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I'JIABA 1.

Bsenenue

Bynkanuyeckoe M3Bep:KeHHE — OFHO W3 CaMbIX BMEYAT/LSIOUMX H PO3HBIX
SIBJICHUH TPUPO/Ibl. BOrK NMO3EMHON0 OFHA 3aHHMAIOT BUIHOE MECTO BO MHOTHX
PeNUrusx, a B rNIaBHBIX MOHOTEMCTHYECKHX BYJIKAaHbI CBA3BIBAIOTCA C MOHATHEM
o6 ane, 0 chax 371a, MPOTHBOCTORLIKX HebecHoMy bokecTBy. Takoe MHCTHYECKOE
OTHOIEHHE K BYJKAHaM MMENI0 OCHOBaHHE — H3BEPIKEHHA BYJNKAHOB NPHHOCKIH
MHOI0 3/1d: TyOWIn MOAEH, YHHYTOXKANH IUIOJbl UX TPYZa, HAJONro NpeBpalliain
UBETYILYIO 3EMJIIO B MyCTHIHIO. [T03TOMY NeEpBbIM CTUMYNIOM K HaydHOMY NO3Ha-
HHIO CYLIHOCTH BYJNKaHM3Ma (NOMHUMO ECTECTBEHHOMW MOO03HATENBHOCTH) CTana
NOTpeOHOCTs HayunThes M3berarh yuep6a oT H3BEpXKEHUH HIN XOTA Obl YMEHb-
LLIATh €ro.

[To3xe cTano ACHO, 4T0 BYIKAHB! HE TONBKO Pa3pYLIMTENH, HO H CO3HIATENH.
Camo mnofiopoue noYBbl B OKPECTHOCTH BYJIKAHOB 00YCNOBICHO TEMM KE IPO-
11€CCAMM, KOTOpbIE TIEPHOJNYECKH 3TH OKPECTHOCTH OMycTollaloT. Muorne me-
CTOPOKJEHHSA MONE3HBIX HCKOMAeMbIX NMPAMO HIH KOCBEHHO CBA3aHbI C BYJKa-
HHU3MOM, H €My K€ B 3HAYUTENbHONH CTEMEHH 00s3aHa CBOMM NMPOHCXOXKHECHHEM
BCA BHELuHAS 0060710uKa 3eMIH, B KOTOPOii pa3sBUBAETCS JKU3Hb, @ MOXKET ObITh, U
cama xu3Hb [Mapxunun, 1967, 1980].

Kpome Toro 4To By/IKaHH3M — 3TO OIMH H3 BOKHEHIINX NeoIOrHYeCcKHX Npo-
LIECCOB, ONMPEAEAAIOIMX BeCh 00JHK IIAaHEThl, OH €LIe W caMblii aKTHBHBIN, ca-
MBI ObICTpBIH W3 HHX. H3BepikeHHEe BYAKaHA — 3TO €IMHCTBEHHbIH YHAOMEHHbIH
MpoLiece, KOTOPbIi MOXeT GBITh MPOCHEKEH U NPOAHATH3HPOBAH (H3HYECKUMH
METOJaMH B peaibHOM BpeMeHH. [103TOMy MCK/IIOYMTENbHO BEMHKA METONMYe-
ckas ponb BYJKAaHONOTHH, Kak 00/1acTH, rie BO3MOXHO NPHMEHEHHME KAaK YHMCTO
reoIOrH4ECKHX METO/I0B, TaK M MPAMOro GU3HUECKOro MOIEHPOBAHHS.

BynkaHu3M — 3T0 KpyMnHOE MIaHETapHOE SBJICHHE, H H3Y4EHHE ero BKITIOYAET
MHOTr0 acnekToB H 1moxxozoB. Hacrosiias kH1ra noCBSILEHa JTHLIL OHOMA CTOpO-
He MpobaeMs! — QH3HYECKOMY MEXaHH3MY M3BEPIKCHUA, — M 3TA CTOpOHA obweH
npobneMsl paccCMOTPEHa B paMKax CTALHOHAPHOM MOZIENH — KOHKPETHOTO MOIX0-
/ia, KOTOphIH HE MOXET OXBATHTh BCE JICTANH peaibHoro npouecca. OnHako 31a
CTOpOHA fABJISETCS BaKHEMHILIEH Ha JaHHOM JTame, W e¢ pa3paboTka — LIaroM, He-
00XOIMMBIM NS JAbHEMIIEro JBIKEHNS [0 IyTH [T03HAHMS.



1.1. Onpene/ieHné OCHOBHBIX NOHATHH H NOCTAHOBKA 32/1a4H

H3BepikeHHe — 9TO OCHOBHOM NEMEHT BYJIKAHHUYECKON AesTenbHoCTH, dop-
MUPYIOWMH CTPYKTYpY BEpXHeH 4acTH ByJNKaHHYECKOro annaparta, penbsed ByJi-
KaHHueckol obnacTH, ONpeAclAOWMI BINSHUE BYJIKAHW3MA Ha OKPYXAOLLYHO
cpeny M neaTenbHOCTh uenoBeka. B reonoruueckoM cnosape [I'eonoruueckuii
cnoBaphb, 1978] u3sepkeHHe BylKaHa ONpefenseTcsa Kak “npoyecc noserenus Ha
HOBEPXHOCIU NAGHEMbl PACKATCHHBIX UM 2OPAYUX, MBEEPOLIX, JICUOKUX U 2A3000-
PA3HBIX BYIKAHUYCCKUX HPOOYKINOG™ .

“ITpouecc NOABNEHUS™ B JAHHOM Cliy4ae — 370 MEXaHWYECKHI NpoLecc HeTe-
YEHH#, KOTOPbIH XapaKTepu3yloT Cliedyiollde nokasarenu: 1) MexaHwueckue
CBOJiCTBA, COCTAB H CTPYKTYpa NPOAYKTOB W3BEPKEHHHA; 2) MacCOBLIH pacxop;
3) ckopocTb; 4) peXUM — 3aKOHOMEPHOCTH W3MEHEHUS TPEX MNEepPEeUHCIICHHBIX Xa-
paKTepHCTHK BO BpeMeHu. [ToMMMO NpUBseieHHOro LIMPOKO MCMONB3YETCs omnpe-
NeNeHue U3BEPKEHUA Kak cobbimusl, OTACNEHHOIO OT APYrHX NOAOOHBIX COOBITHIH
HHTEpBANIAMH HOKOA, NPEACTABIAIOWEr0 cO60H BTOPOE M3 ABYX BO3ZMOMKHBIX CO-
CTOAHUH AEHCTBYIOLIEro BYJIKaHa.

Bysakannveckast AeATelbHOCThL TpeACTaBiser coboi nocnenoBaTenbHOE
uepenoBaHue 3THX ABYX coctosHuH. OTClofa hpoyecc noferenusi B paMKax W3-
BePKEHHUA-COObITHA NOHHMAETCA ABOAKO: KaK MPOLECC wcmeyeHust U KaK NpoLece
3BONIOYUN XapAaKTepa HCTEUEHUA OT Hayasla g0 KOHLIA COObITHS.

[TpAMoii nyTb nonyyeHus KoAMyecTBEHHOH HHBOpMauun 00 W3BepKeHuH —
M3MEPEHHA XapaKTEPUCTHK MOTOKA BELIECTBA B MOMEHT €ro MOsBJICHHA Ha 10-
BEPXHOCTH MNaHeThl. Takue W3MEepeHHs MMEIOT 0Co0YI0 LIEHHOCTH (CM. O HHX 8
npunodICceHuy), HO, KaK NPaBUNIO, TPYAHO OCYLUECTBHMMEI, OCOBOEHHO Ha CaMbiX
MOILHBIX KaTacTPOHUEcKUX H3BepXkeHusX. [1o3ToMy 3HauuTeNnbLHas yacTh HH-
dopmaudH MoJy4aeTCs KOCBEHHBIMH MYTIMM, BiUnOdaloWMMKH obpaboTky Ha-
OnmoaeHUIT U U3MEPEHHH, BbHIMOMHEHHBIX NOCTE H3BEPKEHWs, HA YNAIEHHW OT
HEro, XapakTepH3yoW1X BO3MYLWIEHHA H H3MEHEHHS B OKpYXalollei cpejle, Bbl-
3BaHHBIC U3BCPIKCHHEM. Hcnons3oBaHie KOCBEHHBIX JaHHbIX TpeﬁyET IpUBJCUC-
HHsl TEOPCTHYECKUX MOJENEH YXKE HA CTaauu MOJlyueHus NepBHYHON MHpOpMa-
LIMH O MPOLECCE H3BEPKEHUS,

OueBHIHO, UTO MOSBNIEHHE Ha NOBEPXHOCTH — 3TO, C OAHOI CTOPOILI, 3aBep-
LIaloLlas CTaAna HEKOTOPOro KOMNJEKCa IMyOHHHBIX MPOLECCOB, BKINOYAIOLINX B
cebs BO3HMKHOBEHHe, HOPMUPOBAHKME H NEpeMELIEHHe K NOBEPXHOCTH TOro, YTO
NOABAAETCA, @ C APYroi CTOPOHbI, HaYallbHas CTaiuA NOCAEAYIOIIEro NpoLecca
pacnpoOCTPaHEHHs NPOLYKTOB U3BEpXKEHUs 10 NOBEPXHOCTH MuaHeThl. B cBA3HM ¢
3THUM [OHHUMaCMad B LUMPOKOM CMBbICIIE 3a0aua UZPHEHTA MEXUNUZNA U3B€EL  ~ HUA
MOXET ObITh Pa3fieNieHa Ha [BE — GHYMPEHHIOIO W GHEUIHIOIO, KOTOPbIE MOTY [ pe-
11AThCA HE3aBHCHMO.



Buewnsn 3agauya Biunoyaer B ceds onucaHue MepeHoca RyJIKaHHUYECKHX
NPOAYKTOB OT MOMEHTA M3BEPXKEHMSA A0 HX NEPBHUHOIO OTNOXKEHUA WK pacces-
Hus 8 atMocdepe. C ee pelieHHeM CBA3aHbl NPaKTHUECKHE aCTeKTh OLEHKH BO3-
AEHCTBUA U3BEPKEHUS HA OKpYxatolLyto cpeay. KpoMe Toro, pelieHne BHELIHEH
3azia4i HeoOXOANMO IUIA NOJTyYeHHs nepevyncleHHbIX BbILE XApaKTepHCTHK M3-
BEPMEHHA, KOIA HEBO3MOXKHBI MpAMble U3MEpPEeHHA Ha akTHBHOM ctaauu. K Ha-
crosiiemMy BpeMeHH npeobnajaioias yacTb paboT M0 MeXaHW3MYy H3BEpPKEHUA
NoCBALUCHAa BHEIIHEH 3alaye, Yro oObACHAETCH Kak MpPaKkTHYECKUMH NoTpebHOo-
CTAMM, TaK W GONbIUEH JOCTYNHOCTBHIO NPAMOR HHMOPMaUMH, UMEIoWeHes 1
NPOBEPKH TEOPETHYECKHX MOeNe.

BuyTpeHHI0I0 3a8a4y chOpMYIHpYeM CIEIyIOWHM 00pasoM: uzyyume Me-
XAHUIM UBGEPICCHUS — MO 3HAYUM KAYECMBEHHO U KOMUYECMBEHHO ONucame
C8513b BCEX XAPAKMEPUCTUK UZBEPICCHUS C XAPAKMEPUCHIUKAMU MAMANIUY eCKOU
cucinemsl GYIKaHa U 0COOEHHOCMAMY BHEWHUX 6o30eicmeni Ha smy cucmeny. T1o
CYLIECTBY, pellieHHe 3a/iauyld JOMKHO 3alUlo4aThCsd B CO3MaHHUM meopemuyecKou
Mooenu ryOHHHOTO npolecca, Pe3yNsTaToM KOTOPONO ABJIAETCA M3BEPKEHHUE.

JatHas paboTa nocBAileHa pellleH!io sHympennel 3a0ayu. OHa BKJIIOYAET B
ceGs aHanu3 GU3NKK NPOLIECCa H3BEPIKEHNUS, KIACCH(DHUKALMIO Er0 PEXXMMOB, 110-
CTPOEHHE M aHaNM3 MareMaTH4eCKHX MOAENEH, OnucaHue C NOMOLIbIO 3THX MO-
Ienieil OCHOBHAIX CliEHapHeB pasBHTUA M3BEP)KEHUs, KDUTEPHEB MPOTHO3a THIA H
MHTEHCUBHOCTH OXKHIAEMOI'0 W3BEPXKEHHS, a8 TAKKe BO3MOXHBIX ONACHBIX M3Me-
HEHWii B ero xoze.

B pabote onpenenseTcsa W ONUCHIBAETCA KOHKPETHbIM 00BEKT UCCTIEA0BAHHA —
Juitamuueckan cucmema “‘uzgep2alowuiicst 6yaKax "', UCCAeQyIOTCS OCHOBHbIE pe-
YKHMbl H3BEPXKEHHH U WX 3BOMIOLMA B CTALIMOHAPHOM NpHOJIKEHHH, YCIOBHS HX
OCYLIECTBICHUA, TPaHHLIbl YCTOHUHBOCTH, BIMSHUE HEKOTOPHIX BHEIUHHX (aKTo-
pPOB M HECTALHOHAPHBIX ABJASHUH, HAKMAABIBAIOLIMXCS HA CTaLMOHApHLIH npo-
uecc. O6ocHOBbIBaETCA NOAXOA K NPOrHO3UPOBaHHIO MOTEHLNANILHON OMAaCHOCTH
TOrO WK HHOrO BYJIKAHA Ha OCHOBAHUM CBEACHHH O CTPYKTYPE M COCTOSIHHH €ro0
MarmarHyeckoil cucTeMbl.

TeopeTnueckne pesynbTarthl NPUNAraloTCAd K KOHKPETHBIM H3BEPEHUAM M
NpeXae BCEro K ByM HanboJiee XapakTepHbiM W Haubosee NOJHO H3YYEHHBIM —
Tonbauunnckomy 1975-1976 ronos na Kamuatke u synkawa Cent Xeneuc 1980
roga B wrare Bawuurron CILA. D11 u3BepxeHus NpPUHAAREKAT K ABYM pa3HbIM
K7accaM € pasHbIMH THNAMHM MarM W PasHbIMH CLIGHAPHAMM Da3BUTHA M HAIOT
YHMKaJIbHbIH MaTepuan 111 NPOBepKU TEOPUH. B u3yueHHH Nepsoro M3 HUX aBTop
NPUHKUMAJ TMYHOE YuacTHe, TPOBE/A B NoNE Ha U3BEPKEHHH B oOLIel CTI0MHOCTH
6onee 4-x mecaues. (MeToibl H HEKOTOpbIE Pe3YJbTaThi U3IMEPEHHHA Ha 3TOM M3-
BEKEHHH OnucaHbl B npuwioxcenuu.) MmenHo pabota Ha 5TOM M3BEPXKEHHH [iO-
CTYXHJIA TOTYKOM K NOCTAHOBKE 3a/1a4M JIAHHOTO HCCCAOBaHHS.



1.2. Kparkan ucropusg‘sonpoca

[MepBsie MONBITKH NOJOHTH K ONMCAHHIO (QH3HYECKOIO MEXAHH3Ma ByJIKAHU-
YECKUX W3BEPXHEHHH CBS3aHbl C MX KIACCU(MKALIHEH, KOT1a B Ka4ECTBE OCHOBHO-
ro KiaccH(pHKalMOHHOTO Npu3HaKa BbIOMpanach Kakas-mMOO XapakTepucTHKa
mMarMaTH4ecKoH cHcTeMbl BylkaHa. [lepBble TakWe CHCTEMATHKH NOABMINCH B
caMOM Hayane jgBaauaroro Beka B paborax A.Jlakpya [Lacroix, 1904],
T. Mepkannu [Mercalli, 1907], T. xarrapa [Jaggar, 1910]. B HMx ocHOBHbIE TH-
bl U3BEPXKEHHH OTpene/sINChL COAepIKaHHEM ra3a B MarMe M (WiH) ee BA3KO-
ctbio. [Tozxke B. Duiep [Escher, 1933} u P. 3onaep [Sonder, 1937] Beenu rmyGuxy
o4ara B Ka4ecTBE OJIHOrO W3 BEAYILHMX NapaMeTpoB, ONpeaelsiolMX THIT U3BEp-
weHHa. Taxko# moaxon K cucteMarvke TpeOoBan COBEpPLUEHHO ONPERE/IEHHbIX
NPEACTABACHUI O MEXaHM3ME M3BCPXKEHMHA, OJIHAKO, HAa 3TOM 3Tane OHW HOCWIH
YMO3pHTe/bHbIH, KaueCTBEHHbIH Xapakrep. bonee Toro, seI00p 0fHOro~ABYX Be-
DyIMX NapaMeTpoB, HCXOAA U3 NOTpebHOCTeH Kiaccubrkally, B YCIOBHIAX OCT-
poro Hegocrarka HHGOPMaUHH O FTyOHHHBIX TPOLECCcaX MPHUBOAWT K HEBOJIbHOMY
3aTeMHEHMIO POJIH OCTaNbHBIX NApaMEeTPOB W UCKAKEHUIO OOILEH KapTHHbI.

CHCTEMaTHYECKOE PA3BUTHE TIPeJCTaBIeHUH O DU3HYECKOM MeXaHW3Me W3-
BEPXKEHWH HAYaOCh TOJBKO B CepelivHe Beka, W, MO-BHAUMOMY, TIepBOii cepbes-
HOHM paboTOit B 3TOM HanpaBlieHWM cTana cratei-moHorpadus JL I'peitrona
“TIpeArnmonoxeHust O BYJIKAHMYECKOM TerUie”, OnyONMKOBAHHAS B OTHEIbHOM Bbl-
nycke American Journal of Science B 1945 rony u B pycckom riepeBoje 1nojl pe-
nakuued axkameMHka 3aBapuukoro B 1949 roay [[peiiton, 1949]. B pabore c
OONbILIOH TIMATENLHOCTBIO KPUTHYECKH NPOAHATHIMPOBAHLI HMEBILMECS K TOMY
BPEMEHM CBEACHMA O MaMamuyeckou cucmeme BYJIKaHa (TePMUH, NO-MOemy,
JI. I'peHTOHOM NPHUMEHEH BIIEpBBLIE M UM )K€ BIIEPBbIe (UIHUECKH OXapaKTepu30-
BaHa 3Ta CHCTEMa) M CAC/iaHa MoNbITKa “...yTeM MpAMOro NpuMeHeHus gusnye-
CKHMX M TEPMOAMHAMHYECKHX NPHHUMIOB K YNpOIIEHHOH MOJENN ByJiKaHa H npo-
TEKalOLIUX B HEM IPOLIECCOB IPeICTaBMTh KapTHHY TOrO, YTO NPOUCXOIUT B eii-
CTBYIOLIEM KaHalle OT MCTOYHMKA JIO MOBEPXHOCTH, NOCTOAHHO UMES B BUAY JiM-
HaMHUYECKYIO Npupony 3ol cucremsl.” [I'peitron, 1949].

Pewenne JI. I'pelitoHOM MOCTaBiEeHHOH 3ana4W celyac TpydHO Ha3BaTh
BIOJIHE YAOBAETBOPHTEIbHBIM, OHO COAEPMUT DAL HETOUHOCTEH M OWKOOK, ecre-
CTBEHHBIX [JIS TOTO YPOBHSA 3HaHMii, HO IMaBHBIM W HaNbOJEe LIEHHBIM pe3yibTa-
TOM paboThl (4TO OTMEHAETCA M ABTOPOM, H PEAAKTOPOM PYCCKOrO MepeBojia) AB-
JIReTCA Cama NOCTaHOBKa BOMPOCOB, OTBETHI HAa KOTOPhIE ewle AOMKHB! ObiTh Hak-
JEHbI, U MpeiaraeMbiii MoAxo k pelieHHio. MHTepecHsl HEKOTOPbIE KAaueCTBEH-
HbI€ XapakTepUCTHKM TOTOKA Marmbl B KaHale BYNKaHa, BhIBEIEHHbIC
“mpicnenno” JI. I'peitronoM. B wactaocTh, JI. I'pelitoH BnepBbie ykaszan Ha Heob-
XOAMMOCTb B OMpEAeNieHHbIX YCIOBHAX 00pa3oBaHnsd B kaHalle nenbt W3 OIM3KO
pacnoIokEeHHbIX MY3bIPLKOB, KOTOpas BeaeT cebs usuueckn Kak nosas asa.



T. Jxarrap [Jaggar, 1947], paccMaTpuBas 3BOJIOUMIO M3BEpXKEHHs, Npeano-
JIOKHIT BEAYLLYHO POJb 08yx(ha30601l KOHEéeKyuu B KaHalle, NOCTaB/IAoWEd k no-
BEpPXHOCTH Ooraryro neTy4HMHU riyOHHHYIO MarMy. 3rta koHuenuus Osina Gonee
neTanbHo paseuta A. PurtmanoM [Rittman, 1962, Purtman, 1964]. B atux mMoae-
J9X MEXaHH3Ma M3BEPKEHHS pacCMaTpWBAlach 3BOJIOLMSA MAarMbl M MPOMCXOA-
LMe B Hell HU3HKO-XHMHYECKHe Mpouecchl 6e3 KOHKPEeTH3aLnu reOMETPHH H pas-
MepOB MarMaTHYecKoi CHCTeMbl ¥ 0€3 MONBITOK KOAWYECTBEHHBLIX OLEHOK.

BaxHeIM 11arom B pasBUTHM TEOPHHM MpoLiecca H3BepyKeHHs sBMiach pabora
k. @epxyrena “Mexann3M nervtooOpasoBanus” [Verhoogen, 1951], rae o
BIIEPBbIE MOC/IEAOBATENLHO TEOPETHYECKH OTIMCAN NPOLECC Aera3aii MarMsl fpH
€€ NOJbEME B KaHa/le BYJIKaHA U NMONYYWJT COOTHOILIEHHS, JONYCKAIOLIHE KOIHYe-
CTBEHHbIE pacueTbl. OCHOBHBIM YCIOBHEM nernoodpazosaHus Dk, MepxyreH
CUHTa BO3MOXXHOCTh My3bIPbKaM AOCTHTHYTh COCTOSHMS “IUIOTHOH YNakOBKH”,
JUISl YETO CKOPOCTH POCTA My3bIphKa AOKHA ObITh 3HAYUTENBLHO OONBINE CKOPOCTH
ero BCrubiBaHWA. CkopocTs pocra mysspipbka [Dx. depxyreH onpenmeisin yepes
ko3 uuueHT AnQGpy3UH U rpagueHT KOHUEHTPAUMH U, COOTBETCTBEHHO, BPEMS
pOCTa ONpPEeAeNsoCh MAaKCUMAIbHBLIM Pa3sMEPOM My3bIphka B IUIOTHOH ymakoBke,
3aBUCALLMM OT KOJIMYECTBA My3bIpbKOB B €[iMHULE 00beMa MarMbl. ECiH 310 Bpe-
Ms MeHbllle BPeMEHH BCIUILIBAHMS My3bIPbKA A0 NMOBEPXHOCTH, BO3MOXHO ApoO-
JeHHe MarMbl ¥ nernoobpasoBanue. CKOPOCTH BCIUILIBAHHSA 3aBHCHT OT BA3KOCTH.
Hcrons3osas coorHoenue CTokca-DiHIITEHHA, CBA3LIBAIOLIEE KO3DHLMEHTDI
BA3KOCTH H au(pQy3uH, [HK. PepXyreH MCKIFOYH BA3KOCTh U3 KOHEUHOrO Bbipa-
KEHHs M MNpHILE]T K BbIBOAY, YTO BOSMOKHOCTb MNErioo0pasoBaHHA 3aBHCHT
monbKo OT KOITHYECTBA My3bIPHKOB B €AHHKLE 00beMa MarMbl. 3TOT BbIBOA Mapa-
NOKCa/IEH U HE COOTBETCTBYET ACHCTBUTENLHOCTH.

Oumbka B paccyxacHnax k. @epxyreHa 3akiro4aeTcs B TOM, YTO OH CHH-
TaJ CKOPOCTh POCTA My3bIpbKa 3aBUCAILEH TONBKO OT kKodpduumenTa nuddysuu, B
TO BpeMA Kak (jakTH4eCKM OHA MOYTH MOJHOCTHIO ONpPEeNeNAeTCs CKOPOCTBIO CHU-
KEHHA JaBNeHus B Tpouecce MoapeMa Marmbl: NpU HabMONAEMBIX CKOPOCTAX
NoAbeMa MarMbl ¥ KONHYECTBE Ty3bIPhKOB MPOLECC MX pOCTa OIM30K K paBHOBEC-
HoMy. Kpome Toro, cinemyer y4uThIBaTh pacnpeiesIeHHe My3bIPbKOB 110 pasMepam
M CPaBHHMBATh HE CKOPOCTH POCTa M BCIUIBIBAHUSA, @ KOHEYHbIE BPEMEHA, B TEYEHHE
KOTOPbIX My3bIPEK MOKET PACTH O IVIOTHOH YNAKOBKH M BCIUILIBATH, HE NOIVIO-
wasn cocezeil. Tem He MeHee, pabora Jbxk. @epxyreHa coirpajia CBOIO pojlb Kak
nepsas paboTa, B KOTOPOH MEXaHH3M W3BEPIKEHMA PACCMATPHBAICA C HCTIOJIB30-
BaHHEM METOJI0B (JM3HKO~-XUMHYECKO! MHAPOJHHAMHKH.

Lenwii pan pabor nocBiiieH pacCMOTPEHHIO MpoLecca “ByJIKaHWYECKOro
B3pbLIBA” KaK Mpouecca paspyllieHHA MEHbI M3 IUI0THOYNAKOBAHHLIX MMy3bIPHKOB,
passHBAlOWErocs Aaabllie Kak HECTauOHapHOE ajuabaTHUecKoe pacCiuHpeHHe
obpasyroineiics rasoszsecu. Cioga oraocsrcs paborst E.K. Mapxununa [1957,
1958], npepnoxusiuero cnocob onpeneneHus KoiaMyecTsa rasa, y4acTBOBABIIETO



B W3BEP)KEHMH, W pa3BuBaBLiero ero uzaeu aansiue I.H. KysHeuosa [1967]. He-
CTalIMOHAPHbIE TPOLECCH B3PHIBHOMO Pa3pyLUEHHs BCIEHEHHOH MarMbl NpH pes-
KOM CHATHM naenedus usydanuch @.JI bennerom [Bennett, 1974] u no3xe
M.A. Anuubupossiv [Anuanbupos, 1987, Alidibirov, 1995], koropsiii onucet-
BaJ 3TH MPOLECCHl KAaK pacnpocTpaHeHue “BofHbl npobneHus” Briaybb marmari-
yeckoro Tesa. B aTux paboTtax paccMaTpHBANKCh BaXKHbIE, HO YaCTHbIE NPOLIECCh,
MpOTEKAOLIHE B OTACNbHBIE MOMEHTH! U3BepKeHHS. TOYHO Tak Xe “YacTHbIMH™
M0 OTHOUIEHHIO K OOIIEMY ONUCaHHIO MEXaHW3Ma M3BEPIKEHHA CIIENyeT CUHTATh
MHOrouHC/IeHHbIe paboThl, B KOTOPbIX UCCNEdyeTcs ABHKEHHE MarMbl, He colep-
xatieit razoBoit ¢asei, — 3T paboThl A YIOMHHATH 346Ch HE Oyiy.

Mexaumambl 06beanHeHus ObICTPO BCIUILIBAIONIMX ra30BbiX My3blpeii H BO3HHK-
HOBEHHS PUTMHYHOCTH TIPH NIABOBBIX H3BEPIEHHAX PACCMATPHBANNMCH PasHbIMH aB-
Topamu, HaunHas ¢ A. Purimana [Parmvan, 1964; Rittman, 1962]. Ocobo cnemyer
OTMETHTH BblLUEILIYIO CpaBHHTENIbHO HexasHO paboty C. Bepubone u K. Hxanapa
[Vergniolle, Jaupart, 1986], B koTopo#i mpeanaracTcs OpUTHHANbHOE OOBACHEHHE
JHHAMHKH U3BEPXKEHHH raBalCKHX BYJIKAHOB C OYEHb XHAKON MarMoii, nepuoanue-
CKMM CKOIUIEHMEM ra30BbIX ITy3bIpEi M0l KPOBIEH ONU3NOBEPXHOCTHOM NaBOBOH
TN0JIOCTH, WLTIOCTPUpYeMOe 1abopaTopHOH (M3uyeckoii MosIenbIo.

JLoMONHUTENbHBIA MMITYJIbC NOCTPOCHHIO TEOPETHYECKUX MoZeNeH npouecca
H3BEPIKEHHUA B MOCIEAHUE ACCATUIETHA COOOLMIM Hccnedosadns rnader Con-
HEUHOM CUCTEMbI IIPH MOMOLIM KOCMUYECKHX anmnapaTos. CpaBHUTENbHbIH TUIaHe-
TOJIOrMYECKHi aHan3, OCHOBAHHBIH HA W3YYEHMM KpynHOMaciTabHBIX KapT ro-
BEPXHOCTH 3eMJTH W APYrUX IUIaHeT, notpeGoBan co3aanns TEOPHU NOAOGHS reo-
JIOrMYECKHX TPOLECCOB B YCIOBHAX Pa3HbiX IuiaHeT. Penbed GOJbIIMHCTBA Mnla-
HET B 3HAYHTENILHON CTeneHH c(POPMHPOBAH BYJIKAHH3MOM, U MO3TOMY H3ydyeHHe
MexaHH3Ma U3BepKeHHI NpHOOPENO NEPBOCTENEHHYIO BAXKHOCT.

[lepBas Takas CTHMYJHpOBaHHas KocMOocoM paboTa, BbINONHEHHAS
T. Makrerunsom U I, YIbpHXOM, B KOTOPOIi pacCMaTpHBANOCh U3BEPIKEHHE Aera-
3UPYIOLLEHCA MarMbl, Boiimna B ceeT B 1973 rogy [Magetchin, Ullrich, 1973]. Cre-
nyrowas o4eHb obcrosrensHas pabora J1. Yuncona ¢ coasropamu [Wilson et al.,
1980] eoiina B 1980 romy B Xypuase Koponesckoro actpoHOMHueckoiv obie-
cra Benuko6putanuu. B 31oit pabore feranbHo 06Cy#1aeTcs reOMeTpHa CUcTe-
Mbl ¥ OOOCHOBBIBAETCS NPHMEHUMOCTh H30TEPMUYECKOTO NpUOMMKEHUs npH
OIHCaHMHM MOTOKA MarMbl B KaHajle By/lkaHa. Mccrnemyerca Moaens ¢ 01HOCKOpO-
CTHBIM ABYX()a3HBIM MOTOKOM 10 BCeil ITHHE KaHala C MFHOBEHHBIM MEPeX010M
OT My3bipbKOBO# CTPYKTYpPbI K ra30B3BECH Ha YPOBHE, rie My3bIPbKH JOCTHRAIOT
COCTOSIHHA TUIOTHOH ymakoBku. IIpeanonaraercs, YTo ceueHHe KaHajla MEHIETCs
N0 ero JUIMHE TaK, YTO Ha BCEX YPOBHAX 00€CneunBaeTcs JIMTOCTATHYECKOE JaB-
NIeHHe, a NP FOCTIDKEHHH KPUTHYECKOH CKOPOCTH Ha BRIXOJE W3 KaHana (opmu-
pyeTcs paciuupesHe, obecneunBaiolee CBEpX3BYKOBOH pa3rod H CHIKEHHE [1aB-
neHus 1o armocgepHoro. OCHOBHOH pe3ynbrar paboThl — onHcaHKe NoBeIeHHs



(3BOMIOLMH) ra30MENIIOBONH KONOHHK MPH W3IMEHEHHWH ra30CoAepKaHud H pacxo-
112, KOTOpbIi onpeAenseTcs nonepeuHsiM CeUeHHeM KaHana U BI3KOCTBIO Marmbl B
riyGHHe, U IPY BO3ASHCTBHH HEKOTOPbIX BHEIIHUX ()aKTOPOB, TAKHX KaK 4acTHy-
HOe pa3pylUEeHHe CTEHOK KaHaa.

JlanbHeitas paspaboTka Mojeny ocyuiecTeieHa B pabore JI Yuncona M
Jox. Xana B 1981 roxy [Wilson, Head, 1981]. 3nech yxe paccMarpuBaercs Bo3-
MOXHOCTb JIRYXCKOPOCTHOTO TOTOKA M KOANEeCUEHIMH MTy3bIPhKOB B ITy3bIPhKOBOH
30He, MpaBja, NMPH 3TOM JUIA pacyeTa pacfipefesieHns Hy3bIPhKOB 10 pasMepam
NPHUHHAMACTCA HEpealbHas MOJC/b HENPEPHIBHOH 1 PaBHOMEPHOH HyKlCalyH.

VNoMsHYTBIM Bbillie paboTaM HpeiiecTBOBAIH W COMyTCTBOBAIH MCCHERO0-
BaHMs1, ITOCBALICHHBIE YACTHBIM NpobiieMam, CBA3aHHbIM C MeXaHW3MOM U3Bepxe-
HUA, OTHENbHBIM DJIEMEHTAPHBIM MpOLeccaM, MPOTEKAIOIWM Ha pa3HbIX dTanax
NMogb€Ma MarMbl, TaKUM Kak OOTeKaHWe [MHPOKAACTMHECKMX YacTHL, ra3oM
[Walker et al., 1971], poct ny3bipskoB B Marme [Sparks, 1978] 1 Apyrum.

Jpyro# noaxoa K ONHCaHHIO MeXaHH3Ma M3BEPIKEHHs OCHOBaH Ha aHAOTHH
¢ ApYruM “BYNIKQHON€HHBIM” NMPHPOIHBIM ABJICHHEM — AEATENILHOCTRIO rei3epoB.
06 a1oii ananoruu mucan ewe JI. peitron B obcyxnasiueiica Boilie pabore. Ee
ucnons3osan B.A. Jipo3uun [1980], onsako npsaMoi nepeHoc 3aKOHOMEpHOCTEH
TEYEHHUA NapOBOAAHBIX CMECEH M IMHAMHMKH CHCTEMBbI “ILIaCT-CKBAXKMHA” Ha Npo-
HECC M3BEPIKEHUA HeJb35 CYUTATh IPABOMEPHbIM.

B camMOM KOHIIE CEMHMAECATHIX — Havajie BOCHMMAECATHIX I'OJO0B NOABHIMCDH
nepBbie CTAThb{ aBTOpa HACTOAILEH paboThl, MOCBALIEHHbIE MEXaHHU3MY U3BEPKE-
una [Cnesun, 1979, 1980, 1980 a, 1982, 1982 a, 1983, 1984, 1985]. B cooTBeTCT-
BYIOLLIMX MOAENSX NMpEeAroNaraeTcs KECTKH KaHall KOHeUHO#U 3aJaHHON NnHHSLL,
KOTOpast CYLIECTBEHHbIM 00pa3oM BIuseT Ha AMHAMHMKY M3BEPKeHHS, CTabuIbHOE
KOMMYECTBO My3bIPLKOB B eauHuue obbeMa (NpH OTCYTCTBUH KOANECUEHLMH),
YCTaHABJTMBAIOWICECS MOCNIE OYEHb KOPOTKOro 3Tana HykiIealuuu, 1 HE MTHOBEH-
HBI{i MIepexos; OT My3bIPLKOBOTO MOTOKA K FAa30B3BECH Yepe3 30Hy YaCTHYHO pas-
pyuieHHoH nensl. OCHOBHOM pe3ynsTaT — 06HApYXEeHHE HeyCTOHYMBOCTH U CKay-
KOB pacxo/a, No3BojuBLiIee 00bICHUTbL PE3KUE NEepexXoabl OT YMEPEHHOIO K KaTa-
CTPOHHECKOMY UTHHHAHCKOMY PEXHMY M OT KaTtacTpoHYeCKoro K 3KCTpy3HB-
HoMy. Pe3ynbraThl AanbHEHILINX HCCIIeA0BaHHH B 5TOM HamnpaBlIeHUH C NOCTpoOe-
HHUeM Gonee WIM MEHEE LENbHOM KapTUHBI H3BEPHEHHUS H3JIOXKEHbI B JAHHOM pa-
Gore. .

Hcxmouas paGoThl aBTOpa, B TedeHHe 80-x rogoB B UCCACAOBAHMAX CTALlHO-
HapHbIX Mojeneil u3Bep:KeHHs Habmonancs HexkoTOpblit nepepsis. BHuMmaHue He-
cnefoBarTeneil B OCHOBHOM YIeIOCh HECTalMOHAPHLIM MOAENAM pa3BHTHA BYJi-
KaHHueckux B3psiBoB [LlITeiinGepr, 1974; LteitnGepr, Conosses, 1978; Kieffer,
1981] u npoueccam, o6ycNOBIEHHBIM B3aMMOIEHCTBHEM MarmMbl C BHELUHEH BO-
no# (ruaposynkaHusMm) [Sheridan, Wohletz, 1983; Wohletz, 1986]. K Hadary 90-x
rofoB MHTEpEC K mpobieme BO30OHOBWICA. 31€Ch cnexyeT oTMeTUTh pabotsl @.



Jo6paua [Dobran, 1980] u I'. Jhxubepry u J1. Vuncona [Giberty, Wilson, 1990], &
KOTOPBIX HCHIONb3YETCs TIOAXOA, MNpHOMWKAOLMACA K TMOJAXOXY aBTOpa.
I. Jbxubeprd 1 JI. YWICOH YK€ HE HCNO/B30Baly paHbllie NpHHHUMaBLIeecs
JI. VWiICOHOM MPEeAnosioxeHHe O pPaBeHCTBE TMAPOCTATUYECKOrO AaBNEHHA MO
Bceil nnuHe kasana, a @. [lobpan ocHoBHO# ynop B cBoeii pabore cienan Ha
“HeroMOT€HHOCTL” TIOTOKa ra3oB3BecH, H3ydasn 3PQEeKTsl BIUAHUA pa3HbIX CKOPO-
creif raza ¥ 4acTHil.

Hano ormeruts uHTepecHbie paborsl k. Afixuibeprepa ¢ coTpyaHuKaMu
[Eichelberger et al., 1986], nocesiieHnbie mpobneme “HE3KCMIO3UBHOIO W3BEPIKe-
HUS” KHCHbIX MarM M 00pa3oBanuio 00CHAMAHOBHIX MOTOKOB. B 3THX paborax
M3Y4alUCh BOSHHKHOBEHHE CHCTEMbI CBA3AHHBLIX NMOP A0 AOCTIDKEHWS TMy3blpbKa-
MH TUTOTHOM YNAaKOBKH M YTeuKa ra3a uepe3 CTeHKH KaHajia, KoTopas IpH 10cTa-
TOYHO MaJiOM pacxole Marmel ycreBaeT yOpaTh NHMLIHMA ra3 ¥ He JOMYCTHTh
Apo6neHus. YyTs paHblue BO3HMKHOBEHHE CKBOSHBIX KaHaJIOB M NMPOHULIAEMOCTH
BCIIEHWBAIOLLEHCH NPH pe3Koit “1oKoBOM” AeKOMITpECCHH MarMbl H3ydalloch KC-
nepumenTabHOo @.A. JIETHUKOBBIM ¢ COTpYAHHKaMu [JleThukoB u ap., 1990; Ba-
NBIlIEB W Ap., 1996] U Kcnonb30Banoch UMH IS METPONOTHUYECKUX MOCTPOSHHMI.
OcoOeHHO BaOXHOM I H3YYEHWA MEXaHW3Ma W3BEPKEHHUA ABIAETCA OOHapyKeH-
Hag @.A.JIeTHHKOBBIM HENIHHEHHAA 3aBHCHMMOCTh BENHUMHBI NPOHHLAEMOCTH
BO3HUKAIOWEH CTPYKTYpbI OT ckopocmu JekoMmpeccuu. Obe rpymnmbl oTMeyann
2 deKT YMEHBIIEHHs] MOPUCTOCTH NPH YBETHYEHHH NPOHHLIAEMOCTH B TAKHX CHC-
TeMax. DTH HCCNEOBAHMS, MOCBAILEHHbIE KOHKPETHBIM rpofiemaM, He 3aBUCH-
MBI€ IPYT OT ApyTa W oT paboT aBTOpa, NOJATBEPANIH TIOCTYJIMPOBAHHOE aBTOPOM
JecATbio rofiaMyu paHbile s OoJiee WMPOKOro AMara3soHa YCNOBWIT Hanuyue
NPOHULAEMOH, YaCTHYHO pa3pyLIeHHOi NeHbl B IBIKYLIEHCA MarMe.

IMpoaomkaioTes MCCNENOBAaHMA NO YAacTHLIM HANPABICHUAM, KacalolIMMCs
OTHENBHRIX MOMEHTOB TIpotiecca. 3AeCh HaJ0 OTMETHTL OYEHb BAXKHBIE HCCNEN0-
BaHMA MO M3YYEHHIO MPOLECCa HyKeauuH my3blpbkoB. TeoperHueckue paboThi
A. Topamapy [Toramaru, 1988, 1989] nossonunk paccuurars pexHM HyKII€auuu
W PE3yIbTHUPYIOLUEE pacrpeleneHye Mmy3bpbKOB MO pasMepaM H TIOKa3aliH, uTo
BECh 3TamN HyK/€auWH My3bIPbKOB B MOAHMMAIOLIEHCH MarMe 3asepluaercs Ha MH-
TepBajic CHIKEHWA MABNEHHA, He TPEBHILUAIOILEM TNepBbIX eaMHHL 0apoB, uToO
MOSIHOCTHIO NMOATBEPANIIO NMPEANONOXKEHHS ¥ OLEHKH aBTOpa HAacTOsIIEeH paboTsl.
Mocneanuie skcnepumentsl C. Iypeuua n O. Hetoona [Hurwitz, Newon, 1994]
J0Ka3any reTepoTeHHbIH XapaKTep HyK/IealMH my3bIPbKOB B MarMe M TIOKasalu,
YTO TeTeporeHHas HykaeauHsa Ha MukponuTax Fe-Ti okcuaoB noHWxaer ee nopor
Hixe 1 Oapa. TeM caMbiM NOATBEPAUNHNCH CLUE JIRA NPEANOIOKEHHs, CAeIaHHbIe
aBTOPOM TPH NOCTPOEHHH TEOPHH, U3araeMoii B HacTosweH pabore.



I'JIABA 2.

ByJakaH Kak JHHAMHYECKas CHCTeMa

2.1. Ilpapona ByJKaHH3MA

ByJikaHu3M — 9T0 0HO M3 NPOARNEHHH npolecca AuddepeHnnalmm BewecT-
Ba IUTaHETh! H AMCCHNALMH ee BHyTpeHHei sHeprid. Ha 3emne oH Henocpeact-
BEHHO CBfA3aH C MOABJICHMEM pACIIaBIEHHOTO BELIECTBA B TIpe/iefiax BepXHei
MaHTHH ¥ KOpbl H BBIHOCOM €ro Ha NOBEpPXHOCTb. Bce pa3sHOBMAHOCTH BYJKaHM-
YECKHX NMPOAYKTOB TaK WIM HHaye CyTh pe3y/JbTaT BO3HHKHOBCHHA paciuiaBa B
riiyOMHE U ABHKEHMS ero K IIOBEPXHOCTH.

MaHTHiA 3eMiu B LIENIOM HaXOIMTCH B TBEpAOM coctosHuH [@Pemoros, 1976;
XKapxos, 1978], pacrnap BO3HHKaeT B HeH B BHJC JIOKAIBHBLIX 04YaroB NpH Orpe-
JENEHHBIX YCIIOBHAX, ONPEACHAEMBIX TEOTEPMHYECKHM IPafMEHTOM, TEIUIO(hH3H-
YeCKMMH CBOIMCTBAMH BelllecTBa M reofHHaMuyeckoil obcraHoBkoil. HaubOonee
BEpOATHAA IiyOHHA reHepauuy MarMsi Mo CYLIECTBYIOMMM NPEACTABICHUAM CO-
crapyAer 100-300 km [Anuaubupos, KpaBuenko, 1988; ®dengoros, 1976, 1976 a n
ap.]. B stoM ananasoHe nryOMH B CpeJJHEM M0 3€MHOMY luapy TeMIiepaTypa Be-
1iecTBa ONibKe Bcero MOAXOAUT K TOUKE Hayasa ero [UlaBlieHHs, U BEIIIECTBO HMe-
€T TNOHIKEHHYIO BA3KOCTh, 00pa3ys Tak HasbiBaeMylo acreHochepy. [Noa cpeans-
HOOKEaHWYECKUMH XpeOTaMH ¥ “TOpAYMMHM TOYKaMHU™ NTyOHHA reHepalMyi Marmsl,
BEPOATHO, OOmnblIe.

Henocpencteennsle npuuMHbI 1NJIaBICHHS, NO-BUAUMOMY, pa3sHOOOpasHbl H
MOryT ObiTh 0OBeanHEHB! B TPH Ipynmel: 1) MecTHbI pazocpes (MOxbeM reouso-
TEPM) U3-3a AEHCTBUA JIOKAILHOIO HCTOYHHKA TeIL1a, YBe/IYeHHs NPUTOKa Teria
CHM3y WIH YMEHbLUEHHA ero OTTOKa CBepXy (3Aech MoXer paboraTh, HampHMep,
YBEMYCHUE NPOHHIAEMOCTH MiyOOKUX CrnoeB A kakoro-nubo 3dhpexTuBHOTO
NOABIKHOIO TEIUVIOHOCHUTENS, BBIAENCHHE TEIOThl TPEHHA, IKPaHHPOBAHHE MO-
TOKA TEIUIa CNOEeM MANOTEnNO0NPOBOAHBIX OCAIKOB H T.1.); 2) MECTHOE CHudXCeHue
memnepamypsl nn1agnenus BEILIECTBA 33 CUET NMPUBHOCA KaKUX-THOO CHIDKAIOLIMX
3TY TeMneparypy KOMMOHEHTOB (HampuMep, Boabl) WiM cbpoca nasnenus; 3)
HOOBEM CUNbHO pazozpemblx Macc BellecTBa ¢ OONbLWIKX rMyOWH B pe3ynbTaTe
MaKpOKOHBEKLMH B MAHTHH.

B pa3sHbIX reogMHaMHYECKHX 30HAX npeoOafarollyl0 pojlb, NO-BUAUMOMY,
MrpalOT pa3Hble NMPUYMHBL. MOXKHO NMpPeANONONHTh, YTO NEPBas rpylna NpuYvH



AOJAHa npeobiagath B 061aCTAX COBPEMEHHOTO ropooOpa3oBaHms, OTHACTH fep-
Bas M BTOpas — B 30HaX CyOAYKUHH, TPETbA — B PUQTOBBIX 30HAX, B YACTHOCTH B
CpedMHHOOKEaHNYECKHX XpebTax, U B “ropaunx Toukax”. OOumM ans Bcex nepe-
YUCJIEHHBIX MEXAHW3MOB MNaBJCHMA ABIAETCA HEDONBLIAA MOILHOCTE M ILIOT-
HOCTb MOTOKA JHEPTHH, HEOOJbLIAA CKOPOCTb TulaBjieHnsA. [lnaBneHue NOMKHO
ObITb YaCTHYHBIM, COTIPSKEHHBIM ¢ AU depeHuMalmeil BeecTra.

B pesynbTaTe imasneHus v COIYTCTBYIOLIEH €My nepBoHavanbHOM audde-
PEHLMALMKM BELUECTBA IUIOTHOCTh MOCIEIHEro CHWkaetcs Ha 5-15% [JleGenes,
Xurapos, 1979; CripaBoHUK..., 1969)]. Pa3HOCTb NIOTHOCTEl NOPOXKAAET KOHBEK-
THBHBII MIOABEM MarMbl OT MECTA €€ 3apOX/CHHA K MOBEPXHOCTH 3eMiH, 3aBep-
LWAIOLIAICA B KOHEYHOM HTOTE M3BEPXKEHHUEM KaKON-TO €€ 4acTW Ha 3Ty NOBEpPX-
HOCTH. B npougcce nognemMa mMarma ﬂpﬁTepﬂtEBﬂeT pasjiiiHbiC U3IMCHCHHUA, B3dH-
MOAEHCTBYET C OKPYXaiOLMM BELLECTBOM W (OPMUPYET ONpPEAENEHHYIO CTPYK-
TYPY, KOTOpyto (Bcien 3a JI. [peHTOHOM) Ha30BEM MazMamuuecKou cucmemou
gyxara. OcobEHHOCTH ITOH CTPYKTYPbl BO MHOFOM ONpEAENAIOT AUWHAMUKY BYJI-
KaHKHYECKOIro NnpoLecca.

2.2. MarmaTu4yeckasi CHCTEMA BYJIKAHA

B oTHOCHTENLHO MNAacTH4HOH acTeHoc(epe MEHEe IUIOTHBIH U 3HAYHTENbHO
MEHEe BA3KHMI1 pacinas BCIUIbIBAET B BUAE OTAENbHLIX CTPYH WM KOJIOHH, CO3-
JAOLIMX ONPENENeHHYIO POCTPAHCTBEHHYIO NEPHOIUYECKYIO CTPYKTYpY. JlocTa-
TOYHO MONHO 3TOT npouecc ObuUl HCCNEAOBAaH HAa (HU3MYECKUX MOJENAX
I". Pambeprom ewe B 1960-x rogax [1970, 1976], nocneaxue TeopeTHyecKue pa-
Gorbl B 3TOM HanpassieHnd npuxaniexar C.A. ®exorosy [1976, 1976 a, 1976 6,
1982].

JIOCTUFHYB OTHOCHUTENIBHO XOJNOAHBIX XECTKUX C/10€B NUTOC(epbl, MarMaTu-
yeckas KOJIOHHA OCTaHAB/IMBAETCA, €€ NOJIOBHAA 4aCTh PACLUIUPAETCH, BOIHUKAET
MPOMEXYTOUHBIH ovae. MeXaHnuyeckne CBOHCTBA DonbLIeH yacTH auTochepsl H, B
YaCcTHOCTH, 36MHON KOpbI TAKOBBI, 4TO JalbHEHLIKA NMOALEM MarMbl BEPOATEH M0
TpeLHaM, pacnpocTpansioumes Grarogaps u3dbITOUHOMY aBEHHIO B OYare B
OCHOBHOM NO MexaHu3My rufpopaspeisa [[Tonos, 1973]. INpocTpancTeenHoe pac-
NpeaeieHe TPEUWMH B 3HAYUTENLHONW CTENEHU KOHTPOIHMPYETCA CHCTEMOI MeCT-
HBIX TEKTOHHYECKHX HaNpPMKEHWH.

['opusoHTanbHas CHOUCTOCTL KOPbl JENAeT BEPOATHLIM BO3HUKHOBCHHE Ha
rPaHNLIAX CNOEB AOMONHUTENLHBIX NPOMEXYTOUHBLIX O4aroB, NOCAEAHHIT H3 KOTO-
pbiX Ha3bIBAIOT nepugpepuyeckum. (OTMETHM, YTO HAJEKHbIE NpSAMBbIE J10Ka3a-
TENLCTBA CYLIECTBOBAHUA MMEIOTCA TONbLKO N ITOro nochenHero.) Bnarojaps
MeXaHu3My cBoero obpa3oBaHMus TakWe OHarM nepBOHAYANbHO TNPEACTABISIOT
co0oii rOpH30HTANLHO NPOTAKEHHBIE MArMaTUYeCKHE Tesla.



ITpu A0CTAaTOYHO UIUTENBHOM (YHKUHOHHPOBAHMM CUCTEMbI OYari U KaHabl
M3MEHSIOT CBOIO (POpMY B HANpaBACHHH YMEHbLICHHS TEIUIOBbIX U THApABIHYeE-
CKHX noTeps: (opMma ouara MOXeT NpuOAN3ATLCA Kk CepHuecKoi (Mancou-
nanbHoOM), hopMa KaHala — K LIWIMHAPHYECKOM.

CoOTHOLIEHAA pa3sMEPOB KOPOBBIX O4aroB W KaHATOB-TPELLNH TAaKOBbI, 4TO MO
OTHOLLEHHIO K NOTOKY MarMbl MepBbie MOTYT ObiTh NpeACTaBlieHbl Kak EMKOCTH C
npeHedpeKMO MajlbiM CONPOTHUBIIEHHUEM, @ BTOpble — KaK 2JIEMEHTbI COMPOTHB-
NIEHHA C HE3HAYHTENILHOH EMKOCTHIO.

TaknMm 0bpa3zom, B MarMaTH4eCKoi CHCTEME BYJIKaHa BBIAEAAIOTCA [iBa YPOB-
Hf, KOTOpbl€ YCIIOBHO MOXHO Ha3BaTb MaHTHHHBIM M KOpOBbIM. C MaHTHIIHbIM,
BKJIIOUAIOLIUM 30HY MarMoreHepalli¥ ¥ BCIUIBIBAHWA KOHBEKTHBHBIX CTpYyil U
KOJIOHH CKBO3b CyDCTpaT, O4eBMIAHO, CBA3aHbI BYIKAHWYECKHE PETHMOHBI M KpyI-
Hbl€ BYJIKAHWYECKHE LEHTPbI, Pa3BUBAIOMIMECH B TEUEHHE MHJIIMOHOB M JECATKOB
MHJUTHOHOB JIET, C KOPOBbIM CBA3aHbl HEOOJbILKE LEHTPLI H OTAC/IbHBIE BYJIKAHbI
C XapaKTepHbIMHU BPEMEHAMH XH3HH B IECATKH W COTHHU ThICAY JIET.

2.3. Cucrema “n3peprajpoiuiics Byjakan”

2.3.1. 'eomeTpusi CHCTEMBI M CBOICTBA MArMbl

Ocoboe nonoxenue B NEpapxXun CTPYKTYP MarMaTHYECKOH CHCTEMb] 3aHHMa-
eT nocneaHui “srax” — nepudepuueckuii oyar ¥ KaHall, COCNHHAIOLIMA €ro ¢
[OBEPXHOCTbIO 3€MJIH, — ANnapar, HENOCPEACTBEHHO OTBETCTBEHHBIN 3a M3BEP-
KeHua. JIns 3TOH YaCTH CUCTEMbI XapakTepHa pe3Kas HeNMHEeHHOCTb, CBA3aHHAA C
NOSIBJIEHHEM B MOTOKE ra3oBoi ¢asbi, MF3MEHEHHAMH CBOICTB Cpe/ibl M CTPYKTYPbI
MOTOKa. 3/1€Ch NPOMCXOAUT Npeobpa3oBaHUe HEMPEpbIBHOIO MOTOKA BELNECTBA H
3HEPrHH B NpPEPLIBHCTBIA — BOZHHUKAET 4EPENOBAHWE COCTOAHWI u3sepiCceHus W
nokos. (OTCIOa BLITEKAET BTOPOE ONpeAeNeHHe M3BepHeHHs Kak COOBITHA, KO-
TOPOE OTAENAETCA OT COCENHEr0 COOLITHA NEPHOIOM TIOKO4.)

AHanu3 pacxoaa BEWECTBa depe3 BYJKaH 33 NPOMEXYTKM BPEMEHH, BKIIO-
4aloLWHe AOCTATOUHO MHOIO U3BEpXEeHUH-COOLITHH, Nokasal, HTO CPenHHIT TeMI
NOCTYIUIEHHA MaTepHana Ha NOBEPXHOCTb 3eMJH NpHOTU3UTENBHO NOCTOAHEH B
TeyeHHe KPYNHbIX 3Tanos xu3HK BynkaHa [Kosanes, 1977; Tokapes, 1977]. Cra-
THCTHYECKH YCTAHOBIIEHHAsA NpAMas CBA3b 3HEPrUH M3BEPKEHHA C MPOJOJIKH-
TENBHOCTBIO NPEALIECTBOBABLIEIO €My nepuona nokos [Tokapes, 1977] nossons-
eT NPeAnooKUTb, YTO NPEPLIBUCTOCTb BYJIKAHHYECKOH HeATeNIbHOCTH 00ycioB-
JieHa 31130 M4eCKON (nepuoanyeckoit) paspaakol HekoTopoil eMkocTh (ouara),
Ky.la BEWECTBO W HEPrus NOCTynaioT Oonee uaKd MEHee paBHOMEpPHO H3 pacno-
NOXKEHHLIX rybxke vacted marmatuyeckod cuctembl [Kosanes, 1971; Kosanes,
Cnesun, 1974].



TakuMm oOpazoM, o0uHit pexxuM ByJKaHWYECKON AEATENbHOCTH NOATBEPXKAA-
eT 0coOyIo ponb nepughepuveckozo ovaza, KOMopwil 6 dansHeuwem byoem Hazol-
same npocmo “‘ouaz” u onpedenims KAk eMKOCHb, 8 KOMOPOU HAKanIueaemes
seujecmso u snepeus. Kanan, coeounanwuii ovae ¢ nogepxinocmeolo 3emau, 6ydem
onpedenams Kax NPoBOOHUK C HENUHEUHOU NPOBOOUMOCMIbIO, Yepe3 KOMmopslil
“paspaocaemcs’” ouae npu uzsepdicenuu. B nepsoM npubmbxennu Oynem npe-
HebperaTh Kak BHYTPEHHHUM CONPOTHBIEHHWEM OYara fio CpaBHEHHIO C COMPOTHB-
JIEHHEM KaHana, Tak ¥ eMKOCTBEO KaHala N0 CpaBHEHHIO C EMKOCTBLIO 04ara M 00b-
€MOM NpOAYKTOB H3BEpKeHMA. HUKakuX Apyrux orpaHuueHuH (HanpuMmep, Ha
abcomoTHele pa3Mepbl WK (GOpMy ouara Wik KaHana) mpeajaraemoe onpejeie-
HHE HE HAKJIA/1bIBACT.

H3BepkeHus, Kak NpaBuio, OTHOCHTENILHO KPaTKOBPEMEHHBIE COObITHA: Mpo-
JNODKUTENIBHOCTh MHTEPBANOB NOKOA NPEBOCXOAUT CYMMAapHYIO NPOAOKHTENb-
HOCTb U3BepXKenuii B cpenteM B 30 pa3 4nA BYJIKaHOB OCTPOBHBLIX Ayr (HanGonee
YacTO U3BEprarowkxca) ¥ B 60 — Ang ocTanbHeIX; MPU 3TOM Ml Haubonee cunb-
HbIX U3BEPXKEHUIT pasHULIA MOXKET IOCTUraTh COTEH U ThiCsY pa3 [Simkin, Siebert,
1984]. MoxHO nonararth, YT0 NPUOIH3IUTENLHO BO CTOJNBKO K€ pa3 MHTEHCHB-
HOCTb Pa3rpy3KH ovara NpH U3BEPXEHMH NOMKHA NPEBLIIATE HHTEHCHBHOCTEL €ro
MOJANHUTKY, KOTOpOi N03TOMY BO BpeMs M3BepxeHusa Oynem npencOperars. Kow-
NyKTUBHBbIE U AK(dy3HOHHBIE NOTOKH TENNa U MAcchl YCPE3 CTEHKH OYara W Ka-
Hana oObIMHO Talke NpeHeOpenUMOo Manbl N0 CPaBHEHUIO C NOTOKOM M3BEpKeE-
. IloaToMy B HanbHeHIIEM usgepealouyuiica yaKkan onpedenus Kux CUCINEMY
“oyaz-kaHan”, 3GNOAHEHHYIO MA2MOU C HEKOMOPBIM U3ObLIMOYILIM Jagnenuem,
OMKPBINYIO CBEPXY U USCAUPOBAHHYIO 80 BCEX OCMANLHBIX HANPABIECHIVIX.

