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- BBEAEHUE

CHeXHblii TOKPOB, FOpHble H NIOKPOBHBIE JIEAHAKH, JIEAAHbIE NOKPO-
Bbl, HaJIleAM H [Jpyrue BHALI NPHPOAHBLIX JBAOB MMEIOT LIMPOKOE
PpacIpoCTpaHEeHHe ¥ ArpaloT OrPOMHYIO pOJib KaK B NPHPOAHBIX Npoueccax
3eMnu, Tak H B XO3AUCTBEHHOW JesATeJNbHOCTH denoBeka. Hayka,
H3yYalowas IpHPORHbIE CUCTEMBI, CBOWCTBAa U AMHAMHKA KOTOPBIX Onpe-
AeNAIOTCA JIBAOM, Ha3bIBaeTCA risuHoJorueil. B nanHoi MoHorpadun
0600I1eHbl OCHOBHBbIE IIOJIOXEHHUS 3ITOH HayKH C YYeTOM HOBEHIIMX
Ppe3yJbTaToB.

MarTepuainbl B KHAre H3JIOXKEHb!I TaKMM 06pa3oM, 94TOOBI OHa JlaBala
NpejCTaBJIeHNe O COBPEMEHHOM COCTOSIHHH TJIAIHOJIOTHA B MOIJIa CIYy>KHTb
TeopeTudeckoit 6a3oii i Oynymux GoJee eTalbHBIX HCCIEROBAHHA M
GBITh MCIIOJIL30BaHA NPH NPAKTHYECKOM NPHMEHEHHMH IIALMOJOTHH JJIS
PpellleHNs1 MIDKEHEPHBIX H 9KOJIOrMYECKUX NpobiieM.

B nepsBoii rinase NPpUBOAATCA OCHOBHBbIE AAHHBIE O PaCNpOCTPaHEHHH
Pa3IAYHBIX BHIOB JBAOB Ha 3eMiie u ux ponu B npupope. Ocsemalorcs
3aflayd ¥ HanpaslieHHs TJIALMOJOTHYECKUX HMCCIEAOBAHHH, ONpeAeseHo
MeCTO TJIALHUOJIOTHH cpeayu Hayk o 3emiie. Bo BTOpOl riaBe HM3NOXeHa
ucropust GoOpMHpPOBaHUS U Pa3BUTHSA IIIALHOJOrHH KaK CaMOCTOATEIBLHOIO
Hay4YyHOro HanpasieHud. IIpuBefeHbI CBeieHHS O HayYHBIX yYpEXAEHHUAX,
BEAYLUHUX IIISAUMOJIOTHYECKUe UCCIIelOBaHNs, U CIOco0ax XpaHeHus ¥ nyoiu-
Kaium uHpopMauym.

B rnaBax 3, 4 u 5 paccMOTpeHbl 3aKOHOMEPHOCTH (pa30BBIX Npe-
BpaILieHMIi BOABI U NPOLIECCOB IB{006pa30BaHusl, OCOOEHHOCTH KpUCTAJIIINYe-
CKOH CTPYKTYph! JIBIOB U MX OCHOBHbIE (pu3nyeckue cpoiictsa. JloBoIbHO
NOAPOGHO ONMCaHbl MEXaHWYeCKHe CBOMCTBA JILAOB. DTO CHAEJAHO C TAKUM
pacyeToM, YTOObl XapaKTEpPHCTHKH 3THX CBOHCTB MOXHO OLIJIO IPUMEHHTH
NIPH pelleHNN NPaKTHYEeCKUX 3afiay, CBA3AHHBIX C HCNIOIbL30BaHHEM JILIOB B
HHXEHEPHO! mnpakTuKke M 60pb6Of C MX BpEefHBIM BIHMAHHEM Ha
XO3SHCTBEHHYIO I€ATEIBHOCTD.

I'nasbl 6, 7, 8 © 9 mocBALIEeHb! yclOBUAM (hOPMHPOBaHHSA CHEXHO-
ro nokposa. IToka3zaHo, Kak 3apOXAAalOTCd KPHCTAJJIbl JIbJa B aTMO-
cepe, YTO ¢ HIMH NPOUCXORMT M KaK (POPMHPYETCA CHEXHBINH NOKpOB,
KaK HM3MeHseTCs INepBOHAYaJIbHBbIN CHEXHbI NOKPOB B pe3yjbTaTe
METeJIEeBOTO CHEronepeHoca, npoueccoB MetamopcdniMa U yNIJIOTHEHHS.
IlpuBogaTcs cCBefileHHMs ©O IUIOL[afM pacHpoOCTpaHEeHHs, Macce H
NPOAOJIKUTENBLHOCTH 3aJIETaHUsA CHEXHOTO NOKpoBa. OnucaHbl 0COGEHHOC-
TH 3aJIeTaHAs CHEXXHOrO IIOKpOBa B ropax M CBA3aHHbIE C HApyIIEHUSIMH
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ero yCTOWYHBOCTH NpPHUPOAHLIE ONMacHOCTH. OXapaKTEepH30BaHLI METOMbI
NPOTHO3MPOBAHUA JIABHHHOM ONAacCHOCTH M CIIOCOOBI 3alMThI OT CHEXHBIX
JIaBHH B CHEXXHBIX 3aHOCOB.

B rnasax 10, 11 n 12 npoaHann3upoBaHbl YCIOBHS BOSHUKHOBEHMUS JIEN-
HHKOB ¥ MX XapaKTepPUCTHKA; IPHBEREHb! OCOOEHHOCTH CTPOEHHS JIEIHUKOB,
MCTOYHWKH UX MUTAHMS M IIOKa3aTesM ojiefleHeHus. B rnasax 13 u 14 pac-
CMOTpEeHbl 3aKOHOMEPHOCTH JIBHXKEeHHs JIEAHHKOB. OCHOBHBIM MEXaHH3MOM
MX [BIDKCHUS SBJIAIOTCA BA3KOMJIACTHYECKOE TEYEHHE H IIIbIGOBOE CKOJb-
xeHue. IIpu coueTaHHH HEKOTOPBIX (PAKTOPOB K 3THM ABYM (hOpMaM ABHXKE-
HHAs fOGaBIAIOTCA NyJILCALMHA JIEJHHKOBOH Macchl B BUie OLICTPOro nepeaBu-
XeHUsl KOHI[a JIEJHUKa Ha 3HaYNTeNbHOe paccTosHMe. ONMUCaH MEXaHU3M
NOJBIIKEK, PACCMOTPEHbI HX NOCJIEACTBUS ¥ NPEJIOKEHB! CIOCOGL! IPOrHO-
3UPOBaHHUS BEPOATHBIX NMYJIbCALHUIA.

B rnaBe 15 oxapakTepu30BaHbl 3pO3MOHHAs KEATENBHOCTD JIEAHUKOB H
OCHOBHBIE BHJIbI MOPEH U JIEIHUKOBBIX oTioXeHui. [Toka3aHO, Kak oGpa3y-
IOTCA MOpPEHbI U (POPMUPYIOTCS BOAHO-JIERAHUKOBBIE OTHOXeHus. Cienbl
JIEAHAKOBOM 9K3apali H aKKYMYJISIHA ABJIAIOTCA CBOeOGpa3HbIMH NTOKa3a-
TEJSAMH MCTOPHH OJIEilCHEHHSL.

B rnasax 16 u 17 onucansl cnoco6sl HaGIOAEHUH 32 3BOJIIOLMEH JIEAHH-
KoB. Oco6oe MecTO 3aHMMAIOT HaOMIOeH!A 32 aKKYMyJIsAuueii 1 aGnsuuei,
Ha OCHOBaHHM KOTOPBIX ONPENENIAIOTCA CE30HHBIE ¥ rO[OBbIe 6alaHChl Mac-
ChI — JIOKaJIbHbIE U JUIA JIEHUKA B 1ieIoM. [laHbl NpefCcTaBleHUss O pajua-
IIMOHHOM U TeNoBOM GaJjlaHCe NOBEPXHOCTH JIE[JHUKA H IHEProoGMeHe BHYT-
PH JIeqHMKA.

B rnaBe 18 060611eHb! CBEIEHNS] O COBPEMEHHOM OJiefleHEHUH 3eMIIH |
KOJIMYecTBe JIEAHUKOB Ha TeppuTopnn Poccun. OcoGoe BHEMaHHE yReJIEHO
oJleficHeHUIO AHTapKTHJIBI, I/le COCPEJOTOYEeHa OCHOBHAsA Macca IPUPOAHBIX
JIBOB.

I'nael 19 u 20 nocesiieHb! MOA3eMHbIM JIbaM B KpHONMUTO30HE. Pac-
CMOTpEHEI ycloBust (POPMUPOBAHHUSA ¥ paCIPOCTpaHEHus TaKuX JbaoB. ITpen-
cTaBJieHa KyaccuduKalus U iaH 0630p OCHOBHBIX XapaKTEPHCTHK IOA3eM-
HBIX JIBJIOB. .

B rnase 21 onucaHb! 3aKOHOMEPHOCTH OGpa30BaHUs Halelel B 3aBHCH-
MOCTH OT MCTOYHMKA [OCTYIICHUA BOAbI — HaJlefiel MOA3eMHbIX M NIOBEpX-
HOCTHBIX BOA. IIpu HapylIeHUH €CTECTBEHHbBIX YCIOBHM ABMXKEHHS IPYHTO-
BBIX BOJ| BO3MOXHO 06pa30oBaHHe HCKYCCTBEHHBIX Hayefeh. PaccMoTpeHsl
cnoco6bl MPOTHO3MPOBAaHAA HaJIEHbIX NMPOLECCOB M GOphOLI C BPERHBIMHA
MOCJIECTBUSAMH TaKHX IIPOLECCOB.

I'maBa 22 nocsslleHa JIeATHOMY IOKpPOBY PeK M IPEeCHBIX BOXOEMOB.
AHaNIU3NPYIOTCA 3aKOHOMEPHOCTH (hOpMUPOBAHUSA, IBONIOIMH, TasAHUA M
Pa3pyLICHUA JIE[SHBIX IOKPOBOB, THNbI CTPYKTYPbl IPECHOBORHBIX JIBAOB H
MX OCHOBHbIE XapaKTEPHCTHKH.

B rnaBe 23 paccMOTpeHbl 3aKOHOMEPHOCTH 3aMEP3aHUs COJIEHBIX BOX H
o6pa30BaHuUs JIEASHOro IOKPOBa B MOPSAX U OKeaHaX, CTPYKTypa U (pu3nKo-
MeXaHUYeCKHe CBOMCTBa MOPCKHX JIbOB. BhifiesieHO eBATH THIOB CTPYK-
TYpbl MOPCKHX JbJOB. IIpHBOAsATCA CBEIEHHS O pacnpOCTPaHEHMH MOPCKHX
IbA0B, AedopManuax JIEATHOrO NOKPOBa, TOPOLIEHUH M ppeiide IbAOB,
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TasiHAA U Pa3pyLICHUH NOKpoBa. OXapaKTepH30BaHbI BO3MOXHbIE MEXaHHU-
YecKue BO3[ICHCTBHIS MOPCKHUX JILJOB Ha HHXKEHEPHBIE COOPY>KEHH.

B rnaBax 24 ¥ 25 aHaJN3UPYIOTCA COBPEMEHHBIE NPOGIEMBI IIIAIMO-
JIOTHM M NepCrneKTHBbI uX pelleHns. OQHOR M3 IIaBHBIX 3ajiay ABIAETCA
pacuimpeHnre HaGiIoNeHuit 3a 3BONIOLUEN NPUPOAHBIX ILAOB. Pa3BuBaeTcs
HOBOE Hay4HOE HanpaslieHHe, oJIy4MBlllee Ha3BaHNEe MOHHTOPHHIa KpPHO-
chepsl. DTO HanpaBieHHE BKIIOYAaET KOMIUIEKCHbIE Pa3HOCTOPDOHHHE
HabuofieHUs 3a IPHPORHBIMA CHCTEMAaMH M H3yYEHHNE B3aHMOBJIMSAHHSA H3Me-
HEHMii KJIMMaTa H NMPUPOAHLIX JILJOB C YYETOM (paKTOpa aHTPONOTEHHBIX
Bo3fedcTamii. Takoke GOJbLUIOE BHUMAHUE YAEIACTCA NPOrHO3UPOBAHHIO IIIf-
IManbHbIX npoueccos. [TIoMuMo pyHRaMeHTaNBHEBIX HCCIEROBaHMIt, MOHHTO-
PHHT JaeT CBEACHMS [JJIA YTOYHEHUS HAIUIUX NPEACTaBJIEHUHA O HUBAJLHO-
IISUMATIBHBIX CHCTEMAaX NPOLNIOro Y PelIeHHs pAfa NPHKIagHbIX 3afad,
BKJIIOYasi 9KOJIOTMYEeCKHe acneKkThl. PaccMaTpuBaloTcs JocTuxeHus B 06-
J1aCTH MHXXEHEPHOH IJIALMOJNIOTMM M BO3MOKHBIE NYTH [JaJIbHEHIIEro pas-
BHTHS 3TOTO HallpaBJieHHsl, OCOGEHHO B NPaKTHKE PAaLMIOHAJILHOIO HCIIOJIL30-
BaHHUSA NPUPOJHBIX JILAOB M CIIOCOGOB PeryJMpoBaHus INIALHUAILHBIMHA NIPO-
LeccaMH.

HHTepecHble nepcneKTHBbI HaMeYaloTCA B cepe IIAUOIKOIOTHY —
elge OfHOro GbICTPO pa3BMBAIOIIErOCs HayYHOrO HalpaBlIeHHA. DTO Ha-
NpaBlieHHE U3y4YaeT pa3sBUTHE NPHPOAHBLIX M aHTPOIIOTEHHBIX IKOCHCTEM,
COiepKalluX PUPOJHBIE JIbAbI. Hapylienne KBa3sHCTaLHOHAPHOrO COCTOs-
HHSl IPHPOJHBIX JILAOB MOXET HMETh OTPHUIIATENbHBIE IN100aJIbHbIE MOCTEN-
CTBHS, TIO3TOMY BO3pacTaeT NOTPeGHOCTD B pa3paGoTKe CIocOGOB COXpaHe-
HUS ¥ yJIy4IIEHUs NPUPOAHBIX IIIALMOIKOCUCTEM, TOUCKOB HOBBIX METOMOB
B Oci1abyieHMH HE6aronpuUsATHLIX NOCNEACTBHI CTUXUIAHO-Pa3pyIIATEILHBIX
npoueccos 1 B pa3paboTke Gojiee palMOHaNbHBIX (POpM MPUPOAOIIONL30Ba-
HHA B KpHocdepe 3emim.

IIpusenennbie B HacTosiLE#H MOHOrpacduH CBEIEeHNs O NPUPOIHBIX JIbAAX
M HAaYYHBIX HANIPABJICHHUSAX B IIIALMOJIOMH H3JI0XKEHbI TaKUM 06pa3oM, YTOOk!
KHHTa MOTJIa CIY>XKHTh CBO€OOpa3HbIM CNPaBOYHMKOM JJIsl CIIELMAJINCTOB B
obGnacT¥ Hayk O 3eMile M HHXEHEpPOB, pelalolux npobieMbl Npak-
THYECKOTrO MCIIOJIb30BaHNs NPHPOAHBIX NBAOB, GOpPHOBI C MX BPEAHbIM BIIMA-
HHEM Ha XO3AHCTBEHHYIO [EATENBHOCTh U YNpPaBJIEHHUA INALHMATbHLIMH
npoueccaMi. MoHorpacgust MOXeT GbITh HCIIOJIb30BaHa U B KayecTse y4e6-
HOro noco6ms s CTyAEHTOB, H3ydalomux reorpacuio u reoyoruto. Ona
COOTBETCTBYET Kypcy Jiekuuii "O611as risuuonorns”, YUTaeMbIX CTyeHTaM
Kacdepri KPHOINTONOTHH M IIISLHONIOrHH MOCKOBCKOrO rOCyapCTBEHHOIO
YHUBEPCHUTETA.

ABTOp BbipaxaeT riny6okyio GiarogapHocTh akageMuky B.M. Kotns-
KOBY, O3HaKOMHBILIEMYCsl C PyKONMChbIO MOHOrpacuu ¥ chelaBLIEMY Psi
LHEHHBIX 3aMEYaHUH U NPENJIOKEHMH, a TaKXKe AOKTOPY reorpacpuyecKux
Hayk E.C. TpowxkuHo#t, gouenty H.A. BonoauueBoit u 3aBepyroumeMy
Kadenpoit Mep3noToBefieHust SIKYTCKOro rocyiapCTBEHHOTO YHHBEPCUTETA
M.H. Xene3HsKy 3a OKa3aHHYIO IOMOLIb.



UCTOPUSA PA3BUTUSA NSALMOJIOIrUN

naBa 1
COAEP>XAHUE U OCHOBHbIE HAMPABJIEHUSA rAsayuonorumi

1.1. PACMPOCTPAHEHUE NbAIOB HA 3EMJE

IIpuponHsbie JIbABI IO CBOEMY IMPOMCXOXEHUIO NOJPA3elAIOT Ha TPU
rpynnsi: 1) KOHXeJsSUUOHHbIE JIbABI, (OpMHAPYIOIHECT NPH 3aMep3aHUU
SKMIKOM M KaneJIbHO->XKUKOM! BO/IbI, 2) 0cafo9Hble JbbI (CHEXKHBIA IOKPOB) H
3) meTamoppugeckue abxbl (PUPH ¥ pa3iINYHbIE BHABI JIEJHUKOBOIO JIbAA).
ITo pacnpocTpaHeHHIO U 3aJleraHuIoO JbAbI AEJIAT Ha aTMoc(hepHble (CHer, -
HHe, rpafi, rojoyen), Ha3eMHbie Ce30HHbIE (CHEXXHBIN IOKPOB, CHEXXHHUKH,
HaJie[d), Ha3eMHble MHOTOJIETHHE (JIEMHUKM, CHEXXHUKHU-TIepeNIeTKH, MHOrO-
JIeTHHE HaJle[H), VIaBy4He Ce30HHbIe (MOPCKHE, O3epHbIE H PEeYHble), NJIaBy-
YypHe MHOroJIeTHHE (NaKOBbIE JIbAbI, aiicGepru) ¥ MOA3eMHbIE B CE30HHONPO-
Mep3al0oLMX IPYHTAX | TOJNIAX MHOTOJIETHEMEP3JIbIX TOPHBIX IIOPOA.

O6mas Macca nbgoB Ha 3emiie npesbimaer 2,5 - 10!6 1. OcHos-
Has Macca JbJOB COCPeAOTOYEeHa B JIEJHHUKAX M JIEHUKOBBIX ITOKPOBax
(Ta6n. 1.1). PacueTsl nOKa3LIBalOT, YTO Macca Jibga B JieAHHKax B 46 pa3

Tabauya 1.1

PacnipocTpaHeHue Ha 3emile OCHOBHBIX BHOB MPUPORHBIX NLIOB"
(Tnsuuonoruyeckuii cnosaps, 1984)

Bun abpa Macca Inowams pacnpoctpanenust | Cpemee
BpeMs1 !
SKU3HH, MO
10 % MIH KM2 %

Jlepuuxu u segHu- 245 97,72 16 11% cymmn 1000

KOBbI€E TNIOKPOBb!

IMon3eMHble NbABI 5 2,04 32 22% cyum 50

Mopckue nbppl 0,4 0,16 26 7% okeaHa 1

CHexXHbIi TOKpOB 0,1 0,04 72 14% nnaxetn! 04

AlicGepru 0,08 0,03 63 19% okeana 3

ArmocepHbie 0,02 0,01 100% nnaneTs!

JIHbI

*
B panuyio TaGnuuy He BKIIOYEHb! HAJIEAH M JIEAOBbIH MOKPOB PeK H BOJOEMOB H3-3a HX
Mano# Macchl M0 CPaBHEHHIO C NMEPEYUCIEHHBIMH BUAAMH JTbJa.




Tabauya 1.2

PacnipocTpaHeHue TbROB MO IHAPOTaM
(Tasuuonornyeckuit cnosaps, 1984)

Teorpacuyeckas Jlenuukn, TMopzemmbiit Mopckoit nen, JlenHuky,
LLIKPOTA, rpaj % mnowmamm nen, % ruolagu NOA3EMHBIN 1
Cyum % Tnowwany OKeaHa MOpCKoil e,
Cyum % o61ei
Tuiouagu
90-80c. 68,5 315 92,5-97,3 93,2-97,6
80-70c. 35,8 64,2 66,1-86,9 79,1 - 90,8:
70-60c. 45 80,3 22,8-65,2 67,7 - 179,00
60—~ 50c. 0,30 453 7,6-35,1 29,3 -41,1
50-40c. 0,07 57 4,1-13,1 50-93
40-25c. 0,47 1,7 0 091
25 c. - 3010. 0,00 0,00 0 0,00
30-3510. 0,08 0,01 0 0,01
35 -5010. 0,84 0.1 0 0,04
50 - 60 0. 10,90 08 0,1-11,1 0,19-178
60 - 90 10. 99,93 0,07 24,5-84,2 55,2 -90,6

Gomnbllle rogoBOH CyMMB! BCEX OCajJJKOB Ha 3eMJle M paBHa CTOKY peK 3a
700 neT. Ecau 611 BCe JIEAHUKH U JIEJHUKOBBIE NOKPOBBI PacTasiii, TO ypo-
BeHb MupoBOro okeaHa nogusicsa 6u1 6ojiee yeM Ha 60 M ¥ Bce OPTOBLIE
ropopa 6b1u Gbl 3aTOIJIEHBI.

BTOphsIM O 06beMy BHROM NPHPOAHLIX JILAOB ABJISAIOTCA NOJ3EMHbIE
apabl. [Ipyrue BUABI JLJOB IO CBOEH Macce MMEIOT 6ojiee CKPOMHYIO BEJH-
YHHY, TEM He MeHee OHH PacIpOCTPAHEHbI Ha OTPOMHOM TEPPHTODPHH H
OKa3bIBAIOT pellalolee BIMAHEE Ha INI06ajibHble KIIMMaTHUYECKHE YCIOBHS A
yCIIOBHS XXM3HM Ha 3eMiie.

JIbpbl pacpoOCTpaHEHb! IPEUMYLIECTBEHHO B MOJIAPHBIX U MPHUIOJISAPHbBIX
paitonax. ITo Mepe ynaneHus OT IOJNIIOCOB OTHOCHTENIbHAs IJIOIIab HX pac-
NpOCTpaHeHNs yMeHbmaeTcs (Tabi. 1.2). MakcuManbHas IIOMaAh pacnpo-
CTpaHeH#us NbA0B B CeBepHOM Nonylrapuu HabntogaeTcs B (peBpase, MHHH-
MajbHas — B asrycre. B IOxxHOM nonymapuu HaGmopgaeTcss IPOTHBONONOXK-
Hasl KapTHHA — MaKCHMYM B aBT'yCTe H MHHAMYM B cheBpaie.

1.2. KPUOCOEPA

ITo npepnoxenuto nonsckoro yyeHoro A.B. [Jo6posonsckoro (Dobro-
wolski, 1923) B HayuHylO NIHTEpaTypy ObIJIO BBEAEHO NMOHATHE KpHOC(hephI
Kak 0607104k# 3eMiH B 06J1aCTH B3aUMOJIeHCTBHSA aTMOCheEphI, THAPOCGHEPHI
# nurocdepsl, rie BO3MOXHO HalW4Hue BOAbLI B TBEPAOH ¢ase, T.e. Nba.
Hroxnsist rpanuna Kpuoccgepbl NIPOXOAUT NOJ| TONMIEH MEP3IIbIX ¥ OXJIaXAEH-
HBIX TOPHBIX NIOPOJ, ¥ NOJ, JIENHUKAMH U JIEAHNKOBLIME MOKpOBaMu. Bepxuss
rpannna Kprocgepbl HAXONATCA Y HIDKHUX C10eB HOHOCGhEpPB! Ha BBICOTAaxX
Ro 100 KM, rae OTCYTCTBYET Bjara.



B xpnocdepe o6pa3yrorcs cHCTeMbI 001aKOB, B KOTOPbIX 3apOKAalOTCs
KDHCTaJIb! Jibfia H POPMHPYIOTCS TBEPABIE OCajKH, OTKJIAJ(bIBAETCA CHEX-
HBIA IIOKPOB, NPOMCXOAHUT CE30HHOE NMPOMEp3aHHe IPYHTOB, OGpa3ylOTCs
Jie[iAHbIe NIOKPOBBI HAa peKax, 03epax M B MOpPSX, BO3HHKAIOT HaJle[iH, pac-
NPOCTPaHEeHB! JIEJHHKHA H TONIIA MHOTOJIETHEMEP3JILIX FOPHBIX NIOPOA.

Kpuocdepa cymecrsoBaiia Ha IPOTAXXEHHH BCeH reOIOrMYeCcKOoi MCTO-
pun 3eMiH, focTHras HamOoOJBLIErO Pa3BUTHS B 3IMOXH riobalbHOro
NIOXOJIOAAHMs H Pa3BATHA OJIEACHEHNs 3EMITH.

1.3. XWOHOCOEPA U HUBAJNbHO-IMMSALUANBbHLIE CUCTEMbI

B pycckoii riIsHOoNIOrnyecKoil IUTEPaType MIMPOKOE paclpOCTPaHEHHE
nonyyuno seefieHHoe C.B. KanechukoMm (1939) nousitue xuonocdepsl Kak
YyacTH Tponocgepsl, B ipefesiax KOTOpOii Ha NOBEPXHOCTH CyIUH npHu 6iaro-
NPUATHBIX YCIOBHSX pelibepa BO3MOXKHO 3apOK/IEHHE MHOrOJIETHAX CHEX-
HHUKOB M JIENHUKOB. VIcXoas M3 TaKoro onpepeseHns, XMonoctgepa sapiaseTcs
YacTblO KpHOC(ephl, Iie KONHYECTBO TBEPABIX OCAaKOB, BbINAafalOIMX Ha
THIIOTETAYECKYIO TOPU3OHTAJIbHYIO HE3aTEHEHHYIO IIOBEPXHOCTS, NIPEBhIIIIa-
eT uX y6bUIbL H CO3JAIOTCA YCIOBHS [JiIi BO3HMKHOBEHHS CHEXHHMKOB Y
JIEAHAKOB.

Bepxusas rpaHuua XuoHochepbl HAXOAUTCS BhIllIE CAMbIX BBICOKHX rop
Ha ypOBHe, Iic pacyeTHast FOAOBasi CyMMa TBEpJ[IbIX OCajIkOB, KOTOpas Ha
NEPBLIX KMJIOMETPAX HaJl ypOBHEM MOpS YBEJIHNYMBAETCA C BHICOTOM, a Ha
6GoNBUIMX BBICOTAX YMEHBIIAETCA, OKa3bIBAETCA PaBHOH yOLIIM OCafiKOB
BCJIE[ICTBHE MCNIapEeHNs NOJ AeficTBUEM conHeyHol pagnauuu. HiokHas rpa-
HHULa 06pa3yeT CHEroBYIO JIMHHIO, HIDKE KOTOPOH TasiHHe NMpPEBBIIIAET BO3-
MOJXHOE HaKOIJIEHHE TBEPALIX OCaJIKOB.

ITonsTne xuoHOcthepbl HOCHT HECKOJBKO YCIOBHBIA Xapakrtep. Tak
Y XHOHOC(EPEI HET YETKHX I'PaHMII, B ropax 3aTPYAHHTENILHO YETKO BhIfie-
JIUTH CHErOBYIO JIMHHIO, a B NOJIAPHON 06J1aCTH HIDKHSS FPaHUIa XMOHOChe-
Pbl MOXET ONyCKAThCA HUXKE YPOBHA OKeaHa. TeM He MeHee 3TO NOHATHE
C ycnexoM NpHUMeHsIeTcs NpH pa3paboTKe TEOpHH OJiefleHeHus: 3eMIIH, 0Co-
6GeHHO NpH ONpefesIEeHHH BO3MOXKHBIX KIIHMaTHYECKUX NpeJesioB BO3HHKHO-
BEHUS JIEJHUKOB.

K nonsTHIO XHOHOC(hEPB! GIM3KO NOAXOAAT TEPMUHBI "HHUBaJIbHasg 06-
nacTe" (06J1aCTh pacCnpOCTPaHEHHs JIEAHUKOB M MHOTOJIETHAX CHEXXHUKOB) U
"HUBaJILHO-IIALHANILHBIHA NTOAC rop” (PacloJIOXeH Bblllle CHErOBOM JIMHUM).
HusanbHble 0671aCTH NPHYPOYEHBI K MONSPHBIM LIKPOTaM M BEPXHUM YacTAM
rOPHBLIX XpeOTOB, Iie pacCHpOCTPaHEHb! HUBAILHO-TIIANMAJLHbIE IPUPOJHBIE
CHCTEMBI, B KOTOPBIX BE[YILYIO POJib HTPAIOT CHEXXHBIH IIOKPOB H Jef,.

ITo pacnpoCTpaHEHHIO ¥ OXBAaTY NPHPOAHLIX SABJICHHIA Pa3JIMYalOT YEThI-
p€ YPOBHsl HHBAJbHO-TNALMANbHBIX CHCTEM. Bhiciuuii ypoBeHb 3aHMMaeT
rnobanbHas rasuuoceepa. Cnepyouuii ypoBeHb NPEACTaBIAIOT PErHo-
HaJIbHble HUBAJILHO-IIIALMANIbHbIE CHCTEMBI FOPHbIX 00J1acTelt ¥ apXunenaros
B NOJIAPHBIX M CyOnonsApHbIx paiioHax. Ha Gonee HM3KOM ypOBHE pacno-
JIOXEHBI MECTHBIE (JIOKaJIbHbIE) CHCTEMbI Ha OTHOCHTEJILHO 060COGIEHHBIX
y4JacTKax KpynHbix pernoHoB. Ha HusmeM ypoBHe HaXORATCA CHCTEMBI,
o6pa3yeMbie OTAEIIBHBIMM JIEAHMKAMH M CHEXXHUKAMH.
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HupanbHO-rasyuaibHble CHCTEMbI XapaKTepU3yIOTCa HaGopoM Napa-
METPOB Pa3IMYHLIX XapaKTEPHCTHK paccMaTpuBaeMoii Tepputopui. K Ta-
KHM IIapaMeTpaM B NEPBYIO OYepelb OTHOCAT: aGCONMIOTHbIE ¥ OTHOCHTENL-
Hble BBICOTHI penbecha, BhICOTHOE NOJIOKEHHE IPaHUI{bl IUTAHUS JIENHUKOB,
CYMMBI IIOJIOXKHTENBHBIX TEMIEPATYP U BENMYHHBI aKKYMYJIALMU—aOsLun.
I'maBHbI# MeTOA MCCIIEAOBaHAS HUBAJILHO-TINIALMANBHBIX CHCTEM — CO3faHHe
peanbHbIX MofeNiell, ONHUCBHIBAIOIMAX JUHAMHMKY BCEX BXONALIMX B HMX
OGBEKTOB B MX B3aMMOCBS3H JIPYT C APYTOM M C HHBIMM KOMIIOHEHTaMH NPH-
ponuoii cpensi. CyIECTBYIOT TpH IIyTH CO3[aHHUs TaKUX MOJelieil: MaTeMa-
THYECKOe ONUCaHue (PU3NYECKHUX POLECCOB; (PU3MYecKOe MOJIeIMPOBaHHUe U
nposefieHue NPUPOHBIX SKCHEPUMEHTOB Ha 3TAJIOHHBIX 06'bEeKTaxX; CTaTHC-
THYECKOE U KapTorpaduyeckoe MOfeNINpOBaHHe (NOCTPOEHHE KapT OTAEIb-
HbIX IapaMeTPOB H UX B3aNMOJEHCTBHA).

1.4. POJIb NbAOB B NPUPOAE

Pexxum popMHpOBaHHA, 06BHEMBI M MPOJOIKHUTENLHOCTD 3aJleraHus
CHEXXHOrO IIOKpOBa OTHOCATCA K YHCIy HanGolee CylecCTBEHHBIX NOKa3aTe-
nei knumara. [Tpu 3aMep3anuy Biaru B atMocepe 1 06Gpa3OBaHUHU CHEXH-
HOK BBIIENISETCA MHOro Temia. TasHHe CHEXHOro nokposa, Hao6OpoT,
TpeGyeT 3aTpaT Temna (TemnoTkl niasnenus). ITosromy dasossie nepe-
XOofbl BOABI NpH OOpa3OBaHUM M TASAHHM CHEra YMEHLIIAIOT aMILUTATYRY
KoJie6aHnii TeMnepaTypbl Bo3fyxa. CHeXHbI# IOKPOB NPEAOXPAHSAET NIOYBY
OT CHJILHOI'O NIEPEOXIIAXKACHMSA, 3aILUIAET O3UMBIE NIOCEBbI OT BhIMEP3aHHA
H, ABJISAACH CBOEOGPa3HbIM XpaHMIMIIEM BOJbI, PETYIHPYET YBJIaXKHEHHE
IIOYB U Pa3sBUTHE MHOTMX PaCTEHHH.

CHeXHbI IIOKPOB OTpaXaeT GONBUIYIO YacCTh COJHEYHBIX Jyueid H
TakUM 06pa3oM CNocoOCTBYET BBIXOJAXXMBAHUIO MOBEPXHOCTH U OTHOCH-
TEJNbHOMY IIOHI>KEHUIO TEMITEPATYPhI BO3lyXa Hajl CHEXXHOM NOBEPXHOCTHIO.
B Tex Mecrax, rje HaKOIIEHHE CHera IpeBBIIaeT ero Tasuue, hopMHpY-
IOTCA MHOTOJIETHHE CHEXXHHUKM M JIETHUKH, KOTOpbIe, OHaXKAb! 06Gpa3oBas-
IIKCh, NIPY ONpeNEIEHHBIX YCIOBUAX CIIOCOGCTBYIOT PacCIIMpPEHHIO IIIOLAAH
onepeHeHus. [opHbIe JIEAHUKY M JIEAHUKOBBIE KYIIOJIAa BIMSIOT HA KIUMaT
NPUWIEHAKOBBIX TeppuTOpWii. Boibline JIeMHUKOBBIE ILIUTHI MEHSIOT
HanpasJIeHHE BO3[YIIHBIX IOTOKOB, BbI3bIBAIOT 3HAYHTEJILHOE OXJIaXKJCHHE
BO3[YLIHBIX MacC ¥ NPUBOJAT K rI06GaJbHOMY N3MEHEHHIO KIIMMATa.

CHexXHblil IOKPOB, CHEXXHHKH M JIEHUKM OKa3biBalOT HHTEHCHBHOE
BIIMSIHUE Ha penbed NMOBEPXHOCTH M CNOCOGCTBYIOT BhIpaGOTKE OCOGBIX
¢opM penbeda — TEMHUKOBBIX LUPKOB, CHEXKHUKOBBIX KapOB, CHErOJIaBHH-
HBIX KOHYCOB H [ip.

Ilepuonuyeckn NPOUCXOAALINE MNOBBLIMICHHS W NOHUXEHHA YPOBHs
MupoBoro okeaHa CBsi3aHbl C H3MEHECHUSIMH O6'bEMOB JIE[JHUKOBBIX IIOKPO-
BoB. Onpepeneno, 4To 1 MIH KM3 JIbJa 9KBHBAJIEHTEH CIIOIO BOALI B OKea-
Hax TONIMHON oKkono 2,5 M. ITo gaHHBIM HccitegoBaHuil cofepXKaHus H30TO-
NOB KHCJIOpPOJ{a B KOPAJJIOBBIX Teppacax, YCTaHOBJIEHO, YTO B IIEPHOJ
Mexay 115 u 130 ThIC. NIeT Ha3aj ypOBEHb OK€aHa Gblil HECKOJBKO BbILIE
COBPEMEHHOTr0, 3aTeM OH NIOHMXKAJICA, JOCTUIHYB HanboJiee HU3KOro YpOBHS
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(oxono 120 M HIXXe COBpPEMEHHOro) npuMepHo 20 ThIC. JIET Ha3aj B 3MOXY
NOCJIEAHErO MAKCUMYMa OJIe[IcHEHHs. B TeKylleM CTONIETHH YPOBEHb OKeaHa
MOBBINIAETCA CO CKOPOCTBIO OKOlo 1,5 MM/rop,.

dakTHyecKue U3MEHEHHUs YPOBHS OKEaHa He BCETAAa COOTBETCTBOBAIH
H3MEeHeHnsIM o0'beMa JIEHUKOBBIX NOKPOBOB, TaK KaK Ha yPOBEHb OKeaHa
BIIMSIOT TaKXe [BHXXEHHS IOBEPXHOCTH 3€MJIM BCJIEJCTBHE M3MEHEHHUA
JIE[JHUKOBOM HAarpy3KH, HEOTEKTOHHYECKHE BICKEHNS NOOepeXuil U u3MeHe-
HHS TeMnepaTyphl BOJbI B OKeaHe. OfHaKO 3aBHCHMOCTh YPOBHS OKEaHa OT
06 beMa JILJI0B Ha 3eMile NPOABIAETC] ROCTATOYHO YETKO.

BriBogHble M wedb(OBLIE JEAHUKH, Kpas KOTOPHIX OKaHUMBAIOTCS
B MOpe, H 0cOOeHHO aiic6epru, 06pa3yrolHecs OT TAKUX JIENHAKOB, OKa3bl-
BaIOT BIIMAHHE HA TEMIEPAaTypHBIH PeXXHUM MOpei # OKEaHOB ¥ OOMTAIOMIMX
B HHX JXMBOTHBIX OpraHm3MoB. Tak, BhISIBJIEHO, YTO HauGonbllee pa3HO-
o6pa3ue MOPCKHX OPraHM3MOB M XHMBOTHBIX B I0>HOM nonymapuu HaGio-
RaeTcs OKOJIO AHTapKTHAbI. B HenocpeAcTBEHHOH 6ITM30CTH OT Kpas JIeHH-
KOB OOHTaeT HECMETHOE KOJHMYECTBO MOPCKHX 3Be3Jl, eXell, roJIoTypui,
ry6oK, KOpaJjioB, BOROpOCHIEH U APYrHX NpeAcTaBuTeNel# MOPCKOit (ropsi
u ¢ayHel. TaM Xe cylecTBYIOT GJIaronpusaTHbIE YCIOBHS ISt Pa3MHOXKEHHS
MOPCKHX XMBOTHBIX — IMHI'BHHOB, TIOJIEHEH, KHTOB H JIp.

Mopckue bl OKa3bIBAIOT NOJYAC PelIaollee BIUAHAE Ha KINMaTH-
YecKHe YCIOBHSA KaK Ha TEPpUMTOPHH MOpEil, TaK U B IPHOPEXKHBIX paioHaXx.
Onu BIMAIOT Ha TEMIIEPATYPHBIH PEXXUM MOPCKO# BOJbI ¥ Ha XXN3HbL OOHUTa-
Tesnelt Mops.

PeuHble M1l B 3HAYNTENBHON CTENEHN ONPENENAIOT THAPOJIOrHYecKne
XapaKTCPHCTHKH BOAHBIX NOTOKOB M (POpMHPOBaHHE PYCell, OKa3bIBAIOT
BJIMSTHAE Ha MHKPOKJIMMAT, OCOGEHHO B nepHOA nefoxona. PopmMuposanne u
NPOPBIBLI JIEASHBIX 323KOPOB H 3aTOPOB MOTYT CNOCOGCTBOBATh Pa3MbIBY
Geperos, yHHYTOXATh PaCTHTENBHOCTD B IPHOPEXHOM NOJIOCE M BHI3bIBATh
KaTacTpogHuyecKHe pa3pyLIeHns.

BriTanBaHHe NO3¢MHBIX JILAOB IPHBOAUT K O6GPa30BaHUIO TEPMOKApC-
TOBBIX NPOBAJIOB, CONMMCIIOKIMOHHBIX CIUILIBOB, ONON3HEH M APYrux onac-
HBIX SABJICHHI. ‘

Hanenu akTHBHO BO3[1eHCTBYIOT Ha CTPYKTYPy NaHAIadTOB, TpaHC-
¢OpMHIPYIOT MHKPOKJIIMAT, peNibed H PpacTUTEILHOCTD, EpepacipeesioT
pecypchl NOBEPXHOCTHBIX M NOA3EMHBIX BOJ, M3MEHSIOT COCTaB U CTPOEHUe
NOACTAIAIOIUX FOPHBIX NIOPOX.

1.5. 3AJAYM FASLUMONOrUK

Insuuosiorua — HaykKa O JIbJaX M NPHPOJHBIX CHCTEMaX, CBOMCTBa M
AMHAMHAKA KOTOPhIX ONpPENENAIOTCA NBAOM. I IALMOIIOrHs H3yyaeT 3aKOHO-
MEpHOCTH 00pa30BaHus JIbJOB M MX (PH3NKO-MEXaHUIECKNE CBOWCTBA, pac)
NpOCTpaHeHue JBLAOB Ha 3eMile, MX FEeHEeTHYeCKOe Pa3BHTHE H NPOTHO
RanbHeimei asomonui. OGbEeKTOM H3yYeHHs ABNAIOTCA BCE BHABI NpH-
PORHBIX JBROB — B aTMocdepe, Ha NOBEPXHOCTH 3eMIIM, JbAbl peEK,
BOJloeMOB M Mopeii B B naTocthepe. [naumonorus o6obimaer pan Gonee
y3KHX Hay4HBIX HalpaBJIeHUH — JeAHNKOBECHHE, CHETOBEACHHAE, JTaBHHO-
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BEJIeHHE, JIEOBEICHKE, HaJIEicBEICHNE, [1aJIEOTIALHONOTHIO, IIAIHOKIHMa-
TOJIOrHIO, CTPYKTYPHYIO IISHOJIOTHIO, fHHAMHYECKYIO IIISALMOJIOTHIO U Ap.
PassuBaloTcs Takke NpHKIIafHbIe HaNpaBJIEeHUA IIALHMOIOrHH, OO bEANHsAE-
MbIE B MIDKEHEpPHYIO IJIAIMOJIOTHIO, 3afiadeil KOTOPOH ABJIseTcd pa3paboTKa
MeTOA0B GOpBLOBI C BPEHBIM BIUSAHHUEM JIbJa M CHEra Ha XO3ANCTBEHHYIO
AEATEILHOCTD YeJIOBEeKa, COCOG0B HCIOIb30BAHMSA MX B HIDKCHEPHOM NpaK-
THKE ¥ IPUEMOB YNPaBJIEHHs IIAUMATLHBIMY IPOLECCAMH.

K yucny OCHOBHBIX HallpaBJIEHHH Pa3BUTHSA IJISLMOJIOMM OTHOCATCA:
HCCIIE[JIOBAaHME POJIH JILROB B IBOJIIOLMH IPHPONHOHR Cpefibl U II06abHbIX
H3MEHEHMAX KJIMMaTa; U3y4YeHHEe HHBAJLHO-IIIAIMAJIBHBIX IPOLIECCOB M UX
IIPOrHO3MpPOBaHNE; OLIEHKa CHEXXHOI'O IOKPOBa M JILAOB KaK pPeCypcoB npec-
HOH BOABI; (PyHAAMEHTAJbHOE H3yYEeHHE NPOLECCOB JIbAOOOPa3oBaHUS U
BbIpaGOTKa CNoOCO60B CO3aHAA JENAHBIX MaCCHBOB C 3aJaHHBIMHU XapaKTe-
pHCTHKaMH; pa3paboTka cnocOO0B HCKYCCTBEHHOTO BO3REHCTBHSA Ha IIIAIM-
aJbHBIE NPOLECCHI.

1.6. MECTO rnsyuonormm CPeAu HAYK O 3EMNE

Cnauuosnorns Hepa3pbIBHO CBA3aHa C reOKpHoOJIorHeit (Mep3noTosene-
HHeM) — HayKoil O Mep3JbIX 'PYHTaX M FOPHBIX NIOPOAAX, NMpoLEeccax MX
00pa3oBaHHs, HCTOPUEH Pa3BHTHA M YCIOBHAX CYILIECTBOBaHMSA, a TaKXe
ABJICHHSAX, CBA3AHHBIX C IPOLECCAMM NPOMEP3aHUs, OTTAMBAHMA U iMareHe-
30M Mep3ubIx Toum,. I'panuia MexXnay 3THMH HaykaMmu ycnosHas. IIpunato
CYHTATh, YTO INIALHOJIOrUsS U3y4YaeT BCE BHALI NPAPOAHBIX JILAOB, HAXON-
IIMXCA Ha MOBEPXHOCTH 3eMJIM (Ha3eMHOE OJIEfICHEHHE), a JIb]bI, 3aJIErato-
IIHE B TOJIE TOPHBIX NOPOX (NMOA3EMHOE OJIEAiCHEHHNE), — IPEAMET HU3yde-
HHS reokpuosiornu. TeM He MeHee Ha NpaKTHKe TaKoe JicJiCcHHEe He BCerpa
yRaeTcs KOHKPETH3HPOBaTh. 3aKOHOMEPHOCTH 00pa30BaHAsA KaK Ha3eMHBIX,
TaK ¥ NOA3EMHBIX JILJOB HMEIOT MHOIO OOLIMX YEPT — Y HUX aHAJIOTHYHBIE
¢usnyeckne- 1 MexaHnyeckue cBoiictsa. B psafie ciyyaes HazeMHbIE JIbJIbI
MOryT norpe6aThbCs PYHTaMH ¥ TaKHM OGpa30M NpeBpamaThCa B NOJ3EM-
Hele. [ToaToMy nop3eMHbIe JbAB!I ABIAIOTCA OJHOBPEMEHHO OGBEKTOM
H3y4YEHHs U TIISIHMONIOTHH, ¥ FeOKPHOOTHH.

I'nsuuonorus ces3aHa ¢ GOJBIIHHCTBOM reorpaduyecKkux Hayk o 3emie
4 PSAOM reoJIOrMYeCKUX HayK.

Onpepensiollyo pois B (OpMHPOBaHMH B MeTaMOpPGHU3Me CHEXXHOTO
[IOKPOBa H JIbIOB OKa3bIBalOT TEMNEPATYPHbIA PEXXuUM, aTMOC(hEpHEIE ocaf-
KM U Ipyrye N0Ka3aTeIH METEOPOJIOTHYECKOro pexxuma. 3To 06yCIOBINBAET
HeOOXOMUMOCTh HCHOJIb30BAHMSA TAaKHX NOKa3aTeleld M NpoBefAeHAs
HCCIIEIOBAHUI Ha CTBIKE IJISIHOJIOrHH U MeTeoposoruu. IIpob6nema B3anmo-
BIMSAHUSA OJIEACHEHUs 3eMIH C KJIMMaTOM H OKeaHOM TpebyeT yBA3KM
CISAUHOJIOrHYECKHX HCCIIE0BaHMH C (pU3HKOI aTMOc(ephl, KIHMaToJIorHel u
oxeanosorueit. [I7is onpeneneHus CToka ¢ IeIHUKOB HEOGXOJUMO HCIIONB30-
BaTb IOCTIDKEHNS FHApoJiorud cymn. IIpu conocrasieHun KapT pacnpocrpa-
HEHHA JIbJOB, NX 3aNaCOB ¥ XapaKTEPUCTHK NPAMEHSIOTCA HOBEHIINE JOCTH-
JKeHWs1 KapTorpagum, a3po- 1 KOCMHIECKOI CheMKH.

MeTonuky, npuMeHsieMble B KpUCTAILIOrpadUH B NETPOJIOrHH, UCTIOIb-
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3YIOTCA NPH M3yYEeHUH CTPYKTYPBI M CTPOEHHS JNbAOB. IIpOrHO3 H3MEHEHHA
oJlefleHeHUs B pafioHaX NPOSBJIEHUA BYJIKaHHYECKOH EATENLHOCTH TpebyeT
y4yeTa pe3ynbTaTOB MCCIEfOBaHMi B 06nacTH BynkaHoxoruu. Ilpu usyye-
HWH JIEHUKOB MIOJIb3YIOTCA METOJlaMH, pa3paGaThIBaeMbIMH B reo(usnxke.
HccnenoBanust TepMHYECKOrO peXXHMa NOA3EMHBIX JBJOB H TEMJIOBOro
B3aUMOJECTBHIA JIEHUKOB C JIOXEM CBS3aHbI C reoTepMuei.

IToMHMO 3TOrO IIIALUMOJIOTHS YYHTHIBAET METONbI ¥ OCTIDKEHNS TaKHX
HayK, KaK (pHM3HMKa TBEpAOro Tela, TeIopu3nKa, MEXaHuKa, BLIYACITUTENb-
Hasi MATEMaTHKa H HEKOTOpbIE APYTHE TEXHNYECKNE HAYKH.

naBa 2
uctTopus rnsuuonorum

2.1. GOPMUPOBAHUE NSILMONOrUN
KAK HAYKU O NEAHWUKAX

Casunonorus Kak HayKa O rOpHBIX JIe[HUKaX Hayasa (h)OpMHPOBAThLCA
B koHue XVIII B. Ee 0CHOBONOJIOXXHMKOM CYMTAETCs MIBEHLapCKUIl reoyior
Opac BenepukT Cocciop, ony6nukosasiunii B 1779—-1796 rr. 3 ToMa KHUTH
"ITyTemiecTBust B Anbnax”, B KOTOpbIX BNepBbie Obllia NPOBEACHA KIaCCH-
¢uKkanus e HUKOB, PACCMOTPEHO NX BA3KOE TeYEHHe, ONMCAHbl Pa3HOBH-
HOCTH MOpPEH M OLEHEHbI M3MEHEHHs COJIHEYHOH pajiMaliM Ha JIEKHHKaX
(Saussure, 1779, 1796).

IlepBoiit aTan pa3BUTHA IALMUONIOINH, XapaKTEpU3YIOLIUACA IPpeuMy-
L[ECTBEHHO H3y4YeHHeM ¢OpM ropHoro onefeHeHus, oxsartbiBan XIX n
Hayano XX B. B 3TOT nepuop pe3ynbTaThl IALHOIOrAYeCKUX HCCIIEOBaHUMI
HOCHJIM ONMCaTeNbHbIN XapaKTep.

B 1882-1883 rr. 6b1a1 npoBefeH 1-ii MeXXayHapoaHbli NOJNAPHBIA TOA,
Korga ObuIM HayaThl IAALMOJIOrHYECKHE HCCEeJOBaHHUA B APDKTHKe H
AHTapkTuke. B Anbnax Ob1ny BBINOJHEHBI CIENHANbHbIE MISLHOJIOrAYecKre
HcclefoBaHuA, a K 1891 r. Gbin cocraBiieH NepBblif KaTaJOT JIEJHUKOB
Aunbn. C pa3BuTHEM aJIbIIMHA3MA CTaJIM NOABJATLCA COOGIEHHS O JIEHUKaX
B l'mmanasx, CesepHoii n I0xHoi#t AMmepuxe. B 1894 r. Gb1na opraHn3oBaHa
MexnyHapofHas JIeAHHKOBasi Komuccus. B Poccun co BTOpo#t nOJIOBHHBI
XIX B. Hayanu NPOBOAMTLCA HCClefoBaHus JegHnKoB KaBka3sa, Anras u
Cpenneit Asun. Ilepsrrit kKaTanor jseguunkoB KaBka3za Gbl1 cOCTaBlIeH B
1911 r., a nepuukoB CpepHeit Asun — B 1930 .

B 1932-1933 rr. pa3ssepHyianch pa6oTel no nporpamme 2-ro Mexny-
HapOJHOTO NOJIAPHOrO rofia, KOrjfa risuyroJIOrHYecKie UCCIENOBaHUs IIPO-
BOAMIIMCH Ha 60 cTaHLUsAX B PasHbIX yacTAx 3eMHoro mapa. B CCCP pa6o-
Tano 17 cranumit B Apkruke. HMccrnenqoBaHns npoBOAMIMChL TaKXe Ha
nepuukax Kapka3sa, Ypana, Tanb-lllans, ITamupa u Anras. OTH Ucclef0Ba-
HUSl MOXKHO CYUTATh BaXKHBIM 3TAlOM B CTAaHOBJICHMM H Pa3BUTHH B'roporo\
3Tana rJISIUOJIOriy, KOTOPhIH XapaKTepH30Balic OOIINPHBLIMU HUCCIIEOBA-
HUSIMM 3aKOHOMEPHOCTE OJIeAeHEH)s, OpraHu3anyeH oNyCTallHOHAPHBIX U
CTalMOHAPHBLIX HAaGJIIONEHUH 32 JIEHUKAaMH, NPHMEHEHHEM TOYHBIX NPHOOPOB
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M HOBBIX METOMOB JJii ONpeJeJieHHss KOJHMYECTBEHHbIX NapaMeTpPOB
JIEIHUKOB.

B 1933 r. 6bl11a oprann3oBaHa MexXlyHapoiHas KOMHCCHs CHEra H JIbjia
Acconganyu rufposIory4ecKix Hayk MexXlyHapO{HOrO COI03a reofie3uH u
reou3nKH, IPU3BaHHAs NPONAraHfIPOBaTh JOCTIKEHUSA MHPOBOH IIIAILHO-
JIOTMH ¥ KOOPMHUPOBATh UCCIEAOBaHM CHETa M JIb[ia B Pa3HbIX CTPaHaXx.

2:2. rNALUUONOrMYECKUE UCCNEQOBAHUS
B NEPUOAR MEXAYHAPOQHOIO rEO®U3IUYECKOIO rogA (Mrr)

B nepuop c 1 utons 1957 r. no 31 pexabps 1958 r. Gb1iu NPOBENEHBI
Pa3HOCTOPOHHME INISLHOJIOTAYEeCKHE HCCIeIOBAHNS B Pa3HbIX paliOHaX Mupa
no nporpamme MexpnyHnapopHoro reodusuyeckoro roga (MIT). 26 crpan
OpraHn30BaJIM UccnenoBaHust Ha 103 JegHUKOBBIX CTAaHUMAX. BhINONMHANIHCH
TaKkKe MCCIIEOBaHUA Ha ApelidyIOlMX JbgaxX U B pPAfe MaJo H3YYECHHBIX
paiioHoB. Camble OGIIMpPHBIE MCCIENOBAaHASA ObLIM NPOBENEHB! YYEHBIMH
CCCP u CIIIA. B CCCP 651110 Opranu30oBaHO 17 risiioNOra4eckux CTaH-
Ui AN CTalMOHAPHBIX IIALUOJOrMYECKUX MCCIEAOBaHMil: Ha 3eMie
®dpanna-Hocuda, Hosoit 3emne, INonspuom Ypane, B XubuHax, Ha
Onb6pyce, Antae, B ropax CyHrap-Xasra, Ha Jefnuke degyeHko Ha
ITamupe, B 3annmiickoMm, [IxxyHrapckoM 1 Tepckeii-AnaTtay 1 Ha 6 CTaHIMAX
B AHTapkTrnae (MupHnii, ITuonepckas, Bocrok-1, Komcomonnckas, Bocrok
n CoBeTckasn).

Bo Bpemst MI'T 6binu nosy4yeHb! KOJIMYECTBEHHbIE IOKA3aTENH COCTOSA-
HHS PAfa JIEJHUKOB, HA HEKOTOPBIX M3 HUX ObINIM HaYaThl CHCTEMATHYECKHE
HaGiofeHus 3a UX peXXuMoM M 6anaHcoM macchl. IToMuMmo HaGioneHui 3a
JIe{HUKaMH, IPOBOAMIIMCH Pa3HOCTOPOHHUE HCCIEAOBaHMA CHEXKHOTO IIOKPOBa
H CHEXXHBIX JIaBHH, NIPECHBIX JISAAHBIX IOKPOBOB 1 MOPCKHX JILAOB, HaJlefe
H NOA3eMHBIX JbA0B. ONpo60BaHO M BHEAPEHO MHOrO HOBBIX METOAHK
HCCIIENOBaHMIMA.

2.3. PACWWMPEHUE OBNACTU MNSALMONOIrUYECKUX UCCNEAOBAHUNA

B pesynbTaTe nposefienns MIT Gblsio HAKOIJIEHO OrPOMHOE KOJIHYe-
CTBO JAHHBIX, XapaKTepU3YIOIUX HE TOJBKO JIEJHUKH, HO M BCE Jpyrue
BH[IbI JILAOB B NpHpofe. Bo3Huk Bonpoc, Kak KiaccugpuuuposaTs ¥ 0606-
IaTh NoJy4YeHHble cBefieHus. HexoTophle riasunonoryu, B TOM YMCIIE H3BECT-
Holit yueHsblii C.B. Kanecnuk (1963), npepiiarany COXpaHUTb CITOXMBLIEECH
NOHATHE IJIALMOJIOTMM KaK HayKM O JIEAHMKAaX M pPacCMaTpHBaTh €€ Kak
4acTb OGOGCLIEHHONH HayKH O JNbfiaX — Kpuoyiorud. TeM He MeHee mocie
6GypHBIX AMCKYCCHii GOJIBIIMHCTBO IIISLHOJIOTOB CKJIOHHINCh K TOMY, 4TO
00 bEKTaMH IIIALHUOJIOrHYECKUX HCCIEAOBAHUIl CIIEAYET CYATATDL BCE BHIbI
NPUPOAHBIX NbLROB Ha 3emite. [To6enuiio MHEHRE, YTO TIIALMOJIOTHIO CIEAyeT
paccMaTpuBaTh KaK HayKy O NPHPOJHBIX CHCTEMaXx, CBOMCTBa ¥ {HHAMUKa
KOTOPBIX ONPEREINAIOTCS IbAOM (CM. paHee). B0 MpH3HaHO, YTO EAMHBIM
NPHPORHBLIM OOBEKTOM IIIALMOJIOIHH SABIAIOTCA risnuocgepa ¥ COCTaBlAIO-
IHe €€ HUMBAJILHO-IIAUManbHble cucTeMbl (IIAuMoNIornyeckuil ciosaps,
1984).
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2.4. YYPEXXAEHUA,
BEAYWMUE rIsUMONOruyECKUE UCCNEQOBAHUA

B Poccun Han6osiee OGIIMPHBIE NCCIEXOBaHNA IO OOIIMM ¥ NPHKIIaAHBIM
npobiieMaM risiguosiorny BeimoiHaiorcs B MHcruryre reorpadpmn PAH
(MockBa). MHCTHTYT NpOBOAMT IKCHEAHNIMH AN HM3y4eHHS JIEXHHUKOB H
CHEXHOr0 IOKPOBa BO MHOTHX OPHBIX paiiOHax, B APKTHKE 1 AHTapKTHKe,
pa3pabaTbIBaeT TeOPeTHYECKUE OCHOBBI IIIALMOJIOTHH, 3aHAMAETCS HayYHbI-
MH 0600IEeHNAMH, n3fjaeT "MaTepHualbl IISHOIOrAYECKHX HCCIENOBaHMI".
B HHcTHTyTe reorpadmm Cn6upn CO PAH (MpKyTck) H3y4aloT Hallen,
B MucTuTyTe MepanoroBefenuss CO PAH (SIkyTcKk) — nof3eMHOe ONefieHe-
HMe, HaJIelH ¥ CHeXXHbIi nokpos, B IHcruTyTe Bynkanonornu JIBHI] PAH
NPOBOJATCA MCCIIENOBaHNS B3aUMOJENCTBHSA BYJIKAHU3MA M OJIE[ICHEHNS.

3HauYNTENBHBINA 00 BEM IIIAIHOTOrHYeCKUX UCCIENOBAHUI BhINIOHIETCA
B yupexnaeHusix Fugpomereocnyx6bl. IHCTHTYT APKTHKH M AHTapKTHKH
(Cankr-IleTep6ypr) n3yyaeT MOpCKHe Jbibl B APKTHKe M AHTapKTHKe,
opraHu3yeT AHTapKTHYeCKHe KCIE[MIUH, pa3pabaTriBaeT paguodusnye-
CKHMe METOAbl MCCIEeOBaHUil JIEXHUKOB, JIEAAHbIX NOKPOBOB M MOPCKHX
JbOB. BeicOKOropHslii reogusnyeckuit HHCTHTYT (Hanpuuk) n3yvaeT chex-
Hblii IOKPOB H JIaBHHBI B ropax u pa3pabaTbIBaeT aKTHBHbIE CIOCOGHI BO3-
ReiicTBHA Ha Npouecchkl 0Opa3oBaHus JbAa B atMocdepe. ['ocypapcrBeHHbIH
rupponoruyeckuit MHCTHTYT (Caukr-IleTep6Gypr) m I'mppoMeTueHTp
(Mocksa) pemaloT npo6yeMsl, CBA3aHHbIE C 0Opa30BaHUEM H pa3pyIICHUEM
peuHbIxX Jab00B. Ha MHOro4YHClIEHHBIX 'HIPOIOTHYECKMX CTAaHIMAX H OCTaX
BEyTCS KOMILJIEKCHbIE HaGJIIOICHNS 32 PEYHbIMH JIbaMH.

B MOCKOBCKOM rocyapCTBEHHOM YHHBEpCHTETE NPOBOAATCA HUCCIERO-
BaHUA COBPEMEHHBIX TEHJIEHLHI FTOPHOro OJIeleHEHNs, POLIECCOB JILROO6pa-
30BaHNsA, CHEXXHOrO NIOKPOBA M JIaBUH, (PU3NYECKNX H MEXaHNYECKNX CBOHCTB
JIbJla ¥ CHEra, NOA3eMHOro onefeHeHusi. B TOMCKOM rocyiapCTBEHHOM YHH-
BepcUTeTE pa3pabaThiBalOTCA NMPOGIEMBI INIALMOMETEOPOJIOTHH ¥ H3yYaeTCs
oneneHeHue Anras.

ITpuknagHbie MpoOIEMBI MALMOIIOTAH, CBA3aHHBIE C 3aLIUTOH OT CHEX-
HBbIX JJaBHH U celleii, pa3pabaTbiBaloTcss B CHOMPCKOM rocyfapCTBEHHOM
yHusepcureTe nyreit coobmenus (Hosocubupck). MeTopb! nporso3uposa-
HHSI JIAaBHHHOM ONaCHOCTH M aKTHBHOI'O BO3JIEHCTBHUS Ha JIABUHHbIE NPOLIECCHI
COBEPIIEHCTBYIOTCA B ClyX6e nmpoTHBONaBHHHOM 3awmuThl (Koabckui
nonyocrpos, Kuposck).

3Ha4YHTEILHBIX YCIIEXOB JOCTHIJIH IIIALHONOrH, paboraromue B Ka3ax-
craHe, ¥Y36ekucraHe u B ['py3un.

Crienann3npoBaHHbie IISAUMONOTNYECKHE YUpEXAEHHS UMEIOTCA BO
MHoOrux crpaHax. Hanpnmep, k uncny HaunGoliee M3BECTHBIX OTHOCSTCA:
JIaGopaTopusi IO U3YYEHNIO U OCBOEHHIO XOJIONHBIX paiOHOB IIPH KOpnyce
BoeHHbIX MIbkeHepoB Apmuu CIIA (Xanosep); ITonsipHblit HHCTHTYT MMEHH
P. Ckorra B Aurnuu (KemGpumx); llIseiinapcknit epepanbHbiil HHCTATYT
cHera u nasuH ([JaBoc); JIabopaTopus riALMONIOrHH U re0(pH3NKH OKpYXKalo-
mei cpepnl Bo Ppanuun (I'peno6us); ITonspusbiit uHcTHTYT B HOpBerun
(Ocno); HHcTUTYT HE3KMX TeMmnepaTtyp B SInonun (Cannopo); MucTuTyT
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rIAnuoNIoruy n Mep3norosefenus B Kurae (Jlanbwkoy); MucruryT rasuuo-
JIOTHM ¥ cHeroBefieHus B ApreHTuHe (MeHpoca).

I'nsnuonornyeckue NCClIefoBaHUsA NPOBOAATCA Takxke B ['eonoruyeckon
cnyx6e CIHA, B MuHHuCTepCcTBe OKpyXalollei cpefbl H pbIGONOBCTBA
B Kanane, B HopBeXXCKOM reoTeXHM4ecKoM MHCTHUTyTe, B HHCTHTYTE
AnrapkTuky ¥ HauponansHoM MHCTATYTE ITaTaroOHCKHX JIEJHUKOB B ApreH-
THHe. ['NIAuoI0oruyecKkie UEeHTPh! CO3aHbl BO MHOIMX YHHBEPCHTETaX M
uHcturyTax CHIA (mwrratht BammurroH, Buckoncus, Oraiio, Konopano,
Aunscka), Kanags! (Mounpeans, OtTaBa), Aurnuu (Bpucrons, KeM6punx,
Bupmunrem), Ascrpau (Muc6pyk), B llIBeitnapun (Iropux, Bepn), B I'epma-
Hun (Bepmun, Mionxen), B JJauun (Konenraren), B Hopseruu (Ocio),
B WUrtanun (ITapya, Munan), B Ascrpanuu (Menb6ypH).

HccnepoBanusi B 06J1aCTH IJISIMOJIOTAA KOOPAMHUPYET U NPONaraHin-
pyer MexnayHapoaHasi KOMMCCHSI CHEra M JibJa ACCOLMALH THAPOJIOTHYe-
CKHX HayK MexyHapOofHOro colo3a reofie3nn u reocgusnku. Komuccns pery-
JISPHO OpraHM3yeT U NPOBOAUT Hay4YHble CHMIIO3MYMBbI, KYPHPYET CIYXO0y
IIISLAOJIOTAYeCKOro MOHUTOPHHIA, YYaCTBYET B OPraHU3alliy CrieluaTn3n-
POBaHHBIX IIALHOJNIOTHYECKUX KYPCOB, IOrOTaBINBAaeT 0630Phl pe3yibTa-
TOB MCCIIE[JOBaHUIi 10 aKTYaJIbHBIM BONPOCAaM IJISILHONIOTHH,

2.5. CBOP, XPAHEHUE U NYBMUKALUUA _
PE3YNLTATOB rNsiuUONOrM4ECKUX UCCNELOBAHUU

B 1961 r. B cocraBe MeXyBeAOMCTBEHHOro reo¢u3nyeckoro Ko-
muteta npu Ilpesnauyme Axkapemun Hayk CCCP Gbina o6pa3oBaHa Cekuus
rIALMOJIOrMM, B 3afilayy KOTOpo# Bxopuiu o6paGoTka M 06oGuieHune
MaTepHaJIOB IIALHONIOrHYeCKHX HCCIEOBaHMUA, OJyYEHHBIX BO BpeMs Npo-
BefieHns MexxpyHapoaHoro reogusnyeckoro ropa. Cekuus BCKOpe npeBpa-
THJIaCh B aKTHBHOE NIOCTOSIHHO JieiCTBYIOLIee SA{PO IJISLHOJIOrOB M BKIIIO-
Yyana pap nojacekuuit u pa6oumx rpynn. B 1993 r. Cekuyua Golna npe-
obpa3oBana B ['manuonoruyeckyio accoumanuio. Cekuus (4 3aTeM acco-
LMaNMs) OPraHU3OBBIBAET M PETYIAPHO IPOBOAMT IIIALMOJIOTHYECKHE CUM-
MO3HYMBI, COBELIaHKs M CEMHHAPBI, CIOCOGCTBYIOLIHE POBENEHMIO KPYITHBIX
Hay4HBbIX IPOEKTOB, OCYLIECTBIIAET MHOTOCTOPOHHHE Hay4HbIe CBA3H C JIpY-
TMMH OpraHM3alUsAMH, ABJISETCA HALHOHANLHON 4acThio MeXayHapoaHoi
KOMMCCHH CcHera M Jibfa. Bonbuioe BHUMaHHMe yRensercs NyGinuKauuy
pe3ynbLTaTOB MCCNEf0BaHU# B 06001alonux pabor.

B perynspno n3paromuxcsa "MaTepuanax risiyuoIOrHYecKUX UCCIERO0-
BaHUIl" NyOGNUKYIOTCA Pe3ylnbTaThl paGoT B OGNACTH INISLHUONOrHH, HOBLIE
METORMKH MCCJIE[{OBaHUii, MaTepHalibl HayYHbIX CUMIIO3MYMOB H KOH(e-
peHIMii, XpOHHKA cOObITHH, KpUTHKa, GnGauorpacdus n nudopmaius o ges-
TENLHOCTH IIALMOJIOrHYecKoi accoumanuu. Takke GONbLIIOE KOIMYECTBO
MaTepHaNoB € pe3yJIbTaTaMH IIISLHOJIOrAYeCKIX UCCIlefOBaHKi NNy GIMKYyeTCs
B Pa3JINYHBIX XXKypHaJax H COOpHHKax Hay4HbIX cTaTeil. KpaTkne aHHOTAaLNH
JUTEPATYph! MO IIALUOJIOTHHM ONyGNMKOBaHBI B BblMyckax 48, 49 u 78
"MarepualoB IIAUAOIOrUHYeCKNX UCClefoBannit" (AHHOTHp. 6M6NHOrD...,
1983, 1984, 1994).
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Ony6nuKoBaH pAA KOJJIEKTHBHBIX MOHOTpaduil O FOPHBIX JIEHUKAX:
"Jlequuk Pequenko” (1962), "Kpynnueitmue neguuku Cpenneit Asun” (1963),
"CoBpeMeHHOe onefieHeHHe xpebra CyHrap-Xasarta" (Kopeima, 1963),
"Onepenenne ITamupa” (3abupos, 1955), "Onenenenue Ypana" (Tponu-
Kuii ¥ fp., 1966), "Onenenenne Dnpbpyca’ (1968), "Onenenenne Hosoik
3emnn" (YkoB u ap., 1968), "Onenenenne 3aunuiickoro Anaray” (Maka-
peBuy u fp., 1969), "Onenenenne 3emin Ppanna-Hocuda" (I'poc-
BaJIbA M Ap., 1973), "Onenenenne llInunGeprena” (Tpouuxwuit u ap., 1975),
"OnepeHeHne ceBepHO# monspHo#i o6mactu” (Umxkos, 1976), "Jlepguuk
xaukyat" (1978), "Jlenunk AGpamoBa” (1980), "JIiequnk Tyrokcy” (1984),
"Onepenenne Ilamupo-Anaa” (1993), "OnepeHenne Tsaun-llansa"
(1995) n np.

H3naHo 3HaYHATENBbHOE KOJIMYECTBO MOHOrpaduil Mo pasiuyHbLIM BO-
npocam rasuuosoruu. ITonyunnm npusnanue paborel B.P. Anekceesa
(1987), B.B. Boropoackoro, B.I1. I'aspuno (1980), A.H. Boxwunckoro,
K.C. JIocesa (1987), K.®. Boitrkosckoro (1960, 1977, 1989), B.!. BTio-
puna (1975), I''H. F'ony6esa (1976), JI.O. Donryuuna, I''B. Ocunosoii
(1982, 1989), 10.I1. Jopounna, IO.E. Xeiicnna (1975), M.B. Jiopreposa
(1993), B.®. 3axaposa (1981), U.A. 3orukosa (1977, 1982), H.H. 3y6oBa
(1945), C.B. Kanecuuka (1939, 1963), I0.®. Kuuxuukosa (1973),
A.I'. Konomsina (1987), B.M. Kornsakosa (1961, 1968, 1994), A .H. Kpeuke
(1982), IL.I1. Ky3nmuHa.(1957), B.B. JIasposa (1969), K.C. JIoceBa (1966),
H.C. ITecuanckoro (1967), A.A. Pomanosa (1984), B.A. Casennesa (1963),
M.B. TpouoBa (1954, 1966), E.C. Tpowmkunoit (1992), I' K. Tymunc-
koro (1949, 1968), B.I'. Xonakosa (1978), I1.A. lllymckoro (1947, 1955,
1969).

B nepnop ¢ 1966 no 1982 r. 6ni0 ony6inkosano 108 seinyckos Kara-
nora negaakoB CCCP. B aTux BhINyCKaX CHCTEMaTH3HPOBAHbI CBEJeHUS
0 BCex JepgHMKax Ha Teppuropuu GriBmiero CCCP. Kaxpwlit BhIIycK
BKJIIOYAaET XapaKTEpHCTHKH reorpacguyeckoro NnoJjoxeHus, MOop¢doIornu,
KIMMaTHYECKHX YCIOBHH M peXuma JIEAHHKOB, TaGIMIy C OCHOBHBLIMH
XapaKTepUMCTHKaMH UX JUINHbI, IUTOLIAAM ¥ BLICOTHOIO IOJIOXKEHNS, CBEleHHS
O CTal[MOHAPHBIX M 3KCIIEANIMOHHBIX NCCIEOBaHUAX U pPa3JIMYHbIe AONOJ-
HATENBHbIE MaTepHnaibl. KaTajnor — pe3yibTaT nepBoil NNOJIHOH WHBEH-
TapHu3aldy JIeJHUKOB B Hamlell cTpaHe. B Hacrosimee BpeMs CBEfEHHs O
JEeAHHKaX YTOYHAIOTCA ANA BKIIOYEHHUS MX BO BceMHpHBIl KaTanor
JIE{HAKOB.

