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OCOEEHHOCTH PA3fPY3.I<H BbICOI<OTEMITEPATYPHblX 

ITO,U3EMHbIX BO,U 1B ,UOJIHHE fEVl3E~OB 

fe1bepb1 6bIJIH BrrepBhie OTKphIThI H orrHcatthI T. H. YcTHHOBOH B 1941 r . 

Ha TeppHTOpHH I<poHOII.KOro sarroBe.l(HHKa. OHH TaK )Ke, KaK KHIISUI.{He H ro­

p51 1me }'ICT01IHHKH, rrapoBhle CTPYH, rp5I3eBhle KHII5II.I.J.He KOTJihl, IlJIOI.I.J.a.l(KH 

HarpeToro rpyHTa, rrpe,ncTaB~ 5IIOT co6oA IIOBepxHOCTHWe rrp05IBJieHH5I [H,l(· 

poTepMaJibHblX' CHCTeM, KOTOphle B HaCT05II.I.J.ee ·BpeM5I BhI.l(eJieHbl H H3yIIeHhl 

BO Bcex 06Ji aCT5IX COBpeMeHHOro BYJIKaHH3Ma. BepxHHe 11aCTH TaKHX CHCTeM 

q>OpMHpyIOTC5I B ycJIOBlrnx KOHKpeTHb!X perHoHaJihHblX H JIOKaJibHhlX- rH.npo­

reOJIOrHIIeCKHX CTPYKTYP, B ,naHHOM CJ1y11ae YsoH- feibepHOH .nerrpeCCHH BOC· 
T01IHO-KaMqaTCKOro ByJIKaHHIIeCKOro II05ICa, ,l(JI5I KOTOpblX HMeIOTC5I 6Jiaro­

npH5ITHhle ycJIOBJ;15I BO,l(HOrO IIHTaHH5I 3a C1IeT 60JihlllOro K0JIHIIeCTBa aTMO­

ccf>epHblX oca,l(KOB, He3Ha1IHTeJibHOro HcrrapeHH5I H HaK0IIJieHH5I HX B npOHH­

uaeMblX pbIXJiblX OT JI02KeHH5IX H TpeI.I.J.HHOBaThlX rropo,nax. 

B OT JIHII.He ot o6hI1IHhlX rH,npore0JIOrnqecKHX CTPYKTyp B rrpe.n.eJiax rH.l(­

J)OTepM_a JibHb!X CHCTeM pa3rpy2KaIOTC5I rop5I1IHe HJIH neperpeThie (c TeMnepa­

TypoA 6oJiee 100° C) no,nseMHhie B0,l(bl. B npHITOBepxHOCTHbIX ycJIOBH5IX rrpH 

yMeHbWeHHH ,naBJieHH5I BO.l(a BCKHrraeT H CJIY)KHT HCT01IHHKOM MHOf01IHCJieH­

HbIX BblXO,llOB rrapa B 30He BO,llHOH pa3rpy 3KH Hap51,ny C B03M02KHhIMH BWXO­

,llaMH rny6HHHOro rrapa B 30He BOCXO,ll5II.I.J.ero IIOTOKa rn,npoTepM. B CBOlO 

Ollepe,llb pasrpy2KaIOI.I.J.a5IC5I B BH,l(e pa3HOo6pa3HhlX HCT.01IHHKOB H reH3epoB BO­

.n.a H BblXO,l(bl rrapa o6ycJIOBJI'HBaIOT Harpea .rpyHTa H rrpH B3aHMO,lleHCTBHH C 

ropHblMH rropo,llaMH - HX H3MeHeHHe, npHBO,ll5II.I.J.ee K o6pa30BaHHIO rrecTpo­

UBeTHb!X rJIHH. 3TH o6mHe 11epTbI rroaepxHOCTHOH rn,npoTepMaJibHOH ,ne5ITeJib­

HOCTH B npe,lleJiax rH.ll.POTepMaJihHbIX CHCTeM CBOHCTBeHHbl H f eH3epHOH CHCTe­

Me, ueHTpaJJbHa5I IIaCTh KOTOpOH, r.ne pacrrpocTpaHeHbI KHIT5II.I.J.He HCT01IHHKH 

H reH3epbl, IIOJIYIIHJia Ha3BaHHe ,UoJIHHbI r eii3epOB. Oco6hie ,7CJIOBHH pa3-

rpy3KH IIO,ll3eMHbIX BO)I, o6ycJIOBHJIH caoeo6pa3He ee JiaH)I,lllaq>Ta. 
B 6ac. p. feH3epHOH BhI.l(eJI5IeTC5I HeCKOJih,KO BO,llOHOCHhIX KOMIIJieKCOB : • 

I - 11eTBepn11IHblX 3KCTPY3HBHhIX MaCCHBOB JieBoro H npaBoro 6opTOB )],OJIH­

HbI; 2 - l!eTBepTHl!HhlX H COBpeMeHHblX IIHpOKJiaCTHl!eCKHX nopo.n BYJIKaHa 

l<HXITHHbil!a ; 3 - BepXHe1IeTBepTH1IHblX 0 3epHblX OTJIO)KeHHH; 4 - IlJIHOI(eH-

1IeTBepTH1IHbIX ·ByJIKaHoreHHO-oca.u.011Hbl:X rropo.n; saKJIIOl!aIOI.I.J.HX B ce6e Tep­

MaJibHbJe B0,l(bI. ITepBhie TPH KOMIIJieKca, KaK rrpaBHJIO, npe,ncTaBJI5IIOT co6oH 
rpyHTOBble HJIH Herny6o~o 3aJieraIOI.I.J.He II0)].3eMHhle· XOJIO)].Hbie rrpeCHhie B0-
,llbl. HaH60,JibllleH B0)].006HJibHOCThIO OTJIH1IaIOTC5I Ji aBOBhle IlOTOKH JIHnapH­

