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OO6cyxmaeTcs TTepCHEeKTUBHBINM METON aKTUBHOI BRICOKOYACTOTHOM aKyCTHYECKOM TEPMOMETPUU, OCHO-
BaHHBIM Ha M3MEPECHHUHU IJIATEIbHOCTU CUTHaIa OOpaTHOTO PacCesTHUS YIbTPa3ByKOBBIX UMITYJILCOB Af B
BEPXHEM CJIO€ BOJIOHACHIIIIEHHBIX TOPO U TOHHBIX ocankoB. [IpenyoxeHa akycTuueckast MOeb, 00b-
SICHSTIONIAsi BOSHUKHOBEHNME CIUIBHOM 3aBUCHUMOCTH [NIMTEIBHOCTHA 3TOTO CUTHAJIAa OT TeMIIepaTyphl B 00-
JIaCTU HYJIEBBIX M OTPULIATEILHEIX TeMITepaTyp. ITokaszaHo, 4To Af pyu yMeHbIIIEHUU TeMITepaTyphbl BO3pac-
TaeT Kak 13-3a yBeJINYeHUST KO (hPHUIIMEHTa OTPaKeHMs YIBTPa3BYKOBBIX BOJIH OT CIIOMCTOI CTPYKTYPHI,
TakK U GJaroaapsl yMeHbIISHUI0 KoM GULIMeHTa MOIJIOIIEeHMSI B BOJOHACHIIIEHHOM cpeae. HarypHble nc-
cJIeIOBaHMS, BEITIOJIHEHHBIE HA OOLIMPHOM y9aCTKe apKTUIECKOTrO IIenbga, IIOATBEpAUIN HATUINe TaKOM
3aBUCUMOCTU. [IpenoxkeHHBIN MoaxXoa MOXET oKa3aTbCsl 3(P(PEKTUBHBIM IJIsl OCYLLIECTBIEHUS IUCTaHLIM-
OHHOT0 HaOJIIOACHUS 3a TeMIepaTyPHBIMU N3MEHEHUSIMH B MEP3JIbIX BOJOHACHIIIEHHBIX ITOPOIaxX Ha CyIIe
¥ BEPXHEM CJIO€ JJOHHBIX OCAIKOB HAa MEJIKOBOIHOM apKTUUYECKOM IIejibde, YTO HEOOXOIMMO TSI OLEHKU

Pa3INYHbIX, B TOM YHMCJIE, SKOJOITNMYCCKNX PUCKOB, CBA3aHHBIX C 100aJIbHBIM MOTEMICHUEM.
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DOI: 10.31857/50320791922050136

1. BBEAEHHUE

Kimmarudeckue Mopenan mpeacKa3blBaloT, 4TO
apKTUYECKUE PETMOHBI TOJKHBI TIEPBBIMU UCTIBITATh
Ha cebe BIMSHUE IIPOUCXOISIIEro ceiiuac modajib-
Horo mnoteruieHus [1]. Poct Temiiepatypbl Mep3abix
TPYHTOB COIIPOBOXIAETCSI YMEHBIIICHUEM MX HECy-
e CIIOCOOHOCTU, YTO IIPEACTABISIET OIIACHOCTh
IUIST OOBEKTOB MHMPACTPYKTYPHl. YBEIUUYEHUE TEM-
rnepaTypbl TPYHTOB B CEBEPHBIX pailoHaX U BEPXHETO
CJIOSI MOHHBIX 0CaAKOB apKTUYECKOTO 1IeIb(pa HEMU-
HyeMO YCKOPHUT pa3jIoKEeHME ra30rdapaToB METaHa,
MpuUBeAsT K HEKOHTPOJIUPYEMbIM BBIOpOCaM MeTaHa
[2—5]. Jdnst Toro 4ToOBl KOHTPOJIMPOBATh 3TU IIPO-
LIECCHl, HEOOXOOMMO OOECIIeYUTh KPYIJIOTOIMYHBIE
HaOMIOJeHNsT 3a TeMIepaTypHbIMU U3MEHEHUSMMU B
MEP3JIbIX BOJOHACKHIIIEHHBIX ITOPOIaX Ha Cyllle 1 BEpX-
HEM CJI0€ TOHHBIX OCAJIKOB Ha MEIKOBOTHOM apKTHYe-
CKOM I1Iebde, 9TO SIBIISICTCS CJIOXKHOI 3agaueii.

AKYCTUYECKHUE METOAbI IIUPOKO TIPUMEHSIIOTCS
JIJTS OLIEHKM TeMIIEPATyPhl Pa3TUYHBIX 00beKTOB. Pa-
60Ta MACCUBHBIX aKyCTOTEPMOMETPOB OCHOBaHa Ha
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preMe aKyCTUYeCKOro U3JIydeHUsI B MerarepiioBomM
JIWara30He, MOPOXKIAEMOrO TEIJIOBLIM JIBVIKEHHEM
aTOMOB U MOJIeKYNn cpenbl [6, 7]. JlocTOMHCTBaMu
aKyCTOTEPMOMETPUM SIBJISTIOTCSI BO3MOXHOCTb OV~
CTAaHIIMOHHOTO U3MEPEHUSI BHYTPEHHEN TeMITepaTy-
pBI TeJ1a 6€3 KaKOro-JImbo BO3ACHCTBUS Ha OPraHU3M
U BBICOKOE IMPOCTPAHCTBEHHOE pa3pellieHNE, O3B0~
JISIOIIEee He TOJBKO OIPeaeINTh HalpaBJIeHUe Ha UC-
TOYHUK C aHOMAaJTbHO# TeMImepaTypoii, HO M OCTPO-
UTh ero nsoopaxeHue. B HacTosiee BpeMs1 Haubo-
Jiee TepCIIEKTUBHBLIM TPEICTaBISETCS MPUMEHEHE
aKyCTOTEpMOMETPUH IJIsI KOHTPOJISI HarpeBa TKaHU B
MPOLIeCCe TUTIEPTEPMUM U TEPMOAOIISILIAU B OHKOJIO-
runu [8].

