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TYPBYJIEHTHOI'O IIO'PAHNYHOI'O CJIOA
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B pa6ore npeicTaBiieHbl pe3ysibTaTbl SKCIEPUMEHTAIbLHBIX HCCJIENOBAHUN CTPYKTYPbl TYPOYJIEHTHOI'O IIOIPAHUIHOIO CJIOS
Ha IMOKOM IIPOTSAXKEHHOM IIPOJOJIbHO obTekaeMoM Huimaipe. VcciaeloBaHus IOJIA IIyJIbCAIUNA IPUCTEHOYHOI'O JABJICHUS
aHcaM6/ieM MUHHATIOPHBIX JATYHKOB, yCTAHOBJIEHHBIX 3allOJJIMIO C OOTEKAEMOI IOBEPXHOCTHIO, IIO3BOJIM/IN U3YUYUThH OCO-
6enHoCcTH (DOPMUPOBAHUSA U PA3BUTHUs KOMEPEHTHLIX BUXPEBBIX CTPYKTYDP IHOI'DAHUYHOIO CJIOS. YCTAHOBJIEHBI MacCIITabbl
CTPYKTYP, UX IEPHOAbI I'€HEPALUH U PACCTOSAHUS, KOTOPbIE KOMePEHTHbIE BUXPH IIPOXOJSAT JO CBOEro BbIpoxKiAeHus. Ilo-
Ka3aHO BJIMsHME KPUBHU3HLI 0OTEKaeMOil IIOBEPXHOCTU LHUIMHJAPOB U PEXKUMOB TEUYEHHs Ha CTPYKTYPY BUXPEBOI'O IBHKE-
uust. [IpuBeseHbl alNnpoKCUMUPYIONUE 3aBUCUMOCTHU OIpeAeseHUs (DYHKIMH KOI€PEHTHOCTH IIOJIdA IIyJIbCaluil JaBJICHUs,
KOHBEKTHBHOM CKOPOCTH IIepEMEIleHUs] BUXPEBBIX CTPYKTYP, UX IPOJOJIBLHOIO MaciuTaba U pacCTOsSHUs II€PEHOCa BJIOJb
obpagzyloleil HUINHAPa J0 BLIPOXKICHUS.

Y pobori HaBeleH] pe3ybTaTH €KCIIEPUMEHTAJbHUX JOCJIIXKEHb CTPYKTYPH TYpPOYJIEHTHOrO IIPHUMEXKOBOI'O IIapy Ha I'HYy-
YKOMY BHJIOBXKEHOMY II03J0BXKHbLO obTiuHOMYy umainapi. JociimkeHHst 1mojisi mysibcaliii OpUCTIHHOIO THCKY aHcaMbiem
MiHIATIODHUX JATYMKIB, siKi BCTAHOBJIEHO BPiBEHb 3 OOTIYHOIO IIOBEPXHEIO LMJIHApA, J03BOJIMJIM BUBYHUTHU OCOOJIMBOCTI
dopMyBaHHS Ta PO3BUTKY KOI€PEHTHUX BUXPOBUX CTPYKTYP IPUMEXKOBOrO wwapy. Beranossieno macirabu cTpyKTyp, IXHi
nepiogu renepauil Ta Biacrani, s Ki KOrepeHTHI BUXOPH IIPOXOJATHL JO CBOI'O BUPOJKEeHHs. IlokazaHO BIJIMB KPUBHU3HU
ob6TiyHOl noBepxHi HMIAIHAPIB 1 pexkuMmiB Tedil HA CTPYKTYpPy BUXPOBOro pyxy. HaBejeHO anpokcumyrodi 3ajie2KHOCTi BU-
3HaveHHst (YHKUII KOIE€pPEeHTHOCTI HOJIsl IMy/ibcallili THCKY, KOHBEKTHBHOI ILIBHAKOCTI IlepecyBaHHsi BUXPOBUX CTPYKTYD,
IXHBOI'O IIO30BXKHBLOI'O MaclITaby Ta BifgcraHi epeHOCy B3J0BXK MIOBEPXHI IUIIHAPA JO BUPOIXKEHHS.

In the paper the results of experimental researches of the structure of turbulent boundary layer on the flexible extensive
longitudinally streamlined cylinder are presented. Researches of the wall-pressure fluctuation field by the ensemble of
miniature sensors, flush-mounted with the streamlined surface, allowed to study the features of forming and development
of the coherent vortical structures of the boundary layer. The structure scales, their the generation periods and distance,
which coherent vortices are passed up to the degeneration, are determined. Influence of the streamlined surface curvature
of the cylinders and the flow regimes on the structure of the vortex motion is demonstrated. Approximating dependencies
of determination of coherence function of the pressure fluctuation field, convective velocity of moving of the vortical
structures, their longitudinal scale and distance of transfer along formative of cylinder up to degeneration are resulted.

BBEJIEHUE

B memasmekoM mporioM o TypOyJIeHTHOM TeYeHUN
npeobJiajiaroniee MHEHHE, YTO OHO TPEJICTABJISAET CO-
6011 "MeTKO3epHUCTYIO" BUXPEBYIO CPEJLy, HAXOIAIILY-
10Cs B COCTOsiHMM TosiHOro xaoca [1, 2. Ho B mo-
CJIeJTHUE TOJIbI B HAYIHBIX UCC/IETOBAHUIX TPUCTAID-
HOE BHHUMAHUE CTAJO VJEISITHCA U3YUEHUIO CTPYK-
TYPBI TYpPOYJIEHTHOCTH. DTO OOYCJIOBJIEHO, TJIABHBIM
00pa3oM, HCIOJIB30BAHUEM U YCOBEPIIEHCTBOBAHUEM
METOJIOB BU3YAJIU3AIUN TOTOKA W, KPOME TOrO, PH-
MEHEHUEM HOBBIX MHCTPYMEHTAIbHBIX CPEJICTB U aHa-
Jm3upyIomieil annaparypbl. Pe3yabraTel aTux paboT
[MO3BOJIJIA BBISIBUTH OIPEEJEHHYIO CTENeHb Opra-
HU30BAHHOCTH B TYPOYJEHTHBIX TE€UYEHUSIX. ITU Op-
raHU30BAHHBIE JIBUKEHUS, OOYCJIOBJIEHHBIE TaK Ha-
3BIBAEMBIMY KBa3UI€TEPMUHUPOBAHHBIMU WJIA KOTEe-
PEHTHBIMU TYPOYJIEHTHBIMUA CTPYKTYPAMU, MPUBETN
K M3MEHEHUsIM B CAMOM TMOHSITHHU TYPOYJIEHTHOCTH.
OTKpBITHE KOTEPEHTHBIX CTPYKTYP BBIZBAJIO HOBBIH
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WHTEpeC K TyPOYJICHTHBIM UCCIEI0BAHUIM, OCHOBHbBIE
CBEJIeHUsl O KOTOPBIX IpeJICTaBieHbl B padorax [3-6].
Hasnmane oprannzoBaHHBIX TypOYJIEHTHBIX CTPYKTYP
00HAPYKEHO KaK B MPUCTEHOYHON, TaK U BO BHEII-
Heil 00/1aCTIX TOTPAHUIHOTO CJiost. [Ipraem B Kaxk 10ii
3 3TuX 00JIACTe!l MPUCYTCTBYIOT OMpPEIE/IEHHbIE TH-
bl KOTEPEHTHBIX CTPYKTYP, KOTOPBIE UMEIOT CBOU Xa-
paKTepHble MAacIITabbl U BpeMmeHa Ku3uu. Ho stu
CTPYKTYPBI HE CYMIECTBYIOT 000COOJIEHO APYT OT JAPY-
ra, OHM B3aUMOJIEHCTBYIOT, OOMEHUBAIOTCS SHEPIHUEA,
CO3MIAIOT IIYJIbCAIIMU CKOPOCTU W JIABJIEHUSI, TEMIIe-
paTypbl U MacChl KaK BHYTPH IOIPAHUYHOTO CJIOS,
Tak U Ha 0OTekaeMoii noBepxHocTu. Hemocpeacrsen-
HOe HaDJIIOZeHNEe 33 00pa30BaHUEM, B3aMMOJIEHCTBU-
€M KOPEPEHTHBIX BHUXPEBBIX CTPYKTYP C IMOMOIIBIO
Pa3JIMYHBIX CIIOCOOOB BU3YAJM3AIMH [TOTOKA, UCCIIe-
JIOBaHUs C NPUMEHEHWeM OOJIBIIOTO KJACCa U pa-
3HOBUIHOCTEN MATYNKOB, TOMEIEHHBIX 3AIOIJIUI0 C
00TeKaeMOoil TIOBEPXHOCTHIO, TTO3BOJINIO OOHADYKUTH
HECKOJIBKO BUJIOB KOTE€PEHTHBIX CTPYKTYD U CO3JATh
pan Mogesieli TypOysentaocru [7-9]. U3 Beero aroro
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MHOro0o0pa3usi XOTEJIOCh Obl OCTAHOBUTHCS Ha HAMOO-
Jiee 9acTo HabJIIOIAeMbIX UJIH, €CJIU MOYKHO TaK BhIPa-
BUTHCsA, OOMIEMPUHATHIX MOJEISAX TYyPOYJIEHTHOCTH U
THUIAX OPraHU30BAHHBIX BUXPEBBIX CTPYKTYDP, KOTO-
pble 00Pa3yoTCa B HOMPAHUIHBIX CJIOSIX.

B uccaenosanusx [10-12], npoBeieHubx npu u3y-
YeHUM TYPOYJEHTHBIX MOTPAHUYHBIX CJIOEB BOJINA3U
00TeKaeMOoil TIOBEPXHOCTH, ObLIN OOHADY 2KEHBI HI3KO-
CKOPOCTHBIE MEJTKOMACIITaOHbIE KOTEPEHTHBIE CTPYK-
Typbl, HazBaHHbIe "cTpyiikamu"wan "xkryramu". DTu
CTPYKTYPBI MPEJICTABIAAIOT COOOI Bpalnaonmecs: B
[IPOTUBOITOJIOXKHBIX HAIPABJICHUSIX TPOJIOJIbHBIE BU-
xpu [10, 13, 14]. OHu 3apoKIa10TCsl B BA3KOM HOJICIIOE
¥ TIPU CBOEM IMEPEMEIEHUN BHUS 110 TIOTOKY YBEJINIU-
BAIOTCS B MOMEPEIHOM CEUEHHH, OTXOJs OT 0DTeKae-
MO TOBEPXHOCTH. B 6ydepHoii 30He 9TH CTPYKTYPbI
COBEpIIAIOT KoJiebaTe/IbHbIe JBUKEHUs U PA3PyIIaio-
red [3, 10, 15].

IIpogospHBIl MacmTab CTpyHKH OT ee 3apoXxKie-
HUsI JI0 pa3pylleHUs] B PA3JIUYHBIX HUCCIIEIOBAHUIX
kosebaercss or Af &~ 100 mo A} = 2000, no mam-
Jiyqineii onenkoii B [3, 12, 16] npenjoxkeno caurarh
Al & 1000 . Paznenenne MexKy cTpyiKaMu B TIOIE-
PEYHOM HAlpaBjeHun npuHaTo paBubiM 100V /u, (3,
10, 17], xors, kak ykazano B [18], naubosiee Bepos-
THBIM Pa3/IeJIeHUEM MeXKJy CTpyHKamMu HeOOXOAUMO
cunraTh A} & 80.

Tpu crajgum, KOTOpbIE NPOXOJUT CTPYyHKa 3ame-
JIJIEHHON YKUIKOCTH 33 BPEMsI CBOErO CyIIECTBOBAHUS
KaK KOIepEHTHAasl CTPYKTYpPa, a UMEHHO: MOIbeM, KO-
Jiebanue U paspylieHne, TPUHATO UMEHOBATH BHIOPO-
coM. Beibpocsl, Bozaukamomue B OydepHOit 30He Typ-
OYJIEHTHOTO MOTPAHUYHOTO CJIOSI, TPOUCXOIAT C OTIPe-
JEeJIeHHOA YaCTOTOH, KOTOPYIO U3MEPUJIN B HCCJIEI0-
Banugx [10, 19, 20] u psage apyrux. OgHako BO3HU-
KJIO GOJIBIIIOE PA3HOIJIACKE CPEIU aBTOPOB O KpPUTE-
pUSIX MACIITAOUPOBAHUSI W 3aBUCAMOCTHA OT UHUCJIA
Peitrosnnica 9actor win nepuojia MexK, 1y BbIOpOCaMu.
Tak, B paborax [3, 20] yTBepKaaeTCsl, 4TO CpeAHUil
MIEPUOJT, MEXK Ty BHIOPOCAMHE OTIPEIEIISICTCST BHEITHUMEI
nepemeHHbIME (Uso, d ) 1 He 3aBucHT OT 4ncia Peii-
HoJibIca. Kpome Toro, cpejifsis 9acToTa BHIOPOCOB HE
U3MEHSIETCs] 3HAYUTEBHO C PACCTOSHUEM OT CTEHKH.
B sTux paGorax peKOMEHyeTcsl ONpeIesaTh TePUOI,
mexky Boibpocamu Kak TpUs /0 =~ 6, xorsa B jpy-
IUX WCCJIEIOBAHUSIX UMEETCsl 3HAUUTEIbHBINA pa3dpoc
9T0ii Benmuuubl ot 2.5 no 10 [10, 21].

