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OBILIAA XAPAKTEPUCTUKA PABOTDI

AKTYaJIbHOCTb T€MbI

B nactosimiee Bpemsi CTPEIOBUIHBIM KPBIJIOM OCHAIIAETCS OOJIBIIIOE KOJIMYECTBO
JIeTaTeNIbHBIX anmnaparoB. JIaHHBIN THUI KPBUTLEB MOKHO BCTPETUTh HA TPAKIAHCKHX,
BOCHHBIX U OCCIMJIOTHBIX JIETAaTeNbHBIX amnmapaTax. becnunoTHas aBualys MMUPOKO Kc-
MOJIB3YETCs KaK JIJIsl HY>K]] BOGHHBIX (pa3Bellka, epexBaT BO3IYIIHBIX IEJIEH, CO3IaHue
panuonomex u T.J.), TaK U FPpa)xJIaHCKUX 3aa4 (HaOrofeHre 3a 00beKTaMu, JOCTABKa,
BO3AyIIHAs ororpadust u T.4.). UHTEHCHBHOE pa3BUTHE MaJIOW U CBepXMalioi Oecru-
JIOTHOW aBHALIMU MPUBOJUT K KOHKYPEHTHOU O0OpbOe 3a JNETHBIE XapaKTEPUCTUKH JIeTa-
TEJBHBIX anmnapaToB. Majbie nonéTHbie yncia PeliHomnbaca 60IbIIMHCTBA OECITMIOTHBIX
CaMOJIETOB SBJIIIOTCS OJHOM M3 OCOOEHHOCTEW MX 3KCIUTyaTtauuu. i yiaydiieHus xa-
PaKTEPUCTHK MO>KHO, HAIPUMEP, CHU3UTH COMPOTUBJICHUE C TIOMOIIBIO JIAMHHAPU3AITUH
TeUeHHsI HaJl 00TeKaeMbIMH TIOCKOCTAMU. [Ipr 00TeKkaHNM CTPENOBUIHBIX (MK CKOJb-
3AIIUX ) KPBUIbEB BO3HUKAIOT HEKOTOPhIE 0OCOOEHHOCTH, HAIIPUMED, M3-32 HECOBIAICHHS
HaMpaBJICHUN TPAJHEHTa JaBJICHUS U CKOPOCTH HAOETaromero moToka JMHUH TOKa Ha
KpBUIOM MPUHUMAIOT S-00pa3Hyro gopmy. B urtore ¢opmupyercs TpexmepHasi CTpyK-
Typa MOTPaHUYHOIO CJIOSl C TOYKOW meperrnda, KOTOPYIO CBS3bIBAIOT C HEYCTOWYHMBO-
CTBIO TIONEPEYHOro TeueHHs. TakuM o0pa3oM, CTPEIOBUAHOCTb SIBISIETCS HMPUUYUHON
MOSIBJICHUS IOTIOJIHUTEIBHOTO MEXaHU3Ma HEyCTOWYMBOCTU. DTO, B CBOIO OUEPEb, CIIO-
coOCTBYET (POPMHUPOBAHUIO MPOJIOIBHBIX CTPYKTYP, HAa KOTOPBIX PEATU3YIOTCSI COOTBET-
CTBYIOIIIME YCIIOBHS U1l 0Opa30BaHUs U Pa3BUTHs BTOPUUHBIX BO3MYyLIeHUH. Takol pu-
3WYECKUN MEXaHW3M MPHUBOAUT K JaMUHAPHO-TYpOYJIEHTHOMY IEpeXoay Ha KpbLIe CO
CTpEOBUIHOM nepenHel kpoMmkoil. C apyroil cTOpoHbI, B 001aCTH IepeJHEN KPOMKH,
rJIe TPOUCXOAUT 3apOKICHUE BO3MYILIEHHM, KaK MPaBUJIO, MPUCYTCTBYET YCKOPEHHUE
MOTOKA U JJAHHOE OOCTOSITETIHCTBO CIIOCOOCTBYET TOJABICHUIO BHICOKOYACTOTHBIX BO3-
MytieHui. [ToaToMy, ¢ O3uIKi MOSBICHUS JaMUHAPHO-TYPOYJIEHTHOTO TIepexoa, 00-
JaCTh YCKOPEHHsI TOTOKa IO HEAaBHErO BPEMEHM HE MpE/ICTaBIsIa UHTEepeca Ui Hc-
crnenoBareneid. Hacrosime vccnenoBaHus HalpaBiIeHbl Ha YCTPaHEHUE JaHHOTO MpO-
0era 1 TIOKa3bIBAIOT, YTO CYIIECTBYIOT PEXKUMbI TEUCHHUS, TIPU KOTOPBIX HEOJTHOPOIHO-
CTH TIOBEPXHOCTH BOJIM3U MEpeHer KPOMKU CIIOCOOHBI MPUBECTH K PAaHHEMY BO3HHK-
HOBEHUIO JJAMUHAPHO-TYPOYJIEHTHOTO IepexXo/ia.

B pabote Taxxe mpoaeMOHCTPUPOBAH OJJUH U3 CIIOCOOOB YIIPABJICHHUS pa3BUTHEM
BO3MYIIIEHUI MOTPAHUYHOTO CJIOS — PACTIPENEIEHHBIA OTCOC Yepe3 MenKonephoprupo-
BaHHYIO MOBEPXHOCTb, C IMOMOIIBIO KOTOPOTO YIAJIOCh YMEHBIIUTh MHTEHCUBHOCTh
BO3MYIIIEHUI 32 JIEMEHTOM ILIEPOXOBATOCTH.

Heabio padoThl SBISETCA U3yUEHUE BIUSHUS PA3JIMYHBIX 3JIEMEHTOB IIIEPOXO0-
BAaTOCTH Ha TeueHue, GopMupyromeecss Ha CKOJB3SIMUX KPbUIbsX B 00JacTH Onaro-
MIPUSATHOTO TPAAUCHTA JIaBJICHHUS.

3agaum uccae10BaHuA

1. AmanTupoBaTh METOJUKY >KHAKOKPUCTAIIMYECKOU TepMmorpadhuu U MeTO-
UKy OmpeAesieHus 00JIaCTH MaKCHUMalbHON BOCIPUUMYMBOCTH JIJII UCCIIEIOBAHUM
Ha MOJIEJIM TPANeIUeBUIHOTO JIETAIOIIET0 KPhLa.



2. C noMompl0 TEPMOAHEMOMETPUU HCCIEAOBATh TEUEHWE W BHYTPEHHEE
CTPOEHHUE MPOJOIBHON CTPYKTYPHI 38 TPEXMEPHBIM AJIEMEHTOM LIEPOXOBATOCTH.

3. U3yuuTs BIHMSHHE pacHpeAesICHHOTO OTcOoca MOTPAaHMYHOIO CJIOS 4epes
MelnkonephopupoBaHHYIO IOBEPXHOCTh Ha TeUeHHE, (POPMHUPYIOIIEECs 3a JIEMEHTOM
IIEPOXOBATOCTH.

HayuyHasi HOBU3HA U MPAKTHYECKAs 3HAYNMOCTh

— IlpoBeneHo mnoapoOHOE HCCIEIOBAaHUE BIUSHUS JIBYMEPHOTO 3JIEMEHTA
IIIEPOXOBATOCTH HA TEUCHUE 3a TPEXMEPHBIM 3JIEMEHTOM C TTIOMOIIBIO METOIUKH TEP-
MOaHEMOMETPHH.