K u3yueHHIO NMHAMHUYECKOTO MOBEICHHNS TaKOM CHCTEMbI U CBOIMTCS MPEXIe
BCETO 3a4ada M3YYECHUA MexaHu3Ma u3BepikeHuA. COOTHOLIEHUS XapaKTepHbIX
pasMepoB o4ara W KaHala ¥ XapaxTepHbiX BpeMEH MPOTEKAOWNX B HUX NPH U3-
BEPKEHHH NPOLIECCOB NMO3BONAET eule Goliee Cy3UTh KOHKPETHYIO 3a/auy H CBECTH
€€ K ONUCAHMIO KBA3UCTALMOHAPHOTO TEYEHUS MarMbl M0 KaHany noj AeicTBHeM
3aJaHHOTO MEANEHHO MEHAIOLLErocs nepenana nasieHus. CyuiecTByer orpaHi-
4eHHbI HAbOpP KAUECTBEHHO Pa3NIHUHbIX YCTOHYHBBIX COCTOAHHI TAKOH CHUCTEMBI,
KOTOpbI€ JODKHBI COOTBETCTBOBATb Pa3/IHuHbiM PEKUMaM (CTWIAM) U3BEPIKEHMUS.
IMosmydeHHble pe3yabTaThl MOKAa3bIBAIOT, 4TO Habmomaemas KapTHHAa BY/IKaHHYe-
CKHX M3BEPKEHUI1 B II€IOM XOPOUIO ONKCbIBACTCA 3TO NPOCTOi MOZEsbiO, a He-
KOTOpbIE€ OTKIOHEHHS CBs3aHbl C OMPENE/EHHBIMU BO3IMYLUEHHUAMH CHCTEMBI 32
CYET BHEILHUX BO3ACHCTBHIA

OxapakTepu3yeM KpaTKO OCHOBHbIE KOMMOHEHTBI CHCTEMBI ““H3BEPraloLINiiCs
BYJIKaH”.

Quar. dopMa ayyiie BCEro anNpOKCHMUPYETCS S/UIHICOUIAOM WIH LIMIIHH-
ApOM, NPUOIM3UTENBHO U30OMETPHUYHBIM WIH CIUIIOCHYTBIM B BEPTUKAILHOM Ha-
npasneHuu [Denotos, 1976, 1976 a]. JInHeiiHble pa3sMepbl 04aroB B niaHe co-



CTaB/IAIOT OT HECKONbKHX E€IMHHMIl [0 NepBBIX NECATKOB KWioMeTpos [Banecra,
1981; ®apbepos, 1979; Jlyuunxkuit, 1971], 0 BepTHKanbHBIX pasMepax HaJEKHbIX
cBeaeHui HeT. OObeM MarmMbi B oyare — OT HECKONIbKMX JECATKOB A0 ThiCAY KyOu-
YECKMX KHJIOMETPOB. BepxHAs KpOMKa ouara pacrionaraeTcs Ha pacCTOSHHU OT
HECKOJIbKHX 10 HECKOJIbKIX AECATKOB KIWIOMETPOB OT NMOBEPXHOCTH 3EMJIH.

Kanan. IlepBonavanbHO B XeCTKOM JuToc(epe BOSHHKAET Kak TPELUMHA, KO-
TOpas BNOCNeACTBHH MOXeET npeobpasosatbea B wwnHap. Ha rirybuse 3tot npo-
Lecc WAET MEMIEHHO, BONM3M MOBEPXHOCTH, Ile B MarMe MNOABNAETCA rasoBas
(asa u ee CKOPOCTL M IPOAUpYIOILas COCOGHOCTh PE3KO BO3pPAacTaeT, — ObICTpoO.
[Mpamble HaOMOZEHUA NOKa3bIBAOT, YTO A TAKOro npeobpazoBaHUs MOXKET
ObITh JOCTATOYHO NeEpBbIX CyTok {Bonbiuoe..., 1984]. [Ins onucanna noroka mar-
Mbl B KaHalle Ba)KHa BEJIHYHHA M'MAPABJIHYECKOr0 IHaMeTpa NOCIEAHEro, KOTopas
pacTeT MpH yNOMAHYTOM H3MEHEHHUH (DOPMBI.

B nepuon nokos KaHan 4acTHYHO OTMHpaeT HaulHas CBEPXY, B PAAE CiIy4acs
OH MOXET OTMEpPETb MOAHOCTBIO, H U3BEPIKEHHE B 3TOM MecTe (Obilie He BO300-
HoBnseTcs. TlocnenHuit BApHAHT UMEET MECTO B 30HaX apeanbHoro 06asanbToBOrO
Bynkanudma [Baxesckas, Oropopos, 1964; Cupun, 1968] wan B cirydae nobouy-
HbIX U3BEPKEHUI KpynHOro crpatoBynkaHa [I1uiin, 1956].

LlenTpanbtbiii KaHan KpyrnHOro Byskana — oOpasosanue crabunbHOE, 4TO
MOATBEPKAAETCA caMoi (GOpMOIl ¥ pasmepaMH KOHHYECKOH ropbl, HACHINAHHOH
MHOKECTBOM M3BePXKEHHH M3 OJHOIO W TOro e Kparepa, HMEOWEro Kpyriyio
¢dopMy, COOTBETCTBYIOILYIO MOPH3OHTANLHOMY CEYCHHIO MOABOASALIEN0 KaHana.
OnHAaKO KOHKPETHbIE M3BEpXKEHHs MOYTH BCerja NPOUCXOAAT YEPe3 OTBEPCTHA,
3aHMMAOUIME JIHIIb HeDOoMbLIYIO YacTh /1HAa KpaTepa M BO3HMKAIOWME B pasiny-
HbIX MECTax 3Toro aHa. Ha 3poaupoBaHHbIX APEBHUX BYJIKaHaX BHUAHO, YTO MaTe-
pHan xepaoBoil dauud, 3aNoNHALNIA HEKK, TTPOHM3aH MHOMXECTBOM Pa3HOBO3-
pacTHLIX, repecexaowux Apyr apyra naex [Jlyunuxuit, 1971; Leimosuy, 1975;
LllefimoBuy, IlaToka, 1980], Kaxnas U3 KOTOPLIX, OYEBUIHO, ARIANACH MOABOAA-
WAM KaHanom uipepxenns. Tak uTO ¥ NMPU MHOrOKPATHLIX M3BEPIKEHHAX 4Yepes
OJIMH KpaTtep ROCTaTO4HO GONbilas BEpXHAS YACTh KaHana NepBOHAYanbHO rpei-
crasnsana coboii BHOBb 00pa3zoBaHHYIO TPELUHHY. _

B cyuecTByoluX MOAENAX, KaK NPaBWIO, pacCMaTpUBAKTCA KaHalibi Tpe-
UIMHHON (POpMbI, BO3HHKILIKE MO AEACTBUEM THAPOPA3PbIBA, OCYIIECTRIAEMONO
noaHuMatollteiics MarmMoii. B 3Tom cryuae 3a cyeT ynpyroit peakuMd OKpyxKaio-
WEH cpelbl pacKpbITHE TPEUMHBI KOJKHO MEHATHCS TIPH U3MEHEHHH BHYTPEHHE-
ro nasneHua. OHAKO peaklist CTEHOK HE BMOJIHE YNpyra, 3po3us CTEHOK B LEH-
Tpe ¥ “3aMep3aHHe” KOHLIOB TPELKMHbI CTADWIM3HPYIOT €€ €LIE 3aA0/ro 40 noi-
Horo npeobpaszosanus B unnuHAp. KpoMe Toro, packpbiTHe TPELUMHBI MOMXKET He
3aBHCETb OT BHYTPEHHEro AaBj€HMA, eclii OHa BO3HWKNA B obcraHoBKe 06lIero
TEKTOHHYECKOTO PACTKEHHA. ITH 00CTOATENLCTBA NPHBENIHA K MOABICHHIO ABYX
Kpa#HHX BApHAHTOB MOAeNH KaHana: 1) anacTUuyHas TpewinHa, obecrneduBalouias



_ PaBEHCTBO JAB/IEHHS IMTOCTATHYECKOMY Ha BCEH UIHHE KaHana rpH nepeMeHHoN
nmowaau ero nonepeyHoro ceyenna [Wilson, Head, 1981; Wilson et al., 1980];
2) XecTKasd TpelidHa MOCTOAHHOIO CeyeHWsl, JABJEHUE B KOTOpPOW MOJTHOCTBIO
onpefeNseTcs TMOPOCTATHKON W AWHAMHKOM mnoTtoka marMbl [Cnesun, 1983;
Dobran, 1980].

B nacrosiweii pabore NpHHAT BTOpOH BapWaHT, NMpPHYEM KaHall CHMTaeTCA
TPELUMHOM B 30HAX KUIKOCTHOTO TEYEHHA M LIWIMHAPOM C TOH XK€ IuIoLasio
TIONIepeyHOro CeYeHHA B 30He ra3op3Becd. (3ameTuM, uTo (opMa KaHana B 30HE
NOTOKA ra30B3BECH HE OYEHb CYUIECTBEHHA, TaK KAK OHA BIMSAET TOJILKO Ha BENH-
YUHY COTPOTHBIEHNHS TPEHUA, KOTOpas B 30HE rajoB3BecH oObIYHO npeHeOpexH-
Mo Mauia.) CBuaeTeNECTBOM B NONIB3Y Haillero BbiOOpa ABNsOTCH HabmoaeHUs Ha
TonbaunuckoM u3sepxkenun B 1975 rony [Bonbuioe..., 1984]. Boinoc Tak Hasbl-
BaeMbIX aKkpelMOHHbIX GoMO [Cnesun, 1996] ¢ aapamu U3 necyanuka, obnen-
JICHHbIMH KanesibkaMH JiaBbl, YKa3bIBaeT [0JI0KEHUE YPOBHS ()parMeHTaly Mar-
Mbl Ha NTyOMHe He meHblueil yeM 2 kM [lLlanuep, 1978], 4To coOTBETCTBYET MO-
JIENHA KECTKOM TpeLMHbI OCTOAHHOIO ceueHua. [lpu anacTnunoit Tpeumte ray-
6uHa ypoBHs ¢parMeHTalnuy He Morna 6bl ObITh DONbLIE HEMHOIUX COTEH METPOB.

B 10 e Bpems Ha Gonbluoii rybune, Onmxe K oyary, 3aCTHUHOCTb CTEHOK
MOXET urpaTh Donee 3aMeTHYIO pOJib, OHAKO [iPH ITOM YMEHbIIEHHE PACKPbITHSA
TPEILMHBEI € TyOHHOH B ONpe/ieNIEHHOMN CTENEHN KOMMEHCHPYETCS YMEHbILIEHUEM
BA3KOCTH paciLiasa.

Marma, 3anonHsiouas KaHajl, B rpemjiaraemMoi Moaeinyu (Tak Xe Kak W B
OONIBLUIMHCTBE OCTANAbHBIX) ANMpPOKCHMUPYETCS ABYXKOMIOHEHTHOH aByxda3Hoit
cpenoit. KoMnoHenTel — netyunidi ¥ Henetyynii; (asbi — KOHACHCHUpPOBAHHAA U
razosad. Heneryunii KOMIIOHEHT — CWIMKATHOE BELIECTBO, KOTOPOE MOXKET HAXO-
IUTHCS TOMBKO B KOHAEHCUpOBaHHOMN dase; NeTyunii — 31eck, Kak | BO BCEX MOJE-
JISX, CYUTAETCH COCTOALLMM M3 BOJBI M MOXKET HAXOANTHCA KaK B KOHNEHCHPOBaH-
HOIA, TaK M B ra3oBoii (aze. Biananxe BTOPOIo Mo 3HAYUMOCTH KOMITOHEHTa Mar-
MaTHYECKHX ra3oB — yrnekucnotsl [Kamuk, Jlykanwn, 1973; Kaguk u np., 1973;
Kanuk, Drraep, 1976], — B paMkax Hauieii 3afa4n CBOAUTCA K YMeHbLIEHHIO pac-
TBOPHMOCTH M YBENHUYEHHIO [JIOTHOCTH Ta3a. ITH H3MEHEHHA NPOTHUBOMOJIOKHBIM
o0pa3oM BAMAIOT Ha AWHAMUKY M3BepxeHua. CaenaHubie MHoi oueHku [CriesuH,
1982] noka3zanu, YyTo yBeNUuEHHE IIOTHOCTH OoNee CYLIECTBEHHO — 3aMeHa BObI
VIJIEKACOTOM, YMeHblias 00beMHYIO NOM0 ra3a (Mpu TOH )K€ MaccOBOif), IKBH-
BAJIEHTHA HEKOTOPOMY YMEHbBIUEHUIO MAcCOBOM XOJTH BOALI.

MaccoBan I0Js IETy4ero KOMIIOHEHTa B MarMe COCTaBseT 00bI4HO HE MEHEE
HECKOJIbKHX JecATbiX Aoned rnpoueHta no Macce (“‘cyxue” 6a3anbTel) U He Gonee
5-6% no macce (boraTsie BoIOH KUCIbIE MarMbl). 3a NpezieNiaMK 3TON0 JHarazoHa
MOTYT, NO-BHAMMOMY, HaXOIMTBLCA JIMLIL AEra3dpoBaHHbIe BOJIH3M MOBEPXHOCTH
“OCTaTKK” MKUIAKHX MarM Wid MarMbl HEMoCPeJACTBEHHO B MPOLECCE W3BEPIKEHHUT
oborawueHHbie ppeaTHyeckoit BOOOH.



Konpencuposatnas asa Be3Jie, rie OHa ABIAETCA CIUIOIIHBIM KOMIIOHEHTOM
NOTOKA, CHWTAETCA KHUAKOCTBID, @ TaM, IIe OHA — AUCNIEPCHBIA KOMIOHEHT (M-
pOK/IAcTHKa), — TBEPAbIM BELIECTBOM. [IpHCYTCTBHE B JKMAKOCTH KPHCTALIOB B
MEXAHHKE TeYEHHUs OTAEJIBHO HE YYUTHIBAETCS, HO B HEKOTOPBIX MOAENAX YUMThI-
BAeTCA MX HECrIOCOOHOCTL PacTBOPATH NETyuuil KOMNOHEHT. [1IOTHOCTL KOHAEH-
CHpoBaHHOM (pa3bi CYUTAETCS He 3aBHCALLEH OT COIEpKaHus B Hell NeTy4ero KoM-
NOHEHTA.

B ocHOBHBIX BapuaHTax npeanaraeMor Mofienu (Tak e kak B OONbLIHHCT-
BE APYTHX MOJAENEi) MarMa CHUTAETCs HbIOTOHOBCKOH HKHAKOCTBIO C MOCTOAHHOM
Mo JUIMHE KaHana BA3kOCTbiO. B psane pabor yuuTsiBaeTca 3aBHCHMOCTL BA3KOCTH
OT KOJIM4ECTBA pacTBOPEHHbIX NeTyunX (Boab) [bapmun, Menbhuk, 1990; Cne-
31uH, MenbHuk, 1994; Dobran, 1992}, a 8 [Dobran, 1992] taioke W oT o6beMHOH
nonu ny3bipbkoB. Haubosiee cunbHoM AsnseTcs 3aBUCMMOCTDb OT KOJIMYECTBa pac-
TBOPEHHOH BOaBl, s koTopoii B pabore O.D. Menbhuka u astopa [CnesuH,
Menbuuk, 1994] npeanoxena (Gopmysa, XOpollo anfnpoOKCHMHUpYIOLIAs IKCNEepH-
MEHTAIbHBIE PE3YJIbTAThI:

1 =n, exp(Aexp(-Bc)-1), 2.1)

rae A 1 B — nOCTOAHHbIE.

B 1972 rony aBTopom HactosuueH paGorsl GblIO NMPewI0kKeHO Ui ONKCaHUs
NOBEAEHUA Marmbl B O4are WCHONBL30BATh PEONOrHYeCcKyro Mozaenb buHrama, a
Tatke Onu3kylo k Hed Oonee crnoxuywo Moaent [Cnesus, 1972]. Tlozxe
0.2. MenbhukoM u aBtopom [Ciiesun, MenbHuk, 1994] monene bunrama 6bina
BBEAEHA M B OMUCAHHE TEYEHHWH Marmbl 110 KaHaly, HO MPaKTHYECKH OHa He MC-
NONb30BAIACh M3-3a HEAOCTATKA AaHHBIX O HEHEIOTOHOBCKMX CBOMCTBAaX Marmel B
ouare ¥ KaHane.

AGCONOTHbIE 3HAYEHHA BA3KOCTH NaB B MOMEHT M3BEPXKEHHA JIEXKaT B npene-
nax or 10'-10 Ma.c (rasaiickue Gasansts) g0 10°~10" Ma.c (kucable SKCTPY3MB-
Hble Kynosa). B xawane u ouare BA3KOCTB MarMbi NOJDKHA ObITh MEHbILUE B He-
CKOJIBKO Pa3 A OCHOBHBIX MarM W Ha HECKOJIbKO MOPANKOB — N5 KHUCHbIX. 3aBH-
CHMOCTH BA3KOCTH M HEKOTOPBIX JAPYTHX CBOWCTB BOMOCOAEPKAUIMX CHIMKATHBIX
pacrulaBoB OT COCTaBa, AaBJIEHWUS M TEMMepaTypbl B HACTOfllEe BpeMs H3yYeHsl
noctatoMHo xopowo [JleGenes, Xurapos, 1979; Tlepcukos, 1984; Onensbaym,
1980}, 11 8 ocobentoctn B pabore [[Tepcukos, 1984], yto nmo3eonser aenaTs Heob-
XOAHMMbIE IKCTPANOIALHHM.

PacTBOpHMOCTEL NeTyyero KOMMNOHeHTa (BOALI) B pacilaBe CHWTAeTCA 3aBii-
cAleH TONBLKO OT AABAEHHA P (3TO MPeArooKeHHe NPUHUMANOCh BO BCEX Cylle-
CTBYIOLMX MOAENNX) NO 3aKkoHy [Sparks, 1978]:

c=ap, (22)



rjie ¢ —MaccoBas A0 JIETY4HX B XHAKo# (ase 1 a — NOCTOAHHBIH KoddduLHeHT,
BENWYMKHHA KOTOPOro (Mo OLeHKaM atopa aaHHoit pabotbl [Cnesun, 1987]) moxer
HaxoauTbea B npeaenax ot 0,001 mo 0,002 6ap”l . (0,0032-0,0064 Ml'la'm). Be-
AUYMHA g MUHUMANBHA /18 OCHOBHBIX MarM W naBlieHHi no 4-6 kbap U Makcu-
ManbHa AN KUCABLIX Marm W neperanop pasneHuil ot 0 no 1-2 kbap. ObbrHO
NPUHAMABLIAACA B pacyeTax Be/MumHa a coctasmsna 0,0013 6ap ™' [Sparks, 1978;
Wilson, Head, 1981].

[Ipeanonaraercs, 4TO NpW W3MEHEHWH JAABIEHMA, BbI3BAHHOM TOXBEMOM
Marmbl MO KaHaiy, YCHEBaeT YCTaHaBJIMBATLCA paBHOBECHE MEX Y KOHLEHTpatu-
elf NeTydero KOMIMOHEHTAa B pacriaBe ¥ ero jasieHHeM B raszoBoil ¢aze. 7o
NpeAnoNoXKeHne, Kak NPaBwiIo, CNPaBeKMBO WA MY3bIPLKOB raza B paciuiaBe
0ObLIYHO He BBLIMONHAETCA B Ta30NHPOKNACTUYECKOH B3BECH, ABIXKYUIEHCA C
6onbuioit ckopocThio. OAHAKO, MOCKOJIBKY MOCNE AMCIIEpripOBaHMA Marmbl A0S
ra3a, OCTaloUIascs B paCTBOpE, OTHOCUTENLHO HEBENNKA, B ITOH 30HE HCIIONb3YeT-
cs OHO W3 ABYX KpaHHUX NpearoioeHHit: paBHOBECHOE ra3ooTaeneHne aubo
[OJIHOE ero OTCYTCTBHE. JIns1 BLICOKOBAZKHX Marm M OONLLIMX CKOPOCTEH MOTOKa
(coueTaHye ROCTATOYHO IK30THHECKOE) ITO AOMYLIEHHE MOXKET He ObIThL cripase-
JIMBLIM 1 B Iy3bIpLKOBOI 30HE, 1 TOra Bo3HUkaeT A dy3noHHOE 3anaszabiBaHHe
ra300TIENEHHA, BIUSHIE KOTOPOr0 aHaNOrMYHO BJIMAHMIO YMEHBLUCHHMA COAEp-
#aHud setyuux. [onbiTka nonHOro ydera AudQy3uoHHOro sanasaeiBaHus Oblna
caenana O.3. MenbHukoM 1 aBTopoM B [Cne3un, MensHuk, 1994].

TToporoBoe nepechliietye, HeOOX0AMMOE Ul MOABNEHUs 3apoabliledt ra3o-
BO# ¢hazbl, HEBENHMKO, COOTBETCTBYET W3OBITOYHOMY AABJEHHMIO MOPAAKA OLHOIO
Gapa {Sparks, 1978). ITostomy Bo Bcex Moaenax UM npexebperaioT. HepaBHO Bbi-
rionHeHHble 3KkcnepumenTst [Hurwitz, Newon, 1994] noatsepaniu BbickasbiBas-
HIMECA paHee MpeanosiokEeHHs O reTepOreHHOM XapakTepe HyKnealudd ra3oBbix
Ny3bLIPLKOB B MarMe, U OLIIO0 NOKa3aHOo, YTO OCHOBHBIMHU LIEHTPAMH 3apOAbILLED-
00pa3oBaHuA, MOHIKAIOWIMMY €ro NOpor 10 BeJdudHHb Hike 10 Gap, AsasioTcs
MHKPOJIUTHl OKCH/IOB JKejle3a U Turava. Jins AMHAMMKM Tpolecca CyUIeCTBEHHO,
4TO reTepOreHHas Hykneauus Ha GONbLIOM KONMYECTBE 3apOABILUEH HE TONLKO
MIOHHKAET NOPOT 3apOXKACHHS HOBOM (asbi (110 CpaBHEHHIO C TOMOreHHOM), HO U
CnocoOCTBYET NOABJEHUIO OUYeHb OONBLLIOrO KOJNMUYECTBA 3apoAbiliel B €anHHLE
obbeMa.

2.3.2. @uindecKHe YCII0BHA B CHCTEMe

TemnepaTypbl H3BEPraioLIMXCA MarM B LIEJIOM HaXOAATCA B HHTEPBANE MeXk-
Ay conuaycom u auksuaycoM (1000-1200°C s GasanstoB 1 800-1000°C mns
KUCIbIX MarMm). Temnepatypa mMarmel B o4are MoXeT ObITh OLIEHEHa KOCBEHHbIM
obpazom no cocraBy HeHOKPHCTANJIOB M paciiaBHbIX BKIOUEeHHH B HUX. O2HO H3
Haubonee HanEKHBIX M TOYHBIX OonpeneneHuii Takoro poaa ObuIO caenano ans
BysikaHa CeHT XeneHc no npoaykram ussepkeHus 1980 roaa. Tlosnyuena uudpa



(930£10) °C [Rutherford et al., 1985], HO TakKx OLEHOK O4Yerb Mano. Jis ByJikaHa
Be3bIMAHHOrO Mo NPOAYKTaM, W3BEPraBLIMMCH Ha pasHbiX 3Tanax dKCTPY3uBHOM
CTANHU H3BEPXKEHHMA, Nojy4eHbl Temneparypbl 1000-1050°C no aBynupoxceHo-
BbiM ¥ 930°C no poroBooOMaHkoBbIM aHne3uram [Kaauk, Drraep, 1976]

Ipu rogbeme Kk NOBEPXHOCTH 3eMIH 110 KaHATY B YCTAHOBMBLUEMCH peXKHUME
Ha TEeMIEpaTypy Marmbl MOryT OKa3blBaTh BAMSIHHE clilefyiolune npoueccei: 1)
noTeps Terula Yepe3 CTEHKH; 2) oTaeleHHe ra3oBoil ¢asbl; 3) anuabaTuueckoe
pacliMpenue; 4) BA3Kas IMcCUNauus;, 5) xkprcTauiH3aumMa pacrulaea; 6) SK30Tep-
MHUECKHE XUMHuecKHe peakuuu. [epsoiid 1 TpeTHIT npouecch! CBA3aHbI C NOTepeit
TEera ¥ MOHWXAIOT TeMIeparypy, 3G d¢ekt BToporo npouecca MOXKET UMETh pas-
Hetit 3HaK [Kaauk u ap., 1971], Tpu nocnesHUx mpouecca CBA3aHbl C BbiielieHUEM
Tenna. Pesynbtupyiownit 3¢ dext MoxeT 6biTh NOACYUTAH TOHHO TONLKO B NpO-
uecce peleHks obuiefi ruapoaHHaMHYecKoit 3agauu, HO rpybble OLEHKH MOTyT
OBbITh C€/1aHbl ¥ Ha OCHOBE NMPOCTBIX COOOPAXKEHNHA.

B ouens “xecTkoM™ BapHaHTe TpEWMHHOMO kaHana AnuHoi 10 kM 1 TosuM-
HO#1 | M NpH CKOPOCTH NOTOKA pacriasa 10 cM/C CHHIKEHHE TEMNEPATYPhl Marmbl
3a CYET NOTEPb TEIA YEpe3 CTEHKM COCTABUT IIEPBBIE NECATKH IpajycoB yepes
CYTKH TOC/IE Hauana M3BEPIKEHHA U MepBbie rpadychi yepes Mecal. Ewe 3naun-
TeJIbHO MeHblle 6yAeT COOTBETCTBYIONIEE CHIDKEHHE TEMITEPATYPbl AJIf TPELUHHBI
OonblUei MOLUHOCTH MAW LIWIMHAPWYECKOrO KaHana u O6onee HHTEHCHBHOIO M3-
BEPKEHHSL.

TennoBo# ekt oraeneHns BOABI OT CHIMKaTHBIX pacrulaBoB, mo
AL Kanuky u ap. {1971], npn naBneHnsx B niepeble Kwiobapel oTpHuaTeneH U
A ansbuTa MOXKET ObITE OueHeH BesinuuHOM okoso —10°C na 1% H,O. I1pu nas-
nexusx Beiwe 3 kbap addext cranoBuTcs MONOKUTENLHBIM. JI. BHAbLCOH M
Jhx. Xaa [Wilson. Head, 1981), cceiasice Ha akcriepumeHThl beprxama u [iaBuca,
yTBEPIKAAIOT, 4TO TemnnoBoi 3¢ dexr oTaenedns Boasl OT pacrniasa 0ObIMHO NO-
JNIOXKHUTENEH M cocTaBnsieT He MeHee +10°C ua 1% H-,O.

PacLuupeHiie 1 yckopeHHe NOTOKa MEpeBOAHT TEIUIOBYIO SHEPIHI0 Marmbl B
KHHETHYECKYIO, @ BA3KOE TPEHME — KMHETHUYECKYI0 — 0OpaTHO B TeruioByio. Pe-
3yAbTHPYtowui 3¢ deKT yMeHbLIEHNUs TeMNEPaTyphbl A0DKEH ObiTh NpOMopiHo-
HalleH KHHeTHYECKOH SHEpriu NpOAYKTOB M3BEpKEHUA, OTHECEHHOH K MX Macce.
Ecin umeeT MecTo TeruioBoe paBHOBeCHME MEXIY NMUPOKNACTUKONW H rasoM, npw
cpeliHemaccoBoii ckopocTu cTpyH 100 M/c oxnaxaeHHe COCTaBMT 4 rpanyca, npu
200 m/c — 16 rpanycoB. Eciist paBHOBECHE HE AOCTUraeTcs, OXNAKAEHHE raza Mo-
KeT ObiTh GOsIBILE, @ THPOKNACTHKH - MEHBLLE, OJJHAKO OLEHKH MOKa3bIBAIOT, 4TO
OTKJIOHEHUS OT PABHOBECHSA HE BEJIMKH W MOTYT ObITh 3aMETHbI TOJIKO B Camoii
BEpXHEH 4acTH KaHajla Npu BbICOKOMHTEHCHBHOM Ta30IMMPOKNACTHYECKOM H3BEp-
KEHHM.

Tennora nonHo# kpucTanin3auuu pacniasa cocrasnseT oT 50 g0 100 kan/r
[Aynapes, 1972; CnpaBounuk..., 1969]. 3a BpemMs noabemMa Marmbi o KaHary



BO3MOXKHA KPUCTAIM3aLMA JIMb HEOONBIIOH A0AM pacrulasa, 0CODEHHO npu
BbICOKOMHTEHCHBHBIX H3BepKeHHAX. Kpome Toro, KpUCTALIM3AUHA HE MOXET
HarpeTh MarMy, a MOXKeT JIMLLb 3aMELIUTDL OXJIAKACHHE TeM B DOMbIIENH CTENeHH,
yeM Gonblue ero BennuuHa. [10-BHAMMOMY, peainbHbiii TeroBoi 3Qdext kpH-
crannusaunu He 6oaee +10 rpanycos.

JK30TepPMHUYECKHE peaKLny MOTYT B HEKOTOPbIX Clly4asx faTh 3HAYMTENb-
HblH, HO NokanbHbIH 3¢pekT HA KoHTaKTE C BHewWHeH cperoii (pa3orpes nosepx-
HOCTH NaBoBbIX 03ep [Macdonald, 1963}, pasorpes ra3oBbiX CTPYy#H B FOpPHHTOCAX
[Bonbwoe..., 1984], onnaBnenne kpucTamia AMONCHAA B BynxkaHnueckoii Gombe
Ha TonGauuke [Kosanes, KyrbieB, 1977]), onHako BO Bcem o0beme KaHana WX
BJIMAHHE, NT0-BUAUMOMY, NPEHEOPEKRHUMO.

TakuMm obpazom, obuiee H3MeHeHHe TemnepaTypbl MarMebl 110 JUIHHE KaHana
BO BPEMS U3BEPIKEHWA BPAL JIH MOXKET NPEBLICHTL NEPBLIE JECATKH MPajiycos W
COCTaBNsAeT HEOONMbUIYIO OO0 MHTEpBaNa conuayc—iukBHayc. IlpoaenaHusie
OLICHKH TIO3BOJIAIOT UCTIONB30BAThL NPH PEIIEHNH 3a4a4n TIpHOIMKEHHE us3omep-
MUYHOCMU NOTOKA.

Hasaenne. OQuar nutaercs U3 rybxe pacrioNomeHHON 30HBI MarMoreHepa-
UMM, OTKYRAa MarmMa NOAHMMAGTCA 3a CYET FHUAPOCTATHYECKHX CWIL PasHoCThb
TUIOTHOCTEH MarMbi M OKpYXKalolUX NOpoj A0CTaTOuHa, 4ToOBl 0fEcneyuTh y
BEPXHEH KPOMKH O4ara AaBJIEHHE P,, NPEBLILIAIOUIEE JIWTOCTATHYECKOE AaBjIEHHE
KPOBJIH Py, Ha cOTHH MIla. OaHaKO TakOMy MOBBILLEHHIO AABNEHHA NPENATCTBY-
€T Pa3BUTHE B OKPYXaIOLIMX NOPOAAX TPELIMH, B KOHLE KOHLOB PUBOAALLEE K
BO3HMKHOBEHHIO JOXOAAWEr0 10 AHEBHONH TNOBEpxHOCTH kKanana. CornacHo
uMmerowmMes aaHuibiM [TTonos, 1973], and Hayana Takoro npoiecca A0CTaTOMHO
130bITOUHOrO RamsieHuss, He npesbiwatowero 20 Mlla (200 Gap). Ilpu aTom py,
s oyaros pasHo# ryGuHbl (430 kM) cocrasur ot 100 10 700 MTla.

H3beitouHoe naBnenue B 20 MIla aBnsietcs ABWKYLLUMM NEpenasoM AaBieHis
B Hauane npopadboTku xaHana. Io mMepe 310 npopabOTKH K HCXOAHOMY H30BITOM-
HOMY I@BJIEHHIO ,B,OGHBJIS{ETCH PasHOCTh JIMTOCTATHUECKOrO OdBJICHIA COOTBCTCT-
Byiowlero crosiba nopos M rMIPOCTATHYECKOrO /aBiicHMA CTON0a MarMel, 3anof-
Haowen kaHan. Benenusanue ¥ ApobneHHe MarmMbl B KaHane NpH M3BEPAEHHN
CUNLHO Pa3yrulOTHAET €€, yBEIMYMBas 3Ty Pa3HOCTh, a 3HAUUT M fepenaa naejie-
HHUSA, N0 3HAYUTENbHOH BEJIMYMHBI, KOTOpas MOXeT jocruratk coted Mlla. Dror
ABWKYLIUIA nepenan obecneunBaeT OONbLIKE CKOPOCTH M PAacXoibl MarMbl, i B
CTaUHOHAPHOM PEXHME YPABHOBELUMBAETCH IMAPABIIMECKHM COMPOTHBIEHHEM
Kasana.

B nanbnefiiem ans ynobeTea npH nocTpOSHHH MOJLEH B Ka4€CTBE O/HOTO 13
OCHOBHBIX NAapaMeTPOB BMECTO AABAECHUA B ouare Oynem MCronbp30BaTh AaBlIEHHE
Pex> ONMPENENIEHHOE KAK M30bITOUHOE NO OTHOILEHHIO K MiZPOCTATHUECKOMY /1aB-
JIEHHIO CTOJ16a MarMbl, He Coiepauieii ra30BbIX Ny3bIPLKOB:

p('.r = Pu— ng B (23)



MapocraTyeckoe faBneHKe cTonba MarMel B KaHalle NOYTH BO BCEX Clyyasnx
HWKE JIMTOCTATHYECKOro (CM. rfpUMep MJIOTHOCTHOrO pa3pe3a Kopbl B paiioHe
ABa4YHHCKOro By/ikaHa Ha Kamuarke, puc. 1). CnenoBaTtensHoO pe,, ONpeacsieHHOe

BbipaKeHHeM 2.3, B HayaNe HM3BepXKeHH MOKET ObiTh 3HA- 0 p
yutensHo Gonbiue 20 MITa, a B koHue ero Gnaronaps pa- :12 610 4 A
3YMUIOTHEHHIO MarMbl 3a CHeT BCMIEHMBAHHA MOXET JOCTH-
FaTb OTPHUATENbHBIX BEJIHYKH.
+T6
OLEeHKH NOKa3biBalOT, 4TO M3OBITOUHOE AABJIEHHE B 2.670 A S

ouare B NpeE/eNne MOKET MEHATLCA B MpOLECCe W3BEpKeHus S|
ot +100 MTIla o -200 MTla, eci cUHWTATL CTEHKH O4ara
KaHajla abcoMOTHO )KeCTKUMH M NpouYHbIMH. PeanbHblii
IMara3oH BOMOXKHBIX 3HAYEHHH Pe, OYEBHMIHO MEHbLIE — 2,760
ot nipumepro +40 Mlla no —40-60 MIla. 10k

+ W.6.

2,860

Puc. 1. Cpeanas naoTHOCTE NPOMERYTOSHOIO COA NPH PAVIMYHBIX 15 b=
riyOrNax ouara Ann ABAYHHCKOR IPyNRkb B).ru.anms, BLIYHCIEITHAR
10 nanubiM [3y6un, Kosuipes, 1989).

Cniesa — wxana ry0nn B KM: ciipasa — ypoBini, £1C NAOTHOCTL PacrlaBa
cooTBETCTBYIONICTO cocTaBa [Murase, McBimey, 1973) pasHa cpenweii
IWIOTHOCTH NPOMCIKY TOUNHOIO ChoA. P — piioant, A — anneant, T.6. - To- 20 ¢

AcHTosbi BazaneT, 116, — micnosnoli Gasast
2,980

2.4. CTpykrypa noroka B KaHaie

Crpykrypa asyx¢asHoro rasexHIaKOCTHOrO MOTOKa AETAILHO M3yyanach M
nonpobxeiiiuuM obpa3oM onucaHa NMPHUMEHUTENBLHO NPEX(Ie BCEro K napoBOAs-
HbIM CMEcsiM, @ TaKKe K ra3dpoBaHHbIM He(TAM W TEXHONOTHYECKHM CMECSM B
XHMHUECKOH npombitienHocT [Bycpoiia, 1975: Heitu, ®unnuros, 1968 Jlepu-
coit, XappHcou. 1965; Crepunn, 1974; Yomnnuc, 1972; Hurmatynnus, 1987). On-
HAKO BO BCEX ITHX cJiydasx napameTpbl NOTOKA OYEHb CIUILHO OTIIMYAIOTCH OT
napaMmcTpoB MOTOKAa B KaHaN€ ByJIKaHa, 4TO HE NO3BOJHAET IpOBOANTDL TIPpAMbIE
AHANOTHH.

Jlns notoka Marmel Npi H3BEPXEHHH XapaKTepHbl: BbICOKAA BA3KOCTb K-
KoCTI, Donbluas pasHocTh NMJIOTHOCTEH KOHAEHCHpoBaHHOIR M rasoBoil ¢a3 npu
modeix AaBienmax: Oonbluas BepTUKAIbHAA MPOTHKEHHOCTb KaHANA, pasfinyHas
(hH3nyeckas M XHMHYECKas Npupoaa NETyvero W HeleTyyero KOMNOHEHTOB; Ma-
nas (nepBble NPOLIEHTLI) MaccOBas AONA JIeTyUero KOMNOHEHTA; 3HauMTesbHOe
110BBIILIEHNE BA3KOCTH HeNeTyHero KOMNOHEHTA Mocse OT/e/IeHHs OT HEero nety4e-
ro: reTCPOreHHas HyKieallls Ny3bIPLKOB HAa 60bLIIOM KOJIMUYECTBE LEHTPOB.



OTciona BHITEKAOT CHeayiolue ocoOEHHOCTH CTPYKTYPbl MOTOKAa MarMbl B
KaHane ByJKaHa:

1. TTy3bIpbKOBbIH OJHOCKOPOCTHOH MOTOK CYILIECTBYET B ropasno Oonbiuem,
YeM 3TO NPUHATO OObIMHO CUUTATD, AMANa3oHe OOBLEMHBLIX KOHLEHTpaLHi ra3oBoii
¢asbl, BIUIOTh [0 KOHLEHTPALWi, OTBEYAIOUIMX TUVIOTHOH YTaKOBKe My3biPbKOB U
BbILlIE; BO3MOKEH NMepexoll JKHAKOCTH C My3bIpbKaMH B COCTOSIHHE MeHbl.

2. CHapsHbill peXHUM TEYEHHS PAclpOCTPaHEH OrPaHUYEHHO, OCYHIECTBIIA-
ercsl TOJLKO MPU M3BEPHEHHH XKHIKHMX MarM M O4eHb PENKO MEPEeXONUT B JHC-
MepCHO-KOJbLIEBOIA.

3. Illupoko pacrnpocTpaHeH AHMCTEPCHBIH PeXHUM TEHeHHs, NEPexon K KoTo-
pOMY MOXKET OCYLIECTBIATLCA HETMOCPENCTBEHHO W3 my3bipbkosoro. Ilpu 3Tom
YaCcTHLLI MUCTIEPCHOM KOHASHCHPOBAHHOI (hasbl NPH MEXaHHYECKOM B3aUMOJEH-
CTBMH C HECYLIMM Ta30M H CO CTeHKaMHU 00bIYHO BeayT ceDs Kak TBepble.

4. CyuiecTByeT €lUe OJIMH THIl CTPYKTYpbl MOTOKA, HA3BaHHbLI @BTOPOM Ha-
crosieii paborel “‘paspymiaionieiics neHoil” v Brnepeble onucaHHbiif uM B [Cre-
3uH, 1980], a 6onee neransHo B [Cnesun, 1995, 1995 a] u B cnenyowmx raaeax
310# paboTbl. D10 CBOCOOpasHbIH peXXHUM ABYX(a3HOINO ABYXCKOPOCTHOTO MOTOKA,
korzna obe ¢asbl HenpepbiBHbL. Cpena npu 3ToM npencrasaser coboif nonobue
3acChIIKH C IOBOJIbHO CHIbHBIM CLEIUICHMEM MEXIY HaCTULIAMH, WIH “KaHaIbHYIO
CTPYKTYpY”. JlMHaMHKa MoToKa rasa B MoONOOHBIX cTpyKTypax obcyxnanach B
[Hurmarysmun, 1987], a npUMEHUTENLHO K MarMaM OHH DKCIICPHMEHTABHO BOC-
NPOH3BOAUIKCHL U n3yuanuch ®.A. JletHukoBbiM [JleTHukoB, 1992; JlerHukoB u
ap., 1990; Banbies u ap., 1996]u Jhx. AfixnGeprepom ¢ coTpyaHHKaMH
[Eichelberger et al., 1986].

B ycraHoBuBILEMCS pEXXHUME B KaHalle BYJKAHA MOTYT CYILECTBOBAThL OT ABYX
[0 YeThIpeX CTPYKTYpHbIX 30H. Ilepexon oT 30HbI K 30HE B HanpaBleHWH MOTOKA
CBsi3aH € pocToM 00beMHOro pacxona rasa. B Haubonee obuiem cnyyae B Hanpae-
JIEHHM OT o4ara K BhIXOAY Ha MMOBEPXHOCTh MOIYT pac-
nojiaraThbCs cliefytoliiue 30Hb! (puc. 2):

Puc. 2. Boamoskubie CTPYKTYpht AByX(a3HOro NOTOKA B Kauaje
BYJIKAHAE,

A — GapGorupylommii pexam: 1 — marma 0e3 1y3sipbkos; 2 — my-
3bIPLKOBBIA PEHHM ONHOCKOPOCTHOH; 3 — BapOOTHPYIOLHIT PExcIM.

B ~ micnepcnonuetii pexam: | — marma Ge3 rmy3sipbKoB; 2 — ny3sipb-
Kosbiil pexam; 3 — pemum “paspylaioweiics newsl” (nopucras
“kanaisHan” cpena); 4 — NOTOK ra3oB3BecH




1. FomoreHHas 30Ha, B KOTOPOIi MO KaHATY TEUYET HUAKOCTb.

2. IlysbipbkoBas 30Ha. B kaHane HAXOMMTCH ra3oKUIKOCTHBINA IUCMepCHbIA
NOTOK, B KOTOPOM CIUIOLIHAsA (a3a — MUIAKOCTb.

3. 3pech BO3MOXKHBI TPU BApUaHTa, 1BA M3 KOTOPBIX MOKa3aHbl HA PUCYHKE 2,
A u B. B nepsom — ysenudeHue pacxoja rasa ofecrneyuBacTCs OnepexaroiiM
BCIJIbIBAHHEM KPYIHBIX MMy3blpeil, BIJIOTh IO ‘‘CHApsOB”, KOTOpbIE BO3HHMKAIOT
npH 00bENMHEHHH My3bIPbKOB, NOTOHSIOWMX APYT Apyra (3oHa 3, puc. 2 A), Bo
BTOPOM — B Pe3yJIbTaTe YaCTHYHOTO paspylleHHs CONPUKOCHYBILHMXCS My3bIpbKOB
BO3HHKAET MOpHCTas Macca, MPOHU3aHHAs CKBO3HbIMM KAaHANAMH, MO KOTOPLIM
ABHXKETCA a3 ¢ onepexarolleH, Ho elie He N0CTaTOYHOH /Ul MOHOTO AUCTIEPTH-
pOBaHMA paciulaBa CKOPOCTBIO — 30HA paspyluaroileics nexsl (3ona 3, puc. 2 B).
Ilpencrasnenne o6 31O CTPYKType NaloT MOpPUCThIE NMPOAYKThI Ia30MHPOKIACTH-
YECKHX M3BEpP)KEHUH, B YaCTHOCTH, 1eM3a, NMopbl B KOTOPOH MPaKTHYECKH MOJHO-
CTbIO COEMHEHB! B CBsi3HbIH nabupunt [Witham, Sparks, 1986]. Tperuii Bapuant
OTJIHYACTCA OT BTOPONO OTCYTCTBHEM 30HB! paspyIlarouieiics neHbl — NpH 1ocTa-
TOYHO BBICOKOW CKOPOCTH MOTOKA M BA3KOCTH MarMbl CKOpOCTh asa, 0cBoOOAMB-
LIETOCs MpPH paspyUICHHH My3bIPhKOB, MOMKET Cpa3y OKa3aThCA JOCTATOYHOM [ns
TICEBI00KIKEHHS YaCTHULL MHPOKIIACTHKH.

4. 30Ha IUCTIEPCHOTO MOTOKA, B KOTOpPOii HeNpepbIBHOM (a3oii sapnsercs ras —
30Ha razos3pecu. B Bapuante B (cM. puc. 2) B GONBIIMHCTBE CIY4aeB YacTHIbI
nucniepcHolt ¢asbl B rasop3Becu Beayt cebs Kak TBeplble, HCTILITHIBAA MEXIY
coboit 1 cO CTeHKaMM KaHana ynpyrue Win NpuBoILIHE K IpoGNeHHIo coynape-
HUA — MTOBEPXHOCTb MX HOCHT CJIeNibl XPYTIKOTO H3JIOMa MJIM OKaThIBaHUA. Xapak-
TEPHBIM JUIA TIOTOKA B BYJIKAHMYECKOM KaHale ABIACTCA TAKKE OTHOCHUTENbHO
GonbLIas NMPOTSHKEHHOCTh YYaCTKa ra30B3BECH BbICOKOI IIOTHOCTH (NCEBROXUI-
kocTH). OcobeHHO BesKKa 30Ha MJIOTHOM ra3oB3BECH B Cy4ae KPYNHbIX YaCTHLI C
BbICOKOMH MOPUCTOCTHIO (MTemM3bl), Ha 4TO YKasbiaeT Teopus [Cneszun, 1980] u yto
NOATBEPIKNAET BbiCOKas CTeNeHb OKaTaHHOCTU mem3. B Bapuante A BO3MOXKEH
Nepexon B HMCIEPCHO-KONbLIEBON PEeXHUM C MMAKUMH 4YacTHULAMH H IKHIKOM
IUIEHKOH HA CTeHKaX KaHana, HO OH ManoseposTeH. [lo-BUnMMOMY, Takoil pexum
MOXKET WMETb MECTO TOJILKO TPH BbICOKOMHTEHCHBHOM H3BEPKEHHH CaMbIX KU/
kux (raBaiickux) marM. Bapuant B crneuu¢uruyeH ais BBICOKOBSI3KMX KHCIIBIX
MarM.

O6patuM ocofoe BHHMaHMe Ha 30HY pa3pyllaioleics neHbl. JTa 30Ha He
BbIZIENANACH HU B ONIHOH M3 MPENIECTBOBABLIMX MOJENEH, Be3ae npennonaraics
HETMOCPEICTBEHHBIH MNepexol OT IMy3bIPbKOBOrO K AMCHEpCHOMY INOTOKY. Ilpu
3TOM Tpeanonaraics 3Ha4YUTENbHbI POCT JaB/eHMs B IMy3bIpbKax nepen ¢par-
menTauueii. C. Cnapke [Sparks, 1978] obbsacHan 310 Tem, YTO NpU NpHOAMKEHUH
My3bIPbKOB K COCTOSHMIO TUIOTHOM YINIAKOBKM AalibHEHIIMH UX pOCT CBA3aH C Mpo-
TAJIKMBAHHEM BS3KOro PACiUiaRa yepe3 O4YeHb TOHKHE MEXITy3bIPbKOBbIE MEpero-
POAKH M [03TOMY pe3ko 3aropmaxkuBaerca. Ha caMom zmene my3bipexk B 3TOM co-



CTOSIHUM OKpYXEH YKe HE MHIKOCTbIO B TOHKOH NEeperopoike, a Ka4eCTBEHHO
HHOI#t cpenoii — nenori, nedopmarHs KOTOpOi CBA3aHa HE € NPOTAIKMBAHUEM KU/l-
KOCTH, a C pacTArHBaHHUEM U M3rubaHUeM NeperoposioK, U He TONbKO He 3aTpyaHs-
ercs, HO, HaoOopoT, obneryaercs Npu WX yroHyeHuu. (BenoMHnmM, uto o Heobxo-
OMMOCTH NOAXONAUTH K MeHe Kak K HOBoH (hase nucan ewte J1. I'peiiton [1949], vo
ero coser Ob11 3abbiT.) B pesynbrare B CTAMOHAPHOM TMOTOKE CJIOH YAaCTHYHO
pa3pylIEeHHOI NeHbl JODKEH NPUCY TCTBOBATH NPAKTUHECKH BCEr/a.

BO3HHKHOBEHHE NPOHHMLIAEMbIX My3bIPbKOBBIX CTPYKTYP B CHIMKATHOM pac-
1aBe IKCMepuMeHTanbHo u3ydanoch ©.A. JIeTHUKOBbIM ¢ coTpyaHukamu [Jler-
HUKOB, 1992; JleTHukoB u np., 1990; bansies u np., 1996] ¢ uensio cmonenupo-
BaTh PEeKUM Jera3auuu, HeoOxoauMblit i popmupoBanus HabmonaeMsix ner-
ponoruyeckux komriekcos. M Obina HalieHa peskas 3aBHCHMMOCTh MpOHHLIAe-
MOCTH OT CKOpOCHU JEKOMIIPECCHH MarMb! NPH OHOMEPHOM €€ PacLlupeHHH.

M3 nepeuyncnenHbiX HeTbipex 30H NepBble TPU 00BbENUHAET TO 06CTOATENLCT-
BO, 4TO HENpepbIBHLIM KOMIIOHEHTOM AMCIIEPCHONO MOTOKA SBNAETCA MUIAKOCTh,
BA3KOCTb KOTOpOiIt U Onpelenser MOoYTH INOMHOCTBIO BENMYHUHY COTPOTHBICHHS
noroky. HasoBeM WX obracmeio sHcudkocmuozo meyenus, KOTopas OTAENEHA OT
obnacmu 2azog3gecu ypoBHeM (parMEeHTaLMH UAW aucnepryipoBaHus. ['naBHoii
0c0BEHHOCTHIO, OTIHYAtOLLEH NBYX(hasHbIH NOTOK B KaHAE ByJKAHA OT TAKOBOTO
B DONBIIMHCTBE TEXHUYECKUX CHCTEM, W MPEKJE BCErO OT MOTOKa NAPOBONAAHOM
CMECH, SIBJIETCA OUEHb PE3KOe YMEHbLUEHHE CONMPOTHUBNEHHs TpPH IEpexoie K
rasos3pecu. Conporupnenie oObIMHO TaNaeT HE MEHee 4eM Ha 5-6 NopsAKoB Be-
JIMYUHBI, B TO BpeMs KakK JUis BOJbl 110CNE Mepexosia 3HaYuTebHOM 4acTu ee B nap
OHO MOXeT Aaxe BO3pPacTH.

JuHaMHMKa MOoTOKa B BEPTUKAILHOM KaHane Nnpu 3aJaHHO# pa3HOCTH AaBie-
HHIf MEXIY ero KOHUAMM OTNpeiensaeTcs TpeMs KaTeropusaMu cui: 1) rpaBuTaum-
OHHbIE; 2) WHEPUHOHHbIE; 3) Cuiibl TpeHus. B GonblIMHCTBE TEXHUYECKUX YCT-
poiicTB (1 BO BCeX, rZie MPUCYTCTBYET TOTOK Ta30B3BECH) ONPENSSIONLYIO POJib
UTPAOT UHEPIIMOHHbIE CUIbI, B HEKOTOPbIX — CHJIbl TPEHHA, pOJib IPaBUTALIMOH-
HbIX CHJI BCEr[la HEe3HAYMUTENbHIA. B ByJIKAHMYECKOM KaHaNe KapTHHA MPOTUBOIO-
JIOXKHasA: TPy U3BEPKCHUAX BCEX THIOB U B 30HAX C NoObIMHK pexHMaMHi NOTOKa
OCHOBHbIMH SABJISIIOTCSA MPABHTALMOHHBIE CHIbL, B 00JaCTH XHIAKOCTHONO TEYESHHUS
CYIIECTBEHHbI TAKOKE CHJibl TPEHHsA, A HHEPLHOHHbIC CHIIbl TIOMTH BE3Jle UrpaioT
HHYTOXKHYIO ponb. Bce 3710 onpenensier kaueCTBEHHYIO creuM(DUKY AUHAMUKH
NOTOKA B KaHalie BYJIKaHa.

2.5. Knaccupukauun H3BepKeHuii, CCHOBaHHANA
HA CTPYKTYpe MoTOKA

CylilecTByer MHOTIO KiaccHpuKauMii BYJIKAHHHECKHX M3BEPIKEHHI, OCHOBAH-
HbIX HA TEX WIM HHBIX KOMOUHAUMAX npusHakoB [Jlyuuuknii, [971; Maknonansp,



1975; Purt™Man, 1964], oTIMHaOILKXCR PA3NMMHBIMK NI0X0AMH K CHCTEMATHKE
1 paznuuHoi apobHocThio nenenus. Haubonee neranbHblil 0630p Kiaccupukauuii
naH B pabore [Maknonansa, 1975], cBA3b TUTIOB H3BEpXEHUWii cO CBOHCTBAMH
marmsel 06cynexa B pabore b.B. MBanosa [1990].

OCHOBHBIM M WCTOPMHECKH TEpPBbIM TOAXONOM CTaja Knaccudpukaius o
BHEWIHMM NpH3HaKkaM. BBuIy oOunna Takux Npu3HakoB U pazHooOpasus UX cove-
TaHui HauGonee ynobHoMH M pacnpocTpaneHHoH 10 CHX Nop ABNSETCs OCHOBAHHAs
HA 3TOM MOAXOAE KiaccH(PUKALIMA MO XapaKTEPHBIM HPUPOOHBLIM 3MAIOHAM —
THTIBI U3BEPIKEHHI: BYIKaHCKHi, cTpoMOonraHCKuit, raBaiickuil, neneickuit u T.1.

Ha npuHUMNHAaNbHO WHOM NOAXOAE OCHOBAHbI KJIACCH(PUKALIMK NO BHIOpaH-
HbIM B Ka4Y€CTBE OCHOBHbIX CBOHCTBAM MarMarH4ecKoi CHCTEMbl U3BEPratOLLEro-
cs ByJKaHa. JTO KIaCCM(PUKAUMK 110 BABKOCTH Marmbl, COIEPKAHHIO JETY4HX,
riybune ouara [Kopanes, Cenesun, 1979; Kpasuenko, 1955; IMepcuxos, 1984].
Tako#i noaxon TpeboBan ornpenefeHHbIX 3HAHUH O MeXaHu3Me W3BEpXKEHHs, OT-
CYTCTBHE KOTOPbIX ObLIO NPUYHHOI €r0 HeAOCTAaTOYHOI 3 dekTHBHOCTH. TeM He
MeHee 3HaYeHHe noaoOHbIX KnaccupuraLmii ObUIO BENMKO, TAK KaK OHH CTUMYJIH-
poBaJii yriyGieHue B CyLUHOCTD SBJICHHUS.

OuesunaHo, uto Haubosee nosie3Hoil I NOHMMAaHHA GU3MKH TIpoLecca U3-
BEp)KEHHA NOMKHA OblTh Knaccudukaiis, OCHOBAHHAA Ha (M3MYECKMX XapaKre-
PUCTHKaX MOTOKA W3Beprawoierocs BellecTBa. B HEKOTOPLIX CYLUECTBYHOLIMX
knaccuukauMax Takoii MOAXOX MCNONb3OBaH APH MOAPA3NENEHUN U3BEPKEHUM
Ha 3¢@hghy3usnele N 3kcnno3usHbie (MHOT/A BbIIGIISIOTCS €L U SKCTPY3UBHbIE W3-
BEPKEHHA, KOTOPbIE€ OObIYHO CYMTAIOTCS PA3HOBUAHOCTBIO 3(dY3UBHBIX HPHU Bbi-
COKO# BA3KOCTH Marmbi).

IMockonbky 4UCTO 3(hdy3UBHBIX HWIH YHCTO JKCIUIO3UBHBIX U3BEPXKEHMH He
MHOTO, NpaBWibHEeit TOBOPHTH O JBYX THIAX desmenbHocm WK O NBYX peXcumax
u3BepkeHus, npeobnanaHue OAHOrO W3 KOTOPbIX B KAXKAOM OTIACNBHOM Cilydae
onpenenser THn u3sepeHus. CyLIECTBYET MOHATHE O CTENEHH DKCIUIO3HBHOCTH,
KoTOpas onpegenserca oobemuoi [Purrman, 1964] wiu MaccoBoii [MakaoHansn,
1975] noneit NMPOKIACTHKY B NPOAYyKTax M3BepxeHus. Kimaccuukaumio, HCHONb-
3YHLWYK TaKOC ONpeneneHue 3KCIUIO3WBHOCTH, MOXHO Ha3BaTh IBOJIOFHHECKOI‘;I,
OHa oTpa)kaeT reonoruyeckui 3¢ pexr u3pepikeHHs, HO He ero JUHAMHUKY.

ABTOpOM HacToseid paboThl IpeanaracTcs KiacCUhUIMPOBaTb PeNCUMBbI
U3BEPHEHHS B COOTBETCTBHM C PeXHMaMH TeueHus (CTPyKTypoii AMCrepcHOro
NOTOKA) Ha BbiXxOoae U3 Kanana. Takas monbiTka yxe Obula cpenana
B.A. iposuunbiM [1980], xoropsiii conocTapnan kiaccuyueckuid Habop pexumoB
NBYyX(a3sHOro notoka (OXapakTepH3oBaHHbIM U1 NApOBOAAHBIX M BO3XYXOBOIsA-
HbIX cMece) ¢ Tunamu usBepkeHuil. ONHAKO MOTOK MarMbl B KaHANE BYJIKaHA
obnapaer kauecTBEHHLIMH OCOOEHHOCTAMM (ONUCAHHBIMH B pasgene 2.4. HacTos-
el paboThl), KOTOPblE OIPAHUYHBAIOT NMPUMEHHWMOCTb KIACCHYECKOH CXEMBL
VuurtkiBas 310, aBTOpOM ObLTH BbLAENIEHbI TPH OCHOBHBIX pexxuma [Cneaun, 1995]:



1. Ha nHeBHYIO MOBEPXHOCTb NOCTYNAeT XHAKOCTb C ra3oM, pacrpeneneH-
HBIM B Hell B BHIE NUCKpeTHnIX 00beMoB (mysbipii). Bo Bcem oObeMe kaHala
HerpepbiBHaA (asa — xKuAKOCTh, nucrepcHas — ra3. [pu cylecTsyommx KOHueH-
TpauMAaX U CBOMCTBAX JIETy4ero KOMIOHEHTA B MarMe M3BepralolMxcs BYJIKaHOB
TakoH peXUM BO3MOXKEH TOJBKO NPH YCIOBHH 3(Q(QEKTHBHOrO ynajeHus rasa
BCILTLIBAIOIMMU CKBO3b paciuiaB Mmy3bipsaMHu. IloaTomy pexuM Obin HazsaH MHOI
bapbomupyiowgum [Cnesun, 1979].