B mociennee Bpemsi Obl1 mpoBeneH psii paboT
C UCMOJIL30BAHUEM 00Jiee COBEPIIEHHBIX METOJUK U
AINmapaTypbl, BKJIOYas OYEHb MAJIEHbKUE JIaTIUKH,
pa3Mepbl KOTOPBIX OB MEHbBIIE JIJINHBI BA3KOCTH
[22, 23]. B s1ux paborax, a HECKOJBKO DAHBIIE U B
[11, 12], yka3biBaeTcs, 9TO 9YACTOTY BBIOPOCOB He-
06x0IMMO 00e3pa3MepruBaTh IO BHYTPEHHUM IIepe-
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MEHHBIM U, W V, TOCKONBbKY Us, W O HE SBJISIO-
TCSI YyHUBEPCAJBHBIMA APAMETPAMH B JAHHOM CJIy-
vae, Tak Kak 3uadenns [pd/Us umn TpUs /0 upo-
noprmonanbubl (Rep)?® [24, 25]. B wurore yTBep-
JKIIaeTcsd, 9TO Hab/IIomaeMasi Oe3pa3MepHasi dacTo-
ta f; = fpr/u? =~ 0.0041 m GespasmepHBIl ITe-
pHOI MEXKIy BBIOpOCaMU Tg = Tpu?/v =~ 300
He 3aBHCAT OT [mcya Peitnosbaca. OTamdaume, KOTO-
pO€ TOJIyIeHO B OIPEJIEICHUH MapaMeTPOB MACIITa-
OUPOBAHUST YACTOTHI M MEPUOJA BHIOPOCOB, 0OYCIOB-
JIEHO, TJIABHBIM 0OpPa30M, IPOCTPAHCTBEHHON paspe-
MIAIOMIEH CIIOCOOHOCTBIO UCTIOIb3yEeMBbIX TATINKOB, UX
9aCcTOTHOM XapaKTEPUCTUKON 1 pa3HoOOpa3neM Mpu-
MeHsIeMbIX KpuTepues perucrpaimu [24, 26].

BriOpomennast uacTs cTpyiiKu 3aMeIeHHON KU
KOCTH, B3aUMOJEHCTBYSI C COCEIHUMHU BBIOPOIIEH-
HBIMH CTPYAKAMM M JPYTMMH KOTE€PEHTHBIMU CTPY-
KTypamu, (POPMHUPYET HOBBIE MOMEPEIHO OPUEHTHUPO-
BaHHDbIE BUXPEBBIE CTPYKTYDPbl. DTU MEJIKOMACIITa-
GHBIE CTPYKTYPhI UMEIOT MPOIOJIBHBIA pasMep Mopsii-
Ka (2 - 100) nmu Bsizkocru [3, 15], a monepedHslii — B
HECKOJIBKO Pa3 BBIIIE U MEPEHOCATCS ¢ KOHBEKTUBHOMN
ckopocrbio (0.6 — 0.7)Us [3, 17]. o cBoero paspy-
IIEHUs] TAKUE CTPYKTYPHI MPOXOJSAT PACCTOSHUE MO-
psika 29 [3].

B wmccnemoBanmsax, KOTOPBIE NPOBOJWJIACH BO
Bceil obsiacTu TYypOYJIEHTHOTO MOTPAHUYHOTO CJIOs,
ObLI OOHAPY?KEHBI OPTaHU30BAHHBIE JIBHXKEHUS CY-
MIECTBEHHO OOJIBIMNX MACIITAOOE, 9eM MEJTKOMACIITa-
Guble BuxpeBble CTPYKTyphI [3, 21, 26-30]. D1u op-
raHU30BAHHBIE JIBUKEHUS MOPOXKIECHBI MEPEMEICH-
€M KpYITHOMACIITAOHBIX MONEPEYIHO OPUEHTHUPOBAH-
HBIX BUXPEBBIX CTPYKTYD, KOTOPBIE CYIIECTBYIOT B
JlorapuMUIecKOil 1 BHEITHeH 00JIacTsIX MOrpPaHU-
qHOrO cJiost [31-34].

KpynnoMacmrabable KOTepeHTHBIE CTPYKTYPBI, KO-
TOpBIE B Psfie pabOT eIe HA3BIBAIOT BBIMLYKJIOCTSI-
M [3, 21] wim n0AKOBOOOGPA3HBIMY BUXPEBLIMU CTPY-
kTypamu [17], 3apoK Ial0TCst, MIABHBIM 00PA30M, IIpU
pacmaje NPUCTEHOYHBIX MEJKOMACIITAGHBIX CTPY-
KTyp U 00bEIUHEHNN UX B KPYIIHBIE BUXPEBLIE 00pa-
30BaHMs, KOTOpbIE IIpocTHpaloTcs oT yT =~ 250 (35,
36] 1o rpaHUIBl OrPAHUYHOrO cyiost. Takue BUXpe-
BBIE CTPYKTYPHI JIOCTUTAIOT MTPOAOIBHOTO pa3Mepa, 10
20 [3, 21, 26|, nepenocsaTcs ¢ KOHBEKTUBHON CKOPO-
crbio ue ~ (0.8 —0.9)Us [3, 21, 37, 38]. IIpu 06-
TEKAHNH IJIOCKUX MTOBEPXHOCTEN KPyITHOMACIITAOHBIE
BHUXPH B IONEPEIHOM HAIPABJIEHUU 110 OCH Z UMEIOT
pasmep nopsizka (0.5 — 1)d, upudem paccrosnue me-
JKJIy TEHTpaMU BUXpel Ha yjaajgeHun oT crenku 0.8
jocruraer (2 —3)0 [3, 21]. Kak ormedanocs B paborax
[3, 26, 28], kpynHoMaciTabHble BUXPEBbIE CTPYKTY-
pbl B TypOYJIEHTHOM IMOTPAHUYHOM CJIO€ BBITSHYTDI
I10J], HEKOTOPBIM YTJIOM K 00TEKAeMOil TIOBEPXHOCTHU B
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wiockocru xy. Tak, B uccienoBanugx [3, 5, 17] sror
YTOJI HAKJIOHA OBLIT I3MEPEH U COCTABUII OKOJIO 18 rpa-
JLyCOB.

Ha zazmmeit cropore KpymHoMacITabHOl CTPpYKTY-
PBI (JIezKalmeii BhIIie [0 HOTOKY) WJIH B TaK Ha3blBa-
€MOM CJIBUTOBOM CJIOE 3TO# cTpyKTyphl [3, 17] o6pa-
3YIOTCS TUINWYHBIE BUXPU, BIEPBbIe O0HAPYYKEHHBIE
Opy BU3yalbHbIX nccyegoBannsx Pasibko [21]. Do
BHEIIHAE BUXPEBbIE CTPYKTYPBI, KOTOpPbHIE 06J1a1a10T
GOJIBITION HEpPrUueil U WMEIT BUJI HECKOJIBKO CILIO-
CHYTBIX Tpub0o0bpasubix Buxpeil. Paabko mpeanosio-
Kul [21], 9To TMIIMYHBIE BUXPU COU3MEPUMBI C TeiAJI0-
POBCKIM MHUKPOMACIITAOOM, ¥ BO BHeIIHEH obJsacTu
HOIPAHUYHOIO CJIOA OHU JAIOT OCHOBHOM BKJIaJ, B peli-
HOJIBJICOBBI HaIpsizkerus. PoOpMUPOBAHIE TUITUIHBIX
BUXpell TPUBOJIUT K UCKPUBJIEHUIO 3a/(HEH TTOBEPXHO-
CTH KPYIIHON KOTepPEeHTHOI CTpyKTyphl. Macmrab Ta-
KIX THIUYHBIX BUXpel oneHnBaercs Kak A ~~ 200,
A~ 100 u A} ~ (100 — 200), a ckopocTn Tepero-
ca (0.8 — 0.95)Ux [3, 21]. DTu BUXpU mEpeMEIaro-
TCsl BHU3 [0 TIOTOKY HA PACCTOSHUS, B ISTh pa3 IIpe-
BBIMIAIOIINE UX JIMHEHHBIA pa3mep, MpexKJje 9eM OHU
norepsaioT ¢Boio Gopmy [3].

Ilens HACTOSIIUX UCCIENOBAHUA — U3YIUTH CTPY-
KTypy TypOyJIEHTHOIO TOTPAHUYHOrO CJIOs Ha Tub-
KOM TPOTSZKEHHOM IPOJIOJIBHO OOTEKAEMOM IUJIIH-
Jipe, OIpPEJIEJIUTh XapaKTepHble OCOOEHHOCTH W IBO-
JIOIAIO KOTE€PEHTHBIX BUXPEBBIX CTPYKTYD — HCTO-
YHUKOB ICEBJO3BYKOBBIX ITyJIbCAIIUN JIABJICHUS, I10-
CPEJICTBOM IKCIEPUMEHTAIBLHBIX UCCIETOBAHUN TOJIs
MyJIbCAIANA TPUCTEHOYHOTO JABJIEHUSI, OOPA30BAHHO-
ro Ha 0O6TeKaeMOli MOBEPXHOCTHU IMJIUHIPA.

1. 9KCITEPUMEHTAJIBHA4 YCTAHOBKA
n METOONKA NMCCJIEAJOBAHNUU

WccnenoBanust hbopMupoOBaHUsS U PA3BUTUS KOTe-
PEHTHBIX BHUXPEBBIX CTPYKTYD B Pa3BUTOM TypOy-
JIEHTHOM TIOI'PAHUYHOM CJIO€ Ha OYKCHPYEMOM IIPOTsi-
JKEHHOM IUJINHIPE, KOTOPBI 00TEKAJICS B MPOI0JIb-
HOM HAITPABJIEHUU, TPOBOIUINUCH B THIPOIITHAMUIE-
CKOM KaHaJje Ha mnojurone MHcTuTyTa rujipoMexanu-
ku HAH VYkpawnnwl. ['mapognnaMudeckuii Kawaa —
3TO JIpeHaKHBIM KaHaa KaneBCKoro BOJOXPaHUIIAIIA,
IPOXOIsAIHiA Tapasuieabao pyciy luenpa. On mvee-
eT JJINHY IPsIMOJIMHEWHOTO ydyacTKa mopsaka 4000 M,
mmpuny ot 40 g0 60 M m IybmHY OKOJI0 5 M IO
ocH KaHaJsa. Tedenne B KaHAJE U CYJIOXOICTBO OTCYT-
CTBOBAJIO, Oepera ObLIN MOKPBITHI PACTATEIHHOCTHIO.
IIym B Kanmase ObLI HUXKE HUXKHEH TPAHUIBI IIPe-
BaJIUPYIONIUX MIYMOB MOpPsI, YTO JAJI0 BO3MOYKHOCTH
[IPOBOJIUTH B HEM KAIECTBEHHBIE TUIPOAKYCTHIECKUE
U3MEPEHUSI.
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BykcupoBounble wucnbrTanus Momeseii  ruOKAX
MIPOTSI?KEHHBIX [WJINHIPOB, OOTEKAEMBIX COOCHBIM
IIOTOKOM, IIPOBOJIMJINCH  IIOCPEJCTBOM  KaTepa-

OYKCHPOBIIIMKA ¥ MAaJIOINIyMHOTO KaTaMapaHa Ha
b6aze JBYX KOpPITyCOB Oaiimapok-iBoek. Cxema Oy-
KCUPOBOYHBIX WCCJIEIOBAHUI U JIETAJIHLHOE OMUCAHUE
METOJIMKN HUCHBITAHWI [PHUBEIEHbI B paborax [39-
41]. Karep-OyKCUpOBIIUK 4Yepe3 KalpoHOBBIA daJl
JnrHOM nopsiika 160 M coemuHsiICS ¢ KaTaMapaHOM.
B kopmoBoit uwactu karamapaHa OBLI yCTAHOBJIEH
XOPOIIIO 00TEKAEMBIil HOXK, B KOTOPOM depe3 00TeKa-
Tesib HA TiiybmHe 1.2 M Kpenmiach IUJINHIPAIECKAs
Mozenb. st Beibopa IMHBI OYKCHPOBOYHOTO daJja
[IPOBOJIWJINCH CITEIUAJIBHBIE MCCIEIOBAHUS IO OIpe-
JIeJIEHUIO BJIUSTHUS IIIyMa KaTepa-OyKCHPOBIIUKA Ha
[IoJIe MyJIbCANN JTaBI€HUs TyPOYJIEHTHOIO OTDAHM-
9HOTO CJIOsi, KOTOPBIN (hOPMUPOBAJICS HA 0OTEKAEMOIH
[MOBEPXHOCTU NWJIMHAPA. 1akK, HA yIAJEHUU KaTepa
oT Karamapana 0ojiee, uem 160 M, mIyMbl KaTepa He
OKAa3bIBAIOT BJIASIHUS B IIPEE/IaX IMOIPENTHOCTH U3Me-
peHuil Ha IyJbCAIMU MPUCTEHOYHOIO [IABJICHUS HA
ITOBEPXHOCTU HUCCJIELYEMOT0 THMOKOTO IIPOTSIXKEHHOTO
NWINHAPA ¥ HA WHTEHCUBHOCTH THUIPOIAHAMUIE-
CKOTO TIIlyMa, PErucTpUpyeMoro ruapodOoHAMI U
JATINKAMU IIYJIbCAIAN JTABJICHUS.

