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BbItrcgeH MexaH43M nOCayIIJIeIlUt MaHTUiflOtO fe'Itlt B IIol3eMHble $arrugu e 30He HoBeilulei

"ua"att"""*oi 
aKTITBI{3aq;q CeBepltoro KaBKa3a u np]tMblKatoqeii 'Iacrl'I CKI'IQcKoi! nnItrl'l'

flvreM Kor[.recrBegno"o atgpogr*i"t'lecKoto MoAel[poBaHtls [oKa3aHo' (lro qa6nroaaeMat Bo

; i ;;;;#;;;;;;pyf - t-it""p".onbcKoro cBoaa nprMecL' raKoro re' 'rq ne uoxet 6rtrr

cJreac'rBrreM efo nocryflneHllt ro,T bKO llepe3 qentpaalut'Ii nlrarollll,lfi KasaJI BylIKasa 3al6pyc I

orpaxaer 6oJree ul'IpoKoe pacnpocrpa]reHlte rry6trsHblx t'{aiMa.Ill'recrllx reII' Hecyulux rIaH-

ruriuuii rernfi, qeM apear noBepxHocrHblx npotBneHl'i MarMaaI'I3Ma'

THE ORIGIN OF A HELIUM ISOTOPE ANOMALY IN THE NORTH OF MOUNT

E L B R U S A R E A , C A U C A S U S , b y Y a k o v l e v L . E . a n d P o l y a k B ' G . T h e p r o v e n a n c e o f
mantle hel ium has been identi f iedi thc gas is coming into underground f luids in a zone of neolectonic

lnug.uiil u"wution in the northern Ca"ucasus and idjacent part of the- Scythial p]ate Quantitalive

hydrodynamic modeling was ur"o,o ,ho* that the ad;ixture' of this helium observed in fluids of the

pttUru, ur"u and of the-stavropol dome could not have penetrated through the central conduit of the

Elbrus Volcano and is caused by wider occurrence of helium-bealing deep-seated magma bodies than rs

apparent from the surlace area of magmalic occurrences
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B nog:er,auux Slror-rAax orttoueHrre KoHI{eHTpaqr4ll I'I3oro[oB rerlu 3He4He = R BapLu-

pyer B fipeAenax rpex nopqAKo8 BeruqnHbl: or -10 8, orBe'Iaroulei paA[oreHHOMy renr o'

rrocroruHo o6pa3ynule]lryc{ B 3eMHblx rlopoAax' Ao ^-10 5, xapaxrepu:ytoqeft coapelteu-

Hyro MaHTIZIO! rAe eqe coxpaHllnltcb ocrarKlr 3axBarreHHOfO 3eMJreii flpu ee aKKpelJrrI'I

rrepBo3AaHHoro reJrrrri B KoropoM R - 104 (cM., HalprlMep, [6]). B qeHrpallnou 'tacTtr

Cenepnoro Kagrasa, npqnefaroqeii K RyJIKaHy 3ns6pyc, BeJlrigrrHa R no $lrcugax go-

crrimer 0,87 i0-5 [8], rorga xaK Ha gnt,IrepqlrHcKofi Crra$cxoii nlltre oHa ropa3llo HtDKe 1l

u 
"p"ln"" "o"runn""t 

-7,5 10-8 [14]. flonlrurenlre R n flplrels6pycl'e yKa3blBaer Ha

3nairurenr,Hylo nprzlrecr lranuriiHoro KoMrIoHeHTa e realru $nror'rqol. Ee npucyrclaue xa-

xerct DrlolrHe ecrecrBeHHrtlM, yrlur'!'IBat pa3Hoo6pa3Hhle IlpoqBreHuq HoBeitluefo MaMa-

T[3Ma (BylKaH[3Ma) B SToi uacru Kaexaia: Bce enle aKTuBHbla 3nl6pyc' Kas6er' JIaxro-

n"r", rl"t"aopo" Ir up. [o.nn upuuecu y6nraer nprr yAareH[Ir or Snr6pyca' Ho ocraercq

BrroJIHe orlyrrlMort Bnrorb Ao ceBepHb,i 
""tlotou 

C"uupononscxoro cgoAa Crn$crorl nnu-

ru [14] .
dp"on", pu"""""tq t"raHt[fiHoro reruq BoKpyr aKTrrBHblx By']rKaHoB yxe l{3y(laJI'.tcb

nyreM oflpo6oBarlut I{crotlHr]IKoB u Qyr'lapon u o*pectto"t"" lpex ll3 HI'rx - Kycai{y-Illlr-

pl"" t oit"*" <ooa ua o-re Xonuo)ia tu"^" H"uugo-qenr' -Pyuc a Konyu6uficrux Angax

izz-zq. s Bcex cryqatx ycraHoBleHo yMeublreHrle Berl{(lrrHbl R c ynenu'renuell oac-

crosHuq or qeHTpanr,noxl rpalepa. MaKcItMaJIbHLIe 3Ha(Ieulu R aa$uxcupoaaHll s 3- xv or

Kparepa ByrrKaHa IllupaHe (0,9i 1g-s1, s 4,2 KI- 9I K-p31ep-a- onraKe (0'86 10r) u Ha

paccToflHlut 0-3 KM or xparepa Pyuc (0,84 .. 0,88) i0-5 M*""tonunble 3HaqeHl'rq R
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3a$uKcupoBanbl B [epBoM cryqae Ha paccrosHsll l0 xv (0.45 l0-5), no lropou-25,4 xu

(0,24 . 10'5), a B rperr,eM -'15 KM ((0,42 ... 0.14) 10-)). Hu B oAHoM I'r3 yKa3aHHLrx

opeoJroB He na6lro;1anocr' corlyrcrByroulero yMeHhu]eHufl BeJrI{tItlHr'I orqoureHuq KoH-

qexrpaqufi tHel/[Ne] (parnoi:i n aruoc$epe -0,3), uo.sror'ay na6,nroAaeuue rpeugrt y6u-

nanlu R 6ltrn npltrlrlcaHbt Be KoHTaMlrHaqnI't MarMarlrqecKrlx ra:os arlroc$epuurM ao3ay-

xoM, a lporpeccnpyrcqeMy c pacc'rotHrreM pas6arnerurro MaHTr'ItHoro rerI-It, locrynalo-

u{ero rr3 BynKaHa, paAr{oreHHhIM, o6paeyrcrqllllca B rlopogax. B gaHuou clyvae ecrecrBen-

uo 6srno oxuAarr' pocra BeJI[qIzHr'r He,t'{e (o roponltx ra3ax oua, KaK r{3Becruo' Moxer