2. Ha nHeBHyIO TNOBEPXHOCTb MOCTYNAeT HENPepbiBHbIM MOTOK ra3oB3BecH.
Takoit pexxum paxee ObL Ha3BaH MHOIO ducnepcuonnbim [Cnesun, 1979).

3. Ha nHeBHy10 MOBEPXHOCTh MOCTYNaeT AByxgasHas cpena, B KOTopoii obe
thazbl HenpepbIBHBI U IBIDKYTCS C pasHbIMM CkopocTaMu. OHa npencraBiaser co-
0011 BLICOKOBA3KYI0 MarMaru4eCcKyl0 Maccy, NpOHH3aHHYIO0 CHCTEMOIt CBA3AHHBIX
NIOp M KaHAJOB, 110 KOTOPbIM C ONepexatolled ckopocTelo nBHkercs ras. Takoi
pexuM TedeHus Obll Ha3BaH MHOIO PEXUMOM Paspyuiaioujencs nexol.

[epBoMy pe:xuMy COOTBETCTBYIOT BCE M3BEPIKEHHA C NUCKPETHBIM BbIIene-
HUEM ra3a OT CYMTAIOLIMXCA HHCTO 3 dY3UBHBIMU IO MONTH YHCTO IKCILUIO3UBHBIX
crpombonuanckux. To, 4TO JIUCKPETHOCTD ra3ooTAeNeHUA NIPpH CTPOMOOIHAHCKOM
M3BEPKEHHM HE HAPYIIAeT NPONOPLHOHATIBHOCTH PACXOMIOB rasa U paciliasa, oT-
BEeHarOlIeH eOUHOMY TOTOKY, NOKa3aHO aBTOPOM NPAMbIMH H3MEPEHMAMH Ha
TonGauunckom ussepxeHuu [Cnesun, 1990].

BropoMy pexuMy OTBEHalOT BCE ra3olMPOKIACTHYECKHE H3BEpIKEHHs, M
npexKIe BCero karacTpoduyeckue nnuHuaHckHe. [NaBHOI 0cOGEHHOCTBIO 3TOrO
pexuma sBngercs HajlMuue B KaHale NBYX pe3ko pasznuyatoiuxcs obnacreii —
HMUAKOCTH ¥ ra30B3BECH, — Pa3aCICHHBIX NOABMKHON rpaHuLei — yposnem gpae-
Menmayuu. Bo3MOXKHOCTb 3HAYMTENLHOTO W3MEHEHUS MOJHOTO COMPOTHBJICHUA
KaHa/la MpH HE3HAYUTENbHLIX NepeMellieHHsaIX 3TO! IPaHuLibl NPUBOIUT K MNosBIIe-
HHIO HEYCTOIYHMBOCTH TOTOKA, [EJIAeT BEPOATHLIMH pE3KHe HEOXHAAHHbIE H3Me-
HEHHA XapakTepa W3BEep)KeHHs, MOITOMY H3YYEHHIO NMHAMMUKH JAHHOTO peXuMa
ynensiercst ocoboe BHUMaHHe B HacTosLLeH paboTe.

TperseMy pexHMy COOTBETCTBYIOT 3KCTPY3HBHbIE M3Bepkenws. Kak Gyner
NOKA3aHO HWKE, OH MPAKTHHECKHM BOIMOXKEH TOJILKO NPH O4Y€Hb MEUIEHHOM 1BH-
*KEHWHU BbICOKOBA3KOI MarMbi.



I'JTABA 3.

YciaoBus OCYIIECTBJACHUA OCHOBHBIX P€:KHMOB
BYJAKAHHYECCKHX mnepxcennii

3.1. IlpeamecTeoBaBime NONBLITKH

INoucku ycnoBuH, MpH KOTOPBIX OCYILECTBAETCS MOJHOE AMCIEprHpoBaHHe
Marmbl, Hauanuch naBHO (cM. 063opHble pabotbl [Jlyunukuii, 1971; Maknonanisz,
1975; Puttman, 1964]). Vike naBHo crano scHo, 4To “rieruioobpasopaHuio” 10DK-
HO CNocoOCTBOBATH MOBbILICHHOE COACPXKAHUE JIETYYUX U MOBbILIEHHAS BA3KOCTD,
O/IHAKO BSIMSHME 3THX MNapaMeTpPoOB OKA3aloCh HE BCErAd MPsSMbIM M OJHO3HAY-
HeiM. [1epBbiM 0OpaTun Ha 3to BHUMaHue J[k. @epXyreH, KOTOphIA B CBoeH u3-
BecTHOH pabore [Verhoogen, 1951] BnepBbie NpeAnpHHsII MOMbITKY TeOpeTHYE-
CKOro paccMOTpeHMs npotiiembl. OH npHILEN K MapajoKCalbHOMY BbIBOAY, HTO
eIMHCTBEHHBIM (aKTOPOM, ONPENENAIOIMM BO3MOKHOCTb HAErIooOpa3oBaHHs,
SABJSETCS KOJMYECTBO 3apofblliel My3blpbKOB rasa B eauHMlle o0bema Marmbl.
Takoii BoiBO# OKa3ancs pe3ysbratom caenaHHbix Jk. PepxyreHoM ynpomanmux
nonyweHu. [Tozxe nossuiocs Muoro pabor, NOCBALLEHHLIX Pa3HbIM aciieKTaM
IMHAMUMKH ra3oneruioBbix ussepxenuit [Wilson et al., 1980; Vohletz et al., 1984;
Carey, Sigurdsson, 1985; Alberti et al., 1981; Kieffer, Sturtevant, 1984]. B Heko-
TOpPBIX M3 HUX 3aTparuBanach u npobieMa AuCneprupoBaHus MarMel, HO yIOBIe-
TBOPUTENBLHOTO PELICHUSA €€ He Obino.

Pewenne nocrabienHol 3anayu nomkHo OasMpoBaTbhes Ha TEOpETHYECKHX
TNPEACTABICHUAX O 3apPOXKAEHMU IMy3bIPbKOB rasa B mMarMe, o6 ux pocre, B3aMMO-
nedcTBUH H 0 (POPMHUPOBAHHU M MEXaHH3Me pa3pyIeHHs NEHHOH CTPYKTYpbl. ITH
3a7a4v PacCMaTpPUMBAIMCh B Pa3jiMuHbIX paboTax, MOCBALICHHBIX ABYX(a3HbIM
TIOTOKAM, HO B HCUEPIbIBAOILEM BH/IE HE pelleHb! faxe JUiA Hanbonee u3ydeHHoH
BOABI. [IpHMEHUTENBLHO K MarMe poCT OTAENLHOIO M30JUPOBAHHOIO ITy3bIpbKa
naubosiee neranbho Gbin paccmotpen B pabore C. Cnapkca [Sparks, 1978], na
KOTOPYIO M CChINAIOTCA Bce nocneaytoue aBropbl. OnHaxo, rnepexo k aHcamb-
nio ny3bipbkoB fejaercs C. Cnapkcom sk Ha ypoBHe 061MX paccyKAeHH|H U ¢
olndKaMH.

HeranbHoe u3ydeHue npouecca Hykieatldu u ¢opMHpoBaHHs pacnpeneseHis
My3bIPbKOB 110 pa3sMepaM B MarMe Hayanochk JHmb HenaBso [Toramaru, 1988,
1989], u HeMHOrKHe NONy4eHHbIE PE3ybTaThl IOKA HE NMPUMEHAIHCH B UHAMMHYE-
CKMX MOJEJiX, [Ie UCTIONb30BAIUCH JHIb IPyOble yMo3puTenbHbie cxembl. Ha-



npuMep, B oueHb obcrosTensHoi pabore [Wilson, Head, 1981} npennonaranach
paBHOMEpHas HenpepbiBHAsS HYKIeauus Ha IPOTSKEHUHM BCEro NoAbeMa MarMbl,
YTO 3aBENIOMO HEBEPHO.

IMpouecc pa3pyieHus BCIEHEHHOH MarmMbl B “BOJIHE ApoOsieHHs” paccMaTpH-
paica @. Bennerom [Bennett, 1974] u 3arem Oonee peranmbHo M.A. Anu-
nuGupoBbiM [Anuaubupos, 1987; Alidibirov, 1995] kak HecTauMoHapHbIii npo-
Liece pa3pylieHus AUCKpeTHOro obbema npu peskom cbpoce naBnenus. OueBHIHO
AHATOMMYHbBIH MEeXaHW3M paspymemm MEHBI MOXKET HMETh MECTO ¥ B CTAaLlMOHAp-
HOM [OTOKE MarMbl Ha YposHe (hparMeHTaluu, Ho 31eck Gonee BeposaTHo 0bpa3o-
BaHHE NEPEXOAHOI 30HbI “pazpyliatolIeiics NeHbl’ .

IMonbiTka OMUCAHUA MEXAHMU3MA OCYLIECTBIIEHHS SKCTPY3UBHOIO pex<umMa Obl-
na caenana JUx. AiiknGeprepoM ¢ COTPYIAHMKAMK HA OCHOBE @HAIKM3a NAHHBLIX O
CTPYKTYpe 3KCTPY3MBHOIO TEja M ero KOHTAKTOB C BMemlawolleid cpejoit
[Eichelberger et al., 1986]. B aroii pabote npennonaranace yreuka raza uepes
OoKoBbIe CTEHKM KaHana, KOTOphIH B AaHHOM CJTy4ae OKasaics Ha MpOTHKEHHH
HECKOJIbKHUX COTeH METPOB OKPY»K€H OY€Hb TNOPHUCTOI NMUPOKIACTHUYECKOM 3achin-
KO — pe3ylbTaroM NpealecTBOBABILEr0 3KCTPY3UM MOLHOMO 3KCIUIO3UBHOTO
H3BEPKECHHUA. Takoe obbsAcHEHHE MexaHH3Ma NPENCTARINACTCA MHE CIHUIKOM HC-
KyCCTBEHHBIM M Bp#AA JIM MPUIOJHBIM BO BCEX WK ckopee B GOnbLIMHCTBE Chyya-
es. Hwxke Oyzner npewioxena bonee norMuHas v yHuBepcaibHas MONE/b npolec-
ca, YOBJIETBOPAIOLIAS Pa3IHYHbIM BapHaHTaM NMPEALICTOPUH U CTPYKTYPb! OKpY-
Xaroulei KaHan cpeapl.

3.2. bapboTupyiomuii H AHCIIEPCHOHHBIH PEIKHMbI

Jins nonHoro AMCHeprupoBaHHA pacruiaBa Heobxonumo, 4tobbl obnemHas
AOJIS Ta30BLIX My3bIPbKOB IOCTHITIA AOCTATOHHO DoNb1OH BenuuuHb! (61U3KO0H K
“nnoTHOi ynakoeke”) npu Oosce WK MeHee OJHOPOAHOM MX pacripeleflieHHH B
®uakoctd. ITpu 3ToM ToMLMHA NEeperoponoK Mexay Iy3blpbKaMH CHU3MTCH 10
YPOBHSA, KOraa MJisi Hayaja MX MAaccOBOTO pPa3pyLIEHHst CTAHET NOCTATOYHO
umetollierocst B Iysbipbkax W3bpiTounoro nasienus. [locnennee onpenensercs
KMHETHKOH pOCTa My3blpbKOB NPH CHMXXEHHHM BHELIHErO JABJEHHA M, KaK MNpaBH-
no, vepenuko. (Caenanssiii B ynomunasieiics pabore C. Cnapxkca [Sparks, 1978]
BbIBOJL O PE3KOM POCTE JABJICHHA B ITy3bipbKax MOC/AE NOCTHKEHHS MMH COCTOS-
HHs, OJIM3KOr0 K MIOTHOH ynakoBke He BepeH. B 3TOM COCTOAHUM KA bl ITy3bi-
PEK OKpYKEeH YiKe He )KHAKOCTbIO, KOTOpas JO/DKHA Te4b B Y3KOM 3a30pe, a HOBO#H
cybcraHumeit — neHoM, — BA3KOCTb KOTOPOI CHHMXKAETCS ¢ YBEJIUYEHHEM ee Kpat-
HOCTH.)

BocnpenArcTBoBaTh BO3HHKHOBEHHUIO YCAOBHIL, HEOOXOAMMBIX Anist (parMen-
TalMKd MarMbl, MOJKET MO0 HENOCTATOK CIIOCOOHOrO OTAENMTLCA OT MarMbl rasa
(xoToporo ans 3toro nomKHo ObiTe Menee 0,1% no Macce, 4TO NpakTHHECKH He



BEpOSATHO), 1160 CBOEBPEMEHHOE €r0 YAalleHue BCIUTbIBAIOIINUMH C ONEpeXEHHEM
JIOCTATOMHO KPYIHbIMU my3bipamu. TlocrenHee BO3MOXKHO, ecnu “riepBuHble”
TMy3bIpbKH B MPOLIECCE POCTa CMOTYT JOTrOHATh APYT Apyra ¥ obbeauHATbed. To-
ra BO3SHHKHET anbTepHATHBHbIN bapbomupyrowuii pexuMm. Heobxonumoe mis
3TOrO YCNOBUE MOXHO 3aMHCaTh TaK:

Al>kd, G.D)

rae d - cpesiHee paccTosiHHe MeXay mysbippkamu, Al =1, —[¢— pa3sHOCTb MyTed,
npoxonuMeix Gonbsium (7, ) 1 mManbim (/) My3bipbkamy JIpH BCIUIBIBAHKH; K, -

K03(pPULIMEHT, YYHTBIBAIOLIMIA HEPABHOMEPHOCTh paclipenesieHus My3bIpbKoB B
NpOCTPAHCTBE.

Onpenenum Bxopsiue B 3.1 BenuvrHbl. PaccToAHMA MeXIy My3bIpbKaMu He
Gonbiie, Y€M pacCTOSTHUA MEKIY UX LIEHTPaMH, O3TOMY:

d<n?, (3.2)

rae #1 — YUCNOo 3apoabliiiel My3bIpbkoB B eAMHULE 00beMa MarMbl.

[MosiBnerne HOBLIX 3apoziblitied My3bIpbkoB Haubosee BEPOATHO HA HaHOOIL-
LIeM YIANeHUU OT YiKe UMEIOLMXCA My3bIPLKOB, e COXpaHseTcs HauGonblee
nepechbilleHHe, NMOITOMY K KOHLY HYyKJIeaUuH paclpegeieHHe 3apoibiied imy-
3bIPBKOB B NPOCTPAHCTBE JOMKHO ObITh NPHUOIU3UTENLHO PABHOMEPHBIM U MOXHO
TIOJIOKUTD

ky=1. (3.3)

[yts /, mpoiineHHbIf CpenHUM MMy3bIpbKOM MpPU BCILIbIBAHUM, MOKHO MpH-
GJIHMEHHO ONPeIENUTD TaK:

I=%T, (34)

re U — CpenHsAs CKOpOCTb BCMNbIBaHMA, I — BPEMs, B T€YEHHE KOTOPOrO ITy3bl-
peK MOMKET BCIUIbIBATh.
Kaxpplii nyssipex Npu OTCYTCTBHH CIAMAHHA C COCEAAMH MOXET BbIpacTu OT

pasMepa yCTOHYMBOrO 3apofbiilia X0 MAaKCHMalbHOIO pa3mepa B IUIOTHOMH yma-
i

KOBKe, NpubIM3HTeNIbHO paBHoro n . Toraa ckopocTk BCIUIBIBAHUSA, ONpEiesieH-
Has B NEpBOM NPUONIKEHHHM KaK cpenHeapu(MeTHYecKkoe Ha4yalbHOH U KOHEeY-
HO¥, OyneT

2

g=LI& )5, 3.5)
36n



roe p, — MIOTHOCTh pacrinaea, g — YCKOPEHHE CHJIbl TAKECTH, 1) — BA3KOCTH

pacnnasa.
BeruibiBaTh my3bIpek MOXKET B TEUEHHE BPEMEHH, HEOOX0IMMOro Marme, YTo-

6bl TONHATHCS OT YPOBHS 3aPOXKASHUS My3bIpbKa B, 10 YpOBHs, TAe MOXKET ObiTh
AOCTUTHYTA TUIOTHAA YNAaKOBKa — 4, , KOP/Ia COOTHOLIEHKE OOBEMOB rasa u Kull-

koctu V, /¥, craner paBHeim 3. Eciu pasHoOCTb YPOBHe#H onpeneaunts 4yepes pas-

HOCTb NaBJICHUH

homhp=ﬂ§—, (3.6)
Pe+G—s

rne p — cpenHsa MIoTHOCTb U U — CpEAHssl CKOPOCTL MOTOKA Ha COOTBETCT-
BYIOILIEM Y4aCTKe KaHana, T0:
Po—P
T= -———% ¢ 3.7)
= n
3mech 77 — BA3KOCTh MarMbi, b — XapaKTepHblit 1orepeyHslii pasmep kaHaia,

G — MHOXUTENb, XapaKTepU3ylOLIHii TEOMETPHIO MONEPEYHOrO CeYEHMs KaHaa.
BBH1y HeNpepbIBHOCTH NOTOKA:

tp =Up;; (3.8)

rne U u p;— ckopocTh MoAbeMa MarMbl 6e3 My3bIpbKOB H €€ IJIOTHOCTh, COOTBET-
we _ P

crBeHHo. Orciona caenyer: U = % Benuuuna p wu, coorBercTBeHHo, U Ha

UHTEPBANE P — p; MOXET ObITh BbIHMCIIEHA IlyTEM MHTErPUPOBAHUA HECJIOXKHO-
TO BBID@KEHWA B MpEArNoNoKeHHH PaBHOBECHOCTH rasooTaeneHus. OTHolieHue

U
‘E B 3aBUCUMOCTH OT ¢, B Mpenenax pealbHbIX MarMaTH4YeCKHX rasocolepixa-

HUI MensieTcs npuMepHo oT 2,5 no 1.7 ¥ paBHO 2 npH ra3oconepaHuu 4yTb

Menblue 5%. ITonoxus B nepsom npubmwkenun U = 2U u yurs 3.11, nonyumm:
-1
i 4U
Po7Pp 14+G—2T

2
Upig gpb
Hasnenust p, u P, ONPEeNsioTcs Yepes 3aBUCHMOCTb PACTBOPHMOCTH Jie-

T= (3.9)

Ty4ero KOMIOHEHTa B paciUlaBe OT AABJEHHs, ONKCbIBAEMYIO PaBEHCTBOM 2.2 M
€10 MaccoBY0 IOMO B MarMme ¢, . Cuutas ras uieanbHbIM, 3anulleM:



Ve _Pipa(co-a|p) (3.10)
V!’ P ga P ’
roe p, — arMocepHOe naBleHHe 1 Pg, — IIOTHOCTDb ra3a Nnpu 3TOM JaBJIEHUH

teMnepaTtype Marmbl. [loactasus B ypasnenue 3.10 smecto neBoit uactu 0, Mox-
HO HAalTH p,, a NOACTABHB 3, HaiiTu p, . llanee, NOACTABISA ITH BEJIM4HUHDI B 3.9

v 3ateM 3.9 u 3.5 B 3.4, MOXHO HalTH NyTb BCIUIbIBAHHA CPEeNHEro my3blpbka
=],

Cnenyomum warom onpenenum “6onbimoi” u “Manbiii” my3eipbkH U Bbipa-
sum Al uepes [. Papuycsl “6oibLuoro” u “manoro” Ny3bIpbKOB — 7, H Fg —

Hajo BbiOupath Tak, u4TOObl BEPOATHOCTH ‘“‘MasioMy” OKasaThCs BIICPENH
”6onblioro” B “3oHe 3axBata”’ OblNa paBHa eAMHHLE B MOOOM CeueHMH KaHana
nocJie OKOHYaHUs NnpoLecca Hykleaunu. “3oHy 3axBaTa’ MOXHO ONPEAEiuTh Kak
Kpyr € pazdycoM, HECKOIbKO MEHBIUWM CyMMbl pafHycoB ‘“‘Gosibiioro” M
“manoro” Mmy3elpbKoB, TaK Kak “Mablit” criocobex orubarb “60/bIIOT0™ ¢ THHUSA-
MU TOKa XKuaxocTH. [IpakTiiecku oHa cuntanach paBHON NonepeHHOMy CeueHHIO
“HonbLUIOro” my3bIpbka.

[ToncueT BepoOATHOCTH NPUBOJMT K BbIBOMY, YTO MPH JIHOOLIX peanbHBIX pas-
Mepax KaHala M KOJIM4ecTBax 3apoibiilieil My3bIpbKoB B efuHKLE oObeMa U NpH
Jro60M BO3MOXKHOM pPACIIPENENICHUHM MYy3bIpbKOB 10 pa3MepaM B KauecTse
“60NbILOr0” MOXHO B3ATh IMy3bIPEK MAKCHMAIBHOTO PaHyca ry,, , @ B Ka4ecTse

“manoro” — MMHMManbHoOro — 7. . Hanpumep, nna paBHomepHOro pacnpenene-

HUs 110 pasMepam TpeOoBaHKE PABEHCTBA eAUHHMLIC BEPOSTHOCTH HAUUMSA XOTH Obl
ONHOI1 napbl “Gonbluoi no3any, Mansiii Bnepeny” B oOOM CEYeHHH KaHana rnpu-
BOJIHT K HEPABEHCTBY:

oY -%
Arry >—=n *, (3.11)

Jos

rae Ar=r, —r, =rg—1 Ar,., = S - nnowans nonepeqnoro

cevenns kanana. Ilycts S = 100 M’ Ar,, = 50Mkm — Smkm=4,5-10"°

min * ax — Fmin >

n=10" M, toraa 3.11 nepenumercs Tak:

A rr;>0,851077 M2, (3.12)

Tak kak r, <7, =5'10“5 M, 4TOGbI BbirionHAAOCH yenosue 3.12, Heobxonu-
Mo Ar > 1,7:107° m. To €CThb [IPAKTHYECKU 7, MOXET OTIMYATHCA OT Iy, , a I OT

Fiin HE BONEe ueM Ha COTYIO OJIO IPOLEHTA.



PacnpeneneHue my3bIpbKOB 0 pa3MepaM 3aBHCHT OT peXuMa HyKIealuu M
OT AMHaMHKH HX mocnefyiouiero pocta. Ilocne noseneHus nepebiX 3apoabliueit
My3LIPLKOB AanbHelliee CHATHE MEepechIliCHHA TIPOMCXOIUT 33 CHET ABYX Mpo-
LIECCOB: MPOAOJDKAKOLIENCS Hykneaiud U AU (py3HOHHOTO CTOKA JIETY4Yero KoM-
NOHEHTA B YK€ MMeIoImuecs My3blpbki. KOHKYpeHuus 3THX mpoLeccoB OpiCcTpo
MPUBOAUT K NMPEKPALICHHMIO HYKIEAUMH M CTabMIM3aLuM KONMYECTBA IMy3bipbKOB
Ha eMHUITY Macckl MarMel. TeopeTHyecke pacuyeTsl, NposienaHHbie B [ Toramaru,
1989], naroT Ay MHTepBana HyKlealli¥ BeJIMYMHy nopsika 1 6ap, a 6onee rpy-
6ble OLIEHKN aBTOpa — BEJIMYMHY, e/Ba Npebliatonryto 10 6ap, uto cocrarnser
MeHee 1% OT MOJHOTO reperiafa AaBieHus Mno. KaHany. PacTaHyras BO BpeMeHH
HykJieaimss GopMHpyeT TMepBOHAYaNbHOE pacilipelelieHHe My3bipbKOB M0 pasMe-
pam, KOTOpOe 3aTeM U3MEHAETCS B IIPOLIECCE TI0IbEMA MarMbl.

Poct ny3sipbkoB MPOUCXOAUT 3@ CHET ABYX MEXaHH3MOB — AN(dy3HOHHOrO
IPUTOKA Maccel M aekoMnpeccHy. HekoTopoe Bpems 1ocsie OKOHYaHHMA HyKiiea-
1y peobaanaeT nepBeiii MeXaHH3M, HO OUYEHB CKOPO €ro BKJIAA CTAHOBUTCS He-
3HAYMTENILHBIM. DTO MokaszaHo B [Sparks, 1978] mna oanHOYHOro My3blpbka, a Wis
My3bIpbKa, pacTywiero B aHcambne cebe nomoOuuIX, ekt Oyaer eme Gonee
BbIp@XEHHEIM. BIMsHHe NepBOro Npoiecca Ha OTHOCUTENbHbIE pasMephl My3biph-
KOB 3aBUCHT OT OMHAMMKM MOABLEMA MarMbl M, BOOOLIE roBops, MOXET ObITh He-
OZHO3HAYHBIM, HO, KaK NPAaBWIO, BEJIET K HEKOTOPOMY HX BbIDaBHUBAHHUIO; BTOPOH
IpoliecC COXpaHAeT OTHOIUEHMS PajMyCOB My3bipbKOB. M3 ckasaHHOro crienyer,
YTO NP OTCYTCTBHM CIMSHUS OTHOLIEHUE PaHycOB HauboNbLUEro ¥ HAaHMEHbLUe-
r0 My3bIPbKOB AO/DKHO HECHIBHO MEHATHbCA BAOJIb KaHana, NpHYyeM B CTOPOHY
YMEHBLUEHHS, M U1 OLEHKH ero MOXKHO BOCTIONIL30BATLCA pe3ybTaTaMK U3Mepe-
HHI1 B TIHPOKIIACTUKE.

O6Mep my3bIpbKOB B 4AaCTHLAX NUPOKNACTHKY (Ha ¢otorpadusx C3M us3 ar-
naca [Heiken, Wohletz, 1985] u B Ton0a4yuMHCKMX LUIAKaX) AAET BENIUUHHY
Vrax | Fin =~ 10 (€CTH NCKITIOYHTHL M3 PACCMOTPEHHS My3bIpbkY, HOPMA KOTOPBIX
TMO3BOJIAET MPEANONIOKHTh TIPOUCXONIEHNE B pe3yIbTaTe ciauaHuA). OYEBHAHO, B
KaHajle 3TO OTHOLUEHHUE AOJDKHO GbITh HE MEHbLUMM, U, YYUTHIBAs CKa3aHHOE Bhi-
1€, MOXHO TONOXHTH Taloke 1, /rg ~ 10. Tak kak /~7°, MOXHO, He clenaB

Gonbluoii ownbky, monoxwute Al =1, —l¢ ~1,, a Take r, ~2r n I, ~4l.
CnenoBarenbHo:

Al =4l . (3.13)

YuuteiBas 3.3, 3.4 u 3.13, nepBoHauaibHOE YCJIOBHE 3.1 MOXKHO nepernucarh

clefyomum obpazom:
I
- 1 -
I>—n?. 3.14
4 (3.14)



Bemmunua [ onpeaensercs dopmyiioit 3.4 ¢ noacraHoBKoii 3.5 u 3.9. Cenas
COOTBETCTBYIOLUME MOACTAHOBKH B 3.14, nocne npocThiX npeobpazoBaHuii nosy-
yaeM HeobXoauMoe yclioBUe bapbomupyiouje2o pexxuMma:

I 3

Unn® Z_FQ)1+ F) <011, (3.15)
Co
> V) . U
Foy=|1-0% Ji+< -1 , Q=PiPa? F,=4G—772.
Q Gpgacﬂ gp;b

Bce BesimuuHbl, BXOAALIKE B J, KPOME C,, UMEIOT AMANa3oH BO3MOXKHBIX H3-

meHeHui B npeaenax 20-30%. BennunHa ¢y MOXET MEHATHCA B HECKOJILKO pas.
OLIeHKH NMOKa3bIBAlOT, YTO Npenen BO3MOXKHLIX n3meneHnuit O coctasnser 0,051,
a BenMuuHa F(Q) npH 3ToM MeHseTcs JHub BApoe, oT 1,08 no 2,15. YuurhiBas
06lLiy!0 HE 0YEHb BBICOKYIO TOYHOCTb NPOAENAHHOTO BHIBOAA U UCXO/HBLIX rapa-
METPOB, MOXKHO Oe3 yiepba 3aMeHuTs ee cpeiHuM 3HaueHueM 1,6.

Beanuuna F; npeacrasaser coboi OTHOLIEHHE BKIAJOB CHNbI TPEHHA U BECa
Marmbl B NOTEpH AABAGHUs HA y4acTke My3bipbkoBoro TeueHus. Ilpu Gapbotu-
PYIOLLEM pEXHUME, KOTAAa OTCYTCTBYET 30HA ra3oB3BECH, JTa BEIM4YHMHA BCerja
MeHblue 1 ¥ npuban3uTensHO paBHa (o, — p)/p, TAe p — CpenHss IUVIOTHOCTH

Marmb! Ha BCel WInMHe Kanana. Bonusu rpanuim Mexy 6apboTHpyrOLIMM U uc-
MEPCHOHHBIM pexuMaMM BenmduHa F; < 0,5 ¥ Moker npHOMIKAaTeCAd K 3TOMY
3Ha4eHHIO JIMIIb KOT/A BECh KaHall 3arojiHEH My3bipbKOBOH XKHAKOCTBIO U JUTHHA
ero Hesenuka. [IpuHaB pis BeNWUMHLL F; NOCTOSHHOE 3HAUEHHE, OH3KOE K MaK-
CMMabHOMY, M NOJCTaBHB €ro B (opMmymy 3.15 BMecTe co cpeiHHM 3HaYEHHEM
F(Q), nomyunm crelyiouiee HepaBeHCTBO:
1 2
Di = Unn3 £ <0,05. (3.16)
o

B neBoit yacti HepaeHcTBa 3.16 crout Gespasmepiiniii KoMiuieke, 0603Ha-
yeHHblil MHoIO paHee [Cnesun, 1972] 6yksamu Di, B npaBoil — €ro KpHTHYECKOE
sHayenue Di,,=0,05, onpenensiomee ycaosue ocylecTaeHns 6apboTHpylollero
pexuma. Ipu Di>Di,, BO3MOXEH OHUH U3 ABYX PEXHMOB — JMUCNEPCHOHHLIHA (ra-
30MEIUIOBBI) MM JKCTpY3uBHuIM. B paborax [Cnesun, 1972, 1995] ycnosue
Di > Di,, 6bU10 Ha3BaHO MHOKO He0OXOAWMBIM (HO HE JOCTATOYHBIM) YCIIOBHEM
OCYILECTBIEHNA AUCEPCHOHHOIO PEXUMa.

Crpyxrypa kpurepus Di iokasbiBaeT BIUAHHE K&XA0M U3 5 BXOAALINX B HErO
BEJMYMH. Bo3HHKHOBeHHMIO GapboTvpytolero pexumMa criocobCTByeT yMeHbLIe-
HHE CKOPOCTH NMOABEMA MarMbl, €e BA3KOCTH U KOJIMYECTBA ITy3biPbKOB B €AMHHLIE
obnema. KauecTBeHHO XapakTep BIMSHHA 3THX TpeX NMEPEMEHHBLIX A0CTATOYHO
o4eBHICH. MeHee OUeBHAEH XapaKkTep BIUSHUS BEHYMH @ U C: YMEHbLICHHE riep-



BOH M3 HUX U pOCT BTOPOH yBeJH4HBACT NTyOHHY NMOABIEHHS NEPBbIX My3bIPHKOB
¥, 3Ha4HT, BEPOATHOCTh MX 00BEANHEHHS NPH NOALEME AQ NOBEPXHOCTH.
Paccmotpum mnonpobHee BeIMYHHLI, BXoasilve B kputepuid Di. Ckopocte U
MOYKHO Ha3BaTh IMHAMUYECKHM NApaMeTpoM; colepikanue NeTYYHX ¢ XapakTepu-
3yeT COCTaB CHCTEMbI MO OCHOBHLIM KOMIOHEHTaM, ONpeAesiOoliuM aucrnepc-
HOCTh NMOTOKa; OCTAIbHBIE NEPEMEHHBIE — 1), /1 M & — CBs3aHbl CO CBOHWCTBAMM Be-
111ECTBA, [IPHYEM B OCHOBHOM XapaKTepH3yIOT CBOHCTBA KOHAEHCUPOBAHHOM (ha3bl
— CWIMKAaTHOro pacruiaBa. I1oCkoNbKY 3TH BENHYHHBI BXOIAT B KpHTepui Di kak
COMHOMXHTENH ¥ PY H3MEHEHWH THNA MarMbl OT OCHOBHOM K KUC/0H MEHSIOTCH B
1
OHOM HanpaBleHyH, MX KoMOuHaumio & =nn3a’ MoXHo paccmarpuBaTh Kak

e[HHYI0 00001IEHHYI0 XapaKTepUCTUKY KOHAESHCHPOBAHHOIO BELECTBA M 3anu-
cath Di KaK GYHKIHIO 3-X NEPEMEHHBIX:
. U
Di= --2‘; : (3.17)
Co

Pa3mepHocTh & — 006paTHas CKOPOCTH; KHCIILIM MarMaM COOTBETCTBYET BeJH-
ynna & nopanka 107 ¢/M, a ocHOBHBIM — nopaaka 107 ¢/m. :

Ecan B 3.17 BMecTo Di nOACTaBUTH €ro KpPUTHHECKOE 3HAYEHHWE, NOJNYYHM
ypaBHeHHe, CBs3bIBatOmee TPH niepeMenHbie — U, & U ¢; — M ONUCKIBAKOLIEE HEKO-
TOPYIO NOBEPXHOCTb. O6NACTb, PACNONOMEHHA HHXKE ITOH NOBEPXHOCTH, COOT-
BETCTBYET KOMOMHAIMAM NEPEMEHHbIX, MPU KOTOPhIX ocyliecTasercsa GapboTu-
pyrowwit pexxum. Ha pucyHke 3 nokasadbl CEYEHHMs 3TOH MOBEPXHOCTH NpH pas-
HeIX &. BuaHo, uro 6apboTupyrolumii pexxuM fomkeH npeobaaaars npy U3Bepice-
HHAX OCHOBHBIX MAarM U NOYTH HE BEPOSATEH JUIA KUCIbIX.

0.5
1 2 3

__g Qa4 4.0 f

5 o3l o Puc. 3. KputHueckast cKOpOCTh NOAbeMA
= A MArMbl,

g Kpussie ¢ 1-il no 5-10 ONUCLIBaIOT 3HAYEHHSA
8 0.2 Jofeofomr ol KPHTHUECKOH CKOPOCTH MOXLEMa MArMbl JUId
8 3uadennii £ or 10 10 107, coorserciento.
3 0.1 ffo oy 4 "

0 4 5

0 2 4 6 8 10
BecoBoit MpoLeHT NeTy4ux

B kauyecTBe OCHOBHOH NEPEMEHHOH, OMpefe/soWeN 3BOMOLHIO pexuMa,
yno6HO BbIOpaTh CKOPOCTHL NMogbeMa MarMbl U, W, yuuTbiBas 3.16 u 3.17, MOXHO



3aM1caTh yCJIOBHE OCyLecTBIEHHs 6apboTupyloLero pexiMa ciefyrommm obpa-
30M:

.
ay Dic'r-cﬂ

Usu,
g

, Di,, =0,05. (3.18)

3.3. lucnepcHONHBIH H SKCTPY3HBHBIH PEKHMBbI g

Koraa Di> Di, u 6apboTHpyrolinii pexuM HEOCYIECTBHM, MMy3bIPbKH B
Mpouecce pocTa JOCTUralOT COCTOAHMA, 6IM3KOTO K [UIOTHOH ynakoBKe, U Ha4u-
HaeTcs paspyuieHue oOpa3oBaBluelics NEHHOW CTPYKTYphl. i1 BO3HMKHOBEHHMS
AUCMIEPCHOHHOIO peXHMa Heo0Xxoanumo, uToObI 3TO paspylleHHEe NPOHCXOJHMII0
TIOJTHOCTBIO M CKOPOCTh TOTOKA rasa, BbICBOOOAMBILEroCs MOCE pa3pylieHus
newbi, Obia nOCTaTOMHA IS NCEBAOMKMXKEHUA 0OpasoBaBwMxcs yacTui, Kak
NpaBwilo, B CTALIMOHAPHOM MOTOKE Cpasy M0Ce Hauana paspyleHds MarMbl 3TH
YCNOBUS HE BBINOJHAIOTCA: MPOUCXOANT JIMILL YACTHYHOE pa3pyllieHHe NeHbl WIH
BO3HHKAET M0A00ME 3aChINKKA U3 YACTUHHO BHOBb COSAMHAIOLUMXCA YACTHLL — M0-
pucTas Macca, NMPOHM3aHHadA CBA3HOMN cHUCTEMOiA MUKpPO- H MakpOKaHalbiIeB, MO
KOTOpbIM JBMXETCH ra3 (“paspymatowasca nena”). ITo mepe naibHERIIEr0 Notb-
€Ma MarMbi 06beMHBIH pacxoa M CKOPOCTB rasa pacTeT M, HAKOHell, MOXET Mos-
BMTLCS ra3oB3seck. ECIIM CKopocTb rasa Aa)ke Ha BLIXOAE H3 KaHala OKa3biBaeTCH
HE J0CTATO4HOM, pa3pylualolnascs rneHa nocTynaeT Ha MOBEPXHOCTL B BHIE JKC-
TPY3HH.

BenvyuHa CKOpOCTH rasza, AOCTATOYHAS A NICEBAOOXKIDKEHHA, MOXKET ObiTh
HaliieHa, €CIM pacCcMarpvBarh paspyLIAlOHIyIOCA MEHY Kak 3achiKy OTYacTH
cannuxcs yacTui. OHa 3aBUCHT OT pa3MepoB YacTHLl M WX TUIOTHOCTH, a TaloKe
OT CWIIBI CUEIUICHUs UX Mexay coboii. Pacnpenenenne qacTi o pasmepam Gop-
MHpYETCst B 30He paspyLIeHHs] NEHbI U 3aTEM MOXET HECKONbKO MOAM(HLMPO-
BATHCA B 30HE ra3on3secH. OUEBMAHO, YTO YEM BbIlIE BA3KOCTL MarMbl U MHTEH-
CUBHOCTb npoLiecca (4To crnocobCTBYeT coxpaHeHnto 6osiee BbICOKOTO 1aBJIEHMS B
My3blpbKaxX H CYKEHHIO 30Hb! ApobneHus), TeM menbye OyayT dacThipl. B npene-
Je oM ByayT cozepkarh TOJBKO “CKOPIYHKH” MEXKITY3bIpbKOBBIX MEPErOpOaAOK.
ITnoTHOCTL TaKHX CKOPJIYNOK paBHa p;, HO opMa HX CIOKHAs, ¢ Pa3sBUTO no-
BEPXHOCTBIO, YTO YBENHYMBAET MX KOI(PPUUMEHT CONPOTHUBICHHA NOTOKY rasa.
KpynHbie 4acTHLibl, COAEPXKAINHE TOPbI, UMEIOT MEHbLIYIO IUIOTHOCTD, HO TOpa3no
Bonee BGau3Kyr0 kK M30MeTpHHHOR GopMy 1 MeHbIIMIt KOIDOUIMEHT CONPOTUBIIE-
HUA. B pansHeHUIMX BBIKIAaJAKaxX W pacuyerax pealbHas NOJMWANCIEPCHas B3BECh
3aMeHAETCHd MOHOIMCNEPCHONW (C WCMONIB30BAaHWEM IPOLEAYPBl YCPEAHEHMS,
npeanoxeHnoi asTopoM [Crnesun, 1980 a]), ¢ yacTHLaMK, HMEIOIHWMH COOTBET-
CTBYIOLILYIO CPENHIOK IIOTHOCTH U KO3(dUUMEHT conpoTHBIEHUS pasHbiii 1 (B
COOTBETCTBHMH € 3kcnepuMenTamiu [Walker et al., 1971]).



O6beMHas aona cBo0OHOTO rasza, COOTBETCTBYIOLIAA Hayaly ICEBIOOMHKE-
HMsA — &, , JUI OAHOPOAHKIX cep pasHa 0,4 [[leBuacoH, Xappucon, 1965]. Iloutu
Takas e Benuuuna (6,= 0,44) Obi1a 3KCIIEpUMEHTAILHO NMOJTy4YeHa KaK CpeaHee U3
CEepHH OIBITOB A1 €CTECTBEHHOTO 06pa3iia NMPOKIACTUKY (3aNOIHUTENT HPOK-
NacTHYeCKOro notoka) [Anuaubupos, Kpasuenko, 1988]. I'panuue mexnay dkc-
TPY3HBHBIM M AMCMEPCHOHHBIM PEXHMaMM H3BEPKEHHA OTBEHaeT Hauyano Mces-
JOOXIDKEHUS Ha:BBIXOJE W3 KaHana, TAC JAaBeHHE CHIWKAETCA [0 aTMocdhepHoro
(po) 1 IWIOTHOCTL Ta3a CTAHOBUTCA PAaBHOM pg, . CuHTas, 4TO K 9TOMy MOMEHTY
BECh a3 BLLAEIWICA B CBOGOAHYIO a3y, HalieM ero CKOpOCTh M3 yCIOBHs He-
MPEPbIBHOCTH:

_Upiey (3.19)

u "
§ P gaao

CkOpOCTB HaCTHIL ¥, ONIPENENHTCA KAK Pa3HOCTb u, ¥ TEPMHHANBHOMN CKOpO-
CTH ¥, YaCTHLBI CpelHero auametpa d,. EcnM yyecTh CTECHEHHOCTh MOTOKa
(BAMAHME COCENHMX YacTHL) MyTEM YMHOXKEHHMA Ha KoddduumeHT k(Sp), mid u,
MOTY4HM BbIpKEHHE:

dgp.d
u, = o Bpeny (3.20)
3P0

HHueke p Be3lle OTHOCHTCA K BEITHYHMHAM, XapakTepH3YIOIUHMM YacTHIL,
Po=p{1— P), rae f — nopHucTOCTh YacTull. CKOPOCTH YaCTHLL B CTALIMOHAPHOM pe-
*HME TAKOKE JODKHA YJOBIETBOPATh YCJIOBHIO HEMPEPLIBHOCTH (MOTOKA HENETY-
4Yero KOMIOHEHTa):

u = Up,
p o -
Pp (1~ 60 )
Ecnn 0603HauuTe CKOPOCTH rasa, HeOOXOIMMYIO WIf OTpblBA HACTHUbL, —

u(F), rae F, — yCHHe OTpHIBA YaCTHLb], YCIOBHE TOABJIEHHS ra30B3BECH HA Bbl-
X0 M3 KaHalia 3amnuiueTcs Tak:

Uy Zup(5°)+u,(50)+u(Fp). (3.22)

(3.21)

Tpu cnaraemeix npaBoit yacT 3.22 HepaBHOLEHHBL. BTopoe — u, — 3aBHCHT
TOJILKO OT pasMepa M IUIOTHOCTH YacTHULbL, B TO BPEMS Kak MEpBOE — i, — ONpele-
JIeTC CKOPOCTBIO NOABEMA MarMb! M HA YpOBHE AHCNEPTHPOBAHUS MOYTH JUIS
BCEX HacTHL AOMKHO ObITh 3HAYMTENBLHO MEHbLIE BTOPOro. [lns Gosiee unn Mexee
TOYHOMH OLIEHKH TPEThErO ClIaraéMoro B HAacTOALLEE BPEMS HET AAHHbBIX, OHO MO-
KET OBITh Kak 3HaUUTENILHO MEHbLILE BTOPOTO, TaK K 3Ha4YUTENLHO Gonbine. Takum



00pa3oM, B nepBOM MIPUOIIDKEHHH IEPBbIM CllaracMbiM MOXCHO Mperebpeds, a s
TPETLETO PACCMOTPETh BO3MOXKHbBIE KpalHHe CclTyyau.

I[Tonoxwus B HepaseHcTBe 3.22 nepBoe ciaraéMoe npaBoil 4acTH paBHbIM 0 U
roacTaBuB B Hero 3.19, 3.20 u 3.21, pa3pewinm ero otHocuTensHo U:

5 dgp.d
U>2Pe| 17800% ) +u(F,) . (3.23)
PiCo Pgu

Ecny ycunue oTpbiBa YacTHLl 3HAYUTENBHO MEHbILE, HYEM YCHIIME, HEOOXOH-
MOE IS NOAEPKAHMA MX B COCTOSIHMM NCEBAOOKIDKEHUA, U 1ocne apobnenus
4acTHLLI HE CITMMAIOTCA, MOXKHO TTOA0XKHTH 4(F,)=0 1 3.23 nepenuiuercs Tak:

8ok(8,) [48Pea (1-B)d,
Co 3p; .

Ecnu xe YCHWIHE OTpbIBA 3HAYUTEIBHO MPEBOCXOANUT YCHITHE TICEBAOOKIDKE-
HHs, TO Hpﬂﬁﬂh}l{eHHO MOXHO 3aliucarThb:

Uz (3.24)

)
U » Q0P u(F,). (3.25)

[Mpu HesbimoNHEHWH ycnoBus 3.23 uny ofHOro W3 ycnosuii 3.24 u 3.25 ocy-
LLECTBIIAETCH IKCTPY3UBHbLINA pexcumM. JA OLEeHOK U aHau3a MoJACTaBMM YHCIICH-
HbIEe 3HAYEHWs HEKOTOPhIX BelIM4HH B 3.24: &) = 0.44; k(5) = 0,1 (cornacHo dKcrie-
pPHMEHTANbHBIM JaHHBIM [AnumnbupoB, Kpaeuenko, 1988]), pr = 2,5 r/en’,
Pea= 210" r/em’ u B = 0,5. TTocsie NOACTAHOBKH MOMYYHM:

v (3.26)

Co

rae d, B cM 1 U cm/c. TToacTaenas B 3.26 paznnuHeie HAOMOaeMbl€ 3HAYCHHA Cp U
dp,, HalineM, 4TO NP OTCYTCTBHH CIMIAHUA MY CLETUIEHUS YaCTHIL 1S OCyIIecT-
BJIEHUS DKCTPY3MBHOTO PEXHMMa CKOPOCTh MOAbeMa MarMbl J0DKHA OBITH OKOJIO
0,1 cm/c uny mexee. OLIEHKH peanbHbIX CKOPOCTEl Ha W3BEPMEHHUAX NOKA3BIBALOT,
4TO COOTBETCTBYIOWIan BelnuynHa U 06bIuHO, mo-BMAMMOMY, Oonblie — nopsaka
HECKOJIBKUX AECATBIX CM/C, TO €CTb PONb CIIMIIAHKA NOCTATOYHO BETHKA.
TIpHpaBHAB CKOPOCTHOW HAarop YCHIIMIO OTPbIBA F,, MOXHO BbIPa3uTh #(Fp)
uepes £, ¥ Mony4uTh U3 3.25 npubmnKeHHOe BLIp@KEHHE, aHalornaHoe 3.26:

[F
U > m—", (3.27)
C a’p

0
rae Bce BenuuuHkel B cucreme CGS.



Vcwine OTphIBa Y4acTHIbI [IPH NPOYMX PAaBHBLIX YCJIOBUAX PAcTeT C POCTOM ee
pa3Mepa HeCcKOJIbKO ObICcTpee 3Toro nocieaHero, no3ToMy npasas 4vacte 3.27,
TaK)€ KaK W rpapas yactb 3.26, 3aBHCHT OT d He CHIbHO. JInsl rpyObIX OLEHOK
BMecTO 3.26 1 3.27 HanueMm:

Uj=—, (3.28)
Co
rae, ecnu Uy u3MEpAThb B CM/C, A MOXKET UMETh 3HAYEHHA OT A 107 st Menkux He

cAMnaoMXes yacTuil 10 ~107' Ans YacTHL ¢ yCHnHeM OTPbIBA, 3aMETHO NpPEBbi-
LIAIOIIMM HX BEC.

3.4. BzaumMoOTHOIIEHHA TPeX OCHOBHBIX PEeXKHMOB

OOveauHss BCE NOJYUEHHOE B 3TOM pasjiene, YCIOBHA OCYLIECTBAEHHS Kaxc-
JI0T0 U3 TPEX OCHOBHBIX PEXHUMOB M3BEPIKEHHS MOXKHO 3aNucaTh B BULE TabNuLbI
(Tabén. 1).

Tabanua 1
Ycaosus 0CYLUEeCTBNEHHHA OCHOBHEIX PEXKHMOB HIBCPKEHHA
VCJIOBME: U> U, U<Up U>U, U<U,
PEXHM
Bapborupyrouu1in - + 0 0
DKCTPY3MBHBIA + = - +
JincnepcHOoHHbIH + - + .

+ — YCNOBHE JOMAKHO BBITOJIHATLCS; - — YCAOBHE LODKHO HE BLIMIONHATLCS;
0 — ycnoBue Oe3pasiiuiHO.

O6bnacty CyuecTBOBaHHS PEXHMOB 110Ka3aHbl Ha PUCYHKC 4 rpaduiyccku.

10
UCNepPCHOHHBIA
8 | A p&mm U'D
S 6 ||V,
2. Puc, 4. Kapra pe:kHMOB H3BeDikeHNA
-~ 4 O0nacTil CYLIECTBOBAHHA PEIKHMOB: JHCTIEPCHOH-
IKCTPyauBHLIA HoTO;, OapfoTHpYIOILETrD, JKCTpy3lBHOO  (*).
2 PEXKIAM . Bocxonaimas kpupaa (Up) paccuurana no gopmy-
. Eapﬁg’;‘ﬂfﬁm‘““ ne 3.18 npyu £ = 5:10~cm; nmexonamas (Uy) — no
0 ] popmyne 3.28 npu 4=0,01. DT napameTpsl COOT-
0 2 4 5 8 40  BCTCTBYIOT MArMaM CPEAHENO COCTaBa

CopgepxaHue netyuux, %



Puc. 5. 3aBHCHMOCTE PEXHMOB HIBEPIKEHNA
OT CONEPXNKAHHN JIETYYHX KOMIIOHEHTOB B
Marme, CKOPOCTH €€ noAbeMa i napamerpa £,
FpouymeposaHubie kpigbie ¢ 1-#t no 5-10 coot-
BETCTBYIOT Bennunnam £ ot 107 1o 107" ¢o/m (ot
OazanwroB 10 puonuros). Kpusas Uy (cnanaro-
111a%) TaKas ke, KaK ¥ Ha pUCyHKe 4

JAng Menkux He CIHnalmMxcs
vacTuu kpuBas U, npoiaeT HECKOILKO
HIXKEe, YEM Ha pUCYHKe 4, a B ClIyuyae,
KOraa yCWIHe OTpbiBa HacTHL 3HAYH- 0 2 4 6 8
TENLHO Bbille, Kkpusas Up MOMET Copepxatue netyqnx, %
UMETh OYEHb pazHbie HakiloHbl. Koe
4YTO MOKAa3aHO Ha PUCYHKeE 5.

I'ndns Ha PUCYHOK 5, HETPYAHO 3aMETHTh, YTO B MpUHLMNE MoO0H pexum
BO3MOXEH NPH U3BEPKEHUH BYJIKaHa C J00bIM THITIOM MarMbl, HO OTHOCHTENbHbIE
BEPOSITHOCTH MX CWILHO pasiuuatorcs. ¥ 6a3anbsToBbIX BYJIKAHOB pe3ko npeobna-
naet 6apOOTHPYIOLLUIA peXXiM, TUCTIEPCUOHHBIH BO3MOXKEH JTHLIb TIPH MAJIoM CO-
IEPKAHWM IETYYUX W CPABHHUTENIBHO BLICOKUX CKOPOCTSX MOAbEMA MarMbi, a 3KC-
TPY3HBHbIA MPaKTHYECKH HE BO3MOMKEH, TAK Kak TpeOyeT comepkaHus JIeTydHx
menee 0,3% nio macce. Y KHCIBIX BYJKaHOB, Ha060poT, pe3ko npeobragaer auc-
MEPCHOHHBIN pPEeXHM, B LIMPOKOM AHAra3OHe COmepKaHUH JETyuHX BO3MOXKEH
IKCTPY3HUBHBIH PEXUM H O4EHb MO BeposTeH 6apboTHpyrOILHii.

CxopocTb nogbema marmel, cm/c

3.5. Hexoropbie oleHKH VISl KOHKPETHBIX H3BEPIKeHHH

Tonbaunk 1975-1976 rr.

370 U3BEPKEHHE, B U3yYEHHH KOTOPOT0o aBTOp MPUHUMAa aKTHBHOE yyacTHe,
JIETanbHO OMUCaHO B CTaThAX [@enoToB M ap., 1977, 1978] U KONNEKTHBHOH MO-
norpagun [boneiuoe..., 1984]. OHO npoucXoAuno B /ABa 3Tana, NOMYYUBLIKX Ha-
3panue Ceseprozo M HOxcrnoeo ITpopeigos, KOTOpble ObUIM pazHECEHBbl NPOCTPaH-
CTBEHHO WM PE3KO pasnuyanuce rno pexumy. Ha KOxnom IlpopbiBe Habmoaancs
MCKTIOYHUTENBHO DapboTupyloLit peskum (utacCHYeCKHil cTpoMboManckyii), Ha
CeBepHOM MOYTH BCe BpeMs MMEJl MECTO AMCMEPCHOHHBLIH pexuM, NpUHEM Ha
JOBOJIBHO GONBIIMX MPOMEXYTKAX BpeMEeHH OH OTIHMYANICH 3HAYMTENBHOH cTa-
OunbHOCTLIO. HekoTopsle cpeaHue XapakTepHCTUKN 060HX NPOPLIBOB MPHBEAEHb!
B Tabnuue 2.



Cpeanne xapaktepucTHiH ussepaenns Tonbaunka B 1975-1976 ronax

Tabauua 2

Uwe | g Mlac| m,m> | ¢ |aTa™"? Aoy M | pp, kr/M*
Cesepupifi [Tpopeis | 0,15 10° 310 0,09  310° 0,01 1500
10xuuiii [Tpopsis 0,02 100 310 o001 310° . -

ITpuBeseHHbie B TabHie 2 BelMUMHbI ONPEICAANINCE CIENYOIAM 00pasoM.
Ckopocts U nonyyanachk A€N€HHEM CPEJHEr0 MaccoBONo pacxoja Ha IUIomaapb no-
NEpeyHOro CEeYeHUs KaHaua M IUIOTHOCTE pacmiasa. [lnomanb nonepeyHoro cede-
HHS KaHala OTipeesulach Mo UMHE ¥ PaCKPhITHIO TPELUMHBLI B Hayase U3BEpXKeHUs
M MO AWaMETPy OCHOBaHMWA LMAMHIAPHUECKOH cTpyu Ha CepepHoM IIpopbise wim
oMaMerpy skepna Ha IOHOM — BriocaeacTBUH. OTHOCHTENLHO BA3KOCTH Marmsl, B
KaHane TPUHUMAIUCh MUHUMAJIbHBIE 3HaYEHHUS BA3KOCTH, W3MEPEHHBIE HA J1aBOBbIX
NOTOKax IIPH UX NEPBOM TOABACHUH Ha NOBEPXHOCTH 3emiu. MaccoBas aoms nety-
4ero KOMMOHEHTA, KOTOPLIH CuMTaics BOAOH, — ¢ — OLCHHBAIACh N0 pacxo/aM rasa
M KOHACHCUPOBaHHOM (pa3bl, KOTOPBIE ONPENENsUIMCh PadIMYHBIMM criocobamu B
pasubix ciydasx [boneuoe..., 1984; Crie3u, 1987]. Koanyectso my3pipbkoB B €1U-
HH1Lie 00bEMaA /7 HAXOAMIOCH KaK Ha OCHOBaHMM MpAMOro obMepa 06pa3LoB LiUTaKa,
TaK U C UCMOJB30BAHHEM 3aBUCHUMOCTH TUIOTHOCTH 4aCTHIL LIUTAKA OT HUX pa3MepoB.
Cpennuit pasmep uactull HaxoAwics [Caesun, 1980] ¢ ucnons3oBaHHEM AaHHBIX
rPaHyIOMETPUM NHUPOKIACTHYECKHX OTJIOKEHHH, puBeAeHHbIX B pabotax [Byauu-
kOB K np., 1978; Manees, Banne-Kupkos, 1978]. InoTHOCTE pacrinaBa NpHHHMA-
nack paBHoit 2700 Kr/M’ U IIOTHOCTS I'a3a Ha BLIXO/E B atMocdepy — 0,16 kr/nm’.

Pacuet paer ana FOxuoro IlpopeiBa Benuuuny Di = 0,005, 4To HaA nOpsmoK
MEHBILE KPUTHYECKOH M COOTBETCTBYET yCTOHYMBOMY OapboTHpylOLIieMy pexu-
my. Jiia CesepHoro Ilpopeisa Di = 0,1, 4T0 COOTBETCTBYET AMCTIEPCHOHHOMY
pexxumy. B aTOM ciryuae esinuMHa D/ NpeBbILIAET KPUTHYECKYIO JINLLbL HE HAMHO-
ro. [lockonbky B KpHTEpHH MOJCTABNIAINCH CPEAHME 3HAYEHHS TApaMeTpoB, W3-
MEHEHUS Pacxoaa Ha OTAENBHBIX 3Tanax M3BEpKEHHS MOTIH NMPUBOAMTHL K uepe-
[OBaHUIO pekuMoB. [TonoOHas wecTaOWIIBHOCTh AEMCTBHUTENBLHO HAOMOAANACh
Omke K KOHL H3BepkeHns CeBepHoro [1popeisa.

B uenom MoxHO ckasath, 4ro npumep TonbauMHCKOro W3BEpXKEHHS MOJ-
TBEPXKAAET TEOPHIO.

CenTt Xenenc 1980 r. u Besbimannbiii 1956 r,

HeransHoe onycanye u3BepkeHHa Byskana Cent XeneHc aaHo B pabote [The
1980..., 1981]. HayaneHas cTaumns H3BEpIKEHNS BIOYANA B CE0S yMEPEHHBIE SKC-
103K M nedopManny nOCTPodkM. 3aTeM MpoM3OLII0 KpyriHOMaciTabHoe 06-
pyuieHHe NOCTPOHKH, CTIPOBOLIMPOBABILIEE MOILHBIN KOCO HanpaBieHHbIA B3phIB,



NnocJe Yero nocieaoBaia OCHOBHas CTaANs rasonupoKIacTUYECKOro IIHHHAHCKO-
ro M3BEpIKEHHs, KOTopas MpoaosDkanace 9 4acoB B AOCTaTOHHO CTAOMIBHOM pe-
xume. [TpuMepHO uepe3 TpH Heaenu rocje OCHOBHOM CTaaui Hauyanochk BhIAABIIH-
BAHUE IKCTPY3UBHOTO KyIoJa.