Byxkcupyemass momens mpencrasisiia coboit Tpu
B3aMMHO 3aMEHSEeMbIe IIUINHIPUIECKAE CEKITUN: JTeM-
UPYONIYI0, U3MEPUTEILHYI0 U XOJ0CTy. Takoe
CEKITMOHUPOBAHNE MOJIEIHN CIEIAHO JIJIsi TOrO, ITOOBI
[IPOBECTU M3MEPEHUs] XAPAKTEPUCTUK MOTPAHMIHOIO
CJI0s1 JIJTsl PA3JIUIHBIX dnces PeitHosibica, onpeesieH-
HBIX IO JIJIMHE TWINHJPA, JJis (PUKCHPOBAHHON CKO-
poctu OykcupoBKu. B m3MmepuTenbHOM ceknun ObLIN
YCTAHOBJIEHBI THAPOAKYCTUIECKHE TPUEMHUKN U A~
TYUKU ITyJIBCAIAN IPUCTEHOYHOTO JIABJIEHUS, & TaK-
K€ JATINKU BUOpAInii, n3MepSoue BUOPaIun Mo-
eI B TPEX B3aWMHO NEPIEHINKYJISPHBIX ILIOCKO-
crsix. B xosocroit u meMudupyommx CeKIusax mpo-
XO/IMJIA SJIEKTPUIECKIE KOMMYHUKAIINN, PACIOJIara-
JINCh TIEHTPOBOYHBIE KOJIBIA W CHUJIOBBIE JIEMEHTHI
(B memndupyroreii — KaupoHOBbIH Gal, a B X0J0-
croit — crajsbHOR Tpoc). Bee cekuuu, u3roroBeH-
HBIE U3 [TOJIUXJIOPBUHUIOBOI TPYOKH, OBLIN 3aII0THE-
HBI BO3JyXOM Uepe3 HUIIeIbHbIEe ycTpoiicTBa. [lma-
BYYECTh CEKIUIl ITOCPEICTBOM MPUTPY30UHBIX IICH-
TPOBOYHBIX KOJIET 00eCIIeInBaIach IPUOJIM3NTETHHO
HEATPAJBLHON, C HE3HAYUTETHHBIM OJOXKUTETHHBIM
rmokazareJsieM, 9TOObI Ha, pa3BOPOTAX MOJIETh HECKOJIb-
KO BCILIBIBAJIA, & HE JIOXKUJIACH HA JTHO BOIOEMA.

B koHIEBO# 9acTu MPOTSIKEHHOTO MUAJINHIPA yCTa-
HABJIMBAJIACH CTaOMWIN3UPYIOMIAE [IPUCIIOCODIEHNS,
9TOOBI MOJIETb HE 3aKPYINBAJIACH IPU OYKCUPOBKE, U
YCTPOMCTBO HATSXKEHUsI, KOTOPOE MO3BOJISIO PACTs-
HyTb Oykcupyemyro mozesb ¢ yemauem (200...500) H.

o1
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Puc. 1. Munnartiopuble JaTINKU My/IbCAIIAN TABICHUS U
BUOPOAKCEIEPOMETHI

B uccnenoBannsix ckopocTb OyKCHPOBKY M3MEHSIIIACD
or 3 10 6 m/c. duamerp mogenu (d = 2a) Bapbupo-
BaJjict oT 0.016 mo 0.044 m, jqjuHA U3MEHSIACH OT D
10 20 M. Yucna Peitrosbica, onpeieieHHbIE 110 JJIH-
ue mojiesn, Re, = Uy /V, UBMEHSIUCH B JMALIA30HE
or 1.5-107 1o 1.2 - 108, a paccunransbie o pagmycy
mozemn, Re, = Usa/v, — ot 2-10* 10 2.6 - 10°.

Wsmepenns mysbcanuii MPUCTEHOYHOTO TABJICHUST
[IPOBOJIWJINCH C ITOMOIIBI0 MUHUATIOPHBIX TATIYNKOB
nysbcanuii Jasiaenust (puc. 1). DTu garTduku, usro-
TOBJICHHBIE Ha 0a3e IThe30KePAMUYIECKUX UyBCTBU-
TEJIbHBIX 3JIEMEHTOB, OTJINIAJIUCH TIOBBIIMIEHHBIM TPO-
CTPAHCTBEHHBIM pa3peIleHneM U ObICTPOMIEHCTBUEM.
Jlis mpoBejieHUs WCCIEIOBAHUI CIENUaabHO ObLIN
pa3paboTaHbl U HU3TOTOBJIEHBI ITHE30KEPAMUIECKUE
JATYNKK IIYJIbCAIAN TABJICHUsI, JTUAMETD YYBCTBU-
TeJIbHOM TOBEPXHOCTH KOTOPBIX ObLT mopsika 0.0013
mwim 0.0016 M B 3aBHCHMOCTH OT KOHCTPYKTHUBHOI'O
WCIIOJTHEHUsI. JTHU JATIYUKU CTEPKHEBOTO WU MEM-
OPAHHOTO TUIIOB COOTBETCTBEHHO, YCTAHABJINBAJIUCH
BAIOJIUIO ¢ 00TEKAEMOIl TOBEPXHOCTHIO U PETUCTPHU-
pOBAJIU TIOJIE IIYJIBCAIIAN [ABJIEHUS, W3MEHSIOIIEeCs
JHelHO ¢ dacrorol Biorh 5 K['m (1m0 pesonamca
JIATUUKA).

JaTanky mysabcanuii TaBJIeHus, U3-38 CBOE OTHO-
CHTEJIbHO HEBBICOKON YyBCTBUTEJBHOCTH TOPSIIKA
(4..6) mxB/Ila, cHaGXKaJauCh IIPEIBAPUTENbHBIMU
YCUJINTEISIMU, KOTOPBIE PACIOJATAJINCh HA MUHU-
MaJIbHO BO3MOYKHBIX PACCTOSTHUSX OT JATIUKOB; B
HEKOTOPBIX WCIIOJIHEHUSIX B OIHOM KOPITyCE HAXOIW-
JIICh JNATYUKU U [PEJIBAPUTE/ILHBIE YCUIUTENN (CM.
puc. 1). CurnaJji, reHepupyemblil JaTUIUKAMU, yCUIJICH-
HbIi (B OTAEbHBIX caydasax 10 20 1B) nocpeacreom
SKPAHUPOBAHHBIX JIMHUN TepeIad, MOCTYIaJ HA yCU-
JINTEJIM MOIIHOCTH, KOHTPOJIbHO-U3MEPUTE/BHYIO, a

52

Jajiee PEruCTPUPYIONIYIO ammaparypy. B kadecTBe
yCUIATe el UCIOJIb30BAJINCh CTAHIAPTHBIE IPEITN3HU-
OHHBIE YCHJINTEM MOIHOCTH WJIA 3apPsilia, a TaKXKe
YHUKAJIbHBIE MAJIOITYMHbBIE, C BBICOKOKAYECTBEHHBIMU
AMILTUTYJHO-IACTOTHBIMEA U (DA30BBIMU XapaKTepu-
cTukaMu. KOHTPOJbHO-I3MEPUTETHHOM annapaTypoit
CJIyKUJIU BOJIBTMETPBI, AMIEPMETPHI, OCIUJIIOrPa-
&bb1, yacTroroMepsl, Ha30MeTPhl U APYrUe IPUOOPHI.
Perucrpanusi maHHBIX OCYIIECTB/IS/IACH, HA M3MEPU-
TEJIbHBIX 9eTPBhIPEXKAHAIBHBIX MAarHuTO(MOHAX Up-
Mol Bprosie u Kbep (danust), a Takxke 0OCPEICTBOM
MHOTOKAHAJBHBIX aHAJIOIOBO-TIU(MPOBBIX Peobpas3o-
BaTesieil Ha TMEPCOHAJIBHBIX KOMITBIOTEPAX.

Bce smHum cBszeit Obum OOeCI€YEHBI CPEICTBA-
MU [TOMEXOYCTONYIMBOCTU K JIEKTPUIECKUM U Ma-
THUTHBIM IOJISIM, TPOBE/IEHA TepMETU3aInsi U BuOpa-
[MOHHAS BAIMUIIEHHOCTb BCEX CPEJICTB M3MEPEHUsS U
KOHTPOJIS JaHHBIX. [Ipu 9TOM 0coboe BHUMaHUTE OBLIO
yJIeJIeHO BUOPOYCTOWYNBOCTH JINOO BUOPOKOMIIEHCA-
[A7 UCIIOJIb3YEMbIX CPEJICTB U AIAPATYPbI, TOCKOJIb-
Ky BUOpAIUH CO3AI0T CEPbE3HBIE TIOMEXU N3MEPEHIIO
roJieit naBreHnii. JI1s 9TOr0 MOCTOSTHHO TPOBOIUIINCH
BUOPAIMOHHBIE U3MEPEHNST U KOHTPOJIb Ha, OCHOBHBIX
y37aX ¥ KOHCTPYKIIUSX, UCIOJIb3yEeMbIX [IPU IIPOBEJIe-
HUM uccaeqoBaHmit. Bubpamuu momesnreit mTpoTszKeH-
HBIX [UJIXHIPOB PErMCTPUPOBAJINCH CIIEINATBLHO Pa-
3pabOTAHHBIMUA U W3TOTOBJIEHHBIMU BHOPOAKCEIEPO-
MeTPaMU, TaKzKe IPEeJICTaBIeHHbIMU Ha puc. 1 (cupa-
Ba). Curnajbl BUOGPOAKCEIEPOMETPOB [EpPeJ] IIOCTY-
ILUIEHUEM Ha U3MEPHUTEIbHBI MarHUTOMOH YCUIMBA-
JINCh U, TIpU HeobxoaumocTh, puiabrpoBasuck. Cie-
JIYET OTMETHUTb, YTO BCE JIEKTPUIECKUE JINHUU CBSI-
31 OBLIIN TIIATEIBHO SKPAHUPOBAHBI, a UCIO/IH3yEeMbIE
KabejlM W TPOBOJHUKH IOJBS3BIBAJIACH K HECYIIAM
KOHCTPYKIUSAM JIJIsi YMEHbIIEHUsI BUOPAITMOHHBIX 1A~
Pa3UTHBIX PEAKTUBHBIX COMPOTHUBJICHUH, sIBJISIONIU-
XCs OJHOI M3 COCTABJIAIONIAX IIOMEX U3MEPEHU.

