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B NBuC JIBO PAH co3nana xpymHOMacITaOHasi SKCIIEPHIMEHTAIbHAS YCTAHOBKA ST (PH3UIECKOTO
MOJICTIMPOBAHMS JCHCTBUSA Tel3epa C MOABOASAIICH cucTteMod kamepHoro tuma (bubble trap).
[IpoBenena neppasi cepusi IKCIEPUMEHTOB, KOTOPasi MOJTBEPANIA, YTO 3TOT THUI MUTAIOICH CUCTEMBI
obecrieunBaeT U OOBSACHICT EPHUOTUICCKUN PEKUM JCHCTBHUS IPUPOIHBIX TEH3EPOB.

Beenenue

I'eiizep — 3TO TI'MIPOTEPMAIBbHBIA HCTOYHUK, NEPUOJUYECKH BBIOpACHIBAIOIIMNA Ha
MOBEPXHOCTh MApOBOASHYIO cMech [2]. HeorbemsiemMolt uyepTod reiszepa SBISICTCS
IPEPBIBUCTOCTD JIEATENBHOCTH: BBIOPOC BOJBI U Mapa MpephIBaeTCs CTaJUsAMHU IOKOS, KOTr/a
Ha IIOBEPXHOCTh 3€MJIM HUYErO0 HE IOCTYIAET, a MPOMCXOAUT IOCTEINIEHHOE 3aIl0JIHEHUE
MOJBOJSAIIEH CUCTEMBI I'ei3epa, OIyCTOIIEHHOM B X0€ NPEALIeCTBYONIEro u3Bepkenus. 1lo
COOTHOIIEHUIO BOJA/Map © 1O WHTCHCMBHOCTH TIpoOlLleCCa HW3BEpPIKEHHE reii3epa
HOJpa3JeNAeTcss Ha CTaAMM M3/IMBa (CIIOKOWHOE HCTEYEHHE BOJbl), (DOHTAHHUPOBAHUS
(OypHBIil BEIOpOC BOJBI M Mapa) M mapeHus (BHIOPOC Mapa C MOCTETIEHHO YMEHbBIIAIOIICHCS
MHTEHCUBHOCTBIO). DTa IOCIEJOBATEIBHOCTh CTAJUM H3BEPKEHHUS U IOKOS IUKINYECKH
MOBTOPSIETCSI C ONPEIEICHHBIM BPEMEHHBIM HMHTEpBaloM. MHTepBan Mexay HayaJlbHBIMU
MOMEHTaMHU [IBYX OIMHAKOBBIX, IOCIEAOBATEIbHO IOBTOPSIOIIMXCS CTaJUui Ha3bIBAETCS
NEpPUOJOM M3BEPKEHUN WM MEpUOAOM reizepHoro mukia. Ecinum nesTenbHOCTH Treiizepa
BKJIIOUAET BCE OIHCAHHBIE BBIIIE CTAAUM, TO TaKas IOCIEAOBATEIbHOCTh Ha3bIBACTCS
KJIACCHUYECKOH, a reii3epHbIi UK — oJIHbIM. [loka3aTrenbHo, YTO IpU UMEroLEeMCs O0IbIIOM
pa3bpoce B pa3Mepax CyIIECTBYIOLIMX MPUPOIHBIX I'ei3epoB, TUHAMHMKA UX JEATEITbHOCTH
(UMKJIMYECKUH W MHOTOCTAJMUHBIN mpolecc) Jaxe B AETANAX MPOSBISET YIAUBUTEIBHOE
nogo0ue, 4To yKa3blBaeT Ha €IUHBbIA (PU3MUYECKUII MeXaHU3M, JeXalluidi B OCHOBE 3TOTrO
IPUPOIHOTO (PeHOMEHA.

