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C nomompio KomOonHUpoBaHHOTO RANS/ILES-MeTona BEICOKOTO pa3pelleHNs] BBIITIOJHEHBI PaCUeThI Te-
YeHMs B J03BYKOBOM S-00pa3HOM BO31yX03a00pHUKeE ¢ D-00pa3HbIM BXOAHBIM U KPYTJIBIM BBIXOIHBIM Ce-
yeHUsIMU. B KadyecTBe MMUTaTOpa ITaHEepa UCMOJIb30BaHa TIOCKasl TUTaCTUHA, Ha KOTOPOit CMOHTUPOBAaH
BO31yxo03a00pHUK. B ee Hauasie 3a1aH MorpaHUYHBIN CJI0H, TPOdUIb KOTOPOIro 0JI130K K MPOodUIIIo TypOy-
JICHTHOTO TTOTPaHWYHOTO CJI0s1. PacdeThl MpOBOMMIIMCH Ha CTPYKTYpUPOBAHHOM CeTKe, coiepIKaiieit 7 X
x 10° s;yeex, TOMy4IEHO XOpolLllee COBMAAeHHE C TAHHBIMU SKCIIEPUMEHTA. BBISBICHBI TPUYMHBI GOJIBIION
HEOMHOPOTHOCTU TEUYeHUsI Ha BBIXONE BO3MyX03a0OpHUKA, MCCiiemoBaHa 3(POEKTUBHOCTb MPUMEHEHMUS
CUHTETUUYECKUX CTPYI ISl YIyUIlIeHUs eT0 XapaKTepucTuK. [IpoaHaIM3MpOBaHO BAUSIHUE PEXXMMHBIX Ma-
pPaMeTPOB CUHTETUYECKUX CTPYI M PACITOJIOXKEHUS IesIeii JUTSl UX BBIXO/Ia Ha TeYeHHE B BO3MyX03a00pHHKE.
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BBEAEHUE

I1pu pa3paboTKe HOBBIX JICTATECILHBIX allllapaToOB
(JIA) nmepcneKTUBHBIM CYMTACTCS MHTETPALISI CUJTIO-
Boit yctaHoBKHM ¢ TuiaHepoMm JIA. Yacto paccmarpm-
BAalOTCSl CUJIOBBbIE YCTAaHOBKM, PACHOJOXEHHBIE B
XBOCTOBOM YacTH IUIaHepa WK Ha Kpbuie. [1pruanHbL
TaKOTr0 PaCHOJO0XKEHHUSI MOTYT OBITh pa3audHbl. Ha-
MpUMeEpP, YMEHbIIIEHUE IITyMa CUJIOBOM YCTAaHOBKU Ha
B3JIeTe, 0COOEHHOCTU MOBEPXHOCTH, C KOTOPOIA B3Jie-
TaeT caMoJIeT (I'MIpPOCaMOJIeThl, CAMOJIEThI, B3je-
TaIIMe C TPYHTOBBIX a3POJIPOMOB), CIICIIMAIU3UPO-
BaHHbEIe JIA, y KOTOpBIX CHJIOBas yCTaHOBKa IIO
KOMITOHOBOYHBIM COOOpaXkKeHUSIM MHTEIPHUPOBaHA C
IIaHepoOM, OOJIBIIION IMaMeTp BEHTWISITOpA Y IBUTA-
TeJieit 6ombinoit Tsru. OgHako OJIM3KOe pacIoIoXKe-
HUe Bo3myxo3zabopHuka (B3) k mmaHepy camonera
NPUBOINUT K TOMY, UTO B B3 mormagaeT TOJICTHII MO-
TPAaHUYHBIA CJIO, KOTOPBIM OOpasoBaJics Ha 3Jie-
MEHTax IUIaHepa. DTO, B CBOIO OYEpelb, BHI3BIBACT
OOJIBIITYIO HEPABHOMEPHOCTH TeUEHUS KaK B TUPPy-
3ope B3, Tak 1 Ha BbIxoJe U3 Hero. pyruMm ¢akro-
pOM, YBEIWYMBAIOIIMM HEPaBHOMEPHOCTH pacIIpe-
JIeJeHNsI TTapaMeTPOB B MOIepeyHOM cedeHuu B3,
SIBJISIETCSI €TO CJIOXKHAas (popMa, XapaKTepHasl IJIsl CH-
JIOBBIX YCTAaHOBOK Takoro tuma. BcieactBue 3TOro
BO3HUKAIOT MOIIIHBIE BTOPUYHBIE TEUYEHUS B KaHa-
e B3. BxomHoe cedyeHue momoOHBIX B3 Moxer
MMETh pa3Hylo ¢opMy (IOIYyKpPYT, IPSIMOYTOJILHUK,
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MPOCTPAHCTBEHHbBIN BXOI U T.1.), KOTOpasi TpaHC-
dopmupyeTcs 1o gauHe B3 B Kpyriyro Ha BXoae B
KOMIIpeccop ABuratesisi. B mponojibHOM ceueHuu Ka-
Hajibl paccMaTpuBaeMbIX B3 oObIUHO MMeET S-00-
pasHymo “cepnanTuHHYI0” popmy [1—3]. Tpancdop-
Marusi ¢opMbl IorepedyHoro ceuenus: B3, S-obpas-
Hasi ¢popma auddy3opa B IpOoa0JIbHOM HallpaBIeHUU
MPUBOMSAT K TOMY, UTO B HeM (hOPMUPYIOTCSI MapHbIe
pa3HOHAaINpaBJIeHHbIE BUXPU, UHTEHCUBHOCTb KOTO-
pBIX yBeJuduBaercsl mo minHe nudogysopa [4]. Ux
BO3JIEMCTBME Ha TEUYEHUE CIIOCOOCTBYET TOMY, UTO
NOTPaHUYHBIN CJ0¥ CO CTEHOK MEePEeTEKAET B TY YaCTh
ceueHMUsl, TIe MHTEHCUBHOCTb BUXPell MaKCUMaJTbHa.
B pesynbraTe Ha Beixone u3 B3 oOpasyercs Ooabiast
00J1aCTh HU3KOCKOPOCTHOTO TEUYEHUS C MOHMXEH-
HBIM YPOBHEM MOJIHOTO naBieHust [5—9].

Huist yinydimeHus: XapakTepucTUK U yMEHbIIEHUS
HEpPaBHOMEPHOCTU TeUeHUs B Mogo0HbIX B3 mpume-
HSIIOTCSI pa3iMyHble crocoObl. YacTo MCTOIb3yIOTCS
IUIAaCTUHYATbhIE TeHEepaTOpPbl BUXPEU, pPACIIOJIOXEH-
Hble oKoJio Bxoaa B B3 [3, 8]. MI3BecTHBI MpUMepHI
BBIAyBa MUKPOCTPYH 0KojJ0 Bxoda B auddyszop B3
KaK MOCTOSTHHOI MHTEHCUBHOCTH [2], TaK U ITyJIbCU -
pyromux [6]. [TpruMeHsieTcs: 0TCOC Bo3myXa Mepes 30-
HOI OTpbIBa UJU HU3KOCKOPOCTHOTO MOTOKA OKOJIO
cteHKu muddyzopa [10, 11] ¢ mocraenyolyuM ero
BIYBOM HUXE ITO TOTOKY [5], a TaKkKe cOYeTaHue OT-
coca 1 IUIaCTUHYATHIX TeHepaTopoB Buxpeii [10]. Ile-
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peYMCICHHbIE MEPOIPUSTUS MO3BOJSIIOT YIyJIIUTH
XapaKTepUCTUKH TeueHUsI Ha Beixone 13 B3, u rmpexie
BCEr0 HEPABHOMEPHOCTH B PACHpeIeJICHUM TTOJTHOTO
nasyieHus. OMHAKO OHU HE JIMIIIEHBI ONpeAeIeHHBIX
HETOCTAaTKOB. Tak, MeXaHU4YEeCKHE TeHepaTOPbl BUX-
peii, KOTOpbIe yCTaHABIMBAIOTCS Ha CTeHKaX nuddy-
30pa, BCeraa OKas3bIBalOT BO3ICHCTBUE HA TIOTOK BHE
3aBUCMMOCTU OT TOTO, €CTh JIM B 3TOM HEOoOXOomau-
MOCTb, UX 3(P(hEeKTUBHOCTh HEIb3s PEryJaupoBaTh.
I1epcrieKTUBHBIM SIBJISIETCSI Ta30AMHAMUYECKOE YIIPaB-
JICHME T€YECHMEM C ITOMOIIbIO BBIAyBa B IOrpaHUY-
HBII CJI0I BO3AyXa C BBICOKOI 3HEPTrUeE Uik OTcoca
TMOTPAaHUYHOTO CJIOSI, BO3MOXKHA KOMOMHAIIUST 3TUX
MepornpusTuii. OgHaKO B ciydyae BbIAyBa B IOTpa-
HMYHBIA CJI0U TpeOyIoTcda pabodee Teao, YCTPOCTBO
IS TOJIBOJIA PHEPIrUU K HEMY, MarucTpajau IS Io-
JTayM paboyero Tejia B 30Hy OTpbIBa. JIsT cucTeM ¢ oT-
COCOM HEOOXOAWMBI YCTPOMCTBO JJIsl CO3MaHUS T1O-
HM>KEHHOTO IaBJICHMSI, MAaTUCTpaJib 11 OTBOJA BO3-
Jlyxa 1 CUCTeMa ero BeIOpoca.

