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[TpuBeneHbl pe3ynbTaThl HATYPHBIX IKCIEPUMEHTOB, HANIPABICHHBIX HA OLIEHKY BO3MOXHO-
CTE! OmpeaesIeHUus TOJIIUHBI JIEISTHOTO TTOKPOBAa BOJAOEMOB IO 3apETHCTPUPOBAHHBIM Ha MOBEPX-
HOCTH JIbJ]a aKyCTHUeCcKUM Irymam. [lokasaHo, 4TO MO 4acTOTaM TeHEepPUPYEMbIX IIyMaMHu B CJIO€
JbJa CTOSYMX BOJIH BEPTUKAJIBHOIO CHKATHUSI-PACHIMPEHUSI YBEPEHHO OIMPEACIIAIOTCS Kak TOJIIMHA
JIeITHOTO TIOKPOBA, TaK U TUI MOJCTHIIAIONIEH cpeibl (BOla MIIM MEP3JIbli TPYHT).
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The results of field experiments aimed at assessing the possibilities of determining the thick-
ness of the ice cover of water bodies using acoustic noise recorded on the ice surface are presented.
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It is shown that the frequencies of vertical compressional standing waves generated by acoustic
noise in the ice layer can be used for determining the thickness of the ice cover and the type of un-
derlying medium (water or frozen soil).

Key words: ice cover of water bodies, determination of ice thickness, acoustic noise, vertical
compressional standing waves.

HeobxoaumocTh u3MepeHus: TOJIIMHBI, 00pa3yrolierocss Haj BOJHON MOBEpX-
HOCTBIO MPU OTPULIATENIBHBIX TEMIIEpATypax JEASHOIO MOKPOBA MOYKET BO3HHUKATH
P PEIICHUH MHOXKECTBA MPAKTUYECKUX 3a/lay — obecreueHuss 6e30macHoro nepe-
JBIKEHUS JIIOJIEH 110 3aMEP3LIMM BOJIOEMaM M TPAHCHOPTHBIX CPEJICTB MO JIETOBBIM
nepenpaBaM U aBTO3MMHUKaM, POTHO3UPOBAHUSI MABOJKOB, OLICHKU KauyecTBa JIeJ10-
BBIX KapT, CO3/1aBa€MbIX Ha OCHOBE CIIyTHUKOBBIX METOJOB AUCTAHLIMOHHOTO MOHU-
TOpUHTa JIeOBOM 00cTaHOBKU U T.1. Kpome Bo10eMOB, HHOTa MPEICTABISET UHTE-
pec W OLIEHKAa TOJIIMHBI JibJla, 00pa30BaBIIEroCs Ha Cylle, HANPUMED, ISl OLIEHKHU
3amacoB JeAHUKOBOM Boabl [11].

Cpenu METOJIOB OMpe/ie/IeHUsl TOJIIUHBI JISJTHOTO TOKPOBA CAaMbIM TOUYHBIM, HO
U CaMbIM TPYJIO€MKHUM, SIBJISIETCSI TIPSIMOM METO/I, IpeAnoJiaraiuii OypeHue TyHOK
U U3MEpPEHUE TONILIMHBI JbJa JIeAOMEpHOU pelikoi. [Ipn MOHUTOPUHTOBBIX paboTax
TaKU€ W3MEPEHUs TPOBOAST JUCTAHIIMOHHBIMU METOJAMHU, HAIIPUMEP, C UCMOJIb30Ba-
HUEM aBUAIMU [S] MM KOCMUYECKUX anmnaparoB [3], HO TOYHOCTh 3TUX METOHOB OT-
HOCUTEJIBHO HEBbICOKA. [Ipu IBMXKEHHUM CyAOXOAHOTO TPAHCHOPTA BO JIbJIaX MpHUME-
HSIFOTCSI BU3YaJIbHBIC WIIM TEJICBU3MOHHBIE HAOMIOIEHUS 32 00JIOMKAaMH JIbJANH, 3aHU-
MAIOIIUX BO3JIE€ Cy/HA TMOJOKEHHUE OJM3KOE K BEPTUKAIBHOMY, UYTO JA€T BO3MOXK-
HOCTB OIICHUTD TOJIIMHY MX 00KOBOTO cKoa [4].