MexaHu3Mbl IEPUOAUYECKOr0 AeCTBUSA reil3epoB

[Tonck NpUYMH NEPUOAUYECKOTO JIEUCTBHUS TE€U3EpOB BEAETCA C MOMEHTA IEPBOTO
ONHMCAHUSI EBPONEHCKUMHU Y4YeHbIMH bonpmioro reizepa Mcnanauu, xorma MakkeH3W B
1811 r. [10] MHTYUTHBHO NPEANONOKUI HAIMYME B €ro MNUTAKIIEH CHUCTEME IOJOCTH,
YAaCTUYHO 3alOJIHEHHOW BOJOM M MapoOM M COEJUHEHHOW C 3€MHOW MOBEPXHOCTHIO CHUIIBHO
M30THYTBIM KaHaioM B ¢opme cudona (puc. 1). ['maBHo# mpobremoii mexann3ma MakKkeH3u
SBJISIIACH TIOCTYJIMPOBAHHAS, YHUCTO YMO3PUTENbHAs CIOKHAsg TE€OMETPUS IMOJABOISAIIECH
CUCTeMBI reisepa, (GopMHpOBaHHE KOTOPOH Ha TOT MOMEHT HE HMMENIO TeOJOTHYECKOTO
000CHOBaHHS.

AnbTepHATUBHOE OOBSICHEHHE TMEPUOJUYECKUX U3BepkKeHHi bompinoro reizepa
Ucnananm 610 ipennioskeHo byncenom B 1847 1. [7]. OHO onupanioch Ha BBHITTOJTHEHHBIE UM
M3MEPEHUsI PacIpelesieHUs TeMIlepaTyp B KaHaje reusepa. byHCeH NpeanosiokKuil, 4YTO
MOABOJAIAsA CUCTEMA Tei3epa — ATO MPSAMOW BEPTUKAJIbHBIM KaHAJ, KOTOPBIA ITOJIHOCTHIO
3aIl0JIHEH BOJOM. B HWXKHEH 4YacTu KaHaia BOJA NEPErpeTa, U €€ KUIICHUIO NMPENSTCTBYET
rupocTaTuyeckoe naamieHue. [Ipu mnosiBIeHHMM B KaHajle TMEpPBBIX IMY3bIPHKOB Iapa
BBITECHEHHAs MU BOJIa CJIMBAETCS] U3 BEPXHEM YacTH KaHaja, yMEHbIIas THAPOCTATUYECKOE
JlaBJICHUE B cucteMme reisepa. [Ipu sTom neperperas Boja pe3KO BCKUIAET, U MPOUCXOIUT
¢doHTaHMpOBaHUE reif3epa.
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cTagun 1,2 1 3 - cTafim U3BEPKEHWA

1. Cragus nanvea 2.Cragua
doHTaHMpoBaHKUA

M3NME BOAB

A\

eisepuToBan
NoCTpoRKa

Puc. 1. Mexann3m pelicTBus reiizepa c
MOABOJSIIECH CUCTEMOM KAMEPHOTO THUIA
(bubble trap), [6, 10],
BOCTIPOW3BEACHHBIN METOAOM
(GU3MIECKOT0 MOICITNPOBAHMS.

Mexaam3m byHcena, kak 0Oojiee MpoCTOW W, Ha TOT MOMEHT, Oosee (U3HUECKU
000CHOBaHHBIH, TOCTENIEHHO BBITECHUI MOAeNs MakkeH3u. OH nmpuHUMAIICS OONbIIMHCTBOM
OTEUYECTBCHHBIX HMCCJICIOBATENCH I O0BICHEHUS ACSITeIbHOCTH Tei3epoB Kamuatku [4, 5].
[TonmynsipHocTn Mexanu3ma byHceHa Takke crocoOCTBOBaja OTHOCHTENbHAs! JETKOCTh €ro
BOCIIPOU3BEIcHUS B 1abopaTopuu [1], B To Bpems Kak MeXxaHu3M MaKKeH3U PEIKO U3ydacs
MeToJlaMU (PU3MUYECKOTO MOJICTHUPOBAHUS M3-32 CIOXKHOCTU PabOThl ¢ OONBIIMMU 00BEMaMHU
KUIISIIEH BoAbI U mapa [9].

