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3a KpHoreHHbIH Tepuoa (moceaare 3,1 MITH JieT) Ha OTPOMHOM ITUPKYMIOJISPHON miomaan Poccun
reoTepMUYeCcKUe U THIPOreoJIorndeckye yCI0BU B He/[paX Ie0I0MMYeCKUX CTPYKTYP CYIIeCTBEHHO U3MEHUIUCD.
B Henpax cTpyKTyp B pe3yJibTaTe MHOTOJIETHETO TPOMEP3aHHs TIOPOJL c(hOPMIPOBATICH MOIITHBIE HI3KOTEeMIIe-
paTypHble KPUOTeHHbIE BOZOYTTOPbl. OHU CHIIBHO H3MEHUJIN YCJIOBHSI BOLOOOMEHA, THPOXMMITYECKYTO 30HAb-
HOCTH ¥ €MKOCTh IM[POTEOJIOTHYECKUX CTPYKTYP. Ha ocHOBE COBpEMEHHBIX HAyYHBIX pazpaboTok B 06aacTi
THJIPOTE€0JIOTUN U TEOKPUOJIOTUU B CTAaThe II0Ka3aHO OTPOMHOE, HO KpaiiHe HepaBHOMEPHOe BO BPEMEHU U B
HPOCTPAHCTBE BJIUSHHE POIIECCA KPHOTEHHOTO MeTaMopdu3Ma opoj Ha peoOpasoBaHite I'HAPOre0J0rnuecKinx
YCJIOBUIA B HE/IPAX MMPOTe0JIOTMYECKUX CTPYKTYD, PACIIOI0KEHHbBIX B Pa3HbIX FeOKpUOJIornyeckux 3oHax. [Ipu
paspaboTKe Kiaccu(DUKAINK TTOA3EMHBIX BOJl KPHOTEHHON 061aCTH aBTOP NCXO/NT M3 TOJIOKEHUS, YTO Te0JI0-
rUYecKue CTPYKTYPDL U CKOILIEHUSA OCHOBHBIX TUIIOB IIOA3EMHBIX BOZ B HIX C(hOPMUPOBAJIMCD [0 Hayasla KPUo-
TeHHOTO TIeprozia. Ha mpoTsskeHr KpHOTEHHOTO Nepro/ia Mo/I3eMHbIe BOJBI OKa3bIBAJIM aKTHBHOE TEIIJIOBOE
COIIPOTUBJICHUE MHOTOJIETHEMY IIPOMeP3atulo opoA. MIMenno 11ostomy B 0CHOBY KiaccuUKALUY [10JI0KEHA
BOJIOIIPOHUIIAEMOCTD IOPOJL — UX BaskHeHIad ¢ TUAPOre0JIOrMYeCKUX TTO3UIUI XapaKTePUCTHKA.

IIodsemmvie 600bL, KpuoOZenas 06AACTL, KPUOMEMAMOPPUUECKUL YUK, MOUSHOCTID U NPEPLIBUCTIOCTTD KPUO-
2en1020 6000YNOPa, KIACCUPUKAUUL

UNDERGROUND WATERS OF CRYOGENIC AREA OF RUSSIA
(CLASSIFICATION)

S.M. Fotiev
FEarth Cryosphere Institute, SB RAS, 625000, Tyumen, P/O box 1230, Russia; kriozem@gmail.com

During the cryogenic period (the last 3.1 million years) the geothermal and hydrogeological conditions
inside the geological structures have essentially changed all over the vast circumpolar area of Russia. As a result
of perennial freezing of rocks, thick low-temperature cryogenic aquicludes formed inside the structures. They
had considerably changed the conditions of water-exchange, the hydrochemical zonality and the capacity of
hydrogeological structures. Based on the contemporary scientific researches in the fields of hydrogeology and
geocryology, the enormous but utterly irregular (in time and space) influence of the process of cryogenic
metamorphism of rocks on the transformation of the hydrogeological conditions inside the hydrogeological
structures situated in various geocryological zones has been revealed. Elaborating the classification of the
underground waters of cryogenic area, the author proceeded from the assumption that the geological structures
and the accumulation of the main types of the underground waters inside them had formed before the beginning
of the eryogenic period. During the cryogenic period the underground waters had maintained the active thermal
resistance to the perennial freezing of rocks. Therefore, the classification of the underground waters of the
cryogenic area has been founded on the key hydrogeological feature of the rocks — their water-permeability.

Underground waters, cryogenic area, cryometamorphic cycle, thickness and discontinuity of the cryogenic
aquiclude, classification
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Wsyuenuem ycaoBuit (hOpMUPOBAHUS [TOI3EM-
HBIX BOJI 3¢ MHOU KOPBI 3aHUMAJICST OOJIBIION KOJIIEK-
TUB POCCUUCKUX U 3apyOEsKHBIX THAPOTEONOT0B. VMU
paspaboTaHbl PasIMyHbIe KIacCu(GUKAIIH, TTOAPO6-
HBII 0030p KOTOPHIX BBIMOJHEH A.A. MakKaBeeBbIM

© C.M. Dortues, 2013

[79671] u B.M. MakcumoBsbim [ 1987]. Knaccuduka-
U ITOA3EMHBIX BO/] ITOCTPOEHDI 110 OJTHOMY MJIN HE-
CKOJIbKUM ToKazaTessiM. Obmue kiraccuuranum
pazpabaThIBAINCH MO HECKOJIBKUM MTPU3HAKAM: TIPO-
HCXOJKIEHNUE, YCIOBUS 3aJIeTaHs, PESKUM JBYIKEHUS,
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TU/IpaBJIMYecKre CBOMCTBA, Temmneparypa 1 ap. Jact-
Hble KJIacc(pUKAIII pazpaboTaHbl IO OJHOMY MPHU-
3HaKYy, HAIIpUMEP: XUMUYECKUI cOCTaB, MUHEpaJIn3a-
114, TeMIlepaTypa u T. /.

OcHOBHOE BHUMAHUE B CTAThE YEICHO OTPOM-
HOMY, HO KpaliHe HepaBHOMEPHOMY BO BPEMEHU H
[IPOCTPAHCTBE BIAUSHUIO IIpollecca KPUOTEeHHOTO Me-
TaMopdusMa mopo/| Ha mpeodpazoBaHue rUPOTeoJI0-
TMYECKUX YCIOBUH B Helpax Pa3jUyHbIX CTPYKTYP,
PaCITOJIOKEHHBIX B PA3HBIX TEOKPUOJIOTUUECKUX 30-
Hax. Omupasch Ha MHOTOJIETHIE HAyYHbIe Pa3paboT-
KU TU/IPOTEOJIOTOB U TCOKPUOJIOTOB U YYUTBIBA4 I1pe-
UMYyIlecTBa U HEJJOCTAaTKM MHOTOYMCJIEHHBIX KJac-
cuukanmii, aBTop npeasaraeT HOBBIN BapuaHT
KJ1accuUKAIMK OJA3€MHBIX BOJI B TH/[POI€0JIOTHYEC-
KUX CTPYKTYpPaX, PacloyOKeHHBIX Ha TEPPUTOPUHA
kpuorennoii obaactu (KO)! Poccuu — obnactu pac-
npocrpanenus kpuorennbix Tomm (KT)? u kproren-
ubIx Bogoynopos (KB)?.

OBINIHWE CBEAEHUA
O IMMOA3EMHBIX BOJAX B HEJIPAX
ITNAPOTEOJOTNYECKUX CTPYKTYP

OcHoBHbIE TUIIBI TOA3E€MHBIX BOJI. [lo/13eMHbIE
BOJIBI B ITOPO/IaX 3eMHOI KOPBI BCTPEUYAIOTCS TIPAKTH-
YeCKH MOBCEMECTHO. VX CKOTLIEHNST OTMEUYEHbBI B pPa3-
HBIX T€0JIOTO-TEKTOHUYECKUX YCJIOBUIX U B PA3JINy-
HBIX KIMMaTH4YecKnuX 30HaX. Ha ycimosus opmupo-
BaHUS W PacIpoOCTPaHeHNe CKOIJIEHUN Pa3HbIX 10
reHe31Cy MOA3eMHBIX BOJ OKasblBaeT BIUsHUE OOJIb-
1I10€ KOJIMYECTBO MPUPOAHBIX (PAKTOPOB, YTO B 3HAUM-
TeJIbHOU CTeTIeH! yCJIO0KHSIeT CO3/[aHne e[MHON KJac-
cuuKaIum.

OjHa 13 TepBBIX KIaccuuKaIuil mo3eMHBIX
Bo 6b11a coctasiena C.H. Hukntunsivm u H.D. Ior-
peboBbiM erie B 1895 r. B Heil BriepBbie BbIAEIEHO [Ba
OCHOBHBIX THTIA TIOJI3EMHBIX BOJl — TPYHTOBBIE U apTe-
suanckue. [TosaHee ObLIO IPEIIOKEHO MHOTO KJIac-
cuduranuii mogzeMubix Bogt. OqHako B HacTosLiee
BpeMs 9TH KJacCU(PUKAIUA UMEIOT TOJTbKO NUCTOPH-
YeCKNUH mHTepec.

@.II. CaBapenckuii [ 7939] no pexxnmy noaseM-
HBIX BOJI U YCJIOBUSM UX (DOPMUPOBAHUS TTPE/TIOKIIT
BBIJIEJISATH TISTh TUIIOB MTOJI3€MHbBIX BOJI: BEPXOBO/IKA,
IPYHTOBBIE, KADCTOBbIE, aPTE3UAHCKNE U KUTbHBIE
(TpernuHHbIe) BOzbl. Kask/blil TUTT 0XapaKTepru30BaH
no esatu nokasartensam (tabu. 1). Knaccudukanms
@.I1. CaBapeHCKOTO MHOTHE TOJIBI IUPOKO UCITOJIb-
30Bajach TUPOTEOJIOTAMU KaK B MPAKTUYECKUX TIe-
JISX TIPU U3YUYEHUHU MTO/I3EMHBIX BOJI B PA3JIMYHbBIX pe-
ruoHax Poccuu, Tak v TeOpETUYECKU MIPU COCTABJIE-
HuH ux Kiaaccupuranuit. Oco6eHHOCTH MOI3EMHBIX

BOJI B rujiporeoJiorndeckux crpykrypax KO B kiac-
cudpuramnun @.I1. CaBapeHCKOro He YYUTHIBAJIKCD,
TaK Kak CBEJEHUs O HUX ObLIN BeChMa OrPaHMYECHHBI.

AM. OunnHUKOB B yueOHUKe “O0I11ast TUIpo-
reosiorud” [ 1955] npennoxun “Cxemy mnojpasjese-
HUS TIOZI3EMHBIX BOJL TI0 YCJIOBUAM 3asieranust”. B Heit
BBIZICTICHO TPU THUIIA: BEPXOBO/IKA, TPYHTOBBIE U ap-
Te3MaHCKUEe BO/bI, & B KaXK/[OM THUIIE 110 YeTblpe T10/I-
TUTIA: TIOPOBBIE, TPENUHHBIE, BOBI PAlOHOB “BEUHON
MEP3JI0ThI” ¥ BOJIBI MOJIOZIOTO ByJikaun3Ma. B.M. Maxk-
cuMoB [ 1987] 110 TPOUCXOKIEHUIO [N [TO/[3EMHbIE
BOJIBI HA TISITHh BUOB: NH(MUIBTPAIIMOHHBIE, KOHICH-
CallMOHHbBIE, CEIMMEHTAIIMOHHbBIE, OPTAHNYECKOTO
[IPOUCXOKICHUS U I0BEHUJIbHBIE, A 110 YCJIOBUAM 3a-
JIETAHUS W XapaKTepy BMEIANINX BOLY MMOPOJ — Ha
YeThIpe BU/IA: TIOPOBbIE, TIJIACTOBBIC, TPEIIUHHbBIC U
TpenuHHO-kuabHble. CorjlacHo Kiaaccuduraiuu
N.K. 3aiinesa [ 1974], nozeMubIe BO/IBI IO XapaKTePy
CKOILJIEHUS, a CJI€ZI0BATEIbHO, U 10 KOJJIEKTOPCKIM
CBOICTBAM IOPOJL IeJIATCA Ha I1JIACTOBbIE (II0POBO-
[JIACTOBBIE, TPENUHHO-TIJIACTOBBIE U KAPCTOBO-TIJIAC-
TOBBIE) W TPENIUHHO-KUJIbHBIE (PETUOHAIBHO-TPE-
HIMHHbBIE U JIOKQJIbHO-Tpetunubie). Ilo Tunam ckor-
JIEHUS TIO/I3EMHBIX BOJL U 110 TIPOHUTIAEMOCTHU MTOPOJI
O.H. Toacruxut | 19846] BbiessieT: IIaCTOBbIE BO-
JIbl — € TIOPOBO, TPEIIMHHON WU KapCTOBOM MIPOHU-
1[aeMOCTbHIO; TPENUHHBIE U TJIACTOBO-TPEIMHHEBIE,
BOJIOTIPOHUIIAEMOCTD KOTOPBIX MPEIOTPe/IesaeTCs
XapaKkTepoOM 30HbI PETHOHAJIbHON TPENMHOBATOCTH;
KapCTOBBIE — C MJIACTOBOW MJIN TPEIMHHON TPOHUTIA-
€MOCTBIO; JKUJIbHbIE — C TPEIIMHHON NJIN KapCTOBOU
[IPOHHUIIaeMOCTBIO. V3 npuBeieHHbIX TPUMEPOB BU/I-
HO, YTO TUIPOTEOJIOTHIECKAst TEPMUHOJIOTHS JI0 Ha-
CTOSITIIETO BPEMEHH €llle OKOHYATEHLHO He pa3padoTa-
Ha, & IPUHIUIIBL BbIIeJIEHNS M HA3BaHUS TUIIOB (BU-
JIOB) TIOZI3EMHBIX BOJI Y UCCJIEIOBATENIeH pa3HbIe.

B ocHoBy Kiaccuukaimy aBpropa moJioskeHa Bo-
JIOTIPOHUIIAEMOCTD TIOPOJI — X OCHOBHAS € TH/IPOTe0-
JIOTMYECKUX TO3WINI XapaKTepucTuka. Beanunna
BOJIOITPOHUITAEMOCTHU MTOPOJI, KaK U3BECTHO, BO MHO-
TOM 3aBUCUT OT pazMepa 1op, TPELIMH U APYTUX I1yc-
TOT. VIMEHHO TT09TOMY B 3aBUCHMOCTH OT BOJIOTIPOHHU-
[[AEMOCTHU TOPOJL, OT UX CHOCOOHOCTH MPOIYCKAThH
BOJ/Iy Yepes3 MOPbI, TPEIIUHbl 1 KaPCTOBbIE IIYCTOTHI
MpejTaraeTcsl pa3jandaTh YeThIpe TUIA TTO3EMHbIX
BOJI: TOPOBBIE, TPENTUHHBIE, KAPCTOBBIE U PA3JIOMHBIC
(>KUJTbHBIE).

1-i1 Tun. IToposwie 600bL 3a/1€TAIOT B PA3JIMYHBIX
110 TPAHYJIOMETPUU, MUHEPATOTHYECKOMY COCTABY M
reHe3ucy, HeCIeMEeHTUPOBAHHBIX UJIH CJ1aboCIieMeH-
TUPOBAHHBIX MOPojaX. BomoobMeH ocyIiecTBsIeTcst
o mopam 1mopoz. 1o ycioBusiM 3ameranmsi, pexkumy u

I Kpuorennag 061acTh — 061aCTh PacipocTpaHeHss KPUOTEHHBIX TIOPOJL C OTPUIIATETLHOM TeMIIEPaTypoii.

2 Kpuorennas ToJI1a — TOJIIIA HOPOJL ¢ OTPUIIATEJILHOIT TeMIIepaTypoii.

3 KpuoreHHsblii BOZOYIIOP — MHOTOJIETHEMEP3JIble HOPO/bl, TPELIMHbI U IIOPbI KOTOPbIX 3aI0JIHEHbI JIbIOM.

4B 1917 . — PA. Jlenn, 1921 1. — E.A. Maprenn, 1923 1. — O.E. Meiinnenn, 1928 . — A.M. JKupmynckmii, A.A. Kosbipes,
1928 r. — B.JI. JIuukos, 1931 r. — O.K. Jlanre, 1935 r. — H.H. CiaBsnos | Maxxasees, 1961].
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XuMnyeckas
XapaKTepPUCTHKA
IIpecHbie, mecta-
MM 32COJICHHBIE
ITpecuble, 06bIY-

HO JKEeCTKUE

HO/I3EMHBIE BO/IbI KPUOTEHHOH OBJIACTH POCCUU

TUPABINYCCKUM CBOMCTBAM BBIJICJIEHO JIBA BUIA —
TPYHTOBBIE U apTE3NAHCKIE BOABI. [pynmogoie 600bL
3aJIeraloT B IIEPBOM OT IIOBEPXHOCTH BOZIOHOCHOM T'O-
puzonTe. OHM UMEIOT CBOGOIHYIO TTOBEPXHOCTD, HO
UHOTIa TPHOOPETAIOT Ce30HHbIH HATIOP. Apmesuar-
cKkue 8600blL 3aT€TAI0T Ha 3HAYNTENHHON TIyOmHe OT

[IpecHbre u Mmu-
HEePaI30BaHHbIE

IIpecuble, unoraa
MUHEPAJIN30BaH-
Hble

Teoxummyeckas
30Ha
30Ha BhIIEIA-
YUBAHUA U MeC-
TaMHU 3aCOJIeHU
3o0Ha BhIIEIA-
YUBAHUA

MTOBEPXHOCTU B BOJJOHOCHBIX TOPU3OHTAX, TTOKPBITHIX
BOJIOYTIOPHOI KPOBJIEI, UMEIOT HAITOP.

2-i1 tun. Tpewunnvie 6006l 3a/1€raioT U HUPKY-
JINPYIOT 110 TPEUINHAM PA3JIMYHOTO reHe3nca B Mar-
MaTHYeCcKUX, MeTaMopPUIecKnX U CUITbHOMETaMOP-
(bu30BaHHBIX OCAZOYHBIX IOPoLaX. Bogoobmen ocy-

30Ha BbIIIe-
JlaunBaHud U
LleMEeHTalUK
3oHa 1ieMeHTa-
un

Temmeparypa
ITomaBepskena
CE30HHBIM
KkoJIe6aHuAM
TOSIHHAS

[IECTBJISIETCSI TI0 CHCTEME COOOIIAOTIUXCST TPETIITH,
[To ycimoBusiM 3ajieranusi, PEsKUMY U THAPABINIEC-
KHM CBOHCTBaM BBIJIEJICHO /IBa BU/Ia — TPYHTOBbBIE U
apre3raHCKue BOIbI.