INepeuncieHHbBIX HETOCTATKOB JIMILIEHbI CUCTEMBbI
C HYJIEBBIM CYMMapHbIM MacCCOBBIM PacxojioM pabo-
yero Tejia. B aTom ciiyyae paboTa ycTpoiicTBa ra3oau-
HaMUWYECKOTO YIpaBJIeHUs TEUEHUEM CBOIUTCS K Ue-
penytomumcs ¢a3aM BbIAyBa Bo3ayXxa — “CUHTETUYE-
CKOil cTpyn” — B MOTOK M3 3aMKHYTOI MOJIOCTU 3a
cueT UBMEHEeHUs1 ee oObeMa C MOCAEAYIOIIUM 3aTeM
BCachlBaHUEM B HE€ HU3KOIHEPTreTUYECKOTO MOTOKA
u3 nuddyzopa. ITosocts COOOIIAETCS TOJIBKO C MPO-
TOYHOI 4acThio nuddy3opa, MO3TOMY CyMMapHbIi
pacxon Bo3ayxa 3a KaXKAbli LMK paboThl CUCTEMBbI
paBeH Hymo. [IpuMepbl UCTOJIb30BaHUSI CUHTETUYE-
CKMX CTpYH ISl yJydllleHUs] TeYeHUs] B CEpHaHTUH-
HbIX TUddy30pax npeacTaBieHbl B cTaThsax [12, 13].
B ykazaHHBIX paboTax B JOIMOJHEHUE K CUHTETUYE-
CKUM CTPYSIM ObLJIM YCTAHOBJIEHBI IJIAaCTUHYATBIE Te-
HepaTopbl Buxpeit. U3BecTHO, UTO B 3aBUCMMOCTHU OT
YacTOThI TeHEPAaTOPa CUHTETUYECKUX CTPYi U (hOPMBI
OTBEPCTUI 711 UX BbIXO/Ia OHU MOTYT OKa3bIBaTh pa3-
JIMYHOE BO3ACUCTBME Ha OCHOBHOE TedeHHe [14].
IMTpu Mcrosib30BaHUM HU3KOYACTOTHBIX CUHTETUYE-
CKMX CTPYiA OHU MOPOXAAIOT BUXPU, CXOJHBIE C TE-
MU, KOTOPbIE 00pa3yloTcsl MPU UCIIOJIb30BAHUY T1J1a-
CTUHYAThIX reHepaTopoB. Haubolblliee Bo3neiicTBre
Ha TeYeHue JOCTUTaeTCsl, KOrma OTBEPCTUSI ISl Bbl-
X0Jla CUHTETUUYECKUX CTPYi UMEIOT (hOPMBI JJTUHHBIX
11eJieit, pacroi0oKeHHBIX B HANPaBJI€HUU OCHOBHOTO
TedyeHUs1. [1py yBeTMUEHUN YACTOTHI CUHTETUYECKMX
CTpy#i UX BO3IEHCTBUE HA TeUEHUE CBOJIMUTCS K Mepe-
Jlaye UMITyJIbca OCHOBHOMY T€UEHUIO, B 3TOM CJlyyae
BaXXHa “IajbHOOOWHOCTBL” CTPyi. DTO MOXKET OBITh
JIOCTUTHYTO TIPU WCIOJIb30BAHUM KBaJApaTHbIX WU
KPYTJbIX OTBEPCTUI MJISI BBIXOIA CUHTETUYECKUX
cTpyii. B paboTax, mocBsillieHHbIX TIPUMEHEHUIO CUH-
TeTUYECKUX CTPYM U151 yIIpaBJIeHUsI B CEpIIaHTUHHBIX
mddy3opax, OTBEpPCTUS JISI BBIXOJAa CHUHTETHYC-
CKUX CTpYi UMEIU KPYIiayio opMy. DTO CBUIETEIb-
CTBYET O TOM, UTO CUHTETUYECKHUE CTPYU OKa3bIBAIU
Ha MMOTOK TaKoe Xe AelCTBUE, KaK U OObIYHbBIE, “KOH-
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TUHYaJIbHbIe” cTpyu. B [15—17] nmponeMoHcTpupoBa-
Hbl YCHElIHble MPUMEPbl MPUMEHEHUS] CUHTETUYEe-
CKMX CTpyid B pexXuMe TeHEepaTopoB BUXpeu mis
VIIpaBJIE€HUSI OTPBIBHBIMU TEUEHUSIMU U YIYYLIEHUS
XapaKTePUCTUK Pa3IUYHbIX AUPDY30pOB MEXITY
3JieMeHTaMu TypOo-peakTuBHoro nsuratesst (TPIL).
HWurepecHa crtaths [18], B KOTOpoii IpOAEMOHCTPU-
POBaHO, YTO CUHTETUYECKUE CTPYU, BBITTOJHSIOIIE
GYHKIIMY TeHEepaTOPOB BUXPEU, MOTYT YIYUIlIUThb Xa-
PAaKTEPUCTUKU MHTETPUPOBAHHOTO C TJIAHEPOM ca-
MOJIETA CBEPX3BYKOBOro B3.

B Hacrosmieit padoTte npencTaBlIeHBI pe3yJIbTaThl
pacyeToB, BBHITIOJIHEHHBIX IS onpeaciieHusT 3 dek-
TUBHOCTU NPUMEHEHUSI CUHTETUYECKUX CTPYH Ipu
yIIpaBJICHUM TeYeHUEM B KaHajle JO3BYKOBOIO IIPO-
CTPaHCTBEHHOTO cepriaHTUHHOTO B3 cioxHoit hop-
MBI, 3KCIIEpUMEHTAJILHO ncciienoBaHHoTo B [1]. s
WMUTALIMY BIMSTHUS TutaHepa B3 Ob11 ycTaHOBIIEH Ha
TUIAaCTUHE, Ha KOTOPOIl 3amaBalicsl TOJICTBI TTorpa-
HUYHBIN ciioit. PacueTsl mpoBonuiarnck RANS/ILES-
METOJOM BBICOKOTO pa3penreHus [ 18]. Beicokoe pas-
pellleHre MeTOoIa JOCTUTAIOCHh NCTIOJIb30BaHUEM OIS
BBIYMCJICHUs MpeapacHagHbIX ITapaMeTpoB Ha rpa-
HSIX pacUeTHBIX siueek B MeToAe Poy coxpaHsiomieit
MOHOTOHHOCTb CXEMBI JIeBsITOro ropsiaka MP9.
B ob6imactu RANS B morpaHMYHOM CJIOE JJIsI 3aMbIKa-
HUSI CUCTEMBI ypaBHEHHUII MCIIOJb30BaHA MOICIb
TypOynenTHoctn Cnanapra—AimiMmapaca. Ilomoxe-
aue niepexona oT RANS kx ILES onpenenstiiocs aHa-
JIOTUYHO TOMY, KakK 3To peajqu3oBaHo B MeTone DES.
IMpuMeHeHMe BUXpepa3pelIaloliero moaxoaa no3po-
JIWJIO SIBHBIM 0Opa3oM omucaTh TypOyJIeHTHBbIE 3(h-
(EeKXTHI 1 OIIPeNeIUTh YPOBEHb TYpOYJISHTHBIX ITYJIb-
cauii mapamMeTpoB TeueHUs B KaHaie B3. BermmomHe-
HO CpaBHEHHE pe3yJIbTaTOB pPacyeTOB C JaHHBIMU
9KCIepUMeHTa Wisi ucxogHoro B3 6e3 cuHTeTHue-
cKux cTpyii. B xone pacueToB ucciaemoBaHo 20 Bapu-
aHTOB PEXMMHBIX MapaMETPOB CHUHTETUYCCKUX
CTPYH M pacCIIONIOXEHMs IeIeil 111 UX BbeIxoda. Pe-
XXUMHBIE MapaMeTpbl BRIOMPAINCh TAKUM 00pa3oM,
YTOOBI pEaTU30BBIBAICSI BUXPEBOM MEXaHU3M BO3-
NefiCTBUSI CHHTeTUYECKUX CTPYil Ha TeueHue B TU(d-
dyzope B3. [TonydeHbl XapaKTepUCTUKU TEYCHUS HA
BhIxozie 13 B3, ypoBHU HEpaBHOMEPHOCTH IIOJTHOTO
aBJICHUSI, TypOYJIEeHTHBIE ITyJbCallud CKOPOCTH U
CTaTUYECKOIO HaBJICHUS TIPU pa3HOI CTENEeHU APOC-
CceJIMpoBaHUS KakK Uil UCXOIHOIo BapuaHTa B3, Tak
u 1711 B3 ¢ CMHTETUYeCKUMU CTPYSIMU.

T'EOMETPHA B3, PEXKUMHDBIE ITAPAMETPBI
N T'PAHMUYHBIE YCIIOBUA

J11s1 pacyeToB ObLI BEIOpaH BapyUaHT TeOMeTpUr A
ceprmanTuHHOTO B3 M3 padotwi [1]. DToT B3 mocra-
TOYHO MOAPOOHO OMUCaH B JIUTEpaType, IJIsd HEro
WMEIOTCSl PEXKMMHBIE MTapaMeTPhl, TaHHbIE SKCIIePU-
MEHTa M pe3yJbTaTbl pPacyeToOB JAPYTUX aBTOPOB.
Buemnwuii Bua B3 mokasan Ha puc. 1. 3mech u gajee
BCe JIMHeiiHble pa3Mepbl OTHECeHbI K W — mupuHe
Ne 2
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Puc. 1. O61umit Bun reometpuu B3 us [1].