3a 9 4acoB IUIMHMAHCKOM AEATENLHOCTH ObLno BhiGpoweHo 0,25 kM’ roBe-
HWIBHOTO Marepuana (NPUBEAEGHHOTO K IUIOTHOH MarMe ¢ [LUIOTHOCTBIO
2600 kr/M), Tak 4TO Cpeaumit pacxoa cocTaBun 0koso 8000 M/c. B Hauane pocra
3KCTPY3MBHOTO KYMOJa pacXoj COCTaBMsI okono 8 MY/c. JInA rmimMHMaHCKoOMH cTa-
JIMU CKOPOCTBH MOJbEMAa MarMbl M, COOTBETCTBEHHO, IUIOLIAML CEYeHUs KaHana
ObInK HalieHB! MHOI Ha OCHOBE aHANM3a XapaKTePHCTHK ra30NMpOKIaCTHYECKOH
ctpyu [Cne3un, 1991]. Dra ckopocTb yyTh Gonbtue 1 M/c. COOTBETCTBEHHO, Mak-
cUMalhHasA CKOPOCTh Ha IKCTPY3MBHOM ctaguu 6nuska k 0,1 cm/c.

HcxonHoe cogepkanne B MarMe pacTBOPEHHOH BOJIbI, ONpeAesieHHoe no ¢a-
30BO-MUHEPAIBLHBIM PABHOBECHAM BO BKIOUeHMsX, ¢y = 0,046 [Rutherford et al.,
1985]. ObpaboTtas naHHble 1O rpaHyJOMETPYECKOMY COCTaBY W PacCEesHHIO M-
poKiacTHkY, npuseacHHble B pabote [The 1980..., 1981}, Haitnem cpeauuit pasmep
4aCTHUbI B 3pyNTHBHOM cTpye: d, = 0,1cMm.

Pacuer no gopmyne 3.18 nokasbiBaet, 4t0 Uy, HAMHOrO MeHbIE 1 M/C Mpu
moGeIX npuemieMsix i MarMbl CeHT XeneHca 3HadeHusX &, TO €CTh Teopus
OAHO3HAYHO YKa3bIBAET HAa AMCNEPCUOHHBIH pexxuM. Pacuer BenuuuHel Uy oTae-
nsomeii IMCNepCHOHHbIA PeXHM OT KCTPY3UBHOTO, 10 (opmyne 3.28 naer Be-
nuuuny 0.07 cm/c, koTopas npuMepHo B 1,5 pasa MeHblle MakCUMaIbHOH, Oue-
HEHHOMW nO JaHHbIM HabmoaeHuit Ha u3sepceHHH. Pasnnune Haxoaurca B nipese-
JlaX TOYHOCTH Kak TOMW, TaKk U OPYroi OLEHKH, TaK 4TO MOXKHO TOBOPHTL O COBna-
AeHHU BeNWYnH. Ecy ke ero cYuTaTh 3HA4YMMBIM, OHO MOXET yKa3biBaTbh Ha Cy-
LIECTBOBAHME 3aMETHOIO YCUIMS OTPBIBA HACTHLL ITPH NEPEXO/IE K ra30B3BECH.

B cooTBeTcTBUM C AAHHLIMU MOCIEIHEro MEepensydeHHs OTIOXKEHHH HM3BEp-
eHHs ByJkaHa bessiMaHuoro 1956 rona [Belousov, Bogoyavlenskaya, 1988] oHo
pa3sBMBANOCh B OCHOBHOM 1O TOMY € CUEHapHio, 4TO U u3BepxeHue CeHT Xe-
JieHca 1980 ropa. KonmyecTBEHHBIX AaHHBIX 10 3TOMY H3BEPKEHHIO 3HAUUTENBLHO
MEHbILIE, HO HEKOTOpBIE OLIGHKM C/esiaTh MOXHO. HcxonHoe conepikaHue pacTBo-
pexHo# Boapl, cornacHo [Kamuk u gp., 1986], coctapaseT or 5 10 6 rpOLEHTOB,
CpenHMI pa3Mep 4acTHL NPUMEPHO Takoil e, kak y Cent XeneHca. Otcroaa 1a-
KOM e oskHa ObITh ¥ BennuuHa U, . CpeHHi TeMIl pocTa JKCTPY3HH 3a lepBbie
3 Mecsla COCTaBWI NPUMEPHO 3 M’/c. MOXKHO NpeanonaraTh, 4T0 B NEPBLIE THH
TEMIT POCTa IKCTPY3HUH ObLI BbiLle, OIM3KUM K TOMY, KOTOpbii Habmoaancs B aHa-
norudHelilt neproa Ha CeHr Xenence. B uenoM HabniomeHus Ha besbiMAHHOM
TaKKe MOATBEPCAAIOT TEOpeTHHECKHE pe3ynbTaTel. Pasmimiue, no-BUauMoMmy,
AL B TOM, 4TO KynoJ Ha Be3pIMAHHOM Hayall pacTH MpakTHUECKH cpasy nocle
npeKpaieHns IIMHUAHCKOM a3k, B To BpeMs kak Ha CeHT XeneHce — yepes TpH
HEeZIENH nocJe Hee.



['JIABA 4.

Teopus AHCcIIEPCHOHHOIO pexXUMa

4.1. IlocTanoBKa 3aJa4H H cn0ocod pemieHus

4.1.1. Du3zpyeckan MOCTAHOBKA

KoHkpeTHas MOCTaHOBKA 3a/la4M BBITTIANNT ClIEXYOLUHMM 06pazoM: Mo BEpTH-
KaJIbHOMY KaHany JBWKETCA MOTOK MarMbl NOJ NEWCTBHEM W3BECTHOTO mepernana
naBjieHus; TpeOyeTcs ONpelennTh THI W3BEPXKEHMS, HAWTH MacCOBBIA pacxof,
CTPYKTYPY M CKOPOCTb NOTOKA Ha BBIXOJIE U3 KaHana sl TOi Wi MHOH koMOHHa-
LMK napameTpoB cicTeMbl. Kputepuu Ang onpeneieHus THIA W3BEPXKEHHA TIOJTY-
yexsl Bollie. OcoGoe BHUMaHKe B paboTe ynensercd IUCNEPCHOHHOMY PeXHMY,
TaK kak 370 Haubosee CIOXHBIH ¥ Hanbojee NpakTHYECKU BaXHBINM ciryvaid. [pu
JMCTIEPCHOHHOM DPEXHME HM3BEP)KEHUS B KaHale MpUCYTCTBYIOT 06€ OCHOBHBIX
topmbl nByx}a3zHOro NOTOKA — XHUAKOCTHAA ¥ AUCNEPCHas, — 4To 00y CIOBIHBAET
0COOEHHOCTH €ro AMHaMH4ecKoro rnopeaeHus. C IHCNEPCHOHHBIM PEXHMOM CBS-
3aHbl HauboJee onacHble KaTaCTPO(HUUECKHE UIBEPIKEHHA.

ITepevucauM ynpoiaroimme N0NyLWEHHs, NPHHAMABILMECS NIPH KOHKPETHOMH
3aliCK YpaBHEHWH: 1) CTALMOHAPHOCTE; 2) U30TEPMUYHOCT; 3) OHOMEPHOCTH;
4) paBHOBECHOCTb 0OMEHA HMITyJILCOM M Maccoil Mexxay dasamu Ha BCeM TpOTS-
KEHHU KaHana, 5) ra3op3Bech MOHOIWCNEepcHas u 6eccTOnKHOBHTENbHas; 6)
TUIOTHOCTb KOHAEHCHPOBAHHOMH (asbl HE 3aBUCHT OT COJIEPXKaHUA B HEM JIETYYEro
KOMTOHEHTa; 7) KOHAEHCHPOBaHHasA (haza CYWTAETCA HECKUMAEMOM, a ra3 uae-
anbHbiM; 8) HykIeais My3blpbkoB ra3oBoi dazbl HauWHaeTcs cpasy [0 JIOCTHKe-
HHH yCJIOBHH HaChILIEHUs, 3aBEpLIAETCA Ha NPEHEOPEKHUMO MaJIOM 10 CPaBHEHHMIO
C MOJIHOM JJIMHON KaHajia 0Tpe3ke, U B Ja/IbHEHLIEM KOMYECTBO My3bIPLKOB OC-
TaeTcA TMOCTONHHBIM. OCHOBHBIE NOMYHIEHHS M3 TMEPEYMCIEHHBIX BhIlE ObiNu
obcyxneHsl paHee, apyrue, Hojee yacTHble, ZOMyLIEHNs 00CY MM MO X0y M3JIO-
JKEHHUS.

4.1.2. Cucrema ypaBHeHRi

MaremaTiyeckoe ONMCaHHE NOTOKAa MarMbl B KaHaie BYJKaHa BKIKOYAET B
ceba: 1) ypaBHeHHs, BbIpaXatouide OCHOBHBIE 3aKOHBI COXPAHEHMS: & ~ MAcChl —
YPaBHEHHA HENpPEPHIBHOCTH AN KaXIOro W3 KOMIOHEHTOB, 6 — uMIyibca,
B — DHEpruy; 2) ypaBHEHHA COCTOMHMA AN Kaxnoi dasbl U 419 CMECH B 1IEJIOM;



3) ypaBHeHus1 B3aumopneicTBua Mexay daszamu — obMeHa Maccoi, SHepruei u
umnysLcoM. K ypaBHeHHAM 100aBnsiOTCs rpaHHYHbIE YCIOBHA Ha KOHIIaX KaHana
W YCIIOBHA Ha IpaHUlax 30H ¢ pasHo#i CTPYKTypoii notoka. [Ipeanonoxenue o6
W30TEPMHYHOCTH MOTOKa U 06 OTCYTCTBUHM OOMEHa C OKpYXaKuIel nopono ye-
pe3 CTeHkH kaHana rnosBonser oboliTucs 6e3 ypaBHEHHH COXPaHEHHS SHEPIUH U
obMeHa >Hepruei Mexay daszamu. Bee ypaBHeHHA, BeIpaKaIOLIAE COBOKYNHOCTD
3aKOHOB COXPaHeHMs U “THnoTesbl 3aMbikaHua”, OyaeM cpa3sy 3anuchbiBaTh C yue-
TOM BCEX CHOENAHHBIX YAPOMIAIOIMX MPEANONOKEHHUH, B COOTBETCTBHUH C MOAXO-
JI0M, PEKOMEHA0BaHHbIM B [Maypun, 1989]. B o6iiem BHIE CHCTEMa ypaBHEHHMH
MOXET OBbITh 3anucaHa Tak:

(pu),, = Const

4.1

(pu), = Const “.1)
dp =dpy +dp, +dp, 4.2)
Pg=pPg(P)
pr=p; (p) ) (4.3)
p=p(p.pg.p)

cl ’
¢=ap’ upn p<—= (4.4)

a

2
C=Cy Ipu p2 i‘;-
u, —u = F(P). (4.5)

3nech 0603HaUEHO: p — NABIEHUE, ¥ —~ CKOPOCTb, 0 — IUIOTHOCTD, YNOTpEGIe-
Mbie 6€3 HHAEKCOB 3TH BEIHYHMHBI XapakTepu3yloT OByX(a3Hylo CMECh B LIEJIOM; ¢
— CONEPXaHME JIETYYero KOMMOHEHTA B KOHIEHCHPOBAaHHOW ¢a3e; ¢y — MNOIHOe
Coziep:kaHue JIETYHero KOMIMOHEHTa B UCXOAHOi MarMme; a ¥ y — MOCTOAHHbIE, 3a-
BHCALUME OT POAA MarMbl M A¥ana3oHa JaBleHHH, V1A KUCIBIX U CPEAHIX MarM
nasnenmit 1o 34 k6ap obbMHO NpUHEMatoTCA 3HaYeHHa a = 0,0013 Gap™” u =
0,5; P; — pa3nnuHbie NapaMeTpsl NOTOKA, OT KOTOPHIX 3aBUCHT 0OMEH MMITYJIbCOM
mexny Qasamu. MHnekcel: st, # ¥ d 0003HaYalOT NOTEpH JABIEHUA CTATHYECKUE,
AMHaMH4YECKHE U JAKCCUIMATHBHbIE, COOTBETCTBEHHO; /7V — HEJIETYYUH KOMITOHEHT;
v — JIETYuHii KOMIIOHEHT; g — ra3osas (aza; / — KOHACHCHpOBaHHas da3a.

4.1 — ypaBHEHHS HeNpepLIBHOCTH, 3aNUCaHHbIE B YCIOBHOM dopme; 4.2 —
YPaBHEHUE HMITYNIBCOB; 4.3 — ypaBHEHHs COCTOSHUA IS KaXIoH 13 (a3 v cMecH;
4.4 — zaxoH macc obMeHa Mexy dazaMu (paCTBOPMMOCTH JIETYYETO KOMIIOHEHTA
B HENETyuem); 4.5 — xapakrepu3yeT paclipeeNeHue ummynbca Mexay dasam.



KonkpeTHblif BMR ypaBHEHH 3aBUCHT OT CTPYKTYpbl moToka. Hipke mpHBo-
IATCA 5TH ypaBHEHMA, 3aNTMCaHHbIE C MCIIO/IB30BAHHEM “HCTHHHBIX CKOPOCTEH H
IUIOTHOCTEH (das.

B 30HaXx, rae NoTok OXHOCKOPOCTHOM, ypaBHEHHE HENPEPbIBHOCTH 3aMUCHIBa-
€TCA OJIHO:

pu=pU. | 4.6)

TaM, rae ckopocTd (a3 pasnuyHb! (30HB paspyrualoLIeiics NeHbl ¥ rasoB3Be-
CH), 3aNHCHIBAETCA MO OAHOMY YPABHEHHIO HETIPEPBIBHOCTH JUIS KOO KOMIIO-
HEHTa:

u(1-c)(1-B)(1-6)=U (I1-¢p)
pgugd + pgt B(1-8)+ pyujc (1- ) (1-8) = p,Uc.

3nreck B — nopucTocTk YacTHL (06beMHad oM1A ra3oBoH (asbl, 3aKMIOYEHHOM
B YACTHLIAX, ABMKYIIENCT C HX CKOPOCTBIO); & — 06beMHas fonsa cBOGOAHOro rasa
B notoke. Bo Bropom ypasHeHuH 4.7, 3anMcaHHOM IJIA JIETYYero KOMMOHEHTA,
TEPBBIif WIEH N€BOH YacTH COOTBETCTBYET MOTOKY Macchl B cBOOOAHOH ra3oBoi
(aze, BTOpOii — B My3blpbkax 4acTHll, TPETHH — B paCTBOPEHHOM BHMIIE B KOHHEH-
cMpoBaHHOH ¢pase. Bropoli uneH BToporo ypaBHeHHs 4.7 3HaYMTENILHO MEHbILIE
OCTaNLHBIX, H B GONBIIMHCTBE Cy4aeB MM MOXKHO IpeHedpeub.

VpasHenne UMITynecoB 4.2 uMeeT BUR AW(QEpEeHLMAIbBHOIO YpaBHEHHS,
ONKCHIBAIOIErO W3MEHEHHWE NaBlEeHMA BIONL kaHana. Ecnu obo3HauyuTs BEpTH-
KaabHyIO koopauHary OykBo# A, HanpaBuB e€ BHH3, U NOMECTHTL HAYaN0 KOOp-
JMHAT Ha BBIXOAE W3 KaHajla, KOHKPETHBIE BLIPAKEHHS MJIA €r0 WIEHOB MOXHO
3aMucarh CIEIYOHHM 06pasoM.

IMepebiii W BTOPOH 4ieHb! NpaBoii YacTH 3aMHCHIBAIOTCA ONMHAKOBO BO BCEX
30Hax KaHana:

dp,, = p gdh (4.8)

@.7)

dp, = —p,udu . 4.9)

ViHepimoHHbIH uneH 4.9 NpakTHYECKH YUUTHIBACTCA TONBKO B 30HE ra3oB3Be-
CH, TaK Kak B OCTalbHLIX 30Hax OH npeHeOpexumo masn. Tpetuit (auccunaTue-
HbIH) uneH npagoii yacTu 4.2 B 061aCTH XKHIKOCTHONO TeYeHHs (MEPBLIE TPH 30HBI
OT OYara) UMeeT BHI;

dpy =G—dh, o =— . (4.10)
o



BenuiuHy o Ha30BEM MPOBOAMMOCTBIO kaHala, b — XapaKTepHbili ronepey-
Hblii pasMep kaHana (s LeneBoro — ToMiMHa WenH), 77 — BAaskoctb, G — koad-
(GHUMEHT, y4MTHIBAIOMMA QopMy NONEpeyHOro CeYeHHA KaHana (Uis LIeTH
G = 12). BA3koCTb B OCHOBHOM CEpHH pacyeToB BIJIOTh 10 Hayalia paspylleHus
NEHbl CYUTAETCS MOCTOAHHON — HE YYUTHIBAETCA KaK €€ POCT BCIAENCTBHE MEPEXO-
Ia BOIbI U3 pacTBOpa B ra3oByio a3y, Tak u ee CHIKEHHE IPH YBETHUEHHH KpaT-
HOCTH MeHbl B 30He paspyluenud. (ITocnennuii 3¢deKT YaCTHYHO KOMNEHCHDPYET
POCT BA3KOCTH NMpH OTAENIEHHWU BOjbI OT PaciUiaBa. YMEHBILEHHE K€ BA3KOCTH B
riryOuHe no ToH e NpHYHHE TAKKe JLOKHO OTYACTH KOMIEHCHPOBATLCA YMEHb-
ILEHHEM BETHYMHE! b 3a cyeT ynpyroii peakliuy CTEHOK LUEITH.)

B 30He rason3secu:

2
dp, =kf-%%pdh, 4.11)

rae kr— koo uumeHT TpeHud, R — pagMyc LUITHHAPHYECKOTo KaHana. Ilpu Ha-
DroaeMbIX NpH H3BEPKEHWAX CKOPOCTSAX MOTOKa Fa3OB3BECH H palMycaX KaHa-
na kp3aBUCHT TOJILKO OT LIEPOXOBATOCTH CTEHOK, MPHUEM NPONOPUHOHATEH KOp-
HIO YETBEPTOH CTeneHH U3 koadduumnenTa wepoxosatocty [Yyraes, 1975]; cre-
LUMANTBHO clenaHHbie oueHkH [Crnesns, 1982] no3po/siOoT APUHATL OIS HEro Be-
nuuuny 0,02.

YpaBHEHHS COCTOSHMA B H30TEPMHYECKOM CITydae MPEACTaBsioT cofoil Bbl-
paXEHUd JUIA 3aBHCHUMOCTEH TUIOTHOCTH cpenpl OT pamnenud. [Ipu Temneparype,
6muskon k 1000°C, u naBieHHsX, He MpeBHILAIOLIMX MepBbIX kOap, pacinas Mo-
JKET CYHMTAThCA HEC)KMMAEMOH JKMIKOCTBIO, a Ta3 MAealbHbiM. YPABHEHHA CO-
crosHus das:

p; = Const
P _Const= Pa 1 (4.12)
Pg Pga

TIE P, M Py, — aTMOCGEPHOE JABJICHUE W TUIOTHOCTB ra3a MpH aTMOCHEpHOM JaB-
JIEHNH ¥ TeMIIepaType MarMbl, COOTBETCTBEHHO.
Jins my3blpbkoBOTo NOTOKA:
1 ¢y~c l=(¢g-c¢
o=¢ 1-(cg-0)

—

P pg Pi

(4.13)

Jns ra3op3BecH M pa3pylIalomEencs TeHBI:

p=pgb+p,(1-8), pp=p;y 1-B)+p,B=~p, (1-P). (4.14)



OTHOCHTENBHAA CKOPOCTb ra3a ¥ YaCTHIL B [a30B3BECH HAXOAMJack U3 ypas-
HEHHA

> _84,p(-5)

rae d, — “avameTp” yacTvim! B Cr (8) — k03 GULMENT CONPOTHBIEHHA YaCTHLIbL.
B paspexeHHoit ra3oB3pecd A koadduumenTa conpoTusieHHs dpanocs 3Haye-
HHe 1 (B COOTBETCTBUH C 3KCTIEPUMEHTANbLHBIMH JaHHbiMu [Walker et al., 1971]).
B 1wioTHOA B3BecH, 4TODBI Y4€CTh “CTECHEHHOCTh  HOTOKa, Ui Cf HCIONb30Ba-
JIKCH 3MNEpHYEcKHe GOpMyIbl, NpuBeneHHbIe B [Hurmarynnun, 1987].

B 30HE pa3pylUarouIEHcs MeHbl TAKKE HCTIONb3oBalach Gpopmyna 4.15 ¢ cooT-
BETCTBYIOIMMH BbipaxeHHAMH Ui Cr w3 [Hurmatynnun, 1987], nomyyeHHbIMU
Ha OCHOBE DKCIIEpHUMEHTANIbHLX JaHHBIX MO NPOAYBKE 3achinok. IIpu 3ToM mo-
ClIeI0BaTeNIbHOCTh Pa3pyLIEHWs eHb! ONKChIBANIACh CAEAYIOLMM 06pa3oM: Koraa
o6beMHas 40N rasa B My3bIpbKax MPEeBOCXOAWIA NMPeAenbHYI0 (06bIYHO COOTBET-
CTBYHOLUYIO IUIOTHOM YNakoBKE), H3ObITOUHBIH 00bEM OTHOCHICA K OTKDBITBIM
NopaM, TJe ra3 ABUrajics Co CKOpOCThIO, onpenesifemoil no dopmyne 4.15. Jloc-
THKEHHE N0JIEH OTKPBITHIX MOP BEJMUHHBI, JOCTATOUHOH I NCEBAOOKIKEHUS,
03HaYano NEPEXO K ra30B3BECH.

(g — 4, ; .15)

4.1.3. I'pannunbie YCI0BUS

YcaoBus Ha KOHUAX KaHana, Ha BXoae B kaHa)1 3aaeTCsl 1aB/IEeHHE B oyare
— Do, BMECTO KOTOPOIo OOBIYHO HCIIONL30BaNach BENMHYHMHA D, CBA3aHHas C Py
topmyoii 2.3. Ha BbIX0€ — HEKOTOPOE JABIEHHE Dy

P/h--H = Po. P/Jwa = Poux . (4-16)

HaBneHue p,,.. paBHO aTMOCHEPHOMY — p, , €CIIH CKOPOCTb NMOTOKA Ha BBIXOIE
He NpeBbILIacT KPUTHUECKOi (MeCTHOH CKOpOCTH 3BYKa). Eciiu ckopocTh poctura-
eT KpUTHYECKOH, TO manbHeiiluee yBelIHueHUe pacxona NpUBOAMUT K BO3HHKHOBE-
HHIO CKa4yka JABIIEHHSA W IUIOTHOCTH, W B KaYECTBE p,,,, HeoOXonumo O6parth BEH-
YHHY JlaBJIEHHUA Ha BHYTPEHHEH CTOPOHE CKayka:

Pasx = Pa npu R < R, (4.17)
Powx =Pa + AP npu R > R,,.

B nocnenHeM ciydae caMO MpaHWYHOE YC/IOBHE CTAHOBHUTCH 3aBHCAILMM OT
XapakTepHCTHK NoToka. Ckayok nasieHHMs Heobxonumo noabupaTth Tak, YTOObI
CKOpPOCTb 3ByKa B MOTOKE Y BbIXOJa M3 KaHana B TOYHOCTH PaBHMJIACh CKOPOCTH
CTPYH. 3TO JENAeTca yTeM HTEPaMOHHON NpoLERypbI.

CKOpOCTb 3BYKa B ra3oB3BECH OMNPEACIACTCS CIOXHBIM 00pa3oM ¥ 3aBHCHT OT
MHOTHX MapaMeTpoB: OT KOJMYECTBAa B3BECH, CTENEHHU AMCIEPCHOCTH, pacnpee-



JIEHUS YaCTHIL TTO pasMepaM, a TakKe H OT.HacToThl (KpYTH3HBI GPOHTA) 3BYKOBOI
BOJHEL Bocnonb3yemcss wis CKOPOCTH 3Byka chefgyrollel noctarouyHo obuiel
dopmynoit [[le#y, @ununnos, 1968):

u - & , (4.18)

? l_xAup
pr ] e

x Aug

A€ n — MOKa3aTenb MONWUTPONbl, X — MaccoBas Ao cBoOOAHOH ra3oBoi ¢asbl,
Au, v Auy, — CpeiHUE NPHpAIEHHS CKOPOCTH rasa ¥ YacTHll, COOTBETCTBEHHO, MpH
NPOXOXJIEHWH (PPOHTA 3BYKOBO# BOJIHBIL.

OrHolenne Au,/Aug B 4.18 onpenensieT BiusaHHe pasMepOB YacTHLl U YaCTOThI
Ha BENMYKHY KPHTHYECKOH CKOPOCTH. Ui KOJMYECTBEHHBIX OLIEHOK MOJIE3HO pac-
CMOTpETh [Ba MpEIENbHbIX Cay4yas: 1) oueHb KpyToi ()pPOHT BOJHBI ¥ KpYIHbIE
yacTHIKL. B 5TOM cilyyae BoNHa MPOXOAMT M0 ra3y, He YCNEB W3MEHUTh CKOPOCTh
YaCTHIEI (TIEpenaTh eH UMITYJILC, a TAKKE H JHEPTHIO), Aw, ~ 0 1 4.18 nepexoauT B:

e =1’£*-- ==, ' (4.19)
xp \’pg

2) (pOHT BOJIHBI MOJIOFWIA, W YaCTHLIBI OYEHb MEJIKHE, YaCTHLBI [OJHOCTBIO YBIie-
KalTCA rasoM fnpH NpoXoxKAeHHH SByKOBOﬁ BOJIHbI, YCTEBAIOT OOMEHATECH HM-
MybCOM M SHEprue. Au,/Aug~1 1 4.18 nepexonur B: '

ym = f-’i‘f’-m I o 22 (4.20)
p Ve, \p,

B nepBom ciyyae KpHTHYECKast CKOPOCTh OTIpEAENIAeTCs YUCTOH rasoBoii da-
30M, BO BTOPOM — 'a30M C TeMH K€ YIPYTHMH CBOHCTBaMH, HO APHOIIH3HTENILHO B
1/x paz GonbiueH wIoTHOCTHIO. B 4.20 MbI MonoMMnM » ~ 1, Tak Kak u3-3a MaJloH
MAacCoBOH NONM ra3a fpH YCTAHOBNEHHH TETUIOBOIO PaBHOBECHA MPOLIECCHI pac-
IUUPEHUSA U CXKATHA NPOUCXONAT NPHONU3UTENBHO U3oTepMuuecku. Ecnu B dop-
Myanl 4.19 u 420 noactaBuUTh BENWYWHBI, NPHOIHM3HTENBHO COOTBETCTBYIOLIHE
napaMeTpam rasonupoKIacTH4ecKod cTpyH 1-ro koHyca TonbayuHCKOro usBep-

xenus 1975 ropa (ras — H,O, T ~ 1100°C, x = 0,05), nomyuum: ™ =900 m/c u

u™ =175 mlc.

Tax xak NMUpOKIACTHKAa MONMIAKCNEPCHA, OYEBMIHO, YTO BCErJa Kakas-To
4acCTh YaCTHLL MOXKET OBITh OTHECEHA K “MENIKHM”, 2 KaKasi-To K “KpynHbeiM”. Eciu
0603HaYMTh DOJI0 “MENKKX”’ 4acThu B oOiLei Macce NMUPOKIACTHKH f; , MpUbIn-
MEHHYIO GOpPMYTY JJISl CKOPOCTH 3BYKa MOXKHO HAllUCaTh TaK:
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YcnoBus HA BHYTPEHHHX rpasHuuax Mexay 3oHamH. [lonoxeHnue BHyT-
PEHHHX IpaHUIl OTPENEAETCA B MPOLIECCE PACYETa, MPHYEM OCHOBHBIM KPUTEPH-
€M JJis 3TOIO CITYXKHT 06beMHOE COOTHOLIEHUE da3.

1) Ha HmxHelf rpaHule My3sipbKOBOIT 30HBI (30Ha 2, puc. 2 B) onpenenexa
BE/IHYMHA NABNEHHUA, BbIYMCHAeMas w3 ypasHeHns 3.10 npu Vg = 0 i u3 ypas-
HeHus 2.2 ipH ¢ = ¢p.

2) Ha Bepxue#i rpaHuLe MMy3bippKOBOH 30HB! (Hauano pa3pyLieHHs MeHsl) on-
penensieTca oObeMHas f0/4 rasa (00pYHO 3anaBaNoch Vg /V; = 3); cooTBETCTBYIO-
1liee JaBJIcHHE BelYHCngeTca 1o gopmyne 3.10.

3) Ha rpanuie MeXITy 30HaMH paspyiatomeiicsa NeHbl ¥ ra30B3BECH 3aaaeTcd
Jonst cBoOOAHOM ra3oBoii dassl &y, LA KOTOPOoit 06bIYHO BhIOHMpanach BEIHYHHA
0,44 [Anunn6upos, KpaBueuko, 1988].

4.1.4. [Ipouexypa YUCAEHHOTO peilleHH A

[Mpouenypa pemeHus 3aKIO4aeTcs B YHCICHHOM HHTErpHpoBaHMH IHdde-
PEHLMATBLHOMD YPaBHEHUs UMITYITLCOB 4.2 BAO/L kKaHana. B xayecTse nepeMeHHoH
HHTErPHPOBaHMA HCTIONB3YeTCA NaBJIeHHE, TIOCKONbKY OT HETO 3aBUCAT BCE Xapak-
TEpHCTHKH BEIECTBA B MMOTOKE, H €ro 3HAYEHMA 3afaHbi Ha 000MX KOHLAX KaHaia.
KpoMme reoMeTpHYecKHX U BEHIECTBEHHBIX NapaMeTpOB CHCTEMBb! 3a[aeTCA TaKXKe
M MacCOBBIii pacxoi MarMbel. MHTErpUpOBaHUE HAYHMHAETCA OT OAHOrO KOHL@A Ka-
Hajla NIPH COOTBETCTBYIOLEM IPAaHWYHOM YCJIOBHM ¥ MPOJODKAETCA IO APYroro
KOHL@. 3aTeM nonbopoM 3ajaBaeMoii BENMUMHL! PacXofa JOCTUTaeTCs BBINOIHE-
HHEC rpanmnom yCJIOBHH H Ha ,B,pymM KOHIIE KaHana.

Ins yno6erea yyera 0COGEHHOCTH IPaHHYHOIO YCJIOBHS Ha BbIXOAE W3 KaHa-
Jla BHTEerpupoBaHne OOGLIYHO HayHHANOCh C BEPXHEro KOHLA KaHana, HaBcTpeuy
noroky. PacueTHas cxema Boirjigena cnexyroumm obpazom.

1. 3agaroTcsa napaMeTpel CHCTEMBL, TPAHHYHBIE YCJIOBHA (Ha BBIXOZE 3a1aeTCA
JaBleHHE p, ) H pacxoa.

2.Io ypaBHennam 4.1 1 4.3 — 4.5, 3aMCaHHBIM AJIA 30HBI ra3oB3BECH, pac-
CYHTBIBAIOTCA 0OBEMHas 10/ CBOOOHOIO rasa H CKOPOCTh NOTOKa H MO ypaBHe-
HHIO 4.21 — CKOpPOCTB 3ByKa NpH p = p,. Ecin CKOPOCTL NOTOKA NPEBBLIIUIAET CKO-
POCTh 3BYKa, pacyeThi IOBTOPAIOTCA M UTepauMsaMH NoabupaeTcs NaBlNEHUE Ha
BBIXOIE Pyx > P » PH KOTOPOM CKOPOCTH TOTOKA U 3ByKa CpaBHHBAKOTCA.



3. YpaBHenue 4.2 1Uist 30HbI ra30B3BECH MHTErPUPYETCA BHH3 MO KaHay € 3a-
JIaHHbIM 11aroM Mo JaBNeHUIO HAYWHAA OT Pg,,. Ha KaXIOM LIAre BbIYUCIAETCH
KOOpAWHAaTa ¥ 06beMHas 1o cBoOOAHOTO rasa 6.

4. Korga nocne ouepenHoro wiara okassiBaerca & < 0,44, ormeyaercsa nono-
)KEHWE YROBHA (dparMeHTaluWy U Aanbllie WHTErPUPYETCA y)KEe ypaBHEHUE If 30-
Hbl paspyllarouieHcs MeHbL.

5. BepxHsd rpaHHua My3blpbKOBOif 30HBI ONpenenseTcd No JOCTHKEHHH Be-
nyuHoM & 3Hauenud, Mensiuero 0,01,

6. Hiwxnag rpanuua My3bipbKOBOH 30HBI ONpenensercs, Koraa Ha OUepelHOM
1are 0Ka3bIBaeTCs p < ¢, /a’.

7. lanee WOeT 30Ha TOMONEHHOH JXMJKOCTH, B KOTOPO#H IUIOTHOCTE H CKO-
POCTb MOTOKA NOCTOAHHBI, IABJIEHHE MEHAETCA JIMHEHHO, YTO [103BONSAET MPOBECTH
HHTErPHPOBaHHE aHATHTHYECKH. B HTOre HAXONMTCA NAaBIIEHUE Ha HIKHEM KOHIIE
KaHaJla, COOTBETCTBYIOLIEE 3aJaHHOMY Habopy IapaMETPOB # PacXofy.

8. Urepammamu nopbupaercs pacxoji, Takoi, YToObl NaBIEHHE Ha HHKHEM
KOHIle KaHana COOTBETCTBOBAJIO 3aJaHHOMY MPaHHYHOMY YCIIOBHIO.

4.2. HexoTtopbie KOJIHYECTBEHHbIE xapémepncmm NOTOKA MArMbi
B KaHAJIe BYJIKAHA /I/Ifl PR3HLIX THIOB H3BepiKeHHMH
(Tonbaunk 1975-1976 rr. u Cent Xenenc 1980 r.)

4.2.1. Pacnpenesenne JaBJIeHUA O KAKMARY

Ha pucyHke 6 moka3zaHbl pacCYMTaHHBIE pachpelesieHHs NaBNEHHA s
ABYX XapaKTEepHbIX THNOB MarmMatH4eckoif cucteMsl: 1) kucnas mMarMa W He-

h, M
Puc. 6. Pacnpenesienne qapnenun o
H 30H ¢ PA3HBIMH CTpyKTYpamu |-’ —
TeueHHA B KAHANAX BYJKAHOB ¢ | !
PA3HBLIMH THIIAMH MATMBI. 2" -4000
| — Hspepwenwe Bynkaua Cewr | ")
Xenetc 1980 ropa (Hp = 72M, Lot B R

U~ 1 Mk, a=0,0019 6ap™?, 4, = -8000
0l emle, ¢ = 0,046), cipykrypa .
10TOK2 M0KA3aHa Ha JHarpamme =L0QQQ o NG

cnesa ot rpadmka; 2 — Tlepsbiii 212000 frsrerers s s
koHyc TonbaunHCKOro nisepxeHHa

1975 ropa. (Hp = 25xm, U ~ -14000
10 em/c, a= 0,001 Gap™?, d.= 1 cm,

¢ = 0,05), cpyKTypa 110TOKa noKa-

3aHa Ha AMArPaMME CrIpaBa




riy60Ko pacrnofoXKEeHHbIH 0o4ar (BapUaHT NPHMEPHO COOTBETCTBYET H3BEpKe-
Huio BysnkaHa CeHT XeneHc 1980 roma) u 2) GasansroBas marma, rinyOokuii
oyar (TIPUMEPHO COOTBETCTBYET M3BEPXKEHHIO 1-r0 KOHyca Ha Tonﬁaqnncxom
u3BepkeHun 1975 ropa).

B o0oux citydasx BelMuHHa H30BITOYHOTO JAB/IEHHA B 04Yare, onpenc/seMas
(opmysioii 2.3, npuHHManace paeHoii +200 bap, T.e. paccmaTpuBanacs Ha4yanbLHas.
CTaJIuA rasonerUIOBOTO U3BEPKEHHUS.

PaccMOTpeHHbIE [Ba BapHaHTa U3BEP)KEHUH OTIIMYAIOTCA OTHOCHUTENILHOH W
abCOMOTHON NPOTHKEHHOCTRIO 30HBI ra30B3BecH. B nepBom ciydae oHa Gnuska
5 KM ¥ 3aHMMaeT 3HauyHTenbHO Oomnbie MONOBHHBI NJTMHBI KaHala; BO BTOPOM —
2,6 xM u 3auumMaeT Beero 10% muHb! kaHana. JlaBieHue B KaHalle MOYTH Ha BCEM
€ro NpoTHKEHUH B 060HMX CIy4asxX MeHbIUE M'HIPOCTATHYECKOIO JABEHUA MarMbl
€3 Imy3bIPLKOB, MPHMEPHO COOTBETCTBYIOLLENO JIMTOCTATHYECKOMY.

Pa3HOCTbL naslieHMi MakCHMallbHa Ha YpoBHE (parMeHTalUMH ¥ HOCTHIraeT B
nepeoM ciyyae npumepHo 1050 6ap, a Bo BropoM — 600 Gap. Ilpu TakoM nepena-
II€ NABJIEHWH MOXET APOUCXOINMTL PaspyllEeHUE CTEHOK KaHana Nno MeXaHu3My
“ropHoro ynapa”, nono6HO HabnonaeMomy B HCKYCCTBEHHBIX I'OPHBIX BbIpabot-
kax [Kpapuenko, 1955]. IlpAMBbIM NOATBEPKIEHHEM TAKOTO pa3pyIICHHS SBWICT
BBIHOC OOJENNEHHBIX KanelbKaMH JlaBbl 067I0MKOB MOPOA CTEHOK B rasonenyoBoi
ctpye 1-ro koHyca Ha Tonbauuke [Cnoboackoii, 1971; ITocron, Cmioapr, 1980].
3HauuTenbHas YacTh TakMX OGNIOMKOB COCTOIa U3 NECYaHMKa, KOTOPLIH B 3TOM
paiione, no reonoruyeckum nauHbiM [Lllanuep, 1978], nomwken 3anerats Ha riy-
6unax B paitore 2000 m.

Ha pucyHxax 7 ¥ 8 noka3aHo COOTHOLIEHHE BKJIAOB PA3THYHBIX MEXaHH3MOB
NOTEPH NABJICHUA Ha pa3IHIHBIX YJacTKaxX kanana. BumHo peskoe npeotnanaHue
THIPOCTATHKY NOYTH BO BCeil 30HE Ta30B3BECH U CYUIECTBEHHAs PONb TPEHUA B
KHIKOCTHBIX 30HAX.

g 1 —

5 ==

5 0 B e woncim s s T —.

a Y 1 Puc. 7. CooTnowelie paxiMylLIX mexa-
5 3 HHIMOB NOTEPH JaRIEHHSA B BepxHel 4acTu
Eoed- T Ll - KaHasa.

“,6’ 2 . IMapa kpuBbIX “1” (uudpa B pamouke) npu-
&2 1 MEPHO COOTBETCBYeT HiBepeHmo Cenr
S 044 f RO Xenuca, a kpHasie “2” — iepmernio Ton-
> Gauuka. JupHas KpuBas — craTMueckde no-
a 02 44 TEpH JABNEHHA, TOHKAA — CTATHYECKHE ILTOC
2 TIOTEPH Ha TPEHHE. 1 — CTAaTHYECKHE MOTEpH, 2
5 0 L — NOTEPH HA TPEHHME, 3 — HHEPUHOKHBIE MOTe-
=3 0 05 1 15 o PHI H3BEPHEHUA Cenr XeneHca

[ny6uHa h, kM
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Puc. 8. Bknaa paziH4YHBIX MeXaHH3MOB NOTeph AABJEHHA NPH TeYeHHH MAIrMbI N0 Kasaay
BYJIKAHA NMPH H3IBEXKeHHH B 06/12CTH XXHAKOCTHOIO TEYEHHs.

A — 1na n3sepkeHua Bynkawa CeHt Xenec, B — ana msepenns Tonbauuka, O003HAYEHHA TE Ke,
410 M KA pHc. 7. CymMma BKnagos 1-ro u 2-ro MexaHu3MoOB Be3ae cocrasmier Gonee 99%, Tak yToO
ATOpan (TOHKaA) KPMBas COBNAJAET € FOPH3OHTANLHON NMHHEN, orpaHHyusaromel rpaduk caepxy

4.2.2. [IpoTsKeHHOCTH 30H C pa3Hoii ch)If!Inypoii noroKa

Ha pucyske 9 noka3aHsl pacCYMTaHHBIE COOTHOLIEHHS MPOTHKEHHOCTEH 30H
C pas/IMYHOM CTPYKTYPO# NOTOKA NpH 3aJAHHON BEIHYMHE p,, = 0 M IPOYHX Hapa-
MeTpax (KpoMe A/IMHBI KaHalla ¥ pacXoia), MPHMEPHO COOTBETCTBYIOLMX H3BEp-
sxeHuro Bynkana CeHrt Xenesc. I[lpu pacyeTe 3amasanach BEJIHYMHA pacxoda H
HaXOJWIUCh NMPOTAXKEHHOCTH BCEX 30H H MOJHAsA JnMHa KaHana. PacueTHas noin-
Hasd JUIMHA KaHaua ¥ MPOTKEHHOCTb 30HBI IA30B3BECH B KM NpHUBEAEHBI Ha PH-
cynke 10.

Ha pucynke 10 BuaHo, uTo raybune ouyara 7,2 KM, ONPENENAEMON BYJIKaHO-
noramu ms Bynkana Cenr Xenenc [Rutherford et al., 1985], cooTBeTcTyeT CKoO-
pocts U~100 cM/c ¥ NpOTSXEH-
HOCTb 30HBl TI'a30B3BECH 4YYyTh
6onbiue 5 kM. Ha xpuBoii 1 ecTb

1

0.8

N/
/i)

h(i)H

Puc. 9. OrHocHTeSbHAR NPOTHMKEH- 0.2

HOCTB 30H ¢ PAMIHYHBLIMH CTPYKTYpAa- ; : Zi
MH TEYeHHR.

1 — razoe3pech;, 2 — paspyllaiouiaica 0 4

1eHa; 3 — My3bIpEKOBLIA NOTOK; 4 — ro- )
MOTeHHBIH pacnnas 0.1 1.0 10.0 100.0 1000.0
U, cMml/c



20 Puc. 10. IMoanas aauna kKanana u

MPOTAKEHHOCTH 30HbI rA30B3BECH.

| — nonHas amua kadana, 2 — npoTi-

15 JKEHHOCTb JOHB! ra30B3BECH, NPH KOTO-
puix ofecneynBaeTes 3a/1aHHas CKOPOCTL

NOALEMA MarMel — {J, PACCUMTAHHBIC K
50 /-\ #abopa NapameTpoB, NPHMEPHO COOT-

=
4
” BETCTBYIOLIEIO H3BEPIKEHHIO BYJKaHA
I \/ Cenr Xenenic (¢ = 0,046, 4 = 0,lem:
a = 0,0019 6ap"% o = 0,1 cm/Ix
5 /‘\ pc(zo).
0 + " : —
0.1 1.0 10.0 100.0 1000.0

ofnacTb HEONHO3HAYHOCTH PacXoja, COOTBETCTBYIOLIErO AaHHONH riyOHHe ovara,
¢ KOTOpOH MOXeT ObIThb CBA3aHA HEYCTOHYHMBOCThL PEXHMA H3BEpPIKEHHA. DTa 0CO-
GeHHocTb OyneT noapoOHO pasOupaThes Hipke. Bocxopgumii yuacTok kpHBoii |
COOTBETCTBYET 0bnacTH HaubGonee OLICTPOro BO3PACTAHUS TPOTHKEHHOCTH 30HbI
ra3os3secH. MakcHMyM Ha KpuBO# 2 cBA3aH ¢ BO3HMKHOBEHHMEM Y BLIXONA M3 Ka-
Hajla cKaykKa JlaBJIeHHd M IUIOTHOCTH B pe3yJibTaTe HOCTHXKEHHS NMOTOKOM raso-
B3BECH KPUTHYECKOH CKOPOCTH.

4.2.3, Hexoropsoie oueHku ansi TonbauuHcKore ussepkeHus

JIOTIONMHHUTENBHO NPOWUIOCTPHPOBAThL TEOPHIO MOXKHO HEKOTOPbLIMH pacue-
Tamu ana TonbGauunHckoro ussepxkenus 1975 ropa. Hapaagy ¢ npousowieawnm
NATHIO FOAIaMU NO3Ke M3BepXKeHHeM ByikaHa CeHT XejleHC 3TO M3BepXeHHEe AB-
nseTca Hanbonee u3yyeHHbIM B MUpe. Oco00e ero npeuMyulecTBO — HECKOJIBKO
TI0CEI0BATENBHBIX NPOPLIBOB MarMbl, MOCAEAHHH K3 KOTOPbIX — KOKHbIM — Kave-
CTBEHHO OTAUHYAJICA OT OCTAbHbIX.

Hspepkenue Hauanoch packpbiTHEM TPEW(MHBLI JUIMHOM B HECKOJIbLKO COTEH
metpos. TlepBbiM yBHaen u3pepikeHHe BONHM3M yepe3 4 yaca nocne €ro Hayana
komaHzup BepToneta .M. Xpsnak u onpenenu Ha raas JUIMHY TpeutHsl B 300
MeTpoB. K Tomy BpeMeHH Ha KOHLIZX ee YXKe BbIPOCIIH 1I/IaKOBbIE KOHYCa BbICOTOH
no 50-60 m [Bonbwoe..., 1984]. Menblue yem vepes 20 yacoB nocnie 3TOro us-
BEpXKEHHE COCPenoTOYMIOCH B ONHOM JKepne. Habmonasiuascs ¢ camoro Havana
TpeLMHa MPOpbiBa BTOPOro xoHyca umena miuny 500 m. Tlo-euaumomy, miuHa
TPELIMHbI NIPOPbIBA MEPBOTO KOHyca Oblnia B NEpBbifi MOMEHT TAKKE HE MEHbLIE
500 merpos, a B rnyOune npessiliana 31y uudpy. PackpbiTie TpeuluH, onpene-
JIEHHOE 10 pe3yibTaraM H3MepeHus nedopmManmii OKpYKatoUIEi Cpebl reoaesu-
YECKHMHM METOJaMH, COCTaBWIO Heckonbko Oonee merpa [Bonbiuoe.., 1984,



c. 507). OueBHaHO MOXKHO NpHHAT b = 1,1-1,2 M 1 mioWE@LL NONEPEUHOTo CeYe-
uust kaHana S = 600—-1000 m* (fprMepHO Taky:o Xe MIOLIA/L [0Nepe4Horo ce-
YEHHMs MMeENa B OCHOBaHHWH M LMIMHAPHYECKAad ra3onHpOKIacTHYeCKas CTpys,
BbiTEKaBlLlasg U3 OKOH4YaTE/lbHO C(hopMHUpOBaBIierocs jxepna. [nybuna ouyara no
ceHcMoNOorHueckuM aaHHbIM olenuBaetca B 20-30 kM [Bonbiuoe..., 1984, c. 439].

Jenenve pacxoja BellecTBa Ha IUIONIAAL NONEPEYHOIO CeUeHHA KaHala H Ha
IUIOTHOCTL paclUlaBa JAeT i CKOpOCTH NOABeMa MarMel Oe3 ITy3bIpbKOB BENH-
undy U=10-16 cM/c. OLleHKH MaccoBoi JIONM Ia3a, BLIMNONHEHHbIE AaBTOPOM 110
NUHAMHYECKHM TapaMeTpaM rasonupoknacTiyeckoit ctpyn 1 M.A. Mensaiiosrim,
JLIL. Huxuruno#i n B.H. lllanapem no reoxumuueckuMm nanHbiM [1980] nanu
MakcuMalbHYO Uugpy mexay 8 W 9 mpoueHramu. Ecnu u3BecTHa cKOpOCTh
nojlbéMa Marmbl, razocojiepxanue U rimyOuHa ouyara, TEOpHA TO3BOJIAET BbIMHC-
JIUTL BEJIHUHMHY O = b"/n H, 3Has BeNMUUHY b, OueHuTh BA3KOCTh 7). B Tabnuue 3
TPUBEJIEHbI BbIUHCIEHHbIE BEJIHUHHBI O H 1), COOTBETCTBYIOLIME BEPOATHBIM 3Ha-
yenusam Un c.

Tabauua 3
Bbl‘ch.FIEHHble BEJIHYHHLI I'IpoBOL[HMOCTH Kanana u BA3KOCTH
U, em/c c o, em/I3 n, 3 (b =1,2 m)
10 0,05 0,18 8:10°
0,07 0,10 1,4-10°
0,09 0,06 2.4-10°
16 0,05 0,24 6-10°
0,07 0,14 1-10°
0,09 0,075 1,9:10°

3HaueHHa BA3KOCTH, MpHBENEHHLIE B MNocienHeM crondile Tabnuipl, oxas3a-
JIUCh MPUMEPHO Ha TOPSI0K MEHbUe MUHHMAIbHOR BEJIMYMHBI, U3MEpPEHHOH Ha
JJaBOBOM TIOTOKE B MOMEHT €ro ToOsiBlieHMs H3 OOKKHM Y OCHOBaHMA KOHYyca
(3-10° 113 [bonsimoe..., 1984; Banpe-Kupkos, 1978]). Takoe cooTHOLLIEHHE BA3KO-
crel (paccYMTaHHBIX 118 KaHala H H3MEPEHHBIX Ha NOBEPXHOCTH) NpeJCTaBisgeT-
€A pa3syMHbIM, OTBE4AIOLIMM BEPOSTHOMY M3MEHEHHIO BA3KocTH DasaibTa 3a cyeT
aerasauMy npH nogbeme. MoXXHO cuuTaTh, 4TO IIPOJENAaHHbIE OLIEHKH TMOATBEp-
XKJAIOT NPUMEHUMOCTb TEOPHHU IUIA ONHCaHKMA NpoLiecca H3BEpIKEHHA,



TJIABA 5.

3aBHCHMOCTD Pacxoaa BemecTBA NPH H3BePIKeHHH
OT IIApaMeTPOB CHCTEMBI.
YcroigaBocTh pacxona.
Ilpupona kaTacTpopHICCKHX H3BEPKEHHH

5.1. OcHoBHbBIE YHpaBasiomHe NapamMeTpsl

Obuiee YMCIO NapaMeTpoB CHCTEMbI “H3BEPralOMIACA BYJIKaH’ BENHKO, HO
He BCe OHM HE3aBHCHMMBI JPYT OT JIPYra, M BIMAHME UX Ha IOBe/ieHHe CHCTEMB] HE
paBHO3Ha4yHO. ¥ ja4Hblil BeIOOP Tak HasbIBAEMLIX OCHOSHbIX YADABNAIOWUX NAPA-
Mempoe B 60NbINOH CTeneny onpenenseT 3PHeKTHBHOCTE NOCNeAYIOLIEero aHaH-
3a, NMo3BOMsLA OLICTPO HalllynaTh [JIABHBIE 3aKOHOMEPHOCTH.

Boo6uie pacxon BemecTa Mo KaHamy onpefeNseTcs ABWKYLIMM NepenanoM
nasneHus (pasHOCTh NABJEHMI Ha BXOJE M BbIXOJE MHHYC PHAPOCTATHYECKOE
JlaBNeHHe HaxXOAfILeHCA B KaHalle MarMbl) M MOJIHBIM COMNPOTHBIIEHHEM KaHaja.
JTH XapaKTEPUCTHKH 3aBUCAT NPeXe BCero oT JUMHLI KaHasla (ero BepTHKaNbHOM
NPOTHKEHHOCTH WK MIyOWHBI 04ara) ¥ CONMPOTUBIIEHHSA [TOTOKY B 00NIacTH XuJI-
KOCTHOrO TeyeHHs (CONpOTHRIIEHHE B 30HE a30B3BECH MEHbLIE Ha HECKOJLKO
nopsaakoB). ConpoTHBleHHe KaHaia 3aBHCHT OT ero XapaKTepHOro nonepeyHoro
pasMepa M BA3KOCTH )XHIKOCTH, NPHAYEM B ypaBHEHuUs, ONHUCHIBAIOIINE TeUEHHE
MarMbl, 3TH BEJIHYHHBI BXOJAT B CTAaHIAPTHOH komOuHaLMH. B kayectse nepsoro
yhpaBJsolLero napaMeTpa u3 coobpaxenuit ynobcrsa BoilbepeM obpatHyO Bell-
YHHY, MPONOPLMOHANBHYIO HE COINpPOTHBIIEHHIO, a MPOBOIMMOCTH, BBEJEHHYIO
MHO# Boime (ypasHente 4.10): o= b/.

PasuocTe naBneHMi Ha BXOIE B KaHaJl M BbIXOJe H3 HEMO B cCaMOM Hayalle W3-
BEpKeHHA 0OBIYHO HECKONbKO MpEBbIIIAET JIUTOCTATHIECKOE NaBIeHHE NEPEKpbI-
BAlOLIKX TOPOJ, M MPAKTHYEeCKH TOJIHOCTBIO ONpeleNfeTcs NABIeHHeM B ouare,
KOTOpOe CJIefyeT CYMTaTh OCHOBHBIM YNpaBJLlOluM napamerpoM. [lpu stom
JBIDKYLIMI Mepenal AaBjieHWH cyuieCTBeHHbIM 00pa3soM 3aBHCHUT OT COOTHOILLE-
HUA NPOTAHKEHHOCTeH ra3oNUpOoKIacTUYeCKOH ¥ XHAKOCTHOH 30H. [lpencrasna-
ercqa Oonee ynoOHBIM HCroAb30BaTh BMECTO NABJEHMSA B ouare “u3bblTouHOe”
TIaBIIEHHE Pey, KOTOPOE ObLIO ONpeeneHO MHOI Bblile (popmyina 2.3).



Taxum 06pasoM, B Ka4€CTBEe OCHOBHBIX “yIpaB/IsIOWMX” napameTpoB Gbuin
BbIOpaHbl crnepyioumme: 1) raybuHa ovara (mimHa xanana) — H; 2) “nposoau-
MOCTb KaHalla — 0; 3) “H36bITOUHOE” JIABNEHHE B 04ATe — Pex.

Yro6el sAicHEE MpeACcTaBUTh cebe KayecTBEHHYIO KapTHHY, paCCMOTPHM CHa-
yasa 3aBHCHMOCTb OT MEpPBBIX [BYX NapaMeTpoB, a 3aTeM — BIIMSIHHE TPETHETO H
BO3MOXCHBIE MYTH BOJIOLMHM M3BepikeHma. [IpencraBnsaTe pe3ynbraTsl rpadudge-
cxu OyneM, PUKCHPys MO ouepeny Kaxcaplii u3 napamerpoB. MIMeHHO Takas 1mo-
CNe/IOBATEIbHOCTD aHANIM3a TO3BOJIAET SICHEe NOKa3aTh MEXaHM3M KaTacTpoduue-
CKHX 3KCIUIO3MBHBIX H3BEPKCHHHA.

OcCHOBHBIE YNpaBIAIONIHE TIapaMeTphbl MO3BOJIIOT TMOJHOCTBIO ONMHCATh H3-
BepxxeHHe. Tak Kak 3TH napaMeTpbl B CBOIO OUepeb 3aBHCAT OT HCXOOHBIX Xapak-
TEPHCTHK CHCTEMBI, Yepe3 HHX MOXKHO OMpele/iUTh BIMAHUE MOCIeIHMX Ha Xa-
paKTep U XOJ H3BEPKEHHs.

5.2. 3aBHCHMOCTB Pacxojaa OT AJIHHbI H POBOAMMOCTH KaHAaA.
Kpuruyeckue 3Ha4eHHN YHPABAAIOMAX HapPaMETPOB

Ha pucynke 11 nokasaH xapakTepHbii Habop 3aBHCHMOCTeH pacxoaa (CKopo-
CTH NOXbEMa MarMal) OT MPOBOJMMOCTH KaHana i pa3/iMiHbIX ITyOHH ouara.
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Puc.ll. Cps3e MeKAY CKOPOCTLH) NOXLEMA ‘% 1.5 L sy
MAIMBI H NPOBOAHMOCTLIO KaHana mpH  ° \ ( /
PaIHYALIX FTyGHNIAaX ouara. 2
Lingpsi y KpUBBIX — [yGHHA ouara Ho B KM. 3
OcTansHbie NapaMeTphi npuMepHo cootsercr- — 0.5
BytoT Tonbaunnckomy ussepxeruro 1975 rona /
€ pex = 400 Oap 0 /
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Torapudm nposoaumocTy KaHana, (cm’iNa)

3aBHCHMOCTb, NMOKa3aHHas Ha pUCYHKell, KauecTBEHHO BHLINTIAMT TOYHO TaK
K€ W MpH JHo0BIX JPYruxX BO3MOXHBIX Habopax MapaMeTpoB, OTIHYAsCh TONIBKO
KOJIMYECTBEHHBIMA COOTHOLIEHNUAMH. OHa COACPKHT /Ba TMNA KPUBBIX: 1) omm-
chbiBalolilke OAHO3HaYHYH CBA3L U M o, xoraa U MOHOTOHHO pacTeT ¢ poCTOM G —
KPHBbIE, COOTBETCTRYIOLIME ryOuHe odara H>13 kM Ha pucynke 11; 2) conep-
Katre 06nacTh HEOTHO3HAYHOCTH, TIE€ KAXAOMY 3HAYECHHIO G COOTBETCTBYET TPH
3HaueHust U — kpuBble g H<13 kM Ha pucyske 11. PasrpaniausaeT apa THna 3a-



Puc. 12. 3aBucHMOCTE CKOPO-
CTH NOoABLEMA MAIrMbBI Hp OT
OCHOBHBIX YA PABRIRIANHX
napamerpos Hu o,
3apHCHUMOCTE paccydTaHa s
Habopa napaMeTpoB, MPUMEp-
HO cooTeeTcTBytoiero Cesep-
vomy Ilpopeisy Tonbauutcko-
o usBeprkenun 1975 ropa npu
Pex = 400 Gap. Lndiper y kpu-
BbIX — IyOHHA O4ara B kM
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BUCHMOCTEW HEKas KpHUTHYecKas NIybuHa, koTopyro OyneM obosHauars kak H,., (B
paccmaTpuBacMOM ciydae H,, = 13 km).