Aocrr-{rarr, [optAKa rbtcq.]), Ho B u3yqeHHhlx opeoJrax 9Toro He 3aMeqeHo
Ha aynrane Pyllc pacnpegenenue :na'ler 'rii R 6ltlo unrepnperrlpoBaHo c rloMoulbro

MaTeMaTr{.recKoi:i MoAeJrH, rrprrfi[cbrBaroqet ero sa6lrnAagMoe yMeHblueHl{g TonbKo II{ApO-

glrnauuvecxoii Altclrepcuu lraurrziinoro reJlrr{, flocryrlarculero qepe3 6ecKoHeqno roHKI'Ilr

nnrarou{ui <aua[ B paA[arbHo-cuMMerpl4'lHbfr loroK MereopHl,lx Boa [25]. B aroft lloneln

AUaMeTp IIItTarOUIefo KaHaJIa IIPI4BIiMaJIII paBHblM HyJrIo, rITo qBHo He oTBeqaeT peallbHocTII

LI ucKDKaeT O'qeHKy pa3MepoB BO3HIIKaToUIeIO opeOJIa'

Anroprr nonltranr,rcb rrqlonh3oBarb rugpoAltHaMr{gecKoe MoAelr[poBa]l]re AJr{ BbtlcleHllq

MexaHIr3Ma Qopt',tuporauua opeona Iranrrtlnoro reJr[t B ceBepnoM flplre:rr6pycse' Mare-

puaJroM AJrg 3Tofo rrocJryxlrJrlr pe3yJllTarbl onpo6onaana rasoaoi $a:at rloA3eMublx

$nrouqor, pa:rpyxaroutlrxct qepe3 ecrecrBeHHbre r{croqHuKu I'rarl OoHTaHupytou]rle cKBa-

xuutr. Onpeqeleuuq rBorofiHoro cocr'aBa feruq n npo6ax B],IrIoJlHesb! no n3BecrHo}{ Me-

rogurce 1o'r., Hanpr{Mep, [17]) 6ollrueil vacrbro B leoror['IecKoM Lncrrl'ryre KHII PAH, a

raxxe o $rzsuro:re*Hra.recronl llxc'rllryre PAH llu. A.<D. I{oQ$e u BHI4IPI'I' u nolyueu-

HLIe AaHFbte ony6nrzxonann panee [8, 15]. flplrHluax no BHriMaHrre 6orburyro nport)(eH-

Hocrb npu3rI'6pyccKoii aHoMaruu, peAcraBlltJro rlHTepec BbltcHI'1T6! Mo)Ker JIrr oHa ObITb

npl{nucaHa nocrynJleHlrro MaHT[frHoxo reJrrrq roJrI'Ko Yepe3 flI-rrarorql{I{ KaHaJr ByJIKaHa

3rb6pyc, rar. ero 6rtno [plrnsro Ant Apyrlrx ByJrKaHoB, I'IJIII oHa cBq3ana rr c ApyrIrMIt

IICTOqHIIKAMII TAKO|O TEJIII'.

feorotuqecxoe crpoeHr{e pafioxa u cocraB reJrut B rIoA3eMHErx Qlrou4ax' 3ll6pyc'

ssrco.raiiuaq BepurrHa n Erpone (5633 rl), [peAcraBJrter co6oii xpynHui floirureHHr'lr:i

crparoByJrKaH. O*t 
":""p.uni" 

eqe a I n. Ao H.e. [4] u ceiiqac HaxoAllrct B co'rbQaraProi

cralr{rr aKrI{BHocrI4, o qeM cBrrAerenbcrByror BblxoAbr yrJleKrzcJrblx ra3oBblx crpyrl c

reuneparypoi 18o C s6rn:ri ero nocro'Inoft geprunnu [7]. Kouyc 3ls6pyca Bo3Bbluaerct

ua 2,5-3 xr"r naA nareo3oiicKaM KpncrarrltqecK[M IloKoneM, Koropl'lii nnaBHo norpyxae l'ct

K ceBepy, rlepexoAt a $yugaueHt Cxu$crorl nrnrbr 19] flaneosoiicxre cranlrbr 1I rpa-

HrrrorIAbl rlepeKpblTbr croqMu KaP6oHarHblx u repp[reHHblx flopoA or HlrxxeppcKnx Ao
geTBeprnqHl'lx [o Boepacry, o6paryro4{Ml{ MOHOKJTIHaJIb CeBepHOrO CKJrO]ra llaBKa3a' cJI[-

Barorqyrocs c qexrroM nlurrt. flpogyrur 3lr,6pyca Bapblrpylor IIo nerpoxr4Ml'lqecKoMy

cocraBy or JIlrnapllToB [o aHAe3I{TolaqI{ToB, ornoctcb K KaJrbl]rreBo-uleJlovnoii ceputl flo

rrocJreanHM aaHHL,IM, OCHOBaHHSII'a ua sr-Nd-o-I8OTO[HOii ClICTeMaTttKe [3, 5], onu npo-

ucxoagr us l'{aHT uIlHbIx pacnJlaBoB, KoHTaMTIHT{pOBaHHbIX KOpOBbIM MaTePrraJIOM'

CeicMonoraqecxue rrccJleaoBanllq [19] ebtxnlrrll noA ByJrKaHoM na rny6une 0,5-2,0 ru