3-it Tun. Kapcmogoie 60061 3a1€TaioT U IUPKYJIH-

¢s1 ¢ rryOuHOI
To xe

ITosblmatomnas-

Kimmarnuec-
Kasl 30HaJIb-
HOCTb
WuTepaso-
HaJIbHbIE
30HaJIbHbBIE
Asonanpubie |O6BIUHO HeloC-

PYIOT 0 KAPCTOBBIM MOJIOCTSIM, KaHAIaM HJIH TYCTO-
TaM B Pa3JIMYHbBIX 110 COCTABY U '€HE3HCY PaCTBOPH-
MBIX [OpPO/Iax (M3BECTHSIK, THIIC U 1P.). Bogoobmen
OCYIIIECTBIISIETCSI 110 CETH COOOIIAIONIIXCS MEXKITY CO-
601 KAPCTOBBIX MYCTOT.

>
»

Teosiornueckue
YCJIOBUST
3aJ1eraHus
IToBepXHOCTHBIE
o6pasoBaHus
[ToBepxHOCTHBIE
OTJIOJKEHUST 1 BEPX-
HUE CJIOM KOPBI
BbIBETPUBAHUS
M3BecTHsKH,
JOJIOMUTBI U IPyTHE
BblIIEIauBaeMble

4-it tun. Pasnommvie (cunvioie) 600l TOKAIBHO
3aJIeraioT U IUPKYJIUPYIOT MO TPENUHAM BIOJIb MO-
JIOJTBIX U OMOJIOSKEHHBIX TEKTOHUYECKHUX PA3TIOMOB.
BomoobMeH 0CyTecTBIASETCS TT0 OTKPBITHIM (MHOTIA
3VSTIONINM ) TPETITITHAM.

Tuaporeosnoruyeckue cTpykrypsl. [uaporeoso-
rmdeckoe palloHMpPOBaHME — Pe3yJbTaT HayIHOTO

TTOPOJIBI
CTpyKTYypbl
0CaIOYHBIX TOPOJT
(bacceiinbr)
ITpenMyIiiecTBEHHO
KOU TpermuHoBa-
TOCTHU

[Iponcxosx-
JleHue
Bayosubie
»

0060011eHNs PErMOHATBHBIX CBEACHUI O TOA3EMHBIX
Bojax. PalloHupoBaHue OTpakaeT 3aKOHOMEPHOCTH
bopMHUpPOBaHUA U OCOOEHHOCTH PACIPOCTPAHEHMS
MOA3EMHBIX BOZ B HeJpaX T€OJOTNIECKUX CTPYKTYP.
B xauecTBe OCHOBHOM €TMHUIIBI THAPOTCOJOTHIECKO-

>
Bajosubie

Knaccudukanus nonsemusix Boj [ Casapencruii, 1939]
XapakTrep
JIBUKEHUST
IIOTOKa
JlamMuHapHBIIT
IIpenmymmecTBen-
HO JIaMWHapPHbIN

ro parionupoBanus ' H. Kamenckwnii, M.M. Tosctnu-
xuna, H.W. Tonctuxun [ 1959] npunsiiu rugporeoso-
TUYECKYIO CTPYKTYPY, B KOTOPOII TI0I3MHbIE BOJIBI 110
yCJIOBHSM (DOPMUPOBAHNS CBSI3AHBI B €INHYIO CHCTE-
My ¥ 3aKOHOMEPHO pacripefiesieHbl. B kauecTse oc-

HOBHBIX X THUIIOB BbIJI€JIEHbI aDTE3NaHCKNE CTPYKTY -
5

OPOJIax
[Ipeumyecrsen-

Jlamunapublii B
U TypOYJIEHTHBI

XapakTep
Hatopa
Hucxopsimme,
HEHATTOPHBIE
Hucxopsmme,
HEHANOPHbIE,
MHOTI/IA ¢ MECTHBIM
HATIOPOM

PBI U TU/IPOTEOJIOTUYECKIE MACCUBBI”.

Apmesuanckue cmpyxkmypul TPUYPOUEHBI K BIIa-
JUHAM Ha raaTdopMax, MeKTOPHBIM BIIaJMHAM W
npearopabiM nporudaM. OHu 06BIYHO UMEIOT ABYXb-
sgpycHoe cTpoenue. Bepxuuii sspyc (4exoJsi CTPyKTY-
PBI) CJTOKEH OCAJIOYHBIMU TTOPOJAMHU, BOJIOHOCHBIE
TOPU3OHTBI KOTOPBIX UEPEAYIOTCS C BOJOYTTOPHBIMU

Ta30BbIN

TUYECKUU NJIN

KU UJIN Ta30BBIN | B TPEMMHOBATBIX

Bocxonsimme,
HATIOPHBIE, HATIOP | PBIXJIBIX TOPOIAX
Bocxonsime,

UIPOCTaTUYeC-
HAIMOP TUAPOCTA- | HO TYPOYJIEHTHBIN | IOBEHUJIbHBIE | 30HbI TEKTOHIYEC-

HUS U Pacipo-
CcTpaHeHne
CoBraiaror

(BOzBI, O/IMBKITE

K TTOBEPXHOCTH )

OO6BIYHO COB-
mazfaoT (BObI
HermyboKme)

O6acTb nura-
Bamskue (Boapl |O6bIuHO HuCX0/s-| [IpermytiecTBeH-

[PEUMYIIECTBEH- | 1K€, HeHATIOPHbIE | HO TYPOYJIEHTHDIN

HO Herry6oKe)

mractamu. Huskauii spyc (byHaaMeHT CTPYKTYPbI)
CJI0’KEH MarMaTu4eCKUMU U MeTaMOPPUIECKUMA
mopozsamu. Hamop moa3eMHBIX BOJI — XapaKTepHas
0COOEHHOCTH apTe3NaAHCKUX cTPyKTyp. Ilo cocraBy
BOJIOBMEIIAIONIUX MTOPO/] U IO TUITY CKOILJIEHUIT MO/
3eMHBIX BOJI Pa3JIMUAIOT: apTe3NAHCKUE U a/[apTe3u-

He cosniagator
(BOIBI TIpENMY-
IECTBEHHO TJIy-

6okne)

Tun BosbI

Tab6auma 1.
ITouBeHHbIE,
6OJIOTHBIE,
KapcroBbie

BEPXOBOJIKA
IpynTosbie

aHckue OGacceitubl. Apmesuanckue 6accetinot (AB) —

5 Panee B.M. ITonomapes [71959] Bbigenun asa Tuna
TUAPOTEOJOTHYECKUX CTPYKTYP: apTe3uanckue 6acceiHbr i
TU/IPOTEOJIOTHIECKIE CKIIAIaThIe 00IACTH.

Apre3uan-
CKHe
JKunbHbIE
(TpenuHHbIE)
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1I0/I3EMHDBIE BO/Ibl KPUOI'EHHOH ObJIACTH POCCHUH

6ocobeHne
25 AO u 50

(Boimesienue) Ab u I'M, a rakxke AO u 'CO B Hacro-

JAniee BpeMd IMIHUPOKO IMPUMEHAETCA TU/IPOTeoJIoraMn

)

C MOITHOCTBIO 30HBI PETUOHAJbHOUN TPEIIMHOBATOCTN

(TpeH_II/IHOBaTOI‘/JI KOPBI BBIBETPUBAaHMA KOPEHHBIX I10-

POTEOJIOTNYECKUX YCJTIOBUN B TIpEaeIax

HaYa/JIbHOH CJIOUCTOCTHIO U JIMTOJOIMYECKIM COCTABOM 11opo/a

|Baiiyes, 1974].

KPUOMETAMOPO®UYECKUU ITNKJI
®OPMUPOBAHUA ITOA3EMHbBIX BO/|

KOM PallOHUPOBAHUU U KAPTUPOBAHUM O

Tudpozeonozuueckue maccusvl (I'M) npuypodeHbI
K BBICTYTIAM CKJIa[4aToro (hyHaMeHTa Ha raargop-
MaX WJIM K TOPHBIM COOPYKEHUSIM B TH[POTEOJIOTH-
Tudpozeonozuuecxkue aomaccusvr (faM) oTinya-
forcst o I'M He TOJIBKO COCTaBOM CJIATAIOINX UX I10-
poz (OHU CJIOJKEHBI CUIbHOMETaMOP(MU30BAHHBIMU
0Ca/IOYHBIMU U BYJIKAHOT€HHBIMH TIOPOJIaMU, COXPa-
Apresuanckue CTPyKTYPbl UM THIPOTEOJIOr -
YECKHME MACCUBBI, 00hEIMHEHHBIE CXOHOCTHIO TE0I0-
CKUE U THIPOTEOJOrHYecKre CKIauaToie 061acTu
K Havany 4eTBepTHUYHOTO 1epro/ia Ha TEPPUTO-
puu Poccun m CMeXHBIX TEPPUTOPUAX B IIpeesax
1aT(OPMEHHBIX TIJIUT, B TOPHBIX COOPY/KCHUSAX W
6 B CI/IJH)HOMeTaMOP(bI/I3OBaHHI)IX OCa/IOYHBIX ITOpO/IaX,
caaraonux aAb u [aM, aBuskenue 1o3eMHBIX BOJ| IIPOUC-

(AO u I'CO). [Ipu pernoHaIbHOM THIPOTEOTIOTUYEC-
1974; @omues, 1978, 20096; Torcmuxun, 19846

(puc. 1).
MIPUJIETAIONUX aKBATOPUIX YKe c(hOPMHUPOBAIUCH

ckux Boal. Adapmesuarnckue baccetinvt (aAB) — cTpyK-
TYPBbI, BBITIOJHEHHbIE CUITBHOMETaMOP(HOU30BAHHBIMK
0CalouHBIMU opofaMu’, B BOIOHOCHBIX TOPU30HTAX
KOTOPBIX IIPE06IaIaloT CKOIJIEHHS TPEIIMHHBIX apTe-
BBIX BOJI. B MarmMaTnyeckux uiam MmetTamMophuuecKux
[ Torcmuxun, 1962; 3aiiyes, Torcmuxun, 1963; 3aiiyes,
cyb6aspamnbubie n cyoOmapunisie AD 1 aADB, a Takske
I'M u TaM. IIpocTpancTBeHHAsI HEOTHOPOTHOCTD THI-
XO/UT B OCHOBHOM 110 TPelHaM Pa3HOro eHe3Uca, CyLIecT-
BOBaHUE U O6I/I]II/I€ KOTOPBIX BO MHOTOM OIIPEIEJIAETCA TTEPBO-

IOpoJgaxX HUKHETO sApyCa CKOIVIEHWA TPEHIMHHBIX 1

JKMJIBHBIX BO/I CYHIECTBYIOT JIOKAJIBHO.
TFO-TEKTOHNYECKOI'O Pa3BUTHUI, 06p33y10T apTe3naH-

CTPYKTYPBbI, BOJIOHOCHBIE TOPU30HTHI KOTOPbIX BbI-
[OJIHEHB! C1a00CIEMEHTUPOBAHHBIMU WU COBCEM
HeclleMeHTHPOBAHHBIMHU OCAJ0YHBIMHU [TOPOJIAMH.
B AB npeobiasaior CKOILIEHUS OPOBBIX apTe3HaH-
3uanckux BoJ. B Hegpax Ab u aAb snokanbHo cyiie-
CTBYIOT CKOTLJIEHUS PA3JIOMHBIX (SKMJTBHBIX ) BOJIL.
YEeCKMX CKJIa4aThiX 00JIaCTIX U TaKKe UMEIOT JIBYXb-
sgpycHoe cTpoenre. B BepxHeM sapyce, COBIIAaioNnem
PO/1), TOCMIO/ICTBYIOT CKOTLIIEHUST TPENTMHHBIX TPYHTO-
HUBIIUMU IIEPBOHAYAJIBHYIO CJIOUCTOCTH ), HO U THU-
TTOM CKOTIJIEHUS TOJ3EMHBIX BOJ, — B HUX TOCIIOJ-
CTBYIOT TIJIACTOBBIE CKOTIJIEHUS] TPEIIUHHBIX BOJ U,
JIOKQJTHHO, CKOTIIIEHUST PA3JIOMHBIX (3KUJIBHBIX ) BO/I.
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C.M. DOTHEB

I'CO7 (cm. puc. 1) onpenenanach CMEHOM U pas/iuy-
HOU TIPOIOJKUTETHHOCTHIO KOHTHHEHTAJILHOTO, MOP-
CKOTO0, METaMOP(MUUIECKOTO U MarMaTHYeCKOTO TeHe-
TUYECKUX IUKJIOB (POPMUPOBAHMS TIO3EMHBIX BOJL B
HeJIpax CTPYKTYP. ITH IUKJIBI BIIEPBLIC BBIJICICHBI
['H. Kamenckuwm ermte B 1947 r. B ocHOBY WX BbIZETE-
HUsI, KaK U3BECTHO, MOJIO’KEHBI TEKTOHNYECKHE 1TNK-
abl [leonoeuueckutl crosapv, 1978]. Konmunenmanw-
HoLll (UHGUILMPAUUOHHDLI) YUK OXBATHIBAET BPEMSI
TOJTHSTHS CYTITH U perpeccuu Mopst. OH CBSI3aH C TIPO-
I[eccaMy BBIBETPUBAHUS, (DOPMUPYIONIMMHU B BEPXHUX
FOPU30HTAX 3eMHOII KOPbI 30HY PErHOHAIbHOI Tpe-
IIIUHOBATOCTHU TIOPO/I, U ¢ UH(pUIBTpaIireit armocdep-
HBIX BoJI. Ha mMpoTsiKeHUM 1TUKIA B HeIpax CTPYKTYP
61T 06PA30BAHb CKOTICHUS TIPECHBIX, MPEUMYTITe-
CTBEHHO THUAPOKAPOOHATHO-KAJIBIIMEBBIX BOJI. Mop-
cKoil (0cadounslil) YUKl OXBATHIBAET BPEMSI MTOTPY-
JKEHUS CYIn U Tpancrpeccuu Mopsi. OH BKITIOUAET
0CaJKOHAKOTIEHE B CYOMapUHHBIX YCIOBUAX U
(bopmupoBanue ceMMEHTAITMOHHBIX BO/I. B Teuenue
IUKJIa B HeJipax CTPYKTYP (popMUPOBATUCH CKOTLIE-
HUS COJICHBIX, TPENMYTIECTBEHHO XJIOPUIHBIX HATPH-
eBBIX BOJA. Memamopuueckuii u mazmamuyeckuil
YUKIbL CBSI3AHBI C OUAraMU UHTPY3UI U BYJIKAHOB, C
BBICOKMMU TeMIieparypamu u fasiernem. O6pasoba-
HU€ Pa3JTUIHBIX TUTIOB I0BEHUIHHBIX BOJ HA TIPOTSI-
JKEHUY HTOTO TUKJIA 06YCIOBIEHO METaMOPHUIMOM
TOPHBIX MOPOJI U MATMATHYECKUMHU TIPOTIECCAMU.

B uerBepTuuHbIi nepro pa3BuTHE THAPOTEOTIO-
THYECKUX CTPYKTYP MPOAOIKATIOCH, HO TIPOTEKAJIO B
MHBIX T€OTEMIIEPATYPHBIX YCJIOBUIAX. YKe B KOHIIE
ITHOI[eHA Ha OTPOMHOI IUPKYMITOJISIPHOM TIIOMIAIN
CeBepHOTO TIOyIIApUs 3eMJIM U /10 3HAYUTETbHON
ray6unbt Temiepatypa mopos (7)) omycTuiach HIKe
0 °C, mauaoch MHOTOJIETHEE TIPOMEP3aHue TTOPOJI
BEPXHUX TOPU30HTOB 3eMHOI Kopbl. [los Bo3neiicTBu-
€M Tpoliecca KPHOTeHHOTO MeTaMop¢u3Ma, IpoTeKa-
IOMIEro B TOPOJIaX P OTPUIIATEILHON TeMIlepaType
Ha MPOTSIKEHNUN JIECSITKOB, COTEH THICSY U JJasKe MUJI-
JINOHOB JIET, B HEN[PAX TH[POTE0JIOTNIECKUX CTPYKTYP
MPOU3OIILIO cyTecTBeHHOE 1 Trybokoe (1500 M u Go-
Jiee) KpUoTeHHoe TIPpeodpaszoBaHue TOJIIIH TTOPOJ U
nozeMHubIX Boji. Momabie (1o 600 m), crionabre 1o
pacmpoctpanenuio KB ¢ temneparypoii MHOrOJIET-
HeMepaabix mopoga (MMII) ot —20 g0 —25 °C u Hu-
JKe CYIIEeCTBEHHO NU3MEHUJIN YCJIOBUST BOLOOOMEHA.
Kpuorennbie Bogoymnopsl, chopMIPOBaBIIHECS Tpe-
UMYIIECTBEHHO B 30HE CBOOOIHOTO BOJ0OOMEHA C
MPECHBIMYU BOJAMU, U3MEHUJIN YCJIOBUSA TTUTAHUS,
NIBUZKEHWS W PA3TPY3KH MOJI3EMHBIX BOJI, 8 TAK)Ke T'H/I-
POXMMUYECKYIO 30HATBHOCTD M eMKOCTb TH[POTE0JI0-
TUYECKUX CTPYKTYP.