Ecau u300pa3yuts pacXoA MarMbl IPH H3BEPIKEHHUH KaK PYHKLUMIO IBYX nepe-
MEHHBIX — rTyOuHBI 04ara H 4 NPOBOAMMOCTH KaHalla O — Ha TpeXMepHOM rpadiu-
KE, Mbl TIOJY4HM XapaKTepHbiM 00pa3oM H30IHYTYIO MOBEPXHOCTb C OCOOEHHO-
cTbio THNA “cOopka” (puc.12), KoTopas OMMCBIBAET CTaHAApTHYIO “‘Katactpody”
IBynapameTpHaeckoro cemelicrsa ¢gyHxumit [ApHonsa, 1979; IMocron, CrioapT,
1980; Munmop, 1984]. Ipoekuma cOOpKH Ha MIOCKOCTh YNPABNAIOILIMX MapaMeT-
pOB Noka3aHa Ha pucyHke 13. OHa HasbIBaeTCs cenapaTpHicoit katacTpodbl ¥ HMe-
‘eT BHA yrna, KaXI0i BHYTPEHHEH TOUKE KOTOPOro COOTBETCTBYET TpH 0Opasa Ha
rpadmke, a Kax 10l BHewiHel — opuH. [Tpu nepeceuenny n3obpaxatouiei TouKoi
nuHuit yrna QyHKUHA OpeTepleBaeT ckayox — “karactpody”.
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.E : Puc. 13. IHpoekuns “cBopxn™ Ha mIOCKOCTH
ynpaBasiomux napaMeTpos.
§ 0.04 ) [MoctpoeHa ans TOro ke BapHaHTa W3BEPHCEHHA
%; / W A (6muzkoro k TonbauMHckomy), YTO U KPHBbLIC PH-
S 0.02 : cyHka 11. Bayrpu yrna mexay nusssmu 1 o 2 Ha-
é- \/ XoauTes 00NacTh HEOAHO3HAYHOCTH pacxoza. A —
0 ; 00acTh CYLIECTBOBEHHA TOJIbKY “HIDKHEID” PCiKH-

0 2 i 6 4 40 12 14 Ma; B — Tonkko BepxHero
nyGuHa ovara, ikm



Cbopka asnserca THNHIHON “craHaapTHOH karactpodoil” aBynapameTpHue-
ckiX cemeHcTB yHkuMid [ApHonea, 1979; ITocton, Crioapt, 1980], obnanatomeit
CTPYKTYPHOH yCTOHYMBOCTBIO, TO €CTh CIOCOOHOCTBIO COXPaHATBCA KaK KauecT-
BeHHast 0COOEHHOCTb MPH HE3HAYHMTELHBIX, a YACTO W MPH 3HAUYHTENbHBIX H3Me-
HEHHAX JIOOBIX MapaMeTPOB, MO3TOMY OHa A0IDKHA OTPAXKATh HEXUH CTAHAAPTHBIH
CTHIL TIOBEAEHUS H3BEpralolerocs ByJIKaHa,

Ha pucyuxe 13 nuuus 1 — 370 npoexiys npaBoro HIKHero wiruba nosepx-
HOCTH cOOpKH (TMHMM CKIaixH, CM. puc. 12), TuHKA 2 — MpoeKLMA J1eBoro (Bepx-
Hero) u3ruba Ha pucyHke 12. Ha pucyHke 14 ornensHo nokasaHa kpHBas, M30-
Opaxaromias ceueHue cbopkr. OHa cofiepikuT 3 BETBH, TOUKH nepeceYeHHs KOTO-
pbIX KaKoH-nH00 BepTHKANBHOMN NPAMOI COOTBETCTBYIOT TPEM Pa3JIMIHBIM Pacxo-
JaM, OTBEYAIOLMM OJHOMY 3Hau€HMIO TIPOBOAMMOCTH. BepXHAA U HWKHAA BETBH
OTBEYAKOT YCTOHYMBBIM PeXHUMaM, cpefiHsasa BeTBb (Mexxay Toukamu A H C, oM.
puc.13) — HeycroityuBomy. Eciu Touka, u3oOpaxaronlas COCTOSHHE CHCTEMBI,
HaxOAWTCA Ha HIDKHEH BETBHU, NpH IUIABHOM HETIPEPHIBHOM YBEIUYEHHH MpPOBO-
AMMOCTH KaHasa B TOYKE npaBoro neperuda KpUBOH OHa NOMKHA CKaYKOM nepei-
TH Ha BEPXHIOK BETBb (M3 ToukH A B B) — pacxon lomkeH Bo3pacTH MpUMeEpHO Ha
nopafok (MpH APYrUx fapaMmeTpax cKadox pacxona Moxet ObiTh u Oojee nByx
nopsakos). Ilpy npwxeHnu W3oOpaxkaroluel TOUKM BJIEBO TIO BepXHeH BETBM Mo
JIOCTHXEHHN niepernfa KpHBOH MPOMCXOAMT cKaykooOpasHoe yMEHbIUEHHe pac-
xona u3 ToukH C B Touky D, Benu4uHa KOTOPOro MoeT ObiTh OT MPUMEPHO Of-
HOro mnopsaaka A0 OeCKOHEeYHO-

2
cti. B nocrneaneMm ciydae npo-
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TNoraputbm npoeoaymMocTu
H3obpaxeHHoe Ha pHcyHke 11 cemelicTBO KPHBBIX OTBEYaeT Hayany H3Bep-
KeHHs (Pgr — MAKCHMAIBLHO). CHIUXEHHE H3OBITOYHOIO JIaBleHHA HE MEHAET Kaue-
CTBEHHOH KapTHHBI, HO MPHBOMMT K CABMIY Bceii cOOpkM BnpaBo, B CTOPOHY
OoJIbIIMX MPOBOAMMOCTEH KaHana, U K HEKOTOPOMY €€ YUIMHEHHIO H YTIITyOeH IO
Eciu n3meHeHHe OAHOIO M3 YMNpaB/AIOLIMX [1apaMeTpoB IMPOBOAUT M300pa-
’alolllyi0 TOUKY 4Yepe3 oCTpHe COOPKH BJIOJb €€ OCH, TO TaKOH NapaMeTp HasbiBa-



0T pacujennaowjumM, U ero U3MeHeHHe OnpeleNseT camy BO3MOMXHOCTL HEOIHO-
3HAYHOCTH (YHKLIMH U NOABNEHHA ckaykoB. [Ipyroii napamerp, NpoBOaALMH H30-
Opaxcatoulylo TOUKY TepleHAUKYIApHO ocH COOpKH, Ha3bIBACTCA HOPMAIbHBIM W
onpenenseT MOMEHT HacTYIUIeHHs CKaukKa.

PucyHox 13 noxa3sbiBaer, 4To, CTPOTO NoBOps, HH OINHMH W3 BbIOpaHHbIX HAMH
napamMeTPOB HeNb3s HAa3BaTh PACILETUIAIOLIMM, OAHAKO riyOuHa ovara 6ixe co-
OTBETCTBYET 3TOMY MOHATHIO. EClH, KpOoMe TOTO, yuecTs, YT0, XOTs rinybHHa oua-
ra MOXKET CWIBHO MEHATLCA OT BYNKaHa K BYJKaHy, OHa, Kak NpaBwio, NMOYTH He
MeHAeTcs B npolecce u3BepeHua. [losTomy rimyOuHa ouara [y KaXA0ro AaHHO-
ro Bynkaua Oyaer onpenensaTh NMpexae BCEro caMy BO3MOXHOCThL CKauka pacxona
M UrpaTh poJib paclierifioniero napamerpa. [IpoBouMocTb KaHala urpaet pornb
HOPMAaNTLHOTO flapameTpa, NPH W3MEHEHHH KOTOpOro cbopka nepecekaercs nomne-
peK OCH; ero KpHTHYeckHe 3HaueHHs ONpPEeIAIOT KOHKPETHOE YCJIOBHE HacTyll-
JIEHUS CKa4Ka Py HAIHYHK TaKOH BO3MOXKHOCTH.

Octpmo c60pKH COOTBETCTBYET KpHTHYeckas rimyOuHa ouara — H. [lpu
H> Hy; xaxnoMmy 3HaueHHIO NMPOBOAMMOCTY BCErna COOTBETCTBYET JiHILUb OXHO
3Ha4eHHe pacxoa, H W3MeHeHHe ero MpH H3MEHEHHH MPOBOAMMOCTH NPOHCXOAHT
Be3e HenpepbiBHO M MOHOTOHHO. [lpu H < H, B obnactu cb6OpkH 3aBHCHMOCTB
HeoAHO3Ha4Ha. B o6nactu Mansix npoBoauMocTeil — obnacthk A, Hike cOopku Ha
pHCYHKe 13 — MMeeT MeCTO peXHM HiDKHeH BeTBM KPHBOI (JICTa OBEPXHOCTH) €
MajibiM pacxojioM, KOTOpBIHi NpH YBENWYEHHH TPOBOAWMOCTH COXpaHAeTcs
BIUIOTH 110 BepXHeil rpaHuub! cOopku. B obnactu Oonbmivx mpoBoauMocTeid —
“B”, Bbiuie cOOPKH Ha pucyHKe 13 — BLICOKOMHTEHCUBHBIH pEXXHM BEpPXHEH BETBH,
KOTOpbIH COXpaHAeTCcA BIUIOTH A0 HIDKHEN rpaHHus!l cOopKi.

Ecnu B npouecce pocta MPOBOANMOCTH JOCTHraeTCst NpaBbli kpail cOopkH,
NPOMCXOJMT cka4yOK pacxoia (¢ HIKHEr0 Ha BEPXHHH JIUCT NMOBEPXHOCTH). Pusn-
YeCKHi MexaHu3M cKauka crefylolHi. YBennueHue pacxona MpH NOCTOAHHOMN
IUTOMIA M NIOTIepeYHOro ceueH s KaHalla NPUBOIUT K YBEMHYEHHIO CKOPOCTH Mar-
Mbl H, COOTBETCTBEHHO, K YBEJTMYEHHUIO CONPOTHBACHHS TPEHUSA, HO OIHOBPEMEH-
HO MpPH 3TOM BO3PACTAET MPOTHKEHHOCTh 30HBI I'A30B3BECH 33 CUET YMEHBLICHNA
YKHIKOCTHOH 30Hbl, 4TO YMEHbILAET 00llee CONPOTHRIIEHUE M YBEAUYHBAET ABH-~
Kylni nepenag pasnenus. [Ipu floctatouHo Maiok abconOTHOH NPOTSHKEHHO-
CTH JKWJKOCTHOMH 30HBI (4T0 MMeeT MecTo npu H<H,,) BTopoi 3¢ ekt npesanu-
pyeT, BO3HHKaeT MOJIOKHTE/IbHAA 00paTHas CBA3b M Pacxoj HapacTaeT JIaBHHO00-
pa3sHo, NOKa MNoJIHOE CONPOTHBIIEHHE B XMIKOCTHOH 30HE HE CTAHET MEHBILLE, YeM
B 30HE rasoB3BecH (714 3TOro AJHHA XXKIKOCTHOM 30HbI I0JKHA COCTABUTh MaJlble
JIOJIH TIPOLIEHTA OT IJIHHBI KaHala) Wik CKOpOCTh MOTOKA Ha BbIXOJE H3 KaHalla He
IOCTHTHET CKOPOCTH 3BYKa.

OtMeTHM cpasy, 4TO H3MEHeHHE TPeThero YNpaBlfollero fapaMerpa, ocC-
HOBHOI'O NapaMeTpa 3BOJIIOLMH — YMEHbIUEHHE P, — NPUBOANT K HekoTopoH ne-
dopmaumn cOOPKH U CYILIECTBEHHOMY cMeuIeHHIO ee B 061acTh 00IbIIMX NPOBO-



numoctedl. Tak 4To yMeHbLIEHHME p, B TIEPBOM MpPUONIDKEHUH 3KBMBANCHTHO
YMEHbLIECHHIO NPOBOANMOCTH. Jlanbilie OyayT noipobHO MpoaHanu3HpoBaHb! Ba-
PHAHTbI BOJIKOLMH M3BEPIKEHHA NPH YMEHBIUEHNH P, HO MPEXAE PaCCMOTPHM
CBSI3b MOJYYEHHLIX TEOPETHYECKHX BbIBOLOB C pe3ynbTaTaMy HabmoAeHHiA.

5.3. IIpupoaa KaracTpopHIeCKHX IKCIIOZNBHBIX H3BepKeHHil

5.3.1. Tunst karacTpodHIeCKHX IKCAAOIMBHLIX HIBEpKEHHT
H nochegoBarenbusbie a3l HX pa3BHTHS

Karactpoduueckue axcruio3uBHbie n3sepakeHus (KDH) — 310 u3BepikeHHs,
cBA3aHHblE ¢ BLIOPOCOM OrPOMHBIX Mace MUPOKIACTHYECKOro MaTepHaia B Teue-
HUE OYEHb KOPOTKOro NpoMexkyTka BpemeHH. K KpynHeilIuM U3 TakuX M3BepiKe-
HHit OTHOCATCA NPOH3OLICAIINE B HCTOPHUYECKOE BpeMA H3BEPIKEHHA BYJIKAHOB
Tambopa (1815r.), Kpakaray (1883 r.), Cawra Mapua (1902r.), Karmau
(1912 r.), besbiManHbiit (1956 r.), Cent Xenenc (1980 r.). Ewe Gonee kpynHbie
M3BEpIKEHUA npoucxoannu paHee. Cpeln HHUX HaACKHO AOKYMEHTHPOBAHBLI H3-
BepxeHus ByskaHoB CantopuH (3,4 Teic. neT Hazan), Atumnal (54-60 Toic. net
Ha3an), To6a (~75 Teic. set Hasan). Ilpu Bcex 3THX M3BepXkeHHIX 00BeM BbiOpO-
INEHHOIO BElecTRa NpeBbIa | kM, a Npy kpynHeiimem u3 Hux (Bynkan ToGa)
3ToT 06BeM npesbicun 1000 km® [yenko, 1979].

Knaccngukauys 3kCrUIO3UBHBIX H3BEIKEHHH, TakK e Kak M Kiaccuduxaums
M3BEPIKEHNI BOOOILIE, 0OBIYHO NPOBOAMNACH 110 MPHPOAHBIM STalloOHaM. M3BecTHBI
KaTMafckui, neneickuil THmbl, THN Kpakaray, CaHTOPHHCKHH; KIacCHYECKHM
sngerc TnuHuaHckuit tvn [Jlyuunxuii, 1971; Makgouwann, 1975; PurrMman,
1964]. B ocHose ¢uznueckoro obbsacHeHHS NPHPORL! TAKKWX H3BEPKEeHU 0OLIYHO
nexano MOHATHE B3pLIBA, TO €CTh OYEHL OLICTPOro, MOYTH MIrHOBEHHOI'O BhIfENeE-
HHS DHEpPTuH, Tpe/IBapUTEILHO HAKOIUIEHHOH B HekoTopoMm obbeme (“3apape’™)
[PaGunnn, Ponuonor, 1966; llreitnOepr, 1974; LlteiinGepr, Conosren, 1978).
B3pbi 00b14HO Monaraics NouoOHbIM B3PLIBY NAPOBOTO KOTJIA, HO TIPHBJIEKATHUCH
TalKe X MpUBOAsILHE K OLICTPOMY YBENHUEHHIO NaBJIEHUs XHMUYECKHe peakluu
{Fenner, 1950; I'yiuenko, 1965]. I'.C. I'opiukoB [['opusxos, 1963; I'opuikos, boro-
ABeHckas, 1965] Been nOHATHE “HanparieHHbIN B3pBIB” M0 OTHOLIEHHIO K 60s1b-
WoM rpynne HU3BEPKEHWH, 1A KOTOPbIX ObLl XapakTepeH KOCOHanpaelieHHbIH
BbIOpOC NMHPOKIACTHKH. MHOro BHHManHA YAENANOCh BBIACHEHMIO CBA3M Xapak-
Tepa W3Bep)KEHHsA Taxoro THna c cocraBoM marmel {Meanos, 1990].

Vike JaBHO CTaN0 ACHO, YTO YNPOLICHHBIA “B3pbIBHOK” MOAXON HE MOXET
onucath OONbLUIYIO YacTh KaTACTPOPUUECKUX M3BEPIKEHHI. DTH HM3BEepKeHHs OT-
HIOIL HE MIHOBEHHbI M B CBOEM Pa3BHTHH MPOXOAAT HEckoNbKo crammii. M3sep-
XEHHE B LICJIOM MOXET UIHThCA TOibl, a katacTpoduyeckas (asa — coOcTBeHHO
“B3pbIB” — yackl U cyTkH. Cama xatacTpodudeckan ¢asza TakkKe HEOINHOPOAHA U



MOXeT NoJpa3/ieNaThC Ha KayecTBEHHO pasiv4Hble 3Tanul. [locnenunee Gonee
Wi MeHee TIPOACHWIOCH JIHLUbL HEAasHO, MOCHe H3Bep)keHus ByikaHa CeHT Xe-
JIEHC — e/IMHCTBEHHOrO KaTacTpo(HYecKoro U3BepXeHHs, KoTopoe Habmonanochk
JeTalibHO ¢ Ha4ajia U 10 KOHLd.

CymMHpysl HaKOTUIEHHbIE K HACTOALIEMY BPEMEHH Pe3ylbTaThl HaOmroAeHHH,
MOXHO BBIJIEJINTH CIEeAYIOLIME OCHOBHBIE YepThi KOH.

1. OcHOBHBIM, @ HHOTIA ¥ €IMHCTBEHHBIM JTallOM KaTacTpoMiecKol cTauu
kpynxeimmx KOH, nocrasisronM 0OCHOBHYHO MacCy M3BEp)KEHHbIX NPOAYKTOB,
ABJIAETCA BBICOKOMHTEHCHBHOE (OOBIYHO CO CBEPX3BYKOBOIH CKOpOCTBIO) KBa3u-
CTALMOHAPHOE HCTEYEHHE ra30NMHPOKIACTHYECKOIO MOTOKA — IUIMHHAHCKasA (asa —
TIPOJIOJDKHTENLHOCTBIO OT JIECATKOB MMHYT 110 HECKOJIbKHX cyTok. (Ha Hero MoryT
HakK1aAblBaThes Mylbcalyi HAPOAHHAMHUYCCKON TIpUPO/LI M cBA3aHHbIE C 00py-
LIEHHEM CTEHOK KaHasla ITH KPOBIH ovara.)

Z.Yacto mwinHMaHcKOW (pase HENOCpEACTBEHHO NpeAllecTBYeT ‘“‘HarpaB-
JICHHBIH B3pbIB”, YaCTHYHO paspyllalouii OCTPORKY W BbIOpachiBaIOLLMH B 3Ha-
yuTenbHOM cTeneHn ¢raphii Marepuan. B KOW manoro macmraba (Takux, Kak
u3BepkeHna besbiManuoro 1956 rona wiv Cenr Xenedca 1980 rona) HanpasneH-
HbI} B3pbIB MOXET MIpaTh BeyILyl0 polib B nopaxatoiueM aekcteun K.

3. Karactpopuueckoli cTajilid NpaKkTHYECKH BCerpa Npe/llleCTBYeT CTaius
YMEPEHHOH HKCIN03MBHON JIeaTe/bHOCTH, MPOJO/DKUTENBHOCTh KOTOPOI MOXeT
AOCTHTaTh HECKOJIBKHX JIET NMPH 3HaYMTEIIbHOM BbIHOCE KOBEHHJIBHOTO NHpOKIa-
CTHMECKOro Marepualia.

4. Nocne OKOHYAaHMA KAaTaCTPOHIECKON CTa K B OONBIIMHCTBE CllyyaeB (HO
He BCEra) cledyeT IKCTPY3MBHAA CTafud H3BEPKEHHS.

5. Ilocne oxoH4aHHA (a YaCTHYHO, MO-BHIAWMOMY, U BO BpeMs) KaTacTpogu-
yecKoit craauu npu MHorux Haubonee kpynHeix KOM npoucxonuno kanbaepHoe
npoceaaHue. '

6. Kax HayaJo, Tak M OKOHYaHWEe IUTMHWAHCKOH (a3l MPOUCXOAMT pe3Ko, o
CKauKo0Opa3HbIM BO3pacTaHHEM WIH CHIDKeHHEM pacxolia fonee uyeM Ha MOpSAAoK
(xak npaBuno, Ha 2--3 nopaaka 1 Honee).

Ponb xBasucralmoHapHoro noToka okasaiach BeaylleH M B TakuX ByJIKaHH-
YyecKuX coObITHAX, MPHUPOJa KOTOPHIX CYNTajlach paHee YHCTO B3PLIBHOM: MHUPOK-
NacTHYecKHe NMOTOKH M CKaThIBAiOLiMecs MO CKIOHY “‘naidiiie” nerviosble TY4H
MOTYT ObITE pe3yJIbTaTOM KoJularnca BepTHKanbHOM NerloBoi konoHHs! [Wilson,
1976; Sparks et al., 1978]. B pa6ore [Fisher, Heiken, 1982], nanpumep, yTBep-
*kaaeTcs NofoOHas MpHpofa Naisduel Tyud Jaxe JIA Takoro, cUMTaBIIEerocs
KJIacCHYECKUM TIPUMEPOM HallpaBJIEHHOTO B3pbiBA, M3BEPXKEHUS, KaK U3BEpKeHHe
synkaHa Mos [lene B 1902 rony.



5.3.2. MexanH3im Repexoa H3BepieHMs B KATACTPoH1eCKYI0 CTARHIO

H3noxeHHas BbILLE TEOpHA MO3BONAET 0ObACHUTD BCE NEpeUHCACHHbIE Bhlllie
ocobenroct KOH M cBa3arh MX ¢ XapakTepUCTHKaMHM MarMaTHYeCKOH CHCTEMBbI
BYJIKaHa.

Ilepexon B xaraCTpogMUecKyro CTaAuI0 €CTEeCTBEHHO CBA3aTh CO CKaYKOM
pacxona NpH JOCTIDKeHUH KPHTHYeCKOH BelMuMHBI MPOBOAWMOCTH KaHana B 00-
nacTé COOPKH, 4TO JO/DKHO MMETh MECTO, Korja ImyOuHa oyara MeHbllIe KpHTHYE-
ckoii. Takoi Mexanu3M (B OTIIMUKE OT rUIOTE3bl B3pbIBA NIAPOBOTrO KOTIIA) ¢ HEOO-
XOJJMMOCTbEO NpEAMoJaraeT MpenliecTBYIOLYH KaTaCTPOQHIECKOH YMEPEHHYIO
CTafMo.

JelcTBUTEAbHO, PN U3BEPXKeHHH, HAaYWHAIomeMcs Moclle JOCTATOYHO IIH-
TeNLHOrO NEPHOAA NMOKOA, 3HAYHTENbHASA YacTh KaHalla BO3HUKAET 3aHOBO, MarMa
BHEPAETCA BO BHOBb 00pa3ylomIylocs TpelHy B OTHOCHTENIbHO OCTHIBLIMX I10-
poliax — CONpOTHBIICHHE €€ BIDKEHHIO Benuko. Touka, n3oOpaxaiomas CocTos-
HHE CHCTeMbI “U3BEprarolHiics BYJIKaH" AOKHA HAXOAMTHECA HAa HIKHEH BETBU
kpuBO# (cM. puc.14). Herasaims mMarMbl ¢ JHCKPETHBIMHM B3pbIBaMH, MPOTPEB H
3pO3HsS CTEHOK KaHalla NBIKYIeitca MarMoii, a Taloke MOCTyIUIeHUe K3 IiryOuHbI
Gonee ropAYMX M ra30HaCHIIIEHHBIX ee MopLUHA YyBeTHIHBAET NapaMeTp NpoBoJH-
MOCTH O M CocoOCTBYET CKaukooOpa3sHOMY [epeXxoy B BEPXHHUIA perKuMm.

Benuuwna ckauka pacxona 3aBHCHT OT TOrO, HAackolbko mMIybuHa ouara
MeHbIle KpuTHaecko. IIpuMep Tako# 3aBHCHMOCTH, pacCYMTaHHOH IS ByjKaHa
tuna CeHr XeleHca, nokasaH Ha pucyHke 15. 3aech M300pakeHb! pe3ysbTarsl
pacueTa 1A MPAMOTO LIUIMHAPHYECKOro KaHala HeH3MeHHOH ¢opMbl. B peans-
HOM CHTYalMH MOILHBIH MOTOK ra3oB3BecH paclUMpsAeT BEpXHIOK 4YacTh KaHaua,
ofpasys coOmIO, TO3BOJLTIOLICE

cBepx3ByKOBO# pasros. [Ipn atom 120 /

Ckad0K pacXoia CTRHOBHTCA 3Ha- - 100

YuTeNsHO GONbIIE. oy /
[ny6una ouara onpeneneda o 80

Gosiee WIH MeHee HANEKHO JIHIIE % 60 /

JUIi HEMHOTHX BYJIKGHOB, Ha Ko- X /

topbix Habmopamucs KOU. Tem 8§ 40

HE MEHee BCe HMMelolliecs AaH- 20 /

HBIE IOBOPAT O HErMYyGOKMX 04a- @ /

rax. B 4acTHOCTH, BCe O4ard, on- S 0 e — —t

-
-
o
N+
)
o
w

pPEnEICHHEIE FCOQ)HSH'-ICCKWH
METOAaMH ToA KanbaepaMH, pac- Hc']H

nonararoTcs Ha rimyOMHax 5-6 kM
[3ybun u mp., 1971; 3n06un, de- Puc. 15. 3aBHCHMOCTL BeTHYHHBI cKAuko06pas3-
y P > 2 NOr0 BO3PACTAHHA PACX0RA NpPH BXOJe B KATA-

nopyeHko, 1982; Nopiuxos, 1973; ' cTpodHueCKyI0 CTaanIo ot oTHOmeHHs Ho/H.
Sanders, 1984; Yokoyata, 1969] Kpumiueckan riy6una ouara oxono 15 k



NP PacyYETHBIX KPUTHYECKHX rny6unax ouaroe okonio 15 km. TpoexpartHomy
npeBblilleHI0 H, Hag H COOTBETCTBYET, COMIACHO TEOpMH, OUEHbL BHICOKAs MH-
TEHCUBHOCTb TUIMHMAHCKONM CTalMu CO CKauKoOOpasHbIM BO3pacTaHMEM pacxona
BHavasie OoJiee 4yeM Ha ABa NOPALKA, YTO U UMEET MeCTO (PaKTHYECKH NpPH Kalbae-
poobpasyroiuX M3BepIKEHHUSX.

HarpaBiieHHbIH B3pbIB ABIAECTCA €CTECTBEHHBIM “‘CITYCKOBBIM KPHOUKOM™ AJis
TUIMHMAHCKOH CTalMH, TaK Kak, paspyllias NOCTPOHKY, yKOpauyuBaeT U pacilupser
KaHall.

5.3.3. 3aBHCHMMOCTE KPUTHYECKUX 3HAYCHUIT YNPABJIRIOILKX NAPAMETPOB
OT CBO#CTB MarMbl

BoamoxHas HeycTOWYHMBOCTb M CKaYKM pacxona Onpenensiorcs NnojloKeH1HeM
TOUKH, M300pakaiouieii COCTOAHME CHCTEMbl, OTHOCHTENIbHO 00NacTH HEOmHO-
3HaYHOCTH pacxofa (Haxojauieiics BHYTPH yrna, oOpa30BaHHOrO MUPHBLIMU JIH-
HUAMM, CM. puC. 13). 3TO OTHOCHUTENBLHOE PACMONOKEHHE 3aBUCHT HE TOJILKO OT
COCTOSIHMA CHCTEMbI, HO M OT MOJIOXKEeHHA 06NacTH HEONHO3HAYHOCTH, ONpene-
NAEMOro Mpexne BCEro KOOpAMHATAMH TOUYKM COOpKM (BEpIUMHbI yrnia, CM.
puc.12) — H,, v o, Kpuruyeckue 3Ha4€HHs YNpaBAslOUIMX NapamMeTpoB 3aBHCAT
OT CBOMCTB Marmbl, KOTOpbIE Yepe3 HUX BIMAIOT HA OBILMIA XapakTep H3BEPKEHHS
Y WIMEHEHUS ero Xoaa.

3ameTHbIE W3MEHEHMsi COCTaBa M CBOWCTB MarMmbl B MpoLiecce WIBEPIKEHHS
oTMeualoTcs noutu Beerna [Bonbiioe..., 1984; Kosanes, Cnesun, 1979, 1979 a;
[TetpoB 1 ap., 1979; Foden, 1986]. 3ro MOryT ObITh M3MEHCHHS TEMIEPATYPh,
COIEPKaHUS JIETYYUX KOMIOHEHTOB, XMMHYECKOro cocrapa pacruiasa. OHU CBs-
3aHbl C TEIUIO- U1 MacCOOOMEHOM Ouara ¢ OKpYXalouieit Cpenoii, KpucTamn3atu-
OHHOM M rpaBUTaLMOHHON b depeHLauuei. B nepuoa nokos B oyare MOXeT
BO3HUKHYTb PacC/IOEHHOCTb, NMPHBONALLAA K PE3KHMM W3MEHEHWAM CBOHCTB Mo
BepTHKaNK. aMeHeHMs BceX CBOMCTB MarmMbl Tak WIH MHA4e BIMAIOT HA MEXaHu-
YeckHe XapaKTepUCTHKHM M3BepraemMoro BeilEeCTBa, a 4epe3 HHX — Ha AMHAMHKY
U3BEPIKEHUA.

Temneparypa BAMAET Npexne BCEro Ha BSIKOCTh PACriaBa; COAEpPIAHHE
MaKpPOKOMIOHEHTOB — Ha BA3KOCTbL W Ha PACTBOPHMOCTL JIETYYHX KOMMOHEHTOB.
Conepxanye U COCTaB NETyYHX KOMIOHEHTOB ONMPEASAIOT CTPYKTYpY nByXdas-
Horo noroka. OTMeTHM, 4TO CTPYKTypa ABYX(a3HOro NOTOKA 3aBMCHT HE TONBKO
OT 00beMHbIX CBOHCTB BelecTBa KaXaoH ¢asbl, HO M OT CBOWCTB NOBEPXHOCTH
pasnena a3 M OT MeXaHM3Ma MX pa3ieneHus, MexaHH3Ma o0pazoBaHMA 3apo/bl-
wei ra3oBo as3sl ¥ paspylUeHHs CIUIOUWIHBIX CTPYKTYp KOHAEHCHpOBaHHON ¢a-
3bl. Ha BCe 3TH npouecchl peluatoiee BNUAHHE MOTYT OKa3biBaTh HeOONbUINE H3-
MEHEHHA “MabIX” KOMINOHEHTOBR, 00/1afa0LIMX NOBEPXHOCTHON WM MHOH cre-
uHprueckoil aktuBHOCTBIO. C nopoOHbiMu Bnuanuamu 1.H. KoBanes u aBtop



CBA3LIBANIM Pe3KHe W3MEHEHHUs Pa3MEPOB M NOPUCTOCTH MUPOKIACTHYECKMX Yac-
THU, HabMonaBsIMecs npy u3BepkeHuu Bynkana Tonbauuk B 1976 roxy [Kosa-
nes, Cnesun, 1979 a.

XapakTepHCTHKH H3BEPraeMoro NUpPOKNACTHYECKOro Mmarephana npeacras-
asror coB0i KOHTpoNUpyemslil HAONIONEHUAMHM MHTErpanbHbiil pe3ynstaT 6osib-
woi rpynnbl GU3KKO-XUMHUYECKUX NPOLIECCOB, NPOMCXONAILMX B MarMe npy Ms-
BEPXKEHMH, A BIIMAHKE MX Ha JMHAMUKY U3BEPIKEHHA MOXET ObITh M3yHEHO MyTEM
YMCNIEHHBIX IKCNEPUMEHTOB HA MPEIOKEHHONH MOJCIH.

Uccnenosancs 3aBUCUMOCTH H,,. U O, OT MaccoBoii IONU NeTydyero KoMIo-
HEeHTa ¢y, kKod(ddHuUKenTa g B 3aKoHe ero pacTBOpMMOcTH (dhopmyna 2.2), pasmepa
MUPOKIIACTHYECKHX 4ACTHL d, M KX TIOPHUCTOCTH f3.

OKa3anoch, 4TO BeTMUMHA H,, NMPH 3aJaHHOM NABJCHHM B Oyare 3aBHCHT
MPAaKTHYECKH JIHILIb OT CONEPXKAHHUS NETYUHX C,. BNusiHue OCTaNbHBIX TTapaMETPOB
HE3HAYMTENIbHO M HeperynapHo. Hekoropele pesylibTaThl pacyeroB NMOKaszaHbl Ha
pucyHke 16. [Ipy BLIMMCIEHHAX KPOME ¢, BapbUpPOBAINCL TAKKE W OCTANLHBIE
napaMeTphl B MAaKCHMallbHO BO3MOXHBIX MpEAenax MX M3MEHEHHH B peallbHbiX
marmax. Bce TOYKH nernii cpaBHUTENbLHO ySKOH NoNocoi BAONbL NPAMOH JIHHKH,
ONHUCbIBAEMOH YpaBHEHHEM:

H,,, xM =356 (c—0,01). (5.1)

XapakrepHas enuuuHa ¢ = 0,01, npu koropoit H, cranoBurcs papoii 0,
MTPUMEPHO COOTBETCTBYET MOJIHOMY MCUE3HOBEHHIO 30HbI Ta3zoB3BecH. PocT ¢ yBe-
JsuauBaet H,,, COOTBETCTBEHHO yMeHbLIAET BeIHYMHY oTHOWweRua H/H., W, 3Ha-
YWT, YBENWYHBAET BEPOSATHOCTD

W aMIUIMTYLy CKaukooOpasHoro 85 ¥
BO3paCTaHMs pacxoja. 30 t o 160635 AR5 ; )
25 ; §
s 20 : 3
Puc. 16. 3asucumocts H.{c) npu 5 15
H30bITOMHOM AaBNeHHH B ouare 200 T %
fap M PAVIMYHBIX COMETAMHAX APY- 10
THX AAPAMETPOB.
I = d=0.1 cm, =075, a=0,0013; 2 - 5 i_l
da=1cm, B=0,75, a=0,001; 3 — 0,01
cm, =0, a=0,0013; 4 — a=0,1 cm, §=03, 0 —— } . S — f '
a=0,002; 5 - a=1, p=0,75, a=0,0013 0 2 4 6 8 10

Copepxanue netydnx B %

3aBMCHMOCTD 5.1 NO3BONSET OLECHMTbL MpenesbHyio NTyOuHy ovara, mpH Ko-
TOPO¥ BO3MOXHA HEYCTOMYHBOCTh H CKAYKH pacxona. YCJIoBHE TakoH BO3MOXKHO-



ctu: H < H,,. Ecnu B 310 ycnoBHe BMeCTO H,, oacTaBuTh BhipaxeHHe 5.1, momy-
Y1M YCIIOBHE:!

H <356 (c—0,01). (5.2)

[ToacTaBMB B 5.2 MAKCUMQILHYO PEalIbHYIO BEIMYUHHY ¢, NONYYMM Mpeneib-
Hy10 BenuinHy H ~ 18 xm.

BennunHa o, JOBOJILHO CHIBLHO 3aBHCHT OT pa3Mmepa M MOPHUCTOCTH YaCTHIL U
cnabee — ot copepikaHuA JeTyunx. MILnocTpUpyloiie 3TH 3aBUICMMOCTH pPe3yJib-
TaThl pacyeTOB MOKAa3aHBI HAa pUCyHKe 17. 3aBHCHMMOCTH MOCTPOEHbI B KOOpAMHA-
Tax, B KOTOPbIX OHH JIMHEHHBI. AHANIUTHYECKH 3ABUCHMMOCTH BbIpaXkaroTcs (op-
MyJamH:

lgo,=a;lgd+b,,

lgo—c‘."= azﬁ+ b2’
lgo,=a3;c+bs,

(52)

rae a; > 0, a;, <0, a; < 0. Kpurndeckoe 3Ha4eHHe napameTpa NMPOBOAUMOCTH O
YMEHBIIAETCA M, 3HAYMT, BEPOSTHOCTh CKAUYKOOOPa3HOrO BO3PACTaHMA pacxona
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yBENHYHBACTCA MPH YBEIMYCHHH ra3oCOAepKaHMs M MOPHUCTOCTH YacTUL M NMpH
YMEHBLUEHUH HX pa3sMepoB. @H3MUeCKuii CMBICH TAaKMX 3aBUCHMOCTEH NOCTaTO4-
HO SICEH: BCe NEPeuHCIeHHbIE M3MEHEHHA MPUBOJIAT K POCTY CKOPOCTH YacTHIL B
MOTOKE ra30B3BECH M CHIDKEHHIO €ro IUIOTHOCTH MpH TOM ke pacxone. B Tabnuue
4 npuBeeHb! 3Ha4eHHS KO(PPULIMEHTOB 2; U by, BHIUHCICHHbIE I8 3HaYCHMUH
¢=0,05, a=0,0013 6ap " pasnbix 3uauenmuit B:

Ta6auua 4
3uauenun Ko3uuIEHTOB a; U B,
B a; b,
0 0,35 0,35
0,30 0,50 0,50
0,75 0,75 1,0

5.4. 3aBHCcHMOCTB pacxo/ia OT AABJIEHHA B o4are

KauecTBeHHBIE XapaKTepUCTUKH 3aBUCHMOCTH pacxofa OT AABJICHMS B Odyare
ONPEENIAIOTCA H3MEHEHHEM MONIOKEHMS COOPKU NP H3MEHEHHH 3TOI0 JABIICHMS.
HopmanbHas 3BOMOUMS TIPH YMEHBLICHHMHM NABJICHHA B O4are ¥ HEU3MeHHBIX OC-
TalbHBIX NTADAMETPAX CHCTEMBI — 3TO YMEHBLIICHHE PacXoia, KOTOpo¢ BHE 00J1acTH
cOOPKH NMPOKCXOANT NPUOIH3UTENLHO MO 3KCNIOHEHTE, a B 0011aCTH COOpKH MOXET
npeTepnesarh ckayok. M3ameHeHue nonoxeHus cOOpKH NpH YMCHBIICHHH AaBIe-
HMA B OYare BIIMACT TAKKe M HA BEPOATHOCTH CKAYKOOOPA3HOIO YBEJIMUCHHS pac-
X0fa NpH COOTBETCTRYIOLLMX M3MEHEHHAX APYIHX YNPaBISIOMIMX N1apaMeTPOB.

5.4.1. UsMeHenue noJiookeHus TOUKH cHopiu

3aBHCHMMOCTb KOOPOWHAT TOUKM COOpKM (BepUIMHBI yrjia Ha rpapuke, cM.

puc. 13) H, U o, OT H3OBLITOUHOrO
A3BJICHMA B OvYare p,, NokasaHa Ha 0 D
pucynke 18 kak TpaekTopus TOYKHM o /’G
0.4 +5(03//

cOOPKH B 3THX KOOpAMHATAX.
03 /
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OGe BesiHHMHBI CHILHO BO3PACTAlOT NMpPU YMEHBILEHHH p,,. [Ip1 3TOM BO3pac-
Tauue H, yBelIHuMBacT BEPOATHOCTL CKauKa PacXona: MpakTHIECKU MPH p,, BOIM-
34 WM 9yTh MeHblie O CKauoK pacxona CTaHOBHMTCHA B NPHHLIMIE BO3MOMXHBIM NPH
JooOpiX peansHbIX Ty6uHax ogara. BospacTtaHue e KpUTHYECKONO 3Ha4eHHA TIpo-
BOIMMOCTH KaHaJla, Hao00poT, yMEHBINIAET BEPOATHOCTh CKauka. Takue npoTuso-
NOJIOKHBIC TEHIEHLIMH JNIalOT TEOPETHYECKH BOIMOKHLIM BOIHUKHOBEHHE CKaYKa
3a CYeT CHWKEHHUA P, MPH NTyOOKO pacrioNIoKEHHOM oHare, OQHAKO [nA 3TOro He-
006X0AUMO CHABHOE BO3PAacTaHWE NMPOBOJMMOCTH KaHana Ha JOCTATOYHO MO3JHMX
CTAHAX U3BEPIKCHHA, YTO MAJIOBEPOSTHO H, IO-BUIHMOMY, HE HMEET MECTa.

5.4.2. H3meHeHus NOJIOKeHHN rpaHuLl cOopkH

3aBUCHUMOCTD BeNUIHHEI O {H) npu H<H,,, TO ecTb JIHHUA, OTPaHUYUBAIOLLIAS
npoexiio cbopku ceepxy (1, cM. puc. 13), npeacraiser coboit npsmyro. Habop
TAKHX NPAMbIX, PACCUHTAHHBIX MM Pa3HbIX p.., OKa3aH Ha pucyHke 19. Ha pu-
cytke 20 u3obpaxkeHa 3aBHCMMOCTB O.{p..), pPacCcyvTaHHas uig-BynkaHa CeHT
Xenenc (H=7,2 xm). BUIHO OueHb pE3KOE BO3PACTAHUE O, NMPU YMEHbLIEHUH D,
Hixe 0.
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Puc. 19. 3asHeumocts oo{H) npu H<H a1a
PA3HBIX Pex

1 — pe= 400 6ap (Ho=10 kM), 2 — po= 200 Gap
(He= 20 M), 3 ~ pe= 50 Gap (Ho= 30 km),
4 — po= 0 (Hs= 50 kM), 5 — p= -50 Gap
(He>50 kM)
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JluHus, orpanM4KBaollas NMPOEKLMIO cOOpKH Ha pucyHke 13 cHM3y, — 9T0
NPOEKUHUA BEPXHEH CKIANKH, HA KOTOPOH NMPOMCXOOMT CKAYKOOOpa3sHOE yMeHb-
uieHre ckopocTu. (Bynem o603HauaTh COOTBETCTBYIOLLYIO 3TOMY CKauKy KpHTH-
4eCKyH0 NPOBOAMMOCTD KaHama — ci.) Ee nonoxenue npu CHWKEHUH JaBIEHUS B
ouare MEHAETCH HE CHILHO — PE3yJbTaThl pacyeToB A ByJIKAHA C MlapaMeTpamH
Cent XeneHca npuBeacHs! Ha pucyHke 21. BuaHo, 4To npu Manbix rimrybuxax oda-
ra BCe KpHBble COMMKAIOTCA M CXOAATCA B OHOM TouKe npH od=0. 3aBUCHMOCTH
OV (Pex) TIPH 3aNaHHOM ry6HMHE Ouara JMHEHHA B NONYNOrapHPMHUECKOM Mac-
wirabe, ana Bynkana Cenr XeneHe oHa nokasaHa Ha puCyHke 22.
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Puc. 21. 3asucumocts od(H) ana BYJI-
kana ¢ napamerpamn Cenr Xenenca
NPy PASHLIX 3HAMEHHAX M3GLITOMHOrO
/1ABJICHHA B OYare,

| — pex= 200 Gap, 2 — px= 0, 3 — pe=-200
oap.

0.2
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MNposoAnMocTb Npu ckauke sHus (CGS)
(=]

0 10 20 30 40 50

ny6una onara H, km

H3 naHHbIX, NPHUBENEHHBIX Ha PHCYHKE 22, CIEYET, 4TO NpH NPOBOJHMOCTH
KaHana, mMeHbiueH yem npumepHo 0,015 cM /I3, CKauKoODBPa3HOE YMEHbILIEHHE
pacxona NO/MKHO MPOMCXONMThL Yxe MpU p. = +600 6ap, T.e. NMpakTHIECKH
“BepXHUI” BBICOKOMHTCHCHBHBIIH peXxUM HeBosMokeH. [Ipu 3HAYCHMAX He Npo-
BOAMMOCTH, Gonbmmx yeM 0,025 cM*/I13, nepexon Ha “HibkHuil” pexyM Tpebyet
CHIWXEHus p,, 10 ~400 6ap 1 Menee. TIpu NONOOGHBIX NABIEHUAX CTAHOBHTCS BEpPO-

ATHBIM pPa3pyllIcHHE CTCHOK KaHalla

-14 ¥ o4ara, MpU 3TOM CMEHA PexHUMA
NPOHCXONUT paHbILE, yem
“uzobpakarouias To4Ka” HOCTUTHET
-1.6 JVHHH CKIaOKH, H MeXaHu3M 3Toit

\\\ CMEHbI JIpYroi.

-1.8

Puc. 22. 3asucumocts Log(od) or miGw-
2 ' * ' TOMNONO0 JABJEHHS, PACCHNTAHMAS A5
-200 0 200 400 800  pymxana Ceut Xesene (H="7,2 km)
Po.. 62p

Norapudhm nposogumocty (CGS)




Jnst HeriryGOKKMX OYaroB H AOCTATOYHO GOraThiX JIETYYMMHM MarM B pe3yJibTa-
T€ CHWKCHUS AABIEHHMA YPOBEHb (pparMEHTallMd MarMbl MOXKET OIYCTHThCS B
ouar. Tak Kak rIolaab ropH3OHTATBHONO CEYEHHA Ouyara Ha HECKOJbKO MOPSAAKOB
Gonblle TUIOLIAAM TOPH3OHTANLHOINO CeYeHHMs KaHana, CKOPOCTh BOCXOISALIErO
MOTOKA rasa B oyare He JOCTATOYHA A7 TIONAEPKAHMA YAacTHL BO B3BelICHHOM
COCTOSIHMM, U BBIHOC KOHICHCHPOBAHHOIO MaTepuana npekpaturca. Ilocnemyro-
1iee OcenaHHe NHPOKIACTHKH M MEHbl B OYare MpuBeeT K ObICTPOMY MpeKpanie-
HHYO M3BEPIKCHHMA W 0OpYLICHHIO JIMUICHHON MOANEPKKH KPOBIIH. 3TOT MEXaHA3M
OCTAHOBKH M3BEPXKEHHs, MNO-BUIAMMOMY, OCYHISCTRBISETCS NpH OONBLIMHCTBE
“KanbaepHLIX M3BEPKEHHH.

5.4.3. Beanuuna ckauka Ha rpanuuax c6opku

BenuuuHy ckauka pacxosa OyleM M3MepsTh Kak OTHOIIEHHE PAacXoloB (Cko-
pOCTeii OTheMa MarMBl) 10 M Toche ckauka v obossauats w/ul u u/ul. Du se-
NWYHHB! BO3PACTAIOT MPH YMEHbIICHUH ITTyOHHB] 04ara rno OTHOIIEHHIO K KPHTH-
4eckoit M NP YMEHBIUEHVH p,,. BOnu3u H,, npu ymenblienuy H BenHdHHA CKayka
MpaKTHYECKH Cpasy NOCTUIAeT HECKONbKMX COMHHLL, a MOTOM pAacTeT cHayana
MeIUICHHO, HO CO 3HAYHTENbHBIM ycKopenneM. Benwanna w/uT pacrer no 3akomy,
ONM3KOMY K KCITOHEHTE W 1S pealbHbIX MaIONTyOHHHBLIX 04aroB MOXET JOCTH-
rarh 3-X MOPSKOB, a w/ud — 3HAYUTENBLHO GICTpEE, YXOMS B GeCKOHEUHOCTh MpH
BeuKHe H, nMpH KOTOpPO# MPOMCXOAMT MOJHOE NpekpauieH’e H3BepiKeHus. 3a-
BHCHMOCTH 2/t ¥ u/ud OT M3BBITOYHOrO NaBeHNs MpH GUKCHPOBAHHOI ry6uHe
ouara B momynorapupmuueckoM macmrabe nuneiinsl. PacuerHble npuMepsl ms
BYJIKana ¢ napaMerpaMu CeHT XeNeHca nokasaHbl Ha PUCYHKax 23 U 24,
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Puc. 23. 3a8HCHMOCTL BE/THYHHBL! CKAYKA OT ray0HHbl 04ara, pacCYyHTaAHHAA AT BYJIKAHA C na-
pamerpamu Cenr Xeneuca.
1 — pe=400 6ap, 2 — p~=200 6ap, 3 - p=0. A — w/u (ckauok BEpx), B — w/ul (ckauok BHK3).
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Puc. 24. 33BHCHMOCTh BEJHYHHBI CKAYKA g
OT Pexs pACCUHTAHHA A0 Byakana Cent U 2 I
Xenenc npr H=7.2 km. o
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CnepyeT OTMETHTB, UTO POCT BEJIMUMHEI CKAYKA OCYIIECTBISETCS MOUTH MC-
KIOUMTENBHO 33 CYET M3MEHEHHs BE/ITIMHBI pacxona mocie ckauka. B yacTHo-
CTH, BETHUMHA w/ud PAacTeT B OCHOBHOM 33 CUET YMEHBIICHHA KOHEYHOMN CKOpO-
CTH, KOTOpas MOXET cpa3y JOCTHIHYTh MOpOra, NMpH KOTOPOM HM3BEPXKEHHE Tpe-
KpaTuTCA. .

5.4.4. 3apepmaroias craausi KaracTpodHUYECKOro IKCIIOZUBHOTO H3BEPIKEHHS.
Yciosun nepexoaa B 3KCTPY3UBHYI0 dasy

Karactpoduueckas NiMHHAHCKas CTalus M3BEPKeHWA NPeKpaiiaeTcs Bcerja
pe3ko, ckaukom [Iopwikos, Borosenenckas, 1965; The 1980..., 1981; Williams,
Self, 1983], npuueM AOCTaTOYHO YACTO, HO He BCErAa HEMOCPENCTBEHHO 3a Heit
CNeAYeT IKCTPY3UBHad CTAAMA C PACXONOM, MPHMEPHO HA TPH NMOPAAKA MEHBILHUM.
MMeHHO Takas KapTHHa CleXyer W W3 HIOXKEHHOH 3lech TeopuH. B paborax
[Cne3un, 1995, 1995 a; Slezin, 1995] muoto GblIH NpoOBENEeHb! KONHUECTBEHHbIE
CpaBHCHHA pacCUMTaHHBIX 3((eKTOB ¢ pe3yNbTaTaMH MIMEpeHUH u HabmoneHui
Ha HEKOTOPLIX, AOCTATOUHO XOPOLLO H3Y4EHHbIX H3BepXeHHAX. KopoTko onuineM
COOTBETCTBYIOILIHE PE3YALTATHI.

Cenr Xenenc 1980. I'mybuna ouyara H=7,2 kM H HCXOJJHOE COfiepXKaHHE pac-
TBOpeHHOI Bozpl B Marme ¢=0,046 onpepenens! aeropamu pabotsi [Rutherford et
al., 1985] na ocHoBarNN H3yueHus (Ha30BO-MHHEPATLHBIX COOTHOIIEHHH BO BKpa-
nneHHukax. CpefHuit pacxo B TeueHHe IHHHAHCKOH (ha3bl COCTaBUI 8:10°m’/c
rotHoi marMel [The 1980..., 1981]. Cpennuii pasmMep nupokiacTHeckoi yacTu-
1bl, onpefenenHbii MHow B [Cnesnn, 1991] no nanubim [The 1980..., 1981], pa-
Bed ~0,1 cM. Bo BpeMs ruiMHMAaHCKOI' CTAAMM pacxol BeecTBa ObI JOBOMBLHO
cTabuieH, YMEHbIUMBIIKCH K KOHILY HA HECKOJBKO IECATKOB MPOLEHTOB (OLEHKH
o BBICOTE 3pYNTHBHOMK KoNoHHBI [@enopos, 1982 a]); B xoHUe cTaaud BbicoTa



KOJIOHHbI CKAYKOM YMEHbBILIACh Ha NOPAAOK, YTO yKa3biBaslo HA CHIDKEHHe pac-
Xona o Kpaiiseil Mepe Ha 4eThIpe NopsaKa.

Pocr Kynona Haudancs yepes 3,5 Heaenu nocye u3sepikeHus 18 mas, u pacxon
TIPY 3TOM COCTARJIST OKONO 8 M’/C — POBHO HA TPM TOPSAIKA MEHbIIIE, YeM B IUIH-
HHAHCKYIO CTaJIMIO.

TeOopeTHueCKHe PacueThl NO3BOMIA KOCBEHHO OLEHHTD [OMepedHblii pasvep
U NPOBOAMMOCTL KaHalla M HalTH CKOPOCTh NOabeMa MarMbl HA KaKOOH CTaauu:
u;~1 M/c nepen npekpauleHHeM MIHHHAHCKON ctanun U u~0,001 m/c mocne ee
TIpeKpaLleHNs.

Jins aHanorvyHOrO u3BepxkeHus BysikaHa besbimMsxHoro 1956 roga otcyrct-
BYIOT J@aHHbIE JUIs TUTHHHAHCKOM CTaJH, H3BECTHO JIHLIb, YTO KyMNOJ Hayall pacTH
NpakTHYECKH Cpasy ke Mocie fnpekpaueHns Karactpoduueckoit ¢asbl, 1 cpeaHss
CKOPOCTh €ro pocTa 3a NepBule 3 MecsLa CoCTaB1ia OKono 3 m’/c. (Io ananorum ¢
APYrHUMH 1oa00HBIMH H3BEPIKEHHSAMH MOXKHO TIONIAraTh, YTO B MEpPBLIE Yachl W AHH
pacxon 6bu1, Tak ke kak ¥ Ha Cenr Xeneuce, okosno 10 M/c) ConepkaHue pac-
TBOPEHHOM B MarMe BOJIbl MO NETPONIOrHYECKHM AaHHBIM coctaBiano ¢=0,05-0,06
(1, BO3MOXKHO, HECKOJIBKO Bhlille), a iryOuHa ouara — ~12 kM [Kanuk u ap., 1986].

[TpyHaAB W1 NPOBOAMMOCTH KaHala Ty XK€ BeJHUHMHY, 4T0 ¥ Ha CeHr Xenen-
ce, 1 ¢=0,06, nonyynM pacyeTHYX BENMYHMHY CKOPOCTH MOAbEMA Marmel nocne
npeKpaiieHus IUIHHHAHCKo# ctammu — u,=0,009 M/c.

OuenenHas 1o ¢opmyne 3.24 kpuTHYECKasd CKOPOCTb Ul SKCTPY3HBHOTO pe-
xuma (Ge3 ydeta cIunNaHWg 4YacTHil) Heckonbko MeHee 0,001 M/c, T.e., Xora M
OsM3Ka, HO BCE K€ MEHbLIIE CKOPOCTH %, Kak s Cedr Xenewca, tak u s besnl-
MSIHHOrO. 3TO, OYEBMJHO, yKa3blBacT HAa CYIUECTBEHHYIO pPONb YCHIHA OTpbiBa
YacTHLL ApyT OT ApYra NpH Nepexone K ra3oB3BecH.

To, 4ro pacueTHas CKOpocTb #; mis CeHT XeneHca oka3anach CyUECTBEHHO
MeHbIIeH, YeM U1 De3bIMSHHOrO, KaueCTBEHHO cornacyercss ¢ HabomeHHOH
JamepKKo# nmosrneHHa Kynona Ha Cedt Xenence Ha 3 Hee/H.

[TpyMepoM aHAOrHYHOI'O ra3onUpOKIacTHYECKOro M3BEPKEHHs, BooOLLEe He
COMpOBOXKAABILETOCS 3KCTPY3HBHOIM cTaguei, sABNseTCS M3Bep:KeHHWE BylikaHa
[Husenyu 1964 ropa [lopumxos, [ybuk, 1969]. (Boobiie synkany Llusenyu
CBOMCTBECHHBI 3KCTPY3MBHBIC Kynofla, HO Tocjie u3Bepxkenua 1964 rona kynon
NOABHICA NHLIb yepe3 16 net, u ero Henb3g paccMaTpyBaTh Kak CTaAMIO MpeaLe-
CTBOBABIIIEIO KATACTPO(HUECKOTO H3BEPXKEHNUS.) 3/iech, OUeBHAHO, #,=0. [Tone3Ho
BbIACHHMTDb, C YEM CBA3aHA TaKas pa3HMLA B MOBENECHHM 3THX B OOLIEM CXOZHBIX
BYJIKAHOB.

Hcexoms u3 pesynbraToB aHanu3a, MPOBENSHHOrO BbILLie, MOMXHO HPEANoNo-
MHTb, UTO OTCYTCTBHE IKCTPY3IHUBHOM CTanuH usBepkenus LUusenyya B 1964 rony
CBA3aHO C Maylol rryOMHOMH ouara, KOTOpas AO0MKHA ObITh HECKOJIBKO MeHblue 7
KM (pe3Kkuii poCT Be/IHUKMHLI CKauka BONM3K 3TOi ryOHHBI BHASH Ha pHcyHke 23).



[TpoBepyTh 3TOT BLIBOJ MOXKHO, NPOBEAA M3y4YeHHE CTPYKTYPbI BYJIKAHHYIECKOro
annapara METOI0M CEHCMHYECKO# ToMorpaduH.

5.4.5. Bo3amoxuble ocobennocTu noseaeHUn pacxona nNpu o4elb BA3Ko# marme

JU1s Marmbl oYeHb BBICOKO# BA3KOCTH NIPH HabMORAEMbIX CKOPOCTAX €€ JIBH-
KEHMsA B KAHAJIE B NPOLIECCE W3BEPIKSHUA HENMPABOMEPHBI NPEATNIONOKEHHA KaK O
PaBHOBECHOCTH pOCTa Iy3bIPHKOB NPH CHIDKEHHH JABJICHHSA, TAK H O PABHOBECHO-
cti au¢¢dy3sHOHHOro rasooraeneHus. PesynbTaToM HepaBHOBECHOCTH poOCTa ITy-
3blpbKOB OyzieT BbICOKOE JABICHHUE B HUX Nepes pa3pyLieHHeM M, B pefelie, no-
HOE OTCYTCTBHE 30HBI paspyluaroiueiics rneHbl. B pesynbraTre HEpaBHOBECHOCTH
ra3o00TACJICHHA MOABUTCA 3aBHCHMOCTD KONMYECTBA CBOOOJHOIO ra3a OT CKOPOCTH
MOTOKA.

JlnA oueHKH BiMSAHHUA 3THX 3(dexToB Ha JMHAMMKY W 3BOJIOLIMIO H3BEpXe-
HMS pAcCCMATPHBAETCA crefyioas Moaens (6onee nompobHo cM. [Cresun, Menp-
HuK, 1994]). Kak u paHbille, pemiaeTcs oJHOMEpHAs M30TEpPMHUYECKasd 3ajaya C
TEMH K& TPAHHYHLIMH YCNIOBHAMH (CM. I'l. 4) M C ONMCBIBAEMbIMH HIDKE OTJIH-
UMAMM B CHCTEMAX YPaBHEHHIi 1Sl OTACNBHAIX 30H MOTOKA.

Ciucrema ypaBHeHHii U1 My3bIPbKOBOH 30HBI:

(l-a)l-c)u=U(l~cp),

(pga+p;(1-a)c)u=p,Uc, (5.8)

nu = nguy, @ =4f37rn,

dp, 3 dr 1 D(c-cg) :
2 G g g b PRETER) o 5.9

“an r(j pg”dh) =gk &)
r —

& P P1) (5.10)

dh 4n

dp pu’

B pe-C, P p=pa+p-a), 5.11

5= PECi s PP pi(1-a) (.11

rae OocHOBHBIC 0003HAUEHMs mpeXkHHe U NOOGaBJICHO 7 — pajuyc Ty3bipbKa, n —
KOJIMYECTBO My3bIPLKOB B ¢MMHHLE 00beMa; j — nudQy3noHHBIA NOTOK rasa B my-
3bipek; D — ko3dpuumeHt mididy3uH; ¢y — KOHLEHTPALMs PACTBOPEHHOIO rasa y
CTeHKH My3bipbKa; Sh — yucno lllepyna, koTOpOE IS ONHOCKOPOCTHOIO ITy3biph-
KOBOIO TEYeHHS paBHO 2. 5.8 — ypaBHEHHA HenpepbIBHOCTY; 5.9 — ypaBHenue 6a-
JNaHCa Macchl OMMHOYHOTO IMy3blpbka; 5.10 — ypaBHeHMe THna Panes-Jlamba mna
pocTa My3bipbKa B BbICOKOBA3KO# JKHAKOCTH.