— BriepBbie mipoBenieHBI HCCIEAOBaHUS HA HABETPEHHOW CTOPOHE MOJEIH Jie-
TAIOIIETO Kphlja B JMana3oHe ckopocteit 7,2—20 m/c u uncna PeitHonbaca, paccuu-
TaHHOTO 1o Xopae kpeuia Re, = 250000-650000, cOOTBETCTBYIONIUX MOJETHBIM 3HA-
YEHUSIM ISl peabHBIX almnapaToB B 001acTH OJarompusTHOTO TPajueHTa JaBJICHUS
3a 2JIEMEHTAMH IIEPOXOBATOCTH, U U3YyUYEHBI MEXaHU3Mbl BTOPUYHON HEYCTONYHMBO-
CTH BO3MYIICHU, MPUBOISAIINX K TYpOYIE€HTHOCTH.

— C moMOIIbI0 METOAMKU >KUJIKOKPUCTAIUTMUECKOW TepMorpaduu mokaszaHo,
YTO 3a TPEXMEPHBIM DJIEMEHTOM IIEPOXOBATOCTH (OPMHPYETCS MPOIOIbHAS CTPYK-
Typa, BHU3 110 TCUCHUIO HAOIOJAETCS M3TH0 TPACKTOPHUH JAHHOW CTPYKTYPHI U yBe-
JMYEHUE €€ Pa3MEepOB.

— C moMoIIpi0 TEPMOAHEMOMETPHH U3Y4YCHA BHYTPEHHSS CTPYKTYpa TIPOI0ITh-
HOTO BO3MyIIeHHs. [lokazaHo HamW4We MBYX CTAIMOHAPHBIX BO3MYIICHHHA pa3ivd-
HBIX pa3MepoB, YTO OOYCIIOBJICHO HAJIMYHUEM TIOMEPEYHOTO TCUCHHSI U BTOPHYHBIX
BO3MYIIECHUH, TIPUBOIAIINX K IEPEXOY.

— HccnenoBano M KOJMYECTBEHHO OMPENENICHO BIUSHUE PACTIPEEICHHOTO OT-
coca uepe3 MeJKonepPOpUpPOBaHHBIA BKJIAJBIII HAa MPOCTPAHCTBEHHOE DPAa3BUTHE
CTAI[MOHAPHOTO BO3MYIIEHHUSI OT TPEXMEPHOTO AJIEMEHTa IIEPOXOBATOCTH B TMOTpa-
HUYHOM CJI0o€ mpsMoro Kpeuia. [lokazaHo, 4To 0TcOC COCOOEH pellaMUHU3UPOBATH
TEUEHUE U YCTPAHUTDH OTPHIB TOTPAHUYHOTO CIIOSI.

— AnmanTrpoBaHa METOJMKA ONPEACIICHUS 00J1aCTH MaKCUMAJIBHONH BOCTIPUHUM-
YHBOCTHU K TOJIOKECHHIO AJIEMEHTA IIEPOXOBATOCTH Ha MEPEIHEH KPOMKE MOJIETH Jie-
TaIOIIETO KphLja.

JloCTOBEpPHOCTDH pe3y/ibTaTOB

OKCIIepUMEHTANIbHBIE HMCCIIEIOBAHUS TNPOBOAMUINCH B MaJOTYpOYJIEHTHOMN
a’ponuHamudeckoil Tpyoe T-324, ctenenb TypOyJE€HTHOCTH HaOerarolero moTroka
kotopoil He npesbimaetr 0,04%. IT0 MO3BOJIUIIO MPOBOJUTH WCCIECIOBAHUS BO3MY-
LICHUM HA JIMHEUHOMW CTA/INU Pa3BUTHSL.

Busyanu3zanusi IpUCTEHHBIX TEUYEHUN BBIMOJIHSUIACH C MOMOIIBIO METOIUKU
KHUIKOKpUCTAITUIECKON TepMorpaduu. J[aHHas METOAMKA MO3BOJIMIIA MTOJIYYUTh TMa-
HOpaMHBIE CHUMKH TIEpeHEH KPOMKH Kpblia, HE «3arps3Hss» WX B CPaBHCHHH C
APYTUMH METOJaMU BH3yanu3anuu. [lomydeHHBIE pe3ynbTaThl BU3yalU3allUMH TO/I-
TBEPKIAJINCh TEPMOAHEMOMETPUIECKIMH H3MepeHusaMU. J[aHHbI MeToxa, obmamaro-
M BBICOKOM YyBCTBHUTEJIBHOCTBIO K IMyJbcalusaM ckopoctu (1o 10 kI'), mo3Bosui
MOJIYYUTh OOJIBIION 0O0BEM KOJTUYECTBEHHBIX JaHHBIX.



C noMOIIBI0 METOIMKN KOHTPOJIMPYEMBIX BO3MYILECHHUM ITPOU3BOAWIOCH BO3-
Oy»K/leHHEe BTOPUYHBIX BO3MYIIEHUH C IOMOIIbIO aKyCTUYECKOTO MOJISL.

[ToMrMO MCTIONB30BaHUS HAJEKHBIX U allpOOMPOBAHHBIX METOAMK BU3yaln3a-
[IU1 ¥ U3MEPEHUI, UCTI0IB30BAIOCH TAK)XKE BBICOKOTOUHOE U3MEPUTEIBHOE 000PY/10-
Ba"ue. Kpome 3T0ro, riaBHbIe pe3ysIbTaThl JUCCEPTALUA HEOJHOKPATHO JTOKJIAIbIBA-
JIMCh HA Pa3IMYHBIX BCEPOCCUICKUX U MEXKIYHAPOJAHBIX HAyUYHBIX KOH(PEPECHIINAX.

JIMYHBIA BKJIAJ aBTOPA

ABTOp NpuHUMAaja HEMOCPEACTBEHHOE y4acTHE B MOJArOTOBKE M NPOBEJIECHUU
HKCIIEPUMEHTOB. Y4acTBOBajla B 00pabOTKe pe3yJbTaTOB BU3YyAIM3alUU M UX
opopmienun k nyonukanuu. [Ipu e€ yyactum paspaboTaHa METOIUKA OMpEETICHUS
00JacTi MaKCUMaJIbHOW BOCIPUUMYHUBOCTHU K MOJIOKEHUIO 3JIEMEHTA HIEPOXOBATOCTU
Ha IEpEIHEN KPOMKE MOJENHN JIETAIOLIEro Kpbulia. ABTOp IPUHUMAaa HEMOCpE.-
CTBEHHOE€ y4yacTue B 00paboTke, aHaIu3e U 00CYXJICHUU C KOJUIETaMU Hay4HBIX pe-
3yJbTAaTOB U IOATOTOBKE CTaTEH MO pe3yipTaraMm HccienoBaHuil. [lomydyeHHble pe-
3yJbTaThl OBLIM OIYOJIMKOBaHbl aBTOPOM B PELIEH3UPYEMBIX HAYyYHBIX JKypHaJlax U
J0JIO’KEHBI JTMYHO Ha KOH(PEPEHIUAX, B TOM YHUCIIE U MEXAYHAPOJIHOIO YPOBHS.

Ha 3amury BoIHOCATCSA:

1. MeTouKa KUAKOKPUCTAUIMYECKON TepMOrpaduu Kak MHCTPYMEHT BU3ya-
JIM3aLMU TIPU UCCIIEIOBAHUU IPOJIOJIBHBIX U BTOPUYHBIX BO3MYILICHUN;

2. METOJMKa OTpeneacHHs 00JJaCTH MaKCHUMAaJIbHOW BOCIPUUMYHBOCTH TIOTPa-
HUYHOTO CJIOS K BO3MYILIEHUSIM, (POPMUPYIOIITUMCS 32 3JIEMEHTOM II€POXOBATOCTH;

3. JKCIEpUMEHTANbHBIC MaHHBIE O 3apOXKIACHUM W SBOJIONHUHA TPOIOJIBLHBIX
CTPYKTYp, TMOJYYEHHBIC 3a DJIEMEHTAMHM WIEPOXOBATOCTH HA PA3JIMYHBIX THUIAX
KpPBUIbEB;

4. pe3yabTaThl UCCIICIOBAHUS BIUSHUS OTCOCA TOTPAHUYHOTO CJIOSl HA TeYCHUE
3a TPEXMEPHBIM 3JIEMEHTOM LIEPOXOBATOCTH.