TOB H .naII.HTOB rrepBoro K0MilJieKca. PacxO,l(hl 0T)].e JihHhlX HCT01IHHK0B ,l(OCTH· 

raIOT HeCKOJibKHX COTeH JIHTpOB B ceKytt.n.y. Bo,nhl KOMIIJieKca cpopMHpyIOTCSJ 

3a CIIeT HHq>HJibTpauHH a T-MOCq>epHblX oc;i,nKOB no BCeH IlJIOI.I.J.a,l(H pacnpocT- ' 

paHeHH5I 3KCTpy3HH . . XH_MH1IeCKHH COCTaB B0,l( 3T0ro KOMilJieKca . xapaKTepH­

syeTC5I rn.n.poKap6oHaTHblM KaJihII.HeBblM COCTaBOM C MHHepaJIH3aUHeH .no 

0,1 r/JI (Ta6JI. 1) H COOTBeTcTByeT COCTaBy aTMOccpepHblX oca,ll.KOB. 

BTopofl BO.ll.OHOCHhIH KOMITJieKc 6 JIH30K K rrepBoMy no coctaBy nopo.n H 
.xapaKTepy TpeI.I.J.HHHO·IlJiacroBOH II.HPKYJI5III.HH. Bo,noHOCHbIH K0MilJieKc npH­

ypotieH K BhIBeTpeJIOH TOJII.I.J.e ,llaII.HTO-JIHnapHTOB, 6a3aJibTOB, 11 TaK2Ke K pblX­

JihlM )leJIIOBHaJibHhIM 0TJIO)KeHH5IM CKJIOHOB BYJIKaHa K,HX:{lHHb111 li ~KCTPY3HH 
' I 
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HCTO'IHHK, 
J\aTa or6opa 

Ar.Mocq,epm?re ocaAK~, • 
"IX.1986 
I BOJ(OHOCHblif KOMITJ).eHC. 
JlaBOBbIH HCT.. 8.X.84 
II BOAOHOCHbIH KOMnJiem~. 
HCT . • lJepHbrit 9.X.85 
III BOJ(o'HOCHbIH KOMinJieKc, 

MirnepaJIH-
3aqm1, r/JI 
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0,07 
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• HCT". IlHTbeBo:11, I.X.85 0,125 
IV BOAOHOCHbifi KOMnJieKC, 
r . iReM'Iy>KHbitt, 4.X.~6 2,442 

IV BOAOHOCHbiil: KOI\,fJIJieKc, 
r. BeJIHI<aH, 'i'.X.86 2,19 
IV BOAOHOCHb!H KOMITJieKC, 
r . ITepBeHeq, 4.X.86 0,87 
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llPHMe1UlHHJI. 1. Fe2+ = ·2.8 Mr/JI; Al3-t . ' 5,5 Mr/JI; H2S = 143 Mr/JI; 2. F = 1,1 Mr/11; Li = 3,14 Mr/ JI. 
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r. )KeJITOH, BXO,lVIW.eH B COCTaB IlOCTpOHKH KHXITHHbl.11a. B OTJIHqHe OT nep­

BOro, BO,LJ,bl 3TOro KOMITJieKca U.HPKYJIHPYIOT B ycJIOBH.51X ITOBbIWeHHOro reo­

TepMHqecKoro pe)KHMa. 3.rr.ecb TaK)Ke npeo6J1a,11.a10T 6e3HanopHhle BO,LJ,bI Tpe­

W.HHHOH U.HPKYJIHU.HH, KOTOpb1e .rr.peHHpyIOTC.51 no CKJIOHaM KHxnHHhrqa, o6pa-

3YH HHCXO,LJ,HW.He HCTOqHHKH, _O,LJ,HaKo · XHMHqecKHH COCTaB BO,ll,bl H TeMnepa­

rypa 3aMeTHO OTJIHtJaIOTCH. EcJIH ,LJ,JIH raK Ha3bIBaeMblX <pOHOBbIX XOJIO,lJ,HblX 

BO,LJ, IlOBepxHOCTHOro <pOpMHpOBaHHH xapaKTepeH rn.rr.poKap6oHaTHblH Mar­

HHeBO-KaJibU.HeBbIH n cy Jib<paTHO·rH.n.poKa p6oHaTHbIH MarHHeBo-KaJibU.HeBhlH 

COCTaB BO,LJ, C MHHepaJIH3au.HeH, He npeBbIWa10w.eH 0,9 r / JI, C He60JibWHMH 

pacxo.rr.aMH HCT04HHKOB (.rr.o nepBbIX e,LJ,HHHU. JIHTpOB B ceKyH.rr.y), TO Ha yqa­

CTKax repMoaHOMaJIHH o6pa3yIOTCH KHCJibie cyJib<paTHbie BO,ll,bl C necTpbIM 

KaTHOHHbIM COCTaBOM H3 BO,LI,Opo.rr.a, aMMOHHH, aJIIOMHHHH, )KeJie3a, KaJibU.H.51 

H MarHH51 (HCT. l.JepHbIH, CM. Ta6JI. I). 3To CB.513aHo C IlO,lJ,'beMOM nap a H 

ra3a K IlOBepXHOCTH, KOH,LJ,eHcau.HeH napa H paCTBOpeHHeM ra3a B noBepxHO· 

CTHblX H rpyHTOBbIX BO,LJ,ax. B ~OcTaBe ra3a npeo6Jia,LJ,aer yrneKHCJIOTa, npH­

cyTC'rBYIOT cepoBo.rr.opo.rr. H aMMHaK. B 3aBHCHMOCTH or KOJIHqecTBa nocTyna-

10w.e0 napora30BOH CMeCH o6pa3yIOTCH pa3JIH4Hble BO,lJ,O!IpOm3JieHHH (KHIIH­

W.He HJIH ropHqHe BO,LJ,Hble H rpH3eBhie KOT Jib!, MaJio.rr.e6HTHbie HCToqHHKH). 