M3BecTHBI aKTUBHBIE aKyCTMYECKUE HU3KOYa-
CTOTHBIE METOIBI OLIEHKM CPEIHEN TeMIlepaTyphl Ha
MPOTSKEHHBIX TPAacCcax, OCHOBAaHHbBIE Ha 3aBUCUMO-
CTU CKOPOCTHM 3ByKa B BOJAE OT TeMIieparypsl [9].
Hwu3kouacTOTHBIN 3ByK MOXET paclpOCTPAHSThCS B
OKeaHe Ha pacCTOSTHUSI 0oJjiee ThICSIYM KUJIOMETPOB,
YTO MO3BOJISIET CO3AaBaTh NMHTETPAIbHbIE TEPMOMET-
pHI, TIepeKphIBaolIre KpyIrHbie 0acceiiHsl [10]. Ot-
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Puc. 1. OcHOBHBIE 3JIEMEHTBI UCITOJIb3YEMOI MOIEIM [IJIST OLICHKM 3aBUCUMOCTH JJTUTEIbHOCTH CUTHAJIOB OOPAaTHOTO paccesi-
HUSI 3ByKa OT TeMIIepaTypbl JOHHBIX OCAIKOB. (a) — CxemMa 30HANPOBAaHUSI BEPXHETO CJIOSI 0CAIOUYHOI TOJIIU C TTOMOIIBIO 9X0-
sorta. [IpuBeneHa Moaesb CIOUCTOM CTPYKTYphI nHA. [lokazaHbl OTHOCUTEILHO OMHOPOAHBIE ciiou (i v i + 1), pa3meneHHbIe
TOHKHUMU TIepEeXOTHBIMU mpocioiikamu. (6) — [IpencraBieHrne TOHKOTO TIEPEXOTHOTO C0sT (ITPOCIOWKM) B BUIIE CJIOST DITIII-
TeitHa ToamuHoMn Ah. (B) — Hamume HepoBHOCTEM MOBEPXHOCTH pasfieiia MeXIy OMHOPOIHBIMHU ciiosiMu (i 1 i + 1) co cpen-

HEKBaJpaTUYHOI BHICOTOM G.

METUM, YTO UMEHHO C MCMOJb30BaHUEM METOJa aK-
TUBHOM aKyCTMUYECKOW HU3KOYACTOTHOM TEPMOMET-
pun ObUIM TIONYYE€HBI HAaHHBIE O IIOBBIIICHUU
teMmrrepatypbsl B CeBepHOM JleqoBUTOM OKeaHe C Ha-
yana no cepenuHbl 1990-x rr. [10]. CBoeobOpa3Has
Moau(dUKaANS 3TOTO METOAa peajin30BaHa B JOHHBIX
CTaHLIYSIX, II03BOJISIIOIINX OLIEHUBATh CPEITHIO TEM-
rnepaTypy IPUAOHHOIO CJIOSI BOABLI MO M3MEPEHUIO
BpEeMEHM IIpUX0Jia CUTHAJIa OOPAaTHOTO pacCesTHUS OT
MOBEPXHOCTH THA 10 aKyCTUYECKOTO JIOKaTopa, pac-
MOJOXEHHOTro Ha cTaHumu [11].

YTo KacaeTcst UBMEpPEeHUsI TeMIIepaTyphbl BEPXHUX
CJIOEB OXJIAXKIEHHBIX OCAaAKOB M BOAOHACHIIIEHHBIX
MOPOJI, TO ONMUCAHHBIN BbILLIE METOJ MACCUBHOM TEP-
MOMETPUU U1 PELICHUSI ITUX 3a1a4 HE MOMAXOIMT.
IlepBoe orpaHn4YeHME CBSI3aHO C MAJIOM TMCTaHIIAEH
(nmopsiaka 10 cM) OT MpueMHMKA 10 UCTOUYHUKA. Kpo-
Me TOTO, Takoe u3MepeHHne 3(pPEKTUBHO JIUIIb IS
oOHapyxkeHMsI oOJacTeii, TemIiepaTrypa KOTOPBIX
MpeBHIIIAeT TEMIIEpPATypy OKpyKaroleii cpeabl. Me-
TONbl AKTUBHOM HM3KOYACTOTHOM aKyCTUYECKOM
TEPMOMETPUM TAKXKe MaJIO IPUTOMHBI IJISI 3TUX LIe-
Jel 13-3a TEXHMYECKOI CJIOXHOCTH pealu3alun
crrocofba 1 3HAYUTEIBHO OOJIBIIIEM, YeM B BOJE, 3aTy-
XaHUM 3ByKa B BEpXHEM CJIO€ OCAAKOB WJIU ITOPO/I.

B maHHoOI paboTe Mbl MOKa3blBaéM BO3MOXHOCTb
peaqu3alnyd MeToJa aKTUBHOUW BbICOKOUYACTOTHOI
aKyCTUYECKOIl TepMOMETPUM, OCHOBAHHOI Ha U3JTy-
YEeHUU aKyCTUYECKUX UMITYJIbCOB U UBMEPEHUU JIJTH-
TEJIbHOCTU CUTHAJIOB OOPaTHOTO paccesTHUs B BepX-
HEM CJI0€ BOHOHACHIIIEHHBIX ITOPOJ WJIM JOHHBIX
ocankoB. PaboTocnmocoOHOCTE MPEIIOKEHHOTO CITO-
coba IMpoJeMOHCTPUPOBAHA HAa yU4aCTKE AapKTUIECKO-
ro mebda.

2. MATEPUAJIBI 1 METOJbI

CHavajia Mbl MOCTPOUM aKyCTUYECKYIO MOJEJb
BEPXHETO CJIOST BOIOHACHIIIIEHHBIX TTOPOA MU JOH-
HBIX ocamkoB. Ha BTOpoM 3Tame ImokKaxeMm, 4To B
MPEeNJIOXKeHHOM MOJe I BO3ZHUKAET CUIbHAasI 3aBUCH-
MOCTb JUTUTETLHOCTU Af CUTHAJIa 00paTHOTO paccesi-
HUs yAbTpa3ByKa OT TeMITepaTyphl cpedbl. 3aTem
MpUBEIEM Pe3yabTaThl HATYPHBIX UCCIENOBaHUI Ha
apKTUYECKOM IIeNTb(e, MOATBePXKIAOIIe HATHIe
STOM TeMIIepaTypHOIf 3aBUCUMOCTH, & 3HAYUT, 1 BO3-
MOXXHOCTH peajiu3aliii MeToJa Ha TTpaKTUKe.

Ha puc. 1 Ha npumMepe ctost TOHHBIX OCaIKOB MO-
Ka3aHbl OCHOBHBIEC 3JIEMEHTBI aKyCTUYEeCKOW MOJIEIN,
HMCIOJIb3yeMbIe IJ1s1 0ObSICHEHUSI BOSBHUKHOBEHMS 3a-
BUCUMOCTH JJTMTEILHOCTU CUTHAJIOB 0GPAaTHOTO pac-
CesTHUS 3ByKa OT UX TeMIlepaTypbl. B maHHOM citydae
30HAUPOBAHUE JOHHBLIX OCAJKOB ITPOM3BOMUTCS C
MMOBEPXHOCTU MOPSI C UCITOJIB30BaHUEM CTAHAAPTHBIX
9XO0JI0TOB UJIM TUAPOJIoKaTOpoB (puc. 1a). B ctropony
JIHA U3JIy4aroTCs MayKy aKyCTUYECKUX UMITYJILCOB U
MPUHUMAIOTCS CUTHAJIbl OOpPaTHOTO pacCesTHUs.
OOBIYHO M300pakeHNe JHA Ha dXOrpaMMax MMeeT
SIPKO BBIPAXXEHHYIO CJIIOMCTYIO CTPYKTypy. [loaTomy
OyIeM CYMUTaTh, UTO BEPXHUI CIIOIT 0CATKOB COCTOUT
13 Habopa OTHOCUTEIBLHO TOJICTBIX M OXHOPOIHBIX
cJioeB (Hammpumep, i n i + 1 Ha puc. 1a), pa3nesieHHBIX
TOHKWMM TIePEXOTHBIMU CITOSIMMU.

