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[IpennoxeH HOBBIA MOIXOA K (DU3MUSCKOMY MOJICIMPOBAHUIO TeH3ePHOI0 MpoIecca, B KOTOPOM st
co3maHusl ABYX(azHOTO MOAENBHOro (IIIOMAa BMECTO HarpeBa W KHIIEHHUS BOJBI IpeIaraeTcs
MPUMEHNTh MEXaHWYEeCKOE CMEIIeHHWE BOJIb M BO3AyXa. Bomo-Bo3mymiHas cMech IOABEpraercs
IPaBUTAIMOHHON Cemapaluu B 0ake, KOTOPBIA BOCIIPOM3BOIUT ICATEIBHOCTh B MOA3EMHON MOJOCTH
COTJIacHO THIOTe3¢ MaKKeH3H.

BBenenue

HecMmotps Ha niauTenbHyro ucTopuio usyuyeHus reizepon (6onee 200 et B mupe u 80
netr Ha Kamuatke B Poccum), MexaHu3M MEepUOJUUECKUX M3BEPIKEHUI rei3epoB 10 cHUX MOp
SBJIAETCS TPEAMETOM JUCKYCCHM. [JIaBHBIM TpENATCTBUEM B IIOHMMaHUU MEXaHU3Ma
MIEPUOANYECKOr0 JEUCTBHUSI TEH3€pOB ABIIAECTCA HEAOCTAaTOK JAHHBIX O CTPOEHUM HX
MOJIBOJSIIIMX KaHAJIOB, PAclOJIOXKEHHBIX IO/ MOBEPXHOCTBIO 3€MJIM, a TAKXKE O Ipoleccax,
IPOTEKAIOIUX B HUX (KaHAJbl 3alI0JHEHBI 1APOM U TopsAYei BOJOM U TPYAHOMOCTYIIHBI JUIs
NpsIMBbIX HAOMIOAEHUH M u3MepeHuil). B cBs3u ¢ 3TUM, OJAHMM U3 HEMHOTHMX METOJIOB
HCCIIEIOBAHMSI Fe3epoB CIYKUT (PU3NUYECKOE MOACTUPOBAHUE UX AEATEIbHOCTH.

ABTOpaMHU MpPEAJIOKEH HOBBIA MOAXO0A K (PU3NYECKOMY MOJEIUPOBAHUIO I'eH3epHOIrO
npoliecca, pu KOTOPOM JJIsl CO3JJaHUsI IBYX(a3HOr0 MOJENBHOTrO (hiIroK1a, BMECTO Harpesa u
KHUIIEHUS BOJBI, MpEJIaraeTcs NPUMEHUTh MEXAHWYECKOE CMEIIEHHE BOJAbI M BO3/1YyXa, 4TO
CWJIBHO YIIPOCTHUT U YAELIEBUT IPOLECC MOAEIUPOBAHUS.

Bono-BoznymHas cmech OyneT MoJBeprarbcsl cemapaluy Ha ra3/BoJy B yCTaHOBKE,
BOCIIPOM3BOJAIIEH TI'EM3EpHYI0 NUTAIOLIYI0 cucTeMy Tuna MakkeH3u [7] ¢ pesepByapoM,
MOJICJIUPYIONIUM TIOJ3EMHBIN pe3epByap «bubble trap» wiM «IOBYIIKY HJisi ITy3bIpei»
(runposatBop). IlpemioxenHass ycraHoBKa Ui (U3NYECKOTO MOJEIMPOBAHUS T'eH3epHOro
mpolecca I03BOJHUT ONPEAEIUTh pealbHO padoTalolUi MEXaHU3M, O0eCcTeunBaroIUi
NEPUOIMYECKUN PEKUM M3BEP)KEHUH TIei3epoB, M BBIABUTH (AKTOPbI, KOTOPBIE STHUM
PEXKUMOM YIIPaBIISIIOT.

