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PaccmatpuBaercs Mozenb (GU3HUECKUX MPOLECCOB, UMEIOIINX MECTO IPU aKy-
CTUYECKOM BO3JIEUCTBUM Ha TuiacT. DronI, 3anOJIHSIOMINN TOPUCTYIO TPOHUIIAE-
MYIO CpeAy IUIacTa-KOJUIEKTOpa, COCTOUT W3 JIETKOW U TSXKEJION YIriIeBOAOPOIHBIX
bpakuii, HaXOQAMIMXCA B YCIOBUSX TEPMOAMHAMHUYECKOTO paBHOBecHs. DUIbT-
pamus ¥ akyCTHYeCKOe BO3/EWCTBHE MOTYT HapyllaTh paBHOBECHBIA OallaHC MEeX-
oy (ppakuusMu ¥ TPUBOJUTH K MOCTENEHHOMY OCAXJIEHUIO JIMOO pPacTBOPEHUIO
TSDKEJIONW KOMITOHEHTHI. M3MeHeHue (PriibTpallMOHHO-EMKOCTHBIX CBOMCTB Cpeibl,
BbI3BaHHOE AKcOaTaHCOM KOHILIEHTpAalMi KOMIOHEHT (ItoHa, MOKET UMETh pe-
niarolee AecTBUE Ha MPOLECChl BOCCTAHOBJIEHHS J1e0UTa MPOIYyKTHUBHBIX CKBa-
HKUH.

1. BBEJIEHUE

HecMoTpst Ha cCyliecTBOBaHHME OYEBHUIHON MOTPEOHOCTH MPOMBICIOBON TeO(PHU3UKU B
MOIIIHBIX (PU3UYECKUX METO/AAX, HAIPaBJIEHHBIX HA HHTEHCU(UKALIUIO HEPTEU3BICUCHUS MTPU
OCBOEHUU CKBAKWH, HA CETOJHS, MOXKATyH, HU OJJHO U3 CYIIECTBYIOIIUX (PU3HUUECKUX CPEICTB
MOBBILICHUS OT/Aa4M IJIaCTa HE U3y4eHO B MOJIHON Mepe. CII0KHOCTh UCCIeI0OBaHUS CBsI3aHa
C HEJJOCTaTOYHBIM (PU3UUECKUM OCMBICIICHHEM U MOHUMAHUEM IPOLIECCOB, MTPOUCXOIAIINX B
YCIIOBUSIX TOPOBOTO, MPOHHUIIAEMOI0 IMPOCTPAHCTBA KOJUIEKTOPOB. Bce Bbllleyka3aHHOE B
MOJTHOW Mepe OTHOCHTCS M K METOJy aKycThueckoro Bo3zcicTBus (AB). YcnemHocTs mpu-
MeHeHUs! AB 3aBHCHUT OT MHOXeCTBa ()aKTOPOB, CPEeId KOTOPHIX MOKHO BBIAECTUTH (DUIBTpPA-
[IUOHHO-EMKOCTHBIE CBOWCTBA CPEJbl, BA3KOCTh IJIACTOBOTO (UIIOMAA, HAYaJbHOE U TEKYIEee
3HAaYeHHE TJIaCTOBOTO JABIICHUS, HUCTOPHIO M3MEHEHHUs ae0uTta ckBaxkuHbl. OJHAKO Haxe
0OJIBIIIOE KOJIMYECTBO HAKOIIJICHHON CTAaTHCTHYECKOW MH(POPMAIIMH, KacAIOMIEHCs UCITOIh30-
BaHUS METOJIa, U OMBIT CIELUATNCTOB HE MOTYT TapaHTUPOBATh MOJOXKHUTEIbHBIN pe3yabTaT
YIBTPa3BYKOBOM 00pabOTKHU (110 MMEIOIIEHCS Y aBTOPOB MH(POPMAIMH YCIICIIHOCTh METO/1a
He npeBbimaer 60—70%), He TOBOPA yXKe O MOJYyYeHUH KOJIMYECTBEHHON OLeHKH 3P deKTa OT
BO3MOJKHOT'O HUCITONIb30BaHus AB.

Takum 00pa3om, CymiecTByeT MOTPEOHOCTh B IOHUMAHUH (PU3UUECKUX MEXAaHU3MOB, TPH-
BOJSIIMX K MHTEHCHU(pUKAUUU He(TEOTIayu MpPU aKyCTUYECKOM BO3JECHCTBUHU Ha IUIACT W3
CKBa)KUHBI.
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B nHacrosiiee Bpemsi mpejiokKeH OBOJIBHO MIMPOKHI CHUCOK Pa3iHYHBIX (PU3NYECKUX
MPOLIECCOB U SIBJICHUN, KOTOPBIE MPU TEX UIIU UHBIX YCIOBUSIX MOTJIU Obl OBITH OTBETCTBEHHBI
3a mHTeHCcuukanuio mpu AB [1-6]. K Hanbosee BepOsSTHBIM MEXaHH3MaM BO3IEHCTBHS
OOBIYHO OTHOCSIT TUKCOTPOMUYECKHE U3MEHEHHS B IJIACTOBOM (hiItoue, KaBUTAILMIO, TEIJI0-
BOil mporpes. OAHAKO CYHIECTBYIOIINE OLIEHKU POJIM TOrO MJIM MHOTO MeXaHu3Ma B 3dexre
MHTEHCU(UKALUN HOCSAT CKOpee KaueCTBEHHBIN, a He KOJMYECTBEHHBIM XapakTep, U3-3a OT-
CYTCTBHUSI MOJIETIN SIBJICHUSI MHTEHCU(DHUKAIIMU B LIEJOM, a HE TOJBKO €€ OTACNbHBIX JJIEMEH-
TOB.

[TonibITKa paccMOTPETH sABJIEHUE UHTEHCU(UKANKU HEPTEOTAauu B LIEJIOM Oblila MpeAnpu-
HsATa B pabore [1], B KoTOpO#l ObLTa MOTy4eHa KOJMYECTBEHHAs olleHKa Y dexTuBHOCTH AB
3a CUeT YMEHbBIICHUS BA3KOCTH HEe(TU TOJBKO 3a CUET HArpeBa, 0OyCIOBJIEHHOTO JEHCTBUEM
aKyCTUYECKOT0 MCTOYHHMKA. B 3T0il paboTe mocnenoBareabHO MOJICIMPOBAINCH SIBJICHHUS, Jie-
JKalllie B OCHOBE (PU3NYECKUX MEXAHU3MOB IMPHU aKYyCTUUYECKOM BO3JCHCTBHH MO TEIIOBOMY
Mexanusmy. Ilpu dopmynupoBaHuM e€IUMHON MOCIEAOBATENBHOCTH (U3WYECKUX 3343y Y4d-
THIBAJIOCh, YTO CKBAXXUHHBIH MCTOYHHUK aKyCTUYECKUX KOJICOAHWM H3TydaeT aKyCTUYECKHe
BOJIHBI BO BHEIIHIOIO cpeay. M3-3a Hanuuus B cpelie MOTJIOIIEHHUS, YacTh MEXaHHYeCKON
SHEPruu aKyCTHMUYECKHUX BOJIH JAMCCUIIUpPYETCs, Mpeodpa3ysch B TEIUIOBYIO 3Hepruto. B cuiy
3TOT0 B OKPECTHOCTU CKBA)KMHBI BO3HUKAET paclpeieNIeHHbI ¢ HEKOTOPOIl TUIOTHOCTBIO TETI-
JIOBOM MCTOYHHUK, KOTOPBIA pa3orpeBaeT OKpyxKarollyro cpeny. Jlajiee, mOCKOJIbKY BSI3KOCTh
YTJIEBOJIOPO/IOB AKCIOHEHIMAIBHO 3aBUCUT OT TeMIEpaTyphl [2], TO €€ MOBBIIICHUE MPUBO-
JTUT K YMEHBIICHUIO BA3KOCTH U MOBBIIICHUIO CKOPOCTH (PUIBTpallMu B OKPECTHOCTH CKBa-
YKUHBI, U, BO3MOXKHO, K 3()(PEeKTUBHOM MPOMBIBKE 30HBI (GPUIBTPALIUU C YIATCHUEM OCEBIINX U
KOAaryJIMPOBaHHBIX YaCTHUIl, Memaromux QuibTpanuu HedTu u3 1iacta. OueHKd, NPUBOIU-
MbIe B cTaThe [1], mokazanu, uro AB mo TermiaoBoMy MexaHU3My 00eCIeYMBaET MOBHIIICHUE
TeMIepaTypbl B OKOJOCKBaXXUHHOM mpocTpancTBe 10 10—13°C, uro moaTBepKaaeTcs dKCIe-
puMeHTanbHO [9] n mpuBoauT K 5—12% yBenuuenuto aebuta ckBaxuHsl [1]. OmHako, OTHO-
CUTEJIBHO OBICTpasi peraKcanus TeMIIepaTypHOTO Mot (6—7 JHEH) 00ycClIaBIMBaET KpaTKO-
BPEMEHHOCTh MOJIOXKUTENBHOTO 3¢ dekra. Kpome Toro, HHTEpECHBIM MOXKET MPEACTABIATHCS
TOT (haKT, YTO UCIIOJIb30BAHHE OOBIYHOIO TEIJIOBOI'O UCTOUYHUKA TON YK€ MOIIHOCTU OKa3bIBa-
eTcst MeHee 3((PEeKTUBHBIM, HECMOTPS Ha TO, YTO BEJIMYMHA TEMIIEPATYpPHOI'O MOJIsl HA CTEH-
KaxX CKBa)KMHBI MHOTOKPATHO IMPEBBILIAET €€ K€ 3HaUEHUE, MPU aKyCTUYECKOM BO3JICHCTBUU
[1]. O1OoT 2ddexT oOBsicHseTCs TeM, uTo AB obecnieunBaeT 0osiee POBHBINA U TITyOOKUN TIPO-
IPEB CpeJibl 10 CPAaBHEHUIO C TETIOBBIM HCTOUHHUKOM.