C 1977 r. npoBogunucs paGoThl IO CO3AaHHIO "ATiaca CHEXHO-
JIEIOBBLIX pecypcoB mupa", KOTOpbiit Obll u3fan B 1997 r. B ATnace Gonee
TBICAYH KapT CaMbIX Pa3HbIX MacumTaboB — OT BCEro 3eMHOro LIapa A0
KOHKPETHBIX PaOHOB, TaKNX Kak Aubnel, KaBka3, [Tamup, Anscka u ap.
KapTtorpacduueckuit Tom ATinaca CONPOBOXAAETCS BTOPHIM TEKCTOBBIM
TOMOM, B KOTOPOM H3JIOXKEHLI METOJIOJIOrHYeCKHE OCHOBBI H3yYeHHUs CHEXKHO-
JIeOBBIX PECYPCOB M IaHbl PEKOMEHJALMHK IIO MX UCIIONILb30BaHMI0. B ATnace
NPUBOJATCA OLEHKH 3allacoB CHEra ! JIbJja, JAlOTCSA XapaKTEPHUCTHUKH CHEX-
HO-JIEOBLIX 06pa30oBaHMii ¥ MX H3MEHYHBOCTH, PaCCMOTPEHbBI BO3MOXHOCTH
NPaKTHYECKOro UCNOJb30BaHUA NPHPORHBIX JILAOB.
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3HaYATENbHYIO POJIb B Pa3BHTHH IJILUMOJIOTHH CBITpajio M3[aHHe
"I'naumonoruyeckoro ciosaps” (1984), copepxkaiiiero paCIiHpeHHOE TOJ-
KoBaHMe 0K0JI0 2200 NOHATHI M TEPMHHOB, YNOTPEOIAEMBIX B IIIALHUOIIO-
ravyeckoit rureparype. Ilpn ero nogroroske GbUIH HCIOJIB30BaHbI COBpE-
MeHHas pYCCKOsA3bIYHAsA ¥ OCHOBHAsl aHIJIOA3bIYHASA JIMTEpaTypa IO IIALHO-
soruu. Ipynnoi yuensix nog pykosopcrsoM B.M. Kornskosa 6binu cobpa-
Hbl ¥ YHUHUAPOBaHbI CYIIECTBYIOUIME NOHATHA M HalfileHb! aHITIHACKHE
9KBHBAJICHTHI HanGoJiee ynoTpeGiseMbIM TepMuUHaM. Biarogaps aTomy
ClIOBaph HOCHT JHLMKIIONE{UYECKHIl XapakTep M CIYXHT CBOEro pofja
HOPMAaTHUBHBIM JOKYMEHTOM VI TOJIKOBaHU TEPMHUHOB, XapaKTepU3YIOHIMX
BCe BHABI NPUPOAHLIX JILAOB M CBA3aHHBIX C HUMH sBieHuit. CiioBaph Xo-
POLLIO MITIOCTPUPOBaH (pUCYHKH M dpoTorpacuu) u cHabGKeH CIIPaBOYHBIM
MaTtepuanoMm. Ha 6aze "I'isunonoruyeckoro cnosaps” 6bin pa3paboraH
M3J]aH YeThIPeXbA3bIYHbIN risunonornyeckuii cosaps "Elsevier’s Dictionary
of Glaciology" (1990), B KOTOpOM BlEpBbie B MUPOBOIi IPAKTHKE OTPAXKEHO
COOTBETCTBHE IJIALMOJIOrHYECKHX TEPMHHOB B PYCCKOM, aHTJIMACKOM, He-
MeuKoM ¥ ¢paHIy3CKOM A3bIKAX.

B 1957 r. B cucteMe MHUpOBBIX LIEHTPOB reo(U3NIECKNX AAHHBIX ObIIN
OpraHu3oBaHbl TpH MupoBBIX LeHTpa faHHbIX (ML) no rasumonorus,
npegHa3HayeHHble AN c60pa, XpaHeHHs M PaclHpOCTPAaHEHHs AaHHBIX,
HeOGXOAMMBIX NPH M3yYeHUH ITI06aNbHBIX reo(hN3NIECKUX NPOLIECCOB U AB-
nenwit: MIIII "A" B r. Boynaepe (CIIA, Konopago), MIJ] "B" B Mockse
n M "C" B KemOpnaxe (Anrnus). Bnocnencrsuu Gbis CO3AaH ellle OfHH
neHtp - MO "D" B r. Jlanpuwxoy (Kurait). OTH 4YeTblpe LIEHTpa 3aHH-
MaloTcs CGOpOM, XpaHeHHeM, CHCTeMaTH3aluel 1 pacCIpoCTPaHEHHUEM JIUTe-
PaTyphl NO IIALUOJIOrMH, BKIIOYAIOUIEH BCe BHbI NMPHPORHLIX JILJOB M
cHexHbi#i mokpoB. MIIJ] "A" u3gaer c6opuukn "Glaciological Data", B
KOTOpBIX NyOGINKyIOTCS TeMaTHYeckue 6nGmmorpacdun ¥ 0630pHbIEe CTaThH.
B nocnennee sBpems nposogurca pa6ora no nepecrpoiike pa6orst MIIJ c
pacyeToM IepeBoJia pe3yJbTAaTOB IIIALMOJIOrHYECKHX HUCCIelOBaHUi B Ma-
IMHOYMTaeMylo (hOpMY C 3allUChIO MX Ha TEXHHYECKHe HOCHTEIH HHGOPp-
Manun. OnpepnenseTcs cocTaB Takoil nH(popMalun, popMbI ee XpaHEHUS U
NOPAAOK BbIjaul MH(OPMALMH 3aKa3UHKaM.,

B IlIseiinapun paboraer MexayHapoaHas cnyk6a MOHMTOPHHra
JIEAHMKOB, KOTOpas PEryjisgpHO pa3 B IATh JIET H3[JaeT MHPOBBIE CBOJ-
KM pe3yJLTaToB HablofeHui 3a KoNeGaHNsAMH JIEJHUKOB M pa3 B JiBa TO-
Ra — OIONJIETEHH C pe3yJibTaTaMH M3MepeHmii GalaHca MaccChl JIEHAKOB,
Ha KOTOPBLIX NPOBOAATCA MHOrojeTHue HabGmiogenus. K uyucny ra-
KHX JIENHUKOB OTHOCHTCS JefaHMK [I>kankyaT Ha I'maBHoM Kaska3ckom
Xxpebre B paiioHe IIpuans6pychs, rae HaGIONEHNS NPOBOJATCS IJIALMO-
Joramu MOCKOBCKOrO roCyAapCTBEHHOTO YHUBEPCHTETa C YYaCTHEM CTY-
REHTOB.

BobiIoe KONMMYECTBO IMALMONOrMYECKON JIUTEPATYPhI B BUAE MOHO-
rpacuil, CCOPHNKOB Hay4YHBIX CTaTedl M XypHaynoB ny6Ginkyercs B CIIA,
Anrnun, ®panuuu, liseiinapun, SInonnu, Kurae. Ceepenus o HaunGolee
BBI/IalOIIMXCSA 3apyOGeXHBIX CIENHANMCTaX B O6JIacTH INISALMOJIOTHH U MX
TPpyAax MOXHO Haiiti B "I'naumuonoruyeckom cinosape”. lllnpoxkoii n3secr-
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HOCTBIO IOJIB3YIOTCA M3[jaBaeMble MeXAyHapONHEIM IIALHOIOrHYECKOM
obuecTBoM XypHan "Journal of Glaciology", 6lomnerens "Ice” n HayuHble
Tpyas! "Annals of Glaciology", B KOTOpBIX nMy6IMKYIOTCS MaTepHalbl Hay4-
HBbIX CUMNO3uyMOB. Cpefi MHOCTPaHHBIX NMyGINKalUUii MOXKHO BBIJEIMUTD
o6o6uaromue pa6oTrl no rasuuonoruu JI. JInau6yrpu (Lliboutry, 1964),
®. Mionnepa u gp. (Muller et al., 1976), Y. Hakas (Nakaya, 1954), Y. ®nn-
na (Field, 1975), P.®. ®nunra (Flint, 1971). Ha pyccknii 13bIK nepesefie-
Hbl MOHorpaduu Y.d. Baana (1975), H. Masuo (1988), VY. ITatepcona
(1972), 2.®. ITayupepa (1967), P. dymnura (1963) u cnpaBounuk "Cher"
(1986).



NbJOOBPA30BAHUE U CBOUCTBA JIbJA

nasa 3

NbAOOBPA3OBAHUE
U KPUCTANINUYECKAS CTPYKTYPA NbA

3.1. PA30BbLIE COCTOSAHNUA BOAbI

Bopa HaxonuTCA B TPEX COCTOAHHSAX — KHAKOM, TBEPAOM M napoo6pas-
HoM. Ilepexon U3 OfHOI (ha3bl B APYryl0 ONpPEAENIETCA TePMORHHAMHUYEC-
xumu ycsoBusimu. Ha apuarpamme ¢a3oBbix cocTosiHmit Boap! (puc. 3.1) Beige-
JISAIOT TPH YACTH, COOTBETCTBYIOLIHE YKa3aHHBIM TPEM COCTOSIHHSM BOJBI.
JIunnu, fensAlye 3TH YacTH, XapaKTEPHU3YIOT YCIOBHA BOAbI, HaXORALIEHCS
OHOBPEMEHHO B JIByX COCTOSHUAX. TOUKa nepecevyeHus ITHX JIMHUA Ha3bl-
BaeTCs TPONHOH TOYKOI M XapaKTEpPHU3yeT yCIOBUSA, NPA KOTOPhIX MOTYT Ofl-
HOBPEMEHHO CYIIECTBOBAThb BCE TPH (ha3bl — BOAAA, JIEK U map. ATa TO4YKa
cooTBeTcTByeT Temnepatype 0,01°C M fgaBiIeHHIO HACBIIIEHHBIX NapOB
610 ITa. ITpu HOpManbHOM aTMOC(HEPHOM JlaBJIEHHH B 1 aTM TeMnepaTypa
TUIaBJICHMS YHCTOrO JIbJAa paBHa HYJIO, a TEMINepaTypa KHUNEHHs BOAbI —
100°C.

Oco6eHHOCTBIO NPENCTaBIEHHON ANarpaMMbl SBJISETCA TO, YTO FPAHALA
JIEA-BOJla TOYHO XapaKTEpH3yeT 3aBUCHMOCTb TEMIEPATyphbl IIaBJIECHUS
abAa ot AasieHus. IIpu o6paTHOM npouecce (3aMep3aHUH BOJbI) BO3MOXKHO
Nepeoxnax/AeHue BOAbI H COOTBETCTBEHHO CyLIECTBOBAHHE ee XNAKOi (pa3bl
npn Gonee HU3KOH Temnepatype. TemnepaTypa NiaBlieHAA JIbAa YMEHb-
IIaeTCsA C MOBBIIIEHHEM [JaBJIEHHS Ha IpaHMIEe pa3felia TBEepAOH M KHUIKOM
¢a3 npumepno Ha 0,1°C/MIIa (0,01°C Ha 1 aT™).

I'panuna nep-nap xapakTepu3yeT 3aBHCMMOCTb TEMIEPATYphl HCHape-
HUsA (BO3rOHKH) JIbia OT BEJIMYHMHBI JaBIEHHS HACBIIEHHBIX NapoB. JTO 3Ha-
YHT, YTO B IAHHOM CJIy4ae MbI OllepHpyeM He BEJIMYUHOM {aBJIEHUS BO3RyXa
Ha JIefi, a laBJICHUEM BOASHBIX NAapOB Ha rpaHHLE pa3fiesia JIEA—BO3AYX.
C noHmxeHueM TeMNepaTypbl COfiep>KaHHE U JlaBJIeHUe BOJASHLIX MapoB
B BO3lyX€ pe3KO YMEHBIIAIOTCH, COOTBETCTBEHHO YMECHBLIAETCH U TEM-
nepartypa ¢a3oBbix nepexonos. IIpn HopManbHOM aTMOC(GEPHOM JlaBIEHAN
BO3/lyxa M TemnepaTtype Bo3fyxa 0°C gaBneHHe HaCbIIIEHHBIX APOB HaN
IUIOCKO# NOBEPXHOCTBIO Jbfa cocraBiuseT 610 ITa, npum Temnepatype
-10°C - 260 ITa, npu —20°C - 103 ITa. Hajy noBepXHOCTBIO NEPeOXJIax-
ACHHOM BOJb! AaBJICHHE HACBILIEHHbIX NMApOB HECKOJBKO BBbILIE, YEM Haj
NOBEPXHOCThIO JIbAa, M cocraBiuseT 286 I1a npu Temnepatype —10°C n
124 ITa npu -20°C.
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Pnc. 3.1. Iuarpamma ¢a3oBbiX cOCTOsiHHI BoAbl (@) ¥ mMonuduKauuu nbaa NpH
BBLICOKHX laBneHusx (6)

TT — TPoWHasA TOYKA; H — MCMApeHHe; K — KOHleHCalusi; B — BO3rOHKa; CK — cyxas
KoHfieHcauus (cy6numanus); Th — nen rekcaronanbHO# cTpyKTyphl; Ic — nep xy6uueckoi
crpyktypst; J1I1, JIIII ... J1 IX - Tunb! 1bp0B (rpaHuibl cTaGUAbHBIX (ha3: CIUIOWIHBIE JIWHHH —
COTJIaCHO 9KCMEPHMEHTANIbHBIM JAHHBIM, IITPHXOBbIE — NPeANoJIaraeMbie)

I'paHMua BOfa-Nap XapaKTepHU3yeT TeMIIepaTypy HCIapeHUs BOAbI
M KOH[(€HCALH NIapOB B 3aBHCHMOCTH OT JaBJIEHNUs] HaChIIAaIONIMX NApOB Haj
NOBEPXHOCTBIO BOJ(BI.

3.2. CTPYKTYPA KPUCTANOB NIbQA

CTpyKTypa KpPHCTAIJIOB Jibjja (OpMHUPYETCA Ha MOJIEKYJIAPHOM YPOBHe.
Monexyany Bops! (H,O) MOXHO NpeACcTaBUThL B BHJie 1Iapa, COOTBETCTBYIO-
Lero aToMy KHCJIOpofa, C AByMsa OyropkamMu B MeECTaX, Iic HaXOAATCA
aTOMbI Boffopofia. B kpucranimyeckoii peueTke Jbja (PUKCHPOBaHbI ATOMBI
KHCJIOpOJia, a NOJIOKEHHE aTOMOB BOJOPOJia He NOJAETCA TOYHOMY Onpe-
nenennto. Kaxpblil aTOM KHCJIOpPOa OKPYXXeH YeThbIpbMsS aTOMaMM KHC-
Jopopa GnmKaiMx MOJeKyJl, pacloIOXKEHHbIMH Ha PaBHBIX PACCTOSHHAX
(2,76 A) no yrnam npaBuIbHOrO TeTpasfpa, UEHTPOM KOTOPOTO ABIISETCHA
RaHHBIN aToM. Kaxpgas Monekyia ynep>XuBaeTcs TpeMs CBA3SMH C MoJle-
KyJIaMH, PaCNOJIOXXEHHbIMH B 6Ga3UCHOM IIIOCKOCTH (NIepNEeHRUKYIAPHO
IJ1aBHOI OCH), M TOJIBKO OJfHOM CBS3bIO C MOJIEKYJIaMH APYroM IJIOCKOCTH.
3To 3HAYAT, YTO B KPHCTAJIaX JIbJa MOJIEKYJbl PaclOJIOXEHb! Napai-
JIeJILHBIMU CJIOSIME B YTJIaX LIECTHYTONILHAKOB (pHC. 3.2) 1 KpUCTaJIHyecKas
pellleTKa NPMHAIEXKUT K FeKCaroHaJIbHOW CUHTOHMY.

Y nbpa BCTpevaloTCs KPUCTalliibl, OGJIafialonIMe KaK reKCcaroHaJbHOM
TaK M TpHroHainHoOi cummerpueit. [ToaTomy IT.A. lllymckuit (1965) npn-
e K BbIBOJY, YTO KPHCTAJlJIbI JIbJIA CJIEYET OTHOCHTh K JUTPHTOHAJILHO-
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Prc. 3.2. IlonoxeHnue aToMOB - V3
KHCIIOpOJla B KPHCTalJIH4yecKoi
pelleTKe JbAa rekcaroHambHOMR
crpykrypsl! (Ih)

a, 6 — B MIIOCKOCTH rJIaBHOMN
KpHcTaorpadueckoit ocu (0001); 6 —
B 6a3ucHONl MIOCKOCTH (nepneHpH -
Kynspro#t k ocu 0001); 2 - cxema
NPOCTPAHCTBEHHOTO  PACMONOXKEHH
aToMmoB

v
i
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NMUpaMUAAJILHOMY BHJly CHMMETPHH TPMIOHAJILHON CHCTEMbI, 3JIEMEHTaMH
CHMMETpMH KOTOPOM ABJIAIOTCA TPOHWHAA NOJSAPHas OCb M TPH INIOCKOCTH
cumMeTpuaH. [TpaBUIIBHBINH IIECTHYTOJILHHK CBOGOAHO PAaCTYyIMX KPHCTAJJIOB
co3paeTcss KOMOMHalMeR BYX NPUGIN3NTEILHO OAMHAKOBO Pa3BUTBIX TPH-
TOHANBLHBIX (pOpM (IPU3M U NMUPAMHA), HO NOCHEHHE MOTYT HMETh HEORH-
HaKOBO€ Pa3BUTHE, YTO XapaKTEPHO IS Ha4aJIbHBIX CTafMil pocTa, KOTAa
KPHUCTaJlJIbl AIMEIOT (hOPMY HENPaBWILHOIO LIECTUYrolbHAKA. TpAroHanbHbie
¢opMBI pa3BHBAIOTCA TOJBKO NONAapHO M HUKOrAa He BCTPevYaloTcs B
OTIENLHOCTH.

Ins kpucramios nbaa HanboJjiee XapaKTepHbl KOMGHHALMH TPUro-
HaJIHBIX NPU3M M MMpaMUJ H MOHO3IPOB (mpocTeimunx ¢hopM TPUrOHAJILHOM
CHHTOHMH, COCTOSAIIMX U3 OHOM rpaHu). B 3aBHCHMOCTH OT OTHOCHTEJILHOIO
pa3BuUTHs 3TUX (POPM KPHCTAIIBI IPHOGPETAIOT NIIACTHHYATHIN MK CTONG-
yaThlil raburyc. Kpucrann npaa umeeT 4 kpucramiorpaduyeckux ocu, U3
HUX TPpH JiexaT B 6a3sHCHOl IIJIOCKOCTH, 006pa3ys APYr C APYroM yrisl B
120 rpanycos, yeTBepTas (riaasHas OCh) HanpaBiieHa NEPNEHAUKYISAPHO K
3TOH IJIOCKOCTH U ABJISETCSA OChbIO CHMMeTpHH. OnTHYecKas oCbh, IO KOTOPO#
J1y4 cBeTa MpoxoaMT Ge3 NpelioMiieHMs, COBNAJaeT C JIaBHOM KpHCTal-
Jorpadpu4ecKoi OChIO.

Jlen He o6GnagaeT HAeanbHOMN CTPYKTYpPOIi, B €TO pelIeTKe HMEIOTCA fie-
¢ekThl. B KpHCTanNnax BCTpeYalOTCs TOYeUHble AedeKThl B BHIE OTCYT-
cTBUsA (BaKaHCHM) MOJIEKYJIbI B y3Jle PeLIeTKH WM HaJINYHA RONOIHUTENBHOM
MEeXKY3710BOit MoneKyJibl. IMeloTcs Takoke NMHelHble fe(eKThl PEIIETKH B
BHJIE KpaeBbiX M BHHTOBBIX AMCIOKalLMii, CNOCOGCTBYIOUIUX BHYTPEHHAM
RedopMaimsaM CBUTA.

Ha cBOOOAHLIX NOBEPXHOCTAX KPHCTAJJIOB JIbJa NpH TeMIlepaType
BhilIe —6°C cymecTByeT "KBa3WKUAKUA" CIIOM, TONIHHA KOTOPOTO YBeIHYH-
BaeTCs IIPH NOBBIINIEHHN TeMIIEPaTyphbl OT JeCATKA N0 HECKOJIbKHX COTEH
aHTCTpEM NpH NpUOIIDKEeHUH K TeMIiepaType miasineHns. Kaxpas Monekyia
BOAibI, HAXOAAIMAACA B TOJILMHE KPHUCTalljla, CBA3aHa C YEThIPbMA MoJie-
KyJnamu ¥ 3apMKCHPOBaHa B peureTke. [Ijs MOJEeKyJ, KOTOpble HaXOAATCS
y IOBEPXHOCTH, YacCTh CBfA3eH OTCYyTCTBYeT. B pe3dynnTaTe 3TOro mosepx-
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Tabauya 3.1 HOCTHBI ¥ IPANOBEPXHOCTHBIN

Pa3sHOBMIHOCTH JTbJa CTIOH MOINEKy obnafaioT HeKo-
TOPO#i MOABHXKHOCTLIO. KBa3u-
Tun nbna Kpucranorpa- Tnor- KHJKMH CIIOH HMrpaeT ompefe-
(urteckas HOCTE, JIEHHYIO pOJIb B IIpoLeccax Me-
cucrema rfem3
Tamop(du3Ma KpHCTAIJIOB JIbJA,
“Jlex Ih" Texcaronaibuas 092 0co6eHHO npu MeTaMopduime
“Jlen Ic" Ky6uueckas 092 CHera.
CreknooGpa3-  AMopdoe 1,10 IFekcaroHanbHasi CTPYKTY-
HbIA BELECTBO Pa XapakTepHa [Ji1 BCEX IIpH-
“Jlen IT* PomGoanpiyeckast 117 POAHBIX JILAOB, O(HAKO B J1a60-
Men 11 Terparonanshas 1,14 PaTOPHBIX YCNOBHAX NOJyHEHbI
“Jlemg IV" PomGo3agpuueckas 1,28

U Apyrue BHABI JbAA C HHOM

"Jleg V" MonoxnuHHas 1,23 “ o

“Jlex VI” Tetparonanshas 131 CTPYKTYpOH. 06“br‘mbm nep ¢
"lep VII* Kybirieckas 1.50 reKcaroHaJlbHO# CTpPYKTYpOii
“Jlen VIII" Ky6mueckas 1.50 otHOocnTca K Tuny “"nen Ih".
"Neg IX" TerparonansHas 1,14 IIpu TemnepaType HHXe

—-120 °C crpyKTypa JIbja H3Me-
HAeTCs M npuobperaeT Ky6uueckyro cucremy ("nep Ic"). Takoi# Tun nnga
HEYCTOUYMB U NpH NMOBLILIEHUN TEMIEPAaTyphbl NpeBpalIaeTcs B OGBIKHO-
BeHHblit Jef. IIpu TeMnepatype Hwke —160 °C Bo3HHKaeT CTeKJI000pa3HbIi
sex amopdHoro crpoenusi. IIpu BeIcOKUX AaBieHusAx (6osee 2 ThHIC. aT™M)
BBISIBJICHO €1Ie BOCEMb THIIOB JIbJa C Pa3JIHYHbIMH KPHCTAIIIOrpachuueCKUMH
cucremaMu (Tabin. 3.1). ['paHuuBl 3TUX JTBAOB NOKa3aHbl Ha J{HarpaMme
cOCTOsIHMI BOJIBI (CM. pHC. 3.1).

Ilepsbie pasHoBupHOCTH JabAa (“nen II" u "nep III"), cymecrayromero
IIPH BBICOKHX NaBJICHHAX, ObIIM OTKpHITHI eme B 1900 r. I'. TammaHOM.
Bounburoi BKNajg B HCCIENOBaHME BHIOB JIbAa BHec JaypeaT HobeneBckoi
npemun I1. BpugskMeH, CO3aBIINil annmapaTypy AV NOJY4YEeHUSA BbICOKUX
naBieHuii. B 1912-1946 rr. um Gbinn oTkpbITH "nen IV”, "neq V", "neg VI"
u "nen VII". B 1966 u 1968 rr. oTKphITHI eute aBa Tuna — "neg VIII" u
"nep IX".

Kpucrannorpaguyeckas cucrema tunos isfoB "nep II", "nen INI" n
"nen V" nony4yaeTcs B pe3yJibTaTe HCKAXEHUs FeKCaroHaIbHON pelIeTKN B
npouecce 06bEMHOro CXaTHs U yIutoTHeHus: Thna "nep I'. IIpn onpenenen-
HBIX YCJIOBHSX 3KCNepHMeHTa B o6nacTu Tuna "iep V" obpa3syercs Goiee
NJIOTHBIA MeTacTabGuibHbIi "nep IV". IIpu yBenuyeHun paBneHust Goiee
6 000 atM dopmupyeTca "nep VI', crpoeHre KOTOpPOro npeAcraBisieTcs B
BHJle BCTaBJIEHHBIX APYr B Apyra TeTparoHalbHbIX noapeueTok. Ilpn
HanbHeimeM ysennueHun fasienns (6onee 20 000 atm) o6pa3yercs Gonee
nIoTHbI "nen VI', cocroaumuii u3 BHEAPMBILNXCA APYT B pyra Ky6n4ecKux
noppemerok. Ilpn oxnaxkpenun THna "nep VII" o6Guapyxkeno peskoe
yMeHblIeHNe U3JIeKTPHYECKOi IPOHUI[AEMOCTH JIbAA, YTO GbIJIO OGBSICHEHO
yHOPAAOYEHUEM PACIIONIOKEHNS IPOTOHOB M IOBOPOTOM JMMNOJNBLHBIX MOJIe-
Kyn. JTo fKayo 060CHOBaHHUE [Jist BhifeneHus tuna "nex VIII". Ananornyso,
npu oxnaxkpeHun Tana "nep INI" 6bisa oGHapyXeHa emie OfHa Pa3HOBMJ-
HocTb — "nen IX".
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3.3. OEPA30OBAHUE NbAA

OGpa3oBaHne Jbja U3 XHAKOH (pa3bl BOABI Ha3bIBAETCA KOHXKeNs-
LHHOHHEIM JbA000pa3oBanueM. CaMONPON3BONIbHAsA 06 BLEMHast KPUCTAJIIHN-
3anus BOAbI BO3MOXHA JIMIIB NPH 3HaYATEIILHOM NlepeoxiaxjeHun. B atmo-
ccepe HEONHOKPATHO HAOJIORANIOCh HAJM4HeE XKHAKHX Kalenb BOAbLI NpH
TeMnepatype no —40°C. HeGonbune 06'beMbl AUCTHIUIMPOBAHHOM BOJbI
YAABaJIOCh OXJIafUTh f0 —72°C, ¥ TONBLKO NOCJE 3TOr0 KPUCTAJIIM3aLus
HaYyMHaJNaCch Cpa3y B MHOTOYHCIIEHHBIX TOYKaX KHAKOCTH.

B BOAEe OGBIYHO CYIIECTBYET HEKOTOPOE KOJNIMYECTBO MHOPOAHLIX SAAEP
(B3BellIEHHbIE TBEPAbIE YaCTHLbI, IOJMMEPHBIE MOJIEKYIIbI, BHICTYNbI HA NO-
BEPXHOCTH KOHTAaKTHPYEMBIX C BOJIO} TBEPABIX TElN H Jp.), KOTOphIE CTa-
HOBATCA LEHTPaMH KPHCTAJIM3alMM NpH 3HAYATEJILHO MEHbIIEM Ilepe-
oxnaxpaeHun, yacto B npefenax —1°C. ITocne o6pa3oBaHus 3apopbimieit
KPHCTAJIJIOB BO3HHKAIOT YCIIOBHS [T BBIHYK/IEHHOM KPHCTAININ3alUA, KOrAa
Ha TPaHHIAX KPHCTAJUIMYECKOH (ha3bl YCTAHABIMBAIOTCA TEPMOJHWHAMH-
YECKHE YCIIOBHS NEPEXOAA OT HEYNOPAROYEHHOTO PacloJIOKEHHS MOJIEKYII
BOJIbI K YIIOPSAROYEHHOMY PacCloOJIOKEHHIO MOJIEKYJ B KPHCTaJLIax.

B 3aBHCHMOCTH OT YCJIOBHI OXJIaXK/ICHHS IEPBAYHbIE KPHUCTAJUILI JIbAA B
BOJie MOTYT GBITh CKEJIETHBIMM MM CIUIOMIHBIMH. [{1a 06pa3oBaHus cKe-
JIETHBIX KPHCTAJIJIOB HEOGXOAMM OBICTPBIH OTBOR BBIJEIAIOLIErOCs MpH
KPMCTAJJIM3aLMY TEMJa, YTO BO3MOXHO JIMIIB NIPH NEPEOXakKeHUH BOJbI.
CxeneTHble KPHCTAalUIbl Pa3BHBAIOTCA GoNblIell 4YacTbio BGNH3M OT
NOBEPXHOCTH BOJbI B BH/E JUIMHHBIX M OCTPOKOHEUHBIX Hril. OT Geperos niu
OT TBEpABIX NPEAMETOB, Ha KOTOPLIX Pa3BHBAIOTCA LEHTPbI KPHCTANIIN-
3alMH, N0 NOBEPXHOCTH BOABI GBICTPO pPa3pacTaloTCs MJIOCKHE M ITHPOKHeE
JINCTOBHM/IHbIE HIIH cablieBUHBIE Ny4n. Takue necrphie Jy4n pa3BUBAIOTCA
acHMMeTpHYHO. B ciyyasx Majoro KonMyecTsa IepBOHAavaJIbHBIX 3apo-
AblILIEH KPHCTAJIbl MOTYT JIOCTHIaTh KpynHOro pasMepa. Tak, oTMevyanuch
pacryume ot Gepera Jy4YH JIHMHOH O HECKONBKHX MeTpoB. Ecnu nepe-
OXJIaXKJIeHHE 3aXBaThIBAacT GOJNBINOI CNOH BOALI, TO GHICTPO Pa3pOCHLIMECS
IO NOBEPXHOCTH OCTPOKOHEYHRIE HIJIbI NPOJOJIKAIOT PacTH BHU3, 0Gpa3ys
BEpPTHKAJILHBIE INIaCTHHKH. B npouecce pocra uri nepeoxnakeHue BOAbI
6BICTPO YMEHBINAETCSA, H CKEJIETHBINA POCT CMEHAETCS POCTOM CIIOLIHBIX
KpHCTaJI0B. MeX]ly Mriamu 06pa3yloTcs TOHKHE JIEAAHbIE UCKH, JIeXallue
Ha IOBEPXHOCTH BOAbI, NOCle u4ero (OpMUPYETCA CIOH CIIIOUIHO-
ro INOBEPXHOCTHOro Ibfja. B pekax M BojoeMax 3apojbIIIaMHM KPHCTal-
JIOB 3a4YaCTYIO OKa3bIBAlOTCS BBHINAJJAIONIME HAa NEPEOXIAKACHHYIO IOBEPX-
HOCTb BOJIbI CHEXXHHKH, YTO CIIOCOOCTBYET YCKOPEHHOMY (POpPMHpPOBaHHUIO
NOBEPXHOCTHOrO clos JbAa. JanbHeldmee abRoo6pa3oBaHMe CBS3aHO C
POCTOM KPHCTAaJJIOB TOJBKO B HaNpaBJIeHMH HOpMalnd K NOBEPXHOCTH
KpHCTaJlIH3aluH, 6e3 3apOXKACHHA HOBBIX KpPHCTamIOB. B aToMm ciyvae
nepeoxyiaxkaeHue BOAbI HE3HAYHUTEILHO, OHO IPONCXOANT JIHIIbL CO CTOPOHBI
PacTymuX KpPHCTAJJIOB JIbAa H BBI3BIBAETCA OTBOJAOM TEIIa Yepe3 3TH
KPHCTaJlIbL.

IIpr MequeHHOM 3aMep3aHUHU CIIOKOWHO BOAHO! NOBEPXHOCTH B BEPX-
HEM CJIO€ JIbJja KPUCTaJIIbl OPACHTHPOBAHBI NIPEUMYIIECTBEHHO B HallpaB-
JIeHMH HOPMany U YaCTHYHO NapalieJIbHO NOBEPXHOCTH 3aMep3aHus. Ilpn
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3aMep3aHUM GbICTPO ABMXKYyLIEHCH BOJBbI OPHEHTHPOBKA OCEH KPMCTAJIOB
XaoTHYecKas.

B ycnoBusix MHTEHCHBHOIrO NepeMelIMBaHUs NIEPEOXIa’KAeHHON BObI H
HaJIM4MsA sfiep KPUCTAIUIM3alHH B TOJIIE BOAb!I OPMUPYIOTCS KPHCTAJIbI
BHYTPHBOJHOTO JILAA B BHJI€ Iry64aTOi PBIXJIOA MAacChl C NPOCIOHKaMH BOJbI
¥ npuMeceil. BHyTpuBOJHBII e 06pa3yeTcs Ha peKax CO CKOPOCTBIO ABH-
XeHust Bofb! 6onee 0,3 M/C M B BOOeMax C BOJIHEHHEM CBhIlle 2 6asioB.
Kpucrannsl apfa uMeloT ¢opMy IJIaCTHHOK KpYrjlod M HENpaBUILHOM
¢opMBI, HHOTla BCTPEYAIOTCA TAaKXKE KPHCTAJIIbI YedeBHLeOOpa3HOH M
11apoBoit popMbl. Pa3HOBHHOCTBIO BHYTPHBOAHOTO JIbJa ABJIAETCA AOHHLIH
Jej, KOTOphI# HablIOfRaeTcs 4Yalle BCEro Ha KaMHAX Ha JHE TOPHBIX
IIOTOKOB MaJoii rinyOuHbl, HanpuMep, Ha KAMEHUCTRIX nepenapax. Hepenko
AOHHLIN Jlefl BCTpeYaeTcAs Ha NMOTpyXKEeHHbIX B BOAY npeametax. OGpa-
30BaHHE JIbJ]a NPOUCXOANT KaK B PE3yJIbTaTe KPUCTAJUIN3ALMA NepeoxXiax-
[EeHHOMH BOJBI, TAK M ITOCPECTBOM NpHUMEpP3aHUS B3BELICHHBIX B IIOTOKE
KPMCTaJIJIOB BHYTpHUBOAHOrO ibja. Hakannusasce B 6GONbIINX KONIHYECTBAX,
AOHHBIH Jiel MOXeT NpHOOPECTH NMIIaBYYECTh U BCILIBITh Ha IOBEPXHOCTH B
BHJE LIYTH.

IIpucyTcTBHe B BOJe PaCTBOPEHHBIX COJIEH H3MEHSAET YCIOBMA €e 3a-
Mep3aHus. PacTBOp NpH OXJIaXX[AEHHH TEPAET CBOIO O{HOPORHOCTL. Ecin oH
HMeeT Mallylo KOHLIEHTPALHIO, TO NPA OXJIAXACHUH HIXKE TOYKH 3aMep3aHus
YHCTOM BOJIbI M3 HErO HAYMHAET BRIENATHCA YUCTHINA Jie), 8 KOHUEHTPAaLus
pacTBOpa yBenHuHBaeTcs. PacTBOp ¢ BLICOKOH KOHLUEHTpaLueil Npyu oXJax-
HEeHUM CTAaHOBHTCHA NEPEHACHILEHHBIM, H3 HEr0 HaYMHAIOT BLIAENATLCS
KpucTamibl cond. Takum o6pa3oM, [7Is KaXKAoi TeMnepaTyphl pacTBopa
HIDKE TOYKH 3aMeP3aHMsl YHCTOM BOJIbI, MMEIOTCS iBE NpefelibHble PaBHO-
BeCHbIe KOHIIEHTPalMM COJel, 3a rPaHUIlaMH KOTOPBIX M3 PacTBOpa Bbi-
ReJAI0TCA KpUCTaJUIb! Jbfa unu coneit (puc. 3.3). Temneparypa, cooTseT-
CTBYIOIasi TOYKE NIEPECeYEHNsi 3TUX IPAaHHL, Ha3bIBAETCA IBTEKTHYECKOIi.
Ilpu 3T0it TeMnepaType ¥ COOTBETCTBYIONIEH KOHIIEHTPALMH PacTBOPa Bbi-
RENAIOTCS ONHOBPEMEHHO 06Ge COCTaBHBIE YaCTH, H COCTaB pacTBOpa B
TeYyeHHUe 3TOro BpEMEHM 3aMEpP3aHns OCTAETCA HEM3MEHHBIM, T.€. pacTBOp
3aMep3aeT uenukoM. B pesynbTaTe o6GpasyeTcs IBTEKTHYECKas CMeECh
KPHCTAJJIOB JIbJia ¥ cony. Eciin HavaibHas KOHIEHTpanus pacteopa 6Gblia
MEHBIIE IBTEKTHYECKON CMECH, TO NOCIIE OXJIaXKAECHUS HIXKE IBTEKTHYECKOM
TeMnepaTypbl 06pa3yeTcs CMeCh 3BTEKTHKM H JIbAa — T'MIIO9BTEKTHKA,
a eclI HavaJbHas KOHLEHTPAIUi PacTBOpa BhILIE IBTEKTHYECKOH TeMIepa-
TYpHl, TO O6pa3yeTCs CMECh IBTEKTHKH C COJbIO — runepaBTekTuka. Conu
NIPH TeMINIepaType JIbAa BbIIlIE 3BTEKTHYECKOIH COlep>KaTCsA B BUAE KUAKOTO
paccoiia, KOHIEHTPalusi KOTOPOro IO Mepe OXJIaXKAEeH!s BO3pacTaeT, a Ko-
JM4YeCTBO yMeHbuIaeTcs. [Tpu MajoM copiep>kKaHuu coJielf TOYTH BECh Paccoll
BO JIbly COCPEJOTOYEH B BHJIE IIJICHOK MJIM H30JIMPOBaHHBIX BKIIOYEHUA Ha
rpaHuIax KpUCTaJIJIOB. YBeJlMYEeHHE COepXKaHUs CoJiell IPHBOAMT K o6pa-
30BaHMIO NPOCJIOEK Paccojla BHYTPH KPHUCTAJIOB B 6a3HCHBIX IIIOCKOCTAX,
Pa3fieNIIOMMX KPUCTAIb! Ha PAJ IUIaCTHHOK.

Ilpn BRINafEeHUM NEpPEOXJaXAEHHBIX AOXMAEBLIX KalleJb B YCJIOBH-
AX OTPHLATEJILHON TeMIEepaTyphl BO3/lyXa Ha BETKaX lepeBLEB, NPOBOAAX,
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Puc. 3.3. Kpusbie, xapakTepusywoluue 3aTBepieBaHHe BOJHOTO pacTBOpPa
XJIOPHCTOTO HaTpHs

HKOPOXKHBIX NOKPBITHAX M APYrHX MOBEPXHOCTAX OGpa3yeTcs TOHKHH CJIOH
IUTOTHOTO Jibjia — roJioJief. ITpouecc hopmupoBanns ronosnena HabmonaeTcs
npu Temnepatype Bo3ayxa ot 0 o -3 °C, pexe — npu 6oiee HU3KOM TeMne-
patype. TonimHa KOPOK JIba MOXeT ROCTHraTh HECKOJILKUX CAHTHMETPOB
M BBI3BIBaTh OGNaMbIBaHME BETOK Ha JEpEeBbAX M OOpbIB NMpOBOAOB, 3a-
TPYAHATHL ABHXXKEHHE Ha aBTOMOOMIJIBHBIX JOpPOrax M a3pOAPOMHBIX NO-
KPbITHAX.

IToBTOpHbIE KPaTKOBPEMEHHbIE KOHTAKThI BOAbI C XOJIOfHO} NOBEpX-
HOCTBIO TBEPJbIX T€JI MOr'YT IPUBORUTSH K Npoueccam obnepeHenns. Vssecr-
HBI ClIy4au ru6Geiin OT o6JieficHEHN PhIOOJIOBENKMX CY/[OB M CIyYaH aBapuH
caMoNIeTOB. MHOTO TEXHHYECKHMX OCJIOXKHEHHH BO3HHKAET NP 06JIeACHEHNHI
TUIPOTEXHUYECKUX COOPY>KEHHI1, IPUYAJIOB M GEPErOBhIX COOPYKEHHIA.

IIpn focraToYHO HU3KOM TeMIepaType NOBEPXHOCTH TBEPAOrO Tella M
OTBOJE TeIUia KPHCTAJUIM3aLUyM BOAbI Ha NMOBEPXHOCTH (hOPMHPYIOTCA
3apOABIIIN KPHCTAJUIOB JIbJJa, KOTOPhie NPH NOCTYIJIEHUH HOBBIX NMOPLMI
BOJbI PacCTyT M CO3[alOT NPUMKOHTAKTHBINA cioi nbpa. Iloporosas Tem-
nepaTypa NOBEPXHOCTH TBEPAOro Tela, HHXXE KOTOPOH HauMHaeTcs 06-
JiefleHeHne, 3aBACHT OT COCTaBa Tella M XapaKTepa ero nosepxHoctu. Yem
POBHee NIOBEPXHOCTh, TEM HMXe TeMIepaTypa o6pa3oBaHus JIbAa. Tak, Ha
NOJINPOBaHHOH NIOBEPXHOCTH MpaMoOpa NOporoBast TEMNepaTypa COCTaBlseT
okono -5 °C, a Ha UIEPOXOBaTOH NOBEPXHOCTH OHa IOBHLINIAETCA AO
-3,8 °C. HauGonee Hu3Kkas Temnepartypa tpebyercs s o6pa3oBaHus JIbja
Ha MaTepHaJiax C IJIOXO CMav1BaeMoii TIOBEPXHOCTHIO, HAIPUMEP, Ha hTOpO-
IJIacTe HaMep3aHHue JIba HAayYHHaeTCcA NpH Temneparype Huxke —10 °C, a Ha
XOpOIIO CMayMBaeMOH AEpEBAHHON NOBEPXHOCTH Jief HauMHaeT obGpa3o-
BBIBATBbCA NPH OTPHIATEJILHON TEMIIEPaType BCErO B HECKOJBLKO AECATBIX
ponei rpaayca. ITocne nosiByienust NEPBUYHOrO JibAa POLECC 06JIeAeHEHUA
yCKOpsieTcd, TaK KaK HapacTaHWe HOBBIX KPHCTAJJIOB HAa NEPBHYHBIA
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JIefiTHOM cNo# y>Xe He TpebGyeT 3HauYUTENIbHOrO OXJaXX/ACHHs IOBEPXHOCTH,
Kak NpH ()OpMHPOBAHUH 3aPOJBIILECH KPHCTAIIIOB.

H3yyenne 3akOHOMepHOCTEH 06leleHEHHs! MIMEET BaXKHOE 3HaYCHHE AJIs
BbIpPaGOTKH 3alIMTHBIX MEPONPHATHH, KOTOPhIE pPa3BHBAIOTCA B YEThIpEX
HanpasieHnax. Hauboyiee H3BECTHBIM- ¥ TEXHHYECKH IPOCTHIM, HO
TPYROEMKHM CIIOCOGOM SABJISETCA MEXaHUYECKOE yAaJIeHHE NIEPBUYHOTO CIOs
nbaa. Bropoii cnoco6 — o6orpes noasepraemMoii 0651eieHeHAI0 NOBEPXHOCTA
RO TEMIEpaTypbl HEMHOTO BbIlIE NIOPOTOBO: 3TO NO3BONAET H30eXaThb
HavanbHOe 06pa3oBaHue 3apopbiuleii KpucramioB. D¢ eKTUBHOI OKa3aach
pa3paboTKa cnendaibHbIX JJAKOKPACOYHBIX NOKPBITHH, TIOHIKAIOIKX NOPO-
roByl0 TeMIlepaTypy JIbRoOOpa3OBaHHs, M XHMHYECKHX BEHIECTB,
PacTBOPSAIOLINX KPHCTAJIIBI JIbAa. 3apeKOMEHA0BAJIO ce6 TaK Ha3bIBaEMOE
"KOHCTPYKTHMBHOE" HaNnpaBlieHHe, BKIIOYalolee B ce61 NpUMEHEHHE 3a-
IIUTHBIX KOHCTPYKLUMI M BCEX NEPEYHCIIEHHBIX aHTHOOJIEAEHUTEbHBIX
meponpuaTuil. Tak, nogsepraioumecs o6eiecHEHUIO IOBEPXHOCTH CaMoJIeTa
AENalOT IVIAiKMMH, NOKPHIBAIOT AHTHOG/IEEHUTEILHBIME OKPBITHAMH H
06OpYRYIOT YCTPOHCTBaMH, IO3BOJIAIOLIMMH CO3[]aBaTh MMNYJILCHYIO BUOpa-
{0 BHEIIHe# OOMBKM M TakuM oOpa3oM pa3pymath M "cOpachiBaTh"
3apOXAAIOLIYIOCA JIEAAHYIO KOpOuKky. IIpIMeHsAI0TCA TaKXe XMMHYecKue
peareHThl, IpensATCTBYyIOIME 00pa30OBaHMIO 3apojbimeii Kpucramios. Ha
CyllaX CTPEeMSTCA IPHMEHATH 3alUTHbIE 3KPaHbl, YMEHbIIAIOMINE IUIOLIAAb
KOHTAaKTa BOAbI C HaANanyGHbIMA HafCTpOiiKaMu M o6opynoBanueM. Takne
3KpaHbl NOKPBHIBAIOTCA aHTHOOJENEHHTENLHBIME COCTaBaMH H MOTYT Yac-
THYHO o6orpeBaThcs. [{Js 3a1MThl THAPOTEXHUYECKUX COOPY>KEHHIi NpuMe-
HSIOTC KOHCTPYKTHBHbIE PEIIEHMS, BKIIOYAIOLIe XUMHUYEeCKHe BO3JieHCT-
BUs 1 oborpes.

Ilpu 3amMep3aHNN pacTeKalOUINXCSA MO TBEPAOMY OCHOBAaHHUIO Kamelb,
CTpyii 1 6e3pyCcOBbIX BONHBIX IOTOKOB 00pa3yloTCs HaTedHbIe Jbjbl. Takne
JBABLI UIMPOKO pacCNpOCTPaHEHbl B NPHUPOAE B BHJIE CAMOCTOSATEJBHBIX
o6pa3oBaHuii, a TakXe B COCTaBe JIEQAHbIX TeJl CJIOXHOrO reHesmca.
HlcTouHnKaMn BOABI ABJIAETCA TasiHUE JIbJla M CHEra, BHIXOAbI IIORJIEAHBIX
noa3eMHeIx BOA. ITocnoiiHoe HapacTaHHe HaTEeYHOrO JIbJAa NPUBORUT K O6pa-
30BaHHIO HaJenen.

3aMep3aHue BOAbI B 3aMKHYThIX MPOCTPAHCTBAaX NPH BCECTOPOHHEM
OXJIaKIEHAH NPABOAMT K 0GPa30BaHUIO OKPYKEHHOrO JILAOM BOAHOIO Afpa.
Bcnepcreue yBenuvueHns o6beMa BOAbI U ee KPUCTAJIN3aLUH B XKEeCTKOM
3aMKHYTOH CHCTEMeE NOBBIIIAETCA AaBlIEHHE, MIOHIKAIOLIEEe TEMNEPATYPy
3aMep3aHus BOJSHOro Jiblia. IToBbileHNe faBlieHNs Yalle BCEro NpMBORUT K
RedOpMHPOBAHMIO HIIM Pa3pyLIEHHIO €MKOCTH MJIM CTEHOK 3aMKHYTOMH
CHCTEMBI.

ITlpn 3amep3aHMM BOJLI B IPyHTax oGpa3yloTcs JIeA-LEMEHT, cerpe-
raloOHHbIE, UHBEKIVOHHbIE ¥ SKUJILHBIE JILJBI.

Kpucrannusanus jabaa U3 BOAAHOrO napa MOXET IPOMCXONMTDh MyTeEM
KOHJIEHCALUM BOJIb] ¥ NOCIIEAYIOLIErO €€ 3aMep3aHusd MM HENOCPENCTBEHHO
MHHys XHMKYIO ¢da3y. B rasuuonorusm KpUCTanjiu3alus JbAa M3 Napa
Ha3bIBAETCA CyOnMMalnmeld BOAAHOrO mnapa, MM CyXOH KOHJeHcauues.
TepMmun "cy6muManms” B JaHHOM ClTy4yae HE COOTBETCTBYET NMPHUMEHSEMOMY
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Tabauya 3.2

TeHeTnyeckas Knaccugukauus NpUPOAHBbIX NPECHLIX JTbIOB
H ycnosus ux oGpa3oBaHus
(Llymckwuit, 1955)

Ionrpynna Bup nbpa Tpouecce! n u3nyeckue ycnosus
o6Gpa3oBanust
lLKoOHXensuUHOHHBIE NbAB
OGbIKHOBEHHbIE Iepsuuno- IporokpucTannu3aims CHWILHO
KOHDKEJIALMOHHbIE KOHXKEJISLMOHHDII NIeR NepeoxNIaXKAeHHON BOAbI (HayanbHble
JIBABI CTaJiuM POCTa KPHUCTAJLIOB), 3aMep3aHHe
CHEXYPbI
CeneKkTHBHO - BeinyXaeHHast OPTOTPONHAsA KPHCTAILIH -
KOHDKEJISILMOHHbI Jief 331U C reOMETPHYECKHM OTGOPOM HITH
y4acTHeM NPOTOKPHCTAJUIH3ALMH
OproTponHo- BbIHyXeHHas OPTOTPOMNHas
KOHXKEJIALMOHHDBI NeR KpHCTa/M3alms
Purviryecku - BcecropolHee npoMep3aHKe BOfibI
KOMDKEJISILHOHHBbIi Nef B 3aMKHYTOIi JIbJJOM CHCTEME
ToBTOpHO-KOHXENs- Hareunbrit nen 3amep3anue BOfibl, cTEKaIOUIE N0
LMOHHBIE JIbAb TBEpAOI NOBEPXHOCTH
IToBTOpHO-XWiBHBLIHA e,  3amep3aHne BObI B MOPO30GOMHBIX
TpewMHax
PaspenurensHo- CerperauoHHblif Neg Mennennoe npoMep3aHne TOHKO3EPHUCTBIX
KOHXKEJIALMOHHbIE YBIAXKHEHHBIX PhIXJIbIX FPYHTOB B
JIBBI HE3aMKHYTbIX CHCTEMaX C MECTHBIM
nepepacnpefeneHneM Baru.
HrbeKunoHHbIR nen Tpomep3anue yBAaXKHEHHBIX PbIXJIBIX

TPYHTOB C MHrpaLyeit i BHefIpeHHEM
OTXHMaeMOH BOJibl

220cagouyHsble nbAbl (CHET)

Caexmuit cHer

TMywmumcTsiit cHer

MerTeneBbiit cHer

OTNoXeHHS TBEPABIX ATMOC(PEPHBIX
ocafkoB Ge3 BeTpa NpH OTPHUATENbHOMN
TeMnepatype

OTN0XEHHS TBEPABIX aTMOCHEPHBIX
0CafIkOB NpH BeTpe

Mornopoit cuer Menko3epHuucrbiii cher  Cmep3anue, CyGIMMalMOHHOE OKpyrieHne
3epeH CHera, OCEflaHHe CHEXHOro NMOKpoBa
Crapblit cHer 3epHucTbIi cHer Co6uparenbHas cyGIuMalOHHas
NepeKpUCTAJUIN3aLMA 3ePeH H OCeflaHne
CHEXXHOrO MOKpOoBa
CHer-nibiByH INepexpucrannusauus, oGpasobanmue

ry6HHHON H3MOPO3H
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Tabauya 3.2 (npodoaxenue)

IMonrpymma Bup nbpa TMpouecch! 1 hu3nyecKHe ycnoBus
obpa3oBaHus
3 MeramMmopduuecKkHe IbJbl
Oupr Pexpucrammmsaiponnbii  Ocenanue ¢ ApOGNEHHEM CIIOEB H
nen PEKPHCTALIH3ALHUS NTOBEPXHOCTHDLIX TOJLL
B LEHTPaJIbHbIX YacTAX o6acTeil nuTaHus
MaTepHKOBBIX JIEAHHKOBbIX MOKPOBOB M Ha
oYeHb GONBbUINX BBICOTAX H ropax
Pexensipionnbiii pupH  PexkeniilMOHHOE OKpYTJIEHHeE,
coGupaTenbHas NepeKpHCTaLUIH3aLMA,
ocefiaHue (B BEPXHUX CJIOAX B 06GIacTaX
NMHTAHHA NEJHHKOB H B "CHEXXHHKaX'')
Hndunerparmonblit HndunbrpaiMoHHOe YIUIOTHEHHE H POCT
cupH 3epeH, OCcelaHue, NapaTeKTOHHYecKas
NepeKpUCTaNIH3aLMs (B pe3yibTaTe
JieficTBUA HanpsKeHU CKaTHA)
INepauunble ocanoyHo -  Ilepsirano- Ocepatne H nepBHYHasA peKPHCTAIH3aLMS
MeTamopduyeckue PEKPHCTAJNTH3ALMOHHBIA (B IIyGHHHBIX TONILAX B UEHTPAbHbIX
JIBABI nen 4acTax o61acTei NHTaHHS MaTePHKOBbIX
JIEHUKOBBIX NOKPOBOB)
WndpunbrpaipmonHo- HHpunbTpauMoHHoe yIIOTHEHHE M POCT
PEKPHCTALIM3ALMOHHDBIA  3epeH, OceflaHHe, MapaTeKTOHHYecKas
Jen nepeKpHCTAIH3aLMA
HHpunbTpaumoHHbIH 3anonHenue nop ¢pupHa Boxoi 1 ee
Jen 3amep3aHue
HudpunbTpauponHo- HudunsrpammonHoe nbpoobpasoBaHue
KOHKEJIALMOHHBIN Nef B FOPH30HTAX MPOTAUBAHUSA
JmaMomeTamopdu - BropiryHo - MeTtamop¢hu3M TeueHHst OCHOBHOM MacChl
YecKHe JIbJbl PEXPHCTAIH3ALMOHHBIA  IBHXKYLIErocs IEAHHKOBOTO JIbAa
nen (npoGnenue nop neicTBHEM TEYEHHA H
AaBJIEHHA Ha KOHTAKTaX KPHCTaJLIOB,
napaTeKTOHHYECKas NepeKPHCTAIIIH3ALMS)
DPUKIMOHHO- YacruyHoe fpoGlieHne, niaBneHue
PeXeNAUMOHHbIN nex H 3aMep3aHHe MO 30HaM Ha\BHIOB
B NlefiHUKax, o6pa3oBaHue rony6bix
H 3arpA3HEHHBIX "JIEHT" 1 moJioc
KomrmpeccHoHHO - TnaBnexne u 3aMep3aHue JIbJA B y4acTKax
PpeXeNALUMOHHDIN JIe BPEMEHHOrO H3GbITKA IaB/IEHHS B ITPH-
MOHHBIX YHaCTKaX JIEHHKOB
PPHKIMOHHO- JpoGnenye u nepeTUpaHue MOJ BIHUSHHEM
KaTaK/IaCTHYECKMIA IR  TPEHHUs B 30HaX HaJ{BUrOB B JIEQHHKAX
Komnpeccuonso - po6nenne n oKaTbIBaHHE NMOA BIAHSAHHEM
KaTaKJIaCTHYECKHM Jiefi  [aBJIEHHA M ABIDKEHNA OGJIOMKOB YacTH
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Tabauya 3.2 (oxon4arue)

IToarpymna Bup nbpa Ipouecce! u husnyeckue ycnosHs
o6pa3oBaHus
O6noMouHBIA Nex I'paBHTaIpONHOE ApOGNEHHKE

M OKaTbIBaHHe OGJIOMKOB 1pH ABIDKCHUH
JICASAHBIX JIABHH H HACTYMNaHUH JICAHHKOB

TepmomeTaMopgu - Pe>xxensuoHHb1 nex CobupareibHas peXXeNAlMOHHas
YeckHe Jbfbl NePEeKPHCTAILTH3AUMA MOBEPXHOCTHBIX
CJI0EB MEPTBOTO JIERHHKOBOI'O NbJia

JecTpyKupoHHbIi nex H36uparenbHOe pagHaLMOHHOE TasHHe
BepXHeil MOBEPXHOCTH JIEAAHLIX T

B (pu3nKe aHAJIOrMYHOMY TEPMHHY, XapaKTCpH3ylouleMy OOGpaTHbIi Npo-
1ecc — Nepexoy| BellecTBa U3 TBEPOro COCTOSHAA B Napoo6pa3Hoe, MUHYA
CTaj{I0 >KMAKOCTH, KOTOPBIA B IJIALMOJIOrMM NPUHATO Ha3bIBaTh MCNape-
HHEM, I BO3TOHKOI! JIbJA.

Camonpon3BoibHOe 06pa30BaHie 3apofbIlIeii KPHCTAJIIOB JIbJia HENo-
CPEACTBEHHO M3 Napa He HaGmofaerca. B npouecce oxmaxaeHnss BOAAHbIX
napoB OGBIYHO CHayajla JOCTHIaeTCs BO3MOXKHOCTh KOHJEHCALUH BOJbI B
BHJie MaJICHBKHX Kanellb BOAbl. DTH KaNeJbKH NpH HAJIMYAKM B HUX LIEHTPOB
KPHCTAJIJIM3aLM4 B BUJIE€ YaCTHI| TBEPABIX, XKAAKHUX ¥ ra3000pa3HbIX BELECTB
3aMep3aloT M CTAHOBATCA LEHTpaMM CyGINMAaLMOHHOM KPUCTAJIIN3aLHH.
Takoil mpolecc XxapaKTepeH AN 3apOX[AeHHUs CHEXHHOK B aTMocdepe
(3aKOHOMEpHOCTH OGpa30OBaHMA M THNL! CHEXXHHOK omucaHsl B 6.1). Cy6-
JIMMANMOHHBIH Jiefy 06pa3yeTcs TaK>Xe B BHJ(e KPHCTAJUNIMYECKON H3MOPO3H |
HHes Ha NOBEPXHOCTH 3€MJIM, PaCTeHHil ¥ NpeJMeTOB, Ha CTEHKax Iof-
3eMHBIX BLIPabOOTOK.

OcHOBHYIO Maccy OB Ha 3eMile NpeACTaBNfgI0T MeTaMopdudeckne
JBABI, 06pa3yromuecs B pe3ynbTaTe NPOLECCOB U3MEHEHHA CTPYKTYPHI,
IUIOTHOCTH ¥ CBOMCTB CHEra 3a CYeT BHYTPeHHe#l SHEpPrMHM M BHEIIHHX
BO3[IEVCTBHI ¥ NpEBpaLEHUs ero B (PUPH H Jex.

3.4. TEHETUMECKAS KI/TACCUOUKALIUA NbAOB

IIpuponHbie npecHble JBbALI MOAPA3AENAIOTCA B 3aBHCHMOCTH OT
ycnoBuit ux o6pa3oBaHus, OCOGEHHOCTEN 3alleraHus ¥ NeTporpagpuyecKkoro
crpoenusi. HanGornee cosepuieHHas reHeTnyeckas KiIacCHHUKauus JIbOB
npunagnexut ILA. lllymckomy (1955). JIbab! pa3uenfAioTcs Ha TpH rpyn-
bl — KOHXKENISIHOHHBIE, OCalo4Hbie  MeTaMOp(HUYECKHe, Kaxfasd U3 KOTO-
PBIX pa3fieJieHa Ha noarpynnel. Beero BhieieHo 28 BUAOB JeASHBIX OPOA.
ITepeyeHs BBIfEJIEHHBIX B 3TOH KJIAacCH(PUKALMH IOACPYIN JBAOB C
yKa3aHHMeM YCIOBHI HX o6pa3oBaHus npusefeH B Tabn. 3.2. Bonee
noapoGHLIe CBEEHHUSI O Pa3HOBHAHOCTAX JIbJOB NPUBOAATCA B NOCEAYIOLIAX
riiaBax. :
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naBa 4
®U3UYECKUE CBOUCTBA JIbJA

4.1. MNOTHOCTbL U NOPUCTOCTb

TLnoTHOCTB YHCTOrO JIbJa P, NpH TeMnepatype 0 °C m pasnenun 1 a™
(1,01-10° ITa) pasHa 916,8 kr/m3. Ilpu yBennueHuH AaBleHUs IIIOTHOCTD
JIbfla HECKOJILKO YyBeJM4YWBaeTcsa. Tak, B OCHOBaHHM AHTapKTHYECKOTO
JIEAHHKOBOrO I[HTA B MeCTaX ero HauboJblieil MOIHOCTH, AOCTHrAIOIEH
4200 M, IIIOTHOCTB b2 MOXET AOcTHraTh 920 kr/m3. IInoTHOCTD JBAA YBE-
JIMYMBAETCA TAKXKE NpPH MOHIKEHNH TeMnepaTyph! (IpAMepHO Ha 1,5 xr/m3
NpH NOHIDKEHWH TeMnepaTtypsl Ha 10 °C).

ITpecHble JBABI YaCTO COAEPKAT NOPbI, 3aNIOJTHEHHBIE BO3AYXOM, Ia3aMH
H BOAAHLIMEH napaMu. IINOTHOCTH TaKHX JIBOB, €CTECTBEHHO, MEHBbIIE
MJIOTHOCTH YHCTOrO JbAa. IIOpHCTOCTh NbAa 71 XapaKTepHU3yeTCs OTHO-
LlIeHHEM CyMMapHOro o6beMa nop K o6seMy obpasia. IlopucrocTs 1 haKTH-
YyecKas IJIOTHOCTB P JIbJla CBA3aHbl 3aBUCHMOCTBIO

n= [M]loo%. @.1)

q

I'a3006pa3Hbie BKIIOYEHHs BO JILAY 0Opa3ylOTCA HIIM HEMOCPEACTBEHHO
u3 atMocdepsl, WM U3 3aMep3aiomei BoAbl. IIo cBoeMy XHMHYECKOMY
COCTaBy 3TH BKJIIOYEHUA OGBIYHO GJIM3KH K cOCcTaBy aTMOC(hEpPHOro BO3fiyxa.
Bo3pyuHbie BKIIOYEHHA BO JbAy ObIBalOT B BHAE MEJKHX ChepHyecKHX
IUTOTHOCTEH UM YIUIMHEHHBIX siueeK. IUTOTHBIH npo3payHbIii e WK COBCEM
HE COJIEP>XKUT MaKpOIIOp, HIIM KOJIMYECTBO UX HE3HAYHTEIHLHO (IOPUCTOCTD B
npepenax 1%). Ilpu GonbimeM KOJMYECTBE BO3[YIIHBIX BKJIIOYEHHH Jej
MeHee Npo3padyeH M MMEeeT MYTHbIi OTTeHOK. Tako# jey BcTpedaeTcs
OGBbIYHO B HMXKHHX CJIOfIX JIEASSTHOrO NMOKPOBa, B JIEAHHKAX M B JIEAAHBIX
kunax. Berpewaercs Takke Jjief ¢ BecbMa GONBUINM KOJHYECTBOM BO3-
RywHsIx nop (ot 5 po 40%), KOTOphIii HMeeT CHerooGpa3Hblii Buj. Bo3Hn-
KaeT OH Yalile BCErO B pe3yJIbTaTe CMEP3aHus YBJIAXHEHHOTO CHEra.

IToMHMO BO3JYIUHBIX BKIIIOYEHMI, JBILI MOTYT COEpPXKaTh TBEPAbIE

Tabauya 4.1
TINOTHOCTL MOPCKOTO JIBAA, KI/M3
ConeHnoctb, %o Temnepartypa, °C
-2 -6 -10 20
2 924 920 921 923
6 932 926 926 926
10 939 931 929 930
15 953 939 935 935
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BKIIIOUEHHS!, COJIM M XKUAKHE Paccolibl, YTO CYIIECTBEHHO BIIMAET Ha HX
MIOTHOCTh. TaK, NJIOTHOCTh MOPCKOTO JIbJia B 3aBUCHMOCTH OT COJIEHOCTH H
TeMnepaTypsi BapbHpyeT oT 920 1o 953 kr/M3 (Tabu. 4.1).

4.2. TENNOBAA JEGOPMALINA

ITpu NOHIKEHUH TeMNEPaTYPhl JIMHENHBIE pPa3Mepkl H 061beM 06pasuos
H MacCCHBOB JIb[]a YMEHBILAIOTCSA, a IPY NOBLILICHUH TEMIIEPaTyph! Habio-
AaeTcs NPOTHBOIOJOXHBIA NMPOLECC — TEPMUIECKOE paclIHpEeHHe JbJa.
Koad¢puumeHT NTHHEHHOro pacCuINpeHns JIbAa 3aBHCHT OT TEMNEpaTyphl,
yBEIMUHBAsACh NpH ee NOBbILIEHHH. B mHTepBane TemnepaTtyphl oT —20
710 0 °C K03 ULMEHT THHEHAHOrO paclIMPEHus B CPEAHeM paBeH 5,5-1075,
a K03 puIUeHT 06 bEMHOr0 PacCIIUPEHHs COOTBETCTBEHHO COCTaBIISET
16,5-10" na 1 °C. B unrepsane ot —40 10 —20 °C KoachHHUMEHT JINHEHHOro
pacIIHpeHHs yMeHblnaeTcs oo 3,6-1075 Ha 1 °C.

3aKOHOMEPHOCTH PaCIIHPEHNs MOPCKOTrO JIbJia HECKOJILKO OTIIMYaIOTCS
OT 3aKOHOMEPHOCTEN PaCIIHPEHHs] YHCTOrO JIbAa. DTO OTHOCHTCA M KO JIBAY
C NpUMeCSMH COJIeBBIX pacTBOpPOB. OGBACHAETCA 3TO TEM, YTO, KpOMe
OGLIYHOrO pacCLIMpPEeHNs MM COKPALICHUS TBEPAON M XXHMIKOH KOMIIOHEHT,
NpHU M3MEHEHNH TEMIIEPATYPhl IPOMCXOUT YBeJIMYEHHE (MM YMEHBIIECHHE)
o6mero o6beMa BCIEACTBHE PaCTBOPEHHS IIPECHOTO JIbJla PaccooM HIIH

Tabauya 4.2

Koagduuuent 061eMHOro paciuupenns Mopckoro nuaa, 1/°C-10-3
(Casenbes, 1963)

Conenoctb %o Temneparypa nbaa, °C
-8 -8 -12 -18
1 -13,3 99 14,0 16,3
2 ~28,2 29 11,1 15,6
5 -73,2 -18,1 23 13,7
10 -147,9 -53,2 -6.8 10,5
15 -222,7 -88,2 -36,8 7.8

POCTOM KPHCTAJIJIOB 32 CYET BHIMOPa>KMBAHUA BOALI U3 pacconia. [ToaTomy
IpH HEKOTOPBIX 3HAYEHHAX TEMIEPATyphl ¥ CONIEHOCTH BMECTO TepMHYeC-
KOro pacCUIMPEHHs NpPH NOBLINICHHA TeMNEpaTyphbl HaGlIOAAETCA YMEHb-
meHue ero o6beMa T.e. K03 hUIUEHT 06 BEMHOrO paclMpeHus npuobpe-
TaeT OTpHLaTeNbHOe 3HaueHue (Tabi. 4.2).

4.3. TENNOTA NNABJNEHUS U BO3rOHKWU

KonnuecrBo Temna, TpeGyeMoe AJis TasHHA eJHHHIBI MacChl JibAa Ge3
H3MEHEHHsl ero TEMMEPATYPhl, Ha3bIBAaeTCA YAEIbHO TEMIOTON IIABIEHUA

JIba. 3amep3a|ou.:aa BOAA BBIACJIACT TAKOE X€ KOJIM4YEeCTBO TeEIlia. HPH
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0 °C v npy HOpMaJlLHOM aTMOC(hEPHOM JIaBJIeHUHA YAelibHas TEIUIOTA IUIaB-
JIeHus JnbAa pasHa L, = 333,6 kJIx/kr.

CkpblTas TENIOTa MCIIAPEHNS BOJbI B 33aBUCHMOCTH OT €€ TEMIIEPaTyphi
paBHa

Lyen = 2500 — 240 x]Ix/xr, 4.2)

rae © — reMnepatypa anaa B °C.

YnejnbHas TEIUIOTa BO3rOHKH JIbAa, T.€. KOJIMYECTBO Tellia, TpeGyeMoe
AJIA HEMOCPEACTBEHHOrO Nepexoia NPECHOro JbAa B Nap NPH MOCTOAHHOMN
TeMIlepaType, PABHO CyMMe 3aTpaT TellJla, TpeGyeMOoro [jis TasHUs Jibjla
L, v ucnapenust BORbI Lyp:

Lyosr = Lgy + Lycp. 4.3)

YpenbHas TenjaoTa BO3rOHKH NIOYTH He 3aBHCHUT OT TEMIIEPATyphl HCIIa-
patomerocs abfa (nmpu 0 °C Ly, = 2834 k[Ix/xr, npn ~10°C - 2836, npu
—20 °C - 2837 xIx/kr). Ilpn cy6GnnManun napa BbIfe/ISeTCA aHaJIOTHYHOE
KOJIMYECTBO TeIUTa.

4.4. TENNOEMKOCTb, TENNIONPOBOAHOCTDL
U TEMNEPATYPONPOBOAHOCTbL

KonuyuecTso Temnna, HEOGXOAMMOE [Isl HArpeBa eMHUIb] MacChi JIbAA Ha

1 °C npn NOCTOAHHOM JaBJIEHUH, HAa3bIBAETCA YAENHHOR TENJI0EMKOCTBIO

nbpa. TennoeMkocTb npecHoro nbga C, YMEHBINAETCA C NOHIDKEHUEM TEM-
neparypsl:

C,=2,12 + 0,00780 xIx/Kr. 4.9

Ons nopucroro yibga ¥ cHera HHOra ONPENENAIOT OO BEMHYIO TEIIO-
€MKOCTh, KOTOpasi paBHa CyMMe TEIUIOEMKOCTe#H COfepKaUIuXcs B HHX
KPMCTAJUIOB JIbJla, BO3AyXa M BOASHOro napa. TemIoeMKOCTH BO3fyXa M
BOJISHOTO Napa IO CPaBHEHHUIO C TEIJIOEMKOCTBIO JIEAAHBIX 3epPEeH Mallbl
(Ta6mn. 4.3), 1 Mu OGBIYHO npeHeGperaioT. OGbEMHYIO TEMIOEMKOCTD CYXO-
ro CHera BBIPaXalOT B BHJie IPOM3BENEHNs YAENbHOH TENJIOEMKOCTH JIbJa
Ha BeJINYAHY IUTOTHOCTH CHera.

Tabauya 4.3

TennoeMKOCTb KOMNOHEHTOB cHera npu 6 =0°Cu P =1 at™

KoMmnoneHTb1 TInoTHOCTD, Kr/M® TennoeMxocTh

ynenbHas [x/(xr- K) eMHHULbI 06 beMa

Iox/(v> K)
Jlen 917 2117 1,94-10°
Bo3nyx 1,293 1005 1,3.10°
Bopsno# nap 0,00493 2010 9.9
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S¢dexkTHBHAA TENTOEMKOCTh MOpcKoro nbAa, KIx/(xr-K)
(Boroponckuit, I'aBpuno, 1980)

Conenocrs . Temneparypa nbna, °C
nbaa, %o
-2 -4 -10 =20 -30
0 2,09 2,09 2,05 1,97 1,88
2 11,3 4,40 2,14 2,09 1,97
4 20,4 6,74 2,72 2,18 2,01
6 29,6 9,04 3,10 . 2,30 2,09
8 38,7 11,4 343 2,43 2,14
10 479 13,7 3,77 2,51 2,22
15 70,8 19,5 4,65 2,80 2,34
20 93,7 25,3 553 3,10 2,51
25 117 31,1 6,40 3,35 2,68
30 139 36,9 7,28 3,64 2,85
35 162 42,7 8,08 3,94 3,01

TemnepaTtypa Mokporo cHera 0 °C, nIpy ee NOHIDKEHUH COJIePKaIIascs B
cHere BOAa 3aMep3aeT. IIo3TOMy KaXXyHiascsi TeIJIOEMKOCTb MOKPOTO
CHera, a TOYHee, KOJHMYECTBO TeIUla, BHIAENAEMOro NpH INOHHXEHHH
TeMnepaTypsl cHera ot 0 po -1 °C, BkmiodaeT B ceGs TenJIOEMKOCThb
JIE[THOrO CKEJIETA ¥ CKPBITYIO TEIUIOTY 3aMep3aHUs COfiepKalleiicsa B CHere
BOJIBI.

Hna Mopckoro nnja HCnojb3yeTcs NOHATHE 3()(eKTHBHOR TemwnoeM-
KOCTH, XapaKTepH3yIOolel BhlfieJIEHHE WM NOMJIONEeHNE Telia P u3Me-
HEHHN TeMnepaTypsi 1 kr abfa Ha 1°C ¢ y4eTOM IPONCXOAAIMX NPH 3TOM
(ha30BBIX NEPEXONIOB B COJIEBBIX AYelikax (OGpa3oBaHMe MM TasHHE YaCTH
nbfa). IdeKkTHBHAA TEMIOEMKOCTh MOPCKOrO JIbja YBEJIMYHUBAETCA IO
Mepe NOBBLILUIEHUS ero COJEHOCTH M YMEHbIaeTCA C NMOHWKEHUEM TeMIe-
paTypsl (Tabu. 4.4).