HuTepec k Mexanu3my MakkeH3U BO3pOAWIICS Tocie myonukanuu padotsl benoycosa
[6], B KOTOpOI Ha OCHOBE MPSMBIX HAOMIOJEHUN B KaHalaX KaMUyaTCKUX TeH3epoB ObLIO
MOKa3aHO COOTBETCTBHE MX CTPOEHHS Mojenu MakkeH3u U ObUIO JaHo 1-oe reojormdeckoe
00BbsICHEHHE (OPMHUPOBAHUIO TIOJBOJSAIIMX KAHAJIOB M MOJOCTEH HEOOXOIMMON CIIOKHOU
T€OMETPHUH, KOTOpbIE MONTYYHIIN CHEIHAIBHBIN TePMUH J108ywiKa 01 nysvipeu wunu bubble
frap, KOTOPBIN celyac MMUPOKO UCTIONIb3YyeTcs. BCkope mociie 3Toro cymecTBOBaHUE JIOBYIIEK
bubble trap O6b1710 TOATBEPKACHO T€OU3MUECKUMU METOJAMH Y MUTAIOIIUX CUCTEM MHOTHX
reitzepoB mupa: Hanpumep, B CIHA [11] u Ucnanaun [8].

du3nyeckoe MOJeJIMPOBAHNE MeXaHN3Ma MaKKeH3H

B 2023-2024 rr. B pamkax npoexkta PH® Ne 23-27-00318 B IHCTUTYTE BYJIKaHOIOTMH
U CeMCMONIOTHH OblIa CO3/laHa KPYIMHOMACIITaOHAs HKCIEPUMEHTAbHAS YCTAaHOBKA JUIS
(bU3MYECKOTO MOAETUPOBAaHUS PAOOTHI reii3epa ¢ MOJBOMAAIICH CHCTEMOM, MPEIIOKEHHON
MakkeH3u. YcTaHOBKa CXEMaTUYHO BOCHPOM3BOJIUT CTPYKTYPY W NPUHIHUIN JEHCTBUSA
nogywiku 013 nysvipeti (puc.2). OHa COCTOMT M3 TepMETHYHOTo Oaka BbICOTOH 90 cM,
nraMmeTpoMm 75 cM u oobemom 380 11, B KOTOPBIM 1O TpyOe MOCTymaeT MeXaHW4YecKass CMECh
BOABI M BO3JlyXa, MOJCIHUPYIOIIas MapOBOASHYIO CMeCh, MHUTAIOIIYIO MPUPOIHBIA Tei3ep.
Bo3moxxHOCTE 3aMeHBI Tapa JIFOOBIM Ta30M NPH MOJEIHPOBAaHHMM Moka3zaHa HewaeBbim [3].
KoHCTpyKIlMsT yYCTAaHOBKM TO3BOJSIET B TIPOIECCE JKCIEPUMEHTa H3MEPSATh U MEHATh
00BbEMHBIE COOTHOILIEHUS BOJABI M BO3AyXa B MOJENbHON ABYX(a3HOM >KUIKOCTH, KOTOpas
nocrynaer B Oak. MakcuManbHBIE MPUTOKH BOJBI M BO3AyXa B YCTaHOBKY BO BpeMs
AKCTIIEPUMEHTOB COCTABJISUTH 1O 15 i/muH. BwIBomHOE OTBepcTHE M3 0aka TOJBKO OJIHO —
gyepes marpyooK TUAMETPOM 5 cM, KOTOPBI 3aXOIUT BEPTUKAIBHO B BEPXHIOIO KPBIIIKY Oaka
W omyckaercs BHHM3, He joxoas 10 cMm jmo maHa Gaka. DTOT marpyOok, BbicoTOM 90 cM Han
KPBIIIKON 0aka, COeTUHSET BHYTPEHHEE MPOCTPAHCTBO Oaka ¢ aTMoc(hepoil U COOTBETCTBYET
BBIBOJIHOMY KaHaJly IPHUPOIHOTO reisepa.
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MNepuoguyeckue