Haubomnee pacrpocTpaHeHHBIN METOJ] ONPEIeTICHUs TOIIINHBI JIbJIa OCHOBAaH Ha
AJEKTPOMArHUTHOM 30HAMPOBAHUU JIETHOTO MOKpoBa reopaaapom [11, 1, 7]. Dror
METOJ] XapaKTEepU3yeTCsl BBICOKON MPOU3ZBOAUTEIBHOCTHIO M JIOCTATOYHO XOPOIIEit
TOYHOCTBIO, HO MPU OOJIBIION M3MEHYMBOCTH BJIEKTPUUECKUX MapaMeTpoB Jibja (Ha-
npuMep, B COJIEHOM BOJI€) OH MOXKET TPeOOBATh MEPUOANYECKON KaTMOpOBKH amma-
paTyphl.

B nmocnennee Bpemsi nmpejiaratoTcsi 1 HOBbIE METO/IbI, OCHOBaHHBIC Ha aHAIN3E
UHTEPPEPEHIIMOHHBIX JUarpaMM, CO3/1aBa€MbIX CHTHAJaMU HABUTAILIMOHHBIX CITyT-
HukoB I'JIOHACC u GPS [2], Ha ontuueckux 3¢ dexrax (C UCroib30BaHUEM JTUIa-
pa) [10] wim Ha aHanMM3€e BHICOTHI 3BYKa OT BO30Y>K/1aeMOM B JICJIOBOM IIJIaCTUHE BOJI-
HEI JIam6a [12].

AKYCTUYECKHE METO/Ibl TAK)KE MIPUMEHSIIOTCS ISl ONPEACIICHUS TOIIIUHBI JIbJA.
Kak npaBuio, 3T0 akTUBHBIE METO/IbI, HAMIPUMEDP, IXOJOKALUS C TOBEPXHOCTH JIbJa
[8] mnm u3-moa BoAbBI ¢ moMolbio coHapa [13]. Huke mpeacraBieHbl pe3yJsibTaThbl
NPUMEHEHUS ISl ONPEICNICHUs TOJIIUHBI JibJa MACCUBHOTO aKyCTHUUYECKOTO METO/Ia,
OCHOBAHHOI'O Ha BBIJICJICHUU CTOSIMMX BOJH M3 3alMCAHHOTO HA MOBEPXHOCTH JIbJa
aKyCTHUYECKOTO IIyMa.

DTOT METOJ YK€ HEOJHOKPATHO MPUMEHSJICA HAMU paHee, HapuMep, IpHu Mpo-
BEJICHUH (PU3UUECKOTO MOJCIUPOBAHUS U HATYPHBIX SKCIIEPUMEHTOB IO OIpesee-
HUIO IIyCTOT B TPYHTOBBIX OTJIOKEHUsIX [9]. MeToa CBOIUTCA K pEerucTpaluy aKkycTH-
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YECKUX IIYMOB Ha MOBEPXHOCTHU MCCIIEAYEMOr0 OrPaHUYEHHOTO O0OBEKTa U HAKOILIEe-
HUIO aMIUTATYIHBIX CIIEKTPOB OOJIBIIIOTO YWCJIA MIYMOBBIX 3alACEH. DTO TO3BOJISIET
BBIJICJIATh U3 IyMa, (OPMUPYIOIIUECS MO/ €ro BO3JEHCTBUEM B OOBEKTE, CTOSIUME
BOJIHBI.

B Hamiem ciyuyae TakuM OrpaHHUYEHHBIM OOBEKTOM SIBIISIETCSI CIIOM JiblIa, JiexkKa-
M Ha MOBEPXHOCTH BOJIbI WJIM MEP3JIOro rpyHTa. B Takom cnoe npu popmupona-
HUU CTOSYUX BOJIH MEXIY €ro HIKHEW M BepXHEH rpaHHIlaMU JOJKHO YKJIaJAbIBaTh-
Csl, B 3aBUCMMOCTH OT YCJIOBHM OTpa)K€HHS HA HHX, JTMOO IEJI0€ YMCIIO MOy JIHH,
AM00 HEYETHOE YHMCIIO YETBEPTEH JJIMH CTOAYMX BOJIH (IIOJOOHO CTOSYMM BOJIHAM
B HE3aKPEIUICHHOM WJIHM 3aKPEIUIEHHOM C OJTHOI'O KOHIIA CTEPKHSX [6]).

