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Ha nHnykunonHom BU-mmasmorpone BI'Y-4 (MITMex PAH) npoBeaeHbl 3KCIIEpUMEHTHI 10 HUC-
CJIIEIOBAHMIO TEIUIOOOMEHA LMJIMHIPUYECKONM BOHOOXJIAXKIAEMOM METHON MOIenud AUaMeTPOM
30 MM, OCHAIIIECHHOW KaJOPUMETPUYECKUM JATYUKOM C TETIJIOBOCIIPUHUMAIOIIEH MOBEPXHOCTHIO
nuameTrpoM 13.8 MM u3 rpacdura, mpu KOMOMHHUPOBAHHOM peXHMe HarpeBa MOBEPXHOCTHU IJIa3MOK
a30Ta U JJa3epHbIM U3JTyYeHUEM, a TAKXKe ISl CIydaeB HarpeBa IMOBEPXHOCTU TOJIBKO JIA3€PHBIM U3-
JIy4eHHEM WJIY TOJIBKO CTpyel IUIa3MBbl a30Ta. DKCIIEPUMEHTHI B CTpysax BU-1urazamMorpoHa nposene-
HBI IIpY JaBJIeHUU B 6apokamMepe YCTaHOBKU p = 1 X 10* ITa, MaccoBoM pacxone asota G = 2.4 r/c,
MounHocT BU-reHeparopa riasMoTpoHa o aHOIHOMY IUTaHuio N, , = 22 kBr. [lyist BBIOpaHHbIX
9KCIECPUMEHTAJIBHBIX PEXMOB YCTAHOBJICHO, YTO CTPYS AJUCCOLMMPOBAHHOTO a30Ta M BEICOKOYA-
CTOTHBIIA MHAYKIIMOHHBIN pa3psii HE OKa3blBAlOT 3aMETHOIO BIMSIHUS Ha MPOXOASIIUKA yepe3 HUX
na3zepHsblit 1y4. [ToydeHbl 3HaYeHNS TUIOTHOCTH TEIUIOBOIO IIOTOKA B 3aBUCHMMOCTH OT MOABEICH-
HOM MOIITHOCTHU J1a3€pHOTro U3JydeHus1. [Jisi pacCMOTPEHHBIX YCIOBU 3KCIIEPUMEHTOB IIPOBEAECHO
YHUCJIEHHOE MOJEIMPOBaHMEe JO3BYKOBOI'O TEUEHMS TLUIa3MbI a30Ta B KBaplIeBOM pPa3psIIHOM KaHaJjle
U B IPOCTpaHCTBe OapokaMephbl ycTaHOBKU BI'Y-4, ocHoBaHHOE Ha pelleHUU MOJHbIX YpaBHEHUI
Hasse—Crokca metomom Ilatankapa—CrionouHra.

Karoueswie crosa: nHayK1IMoHHbI BU-1m1a3MoTpoH, 1ia3Ma, a3oT, ja3ep, TeIUIOOOMeH, KOMOMHU -
POBaHHLII HATPEB, YUCIIEHHOE MOIEIMPOBaHIE
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st atMmocepHOro yJyacTka IoJjieTa CIIyCKaeMOoro KOCMHUUYECKOro arrmapaTa B HEKOTOPBIX TOUKaxX
TpaeKTOPUU pagrallMOHHBIE TEIUIOBbIE TOTOKM MOTYT JOCTUTATh 3HAUSHMIA, COIIOCTaBUMBIX C KOHBEK-
TUBHBIMU TEIUIOBEIMU mToToKamu [1—3]. B [4] moka3aHo, 4T0O pagualiMOHHEIN TEIUIOBOI IOTOK CO CTO-
POHBI M3JTyJalolllero raza K JoOHHOI ob6iactu anmapata Schiaparelli mpu criycke B atmMocgepe Mapca
MOKET COCTaBIISITh 10 70% OT cyMMapHOTO TEILTOBOTO MTOTOKA. 3a1a9y CO3AaHUs U UCCIIeIOBaHUS Ma-
TepHaJIOB TEIJIOBOM 3aIIUTHl OyIYIIMX MEXIUIAaHETHBIX MACCHI MMOTPEOYIOT IIIYOOKOIT MOAEepHU3ALINHA
CYILECTBYIOIIMX HAa3€MHBIX 3KCIIEPUMEHTAIbHBIX YCTAHOBOK 151 00Jiee JOCTOBEPHOIO MOIEIMPOBaHUSI
YCJIOBUI paInallMOHHO-KOHBEKTUBHOIO Harpesa [5—7]. [IpuMepoM Takoit MOJIe pHU3ALIUM CIIYKUT CO-
3naHue B Llentpe Ditmca (CIIIA) ncneiTaTeIbHOro KOMIUIEKCA, TIe peain30BaH HarpeB MOBEPXHOCTU
IJIOCKMX 00pa31ioB MMOTOKOM BO3AYIIHOM IJ1a3Mbl 1 JIa3epHBIM u3inydeHuem [8§—10].