PacnpocTpaHeHue Telula BO JIby onpefenserca Ko3gduuueHTom
TEIIONPOBOJHOCTH JIbJA A, KOTOPbIil YUCIIEHHO paBeH NOTOKY Telula NpH
pa3Hoctu TeMnepatypsl B 1°C Ha paccrosuun 1 M. TenmonpoBogHOCTb
NPECHOBOHOIO JIba YBEJMYHBAETCA C IOHIDKEHNEM TeMIIepaTyphl:

Ay =2,22(1 - 0,1598) Br/(M-K). 4.5)

TennonpoBOXHOCTh NMOPHUCTOTO NbAAa W CHEra ompefensioT 3ddek-
THBHBIM KO3()(PHIHEHTOM TENIIONPOBOHOCTH Ay, KOTOPBIH BKIIOYAET [IBa
BUJla Nepeflayd TemJia: KOHAYKLMIO IO JILRY M TepMuuecKylo Ruddy3uio
napoB IO NapaM M MeX]y 3epHaMH cHera. Bemnuumna 3¢¢eKTHBHOrO
KO3 (pHIMEHTA TENIONPOBOJHOCTH CHETa 3aBHCUT OT ero INIOTHOCTH M TEM-
nepatypsl. ITo Mepe yBenn4eHHs INIOTHOCTH YBEJIMYMBAETCA KOHAYKTHBHAS
Temonepenaya. IIpn Temneparype Himxke —25 °C Tennonepefava mugdy-
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Tabauya 4.5

3aBUCHMOCTb TeMIepaTyponposofiHocT nbfa (1076 M2/c) oT TemnepaTypsl
u conenoctu (Casennes, 1963)

Temmepaty- ConeHocTs, %o
pa,°C
o [ 2 | 5 [ 1w | 15 | 2
0 1,14 - - - - -
-5 1,20 0,48 0,42 0,38 0,23 0,14
-10 1,26 0,48 0,50 0,42 0,32 0,26
-15 1,34 0,50 0,50 0,41 0,37 0,34

3Hedl IO CpaBHEHHIO C KOHJAYKTHUBHOW TeIUloNepefaveil Majia, H B 3TOM
cnyqae K03 pumeHT 3¢p(eKTHBHOH TEMIONPOBOAHOCTH MOXET paccMar-
PUBaThCA KaK MCTHHHBIN KOI3((DHIHMEHT MONEKYISPHOH KOHAYKTHBHOM
Temnonepenayn. ITo Mepe NOBBIIIEHNS TEMNEPAaTypbl KOJIHYECTBO TeNa,
nepefpaBaeMoro tepMuyeckoit audpdysueit, ypenuynsaeTcs, 1 Ipu TeMIe-
patype okoiio 0 °C OHO JOCTHraeT BENHYHHLI, COOCTABAMOM C KOHAYK-
THBHOJ Tellonepepayei.

AddexTHBHAS TEMIONPOBOJHOCTH MOPCKOIO JIbJa H3MEHAETCA B 3aBH-
CHMOCTH OT COJICHOCTH M TEMIIEpPaTyphbl — YMEHbIIAETCA C YBEJIHYEHHEM
COJICHOCTH ¥ yBEJIMYNBAETCA NIPH NOHDKEHUH TeEMIIEpaTyphI.

CKOpOCTh H3MEHEHUs TEMIIEPATYPhI JIba IPH HECTALHOHAPHOM TEMIIe-
PaTypHOM pexXuMe onpefeiseTcs Ko3(hpuuueHToM TeMnepaTyponpoBoj-
HOCTH @, KOTOPBIil 3aBHCAT OT BEJINYMHBI KO3(h(pHIMEHTa TENIONPOBOHOCTH
A, TennoeMkoctH C,, ¥ INIOTHOCTH p:

a= M. @.7

Cap

TeMnepaTyponpOBOAHOCTb NPECHOrO JibJa 3aBHCHT OT €ro TeMIe-
PAaTyphl, a Y COJIEHBIX JIbJOB HabonaeTcs yMeHbIeHHe KO3 ¢hHIHEHTa C
MOBBILIEHHEM COJIEHOCTH JbAa (Tabi. 4.5).

4.5. PEXENALUA

Jlen oOmapaeT CBOWCTBOM pexensauuud (CMep3aeMOCTH), KOTOpoOe
XapaKTepU3yeTcs TEM, YTO NPH CONPHKOCHOBEHHH M CXXaTHH JIBYX KYCKOB
Jbfa OHM cMep3atorca. ITox peficTBHEM MECTHBIX NOBBLILIEHHBIX AaBICHUI
Ha KOHTaKTaX MOXET NPOHCXOAUTh HEKOTOpoe IuaBienue nbaa. O6pa-
3yIOLasACA NPH 3TOM BOJA BBIAABIMBAETCA B MECTa, Il JaBJICHHE MEHbIIE,
4 TaM 3aMep3aeT. CMep3aHue JIeAAHbIX NOBEPXHOCTEH MOXET IPOUCXONTH
u Ge3 paBneHns, ¥ 6e3 yuyacTus XXUKo# ¢a3bl.

CsoiicTBOo pexensaunu abga 6bu10 oTkphiTo M. dapageem eiue B
1850 r., xorpa oH Habiofan cMep3aHMe KYCKOB Jibjla CO CMOYEHHBIMH
NOBEPXHOCTAMH. Pexxensuusa Harjis{HO NPOABJIAETCA B U3BECTHBIX ONBITaX
[0 NMPOpPE3aHHI0 KYCKOB JIbJa NPOBOJIOKON. BrepBrie Tako# ONLIT GbLI
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nposefieH aHrnauyaHuHoM Borromnu B 1882 r. On ycTaHoBHN Ha fBYX
onopax JieiAHoM GJIOK, 3aTeM OXBaTHJ 3TOT GJOK MeXX[y ONOpaMH neTiei
M3 MeTaJIMYecKOoil NpPOBOJIOKHM H HopBecus K Heil rpys. IIposonoka
[IOCTENEHHO NMOrpyXaJach B JIe[ ¥ NMpoua yepe3 JNeAsHOH GIOK, HO 670K
ocrainca uensiM. Ilog peificTBHeM CO3[laBaeMOro rpy3oM AaBJIEHHS MOJ
NPOBOJIOKOH Jiep Tass, obpa3sylomascs IpH 3TOM BOAAa BbIKHMajach B
NPOCTPAHCTBO Hajl IPOBOJIOKOH M TaM 3amep3aina. JlepsHoi 670K ocTasancs
UENbIM ¥ IPO3PayHbIM, U JIMIID TaM, Iie Npolia IPOBOJIOKa, BO JIbAy Oblia
3aMeTHa cllerka 3aTyMaHeHHas 1oJIoca.

Bnaropgaps cBOMCTBaM peXXeNsLMA TPELUHbI B JIEAAHBIX IOKPOBaxX H
MacCCHBaX CNOCOGHBI "3aJieunBaThCA” M TPEIUHOBATHIN JIE MOXKET NIpeBpa-
IIaThCA B MOHOJIMTHBIA. DTO BeChbMa BaXXHO IIPM MCIOJB30BAaHMM JIbJJa B
KayeCcTBe CTPOMTENILHOrO MaTepHalia I BO3BEJEHUS MHKEHEPHBIX KOH-
CTpYKUuii (JIEASAHBIX CKIIAOB, BOJOHENPOHUL[AEMBIX AJiEP TAAPOTEXHUIECKUX
COOpY>XEHHI H fip.).

4.6. METAMOPOU3M

MeTamopcdnzmMoM Jba Ha3bIBaeTCA U3MEHEHHME €ro CTPYKTYphbl M
TEKCTyphl [0 BO3[IEHCTBHEM MOJIEKYJISAPHBIX N TEPMORMHAMUYECKUX NpO-
LeccoB. DTH Ipolecchl HanGoJee MOJIHO NPOSABIAIOTCA NpH 0Gpa30BaHUA Me-
Tamop¢HUYECKHX JILAOB, KOTfla H3 IEPBOHaYaJIbHOTrO CKOIICHUS €Ba CONpH-
KacalolIMxcs MeXAy coboii yacTuu cHera co BpeMeHeM ¢opMHupyeTcs
CIJIOUTHOM, HENPOHMIAEMBIH arperar JieiHbIX Kpucraiios. [Tpu 3ToM npo-
HCXOMAT OTHOCHTEJIbHbIE CMELIEHHs KPHCTAJLIOB, NOBEPXHOCTHbIE H3MEHe-
Hus nxX HOpMBI M pa3MepoB, iehOpMaLIMH U POCT OHHX KPUCTAJIJIOB 32 CYET
apyrux. Knaccudukauus npoueccoB MeramopcgpusMa NpejacTaBieHa B
Tabiu. 4.6.

ITepBonayanbHbIMA (hOpMamMH MeTaMOp$hH3Ma pa3pO3HEHHBIX KpPUCTAJI-
JIOB JIb/a ABJIAIOTCA MX OKPYTJIEHHE ¥ COORpaTeNIbHAsA NepeKPHCTAIIN3ALHA
NoA feHCTBHEM NOBEPXHOCTHOH 3HEPrMM KPHUCTAJUIOB. [N efuHHYHOro
KPHCTaJllla XapaKTepHO CTPEMJIEHHE ero K paBHOBECHOI (hopMe (B COOTBET-
CTBMM C NPUHLIMIIOM MHHMMyMa CBOOGOAHOI 3HEPruH), YTO BLIPAXKAETCA B
OKpYIJIEHHHM KpHCTaJula. B NOJMKpUCTANIINYeCKHX arperaTax HaGiaofaeTcs
yMEHbIIEHHME KOJUYECTBA KPHCTAJJIOB BCIE[NCTBUE NOIJIOLIEHHS MEJKHX
KpHCTaJuIoB 6oJiee KpyIHbIMU, MeXaHu3M 3THX POLIECCOB NPHMEHUTENBHO K
MeTaMOp(hH3My CHEXXHOIrO IOKPOBa ONMCaH B riase 6.6.

B KpuCTannu4ecKoM Jibfie METaMOpP(HU3M NPOUCXOAUT NPEUMYIIECT-
BEHHO B BHJie COOMpaTelbHOM NepeKpPHCTANJIN3aLMi C POCTOM CpEAHero
pa3Mepa KpHCTAJJIOB ¥ YMEHBIIIEHUEM MX KOJIHYeCTBa B eJUHHLE 00beMa.
ITo Mepe yBennueHnst pa3MepoB KPMCTallJla HHTEHCUBHOCTD IIEPEKPHCTA-
JIN3aLMA 3aMeIAeTCA.

IIpu MexaHH4YecKOM Ae(OPMHPOBAHHWH JIbJA, YTO XApPaKTEpPHO AJIA
ABIDKYLIIErocs JIEHHUKOBOIO JibJa, IOMUMO NPOLIECCOB COGHpaTENLHOI Nepe-
KpHCTaJIM3aL[HH, NPOABIAIOTCA POLECCHI NEPEKPUCTAIUIN3ALHMHA BCIIENCTBUE
RuHamMoMeTamopdu3Ma — npeoOpa3oBaHuil neTporpacguuecKkoil CTpyKTyphl
JILJOB B Npolecce HX ie(hOpMUPOBAHNS ¥ ABIDKEHUs NOJ BIUSHUEM BHELIHHX
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Tabauya 4.6

Knaccuduxauus npoueccoB MeTamMopdu3Ma JEASHbIX MOPOA
(LIymckuit, 1955)

Turm1 MeTamMopduzmMa
O6mas xapakre- | Pexpucran- Pexensupon- | CyGnima-
pHCTHKA NH3aiHA ¥ HbIl MeTa- LMOHHBI
Hicrounnk 3neprun JMCTIOKAHON- | MopdM MeTaMophusm
HbIl MeTa- (yepes >xmup- (4epe3 napo-
Kyio dpasy) | obpasuyio
(8 TBeppO# a3y c yvac-
caze) THEM
MOBEPXHOCTHOM
MHUTPALHH)
Buyr CeoGonHast Oxpyrnenue Pexpucran- Pexensumon- | CyGnuma-
peHnas | mosepx- KPHCTAJLI0B JIM3ALMOHHOE | HOE OKpYT- LMOHHOE
3Heprusi | HOCTHas (npu6GmKeHHe K | OKpyriiemue | JieHue OKpyrieHne
3HEprus PaBHOBECHOM
KPHCTAJIOB ¢opme)
Co6uparenbias | Co6uparens- | Cobuparens- | Cobuparens-
nepeKpucTa- Has PeKpHc- | Hast pexens- | Hast cyGmuma-
Nu3aLms Tannu3aips | LMOHHAs LMOHHas
NepeKpuCTaN- | nepekpucran-
JIH3aLHA An3alus
CaoGonHas Iuna- | TMapa- Murpaipion- | IMaparek- IMaparek-
BHYTPEHHAS | MO- TeKTO- | Has pexpHc- | TOHMYecKas | TOHHYecKas
3Heprus MeTa- | HMYeC- | TANINM3ALMA | PEXKeNALMOH- | CyGMMalMOH-
HanpsDKEHHO- | MOp- | Kas Has nepe- Has nepe-
ro cocrosHua | ¢wnm | nepe- KpHCTan- KpHcTan-
KpHc- nu3aLps nu3aLMSA
Tam-
3auma
TNomrotisa-
s
BHewHAs 3Heprus IOucno- | Karaknasu | Pexensmumon- | Pocr ray-
KAUMOH- | MWIOHHTH- Hblll JuHaMO- | GHUHHOM H3MO-
HbI 3aums MeTamopH3M | posu
MeTa- TPEHHA U
Mop- AaBNEHHA
M

AMHAMHYECKHUX BO3JEeMCTBHI, COGCTBEHHOro Beca M KojeGaHmii TeMnepa-
Typbl. Cpeay HUX BBIJENAIOT NAPATEKTOHHIECKYI0 NepeKPUCTAIIIIN3ALHIO,
IIPOMCXOASAILYIO B Pe3ylibTaTe AeHCTBHUSA NMOBBIIMIEHHBIX MECTHBIX HampsKe-
HUM B KOHTaKTaxX MEXAY KPMCTallIaMH H pa3pylleHHus KPHCTaJJIOB, U
AUCIOKAUOHHOM MeTaMop(du3M, CBA3aHHBIN C H3MeNIbYeHHEM KPHCTAJIJIOB,
BKIJIIOYAIOIMI KaTakJa3 (pacTpeCKHBaHUe ¥ ApOOIIEHHE JIbJa NOJ| BINTHHEM
AUHAMUYECKHX NPOLECCOB) H MUJIOHUTH3ALUIO (XPYIKME pa3pbiBbl KPHCTAI-
JIOB M [IBIDKEHHE HX OOJIOMKOB).
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4.7. ONTUMECKUE CBOUCTBA

Jlep sABNAETCA OJHOOCHBIM, ONTHYECKHU NOJIOXKHUTEIBHBIM KPHCTANIIIOM,
0o6JIafalouM CBOHCTBOM JBOMHOrO NPEJOMIIEHHS, IPH 3TOM Y HETO CaMbId
HU3KMii NOKa3aTelb NPENIOMIIEHHA M3 BCeX M3BECTHBIX MHHepajos. B
pe3ynbTaTe JBOHHOrO Ny4YenpeloMIIEHUs CBETOBOH IIOTOK B KpHCTallle
MOJIAPH3yeTCA. DTO NMO3BOJNIAET ONPENEIATD NOJOXKEHUE OCE KPHCTAIIOB C
NOMOLIBIO NOJIAPOUNIOB.

IIpu nmpoxoxpeHHn cBeTa 4Yepe3 NONMKPHCTAJUIMYECKHH Jef Habmo-
naeTcst ocablieHHe NOTOKA BCIECTBHE MOTTIOIEHHA M paccesiHusA, IPH 3TOM
CBETOBas SHEPrus NepexoquT B TEIIOBYIO, BbI3bIBask pafHallMOHHbIH HarpeB
M TasHWe JbAa. PaccesHHBbIA CBET PacIpOCTPaHAETCA BO JIbLAYy BO BCEX
HanpaBJIEHWSIX, B TOM YHCIIE BLIXOJHUT Yepe3 00yyaeMylo NOBEPXHOCTh. H3-
3a paccesiHUs CBETA Jie]] BBITJIAAMT rojy6bhIM U faxke M3YyMPYAHBIM, a NIpH
HaJIMYUH BO JIbJY 3HAYHTEJLHOrO KOJIHMYECTBA BO3JYUIHBIX BKIIIOYEHUH OH
npuobpeTaeT Genblif LBET.

OTHOIEeHHEe KOJMYECTBA OTPaXKEHHON OT MOBEPXHOCTH JIbJa M BBIXO-
nsmen yepe3 NOBEPXHOCTh PacCESIHHOM JIy4eBOl IHEPTHH K o011ei SHEprun
NOCTYNAIOMIero Ha NOBEPXHOCTh CBETa Ha3bIBAEcTCA anbbeno Jibaa. Benu-
YypHa anb6elo 3aBHCHT OT COCTOSHHSA NOBEPXHOCTH JIbAA — AJIA YACTOro
XOJIONHOrO JIb/ia BeJIMYMHA anbbeno nopsaka 0,4, a Npn TaAsHUA U 3arps3-
HEHMH NNOBEPXHOCTH OHa cHikaeTcs o 0,3-0,2. ITpn OTIOXEHNHN Ha IOBEPX-
HOCTH JIbJla CHera anb6efo CyleCTBEHHO yBeJMuMBaeTca. ANbOENO CHEX-
HOro noxposa MeHsieTcs oT 0,95 fqus cBeXXeBbIMaBLIEro CyXOro cHera B
NOJIAPHBIX ¥ FOPHBIX paiioHax o 0,20 i BIaXKHOro 3arpsA3HEHHOrO CHera.

nasa 5
MEXAHUYECKUE CBOWCTBA JibAA

5.1. SAKOHOMEPHOCTU JE®OPMUPOBAHUSA U PASPYLLEHUA NIbAA

B cnyyae npHIIOXXeHHs KaKoO#-1160 Harpy3KkH Jiefj HaunHaeT fepopmu-
pOBaThCA, NPH 3TOM B 3aBUCHMOCTH OT YCIIOBHIl M XapaKTepa 3arpy>XeHus
OH BeJleT ce6s Kak ynpyroe, IIaCTHYECKOE HIIN Xpynkoe Teno. Yame Bcero
3TH TP CBOHCTBa NPOABIAIOTCA OJHOBPEMEHHO B Pa3JIMYHbIX KOMOUHALMAX.
Tak, Npu MeJJIEHHOM 3arpy>KeHHUM Hapsifly C yIPYrAMH NPOUCXOIAT BA3KO-
macTuyeckue feopMaliii, KOTOpble MOTYT CONPOBOXAATLCA 0Gpa3oBa-
HHEM BHYTPEHHHMX MHKPOTPELIMH U 3aKOHYHTHCHA XPYNKHM pa3pylIeHHEM.
ITpu nMIyNLCHBIX Harpy3Kax XapaKTepHb! ynpyrue aeopMauyy i Xpynkoe
pa3spyuieHne.

ITon neficrBueM HeGONBIION HArpy3KH Jie[, MOXET M3MEHATHh CBOIO
¢opmy Ge3 paspylIeHMs: CTPYKTYPhI ¥ H3MeHEHHH 06 beMa — KaK Gbl Teub.
IToaToMy BsskomnacTuuyeckue fecdopMauuy Nba HHOTAAa CPaBHUBAIOT C
TEYEHHEM OYEHb BA3KOH XXHMIKOCTH.

Kpucranns! 1bfa XapaKTEPU3YIOTCA Pe3KO BbIPa’KE€HHOH aHH3OTPONH-
el MeXaHHYeCKNX CBOMCTB B 3aBHCHMOCTH OT HaNpaBJIEHHUs YCHJIMA CABHra
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Puc. 5.1. OcHOBHble HamnpaBieHUs CABUTAIOLMX YCHIMI OTHOCHTENBLHO TIIaBHOI
KpHCTamnorpaduyeckoit ocu KpHUcTania

OO - onTuyeckas ocb Kpucranna;, bn — Ga3HcHas NIOCKOCTb; 9n — 3NEeMEHTapHble
TUIaCTHHKH; P — HanpaslieHHe CABUraloOLIero YCHIHS.

a — HanpaBneHne ycunus P coBnapaer ¢ bn; 6 — HanpaBieHHe yCUIHA P neprneHavKyJIspHO
bBn; 6 — Hanpas/exue ycunus P B IWIOCKOCTH, NepneHUKyIspHoi Bn

OTHOCHTEJILHO IJIaBHOM KpUCTaJIorpapu4yeckoil ocu 1 6a3uCHOM NJIOCKOCTH.
ATOMBI B IPOCTPAaHCTBEHHOI pelIeTKe KPHCTalla pacloylaraloTCs TaKUM
06pa3oM, YTO CABUI B 6a3MCHOM INIOCKOCTH BbI3bIBAET Pa3pblB TOJIBKO ABYX
MOJIEKYJIAPHBIX CBsA3ell, B TO BpeMs KaK pa3pyuieHue no mnoboi apyroi
IJIOCKOCTH, NepIeHANKYJIAPHOM K 6a3UCHOM, TpebyeT pa3phiBa IO MEHbLIEH
Mepe YeThIpeXx CBs3eil Ha OfHY KpHCTaJIInyeckyto sueiiky. IToaToMy cTpyk-
TYpPy JbJia NPEJCTABIAIOT KaK COBOKYIHOCTb MHOTOYHMCIIEHHBIX OYEHb
TOHKHX, HO NPOYHBIX FTHOKUX IUIACTHHOK, PaCNONIOKEHHBIX NEPNEHIUKYISPHO
K OCH KPHCTalljla, KOTOpbI€ MOTYT CPaBHHTEJIBLHO JIETKO CABHIaThbCs APYr
OTHOCHUTENBHO Apyra. CKONbLXEHHE 3JIEMEHTAPHBIX NMIACTHHOK MOXET
NPOMCXOAMTL B JIIOGOM HampaBlieHNH Ga3HCHOM IJIOCKOCTH, BIUIOTH IO
MOJTHOTO M3BJIEYEHNA acTedl KpucTaia.

B Tex cny4asix, KOrja HanpasJIeHHe CHBHIAlOLIETO YCHIIMS He COBMa-
RaeT ¢ 6a3NCHOM MIIOCKOCTDLIO, IPOMCXOAAT ORHOBPEMEHHO M3TrH6 3JIeMEH-
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TapHBIX IJIACTHHOK M MX OTHOCHTENbHBIE CABUTH. I TONBLKO NpH Temnepa-
Type, 6NIM3KOM K TeMIlepaType NiaBJieHus, INIaCTHYECKHE CIBUrH ObIBaIOT B
no6bIX HaNpaBlIeHHAX, TaK KaK B 3TOM cllyyae B KpHCTalljle pa3spymaioTcs
MHOT'HE BHYTPEHHHE CBA3M.

BO03MOKHE! TPH OCHOBHBIE HAallpaBJICHHA CABUrAlOLIMX YCHIINH OTHOCH-
TensHO Ga3MCHOI IJIOCKOCTH Kpucrainos (puc. 5.1, a, 6, 6). B ciyuae a,
KOrjla HallpaBJICHUE CABMralOLIEro yCMJMs coBNafaeT ¢ 6a3MCHOM mioc-
KOCTBIO KPHCTallIa, IPOUCXONUT TOJIBKO CMELeHHe IIACTHHOK, ¥ fAedop-
MalUs HOCHT IJIaCTHMYECKHH XapakTtep. Eciu cpsuraionmee ycuime napan-
JIEIBHO ONTHYECKOH OCHM KpHcTalula (ciy4ail 6), TO 3JieMEHTapHble ILac-
THHKM KPHUCTaJlIa H3ru6aloTcst ynpyro, npa 3ToM HabiofaloTcss HeGobIiune
OTHOCHTEJbHbIE CIBATH IUIaCTMHOK N0 6a3MCHBIM IIOCKOCTAM BCIIE[ICTBHE HX
uckpusnenus. ITocie Toro Kak Hanps>KEHHs B 3JIEMEHTaPHBIX IJIaCTHHKAX
ROCTHTHYT HEKOTOpOro Npefiena, INIaCTHHKH oMatores. [Jedopmanus npn
TaKOM HalIpaBJIEHHH CABHrAaIOLIEro YCHIINSA ABIAETCA YNPYromIaCTHYECKO! H
[pY BO3pacTaHHM HaNPAXXEHH CMEHsSeTCs paspylieHueM. B ciyyae 6, xoraa
HanpapBJieHHE C/{BHTAIOLIEr0O YCHINS NEPNEHAMKYISAPHO ONTHYECKOH OCH
KpHCTaljIa ¥ JACHCTBYET B IJIOCKOCTH, NEPNEHANKYJIAPHOH K Oa3HCHOM,
3JleMeHTapHbIe NIACTHHKH "[JONYCKAaOT" TOJNBKO YNpyrylo xecopMauuio.
Ilpn yBenuyeHMM HaNpSAKEHUS BO3MOXEH M3ru6 IJIACTHHOK BCIIEACTBHE
NOTEpH YCTOHYUBOCTH M HEKOTOPBIX CABHIrOB B HaNlpaBJIEHHAX, HE COBMNa-
RAIOLMX C HalpaBJIeHUEM CABHraiouiero ycuius. [JdanbHeiilee yBeanueHne
HaNpsDKEHUs IPHBOJIUT K Pa3pyLIEHHIO KPHCTaJJIa.

B Tex cnyasix, KOrja HanpapJieHHe CABHUTAIOILEro YCHIINA He COBNafa-
€T HU C OfHMM M3 YKa3aHHBIX TpeX HaNpaBJIeHHi, NPOUCXOAAT KaK ympy-
rue, Tak M Iacruyeckue fecdopmannu. B MOMEHT NPHIIOXEHHS YCH-
ymna ynpyras gecdopManus KpMCTaljla pacnpOCTPaHAETCA CO CKOPOCTbIO
aKyCTHYECKHMX BOJH. DJIeMEHTapHble IUTACTHHKH elle Kak Obl XXeCTKO
COEMHEHDI IPYT C APYroM, H HX H3rn6 3aTpyqHeH. Bo3sHuKaloume npu ToM
BHYTPEHHHE HANPSKEHHA CIBHTa BHI3BLIBAIOT COOTBETCTBYIOIHE OTHOCH-
TeNIbHbIE CKOJILXXEHNs NJIaCTHHOK, XapaKTepHbIe s IIacTHYecKo# redop-
MalyH.

CkolpXeHHe IIaCTHHOK M HX M3ru6, B CBOIO OYepefib , CIOCOGCTBYIOT
nepepacnpefieIeHNI0 BHYTPEHHHUX HaNpAXXeHHi, YTO NPUBOJNUT K H3MEHEHHIO
CKOPOCTH ILJIaCTHYECKOl Jleopmanuu. B 3aBuCHMOCTH OT HampaBJIeHUsS
CABHra M BeIHMYHMHBI fAecopManuyu KpHCTallla CKOPOCThH IUIaCTHYECKOM
AedopManuy MOXET YMEHBIIAThCA, OCTaBaThCA NOCTOSHHON HIIM yBeJIH-
yuBaeTcA. Ecnu B pe3yibraTe M3rn6a M CKONbXEHHS IJIACTHHOK Hanps-
XKEHHUS CIBHTra Ha MX KOHTAKTaX YMEHBINAIOTCSH, TO YMEHBIUIAeTCAd M CKO-
pocTh IacTH4YecKo# fedpopmanuu kpucramia. Ecnu e u3ru6 ¥ nosopoTs!
NJIACTHHOK YBEJHYMBAIOT HANPSXKEHUA CABUra, TO CKOPOCTb IIaCTHYECKON
RecdopMaLUH YBETHYNBAETCS.

C. CreitneMan (cM.: BoittkoBckuit, 1977) ycTaHOBHII, YTO NIPH CABHrE
KpHCTalljia o 6a3MCHBIM INIOCKOCTSM MOXHO BBIJICJIUTh [IBe CTaguH IOJI-
3y4yecTd. B nepBoii craguu ckopocTh fecopMaliy IJIaBHO NOBLILIAETCH K
KpHBBLIE€ IOJI3yYeCTH HMEIOT Cllerka BOTHYThI B (pHcC. 5,2,a). Ilpu
AOCTIDKEHHH OTHOCHTEIIbHOM nedopmaumn 10-20% npoucxonuT cBoeoGpas-
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Pnc. 5.2. Jedopmauun MOHOKPHCTAJINIOB NTbAA

a - KpHBble MOJ3YYeCTH NMPH CABHre no Ga3sHCHBLIM MIOCKOCTAM nmpH 6 =-2,3 °C
(1,=22" 10° Ma; 7,=05- 105 IMa; 13=04" 10° IMa); 6 - conporuBNeHHe CABHrY IO
6a3ucHeIM MmockocTaM npu 0 =—15°C (ckopoctH cmsura ¥, =16 1075 mun~}; ¢, =
=8 - 105 vun); §3=2- 1075 munt)

HOe "pa3MsirdyeHne” KpHUCTaliia, XapaKTepH3ylolieecsi ”HTEHCUBHBIM KPaTKO-
BPeMEHHBIM HapacTaHHEM CKOPOCTE# CABUra M NOCJIEAYIOLUM YCTaHOBIIE-
HHEM NPHAMEPHO NOCTOAHHOM NOBBLILIEHHOH CKOpOCTH casura. Kpmucramn,
OfHaXb! le(hOPMUPOBAHHBIHA O BTOPOI CTafiMH, OCTAaeTCH "MArKHM" flaxe
nociue npeGbIBaHUA B pasrpy>XEHHOM COCTOSIHAM B TeYEeHHE HECKOJIbKHX
COTEH YacoB.

B Tex cnyyasix, KOrga CABUr no 6a3uCHBIM INIOCKOCTAM IPOMCXOAMT C
3aJjlaHHOM IIOCTOSIHHOM CKOPOCTBIO, CONPOTHUBJIEHHE, YBEIUYMBASACH IO Mepe
HapacTaHus fie(popMaLiy NOYTH JIMHENHHO, JOCTUraeT MaKCUMyMa NIPH OTHO-
curenbHoit pedopmanun 0,5-2%, nocie 4ero HaUYMHAET YMEHBIIATLCH
CHavYaJia I0BOJILHO pe3Ko, a 3aTeM Gonee miuaBHO (puC. 5.2, 6). Bennyuunsl
MaKCHMaJIbHOTrO CONPOTHBIIEHHS CABHry TeM Golblue, yeM GbicTpee npouc-
XOJUT CABHI M YeM HHKe TeMIlepaTypa KpUCTaJlla. YMeHbLIEHHe CONPOTHB-
JIEHUs! CABMTY CBA3aHO C "pacciablieHHeM" KpHCTajlla H3-3a pOCTa KOJIH-
YeCcTBa JUCIOKALHM.

Kpucranin nbga fOnycKkaeT 3HaYUTeNbHbIE IIaCTHYECKHE e opMaLin
PACTSDKEHMs NPH AeCTBUM PaCTATHBAIOLIErO YCUIIHSA NIOf YIJIOM K 6a3uCHOI
nnockoctu. M3BecTHBbI ciyuau, xorga obpa3sel BBITACMBAJCA B 2 pa3a
Gounblie CBOEH NepBOHAaYaIbHOM BEJINYMHBI M IPEBPAIIAJICS B TOHKYIO JIeH-
Ty, OCTaBasiCb MOHOKpHCTaJJIoM. ONTHYeCKas OCh IIPH 3TOM MEHsAJIa CBOE
HalpaBJIeHHEe W CTAHOBMJIACh MOYTH NEPNEHAMKYJIAPHON K HaNpaBlIEHHIO
pacTsxeHus. B Tex cinyuasx, KOrja HanpaslieHUe PacTAKEHHs COBIAfaeT C
OCBbIO KpHCTaJlJIa, IUIaCTHYeCKas fecdopMauus HeGoMNbLIas, MPEeUMyIIECT-
BEHHO HabilofaeTcs ynpyras gecdopManus, YTo 3aKaH4MBaETCA pa3pylleHnA-
eM KpucTamia. Pacrsxkenne B 6a3UCHOI IJIOCKOCTH TakK>Ke He JONycKaeT
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CYIIECTBEHHBIX IIIaCTHYECKUX JecdopMauuii 1 3aBepIIaeTCs pa3spylICHHEM
KpHCTala.

Y kpucranna, NOABEpPriIerocs MiacTHYecKoi aedopmaimu nox aeicr-
BHEM BHEIITHETO YCHIINS, NOCHe NPeKpaleHust TaKoro felicTaus aecdopmanms
YMEHBIIIAETCs, YTO BJIEYET 3a CO60# YaCTHYHOE BOCCTAHOBJICHAE HaYalbHOM
¢opmel. Takoit npouecc NPOUCXONUT He cpa3y, a B TeYEHHE HEKOTOPOro
BpeMeHH. B MOMEHT npeKpaiieHns qefCTBHs YCHIINA HaCTYNIaeT MTHOBEHHOE
ynpyroe BOCCTaHOBIIEHHE, 3aTeM HaGmiofjaeTcs cBoeoGpa3Has "obGpaTHas
NOJ3yYecTs", 3aKIIIOYAIOMAACA B IOCTENIEHHOM YMeHbILIeHHN fedopMaunu
KpHCTalia.

ITonukpucrannuyecknii ey, B KOTOPOM HalpaBJIeHUs! ONTHYECKUX ocei
6OJBIIMHCTBA KPMCTAJIOB COBNAJAlOT, XapaKTEpPU3yeTCA 3HAYNUTENbHOM
aHU30TpONHEH MEXaHMYECKHX cBOiicTB. BenuuuHa pedpopmanum Takoro
JIbJa, TaK Xe KakK U AedopManus OTAEIbHBIX KPHCTAJIOB, B 3HAYATENILHOM
CTENleH! 3aBHCHT OT HaNpaBJIEHUS NEWCTBUA NPUIIOKEHHBIX CHJI OTHOCH-
TEJbHO HaNpaBJIeHus oceli 60NbIIHMHCTBa KpucTamnos. Ho, yunTesiBas Bo3-
MOXXHOCTb OTHOCHTEJILHBIX CKOJILXXEHHH KPHCTAaJJIOB, @ TaKXe TOT (pakr,
YTO B 1e(pOPMUPOBAHHOM MACCHBE JIbJia HaNpsi>KeHHe NIOYTH BCErga HEOqHO-
POIHO H, CIEAOBATELHO, HANPSXKEHUA CABHra AeiCTBYIOT B Pa3jIMYHbIX
HaNpaBJIEeHHsIX OTHOCHTEJILHO OCell KPHCTAJIJIOB, aHU30TPONHUA NPOSABIAETCS
B MEHBIIIEH CTENEHN, YeM Y MOHOKPHCTAIIOB Jbja. Ecin Xe e COCTOUT H3
6ecropssioYHO OPHEHTHPOBAHHBIX KPUCTAJJIOB, TO €r0 MOXHO paccMaTpH-
BaTh KaK H30TPOMHOE TeJO.

Kak 661110 NOKa3aHo, ietpopMalms NOTUKPHCTAIIIIAYECKOTO JIbAa IPOHC-
XO[MT B OCHOBHOM 3a CYET TpeX (paKTOpOB: YIPYruxX M IUIaCTHYECKUX Jie-
¢opMaumil KPHCTANIIOB, MX OTHOCHTEJILHBIX NEPEMELIEHNUI U pa3pylIeHus.
Bce aTu ¢aKTOpHI TECHO B3aMMOCBA3aHbl U OKAa3bIBAIOT BIMAHHE APYr Ha
apyra. OfHOBPEMEHHO C HIMH BO JIbAY HAYT NPOLECCHI PEKPUCTAIIIU3ALNH,
KOTOphIE TakXe OKa3biBalOT BIMSHHE Ha XapakTep fAedopmauun. Crna6o
Hanps>XKeHHbIE KPHCTalllbl pacTyT 3a cueT Gosee HanpskeHHbIX. Heko-
TOpbIE€ NEpEHANpPSAXEHHble KPHCTAUIbl Pa3pylIalOTCA, NPH 3TOM MNOAB-
JISAIOTCS X OGJIOMKH, CBOGOAHEBIE B Hayalle MX 06pa30BaHus OT HaNpsDKEeHHH,
KOTOpbI€ TaKXKE PacCTYT 3a CYET CTAPhIX HANPSDKEHHBIX KPUCTAMIJIOB ¥ 3aTEM
CaMH HaYMHAIOT HCNBITHIBATh Hanps>KeHHs M aecopMupoBaThca. Takum
00pa30M, 3a CYET PEKPHCTAIIH3 ALY IPOMCXOAUT YaCTHYHOE "3ajleynBaHue”
TpeuyH. THM B OGBACHAETCH TOT (haKT, YTO B psjie Cly4as Jex "reyeTr" u
He HMeeT BUMMBIX NIPeAeIoB Ae()OPMHUPOBAHUS.

B MOMEHT NpHUIIOXKEHUA HAarpy3KM K 06pasily M MacCHBY NOJINKPHCTAJI-
JIMYECKOro JIbAa NPOMCXOAMT ynpyras pedopmanus. B pesynbrare aroi
NEepBHYHOM ynpyroii necdpopManuyu BHYTPH KPHCTAJJIOB H Ha KOHTaKTax
MEXAY HHMH BO3HHMKAIOT HaNpAXEHHs, KOTOphie, B CBOIO O4Yepejb,
BBI3BIBAIOT IUIacTHYecKHe fecopMaluM KPHUCTAJNIOB, HX OTHOCHUTEJILHbIE
C/IBUTH, 2 B HEKOTOPBIX ClIy4YasX U pa3pylleHue KPUCTaJJIOB. B HavanbHbIN
3K€ MOMEHT BO3MOKHbI GOJIbIINE KOHLEHTPALMH HANIPAXKEHUH B OTAEIbHBIX
TOYKaX KPHCTAJIJIOB, CHOCOOCTBYIOIHE BHYTPEHHAM CABHUIaM M CKOJILKEHHIO
[0 TPaHMIaM KPHCTaJlIOB, O6pa30BaHNI0 MHKPOTpEILMH H HeGoJIbLIOMY
Pa3pyLICHHIO KPUCTAJIOB. DTH NpoLecchl BEYT K NepepacnpefelieHuIo
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BHYTPEHHHUX HaIps>XXeHH#, YaCTUYHOMY HMX BbIpaBHHBaHHIO. IIpomcxopgut
NEPEKOMIIOHOBKA YaCTHIL JIbJja, KOTOpas yJly4lIaeT CONPOTHBIIEHHE JIbJA
Harpy3Ke H YBEJMYHBAET XKECTKOCTh JIbJa, YTO BBI3BLIBAET YMEHBIICHHE
CKOpOCTH €ro iechOpMHAPOBaHHS.

Hapsany ¢ yka3aHHBIM YNpOYHeHMEM B npoluecce AedopMHpOBaHUsS
NPOMCXOAAT HapyLIEHHE CBA3ed MeX[Y 3JeMEHTapHbIMH IJIACTHHKaMMU
KPHCTAJIZIOB M Ha KOHTaKTaX MeXJy KPHCTAalUIaMH H pa3pylieHue
KPHCTAJlJIOB, NpUBOAsALIEe K paccnabnenuio nbga. Takum o6pa3oM, mop
BO3[leCTBHEM HArpy3Kd B NOJMKPMCTAJUIMYECKOM JIbie OJXHOBPEMEHHO
NPOHMCXOAAT ABA IPOTHBOIOJIOXKHBIX NpOIECCa: C ORHON CTOPOHBI, Hapy-
uIeHne cBs3eif U paccnablieHwe, a ¢ APYro — BOCCTaHOBJIEHHE CBA3EH H
ynpouHenne. Xapakrep fe)OpMalyi U paspylIeHUs: ONpPENENAETCA TEM,
KaKoOil 3 3THX NPOLIECCOB NpeobiafaeT.

B nponecce necdopmupoBanns BO bRy BO3HHKAIOT TPEIMHbI, KOTOPhIE
PaclpoCTPaHAIOTCS B Npefeliax OHOrO MIIN Cpa3y HECKONBKUX KPUCTAJIIIOB.
TpemuHb! Yale BCEro BOZHAKAIOT NapalieibHO 6a3uCHOM NIIOCKOCTH MM
nepneHpuKkynspHo eil. IIpu TekydecTu Jbfa NOJ AaBJIEHHEM BHYTPEHHHE
TPEeWMHbI "NPUCIOCaGINBaIOT" aHU30TPONHYIO KPMCTAINIMYECKYIO CTPYKTYPY
JbJa K acTuyeckuM Redopmarmam. Takue TpemuHs! B mpouecce aedop-
MHPOBaHHsS MOTYT YaCTHYHO MCYE3aTh 3a CYET NPOLIECCOB PEXEINALUNA M
peKpucTamm3anuu. B Tex cnyyasx, KOraa Bo JIbRy BO3HHKAIOT PacTAruBaio-
L€ HAaNpsKeHUs!, BO3HUKAIOT GIaronpusTHbIE YCIOBHUS JIA pOCTa TPEIHH,
NPMBOAALINX K pa3pyuieHuto nbja. [Tox aeficTBMeM AMHAMHUYECKHX Harpy30K
TPEUMHBI BO JIbAy BO3HHKAIOT NIPH NIPOXOXXAEHNH YNPYroi BOJHLI Harpy3kn
¥ BOJIH pa3rpy3ku. OHH NpUypOYEHBI K 30HAM, I/ie IpH NPOXOXKACHUH ITHX
BOJIH BO3HHKAIOT MaKCHMaJIbHbIE PaCTATHBAIOLIAE HANPSOKEHNS.

KonuuyecrBeHHble NapaMeTpPhl, XapaKTEPU3YIOMIME YIIPYrHe M BA3KO-
IUTAaCTHYECKNE CBOMCTBA KOHKPETHBIX MaCCHBOB JIbia ¥ X IPOYHOCTD, OIpe-
AENAIOTCA Ha OCHOBAaHHMH IOJIEBBIX ¥ J1JaGOpPaTOPHBIX HCIBITAHHE 06pa3loB
nbpa. HanGonee npocTsiM 1 pacnpoCTpaHEHHBIM CIIOCOOOM OnNpefesieHus
MEXaHHYECKHX CBONCTB JibJ]a ABJIAETCA HCIIbITaHHE OGPa3lLOB B BHJie KyOu-
KOB HJIH LUIMHPOB, NIOfiBepras HX OHOOCHOMY cxaTulo (puc. 5.3, a). Ilpn-
MEHSIOT [{Ba BU/ia HCIILITAHAH B 3aBUCUMOCTH OT KOHCTPYKILUH NIPECCOB MIIH
npucnocobieHnit ans cxkatns o6pa3uos. IIpu ucnons3oBanun npucnocobie-
HH, NO3BOJIAIOIIMX CO3/aBaTh 3ajlaHHbIE IO IPOrpaMMe BEJIMYHHbI Harpy3KH
Ha o6pas3el, H3MepAIOTCA 3HaYEHHUs NPONONLHLIX M NONEpPeYHbIX fecop-
Maluii o6paslia c yyeTOM BpeMEHH ielicTBHS Harpy3ku. HekoTopele npecchl
JJIS MCNBbITaHHMI 06pa3loB CKOHCTPYHPOBAaHBI TaKUM O6pa3oM, YTO B HHUX
3aflaeTCa NOCTOSHHasi CKOPOCTh cXaTust o6pa3ua (de/dt = const). B atom
cly4ae 3aMepsAIOTCa M (PUKCHPYIOTCA BEJIMYHHbLI CONMPOTHBIEHN obpa3siua
C3XaTHIO BIUIOTH [IO €ro pa3pylueHus.

BTophiM npocreiinmM cnoco60M UCIBITAHUN ABNAETCS YACTHIA CABHT
o6pas3nos (puc. 5.3, 6), Ha OCHOBaHHM KOTOPOrO ONPENeNIAETCS 3aBUCHMOCTD
BEJIMYMHBI OTHOCHTEJILHOIO CBUTa OT HHTEHCHBHOCTH HaNpSXKEHUIA CABHUra
C yueToM BpeMeHH ux feiictsui. VicnbiTaHnus, TaK >Xe KakK U IIpA OfHOOCHOM
CXAaTHH, MOXHO NPOBOAMTL NPH 3aJaHHOM 3HaYEHMH HaNpsOKEeHUH CABUra
HJIM NpH 3a/jaBaeMOii CKOpOCTH ie(hOpMalAd CABUTA.
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Puc. 5.3. Cnoco6bl 3arpyxennst o6pa3uoB jbja

a — O{HOOCHOE CXaTHe; § — YHCTHIN CABHT; 8 — pacTsXeHHe; 2 — H3rHG; O — cloXHOoe
HanpsDKeHHOE COCTOSHHE

IToMuMoO 3THX ABYX NpOCTENRNIMX CIOCOGOB ONpefeIEeHNs CBOMCTB JIbAa,
IIPUMEHSAIOTCA UCNbITaHus OOpa3iioB JibJja Ha pacTAXKeHue, u3rub u cxxarue
IIPH CITO>XXHOM HANpPSKEHHOM COCTOSHMHM (CM. pHC. 5.3, 8, 2, 0).

5.2. YNIPYTUE CBOWCTBA fibAA

ITpn n3MeHEeHUH BeJIMYMHBI HAarPY3KH Ha JIe BO3HHKAIOT TPH pa3iud-
Horo popa gecopmanun: 1) ynpyroo6parumas "MruoseHHas" fedopmanus,
PacnpoCTPaHAIOMAsACA CO CKOPOCThIO 3ByKOBBIX BOJH, 2) MEJIEHHO OOpaTH-
Mas fedopMalus ynpyroro nociefeiicTBus, KOTOPYIO HHOTAAQ Ha3bIBalOT
anacTuyHOlM, 3) HeoGpaTumas AecdopMalus nonsydectu. Bece Tpu pona
necdopManuy B3aMMOCBA3aHbl, YETKAX TPaHUL] MEX/Y HAMH HeT, 0COGEHHO
TPYAHO BBIIEIUTH OOpaTuMylO fehopMaimio nocineneiicrBust. HavanbHas
crapust o6paTnMoil fecdopMaLMH NOCTENeHCTBI HAaUMHAETCA HENOCPECT-
BEHHO 3a "MrHOBEHHON" ynpyroii fecopMaumeil 1 BOCIPHHUMAETCS Jalle
BCero Kak ymnpyras pedopmanusa. ITocnepyromas e cragus sBIseTCS
yacThio feopmanun nonsydectd. HamGonblras cKOPOCTb HapacTaHUA
RedopMalK nocieneicTeus HaGJIIOfaeTCs B Ha4allbHbIH MOMEHT NOCHe
H3MEHEHHs Harpy3KH, NO3TOMY IIpH CTaTHYECKHMX METORAaX HMCNbITAHUMN
06pasnoB b2 BBHIJENUTHh YHCTO YNPYrylo 4acTh AedopMalui BechbMa
3aTPYAHHATENbHO. DTO U ABJIAETCA OCHOBHOM NPHYHHOH 3HAYMTEJILHOrO
PacxOXXAeHUs NPHBOAMMBIX Pa3IMYHBIMA UCCIIEAOBATENSAMH KOJINYECTBEHHBIX
[IapaMeTPOB, XapaKTEPU3YIOUWIMX YyIpYrHe CBOHCTBA JIbAA.

Ynpyrue cBoiicTBa MaTepHaia NPUHATO XapaKTEPH30BaTh BEIHYMHAMH
Mopyns ynpyroctd E, mopyins caBura G M Ko3dduuueHTa monepeyHoin
Redopmanum (koadp¢uunenta IlyaccoHa) v, KOTOpbIe CBA3aHbI MEXAY OGO
3aBHCHMOCTBIO

E =2G( +V). (5.1)

Monyns ynpyrocTs xapakTepu3yeT CONPOTHBISEMOCTD JIbja yIpyroi
nedopManuH NpH CXKaTHH MIIN PaCTSDKEHUM, MOAYJIb CABUTa — COIIPOTHUBJIsE-
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MOCTBb neQJOpMamm IIpM CABHIE:
o =X
€= E ’ Y - G ’ (5'2)

rjie G — BeJIMYMHAa HOPMAaJILHOrO HAalPSXXEHUs, T — BEJIMYMHA HanpsOKCHHs
C/IBHra, € — OTHOCHTEJILHOE CXXaTHE HIIM PACTAXKEHHE, Y — OTHOCHTENIbHAA
pecdopMalms CABHTA.

JIns ompenenenus MopyJieli yNIpyrocTd M CABHra NPHUMEHSIOTCS [Ba
METOjia: AMHAMMYECKUIi M cTaTHyecKuil. [IlnHaMuyecknit MeTO OCHOBaH Ha
BBIYMCJIEHHM MOJYJIEH IO CKOPOCTH PaclpOCTPaHEHHMS BO JIbJY IIPOAOJILHBIX U
NONEepEeYHbIX ynpyrux BojH. CyIHOCTb CTaTHYECKOrO METOJa 3aKJII04YaeTCs
B M3MepeHMM BeJW4MH Aecdopmanuu o6pasuoB JbAa NOJ AeiCTBHEM
CTaTHYECKMX Harpy3oKk.

ITepBble ONBITEHI IO ONpENENICHAIO MOAYJIA YIPYrOCTH JIbJa IIPH CTaTH-
YeCcKMX Harpyskax GbiIJlM IIpOBEJieHk! elile B Havale npouutoro Beka IOHroM,
B Y€CTh KOTOPOro MOAyJb YNPyrocTH HasbiBaeTcsa MoayneM IOnra. ITo3axe
TaKHe ONbIThI NPOBOJMJIMCh MHOTHMM HccnepoBaTensMu. ITomydaeMblie
3Ha4YeHUsA MOJYJIs YIPYroCTH JibJa BapbHPOBaJil B BeCbMa LINPOKMX Ipe-
menax — ot 103 go 10* MITa. [Jonrue roas! Takoi pa3bpoc 3HaYEHH#H MOAYJIst
yNpyrocTH BhI3LIBAJl YAUBICHHE U NIOAYAC HEIOBEPHE K pe3ylIbTaTaM Mcclle-
ROBaHMii pa3JIMYHbIX aBTOPOB. JINIIb CPaBHUTENLHO HEAABHO YAAJIOCh BBIAC-
HHTBb NPHYUHY 3THX BapHalyii.

Bonbuwoit pa3bpoc B pe3yjbTaTax U3MepeHHi MOAYJIsS YIPYrOCTH JIbAA
OOBACHAETCA TEM, YTO IIPH CTaTHYECKOM METOJie MccleaoBaHuii fecdopma-
LUH JIbJa 3aMEPAIOTCA HE B MOMEHT NPMJIOXKEHUSA HAarpys3kH, a CIyCTa
HEKOTOPBLIi IPOMEXYTOK BpEMEHH. DTOT NPOMEXKYTOK OObIYHO HEGONBIION
H M3MepAEeTCs CeKYH[laMH, OHAKO 3TOro AOCTAaTOYHO AJISA TOTO, YTOGHI,
Hapaay ¢ "MrHOBeHHOH" ynpyroii fedopManueii, MpoH3OLIIa OLyTHMAA
Redopmauus nocnepeicreus. B urore noyyyaercs, YTo onpepfenseMblii o
3aMepeHHO} CyMMapHOii lepopMaLii MOLyJIbL HE XapaKTepU3yeT CONPOTHB-
N5eMOCTh "MrHOBEHHOI" ynpyroit gedpopManum, a ABnsAeTCA MEpoii conpo-
THUBJIEHUA NbJa 06paTUMOil necdhopManuu 3a OnpefiesIeHHbI! IPOMEXYTOK
BpemeHH. UeM Gonblue HanpskeHHe, TeM 6ollee CYIIECTBEHHYIO PONb
COCTaBJIAET 3MacTHYecKas Aecpopmanus. COOTBETCTBEHHO BLIYUCIAEMBIi Ha
OCHOBaHHH 3aMepOB AehOpMaLMK MOAYJIb YIPYrOCTH JOJKEH YMEHbIIATHCA
C yBeJIHYEHHEM HaNpsXXEeHWH, YTO U NOATBEPKIEHO MHOTOYUCIEHHBIMHA
OINbITaMH.

Bosee crabunbHble 3HaYEHHUSA MOAYJIA YIPYroCTH NMOJIYYalOT NIPH AMHa-
MHYECKHX METOJ]aX HCNbITaHUI Ha OCHOBAaHMM U3MEPEHHs CKOPOCTel pacipo-
CTpaHEeHHs ynpyrux BojH. CKOPOCTb paclpOCTPaHEHH BO JIbAY 3BYKOBBIX
BOJIH NPaKTHYECKH HE 3aBHCHT OT BEJIMYMHBI Harpy3kd M ollpefeifercs
JIMIOB IJIOTHOCTBIO JIbAia, €ro CTPYKTYpoi H TeMnepaTtypoii. CKopocTs nmpo-
ROJBLHBIX BOJIH B YHCTOM nbjie (oKoio 3800 mM/c npu TemnepaTtype 0 °C n
yBenuunsaercsa po 4200 m/c npn —20 °C). B nopucThix Jbgax U B CHere
CKOpPOCTb PacIpOCTPaHEHHs BOJH YMEHBLIAETCA IO Mepe YBEJIMYEHUA UX
nopucrocTu (puc. 5.4). CKOpOoCTs pacnpOCTpaHEHHsI BOJIH B MOPCKOM JIbJie
YMEHBILIAETCA 110 MEPE YBENIMYEHHS €rO CONIEHOCTH.
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Prc. 5.4. 3aBUCHMOCThL CKOpPOCTH
NPONONLHLIX BONMH (C) OT NIOTHOCTH

nbAa U cHera (p) nmpH TeMmnepaType

—4°Cc a700
1 — cHer BO3pacTa HECKOJILKHX JiHeil;

2 — ¢upH; 3 ~- nep M CHer pas3NHYHON Fio0

TUIOTHOCTH

gmle
4700 ¢

2500

dunamuueckuii MORYNb ynpy- 2570}
rocty nbAa E cBA3aH CO CKOPOCTBIO
pacnpoCcTpaHeHusl NPOJONLHOM 3By- 2707 |
KOBO# BOJIHBI Cj, KO3 PHIHEHTOM
IlyaccoHa V H IUIOTHOCTbIO p U Bhl- 7727
paXkaeTcsi 3aBHCHMOCTBIO:

7300

_ [ Ea=w
Q= \j devi-zv O e
()

JuHaMH4YeCKHMit MORYJIb yIpy- 500 L -0 X , L,
FOCTH YHCTOTO JibJla IIPH TEM- 0 42 4% 45 G8 p-70
neparype -2°C cocraBaser
90 - 102 MITa, a npu —40°C o ysenuumsaetca no 95- 102 MIIa.
CymecTBeHHble pa3jiMuMs MOJyJiell ynpyrocru HaGlIOfalOTCA y JILAOB
Pa3NUYHON IUVIOTHOCTH: NI JbAa IUIOTHOCTBIO P = 900 Kkr/m3
E =70 - 102 MIla, a npu mnorroctu p = 700 kr/M? OH cocTaBinseT NUUIb
40 - 102 MITa. Mopnysin ynpyrocrd MOPCKHX JIbOB B 3aBHCHMOCTH OT TEM-
nepaTypsl M CoJieHOCTH cocrasisior ot 30 - 102 no 90 - 102 MITa.

JuHaMuyecKHil MOAYJb YIPYrOCTH JIbJa ABISETCA MEpOil CKOPOCTH
PaclpoCTpaHeHNs YNPYrux BOJNH M IO3TOMY XapaKTEPH3YeT JIMLIb Ty YacTh
obpatumoit iedpopMalun, KOTOpasi MPOUCXONHT "MTHOBEHHO" B MOMEHT
NPUIIOXEHNA Harpy3ku. IT03TOMY NpH MCNONB30BaHUM KOJHYECTBEHHBIX
nokasaTeJjiel MOAyJis YNPYrocTH Jbfa TpeGyeTcs YKa3biBaTh, KaKUM
06pa3oM OH onpefesieH U s KaKnx uelieil 6yfeT HCNOIb30BaH.

Monpyns caBura, Tak e Kak M MOQyJb YNPYrOCTH, ONpeAeNseTcs Ha
OCHOBAaHMM CTaTHYECKUX WIM [MHAMHYECKHX HCHbITaHui Jbfa. CooTBeTCT-
BEHHO CTaTHYeCKHH MOJyJIb CBHI'a XapaKTepu3yeT o6paTuMyio aedopma-
LUIO CABUra 3a ONpejesIeHHbI! MPOMEXYTOK BPEMEHHM, a MHAMHYECKUii
MOJY/Ib COOTBETCTBYET JIMILIb "MTHOBEHHOH" fedpopMaluu B MOMEHT NpH-
JIOXKEHUA WIIN U3MEHEHNs1 Harpy3ku. CTaTHYeCcKHii MORYJIb CABHIa IIPECHOrO
nbpa G, = 15 - 102 MITa, a guHaMuvecKuit MOAYJIb — B JIBa pa3a GoJblie.

Koa¢ddunuenr Ilyaccona (V) npefcrasisfeT co60i OTHOLIEHHE YIPYroii
nonepeyHoi aedopMaunn o6pa3ua Jbfa NPH CXKATHA HIM PAaCTAXKECHHU
K ynpyroii NpofoNibHO# fecdopManym 1 paBeH = 0,36.

T
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5.3. BASKOMNNACTUYECKUE CBOWMCTBA NbAA

ITnactuyeckue AedopMauuu Jbga NOJ AEHCTBHEM BHELIHHX YCHIIHiA U
BHYTPDEHHHX HaNpsXeHHH OOBIYHO CONPOBOXKAANOTCH HEJHHEHHO BA3KHUM
TeueHneM. CoBMeCTHOe NpOsSBIEHHE 3THX BUROB fecdopMmaluy NPUHATO
Ha3bIBaTh Nou3ydecthblo. IIponecc non3ydyecTn cBsfi3aH C HENPEPBIBHLIM
n3MeHeHueM ¢opMbl Tesla, 6e3 N3MEHEHUs ero 06’beMa, i BO3HHKAET TONBKO
NIpY HaJIMYMH HaNIPsDKEHUH CBUIa, TaK KaK IIpM paBHOMEPHOM BCECTOPOHHEM
CXXaTHM NIPOUCXOAMT JIMIID YIUIOTHEHUE MaTepHala.

CsaoiicTBa nmonsydyectn HanGoliee HarJAQHO NPEACTaBIAIOTCA B BHAE
KpPMBBIX Non3yvectH (puc. 5.5, 5.6), Ha KOTOpPbIX rpacduyeckH OTOGpaskeHO
HapacTaHne AeOpMaLyy NPH JJIMTENLHOM JeHCTBUM IOCTOSHHBIX IO BEJIM-
4ynHe Harpy3okK. [lecdopMauus nNon3y4ecTH HaYHHAETCA NOCKe MPUIIOXKEHUA
Harpy3Kku HENOCPEACTBEHHO BCJE 32 Ha4aJIbHOH ynpyroi aedopmaumei.
ITepBas cragus XapaKTepH3yeTcs YMEHbIIEHHEM CKOpOCTH fepopMaLy i
Ha3bIBaeTCA CTajMel 3amepaiomeics noiasyudectd. Ilpu HanpsxeHHsx
CABHMra MEHbllle HEKOTOPO! BENMYHHBI Ty,, Ha3bIBacMOH NpEeJIoM JJIH-
TEJILHOM NOJI3Y4ECTH, NMOCNIEe NePBON CTaiMH YCTaHABJIMBAETCHA NOCTOSAHHAS
CKOPOCTb HapacCTaHHs AecdopManuu (CTagus yCTaHOBUBLIEHCS NMOJI3YYECTH,
KOTOpasi MOXET NPOAOIIKATHCA HEONPEAEJIEHHO JUINTelbHOEe Bpema). IIpu
Halps>XKEHUAX CABHra GoJjblle yKa3aHHOro npefeiia NpOJOJKHTEIBLHOCTD
CTaiMil YCTAaHOBMBIUENCS NOJI3y4YeCTH OrpaHHYNBAETCH ONpeNeNeHHbIM NPO-
MEXYTKOM BPEMEHH, NOcJie KOTOPOro CKOpPOCTh Ae¢opMaluu HaYUHaAET
YBEJIHYHBATHCA. DTO YBEJIHYEHHE CKOPOCTH IOJI3yYECTH COOTBETCTBYET
TpeThe# CTagHh — CTafiMH YCKOPpSAIOIeicsa NMON3yuecTH, KOTOpas MOXET
3aBEPIINTLCA pa3pylIeHNEM HCIIBITbIBaEMOro o6pasua Jbja.

ITpopomkuTeILHOCT CTaiUH YCTAHOBHUBIIEHCA NON3yYECTH 3aBUCHT OT
BEJINYMHDI IEHCTBYIOIMX HaNPSXKEHUM CBATa, YMEHBILASACh C YBEJIMYCHUEM
REHCTBYIOLIErO HANPSDKEHUS T OTHOCHTENLHO Ty,. [Ipn 6omnbuInx 3HaueHusX
HanpsXeHui csura (T > T,;) CTafius yCTaHOBHUBILICHCS NON3yYECTH HCUe3a-
€T M NepBHYHas N0JI3y4YecTh NEPEXOQUT B CTAMIO yCKOpAIOLIeicsa Nou3y-
4YeCTH, MHHYS BTOPYIO crajpuio. Ilpenen pnnrenpHON NMON3ydYeCTH COCTaB-
nset Ty, = 0,10 + 0,12 MITa npu 0 °C, t,, = 0,2 MIla npu -2°C n
Tyn = 0,3 MITa npu —4 °C.

COOTBETCTBEHHO K TPEM OCHOBHBIM CTA[IUsIM IIOJI3yYIEeCTH MOXHO BbIfie-
JIMTHh TPH CTaJjH¥ PEKPHCTAIJIN3aLUH JIbJa B npouecce AedOpMHUpOBaHHs
JIbJla: POCT KPHCTAJJIOB, OTHOCHTENLHYIO CTaOMIIM3aLHIO CTPYKTYPhI M APO6-
JneHne Kpucrauinos (puc.5.7). B nepsbie MOMeHTBI NOCJe NPHIOXEHUSA
Harpy3KH KpHCTaJUIbl KaK Obl NpHCNocabinBalOTCs K HOBbIM TEPMOAMHAMMU-
yeckuM ycnosusaM. HaGiofaloTcss OTHOCHTENIbHBIE TOBOPOTHI H CMEIIEHUS
KpPHCTAJIJIOB, a TAKXKE X YaCTHYHOE pa3pylLIeHHe, YTO BEAET K YNPOIIEHHIO
¢ opMe1 KpHcTainoB. IHTEHCHBHOCTL 3TOrO NpOoLecca NOCTENEeHHO 3aTyXaeT,
4 fanbHellllee H3MEHEHHEe CTPYKTYphl fe¢OpMHpPyeMOro Jibaa o6ycioB-
JINBAETCA CTPEMJIEHHEM CHCTEMBI K MUHEMYMY IIOBEPXHOCTHOM M CBOOGOHOM
aHeprnu. MeHee Hanps>KeHHbIe KPHCTAJIbI PacTyT 3a cueT Gosiee Hamnps-
JKEHHBIX, MEJIKMe KPHCTaJlIbl norjoumatorcsa 6onee Kpynueivu. IIpu aTom
oblee KONMYeCTBO KpPUCTAIJIOB YMEHBIAETCS, @ CPEHAI 06beM yBelnun-
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Puc. 5.5. Kpusrie nonsyyecry nbfa (a) ¥ CONpOTHBIEHUS NbAa Ae()OPMHPOBAHHUIO
C NOCTOSIHHOM CKOpOCThIO (6)

Yan — CKOPOCTb AiechopMaLu caBUra NPH Ty,

9,08

ImHocumersnsrl co6uz
\:
«

z=]

1 1 1

a 200 490 590
Bpemsa,u

Pnac. 5.6. dxcnepuMeHTalnbHble KPHUBbIE MON3YYECTH MONMKPHCTAIIHYECKOTO
7IbAA NPH YUCTOM CHBHTE M Temneparype —1,8 °C (T - Hanpsixenue capura, 10° Ila)

Baetcsa. ITo Mepe fiepopMHpOBaHHsS CKOPOCTb POCTa KPUCTAJIIOB 3aMeJIA-
eTcs, U CIIyCTA HEKOTOPOE BpeMs HAaCTyIIaeT OTHOCHTeJNIbHAs CTabuiIn3alus
CTPYKTYpBl, XapaKTePH3YIOIaACs YIOPANOYEHHEM OPHEHTHPOBKM KPHCTAll-
JIOB ¥ TeM, YTO KOJIMYeCTBO 06pa3yIoMMXC MUKPOTPEIIMH YpaBHOBEIINBA-
€TCA KOJHYECTBOM '"3alieuuBaeMbIX" fedekToB OGiarogaps npoueccam
pexensaumn. Janbuelimee necopMHpOBaHNE NPUBOAMT K NPOrpeCCHPYIO-
LIeMy HapaCTaHMIO TPEUIMH H APOGJIEHNIO KPUCTAJJIOB.

ITpu gechopMupoBaHuH JIbAa C 3aJaHHOI IOCTOAHHON CKOPOCTBIO CONpO-
THBJICHHE H3MEHSETCS BO BPEMEHH B 3aBHCHMOCTH OT CKOPOCTH e¢hopMHUpO-
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Prc. 5.7. I3MmeHeHHe CTPYKTypbl MONMKPUCTANNIMYECKOro JbAa B mpoluecce
NoN3yyecTH NpH OfHOOCHOM cxatun (0 =-10°C, ¢ =0,2 MIla, € — oTHO-
cuTenbHas aedopManus CXKaTHs)

BaHus (puc. 5.5, 6). ITpn manoit ckopocT ae¢hOpMHEPOBaHHs CONPOTHBIICHAE
JIbla B MOMEHT NPHJIOKEHUS Harpy3KH HaYHWHAET YBEJIMYNBATHCA H JOCTH-
raet HeKOTOpO¥ NOCTOAHHON CKOPOCTH, COOTBETCTBYIOLIEN CTaiUM YCTaHO-
BHUBLIelica non3ydecry. IIpu yBeanyeHnn cKopocTd fecopMHPOBaHUs CONpPO-
THBJIEHHE JIbJa NOCJIe CTafMH YCTaHOBMBILIEHCS MON3Y4YeCTH HaYHHAET
yMeHBILAThCA, NPUOIIIKAsACh K BENNMYMHE NPefielia JUIMTENbHOM NoJ3yYecTH.
ITpu GonbLINX CKOPOCTAX fKe(hOPMHUPOBAHNA CONPOTUBIIEHHE JIbAA OLICTPO
HapacTaeT A0 NpefieNia ero MpoOYHOCTH, Nocle Yero oGpasel; paspylaeTcs.

CKOpOCTh YCTaHOBMBLIEHCS NMOJ3YYECTH JibJa U3MEHAETCA B 3aBHCH-
MOCTH OT BEJIMYNHBI HaNpsDKEHHUI CBUTa, TEMIEPATYPhl N CTPYKTYPhI JIbAA.
OHa TeM Gonblre, YeM Goublle HanpsXXeHHWE, P 3TOM YBEJIHYUBAETCHA
C POCTOM HaNpsXXeHWil B CTeneHHO! 3aBHCHMOCTH. CKOpPOCTh NOJI3y4YeCTH
YBEIMYHMBAETCA IIPH NOBBIMIEHHHA TEMIIEPATYPhl, OCOGEHHO NIPU NPUOIIDKEHUN
K TeMmnepaType TasHus (puc. 5.8). 3aBHCHMOCTb OT CTPYKTYpPh! BEIpPaKaeTcs
MeHee 4eTKO. CKOpOCTh NOJI3yYECTH KPYITHOKPMCTAJIMYECKOrO JIba Hec-
KOJILKO GOJibllle, YeM MeJIKO3epHUCTOrO. JIJ1st ILAOB C YETKO# OPHEHTHPOB-
KOl KPHCTaJJIOB CKOPOCTb NOJI3Y4eCTH IIPH CABHTE, IEPNEHAUKYJISIPHOM OCAM
KPHMCTaJIIOB, 60JIbIlIE CKOPOCTH CIIBHIa BJIOJb OCEH.

Y cTaHOBUBIIASACA CKOPOCTH IOJI3YYECTH JIbJa IPH YHCTOM CABHIrEe paBHA

d K
“E’I =1_o ™, 54

rpge T — BeJIMYMHA HanpsKeHus chsura, ITa; © — temnepatypa nbpa, °C;
n, K — smmapuyeckue k03 (PUIMENHTD, 3aBUCALINE OT CTPYKTYPHI JIbAa (ANs
nbaa GecnopsAnoYHOM CTpyKTYphl n=2 ¥ K = (0,6 + 1,2) - 1078 rpap/TIaZc).

CKOpOCTh IIOJI3y4ECTH NPH CJIOXKHOM HaNpPSKeHHOM COCTOSSHMM OIIUCHI-
BAeTCs AaHAJIOTAYHOM 3aBHCHMOCTBIO, TOJILKO C yYETOM HHTEHCHBHOCTH Kaca-
TENBHBIX HANIPSDKEHUH B 06 bEMHOrO cxkaTHs. PacueTsl cKOpocTel U BEJTMYHH
RedopManuu JIbAa B IEPBOH U TPETbE CTAUAX NON3y4eCTH TpeOYIOT po-
BefieHns1 Goiee CIOXHBIX pacyeToB. IIpn nepeMeHHbIX Harpy3Kax CKOpOCTh
NONI3Y4YECTH ONpENENAETCA HE TONbKO BEIMYHUHON AEHCTBYIOMMX HaNpsxKe-
HMIA, HO 3aBHCHT TaK>Ke OT "MCTOPHHM 3arpy>KeHus" (BEJIMYAH NPEALIeCTBYIO-
IUX Harpy3oK H BpeMeHH, POLIEALIEro Nocie UX U3MeHEHHs).

C non3y4ecThbio JIbAa CBA3aHO SABJICHHE PeIakcaluy HaNpsKeHHit py
IIOCTOSIHCTBE BEJIMYHHEI AiechopMalun. Eciii KO 7By NPHIOXHUTL BHEILIHee
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yCcHIIMe, a 3aTeM OrPaHHYUTh HapacTaHHe feOpMaLuy, COXPaHUB ee Belu-
YUHY HEM3MEHHOH, TO ynpyras 4acThb 001eil fechopMaluy HAYMHAET YMEHb-
IIaThCA 32 CYET COOTBETCTBYIOIErO HAPAaCTaHUA IlacTHYecKoi. C yMeHb-
IIeHneM ynpyroi yactu AecopMaliuil YMEHbIIAEeTCA ¥ CHJIa CONPOTHBIIEHUS
nbJa.

CKOpOCTDb peslakCauyy HanpsDKeHAH 3aBHCHT OT CTPYKTYPHI U TeMIlepa-
Typb! JIbJja, BEJINYUHbI HAYaJIbHOrO HANPSKEHNS W NPONOIKUTENLHOCTH
necdopMHpOBaHHA JIbJA IO Havana pejakcanuu. Cuila CONpOTHBIIEHAS JIbAA
NpH NOCTOSIHCTBE €ro Aecdopmanuy yOniBaeT TeM GhicTpee, YeM MeEHbLIE
IPOMEXYTOK BPEMEHH MeXX/ly MOMEHTOM NPUIIOXKEHNAS HarPY3KH B Ha4yaJioM
penaKkcaluuy, T.€. HaIPsDKEHA PellakKCHPYIOT TeM ObicTpee, YeM MeHbLIe
nep necpopMHpOBaCA 3a cUeT noisydecty (puc. 5.9).

5.4. NPO4YHOCTHbLIE XAPAKTEPUCTUKU NbAA

ITox noHsATHEM NPOYHOCTH MOAPa3yMEBAETCA CIIOCOGHOCThL MaTepHuana
CONPOTHUBIATHLCSA Pa3pyLICHHIO MIOJ BO3AEHCTBHEM MEXaHHYECKHX Harpy3oK.
Tak Kak pa3pyllleHHe JIbJla B 3HaYHTENbHOH CTENEHH 3aBHCHT OT BHAa
Harpy3oK M YCJIOBMI MX NPHJIOXKEHHS, TO JJI OLIEHKH ero pOYHOCTH NpH-
MEHSeTCA LEeNbIi HaGop NMPOYHOCTHBIX XapaKTepHUCTHK. [l nonydyeHus
TAaKHX XapaKTEPHCTHK Hauboee 4aCTo NPOBOAAT HCIIBITaHUA OGPas3LoB Jbja
Ha OJ{HOOCHOE CXaTHe M Ha cuBur. JIDOBORAT Tak>Ke MCNBITAHHA JIbAA HA
pacTsaxkeHue, H3ru6 u BpaBiauBaHMe wtamMnoB. HanGonee nojHoueHHblE
HaHHbIE MONYYAIOT NPH KOMIUIEKCHBIX MCIIBITaHMUSAX JIb]a Ha TPEXOCHOE CXa-
THE, OHAKO TAaKHE HCIBITAHUA NPOBOAATCA PENKO M3-32 MX CIOXKHOCTH.
BennunHa HanpspKeHUs, IPM KOTOPOH JIe[ pa3pylIaeTcs, Ha3bIBaeTcA npe-
IeJIOM CONpPOTHBIIEHHS WX NpefesioM NPOYHOCTH. B 3aBUCHMOCTH OT BHja
HCIIBITaHUI ONpeNeNtIOT BENNYHHBI Npeie]IOB NPOYHOCTH JIbJa Ha OJHO-
OCHOE CXaTHe, Cpe3, pa3phiB, H3TH6 U CMATHE.