Bxoga B B3. PexxuMmHble mmapamMeTpsnl, TIpU KOTOPBIX
MPOBOJUJIUCH PACUEThI, COOTBETCTBOBAIN TEM, KOTO-
pule ObIIM B 3KcrrepnMeHTe [1]. Yncmo Maxa BHe1II-
Hero mmoTtoka cocrapisuio 0.83. I[lomHBIE MapaMeTpbl

220 «lIla,

k o
T,, = 144 K. Yucno PeiiHonbaca, BEIYUCIEHHOE 11O
cKopocTHu Haberatolero rmoroka u W, Re = 1.3 X 10°.
CraTtndyeckoe AaBJIEHUE Ha BBIXo/e 13 KaHaia B3 Ba-

PBUPOBATIOCH U OMpPENEIISiIoO pexXruM padboTel B3.

sk
Ha BXOJEe B pacyeTHylo obsacTe: P, =

IIpu pacuetax MCNOAB30BaHbI CIEAYIOLIUE Tpa-
HUYHBIe yciioBus. Ha BxomHoI 1 BHellIHet 103BYKO-
BBIX TpaHMIIAX pacuyeTHOU 06gacTh (PUKCUPOBATIUCH
MOJIHBIE TTapaMeTPhI TIOTOKA U YTOJI HaKJIOHA BEKTOpa
ckopoctu. Ha BbIXOOHOI rpaHulle BHEIIHEH 4yacTu
pacyeTHOI 00J1acTH 3aJaBajloCh CTaTUYECKOE daBJie-
HUe€, ero 3HaueHUe OIpeesisijio CKOPOCTh BHEIIITHETO
teueHusi. K BeIxogHOMY cedyeHUIo muddysopa B3
ObLT IPUCTBIKOBAH LIMJIWHAPUYECKUI KaHall, Ha BbI-
X0lle M3 KOTOPOTO TaKKe 3adaBajoCh IMOCTOSTHHOE
CTaTUYECKOE AaBJIEHUE, KOTOPOE OMPEAESIIO PACXO]T
yepe3 B3. Hammane mmimmHapaeckoro ygactka 1mos3-
BOJISIET CBECTU K MMHUMYMY BIIMSTHUE YITPOIIEHHBIX
TPAaHUYHBIX YCIOBUI U 1a€T BO3MOXHOCTD MOJYUYUTh
peamcTuyeckoe pacrnpeaeieHue mapaMeTpoB Teue-
HUS B BBIXOOHOM ceueHuu auddys3opa. Ha Bcex
TBEPABIX MMOBEPXHOCTSIX CTABUIIOCHh KOMOMHUPOBAH-
HOE€ TpaHWYHOE yCJIOBHE “(YHKIUSI CTEHKM /TIpU-
JunaHue. BbIOOp TuIa rpaHUYHOTO YCJIOBUS OMpe-
JIeJIsiicsl 3HaYeHreM Y+ B LIEHTpe COCEMHEM CO CTeH-
Kol siueiiku. B KauecTBe mMuTaTOpa IaHepa ObLIa
KCIOJIb30BaHa TIJIOocKasl IUJIaCTUHA, Ha KOTOPOi
cMoHTHpoBaH B3. B ee Havase 3amaH morpaHUIHBIN
cioi TomuHoi 8, &/ W= 0.1544, mpoduib KOTopo-
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ro 0JIM30K K MpoduJio TypOYJIEHTHOTO IMTOTPaHUYHO-
TO CJIOS.

11 MogenMpoBaHUSI CUHTETUYECKUX CTPYyi HcC-
MOJIb30BAJICSI YIPOIIEHHBIN Tonxox [15, 17]: Ha ya-
CTH TPAHULBI, COOTBETCTBYIOIEH LIETAM IS BBIXOAA
CUHTETUYECKUX CTpYyH, 3adaBajacb KOMITOHEHTa
CKOPOCTH TIOJl OTIPEIEIEHHBIM YIJIOM K cTeHKe. Ee
aMIUIUTYyJa MEHsUIach 0 TapMOHUYECKOMY 3aKOHY.
Taxkoii moaxo/ mo3BoJisieT M30eXKaTh 3aTPaTHOTO pac-
yeTa TEYEHUSI B Te€HEpaTope CUHTETUYECKUX CTPYit.
PacdeTbl BBITIOTHEHBI U151 PA3JIMYHBIX 3HAYEHUI am-
TUIMTYAbl U 4YaCTOThl CUHTETUYECKUX CTPYH U He-
CKOJIBKMX BAPUAHTOB PACIIONOXKEHUS 1IeJei 1151 Bbl-
XOJda CUHTETUYECKUX CTPYHA.

Bce pacyeTsl mpoBoaMINMCh HA CTPYKTYPUPOBaH-
HOI MHOTOOJIOUHOI pacuyeTHOM ceTKe, KOTopasl CO-
nepxana okosio 7 X 106 sueex. Ha puc. 2 nokasaH ee
¢dparMeHr.

PE3VJIBTATBI PACHETOB TEYHEHUA
B NCXOAHOM B3 .
BE3 CMUHTETHUYECKHUX CTPYU

JI711 OIIEHKM TOYHOCTH METOJIa M aHAJIN3a OCOOCH-
HOCTEIi Te4eHUsI BBIIIOJIHEHBI pacyeThl TeueHus B B3
0e3 CUHTETUYECKUX CTPYi1 IIPU pa3HOM CTaTUYECKOM
JIaBJIECHWM Ha BbIxone 13 B3. DTo mo3Boamio momy-
YUTh JPOCCEIbHYIO XapakTepucTuky B3, Koropas
MpeacTaBeHa Ha puc. 3 M TTIOKa3bIBaeT 3aBUCUMOCTh
K03 (PUIIMEeHTa BOCCTAHOBJICHUS IIOJIHOTO IaBJIie-
HUS G Ha Bbixonae u3 B3 oT creneHm apoccenupona-
Hus B3, KoTopoe mocTturaercss U3MEHEeHHEM JaBJie-
HUSI B BEIXOMHOM ceueHuu B3. I1ocienHee mpuBOIUT
K U3MEHEHUIO Koa(dduiimeHTa pacxoaa ¢ Ha BEIXOAE

Ne2 2020
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Puc. 2. ®parMeHT pacyeTHOM 00J1aCTH U pACYETHOM CETKH.

n3 B3. OH omnpeneinsieTcss KaK OTHOIIIEHHWE pacxoia
BO3IyXa Ha BeIxoJe u3 B3 K pacxony B pexxume, Koraa
JIMHUU TOKa MPUXOIIT Ha MEPeIHIOI KPOMKY 00e-
yaiiky, Ko3(p@UIMEHT BOCCTAHOBIIEHUS ITOJTHOTO
JIaBJIEHUS G — OTHOILIEHME OCPETHEHHOTO ITO TIJTO0IIa~
JIM TIOJIHOTO IaBJIeHUs Ha BbIxode 13 B3 K momHoMy
NaBJeHW1o Haberaroliero noroka. Ha puc. 3 takxke
NpUBEIEHBI TaHHBIE 3KCIIEpUMeHTa M3 padoThl [1]
s aToro B3. HaGmomaeTcst xopoliliee coBOagcHe
paCYETHBIX PE3Y/IbTATOB M BKCIIepuMeHTa. JJanbHeii-
II1e pe3yJbTaThl OYAYT MPeaCTaBIeHbI IJIs TOUKU Ha
JIpocceNbHOM xapakTepuctuke npu @ = 0.55. Insa
ommzkoro 3HaueHus ¢ = (0.556 umeroTcs sKcrepu-
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Puc. 3. /IpoccenbHas XxapakTepucThKa Ha Bbixojie u3 B3 B
ceueHuun X/W=2.064: 1 — skcriepumeHT [ 1], 2 — pacuer.

TEIMIIO®U3NKA BBICOKUX TEMITIEPATYP

BEHIAEPCKWM u 1p.

MEHTaJIbHbIE JaHHbIE, MO-BUAMMOMY, 3Ta TOUKA SIB-
JseTcs paboyueii.

CpaBHeHMEe paclpefe/ieHuii BOOJb HIDKHEN u
BepxHell CTeHOK KaHalla B3 ocpeqHeHHOrO cTatuye-
CKOTO aBieHus1 P,,, OTHECEHHOIO K AaBJeHUIO Habe-
ramolero notoka Py, ¢ JaHHBIMU 3KcIepuMeHTa [1]
MIpuBeIeHO Ha puc. 4. MakcuMaibHas IIOrPEUIHOCTh
He TIpeBbIaeT 7% W HaOIomaeTcsT OKOJIO BepxHeit
cTeHKU B cepenuHe muddysopa. Ipu X/ W > 1.25
pacyeTHbIE U 3KCIIEpUMEHTAJIbHbIE pacIIpeaeICHUS
JaBJICHUS OJIU3KU.