YacToThl CTOSYMX BOJIH BEPTUKAJIBLHOTO CXKATHUS-PACTSHKEHHS B Ci10€ (COOCTBEH-
HBIE YaCTOTHI CIIOS) B ATHX JIBYX CIIy4asiX ONpPEACNSIOTCS, COOTBETCTBEHHO, (popmy-
JamMu

_ "

fo =22, (1)
HJIAA JIbAd, IIOA KOTOPBIM HAXOAUTCA BOAA UJIN BO3AYX, UJIHU
_ (Zn—l)Vp
f n — 4h s (2)

JUISL JIbJa, JIeXKAIIEero MOBEPX MEp3JIOro IpyHTa. 3A€Chb # — HOMEpP MOJbI CTOSYUX
BOJIH, V}, — CKOPOCTb NPOJOJIBbHBIX BOJIH, /1 — PACCTOSHHUE MEX/Y IPAHHUIIAMH CJIOS.

B 00oux ciayyasix MHTEpBaJI MEXY COCEIHUMU COOCTBEHHBIMH YacTOTaMH pa-
BeH AF = (fu41 — fn) =V,/2h. Ha ocpenHeHHBIX B pe3yibTaTeé HAKOIJICHUS aM-
IUIUTYAHBIX CIIEKTPaxX 3TO MPOSIBISETCS B NOSIBICHUN PETYJISIPHOM MOCIIEI0BATENBHO-
CTH PE30HAHCHBIX IIMKOB Ha YacTOTax CTOAYUX BOJH. TakuMm 0Opa3oM, IpH U3BECT-
HOW CKOPOCTH V}, ¥ 4aCTOT KaKuX-I10O0 JBYX COCEIHUX (IO MOPAIKY MOJIBI) CTOSYHUX
BOJIH BEPTUKAJIBHOTO CKATUSA-PACTSHKEHUS TOJIILMHA CJIOS JIbJa MOXKET OBITh OIpese-
jeHa 1o ¢popmyiie

== 3)

3ametuM Takxke, 9to 1t hopmyisl (1) AF = f;, a nnsa dopmynsl (2) AF = 2f;.
ITosTOMY BBIYMCIIATH TOJILHMHY CJIOS MOYKHO M II0 4aCTOT€ HU3LIEH MOJbI, UMeEs
BBUJYy BHJ 3aBUCUMOCTH, KOTOPOH COOTBETCTBYET PACIPEACICHUE PE30HAHCHBIX
INUKOB Ha OCH 4acToT. To ecTh, HaJ BOJOM (MM HaJ BO3JYXOM B CIIydae 3aBUCA-
HUS JibJa) UHTEpBaI AF paBeH yacTOTe HU3LIEH MOJBI, a HaJ TPYHTOM — €€ YJIBO-
€HHOU BEJIMYMHE.

JIns OUEHKM BO3MOKHOCTEM MPUMEHEHUS I OINpPEAEIEHUs TOJIIMHBI JIbJa
IIACCHUBHOTO AKyCTUYECKOTO METOJa, OCHOBAHHOT'O HA BBIICJIICHUM CTOSYMX BOJH W3
aKyCTHYECKOT'O 1lIyMa, B KOHIIE siHBapsi — Hadane ¢eBpanst 2019 r. ObuIM npoBeAeHbI
HaTypHbIE SKCIIEPUMEHTHI Ha JBYX BOJIOEMAX B palloOHE HOBOCMOMPCKOIro AKaaemro-
polika — Ha p. 3bIpsiHKA U Ha IJIske «3Be3aa» Ha OOckoM BopoxpaHwuie (puc. 1).
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Peructpamus nryMoBBIX 3amucel MPOBOAWIACH HA JIMHEHHBIX MPO(HUISLX C IIarom
1 m. Ha peke mpoduns anunoii 20 M 6611 OPUEHTHPOBAH BJIOJIb OEPEroB U HAXOAHIICS
IPUMEPHO B €€ CPEHEN YacTH, IPUYEM 3aBEJOMO HaJl BOJIOHM, TaK KaK M3-TOJ0 JibJa
OTUYETJIUBO OBLIO CIBIIIHO e Xypuanue. Ha mispke «3Be3na» npoduibs HaOm01eHU I
ObLT IPUMEPHO MEPHEHAUKYJSIPEH K OeperoBoil JIMHUM M PACMOJArajicsi 4aCTUYHO
HaJ BOJIOM, YaCTUYHO HAJl MEP3JIbIM IIECKOM.