B NITMex PAH BbITNIOJIHEHBI 95KCOEPUMEHTHI, IEMOHCTPUPYIOIIIE BO3MOXHOCTh KOMOMHUPOBAH-
HOT0 Harpesa IIOBEpXHOCTH 00pa3iia TeII03alIUTHOIO MaTepualia JO3ByKOBBIMU CTPYSIMU IJIa3MbI 230~
Ta nHAYKOnoHHOTO BU-11a3Morpona BI'Y-4 1 nydoM nTTepOoreBOoTro MMITYJIbCHOTO BOJTOKOHHOTO JIa-
3epa. JdeTtanbHoe oIMcaHue 3KCIEepMMEHTOB IpeacTtansiieHo B [11]. Llenblo naHHOI pabGOTHI SBASIOCH
boJiee moapoOHOE HUCCIIeIOBaHNE OCOOEHHOCTEM peXKMMOB TeUeHUs TUIa3Mbl U TEIUIOOOMEHA B YCJIOBU -
SIX, OJIM3KUX K IIPOBEAESHHBIM JEMOHCTPALIMOHHBIM KCIIEPUMEHTAM.
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1. OKCITEPUMEHTAJIbHAA YCTAHOBKA

IMoapo6bHoe onucanue 100-kunoBartHoro BU-ruazmorpona BI'Y-4 (MITMex PAH) nmpuBeneHo
B [12]. I peanu3zanuy peKMMOB KOMOMHNPOBAHHOIO PaauallMOHHO-KOHBEKTMBHOIO Harpesa ycTa-
HOBKa ObLJIa MOJIEPHU3MPOBaHA: 1) B COCTaB YCTAHOBKM BKJIIOYEH UMITYJIbCHBIM BOJIOKOHHBIN J1a3ep;
2) u3aMeHeHa KOHCTPYKILIUsl (hbopMUpOBaTeisl MOTOKA ra3da B HIDKHEM MHTepdeiice pa3psimHOro KaHaja
TUTa3MOTPOHA (MPEeTyCMOTPEHO KBAapIIeBOEe OKHO 1 KaHaJI [T HaBeIeHU Ja3epHOTo Jiyda Ha ITOBEpX-
HOCTb 00pa31oB MaTepuayioB uiu moxaeieit). Cxema BU-1masmorpona BI'Y-4, nomnojHUTEIbHO OCHA-
IIEHHOTO UCTOYHMKOM JIa3epHOTro U3JyYeHHUs, MpuBeaeHa Ha puc. 1.

B xauecTBe MCTOYHMKA JTA3€pHOTO U3TyYeHUS BIOpaH UTTEpOUEBbI BoJIOKOHHBIH Jasep IPG Pho-
tonics YPLN-1-100-200-R ¢ BBICOKOI1 HAIIpaBJASHHOCTHIO U CTA0MILHOCTHIO M3TydeHus1. Koapduim-
€HT TTOMIOLICHUS M3IyYeHUsI Ha IJIMHE BOJHBI JazepHoro uamnydeHus 1.064 mxm cocrasiser 0.8—0.9
JUJISI IIMPOKOTO CIIeKTpa BBICOKOTEMIIEpAaTypHBIX MaTepuasoB. s TpPaHCTIOPTUPOBKU MU3JIy4EHUS OT
J1a3epHoii ronoBku I (puc. 1) K IIOBEpXHOCTU BOJOOXIAXIAEMOM IMJIMHAPUIECKOIT MeTHOM MoIenu 7
BJIOJIb OCH TIJIa3MEHHOTO MOTOKA MHIYKIIMOHHOTO IJIa3MOTPOHA S Obljla coOpaHa BHELIHSISI ONITUYeCKas
cucrema, (hopMupyloiias MsATHO OOJIYYEHUsI C U3BECTHBIM paclpeaeaeHueM uHTeHcuBHOcTU. Cuctema
TPAHCIIOPTUPOBKHU U3JTyUdeHUsI BKJIIOUasla IOBOPOTHOE 3epKajlo 3, IpelHa3HAaYeHHOE JJ1s COBMEIIECHUS
oceif JJa3epHOoro JIiyda 6 ¥ Tula3MeHHOTO TToToKa. [TooxkeHne 3epKaja 1 yrojl ero HaKJIOHA peTyJIMpoBa-
JIUCh C TIOMOIIbIO MUKPOMETPUUYECKIUX BUHTOB JISI TOUHOM HACTPOMKY MOJIOXKEHUS MSATHA OOJIydeHUsI
Ha TIOBEPXHOCTU Mojeu. PazMmep msiTHa oOJydeHs OIpenessijicsl IPOCTPAaHCTBEHHBIMU XapaKTepu-
CTMKaMU JIa3€pHOTO Jiyya U MapamMeTpaMu JUH3bI 2, pacloIOXKEHHOU Ha OCU CUCTEMbI TPAHCTTIOPTUPOB-
KU u3nydeHusi. Mojenb momMeniagach B pacXoAsIlyocsl YacTh JIa3epHOTO My4yKa 3a (POKYCcoM JUH3HI F,
TaK YTO pa3Mep ISITHA 3aBUCE]I OT OTHOILIEHUsI (POKYCHOTO PaACCTOSIHUS JIMH3bI K PACCTOSIHUIO OT JIMH3BI
JI0 MOJIETN BIOOJIb OTITUYECKOM ocH. JIazepHBIit Iyd BBOTWIICS B BAKYYMHBIIT 00beM MCIBITATEILHOM Ka-
MEephI Yepe3 IMpo3pavHoe KBaplieBoe OKHO 4. B akcriepuMeHTax pacnpeaeieHrue 001yd4eHHOCTU ITOBEPX-
HOCTU MOJIEHU B ISITHE ObLJIO GJIM3KO K rayCCOBCKOMY pacripenesieHuto ¢ paguycom 10 mm. B 1060Boii
4acTu MOJEU MPEAyCMOTPEHO THE3MI0 LISl YCTAaHOBKU 00pa3iioB UCCIeAyeMblx MaTepruaioB. B npen-
CTaBJICHHOM paboTe BMecTO o0pa3lia B JOOOBOM YacTU BOAOOXJIaXIAeMON LHWJIMHAPUYECKON MeaHO
MOJIeJIU pacnojarajcs JaT4uK TeIJIOBOro Mmoroka. Yepes cMOTpoBO€ OKHO & € TIOMOIIbIO TEIIOBU30pa
MPOBOAUIUCH U3MEPEHUS TEMITEPATYPbI MOBEPXHOCTU JAaTUMKA.