AnnTenbHOCTh aKyCTUYECKOTO CUTHAJIa OT JHa Af
3aBUCUT OT ABYX OCHOBHBIX (paKTOpoB: 1) Koapdu-
IIMEHTOB OTPaXXeHUS yIbTpa3ByKa Ha CIIOMCTBHIX He-
OTHOPOMIHOCTSIX B OCAaTOYHOU TojIle U 2) Koahdu-
IIMeHTa TTONTOIIEeHUS 3ByKa Ha JUTMHE aKyCTHIEeCKO
BOJIHBI B Hei. OUeBUIHO, YTO YEM BBIIIIe KO3(DPUIIN-
€HTbl OTPaXEHUs] U 4YeM HMXKe IOIVIOIIeHUE, TeM
Oodbie At.

KoadduimeHT oTpakeHUs 3ByKa I UICATbHOMN
rPaHULBI MEXAY AByMS KBA3UOTHOPOIHBIMU CIIOSIMU
(im i+ 1 Ha puc. la) Ip1 HOPMAJILHOM TIaICHUU
AKYCTUYECKUU KYPHAI Ne 5
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omnpelensieTcsl CKa4KOM aKyCTUYEeCKOro MMIIeITaHCa
Vo=1(pici = Pi+ 1€ + DI/(Piei + Pi 1€ 4 1), THE P M €; —
IMJIOTHOCTB Y CKOPOCTh 3ByKa i-1o cjios [12]. Ero tem-
rnepaTypHasi 3aBUCUMOCTh 3aBUCUT OT KOHKPETHBIX
mopom, 00pa3yIoInX CJIOM.

B peanbHOM cityyae MeXay KBa3sHOTHOPOTHBIMU
CJIOSIMU CYIIECTBYET IIEPEXOMHBINA CI0OM, KOTOPBIA
WMEET HEeHYJIEBYIO TOJIIMHY U IIEPOXOBATOCTh pa3-
JIMYHOro Macimrabta. Ha 3tux mepoxoBarbiXx rpaHu-
ax 3BYKOBOM CHUTHaJ YaCTUYHO OTpaXkaeTcs M Ya-
CTUYHO pacceruBaeTcsl. YPOBeHb 0OpaTHOTO paccesi-
HUSI YIbTpa3ByKa OT TaKOM CJIOMCTOIl CTPYKTYpPBI
3aBUCUT (MOMUMO V) OT OTHOIIIEHUS XapaKTEPHBIX
MacIITabOB MOBEPXHOCTU paszfieia MEXIY CIOSIMU K
JUIMHE BOJIHBI [ 12]. XapakTepHBIMM MacIITAOaMMU SIB-
JsTI0TCS 3 (PeKTUBHAS TOMIIMHA MEPEXOTHOIO CIIOsI
Ah (puc. 10) u cpenHeKBagpaTUYHasl BbICOTA IIEPO-
XoBaTocTei G (puc. 1B).

CxopocTh 3ByKa IJIs1 OOJBIIMHCTBA TUIIOB OCall-
KOB, B 00J1aCTH HYJIEBBIX M OTPULIATEILHBIX TEMIIEPA-
Typ, IPU OXJaXKACHUU Bo3pacTaeT. Tak, MIpu yMeHb-
LIEHUU TeMItepaTtyphbl ¢ +2 10 —2°C cKOpOCTb 3ByKa
BoO3pacTaeT i ecuaHuka ¢ 1620 mo 2380 m/c, mist
mmHHUCTOrO necka ¢ 700 mo 2320 m/c, a oj1s1 TJIMHEL C
1310 oo 1650 m/c [13]. I[Tpu oxJTak IeHNU OCATKOB U3~
3a YBEJIMYEHUSI CKOPOCTHU 3BYKA U COOTBETCTBEHHO
IUIMHBI BOJIHEI ITapaMeTpsl Ai/A 1 G/A GyIyT yMeHb-
1IAThCS, a pacCesTHUE OT TAKOM CJIOUCTOM CTPYKTYpPbI
BO3pacCTarTh.

J11s1 o1teHKM K03 pUIIMeHTa OTpakKeHUS OT Iepe-
XOJIHOTO CJIOSI HEHYJIEBOIA TOJIIIMHEI Al PpOKCUMUPY -
€M peaIbHO CYIIECTBYIOIINI CKa4OK CKOPOCTH 3ByKa
B IIePEXOMHOM cJioe Ac pyHKIIMei DniTeiitHa mepBo-
ro nopsiaka [14] (puc. 10):

A H) Y
C(Z)=Co(1——cwj ’ (1)
c l+exp(mH)

roe H — myouHa (3HayeHue H = 0 COOTBETCTBYET ce-
penuHe TPOCIOHKU), a TTapaMeTp m OIpenesieTcs
3¢ HeKTUBHOM TOJIIINMHOM Npocioiiku. Eciu B Kade-
cTBe 3(pheKTUBHON TOJIIMHBI TIPOCIONKM B3SITh BE-
JINYUHY

_ Ac
de/dHy_,’

TOo m = 4/Ah. Takas annpoKcUMalys HEIUIOXO OIM-
ChIBaeT peayibHble IepexonHbie cjou [15, 16] u go-
MyCKaeT aHATUTUYECKOE pelieHue st KoadduiimeHTa
oTpaxkeHus [14], koTtopoe B ciay4ae HOPMaJIBHOIO Ma-
JIeHUsI TUIOCKOW BOJIHBI OIMCHIBAETCSl CIAETYIOLIUM
COOTHOIIIEHUEM:

sh [”ZN’ (1- 1= 2Ac c)}
L2

Ah ()

, 3)
2
sh{ﬂ2—ih(1 + 1= 2Ac c)}
rae A — IJIMHA BOJHBL.
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Ko3(pdULUueHT oTpaxkeHUsI aKyCTUYECKUX BOJH
OT ILIEPOXOBATOM MOBEPXHOCTHU ITOMUMO COOTHOLIE-
HUA aKyCTUYECKUX MMIIENAHCOB KBa3MOIHOPOIHBIX
cloeB U 3(PPEKTUBHOM TONILMHEI ITPOCIONKY 3aBH-
cut v ot mapamerpa Panes P =4nc/A [17]:

V, = Viexp(-P’/2), (4)

rae V, — Xo3(ppunmeHT oTpakeHUs 1T WOeaTbHO
DJIAAKOM ITOBEPXHOCTU, G — CpeaHEeKBaApaTUIHAS
BbICOTa HepOBHOCTeH (puc. 1B). B ciydae nneanbpHoO
[JIAJKOM ITOBEPXHOCTU TIPUHSTHIA 3XOJIOTOM 3ep-
KaJIbHO OTPaXEHHBIN CUTHAI P, PaBeH [18]:

po‘rp = leORO/zRv (5)

Tae p, — BeIMYMHA U3TyYEHHOTO 3XOJOTOM CHTHAaja
Ha paccTossHUU R;, a R — paccTosiHue OT 3X0JIoTa 10
WIeaTbHO TIaIKOM MOBepXHOCTHU. [1pn yBeTndeHUN
IIIePOXOBATOCTH TMMOBEPXHOCTU OTPaXKEHHBIN CUTHAT
Porp YMEHBIIAETCSA U TMOSBIAETCS PACCEAHHBINA CUT-
HaJl p,,., IpU OOJILIINX 3HaYEHUAX TapameTpa Panes
OTPaXEHHbI! CUTHAT P, TPAKTUYECKN MCYE3AET, a
pacCesTHHbIN CUTHAI Py, IOCTUTAET BETMIUHBI [ 19]:

Pose = VibsRo¥'"? /R, (6)

roe ¥ — mmprHa 3KBUBAJICHTHOI HAaIpaBIeHHOCTH
9xoj0Ta. TakuM oOpa3oM, IIepPOXOBATOCTh MOBEPX-
HOCTHU CWJIBHO BJIMSIET HA TPUHSTHIN CUTHAJI B Cllydae
9X0JIOTOB € Y3KOI IMarpaMMoil HampaBJIe€HHOCTU U
cJlabo B ciaydyae 3XOJIOTOB C IIMPOKON auarpaMMoi
HaIpaBJIeHHOCTH.

BropbiM, a Mo 3HaYeHUIO TEePBBIM, (HAKTOPOM,
BJIMSTIOIIIMM Ha JUTUTETLHOCTh 9XOCUTHAJIA OT THa Af,
SIBJISIETCSI TOTJIONIEHNE aKyCTUYECKUX BOJH B JOH-
HBIX ocaakax. 3aTyxaHue YJIbTPa3BYKOBBIX BOJIH B
pPa3IUYHBIX BOTOHACHIIIIEHHBIX OCagKaX COCTaBIISET
ot 0.1 o 1.0 1b Ha gIMHe aKycTUYecKoi BOaHEI [20].
Yrto KacaeTcsi MHTepecylollleil Hac TeMIepaTypHOii
3aBUCHMOCTH, TO OKa3ajloCh, YTO CKOPOCTh 3ByKa M
KO3 @GUIIMEHT MOTIOUICHMS VIBTPa3ByKa O B OTJIM-
Yyue OT TOJIOKUTEIbHBIX TeMIIeEpaTyp, I1e OHU IMpakK-
TUYECKHM He 3aBUCST OT TeMIepaTypsl [21, 22], BOau-
31 HYJIEBBIX TEMIIEpaTyp OYEHb CHJIBHO 3aBUCST OT
Temrmepatypsl [ 13].

ComracHO MpoOBeNEHHBIM pacyeTaM, BBIMTOJHEH-
HbIM 171 yacTtoThl 1 MITx [13], B ciyyae mecuyaHbIX
0caIKoB B obyiactu Temriepatyp ot +2 mo —15°C, ko-
3¢PULMEHT TIOIIOMICHUS ¢ TNpPU  OXJAXICHUM
yMEHbIIIaeTCsl Ha 1Ba MOPsIIKa, MPUOIMKAsACh K 3HA-
YEeHUSIM, XapaKTEePHBIM JJISI YMCTOTO Jbaa (puc. 2).

Taxkast cuabHasI TeMnepaTypHasi 3aBUCUMOCTb KO-
3¢ pureHTa NOMIOIIEHMS YIbTPa3ByKa OOBSICHSIET-
Csl YMEHBILIEHMEM BSI3KOIO TPEHUSI M3-3a Mepexona
CBOOOIIHOIT BOIBI B MATPUKCE B CBSI3aHHYIO Boay [23]
¥ 3aMep3aHusI yacTu mopoBoii Biaaru [13]. [TomooHas
CUJIbHASI 3aBUCUMOCTD KO3 (PUIINSHTA TOIIOILICHUS
VJILTpa3ByKa OT TeMIlepaTyphl HAOMIOmAeTCS U IJIS
MHOTHX IPYTUX BOJOHACHIIIIEHHBIX ITopox [13].
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Puc. 2. 3aBucumoctb KoahdUIIMEHTa MOIIOIIEHUS O
yJIbTpa3Byka ¢ yactoroit 1 MI1 or Temmeparypbl st
MEeP3JI0TO BOJOHACKIIIIEHHOTO necka 1 jbaa [ 13].

HartypHble uccineaoBaHus 3aBUCUMOCTU JJITUTEN b~
HOCTU CUTHajla 0OpaTHOIro paccesiHust Af OT TeMIle-
paTypbl BEPXHETO CJIOSI OCAKOB ObUIM MPOBEASHBI Ha
apkrtudeckoMm 1enbde B peiice I'C “Hukonait Kojo-
MmeiiteB” (aBryct—ceHTs10pb 2000 r.). Beero BbImoli-
HeHa 41 ctaHLMs B AHAaAbIPCKOM 3ayiuBe, BocTouHo-
CubupckoM Mope u Mope JIanTeBBIX ¢ TyOMHOI OT 5
110 92 M.