Tem He MeHee, B CKBR)XMHHBIX paboOTax MO HCIOJIb30BAHUIO YJIbTPA3BYKOBOM OYHCTKH,
IPU YCIIOBUH TOJYYEHHSI MOJIOKUTEIBHBIX PE3yJIbTaTOB, YIAeTCs AOCTHYb JOBOJBHO JIOJITO-
CpOoYHBIX 3P (HEKTOB MOBBIIECHUS JeOUTa CKBaKMHBI. XapaKTepHas YCpeIHEHHas 3aBHCHU-
MOCTb U3MEHEHUs aebuTa oT BpeMeHu nociie AB, nmoctpoenHas ans Habopa U3 JecsTH CKBa-
JKUH, MpejcTaBieHa Ha puc. 1. J[nsg moctpoeHus JaHHOW 3aBUCHUMOCTH ObUIM HMCIIOJIb30BaHbI
pe3ynbTaThl u3MepeHusi n1eoutoB B necatu ckBaxuHax HIJIY «xeBckHedTh», mpoBeneH-
HBIX TIPH yJIBTPa3BYKOBOW 00paOOTKM Ha MpHU3a00MHYIO 30HY TUIaCTa C IENIbI0 HHTEHCU(UKA-
UU NpUTOKa HepTH. J[Is OIEHKH KauyecTBa MCXOJHOW MH(POpMAIMM HOPMUPOBAHHBIE JaH-
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HBIE 110 AeOUTY OJHOM M3 CKBaXMH OTMEYEHHbI Ha puc. 1 kBagparukamu. Kak BuIHO HCX0-
HbI€ JJaHHbIE HE OTJIMYAIOTCSl BHICOKUM KaueCTBOM, HO BCE K€ MO3BOJISIIOT CHIENaTh BBIBOJ O
BEJIMYMHE W TIPOJIOJDKUTENIbHOCTH MHTeHcHuukanuu pu AB. Ha puc. 1 criomnas kpuBast
MPEJICTaBIsIeT yCpeHEHHOE 3HAauYe€HUE HOPMHUPOBAHHBIX Ha HaydajlbHOE 3HAa4YeHHE JeOUTOB
KaXa0i U3 ckBaxkuH. llITpuxoBas JIHHUA SABISIETCS CPEAHEKBAIPATUYHON aNMpOKCUMAalME

HOJy4E€HHON 3aBMCHUMOCTHU C ITOMOIIBIO 3KCIIOHEHIMANbHOH QyHkuuu: Q/Q, = Aexp(—t/71),
rJie TapaMeTpbl UMEIOT CIEAYIONIMe YUCIoBble 3HaueHust A =1.23, 7 =150 nnei.

1.4 1

OTHOCHUTENIFHOE U3MEHEHNE Ne0NTa CKBAXKUHEI
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Puc. 1. U3menenue nebuta ckBaXuHbI mocsie AB, HOpMUpOBaHHOE Ha €r0 3HAYCHHE Nepe
AB. CriomiHast TMHUS — JaHHBIE, ycpeAHEHHbIE 110 10 ckBaxMHaM, KBaJpaTUKU — JaHHBIE
110 OHON U3 CKBa)KMH, IITPUXOBAs JTUHUS — HIKCIIOHEHIIMAIIbHAS alllIPOKCUMAIH.

W3 npuBeneHHBIX HA puc. 1 TaHHBIX CIEAYET, YTO CpeAHEEe YBEIMUCHHE 1eOUTa JOCTUraeT
30%, a cpenHss ATUTENBHOCTh MOJIOXKUTENBHOT0 3 dekra oT AB nocturaer 1.5-2 mecsiies.

Kazanock Obl, mogo0HbBIE ONMBITHBIE (DAKTHI TOCTATOYHO ONPEICNICHHO YKa3bIBAaIOT Ha TO,
YTO mporpeB mpu AB siBisieTCS HECYIIECTBEHHBIM MEXAaHH3MOM B ALY JPYTHX SIBICHHM, C
MIOMOIIBI0 KOTOPBIX B JuTeparype [3,4, 5, 6] 0OBACHAIOT A0JTOBPEMEHHBIA APPEKT OT aKy-
CTHYECKOT'O BO3/ACUCTBUS. Pe3ynpTaThl pacueToB yBEIMUYEHUs 1€0UTa CKBAXKUHBI BCIEICTBHE
IpOrpeBa OKOJIOCKBAXXUHHOTO (IIton/a, MpUBeIeHHBIE B [1], B 1Ie10M, MOATBEPKIAAIOT IIUPO-
KO PaclpoCTpaHCHHOE MHEHHE CIICIHUATNCTOB B 00JaCTH MHTeHCU(DHUKAIMN HEPTen00bIH O
KPaTKOCPOYHOCTHU U, COOTBETCTBEHHO, MaJIOl BelnuyrHE 3¢ (eKTa OT Harpena, BEIpA)KEHHOM B
OTHOCHUTEJIBHO HEOOJIBIIOM KOJMYECTBE JOMOJHUTEIFHO HaKaliiuBaeMoil He()TH B pe3ylibTa-

TC CHUKCHHA BA3KOCTHU IIJIIACTOBOI'O (bmon,ua.
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OpnHako W3MEHEHHE BSI3KOCTH YTJIEBOJIOPOAOB B 3aBHCHUMOCTH OT BEJIMYUHBI TEMIEpaTyp-
HOTO TOJIS SIBJIETCS JIUIIb OJTHUM U3 CJIEJICTBUM MPOrpPeBa OKPECTHOCTU CKBAXHHBI MO JAEH-
CTBUEM aKyCTHYECKOIO U3ITy4EHHUSI.

B pabote mpezacTaBieHa yCOBEpIIEHCTBOBaHHAS MOJIeTb (PU3WYECKUX TporeccoB mpu AB
B paMKax TeryioBoro Mexanusma. [lnactoBeiii (irons nmpeanonaraercs COCTOSIINM U3 JIETKOM
U TSDKENIOM yriaeBOMOpPOAHBIX (pa3, HaxoIAUIMXCS B TEPMOJMHAMHYECKOM pPaBHOBECHUHU.
Bremaue Bo3aeicTBYSI, Takue Kak GUiabTparus uin AB, MOTYT cMeIaTh paBHOBECHE MEXKIY
bpakusaMu Tak, YTO TsKeNas Ppakius MOKET OCaXKIAThCS HA CTEHKaX MOp WX pacTBOPSATh-
cs. B paMkax nanHoO# Mozenu yaaeTcsi BOCIPOU3BECTH XapaKTepHble 0COOCHHOCTH (hUIIbTpa-
1y GiIrouaa U3 CKBaXXHUHBI 10 U nocie AB, B ToM yuciie noiy4yuTh J0ITOBpeMEHHBIH 3 dexT
MOBBILICHUS] U3BJICUEHUSI HEPTH U3 KOJJIEKTOpA, XapaKTePU3YIOIIETrocs MOCTENIEHHBIM CHU-
JKeHrueM jaeburta. BaxHoW 0COOCHHOCTHIO MOJCIHN SIBJISIETCS OMKMCAHUE HE TOJIBKO camoro 3¢-
dekta u mocnencTsuii AB, HO ¥ TIPEAIIECTBYIONMIETO MPOIecca KOIbMAaTAIlU U 3aUTMBAHUS
OKOJIOCKB2XMHHOT'O TPOCTPAHCTBA, KOTOPBIH M NMPUBOAUT K HEOOXOIUMOCTU MPOBEICHUS
AB.