2. OKCITEPUMEHTDI

B skcrniepuMeHTax McciaemoBacs TerI000MeH JIOOOBOM YaCTH IMJIMHAPUIECKOM BOTOOXIaXKIaeMO
MeIHOW Moaeau nuaMeTpoM d,, = 30 MM C TJIOCKHUM TOPLIOM B pexXXUMax paauallMOHHOTO Harpesa Io-
BEPXHOCTH JIa3ePHBIM JIyUOM, a TAKXKE B PEXKMMaX KOMOMHUPOBAHHOIO paalalluOHHO-KOHBEKTUBHOIO
HarpeBa ITOBEPXHOCTH JIa3ePHBIM JIy4OM U JO3BYKOBEIM ITOTOKOM ILIa3MbI a30Ta. PaccTossHUE OT Topiia
MOJIEJI OO BBIXOJHOTO CEYSHMS pa3psaHOro KaHaja Ia3MoTpoHa cocTasisio Z = 120 mm. nametp
LIUJUHAPUYECKOTO KBapLIeBOTrO pa3psiAHOTO KaHaja ria3aMoTpoHa D = 80 MM. DKCepUMEHTHI TIPOBO-
JVIIACH TP JABJIEHUN B 6apoKaMepe ycTaHoBKM p = 1 X 10* [Ta. MaccoBblii pacxol a30Ta BO BCEX IKC-
nepuMeHTax cocTaBiisii G= 2.4 1/C U KOHTPOJIUPOBAJICS C TTOMOIIBIO 3JIEKTPOHHOTO ra30BOT0 pOTaMeT-
pa Bronkhorst MV-306. MoiiHocts BY-reneparopa nia3smorpoHa o aHoAHOMY HUTaHUIO IIPY KOMOU -
HUPOBAHHOM HarpeBe MOBEPXHOCTH MOMIEPKUBAIACH TOCTOSTHHOU N, , = 22 KBT.

TenioBble NOTOKU OMPEAEISIIMCH C TIOMOIIBIO LIUJIUHAPUYECKOTO MPOTOYHOTO CTAllMOHAPHOTO Ka-
Jopumetpa [13], ycTaHOBJIGHHOTO B LIEHTPE JJOOOBOIT YacTu Moaeau. JuamMeTp TeIJIOBOCIIPUHUMAIO-
IIeit MoOBepXHOCTY KaJIoprMeTpa cocTaBis 13.8 MM. KamoprMeTp GbUT TETIIION30IMPOBaH OT MOIEIIH C
TMOMOIIBIO (DTOPOIUTACTOBOM BTYIKHU. [lorpenrHocTh M3MEpeHU UIST MPOTOYHOTO KaJIOpUMeETpa He
npesbimaina 10% [14]. [1pu n3aMepeHUsIX TEIUIOBBIX ITOTOKOB OT PaAUalliOHHOTO HarpeBa WK B peXXnMe
KOMOWHHMPOBAHHOTO pamMallMOHHO-KOHBEKTMBHOIO HarpeBa He NPENCTaBISLUIOCh BO3MOXHBIM HC-
TOJIB30BAaTh KAJIOPMMETPHI C TETUIOBOCIIPMHUMAIOIIEH MTOBEPXHOCTHIO N3 BEHICOKOKATATUTUYHON MeIu,
KOTOpBIE IIIMPOKO PacCIpOCTPaHEHBI B MCCIEIOBAHUSIX KOHBEKTUBHOIO TEIJIOOOMEHa Mofeseii, ooTe-
KaeMBbIX CTPYSIMUA BBICOKOSHTAIBITMIAHBIX XMMWYECKHM aKTUBHBIX Ta30B; MOJMPOBaHHAs MemHas IO-
BEPXHOCTh OTpa3ujia ObI OCHOBHYIO YaCTh JIA3€PHOTO U3JIYYeHUS, U TIOTPeOOBATIOCh YepHEHUE TTOBEPX-
HOCTU AaT4yuka. st pemieHus: mpooyieMbl UCIIOJIb30BaH KaJOPUMETP C TEMJIOBOCIIPUHUMAIOILIEH TT0-
BEPXHOCTBIO 13 TpaduTa, ob1amaroieit BBICOKOH IMOTIONIATeIbHOM CITOCOOHOCTBIO Ha JUTMHE BOJHBI
~1 MxMm [15]. MaccoBslit pacxon oxjJaxmammnieil BOObl B KAJIOPUMETPE U3MEPSIICS YIbTPAa3BYKOBBIM
KUAKOCTHBIM pacxonomepom Bronkhorst ES-FLOW u cocrtasnsin 2 1/c Bo Bcex akcnepuMeHTax. Pas-
HOCTb TeMIIepaTyp OXJIaXIalolleil BOIbI Ha BBIXOIE M3 KAJIOpUMETpa M Ha BXONIE B HETO M3Mepsiiach
9KpaHUPOBaHHOM auddepeHIINAILHONM TepMoIiapoit Tuiia XA (XpoOMeab-aJlloMeNb).
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13.8 MM