Huxe ypoBHt Mops 3oHy rrorJloIqeHI-rJI ceftc}'rl1'recrux BorH. Ha6lroAaloqafics 3Aecb >Ke o1'-

puqaTenbHat fpaBnrauuoHHaq aHoMaJrllq, KoTopat yKa3I'lBaeT Ha AeQI,1qur rrJlortlocrl'i

nopol nog uyn*atot s 0,7 r/cM3, 6hlJra uHrepfiper[ponaua M.B. Argylronnu [1] xar

cJre[crBue Har[quq BoAoHacbtu{ensoii nurarorqei MarMaru'IecKoir KaMepbl a QopMe AucKa

JlrraMerpoM 16 ru u uouluocrsro 6 xv,:aleraroulei Ha riry6lrne 1-3 rru nlrxc ypoora uopa'

flo vuenr.rro xe f.C. Illreftn6epra [20], sra auoMarlq orpaxaer cyulecrnoBanrie norpe-

6enuoir xanlgeplt, :anonnenuoi pnxnoii nrIpoKJracrrlKorl.
Moqnocrs :euxoft <oprt n flpuenl6pycle AoBoJIbHo rlocrotHxa (45-50 xtr't)' a 'rpa-

HrrrHoro cJrot - lI3MeH\rrBa, yMeHbrxaqcb or 24 ru ua cedepe Ao 16 rcu r paiioHe caltoro

3nl6pyca [l0]. IIo rpawtllerpllqecK[M u cericrlonorsqecxrrM AaHHLIM' B Kope ceBepHoro

llpnerl6pyc6' na rly6uuax or 10 go 20 xu nJrorHocrb nopo,[ aHoMalbHo noHllxeHa' a B

oepxueri lranruu o6napyxeua o6urlrpnax, c paanvcoM 45-60 ru or BynKaHa, 30Ha 3aMer-

Hofo 3aMeAJleHIrt cKopocrr.r cericMu'{ecKux BorH' ctruramulaqcq "acreaoruHsoft" [10]'
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Prc. l. Pa3Mer{errte nyHKToB onpo6oBaHrr fi x3oronHbrii cocTa! renffi B
palioHe KMB. B ToqKax onpo6oBaHuc no(a3aH6r Arana3oHH 3HaqeHUl or_
xotrerru* 3He/He; oxcrpy3uu lpaxuJrnnapnros R3o6paxeH[,r rpeyroj],rn-

B oxpecrnocrax 3ll6pyca lrnoro gpyrux npora,nenuft nruorleH-eerBeprrrquoro BynKa-
HIr3Ma. OAHo u3 Hau6oree xapaKTepHbrx - gKcrpy3urr rpaxrlJrrrlraprlron (i7 ou**onlorou n
u3BecruoM paione yrreK[cnbrx Kaltrascr[x Mlrnepa,nonnx son (KMB)). 3ru nogr,r, alr_
BeAeHHlre cKBDKrrHaMr4 Ha rroBepxnocrh c pa:nr,tx rly6un, onpo6oBaHr,r oco6eHHo AeraJrbuo
(puc. 1). I,laoronnbrfi cocras rellra o ra:ooorl Sa:e, cnonranuo BbrAerqrorqeuc, u3 Hllx Ha
ycrlax $onraHr.rpyrctqux cKBaxuH, yKa3btBaer rla lpr{cyrcrsue ManrqriHoro rounoaenra. B
rlpo6ax, xapaKTepr{3yrcrq[x pa:uor,ny6lrnuue [poAyKTuBHbre [HTepBaJrbr, ue o6uapyxeno
cncreMarrilrecKrrx pa3[[quii Berr]qrHbr R no pa:pesy; uer rarux pa:la,rzii u B pe3ynbrarax
ronropnoro onpo6oBaHr{r og}rr{x u rex ><e 06r,eKToB.

Han6ollruax npnlecl MaHTIrfiHoro reJluq orJrliqaer rerlJrhle M[HepaJrbHbre rrcrorrHrrKu B
HenocpeAcrBeHHoir 6ruBocru or 3lr6pyca: B ra3ax ltcrolrur{Kos Bur}ox-Tro6e, pacno-
Jro)KeHHbrx Ha ceBepo-3arraAuoM cKJroHe ByJrKaHa B 9 n"r or ero Bepur.rHbr,:f ia.leHue R
Aocrrrrae'r 0,87 . l0-5, .rro $arrlrvecru coBrranaer c MaKclrMaJrbHbrMu Ber[q[HaMu, Ha-
6nro4aruul.rr.rcr Ha ByrKaaax lllnpane, OHrare u Pytc. K ceoepy or Olr6pyca Belrurlriubr
R B [oA3eMubtx ra:ax y6unanr (ra6r. 1).3To y6r,lBaHre npocnexrmaerca ololl npodtu.nx
rlport)KeHnocrtro -130 KM, nepeceKaroulero pariox KMB (pnc. 2). n npoqolxaercn r ua-
rlpaBneHuu CraBpolorbcKoro cooga. Ilogo6uaa nporrxeHHocrb anoMaJrr{rr, KaK rr ee
aMIIJluryAa, Ha noprAoK rrpeBbtuaer raKoBbre B opeoJrax paccerHrrq uauruiLuoro relltq
BOKpyf paHee rr3y(reHHhrx BynKaHoB.

B ornlrvre or nux, r pal:ione 3ll6pyca paglrallnufr noroK MereopHbrx BoA (pasnocaupx
MaHTr.riiur,rfi rerrrii or MarMarlrqecKoro rauala) x neptr$epuu nynrana HaKJraAr,IBaerc, Ha
$onorr,rfi rroqseunltft croK, HanpaBJrelHuii or f:rasHoio Kaara3cxoro xpe6ra rgo.ll
rlaAeHrrq MoHoKJtr{HaJrI4 ero ceBepHoro cxloua [ll], rrogroMy AJI' BbrrcHeHrr, [pr4po,qbr
npueal6pyccrofi aHoMauzrr aBTopaMrr ucrroJrb3oBaua He cJrnrxKoM ycJroBnaa uogeai p51, a
6onee peanuctr.rvnat, rr3JIafaeMat IIaJrce.