DJIEKTPUIECKAE CHUTHAJBI, 3aPErUCTPUPOBAHHBIE
Ha MarHUTHO JIeHTe, P BOCIPOU3BeJIeHN 0b6paba-
THIBAJINCH HA CIENUAIU3UPOBAHHBIX CIIEKTPAJIbHBIX
AHAJIN3ATOPAX B PEAJHbHOM MAacCIITabe BPEMEHU TU-
na 2031 (ogHokanasbHBIH) U THoa 2034 (IByXKa-
HaabHbIH) dupmbl Bpoas 1 Kbep. 910 no3sosisano
[TOJIYYHUTh CIEKTPAJIbHBIE U KOPPEJSIUOHHBIE (DYHK-
nuu, a TakKe (QYHKIUHA PACIPEIETICHUS BEPOSTHO-
creil caydaiiHOro mporecca U (QYHKIUH IIJIOTHOCTH
BEPOSITHOCTH B OJHOTOYEYHOM W JIBYXTOYEIHOM pe-
JKAMaX ¢beMa WHMOPMAIUU [0 AJITOPUTMY OBICTPO-
ro npeobpaszoBanus Pypbe. Hapsiny ¢ atum, curaasibt
o POBBIBAINCH, HA MHOTOKAHAJBHBIX AHAJOTOBO-
1 POBBIX TPEOOPAZOBATENIAX, & 3aT€M AHAJIUIUPO-
BaJInCh U 00pabaTHIBAJINCH HA MEPCOHAJIBHBIX KOM-
bIOTEPaxX, 7, KPOMe TPAIUIIMOHHBIX METOIOB 00-
pabOTKN CTAIIMOHAPHBIX W IPTOAUIHBIX CJIyIANHBIX

B. A. Bockoboitauk
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Puc. 2. 3aBucumoctn GyHKIMI KOT€PEeHTHOCTH OT
9aCTOTHI U PA3JIUIHBIX PA3IETICHUN MEXK Ty
JATINKAMU TyJIHCAIIUI JTaBICHUS

IIPOTIECCOB, MCIIOIB30BAJINCH U METOIBI 00PabOTKY He-
CTAIMOHAPHBIX U HEOMHOPOIHBIX CJIYIaHBIX IIPOIEC-
COB, a TaKXKe aJrOPUTMBI U MPOTPAMMBI YCJIOBHBIX
MIPOCTPAHCTBEHHBIX 1 BPEMEHHBIX OCPEIHEHUN IKCITe-
PUMEHTAJIbHBIX JTaHHBIX.

Jarauku mysibcaruii maBjieHuss U rAIPOMOHBI Ka-
JIMOPOBAJIACH aOCOTIOTHBIM METOJIOM Ha CIEIUAJIbHO
M3rOTOBJIEHHOM CTE€HJIE, TJ/I€ WMILYJIbCHO ITO/IaBAaJICs
3aJIAHHBIN TIepenaJ] JABJICHUs, 8 TAKXKE OTHOCUTE b~
HBIM METOJIOM Ha KaJuOPOBOYHOM CTEHJE, IJe B Ka-
9eCTBE ITAJOHHOTO HUCIOJIb30BAJINCH IIPEIU3UOHHBIE,
BBICOKOUYBCTBUTEJIbHBIE TUHAMUIECKIE MAHOMETDHI.
Hapsiay ¢ atum, m3mepurebHble JATIUKY TyJIHCAITAN
JaBJIEHUsT KAJIMOPOBAJINCh B NMUCTOH(OHAX Ha (DUK-
CHPOBAHHBIX AMILIUTY/IaX U 9aCTOTAX aKyCTHIECKUX
ocimutsininii. Kpome Toro, garduku KaanbOpOBaJIACh
[0 CIEIUAJbHO Pa3pabOTAHHON METOJIuKe B BOIOE-
Me, TJle TeHePUPOBAJINCH 3a/IaHHBbIE IO BBICOTE U IIe-
promy KoJiebaHUsi TPaBUTAIIMOHHBIE BOJHBI. OTHOCH-
TEeJIbHBIMI METOIAMU TI0 CPABHEHUIO C STAJOHHBIMU
MUKPOGOHAMEU U TUAPOMOHAMU B OTKPBITHIX U 3a-
KPBITBIX BOJOEMaX JATYNKN JABJICHUS KaauOpoBa-
JINCh B OJIMXKHEM U MAaJbHEM aKyCTHIEeCKUX MOJISX,
KOTOPBIE CO3/IaBAJIUCh TAPMOHUYIECKUMU U WMITYJIb-
CHBIMU W3JIy9aTe/JIsIMU, & TAKXKe W3JIydaTeasMu Oe-
JIOTO U Po30Boro mrymoB. llpm sTOM OTHOCHTE B-
HblE€ U3MEPEHUs TPOBOJIMINCH IEPUOIUIECKI B XOJIE
[IPOBEJICHUS YKCIIEPUMEHTATBHBIX UCCIICTOBAHMN J1JTsT
KOHTPOJISE IyBCTBUTEILHOCTU HCIIOJIB3YEMBIX TT€PBU-
9HBIX MpeobpasoBaTeseil My IbCaluil JaBICHUS.

B. A. Bockoboitauk

Bcee maruuku Ha Bubpocrenax ObLIN TOBEPEHBI HA,
BUOPOYYBCTBUTEILHOCTD B TPEX B3AWMHO IEPIIEH U~
KYJISIPHBIX IIOCKOCTSX. Hajmane BUOpannoHHbIX Xa-
PaKTEPUCTHUK C 3aHECEHNEM UX B MMACIOPTHBIE JTAHHBIE
WCIIOJIB3YEMBIX JATIYNKOB U NX KOHCTPYKTUBHBIX JI€-
MEHTOB TO3BOJIUJIO IIPOBOIUTH BUOPOKOMIIEHCUDPYIO-
e MEPONPUATHUS IPU YCTAHOBKE JATIUKOB, & TaK-
2Ke mpu 00pabOTKe U aHAJIM3€e JTAHHBIX U3MEPEHM.

B pesyabrare mposenerHOll pabOTHl YIAIOCH J0-
CTUYb TPUEMJIEMbIX YCJIOBHUI MIPOBEIEHUS IKCIIEPU-
MEHTAJIbHBIX HCCJEeJOBAHUN C JIOCTATOYHO BBICOKON
CTEIEHbI0 TOYHOCTU W MOBTOPSIEMOCTU PE3yJIbTATOB,
[TO3BOJILONINX TIPOBOJAUTH CTATUCTUYIECKUN aHAJINA3
[TOJIy9EeHHBIX JAHHBIX, KOTOPbIE PErUCTPUPOBAJIUCH B
TedeHre OJHOTO 3aMepa He MEHee MUHYTHI. Y DOBHU
TUPOIMHAMUYIECKOTO MIyMa U aKyCTHIECKOTO H3JIy-
YeHNs B paiioHe NPOBEIeHUs NCCIEJOBAHUI B THIPO-
JUHAMAYIECKOM KaHaJje cOCTaBjsiorT He 6osee 90 n1b
orHocuTesbHO 2 - 107° Ila B muanasone yactoT ot 10
70 20000 I'm,. ITorpemuocTs m3MepeHniit oCcpeTHEHHBIX
U MHTErpaJIbHbIX BeJudud He npesbimaia 10% (mose-
purenbnbiiit uarepsan 95%). IorperHocrs u3mepe-
HUU CHEKTPAJIbHBIX XaPAKTEPUCTHUK ITOJIS Ty IbCAITAI
JaBJIEeHNsT W yCKopeHnusa He 6ojee 2 1B B amamasomne
qacToT oT 2 7o 12.5 kI'n. 3mepenust Koppeasaimon-
HBIX XapaKTEPUCTUK UCCIEIYEMbIX MOJIeH My IbCaInit
IaBJCHAS UM IOIPENHOCTh He 6osee 12% B mose-
purenbHoM mHTepBaje 0.95 wan 20.

2. PE3VJIBTATHI UCCJIEJOBAHUI

IIpumenenne amcambIIel TaTIUKOB My IHCAITAN TaB-
JIEHUsI, YCTAHOBJIEHHBIX 3aII0/IJIAIO ¢ 00TEKAEMOil mo-
BEPXHOCTHIO THOKOTO MPOTSI)KEHHOTO IUJINHIPA, I10-
3BOJINJIO HAPSIIAY C aBTOKOPPEJSIIUSIMU U aBTOCIE-
KTpPaMM TOJIsi TYJIbCAIWI TABJIEHUNA TOJYyYIUTb WX
B3aUMHBIE CTATUCTUYIECKUE XAPAKTEPUCTUKHA MEXK]LY
mapaMy W3MEpPUTENbHBIX TOYeK. HOopMUpOBAaHHBIM
B3aUMHBII CHEKTP B BHUE (DYHKIMH KOT€PEHTHOCTU
[IPEJICTaBJIeH Ha puc. 2. 311ech QyHKIMN KOTePEHTHO-
creit v2 (€, w) A PasIUIHBIX Hap JATIUKOB, PasHe-
CEHHBIX Ha paccTosiuue & BIOJIb 00Pa3yIomeil IuIimH-
Jpa, TPEICTaBJIEHbl B 3aBUCHMOCTH OT Oe3pa3mep-
HOI 9aCTOTBI, HODMUPOBAHHOU TOJIIIUHONA BBITECHE-
HUs TOTPAHMYHOrO CJiosd, B Buge w* = 27 f6* /Us.
Kpusas 1 monmydena mjist pasmeseHns MEXKTy TATIH-
kamu £* = £/6*=1.26; xpusaga 2 — g £*=1.89; xpu-
Bast & — myisa £¥=2.52; kpuBas 4 — g £°=3.15; xkpu-
Bast 5 — s £¥=12.11 u xpuasg 6 — js1 £=23.83. Pe-
3yJIbTATHI U3MepeHbl Ipu unciaax Peitnospaca Re, =
8.6 - 107, Re, = 1.5-10° u cxopocTu GyKCHPOB-
ki Uso=5 M/c. KpuBble MOXKHO pas3jie/iuTb HA He-
CKOJIBKO YYaCTKOB. B 00JacTH HU3KHX YaCTOT, TJIe
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Puc. 3. BaBucumoctn GyHKIMAT KOT€PEeHTHOCTH OT
6e3pa3MepPHOro MapaMeTpa YaCTOTHI M Pa3e/IeHUs
MEXKJy JaTINKAMU IIYIbCAIII JaBICHIS

w* < 0.1, dyHKINE KOTEPEHTHOCTH OYEHb HU3KNE
U CTPEMATCS JJjist OOJIBIINX PA3JIEIEHU K HYJIeBOMY
3HaveHno. B nuamaszone gacror w* & (0.2...0.3) Ha-
GJIIOMAIOTCST MAKCUMAJIbHBIE 3HAYCHUS (DYHKIHA KO-
PEPEHTHOCTU, TPUYEM C YBEJIMYEHUEM pa3ie/eHust
MEXKJY JaTINKAMHU SKCTPEMYMbI (DYHKIUN KOrepeH-
THOCTH CMEIAIOTCST B 00JIACTh HU3KUX YACTOT, UTO
KODppeJIupyer ¢ ucciaeqoBanusamu [42], nposegeHubiMu
Ha IUIacTuHe. B 9TOM K€ 9aCcTOTHOM JUANA30HE Ha-
GJIIOJIAIOTCS U MAKCUMYMbI CIIEKTPAJIBHBIX TJIOTHO-
cTeil MOIIHOCTH MY/ IbCAIUI TPUCTEHOYHOTO JIABJICHUS
Kak Ha muHApe [43], Tak u Ha miactuse [44], o6pa-
3yIolle KOHBEKTUBHBIN rpebeHb YaCTOTHO-BOJHOBBIX
CIIEKTPOB 10JIs IyJsibcaruii passenus [45]. Cienosa-
TeJIbHO, B TYyPOYJIEHTHOM MOTPAHUYIHOM CJioe, oOpa-
30BaHHOM Ha THOKOM ITPOI0IHLHO OOTEKaeMOM ITHIH-
Jipe, JIOMUHUDYIOIee 3HAYEHUE UIPAIOT KPYIHOMAC-
mTabHble BUXPEBBIE CTPYKTYPHI, KOTOPbIE 00yCIaB-
JINBAIOT MAaKCUMAJIbHOE 3HAYeHUE KakK (DYHKIUH KO-
PEPEHTHOCTU, TaK W CIHEKTPa MOIIHOCTU IYIbCAIUi
MPUCTEHOYHOTO jaBjenus. Maciirab 3TuxX BUXPEBBIX
CTPYKTYP MOYKHO OIEHUTDH, €CJIU U3BECTHA WX CKO-
POCTh [IEPEHOCA, U3 BHIPDAYKEHUS

A/0* = 2mu. /(W Us), (1)

rjie A — JJIMHA BOJIHBI KOI'€PEHTHON BHXPEBOM CTPYK-
TYPBI; U, — €€ KOHBEKTUBHAS CKOPOCTb.