duznyeckoe MoeJMPOBAHNE Ieli3ePHOI0 pesKkuMa

Bcero B Mupe B pa3sHoe Bpemsl ObUIO CO3/1aHO OKOJO JECSATH YCTaHOBOK JUIs
¢u3nyecKoro MoJenupoBaHus TreisepHoro mpouecca [1, 3, 6]. OCHOBHBIM mHpoIECCOM,
MOJICJIMPOBABIIMM EPUOIUYECKYIO (TeH3epHYI0) JNEeATENbHOCTh BCEX JTHUX YCTAHOBOK
SIBJIAJICSL TIPOLIECC HArpeBa W KUIEHMs BOJbI WM JPYrod MoJAeIbHOU >kuikocTh. IIpu sTom,
paboTa GoJplIei 4acTU CO3/IaHHBIX YCTAaHOBOK TECTHPOBajla TEOPHIO T'€M3epHOTro Ipoliecca
Bbyncena [5], T.e. Obu1a OCHOBaHA Ha MPEICTaBICHUH, YTO U3BEPKEHUS I'ei3€pOB BHI3BIBAIOTCS
PE3KUM BCKUIIAHUEM TE€pPEerpeToil BOJbBI, 3aMOJHSIOUICH MOABOMALIMM KaHall reisepa.
3HAUUTENBHO PEXE TECTUPOBAIU HAE0 MakkeH3u [7] 0 HaJIM4YMM B MOABOIALIEH cucTeMeE
reii3epoB MOI3EMHOM MOJIOCTH, 3aTIOJTHEHHON KUTIAIIEH BOJOW 1 mapom (puc. 1).

B 2006-2008 rr. a1 uccienoBaHus CTPOCHUS MOABOJAIIMX CUCTEM IeiizepoB JloarHbI
I'eitzepoB (Kamuarka) Obuta TpuMEHEHA CHENHAIbHAS TOJABOJAHAS TEPMOCTATHPOBAHHAS
BujieocrcreMa [4], KOTopas M03BOJsIa HAOMI0JaTh CTPOCHUE MOJIBOJSAIIMX CUCTEM Tei3epoB
U TIPOUCXOASIIME B HUX Ipoliecchl. BuneonabmoaeHus mokasaiu, 4To rel3epbl yCTPOSHBI U
JEWCTBYIOT B COOTBETCTBHM C IpEACTaBICHUSAMH MakkeH3u. DTa paboTa aKTHBH3MpOBaJa
UCCIIeIOBaHMs Tei3epoB 1mo Bcemy Mupy. Iloa3zeMHbIe MOJOCTH, 3alONHEHHBIE MapoM U
BOJIOM, C HpPUMEHEHHEM pasHBIX METONOB OblmM HaiijeHsl y reifsepoB MemmoycroyHa,
Wcnagnuu n Ynnn.
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Puc. 1. /IBa OCHOBHBIX THIIAa MOABOJSAIIMX CHCTEM TeM3epHBIX MOJeNed: a — TUI «IOBYIIKA IS
my3bIpeil», npemnoxxenHas MakkeHsu [7]; 6 — TUI «IIMHHBINA BEPTUKAIBHBIN KaHAJD, PEII0OKEHHBIN
Byncenowm [5].

