAAQY BAICI KOMEriMEH 3epTTeAAl XXeHe
KO3AbIPFbILI KYLUTEPAIH >KMIAIKTED afblHbIHbIH BM3yaAM3aUMsAaHFaH Cbi36arapbiMeH GarlAaHbICTbI,
6yrap  opTallaapUMETMKAABbIK,  CUMMAaTTaMaAapAbIH  >KOHE  MYAbCAUMSAbIK,  CUMMATTaMaAapPAbIH
KOMaKTbl e3repicTepiHe aAbin KeAeai. LLlekTeAreH y3bIHAbIKTbI UMAMHAPAIH apTbIHAQFbI «i3AiH»
KYMbIHABIK, KYPbIABbIMbIH 3€pTTey KOpPCETKEHAEN, COHFbIAbIK, KyOblAbicTap KapmaH KymblHAAPbIHbIH
AeCTabuAM3aUMSCbIHA KBHE «i3AEri» UMPKYASIUMS 30HACbIHbIH y3apyblHa oKeAeai. KorepeHTTi
KYPbIABIMAAPAbBIH, AAMy AMHAMMKACbIHA KATbICTbl HAKTbIPAK, akmapatka afblH >KbIAAAMAbIFbl MeH
TemrnepaTypaHblH, CUTHAaAAQPbIH TYPAEHAIPY Ke3iHAeri da3arapAbl opTallasay 8AICTEMECIH KOAAAHY
apKbIAbl KOA XKeTKidyre 6oAaAbl. Aparacy >KOHe KOrepeHTTi KypbIAbIMAAPAbIH AaMy AMHaMMKaCbl
NPOoLEeCTEPiIH aHafypPAbIM TepeHipeK 3epTTey YLiH OCbl 8AICTEMEMEH KOCA afFblHHbIH, 3€pTTEAIHIN
OTbIpFaH alMarblHAAFbl TYTAaHYAbIH BM3YaAM3aLMACbIH CMHXPOHAQY BAICIH KOAAAHY Kepek. bepiAreH
FBIABIMM KYMbICTa YLLUOALIEMAI afblHILIAAAPAbIH aAFaLIKbl KOHE eTrneAi OeAiMiIeAepi MeH LWekTi
Y3bIHABIKTbl LUMAMHAPAEPAIH apTbIHAQFbl i3AEPAE KAAbINTACATbIH KOFEPEHTTI KYPbIAbIMAAPAbBI TEPEH,
3epTTey apKblAbl KOFapblAa aTaAFaH KyObIAbICTapAbIH (OM3MKaAAbIK, KACUETTEPI TYCIHAIPIAAILL

TysiH ce3aep: epKiH arblHLLIa, TYPOYAEHTTIK, COMAO, TemMrepaTypaHbiH TapaAybl, FpasyMpAey

BBenenne

B nacrosimee BpeMsi HEOOXOIUMO TPOBEICHHUE
Oosyee yriyOJIEHHBIX HCCIEAOBAHUHA TapaMeTpPOB
korepeHTHbIX CTpykTyp (KC) pasnuysbIX THIOB
MOTOKOB ¥3-32 M3MEHEHHU B TOJXOZE K MPHUPOJIC
obOpazoBaHns TypOyJICHTHBIX TOTOKOB [1-5]. Tak-
Ke ObUTH OOHAPYIKEHBI HEKOTOPBIC SIBICHUS IPH
MIPOBEJICHUN TIPOIIECCOB CMEIIMBAHUS M Tepeaadn
Teria B TpexMepHbIX cTpysax (TMC) u ciemax, 06-
pasyroLuMXxcs NPy YCTAHOBKE LMJIMHIPOB KOHEUHON
JUTMHBI TI0 TIOTOKY, 4eMy HeT OOBsICHeHHU 0e3 uc-
CIIEJIOBAHUM BUXPEBOM CTPYKTYPhI ITHUX IMOTOKOB.
OnHMM U3 JI0Ka3aTebCTB CYIECTBOBAHUS TaKUX
SIBIICHUH SIBIIIETCS HAJTMYME MaKCUMyMa B 3aBHCH-
MOCTH JJTUHBI 30HBI BO3BPATHO-IIOCTYHATEIHHOTO
MOTOKA OT MapaMerpa yJUIMHEHUs1 A=l/d. Dta 3aBu-
CHUMOCTB, TIONydaromiasics B pe3ylbTare mpeolpa-
30BaHUs, N300pakeHHOM Ha pucyHke 1. [loxoxnit
mpoueccC yBCJIMYCHUA IJIUMHBI HCpBOHa‘IaJ’IBHOﬁ u
MIEPEXO0THON 30HBI TIPH OTIPEACICHHON TPOTOPIHU
MEXly UTMHaMH OOKOBBIX CTOPOH BBIXOJTHOTO ITO-
nepeunoro ceuenuss ormedeH Ha TMC. OcoleH-
HocTtH pa3Butuss KC B moToke B mepBOHAYaAIbHOMN
30He TypOysneHTHOCTH TMC OBUTH HCCTIeOBAHBI B
nyHkTe [6].