Jna MCHBITaHMA Ha CXKAaTHE M3 JIENAHOrOo NOKPOBa MJIM MacCHBa JIbAA
BBIpPE3aloT 06pa3ikl B BUjie KyOHKOB ¢ rpaHaMu 7, 10 unu 20 cM ¥ noasepra-
IOT MX CXAaTHIO NPH NOCTOSHHON CKOPOCTH AedopMHUpOBaHMS HIM NpH
NOCTOSTHHO# CKOPOCTH HarpyxkeHus. IIpefeibHOE CONPOTHBIIEHHE JIbJa K
MOMEHTY Havaya pa3pyumeHns KyOnKa IIpH CXXaTHHA C IOCTOSHHOH CKOPOCTBIO
mRecdopMupoBaHus MM HanGoJblIas Harpyska (pUKCHpPYIOTCS Kak Ipefeln
npounocty. HaGmonaeTcs 3HauMTENBHEIA pa36poc nokasaresiei NpoYHOCTH,
TaK KaK Ha UX KOJIMYECTBEHHYIO BEJIMYHHY, IOMUMO OCHOBHBIX XapaKTepHC-
THK JIbfia (TEMNEPATYPhI, INIOTHOCTH H CTPYKTYPHI), CYIECTBEHHOE BIIHSHAE
OKa3bIBalOT METOJMKA NIPOBEAECHNs UCIILITAHNH ¥ pPa3Mephbl HCIBITHIBAEMBIX
0o6pa3nos. Tak, B 3aBUCHMOCTH OT CKOPOCTH JiechopMHpOBaHUs 0Opa3ua JIbAa
npefes NpOYHOCTH M3MeHseTcs B 1,5-4 pasa (ta6a. 5.1). Ilpn cxatun
o6pa3ua Bo3pacraloleil Harpy3Kkoil npefies1 IPOYHOCTH YBEJIUYHBAETCA IO
Mepe NOBBIIIEHHS! CKOPOCTH HAarpy>XEHHs M IOCTHraeT MaKCHMyMa IIpH ee
ckopocru nopsaaka 0,3 MIla/c. Ilpu ganbHeleM yBeJIMYEeHHH CKOPOCTH
Harpy>XeHAs Npefes NPOYHOCTH HaYMHAET YMEHBIIATHCA, TaK KaK NOABIS-
IOTCA YCJIOBHS JJIS XPYNKOro paspyuieHns oGpasiia JbJa IpH paclpocTpa-
HEHHH B HEM BOJIH ynpyroi pecdopmanmu. BinsHue CKOpoCcTH Harpy>XeHus
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Tabauya 5.1

TIpenen MPO4YHOCTH PEYHOrO NbJA Ha CXKaTue
(Kopxagun, 1962)

Ckopocts ITpenen npounocru (MITa) npu Temnepatype, °C
reopaamposa- ,
HUA , CM/MMH
0 -2 -4 -6 -8 ~-10
2 14 2,1 2,7 35 4,1 49
20 1,0 1,0 1,1 1,1 1,3 1,4

* CxopocTs cxaTust Ky6ukoB pasmepom 10 - 10 - 10 cm3.

0COGEHHO CUIILHO CKa3bIBAa€TCA NPH HU3KOMH TeMIepaType, KOrfa nposBJis-
10TCA XpyIIKHe CBOMCTBA JIbJia, a 0 Mepe npub6mikeHns K 0 °C 3To BiausHue
yMeHblaeTcs. IToHIbKeHHe TeMIepaTyphbl YBEJIMYNBAET IPOYHOCT JIbJA.

ComnocraBieHue pe3yabTaTOB HCHBITAHMI Pa3jIMYHBIX MO BEJIMYHHE
o6pa3noB JbJa NMOKa3bIBaET, YTO CpefHee [JiA GONBIIOro KOJIMYECTBA
0o6pa3LoB 3HaUYeHHe Npefesia MPOYHOCTH IO Mepe YBEJIMYEHUs pa3sMepOB
o6pa3uoB yMeHbIaeTcs. IIposBaserca Tak Ha3biBaeMblit MacumITaGHbIi
adpdekT. O6BACHIAETCA 3TO TEM, YTO NpU yBeIuUeHNH o6 beMa aedopmu-
pyeMoro MaTepHaja yBEJHNYHMBAETCA BEPOATHOCTb Hanuyusa B oGpasue
RedeKTOB M OCIaGJIEHHBIX CTPYKTYPHBIX 3JIEMEHTOB, KOTOpbIE CIYyXaT
NOTEHIMANIbHBIMH OYaraMi pa3pyuieHus.

ITpouHocTh JbAa ¢ GecCOPAAOYHON CTPYKTYpO#H OOGBIYHO HECKONBKO
BBIIIE NIPOYHOCTH JIbAia C OPHEHTHPOBAHHON CTPYKTYpoii. Tak, B 1efAHOM
IIOKpOBE peK NPOYHOCTb MYTHOTO JIbJIa HaYaJIbHOTO JiegooOpa3oBanusd B 1,1—
1,4 pasza Gonblre NPOYHOCTH NMPO3PAYHOro JIbAa MPaBUIBHOrO KpHCTal-
Jmyeckoro crpoenns. Ilpenes npoYHOCTH JIba YNOPAXOYEHHOH CTPYKTYPhI
IIPH CXXaTHH BJOJb OCEll KPHCTAJIJIOB NpUMepHO Ha 10% Gonblue, yeM npu
CXKaTHH NEPIEHAMKYIAPHO OCAM KPHCTAIJIOB.

ConpoTusiieHne NbAa pa3pbiBy 3aBHCHT OT TeX e ¢(aKTOpOB, YTO
H CONPOTHBJIEHHE pa3faBIMBaHUIO, TOJBKO YMCIIEHHbIE IIOKa3aTeNu Npoy-
HOCTH Ha pa3pbliB 3HaYUTENILHO MEHbIIIe IIPOYHOCTH Ha cxkaTtue (Tabi. 5.2).
Ha BenuuuHy IPOYHOCTH JibJja IPH pa3pbiBe GOJIbIIOE BIUAHUE OKa3bIBalOT
pa3yMyHbIe BKIIIOYEHUS BO JIbAy ¥ CTPYKTYpHbI€ HEORHOPOXHOCTH, KOTOpbIe
MOTYT CTaTh OYaroM paspyumeHus. Eciu npu cxkatun obpaser JbAa nocie
NOSABJIEHASA TPEIMH MOXET AONYCKATh JaNbHelllllee YBETMYEHNE HArPy3KH, -
TO NPH pacTsLKEHUN o6pa3el] OGbIYHO pa3phiBaeTcs 6€3 npeBapUTEILHOrO
0o0pa30BaHHs TPEWHH, T.e. NepBas TpelHHa ObICTPO PacTET M CIYXHT
IPHYMHON pa3phiBa.

ConpoTuBienne JbJa cpe3y, Tak Xe KaK H Ipefesl NPOYHOCTH NpH
APYTHX BHJIaX Pa3pyLIEHHA, YBEIMYABAECTCA C IOHUKEHAEM TEMIIEPATYPhI U
MOJKET H3MEHATHCA B 3aBUCHMOCTH OT CTPYKTYPhI JIb[]a, HalIpaBJIEHHs Cpe3a
OTHOCHTEJILHO HallpaBJIEeHNs OCEHl KPHCTAJJIOB M CKOPOCTH Harpy>KeHus.
ITpenen MpOYHOCTH NPH Cpe3e — TOro XXe NOPAAKA, KaK U IIPH PaCTKEHUH.
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Tabauya 5.2 BennunHa MpOYHOCTH JibAa NpH H3rube

MHHUMATLHbIE OGBIYHO ONpefeNAeTcA KaK MaKCHMAJbHOE

M MaKCHMAJbHblE 3HAYeHHs pacTarusaloniee HampsikeHue B H3rubae-
MpeReNoB NPOYHOCTH NbAA MOM 06pas3ie, BHIYACIAEMOe Ha OCHOBaHUM
¢opMyJ1, BhIBEJEeHHBIX [y M3ru6Ga 6aJyiok

Criocos Tpenens: u3 ynpyroro matepuana. Ho Tak Kak BO
paspylieHus | NPOUHOCTH by MPOHCXONAT BA3KOIIACTHYECKHUE [ie-
fbha xtpa, Mila ¢opmanuu, TO pacueTHOe HaNpsXeHHe

OKa3bpIBaeTcs 6oibuie cbax'm'{ecxoro.

Cxarue 1,0-8,0

Paspuis 02-2.0 JTHM U onpefenseTcs TOT PaKT, YTO Npe-
Cpes 02-3,0 AeNl NPOYHOCTH NpH u3rube OniBaeT Hec-
Haru6 0,4-3,0 KOJIbKO GoJbllie npefesia NPOYHOCTH NPH
BnasnuBanue 1,0-10,0 PAacCTsOKCHUM.

rammna Ilpu BpaBiIMBaHMM B Jef >KECTKOroO

Tena (IITaMIIa) BEJIMYMHA CONPOTHBIICHUSA U
XapaKkTep ero paspyuIeHHs 3aBHCAT OT pa3MepoB M ¢OPMBbI LITaMIa,
CKOPOCTH BJIaBJIMBaHMsA, @ TaKXKe pa3sMepOB M KOH(Urypaiuuu Toro o6’ remMa
Jbfia, B KOTOPBIA BpaBnuBaeTcs mrTamn. IIpy MemyeHHOM HapaCTaHMH
Harpy3KkH H ee JIMTEbHOM JCHCTBHH, BbI3bIBAIOIIEM MaJibl€ 10 CPABHEHMIO
C IpefesioM NPOYHOCTH HANpPsDKEHHs NOJ| LITaMIIOM, OTMEYaeTCs IJIaBHOE
NnorpykeHme HITamia, o0ycioBJIEHHOE NOJ3y4ecThIO JbAa. BricTpoe Hapac-
TaHHE Harpy3KH BbI3bIBA€T XPYNKOE€ pa3pylleHHe JIbAa OKOJO IITaMia C
obpa3oBanneM TpeunH. IlpefenbHoe CONpOTHBIEHHE MECTHOMY CXKaTHIO
MoxeT 6biThb 1O 2,5 pa3a Gonblie mpepgesia NPOYHOCTH NPH OJHOOCHOM
CXaTHH.

IIpn BBIHYXAECHHBIX KOJNEeOGaHUAX, BbI3LIBAIOIMX 3HAKONEpEeMEHHBIE
HaNps>XeHUs1, BO JIbAY MOTYT NOABHTHCA TPELINHBI, KOTOPbIE NIOCTENEHHO
PAacTyT H NPUBOJAT K ero pa3pyuienuio. IToaTomy BeivunHa npepeiia npoy-
HOCTH C yBEJIMYEHHUEM KOJMYECTBAa IMKJIIOB Harpy>XeHHs 3HAYMTEJbLHO
yMEHBIIIAETCA.



CHEXHbIA NOKPOB

naBa 6

®OPMUPOBAHUE U METAMOPO®U3IM
CHEXHOIroO NOKPOBA

6.1. OBPASOBAHUE KPUCTAIOB JNIbJA B ATMOCOEPE

HarpeBaeMsle y 3eMHOI IOBEPXHOCTH BO3AyLIHbIE MaCChI HaCHIAIOTCA
BOJAHBIMHA [TapaMH U NIOJHUMAIOTCSA BBEPX, NOCTENEHHO OXNaXxpaasce. [Ipn
onpefieNeHHON TeMIlepaType BJIaXXHOCTb BO3JlyXa JOCTHraeT NmpefelIbHOH
HACBIIIEHHOCTH, lajibHelilllee TOHWXEHNEe TeMIIEPaTyphbl NPHBOJHAT K TOMY,
YTO BO3[IyX CTAHOBHUTCA NepeHAChIIIeHHbIM. H3JIMIIIKA BOJSHBIX IapOB KOH-
REeHCHPYIOTCA B BHfle MeJIbYalilmX Kalneib, KOTOphle B 33aBHCUMOCTH OT KOH-
KPeTHbIX TePMOJMHAMHYECKHX YCJIOBHI MOTYT HCYe3aTh, PaCTH HIIH 3aMep-
3aTh, NPeBPALIasCh B KPUCTAJIIMKH JIba. 3apOALIIIN KPHCTAJIJIOB JIbAA pac-
TYT BCJIECTBHE KOHACHCAI[AM Ha MX NOBEPXHOCTH NapoOB BOALI M3 OKpYyXKa-
IOIIETro BO3/lyXa M 3aMep3aHus 3Toi Biaard. CKOpOCTh pOCTa KPHCTAJIIIOB
TeM Goublile, YeM HIDKe TeMnepaTypa o6laka, B KOTOPOM 3apOXXAAIOTCH
STH KPHUCTaJUIbl. Y TSKeJIeHHble KPHCTAJIIbI JIba HAYHHAIOT NajiaTh ¥ NpA
3TOM OGPAcTalOT JONOTHATEILHBIM CJIOEM JIbAa BCIEACTBHE 3aMEP3aHUs Ka-
nenib BOAbI, KOTOpble OHM BCTPEYAlOT Ha CBOEM NYTH. 3aMeTHOe NajieHue
KPHCTAJUIOB JibJia B aTMOC(epe HauMHAaeTCs NIPH JOCTIDKEHUH UMK pa3Mepa
OKO0JI0 50 MKM.

Kpucranns! o6pasyiomerocs B atMocepe Jibia pa3sHoo6pa3Hbl 10 CBO-
eit opMe: 3Be3{OUKH, IIIACTUHKH, HIIIbI, IPU3MbI, TUPAMHUJBI, CTOIGHKH A
KoMG6nHEpoBaHHbIe (urypsl. Vix hopma onpepenseTcs KOMILIEKCOM TEPMO-
AMHAMHYECKUX YCIIOBHIi B 3aBUCHMOCTH OT BHJ]a OGJIaKOB M BBICOTBI MX HO-
JIOXEHNAs, TEMIIEPATYphl ¥ BIaXXHOCTH BO3[yXa, HalPaBJICHUS H CKOPOCTH
ABIDKEHHS BO3JIyIIHBIX IOTOKOB.

ITo ycnoeusaM copMHpOBaHHUS CHEXXHHOK TPONocdepy MOXKHO pa3fielIuTh
Ha CJIE[{yIOlIHe TPH 30HBI.

1. HixnHss Tponocdepa — 30Ha CIOMCTO-JOXAEBbIX 00671aKOB. 3eCh
HaGimofaeTcss GoJblias aGCONIOTHAS BIAXXHOCTh BO3[AyXa C TEMHEPATYpPOi
ot 0 go —15°C npn MaioM NEpPECHIIEHAR 10 OTHOLIEHHIO KO JIbAY. B aTHx
YCJIOBHSIX Pa3BHBAIOTCSA IJIAaCTHHYAThIE CKeJeTHble (POPMBI CHEXXMHOK —
3BE3[l0YKH H IUIaCTHHKH.

2. Cpenusas tponocdepa — 30Ha BHICOKOCIOHCTBIX B BHICOKOKYYEBBIX
o6nakos. TemnepaTypa Bo3gyxa ot —15°C go 30°C, BIaXXHOCTb CpefHss.
YcnoBust Gi1aronpHATHBI {JIS POCTa CIUIOMIHBIX KPHCTAMJIOB — TOJCTBIX
TUTaCTAHOK U IIPA3M.

3. Beicokast Tponocdepa — 30Ha mepHCThIX o6GnakoB. TemnepaTypa
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Hmxe —30°C, a6coNMoTHas BIaXHOCTh MaJiasi. IIpu GoNblIOM NEpeChILIEHAN
(B KOHBEKTHBHBIX NEPHCTBIX 06JlaKax) pa3BHBAIOTCA KPHCTaJUIbl B BHJE
nonsix npusm. IIpu cpepneM nepecblillieHAH (NEPHCTO-CIOUCTLIE 06TaKa)
PacTyT OMHOYHBIE CILTONIHbIE KPHCTAJIbI.

Bo BpeMs najeHHs CHEXXMHKY NPOXOAAT YePe3 CIOM BO3AyXa C pa3iuy-
HBIMH TEMIIEPaTyPHO-BIasKHOCTHBIMH YCJIOBHAMH, KOHEYHas popMa KpHC-
TaJIJIOB [IPH AOCTHXKEHHUH 3eMJIM ABJISETCA Pe3yJALTaTOM CJIOXHOro B3aHMO-
AEeHCTBHA HX C OKpYXKalolleit Cpefloi Ha BCEM NYTH HX NajeHus.

PocTt cHeXHHOK B aTMOC(hepe OOGBLIYHO NPOHCXONHUT OJHOBPEMEHHO
nyreM CyGIHMalLM¥ BOXAHOrO Napa H 3aMep3aHus OCE[alOIIUX NEPeoXIaxK-
AEHHBIX Kaneyek Bofbl. IIpH NOBBINIEHHOM MHUTAHHH NEPEOXNIAKACHHBIMH
KaIUIIMH KPUCTAJUIBI TEPSAIOT NPaBHIbLHYIO (POPMY ¥ MOTYT NPEBPAaTHTHCA
B chepuyeckue 3epHa cHexxHOH Kpynbl. Ecin kpucrann nonagaer B Gonee
KPYMHOKANeNbHYIO YacTh 06JIaka, TO BO3HUKAIOT YCIOBHs AN 0Opa3oBaHus
NpO3payHbIX 3epeH JeisiHOM KPYIbI HIIH LIaPOBHAHLIX JIENAHBIX 0Opa3oBaHuit
- rpapna. Ilpn 3aMep3aHuH Kanenb JOXAA 00pa3yloTCs 3epHa NPO3PayHOro
JIba — NEASHON NOXAb.

6.2. MEXXAYHAPOHAS! KNACCUOUKALIMA CHEXXUHOK

dopmMa 1 pa3Mepbl AOCTUrAIOUIHX 3EMHOM MOBEPXHOCTH YaCTHIL TBEPALIX
OCafIkOB 3aBHCAT OT TEPMOJMHAMHYECKHX YCIOBHH 3apOXJEHHS M POCTa
KpPHUCTAJIJIOB JIbAa B aTMOcepe ¥ TeMIepaTyphl IPH3EMHBIX CIIOEB BO3AyXa.
B cooTBeTCTBNMH C MEXAYHApOAHO! Knaccugukauueit pasnuyaror 10 ocHos-
HBIX THIIOB CHEXXWMHOK (pHC. 6.1, 1-10).

1 — nNacTMHKM — TOHKHE IUIOCKHE KPUCTAJUIb] HIECTHYTOJIBHOM (OpMBI
C MaKCHMaNbHbIM pa3zMepoM 0,1-5 Mm;

2 — 3Be3g9aThle KPUCTAJUIBI — TOHKHE MJIOCKHE KPUCTAIIIbI B BUAE IEHA-
PHUTOBBIX 3Be3[ ¢ ayuyamu. OGLIYHO UMelOT 6 Jydeil, HHOrKa BCTpeYaloTcs
KpHucTtamisi ¢ 12 1 18 nyyamn (cpocimmecs 3Be3fouku). CpeHuii guaMeTp
3pe3q 0,5-10 MM, TomuguHa ot 5 Ko 30 MKM. 3Be3fbl — HanboJlee YacTo Hab-
moparomasca ¢opMa CHEXKHHOK, BbINAAIOIIMX IPH HEOOJBIINX MOPO3aX;

3 — cTONOMKR — NPA3MaTHYECKHE, HIIK NOJIble NMPaMHUJLI, TUPaMHALI K
KOMOHHauuu 3THX popM. MakcuManbHas JJIHHA — A0 HECKOJNBKUX MHIIIH-
METpPOB, OTHOLIEHHE JJIMHBI K NONepeyHuKy oT 2 fo 4. Beinagaror npu
TemnepaTtype Hike —20°C;

4 — urabl — TOHKAE UMIMHAPHYECKHE KPHUCTAJIbI JuuHO# 0,2-6 MM
puametrpom 0,02-0,2 MM 1 ux cpoctki. OGpa3yrloTcs IpH HA3KOH TeMnepa-
Type H "cyxocTn" BO3fyxa;

5 — nmpocTpaHCTBeHHBIE IPEBOBHAHbBIE KPHCTAILIBI — CIIOXKHbIE KPHCTAJI-
7Bl C JyYaMH B BHJE JINCThEB NANIOPOTHHKA, PACXORALIUXCA IO MHOTHMM
HanpasJIeHHAM (exXn). [JuaMeTp KpHCTaJNIOB — R0 HECKOIBKUX MUJIMMETPOB;

6 — yBeH49aHHble cTOJNOBKH ("3anoHKH") — CTONGHKHU CO 3BE3JOYKAMHU
MM IJIaCTHHKAMM Ha KOHIAX, a B PAMie CIIy4aes C AONONHATEILHBIMHU IJIac-
THHKAaMH B IIPOMEXYTOYHBIX NOJIOKEHUAX NEPNEHAMKYIIPHO K OCH CTOJI-
61Kka. Bo3MOXXHO cpacTaHHe HECKOJIBKHX CTONGHKOB. Pa3Mepn! cTONGHKOB —
1O HECKOJIBKMX MIJIIHIMETPOB;
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Pnc. 6.1. MexxnyHaponHas knaccuduKanus TBEPALIX OCaKOB
Tumbi cHexxHbIX KpHCcTANOB ( /-10) naHbl B TEKCTE

7 — HempaBWIbHbIE€ KPHUCTAUIBI — YaCTHIbI, COCTOSIINE M3 HECKOJIBKAX
6ecropsiOoYHO CPOCIIMXCA KPUCTAJIOB. Pa3Mep 4acTHI — A0 HECKONBKHX
MIJUIEMETPOB;

8 —xpyna — cHeXXHble Gellble MArKHE WIH NPO3pavHble JieASHbIe IapUKH
auameTpoMm 0,5-5 MMm;
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Ta6auya 6.1

Pa3Mmephb! CHEXHHOK M MIOTHOCTh CBEXeBbinasiiero cHera B XubuHax
NpHU pa3NU4HON TeMMepaType BO3JyXa H MaJloi CKOPOCTH BeTpa
(Casenses u ap., 1967)

INpeo6aanatowmas popMa CHEKHHOK Temnepatypa | Cpenuuit nua- InotHocTs
Bo3fyxa, °C METp CHEXXHMHOK |  CBEXKEBbINaB-
WJIH XJIONbeEB, ILIero CHera,
MM ke
ITnacruHky 1 cnaGo pacuNeHeHHble 22,0 1-1,5 30
3BE3BI
Merkne ReHAPHTOBLIE 3BE3/1bI -15.6 1-2 40
IInacTHHKH H AEHAPHTOBBIE 3BE3/IbI -14,3 no 2,5 50
3Be3fibl, ONyIEHHbIE H3MOPO3bIO -11,2 2-3 40
CnoXHbIE ReHAPHTOBbIE 3BE3/IbI =19 nos 50
eHppHTOBbIE 3BE3AbI -5.4 6-8 60
CoXHBI€ 3BE3/IbI H XJIONbS —4.5 5-7 50
Menxne xnombs -3,6 10-15 100
Kpymibie xomnbs -0,5 35-40 140
OueHb KpynHbie XJIONbA, ONYILEHHbIE -0,2 10-20 170
H3MOPO3bIO :
KpynHble BaXHb1e XJIONbA 24 1520 200
KpynHbie MOKpbI€E XJIONDbS C IOXKAEM 4.8 no 50 260

9 — nepAaHOl [OXAL — NPO3payHbie JIeAAHbIE IIapHKH, HHOTAA C He3a-
Mep3aloIUM SPOM, AMaMeTpoM 1-3 MM;

10 - rpap — mwaposuaHbie NefsHbIe 0Opa30BaHMs, YaCTO HMEIOIME Ha
NIOBEPXHOCTH CJI0# MPO3pPayvyHOro JIbJa, HHOTAA C OCTPbIMH BBICTYIIaMH HIIN
CIOXHO¥ orpaHKkoi. [luameTp rpagus — go 150 mm.

B KOJIMYECTBEHHOM OTHOUIEHUH CPEfiN BhINafaoOUIMX TBEPALIX OCAKOB
npeoGiafaloT IIACTUHYATLIE U 3Be3{YaThbie CHEXMHKH. OTHOIIEHHE TOJM-
LIMHBI TAKMX CHEXKMHOK K MX AMaMeTpy cocTapiseT npuMepHo 1:50. Pasmep
CHEXHHOK TeM Goublle, YeM Bhblillle TeMIepaTypa NpH3eMHOro Clos
(Tabm. 6.1).

B GesseTpeHHy!0 nOrogy npu Temnepatype 0°C CHEXWHKM BO BpeMs
NajeHust MOTYT COSAMHATLCA U BbINAJaTh B BUAEC KPYNMHBIX Xnonnes. [Ipu
CHJILHOM BeTpe OHM CTAJIKHBalOTCA B BO3[[yXe, KPOLIATCA M BBINAfaloT
B BHUJie O0JIOMKOB.

6.3. ©OPMUPOBAHUE CHEXHOIO NMOKPOBA

$dopMHpOBaHHEe CHEXKHOrO NIOKPOBa B 3HAYMTENLHOM CTENEHH ONpeaes-
€TCSl METEOPOJIOrHYECKUMH YCIIOBHUSIMU U XapaKTepOM 3eMHOM TOBEPXHOCTH.
Ilpn BhimafieHnH B Ge3BETPEHHYIO NOrOfy CHET IOKPHIBAET NOBEPXHOCTH
3eMJIM CJIOEM NPHUMEPHO OfMHAKOBOM BBICOTHI, HE3aBUCHMO OT ¢hOpM pelibe-
¢a. TINOTHOCTL CBeXXEBBLINABIIErO CYXOro cHera cocrasiseT 30-100 kr/m3,
MOKpOToO cHera — o 200 Kr/M3, MOKpPOrO CHera, BHINAJAIOEro C OXKAEM, —
1o 300 xr/mM3. Eclu Xe CHer BbINalaeT C BETPOM CO CKOpPOCThLIO Gonee 3 M/c
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B YCIIOBHAX BEPXOBOW MeTeNH, TO CHEXXHHKH, JOCTHIAIOIME NIOBEPXHOCTH
CHEXXHOr0 IIOKpOBa, He MOTYT CpPa3y 3aKPENHUTLCA ¥ HaYMHAIOT CKOJIb3HTh,
KaTHTLCS MM CallbTUPOBATDb IO NMOBEPXHOCTH. XPyNKHE CHEXHUHKH pa3py-
LIAIOTCA U NEPEHOCATCA B NOHUXKEHHUA peiibecha MIIM -3a[|EPXKUBAIOTCA B
NOXBETPEHHBIX MECTaX OKOJIO npensaTcTeuil. O6GIOMKH CHEXXHHOK MOTYT
3aKpeIIAThCA M Ha CHEXXHOM IOKpPOBe. DTOMY CNOCOOCTBYET NMOBBILIEHHAS
TeMIlepaTypa H Jaxe YaCTUYHOE OIIaBJIEHHE NMOBEPXHOCTH CHEXHHOK B
TOYKaX MX COyapEeHus CO CHEXXMHKAMH, paHee 3aKpelIUBIIUMHUCS B CHEXKHOM
nokpose. M3MenbuyeHHble KPUCTAJIbI YIAaKOBLIBaloTCA 60Jiee KOMIIAKTHO,
yeM NpH COKOWHOM cHeronape. ITnoTHocTs ciios cyxoro cHera, chopMupo-
BaBLIErOCs IIPH BEPXOBOi METENH, MOXeT focTurats 200-300 xr/m3.

OTNOXeHHBIN BO BpeMs CHeronaja cioii CHera HaXO{UTCA B HeCTaGMIIb-
HBIX YCJIOBHSX, OH YILUIOTHSETCS NOJ fAeliCTBHEM COOCTBEHHOro Beca M NOJ-
BepXKeH MPOoLeccaM NepeKpUCTaIn3aluy. 3Be314aThle KPUCTAJIIb] pacnaja-
I0TCA Ha yacTd. 3yOYNKM KPHCTAJJIOB HCIAPSAIOTCA, ¥ Tap KOHIEHCUPYETCH
Ha 6oJiee KPYIHBIX 3epHaX, KOTOpble NP 3TOM YBEJIMYNBAIOTCA ¥ OKPYIJIf-
10TCA. 3aTeM OHM MOTYT IIPEeBPALaThCA B OTPaHEHHbIE 3epHa B IyOHHHYIO
H3MOpPO3b.

ITpu nocnenyionmx cHeronagax GOpMHpPYIOTCA HOBBIE CJIOM CHEXXHOIO
NOKpPOBa, KOTOpbIE OKa3bIBalOT BO3EHUCTBHE Ha paHee CPOPMUPOBABLINECA
CJIOM ¥ CaMH HENPEPBIBHO U3MENIbYAIOTCH.

CymecTBeHHble M3MEHEHNS CHEXXHOrO NMOKPOBa IIPOMCXOAAT TaKXe
¥3-32 NPOLIECCOB TasiHUS M MCNIAPEHHs C MOBEPXHOCTH, NOJ| BO3AEHCTBHEM
>KHAKHAX OCafiKOB U JPYTUX METEOPOJIOrMHEeCKUX (pakTOpOB.

B npottecce opMuEpOBaHUA CHEXXHOrO NMOKPOBAa B HEM MOTYT BO3HHKATh
JefifiHbIe KOPKH, CIIOH YIUIOTHEHHOrO BETPOM CHera, CJIoH riyOuHHOI H3MO-
PO3M H CJIOH C Pa3iIMYHOM CTPYKTYPOIi CHera.

B TeueHHe BpeMeHH 3ajieraHus CHEXXHOrO IIOKPOBa Pa3jInyMs B Xapak-
TEPUCTHKaX COCERHUX CJIOEB MOTYT HapacTaTb MJIM, HA060pOT, HCUe3aThb
B 3aBHCHMOCTH OT KOHKPETHBIX TEPMOAMHAMHUYECKHMX YCIIOBHH HX CyIeCT-
BOBaHHS.

6.4. BETPOBOW NEPEHOC CHEFA

CymecTBeHHOe NepepaclpefiejieHHe CHera B CHEXHOM NOKpOBe
NPOHCXORNT NPH HU3OBBIX METENAX, KOTOpble YacTO GbIBAIOT CHYCTA
HEKOTOpOe BpeMs IoCiie NpeKpauieHns cHeronafa. Ilpu yBennyeHuH cKo-
pOCTH BeTpa B IPU3EMHOM CJIO€ O OINpefeJIEHHOH BeJIMYMHbI, 3aBUCSALIEH
OT CBONMCTB CHEXKHOTO IIOKPOBa, YaCTHIbI CHEXKHOIO NOKPOBa NOAXBATLIBA-
IOTCS BETPOM M NPUXOJAT B BIDKEHHE. DTH YaCTHLbI KaTATCH, "TORNPHITH-
BalOT" H, YRapAACh O NOBEPXHOCTb CHEXXHOIrO NOKPOBa, pa3pylialoT ee,
NIPUBOJA B ABIDKEHHE HOBble Macchl yacTul. OCHOBHasi Macca METEJIEBOro
NMOTOKAa COCTOMT M3 vYacTHi cHera guameTrpoM 0,2-0,3 MM. DTH yacTHIBI
NepeMenaloTcs NPeUMYLIECTBEHHO NIyTeM CaJIbTALMH, T.€. NOCIIeJOBaTeNb-
Hble CKa4yK00OOpa3Hble TPAEKTOPHH COCTOAT M3 [IBYX BETBEH — B Ha4aJIbHOM
CTajiM{ NpbIXKKA YaCTHIA MOJHUMAETCA BBEPX IIOYTH BEPTHKAJILHO, 3aTEM,
yBlleKaeMasi IIOTOKOM BO3[lyXa, JOCTHraeT HEKOTOpPOH MaKCHMaJlbHOM
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BLICOTHI (71 GOJIBIIMHCTBA YaCTHL OHa He NpeBblmaeT 20 cM), ocne Yero
OHa CHIDKAeTCs ¥ NOJ OCTPBIM YIJIOM yAapAeTcsa O AeGIIALUMOHHYIO NIOBEPX-
HocTb. IIpn ynapax calbTHpyIOHIME YaCTHLLI Pa3pyllalOT NOBEPXHOCTH
CHEXXHOro NOKpOBa ¥ BbIOMBAIOT HOBBbIE YaCTHIbI, HHOTJia CaMH NIPH 3TOM
paspymascs. OGpa3oBaBIlInecs NP pa3pyLICHHN YaCTHIILI CHOBA NIO[XBAThI-
BalOTCA NOTOKOM BOo3fyxa. Hambonee jierkue M3 HHX NORHMMAIOTCA Ha
BLICOTY [0 HECKOJILKHX MEeTpOB H "IIaBaloT" B BETPOBOM IIOTOKE BO
B3BelIeHHOM Buje. Kpynuble yacTuusl cHera fuamerpoM 0,4 MM u Gonee
IepeMeLLaloTCs B OCHOBHOM NyTeM NepeKaThbIBaHUs 10 NOBEPXHOCTH CHEX-
HOro NIOKpOBa.

B npouecce MeTeneBOro nNepeHoca CHEXHHKM HCNapAIOTCA, NIO3TOMY
CYyILIIECTBYET HEKOe NpefielIbHOe PacCTOAHME, Ha KOTOpPOE OHH MOryYT OBbIThb
NepeHeceHbl IO X NMOJIHOrO MCnapeHus. JTa npefeiibHas AajlbHOCTh nepe-
Hoca cHera s ycioBuit Cubupn u Kpaitnero Cesepa cocrasnsieT 2-5 kM.

HauGonbumit pacxof MeTelleBOro NOTOKa, OnpefelisieMblii KaK Bec
YaCTHI| CHEra, NPOHOCAIIMXCA 32 EUHALYY BPEMEHH Yepe3 EMHALLY IUIOIAH
[IONepPeYHOro ceYyeHus NMOTOKa, HablogaeTcs HENOCPEACTBEHHO y NOBEPX-
HOCTH CHEXHOrO NOKpOBa. 3[1eCh, HA BBICOTE HECKOJBKHX CAaHTHMETPOB,
pacxon mMoxer focrurath 200-800 r/m? c. C yfaneHHeM OT NOBEPXHOCTH
pacxop TBepAbIX YaCTHUI CHera pe3ko yMmeHblnaeTcs. OCHOBHas Macca CHera
(o 90%) nepeHOCHTCS B NPU3EMHOM CJIO€ TONIMHOI 10 cM.

Ilpu HA30BOI MeTenn BbIAENAIOT TPH THUNA YJACTKOB: YYaCTKM CHETO-
cbheMa, XapaKTepH3yloluecs NpeuMyIECTBEHHO Jedianuent (CAyBaHHEM)
CHEra;, YYacCTKH CHErolepeHoca C OTHOCHTEJIbHbIM PaBHOBECHEM MEXAY
necdsAuMeii M CHErOOTJIOKEHUEM H YJaCTKH CHETOHAKOIIEHNS.

BeTpoBoii noToK, nonagas B CHerocOopHelit 6acceifH, HAaYNHAET NOCTe-
NIEHHO HaChILAaThCsA CHeroM. Paccrosinne, Ha KOTOPOM NMPONUCXOJAT NOJHOE
HaCbILIEHHE NIOTOKA, Ha3bIBAIOT JIIMHOI pa3roHa Metean. Ha aTom yuacTke
JJIMHOM NMOpPAJKAa HECKOJBKUX COT MeTpoB fediusuusa npeoGiafaeT Hap
akkyMynsanueit. Ha BropoM yuacTke, rjie MeTeleBblii OTOK NOJHOCTBIO
HachblIleH, HabmoaaeTcs BONHOOGpa3HOEe H3MEHEHHE NepeHoca. JTa CBOe-
o6pa3Has nyibcalus oOliero pacxofa NepeHOCHMOro CHera sBJIAETCA OfHOI
M3 OCHOBHBIX NpPHYMH OOpa30BaHHA Ha MOBEPXHOCTH CHEXHOrO IIOKpOBa
BOJIHUCTO! psa6H, 6apxaHOB M 3aCTpPyroB. 3acTpyru npuoGpeTaroT BHA
BBITAHYTBIX y3KHX rpeOHel, MMEIOUIMX KPYThi€ IOBETPEHHBIE H NOJIOrHe
HaBeTpeHHbIE CKIOHbI. BbicoTa rpeGHell yame Bcero — okono 20-30 cM,
pexe BcTpeuaroTcs Gosliee BBICOKHE 3acTpyrH. Mexpay 3acTpyramu pac-
NI0JIaraloTcs BeTpoBble 60po3Abl. JIIMHa 3aCTPYroB ROCTUraeT HECKONBKUX
MeTpOB, X JUIMHHbIE OCH COBNAJAIOT C HallpaBJIEHHEM TOCIOACTBYIOLMX
BETpOB.

Jns peTanbHOH XapaKTEpHCTHKH METEJIEBOTO CHEronepeHoca MpakTH-
KyeTcs IIOCTpOeHHe pO3bl NepeHoca CHera, KOTOpas BhIYepYHBaeTCA
TaK e, KaK po3a BETpPOB.

OOGuee KOMNYECTBO CHEra, IEPEHOCHMOrO Yepe3 rpaHuLy, NepleHuKY-
JISPHYIO HallpaBJIeHUIO Npeobafalollero cHeronepeHoca, B ycionusx ITox-
MOCKOBBS JOCTHTaeT HECKOJILKHX [eCATKOB KybomeTpoB Ha 1 mor. M.
B CeseproM Kasaxcrane m Ha Ypaine 3aHKCHpOBaH NepeHOC CHera
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mo 400 M3/mor. M, a B apKTHYECKHX pafiOHaX OH MOXET [JOCTHraTh
1000 M3 /nor. M.

Jns 3amMThI JOpPOr, KaphepoB, HaCeJIEHHbIX YHKTOB M PYTrHX 00beK-
TOB OT CHEXXHBIX 3aHOCOB NIPUMEHSIOTCA JIECHbIE HaCaXKJECHNS U pa3InuHble
KOHCTPYKIMH CHerosajepXKuBalomux 3a6GopoB, LIUTOB, CTEHOK, BallOB,
PeLIETOK U APYTUX KOHCTPYKLHIA.

6.5. YWNIOTHEHUE CHErA

Chxer npencrasiseT co60ii TOPHCTYIO MacCy, COCTOSIIYIO M3 NPOYHBIX,
HO cl1abo CBA3aHHBIX MEXJly COOOH KPHCTaJUIMYECKUX 3€PeH JIbAa, MEXAY
KOTOpBIMH cOfiepXuTtca Bo3ayx. Ilox pmeiictBmeM coGcTBEeHHOro Beca M
BHEUTHe# Harpy3Ku KpUCTaJUIMYeCKHe arperaTsl AechOpMHUPYIOTCS B COMMXKa-
IOTCS, BO3AYLIHbBIE NIOPhI YMEHBILAIOTCSA ¥ INIOTHOCTh CHEra YBEJIMYMBAETCA.
B pe3yissTaTe TakuX NPOLECCOB TOJMIMHA NEPBOHAYAJILHBIX CIIOEB CHEXXHOIrO
NOKPOBa HENPEPLIBHO YMEHBUIAETCS H NOBEPXHOCTb NOKpOBa "ocefaer”. B
CHEXXHOM NOKPOBE Ha FOPU3OHTANLHON MOBEPXHOCTH fAepopMaLms CHera
MPOMCXOAMT IO NMPHMHIMIY KOMIPECCHOHHOIO CXaTHf, T.€. NPH OJHO-
CTOpOHHEM CXaThH 6e3 BO3MOXXHOCTH 60KOBOrO pacinpenns. Takoe aecdop-
MHpPOBaHHE MOJICIMPYETCA CXKaTHeM OOpa3la CHera B XKECTKOM LMJITHHJpe-
OJIOMETpE, KOrfia yBeJIMYEHNE IIOTHOCTH COOTBETCTBYET BEIHYAHE OTHOCH-
TenbHOM fedpopmanuu (puc. 6.2)

g=£0_:_hL-_-uQ’ 6.1)
ho P

rae hg 1 h, - BbicoTa OGpasiia CHera B HayaJjle ¥ B IPOLECCE ero YIIOTHEeHNS;
Po 4 P; — COOTBETCTBYIOLIME 3HAYEHNUS INIOTHOCTH CHETa.

HedopMauys chHera IpOMCXOAMT B OCHOBHOM 32 CYET BS3KOIJIaCTHYe-
CKuX fecpopMaluii KPUCTAJNINYECKHX arperaToB M CBA3ell MEXAY HUMH.
CxkopocTtb fiechopManyMy # COOTBETCTBEHHO CKOPOCTh YIJIOTHEHHS CHera
3aBHCAT OT COCTOSIHMSI CHera ¥ BeJINYMHBI HaTPY3KH.

3aBHCHMOCTDb MeX/ly BEJIMYMHOM Harpy3KH ¥ CKOPOCTBIO BA3KOIO YIUIOT-
HeHus OnM3Ka K JIMHeHHOM:

de ldp o©
—d—t' = _d =—y (6.2)
pat My
rpe ¢t — BpeMs JEHCTBHA Harpy3KH; O — JaBJIEHHE Ha CHET; T, — KO3(-
(HULHEHT KOMNPECCHOHHOM BA3KOCTH, KOTOPbIA MEHSETCS B 3aBUCUMOCTH OT
IJIOTHOCTH, CTPYKTYPhI ¥ TEMIIEPATYPhl CHETa.

HawuGonniee BiusHAE Ha BEHYMHY KO3 HIMEeHTa KOMIPECCHOHHOM
BA3KOCTH OKa3bIBAaET INIOTHOCTh CHera. Tak, IO AaHHBIM HaONIOfEHHN 3a
OCeJJaHMEM CHEXXHOrO NOKPOBa, BEJIMYHHA 1), B AMaNla30He IIOTHOCTel oT 80
1o 500 xr/mM? Mensnaceh ot 2-10% go 5-10° IMa-c. CymecTBeHHOE BIHSHHE
OKa3bIBaET TaKXKe TEMIIEpPaTypa CHera, nNpH ee nosbieHun ot —30 fo -3°C
BeJIMYNHA KO3 duuueHTa KOMIIPECCHOHHOM BA3KOCTH yMeHbIaeTcs B 10—
100 pa3 B 3aBHCHMOCTH OT CTPYKTYPhI H INIOTHOCTH CHera.

Bs3KOCTb MEJIKO3EPHUCTOrO METEJIEBOrO CHEra OOBIYHO HAMHOTO MEHb-
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Puc. 6.2. KoMmnpeccnonHoe ynnotTHenue cHera (0 = -6 °C; ¢ = 1500 ITa)
Po» Kr/M: 1 - 310, 2 - 260, 3 - 220

1Ie BA3KOCTH OGBLIKHOBEHHOT'O 3€PHUCTOrO CHEra, yIUIOTHEHHOTO KO TaKOM
ke INIOTHOCTH, OCOGEHHO Ha PaHHMX CTafMsiXx MeTaMop¢gusMa. 1, Bo3pac-
TaeT N0 Mepe yBeJIUYEeHns pa3MepoB 3epHa NpHOIU3UTENLHO NPONOPLMO-
HaJIbHO TpeThel creleHy fuameTpa 3epHa (D), T.e. n, = kD3,

Iny6unHas M3MOpO3b XapaKTepHu3yeTcss GOJBIIMM 3HaUYEeHHEM T, MO
CPaBHEHHIO C OGLIKHOBEHHBIM 3€PHHCTHIM CHErOM (IPH OfMHAKOBBIX IIOT-
HOCTH H TEMIIEPATYphI).

ITpn NOBRINIEHHH TEMNEPATYphl 3aKOHOMEPHOCTH YIJIOTHEHHUS CHera
YCIIOXHAIOTCA BCIECTBUE YBEIMYEHN XXUAKONONOGHOTO ClIOA Ha NOBEPX-
HOCTH KPHMCTaJUIOB U NOsBJIEHUs1 cBo6oaHo# Bopbl. ITpu GoinbiioM copep-
XXaHWA BoAbl (6onee 5%) cHer nmop AeWCTBHEM HAarpy3KH BHavalie yIJIOT-
HseTcsl GBICTPO, NOKa He NPOH30ieT OO beAMHEHNE 3ePEH B KPYITHbIE CPOCT-
KH. 3aTeM CKOPOCTB YIJIOTHEHHS Pe3KO YMEHBIIAETCS.

B cHexXHOM NOKpOBE MHTEHCHBHEE BCErO YIUIOTHAIOTCA HIDKHME CIIOH,
HCIIBITBIBAIOUME HATPy3Ky OT PaclOJIOKEHHBIX BBhILIE CIOEB H HMEloIue
06b14HO 60Jice BbICOKYIO TeMnepaTypy. IIpn HOBBIX cHeronajax AasjicHHE
Ha HIDKHME CJION YBEJIMYMBAETCH, COOTBETCTBEHHO BO3PAaCTaET H CKOPOCTh
ynnoTHeHus cHera. ORHOBPEMEHHO C 3THM NPOMCXOJHUT 3aMe[JIeHHe
CKOPOCTH YMIJIOTHEHMsl CHera Il0 Mepe yBelWYeHHs ero IoTHoctH. Ha
HHTEHCHBHOCTb YINIOTHEHHSI CHEXKHOr'O IOKpPOBa GOJIbLIOE BIIMSHHE, IOMHMO
MeXaHMYeCKOro KOMIIPECCHOHHOrO YIIOTHEHHS, OKa3bIBAalOT NPOLIECCh] METa-
Mop¢n3Ma cHera.

6.6. METAMOP®U3M CHEXXHOI'O NMOKPOBA

MeTtaMop(u3MOM CHera Ha3bIBaeTCs COBOKYIHOCTb IPOMCXOASLIMX B
HeM IpOLeCcOB, KOTOpbIe NPUBOAAT K NPeoGPa3sOBaHUIO €r0 CTPYKTYPhI —
H3MeHEeHUIO POpMBI, pa3MePOB H KOJIMYECTBa KPUCTAJIJIOB JIbJa ¥ CBA3EN
MEX/y HUMH.

OCHOBHBIMH NpOLECCaMH MeTaMOp(du3Ma ABNAIOTCA: BO3TOHKA JIbJA U
cyGnuMaumsa BOAAHOrO napa Ha NOBEPXHOCTH KpMCTAaJUIOB; Nepepacnpe-
ReJIeHHe MOJIEKYJI JIbAa B pe3yJibTaTe TEPMOAMHAMHYECKOl HeCcTaGHIILHOCTH
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NOBEPXHOCTH KPHUCTAJIOB; MUIPallUs XKMAKHUX IUIEHOK IIO NOBEPXHOCTH
KPHMCTAJIJIOB H BOJITHOrO 1apa 10 MeXKPHUCTAJIMYECKOMY NPOCTPAaHCTBY NOR
BO3/IeiCTBHEM Pa3HOCTH TEMIIEPATYphl ¥ Pa3HOi KOHIEHTPAUMH BOASHOTO
napa B pa3JIMYHbIX CIOSX CHEXXHOTO NIOKPOBA; ClleKaHue (CMep3aHue) Jens-
HBIX KPHMCTaJIJIOB; TastHUE JIbJ]a U 3aMEp3aHHe BOJbI B CHETE; pa3pyllUcHAe U
BsA3KHe AehOpMaLUH JEASHBIX CBA3el MEX/y KPHCTANITIaMH; OTHOCHTEIIbHbIE
nepeMeunieHns KpMCTaJlJIOB MO AE€HCTBHEM COOCTBEHHOrO BeCa M BHELIHHX
Harpysok.

Pasnmuyalor yeThipe THNA MeTaMOp(H3Ma CHETa: N30TEPMUYECKHH, TEM-
NepaTyporpajjHeHTHbIH, MeTaMOp(hu3M TasHHA-3aMep3aHUs M [MHAMO-
MeTamMopdusM.

XapaKTepHbIMHE YEPTaMH H30TEPMHIECKOT0 METaMOp(H3Ma ABIIAIOTCS
paspylLueHHe u ynpouieHue )opMbl epBOHaYaIbHBIX CHEXXHWHOK, 00pa30Ba-
HHUe OKPYIJIbIX JIEASHBIX KPUCTAJJIOB M MX CONMMDKEHHE, pa3pylleHHe NepBo-
HayaJIbHbIX M CO3[laHME HOBBIX CBA3ed MeXJy KpucramiaMu. OCHOBHBIE
MEXaHH3MBb! 3THX M3MEHEHHMI — MEXaHMYECKHE Pa3pyIIeHHs CHEXHHOK H
cBsA3edl MEeXAYy KPHCTAaJlllaMH M NepepacnpefielieHne MOJEKYJ N0 NOBepX-
HOCTH KpHCTajioB. Ha BBINYKJBIX y4acTKax NOBEPXHOCTH KPHCTAJIJIOB
MOJIEKYJIBI IbAa 06nafatoT Goblieli CBOGOAHOMN 3HEpruel, YeM Ha MIIOCKMX
¥ BorHyThIx. HeogHOpORHO TaKkKe faBJICHHE MApOB B MEXXKPHCTAJIIIHYECKOM
BO3[yIIHOM NPOCTPAaHCTBE OKOJIO NOBEPXHOCTH KPHCTAJJIOB — OHO TEM
Gonblie, YeM MeHbIIIe pafyC KPUBH3HbI OBEPXHOCTH. M3-3a pa3HOCTH fiaB-
JIeHHs1 IApOB ¥ pa3JINynii B pacnpefelieHny CBOOOAHOI SHEPTUH NPOUCXOAUT
yhalieHHe BellecTBa ¢ Gollee BBINYKJIBIX YYaCTKOB NOBEPXHOCTH, epemMe-
LIEHAE 3TOr0 BEHIECTBA NlyTeM NOBEPXHOCTHOM A dy3un NN Npoueccos
BO3rOHKH — CyOJIMMAalM{ ¥ OTJIOXKEHUS BEleCTBAa HA MEHEe BLINYKJIBIX H
BOTHYTBIX y4YacTKax. B pe3ynbTaTe Takoro nepepacnpepeiieHns BeHleCcTBa
NIPOMCXOMAT OKPYIJIEHHe 3epeH CHera M pocT 6oljiee KPYHNHBIX 3a CYET
MeJKAX (coOupaTeNbHas NepeKPUCTaIIH3alHs).

MeTtamop¢}u3M HaYHHAETCA C TOrO, YTO BhINAAIOIME HAa MOBEPXHOCTD
3€EMJIH CHEXHHKH Pa3pylIaloOTCA M pacnajaloTcs Ha 4acCTH, NOCJe Yero B
pe3yibTaTe OKpYIJIeHUs 1 COGHpaTeNILHON NepeKPUCTAININ3AIMH CHET npe-
BpallaeTca B MEJIKO3EPHUCTYIO CPEAY, COCTOSALIYIO B3 OKPYTIIbIX, NPOJONTro-
BaThIX MM HeNPaBWILHON (pOpMBI 3epeH NpAMEPHO OAMHAKOBOIro pa3Mepa.
B nanbHeiieM KOJIMYECTBO 3€PEH B EAMHHLE O0bEMa CHEra yMeHbIIaeTcs,
a CpefHHUii X MaMETp YBEJIMYHBAETCA. JTO INPHBOJUT K IIOCTENICHHOMY
NpeBpalIeHHI0 MEJIKO3epHUCTOro CHera B CPEAHE3E€PHHUCTBbIN, a 3aTEM B
KPYIHO3€PHHCTBII.

H3oTepmudeckuii MeTaMOp(H3M BKIIIOYAET TaKKe CIIEKaHHE KOHTaKTH-
PYIOIMX 3epeH B O6pa30BaHMeE JIEAAHBIX MIEEK, KOTOpble OCOOEHHO HHTEH-
CHBHO PacCTyT B HayaJibHbie IIEPHMOMbI NOCJE CONPHKOCHOBEHHS JIENSHBIX
3epeH. OGpa3oBaHHe WIEHKN IPOUCXORUT BCIENCTBHE BO3rOHKH — cy6Gnuma-
L[MH JIJI3, 3 TAKXKe 00 bEMHOIT M NOBEPXHOCTHOMH A dy3nn.

ITepepacnpepenenne "eAsHO# MaTEpUN” NPH H30TEPMUYECKOM METa-
Mopdu3Me OrpaHMIMBAETCS MUKPOOGIACTAMH, HEITOCPEACTBEHHO NpHJIErato-
IIMMH K KPUCTAJIIaM.

TeMnepaTyporpagueHTHbIt MeTaMop(H3M XapaKTepu3yeTcs npeobpa-
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30BaHHMEM CTPYKTYpHI CHera IlyTeM POCTa OTHHX KPHUCTAIUIOB 3a CYET YMEHb-
IIEHUS U MCYE3HOBEHHUS PYrux MO AeHCTBUEM TEMIIEPATYPHOrO rpafiieHTa
BHYTPH CHEXXHOT'O NIOKPOBa.

Bo3pnyx B nopax cHera IIOYTH NOJHOCTBIO HAaChIIEH BOASAHBIM IIapOM U
MMeeT TeMnepaTypy, 6JIM3KYIO K TeMIIEpaType 3e€peH CHera. YNpyrocTsb 4
IJIOTHOCTh BOJSTHOrO Iapa YMEHBIIAIOTCA N0 Mepe NOHIXKEHUS TeMllepa-
TYpbl, IO3TOMY IIpH HAJIMYMU B CHEXXHOM NIOKPOBE TEMIIEpaTypHOro rpa-
AMeHTa Nap NepeMenaeTcs No NopaM B CTOPOHY, IJle TeEMIepaTypa CHera
HIDKe W INIOTHOCTh Napa MeHblIe, KaK NpPaBUJIO, OT NNOBEPXHOCTH 3eMIIH
BBepX. IIIOTHOCThL HACBILEHHOrO Napa NpM HOPMAaJIbHOM aTMOC(epHOM
pasnenuu npu 0°C pasna 0,0049 kr/m3, a npu —10°C — 0,0024 xr/m3.

H3-3a pa3HOiM KOHLEHTPAaLMM BOASHOIO Napa B Pa3iIMYHBIX TOYKax
CHEXXHOM TOJIIM BO3HHKAIOT MHTEHCHBHBbIE IPOLECCHI BO3rOHKH JIbAA,
MHTrpauyH BOJASHOrO napa u ero cybanMannu. Kpucramis! Ibfa ucnapsioTcs
c Golee TeIUIbIX NOBepXHOCTEH, OOGpa30BaBLINIACA NIPH 3TOM BOASHOM Nap
MHUTPHpYET IO MEXXKPHCTAJNINYECKOMY IIPOCTPAHCTBY B HAIpaBJICHHH, NIPO-
THBOIIOJIOXKHOM HaIpaBJIEHAIO TEIUIOBOrO rPafieHTa, H CyGIuMupyeTcs Ha
6oJee XONONHBIX NOBEPXHOCTAX OMIKafIINX KPUCTAJIJIOB.

B pe3ynbTaTe TeMnepaTyporpajMeHTHOro MeraMopcgu3Ma pacTyT HO-
Bble (POPMbI CKEJIETHBIX KPUCTAJIJIOB, KOTOPBIE NIOCTENEHHO 3aMEHSIOT 06-
JIOMKH CHEXXVMHOK H 3epHa CHera. B HIDKHMX CJIOfX CHEXKHOrO IIOKpOBa pacTyT
KpYIIHblEe KPHCTAJUIbI IJyGHHHOH HM3MOPO3W B BHJE OrpaHEHHbIX NPU3M,
nupaMup ¥ yamreo6pasubix opM. HTEHCHBHOCTB Npolecca NEpeKpHUCTall-
nu3anuu TeM Gonblle, yeM GONblLIE rPagHEHT TeMIEPATYpPhbl U YeM BbILIE
TeMIepaTypa paccMaTpuBaeMoro cios cHera. Han6Gosee BbiCOKasi HHTEH-
CHBHOCTb 3TOro Ipolecca HabmofjaeTcs B Hayajle 3UMbI B T€X CIy4asx,
KOTJia Manas TOJIL{HHA CHEXXHOro NOKpOBa COYeTaeTcs C HU3KOM TeMnepa-
Typoii Bo3fiyxa. ITpH Takux yclOBHSAX HIDKHHAM CJIOM CBEXXEBBINABIIEro CHera
MOXET 3a OHy—ABE€ HEJIEJIH NOJIHOCTBIO NPEBPATHTLCA B CNOM ri1yOMHHOM
M3MOpO3H (MHES).

OnucaHHble Ba TUIA MeTaMOp(¢n3Ma OGBIYHO JEeHCTBYIOT OHOBpe-
MEHHO, ¥ HX pa3fielieHHe HEeCKOJILKO YCIOBHO, TeM GoJjiee, YTO cyGiuMa-
IHOHHAasA NepeKpHCcTaIn3alus (nepepacnpeesieHue BelecTBa Yepes3 napo-
o6pa3nyio ¢a3sy), onpefensionias TeMnepaTyporpagfMeHTHbI# MeTaMop-
¢u3M, UrpaeT BaxKHyIO poiib B H30TEpMHYeCKOM MeTaMopdu3me. IToaTomy
MOXHO rOBOPHTD JIMIIb O NpeoGialaHuy TOrO MJIM MHOrO THNAa MeTaMop-
¢u3ma. Tak, nepBoiil THI MeTaMOp(hU3Ma XapaKTepeH [JIs PaHHe# CTafiuu
AMareHe3a CHEXXHOrO IIOKpOBa ¥ M3MEHEHHI CTPYKTYphl CHera B H30TepMH-
YeCKHX YCIIOBUSAX, a BTOpPOH THI OTPaXkaeT BIHSHHE TeMIEepaTypHOTO
rpajueHTa.

Tperuit THn MeTamopdhu3Ma CBA3aH C TassHHEM KPHCTAJIJIOB U 3aMep-
3aHHeM BOJbI B cCHere. IIpH NPOHNKHOBEHMH BOABI B FTOPH30HThI CHEXXHOIO
[IOKPOBa C OTPHLATENILHOM TEMIIEPATYPOJi IPOUCXOAUT YaCTHYHOE 3aMep3a-
HHE BOJHBIX IUIEHOK Ha IIOBEPXHOCTH 3epeH M BOKPYr KOHTAaKTOB MEXJY
HAMH. 3aMeTHbIE H3MeHeHNus B (hOpMe M BEJIMYHHE 3ePEH M CBA3AX MEXNY
HHMMH IIPOMCXOJAT NpPHU 3aMep3aHuu BOAbI B cHere. IloBTOpeHune nmpoueccos
YaCTHYHOrO TasHUSA H NOCIERYIOLIEro 3aMep3aHus MOKPOTO CHera BhI3bIBAET
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¢upHu3anuIo CHera ¥ 06pa30BaHME Pa3IMYHBIX HOBBIX CTPYKTYP, HAYMHasA
OT PBIXJIOH CTPYKTYPbI H3 OKPYIJILIX 3epeH OyCHHOK MM nonycgep, Mano
CBA3aHHBIX APYT C APYrOM, ¥ KOHYasi CHEXXMCTBIM NIOPHCTBIM JILAOM.

IIpoueccel H3MeHEHHs CTPYKTYpbl CHEra, CBA3aHHbIE C SHEPrHel Hanps-
>KEHHOrO COCTOSAHMA M fedopMaumeit noj AeHCTBHEM BHEIIHHX MEXaHM-
YECKHX YCHMIIHH, Ha3bIBalOT AuHamMomeTamopcguimom. ITox Bo3neiicrBueM
BHEIIHUX YCHJINII Ha KOHTaKTaX MeXJy 3epHaMH CHera M B CaMHX 3epHax
BOGIM3M KOHTAaKTOB BO3HMKAIOT NOBBIIIEHHbIE MECTHbIE HanpsxeHus. He-
OHOPOAHOCTH HANPSKEHHOIO COCTOSHUA B JIEAAHBIX 3€pHaX CIOCOGCTBYET
UX peKpUCTAJIM3aLMH. MeHee HanpsKeHHbIE KPHCTAJIIbI M MX YaCTH PacTyT
3a cueT GoJyiee HaNpsXXKEHHBIX YYaCTKOB. B pe3ynbraTe B CHEre NpOMCXOAAT
MHTEHCHBHOE IlepepaclnpefielieHie BHYyTPEHHIX MUKPOHANpPSDKEHNi B 3epHax
M Ha KOHTaKTaX MeX[y HUMH, CTPYKTypHas NepecTpoiiKa, COOTBETCTBYIO-
mas [elCTByIONIEMY HaNpSXXeHHOMY COCTOSIHHIO M HapacCTaIoIUM Je-
¢opmaimsM cHera. PaGora, 3aTpaunBaeMas Ha INIaCTHYECKYIO iepopMalLuio
CHera W ero YIUIOTHEHHe, NPeBpPalaeTCs B TEIUIOBYIO dHEPTHIO, HHTEH-
cH(pHALHAPYIOLLYIO JHHAMOMETaMOP(HU3M.

JuHamoMeTaMOp(dH3M CHera CaMbIM TECHbIM 06pa3oM B3aHMOCBS3aH C
MeTaMop(}H3MOM, NPOUCXOASALIMM H3-32 TEPMOJHHAMHUYECKOH HecTaGHiIb-
HOCTH KDHCTAJJIOB JIbJla ¥ IOJ JiefiCTBHeM NOTOKOB Telula u puddysnu
BOJITHOrO napa B cHere. [ToaTOMy JJIs OLIEHKM POJIM JMHAMOMETaMOp(hU3Ma
HEo6GXOMMO COINIOCTABINIAThL NPOLECCh] U3MEHEHUA CTPYKTYpPhI CHera, fecop-
MHPYeMOro NOJ AeHCTBHEM BHELIHUX Harpy3oK, ¢ METaMOp(HU3MOM TaKOro
JKe CHera B aHaJIOTHYHBIX TEMINEPAaTypHBIX YCIOBUAX, HO 6€3 Harpy3oK.

JunaMoMeTaMOp(H3M BHI3BIBAET CYIECTBEHHbIe H3MEHEHHA MEXaHH-
YeCKHMX CBOJCTB CHera B mpouecce ero aedopmaunu. Yaie Bcero oH co-
NPOBOKAAETCA YIUNIOTHEHHEM CHETa M YBEJIMYEHHUEM €0 NIPOYHOCTH.

IIpu MeTamMOpdu3Me CHEXXHOrO NOKPOBAa NPOABJIAIOTCSA [BE NPOTHBO-
NOJIOXKHBIE TEHACHIMM B U3MEHEHUN MEXaHHYECKUX CBOMCTB cHera. CyGiu-
MalMOHHas NepeKpPHCTANIN3alHs BEleT K YBEJINUYEHUIO pa3MepOB 3€peH,
YMEHBIIEHMIO UX KOJMYECTBA B eAMHNALE 06 beMa H CTPYKTPHOMY pa3phix-
JICHHIO, IPH KOTOPOM yMEHbIUAEeTCs OTHOCHTEJIbHasi KOHTAKTHas IOBEpPX-
HOCTBb M CHMJKA€TCS NPOYHOCTh CHEra, YTO, B CBOIO OYepe/ib, MOXKET HHTEH-
cuuIMpOBaTh OCceaHne CHEXHOro nokposa. ITocneHee BbI3bIBAET YIIOT-
HEHHME CHEra, yBeJIMYMBAeT KOJIHMYECTBO H IUIOI[alb KOHTAKTOB MEXY
3epHaMH ¥ BeJieT K YIPOUHEHHIO cHera. B 3aBucuMMOCTH OT (pH3HKO-reorpa-
(puyecknx # KOHKPETHBIX METEOPONIOTHYECKUX YCIOBHI MOrYT BO3HHKATh
NPOTHBONOJIOKHBIE TEHAECHIMN U3MEHEHHsl JAHHOI'O CJIOA CHera MJIM CHeX-
HOro NOKPOBa, B LI€JIOM, B CTOPOHY YIUIOTHEHUs I NpeoGbiaflaHui ocefa-
HHS M B CTOPOHY pa3phbIXJICHHS NpU GHICTPOM pOCTe 3epeH M He3Ha4u-
TEJILHOM M3MEHEHNH IIIOTHOCTH.

Ocepanue cHera NPOMCXOAMT IJIABHO IO Mepe BA3KOro YNJIOTHEHUS HIIA
IlyTeM Pe3KHX, BHE3aMHbIX NPOCafioK, KOTOphle OGBIYHO CBA3aHbI C Hapy-
IIEHHEM NEPBHYHOM CTPYKTYPhl B KaKOM-TO CJIO€ M C GBICTPBIM BBITEC-
HEHHEM BO3/lyXa U3 CHera, CONpOBOXAAEMbIM LIIYMOM.

B ¢opMHupOBaHMH M Pa3BUTHH ECTECTBEHHOT'O CHEXKHOTO IIOKPOBa MOXHO
BBIJICJIUTL AiBE CTajHM MeTaMOp(Hu3Ma: paHHEro fuUareHe3a M 3NUreHe3a
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(Ilymckwit, 1955). [ns nepBoii craguy TUHNIMYHBI GBICTPOE NPOTEKaHHE Npo-
1eccoB Cy6IMMallMOHHOrO OKPYIJIEHAS 3€PEH CHera, YINIOTHEHHE M cMep3a-
HHe UX Ha KOHTaKkTax. [IpofoikuTenbHOCTh 3THX NPOLECOB OTHOCHTEILHO
HeBeJINKa, Opsiika HECKONBKHX CYyTOK. B pe3yibTaTe popMHupyeTcs MeJIKO-
3epHHUCTBIIl CHET, B KOTOPOM JiefisHble 3epHa c fuameTrpoM 0,1-1 MM 06-
Pa3yIOT NIPOCTPAHCTBEHHYIO JIEASAHYIO pElIETKY.

Bonsiioe BINSHAE Ha 3Ty CTafiMIO METaMOp(dHU3Ma OKa3bIBaIOT YCIOBUA
BhINIaJIeHAA CHera 1 (pOpMUPOBaHMs CHEXXHOIO NIOKPOBAa, MOIHOCTD IaHHOTO
CJI0sl ¥ BBILIEJIEXAIUX CIIOEB, TEMIIEPATYPHBIA PEXHUM, BeTep U P APYTHX
¢akTopos. Tak, B paiioHax ¢ YaCTHIMH M OGHJILHBIMH CHEronajamMu npu
OTHOCHTEJILHO BLICOKOH TeMIEpaType CO3[aloTcs YCIOBHS s GhICTPOro
YIUIOTHEHHUS CHEXXHOrO NOKpOBa. Majioe KOJMYECTBO BLINAAAIOMIETO CHEra U
HHU3Kas TeMIepaTypa 6JaronpusaTHLI AJIs HHTEHCMBHOTO Cy6IMMaLHOHHOTO
OKpYrJIeHUs W TeMIlepaTyporpagueHTHoro meramopgusma. B paiionax c
CHJIbHBIMM BETPaMH M pe3KHMH KoJieGaHUsAMH NOrofibl (pOpMHUPYETCs HEOAHO-
PONHBINA CIOUCTBIH CHEXHBII IOKPOB C BETPOBLIMH H JIEHBIMH KOPKaMH,
YTO CO3NaET pasNU4Hs ¥ B MHTEHCHBHOCTH MPOLECCOB Me'ramopqmama B
CIIOSIX CHEXXHOH TOJIIH.

Bo Bropoit cragun MeTamop¢hu3Ma OGbIYHO NIPOUCXOAAT YKPYIHECHHE
3epeH M JlajibHelllee yIUIOTHEHNE cHera. 31eCh TaKkKe HabJIIofaeTCcs pa3sHo-
o6pa3ne B HHTEHCUBHOCTH M HallpaBJIEHHOCTH NPOLIECCOB H3MEHEHNS CTPYK-
Typbl CHEera B 3aBHCHMOCTH OT HCXOJHOI NIIOTHOCTH, MOLIHOCTH H CTPYK-
TYpbl, OT BeJMYHHbl Harpy3KH, TeMIEpaTYpHBIX YCIOBMH U pAfa APYIUX
¢hakTOpOB. MEJIKO3EPHUCTBIN CHEr NPEBPAIAETCA B CPEAHE3EPHUCTHINA (C
ANaMeTpOM 4YacTHL 1-2 MM) H 3aTeM B KPYHO3EPHHUCTBbIH (C AMaMETpOM
yacTul 6oJiee 2 MM).

B HMXXHMX rOpM3OHTaX CHEXXHOro NOKpOBa NpH HAaJIMYMH TeMIlepa-
TYPHOrO rpagueHnTa o6pa3yloTcsl CJIOH ITyOHHHON H3MOPO3H, COCTOSALINE U3
KPYNHBIX YauieoOpa3HbIX KPHCTAJJIOB, OTHOCUTEIILHO clIab0 CBA3aHHBIX IPYT
c apyroM. IIpm pe3koM OCeRaHMM BBILIEJIEXKALIUX CIIOEB CHEra M Jpyrux
MEXaHMYECKHX BO3AEHCTBUAX KPHUCTANIbI IMyOMHHON M3MOPO3M M CBA3HM
MeXJy HHMH MOTYT YaCTHMYHO pa3pylIHTbCA, M TOrAa CJIOW riayOMHHON
HM3MOPO3H MOKET CTaTh NICEBOTEKYYHM.

B cnosix, rie B pe3ynnTaTe TEMIEPATYpPOrpafHeHTHOro MeTaMopgu3mMa
copMupoBauCh OrpaHeHHble KPUCTAJIbl U ITyGHHHAsA M3MOPO3b, NTOCIe
MCYE3HOBEHMS TEMIIEPAaTYPHOrO rpajieHTa BO3HMKAET CTafisl PErPECCHB-
HOro Metamop¢nsma, Npu KOTOpPOM 3TH (POPMB! KPUCTANJIOB HAUMHAIOT
pa3pyuaThCs.

6.7. TEPMWYECKUA PEXUM U TAAHUE CHEXHOIO NMOKPOBA

TepMuyeckuil peskaM CHEXXHOr'O NOKPOBa ONpeNeNieTCs NpeuMyLIecT-
BEHHO TEIIOOOMEHOM Ha IOBEPXHOCTH U B MEHBILIEH CTENEHM MEXAY NTOYBOH
M CHErOM.

B oceHHe-3MMHHUI NEpPHOJ M3 NOYBBI B CHEXHBIA NOKPOB NOCTyNaeT
TEIUIO B BUAE KOHAYKTHBHOIO IIOTOKA 32 CYET OXJIaXXAEHHS U NIPOMEP3aHus
NOYBBI H FEOTEPMHUYECKOro NIOTOKA, BO3MOXXHA TaK>XXe MHUrpanus BOJAHOrO
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napa M3 OYBbI B CHEXXHBII1 NIOKPOB. B neprop TasHAs, KOrqa TeMneparypa
CHEXXHOI1 TOJIIHM NPUGNIDKaeTcs K HyJIFO, BO3MOXKHO H3MEHEHNE HaNpaBJICHUs
IOTOKa — Temio 6GyaeT NOCTYNaTh U3 CHEra B IMOYBY M PacXOfOBAaTLCA Ha
NOBbIIIEHAE TEMNIEPATYPhbI BEPXHETrO CIIOst MEP3NIOi MOYBBI IIOJ| CHETOM.

BennynHa noroka Teia Ha OBEPXHOCTH CHEXHOTrO NOKpOBA onpefe-
JAeTcA 3JIEMEHTAaMH paJiHalMOHHOro GanaHca, TypGyJleHTHBIM TelnoooMe-
HOM, HCIIapeHHEM WIIH KOHAEHCauuei, BbINajicHHeM XHJKHAX ocaakos. HMu-
TEHCHBHOCTD ITOTOKA HENOCTOSHHAsA ¥ MOXKET U3MEHATLCA B IIHPOKUX Npe-
AeNlax naXke B TeYEHHE OHUX CYTOK, BO3MOXHO TaKXe M3MEHEHHE Halpas-
JIEHHS [IOTOKa.

Bonplioe KONHYECTBO IHEPTHA NMOCTYNAET K MOBEPXHOCTH CHEXXHOTO
NIOKPOBa B BHJIE NPAMOIi ¥ PacCESHHOI COTHEYHO! pafHalyH, ORHAKO JIHIIb
HeGonblLIas €€ YacTh NOTJIOMAeTCs CHEFOM, a OCTalIbHas OTPaXaeTcs OT
ero MOBepXHOCTH. ANLOERO CHEXXHOro NOKpoBa (OTHOILEHHE KOJNHYECTBa
OTpakeHHOI pafMaluy K KOJUYECTBY Nafaloumei Ha NOBEPXHOCTL CHera
PajualLHN) A3MEHSETCS B 3aBUCHMOCTH OT CTPYKTYPhI, BIIaXKHOCTH H 3arpss3-
HEHHOCTH cHera. [{n1s cBeXeBBINaBUIETO CHera annbeno cocrasnser ot 0,95
1o 0,80. 3TO 3HAYNT, YTO CHEXXHBIN NOKPOB MOXKET NOJy4aTh JIMUIb OT 5 0
20% nocrynaromeil paguanuy. Ab6e0 NOBEPXHOCTH CYXOro METEJIEBOTO
cHera kone6iaerca ot 0,80 no 0,65. AnnGeno CHera CHIDKaeTcs IO Mepe ero
yBIIa>KHEHHUS, OCOGEHHO B NepHOJ TastHusl. ANbGENO CpefjHe- ¥ KPYIHO3ep-
HHCTOrO Taloumero cHera 6niBaeT nopsaaka 0,60-0,40, a y 3arpAa3HeHHOTO
CHera ¢ BOJ{0# OHO MOXeT yMeHbluaThca Ao 0,20.

KonuyecTBo nocTynaroieil npAMoil CONHEYHO! pagualiy 3aBUCHT OT
OpHEHTALMH N KPYTU3HbI CKIIOHOB, COOTBETCTBEHHO Ha6ofjatoTcs 6omnbime
Ppa3nnyMs TEPMAYECKOrO PeXXUMa CHEXXHOrO NOKPOBa Ha Pa3HbIX CKJIOHAX.

CHer IJIOXO NPONYCKaeT pajHaniio, NIO3TOMY IIPOHMKAIOHIas B CHET
YacTh COJIHEYHO 9HEPTAH NOrJIOUIAeTCA BEPXHHAM CJIOEM CHEXXHOIo IOKpOBa
TONIMHON B HECKOJIBKO NECATKOB CaHTMMeTpoB. Bepxuuit (10 cM) cnoi
nornoutaeT a0 90% papuannu. ITop neiicTBMeM NpOHUKalOWEH paguanuu
MOXET BO3HHKATh IapHUKOBBIH 3(h¢eKT CHErOTassHUs NPA OTPHLATEIILHON
TeMIepaType BO3[yXa, KOrja Ha IIOBEPXHOCTH CHEXXHOro IoKpoBa oGpa-
3yeTCcA TOHKas JieAsHas KOpKa, a OX Hell IPOMCXOAUT YAaCTHYHOE OIJIaB-
JieHNe KPHCTAJIOB.