'3HaqHTeJibHOe MeCTO cpe.rr.H XOJIO,lJ,HblX BO,LJ, ,lJ,OJIHHhl 3aHHMaIOT BO,LI.bl Tpe­

Therb KOMIIJieKca 03epHblX OTJIO)KeHHH, pacnpocTpaHeHHblX B OCHOBHOM Ha 

CKJIOHax ,lJ,OJIHHbl. 3To BO,LJ,bl IlOBepxHOCTHOro npoHCXO)K,lJ,eHHH, o6pa30BaB­

liIHeCH 3a ClleT HH<pHJJbTpau.HH aTMOC<pepHblX oca,LI.KOB. Bo.rr.oco.rr.ep:>KaW.HMH 

rropo.rr.aMH HBJIHIOTCH nce<pHTOBbie, arnoMepaTOBbie ry<pbl , TeMnepaTypa BO,ll, 

OT +4° .rr.o + I 1 °C. 11 TOJibKO B 30Hax pa3JIOMOB, Ha yqacTKax npHCJIOHeHHH 

03epHbIX To.rim K 3KCTpy3HHM JJesoro 6opTa, pa3rpy.>K:a10w.necH napora30Bhle 

crpyH C' BblCOKOH TeMrrepaTypoH HarpeBaIQT rpyHTOBbie BO,ll,bl. 11cTOqHHKH 

rrpHo6peTaIOT IlOBbIIIJeHHYIO MJ'!HepaJibHYIO Harpy3Ky . BCJie,LJ,CTBHe nornow.e­

HHH ra3a H aKTHBH3all,HH BbIW.eJiatrnBamrn • XHMHqecKHX KOMITOHeHTOB H3 

OKpyx<aIOW.HX nopo.rr.. 0.rr.HaKo HaH60JJee THIIHqHbie npe.rr.cTaBHTeJIH B0,ll- o3ep­

Hb!X o:r JIO)KeHHH HMeIOT rn.rr.poKap6oHaTHblH KaJibU.HeBb!H COCTaB. 0HH HMeIOT 

HefnpaJibHYIO peaKU.HIO c MHHepaJIH3au.HeH, KaK npaBHJIO, He 6oJiee 0, I r / JI 

(HCT. TIHTbeBOH, CM. Ta6JI . 1). ,lle6HTbl HCTOqHHKOB o6hJqHo He60JibWHe, .rr.o 

0,5 JI/c. • , 

. ct>opMHpOBaHHe BO,LI. BTOporo KOMITJieKca npOHCXO,lJ,HT npH B03,LI.eHCTBHH 

napora30BbIX cTpyii: BYJIKaHHtJecKoro MaccHsa KHxTIHHhI 'l. Bo.rr.bI 03epHbIX 

OTJIO)f{eHHH cpopMHpyIOTCH B OCHOBHOM .3a C'leT aTMOC<pepHblX oca,LJ,KOB H B0,ll, 

BbIIIJeJie)Kaw.ero KOMIIJieKca 3KCTPY3HBHbIX o6pa3oBaHHH. BJIHHHHe Bhixo.rr.oB 

IIapa npOHBJIHeTCH TOJibKO Ha OT,LJ,eJJbHbIX yqacTKax. . 

f JiaBHOH oco6eHHOCTbIO ,lJ,OJIHHbl p. fei13epHOH HBJIHIOTCH MHOroqHCJieH­

HbI,e reH3epbl H KHOHW.He HCTOlJBHKH, CBH3aHHbie C pa3rpy3KOH qeTBepToro 

BO,lJ,OHOCHOro KOMITJieKca HanopHbIX TepMaJibHbIX (neperpeTbIX) _B0,LJ, BYJIKaHO­

remm-oca.rr.oqHblX nopo.rr. ITJIHOU.eH-1.J.eTBep+1-i:t!Horo B03pacTa. 

TepMaJibHbIH KOMTIJieKc B rpaHHU.ax CHCTeMbl pacnpocTpaHeH ITOBCeMeCT­

J-10 H 3aKJII04eH B IlJIHOll,eHOBbIX JiaBax H Tycpax B HH)KHeH tJ:aCTH 6ac. p. feii:-

• 3ep1-100, B nmrnu.eH-4eTBepTH4HbIX rycpax H Tycpo6peKtJ:HHX - B cpe.rr.Heii H 
Bepxttei1 tJacTHX. Bo.rr.oHOCHhIH KOMnJieKc OT,LJ,eJieH OT BhIIIJeJie:>KaW.HX onHcaH­

HhIX paHee KOMTIJieKCOB OTHOCHTeJibHO Bo.rr.oyrropHblMH aJieBpOJIHTOBbIMH _Ty­

cpaMH H TIJIOTHbIMH pa3HOCTHMH arJIOMepaTOBblX TycpoB. no xapaKTepy U.HP· 

KYJIHU.HH BO,ll,bl OTHOCHTCH K TpeW.Hf[HbIM H '11JiaCTOBO·TpeW.HH'HbIM. 0HH pa3-

rpy)KaIOTCH B cpe.rr.HeM H HH)l{HeM Tet:J:emrn peKH, r.rr.e, oqeBH,lJ,HO, nbe30MeTpH­

qecKH:H ypoBeHb rrpeBbIWaeT OTMeTKH ITOB_epxHOCTH. OTO yqacTOK pacnOJIO)l{e­

HHH OCHOBHbIX reH3epOB· H KHilHW.HX HCTOtJ:HHKOB (pHC. I) . 0HH npHypotJ:eHbl 

K HaH60Jiee HH3KHM OTMeTKaM peJibecpa, pacnoJiaraHCb, B OCHOBHOM, B,lJ,OJib 

pycJia H no.rr.qepKHBaH rpeW.HHOBaTbie 30Hbl OCHOBHbIX KOJlbU.eBbIX pa3JIOMOB, 

pa3r!OMOB cesepo-BOCTOtJ:HOro HanpaBJieHHH H nepeceKaIOW.HX HX WHpOTHhIX 

H cy6MepH,LI.HOHaJibHbIX rpeW.HH. • . 