[Tocne mpoBeeHNs CIEKTPAIBHOTO U KOPPEIs-
[IMOHHOTO aHAJIN30B OBUIN MTOTYICHBI 0000IIICHHbBIE
JaHHBbIC 110 MaCHlTa6aM 1 MHTCHCUBHOCTU XapaKTe-
puctuueckux yactot cienoBanusi KC. bouio orme-
yeHo, 4To Aerpaxanmu KC, pacmpocTpaHsiomascs
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o CTOpoOHaM OT 6OJ'II)IHI/IX U MaJICHBKHUX CTOPOH
CoIlIa, MPUCYIIE pa3Hble BEJIWYMHBI WHTCHCHUBHO-
CTH B 00omX ciydasx. Taxke Oblma OTMEUYCHA pa3-
HUIIA B CKOPOCTAX UCTCUCHUS ITIOTOKOB.

) -
i o R &—d=20mMm 4
Slee o— 28mm -
—F” c—  H0mm
G [ ] [ [l L
0 5 10 15 20 25
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Pucynok 1 — /lnHa 30HBI BO3BPAaTHO-MOCTYATENBEHOTO
TIOTOKA B CIIEJIE 3a IMIIMHPOM, H300paskeHHas
B KauecTBe mapamerpa A= 1/d

Bonee moxpoOHyro HHPOpPMANIHIO IO JUHAMUKE
pazButuss KC MOXXHO MOJSy4UTh NMPHU HCIIOJIB30Ba-
HUM METOIMKHU ocpelHeHus (a3 nmpu npeodpazosa-
HUM CUTHAJIOB CKOPOCTH TIOTOKa M TEMIIepaTyphl.
st Gonee yriyOIeHHOTO M3y4eHHsI COOTHOILCHHUS
MEXIy IPOLEeCCaMy CMEIINBAHUS U ANHAMUKH Pa3-
Butus KC cremyer wmcmonb30BaTh JAaHHYIO METO-
JIUKY M METOJ| CHHXPOHH3alMOHHON BHU3yallU3alin
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HCCJ’ICZ{OB&HI/IC JAUHAMUKHU Pa3sBUTHS KOTCPEHTHBIX CTPYKTYP CJIOKHOIO TECUCHHUSA B CTPYAX U «CIICAAX»

BCIIBIIIKH UMITYJIbCA B HMCCIENYEMON 30HE MOTOKa
[7, 8].

B nanHoi# HayuHOH paboTe Oblna clenaHa Io-
MBITKa OOBSICHUTH (PU3MYECKHE CBOWCTBA BBIIICO-
[IUCAHHBIX SIBJICHUI MOCPEICTBOM YIIIyOJIEHHOI'O
uccienoBanus KC, koTopsle 00pa3yoTcs B MepBo-
HavapHOU 1 nepexoanoil vactu TMC u cnenos 1o-
331 [IWJIMHAPOB KOHEYHOM UIMHBI.