Takum 06pazoM, KPUOTEHHBIT MeTaMOPGhU3M
TOJIIIT TIOPOJT ¥ TIOA3EMHBIX BOJI — BELYIIINIA TPOIIECC,
M0]] BO3/I€HICTBUEM KOTOPOTO Ha TMPOTSKEHUH MO3]I-
HETO TJINOIIEHA, MJIeICTOIeHA U TOJIOI[eHa KOPEHHBIM
00pa3oM U3MEHSIJINCH YCA0BUST (POPMUPOBAHUS U
pactpocTpaHeHUe MOA3EMHBIX BOJI MPAKTUIECCKH BO
BCEX THIPOTE0JIOTHYECKIX CTPYKTypax Poccun (cM.
puc. 1). YuursiBast orpoMHbIe MACIITAOBI KPHOTEHHO-
ro mpeobpazoBaHust yCJI0BUN (hOPMUPOBAHUS U PAC-
MIPOCTPaHEHUE TTOA3EMHBIX BOJI B HEZIPAX THIPOTE0JI0-
TUYECKUX CTPYKTYP, aBTop Begen 3a [LH. Kamencknum
MPEJITOKUI BBIIETUTD TIEPUOJ] KPUOTEHHOTO TIPe0d-
pas3oBaHus MOPOJ 1 TIOJA3EMHBIX BOJ[ B HEAPAX I'e0JI0-
TUYECKUX CTPYKTYP B 0COOBIN kpuomemamoppuuec-
KUt YUK opmuposanus nodzemuvix 600 [ Domues,
2002]. O60cHOBaTH HEOOXOAUMOCTD BbIIEIEHI KPUO-
Metamopduueckoro mukia B 1947 r. I'H. Kamenckuii
He MOT, TaK KaK B TO BPeMs CBEJICHUS O MOI3€MHbIX
BOJ/IaX B HEAPax IUIporeoornyeckux cTpykryp KO
6bLIM BecbMa OTpaHUYeHHBI. TOJNBKO B HacTOsAIIEE
BpeMs, ONTUPAsCh HA COBPEMEHHbIC HAYYHBIE /JOCTH-
JKEeHUsI B 00JIACTH TCOKPUOJIOTHH U THIPOTEOJIOTHH,
MOJKHO B ITOJTHOI Mepe OIeHUTh OTPOMHOE BJIUSTHUE
poilecca KPUOreHHOro MeTaMopdu3Ma opojl Ha yc-
J0BUS (DOPMUPOBAHUS U PACTIPOCTPAHEHUE TTO/I3EM-
HBIX BoJl B Henmpax cTpyktyp KO Poccnu Ha Bcem
MPOTSIKEHUH KpuoMeTaMopduueckoro nukia. [lo
BPEMEHU OH COBIIQ/IAeT C IJIMOIEH-TOJIOIEHOBBIM
KPUOTEHHBIM TiepuooM. Hauano kpuometamopdu-
YECKOTO IUKJIA COOTHOCUTCS ¢ HAYQJIOM YCTOMIHUBOTO
MOXOJIO/IAaHM KJIMMAaTa U B aKBaTOPHH THxXoro okeaHa
[Shackleton et al., 1990].

IIpoaosxkuTeTbHOCTH KPHOMETAMOP(UUYECKOTO
nukiIa ¢popMUpPOBaHUSA NOJA3eMHBIX BoA. Hauamo
KpruoMeTaMop(hUIecKOoro KT8 OPMUPOBAHUS MO
3eMHBIX BOJl B HEIPaX CTPYKTYP OBLIO ONpeseaeHo
panee | @omues, 2005] Ha 0CHOBe TEOKPUOJIOTHYEC-
KOHM MHTepIpeTanni yHUKaIbHON, HETTPEPBIBHON Ha
MPOTSIKEHUH TTOCAEAHUX 5 MJIH JieT balikaabckoit
KJIMMaTndeckoii setonucu, I1o comepxanuio B 10H-
HBIX OCaJIKax AMaTOMOBBIX Bogopociei ([IB) u 6uo-
rentoro kpemueseMa (SiOyg,,,) Ha 6GallaabCKuX 3arm-
CSIX 9eTKO 000COOMIINCE TETITbIE W XOJIOIHbIE KIMMa-
TUYECKUEe ITOXM, HEIPEPBIBHO CMEHSIONINE APYT
apyra. lmaromosas samuch [Kapabanos u dp., 2000]
U 3aIich OMOTEHHOTO KpeMHeseMa [ Prokopenko et al.,
2001] moxaszasu HeNIpepbIBHOE PUTMUYHOE U3MeHe-
nue copepxkanns [IB u SiOy,,., KOTOpOE pesko yBe-
JIMYUBAJIOCH B TeTJIble KanMatudeckue atoxu (/B no
84 %, SiOqyg;,0r 10 46 %) ¥ TAKIKE PE3KO YMEHBIIATOCH
(B no 0-20 %, a SiOyg,,, 10 2—3 %) B XOJOAHBIE.
Astop cpasuun 3Hadenust JIB u SiOyg,, ., XapakTep-

7 Ha “Kapre rugporeonornueckux crpykryp CCCP” [3aiiues, 1974] s upenenax AO u TCO soigeneno 98 AB nepsoro 11o-

psinka u 234 I'M niepBoro mopsijika.

8 HenpepbiBias Baiikanbckas KInmMaTHuecKast JIETONUCH MOCAELHIX 5 MJIH JIET COCTaBJIeHa GOMIbIIUM KOJLIEKTUBOM YUEHBIX,
TIATEJBHO ¥ BCECTOPOHHE U3y4YaBUIUX JIOHHBIE Ocajiku 03. Balikaiu [ Bespyxosa u dp., 1999; Kapabanos u dp., 2000, 2001; Buivsimc
u dp., 2001; Kysomun u dp., 2001; Xypcesuu u dp., 2001; Prokopenko et al., 2001]. Bosiee mogpoGHO Pe3yIbTaThl TEOKPHOJOTHIECKON
uHTeprperany baiikaabCKoil KINMaTHYECKON JIETOTIUCH U3JIoKeHbl panee B [ Domues, 2005, 2009al.
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HBIE JITTST 9KCTPEMATBHO XOJOIHBIX W TETLJIBIX ATIOX, C
KITMMATHUECKUMU U TEOKPUOJTOTUIECKUMU YCIOBHUS -
MU CapTaHCKOTO KPUOXPOHA U TOJIOTIEHOBOTO TEPMO-
xpona. OHUM IOCTATOYHO XOPOIINO u3yveHsl. B pe-
3yJIbTare CpaBHEHUst OBLIO TIPUHSTO, YTO MHOTOJIET-
Hee TTpoMep3aHue Mopoa U (hopMUPOBaAHWE TOJIII
MEP3JIBIX TTOPO]T (KPUOTEHHBIX BOAOYIIOPOB), BUANMO,
HAYMHAJIOCH U TTPOUCXO/IUIO B KAUMATHYECKUE ITI0-
XU, Kora cofiep;kanue /[B B TOHHBIX ocaikax He TIpe-
Boimano 20 %, a cogepxkanne SiOqg,o. — 7 % | Domu-
es, 2005, 20096].

Ha ocHoBe reokproiornueckoii MHTePIIpeTaun
sanuceit [IB u SiO,g,,. aBTOPY BIepBble yAaI0CD:
1) chopmyaupoBaTh COBpeMEHHbBIE TIPE/ICTABICHUS
006 3BOJIONNY TEOKPUOJOTHIECKOI 06CTAHOBKH 32
MOCJIeIHIE 5 MJIH JIeT; 2) BBISIBUTb HEIIPEPBIBHYIO
MOCJIe/IOBATEILHOCTD CYIeCTBEHHOTO U3MeHeHus 17,
mMotHocTu u npepoiBuctoct KB [ @omues, 2005,
20096].

B numorneH-rosoneHoBoM KpHOreHHOM Ieprozie”
MPOTSKEHHOCTHIO 3,1 MJTH JIeT aBTOP BBIEINI TPH
reoKpuoJsioTnaeckue armoxu. OHM pas3/ieIeHbl TPOI0JI-
skuTeabHbIMU (250 1 550 ThIC. JI€T) TEITBIMU KIUMa-
TUYECKUMU 9MI0XaMU. B TeueHme TeIIbx a1oX B 10K-
ubix paitonax KO'Y kpuorenusie Bogoynops gerpa-
IUPOBATU TIOJTHOCTBIO WX MOYTH TTOJTHOCTBIO, 4 B
CEeBEPHBIX cybaspasbHbIX paiioHax T, MOBHINIAIAC,
HO B IIpesiesiax oTpunaTenbHbix snadenniil!, Ilo co-
nepxxanuio [IB u SiOyg, . B TOHHBIX OCaIKaxX B Kaxk-
JOTT KPUOTEHHOI AMTOXE BBIIEJTEHBI TEPMOXPOHBI
KPUOXPOHBI. 1epMoxponsbl — TETIble KINMATHYeCKue
XpoHbI, obecnieunBaoIire nopeienne T, U gerpa-
nanuio KT (KB). Kpuoxponwvt — xosiojiibie KIinmMaTu-
YecKue XPOHbBI, obeceynBaoniue moumkenne T,
yBeandenne mottHoctr KT (KB) n cokpamnienue mpe-
poisrctoct KB. OcobenHo HArIsHO MIMOTEH-TO-
JIOIEHOBBIM KPUOTEHHBIN MeprojI, KPUOTEHHbIE 3110~
X7, a TAaK;Ke€ TEPMOXPOHBI U KDUOXPOHBI BBIJIETISIOTCS
Ha IBYX COCTaBJIEHHBIX ABTOPOM T€OKPHOJIOTUIECKUX
JIETOTIUCSX: YIPOIIEHHO IJIsT IO3/IHET0 KAaHO3051
(3,1-0 mue siet) u Gosiee JeTaIbHON JJIs HEOTLIei-
crorera (amoxu bpionec) (8000 toic. met) [ Domu-
es, 2009a, 2011].

BpemeHHas u mpoCTpaHCTBEHHASI HEOTHOPO/I-
HOCTh KPHOTE€HHOTO NpPeoOpa3oBaHus B HeApPax
CTPYKTYP TOJII, TOPO/T X TOA3eMHBIX BoJ. Ha npots-
JKEHUW KPUOTEHHOTO TEePHUOJa YCJIOBUS PA3BUTUS
KPUOTEHHOTO MeTaMophu3Ma MOAYMHSIINCH BCEOO-
MAM 3aKOHAM TMUPOTHON 30HATBLHOCTH U BHICOTHOU
MOSICHOCTHU. B ¢BSI3U ¢ 3TUM Ha PaBHUHAX B I0’KHBIX
paitonax KO Bcera 610 Teriee, 4eM Ha paBHUHAX B

CeBEPHBIX palioHaxX WJN B TOpax Ha fore. VIMeHHO T10-
stoMmy Ha Tepputopuu KO B KakJI0M KPUOXPOHE
U TePMOXPOHE IJINOIEHA, MJIeCTOI[eHa W TOJIoTe-
Ha Bcerga 060cobsINCh IBE TEOKPUOJIOTHUECKUE
3oubl — CesepHast u I0xuas [ @omues, 1978]. n-
POTHOE TIOJIOKEHNE TPAHUIIBI MEKLy 30HAMU W T0-
JnoxeHue oxxHoi rpanuiel KO namensnuce. B kpro-
XPOHBI 3TH TPAHUIIBI CMEITAJIUCH K I0TY, & B TEPMOXPO-
HBI — K ceBepy. Ipanuta mexay Cesepnoii u IOxHOI
30HAMM JIOCTATOYHO YeTKO 000CO0IsIeTcsT U Ha MJI0-
maan coppemennoir KO (cm. puc. 1). Ona nmpoBesena
o sinnuu cmbikanust KT mutelicronenoBoro u roJo-
nenoBoro Bospacta [@Domues, 1978, 20096]. 3omunt
CYTIECTBEHHO PA3INIAIOTCS TI0 TeMIIEpaType TOpo/,
a taxke 1o MottHocTu u npepeiBucroctn KB. B Ce-
BepPHOI reOKPUOJOTNYeCKO 30He Pa3BUTHI OJIHO-
cioitable, HU3KOoTeMImeparypHeie (1, oT —2..—3 10
—-9...—14 °C u HuKe), CIIONTHBIE IO PACTPOCTPaHe-
nuto KB npenmynecTBeHHO IIeHCTOIIEHOBOIO BO3-
pacra'?. B IOxH0il reokpuosornueckoii 3oue 060co-
OUJINCH JIBE TIO30HBL. B ceBEpHOIT MOI30HE Pa3BUTHI
asyxcioinbie KB neifcToieHoBoro 1 roso1eHoBoro
BO3PACTa, pa3/eeHHBIE SIPYCOM BOJJOHOCHBIX TIOPO/I C
MOJIOKUTETbHON TeMIIepaTypoil, a B I03KHOU — OJIHO-
caoitabie KB rosorienoBoro Bo3pacta. Beicokotemiie-
parypasie (1, oT —3...—2 1o 0 °C) KB rosomneHoBoro
BO3pacTa MMEIOT MTPEPBIBICTOE M OCTPOBHOE PACIIPO-
CTpaHeHue.

Ha 6aiikajibckoil 3ammicy OHOreHHOTO KpeMHese-
Ma [Prokopenko et al., 2001] 3a mocaennue 800 Toic.
JIET HAPSAY ¢ MATKUMHU U CPETHUME 4eTKO 0603Haue-
HBI TIECTh HKCTPEMATBHO XOJOIHBIX KPUOXPOHOB U
[IECTh IKCTPEMAJIBHO TEILIBIX TEPMOXPOHOB | Domu-
es, 2009al.

B axcTpemManbHO X0OJIOMHBIE U MTPOTOJTKUTENb-
ubie (40—60 ThIC. 1eT) kpuoxpoubl TeMiieparypa KB
orryckasachk Hiske coppemennoit na 10—15 °C. Momur-
noctb KB (Mgg) yBesnuuBaiach, a IpepbIBUCTOCTD
cokpamasack. [Imomans pactipoctpanenus KB pac-
MIUPSIACh 32 CUET MPOJABIKEHUST I03KHOI TPAHUIIBI
KO x 1ory, a ceBepHOIl — K ceBepy — Ha IeJib(, 0Ccy-
IIIEHHBIN BO BpeMs perpeccuu Mopst. B aTu Kpuoxpo-
HBI BJIUSTHYE TIPOTIecca KPUOTEHHOTO MeTaMopdu3Ma
Ha THIPOTE0IOTNYECKIE YCIOBUS B HEMPAX CTPYKTYP
OBLIO MAKCUMAJTBHBIM,

B skcTpemMasbHO TeTible TEPMOXPOHBI, TIPOIOJ-
JKUTEJTBHOCTH KOTOPBIX yMeHbIIanach ot 50 Thic. jer
(B panneMm HeorielcTorene) 10 6—8 Twic. et (B roso-
1eHe), TeMIepaTypa Bo3/yXa 1Mo CpaBHEHUIO ¢ TIpe-
IBIIYIIAM KPUOXPOHOM OBICTPO MOBBITIaTach Ha 10—
15 °C u 6biia BbIIIE coBpeMerHoit Ha 2—4 °C. B Ten-

9 B HacTosiiiee BpeMst yCTaHOBJIEHO, UTO 32 TIOCJAE/HUE 2,5 MIIPA JIeT 3eMJIsT TIePeskIIa 9eThIpe JeIHUKOBO-KPUOTEHHDIX IPbI:
JIBE B IIPOTEPO30€, OIHY B IAJIE030€ 1 OAHY B Kaiinozoe [ Epuios u dp., 2001].
10 IInporHas 30HaIbHOCTD yCAOBUI TernoobMeHa B cucteMe aTMocdepa—nousa—ianTocdepa, BUAMMO, ObLIN TAKMMU e,

KaK M B HACTOIIIEE BpEMSI.

1 erpapanusa KT cBepxy npoucxoiuia TOAbKO B CyOMapUHHBIX YCJIOBUSX B STIOXH MPOLOJKUTENbHBIX TPAHCTPECCHI

ITonsgproro mopsi.

12 10snas rpanuia CeBepHOIt 30HBI COBIAIAET € 105KHOI TpaHuIleil 30HbI crouHoro pactnpoctpanenus KB.
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JIBIX KJIMMATUYECKUX YCIOBUAX B I0KHBIX PalOHAX
KO mepaibie moposbl KB nporanBasiv mojHoCTHIO, B
IEHTPAJIbHBIX — YACTUYHO, & B CEBEPHBIX PaifloHax
MepaJble moposl KB ¢ moBepxHOCTH He TpoTansasy,
xots T, uMenHo B Bepxuux ropusonrtax KB nosbiiia-
Jlach ¥ BecbMa 3HaunTeNbHO. [IpoTanBanme Mep3sbix
nopon KB cHM3y ocyTiiecTBIsAI0Ch 32 CUET TETIIIOBOTO
[IOTOKA U3 HEJIP 3€MJIU, BEJTMYNHA KOTOPOTO U3MeHs -
nack ot 13 10 80 Br/Mm?2 [Banobaes, 1991]. MomnocTsb
MEPBJBIX TIOPOJI, TIPOTASBITNX CHU3Y, ObITa 3HAUH-
TEJIbHO MEHBIIIE 110 CPaBHEHMIO ¢ TJIyOMHOIT poTau-
BaHUsI MEP3JIBIX MTOPO/] C TIOBEPXHOCTH, 0OCOOECHHO B
10:kHbIX paitonax KO. B atu TepMOXpoHbI, 0COOEHHO
B 105kHBIX paitonax KO, siustiue KB #a ocobennocTu
BO100OMeHA GBIIIO MUHUMAJTBHBIM, 8 B CAMBIX I03KHbIX
pationax KO nHOr/12 cCBOANIOCH K HYJTIO.
MHorokpatHoe nMpoMep3anue U IMpoTauBaHUe
MepaJibix mopos; KB obycrosmBaio ¢hopMupoBatue
B HeZlpax CTPYKTyp BOM3H mogo1mBel KB 30HbI Kpuo-
rernoit Tperunosaroctu nopox (3KTII). Ee xapak-
TepHast 0OCOOEHHOCTb — BBICOKAS KPHOTEHHAsT TPEII-
HOBATOCTh U MOBBINIEHHAS 0OBOJHEHHOCTH MOPO/I
[Ty6xumn, 1952; Kanabumn, 1960; Torcmuxun, Torcmu-
xun, 1973a,6; Cyxodoavckuit, 1982; Torcmuxun, 1984a;
Enucagenxo, 1985; @omues, Enucagenxo, 1989]. Tpe-
MUHBI 06PA30BANUCH B PE3yJbraTe MHOTOKPATHOTO
[IPOMEeP3aHUsI OPOJI B KPUOXPOHBI, KOT/[A MOIITHOCTb
KB yBenmmuuBanach, 1 mocjaeyionero IpoTanBaHus
MEP3JIBIX TIOPOJI CHU3Y 32 CUET TETIOBOTO TIOTOKA U3
HeZlp 3eMJIM B TEPMOXPOHBI, KOTrga MOIHOCTh KB
YMEHBINANACh. 30HA KPUOTECHHOH TPEIMHOBATOCTH
mopoz chopMUPOBATACH KAK B JHUIIAX PEYHBIX J10-
JIMH, TaK U B HeJ[PpaxX CTPYKTYp BOM3u nozpomissl KB.
B roxxnbix pattonax KO, rae momtaocts KB Ha ipoTs-
JKEHWW KPUOTEHHOTO Mepuojia M3MEHsIach cylie-
CTBEHHO 1 MHOTOKPaTHO, MOITHOCTD 3KTII (M3yr)
nocturaet 100 u gaxxe 300 m [Enucagpenxo, 1985].
B ceBepubix paitonax moriaocts 3KTTI 3naunTenbuo
Memnbie (10 25 m). 3aech oHa GOPMUPOBAJIACH ITpe-
MMYIIECTBEHHO B IHUIIAX PEYHBIX TOTMH ',
Kpuornapoxummueckast 30HaJIbHOCTb B HeIpax
THIPOTe0JIOTHYECKHX CTPYKTYP. B Teuenue nimmresin-
HOTO KOHTUHEHTAJIBHOTO IMUKJA (JI0 Havasia MIoIeH-
rOJIOIIEHOBOI0 KPUOTEHHOTO ME€PUO/IA) MOA3EMHbIE
BOJIBI B HEZIPAX CTPYKTYP DOPMUPOBATIICH B YCIOBU-
X 00MIBHON UHUIBTPAIIUU aTMOCHEPHBIX OCATKOB
U PEYHBIX BOJI. B CBSI3M ¢ 3TUM B Helpax CTPYKTYP B
30HE aKTUBHOTO BOI00OMeHa chOPMUPOBATIACH MOIII-
Hast (10 300 M, nHOrIA GOJIee) 30HA IPECHBIX BOJ M/l
poKapOOHATHO-KAJIBIMEBOTO cocTaBa. Huxe pac-
[0JIATAJIMCh 30HBI COJIOHOBATHIX U COJIEHBIX BOJI