AKyCTUUYECKUE U3MEPEHUS TTPOBOIMINCH C TTOMO-
IIbl0 mopTraTuBHOTO KoMmiwiekca (Furuno, fmonmust)
Ha yactoTax 50 u 200 k111 ¢ IIUTETbHOCTHIO UMITYJIb-
coB 1 Mc TIpu MONYIIUPUHE AUArpaMMBI HallpaBJI€H-
HocTH 12° 1 2.5°, cOOTBETCTBEHHO. M3y4yaTenun mo-
MeEIaJKUCh Ha TJIyOMHY OKOJIO 2—3 M, yJIbTpPa3ByKO-
BblE CHUTHaJbl M3IyYaduch U TIPUHUMAIUCh B
BEPTUKAJILHOM HaIllpaBiieHUU. JJINTeTbHOCTh CUTHA-
JIa 00OpaTHOTO paccestHUs Af OT BEpXHETro CJIOS TOH-
HBIX 0CAJKOB OIPEIEIISAACh IO OCPEIHEHHOMY MPO-
o obpaTHoro paccessHUs1 (IOcjie yCTpaHEHUs
IIyMa W BJIMSIHUSI KauKu CylHAa) KakK TMPOMEXYTOK
BpEMEHU, 3aTpauyMBacMblii Ha TIPOXOXKICHUE OT IO~
BEPXHOCTH JHA OO IPAHULIBI, HIKE KOTOPOM CUTHAJ
JIOHHOTO paccessHUS (TTOPOTOBLIA CUTHAJT) COCTAaBIISI -
eT nmo amMmuiutyae <2% curHana oTpaxkeHusl OT MO-
BEPXHOCTH JIHA.

Ha craHumsx mpousBoauics rpaHyJIoMeTpude-
CKUii aHAJIM3 OCAaJKOB, KOTOphIE IOIHUMAJINCh Ha
OOpT cymHa ¢ MoMollbio gHodepriatenas. OgHoBpe-
MEHHO Hu3MepsUIach TeMIlepaTypa BEpPXHETO CJIOS
JIOHHBIX OCaJIKOB. JIJIs1 3TOro UCIoab30BaICs 30H B
BUJIE METAJUIMYECKOTO CTePXKHs IJIMHOM 1.5 M ¢ de-
TBIPBbMSI JaTYMKaMU TEMIIEPATypPhl, PACITOJIOXKEHHBI-
MU Ha paccrosgHuu 50 cMm npyr ot npyra. [nyouHa
BXOXIIEHMS 30H/1a B BEPXHUM CJIOM DOHHBIX OCAAKOB
CoCTaBJIsijia B CpeaHeM OAuH MeTp. TOYHOCTh U3Me-
peHus Temneparypsbl cocrasisuia 0.1°C.
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Puc. 3. YacToTHas 3aBUCMMOCTh Koa(dduimeHTa orpa-
KEHUSI yabTpa3ByKa V| OT rpaHULBI MeXIy KBa3MOLHO-
POIHBIMU CJIOSIMU TIECKA U TJIMHBI B (hOpMe TIepEeXOTHOTO
cnost dmreitHa (puc. 16) ¢ Ah = 10 MM 1T pa3TUIHBIX
TeMmriepatyp. @uosieToBble BepTHKaIbHbIC CTPEIKHU IMO-
Ka3bIBalOT yBeAWYeHUE KoM UIIMEHTA OTPAXKEHUS OT
rpaHULIbl pasaena Mnpu oxyaaxaeHuu ot +2 no —10°C.

3. PESVJIBTAThHI 1 OBCYXJIEHMUE
3.1. Moodenvnvie ouenku

C wucnonb30oBaHUEM TIPEMIOXEHHON aKyCcTUde-
ckoit Monenu (puc. 1, puc. 2) u cootHoueHui (3) u
(4) OBLIM BBIITOJIHEHBI pacueThl, OOBSICHSIOIINE TEM-
rnepaTypHble OCOOEHHOCTH paccesiHUS yJIbTPa3ByKO-
BBIX BOJIH OT CJIOUMCTBIX CTPYKTYp. Ha puc. 3 mokaza-
HBI YaCTOTHBIE 3aBUCUMOCTU KO3 PUIIMEHTAa OTpa-
xeHus ¥V, (3) or nepexonHoOro cyiosi, 00pa3oBaHHOIO
CJIOSIMU TIeCKa W IIMHBI, TIPY Pa3IMYHbIX 3HAYEHMSIX
TeMIiepaTyphl 111 3¢GeKTUBHOM TomuuHbI Al = 10 M.
Jnsg gactot Hmke 20 kI HabmomaeTcs ciaadast 3aBr-
cuMOCTb V| ot yactotsl, a B nuanazone 20—200 kIt
V| 6pICTpO criafaeT ¢ yBeJIMYEHUEM 4acTOThl. BugHo,
YTO MPU OXJIAXKICHUU KBa3MOAHOPOIHEIX CJIOEB I1eC-
Ka ¥ MHbI 0T 12 10 —10°C Ko3dduLMeHT oTpaxe-
HUSI OT UX TPAHUIIbI CYIIECTBEHHO YBEJIUYUBACTCS
11st o6eunx yactort. [Tpu atom st yactotsl 50 kI V;
Bo3pacTaeT B ~2 pa3a (¢ 0.27 mo 0.5), a myst 200 xIir —
B 15 pa3 (c 0.01 go 0.15).

Ha puc. 4 nmokasaHbl 4acTOTHbIE 3aBUCHUMOCTU
HOPMHMPOBAHHOTO KO3 UIIMEHTa OTpasKeHUS YIIb-
tpassyka V,/V, = exp(—P?/2) OT cjos Iecka ¢ pas-
JIMYHBIMM MTapaMeTpaMM IIEPOXOBATOCTU G B ClIydyae
HOPMAJILHOTO ITafieHWsI Ha IIOBEPXHOCTh pasjea.
JI1s1 HU3KMX 94acToT, MeHbIINX 3 K111, Takas TpaHuna
paszesia OyoeT MpakTUUEeCKU WICATbHOI, MO3TOMY
yKa3aHHBIE IIEPOXOBATOCTY HE YMEHBINAIOT 3Ha4Ye-
HUe HOPMUPOBAHHOTO KO3((PUILIMEHTa OTpakKeHUs.
Ne 5 2022
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JIag odeHb BBICOKMX 4YacToT, oompmnx 1 MIt, Ha-
00OpOT, YKa3aHHBIC IIEPOXOBATOCTH OYIyT 3HAYM-
TeJAbHBIMU, B PE3yJIbTaTe Yero HOPMUPOBAHHBINA KO-
3 GUIUEHT OTpaXXeHUSI OT TaKOU I'PaHUIILI YMEHb-
LIUTCSI NPAKTUYECKU 10 HYJIS.

I'pacduku Ha puc. 4 TOCTPOEHHI IJISI CIydasi OUeHb
Y3KOIl auarpaMMBbl HampaBJIEHHOCTU 3XxojioTa. s
OLICHKU BIIUSIHUS TMArpaMMbl HAIIPaBIEHHOCTHU UC-
MOJIb3yEMbBIX 9XOJIOTOB Ha I'padrKax oKa3aHbl COOT-
BETCTBYIOIIYIE MUHVMAJIbHBIE ITOPOrOBbIE 3HAUCHUS
HOpMUpOBaHHOro kKo3ddunueHra orpaxeHus 0.6
st 50 kI m 0.13 morst 200 k111 5X010TOB.