Annmaparypa sl 3KCHEePUMEHTAJbHbIX HC-
caeI0BaHHK

[Ipu npoBeneHUN IKCTIEPUMEHTAIBHBIX OIBITOB
HCIOJIb30BAINCH COIJIA C YETHIPEXYTOJbHBIM I10-
MEPEYHBIM CEYEHHEM BBIXOJTHOTO OTBEPCTHS C TPO-
nopuusiMu cTopoH: A = 1,65; 2,77; 5,07; 7,61; 11,0;
16,0; 25,2 u kpymioe comio (muamerpoMm = 22.5
MM). BeTMYMHBI BBIXOHOTO MOTIEPEYHOTO CEUCHUS
BCEX COIeJ ObUTH MPUOIN3UTENBFHO OJMHAKOBBIMH.

C ucnonb3oBaHUEM JaHHOW ammapaTrypsl yaa-
JIOCh OTCIEANTh H coTorpadupoBaTh TEHEBOE
n300paKeHne MOTOKA MPH MOMOIIM HUMITYJIbCHON
BCIIBIIIKM CBETA, CHHXPOHU3WPOBAHHOM IO 4acTo-
TaMm CJIeJOBaHUsI BUXpEH, KOTOpble 00pa3zyroTcs B
NEpBOHAYAIILHON U MEpPeXoaHO0M 30Hax cTpyi. Cu-
CTeMa TEPMOIJICKTPUUECKOIO aHeMOMeTpa, Obuia
WCTIONB30BaHa Ui OTpE/CIeHUs] cpeaHeapudme-
THYECKOW W IyJIbCAIIMOHHOW XapaKTEPHUCTUK CKO-
poctu notoka. IIpu 3ToM HCIOJIB30BAJICS TOJHBIN
KOMIUIEKT CHUCTEMBbI, BKJIIOYasi HJIEKTPOHHBIA MH-
KPOMaHOMETP U yCTPOHCTBO ocpeJHEHUS (ha3bl, YTO
[IO3BOJIMJIO 3aMEPUTh OCPEAHEHHYIO IepHOANYE-
CKYI0 M XaOTHYECKYIO COCTaBISIONINE CKOPOCTHON
MyJICALIUH.

Taxoke OBIJIO NPOBEIACHO BU3yalbHOE HCCIIE-
JIOBaHKE Clle/a 10331 [HIMH/POB Pa3IUYHbIX TI0
JUIMHE Ha y4acTKe CTyIICHHs B paboueil yacTu npu-
0opa ¢ TEHEBBIM yKa3zaTeleM M IPH NPOBEICHUHU
9KCIIEPUMEHTOB M0 OmpeesieHrH JuinHbl. Ornuca-
HHUE HKCIIEPHUMEHTAJBHBIX CUCTEM M CIIOCOOOB H3-
MEepeHUH, MpUBOIUTCS B padoTtax [7, §].

HOJIy'—leHH])Ie pe3yjabTaThbl U UX AaHAJU3

Pe3ynbTaThl H3MepEHUsI OCEBBIX CKOPOCTEN HC-
TEUYCHUS B CTPYAX, BRIXOSIIUX U3 COMEI C Pa3ind-
HBIMH pa3MepaMH OOKOBBIX CTOPOH B BBIXOJIHOM
MIOTIEPEYHOM CEYEHUN U300pakeHbl HA PUCYHKE 2.

AHanu3 JaHHBIX yKa3blBaeT Ha 30HY IMOCTe-
MEHHO CHWKAIOIEUCS CKOPOCTH MOTOKA. JTa 30HA
ObL1a OOHApyIKeHa Iepe; OCHOBHOW 30HOH, T/Ie CKO-
POCTh MOTOKA MAaeT MPUMEPHO /IO BETUIMHBI ~X !
YeMm MeEHbIIIE CTAHOBUTCS BEJIMYMHA A, TEM OJIMKE
9Ta 30Ha OKA3bIBACTCS K TOUKE MCTEUCHUS MTOTOKA.
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PucyHnox 2 — XapakTtep U3MEHEHHUS OCEBOI CKOPOCTH
HCTEUECHUsI IPH PA3INYHBIX BETUINHAX
A =a/b, U =20 m/c, rneU_ — oceBast CKOPOCTh IOTOKA