MIPEUMYIIECTBEHHO XJIOPUIHOTO HATPUEBOTO COCTA-
Ba. Kpuorennoe npeobpasosanue yxe cdopMupo-
BaBIIMXCS IUPOre0JIOTHYECKUX YCJA0BUIA B HeJpax
CTPYKTYP OTHOCUTCS K HayaJsly IJIMOIeH-TOJIOIEHO-
Boro nepuoa (3,1 MmaH Jet Hazam). MHoTOeTHEE
poMep3aHue MopPoJ MPUBeIo K (GOPMUPOBAHUIO B
BEepXHEH 4acTH TUPOreosioTudecknX cTpykTyp KB,
[IPEICTaBICHHOTO MHOTOJIETHEMEP3JIBIMU TTOPOJIaMHU,
TPELUHBbl ¥ TTOPBl KOTOPBIX 3aII0JHEHbI IPECHBIM
apgoMm. Hannure KB — xapakrepHas 0co6eHHOCTD
BCEX TUIIOB rujiporeoiornyeckux crpykryp KO, uro
MO3BOJISIET HA3BIBATD WX 2UOPO2COKPUOIOZULECKUMU
cmpyxmypamu.

B pesynwrare hopmupoBanus KB B negpax ruji-
pOTEOJIOTNYECKUX CTPYKTYP CYIECTBEHHO U3MEHU-
Jlach TMAPOXUMHUYECKasd 30HaJbHOCTD MO/A3EMHbIX
BoJI. [ryGrHAa KPHOTEHHOTO MPeoOpasoBaHuUsT THAPO-
XUMUYECKOH 30HAIBHOCTU OKa3alach PasjnyHOol B
Pa3HBIX TEOKPUOJOTHUYECKUX 30HaX. Ee Bemmunna
ompenesnsdnaach MOIHOCTbI0O KB, 10aTOMY B 103KHBIX
paiionax KO ona usmepsiacb MeTpamiu, a B ceBep-
HBIX — coTHAMU MeTpoB. Momnocts KB He TosbkO
MU3MEHWJIA TUPOXUMHUYECKYTO 30HATTBHOCTD, HO U OTI-
peziesina BO3MOKHOCTD CYIeCTBOBAHUS B Hepax
CTPYKTYP CKOTIJICHWH TTPECHBIX BOJI, IPUTOHBIX /IS
BojocHabkeHust. [Ipu MOUCKe CKOTIEHUH TIPECHBIX
BOJI TH/[POTEOJIOTH IABHO 0OPATUIIN BHUMAHUE HA ATY
3aBUCUMOCTb. OHM IPEJIOKUIN CPAaBHUBATD MOIIL-
Hocth KB (“mHOoTOMEeTHE! Mep3moTer” o UK. 3aiitie-
BY, uiu “mepaiioii 30ub1” 10 H.W. Tosictuxuny) B ap-
TE3UAHCKUX CTPYKTYPAX C MOTITHOCTBIO 30HBI TIPECHBIX
Bo/i, a B 'M — ¢ MOIIHOCTBHIO 30HBI PETUOHATBHOMI
TPELIMHOBATOCTHU II0OPOJL, COZiep:Kallieil, KaKk U3BeCTHO,
Hanbosee OOUIBHBIE CKOTUTEHIS TPECHBIX BOJ. Kak
BU/IUM, KDUTEPUH OIEHKH B PA3HBIX THIIAX THIPOTeO-
JIOTUYECKUX CTPYKTYP pa3andHbl. B AB cromnnenus
MO/I3EMHBIX BOJI PA3JINYAIOTCS 110 XUMHUYECKOMY CO-
craBy, a B 'M — 110 cTernieHu TPenuHOBATOCTHU TTOPO/]
[Torcmuxun, Torcmuxun, 1973a; 3aiiyes, 1974; Do-
mues, 1974, 1978, 20096; Torcmuxun, 1984al.

Ha nnardopmax B kpymabix AB 1 aAb u B rop-
HBIX paitoHax B HeGospmx AB n aAb ckomenus
MPECHBIX BOJI COXPAHSJINCH TOJIBKO TTPU YCIOBUH,
ecar MoIHOCTh KB 6bl1a MeHblIle MOIHOCTH 30HbI
npecubix Bog (3IIB), 1. e. Mg < M3y (puc. 2, I-
I11)'. O6unbHbIE CKOTIEHNS TPECHBIX BOJ COXpPa-
HsIHCh Takxke BOJM3U nogoisbl KB, riae oHu npu-
ypouensl kK SKTII (cMm. puc. 2, IV). Ecau motutHOCTSD
KB 6oJibllie MOU[HOCTH 30HBI MPECHBIX BOJI
(Myg > M3pp), TO CKOILZIEHUSI IPECHBIX BOJ] IIOJIHO-
cThio mpomopoxkenbl (cMm. puc. 2, V=VII). B atux

13 Bomonocwast 3KTII coxpanumach U B HeZ[pax CTPYKTYP, PACIIONOKEHHBIX I0KHee coBpeMenHoii rpanutsr KO, marmpumep,
apresnanckue Gacceilnbl Bocrouno-Esporneiickoit AO (cum. puc. 1). Tlopoasl B Heipax atux AB HEOIHOKpPATHO TIPOMEP3aIn 1
HPOTANBAJIN HA IPOTSKEHNH TIHOIeHa 1 TIeficTonena. OHAKO /10 CUX [TOP Ha KPUOTEHHOE MPOMCXOKIEHNE 30H C MOBBIIIEHHON
KPUOTEHHOH TPEIMHOBATOCTHIO U 0OBOAHEHHOCTBIO TIOPOJ 3a npeeaamu coppemernoil KO ruaporeosiorn me o6pamaior BHUMA-

uust | @omues, 1978].

14 Bo Bcex ruaporeoKpHoOIOrHuecknX CTPYKTypax, I/e MOIHOCTh 30HbI IPECHBIX BoJL GoJibiie MouHocTn KB, ero mozomnisa
cosmanaer ¢ nogomBoil KT, a nuke nogonsel KB 3aseraioT ckornienns mpecHbixX BOJI.
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HO/I3EMHBIE BO/IbI KPUOTEHHOH OBJIACTH POCCUU

ApTe3unaHckme CTPYKTypbl
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Puc. 2. KpHOFI/IIIPOXHMH‘ICCKOC CTPOCHHE HEAP aPTE3UAHCKUX CTPYKTYP H THAPOre0JJIOTHY€CKUX MaCCUBOB.

I-1X — apmesuancrkue cmpyxmypor. [-1V — ckonnenus npecuvix 600 nudice kpuozeniozo soooynopa: I — moposo-tacrosbie (AB),
IT — TpenmanO-TITacTOBBIE (AAD), I11 — KapcToBO-TIIacTOBBIE (AD, aAB), IV — KproreHHO-TpeIMHEbBIE — TOJBKO B 30HE KPUOTEH-
Hol TpermuuoBartocTu opox (aAB, pexe B Apyrux crpykrypax); V-VII — ckonienus conenvix 600 nudice kpuozeniozo 6000ynopa
(1IOPOABI C IIPECHBIMU BOJAMU IIPOMOPOsKeHbl): V — noposo-1tactosbie (AbB), VI — tpemunno-miacrossie (mmu3sl) (Ab, aAb),
VII — rpenmnusie (ADB, aAB); VIII — ckonnenus conenvix 600 8Hympu u Hudxtce Kpuozernozo 6000ynopa (lloposble U HOPOBO-ILIACTO-
BbI€ B 3aCOJIEHHBIX Mopoziax) (AB Ha apkrrueckom nobepexne); IX — cxonuenuii nodsemmvix 600 6 neopax cmpyxmypul nem (BOIO-
HOCHBIE TIOPO/IBI YeXJia POMOposKeHbl ) (MexkropHbie ADB).

X—XIII — eudpozeonoeuneckue maccusor: X — cKONICHUs NPECHBIX 600 HudIce Kpuozeniozo sodoynopa (tpemmnnbie) (I'M, TaM);
XTI — cxonaenuii nodsemuvix 600 wem (TIOPOBI C MPECHBIMU BOAAMU TIPoMoposkerbl); XIT — KproreHHO-TpenuHibie (TOJBKO B 30He
kpuorenHoii Tpemunosatoctu nopog I'M, I'aM); XIII — skunbnble (B nponussiBatonieM tanuke) (I'M, [aM).

1 — 11ecok; 2 — rinHa; 3 — TPELUIMHOBATBII IIeCYUaHUK; 4 — aPrUJIAT; 5 — 3aKapCTOBAHHbBIN U3BECTHSIK; 6 — MepreJib; 7 — MarmMaruyec-
Kue u MetaMophrIecKre MopojIbl; 8 — 3aCOJIEHHbIE TTOPOJIbL; 9 — 30HBI KDHOTEHHOI (@) U PErHOHAIBHOM (6) TPEIMHOBATOCTH MOPOJL;
10 — IPOHUBBIBAIONIMI TATUK BOJIM3H BOJOHOCHOIO TEKTOHMYECKOTO PasioMa; 17 — CKOIJIEHUs! TIOJI3EMHBIX BOJL (@ — NPecHbIe,
IUPOKapOOHATHO-KAIBIIMEBBIE; 6 — COJIEHbIE, XIOPU/HbIE HATPHEBBIE); 12 — HCTOYHUK TTOJ3EMHBIX BOJL; 13 — MOPOBI CE30HHOTA-
JI0TO cJios; 14, 15 — Mopobl ¢ OTpULIATENBHON TeMIiepatypoii (14 — spyc MHOTOJIETHEMEP3JIIBIX TOPO/L (KPUOTEHHBIH BOJIOYTIOP);
15 — apyc oXJ1aXkIeHHBIX [IOPOJL ¢ KPUOIAraMu ); 76 — IOPO/BI € IIOIOKUTENBHOM TeMIIepaTypoil; 17— rpaHuiipl IUTOIOrIYecKas (a)
U TIIPOHUBBIBAIONIETO TasKa (6); 18 — TI0/10111Ba CE30HHOTAJIOTO (CE30HHOMEPSJIOT0) ¢Jiost (@), KpoBJist (6) U nojomiBa () KpUOTeHHOTo
BOJIOYTIOPA, TIOJI0NIBA KPUOTEHHOM ToIIM (2); 79 — IPaHMIIbI 30H [TPECHBIX BO/L (&), PETMOHANBHON (6) 1 KPUOTEHHOH (8) TPEeluHO-
BaTOCTU TIOPOJI.

cTpyKTypax Huzke KB 3aseraior CKonaeHms: CoIeHbIX
BOJI C OTPHIATEIbHOI TeMepaTypoii (kpuonarn)!s,
B nenpax ADB, pactiosiokeHHBIX HA aDKTUYECKUX PaB-
HUHAX, TIPECHBIE BOJIbI OTCYTCTBYIOT 11O WHOM MPUYH-
He. ApKTHUYeCKUe PaBHUHBI B YeTBEPTUYHOE BPEMS U
paHee HEOJHOKPATHO U HA MPOIOJIKUTENBHOE BPeMs
satanmBanuch Iomsipusim Mopem. Ha nne mops Ha-
KaIJIMBAJIMCh 3aCOJIEHHbIC MOPCKUE TTeCYaHble U TJIH-
HUCTBIE OTJIOKEHUS, COepIKalle CKOILIEHUS Ce/lu-
MEHTAITMOHHBIX COJIEHBIX BOJI. Bo Bpemst perpeccuii B

CYPOBBIX KJIUMATHYECKUX YCJOBUIX ILJIUOIEHA U
ieiicroiieHa MOPCKUe OTJIOKEeHNs OBICTPO TIPOMep-
3aJ1, © MOPCKOM TTUKJ (POPMUPOBAHUS TTOJA3EMHBIX
BOJI, MITHY ST TH(OWITBTPAITMOHHBINA, CMEHSJICST KpUOMe-
tamopduueckuM. B cybaspasibHBIX yCIOBUSAX (HOP-
MupoBasinch KB, ciiokeHHbIe MeP3JIbIMU 3aCOJIEHHBI-
Mmu iopojiamu. menno rmoatomy B Hezipax Ab Ha apk-
TUYECKMX paBHUHAX HUKe KB cyniecTByioT TOJMBKO
CKOTLIEHUS coJieHbIX BoAL (cM. puc. 2, VIII) [ @omues,
1978,2012].

15 B rakux crpyxrypax KT npezcrasiena spycom Mepaubix 1opoz (KB) u spycoM 0X1askIeHHbIX HOPOJL ¢ KPUOIIITAMHU.
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B HebGompunx Mekropabix AB nian aAB morr-
HocTh KB Hepeziko npeBbiiiaeT MOITHOCTb OCA/IOYHBIX
nopoj yexJya. B takux 6acceifHax MoA3eMHBIX BOJI
HET, TaK KaK BOZIOHOCHDBIE ITOPO/IbI IIOJTHOCTBIO IIPOMO-
poskeHbl. OTHAKO CKOTIIIEHUS TPECHBIX BOJ MOTYT
6biTh npuypoueHbl k 3KTII. TIpu 3HaunUTENbHON
mottHocTH 3KTII 1 ee pernonanbHOI BBIZIEPKAHHOC-
TH 1[eJ1eCO0OPa3HO BBIZEJIATH OTH 30HbI B CAMOCTOS-
TesIbHble KpHOTeHHble Gacceiibl moazemubix Boals, a
[IPUYPOYEHHBbIE K HUM CKOIJIEHUS TPENMHHBIX BOJL
CITelyeT OTHOCUTD K 0CO6OMY BULYy — KPHOTEHHOMY,
MOTYEPKUBAsT TEM CAMbIM KPHOTEHHOE TIPONCXOK/Ie-
Hue TpeniuH. Bojbl B Takux bacceitHax — HAMOPHbIE,

ao|6.|6 | |7 |9 alL L L

olvwwv| 10
8

Puc. 3. bacceilinbl TPYHTOBBIX BOJ KPUOT€HHOU
oGsactu B noponax cesonnoranoro ciost (CTC), B
rpaHuIax BOAHO-TeIoBbix TamkoB (BTT) u BoaHO-
xumMuyeckux taaukos (BXT).

I — CTC na Bcex anementax penbeda; [I — BogonpoBossime
TaJUKN Ha Mexaypeubsx; [1I — BogonpoBosiue Taauku B
AJUTIOBUY PEYHBIX J0JMH; [V — BosloBMeIaloNie TaTuKH IO/
IIPECHBIMU O3epaMK Ha MEKYPeUbsiX 1 B IOJMHAX pek; V — Bo-
JOBMETIAIONINE TATMKN B 32COJEHHBIX OTJIOKEHUSIX O] coJie-
HBIMM 03€paMK Ha Jiaiilax MOPCKUX nobepeskuii. 1 — mecyano-
IPaBUIHO-TAICYHIKOBBIE OTIOKEHUST; 2 — 11€COK; 3 — CYTJIMHOK;
4 — TiHA; 5 — 3acoJIeHHbBIE TOPO/IbL; 6 — TPYHTOBBIC BOJIBI (4 —
[pecHbIe, TUAPOKAPOOHATHO-KAJIBI[UEBbIE; 6 — COJIEHbIE, XJI0-
pUIHbIE HATPUEBBIE); 7 — MOPOJBI CE30HHOTAIOTO (CE30HHO-
MEP3JI0T0) €JI0sT; 8§ — TIOPOJIbI C OTPHUIATETBLHON TEMITEPATY PO
(a — MHOTOJIETHEMEP3JIble 1TOPO/Ibl (KPUOTEHHbII BOLOYIIOP);
6 — coJieHble IOPOJIBI ¢ KPHOIAaramMiu); 9 — MOpPOJIbl ¢ MOJIOKH-
TeJIbHOI TeMIiepaTypoit; 70a — nojionBa ce30HHOTAIOTo (Ce30H-
HOMEP3JI0T0) ¢Ji0s1; 106 — KPOBJISI KPUOTEHHOTO BOAOYTIOPA;
106 — muTONIOTMYECKAS TPAHUIIA.

Takue CTPYKTYPBI CIEAYET HAZBIBATD KPUOZUOPO2E0-
aoeuneckumu (cMm. puc. 2, IX).