9nb6pyc - KMB

Ta6n4a I

BaDnrqsn R = rHe/aHe r He/Ne orr|ornefl{s BAons npo(F nt

CeBepEoe npLIgnI'6PYcbe

FrnoK-Trc6e (Rnu)

,ll)|(aH- l ylaH

Xacayr
Mrq6tr!

AonHHa Hap3aHoB

r apa,rlt
OJrLxoBcKoe
KxcroBoAcK

p. noaKyMoK
EcceHTyKu

C(8.  I  l5-3

CKB. l-OP

C(8.5-O
CKBax fia

Cr(B.2-HB
Cr(B. I-3
CKB. 2-3
CxB. 2-E

CKBaxItHa
LKB. I
Crn. I-KMB

CKB. 66
CK8. 46

CKB. 49A

CKB. 6l
CRB. 59

CKB. 69
Cl(B. 70
CKB- 74-H

CKR.72
Cxs, CeManIKo

CKs. CnaBtHoacKa{
CKD.3-Cf

CKB. 80
CKD. 46

' CKBaxrfia
Crr. 4

Ecc€HTyKrt
Eeurray
HoBo-Enaro[apHoe
JIepMorroB
HoBo-ErarcaapHoe
Xene3HoBoqcx

PlcrogHIiI( 9.0
32,O
4 l , 0
46,0
46,5
46,5
59,5
61,5
't0,3

70,3
8 l , 0
85,6
89,6
89,9
90,0
90,0
92,4
93,3
96,2
97,2
98,7

102,5
102,5
103,5
r03,9
t04,1
t0'7,2
103,0
r03,0
129

870

t21

220
t45

156
49,2
8 l
8'7
87
89,3
8  t , 2
6'1,6
69,0
90

l l 0
85;l
7'7
't3

66 ,1
43,0
74
1 l
8',7,9
'71,5

84 ,1
8 1 , 9
73,0
46,0

1,07

t 5

428,4
255,r

116**

20;

329,4
24.2

tur,,

25'7,0
244,8
t:2's

22r.9
164,1

1304,3
Haryrbl

C€Bepo-CTaBponorbcKag
PaculeBarcKat
CoKotroBcKa'
Mm'poq)aHoBcKar

CTaBpononlcKrtri cBoA

257
330
338
365

45,0
33,0
20,0

* 
To.rxn n: ceaepnoro flprcn66pycbt, yaaJIeHHbIe or ILHII,I npo(Dsnt'

** 
Bertu""o otuo*"""1 4He/29!e .tplmcaua rerrlqflfle He/Ne

Mo4eruporaune paccetulrt ManTrlfiHoro reJrnfl B npnsnr'6pyc6e' rlTo6bl 
QopManrsoBarb

Ha6JrbAaeMyro npupoAHylo crlryaqnro, IlcrloJlb3oBaHa Mo[enb q[JII'IHAPuqecKoro ncroqHl{Ka'

nltTaroulefo rIJIocKorlapaJlnelbHbIfi noroK noA3eMHbrx BoA sJrIoIlEoM' HeCyUlrrM MarMaTo-

reHHbrrl re[I{fi. B ocHory MoAeJII.l fioJlox(eHo o6rqee peureHue AByMepHofi Eec'raquoHapHoii

MlfpaUrroHHofi 3aAarlll, 3aI,tMcrBoBaHHoe rI3 pa6orhl [2] PeueHrre rloJryqeHo AJI' cltcreMbl I'13

AByX ypaBHeHnll - oI,JIbTpaqlroHHoro u Al',rcflepq-roHHoro - x ofllrchlBaeT npocTpaHcTBeHHO"-

BpeMeHHoe paclpeAeneHu€ 3arpq3Htlorqero KOMIIoHeHTa, IIOCTyIIaTOUIeTO B BOAOHOCELIlI

.oplrson reorpaHurreHHofi Mon{Hocrlr tr3 yAJrlrHeHHOfO r{CToqflnKa (6acceftHa), AHo KOTOpOI'O
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Puc. 3. Pacqernat cxeMa (a) cp' 6rpatrult B BoAoHocHbIiI nnacr n aucnepcufi 3arpFH;Iorqe'o l(oMnoltelrTa n3

ya]luHeHHoao norlyqsnuHAplrqecKoro oacc;ilHa t2' puc 34l: 6 - opeor pacnpocrpaHexltc 3arpe3Hqror{ero KoMno-

r.nau u noto*" noa3eMHbrx uon IZ' pu" 34i r'yclorxux n(HeiHr'rx ealtllqqax (B c'yqae Bepr[Ka'bsoro

yamHeHHoro ,lcrolrl{xKu - uno nonyop"-'l Jni'"J) o - p^""oq ou""etita' 16 - paquyc 6acceilHa' u' - cKopocrb

ecreqrBeHHoro (soHoBoro) .oro*", ^ - **oqr"*""t qr"n"tpoqtto, .t,p - rpaaneHT rra[opa noa3eMHI'Ix Boa'

C- orfiocnrenlHaq xouqeH'iPaw 3arp*reto'qero KoMnonelTa

uMeer OopMy [onyqI{JII{H[pa c paA[ycoM r0 s [rnHot 2l (puc' 3) 
-flpnnenennaa 

pacqerHat

cxeMa cuMMeTp{rrHa oTHOCr4TeJrbHO ; X, C;B[aAarou.(ei c HarlpaBleHrreM ooHoBOrO IIOTOKa

rro[3eMHbIX BOA, TIO9TOMy B paccMarplrBaeMoM 3AeC6 CJryqae q[ilux[puqecKoro r{crorlHrrKa

[aHHOe peuleHue ocraerc{ Heus;elurI}a; 6oree roro' oHo He I43MeHterct' ecflrr oc6 ]

crrltTaTb HanpaBIeHHOfi He Be?TI4KaJrbHO' a ropl'l3OHTaJIbHo' T e paCcMaTpI'IBaTL cxeMy'

rroKa3anHyto Ha pr'rc. 3, *u* tof"t"nt"tti" t'o o""-t 
"to :,::-p"]I 

Ha nuraloulut Kanar

"vr*"r", 
p""""""*eHHblfi B BOAO;OCHOM roplt3oHTe 6ecKoH91IHOft npor{xeHHOCTIT MOrqHo-

crbro 21.
B yxa:aunux ycnonrux peuenue QulbrpaqrroHHoro ypaBH-eHrrt orHocrrreltbHo uoBbllue-