MHOro Tenia CHeXXHbIN NIOKPOB TEpseT B BUJE NIMHHOBOJIHOBON pa-
puanun. OnpefesieHHYIO polib HIPalOT TaKXKe 3JIeMEHThl PafualiOHHOTO
6anaHca, yuYnThIBafoUIHE OOPaTHYIO PafiMaliMio OT 00JaKOB H aTMOC(EPDL.
CoueTaHue NpUXOAa Temja 3a cYeT NMPOHHMKAIOWEH pajualuul M NOTEPH
IyTeM JJINHHOBOJIHOBOM pajHaluy NPUBOANT K TOMY, YTO B HOYHOE BpeMs
PajnalMOHHbIH GaJlaHC Yallle BCEro HIMeeT OTPULAaTEIbHOE 3HaYeHNe ¥ COOT-
BETCTBEHHO NIOTOK TelUIa HallpaBJieH U3 CHEXXHOro NOKpoBa B aTMocdepy, a
B THEBHBIE YaChbl — HAOGOPOT.

TypGynenTHeii TennooOMeH 06YCIOBINBAETCA Pa3HOCTBIO TeMIepa-
TYpb! BO3lyXa U NOBEpPXHOCTH cHera. B ToM cnyyae, korga Temneparypa
BO3/lyXa BhIlIE TEMIEPaTyphl IOBEPXHOCTH CHETa, TEIUIO OT BO3[{yXa Nepe-
naercs B cHer. Eciin >XXe BO3Jyx XoJlofHee CHera, TO TeIUIO IOCTYyHaeT U3
cHera B BO3lyX. HTEHCHBHOCTb TYpGYIEHTHOrO TelIOoOOMeHa yBeluYu-
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BaeTcs 10 Mepe yBEJIHNYEHNS Pa3HOCTH TeMIEpaTypbl NOBEPXHOCTH CHETa H
BO3AYIIHBIX MAacC M POCTa CKOPOCTH JABHXKEHHs BO3[yXa Haji CHEXHBIM
nokpoBoM. Typ6yneHTHBII TEIT0OOMEH MOXET CONPOBOXAATHCA BHIHOCOM
BOJSHBIX NIAPOB U3 TOJIIHM CHEra, BO3TOHKOH CHera H HCIIapeHHEM BOAHBIX
mieHoK. IIpu onpenesieHHbIX YCIOBUAX IPOMCXOANT CyO/IMMalMs coflepxa-
LIMXCA B BO3[lyXe BOAAHLIX IIapOB Ha NOBEPXHOCTH CHera B BHJi€ HHes.
HanGonee GraronpusaTHble YCIOBHS JJIs €ro 06pa3oBaHHs MOABJIAIOTCA B
SICHbIE XOJIOfHbIE HOYM, 63 CWIBHOrO BETpa, NP NOCTYIUIEHHH MacC BilaX-
HOro BO3flyxa.

ITpu conHeyHOIi nMorope ¥ ABMXXEHUHU HaJl IOBEPXHOCThIO CHEra XOJIOA-
HOTO BO3{yXa C ie(PUIMTOM BIIAXKHOCTH IPOMCXOAMT HHTEHCUBHOE HCIIapeHHe
(Bo3ronka) cHera. OcoGeHHO 3HaUYMTENILHOE MCIapeHHe HaGiiofaeTcs Ha
OTKPBITBIX 6e3/IeCHBIX YYacTKaX, MPUMBIKAIOIIUX K JIECHbIM MaccuBaM. Tak,
B IlenTpanbHoit SIKyTHH B HEKOTOpBIE IOflbl B BECEHHEE BpeMsi MCIIapseTcs
Gonee 1/3 Macchbl CHE3XHOrO IIOKpOBa.

CyTouHble H3MEHEHHs! TEMNEPATYPhl NOBEPXHOCTHOr'O CJIOS PacIpPOCTpa-
HAIOTCA B CHEXHBIN NMOKPOB Ha riybuny okono 50 cM, mpuyeM aMILIATYAa
Konebanmii TeMnepaTypsl GbICTPO YMEHBIIAETCA C INyOHHOM, a TeMIepaTyp-
HBIA FPaUEHT B 3TOH 30HEe MOXXET M3MEHATD HallpaBJICHHE.

TasiHue CHEXXHOro NOKpPOBa HAYMHAETCA B NIPUIOBEPXHOCTHOM CJIOE 32
cyeT NPOHMKAIONEH paiHalivi MITN Ha NIOBEPXHOCTH 3a CYET TYpPOyJIEHTHOTO
TenyuooOMeHa Npy TeMnepaType Bo3fyxa Beime 0°C, o6pa3oBaBuascs npu
3TOM cBOGOAHAs BOfA NMpocaynBaeTcs BHU3. Ecnu cpeanue clon cHEXXHOro
IIOKpPOBa HMEIOT OTPHULATEIILHYIO TEMINIEPATYPY, TO NPOCaYUBAIOIAACA BOAA
3aMep3aeT B BHJIE JIMH3 JIbAA.

ITo Mepe ycnneHus TasHUA CHera 30Ha (PMIBTPALMM BOAb! YBEJIUYH-
BaeTcs, TEMNepaTypa cHera B Hell nosbimaerca Ao 0°C u B cHere o6pa-
3YIOTCA NOCTENEHHO PacUINPSAIOLMeCs MUKPOKaHaJbl 7l cTOKa Bofbl. Ilpu
HaJIMYUM B CHEKHOM IIOKPOBe JIEASHOH KOPKH BOJa, JOCTUTHYB 3TOMH KOPKH,
MOXXET CTEeKaTh Jlajiee N0 Hell MM (PUIILTPOBATD 11O HIDKHEMY CJIOIO TOJIIIH
cHera ¥ 06pa30BbIBaTh NIOJICHEXKHDBIE KaHaJNIbl CTOKA.

Masa 7
PACNMPOCTPAHEHUE CHEXXHOIO nNOKPOBA

7.1. NMNOWAAN PACNPOCTPAHEHUA U MACCA CHEXXHOIO TMOKPOBA

dopMHpOBaHNE U Macca CHEXXHOTO NOKPOBa 0GYCIIOBIIMBAaIOTCA reorpa-
¢puyecKoii 30HaNbHOCTBIO, pellbe(pOM NOBEPXHOCTH, OGLIEN LUMPKYyIALHen
aTMocephbl H KOJIMYECTBOM TBEPABIX OCAIKOB. 3HAYHTEIBHYIO HEOXHOPON-
HOCTb B (?)OPMHPOBAHHH CHEXXHOTO NOKPOBa, OCOGEHHO B ropax, BbI3bIBAET
BETPOBOI NepeHOC cHera. Ilnomanp M Macca exXerogHo oGpasyoulerocs
CHEXXHOro NOKpOBa Ha 3eMHOM LIape npefcrasieHns! B Ta6iu. 7.1. Pacnpocr-
PpaHeHHe CHEXHOroO MOKpOBa NOKa3aHO Ha puc. 7.1. Kak BHgHO M3 3TO-
ro pucyHka, B EBpone ce30HHbIN CHEXHBIN NOKPOB ObIBaeT NOYTH Ha BCEH
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Tabauya 7.1

TInomags 1 Macca €XXerofHO 06pa3yIoIerocs CHEXHOro NOKpoBa
(Kotnsxos, 1994)

CHexHbI NOKpOB Inomanw, Cpennas akky- | Macca ce3oH-
MJTH KM? Mynsums, r/cmM? | Horo cera,
1017

CesepHoe nonyiapue

TocTrosHbIi Ha cylue 2 25 5
BpemeHnblit Ha cyie 59 14 83
Ha nocTosHHbIX MOPCKHX JIbAiaxX 9 10 9
Ha ce30HHBIX MOPCKHX JIbAAX 9 12 11
I0xHOe nonmymapue
TocTrosHubIil Ha cywe 14 16 22
BpemenHbIit Ha cylue 2 15 3
Ha nocTostHHbIX MOPCKHX JIblax 5 18 9
Ha ce30HHBIX MOPCKHX JIbJAX 15 20 30
Bcero 115 15 172

40

o°° 0‘.

80 120 160

160 120 80 0
N BB W (¢ ——s e

Puc. 7.1. PacnpocTpaHeHre CHEXHOTrO MOKPOBA Ha 3eMHOM luape

1 — TeppHTOpHH, NOCTOSHHO NMOKPbITBIE CHErOM H NILAOM; 2 — TEPPHTOPHH, rAie 0Gpa3yeTcs
YCTONYMBLINA CHEXHBI NMOKPOB, HO NPOAOIKUTENLHOCTb €r0 Pas3iinyHas; 3 — TEpPUTOPHH C
HEeyCTOHYMBBLIM CHEXHBIM NIOKPOBOM; 4 — TEPPHUTOPHH, IAie CHEXHBIN-NOKPOB He 0Gpa3yeTcs; 5 —
M30/IMHHH TIPOJOJKHTENILHOCTH 3aNeraHns CHeXHOro NMOKpoBa (B MecAluax); 6 — CHEXHbIN
NOKPOB Ha NOCTOAHHLIX MOPCKHX JIbJaX; 7 ~ CHEXHBIM MOKPOB Ha CE30HHBIX MOPCKHX JIbAaX

3 67



L RO
\ A \J’m‘&
e DS e S\

120

cM) Ha TeppuTOpHH 6biBIIEro CCCP

Puc. 7.2. MakcuManbHas TONLMHA CHEXHOTO noKposa (B



TEpPATOPHH, B A3HMH CHEXHbIH NOKPOB PacHpOCTpaHseTcs Ha Gonbuier
YacTH TEpPUTOPHH, GeCCHEXXHbIE PaliOHbI PaCIpPOCTPAHEHD! JIHIIb IOXKHEE
3040 napannenn. B Acdpuxe nu ABCTpaauyu CHEXHbIH IOKPOB IPaKTHYECKH
OTCYTCTBYeT, OH BCTpedaeTcs JHIIb B rOpHbIX paiioHax. B CeepHoit
AMepHKe CHEXHbII IOKPOB PacCIpOCTpaHsAeTCs Ha Beell TeppuTopus Kanapbt
¥ 3HauymTenbHoi yactn CIIA. B IOxHo# AMepuke CHEXHBIH IOKPOB 06pa-
3yeTcs B OpHOIf Lenu AHJ M B I0XHBIX paiioHaX. Bca AHTapKkTHAa AB-
JIAeTCSs TEPPHTOpHEH, NOCTOAHHO NOKPHITON CHeroM. Bokpyr Hee obpa-
3yeTcs 30Ha MOPCKHX JIbJIOB, Ha KOTOPBIX OTKJIA[IbIBAETCA CE30HHBLIA CHEX-
HBIi IIOKPOB.

Ha Tepprropuu Poccun n fpyrux pecny6nuk 6siButero CCCP cHexHbIi
IIOKPOB PacNpOCTPaHEH NOBceMeCTHO. Ero MakcuManbHasi TOMIHHA NMOKa-
3aHa Ha puc. 7.2. IIpu pacCMOTpeHHH 3TOH CXeMbl CIEAyeT MMETh B BHAY,
YTO B JaHHOM ClIy4yae NOKa3aHa yCpeflHeHHast MaKCHMaJIbHasl TOJIIMHA, U B
JIOKAJbHbIX YCIOBUAX B ONPEfieIEHHbIE rOfibl CHEXHBII TOKPOB MOXET GbITh
CYLIECTBEHHO GOJIbIIe YKa3aHHBIX CPEJHUX BEJIMYMH.

7.2. IPOAO/DKUTENBHOCTL 3ANErAHUA CHEXHOIO NMOKPOBA

ITponoMKMUTENBHOCTD 3aJieraHus YCTOMYHMBOrO CHEXHOrO IIOKpPOBa B
npenenax 6niBumrero CCCP yBenuuMBaeTCs C IOra Ha CeBep M Ha ceBepo-
BOCTOK (pHc. 7.3). B paBHuHHBIX paiioHax KpriMa, 3akaBka3bs 1 CpegHeit
A3un ycTONYMBBIN CHEXHBIH TOKPOB GbIBaeT TOJNBLKO B Haubolee cypoBble
3UMBI, a B OCTaJIbHBIE FOJbI IOKPOB Heycroiuus. Ha 6osbieit yacT ceBep-
HBIX paiiOHOB A3MM NPOAOJIXUTEILHOCTb 3aJIETAHUSA CHEXHOrO IIOKPOBa
pocturaeT 6onee 240 cyToK. B ropHbIx paioOHax NPOAOJDKUTEILHOCTD 3aJie-
raHUs CHEXXHOTO NIOKPOBa BO3PACTAET C YBEJIMYEHHUEM BbICOThI MECTHOCTH. B
CeBepHoli AMepHKe NPOJOJIKATENBHOCTb 3aJIETAHAA CHEXXHOrO IOKPOBa
YBEJIHYMBAETCA C Iora Ha ceBep. AHOMAJIMN TaKOro pacnpefeseHns Habio-
RalOTCA B NPHUOPEXHBIX paioHax ATiaHTHYecKoro u Tuxoro okeaHOB
(puc. 7.4).

Bpemsa ¢opmupoBaHus, BbICOTa, IJIIOTHOCTh M NPOROJKUTEIBLHOCTD
3aJleraHMsl CHEXXHOTO IOKPOBa 3aBUCAT OT XapaKTepMCTHK KJIMMAaTa, B 4acT-
HOCTH OT ero KOHTHHEHTAaJIbHOCTH. B 06acTsx ¢ pe3ko KOHTHHEHTAIbHBIM
KJIMMaTOM GonblIas YacTh CHera BhIIafaeT B Hayalie 3UMbI U OTKJafbl-
BaeTCsA Ha Mep3unylo nouBy. ToJuuHa CHera OTHOCHTENILHO HeGobIas, ¥ B
HEM BO3HMKAIOT GOJIbIIME IPafiHEHTbI TEMIIEPATYPHI, CIOCOGCTBYIOILHE NPO-
I[leccaM TEMIEPAaTYpOrpafMeHTHOro MeTaMop¢u3Ma 1 06pa30BaHUIO CNOA
riryGMHHOM H3MOpO3H.

B o6nacTsix c yMEpeHHO KOHTHHEHTAJILHBIM KJIMMaTOM CHEr Yalile BCero
HaYMHaeT OTKJAbIBaThCA Ha elle TeIUIyIo NOYBY, M IlepBbie CIOM CHera
MoryT pacTtauBaTh. [IoaTOMy yCcTOHYMBBIHA CHEXXHBII IOKPOB (hOpMHUpYETCA C
3ano3faHueM IO CPaBHEHMIO C J]aTaMM Havdaja cHeromafoB. CHeromapbl
OGbIBAIOT B TEYEHHWE BCEMl 3MMEI, IIO3TOMY CHEXHbIH IIOKPOB XapaKTepH-
3yeTCs CJIOMCTOCTBIO. [IJI1 HEro XapaKTepHbI IPOLECCH YINIOTHEHUS ¥ M30-
TEPMHYECKOro Meramopduima.

OG6bIuHO HaGNIORAIOTCA CYLECTBEHHbIE pa3nuyuus B (OpMUPOBAHUM
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Puc. 7.3. TIPONOMXHTENLHOCTD 3aJIEraHHs CHEXHOrO MOKPOBa (M30JMHKH, B HAX) Ha Tepputopuu GeiBwero CCCP
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Puc. 7.4. TIponomKUTENLHOCTb 3aJieraHusi CHEXHOTO NOKpoBa
(u3onuHum, B aHAx) B CeBepHOit AMepuKe

CHE>XHOTO NMOKpPOBa M3 rofia B rofi. ITo o6’beMaM BhINafaloMIero CHera Bhbijie-
JIAIOT MHOrO-, CpEf{HE- M MaJIOCHEXKHbIE 3MMbl. MHOrO- ¥ MaJIOCHEXXHBIMH
3¥MaM¥ NIPHHATO Ha3bIBaTh TaKMe 3MMbI, KOT/Ia CPEIHAE NEKAAHbIE BBLICOTBI
CHEXKHOrO NIOKPOBa OTKJIOHAIOTCA OT CPEAHNX MHOTOJIETHHUX BEJIMYHH GOMb-
me, yeM Ha 25%. Ecnu Xe OTKIOHeHHS He focTturalot 25%, To 3uMa
CUNTAETCS CPEXHECHEXKHOM.

IToBTOpsieMOCThL THIIOB 3MM CBfi3aHa C OOIMM XapaKTEpOM 3MMHeH
mupkyasauuy atmocdepnl. Hanpumep, B EBponeiickoit yacti Poccun Hau-
6orblIee KOJIMYECTBO CHera OOyCJIOBJIEHO IOCNOACTBOM MEPHANOHAJIBLHOI
LIUPKYJALMH, IPH KOTOPOH NIOCTYNAIOLIME C CEBEPA MACChl XOJIOJHOrO BO3AY-
Xa CIIocOGCTBYIOT YIUIMHEHHIO NIEPHOAA CO CHeronagaMn. B pe3ko KOHTHHEH-
TaJBHBIX ycioBusax CHOHPH NOBBIIIEHHAs CHEXXHOCTD CBA3aHa C FOCIOACTBOM
3amafHON UMPKYJISAUMH OCEHbIO, KOrja NPOMCXONUT OCHOBHOE CHEro-
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HaKoIUICHHE. B 3aBUCHMOCTH OT THIA 3UMBI MEHSIOTCH M KOHKPETHbIE CPOKH
3aJleraHusl CHEXXHOrO [IOKpOBa.

JIns XxapaKTepHCTHKH CHEXXHOCTH TEPPHTOPHHM MHOTAA NPUMEHSETCH
npepnoxennslit HA. OcokunbiM 6e3pa3mepHblii KoagdhuuuenT S, npefcras-
N0 co60it npon3sseficHNe NPORODKUTELHOCTH NIEPHOAA C YCTONYMBBIM
CHEXHBIM NOKpoBOM T (CYyTOK) Ha CPEAHIOIO BBICOTY CHEXXHOIO NOKpOBa 32
TOT e nepuof h (cM), fenenHoe Ha 1000:

S = ks-Th, .1)

rae kg = 0,001 1/cm-cyr.

IToka3aTesb CHEXXHOCTH S pacTeT B HalpaBJICHUH C IOTa Ha CEBep H OT
KOHTHHEHTAJILHbIX K MOPCKMM ycnioBusiM. KonuyecTsenHble 3HaYeHnst KO3¢-
c¢dunuenTa S yaie Bcero HaxomATcs B npepenax ot 0 go 20, a B JenHu-
KOBBIX pafioHax OH MoXeT gocruraTth 100.

7.3. KAPTOIPAOUPOBAHUE CHEXHOIO NMOKPOBA

Ha kapTax oTpaXkaloTCs MHOTOYHCIIEHHbIE XapaKTePHCTHKH CHEXXHOIO
nokposa. Han6onee pacnpocrpanero 0630pHoe MelKoMacuITabHoe KapTo-
rpacdupoBanue (B Macwrrabe 1:5 000 000 1 Menbue), NO3BOJAIONIEE BhIA-
BHTb PETHOHAJIbLHBIE OCOGEHHOCTH CHEXXHOro NoKposa. MiMeroTcs KapTh! pac-
NMPOCTPAHEHHUs CHEXKHOrO NOKPOBA Ha KOHTHHEHTAaX U Ha 3eMHOM m1ape (CM.
puc. 7.1), KapThbl CPEHUX H MAKCHMAJILHBIX TOJIIMH CHEXXHOTO NIOKPOBa (CM.
pHc. 7.2), KapThl Hayajia 06pa30BaHUsA YCTONYNBOrO CHEXXHOrO NOKPOBa U
NMPOROIIKATENILHOCTH €rO CylecTBoBaHmsA (CM. puc. 7.3, 7.4), KapThl BpeMe-
HH CXOJla CHE3KHOTO NIOKPOBA, KapThl INIOTHOCTH M MAacChl CHE3KHOT'O NOKPOBA,
KapThl C H300pakeHHeM cTpaTUrpaduyecknx ocoGeHHOCTelH U psAfa APYrux
XapaKTEPHUCTHK CHera.

Taxue KapTbl COCTaBIAIOTCA Ha OCHOBAaHMH PE3YJILTATOB NPOBOAUMBIX
Ha METEOCTAHIMAX HaOJIOACHMI N ClEeUHaIM3MPOBAHHBIX HCCIIE{OBaHUIA,
MO3BOJIAIOUIMX YCTAHOBAUTh KOPPEJATHBHBIE CBA3H MEXKAY XapaKTEePHUCTHKa-
MH CHEXHOTO IOKPOBa B KOHKPETHBIX YCJIOBHSX M NMOKAa3aTeJIsAM, NOJIyYeH-
HBIMH Ha OJImKaiime MeTeOCTaHIMM. 3HaYUTENLHYIO CIIOXHOCTh IPH 3TOM
NPEACTABIAIOT CNOCOGhI TEPPHTOPHANBLHOrO OCPEHEHN NOKa3aTenei. s
OTHEJIbHBIX YYaCTKOB TEPPHTOPHH COCTaBIAIOTCA KapThl CPEJHEr0O N Kpyn-
HOro macmra6ba, HanpuMep, KapThl pacnpefelieHus CHera Kak MCTOYHHK
BJIaTM Ha NoOJsAX. [IJIA COCTaBJIeHNs TAKUX KapT MCNONB3YIOTCA MaTepHaJIbl
CHETOMEPHBIX ChEMOK, MapUIPyTHhIE ¥ BEIGOPOYHEIE HaONIOAEHHs M clie-
IHaNbHbIE HCCIIE{OBAHNUA.

7.4. CHEXXHAS! MENUOPAUUA
U SAUWUTA OT CHEXHbIX 3AHOCOB

CHeXHble MeTHOPAaLH BKITIOYAIOT KOMIIJIEKC MEPONPHATHIL 10 YMEHb-
IIEHHIO BETPOBOrO NEPEHOCa ¥ 3afileP>XaHuIO CHera Ha IOJAX, YIyJLEeHAIO
BOJHO-TEIIOBOTO PeXUMa IIOYB M M3MEHEHHUIO NPOJOJIKUTENBHOCTH 3aJie-
raHMsi CHEXXHOrO NMOKPOBa.
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Pnc. 7.5. PacnpepeneHue cHera B 1wupoKo# (a) u y3koit (6) JecHbIX monocax
(cTpenkoit noka3zaHO HanpaBlleHUe BeTpa)

Jns 3apepkaHus CHera IPUMEHSIOTCA KYJIMCHBII ITOCEB BLICOKOCTEGENb-
HBIX PaCTEHHMH M BhIpalMBaHHE CHerocGOpHBIX JecHbIXx nmonoc. lllupokue
JIECHBIE NOJIOChI COGMpalOT BHYTPHU ceGsi BECh MeTeJIeBhI# CHer, a y3Kue
noJyockl POPMHUPYIOT CHEXHBIH BaJl B NOABETPEHHON cTOpOHe (puc. 7.5).
Kynucel pacTeHuil ¥ JIeCHbIE NOJIOCHI PacliONIaraloTcs NOJ NPSAMBIM YrJIOM K
HanpapJieHHIO peobiafaloniero nepeHoca cHera. PaccrosiHus Mexpy nosno-
CaMH ONpEAENAIOT C TAKUM pPacyeTOM, YTOGHI OHH HE NPEBHILIANN NJIMHBI
30HBI pa3roHa MereJiedl H YTOOBI He GbIIO HHTEHCHBHOIO MCNIapeHus nepe-
HOCHMOTO CHera.

OdGeKTHBHBIM CIOCOGOM yAepKaHUsA CHera Ha IOJAX SBJIAIOTCS Bbl-
NaxXHBaHHE B CHEXHOM IIOKPOBE TPAHIUIEN C OXHOBPEMEHHLIM CO3[JaHHEM
BaJIMKOB M3 BBINIaXaHHOro CHera M IOJIOCHOE YIIOTHeHue cHera. [lns aToro
HCIIOJIb3YIOTCSA THIIOBBIE OPOXXHbIE MAIIMHEI ¥ CIeUMalIbHbIE Ipucnocobie-
HMS1 — CHeroNaxu, CHEroBble INIyry, BaJIKOBaTeJHU U YINIOTHHTENM. TpaHumen
H BaJIMKH NPEfOTBPAIAIOT BETPOBYIO AedisALulo cHera. Bojee nmuoTHbIM
CHET TAaeT MeJJICHHEE PBIXJIOro, NO3TOMY NOJIOCH! YIUIOTHEHHOrO CHEra
3aMEJIIAIOT CXOJ CHEXHOrO IIOKpOBa M CO3[aloT Gapbephl AJis NOTOKOB
TaJION NOJACHEXHOM BOJBI.

H3MeHAs CPOKH NpOBEREHHA M BUAbI CHETOMEJIHMOPAaTHBHBIX paborT,
MOXHO YCKOPATb HJIM 3aME[JIATh TasHUE CHEera, peryJMpoBaTh CTOK TaJbIX
BOJl ¥ B HEKOTOPBIX NpefiesiaX yay4lIaTh BOJHO-TEIIOBOI PeXXHM IIOYB.

JIns 3amUTHI ROPOT, HaCEJIEHHBIX IYHKTOB ¥ IPOMBILUIEHHBIX OGHEKTOB
OT CHEXHBIX 3aHOCOB NIPUMEHAETCA KOMIUIEKC MEPOIIPMATHIA IO CHEro3apep-
3KaHHUIO M YMEHBIIEHHIO KOJHMYECTBa NIEPEHOCMMOro HU3OBLIMH METEIAMH
crera. Mcnonb3yloTcst TpH OCHOBHBIX BHia CHETO3aIIMThI: 3aJiep>KaHHe ! 3a-
KpenieHHe CHera Ha IOACTYNaX K 3alMIaeMbIM 06beKTaM; KOHCTPyH-
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pOBaHHe HE3aHOCHMBIX COOPY>KEHHIl; IPUMEHEHNE ClIelHalIbHbIX CHEro3a-
LIUTHBIX YCTPOMACTB.

HanGonsuee pacnpocTpaHeHHE NOJNYYMIIH CHETO3alUTHBIE WIMTHI M
TpaHIlied, CHeroBble 3a60pbl ¥ CHErO3alHUTHBIE JieCOHacaxkaeHus. [Tepenoc-
Hble pelleT4YaThle fepeBAHHbIE IMUThI HaYaJll NPUMEHATHCA I 3aIMTHI OT
CHE3XHBIX 3aHOCOB eJIe3HbIX OpOr ellle B NpoLLIOM Beke. B HacTosmee
BpeMs NPAMEHAIOTCS KaK IIePEeHOCHBIE, TaK M MOCTOSHHbIE CHErO3alUTHLIE
LIMTHI ¥ 3260pbl, 0COGEHHO B paliOHaXx, Iie TPYAHO MM IPOCTO HEBO3MOXKHO
CO3[]aTh CHErO3aIMUTHBIE JIECOHACAXKIEHHS.

B kayecTBe npHMepa HE3aHOCHMBIX COOPYKeHHIi MOXKHO IIPUBECTH KOH-
CTPYKTHBHOE pellleHHe AJI1 OCHOBaHUI 3XaHMii Ha craHuuK "MorofexHas" u
Ha APYruX AHTapKTHYECKHMX CTaHUUAX. 3JaHUA NPHUIOAHATHI Ha TOHKHX
onopax Haj| IOBEPXHOCTbIO 3eMJIM Ha BBLICOTY OKOJIO 2 M, YTOGb! MeTeJIeBbIii
NOTOK CIIOKOIHO NMpOHOCHJICA nof| 3xanueM. Takum o6Gpa3oM, BMECTO CKOII-
JIEHHs1 Ha[yBOB CHET OKOJIO 3[JaHMil YaCTHYHO BbiAyBaeTcs. K cnenuanbHbIM
CHEro3alUTHLIM YCTPOMCTBaM OTHOCATCH BhIJYBalOIIME M HaNPaBJIAIOLINE
LIMTHI ¥ pa3InyHble KOMOHHNPOBAaHHbIE KOHCTPYKLH.

naBa 8
OCOBEHHOCTU CHEXHOIO NOKPOBA B IOPAX

8.1. CHEFOHAKONNEHUE HA CKNOHAX IopP

CHeXHbIil IOKPOB Ha CKJIOHaX rop XapaKTepH3yeTcs 3HaYATEJILHOM
HEOHOPOAHOCTBHIO H H3MEHYUBOCTHIO. IIpH BLIMafieHNH CHera C OTCYTCTBHEM
BETpa Ha CKJIOHaX KpyTH3HOH MeHee 50° ¢hopMHUpyeTCs CHEXHBINA NOKPOB
NPMMEPHO OAMHAKOBOM BBICOTBI, OfHAKO €ro TOJIIIMHA Ha KPYThIX CKJIOHAX
GymeT MeHbIle, yeM Ha mosorux (puc. 8.1, a). Ha 6onee KpyThix CKJIOHaxX
BECh CHEr HE YJEepP>KHBAETCsH, YaCTh CHEXKMHOK CKaTbIBa€TCA BHU3 Ha Goiee
NOJIOrHe YYACTKH, YTO yBEHYHBAET HEOMHOPOJHOCTb CHEXKHBIX OTJIOXKEHHI.
Brinapgenne cHera, CONpOBOXAAIOIIEECA BETPOM, IPUBOJUT K TOMY, YTO Ha
HaBETPEHHBIX CKJIOHAX €ro OTKJafibiBaeTcsA 6oblie, YeM Ha NOBETPEHHBIX
(puc. 8.1, 6). Ycunenune BeTpa BbI3biBaeT OOLIYIO MeTelb, Pe3KO MEHsAIO-
LIYIO yCJOBHA (JOPMHPOBaHHUs CHEXHOrO NOKPOBa B 3aBUCUMOCTH OT MECT-
HBIX oporpacdHyecKux 0cO6eHHOCTE! rOpHOH NIOBEPXHOCTH.

CyuecTBeHHOe nepepacnpefielieHHe CHera NPONCXOAMT NpPH HU30BBIX
MeTensax, KOTopble 4yacTo ObIBalOT IOcHe NMpeKpaueHus cHeronaja. Ha
HEPOBHON NOBEPXHOCTH € MEJIKAMHU (hOpMaMH pesibeha METENIEBDIN NEPEHOC
nocjie NepBbIX CHEronajoB HUBEIMPYET HEPOBHOCTHM H [ieJIaeT UX Malo
3aMeTHbIMU. IT0 Mepe yBelMYeHUs KONHUYECTBA BhINABIIErO CHEra HEOAHO-
POAHOCTb CHEXXHOI'O NOKPOBA yBEJINYNBAETCHA, MPOMCXOUT ClyBaHHE CHEra c
NOJIOXKUTENbHBIX (OpM penbeda, BO3HUKAIOT GOJbIIMEe HafyBbl B IIOHH-
JKEHWIX, Ha rpe6HsAX rop ¥ OpoBKax rOPHBIX INIATO OOpa3yIOTCA CHEXHbIE
KapHu3bl (cM. puc. 8.1, 6,2,0). B6in3n npenarcrenii o6pasyrorcs cyrpoGsl
CIIOKHOM (hOpMBI.
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Pnc. 8.1. PopMupoBaHne CHEXHOTO
NOKpOoBa B ropax
cnemizn?:owc::%men?a:;w :,;26 : l'l'll:: ‘ ¢ ‘ ‘ * ‘ ‘ \\\\\\\
METEJIEBOM CHeronepexoce; 0 — hopMHpo-
BAHUE CHEXXHOro KapHu3a

Ha ¢dopMmupoBaHEEe CHEXHOTO
NOKPOBa OKa3bIBAaET BIIMSHHE PN
¢akTOpOB, ONpefeNieMbIX paclo-
JIOKEHUEM M KOHKPETHBIMH XapaK-
TEepPHACTHKAMH TOPHBIX CKJIOHOB.
Cpenu HAX MOXHO BBIENHUTD: a6-
COJIFOTHYIO BLICOTY MECTHOCTH; I1O-
JIOXXeHHNe ee BHYTpH WIH Ha NEpH-
¢epun roOpHOro MaccUBa; IKCIO-
3UIHAIO0 CKJIOHA MO OTHOLUEHHIO K
CTpaHaM CBeTa, HalpaBJIeHHIO
BJIArOHECYIIMX IIOTOKOB BO3[{yXa M rOCNOACTBYIOLUM BeTpaM; Yrojl HakJIOHa
IIOBEPXHOCTH CKJIOHA, paculieHeHHe penbeda ¥ XapaKTep paCTHTEIbHOCTH.

KomryecTBO BBINAalONMX TBEPAbIX OCAaJKOB OOGLIYHO YBEIMYUBAETCH C
abcomoTHOM BhICOTOM. HanGolbllee KOJMHYECTBO OCafKOB BhINIaflaeT Ha
nepudepuifHble CKIIOHbI FTOPHOr'O MacCHBa CO CTOPOHbI IOCTYIJIEHUS BJIaro-
HeCyHIuX BO3AYILIHbIX Macc. IIo Mepe ynaneHus B riny6b rOpHOrO MacCHBa
KOJIMYEeCTBO OCaIKOB YMEHbBIIAETCA. DKCIO3ULHA CKIIOHA [0 OTHOLIEHHIO K
TFOCHOJCTBYIOILIMM BETPaM BIIMSET Ha XapaKTep METENIEBOrO CHEronepeHoca.
3KCno3nums M0 OTHOLIEHHIO K CTPAHaM CBETA ONpefeNseT CTeNeHb BO3fe-
CTBHUSI COJTHEYHOU pajiialiii H COOTBETCTBEHHO NPOAOIIKUTEIBLHOCTD 3aje-
raHusi CHEXHOro NoKpoBa. B ropax yMepeHHOro M IOXHOro IIOSCOB Hau-
Goxnblnne cHero3anachl HaGIIORAIOTCA Ha CEBEPHBIX CKIIOHaX. CHero3anachl
31ech B 1,5-2, a uHOrRa faxke B 3—4 pa3a Goiblue, YeM Ha IOKHBIX CKJIOHAX.

8.2. NPOCTPAHCTBEHHAS HEOQHOPOAHOCTb CHEXXHOIO NMOKPOBA

Bo3Hukalomas BO BpeMA CHEromaja ¥ METEJEBOro CHeronepeHoca
NPOCTPAaHCTBEHHAsA HEOJHOPONHOCTH TOJIHHLI, INIOTHOCTH M CTPOEHHSA
CHE3KHOrO IOKPOBa 3HaYATENLHO YBEJINYMBAETCSA B Pe3yNbTaTe CyMMapHOro
AefCTBHS Pa3UYHbIX (PU3UKO-MEXAHUYECKHUX NpoueccoB. Cpein HUX MOXKHO
BBIJICJIMTH IIECTh OCHOBHBIX: MEXaHMYeCKOe YIUIOTHEHHe CHera Ioj feMcT-
BHEM CHJIBI TSKECTH M HANPSDKEHHI CXKaTHA; CYyGINMaIlHOHHOE OKpPYIJIeHHE |
co6GupaTeiibHasA NepeKPUCTAJNIN3aLusd 3epeH CHera; H3MeHeHHe TeMIlepa-
TYPHOrO peXHnMa, TasHHE M 3aMep3aHMe; MaCCONEPEHOC; TeMIepaTypo-
TPafiMEeHTHBIA METaMOP(H3M; JUHAMOMETAMOP(H3M.

CKOpOCTb MEXaHHYECKOrO YIUIOTHEHNUS ONpefeNIeTCs BeJIMYMHOM Har-
PY3KH, HaYaJIbHOII INIOTHOCTBIO M TeMIlepaTypoii. OCHOBHO# Harpy3Koii, Bbl-
3bIBaIONIEH YIUIOTHEHHE CHeTa Ha POBHOM CKJIOHE, SIBJIIETCS BeC BhILIElNe-
KAIAX CJIOeB CHEXHOrO NOKpoBa. CHer HIDKHUX CJIOEB HHTEHCHBHEE YIUIOT-
HSETCA Ha TeX y4acTKax, rje 6osbire obuias TOMIMHA CHEXXHOrO IOKPOBa.
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Bs3koe TeueHne CHera Ha CKJIOHE MOJKET HECKOJILKO YBEJIMYABATH CKOPOCTh
ymiotHeHns. Ha BOTHYTBIX y4aCTKaxX B CHEXXHOM IIOKpOBE BO3HHMKAIOT Ha-
NPsDKEHHUS CKATHs, HANpaBJIeHHbIE NapaJlieIbHO NOBEPXHOCTH CHEXHOrO IIO-
KpOBa, KOTOpbIe BBI3bIBAIOT JONOJHATENbHOE YIIIOTHEHAE. B pe3dynbraTte
IUIOTHOCTh CHera Ha BOTHYTBIX ¢opMax penbeda MoxeT GbITh GONbliIei,
4YeM Ha BBITYKIIBIX.

TemnepaTypHbIil pexXUM OKa3bIBAET ONpefelifiollee BINIHAE Ha BCe
¢pH3AKO-MEXaHHYECKAE NPOLIECCHI B CHETe M ero NPOYHOCTHhIE XapaKTepH-
CTHKH. B x0nofHbIE MECALBI B HIDKHUX CJIOAX CHEXXHOIO IIOKPOBa OGBIYHO Ha-
6imofaeTcs rpafHeHT TeMIIEPaTyPhl, HaPaBJIEHHBIA B CTOPOHY OCHOBaHHA
NMOKpOBa. TO 3HAYMUT, YTO Yy I'PYHTa TEMIEPaTypa CHera BhIIIEe (4acTO OKO-
10 0°), yem BGNM3H NOBEpXHOCTH. B BepxHeM citoe Ha riny6uny nopsaka 20—
40 cM pacIpOCTpaHsIOTCA CYTOUYHBIE KOJIe6aHUsl TEMIIEPATYphI, U 3[eCh Ipa-
RHMEHT TeMIEePaTyphl MOXKET B TeYEHHE CYTOK MEHSATb CBOE HalpaBJIcHHE.
ITpu OgMHAKOBBIX TEMNEPATYPHBIX YCIOBHAX Ha IOBEPXHOCTH CHEXXHOTO NO-
KpOBa IpajilieHT TeMIepaTyphl GOJIbIe HA TeX YJacTKax, Iie MeHbIIe TOJ-
II[HHA OKPOBa, IO3TOMY NPH PaBHOH BHICOTE CHEXKHOrO IIOKPOBa OH BO3pac-
TaeT 10 Mepe YBENUYEHH YIila HaKJIOHa CKIIOHa. COOTBETCTBEHHO H3MEHe-
HUIO BEJIMYMHBI TEMIIEPATYPHOrO rpafiMeHTa MEHSAETCA HHTEHCHBHOCTD iud-
¢py3nH BOASHOTO Napa, NEPEeKPHCTAIIIM3ALMN CHera ¥ o0pa3oBaHns IriyOuH-
HO¥ M3MOPO3H, YTO CYIIECTBEHHO MEHSET NPOYHOCTHbIE XapaKTEPUCTHKH
CHEXHOrO0 IIOKpOBa.

B nOBEpXHOCTHOM CJIO€ CHEXHOIrO MOKPOBAa BO3MOXKHO YaCTHYHOE Tas-
HHe M 3aMep3aHHe CHera. 3a cueT COJHEYHOW pajHalli¥ JaXke NpPH OTPH-
LATEJILHOU TeMNepaType BO3[lyXa NPOMCXOAMUT OIIaBIECHHE JIENSHBIX Ya-
CTHL, KOIJ]a e COJIHIE NePeCTaeT OCBEeUIaTh CKJIOH, Ha ero MOBEPXHOCTH
BO3HHKAET JIe[iiHast KOpo4Ka. TeMnepaTypHbIH PeXKUM CHEXXHOTO NIOKPOBa,
0COGEHHO B NEPHOJ] CHETOTAasAHUSA, CYHIECTBEHHO 3aBUCHT OT OPMEHTAIMA 1
KPYTH3HBI CKJIOHA.

HaG6niogenns nokasaii, YTO INIOTHOCTH OZHOBO3PACTHBIX CIIOEB CHEX-
HOTO NOKPOBa Ha PACMOJIOXEHHBIX PAAOM POBHBIX H BOTHYTBIX y4acCTKax
CKJIOHa MOTYT OTJIMYaThCA APYr OT ApPYyra Ha JECATKH NPOLEHTOB, a TaKHE
NPOYHOCTHbIE XapaKTEPACTAKHA, KaK ClieIUIEHHE U CONPOTHBIIEHAE Pa3phIBY —
B HECKOJIbKO pa3. B MecTax JIOKaJbHBIX HEOFHOPOAHOCTEN NMOBEPXHOCTH
CKJIOHA CYII|eCTBEHHbIE Pa3JIMYHsA B IULTOTHOCTH, CTPOEHHMH M MPOYHOCTH CHEX-
HOTO NOKPOBa MOT'YT Hab/IOAaThCA Ha PaCCTOSHUH HECKOJILKHX METPOB.

8.3. UBMEHEHUE XAPAKTEPUCTUK CHEXHOIO NMOKPOBA
C BbICOTON MECTHOCTU

C yBennueHHeM aGCOJIOTHOM BHICOTHI TEMIIEPATypa BO3yXa yMEHb-
LIAETCA M YBENIMUNBAETCA KOIMYECTBO TBEPABIX 0cafkoB. COOTBETCTBEHHO
yBEJIMYMBAETCS M KOJIMYECTBO CHEr03alacoB Ha CKJIOHax rop (ta6n. 8.1). B
pAje caydyaeB B PaclpefelieHMH CHerosanacos GOJIBIIYIO pONIb HrpaloT
NepeHOC CHera Yepe3 rpeGHA rop H OTJIOXEHHe 3HAYHTEIbHOTO KOJTHYECTBA
MeTEJIEBOro CHETa, YTO CIY>KAT NPUYHHOM CYIleCTBEHHOrO NOBBILICHHS TPa-
JMEHTA CHEro3alacoB € BBICOTOM, He COTJIacyIOMErocs ¢ rpafHEHTOM TBED-
HBbIX OCafiKOB.

76



Tabauya 8.1

BennyuHbl rpafiMeHTOB CHETr03anacoB B Pa3NUYHbIX TOPHBIX CTPaHAX
(Kornskos, 1968)

Topnas crpana Hnurepsan seicot, M | I'papueHT crero-
3anacos, MM/100 M
BBICOTB]
Bonswoit Kaekas 1000-2400 25-125
TNonspusiit Ypan 200-750 25-40
Saunuiickuit Anaray 1000-3000 15-25
Aurrait 1000-2000 17-27
CraHoBoe Haropbe 500-2000 10-15
Xpe6Ts! [Tpnamypbs 500-1500 12-16
Cuxora-AnuHb 500-1000 4-10
Bacceitn p. Tepek 1000-1600 2-5
1600-1800 15
18002000 70
Bacceitnbl pex A6xa3uu 1000-1400 60-80
1400-1800 130-150
1800-2000 200
Hranbsanckue Anbhbl 1200-2100 4-70
Illymaba (IOxHas Yexns) 400-1100 30-100
Tabauya 8.2

CpenHye 3Ha4eHHs! IOTHOCTH CHEXHOTO MOKPOBa, Kr/M3
(KoTnskos, 1968)

TopHble cTpaHbl Hnureppans! BLICOT, M

500-1000 1000~ 1500~ 2000~ 2500- 3000-

1500 2000 2500 3000 3500

Bocrounbie 170 200 230 280 340 400
Anbnbr
Kaska3 240 250 280 300 320 350
Tanb-llanb u 170 200 220 250 280 300
Tamup

C BBICOTO#H MECTHOCTH YBEJIMYMBAIOTCA CPOKM 3aJieTaHUA W CpeJHHe
3HaYEeHUA MIOTHOCTH CHEXXHOro nokposa (Ta6u. 8.2). OqHako N3MEHEeHHe
INIOTHOCTH CHEXHOTO IOKPOBa C BHLICOTOI He BCerfa YeTKO BhIpakeHO. B
HUXXHAX B CPEHMX YacTAX YBJIaXXHEHHBIX TOPHLIX MaCCHMBOB B HH3KHX
MHUpOTaX INIOTHOCTb CHEra C BLICOTOM yMeHblIaeTcd. Tak, Ha 3amagHOM
Kaska3e B fekabpe—siHBape IJIOTHOCTb CHera Ha BbricoTax 500 M jocTuraer
350 kr/M3, a Ha BBIcOTE 2000 M — Oxon0o 220 Kr/M3, B peBpane—Mapre
IUIOTHOCTH YBEJIMYMBAIOTCA COOTBETCTBEHHO 0 400 1 350 Kr/M3, U pasHuua
MeXJy HEMH yMeHbluaeTcss. Takoe pacnpefelieHHe IIIOTHOCTEN B {aHHOM
ciyyae 0OBACHACTCA YaCThIMM OTTENENAMH, CIIOCOGCTBYIOIIMMHE MO TanBa-

HHIO H YIUIOTHEHHIO CHEra Ha HU3KHMX YPOBHSX.
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Ha pacnpepienieHne IIIOTHOCTH CHEXKHOrO NOKPOBA OKa3bIBAaIOT BIIMsHAE
OpMeHTauus, KPYTH3Ha M KOH(Urypauus ckjioHos. IlnoTHocTh cHera Ha
FOXXHBIX CKJIOHaX 4acTo ObiBaeT Gonbire, yeM Ha ceBepHbIX. Ha BeIIyKibIX
y4acCTKaX CKJIOHOB OHa OGBIYHO HIDKE, @ Ha BOTHYTBIX — HECKOJILKO BhIIIIE,
YeM INIOTHOCTB CHEXXHOrO IIOKPOBAa Ha POBHBIX Y4aCTKaX CKJIOHOB.

ITpoyHOCTHBIE XapaKTePHUCTHKH CHEXXHOIO NIOKPOBA ONPENEJISAIOTCS Ero
CTPOEHHEM, IUIOTHOCTBIO ¥ TEMIEPATYPOil, B 3aBICHMOCTH OT KOTOPBIX OHM
MEHSIOTCA B IIMPOKMX npepenax. [TosToMy 4YeTKas 3aBUCHMOCTb 3THX
XapaKTEPHCTHK OT BBICOTHI OTCYTCTBYET, €€ MOXKHO ONPENENIATD JHUIIb JIISA
KOHKPETHBIX CKJIOHOB B 3aJlaHHbIE€ HHTEPBaJIbi BDEMEHH.

8.4. TASHUE U PASPYWEHUE
CHEXHOrO NOKPOBA HA CKNOHAX

TasiHue CHEXXHOro NOKpOBa MPOHCXOMUT 32 CYET KaK MOCTYIJIEHHs TeIia
H3 NPUNOBEPXHOCTHOI'O CJIOA BO3AyXa, TaK U CONHewHoi paguamuu. CooT-
BETCTBEHHO MOXXHO BBLIIEJINTH IBa THNA TasHUA: afiBEKTHBHOE H PaIHaliiOH-
Hoe. Ilpeo6naganne TOro MJIM MHOTO THNA 3aBUCHT OT MHTEHCHBHOCTH
COJIHEYHOI paiHaluH, TEMIIEPATYpPhl H BNAXXHOCTH BO3lyXa, CKOPOCTH BETpa
¥ COCTOSTHHS CHEXKHOTr'O NIOKPOBa.

IIpn NOBTOPAEMOCTH ACHBIX AHEN TasgHHe CHEra HauMHAEeTCA ellle npu
OTpHLATENbHOM TeMnepaType Bo3ayxa, nHoraa o —10°. Han6onee uHTEH-
CHBHOE pajiMallMOHHOE TasHHE NPONCXOAMUT B YCIIOBHAX MOIHOrO NPHXOAa
JIYYHCTOI HEPruy, YTO XapaKTEPHO JJI BLICOKOTOPHbIX U BbICOKOIIMPOT-
HBIX ycnoBuil. CpOKM Hayajla i HHTEHCUBHOCTb PafiIMallHiOHHOrO TastHMs 3aBH-
CAT OT OPHEHTALMH H KPYTH3HBI CKJIOHOB M BBICOTHOTO NOJIOXEHHS paccMaT-
PHBaEeMOro y4acTKa CHEXKHOrO INOKpOBa.

BTopxXeHue B rOpHbIf pPafiOH TEIUIBIX BO3QYLIHBIX MAacC BbI3bIBAET
aiBEKTUBHOE TasiHME CHEra, KOTOpOe MOXET HauMHAThCA NOYTH OJHO-
BPEMEHHO Ha BCEX BBICOTaX FOPHOrO CKJIOHA, H Majio 3aBHCHT OT €ro Kpy-
TH3HBI ¥ OpHeHTauun. MHTEHCHBHOCTD aJBEKTHBHOrO TasgHUA TeM Golnbile,
YeM BhIlIe TeMNEpaTypa NOCTYNAaOIMX TENIIbIX BO3AYIIHLIX Macc 1 60JIbllle
CKOPOCTb MX paclpOCTPaHEHMs.

OGa THna TasHus AONOIHAIOT ApPyr Apyra. B navane npouecca TasHus,
KOrJla CHEXHas TOJILa MMEET ellle OTPHUATENbHYIO TEMNEPATYpy, Tajas
BOJia (pMIILTPYETCA BHYTPh CHEXXHOrO [IOKPOBa H TaM 3aMep3aeT, 06pa3ys
JiefisHble NPOXMIIKHA U JIe[AHble JUH3bI. 3aTeM (PUILTPaLHUS 3aXBaThIBAET
BCIO TOJILYy CHEXXHOTO NMOKPOBa H €€ M3JMIIKH HaYHMHAIOT CTEKaTh IO
NOBEPXHOCTH CKJIOHA. IHTEHCHBHOCTD TastHUs CYLIECTBEHHO YBEJIMYABAETCA
[ocJjie TOro, KaK M3-3a YMEHbIIEHHs TOJNIIMHLI CHEXKHOrO NOKPOBA HaJl ero
NIOBEPXHOCTBIO HAaYMHAIOT BBICTYNATh KaMHH M IpAfAbl. ITO OCOGEHHO
IIPOSABNIAETCA Ha KAMEHHCTBIX CKJIOHAX I0KHOH 3KCNMO3NLMH, A€ NOABIICHAE
6GecCHEeXXHBIX NOBEPXHOCTel yMeHbIlaeT O6IIyI0 OTPaXXaTeJILHYIO COco6-
HOCTb CKJIOHA ¥ YBEJIMHMBAET NOTTIOLIEHHE COTHEYHOH HEPTHH.

YBnaXXHEHHE CHera B IIpOLleCCE TasiHAA B psAAe ClyvyaeB HapymiaeT
YCTOHYHBOCTH CHEXXHOrO IIOKPOBa Ha CKJIOHAX U ABJIACTCA NPHYMHOM 3apOXK-
AEHHs ¥ CXOMa JIaBHH M3 MOKPOTO CHera.
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8.5. CHEXXHUKK

CHeXHUKaMH Ha3bIBalOT CKOIUIEHHS CHEra, COXpaHsIOIHUECsS B TeYeHHe
YaCTH WJIM BCEro TEIJIOro NEpHojia rofa Inocje NOJHOro CTauBaHUs OKpPY-
3KaIOLIEr0 CHEXXHOro NOKpoBa. CHEXXHUKAMM CTaHOBATCA OTJIOXEHHS MeTe-
JIeBOro CHera (HaBesTHHblE CHEXXHUKH) M JIAaBUH (JIaBUHHbIE CHEXXHUKH).

3umoit BO BpeMs MeTellel y NOAOMIBBI PEYHBIX, O3€PHBIX B MOPCKHX
Teppac CKallJIMBAeTCS 3HAUMTEIHLHOE KOJMYECTBO MeTelleBOro cHera. B
HayaJle JIETa 3TH CKOIIEHHS COXPaHAIOTCA HEKOTOpPOe BpeMs IOcCle CXORa
OCHOBHOM MacChl CHEXXHOI'O IOKpPOBa B BUIE CHEXXHBIX JIEHT, IOYePKUBal0O-
mUX Hanuyne Teppac B penbede. Ha rpeGHsax u 6poBKax IIaTo B ropax BO
BpeMsi MeTelell 06pa3yloTC MOILHEIE CHEXXHbIE KAPHU3bI, KOTOPhBIE B JIET-
Hee BpeMsi COXPaHAIOTCSA B BUiE BPEMEHHBIX UJIM NIOCTOSHHBIX CHEXXHHUKOB-
KapHH30B.

JIaBMHHBIE CHEXXHMKH NIOPa3feNifioT Ha TPH IPyNNbl: JOTKOBbIE, CKIIO-
HOBBIE U NOAHOXHH CKJIOHOB. JIOTKOBbIE CHEXXHUKH COXPAHAIOTCA B IOHH-
JKEHWSX JIAaBHHHBIX JIOTKOB ¥ B 3PO3HOHHBIX 60pO3Jax, rie CKalIMBaeTCa
6OJIbIIOe KOJIMYECTBO METENIEBOrO CHETa MIIX OCTAETCA YacTh IEPEHOCHMOro
naBuHOM cHera. Ha ckiloHax cHer HaKalUIMBaeTCs Ha TOPH3OHTANILHBIX NO-
BEPXHOCTAX CTyNEHeH U B NOHIXEHNAX, CKPbIBasi HEPOBHOCTH IIOBEPXHOCTH
CKJIOHA. B leTHee BpeMs CKOIUIEHNs CHEra M OKpY>KalOU[Wii CHEXXHBIA NOK-
POB B TaKHX MECTaxX He YCIEBAIOT PacTaAThb M COXPaHAIOTCA B BHJE CHEX-
HHUKOB. JIOTKOBBIE U CKJIOHOBBIE CHEXXHUKM XOPOIIIO NNOJYEPKUBAIOT CTpOe-
HHE CKJIOHOB 1 KOH(PUT'YPALHIO JIABUHHBIX JIOTKOB.

Hu3ssepratoluecs Ha JHO ONHMHbBI CHEXKHbIE JIAaBHHBI CO3[alOT MOLIHbIE
KOHYCBI BBIHOCA, COXPaHSIOLIMECS B JIETHEE BpeMs B BHJI€ CHEXXHHKOB.
Taxue MaBUHHBIE CHEXXHMKH MOTYT COfiep>KaTh OOJIOMKH CKaJl M YaCTHIbI
IPYHTa, 3aXBaYECHHbIE JIABUHOM CO CKJIOHOB, 2 Tak>Ke BhIpBaHHbIE JIaBHHOIA
KYCTbI H CTBOJIbI IepEBBEB.

ITo NponoOIIXNTENBLHOCTH CYIIECTBOBAHMS CHEXXHHKH Pa3fielIfloT Ha TPH
THIIA: BECEHHHE, JIETHHE U nepesieTKH. CHEXHUKM PaclpoCTPaHEHb! NIOBCe-
MECTHO B 30HE (hOpMHPOBaHHs CHE3XKHOro NOKpoBa. Ha paBHHHAX OHM Xapak-
TepHbI I 6e3/iecHBIX TaHRmadTOB. B cTENHBbIX pafioHaX OHM BCTpEYAOTCA
B oBparax M 6ankax. B TyHipe CHeXXHHKH paclpoCTpaHeHbI Ha GeperoBbIX
ycTynax, B JOJMHAX, y IOAHOXMI rpsaj M X0oiNMOB. B ropax HaBesHHbIE
CHEXHHWKH NIPUYPOYEHbI IPEUMYLIECTBEHHO K CyOHMBaJIbLHOMY ¥ TOPHO-TYHJI-
poBoMy nosicaM. B mMecrax, riie paHee GbUIM JIE[HUKH, KOTOPbIE 3aTEM OT-
CTYNHJIA, HaGIONAIOTCA MOIHBbIE HaBESTHHBIE CHEXKHMKW, 3alOJIHAIOLINE
yray6neHns MeXay BaJlaMH M XOJIMaMH MOpeHHOro penbeda. IIpn ysesnn-
YeHUH CHEXXHOCTH M H3MEHEHMH KIIMMAaTHYECKHMX YCIIOBHI CHEXHHUKH-NIepe-
JIETKM MOT'YT NpeBpaliaThca B JIENHUKH. TakuM o6pa3oM, IOROGHbIE CHEX-
HMKM MOXXHO PacCMaTpPHBaTh KaK NEPEXOAHYI0 (pOpMY OT CHEXKHOTO TIOKPOBa
K oneneHennto. HbkHsAa rpaHHIia pacpOCTPaHEHNs! CHEXXHUKOB-NIEPEJIETKOB
obpa3syet oporpad)MyecKylo CHErOBYIO JIMHHIO, KOTOpasi pacnojiaraeTcs Ha
500-1550 M HIDKe TEOpEeTHYECKOH CHErOBOM JIMHUH.

79



naBsa 9
CHEXHBbIE JIABUHDbI

9.1. HAPYWEHUE YCTOWYUBOCTU CHEXXHOIO NMOKPOBA
W OBPA30BAHUE NABWUH

CHeXHbI NOKPOB Ha CKJIOHaX rop B ONpe[eJIeHHbIX YCIOBHAX TEPSET
YCTOHYMBOCTL M NOJ REHCTBHEM CHIIbI TAXKECTH HaUMHAET ABUraThCsA BHHU3.
IIpumenuias B fBMXKEHNE Macca CHEra MOKET 3aXBaThIBaTh HA CBOEM NYTH
H BOBJIEKATb HOBbIE €ro NOPLMM CHEra M HU3BEPraThca A0 Gojiee NOJOTHX
y4aCTKOB CKJIOHAa WJIH A0 POTHBONOJIOKHOrO CKJIOHa AoiuHbl. Takas qBu-
XYILIAACA CHEXHasi Macca Ha3bIBaeTCs JaBuHOR. CHeXXHbIE JIaBHHbI — LIH-
POKO pacpOCTpaHEHHOE IPUPOAHOE ABJIEHHE, KOTOPOE CYIIECTBEHHO OCJIOXK-
HAET XO3AHCTBEHHOE OCBOEHUE FOPHLIX PaifOHOB U NIPEJICTAaBIAET YTPO3Y s
XKHM3HH JIOACH.

Y4acTOK CKJIOHA ¥ [IOJIMHBI, IJie 3apOXKAAETCH, ABHXKETCS ¥ OCTaHABIIH-
BaeTCs CHeXHas JIaBMHa, Ha3bIBalOT JiaBHHocOGopoM. B nmaBuHocGopax
OGBIYHO MOXHO BBIJIEJINTh TPH 3O0HBI: 3apOXKACHHUA, TPaH3UTa (IyTH JBH-
3KEeHHs) M OTJIOXKeHns (BbIGpoca) JJaBHHHOro nortoka (puc. 9.1). I'pannusl
MeXy 9THMH 30HaMH HeYeTKHEe M HOCAT YCNOBHBIN xapakrep. Tak, 30Ha
OTJIOXEHAA KOHKPETHOH JIaBUHBI MOXET CTaTh 30HOM TPaH3MTa JJIA NOCJe-
nyoieit Gojee MOILHOM JIaBUHBI.

OpnHOU M3 OCHOBHBIX NPUYHH HAPYUIEHUS YCTOMYMBOCTH CHEXKHOrO
MOKPOBa CIYKHUT yBeJIMYEHHE MacChl CHEra 0 KpHTHYECKOM BEJMYHHBI B
pe3yiibTaTe BbINAJEHUs OCaikOB M METEJIEBOro CHeromepeHoca. Bropas
PacnpoCTpaHeHHas NPUYMHA — YMEHbLIEHHE YIEPKUBAIOLMX CHII B Pe3yJb-
TaTe pa3ynpOYHEHHUS CHera BCJIEACTBHE NPOLECCOB NOJI3YYECTH, METaMOP-
¢u3Ma U TassHUA.

Hapymuienue ycTOHYMBOCTH PBIXJIOrO CYXOro CHera HacTynaeT NpH yBe-
JIMYEeHUM CJIOs 3TOTO CHera O HEKOTOPOH KPHUTHYECKOW BEJINYHMHBI, IIPH
KOTOpOH CABMralOLINe YCHIIMA Ha NIOTEHIMAILHOM I0BEPXHOCTH OOpYIIIeH s
(IO MOBEPXHOCTH CTapOro CHera, Io IJIafiKoi NMOBEPXHOCTH CKJIOHA MJIH O
ocna6iieHHOI NPOCNOiKe B CHEXXHOM NOKPOBE) ROCTHralOT BEJIMYHHLI NIpe-
AENBHOTO JTHTEJILHOTO CONPOTUBNEHNs CHera caBury. IIponcxopuT 3T0 BO
BpeMsl CHErONafioB, Yallle BCEro Ha CKJIOHaX KpyTH3Hoi 30-40°. CHauana 1o
Mepe HapaCTaHHs CJIOA YBEJIMYNBAETCA HHTEHCHBHOCTD BA3KOrO YIIOTHEHUS
H TeYeHHd CHera, YTO NPHUBONMT K MEJIKHM HApYIIEHUSM CIUIOLIHOCTH
CHE3KHOrO IIOKpOBa. B KaKoii-TO MOMEHT HacTYNalOT KPHTHYECKHE YCIIOBHS,
KOTJ]a HEKOTOpAasi Macca PhIXJIOro CHera TepsAeT CUEIVIEHHE C OCHOBaHHEM U
HAaYMHAET JIBUTATHCA C YCKOPEHHEM, OKa3biBasi AMHAMHYECKOE fiaBJICHHE Ha
PAacCIOJIOKEHHBIN HAXE 1O CKIOHY YYacTOK CHEXXHOro NMOKpoBa. JTO AaB-
JIEHHe, B CBOIO OYepefb, HapyLIaeT YCTOMYMBOCTh BCTPEYaEMOro Ha NMyTH
MacCHBa CHETa M CIIOCOOCTBYeT BOBJIEYEHHIO €ro B ABIDKeHHe (puc. 9.2, a).
B pesynbTaTe BO3HMKAeT PACIIMPAIOLMICA B IJIaHe NOTOK, KOTOPLIA Ha
KPYTOM CKJIOHE JIBIDKETCS C BO3pacTalolleii CKOPOCTBIO, 3aXBaThIBas BCE
HOBbIE€ H HOBhle nopuuu cHera. Ha6paB cKOpOCTb, NOTOK PLIXJIOrO CHera
MOXET BOBJIEKATh B ABIDKEHUE CTapblil, GoJiee IIIOTHBIA CHer.
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Puc. 9.1. Cxema naBunoc6opa

3oubl: | - 3apOXACHAA NaBHH, 2 -
TPaH3KTa, 3 — OTJIOXKEHHS CHera

Puc. 9.2. HapyuweHne ycroiumBocTH 7
CyXOro phIXJIOro cHera (a) U NJIHTbI U3 Q
cna6o ynnoTHEHHOro cHera (6) 8

1 - navanbHbIf O6BEM CHEra, KOTOPbIf
TepAeT YCTOHWYMBOCTL M HAYHHAET ©OC-

Kanb3biBaTh; 2, 3 — NOCHEROBaTejIbHbIE / Q
KOHTYPb! Yy4aCTKOB BOBJIEKa€MOTO B [{BH KEHHE /
cHera; 4 — y4YacTOK IUIMTBHI, Tepsiowedn

YCTONYHBOCTb TOCHE  COCKANb3bIBAHHA
HavyalbHOro o6’beMa cHera

»

Csexunii CHer yalle BCEro OTKJafblBaeTCd B BHMI€ CHEXHBIX IUIHT,
00J1a/jalONUX [TOBBLIIIEHHBIM IO CPAaBHEHHUIO C PHIXJILIM CHETOM CLEIIEHHEM.
CHexXHble IUTNTBI MOTYT COCTOSITh M3 CHeTa T0GOoro BUfa: MArKOro CBEXEro,
YILIOTHEHHOT'O METENIEBOro, TBEPAOro CTaporo H MOKporo BeceHHero. Konk-
peTHble IPHYAHBI X MEXAHA3M HAPYILEHH YCTOHYMBOCTH CHEXXHBIX ILTAT BO
MHOTOM 3aBHCAT OT MX INIOTHOCTH M NMPOYHOCTHBIX XapaKTEPHCTHK, KOTO-
pbie, B CBOIO OYEPeNb, ONpPEAeNAIOTCs YCIOBHAMU (GOPMUPOBAHAA CHEXXHOTO
[IOKpOBa M NOCJIERYIOMHAMH NpOLECcCaMH YIIOTHEHUS M MeTaMopduaMa
CHera.

Hapyienue yCTONYABOCTH ILTMT MaJioil mwiotHocTH (Menee 200 kr/m3)
IPOMCXOANT Yallle BCEro Ha KOHTaKTe CBeXero cHera ¢ 6ojiee NIIOTHBIM
CTapbIM CHErOM BCJIEACTBUE YBEJIMYEHUS HANPSIKEHUS CBUIa, BhI3BAHHOIO
BBINaflaloAM CBEXXHM CHErOM WJIH OTJIOXKEHUSIMH MeTelleBoro cHera. Ha
CKJIOHE C NIepEMEHHbIM NpoduieM YCIOBHA RJIA HapYIIEHUs YCTONYHBOCTH
BO3HHMKAIOT B NEPBYIO OYepefb Ha KPYThIX ero yyacrkax. Ilpumenmas B
IABMXKEHHE Macca CHEra 3axBaThIBaeT 3aTEM CHer M Ha GoJjiee NOJIOrux
y4acTKax, rJie OH HaXOJMJICA B yCTOHYMBOM cocTosiHum (pHc. 9.2, 6). Bos-
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HHKINIas JJaBHHA MOXET BOBJIEKAaTh B JBHXXCHME Ha CBOEM IIYTH CTapblii
YIIIOTHEHHBIA cHer. OOpyllIeHHe Yalle BCero MPOMCXOAUT BO BPeMsi CHEro-
Mafa HiH NPH HA30BOH METENH, a TaKXKe B TeueHHe OMmKkafmMx Jacos
nocjie MX OKOH4YaHuWs. Eciu B 3TOT nepuoj naBHHa HE BO3HUKAET, TO
BEPOSATHOCTL HAapYUICHHS YCTOMYHBOCTH MATKOH IUNIMTBI PEe3KO YMEHb-
IIAEeTCA, TaK KaK CHEr yIUIOTHAETCS H NPEAeNbHOE CONPOTHBJIEHHE CABHTY
IUIMTHI IO OCHOBAHHIO YBEJIMYNBAETCH.

ITnuTa M3 TBEPAOro CHEra MOXET HAXORMTLCA B JIOKAJIbHO HEyCTOM-
YHBOM COCTOSIHHM, T.€. B COCTOSIHHM, KOTJla CABHIAIOLIME YCHJIHNSA NPEBbI-
1IAIOT NpefelIbHOE CONPOTHBJIEHHE CBHTY IUIMTHI IO OCHOBAHHUIO U IUIMTA
YAECP>KHBaeTCA 3a CYET CHJI CXKaTHs, CABHTa M PacTAXEHHs IO KpasAM He-
ycroiyusoro y4yacrka (puc. 9.3). OGpyuieHne NPOMCXORMT Yalle BCETO
BCJIE[ICTBHE HapYIIEHAS LEJOCTHOCTH IUIMTHI H PE3KOrO YMEHbIIEHUS CHII
conporuBiieHns Ha ee Kpasx. HenocpepcTBeHHON NpMYNHON HapylIeHUs
YCTOHYHBOCTH IUIATHI MOTYT GbITh Pa3jIMyHbIE ClIy4YaiHble (paKTOPbI: pe3Kas
HEOAHOPOMHAs OCajiKa CJIOs CHera IOf INIMTOM, H3JIOM IUIMTBI PH NPOXOfie
JBIXKHMKA WM NIPH ACKYCCTBEHHOM BO3[eMCTBMM Ha CHEXHbIil IOKpPOB,
o6pa3oBaHie TPEUIMHEI B 30HE PAaCTKEHUs NPH GHICTPOM NOHMKEHHUHN TEM-
nepaTtypsl. [IpegensHoe cocTosHHE MOXET OBITH JOCTHTHYTO M IIPH NOCTe-
NEHHOM IlepepaclpefesicHIN BHYTPEHHAX HaNpPSOKEHUH B IUIATE B Pe3yiib-
TaTe NpoleccoM MeTaMopdu3Ma, NOJ3yYeCcTH M ocnabiieHus cBA3ell ee ¢
OCHOBAaHMEM.

XapakrepHasi 0COGEHHOCTb OOPYyIIEHUS! CHEXHBIX TUIMT — OQHOBPEMEH-
HOE HapylIeHHe YCTOMYHBOCTH CHEXXHOTO IIOKPOBAa HAa 3HAYUTEJIHLHOM IIO
IIOIafi YyYacTKe, YTO CONMPOBOXKAAETCA Pa3phiBOM IIJIaCTa Ha BEpXHei
rpaHHUIE 3TOrO y4yacTka. Buaumas rpanmia oTpheiBa NpefcTaBiseT coOoM
JIOMAHYIO JIMHAIO HJIM HEPOBHYIO yry B BepXHe# 4yacTH JaBHHOcGopa. ITo-
BEPXHOCTb OTPbIBa 6/IM3Ka K IJIOCKOCTH, NEPNEHAMKYIAPHOH K OCHOBaHHUIO
CHeXXHOM muuThl. HanGonblne minThl OGPyUIMBAIOTCA Ha CKIIOHaX Kpy-
TH3HOH 30-45°. Ilpu gBM>XKeHMH nuMTa GLICTPO pa3pyuaeTcs, ApobuTca u
npeBpamaeTcs B CHEXHbIH NOTOK. HMXXHAS 4acTh NIOTOKa COCTOHT HU3
06JIOMKOB IJINTBI, €0 INIOTHOCTh 6JIM3Ka K IJIOTHOCTH NOTEPABIIErO yCTOM-
YHBOCThL CHEXXHOTO INOKpOBa. BepxHss 4acTb MOTOKa COCTOMT M3 MEJIKMX
YaCTHL, pa3fApo6IeHHON IUTHTRI, ILIOTHOCTD €0 YObIBaeT C BLICOTOM.

B BeceHHuii nmepHopj depe3 CHEXHbll MOKPOB NPOCaYMBAETCA BOAA,
obpasyromascs NpH TasHAM BepxHUX cioeB. OHa mepeMellaeTcs B BUJE
IJICHOK Ha NMOBEPXHOCTAX 3€peH Min puabTpyerca Mexny 3epHamu. IIpu
3TOM 3€pHa OKPYIJSIOTCA, a JIEAAHbIE CBA3M MEX]Y HUMH 3aMEHSIOTCH
BOJHBIMM IUIEHKaMH. OTO NPHBOANT K YMEHbUICHHIO CHJI CUEIJIEHHS M
CONPOTHBJIEHUS CHEra CXKaTHIO, YTO MOXXET BbI3BaTh HapyIIEHHUE YCTONYH-
BOCTH CHEXXHOro nokposa. HayanbHbIM MMIYJIBCOM HAapYHIEHHS YCTOWYH-
BOCTH CHera CJIy>XaT: NaficHAe YacTH CHEXXKHOTO IIOKPOBa, CNYYaiHO JBHXY-
IMICA N0 CKJIOHY KaMEeHb MJIM KOM CHera, yBeJIMYeH’e COflep>KaHusl BOAbI B
CHere, pe3Koe OCeflaHHe CHera Ha JIOKAJIbHOM y4YacCTKe MJIM MCKYCCTBEHHOE
BO3/IefiCTBHE Ha CHEXHBII NIOKPOB. B pe3yibTare feiicTBUA KaKOro-nu6o u3
nepeyrceHHbIX (hakTOPOB Aake Ha HEOOJIBLHIOM yJacTKe CHEXXHOTO NOKPOBa
HapyIaloTCsA NEPBOHAYAJIbHbIE CBA3H MEX/y 3€pHAaMH CHera M obpasyeTrcs
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Pnc. 9.3. HapyueHne ycTo#4YHBOCTH IUIMTB! U3 MIOTHOTO CHEra
1 — NOKaNBHO HEeYCTOHUMBBI YHACTOK IIIHTBI; 2 — NOBEPXHOCTb CKOJBXKEHHS TUIHTDI
New> Npy Ny — CyMMapHast culla CONPOTHBIIEHUS CKATHIO, PACTAXEHHIO M CPE3Y; Gy M

[of

P~ Hanpsi)KCHUs COKaTUA U PaCTAXKEHHA

Puc. 9.4. 3apoxneHue NnaBHHbI U3
MOKpOTO CHera :

1 - navanbHbIli O06bEM cHera, mnore-
PABLUIA CLETJIEHHE C OCHOBaHUEM; 2 — 30Ha, B
KOTOpPO# MOXeT NMPOH3OATH ckayKooGpa3Hoe
YIUIOTHEHHE 110 eHiCTBHEM AONONHUTENbHOM
Harpy3KH OT MpHILERLIEro B iBIDKeHHe o6 beMa
cHera; 3 - mnociaefoBaTeNbHble KOHTYPbI
BOBJIEKAa€MOTO B IBH)KEHHE CHera

30Ha HEYCTONYHMBOTO COCTOSHHS g X 7
(puc. 9.4). Macca cHera B 3TOli 30He //' 7/"*‘,-~_6\_:5\
HaYMHaeT CNoOJI3aTh BHA3, OKa3biBas \ \ L )
IOMNOJIHUTEJILHOE CHJIOBOE BO3JIEHCT- Nl DN

BME Ha PaCNOJIOXKEHHBIN noj Hel H
HIDKe IO CKJIOHY CHEXKHBIA IIOKpOB,
YTO yBEJIMYMBAET HANPAXKEHUSA CXKATHs M CIBHTa Ha FPaHULE MEXJY 30HOMH
HEYCTOHYHMBOrO COCTOSIHHS ¥ HEHAaPYLIIEHHBIM CHEXXHBIM NOKPOBOM.