B I'M u I'aM, rae momuocts KB Menbiiie Mot~
HOCTH 30HbI PErHOHAJIbHOM TPEHUIMHOBATOCTH TOPOJIL
(3PTII) ¢ npecubiMu Bogamu (Myp < M3prr), HUXKE
KB cymiecTByIOT CKOIIJIEHUS TIPECHBIX TPEITMHHbIX
BoJ (cM. puc. 2, X). BTM u TaM, rae momnocts KB
GOJIBIITE MOTITHOCTH 30HbI PETMOHABHOI TPEIMHOBA-
toctu 10poJ (Mypg > M3pyyy), CKOILIEHUS IPECHBIX
TPEIMUHHBIX BOJ PeIKOCTh (cM. puc. 2, XI). Onu mpu-
YPOUEHBI TOJIBKO K JIOKAJTbHBIM TEKTOHUIECKUM Pa3-
gomam ui K 3KTII (em. puc. 2, XIT). Tunmanbie
CKOTIJICHUS PA3JIOMHBIX (SKUJILHBIX ) BOJ[ TPE/ICTaBJIe-
Hbl Ha puc. 2, XIII. Oun umeroT ob6J1acTy MUTaHUS,
TPaH3UTa U PA3rpy3KH, TAK KaK IPUYPOYEHbBI K TEKTO-
HUYECKUM Pa3jioMaM, IIPOHU3BIBAIOIINM MAaCCUB Mep-
3J1bIX 1TOPOJI. TpaH3UT BOABI OT 0OJACTH TTUTAHUS K
00J1acTH Pa3TPy3KU MPOUCXOUT B TPAHKIIAX [TEPBUY-
HBIX TIPOHU3BIBAIOINX TATNKOB. OHAKO 3HAUNTEITh-
HO 4aile pas3JioMHbie (;KUJIbHBIE) BOJIBI CJIYKAT CBSI3Y-
I01UM (TPAH3UTHBIM) 3BEHOM MEKIY 00JIacTsIMu
[IUTAHUS U Pa3rpy3KH, PacloyIOKeHHBIMU Ha TOBEPX-
HOCTH 3EMJIH, W CKOTIJIEHUSIMU MTOPOBBIX U TPEIIUH-
HBIX BOJI B HE/[paX CTPYKTYP.

Bacceiiubl TpyHTOBBIX BOJL 10 HavyaJa Iepuoja
MHOTOJIETHETO MPOMEP3aHUst TOPOJI OBLIM PACIIPO-
CTPAHEHBI IPAKTUYECKU IIOBCEMECTHO B CAMBIX BEpPX-
HUX BOJIOHOCHBIX TOPU30HTax 3eMHOI Kopbl. [locTa-
TOYHO BBICOKHE KO3 PUIMeHTH PUIbTpanun mo-
PO/l — 3TO OCHOBHOU KPUTEPUIl UX CYIIeCTBOBAHNUS.
BomorocHbIe TOPUBOHTBI PA3ESAINUCD IUTOJIOTHYEC-
KUMU BOJIOYTIOPAMU, TIOPO/IbI KOTOPBIX OTJIMYAJIUCD
HU3KUMM UJIM BeCbMa HU3KUMU KoadduimreHtaMu
(unsTpanun. B pegyasrare MHOTOJIETHETO ITPOMeEp3a-
Hust opoj 1 opmuposanust KB pazmepbr 6acceiiHoB
TPYHTOBBIX BOJI CYIIECTBEHHO COKpaTHinch. OHNU Or-
pannunBaiuch MouHOCThIO opos CTC unn pazme-
paMM TAJIMKOB TUAPOTEHHOTO KJIACCa, CYIIeCTBOBAHHE
KOTOPBIX OMPEAEISIOCH NGO OTEIISIIONUM BO3/IEi-
CTBUEM TTPUPOAHBIX BOJI, THOO BHICOKON MUHEpaTH-
3arueil BOJAbI U 3aCOJIEHHOCTHIO BOJOBMENIAIONTNX
nopo/i. CKomieHns TPYHTOBBIX BOJ COCPEIOTOUN-
smck: 1) B mopogax CTC, exeroaHo mpotanBaionmx
JIETOM 3a CUeT OTEIJIFIONIEro BO3/IeHCTBUSA COJIHEY-
HOH pasraiiny 1 aTMOCMEPHBIX BOJI, HO [TOJTHOCTHIO
WJIV TIOYTH TIOJTHOCTHIO TTPOMEP3AIOTINX 3UMOI; 2) B
AJUTIOBUAJTBHBIX OTJIOKEHUSIX PEUHBIX JIOJIMH B TIpeie-
JIaX TIOJIPYCJIOBBIX BOJIOTIPOBOISIINX TAJIUKOB, CyIIle-
CTBYIOIINX 32 CYET OTETISAIONIETO BO3ACHCTBUS pey-
HBIX BOJ; 3) B 03€PHBIX U TaOEPAIHHBIX OTIOKEHUSIX
B IIpeJiesiaX 10/I03€PHbBIX BOJOBMEIIAIONINX TAJIUKOB,
CYIIECTBYIOIINX 32 CUET OTEILISIONEro BO3/1eiCTBUA
03EPHBIX BO; 4) B 03€PHBIX OTJIOKEHUSIX B TIpeeIax
MO/I03EPHBIX BOJOBMEIAIONTUX BOAHO-XUMUYECKIX
TAJIUKOB, CYIIECTBYIONIX GJIaroiapst BBICOKOW MUHe-
pasi3aIuy BOJIbl MOPCKOTO TeHe3uca (puc. 3, [-V).

16 O.H. TosctuxuubiM [ 1984a] Takue Gacceiinbl PEKOMEH0BAHO Ha3bIBaTh KDMOTCHHBIMK HallOPHbIMU. OJIHAKO 9TOT TePMUH
HE COBCEM yJaYHbIN, TAK KaK HAIIOPHBIME MOTYT OBITh TOJBKO BOJIbI, a GacCeiiHbl HATIOPHBIMU OBITH HE MOTYT.
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HO/I3EMHBIE BO/IbI KPUOTEHHOH OBJIACTH POCCUU

3akoHoMepHOCTU (DOPMUPOBAHIUS, BOZMOKHOCTh
CYTIECTBOBAHMS, & TAKKE YCJIOBUS MTUTAHUS, TPAH3H-
Ta U Pa3rpy3Ku TPYHTOBBIX BOJI H0JIee WITH MEHee Mo
pPOGHO paccMaTPUBAIUCH BCEMU THAPOrEOJIOTaMHU, B
TOM umciie u aBropom | Domues, 1978, 20096]. Oun
crertUIHBI JITTST KayKI0M KaTeTOPUU IPYHTOBBIX BOJL
U 3aCJY>KUBAIOT CHEINATbHON KIaccupuKaImm, Ko-
Topas ObL1a paspabdorana B.B. Ilenenessim [20717].

Cy6aspasbHble 06JaCTH MUTAHUS U PA3TPY3KU
nojzeMubIX BoJ. OcobGeHHOCTH BOI0OOMEHA, CBOTiC-
TBEHHBIE TH[POT€0JIOTUYECKUM CTPYKTypaM Ha Tep-
putopun KO, HeoIHOKPATHO paccMaTpUBAJIUCH B
MHOTOUHCJIEHHBIX CTAThIX U MOHOTPA(hUIX POCCHIi-
CKUX THAPOTEOJIOTOB-MepP3a0ToBenoB! 7. [leTanpno
oHU ObLIM oncaHbl B paborax [ @omues, 1965, 1978,
20096], moaTOMY 3/1eCh TIPUBEIEM JIUIITH TIaBHbIC.

1. Ha Bceit tepputopuun KO MHOTOJMIETHEMED3-
JIbIEe TIOPOJIBI, TPEIIUHBI ¥ MOPBI KOTOPBIX 3aMOJTHEHBI
JIbIOM, TIpeacTaBsior coboit KB. B rugpomexanmu-
yeckoM cmbicyie KB cpaBHUTETBHO OTHOPOIHBI He3a-
BUCUMO OT JINTOJIOTUYECKOTO U METPOrpahuIeckoro
PasHOOGPA3H CTaraloliX UX MOPOI.

2. BogoobMmen arMochepHBIX, TOBEPXHOCTHBIX U
no/i3eMHbIX Boj Ha Tepputopun KO HemnocpeacTsen-
HO CBs13aH ¢ Tetoobmenom. CytiecTBOBaHMEe BOJO-
O0OMEHHBIX CHCTEM Jla’Ke B XOPOIIO MPOHUIIAEMbIX
(TTecyaHbIX, TAJIEYHUKOBBIX WU CUIbHOTPEIIHHO-
BaThIX) TIOPO/IAX BO MHOTOM 3aBUCHUT OT 1, 1 MOTITHOC-
™ KB.

3. BaanMmocBsI3b aTMOC(HEpPHBIX, TOBEPXHOCTHBIX
Y TIOZI3€MHBIX BOJI TPOMCXOINT HA BCE TEPPUTOPHH
KO. Ona ocymiecTsiisieTcst TOJTbKO 110 TaJUKaM TH/I-
POTEHHOTO KJIacca, ONMPEAeSIONIM TPEPBIBUCTOCTD
KB.

4. 'maporeokpmosormuecKkne TPAaHUIIBI MEXKIY
HEMEeP3JIBIMU BOJIOHOCHBIMU U MEP3JIBIMU BOZOYIIOP-
HBIMU TIOPOZIAMU TIOJIBUKHBI B T€YEHUE TOJAOBBIX M
6oJtee TPOIOJIKUTETbHBIX TEPUOIOB, UTO, ECTECTBEH-
HO, OTPaKAETCS Ha YCJIOBUSAX BOLOOOMEHA.

[Tepeunciaennbie 0cO6EHHOCTH BOTOOOMEHA B
TON WJIM MHOW CTEeIeH! TTPOSBJISIOTCS B Pa3JINYHbIX
ctpykTtypax Ha Tepputopun Ceseproii u IOxHOIT
reoKpHoJioTuYeckux 30H. /lajke B OHOTUIIHBIX
CTPYKTYPax, PACIOJOKEHHBIX B PA3HBIX TEOKPUOJIO-
IMYECKUX 30HAX, 0COOEHHOCTU KPUOTEHHOTO TIpeod-
PasoBaHMs YCJIOBUIN BOJOOOMEHA PA3INUHBI, TAK KakK
PasINYHBI YCJI0BUS (GOPMUPOBAHMS CKBO3HBIX TH/I-
POTEHHBIX TAJTUKOB, IO KOTOPBIM MTPOUCXOIUT B3au-

MojielicTBIE aTMOC(EPHBIX, ITOBEPXHOCTHBIX U TTOJI-
3eMHBIX BO/I.

YyurbsiBasg orpoMHoe 3HaueHue aTMOC(epHbIX,
MMOBEPXHOCTHBIX (PEUYHBIX, 03EPHBIX U MOPCKUX) U
MO/I3€MHBIX BOJI B (POPMUPOBAHUY TEOTEPMUUECKUX
aHoMaJnii, aBTopom [ Domues, 1978] Obiia paspa-
G6orana crenuanbias kiaccuduranusa'® ramukos
TUZPOTEHHOTO KJIacca, B OCHOBY KOTOPOM GBIIO T10J10-
JKEHO TEIIOBOE B3aUMO/IEICTBUE TTPUPOTHBIX BOJ 1
MepaabIX Topo. [To xapakTepy TemaIoBOTO B3aUMO-
JIeMiCTBUS MOA3EMHBIX BOJL U MEP3JIBIX IIOPOJ B Heill
BBIJICJIEHBI 800HO-MENI08ble MANUKIU, B KOTOPBIX MO-
POJIBI ¥ TTOI3EMHBIE BOABI UMEIOT TTOJOXKUTETHHYTO
TEMIIEPATYPY, U 600HO-XUMUUCCKUE MATUKU, B KOTO-
PBIX IOPO/IbI ¥ IOJI3EMHBIE BO/IbI UMEIOT OTPUIIATEb-
Hyio Temmneparypy. Ilo nampasienuio n xapakTepy
NBUZKEHUS (HUCXOMAIIEMY, BOCXOISAIEMY, HAKJIOHHO-
MY, 3aCTOHOMY ) BBIZIEJICHBI 6000N0210Ua0WUe ma-
JUKU, K KOTOPBIM TIPUYPOUEHBI 00TACTH TTUTAHWS
MOJI3EMHBIX BO/JI, 60006b180051UiiLe MANUK, K KOTOPBIM
MIPUYPOYEHBI 00TACTY PA3TPY3KHU MOA3EMHBIX BOJI, 60-
donposodsugie maiuxu, K KOTOPBIM ITPUYPOUYEHBI 06-
JIACTH TPAH3UTA MOA3EMHBIX BOJI, U 60006Meuaiowue
manuky — BMECTUJINIIA TPYHTOBBIX BoL. [1o ckopocTn
JIBUZKEHUSA U yIeTTbHON TIPOU3BOANTEIBLHOCTH TIOTOKA
TTPUPOHBIX BOJ B Topoax (bumsrparus nin daroa-
s ) ' TamMKKM TOMyYMIM KOHKpPETHbIE Ha3BaHWS:
B 00JIACTH TUTAHUS — UHQUILMPAYUOHHbLE WITN
uUHpIAYyUOHHbIe MAAUKU, B 00JACTH TPaH3UTA —
purvmpayuonivie WM GII0AUUOHHbIE MATUKU, B 00-
JIACTAX pa3TPy3Ku HAIIOPHBIX IOJA3EMHBIX BOJ| — Hd-
NopHO-PurIbMPayUOHHbIE NN HANOPHO-DII0AUUOH -
Hvle maiuku, a B 06JACTSIX PA3TPY3KU HEHATIOPHBIX
TTOJIBEMHBIX BOJI — HEHANOPHO-PULLMPAYUOHHBLE VI
nenanopno-guoauuonnvie manuxu®. Takum 06pasoM,
C OJIHOM CTOPOHBI, IPUPOHBIE BOJBI ONPENEATIOT
BO3MOXKHOCTD CYIECTBOBAHUS TATUKOB, T. €. IPEPbI-
BucToCcTh KB, a ¢ pyroit — cTenmedb MPephIBUCTOCTH
KB ompenensier ocobeHHOCTH BOZI00OGMEHA, T. €. BO3-
MOZKHOCTH CYIIECTBOBaHMSI 06JIaCTel MUTAHUST, TPAH-
3UTa ¥ Pa3rpy3KH MOA3EMHBIX BOJI B PA3HBIX TCOKPUO-
JIOTUYECKUX 30HaX. JTA B3aNMO3aBUCUMOCTh XapaK-
TepHa TOJbKO /s cTpykTyp KO, Tak xak Bae KO
BOJIOOOMEH TIOBEPXHOCTHBIX U TIOJI3EMHBIX BOJL HE 3a-
BUCHUT OT TEOTEPMUUYECCKUX YCIOBUN. 3aBUCUMOCTD
obsracTeil MUTaHUs, TPAaH3UTA W PA3TPY3KH TTOA3EM-
HbIX BOJ B cTpykTypax KO or T, u momuoctu KB
onpenengeT ux aAnddepeHnaImnio Mo pa3HbiM Teo-

7B 1916 1. — A.B. JIbsoB, 1940 r. — W.51. Bapanos, 1941 r. — H.W. Toscruxun, 1951 r. — I1.OD. IIsenos, 1952 r. — H.B. Iy6-
kun, 1953 . — A.B. Bapoirun, 1959 r. — H.W. O6uaun, 1960 r. — A.M. Edumos, 1960 r. — B.M. ITonomapes, 1960 r. — A.I1. Ka-
nabuw, 1962 r. — O.B. Pasgonuxkac, 1965, 1978, 2009 rr. — C.M. Dotues, 1969 r. — E.B. ITunnekep, 1970 r. — H.A. Benbmuna,
1982 1. — C.E. Cyxopnomnbckuit, 1983 r. — H.H. Pomanosckuii, 2006 r. — C.B. Anekcees, 2011 r. — B.B. [llenenes.

18 Tenetnueckas kaaccupuKaIms TAIMKOB, B KOTOPOI BIEPBble I'HPOreHHbIe TaUKK BbIICACHDI B KAUECTBE CAMOCTOSTE b

HOTO KJacca, Oblia pazpaborana aBTopoM patee [ Domues, 1968].

9 Qurvmpayus — mepnennoe (06bp1aHO MeHee 50 M/CyT) ABUKEHUE BOJbI 10 MEJIKMM TIOPAM M TOHKUM TpetuHaM. Daroa-
Yusl — aKTUBHOE JIBIKEHIE BOJIBI TI0 KPYTTHBIM 3USTIONIIM TPEIITHAM H KaPCTOBBIM MTOJTOCTSIM.
20 Bosee mogpo6HO POIIb THAPOTEHHBIX TAMKOB B BooobMene n opmuposanyn npepeisrctoctn KT pacemorpena B pa6o-

Tax [@omues, 1978, 20096).
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C.M. DOTHEB

KPUOJIOTHYECKUM 30HAM M aKI[EHTUPYEeT BHUMAaHME
Ha HEOOXOIUMOCTH yUeTa TEIJIOCOAEPKAHUST TIOTOKA
10/[I3eMHBIX BOJI. B aTOM 1 3aKki104aeTcss OCHOBHOE OT-
JIMYKE YCJIOBUN BOJOOOMEHA B THAPOTEONOTMIECKIX
crpykrypax KO ot anamornuubix ctpyktyp Bae KO.

O6utacTv TUTaHUsI, TPAH3UTA U PA3TPY3KHU TTOJI-
3EMHBIX BOJI B Cy0aspasbHBIX THAPOTEOJOTTIECKUX
crpykrypax KO (cm. puc. 1) nmpuypodeHbl K BOJHO-
TermnosbM Tasnkam?!, VIx TenioBas ycToianBoCcTh B
000 TEOKPUOTOTUIECKON 30HE OTPEEEeTCS, C
OJ/IHOW CTOPOHBI, Y/IeJIbHON IIPON3BOUTENBHOCTHIO
HUCXOSANIET0 UIN BOCXOSIIETO MOTOKA MO3EMHbBIX
BOJI M MIX TEIJIOCO/IEPsKAHUEM, a C [PYTON — TeMIiepa-
Typo# Topo/i 1 MotHOCTHIO KB.