KaK y)l{e yKa3bIBaJIOCb, B rn.rr.pc:iTepMa JibHblX CHCTeMax, QJiaroµ.ap.51 napo-
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P0c. 1. CxeMaTwieCKaH TepMOMeTpH"lec1<aH RapTa HH>RHero H cpe.itHero Te"leHHH p. rett3epHott (rett3epHoe Tep­
"MaJihHOe none). Yqacnm c TeMnepaTypott Ha rny6HHe 1 M: 1 - MeHee 20°C; 2 - 20-70°C; 3 - 6onee 70°C; 4 
yqacTim rHAPOTepMaJibHO H3MeHeHHbIX nopoA: 5 - yqacTRH napm.1~ero rpyHTa; 6 - napOBbie CTpyH; 7 - rpH3eBbie H 
BOAHbie RHIIHI.IJ;He ROTJibI; _8 - nyJibCHpyrom;He HCTO'lHHRH;9 - reii3epbI. Ha spe3Re: pacnoJIO>K8HHe TepMaJibHbIX no­
JieH s AOJIHHe p . reii3epHOH: I - feft3epttoe, II - BepxHereit3epHoe, III - R0xnHHb1qesc1we 
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o6pa30BaHHlO B 0JIH3IlOBepxHOCTHhIX ycJIOBHHX, ocyw.ecTBJIHeTCH TaK:>Ke na­

poBaH pasrpy3Ka. BbIXO,ll.bI napa Ha6JilO,ll.alOTCH B OC'HOBHOM B BepxOBbHX 

p. fe1'bepHOB H Ha CKJIOHax BYJIKaHa KHxnHHbJq, TaM, r,u.e nbe30MeTpHqecKHH 

ypoBeHb HaXOJl.HTCH 3Haq11TeJibHO HH:>Ke noBepxHOCTH. Ha yqacTKe npeHMy­

mecTBeHHO BO]l.HOH pasrpy3KH napOBbie CTPYH OTMeqa10TCH Ha B03BbIIIIeHHO· 

CTHX MHKpopeJibecpa. HarpeThre BO,ll.OH H napoM OKpyiKalOW.He nopO.D.hI 06pa­

sy10T TaK Ha3bIBaeMhie TepMaJibHhie no.rm, ycJIOBHhle rpaHHUhl KOTOpb!X 0h!JIH 

ycTaHOBJieHhI no TeMnepaType rpyHTa 6oJiee 20°C Ha rny60He 1 M no ,u.aH­

HhIM TepMOMeTpHlleCKOH CbeMKH. C yqeTOM pacnpe]l.eJieHHH OT,ll.eJihHhlX Tep ­

MOnpOHBJieHHH no KOHTypaM CbeMKH BbI]l.eJieHo TPH KpynHblX TepMaJibHhlX 

r.roJIH: • fei%sepHoe (c~Moe 6oJihIIIoe), BepxHerei%sepHQe- rroJie rrapOBhIX 

CTpyti H KHXITHHhilleBCKOe. 

f e1bepHoe TepMaJibHOe IIOJie HenpepbIBHO npo,LI.OJI:>KaeTCH OT sna]l.eHH51 

.p. r eibepHOH ~ p. lllyMHYlO Ha paccTOHHHe OKOJIO 3,5 KM BBepx no TeqeHHlO. 

OHO BKJilOllaeT B ce6H 7 H3 8 BhI]l.eJieHHhlX T. M. YcTHHOBOH TepMaJibHblX 

yqacTKOB. I1JI01Ua,ll.b ero COCTaBJIHeT 0,9 KM2 ( CM. pHC. 1). 311.ecb cocpe,u.oTO· 

t-IeHbl IT0lITH Bee H3BeCTHhie rei%sepb!. fei%sepbl, nyJihCHpy10w.11e· HCToqHHKH, 

rrapHmHe rpyHThl, H3MeHeHHhie rropOJl.hl C OTKpbITOH noBepxHOCTh!0 3aHHMa10·1 

06bJqHQ n JIOIIJ,a]l.H c TeMnepaTypaMH Ha rny6HHe 1 M 6oJiee 70°C. Ha IIJI0W.a­

JI;H, OKOHTypeHHOH H30TepMaMH 20°-70° C, BCTpeqalOTCH yqacTKH H3MeHeH• 

Hh!X rropo11. C ,PaCTHTeJibH0CTblO, K0TJihl, TenJihie H ropHlIHe HCT0lIHHKH, MeCTa-

MH yqacTKH H3MeHeHHblX rJIHHHCTh!X rropo,u. xapaKTepH3YlO,TCH HH3KHMH TeM• 

rrepaTypaMH noBepxH0CTH H, no-BH,ll.HM0MY, 5IBJIHIOTC51 CBH]l.eTeJI5IMH rrpOIII · 

.TI OH I'HJl.pOTepMaJibHOH 11.eHTeJibHOCTH. 