DTy 3aBHCUMOCTh MOXXHO 00Jiee TOYHO OTCJie-
JUTH TIPU BBIBEJICHUH PE3YIIbTaToB B popme: U = f
(M) (pucynok 3). 3neck Bennunna U . mpeicTaBiseT
co0ol BEIOpaHHBIN YpOBEHb CKOpocTH noToka. [o-
CKOJIBKY BBILIEONUCaHHAs 30HA YK€ ONpeselieHa,
€e MOKHO Ha3BaTh 30HOM OKOHYaHHS Aedopmanun
TMC, T.e. 5Ta 30Ha HAXOAUTCS TIEPEa OCHOBHOM 30-
HOM, B KOTOPOH HET HUKAaKOH JedopManuu CTpyH,
JTaHHAasi 30Ha PACIPOCTPaHSETCs Jajee 1Mo CBOOOI-
HOM U aKCUaJIbHO-CUMMETPUYHOMN CXEME.

60

50

40

30

20

10

Pucynok 3 — /Iiiuna yyactka ¢ paBHBIMH YPOBHSIMH CKOPOCTEH
MOTOKa M300pakeHa B KauecTBe (QYHKIMH apaMmeTpa
A=a/b, mpu U =20 m/c

Omnpenenenne BETUYUH aBTOKOPPEIAINOHHBIX
(YHKIMI MPOJIOJIEHBIX OCEBBIX IYJIBCAIUN CKOPO-
CTH TIOTOKA Ha UCCIIElyEMOM Yy4acTKe, TJie TIpoIiecc
neopMaly 3aBepiicH, T0Ka3alo CYIIeCTBOBAHHE
OTPULIATEIBLHOTO MaKCUMyMa. Pe3ynbTathl onpene-
JIEHWs BEMYMHBI R, B cTpye npu 3nauenuun A = 2,27
MOKa3aHbl HA PUCYHKE 4.
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R(U S

0 3 . 6 °
U, /d

U =6.03 m/c;h =2.77; x/b = 10; 1 — B HEBO3MYTIICHHOM
COCTOSTHHH; 2 — Ha4aI0 BO3MyIIeHus mpu gyacrore 50 I'm;
3-63;4-70;,5-80;6—89;7—100; 8 — 120.
Wupexc e— > pekTuBHBII

PucyHoxk 4 — BennanHbI aBTOKOPPEISLIUOHHBIX (YHKINAN
KosileOaHM CKOPOCTH MOTOKA MO OCH CTPYH
MU PA3HBIX 3HAUYCHUSX YACTOT BO3MYIICHUS

Bpewmsi, cooTBeTcTByIOIIEE 3HAYCHHUIO OTpHIIA-
TEJILHOT'0 MakcuMyMa R MOHO Ha3BaTh OITyTIEpH-
0JI0M XapaKTePHCTHYCCKOH 4acToTh N =1/T  naH-
HOTO TIEPHOJMYECKH TTOBTOPSIOUIETOCS IpOIecca.
B BbIIIICONTUCAHHOM ClTydae, 3TO BpeMsl paBHSIETCS
BenuurHe 5,6x103, a 9T0 3HAYEHHE COOTBETCTBYET
yactore 89 ['. OueBUIHO, YTO YacTOTa BO3MYILIE-
Hus 89 ['11, COOTBETCTBYIOMIAS TIEPHOTY T,,, ABIACT-
Csl ONTUMAIILHOM, TIOTOMY, YTO POCT U YMEHBILICHNE
YaCTOTHI 110 OTHOIICHUIO K IAHHOW BEIMYMHE C PaB-
HBIMU CTETICHSIMH BO3MYIIICHHUSI BEJIET K YMCHBIIIC-
nuio Benuuunbl R (U /U ) (cMoTpuTe pucyHok4).
OT0 O0BSCHSET HaJMYMEe W3MEHYHBOCTH CKOPOCTH
MOTOKA IT0JT BO3/ICHCTBHEM BO3MYIIICHUS U TIO3BOJISI-
€T OLCHUTH Pe3yJIbTaT JaHHOTo Bo3MymeHus. Cie-
JTyeT YYUTHIBATh, YTO U3MEHEHHNE CTEIIEHN YaCTOTHI
BO3MYLIEHHS M COOTBETCTBYIOIIas € BenmuuuHa d
/ UOXTxap B nauanaszone 0,25 — 0,36 npuBOAUT K U3-
MEHEHHIO pe3yJibTaTa BO3ACUCTBUS BCETO JIHIIb Ha
10%. 3neck Mbl umeem d_ = 2 (ab/m)"?, (a—nnuHHas
CTOpOHa CoIuIa,h — KOpOTKas CTOpoHa coruia,d, —
s¢dextuBHbi quamerp). [losromy pekomeHmyer-
cs1 OpaTh JaHHBIN WHTEPBAJI H3MEPEHHUH B Ka4eCTBE
ydacTKa ¢ Hanbosee BbIPaKEHHBIM BO3MYILICHHEM.