DroarnonHbie 06JACTH MTUTAHUS U PA3TPY3KH
apTe3NaHCKUX>2, TPENIMHHbIX, KAPCTOBBIX M JKHIJIbHbBIX
BOJI XapaKTepU3ytTcs 3HaunuTe bHbiM (Gosee 50—
80 M/cyT) KoadPpunmenToM GUIALTPAITUN TTOPOJ 1
GOJIBITNM YIETHHBIM 06 BEMOM HUCXOJSIIETO UITH
BOCXO/IAIIETO MOTOKA TTOA3EMHBIX BOJI HA OTPAaHUYCH-
Hoit mormaan. OHM 06IAAI0T 3HAYUTENHHON TETLIO-
BOH YCTOWYUBOCTHIO M BCJIEICTBHE 3TOTO CYNIECTBYIOT
B 30HaX CIJIONIHOTO, IPEPBIBUCTOIO U OCTPOBHOTO
pactpoctpanenus KB. Xorsa miomanu duoanmon-
HBIX 00JIaCTell MUTAHUS U PA3TPY3KU HEBEJIUKHU, OHU
UTPAOT BAKHYIO POJIb B BOL00OMEHE aTMOC(HEPHBIX,
[TOBEPXHOCTHBIX U ITOA3EMHBIX BOJ] BO BCEX F'€OKPHO-
sgorndeckux 3onax. Cienyer oco6o 0TMETUTH HOJIb-
1Ioe 3HaYeHUe JTUHEWHBIX OMOJIOKEHHBIX TEKTOHMU-
YEeCKUX PA3JIOMOB ¥ TIPUYPOUCHHBIX K HUM CKOTIJICHHI
Pas3IOMHBIX (KUTBHBIX) BOJ JUIsT BOLOOGMEHA THPO-
reosorndeckux ctpykryp KO. Ycranosieno, 4To
HanboIee OOUITLHOE TIOTIOJTHEHUE PECYPCOB TIOPOBBIX,
TPENUHHBIX ¥ KaPCTOBBIX CKOMJIEHUI MOA3EMHBIX
BOJI, 3avteraonux Huske KB, mponcxoaut B pesyJisra-
Te MOTJIONEHUsT OOMBIIUX 0OBEMOB PEUHOI BOIbI
OMOJIOKECHHBIMU TEKTOHUYECKIMU PA3JIOMaMHU, Tiepe-
CEKaoNUMU OJUHBI pek. K TeKToHnIecKknM pasiio-
MaM B JIOJIMHAX PEK MPUYPOUYEHBI ¥ Hanboee KPyIi-
HbIE OYaryu pa3rpys3ku 1moa3eMHubIX Boj. [ToaTomy Tak
BeJIUKa POJIb (DITFOATIMOHHBIX 00JIACTEl TUTAHKS U 00-
JIACTel Pa3TPy3KHU MOA3EMHBIX BOJI B 30HE CIIJIONTHOTO
pactpoctpanenusi KB. 3mech onn pasmemniaiorcs
TOJILKO B JIHUIIAX PEYHBIX JOJMH U BOJIU3U TEKTOHU-
yeckux paszsiomoB. “Iluraiorcs” nmojaszemMHbie BOJIbI
TOJIBKO PEYHBIMU BOJIAMH B TETLIBII TIEPUO]T TOIA.

DuabrpalonHbIe 06TACTH MTUTAHWS U Pa3rpy3-
KU TIOPOBBIX M TPENMHHBIX BOJ XapaKTePU3YyIOTCs
HU3KUM K03(h UIMUeHToM (PUIBTPANN, MAJBIM
VIETbHBIM 00BEMOM HUCXOISIIETO WA BOCXO/ISIIETO

MOTOKA, HO OoJIee-MeHee paBHOMEPHOU (puibTpareit
Ha 3HAYUTEIbHON 1ToMaau. OHu c1aboyCTONYNBLI B
TETJIOBOM OTHOIIEHWU M BCJE/CTBUE ATOTO CYIIeCT-
BYIOT TOJIbKO B 30HAX MPEPLIBUCTOTO 1 OCTPOBHOTO
pacupocrpanenuss KB, re sanumaior 60JibIinue 1mio-
A/ Ha MEeXXIypeubsx. B cTpykTypax, pacmnososken-
HBIX B 30HE CIJIOMHOTO pacrnpoctpanenus KB,
¢dbunbrparmontbie 06JACTH MUTAHUA W PA3rPy3KH
MOJI3EMHBIX BOJl OTCYTCTBYIOT, TaK Kak CJIab0IPOHNU-
1aeMble BOJIOTIOTJIONIAIONINE U BOJIOBBIBOJISIINE T10-
PO/IbI TPOMOPOSKEHBI.

KJACCUDUKAIINA
IIOA3EMHBIX BO/Jl B HEAPAX CTPYKTYP
KPUOTEHHOI OBJIACTU

[TepBas kmaccudukanms, yauTbiBaoIas 0co-
6eHHOCTH (DOPMUPOBAHMS 1 PACIPOCTPAHEHM TIO-
3eMHBIX BoJ B nipezesiax KO (“obsactu pacripoctpa-
HeHust Mepaioit soubt” [ Toacmuxun, 1941]), 6pi1a co-
crassiera H.W. ToxctuxunbiM ete B 1933 . OcHoBHOE
BHUMAaHWE B KJIaCCU(UKAIIUN y/IeJIEHO Pa3MeleHUT0
CKOTLJIEHWH TTOZI3eMHBIX BOJI 10 OTHOIIEHUIO K “Mep3-
sioii 3oue”. H.W. ToscTUXWH MPeTOXKII BBIIEISITh
“HaaMep3JTOTHBIE, MEKMEP3JOTHBIC W TOIMEP3JIOT-
HbIE BOIbBL.

[Tosnuee, He MEHSIST TIPUHITUTT BbIJIETIEHUST OCHOB-
HBIX TUIOB nox3eMHubIX Boj, H.M. Tosmctuxnn Heom-
HOKPATHO JIOTTOJIHSLII M PACIIUPSLI CBOIO KJaccuduka-
mufo (B 1941, 1956 1. u T. 1.). OnWH U3 TOCTETHIX
BapuanToB kjaccuduranmu H.U. Torctuxuna, co-
crapsiennbiii copmectHo ¢ O.H. TonacTuxumbimM, rpej-
cTaBJIeH B Ta0I. 2.

[Ipennoxennsie H.U. TorcTuXuHbIM TPUHITATI
KjaaccuUKAIUKU U TEPMUHOJIOTHS TIPOYHO YKPEIu-
smch cpenu ruzporeosioros. Tak, H.A. Beibmuna mu-
met: “IlockonbKy pasjesienne MoA3eMHbBIX BOJ 110
OTHONIEHUTO K MEP3JbIM ITOPOJIaM SBJISIETCS TJIaB-
HBIM, ycTapeTb ocHOBHI Kiaccudukannn H.U. Tosc-
TUXUHA HE MOTYT, U B 9TOM CMBbICJIE KJIACCU(DUKAITHS
H.N. Toscruxuna Gyaer npaBoMOYHa BCer/a, He3aBy-
CHMO OT TOr'0, Kakue Kjiaccuduranuu OyayT npeio-
JKEHBI B asibHeieM. ...JTiooble kinaccuduramnum 0y-
JIyT BKJIIOYATh YIIOMSHYTYIO cxeMmy” (MMeeTCs B BUILY
cxema JieJIeHN II03eMHbBIX BOJ Ha HaJl-, MeK- U I10/1-
mepanoTtHbie. — C.D.) [ Benvmuna, 1970, c. 45]. B atom
OTHOIIIEHUN OHA OKa3ajach rpasa. Bee mocnenyionime
kaaccupukanuu (a ux 6osee 15)2 B Toit win uHoil
Mepe U3MEHSJIU UK JIOTIOJIHSAIN KJIacCU(UKAINIO
H.W. Tonctuxuna, o{HAKO IMPUHIIUIT KJIacCUPUKAIUN

21 B cyGMapuHHBIX THPOTEOJOTHYECKUX CTPYKTYpax (cM. puc. 1) nutanue, TBUKeHME 1 Pa3Tpy3Ka TOJBEMHBIX BOJT OCYIIECT-
BJISIOTCS 110 BOZONOIJIOIIAIOIIUM, BOAOIPOBOAIIMM U BOJOBBIBOSIIMM BOJAHO-XUMUYECKUM TamukaM [ Domues, 1978, 20096].
Cy6MapuHHBIE TH/POTEOJIOrHYECKUE CTPYKTYPBI 10 HACTOSIIIETO BPEMEHH M3YYeHbl He[OCTATOYHO.

22 Tlutanue 1 pasrpyska BOAOHOCHBIX ropuzonToB B AB KO, ocobento B 30He cIIomnoro pacipocrpanenus KB, nponcxo-
JST TOJBKO 110 TEKTOHUYECKUM Pa3JjioMam, T. €. 110 CYUIeCTBY KUJIbHbIMU BOaMU.

23 [puBesieM JIUTTh HEKOTOPBIX aBTOPOB, KIACCU(DUKAIINN KOTOPBIX GBLIN OMmyGIrkoBanbl B pasubie rogsr: 1940 1. — V.51, Ba-
panos, 1958 r. — /I.B. Pesiosy6oB, 1959 r. — B.M. ITonomapes, 1960 r. — A.11. Kanabun, 1964, 1982 rr. — C.E. Cyxononbckuii, 1966,
1982 rr. — H.H. Pomanosckuii, 1970 1. — H.A. Besnmuna, 1983 r. — B.B. Illeneies.
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Tabauma 2. Kraccudukaius rpaBUTAHOHHbBIX MIOA3EMHbIX BOJ MeP3J0#i 30ublI [ Toicmuxun, Torcmuxun, 1973al

Tun nop- Ilonoxenue MecToHaxosxaeHue OcuosHoil ucrounuk | IIpeobuanaionie Hanopsl, | Temmepa-
3eMHBIX BOJT B pesbede BOJIOHOCHBIX TTIOPO/T MTUTAHUS AJIEMEHTBI PEKUMA Typa
Hanmeps- | [learesnpHblit 101t Kamennbre pocceninn Ocazku, KOH/JICHCAIIs +
JIOTHBIE (BEpXOBO/IKA) U TOJTBITBI

TopHbIe CKIOHBI Ocanku Ce30HHOTIPOMEP3AIOTIIE, +
[Lirockue Bomopasesl, Ocaku, IaBoKOBbIE GesHaropHsle, IPU IIPoMep- +
PaBHUHDI, PEYHbBIE TEPPACHI BOJIBI 3aHUM MOTYT PHOGpeTaTh
1 [OIIMBI Peunbie Bozbt HArop, HUCXofAINe — (penxo)
[learenpuslii cnoit | PaBHUHBI 1 peuHbIE TEp- Ocanxn CesoHHOTIONYTIpOMEP3a-
U HECKBO3HbBIE pachl, OCHOBAHUSI CKJIOHOB folue, GesHaropHble, Ipu +
TAIUKHI TOP, 03€PHBIX KOTJIOBHH IPOMEP3aHUH TIPUOGPETAIOT| — (PENKO)
(BbiliIe MeCTHOTO Oasuca BpPEMEHHBIII HATIOP
2PO3UH)
HeckBosnbie Komnycs! BeiHOC Ocanxn 1 pevyHble BOJBI +
TaJlnKn Ilom osepamu O3zepuble BOJIbI + -
ITox peunsivu pyciamu | Peurbie Bozbl uitn Bogibl | Herpomepsatoniye, Ge3Ha- +
U B HU3KUX Teppacax CKBO3HBIX TAJIMKOB HOPHbBIE WK cIaboHAIIop-
(B Ipesesiax UX HaMep3- Hble (B MOZ03EPHBIX
JIOTHOTO PACCEMBAHMS) | ¥ HMOAPYCIOBBIX TATUKAX )
Mopckue nobepexbst Ocazxu 1 Bosibl Mopst | Besnaropusle, nipu npomep- + -
3aHUN HAIOPHBIE
Mesxmeps- | [losHOCTBIO N3071-| B pasimyHbIX yCI0BUAX [Tnranne nzsue BesHamnopHbie win caabo- -
JIOTHBIE pOBaHHbBIE TAIMKU | pesibedha U reoJIOrnIecKoro He TOCTYyTIaeT HATIOPHbIE
CTPOCHU
HeckBosHbie Jlamma mpomMepaalonx [ToBepxHOCTHBIE BO/IBI Hamnopusie + -
TAJUKI 03ePHBIX KOTJIOBUH
11 aJ1acoB
Peunbie Teppacsr [ToBepxHOCTHBIE (pey- Hamnopsusie +
HbI€) BOJIbI, PesKe BO/Ibl
CKBO3HBIX TAJIKOB
30HBI Pa3I0MOB, Tiepeceka- | IloBepXHOCTHBIE BOBI Hempomepsaromue, +
[OlIMe pa3JIMyHble 9JIeMeH- | (Ha yJacTKax repecede- | Oe3HANOPHBIE, JJOKATbHO-
TBI pesibeda HUS Pa3JIOMaMH PEUYHBIX HaIlOpHbIE
JIOJINH)
CkBO3HbIE TATUKU Ilox osepamu [ToBepxHocTHble BOADL Crabonarnopubie +
(110/103€pHbIE TATMKH )
[TommepsnoTasie Boasl | Hamopubie, Bocxosimue +
(03epa-uCTOYHMKA)
Jlosmmnbl pex [Toepxuoctubie nau | Hucxozsiue, Bocxojsiiue, +
(Toz pycJsiaMu ¥ TOUMaMi —| TIOJIMEP3JIOTHBIE BOJIBI MePEeMEHHOTO /[BUKEHUS
rOpHbIe, PABHUHHBIE) To xe Hucxopnamue umm Bocxo- + -
e
Komnycsl BoIHOCA, 30HBI [TommepsmoTHbIe NN Bocxonsammue + -
pas3IOMOB TOBEPXHOCTHBIE BOJIBI VI HUCXOJISITIIE
[Monmeps- | BaumocssizaHHble MeskropHbie BIIaIMHbI [TosepxnocThble Bobl | Haropubie co cpaBHUTEIb- +
JIOTHBIE € BOJIaMU CKBO3HBIX HO YCTOIYUBBIM HAIIOPOM
Ta/IMKOB IInockoropbs u ropabie Hamnopnbie ¢ cnibHO n3Me- +
MaCCUBbI HEHHBIM HAIIOPOM
Kapcrosble MaccuBbl To xe +
He B3anmocssi- PaBHUHBI U 11JIOCKOTOPbS [nyGunnbie Haropubie ¢ ycroitunBbim + -
3aHHBIE C BOITAMHT mrathopm PEKIMOM
CKBO3HBIX TAJIUKOB
Ta6nauma 3. Tunusanys KpUOreHHbIX BOIOYNOPOB N0 PACIPOCTPAHEHUIO
Kpwuorennsiii Bogoymop
Tun TTogTumn
Homep Haunmenosanue [Tnomans, % | Homep Hanmenosanune [Trnomans, % [TpeppiBrCTOCTD
I Cnunomnoit 95-100 1 Cronnoit 95-100 Huuroxnas
II [TpepoiBuCTBDIIt 50-95 2 CurabonpepbIBUCTBIIT 75-95 Becbma HesnaunTesbHas
3 CUIIbHOTIPEPBIBUCTBIN 50-75 Hesnaunrenbhas
111 OctpoBHOii 0-50 4 MaccuBHO-0CTPOBHOIT 25-50 3HaunTeIbHAS
5 OcTpoBHOIT 5-25 BecbMma 3HaunTEIBHAS
6 PenkoocrpoBroit 0-5 Becbma 3HaunrtesibHast
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Tabnumna 4. Knaccudukanus noi3eMHbIX BOJ
I Xapakrepuctuku, 00yCJI0BICHHbIE " .
O/I3eMHBIE BOJIbI XapaxTepucTuk,
Te0JIOTIYEeCKUMY U THPOTe0TOTHIECKIMNI YCIOBUAMI
Tuzporeo- ®opma rXap aK- )
Tun Bupn JIOTUYECKHe [Toponbt cxore- | o ABH” Xapaxrep Yesosi saneranms
JKeHUsT | Haropa 1 XUMHIYeCKHUI cocTaB
CTPYKTYPBI HusA |
1 2 3 4 5 6 7 8
[Topossie| Ipynto- |Bacceiin rpyn-| Tlameunukn, mecku | Topu- | @uasr- | Henamop- Boemne KB.
BblE toBbix BogL | cynecu (all, el dl,1, | somr | pamusi |mble, nHorma [Tpecusie, HCO4;—Ca
fgl, m) C Ce30HHBIM
HarmopoM
Apresnan-| Apresnan- | Ocanounsie: Hectie- | Topu- | @unsr- | Hanopmsie | Huske KB. 1. IIpecisie, HCO45—Ca,
cKue CKUI Gacceill | MEHTUPOBAHHBIC WM | 30HT | pallust ecnut Myp < Mz, u B 3KTIL
¢1aboCIeMEeHTHPO- 2. Conensre, Cl-Na, ecom
BaHHbIE My > M3y 11 eciiu TOpOJbL
Tpemmn- | Apresman-|  Apresuan- |Ocagounsie crabome- KB ~ conernpre. 3. [lozemmbix 5ozt
HbIe ckme | ckwmii bacceiin | TamopdusoBaHHbIe ner, ecan Myg > Mapg.
Buytpu KB. Couennie, CI-Na;
Anapresuan- | Ocagouibie CHIIbHO- JIMH3bI KPUOIIATOB CPe/IN MEP3JIbIX
ckuii Gacceiin |MeTaMopdU30BaHHbIE 3aCOJIEHHBIX TIOPOJL
Ipynto- |Bacceiin rpyn-| Kopa BeiBerpusanust | lopu- | @uasr- | Henanop- | Huske KB. IIpecusie, HCO43—Ca,
BbIE TOBBIX BOZL | (OCAJOYHbIE, MarMa- | 30HT | palus Hble ect My < M3y
THYECKHE U MeTaMOp-
buueckue)
Kpuoren- | Kpuorennsiit |  MarmaTuueckue, 3ona | @uusr- | Hanopuere | Huke KB. [Ipecubsre, HCO3—Ca,
HbIE Gacceiin MeTamMopduieckue, parus ecrt My < M3y nim ecm
0CaJIoYHbIe CUJIbHO- My > My
MeTamopdu30BaHHbIe
Kapcro- - Apresnanckuii| PactBopumere (u3- | Topu- | @moa- | Henamop- | Huxe KB. IIpecusie, HCO5;—-Ca,
Bble WJIN a/lapTe- | BECTHSK, OJIOMHUT) | 30HT, s Hble (HHC- ecat Myg < Mayp, nB 3KTII
3UAHCKUI MaccuB XOJISIIINE).
Gacceiinbl. Hamnopnbie
Tunporeo- (Bocxo151-
JIOTUYECKUI e )
a/MaccuB
Paznom- | Tpeun- |Apresnanckuii| Marmaruueckue, | Kuna | @uist- | Henanop- Buytpu u Hizxe KB.
HbIe Hple (TOH- | WM ajiapre- | MeTaMopguIecKue, parusi | Hble (HuC- 1. ITpecunre, HCO3—Ca, ecin
KHe Tpe- 3MaHCKUH | ocaJlouHble CUIbHO- XOJSIIne). My < M3pp.
TITHBI ) GacceitHpl  |MeTaMOp(hU30BaHHbIE Hamopubie 2. Conenbie, Cl-Na, eciu
(Bocxons- | Mg < Mzpg. IIpectbie Tonbko B
mue) TTPOHU3BIBAIOIMINX TaJIHKaX
JKumpnere | I'maporeo- Kuma | @umoa- | Henamop-
(3ustoniye| JOTUYecKuii s Hble (HuUC-
TPENUHBI) | MaCCUB WA XOIATIINE).
THUJIPOre0JIo- Hanopusie
TUYeCKUL (Bocxo1s1-
ajMaccuB mnue)