[ n3BepXeHUA
/\ / BO/IbI W BO3AyXa

BepTuKanbHbIiA
KaHan

Bozayx Puc. 2. [IpuHUIMNIMaNnbHASA cxema

IKCTIEPUMEHTATBHON YCTaHOBKH TSt
(U3NYECKOr0 MOJCTHPOBAHUS JESITEIBHOCTH
reifsepa ¢ MOABOAALIEH CUCTEMOI KaMEpHOTO
tuma bubble trap, pennoxkeHHON MaKKeH3H.

lepMeTUUHBIA Bak,
MMUTUPYIOLWIA
noA3eMHyI0 NoAOCTL
NOBYLWKY ANA Ny3blpei
(bubble trap) MocToAHHanA nogava
MeXaHNYecKko cmecn

BOAbI U BO3AYyXa

B Oake 2-(a3Hasg mozpenbHast CMECh MO/ IEHCTBUEM CHIIbI TPAaBUTALUU €CTECTBEHHBIM
00pa3oM pacciauBaeTcs: BO3/1yX 3aHMMAET BEPXHIOIO YacTh 0aka, BoJa — HIDKHIOKW. Bo3nyx,
HaKaIUIMBAIOLIMICS B BEpXHEH 4acTH 0aka, IOCTENIEHHO BBITECHAET HAKAILIMBAIOILYIOCS B €T0
HIDKHEH 4YacTH BOJYy 4Yepe3 BEPTHKAIbHBIA BBIBOJSIIMKA mMaTpyOok. BeiTecHsiemas Boma
CHayaJla IOJHUMAETCs BBEPX IO BHIBOJAIIEMY MaTpyOKy (3TOT MEpUOJ BpEMEHHU
COOTBETCTBYET CTaJuU IIOKOs rei3epa; AaBiieHHMEe B Oake pacTeT), a IMOTOM HauMHaeT
CBOOOJTHO BBEUTMBATHCS HAPYXKY Y€pe3 ero BEpXHUI KOHEI (3TO COOTBETCTBYET CTaIUU U3JIHBA
reiizepa; ngaBineHue B Oake crabunusupyercsa). Ilo mepe wu3nmBa, rpaHuIa paszaena
BOJIa/BO3AyX B 0ake OITyCKAaeTcsi BHM3, MO HANpPaBICHUIO K HIKHEW YacTH BBIBOJHOTO
natpy6ka (Ipu 3TOM BO3AyX B 0ake HaXOAMTCA MOJ I'MIPOCTATUYECKUM JaBJIEHHMEM CTOJI0a
BOJIBI, KOTOpas 3aloJIHAET BBIBOMAIIMI maTpyOoK). B ompeneneHHbIi MOMEHT, Korjaa
IOBEPXHOCTh pa3jiela BOJA/BO3AYX OIYCKaeTcss IO YPOBHS BXOJa B HH)KHIOIO YacTb
BBIBOJILIETO MMaTpyOKa, BO3AyX U3 0Oaka MNpopbIBaeTcs B MNAaTpyOOK U BbIOpachiBaeT
3aMOJIHAIOUIYIO0 €r0 BOAY (3TOT MOMEHT COOTBETCTBYET CTaJuu (POHTAHMPOBAHUS Telzepa;
JaBieHue B Oake pe3ko manaer). B Xome 5sKcneprMEHTOB BbICOTa (OHTAHWPOBAHUSA
cocTaBisiia okosio 1 M. B mporecce hoHTaHMpOBaHMS BBIBOSAIIMNA MAaTPyOOK 0CBOOOXKIaeTCs
OT BOJIbI, a JJaBJICHHE BO3AyXa B Oake majgaer 1o arMmocgepHoro. [locne aToro HaunHaercs
HOBBII 3Tan 3amoJHEHUS BOJIOM BBIBOJSAIIETO MaTpyOKa, KOTOPBI COOTBETCTBYET HOBOM
CTaJIuM MOKOS rersepa.