Hr4r frlApoAr{HaMliqecKofo Hanopa aH u nt6oft tou*e (x' }) n B rro6oft MOMeHT BpeMeHfi t

npu 6oree 'JII{ MeHee on"t"nttlisino;;;u;" tt ucro;r'rKa (rorga r } 2'5(x2 + y2)la)

,1M9ET' BIItr

o  I  t , . .  " \  ( 1 )
M  =  : - l  l n  L - + l n ( x r  +  Y '  t  l -  I r x '

4 n k 1 \  2  r

3pect' Q - cyMMapHI'ui pacxon rlcroqHuKa; L - rugpogllnavuqecKuft paAnyc BJII'ItHue

rlcrorrHr{Ka B HeorpaHrrqeHHoM rlJlacre \L = l'5\al))/" a - xo:Q$lrqllenr rILe3OIIpoBoA-

"""t"t-[ 
- apug""tt Qoronoro noroKa rlog3eMHblx BoA BAoJIb ocu x B cnyvae orpau'r-

.reHlrtl rIJIacTa B rIJIaHe o[Hon rolsro o6nacrlro pa3rpy3Kr'r noroKa noA3eMHblx BoA B

KaqecrBe L cneAyer 3aAaBarb paccrofHrre or I'IcroqHIiKa Ao sToi 06racrl4'

I4e $opr,rynsr (l) BlIAHo' qro cocraBrqrcque cKopocru Srrlrbrpaqrlr'r

v,=-kd(L|) tdx,  v,=-k6(MI) l?Y 
Q)

3aBrrc{T or KoopluHar r, y. Oguaro r raKoM BIrAe peueHlre rllApoar{HaMllqecKoir 3aAa'II4 He

r,loxer 6lr'.r, ucnoJtb3oBa'o Ali' cTpofolo aHaJII-tTIIqecKofo perxeHI,I' cJleAy}oqeii, 
.,Aucflep.

8
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crroHHoii" 3aAavr{ rB-3a 6oJrbrunx MareMarrrqecKrrx TpyAHocreri, nogroMy B AaHHoii MoAeJIrr
cKopocTrr yr rr y) npnHrrMaroTc{ rrocTorHHbrMrr.

Heclrorpa Ha flpu6ruxeHHocrb npr{BeAeHHoro peureHr{x, oHo Aaer Bo3MoxHocrb npo-
cneArrrb HeKoropbre 3aKoHoMepHocrr-r Mrrrpaqfiu BelqecrBa B AByMepHoM norore. Bonee
TO|O, [pI{HSTOe AonyqeHr{e, KaK OKa3aJIOCb, UOqTr' He BJr4qeT Ha TOqHOCTL KOHeqHOfO

petUeHlJr M[rpauuoHHoii 3aAaqfi a ycnoBfirx. Korna nepBb[i v,reu a npanoi gacrr{ ypaB-
neulra (1) cyulecrBenHo MeHr,rxe BToporo, T.e. nplr cna6ov nosuyulenralr $onororo noroxa
rroA3eMuhrx BoA flpnroKoM Sarouga us ucroqHr.rKa. I,I: Qopuyllu (1) BraIHo, qro orHocn-
TeJrbHaq BeruqlHa groro Bo3MyrleHnr y6oraaer c yAaneHxeM or rrcrorrHuKa AocraroqHo
6r,rcrpo - uo gKcnoHeHrlr4anbHoMy 3aKoHy.

@opurposanne opeoJra paccerH[r KoMnoHeHTa, rlocryrlarculero rl: IrcroqEEKa B r{3oJrrl-
poBaHHhri{ ruracr, ofl[cblBaercq B AeKaproBbrx KoopAIrHaTax cneAyrox{rlM ypaBHeHI{eM:

(3)

rge D, u D" - rostlQuquenrlr coorBercrBeHHo rrpogoar'noii z nonepe.rnori Aucnepcllft: C -

KOHrIeHTpaqUq; n - loprrcTocTb.
Beogurvl uoarre nepeMeuHbre

u=y(D,  I  D , )h i  C  =  Cexp( -ar  +  oz  +  v r ) ,

rAe

^. v; _ v; . v]+v,2
C(= - - - - :  O= - - - - :  v= --  

2 D : '  "  2 D : '  4 D :

V i  = V ,  1 " :  V ' = V , , / n :  D ' = D , / n .

Ypaaneuue (3) ygo6no ar,rpa:nrr r qr.rnnnApr4qecKlx KoopAl.rHarax:

a 2 e  I  a 2 c  t a c
: - ; * - = ; = - - - .  :  r = { r - + ) - } ' " .
dr- r cJr' Dx dt

Ha ronrypax ucroqHuKa rrprrHraMaeM ycroBue: I > 0; C = C"* = const;

f = q* exp(vr - cro + orro).

flplr erou peurenr.re 3aAaqu npeAcraBurcr n cnenyrouleii Qopue:
c = cBx expld(r - r0)+ o(z - a6)l({ - Fr);

4 = KooQ I D:)%1r rolrolv r ol1%1i

:qe'fHaq

TIOTOKA

OIIHUKA

a o c b )

cxeMy,
. KAHAJI

'IOlqHO-

)BbItue-

]MEHII '

+ vz)la)

(1 )

:IN'IHLTfl

poBoA-
)fpaBLl-

: t s o A B

Q)

IAqII HE
plcnep-

(e)

(10)

(11)

@yuKqru F1, xar augxo r.r3 BbrpaxeHr4r (10), ue rarucur or BpeMeuu u xapaKTeprr3yer
co6oi craquonapnoe pac[peAeneHue xonqenrpaqnfi C(.r, u, t = *). @yurqur F2 sanucur ot
BpeMenlr rr KoopAlrHar, rIpI,rqeM 3HaqeHre ee yMeHhrraercr (no cpanneunro c Syaxqaefi F1)