3oHa pa3pylLaloLeics neHbl oTCyTCTBYeT. TOoHKasd oOnacTh paspylleHus mmy-
3pIpbKkoB (rpy0o roBOps, TONUIMHON B OAMH My3bIpEK) B CTALMOHAPHOM HOTOKe
baxTigecky npeactasiser co6oi GpoHT BoNHBI ApobieHMa (moao6HOH onucas-
Hoit B pabotax [Anuaubupor, 1987; Alidibirov, 1995] npumeHuTensHO K AHC-
KPETHBIM BYJIKAHHYECKUM B3pBIBAM), PACNIPOCTpaHAIOLLeHCA HABCTPeUy MOTOKY C
TO# K€ CKOPOCTHIO, 4TO M nocieanuil. OHa OIMUCHIBAaETCA KaK pa3phiB, HA KOTOPOM
CrpaBeINBbI CleAYIOLIME YPAaBHEHHS:

p(l-a)u=p(1-8)u, , pyou=p.éu, , (5.12)
(p(1-a)+ p;oz)u2 +p = p,(]-S)uf, + p;5u§ +Pg.

+

Py =Pp——,p =p;(1-a)+pea. (5.13)
ga
pru, —u,)?
Cp-i—ii——p——=p,g. (5.14)
p
al '
pg—pi=p (@), p(@)=p, 1—(?] ‘ (5.15)

OcHopHble 0003Ha4YeHMA Te XKe, YTO M B MpeAblIyLIHX YpaBHEHHAX; 3Ha-
KH + H— OTHOCATCA K XapaKTepHUCTHKaM ras3a J0 pa3pbiBa (B My3bIpbKax)  1ocie
Hero (B cBOOOAHOM COCTOAHMM), COOTBETCTBEHHO. Bo3MoXkHas mopHCTOCTH Yac-
THIY 3/1€Ch HE YHHTBIBACTCA, T.€. pa3pyLICHHE ITy3bIPbKOB CUHTAETCA NOJHLIM. [To-
JIMIMCTIEPCHOCTE YacTHI y4HTbiBaeTCA BBIOOpOM cpeaHero 3¢ ¢eKTHBHOrO aHa-
MeTpa B COOTBETCTBHH C [PurTMan, 1964], a HechepyHOCTD — BENUYHHON KO3(-
-pHLEeHTa ConpoTHBIEeHN B cooTBeTcTBHH ¢ [Walker et al., 1971].

YpaeHesus 5.12 BbIpaXalOT 3aKOH COXpaHEHWA ra3’OBOH M KOHIEHCHPOBaH-
HO# a3z (MepexofoM NETYYHX KOMIIOHEHTOB M3 KOHJEHCHPOBAHHON B ra3oBYIO
dasy. Mb1 31eCh mpenebperaeM BRHMAY Y30CTH 30HbI ApoOnenus); 5.13 - 6Ganauc
HMIynbCa I CMECH B 1eoM; 5.14 — ypaBHeHHe MMITyNibCa A YacTHL, 3aMH-
CaHHOE B NMPEANON0KEHHH, YTO B NpefieNiax CKa4ka CKOPOCTH ra3a M 4acCTHIl yCIie-
BAIOT MPHIUTH K PABHOBECHIO, ¥ CHJIAMH HHEpPLIH MOXHO npeHeOpedp; 5.15 — 3a-
KOH ipoGnienns; p (@) ~ paspymaiomee aapiesye. Bropoe ypassenne B 5.15 onn-

*
ChIBaeT 3aBHCHMOCTh OT . BeminHbI K03QQHIMEHTOB p, M h, nonobpaHHble

SMIMPUYECKH 10 MMerolMMcA B Jutepatype [CnpaBounuk..., 1968; Cnpasou-
HHK..., 1969] 3KCnepHMEeHTAIBHBIM AaHHBIM, COCTaRIOT 65 Gap u 0,27, cooTseT-
CTBEHHO. '

Pacyer 3aBucuMocTH pacxoza OT JaBlieHWA B O4are AIA pazHbIX 3HAYEHHH
JBYX IPYrEX YIpaBJAOWKX MapaMeTpoB — H u o — nokKasal, uTo, Tak e Kak U B
PaBHOBECHOH MOJIENH, 3Ta 3aBUCHMOCTb HeoTHO3Ha4HA. [IpH nocTaTouHo GonbuIMx



Puc. 25. Xapakrepusnie dop-

MAIBIX 3HAYEHHUAX O OHA
ycnoxkuserca (puc. 25,
26).

Mbl 3ABHCHMOCTH OTHOIUCHHA 1
rny0HHEl  ypoBHA  ¢par-
MCHTAUHH K r.rlyﬁlme oyara
Hy/H —a n ckopocTH nognemMa 01
marmMet 0e3 Ny3eipbKoB uy — 6 T !
0T DABJIEHHA oMare |
H=6 k™M 1 6=0,0027 cM™/13 Ié 0,01
0,001
0,0001
0,00001
rnybuHax ouara (H=10 10
KM) M TNPOBOIMMOCTAX O
kanama (o>0,1 cM/Ilz) = ,
¢popma 3aBUCUMOCTH -5
NOJIHOCTBIO MoA06Ha ro- i
y4aeMOH M3 paBHOBEC- 0,1 |
HOH MOJEJIH, HO MpH Ma- II
AbIX Iy6uHax ouara M i l
' 1
0

1,7 1,27 0,85 0,43

il

p, k6ap

3TO0 yCnoXKHEHHE 3aKTI0YaeTCs Npexae BCero B ckaukooOpasHoM Bo3pacTa-
HHM PacxoJa B KOHIIE W3BEPXEHHUA, aMILTHTY/Ia KOTOPOro /UiA CaMblX HerTyOOKHX
oyaror (5-6 kM) U oueHb Maneix nporoaumocteit (0,001 cM*/T13) MOXeET JOCTH-
raTb OIHOTO nopsaka senu4uHbl. KpoMe Toro, 8 04eHs Y3KOM JMara3oHe JaBie-
HHA (Pr-ps, CM. pHC. 25) NosABNAETCA NPUHUMIHANBHAA BO3MOXHOCTD MATH pas-
HbIX PEXHMOB (IBa H3 KOTOPbIX HEyCTOHUYHBbI). JJOMONHHTENBHBIN CKavOK pomna-
NlaéT KaK MpH YBEJIMHMEHHU O, TaK M NPH YBEJIMYeHHH H, HO eCliH B NEPBOM Cliy4ae
€ro aMIUTHTY/A IUIABHO YMEHLLUAETCA N0 HYJIA, BO BTOPOM — BCE MPOHUCXOAUT Me-
Hee CTaHJapTHLIM cnocofoM. Ilpu yBenuueHun rayOHHBI oyara obnacTh cxadka
caBUraeTcs K Goliee HM3KUM JABJIEHUAM, 8 BEPXHsA M HIKHAA BETBH KpHBOIi pac-
Xoza COMKAIOTCs 10 CONPHKOCHOBEHHS B TOUKE, Il POUCXOANT CKa40OK pacxo-
na. Obnacts Ckayka OTACNAETCA B BHAC METIH, ONHMCHIBAIOWIEH BO3IMOXCHBIH, HO
HEpeanM3yeMblil MPH HOPMATLHOM SBOJEOLMH PEXHM, @ OCHOBHAA KpHBas MpHOG-
peraeT S-00pa3Hyl0 GOpMY, TOUHO MOBTOPAIOILYIO Ty, KOTOpas fnojyyaeTcs B MO-
JNIeJIH, He YYWTHIBAKOLIEH HepaBHORECHOCTh pOCTa Iy3bipbkoB. IIpu panbHelimem
yBennueHuu H KpuBas BeIIPAMISETCH, IPHOMAKAACH K SKCTIOHEHTE, TaK ke KaK i
B PABHOBECHOH MOJEIN.
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Pre. 26, Bananue peinuinbLl ¢ HA (opmy 32BHCHMOCTH PAcXoaa OT JaB/IeHHA B 0Yare, a — NPH
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Ou3yeckuii cMbIcT 0OHapYXEeHHBIX 3aKOHOMEPHOCTEH cneayrowuit. Bius-
HHe rIyOMHBI o4ara Ha OpMY KPHBO# pacxo/ia CBA3aHO C pasiiMYHbIMU YCIOBHSA-
MH Ta300TAE/NeHNs B o4are ¥ KaHane. B oyare npu BceX yCNOBHSX ra3o0TaeNeHHE
OCTAETCH PABHOBECHLIM, H [IO3TOMY OHO NPOUCXOIUT HONee NONHO, YeM B KaHare.
[Norpyxeunue YpORHS Hauana ra30O0TAENeHHs B OYar NPHBOJAMT K YBENMYEHHIO
obuiero komMuecTBa CROOOJHOIO ra3a, yMEHbLIEHHIO CpeqHe MIOTHOCTH MarMsl
B KaHase, TOHWKEHHIO YPOBHA (parMeHTalMH (M3MEHEHHUs TONOKEHHA YPOBHSA
dparmenTaiuu cM. puc. 25, a). BosHuKaeT noslouTelibHas oOparHas CBA3b, MO-
Jo0Has npoaHaTW3HPOBaHHON HaMU BbILLE B PaBHOBECHOM Cliyvae.

PexxumM ¢ otaenuBlUeics “neTaei” oTBeyaeT cneayowemMy ciaydaio. “Ilerne”
COOTBETCTBYET pealbHblil pexcHM C MAIOH TUIOTHOCTBIO MarMbl B KaHanie W BbICO-
KMM pacxooM, HO OH HE MOXeT ObITh JOCTUTHYT B pe3yJbTaTe MOCTEeHHOro
CHIDKEHMS JaBJIeHHs B OYare; CONPOTHBIEHHE HAYHHACT PE3KO BO3PACTaTh, H pac-
XOJI AJIaeT CKAYKOM paHbllie, YeM B O4are JOCTUIaeTcA JOCTATOYHAA i peXUMa



“nerni’ 0OBbEMHAA D04 ra3a. DTOT PeXUM MOXKET OCYIIECTBHTHCA, TOJNBKO €CITH
Kakoe-HHOYNb NOCTOPOHHEe NeficTBUE (HanpHMep, PacKpPhITHE TPELIMH B CTEHKaX
oyara BCIEACTBHE BHELUHENO pacTAKCHHsA) Pe3KO CHU3HUT [JaBICHHE B 04Yare u ro-
3BOJIMT “TIEPECKOUUTL” ¢ S-00pasHo#t KpuBoi Ha neto.

Ckauyxoo0Opa3Hoe BO3pacTaHHe pacxoda YMEHbLUAeTCs M CrIaxHBaeTcad npu
BO3pAcTaHUM NPOBOJAMMOCTH, TAK KaK NpPH 3TOM YMEHbILAETCS BKIAJ MepeMerie-
HUsA YPOBH: (pparmeHTalL|H B H3MEHEHHE 0OLIEro ConpoTURIEHHS KaHaNa.

Takum 00pa3soM, HepaBHOBECHOCTb Fa300THENEHHA MOMKET NOPOAHMTH elle
OJIMH MCTOYHHK HEYCTOHYMBOCTM M CKaukooOpaszHoe BO3pacTaHWe pacxoja, CBs-
3aHHO€ C YMEHBILEHHEM JaBJIeHHs B Odare. DTOT CKa4OK (B OT/MYHE OT CKauka,
CBA3AHHOTO C POCTOM MPOBOAMMOCTH KaHaNa) UMEeT OTHOCHTENBHO HEGONbIIYIO
aMILIMTYZy M BePOATEH B KOHlUE H3BepxeHHst. OJHAKO YCHOBHS BO3MOMHOCTU
CKauka A0CTATOYHO 3K30THHYHBI. OYE€Hb BBICOKHE Pacxolpl NPH Manoil BENH4YHHE
napaMeTpa NMpOBROJMMOCTH ©. 3TO BOBMOXHO TOJIBKO MPH OYEHb Malioi OTHOCH-
TENBHOM UTHHE YYaCTKa XUAKOCTHOIO TeHEHHA B KaHasie — He Oonee nepBsiX mpo-
LEHTOB JUIHHRLI KaHana nepeq CKaykoM U He Gonee HECKONIBKUX COTBIX JoJeH npo-
LeHTa Tocsie ckayka — W NpH bonbioi obbemHOl none raza B ouare. JlocTike-
HUIO TaKON 0OCTaHOBKH C OONMBLIOH BEPOSTHOCTHIO MOTYT BOCHPENATCTBOBATH
paznuyHbie oOpylIeHHs, paspylueHus CTEHOK KaHala M KpoBJM odara. B 1o ke
BpeMA 3TH JOTONHUTENbHbIE (AKTOPH! MOTYT M CHIOCOOCTBOBATH NPOABICHUIO
onucaHHoro ¢ ¢exra CKauka.

He ucxmodeHo, 4To Takylo posb Chirpan ro0o4uHbli npopsiB Ha BezyBUH npu
u3sepkennn 1906 roma (cM. paszmen 5.5.3.). Ilpu “HopMansHOR” ke 3BOMOLIMU
H3BePXKEHHA BO3HHKHOBEHME HEYCTOHYHMBOCTEH C TakUM MEXaHH3MOM, [1O-
BMAMMOMY, HCKO4eHo. HanpuMep, fnd ByikaHa ¢ rapamerpamu CeHt XeneHca
npu u3sepikeHun 1980 rosa ckayok 3a CUET CHIDKEHHSA JaBIEHHA HEBO3MOXKEH.
MuHUMaNTBHBIA ckauok (He Oosee yeM B [Ba pa3za) MoOr Obl BO3HHKHYTbh B KOHLE
H3BEPXKEHMA, JIMLIb ec/u riyOHHa ouara Obia Obi MeHee 6 KM.

5.5. O6mas xapTHHA 3BOJIONME H3BEPKEHHHA B CTAIHOHAPHOM
ApHONHKEeHHH

5.5.1. DBoaiouns nisepKeHHs B AHCNEPCHOHHOM pelkHMe

Yro6b! HarfAHO MPEACTABUTE 3aBUCUMMOCTh CKOPOCTH NOTOKA MarMbl 6e3 my-
3bIPHKOB OT BCEX TPeX ONpeNeNeHHbIX HAMH YMpaBIAIOWMX MapameTpoB, Oynem
(ukcHpoBaTh Kas /bl W3 HUX MO O4epe/in ¥ H300paxars Ha rpadiuKe 3aBHCHMOCTD
U ot aByx ocrasiuuxcs. Ha pucyHke 27 nokasaHbl Takhe 3aBMCHUMOCTH, pacCuu-
TaHHbIE [/151 ByJiKaHa ¢ napameTpaMi CeHrt XeneHca: comepxanue netyuyux 4,6%,
cpefHmii pasMep nupoknactideckux vactuu 0,1 oM, ux cpeanss nopucrocts 0,3,
MJIOTHOCTL pacruiaea — 2,5 r/cM®, ioTHoCTh rasa npu arMocdepHOM IaBNeHHU U



TeMriepaType ussepraiomeiica Marmbl — 0,0002 r/cM’, Ko3q)ULMEHT B 3aKOHE pac-
TBOpHMOCTH netydyux a=0,0019. Jluanazon 3HaweHHH BapbUpYyEMBIX MapameTpoB
BIJIIOYAET 3HaYEHUA, peanu3oBbIBaBlInecs Ha u3BepxeHuu 1980 rona.
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Puc. 27. 3aBHCHMOCTE CKOPOCTH TeHCHHR MAarMbi (IPONOPUHOHAILHON Pacxoay) OT GCHOBHBLIX

VI PABIAIOLIKX NAPAMETPOB.
B kaxom ciydae ogrH W3 HapameTpoB 3ahikcHpoBall: Ha rpadukax A n B — w30brmouHoe aasneHHe

Pex= 100 Bap; na rpadmke C — nposoanmocts kanana o= 0,1 cM*/Th, na rpaduxe D - riyGiuua ovara H
=12 kM. Lindpb! y kpHBBIX 0603HA4AIOT COOTBETCTBEHHO; HA rpahukax A W C — rayGuHY ouara B KM,
Ha rpachuke B 1 D — nposomMocTs xanana B cm’/[13

O6painaer Ha cebs BHUMaHue Oauskoe nojobue Beex rpadukoB, H300paxeH-
HBIX Ha pUCYHKe 27. DT0 ceMelCTBa KpUBbIX, ABIANOIMX coboil ceueHus nosepx-
Hocteil ¢ ocobeHHOCTLIO THITA “cOopka”, NpUueM auanasoH NapameTpos, COOTBET-
cTByroMii 001acTH HEOAHO3HAYHOCTH pacxojia, NPUMEPHO COBNA/deT C AMana-
30HOM MapaMeTPOB, ONMCLIBAIOILMX PeallbHBIE ByNKaHbl. /g ByNIKaHOB ¢ APYyru-
MU XapaKTepuCTHKaMH MarMaTH4yeckoil CMCTeMBbI THN 3aBUCHMOCTEN MOIHOCTLIO



COXpAHAETCS, — M3MEHAKTCH TONBKO KOJNMYECTBEHHBIE COOTHOWEHHA. Tak, 00-
NIaCTh HEOJHO3HAYHOCTH Pacxoja COKpailiaercs MpH YMEHBIUEHHH COmepXKaHHs
JIETYYMX WIH NPH yBEJIHYEHMH MX PACTBOPHMOCTH, a TAKOKE MPH YBETHYSHUH pa3-
MEpOB H TUIOTHOCTH MUPOKIACTHYECKHX YACTHIL,

Tako# xapakTep 3aBUCUMOCTeI! NpeJonpeeNseT 3aKOHOMEPHOCTh BOSHHKHO-
BeHUsl pe3KMX CKaukooOpa3HblX M3MeHeHMit pacxoja (B 000MX HanpaBieHHAX —
KaK npu yObIBaHHM, TaK U MPH BO3PACTAHMH) B TeYEHHE BYIKAHUYECKOTO H3BEp-
xenus. [IpuyemM npHYHHON TakUX CKA4KOB MOXET ObITh IIABHOE M3MEHEHHE JHO-
6oro (B MpUHLMIIE) YIIPABAAIOLLETO NapamMeTpa.

[MocmoTpuM Ha rpagmku yyTh BHHMaTensHei. [ipa u3 HHX — C u D — konu-
PYIOT ApYr Apyra NOYTH B TOYHOCTH, a rpaguk B — noutu TouHoe neperepHyTOE
BBEPX Horamu m3obpaxenue rpagmka A. ObummM s obeux nap sABigeTCs TO, YTO
M TaM M TyT B 0AHOM rpadmuke 3aHKkCHpOBaHa IlyOMHA o4ara, a MeHsIoLmMiics
napameTp ceMeHCTBa KPUBLIX — MPOBOAMMOCTD KaHana, B IpYroM xke — HaoOopoT.
Cxoacto rpa)MkoB MOATBEPHKAAET JOCTATOYHO OYEBHIHYIO CBA3b MEXHDY MIH-
HO#H M NPOBOAMMOCTBIO KaHaNa: YBENWUEHHE JUIMHBI TaK )Ke YBEIHYHBAET IOJIHOE
COMpPOTURJICHHE KaHaNa, KAk U YMEHbILIEHHe MPOROJUMOCTH B 00JIACTH XHMAKOCT-
HOTO TeYEHHsL.

[Ipu 3HaYUTENBHOH NPOTHKEHHOCTH 30Hbl AKUAKOCTHOIO TEYECHHA U3MEHEHHUA
H B HECKONIbKO pa3 JOJIKHBI BIHATb TOYHO TaK XK€, KAK H H3MEHEHUA G BO CTOJIBKO
xe pas. Ilpu oTHocuTenbHO Manoi AnKHEe XKUAKOCTHOM 30HBI OTHOCHUTENBHOE
BIHAHUE M3MeHEeHUI H 10mKHO ObITh CHIIbHEE. DTO Mbl MOXKEM YBHETh, CPABHH-
pas pucyuxu 27 C u 27 D. Cpemnss xpusas (H = 12 km, o = 0,1 eM*/II3, H/o =
120) onHa K Ta e Ha 000X rpa¢Mkax, a COCeHHE KPHBBIE CNpaBa M CJIEBa OT Hee
MMEIOT, COOTBETCTBEHHO, O/IHHAKOBbIE BEJIMYMHBI OTHOWEHHH H/o — 100 s ne-
Boil kpueoit u 150 wia nmparoi. Kak mpaBele, Tak M NieBble KpUBbiE CXONHBI Ha
oboux rpadmkax, Ho Ha pucyHke 27 C KpHBbIe pa3BHHYThI CHIIbHEE, YTO FOBOPHT
0 6onee cunbHOM BiMsAHHU H.

U3 npuBeneHHbIX Ha pHCYHKE 27 JaHHbIX CJIEMYET, YTO k CKaukooOpasHoMy
BO3pACcTaHUIO PaCX0/a MOXKET NPHUBECTH: 1) — yBeNHUeHUe O] 2) — ymeHblleHHe
3) — yBENUYEHHE P,,. PACCMOTPHM, KaK MOTYT PEasIn30BbIBATECA 3TH H3MEHEHMS B
TpOLIECCE U3BEPIKEHHUA.

IIpoBogMMOCTE KaHaNa B Hayae W3BePKEHHs BCEra BO3pacTaer. 31O CBi-
3aHO C pacIMpPeHHEM KaHala 3a CYeT MEXaHHUYECKOH 3PO3UH CTEHOK, C yMeHbLIe-
HHEM BA3KOCTH Marmsl B KaHane Onaromaps MporpeRy €ro CreHOK W COOTBETCT-
BYIOLIEMY YMEHBLICHWIO TEIUIOOTAA4H; C M3MEeHeHHeM (JopMBl MONepe4Horo ce-
YyeHHUs KaHana B HanpaBJieHuH Oosblueil H3oMeTpUYHOCTH. B KoHle U3BepXeHHs B
pe3y/bTaTe yMEHbLIEHHs JaBleHMs H pacXoia B CHCTEME NPOBOAMMOCTb MOXKET
YMEHBLIATLCS M3-33 COKpalLleHMs IUIOMIA/H NONepevHOro CEYEHHs KaHala U yBe-
nnyenus d¢dexTHBHOM BazkocTi Marmel. [locnemuss ocobeHHO pesko Bo3pacTa-



€T, KOI/1a M3-32 YMEHBLIUESHHA JBIICYLLEro Hanopa HanpsKeHUs B XUIAKOCTH MPH-
6KaroTCA K Npefeny TeKyUeCTH.

Inybusa oyara — BeauyMHa, Kak NPaBHIO, HE MEHSIOUIRACA B TeYEHHE H3-
BEPIKEHUA WM MEHAIOLIAACA He3HaUnTeNLHO. TeM He MeHee N3MEHeHUA ee BCE JKe
MoryT GbITh cyulecTBeHHbIMMU. [1pH CTAOWILHOM TeUeHUH U3BEPKEHUA C BRICOKOH,
HO HE ype3MepHON MHTEHCHBHOCTBIO MTyOWHA oyara (TyT JTyulle rOBOPUTDL — JUTH-
Ha KaHala) pacTeT B COOTBETCTBHUM C POCTOM 00pa3oBaHHON NPOIyKTaMu W3sep-
XeHHs nocTpoiiku. [Tpu HecTaOMIBHOM IKCILIOZMBHOM peXHMe 4acTo Habmoaa-
eTcs paspylleHHe BepXHeii 4acTu nocTpoiiku, oOpyiieHue ee YyacTei, YTO NpUBO-
JWT K YKOPOUYEHHIO KaHana.

Kpome TOro, kak yxe yrnoMWHanoch BblLle, /11 Ka4eCTBEHHOH XapaKTepH-
CTUKH peXHMa CyLuecTBeHHa He abcomoTHas rimy6uHa oyara A, a ee BenUYUHA 110
OTHOLLEHHIO K KpUTUYeckoH rimybuse H,,, KoTopas 3aBUCHT NOYTH MUCKTIOYUTENb-
HO OT cojepXauus JeTyunx. M3MeHeHue comepkaHus NETYYHUX B OHYEPENHBIX
MOPUMAX MarMbl MOXET M3MEHUTL /., a yBenuyeHue H,, SKBUBANEHTHO yMeEHb-
weHno H, 1 HaobopoT.

M36bITO4HOE JaBJIEHHE B O4are B-NpOLEcCce U3BEPKEHUA NaJaeT, YTo NpH-
BOJIMT K CHIDKEHHIO PacXoja, MoCTeneHHOMY MpH A0CTaTo4HO GoMbInoit rinybuHe
ouara ¥ (WIM) JOCTaTOYHO MalOH MPOBOJMMOCTH KaHala U CO CKa4KOM Tpu He-
riybokoM oyare u (win) Gonewoi npoBoauMocTH. Ilpu MeHbMX H wiu Gosb-
IIMX O CKaukooOpa3HOe CHIXEHHE Pacxo/a NMPOUCXOJUT MPH MEHbLIEM H36BITOY-
HOM JaBJIEHUM W C DOJIbIIEH aMIUIUTY 10,

Teopus roBopHT, 4TO, B IPUHLMIE, BO3MOXHO TAKOKE M cKaukooOpasHoe BO3-
pacTaHue pacxo/a rpy Bo3pacTaHUH P, OOHAKO MPAKTHYECKH 3TO MAIOBEPOATHO.
Bospacrtanue p., MOXKET ObITh BbI3BAHO MPOCENAHHEM KPOBJIM 0yara, KOTopoe Mo-
MKET HAYAThCA TOJNBKO NPU YaCTUYHOM €ro OIMYCTOILEHUH, PU p,,, CYLLECTBEHHO
MeHbllieM Hynsi. Ho B 3TOM cliydae cka4yok BO3MOMXEH TONLKO MNP BeckMa 0osib-
110# (B OOBIYHBIX YCIIOBHAX HEpealibHOM) NPOBOUMOCTH KaHANA.

Ha pucyHke 28 noxasaHo cemeiicTBO Npoekiuii cOOpOK Ha rUI0CKOCTb yrpas-
JISIOLLMX NAapaMeTPoB P, H O, MOCTPOEHHBIX A4 Pa3HbiX 3HAYEHUI MTyOMHBI O4a-
ra. Eciu rmy6uHy ogara oT/IOXHTB 10 TpeThel KoOpaAHHATE, NONYYUTCS TPeXMep-
Hoe H300pa)keHue cenapaTpuchbi KaracTpodbl, MMeloiee BHA HOxa Oynbaosepa
WK NieMexa rutyra. Ero MOXHO paccMaTpHBaTh Kak TPEXMEpPHYIO MPOEKLMIO Ye-
ThIPEXMEPHOH “TIOBEPXHOCTH KaTacTpodbl” Ha MPOCTPAHCTBO YNPABIAIOUIMX MMa-
pameTpoB. [TpakTuueckd 3ToT “HOXK” JOJDKEH MpesicTaBisTh coboif ¢parmedt
MIOJIHOI cenapaTpychl, OTPaHUYEHHbIH BO3MOXHBIMH )1 Haillero o0bekTa — u3-
BepraiolLerocs ByJikaHa — 3HaueHUsAMH fapameTpoB. OBCy MM 3TH OrpaHuyeHus.

I'nybuna Gonee MM MeHee CTAOMABHOrO oyara He MOXeT ObITh MEHbLIE He-
CKOJIBKUX KWJIOMETPOB M3-3a Teruionorepb. Ha rnyOuny ouara pmelictByiouiero
ByJIKaHa, paBHYIO 5 KM WiH Oonee, yka3plBalOT UMEIOLIHECA reodu3NUYECKHe AaH-
Hble [Banecra, 1981]. OrMeTuM, uTo HecTaOWIbHLIM “‘pa3oBbiit” ouar (noHUMae-



MBI Kak €MKOCTb, B COOTBETCTBHH C ONpe/IE/ICHHEM, JaHHbIM B pazaene 2.3.) Mo-
’KET BO3HHKHYTh U Ha MeHbILUEH rryOuHe (MHTpY3us, “KpUNTOKYnon™), Ho o0bem
€ro CPaBHUTENLHO HEBENMK M PEeaIU30BaThCA B U3BEPNEHHM OH MOXET TOJIBKO
NOYTH Cpa3sy rocie BHEeAPeHHs HeCTalUMOHAPHBIM B3PBIBHBIM MPOLIECCOM — TakK
MOXXHO TPaKTOBaTh HarlpaBiIeHHBIE B3PbIBbl, YaCTO MpeABapAlOuMe UTMHUAHCKYIO
CTaJiMIO KaTaCTPOPUIECKUX IKCILIO3UBHBIX U3BEPIKEHHIA.

Puc. 28, Ipoekuns cbopoxk, obpazo- 1
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MaxkcumansHas ny6uHa ByJKaHHYECKONO O4ara J0/DKHA ONpeJeNsaThCs TOj-
IMHOH ¥ CTPYKTYPO# JinToCdepsl H BOSMOXKHOCTBIO CYLIIECTBOBaHHA YCTOHYMBO-
ro KaHajia COOTBETCTBYIOWIEH AHMHBL. HanexHbIX JaHHBIX O ITyOOKHX o4arax Her,
HO MOXXHO [10JIaraTh, YTO MakCHMalbHasd riyOuHa He JOMKHA HAMHOIO MpEBbl-
wate 50 kM. B TO xe Bpems Ha pHCYHKe 28 BUAHO, 4TO yxe nipu H = 20 kM Heyc-
TOHYMBOCTbL U CKaUKH Pacxoja BO3MOXHbI TOJILKO NMpU o> 0,15, a mpu H = 50 km
— Tonbko npu o > 0,5. [leppas RenHUMHa MAIOBEPOATHA, 3 BTOPAsA IIPAKTHYECKH
HeBO3MOXHA. M3 3Toro crieiyer, 4To y ByikaHa, croco0HOro k karactpodye-
CKHM CKayKaM MHTEHCHBHOCTU MDY M3BEPKEHHH, MAKCHMankHas riiyOMHa Oyara,
MO-BUJUMOMY, OrpaHHYMBaeTCA BEJIHYHHON OKOJI0 20 KM.

ITpoBoaumocTs kaHana — 3TO BeMYHHA, HE MOAAAIOWIAACH NPAMOH OUEHKE,
0co0eHHO Jyist JOCTATOYHO JIMHHBIX KaHaNoB. OLEHUTL €€ MOXKHO AV KOHKpET-
HOro ByjikaHa KOCBEHHbIM OOpasoM, MCrOJb3ys pa3BHBaeMylo B JaHHOH pabote
TeOpHIO, Kak 310 Obuio cuenaHo B [Cnesun, 1991] u B pasnene 5.4.2. nauuol pa-
Gorbl s Bynkada CeHr XeneHC, UCXOIs W3 HabmoaaBuieiCs TMHAMHKH ero u3-
BepxxeHus. [1pu onpeneneHHsiX 1Jis 3TOro M3BEPKEHHs 3HAUEHMAX IITyOMHBI OYa-
ra U cofepKaHusi BOJbl B MarMe OCYIECTRIEHHE HADIIOIaBIIEroCca Pe3Koro npe-



KpallleHHs TUTMHHAHCKOHA CTaauy npH Mo0biX BEPOATHBIX 3HAYEHUSAX W3OBITOYHO-
1O JaBlieHHA B 3TOT MOMEHT BO3MOKHO JIHLb, €C/IH 3HAYEHHS MPOBOAUMOCTH G
HaxonusaTcs B uHrepsane 0,02-0,03 eM /Tl

HavansHoe W30BITOUHOE JaB/eHWe CKIANbIBAETCA U3 NABJIECHHA, COOTBETCT-
BYIOLIETO MPOYHOCTH NMEPEKPHIBAIOIMX OYar MOopoj Mo OTHOIICHUIO K PA3BUTHIO
TPELIMH ¥ Pa3sHOCTH CTaTHYECKUX JaBNeHUH CToN0a MepeKkphiBaloLUX MOpox M
cronba xuakoil marmsl. IlepBelii koMmnoHeHT — rnopsaka 100 6ap (He Oonee
200 6ap), BTOpO# — TOTO XKe NopsjKa 418 HerTyOOKHX OYaroB # MOXET JOCTHIaTh
1000 u naxe Honee 6ap nuuUIb A7 OUArOB C BEpXHEH KPOMKO# Ha rimyOuHe B He-
CKOJIBKO AECATKOR KM. JInA BynKaHOB, COCOOHBIX K KaTacTPOQHYECKUM CKauKaM
HHTEHCHMBHOCTM H3BepKEHHs, M30bITOUHOE NaBICHME OYEBUAHO HE MOXET Ipe-
spitltaTh 400500 bap, a B OonblUMHCTBE CllyuaeB, MO-BUIHUMOMY, UMEET MaKCH-
mansHyro BemmauHy 100200 Gap.

MuuumManbHoe H30bITOUHOE JaB/ICHUE B KOHIle U3BEPKECHUA CBA3AHO C MNpoY-
HOCTBIO CTEHOK KaHana M KPOBNM 0Yara, Tak e Kak W nepBblif KOMMOHEHT Mak-
CHMaJIbHOTO JABJECHHSA, HO 3[eCh Mbl UMEEM JIeNIO C APYTMM BUAOM MPOYHOCTH.
MakcumanbHoOe JaBJIeHHe OTPaHHUuMBAeTCA IIMTENBHON NPOYHOCTLIO Mamepuaia,
a MUHUMANBLHOE — KPAaTKOBPEMEHHON MPOYHOCTBIO KPOBJIM KAK KOHCMPYKYUU.
OUEHUTh 3Ty NOCIEAHIOK HAMHOTO CIIOXKHEE, YEM MEpBYI. 34€Ch ONATH MOTYT
OBITH TOE3HBI KOCBEHHBIC OLEHKH, OCHOBAHHBIE Ha CPaBHEHMM TEOPETHYECKHX
pe3ynbTaTOR ¢ HabmofaeMoll AnuHaMuKo# uspepxkeHns. D1o Gyger noapobhee
00cy)aeHO B CleayioweH I/1aBe B pasieie, NOCBALICHHOM MEXaHM3MY OITyCTo-
HieHUA odara npv obpasoBaHuH kanbjep. [IpakTH4ECKHM MOXXKHO CHMTATh, YTO
HIDKHUH mpenen p., Haxomures B paiione —1000 Gap, a B GonbLIMHCTBE Cy4aes
3Ta BeJIMYHHA He npesbiiiaet —400-500 6ap.

Taxkum 06pa3om, NpaKTHIECKN BCE PpeaibHO BO3MOMKHBIE BAPUAHTLI COCTOSTHUS
H NOBEICHHA HM3BEPrarOLIErocs BYyIKaHa ¢ JHCMEPCHOHHBIM pPEXHMOM B paMKax
TIPHHATOH MOJEM MOXHO Ka4ECTBEHHO OIHCATh, HCITOIb3Ys PUCYHOK 28, 1 naxe
UL €r0 HWKHIOK ronosuy. IloBejeHue u3Bepraloulerocs ByjaKaHa fpH 0QHO-
BPEMEHHOM M3MEHEHUH BCEX YNPaBJAIOIIUX apaMETPOB ONMCHIBAETCH JBHKCHU-
eM m300paxarotilieil TOYKH B TPEXMEPHOM NPOCTPAHCTBE 3TUX napameTpos. Kaue-
CTBEHHbIE M3MEHEHUA 3TOTO MMOBEACHHSE COOTBETCTBYIOT MEPECEYEHHIO TPAEKTO-
pHeil n3o0pakatolLie TOUKH MOBEPXHOCTEH CernapaTpHChI.

H3meHenHs ynpasifiOmMxX napamMeTpoB NPU HOPMATBHOM “‘€CTECTBEHHOM™
Pa3BMTHU M3BEPXKEHHS BKIIOYAIOT B ce0s MpeXie BCEro HenpepsiBHOE U MOHO-
TOHHOE CHIDKEHUE JaBlieHua B oyare. OJHOBPEMEHHO C 3THM Ha HayalbsHOM CTa-
JHU U3BEPKEHHS CYLIECTBEHHO BO3PACTAET, @ Ha 3aKMOYHTENLHON — YMEHbIIAeT-
Cfl MapameTp MpOBOAMMOCTH KaHana. HopmanbHas, nonroBpeMeHHasl TEHAEHLMA
M3MEHEHUA JUIMHbI KaHana — yBelIMYeHMe, CBA3aHHOE C POCTOM HaCbLIMHOM ByJKa-
HMYecKo# nocTpoiiku. OaHako npy Hauboliee MHTEHCHBHBIX M3BEPKEHUAX H NPH
MaKCHMaNlbHOM COJEpXaHUM JIETYYHX B MarMe BO3MOXHA W NPOTUBOIMONOXKHAS



TEHACHUMA: MPOXYKTHI M3BEPKEHHA PA3HOCATCH O4YEHb JANEKO, Ha MOBEPXHOCTU
3eMnu CBEPX3BYKORBBIM FIOTOKOM BbIPa0aThIBAETCA MONOras BOPOHKA, OKpYKEHHAA
UIMPOKYM U MOJOIMM BAIOM, W KaHall HECKONbKO Ykopauusaercs. [lpumepom Ta-
KOro usBepxeHus ObUIO JoMcTOpUYeckoe u3BepxkeHue Tayrno. Jlisi BOIHHKIIEro
“coopyxenus” I'. YonkepoM ObL10 npemnoxeHo Ha3paHHe “o0paTHblif BYJIKaH”
[Walker, 1988].

KpoMe nepeyucieHHbIX CTAHOAPTHBIX [NMaIKHX H3MEHEHHH YMpaBistoMX
flapaMeTpoB CYLIECTBYIOT U3MEHEHHs, CBA3AHHLIE C Pa3HLIMHU NOTIONHUTENbHBIMH
NpOLECCaMH, CONMPOBOXIAIOLUMH H3BEPIKEHUE B HEKOTOPBIX CIy4asxX, HO He fB-
JIAIOLUMMHCA TAKUMH 00A3aTE/IbHBIMM, KaK CHHXKEHHE JIaB/ICHUA B O4are WiH rpo-
paboTka KaHana Ha CTapTe M3BEPIKEHHA NOCIE JUTMTENbLHOro MepHOAa NMoKos. 370,
HaripMMep, YMEHBIIEHME [JIMHBI KaHala 3a CYeT pa3pylleHHs BY/IKaHWYECKOM
MOCTPOHKH O0BATOM MM B3pbIBOM, MOSABJECHME HOBBIX TPELLHH U DOKOBbIE BHE-
ApeHUs: MarMbl B KOpPY M TENO BYJIKaHa, paspyuleHHe CTEHOK KaHaia, MpoceAaHue
KpOBIIM 04ara, Wiy UMIYJbCHOE BHEAPEHUE B ouar MarMsl ¢ Gonee raybokux ro-
PH30HTOB, NOBBILIAIOLIEE AABICHUE B HEM U T.1.

Bce 3TH BIUAHUA BHOCAT YCIOXKHEHHS B CTAHAAPTHYIO KapTHHY, HO He JIM-
I1arT €€ HCNOCTHOCTH U MOTYT OBITh MOHATBI H NpoaHaNN3UpOBaHbl B paMKax
npenoxeHHoi Mogend. Ho 31ece Hano OTMETUTD, YTO BIHAHHE Pa3HOOOpa3HbIX
PE3KHUX BO3MYLIEHUH MOXKET ObiTh HAAEKHO NPOAHAIWIHPOBAHO B paMKaxX CTa-
LIMOHApHOM MOJENH JULIb Ha Ka4eCTBEHHOM ypoBHe. KonnuecTBeHHbIE 3aKUOye-
HHUs B GONBLIMHCTBE ciyyaeB TpeDyloT npuBneyeHus ropasgo Gonee CIOXKHBIX
(HecTauMOHapHBIX) MOZENEH, KOTOPBIX MOKA EUIE HE CYLIECTBYET.

Teopusa no3BOAAET ONMMCaTh ClelyloUiHe “CTaHlapTHbIE” CUEHApHU 3BO-
MOUKH:

1. H> H. MOHOTOHHOE HapaCTaHHE HHTEHCUBHOCTH — MOJIOrMH MaKCHMYM —
MOHOTOHHBIH, XOT4 M HOBOJBHO KpYTOH chaj, KOTOpBLIA MOXeT 3aBep-
LIATBLCA IKCTPY3HEH.

2. H < H_. HeGoab1oii, oTHOCUTENBHO ryO0oKuii ouar. MoHOTOHHOE Hapac-
TaHWe ¥ MOHOTOHHBIN CHajl NPH HEBBICOKOH WHTEHCHBHOCTH.,

3. H < H,. He ouens raybokuii ouar nocrarouyHo Sonbluoro pasmepa. MoHo-
TOHHOE HapacTaHWe MHTEHCUBHOCTH — PE3KUil CKa4YoK pacxoja — IUIMHHAH-
ckas ¢aza ¢ BbICOKO#H, MAJIo MEHIOIEHCA HHTEHCUBHOCTBIO — Pe3Kui cnaj
pacxoja — 3KCTpy3uBHas (asa.

4. H < H,. HeGonbiuoit, oyeHs HernyOokuii ouar. AHanor myskra 3 ¢ 6onee
OBICTPLIM HApaCTaHUEM WHTEHCHBHOCTH B Hayale M OTCYTCTBHEM 3KCTPY-
3UM T10CJIE PE3KOIO MPEKPALIEHHA UIMHHAHCKOH (assl B KOHLIE.

5. H < H. locratouHo Gonblioi Hermybokuii ouar. To xe, 4yTo ¥ MyHKT 4, ©
KansIePHBIM NPOCENAHUEM U BOSMOXKHBIMH 3KCTPY3WAMM B KOHLE M3BEp-
HEeHHA.
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5.5.2. Isoatouns GapGoTHpylomero pexkMMa ¥ CBA3L TPeX OCHOBHLIX PEXKHMOB

ITpn 6ap6OTHPYIOIEM PEXMME CIUIOLIHBIM KOMIIOHEHTOM JIBYX(a3HOTo 1o-
TOKA Ha BCEM IPOTSHKEHHMHN KaHana SBIAETCA JKHAKOCTH, BASKOCTb KOTOPOH Lienu-
koM obecnieynBaeT ofmiee conpoTuBieHHe NOToKy. CropocTe M 3poaupyromas
CocOGHOCTb B 3TOM CJIy4a€ HE BEJMKa U €€ BO3PACTaHME TPOUCXOJMT JNHUIb B
TEYEHHEe OYEHb KOPOTKOTO MPOMEXYTKAa BPEMEHH B MOMEHT BO3SHMKHOBEHMS Ka-
Hana. [IpakTHYeCKn B CTAHAAPTHOM CITy4ae BCE M3BEPKEHHE NOMKHO MPOTEKaTh
P MOHOTOHHOM YObIBAHUM MHTEHCUBHOCTH. M3MEHEHHE pacxona B TakOM MO-
HOTOHHOM pPEeXHMeE aHanu3upoBanock B [Wadge, 1980].

BoicTpoe Bo3pacTaHHe pacxofa B Havyane H3BEPKEHHA MOXET MPHBECTH K
BO3HHKHOBEHMIO QMCTIEPCUOHHOTO PEXUMA, KOTOPhIH C TE4EHHEM BPEMEHH Tiepe-
XOmuT onATh B 6apboTupytoumii. [Tpu 3TomM 06paTHEIH TIepexon MOXET MPOUCXO-
JIWTh KaK TUTAaBHO, TaK M CKaukoM (MpW TUIaBHOM MPAMOM Tepexoje), ubo npu
CHWXXEHMH p,, H,, pacter. JInd MarM ¢ 04€Hb HU3KOH BA3KOCTHK), TUTA IaBaiCKHX,
BBICOKas CKOPOCTb BCTUIbIBAHHWA IMy3bIPEil MOMKET NMPHBECTH K OTHOCHTENbHOMY
oboraileHH1Io ra3oM MarMbl B BEPXHEH YacTH kaHala M BO3HUKHOBEHHIO B Havane
W3BEPKEHUA AUCTIEPCHO-KOBLLIEBOIO PeXUMa.

Pucynku 4 ¥ 5 B rnase 3 no3BoJIOT B NEPBOM NMPUOIIDKEHHH ONIKCHIBATH Ne-
PEXObl W3 OJIHOTO PEXMMA B IPYTOH B MPOLIECCE M3BEPKEHUSA, HO TONLKO MO OT-
HOIIIEHHIO K H3MEHEHHIO PacXola, a He JaBNeHHA B ouare, U 6e3 yuera HeycToi-
YHBOCTH M CKa4KOB Pacxoa IpH JHCIIEPCHOHHOM PEXHME.

CooTHOLIEHHA PeXUMOB OblK B r1aBe 3 OnpeneneHbl Yepe3 CKOPOCTb NMOab-
ema Marmbi U 1 MaccoBylO nomo nerydux c. Ilonoxkenue rpasuupl “HWKHEro”
JHCTIEPCHOHHOTO PEXHMa MOXKHO HalTH ITyTEM YHMCJIEHHBIX PAcieTOB 110 MOJENH,
OTIMCaHHOM B rnase 4.

Benuuuna U nepen ckaukooOpasHbIM BO3pacTaHHeM (KOTOpYyro 0603HaYuM
uT) menserca ot ~2,5 cm/c nipn ¢=0,06 1o 9-10 cm/c nipu ¢=0,02, 3aBUCHMOCTD
uT(c) — npubmsuTensHo 06paTHas. MOXHO MOJyYHTL aHATHTHYECKOE BbIPAXKE-
Hue Wi uT ¢ KOXDOUUMEHTAMH M3 YMCIEHHBIX pacueToB. IIpHpaBHAB MPHGIH-
JEHHBIE BbIPAXEHUS UIA “JBMKYILEr0” Tiepenasa AaBJieHHWH U CONPOTHBIEHUA
TpEeHUsA, MOXHO NIOMYYHTh CIEAyIONiee BoipakeHue [Cne3un, 1991]:

u T=-‘—’H—TF (et Pa). (5.3)

Dyukuus F(c,d,p,,) cnabo 3aBHCUT OT CBOMX APryMEHTOB, U B MEPBOM MpH-
ONMXEHNH €€ MOXKHO CYMTATh KOHCTAHTOH, ONpeaensieMoii ¢ moMOLIBLIO YHCIIEH-
HBIX PacyEToB.

Benuunna o nuneliso 3aBucut ot H (cM. puc. 19). Ecin NEPECTPOUTH IPa-
¢ukn pucyHka 19, ornoxuB no ocu abcuuce H/H,, BMecTo H, Bce HAakKIIOHHbIE
npamble OyAyT UMETh ONMHAKOBYIO JTMHY W OTIIHYATHLCA JIMUIL YITIOM HAKJIOHA,



KOTOpbIi BO3pacTaeT NMpH YMEHbIIEHUH p,,. [IpK 3TOM OKa3biBAa€TCH, YTO BCE 3TH
NpAMBIE NMEPECEKAIOT 0Ch abcuyce B 0AHON TOUKE HEMHOTO CJieBa OT OCH OpAMHAaT.
MOoXHO HanucaTh NPHOAWKEHHO:

o = A(pa)-;f—Jr B(p.). - (54)

cr

Jns BynkaHa ¢ napamerpamu CeHt Xenenca koadduimient 4 npumepHo B 20
pas Gonbiie ko3dduiMenTa B, Tak 4To B IEPBOM MPHOIIDKEHUM 3THM TOCHIEHUM
MOXHO npenedpedb. TIpH NONoKUTENBHBIX 3HAYEHUAX Py, TAE PEATTHO BO3MOXEH
CKa4OK Pacxoia BBEPX, 3aBUCHMOCTD A(pey) XOPOLIO ONIHCHIBAETCS BHIP@KEHHEM

a

R 5,5
bt o (5.5)

A(pe) =

rae a=33, b=355, ecnu p.,— B Oapax. H,, 3aBHCHT OT ¢ B COOTBETCTBHH C (hopMy-
no# 5.1: H=Hy(cy—*), tne Hy=356, ¢*~0,0] u H., — B kM.

[MoncTaBuB nocnenHue BopaxeHua B 5.3, U nmompoOpaB ¢ MOMOLUBK) YHUCIICH-
HBIX pacueToB 00MI KO3(DUUHEHT, NOMYYHUM OKOHYATENBHO!

- A
b+ pNeg —c*) ’

rane A=80, 6=354 u ¢*=0,01. BennymHa uT okazanacs MPaKTHYECKH HE 3aBHCAILEH
oT H.

Ipu  BbluKCREHUH ul u NpH  onpeneneHud obnacTv CylecTBOBaHHsA
“BepxHero” (kaTacTpo()MYECKOI0) peKUMa HEOOXOIMMO YUHTEIBATh, YTO JOMKHO
BbIMONHATECA ycnoBue H<H,.. Tak Kak B KaXAOM KOHKPETHOM CIIyYae 3a/iaHa
BeIWYMHA [, a nepeMenHo# apnaerca H,,, 3aBUcAlasg OT ¢, K ypaBHEHHIO 5.6 cie-
Jyer 106aBUTh BHITEKAIOLIEE W3 YCIIOBUA, HA3BAHHOTO BHILIE, HEPABEHCTBO

Cp = H/Hg+ c*, . (57)

Benuuuna cpin = H/Hytc* Taioke orpaniyMBaeT o61acTs BO3MOKHOI'O CKauKa.

TakuM 06pazoM, BO3MOXKHBIE COCTOSHHA H3BEPraloiLErocs BynKaHa onpene-
nsorcs cootHowennamu 3.18, 3.28, 5.6 u 5.7. O6mas cxema 3THX COCTOSHUH
nokazaHa Ha pucyHke 29. Hucxogsias KpHBas Ha KaKIOM Ipaduke — 370 3aBH-
cumoctb Ufc) — dpopmyna 3.28, — oTaeasiowas AUCIIEPCHOHHBIH PEXHM OT 3KC-
TpY3UBHOrO; Bocxomsuias kpusas — U.{c,&) — popmyna 3.18 — otnenser aucnep-
CHOHHBIH pexuM oT 6apGOTHPYIOUIEro; INTPHUXITYHKTHPHAA KpHBas oTaenser 06-
AaCTh BO3MOXHOCTH KaTacTpO(hHYECKOro CKauka. )

IMepBbie IBE KPHBLIE W OrpaHHYMBAEMBIE HMH 00JACTH ObIMM OGCYKICHBI B
rnase 3. ITocMOTpHM, KaK COOTHOCUTCS € HUMH NOCNENHAA KprBas. OHa OMHChIBa-

ul (5.6)



Q

o > m.m 2 — =
‘g AT ]
i L)
=5 O gy
20 Bo5

4 6
C, %
kst = 0,001 c/m, H=5xm

4 6
Cu %

L ]
1 "
- $ PEannianL T -
. 5 g i W S
LN W ALK TN K
. o £ i bkl ol ST .
el il o et
L] 2 L Het i L I -
e ar d 0 BB 7
8 10 D 2 4 6 B 10
C, %
ksl=0,01 c/m, H=5Km ksi=0,01 c/m, H=20 xm

Puc. 29. “Kapre! peskumoB” 40151 pasiHYHbBIX THHOB MarMbl H rJIyOHH ouara,
Iycran 3anuexa — 3KCTPY3HBHBIH pexcim; Oneanas zanueka — GapOOTHPYIOWIMIA, FyCTOH Kpanm —
“yMEpPEHHEIH’ AHCNEPCHOHHBIA PEXHM; peaKuii Kpail — kaTacTpopryecKuii AUCNEPCHOHHBIH PEKHM



€T BO3MOXHOCTb KaTacTPO(HIECKOro cKauka, KOTOpas MOXET peand30BaThes,
ecnu BooOiie BO3MOXEH IMCIIEPCHOHHBIA PEXUM, TO €cTh 00NacTh KaTacTpodu-
YECKOTO PEeKMMa, HaYMHAIONIEroCs CKAYKOM, MOJDKHA HAXOJMThHCS Bbillie BCEX
TpeX KpUBLIX,

Ha pucynke 29 3ta obnacts 3anitpuxopasa ToukaMmi. HiwkHsas, runepGonnye-
cKas, YacThb LITPHUXITYHKTHPHOH KPHBO# paccuuTana no gopmyne 5.6 npu p,,~200
6ap na Bcex rpadukax. ITonoxenue BepTHKanbHON NpsAMoil onpenensercsa ycno-
BHeM 5.7. I'TIA/12 Ha pUCYHKH, MOXHO CHENaTh CleIyomue BolBOAbL. Bo-neppsix,
npu pocte Up OT HyJiA B HaYalle M3BEPXKEHHA CKa40K B KaTacTpo(uyeckuit pexim
MOYTH Bceraa mpoucxoaut u3 Gapborupyroniero pexuma. O6nacTs yMepeHHOIo
AUCTIEPCHOHHOIO PEXHMAa MEXAY SKCTPY3MBHBIM W KaTaCTPOMHUECKHM OHYEHb
y3ka U NPH 3TOM MOXeT “paboTaTe” ToNbko Mpu GoablNX & U OAHOBPEMEHHO
Tpebyer ¢<3% u H>5-6 kM. Coueranue 3THX yC/IOBHI BecbMa MaloOBEPOATHO.
Ilepexon B kaTacTpouyeckn peXxxuM HENOCPEACTBEHHO W3 3KCTPY3MBHOTO TEO-
peTHYECKU BO3MOXKEH NpH o4eHb Gonbuinx & (>1). B aToM ciyyae muiaBHbIi pocT
CKOPOCTH Marmbl MajloBEpOATEH K3-3a O4EHb MAJIBIX CKOpOCTEH €€ noxbema, Ko-
r/1a TPYIHO FOBOPHTD 0 Kako#-nubo npopaborke kaHana. “CriyckoBbiM KprOYkom”
nepexona B 3TOM Clyyae 4acTo ABiseTca oOBan 3KCTPY3HBHOTO Kynona HiH mno-
CTPOMKHM BYJIKAHA C MOCIEAYIOUMM B3PbIBOM, KaK 3TO HEMOCPENCTBEHHO HalIno-
nanocs npy u3BepxeHnn Byakana Cenrt Xenenc B 1980 roay.

YcnoBue 5.7 orpanuuBaer o61acTb BO3MOXHOCTH KaTacTPOPHYECKHX CKay-
KOB MaJbIMH TiTybunaMu odaroB. Ha pucyHkax HarisaHo BHAHO, YTO yXe INpH
riy6uHe o4ara 20 kM 061acTh Ckauka OTOABHraeTCA K MalopeanbHbIM BETHYMHAM
conepxanus netyqnx. (HanomHnm, 4to Takoe *e orpaHuuenute 66110 NMOIYYEHO B
MpeablIylieM pa3aene u3 Apyrux coobpaxeHui.)

Bce rpaduku Ha prcyHKe 29 M300paKaloT COCTOAHMA M3BEPratoLIerocs By-
KaHa B Hayasle M3BEPXKEHUA M MO3BONAIOT OMMCATHL DBOMOLMIO U3BEPKEHHA 10
KaTacTpo(hUecKoro ckauka, MOMEHT, KOT/ia OH IOBKEH NPOH30MTH, 1 €ro aMIlIx-
typy. JUist onucaHus 3BOAIOUMM H3BEPXKEHMA MOCHe MCPCXoja B TUTHHHAHCKHI
PEXMM 3TH rpaduky AOMKHBI ObITh JOMONHEHB], TAK KaK CHIDKEHHE pacxola
CMEHa PEXHMOB TIPOHCXOAMT MO Apyromy nyTH. B oTom cimydae obnacts karact-
po)uyecKoro pexnmMa B KOOpAHHaTax rpadukoB pucyHka 29 Gyner orpaHHYeHa
cumn3y ne Kpusoii Up(c), a kpuBo# ud(c), KOTOpast MPOXONMT ropasno Bhile. Pac-
CUMTAHHBIE 3HAYEHUs ¥d [UIA Pa3MMIHBIX 3HAUCHUI NApaMETPOB NMPUBENEHH Ha
pucyHke 30.

Ha pucyske 31 nokasaHa kapTHHKa COCTOAHHH ByJKaHa, Ha KOTOPO#H MyHKTH-
pom JobaBneHsbl 3HaUEHHA BETHUHHBI ul (kpwBas a) u nokasana obacT, pexuMa
nocne ckauyka. PaccuuTaB BeawuuHy CKadka BHH3, Kak ObUIO OMMCaHO BbIlilE,
MOXHO YCTRHOBUTDb B 06/1aCTh KAKORO COCTOAHHA NOMAJIET CHCTEMA NOCIIE 3TON0.
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Puc. 30. 3zBHcHMOCTh  CKOpOCTH
~ noaLeMa MarMbl Ha MOMEHT NpeKpa-
- 2.5 mennn nanHEHancKol daier HinemKe-
-g \ \6 uuA (o) OT LIyGHKBI 0uara LA pa3-
G ™. . HLIX CcOAEpKAHNMI JNETYYero Kommo-
.53". HeHTa,
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Puc. 31. Kapra pexumos HiBepie-
Huis, nogobuas wu300pa’keHHbIM HA
puc. 29.

KpuBas a OMMCHIBACT 3HaueHus ud, a
Kpupas b — otaenser obmacTe, B KOTO-
PYIO MONagaeT H3ICOPAKAIOIUAR TOYKA
nocle cKayka B KaTacTpodHyeckuii
IMCMEPCHOHHBIHA pexaiM (rycToil kpan)

MaccoBasi Aons netyqux, %

5.5.3. Bo3aMOKHBIE CHEHAPHMH IBOJIHOLHH H PUMeEpbI

dakTopbl “HopMaabHON” IBOMIOUNH,. [lepsoim (AKTOPOM 3BOJIOLMH H3-
‘BEPIKEHHA ABASETCA CHWKEHHUE JIaBJIEHUA B oYare, KOTOPOE B HalLieH MONENH OMNH-
CHIBAETCA KAK YMEHBLIEHHE Py OT 200400 6ap no npubauzurensHo —400 Oap.
HOCKOﬂbe Mbl CYHTACM CHUCTEMY O4Yal—KaHan BO BPEMA H3BEPXKEHHA H30JHMpO-
BaHHOHM CO BCeX CTOPOH, KPOME BBIXOJA M3 KaHasla, 3TO CHIWKEHHE JABACHUA MO-
HOTOMHO. B npomexyTke MeXIy M3BEPKEHHAMH BEPXHSA 4acTh BYJIKAHHYECKOIO
KaHa/Ia OTMHpAET Ha TeM GoJbLLYIO BEHYHHY, YeM TPOAOLKHTENbHEE STOT Npo-
MexyToK. Kaxmoe u3BepikeHue HauMHAeTCs BO3HHKHOBEHHEM M npopaboTkoif
KaHala WK 3HAYUTENLHOTO €ro y4yacTka. JIBHXYyuiascs NpH BHICOKOM nepernaje
HABJIEHHs MarMa ynpyro pasiBHraeT CTEHKH KaHala, BbI3bIBAET HX MPOrpeB U 3po-
3ut0 (KoTopas MOxeT ObiTh O4eHb 3HauuTenbHoM [Walker, 1988]).



B KOHLIE H3BEPXEHUA BO3MOXKHO HEKOTOPOE CYXXEHHE KaHalia, TO3TOMY 8no-
poM (PaKTOPOM 3BOJIOLMH CAEIYET CUMTATh M3MEHEHHE MPOBOAMMOCTH KaHala H
NPEX/E BCETO €€ POCT B Hayale U3BEPIKEHHS. .