I1o XHMHqecKOMY C0CTaBy Bh!COK0TeMnepaTypHnie IIO]l.3eMHhie BOJl.bl (no 

,UaHHbIM onpo6oBaHH5I HCT0tlHHK0B H reii:sepoB) 0THOCHTC51 K THnHqHhIM XJI0 · 

PHJl.Hh!M HaTpHeBhIM TepMaM C MHHepaJIH3auHeH no 2,4 r/ JI , co CJia6ow.eJioq­

HOH peaKUHeH, c n0BhIIIIeHHhIM co11.epiKaH!-IeM KpeMHHeBOH (,u.o 4 70 Mr/ JI) · H 

6opHOH (11.p 150 Mr/JI) KHCJIOT (Ta6JI. 1). 
KpoMe o6_bJqHblX K0MnpHeHTOB B TepMaJibHblX HCTOlIHHKax H rei%3epax 

061-i:apyiKeHhl pe,U.KHe w.eJioqH (mnHji, py6H,LI.HH, ue3HH)' Mbllllh51K, cyphMa; 

30JI0TO, cepe6po, BHCMYT, CBHHeu, OJI0BO, UHHK; Me,LI.b, 6 a pHH. Co.n.ep:>Kamie 

Mbllllb5IKa (OT 0,4 Jl.0 1,7 Mr/JI) II03B0JIHeT OTHeCTH TepMaJihHble BO.LI.ht K 

MhllllbHKOBHCThlM (HsaHOB, HespaeB, 1964). I1o KOJIHllecTBy KpeMHeKHCJIO· 

Tb! (npH HOpMe 50 Mr/JI) 80,LI.hl reii:sepos KpeMHHCThie. no KJiaCCH(pHKaUHJ.I 

B. B. HBaHoBa (1964) rH,LI.pOTepMbl ,UoJIHHbl feii:sepos OTHOCHTC5I K a30THO· 

yr JieKHCJiblM XJIOpH,LI.HbIM HaTpHeBbIM KpeMHHCTbIM Mbllllb51KOBHCTblM BO,LI.aM. 

l13MeHeHHe COCTaBa BO.LI. CB5I3aHo C pa3HOH cTeneHblO HX pas6asJieHHH 

XOJIO,LI.Hb!MH 110,lI.3eMHhlMH BO,LI.aMH B npHIIOBepxHOCTHOH 30He, a TaKiKe CTe­

rreHblO ,n.enapHposaHH5l ropHqHx so11. Ha nytH ,n.BHiKeHHH K rrosepxttoCTH. re11-
sepb1 C HaH60Jiee KOHUeI-ITpHpOBaHI-IhlMH no MHHepaJI}1:3aUHH BO,lI.aMH H CO· 

,n.epiKaHHlO XJIOpa cocpe,n.OTOlleHbl B cpe,n.Heii: qacTH ,lI.OJIHHhl p. r eii:sepHOH. 

K HHM OTHOC5lTC5I reii:sephl f OpH30HTaJibHhIH, )KeMqy}KHbIH, BeJIHKaH H ,n.p. 

Bo,n.a C ITOHHiKeHHhIMH K0HUeHTpauHHMH XJIOpa H MHHepaJIH3au11ei% xapaK· 
- "u 

TepHa ,lI.JI5[ reH3epos KpaeBblX yqacTKOB pasrpy3KH TepMaJibH0ro KOMIIJieKca. 

I1pHMepoM MoryT CJIYiKHTh reHsepbI I1epseHeu, BypJI5lIIJ.HH, BopoTa s feii-
3epHy10. 

B npe,n.enax f eibepHoro TepMaJibHOro n0JI5I rrpOHCXO,lI.HT 0CHOBHaH pa3.· 

rpy3Ka Bb!COK0TeMnepaTypHbIX IIO,lI.3eMHbIX BOA, qTQ HarJI5I,lI.HO HJIJilOCTpHpy­

eT rH,lI.pOXHMHqecKHH 11 TeMnepaTypHbIH rrpocpHJIH p. f eft:sepHOH (pHC. 2) . 

I1pocpHJih npoJioiKeH BAOJih feft:sepHoro nOJI5l OT reibepa I1epseHeu ,n.o Toq­

KH .N'!! 30, JieiKaw.eft: s 600 M BhIIIIe no TeqeHHlO OT reffsepa ·BeJIHI~aH. Pa3-

rpy3Ka HaqHHaeTCH ew.e BbIIIIe, B 2 KM OT BeJIHKaHa, ,3acpHKCHpOBaHHa5I 

110 HaH60Jiee BbICOKopacrroJIOiKeHHbIM KHII5IW.HM HCTQqHHKaM C BO]l.OH XJIO· 

pH,1I.HO·HaTpHeBor9 'rHrra, O,lI.HaKO HHTeH0HBHOCTh ee HeBeJIHKa. 

Oco6eHHOCThlO pa3rpy3KH BbICOKOTeMrrepaTypHblX no,u.seMHblX B0,lI. 5!B· 

JIHeTcH noHBJieHHe Ha nosepxHOCTH reii:sepos, npe,u.cTaBJIHIOW.HX co6oii pas-
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PHC. 2. rHAPOXHMH'lleCI<Hii: H TeMIIepaTypHblH IlpOq>HJIH-p . reii:3epHOH B IIpeAeJiax rei13epHoro IIOJIR. CTBOpb! 'l!epe3 100 M . CTBOp 1 - y reH-
3epa IIepBeHe~ • 



 

HOBHAHOCTb napOBOAHHhIX "KHilHW.HX HCTOqHHKOB. DepepbIB B pa6oTe (B H3· 

Bep)Kemrn:), q-Tq OTJmqaeT reibepbI OT HCTOqHHKOB, CBH3aH C onepe)KalOW.HM • 

ABH)KeHHeM napa no KaHaJiy reir3epa H Hec6aJiaHcHpoBaHHhIM ndcTynJiemreM 

neperpeTOH BOAbl no cpaBHeHHIO C B03MO)KHOCTblO BbI6poca napoBOAHHOH 

CMeCH H3 Ka,HaJia 60JibIIIOro ceqeHHH (ABepheB, 1960, 1965, 1966), l1MeHHO 

o6pa30BaHHe KpynHbIX IlOJIOCTeH- B BepxHeH "qacTH TpeW.HHOBaThIX nopo.n. 