AnpoOauust padoTbI

OCHOBHBIE TIOJIO)KEHUS TUCCEPTALMU OOCYKJIAINCh HA BCEPOCCUICKUX U MEXK-
ITYHapOJHBIX KOHPEPEHUIUAX U CEMUHApaXx:

— IIpobGseMbl MeXaHUKH: TEOpHUs, IKCIEPUMEHT U HOBble TexHosoruu (Hoso-
cuobupck — lleperem, 2017, 2018, 2019, 2020);

— International Conference on the Methods of Aerophysical Research
(ICMAR 2018, HoBocubupck, 2018); (ICMAR 2020, Novosibirsk, 2020);

— 15th International Conference on Fluid Control, Measurements and Visuali-
zation (Italy, Naples, 2019);

— XII Bcepoccuiickuii cbe3n no ¢pyHAaMEHTAIbHBIM Ipo0iemMaM TeopeThuye-
ckoi u npuknaaHoi mexanuku (Yda, 2019);

— 15 Asian Symposium on Visualization (ASV-15), (Korea; Busan, 2019);

— IUTAM Symposium on Laminar-Turbulent Transition (UK, London, 2019);

— XXXVI Cubupckwuii terutodusndeckuii cemunap (HoBocubupck, 2020).



CTpykrypa u 00bemM padoThl

Juccepraiusi COCTOUT U3 BBEICHUSA, YETHIPEX YACTEH, 3AKIIOUYCHHUSI, CIIMCKA I11U-
THPYEMOU JIUTEpaTyphl M CKCKa MyOaMKaIui 1mo Teme aucceprammu. O0bemM padoThI
coctaBmwi 112 MalIMHONMKMCHBIX CTpaHUl], 64 pUCYHKA, MOSCHAIOUIUX COJEPKaHUE JUC-
cepraiuu. B pabote conepxkurcs 47 CChIIIOK Ha HAYYHBIE CTAaThH.

yoaukauuu
OcCHOBHBIE pe3yJIbTAThI IUCCEPTAIIMU OMYOJIMKOBAHBI B 35 CTaThsIX U JOKJIAIaX,
U3 HUX 6 cTaTel B pelieH3UPYEMBIX JKypHaJax, BXOAAIIKX B nepeueHb BAK.

KPATKOE COAEPXXAHUE PABOTEI

B mnepBoii riaBe auccepraluyd OPUBOJUTCS 0030p pabOT, MOCBSIIEHHBIX
MCCJIEIOBAHUAM B O0JIACTH JaMUHApHO-TypOyJIeHTHOTrO nepexoaa. OCHOBHOHM yrop
JIENAeTCs HA MCCIIEIOBAHMUS HAa CKOJIB3SAIINX KPBUIbSIX, JJIsI KOTOPBIX SIBIIIETCS Xapak-
TEPHBIM MEXaHU3M HEYCTOMYMBOCTHU IIOIEPEYHOrO TEYeHUs. JJaHHBIN TUII HEYCTOM-
YUBOCTH peaM3yeTcs B 00JACTH OJIArONpUsATHOTO I'pagueHTa JABJICHUS U SBIACTCA
MPUYMHON TMOSBIEHUS MPOJOJbHBIX BO3MYIIEHUH, KOTOpPbIE (POPMUPYIOTCS 3a pas-
JIMYHBIMU LIEPOXOBATOCTAMH IIOBEPXHOCTH.

Taxxe nmpuBeneH aHaiau3 padoT, CBA3aHHBIX C UCCIEIOBAHUIMH IO YIIpaBiie-
HUIO TIEPEXO0/IOM JIAMUHAPHOTO TE€YEHUs B TypOysieHTHoe. OJHUM K3 METOJ0B KOH-
TPOJISl SIBJSIETCSI OTCAChIBAaHUE MOTPAHUYHOIO cJos. JlaHHBIN croco0 MO3BOJISET IO-
naBuTh BosIHBI TosuMuHa — INMXTHUHTa U CMECTUTH BHU3 IO IOTOMY 00JIacTh Iepe-
X0J1a. DKCIIEPUMEHTHI C OTCOCOM IMOKa3bIBAIOT, YTO JAaHHBIN CIIOCOO sABJsieTCSl HAauOo-
nee 3Qp(HEeKTUBHBIM 7151 YTIPABIICHUS JAMUHAPHO-TYPOYJIEHTHBIM MIEPEX0I0M.

Onucanue METOAMK, UCIOJIB30BaHHBIX B JAHHON paboTe, NPUBOAUTCS BO BTO-
poii raaBe. M3ydyeHue crnocoOOB MCCIENOBaHUS TEUEHMsI MPOBOAMIOCH HA MOJEIU
CKOJIB3AIIEro Kpbuia. TpeOdoBaJIOCh M3YyUUTh BIMSHUE 3JIEMEHTOB ILIEPOXOBATOCTH,
pacnojoXKEHHBIX Ha MepeHel KpOMKEe KpbUla Ha TeueHue B 001acTu OJaronpusTHo-
ro rpaJueHTa JaBJICHHUS.

B kauecTBe OCHOBHOW METOJWKHM BU3yaJM3allMM Obla BhIOpaHa XKUAKOKPHU-
ctamnyeckas tepmorpadust (OKKT). Jlannas MeTouka mo3BoJisieT noxyvyaTh JaHHbIC
O CTPYKType TeueHus: 0e3 «3arpsi3HEHUs» UCCIeyeMON 00J1acTH, a TaKkKe JaeT BO3-
MOKHOCTb TOJTy4aTh MaHOpaMHbIe U nH(popMaTHBHBIC CHUMKH (puc. 1,a, 6). Pe3yib-
TaThl, NOdy4YeHHbIe ¢ momoulbio KK Tepmorpaduu, A0MOMHAINCH JaHHBIMHU, CHATHI-
MH C IIOMOIIBIO TEPMOAHEMOMETPHUH ITOCTOSHHOT'O COIPOTUBIICHHS.

[TocpencTBoM 3THUX JBYX METOJMK B pabOTe UCCIIEI0BAHO BIMSHUE IBYMEPHO-
ro 3J€MEHTA IIEPOXOBATOCTH Ha ciiell, GOPMUPYIOUTUICS 32 TPEXMEPHBIM JIEMEHTOM.
Oba snmeMeHTa HIEPOXOBATOCTU paACHOJiarajuCch Ha MEpeaHeld KPOMKE Kpblia, Npu
STOM JABYMEPHBIN 3JI€MEHT HaXOUJICS Ha MJIOCKON yacTu Kpbuia (puc. 1,8). Biusuaue
MCCJIEI0OBAJIOCH 32 CYET YBEJIMYEHHUS BBICOTHI JBYMEPHOrO 3JIeMEHTa, U ObUIO yCTa-
HOBJICHO, YTO, HAUUHAsS C BBICOTHI Nyg = 0,78 MM, HaOI0JaeTCSl BUIUMOE NU3MEHECHUE
KapTUHBI TeYeHus (puc. 2,2), MPOUCXOIUT YBEIUUYCHHUE CIeAa 3a TPEXMEPHBIM 3Jie-
MEHTOM LIEPOXOBATOCTU U IMOSABJICHUE NIPOAOJIBHBIX CTPYKTYP 3a CAMUM JIByMEPHBIM
AIIEMEHTOM IIEPOXOBATOCTH (pHC. 2,0, €).