B kauectBe mpemsezo HOPMANbHOTO (HaKTOpa FBOMIOLMH HA30BEM H3MEHEHHE
InuHel Kasana H (tounee H/H,,). Ilpyu npoaomxHTENnbHOM YMEPEHHOM H3BEpXKe-
HHH 33 CYET POCTA HACHIMHOIO KOHYCa KaHajl MOXET YUTMHHTBCA HAa HECKOJBKO
coT MeTpoB. B TO ke BpeMs BbICOKOWHTEHCHBHOE 3KCILIO3MBHOE H3BEPXKEHHE,
paspyuas noCTPOMKY M Co3[aBas paclUMpSIOHIEECs ‘‘CBEPX3BYKOBOE COILIO”, MO-
KeT YKOPOTHTDb KaHaJl TAKKE Ha MHOTHE COTHH METpOB.

Yemeepmeoim GakTopoM HOPMaILHOW 3BONIOLMK (XOTA 3TOT (akTOp HE YHH-
BepcajieH U paboTaeT, OUEBHIHO, HE BCEria) MOXKHO Ha3BaTh 3aKOHOMEPHOE M3-
MEHEHHE CBOHCTB Marmel, nocrynaioiuei ¢ Gonee rnybokux ropusoHTOB oyara, u
MPEXNE BCEro COAEPIKaHMsS PACTBOPEHHBIX NETy4uX. [IpMMEPOM MOXKET CITyKHTh
CHIKEHHE KOHLIEHTPALMH BOAb! B Gosee riry0OKHX MOPUMAX aHAS3MUTOBOH MarMbl
Bynkana bessiManHoro [bapmun, Menbuuk, 1990]. M3MeHeHne KOHUEHTpaiHH
PacTBOPEHHOM BO/bI JOMKHO BIMATH M HAa BA3KOCTh MarMbl, a 3HaUMT, Ha BEJIHYH-
HY G, ¥ Ha Bennauny H,,, a cnesoparensto va H/H,,.

JonoaHuTensHble PaKkTopbl CBA3aHB! C BHELIHUMH TI0 OTHOLUEHHIO K MO-
IENBHOH CHCTEME BIMAHMAMU. DTO, HaNpUMEp, HHbEKLUMA pacivlaBa B odar M3
Gonee rmybokux Hacredi obnacTyu NMUTaHMA ByikaHa, 06Ban MOCTPOHKH ByJjiKaHa,
paspylleHHe CTEHOK KaHala, OcelaHie KPORM O4ara, HHTPY3HH B TENO ByJKaHa H
o604 HbIE MTPOPbHIBBL.

CranpapTHas cxeMa H3Bep)KeHHsi. B craHmapTHO# cMTyauyH BHOBbL oOpa-
3ylolIMicA KaHan (BEpXHHI y4acTOK) BO3HMKAET KakK TPEILHHA, MPOABUraoiascs
BBEPX 110 MEXaHW3MY ruapopaspeiBa. TpelrHa MOXKET MATH BIIEPenr Marmbl, U
fIpH €€ OTKPBITHU Ha MOBEPXHOCTH WIH N0 JOCTHXKEHHH €€ MONOBKOH phIXIIOro
MPOHMIIAEMOTO FPYHTa CHayana GyeT NMPOUCXOAHTL HCTEYEHHUE rasa U fpocajika
PBIXJIOTO TpyHTa. 3aTeM — YCWJIEHWE ra30BO#H 3MHCCHH W, HAaKOHEL, TOABICHHE
paciuiaBa, Tak, KJaCCHYECKH, HAYMHANIMCH M3BEPXKEHHS B apeallbHbIX 30HaxX — Ila-
pukyTHH B 1944 roay [Jle6enes, Xurapos, 1979], Tonbauunk B 1975 roxy. [boxs-
oe..., 1984] 1 MHOTHe M3BEP:KEHHA B KpaTepax GONBIIMX CTPaTOBYNKaHOB. CHa-
4aj1a pacXxo OTHOCHTENBHO HEBENIMK, CHIKEHHUE Pe, NMPAKTHYECKH HEOLLYTHMO, HO
Bropo#t ¢axrop paboraer adpeKTHBHO — NPOAOKAESTCA IPO3HA CTEHOK TPELHHBI
¥ MpPOrpeB MX, YTO YMEHBLUAET TEIUIONOTEPH W, COOTBETCTBEHHO, BA3KOCTh, WH-
TEHCHBHOE 1 HEPABHOMEPHOE ra30BbiieieHHe BONM3H NMOBEPXHOCTH COCOOCTBYET
ObICTpOMY PacLIMPEHHIO CaMOl BEpXHeH uacTH KaHana, 0cofeHHO eci 3Ta BepX-
HAS 4YacThb HAXOAMTCA B TENE MOJIOAOrO BYJKAHWYECKOrO KOHYCa, CJIOKEHHOrO
MaTepHaJoM O4eHb HH3KOH mpoyHocTH. Pacxon GwicTpo pacTer, M npouecc yBe-
JIHYEHHs NMPOBOIMMOCTH KaHala YCKOPAETCH.

Ha cnemyrouiem 3rarne pocT napaMerpa NpoBOAMMOCTH KaHala 3aMeIieTcs
H, HAaKOHELl, NMPEKpallaeTcs, NP1 3TOM YBENHWYHMBACTCA M JUTMHA KaHala 33 CYeT



noapacTaHda nocTpoikd. OHOBPEMEHHO CTAHOBHTCA CYLIECTBEHHBIM YMEHbILIE-
HHe nasnenHus B ouare. Ecnu A>H,, pacxon AOCTMraeT MakcuMyMa M HauMHaeT
cHIKaThCA. [Ipu 3TOM MOXET OCYIIECTBNATLCA UIABHAs CMEHA PEXXHMOB H3BEp-
KEHus, nepexos oT 6apOOTHPYIOLIErO K AMCNEPCHOHHOMY M 00parHo. Bo MHOr#X
CYLIECTBYIOUMX ONMUCAHHUAX W3BEPXKEHHI TOBOPUTCA O ‘‘HapacTaHMM YacTOTbI
B3PbIBOB”, NPUBOASALIEM B KOHLE KOHLIOB K HEMPEPLIBHOMY HCTEYEHHIO ra30fH-
POKAACTHYECKOH CTPYH.

CHixenue pacxojia B KOHLE M3BEpXKEHHS npu H>H,, NpoucXoauT 3HAYM-
TEeNLHO ObICTPEE, YEM €ro Bo3pacTaHHe B Havyane. 3aech paboTaer noaoKHTebHas
obpaTHas CBA3b: YMEHBLIEHHE PACXOAa NMPUBOAUT K COKPALLEHHIO NPOTHKEHHOCTH
Pa3yIUIOTHEHHBIX 3a CYET ra3oBoi (asel 30H M PE3KOMY YMEHBLUEHHIO JBHKYLUErO
fepenana JapneHus.

Ecnu H<H,,, BO3MOXHbI 11Ba BapHaHTa: 1. H3BepxkeHue 0cTaeTcs yMEpPEHHbIM
W pa3BHBacTCA, Kak M B cinydae H>H,,; 2. BenuunHa ¢ 1OCTHraeT KpUTUYECKOTO
3HA4YEHHS, U U3BEPKEHME CKAYKOM NMEPEeXOAMT B BEPXHHHA AUCNepCHOHHBIH (kaTa-
cTpodryeckuit) pexuM. 3aTEM HEKOTOPOE BpeMs BO3IMOXHO NalbHEH1Iee Bo3pac-
TaHHE Pacxozia M TOCTENEHHOE €r0 CHIXKEHHE, 3aKaHYHBAIOLIEECs pEe3KUM Mpe-
KpalLEHHEM WM MEPEXONOM K IKCTPY3MBHOMY Ifpolueccy. B TeueHue karactpo-
¢rueckoi ha3bl pacXom MEHAETCH HE3HAYHTENbHO, OOBIYHO Ha JIECATKH IMPOLICH-
TOB (MaKCMMYM B HECKOJBKO pa3) — MCTeYEHHE NMoYTH crauuoHapHo. Ko Bropomy
BapHaHTY OTHOCATCHA BCE M3BECTHbIE KAaTACTPO(HIECKHE SKCTUIO3HUBHbLIE H3BEPXKE-
HHA (00BIYHO OCA0XKHEHHBIE NONOIHHTENLHBIMH (haKTOpaMH).

B03MOXHO B npoiiecce H3BEpIKeHHA W H3IMEHEHHE 3HAKa HEPaBEeHCTBa MEXIY
H n H, xaK pe3yibTaTa H3MEHEHHMA COACPXAHMA NETYYHX B N0CNESHOBATENbLHO
MOCTYNAIOMX NOPUUAX MarmMel. B Hauane W3BEpXEHHUA NOPLIMM MarMbl, YaCTHHHO
NEra3vipoBaBIUMECS B KaHaI€ 3a CYET GyMaponsHOH NEATENbHOCTH, MOTYT CMe-
HUTbCA Oonee OOraTteiMH, COXPaHMBUIMMH HMCXOAHYK) KOHLEHTPALMUIO JIETYUHX,
4TO criocobCTBYET nepexoy B karacTpoduyeckyto hady Hapsay ¢ APYTHMMH (ak-
TopamMu. B nanbeedimem, npH NOCTYMJIEHMH MarMsl W3 ouara, Oonee BEpOATHO
NOCNEA0BaTEIbHOE 00EAHEHHUE ETYYHMH Oonee nyOHMHHBIX NOPUMA Marmel, KaK
0TME4EHO JUIA BynkaHa bespiMannoro B [Kanuk, Ornep, 1976]. Becbma BepoaTHO,
4TO NpH M3BepiKeHHH besbiManHoro 1956 rona 3ToT hakTop B 3HAYUTENLHOH MEpe
ONPEIEH MOMEHT NMPEKPaLCHUA TUIHHHAHCKOH dasbl.

Baunauue ponoaHHTeNLHBIX dakropos. Haubonbiiee BiusHue Ha Xon u3-
BEPXKEHHA OKa3plBalOT BCEBO3MOXHBIE MNMPOLECCH MEXAHHYECKOIo paspylueHus
MOCTPOMKY BYJIKaHa W BOOOIE BHE3AMHO BO3HUKAIOLIME HAPYLLIEHHA B OKpPYXaro-
et MarMaTHYECKY10 CHCTEMY BYJIKaHa CpPEneE.

Hawu6onee spkuii npumep — 370 06BaIBHI NOCTPOAKH, CONPOBOXKAAIOLIMECS
B3pbIBaMK GOrato#l rasoM marMbl MHTPYAMPOBAaBLIEro “KpHNTOKYynona”, nomob-
Hble Hab/NOaBLIEMYCS HEMOCPEACTBEHHO HA U3BEPXEHUM Bynkana CeHT XeneHc
B 1980 romy [Sparks et al., 1978] u npeanonaraemomy [LlTeiinGepr, 1974] na



BysikaHe besbiMaHHOM B 1956 rony. CnencTeue o6Bana H B3pbiBa — PE3KOE YKOPO-
4YCHHE KaHala Ha MHOTO COTEH METPOB M YMEHbLIEHHE €10 MMOJIHOI0 CONPOTHBIC-
HUA, KOTOPOE PHBOJUT K CKauKy Pacxoza i BOSHUKHOBEHUIO KaTacTpoH4ecKoro
JIUCIIEPCHOHHOTO (TUTHHHAHCKOI0) PeXXMMa.

O6Bany, B3psiBY ¥ KaTacTpo(HuecKoi hase npeauecTeopana B 060HX ciyya-
AX JUIHTENbHA YMepeHHas jaearenbHocTh. Ha Cent Xenence 31o, 04€BHIHO, Obla
NpoLecC MHTPYAHPOBAHHA MarMbl B TEJIO BYJKaHa B BEPXHEH 4acTu NMOCTPOHKH
(XpMNTOKYTON), MOPOKAAIOLMH (ppeaTHHIeCKHe B3pbIBbI NPM KOHTAKTe C BOJOH
ruaporepManbHbiX cucteM. Ha BespiMsaHHOM MMen mecto 6osee MHTEHCHBHBIH
PEeXUM, no-BHAMMOMY, Onuskuii k GapGorupylolieMy, ¢ NMocnen0BaTeNbHOCTBIO
B3pbIBOB, BLIOpacLIBaBIUMX IOBEHWIbHbIH MaTepuan. bmiwke Kk MomeHnrty obpana
MHTEHCHBHOCTb H3BEPXKEHHA ynajia, B3pbIBbl 1I0YTH NMPEKPaTWIHChL M, BHAMMO,
NMPOMCXONWIIA MHTPY3HA KpUNTOKynona, kak ¥ Ha Cenr XeneHce. JlanbHe#une
coOBITHA NPOMCXOMIIN MO TOH XKe cxeme, 4To ¥ Ha Cenr XeneHce, HO OTIHYAIHCH
B COOTHOLUEHMH netaneH. M3yuenue u o6bscHeHHe 3THX pasinyuii npeacTapiser
Gonblo# uHTEpPEC B OyayiLeM.

M3 npuBesieHHO# BbILIE TEOPHU CIEAYET, YTO JoboH takTop, natomuit noc-
TaTouHbIH 3P PEKT yKOopoUeHHa KaHala (YBEAHYCHHUS NBIKYILEro nepenajia Aas-
JIEHHs), NOJHKEH MPHBECTH K TOMY K€ PE3YJIbTATy, 4T0 1 00Ban — BO3HHKHOBEHHIO
KaTacTpOoGUUECKOro AMCMEPCHOHHOrO pexuma. Habmopmenus nOATBEPKAAIOT
3TOT BbiBOA. Hanpumep, Ha BesyBud TakuM daktopoMm Obln OTTOK JIaBbl Yepe3
TpelMHbBl Ha OOKOBBIX CKIOHaX koHyca. Ccbinasce Ha bymnappa wu Ileppe,
NU.BJIyunuxwuii [1971] Tak onuceiBaeT nMociea0BaTeNbHOCTh COOBITHH: “YpOBEHD
JiaBbl B O4are MOHWKAETCA 110 MEPE M3NIHSHUA, BCIEACTBHE YEro BEpUIMHA KOHYCa
yacTH4HO oOpyMBaercs. HakoHeu, koraa naBneHue 1aBoBOM KOJOHHBI BCIEACT-
BHE M3HAHUA YMEHbILAESTCS, NMPOMCXOANT MOLLHBIA ra3oBeiff BoIOpoc (“gas blow
off””), o6pasytoLumii TUraHTCKYIO 3pYNTHBHYIO Tydy BbICOTOl Gonee 10 kM.

Bnepsbie 31y ¢asy ycranoBun Ileppe B 1924 rogy no HabmoneHHAM W3Bep-
xeHHna 1906 r. B cymHOCTH, 3TO HE 3KCIUIO3UsA, HE B3PbLIB, 8 CTPEMHTENLHOE Bbi-
JENeHHe Ta30BOM CTPYH, Haxojsuleics moa rpoManHeHiinM JaBieHHeM, 1o100-
HOE MCIYCKaHHWIO NMapoB JIOKOMOTHBA. JTa ()a3a HauboJee MHTEHCHBHOIO NpOSB-
JCHHA aKTHBHOCTH MPOJIOMKAETCA HEMHOTHE Yachl H 03HAYAET OKOHYAHHE LMK,
3arem ByJIKaH MPUXOAMT B COCTOSHHE MOKOA ™.

DTO KIACCHYECKOE OMMCAHKE BOHMKHOBEHHS W TPEKpalLeHHs KaracTpodu-
YECKOro JIMCMEPCHOHHONG pPEXMMa, MOMHOCTBIO COOTBETCTBYIOLUEE TEOPETHYE-
ckoii cxeme npu H<H,,, ¢ pe3KnM, CKauK000pa3HbIM NEPEXOJIOM K BbICOKOHHTEH-
CHBHOMY KBa3HCTALMOHAPHOMY ra3olMpOKIACTHYECKOMY PEXHMY M C TaKUM Xe
PE3KHKM TpeKpaileHHEeM U3BEPKEHHA. (XapaKTepHUCTHKH MarMaTuecKoi CHCTEMBI
Beaysus, npusenentsie B [Bennett, 1974], B COOTBETCTBHM € HAlUeH MONENLIO
yKa3bIBalOT Ha HEOGXOIMMOCTb MMEHHO TOTHOTO MPEKPAleHHs H3BepkeHus Ge3
NOCNEAYIOWEH DKCTPY3HH.)



Boo61ue, BHEIPEHHE MarMbl 110 TPELIMHAM, OTKPbIBAIOLIMMCA B CTEHKaX 04a-
ra M KaHala BO BpeMs H3BEPXEHHs, NMO-BHAHMOMY, OY€Hb PacrpOCTPaHEHHEIH
taxrop, moaupuuMpyrommi xon ussepxkennd. B pabore [Dobran, 1992] yreep-
xpaercs, 4o or 50% no 90% noctynatouleH u3 ryGHHBI MarMbl “3actpeBaer” B
BUJIE BHEAPEHUH U nuitib nopsnka 10% H3IMBaeTCA Ha MOBEPXHOCTb.

Wnorna 60koBble BHEAPEHHA 3aBEpLIAIOTCA MPOPHLIBOM MarMbl Ha MOBEpPX-
HOCTb, NposBnss cebs B sBHOM BHAE. Tak, Ha Cesepnom [lpopeise Tonbauuncko-
ro usBepxeHds B 1975 rody nocnenoBatenbHO BO3HUKAO TpH OONBIIMX M He-
CKOJIbKO Ma/lbIX KOHYCOB, Nnépe/l MOABISHUEM KOKIOT0 U3 KOTOPbIX B H3BEPKEHHH
MPEAbIIAYIIEr0 KOHYCa BO3HHKAIM 3HAYHTENbHble KONe0aHHA HHTEHCUBHOCTH
BILIOTH 1O NOAHLIX nay3 [Bapmuy, Menbuuk, 1990]. OtH koneGauus u nayssl Obl-
NH CBA3aHBL, MO MOEMY MHEHHIO, C OTTOKOM MarMbi B ITyOHHE 1O BHOBb BO3HH-
KAIOLMM TPElliMHaM, PAcKPHITHE KOTODBIX NMPOMCXOOMT TONYKOOOPA3HEIMH HM-
nynbcamu ([Cnesun, 1972] u cMm. ra. 6).



I'TIABA 6.

Hexo*ropble fIBJICHHSA, CONIPOBOKAANIIHE H3BCPKCHHUA

6.1. Onycromenne oyara npa o6pazoBanAs Kaabaep

6.1.1. IMocTaHoBKA 3aaa4M

MHorue KpynHe#lliie SKCIUIO3MBHBIE M3BEPXKEHHS CONMPOBOXAAIOTCA Kallb-
AEPHBIMH TPOCENAHHAMH, KOTOpbIE' O0YCNOBNEHB YACTHYHBIM OITyCTOIICHHEM
oyara. Takas xanbaepa oOblYHO TipejcTaBnAeT cofoi 3aMKHYTYIO NENPECCHIO,
OKOHTYPEHHYIO CEpHEl pa3NloMOB, M0 KOTOPhIM NPOMCXOIMT OCEAaHHe €€ AHA.
Koutyp xanbaepsl 61M3K0 COOTBETCTBYET KOHTYPY ONpPENENAEMOro reousnye-
CKMMH METONiaMH AHOMAJLHOrO TeNa, WHTEepnpeTHpyeMoro kak ouar [banera,
1981; 3y6un u mp., 1971; Sanders, 1984; Yokoyama, 1969]. IlpeacraBnser nnre-
pec Npouecc ONMyCTOISHHs 04ara M CBA3b €ro KOJHYECTBEHHBIX XapaKTePUCTHK C
XapaKTepUCTHKAMHU MarMaTHUECKOH CHCTEMBI BYJIKAHA, KOTOPBIE MOXKHO ONHCATh,
MCIIOB3Ys NPETOKEHHYIO MOJIENb.

K OCHOBHBIM KOJIMYECTBEHHLIM XapaKTePHCTHKAM KanbAepooOpasyiomuX u3-
BEPXEHHH OTHOCATCA: TUOWAAL Kanbaepbl A, ryGHHa npocenaHus U obbem V
(Macca M) BuiOpowenHoro BewecTra. ILtomank kanbaepsl OUEHHBAETCA TO-
pasHOMY, HO B OCHOBHOM JIHGO NO BeIXOAsILEH HAa NOBEPXHOCTD JIMHHUK Pa3IOMOB,
nubo no NWHHM, NPOBENCHHONM Ha MOJOBHHE BbICOTH! ycTyna. Ecnu BeiGpoluen-
HbIA M3 04ara o0bEM MOJHOCTHIO KOMIEHCUPYETCA MPOCEeNaHHEM KPOBIH, riryOu-
Ha KallbAEPHOIO NMPOCEAaHns NomiHa ObiTh NMPAMO CBA3aHA C OTHOLUEHHEM V/A.
Taxkas cBa3p Habmopaerca He Bcerjna. OueBMIHO, BO3MOXKHBI [PYTHE MyTH KOM-
nexncauny ofbeMa WM He MonHas ero komrneHcauus. OnHako, ecny paccMaTpH-
BaTh HE BECh KOMIUIEKC MPOLIECCOB, CBA3AHHBIX C 00Pa30BaHHUEM KallbJIep, a JIMILE
MHTEPECYIOUINII HAaC MPOLECC ONMYCTOEHHS 04ara, MOXHO BMECTO KaJlbJIEPHOTO
MpoCeiaHMs MONL30BAThECA BENHYHHOM “MarmMaTH4yeckoro onyckanus” A. 31Ot
TepMuH Gb1n npeanoxex B [Spera, Crisp, 1981], rne marmatudeckoe omyckaHue

ompenensnochk Kak orHowenue V/A. Tak kak Hac WHTepecyeT norepa odbema B

ouyare, 06beM MarMel ONpEeEIUM 4epe3 BbIOPOIIEHHYIO MacCy M IUIOTHOCTb, KO-
TOPYIO OHa MMENA B 04are fepea Ha4yanoM H3BEPKEHHA:



a=M (6.1)
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KoHkpeTHas nocTaHoBKa 3a/a4i B paMKkax JaHHOH paGotsl dopmynupyercs
cnefylomuM obpasoMm: meopemutdecku onucams u UCCIe0o8ams 3aeUCUMOCMb
BENUNUHBI MAZMAMUYECKO20 ONYCKAHUA NPU KAMACMPOPDUYECKOM IKCIIO3UBHOM
U3BEPIHCCHUU OM XAPAKMEPUCMUK MAZMAMUYECKol cucmemsl gynkaxa. PelueHune
9TOH 3aia4l BAKHO HE TONbLKO KaK HEOOXOAMMBIH LIar NpH H3yYeHHH MEXaHH3Ma
obpasoBaHHa KalbJep, HO U JUlA MPOTHO3HPOBAaHHA BO3MOXKHOro Mactutaba kara-
cTpodHHecKOTO H3BEPXKEHMA — TMOJHOTO KOJIMYECTBA BELIECTBA, MOTyuiero ObiTh
BbIOpOIIEHHBIM BO BpEMA [UIMHHAHCKOHN CTaiHH.

- 6.1.2. TeopeTnyeckoe onHcaHHe

OnycTolueHUe o4yara, yMEHslIAUEee NOAAEPKKY KPORJIH, CBA3AHO ¢ NoABNE-
HHEM B ouare ra3oBoi (asbl, 1 B IepBoM NpHONMKEHHH AehHUMT 00beMa MarMbl
K Haually mpocelaHus paBeH NonHoMy obbeMy rasoBoi asbl B ouare. [Ipocesna-
HHE KPOBJIH, B Npejene, NpoJomKaeTcs A0 TeX Mop Noka Moj Hel He BOCCTaHo-
BHUTCA JaBJieHHe, obecneuuBalouiee NoiIepKKy. JOT0 MOXET TIPOH30UTH TOrZa,
KOTZa BCTIEHEHHas MarMa MOJIHOCTBIO MOKHHET ovar WiH KaHan 3akynopurcs. B
nocneHeM cliyyae OCTaBIIHMiCA B oYare B BUAE Iy3bIPLKOB ra3s ITpH BOCCTaHOBJIE-
HHY JIaBNEHUSA CHOBA PACTBOPUTCA B MarMe.

BenuuuHa pe3ynbTHPYIOIEr0 MarMaTHYECKOrO ONYCKAaHHA JOMDKHA CHIBHO
3aBHCETh OT COOTHOILEHHA BO BPEMEHH MNPOLECCOB ONMYCTOIUISHHS odara ¥ KoM-
NEHCALMH ero mpocefaHveM kposiad. Ecnu (a) u3Bep)keHHe NpoAomKaeTcsi BO
BpeMs MPOCceAaHus, BO3MOXHA, B MPHHIMIE, OYTH MONHAA 3BAKyaLMs ouara, U
MarmaTH4eckoe onyckaHHe OyeT onpeaesiATbCs BEpTHKAILHBIM pa3sMEpoOM oyara.
Ecnu xe (6) Hauamy npocefaHHs NpeAILeCTBYET OKOHYAHHE H3BEPXEHHsA, MaKcH-
MaJlbHas BeTHUHHA A LENUKOM OTpeaenaeTcs AMHAMHKOM M3BEpKEHUT H CTPyK-
TYpO# NIOTOK@ MarMbl B KaHaje.

["eonoruueckye HabMOAEHHA TOBOPAT O TOM, YTO B NPHPOJiE MOTYT OCYILECT-
BIATLCA 00a BapHaHTa, IPHYEM B BapHaHTe (a) H3BEpIKEHHE, NMO-BUAMMOMY, TAKKe
npeKpalliaercs AOCTATOYHO PAHO, 3300 A0 MOMHOTO OMYCTOIIEHHA o4ara. Ba-
puaHT (2), cornacHo [1. Jlunmany, [Lipman, 1986], npeobnanaet y MHOTHX KpyTi-
HEHIUX (COTHH M ThICA4YM KM~ M3BEPTHYTOTO MaTepHaia) KalHO30HCKHX Kaibje-
poobpasylomux M3BEPKEHHH, 0 4YeM TNOBOPHT YepeloBAHWE BHYTPH KajlbJepbl
OTJIOKEHNI MTMPOKIAacTHKH U 06BaloB 60pToB. [IpH COBpPEMEHHBIX M3BEPNEHHAX
OTHOCHTENBHO Manbix Macurrabos (BuGpomeHnHbii o6bem 1-10 kM®) ocymecTs-
nsncs BapuaHT (6) — obpymenne (ocenaHue) nocne NpeKpalieHus H3BEPXKEHHs.
KpoMe Toro, Bo MHOTHX CITyuasX 4acTH4YHOE ONyCTOIIeHHe oyara Boobuie He co-



NPOBOXAAETCH KANbACPHbIM MPOCEAAHHEM, YTO TOXE COOTBETCTBYET BapHaHTY
(6), KOTOPBIH MBI H PACCMOTPHM HHIKE.

Onycroumienye oyara Ha4HHaeTCs, KOT/Ia YPOBEHb HA4alla ra300TAENCHHUA Mo-
rpy>XaeTcs B OYar, H 3aKaHYMBAETCH, KOTZa CTAHOBUTCHA HEBO3MOXKHBIM BBIHOC
KOHAEHCHPOBAHHOIO BelleCTBa uepe3 KaHall. [IpekpaiueHue oMyCTOLIEHHs ouyara
BO3MOXHO B TPEX CIy4Yasx: BO-TIEPBBIX, KOTAA Mepenaj AaB/IeHHs CTAHOBHTCSH HE
BOCTATO4HBIM 71 IPOJIOMKEHHS H3BEPKEHUS, BO-BTOPBIX, KOT/ia 3aKyIIOpPHUBAETCA
KaHaJ, W, B-TPETbHX, KOr/la ypOBeHb (parMeHTalMH forpyxaerca B ouar. B no-
CNIEAHEM CNYy4ae BbIHOC MMPOKIACTUKH TMPEKPALAeTCs, Tak KaK CKOPOCTh BEPTH-
KaJIbHOTO MOTOKa Iasa B O4are He [0CTATOYHA UTH MOJJIEPXaHHA IIMpOKIacTaye-
CKHX YaCTHLl BO B3BELIEHHOM cocTosHHM. [Ipu norpyxeHHH ypoBHs dparMeHTa-
LMH B O4ar HAYHHAETCS OCENAHWE BCMEHEHHOW MarMbl, MOMAEPXKKA KPOBAH
YMEHBIIAETCA PE3KO, H €€ OOPYILEHHE CTAHOBUTCH HEU3OEKHBIM.

Orcrofa cnefyer, 4TO MaKCHMAaNIbHOE pasyTUIOTHEHHE MarMbl B o4are i, Co-
OTBETCTBEHHO, MAKCHMAJILHOE MarMaTH4ecKOe OIlyCKaHHe MOXET ObITh JOCTHI-
HYTO, KOTZa 0O6beMHas 1015 ra3oBoii (a3l y BXofia M3 o4ara B KaHan 3 cooTBeT-
CTBYET MpEney YCTOWYMBOCTU MEHbl. B OONLIIMHCTBE CIoy4aeB 3Ta BEJUYMHA
JOIDKHA [TPUONIM3UTENBHO COOTBETCTBOBATL COCTOSHMIO “TUIOTHOW YMAKOBKH™
ra3oBbIX My3bIpbkoB. OueBHIHO, MIMEHHO TaKHe YCJIOBHA MMeNH MecTo Mpu obpa-
30BaHHH KPyNHERIIHUX Kanbaep.

[MomyyrM Bbip@KEHHE AUIA BEIWUYHHBI A, TIpejionaras paBHOBECHOCTb Jera-
3alMd Marmbl B o4are U npeHeOperas BO3MOXKHOCTBIO BCIUIBIBAHMSA ITy3bIPbKOB.
O603Ha4HM BEePTHKAIbHYIO KOOPAHHATY z M HaNpaBHM €€ BHU3, TOMECTHB HA4aio
KOOpAHMHAT y BepxHe#d kpomkH ouara. [Ipu z=0 p=py u B=P) ; Ha ypoBHe z, HpH
NABNEHMH p, ra3osas ¢asa ucueszaeT: f=p,~0. MaccoByio [0JIO rasa B MarMe ¢
CYuTaeM MOCTOAHHOW MO 0OBEMY, a €ro PacTBOPMMOCTh C 3aBMCALIEN TONLKO OT

NABNEHWs TO 3aKOHY: C = a,/; (dopmyna 2.2).

PaccMaTpuBas CTATMHECKYH) OJHOMEPHYIO 3ajady, Ui MarMaTHYeCKoro
OIMYCKaHHS MOXHO HAMMCaTh CIEYIOILEE BblPAXKEHHE:

LT . .y (6.2)
8P

Uro0Obl BHIYHCIUTE BENHYHHB Py, p; U Z;, HAlileM 3aBHCHMOCTL BENH4YHHEI 3
OT JaBNieHuA. [{ns e MHHULB MacChl MarMbl MOXKHO HANHCATE:

p= £ (6.3)
v,+V,’ ' '

[MockonbKy paccMaTpuBaeTCs CTaTHyeckas 3amada, ecllM npeHebpedn nana-
COBCKUM R@BIICHHEM B ITy3bIpbKaX, MOXHO 3aNHCATh:



T . (6.4)

V} = l___(_c_'g_:i) . ) (6.5)
Pi

IToacTaBuB 6.5 ¥ 6.4 B 6.3 ¥ Y4TH IPHHATHIE paHee 3aBHCHMOCTH PacTBOpH-
MOCTH H IUIOTHOCTH Ta3a OT JABJICHHMSA, NTONYUHM:!

B= 1 " (6.6)

rie B=pg,/p.p;— BENKIKHA KOTOPOrO 3aBUCHT OT THNA paciuiasa H poaa rasa.
BenMuHHA ;¢ BO BCEX Clydasx MMEeT fnopazok 1072, u noatomy npemetpe-
EM €10 1o cpaBHeHHto ¢ 1. B utore nomyunm:

1
pf=—7—. (6.7)
1+ &4p
Cg—C

H3 BipakeHuna 6.7 MOXHO HaiTH BENUYHMHbLI JARNEHMA, COOTBETCTBYIOLIHE
BepXxHe# (py) H HwkHelH (p;) rpaHHUAM 30HbI Pa3yIUIOTHEHUA B ovare (MOACTaBUB
BMecCTO 3 BenuuMHbI fB; U 0, COOTBETCTBEHHO):

2 2
1a*[1-8, 4800[30
B | SR O ol - 6.8
2
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pl az

[LnoTHOCTB BbipaxaeTcs uepes MOPHCTOCTD CNeAYIOLHM 00pa3oM:
p=pB+p(1-p). (6.9)

TonctaBuB 6.7 B 6.9, a TaKoke BLIPA3UB Cp U P, YEPE3 p, MOCNE NPOCTHIX Npe-
ofBpazoBaHHii MOXHO NONYYHTS!

Bp(cy —aqfp +1) (6.10)
—a.p+Bp '

=P



I'y6HHa pasynioTHeHHs z; BLIMHCAAETCS Kak HHTerpa

14
d
z, = [2£ | (6.11)
58P
rZie p B 3HaMeHarene Buipaxkaercs dopmynoi 6.10. FiHrerpan GepeTcs aHaIHTHYe-
cku. ITocne cooTBETCTBYIOMMX TIpeobpa3oBaHHii HMeeM:

P L S L L) W “‘/—+ H—(f Jr) | 6.12)

Be|co+l py \(@+DB & ) ¢-

370 BbIpaXXEeHHE MOXHO HECKOJIBKO YHPOCTHTb, ECIIH PA3JIOKHTh NOTapHPMbI
10 MaJIOMy MapaMeTpy C, —d./p; M OTPaHH4UTLCA NEPBBIMH WIEHaMH:

1 Cy i P +2 (Cﬂ‘{“!)B___Ca_(JZ._ /po) (6.13)
0

_ng, ¢y + 1 Do o a

e
—

[Moacrasue 6.8 1 6.13 B 6.2, MOXHO TOJYYHTb BHIP@KEHHE [N 3aBHCHMO-

CTH ryOHHBI MArMaTHYECKOTO OITYCKaHHsl OT TAKHX XapaKTePHCTHK MarMbl B oya-
re, XaKk rasocofepaHHe Cp, Ko3(P(@HLHEHT B BRIPAKEHNUH 3aKOHA PACTBOPHMOCTH
rasa B paciuiase @, IUWIOTHOCTb ra3a IPH HOPMaJIbHOM JABJIEHUM Py U MAKCHMANb-
Hasl TIOPUCTOCTh Y BepxHel kpoMkH ovara — fy. [locnenuHss BenuuHHa paccyMThI-
BAETCH YHCIIEHHO Ha MOMEHT TIPEKpallleHHs TUIHHHAHCKOM (pa3b! U3BEpPXKEHHA Me-
TOIOM, H3OXEHHbIM B MPEbIAYILHX [NaBax.

6.1.3. Ananui 3aBHCHMoCTe#H

Ha pucyHke 32 nokasaHbl pe3ynbTaThl PACYETOB A5 PA3IHYHBIX KOMOHHALMI
napaMeTpoB. BHAHO, 4TO Kaxzas KpHBas HayHMHAETCSA TIPH HEKOTOPOM MMHMMalb-
HOM COAEpXaHHH PacTBOPEHHOro JIETy4ero KOMIIOHEHTa, KOTopoe TeM Oonbiue,
yeM rybke ouar M YeM CiJlbHEe 3aBMCUT PacTBOPUMOCTb JIETYYHX OT JaBlEHUs
(uem Gonblue BenuuHHa ). [Ipn 3TOM OKa3bIBaeTCs, YTO NMPH peaibHO Habmwonae-
MBIX COMEPXaHHAX NIeTYyuMX MakcHMaibHas rmyOMHa ouara, MpH KOTOpOH etne
BO3MOXKHO YaCTHYHOE €ro ONMyCTOLIEHHE, COCTaRNseT OKoNo |15 KM pyH 3Ha4eHHH
a=0,0013 6ap " 1 oxono 10 kv npn a=0,0020 ap™.

Bce KpyvBble HCTIBITHIBAIOT W3JIOM H NIEPEXOAT B NPAMBIE, NapaniebHble OCH
afcuuce, TpPH 3HA4EHHMSX ra30COMEPIKAHMS, COOTBETCTBYIOWIMX TOrPYKEHHIO
YPOBHs ¢pparMeHTaUHH Marmbl B ouar. IlyHKTHpHas orubaroias OfnuChiBacT He-
KOTOpOE OnTHMaibHoe (C TOYKH 3peHust 3PQEeKTUBHOCTH OMYCTOIIEHHUS O4ara)
COUYETaHHe COfIepXKaHuA NeTy4YHX H IyOMHbI BEPXHEH KPOMKH ovara — 370 MHHH-



MaJlpHas BEJIHYHMHA ¢, IPH KOTOpO# NOCTUraeTca MakCUMallbHas BeJIMYHHA A, Co-
OTBETCTBYIOIIAS navHoMy 3Hayenuto H. EciM rasocofepxanue OOnblIE ONTH-
ManbLHOro, TO NPH HEM3MEHHON rny6HHe ouara OHO MEpecTaeTt BIHUATL Ha BenHUU-
HY MarMaTHyecKoro OMyCKaHHsl, TaK KaK [OCNe Hauala paspyLieHHs NeHbl BHYTpH
oyara BHIHOC KOHACHCHPOBAHHOrO MarepHana npexpaiaercs. WHrepsan 3Haue-
HHH ¢, B penenax KoToporo BenuyHHa A Mensercs ot 0 1o MakCMMyMa, OKa3blBa-
eTCsl OUEHb Y3KHM — OKOJIO 1 MpoueHTa.

10 T 7
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Marmarudyeckoe onyckanue, KM
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Marmarr4yeckoe onyckaHue, KM
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0 2 4 & 8 10 o 2 4 6 8 10
BecoBoi NpoueHT neTy4nx Becoso# npoueHT nety4nx
Puc. 32. 3aBncHMOCTL MIYGHHBI MArMATHYECKOTO ONMYCKAHHA OT ra30COAePKanHA ANH paziHYy-
HbIX ITy0nH ouara.,

Ludper y kpuseix — rirybrHa ouara B kM. A — KO3(QOUUMEHT ¢ B YPaBHEHHH PACTBOPHMOCTH paseH
0,0013 6ap™"; B — koa(duument a pasen 0,0020 6ap™”

Ob6HapyKeHHblE U OIMCAHHBIE 3/16Chb 3AKOHOMEPHOCTH B COBOKYITHOCTH Ha-
K/a/bIBalOT ONpEENeHHbIE OTPAHWYEHHA Ha BeNHuuHbl H, ¢ M A. YBenuueHue A
BO3MOKHO NPH YBENH4YEeHUWH H, HO Wb C OQHOBPEMEHHBIM YBEJIMYEHHEM MHHH-
MaJILHOFO MOPOTOBOTO ¥ OMTHMANBLHOTO 3HAYEHHA C.

6.1.4. ConocraBnenne ¢ pe3yabTaTamu Haboaenni

ConepxaHue eTydyero KOMnoHeHTa (Boasl) B MarmMe npH KaTacTpogpHYecKHX
IKCIUIO3MBHBIX H3BEPXKEHMSIX OOBIYHO OLIEHMBAeTCSi MEPBBHIMU TMPOLIEHTaMM [0
BECY KaK MO AMHAMWYECKHM XapaKTePHUCTHKaM II0TOKa, TaK M MO MeTpojoruye-
CKMM XapaKTEpPHCTHKaM M3BEPTHYTOTO BEILECTBA, OTPAKAIOUIMM YCIIOBHA B O4are
nepen u3sepkeHueM [bonbiuoe..., 1984; The 1980..., 1981; Rutherford et al., 1985,
Kaguk u np., 1986; MensittoB u ap., 1980]. MmMeromuecs faHHbIe NMO3BOMSAIOT
CUUTaTh, YTO BENWYHHA ¢ ANA KaTacTpO(HUECKHX IKCIUIO3HMBHBIX M3BEPKEHMH
MOXET HaxoAuThca Mexny 2-3 u 10%, npuuem B abcomoOTHOM OONBIIMHCTRE
Ciiy4acB OHa cocrasisetT 4—6%. B yacTHOCTH, Juid caMOro NOKYMEHTUPOBaHHOTO
M3 TaKHX H3BEPXKEHHMH — H3BepxeHMA BynkaHa Cent Xenexnc B 1980 rogy — B
[Ruthetford et al., 1985] paercs BenuunHa 4,6%, ompepeneHHas 1o (¢asoBo-



MUHEpanbHLIM DABHOBECHAM, a 1A H3BEpXKEHWs BylkaHa bBespiMsHHoro 1956
rona — 5-6% [Kanuk u nop., 1986].

I'myGuHbl 04aroB onpeAensuiuch reoM3M4ecKUMH METOJaMH KaK TiyOHHBI
BEpXHEH KPOMKH aHOManueobpa3ylomux o6bekToB oA KanbiepaMi H MOz COOT-
BETCTBYIOIIHMH BYJIKaHaMH [Uisl 60ABLIONO KOMWYECTBA YETBEPTHHHBIX KalbAED
Kamuarkn n Kypun [3y6un u ap., 1971] u MHorHX Apyrux o6bekToB [3106HH,
®enopuenxo, 1982; Walker, 1984; Banecra, 1981; Denlinger, Riley, 1984]. [lnsa
BCEX Ka/lbAEp 3TH BEAMYMHbI NEXKAT B Npelenax 5-6 KM WIM HECKONIbKO MEHee.
Hns BynkaHos CeHT XeneHc M Be3bIMAHHBIH, H3BEPKEHHUS KOTOPBIX HE COMPOBO-
KAAINCh KANbACPHBIMH MpocelaHHAMH, rirybrHa oyara Oblna onpeneneHa yepes
JaBlIEHHE B OoYare repen M3BepKEHHWEM IO BKIIOYEHUAM B MMHepanax: ans CeHT
Xenenca — 7,2 kM [Rutherford et al., 1985] u ps BespimsnHOro — 12 kv [Kanuk u
ap., 1986].

BenuwyuHB MarMaTHYeckoro omyckaHus ObUTH BolYHMcaeHbl B [Spera, Crisp,
1981] nnsa 76 xanbaepHbIX M3BEPKEHMI, ¥ OBUIO OTMEUEHO CYLIECTBOBAHHE IIpe-
RenbHON BENHYMHEI A, KOTOpas IPUMEPHO PaBHA 3 KM.

U3 rpadukos, H300pakeHHBIX HA PHCYHKE 3, BUIHO, YTO MaKCHMaJlbHas Be-
nW4HHa A=3 KM JAoCTHraeTcs npH rmyOHHax oyara 5—7 KM, a COiepKaHUE NETYYHX
B Marme JIOJKHO TPH 3TOM COCTaBJIATE 4—6%. Bce 3TH BENWYMHBI MIPAKTHYECKH
COBMAfaloT ¢ HaOMOZAEMbIMK Ha M3BEPXKEHHMAX, YTO MOATBEPKAAET CrIpaBein-
BOCTb MPEANONOXKEHHIA, CAENaHHBIX TIPH MOCTPOCHUH TEOPHH.

PaccmoTpuM koHkpeTHsiit nipumep mBepxkeHus Cent Xenedca 1980 rona:
c=0,046, H=7,2 kM, Dyugoa™ ~1,5 kM, V=025 o’ (B nepecueTe Ha IUIOTHYIO Mar-
Mmy) [Toramaru, 1988; Rutherford et al., 1985]. Orcrona BeIUKCHAETC BENHUYUHA
marmariyeckoro onmyckanua A ~ 0,12 km. Io rpadmkam pucyHka 32 BHOHO, YTO
BCE HalieHHBIe 15 M3BepXKeHHs BynkaHa CeHT XeneHc BEJMUYMHbLI XOpPOIIO CO-
racylotca Mexay coboi, ecnd NpHHATE I BENWYHHbI g 3HAYCHME
a~0,0019 6ap™"2. imeHHo Takas BemMuMHA MOMydaeTCst B pesynsTare o6paboTk
3KCHEPHMEHTAIBHBIX [aHHbIX [0 PAacTBOPMMOCTH BOZbI B KHC/ABIX pacruiaBax
(rpasut CroyH MayHTtuH), npuBefeHHbIX B [CripaBoynnk..., 1969] B naTeppane
nasnenuii 0-2 xbap.

6.2. Koste6aHns HHTEHCHBHOCTH H NAY3bI B H3BEP:KCHHH NPH
JAHCOEPCHOHHOM PEXHME

6.2.1. Bauanue namenenni pacxona B rirybuue

3HauyuTenbHbie KonebaHus pacxosa, a YacTo U OTHOCHTENILHO KPATKOBPEMEH-
Hble TIOJiHbIE Tay3bl, OOBLIYHO HAKNAABIBAIOTCA Ha HEMPEPBIBHOE WUCTEYEHHE MNPH
AHCTIEPCHOHHOM PEXHME M SBIIAIOTCA €10 BAXHOH AHHAMHYECKOH XapaKTepHCTH-
koi. O6b19HO Haubonplas HecTaOWILHOCTh peXuMa (M, B 4AaCTHOCTH, nay3bl)



HabmronaeTcs BONM3M TiepeNoMHLIX MOMEHTOB B X0/e H3BepykeHHs. Hanpumep, Ha
CesepHomM [lpopeise Tonbaunnckoro usBepxenua 1975-1976 rogoB MHOTOYHC-
JICHHbIC Nay3bl B M3BEpXKEHMU [-ro KOHyca NMPOJOIDKHTENbHOCTBK) OT MHHYT A0
NepBbIX 4acoB (C MOCNeRyIOLHMM BOCCTAHOBIEHHEM HMHTEHCHBHOCTH) MpPEALIECT-
BOBAJIH MPOPBIBY JIaBbl K KOTY OT KOHYCa, a 3aTeM IPEKPallEeHHIO ero JesaTeNbHO-
CTH Y BO3HUKHOBEHHIO PAJOM CTONb )K€ HHTEHCHUBHO M3BepraBlLerocs 2-ro KoHy-
ca. [lo-siuoumomMmy, pe3kue konebaHHss HHTEHCHMBHOCTH AHMCTIEPCHOW CTPYH, H 0CO-
6eHHO Mnay3bl, HEMOCPEACTBEHHO CBA3aHBI C PE3KMMHU H3MEHEHHUAMHU B ACATENIbHO-
CTH BYJIKAHa W MOTYT CYXHTb NPOrHOCTHYECKHUM MIPH3HAKOM.

Obpa3oBaHUE HOBBIX MPOPLIBOB PAAOM C AEHCTBYIOHIHM KOHYCOM O4EBHHO
CBA3aHO C BO3HMKHOBEHHEM M 3aMOJIHEHHMEM MarMoil CHCTeMbi BHOBb 0Opasyio-
IMXCA TPEILHH, OTBETBIIAIOILMXCA OT OCHOBHOIO TOABOAAILErO KaHana. MHoro-
HUCJIEHHBIE CBHIETENBCTBA MOBCEMECTHOIO TPOTEKAaHHA TakMX MPOLIECCOB AAXOT
pe3ynbTaThl reOJOrHYECKOro M3y4yeHUsl CTPYKTYpbl BEpXHeH yacTH marMaTHye-
CKOH cucTeMb! DOJBLIMX BYNKAHOB, KOTOpas MpeAcTaBnsieT coOoi CNOXKHYIO CHC-
TEMY BETBAILMXCA paek u cwuioB [Mapxuuus, 1967; 1lieiimosuy, 1975; 1lleiimo-
Buy, ITaroka, 1980]. Ha TonbauunckoM usBepxeHHd 1975-1976 ronos noseine-
HMIO HOBBIX MPOPBIBOB MPEALIECTBOBAIH POH BYJKAHHHECKHX 3EMIETPACEHHI
[Bonbuwoe..., 1984], koTopble TaKKe OTPAKAIOT MPOLIECC PAa3BHTHA TPEUIMH.

PasBuTHE TpeuiHH Mo MeXxaHH3My THAPOpa3pbiBa B HKECTKOH HEOMHOPOIHOM
HallpsHKEHHOM cpefie MPOHUCXOAUT UMITYIhCaMH, TOJTMKaMH, YTO H NOPOXKAAET POU
cnabbix 3eMneTpsAceHuil. 3anonHenue TpewH MarMoi Tpebyer otbopa ee or oc-
HOBHOT'O MOTOKA [0 KaHaly: TOCNEe KAKAONo MMITYJbCa PACTPECKMBAHMS PacXon
Ha ypoBHE 0TOOpa CHIDKAETCA Ha KAKyIO-TO BEJIMYHMHY, 4 3aTeM IOCTENEHHO BoC-
CTAHABIIMBAETCA [0 CIEAYIOLIEro UMIyNIsca. M3MeHeHne pacxona B COOTBETCTBHH
C W3N0XEHHOMW Bblllle TEOpHEH W3IMEHSET CTPYKTYPY IOTOKAa W fI03TOMYy MOXET
MPHBECTH K CYIIECTBEHHLIM H3MEHEHHAM B XOJIE M3BEPKEHHS. Y MEHbILEHHE pac-
X0/ia MPUBOIUT K YMEHBILEHHIO [UIHHbI 30Hb FA30B3BECH M CKOPOCTH IOTOKA rasa
B 3TO# 30HE W, COOTBETCTBEHHO, K YBEJIMUEHHIO cpeiHEl MIIOTHOCTH Marmbl B Ka-
Hajie. B pe3ynbrare HeOoNblIOE YMEHBIIEHUE pacXofa B ryOMHE MOXET Ha Ka-
KOE-TO BpeMs CO3AaTh 3HAYUTENBHO DOJIbIIEE YMEHBIIEHHE PACX0OAA Ha BBIXOJE U3
KaHana (BIuoTh A0 nay3sl). [TonHoe uccnenoBatne I1oro ABIEHHA Tpedyer 3HauM-
TenbHO Gonee CNOXHOW TEOPHH HECTALMOHAPHBIX MPOLIECCOB, HO HEKOTOphie
OLIEHKH MOKHO CIENaTh H B CTALMIOHAPHOM TPHOJIDKEHNH.

[IpeanonoxumM, 4To Pacxon CHWKAETCA CKaYKOM Ha HEKOTOPYIO HEOONbLIYIO
BenmuuHHy AR W 3aTeM ero HoBas BeJIMYMHA OCTAeTCs MOCTOAHHOMN. YcTaHaBnHBa-
eTCH HOBBIA CTAHMOHAPHBIA PEXUM C HECKONBKO OOJbIIEH [UIOTHOCTBIO MarmMs! B
kaHane. EciM MoAcYMTaTh AOTIONHHMTENLHOE KOMHYECTBO BELUECTBA, KOTOPOE
JIOJDKHO TIOCTYNHTh B KaHan A obeciieueHus 3TOW HOBOH [UIOTHOCTH, W none-
JIUTb €r0 Ha HOBBIH PACXOR, MOYXKHO MONYYUTH OLIEHKY NPOJAOIKMTENBHOCTH Tay-
3b1 finax TIPH YCJIOBMH, YTO pEAKUMs MOTOKA HA BO3MYLLEHHE MIHOBEHHas.



Peakums Ha oT00p HEKOTOPOIf YaCTH pacxo/ia JOJHKHA 3aBHCETh OT MecTa: OT-
Dop Ha ypoBHE o4Yara 3KBHBAIEHTEH HEKOTOPOMY YBEITHYEHHIO MOTIEPEeYHOro ce-
YEHUs KaHalla ¥ JOMKEH NMPHBECTH K COOTBETCTBYIOLUEMY YBEIHYEHHIO CyMMap-
HOro pacxona (TpH 3TOM pacXof 1o OCHOBHOMY KaHaly Bbiilie TO4KH oTGopa He
H3MEHHTCH), 0TOOp BOMM3H YpOBHA (parMeHTAlUMH He MOBIHAET 3aMETHO Ha 00-
LKA pacxof, nbo NolTHOE CONMPOTHRNEHHE KaHana NPAKTHYECKH LETUKOM ofipene-
nsercst 06NacThiO KHUAKOCTHOTO TeueHHs: (M 3HAUMT PACXOX Bhille TOukd oTbopa
YMEHBIINTCA Ha OTOHMpaeMylo BENH4MHY). Xapakrep pa3sBHTHS HOBBIX MPOPHIBOB
Ha Tonbaunke u celicMH4eCKON TOATOTOBKH K HHM TOBOPMT O TOM, 4TO 0TOOp
MIPOMCXOIHII HWXE YPOBHS (pparMeHTalHH, HO He OYeHb IITyOoKo, I03TOMY MOX-
HO NPHHATDL MpOcTeilunii BapuaHT oTOopa HEMOCPEICTBEHHO MO YpoBHeM dpar-
MEHTALHUH.

CnenaHHas MpU NEPEYHCIEHHbIX AOMYWEHHIX OLEHKA MPOAOMKUTENLHOCTH
nay3pl OyaeT MakCHMallbHOM. BENWUYMHBL ., PACCUMTAHHBIC A H3BEPKEHHA
1-ro xoHyca TonbGauyHHckoro u3BepxeHus 1975-1976 ronoB, NMpHUBEAEHBI Ha PH-
CyHkax 33 ¥ 34. BuaHo, 4T0 MakCHMalbHas BEJIHYHHA fay3bl MOXET NOCTHraTh
HECKONBKHX YACOB H CHIILHO 33aBUCHT KaK OT BEJIMUMHBI OTOMpaeMOH HONH pacxo-
Ia — AR, tak ¥ or abconroTHOH BeNW4YHHbLI pacxona — R. [IpuueM, eclid 3aBUCH-
MocTh OT AR nipsiMasi, TO 3aBHCHMOCTEL OT R — obparHas. B obnactu ckopocreif
noxbeMa MarMbl, onpeaensBumxcs s koxnycop CesepHoro ITpopsiBa (U = 10—
15 cm/c [Bonbiuoe..., 1984]), MakCHMAaJIbHBIE Nay3bl MOTYT AOCTHIaTh 4acos, a fo-
cie 30 cM/c MX BelHUHMHA NPHOMKAETCA K HYIIO H [AOMKHA AOCTHTHYTH HYJIs,
KOTJIa CKOPOCTb Ha BBIXO/JIE MPEBBICUT MECTHYIO CKOPOCTb 3ByKd. B rocnenHem
ciiyyae 0TOOp HeOONBIIOHM YaCTH PACXO/IA YKE HE NPUBOAHT K YBEHUCHHIO Cpefi-
HEH MJIOTHOCTH ABYX(asHOH CMECH B KaHane.

HOIO yMEHbIIEHMA pacXo/lia B ITpoUCHTax
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B peansHOCTH CHWKEHHE PacXOfa HECKONBKO PACTAHYTO BO BPEMEHH, U IPH
JAOCTATOYHO MAJIOM CHYDKEHHH TMOJTHOM nay3bl He Oyaer. COKpaTHT nay3y Takke H



MIOCTENICHHOE BOCCTAHOBJICHHE pacXoja ilocje cKay KOOGp&SHOI"O YMCHBLICHNA,
NpUYEM, €CNIH BpEMA BOCCTAHOBICHHA MCHBIUEC BPEMEHH PEaKUHH MOTOKa Ha BO3-
MYILLICHHE, Nay3a TAKKE HEC CMOXET BO3HUKHYTD.
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Bpems peakuuM noToka Ha BO3MYIUEHHE — [, — CKIA/IbIBAETCH M3 BPEMEHH
pacrpocTpaHeHHsa BO3MYLUEHHA M0 KaHaly N0 BbIX0aa — /. — H BpEMEHH penakca-
LIMH YacTHIL B TOTOKE C YMEHBUIMBILUEHCA CKOPOCTBIO Ia3a — ¢, . BennyuHa ¢, pas-
Ha NPOTMKEHHOCTH YYacTKa KaHalla ¢ AMCTIEPCHbIM TIOTOKOM, RENIEHHOH Ha CKo-
pocTh 3Byka, u and Tonabaurka cocrasnser npumepHo 20 cexkyHA. Bpems penak-
cauuu, HauOosbllee ANA KPYTHBIX 4acTHU, MOXHO HailTy, pemas ypaBHeHHe
IBIWKEHHA YACTHLIB! B TIOTOKE rasa.
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rae m —'Macca MacTHLbL, S — oAb ce IONePevHOro CE4EHHs, 1 — e CKOPOCTh
OTHOCHTENBHO raza. EciTH cuMTaTh YacTHLL! ChHepHIECKHMH U BBIPA3UTh HX 00beM
M TUIOLAB TIOTIEPEHHOTO CEYEHNS Yyepes paauyc, ypaBHeHHe 6.1 MOXKHO NpUBeCTH
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CTH NOTOKA (51 HE Ha3bIBAIO €r0 BPEMEHEM pellakcallii, TaK KakK CKOPOCTh ¥ H3Me-
HAETCA HE TOYHO [0 KCTIOHEHTE, XOTA U3MEHEHHE M NpHOMKAeTCs K JKCTIOHEH-
LHaIbHOMY C pOCTOM BpeMeHH); C — NPOH3BONLHAS NOCTOSHHAS, KOTOPYIO MOXHO
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s nupoxnacTiueckux yactiu Cy~1 [Walker et al., 1971]. Bpems peakiym
MaKCHMANbHO i KPYIHBIX 4aCTHLl, JUIS KOTOPBIX B KayecTBe p, cneayer Oparsb
ILIOTHOCTB rasoB3Becy, c8nepkameit Menkne yacthisl. Jina TonGauMHcKoro M3-
BEPXKEHMs BpeMs peaKuMH YacTHL auaMeTpoM 10 cM mpuMepHoO 2—3 ceKyHbI.

MOXHO CHHTATh, 4TO 34 BPEMS Ly = 41, Win 32 10 cexyHI 4acTHIBI AOCTH-
HYT pPaBHOBECHOI CKOPOCTH M, TaKHM 00pa3oM, MOJHOE BPeMs PEeaKkiMH MOTOKa
I+t Oyner npuMepto 30 cexyHa. 3TO NOCTATOYHO MAJIOE BpeMs, ¥ Takoi Mexa-
HHM3M BO3HHKHOBEHMS May3 MPENCTABMASTCA BIONHE BEPOATHBIM.

6.2.2. Banauue apyrux gaxkTopos

Kak 6b10 BUOHO M3 HM3NOXKEHHOTO B MPEABIAYIIMX TIaBaX, CYLIECTBEHHO
BIIMACT Ha COOTHOLUEHHE NPOTHKEHHOCTEN 30H C pasHOil CTPYKTYpoii NMoToka u,
COOTBETCTBEHHO, HA CPEAHIOKD IUIOTHOCTH BELIECTBA B KaHAJIE TAIOKE COAepKaHHe
JIeTy4uero KOMITIOHEHTa M pa3sMep MUPOKIACTHYECKHMX yacTHl. Peskoe usMeHeHHe
3THX MapamMeTpoB BO3MOXHO MPH PaccJIOE€HHOCTH MarMmbl B odare [Spera, Crisp,
1981}, xorza B Kakoi-T0O MOMEHT HA4YHHACT MOCTYMaTh MarMa [Ipyroro CocTasa.
PacueT MoKa3bIBaeT, YTO B MAEATbHbIX YCIOBHAX, B MPEATONONKEHHH MTHOBEHHO-
ro CKa4ka M NnoYyTH MrHOBEHHOH peakiMu NoToka, nay3si OyIayT Bo3HHKaTh H Oy-
AYT MMETh MPUMEPHO Ty XK€ NMPOROKUTENLHOCTE MPH COOTBETCTBYIOLIEM OTHO-
CHTENBHOM M3MEHEHHH MapaMeTpa, YTo H Tpu cKauke pacxofa [CnesuH, 1982 a].
OnHaxko, 3/eCh peakuus MOTOKA Janeko He MTHOBEHHA — BO3MYLIEHHE Pacipo-



CTPaHAETCSA HE CO CKOPOCTBIO 3BYKa, @ CO CKOpPOCTBLIO MOTOKA, M MONHas naysa
CTAHOBUTCA HEBO3MOMHOIA.