Ha pucynke 5 wn300paxeHpl TeHeBble (OTO-
rpaduy MOTOKa, CAENaHHBIE C MaJlOM W OOJIBINON
CTOPOH COIUIa B PAa3IUYHBIX CTAJUsIX Pa3BUTHUS,
KOTJla CHTHAJl YacTOThI BO3MYIIEHHS OKa3bIBAJICS
B BUJIMMOM criekTpe. Popma BUXPEBOTO BO3MYIIIE-
HUSI, 00pa3yIolerocss OKOJIO HaKOHEYHHMKA COILIa,
YETKO TIPOCMATPHUBAETCS Ha M300paKeHHsIX. Takxke
JIETKO 3aMETHTh TIEpBOHAYAIBbHYIO (asy BHXPEBO-
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r0 BO3MYIIEHUS C OOJIBIIEH CTOPOHBI COILIA. DTOT
poriecc MpoIoIDKaeTCs JI0 TeX Mop, Moka He o0pa-
3yetrcs BUXpb B (popmate 3JI, 00€ CTOpPOHBI KOTO-
pOTo HaXOMATCS HA Pa3HBIX MOMEPEUHBIX CEUCHUSIX

CTpYH.

U, =43 M/c; n =60 I'; A, B — BHJ ¢ MaJioll CTOPOHBI COILIA;
C, D- Bz ¢ GOJIbIIIeH CTOPOHBI COILIa

Pucynok 5 — TeneBble n300pa)keHHsI IIOTOKA B 3-X MEPHOM
(dopmare CTpyH IIPH YaCTOTE BO3MYIICHUS,
cootBeTcTBytomei S= 0,27

CpenHecTaTHCTHUECKHE MTHOBEHHbIE TPOduIn
MIEPUOJTMYECKUX U CIYYalHBIX COCTABISIIOIINX BE-
nnuuHbl U” myabcalinii CKOPOCTH MOTOKA, KOTOPhIE
yZAJIOCh 3apETUCTPUPOBATH HPU HOMOLIM METOIH-
KM ocpejiHeHus (a3, TOKa3bIBAIOT CYIIECTBOBAHHE
Pa3NUYHBIX YPOBHEH 3THX BEIMYMH, COOTBETCTBY-
oIuX OObIIeH U MEHBIIEH CTOpOHAM coruia. JTa
pasnuna i BenuuuHbl U’ TIOKa3aHa Ha PUCYHKE
6. OTu naHHbIe OBLIM TIONYYEHBl HA JBYX Pa3HBIX
CTaOUsIX Pa3BUTUSl 3aBUXpEHHMs. BepxHue IMHUU
COOTBETCTBYIOT MOMEHTY, KOTJla M3MEPUTEIHLHBIN
npubOp MPOXOAWI MO LEHTPY BHXpEH, a HIKHHE
JIMHUHU COOTBETCTBYIOT M3MEPEHUSIM MEKAY 3aBUX-
PEHHSIMHU.