TEPMOHH/JHKATOPHAS
IVIEHKA

Puc. 1. Komnonoska (a), pacnionoxenue KK

IUICHKH W Harpesatess (6) U pacrooKeHHE

AJIEMEHTOB LIEPOXOBATOCTH (8) Ha MepeaHeit
KPOMKE KpbLIA.

Puc. 2. Buzyanuzanus ¢ nomonisio XKKT it pa3iuuHbIX BBICOT IBYMEPHOI'O 3JIEMEHTA
IEPOXOBATOCTH.
hoa =0 (8); 0,26 (6); 0,52 (6); 0,78 (2); 1,56 (9); 1,82 () mm.



Takum oOpazom, mpu padboTe C >KUIKOKPUCTAIIMYECKON IUJICHKOW yIajaoch
YBUJIETh HAJIMYUE MPOJOJBHBIX CTPYKTYpP, (POPMUPYIOIIUXCS Ha TPEXMEPHOM U JBY-
MEPHOM JJIEMEHTaX IIEPOXOBATOCTH, & TAKKE BTOPUUYHBIE CTPYKTYPBI, Pa3BUBAIOIIU-
€Csl IO/ JEMCTBHUEM HAJIOKEHHSI aKyCTHYECKOTO I10JIS.

M3MmepeHrst ¢ IOMOIIBIO TEPMOAHEMOMETPUN IPOBOJWIMCH KakK 3a TpeX- U
JBYMEPHBIM 2JIEMEHTaMH, TaK M HEMOCPEACTBEHHO HaJl IIOBEPXHOCTHIO JBYMEPHOIO
aneMeHTa mepoxosaroctu. Ha puc. 3 mpencraBieHsl pe3yibTaTbl U3MEPEHUH, MPO-
BEJICHHBIX C IMIOMOILIBIO TEPMOAHEMOMETPUH HAJ JIBYMEPHBIM 3JIEMEHTOM LIEPOXOBA-
TocTH. BUIHO, 9TO IPOAOIBHBIC CTPYKTYPhl HAUMHAIOT (POPMUPOBATHCS HA TIEPEIHEM
Kpae JABYMEpPHOTO 3JEMEHTa M TpaHCBEpCaJbHBIA MAacIITad ITHX BO3MYIICHUU CO-
craBisieT 4-8 mMm. Hanoxxenne akyctuueckoro mois yactorod 700 ' mpuBoauT K
nosiBIeHUI0 curHana ¢ ammautygoi o 0,015 %. bonee toro, noctukeHue Makcu-
MaJIbHBIX 3HAUYEHUW MPOMCXOAMT B TOUKAX MEpernda B TPAHCBEPCAIBLHOM pacipeje-
JICHUU CKOPOCTH.
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Puc. 4. Pacnpenenenue cpenHeit cKopo-

CTH (CIUIOIIHbIE JMHUU) U aMILUTUTY/bI

700 'm monpr (IITpUXOBBIE JTUHUU) 3a

JBYMEPHOH IIEPOXOBATOCTHIO HAa PaccTO-
aauu Xy, = 39 MM.

Puc. 3. Pacnpenenenue cpenneil ckopo-

CTM M aMIUTUTYAbl BO30Y>XIACHHON MOJbI

gactorod 700 I'm Haxm  JIByYMEpHBIM
AJIIEMEHTOM IIEPOXOBATOCTH.

Ha puc. 4 npencrasieHo pacupeneiaeHue OCPEIHEHHON M0 BPEMEHU CKOPO-
cTh U aMIMTyAbel yactoTod 700 'y 32 ABYMEPHBIM 3JIEMEHTOM HIEPOXOBATOCTH.
N3MepeHne nmpoBOAMIIOCh HA paccTosHUU X, = 39 MM, aKyCcTUUECKOE ToJie 31eCh
OBLIO pa3HbIX ypoBHEU rpomkocT. Ha rpaduke BuaHO, BO30YK1€HHE BTOPUUYHBIX
BO3MYILEHUIM TPOUCXOAUT BOJIM3H TOUEK Mepernba B TpaHCBEPCATIbHOM HampaBJie-
HUU cpeaHelt ckopoctH. [[ns ynoO6cTBa oToOpa)keHUs W CpaBHEHHS pe3yJIbTaTOB
aMIUTUTy/1a BO3MYIIEHUH, BO30YKACHHBIX aKycTHUKOW 65 nbA, Oblia ymeHblIeHa
B 10 pas.

Tperbsi r1aBa JaHHON JUCCEPTAIMH MOCBAIICHA 0OJiee NETATLHBIM HCCIIE0-
BAaHMSIM BIIMSHUS ABYMEPHOI'O 3JIEMEHTA IIEPOXOBATOCTH HA CTALlMOHAPHYIO CTPYK-
TYpYy, GOPMUPYIOILLYIOCS 32 TPEXMEPHBIM 3JIEMEHTOM, U Ha T€YEHHUE B ILIEJIOM C IO-
MOILBIO TepMoaHeMoMeTpuu. lIpuBonarcsa Takxke pe3ysiabTaThl, MOJYyYECHHBIE HA MO-
JIEJIA TPANlCLMEBHTHOTO JIETAKOLIETO KPhLIa IIPU HATYPHBIX 4YKciIax PeliHosbaca.



HccnenoBanusi MpoOBOAWIINCH B a’pOJAMHAMUYECKON TpyOe 3aKphITOro THIIA
T-324 HHctuTyTa TEeOpeTHYecKOW W mpuKiIagHo MexaHuku uM. C.A. Xpucrtua-
HoBuua CO PAH. Tlonepeunoe ceuenue padoueit yactu Tpyost 1000 x 1000 x 4000 mm.
Koutponbs ckopoctn Haberaromiero nmotoka Uy OCYHIECTBISIICS € MOMOIIBIO TPYOKH
[Tuto — IlpanaTiisi, COEAUHEHHOMN C 3JIEKTPOHHBIM MaHOMETPOM. DKCHEPUMEHT TpO-
Boawics nipu Uy = 9,2 M/c. Crenenb TypOyJIEeHTHOCTH HaOeraroiero noToka He mpe-
seimaiia 0,03 %.

Mojenb CKONB3SIIETo Kpblia, 3a€CTBOBAaHHAS B JAHHOM JKCIIEPUMEHTE, ObI-
J1a BBIIIOJIHEHA U3 OPraHUYECKOro CTEKIIA (MOJUMETUIMETAKPUIIAT) C YIJIOM CKOJIb-
xenus y = 45°. KpputoBoii npoduiib 06pa3oBaH HWIHHIPOM paguycoMm 40 MM U IBY-
Ms CXOOSAIIMMUCA TIOCKOCTsMH. Pazmax kpsutia 980 mMm, xopaa 400 mm. Hexena-
TeJIbHBIC BO3MYIICHUSI, POPMUPYIOIIHECS HAa CTEHKAaX TPyObl, OTCEKAIUCh KOHIIEBBI-
MU I1aiibamu, pacroyiOKEHHBIMU Ha MOJIETIH KpbUla (puc. 5), YCTAaHOBJICHHOU MO
yraom araku o = —11,1 + 0,2° nnsa dopmupoBanusi OIaronpusTHOTO TPaTUEHTA J1aB-
JICHUS HaJl BEPXHEH MIIOCKOCTBIO KPbLIA.