2. ®DU3NYECKAS MOJIEJIb SIBJIEHUM ITPU AB

[TnacToBeIii (o ABISETCS YPE3BBIYANHO HEOTHOPOJHOU CPENIOH, COCTOSAIIEH M3 rasa,
BOJIbI, JIETKUX YIJIE€BOJOPOIOB, CMOJI, Macel, achanbTeHoB U T. II. Ero ¢unbpTpanus compsixe-
Ha C MEIJICHHBIM OCAKJICHUEM TSIKEJBIX YIIIEBOAOPOJOB Ha CTEHKAX MOPOBOT0 MPOCTPAHCTBA
B BUJIE TBEPAOIO BEIIECTBA, YTO MPHUBOJUT K MOCTENEHHOMY YMEHBLICHHIO JHWaMeTpa Mop,
CHI)KCHHIO MTPOHUIIAEMOCTH M MOpUCTOCTU. B mpemnaraemoil MoJenu miacToBasi )KHUIKOCTh
COCTOUT M3 JIETKOU M TspKeNIou (pakiuii yraeBogopoaoB. Konmentparus Tsokenoit ppakium,
SBJISIOLLEICS IPUMECHIO, €CTh OTHOIICHHE KOJIMYECTBA MOJIEKYJI PAacTBOPSIEMOIO BEIIECTBA K
KOJIMYECTBY MOJieKys1 pactBoputeis C =N, /N, B equauie o6bema. B ycrnoBusix TepMoiu-

HAMHUYECKOI'0 PAaBHOBECHUS] OTHOCUTENbHBIE KOHIEHTpAalUUU 00enXx (a3 HaxoIsATCs B OINpene-
neHHoM OanaHce. COCTOSIHME TEPMOAMHAMUYECKOTO PABHOBECHS XapaKTepU3YeTCs BEIUYU-

HOM paBHOBECHOW KOHIEHTpauuu npumecu C,. O4eBUIIHO, UTO IPU U3MEHEHUU TEPMOJUHA-

MHUYECKHX YCJIOBHI B KOJUIEKTOPE paBHOBECHAs KOHIIEHTpAIUsl MPUMECH Takxke OyaeT me-
HATBHCS, BBI3bIBAS MPOLIECCH peaKcallii TEKYIeH KOHLIEHTPALUU K €€ paBHOBECHOMY 3Haue-
Huto. Hampumep, co3panue nenpeccuu B MIacTe MPU OCBOGHUHU CKBAKUHBI IPUBOIUT K U3MeE-
HEHUIO MOJIS JIaBJICHUS M, COOTBETCTBEHHO, N3MEHEHUIO PaBHOBECHOM KOHIEHTpauuu. CHU-

xeHue ypoBHs C, O3HA4YaeT TO, YTO TEKyllash KOHUeHTpauus npumecu C OyIeT CTPEeMUThCS

K €€ PaBHOBECHOMY 3HAUEHUIO, MPU KOTOPOM U3JIHUIIHSS KHUJIKast GpaKusl TSKEJIOTO YyrieBo-
JI0pOJia HAYMHAET OCAXKIAThCsl HAa CTEHKAaX MOPOBOIO MPOCTPAHCTBA B BUJE TBEpAOH (asbl,
yxyamasi GuIbTPaliOHHO-eMKOCTHBIE CBOMCTBA Cpelbl. Y MEHBIICHHUE pajnyca Mop BEIEeT K
CHI)KEHUIO MOPUCTOCTU U IPOHUIIAEMOCTH, OCOOCHHO B MPUCKBAXMHHOMN 30HE, 3aMETHO CKa-
3bIBASICh HA BEJIMUMHE CKOPOCTU TeUeHHs (hIona, U TeM CaMbIM MOCTENEHHO CHIKas 1e0UT
HedTu. CKOpPOCTh TaHHOTO MPOLIEcca MOKET BAphUPOBATHCSA B OYEHBb HMIMPOKOM JAMAaIa3oOHE,
YTO 3aBUCHUT KakK OT (PM3UKO-XMMHYECKHUX CBOMCTB pacTBOPUTENS U MPUMECH, TaK U OT CTa-
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JTUU OCBOEHUSI CKBAXXHHBI, YPOBHS O KOTOPOTO YK€ MPOU30NLIo naaeHue aeoura. [logobHoe
«3auSIMBaHUE)» MOXKET MPOCTUPAETCS HA MHOTHUE HEENH, a TO U MECSLIbI.

B cBoto oyepenb, MpEBBIIEHUE PABHOBECHON KOHIIEHTpAUUEW MPUMECH 3HAYEHUS TEKY-
e, KoTopoe mpoucxoauT pu AB, BBI3BIBaE€T MpoOIeCC PacCTBOPECHHS TBEPAOU (a3bl TsxKe-
JIBIX YTJIEBOAOPOJOB M OYMCTKE MOPOBBIX KaHAIOB. B yacTHOCTH, aKyCTHYECKHE BOJHBI, T€HE-
pupyemble yIbTPa3ByKOBBIM CKBa)KMHHBIM H3JTydaTesieM, BO BHEIIHEW Cpe/ie HCIBITHIBAIOT
norjoueHrue u (GOpMUPYIOT B OKPECTHOCTU CKBA)KUHBI pacHpeeNIeHHBIM TEIIOBOM HMCTOY-
HUK. BcreacTBue 3TOro mpoucXOOuT HArpeB BHEHIHEH cpelbl U MU3MEHEHHE TEeMIIepaTypbl

¢dronaa, 4TO B CBOIO Odepeab MPUBOAMT K M3MEHEHHUIO paBHOBECHOHN KoHIeHTpauuu C,,

pPacTBOPEHUIO TBEPJOHN TSKEIOW YriIeBOAOPOJHON (DpaKIMU, OYHUCTKE MOPOBBIX KAHAJIOB U
YAYYIIEHUIO (PUIIbTPaIIH.

Takum ob6pazom, ObicTpast ouncTka mop npu AB, 0COOEHHO MO CPAaBHEHHIO C MPEIIIECT-
BYIOIITUM IMPOIECCOM KOJbMAaTaIlluH, MOXKET OOBSICHUTD JOJATOBpeMeHHbIN 3 dekt oT AB, oc-
TaBasCh B PaMKax BCE TOTO YK€ MPOCTOT0 TEMIOBOTO MEXaHU3MA.

CrnenmoBaTenbHO, B TOJHOM TIOCTAaHOBKE MOJEIMpOBaHUE ToBeAcHHUS acbera mpu AB
JOJIKHO YUMTHIBATh MOBEJEHUYECKHE OCOOCHHOCTH (pitonia B MOPHUCTOM MPOHUIIAEMOIl cpene
0e3 yIbTPa3ByKOBOW 0OpaOOTKM M B YCIOBHUSAX CTUMYJIHUpPOBaHUsA HedTeoTnauu. B pamkax
npeJiaraeMoi MOJIETU CIIEAYET pAaCCMOTPETh CIIEAYIOIINE MTPOLIECCHI:

v GUIBTpaIys KUAKOCTH C BBIYMCICHHEM IOTOKA depe3 mep(OpHpOBaHHBIN HHTEpBA

CKBa>KHHBI,

v U3MEHEHHUE KOHIICHTPAIINHU TPUMECH;

v/ OIICHKa CTEMICHN OCAXICHHS MO0 PaCTBOPEHHS TSKEIION YIIIeBOIOPOIHON (pakiuu U
COOTBETCTBYIOIIUX U3MEHEHH pajuyca 1nop, MPOHULIAEMOCTH U TOPUCTOCTH;

v/ pacrpocTpaHeHHe YIbTPa3BYKOBBIX BOJIH OT CKBOKHHHOTO HCTOYHHKA C COOTBETCT-
BYIOIIMMHU BBIUYHCICHUSIMH PACHpPEENICHUs IUJIOTHOCTH 3BYKOBOM B3HEPIUU BOKPYT
CKBa)KMHBI U OIICHKOM pacrpe/iesieHus] TeIIOBbIX HCTOYHUKOB;

v U3MEHEHHUE TEMIIEPATYPHOTO OIS BOKPYT CKBKUHBI IpH AB.

BceM BbIlIenepeynciieHHbIM MpolieccaM MPUCYIIM UX XapakTepHble BpemeHa. Hampumep,

ecnu L — XapaKTepHbIA pa3mep 3ajaud (IuaMeTp CKBaXKUHBI), TOT/Ia BpeMs paclpocTpaHe-

HUSI 3BYKOBBIX BOJIH T, = L /c, rie ¢ — CKOpOCTh 3BYKa; XapaKTepHOMY BPEMEHH Harpepa
COOTBETCTBYET BhIpakeHue T, =L’/ y , Tae ¥ — Kod(pUIMEHT TeMIepaTypOoIpOBOIHOCTH;
12 2
BpeMst GUIIbTPAIIMK UMEET MOPSIOK T, =(L'nm)/(pc k), rae p v 1) SBISAIOTCA IIIOTHOCTHIO
U BSI3KOCTBIO ()IIFOM/Ia, COOTBETCTBEHHO, @ kK U m TPOHUIIAEMOCTh U MOPUCTOCTH CPEJIBI; Xa-
pakTepHoe Bpemsi Tupdy3uu npumecu T, = L’ / D,rne D — xoadduruent auddys3uu; Bpe-
Ms niepeHoca npumecu T, =(L’N)/(kAP), rne AP — mepenaj JaBjieHus; BpeMs OCakKICHUS
WIN pacTBOPEHUs T,, KOTOPOE 3aBUCUT OT TEPMOAMHAMHUYECKUX MapameTpoB. CrenaHHbIE

OLIGHKU TIOKa3aJi HAJIMYUE CIEAYIOUIETO MOpsIKa BPEMEHHBIX MacIITab0B yIIOMSHYTBIX (H-

3MYECKUX MPOUECCOB T, << T, << T, ~T, ~T, << T . CylmiecTByomee pasin4ne Macurabos

BPEMCH IIO3BOJIACT pasACIWUTh CIOXKHYIO 3aJady Ha pAd HE3aBUCHUMBIX ITIOJA3aJad, KOTOPBIC
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CBSI3BIBAIOTCS MEXIy CO0OM TOJBKO uepe3 ux Kod(PuimeHTsl. B COOTBETCTBUU C M3JI0KEH-
HBIMHU TIPEJCTABICHUAMHU O (U3NIECKHUX TpoIleccax, MPOUCXoasmux npu AB, nanee B ctatbe
bopMyupyeTcss ¥ pemaercst psij 3a1a4, OTBET Ha KaXIyI0 U3 KOTOPBIX SIBIISETCS HEOOXOIH-
MOW COCTABJISIOMICH TSI TOHMMAaHUST KOMITJICKCHOTO SIBJICHUS, YTO TTO3BOJISIET KOJIMYECTBEHHO
o1ieHuTh A (PexT oT ucmoap3oBanus AB.