Bennunabl  KOOQQHUUIUEHTOB  KOppEISIHUN
OTIPEIEISUINCE B TO BpPEMsi, KOTrJa HMCCIIE0BaNach
CTPYKTypa clelia 3a MUINHAPOM. DTU H3MEpCHUs
MIPOBOMIIUCH MTPY TIOMOLIH ABYX YCTPOMCTB, IIOME-
LICHHBIX C JIByX KOHILIOB LIMJIMHIPA OKOJIO y4acTKa,
I'JIe TIOTOK OTPBIBAETCS OT MOBEpXHOCTH. [TomyueH-
HBIC JJaHHBIC N300pakeHbl Ha pucyHke 7. [lomoxwu-
TEJIbHOE 3HaueHue KO3()(UIMEHTa KOPPEIsLUU B
muarasone 0 <//d< 12 noka3piBaeT CHMMETPHUYHOE
pas3ziesicHue 3aBUXPEHUH M0 Mepe yAaJeHHUs OT I0-
BEPXHOCTH LMIMHApPA. 3HAK KO3 PHULIHEHTa KOppe-
JISIIUH U3MEHSETCS IPU COOTHOIEeHUn/d> 12.

AbcoinmoTHOe 3HaueHHEe K0d((UIeHTa yBelu-
YUBaeTCS MO Mepe JIOCTH)KEHHUS COOTHOIICHUs [/d
= 07, B kpaliHeM ciIyJae, KOraa Imo 000ouM KOHIIaM
YCTAaHABIUBAIOTCS B OrPaHUYHMTENbHBIC CTCHKU
IIPU HATMYUH OOJIBIIUX 110 BEIUIMHE COOTHOILICHUN
l/d.

Recent Contributions to Physics. Ne2 (61). 2017 69



HCCJ’ICI{OB&HI/IC JAUHAMUKHU Pa3sBUTHS KOTCPEHTHBIX CTPYKTYP CJIOKHOIO TECUCHHUSA B CTPYAX U «CIICAAX»

U, =427 m/c; n=60 I'y; S = 0,27; 1, 2 — pa3mephl IONEPETHOTO CEYEHHS B LIEHTPE 3aBUXPEHNS;
3, 4 — MeXKAY 3aBUXPECHUAMHU

Pucynok 6 — /lnarpamma pacrpeeseHus: BOJIHOBOM COCTABISIOICH MyNbCAlui CKOPOCTH
IIPU BO3MYIIEHUN

1'0 1 L] L] L)
0.5 -
=4
i 2 1
0 I
4 8 12
0.5k b o
O
_1,(] A A A A

Pucynok 7 — KoadurmeHt Koppensiun myabcaniu
CKOPOCTH BbIp@XKEHHBIN B QyHKuuu 1/d

OtpuuarensHOe 3HaY€HUE BeIUUMHBI R yKa3bl-
BaeT Ha HAJIMYME aHTUCUMMETPUYHOTO pa3/ieNeHus
3aBuXpeHnii (Tabauua 3aBuxpenuit T. Kapmana).

TeneBass ¢ororpaduss mMoTOKAa TPH HE3AHUIH-
TEJbHO HAarpeThIX HWIMHIPAX, OTYyYEeHHOE MPH I10-

MOIIY MMITYJIbCHOM BCIIBILIKH, MOJITBEPKIACT 3a-
KJTFOYCHUE, OCHOBAHHOE HA ONPEJICNICHU BEINYNH
K03 PUITMEHTOB KOPEIISIIUH.

[TosTOMY, HaMMUMEe MaKCUMyMa B 3aBUCHMOCTHU
L/d = f (I/d) neniocpeacTBeHHO cBsizaHO C Tipeobpa-
30BaHHMEM Da3JIeJICHNs 3aBUXPEHUI U TpolieccaMu
(bopMHpOBaHUS 3aBUXPEHUH, HauyWMHAs C CHUMMe-
TPUYHOTO 3aBHXPEHUS, COOTBETCTBYIOIIETO MTOTOKY
BOKpYT c(epbl U 3aKaurBast JIByXMEPHBIM 3aBUXPE-
HUEM, COOTBETCTBYIOIUM IOTOKY BOKDYT IMJIMH-
npa OECKOHEYHOH JUTUHEI.

Paboma evinonnena ¢ pamxax npoexma 3096/
I'®4«Hccredosanue npobrem menionepeHoca u
MEnAOMACCOOOMEHA @ CNONACHbIX CMPYUHbIX mede-
HUAXY.
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