@opMHUpOBaHUE CTAMOHAPHBIX BO3MYIICHUM Ha NEpEeAHEd KPOMKE KpbLIa
OCYUIECTBJISIIOCH C MOMOIIBIO HUIUHAPUYECKOTO 3JIEMEHTA IEPOXOBATOCTH BBICOTOU
0,78 MM u muametpom 1,6 mm. [llepoxoBaTrocTh pacmonaraiachk Ha pacctossaun 68,7°
OT JIMHUM CUMMETpuU npoduis kpbuia (cM. puc. 1). Ha mockoii yactu kpbuia Obuia
YCTAHOBJIEHA ABYMEpHAas MIEPOXOBATOCTh IMPUHON 15 MM n mmHou 270 mMm. JlaH-
HBI BUJI IIEPOXOBATOCTU ObLI MHOTOCIOWMHBIM, M €0 TOJIMHA BapbUPOBAJIACH OT
0 o 1,04 mMm ¢ marom 0,13 mm.

JMHaMKK
rPOMKOrOBOPUTENA X X
Y
KoHuesble
WAKbBbI
=
HNatumk U
. Moct
enepatop TepMmoaHeMoMeTpa Komnbrotep
3BYKOBbLIX CUTHANOB

Puc. 5. Cxema skcriepuMeHTa.



[IpenBaputenbHble TEPMOAHEMOMETPUUECKUE M3MEPEHUS MOKa3ajdud HAINYUe
OJIarONpUsTHOIO I'paJueHTa AABJICHUS HAa MCCIEAYEMOM MOBEPXHOCTU KpbUIA, YTO
YZIOBJIETBOPSET N3HAYAJIBHBIM [TOCTABJICHHBIM YCIIOBUSIM.

Ha monenu kpblia Obul pa3MelieH HIUINHAPUIECKHUM JIEMEHT IIEPOXOBATOCTH.
B cTpykType TeueHus OT4ETIMBO HaOJIoJanach CTallMOHApHAs CTPYKTypa, COCTOS-
mas U3 OJHOM o0yacTu AedexTa U OJHOM 00JacTH MPEBBILIEHUSI CKOPOCTH (puc. 6,
h,p =0 MM). B nononHeHwe K HWIMHAPHYECKOMY 3JEMEHTY HIEPOXOBAaTOCTH Ha
IJIOCKOM YacTH KpbUla yCTaHaBIMBAJIach JIByMEpHas IIEpOXOBaToCTh. [IpoBeneHsl
TEPMOAHEMOMETPUYECKUE U3MEPEHUS, IO PE3yIbTaTaM KOTOPBIX MOJYyYEHO pacIpee-
JIEHUE CTAllMOHAPHOTO BO3MYILEHUS CKOPOCTHU ISl Pa3JIMYHBIX BBICOT IBYMEPHBIX IlIE-
poxoBatocteli (cM. puc. 6). Ee 3ameTHOE BiusiHUE HA TeUeHHE HAOII0aeTCsl, HAaunHas
¢ BBICOTHI hyp = 0,52 MM, — BO3ZHUKAIOT JIOTIOJHUTEIBHBIC MPOJOIBHBIC CTPYKTYPHI.
JlanbHeiIee yBeInyeHne BbICOTHI IBYMEPHOM IIEPOXOBATOCTH YCWIMBAET 3TOT IIPO-
LIECC, AMIUIUTY/A JONOJHUTEIbHBIX MPOJIOJIBHBIX CTPYKTYp CTAHOBHUTCS OOJIbIIE, a
aMIUTUTYZa OCHOBHOTO BO3MYILEHHS CTAHOBUTCS] MEHBLIIE HUXKE 10 TEUECHUIO.

JlononHuTenbHYI0 HH(pOpPMaLMIO MOcie 00padOTKU MPUHOCUT MPEICTaBICHHUE
JaHHBIX B BUJE U30KOHTYPOB PAaBHOM aMILTUTY/Ibl, PACIOJIOKEHHBIX C JorapupmMuye-
ckuM 1maroMm (puc. 7). B mpencraBieHuM LBET W30JMHUU 3aBUCUT OT BEJIMUYHHBI
CKOpoCTH. B kauecTBe HysneBOro 3HaueHUs BbIOpaH 3eieHbli 1BeT. O0IacTH MpeBbI-
IIEHUsI CKOPOCTH MOKa3aHbl M30JIMHUSAMU C JIMANIa30HOM LIBETOB OT 3€JIEHOI0 K Kpac-
HoMy. ObnacTu gedexTa CKOPOCTH COOTBETCTBYET JAMAIa30H IBETOB OT 3€JIEHOTO K
cuHeMmy. BuiHO, 9TO TpOJOIBHBIE CTPYKTYPHl (POPMHUPYIOTCS HE TOJBKO 3a IUJIMH-
JPUYECKUM 3JIEMEHTOM IIEPOXOBATOCTH, HO TAKXKE U 32 CAMOM JIByMEpHOI 1Iepoxo-
BaTocThIO0. [Iponecchl, KOTOpbIE IPH 3TOM UMEIOT MECTO, AHATOTUYHBI — MPOUCXOJUT
MYJIBTUIUIMKAIUS TPOJOJIbHON CTPYKTypbl. HecMoTps Ha TO, 4YTO aMIUIUTyAa Mpo-
JOJIBHBIX CTPYKTYpP, FTEHEPUPYEMBIX JTBYMEPHOU MIEPOXOBATOCTHIO, TOPA3A0 MEHBIIIE

N * 0.52 mm

Ao = 104 mm

x o . “ “x e “ xx xx e o = “x e “w o xx - o > “x x “

Puc. 6. Bnusinue BBICOTHI IBYMEPHOTO 3JIEMEHTA IIE€POXOBATOCTH HA pacIpeeieHrue
CKOpPOCTH CTAallMOHAPHOT'O BO3MYILICHUS.
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hzp = 0.26 mm - hzp = 0.52 mm

X, mm

Puc. 7. BnusiHuE BBICOTBI IByMEPHOIO 3JIEMEHTA IEPOXOBATOCTH HA CTAlIHOHAPHBIE
BO3MYILEHHUS 32 HUM.

ho= 065 mm; =0M: oo = 0.65 mm; f = 500 Mx

heo = 0,65 mm; £ = 1500 Mz

X = X, mm X men

Puc. 8. BiusiHue akycTU4ecKkoro moJjisi Ha pacrupeaeseHie CTallHOHAPHOTO BO3MYIICHHUS
CKOPOCTH 32 JIBYMEPHBIM 3JICMEHTOM IiepoxoBaToctu hyp = 0,65 Mm.

TeHEPUPYEMBIX WIMHAPUYECKAM 3JIEMEHTOM IIEPOXOBATOCTH, MECTOIOJI0KEHUE
MYJIbTHILTUKAIMH TPOJOJBHBIX CTPYKTYP IPUMEPHO OJAMHAKOBOE.

[TpoBoaMIHCH UCCIIEAOBAaHUS IPU HAIOKEHUHU aKyCTUYECKOTO TIOJIS TIPU BBICO-
TE JBYMEPHOIO 3jeMeHTa mepoxoBatocTu hyp = 0,65 mm (puc. 8). BumHo, uto va-
crota 3Byka f = 500 'y mpUBOIUT K CHIIBHOMY TIEPECTPOCHUIO TEYCHUS U BO3HUKHO-
BEHUIO HOBBIX NPOJOJILHBIX CTPYKTYp. Mcmonb3ys jorapudMuyueckoe mpeacTaBie-
HUE JaHHBIX (CM. pUC. 8, HWKHUHU Ps), MOXKHO BBIICIUTH, YTO KOHEYHBIC TIOIEpEeY-
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HbIe MacIITaObl BO3MYILIEHUH B PEXKUMaxX C HAJTOXKEHHEM aKyCTUKH U 0e3 HaJIOKEHUs
coBmnanaT. [loaToMy aHHOE BO3AECHCTBHE MOMXHO OXapaKTepU30BaTh KAK YCKOpe-
HHUE E€CTECTBEHHOTO Ipolecca MyJbTUIUIMKAIUU. ClienyeT MOTYEPKHYTh, UYTO aAKY-
cTuyeckoe BosaeiicTBue ¢ yactotor 1500 I'm HE mpuBENO K 3aMETHOMY IEpecTpoe-
HUIO T€YeHUs (CM. puc. 8).