He ocranaBimBasich MoapoOHO Ha YHCICHHBIX aITOPUTMaX, MPUBEIEM ITOCTAHOBKH M pe-
3yJABTAThl PACUETOB YKa3aHHBIX 3a/1a4.

3. DUWIBTPALIA OJIIONIA

OunbTpanus ¢Guronaa sBIsSETCs OCHOBHBIM MPOLIECCOM, HA KOTOPBIN HAaKJIaJbIBAIOTCS BCE
ocTaJbHbIE B paccMaTpUBaeMOil 3ajaue. YpaBHEHHE, ONMMCHIBAIOLIEe JABIKEeHUE (ionaa B
MOPUCTON MPOHUIIAEMOMN cpesie, MOXKET OBITh MOJYYEHO U3 YpaBHEHHS HENPEPHIBHOCTU IS
¢rouaa B MOPOBOM MPOCTPAHCTBE,

W p) s aifp-7)=o, (1)

3akoHa JlapcH, CBSI3BIBAIOLIETO MAacCOBYIO CKOPOCTh (MIbTpauuu V' ¥ TPAJAUEHT JABICHUS
P,

Vz—k-gradP, 2)
n

a TaKk)Ke TIMHEapru30BaHHOT'O YpaBHEHHUsI COCTOSHUS (IIIOnIa,
4 4 2

P=pc, (3)
CBA3BIBAIOIICTO OTKIIOHCHHUA IIJIOTHOCTU U JABJICHUA OT PABHOBCCHLIX YCPC3 KBAApPAT CKOPO-
CTH 3BYKa C.

CootHomenust (1) — (3) cBomATCS K ypaBHEHUIO (PHIBTPAIMH TIACTOBOTO ()IFOMIA, JIMHEA-
PU30BAaHHOMY I10 JIABJICHUIO:

2

omP k-p,-c

—————div

o ~grad P=0. 4)

VYuurteiBas ganee, 4To B paccMaTpUBaeMoOd MOAeNnu k, m , 1 ABISAIOTCA (PYHKUIUSIMU KOOP-

JWHAT W BPEMEHH, W, MpEJIoaras Majloil CKOPOCTh MX M3MEHEHHs BO BPEMEHH, MPOIECC
(GuIBTpany MOXHO PAacCCMaTPUBATHCS KaK HE3aBHCUMBIH, C MOJCTPOMHKON MO/ TEKyIIIe 3Ha-
YEeHUS] IPOHHUIIAEMOCTH, TIOPUCTOCTU U BSI3KOCTH, TOT/A yYpaBHEHUE (4) MOKHO IepenucaTh B
CIIE/TyIOIIEM BHJIC, BEIHOCS TIOPUCTOCT 71 32 3HAK MPOU3BOTHOM:

oOP  k-p,-c’
m-——dlvpio-gradP:O. Q)

ot n

JloGaBisist K ypaBHEHUIO (5) COOTBETCTBYIOIIME HAYaJIbHBIE U T'PAHUYHBIC YCIOBHS, MOIY-
YUM 3a/1a4y 0 puiabTpanuu ¢Guronaa U3 CKBaKUHBI paguyca R depes3 nephopupoBaHHbBIN UH-
TepBaji JIMHBL /. 'paHn4yHOE yciaoBHE Ha MepPOPHPOBAHHOM HHTEpBAJE CKBAXKHHBI COOT-
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BETCTBYeT nernpecun AP, Ha OOCa)XK€HHOM Y4YacTKe CKBa)KMHBI HYJIO paBHa HOpMasbHas
KOMIIOHEHTa CKOPOCTH (COOTBETCTBEHHO paJMajbHBIA IpaJeHT JaBJICHHUS), HA OCTaBLICCS
IpaHULIEe pacyeTHON 00JIaCTH UCIOIb3YETCs YCIOBHE CBOOOJHOTO npoTekanus. Paccuntannoe
T0JIC JTABJICHHWH TO3BOJISIET B COOTBETCTBUU ¢ 3akoHOM Jlapcu (3) ompeaenuth mojie CKOpo-
cTel.

OO6mwmit 1eOuT XUIKOCTH, Kak U B [1], onpenensercs Kak MHTETpalI MO MOBEPXHOCTH TEp-
(bopUpPOBAaHHOTO MHTEpPBaJia CKBAKUHBI paguyca R OT HOPMaJIbHOM K MOBEPXHOCTH KOMIIO-

HCHTHI I0TOKA Bemiectsa P, -(Vi)=p, -V, :

n

szanfj-dz V.(R,z,1). (6)

4. TIEPEHOC U JIU®DY3US YT JIEBOJOPOHONM IIPUMECU

B npouecce HedTe100BIMM B OKPECTHOCTH NMEPPOPUPOBAHHOTO YUACTKA CKBAXKHHBI CO3/1a-
eTcs ACTIPEecCUsl M CYIIECTBYET MAaKPOCKOIMMUYECKUI MEPEeHOC TUIACTOBOTO (DIIIOMAA KUIKOCTH
BMECTE C IPUMECHIO TSKEINBIX YIIE€BOAOPOAOB. [Ipyn HEOMHOPOAHOM pacHpeesIeHUs] KOHIIEH-
TpaLUu MPUMECH B pacTBOpE UMeeT MecTo Iudy3us U3 MecT ¢ 6ojee BICOKOW KOHIIEHTpa-
1Mel B MECTa C MEHbIIEH KOHIeHTpanueil. Kpome Toro, yacTb mpuMecH MOXET OCeNaTh WU
pacTBOPATHCS HA CTEHKaxX MOPOBOTO MPOCTPAHCTBA. TakuM 00pa3oM, MOXKHO BBIIECITUTH TPH
OCHOBHBIX MEXaHH3Ma M3MEHEHHUs KOHLEHTPALMU TSKEION YIIIEBOJOPOAHON MPUMECH: Iie-
PEHOC C MOTOKOM pacTBopa, AU Qy3us U ocaxIeHHe/pacTBOpeHne Ha cTeHkax nop. CooTBer-
CTBEHHO, YpPaBHEHHE MEPEHOCA KOHIIEHTPALUU MPUMECH B TUIACTOBOM (PIIIOUIE MOXKET OBITH

3anucado B Buje [10]

C 1
a—+I7-VC—DAC:—-(C—C*(P,T)), (7)
ot T,
rae V' — ckopocts duasTpammn (epenoca) dironaa, D — xosddument muddysuu. Tpa-
Basi 4acTh ypaBHEHUs (7) ONMMCHIBACT MPOIECC PENaKCAlMK TEKYLIETO 3HAYEeHUS] MPUMECH B

pacTBOpE K €ro paBHOBECHOMY 3HaueHuo C., (P,T ) C XapaKTEPHBIM BPEMEHEM T, 3a CYET €€

OCaXKJICHHSI T PACTBOPEHUS HAa CTCHKAX MTOPOBOTO MPOCTPAHCTBA.
B o0miem cityuae Tekyias 1 paBHOBECHas! KOHIIGHTPAIIUN HE COBMAIAIOT, YTO HHUIIUAPYET
MPOIIECCHl INOO OCAXKIACHHS TSOKENo (ppakiuu, 1100 ee pacTBOPEHUE CO CTEHOK mop. Bemnu-

YMHA PAaBHOBECHOW KOHIIEHTpanuu npumecu B pactBope C. (P,T ), ONpeAeIIsIoNIasl HapaB-

JIEHHE M CKOPOCTh IMpOLecca PACTBOPEHUSI-OCAKICHHUS, SBIsETCS (QYHKIMEH OCHOBHBIX TEp-
MOJMHAMHUYECKUX IMapaMeTpPOB, HAIpUMeEp, AaBieHUs u Temrepatypsl ( P, 7). B pamkax mu-
HEIHOro MPHUOIMKEHUSI, KOTOPOE CHPaBEIMBO MPU HEOONBIIUX OTKJIOHEHUSX BEIUYUH OT
UX PaBHOBECHBIX 3HAUEHUH, PABHOBECHYIO KOHIICHTPAIIMIO MOXHO 3amucaTh B BUJIE JIMHEH-

HOI'0 pa3jIOXCHUA:
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P-P , o T-T,

C.=C,-|1+4- 7 -
0 0

> (8)

rae C, — paBHOBECHOE 3HAYECHUE KOHIEHTPALMU IIPYU IUIACTOBOM JaBlIeHUH F, U Temiepa-
type 7,,a A u B — HekoTopble Oe3pa3MepHbIe ITapaMeTphl, KOTOPBIE B paMKax JJaHHOH Mo-

JIeNTd BBIOMPAIOTCS TaKUM 00pa3oM, YTOOBI pacyeTHbIC TEMITBI HajeHus ae0uTa HeTH 10 U

nocite AB cooTBeTcTBOBAIU SKCIICPUMCHTAIILHBIM JJaHHBIM.