Heuae [2] mnpemnoxun (usnko-mareMaTuyeckoe OOBSICHEHUE JAEATElNbHOCTU
ref3epoB € MOJABOJALICH CHCTEMOM THIAa MakkKeH3H, KOTOpPO€ IIOKa3ajlo, 4YTO IeH3epbl
BO3HHUKAIOT IpPU JEKOMIIPECCUU T'MJPOCTATUYECKU CBS3aHHBIX IOJIocTel rasa (mapa) u
KHUJIKOCTH (BOABI), HAXOMAMIMXCA B JIUHAMHYECKOM PpABHOBECHH JPYr C JAPYTOM.
KonebarenpHoe/nepuoauueckoe UCTEUEHHUE Hapa M BOJABI M3 TAKOH CHUCTEMbI 0OYCIIOBIIEHO
NPUHIUINHAAIBHO Pa3HbIMU (PU3HMUECKUMH CBOWMCTBAMH KHIKOCTEH M Ta30B. JTa padoTa
[0Ka3ajla, YTO KHUIIEHUE BOJbl B CUCTEME rei3epa, B OCHOBHOM, HEOOXOAMMO TOJBKO JUIs
co3aHus MPUTOKa AByXda3zHoro ¢uronaa (map/Bojaa), a HoJ3eMHas MOJOCTh («IOBYIIKA IS
my3bIpeii», B aHMIIMKWCKOH TepMuHoioruu «bubble trap») HeoOXoawma UIs cemaparuu
IByX(a3HOW CMeCH M CO3JIaHUs IBYX THMAPOJUHAMUYECKU CBSI3aHHBIX (M T'MJIPOCTATUYECKU
YPaBHOBEUICHHBIX) 00bEMOB JKUAKOCTH ¥ ra3a. JTH 3HAHHS JTAIOT OCHOBAHUE MPEATIONIOKHUTD,
YTO Tei3ep MOXKET NepUOIUYECKU AEUCTBOBATh MIPU JEKOMIIPECCUH TMHAMUYECKH CBSI3aHHBIX
¥ TUAPOCTATHUECKH YPAaBHOBEIICHHBIX 00BEMOB JIF000M )KHUIKOCTH M JTFOOOTO rasa.

[Tonmy4yeHHble [aHHbIE MO3BOJMIM BBIPAOOTAaTh HOBBIM MOAXOA K (U3NYECKOMY
MOJICIIMPOBAHHIO JEATENBHOCTH Tei3epoB. B paMkax 3TOro moaxoma BCKHIMAOMas BOJA
MOXET ObITh 3aMeHeHa JABYX(}a3HOH KHUIKOCTbIO, CO3JJaHHOH MPOCTHIM MEXaHWYECKUM
CMEIIEHUEM BOJbI M Kakoro-iu0o Ta3a (Hampumep, Bo3ayxa). Takas 3amMeHa CHIJIBHO
ynpouiaer (M yAeUIeBIseT) MPoLecc MOAEIUPOBAHUSA, a TaKKe JIeJaeT ero 0e30nacHbIM JUIs
IKCIEPUMEHTATOPA.

HoBasi JxcnepuMeHTAIbHASI YCTAHOBKA 10 MO/EJTHPOBAHNIO PA0OTHI reii3epoB

IIpemyaraercss co3garh SKCHEPUMEHTAIBHYIO YCTAHOBKY (pHUC. 2), MOJEIUPYIOIIYIO
paboTy reifzepa W UMEIONIYIO IMMOABOJASIIYI0 CHUCTEMY, KOTOpas OyAeT OCHOBaHA Ha HIee
«JIOBYIIKM JUIsL my3bIpeit» [7]. YcraHoBKa OyaeT COCTOATh M3 OOJBIIOTO METaJUTMYECKOTO
O6aka o0beMoM 0ko0s10 200 TUTPOB C OKHaMHU (J171s1 HAOTIOJIEHUS 32 TIPOIIECCOM), B KOTOPBIM
yepe3 TpyOy Oyner 3akauMBaThesl JBYX(azHas *KUAKOCTh (BogatBo3nyx). B Gake 2-dasnas
KHUJIKOCTh OyJeT paccilamBaThCs: BOJA 3aliMET HIDKHIOI YacTh 0aka, a BO3IyX — BEPXHIOIO.
Boznyx, mo Mepe HakorieHus, OyeT BEITECHITh BOJY U3 0aka uepe3 TpyOy B ¢popme cudoHa,
MMUTHPYIONIYIO BBIBOIAIIMNA KaHal Tei3epa. Korga ypoBeHb TpaHUIBI BOJA/BO3IYX
OIYCTUTCSI J0 YPOBHSI BBIXOJHOT'O OTBEpCTHs Oaka, MPOM30UIET COBMECTHOE H3BEP)KEHHE
BOJIBI U BO3/TyXa, KOTOPOE Oy/IeT UMETh MePUOANICCKUI (TeH3EPHBIN) PEKUM.