I[ITpumeuvanne. 3KTII — 30HBI KpHOTeHHOI TpenHOBaTOCTH TOPOZT; KB — Kprorennbie Bogoynopsl; AD — apre3nanckmii
Gacceiin; aAB — amapresuanckuii 6acceiin. Tamuku: n® — undunsrpaipontsie, MHDn — undmoarmonusie, O — dbunsrpa-
moHHble, O — durroarmonabie, HH® — Henamopro-uisrpannontsie, HHMr — HenanopHo-duoannonnbie, HO — HamopHo-
dbunsrparmonnsie, HOu — wanopro-duoanmonnbie. Xumuueckuii cocraB Boap: HCO;—Ca — ruipokap6oHaTHO-KaIbIIHEBbIH,

Cl-Na — xyopuiHblii HATPUEBbIIL.
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HO/I3EMHBIE BO/IbI KPUOTEHHOH OBJIACTH POCCUU

KPHOTEHHOH 00J1acTi

O6yCJIOBJIeHHbIe TEeOKPUOJIOTUYECKUMU yCIOBUAMN

30oHaJIbHbBIE XapaKTEPUCTUKN KPUOTEHHDBIX BOIOYIIOPOB

30Ha CIIOIIHOrO paciipocTpaHeHusA
(T, = ~2..~14°C, Myz = 100600 m,
Fyp = 95-100 %)

30Ha TIPEPBIBUCTOTO PACTIPOCTPAHEHUST

(T,=-1.-3°C,

Mg, = 0-150 w1,

Fies = 50-95 %)

3ona OCTPOBHOI'O

(T, =0..-1°C,

PacipoCcTpaHeHust
My =0-50 M,

Fyg = 0-50 %)

Ob6sacTy UTaHusA

O6iacTut pasrpysku

Ob6sacTi IUTaHusA

O6iacTvt pasrpysku

O6sacTu MUTaHus

Ob6iacTit pasrpysku

9

10

1

12

13

14

pasrpysKH — B JIOJIHAX PeK

bBacceiinbr COCPEI0OTOYEHDI B ITIOPOJAAX: 1) CE30HHOTAJIOTO CJIOA; 2) BOAOIIPOBOAAINIINX TAJIUKOB B IOJTMHAX PEK; 3) BOJIOBMENTAIOTINX
TaJIMKOB I10/] 0O3€PaMU Ha MEKAYPEYbAX U B JJOJIMHAX PEK. Ob6acTy muTaHus COBIIQ/Ial0T C 061aCThIO pacipocTpaHeHusd. Ob6nactu

Bopomnoromnaio-
mme adDi tanukn
TOJIBKO TIO KPYII-

BogosoiBosimme
H®u ranukn
TOJIBKO TIO KPYTTHBIM

Bopomnoromnaiorie
Nu® u Muda ranm-
KU Ha MEXKYPEUbAX

BojosbiBosmme
HH®, HH®x, HO
n HDu Tanuku B

Bopormnormomaroriue
Nu® u uDa ram-
KU Ha MEXK1yPeubsIx

BonosbsiBosime
HH®, HH®x, HO
n HOu tanuku B

TAJINKY TI0 KapCTO-
BBIM ITyCTOTaM Ha
MEKIYPEUbsIX U
B IHUIIAX JIOJIHH;
[uTaHue — aTMo-
chepHbIe 0CAIKT U
peuHbie BOJIbI

u HDn ranukn
10 KapCTOBBIM
MyCTOTaM B THUTIIAX
JOJIUH

TAJMKHU 110 KapCTo-
BBIM ITyCTOTaM Ha
MEK/LyPEUbsIX 1
B IHUTIAX JIOJTHH;
MUTaHue — aTMo-
cdepHbIe 0CAIKI 1
peyHbIe BOBI

HBIM Pa3jioMaM U | pas3jioMaM U B JIHU- | U B IHUIIAX J[OJINH; JHUIIAX JTOJIUH ¥ B JIHUINAX JIOJIUH; JHUIIAX JOJIUH
B JIHUIIAX J[OJINH; ax J0JuH [UTaHUE — aTMO- MUTaHUe — aTMO-
MUTaHue — pedHbie chepHbie ocaKi 1 cepHbie ocaiku 1
BOJIbI pedHbIe BOJIBI peUHbIe BOIBI
To xe To xe To xe To xe To xe To xe
» > > > > »
> > Bogomnoromaio- BomosbiBosimme Bogonororiaio- BomosbiBosime
e Na®d u Un@a |HHO, HHOx, HO | mue Na® u Uuda | HHO, HHDx, HO

u HDu ranuku o
KapCTOBBIM ITyCTO-
TaM B JHUIAX JOJINH

BO[[OHOCHBIC TIOPO/Ibl IPOMOPOKEHDI

Bomomnoromniaio-
e Mu®d ranukn
Ha MEKIYPEUBSX U

B JIHUIIAX J[OJIVH;

MIUTAaHUE — aTMO-
chepHbIe 0CAIKN U

pEeUHbIE BOIBI

BoposbiBozanme
HH® u HO ranu-
KU B IHANIAX JTOJUH

Bogomnornomnaro-
e Mu®d ranukn
Ha MeXX/Typeubsx 1

B IHUINAX JOJIAH;

MUTaHIe — aTMO-
chepHble OcaIKK U

peynbie BOBI

BoposbiBogamme
HH® u HO ranuku
B JIHUIIAX J[OJIMH

Bogonornomaonme | Boposbisogsamue | Bogonoraomaionme | Boposbisogsanue | Bogonoriomaiomue |  BoposbiBogsiiue
@ rammku tosb- | HDu tamuku tosnb- | Vi tanuku B HH®nxu HOx NnDu Tanvku B HH®nu HOx
KO B JIHUIIAX JOJIMH; | KO B IHUIIAX JOJUH |  JHUIAX JOJUH; TaJUKK B JHUIIAX JHUIIAX JTOJIVH; TaJUKK B JHUIAX
MUTAHNE — PEYHBIE MIUTAaHUE — aTMO- JIOJTNH [IATAHUE — aTMO- JLOJTH
BOJIBI chepHbIe OCaKi U cepHbIe OCALKK 1
pedHbIe BOIBI pedHbIe BOJIBI
XapakrepucTHKH KPHOTE€HHOTO Bojoymnopa: T, — Temieparypa nopoj, My — MoiHocts, Fyp — mromaas. lenernyeckue

Tinbl oTIokenuii: all — anmoBuasnbhbie, el — amosuanbhsie, dl — gemosnanshsie, | — ozepubie, fgl — GuoBroTIAIMATBHBIE,
m — Mopckue. MomHocTb: M3y — 30HBI IPECHBIX BOJ, My — mopoz yexna AB m aAb.
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Y Ha3BaHUS TUTIOB MO/[36MHBIX BOJ OCTABAJINCDH HEU3-
MeHeHHbIMU. OTHU aBTOPBI MTPEBpaIain Kaaccudu-
KaI[UIO B CJIUTITKOM TIOAPOOHYIO U TIOTOMY CIUIITKOM
IJMHHYIO pernonanbnyio cxemy [Karabumn,1960],
JIpyTue — 4pe3MepHO YCIOKHAIN KIacCUPUKAINIO,
BBOJISI B Hee HOBbIE HEMOHSTHBIE U, CKOPEe BCETO,
Janrave nousiTis u repmuibl. HLA. Bebmuna [ 1970,
HAMpUMep, BKJIIOYUJIA B KJIACCU(PUKAIUIO MTOHSTHE
“Mep3JIOTHO-TU/IPOTE0JIOTUYECKUT Pa3pe3”, BbIIesIs
B HEM “BOJIBI BEPXHETO, CPETHETO 1 HUKHETO ATaxkeh .
HexoTopeie aBTOPHI TOMONHAIN KIACCHPUKAIIIIO,
BKJIIOYas B Hee HOBbIe Tofipasenenud. Tak, H.H. Po-
MaHOBCKMit [71983] nobaBui “BHYTPUMEP3JIOTHbIE
BOJIBI.

Wrak, npennosxkennsie H.W. TorcTuxunsiM Ha-
3BaHUSI OCHOBHBIX TUIIOB ITO/I3€MHBIX BOJ “M€EP3JIOii
30HbBI” IPAKTHYECKU O€3 M3MEHEHUST UCTIOIb30BAUCH
TUPOTE0JIOTAMU B MHOTOYNCJIEHHBIX, B TOM YHCJE
COBPEMEHHBIX, CTAThsIX U MOHOTPADIIIX HA IPOTSIKe-
Huu Gostee 75 net. Tem He MeHee HEOOXOMMO OTMe-
TUTH caenyioiiee. [uaporeosoru, BKIo4as B CBOU
KjaaccuUKAIMU TEPMUHBI “Ha/l-, MEXK- U TOJAMEP3-
JIOTHBIE BO/IBI” B KAUeCTBE BEAYIIETo MPU3HAKA MOI-
semubix Boz KO, mouemy-to 3abbiBaiu, uto KO sanu-
MaeT OTPOMHYIO TEPPUTOPUIO, KOTOPAs BeCbMa HEOJI-
HOPO/THA TI0 YCJIOBUSIM KPHOTEHHOTO MTPeoGpasoBaHuUs
TOJITI TIOPOJI, & CJIe0BATEIBHO, M TI0 MJIOMAIN pac-
npocrpanenust KB (cm. puc. 1). Hanpumep, B 3anaj-
HoUl Cubupu — OrpoMHOM, HauboJiee eTaTbHO U3Y-
yeHHOM pernone KO — 10cTaToOuHO yBEPEHHO BHI-
nesieHsl Tpu cybaspasibHbie 30HbBL [110Tab 30HbI
cromHoro pacnpocrpanenus KB sanumaer B aTom
peruote Bcero 30,9 %, MIotaab 30HbI TTPEPHIBUCTOTO
pacmpoctpanenus — 20,8 %, a octposuoro — 48,3 %
[ Domues, 20096].

[To MHeHuUIO aBTOPA, TEPMUHBI “HAZMEP3JIOTHBIE,
MEKMEP3JIOTHBIC U TTOAMEP3JIOTHBIE BOIBI MOKHO
HCITOJTb30BaTh TOJBKO B KAUE€CTBE JIOTIOJTHUTETHHOM
XapaKTePUCTUKN W TOJIBKO B CTPYKTYpax, PacioJio-
JKEHHBIX B 30He CILIOIIHOTO pacnpoctpanenus KB.
B aroii 3one KB zanumaior 95-100 % nomaau, a
npepbBUCTOCTh UX HUuTOoKHAA (0—5 %) (Tabu. 3).
ITH TEPMUHBI OTPAHUYEHHO (TOJBKO IIPU XapaKTe-
PHUCTHUKE TI0I3EMHBIX BOJL IO/l KPYITHBIMU MAacCHBAMM
MEP3JIBIX TOJIII, 3AaHUMAIOIIMMHU OOJIBIITIE TLITOTIAIH )
MOJKHO HCTIOJIB30BaTh B 30HE cabonpepbiBUCTHIX KB,
IJI0IA/Ib KOTOPBIX cocTaBisieT 75—95 %, a npepbi-
BUCTOCTb BecbMa He3HaunTesnbHas (5—25 %). OzxHako
B TU/IPOTEOTIOTMYECKUX CTPYKTYPAX, PACTIOTIOKCHHBIX
B 3oHax mpepbiBucToro (tromans KB 25-50 %) u oc-
tpoBmoro (menee 50 %) pacupocrpanenusi KB, nc-
M0JIb30BATh TEPMUHBI “HAMEP3JIOTHBIE, MEKMEP3-
JIOTHBIE U TIOJIMEP3TOTHBIE BOBI” B KAU€CTBE OCHOB-
HBIX THUIIOB MOA3EMHBIX BOJ yiKe Hesb3st. OcobGeHHO
6eCCMBICTIEHHO WX BbIJEJEeHNE B I0)KHBIX palloHax
KO, rzae mnomans KB cocrasaser or 0 1o 25 %, a ux
[PePBIBUCTOCTH BechbMa 3HaunteabHas (75—100 %).
B 2710i1 301H€E HEOOIBIIINE OCTPOBA U MEJIKKIE MACCUBBI
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MEP3JIbIX TOPOJI, IJIOTIAN KOTOPHIX YACTO COBIAAIOT
C JIMTOJIOTUIECKUMU BOJIOYTIOPAMHU, TIPAKTUIECKHU HE
BJIMSIIOT Ha YCJIOBUST (POPMUPOBAHUS TIOJA3EMHBIX BOJI
B HeApax CTPYKTYp. VIMEHHO 1O 3THUM MpUYMHAM
aBTOP He TIOTIEJI [0 TIYTH CBOUX MPE/IIECTBEHHIKOB
U He MUCI0JIb30BaJ B KjaaccuuUKaIlUuu B KauecTBe
OCHOBHBIX THUTIOB TI0/13eMHBIX BoJl KO ykazaHnmbie
TEPMUHBI.

PaspabarbiBast KaacCuMUKAIMIO MOA3eMHbBIX BOJ
KO (T1abu. 4), aBTop mnpesxje BCEro UCXOIMI U3 TOro,
YTO TUJPOTEOJIOTHYECKUE CTPYKTYPBI, COEPKAIIIE
CKOTLTEHUSI TIOZI3EMHBIX BOJI PA3JIMUHBIX THITOB, 0(hop-
MUJIKCh JI0 HauaJia KpUOTeHHOTo repuojia. Ha mpotsi-
JKEHUH KPUOTEHHOTO TePUo/ia MoI3eMHbIE BOJIbI OKa-
3bIBAJTM AaKTUBHOE TETIJIOBOE CONMPOTUBJIEHUE MHOTO-
JIETHEMY TIpPOMep3aHuio mopo. [1oaTomMy nepBudHbIe
CKBO3HbIE TAJTUKH TU/[POTEHHOT0 KJIACCa CYIECTBOBA-
JIM U CYTIECTBYIOT /Ia’Ke B CAMBIX CYPOBBIX T€OKPUO-
JIOTUYECKUX YCJI0BUSX ApKTUKHU. [uaporeosornyec-
KHe yCJIOBUSI B HeJIpaX CTPYKTYP U3MEHUIUCH. Morii-
HOCTb 30HBI KPHOTEHHOIO 1peobpazoBaHus TOJIIII
MTOPOJI ¥ TIOJI3EMHBIX BOJI B Pa3HBIX T€OKPUOJIOTHYEC-
kux 30Hax cocTaisiia ot 10-30 mo 1500 M u Gosee.
[Ipu 9TOM CKOTIJIEHUST PA3TUIHBIX THIIOB O[3 MHBIX
BOJI, 3aJIeralolirie BO BPeMsI KPUOMeTaMOP(UUeCKOTO
nuka Hiske KB, mo cymiectBy He MeHsTHCh. Tem He
MeHee M3MEHUITUCH, TAKKe B pe3yJibraTe (hopMHUPOBa-
uus KB, riuyOuna sajeranus BOZOHOCHBIX IIOPOJ OT
MMOBEPXHOCTHU 3€MJI U YCJIOBUS UX TTUTAHUS, TPAH3U-
Ta W pa3rpy3ku. [uaporeosorndyeckue yeaoBUs B OI-
HUX CTPYKTyPaX U3MEHUJINCH B XY/IIIYIO CTOPOHY B
cuy (hOPMHUPOBAHUSI MOIITHBIX HU3KOTEMIIEPATYPHBIX
KB, B Apyrux — B Jydinyio cTOpoHy barogapst Gop-
MUPOBAHUIO KPHOTEHHBIX TPENIMH, KOTOPbIE B 3HAYN-
TEJIbHON CTETIeHN YBEJWYUIN BOAOTIPOHUTIAEMOCTD
MJIOTHBIX KPHUCTALINnYecKux nmopoja. CoBpeMeHHbIE
IHPOre0KPUOJIOTHYECKIE YCIOBU J1I000r0 paiioHa
KO — 370 pe3yabsraT MHOTOJIETHETO B3AMMOIEHCTBIS
MOJI3EMHBIX BOJI U TOJIII MEP3JIBIX TOPo/I. VIMeHHO 110-
ATOMY B OCHOBY KJaccuuKauu moa3eMubix Bog KO
MOJIO’KEeHA OJTHA U3 BAKHEUIIUX C TUPOTE0JIOTUIEC-
KUX MMO3UINI XapaKTEPUCTUKA TIOPOJT — UX BOJOIIPO-
HUTIAEMOCTh. B Kiaccu@ukanum BbIZETEHO YeThIpe
THUTIA TTOJI3EMHBIX BOJI: IOPOBbIE, TPENTUHHBIE, KAPCTO-
BBIE U pa3yioMHble (;KuibHbIe). OHU CYIIECTBEHHO
PasIMYa0TCs MO YAETbHOU TPOHUIIAEMOCTH TTIOPO/I,
YCJIOBUSM BOZOOOMEHA M APYIUM XapaKTEPUCTUKAM.
[To ycmoBusiM 3ajeranusi, pe;KuMy W THIPaBIMYeC-
KUM CBOICTBaM ITOPOBbBIE U TPENUHHbBIE BOJIBI Pa3jie-
JIEHBI Ha JIBA BUJIa — TPYHTOBbIE 1 apTe3nanckue. [1o
pasmepaM TPEIINH, a CIe[0BATEIBHO, 110 YAETbHOMY
00beMY U TEIJIOCOAEPKAHMIO TIOTOKA BOJBI, PA3I0OM-
HbIE BOJIbI TTO/IPA3/IENISIOTCS TAK)Ke Ha JIBA BUJIA — TPe-
NIMHHBIE W KUAbHBbIE (eM. TabJL. 4, rpadsl 1, 2).