Ha puc. 5 mokazaHa 3BOIOLIMSI TEUYSHUST B pas-
JIMYHBIX TIoTiepeuHbix ceueHussx B3. Ha Bxone B B3
Te4eHNe HEPAaBHOMEPHO 10 BBICOTE BCJIEACTBUE TOJ-
CTOTO TypOYJIEHTHOTO OrPaHUYHOTIO cjios (puc. 5a).
ITo mepe ymaneHus ot Bxoga B B3 ero tommuHa emie
OoJjiee Bo3pacTaeT, IIpuIeM OOJIbIIE BCETO B LEHTPE
nuddy30opa, 9TO SIBISETCS CIEICTBUEM BO3ISHCTBUS
MIPOAOJIBHBIX BUXPEi, O KOTOPHIX TOBOPMJIOCH BBIIIIE
(puc. 50). B oKpecTHOCTU BBIXOJHOTO CEUYECHUS BUX-
PM JOCTUTAIOT OOJIBIIIOTO pa3Mepa 1 BEI3BIBAIOT ITepe-
TeKaHMe ITOTPaHNYHOIO CJIOSI B HIDKHIOIO YacTh cede-
HUSI, B pe3yjbTaTe TaM 00pa3yeTcsi OOJbIIasi HU3KO-
CKOpPOCTHasi 30HAa C HHU3KMM YPOBHEM IIOJIHOTO
nmaBieHus (puc. 5B). DTO MOXHO BUIETh Ha pUC. ST,
rae NMoKa3zaHo MoJjie OCpeAHEeHHOI MpoaoJbHOM CKO-
POCTU M NPOEKLUUU JUHUI TOKa IJIsI OCPEIHEHHOM
CKOpPOCTH B 3TOM ke ceueHuu B3. PacnpeneneHue
OCPEOHEHHOM MPOAOJbHOI CKOPOCTU B ceueHun B3
Z= (0 npuseneHo Ha puc. 51. Ha HeM BUgHO, KaK yBe-
JIMYMBAETCs Mo JnHe guddy3opa TOMIIMHA HU3KO-
CKOPOCTHOI1 30HBI B €T0 HIDKHEM YacTH.

Ha ocHoBe aHanM3a pe3yIbTaToOB, TOKAa3aHHBIX Ha
puc. 5, MOXHO CAEIaTh BBIBOJ, UTO TSI YMEHbBIIICHUS
HEepaBHOMEPHOCTU Ha BbIxome u3 B3 HeobGxommmo
peann3oBaTh TaKle U3BMESHEHUS B CTPYKTYpe TeUSHUS

0.95

0.90

0.80 ~

0.75
—0.25 0.5

xX/w

Puc. 4. PacrtipeaeneHne cTaTH4ecKOro AaBjeHUs 110 -
He B3 Ha HuxHeit (1, 2) u BepxHeii (3, 4) ctenkax: 1, 3 —
akcrepuMeHT rpu @ = 0.556; 2, 4 — pacuer ripu @ = 0.55.
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Puc. 5. INonsg MrHoBeHHbIX (a)—(B) U OCpeAHEHHOTO (T)
pacnpenesieHui MpoAoJIbHON CKOPOCTHU U IMPOEKUIMHA JIMHUMN
TOKa B monepevyHbix ceueHusx B3 nmpu X/W = 0 (a), 1 (),
2.37 (B), (r); (1) — moJie NMpOAOIBLHON OCPEIHEHHOM CKO-
poctu B ceuenuu Z = 0.

BHYTpU nuddy3opa B3, KoTopble yMEHbIIIAT UHTEH-
CUBHOCTb TPOMOJBHBIX BUXpeW, JTUOO YCTPAHST
nx coBceM. B pabore [5] addhekTUBHBIM cIOCOOOM
YAY4IIeHUsT TeYEHUs] U CHUXEHUSI HEpaBHOMEPHO-
CTM OKa3ajJoCh COYeTaHuWe OTcoca IMOTPaHUYHOTO
CJIOSI C HIDKHEH CTeHKH! Y BXOJa B cepHaHTUHHBIN B3
C TMOCJICAYIONIMM BEIAYBOM B nuddy3op B3 uepes He-
OoJiblIMe OTBepCTUsl. B 3aBUCUMOCTH OT pacrnojioxe-
HUS 9TUX OTBEPCTUI MeHsI1ach 3(p(heKTUBHOCTH BbI-
nyBa. B HacTosiieit padoTe a1s yrmpaBJIeHUs TeYeHM -
€M WCIOJb30BAJIUCh CUHTETUYECKUE CcTpyu. I[lpu
BBIOOpE MOJI0XKEHUS 1 (POPMBI 11IeJIei IJIST UX BbIXOJa
YUYUTBIBAJIMCH pe3yabTaThl [5]. PexxuMHbIe mapaMeT-
pbl CUHTETUUYECKHUX CTPYi BBIOMpATMCh TakK, YTOObI
OHU BO3/EMCTBOBAJIX HA T€UeHUE MOAOOHO TpaaulIv-
OHHBIM TUIACTUHYATBIM TeHepaTopaM BUXPEN.

PE3VJIbTATBI PACYHETOB TEHEHUA B B3
C CMHTETUYECKHUMU CTPYAMU

Beln paccMOTpeHBI TaKMe BapUaHThI PacIioio-
KEHUsI Ieseid IS BhIXOJa CUHTETUYECKUX CTpYH,
YTOOBl OHU MOIM(PUIIMPOBAIN TOTPAHUYHBIN CJIOM
Ha HMXHell cTreHke auddysopa B3 u cozmaBaiu
MHOTO MEeJIKUX Buxpeit (puc. 6a), 1160 ¢hopMUpoBa-
JIX BUXPU C 3aKPYTKOM, MPOTUBOIIOJOXHOM TOM, KO-
TOPYIO MPOU3BOASAT MTPOAOIbHEIE BUXpH (puc. 66, 6T),
WA K€ HECKOJBKO “OTONBUTANIM’ TIOTpaHWIHBIN
CJIO¥ OT HVKHEH cTeHKU (puc. 6B8). [InnHa u mrpruHa
1IeJei I BbIXOJa CUHTETUYECKUX CTPY B OTHOCHU -
TeJbHbIX enuHuax: L/ W= 0.31 u H/W=0.0094 co-
OTBETCTBEHHO. PeXVMHBbIE MapaMeTpbl CUHTETUYC-
CKUX CTpyii, TIpUBEIeHHbIC B TaOJUIlE, 3a7aBajlCh
KaK TpaHMYHOE YCJIOBHME Ha CTEHKE B MeCTaX pacrio-
JIOXKEeHUS 1esei mist ux Boixona. Kpome yactotsl f 1
aMIUIMTYIbl ¢ 3aaBajics yroya o ux Beixoga. CuHTe-
TUYECKNE CTPYM TaKXKe XapaKTepU3YIOTCs Koappu-
HUEeHTOM uMItysbca C, KOTOPbIii ONpenessieTcst Kak
OTHOIIIEHWE WX CYMMapHOIo UMIyJbca 3a MEPUOJ K
UMITYJIbCY TToTOKa Ha Bxone B B3. Uem MeHblle 3Ta
BeJIMYMHA, TeM 3 dekTruBHee cTpyu. [1pu BapuaHTax
pacrioyioxenus ctpyii A, B u D (puc. 6) oHu 6butH
HaIpaBJieHbI TIOJ1 YTJIOM K cTeHKaM Iuddy3opa cum-
METPUUYHO OTHOCUTEIBHO BEPTUKATBLHON MIOCKOCTHU
cumMetpuu nuddysopa. I1pu BapuanTte C cTpyn Ha-
MpaBjeHbl BOOJb OCHOBHOro tedeHus (ocu X). B
OOJILIIIMHCTBE CITy4aeB yacToTa CTPYM ObIJIa HEBBICO-
koit f=100—250 I'1, Torna oHu Bo3neiiCTBOBAIM HA
OCHOBHOE Te4deHHe MOAOOHO reHepaTopaM BUXpPEHt.
st BapraHTOB pacriojioxkeHust meneit A u C takke
npoBomumch pacuethl tpu f= 1000 I'u. C yBenuue-
HHEM YacTOThl CUHTETUYECKUE CTPYyU MPUOOpeTatoT
CBOICTBa OOBIYHBIX CTpYi. B maHHOM ciiydae mipen-
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Puc. 6. PacnioyioxxeHue 1elieil ajisd BbIXOAa CUHTETHYE-
ckux cTpyit: (a) — NeNe 1—6 (BapuaHTt A); (6) — NeNe 7—
12 (B); (B) — NeNe 13, 14 (C); (r) — NeNe 15—-20 (D).