TepMaJibHor9 KOMnJieKC~ npH npoq0x ycJIOBHHX, , CBOHCTBeHHhlX rHAPOTep- • 

M8.JibHOH CHCTeMe, HBJIHeT_CH npHqHHOH cyw.ecTBOBaHHH refl:3epoB. HaH60Jib­

wee Hx 1lHCJIO cocpe.n,oToqeHo .Ha JJeBOM 6epery cpe,n;Hero TeqeHHH p. feft3ep ­

HOH. 3,n;ecb HaXO,IUITCH c3:Mble MOI.IJ.Hbie no CHJie H BbIC01e CTPYH, ,n;e60Ty H 

KpacoTE~ reibeph1. Do MHoroJieTHHM tta6JJIOAeHHHM reir3epbI xapaKTepH3YIOT­

CH QTHOCHTeJJbHO CTa6HJibHblM pe)KHMOM, HCnbITbIBaIOW.HM KpaT~OBpeMeHHOe 

BJIHHHHe rn.n.po'MeTeopoJJornqecKHx cpaKTopoB (Cyrpo6oBa·, 1982) . Hap.HAY 'c 
• reibepaMH Ha6JIIO,ll,aeTCH 60JJblllOe KOJJHqecTBO nyJJhCHpyIOW.HX HCToqHHKOB, 

}l.JIH KOTOpblX xapaKTepHo HenpepbIBHOe, C nyJibCaU,HHMH HCTe'leHHe BO,ll,bl H 

napa . 11Hor.n.a OTMe'laIOTCH_ B3aHMHhle nepexO.II,bl pe)lrnMa HCTOqHHKOB H3 

:eii3epHoro B, ny JJhCHpy10w.0i1 H Hao6opoT, . qTo o6ycJIOBJJeHo nepepacnpe.n.e­

JJeHHeM Bb!XO,ll,a ropH~eH B0,ll,bl. 

B BepxHeM TetieHHH peKH pacnoJIO)KeHo TepMaJibHOe noJie Bepxttereif-

3epHbIX napo~b!X CTpyi1. Otto. Ha.X.O,ll,HTCH B 5 KM_ Bblflle ycTbH Ha JieBOM CKJIQ­

He. XapaKTepHoH ero oco6eHHOcThIO HBJIHIOTCH MOI.IJ.Hhie CTPYH ttachIW.eHHO­

ro napa, KHII'HW.He HJIH rop.HqHe KOTJibl C KOHAeHcaTOM napa B CMeCH C no­

BepxHOCTHOH HJIH rpyHTOBOH BO.II.OH H OTCYTCTBHe KHilHW.HX HCTOqHHKOB H 

reH3ep oB .- 2ho noJJe B 3 pa3_a MeH.hllle OCHOBHOro rei13epHoro IlOJJH. 

B BepxOBbHX 6ac._ r eH3epHOH OTMeqaIOTCH TepMaJibHbie IlOJI-H KHXIlHHbl­

qa: fH,n,poTegMaJibHaH .n.eHTeJibHOCTb cocpe.n,oToqeHa 3,n;ecb, f'.JiaBHblM o6pa-

30M, B BepxOBbHX py%eB, creKaIOW.HX co CKJIOHa 3KCTPY3HH r. )KeJJTOH, qaCTH 

BYJIKaHH'lecKofi nocTpoHKH K0xrrHHhJ1rn. _XapaKTepHbIMH TepMorrpoHBJieHHH­

MH HBJI~JqTCH cocpe,n,oToqeHHbie H paccpe.n,oToqeHHble CTPYH HaCbII.IJ.eHHOrO 

rrapa H ra3a·, rrpeHMyw.e~TBeHHO yrJieKHCJioro, c 3aMeTHhlM co.n.ep)KaHHeM ce­

poBo,n,opo,n;a, rpH3eBhle KHITHW.1-ie KOTJihl, yqacTKH napHw.ero rpyHTa, cepooT­

JIO)KeHHH ( cepHbie 6yrpH), Il,JIOI.IJ.a,l],H H3MeHeHHblX AO rJIHH nopo,ll,. Ha6JIIO-

,ll,aIOTCH Bb!XO,ll,bl kHCJib!X cy Jibq>aTHblX TeilJihlX HCTOqHHKOB ' ( 18-54°C). . 

TaKHM o6pa30M, Ha6JIIO,ll,aeTCH 3aKOHOMepHoe H3MeHeHHe COBpeMeHHOH' 

ni,ll,pOTepMaJibHo"H .n.eHTeJibHOCTH OT rrapora30Bb!X CTpyir H KHCJiblX cyJibq>aT~ 

' HhIX BOA no,ll,HO)KbH BYJJKaHa K0xrrHHb1q, .11.0 xJJOpH.n,Ho-HaTpHeBhIX KHilHW.Hx 

HCTO'lHHKOB HH>KHeH qacTH 6ac. p. re03epHOH . . l130TOilHb!H COCTaB BO.n,opo.11.a 

H KHCJiopo.11.a (.n.eiiTepHH, -KHCJIOpo.11.-18) Te.pMaJibHblX BOA rro~a3bIBaeT, qTo 

Bee OHH HMeIOT HHq>HJibTpau,HOHHOe npOHCXO.>KJJ.eHHe 6e3 3aMeTHOH JJ.OJIH 

MarMaToreHHOH rrpHpO,ll,bl, yqacTHe KOTOpoir rrpe,ll,IlOJ]:araeTCH Ha OCHOBaHHH 

BblCOKOro _TeilJIOBoro IlOTeHI.I,HaJia rH,ll,pOTepM (ECHKOB H .n.p ., 1986) . . 