Kracendukanms cocront n3 aByx yacteit. B sre-
BOI YacTh KIacCU(MUKAITUN KasKABIH THTT U BU/I TTO]T-
3eMHBIX BOJI OXaPaKTEPU30BAH C T€OJIOTUUECKUX U
UPOTEOJIOTUYECKUX MTO3UIINI: TTPUBEIEHDBl TUITHY-
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HBIE THIPOTEOJOTUIECKIE CTPYKTYPBI U COCTAB CJiara-
IOMIMX UX TIOPOJI, (hopMa CKOTIIIEHUS 1 HAJTNYVE HATIO-
pa Mo/I3eMHBIX BOJI, & TAKXKe XapaKTep JIBUKEHUS T10-
TOKa I0A3eMHBIX BoJ (cM. Tabu. 4, rpader 3—7). Ilo
CYIIECTBY, 3TH XapPaKTEPUCTUKUA HE OTIUYAIOTCS OT
XapaKTePUCTUK TeX jKe TUIIOB W BUIOB TOI3E€MHBIX
BO/l B HeJ[pax aHAJIOTMYHBIX CTPYKTYP 3a Ipejedia-
mu KO.

B npasoii yvactu kaaccudukamuu (cM. tabur. 4,
rpadbl 8—14) mpeacTaBIeHbl PE3YAbTAThl KPUOTEH-
HOTO TIPe06Pa30BaHUs TUAPOXUMITIECKOH 30HATBHOC-
THU MOJI3EMHBIX BOJI B HeJ[pax CTPYKTYP, a TaKxKe 3a-
koHoMepHocTH Auddepennmranu obaacteil muTa-
HUS ¥ PAa3TPy3KH TOJ3EMHBIX BOJ B 3aBUCIMOCTHU OT
YAETHLHOTO 06hEMA U TETIIOCOAEPKAHIST HUCXOISITIIX
Y BOCXOJIAIUX TTOTOKOB. J{JIs1 KaK/10T0 TUTIA U BU/IA
MTO/I3EMHBIX BOJI, BO-TIEPBbIX, YKA3aHBI YCIOBHS 3ajie-
TaHWS CKOTIEHUH MO/I3EMHBIX BOJT OTHOCHTETHHO KB,
BO-BTOPDIX, IPUBE/IEH XUMUYECKHUI COCTaB I10/13eM-
HBIX BO/JI, 3aJI€TaloNUX BbIlIe, BHYTPU WK Hike KB,
B-TPETHUX, OI€HEHA BO3MOKHOCTD CYIICCTBOBAHUSA
CKOTIJIEHWH TTPECHBIX BOJ B HEAPaX Pa3HBIX TUIIOB
TUPOre0JOrNYecKUX CTPYKTYP B 3aBUCUMOCTH OT
MontHocT KB 1, B-ueTBepThIX, ITOKa3aHa 3aBUCH-
MOCTb pagMelneHus (PUABTPAIMOHHBIX U (DIT0AITNOH-
HBIX 00J1acTell MUTAHUST ¥ PA3TPY3KU GaCCETHOB MO
3eMHBIX BOJI, IPUYPOUYEHHBIX K BOJOIOIJIOMAIONIUM 1
BOJIOBBIBOJISATIMM TaJINKaM, OT X TETJIOBOM YCTOWYH-
BOCTH B Pa3HbIX F€OKPUOJOTUYECKUX 30Hax>! u Ha
Pa3JIMIHBIX IEMEHTaX pesibeda.

BbIBO/1bI

Ha nporsikennu kproMeraMophuyeckoro 1muk-
sia popMUpOBaHMS IOJA3€MHBIX BOJ (IIOCIeHUE
3,1 MJIH JIeT), COBITA/IAIONIETO 110 BPEMEHH C TLJINOTIeH-
TOJIOIIEHOBBIM KPUOTEHHBIM TTEPUOJIOM, B PE3YJIbTATE
MHOTOJIETHETO [IPOMEP3aHMs TOPOJL U (DOPMUPOBAHMS
KPUOTEHHBIX BOJIOYTIOPOB IMJIPOT€0JIOTUIECKIE YCIIO-
BUSI B HEJ[PaX re0JIOTMYECKUX CTPYKTYP CYIIECTBEHHO
U3MEHUJINCH.

e Hanmnune KB — xapaxkrepHast 0co6eHHOCTD
HeJp ruaporeosornueckux ctpykryp KO, kotopas
MTO3BOJISIET HA3BIBATH UX TUAPOTEOKPHOJIOTHUECKUMI
CTPYKTypaMHu.

e KprorenHbie BOI0OYIOPBI, C(HOPMUPOBABIIHAECS
B IIOPOJIaX BEPXHUX, HanboJjiee BOL00OUIbHBIX TOPH-
30HTOB 36MHOU KOPBI, CYIIECTBEHHO TOBJIUSIJINA Ha
YCJIOBUST TIMTAHUS, TPAH3UTA U PA3TPY3KH TOA3EMHBIX
Boji. MI3mMeHuach TUAPOXUMHUYECKAST 30HAJIBHOCTD
MMOA3EMHBIX BOJI, a CJIeJ0BaTEeIbHO, I caMa BO3MOK-
HOCTb CYIECTBOBAHUS CKOIJIEHWH TTPECHBIX BOJ B
HeJ[paX CTPYKTYP.

e 3aBUCHUMOCTD YCJIOBUI TUTAHWS, TDAH3UTA 1
Pa3rpy3KH MOA3EMHBIX BOJ[ OT T€OTEMITEPATYPHOTO
10JIs1 BEDXHUX TOPU30HTOB 36MHOI KOPBI — OTJINYH-

TeJIbHast 0COOEHHOCTH THAPOTEOJOTHYECKUX YCIOBUN
B Hezapax cTpykTyp KO. MMenHo moatomy B3aumo-
JeiicTBre aTMoc(epHBIX, PeYHBIX, 03€PHBIX U 110/[3€M-
HBIX BOJI OCYIIIECTBJISIETCS TOJIBKO MO TAJTUKAM THPO-
TEHHOTO KJacca, HaTu4Inue KOTOPBIX ONpPeIesaeTCs
OTETIJIAIONINM BJANSHUEM MPUPOIHBIX Bo/. Pazmepnr
IIomaeil TUTanus, TpaH3uTa U pasrpysKu Ioj-
3eMHBIX BOJI OTPAHUUYNBAIOTCS pazMepaMu BOJOTIO-
TJIOMIAIONINX, BOJOTPOBOAIINX U BOJOBBIBOASAIINX
TAJMKOB.

e [ITupoTHas 30HAIBLHOCTD TeOTEMIIEPATYPHOTO
noJist KO ctaBUT BO3MOKHOCTD CYIIECTBOBAHUS 06-
JIACTE IUTAHUA Y Pa3TPY3KU B IPSIMYIO 3aBUCIMOCTb
OT TEIJIOCO/IEP>KAHNS HUCXOAIIETO NN BOCXOIAIIe-
r0 MOTOKA MOA3EMHBIX BO/. B 060ii reokpuosoru-
YeCKOU 30HE TEIIOBast yCTOUIMBOCTH 00IacTel ThTa-
HUS ¥ PA3TPy3KU CKOTICHWH TIPECHBIX BOJ B He/lpax
CTPYKTYP OIpeiesIsieTCs, C OJHOW CTOPOHBI, TeMIlepa-
Typoii mopoz 1 motHOcThIo KB, a ¢ aApyroit — yaemns-
HOH TTPOU3BOAMTEIHHOCTHIO HUCXOSTIETO UITH BOC-
XOJISATIETO TIOTOKA U UX TETIOCOIEPIKAHTEM.

e O6acTV MUTAHWA W PA3TPY3KU TTOA3EMHBIX
BO/L 110 TEIJIOBOI yCTONYMBOCTH IIPEJIJIOKEHO JIETTUTD
Ha ¢urioannonnslie u puasrpanuonnbie. OroaoH-
Hble 00JTACTH MUTAHWS U PA3rPY3KU MPUYPOUEHBI K
MOPOJIaM € BBICOKOW MOPUCTOCTHIO, 3HAYUTENBHOM
TPENMHOBATOCTBIO (BILJIOTD /10 3UAIOIINX TPEINH) U
3akapcroBaHHOCThIO. OHM Haubojee YCTOUYUBEI B
TETIOBOM OTHOIIEHUH, TaK KaK OTJIUYAOTCS OOJIb-
UM YAETBHBIM 06BEMOM U BBICOKUM TETLIOCOIEep-
JKaHUEM HUCXOASIEro WJAW BOCXOJAIIEro 0TOKa
mo3eMHbIX BoJ. OCOOEHHO BeJMKa MX TEIIoBast yc-
TOMYUBOCTD B CUJTBHOTPEIIMHOBATHIX WU 3aKapCTO-
BaHHbIX TOPOJIAX BOIM3HM HOBEHIITNX TEKTOHUYIECKUX
paszsiomoB. [lyomanb nx He3HayuTeIbHA, HO UX POJIb
B BOZIOOOMEHE CYIIECTBEHHA BO BCEX TEOKPHUOJIOTHU-
yeckux 30HaX. OCOOEHHO BeJIMKA UX POJIb B CTPYKTY-
pax, pacroJI0KEHHbIX B 30HE CIIJIONIHOTO PacpocTpa-
Hernns KB, rie nopoabl GUABTPAIMOHHBIX 00acTei
MUTAaHWUS W PA3TPY3KU MMPOMOPOKEHBI. B 3TOM 30He
peuHbIe BOJBI — OCHOBHOI MCTOYHUK MUTAHUS Oac-
CeHOB Moa3eMHbIX BOJ. DUIbTpaIliOHHbIE 00JaCTH
MIATAHUSA U PA3TPy3KU IPUYPOUYEHBI K TOPOJaM ¢ He-
BBICOKOH TIOPUCTOCTHIO WM C HE3HAUMTEIBHON Tpe-
MUHOBATOCTHI0. OHM MaJIOYCTOWUYNBEI B TETIJIOBOM
OTHOIIEHNUH, TAK KaK OTJIMYAIOTCS HEOOIBIITUM YIIETThb-
HBIM 00BEMOM U HEBBICOKUM TEIMJI0COAEPKAHUEM
HUCXOJISTIET0 WU BOCXOSIIETO MOTOKA MOI3EMHBIX
BoZl. OHM OTCYTCTBYIOT B 30H€ CILIOIIHOTO PACIpo-
crpanennst KB, Ho 3anuMaioT GoJIbIIie TIIOTA Ha
MEXK/IYPEUbsIX B 30HAX TPEPHIBUCTOTO 1 0COOEHHO OC-
TpoBHOTO pactpocTpanerus KB. B atux 30Hax ar-
MochepHbIe 0CATKA — OCHOBHOM UCTOUHUK TTUTAHUS
6acCelHOB MOJI3EMHBIX BOJI, JI0JIsI PEYHBIX U 03€PHBIX
BOJI HEBeJIMKA.

24 Bosee 1opo6HO BAMSAHUE KJINMATHYECKMX U TeOKPHOIOTMYECKHMX XapaKTePUCTHK KasKI0ii 30HbI Ha YCIOBHs BOI00OOMEHa
MOBEPXHOCTHBIX U MOJ3EMHBIX BOJ PACCMOTPeHbI panee B [ Domues, 20096).
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C.M. DOTHEB

e Hanuuue B6m3u mogonrssl KB cunbHO06-
BOJIHEHHOI 30HbI KPUOTEHHOW TPENTMHOBATOCTH — OT-
JINYUTETHbHAST 0COOEHHOCTD THAPOTeOKPUOJIOTHUEC-
KUX CTPYKTYP KpuoreHHOoi# obmactu. Haubosee
3HaunTe bHast MottHoCTh (100 M 1 6ostee) 0OBOAHEH-
HOI 30HBI XapaKTepHa /Il CTPYKTYP, PACIIOJIOKEH-
HBIX B I0JKHBIX paifoHax coBpemennoii KO u 3a ee
IpeiesIaMu.

e B pesysprate hopmupoBanus KB cymiect-
BEHHO COKPATUJINCH PasMepbl 6acCEHOB IPYHTOBBIX
BoJl. CKOTJIEHUS TPECHBIX BOJ COCPEOTOUYUIUCD
TobKO B 11opogiax CTC 1 B BOJIHO-TEILIIOBBIX TaJIU-
KaX, PacIoJIOKEHHBIX TG0 B [HUIIAX JOJUH O]
pyciiaMu pek, b0 MoJ| 03epaMu B JIOJHUHAX PEK Ha
MEsKIypeubstx. Pagmepbl 0acceilHOB OrpaHUYEHbI Pas-
MepaMy TaJIKOB.

o [Ipu paspaboTke TPUHIIUIIOB KJacCUDUKAITUT
noazemubix Bog KO (em. Tabu. 4) aBTOp B KauecTse
HCXOJIHOTO TIOCTYJIaTa MPUHSJ CJIeIYIOIHe T0JI0XKe-
Hus: 1) OCHOBHBIE THAPOTEOJIOTMYECKUE CTPYKTYPBI,
coJiepsKaliye CKOIJIEHUS TI0JI3€MHBIX BOJL PAa3HbIX TH-
0B, 0(hOPMUJINCH /10 Hayasla KPUOTEHHOTO MePHo/Ia;
2) noji3eMHbIe BO/IbI HA MPOTSKEHUU KPUOTEHHOTO
Mepro/ia OKA3bIBATM AaKTUBHOE TEIJIOBOE COTIPOTHB-
JieHUe MHOTOJIETHEMY TTPOMEP3aHUIO MTOPOI; 3) B JIIO-
60om pernotre KO coBpeMeHHbIE THAPOTCOKPUOJIOTH-
YeCKHe YCIOBUS — Pe3yJIbTaT MHOTOJIETHETO B3aMO-
NEeWCTBUS MOA3EMHBIX BOJI 1 MHOTOJIETHEMEPIJIBIX
nopo. IMeHHO 109TOMY B OCHOBY KJIacCH(pUKAIINH
noazeMHubix Bog KO Obla mosokeHa BaKHelmas ¢
TU/IPOTEOJIOTHYECKUX TTO3UINI XapaKTePUCTHKA 110-
PO/l — UX BOJOIPOHUIIAEMOCTD.

B ksaccudukaimuy BbiiesIeHO YeTbipe THIIA O/ -
3eMHBIX BOJI: TOPOBbIE, TPEIUHHbIE, KAPCTOBBIC U
paszsiomuble (;KuabHbIe). OHM CyIIeCTBEHHO pa3Jjinya-
I0TCS 10 YIeJIbHOM TIPOHUIIAEMOCTH MTOPO/I, YCIOBUAM
BOJI0OOMEHA ¥ IPYTHM XapaKTepucTukaM. [lopoBbie
TPENTUHHBIE BOJIBI JIOMOJHUTETHHO Pa3/ie/IeHbl HA /[BA
BUJIa — TPYHTOBBIE U apTe3MAHCKWE, TAK KaK OHU CY-
MIECTBEHHO Pa3IUIAIOTCS IO YCJIOBUSIM 3aJIeTaHns,
PEKUMY U TUPABIMUECKUM CBOMCTBaM. Pa3sioMHbIe
BOJIbl TAKJKe [10/IpasjiesieHbl Ha /iBa BUja — TPellnH-
HbIE U JKUJIbHbBIE, TOCKOJIbKY OHM CYIIECTBEHHO pa3-
JIMYAIOTCA 110 TEIJIOCO/IEPKAHUIO TIOTOKOB 10/13€M-
HBIX BOJL.

B oxnoit yactu kraccuduKranu g Kaxaoro
THIIA U BUJIA TTO/I3EMHBIX BOJI IPUBEICHBI TUITUYHDIC
TUIPOTE0JIOTHYECKIE CTPYKTYPBI M COCTAB CJIarafo-
X WX TOpo/I, (hopMa CKOTIJICHUS 1 HAJTMY1e HAItopa
MO/I3EMHBIX BOJI, XapaKTep ABUKEHUS TTOTOKA MO/ -
3€MHBIX BO/I. B ipyroii yacTtu /71 Kask10ro THTa u
BW/Ia TIOJI3EMHBIX BOJI YKA3aHBI YCJIOBUS 3aJI€TaHUS
CKOTJIEHWH TI0/I3eMHBIX BOJl OTHOCcUTebHO KB, mpn-
Be/leH XUMUYEeCKUI cOCTaB I10I3€MHbIX BO/L, 3aJieralo-
HIUX BbllIe, BHYTpH uian Huske KB, B 3aBucumocTu ot
MolHocTu KB orienena BO3MOXKHOCTD CyIIeCTBOBA-
HUS CKOILJIEHUI ITPECHBIX BOJL B HEJPAX THAPOTe0JIO-
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TMYECKUX CTPYKTYP M MMOKa3aHa 3aBUCUMOCTD pa3Me-
TeHust QUITBTPAITMOHHBIX U (DIII0AITHOHHBIX 06JIacTel
MUTAHUS W Pas3rPys3Ku OACCEHHOB MOJA3EMHBIX BOJI,
MPUYPOUYEHHBIX K BOAOMOTJIONIAIONIIM ¥ BOJIOBLIBO-
JSTIIAM TaJUKaM, OT WX TEIJIOBOW YCTOWUUBOCTH B
Pa3HBIX TEOKPUOJIOTUIECKUX 30HaX M HA PA3JTMUHBIX
aJleMeHTax pebeda.
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