AoBoJrr,Ho 6ncrpo n npr.r ! -+ - :navenue Fz -+ 0. Tarnu o6pa:o:vr, opeon pacceqHllrl crpe-
MI{TC' 3AH'Tb CTATI-IOHADHOC IIO'O)<EHI-IE.

a$*o ,$-v ,
dx- '  dy-

", 
_ 2/o j exp(-vr - ll lo l[10(lj)N_o(l) - 1o_(1.)fl0 (l.i ) lr/r' '  -  

n  to  (vr+/0t r '2  ) t13( f )+N;( f  ) l

ac .. ac ac
d x  ' d y  d t

(4)

(5)

(6)

0)

(8)

3qecr /g r't Ng - cnMBoJrbl Qyurrg-ru Eeccerq or gerlcrrr.rrear,uoro apryMeHTa coorBer-
CTBeHHO nepBOfO II BTOpO|O pOAa HyneBOrO nOpqAKa;

f o = D l t l r o 2 ;  i = r l r o .



PaccMorpuM noApo6Hee $yuxqnro F1. Yvnrltaa:r, qro o6btvHo v/ Dl oe,'rnro' voxno

BocrroJrb3oBarbcr pa3fioxeHueM OyHKquu Eeccenn

Knk) = e-' I (22I n)/2 .

flprz srou, nonarar F2 = 0 n IIc[onr'3yt nprrHtrbre o6o3Ha'IeHl'rq Ani ct, o rl v,

coornoureuna (9) norylaelr

7 =c(x,ut t  
-+ *)  -  [ "  ] "  *o ] -  t  v, \x -  xo) + vulu -  uo)-  v,(r  -  r i l ,

C " -  \ r )  ' 2 D "

TAC

v,=U: +v,?)/,.

(rz)

BMECTO

(13)

(14)

f l p r  r  =  r - 0 , , r  = - { 0 ,  a  = l l 0  3 H a q e H q e  C  = C ' r ;  n p u  r ' ,  r  I { l i  = -  : n a ' t e u n e  d = 0

CleAogarenr,no, B paccMarpliBaeMoft cxeMe opeor pacceqH[t nMeer orpaHrrqeHHbre pa3-

Mepbr, rr 3a efo npeAeJlaMrr B BoAoHocHoM fiJlacre coxpaHtrorcx SoHonue KoHqeHTparll4n

pac'rBopeHHbrx KoMrroHeHToB.
Baxnag oco6ennocrb ororo pelxeHl.tt B ToM, rITo Ha rIoJIo)KareJIbHoi [olyocn .r oHo

npuo6peraer npeqen6Ho npoc"roft B[A:

e  = C l c ^ * = 1 r o l x ) %  r p u  t > 0 ,  y = 0 .  ( 1 5 )

I,Is coo*roruenrtr (15) creqyer, qro flporqxennocrb opeona paccet{HI{t HrD<e I'lc'lotlHuKa
rro rroroKy He 3aBucrIT HI.r or cKopocrH rloroKa, rrrr or rlapaMerpoB rlt[poAuHaMuqecKori

Ar-rcllepctlu, a KoHTpoJIIrpyeTcq paAuycoM lrcTotlHrrKa u paccToqHueM oT nocjrgAHero Ao
rourr.r na6nrogenus. 3ro o6crogte&crso oqeHl' o6rerqaer BbucHeHrre cBq3l-r pupo[Hblx
reoxr{MrrrlecKl{x aHoManfif c roKarbHblM I4cToqHr.rKoM TIt[a ByrKaHlrqecKofo KaHana.

npuMeulrrenbuo x xonxperHoi 3aAarle aHaJllt3a Bap aqru ll:o forlHo-reJrr{eBoro orHo-
ruenur BAolrb npoQura 3ru6pyc - KMB (connaAaroqero c HarIpaBJIeHr'reM rlonoloro no-
ToKa rroA3eMHbrx Bo[) Moxuo BoclloJlb3oBarbct perxeHr{eM a nuge (15), 3a[rrcaB ero A.]1t

AByx KoMroHeEroB 13He r.r 
aHe):

l r  3 r  - , l r  l r -  u -  r  - , %

4 7 -  4 7  _ 1 4 7  _ a r -  V ,  t , t %U _  L d _ \

3gecl 3C u 4C - xonqenrpaqru.r coorBerctBenHo 3He t, oH" B Boae; rroAcrpoqar,lMl{ rrHAeK-

caulr "nx" u "Q" orue.reurr coorBercrBeuHo axonnoe (Ha KoHType xcroalHxKa) u $ouoaoe
3HaqeHr{r KoHr{eETpaqlIi. Bxoguoe lt r]ouonoe 3HarieHuq Lr3ororlHo-ren[eBoro orHolueHllq
3anrrc6rBamTcq B BrIAe

R " " = 3 q " / 4 c " * ,

& = t c o l n c o .

Peuraa clrcreuy yparneuuii (16F(19), [oJIyrIaeM Bblpa)Ker re, olficbrBaloqee crerleHb
3aryxaHrrr BxoAHoro (lraxrufrHoro) crlrHana no Mepe yAareHuc or ByrKaHa BloJrh ocr{ r:

(16)

(17)

(18)

(1e)

R  r - & / & "  &
R"" l+ 4c& l4cu*Kx I rol)/z -t) R*

(20)

I4s $opvy.rn (20) HaxoAIrM, .tro ornouerure R/R"* y6r'Iraer BAoJIh oclt 'r B 3aBr{cl{Mocrll
ronhKo olb r.r AByx ornoruenuri - R4/R"*uaC5fCr*. Hu oqun ut grrzx rpex napaMerpoB B

1 0



MO)KHO

( t2)

BMCCTO

( 1 3 )

(14)

d = 0 .
bre pa3-
lTpaqrrrr

II iT OHO

(1s)

:oltHllKa

t.IecKori
Hero Ao
poAHbrx

'o oTHo-
roro [o-
eto AJrt

( 16)

(17)

IHIeK-

toHoBoe
ollreHrlt

( 1 8 )

( le)

CTCTICHb

)Lt x:

(20)