Puc. 1. Cxema BU-1mmnasmorpona BI'Y-4, nomoaHUTEIbHO OCHAIIIEHHOTO KCTOYHUKOM JIa3€pPHOTO M3JTydeHus: [ — UM-
yJIbCHBIN BOJIOKOHHBIM JIazep; 2 — IUH3a; 3 — IIOBOPOTHOE 3epKaJio; 4 — KBaplieBOe OKHO; 5 — HO3BYKOBAsI CTPYSI IJ1a3-
MBI a30Ta; 6 — JIa3epHBII JIy4; 7 — MeIHask BOMOOXIaKIaeMast MOIIENIb C KAJIOPUMETPUIECKUM JTaTIYMKOM; § — CMOTPO-
BOE OKHO.

B skcrniepuMeHTax MCIIOIB30BAJICS UMIYJIbCHO-TIEPUOAUYECKII peXXM pabOTHI Jla3epa ¢ BEICOKOM
YacTOTOM ciaeaoBaHus UMITYJIbcOB. [1pu yactore 1 MI mMnyabcHAast MOIITHOCTD U3TyYeHUS ITPEBbIIIA-
J1a cpegHiolo MeHee 4eM B 10 pas. 111 HarpeBa ITOBEPXHOCTU PEXXUM pabOTHI Jla3epa ¢ BRICOKOI 4acTo-
TOIT IOBTOPEHUS UMIIYJIbCOB MPAKTUYSCKU HE OTJIMYAETCS OT HENIPEPHIBHOTO PEXMMA.

[Motepu n3nyyeHus1 Ha DIEMEHTaX ONTUYECKOUN CUCTEMbI CKIIAIbIBAIMCH U3 TIOTJIOIIEHUS, pacces-
HUS1 1 00paTHOTO OTPpaXXeHUs OT MPO3pauyHbIX oBepxHocTel. [IpormyckaHue KBaplLieBOi TMH3bI U KBap-
LIEBOTO OKHA (T,,;; = Tjons = 0.935) 6€3 MPOCBETIAIOMINX MOKPBITUI COCTABIISIIO CYMMAPHO T, * Tiops =
= (0.87. [TomiolieHre Ha HOBOPOTHOM 3€pKajie PUBOAUIO K KO3(DOULUEHTY OPOITyCKaHUS T,,;, = 0.92.
Takum ob6pa3om, cyMMapHO MPONyCKaHUE ONTUYECKON CUCTEMBI COCTABIISIO Tg = Ty * Tions * Tmir = 0-8,
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Puc. 2. IzMepeHHbIE 3HAUEHNSI MOITHOCTH JIa3€PHOTO U3MYYeHUS (N, igens), TOTBOAMMOI K MOZIENIN, Y pACCUUTAHHAS
3aBUCUMOCTb CPEIHE MHTEHCUBHOCTHU U3TyYeHUs! (1};,.;j0n,) HA TTOBEPXHOCTH ITPOTOYHOTO KAJTOPUMETPa IUaMETPOM
13.8 MM, yCTaHOBJIEHHOTO B JIOOOBOI1 YaCTU MOZIEJIM, B 3aBUCUMOCTH OT BBIXOIHOI MOLIHOCTH JIa3€PHOTO U3JIy4YEHUS
(Nigser)-

T.€. MOIITHOCTb JIa3epHOTO UBIIyYeHUsI, TIOABOIAUMAST K MONENN, N, iz0n ObI1a Ha 20% HIKE BHIXOTHOM
MOIITHOCTH Jia3epa. J1Jisg TpoBepKU 3TOTO COOTHOIIEHUS ObLJIa U3MePeHa 3aBUCUMOCTD N, ;jon; OT 32TAH-
HOi1 BBIXOMHOM MOIITHOCTH JIazepa. N,,.jon; KOHTPOJIUPOBAJTIACH C TIOMOIIIBLIO TIPEABAPUTEIHFHO OTKAJINO-
poBaHHOTO N3MepuTest MmoiHocTu dazepa OPHIR Starlite ¢ TepmormnapHoit n3MepuUTENbHOI IOJIOBKOIM
50(150)A-BB-26. U3MmepurenbHast roJIOBKa pacrojarajiach B pacxoisileMcs IydkKe TaKUM 00pa3oM,
YTOOBI COOTHOIIIEHNE JUAMETPOB IITHA U3IYYEeHUS U IMIPUEMHON IIOIIAIKY OBLJIO TAKUM Xe, KaK Ha
nccrenyeMmoil Momeu. [1pu pacueTe cpenHeil MHTEHCUBHOCTH M3JTy4eHUS HA TIOBEPXHOCTHU TATINKA 1,000
MOIITHOCTb U3JIYYCHUS, TTIOABOANMAS K MOBEPXHOCTU TaTUMKA, PACCUMUTHIBAJIACH KaK MHTErpajl OT pac-
MpeaesieHUsI MTHTEHCUBHOCTHU MO MOBEPXHOCTU JaTyuKa. PacmpeneneHrne MHTEHCUBHOCTU CUMTAIOCh
TayCCOBCKMM U HOPMHUPOBAIOCH Ha U3MEPEHHYIO BETMUUHY N, ions