Kak crengyer us puc. 2, ¢ yBeamdeHneM 4acTOTHI U
pas/iesieHus MeXKJy JaTduKaMu, OYHKIUS KOrepeH-
THOCTH YMEHBIIIAETCsl, 9TO XapaKTepu3yeT CTelleHb
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Puc. 4. ®azo0BbIit crieKTp MysIbCANANl TIPUCTEHOTHOTO
JABJICHUS JIJIST PA3JIMIHBIX Pa3/e/IeHUN MEXKITY
JaTIAKAMEA

BBIPOXKJIEHUS KOI€PEHTHBIX BUXPEBBIX CTPYKTYP IO-
TPAHUYHOIO CJIOS KAaK IO MaciirTabaM, TaK U B IPO-
CTpaHCTBe, TOYHEe, [0 JyinHe ImnHapa. Meakomac-
mrTabHble BBICOKOYACTOTHBIE BUXPHU BBIPOKIAIOTCS
3HAYUTEIFHO OBICTpEe, 9eM KPYITHOMACIITaOHbIE BU-
XPpEBBIE CTPYKTYPbhI, TEHEPUPYIOIINE HU3KOIACTOTHBIE
nynbcanuu. Kpome Toro, B 006/1aCTH O9€Hb HU3KHUX Y-
CTOT He OOHAPY2KEHO KOTEPEHTHBIX BUXPEBBIX CTPY-
KTYD, T€HEPUPYIOMNX WHOPAHNIKOIACTOTHBIE IIyJIb-
caly TPUCTEHOYHHOTO IABJICHUS HA WCCIELyeMOit
[TOBEPXHOCTHU MPOTSIXKEHHOT'O THOKOTO ITUINHIPA.
Wsmenenus GyHKINN KOTEPEHTHOCTH OT COBME-
CTHOTO BJIUSIHUS YACTOTHI W DPA3IEJICHUs] IIPE/ICTaB-
JIEHBI Ha pUC. 3, TIe [0 OCH aDCIMCC OTJIOXKEH 0e3-
pasmepubiit napamerp B Buje w/Us. Ha srom pu-
CyHKe, KaK W Ha pUC. 2, KpUBBIE [—6 TOJTYyIeHBI JIJIs
pPa3/IMYHBIX pA3/e/eHuil, & UMEHHO: KpuBasi [ — Jist
& =¢/6%=1.26; 2— nua £*=1.89; 3 — g £*=2.52; 4
— s £¥=3.15; 5 — myst £¥=12.11; 6 — nya £*=23.83,
a KpuBasi 7 paccuuTaHa Jjisg OECKOHEYHO MAJIOTO Pa-
3IEICHAsT MEXK/IY JATINKAMU 110 3aBUCHMOCTH

exp[—0.14(w€ /Uy )12

(g w) = SREOIE/Uo) 7] )
11 0.01(w€/Us)

ANMIPOKCUMUPY FOIIEH 9KCIIEPUMEHTAIbHBIE

JaHHBIE IS UCCJIEIYyEeMBIX MOJeJIeil THOKUX IpPO-
TS2KEHHBIX TWINHAPOB. Kak ciemyer w3 aHaam3a

HaIIn

[TOBEJICHUST 3aBUCUMOCTel (DYHKIUN KOT€PEeHTHOCTH,
C yBeJIMYCHUEM Dpa3lesIeHAs MEXAy JaTInKaMn
KOPPEJUPOBAHHOCTL  MyJbCAaldil  IIPHCTEHOYHOI'O
JaBJIeHUsT yOBIBAET W KPUBBIE OTKJIOHSAIOTCS OT

B. A. Bockoboitauk
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Puc. 5. ®azoBast KOHBEKTHUBHAsI CKOPOCTH IIYJIbCAIUI
NIPUCTEHOYHOI'O [JABJICHUSI JJIsl PA3JIMIHBIX Pa3esIeHuil
MEXJy JaT9INKaAMU

peneabHOA KpPHUBOU, BBIPa’KEHHOU 3aBUCHMOCTBIO
(2). IIpu srom MakcumyM DYHKIMU KOTEPEHTHOCTH €
yBEJIMIEHUEM DAa3lejIeHns] [IEPEMenaercsi B 00J1acThb
GoJiee BbICOKUX 3Hadenuil napamerpa wé/Us.
Wamenennst ¢aspl B3aMMHOTO CHOEKTpa B BuAe da-
30BOTO CHEKTPA, IIPEICTABJISIONIEr0 CODOM OTHOIIE-
HUAE€ MHHUMOU W JICHCTBUTEJILHOU YacTell B3aMMHOTO
CIIEKTPA MYJIbCAIUI IPUCTEHOYHOTO JIABJIEHUsI, B 3a-
BUCHMOCTH OT Pa3JeJIEHUs] MEXK/Iy JTaTINKAME, TIPE/I-
CTaBJIEHBI HA PUC. 4. DTU PE3YABTATHI [TOJIYI€HbI JIJTsT
ancest Peitnonbaca Re, = 3.8 - 107, Re, = 9 - 104
u ckopoctu obrekanus nunaapa Us=3 M/c. 3aech
daza B3aMMHOTO CIIEKTPa W YACTOTA IIPEICTABJIEHBI
pa3MepHBIME B rpajiycax u ' coorBercrBeHHO. Kpu-
Basi | m3MepeHa I Pa3IeIeHnsT MEeXKJTy JaTINKaAMA
[IyJIbCANIAN TPUCTEHOYIHOTO JABJICHUS BJIOJIb 00pasy-
omeil mumaapa /6% = 1.48, xpusag 2 nosydena
aast £/6% = 2.21 u xpuBast 3 — ;s £/0* = 3.69.
Kak mokaspiBator pesysibTarhl ncciIemIoBaHUi, dasa
B3aUMHOTO CIIEKTPA C YBEJIMYEHUEM FaCTOTHI MOHO-
TOHHO u3MeHsieTcst. V3menenume ¢a30BOit KpuBOil B
[TOJIOYKUTEJIBHYIO WU OTPUIATE]bHYIO CTOPOHY IO-
3BOJISIET ONPEJE/INTh HAIMPABJIEHUE IIEPEHOCA KOTe-
PEHTHBIX BUXPEBBIX CTPYKTYP OT OJHON M3MEPUTE -
HOI ToukHM K Jpyroit. Hampumep, B mpeacTaBiIeHHBIX
pe3ybTaTax HaIlpaBJIEHHE KOHBEKIIUU COBIAJAET C
HampaBJjieHneM oOTekaHusi muauHIApa. Haxion da-
30BOIl KPUBOU J1a€T BO3MOXKHOCTH U3MEPUTH KOHBE-
KTUBHYIO CKOPOCTb KOT€peHTHBIX CcTpyKTyp. Ciemy-
€T OTMETUTH, UYTO C yBEJUIECHUEM YACTOTHI HADJIIO-

B. A. Bockoboitauk

JaeTcss pasdbpoc JaHHBIX (Ga30BOTO crekTpa. Haps-
JIy C 9TUM, 9aCTOTa, IIPU KOTOPOIl HAPYIITAeTCs HADET
dazbl, UMeeT MEHBINNE 3HAYEHUs C YBEJTMICHUEM Pa-
3IeIeHAsT MEXKIy JarTdnkamu. K ToMmy 2Ke 9acToTa
pasbpoca (das3bl COBIMATAET C YACTOTOI, MPU KOTOPOit
nCUYe3aeT KOMEPEHTHOCTD IOJIs IIyJIhCAIINI TABJICHUS,
nabuirofiaemasi, Hanpumep, Ha puc. 2. CiaemoBaresib-
HO, IIPYU BBIPOXK/IEHUU KOTE€PEHTHBIX BUXPEBBIX CTPY-
KTYP TypOyJIEHTOr0 MOrPAHUIHOTO CJIOST HAPYIIAETCs
3aKOHOMEDPHOCTH U3MeHeHust (pa3bl B BUJI€ HAKTOHHON
KpuBoit Ha puc. 4. Takum 06pa3oM, KOTepeHTHBIE BHU-
XpEeBbIE CTPYKTYPbI, KOHBEKTUPYIOIIHE HaJ OO0TeKa-
€MOil TOBEPXHOCTHIO MUJIUHIPA, O00YCIABIUBAIOT IO-
BBIIIEHHBIE YPOBHU KOTE€PEHTHOCTH TIOJIS ITyJIBCAIUI
[IPUCTEHOYHOIO JIABJICHUs, & TAKYKe n3MeHeHne (Hha3o-
BOTI'O CIIEKTPa B BHUJE HAKJIOHHBIX KPUBBIX, yTOJ Ha-
KJIOHA KOTOPBIX YBEJININBAETCS C POCTOM KOHBEKTUB-
HOII CKOPOCTH.

CaenoBaresbHO, m3MepeHne (Hpa3bl B3AUMHOIO CITe-
KTpa JIaeT BO3MOXKHOCTBH IOJIyYATH (ha30BYI0 KOH-
BEKTUBHYIO CKODOCTBH II€DEHOCA JIABJIEHUsI TeHEpU-
DPYIOIIIX KOTEPEHTHBIX BUXPEBBIX CTPYKTYDP, KOTO-
PYIO HCIIOJIL30BAJIM 1IPU [OJIydYeHun Boipazkenust (1).
Wrak, dazoBasi KOHBEKTUBHAS CKOPOCTH BBIUUCIISE-
TCsl U3 3aBUCUMOCTH

3)

riae usmenenue ¢baspl B3aumuoro crekrpa A€, w)
B Juamna3one 4acroT Aw ompesessiercs U3 3aBUCH-
MocTell (ha3bl B3AUMHOIO CIIEKTPA, TPEJICTABICHHBIX,
HaIpuMep, Ha puc. 4.

Bespasmepnas dazoBasi KOHBEKTHBHASI CKOPOCTH B
BU/IE u:p = Uep/Uso TpencTaBieHa Ha puc. 5, Kak
dyukuua gacrorbl w* = wd*/Us MJIg PA3IUIHBIX
paziesieHnit MexkJy JaT4YUKaMU IyJbCalldil JaBJie-
uusi. KpuBas 1 mosydaena npu £*=1.35; kpuBas 2 —
npu £*=2.70; kpuBas 3 — upu £*=6.07; xkpuBas 4 —
npu £*=44.53; kpuBas 5 — npu £*=74.02 u kpuBast 6 —
orubaromas. s MaJIbIX pa3aeaeHuil MexK 1y JaTdu-
KaMU IMyJabcanuii naBienust (Gpa3oBas KOHBEKTUBHAS
CKOPOCTDH yBEJTMYUBAETCS ¢ POCTOM YaCTOTHI B 06JIa-
CTU HU3KUX YACTOT, JIOCTUTAeT MaKCHMyMa U MOHO-

Uep = {[A@({, w)/Aw]ila

TOHHO CHUXKAeTCsl B 00JIACTU BBICOKMX dacTot. [lo-
nob6mHoe moBeaenne Gha30BOil KOHBEKTUBHOII CKOPOCTHU
GbL10 OOHAPYIKEHO B HccieoBanusx Bieiika [45] Ha
JIaJKUX U [EepOXOBaThIX MoBepxHOCTX. C yBeamde-
HUEM Da3JIeIeHUs] MEXK Ty JATIMKAME 3TO TOBEJICHUE
posiBJIsteTCs B MeHbIeil cremenn u mpu £ ~ 100
CHIKEHME KOHBEKTUBHOW CcKopocTu it w* — 0 B
HCCJIEZIOBAHUAX HA THOKOM IUJIMHJPE HE HADJII01aeT-
cs. AHAJIN3 MOJTYYEHHBIX PE3YJIbTATOB JIAeT BO3MOXK-
HOCTh MPEJICTABUTH HA PHUC. 5 OrmbAroIy0 KPUBYIO,
K KOTOPO#l CTpeMaTCs 3aBUCUMOCTH (hAa30BBIX KOHBE-

95
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Puc. 6. IIpomonpublit MacTab KOTepEeHTHBIX BUXPEBBIX
CTPYKTYP TYypPOYJIEHTHOTO TTOTPAHUIHOTO CJIOS HA THOKOM
MPOTSI?KEHHOM TIPOJOJIBHO OOTEKAEMOM IUIMHIPE

KTHUBHBIX CKOPOCTEH JIjIsl pa3/InYHbIX Pa3/eIeHuil Me-
Ky JATYUKaMU, UMEIONLYI0 BT

Uep = Uso exp[—0.2(wd* /Us)/2]. (4)

W3 npecraBiieHHBIX PE3YJIBTATOB CJIEYET, 9TO (ha-
30Basi KOHBEKTUBHAsI CKOPOCTH C POCTOM YaCTOTHI
MOHOTOHHO yOBIBA€T OT 3HAYEHUs, PABHOIO CKOPO-
CTH HaOEraroInero MoToKa, M0 BeJIUINHBI OJU3KON K
0.6U. HeoOxomumo oTMeTuTh, 910 ecjiu Obl B UCCIe-
JIOBaHUSX UCIIOJIH30BAJIACH TOYEIHBIE JATIUKH ITyJIb-
canmii JaBJICHUSI W PA3EeIeHNe MEXKIy HUMU OBLIO
6mm3kuM K 0, TO, BOSMOXKHO, KOHBEKTUBHAS CKOPOCTh
6bL1a Obl 3HAYNTENBHO MeHbIne, deM 0.6U.,. Urak,
MEeJIKOMACIITAOHbIE BUXPEBBIE CTPYKTYPbI, TeHEPUPY-
FOIIEe BBICOKOYACTOTHBIE ITYJIbCAIIUU TPUCTEHOTHOTO
JABJICHNS, PETHCTPUPyeMble IpHeMHEKaMu ¢ d =
urd/v > 150, rie u, - guHaMUYecKasi CKOPOCTb u d -
JUaMeTP 9yBCTBUTE/IFHON TOBEPXHOCTHU JATINKA, TIe-
penocsTcst co ckopocTsivmu, ommsknmu K 0.6U,. Kpy-
[THOMACIIITAOHBIE BUXPEBBIE CTPYKTYDPBI, 00yCIaBIIH-
BAOINEe HU3KOYACTOTHBIE ITyJIHCAIIAN, UMEIOT KOHBE-
KTUBHBIE CKOPOCTH MOPsaKa Uy .