CIIIvtOCTII

eTpoB B

lHe l / lNe l
Todoo-'

t000

100

40 80 .2, xM

Pnc. 4. Bapxaqnu BerueHHL| orHoUllelt'ts FIe]/[Ne] B noA3eMr ,rx Orrcuqax no Mepe ylaneH]r' or ayrxana 3ar6pyc
(cr(. ra6n- l): .l - annpoKcl{MrpoBaHnbrii rpe A (,2 = 0,61271 /r = 2l). I xo3Q+'r'r'rer Koppcnrqtru! .r - encxo
roqe(;2 -AaHHLre BAoib npo$nnq (cM. puc. 2), J - /IaHHbre 3a npeAexaMu nnnnu npoonnr;4 - cpeAHuri yposenb
r€.'rHenHr,r orHolllerlHq [He]/lNel B pafioHe KMB

n3yqaeMoM pafioHe ro.rHo He rr3BecreH. Oguaro oce onr,r Moryr 6lrrl oqenenn rr3 HMero-
ilIIIXCg IAHHbIX.

Paglrycu nurarcrqux KaHaJroB 6onruunc'rna Byr'IKaHoB Jrexar, no pacqeraM, B Arlarra-
:one 50-200 u [2, l8]. Ha cauou gere, "s$Qerrunurri" (rrgpoqnHavnvecrufi) paguyc
Kariara-flocraBrJ{liKa MaHTuuHblx Aep[BaroB B noroK rIoA3eMHbIx BoA Mo)Ker 6brrh 6orLrue,
ec-'ru IrMeHHo on o6ecne.ruaaer cy6llanruiiHue 3HaqeHllr R n rasax, pa3fpy)Katoulr4xcr Ha
cKJIoHax DyJrKaHa, HarrprMep B rrclorrHr{Kax ElrrrcK-Tro6e. B erorl csq:n B pacqerax uc-
nonb3oBaHhr gaa <parinnx 3HaseHHq "e$$eruronoro" paAr-ryca r0, par:no' e 0,2 n 9,0 ru.
flocre4uaa oqeHKa, orBerraroqaq paccrorHulo Ao ucrorrHnKoB EnrroK-Tlo6e or BeprxuH-
Hofo Kparepa, [peAcraBrr{eTct ,qaxe 6oJree pearbHoii B cBe're uccreAoBaHur? l2 aKTtBHbrx
eyaxauou fuoulrn: o6o6rqeuue pe:yrr,raron onpo6oaanur S.nrcugonporrleuuri na raxqol,r
It3 HnX, pa3HOyAa.neHHblx oT r.IX BepIUI,IHHLIX KpaTepOB. rroKa3aJIO OTCyTCTBIie CIiCTeMaTr.r-
qecKoro r.r3Menennr Be[[.rrrHbr R n paglryce 5-10 xr.r [23].

Bogvoxlrrre 3uaqeH[r Rsx rexar B y3KoM Arrarra3one or 0,87 10-5 (ncrovuur Burror-
Tro6e) qo = 1,2. 1O-5 (rlrnn.rHoro AJrq pe3epByapa MORB, ulru gel,reurponaHuori uau-
rrrN). 3naveune R,p npuHrro cpeAH[M Ara CrnQcrofi nnnru (7,5 . 10-d). Couacno uoneii-
irlrM nccJreAoBaHusw 1221, s paAr.roreHHoM reJrrrr rropoA 9To 3HaqeHne, KaK rrpaBr{Jro, He
Bbrxonrrr 3a rpeAerbl (1...20). 10-'.

Orcyrcralre AaHHrJrx o KoHqeHTpaq[n lenrrr B BoAe Merlaor rorrHl,rM pacqeraM. TeM He
\reHee, Aaarra3oH Beporl.Hbrx 3HaqeHlri oraoureHrrr oC 

6fCr, = [4He]s/l4Hel"* BAoJrb AaH-
uoro rpo$ura MoxHo orleHnrb, rrcnoJrb3yr rr3MepeHHbre Bernq[Hbl ornolueHrrr IHe]/[Ne],
irpeAnoJraraflj KaK cAeJrauo eu{e B pa6ore [16], vucro aruoc$epnoe npoucxo)KAeHrre HeoHa.
5 TaKOM CJIyqae MOXHO C9IiTaTL,, rlTO

oc, ([He] / tNel)6-q= 
Gr"l/t,N")..

t0

(21)

9ro6n ucno;rl:onarb ypaBHeHlre (21), anropu yrtrrlr gMnfipnqecK[e AaHHbre, rioJryqeH-
HbIe BAoJrb paccMarpxBaeMoro rlpoQurr (Ta6r. 1; pxc. 4). Cornacuo o6uapyxeuuor'ly
rpeHAy) qBrrroqeMycr crarrrcr[qecK[ 3Haq[MbtM 0 = 0,86 > 0,433 = t 'o,o51y=r_z=B),
aelrlrtrr{Ha orHourex[r [He]/[Ne] yBenrrqrrBaercr or -0,5 Ao >1000 nplr x = 0 tr 130 rril
coorBercrBeHHo. 3ro o6ycaouexo pe3KnM pocroM BKIraAa paAr-roreHHoro renus. flocne
ocpeAHeHrur AanHLrx no pafrony KMB rlonyqaeM 3HaeeEtle 4C6]fCBx = 5$.