Do XHMH'leCKOMy COCTaBy BO,ll,bl HCTOqHHKOB, C IlOMOW.blO 'TaK Ha3hIBae, 

MhIX reoxHMHqecKHx reoTepMOMeTpoB, 6htJia orrpe.11.eJieHa • TeMrrepaTypa ro­

pHqeBO.U.HOH COCTaBJIHJOW.eH ( q>JIIOH.U.a)' paBHaH B cpe.11.HeM 250°C (MaKCH­

MaJibHaH 330°C), H IlOTOKa rHJJ.POTepM B o6JiaCTH CMeW.eHHH (180°C). 

ftt.u.poreOJIOrnqecKaH MO,ll,eJib rn.u.poTepMaJibHOH CHCTeMbl ,UoJIHHbl feii-

3epoB npe,ll,cTaBJJHeTcH cJieJJ.yIOW.HM o6pa3oM. Bocxo.11.HW.HH rroToK XJIOPHJJ.HO· 

HaTpHeBbIX BO~ C TeMrrepaTypOH 2q0-330°C, B cpOpMHpOBaHHH KOTOpblX rrpH· 

~HMaIOT yqacTHe HHq>HJibTpau,HOHHble B'O,ll,bl rJiy_6oKOH U.HPKYJIHU,HH, IlO,lI.HH­

MaeTCH OT o6JiacTH MarMaTHqecKoro oqara BYJIKaH1-1qecKoro MaCCHBa KHxnH­

Hb1q-)KeJITaH H, OXJia.>K,ll,aHCb a,ll,Ha6aTHqecKH 3a cqeT IlOTepH napa rrpH JI.BR· 

.>KeHHH K rrosepxHOCTH· H CMeIIIeHHH C XOJIO,lI.HbIMH IlO,lI.3eMHblMH BO,ll,aMH, .11.aeT 

HatiaJJo JiaTepaJJbHOMy rroToKy rHAPOTepM c • TeMrrepaTypou 180-190°G 

(pHc. 3). Pa36aBJieHHe ero npeCHblMH XOJIO,J.HbIMH IlOJJ.3eMHbIMH BO,ll,aMH H 

pa3HaH CTerreHb .11.enapHpOBaHHH rrpH ,ll,BH)KeHHH rn.11.poTepM K 30He pa3rpy3-

KH rrpHBO,ll,HT K na,ll.eHHIO TeMrrepaTypbl H K 60JJbllIHM pa3JIHqHHM KOHU,eHTpa­
ll,HH XJIOpa B BO,n:e reH3epoB· H HCTOqHHKOB .• 
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PHC. 3. rHApOreOJIOrffl.:IecRaH MOAeJib rett3epHOH rHAPOTepMaJibHOil: CHCT€MbI: 1 - ypoBeHb XOJIOA­
HbIX rpyHTOBbIX BOA; 2 - Ilbe30M€TPHtI€CKHtt ypoBeHl> HanOpHblX TepMaJibHbIX BOA; 3 - TepMaJib­
HbIH BOAOHOCHblH ROMilJieKc; 4 - HanpaBJieHHe ABHJKeHHH XOJIOAHbIX HHq>HJibTpa~HOHHblX BOA; 
5 - HanpaBJieHHe ABHJKeHHH TepMaJibHblX BOA; 6 - ABHJKeHHe napa H ra3a; 7 - BOCXOAHI.I.\HH ,no­
TOR rHAPOTepM; 8 - H30TepMbl (°C); 9 - reil:3epbI; 10 - rpH3eBbie H BOAHbie ROTJibI; 11 - napOBbie 
CTpyH; 12 - HHCXOAHIIJ,He XOJIOAHbie HCTOqHHRH; 13 - OTHOCHTeJibHO BOAOYilOpHbie OTJIOJKeHHH 



 

 

 

 

 

 

 

 

 

 

Do MHOrOJieTHHM H3MepeHH.HM o6ma.H BeJIHqHHa pa3rpy3KH BbICOKOTe 1-

nepaTypHbIX BO..U. (180°C) COCTaBJI.HeT 250-300 JI/c, B TOM qHc.1e BH,llnia5I 

pa3rpy3Ka OKOJIO 100 JI/c. 3To caMbifl KpynHbIH Ha KaMqaTKe BbIHOC BblCO­

KOTeMnepaTypHOH 80,ll,bl Ha noaepxHOCTb. Ero MO>KHO 060.HCHHTb TeM, lffO 

peKa ,n:peHHpyeT repMaJibHblH 80,ll,OHOCHblH KOMnJieKC, . r Jiy6oKo ape3a5ICb (,a.a 

600 M) OTHOCHTeJibHO OKpyMaIOllJ.HX ,ll,OJIHHY B03BbillieHHOCTeiL PeKa fefl:3ep ­

Ha5I, npOTHHyarna.HC.H no JIHHHH pa3JIOMOB CB npOCTHpaHH.H H ,n:yroBbIX rpe­

IlI.HH, pa3BHTbIX no BOCTOqHoMy o6paMJieHHIO Y30H-fefl:3epHOH ,n:enpecc1m, 

npope3aeT TOJillJ.H nopo,u, 3aJiera10m.Hx 3,n:ecb, H acKpbrnaer aepxHIOIO tJaCTb 

rn,upoTepM3JibHOH CHCTeMbI OT 30Hbl BOCXO,ll,5IllJ.ero nOTOKa ,n:o 30Hbl pa3rpy3-