5. UIBSMEHEHUE PAJINY CA T10P, IPOHUITAEMOCTHU U ITOPUCTOCTHU

KonunuecTBo npumMecH, JTOKaIbHO OCaKJAIOLIEICS WM PacTBOPSIOLIEHCS Ha CTEHKax Mop B
o0beMe V| B eAMHUIlY BPEMEHU, PaBHO
dM (c-c.)

;=Pf°"mVo'Ti- 9)

c
OTO0 K€ KOJIMYECTBO BELIECTBA B BUJAE TBEPAOH (IpakiMM C IUIOTHOCTBIO P, B E€AUHHUILY

BPEMEHH JIOJKHO 3aHATh 00beM dV

am _ = dv;
dt Ps dr

Yka3zaHHOe M3MEHEHHE 00beMa JOJKHO OBITh CBS3aHO C M3MEHEHHEM O0BheMa MOPOBOTO

(10)

IIPOCTPAHCTBA 3a CUET paclpe/ie]eHHs] BEeIeCTBa 10 CTeHKaM nop. s Toro 4To0sl onpenae-
JUTH U3MEHEHHE pajinyca Mop, a BMECTE C HUM MOPUCTOCTH U MPOHUIIAEMOCTH, PACCMOTPUM
MPOCTEUIITYI0 MOJIETb MMOPUCTOM CpPEeIbl B BUJIE LUIMHIPUYECKUX MOPOBBIX KaHAIOB. B pam-
Kax Takod Mozelu 00beMHas MOPUCTOCTh CPEJlbl COBMANAET C OTKPHITOW MOPUCTOCTHIO U OII-

PEACTIACTCA OTHOUMICHUEM

m=nnR*, (11)
r€ n — KOJMYECTBO OTKPBITHIX MOPOBBIX KaHAJIOB HA eAMHUIY Iutowaau. [IpoHunaeMocTs

Cpezibl B paMKax JAQHHOM MOJIENH ONPEAIISeTCs] COOTHOIICHHEM
2
k=m-R". (12)

Takum 00pazoMm, MOBEpXHOCTHAs KOHIIEHTpAIMsl MOPOBBIX KAaHAJIOB, KOTOpas B paMKax
paccMaTpuBaeMoOil MOJENU OCTAaeTCsl MOCTOSHHOM, MOXKET ObITh ompejaeneHa mno Qopmysne

n=m; / (mk,), rme uepes m, u k, 0003HAUCHBI HAYATHHBIC MIACTOBBIC MOPUCTOCTh H IPO-
HULaeMocTb. COOTBETCTBEHHO, UCXOHBII paauyc HOPOBBIX KaHAIIOB paBeH: R, =./k,/m, .

Ecnu Bes pacTBOpeHHas: WM KOHACHCUPOBAHHAS IIPUMECH PABHOMEPHO PACTBOPSETCS WIH

OCAXKAACTCA Ha CTCHKAX IMOPOBBIX KaHaJIa, TO UBMCHCHHEC ITIOPOBOT'0 o0Bema paBHO

dV, =—nV,x2nRdR . (13)
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Takum oGpazom, ¢ ydetom cootHomenuit (9), (10), (13) kuHETHUECKOE ypaBHEHHUE IJIS
WU3MEHEHHS pauyca Mmop MOXKET OBITh 3aliCaHo B BUJIC

R __1 P (c-c)

14
dt 2 p, T (14)

c
Kax BugHO 13 (14) CKOpOCTh U3MEHEHHUS paJuryca MOphl, TPOTHBOMOJIOXKHA 10 3HAKY pa3-
HOCTU TEKYLIEH U PaBHOBECHOW KOHIIEHTPALUM, YTO COOTBETCTBYET 3AMJIMBAHHUIO TTOPOBOTO
KaHaja Mpu U30bITOYHOMN KOHIIEHTPAI[MU MPUMECH U €T0 OUHCTKE B 0OpAaTHOM CiIydae.
Ecnu oTkIIOHEHHE KOHIIEHTPAllMU OT €€ PaBHOBECHOT'O 3HAYEHHsI MMOCTOSIHHO, TO, KaK clie-
nyet u3 (14), u3MeHeHue paauyca nopsl BO BPEMEHH OIMUCHIBACTCS SKCIIOHEHIIUAIBHBIM 3aKO0-

HOM:
R=Ryexpl-1/1,,), (15)
e
v, =1, S 16

[IpuBeneHHOE KMHETUYECKOE YpaBHEHUE JJII M3MEHEHHUs paauyca Iop, MOIYyYeHO B paM-
KaxX TpOCTEHIel MOoJeau MOpPUCTO cpedpl. [Ipr HeoOXOIUMOCTH ISl TOW K€ IEH MOTYT
OBITH MCIIOJB30BaHBI U 00OJIEE CIIOYKHBIE MOJICTH, HATIPUMED:

m=m,F(R/R,), k=k,G(m/m,), (17)

rae oynkuuun F(R/R,) u G(m/m,) MOTyT Yy4UTBIBaTh MHYIO F€OMETPHUIO IOPOBOTO IpO-

CTPAHCTBA U MEPKOJISIITUOHHBIC (D PEKTHI.

6. PACITPOCTPAHEHUE AKYCTUYECKHWX BOJIH U PACITPEJJEJIEHUE
[IJIOTHOCTU AKYCTHUYECKOM SHEPTUU

B pamkax paccmarpuBaemor Mojaenu (U3MYECKUX MEXaHM3MOB MHTEHCHU(DUKAIUU Hed-
TeoTnauu npu AB oTKIOHEHHe 3HauYeHUI KOHUEHTPAlUU MPUMECH IIacTOBOro ¢uirouaa ot
CBOET0 PaBHOBECHOT'O 3HAYEHMs MPOUCXOJUT HM3-32 U3MEHEHHUS TEPMOJIMHAMUYECKHX Mapa-
METpoB (uIroMa: TeMIeparypbl U AaBieHHs (8). AKyCTHUUECKOE IMOJIE MOXKET CMEIIaTh 3TO
paBHOBECHE KaK HEMOCPEIACTBEHHO M3-3a ObICTPBIX U CHIIBHBIX OCHMJUISIMI JaBI€HUS, TaK U
3a CYET MPOrpeBa OKOJOCKBAKMHHOTO MPOCTPAHCTBA Mpu AB, KOTOpBIN TakKe NPUBOIUT K
pOCTy 3HaYeHH paBHOBECHOW KOHIIEHTPAIMM IPUMECH U OYHCTKE TOPOBBIX KaHAJIOB MPOHHU-
1aeMoi cpenpl. B maHHOM paboTe MBI pacCCMOTPHUM JIUIIH TEIIOBOW MEXaHU3M BBUY €ro (u-
3UYECKOI MPOCTOTHI U SICHOCTH. BennunHa 1 CKOpoCTh MPOrpeBa ONpeaeiseTcss KOJIMYeCTBOM
JUCCUITHPYEMOI B OKPECTHOCTH CKBa)KMHBI aKyCTUYECKOM SHEPTHH, T. €. INIOTHOCTHIO TEIJI0-
BBbIX HCTOYHUKOB.

3anaya 0 pacupeesieHny IIOTHOCTH aKyCTHMUYECKOM HPHEpruu B OKPECTHOCTH CKBAYKUHBI
npu paboTe yabTPa3BYKOBOIO aKyCTHYECKOTO HCTOYHHMKA paccMoTpeHa B paborax [1, 7].
AKyCTHYECKOE TI0JIe 0T MOHOXPOMAaTHYECKOI0 UCTOUHHUKA MOKET OBITh PACCUUTAHO B MOJHON
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Y TOYHOW MOCTaHOBKE Kak JJIsl CIy4asl YIpPYyrou cpefipl ¢ moriomeHuem [ 1], Tak u 1yis nopuc-
TOW mpoHuIaeMoun cpeapl bruo [7]. He ocTaHaBiMBasch Ha JETaIsAX YUCIECHHOTO aJrOpUTMA,
NpUBEIEM CpaBHEHHE pACUETHBIX paclpeesieHud IUIOTHOCTH aKyCTHUYECKOH HHEepruu M
IUIOTHOCTH TEIUIOBBIX MCTOYHHUKOB B IPOCTPAHCTBE, OKPYXKAIOLIEM CKBAXHUHY AJI MOJETH
YOPYrou cpeibl ¢ MOMIOMIEHUEM U MOJIETU TTIOPUCTOM MPOHULIaeMOil cpeabl buo.

Ha puc. 2 npencrapiensl pe3ybTaThl paCi€TOB paclpeIeICHUs TNIOTHOCTH aKyCTUYECKOM
SHEPTUU B OKPECTHOCTU CKBaKMHBI. [locTaHOBKA 3a/1a4ll COOTBETCTBYET TOUECUHOMY YIbTpPa-
3BYKOBOMY MCTOYHHKY MOIIHOCTHIO / = 1 kBT Ha npeobmanatomeii wactore 20 xkI'1 pacmoso-
JKEHHOMY Ha OCH (DITFOMIOHAINOTHEHHOW CKBaXKHUHBI paaumyca R = 8 cm. [lapamerpsi, xapak-
TEpU3YIOLIME YIIPYTUE CBOMCTBA OKPYXKAIOIIECH Cpe/ibl, & TAK)KE CBOMCTBA IJIACTOBOIO U CKBa-
YKUHHOTO (DIIFOMI0B, JJIs1 00€UX MOJIeNIel TTOJTHOCTBIO COBMAAAIOT (cM. Tab. 1).