l 1



Ta6au4a 2

Pe3yJlrrarbr Moaen[poBaH t: cxoAltMocrb pactlerHhrx n qa6JlloAaeMs[ BApnau{f

orfiouleHrl' 3IIsFHe BAonb npo+ nr gnb6pyc - KMB

HoMep
Bapr{aHTa

crlc* Pe3yrBTar

l a

26
3a

0,2
o,2
9
9
9
9

r 200
1200
870
870
870
870

I
20

500
0,7
500

500
500

HecxoaHMocrb
Xopouaq cxoAril"ocrb

HecxoauMocrB
flo,lHoe coBfiaaeHlte
Hecxoa'lMocr6

firr paccuarpnraeuoro npo$ulx BblrIoJrHeHo rpll BapI4aHTa pactrera' Itcflorb3ys ypaB-

neulre 12.0; q:rz npegem,nltx gua.rerirdr Bcex rcxoAHblx rlapaMerpoB (ra6n.2; prc. 5). flptl
peaJrrrcrr{qHbrx oqeHKax gTux gnaqennft BbITeKaroqee rr3 Mo,qeJlbHblx pac(IeroB paclpeAe-

nenue R coneprueHHo He coorBercroyer na6nrogaeuoMy BAoJrb gauuoro npo$lur' Orut

coBnaAaror rollhKo B AByx cnyqaqx (napraxrlt 16 u 26)' Korna B pacr{er BBoAtrct He-

npaegorogo6nrre (aauuxenrlte) 3Ha.IeHIu orHo[reHru .C4fC"" (0'7 [ 4,5 coorBercrBeH-

Ho). Koropbre pc3Ko nporJ4Bopega,I Sa<rnvecxuv lauuutt*.
B paccuorpeHaort MoAenrl cneJraHo ,qBa AolyueH[q: l) cKopocrb no'roKa He I43MeHqerct

c yAareHrreM or BynKaHa; 2) t'loqerurpyelruii nJIacr [3oJrI{poBaH (ruApaBrI4'IecKI'r II reox[-

lruvecrlr) KaK cHI{3y, TaK I{ cBepxy. nepBoe AonyuleHlre 3aBbIrilaer oIleHKy nporsx<euHocru

opeoJra, TaK KaK Ha caMoM AeJre cKopocrb noroKa nprr yAaJreHr'lrr o'r ByrKaHa yo]'rBaer,

rrogToMy ouo He Menler BbIBoAa, cAeJIaHHoro AJII crlTyaqul4 n flpusll6pycle Hro raca-

ercr BToporo Ao[yu{euuq, To ycJloBrre rl3olrtl{rrl{ rlJracra cBepxy (or npoaurnoaenua

Me'reopHrrlx nog) ne nrr{aer na oIIeHKy npoTqxeHHocTrr opeoJra no [oToKy' ecJr{' KaK 9TO I'r

6LUto B AaHHoM c.nyqae, DBoA[Tcq rlo paBKa Ha KoHTaMrlHaqr4ro rroA3eMublx ra3oB arMo-

cSepnnu renr,reu. yc[oBne )Ke rcorupoBaHHocrl'l rIJIacra or npoHI4KHoBeHIrt reJrrlJl cnrr3y

noBJIuqeTHasTyoqeHKy'HoIIo-pa3HoMy_B3aBIIcI4MocTIiIoTIl3oToIIHorococTaBaIIocTy-
[aroulero reJlrrt. Ecau ero paguorelnsrii (ropoelr:ii) reruii, To ox[AaeMl'u{ opeolr AoJIxeH
coKpar[Tbcq. vro ycyry6ui pacxoxAenlre MoAeJ]rr c na6nrcgaellrru pacflpeAereHueM R'

flplr6lruanrr pe3yJrbrarbr MoAerr,rpoBaHus K gMnrrpuqecKnM EaHHbrM Mo)Ker rol] bKo yrler

nocrynreHHq cHu3y He qlcro KopoBofo feflnt, a o6ofarqeHHofo l'l3oronoM -He' T e co-

Agp>€Illero flpr{Mecb MaHTn[Horo KoMnoEeHTa
Brrronr'r. Conocrasrenue MoAeJrhHhIx I'l EarypHblx AaHHblx nprrBoAllr K BblBoAy o roM,

qro [oBbrueHHbre sHaqeH{t R, Ha6rroAaeMble r pai:ioue KMB u reM 6oree eule ceBepHee'

na CranponorlcxoM cBoAe, He Moryr 6lttl cnegcrnueu fiocryrlJlerllrt Iraau,ruftHoto re'trl u

loA3eMHbIe BoAbr roJIbKo qepe3 ueHTpairbHt'Ifi r'laruonognogtqllii nIITaPrqltri KaHar

3nr'6pyca. 3ro o:uaqaer, rITo pacnpeAeJIeHIre gnaqenuii R K ceBepy or ByJrKaHa o6ec[e-
qnBaercq rrprlBHocoM TaKoro reJIIrt (cxu:y) n Ha Apyrrlx yqacrKax paccMarprrBaeMol o

npoQu.na. I4cto.tslxaltu etoro rerqq noIDKHbI 6lttl tlnlte llan'aarriqecKHe pe3epByapbl, o

cyrqecTBoBaHl- IuKoTopblxcBxAgTeJIbcTByIoT'BrIacTHocTI l 'MHofo. I I IcJIeHHbleJIaKKoJII tTbI

paiioHa KMB. Orur, aeponrao, cBq3aHbI c "acrexolul:ofi", orMe'raeMoii n flpuslr6pycle,

Koropat, cyAt no BceMyJ flporqrttBaercq r'r lalree K cenepy Ha ero yKa3lrBaer He roJlbKo

pacnpocrpaHeH[e r 3oronHo-reJrIreBoft ano].taJlru] s o6racrr' CraBpqlolbcKoro cBoAa, Ho I{

aHoMaJrbHo rloBtIUreHHble (no 80 uBr/u'u 6onee) eua'renut rerlJloBoro noroKa rra 9ToM

caoge [21], npogorxarorquecr a paiox KMB r'r galee K ]oro-3arlaAy, n cropouy Kas6exa (r

6JuDKaii[eM flpusrt 6pycle reotepu]rqecKrlx rr3MepeHr'rri ne 6ulo). nonoxurerr,Hat aHo-

Mar[rl TenroBoro rloroKa Ha Craapononlcrov cBoAe AaBHo npunlrcbrBaJlacb BrruqHI{m

rny6uunoro lrarlrar[3Ma, apeaJr Koroporo cq ralrcs 3Har{I-ITerr,Ho rlpeBocxoAtrql{M nJrou{aAb

ero noBepxHocTHbrx npoarneHnfr [13]. CoBnaAeHue reoTeputrvecrofr lr nsoronsoft anot,tanlrji

t2
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