W3 puc. 4 BUIHO, YTO MPU OXJIAXKICHUYN IPAHULIBI
necka 1 ruHbl ot +2 10 —10°C koadduLneHT oTpa-
JKEHHS OT €T0 1IepOXOBaTOl I'paHUIIbI CYIIIECTBEHHO
YBEIUYMBAETCS 1JIs1 00erx yacToT. OTMETUM, UTO JJISI
3(hGEeKTUBHOI perucTpannuy OXJIAXKASHUS CPeabl U3-
3a HAJIMYMS 1IEPOXOBATOCTE HAa MTOBEPXHOCTHU pa3-
JieJia J1s1 pa3HbIX G ONTUMAJIbHbIN AMana3oH 30HIU-
PYIOIIMX YaCcTOT OyaeT pa3indHbIM. Tak, 13 IByX HC-
MOJb3yEMbIX HaMU YacTOT IJIs IIEPOXOBATOCTE C
6 = 5 MM onmruMasbHOM OymeT 50 KIi1, a it 6 = 1 MM —
200 xIir. IMpu oxnaxxaenuu ¢ +2 no —10°C B 3TOM CI1y-
yae BeJIMYMHA HOPMUPOBAHHOTO KO3 UIIMEeHTa OT-
paxenus V,/V, ansa yactotel 50 kIl Bo3pacTaeTr B
~6 pa3 (¢ 0.1 o 0.6), a st 200 xI'u — B ~3 pasa (c
0.25 10 0.7).

Takum o0Opa3om, pe3yabTaTbl MOIEIUPOBAHUS
(puc. 1, puc. 2, coorHoueHus (3) u (4)) 1 BBIITOJ-
HEeHHBIE paHee OLieHKU [ 13] mokaszanu, 4To Ipu oxJia-
>KIEHUW BOJIOHACHIILIEHHBIX TOPOI U OCaJIKOB B Iva-
nazoHe tremneparyp ot +2 no —10°C:

1) Bo3pacraeT ko3 GUIIUEHT OTpaxKeHUs OT CJIO-
HUCTOM CTPYKTYPhI (M3-3a HATMYMS 1IEPOXOBATOCTE
IpaHUIl pasaeiia ¥ HEHYJICBBIX TOJIIMH MePEXOTHBIX
CJIOEB);

2) yMeHblIaeTcsl KO3(M@MUIIMEHT IOIIOMIEHUST O
Ha JIJTMHE BOJIHbBI YJIbTPa3ByKOBBIX BOJIH (B pe3y/IbTa-
T€ YMEHBIIEHMsSI BSI3KOTO TPEHUS M3-3a Iepexoia
CBOOOMIHOIT BOABI B MAaTPUKCE B CBSI3aHHYIO BOLY).

Ha BepxHeit rpaHulie JOHHBIX OCAaIKOB aMIUIATY-
Jla TaBJICHUS aKyCTUUECKOTO UMITYJIbCA, OTPAKEHHOTO
OT 3JIEMEHTA CJIOUCTOM CTPYKTYPhI HA TIIyOMHE B OCa-
Kax L B mpyUOMIKEHUM IJIOCKOIT BOJTHbBI, COCTABUT:

p = p V107 (7)

rae p, — AaBJCHUE B MaaallieM uMnyibsce, V; — Ko-
5 ULIMEHT OTpaXXeHUsT yIbTpa3ByKa OT i-TO 3Jie-
MEHTa CJIONCTO# CTpyKTYphl. Eciiu BenmmumHy 1mopo-
TOBOTO JaBJIEHUST 0003HAUYUTD YEPE3 Py, U YUECTh, UTO
L = cAt/2, tne ¢ — 3ddeKTUBHAsI CKOPOCTh 3ByKa B
ocankax, To

2 Vv,
At = 2 101g| 2% |, (8)

ac Pun
Kak YKa3bIBaJIOCh BBIIIIC, HOpOl"OBLII‘/Jl CUT'HAJI I10 aM-
TUINTYOC 3aaaBaJiCsd paBHBIM 2% CHUTrHaJIa OTpaK€HMUA
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Puc. 4. YacroTHasi 3aBUCUMOCTb HOPMHUPOBAHHOTO KO-
adduLreHTa OTpaXeHHUs yabTpa3ByKa V,/ V| oT epoxo-
BaTOM IPaHULIBI eCKa Y TJIUHBI (pUC. 1B) AT pa3sInyHbIX
TeMrneparyp. Pacuer npousBeneH ajisi cpeqHeKBaApaTUY -
HBIX BBICOT HEPOBHOCTEH G = | MM U G = 5 MM, U TeMIIe-
paryp +2, 0 u —10°C. ®duoneroBble BepTUKAIbHBIE
CTPEJIKU TOKa3bIBAIOT yBeInueHrne KodadhduilMeHTa oT-
pPaXeHMsI OT TPaHULIbI pasaesa Mpy OXJIKACHUY OT +2 10
—10°C. KpacHBIMM ITyHKTUPHBIMU TOPU30HTAIBHBIMU
CTpeJIKaMU MOKa3aHbl COOTBETCTBYIOLIME MUHUMAJIbHBIE
IIOPOroBbIe 3HAYEHUSI HOPMUPOBAHHOIO KO3 duiieHTa
orpaxenus 0.6 mrs 50 kI u 0.13 g 200 xIix 3X010TOB.

OT MOBEPXHOCTH IHA, T.€. py, = 0.02V,,..py. 3aMeHsd
P B BIpaxxeHuu (7), NoJy4um:

2 v, )
At ==101g| ———|. 9
oc g(0.02Vz[Ha ©)

M3 (9) cnenyet, yTo 1pu oxjaxineHuu Af OyneT Bo3-
pacTaTh KaK M3-3a yBeJIWYeHUs KO3 (UIIMeHTa OT-
paxeHus V,, Tak U U3-3a YMEHBIICHUST KO3GhOUITH-
eHTa TIOIIOIIEeHNsS O Ha IjauHe BoJHBI. [lpuuem B
OOJIBLIMHCTBE CJTydyaeB BKJIaJ yMEHbIIeHUsI KO3 du-
LIMEeHTAa NOIJIoleHUs OyIeT Mpeo0agaouM.