Puc. 1. ITonoxxenne yuyacTkoB HaOMr0ieHu Ha p. 3bIpsHKa (1)
U Ha TIshKe «3Be3na» Ha O0ckoM BogoxpaHuuie (2)

Perucrpanus aKycTHYeCKHX IIyMOB IPOHM3BOJIMJIACH C IOMOIIBIO ITH(PPOBOro
ocmmorpada B-423 ¢ wacroroit nuckperuzanuu 100 xk['1. B xagecTBe mpuemHuka
HCIIOJB30BAJICSl IIUPOKOIMOJIOCHBIM MbE30KEPAaMUYECKUM JAaTYMK MOPIIHEBOTO THUIA
C BEpPTHUKAIIbHO HAMNPABICHHOM OCBhIO MAKCUMAIBHOM YYBCTBUTEIBHOCTH, KOTOPBIN
MPU WU3MEPEHUAX YCTAHABIMBAJICS HEMOCPEICTBEHHO HA OYMILIEHHYIO MOBEPXHOCTH
apaa. O0mas AIUTENbHOCTh IIIYMOBBIX 3alUced B Kax o Touke coctamisiia 30 ce-
KYH]l TIpU HAOJIIOJICHUSIX Ha P. 3bIpsSHKA U 2 MUHYTHI Ha TULSIKE «3Be3qa», e Tede-
HUE MPAKTUYECKU OTCYTCTBYET, U YPOBEHb IIIyMa, COOTBETCTBEHHO, ObLI 3HAUUTEb-
HO HHXKE.

[Tpu 06paboTke 3anmucy pa3doUBaIMCh HA (PparMeHTHI JTUTEILHOCTHIO 110 8192 OT-
c4eToB (mpuMepHO 82 MC), TMOCJE Yero MPOBOJUIOCH HAKOIUICHHE aMIUIMTYIHBIX
CIIEKTPOB ATUX (parMeHTOB. YacTOTHI BBIJICISAEMBIX HA OCPEIHEHHBIX aMIUTUTYIHBIX
CIIEKTpaX PE30HAHCHBIX IMHMKOB MCIOJIB30BAIUCH IS omnpeseiacHus mo Gopmye (3)
TOJIIIMHBI JISJITHOTO MOKPOBa B TOYKax HaOmojaeHmi. [Ipu saTOM mpeamosiaraaocs,
4TO CKOPOCTh MPOOJIBHBIX BOJIH V;, JUIst JIbJ]a U3BECTHA U B Pa3HBIX TOYKaX HaOJ01e-
HHUI MEHSIETCS He3HauuTeNlbHO. [lo3ToOMy mpu pacuerax HMCHOJIb30BalOCh 3HAYEHHE
V, =4090 m/c, onpeneneHHoe UMITyJIbCHBIM METOJOM Ha KEPHE JIbJa, MOJIyYEHHOM