B pe3ynbTaTe NJAaHHOrO MCCIEAOBAHUA YJAJOCh YCTAHOBUTh, UYTO JIBYMEpPHAs
IEPOXOBATOCTh JIOKAJIBHO ACCTAOMIU3UPYET BTOPUUYHBIE BO3MYIICHHS, 3apOsKIaro-
mpecss B HaOeraromieM CTallMOHApHOM BO3MYIICHHH. [[BymepHas MIepoOXOBaTOCTh
BBICOTOM C TOJIIIMHY BBITECHEHMS] MOTPAHUYHOIO €0l U 00Jiee MPUBOAUT K CHUXKE-
HUIO YCTOMYMBOCTU MOTPAHUYHOIO CJIOS K BO3MYIIEHUSAM (B JAHHBIX 3KCIEPHUMEH-
TaJbHBIX YCIOBUAX ATO OBLIM YacToThl okojio 500 I'). Baones mo Teuenuto Habmoaa-
€TCsl MEePECTPOCHUE TPAHCBEPCATBLHOTO MaciliTada MpoaoiabHBIX CTpyKTyp. Hanoxe-
HUE aKycTHYecKoro moss ¢ yactotor 500 I'u mpuBOAUT K MHTEHCU(UKALIMU TTPOIIEC-
COB IMEPECTPOCHUs MacliTabda MPOJOJIBHBIX CTPYKTYp U K YBEIMYEHHUIO O0JIaCTU C
TypOYJECHTHBIM PEKUMOM TEUECHHUS.

Crenytomieil 4acThI0 UCCIIEIOBAaHUS SBISIETCS MEepexo] K TypOyJIeHTHOCTH Ha
MOJIETIN TPaNeUeBUAHOIO JIETAIOMIEro Kpblia. BeiOop naHHONW Moaenu oOycloBIIEH
BO3MO>KHOCTBIO MPOBOJUTH SKCIIEPUMEHTHI HA MOJEIM OECIUIIOTHOTO JIETAIOIIErO
anmapata (BIIJIA) unu nponHa npu HaTypHBIX yuciax PeliHonb/ca U peasibHbIX CKO-
POCTSIX IOTOKA, IPU KOTOPBIX U JIETAIOT peanbHO cymecrByromue BITIA. IIpu npo-
BEJICHUU 3KCIIEPUMEHTOB HA MOJEIH TPanelMeBUIHOIO Kpbula TpeOOBaIOCh aJIanTu-
pOBaTh paHee U3YUYEHHBIE IIPU pabOTE CO CKOJIB3SALIUM KPbUIIOM METOJUKH U C UX IO-
MOIIBIO MCCIIE0BATh MPOLIECCHI, MPOTEKAIOIINE 32 3JEMEHTAaMHU IIEPOXOBATOCTH,
pPacnoJIoKEHHbIMH Ha MOBEPXHOCTH JIETAIOUIETO KPhLIIa.

Cepus »KCIIEpUMEHTOB MPOBOAMIACH B pabouell 4acTh JO3BYKOBOM a’ponu-
Hamuueckod TpyObl T-324 MHcTUTyTa TEOpETUYECKOW M NPUKIATHON MEXaHHKHU
CO PAH. Crenenp TypOyJeHTHOCTH HaOEraromero IOTOKa COCTaBjsAjIa MEHEe
0,04 %. CkopocTh HaOerarliero MmoToka BapbHpoBajach B Juana3oHe ot 7,2 10
20 M/c. Ucnonp3oBanack MOJIeNb CTPEJIOBUIHOTO KpPbIJa C TIaJKON MOBEPXHOCTHIO,
M3TOTOBJICHHAs U3 JE€PEBA U MOKpbITasd JakoM. dopMa MOJIENIN U €€ pa3Mepbl Ipe -
cTaBjeHbl Ha puc. 9, a. MccnenoBanus NpoBOAWINCH HA HABETPEHHOW CTOPOHE MO-
nenu. Jlist dopmMupoBaHus OJIarompUATHOTO TpaJUeHTa ABJICHHUS KPBIJIO yCTaHaB-

500 mm

250 MM

/—’ ——

a o

Puc. 9. Mogueinb (a) u pa3mMepsbl TpareueBHIHOTO JIETAOIIET0 KpbLia (6).
ITpuxoBast IUHUS — 007aCTh U3MEPEHHIA.
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JTUBAJIOCH B pabodeit yacTu TPyOBI MOJ OTPUIIATEIHHBIM YTJIOM aTakd o = —5°, U B
JadbHEHIIEM 3TO 3HAYEHHE HE MEHSIOCh BO BCEX HM3MEPUTENbHBIX CEepUsiX. ITO
MO3BOJIUJIO PEATU30BaTh OJArONPUSTHBIC YCIOBHS [JIi Pa3BUTHUS BO3MYIICHUHN
HEYCTOMYMBOCTH TMOMEPEUHOTO TEUEHUS U MOAaBUTh BOJIHBI Toiuimuna — [1InuxTunra.

C noMoIpI0 METOAUKH SKUIKOKPUCTAIIMYECKON Tepmorpaduu ObLIN Modyye-
Hbl KapTUHBI BHU3yaJM3allMy TedyeHHs B oTcyTcTBUU (puc. 10,a) u mnpu Haauuuu
(puc. 10, 6) TpexMEpHOTO 3JIEMEHTA IIEPOXOBATOCTH. BUIHO, YTO JJake B OTCYTCTBUE
AJIEMEHTOB IIEPOXOBATOCTH HA TIEPEIHEH KPOMKE KpbUIa MPOUCXOAUT (hopmMupoBa-
HUE MPOJOJIBHBIX CTPYKTYP. [Ipu ycTaHOBKE TPEXMEPHOTO AJIEMEHTA IIEPOXOBATOCTH
BbIcOTOM h,p = 0,98 MM Ha paccTossHHM 6 MM OT TIepeIHEeH KpOMKH (00J1acTh MaKCH-
MaJbHOW BOCIPHUUMYHUBOCTHU JJISl JAHHOW KOH(UTYpaIUn) MPOUCXOAUT (PopMUpOBa-
HUE€ CTAllMOHAPHON MPOJIOBHON CTPYKTYpPhI, KOTOpasi BHU3 MO TEUYECHUIO YBEJIMYHUBA-
€TCsl B pa3Mepax, a TAKKe CJIErka OTKJIOHSAETCA OT HOpMaJu.