Ecim HanpsbKeHHe CXXaTHA NpeBLIIIaeT CONPOTHBJICHHE CHEra CXXaTHIO,
IIPOMCXOUT CKavyKooGpa3HOe YIUIOTHEHHE CHera B NpHIeraiomei 3oHe,
CONIPOBOXAAIONLIEECA HAPYIIEHAEM HAYaJIbHbIX CTPYKTYPHBIX CBS3€H MEXAY
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ero 3epHaMu. ITpu 3TOM HapymaeTcs CleIUIEHHe CHEXXHOH MacChl B yIJIOT-
HEHHOM 30HE C HEHAPYIIEHHBIM CHEXHBIM IIOKPOBOM, YTO 06JIeryaeT 4acTay-
HOE COCKaJIb3bIBaHHE HAapYIIEHHON MacChl CHETa M NOCNERylonee HapacTa-
HMe [aBJIEHUS Ha PacllOJIOXKEHHBIN HIDKE HEHAapYHIEHHBIA CHEXHBIH IIOKPOB.
ITocne 3TOro mpouecc MOXeT NOBTOPATLCA C HAPYIIEHHEM BCE HOBBIX 30H
CHEXHOrO NOKPOBa M BOBJICYEHHEM HX B COCKAJIb3bIBAEMYIO MacCy CHera.
PaGoTa, coBepiraemas JBICKYLIMMCS CHETOM, PacXOAYeTC Ha ero 4acTHd4-
HOe TasiHHe, OCOGEHHO Ha KOHTAKTE CKOJLXEHHS. ITO BhI3LIBAET AONOJHA-
TeJNbHOE YBJIAXXHCHHE, YMEHBIIAeT CONPOTHBIICHAE CABHIY H CNOCOOCTBYET
yBEJIMYEHAIO CKOPOCTeH CIIONI3aHMA, YTO, B CBOIO OYepe/lb, OBRLILIAET CHIIbI
RaBJIeHUs! HA HEHAPYIIIEHHBIH CHEXHBIN NOKPOB H CNIOCOGCTBYET BOBJICYEHHIO
B ABIDKEHME HOBBIX MacC CHera M pacCIIMPEHHIO ABHXKYIIErocs IOTOKa B
IUTaHe.

B ycJoBHSX HHTEHCHBHOTO HEPaBHOMEPHOrO CHETOTAssHUA M KOHIL[EHT-
PalMy TaJIoM BOALI B CHEXKHOM Macce BO3MOXHO 06pa30oBaHHe BOAOCHEKHDIX
IIOTOKOB, KOTOPBIE II0 CBOEMY COCTaBYy H XapaKTepy JBIDKCHHS 3aHHMAalOT
NPOMEXKYTOYHOE NOJIOXKEHUE B PARY KaTaCTpOhHIECKNX CKIIOHOBBIX IpoLec-
COB MeX]ly CHe3KHbIMHM JIaBUHaMH M celieBhiME orokamu. HauGonee cymecr-
BEHHBIM OTJIMYMEM BOJOCHEXHBIX IIOTOKOB OT JIaBHH H3 MOKpOrO CHera
SIBNAETCA TO, YTO B UX OOpa30BaHMM BEAYIIYIO POJIb MIpaeT NOsABIECHUE B
CHere CBOGOJ{HOI BOJbI, @ TAKXKE TO, YTO NOTOKH MOTyT (hOPMHPOBAThCA Ha'
OTHOCHTEJILHO IOJIOTUX CKJIOHAX, Iie BOSHMKHOBEHHUE JIAaBHH HEBO3MOXKHO.

9.2. ABWXEHUE NABUH

B 3aBUCHMOCTH OT COCTOSIHHS M CBOWCTB JIABHHHOI'O CHEra BBIAEJNAIOT
mecTb popm gBIKeHna naun (Mockanes, 1977).

1. IpuxeHne 06J1aKa M3 MbUIEBATOrO (IOPOIMKOOGPa3HOro) CHera, KOTo-
PO€E MOXET CONPOBOXAAT MM OOroHATL 60Jee MIOTHOE AAPO NOTOKA.

2. TypGyneHTHOE BHOKEHHE MaJIOCBA3ZHOr'O CYXOro cCHera MOgoGHO JBH-
3KEHHUIO CHIMYYHX MaTepHalioB. Bo BpeMs ABMKEHHUS TpeHHE MEXHAY YacTH-
L[aMH YMEHBIIIAeTCA ¥ IPOMCXORUT CBOeoOpa3Hoe "pa3KirKeHue" I0TOKa.

3. [Isi>keHne OGJIOMKOB CHEXKHBIX IITMT. MeX[y HIDKHEl IOBEPXHOCTBIO
06JIOMKOB IUTHTBI 1 IOBEPXHOCTBIO CKOJILXXEHUS MOXKET BO3HHKATDb 3P GeKT
BO3[JYIIHOM CMa3KH (BO3[YIIHOM NOAYLIKH).

4. IBmxeHME KOMBEB CHEra: CKOJIbXXEHHE, KaueHne, epeMellInBaHue.

5. JipickeHne KOHCONMANPOBAHHOM MacChl BJIaXKHOIO WIIM MOKPOTO CHera,
NofO6GHO TeYEHHIO IIAaCTHYECKOro BEIIECTBA MM BA3KOHM KHUAKOCTH.

6. TypOyneHTHOe NBUKEHHE CHEXHO-BOAAHON CMECH, HHOTAA C NPH-
MECBhIO 3aXBaYEHHBIX IOTOKOM YaCTHI[ TPYHTa M KaMHel, NoJOGHO ABHXKe-
HUIO CeJieBbIX IOTOKOB.

Bo0O3MOXHEI IPOMEXYTOYHBIE CIyYau H NEpexopy OofHol dhopMsel ABH-
SKEHHs1 B JPYryIO Ha MPOTSDKEHHUH IIYTH JIaBHHBI.

JlaBHHA OGBIYHO HAYMHAETCA C YCKOPAIOLIETrocs ABHXKCHAA NOTEPABLICH
YCTOAYHBOCTh MaCChl CHETa, KOTOpas BOBJIEKAET B [IBIDKCHHE CHET HAa CBOEM
nyTa. IToTeHMankLHas SHeprus nepeMeialomeiicss BHH3 O CKJIOHY CHEXHOMH
Macchl pacxoflyeTcsl Ha YCKOpeHHe JBMKEHHS MacChl M paGoTy no npeofo-
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JIEHHIO CHJI CONPOTHUBIIEHHUs, HHaY€e rOBOPS, OHAa NpeBpalaeTcd B KHHETH-
YeCKYIO 3HEPTHIO {BIDKEHHMS H TEIIOBYIO SHEPTHIO.

ConpoTuBIlieHHE [BHXXEHHIO JIaBHHBI CKJIAAbIBAETCA M3 CHJI TPEHHA
CHEXXHOH Macchl II0 OCHOBAHHIO, BHYTPEHHErO TPEHHUS B CHEXXHOM MOTOKE,
CONMPOTHBJIEHAA Pa3pyLICHMIO BOBJIEKAEMOTr'O JIaBUHOM CHEXHOTO NIOKPOBa H
conpoTHBJeHus Bo3fyxa. HanGoibliee conpoTHBIEHHE JIAaBHHHBIA MOTOK
HCNBITHIBaeT B royiopHoli yactu. M3-3a aToro cospgarorcs ycioBus Ris
IepeMelIMBaHUsA CHEXXHOM MacChl M NyJbCalMil CKOpOCTel NepeMelleHus
nepepgHero ¢ponra gaBuHbl. 10 faHHBIM HHCTPYMEHTANBHBIX U3MEPEHU
CKOpOCTEH ABHXKEHHA JIaBHH YCTAaHOBJIEHO, YTO NEpeMeNIeHMe NEPENHErO
¢poHTa JIaBHHBI IEPHORUYECKH C HHTEPBAJIOM B HECKOJIKO CEKYHJ| 3aMefl-
JIfeTCs, a TONIIMHA FOJIOBHOM YacTH IIOTOKa HECKOJILKO YBEJIHYHBaeTCs,
3aTeM NPOUCXOAMT CBOEOOPa3HbIil BLIGPOC C YCKOPEHHBIM NepeMeleHeM
nepepnsero ¢poHTa.

OpnHolt M3 OCHOBHBIX NPAKTHYECKHX 3ajay JIABUHOBENECHMS ABJIAETCS
onpepeJieHue rpaHMI BEIGPOCa JIaBUH NyTeM HENOCPENCTBEHHbIX HabJio-
AeHHil B JJaBHHOCOOpax 3a COLIENUIMMH JIaBUHAMHU M CIIElaMH paHee CXO-
AMBIINX MOUIHBIX JIABHH C HCIIOJIb30BaHUEM METOROB ACHAPOXPOHOJIOTHH,
pewnc¢pHpOBaHAs a3pOC(OTOCHEMKOB, aHaJIM3a BCeH AOCTymHOl# unboOp-
Mal¥d ¥ CTaTHCTHKO-BEPOATHOCTHBIX pacyeToB. Tak, IO pa3nuyusM BO3-
pacTa iepeBbeB B 30HE BHIGpOCaA JIaBHH MOXKHO OLEHHTb BpeMs H IPaHMIbI
pacnpocTpaHeHus HanGoJiee MOLIHBIX JIaBHH B Ipouisie rogsl. IloMuamo
HEMOCPEACTBEHHO 3a(DMKCHPOBAHHBIX IPAaHML], YaCTO NPUXONUTCSA OLEHUBATh
"pacyeTHbIE" IPaHMIbI, COOTBETCTBYIOIHE HauGojiee MOIHBIM JIaBHHAM,
KOTOpBIE CXOAAT He yalle ogHoro pasa B 20, 50 unu 100 net. Ouu OGBIYHO
ONpeNeNAIOTCS Ha OCHOBaHMH CTATHCTHYECKOH 06GpabOTKH pe3ynbTaToB HaG-
JIIONIEHNI 32 JIaBHHAMM, COLIEALINMH B 3aJAHHOM M aHAJIOTHYHBIX JTaBUHO-
cb6opax. Tak, B coorBercTBuu ¢ "HMHcTpyKuMei N0 NpOEXTHPOBAHHIO M
CTPOMTENILCTBY IIPOTHBOJIABUHHBIX 3alUTHLIX coopyxennit (CH 517-80)"
NP HElOCTaTKE CBEJEHUH O pealibHbIX IPaHUIAX INOJNIOXKEHHE NepeHero
Kpas OTJIOXKEHMH JIaBHHHOTrO NOTOKa MOXHO OPHMEHTHPOBOYHO OLEHHTh
IIyTEM YIPOMIEHHOro rpact0aHaIMTHYECKOrO METOJAa C HCIIOIb30BaHHEM CTa-
THCTHYECKHX AaHHBIX.

Jns 3TOM eI Ha NPOAONBLHOM Npoduie JTaBHHOCGOpa M3 TOYKH, COOT-
BETCTBYIONEH BEpXHEl rpaHulie 30HbI 3apOK/AE€HNs JIaBHH (JIMHUHU OTPHIBA),
IIPOBOAAT FOPHU3OHTAJILHYIO M BEPTHKAJNbHYIO KOODAMHATHbIE OCH M HaK-
JIOHHYIO JIMHHIO NOA yriioM O (puc. 9.5). Ee nepeceyeHne ¢ NpOROJIBLHBLIM
npoduineM onpepesseT pacyeTHYIO IpaHHI BLIGPOCa JIaBHH 3a{aHHOl I1OB-
TOPAEMOCTH M 3aJlaHHBIX XapaKTEPUCTHK JIaBUHOCGOpa. Benuuuny yria o
HaXOJAT U3 3aBUCHMOCTH

H .
tgo= Z=fmmr 9.1)

rae L — panbHOCTb BHIOpOCA JIaBUHBI IO TOpU30HTanu; H — nepenan BICOT;
Jiom — MHHHMAJbHas BEJIMYMHA OTHOmWEHHs H/L, 3aBucAlias OT IIIOmany u

KPYTH3HBI 30HbI 3aPOXK/ICHUA JIaBHH, O6beMa JIaBHH, THIIA JIaBUH ¥ JPYTHX
XapaKTEPUCTHK.
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Puc. 9.5. Tpadoananutuueckuit cnoco6 pacyeTa CKOPOCTeil NBHXKEHHUSA W
pacyeTHOl AaNbLHOCTH BLIGPOCA JIABHHBI
YcnoBHble 0603HaYEHHS CM. B TEKCTE

OpHeHTHPOBOYHbIE 3HAYEHUS BEJIUYMHBI fi,, AJA JAaBHH [OBTOPA-
€MOCTBIO pexke ofHoro pa3a B 50 siet npusefieHs! B Ta6u. 9.1.

3Has RaNbHOCTh BIOpPOCa JIaBHHBI, MOXXHO OPMEHTHPOBOYHO OLEHUTH H
CKOPOCTb ABIDKEHMs1, ACNIONB3ys rpacoaHammTHYecKuit cnoco6, pazpaGoraH-
Helit C.M. Ko3ukoMm (1962). B cooTBeTCTBMM C HUM BEJIMYMHAa CKOPOCTH
JIaBHHBI U ONpEfieNfeTcs N0 BeJMYHHE Pa3HOCTH BBLICOT Ah MeXAay mpo-
AOJIbHBIM NpoduiIeM JIABUHHOTO IIYTH U JIMHAEH, COefUHsAIOmel Ha Npo-
ROJILHOM Npoduiie JIJAaBHHHOIO IYTH €ro BePXHIOI0 IPaHMIy C TOYKOM OCTa-
HOBKM NlepefiHero ()poHTa JIaBUHBI:
v?2

Ah = 2%’

9.2)
rae g = 9,8 M/C — yCKOpeHHe CHIIBI TAXKECTH.

s ynpoleHns pacyeToB CTPOAT LIKally 3aBUCHMOCTH CKOPOCTeil OT
BeJIMYUHLI Ah, IOCIIe Yero ROCTaTOYHO U3MEPHTD BeMHYnHy JauHua AB (cMm.
pHc. 9.5) ¥ no yKa3aHHOI LIKaJle ONpefesNTh CKOPOCTh JIABHHbI B 3a[JaHHOM
TOuKe ee nyTH. HaTypHble H3MepeHHst CKOPOCTe# ABIDKEHUS IOKa3alH, YTO
B JIaBHHOCGOpax npocToit GOpMbI pacCCUNTAHHBIE TAKUM OGPa3OM CKOPOCTH
ABICKEHMS JIAaBMH M3 CyXOro cHera GNN3KHM K (haKTHYECKHM, €CIH pacyeT-
Hble CKOPOCTH HaxofisiTcs B pefenax 40 M/c. B apyrux cny4yasax pacyeTHbIE
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Tabauya 9.1

OpueHTHPOBOYHbIE 3HAYEHUS KOIDDULUMEHTA fiu0, = H /L ayc

Cpennss xpy-

TH3HA CHEro-

c6opa 1 nyTH IMnowans cuerocGopHoro GacceitHa, ra

CXOAa JIaBHH,

rpan

1 2 5 10 20 30 40

25 0,50 0,48 043 0,36 0,32 0,31 0,30
30 051 0,49 044 0,40 037 0,35 0,34
35 0,56 0,53 0,49 0,46 0,44 0,42 0,40
40 0,61 0,58 0,55 0,52 0,50 0,49 0,48
45 0,66 0,65 0,63 0,61 0,59 0,58 0.56

CKOPOCTH MOTYT OKa3aThCA 3aBLILICHHBIMH, TEM He MEHEE NOPSAAOK BEINYHH
o6ecneuynBaeTcs. Y TOYHEHHe pacyeToB TpebyeT GoJiee feTalbHBIX CBEfie-
HHUI O NaBUHOCOOpE M XapaKTEePUCTHKaX JIaBMH U NPOBeficHus 6ojee Clox-
HBIX pacyeToB.

Cxop TaBMH YaCTO CONPOBOXAAETCA IOTOKAMH BO3/{yXa, B3BEIICHHOM B
BO3[lyXe CHEXHOMH NbUIM U BUXpsAMH. Bce aTH ABleHHs nmoayyuian o600-
LIeHHOe Ha3BaHHe CHErOBO3JYIIHBIX NOTOKOB. Takue NOTOKH MOTyT pacnpo-
CTPaHAThCA J]aJieKO 3a NpPEeebl AeiCTBAS OCHOBHOIO CHErOJIaBUHHOTO IO-
TOKa ¥ MPOM3BOAUTH pa3pylIeHus Ha cBoeM nyTtu. HanGonburei paspymmn-
TEJILHON CHJION O6JIafalOT CHEroBO3[yLIHbIE IIOTOKH, BO3HHKAIOIIUE NpH
CXOfie NbIJIeo6Gpa3HbIX JIJABHH U3 CYyXOro PhIXJIOro CHEra.

9.3. JJABUHOONACHbLIE TEPPUTOPUU

Ha Teppuropun 6s1Bmero Coperckoro Coro3a BBIENIEHO MATh rPynn
J1aBUHOONACHBIX TEPPHUTOPHH, BKIIOYAIOMNX 51 JIaBHHOONACHBIA paiioH
(puc. 9.6).

I. ApkTHyeckne paiOHbI C METENIEBEIMH M HHCOJNSIMOHHBLIMH JIaBUHAMHU
(I — 3emna Ppanua-Hocuda; 2 — HoBas 3emns; 3 — CesepHas 3emus; 4 —
Hosocubupckue ocrposa; 5 — 0. Bpanrens).

II. CeBepHble pafiOHBI C JJaBHHAMH M3 METEJIEBOTO M CBEXEBLINABIIErO
cHera (6 — Konbckuit nonyoctpos; 7 — ITonsapueiit u Ilpunonspuslit ¥Ypai;
8 - ropsi Brippanra; 9 — nnaro Ilyropana; /0 — Oxorcko-KonsiMckoe
Haropbe; /1 — AHafpipckoe ¥ AHIoiicko-UykoTckoe Haropns; 12 — 3anagHo-
Kopsikckoe Haropse).

III. BHyTpeHHnEe KOHTHHEHTAJIbHbIE palOHbI C NpeobiajaHAeM JIaBHH,
BO3HHKAIOMIMX BCIEACTBHE NEPEKPHCTAJIIM3ALUMM CHera M oGpa3oBaHMA
ray6uHHOi u3Moposn (I3 — CeBepHbiit Ypan; /4 — IOxubiit Ypan; 15 —
Buyrpennne CasHbl; /6 — Enuceiickuii Kpsk; /7 — BepxosHckue ro-
phl, xp. Yepckoro; 18 — SIno-Olimsikonckoe # IOkarnpo-Anaseiickoe II0cKo-
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ropns; 19 — CeBepo-Baiikanbsckoe, ITaTomckoe, AngaHckoe n I0gomo-Maii-
ckoe Haropbs; 20 — Baiikansckne ropuble nenu; 2/ — 3abalikanbe; 22 —
CranoBoii xpeGeT u CraHoBoe Haropbe; 23 — Cpepunnnlii n [aHanbckuit
xpe6Tel KamyaTkn).

IV. PafioHbI }0XXHOrO rOpHOrO NOsICa C JIABHHAMM U3 CBEXEBLINABIIETO
CHera, CHeXHBIX IUIMT ¥ C afiBEeKTHBHBIMH JaBHHaMH (24 — Bocrounsle
Kapnarsr; 25 — I'ophslit KpeiM; 26 — Bonbioit KaBka3s; 27 — 3akaBKa3ckoe
Haropbe; 28 — Tanbimckue ropsr; 29 — Konernar; 30 — ITamupo-Anaii; 31 —
3anagunrii ITamup; 32 — Bocrounstit ITamup; 33 — 3anagusiit Taunp-llaus;
34 — Cesepnblit Tanb-lllanb; 35 — Lenrpanbubiii Taub-Ilans; 36 — IxyH-
rapckuil Anaray; 37 — TapGararait; 38 — CesepHblit Anrait; 39 — IOro-
3anagusbiit 1 CeBepo-Bocrounnlit Anrait; 40 — LienTpanbubiit Anraii; 41 —
Ky3Hneukuit Anaray u I'opnas Illopus; 42 — 3anagusiit 1 Bocrounsiiit Ca-
sHbl; 43 — XuHrano-BypeHnHCKHe ropsl).

V. TuxookeaHnckue u IpuMopckue paioHbI ¢ JJABHHaMH M3 MOKpOro
MEeTENeBOro ¥ crpaTuUIHPOBaHHOrO cHera (44 — ropsl Yykorckoro nony-
ocTpoBa; 45 — Kopsikckoe Haropbe; 46 — CeBEpHOE M CEBEepPO-BOCTOYHOE IIO-
6epexne Oxorckoro Mops; 47 — Bocrounslil xpeGeT u IOxHas ByJIKaHu-
yeckas ob6nacte Kamuarkn, Komangopckue ocrposa; 48 — Kypuinbckue
ocrpoBa; 49 — 3anagHo- 1 BocTroyHo-CaxanuHckue ropsl; 50 — BOCTOYHbIE
CKJIOHBI Xp. [Xyraxyp; 51 — Cuxora-Anuns u IlpuMopse).

JIaBMHOONACHLIE pPalfOHbl PacIpOCTPaHEHb] Ha BceX KOHTHHEHTAX, e
€CTh ropbl H 06pa3yeTcs CHeXHbii NoKpoB (I'eorpacdus nasuu, 1992). Hus
XapaKTePUCTHKH JIaBHHHOI ONIaCHOCTH LIMPOKO HMCNONb3YIOTCSA JIaBUHHBIE
KapThbl pa3HbIx Macmta6os. Ha kaprax macmra6a 1:1 000 000 n Menbue
oTo6pakaroTcs o6LIHe NPEeCTaBIEHAS O TEPPUTOPHANILHOM pacnpefielieHHI
M MHTEHCHBHOCTH JIaBHHHOH omnacHocTH. CpeaHeMacmiTaGHble KapThl
ACHOJIL3YIOTCA 7151 (POHOBOH OLIEHKH HEKOTOPLIX PETHOHANIBHBIX 3aKOHOMEP-
HOCTeli CHEroJIaBUHHOrO pexXuMa. JIJiss KOHKpETHBIX XapaKTEPUCTHK JIaBHHO-
c60poB MCNOJNB3yIOTCA KapThl Macmra6a 1:50 000 u kpynuee. Ilpu pe-

TaJbHBIX CHErOJIaBUHHBIX M3BICKAaHUAX COCTABISAIOTCA KapThl B MacimiTaGe
1:10 000 mnu 1:5000.

9.4. MPOrHO3UPOBAHUE NTABUHHOW OMACHOCTH

ITpaMeHAIOTCA TPH BAAa NPOrHO30B JIABHHHON ONAaCHOCTH — (DOHOBBIN
MeJIKOMAcCIUTaGHBbIH [|JIs1 TOPHOM TeppHTOpHH, (POHOBBIA KPYITHOMACIITaOHbIA
Ans ropHoro GacceifHa MJIM rpyninbl JIABHHOCOOPOB M fAeTalIbHbIA AN 3a-
AAHHOrO JIaBHHOCOOpa MJIH JIAaBHHOONACHOIO CKJIOHA (JIOKAJILHBIH IPOTHO3).

JlaBHHHBINA NPOrHO3 NpejnojaraeT 3a6llaroBpeMeHHOe olpefelieHue
HEKOTOpOro BpeMeHHOro HHTepBaJla, B Te4eHHe KOTOPOro CHErOHAKOIIEHHe
¥ npouecchl MeTaMop(H3Ma MOTYT NIPUBECTH K HapYIIEHUIO YCTONYMBOCTH
CHEXXHOTO NMOKpOBa H 06pa30BaHuIO NaBHH. OH TECHO CBA3aH C NPOrHO30M
METEOPONIOTHYECKUX YCIIOBHIA.

PDOHOBBIN NPOrHO3 3aKJIOYAETCA B OLIEHKE JIABHHHOM ONacHOCTH B
paccMaTpMBaEMOM FOPHOM paiioHe U O0bsBisgeTcs B 06061IeHHOM BHfE:
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"J1aBUHOONACHO" MM "HeJIABHHOONACHO". 3a6J1aroBpeMeHHOCTb IPOTHO30B
JIaBMH OrPaHHYABAETCA OTCYTCTBHEM KOJIMYECTBEHHBIX METOMNOB JJIMTENb-
HOrO NPOTHO3a HHTEHCUBHOCTH OCA[IKOB, HHTEHCHBHOCTH M NPOJOJIKUTENb-
HOCTH OTTeNele# M APYrHX METEOpPONIOTMYECKHX NOKa3aTejell B ropax.
OGBIYHO OlIEHKa ONpEJeNAeTCA YacaMH, a 3a4acTylo NPOrHO3 BbIAaeTcH C
"HyJneBoOi" 3a651arOBPEMEHHOCTBIO, T.€. JA€TCA JHUIIL TeKyllas OleHKa
JIaBHHHOH ONaCHOCTH.

JIokanbHbIA NPOrHO3 MPEAYCMATPHBAET ONpEAeNieHNe YCTONYMBOCTH
CHEXKHOTO ITOKpPOBa B 30HE 3aPOXX/I€HHs JIaBMH KOHKPETHOrO JIaBHHOC60pa 1
BpeMeHHU JI0 IIPEANIONIaraeMoro CaMONpOM3BOJILHOTO CXO/{a JIAaBHHBI, OLEHKY
BEPOATHOrO 00beMa M JabHOCTH BbIOpOCa JIaBHH, a TakXe BbIOOp OnTH-
MaJIbHBIX YCJIOBMH [ JTMKBHAALUH JIaBUHHOH ONACHOCTH NyTeM MCKYCCT-
BEHHOro oOpyIIEeHAs HEYCTOHYHUBBIX MacC CHera.

Hawu6onee pazpaboTanbl NPOrHO3bI JIAaBHH, BBI3LIBAEMBIX CHErONAJlaMH H
MeTenaMu. OHM OCHOBBIBAIOTCA NPEUMYNIECTBEHHO Ha CTATHCTHYECKHX 3a-
BHCHMOCTSAX BpeMeHH 06pa30BaHNsA 3a(hUKCHPOBAHHBIX JIABUH OT MHTEHCHB-
HOCTH CHErONafioB MM MeTeJIel N pAfa APYruX CONyTCTBYIOWMX (haKTOPOB.

Bonee cloxHy10 3aady NPEACTaBIAET NPOrHO3 JIaBHH, BbI3bIBaEMbIX
nepekpucram3anneil ciera. OHM OObIYHO BO3HMKAIOT B MECTaxX, fie Ha
CKJIOHaX €CTh IOTEHLUAILHO HEYCTONYMBbIE O{HO- MJIM MHOTOCJIONHbIE CHEXK-
Hbl€ ITUTBI, KOTOPbIE Ha OTAENBHbIX YYaCTKaX HaXOAATCA B JIOKAJIBHO He-
yCTONYMBOM COCTOSIHHM M YAEPKHBAIOTCA 3a CYET KpaeBbix ycmiuuii. Ha-
pylIeHHe YCTONYMBOCTH 3THX IUIHT MOXET GbITh BbI3BAaHO Pa3IMYHBLIMA,
NOpOoii He3HAYWTENbHbIMHA, HENpPEABUACHHBIME NpHYMHaMH (OOpyuIeHHe
CHEXHOTO KapHH3a, NaJlecHHe KaMHs, ylapHas BOJIHA OT CBEPX3BYKOBOI'O
caMoJIeTa, IPOXOJ JILIXKHUKA, HEpaBHOMEPHas Ocajika CHera Nnoj IJIMTOH H
T.I.). BBIgaTh NpOrHO3 CXOfa TaKMX JABHH NMPAKTHYECKH HEBO3MOXKHO,
NO3TOMY OrpaHMYMBAIOTCA OLIEHKOH BEPOATHOCTH CXOAa JIaBMH M ONpefe-
JIEHHEM BpEMEHH, KOrja HauboJee 1esiecoo6pa3Ho NpoU3BOANTD HCKYCCTBEH-
HOe O6pyIlIeHHE CHETa C JIaBHHOOMACHBIX CKJIOHOB.

MaccoBblit CXOJ TaBMH M3 MOKPOTO CHera O6bIYHO NPOHCXOANT BECHOM, C
HavaJIoOM TasgsHHA cHera. Takue JlaBHHBI BO3HHKAalOT M 3MMON B IepHOpA
oTTenenei U BbINAafEHHA Ha CHEXHbIH NOKpoOB f0XAA. [IpOrHo3 naBuH U3
BJIQXKHOrO H MOKPOTrO CHEra OCHOBAH Ha aHaJIM3€e pe3yJIbTaTOB HaGIIIoAeHuit
3a TeMnepaTypoii, TEMIO0OMEHOM M BIIaXKHOCTBIO CHEXXHOrO NOKpOBa. 3a-
Aaya NpPOTHO3a pellaeTcs Ha pe3y/bTaTaX KOMIUIEKCHOrO aHaJN3a JIaBHHO-
o6pa3yromux (pakToOpoB M UX KPUTHYECKUX 3HAUYEHHI.

MeTopb! OLIEHKH JITABUHHON ONAaCHOCTH M NIPOrHO3bI JIaBUH B KOHKPETHBIX
JaBHHOC60pax NMOKa HaXOJATCA B CTaiMM HavalbHOH pa3paborkn. Yame
BCEro NPUXOAUTCS OrpaHUUMBATHCA (POHOBBIM NPOrHO30M JIABUHHOM onac-
HOCTH JUI FTOPHOrO pafioHa Ha OCHOBAaHMM METEOPOJIOrHYECKHMX HaHHBIX.
CoBepllIeHCTBOBaHHE METOAHKH JIOKAJIbHBIX NPOTHO30B Tpe6yeT peleHuns
Tpex Npo6iieM: NOBLINIEHHS TOYHOCTH CYLIECTBYIOIIHX CNOCOGOB Ompefe-
JIEHMS! NPOYHOCTHBIX XapaKTEPUCTHK CHEXKHOTO NOKPOBa, pa3paGoTKH Cnoco-
60B NOJNy4YeHns JOCTOBEPHOH MH(POPMALIHH O COCTOAHHH U CBOHCTBAX CHEX-
HOTO NOKpOBa B 30HE 3apOX/EHHs JIaBHH M NMOBBIIIECHUA HaJIeXXHOCTH JIO-
KaJIbHBIX IPOTHO30B METEOPOJIOTHYECKHX YCIIOBHIA.
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9.5. NPOGUNTIAKTUHECKUE MEPbLI 3AULUTHI OT JIABUH

s 3amUTh JMIOAEH N XO3ANCTBEHHBIX O6bEKTOB OT CHEXHBIX JIaBUH
pa3paboTaHb! pa3IMyHbIE NAaCCUBHBIC H AKTHBHBIEC OPraHM3alMOHHBIE NPO-
¢unakTHYECKHE MEPONPHATHSA, CTPONTEILCTBO IPOTHBOJIABHHHEIX COOpYXe-
HH ¥ KOMIUIEKCHBIE METOJbI 3aLUTH] OT JIaBHH.

Opranu3anOHHbIE MEPONPHUATHA BKIIIOYAlOT ONEHKY H pa3paboTky
NpeJIoKEHHH 110 YyYeTy JIaBHH NIPH XO3AHCTBEHHOM OCBOEHHUH JIaBUHOOIIAC-
HBIX TEPPUTOPHIi U BLIABJIEHHIO JIABUHOOE30MaCHBIX MeCT, BbIOOp Hanboiee
PalLMOHANILHBIX CIOCOO0B BEleHH paboT B JJABUHOONACHbIE NIEPHOADI, IPO-
BefleHue HaGMONCHNUI 32 CHErOJIaBUHHBIM PEXXHMOM, CO3flaHHe CNIELHAIbHbIX
CTaHU®A M NOCTOB, IPOTHO3NPOBAHHUE JIABHH M ONOBEllleHHE 00 X CXOfe,
MeponpuATHa no obecneveHnio 6e30nacHOCTA MoAeH, paboTaoWHUX UK
OTABIXAIOIWMX B NMONOGHBIX MecCTax, cmacaTelibHbie ciayX6n1. ITepeunc-
JIeHHbIe BUbI paGoT Ha3bIBalOT NaCCHBHBLIMU NPO(QUIAKTHYECKMMH MEpO-
npusaTuamu. JIOMIMO HMX NPHUMEHAIOTCA aKTHBHbIE NPO(UIAKTHYECKHE
MeponpHATHA (HCKYCCTBEHHOE OOpyLIEHHE CHera C JIaBUHOONACHBIX
CKJIOHOB).

B cnyuasix, Korjga BhIaeTcs MPOrHo3 O HaCTYIJIEHHH JIaBHHHOM omac-
HOCTH, BO3HHKAET HEOOGXORMMOCTh NpPEKPAaTHTh BCE BUABI JEATEILHOCTH
nofedt 1 paboTy TEXHMKH B JJABHHOONACHLIX 30HaX. OnacHOCThL MOXET CO-
XpaHATLCA JUIMTENbHOE BpeMs, B HEKOTOPBIX JIaBHHOCOOpax OHa AeiCTByeT
B TEYEHHe BCEro nepmofa 3ajieraHus cHera. J[Ins cOKpalleHHs nepuona
JIaBUHHO# ONMACHOCTH U BpPEMEHHOTO €€ YCTPAHEHNs IPUMEHSAIOT Pa3/IHyHbIe
cnocoGsl Npo(HIaKTHYECKOro OGpyIIeHUs NOTEHIHANBHO HEYCTOMYMBBIX
Macc cHera Ha CKJOHax. UToObl He XAaTh TPYAHO NMpeACKa3yeMoro Mo-
MEHTa, KOrJla ECTECTBEHHbIE NPOLECChl CHETOHAKOIUIEHHS U NepeKpHUCTall-
JIM3aIMA CHEXHOI TOJIIM IPHBERYT K HApPYIIECHHUIO €€ YCTOHYMBOCTH, JIaBHHA
BBI3BIBAETCS HCKYCCTBEHHbIM 00pa3oM B 3apaHee HameuyeHHoe Bpems. Hc-
KYCCTBEHHOE BO3JIEHCTBHE Ha CHEXHBIH NMOKPOB MPUMEHAETCA TakXKe ANA
. YTOYHEHHMS CTENEHH JIABUHHOH ONMAaCHOCTH M IOJYYEHHA JONOJHHTENbHBIX
CBEICHHI O COCTOSIHHM CHEXHOro NMOKpOBa JIJIA BbIJa4yM JIABHHHBIX NpOr-
HO30B.

HckyccTBeHHOE HapylleHHe YCTOHYMBOCTH CHEXKHOrO IIOKpOBa M CIyCK
JIaBMH OCYLIECTBJIAIOTCA C NIOMOIIBIO B3PbIBOB MIIM NyTeEM obGCTpena nasu-
HOONACHBIX CKJIOHOB.

ITpo¢unakTHyecknil CNyCK jIaBUH NPUMEHSETCA B TeX cly4asx, KOrja
Ha NMYTH X CXOfla HET COOPYXEHMi, KOTOpble MOryT GbiTh pa3pylIeHbI
nasuHoi. HanGomnee MIMPOKO OH HCNONMB3YETC HA aBTOMOGHIIbHBIX l0pOrax,
TFOPHBIX NMPEANPUATHUAX ¥ B MECTaX NPOBEICHUS TOPHO-JIBI)KHBIX COPEBHO-
BaHui. Ha ropHO-NBIXKHBIX Tpaccax JJaBUHHAs ONAaCHOCTh PEryJISpHO KOHTPO-
JIMPYeTCS ONBITHBIMH JIBIXXKHMKAMH, YMEIOIMMH NPOBOAUTL MCIBITAHUA
YCTOHYHBOCTH CHEXKHOTO NNOKpOBa.

BriGop MecTa, BpeMEHH ¥ clIOocO0a HCKYCCTBEHHOro OGpyIIEeHHs CHera
NPOBOJUTCA Ha OCHOBAHHM OLEHKH PEalibHON YCTOHYHBOCTH CHEXXHOIO
NIOKpPOBa Ha JIaBHHOONAaCHOM CKJIOHE M MMEIOLINXCA TEXHHYECKHX BO3-
MOXXHOCTEH. B3pbIB B CHEXXHOM IIOKPOBE BBI3bIBa€T COTPACEHHE MacCHBa
CHera, IpH KOTOPOM MOTYT HapyLIaThCA CBA3HM MEXK[y YaCTHILAMH CHEra M
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YMEHBIIAThCSA CHETUIEHHS MEX/Y CHEXXHBIMH IUITMTAaMH HJIH MEXAY IUTATON H
ee OCHOBaHMEeM. DTO NPHBOJMT K NMOBBIIIEHHIO CKOPOCTH BA3KOrO TeueHUs
CHera B 30He JICCTBHs B3pbIBa M MOXKET BBI3bIBATb OTEPIO YCTOXYUBOCTH
CHEXXHOTO IJIaCTa M 3apOXKACHME JIaBHHELI. Pajuyc BIusHUA B3pbIBa 3apsAfa
1 xr cocrasnseT okono 10 M. B3pris 3apsaga MomHocTeio 10 Kr oka3kiBaeT
BO3felicTBME Ha CHEXKHYIO TOJILY Ha paccTosHAM Ao 30 M.

IToTeps yCTOMYMBOCTH CHEXXKHOM IUIMTBI MOXET IIPOM3OMTH Cpa3y e
[ocie B3phIBa WM IO MCTEYEHMM HECKOJBKNX MHUHYT. M3pepnka HaGiro-
RAJIMCh CIIy4YaH, KOTa NOTEPs YCTOMYHBOCTH NIPOMCXOAHUIIA CIIYCTA YacC MM
Gonee nocne B3pniBa. Eciu notepu ycTOHYMBOCTH CHEra He POMCXONHAT, TO
CIIyCTS HECKOJILKO YacCOB CKOPOCTb BA3KOrO TE€YEHHsA CHEra Ha CKJIOHE
yMeHBIIAeTCs O TOM BelMYMHbI, KOTOpas Habiofanach Jo B3pbiBa. B 30He
pa3pyuieHus o6pa3yeTcs CHEXHO-JIEASHOH MOHOJIUT C BKIIIOYEHUEM NpO-
AYKTOB B3pbIBa, KOTOPBIH YBEJIMYUBAET JIOKAJILHYIO YCTOHYNBOCTH CHEXXHO-
ro IJacra.

B03MOXXHOCTH KOCTaBKHM B3PbIBYATBbIX BEHIECTB, 3aKJIAJKH 3apANOB M
NIpOBEJieHUs] B3PHIBOB Ha CKJIOHaX BeCbMa OrpaHUYEHbl M3-3a JIaBUHHOM
onacHocTH. Bosee mmpokue BO3MOXHOCTH VIt OLIEHKH YCTOHYHBOCTH CHEX-
HOro NOKPOBa M MCKYCCTBEHHOrO OOpyIIEHHUs HEyCTOMYMBBLIX MacC CHera
naeT o6CTpes JTaBHHOOMACHBIX CKJIOHOB M CHEXXHBIX KapHH30B C IIOMOLIbIO
MHAHOMETOB MJIM APYTHX OpYAHH.

Heo6xoaumoe yciioBHe NpoBefieHust paboT O MCKYCCTBEHHOMY O6py-
LIEHHIO CHEXHBIX MAacC — OTCYTCTBHE JIOfeil Ha BO3MOXHOM IYyTH CXOAa
nasuHbl. [ToaTOMYy nepen B3phIBHBIMEH paboTamu u o6CTpeliaMu JOJIXKHA
IIPOBOAMTLCA 3IBaKyalus JIOAed M3 jaBHHOOmMacHbIX 30H. HeoGxomumo
TaKXe OGECIeYnTh HaJIEeXXHOE OrpakJieHHe 3THX 30H BO BpeMs NpOBefeHNs
paGoT. CienyeT yYnTBIBaTb, YTO B3PLIBBI M OGCTPEIBI OXHOTO CKIIOHA MOTYT
MHUIUUPOBATh OOpyLIEHMEe M CXOf JIaBHH Ha APYrUX JIaBUHOOIACHBIX
CKJIOHAX. '

9.6. ICKYCCTBEHHOE YOEP)XAHUE CHErA
HA NNABUHOOMACHbBIX CKNOHAX

Ha ckloHaXx rop, NOKPBITHIX JIECOM, CTBOJIBI {€PEBLEB YAEPXKHUBAIOT
CHE3XHBIIl IOKPOB OT CHOJI3aHUSA, NMPENATCTBYS 3apOXAEHHIO JIAaBHH. Bbi-
pyOKa Jleca WM HapyLIEHHEe €ro eCTeCTBEHHOrO BO30GHOBJIEHHS H3-3a BbI-
pyOKH Hojiecka M BbINaca CKOTa MOLYT IOCHYXHThL NPHYMHON s oGpa-
30BaHMS JIaBHH B TeX MeCTax, fle OHH paHee He HabJIONaMCh. DTH
NaBMHBI, B CBOIO OvYepelb, OYyAyT pa3pywmiaTh JIECHblE MAacCHBELI M CIOCOO-
CTBOBATh NOABIIEHHIO HOBBIX JIaBHHOONACHBIX y4acTKOB. I103TOMy OfHOM H3
BaXXHBIX Mep JUIA yAep>KaHMs CHEera Ha CKJIOHAaX M HCKIIIOYEHHS BO3MOXHOCTH
3apOK/IeHUA JIaBYH ABNAeTCS GepeXXHOe COXpaHEeHHe JIECOB ! JIECONOCaioK
Ha TeX Y4acTKax, Ijie Jiec GbUI BLIpYGJIeH HIIM HapyLIeH JIaBUHAMH.,

Jleconocagky OGBIYHO COBMEIIAIOT C MEPAMH IO 3aLIUTE OT JIABHH, TaK
KaK MOJIOf{ble CaXXEHIIbI B NePBbIe IOf{bl HE NPENSTCTBYIOT COCKA/Ib3bIBAHUIO
CHEXXHOrO NOKpOBa, @ CaMM HYXAaloTcs B 3auuTe. IIpu aToM cnepyer yun-
THIBaTh, YTO TOpPHBIE JieCa [JOCTATOYHO HAJIeXXHO YAEpPKUBAIOT CHEX-
HbIi IOKPOB Ha CKJIOHaX, HO HE MOTYT NpensiTCTBOBAaTh CXOAY JIaBUH, 3aPOX-
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Prc. 9.7. OcHOBHbIe THNBI CHETOYAEPXKUBAIOINX COOPYXKEHHIH

a - xaHaBbl; 6 — Teppachl; 8 — NOANOPHBbIE CTEHKH; 2 — CBaliHble 3arpaxKAeHHs;
0 — METAJUTHYECKHE LIUTDI; € — COOPHbIE XeNe306eTOHHbIE WMTBI; ¥ — CETKH

RAIOLIMXCA B OYarax, pacloJjIOXXEHHbBIX HaJ| BEpXHel rpaHulie# pacnpocTpa-
HeHus Jieca. JIaBHHBI B TaKHX MECTax MPOKJafbIBalOT cebe nyTh yepes Jec,
CO3[1aBas JIaBHHHbIE NPOYECH! H BbI3bIBasA JONOJIHUTENLHYIO NIOJIOMKY fe-
PeBbEB CHErOBO3[YLIHBIMHM IOTOKaMH. TeM He MeHee TaM, Ijie 3TO BO3-
MOXHO, JIeCa JOJIXXHbI 3aHUMATh OXHO M3 IJIaBHLIX MECT B NpOrpaMMe 3a-
LIATHLIX MEPONPUATHI IPOTHB JIAaBHH.

ITocapku 3alMTHEIX JIECOB OOBIYHO COYETAIOTCSA C 3aCTPOHKON CKJIOHOB
B 30HE 3apOXJEHUs JIaBHH CHErOY/EPKUBAIOIUMHA COOpPYKeHUsAMH. Pa3mny-
Hble CIOCOGHI 3aCTPOMKM FOPHBIX CKJIOHOB PMMEHAI0TCA faBHO. U3BecTHO,
4yTO B AJBIAaX CHCTEMbI TEppac M KaHaB I NPefOTBPAIEHUs COCKalb-
3pIBaHUA CHera coopyxanucs emle B XVIII 8. Hau6Gonsmee pacnpocrpa-
HEHUEe CHero3sajiepxKuBalomue coopyxeHns nonyuunu B llIBeitnapuu.
K 1881 r. Tam yxe 6b110 06e3BpexkeHO 34 1aBUHOCO60pa C MOMOIBIO CTPOH-
TeNbCTBa CTONOOBBIX 3arpakAeHmil, KaMEHHBbIX CTEH, KaHaB M Teppac
(puc. 9.7, a-2). B nocnenyomue rofbl NOJYYHIN PaCIpOCTPAHEHHE MAaCCHB-
Hble NIORNOPHBIE COOPYXXEHHUs B BUAE CTeH BbicOTOM 10 9 M. Havanu mpu-
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MEHATBCA TaKXXe pelIeTyaThle CHEroyaepXXupaiomue 3a6opbl U3 fepeBa,
Metanna u GeroHa. K 1938 r. B llIBeiinapun GbLIO BO3BEEHO OKOJIO
1000 XM NOANIOPHBIX COOPYKEHHI.

JKCIUIyaTalus NepevncleHHbIX CHETOYAEPKUBAIOINX COOPYXXEHHH 1o-
Ka3aJia, YTO OHM He BCErjia NOJHOCTBIO YAEPKHUBAIOT CHer. Bhumu ciyyan,
KOTJja CHer HauMHaJl BUTraThCcsA MEXAY PSiaMH YIEeP>KABAIOIHAX COOPY>KeHHi
MM NOBepX HHUX, H 3TO NPHBOAMIO K JIaBMHHBIM Katactpodam. Oco6o
HeGJlaronpuATHLIE YCIOBHS B AJbIax co3fanuch 3uMoit 1950/1951 r.,
KOTOpas XapaKTepH30BajiaCh OOMIILHBIMH CHEronafgaMu M Katacrpoduye-
CKWMH JIaBHHaMH. DTO NMOCHY>XHJIO TOINYKOM JiJIsi IPOREEHHS CHeLMaIbHbIX
UCCIIEAOBAHUI B3aMMOJENCTBUS CHEXHOrO IOKpPOBAa C YAEPKHUBAIOLUIAMH
COOpY>XKEHHMSIMH U pa3paGOTKM HOBLIX, 00Jiee Hale’KHBIX KOHCTPYKLMH.

B 60-e roan! mMpokoe NpAMEHEHHE HALIJN JEPEBAHHbIE, MEeTalIuye-
CKHe, XKeJlie306eTOHHbIe 1 KOMOMHAPOBaHHbIE CHErO3a/iepXKUBaIOIIHE COOPY-
3KEHHsl B BHJle paclojiaraeMbIX B IIaXMaTHOM NOPSAAKE LIUTOB MJIH PANOB
coopyxenuii. OGBIYHO OHH NPEACTABIAIOT YCTAHOBJIEHHYIO Ha (PyHIaMEHTax
CHCTEMY CTOeK, NIOANOPOK U 6aJloK, Ha KOTOPhIX YKpEIUISEeTCs pelleTKa,
CIy>Kalas ONOpHOM IIOBEPXHOCTHIO /JIsi CHEXXHOrO NIOKpoBa (puc. 9.7, 9, e).

B nocneguue rofb1 MOMYYMIN pacCNpOCTPaHEHNE CETYAThle KOHCTPYKLHH,
y KOTOPBLIX B KaYeCTBe ONOPHBbIX NOBEPXHOCTEN MCHOJb3YIOTCS METaJlIU-
yeckue ceTKH (puc. 9.7, ). OHM MMEIOT HEKOTOpbIe NPEeUMYILECTBA NEepeN
IIUTOBBIME KOHCTPYKUUAMH. CETKH NO3BOJNAIOT NPUMEHATh OTHOCHTEIILHO
JIErKMe CTaHRAPTHBIE 3JIEMEHTh] ONOPHBIX KOHCTPYKIMH, YTO CYIIECTBEHHO
o6neryaeTr cTpouTeNbHble paGoThl Ha CKIIOHaX. OHM Hale3XHO YAEep>KUBAIOT
CHEKHbIE IUIATLI ¥ XOPOIIO CONPOTHBIIAIOTCA AMHAMUYECKMM Harpy3KaM npH
06pa30BaHNM TPEILHH B IIIATE U ee NoABIKKe. CeTKM 3aTOPMaKHUBAIOT HIIH
MOJTHOCTBIO NPEJOTBPAIAIOT CIION3aHKE PBIXIIOrO CYXOro ¥ MOKpOro CHera.

B page Mect OCHOBHO# NPHUYHMHOI 3apOXXAECHUA JIABHH CIY>XXKHT HaKOII-
neHne GoNbIINX Macc CHera BCIIEACTBHE BETPOBOTO CHeronepeHoca u o6Gpa-
30BaHMsl MOIIHBIX CHEXXHBIX KapHU30B. B TakuX yClOBHAX MOXHO. IPEROT-
BPaTHUTh CXOJ| JIaBUHbI HJIK XOTA Gbl YMEHBLINTh €€ 06bEM U JaNTbHOCTH BbI-
6poca, orpaHMYMBas HaKOIJIEHHWE CHera W npepynpexpas obGpa3oBaHHe
CHEXXHBIX KapHU30B C NOMOLIBIO CHErO3aJlepXXaHUs U CHETOBBIAYBAKOIIUX
muToB. B HEKOTOpLIX Ciyyasix oKa3biBaeTcs 3 (EKTHBHON KOMIUIEKCHas
3acTpoOiKa 30HbI 3apOXKIEHNS JIaBUH CHETOYEP>KUBAIOLUMH COOPY>KEHHUAMH
B COYETaHHH C COOPY>KEHHSIMH [UIS PETYIMPOBAHNUS CHEXKHBIX OTJIOKEHMI.

9.7. COOPYXXEHUA AN HENOCPEACTBEHHOW 3AWUTLI OT JIABUH

OpnHuM U3 HaJIeXXHBIX CIOCOGOB 3aLIUThI OT JIABUH ABJISETCS H3MEHEHHE
IIyTH UX ABIDKEHHA C LeNILIO OTBOJla CHErOJIABHHHOIO NIOTOKAa B CTOPOHY OT
3alMIaeMoro o6’beKTa WM HanpasJIieHus: ero Nno CTporo (pUKCHPOBAaHHOMY
pycny. JJocTHraioT 3TOro CTpOMTeNIbCTBOM JIaBHHOPE30B, OTGOMHBIX AaMb
¥ HanpaBJAIOLIMX CTEHOK.

JIaBuHOpE3b! NPEACTaBNAIOT CO6OI KIMHOOOpa3Hble B MIaHe KOHCTPYK-
I[UH, HalpaBJICHHbIE OCTPMEM NIPOTHB [BIDKeHHUs JaBuHbI. MIx pazmemalor
TaK, YTOObI pa3fe/IuTh JIaBUHHBIN [IOTOK Ha JIBEe YaCTH U HaNpaBUThb B OOXOJ
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Prc. 9.8. 3amuTa TeppuTOpHMil C MOMOLIbLIO JTaBUHOPE30B (/), HanpaBAAIOUIUX
crenok (/1) u or6oliHbIx nam6 (IIT)

I — rpaHHua 30HbI OTIIOXEeHHI JIABHH 10 CTPOMTENBCTBA NPOTHBOJIABHHHBIX COOPYXEHHUI;
2 — 70 Xe, NOCJIe HX MOCTPONKH; 3 — 3aLMILEHHAsA TEPPUTOPHS

3alIAI{aeMOro y4acTKa, paHee IOABEPraBLIErocsi BO3JAEHCTBHIO JIABHH.
JlaBuHOpE3Bl M3 KaMHs, GETOHA M Xele306€TOHa YacTO CTPOAT Iepef
ONnopaMM MauT JIMHUI 3JieKTponepenay. BokoBbie rpaHy JaBHHOPE30B MOTYT
HMETDb NPOJOJIKEHUE B BHJIE CTEHOK, OTBOAAIHMX IOTOKH IO HAMEYEHHOMY
nytu (puc. 9.8, a).

Jlns M3MeHeHns HanpaBJieHHWsl ABWKEHHA JIAaBHHBI CTPOAT OTGOMHBIE
RaMO6n! (puc. 9.8, 6). PeannHo ynaeTcs OTKJIOHATDH JIaBUHHBINA NIOTOK B Npe-
nenax 20°, Tak Kak npu 6ojiee KpyTO pacnoyioxeHHol fambe Tpebyercs

. YBEJIMYABATh €€ BbICOTY. [{Ns yBeNnuYeHHs yriila OTKJIOHEHHUs JIaBUHbI NPH-
MEHSIOT KPMBOJIMHEHbIE HalPaBJIAIOLME CTEHKH.

B psife ciny4yaeB BO3BOJATCA COOPYXKEHMs Il YMEHLIIEHUS CKOPOCTH
ABICKEHHS M [alIbHOCTH BbIOpOCa j1aBUH. OHM NPHUMEHAIOTCA IS 3aLUThI
OGUIMPHBIX YYaCTKOB, IOBEPraeMbIX BO3REHCTBUIO ML NPH CXOAe 0c060
KPYNHBIX JIAaBUH MaJioil MOBTOpseMOCTH. JIJis 3TOM Leu B BepXHel yacTu
30HBI BbIOpOCA Ha NYTH JBVDKEHHS JIaBUH YCTAHABJIMBAIOT B IIAXMATHOM
NnopsAaKe KaMeHHble UM GeTOHHbIe HafoJ0bl, COOpHBIE Xele306e TOHHbIE
TETpa3Aph! WM BO3BOAAT KaMEHHO-3eMIIsHbIe Gyrphbl. Taklie KOHCTPYKIHH
pacceKaloT JIaBUHHBIA NOTOK, HaNpaBNAIOT CTPYM ApYr Ha Apyra, yMeHb-
IIAJOT KMHETHYECKYIO SHEPIHIO JIaBHHbI U 3aMEMJNIAIOT CKOPOCTb €€ JBH-
>keHus1. [l NOBBINIEHNHsT Hale3KHOCTH 3aLMThl YaCTH 30HbI BhIGPOCa JIaBHH
yCTPaMBalOT 3alUTHBIC JaMObl C TAKNM pacyeToM, YToOb! yepe3 AamOy He
MOT POWTH KaTacTpo(puyeCKuit TaBUHHBIH NIOTOK.

JInst 331 TE] aBTOMOGHIILHBIX ¥ JXKeJIe3HbIX JOPOT LIMPOKO IPUMEHAIOT-
Csl HaBECHI U rajiepen i NpoNycKa JaBHH HaJl 3allMIIaeMbIM OO BEKTOM.
ITepBrle NpoTHBONaBHHHLIE rajiepey GbIIN COOPY>KEHbI Ha FOPHBIX AOpPOrax
B Anbnax eme B XVIII 8. B XIX B. Hauanoch CTpOMTENBLCTBO rajepeit pns

95



Pnc. 9.9. TIpoTuBosaBuHHbIE rallepey B pa3sHbIX CTpaHax

a — apouHas (llleeiuapus); 6 — Ganoynas nepessnxas (Kanapa); 8 — apoynan (Poccust);
2 — pamHas (Caxanun, Poccus); 0 — koHconsHas (ABcTpHs); e — Ganoynas (Kanapa)

3aIIMTHI JKEJIE3HBIX AOPOr Ha MOACTYNAX K NOpTajlaM NEepeBalIbHbIX TOH-
HeJeit. ITocTpoeHHbIE B TO BpeMs rajiepet NpeAcTasisin coboil yalie Bcero
MaccHBHbIe KaMEHHbIE apOYHble KOHCTPYKIHH (pHc. 9.9), pexxe NPEMEHAINCh
obneryeHHnle fepeBsiHHble KOHCTPyKuun. B Poccun xaMeHHbie apOYHble
rajepeu BlepBble GbIIN NpUMeHeHb! Ha BoeHHo-I'py3uHcKoii fopore B KOHIE
npouworo BeKa. B XX B. BMeCTO KaMEHHBIX apOK Hadajli CTPOUTh apOYHbIE
KOHCTPYKIHM H3 OeTOHa M keie3o0eToHa. B mocnesoenHoe Bpems mpe-
HMYIIECTBEHHOE PaclpOCTpPaHEHHE MOJYyYWIH Xelle306eTOHHbIE rajepeu
paMHO#, 6aJIOYHO# M KOHCOJNbLHON KOHCTpyKumil. 'asiepen HajexXHO 3amy-
LIAIOT JOPOry OT JIaBHH, HO MX MacCOBO€ CTPOHMTENLCTBO OrpaHHYHBAETCS
BBICOKOJ CTOMMOCTBIO H CIIOXXHOCTBIO BEICHAS CTPOMTEJBLHBIX paboT Ha
KpPYTbIX FOPHBIX CKJIOHAX.



NEQHUKW

Masa 10
ycnosus BOSHUKHOBEHUA NEAQHUKOB

10.1. TUNbl NEAHUKOB

Jleauuk — 3TO MHOrOJIETHHIT MacCHB NMPHPOJHOro CHera, (PMpHa M JIbJa
B popMe NOTOKA MIIM CHCTEMBI IOTOKOB, KYNOJIOB HJIM IJIaBYYHX ILIHUT.
MHorue risuuonory npy onpefeieHny NOHATAS "JeqHNK" 0c060 OTMeYaloT,
YTO peyb MIET O MaCcCHBE JIbJja NPeMMYHIECTBEHHO aTMOC(HEPHOrO OCafoy-
HOTO NPONCXOX/EHHS (T.e. U3 CHEra) M YTO 3TOT MACCHB HCIIBITBIBAET BA3KO-
IUIacCTHYECKOe TeYeHne NOJ ielicTBUEM CHIIbI TaXecTH. Tak, Mo onpepene-
Huio C.B. Kanecuuxa (1963, c. 81), "NnegHHK — 3TO ecCTeCTBEHHas Macca
¢hupHa 1 B[, 06J1aAaOLAs IOCTOAHHBIM COOGCTBEHHBIM JIBIDKEHHEM, Paclio-
JIOXXEHHas IlIaBHbIM 06pa3oM Ha cylle, CYLIeCTBYIOLIas JIATeNbHOe BpeMs,
MMelolIas onpefeneHHylo ¢GopMy M 3HaUNTENbHbIE pa3Mephbl 1 06pa3oBaH-
Hasg NyTeM HAaKOIUIEHHs M INpeoOpa3OBaHUs Pa3IMYHBIX TBEPALIX
aTMOC(epHBIX OCaAKOB".

Pa3snuyaloT HazeMHble JIETHAKN, KOTOPbIE HAJIEralOT Ha KaMeHHOE JIoXKe
BhIILIIE YPOBHSI OKeaHa, "MOpCKHe" JIe[[HHKH, HaJleraijouue Ha JIOXKe HIDKe
YPOBHSl OKeaHa, H weJb¢OBble JIEAHUKH, NPENCTaBIsIOUINe IIaBy4YHe
nepucepuiiable 4acTH "MOPCKHUX" JIe[HHKOB. BIeNAI0T TakXKe BHIBOJHbIE
JIe[{HUKH, NpeAcTaBstomue co60# 160 OTHOCUTENILHO OLICTPO ABIDKYILI{HECS
IIOTOKH JIbJ{a CPEJH JIEFHUKOBOIrO MOKPOBA, NGO NOTOKH JIbAa B CKAaJIBHBIX
ROJIMHAX, BhITEKaloLIMe U3 JIefOCOOpHBIX 6acceifHOB, PacNOJOXEHHBIX B
npepenax JefHUKOBBIX LIUTOB.

Cpenu HazeMHBIX JIEAHHKOB BLIENAIOTCA Clefylowmue Mopgoiorn-
YecKHe THIIBL

1. JIeOnuxu 20pHbix eepwun. KoHuueckue BepILINHBI, B TOM YHCIeE
REHCTBYIOLIME U OTYXIIKE BYJIKaHbI, JIEMHUKH NOKPHIBAIOT CO BCEX CTOPOH.
Ecnu ckyoHBI BepIIMHBI pacyijieHeHbI cl1aGo, TO JIEAHHK MOXET HMEThb
OTHOCHTEJILHO POBHBII HIDKHUI Kpait. [Ipu pacuneHeHUn CKIIOHOB JieAsTHbIe
IOTOKHM CTEKAlIOT IO JIOKOMHAM U pajHalibHbIM BIIaJIMHAM U JIE[HUK UMEET B
IUTaHe 3Be3/1006pa3Hblil BUA.

2. Jleonuku naockux eepuwur, Ha IITOCKHX BepIINHAX JIEJHUK NpHOGpe-
TaeT opMy Kynouna, Ha Kpasix pacliojlaraloTcst KpyTble OGphIBbI HIIH BBIBOJL-
Hble A3bIKH, CIIyCKaIOMmuecs 10 JI0XK61HaM.

3. JIedHukosbte Kynoaa u ugumot. JIeqHUKOBLIM KYIOJIOM Ha3bIBalOT
60J1b10M KyNoJI006pa3Hblii JIeHHK, IOKPHIBAIOINUIA OTHOCHTENILHO POBHOE
soxe. JlegHUKOBBIE KYyNOJa B NOJISPHBIX LIMPOTAaX HHOTAA LEJIMKOM NOKPHI-
BalOT OCTPOBA, UX NOPOIi Ha3bIBAIOT JIEHUKOBLIMHU IIankamMu. OHA MOTYT 1O
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KpasiM HaJleraTh Ha JIOXE HMXKE YPOBHA OKeaHa, T.e. IpHOOpeTaTh Xa-
pakTep "Mopckux" neqHukoB. B IlenTpanbHO# 4acTH NOBEPXHOCTD JIEHHKA
61M3Ka K TOPH3OHTANLHOM, Ha nepucdepun ee YKIOH yBenuunsaercs. Jlen-
HHKOBBIMH IIIMTaMH HAa3bIBAaIOT aHAJIOTHYHbIE INIOCKOKYNOJIOBUAHBIE JIE[HH-
KH, XapaKTepHU3ylolyecs 3HaunTelIbHOM TomuuHoi (6onee 1000 M) u 6011b-
woi momansio (6onee 50 Thic. KM2). DTO Ha3BaHHE NPUMEHSETCS IS JIeA-
HHUKOBBIX IOKPOBOB AHTapKTHALI ¥ 'pennanun.

4. JIeOHuku ckaoHo8. Pa3nuyaroT CKJIOHOBbIE, IPUCKIIOHOBBIE, BUCTYHE
1 KapoBble JIeAHNKH. CKAOHO8bte AeOHUKU OGBIYHO 3aHUMAIOT POCTPAHCTBO
cnabo pacuieHEHHOrO rOPHOTO CKJIOHA M CIIyCKAIOTCsA € XpeOTa 10 NONHOXMSA
ckioHa. IIpuckaoroebte AeOHUKU — 3TO Yalle BCEro HeGOJNBIIME JIENHUKH
y NOAHOXKMUA KPYTHIX CKJIOHOB, OGpa3yloIliecs 3a CUET OTIOXEHHi MeTe-
JIEBOTrO CHEra MJIM CXOfla CHEXHBIX JIaBUH. Bucayue aednuku — HeGonblue,
3ajieralolgye B ciaGo BbIPa’K€HHbIX BIIaIMHaX Ha KPYThIX CKJIOHAaX rop M
OKaHYMBAIOLIUECH BHICOKO HaJ| JHOM JOJIMHBI B BHJE JIEAAHBIX OGPBIBOB.
Kapoebie nednuku — cpaBHATEILHO HeGonbire, oGpa3yloluecs B Kapax
(yameoOpa3HbIX yrayGieHHsAX CKJIOHa). B BO3HMKHOBEHHH KapOBBIX
JIEAHUKOB GOJIBILYIO POJIb MIPAIOT METENIEBbIA CHErONEPEHOC M CXOJ JIaBHH.
SI3bIKN KapOBBIX JIEAHUKOB MOTYT CIyCKAaThCA B JOJNHHY.

5. doaunnbie nedHuKku O6BIMHO HAYMHAIOTCA B Kapax M CIyCKalOTCA Ha
JHO AONHHBI, 06pa3ys IMHEHHO BBITAHYTOE TEJIO, 3aNOJHAIOLIEE AHO PEYHOH
pomuHbI. YacTO COCTOAT M3 CETH JIEJHUKOB GOKOBBIX [JOJHH, COCAUHSAIO-
HIXcss 1 o0pa3ylolMX OCHOBHOM AONMHHBIN JefHHK. Cpeau NOJIMHHBIX
JIEAHUKOB BbIIENIAIOT JIEMHAKM TYPKECTAHCKOTO THNa, KOTOphIE JIEXaT Ha
AHe riyGOKMX y3KUX JOJIMH U JMUIeHb! (pupHOBOro 6acceiina. Mx nuranue
TIPONCXOMMT 32 CUET CXOJ]a CHEKHBIX JIAaBUH ¥ 0OBaJIOB C BUCAYMX JIEHUKOB.

6. IIpu o4eHpb GONBIIOM NATAHUH MOLHOCTD JIEAHHKOB MOXXET HaCTONb-
KO YBEJIMYMUTLCS, YTO JIE[, NEPENONIHAB AOJIHHbI, HAYHHAEeT "NepeTeKkaTh”
yepe3 OHIKEHHbIE YYacTKU XpeOToB. B 3TOM cityyae Bo3HuKkaeT cemuamoe
oneOeHeHue — THN OJIEfleHeHNs, IEpEXOfHbIi OT FOPHOro K IIOKPOBHOMY.
Takoe oJnefleHeHHe XapaKTepU3yeTcs TeM, YTO JOJIMHBI IOYTH NOJHOCTBIO
3anoJIHEHbI JILAOM, a Hanbolee BLICOKHE YYaCTKH FOPHBIX Xpe6TOB coxpa-
HAIOTCS B BHJle BO3BBLILIAIOLIMXCSA HaJ| IOBEPXHOCTBIO JIEHUKA rpeGHeil n
HYHAaTaKOB — M30JIAPOBaHHBIX NIMKOB UM X0nMoB. CeTyaToe OjieleHeHne
PAacnpoCTpaHeHO JIMIIb B NOJAPHBIX TOPHBIX MaCCHBaX, OCOOEHHO Ha apXH-
nenare llInnuGepren. IToaToMy ceTyaToe ONIElCHEHHE HHOTAA HAa3bIBAIOT
IIMALGEPreHCKUM THIIOM JIEHUKOB.

"Mopckue" JIeAHHKH Yallle BCEero SBJISIOTCA NPOJOKEHUEM Ha3eMHBIX
JIE[{HAKOB TaM, Iié OHM PAaCHpPOCTPAaHAIOTCA Ha YYaCTKH, paclojIOKEeHHbIE
HWXXe ypOBHA OKeaHa. Takue ycnoBHs HaGJIONAIOTCA HAa apKTHYECKHX
OCTpOBax, OK0JI0 I'peHIaHiuH ¥ BOKPYT AHTapKTH/BI.

MenngoBbie eAHUKH OGBIYHO SABIAIOTCA NPOAOIKEHNEM "MOPCKHX"
JIEHUKOB H IIPEJCTaBIAIOT IJIABYYYIO IUNINTY, 3aKaHYNBAIOUIYIOCs OOPLIBOM.
B pepkux cnydasx wmweibgoBbie JeAHUKH 06pa3yloTcs IyTeM HAKOIUIEHUS
CHEera Ha MOpPCKOM JIbAY ¥ NOCPERCTBOM LEMEHTHPOBAHHs CHErOM H JIBIOM
ckomnenuii aiic6epros. lllenngoBbie JEQHUKH XapaKTEPHbI VI PafOHOB C



HHM3KHMM OTHOCHTEJILHO YPOBHSI MOpS [IOJIOXXeHHEM IpaHuLbl nuTaHuA. OHI
PacIpoCTpaHeHb! IOYTH UCKIIOYHTENIBLHO B AHTapKkTHAe. Kpynneimne u3
HuX — JnegHuku Pocca n PunsxHepa—PoHHe, miomags KaXoro 13 KOTOPhIX
0 HECKOJILKO COTEH THICAY KBaJ[PaTHBIX KHIIOMETPOB. MeJkue menngoBble
JNeHUKH BcTpevaroTca B KaHafickoM ApPKTHYECKOM apxHmejiare H Ha
apKTHYECKUX OCTPOBaX.

OGpa3oBaHue BHIBOAHBIX JIETHHKOB CBA3aHO C PaCUJICHEHHEM JIEHUKO-
BOIO JIOXKa, CNOCOGCTBYIOIIMM YCKOPEHHIO ABIDKEHMSI OTACIBHBIX MIOTOKOB
nbfa. Tak, NpH HaNMYMH NPOROJBHBIX NOMJENHBIX NOJHH, IAE TONIHHA
JIEJHEKOBOT'O IOKPOBa ¥ COOTBETCTBEHHO HaNPsDKEHMs CABUra 6oJible, YeM
Ha OCTaJIbHOM 4yacTm JepocObopHOro 6acceiiHa, BO3HMKAIOT YCIOBHS AJIS
YJCKOPEHHOrO Te4YeHHs JIbJa. BbIBOJHBIE JIEMHUKH ITUPOKO PaCPOCTPAHEHBI
B AHrtapkTuje U I'pennanpuu. M3-3a GhICTPOro ABMXKEHHMA JIbJa Ha HX
GopTax M BepXOBbAX BO3HUKAIOT CHCTEMBI TPEUIMH. 3aKaHYMBAsACh B MOpE,
BBIBOJIHbIE JIEAHUKH OOpa3yioT IUIaBydHe JIEAHHKOBEIE A3BIKH, IOXOXHE Ha
MeJkue meibgoBbie NeAHHKH. OT HUX OTKaJbIBalOTCS MHOIOYHCIIEHHBIE
aiicGepru HeGONbIINX pa3MepoB. BeiBOAHbIE JIEAHUKH NOAPA3AENAIOTCA HAa
JIeAfAHble NMOTOKM, TEKYIINe C JIEAAHbIX Geperos, U Ha BBITEKAaIOMMuE H3
Jenoc60pHBIX 6acceiiHOB ROJIMHHBIE JIEJHHKH, TEKyI[HE B CKaJbHBIX
ROJIMHAX.

10.2. BO3HUKHOBEHUE NEAHUKOB

JIns TOro yToGh! BO3HUK JIEAHNUK, TpeOyeTCs COYeTaHNe KITMMaTHYECKAX
ycnoBHil ¥ penbeda, NP KOTOPBIX Ha KaKOM-TO y4acTKe rOJOBOE KOJH-
YeCTBO OTJIOXHMBIIMXCS TBEPALIX OCaikOB C YYETOM BETPOBOrO CHEro-
NepeHoCca M CHEXXHBIX JIaBHH [OJIKHO NPEBbIIATh YObUIL 32 CUET TasiHAS H
ucnapeHus. B aToMm ciryyae co BpeMeHeM BO3HHMKAEeT MacCHB CHera, hUpHa H
JIbJja, KOTOpbIil HAYHHAET NepeTeKaTh Ha PaclOJIOXKEHHbIE HUXKE YYacTKH.
T OpHeHTHPOBOYHOI OLIEHKH YacTH Tponocdepsl, B Ipefieliax KOTOpoii Ha
NIOBEPXHOCTH CyLLY NpU 61aronpusaTHOM penbede BO3MOXKHO 3apOXK/IeHHE
CyIeCTBOBaHHe MHOTOJIETHIX CHEXXHHUKOB H Jiequnkos, C.B. KanecHuk Bsen
NIOHSATHE XHOHOC(EPBI.

3a HIDKHIOIO IpaHNULy XHOHOC(epbl NPHHUMAETCS YPOBEHB, I/ie Ha rOpH-
30HTaJIbHON He3aTEHEHHOW NOBEPXHOCTH JOJIKEH HaGIOAAaThCA HyJEeBOH
6ananc TBepabix ocapkos. K. Tymmuuckuit (1968) npenyioxun paccMar-
PHBaTh 3Ty IpaHHLy Kak "ypoBeHb 365". DTO 3HaYMT, YTO HUXE 3TOrO
YPOBHA CHEXXHBIA NOKPOB COXPaHAETCA JIMIIL B TEYEHHE YacTH rofa, a
BhlllIe — Kpyrabiit rop (365 aueit). OnpenennTs "ypoBeHb 365" MOXHO myTeM
3KCTPaNoJALMH CIPAaBOYHBIX KIIMMAaTHYECKHX JAHHBIX O IIPOJIOJDKUTEILHOCTH
3ajleraHdsl CHEXXHOro NOKpPOBa, M3MEpPEHHBIX Ha METEOCTaHUUAX, pac-
NIOJIOKEHHBIX HA Pa3JIMYHbIX YDOBHAX.

HimxHsas rpannna xuoHocdepsl Ha 9KBaTOpPE HaXOJHMTCA Ha BbICOTaX
OKoIo 4,5 kM, B cyxux Tponukax, Ha TuGerckoM Haropne u B IOxHO-AMe-
PHUKaHCKUX AHJaX OHa mogHUMaeTcsa A0 6,5 KM. B ApKkTHkKe OHa HaXORHUTCA
Ha HECKOJIbKO COT METPOB BBILIIE YPOBHS MOP#, a B AHTapKTHKe OIlyCKaeTcs
RO YPOBHS MOpS.
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BepxHss rpaHuna xMoHoc(ephl paclnolioKeHa Ha BHICOTE NMOPAAKa
10 xM, YTO BhIlle YPOBHSA CaMbIX BBICOKHX rop. KonnuecTso TBepabIx ocaj-
KOB OOGBIYHO YBEJIMYMBAETCA C BLICOTOI 1O 5—7 KM, a BblIlIe — YMEHBLIAETCA.
BepxHsa rpannana XuoHOCchepbl COOTBETCTBYET YPOBHIO, I/ie TOOBask CyMMa
OCafikOB Ha THIIOTETHYECKOH TOPU30HTANLHON NOBEPXHOCTH OKa3bIBAETCS
PaBHOI HX yObIIIM NIOJ IEICTBUEM COTHEYHOM 3HEPrUM.