DKCIIEPUMEHTAbHBIE PE3yJIbTATHI, [IPUBEIEHHBIE
BBIIIE, JTAIOT BO3MOXKHOCTH TOJIyIUTh XapaKTePHbIE
MacITadbl KOTEPEHTHBIX BUXPEBBIX CTPYKTYDP, MIpU-
CYyTCTBYIOIIAX B TYPOYJIEHTHBIX MOTPAHUYIHBIX CJIO-
sIX, 00pa30BaHHBIX HA TMOKUX IMPOIOJBHO OOTEKae-
MBIX [MJINHJIPAX, OIIEHUTh UX BPEMs KU3HA U CKOPO-
cru nieperoca. C 3Toi 1nesbio ObLIN TPOAHAIM3NPOBA-
HBI PE3YJIbTATHI, Oy Y€HHbIE TPU OOTEKAHUN TIAJINH-
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Puc. 7. Paccrosaus Baosib mMUIHHAPA, HA KOTOPBIX
KOI'€PEHTHBIE BUXPEBBIE CTPYKTYPbI COXPAHAIOT CBOIO
WHIUBUYaTbHOCTD

apoB amameTpoM 16; 29 m 44 MM CO CKOPOCTAMHU OT
3 10 6 m/c. Tak, uz dbyuxuit KorepeaTHOCTH U Ha-
30BBIX CIIEKTPOB JIJIsl PA3TUIHBIX PA3IETCHUNA MEXK Ty
JATIUKAMU ITyJIbCAITUN JaBJieHuil u qncest PeitHoIb1-
ca, a Takxke (Hha30BOll KOHBEKTUBHOI CKOPOCTHU ObLIN
[OJIYYEHBI MaCIITa0bl BUXPEBBIX CTPYKTYD U PACCTO-
STHUS, IPU KOTOPBIX 9TU CTPYKTYPBI COXPAHSIOT CBOIO
UHIUBUyaJIbHOCTE [38].

IIpomonbHbIi MacmTab KOPEPEHTHBIX BUXPEBBIX
CTPYKTYp oupeziesier u3 sasucumoctu (1) u nokasan
Ha puc. 6. DKCIEpUMEHTAIbHBIE JTAHHBIE MOJIYIeHbI
perucrparueii 4acToThbl, rje (BYHKIUS KOTePEeHTHO-
CTU Ha PUC. 2 BBIPOKIAETCS U JOCTUTAET 3HAUECHUS
0.05 (mostble cumMBodibl) u 0.1 (3aTyIeBaHHBIE CHMBO-
JIbl), & KOHBEKTHMBHAsI CKOPOCTb JJIsi COOTBETCTBYIO-
el 9aCTOTHI ONpEJIENIsieTCsl U3 PUC. 5 WU 3aBUCH-
moctu (4). Kpusble I — 2 nosydensl Jjisi MUJIXHIPA
pamuycom a = 8 -1073 m: I — Re, = 2.4-10% 2
~Re, =32-10% 3 -5 a = 145-1073 a: 3 -
Re, = 4.4-10% / — Re, = 5.8-10% 5 Re, = 7.3-10%
6 - 7mmza=22-10"% M 6 - Re, = 8.8-10%; 7 -
Re, = 1.3-10°. 3nech ke HOKA3aHAa MO HHIEKCOM 8
AMMTPOKCUMUPYIOIIAs KPUBas, MPEICTABICHHAS 3aBHU-
CUMOCTBIO

Ao/ = 0.79(wd* /Use) 108, (5)

Ha pwuc. 7 mpousumocTpupoBaHbl PacCTOSHUS, Ha
KOTOPBIE€ BUXPEBbIE CTPYKTYPHI IEPEMEINAIOTCS BHUA3
mo moToky 0Oe3 pazpymenus. [IpeacrasieHubie pe-

B. A. Bockoboitauk
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Puc. 8. MakcumanbpHbIil TPOIOIBHBIN MACIITAO
KOTE€PEHTHBIX BUXPEBBIX CTPYKTYP MOTPAHHIHOTO CJIOS
Ha [UINHIPE

3yJIBTATHI MTOyIeHbI JIJIS TeX K€ yCJIOBUH, 9TO W Ha
puc. 6. Ilom namekcom 8 mpejicTaB/IeHa AITTPOKCAMU-
pyIoITiasi 3aBUCAMOCTD

1/Xs = 0.3[lg(\s/6) +1.6]7075 +2.35  (6)

a TOoJI UHIEKCOM 9 — 3aBHCUMOCTD

I/Az = 0.3[lg(A\z/8) + 1.6] 1 + 1.32. (7)

W3 rpadura ciemyer, aro KpymHOMAacCIITaOHBIE BU-
XpEeBbIE CTPYKTYPBI JI0 CBOErO BBIPOXKIEHUS ITPOXO-
ST MEHBINE OTHOCUTEIbHBIE PACCTOSTHUS, I€M MeJl-
KOMACIHITAOHbIE BUXPH, U /A aCUMITOTUYECKH IIPU-
6amxkaercs K 3HadeHusM 2.5 u 1.4 mpu coxpaHeHUu
rorepentHoctr 0.05 m 0.1 coorBercTBenHO. Kak Bu-
JTHO, IMEETCs JIOBOJIbHO 3HAYUTEILHBIN Pa3dpoc B K-
CIIEPUMEHTAJIBHBIX JTAHHBIX W, KPOME TOrO, HE IPO-
CJIEXKUBAETCH KAKUX-JIMOO 3aKOHOMEPHOCTEH O 3aBU-
CHMOCTHU JJTUHBI 1pobera OT auaMeTrpa IUINHIPA U
CKOPOCTH OOTEKAHMSI.

Kak mokasaJjm pesyabraThbl ucciegoBanuil (puc. 2
u 3), QyHKIUM KOI€PEHTHOCTH HMMEIOT MAKCUMAJIb-
HOE 3HAaYeHHe, a 3aTeM B 00JIaCTH HU3KUX JaCTOT JI0-
BOJIBHO KPYTO CIAJIAIOT, JOCTUATAsT MAJIBIX 3HAYCHUN
nopsiika (0.01 — 0.05) u ykasbiBag Ha TO, 4TO B JaH-
HOM YaCTOTHOM JIMAIIA30HE CUTHAJ MEXKIy M3MepU-
TEJILHBIMU TOYKAMU PAKTUIECKH HEKOPPEJIMPOBAH.
DT0 JaeT OCHOBAHUE MPE/IITOIOKUTh, YTO B IIOIPAHU-
9HBIX CJIOsIX, OOpa30BaHHBIX HA THOKHUX ITPOIOJIBHO

B. A. Bockoboitauk

Puc. 9. Ilepuon reneparimn HanOOIBITUX KOTE€PEHTHBIX
BUXPEBBIX CTPYKTYD MOTPAHUIHOTO CJIOS HA ITUIUHIPE

00TeKaeMbIX UJIKHIPAX, OTCYTCTBYIOT KOT€PEHTHBIE
BUXPEBbIE CTPYKTYPBI, CO3atonme MHMPaHU3KOIa-
CTOTHBIE MyJbcaltan faasienus, rie v2(&,w) < 0.05.
Ciie1oBaTeIbHO, MACIITAOBI KOTEPEHTHBIX BUXPEBBIX
CTPYKTYP SIBJISIIOTCSI OPPAHUIEHHBIME B [TPOJIOJIHHOM
nanpasjenun. 3 3aBucumocteit (pyHKIIUN KOrepeH-
THOCTH JIJIsl PA3JUYHBIX DA3IEJICHUH MEXKy TaTdu-
KaMU ITyJbCAIUI TaBJICHUsI, TUAMETPOB 00TEKAEMBIX
[MWINHIPOB, Y UIMHEHUN ITUJINHIPOB U CKOPOCTE 00-
TekaHus, TO ecTb npu m3menenuu ¥, Re,, Re,, mo-
JIy9eHbI TpeJIe/IbHbIE MacIITabbl BAXPEBBIX CTPYKTYD,
st KOTOphIX yHKIms KorepeaTHocTn pasHa (.05 B
00J1aCTH HU3KUX YaCTOT. DTU PE3YIbTATHI IPEICTaB-
JIEHBI HA pUC. 8. 3HAYEHUSI [TOJIYIEHBI IIyTeM OCPEIHE-
HUs 9KCIIEPUMEHTAJIBHBIX maHHbIX s £ u Re, npn
3aJJAaHHOM Re,, MOCKOIbKY MaKCUMAJIbHBIN MacTab
KOPEPEHTHBIX BUXPEBBIX CTPYKTYP OCTAETCS MIPAKTH-
9eCKU TOCTOSTHHBIM TIpu BapbupoBanuu ¢ u Re, B
HCCJIEyeMOM JTUANA30He U3MEDPEHUsT STUX BEJUIUH,
a mmenno 1 < & <100 u 107 <Re, < 10%. Ha puc. 8
UHIEKCOM 1 0603HAYEHBI OCPEIHEHHbIE IKCIEePUMEH-
TaJbHbIE JIAHHBIEC, 8 WHJIEKCOM 2 — allpOKCUMUPYIO-
masi KpuBast, COOTBETCTBYIOIIAS 3HAYCHUIO

(A6 maz ~ 6.2. (8)

Takum 00pa30oM, MOYKHO YTBEPKIATH, 9TO JJIs UC-
ciemyeMbIx [ancen PefiHosibica B TypOyJIEHTHBIX I0-
TPAHUYHBIX CJIOSX, 0OPA30BAHHBIX HA THOKUX COOCHO
00TEeKaeMbIX MUJIMHIPAX COOTBETCTBYIOIIEH KPUBU-
3HBI, HE CyIIECTBYET KPYITHOMACIITAOHBIX BUXPEBBIX

o7
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Puc. 10. IIpomosnbabrit macmrab Hanbostee
KOPPEJIMPOBAHHBIX BUXPEBBIX CTPYKTYP MOTPAHUIHOTO
CJIOST Ha MUJINHJPE

CTPYKTYP, UMEIOIMUX MPOIOJbHBIN MacmTad, 6oJib-
mwit, gem 6.20; 3T0 3HAYEHHME He 3aBUCUT OT YUC/IA
Peitnospca, onpeiesleHHOr0 Kax Mo PaJIIyCy ITHAJIITH-
Jpa, TaK U [0 PACCTOSHUIO BJIOJb OCH OOTEKAeMOro
IIIAHIIPA.

W3 dyskimii KorepeHTHOCTH, KOTIA OHU JOCTHUTa-
o1 3HaveHus mopsaka 0.05 B objacTu HU3KUX dYa-
CTOT, OIPEIeJIEH EPUOJ] MEXK Ty HANOOIBITUMU KOTe-
PEHTHBIMU BUXPEBBIMU CTPYKTYPAMU, KOTOPBIN IIPE/I-
craBjieH Ha puc. 9 B 3aBucumoctu ot Re,. Dkcmepn-
MeHTaJIbHbIE JaHHbIE, 0003HAYEHHBIE HHIEKCOM 1, IMo-
JIy9eHbI TaKUM Ke 00pa3oM, Kak U Ha puc. 8. Anmpo-
KCUMUPYIOITTasi KpUBasi 2 COOTBETCTBYET 3HAYECHUIO

9)

CrenoBaresbHO, IEPUO, MEXKTy HANOOJIBINAMY KO-
TE€PEHTHBIMU BUXPEBBIMU CTPYKTyPaMu B TypOyJIeH-
THOM TIOTPAHUYHOM CJIO€ HA THOKOM IUJIUHIPE, TaK
K€ KaK U MacIiiTab CTPYKTypP, HE 3aBUCUT OT HHC-
sia Peitnosipica. DTOT mepuoj mo CBOEMY 3HAYECHUIO
6JIM30K K I[I€PUO/Iy BHIOPOCOB MPUCTEHOYHBIX MEJIKO-
MacIITabHbIX BUXPEBBIX CTPYKTYD, 15 ~ 60 /Uy, 110-

TUs /8 ~ 6.4.

o8

JIy4eHHOMY B uccienoBanusax [3, 20].