Tabmnuma 1.
ITapameTpbl dmona Ynpyras cpena
ILnoTHOCTB, KT/M® | P 1000 p 2100
¢ 4500
CkopocTb. M/c Cr 1500
‘ c, 2500

Jnnamuyeckas
BSI3KOCTH, Ila-c

n, | 001

3Ha4YeHMs MOPUCTOCTH U TPOHMIIaeMOCTH i cpenbl buo cocrasmstor 20% u 100 m/], co-
OTBETCTBEHHO.

g
-]

Energy denslty, ¥m3
o

Energy denstty, Ifm3
-

Puc. 2. Pacnpenenenne mioTHOCTH aKyCTUUECKOM HEPTUH Ui a) YIPYTroil MOAEIN Cpeasl U
s 6) moxenu buo nporumaemoii cpeasi ¢ m =02 u k =0,1 /1.

U3 puc. 2 BUAHO, YTO paclpeaeeHrue MIOTHOCTH aKyCTUYECKON SHEPTrUM, BHIYMCIECHHOE
st cpenst Buo, mo dopme 1 Macmtaby (exuHunbl [HK/M® B OKPECTHOCTH MEPBOTO HECATKA
CaHTHUMETPOB OT CKBAXXMHbBI) MPAKTUYECKU TMOJHOCTHIO MMOBTOPSET PE3yNIbTaT YHpyroi Moje-
JIM C TIOTJIOIIEHUEM.

Opnako B CHIIy pa3HBIX (PU3UYECKUX MEXAHU3MOB, MOJIOKEHHBIX B OCHOBY JHUCCUIIAIIUU
aKyCTUYECKOM SHEpruu Jjs ynpyro mozaenu u monenu buo, pacnpenenenus mioTHOCTH Te-

IJIOBBIX MCTOYHUKOB BOJIM3U CKBa)KUHBI AJIg OTHUX OBYX Moneneﬁ CYIIECTBEHHO OTJINYArOTCA.
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B ynpyro#i cpene nuccumnanusi SHEPrud MPOUCXOIUT B MPOJOJIHHON M MOMEPEYHOM BOJIHE C
BBIOPAHHBIM JIJI PacueToB KOAGOHUIIMEHTOM MOTIJIOMECHU o = 1 M ' Ha 20 k. JIuccumnams
e 3Hepruu B Mojenu buo oOycioBieHa ABMKEHHEM ILIACTOBOTO (DIIrOMaa, HACHIINAIOIIETO
IIPOHULIAEMYIO CPENY, OTHOCUTEIIBHO YIIPYTOM MAaTpULIbl. TaKOW THUIl JBUYKEHUS COOTBETCTBY-
et BosiHe bro BTOpOro posa, koropast ObICTPO 3aTyXaeT MpH yJJIEHUH OT CKBaKUHBI (TIEpBbIE
CaHTHMETPHI MPHU BBIOPAHHBIX Mapamerpax). CiemnoBaTeNbHO, MIIOTHOCTh TEIJIOBBIX HCTOY-
HUKOB OKa3bIBACTCS NMPEUMYIIECTBEHHO COCPEIOTOUEHHON B HEMTOCPEICTBEHHOM OJIM30CTH OT
CKBKUHBI (CM. puc. 30).

Heat source's density
o
=1
m
£
<
=]
w

Heat source’s density
o N A
m o m
+ + +
[~ o =
Q =1 o
o wr w

o
Axial d'ﬂar\qe N

6)

Puc. 3. Pacnpenenenue miIOTHOCTH TEMJIOBBIX UCTOYHHUKOB IS a) YIIPYTOM MOJIETTH CPEJIbI
u 06) monenu buo nponumaemoit cpeapi ¢ m =0,2 u k =0,1 1.

7. TEMITEPATYPHOE ITOJIE B OKPECTHOCTH CKBAYXMHEI ITOJ] JEMCTBUEM AB

[lo 3apanee onpeneneHHOMY paclpeAeIeHUI0 TEIUIOBBIX UCTOYHHUKOB BO3MOYKHO C ITOMO-
1bI0 KOHEYHO-PA3HOCTHONW METOIMKH YMCIIEHHO NOJYyYUTh U3MEHEHUE TEMIIEPATYPHOTO MO
OT BPEMEHH KakK IpH paboTe CKBAXKWHHOT'O M3JIydaTels, TaK M MPU OCTHIBAHUHU CPEJIbl MOCIIEe
AB. BonpocaM TuHaMHKH TEMIIEPAaTypHOTO MOJS OBUIO yJAENEHO OCTaTOYHOE BHUMAHUE B
paborax [1] u [8].

Ha puc. 4 n300paxeHo xapakTepHOE pacnpeesieHne TeMIIEPaTypHOTo MoJisi BOIM3H CKBa-
KHUHBI TI0 OTHOILIEHUIO ()OHOBOMY ypOBHIO paBHOMY 40°C 1711 HEIPEPHIBHOTO OJJTHOTOYEYHOTO
YABTPa3BYKOBOI'O BO3JIEHCTBUS, BBIUNCIEHHOE I TEIJIOBBIX MCTOYHHUKOB (CM. pHc. 3), OJy-
YEHHBIX MPU PELICHUM 3a/1a4l O PacHpelIeIeHUH aKyCTHUUECKO dHEpruu B YIpyroi cpeae u
npoHunaemon cpeae buo. Poct Temneparypel y rpaHuibl cKBakuHbI nocie 10-Tu yacoBoi
paboThl U3MyyaTens B HepBoM ciaydae coctaBui HouTt 10°C; 3T0 COOTBETCTBYET UMEIOIUMCS
IKCIIEPUMEHTAIbHBIM JaHHbIM [9]. CrenyeT OTMETUTh, UTO NPU paccMOTpeHuu moaenu buo
IPOHULIAEMON CpeJbl MJIOTHOCTh TEIUIOBBIX MCTOYHUKOB Ha MOPSAIOK MPEBBIIIAET €€ K€ 3Ha-
YEeHHUs B Cllydae YIpyroi MOJENU CpPeabl, YTO, Ka3aJoch Obl, JOJDKHO 00ecreunBaTh ropasao
0oyiee MHTEHCHBHBII MPOTpeB (COTJIACHO pacyeTaM TEeMIEpaTypHOE IOJe MOXET JOCTUTATh
COTEH rpanycoB). OQHAKO 3KCIEPUMEHT HE MOATBEPKAAET CTOJIb CYLIECTBEHHOI'O POCTA TEM-
nepatypsbl. IlpuyrHa MOZOOHOTO HECOOTBETCTBHUS, BO3MOXKHO, KPOETCS B TOM, UTO CIIEAYET
OTJIMYATh OTKPBITYIO M 3aKPBITYIO MOPUCTOCTh INPOHUIAEMON cpenbl. B atom ciywae, npu

pacucTe HHCCHHpreMOﬁ OHCPIrUu CICAYCT YUUTHIBATH TOJIBKO BKJIA/, COOTBGTCTBYIOH_[I/Iﬁ OT-
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KPBITOW MTOPUCTOCTH. A BBUAY CHIBHON 3aBUCHMOCTH IOJTy4aeMbIX PE3yJIbTAaTOB OT 3HAYCHUS
MOPUCTOCTA U MIPOHHUIIAEMOCTH, 3TO MOXKET CYIIECTBEHHO MOHU3UTH YPOBEHb TEIIOBBIX HC-
TOYHHUKOB. Jlpyras mpu4nMHa, BO3MOXHO, KPOETCS B TOM, YTO aKyCTHYECKOE BO3JICHCTBHE
OOBIYHO TIPOBOJAT B OOCaKEHHBIX CKBOKMHAX, TIC MEPETOK (IIromma MEexIy IIacToM U
CKBO)XMHOM 0CIa0JIeH U3-3a YaCTHYHOU nepdopariii CKBaXKUHBI, YTO TAK)KE CYIIECTBEHHO (Ha

MopsIIOK U Oosiee) ymeHbaeT 3(pGEeKTUBHOCTh T€HEPAlMK BOJIHBI bro M3-3a Ipyrux rpaHud-
HBIX YCITOBHIA.

Temperature profile, C
ur
4
o
Temperature profile, C

S
Axia dlstance m
)

6)

Puc. 4. TemniepaTypHble moJIs1 BOJU3HW CKBaKWUHBI, MMOJydeHHbIe ocie 10-Tu yacoBoit odpa-
OOTKH JJIs ) YIIPYTo# CpeIbl ¢ MOTJIONICHUEM U 0) TpoHHIIaeMoit cpessl buo.