6.3. IIpobaema nporHo3a By IKAHHYECKOH OHACHOCTH

IporHo3 BynkaHHYECKHX HM3BEPKEHHH M pa3spaboTka MEp MO YMEHbLICHHIO
yiepba oT HuX npeacTaBaseT cobol BaxxHeRUYI0 HAPOAHOXO3AHCTBEHHYIO 3aaa-
4y, KOTOpas MOMXET YCMEIIHO pelaThcs TONbko Ha Oa3e paszeuTHa yHnameH-
TaLHON Hayk, riybokoro M3ydyeHHs MeXaHW3Ma NPHPOAHOro seneHusa. B Ha-
CTOALLEE BPEMs 3Ta 3a]aua e1Le AANeKa OT OKOHYATENLHOIO PELICHHA.

BeiaenstoTca ABa raaBHLIX BHAA NPOrHO3a: | — MPOrHO3 MOMEHTa Hauajla u3-
BEPXEHMA; 2 — MPOTHO3 XapaxkTepa M3BepKeHud. B noHATHe “XapakTep” BXOAWT
THI, MaciuTad, HHTEHCHBHOCTL U KECTOKOCTL M3Bepwenus. (Iocneanas xapaxre-
puctika — violence — Obina BBegeHa B ynotpebnenne JI. YunicoHom
I'. Yonkepom [Wilson, Walker, 1981] 1 otpakaeT ckopocTh NpOAYKTOB U3BEpKE-
HHA B MOMEHT HMX TOABJICHHUA, HAIHYWE YAAPHbLIX BONH M T.4.) Ko Bropomy BuIy
CieIyeT OTHECTH Kak NMPOrHo3 Xapakrepa 0)KMAaeMOro WiH BO3MOXHOTO H3Bep-
YKeHUA, TaK U NPOTHO3 JaJbHEHILEro pa3BUTHA Y)KE HaYaBLIEroCs H3BEpXKeHUs.

[porHoly MomeHTa Hauyana W3BEPXKEHHUA 0 CHX MOp YAENIOCh OCHOBHOE
BHHMAaHUE, W 3A€Ch JOCTHFHYTbl HEKOTOPbIE YCNEXH. YCMEUIHO OCYLIECTBAANCA
KpaTKOCPOUHbIH MPOTHO3 H3BEPKEHUII HEKOTOPHIX BYJNKAHOB M0 CEfCMUUYECKHM
naHubim [Tokapes, 1976], a Taioxe ¢ ucnons3oBaHuem negopmorpagos. OnHaxo
AOCTaTOYHAS HAAEHKHOCTh TAKOro NMPOrHO3a MOKET ObITh obecreuena ToiAbKO NpH
HAIMYHKH pa3BEeTBNEHHON CETH HENnpepbLIBHO paloTalomMx CeHCMWYECKMX M Ha-
KJIOHOMEPHbBIX CTAHLIMif B HENOCPEACTBEHHOMH BW30CTH OT BY/KaHa.

[MocraHorka Takoil, 1OCTATOUHO CNOXKHON U TOPOrOH, CUCTEMbI MOHHTOPHHI2
TpebyeT 000CHOBaHHA peanbHON ONAaCHOCTH OXKHAAEMBIX W3BEpKeHUM. 3HaTh, He
TONILKO k020a Oy/eT U3BepIKEHHE, HO kakum OHO Oyzner, HeoOxomUMo Takke ans
TOrO, 4T00bl OMNPEACAHTh, KAKME ONEPATHBHbLIE MEPbI CACAYET NPHHATHL NOCE No-
Ny4eHUs CHTHaIa O FoTOBALLEMCA ero Hauane. M, HakoHew, 3HaTk, Ha YTO CMOCo-
Oed Kaxablid KOHKpeTHbIA Byskad B 00o3puMoM Oyayuiem, HeoOXoAUMO s nna-
HUPOBaHMsA 3aCeNieHUs U XO34iCTBEHHOrO OCBOGHHS MpWIETAOWEH TEPPUTOPHN.
Ha Bce 3TH BOMpoCH! gaeT OTBET BTOPO# BH/ MPOrHo3a, KOTOPbIAH MHOMMM YUeHbIM
(4 aBTOpY B HX 4MC/e) npeacTasnseTca Oonee BAXHLIM, YEM NEPBLIN, U, BO BCS-
KOM CITy4ae, A0/DKeH eMy npeaiuectBoBarh. M3BecTHbIl Bynkanosior ['apys Tazu-
eB (OYEBMIHO, HECKONLKO MpEeyBENH4YUBas) CUHTACT 3TOT BUI MPOrHo3a Booduue
eMHCTBEHHO BaXHbIM [Tazieff, 1979].

Kak ocywecrsnaercs nporuo3? 3aech Tatoke MOXXHO BbIAETHMTH [18a MOAX0/A.
[TepBoiii OCHOBAH Ha IKCTPANOAALIMH cTaTUcTHIeckH 00paboTanHbIX pesynsTaTos
M3Y4YEHHs NMOCNeA0BaTeNIbHOCTH H3Bep)keHui (HabntoaaBIIuXCs U BOCCTAHORIICH-



HBIX 10 IEONOrHYECKHM NaHHbIM); BTOPOH — Ha HEMOCPEACTBEHHOM W3y4YeHHH
COCTOSIHMA ByNKaHa B fanHHbli nepuoa Bpemenu. [1pu nporsose MomeHTa Hauana
U3BEPIKEHNs UCTIONL30BANHCEL 00a noJxoma, NpU4eM IKCTPANoONALMA pAAOB Ha-
GatofeHuii, TaXe ¢ MOMbITKAMM BbIABICHUs CaMbIX pa3HOOOPa3HbIX 3aKOHOMEPHO-
CTeH, He faBaja npakTuueckd Huuero [Toxapes, 1971, 1979]. Ipu nporxose xe
XapaKTepa 0KHAAEMOI0 HM3BEPKEHMs HCIONL3OBANICA TONLKO MNEPBbifi MOAXOA:
KapThl BYJIKAHHYECKOH OMACHOCTH CTPOWIIMCL MCXOAA W3 aHalu3a NMpouulbIX H3-
BEpIKEHUI M MX BO3JIEACTBUA HA OKPY)KAIOWYIO Cpexy. 3TOT MOAXOA A0 CHX MNop
ObIN €AHHCTBEHHO BO3MOXHbLIM W faBall B LIEIOM YIOBAETBOPHTENbHbIE Pe3y/bTa-
Tbl. O6pa3LoM TaKoro NoAXoAa MOFyT CIIyXHTh paGoTsl [Menexkecues, KupbsaHos,
1984; Carey et al., 1995].

B T0 e Bpems U3BECTHO, HTO pa3BUTHE BYJIKAHA NPOUCXOAMT HAMPABAECHHO H
HepaBHoMepHO. He pa3 ObiBano, uro AnurenbHbie (B MHOrHE ThiCAYM W JECATKH
ThICAY JIET) MEPHOILl YMEPEHHOM! ACATEILHOCTH CMEHSIUCh KPYIHBIMH KaTacTpo-
¢pamu. [peackazaTs TaKyt0 CMEHY peXUMa MyTeM MPOCTON IKCTPANoNALMH Mpak-
THYECKH HEBO3MOXKHO. TeM He MEHee OHa JODKHA NOArOTABIMBATECA KAKMMH-TO
KayeCTBEHHbIMU H3MEHEHHAMM B MarMaTH4ecKOl CHCTEME, KOTOpLIC B NPUHLMIIE
MOTYT ObITh OTCAEKEHBI HabmoaeHUAMH. [103TOMY BTOpO# NoaXo B 3TOH CUTya-
LMK MOXET MPHBECTH K YCHEXY, HO B 3TOM clyyae HeoOXOAMMO 3HaTh MEXAHU3M
CBSi3H XapaKTepa HM3BEpXKEeHHs C NapaMeTpaMy MarMaTHueckoil cucTeMbl. 3HaHue
MEXAHH3Ma CBS3H HeoOXonUMOo Takoke A Toro, 4tobbl paspaboTarh Mporpammy
Ha0moaeHUi ¢ Lenbio NPorHo3a, uidparh Haubonee KPUTHYHEIE NMAPAMETPBI, a U3
HMX — IOCTYIHBIE U1 M3MEPEHHS NPH HAHMEHBIIMX 3aTpaTax.

Peltiennio 3tok 3a1a4u W J0DKHA CocoOCTBOBATL MPEANOXKEHHAs B JaHHON
pabore Teoperuieckas MOJENb. TeopeTHYecKHe HCCNeaoBaHNA JOJLKHBI Npejllie-
CTBOBaTh pa3paboTke KOHKpPETHOH mporpammbl Habmonenui W uMepeHuit, Tak
KaK TOJIbKO SICHO MMOHHMAas MEXaHU3M MPOLIECcca, MOXHO OTBETHTL Ha BOIIPOC: YTO
MMEHHO HaJI0 H3MEPATD B NIEPBYHO OYEPE/Ib U C KAKOH TOUHOCTHIO,

OcHOBHO#H pe3ynbTaT gaHHoW paboThl, UMEIOLUHMH OTHOLIEHHE K IPOrHO3Y
BYJIKAHHYECKO# OMTACHOCTH, — 3TO ONHCAHHE YCIOBHI HEYCTOHYMBOCTH pacxona v
Mepexolia W3BEPKeHUA B KaTacTpoduueckuii INIMHHAHCKHI pexum. Teopus onpe-
JENWIa OCHOBHBIE MapaMeTpbl, 3HAYSHHS KOTOPbIX peilalowmm obpasoM onpelie-
ASHOT BO3MOXHOCTL KaTacTpo(ul. Hanbonee BaxHbIMHK ABNAIOTCA ABA NapaMerpa:
rny6uHa BepXHeil KPOMKW MarMaTH4YecKoro odara /{ ¥ KpUTHYECKOE 3HAYECHHE
3To# BeNHUHHbI H,,.

I'nyOuna ouara H, o4eBHOHO, MOXKeET ObITh oMpeaenieHa Ha AEHCTBYIOLIEM
BYJIKAHE TOJNLKO KOMILIEKCOM reo(U3IHUECKHX METOA0B, BAXKHEHILIHNA N3 KOTOPLIX
~ CeiCMHYECKOe 30HAMPOBAHHE. JTH METOMbl B HACTOALICE BpeMs AOCTATOYHO
XOpOILO pa3paboTaHbl W MPH COOTBETCTBYIOIUMX 3aTpaTaX MOryT ofecneuuTh 1o-
BOJIbHO BbICOKYIO TOYHOCTb.



Kpuriueckoe 3xauenue — H,, — ONpeesseTcs B OCHOBHOM CONEPKAaHHEM B
MarMe pacTBOpeHHOH Boabl. [l ero onpeaeneHusa HeT NpAMbIX MeToaoB. B Ha-
CTOAIIEE BPEMs COACPKAHHE JIETY4HX B MarMe ouara rnepex H3BepKEHHEM orpe-
JIENAETCA JIMILB NOCT(AKTYM MO (asoBO-MUHEPATIbHBIM PAaBHOBECHAM B MpPORYK-
TaxX U3BEPIKEHUA W BKIIOUeHUAM B Kpuctannax [Kaguk u ap., 1986; Rutherford et
al., 1985]. IToaroMy OLIEHKH /Ui MPEACTORLIETO H3BEPKEHUA MOXHO AENaTh TOJb-
KO 110 MaTepHayiaMm [POLULUIBIX M3BEPXKEHHH, BKIOYAsh TEM CAMBIM 3JIEMEHT JKCT-
panonsiyy. OgHako B MPUHIANE ¥ NPAMbIE METOAB!I MOTYT ObITh pa3paboTaHbl Ha
6a3e, HampuMep, U3MEPEHH BASKOCTH M MEKTPONPOBOAHOCTH Marepuaia odara
reopusyyeckumy cpeactsamMu. Kpome Toro, onepaTHBHLIN LeneHanpasneHHb!H
aHaJIW3 TIPOJYKTOB Y)Ke HA4YaBILErocs B YMEPEHHOM PEXHME W3BEPKEHHS MOXKET
1aTth NPAMYIO HHPOPMALHIO 0 BO3MOXKHOCTH €T0 KaTacTpOQUYECKOro YCHIICHUS.

[TapameTp NPOBOAMMOCTH KaHaNla — & — ONPEIESHTL TPYAHEE BCEro, HO OH H
HauMMeHee KpUTHYeH. Ero 3HaueHHs HE CWIbHO OTVIMYAIOTCA HJIA CamblX PasHBIX
BYJIKAHOB, Tak Kak MarMe Gonee BbICOKOH BA3KOCTH BCEraa COOTBETCTBYIOT M
Gonbliive nonepeyHble pa3Mephl KaHana.

B nesioM MOYKHO NPEAIOMNHTD TAKYI0 CXEMY OLIEHKH OMacHOCTH KaTacTpodH-
YECKOr0 M3BEPXKEHHA:

1. Jlns BYNKaHOB, pacnolOKeHHbIX B onacHo# Gnu3octu or venoseka u ero
COOpYKeHHMi, onpenenserca raybuta BepxHeH KPOMKH o4ara ¥ OLIEHUBAIOTCS ero
FOPU3OHTANBHBIE Pa3MEphI.

2. o uHopMaLHH O NPEAbIAYIIHX H3BEPXKEHHAX U UX NMPOAYKTaM OLICHHBa-
ercs “00blyHOE” A/ JAHHOTO BYJKaHa CONEpXaHUE PacTBOPEHHOH BO/bI B Marme
M HaxoaMTcs Kputuyeckas rimyOuHa ovara. Eciy oHa Gonbiue peanbHoi — MOXHO
XKIATh KATACTPO(PUUECKOTO H3BEPIKEHHS H TOra:

a — OLICHHBAIOTCA BEPOATHBLIE XApPAKTEPHUCTHKM kaTactpoduyeckoi  dasbi
OXKMAAEMOr0 M3BEPKEHHA H PAcCYUTHIBAKOTCH KOHKPETHBIE CLEHapUH ero Bosaeii-
CTBHS Ha OKPYXaKOILYIO CPey;

© — BbIHAIOTCA PEKOMEHIALUWH NO PasMELICHHIO JKKIIbIX W X03iMCTBEHHBIX
00LEKTOB;

B — BBIJAIOTCA PEKOMEHJALIMH MO 3BAKyalliH HACENEHHH W 3aLUUTEe XOo3sHCT-
BEHHBIX 00BEKTOB;

r — IpOBOAsATCA (onee AeTanbHbie paboThl MO OMPEACNEHHIO BO3MOMXHABIX
TEHACHLMI K H3MESHEHHIO COACPKAHUA NETy4Yero KOMIIOHEHTa B MarMe u noj-
rOTaBNMBAIOTCA YCIAOBHA A ONEPATHBHOIO CNEXKEHHA 32 Takol TeHAeHLWeH B
CNy4ae Hayana M3BEpKEHHs.



3AKJIIOYEHUE

B pa6oTe npuseaeHO TEOPETHYECKOE ONMCAHKE BYJIKAHHYECKONO H3BEPIKEHHS
KaK KBa3HCTALMOHAPHONO MPOLECCa HCTEYEHMs BYJNKAHWHYECKHX NPOIYKTOB H3
HeAp IUIaHEeTh! Ha ee NMOBEpXHOCTh. OnucaHa M UCCISROBAHA YHCIICHHBIMH METO-
JaMH TUApPO- ra3ofiMHaMH4eckas MOZJENL MPOoLecca, KOTopast Mo3BOJIWIA KAaYecT-
BEHHO M KOJIMYECTBEHHO OfHCaTh OCHOBHbLIE OCOOEHHOCTH JMHAMHWKM H3BEpKe-
HUH pasjiddHBLIX THMIIOB, CBA3ATH MX C XapAKTEPUCTHMKAMH MarMaTHYecKo# cucre-
Mbl BYJIKaHa M MTOCTPOMTH CLIEHAPHHM pa3BUTHA H3BepeHUH. B Mogeny ucnons3o-
BaHO YMPOWEHHOE MPEACTAaBACHHE O MarMaTHYECKOH CHCTEME H3Bepratouerocs
ByNKaHa kak o0 W3onMpoBaHHOM cucTeme “ouar—kaHan” MpPoCTOif reoMeTpuue-
cKO# (popMbl, KOTOPOE MpeanoIaranocs ¥ B pAje ye CYUIECTBYIOUMX MoJeneit.
ITpaBOMEpHOCTb TAKOTO YNPOIIECHHA ODOCHOBBIBAETCA PALOM OlieHOK. OTnHuHe OT
CYLUECTBYIOWHMX MoJeneil 3awmouacrcs B Habope aonyilueHHH, MPUHATBHIX MNPH
OMKcaHWH OBYX(}a3HOro NOToka MarMbt B KaHane. 31o, Npexae BCero, npeanoio-
KEHHsS O MOYTH MIHOBEHHOH HYK/I€AUMM MY3LIPLKOB ra3a, OCYIECTBISIOWEHC
NpH O4YEHb HE3HAYHTENBHOM MMEPECHILEHHH HA OOJLIIOM KOJHYECTBE reTeporeH-
HBIX LIEHTPOB, B O NEPEX0/Je My3LIPLKOBOrO NOTOKA B MOTOK FAa30B3BECH YEpe3
MPOMEXYTOUHYIO 30HY HaCTHUYHO PaspyLIeHHOH nexbl. BaXKHbIM MOMEHTOM NPH
aHanH3e Moaeny ObLT NpasWibHBIA BLIOOP TaKk Ha3bIBAEMbIX OCHOBHBLIX YIpaB-
NIAIOKX NapaMeTpoB.

B pesynsraTe aHanu3a HalineHbl YCIOBMS CYUIECTBOBAHHA TPEX OCHOBHBIX
PEXKHMOB W3BEPIKEHHSA, COOTBETCTBYIOLIHX TPEM BO3MOMHBIM THIaM CTPYKTYPhI
ABYX(a3HOro MOTOKA Ha BbIXOAE M3 KaHana Bynkaxa. OcoGo 6bl1 HcCneaoBaH
HauboJsiee CII0XKHBIA ¥ BaXKHLIA PEXKUM — ra30NUPOKIACTHHECKHH, WIH AUCTIEPCH-
oHHbI. 31ech 6bina oOHapyXeHa HeyCTOHYMBOCTb, CrIOCOOHAs MPUBECTH K pe3-
KHM CKa4KaM pacxoja Ha HeCKOJIbKO nopsaxkoB. HafiieHer ycnosus, onpeaensio-
LIHE BO3MOXHOCTb TAKMX CKA4YKOB, MOMEHT MX HACTYIUIEHHA W aMILTUTYXy. 3T0
MO3BOJIMNO OOBACHHUTH MPHPOAY U MEXaHU3M KaTacTPOHUECKHX IKCILIO3UBHBIX,
WK IUIMHAAHCKHX M3BEPIKEHHH M 1ano OCHOBY [N MPEACKa3aHHsd WX BO3MOKHO-
CTH Ha KOHKPETHbLIX By/KaHax.

Bce TeopeTHueckHue pe3ydbTaThl MPOBEPANNMCH ITyTEM CPAaBHEHHS BhITEKaO-
IAX W3 HUX CNEJACTBUIt ¢ MHOTOUMCNEHHLIMK pe3yibTaTamu HabmoaeHui Ha pas-
HbiX Bynkanax. OCHOBHBIMH KOHTPOJbHBIMK 00beKTaMH OblnY JBa HanOonee u3y-
YEHHBIX KPYNHbIX M3BEP)KEHMs, OTHOCALUMXCA K pa3sHbiM THMAM: W3BEpXKEHHE
Tonbauuxa 1975-1976 roaoB (B M3y4yeHHH KOTOPOro aBTOp NMPHHHMAJ JHYHOE
yuacTue) v H3Bepkenne BynkaHa Cent Xenexc 1980 roaa.



CpaBHeHne ¢ HabnOACHUAMHM NOATBEPIKAAET AAEKBATHOCTL MOAEIH NIPH OTH-
CaHMH OCHOBHBIX PEKHMOB H BO3MOXHOCTb HCIONB30BaHHA €€ KaK OCHOBBI [1pH
aHanu3e KOHKPETHBIX M3BEPKEHUH. BrusaHue HEKOTOPLIX OTKIOHEHHH OT NpHHA-
TBIX AOMyiueHUA (OTKIOHEHHA OT NPUHATON MPOCTOM TEOMETPHH, HapyUIeHHe
YCIIOBHSA M30JIMPOBAHHOCTH CHCTEMBI) TAKKE MOXKHO paccMaTpHBaTh B paMKax
OCHOBHOM cTaunoHapHo# Monenu. HexoTopele Takue OLEHKH ObINM caenaHbl B
paboTe Ha KaYEeCTBEHHOM YPOBHE, HO MCCJIEIOBAHHE BCEX TAKHX BJIMAHHI Ha H3-
Bepkenue ewe Brepend. CylecTBEHHBIM LIAroM BMEpel AONKHA TakKe CTaTh
pa3pafoTka HECTALHOHAPHBLIX MOJENeH, KOTOpbie NMO3BOMMWIH Obl B JETANAX OMH-
caTh MEXaHM3M CKAYKOB pacXoaa M BIMAHHUA BHEWHHX PaKTOPOB MMITYNbCHOIO
Xapakrepa.

B koHue nepeyHrciInM OCHOBHLIE PE3VIIbTATBL:

1. JlaHo 4eTKOE ONMpee/ICHHE MOHATHA “M3BEPXKCHME BYJIKaHa  Kak mpoiecca
v Kak coObiTHA. OnpeaeneHbl ABE XapaKTEPUCTHKH M3BEPIKEHUsA—TIpPoLIEcca: npo-
LIECC HCTEUEHHA K NpOLECC IBOMMOLMH B paMKax “‘cobbiTus”.

2. OnpefeneHo NOHATHE “CHCTEMa M3Bepraroldiicss ByJakaH”. OnpelieneHbl
rPaHMLBI 3TOH cHcTeMbl K 000CHOBaHA NpocTeiillias aaeKkBaTHas €€ MOAEb, Npef-
cTarmon@i coboli cucreMy “ouar—kaHan”, M30JMPOBAHHYIO CO BCEX CTOPOH,
KpoMe BbIX0/a U3 KaHana B arMocgepy. Takas mMoaens XOpowO OIKChIBAET OC-
HOBHbIE YepTh! AHHAMHKH H3BEPIKEHHA H 1TO3BOJISIET HCCIIENOBaTh BNUAHME BHELl-
HUX BO3AEHCTBUH KaK BO3MYLICHHI HEKOTOPOro OCHOBHONO COCTOSHHA.

3. lpeanokena Qusnueckas KIaCCH(PHKAIMA PSKUMOB H3BEPKEHUA, B OCHO-
BY KOTOPO#i NOJIOKEH THII CTPYKTYPh! ABYXa3sHoro NoToka MarMaTHyeckuii pac-
IUIaB — ra3 Ha BBIXOJE U3 kaHana BYJikaHa. OnpeseneéHo Tpu OCHOBHBIX PeXUMa,
COOTBETCTBYIOLMX TpPeM THNAM CTPYKTYphl MOTOKa: a — “GapboTHpyrommi’”
(crumowHas aza — )KHIAKOCTh, AMCTIEPCHAs — ras, BLICOKHI 00beMHBIA pacxon rasza
Ha BhIXOZe obecneyuBaeTcA BCIUILIBAIOHIMMU C ONEPEKEHUEM KPYIMHBIMH Iy3bl-
paMu); 6 — “aucnepcHonHsii” (cruiowsas ¢asa — ras, AMcnepcHas — KOHJAEHCHPOo-
BaHHas, OOLIMHO CUMTAeTCa TBEpAOH); B — “paspylualowuasica neHa (IKCTPy3HB-
Hbli{)"” — 00e (a3bl HerpepbiBHBI, 00BEMHbIH pacXof ra3a Ha Bbixode obecneunpa-
€TCs €ro onepexatoweit yTeuxoi Mo CHCTEME CBA3aHHBIX NOP M KaHAOB.

4. BuiBeI€HbI KPHTEPHH OCYILECTBICHUA KAXA0r0 M3 TPEX OCHOBHBIX PEXH-
MoB. OCHOBHO}T KpUTEpHiA, ONpeaenstowuii rpasuily Mexay 6apboTHpyloum H
OCTaILHBIMHM PEXUMaMH, NpeacTaBnseT coboi Oe3pasmepHy0 KOMOMHALMIO NATH
NapamMeTpoB: CKOPOCTH MOABEMA Marmbl, €€ BA3KOCTH, KOJMYECTBA 3apo/billeH
My3bIPHKOB Ia3a B €AuHHIE 00beMa, MACCOBOI A0JIH JIETYYEr0 KOMIOHEHTA H KO-
3dduLMeHTa, ONpeNeNsIomero ero pacTBOpuMocTh. Kputepui, oTaensiommi
JMCNIEPCHOHHBIN PEXUM OT 3KCTPY3MBHOTO, ONPEASNAeTCS M3 YCIOBUS BO3MOXK-
HOCTH MCEBAOOXKIDKEHNSE MUPOKITIACTUHNECKMX YACTHL HA BLIXOAE U3 KaHana.



5. IpeanoxeHa Teoperuueckas (MareMaTHYECKas) MOAENb JMCIIEPCHOHHOTO
pexxuMa u3BepikeHus, OHa Ka4eCTBEHHO OTIWYAETCS OT APYruX noaoOHLIX Cylle-
CTBYIOWIMX MOJENEH HANWYHEM MPOMEKYTOUHOH “30HBI paspylalowmeiics neHb:”
¥ HabopOM MPHHATLIX YNPOLIAIOWMX JONYINEHHH, KyZia BXOIAT MPEeATNONOKEHHA
O MIHOBEHHOCTH HYKJIEaLIWH ¥ COXPaHEHUH KOJWUUYECTBA My3bIPhKOB rasa U O paB-
HOBECHOCTH ra3004eNeHua Ha BCEM NPOTHKEHHM KaHama.

6. Uccnenosanne MOAENH NO3BOAWIO 0GHAPYKHThL HEYCTOHYHBOCTh OTOKA B
KaHajle BYJIKaHa U ONpPEENHTh MapaMeTpbl CHCTEMbI, IPU KOTOPbIX 3Ta HEYCTOH~
YHBOCTb BO3MOXKHA. OmnpejieneHbl TPH MMaBHbIX YIPABIAIOUMX TapaMeTpa CHCTe-
Mbi — rTy6KHa ovara, napaMerp nMpoBOAMMOCTH KaHasla U AaBjieHHe (M30bITOYHOE)
B 0Yare — U MCCE0BaHO MOJNOKEHNE 0BNACTH HEYCTOHYMBOCTH NpH pasHbIX HX
3Ha4eHUAX. BIHAHHE BceX OCTAIBHBIX XaPAKTEPHCTUK CHCTEMbl MOXKET OBITh W3Y-
YEHO 4epPe3 MX BIIHAHHE Ha OCHOBHLIE YIIPAB/IAIOLIHE TAPAMETPBI.

7. IlpepyioxkeHO TEOPETUYECKOE ONMCaHWe MEXaHW3Ma BO3HUKHOBEHMS KaTa-
CTPOUHECKOro IUIMHHAHCKOIO pEeXMMa M3BEPIKEHWA Kak CKayka pacxoja, CBs-
3@HHOIO ¢ HEYCTOHUUBOCTHIO, M HaltIeHbi KPHTEPUH €ro BO3MOXHOCTH Ha ByJIKa-
He. Takum obpasom, co3naHa TeopeTHueckas 6aza U1 IPOrHo3a ONacCHOCTH TAKHX
KaTacTpod) Ha KOHKPETHBIX ByJIKaHaX.

8. Teopernuecky onucaHkl “CTaHAAPTHBIE” CHEHAPUH 3BOIOLMH W3BEPIKEHHU
H HEKOTOpbIE XapaKTepHbie OTKJIOHEHHA OT HHX, CBA3aHHALIC C BHELIHUMH BO3OeH-
CTBHAMMH Ha CHCTEMY “U3Bepraroiuicsa ByJKaH".

O6cy>XaeHa BO3MOXKHOCTL MCIIONIb30BAHMA TONYYEHHBIX TEOPETUMECKHX pe-
3yJbTATOB IS MPOTHO3a By/IKAHHYECKOM ONAaCHOCTH.
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MMPUJIOXXEHHUE

Hzmepenne pUIHIECKHX XAPAKTEPHCTHK H3BePKEHH

KonuuecTBeHHBIE (DHU3UUECKHE XAPAKTEPHUCTHKHA H3BEPKEHHA — 3TO TOT
(pakTHYECKHI MaTepual, KOTOPBIA NEKHT B OCHOBE KAK IOCTAHOBKH 3ajauH
IIOCTPOEHHA TEOPETHYECKOH MOIENH, TAK ¥ MPOBEPKH €€ BLIBOJOB. 3aech 6yayT
KOPOTKO OIMMCAaHbl METOAbl HAXOMXACHHA HEOOXOAMMBIX XapaKTEPHCTHK NpH
paboTe Ha M3BEPIKEHUAX BYJIKAHOB Ha npumepe Hipepxkennii Tonbayuka 1975
1976 ronos n Kmodenckoro B 1983 rony, B M3yueHHM KOTOpPLIX aBTOp MPHHMU-
MaJl JIMYHOE Y4acTHe, U HEKOTOpble pe3ylsibTaThl. K TakHM XapakTepucTukaM
OTHOCATCH: | — NoHbIM pacxon BewecTBa; 2 — pacxOAHbIE COOTHOLIEHHA NETY-
Yero W HEJIETYYEro KOMIOHEHTOB; 3 — CKOPOCTb ¥ PEXHMM HCTEYEHHA KaXIOro
W3 KOMMOHEHTOB;, 4 — MEXaHHYECKHE XapaKTEPUCTHKH KOHIEHCHPOBAHHOIO
KOMITOHEHTA, NMOCTYNAIOILEr0 Ha MOBEPXHOCTH, — BA3KOCTh M TEMIIEpaTypa pac-
TUIaBa, pasMep NHUPOKIACTHYECKHX YACTHLl, pasMep NOpP M KOJHYECTBO IMy3blpb-
KOB; 5 — HEKOTOpbIE XapaKTEPHCTHKH KaHana.

Pacxon

Cpednuu pacxeo konoenwcuposannozo eewjecmsa (KOoTopbli npubanzn-
TEJIbHO COOTBETCTBYET PacXody HENeTy4yero KOMMNOHEHTa) 3a Kakoif-To npome-
AYTOK BPEMEHH HAXOAMWIICA [MYyTEM ACICHHUA MONHOM H3BEprHyToH Macchl Ha
speMs. Macca BbiYMCHANACE MyTEM MHTEIPUPOBAHMA IUIOTHOCTH OTAOKEHHH
APOAYKTOB H3BEPKEHHUA MO uX 00beMy. OOGbeMbl onpeaensnuch CTaHAapTHLIM K
reofie3u4eckUMH MeToaaMi. [1n10THOCTH — MyTEM MrMAPOCTATHYECKOrQ B3BELIH-
BaHHA JOCTATOYHO MPEACTABHTENLHOTO KoMuyecTBa 00pa3uoB. ABTOp NMPUHH-
Man ydacTde B oTOope M onpeleNeHHH IUIOTHOCTH 00pasiioB JiaBbl HA JIABOBBIX
notokax KOxHoro [TpopsiBa (okosio 200 obpa3uoB) u B oueHke cpefHei moT-
HOCTHM JJaBOBOT'O [0J18 KaK LEIOr0 C YYETOM MONOCTEH M TyHHenel, ocTaBuxcs
B TE€NE NIOTOKOB MOC/E OCTAHOBKM [AHapees u ap, 1978; Bonsuioe..., 1984].

Meznosennbiii pacxod KOHOeHCUPOBAanHO20 Gewjecmaa VIS NaBOBbIX NOTOKOB
OMpENeNsICA KaK NPOU3BEACHUE NONEPEYHOro CEYEHMS pyc/la NOTOKa Ha CKo-
pOCTb ¥ IUIOTHOCTD JaBbl. Ji1s H3MepeHuit BeiGupaicsa oTpe3ok poOBHOro pycna
¢ MOCTOAHHOH LMPHHON KM HAKJIOHOM HENANeKko OT HcToka. M3mepanoch Bpemsa



NPOXOXACHHSA METKOHW Ha MOBEPXHOCTH MOTOKA (BONM3M €ro OCH) pacCTOAHHA
MEXIY ABYMs NOCIENOBATE/IbHBIMM CTBOPaMH, LUMPHUHA MOTOKA, U OLEHWBA-
nace ero rnybuna. [ocnenHiolo HeMOCPenCTBEHHO U3MEPHThL OBLIO HEBOMOXK-
HO, HO, NNOCKOJIbKY KaX<Ibid “HKMBOH” TMOTOK BO3HMK&JI B pe3ynbTaTe IpopbiBa
JIaBb! M3-TIOJ KOHYCA MIIM M3-TI0]] JIaBOBOMH CTYINEHH M HATeKall Ha 3aTBEpIEB-
IIYI0 TOBEPXHOCTb, (OPMUPYs HOPTOBLIE BaJibl, NPEBLIICHUE YPOBHA IIOTOKA
HaJ MOJACTUNAIOWEH IOBEPXHOCTBID 3a MNpeAenamMu BajioB 00bIYHO HaBaso
YAOBJIETBOPUTENBLHYIO OUEHKY. TakuM 0Opa3oM pacxon M3MEPANICS €KEAHEBHO
(3a HebONbIIMMH HCKIIOYEHHAMH) B TEMEHHE BCEMO M3BEPKEHUSA HA BCEX BLIXO-
Jax /1aBbl, 4aCTO PA3HECEHHBIX Ha MHOIME KWIOMETPHI B NIpeAe/iax BHOBb 00pa-
30BaHHOrO JIaBoBOTO Noss [Onucauwue..., 1978].

Tak kax sasa Ha KOxHom [TpopeiBe B 3HaYMTENBHON Mepe pacnpocTpaHs-
JIack CKpBITO 110 JIAaBOBbIM TPy0OaM B Tejie MOTOKa, BpeMEHAaMH HAaKarUIMBascCh B
OTAEJIBHBIX MECTaX, BUAWMBIH pacxof ObUT OYEHb HEPABHOMEPEH M MTHOBEH-
HbI€ €r0 3HA4YEHHA He BCErJa COOTBETCTBOBANH pacxOAy Marmbl MO NOABOAA-
meMy Kanany. Urobbl HaliTH peanbHble H3IMEHEHHA PacXola MO KaHaIy H Co-
MOCTaBHTbL PACXOA MarMbl C pacXoaoM rasa norpebosajsach npouenypa cria-
WMUBAHHUA ¥ YCPEAHEHHs, NpelioKeHHas asTopoM B [Cnesun, 1990]. Ionuas
Macca naBbl, NMOMyYEHHAsd UHTEIPUPOBAHUEM E€XEIHEBHO W3MEPAEMBIX PacXo-
ROB TI0 BCEMY BPEMEHH M3BEPXKCHMA, 0Ka3anach NPUMEPHO B 1Ba pa3za MeHblle
TO# e BeNM4UHbI, HaliIEHHOMW myTeM 00paboTKH pe3ynbTaToB NMOCNEAOBATENb-
HbIX a3pooTocheMOK. OTYACTH 3TO, BO3MOXKHO, TOBOPUT O CHCTEMATHYECKOH
owwuGKe PU H3IMEPEHNH PAacXOZla, HO B OCHOBHOM, 04€BHIHO, CBHIETENLCTBYET
o Gonbiukx oObeMax JiaBbl, HAKATUIMBAIOWMXCA B TENE JIABOBOTO MOJA CKPAHITO,
B CTPYKTYpax HaGyXaHus, BO MHOXKECTBE BO3ZHHKAIOILMX MO XOAY U3BEPKEHHS.
JeTanbHo y4ecTh CKPLITHIHA pacxon Obijlo HEBO3MOMKHO M MO3TOMY BCE PE3ylib-
TaThl €XKEAHEBHBIX W3MEPEHHI BIIOCAENCTBHH ObLIM MPOCTO IIPOHOPMHPOBAHDL
Ha NOJIHBIIH 06BEM JIaBbi, HF3MEPEHHBIH MO pe3ylibTaTaM a3poOTOCHEMKH.

Mznogennvlit pacxod nupoknacmuxu TIpH ee CTPYHHOM HCTEYEHHUH OLCHH-
BAJICA 110 BBICOTE KOHBEKTHUBHON KOJNOHHBI C YYETOM BETPa ¥ TEMIIEPATYPHOIO
paspe3a aTMocgepsl B cooTBeTcTBUM ¢ [Denortos, 1982]. Ilpu crpombonuan-
CKOM pEXMMeE C AHCKPETHbIMH B3pbIBAMH-BbIOpPOCAMH OTIPEAENANOCh CpElHee
KOJIHYECTBO NNMPOKIIACTHKH Ha OAMH BHIOPOC MyTeM AeNeHus MONHOro ee KONU-
YecTBa Ha MOJIHOE YUCIO BbIGPOCOB, a 3aTEM 3TO KOJIMYECTBO PaCIpeneNsiioch
no BuIGpocaM ¢ paszHoii S3HEprueii B COOTBETCTBHH € (PHU3NUECKOH MOAENBIO Bbi-
opoca [Cne3un, 1990].

Bnepzusn BrIOpOCA HAXOMHIIACH YEPE3 KHHETHYECKYIO SHEPTHIO €T0 NPOAYK-
TOB, [UIA YErO W3MEPANACh MAKCHMANbHAA BHICOTA BbUIETA CBETAIHXCA GOMO B
KaXXIOM BbIGPOCE Y YYUTHIBAJICA BKIAA MEJIKOW IMPOKJIACTHKH M ra3a, Kak Onu-
caHo Huxe. Borcoma u wacmoma BsibpocoB Ha FOxrom [lpopbiBe u3Mepanach
peryJispHo, eXeIHeBHO, Ha TIPOMEXXYTKE BPEMEHH, BKIOUalomeM nopsjika 100



coObITHIi, ¥ HAXOAWIACh CPEAHAA BeJIMYMHA. JIMuHad foas aBTOpa B 3TUX M3Me-
pexusx npumMepro 100 gHeik.

Konuuecmeo 2aza, ywacmeosasutee 6 6u6pocax fipu crpoMbonuaHcKo#
NEATENIbHOCTH ONPEACNIANIOCh YEPE3 IHEPruio BhIGpoca B paMkaX MpeanoXeH-
HO aBTOPOM MoA€ENH (TaK KKe KaK U KOJIMYECTBO MUpoknacTuku). B pesyavrare
obpaboTku usMepeHuit 6bu1a NokazaHa obLan KBa3UCTAHOHAPHOCTH Hap6OTH-
PYIOLIErO PeKHUMAa Ha 3TOM u3BepxkeHuH [Cnesun, 1990].

TeopeTHueckas MoaeNb BLIOpPOCa, MO3BOJAIOLIANA HAHTH COOTHOILIEHUE Mace
raza ¥ NHPOKJIACTHKKH B HeM, noapobHo omvcaxa asTopoM B [Cnesun, 1990]. B
OCHOBE TAKOIr0 ONpEeneieHNUA JIEHKHUT YCJIOBHUE paBEHCTBA MOTEHLMANILHOM JHep-
I'MH CHKATOrO ra3a BO BCIUILIBAIOLLEM ITy3bIpe TEpes €ro pa3pbiBOM Yy NIOBEPXHO-
ctH (E,) B KHHETHYECKOH SHEPTHH BCEX NPOAYKTOB M3Bepxkenus (£;). Kuneru-
4ecKas 3Heprus BCero BbIOPOIMIEHHOro MaTepHaa ONpEaesIach Yepes BbICOTY
NMOAbEMA MaTepuala, BLUIETAIOLIENO BEPTHKAILHO BBEPX (€KEAHEBHO H3Me-
pAeMas BeluuuHa) no gopmyne: E,=kzmgh, rie m — nojiHas Macca nupokia-
CTHKH B BblOpoce, kr — k03 )UUMEHT, yHNTBIBAKOILNI AONOIHHTEIILHYIO KHHE-
THYECKYIO JHEPIuK0 MEJIKOi NHUpOKnacTHKX U rasa. [loTeHuuansHas 3Heprus
CXKATOrO ras’a HaxoJW/lach B NPeANONOXEHUH ero aauabaTiHyeckoro paciuupe-
HUA NIOCJIE pasphbiBa My3bIPA C YHETOM peanbHOH GOpMbI BCIUILIBAIOILENO ITy3bl-
PA, OT KOTOPOIi 3aBUCHT JaBJIEHHE B HEM TIEPEN PA3pbIBOM.

Hcnonb30BaTh JHEPryIO BEPTHKANLHO BHIOPOMIECHHBIX 60MO mia XapakTe-
PUCTHKHM BCEH MHUPOKIIACTHKH MOXKHO JIMLIL B CIy4ae CUMMETPHYHOTO B npeae-
nax KpaTepHOro KOHyca paslieTa NpoAyYKTOB M3BEPKEHHA C ONMUHAKOBBIMH CKO-
POCTAMM 110 BCEM HampaBjieHWsAM. JTa cUMMeTpHua Oblia MOATBEPXAEHA pe-
3ynbratamu 0OpaboTkH aBTOpoM Tpaekropuit 60MO Ha HECKOJIbKHX AEcATKax
CHUMKOB BbIOpPOCOB.

Konuyecmeao 2aza npu cmpytinom ucmevernuu Ha CebepHoM [lpopeiBe Ha-
XOIUJIOCh KaK MPOW3BEACHHE CpeaHell CKOPOCTH, IUIOTHOCTH rasa M nomnepey-
HOrMO CEYCHHs CTPYH Ha BbIxoxe W3 kanana. [Ipu crauuoHapHoM WM cliabo
MyAbCUPYIOILEM PEXUME U3BEPKECHUA CTPYS UMENa MOYTH LWIMHAPHYECKYIO
(hopMy € YIIOM pacXoXKAEHHA Ha MEpBLIX COTHAX METPOB He Oonee 2-3 rpamy-
coB. CKOpPOCTb CTPYH (€C/TH HE CUMTATh HEKOTOPLIX KPAaTKOBPEMEHHBIX MyJbCa-
M) He NpeBOCXONMNa KPUTHYECKOH, TaK 9TO BHAMMBIE HA KPOMKOMH KpaTepa
pa3Mepbl CTPYH XOPOILO OTPaXXasi MoMnepeyHble pa3Mephbl KaHaa, H TNOTHOCTh
rasa COOTBETCTBOBaJIa aTMOC(EPHOMY JABIIEHHIO U TEMINIEPATYpE CTPYH.

CkopocTh BbIHOCA M3MEpPANACh HEMOCPEACTBEHHO [UIA AOCTATOYHO KpYIl-
HbIX OOMO (fiecATKH CAHTHMETPOB), TPACKTOPHH KOTOPBIX MOXHO ObLIO Hajexk-
HO MpOC/IEINTh HAa KHHOTPaMMax WiH BH3yanbHo. OpHako Haubonee HaaexK-
HbIMH [UIf OTIPEACNCHUA MAKCHMATbHOHW CKOPOCTH CTaOWNbLHOH CTPYH OKasa-
JIUCh TAK HasbiBaeMble akKpeuuoHHbie 6oMOb1 [Croboackoit, 1977], nozxe, no-
BUAMMOMY, Gosiee ynauno HaszsaHHble Gombamu obBosnakusanus [Bonbinoe...,



1984] ¢ sanpaMu u3 mecyaHHKa, KOTOpbIE BBIHOCHIHCH [IOTOKOM Ia30B3BECH C
ray6uHbl 0koNO 2 KM. 3Had nonepeyHsie pasMepsl KaHana W CPEfHUM pacxol,
MOXHO HalTH CKOPOCTh 3KBHBANIEHTHOM OIHOCKOPOCTHO# ra30B3BECH, CIIOCO6-
HOH BBIHOCHTb OOMObI JaHHOTO pa3mepa. bblia MoNMyueHa BeENHYMHA OKOJO
100 m/c.

Y1006l HaTH cxopocme 2a3a ¥ CPEAHEMACCOBYIO CKOPOCTb YacTHL C Yue-
TOM B3aMMOICHCTBHA Kak rasa ¢ 4YacTHUIIAMU, TaK U 4acTHIL Mexay coboii, 6bu1H
obpaGoTanbl pe3ynbTaThl IpaHyJIOMETPHYECKOIO aHaIM3a OT/IOKEHHH MUPOK-
JIACTHKH, TIOJIyYEHHBIE pasHbIMM aBTopamu [BynHuxos u ap., 1978; Manees,
Bange-Kupkos, 1978] u ucnonb3oBaH METO] NMPUBENCHHS NOJMUIKCTIEPCHOM
B3BECH K JKBHMBANCHTHON MoHoaucnepcHoit [Cnesun, 1980a). B urore Onina
nojyyeHa BeJIHYHHA cpenHed CKOpOCTH rasa okosio 150 M/c (npu cpeaueit cko-
pOCTH YacTHL HeckoNbKo Gonswe 80 M/c). BoiuucineHHas OKOHYATENIBHO Mac-
coBas foJiA rasa cocrasuna 4uyTth 6onee 8,5%, yTro mpencTaBafeTca HECKOJIbKO
3aBblIICHHbIM, He HCKTIoueHo, YTO OblNa 3aHIDKEeHA JOJS paccesHHOU B aTMo-
cepe MENKOMUCTIEPCHOM COCTaBIAIOILEH NMHPOKIACTHKH H, COOTBETCTBEHHO,
3aBbILICH CPEAHUHA pasMep YacCTHL,

Temnepamypa ra3onupoKIacTHYecKoi cTpyu M TeMmmeparypa JiaBbl B MO-
MEHT €€ NosABJeHUs Ha nosepxHocTH Ha CepepHoM IlpopeiBe onpenensiach
TOAbKO IHMCTAHIMOHHO C PACCTOAHUA OKOMO | KM NpH MOMOLIM ONTHYECKOro
nupometpa OIINHP-17. PesynbTarel M3MepeHuii Nexanu B uHTepsane 900-
1000°C, uto nomKHO ObITE HA HECKONBKO AECATKOB IPagycoB HHe HCTHHHOM
TEMIIEpaTypbl H3-3a OBICTPOro OXJaXAeHHs noBepxHocTH OomO u sasbl B
aTMoc(epe U u3-3a IKpaHUPOBAHHA TEIUIOBOTO HITyYeHHs 00JIakoM a3po3oei.
Ha IOxtom [IpopsiBe M3MEpeHHsS TEMINEPaTypbl ObLIM BHITNIOIHEHBI aBTOPOM
P MOMOLLM TEpPMOTIapbl, NMOIPYXacMoi B naBy Ha TIyOHHY B HECKOJIBKO
gecATKOB cM. l'opauud cnaii TepMomapbl BBIAEPKHBAICA B JiaBe [0
crabunu3auuM nokazanui npubopa, M 4Yero NPUXOAWIOCH TNEPEMENIATh
JaTYHK BMECTE ¢ ABHXKYHLICH J1aBOH. BbLNO BHITIOJIHEHO HECKOJNBKO NECATKOB
M3MepeHuil B JIaBOBBIX MOTOKAX HAa pasHBIX PacCTOSHUAX OT HCTOKA M B
¢yMapoNbHbIX ra3ax Haj MOBEPXHOCTBIO NOTOKA. MakcHMalibHasA TeMnepaTypa
nassl BOAM3M WcTOKa oOkasanack pasHoi 1060°C. Temneparypa raios B
OTACNBHBIX CNTyyasdx npessinana 1100 °C, 4TO yKa3bIBANO HA IKIOTEPMHYECKHE
peakuuy ¢ KMCIIopoaoM Bo3ayxa [Bonbiioe..., 1984].

Bsisxocmb nagel M3MepAIach TONMBLKO HA AaBOBBLIX MOTOKaX. Dp{eKTHBHAS .
BA3KOCTH B MPEANONOKEHHH HEIOTOHOBCKONO XapaKTepa Te4eHHs BLIYMCIIANAch
no Qgopmynam LIf TIOCKOrO CJI0A JKHIAKOCTH, ABHKYLIErOCH O HAKIOHHOH
[JIOCKOCTH NoA AeHCTBHEM CHIIBI TSHKECTH;

_ pgh®sina _ pgh’sina.
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rae p — NIOTHOCTH NaBhbl, h— TOJLIHHA NOTOKA, & — Yroa HaKJioHa NoACTHIaw-

1ie# MoBEpXHOCTH, V' — cpenHas CKOpOCTh NMOTOKA, V., — MAKCUMaIbHaA CKO-
pPOCTb Ha NOBEPXHOCTH noToka [Bonkimoe..., 1984). Takum cnocobom Haxomu-
nack BA3KOCTD, ONpEAENnaiomas ABHKEeHHE 1OTOKa KaK LeNorp.

@opMyna co cpelHei CKOPOCTHIO UCTIONB30BANACh, KOTAa H3MEPANACh CKO-
pPOCTb HACTyMaHWs (DPOHTA NOTOKA, a C MAKCHMANbHOH — NpH W3MEpEeHHH Ha
cTabuibHOM MOTOKE BONM3U ero Wcroka. PerynapHble M3MepeHMA BA3KOCTH
NPOBOAMIINCH aBTOpOM Ha norokax IOxHoro IlpopbiBa 0gHOBpEMEHHO C H3Me-
peHHaMHM pacxona. Ha no6ouHom M3BepxeHuH KinoyeBckoro BynkaHa noMHMoO
ONMCAHHOIO aBTOPOM C COTPYRHHMKaMH UCNONB30BANICA NPAMOI MeTox M3Mepe-
HHS BA3KOCTH B ONPEJAENIEHHOH TOYKe MMOTOKa Npy NOMOLM npocTreiilero ne-
HETPOMeETpa, KOTOPbIH MOrpyaica B JiaBy Mojg AeHCTBUEM 3aJlaHHOFO YCHIINA,
orpeaenseMoro BecoM crneuuanbHoro rpysa [IlaHoe v op. 1985]. Beuin nomy-
yeHbl 3HaueHud, 6IM3KHe K 3HAYeHUAM BA3KOCTH [UIA NOTOKA B uenoM. Beero
ObUIO BBINOJIHEHO HECKOJIBKO NECATKOB M3MEPEHUH, Pe3yJIbTaThl KOTOPbIX MPH-
BeneHs! B [[TaHos u ap., 1985].

Ha napoBbIX MOTOKax aBTOPOM C COTPYAHUKAMHU AENANMCh MOMBITKH M3Me-
PHUTh PEONOTHYECKUE XapaKTEPHCTHKU NIABbl, OTBEYAIOLIME OMMMCAHHIO €€ Peono-
ruu mozenbio bunrama [[laHor w ap., 1985). Jins 3Toro npuMeHAIuCh ABa CIio-
coba. IlepBbiii OCHOBAaH Ha M3MEPEHHH pacnpeaesiecHHa CKOpocTell mo LUMpHHE
noroka. BreinonHeHHsle apTopoM coeMecTHO ¢ B.K. IlaHOBEIM meTanbHbIE H3ME-
PEHHA Ha ABHXYINEMCA NOTOKE NOKa3aiM XapakTepHbIH “OMHraMOBCKHIA™” Xapak-
Tep pacrnpeneneHus CKOpOCTell ¢ NOCTaTOYHO IUMPOKMM O€3rpaaHeHTHbIM
“agpoM” noTokKa U OTpe3KaMH c napaGoJIMYecKUM pacrpeneneHueM Mo KpasM.
BblyuclieHHbIE IO pe3yNibTaTaM M3MEpEeHUH Ha TpeX pasHbIX CTBOpax GMHramMoB-
CKMe TapaMeTphl NaBbl OKa3amuch: “GHHramMoBckas BA3KocTh’(Ng) — oT 10° mo
2:10° I3 u npexnen Tekyuectu (1g) — OT 2:10* no 5-10* mur/eM?. Bropoii crioco6 —
Mo 1HpHHe OOPTOBLIX BAJIOB PEONIOTHMYECKOH MpHMpoObl, — UCTIONBL30OBAHHBIH Ha
ZPYroM NOTOKE, NaJl MPUMEPHO TaKYHO K€ BEIMYUHY TNPEAENa TEKYUECTH.

Cpeonuii pazmep nyselpbKa 6 MOMeHmM (hpacMenmayuu Mazme! OLEHABAJICA
IO pe3ysibTaTaM U3MEPEHHs MOPHCTOCTH YacTHIl pa3HbIX pa3sMEPHbIX (ppaxKuui
NUPOKNACTUKK. [N 3TOro U3Mepanuch Cieayiollue XapakTepUCTHKH YacTHIL:
1 — nnoTHOCTE MaTepuiia, He coaepXalliero nop, — UCTEPTOro B TOHKUH nopo-
WOK — p,; 2 — MAOTHOCTb NPH NOJIHOM NOPHCTOCTH — IUVIOTHOCTh Haubonee
KPYMHbIX YacTHL, IOKPBITHIX IJIEHKOH napa@uHa — py; 3 — MIOTHOCTDb C Y4ETOM
TONbKO 3aKPBITBIX MOp WA KaKao# i~ (pakuuu — u3Mepanack nyTeM Iorpy-
MEHWa yacThl $pakumy B XOpOILO CMayuBaOIMit cnupT (o BakyyMoMm), 3a-
NONTHABIINK BCE CBA3aHHbIE C MOBEPXHOCTHIO NOPbI, — O

Oxkasanock, 4T0 MIOTHOCTh p; YMEHBIIAETCA C YBEJTMUEHUEM pa3mepa yac-
THIIBl, CTPEMACE K HEKOTOPOH MOCTOAHHOM BENUYHMHE Dy, KOTOPas NOYTH B TPH
pasa Gonblle Py, @ NP YMEHBUIEHUH pa3Mepa YacTHL YBENIWYHBAeTCA, HO BCe



K€ [aNeKo He JOCTUraeT IIOTHOCTH P, ECTeCTBEHHO AOMYCTHTh, YTO TaKas
3aKOHOMEpHOCTB CBA3aHa C pa3pyLIEHUEM 3aKPBITLIX MOP HA MOBEPXHOCTH yac-
THLIBL, @ CYLIECTBOBAHHE HHXHETO NPeena MIOTHOCTH Pyip, CHILHO OTJIHYAI0-
IIErocA oT Py, OGBACHAETCA CYLIECTBOBAHHEM 3HAYHTENBHOTO KOIMYECTBa TIOP,
CBA3AHHBIX B CIIOLIHOH OTKPBITHIH 1aOHUPUHT.

Tot ¢axr, uto WA camoit ToHKoM (pakuMK pasHULA TUIOTHOCTEH p; U Py,
ocTaercs 3Ha4YMTeNbHOM, 3acTaBiferT NPeANOOKHTh CyLIECTBOBAHHE TPETheH
TPyNIBl OP MAJIOro pa3Mepa, He BCKpbIBaBILHXCs NPH ApobJieHHH, — 3To MoryT
ObITh MENKHe My3bIPbKH, BOSHUKUIME TPH Pe3KOM MajeHUH JaBJieHWs nocie
ApobyieHus Marmal.

ObbeMHan Jons 0P, CBA3AHHBIX B OTKPbITHIA JTaGUPHHT, 1ETKO PacCUMThi-
BAETCA MO COOTHOLIEHHIO BEJIMYUH Py U Pp,in. O6beMHadA 10/1a pa3pyLIEHHbIX Ha
MIOBEPXHOCTH YacCTUIbl 3aKPbITHIX IO 3aBHCHUT OT COOTHOLIEHWs Pa3MepoB 3a-
KpbITOi NIOPBI ¥ YacTHUbL. 3afaBUIMCh CPEeJHUM pa3MepoM 3aKpbITOH NOPHI,
MOXHO TEOPETHYECKM PacCYMTaTh 3aBUCHMOCTh IUIOTHOCTH YaCTHMLLI OT €€
pazmepa (mpu 3ToM Aoas Mop TPeThell rpyrnbl onpefenderca MIOTHOCTIO p
YacTHL C Pa3MepPOM, COOTBETCTBYIOUIMM IIOJIHOMY BCKPBITHIO CPEIHHX ITY3bIPb-
ko). Eciu yacTuiy wnaka i-oif ¢pakumuu npencraeuts B opme KybHka co
CTOPOHOI /; NOTHOCTD p; Bbipazutcs Gopmyoii:

p(2‘3)
21\ (24 . g
7T T Se

2d
!

- =3

i I [r p

rae p(2’3) — IJIOTHOCTDb LJ1aka 3a BbI4E€TOM NOP MepBOi rpymnnbl (CBA3AHHBIX B

OTKPHITHIH abUPHHT); p(3) — IUJIOTHOCTH LWIaKa 3a BbIYETOM MOP NEpPBOH M

BTOPO# rpynnbl (TONBKO C MEJIKUMH HIOPaMH BTOPOTo NMOKOJNeHUA); d — cpenHuit
pasmep mopsbl. [Tonbopom pa3Mepa mopbl MOXKHO JOOGHTECA XOPOLIEro CORMale-
HuA 3aBucumoctd p;(/;), paccunranHodl no Gopmyne 2n ¥ M3MepeHHOH Ha

KOHKpeTHoM ofpaslie nulaka, paccesHHOM Ha (paxuuu. ConocTaBjleHHE H3me-
peHMs M pacyera IS OAHOrO M3 U3ydaBIUMXCs oOpasLoB TON0a4MHCKOrO LLTa-
ka mokasaHo Ha pucynke [1l. HabGmopnawoouleecs cosnanenve noaTBepkKaaer
NpeANnooxKeHHe O IPUYHHE 3aBUCHMOCTH TIOTHOCTH p; OT pasMepa v Mo3BoJA-
eT HaiiTh cpefHWiH Auamerp Ny3wipbKa, paBHbid A1 TOnOauHHCKOro LUlaka
npumepuo 0,3 mm. OTCIOa, KONHMUECTBO My3bIpLKOB B €QUHHLE oD0beMa B CO-
CTOsHMM, GIIM3KOM K NIIOTHOH ynakoske, Gyaer npumepro 3-10°%.
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Puc. I11. ConocrasiedHe H3Mepe-
HHA H pacyeTa AN oaHOro obpasua
TOI6AHUHHCKOro HIAKA.

ToukH — pe3yabTaT H3MEPEHHI; KpH-
pad — pacyer no dopmyne 20 npH
d=0,3 mM. O6bemusie fonu mop:
otkpeiTeie — 0,64, 3axpeiTeie — 0,21,
3aKpLITHIE MENKHe (BTOpOro nokosne-
nHa) - 0,04.
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