MoJarajiochb, 4YTOo CTpyd N00aBAT OCHOBHOMY Teue-
HUIO UMIYJILC BOOJbh OCU X, TEM CaMbIM YMEHBIIIAT
HepaBHOMEPHOCTh TE€YECHMUS MO BBICOTE muddy3opa
B3 1 yacTUYHO OCIa0ST WK 3aMeISAT (POPMUPOBAHNE
IpPONONbHBIX Buxpeil. CiaeayeT OTMETUTh, YTO OTKAa3
OT 3aTpPaTHOIO pacyeTa TeYeHUS B ITOJOCTU I'eHepa-
TOopa CUHTETUYECKUX CTPYI 1 3aMeHa €ro yrnoMsiHy-
TBHIM BBIIIIE TPAHUYHBIM YCIIOBHEM ITO3BOJISIOT 00ecC-
MeYUTh IIPpUEeMJIeMYI0 TOYHOCTH pacuetoB [17] mpu
CYILIECTBEHHOM COKpaIlleHUH OOIIEero 4ucia s9eek
pacyEeTHOM CETKU.

st mpakKTUYecKUX TMPUIOKEHUI BaxKHO 3HAThb
YPOBEHb OKPYKHOII HEPaBHOMEPHOCTU IIOJIHOIO
nasineHust AG, Ha Bbixone u3 B3, mockonbKy ero mo-
BBIIIIEHHBII YPOBEHb MOXET HapYIIUTh paboTy KOM-
npeccopa. B Hacrosiux pacuerax BequuuHa AG,
omnpenesiach ClenylolmnuM oOpa3oM. PeanbHOMY
MOJIIO MOJTHOTO JABJIEHUS CTABUTCS B COOTBETCTBUE
HEKOTOpOE MoJie, 3aBUCSIIEe TOJBKO OT TOJISIPHOTO
yria [19]. I 3Toro BEIMMCIISIETCS CpeaHee 3Hade-
HUe Ko3(hGUILIMEHTA TTOJTHOTO MTaBJIeHUSI BIOJb pa3-
JIMYHBIX PATNYCOB

G, = .1[6270'7‘.
0

Z[EU'[CC BBIOCIACTCA CEKTOP MOHM2KEHHOI'O OJaBJIC-
HU, B IpeacjiaX KOTOpPOro O, MEHbIIE, YEM CPEIHEES
3HA4YC€HMUCE I10 BCEMY CCYCHUIO KaHalla ch, 1 HaXoouT-
Cd CpeOHEE 3HAYCHUE Oy B 3TOM CEKTOpPEC

~ 1 (7]
Gy =—
®o &,

OkpyXHasi HepaBHOMEPHOCTb XapaKTepHU3yeTcsl
OTHOCUTEIBHOMN MPOTSKEHHOCTBIO CEeKTOpa ITOHU-
JKEHHOTO NaBJICHUS W CPETHUM YMEHBIIICHEeM JTaB-
JIEHUS B CEKTOpe @Oy = ¢, — @, (¢ 1 @, — yIJIBI, OTpa-
HUYMBAIOIIME€ CEKTOp TMOHUXXEHHOIo JaBJeHUs),
Acy=1—0y/0.

KonnyecTBeHHOE BIUSIHUE CUHTETUYECKUX CTPYit
Ha ypoBe€Hb OKPYXHOI HEpPaBHOMEPHOCTHU MOJTHOTO
MABJICHUST MOXKHO OTIPEACIITUTD C TIOMOIIIBIO TTapaMeT-
pa 86, = (AG, — A,0,)/A,0, x 100. 3nech AG, — ypo-
BeHb OKPYXXHON HEpPaBHOMEPHOCTU C CHUHTETUYE-
CKUMWU CTPYSIMU, A,G, — YPOBEHb OKPY>XHOI HepaB-
HOMepHOCTH B 6a3oBoM B3 6e3 cTpyii. 3HaueHUs1 00,
TMPUBEICHBI B TAOJIUIIE.

I[ToMuMo AG, CUHTETUYECKUE CTPYU BJIUSIIOT U Ha
npyrue xapakrepuctuku B3. Ha puc. 7 mokasaHBbI
YPOBEHb OKPYKHOII HepaBHOMEpPHOCTH (pHc. 7a),
K03GhGUIIMEHT BOCCTAHOBJICHHUS TTOJTHOTO AaBJIEHUS
(puc. 76), a TakKe YPOBHM ITyJIbCalluii IPOAOIbHOI

c,.do.
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l'[apaMeTpLI CUHTCTUYECCKUNX Cprﬁ 1 UX BIIMAHUE HAa TCUCHUC ITPU BbIXOIC U3 B3

Pacnionoxenue o
Ne BapuanTa crpyii o, q, M/c £, T G, % 56, % U, s % P, %
0 bes crpyit 3.71 1.03
1 50 100 0.049 2.42 3.73 1.04
2 200 0.049 3.37 3.79 1.59
3 100 0.197 2.76 3.77 1.11
A 30 100
4 150 0.443 —3.63 3.95 1.21
5 150 1000 0.443 5 3.96 1.25
6 200 100 0.787 —48 5.11 1.87
7 50 0.073 1.6 3.67 1.01
100
8 100 0.292 —5.7 3.97 1.18
9 200 0.292 0.03 3.85 2.04
B 45
10 150 100 0.657 —13.3 4.35 1.4
11 200 1.168 —25.8 4.77 1.63
12 150 250 0.657 —12.8 4.31 5.37
13 50 0.072 0.25 3.74 1.15
C 26.5 1000
14 100 0.287 3.6 3.84 1.43
15 50 100 0.049 2.93 3.72 1.04
16 0.197 0.84 3.83 1.1
100
17 200 0.197 4.94 4.0 2.8
D 45
18 150 100 0.443 —6.95 4.07 1.3
19 200 0.8 —23.16 4.63 1.65
20 150 250 0.443 —7.03 4.2 2.77

ckopoctu (puc. 7B) M CTAaTUYECKOIrO IaBJICHMS
(puc. 7t) Ha BbIxoAe u3 B3 mis pa3HbIX BapuaHTOB
CUHTeTUYecKux cTpyii. Hanbonee sapdpekTBHO CHU-
XKaOT YPOBEHb OKPYKHOII HepaBHOMEPHOCTH MOJI-
HOIro NaBJIEHMSI Ha Bbixoje u3 B3 cuHTeTHYecKue
crpyu NeNe 6, 11 1 19 ¢ MaKCHMMaIbHOM aMIUTUTYION
(puc. 7a). OHU NOPOXKAAIOT BUXPU OOJBIION MHTEH-
CUBHOCTM M HauOOJBIIUM “manbHONEHICTBUEM” .
Ilpu BapmaHTe A BO3IEiiCTBHME BUXpeil Ha TeueHME
MaKCHUMaJIbHO, TIpu BapuaHTax B u D, xorma menu
pa3zHeceHHI o a1ruHe B3, oHO 3HaumMTeIbHO ciiabee.
DTO 00YCIOBJIICHO TEM, UTO UHTEHCUBHOCTh BUXPEN Y
KaXKI0M Mmaphl CTpyii CHUKaeTCs1 ObIcTpee, YeM y MaT-
punbl cTpyii B BapuanTe A. Clienymolas mapa BO3-
JIEAICTBYET Ha TeUeHME HE3aBUCUMO OT MpPeIbIIyIei,
9TO ocjabJisieT CyMMapHbI 3¢h@deKT BO3nelCTBUS
cTpyii Ha TeyeHUe. CUHTETUYECKIE CTPYU BIIMSIIOT HA
Te4eHUE IT0IO00HO IUTACTMHYATBHIM 3aBUXPUTEIISIM U
BBICTYTIAIOT B POJIM TypOYyJIM3aTOPOB. DTO TIPEeaCTaB-
JIEHO Ha puc. 7B, IJie IMPUBEACHBI ITyJbCAllMd IIPO-
JIOJILHOM CKOPOCTH Ha BBIXoae u3 B3: yem Ooiblire
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WHTEHCUBHOCTb BUXPEU U CHUXEHUE AG,, TeEM 00JIb-
IITe POCT ITyJIbcalnii cKkopocTu. Ha ypoBeHb myiibca-
LM CTaTMYECKOro AAaBJIEHUS 4YacTOTa CHUHTETUYE-
CKMX CTpyii OoKa3bIBaeT 3aMETHO OoJiblllee BIUSIHUE,
YeM aMIUIUTyaa. DTO BUTHO B TaGJIMIIe M Ha pucC. 7T.
YBenudeHne aMIUITYIBI B 1Ba pa3a IMPUBOIUT K pO-
CTy myJibcanuii mpuMepHo Ha 20%, a yBeTM4eHUE Ya-
ctoThl co 100 go 200 I'ir moBEIIIaeT ypOBEHD MYJIbCa-
IIMii B ABa pasa u Gosee.

CuHTeTUYeCKNE CTPyU C HambOojblleir 3¢ dek-
TUBHOCTBIO MMEIOT OJUHAKOBbIE PEXUMHBbIE Tapa-
MeTphl: aMIuutyay ¢ = 200 m/c u yactoty f= 100 I'11,
HO OTJIMYAIOTCSI PACITOJIOXKEHUEM IIeJIei 11 BbIXOJa
cTpyii. Ha mpakTrke 1OBOJBHO CJIOXKHO CO3/1aTh CUH-
TeTu4ecKue cTpyu ¢ amrumutyaoi 200 M/c, mosTomy
ObLTM BBIOpaHBI O0JIee peaTuCcTUUYHbIe BApuaHThI No 4
u Ne 10 ¢ amruiutynoit ¢ = 150 M/c u yactoToit f =
= 100 I'm. ¥ Hux MeHbIIe TTOObeM ITyJIbcallnii Imapa-
METPOB TEYEHUST U CHIDKEHUE G Ha Bbixoze 13 B3, Ho
U HECKOJIbKO MEHbIIIe YMEHbIIICHUE OKPYXXHOI He-
PaBHOMEPHOCTM MOJHOTO AaBjieHusl. MOXHO elle

Ne2 2020



294

BEHIAEPCKWM u 1p.

Ac,, % @)

afil ALY

2
0 2 4 6 8 10 12 14 16 18 20
No

o
0.953,

\.