8. PE3VIJIBTATBI 1 UX OBCYXIAEHNE

[Tpenpinyiue pa3aensl CTaTby MOCBALIAINCH U3JI0)KEHUIO OCHOBHBIX MOMEHTOB B HJI€0JI0-
TUU TIOCTPOEHUS aJCKBAaTHOM MaTEeMaTHYECKON Mojenu (Gu3nueckux mporeccoB npu AB.
CrnpaBeJIMBOCTh TOW WJIM MHOM MOJIEIH MOYHO MOATBEPIUTH WM OMPOBEPIHYTH dKCIEPHU-
MEHTAJIbHBIMHU JaHHBIMHU, KOTOpbIE B HallleM ciydae (CM. puc. 1) mpeuMyIecTBEHHO CBHJE-
TEIbCTBYIOT B IOJIb3Y CYIIECTBOBAHUS MPOJOJDKUTENIBHOTO MONIOKUTENbHOTO dddexTa (mo-
psAKa 2 MecsIeB) B YBEIUYCHUH MTPUTOKA TIacTOBOrO (hirronsia B ckBakuny ipu AB. TIpow-
JIOCTPUPYEM, KaK MOJOOHBIE pe3yJabTaThl MOTYT OBbITh MOJYYEHBI IPU pacueTax B paMKax
npeyaraeMoi MOJeH.

KiroueBbIM 351EMEHTOM MpearacMol MOJIeNd, KOTOPbIA OTJIMYaeT €€ OT paccMaTpUBaB-
mercs panee [1], aBisieTca AMHAMKUKA POIECCa OCAXKIECHUSI-PACTBOPEHUS TPUMECH U3-3a OT-
JUYUS €€ TEKyIled KOHIIEHTpAlMd OT PAaBHOBECHOW ISl JIOKAJbHBIX TEPMOIMHAMHYECKUX
ycnoBuid. I3MeHeHne 3THUX YCIIOBUN B MPOCTPAHCTBE U BPEMEHHU, KaK YK€ OTMEYaJIOCh, 005-
3aHO JBYM OOCTOSITEILCTBAM: MU3MEHEHUIO paclpe/iesieHus IaBJIeHHs B MOTOKe (uIronaa u3-3a
MEJIJICHHOW IMHAMUKHU MMOPUCTOCTU U U3MEHEHUIO TEMIIEPATYPHOTO 1oJs pu AB.

Ha puc. 5 (a u 0) mokazansl paauagbHbBIE paCIpEACIICHUs aBICHUS U TeMIIepaTyphl IO
HEHTPY NepdhOpPUPOBAHHOTO MHTEpBAJIa CKBKUHBI 10 AB, Bo Bpemst AB u uepe3 80 queit mo-
cie AB. IIpu pacuere nosisi 1aBiIeHUN TPAHUYHBIE YCIOBHS COOTBETCTBYIOT IIACTOBOMY JaB-

neanto £, =13 MIla u nenpeccun B ckBaxxune AP =4.4 Mlla. /lnHamuka TeMIepaTypHOTro

MO0JIsS COOTBETCTBYET pe3yJbTaTaM pa3/ieioB 6 U 7 Ui aKkyCTUYECKOTO BO3/AEUCTBUSA UCTOUHHU-
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KOM MOIIHOCTBIO 1 KBT B TeueHun Bpemenu ¢, =10 gacos. [InacroBas Temneparypa BsIOpa-
Ha paBHOM 7, =40°C. BHemHsaAs cpena paccMaTpuBaeTcs Kak ynpyras ¢ Ko3QpQHUIMEHTOM I10-

riomennst o =1 M Ha wacrore 20 k[, [Ipu naHHBIX apaMeTpax pacupeacsiCHUE TaBICHUs
110, BO BpeMms U nocine AB oTiHMuaeTcsi He3HaYUTENbHO (Ha MpoLeHThl). TemmnepaTtypa 3a Bpe-
Ms BO3JCHCTBHS BBIPACTAE€T B OKPECTHOCTH CKBakMHBI Ha 16°C, a uepe3 80 nuell nocne AB
OKa3bIBAETCsI MOJIHOCTBIO PEIAKCHPOBABILEH K CBOEMY UCXOJAHOMY YPOBHIO.

PaguansHOE pacnpeneneHne paBHOBECHOW KOHIIEHTPAIUH 10 LEHTPY NephOopHUpOBAHHOTO
MHTEpPBaJla CKBAaXXUHBI, BO3ZHUKAIOIEE B COOTBETCTBUM C TEKYIIMMHU TEPMOJMHAMUYECKUMU
ycoBUsAMH B oToke Quronsa 10 AB, Bo Bpemst AB u uepes 80 queii nmocne AB, nmokazano Ha
puc. 6a. Ha puc. 66 mokazanbl COOTBETCTBYIOIIME STUM MOMEHTaM pacIipe/le/ieHUs] TeKyIei
KOHIIeHTpauuu. [lapameTpsl ypaBHEHUS! PaBHOBECHOM KOHILIEHTpaIuH (8) rmpu pacueTax Obun

BeIOpans! cnenyromumu: C, =0.2, 4=0.5, B =38, Koabdbuuuent nuddysuu u Bpems penak-
canuu B ypaBHeHuU (7) NpUHATHI paBHBIMU D = 107 M/c, 7,=1-10"c. 3nauenus mapamer-

poB 4 u B BpIOMpaNHCh TaK, 4TOOBI MOJYYHTh KAYECTBEHHOE COOTBETCTBHE C JAHHBIMU
IIPUBENECHHBIMU Ha pUC. 1.

JleicTBUTENBHO, €CIM BOCIONB30BaThCS BhIpakeHueM (16) miis 3¢p¢GeKTUBHOTO BpEeMEHU
M3MEHEHHUs pajinyca MOPOBOI0 KaHaJla U OLICHUTh HEPABHOBECHOCTh KOHIIEHTPAIMH 10 IEp-

BOMY cilaraeMoMmy B (8) mpu BbIOpaHHBIX 3HaueHUsX napamerpos C,, A, F, u AP, TO He-
TpyaHo momyauth onenky C—C.=C,-A(P—P,)/P, = 0.03, koTopas ¢ y4eTOM OTHONIEHHS

p,/ p_‘;:2 OpUBOIUT K  cooTHomeHnto 7, =1307,. C yderom TOro, 4rO

eff

T, =1-10°c =1.15 aHs, 9TO KaK pa3 ¥ MPUBOJUT K IKCIIEPUMEHTAIILHO HaOJI0/1aeMON BEIH-

yuge T =150 guen.

B paccmarpuBaemoit moaenu napametpsl A u B sBisitorest moaronounsiMu. [apamerp A
OTIpeIeNIAeTCs M0 XapaKTepHOMY BPEMEHH JIerpajialliy 1e01Ta CKBaKUHBI, a TapameTp B 1o
OTHOCHUTEJILHOMY TNpHpocTy Aeduta nocie AB. IIpu BbIOpaHHBIX Hapamerpax, Kak BHIIHO U3
puc. 6a, pacupeieleHNs paBHOBECHOW KOHILIEHTpanuu Kak 10 AB, Tak u uepe3 80 qHeit nmocie
AB, xorma TemreparypHOE I0JI€ TMOJHOCTBIO pelakCupoBanio (cM. puc. 50), ompenensrorcs
OTKJIOHEHHEM TEKYILETO ABJIEHHS B OKPECTHOCTH CKBAKMHBI OT IJIACTOBOI'O U OKA3bIBAKOTCS
CXOJHBIMHU, YMEHBILIASACh IO HAMPABICHUIO K CKBA)XMHE. JTO NPUBOJUT K ITOCTEIIEHHOMY
OCAKICHMIO IIPUMECH Ha CTEHKax mop. B To ke BpeMms cpa3y mocie AB paBHOBecHas KOH-
LEHTpaLUs B OKPECTHOCTU CKBAKUHBI CYILIECTBEHHO (B 4 pa3a) NPEBBIIAET €€ PAaBHOBECHOE
IUIaCTOBOE 3HAUEHHE, YTO OOYCIOBJICHO TEMIIEPATYPHBIM ciaraeMbiM B ¢opmyie (8). Otme-
TUM, YTO KaQUECTBEHHO TEKyIlas KOHUeHTpamus (puc. 66) BeneT cedst mogo0HO ee paBHOBEC-
HOMY 3HAUEHHIO, OTIMYASCH JIMIIb CYIIECTBEHHO MEHBIINM (Ha /IBa MOPSAIKA) MacIITaboM ee
Bapuauy 1 0oJiee BEIPAXKEHHBIM OTIMYMEM B €€ 3HaUCHUsAX 110 U nocie AB, o0ycioBieHHbIM

N3MCHCHUECM CKOPOCTHU TCUCHHUA q)monna.
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Puc. 5. PaguanbHble pacripesienieHus a) TemMreparypsl U 0) MOPUCTOCTH IO LIEHTY neppopu-
POBaHHOTO MHTEpBaia CKBaKUHbBI. Kpusbie 1, 2 u 3 cooTBeTCTBYIOT BpeMeHam 10 AB, cpazy
nocie AB u uepes 80 nueii nocie AB.
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Puc. 6. Pagnanbnpie pacnpenencHus a) paBHOBECHOW KOHIICHTPAIMH U 0) TEKYIIEeH KOHIICH-
TpaIyy MPUMECH 10 IIEHTY TepGOpUpOBAHHOTO MHTEpBaja CKkBakuHbl. Kpusbie 1, 2 u 3 co-
OTBETCTBYIOT BpeMeHaM 10 AB, cpasy nocine AB u uepe3 80 nueit nocie AB.