Ha puc. 2 Toukamu nokazaHa usMepeHHast BeTU4UuHA N,,.;j.,; B 3ABUCUMOCTH OT 331aBA€MOI1 BBIXOI -
HOI MOLIHOCTHU J1azepa N,,. [[yHKTUpOM MoKa3aHa JMHEHHAsI UHTEPIOISILUSL 3aBUCUMOCTU Ny igont =
=0.8 - Ny, — 0.4. CrutoniHo# JIMHMEH MOKa3aHa pacCUMTaHHAs U3 JAHHBIX U3MEPEHUST 3aBUCUMOCTD
CpeIHE MHTEHCUBHOCTU U3NYYEHUS 1,40, HA TIOBEPXHOCTU MPOTOYHOIO KAJIOPUMETPA JUAMETPOM
13.8 MM, pacrnoioKeHHOTo Ha MecTe 00JTyyaeMoro oopasiia, OT BBIXOJHOUN MOIITHOCTU U3JTyYeHUs J1a3e-
pa N/aser (OCL OpAVHAaT Iincia'ent CHpaBa)-

PesynbraThl M3MepEeHUIT TEMIOBLIX MOTOKOB CTALIMOHAPHBIM MPOTOYHBLIM KaJTOPUMETPOM C TEIUIO-
BOCHIPUHUMAIOIIEH TTOBEPXHOCTHIO M3 rpaduTa B pexKUMe paaruallMOHHOTO HarpeBa J1000BOil moBepX-
HOCTU MOJIEJIN JIy4OM Jia3epa U B peXXrMe KOMOMHUPOBAHHOTO paaualliOHHO-KOHBEKTUBHOTO HAarpeBa
IOBEPXHOCTH JIyYOM Jia3epa 1 JO3BYKOBBIM IOTOKOM ILIa3Mbl a30Ta PUBEACHBI HA pUC. 3.

B Ta6n. 1 npencraBieHbl 3HAUEHUST U3MEPEHHBIX KAJTOPUMETPOM TUIOTHOCTElN TEIIOBBIX TTOTOKOB
(g,,) AT peXUMOB PaTUAIMOHHOTO HATPeBa IMMOBEPXHOCTH JIyJOM Jiazepa 6e3 BO3AeCTBYS TIa3Mbl a30Ta U
paccuvTaHHbBIe 3HAYEHUST CpelHell MHTEHCUBHOCTY M3TyYeHUST Ha TIOBEPXHOCTH KaopuMeTpa (L izen) B
3aBMCUMOCTHU OT MOJABEAEHHOM MOIITHOCTH Ja3epHOTr0 U3NYYeHUS (N, cidons)-

B 1absn. 2 npeacTaBaeHbl 3HaUEHUsI U3MEPEHHBIX KaJOPMMETPOM IJIOTHOCTEN TEIJIOBBIX NMTOTOKOB
(g,,) 11 peXXMMOB KOMOMHMPOBAHHOTO PalMallMOHHO-KOHBEKTUBHOIO HarpeBa MOBEPXHOCTU JIY4OM
Jlazepa v I03BYKOBBIM IMOTOKOM I1J1a3Mbl a3ora (mpu MouiHoct BY-reHeparopa ruiasmorpona N, , =
=22 kBT) B 3aBUCUMOCTHU OT MOJABEAECHHOU! MOIIHOCTU Ja3€PHOTO U3NYUYECHUS (N, cizens)- 1aKXKE B
TabJ. 1, 2 npuBeneHbI TEMIIEPaTYpPbl MOBEPXHOCTH naTunkKa (7,,), U3MEPEHHBIE C TOMOLLBIO TEIJIOBU30-
pa Testo 890.
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Puc. 3. MI3MepeHHbIe 3HAYEHMS IUIOTHOCTU TEILJIOBOTO MOTOKA B 00J1aCTH JIOOOBOI TOYKY HIJIUHIAPUYECKOM METHOM
MOJIEJIU B 3aBUCUMOCTHU OT IIOABOIUMOM MOLLUHOCTU J1a3€PHOTO U3NYYeHU (N ivens): 1 — PAOIMALlMOHHBIIA HATPEB Jla-
3epHBIM U3JIydyeHueM; 2 — KOMOMHMPOBAHHBIN HarpeB Mpyu OMHOBPEMEHHOM BO3ICMCTBHUM JO3BYKOBOI CTPYH TUCCO-
LIMMPOBAHHOTIO a30Ta U JIA3epHOTO U3JTy4YeHUsI.

Kak BugHo 13 TabJ1. 1 1 2, HECMOTpPSI Ha BOASIHOE OXJIAXKIEHNE KAJIOPUMETpPa U BHICOKYIO TEIIOIPO-
BOOHOCTH IpaduTa, HaOJIIOJAETCS POCT TeMIIEpaTyphl HarpeBaeMoii TOBEPXHOCTH 110 Mepe pocTa IT0-
BOJIMMOTO TEILJIOBOIO IMOTOKA, KaK B peXnMax KOMOMHUPOBAHHOTO HAarpeBa, Tak U IIPpU BO3ICUCTBUU
TOJIBKO JIAa3€PHOTO JIyya.