C mnoMmoIIbI0 TEPMOAHEMOMETPUU TMPU CKOPOCTH HaOEraromiero IMoToKa
Up = 10 m/c ObUIO TIOTYyYEHO pachpe/ielieHue MyJIbCalluii CKOPOCTH B BUJE M30KOHTY-
POB B IUIOCKOCTH YZ B 3aBUCUMOCTH OT KOOpAHMHATHI X (puc. 11). Buano, 4to 3a Tpex-
MEPHBIM 3JIEMEHTOM IIEPOXOBATOCTH (HOPMUPYIOTCS ABA CTAIMOHAPHBIX BO3MYIIICHHUS
BHYTPHU MPOJOJILHON CTPYKTYpHI (puc. 11,a). DT BuXpu BpaliaroTcs B HANPaBICHUU
Ipyr K Jpyry. Paznuune ux reoMeTpu4eckux pasMepoB MEXAy cOOO0W 00YCIOBIECHO
HAJIMYMEM U, COOTBETCTBEHHO, BIMSIHHEM MOINEPEYHOTIO TEYCHMsSI Ha KPbLIE, KOTOPOE
YCWJIMBAET COHAIPaBICHHOE BO3MYIIICHUE U MOJIABJISIECT MPOTUBOMOJIONKHO HAIPABJICH-
Hoe. /[BUrasch HIKE 10 TEUCHUIO, 3TU BUXPHU MOCTETICHHO YBEIMYHUBAIOTCS B pa3Mepax
110 KOOpJMHATE Y | 10 KoopauHare Z (puc. 11,6, 6, 2). DTO MPUBOIUT K YBEITHYCHHIO
camoi MPOJIOJILHOM CTPYKTYPBIL, YTO TaKke HAOII01a10Ch BO BPEMsI POBEACHHUS BU3Y-
aMM3alid METOI0OM YKUJKOKPUCTATUTMUECKOU TepMorpaduu.

a 9]

Puc. 10. Buzyanmzamus nprucTeHHOTO TeYeHUs Ha riankoit mosepxHoctu BILJIA (a)
¥ 32 DIIEMEHTOM HIEPOXOBATOCTH (6).
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yzX81, x=81 mm, RMS max=2.22, step=0.11 (percent Uo)} yzX101, x=101 mm, RMS max=1.90, step=0.10 {percent Uo)

251

(=
T

25}

N
T

=
T

05

Puc. 11. M30muHnM myapcanuii CKOPOCTH B INIOCKOCTH YZ 32 3JIEMEHTOM LIEPOXOBATOCTH
npu x = 81 (a), 101 (6), 151 (6) u 251 (e) mm.

bein poBesieH criekTpanbHbIN aHanu3 (puc. 12) B TOYKaX, COOTBETCTBYIOIITUX
MaKCHUMYMY I10 aMIUIUTYJE MyIbCallui 10 KOOPJAWHATE Z, © B MAaKCUMYME IO KOOP-
muHate Y mpu x = 81, 101, 151, 251 mM. DTH TOYKH KaK pa3 MPUXOIUIUCH HA BO3MY-
IIIEHUE BHYTPHU MPOJOIBHON CTPYKTYPBI, KOTOPOE YCHJIMBAJIOCH MOMEPEYHBIM TEUEe-
HueM. CrieKTpaabHBIA aHAIU3 MYJIbCAIIMN CKOPOCTH TEUCHUSI 32 DJIEMEHTOM IIEPOX0-
BaTOCTH II0Ka3aJl HAJIMYKME BOJHOBBIX ITAKETOB B 00JIACTH BBICOKMX YacTOT
(puc. 12, a, 6). llpu x = 81 mm oTueTIMBO HAOIIOMAIOTCS JBa MHUKa B oOmactu 1,7 u
2,4 xI'n. [Ipu cmemieHny BHU3 TO TEUEHUIO BHUJIHO HApAaCTaHUE aAMILUTUTYIIBI U TIPU
x =151 MM mpomcxoaut ¢GopmupoBaHue Mmakera Ha yactore 1 kl'm. JlampHeimiee
CMEIIICHHE BJIOJIb ITOTOKA MOKA3bIBaeT, YTO I X = 251 MM crieKTp mepexoauT B 00-
JACTh HU3KUX YacTOT. TakuM 00pa3oM, MOKHO OTMETHTh, YTO Ha HAYaJIbHOM 3Tarie
HaOr01aeTcs npeodaaganue BRICOKMX YacTOT, HO CO CMEIIEHHEM BHHU3 10 TCUCHUIO
OCHOBHOH BKJIa/I HQUMHAIOT JaBaTh HU3KHE YACTOTHI.
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Puc. 12. CriekTp B TOUKE MaKCHMyMa ITyJIbCAIIUH 110 Z U 110 Y 3a DJIEMEHTOM IIIEPOXOBATO-
ctu ipu x = 81 (a), 101 (6), 151 (), 251 (2) mMm.

B pe3ynbrare gaHHOro MccieqoBaHUSl ObUIM MOJYYEHbl KAPTUHBI BU3yallh3a-
MU 00TEKaHMs TJIaJIKOM MOBEPXHOCTU MOJENIN M TEUEHHUS 3a 3JIEMEHTOM IIepOXOBa-
tocTu. 3adUKCHpPOBaAHO 0OOpa3oBaHHE IPOJOJBHBIX CTPYKTYp BOJM3M TepeaHei
KPOMKHU IpH OJIarONpUsITHOM IpaJueHTe AaBiieHus. bbuio nmokasaHo, 4To 3a mepoxo-
BAaTOCTHIO HA PAcCTOSIHUM 46 KaauOpOB OTHOCHUTENBHO AWaMeTpa UUiIuHApa GOopMu-
pyeTcsl mpoAoJibHAsA CTPYKTYpa, BHYTPH KOTOPOM CYHIECTBYIOT JBa CTAallMOHAPHBIX
BO3MYULIEHUSA. DT BUXPU MMEIOT Pa3HbIE T€OMETPUUYECKUE Pa3MEPbl OTHOCUTEIBHO
Apyr JIpyra BCIEICTBHE BIIMSHMS MOINEpEeYHOro TeueHus. [Ipym QBUMKEHUMU BHH3 1O
MOTOKY pa3Mepbl BUXpEH YBEIMUMBAIOTCS U MMPOUCXOIUT HE3HAUUTENbHas aAedopma-
1y uX GopMbl. HacTOTHBINM COCTaB MyJIbCAllMNA MPU 3TOM CMEIIAETCsl B 00JaCTh HU3-
KHX 4acToOT.

B d4erBepToil ri1aBe aKIEHT CMEIAETCAd Ha HCCIEJAOBAHME BO3MOKHOCTHU
VIPABJICHUS] TEUEHHUEM C TIOMOLIBI0 OTCOCA MOTPAHUYHOTrO ciiosi. Mojenupyercs: cu-
Tyalusi, KOrJla Ha HaBETPEHHOM CTOpOHE, MO IEHTPY OECHMIOTHOrO JIETaTEeIbHOrO
anmnapara HaXOJHUTCs BUAEO KaMmepa.

Hcnonp30BaHHasi B SKCHEPUMEHTE MOJENb Kpblla MpeACTaBisia coOor mpsi-
MOYTO0JIbHOE KpbL1o, ¢ cummeTpuuHbiM nipodusieMm NACA 0012. Xopaa ¢ = 501 mwm,
pasmax L =950 mm, makcumanbHas TtommuHa t=60 mMM. Cxema Momenu Kpblia
npencrasieHa Ha puc. 13,a. Kpbuio pacnonaranock B pabouel yacTu Moja OTpHIla-
TEJIbHBIM YTJIOM aTakKu o = —06,5°U MO HYJEBbIM YIJIOM CKOJIBKECHHS.
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Puc. 13. Mojens npsMoro Kpbuia (a), yBeTHYCHHBIH y4acTOK MEIKoTephOoprupoBaHHOM
BCTaBKH (0) M CXeMa 0Tcoca IMOTPaAaHUYHOTO €105 (8).

1 — xpsu10, 2 — MenkonephOpHUpOBaHHASI BCTaBKa, 3 — TPEXMEPHBIH JIEMEHT HIEPOXOBATOCTH.

TpexMepHbI HWIMHAPUYECKAN 3JIEMEHT IIEPOXOBATOCTU UIPail POJb UCTOY-
HUKa BO30Y)XJEHMS CTallMOHApHBIX BO3MYIIEHUW. BpicoTa snemeHTa cocTaBuia
1,7 mm, guametp 1,8 MM. DIIeMEHT IIEpOXOBATOCTH PaCIoyiarajcs Ha pPacCTOSHUU
215 MM OT TiepeHel KPOMKH Kpbiia. PaccTosiHue Mexay 3JIeMEHTOM IIepOXOBaTO-
CTH U HA4aJIOM BCTaBKHU COCTABJIISIO 75 MM.