Jocrmkenne MaKCHMAJIBLHOTO 3HAYEHUsT (DyHKIU-
eii KorepearHocTu (puc. 2 U 3) Ha OUPEIETEHHON Ya-
CTOTE TOBOPUT O HAJIMYNH HAanOOJIee KOPPEINPOBAH-
HBIX BHXPEBBIX CTPYKTYP B IIOTPAHUYHOM CJIO€ MPHU
zamaHubiX £, a u Uy. Macmrrab stux cTpyKTyp MO-
KeT ObITh mojyded u3 Boipaxkenwus (1). Ha puc. 10
[IPEJICTABJICH TIPOJIOJIBLHBIN pa3Mep HamboJiee Koppe-
JINDOBAHHBIX BUXPEBBIX CTPYKTYP B 3aBUCAMOCTU OT
pa3iesieHus MEX Iy JaTINKAMHY Ty IbCAIIAI TaABJICHUS
and pasmnaabix Re,. Kpusble 1 n 2 onpenenens! npu
HCCIIeIOBAHNH HA IMIUIHIPE PAIuycoM a = 8-1073 m:
1 - Req = 2.4-10% 2 - Re, = 3.2 - 10*; kpussie 3
~ 5 ma muamEIpe pammycoM a = 14.5-1073 m: & —
Re, = 4.4-10% 4/~ Re, = 7.3-10%; 5 Re, = 8.7-10%; a
KpuBble 61 7 it a = 22-1073 m: 6 — Re, = 8.8-10%
7~ Re, = 1.3 - 10°. Kak ciemyeT u3 IIpeiCcTaBJICH-
HBIX PE3YJIbTATOB, MACIITAO PErMCTPUPYEMBIX HAMOO-
Jilee KOPPEJIMPOBAHHBIX BUXPEBBIX CTPYKTYD BO3pAC-
TAET C yBEJUICHUEM PA3IEICHIS MEXKIY JATINKAMMA.
C poCTOM CKOPOCTH 3TOT MACIITA0 OCTAETCS MPaK-
TUYECKA HEM3MEHHBIM jIs OOJIBIINX pa3IeeHuil u
YBEJINYUBAETCS B 00/IACTH MAJIBIX pasziesennii. Kpo-
Me TOro, He OOHAPYXKEHO OIPEIEeIEHHON 3aBUCHMO-
CTH MacITabOB HanbOJIee KOPPEJINPOBAHHBIX BUXPE-
BBIX CTPYKTYD OT U3MEHEHWUIi JruamMeTpa 00TeKaeMoro
NWINHPA, XOTS B AWana30He OOJIBINX DPA3IeTeHI
MEXKJY JaTYUKAMU STOT MacIiTad He 3aBUCUT OT JIU-
ameTpa muauHIpa win ot Re,.

W3 BBIIEN3I0KEHHOTO CJIEYeT, UYTO B TYpPOyJIeH-
THOM MOTPAHUYHOM CJjIOo€, 0Opa30BaHHOM IIpu 0OTe-
KaHUM TUOKOTO IUJIUHIPA, MPUCYTCTBYIOT KPYITHO-
MacIITabHble KOTE€PEHTHBIE BUXPEBBIE CTPYKTYPHI,
MIPOJIOJIBHBINA pa3Mep KOTOPBIX He TpeBbimaer 6.20,
a MepuoJ, MEXKJIy STHUMHU CTPYKTYPAMHU COCTABJISET
6.40 /Uso. Takue kpynnoMacinrabHble CTPYKTYPBI 116
PEMEIAITCs BIIOIb 00TEKAEMOil TOBEPXHOCTHU CO CKO-
pocrbio nepenoca nopsaaka (0.85 — 0.95)Us,. Hapsny
C KPYITHOMACIITAOHBIMU B IPUCTEHOYHON 00JIACTH 10~
TPAHUIHOTO CJI0si (POPMUPYIOTCS MEJIKOMACIITAOHBIE
BUXPEBbIE CTPYKTYPhI, HO UX CKOPOCTH MIEPEHOCA 3HA~
qurenbHO HiKe — 0K0JIO (0.6 — 0.7)Us. DTH Kore-
PEHTHBIE CTPYKTYPBI, IEPEMEINAsiCh BJIOJIb 00TeKae-
MOTO ITUJIUHIPA, TEPSIIOT CBOK UHINBUIYAJIBHOCTD HA
Pa3IMYIHBIX OTHOCHTEJBHBIX paccrosHusx (I/A): Ha
GOJIBINIX — MEJIKOMACINTAOHBIE, HA MEHBIIUX - KPY-
naomacirabubie. [Ipraem, HanbOJIBIIE B MPOIOJIb-
HOM HAIIPABJIEHUN KOTE€PEHTHBIE BUXPEBBIE CTPYKTY-
PBI 710 CBOETO PACIIaja MPOXOIST Iy Th, PABHBIN OKOJIO
146.

Hasmame B mccieryeMbIx MOJEISX, TPEICTABIISIIO-
X co0oil rubKMe MUINHIPHI, JATIUKOB ITyJIbCAITAI
JaBJIEHUsI, PACIIOJIOKEHHBIX IO OKPYKHOCTH I[UJIIH-
JIpa, MMO3BOJIMJIO OIEHUTDH MOIEPEYHBIH MaCIITab BU-

B. A. Bockoboitauk
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Puc. 11. Coornomenne MeX Iy MOIEPETHBIM U
MIPOIOJIBHBIM MAaCHITA0aMU KOT€PEHTHBIX BHXPEBBIX

CTPYKTYP

XpEBBIX CTPYKTYpP. HeobXoauMo OTMETUTh, 9TO Te-
pEHOCa BUXPEBBIX CTPYKTYD B MOMEPEYHOM HAIIPaB-
JleHnu He OBLIO OOHAPYXKEHO KaK IPU IIPOBEICHUU
KOPPEJISIITUOHHOIO, TaK U CIEKTPAJIHHOTO AHAJIIM30B.
D yHKINS B3aUMHOI KOPPEJISIIIUU IPU JTIOOBIX pas3/ie-
JIEHUSX MEXKJy NaTYNKAMHU JIOCTUTaja CBOErO Ma-
KCUMAJIbHOTO 3HAYEHUsI MPU HYJEBOM BPEMEHH 3a-
JEepKKHU, MOMOOHO aBTOKOPPEJISIUOHHON (DYyHKINN.
OyHKIUs KOrepeHTHOCTH U aza B3AUMHOIO CIie-
KTpa, [PUA PACIOJIOKEHUU ITATINKOB II0 OKPYKHO-
CTH, UMEJIA CJIeIYIOINe XapaKTepHbIE OCOOEHHOCTH.
@yHKINS KOTEPEHTHOCTH CTPEMUJIACH K €JIUHUIE B
00JTaCTU HU3KUX YACTOT U CIIAJAJIA JI0 HYJEBOTO 3HA-
qeHusi B 00JIACTH BBICOKUX YaCTOT, IPUIEM C YMEHb-
[IEHNEM PA3JIEJICHUST MEXKIy IATIMKAMU JIUATA30H
YaCTOT, B KOTOPOM KOT'€PEHTHOCTh OCTAETCSI BBICOKOM,
pacmupsiercsi. @aza B3amMHOTO criekTpa B 00JIaCTH
HA3KUX YaCTOT ObLia OJM3Ka K HYJII0, & B BBICOKO-
9acTOTHON 0bjacTu HabIOHAICS pa3dpoc dasbr 6e3
Kakoii-ymbo 3akonomepHocTu. C yMeHbIIEHHEM pa-
3IeICHAsT MEXKTy JATIYNKAMU YBETUINBACTCS TUAIA~
3o uactot, rae 0(&,w) — 0. Takue uamenenus 3ua-
qeHnii (pYHKIUH KOTEPEHTHOCTH W (pa3bl B3AMMHO-
ro CIeKTpa HaOJIOMAINCh MPAKTUIECKU B OJHOM U
TOM K€ 9aCTOTHOM juana3one. [1ogobHoe moBeaeHme
(GYHKIINN KOTEPEHTHOCTH, & TaKKe (pas3bl B3AMMHO-
IO CIIEKTPA JAIOT BO3MOXKHOCTB MPEIIOJJOKUTh, 9TO
B TypOyJIEHTHOM MOTPAHUYHOM CJIO€, 0O0PA30BAHHOM
py OOTEKAHNK THOKOTO IUJIUHIPA, CYIIECTBYIOT CIIe-
nuduIecKne KOreépeHTHbIE BUXPEBBIE CTPYKTYPbI, MO~

B. A. Bockoboitauk

[IepedHbIl MacmTad KOTOPBIX MOXKET OBITH OIpeie-
JIEH W3 CeAyromux coobparkennit. Ecim mpu 3aman-
HOM Da3/eJIeHUU MEXKY JATINKAMU IIYIbCAIIAN TaB-
nenus y2(&,w) — 1; 6(&,w) — 0, To HA 3TH Ja-
TYUKHU OJTHOBPEMEHHO IIPUXOJUT BBICOKOKOPPEIUPO-
BAHHBII CUTHAJ, TOMOOHBIN TOMY, KOTOPBIN UMes Obl
MeCTO, ecjid Obl HaJT TOBEPXHOCTHIO IUINHIPA BIOJb
€ro OCH IPOXOJUJIA IJIOCKAsT BOJHA, T€HEPUPYIOIIas
[IyJIbCAIAN TTPUCTEHOYHOrO JaBjieHus. Takoe MOXKHO
HaOJIIOJIATh B CIydae, KOTJA IOMEpPEedHblil MaciiTab
BUXPEBOI CTPYKTYPBI, IEPEMEIIAIONIEHCS BIOIb M-
JmHpa, OyaeT OOJbille pa3iesieHusT MEXKIy TaTdu-
kamu. CjenoBaTe/bHO, PACCTOSTHUE MEXKIY JTaT9InKa-
MU IyJIbCAIUi naBjieHus OyJIeT MepOil MOIEepPEeIHOTrO
MacirTaba KOrepeHTHOH BUXPEBOil CTPYKTYPHI, a Hal-
GoJIbIlIas IACTOTA, I KOTOPOI eIe COXPAHSIOTCS
yenosus 2 (€, w) ~ 1 u 0(£,w) ~ 0, mossosiger u3
puc. 6 wiu 3aucumoctu (5) MOJIYyUUTDH IPOIOJIbHBIN
Macirrad 9Toi BUXPEBO CTPYKTYPHI.

Ha puc. 11 mpejcraBiaeHbl COOTHOIIEHUS MEZKTY
[IOTIEPEYHBIM W MPOIOJbHBIM MAaCIITadaMu KOTEPEH-
THBIX BUXPEBBIX CTPYKTYD JJIs Pa3IMIHBIX YHCENT
Peitnonpaca. Takx, kpuBasg 1 mosaydeHa Mjs TACTA
Peitnossaca Re, = 4-10%, kpusas 2~ Re, = 8.7-10%,
kpuBag 3 — Re, = 8.8-10* u kpusag 4 — Re, =
1.3 - 10°. Kpusere I u 2 TOMyTeHB A1 TYpOysIeH-
THBIX TOTPAHWYHBIX CJIOEB, OOPA30BAHHBIX IIPU 00-
TeKAHWN TMOKUX IUIMHIPOB jauamMeTrpoMm 29 MM, a
KpuBble 3 u 4 — gna d=44 mwm. Urak, mpencras-
JIEHHBIE 3aBUCHMOCTHU UMEIOT PsiJT OCODEHHOCTE: Kpu-
BbIe 00JIATAIOT IByMs 00JIacTsMU Tieperuda u 30HOI,
r7e MOTEPEYHBIl MACIITad HE M3MEHSIETCH C POCTOM
[IPOJIOJIBHBIX Pa3MEPOB KPYIMHOMACIITAOHBIX BUXPE-
BbIX CTPYKTYp. OTCioma, TPUCTEHOYHBIE MEIKOMAC-
mrTabHble BUXPH MPEICTABJISIIOT COOO0M CUIBHO BBITS-
HyTBI€ B IIPOJIOJILHOM HAIIPABJIEHUU CTPYKTYPHI, pa-
3MEpbl KOTOPBIX MOXKHO OLIEHUTH Kak Ay /A. =~ 10,
YTO XapaKTepHO JJist CTPYKTYP ¢ Ay < 0. C yKpymHe-
HUEM KOTE€PEHTHBIX BUXPEBBIX CTPYKTYD HaOJIIOIAT0-
TCsl OTEPEXKAOININE TEMIIbI POCTa IMOIEPEYHOTO pa3-
Mepa CTPYKTypbl. Ecau mpomosbHBI MaciiTab Bu-
XpeBoil cTpyKTyphl pased (3...4)0, To ee momeped-
HbIil pasmep Oyzer cocraiarh (1...2)0. Hasee ¢ poc-
TOM A;/d NPOCIEKUBAECTCA HEKOTOPOE CTPEMJICHHE
KPYITHOMACIITAOHBIX BUXPEBBIX CTPYKTYD CHOBa K
BBITSIHYTOCTH B TMPOJOJbHOM Harpasjienuu. U, Ha-
KOHEII, IpU JIOCTUXKEeHUH A, /0 = 2ma/d ¢ yBenmde-
HUEM MPOJIOJBLHOTO MAacCIITada IMOTEePEeYHBI pasMep
OCTaeTCs HEM3MEHHBIM, [TOCKOJIbKY BHUXPEBasi CTPYK-
Typa, MO-CYTH, CMBIKAETCS BOKDPYT OOTEKAEMOro ITH-
JINHJIpA, TIPECTaBIIsAst COOOM, ecim MOXKHO TaK BBIPa-
3UThCs, 3AMKHYTYIO KOJIBIIEBYIO BUXPEBYIO CHCTEMY,
JBUXKYIIYIOCS C OTHOCUTEIBHO BBICOKON CKOPOCTBIO,
nopsika (0.85...0.95) Uy, BHodb muaueIpa. B coo-