Kaxk BumHo u3 puc. 3, TEIJIOBbIE TIOTOKHU B peXXrMe KOMOMHUPOBAHHOIO HArpeBa MPEeBBIIIAIOT TEIl-
JIOBBIE ITOTOKM, TTOJIYYEHHBIE B peXMME PaIUualIOHHOIO HarpeBa IpU TeX XKe MOIIHOCTSIX MOABEIEHHO-
ro Ja3epHOro M3JIy4eHUsI, Ha BEJIUUYUHY BKJIaga KOHBEKTUBHOIO TEIJIOBOIO ITOTOKA OT CTPYU a30THOM
IUIa3MBbl, 3apETUCTPUPOBAHHYIO MPHU BBIKJIIIOYEHHOM MCTOYHUKE Ja3epHOro U3aydyeHust. TakuM obpa-
30M, CTPYsI IIa3MbI a30Ta U BBICOKOYACTOTHBIN MHIYKLIIMOHHLII pa3psia He OKAa3bIBAIOT 3aMETHOTO BT -
SIHUSI HA MPOXONSIINIA Yyepe3 HUX JIa3epHBINA JIyd IJIs BBIOPAHHBIX 3KCIECPUMEHTAJBHBIX PEKUMOB.
B niepByio ouepenb 3TO CBSI3aHO ¢ OTHOCUTEJIbHO HU3KUM JaBJICHUEM B OapoKamMepe YCTaHOBKU (p =
=1 x 10* [1a).

3. YNCJIIEHHOE MOAEJINPOBAHUE

[J1st paccMOTpEeHHBIX YCI0BUIi 3KcniepuMeHTOB B BU-masMorpoHe BI'Y-4 nipoBeneHo yMcieHHOe
MOJIeIMpOBaHME TeYEHMS TIJIa3Mbl a30Ta, BKJIIOUABIIIee pellleHUe NBYX 3a1ay:

1) ynclieHHOE MOAEIMPOBaHNE JO3BYKOBOIO T€UEHMUS IIJIa3Mbl a30Ta B IWIMHAPUYECKOM KBApLIEBOM
pa3psiiHOM KaHajie guameTpoM 80 MM;

Ta6muua 1. PaguainioHHbIii HarpeB

Nincident (BT) Lincidens (BT/CM?) g, (Br/cm?) T, (°C)
15 6.2 6.0 30
31 12.7 11.8 36
39 16.0 14.1 39
47 19.3 17.6 42
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Tab6mna 2. KoMOMHUMpPOBaHHBIN paguallMOHHO-KOHBEKTUBHBII HarpeB

Nincident (BT) dw (BT/CMZ) T, (°C)
0 10.4 54
15 16.7 60
31 22.8 61
39 24.4 64
47 29.0 66

2) 4nCIIeHHOE MOJEIMPOBAaHNE TeYEHUS B CTpYye, UCTEKAOIIEil U3 pa3psSaAHOTO KaHajla B ITPOCTPaH-
CTBO Oapokamephl ycTaHOBKM BI'Y-4 1 oOTekaronieil MMIMHAPUISCKYIO MOIeab auaMeTpoM 30 MM ¢
TUIOCKMM HOCKOM.

PacyeT TeyeHus1 paBHOBECHOI TJIa3Mbl a30Ta B pa3psIHOM KaHaJje MPOBOAUJICS MO ITporpaMMe
Alpha [16] Ha ocHOBe ypaBHeHuit HaBbe—CroKca. [ToTepu sHepruu, CBsI3aHHbBIE C U3TyUYeHUEM I1J1a3-
Mbl, IPUHUMAJIUCh MAJIBIMU U HE YUYUTHIBAIUCH. TeueHre B pa3psiAHOM KaHajle CUMTAJIOCh JIJAaMUHAp-
HBIM, CTAllMOHAPHBIM U OCECUMMETPUYHBIM C a3UMYTaJIbHOI 3aKpyTKOI MmoToKa. [TomHbIe ypaBHEHUS
Hasre—CTtoKCa penraanch METOIOM KOHEUYHBIX 00beMOB 1o anroputmy SIMPLE Ilarankapa—Crioi-
nuHra [17]. Ha puc. 4 moka3zaHbl pe3y/IbTaThl pacueTa U30JIUHUI Oe3pa3MepHOi (pyHKIIMM ToKa (a) 1 U30-
TepM (0).

YucneHHOe MoJieIMpOBaHe TeUYEHUS B CTPYye, MCTEKAIOIIEH U3 pa3psiIHOTO KaHajla U o0TeKalolei
MTHHAPUIECKYIO MOMEIb, IPOBOIIIIOCH o IporpamMe Beta [16]. YpaBHeHUss HaBre—CTOKCa TakKe
pemayiich MetonoM [larankapa—CnonauHra. B KauecTBe rpaHUYHBIX YCJIOBUIT B HavYayie pacueTHOM
00J1aCTH HCIIOJIb30BaHbI MapaMeTPhl I'a3a Ha cpe3e pa3psiIHOro KaHaja, MoJydeHHbIe B pe3yabTaTe pe-
IIeHW IPEIBIAYIeii 3amaun B Tporpamme Alpha. Pacyer 1o mporpamme Beta ToxXe mpoBOIUTCS B IIpeT-
MTOJIOXKEHUY TEPMOANHAMMUYECKY Y XUMUUECKU PAaBHOBECHOTO TEYSHMST TIa3MbI a30Ta.