npu OypeHUH KOHTPOJIbHOW JIYHKHU B pailoHe IJisixka «3Be3aay.
Ha puc. 2 nmpuBenensl npuMepbl OCpEAHEHHBIX CHEKTPOB IIYMOBBIX 3aIlUCEH,
3apEeruCTPUPOBAHHBIX Ha JABYX y4acTKax HaOmogeHuil. Kak MOXHO BUIETH, Adaxe
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P OTHOCHUTEIHHO MAJION IMTEIBHOCTA PETUCTPAIMM IIyMOB HA WX CHEKTpax
MO>XHO YBEPEHHO BBIJICIUTh HECKOJIBKO PETYIISIPHBIX PE30HAHCHBIX MUKOB. Perymsp-
HOCTh MTUKOB HAa aMIUIUTYJIHBIX CIIEKTpax u coryacue ¢ popmynamu (1) u (2) mo3so-
JSET UACHTH(PUITUPOBATH 3TH MUKHU KaK PE30HAHCHI Ha YaCTOTaX CTOSYMX BOJIH.
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Puc. 2. [IpuMepsl HOpPMUPOBAHHBIX OCPETHEHHBIX aMILIUTYIHBIX CIIEKTPOB
IITYMOBBIX 3aIIMCEH, 3aPETUCTPUPOBAHHBIX Ha JICISTHOM ITOKPOBE p. 3bIpsHKA (@)
1 Bo3zJie OeperoBoit tuHUKM OOCKOro BOJOXpAaHWIINILA HA JIbY Haj BOAOH ()
U HaJ{ MEP3JIbIM TIeCKOM (8)

JlecTBUTENBHO, €CIIM JIE/ MOKPBIBAET 00JIe€ HU3KOCKOPOCTHYIO OTHOCHUTEIBHO
Hero Boay (puc. 1, a-b), TO 3TU NUKKU PACHOJIOKEHBI HA OCH YACTOT C BBICOKOM TOY-
HOCTBIO B COOTBETCTBUH ¢ (hopmyroit (1). Hampumep, Ha puc. 2, a 4acCTOTHI MEPBHIX
YETBIPEX MOJ CTOSTYMX BOJIH paBHbI 17.4 xI'm, 34.8 xI'm, 52.1 xI'n m 69.5 xI'u. B To
KE BpeMsl HaJ Mep3JbIM IMEeCKOM (pHUC. 2, ) pacHpeleieHUEe MUKOB COrjacyercs
¢ hopmyiioii (2), UTO TOBOPUT O €ro OOJbIIEH aKyCTHUECKON KECTKOCTH B CPAaBHEHUH
CO JbJOM (B OCHOBHOM, MO-BUJIUMOMY, H3-3a 00Jiee BHICOKON IIOTHOCTH MUHEPAb-
HBIX 3€PEH).

CooTBETCTBUE BBIJEICHHBIX PETYJSIPHBIX MHUKOB CTOSYMM BOJIHAM BEPTUKAJIb-
HOTO CXKaTHUSA-PaCTsHKEHUS JIEJOBOTO CJI0sl, a HE CTOSTYMM BOJIHAM JIPYTUX TUIOB (Ha-
pUMep, CABUTOBBIM), O0YCIIOBJICHO MPUMEHEHUEM MTPU U3MEPEHUSIX JaTYUKa, Peru-
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CTPHUPYIOLIEr0 MPEUMYILIECTBEHHO BEPTHKAIbHYI0 KOMIIOHEHTY aKyCTHYECKOro IIy-
Mma. [lonTBepxaeHne Takoil NpUpPOAbl CTOSIYUX BOJIH JTAE€T COMOCTABJIEHUE PE3YyJbTa-
TOB MPSIMOT0 U3MEPEHUS TONILIUHBI JbJa B KOHTPOJIBHOM JIYHKE JIEIOMEPHOU pEerKOit
U pacdeT ToJuuHbl o ¢popmyse (3). MIsmepenHas peikoi TOJIIIMHA JIbAa HaJ BOAOU
cocraBwia npumepHo 10.2 cm. OmnpeneneHHas Mo 3alUCAHHOMY PSJAOM C JIYHKOM
IIyMy 4acTOTa HU3IIeH Moabl paBHa f; =19.92 k['11, 4T0 npu U3MEPEHHON CKOPOCTH
V, =4090 m/c B cootBeTcTBUM C (HOpMYJIOk (3) IAET MPAKTHYECKH TAKYyIO XK€ TOJI-
muHy 10.27 cM. OTOT npuMep, KpOME TOTO, IOATBEPKAAET KOPPEKTHOCTh NPUMEHE-
HUSl pacCMaTpUBAEMOr0 METOJA JJI ONPENENIECHUs TOJIIIUHBI JIEASHOIO MTOKPOBa BO-
JIOEMOB.