3.2. Hamypuote uccaedosanus

HatypHbie ucciienoBaHust, IpOBEAeHHbBIE HA apK-
TUYECKOM Ilenb(de, IoKazaaud, 4TO TeMIleparypa
BEPXHETO METPOBOTO CJIOSI JOHHBIX OCAJIKOB COCTaB-
ns1a ot —1.2 1o +4.9°C. JI1nTeIbHOCTh CUTHAJIa 00-
paTHOIO paccessHus Af OT BEPXHETO CJIOSI OCAIKOB JIe-
»aja B nuana3oHe ot 1 1o 19 mc. Ha puc. 5 npuBene-
HbI XapaKTepHbIE IMMPUMEPHLI YYACTKOB 3XOrpaMM C
BEPXHEM CJIOEM OCAJIKOB, MOJYYEHHBIC HA CTAHLIUSX
C pa3jIMYHLIMU TeEMIIEpaTypaMu NOBEPXHOCTU IHA.
W3 npuBeaeHHBIX 3XOrpaMM BUIHO, YTO JIUTE/b-
HOCTb CHUTHaJla OOpaTHOIO paccestHus OT IHa Af ¢
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Puc. 5. ®parMeHTHI 3X0rpaMM € ydacTKaMM AHa Ha yactoTax 3oHaupoBaHus 50 u 200 k1. [Toka3aHbl TeMIiepaTypbl BEPXHETO

METPOBOTO CJIOSA OCAAKOB.

YMEHBIIIEHUEM TeMITepaTyphbl OCICAOBATEILHO BO3-
pacTaet ajist 00enx 4acToT.

CpaBHeHME IIUTEIBHOCTEN Af IJIST OTIEIbHBIX
CTaHLIMI1 IJIs1 ABYX YaCTOT ITOKa3aJio, YTO MEXIY HU-
MU HaOII0JaeTCsl JOCTAaTOYHO XOpollas JIMHEHas
cBsa3b ¢ R2=0.87 (puc. 6). B ykasaHHOM npencrasiie-
HUM (puc. 6) He TTOKa3aHa OJHA TOYKa C MAKCHUMAJlb-
HOM 3aperuCTPUPOBAHHON IJIMTEIbHOCTHIO CUTHAJIA
obpaTHOro paccestHust it yacToThl 50 KTy A7 = 18.6 Mc
(mnsa gyactotel 200 kI Af = 7.1 Mc), KoTopast mocTa-
TOYHO CUJIBHO BhIITafajia 13 IOJIy4eHHOTIO paciipee-
JIEHUS.

Ha puc. 7 npuBeeHbl 3aBUCUMOCTHU JJTUTEIBHO-
CTU CUTHaJIa 00paTHOro paccesHUs yiIbTpa3ByKa At
TSI IBYX 4aCTOT OT TEMITepaTypbl BEpXHETO METPOBO-
'O CJIOSI MOHHBIX 0CaaKoB. BUIHO, 4TO ¢ yMEHBIIIEHU-
eM TeMIlepaTypbl Af B CpeIHEM YyBEJIUYUBACTCS IJISI
obeux dvactoT. Ilpym 3TOM B 00OJlacTM TeMIIepaTyp
>1°C nabmogaeTcs ciiabast TeMIiepaTypHasi 3aBUCH-
MOcCTb. 3nech Ar= 3.0 + 0.6 mc mrg yactortsl 50 kIt 1

Af=2.4 £ 0.9 mc i 200 kI, B o6mactu Temneparyp
0—1°C mIMTEIbHOCTH 3XOCUTHAJIOB B CPEIHEM CO-
cTtaBidgioT Ar = 5.2 £ 2.1 mc midg yactotsl 50 kI u
At=4.6 £ 2.1 mc mrs 200 xIu. Emre 6osee xoaomHOMY
BEpPXHEMY CJIOI0 0cangkoB ¢ Temneparypamu <0°C co-
OTBETCTBYIOT OOJIbIIINE 3HAYECHUSI CPEIHUX BEJIMUUH
maurenpHocTe: At = 11.3 £ 3.9 Mc 1 49acTOTBL
50 xItg m Ar = 9.2 + 3.8 mc gg 200 kI11. OtmMeTnMm,
YTO TeMIlepaTypHble 3aBUCUMOCTHU JISI ABYX YACTOT,
COITIaCHO MPUBEIASHHBIM TpeHaaMm (puc. 7), XOpOIIo
COMIACYIOTCSI MEXIY COOOIA.

BbInoIHEHHBIT TpaHYJIOMETPUYECKUI aHalu3
MMOBEPXHOCTHBLIX OCAAKOB HAa CTAHLUSX BbISIBUI
GOJIBIIYI0 HEOTHOPOIHOCTD pacIipele/IeHUs YacTUII
o pa3mepam ot 0.01 go 1 mm. CpaBHeHUE TpaHYJIO-
METPUUECKUX JAHHBIX C UBMEPEHUSIMU TEMIIEPATYPhI
BEPXHEr0 METPOBOrO CJIOSI OCAaJKOB IT0KA3aj0, YTO
Uil CTAaHUMIA ¢ TeMmepaTypaMM IOBEPXHOCTU JTHA
Boiie 0.5°C ¢ yBenuueHUEM pa3MepoB YacTull Af B
CpeIHeM YMEHbIIaeTCsI. A I CTAHLIMIA C TeMITepaTy-
AKYCTUYECKHWM KYPHAJ Ne 5
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Puc. 6. CBg3b MexXay IIUTEIbHOCTSIMUA CUTHAJIOB 00paT-
HOTO paccestHUsI OT AHAa Af I IBYX MCITOJIb3YyEeMbIX Ya-
CTOT 30HIUpoBaHUs. [Toka3aHbI JIMHEWHBI TPEHI, ero
ypaBHEHHUE U 3HaUeHUe R,

paMu BepxHero cyost ocagkoB Huxke 0.5°C koppens-
LUST MEXKIY pa3MepOM YacTHUIL U Af OTCYTCTBYET.

Takum 06pa3oM, BKCIIEPUMEHTHI MTOKA3aJIK, YTO
Ha o00cJieHOBAaHHOM OOIIMPHOM Yy4dacTKe Iiebda

20
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ApPKTUKH JTUTEJIBHOCTh JOHHOTO 3XOCUTHaja Af B
00J1aCTU HYJIEBBIX M OTPULIATEIBHBIX TeMIepaTyp B
OCHOBHOM oOMNpeessieTcsl TeMIlepaTypoil BepXHEro
CJIOS1 OCAIKOB U B CPEIHEM YBEIMUMBAETCS C YMEHb-
ImeHueM TeMIieparypsl (puc. 7). Takas 3aBUCUMOCTh
XOpOIIIO COIJIacyeTcsl ¢ MPUBEICHHBIMU BBIIIE MO-
JIeJIbHBIMU OLICHKAMU U OOBSICHSIETCSI YBEIUUYCHUEM
At KaK 13-3a Bo3pacTaHusl KoadduimeHTa oTpaxe-
HUS yJIBTpa3ByKa V OT CI0MCTO CTpYKTYpHI (puc. 1),
TaK U M3-3a YMEHBIIICHHST KO3 (hGHUITNEHTA ITOTIONIe-
HUS 0L B OCAJ0YHOM TOJIIIE MPU OXJIAKICHUU.