0.951

0.949

0.947

2 4 6 8 10 12 14 16 18 20
Ne

0.945
0

Ups/ Up, % ®)
5.2

Wl ]

] N

3.6
0 2 4 6 8 10 12 14 16 18 20

No
ool %
5
3 |
i
| VAN

0 2 4 6 8 10 12 14 16 18 20
Ne

Puc. 7. BnusiHue peXXMMHBIX ITapaMeTpOB CUHTETUYECKMX
CTpYit 1 TOJIOXKEHUS LIl ISl X BbIXOA Ha XapaKTepu-
CTUKM TeUYeHUsI U TypOyJICHTHOCTH Ha Bbixone u3 B3: (a) —
YPOBEHb OKPY>KHOI HEPAaBHOMEPHOCTH TOJIHOTO JIaBJICHMSI,
(6) — ko3 duIMEHT BOCCTAHOBJIEHHS TIOJTHOTO JaBJICHUS,
(B) — yPOBEHb MyJIbCalMiA MPOIOJIbHOI CKOPOCTH, (T) — ypo-
BEHb ITyJIbCALIMiA CTATUYECKOTO aBJICHUSI.

Puc. 8. BiustHre nmoyioxkeHUsI 1esieid U1t BBIXOIa CMHTEe-
TUYECKUX cTpyii ¢ ¢ = 150 M/c u f= 100 I'y Ha TeueHUe B
nuddysope B3: (a) — 6e3 crpyit, (6) — BapuaHT Ne 4,
(B) — Ne 10, (r) — Ne 18.

BBIASINTE BapuaHT Ne 18 ¢ TaKMMU K€ pesKMMHBIMU
rnmapaMeTpaMiu, KOTOPBIM TOXEe CHUXKAaeT HepaBHO-
MEPHOCTb MOJIHOIO AaBJIEHUS, HO MeHee 3(h(heKTUB-
HO, YeM JBa IpyTruX. BEICOKOYACTOTHBIE CUHTETUYEC-
CKHE€ CTPYUd, OPUEHTUPOBAHHBIE ITOMEPEK MOTOKA
(BapmaHThI 13, 14) mpakTUyeCKU He OKa3bIBaIOT BJIM-
SHUSI HU HAa OOWH U3 ITapaMeTpoOB, MOKa3aHHBIX Ha
puc. 7. Bo3M0OXHO, 3TO CBSI3aHO C HEAOCTATOYHOM
aMIUIUTYIOM CTPYil, HO JONOJHUTEIBHBIX PacuyeTOB
IUIST @TUX BapUaHTOB He mpoBommwiock. Ha puc. 7 u
nmanee (a Takke B TaOJIMIIE) ITyIbCalldM IIPOIOJILHOM
ckopoctu U, U cTaTuyeckoro aasjieHus P,,, OTHe-
CEeHbI COOTBETCTBEHHO K CKOpocTU U, U CKOPOCTHO-

MY Haropy pOU(f / 2 HaOeraroIero rmoToka.

Ha puc. 8 moka3zaHo BIMsHME pa3HbIX BApUAHTOB
CUHTETUYECKMX CTPYH Ha DBOJIIOIUIO TEYEHUS B
muddy3ope B3, mpuBemeHBI IOJISI OCpeOHEHHOMN
NPOAOJbHOM CKOPOCTH, a TAKXKE MPOCKLMMN JIMHUIA
TOKa B MIPOIOJIbHOM U HECKOJIBKUX IOIEPEUYHBIX CE-
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Puc. 9. BiusiHre CUHTETAUYECKUX CTPYIl Ha MOJISI OCPEAHEHHOI MPOIOIBLHOM CKOpocTH (a), (T), (k), koadduireHTa Boccta-
HOBJIEHUSI TIOJTHOTO aBiieHus (0), (1), (3) ¥ MyJIbcaluii craThdeckoro nasieHus (B), (e), (n): (a)—(B) — B3 6e3 cTpyit, (r)—(e) — ¢

CHUHTeTUYeCKUMU cTpysiMu Ne 4, (k)—(u) — Ne 10.

yeHusix B3 a1t uicxomHOro BaprMaHTa U BAPUAHTOB CO
ctpysamu NeNe 4, 10 u 18. Ha puc. 8a BUaHO, Kak 110
Mepe yoaieHus oT Bxoga B3 B nuddy3ope HaumHAIOT
¢dbopMUPOBATHCSI MPOAOILHBIE BUXPH, KOTOPBIE IIPU-
BOIAT K IEPEeTEKAaHUIO MOIPAHUYHOTO CJIOSI CO CTe-
HOK nuddy30pa B HUXKHIOIO YacTh KaHajla U BBITSITH-
BaHUIO 3TOM HU3KOCKOPOCTHOII 30HBI BBEpPX B
OKPECTHOCTHU TMPOIOJIbHON TIOCKOCTA CUMMETPUM.
I1pu 3ToM B ceueHnn BbIxoaa n3 B3 u HitKe 110 moTo-
Ky JUHUU TOKa HalpaBJIEHbI OT CTEHOK K LIEHTPY Ka-
Haja. CuHTeTHYeckue cTpyu Ne 4 (BapuaHT pacrio-
JIOXeHUsI A) “pa3dpachIBaloT” MMOTOK OKOJIO HUXKHEMN
CTEHKU B CTOpOHBI. OmHaKO UX AeiicTBUE OcllabeBaeT
B OKPECTHOCTU BBIXOJHOTO CEUYECHUS: B LIEHTPE €To
HIDKHEM 4JacTu HaOmomaeTcsi HeOoJblias HEOMTHO-
POIHOCTH B pacIipelelIeHUU TTPOAOILHOM CKOPOCTH,
TeM He MeHe€e OHMU ITOJIHOCThIO YCTPAHSIIOT MPOJOJIb-
Hble Buxpu (puc. 80). BapuaHT CUHTETUYECKUX
crpyit Ne 10 (pacnionoxenue B) B cepeaune nuddy-
30pa HanboJee CUJILHOE BIMSIHUE OKa3bIBaeT Ha Te-
YeHM1Ee OKOJIO HUKHEM cTeHKH (puc. 8B). B BBIxomHOM
CEUYEHUHU 3TU CTPYU MIPAKTUUECKHU YAATISIOT IIPOI0IIb-
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HbIe BUXPU, OTHAKO IMPUBOAST K GOPMUPOBAHUIO HE-
OOJIBIIINX BUXPEMN OKOJIO BEpPHEI CTEHKU B OKPECTHO-
CTU BeIxogHoOro ceueHust B3. BinusiHue Ha TeueHUe B
muddy3ope B3 cuaTeTmueckux crpyit Ne 18 (Bapu-
aHT pacnonoxeHus D) mokasaHo Ha puc. 8t. B cepe-
nuHe muddy3opa OKOJIO HMXKHEN CTEHKM MO Ieii-
CTBUEM CHMHTETUUYECKUX CTPYH 0Opas3yroTcsl TOBOJIBHO
MOIITHBIE BUXPH, KOTOPBIE CHIILHO MEHSIIOT KapTUHY
TEYEeHHUSI OKOJIO HMXXKHEM cTeHKU muddysopa. OHuU
3aKpY4YCHBI B IIPOTUBOMNOJIOXHYIO CTOPOHY IO OTHO-
IIEHWIO K MPOJOJbHBIM BUXPSIM M YCTPAHSIIOT UX B
OKPECTHOCTHU BBIXOTHOI'O CCYCHMSI.

JeTtanbHast uH(MOpPMALIMSI O BO3OCHCTBUU CHUHTE-
TUYECKUX CTPYI Ha TeueHUe Ha Beixoae u3 B3 nmpuse-
JleHa Ha puc. 9, moKa3aHbl MOJISI OCPEIHEHHOI CKO-
POCTH € MPOEKIMSIMU JUHUN TOoKa, Ko3hbhUulmeHTa
BOCCTAHOBJICHUSI TIOJIHOTO JABJICHUSI U IMyJbCallUii
craTuyeckoro aasiaeHus. [lyabcaliuu cTaTu4ecKoro
JIaBJIeHUSI OTHECEHBI K CKOPOCTHOMY HaIlopy Habera-
IOIIEr0 TTOTOKa M BbIpakeHbl B mpolieHTax. [Ipume-
HeHUe CUHTeTH4YecKuX cTpyit Ne 4 u Ne 10 mo3BoJisieT
YMEHBIIIUTb BHICOTY HU3KOCKOPOCTHOM 30HBI B HUX-
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HEeW 4YacTU BBIXOJHOIO CeYeHUs] U YCTPaHUTb IPO-
JIoJIbHBIEe MapHble BUxpu (puc. 9a, 9r, 9x). Bcaen-
CTBHE 3TOTO0 YMEHbIIIAIOTCS pa3Mepbl 00JacTu C
OOJIBIIMMY TIOTEPSIMU TOJTHOTO JaBJIEHUS, YTO BUJI-
HO Mpu cpaBHeHUM puc. 96, 91 u 93. OgHAKO OHU
YCUJIMBAIOT TI0 CPAaBHEHUIO C BapuaHTOM 0e3 CTpyit
HeOoIbllIMe BUXPU OKOJIO BepxHeii cteHKu B3. YBe-
JINYeHWe MHTEHCUBHOCTU 3TUX BUXPEN MPUBOIUT K
TOMY, UYTO B UX OKPECTHOCTH HAOIIOIAI0TCSI TUKOBbIE
3HAYEHUS MyJbCAllMi CTAaTUYECKOTO NaBJeHUSs, KO-
TOPBIX He ObLIO B 6a30BoM B3. D10 mpeacraBieHo Ha
puc. 9B, 9¢ 1 9u. YpoBeHb IyJbcalliii JaBJICHUS OISl
BapuaHTa CO CTPYSIMU BBIIIIE BO BCEM CEUEHUU TIO
cpaBHeHUIo ¢ B3 6e3 cuHTeTMYecKux cTpyii. OgHako
€ro 3HaYeHWs He TPeBbIAaT 2% OT CKOPOCTHOTO
Haropa Haberarollero MmoToka.