Pesynberarhl pacuera 1o mporpamme Beta mokaszansl Ha puc. 5—7. Ha puc. 5 nmpuBeaeHbl U30JIMHUU
Ge3pasMepHOil pyHKIMU ToKa. Ha puc. 6 mpuBeIeHbl U30TEPMBI CTPYU JUCCOLIMUPOBAHHOIO a30Ta.
Ha puc. 7 npencraBiaeHBI pacipeaelieHrsI CKOPOCTH (a), SHTaIbIMM (0), ITMHAMUYECKOTO TaBIeHU (B)

o o O O O

O O O O O Z, MM

Puc. 4. M3onunuu 6e3pazmepHoii hyHKIIMY TOKA (a) 1 U30TepMbl (0) TUIa3Mbl a30Ta B pa3psiiHOM KaHajle yCTaHOBKU
BIY-4 ansip=1x 10*ITa, N, , =22 kB, N,y = 12.65 kBr, G= 2.4 r/c.
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Puc. 5. M3onuHuu 6e3pa3MepHoit (pyHKIIMY TOKA T03BYKOBOI CTPYH AMCCOLIMMPOBAHHOTO a30Ta, 00TEKAIOIIEH LIWIUHAD
C TUIOCKUM TOpLioM auameTpoM 30 MM wist p = 1 X 10* IIa, Na‘P. =22 kBT, Npl =12.65kBt, G=2.471/c, Z= 120 MmM.
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Puc. 6. I30TepMbI 103ByKOBOI CTPYU AUCCOLMMPOBAHHOTO a30Ta, 00TeKAaIOIIEeH LIVJIMHAP C TUIOCKUM TOPLIOM JUaMeT-
poMm 30 MM st p = 1 X 10* Ia, Na_p_ =22kBr, G=2.4r1/c, Z= 120 MmM™m.

¥ MOJISIpPHOI KOHIICHTPAITUM aTOMOB a30Ta (I') Ha OCH CTPYU MEXIY BEIXOMHBIM CEUCHUEM Pa3psITHOTO
KaHaJja 1 J000BOM MOBEPXHOCTHIO MMIMHAPUICCKON MOACIN B 3aBUCUMOCTH OT PaCCTOSTHUS Z 0 BHI-
XOIHOTO CEeUYCHHUS pa3psIHOro KaHajla. DHTAIBITHASI HAa OCH CTPYU BOJIM3Y BHIXOTHOTO CEUCHMS KaHala
h =20.4 M[Ix/xt, ckopocth U = 76 M/c, MoJisipHast KOHLIEHTpaisi aroMoB azota Xy = 0.53. M3 puc. 7
BUJIHO, UTO B PACCMOTPEHHOM PeXMUME J03BYKOBasi CTPYsI IJIa3Mbl 230Ta HU3KOHAIOPHAast (MaKCUMaJlb-
HO€ pacyeTHOE 3HAYEHUE IMHAMUYECKOTO IaBJIeHUs Ha ocu cTpyu Py, = 12 I1a), 4ro 3aTpyaHseT oKc-

MN3BECTUA PAH. MEXAHUKA )KUAKOCTU U TA3A Ne 4 2023



NCCIEOJOBAHUE PEXXMMOB TEIVIOOEMEHA 153
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Puc. 7. Pactipenenenue ckopoctu (a), sHTaIbNHU (0), IMHAMUYECKOTO JaBJIeHUS (B) U MOJISIPHOI KOHIIEHTPAILIUU aTO-
MOB a30Ta (T) Ha OCY CTPYH MEXIY BBIXOMHBIM CEYEHUEM Pa3psTHOTO KaHaIa U JIOOOBOI TTOBEPXHOCTHIO IIMJTUHAPUYE-

CKOM MOIECJIN B 3aBUCUMOCTH OT PaCCTOAHUSA ZZ[O BBIXOOHOI'O CECUYCHMUS paspAaHOIro KaHajga ajisd p = 1 x 104 l'la,
N,p.=22KBr, G=241/c.

TIepUMEHTaIbHBIC U3MEPEHUS IMHAMWUYECKNX JABJICHUI ¢ MoMomIbio Tpyokm [Turo n muddepeHnm-
aJlbHOro MeMOpaHHOro mnpeoOpasoBaTenst gaBiacHus “Oiaemep” AUP-20/M2-J1]1 (MakcuMabHBII
BepxHUil npenen uaMepeHuin 1.6 xlla, pegen momyckaeMoii OCHOBHOIM IPUBEIEHHON MOIPEIIHOCTU
+0.2%).