99
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Puc. 12. Ygamenne neHTpOB KOT€PEHTHBIX BHUXPEBBIX
CTPYKTYP OT OOTEKaeMOil MOBEPXHOCTH IHIMHIPA

TBeTCTBUU C puc. 11 Takoe siBjieHne, Kak 0Opa3oBaHme
KOJIBIIEBBIX KOT€PEHTHBIX BUXPEBBIX CTPYKTYP, Oojiee
SIBHO TMPOCJIEXKUBAETCS NMPU OOTEKAHWM TOHKUX IIU-
JINHJIPUYECKUX TeJI JJIsi HeBBICOKUX Jucesl PeltHOIb/I-
ca Re, (cmorpu, nanpumep, kpusyio 1). C yBemude-
HUEM IuaMerpa IWINHIPA U CKOPOCTH IMOTOKA 3a-
MBIKAHIE BUXPEBBIX CTPYKTYP BOKPYD 00TEKAEMOIO
[WINHJPA IPOC/IEKUBAETCS B MEHBIEM HAIA30HE
Az/0 M, BEPOATHO, JIsl IUJIUHIPOB GOJIBIIOTO JuaMe-
Tpa U BBICOKHX CKOPOCTell OOTEKAaHWs KOTE€PEHTHBIE
BUXPEBBIE CTPYKTYPHI O CBOETO pACHaja He CyMe-
0T COMKHYThCH U 00pa30BaTh KOJIBIIEBYIO CHCTEMY.
K sromy mMoxkHO 100aBUTH, 9TO B TypPOYJIEHTHOM I10-
TPAHUYHOM CJI0€, 00PA30BaHHOM IIpU OOTEKAHUHU TOH-
KUX [WIAHIPOB WK OOJIBINO TOTEPEeTHON KPUBU3HBI
KOTE€PEHTHBIE BUXPEBbIE CTPYKTYPHI SBJISIOTCS Oojiee
BBITSIHY TBIMU 10 CDABHEHUIO CO CTPYKTYPaMHU, IIPUCY-
MU TOTPAHUIHOMY CJIOI0 HA MUJINHIPAX OOJIBIIIOrO
nuamerpa (kpusble 1, 2u 3, 4).

L1 TOJTHOTO MPEICTABICHUS O T€OMETPUIECKUAX
rmapaMerpax BHUXPEBBIX CTPYKTYD HEOOXOIUMBI 3Ha-
HUsI O MaciTabe CTPYKTYPbl B HaIpaBJIEHUH, HOD-
MaJIbHOM K IOBEPXHOCTH IuauHIapa. K coxkaseHuro,
[0 psifly TPUYUH U3MEPEHUs IIYJIbCAIWI TaBJICHUS
10 TOJIIIIUHE [MOTPAHUYIHOTO CJI0si He ObLIN IIpOBeEjIe-
HBI ¥ TIO9TOMY IPUXO/IATCSI OTPAHUIUATHCA HHMOPMA-
nueil O pacCTOAHUU MeXKJy LHEeHTpaMWu BUXped U I110-
BEPXHOCTHIO OOTEKAEMOro IUIMHIPA. IJTH PACCTOSI-
HUsi OBLIN TOJIyYeHBI ciemyromuM obpasom. [Ipes-
[TOJIOYKUM, ITO CKOPOCTh MEPEHOCA KOT€PEHTHBIX BU-

60

XPEBBIX CTPYKTYP PaBHA CKOPOCTH, MOJydaeMoil u3
npoduiist cpefHell CKOPOCTU TYpPOYJIEHTHOTO TOrpa-
HUYHOTO CJIosA. Paccrosiare 1o HAIIPABJICHUIO HOPMa-
JIM K TIOBEPXHOCTH IUJIUHIPA, TO €CTh, [0 OCH Y, TJIe
9T CKOPOCTH PABHBI, IPEJJIAraeTCs CIUTATH PACCTO-
STHUEM MEXK]Iy TIEHTPOM BUXPs U MOBEPXHOCTHIO 00Te-
KaeMOr'0 [WJINH/IPA. JTO PACCTOSHUE, B 3aBUCAMOCTHU
OT TIPOJIOJILHOTO MACIITaba KOT€PEHTHBIX BUXPEBBIX
CTPYKTYD, IIpeJicTaBeHo Ha puc. 12. Kpusas 1 momy-
qeHa ISl MUINHAPaA, quaMerpoM d=16 MM, kpuBas 2
— d=29 mMm u kpuBas 3 — d=44 mm. Kak nmokasbiBaior
pe3yIbTaThl WCCAeIOBAHUN, yBeIUYEHNE KPUBU3HBI
00TEeKaeMbIX [TUJINHIPOB IPUBOIUT K TOMY, 9YTO KOTe-
DPEHTHBIE BUXPEBBIE CTPYKTYPbI, (hopMUpyIOIme Typ-
OyJIEHTHBIE MOIPAHUYHBIE CJIOM HA OOTEKAeMO Io-
BEPXHOCTH, C OJIMHAKOBBIM [IPOMIOJIBHBIM MACIITA00M
MMEIOT MEHBIHI MOTepeIHbI MacTad o HOpMAaJIn
K IWIXHIPY, MPEICTaBisis co0oit 6oJtee mpuKaThie K
00TEeKaeMOil IOBEPXHOCTU BUXPEBBIE CHCTEMBI.

BBIBO/bI

DKCIIEPUMEHTAIbHBIE UCCICIOBAHUS TIOJIS IIyJIb-
canyii TPUCTEHOYHOrO JABJIEHUS, PEruCTPUPYEMO-
r0 MUHUATIOPHBIMH JATIUKAMU IIyJIbCAIHANA TaBJIe-
HUsl, YCTAHOBJICHHBIMH 3aI0/JIAIO C 0OTEKaeMOl mo-
BEPXHOCTHIO M HE HAPYIIAIOIIUMUA CTPYKTYPbI Tede-
HUsI, TOITBEPAMIIN, YTO TYPOYI€HTHBIN IOrPAHUIHBII
cJIoit, 0Opa30BaHHBIN IIpU IMIPOJOJBHOM OOTEKAHUU
ruOKOTO TMJINHJIPA, COCTOUT U3 MEJKOMACIITaAOHBIX
U KPYITHOMACIITAOHBIX KOI€PEHTHBIX CTPYKTYP, KO-
TOpbIe, B3aUMOIEHCTBYSI MEXKIy CcoOOil m ¢ obTeKae-
MO TOBEPXHOCTBIO, TEHEPUPYIOT ITyJIHCAIIUU IIPUCTE-
HOYHOT'O MIABJICHUsI, CTATUCTUYECKNE XaPAKTEPUCTH-
KU KOTOPBIX 3aBUCAT OT PeXKUMa OOTEKAHWS U KPU-
BU3HBI [[UJIXHIPOB.

1. YcranoBiieHo, YTO KOTE€pPEHTHBIE BHUXPEBBIE
CTPYKTYPBI, KOHBEKTUPYIONIHE HAJ[ 00TEKAEMOI
[MOBEPXHOCTHIO  IUJIMHIAPA,  O00yCJIaBIUBAIOT
MOBBINIEHHBIE  YPOBHU KOTE€PEHTHOCTU  TOJIA
MyJbCcaliii TPUCTEHOYHOTO JIABJICHUS, & TakK-
Ke wu3MeHeHme (a30BOr0 CIEKTPa B BUJE
HAKJIOHHBIX KPWBBIX, YTOJ HAKJIOHA KOTO-
PBIX YBEIUYHBAETCI C POCTOM KOHBEKTHUBHOM

CKOPOCTH.

2. ObuapykeHo, 9TO MacmTad KOTepEeHTHBIX BU-
XPEBBIX CTPYKTYP KOJIEOIETCsT OT €IUHMUI JIJINH
BSI3KOCTH JI0 HECKOJIBKUX TOJIIIAH TOTPAHTIHOTO
CJI0s1, TIPUYIEM HAWOOJIBINNIA TPOIOJIBHBIN pa3Mep
KPYITHOMACIITAOHBIX BUXPEl OrpaHUYeH 3HAYE-
auem 6.29. Ilepuos mosiBjieHnst BLIGPOCOB B IIPH-
CTEHOYHO! 00JiacTu TypOyJIEHTHOIO IOTDAHM-

B. A. Bockoboitnuk
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YHOTO CJIOsl M HEPUOJ| TEHEPAIU HAUOOJIBIIIX
KOTEPEHTHBIX BUXPEBBIX CTPYKTYD MPAKTUIECKI
HE OTIIMIAIOTCA JPYT OT JIPYTa U COCTABIISIOT 10~
psinka 60 /Us.

. Ilokazano, 9T0 BUXpEBBIE CTPYKTYPHI B TypOy-
JIEHTHOM MTOTPAHUIHOM CJIO€, 0Opa30BaHHOM IIpH
oOTeKaHWN TUOKOTO IIUJINHIPA, SIBJISIOTCS BBITS-
HYTBIMUA B IIPOJIOJIBHOM HAallPaBJIEHUU, IIPUYEM
MEJIKOMACIHITaOHbIE CTPYKTYPBI 0OJiee BBITSHY-
To1. KpynHOMAacIITabHble KOTePEHTHBIE BUXPU 0
CBOET0 BBIPOXKJIEHUS IPOXOJAT MEHBIINE OTHO-
CUTEJIbHBIE PACCTOSTHUSI, €M MEJIKOMACIITAOHBIE
BUXpEBbIe CTPYKTypbl. Hambosbmime Korepen-
THBIE BUXPEBbIE CTPYKTYPBI TEPSIOT CBOIO MHIU-
BU/IyaJIbHOCTH HA PACCTOSHUAX, IIPEBBIIIAIONIIX

140.

. YCTaHOBJIEHO, YTO B PA3BUTHIX TYpPOYJIEHTHBIX
IIOTPAHUYHBIX CJIOAX HA MCCIEyeMbIX IIPOT-
JKEHHBIX [WINHAPAX (DOPMUPYIOTCH KOJIBIEBBIE
BUXPEBbIE CTPYKTYPBI, OXBATBHIBAIOIIIE ITAITH/ID
B IIONEPEYHOM CEYEHUHU, UITO OCODEHHO XOPOIIO
MIPOSIBJISETCS Ha IUJIUHAPAX OOJIBINON ToIepe-
qHOU KpuBU3HGL. [Ipn 3TOM Ha MUIMHIpPAX MaJIO-
ro JuaMeTpa KOTepEeHTHbIE BUXPEBbIE CTPYKTYPHI
6oJtee BBITSHYThIE B IPO/IOJILHOM HAIIPABJICHUN 1
CHJIbHEE TIPUKATHL K 00TEKaeMOl TTOBEPXHOCTH.

. Iosy4ensr
omnpesesieHust (PyHKIIUU KOT€PEHTHOCTHU ITyJIbCa-

AIIMIPOKCHUMHUPYIONINE 3aBUCUMOCTH

Ui TPUCTEHOYHOrO JABJICHHSA Ha OOTEKAeMOit
MMOBEPXHOCTH THOKOTO IMIJINHIPA B 3aBUCAMOCTH
OT YaCTOTBI U Pa3/ejIeHUusd MeXKJy JaTYUKaMHU,
KOHBEKTUBHOU CKOPOCTH MEPEHOCA KOTE€PEHTHBIX
BUXPEBBIX CTPYKTYP B 3aBUCUMOCTU OT YaCTO-
TBI, IPOIOILHOTO MaCIITaba BUXPEBBIX CTPYKTYP
U pacCTOAHUI, Ha KOTOpPbIe KOTEPEHTHBIE BUXPHU
repeHocarcsa 6e3 HapyIIeHns CBOEH WHIUBUIY-
AJIbHOCTH.
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