BiausitHue aMnIMTynbl CUHTETUUECKHUX CTPYH C ya-
crotoii f= 100 I'tt u moJtoxKeHuUs 1eJieii 1151 UX BBIXO-
JIa Ha XapaKTepUCTHUKU TeUueHUs Ha BeIxone n3 B3
npencrtasneHo Ha puc. 10. [1pu yBenrmdeHum aMIim-
TYIIbl CUHTETUUECKUX CTPY ypOBEHb AG, CHUXKAETCs
(puc. 10a), mpoucxoouT 310 HeauHeHO. CHIbHee
BCEro HEJIMHEWHOCTD MPOSBIISIETCS ISl BapuaHTa A
pacriojioxXeHus 1ieneid, njsg BapuaHTa B 3aBucu-
MOCTb OJIM3Ka K JIMHeHoi. B mocineaHeM ciyyae mo-
Tepyu MOJHOTO JIaBJIEHWSI BO3PACTAIOT MEHbIIE, YeM
IUIST APYTUX BApUAHTOB PACIIOJIOXEHUS CUHTETUYE-
ckux crpyii (puc. 100). Boiee Bcero HenmmHeitHOe
BJIMSIHUME aMILUIMTYIbl CUHTETUYECKUX CTPYyH TMpu
KOHpuUrypauuu A 3aMeTHO JIJIsI MyJIbCcalluii MPOI0Jb-
Hoit ckopoctu (puc. 10B). o ¢ = 150 M/c ypoBeHBb
MyJbcallvii Bo3pacTaeT HE3HAUYUTEJIbHO, a MpU g =
=200 M/c yBenmuuuBaercst Ha 30% Mo CpaBHEHUIO C
6a3oBbeIM B3 6e3 crpyii. MHTEepecHO, UTO IJIs Bapu-
aHTa B 3aBUCUMOCTb YpOBHS IyJbCcallMii CKOPOCTHU
OT aMITIUTYIbl CTpYi Oiu3Ka K auHeiHoi. [Tomo6-
Hasl KapTMHa HaOIoaaeTcsl U 1S TyJibcallyii cTaTu-
yeckoro gasiieHus (puc. 10r). Y BapuaHTa pacroio-
KeHus 1esieit D 3aBUCUMOCTh YPOBHSI ITyJIbCallMii
CTaTUYECKOTO NaBJICHUS OT aMIUIUTYIbl BHOBb HOCUT
HEJIMHEUHBIN XapakTep.

H.Hﬂ IIPpakKTUKM Ba>XKHO 3HATh BJIMAHUE CUHTCTUYC-
CKUX CTPY# TP pa3HOM JIPOCCETUPOBAHUN HA KO3~
(I)I/ILLI/ICHT BOCCTAHOBJICHUA ITIOJIHOI'O OAaBJICHHUA, a
TakXXe Ha YPOBHM MYJbCAllMi CKOPOCTU, CTaTH4e-
cKoro JasieHust u AG, Ha Bbixoae u3 B3. Ha puc. 11
MIPUBEACHBI JaHHBIE IJIS BApUAHTOB 6e3 CTpyii, a TaK-
xe co crpysamu NeNe 4, 10 u 18, KkoTophle orpeaeie-
HBI Kak Hamboisiee >(pdekTnBHBIE. BCce BapmaHTHI
MIPUBOISIT K HEOOJIBIIIOMY YBEIUUYEHUIO TOTEPh MOJI-
HOTO aBJIEHUS, TPUYEM C YBEJIMYSHUEM IPOCCEIIH -

Puc. 10. BiusiHre aMIUIMTY/Ibl ¢ CHHTETUYECKUX CTPYIi € ya-
crotoii f= 100 'l 1 MonoXeHus 1enei 1Sl X BbIxoaa Ha
napaMeTphbl TeUeHMST U TypOyJIeHTHOCTH Ha BbIxoae u3 B3:
(a) — ypoBeHb OKpPYXXKHOI HEPaBHOMEPHOCTH TTOJTHOTO J1aB-
JieHus1, (0) — Ko GUILIMEHT BOCCTAHOBJICHUSI TTOJTHOI'O JaB-
JieHus1, (B) — YPOBEHb ITyJIbCallii MPOIOIbHONM CKOPOCTH,
(T) — ypOBEHb MyJIbCALIMI CTATUYECKOTo AaBieHus:; [ — 6e3
CTpYii, 2 — BapyaHT pacrnojioxkeHusi A, 3—B, 4 — D.
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Ne 2

pOBaHUS HETaTUBHOE BO3IEHCTBUE CUHTETHICCKUX
CTpyit ocmabeBaeT. BiussHe CHHTETHIECKUX CTPYH
Ha ypOBEHb MYJIbCALIU MTPOAOJTBbHON CKOPOCTU HaU -
boJsiee 3HAYUTEITHLHO TTPU MUHUMAIBHOM JIPOCCENTH-
poBanuu. Ilynpcanium yBenuuuBawTcsI 1m0 4.5—
4.7%. B oxpectHOCTU paboyueit Touku ¢ = 0.55 oHn

2020
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Puc. 11. BimsiHue npoccenmpoBaHUSI U CUHTETUYECKUX
CTpyit Ha KO3 GUIIMEHT BOCCTAHOBJIEHUS TTOJTHOTO daB-
sneHus (a), ypOBHU MyJibcalluii MPOIOJIBbHON CKOPOCTU U
CTaTUYECKOTO AaBjieHUs (0), OKPYKHYIO U paguaIbHYIO
HEpaBHOMEPHOCTH TTOJTHOTO JTaBJIeHUs Ha Bbixoze u3 B3
(B): 1 — Ge3 cTpyii, 2 — BapuaHT cTpyit Ne 4, 3— Ne 10, 4 —
Ne 18.

cHukalotcs 10 3.8—4.4%. [1pu nanbHeiileM yBeIu-
YeHUH IPOCCETUPOBAHUS IIPUPOCT ITyIbCALIU CKO-
POCTH TIOJI BO3JEINCTBUEM CUHTETUUECKUX CTPYil He-
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3HAYUTEIBHBIN (pacdeThl ITPOBOAUINCH TOJIBKO ISt
BapuaHTa Ne 10).

3aBUCUMOCTDb TYpPOYJIEHTHBIX ITyJIbCalldii CTaTH-
YeCcKOro JaBJIcHUsI Ha BhIxoae u3 6azoBoro B3 kaue-
CTBEHHO TaKasl e, KaK M IS ITyJIbCalluii CKOPOCTU
(puc. 116). ITokazaHHbIE Ha PUCYHKE BapUAHTBI CUH-
TETUYECKUX CTPYil yBEIMUYMBAIOT YPOBEHb ITyJIbCa-
Ouii ctaTndeckoro nasiieHns. Hambombimee yBean-
YyeHUe Mo cpaBHEHUIO ¢ 6a3oBbiM B3 Habmogaercs
MPU MaKCUMaJIbHOM . B 3TOM cilydyae ypoBEeHb ITyJib-
canuii coctasisieT okoso 1.4%.

Ha puc. 11B mokazaHa 3aBUCUMOCTb OT CTCICHU
JpOCCeUPOBAHUSI YPOBHEU OKPYKHOI AG, U panu-
aJlbHOM AG, HEpaBHOMEPHOCTE! TOJIHOTO NaBIeHUS
B BBIXOOHOM ceueHUU B3. DT mapameTphl MmagaioT
IIpU YBEIUMUYEHUM ApocceanupoBaHus. st mpakTuye-
CKMX TIPUJIOXEHUU KPUTUYEH YPOBEHb OKPYKHOM
HepaBHOMepHOCcTU AG,. Y 6a3zoBoro B3 npu mMuHu-
MaJIbHOM ApocceaupoBaHuu ¢ = (.7 OH cocTaBisieT
6.5%, a ipu @ = 0.51—-3.5%. [IprMeHeHe CUHTETH -
YeCKMX CTPYH ITO3BOJISIET CHU3UTh YPOBEHb OKPYX-
HOM HepaBHOMEPHOCTHU IMOJHOTO MaBJIE€HUS Ha BbIXO-
ne u3 B3. Haumyammii pe3ybTaT JOCTUTHYT IJIST Ba-
puanTta Ne 10, MmeHee Bcero ypoBeHb AG, CHUXXAIOT
ctpyu Ne 4 (puc. 116). UHTepecHO, YTO aOCOJIIOTHAS
BEJIMYMHA CHIDKEHMSI OKPYXKHOM HEpaBHOMEPHOCTU
MOJIHOTO JABJICHUS C1a00 3aBUCUT OT CTENIEHU APOC-
cenupoBaHus. HyXHO OTMETUTh, YTO CUHTETHYE-
CKHE CTPYU HECKOIBKO YBEJIMUYMBAIOT YPOBEHb Paayi-
aJIbHOM HEpaBHOMEPHOCTH TTOJIHOTO AaBjieHUs. Tou-
HBIE KOJIMYECTBEHHBIE pPEe3yJIbTaThl IO BIMSHUIO
MOJIOXKEHUSI U PEKUMHBIX TTapaMeTpOB BCeX UCCIIe-
JIOBAaHHBIX CUHTETUYECKUX CTPYil Ha mapaMeTphl Te-
YeHUs U TypOyJIEHTHOCTU Ha BbIxode u3 B3 npusene-
HbI B Tabuie. Koadduiment nmnyibca C, y cuHTe-
yeckux crpyit Ne 10 cocrasisut okoio 0.66%, a 'y
ctpyii Ne 4 1 Ne 18 — 0.44%.