Jlnist perucTpanuy nporeccoB BHYTPU U CHapy»Ku 06aka OyyT UCIOIb30BaThCS Kamepa
MOKAJIPOBOM CHEMKH M JIOTTEp TEMIIEpaTyphl M AaBiieHHs. PaboThl 1O MOJEIMPOBAHUIO
npeUlaraeTcsi NpPOBOAUTH HAa OJHOM M3 CTalMOHApoB MHCTUTyTa BYJIKAHOJIOTHUH U
cetricmonoruu JIBO PAH. IlpenBapurensHoe MoaenupoBaHue (HEOMYOJIMKOBAHHBIE TaHHBIC
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benoycoBa A.B.) mokaszano, 4To Ha TAaKOW YCTAaHOBKE PEATMCTHYHO BOCIPOU3BOISTCS BCE
OCHOBHBIE (ha3bl rei3epHOro pekuMa (3anoJHeHNE KaHala, U3JuB, (POHTAHUPOBAHUE U CHOBA
3anonHeHue kaHana). C moMomipio (U3NYECKOr0 MOJEIHPOBaHUS OyIeT H3Y4eHO, Kak
U3MEHEHUS TE€OMETPUUYECKUX IapaMeTpOB YCTaHOBKM OyIyT BIUATH HA  PEXKUM
[IEPUOIUYECKUX U3BEPIKCHUM.

D Mepuonmyeckoe ussepkeHme
BOAbI 1 BO3ayXa

BepTukanbHblin
KaHan

nOﬂBEMHaFI MonocTb: .
NOBYLLKa ANA Ny3blpei

|
Boaayx | PaspeneHue
| Bogbl
1 BO3AYyXa

Boga

CmewmBaHue Bofpl
N BO3OyXa

MocTtoAHHaA nogaua

MocToAHHasA nogaua
Boabl

BO3yXa

Puc. 2. DxcniepuMeHTanbHas yCTAHOBKA, OCHOBAHHASI HA UJEE «JIOBYLIKU JUISI ITy3bIPEii».

3akiro4enue

HoBelif moaxon k QuU3MYECKOMY MOJIEIMPOBAHUIO JIEATEIbHOCTH TIel3epoB 0e3
UCIIOJIb30BaHUsl HAarpeBa M KWIIEHUS MOJEIBHON JKUIAKOCTH YHIPOCTUT W yIELIEBUT
MOACIIMPOBAHUC, YTO HAaCT BO3MOKHOCTH IIOJIYUYUTH HOBBIC q)yHHaMeHTaJ'II)HI)IG 3HaHHUA O
reiizepHoM mpomecce. OTW 3HaHMS OyayT BOCTpeOOBaHBI Ui MPOTHO3UPOBAHMS
JeSITEIbHOCTH BYJIKAHOB M Teii3epoB, MpH pa3pabOTKe MECTOPOKIEHHUI MOJ3eMHOro mapa, a
TAaK)K€ IpPU TNPOCKTUPOBAHWUU WHIYCTPUAIBHBIX YCTAHOBOK, B KOTOPBIX MCIIONb3YETCS
LHUPKYJISALIUS Ta30KUAKOCTHBIX cMecell (Hampumep, OypOBBIX CKBAa)KMH, IOJ3EMHBIX
XPaHWIHII YTJIEBOJIOPOJIOB, CUCTEM OXJIaX/IEHUS aTOMHBIX PEaKTOPOB U Jp.).

Coznianue HOBOM SKCIEPUMEHTAIBHON YCTAaHOBKH MO (PU3HMUECKOMY MOJIETUPOBAHUIO
reiizepHoro mnpoiecca noanaepxxano rpantom PH® Ne 23-27-00318, https://rscf.ru/project/23-
27-00318/.
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