IIpy NOCTOSSHHOM MOCTYIJIEHUM MOJEIBHOW J>KUJIKOCTH B YCTaHOBKY, OINMCAHHBIN
BBIIE TPOLECC LHUKINYECKH IOBTOPSAETCS, BOCHPOU3BOAS B JCTAISAX IEPUOANYECKUE
U3BEPKEHUS Tel3epa € 3aKOHOMEPHBIM UYEPENIOBAaHUEM BCEX CTaIUWd JAEATEIbHOCTU
KJIACCHYECKOI'0 TIOJIHOTO [MKJIa HpupoaHoro reusepa. I[lpm sTomM Jorrep npaBieHwus,
NOMEIIEHHBIH B 0ak, 3amuchiBaeT KojeOaHus AaBieHHs (puc. 3a), mo ¢opme aHaJOTHYHBIE
KoJIeOaHUsIM JaBJICHUS B KaHAJIe MPUPOJIHOTO Teit3epa (puc. 30).

DKCIepUMEHTHl MPOBOJIMINCH C Pa3HbIMU OOBEMHBIMH COOTHOUICHUSMH BO3/AyXa U
BOJIbI B MUTAIOIEH MOJEIBbHON 2-pa3HON cMecH. DKCIIEPUMEHTHI TTOKa3alli, YTO U3MEHEHHUE
00BEMHOT0 COOTHOULICHUS Ta3/’KUIKOCTh MPUBOJUT K H3MEHEHUSM MPOJOJIKUTEIBHOCTU
OTAENBHBIX CTAMI M3BEPKEHUN HKCIEPUMEHTAIBHOTO Trei3epa: HalpuMep, CHIKEHUE
00BEMHOM 70K BO3/yXa MPHUBOJAUT K YBEIMYEHUIO MPOJOLKUTENBHOCTU CTAAUNA M3JIMBA U
MTOKOSI.

3akoueHune

[IpoBeneHHas cepusi PKCIIEPUMEHTOB MO (HU3MUECKOMY MOJESIUPOBAHHUIO T'€H3EPHOTO
npouecca MNOATBEPAWIA, YTO KAMEPHBIM THUI MOABOASANIEH CHCTEMBI, MPEII0KEHHBIN
Maxkkensu B 1811 r. (bubble trap TO COBpEeMEHHONW TEPMHUHOJOTHH), COBMECTHO C
MEXaHU3MOM  Ta30-)KMJIKOCTHOM HEYCTOMYMBOCTH, TMpeaaokeHHbIM A.M. HeuaeBbim,
YCIEIIHO  OOBSCHSIOT TMEPHUOJMYECKUI  pexuM JeHCTBHS TeiszepoB. B Oymymumx
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AKCHEPUMEHTAX MPEAIOJIaraeTcsl BhIACHUTh, KaK M3MEHEHHUS T'€OMETPHUYECKUX I1apaMeTpoOB
ycTaHOBKH (0OBemMa 0aka, BBICOTHI M JHAMETpPa BBIBOMSINETO BEPTHKAIBHOTO MaTpyOKa,
UMUTHPYIONIETO KaHaJl Tei3epa) OyayT BIMATh HAa JWHAMHUKY H3BEPKCHHH MOJCIHLHOTO
reizepa. Pe3ynbrarhl 3KCIEPUMEHTOB TO3BOJISAT TOHATH, KaKUE W3MEHEHHUS B MUTAIOIIMX
CUCTeMax MPHUPOJHBIX TeH3epOB BBHI3BIBAIOT HAONIOAEMbIe HM3MEHEHHUS PEXKHUMa HUX

JACATCIIbHOCTH.
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Puc. 3. 3anucu norrepom KoJiebaHuid TaBJICHUS B MTOABOJIAINEH CUCTEME KaMepHOro tunia bubble trap,
COOTBETCTBYIOIIME pa3HBIM CTaJUSM HW3BEpP)KEHHS M IIOKOs Tei3epa: a) SKCIepUMeHTaNbHas
ycTaHoBKa; 0) reizep XKemuyxnsrii, Jlonmnna ['eiizepos, 2024 r.
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