ITpn ouenke ycionit 06pa3oBaHus JIEAHAKOB HEOGXONNMO YUHTBIBATh
KOHKDETHBIE XapaKTepUCTHKH pelibeda ! JIOKabHble OCOGEHHOCTH COBO-
KYNMHOCTH risuuonorudeckux ¢akropos. Tak, Gonbiyto pois HrpaloT ¢op-
MBI TOPHOH BepuIMHBI A XpeOTa. Ha OTKpBITHIX BeTpaM BeplIMHAX aKKy-
MYJIALMS TBEPABIX OCalKOB YMEHBIIAETCS H3-32 METEJIEBOrO CHEroNepeHoca,
Ha KPYTBHIX CKJIOHaX CHer He yaepxuBaeTcs. COOTBETCTBEHHO TaM Pe3KO
YMEHBIIAaeTCA BO3MOXKHOCTb Il OGpa3oBaHMs JIEAHHMKA, XOTS BEpIUHHA
MOKET HaXOAUTHCA 3HAYMTENbLHO Bhimre "ypoBHsa 365". Ilnockue xe m
BOTHYTbIe (pOpMEI penbeda 0OCOGEHHO YROGHBI I aKKYMYJIALMHA TBEPALIX
OCajIkOB, IO3TOMY B TaKUX YCJIOBHSX JIETHHKH MOTYT 3apDOXKRAaThCA M HIKe
"ypoBHs 365". KoHe4YHO, OCHOBHYIO POJIb IIPH 3TOM MIrpaoT Oobuiue KiIuMa-
THYEeCKHe NIOKa3aTeNM M 0COGEHHO KOHKpeTHast 06CTaHOBKa, CO3iaBaeMast
pasnuuHbIME (hopMamMu penbeda.

10.3. CHEFOBAf NUHUSA

Pa3nnyaloT HECKOJIBKO BHOB CHErOBBIX JMHMI. JIMHUS nepeceyeHns
HIDKHel rpaHuubl XuoHocdeps! ("ypoBHs 365") c NOBEpXHOCTBIO rop ¥ BO3-
BBIIIEHHOCTEH Ha3bIBaeTCsA KJAMMATHIECKOH cHerosoii jnunmeii (puc. 10.1).
3To pacyeTHas JMHHS, KOTOpas JHUIL NPUGIIDKEHHO BbIENAET YYaCTKH,
rfe TEOPETHYECKH KOJIMYECTBO TBEPABIX aTMOC(EPHBIX OCalkOB Ha rOpH-
30HTAJILHON HE3aTEeHEHHOM NOBEPXHOCTH NPEBbILIAET BEJIMYMHY UX TassHUA H
Acnapenns. Tak Kak rOpU3OHTaJIbHbIE IOBEPXHOCTH B ropax BCTPeYaloTCs
PEAKO, TO M KIMMaTHYEeCKash CHEroBas JIMHUA PEeAKO COBNAajgaeT C (hakTu-
YeCKOH CHEroBOJi JIMHUEN Ha pealbHOl noBepxHocTu. HuskHsst rpaHuua pac-
IPOCTPAHEHHs CHEXXHOrO IIOKPOBA B TeYeHHe TEIIOro Neprojia CyeCTBEeH-
HO MeHseTca. Ee nojoxeHue B 3aflaHHbI# MOMEHT BPEMEHH Ha3bIBalOT
ce30HHOI CHeroBol JivHuei. B eTHee BpeMs B pouecce TastHUS CHEXXHOTO
IIOKpOBa OHAa NOAHMMaeTcsA BBepX No JegHuKy. Hausnicniee noyoxeHne
3TOM IpaHHIBI B KOHIE JIeTa Ha3bIBAalOT HCTHHHOH CHeroBoii Juuuei. Ee
MOXHO OIIPEAENATh KaK CpeiHee NOJIOXKEHNe 32 MHOTOJIETHHIA IEpHO B KaK
cpenHee M3 ee NOJIOXKEHHH B pa3HbIX yCIOBUAX pelibeda pacCMaTpHBaeMOro
paiiona.

ITonsTHA Ce30HHOM M MCTHHHOM CHETOBBIX JIMHHII IPUMEHSIOTCA B OCHOB-
HOM J|JIs1 XapaKTEPHUCTHKH JIE[{HUKOB, IJle 3TH JIMHUAH ABJAIOTCS BHXMMBIMH.
HIx MOXHO OTMEYaTh 3pUTENILHO Ha MECTHOCTH WM 1O dororpadusm. [ns
TEPPHTOPHIi BHE JIEHUKOB MOXKHO ONPENENIATH NOJNOXEeHNe oporpaduiecKoi
CHEroBOH JIMHUH, XapaKTePHU3yIOLIeil HIDKHIOI IPaHULY IIOCTOAHHBIX CHEX-
HukoB. OporpadyecKast CHeroBast JIMHHUSI MOXKET PacloiaraThCA 3HAYATEIb-
HO HMXCE MCTHHHOM. JIegHMKM, BO3HMKaIOIMe B pe3yJIbTaTe COYETaHUs
6J1arONpHATHBIX VI 3TOr0 KIMMaTHYecKux ¢akTopoB M ¢opMm penbeda,
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Pnc. 10.1. Bricora cuerosoit nuunu (KoTtnsikos, 1968)

a - sponb AHR IOxHON Amepuxkn 1 Kopaunsep Ceseproit AMepuku; 6 — Bpons 90—
110° B.1. 1 - penbed 3eMHOR MOBepXHOCTH; 2 — 06JIaCTH COBPEMEHHOrO OJIEACHEHHS;
3 - cHeroBas nuHUA

CaMHM CO3[alOT JONOJIHUTEJILHbIE YCIIOBHS, COREHCTBYIOIME HUX AaJIbHEMH-
1IeMy CYIIECTBOBaHHIO U pa3BuTHlo. ITo Mepe yBelnyeHHs CBOMX pa3MepoB
OHH HAYHMHAlOT BO3AEMCTBOBAaTh Ha MUKpPOKIMMAT. IIpu aTOM MOXeT mo-
HUXXAThCA CPEJHAS TeMIepaTypa BO3JlyXa, YBEJIHYHBATbCA KOJIHMYECTBO
TBEPABIX OCaKOB M H3MEHATBCSA IIOJIOXXEHHE CHErOBO#H JIMHUY.

HcrunHas cHeroBas JIMHHUS Ha JIeAHUKaX opMHUpYyeTCs NOJ BO3EHCT-
BHEM KJIMMAaTHYECKHNX OCOOEHHOCTE! TEppUTOPHUM, NpEXKAE BCEro COOTHO-
LIeHHus TelUia H BJIard, a TakKXe MaKpo- W Me3opelbeda. B peanbHbIx yc-
JIOBHSIX 3€MHOH NOBEPXHOCTH CHEroBasi JIMHUS CHIXXKAETCA B XOJIONHBIX H
BJIaXKHBIX pallOHaX M NOJHAMAETCA B TEIUIBIX U 3aCylIJIMBBIX. B AHTapKkTHKE
OHa ONYCKaeTCs N0 YPOBHSA MOps, a B APKTHKE pacrnojlaraeTcsi Ha Hec-
KOJIBKO COTeH MeTpoB Bhilie. HanGosbuieit BHICOTHI CHEroBas JIMHHUS
AOCTHIaeT B CyXHX TPONHKAX M CyOTpONNYECKHX paiiOHaX.

10.4. ®AKTOPbI U MAUMOKIIMMATUNECKUE NOKASATENU ONEAEHEHUS

®akTOph! ONelEHEHHAs EeNATCA Ha iBeé OCHOBHbIe IpPYNIbI: (paKTOpHI,
CBsI3aHHBIE C KIMMaTOM, H (bakTOphl, 06ycnosineHHble penbedom. Ecrecr-
BEHHO, YTO 00€ 3TH rpynnksl NpOABNIAIOTCA COBMECTHO. 3aKOHOMEPHOCTH
HM3MEHEHHs UMPKYJAUMOHHBIX NPOLECCOB U Pajualiiy B CBA3M C BBICOTOH
MECTHOCTH H PAaclOJIOXXEHMEM XPe6GTOB XapaKTEPU3YIOTCA C NMOMOIUIbIO
OOLIEKTMMAaTHYECKHUX NOKa3aTened. [Ina xapaKTepMCTHKH HeGONbIINX
yacreil JIEAHAKOB HEOOXOAMMO YYHTBIBaTh OCOGEHHOCTH MHKPOKJIHMATa.
Cpenu ¢akTOpOB, 06yCIIOBIIEHHBIX PENlbeOM, BHIENAIOT: OOIIMe pa3Mephl
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Pnc. 10.2. Dxeprus oneneHenns nenuuka (E = tgaq)

A — akkymynsuua, B — abnsuus, g — 6anaHc Maccol IEIHHKA, I.1. — FPaHHLA MUTAHUS

rOpHO# TEPPUTOPHH N BHICOTY HaJl ypOBHEM MOPS, PacnolioxKeHue Xpe6ToB,
ROJIMH ¥ NJIOCKOrOpHii, BHICOTY, KPYTH3HY M 9KCIO3MIMIO CKIIOHOB. BaxkHy1o
POJb UrpaloT (hOpMBI pacusieHEHHs CKJIOHOB, HENOCPECTBEHHO BMELAlOIMe
JIE[{HUKOBBIE TeNa.

ITonsTHE O MIAUMOKIMMATHIECKNX NOKA3ATENAX OJieAeHeHUs GhIIO BBe-
peso M.B. TpouoBsiM (1966). K ux uncny otrHocsarca: 1) obuine xapakre-
PMCTHKH OJIEICHEHNs B pacCMaTpHBAaEMOM paiioHe, (BKJIIOYasi pacnpepe-
JIeHHUe JIeHUKOB 10 CKJIOHaM pPa3HOi#l OpPMEHTAlMN), HallpaBJieHUe BETPOB M
NIOTOKOB BJIary, YCIIOBUS YBJIAXKHEHNS; 2) BbICOThI CHErOBOH JIMHUM, IPAHUI{bI
NATaHUA N 30H JbJ006pa3oBaHus; 3) XapaKTEPUCTHKHN aKKYMYJIALMH U a6-
JALMM Ha Pa3HbIX YPOBHAX; 4) BHICOTHbIE IPAfUEHTh] aKKYMYJALMHA U a6-
JIALUH, ONPEAENsIOIINe IHEPrHIO OJIEfleHEHNs; 5) CYMMBI CPEHUX CYTOYHbBIX
NOJIOXKUTENBHBIX TEMNEPATYp BO3/lyXa, ONpefesionie HHTEHCHBHOCTb |
CYMMAapHYIO BEJIMYNHY CTAaHBaHUs CHEra M JIbJa, a TaKXXe CyMMbI OTpHIa-
TEJNbHBIX TEMIIEPATYp; 6) NPOAOIKUTENLHOCTb NIEPHOAa abALMM U JIETHUX
CHeronapfos; 7) M3MEHEHHe MIIOMafiell OTKPHITOro JIbJa Ha JIEMHUKE B Ile-
puon a6nsauun; 8) rpafueHTHbIE NOKa3aTeN I IOHIDKEHNS TeMIIEPaTyphl BO3-
AyXa M YBEJIMYECHUS KOJUYECTBA OCaKOB C BLICOTOM.

KoMnuiekcHbIM noKa3aTelleM aKTHBHOCTH JIEAHHMKA, OTPaXaloL[UM
yCNIOBHUs KJIMMATa U pelibeha B MX B3aUMOAECHCTBHH, CIIYXXHT BEpTHKAJIbHbIN
rpajHeHT yAeJIbHOro 6anaHca MacChl, Ha3bIBaEMbIil IHEprHet oefleHeHNs.
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Teopus u 3HaYeHHe ITOTO NOKa3aTeNa O6bunn paspaboransl ILA. Ilymckum:
(1947). BennuuHa NoKa3saTesls SHEPIUM OJieficHeHus1 E onpeaenseTcs CyM-
MOl rpaJiueHTOB aKKyMyJnauuu A u abnaunu B, T.e. yBeJIHYeHHEM FOJOBOTO
IPUPOCTa Macchl CHera M Jibfa g C NORHATHEM HaJl CHETOBOM JIHHHEH
(puc. 10.2):

A B 4
dh dh dh
OpHEHTHPOBOYHYIO BEJIMYAHY 3HEPrHHM OJIEACHEHHS MOKHO ONIPENEIINTh

IO JaHHBIM HAGJIIONEHHMI 32 TassHUEM JIbJia B 06acTH aGiasAnuu, UCIIONL3Ys
ynpoieHHoe ypaBHeHnue, npepnoxennoe O.I1. lllernosoit (1952):

E tgat (10.1)

q°

E=—m—, (10.2)

rae C — 3aMepeHHas MOIIHOCTH CJIOs JIbJla, CTasiBIIEro Ha BbicoTe H (B ne-
peBofie Ha cnoit Boasl), Hy — BBICOTHBIA ypOBEHb CHErOBOM JIMHHM (HJIH
TrpaHUIbI MUTAHUA).

YeMm Gonblile 3Heprus ojiefieHEHHs, TeM OOJBIIYI0 aKTHBHOCTb NPO-
ABJNAET JIENHUK, TeM HHTEHCHBHEE B HEM NPOHMCXOANT OOMEH BElECTBa.
HanGonbmue 3HayeHns E oTMeyaauch B rOPHbIX PailOHaxX C NOBLILIEHHbIM
KOJINYeCTBOM aTMOC(hepHbIX ocafkoB. Tak, ais npuOpexXHbIX XpeOGToB
Anscku E pocruraer 22 MmM/M, a Ha TubeTckoM Harophe E = 2-3 mm/M. B
npeaenax OgHON ropHoi cTpanbl 3HaueHus E Bcerga 6onbire Ha JeAHUKaX
BHEIITHUX HaBEeTPEHHbIX CKJIOHOB, YeM Ha JIEJHHKaX BHYTPEHHUX YyacTeli rop.
B o6uux YepTax SHEprus OJieAeHEHNA BO3PACTaET OT NMOJIIOCOB K 3KBaTOPY
U OT KOHTHHEHTANIbHBIX O6GacTell K MOPCKUM.

10.5. UICTOYHUKWU MUTAHUSA

OCHOBHBIM HCTOYHHKOM IUTaHHA JIEAHHKOB CIY>KaT TBepjble aTMO-
ctepHble ocaaky, oTiaralomecs B o6nacTax X NUTaHuA. Biaronecymue
IIOTOKH BO3[lyXa, BCTpPeYas Ha CBOEM NyTH rOpHble NPEeNnsTCTBHS, NOA-
HAMAIOTCA BBEPX M OXJIaX/JAIOTCHA, OCTaB/AA HA HABETPEHHBIX CKJIIOHaX rop
GOJIBIIOE KONUYECTBO TBEPABIX OCaJKOB. BiraroHecyiue noToKu 4acro ABH-
raloTca MO JOJNHHAM, KaK II0 CBOeOOpa3HbIM KaHajlaM, H INTAIOT JIEJHHKH B
BepxoBbax. Oco6yl0 poib MrpaloT JIETHHE CHEronajbl, KOTOphie YBEJH-
YHBAIOT aNbGENO NOBEPXHOCTH JIEAHUKOB H 3TUM YMEHBIIAIOT UX abALMIO.

JJONONMHATENLHBIMA HCTOYHHKAMH NTUTAHAA JIEAHHKOB CIYKaT MeTelle-
Bblif CHEronepeHoc, CHeXXHbIe JIaBHHbI, CYOIMMalus BOJSHOro napa M tanas
BOJIa, 0Opa3yolias HaJIOXKEHHbIN Jief. MeTesieBhlii NepeHoc CHera MOXXET
co3faBaTh GONbIIYIO KOHLEHTPaLHIO CHera, oGecneyunBaolyo o6pa3oBa-
HHe JIEAHUKOB HIKE KJIMMaTHYeCKOM cHeroBoii muHuH. Oco60 MOIIHbIE Ha-
KOIUJIEHUs CHera BO3HHKAIOT B NOABETPEHHbIX CKIoHax. Ha mokpoBHBIX
JIeHHKAX MeTeJIeBbI NepeHOC NMPUBOAHUT K CYyLIeCTBEHHOMY Hepepac-
NIPEAEJIEHMIO CHEra Ha MX NOBEPXHOCTH.

Cxopsuye ¢ JeqHUKOB, 0OpaMIIEHHBIX BbICOKHMH KPYTHIMH CKJIOHaMH,

103



CHEXHbI€ JIaBHHBI MOTYT BHOCHTBb CYUIECTBEHHBIA BKJIajl B NIHTaHHUE JIE[-
HHKOB. B HEKOTOpRIX cillyyasx JJaBUHHOE NUTAaHME SABIAETCS OCHOBHBIM, B
YaCTHOCTH, [V JICAHAKOB Ha {He rJ1yOOKUX y3KUX JOJHH.

ITpu nBMXXEeHUH OTHOCHTENLHO TEIIOrO BJIaXKHOIO BO3[{yXa Haj| IOBEpPX-
HOCTBIO JIEJHUKA IIPOHCXONAT NPOLECCH] CyOIMMaIMH BOASHOrO Napa, MpUBO-
pse K 06pa3oBaHUIO KPUMCTAJIOB H3MOpo3H. Fi3Mopo3b uMeeT cyluecTBeH-
HOE 3HaYeHHe B MUTAHUM JICTHUKOBOIO NOKPOBa B IEHTPAJIbHBIX pailOHax
AHTapKTHABI, TRe AONA CyGIMMALMOHHOTO JIbJa MOXeT RocTuraTth 40%.
OmyTiMa 10515 Cy6IMMaLHOHHOrO JIbAA B MNTAHAM aHTAPKTUYECKUX LIENb-
¢OBBIX JIEAHUKOB U Ha JIEAHUKAX NOJAPHBIX OCTPOBOB, I/lec OHa MOKET J0-
crurath 10%. B ocranbHbIX paiioHax poiib M3MOPO3H B IHTAHUHU JIERHUKOB
HEBEJIMKa. B ropax yMepeHHO KOHTHHEHTAJbHBIX 1 MOPCKHX obJiacTeit OTiO-
>KeHHe U3MOPO3H Ha JIENHUKaX COCTABJsAET JIMIIL HECKOJIBKO NPOLEHTOB OT
obueit CyMMBI TBEpAIbIX OCafikOB. A Ha JIE[[HUKaX B KOHTHHEHTAaJIbHbIX 00-
JIaCTSX B LEJIOM 3a NepHOJ] aKKYMYJALMM MCnapeHHe npeoGiiafaeT Haj
cyGiumManyei.

3a cyeT HaMep3aHHUs BOAbI B CMECH CO CHETOM Ha OXJIaXKAEHHOH NO-
BEPXHOCTH JIe[{HHKa HUXKe (PUPHOBOM JIMHUM (B 30HE JICAAHOrO NHUTAHHUA)
MOTyT (hOpMHPOBATHCS CIIOH HAJIOXKEHHOTrO JibAa. Takoii mpouecc MpOUCXOANT
IIPEHMYIIECTBEHHO B HOYHOe Bpems. HanoxXeHHslil e oTnuyaercs OT
OCHOBHOI'O JIEJHUKOBOIO JIbla XapaKTEPHOH CIIOMCTOCTBIO, NapaJijieIbHOM
IIOBEPXHOCTH JieAHNKa. Ha 3TOM OCHOBaH CTPYKTYpHBIif METOJ, HAXOX/eHHUs
TPaHHUIbI TATAHUA JIEHAKA, HHXXe KOTOpOIi (B 061acT aGJsALMH) CJIOH JIbJa
BBIKJITHABAIOTCA.

Ha psape nonsapHbIX JEJHUKOB B YCIOBHAX HEGONMBUINX BBICOT, MaJIOTO
KOJIMYECTBA OCAJIKOB, XOJIOAHOr'O JIeTa, CYpPOBOii 3MMbI M HU3KOW TeMIepa-
TYph! JbJa (PUPHOBLIA NMOKPOB MOXKET OTCYTCTBOBaThb. IIMTaHHe TaKHX
JIEHUKOB NOAAEPXKUBAETCA NOYTH HCKIIIOYATENILHO HaMep3aHHeM HaJIOXKeH-
HOTO JIbJja. :

nasa 11
CTPOEHUE NEQHNKOB

11.1. OBNIACTU NUTAHUA U ABNALUN

Ha3eMHBIfl JIEHUK MOXHO pa3sfesIiMTh Ha J(Be YacCTH, BEPXHIOIO —
06/1acTh NMUTAaHUA M HIXKHIOKI — o6nacTh a6nsauun. JIunns, pasgensdiomas
3TH 06J1acTH, Ha3bIBAaETCA rpaHuledl NMUTAHRA JeJHNKA. DTa rPaHHLA He
SIBJIAETCS IOCTOAHHOM, OHa MOXET IlepeMellaThCs B 3aBUCHMOCTH OT KJIMMa-
THYECKHUX ycioBmii. ['paHuIia NHTaHNS HHOTAA COBNAAAET C (PUPHOBOIH JIMHH-
elf, KoTopas OTAeNAEeT B KOHIE JieTa OGNacTh JISRHUKA, OKPLITYIO (PUPHOM,
oT o6nacTd OOHaXXeHHOro Jbfa. I'paHUIa MHTAaHUS YaCTO PacrnojaraeTcs
HIKe (PUPHOBOI JIMHNH, MEXKIY HIMH HaXOJUTCA N0JI0Ca HAJIOXKEHHOTO JIbAa
(30Ha JIeAHOTO NUTAHMUSA).

B oGnactu nuTaHHMs NPOMCXONAT NpeBpalleHHe cHera B (UpH U Jen
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¥ HaKOIUJIEHHE JIbJ]a B KOJMYECTBE, IPEBOCXOAALIEM OO beMe TaIOMIEro CHEra
¥ ¢upHa. YeM MHTEHCHBHEE HAKAaIUIMBAETCA 3[€Ch JIE, TEM GoJbllIee ero
KOJIMYECTBO NepeTeKkaeT B o6nacts abasauun. IIpouecce! nbpoobpa3zoBanus
Ha KOHKPETHOM JIeJHUKE MOTYT CYIECTBEHHO MEHATBCA B 3aBUCHMOCTH OT
BBICOTHOI'O NOJIOXKEHHUSA YYacCTKa.

CyMMapHBIi NPHXOR Macchl JibJia 332 TO Ha CAUHHMIY FOPA3OHTAJILHON
[IPOEKLAN NOBEPXHOCTH JIEAHUKA Ha3hIBAETCHA YAEJbHOR aKKyMyJasuuew,
KOTOpasi BeIpa’kaeTcsi B KHJIOrpaMMax, IeJIEHHBIX Ha KBaJpaTHLIH MeTp, WA
B BBICOTE CJIOSl BORHOTO 3KBHBaJieHTa. I XapakTepHCTHKA KOHKPETHOrO
JIEHUKa UCNOJB3YIOT 3HaYEHHE BEPTHKAJIbLHOTO IpajUeHTa aKKyMYyJIALMH.
OpHaxo 2TOT NIOKa3aTelb He BCErfa faeT NpaBHIbLHOE NpelcTaBiieHHe 00
o6yacTi MUTaHMS, TaK KaK aKKyMYJISLHUS B 3HaUUTEJILHOM CTENIeH! 3aBUCHT
OT penabeda JIEJHNKOBOM IOBEPXHOCTH M OKPY>KaIOIIMX Iop.

B o6nacTn aGuauuH BeCh CE30HHBIN CJIOM CHera cTamBaeT M Ha IO-
BEPXHOCTb BBIXOAMT rJIETYEPHLIN Jefl. Pa3nuyaloT Tpu BHfa aGnsuuu nmo
MECTY ee NpOosBIIEHUs: NOMJIENHYIO, BHYTPMJIIENHYIO M noBepxHOCTHYIO. ITog-
JepHas aGnauus BbI3bIBAETCA reOTEPMHYECKMM IIOTOKOM TEIUIa, TPEHHEM
JIbJa O JIOXe M NPOHMKAIOLIEN KO {HY JIEAHUKA BONOii. BHyTpH neaHuka npo-
HCXOAAMT YaCTHYHOE TasiHUE 3a CYET TellIa, BHIAENIIEMOro NpH BA3KOM Tede-
HHM ¥ OTHOCHTEJILHBIX CABHraxX CJIOEeB M I/bI6 JIbJa, a TaKXKe BCIECTBHE
LUPKYJIAIMH BOAbI M Bo3Ayxa. Ilo gaHHBIM HaGiIOfeHMA M KOCBEHHBIX
pacyeTosB, OAJIeHask ¥ BHYTpHIIEAHas ablsius OTHOCHTENLHO He6obuIne
¥ He npeBbIMAOT 5% obmei a6nsauun. OCHOBHYIO pOJIb UrpaeT TasHHE
JIbia Ha NOBepXHOCTH. VicnapeHHe faeT CyLIECTBEHHBIH BKJIAJ} B aGNsLHMIO
JIMLIb B YCIIOBUSIX BEICOKOTOpbs (ropnl LieHTpanbHo# A3uu, AHABI).

CyMMa Bcex BHAOB YMEHBLIEHHS MacChl JIEHUKA 3a GallaHCOBBIA roOf,
OTHECEHHas K efMHHIE NPOEKUUH IIOBEPXHOCTH JIeHUKA, Ha3bIBaETCH
yaenbHO# rogoBoii adnsumeit. OHa, Tak e KaK M aKKyMYyJsAlus, OObIYHO
OnpepenseTCs BbICOTOH BOJHOro 3KBHBajeHTa. BennuuHa abnsuuum yse-
" IMYUBAETCA MO HANPAaBJIEHHIO OT rPaHMUbl ITMTAaHUA K KOHLY JICHUKa,
BEPTHKAJILHBIA IpajueHT aGiAIMy Ha A3bIKaX GOJBLUIMHCTBA CPEeRHELIMPOT-
HBIX TOPHBIX JIERHUKOB KoJie6Gnercs ot 6 1o 10 MM/M, a B apKTHYECKHUX paiio-
HaXx cHIXaeTcs 10 3—5 MM/M.

OTHOMIeHNe IIOU[afM O0JIACTH NHTAHMA JIEfHHKA S,, K IUioumagu o6-
J1acTy abnAuum S,q, Ha3bIBAIOT JIERHUKOBBIM K03 (hdunuenTom K = S,,/S,6; -
JlepHuKOBBI KO3(phULUMEHT — BEJIMUYMHA HENOCTOSTHHAsA M MOXET U3Me-
HATBHCA B 3aBUCHMOCTH OT YCJIOBHI NUTaHHSA M aGuauuu. s NOJMMHHBIX
nepHnKkoB B Anbnax, Ha KaBkase u B ropax CpeaHeit A3uu OH Yaie BCEro
paBeH 1,2-3,0, a Ha KapOBBIX JIEAHHKaX OH MeHbllle equHuubl. FHOrAa
ONpeReNnsoT 06beMHBIN JIERHAKOBBIN KO (PUIMEHT, XapaKTepU3yIOWuit
OTHOLIEHHEe 06bEMOB JIbfla B 00JIacTAX aKKyMynsauuu u abnauuu. B 3apy-
6eXXHOM TIIALHMOJIOrH4YecKol JIHTEpaType ynoTpebnseTcs NOHATHE RO
IUIOLIAJY MATaHus", MpeAcTaBisfiomee co60i OTHOLIEHHE IIIOMAA aKKY-
MyJIALMM K OOLIEeH IIOLIajy JIeqHUKA.

JIeguukoBbie KO3 (HUIUHUEHTHI MOTYT CIYXHTh CBOeOOpa3HbIM KpHTe-
P¥eM i OLieHKH MHOrOJIETHHX M3MEHEHMH COCTOSHHA JIEMHAKOB M COIIO-
CTaBJIEHUS MX XapaKTepHUCTHK. '
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11.2. 30Hbl NbAOOEPA30BAHUSA

II.A. llymckuit (1955) BLIgENAN NATh BHICOTHBIX 30H, OTINYAOMIMXCH
IO XapaKTepy MPOLECCOB JIbROOOPa3oBaHusl.

1. CHexxnas (peKpucTALIN3aNMOHHANA) 30HA XapaKTepu3yeTcs OTCYT-
cTeueM TasiHns. OCaiKyl BBINaJalOT TOJBLKO B TBEPAOM BHJE, a BECh IPUXON
SHEPrhH 3a CYET pajjHalliy U BHEIIHEro TelIoOOMeHa 3aTpayMBaeTci Ha
KPaTKOBPEMEHHOE IOBBILIEHHE TeMIEpaTypbl NOBEPXHOCTHOTO CNOs H
YaCTHYHO Ha BO3TOHKY Jibjia. [IOBEPXHOCTD JIEIHUKA CIIOKEHA CYyXHM CHETOM.
ITpouecc npespameHnst CHera B ()UPH U JIeA NMPOMCXOQUT IO XOJIOMHOMY
BapHaHTy, 6e3 TasHUsA, MCKITIOYNTENILHO IIyTEM YIJIOTHEHUs MO AeHiCTBAEM
Beca BblIlIeNIeXKalluX cJIoeB H pekpucTamiu3auud. [iy6una cios dupHa, Ha
KOTOpOii OH OKOHYATEJILHO NpEBpallaeTCs B JIE[, TEM 3HAUMTEIbHEE, YEM
HIKe TeMNepaTypa cHeXHo# Tonum. OHa o6bryHO gocturaet S0-150 m.
PekpHucTannn3anaoHHass 30Ha paclIpoCTpaHeHa BO Bcell BHYTpeHHel
AHTapKTH/E C BEICOTaMHU IOBEPXHOCTH JIEQHUKOBOrO muTa 6one 1000 M Han
YPOBHEM MOpA, a TaKXKe B CeBepHOIi yacTy ['peHsIaHACKOro NOKpoBa BhILIE
2000-3000 M. CHesxkHasi 30Ha HaGIIONAETCA TaKXKe Ha BHICOYAMIINX FOPHBIX
IIMKaX, B YaCTHOCTH, Ha [Tamupe Bbime 6200 M.

2. CHexHO-(pHpHOBaAA (PEKPHCTALIM3AINOHHO-HH(PIWILTPAMOHHAN) 30HA
PacnoyioXeHa HUXXe CHEXXHOH 30HbI ! XapaKTEpPH3YeTCs TEM, YTO 3AeCh IPo-
ACXOMT TassHHE YAaCTH TBEPJBIX OCaAKOB, BOZMOXXHO Tak>Ke ¥ BbINIaleHNe
ocakoB B Xupukoy case. Tasguue 3axBaThiBaeT HEGONBIIYIO YaCTh OTJIO-
3KEHHOr'O 3a rOf{ CHera, NpM 3TOM BOJia 3aMep3aeT BOJIU3N OT OBEPXHOCTH,
o6pa3ya nepsiHble npocioiiku. Takum 06pa3oM, B TONIIE CHETa M PEKPUCTAI-
JIM3aMOHHOrO (PHpHA NOABNIAIOTCS NMPOCIOUKH B IPOXWIKH MEJIKO3EPHACTOrO
HHOHUIBLTPALMOHHOrO JbAa. JIbgooOpa3oBaHNEe MAET NMPEAMYHIECTBEHHO
nyTeM YIUIOTHEHHS M PEKPHMCTAJNIM3aLH, TaK Xe KaK M B CHEXXHOMH 30He,
rpaHMIa C KOTOPOH HOCHT HECKOJIbKO YCIIOBHBIN XapaKrep. Pexpmcran-
JIN3aMOHHO-UH(UIBTPAMOHHbIE 30HBI BCTPEYAalOTCA Ha nepHdepun
AHTapKTHYeCKOro JIEAHHKOBOro Nokposa (Ha BeicoTax ot 500 xo 1100 M),
Ha nepudepun cesepHol yactd I'peHaHACKOro JIEMHUKOBOro IOKPOBaA, a
TakXe Ha OTAEJbHBIX OCTPOBHBIX JIEAHUKOBBIX IOKPOBAX ¥ B FOPHBIX JIef-
HHUKax (HanpuMep, Ha Dan6pyce Bbimre 5300 M 1 Ha ITamupe Bbimre 5800 M).

3. Xonoauas ¢pupHoBas (MH(PHILTPALHOHHO-PEKPUCTATUIN3ANNOHHAN)
30Ha. 31iech BeCh FOlOBOM CJIOH CHera NpOMavMBaeTCs, U BOAa NpOcayd-
BaeTCs B PacClOJIOXXEHHbIE HUXE NPOUIJIOrOfHuit U Gojiee CTapbie CIIOH
¢upHa. 3anaca X0JI0Oa JOCTATOYHO IS TOrO, YTOOLI NPOHUKAIOILas BriyGh
BOJla 3aMep3alla, YBEJIMYUBasA pa3sMepbl KPHCTANIOB H TOJILUHY JIEASHBIX
npocnoek. TonuHa cios ¢pupHa C IeASHbIME NPOCIORKaMu — nopsaka 20—
40 M, TemnepaTypa Jabfa nop pupHOM OoTpHUaTeNbHasA. JIbRooGpa3oBaHne
NPOMCXORUT IMPENMYILECTBEHHO 3a CUET MH(UILTPALUH ¥ IPHMEPHO Ha OfHY
TpeTh — 3a CYET peKpHCTAIIM3anuu. XOJOofHbIe (PHPHOBBIE 30HBI HIMPOKO
PacnpOCTpaHeHbI Ha JIEHUKAX B FOPaxX C KOHTHHEHTAJLHbIM KIMMaTOM H Ha
OCTPOBHBIX JIENHUKOBBIX TOKpoBax. Ha MaTepHKOBBIX JIEAHAKOBBIX IIOKPO-
BaX OHM 3aHUMAIOT y3KHe OKpPaMHHbIE IIOJIOCHI.

4. Tennan duproBas (MEDUILTPALMOHHO-PEKPUCTALTH3ANMOHHAAS) 30HA
LIMPOKO PacHpOCTPaHEHa Ha FOPHBIX JIEAHUKAX U OCTPOBHBIX JIEHUKOBBIX
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NOKpoOBax. 3anaca 3MMHEro X0JIofa i 3aMep3aHus Bceil BOJIbI, IOCTYNal0-
el OT TastHUsI OBEPXHOCTHOIO CJIOSA TBEPABIX OCAfIKOB M 32 CYET JXXUJKHUX
OCafikoB, 37iech He XBaTaeT. HaGionaeTcss MHTEHCHBHBIA CTOK BOJbI. JIbRO-
06pa3oBaHye IPOMCXO/IMT B PABHOH CTENEHHM 3a CYET HH(HILTPALHOHHOTO
3aMep3aHns B peKpUCTaJUIM3alMy B IIpoliecce YIUIoTHeHus ¢pupHa. TommpuHa
¢upHa c JeAAHBIMH Npocioiikamu Kosebiaercs ot 20 no 40 M. B Teuenne
XOJIOHOrO ce30Ha OOBIYHO NpoMep3aeT cloi ¢pupHa MourHocTeo 10-15 M,
HIDKE BeCh IOl COXpaHsieTCs NIOCTOsSHHas TeMllepaTypa TasHus. K Havamy
Ce30Ha TasgHUA, KOrja HaYMHAETCA NPOrpeBaHue CBepXy, HaubGoslee HA3Kas
OTpHIaTEIbHAA TeMIepaTypa B Tonule ¢upHa HabiofgaeTcs Ha riy6une 2—
3 M; HIXKe, Y TPaHALBI aKTUBHOTO CJIOsi, OHa NOBHINIaeTCA A0 Hynsd. B ce3on
TasHUA NPOCAaYNBAIONIAsACA BHA3 BOAA 3aMep3aeT B nopax ¢upHa ¥ Ipo-
rpeBaeT ero CJloy 3a cloeM, I0Ka He M3PacXofyeTcs BeCch 3amac XoJofa.
ITocne 3TOro rpaBMTalMOHHAsk BOfa GECNPENATCTBEHHO CTEKAaeT CKBO3b
aKTHBHBIIT CJ0Oit ¢MpHa O JIbAA M Jajbllie JBHXETCH MO TPEUIUHAM M Ka-
HaJlaM CTOKa.

5. 3oHa JefAHOro MUTAaHRA (RH(PUIBTPANHOHHO-KOHKEIANMOHHAS) pac-
[oJIaraeTcs MeXAy (PHPHOBOH JHMHHEN H rpaHHULEl NUTaHHUA JIE[HUKA.
JIpoo6pa3oBaHUE NPOMCXOAHUT NMyTEM 3aMEp3aHHs BOJbI B HIDKHEH 4acTH
rOfIOBOrO CJIOS TBEPABIX OCaJKOB M HaMep3aHWs JIMH3 JIba Ha IOBEPXHOCTH
NpOLNIOrofiHero yibfa. PUpHa HeT, NOJ CE30HHBIM CJIOEM CHEra 3aJieraloT
HaTeuyHble JNbJbl. PaccMaTpuBas pa3pe3 JNefgsHbIX NOPOJ CBEpXy BHH3,
MOXHO BBIJICJINTh: a) CHEr B BO3pacTe MeHee rojfia, KOTOphIif B Iepuop
TasiHUA NpeBpamaeTcs B (PUPH, a K KOHILYy 3TOro nepuoja ucuesaet; 6) ToJ-
11y HHGHIBTPALMOHHOTO JIba C MPOCIONKaMK HH(HIIbTPALMOHHO-KOHXKe s~
IHAOHHOrO M HaTE4YHOroO JIb[a; B) BEpTHKAJIbHbIE XHIbI U GechopMeHHbIE
BKJIIOYEHUA KOHKENALMOHHOrO JIbJa.

Hanmuune vHPUIBTPaUHOHHO-KOKXKEJIALMOHHOMN 30HbI JIbROOGpa30BaHus
XapaKTEepHO AJI1 PalOHOB KOHTHHEHTAJILHOrO KJIMMaTa C OTPUUIATeNIbHON
CPEHErOfOBOM TEMIIEPATYPOIL.

IToMnMO nepeynCeHHbIX NATH 30H JbLOOGPa30BaHMA, B HEKOTOPHIX
cnyvyasx seiienseTcs ¢pupHoBo-neasanas (MHGUIBTPaUHOHHas) 30Ha. JILI0-
o6pa3oBaHue 3[1eCh IPOMCXONUT BCIIEACTBHE HH(MIBLTPALUH U 3aMep3aHuA
BOJIBI B ClIOE (pUpHA, COXpaHMBIIEMCS 33 CUET HaKOIUIEHU NpeAbIAyLIHX JIeT
(B Gonee XOJIOgHBIE M CHEXHbIE ropbl). Takue 30HBI OKaNAMISIOT CHH3Y
Apyrue (pUpHOBBIE 30HbI MIIM CYIIECTBYIOT CAMOCTOATEJILHO BCIIEACTBHE U3-
MeHeHu# knumara. B cinyvasx Gonbumioi HavanbHON TOJNUIUHBLI (HPHa,
3HAYHUTENIbHOM CKOPOCTH J{BIDKECHUA, OCOGEHHO NPH HHTEHCHBHOM aKKyMYJIsi-
UUH, PUPHOBO-JIEASHAs 30HA MOXET ONYCKaThCA HIKE IPaHMULb] NUTAHAA
JieAHuKa B 06y1acTh abGnsaumu.

11.3. CIOUCTOCTbL ®UPHA

PdupHOBas TOJNILA XapaKTEPU3YeTCs CIIOUCTHIM CTPOEHHEM, 0GYCIIOB-
JIEHHBIM NPEPHIBUCTHIM OTIIOXEHHEM CHera. B NpoMeXXyTKax MeX[y CHero-
NafaMi Ha NOBEPXHOCTH YacCTO 0Opa3yloTCs MOJIOrOBOJHUCTBIE JIENAHBIE
KOpPOYKM, MHOTAA OTKJAABIBa€TCA NbUIb, YTO CO3[AaeT YETKHE IPaHMUbI
MeXay ciosmi. Cliod OTIIMYaIOTCA TAKKe MO CBOEiH CTPYKTYpe H IIIOTHOCTH.
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TomunHa cnoeB ¢upHa KoneGleTcs OT HECKONLKHX MHIJIMMETPOB JO
REeCATKOB caHTHMeTpOB. OHa ONpefieNfAeTcs KONIMYEeCTBOM BhINaBUIMX OCafl-
KOB IIpH OYEPEAHOM CHeronaje, BETPOBBLIM CHErONEPEHOCOM H YCJIOBHSMH
yIJIOTHEHHS! CHera. B 3aBMCHMOCTH OT 3TOrO TOJHIHHa KOHKPETHOTO CJIOS
MOXeT GbITh IPEMEPHO OXMHAKOBOM Ha 3HAYHTEILHOM IVIOIaiM MJIH PE3KO
MEHATHCA B MECTaX CAyBaHHs M OTJIOXKEHUS METEJIEBOro cHera. B npouecce
MeTaMopdu3Ma pa3nuyus MeXAY CIOSIMM YMEHBUIAIOTCA M IPaHUIbI CTa-
HOBATCA MCHee 3aMETHBIMH, 6OJiee OTYETIUBHIMH OCTAIOTCA IPaHHUIBI
MEK[y FOOBLIMH NaYKaMH CJIOEB.

I'pannup! ronyHbIX ci1oeB (pUpPHA MOXKHO OCGHAPYXHMTH IO NPOCIONKaM
JIbJla MM NBUIY, pa3HULE B pa3Mepax KPHCTAJNIOB M XapaKTepy OTJIOXEHUi
NBUIBLIBI pacTeHuH. YeTKOCTh rpaHul] 3aBHCHT OT COYETaHUS KIIMMaTHYECKHX
¢paKTOpOB H OT TOro, N0 KaKOMY THIIy NPOUCXONAT NMpOLecChl (pUpHU3aLUA
CHera M nbgoo6pa3oBaHusA. B CHEXHON 30He IpaHHUIBI MEXAY CIOSAMH
BBIPaXKeHbI cJ1a60. B cHeXXHO-(MPHOBOI 30HE YETKO BBIAENAIOTCA JIeqSHbIe
KOPKHM MeK/ly FOAMYHbIMH ITaYKaMH CJIOEB, 2 TPAHULbI MEXAY CIOAMH B 3THUX
Iaykax TPYAHO pa3nuyuMel. B xosonHOI ¥ Temsoil (pMPHOBBIX 30HaX NpHU
3aMep3aHHM BOALI B KaHajlaX NMpOCaynBaHUsA OOpa3yloTCs HaKJIOHHbIE U
BEPTHKAJIbHBIE JIEAAHbIE BKIIIOYEHHUS B BHJE JIMH3, LIIMPOB H "XeJIBaKOB".
OcobeHHO GONBIINX pa3MepOB AOCTHralOT MHOrJa BEPTHKANbHbIE BKIIIO-
YeHHus, KOTOpblE HMEIOT OKpYriylo B miaHe ¢opMy M 3aKaHYUBAIOTCA B
HIDKHEH 4acTH JIeHOM JIMH30M, oOpa3ylowieiics Haj BOJOYNOPHOM NpoO-
cnoiikoit. JInH3a pacreT BBEpX, €€ HMXXHAA rPaHHIA BLIAENAETCA Pe3KO, a
BEPXHsist NpHOGpETaeT HEYETKNE OYEePTaHHs.

11.4. CTPYKTYPA U TEKCTYPA NEAHUKOBOIO NbAA

ITpespamenne ¢upHa B Jief| NPOUCXOAMT 3a CUET JBYX NpPOLECCOB:
YIUIOTHEHHSI ¥ NIEPeKPUCTAINIM3aUMNU PUPHA; HHPUILTPALUH U 3aMepP3aHus
Tanol Bofsl. Benepcreue nepekpucramusanuy o6pasyercs Jef 3epHUCTOM
CTPYKTYpPhl, B KOTOPOM 3€pHa MpPEJCTaBIAIOT COGOH KPHUCTaNIbI JIbAa
HenpaBUIbHOM (hOpMEI ¢ 6eClIOpAOYHOI OpHeHTanuel ux oceil. 3epHa co-
NPHKAcaloTCA MeXAY coO0i NOBEpPXHOCTSAMH, KaK NPaBHIIO, HEMJIOCKAMH.
Mexpny 3epHaMH OCTalOTCS BO3AYLIHbIE BKIJIIOYEHHS, MEJIKHE Ny3bIPbKH
BCTPEYalOTCA A BHYTPH KPUCTAJIIOB.

CkopocTb ¥H(HIBTPALUOHHOTO JTBA006pa30BaHUA 3aBUCAT OT COOTHO-
IIEHHs AHTEHCUBHOCTH IIOCTYIIEHHs: BOAbI C HAJIMUMeM 3anaca xojona. Ilpu
HU3KOH TeMNepaType B NOBEPXHOCTHOM CJIO€ CHEra M KPaTKOBPEMEHHOM
TassHAM BOJia Cpa3y JXKe 3aMep3aeT B Nopax, o6pa3ys cnoit ¢upna. Ilpu He-
ROCTAaTOYHOM 3alace XOJIOia HaMep3aHHe JIbJja IPOMCXOANT 3a CYET TeIIo-
OTAa4H B X0JIofHkIe coM. ITpouecch! MeTamopgudecKoro IbF006pa3oBaHus
B 3aBHCHMOCTH OT YCJIOBMH M HHTEHCHBHOCTHM MH(MIbTPALMH NPUBOJAT K
06pa30BaHNIO JIEJAHBIX TOJIL Pa3HOOOPa3HOro CTPOESHHS.

Brifienf1oT 182 OCHOBHBIX BH/A JIEAHUKOBOIO JIbJa: HH(PUILTPALMOHHO-
PEKpHCTAIIIIM3aMOHHBINA ¥ HHPWILTPalMOHHBINA.

HndunsTpannoHHo-peKpACTALIM3ANROHHBIM Ha3bIBAIOT Jiefl, 06pa3yio-
muiics MyTeM 3aMep3aHHs BOABI, NpOCayYMBaloLIeiics B rIyOMHHbBIE CIIOH
¢upHa, B COYETAaHUH C NPOLECCAMH YIUVIOTHEHHUS M NEPEKPHUCTAaJIN3aLuH
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¢upHoBoit Tommn. MHGUIBTPaHOHHO-PEKPUCTAIIIN3ALHOHHBIH JIE HIMEET
HEOPHEeHTHPOBAHHYIO 3EPHUCTYIO CTPYKTYPY C KPHCTaJlJIaMH JIbJia OTHOCH-
TeNbHO HeGONBUINX pa3MePOB (NMOPAKA HECKOJIBKUX MIIIJIUMETPOB B IIOIe-
PeYHHKE) 1 3HAUYNTENLHBIM COAEPKaHHeM BO3[YLIHbIX BKIIOYECHMI.

MudnabTpanuoHnslit sef opMHUpyeTcs B pe3ynbraTe HHHILTPAIMHI B
CHer ¥ (pMpPH TaJION U JOXAEBOH BOJ C NMOCJIENYIOLHUM 3aMep3aHUEM BOAbI,
6e3 CylIeCTBEHHOTO BJIHMSHHA NPOLECCOB YIJIOTHEHHA M NEpeKpHCTal-
JM3aluy, T.€. yTeM 3allOHEHUs nop ¢pHUpHa BOAOH Haj BOJOYNOpaMH H
3aMep3aHus BOAbl B nopax. MHUIBTPaUMOHHBIH JIel XapaKTepH3yeTcs
OpPHEHTHPOBAHHOH 3€PHUCTOM CTPYKTypOM, IJIaBHbIe OCH KPHCTaJJIOB
HanpapJieHbl IPEMMYIIECTBEHHO NEPNEHAUKYIAPHO K NOBEPXHOCTH CIIOEB.
Pa3Meps! 3epeH — oT 1 o 25 MM B nonepeunuke. Jlex o6bIvHO obnapaeT
rOf{OBOM CIIOMCTOCTBIO.

C BO3pacTOM JIBla pa3Mephbl €ro 3epeH YBEJIHYMBAIOTCA 3a CYET
IpoLeccoB COGMpaTeILHOM NEPEKPACTAIIM3ALMHA U MOTYT focturaTh 10 cM u
Gonee B nonepeynuke. Hapsgy ¢ 3TUM MOXKET POHCXOAMTH pa3pyllIeHne U
RpoGiieHNe KPUCTAJIIOB NOJ IeCTBHEM HaNpsDKEHUH CXKaTHA, PaCTSDKEHUA H
CIBHTa B IIpOLECCE ABIDKEHNS JISAHUKA,

XapakTepHOi#t 0OCOGEHHOCTBIO TEKCTYPhI JIENHUKOBOIO JIbJia SABNSETCA
€T0 N0JIOCYATOCTh, BLIPAXKAIOIIAAC B BUIE YEPElOBAHKA CIIOEB JIbJia pas-
JMYHOM CTPYKTYphl. CHHOHMMOM NIOHATHA "NONIOCYAaTOCTb" ABNAETCA TEPMUH
"JIeHTOYHas CTPYKTypa", HHOTAa YNOTPeGNAI0OT TaKXKe TEPMUHBI "CllaHILe-
BaTOCTh" WJIM "NJIAaCTHHYATOCThL". ORMH U3 BHIOB NOJIOCYATOCTH — Yepe-
noBaHAe GeNbiXx ¥ ronyObix JeHT. TOHKHE CIIOM YUCTOro NpPO3payvyHOro JibAa
royny60oBaToOro LBeTa, NOYTH JIMIIEHHOTO Ny3bIPLKOB BO3[yXa, Pa3felfioT
CJIOM CBETJIOro nmopucroro jinfa. TonmuHa rony6six jeHT — ot 1 MM go
HECKOJIBKMX AEeCATKOB CaHTUMeTpOB. I'0jy6Gble IOJIOCHI YacTO 3ayMeraloT
JuMH3aMHU. Y GOpTOB JIENHUKOB M B MX NPUOHHBIX YaCTAX YUCTHI Jef 060-
ramaeTcs JUCIEPCHBIM MOPEHHBIM MaTEPUAJIOM, CTAHOBACH "L[BETHBIM" HJIH
"rpa3HbIM”. T10N0OCYAaTOCTh HArJIAAHO NPOABJIAETCS HA NOBEPXHOCTH JIEHH-
KOB B 0o6iacTn abndauuu, B TpemuHax ¥ oGpbiBax JieqHUKOB. PacnpocT-
PaHeHbl cly4yau, KOrfa HaGJIONAlOTCA NepeKpEelUBaIoIHecs CHCTEMBI
ronyObIX JIEHT.

ITpoucxoxpaeHne NOJOCYaTOCTH JIbAa HE HMEET ONHO3HAYHOro 06 bscC-
HeHusa. HexoToprle ucciefoBaTelM CYATAJM, YTO 3TO — Haclefue Oca-
ROYHOM ciomcrocTd ¢HpHA U JbJa, [PYrHe OTOXAECTBIANN ee C obpa-
30BaHHEM CJIAHLEBATOCTH JIbJla Npu ero TeuyeHuH. IIo cOBpeMeHHBIM
IpeACTaBJIEHAIM, "MOJIOCYATOCTL" JIbAa ABNAETCA OGO6IEHHBIM IOHATHEM.
OHa xapaKTepH3yeT BTOPHYHBIE TEKCTYphbl MeTaMOphHUYECKOro JbAa,
oOpasylomerocs B Ipolecce CABUroBbIX aecdopMaluii M HapyUIeHHi
CIUIOLIHOCTH JIbAA.

11.5. PENbE® NEAHWKOBOW NOBEPXHOCTU

BricoTHOE nojoxeHne M penbed JEAHUKOBONH NOBEPXHOCTH ONpefe-
JNAI0TCA penbedOoM JIEJHHKOBOTO JIOXKa H KOMIINIEKCOM KOJIMYeCTBEHHBIX
nmokasareyneil aKKyMyJNSlMH, JbAOOOpa3OBaHAA M abiufLMM C yYEeTOM

109



BBICOTHO# 30HAJILHOCTH ¥ KIIMMAaTHYECKHUX YCIOBHIL. Y JIEHUKOB, HMEIOLIMX
¢opMy NOTOKa HMJIHM CHCTEMbI IIOTOKOB, HAaOIIONAaETCA IOHHXEHHE

. IOBEPXHOCTH BJOJIb HANpaBJICHUSA TEYEHHSA NOTOKA, H TOJNLKO B Clydasx
Jerpagauyy JIeAHUKA MIJIM HaJHYUSA NPENATCTBHA Ha NYTH TeYCHHUS JIbAa
MOTYT BO3HMKHYTb YYaCTKH C TOPH3OHTAJIBLHON NIOBEPXHOCTBIO HIIA JlaXKe C
o6paTHBIM ee ykJIOHOM. Ha JJIMHHBIX POBHBIX Y4acTKax yroij HaKJIOHa
NOBEPXHOCTH JIEAHNKA GIHM30K K NPOJOJILHOMY YIily HaKJIOHA JIEAHHKOBOTO
noxa. Ha yyacTkax, NpUMBIKAaIOIIMX K MECTaM M3MEHEHHS Yyrjla HaKJIOHa
JI0XXa, €Ero NOIepeyHoro CeYeHNns UM HalpPaBJIeH!s, a Tak>Ke BOJIM3M KOHLa
JIe{HUKA HAaKJIOH ¥ peJibet NMOBEPXHOCTH JIEHUKA B ONpEEIEHHOH CTENEHN
oTnuvyalTcAs OT penbeda noxka. IlpeneinbHas TOJIIMHA JIEAHUKOBOTO
IIOTOKA B3aMMOCBA3aHa C HAKJIOHOM NIOBEPXHOCTH 3TOro NOTOKa (mogpobxee
06 aroM cM. pasgen 13.3). B cBfA3M c 3TMM H3MEHEHHS BHEIIHETO
Macco3Heproo6MeHa Ha JIE[JHHKE NPHUBOAAT K M3MEHEHHIO penbeda ero
NOBEPXHOCTH.

B Mecrax, rae Ha JOXe JIEAHHKA MMEETCA YCTYNl MWJIH CyHIECTBEHHO
yBeJINMYHMBaeTCd NPONONLHBIA YKIOH JoXa (Ha 2-3° u Goiuee), B Tene
JIeHHKAa BO3HHUKAIOT paCTATMBalONIME HANpsAXKEHHs, KOTOpble MOTYT
NPUBOAMTL K O6pa30BaHAIO OTKPBITHIX nonepeunsix tpewnH. Ha KpyToix
y4acTKax BO3HHKAalOT cBOeoOpa3Hbie Jeponaasl. Huxe ycTynos u jefo-
NajfOoB TPEIIMHBb! 3aMBIKAIOTCA, U NMOBEPXHOCTb JIE[HUKAa OOGBIYHO MMEeT
BBINYKIYIO popMmy. ITonepeunnlie TpeluHbl 06pa3yloTCa Takke B 06/1acTAX
MHTEHCHBHOM aKKyMYJNSLMM CHETa U B A3bIKAX HACTYMAIOUIMX JeAHUKOB. B
MecCTax, rie JEHUK M3 Yy3KOro y4acCTKa NIepEXOAMT B PacUIMpEHHDIH, B €r0
TeJjie BO3HAKAIOT PaCTATABAOLIHME HANPSAXXEHUS ¥ NOABJISAIOTCA NPOROJIbHbIE
TpelUHbI, HallpaBJieHHbIe NTApaJIEIbHO TEYEHNIO MM papuaibHo. ITo cTo-
POHaM JIEAHHKOBOrO NOTOKa 06pa3yioTcs 60KOBbIE TPEUMHbI.

Y NegHUKOB, HAUHHAIOLMXCA Y IIONHOXUA KPYThIX ¥ BHICOKMX CKJIOHOB M
CTEHOK LMPKOB, NPOMCXOAUT pa3phiB TONMUM ¢pUpHA M o6pa3yeTcs NOA-
ropHas Tpeuuna (Geprupysn). OHa OTAeNAeT HEMOABIKHYIO, IPAMEP3LIYIO
K CKalle 4acTh (pMpHa OT NMOABMXKHOM, TeKylleil K MOHIKeHHO yacTh up-
HOBOro 6acceiiHa JeiHUKa.

¥ NepHUKOBBIX KYNOJIOB M IUTOB TPELIMHbI BO3HHKAIOT HaJ| YCTYNaMHu
JIOXa; OHM XapaKTEpHBI TaKXe I BbIBOAHBIX JIeAHHKOB. IloBepxXHOCTH
KyllOJla Yallle BCEro He COOTBETCTBYET NOBEPXHOCTH Noxa. Tam, rpe
TOJIIMHA JIEHHKa GONbLIe, a 3TO HaGMIoAaeTCa Haj NOAJIEAHBIM TPOTraMu,
HROJMHAMH M KaHbOHAMHM, CKOPOCTh NEpeMENIeHNs JeJHHKa 3HaUYUTENbHO
Goubllie, YeM Ha COCEHHUX Y4YacTKaXx. ITO cnoco6ecTByeT o06Gpa3oBaHUIO
NPONOJIBLHBIX M NONEPEYHbIX TPEUIHH. BBIBOAHBIE JEIHHKH 4YacTo
CIIyCKalOTCS HMXXe YPOBHS MOps, NpeBpallasch B "MOpCKHe", Ha Kpaio
KOTOpBIX IIPOAYLMPYIOTCA alicGepru.

B ¢upHOBBIX O6GnacTax M3-3a kojeOaHMil BETPOBOro pexkuma Npu
CHEromajie 1 BETPOBOM CHErolepeHOCe CO3AAalOTCA CHeXHbie GapXaHsml,
TpSAAbI ¥ 3aCTPyra. Y MOAHOXKUSA CKJIIOHOB BO3MOXHO OGpa3oBaHMe JIaBUHHBIX
KOHYCOB.

B o6nacTi abasuuy BO3HUKAIOT CJIOXKHLIE (POpMbI penibeda, BbI3BaHHbIE
HEpaBHOMEPHBIM TasiHHEM, HarpOMOXAEHHEM MOPEHHOrO MaTepuala M

110



NOTOKaMH Talbix BOJi. IIpy coiHeuHol norope B COYETaHNH C OYEHb CyXHM M
XOJIONHBIM BO3J{yXOM O0Opa3yIOTCsi OCTPOKOHEYHbIE BBICTYIbI, HAKJIOHEHHbIE
HaBCTpe4y Jy4aM NOJyReHHoro connula. ITo BHemIHEMy BHAY OHH
HaNOMMHAIOT KOJICHONPEKJIOHEHHbIE (PUryphl B MOHAIIEHCKHEX 6ajlaXOHax —
OTCIOAa ¥ Ha3BaHMe "Karoumecs”. Takue ¢OpMBI MOrYT QOCTHIaTh BHICOTHI
HEeCKOJNBKHX MeTpoB. OHH pacnpocTpaHeHbl Ha ByJikaHax IOxHo# AMepuky,
Ha ITamupe, B Kapakopyme u I'imanasx.

Tawm, rae seq NepeKkpbIT CJI0eEM MOPEHHOro MaTepHalna, 3alAialoLumM
ero OT TasiHUA, OOpa3yloTCs XOJIMBI, FpAAbI, "NelsHble CTOJbI", "JIegHn-
KOBble rpu6nbi”, "MypaBbHHbIE Ky4YH" H JIpyrue NOJIOXHUTENbHbIe (POpMBI
penbeda, BO3BBIINAOLHECH Hafi OGHaXXeHHO! NOBEPXHOCTHIO JbAa. "Jle-
AAHBIE CTOJNBI" M "rpUOHI" BO3HUKAIOT TaM, Irfie KPyNHble KAMHHU 3all{UIIAI0T
Jlex OT TasHMA, a OKpPYXalollas ero NOBEpXHOCTh CTauBaeT Gechpe-
narcreenHo. ITox kamMHeM oGpa3syeTcs JiefisHass HOXKa.B mocnepyromem
HOXXKa NOJTauBaeT U KaMeHb CBAJINBAETCA, 3aTeM NPOLECC IOBTOPAETC.
TakuM 06pa3oM KaMHH MOTYT "IyTenleCTBOBAThH" 11O NOBEPXHOCTH JIEAHUKA.,
KpynHbiMH ¢pOpMaMH, BO3BBIMIAIOMMMHCA Haj NOBEPXHOCTBHIO TOPHBIX
JIEAHUKOB HHOIAAa Ha JECATKM METPOB, ABJIAIOTCA NPOAOJIbHBIE TPAMbI
KpaeBbIX ¥ CpeUHHBbIX MOpeH. Ha KOHI[aX JIefHUKOBLIX A3bIKOB MOPEHHbIE
rpajbl CIMBAaIOTCA B CIUIOUIHON MOpEHHbIH NOKPOB, Iie Ha NOBEPXHOCTH
BO3HHKAaIOT Gec)OpMEHHbIE HArPOMOXJEHHS MOPEHHBIX XOJIMOB,
Pa3sfielIeHHbIX TEPMOKAPCTOBLIMH 3allainHaMH, JIOXXGHHAMH 1 O3epaMH.

B Mecrax, rae sarpsasHsiomui cioi He6onbmod H He GpoHMpYyeT
JEeAAHYI0 NOBEPXHOCTb, a JIMIIb YBEJIHYHMBAET IOIJIOUEHNE COJHEYHBIX
any4eil, jeg TaeT 6Gojee MHTEHCHBHO, YeM YMCTHIA. 31eChb BO3HHMKAIOT
oTpHuuaTeNbHbie (OPMBI penbeda — NOXOHHBI, JEJHAKOBbIe "BaHHBI",
"coTh!I" U "CcTaKaHbl".

Ha neponapgax, B KpaeBbIX YacCTAX JIEJHHUKOB M B pafilOHaX KPYTBIX
NOBOPOTOB JIEAHMKOBOrO NOTOKa, e MHOrO TpewuH, GIOKH JbAa
npuoGpeTaloT NpHYyANnBbie (OpMBbI B BUJe MUpaMuj, GalleH U IMHKOB,
Ha3bIBaeMbIX "cepakamu’.

B nepuop aGasAuMy Ha IOBEPXHOCTH JIEHNUKA BOSHAKAIOT MEJIKAE PyYbH
H, NOpOIf, y3KHe KaHaibl IMyGHHOI KO HecKONbKHX MeTpoB. MHorpa Ha
IIOBEPXHOCTH JIEJHHKOB 06Gpa3yloTcs o3epa. Boja u3 pyubeB M KaHanoB
Yepe3 JIeAHUKOBBIE KOJIOALBI H "MEJILHALBI" yCTpeMIseTCA B Iiy6b JIeqHUKA
U NO NOAJIENHBIM TOHHEJAM BBIXOAMT M3-NOJ KOHLA JIEAHMKA, rfe Y
KOHEeYHBLIX MOPEH HEPEJIKO BO3HUKAIOT NOANIPYAHbIE 03epa.

11.6. OruBbLI

Ha noBepxHOCTH JIefHUKOB B OOjacTh aGiasuuu, OGBIYHO HHXe
JIEAONAaoB, YaCTO BH[IHbI CHCTEMbI YepeAyIOLUXCs uinpoxnx NoJIoC NbAa
CBETJIOTO ¥ TEMHOIO I[BETOB — OruBbl. I10JIOCHI NPOTArUBalOTCA Nonepex
A3bIKOB, 00pa3ys Ayrd, oOpalleHHblEe BBINYKJIOCTAMH B HallpaBJIeHHH
ABIDKEHHMA JieHHKa. B neanuKax, He MMEIOMMUX IPUTOKOB, CPEHUE YACTH
orus OOBIYHO COBIIAJAIOT C OCBIO JiefHHKa, YeM Gike K KOHLY JIe[HUKA,
TEM JAYrH CTAaHOBATCA Oojiee BLITAHYTHIMH. B JegHHKax, y KOTOpPBIX
CIMBAETCA HECKOJIBKO NIOTOKOB, 00pa3yIOTCs CIIOKHBIE CHCTEMBI OTMB, YaCTO
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HaGIIOfaeTcs N0 HECKOJIBKO HE3aBUCHMBIX CHCTEM AYT, KaX/jast U3 KOTOPhIX
COOTBETCTBYET CBOEMY IIOTOKY, NPHYEM CIIaHLIEBAaTOCTD JIbAa BOIM3M rPaHMI]
MEXAY TAaKHMH CHCTEMaMM OPHEHTHpOBaHa MNapajijielbHO GopTaM
JIEMHAKOBOM OJIMHBI.

BcTpeualoTcs 604HO6ble O2u6bt B BUJe BalOOOPa3HbIX BO3BLILIEHAMH
nmonepek Jie[{HHKa HIDKe Jiefonaja, pa3feleHHble nmporubamu. ITo mepe
NPOABIIKEHHUS BHU3 IO A3bIKY OHM CHa4yajla yMEHBIIAIOT CBOIO aMILTHUTYRY,
3aTeM BO3BBLILIEHHA MCYE3alOT, a Ha IOBEPXHOCTH JIEJHHUKA OCTAIOTCA
MOJIOCHI Pa3HOTO L[BETA.

CyMMapHas LIMpHHA CBETJION ‘M TEMHO# NOJIOC Yalle BCEro COOT-
BETCTBYET rOJOBOMY CMEIEHHUIO JIe[|IHOM NOBepXHOCTH. CBeTIIble NOJIOCHI
BO3HUKAIOT Ha y4YacCTKaX Jbfa, NPOLIEAIINX 4Yepe3 JieAonajy B NepHON
akkyMmyJisinuy. B 30He pacrsokeHus NbJa B TpeIMHAX HaKaIUINBAETCs CHeT;
KOTJ{a K€ 3TOT YYaCTOK JJOCTHraeT NIOAHOXHS JIeoNaja ! NonajgaeT B 30HY
CXaTHs, BOSHUKAET Ball CBeTJION OKpackn. TeMHas nonoca nosBiseTcs Ha
y4yacTke, MpOLIEALIEeM 30Hy fpOOieHns B nepuoy aGnsuuu, KOraa ey nog-
BEprajici HHTEHCHBHOMY TasHMIO M IIOJIy4aJl NOpuuM 305080l nbud. Ha ee
MecTe BO3HHKaeT JIoxX6uHa. B nocnepyromue rofs! peinbed CriaxupaeTcs
3a CYET TOro, UYTO B 3UMHee BpeMsl JIOXKOMHBI 3aHOCATCA CHErOM, a B JIETHEE
BpeMsi TasiHHE B IEPBYIO OYepefib IPOUCXOAUT Ha BaJlax.

Tepmun "orusbl" ocraeTcs HeOfHO3HaYyHbIM. Ero ucnonsayroT pis
XapaKTEPHUCTHUKH XeJo64YaToro MUKpopeibecda MOBEPXHOCTH JIEHHKA,
KOTOpbIi cBsi3daH ¢ AuddepeHInaNbHbIM TasHAEM JIbAa BROJb BBIXOLOB
€MHWYHBIX CJIOEB, Pa3/IMYaIOUIMXCA 10 NIJIOTHOCTH B CTENEHH 3arpsA3HeHus.
C.B. Kanecunk (1963) npepnosxusi feJIuTh OTMBELI Ha IPOCThIE, CBA3aHHbIE C
HEepaBHOMEPHBIM TassHHEM OT/ENbHBIX CJIOEB MJIM JIEHT, H CJOXHBIE,
BKJIIOYalomue Nauku npocreix. ITo aroit knaccuuKauyn CloXHbIE OTUBbI
ReJIAT Ha rofiuyuHble (noaocbt Popbca), MUKpopuTMIYECKHE (0GYCITOBIIEHHBIE
PHTMaMH NPOJOIIKHTEIBHOCTBIO MEHBIIIE I'Ofibl) M apUTMAYECKHE, IPUMEPOM
KOTOPBIX MOT'YT GbITh NOJIOCH! BHITAUBAHHAS BYJIKAHAYECKOrO NeNJIa.

naBa 12
OCHOBHbIE XAPAKTEPUCTUKW JIEAHUKOB

12.1. NNOWALD, ANVHA
1 BbICOTHOE NOMOXXEHUE NEAHUKA

HawuGonee pacnpocTpaHEeHHbIMI XapaKTePHCTHKAMU JIEAHAKA ABJAIOTCA
pasMepsl ero miomanau ¥ AauHbl. (N8 MHOTHX JIEAHMKOB 3TH XapaKTe-
PHMCTHKHM OCTalOTCS €JHHCTBEHHBIMU. JIEHUKM OCTATOYHO XOpOLIO OTOGpa-
XalOTCa Ha adpo¢OTO- H KOCMHUYECKUX CHHMKAX, OCOOGEHHO, eCIH OHH
clieNiaHbl B NEPHOA aGNsALMU. D TO NO3BOIMIO 3a(pKCHPOBATh BCE GOJNbLINE U
MaJleHbKHe JIEAHNKHN Ha 3eMHOM TOBEPXHOCTH M OINPENeNIuTh UX IUowanb. B
nepuop 1966-1982 rr. 6b1n1 ony6nukosan "Karanor neguukos CCCP", B
KOTOPOM CHCTEMAaTH3NPOBaHBI CBE[ICHHSA O BCeX JIEAHUKAX C YKa3aHHEM HX
OCHOBHBIX XapaKTEpPHCTHK, IPeXAe BCErO MX pa3MepoB, (opMbl M paco-
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Tabauya 12.1

Kpynneitimne rophsle neguukn Esponsl u A3nn
(Jonryumn, Ocunosa, 1989).

Tophxas Jlemumu | Ilio- nuna, BricoTa Haji ypoBHEM MODSi, M
CTpana 1ans, KM
km?
KOHIia nien- | chupHoBoit BbICILEH
HHMKa JIMHUH TOUKH
1 2 3 4 5 6 7
AJbIBI Bonboit 86,8 24,7 1540 3150 4140
Anevckuit
Topuep 68,9 14,1 2120 3240 4638
Mep-pe - 33,1 12,3 1470 2920 4240
Insc
Kasxka3 Be3enrn 36,2 17,6 2080 3600 5050
Hbix-Cy 34,0 13,3 2070 3300 5150
Jlex3npu 33,7 11,8 2020 3090 4050
Omubpyc Bosnbwoit 19,6 10,2 2480 3800 5660
A3say
xaxuy- 27,8 8,0 3140 3900 5610
raHre3
TMonsphbrit MIy 1,2 12,2 665 900 1150
Ypan
HUTrAH 1,8 1,2 790 980 1180
Kamyartka BornaHo - 37,8 17,1 1625 2700 4400
BHYA
OpmaHa 22,0 9,8 1525 - 3760
BwrbyeHOK 21,8 17,7 850 2650 3940
Aurrait Bonsbiuoit 28,2 1.5 2440 2950 3940
Tamgypuys -
cxuit
Canoxsu- 13,2 10,5 2120 2800 4500
KOBa
TMamup PenyeHKo 649,6 77,0 2909 4695 6280
Ipxamaiino 1429 37,0 3610 5080 6900
Tapmo 114,6 304 2970 4750 6350
uccapo- 3epabuuan- 132,6 27,8 2810 4000 5200
Anait cxuik
IMpeoGpa- 54,0 12,8 3100 4100 5070
JKEHCKOro—
Pama
AGpamoBa 25,2 9,0 4150 4150 4960
Taus-Lllans 0%t 567,2 60,5 2800 4580 7440
Huburbyex
CepepHblit 181,2 32,8 3400 4750 7000
Hubimbyek
Kansps1 84,1 29,0 3400 4400 5720
Bocrounbnt TyrGemun 313,7 36,1 2680 4200 6934
Taus-lllans
(KHP)
Ykyp (Ka- 184,9 324 2790 4240 6245
parionb)
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Tabauya 12.1 (okoH4anue)

1 | 2 ] 3 [ 4 ] s [ 6 [ 7

Kapaxopym laitox 750 76 3550 5300
Bamropo 750 62 3530 5100
Xwucnap 580 52 3960 5100

Tuber Kayux 172 35 2530 4510 6356
Snynr 131 30,4 5150 6020 6778
Tenapa- 35 12,8 5395 5820 6543
Hour

Tumanan Taurorpu 300 ‘32 3800 5150
3emy 130 31 4350

noxenus. Bcero nanano 108 Beinyckos, o6 beauHeHHbIX B 20 TOMOB, CO-
OTBETCTBYIOIMX KPYITHBEIM FOPHO-JIEAHMKOBRIM paiioHaM. B KaTanorn skimo-
YeHb! CBEEHNs, XapaKTepu3ylomue reorpacguyeckoe nojoxenue, Mopgdo-
JIOTHIO, KIIMMaTHYECKHE YCIIOBUA U PEXHUM JICAHUKOB. [l Tex JIeAHUKOB,
rae MpOBOAMINCH NOJIEBbIE MCCIEKOBaHASA, NPUBORATCA GoJiee JieTanbHbie
cBefieHHs (CM. riaBy 2, NyHKT 2,5).

ITo pemennio MexxayHapogHO# KOMHCCHM CHEra M JibJa GbL1 OpraHu-
30BaH TEXHAYECKUIl CEKpeTapyaT, BO3IJIaBUBLINIA cocTaslienne BcemupHoro
KaTajiora JIEAHUKOB. B HacTosilee BpeMs yXe 3aBepLIEHO COCTaBlIEHHE
KaTaJIOroB JIEAHUKOB JUIs GOJIBLIMHCTBA CTPaH M BeAyTCA paGOThI MO CO3-
panuio 6osee feTanbHOro GaHKa rJIALMOJIOrAYECKUX NaHHbIX. C KPaTKAMH
CBe[IeHHSIMH O COJIBIINX JIEAHNUKAX MOXHO O03HaKOMHThCA B KHure JI.II. Hon-
ryumHa ¥ I.B. Ocunosoii "Jleguukn” (1989). Pazmeph! KpynHeHIINX JeAHA-
KoB EBponrl n A3un npeacTaBieHs! B Tabu. 12.1.

BaxxHe#mas XapaKkTepHCTHKa JIEHMKA, IOMHUMO IUIOHIafH, — BBICOTA
3azeraHus ero rpaHuu. Jna HaGmoeHu# HanGoJiee JOCTYIHBI KOHULI JIef-
HHKOB, H X NOJIOXXEHHE OObIYHO (bUKCHpyeTcs 60jlee TOYHO, YeM BEPXHHE
rpanuubl. OfHaKO NOJIOXKEHHE KOHIA He CTaGHIILHO H MOXKET CMEIIaThCA B
COOTBETCTBHHM C HACTYNIAHNEM HIIH OTCTyIaHUEM JIEIHHKA.