YacToThl TpeX HU3LWUX MOJ AJI BCEX TOUEK HAOIIOACHUHN JBYX IKCIIEPUMEHTOB
npuBeAeHbl Ha puc. 3. Ha 3ToM pucyHKe XOpOIIO BUAHO, YTO JJisi HAOJIOJECHUIMA
Ha P. 3bIpsHKA YaCcTOTHl BTOPOM M TPEThEN MOJ MPEBBIIAIOT YaCTOTY MEPBOU MOJIbI
B 2 U 3 pasza, COOTBETCTBEHHO, YTO corjiacyetcs ¢ opmynoit (1). Takas xe 3akoHO-
MEPHOCTh HaOJIOJaeTCsl JJIsI MU3MEPEHUH, BBIMOJHEHHBIX Ha IULSDKE «3Be3/a», HO
TOJIBKO 711 yyacTka mpoduist 9-15 m. Ha gactu npoduis ot 0 10 8 M 4acTOTHBIN
MHTEPBAJ MEXYy COCEHUMU MOJAaMH PaBEH YABOEHHOMN 4acTOTE HU3IIEH MOJBI, YTO
cornacyercs ¢ ¢popmyiio (2). 3 atoro ciaeayer, uro ot 0 10 8 M ipoduiis TPOXOAUT
HaJl MEP3JIbIM MECKOM, OT 9 10 15 M — Haj BOJIOH, a MEXy OTMETKamMu 8§ U 9 M Haxo-
JUTCS TPAHULA ITUX 30H.
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a) 0)

Puc. 3. YactoTsl nepBoii (KBajpaTHbIE MapKepbl), BTOPOIl (KPYIJIble MapKephl)
U TpeThell (TPeyroIbHbIE MAPKEPHI) MO CTOSTYMX BOJIH CHKATUSA-PACTIKEHUS
u1s mpoduiieit HaOroieHuit Ha p. 3bIpsiHKa (@) U Ha TUIsKE «3Be3aa» (0)

W, naxowner, Ha puc. 4 Moka3zaHO pacupeeseHue TOMIIUHBI JIbJa BAOIb NPoQu-
Jeil, Ha KOTOPBIX OBUIM BBHIMIOJIHEHBI IIYMOBbIE H3MepeHus. Kak MOXHO BUIETH,
Ha p. 3bIpsgHKA TOJIIIMHA JibJA COCTaBWjIa B CpellHeM oKojo 11 cMm, u3MeHEeHHUs Ha
npodusie B ocHoBHOM He mpeBbimaroT 3 cm. Ha OOGckoM BomoxpaHuiuiine (BoO3Jie
sbKa «3Be37a») TOJIIMHA JibjJa HaJ BOJOW NPHUMEPHO Takas >Ke — TOopsaKa
10-11 cMm. Ho B 30He OeperoBoil TMHUK HAOJIOAAETCS €€ PE3KOE CHUKEHUE, CBSA3aH-
HOE, NO-BUAMMOMY, C PE3KHUM YMEHBIIEHUEM HaKJIOHA JHA.
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Puc. 4. Pactipenenenue TOIMIMHBI JIb/Ia BAOIL Mpoduieiit HaOIt01CHHIA
Ha p. 3pIpsiHKA (@) 1 Ha TIsTKE «3Be3aay (0)

Pesromupysi, MOXHO OTMETUTb, YTO IPOBEJCHHBIE JKCIEPUMEHTHI MOKA3AJIH
3((PEKTUBHOCTH KCIONIB30BAHUSA AKYCTHUYECKUX IIYMOB JUIsl ONPEAEICHUS TOJILIUHBI
JeITHOTO ITOKPOBA BOJOEMOB, a TAKXKe Ul OLEHKU TUIIA MTOACTUIIAIOIIEN cpeabl (BO-
J1a WJIA MEP3JIbI TPYHT), HA KOTOPOM JIEXKUT CIIOH JIbJa.
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