OTMETUM, YTO MpeACTaBJICHHEIC Ha pUC. 7 pe3yilb-
TaThl MOJYYEHbI HAa CTAaHLMSX, OTIMYAIOIINXCS pa3-
JIMYHBIMU MOPGOJIOTUYECKUMHU U TPaHyJIOMETpUYe-
CKMMHU XapaKTepUCTUKAMU, PaCIOJIOXEHHBIMUA Ha
pa3HBIX IIyOMHAX U 3a4aCTyIO0 pa3HECEHHbBIX Ha pac-
CTOSIHUE COTEH KWJIOMETPOB ApPYT OT Apyra. TeM He
MEHee, 0Ka3aJloCh, YTO OCHOBHBIM (haKTOPOM, OTpe-
JEJISIOIINM ITJTUTETbHOCTU TOHHBIX 9XOCUTHAIIOB Af,
SIBJISIETCS TeMIlepaTypa 71 BEpPXHETO CJIOSI OCAIKOB.
KoHeyHo, mpu mM3MepeHUM B JIBYX Pa3HbIX TOYKaX
MpY OJMHAKOBOM Temriepatype 7 M3MepeHHbIC IV~
TEJIbHOCTU MOTYT 3HAYUTEIBbHO OTJIMYATBCS U3-3a
pPa3IMYHBIX OCOOEHHOCTEN CTPYKTYPhI U IIPOCTPaAH-
CTBEHHOM M3MEHYUBOCTU (PUBMYECKUX XapaKTepHU-
CTHK, TAKMX KaK CKOPOCTb 3BYKa, IIJIOTHOCTb 1 KO3 (-
dunmeHT 3atyxanus [24]. Bapuanum ykazaHHBIX Xa-
pPaKTEepUCTUK OOYCIOBJIECHBI COCTAaBOM JTOHHBIX
nopon (NIMHUCTBIA WII, aJeBpUTHI, MECOK U T.IL.),
CTEINEHbI0 MX MOPUCTOCTH M TIa30HACBIIIEHHOCTU
(cM. pa3dpoc 1o BepTuKaiu Ha puc. 7). OgHako, ecliu
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Puc. 7. 3aBUCUMOCTHY JJIMTEIHHOCTA CUTHAJIA 06paTHOFO pacCedaHus yabTpa3ByKa AJisd IBYyX 4HaCTOT OT TEMII€PATYPbl BEPXHETO
METPOBOI'O CJI0A JOHHBIX OCalKOB. JL1st KaX 10l YaCTOThI MOKa3aHbl KY6I/I'-ICCKI/IC TPEHbl U 3BHAYCHUA R-.
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CIYCTSI HEKOTOPOE BPEMSI BBITIOJTHUTH TaKUE U3MEpPe-
HUSI B OTUX 3X€ TOYKAX IMOBTOPHO, TO MO U3MEHEHUIO
JUIMTEILHOCTU Af MOXHO OYIET CyIMTb O XapakTepe
(oxnaxaeHue/HarpeBaHue) U TMHAMUKE TeMIIepaTyp-
HBIX M3MEHEeHMM. TakuM o0pa3oM, IpemIOKESHHBIN
METOJ, aKTUBHOII BBICOKOYACTOTHOI aKyCTUYECKOI
TEPMOMETPHUHU MO3BOJIUT OCYIIIECTBUThL TPEOyeMoe Ha-
OmogeHWE 3a TEeMIIEPAaTYPHBIMM U3MEHEHUSIMU
MEP3JIbIX BOJOHACHIIIIEHHBIX TTIOPOJI Ha CYIIIE U BEPX-
HETO CJI0sl TOHHBIX OCAIKOB.

4. BbIBO/IbI

ITokazaHa BO3MOXXHOCTb peajiu3alii MeToaa ak-
TUBHOW BBICOKOYACTOTHOM AKYCTUYECKOU TEPMO-
METpPUM, OCHOBAHHOM Ha U3JTy4€HUU BbICOKOYACTOT-
HbIX aKyCTUYECKUX MMITYJbCOB U U3MEPEHUU IJIU-
TEJILHOCTM CUTHajla OOpaTHOTo paccesiHus Af B
BEPXHEM CJIO€ BOJOHACHILLIEHHBIX MOPOI WJIU OOH-
HBIX ocagkoB. ComlacHO IPEMIOXKEHHOM aKyCcTHU4e-
CKOII Mopjenu, Bo3pacTaHue Af IpU OXJIaXICHUU B
0o0JIacT HYJIEBBIX M OTPHUIATEILHBIX TEMIIEpaTyp
MPOMCXOIUT KaK U3-3a YBeJIUYSHUsI KoaddulimeHTa
OTpaxXeHUs YJIbTPa3ByKa OT CJIOUCTOM CTPYKTYDHI,
TaK 1 1M3-3a YMEHbIICHUS KO3 dUIIMeHTa ITOIIOoIIe-
HMSI B BOJIOHACKILIEHHO! cpene. HaTypHbIe uccieno-
BaHUS, IIPOBEACHHBIC Ha YYacTKe apKTUYECKOIo
meibda, ITOATBEPIMIIN HATNYNE TaKOi 3aBUCUMOCTH
IIpU TeMIlepaTtype BepxHero ciaost ocagkoB 7' < 1°C.
Takum o6pa3zoM, NpeaIOKEHHBIN TTOAXOM, 1JISI MOHM-
TOPMHTA OXJIAXKIEHHBIX U MEP3JIbIX MOPO/ M OCAJTKOB
MO3BOJIMT OCYILIECTBUTh TpeOyeMoe HaOIoAeHME 3a
TEMIIEpATYPHbIMU U3MEHEHUSIMU MEP3JIbIX BOJIOHA-
CBILLIEHHBIX ITOPO/ HA CYLII€ U BEPXHETO CJIOS JOHHBIX
0CaJIKOB.

Pabora mnommepxana IIporpammoii Pa3zButus
Tomckoro T'ocynapctBeHHOTO YHuBepcurera
(ITpuoputet-2030). MccienoBaHus YaCTUYHO MO -
nepxanbl Poccuiickum HayunsiM DoHgoM (rpaHt
Neo 21-77-30001) B yacTu OLIEHKHM pacHpeae/ICHUs
TeMmreparypbl U MUHUCTEPCTBOM HAayKU U BBICIIIETO
o0Opa3oBaHMs B paMKax BbIIOJIHeHMs paboT 1o [ocy-
nmapctBeHHoMmy 3amanuto GHUIL “Kpucramiorpa-
¢ust u poroHnka” PAH B yacTu olieHKY 3KOJIOTHUYe-
CKHUX PUCKOB.
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