PanuanbHoe pacnpeneneHre NOPUCTOCTH Ha TE JK€ caMble MOMEHTBI BPEMEHHU J0 U IMOcIie
AB mnoka3zano Ha puc. 7. [Ipu pacderax mractoBas MOPUCTOCTh M ITPOHUIIAEMOCTH BHIOHMpA-
auck paBHbIMU m, =0.2, k, =0.1 /I. CornacHo cooTHomeHHto (12) 3TO COOTBETCTBYET Cpea-

HEMY PaJuycy OPOBBIX KaHAIOB R, = 1 MKM.
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Puc. 7. Pagnanbnple pacipeneneHus: IOPUCTOCTH 10 IIEHTY NephoprupOBaHHOTO HHTEpBaja
ckBaxuHbl. Kpusbie 1, 2 1 3 cooTBeTcTBYIOT BpeMeHam 10 AB, cpa3y nocie AB u uepes
80 mueyt mocie AB.

W, nakonern, pe3yiabTupyromue rpa@uku U3MeHeHus AeOuTa CKBaXUHBI 10 U mocie AB
MOKa3aHbl HAa PUC. 8 ISl PA3IMYHBIX PEKMMOB IIporpeBa BHeEIIHEN cpeabl. HuxkHssa kpusas 1
COOTBETCTBYET AUHaMHKe nebuta 0e3 AB u cOOTBETCTBYET €€ HKCIOHEHIMATbHOMY YMEHb-
nieHno. OcTanbHbIe KpUBbIE HA PUC. 8 TTOKA3bIBAIOT, KAK U3MEHUTCS 3Ta JUHAMHKA, €CIIH Ha
45-i1 nenp npoBectd AB. KpuBast 2 cOOTBETCTBYeT M3MEHEHHUIO 1eOUTa, CBA3aHHOMY C IIPO-
TPEBOM OKPECTHOCTH CKBAKMHBI B paMKax ynpyrou Mozenu ¢ norjiomenueM. Kpusas 3 coot-
BETCTBYET MPOTrPeBY B MoJieiau buo ¢ oTkpsiToi mopucrtocthio m =0,05 1 NpOHUIIAEMOCTHIO
k =0,1 JI. BepxHsa kpuBas 4 oTiIM4YaeTcsi OT KPUBOM 3 TE€M, 4TO BCSl MOPUCTOCTh CUMTAETCA
otkpbiTor m =0,2. IIpu 3TOM pe3Kuil MUK Ha 3TOH KPUBOM BO3ZHUKAET M3-3a CYIIIECTBEHHOTO
YMEHBIIECHUS BSI3KOCTU (IIIOHIA MPH KPAaTKOBPEMEHHOM IPOTPEBE OKPECTHOCTU CKBAKHUHBI
6onee uem Ha 200 rpaaycoB, KOTOpOe MPOUCXOAUT MPH JAHHBIX Mapamerpax mojenu. B e-
JIOM XK€ Ka4eCTBEHHOE MOBe/IeHUe AeOUTa, MPEICTaBICHHOE HA PHC. 8, COOTBETCTBYET JKCIIE-
PYMEHTAJIbHBIM JaHHBIM, IPUBEICHHBIM Ha puC. 1.

Takum 00pa3oM, MOKa3zaHO, YTO MPEAJIOKEHHass B paboTe MoAenb (PU3MYECKHX SBICHUM
npu AB 1o TerioBoMy MeXaHHM3MY MOXET OOBACHATH JOJITrOBpeMEeHHbIH >(dekt or AB.
Bwmecre ¢ Tem crieqyeT mog4epKHYTh, YTO JaHHAs MOJENb COAEPKUT PsAJl NOATOHOYHBIX Ia-

pameTpoB A, B, T.,3Hau€HUs KOTOPBIX BHIOPAHBI U3 YCIIOBHS COIVIACOBAHUS C SKCIEPHMEH-

TaJIBHBIMU JIaHHBIMH. BMecTe ¢ TeM 3Tu mapaMeTphl ONpenesstoTcss (PU3NKO-XUMUYECKUMU
cBoiicTBaMH He()TU U MOTJIM OBl OBITH OTIPENIENIEHBl HE3aBUCUMO. YUET 3TOTr0 00CTOSITEIHCTBA
MOXHO JaTh Oosiee OOBEKTHBHYIO OLIEHKY pPOJIM TEIIoBOro Mexanmusma npu AB. Omgnaxo
Ba)XHO OTMETHTb, YTO pa3paboTaHHas MOJeNb NPUHLIUIHAIBHO IMO3BOJISET HCCIEN0BATh U
IbTEpHATUBHBIE MEXaHU3Mbl AB, TIOCKOJIbKY YUMTHIBA€T MEXaHU3M MEIJICHHON KOJIbMaTa-

UH OKOJIOCKBAXXUHHOI'O TPOCTPAaHCTBA.

. A. Makcumos, A. B. PagueHko
MogenvpoBaHue MHTeHCcMpUKauum HedTenobblum NpU aKyCTUHECKOM BO3AEACTBUM Ha NAACT M3 CKBAaXMWHbI



SNEeKTPOHHbIN XypHan «TexHnyeckas akyctmka» 2003, 10 16(16)

0.4 —

Fluid flow, kg/s
o
N
|

0.1 —

0.0 — T T T " T T T T
0 40 80 120 160 200
Time, days

Puc. 8. lunamuka noroka (ionaa u3 cKkBaxuHsl (1e0UT) 10 U nocie AB s pa3nudHbIx
PEXKUMOB IIporpeBa BHEIIHEN cpeabl. HukHsAg KpuBasi 1 cOOTBETCTBYeT AMHAMUKE 1e0uTa 63
AB. KpuBas 2 cooTBETCTBYET IPOrpeBY YIpPyroi mozenu ¢ noryomenueM. Kpusas 3 coort-
BETCTBYET IIPOTrpeBY B MojenH buo ¢ otkpbIToi nopucroctsio 7 =0,05 1 NpOHUIIAEMOCTHIO
k =0,1 JI. Bepxnss kpuBas 4 oTiM4aeTcs OT KPUBOH 3 T€M, YTO BCSI IOPUCTOCTh CUMTACTCS
oTKpbITOH M =0,2.

JIUTEPATVYPA

1. MakcumoB I'. A., Pamguenko A. B. Posb HarpeBa mnpu aKyCTUYECKOM BO3JCUCTBUU Ha
miact // I'eopusuka, Ne 6, 2001, c. 38—46.

2. ®usnyeckue BenmmuuHbl: CrpaBounuk // [lox pemaknumeri I'puropwseBa U. C., Meitmxo-
Ba E. 3. — M.: DHeproaromusaar, 1991, 1232 c.

3. T'opb6aues 10. 1. ®U3MKO-XUMHUYECKUE OCHOBBI YIBTPAa3BYKOBON OYHCTKHA MPHU3a00HOM
30HBI HeTAHBIX CKBaXUH // ['eomnpopmaTuka, Ne 3, 1998, ¢. 7-12.

4. Gorbachev Y. I., Rafikov R. S., Rok V., Pechkov A. A. Acoustic well stimulation: theory
and application // First Break, 1999, v. 17, Ne 10, p. 331-334.

5. Kyszuenos O. JI., Cumkun 3. M., Unnunarap [[x. @uzndeckue OCHOBBI BUOPAITMOHHOTO U
aKyCTHYECKOTO BO3/IEHCTBHS Ha HedTerazoBbie tuiactel. — M: Mup, 2001, 260 c.

6. Kysnenos O. JI., EbumoBa C. ®. [I[puMeHenne yapTpa3Byka B HEPTSIHON MPOMBIIIIICHHO-
ctu. M.: Heapa, 1983, 192 c.

7. Elias S. E., Kirnos D. G., Maksimov G. A., Radchenko A. V. Acoustical energy distribu-
tion around borehole embedded in porous permeable Biot’s medium // Hayunas ceccus
MU®U — 2002. COopHHUK HAYIHBIX TPYIOB. MenunuHckas ¢puzuka, onodusuka, reopusnka,
9KoJIoTHs, TeopeTnueckas ¢puszuka. M.: MUDU, 2002, T. 5, c. 84-86.

8. MakcumoB I'. A., Paguenko A. B. Pacder minoTHOCTH aKyCTUYECKON HEPTUHU B OKPECTHO-
CTSAX CKBaXUHBI U 1eOUTa HEDTH MPHU aKyCTHIECKOM BO3/IeUCTBUH Ha 1uiacT // COOpHUK TpPY-
noB XI ceccun Poccuiickoro akycrtuueckoro oomectBa. AKycTuueckue uaMmepenus. ['eoaxy-
CTUKA. DJIEKTpoaKycTuka. YibTpasByk. T. 2. — M.: I'eoc, 2001, ¢. 67-71.

9. IleukoB A. A., Illy6un A. B. Pe3ynbrarel paboT 1O MOBBINICHUIO MPOAYKTHBHOCTH CKBa-
JKUH METOJIOM aKyCTH4YeCKOro Bo3neucTBus // «I'eomrdopmarukay, 1998, Ne 3, ¢. 16-24.

10. R. Ewing. Mathematical modeling and simulation for fluid flow in porous media // «Ma-
TeMaTudyeckoe MmonenupoBanuey, 2001, T. 13, Ne 2, ¢. 117-127.

. A. Makcumos, A. B. PagueHko
MogenvpoBaHue MHTeHCcMpUKauum HedTenobblum NpU aKyCTUHECKOM BO3AEACTBUM Ha NAACT M3 CKBAaXMWHbI