KH JiaTepaJibHOro TIOTOKa rli,UpOTepM. 5Jiaro,uap.H r Jiy6oKOMy ,upeHHpoaaHHIO 

acex BO,UOHOCHbIX KOMITJieKCOB, H36JIIO,LI,aeTC.H pa3H006pa3He TepMo- H 80,ll,O ­

npoHBJieHHH, TaKHX KaK XOJIO,ll,Hb!H HCTOlJHHK (JlaBOBbIH) c pacxo,UOM 6oJiee 

100 JI/ c, reibepbl H KHn.Hm.He HCTQqHHKH H ra3HpyIOm.He XOJIO:II.Hbie crpyH y 

no,UHO?l(b5I BYJIKaHa KttxnHHbllL 

HraK, reoMop¢oJiorHqecKHe oco6eHHOcTH f efl:3epttoft ri,1,uporep-

MaJibHOH CHCTeMbI, o6ycJIOBHBWHe BCKpblTHe aepxHeft ee qaCTH ,rJiy6oKHM 

ape30M p. f ei'13epHOH, .HBHJIHCb npHqHHOH yHHKaJibHOH no cpopMe npOHBJie­
HH5I coapeMeHHOH rn,n:porepMaJibHOH ,n:e.HTeJihHOCTH. 
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PHC. 3. rH.o.poreoJIOrH'IeCKaff MOJ).eJib re:l:t3epHoi-i rHAPOTepMaJibHO:i:t CHCTeMbI: 1-ypoBeHb XOJIOA­
HbIX rpyHTOBbIX BOA; 2 - Ilbe30MeTpH'IeCKHA ypoBeH:t, HanopBbIX repM8JlbHbIX BOA; 3 - TepMaJib· 
Hbli-i BOJ).OHOCHbli,i KOMilJieKc; 4 - HanpaBJieHHe JJ.BH>KeHHff XOJIOAHbIX HH<pHJibTpal.\HOHHbIX BOA; 
5 - HanpaBJieHHe ABH>KeHHff TepMaJibHbIX BOA; 6 - ABH>KeHHe napa H ra3a; 7 - BOCXOASU.I.J.Hi-i mo­
TOK rHAPOTepM; 8 - H30TepMbI (°C); 9 - re:i:t3epbr; 10 - rps13eBbie H BOJ).Hbie }(OTJibI; 11 - napOBbJe 
CTpy H; 12 - HHCXOJ)..HI.I.J.He XOJIOJJ.Hble HCTO'IHHHH; 13 - OTHOCHTeJibHO BOJJ.OynopHble OTJIO>KeHHff 



 

 

no MHOfOJieTHHM H3MepeHHHM o6maH BeJIHqHHa pa3rpy3KH BblCOKOie -

nepaTypHbIX BO,LI. (180°C) COCTaBJIHeT 250-300 JI/C, B TOM qHc.1e BH..llniaH 

pasrpysKa OKOJIO 100 JI/C. 3To caMhifi: KpynHhIH Ha KaMqaTKe BhlHOC BhlCO· 

KOTeMnepaTypHOH BO.LI.bl Ila noaepxHOCTb. Ero MOMHO o6'bHCHHTb TeM, llTO 

peKa JI.peHHpyeT repMaJibHblH BO)l.OHOCHblH KOMTIJieKC,. rny6oKo ape3a51Cb (.uo 

600 M) OTHOCHTeJibHO OKpyJKaIOm.Hx ,ll.OJIHHY B03BbillleHHOCTeii. PeKa feiisep ­

HaH, npOTHHYBlllaHCH no JIHHHH pa3JIOMOB CB npOCTHpaHHH H ,nyroBblX Tpe­

llJ.HH, pasBHThIX no aocToqHoMy o6paMJiemno YsoH-feiisepttoii ,nenpecc1m, 

npopesaeT TOJillJ.H nopo,n, 3aJieraIOIJ..I.HX 3,ll.eCb, H BCKphIBaeT aepxHIOIO lJaCTb 

rn,npoTepMaJibHOH CHCTeMbl OT 3OHbl BOCXOJI.HIJ..I.ero nOTOKa )l.O 3OHhl pasrpys­

KH JiaTepaJibHOrO noTOKa rH.n.poTepM. 5Jiaro,II.apH rny6oKOMy JI.peHHpOBaHHIO 

Bcex B0,ll.OHOCHbIX KOMnJieKCOB, tta6JIIO,ll.aeTCH pa3H006pa3He TepMO· H B0.U.0-

npoHBJieHHH, T3KHX KaK XOJIO,ll.Hb!H HCTOqHHK (JlaBOBbIH) C pacxo.noM 6oJiee 

100 JI/c, reiisephl H KHn5l.ID.He HCTOqHHKH H ra3HpyIOID.He XOJIO,ll.Hble CTPYH y 

no,nHOJKb5l. BYJIKaHa KHxnHHbilf. 

HTaK, reoMopq>oJiorttqecKHe oco6ettHocTH r eiisepttoH rn.n.poTep-

MaJibHOH CHCTeMhl, o6ycJIOBHBlllHe BCKpblTHe BepxHeft ee qacTH -rJiy6oKHM 

Bpe3OM p. f eiisepHOH, 51B HJIHCb npHqHHOH YHHKaJibHOH no ¢op Me npO5IBJie­
HH51 coapeMeHHOH rn,npoTepMaJibHOH ,neHTeJibHOCTH. 
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