SAKITIOYEHHME

C nomoisio RANS/ILES-MeTona uccienoBaHbl
OCOOEHHOCTU T€UEHUSI B IPOCTPAHCTBEHHOM J03BY-
KoBoM B3, mHTerpuposaHHoM c miaHepoM JIA, u
olieHeHa 3((HEeKTUBHOCTb Ta30IMHAMMYECKOTO yIpaB-
JICHUS TeUEHUEM C TIOMOIIBIO CHHTETUYECKUX CTPYIA.

Hanuuue nianepa npuBOAUT K TOMY, UTO Ha BXO/I
B3 momamaeT TOJCTBII ITOTpaHUYHBII CI0M. AHAIN3
pE3yJIbTaTOB PACUYETOB ITOKA3aJl, YTO BCIAEICTBUE OCO-
O6eHHocTeil reomerpun B3 B HIKHel yactu nuddy-
30pa (POPMUPYIOTCS M YCUJIMBAIOTCS IO €ro IJIMHE
MapHbIe TMIPOTUBOHAIIPaBIeHHbIe BUXpU. OHU BBI3bI-
BalOT IepeTeKaHWe IMOTPAHMYHOTO CJIOSI CO CTEHOK
nruddy3opa K LIEeHTPY HUKHEN ero 4acTH, 9YTO TTPUBO-
JIUT K OOJIbIIION HepaBHOMEPHOCTU MapaMeTPOB Te-
YEHUSI MO BBICOTE CEYEHMS U ITOBBIILIEHHOMY YPOBHIO
TYpOYJIEeHTHBIX ITyJIbCcalliii B HUKHE YacTU BbIXOJI-
HOTO CEUEHUSI.

Ne2 2020



298 BEHIEPCKUWH u ap.

st 6a3oBoro B3 0e3 cMHTETUYECKUX CTPYii MO-
JIyYEHO YJIOBJIETBOPUTEIbHOE COBIAJEHNE PE3yJibTa-
ToB pacuetoB RANS/ILES-meTomoM ¢ maHHBIMU
SKCIEPHUMEHTA TT0 BEJIMYMHE G B BBIXOJHOM CEYEHUU
B3 u pacnipeneneHno CTaTUUECKOTO NaBIeHUS BAOIb
BepXHel M HIKHEel cTeHOK nuddy3opa.

UccnenoBana 3(@eKTUBHOCTh HCIOJb30BAHUS
CUHTETUUYECKUX CTPYH IJIS YIIpaBACHUS TEUEHUEM —
pa3pylLIeHUsT IPOAOJLHBIX BUXPEN U YIYUIIIEHUS Xa-
pakTepUCTUK TeueHus Ha Beixome B3. I1pu pacueTtax
MEHSUIMCh aMILIMTYIa, 4aCTOTa M YroJl HaKJIOHA BbI-
JIyBa CUHTETUYECKUX CTPYI, a TAKKeE MOJIOXKEHUE I1Ie-
JIeit I X BBIAYBa. PeXXUMHBIE TapaMeTpbl CUHTE-
TUYECKUX CTPYH U (popMa Ieneil 3a1aBajiuch TAKUM
o0Opa3oM, UYTOObBI OHUM BO3ICHCTBOBAJIM Ha TEeUEHUE
MOJ0OHO TIACTUHYATBHIM TeHepaTopaM BUXPEM U CO-
3IaBaJIM BUXPU, 3aKPYYEHHBIE B IIPOTUBOIOJIOXHOM
M0 OTHOIIEHWIO K MPOJOJIbHBIM BUXPSIM HallpaBlie-
Huu. OTHOCUTEJIbHBIM KO23(M@UIIMEHT UMITyJbca
CHHTETUYECKUX CTPYil C; B 3aBUCUMOCTHU OT aMILIU-
Tyasl ctpyii coctaBisi 0.05—1.17% ot ummnyjibca Ha
BxoJe B B3.

INokazaHo, 4TO TIpM OIIpeAeIeHHOM TToadope pe-
KUMHBIX ITapaMeTPOB CUHTETUYECKUX CTPYI U MOJIO-
KEeHUS IIeNIeit I X BBIAYyBa OHU pa3pyIIaioT map-
Hble BUXPU B HUXKHEH 4acTu BBIXOAHOTO ceueHust B3.
B pesynbrarte ymaeTcst yYMeHBIIUTD 00JIaCTh C HU3KUM
ypoBHeM O =~ (0.86—0.87 B HUXKHE YacTU ceYeHUsT U
CHU3UTHh HEPABHOMEPHOCTh B paclpene/ieHUH Tapa-
METpPOB TCUCHUSI.

BiausitHue cMHTETUYECKMX CTPYid Ha Ipyrue mapa-
METpPHI TeUEeHUSI B BBIXOMHOM ceuyeHuu B3 He cTomb
ogHo3HayHO. OHU TMOBBIIIAIOT YPOBEHb ITyJIbCAIUit
CTAaTUYECKOTO JaBJICHUS B pacCMaTPHUBAEMOM ceue-
Huu: st cTpyid Ne 12 — Gosee yeM B 5 pas, 1St Apy-
rux BapuaHToB — 1.5—2 pa3a. [Ipu 3TOM Ha ypoBeHb
MyJbCallMii CTATUYECKOTO NaBJIeHUS BIUSIET B OOJIb-
IIeii cTeneHU YacToTa, a He aMIUIUTY/Ia.

[NonyyeHBI 0000IIaIONINE 3aBUCUMOCTHU BIUSTHUS
aMTLUIMTYIbI U TIOJIOXKEHMUS 1EJICH 1151 BBIXOa CUHTEe-
TUYECKUX CTPYM HA XapaKTePUCTUKH TeUECHUS Ha BbI-
xonae u3 B3 nipu yacrore ctpyii 100 I'u. C yBennyeHuU-
€M aMIUTUTYIBI TIPU BCeX BapHaHTaX PacHONIOXEHUS
mejeili Koa¢p@dUILMEHT BOCCTAaHOBJICHUSI ITOJHOIO
JaBJeHUS 1 KOa(hGULMEHT pacxona He3HAUYUTEIbHO
yMeHbIlIaloTcsl. BeMnunHa yMeHbIIIeHUs] 3aBUCUT OT
MOJIOXKEHUS 1Ieneii. MeHee Bcero aMITIUTyAa BIUsIET
B BapuaHTe A mojoxeHus uieieit. [Ipu amruryne
CUHTeTHYeCKUX cTpyii 150 M/C ypoBEHb G CHU3UTCS
He 6osee yem Ha 0.03%, koadduLmreHT pacxona @ —
Ha 1.3%. I1pu 5TOM ypOBeHb TypOYIEHTHBIX ITyJIbCa-
LIMI CKOPOCTU MPaKTUUECKU HE YBEJIUUYUTCS, a ypO-
BEHb MYJIbCALIMI CTaTUUECKOIO JABJIEHUS BO3PacTET
He Gosiee yeM Ha 60%, HO maxe IPU 3TOM OH He TIpe-
BhIIAeT 1.6% OT CKOPOCTHOTO HaIlopa HAbeTarlIero
notoka. O6HapyKeHO, YTO 3aBUCUMOCTb OKPY>KHOM
AG, 1 paguanbHOIT AG, HEpaBHOMEPHOCTEIl OT aM-

TEIMIIO®U3NKA BBICOKUX TEMITIEPATYP

TUTATYIBI CHHTETHYECKUX CTPYM HOCUT CIIOKHBIM Xa-
pakTep. YpoBeHb AG, HAUUHAET CHUXKATHCS TOJBKO
Mpu amIutyae crpyii 6osee 100 m/c, mpu g = 150 m/c
yMeHbInaercs Ha 12%. 3aBucumMocTb AG, OT aMIUIH-
TYyIOBI CTPYl HOCUT HEMOHOTOHHEBIN XapakTep. Mu-
HUMYM gocturaercs nmpu ¢ = 100 M/c, CHUXXKeHHe co-
craBisieT okoJio 40%. A ipu ¢ = 150 M/c yBeTm4eHMe
110 CpaBHEHUIO ¢ BApMaHTOM 6e3 cTpyii — okouo 11%.

Ha ocHoBe aHanm3a pe3yJbTaTOB pacuyeToOB C yde-
TOM MOpPaKTUYECKOU peanu3aluu peXUMHBIX Tapa-
METPOB OBIJTA OTIpeNeJIeHBI TPU CaMbIX 3¢(h(hEeKTUBHBIX
BapMaHTa cuHTeTH4YecKuX cTpyii: NeNe 4, 10 u 18.

PaboTta BbiNosiHEHA TIPYU YaCTUYHOM MOIIEPKKE
rpanta PODOU (Ne 18-08-00271).
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