HccnenoBanusi NpOBOJUIUCH
KaK C €CTECTBEHHbIMH, TaK U HC-
KYCCTBEHHBIMU  BO3MYIICHUSIMHU,
T€HEPUPYEMBIMHU C MOMOIIBIO aKy-
ctuku Ha yactote 120 I' ¢ nHTEH-
CUBHOCTHIO 3BYKa 90 nb.

Kak B ciy4yae eCTeCTBEHHBIX,
TaK M MPU UCKYCCTBEHHBIX BO3MY-
IIEHUSX, YJIaJIOCh CHU3UTh WHTEH-
CUBHOCTb HWHTETPAJIBHBIX TYJb-
caluii CKOpPOCTH B Clielie 3a IIepo-
XOBaTOCTBHIO ISl «ECTECTBEHHBIX
BO3MYIIICHUI» MaJbIX aMIUTUTY/ B
5 pa3 (puc. 14) u B 90 pa3 s
YCUJICHHBIX  3BYKOBBIM  BO3JEii-
CTBUEM BO3MylIeHHi (puc. 15).
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Puc. 14. Pacnpenenenue mnynbcalMii CKOPOCTH

CCTCCTBCHHBIX

BO3MYLIEHHM 33 3JIEMEHTOM

[IEPOXOBATOCTH BJOJb XOPbI KPbUIa B ITUPOKOM
nuamaszone yactor (0 < f < 2 x['m).

1 - 06e3 oTcoca, 2 — ¢ OTCOCOM.
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Puc. 15. Pacnpenenenue nysnbcanuii CKOPOCTH JUIsl BOSMYIIEHUN C HAJTOKEHHBIM aKyCTHYE-
CKHM II0JIEM B CJIEJIE 3a ILIEPOXOBATOCTHIO B/IOJIb XOP/bl KpPbUIa B IIMPOKOM JHana3zoHe
gacrtot (0 < f < 2 xI'm).

1 - 06e3 oTcoca, 2 — ¢ OTCOCOM.

Kpome Toro, ObIJI0O yCTaHOBIIEHO, YTO pacHpeesieHHbI 0TcoC B 00JacTH He-
0JIarONpUSATHOrO TpaJueHTa JAaBJICHUS BO3JCHCTBYET HA CPEAHEE TCUCHHUE, YCTPAHSS
OTPBIB MOTOKA y 33IHEM KPOMKHU KpbLia. Bo3aencTBue pacipeaenéHHoro no rnopepx-
HOCTH OTCOCa Ha TEUYECHUE BHYTPHU IOTPAHUYHOTO CJIOS 3@ 3JIEMEHTOM ILIEPOXOBATO-
CTHA MPUBOJUT K MOJHOMY YCTPAHCHUIO HEOJHOPOAHOCTH TEYEHUSI — CTALMOHAPHOU
MIPOJOJIBHOM CTPYKTYPBL.

OCHOBHBIE PE3VYJIBTATBI Y BbIBO/IbI

1. AnanTupoBaHa METOAMKA >KMJIKOKPUCTAIIIMYECKON TepMmorpaduu i Hc-
CJIeIOBAaHUs Ipoliecca JaMUHAPHO-TYpOYJIIEHTHOTO NIEPEX0a Ha CKOIb3AIIEM KpbLIe
Y MOJEJIA TPanelUMEeBUIHOTO JIETAIOLIEr0 Kpblia (MPU HATYPHBIX CKOPOCTAX MOJIETA U
gyuciax Pelinonbaca).

2. OTtpabotana MeToAMKa OOHAPYXEHHUSI 00JACTH MaKCHMAaJbHOW BOCIPHHUM-
YUBOCTHU MPOJOJBHBIX CTPYKTYP K HIEPOXOBATOCTH Ha MEpeHeN KPOMKE CKOJIb3s1le-
ro KpbUJIa ¥ MOJIENIH TPAMEIMEBUTHOTO JIETAOIIETO Kpblla (TIpU HATYPHBIX CKOPOCTSIX
noJjiéra u unciax PeliHonbaca).

3. [lokazaHo, 4TO IByMEpHAas CTYNEHbKA MPUBOJIUT K TOSBIICHUIO MTEPHOINIEC-
KHUX TPOIOJIBHBIX CTPYKTYP Ha MOJIETH CKOJB3AIIETO KphLjia.

4. ViccnenoBaHue TeYEHHsI HA HABETPEHHOM CTOPOHE MOJIEIH JIETAOLIETrO KPbI-
Jla C YCTAaHOBJICHHBIM Ha MIOBEPXHOCTH TPEXMEPHBIM JIEMEHTOM IIEPOXOBATOCTH BbI-
coroii hsp = 0,98 MM (cpaBHMMO# ¢ TOJIIMHOW MOTPAHUYHOIO CIIOSI B MECTE PACIIO-
JIO’KEHHUS) TIPU CKOPOCTH Haberaromiero noroka 10 M/c nokasano:

a) MPOJ0JIbHASL CTPYKTYpa COCTOUT U3 JBYX CTAIllMOHAPHBIX BO3MYIICHU;

0) cTaliOHapHbIe BO3MYIIECHUSI UMEET pa3HbI pazmep, 00yCIOBIEHHbIN HaIU-
YHeM MONEePEeYHOro TeUCHHUS,;

B) IIPU JBM)KEHUU BHU3 10 TEYCHUIO pa3Mepbl BO3MYILEHUIN yBEIUYUBAIOTCS, a
YaCTOTHBIM COCTaB IMyJIbCALIMI cMelaeTcs B 00JacTh HU3KMX YacTOT, YTO XOPOUIO
corJiacyeTcs pe3ysbTaTaMu IPeXHUX padoT.
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5. Tloka3aHO, 4TO pacHpenesieHHbIM OTCOCa 4Yepe3 TMAPABIMYECKH TIIAJKYIO
ITPOHULIAEMYIO ITOBEPXHOCTh KAK IPHU «ECTECTBEHHBIX BO3MYILIEHHIX» MaJbIX UHTECH-
CUBHOCTEM, TaK M HAa BO3MYUICHUAX, YCUJICHHBIX BHEIIHUM aKyCTHUYECKHUM IIOJIEM,
CHIDKAET B 5 pa3 HHTECHCUBHOCTD ITyJIbCALUM CKOPOCTH B CIEJAE 3a MIEPOXOBATOCTHIO
B CIIy4a€ «ECTECTBEHHBIX BO3MYILICHHI» MaJbIX aMIUIMTYa U B 90 pa3 mjisl ycuieH-
HBIX BHEIIHUM 3BYKOBBIM BO3JECHCTBUEM BO3MYIICHUN.

6. Bo3nelicTBue pacnpeaesI€EHHOro o MOBEPXHOCTH OTCOCA HA TEYEHHUE BHYTPH
IIOrPAHUYHOTO CJIO0S 34 3JIEMEHTOM LIEPOXOBATOCTH NPUBOAUT K IMOJHOMY yCTpaHe-
HHUIO HEOAHOPOJHOCTH TEUEHUS — CTALMOHAPHOW NPOJOJIBHON CTPYKTYpHI. [Ipu a3TOM
HUKe 00JIaCTU 0TCOCA OTPAHUYHBIN CJION CTAHOBUTCS JIAMUHAPHBIM U OJHOPOJAHBIM
(IByMEpHBIM) 1O pa3Maxy KpbuUIa, IPOUCXOAUT pelaMUHAPU3ALMS HAYAJIBHOIO Typ-
OyJIEHTHOTO TEUEHUSI.

B pabote ncnonb3yroTcs cChUIKU Ha 47 UICTOYHUKOB JIMTEPATYPHI.
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