OcHoBHbIe paboune mapamerpsl BU-mnasmorpona BI'Y-4 (maBneHue B GapokamMepe YCTaHOBKH,
MAacCOBBII pacxolI a30Ta 1 MoIIHOCTh BU-reHepaTopa mia3sMoTpoHa 1o aHOJTHOMY ITUTAHUIO ), UCITOJb-
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30BaHHbIC MIPU YUCICHHOM MOIESIUPOBAHUM TEUECHUS IIa3Mbl U B SKCIIEPUMEHTAX MO ONpPeaeICHUIO
TEIUIOBBIX TOTOKOB B JAHHOM paboTe, COOTBETCTBOBAJIM peain30BaHHBLIM B [11] mpu HarpeBe oOpasua
HU3KOTEIUIOIMPOBOAHOIO TEIUIO3AIMTHOTO MaTepuana. [eoMeTpust nepeaHeil 4acTU BOIOOXJIaXKIAac-
MO MeIHOI MOIeIN OTINYAJIaCh OT TEOMETPUM 0Opa3lia TEILUIO3alIMTHOTO MaTepuaja: obpasell ObLI
BBITIOJIHEH CO CKPYTIJICHHOI JIOO0BOI YacThio (pagnycoM 62.3 MM) U CKPYTJICHHBIMU KpoMKaMu (pagu-
ycoM 4 MM), B TO BpeMsI KaK JIOOOBas 4aCTh MEAHOI MOAEIHU IIpeaCcTaBiIsyia COOOM IIOCKUIA TOpell.
I1pu 3TOM coBnagaau pacCTOSTHUSI OT BBIXOOHOTO CEUEeHMsI pa3psiIHOrO KaHajia A0 JIOOOBOI YacTu 06-
pasua u Mmonesu (Z), MaKCUMaJIbHBIN IMaMeTp oOpaslia U JuaMeTp HUJIMHIPUISCKON METHON MOIEIIH.
Takum 0Opa3oM, pe3yabTaThl YUCICHHOTO MOJICIMPOBaHNsI OCHOBHBIX IapaMETPOB J03BYKOBOI CTpYH
IUIa3MBbl a30Ta, MCTEKaloIlei 13 pa3psaaHoro KaHajaa BU-miasmorpona BI'Y-4, MoxxHO Takske pacnpo-
CTPaHUTh Ha COOTBETCTBYIOIINE PEXXMMBI TCUECHUS B KCIIepMMeHTax [11] 1 ucrmoib30BaTh Npu aHAINU3E
HX pe3ynbTaToB. YKcaeHHOe MOIeIUPOBaHNE TeYeHUS BOJIM3U IIOBEPXHOCTU 00pa31ia HU3KOTEIIONPO-
BOJHOTIO TEIIO3AIUTHOIO MaTepuajia moTpedyeT YTOUHEHUsI TeOMETPUU pPacueTHOM 06JacTh U rpa-
HUYHBIX YCJIOBUI Ha MOBEPXHOCTHU O0Opa3lia.

SAK/IIOYEHHE

YucieHHO U 9KCIEPUMEHTATBHO UCCIEA0BaHbl HOBBIE PEKMMBbI paAuallMOHHO-KOHBEKTUBHOTO Ha-
rpeBa BOJOOXJIKIaeMOUN LMJIMHAPUUECKON MEIHOI MOJesiu, OCHAIIeHHON MPOTOUYHBIM KaJopUMET-
pPOM C TEMJIOBOCIPUHUMAIOIIEH TOBEPXHOCTHIO U3 rpacduTa, B JO3BYKOBBIX CTPYSIX IJ1a3Mbl a30Ta BU-
r1azaMoTpoHa BI'Y-4 npu omHOBpeMEeHHOM BO3IEHCTBUM JIa3€PHOTO U3TYyUEeHUSI.

B ycnoBusIx paguallnOHHOTO HAarpeBa JIa3epHBIM JIydoM (6e3 BO3AeCTBYSI TIa3MBI 230Ta) TTIOTHOCTH TETT-
JIOBOTO TIOTOKA K rpadUTOBOM MMOBEPXHOCTHU IIPOTOYHOIO KAJIOPUMETpa cocTasiisiia ot 6.0 mo 17.6 Br/cm?.
ITpu KOMOMHUPOBAHHOM BO3ICHCTBUY IJIa3Mbl 230Ta U JIa3€pHOT0 U3JIYyYeHUsI Ha rpadUTOBOI TOBEPX-
HOCTH IPOTOYHOI'O KAJIOPMMETPA Pealn30BaHa IUIOTHOCTh TEIUIOBOTO NMOTOKa oT 16.7 1o 29.0 Br/cm?2.
YCTaHOBﬂeHO, 4YTO OJIdd Bbl6paHHbIX PEXKNMOB JO3BYKOBaAs CTpPys IJIa3Mbl a30Ta 1 I/IHIIYKIJ,I/IOHHHﬁ BbI-
COKOYACTOTHBIN pa3ps He OKA3hIBAIOT 3aMETHOIO BIIMSIHUS HA ITPOXOIIIINIA Yepe3 HUX JTa3ePHBINA JTyd.

IMpencraBiaeHHBIE pe3yIbTAThl OYAYT UCITOJb30BaHBI IPU aHAIN3€ JAHHBIX 3KCTIEPUMEHTOB 10 TEII-
JIOOOMEHY 00pa3LoB TEMI03alIUTHBIX MATEPUAJIOB IJIsI COOTBETCTBYIOIIMNX PEXMMOB KOMOUMHUPOBAH -
HOTO paIualiOHHO-KOHBEKTUBHOTO Harpesa.

PaGora BeinosiHeHa 110 Teme TpaHTa PH® 22-79-10083 (https://rscf.ru/project/22-79-10083/) ¢ uc-
noab3oBaHueM BU-miasmorpona BI'Y-4, KoTopblii BXOOUT B COCTaB YHUKAIBHOM HAyYHOUM YCTaHOBKU
PO “BricokoyacTOTHbIE MHAYKLIMOHHbIE TU1a3MOTpoHEI BI'Y-3 u BI'Y-4” (http://www.ckp-rf.ru//usu/441568).
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