CymecTBeHHOH XapaKTEPHCTHKOM JIEHUKA ABJISeTCA IKCIIO3HUUUA €ro
NOBEPXHOCTH, KOTOPasi CEPhe3HO BIMAET Ha npotecchl abnsauun. Ha 1oxXHbIX
CKJIOHaX NIOBEPXHOCTb JIE[JHHKA, ECTECTBEHHO, NOJIy4aeT GOMble COTHEYHOM
9HEpTHH, YEM Ha CEBEPHBIX, H TaM cTaMBaeT Goliee MOIIHBLIN CION JIbAa.
JKCno3nuMs BIMSET ¥ Ha aKKyMyJisiuio cHera. IIpaBpa, 31ech 3aBUCHMOCTh
6onee cnoxHas. rpaeT posib He CTONLKO OPHEHTALus JIeAHUKA [0 OTHO-
IIEHUIO K CTPaHaM CBETa, CKOJIbKO OTHOLIEHHE K HaNpaBIeHHIO Npeobiia-
RAIOUIUX BJIAaTOHECYINUX BO3AYUIHBIX TEYEHMI C y4eTOM paclOJIOXEHUs
rOpHBIX XpeOTOB.

12.2. TONWWHA, OB BEM U MACCA NIEQHUKA

Tonmuua NegHHKa ONpefeNsieTcs KPaTYaillllMM PacCTOSHUEM OT €ro
MOBEPXHOCTH O JI0Xa. YacTo BMECTO TONMLIMHBI ONMpPEAENsOT MOIHOCTh
nepnuka (H) Kak pasHOCTb OTMETOK IIOBEPXHOCTH JIE{HUKA M ero joxa. Ha
y4acCTKax, TAie IOBEPXHOCTb JIEAHMKA MapajulelibHa JIOXKY, MEXRY BeJlH-
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ypHaMi TOMMHLl (h) ¥ Momuocta (H) cymecrByeT 3aBHCHMOCTB h =
= H cosal,, rae O, — yroJl HaKJIOHa IOBepXHOCTH JepHuka. Ilpum maneix
yriax HakJIOHa 3TH BEJIMYHMHBI IPAaKTHYECKH COBNARAIOT (npu o, = 8°, h =
0,99H), pa3nuuus HaUMHAIOT OLIYIIATLCA NpH O, > 10°.

Ha peanbHOll NOBEPXHOCTH JIERHMKA BCTPEYAIOTCA BBICTYNBI, 6Yrpsi,
BIAJUHLI, KAHAJNbI ¥ 3uAlolHe TpeluHbl. HepoBHOCTH XapaKTEpHbBI U i
JIE[{HUKOBOr'O JIOXa. B CBA3M C 3TUM IIpH ONpefesIeHUH TOJILIMHBI JIe[HUKa
NPUXOAMTCS MCIOJBL30BaTh HEKOTOPhIE JONYIIEHN U YIPOHIEHHs, B YacT-
HOCTH, NPOBOAUTH "CrilaXXMBaHHe" NOBEPXHOCTH JIEAHMKAa Ha TOIOrpa-
¢uyeckoit Kapre ¥ NpoduIsX. AHAJIOrMYHO NMPOBOJUTCA “cria’kuBaHue”
Tonorpagu4ecKkoi KapThbl 1 npoduiei 1oxa, He6obIIHE HEPOBHOCTH NPH
3TOM pacCMaTPHBAIOTCA KaK "LIepOX0BaTOCTH".

OCHOBHBIM CIIOCOGOM OINpefeJIeHUs TOJNIIUHBI JIEAHAKOB SABJIAETCA
PagHO30HAMPOBaHHE, OCHOBAHHOE Ha M3MEPEHHH BPEMEHH 3ama3/bIBaHHsA
HaNpaBJIEHHBIX PaIHOCHTHAJIOB, IPOXOAALIMX Yepe3 JIEAHUK H OTPaXKaeMbIX
OT MOAJIEQHOrO NOXKa. PaiMoIOKaMOHHbIE H3MEPEHUs IPOBOJATCS JUCTaH-
[{HOHHO C CaMOJIETOB ¥ BEPTOJIETOB, a TaKXKe C MIOMOLIbIO Ha3EMHBIX H3Iy-
yaTeyieil ¥ MIPUEMHHUKOB 3JIEKTPOMArHUTHLIX BONH. HauGonbvmue 3aTpyn-
HEHNS BO3HUKAIOT NPH ONpefesIEHUH TOJNHbI FOPHBIX JISAHAKOB Ha KPYThIX
CKJIOHAX, rie HabJIIoAaloTCA IEAONabl, M TaM, Ifie JIOXKe UMEET CIOXHYIO
¢opMy ¥ ero KOH(pUrypauns He COOTBETCTBYET IOBEPXHOCTH JIEHUKA.

TonmuHa ropHbIX JEJHAKOB 3aBHCHT OT KOMIJIeKca (haKTOpOB,
omnpepenstomux 6aaHc Maccel, M penbeda JIeAHNKOBOro Joxka. O6bI4HO OHa
COCTAaBJIfAET BEIMYUHY OT JECATKOB IO COTEH MeTpoB. Tak, s JIEAHUKOB
Anb6pyca xapaKTepHbI TOMIUHEL OT 20 no 150 M, a Ha KpynHeiileM ropHOM
nepuuke PefueHKO MaKCHMalbHas TONI[UHA npesbimaer 900 M.
3HaYNTENBHO GONbIIEH TONLIMHBI JOCTUIAIOT JIEAHAKOBbIE KyNoJia U IUTHI.
B I'peHNaHAMA MaKCHMaJlbHas TOJNIIMHA JIEAHUKOBOrO IIOKPOBA IOCTHraeT
3400 M, a B AHTapkTH/e npesbiaeT 4700 M.

O6BbeM JleHUKA BHIYMCIAETCA KakK IIPOM3BEJECHHE €ro IUIomagd Ha
CPEIHIOI0 MOLIHOCTE; OCHOBHYIO CJIOXXHOCTB IPH 3TOM NPENCTABIAET OI-
peneneHue 3Toit MomHocTH. Bonee TouHo ymaercs ompepennTh 06beM
TeX JIeMHUKOB, [JI1 KOTOPBIX COCTaBJIeHbI TONOrpauYecKue KapThbl HX
NOBEPXHOCTH H NopiefHoro penbeda. O6beM JeaHnKa B 3TOM Cliydae on-
penenseTcs Kak CyMMa O6beMOB Ha y4acTKaX C Pa3JIMYHbIMM MOLIHOC-
TAMH.

JInst OLEeHKH 3amacoB JbJa ONPENENAIOT MAcCy JIEAHUKOB. DTO AOBOJILHO
CIIOXHa#d 3ajjaya, Tak KaK HEOOXOAMMO YYMTBIBaTh H3MEHYUBOCTH ILJIOT-
HocTH (pMpHA U HEKOTOPYIO HEONIPEAEIEHHOCTh NPH OLIEHKE MAacChl JIbJa Ha
JlefoNafiax ¥ B 30HaX TPELMHOOOpa30BaHuUA.

12.3. XAPAKTEPUCTUKU NOBEPXHOCTU U JIOXA NEQHUKA

HauGonee NOJNHYIO XapaKTepUCTHKY AaeT Tomorpacduyeckas KapTa
JIeHUKa, Ha KOTOPOii OTMEYeHb! BCe cneuuuyecKue JeAHNKOBbIe (hOpMBI
penbeda. s McCIeROBaHAA KOHLOB JIEJHUKOB H YYaCTKOB CO CIIOKHBIM
penbeOM XKenaTelIbHO UMeTh KapThl MacwTaba 1:10 000, xoToprie co-
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Pnc. 12.2. KapTbl HUXHel yacTu negunka AGpamMoBa

NOBEPXHOCTD JIEAHUKa; 6 — TONIMHA NIbJa; 6 — penbed Joxa

a-



CTaBJIAIOTCA Ha OCHOBaHMH (POTOTEONONNTHOH cheMKH. Ha Taknx kaprax
MOXXHO JOCTaTOYHO IOJIHO OTPa3uTh IOJIOXKEHME TPELHH, JIEAONafoB H
MOpEH, HaJliune HyHaTaKoB, (PMPHOBYIO rpaHuLy, pelibed 0OpaMIsiomux
JeaHUK ckioHOB. CocraBlleHMEe TAaKHMX KapT TPYROeMKO M TpebyeT
NpOBefieHUs crnenranbHbix pa6oT. Ha 6omee MENKNX KapTax MOPEHBI M 30HbI
TpelUH OTOGPaXKalOTCA CXEMaTHYHO, a Mejkue ¢opmbl penbeda He
noaparTca ulobpaxkeunuto. Ha puc. 12.1 npeacrasieH ¢parMeHT KapThbi
nepuuka [Ixxaukyar Ha IlenrpansHoMm Kaskase.

ITpu cocraBiieHUH KapThi NOBEPXHOCTH JIEAHUKA HEOOXOAMMO YUHTBI-
BaTb H3MEHYMBOCTh NOBEPXHOCTH: OHAa CMEIAETCA BCIEACTBHE JBIDKEHUS
JIe|HMKa, [IOBLILIAETCA 33 CYET OTIIOKEHHS TBEP/BIX OCAIKOB ¥ IOHHXAETCH
BCJIe[ICTBHE YIUIOTHEHHS (PMPHa M TasHHUA Jbfa. CheMKy JIEAHUKA JyduIe
BCEro NPOBOMTH B KOHIE NepHofia aGisLuH, KOrAa YeTKO BUHbI KOHTYPbI
GoJbllel YacTH JIEHHKA M INOJIOXKEHHE ero NOBEPXHOCTH, CPAaBHUTENLHO
JIETKO ONpeReNseTcss OTHOCATENLHO NOJIOXKEHNs: OOPaMIIAIOIIAX JEeJHUK CKall
H BRICTYIIOB.

3HaYATEeNbHYIO HH(OPMALHIO O JIENHUKE KAET €ro NPOROJIBLHLIN Npo-
¢uns. BenuunHa yriia HakIOHa NOBEPXHOCTH H €ro H3MEHEHHE Ha Pa3HbIX
y4acTKax [jaxke IpH IIOJIHOM OTCYTCTBHHM CBEAECHHH O TONINMHE JIERHHKA
AAIOT BO3MOXHOCTb IS NPUOIIMKEHHON OLEHKH 3THX BEJIMYMH M OPHEHTH-
POBOYHOI XapaKTEPHCTHKH NOIeRHOro penbeda (cM. pasnen 13.3).

KapTa nopnegHoro penbega COCTaBIAETCS HA OCHOBAHHHA TONOrpacdu-
YeCcKOM KapThl NOBEPXHOCTH JIEJHUKA H AaHHBIX O ero Toimune. C MeToan-
KOif MOCTPOEHNs TaKOH KapThl MOXHO O3HAaKOMHTBCA B cTaThe B.A. Ky3n-
MHYeHKO C coaBTopamH (1992), nocBsLIEHHOM ONHCAHUIO PE3YIILTATOB paju-
OJIOKAIMOHHOM CheMKH JieflHHKa AGpamoBa (Anajickuit xpebet). [Ins on-
PenelieHns reOMETPHY JIOXKa UMM Gblla MpoBeficHa MaTeMaTH4YecKas oGpa-
60TKa paiMOJIOKALMOHHBIX M FeOle3NYECKNX H3MepeHnii. 3aTeM GblIN NOCT-
POEHbI KapThl TIOBEPXHOCTH, TOJIIMHBI JIbAA N NOJJIefHOro penneda. Ppar-
MEHTBI 3THX KapT [JIA HIDKHEN YacTH JIEAHUKA NPEACTaBJIeHb] Ha puC. 12.2.

12.4. TEMMEPATYPHbIA PEXXUM NEAHUKA

Pacnpepiesiense TeMnepaTyphl B JIEJHUKE U ee U3MEHEHHS! BO BDEMEHH
ONpEeReNIAIOTCA NpOLECCaMH TEMIo- B Maccoo6MeHa Ha NOBEPXHOCTH,
TeNJIOBLIMA NOTOKAMH M3 HEJp 3eMJIH, BhIIEICHHEM TEMJIa 33 CYET BA3KOrO
TEeYeHUs ¥ rIbI60BOro CKONLXEHNUA JIba, TASHHEM M 3aMep3aHneM (pupHa u
JIbJla ¥ ¥X TEMIIEPATYPONPOBOJHOCTHIO.

B BepXHHUX CIIOSX JIEAHNKA BBIJIENAECTCA AKTHBHBINA CJIOM, Iic IPOMCXO-
AT BHYTPMrOJlOBble M3MeHeHHs TeMmnepaTypbl. CyTouHble KojebaHHs
TeMIepaTypbl MOrYT NPOHHKATh KO ray6uH 1 M. Ce3oHHble KoJeGaHus
TeMIepaTypbl YMEHBIIAIOTCA C rIIyGHHOMN M 3aTyXalOT Ha HHXKHE# rpaHHue
aKTHBHOIO CJIOf, ry6GHHa KOTOPOii B 3aBUCHMOCTH OT KOMILJIEKCa KJIMMa-
THYECKHX YCJIOBHH U YCJIOBHH IIMTAaHUA JIEAHUKA COCTaBIseT OT 5 fo 20 M.
Huxe 3T0i rpaHnLbl TeMnepaTypa (pMpHa U JIba OCTAaeTCs NOCTOSHHON WIIH
NJIaBHO MEHAETCA B COOTBETCTBHH C MHOTOJIETHUMH LUKJIaMH A3MEHEHHUS
KJIMMaTHYECKUX YCIIOBHH.

B cHexHOlt M CHEXXHO-(UPHOBOM 30HAX JIbAOOOPA3OBAHMA IpaHHIA
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Pnc. 12.3. Cxema pacnpeneneHusi MUHUManbHOM (0,,,,) B MakcUManbHO! (0,,,,c)
TeMInepaTyp B JeHUKe

a — B CHEXXHOM H CHEXXHO-(PHPHOBO# 30HaX NbA0OGPa3OBaHNus; 6 — B XONORHOM HpHOBO#H
30He; 6 ~ B Temlo# (upHOBOH 30He NbAOOGPa3OBaHUS H B 30He aGnAuuH. h,.. — rnyGuHa
AKTHBHO#M 30HbI, /i, — rNyGHHA NPOHHKHOBEHHA BOJbI

aKTHBHOTO CJIOSl HaXOpUTCA Ha ray6une 12-16 M. Temneparypa ¢upHa Ha
3TOi rpaHuMIe OTpHULaTelbHasd, OHa 6/IM3Ka HIIM HECKOJBLKO HIDKE CpejiHe-
rogoBOM TeMIEpPaTyphbl BO3[lyXxa Haj IIOBEPXHOCTHIO JIEHUKA, B HUKHHUX
CNosiX JIEAHMKA TeMIepaTypa MOBBIIAEeTCA ¢ riyOuHol. B 3aBucuMocTH OT
TeMIEepaTyphl JIbJa Ha rIyONHE HyJIEBBIX FOJOBLIX AMIUIMTYH M TOJIIMHbI
JIeHUKa TeMIIEpaTypa JIbAa y JI0XKa MOXET IOBBLILIATLCA 0 TEMIIEPATYypPhbl
' TasgHHUS WM GbITh OTpULAaTe bHOM. COOTBETCTBEHHO Ha KOHTAKTe JIba C
JIOXXEM MMEETCS BOAia NN JICAHNK OKa3bIBaEeTCA IPUMEP3LINM KO AHY.

B xonopxoit ¢HpHOBOI 30HE B NIEPHOA abAUMK Talble BOABI IPOHUKA-
IOT Ha riyOHHY O HECKOJILKHX METPOB M TEMIIEpaTypa B 3TOM CJIOe NOBBI-
1IaeTcs A0 HyJjia. B xonmonueIil nepnop 3ToT cnoit npomep3aeTr. Temnepary-
pa Ha riyGuHe HyJEeBbIX aMILTHTYR OTpMIaTeJIbHasdA, GIM3Kask TN HECKONBKO
BBIIIIE CPEAIHErOOBOM TeMIepaTypsl Bo3ayxa. Hipke Temneparypa ¢upHa u
JIbJia NOBBIIIAETCA M Y JIOXKA Yalle BCErO OCTHraeT TeMIEPAaTyphl TasHUS
JbAA.

B Tennoit ¢puMpHOBOI 30HE JIETOM BCS TOJINA JIERHAKA MMEET TeMlle-
PpaTypy IU1aBlieHnd Jb[a. B 3uMHee BpeMs BepXHMI aKTHBHBII CJI0# IpoMep-
3aeT 0 rny6uns! 10-20 M, a HIDKe TeMIlepaTypa He MEHAETCA.

B 30He 1eASHOrO MUTAHUA, XapaKTEPHOM VIt KOHTHHEHTAIBHOTO KIIH-
MaTa, B TOJIIE JIE[AHBIX NIOPOJ COXPAHAETCA XOJOAHDINA PeXUM, a CTOK Ta-
JI0¥ 7 JOXAEBOH BOJ IPOMCXORMT IO IOBEPXHOCTH JbAa. Biaropaps noeepx-
HOCTHOMY TEIVIOBOMY CTOKY TEMIIEpaTypa Jibja Ha YPOBHE HyJIeBBIX FOfO-
BBIX aMIUTHTYA (Ha riny6une 15 —20 M) oTpHLaTENIbHAA, @ HIDKE NIOBBIILIAETCS
RO TEMNEPaTYphl TasHUA JIbJA Y JIOXKA.
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PacnpepenieHue TeMnepaTyphl B JIEHHKE B Pa3JIMYHBIX 30HAX JbAO-
o6pa3oBaHud NOKa3aHO Ha puc. 12.3. B naHHOM ciyyae OHO CXeMaTH3H-
poBano 6e3 yyeTa U3MEHEHHU NOJIOXKEHMS IOBEPXHOCTH JIETHUKA BCIIEICTBHE
NPOLIECCOB aKKYMYIISALMH, aGNALMH ¥ OCElaHus.

B o6nactn abnsauuM B JETHEe BpeMs CIOM JbJja TalOT, M IO Bcel
TOJIIIAHE JIEHUKA TeMIlepaTypa paBHa Hynio. B 3uMHee BpeMs TeMIie-
PaTypa B BepXHHX CIIOAX [0 IJIyGHHBI HYJIEeBbIX aMIUIMTYJ NOHIDKAeTCH U
CTaHOBMTCS OTPMIATEILHOM.

12.5. USBMEHEHUS NONIOXXEHUA U ®OPMbl KOHUA NNIEAHUKA

CrauuoHapHBIH JIEJHAK XapaKTEPH3YETCA TEM, YTO €XErofHOe CTauBa-
HUe JIbAa B 06nacTd abnsuuy ypaBHOBELINBAETCA HAKOIJIEHUEM TBEPABIX
0CafKoB B O0JIaCTH NMTaHMSA M NEepETeKaHHEM COOTBETCTBYIOLIEH MacChl
nbfa. Benefcrsue naMeHeHnit n Kojie6aHnil KiIMMaTa CTallHOHapHOE COCTOS-
HHUe He ABIAETCA TUNMYHBLIM, Yalle BCEro JIEMHUKH MU HaCTYNalOT UJIM OT-
crynaioT. Hacrynanue cBs13aHO C NOBBILIEHHEM 00bEMA MUTAHAA U yBeInYe-
HUEM IUIOINAAH, TOJNMIUHEI U JJIMHBI JIe[HUKA, a OTCTyIlaHHe — C OTpHIa-
TeNbHBIM 6aJJaHCOM MacChl JIEHUKA M NPOABIIAETCA B YMEHbIIEHUH €ro pa3s-
Mepos. Takum 06pa3oM HaGIIIORaOTCA pa3HONEPHOAHbIE KOJeOaHus JIe{HH-
KOB.

C.B. Kanecuuk (1963) Briennn yeTbipe BUAa KoneGaHUil JIEJHHKOB:
1) ce3oHHbIE — BbI3BaHHbIE BHYTPHrOOBLIMH H3MEHEHHAMH PEXXHMa aKKyMYy-
JNAUMY U abnsAuuy; 2) BEeKOBble U MHOIOBEKOBbLIE — XapaKTepH3yHOLecs
RIIATENbHLIMA M3MEHEHUAMH KIJIMMAaTa U YCIOBHH OllefleHeHus; 3) IMK-
JINYEeCKHEe — OTHOCHTENILHO KpaTKOBpPEMEHHbIe, OGYyCIIOBIIEHHbIE KOJle-
GaHmsaMu KiumMaTa; 4) ciayyvailiHble — He OOYCIOBJIEHHbIe KIHMMATOM,
HaIIpHMEP CBA3aHHbIE C BYJIKaHNYECKHMMM M3BEPXKEHHUAMH MIN MECTHBIMH
o6sanamMu. EcThb paHHBIE, yKa3biBalomMe Ha PUTMHYECKMH Xapak-
Tep xoneGanuit 11-, 22-, 35- u 80-meTHero LUKIOB, a TakXe Oolee
AIUTENbHBIX, HanpuMep 1850-neTHero mukna. Kaxnabii HUKI COCTONT U3
ABYX (a3 — KOPOTKOro MHTEHCHBHOrO HACTyNaHMS U CPaBHUTEJBHO
JAJIMTEJIBHOTO M MEAJIEHHOro oTcrynaHus. I{uknnl KoneGaHuil pa3HOM
RJIHMTEJILHOCTH 4aCTO HaKJAAbIBAIOTCA APYr Ha Jpyra, 4YTO 3aTPYAHAET HX
H3ydeHHe.

ITo cBoemy renesucy Koje6GaHus JEIHHUKOB JEJNATCA Ha [BE IPYIIbI —
BBIHYXXJICHHbIE KOJeGaHHs M pellakCallMOHHble aBTOKONeGanusd. Ilepsrie
NPEACTaBJIAIOT PEaKIHIO Ha H3MEHEHN BHEIIHUX YCIOBHIA, KOTOpbIE NNPSMO
OTPa’KalOTCA Ha GajlaHCe MacChl JIEAHNKOB. BTOpBIE OTpaXkaloT pe3ylLTaThl
NpOL[eCCOB, NPOUCXOAAINMX BHYTPH CaMMX JIENHUKOB Ge3 CyleCTBEHHOrO
HM3MEHEHNd o6lied MacChl JIbfla, YTO XapaKTEPHO MJA NYJILCHPYIOLUIHX
JIegHUKOB (CM. 14-10 rinasy).

Kone6anns negHUKOB Hauboliee YETKO NPOABIAIOTCA B H3MEHEHHH IIO-
J10XeHns ¥ opMbl KOHIOB JiefHAKOB. ITo3TOMY, BBUIY CIIOXKHOCTH IIpOBE-
NeHUs KOMIUIEKCHBIX HabniofeHMit 3a KoJeGaHMIMH JIEIHMKOB, 4acCTO
NPUXOAATCA OrpaHUYNUBATLCA HAONIONEHUAMM 3a KOHIAMH JIEJHHKOB,
KOTOpble Hanbonee AOCTYNHbL. [l KOHIIOB FOPHBIX JIERHAKOB XapaKTePHO
HaJIM4Ae MOPEHOCOAEPIKALIEro JIbJa ¥ MOPEHHOro Yexiyia. MopeHHbI NOKpOB
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cOpachIBaeTCsi K MOAHOXMIO JIEHMKA, a Ha MEPTBLIX JILAaX OH NpHOGpeTaeT
BHJ XOJIMOB, Pa3/ieJIEHHbIX IOHIDKCHUSAMH.

ITpu oTcTynaHHM JIefHHMKAa OCTAlOTCA BaJibl KOHEYHbIX MopeH. Eciun
OTCTyNlaHHE COBEPIIAETCA NPEPBIBUCTO, TO OOpa3yeTcs HECKOJBKO Ayr
KOHEYHBIX MOpPEH, pa3[ieJIEHHbIX INIOCKUMH NOHMXeHusaMu. Kaxpiil Ban
COOTBETCTBYET 3afiepXKe, a Kaxjas Aenpeccust — nepuofy GbICTPOro oT-
crynauus. IIpu HacTynmaHNM JIEfHUK NlepeMellaeT Brepeau ce6s1 KOHeUHyIo
MOpEHY, B TaKOM Cllyyae OHa Ha3bIBaeTCs MOpeHOil Hamopa. Kpas "Mop-
CKHX" ¥ 1IeNb(OBLIX JIEAHUKOB MMEIOT BHJ| JIENAHBIX OOPBLIBOB, [JI OLIEHKH
HX M3MeHeHM#l (PMKCHPYIOTCS NOJIOXKEHHE B IIJIaHE M BHICOTA JIE[SHOrO
6apbepa Hai yDOBHEM MOps.

HaG6moneHns 3a KOHIIOM JIEHHKA NO3BONAIOT OLIEHUTh, B KaKoi (a3e
KOoJIeGaHMil HaXOMUTCA JIEAHMK, ¥ OPHEHTHPOBOYHO ONpeAesMTh obmue
TEH/ICHLMHA erO H3MEHEHHA.

nasa 13
ABWXEHUE NNEAHUKOB

13.1. CKOPOCTb ABMXEHUA NEQHUKA

JBIKeHHe — XapaKTepHas 4epTa JIefHHKOB. M3yuyeHne 3akoHOMep-
HOCTeii IBIDKEHHA JIeHUKOB Havajoch eute B KoHue XVIII B. Bnaropaps
TPYAaM MHOTMX HCCIECAOBaTElled K HACTOAILEMY BPEMEHHM HaKOIJIEHBI
MHOTOYHCJIEHHbIE CBEEHHUS O CKOPOCTAX ABIDKEHHS pPsifia KOHKPETHBIX JIef-
HUKOB. OKa3aJoCh, YTO MX NOBEPXHOCTHAasA CKOPOCTb ABMXKEHHS MOXET
MEHAThCA B UIMPOKHMX npefenax. s ropHsixX JIEAHUKOB 3achNKCHPOBaHBI
CKOPOCTH OT CAHTHMETPOB JI0 HECKOJIBKMX METPOB B CyTKH MIJIM OT METPa O
KujoMeTpa B rofi. JIns BbIBOAHBIX JIEAHUKOB B I'peHmaniun 1 AHTapKTHAE
XapaKTEpHbl 3HaYHTENbHO OGibHIMEe CKOpPOCTH — Ko 10 kM B rof. Y
NyJbCHPYIOLAX JEAHNKOB CKOPOCThH MEpEMENIEHUs JIb{a BO BpeMs
nopsuxkek pocruraer 300 M B cyrku. CKOpPOCTh JBMXKEHHS JIEAHMKA He
NOCTOSIHHAa, OHAa MOXXET CYHIECTBEHHO OTJIMYAaThCA VIS Pa3HBIX Y4acCTKOB H
MEHSThCA B 3aBUCHMOCTH OT CE30Ha I'ofla ¥ B COOTBETCTBHH C MHOTOJIETHUMU
IMKJIaMH KOoJie GaHMil JIe[JHMKOB.

BosnbumvHCTBO H3MepeHnii CKOpocTeit 6b1JI0 NPON3BENIEHO reoe3nyecKn-
Mu MeTofiamu. JIns 3TOl Lenu Ha JNeJHUKaX 3aKJafbIBaJIuCh CEPUM MapKe-
POB B BHJIE IEPEBAHHBIX PEEK, METAJIMYECKHUX TPYOOK, (hi1akKKOB MIIH OKpa-
LIEHHBIX KaMHeM, KOTOpbIE PaclioNarajiuch 0 NpOAONLHOMY B NIONEPEYHOMY
npocunsaM nosepxuoctu. ITyrem neprnofnyeckux u3sMepeHnii onpefessnocs
CMeleH!E MapKEPOB U BLIYUCIIANACh CKOPOCTh NIEPEMELIEHUS TIOBEPXHOCTH
JIeHMKa 33 COOTBETCTBYIOLUE NpOMeXyTKH BpeMeHH. lllupokoe mpume-
HeHHe Haulel crepeogoTorpaMMeTpHYecKuit cnoco6 ncesonapanakcos. OH
OCHOBaH Ha TOM, 4YTO IIPH CTEPEOCKONHMYECKOM PaCCMOTPEHHMH CHHMKOB,
IIOJIyYEHHBIX B pa3sHOe BpeMs M3 OJ{HOH M TOH >Xe TOYKH, CMECTHBLIHECS
Yy4YacCTKH JIbja BOCHPMHUMAIOTCA B BHJie pelibe(HON CTepeOCKONMUYeCKOMn
MOJIEJIM, a HENOABIDKHbIE OGBEKThI — INTOCKUMH. TakuM o6Gpa3oM, B 4acT-
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Puc. 13.1. PacnpeneneHue CyTOYHbIX CKOPOCTeil IBHXEHUs NbAa Ha MOBEPXHOCTH
nepunka Mpuk Ha Snbbpyce B uione 1960 r.

1 — H301UHHY NOBEPXHOCTHBIX CKOPOCTEN ABHXEHUS NIbJA; 2 — IKana cKkopocrei, cM/cyT
(a - 0-10, 6 - 10-20, 6 - 20-30, 2 — 3040, 0 — 40-50, e — Gonee 50); 3 — HampaBlieHHe
JBIDKEHUS NbAA; 4 — TPELIHHBI HA JIEAHUKE; 5 — MOBEPXHOCTHLIE MOPEHBI

HOCTH, ObISTH ONpefieNIeHbl CKOPOCTH [{BIKEHNS JibJia Ha IIOBEPXHOCTH psAfia
JegHnKoB DnbOpyca U MOCTPOEHbI KapThl UXx pacnpepneienns (Onenenenne
Aunbbpyca, 1968). PparMeHT TaKoi KapThl NpefiCTaBleH Ha puc. 13.1.
ITomumo HabiofeHui 32 ABIDKEHHEM ITOBEPXHOCTH [€J1aJINCh NONBITKH
HENOCPEICTBEHHOr0 N3MEPEHN CKOPOCTEN ABIDKEHN JIbJja BHYTPH JIEJHAKA
U pacnpefiesieHns 3THX CKOpOCTel N0 BEPTHKaNbHOMY pa3pe3y. B 1948 r. na
AneuckoM nepuuke B llIBeiinapckux Anbnax 6bu1a npoGypeHa CKBaXKMHa
rany6uHnoit 130 M, B KoTOpylO0 GbliIa MOrpyxeHa crajbHas TpyOa. ITocne
3TOro NMPOBOAMIINCH H3MEPEHHUs BEeNMYHHBI CMeUleHHs Bepxa TpyGhl, a €
MOMOILbIO MHKJIMHOMETPOB ONpEeNANach CTeneHb NCKpHBJeHns Tpy6nl. Ha
OCHOBAHMH 3THX M3MEPEHHUI ObUIN NOCTPOEHbI KPHBLIE, XapaKTepH3YIOlHe
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Puc. 13.2. TlepeMeuienue Tpy6bl B CKBaxuHe, NpoOypeHHON B ANe4CKOM
nenHuke B Anbnax c aBrycra 1948 r. no centa6pe 1950 r.

a — cyMMapHoe JIBIDKEHHe; 6 — IBIDKEHHE 32 CYET CKONbLXEHHA MO JIOXKY; 6 — ABHXKEHHE 3a
cyeT BA3KOIIACTHYECKHX Aechopmanuit ba

M3MeHeHHe NnepeMelleHnii nbaa no rny6ude (puc. 13.2). Otu KpuBbIe CO-
OTBETCTBYIOT 3MIOpaM CKOPOCTeH M NOKa3biBalOT, YTO CKOPOCTh ABMXKEHUSA
BEPXHHX CJIOEB JIEJHHKA O riayOmHbl nopsapka 40 M NpakTHYEeCKH OAMHa-
KOBasi, a HAXXKe OHa YMEHBbIIAaeTCs C riyOMHOM, NpUYEM y JIOXKa OCTaeTcs
MOBOJILHO 3HAYMTENLHON. AHAJIOrMYHbIE Pe3yNbTaThl ObUIM NOJyYEHbI HA
PARe ApYyrux JegHUKoB. ONUCaHbI CIyyau, KOria CKOPOCTH ABMXKEHUS JIbAa
no Bceii riny6uHe JIEAHUKA MaJIO MEHAIOTCA MO riyOHHe, a TakKe ClydYaH,
KOrja CKOpPOCTh JABMKEHHS NPHAOHHBLIX CJIOEB JibJa OKa3bIBalacChb fa-
3Xe HEeCKOJILKO 6oJIbllle CKOpPOCTH nepeMelenns nosepxHocrn (KanecHuk,
1963).

Ha6mopeHns 3a [BIKEHUEM JIbAA IPOBOAMIMCH TAKKE B IPOAJIEHHLIX B
JleHUKax ToHHeNsAX. OHM NOKa3al|, YTO NepeMelleHus JIbJa NOopoi HOCAT
CJIOKHBI} XapaKTep: HapsARy C IJIaBHBIMH NJIACTHYECKNMHU ReOpMaLuAMH

-h

23



KOHTYpa TOHHeJIs HaGNIONAIOTCA CMEMIEHUA MO NOBEPXHOCTAM CKOJIbXKe-
HUA B MaccuBe nbaa. OKa3anoch, YTO HHXKHHE CJIOH JIEAHHKa He BCer-
Aa OBUXYTCA CTPOTO B TOM K€ HaNpaBJIeHHH, 9YTO ¥ NOBEPXHOCTb JIEN-
HHKa.

Ha6niofeHns 3a {BUXEHHEM BHYTPEHHHX M NPHAOHHBIX CJIOEB JIbLAA
NOATBEPAHUIH, YTO ABIDKEHHAE JIEAHUKA OGYCIOBIEHO COBMECTHBIM JIeHCTBHEM
NMPOLECCOB BA3KOILTACTHYECKOTO TEYEHHSA ! IIIbIGOBOrO CKOJIBXEHHs JIeHAKA
[0 JIOXY, K KOTOPLIM MOTYT A0GaBIATHCA NPOLECChl HApYLIEHHUs CIIIONI-
HOCTH JIEASHOrO MacCCHBa, TPEIMUHOOGPa30BaHHSA H peXKeNALHM JIbJa.
CKoOpOCTh IepeMelIeHus IOBEPXHOCTH CKJIAfIbIBAETCA U3 CYMMBbI CKOpOCTei
BA3KOILTaCTHYECKOrO TEYEHRA ¥ CKOJILXKEHHS JIEHHEKA 110 JIOXKY.

13.2. BASKOMNACTUYECKOE TEHEHUE

Cnenuduyeckoit 0COGEHHOCTBIO JIbJIa ABNAETCA TO, YTO NOJ IEHCTBHEM
HaIpsDKEHWIA CABHra B HEM NPOHCXOAAT He3aTyxalowuue fedopmauuu noji-
3yyectd. BcieacTsue 3TOro MaccMB JIERHHKOBOTO JIbJa HENPEPBIBHO
nedopMEpyeTCs, NONYAHAACH CIIOKHBIM 3aKOHOMEPHOCTAM PEOJIOTHH JIBAA.
HanGonee pacnpocTpaHeHHbIM BHAOM fe¢OpMaly MacCHBa SABJISAETCA
TeYeHHe C IOCTOAHHOM CKOPOCTbIO (BTOpas CTaiHsl NOJI3y4YeCTH, IPH KOTO-
poii HaGIoAAaeTCA HEMMHEHHAsA 3aBHCHMOCTDb MEX/Y CKOPOCTBIO NIOJI3Y4eCTH
M BEJIMYMHOM HaNPsDKEHUH CABATA B COOTBETCTBUH C hopMynoii (5.4)).

MHorue HcClenoBaTENN NbITANMUCH NPECTABUTh ABHKEHHUE JIEAHUKOB
KaK BA3KOE TeUeHNne, NOJYAHAIOLIEECS 3aKOHaM JIMHEHHOM BA3KOCTH. OffHa-
KO OKa3aJIoCh, YTO KO3(p(pHIUHAEHT BA3KOCTH JIbAa He ABJISETCA NOCTOAHHOM
BEJIMYAHOM M CYLIECTBEHHO M3MEHAETCS B 3aBHCHMOCTH OT BEJHYHHBI
HaNpsAXXeHWi CABHIra ¥ BpeMeHH ux felicrus. ITosToMy O BA3KOM TeYeHUH
JIEAHHKOB MOXXHO TFOBOPHUTH JIAIIb YCIOBHO, UMesi B BHAY HEJIHHEHHYIO
TEOpHIO BA3KOCTM H TEOPHIO PEOJIOrMM ibRa. TeM He MeHee NOHATHE
"BA3KO€e TedyeHHe" LIMPOKO pacnpocTpaHeHo. Bojiee TOYHO — NMOHATHE
"BA3KOIJIACTHYECKOE TeYEHHe JIEAHNKOB", XOTA ¥ OHO HEOCTATOYHO IIOJTHO
OTpa’kaeT 3aKOHOMEPHOCTH [BYDKEHHS JIE{HAKOB.

Ha pgauHHOM IIMPOKOM Y4YacTKe JIe[JHHKA, e YroJl HaKJOHa IO-
BEPXHOCTH O, COOTBETCTBYET YKJIOHY JIOXKa O, (0l = O, = CONst) # MOXHO
npeHeGpeynb BIMAHNEM GOKOBBIX KOHTAKTOB JIEJHHKA C JIOXKeM, HallpsDKEeHns
C/IBHTa BO JIby PaBHBI

= pg(h - y)sinay, (13.1)

rae p — IJIOTHOCTh JIEAHUKOBOTO JIbAa; i — TOJIMHA JIE[JHAKA; y — pac-
CTOSIHHE OT JIOXa.

Hcnonb3ys 3TO ypaBHEHME B COYETAaHHMH C 3aBHCMMOCTBIO (5.4) m
NpHHUMas n = 2, nojny4aeM popMyiy fiis pacyeTa CKOPOCTH NepeMeleHus
NOBEPXHOCTH JIEAHHKA 32 CYET yc’rauonnnmeﬁcx NON3Y4YeCTH:

j p 02 sin% ot g . 132)
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Prc. 13.3. PacueTHble CKOPOCTH NepeMelleHHss NoBepxHocTH (V) "Tenabix"

JICAHHUKOB 32 CYET BSA3KOTrO TCYCHHUS

PaccuuTaHHbIe N0 3TO# hOpMYyIIe CKOPOCTH NIEPEMEILEHHA TOBEPXHOCTH

"remnbix" JeqHUKOB npu 6 = 0°C npepcrasnens! Ha puc. 13.3.
Ecnn dakTHyecKas CKOPOCTb ABIDKEHHS JIEHUKA NPEBLILIAET YKa3aH-

HYIO PacUeTHYIO, TO 3TO OBOPHT O TOM, 4YTO Yy JICAHHKA, IOMHAMO BA3KOro
TEYCHHUA, IPOHUCXORUT rbI60BOE CKOJIbXXEHHE JIbJja N0 JIOXY.
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13.3. CKOJIb)XEHUE NEQHUKA NO NIOXY

Ycnosus gist rnbi60BOro CKONbLXEHUS JIeJHUKA 110 JIOKY BO3HHKAIOT B
Tex cly4asx, KOria HaNpsAXXeHHUst CABHra BO JILAY Y JI0XKa T, HIPEBBIIAIOT
npeJesibHOe CONPOTHBJIEHHE CKOJIBXKEHHIO, KOTOPOE 4Jalle BCEro ompepe-
NeTCA NpefesioM AJHMTENLHON MON3y4YeCTH Nbja T,,. Kak Tonnko Hanps-
XEHUS CABHra IPeBBICAT NpefeNl NIUTENbHOH NOoN3ydyecTH, AecdopManus
JIbAa NEepeXOfHT B CTafHIO YCKOpsioLleics MOJN3ydyecTH, NP KOTOpo#
BO3MOXKHBI HapyllieHue CINTOLIHOCTH JIEJHOrO MacCHBa U pa3pyLIeHHe JIbAa.
Ha yuacTtke, rge T, > T,,, NPOHCXOAHT paccnabnenue nbia, HaGmoxaOTCA
CMelleH!s MO INOBEPXHOCTAM CKOJIa BHYTpPH JIEATHOrO MacCHBa U IO
NOBEPXHOCTH J103Xa. CyMMapHble CHJIbI CBUTra PEBBILIAIOT CHJIbI CONPOTHB-
JIEHWsl CKOJIbXKEHHIO, @ MX U36BITOK NIEPEfaeTCsa Ha PacnoJIOXKEeHHbIEe HIKe 110
CKJIIOHY GoJlee ycToiiumBbie ydacTKuM JefRHuka. Ilepexopy B craguio
yCKOPpAIOLIeCs ONI3y4eCTH U COOTBETCTBYIOLIEE 3TOMY pacciableHue abja
OTrpaHMYMBAIOT BO3MOXKHYIO TOJIMIHHY JIEAHUKA,

JIxon Hait (Nye, 1951) npoBen pacyeTh! BeJIMUMHbI HaNPAKeHUIT CABUTa
BO JIBAY Yy JIOXKa I TeX JIE[JHAKOB, JJIT KOTOPBIX GbLIH ONpefesieHbl HX
MOLIHOCTH, H YCTAHOBMJI, YTO HaNpsiXKeHUs1 06bIYHO KoJebmoresa ot 0,05 o
0,15 MIIa. PacueTs! Hanps>XeHuil CABAra, IpOBERCHHBIE I NMYJILCUPYIO-
LIero JiefHHKa MepBeXbero, N0 AaHHbLIM HaGNIOAEHMI 32 CKOPOCTAMH
nepeMelleHNs ero NOBEpPXHOCTH, NOKa3ajy, YTO OHH KOJe6JIoTCH: B
npenenax 0,08-0,15 MITa (BojtTkoBcknii, 1974). TH BeIMYMHBI OKa3aJIUCh
GNMU3KMMM K 3IKCIEpPUMEHTaJIbHO H3MEPEHHOMY Mpefely NJINTEeNbHOM
NOJI3y4ecTH, KoTophiit npu 0 = 0° pasen T,, =0,1 MIIa. Takum oGpa-
30M, UMeeTC OCHOBaHME YTBEpPXJaTh, YTO HabGNIONalOTCA YEeTKHe Orpa-
HAYEHHs BO3MOXHON MaKCHMaJIbHOW TOJIIMHBI JIEAHHKA, ONpeAenseMble
Hanps>KeHUAMH CABMIa O BEJMYHUHBI NpefieNia MINTENbHOH NOJI3y4eCTH
JbAa.

Hanps>xenus cgBura MOryT NpeBBIIIATh 3TOT NpEE UL B TeYeHHE
OrpaHHYEHHOro NpoMexXyTka BpeMeHH. Ha Takux yyacTkax BO3HHKAIOT yC-
JIOBHS NI Nepexofa aedopMaLyy B CTagHI0 YCKOPSAIOUIEHCs NON3yYecTH 1
KaK CIIEICTBHE — [IJI1 YMEHbILIECHUsS CONPOTHBIICHUS CABUrY U YBEJIMYEHHIO
CKOpPOCTH JABIDKEHHS JIEAHUKA 32 CYET CKOJILXXEHHS MO JIOXY. YBeJluyeHue
CKOpOCTe# CKOJILXXEHNS Ha JIOKAJIbHOM Y4aCTKe BbI3bIBAeT JONOMHUTENbHBIE
IPOJOJIbHEIE HAaNpPsKEHNs CXKaTUA Ha rpaHuie ¢ 6ojiee yCTONYHMBBIM y4acT-
KOM, KOTOpbIE, B CBOIO OYepefib, OYAyT COCOGCTBOBATh H3MEHEHUIO Yr-
JIOB HaKJIOHAa NIOBEPXHOCTH JIEAHNKA U YMEHBUICHUIO HaNpsDKEHU# CBUra 10
BENNYHHBI T,,. ClefoBaTelbHO, B TeYeHHEe JJIUTENBHOrO BpEeMEHH
MaKCHMallbHasi TOJNIIMHA JIEHUKA Ha LIUPOKOM POBHOM ydacTKe GymeT B
npepesax

T 11
hye = —2 = . : 133
MK pysina,  sina, (13.3)

Hanpmxemm CABHra Yy JIOXXa OTHOCHTEJIBHO Y3KHX IIOTOKOB YMEHb-
LIAIOTCA 3a CYeT BIMAHMS OOKOBBIX KOHTAKTOB, M COOTBETCTBEHHO
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Prc. 13.4. MakcumanbHble TOJIUUHB! JEAHNUKOB Ayac B 3aBUCUMOCTH OT Yyria
HaKJIOHA MOBEPXHOCTH

HuXHAA rpaHHua COOTBETCTBYET IUMPOKOMY JEJHHKOBOMY MOTOKY Ha y4acTKe C
NOCTOSIHHLIM YTJIOM HaKJIOHA MOBEPXHOCTH. BepxHss rpanuuia xapakTepu3yeT TOJLHHY NOTOKA
B Y3KOM JIEAHHKOBOM JIOXKE

MaKCHMaJIbHasi TONILHHA JIEJHAKA MOXET YBETMYUTHCSA A0 BEJTHYHBI
kT
an
Bypae =———» (13.4)
pysina,
n ;
ek, =1+ 3 (h ¥ b — mIMpHHA U TONIIMHA JIEAHUKOBOI'O IIOTOKA).

MakcuManbHbI€ TONIIMHBI JIEHUKOB B 3aBUCHMOCTH OT Yrila HaKJIOHa
HX NIOBEPXHOCTH NIPEACTaBJICHbI Ha puC. 13.4.
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Ha yvacrkax, rfie yroji HakJIOHa JI0Xa BHH3 110 CKJIOHY YMEHbILIAETCs, B
Tele JIEJHAKAa BO3HHUKAIOT NPOJOJILHbIE HANPSDKEHHs CXAaTHHA, KOTOphIE
YMEHBIIAIOT BEJIMYAHBI HANPSOKCHAHA CABHUIa IO CPABHEHHMIO C PaCYETHBIMHU
no ¢opmye (13.1). CooTBETCTBEHHO B MaKCHMaJIbHas TOJIUHA JIEAHUKA Ha
TaKUX Y4YacCTKaX MOXET NPEBLICHTb TEOPETHYECKYIO, MOJIyYaeMylO NpH
pacueTax no ynpoueHHbIM ¢opmyiam (13.3, 13.4).

Cnepgyer 0c060 OTMETHTB, YTO pacCMaTpHUBaeMble CNOCOOL! pacueTa
AAIOT BO3MOXHOCTb ONPEfENIMTh JIMIIbL OPHEHTHPOBOYHYIO NMpeNieNIbHYIO0
TONIIYHY JIefHHKa NPH 3aJaHHOM yrile HaKJIOHa ero nosepxHocTH. Ecrecr-
BEHHO NPENONIOXHTb, YTO (PaKTHYECKast TOJNIHHA JIEAHHKAa MOXeT GbITh
MeHblIe npepenbHo. Tak, B IEHTPAJIbHBIX YacTAX JIEAHAKOBBLIX 1IHTOB,
KYIIOJIOB M JIEAHHKOB Ha IJIOCKMX BEPIIHMHAX BEPOSATHBbI CHTYallHH, KOrja
OTTOK Jibia GyfeT 06ecneynBaThCA 3a CYET BA3KOrO TEYEHHs NPH Hamps-
JKEeHUAX CABHra Y JIOXKa MeHblIe Npefelia JIHATeIbHOA nonsydectd. ITpu
YMEHBIIEHHH TOAMYHBLIX CYMM aKKyMYyJIAIMH H yBeJIMYEHHH abisuun 6ynyT
NOABJATLCA YYACTKHM, Ileé PAcXoOR JibAa NPEBBINIAET €ro MOCTyIJIEHHE, B
pe3yJbTaTe 4Yero TONINUHA JIEfHHKa OyjaeT yMeHbumIaThbCA. BeposTHbl H
Apyrue CUTyauuu, KOTa HAaNpsDKEHNS CABMra y JioKa He GyAyT JOCTHraTh
npefena JIUTENbHON NMON3y4YeCTH. BHIABATHL TaKHe YYaCTKH MOXHO IO
BEJIMYAHE CKOPOCTEN NepeMelleHus NOBEPXHOCTH Jeannka. M3pecTHo, uTo
NOBEPXHOCTh JIE[HUKA CMeLlaeTcs KaK 3a CYET BSI3KOrO TEYEHMs, TaK H
BCJIE[ICTBHE IIIbIGOBOro CKOJIBXKEHMA JIBAA IO JI0XKY. MOXXHO NPERNOIOXATD,
4TO NpH Ty < Ty, CMeleHne OyAeT NPOHCXONUTL B OCHOBHOM 3a CYET
BA3KOrO TeYEHMs, a NpH Tp = T;, OyaeT npeobnagaTe coOCTaBAAOMAA
CKOpOCTEH CMELEHUs 3a CYET IIIbIOOBOrO CKOJIBbXKECHU.

B mecrax nepern6a npofoJILHOTO NpOMuUIIs JI0Xa JIEAHHKA BO3HHKAIOT
IIPOJOJIbHBIE HANPSKEHNUS PaCTAXXEHN, KOTOpPbIe MOT'YT BBI3bIBAaTh OOpa3o-
BaHne TpemnH. Ha neperuGe Bbile KpyToro y4acTka JIEAHHKAa BO3HHKAIOT
NonepeyYHble M, NOpOi, NPOAOJbHbIE TPeIHUHbI. Tako# y4acTOK Ha3bIBAlOT
neponafpoM. [Ins Hero xapakTepHbl HarpOMOXKAEHME JIEAAHBIX rIbI6 M
Hanuyue OTKpHITHIX TpeummH. ITox fpelicTBHEM TasHHA JIE[sHbIE TIbIObI
YaCTO NPEBPALIAlOTCA B NPAYYAJIMBBIE KOMOHHBI, IHPaMHbI H BBICTYIBI —
cepakku. Ha y4yacTkax Hubke JIEAONafiOoB yroj HaKJIOHAa JIOXKa OOLIYHO
yMEHBIIAETCA, 37eCh BO3ZHHKAIOT 30HB! CXKAaTHSA M TPEHIMHBI CMBIKAIOTCH.
I'n1y6uHa OTKPBITHIX TPEUIUH B "TEMJIbIX" JIEAHUKAX peAKo npesbimaeT 30 M.
Ha Gonbumx ray6MHax y CTEHOK TPEUIMH BO3HHKAIOT HaNpsAKEeHUs CABHra,
NpeBbINIAlONMMe Npefes AJMTENbHOM NON3yYeCcTH, KOTAa 32 CYET YyCKOpA-
Iolefca MON3y4YecTH TPEUIMHEI GbICTPO "3amibiBaloT". B x0onogHOM JIBAY
riayOMHa OTKPBITBIX TPEWIMH MOXeT ObITh 3HauMTeNnbHO Gonbure. Tak, B
AHTapkTH/e HaGJIIOfaNHCh TPEIMHEI ry6nHOM no 100 M.

B cnoax nepHnka HDKe pacnpOCTPaHEHHs OTKPBITBIX TPELHH Habmo-
AaeTcs BA3KOIUIaCTHYECKOe TeYEHHE JIbAa, OJHOBPEMEHHO C KOTOPBIM MOTYT
IIPOMCXOAMTL OTHOCHTENIbHbIE CMELIEHNs OJIOKOB JIbia BAOJIbL 3aKPBITHIX
NONEPEYHBIX, IPOAOIbHBIX, BEPTHKAIBHBIX 1 HAKJIOHHBIX TPEIIMH —~ IPAHHUL
Mexpny Onokamu. Pa3spynienus, yacTMyHOe TassHME 3a CYET BbIfCJICHHS
TeIa IpH TPEHUH, NPOLECCHI PEXENAUMHE U METaMOP(H3Ma B OKPECTHOCTAX
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rpaHHI MeXAy GIoKaMH CiocoGCTBYIOT 0Gpa30BaHUIO cloeB ("IeHT") U JIMH3
ronyboro anpa. Takoilt nepq oTnMyaeTcs BBICOKOH IIOTHOCTBIO, JIHLIEH
Ny3bIPLKOB BO3[lyXa, Mpo3payeH u nprobpeTaeT rony6oit OTTEHOK.

13.4. IMHUN TOKA U OABWXKXEHUA U USOXPOHHLIE NOBEPXHOCTU

JInnnsaMM TOKA Ha3bIBAIOT TPAEKTOPHH ABYDKEHUS YaCTHI] JIbJa B TOJILE
JIEAHMKa, Kyla OHH BXOQAT B OOGJacTH NUTaHAA M 3aKaHYHBAIOTCA Ha
NOBEPXHOCTH JIe[[HHKa B oGnactd aGnauun. YacTuua cHera, nomasiuas
B (bMpHOBBI# 6acceiiH U He yCneBIIas PacTasATh, IOCTENEHHO IOKPBIBAETCA
HOBBIMH CJIOSMH CHEra M INepeMemlaeTcs BHYTPb (PMpHaA IOA YriioM
K nosepxHocTA. Kaxxpoii Touke (pEpHOBOro nossi COOTBETCTBYET CBOS JIHHAS
TOKa. Y rpaHuubl NHTAHHA JHUHAH TOKa NapalejbHbl NOBEPXHOCTH,
B OGnacTyd aGisAUMyN OHM MOCTENICHHO NMPAGMIDKAIOTCA K NOBEpXHOCTH. JacThb
JIAHAA TOKa 3aKaHYMBAETCA Y HAa U BHYTPH JIEAHHKA, A€ NMPOHUCXOAHUT AOH-
HOE M1 BHyTPEHHEe TasiHUe.

ITpoekiun JUHAA TOKa H300paXalOT JHHHAMH JBIDKEHHA JIeHHKA
(puc. 13.5). B MecTax cy>keHns JIeAHAKa HaOlltofaeTcs KOHBepreHums (c6mn-

Pnc. 13.5. JIunun ToKka (@) U TUHMHK ABHXEHHUS (6) YacTUL TbAA B TONIIE JIENHHKA
I'.n. — rpaHHIa NHTaHKHA
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Puc. 13.6. Tlonsa nuHuit Toka M .BO3pacTa NbAa B JIEAHUKOBOM NOKpPOBE
Amntapkruns (Llymckuit, 1969):

1 — nuuun TOKa; 2 — H3OXPOHBI (BO3PACT JIbAa, B ThIC. JIET), I — PACCTOSAHHE OT LEHTpa
NMOKpOBa

JKeHWe) JIMHNHA [BMXKEeHUsI, B MECTaX PAaCUIMPEHHs N PacTeKaHus JIEATHOro
IIOTOKa IPOMCXOMT AUBEPreHIus (PacXoXKieHNe) JINHUH JBIKEHNAS.

Ecin Ha JMHHUSAX TOKA BBIAENHUTH TOYKH, I/le PACNOJIOXKEHbI YaCTHIbI
JIbia OfHOTO BO3pacCTa, T.C. NPOUCXONRSAIIHE H3 OfHOrO CIOS aKKYMYJISLMH,
U [IPeJICTaBUTh 3TH TOYKH B BHJie IIOBEPXHOCTH, 3TO U GYNET N30XPOHHAA
noBepxHocThb. [IlepBuyHas MOBEPXHOCTH JIEHUKA B ‘06JIaCTH aKKyMYJIALUA
Ha HavaJyio 6GaJlaHCOBOro rofia (B KOHue nepuopa abnsaumu) norpebaercs
JIBOM aKKYMYJISLMHA [OCIEAYIONMHNX JIET M NlepeMeIaeTcs B COOTBETCTBHI
C 3aKOHOMEPHOCTAMH ABIDKEHUS JieMHUKA. TakuM o6pa3oM, B JIeAHAKE MOXK-
HO BBIJIEJIATh MHOXECTBO M30XPOHHBIX JIETHAX NOBEPXHOCTEH pPa3IMYHOro
Bo3pacra. Cjiod, OrpaHNYeHHble TAKMMH NIOBEPXHOCTAMH, COOTBETCTBYIOT
FOMYHBIM CJIOSIM HAKOIUIEHNs Jba. B 061acTH aKKYyMYJIIMK H30XPOHHbIE
NIOBEPXHOCTH IO CBOEe# KOH(Hrypauuu GIHM3KM K NOBEPXHOCTH JIeHHKA.
HaG6mofaeTcs THOIb HEKOTOPOE YMEHbILIEHHE UX HAaKJIOHA, YTO OO'bACHAET-
cAl yBeJIMYEeHUEM NPUXOfia Macchl JIba € BbIcOTOM. Hibke rpaHuULbI NHTAaHUA
H30XPOHHBIE NIOBEPXHOCTH M3ru6aloTcsi M BBIXOAAT Ha IOBEPXHOCTh
JIeHHKa.

Ha puc. 13.6 npepcTaBieHsb! JMHAM TOKA ¥ H30XPOHLI B JIGRHAKOBOM
nokpose AHTapkTujsl, BeruncienHsle IT.A. lllymckum. B pannoM cinydae
o6nacTp abnsguuM NpaKTHYECKH OTCYTCTBYET, JIE] PAacXOAyeTcs IyTeM
0o6pa3oBaHus alicGepros, NO3TOMY JIMHMA TOKA 3aKaHYMBAIOTCS HA JIENSHBIX
o6peiBax Mo nepudepun JeJHHKOBOro NOKpPOBa, Ifie IPOMCXOJUT OTKOJ
MacCHBOB JIbJla U 06pa3ylorcs aicOepra. I30XpoHb! B 3HAYUTENILHOH CTe-
IIEHA COOTBETCTBYIOT NMOBEPXHOCTH NMOKPOBAa Ha BCEM INPOTAXECHHH OT
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LEHTPa NOKPOBa JI0 JINHAM aiic6eproobpa3oBaHns, ECIIH HE pacCCMaTpUBaTh
MCKPHUBJICHHH JIMHAA TOKA M JIMHMIA JBHXXEHHSA B MECTaX CyHIECTBEHHOro
M3MeHEeHNs NOJJIENHOTO pesibeha H Ha BHIBOAHBIX JIEAHNKAX.

13.5. MATEMATUMECKOE MOAENUPOBAHUE NEQHUKOB

PexuM onefeHeHus1, pasMepsl, GopMa U IBIDKEHHE JIERHUKOB B3aUMO-
CBSI3aHbI C BHEIIHMMH YCJIOBHAMH, ONpefeIieEMBbIMA CyOCTPaTOM M KJIMMa-
TOM. [ BhIpaXXeHUs: 3TOH B3aMMOCBS3M HCIONB3YIOTCA MaTeMaTHUYeCKHe
MOJIEJIH, YYATHIBAIOLIME AMHAMHUKY ¥ TEPMHUKY JICAHUKOB H BHEIIHHUE YCJIO-
Bui. Pa3paGoTka Takux MOfieJiel CIy>XUT OCHOBOH JUHAMHUYECKOH IJIAHO-
JIOTMH — OJJHOTO U3 IJIaBHBIX HalIPaBJICHUH IIISLMONIOTNYECKHUX HCCIeROBaHMI.
3apaveii {UHaMAYECKOM TIIAILHOJIOTHH ABJIAETCS IKCIIEPUMEHTAJILHOE N3yYe-
HHe, OO'bEKTHBHBIN aHAJIM3 ¥ MaTEeMaTHYECKOEe ONMCAHHE JIERHUKOB KakK
MaKpOCKONHMYECKHX (PM3UYECKUX CUCTEM C LEeNbi0 OGBICHEHN UX PeXuMa,
MEXaHH3Ma M NPUYMH U3MEHEHHi, PEKOHCTPYKIUHH U NPOTHO3UPOBAHHUA.
OcHOBHBIE NOJIOXKEHASA JUHAMIYECKOI TIIALMOIOrAN GhIIH C(hOPMWINPOBAHbI
IT.A. Illymckum (1969). BaxkHeAmuMA 3aga4aMu; [UHaAMHYECKOH TISLHOIIO-
MM ABJIAIOTCA PacyeThl, CBA3aHHbIE C aHAJIM30M: HATYPHLIX HaGIIONEHHI 32
JIEHUKOM, BOCIIOJIHEHAEM PacUYeTHBIM NIyTEM HefocTaowmed nHpopmanuy,
H3y4YeHHEeM peXXuMa OJIElEHEHHUs, MCCIIElOBAHHEM MEXaHHU3IMa M NPHYUH
n3MeHeHus Jnepunka. OcoGas rpynna 3afay cBsi3aHa C IPErHO3HPOBAHUEM
BEPOATHBIX M3MEHEHMIl PasMEPOB M peXHMa JIENHUKOB H NpobieMaMu
PEKOHCTPYKIMM OJIeAeHEHHUs] B IPE/IIECTBYIOLIEE BPEMS.

ITonHass TpexMepHas MOJeNb JIEMHHKA ONHMCHIBAETCS CHCTEMOH M3
18 ypaBHenuii, copepxamux 18 HEN3BECTHBIX: INIOTHOCTH, CKOPOCTH 00bEM-
HbIX flepOpMaLMii, TEMIIEPATYPBI, IIECTH KOMIOHEHT HaNPAXEHHI, MEeCTH
KOMIIOHEHT CKOpPOCTH AecdopManuy, TpeX KOMINOHEHT BEKTOpa CKOPOCTH
nepeMenteHus. CHCTEMa COCTONT M3 ypaBHEHMI COXpaHEHHs1 MacChl, Hepas-
" PHIBHOCTH, KBa3UCTaTHYECKOrO PaBHOBECHA M TEILIONPOBOAHOCTH. 3aTeM
HIYT YPaBHEHN COBMECTHOCTH KOMIIOHEHT CHMMETPHYHOM YaCTH TeH30pa
CKOPOCTH JUCTOPCHH H YPAaBHEHHUS CBA3M MEXAY KOMIIOHEHTAMH IEBHATOPOB
TEeH30pa HaNps>KeHHUs M TEH30pa CKOpOCTH AedopMauun. (peosIoruyecKue
ypaBHenus Tuna 13.1). IToMEMO 3THX ypaBHEHHil, B MOJE/IM YYUTHIBAIOTCA
rPaHUYHLIE YCJIIOBHSA Ha BEPXHEH, HIKHEH M GOKOBBIX IIOBEPXHOCTAX JIE[-
HHUKa ¥ Ha pa3pbiBax..

ITpu 3agaHNM PPaHNYHBIX YCJIOBHII IOBEPXHOCTD JIOXa "criaxusaeTcs"
pajuycoM, paBHbIM XapaKTEPHOH WM MaKCHMAJILHOM TOJNIIUHE JIEAHHUKA.
AHaJornyHas onepauus NPOBOAWTCS U VIS 3alaHUA BHELIHEH IOBEPXKHOCTH.
Hna peumeHus 3afa4 NPUMEHSAIOTCA NPAMOYrOJIbHBIE eKapTOBbI KOOPAH-
HaTbl. HJIM KPMBOJIMHEHHbIE KOOPAMHATHI C HaYaJIOM Ha.[IOBEPXHOCTH JIe[-
HuKa. KoopiuHaThl H BCe BBOMMBIE B: PACYET NIEpeMEHHbIE peKOMEHAyeTCA
NpHBOAUTHL K 6e3pa3sMepHOMY BHAY IIyTeM [eJIeHHs MX Ha XapaKTepHble
(MaKCHMaJIbHbI€) BEJIMUMHBI.

MarteMaTH4YeCcKas MOfieNib (hOPMANIN3yeT peatbHbI MIALMOIOTNYECKHi
06'BEeKT, YCTAaHABJIMBasi COOTBETCTBHE MeX[Yy OCHOBHBHIMH NpH3HAKaMH
00 bEKTa M MaTeMaTHYECKAMH COOTHOWeHusamu. IIpn ucnonb3oBanum Mopenu
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Haflo IOMHMUTDb, YTO OHa KOHKPETHa M He YYMTHIBaeT BCe MHOroobpasue
BHEIITHHX YCJIOBMii ¥ NPH3HAKOB MoOAeaupyemoro o6wekra. ITorpemHocrn
MaTEeMaTHYECKOro MOJIEJIMPOBaHNS YIIPOUIEHHO MOKHO BBIPa3UTh KaK CyMMy
TpeX NOrpeUTHOCTEH: MOrPEUIHOCTH CaMOH MOJIENTH, KOTOpasi BO3HHKAET NpH
nepexofe OT NPHPOJHOro 06 beKTa GECKOHEYHO CIIOXHOCTH K PaC4eTHOMY
0G'BEKTY KOHEYHOM CIIOXKHOCTH; NOIPEIHOCTH BBIYHCIIHTENILHOTO NpOLiecca;
NOTPELTHOCTH B 3aJ]aHMH HCXOHBIX JaHHLIX. BeneicTBrE aTOrO yCiuoXxHeHne
MaTeMaTHYECKO! MOJEeNIH He BCEerfia CiocoOOCTBYET NOBBILMIEHAID TOYHOCTH
pacyeToB. 3a4acCTylO NPeANOYTUTEIHLHO IPUMEHATD YIPOLIEeHHbIE MOJIETIH,
npeqHa3HaYeHHble IS pelleHust KOHKPETHBIX YacTHhIX 3afay. Hanpumep,
AN NpAGNIDKEHHOH OLEHKH CKOPOCTH NepeMeLIeHns! IOBEPXHOCTH JIEHUKA
3a CYeT YCTaHOBHBIIEHCA MOJI3y4YeCTH IIPH KBa3HCTAHOHAPHBLIX YCIOBHAX
0Ka3aJI0Ch BO3MOXXHBIM OrpaHNYUTLCS HCIIONIE3OBaHUEM JIMIIb TPEX ypaBHe-
Huit (13.1-13.3) u3 o6meii cucrems! 18 ypaBHeHumil.

Ha ocHOBaHMM pacyeTOB MOT'YT CTPOMTBLCA IOJS Pa3liMYHBIX IIIALHO-
JIOTHYECKHX XapaKTepHUCTHK. KaX[b1il JIeqHUK MOXHO OXapaKTepU30BaTh
HaGoOpOM IOKa3aTeJieii BHEIIIHETO MacCOIHEProoGMeHa (akKyMyJsuun, abins-
I[1H, COCTABIAIOMMX TeIUIOOOMEHa ¥ T.N.), MOp(GOJIOTHYECKUX XapaKTe-
PHUCTHK (BBICOTbI IOBEPXHOCTH M JIOXKA HaJi YPOBHEM MOP#, TOJIIHHEI JIE[-
HUKa, YKJIOHOB NIOBEPXHOCTH H T.A.), IOKa3aTeJlei BHYTPEHHErO COCTOSHUSA
(NJIOTHOCTH, TEMNEPATYPhl, HANPSDKEHUH, CKOpPOCTeil ABMKeHu, fepopMa-
nuyu 1 T.4.). Ilons Moryr GbITh CKaNApHBIMH (TeMIepaTypa, IIOTHOCTD,
aKKyMYJIALMsA), BEKTOPHBEIMA (CKOPOCTb [BMKEHHUS JIbJa, YKJIOH IOBEPX-
HOCTH, JIAHUH TOKa) HJIN TEH30PHbIMH (HanpsokeHus1, fecopMaumm).

naBsa 14
NyNbLCAUUU NEAHUKOB

14.1. OCOGEHHOCTU NYNbLCUPYIOWUX NERHUKOB

Ha pspe nefHHKOB NepHOAMYECKN HAGNIONAIOTCA pe3KHe M3MEHEHHs
CKOPOCTH ABM3KEHMS JIbAa M MOABMXKM KOHUEBOH yacTH neaunuka. Takue
JIEHAKU Ha3bIBAIOTCA Myabcupyomumu. CKOPOCTH NepeMellieHus ¥X I0-
BEPXHOCTH Ha Pa3JIMYHBIX YYacTKaX MOTYT CYLIECTBEHHO OTJIMYATLCA U
H3MEHATHCA BO BPeMEHM B COTHM pa3. FaMeHeHns ckopocreil [BHXXEHHA
JIbAa CBA3aHbI C H3MEHEHUAMY BHYTPEHHMX HAIIPSDKEHUIA B MaCCHBE JIE[HHKA,
HapYLIEHUAMM CIUTOLIHOCTH MaCcCHBA U H3MEHEHNSIMM CONPOTHBIIEHAS CKOJIb-
3KEHHUIO JIbJIa ITO IHY M BROJIb GOKOBBIX IIOBEPXHOCTEM JIEAHUKOBOIO JIOXA.

B pexxuMe ABUXKEHHS NYJNbCHPYIOLETO JIEAHAKA MOXKHO BBHIIEJIUTD ABa
CYLIECTBEHHO pa3nuyalomuxcs nepuoaa. ITocne saBepuieHus OvepenHOi
IIOJ{BIDKKH JIE[JHUKA HACTYNAET [UIMTENbHLIN epHOJ HaKOIJIEHUS JIbAa B €ro
BepXHell yacTH — 30He akTuBm3auuu. IIpyu 3TOM HaGJIIONAIOTCS BOJHOBLIE
NpOLECCHl U3MEHEHHA CKOPOCTEH IBIDKEHNUS IIOBEPXHOCTHBIX CJIOEB M yTOJ-
LIEeHHe JIeASHOr0 MacCHBa B 30He Bhillle (PPOHTA aKTHUBU3ALMH, KOTOPBIH
nocreneHHo cMemaeTcs BHu3. Hioke ppoHTa aKTHBH3ALMHU CO3[aI0TCA YCIO-
BHS [I7I1 OMEPTBIIEHUS U TastHUA JIbAa M JeTpajaliui OlleicHEHNS.
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ITocne npuOGIMKEHAS BOJHBI YCKOPEHHOTO ABIDKEHHUSA K KOHIY JIEAHAKA
HACTyNaeT BTOpPOW NIepHOfi, NPH KOTOPOM NPOMCXOAAT "BBILIECK" JIEASTHOM
Macchl H ee ObICTpOE NPOJBIDKEHAE BHU3 IIO CKIIOHY (IIOABIDKKA) C OAHOBPE-
MEHHBIM YMEHBUICHAEM TOJIHHEI JIEJHAKA B CpeHER! B BEpXHEl 4acTax.
BpeMsi NOABAXXKH IO CPaBHEHMIO C NEPBBIM NEPHOROM OTHOCHTEJIBHO
HEBEJTHKO.

Bpems oT 3aBepllleHHs O{HOH NOJBIDKKH JIO 3aBepLICHAS NOCHeRyOme
Ha3bIBaeTCA NEPHONOM MYJIHCALAH, KOTOPBIH JII1 KOHKPETHBIX JICHHUKOB
HMeeT Goliee WIM MeHee NOCTOSHHYIO NPO{OJIKHUTEIILHOCTD — OT HECKOJILKHX
RO coTHH u Gonee net. Hanpumep, sequuk Mensexxuit Ha [Tamupe nynncu-
pyeT 4epe3 kaxpanle 10-14 ner, neguuk Konka Ha KaBka3se npuMepHoO yepe3
70 ner, a neguuk BapureiiTup na Anscke yepe3 20 ner (Jonrymms,
Ocunosa, 1982).

14.2. PACNIPOCTPAHEHUE NMYNLCUPYIOWMUX NEAHUKOB

BricTpble NOABMKKH JIE[JHUKOB, HEOJHOKPATHO HaboflaeMble B AJlb-
nax, Ucnanpun u CKaHJWHaBHHU €lle CO CPEeJJHUX BEKOB, OGBIYHO pac-
CMaTpHBAJIACh KaK (ha3a HaCTyIJIEeHUA B LMKJe KoneGaHuil MM Kak ¢a3a
HACTYNaHMs, CBA3aHHAA C H3MEHEHHEM KJIIMATa ¥ NPOLECCAMH OJIEeHEHHS.
TepMnAH "MynbCHpYIOMIMIL JTeAHAK" BOILIEI B HAYYHYIO JINTEPATYPY B KOHIE
60-x ropos (Jonryumn, 1968) Kak CHHOHEM aHIITHACKOrO TEpMUHA "surging
glacier”. Brauaye npeo6najgano MHEHHe, YTO NYJbCHPYIOUIHE JIeJHUKH
BCTPEYaloTCA PEAKO M HX CIEAyeT BIAEINTH B 0coObIi Kiacc. [lanbHeimue
HCCITeIOBaHus, OCOOEHHO aHaIN3 a3podhOTOCHMMKOB ¥ CHEMKOB M3 KOCMOCa,
BBIABHIIM GOJILIIOE YHCIIO paHee He U3BECTHBIX NYJIbCUPYIOIIHX JIEAHUKOB.
Oxa3anock, YTO OYEHb CIIOXKHO BBISBHTb YETKHE BHELTHHE OTIHYUSA NyJIhCH-
PYIOIIHX JIEAHUKOB OT HENMyJbCApylOmMX. 3ayacTylo npu Goliee geTalb-
HBIX HaGIOfeHNIX OGHAPYXMBAJIOCh, YTO Y CYMTAIOMIErocs "CIOKOWHBIM"
JMegHuKa ObUIM 3HAYHTEJIbHbIE NOABIXKKH, KOTOpble MPOCTO PaHEEe He
¢ukcupoBanucs. OGUIMM AJA NYJNbLCHPYIOIHX JIEJHAKOB, HECMOTPSA Ha
pa3yAyus UX THNOB, (hM3HKO-reorpauyecKuX yCIOBHI MX PacIpoCTpaHe-
HUS M pa3MepoB, ABIAETCA eUHOOOpa3ne MeXaHH3Ma JIE[HUKOBBIX NYJb-
caiui.

OOG6bIYHO HaGMIONAETCs Pe3KO BhIPAXKEHHBIA HEYCTOMYABLIH JUHAMUYE-
CKHMIl pexXnM, KOTAAa JUIHTEJIbHAsA CTausl HAaKOIJIEH!s JIbAa B 30HE aKTHBU3a-
MM pEe3KAM CKaYKOM CMEHSETCA CTafiued NONBMXKH. B nmepByro u3 3THX
CTafMif BEpXOBbA JIEJHHKA NOJY4YalOT GOJblle JbJa, YeM PacXoayloT, a
HH30BbSA, HA060POT, AerpagupyIOT. DTOT KOHTPACT YBEIUYMBAETCA O TEX
Iop, IIOKa He HAaCTYNHT IOJ{BIXKKa, IPH KOTOPOH 3HauMTeNIbHas Macca JIbAa
nepeMelaeTCs Ha Y4acTOK HIXKe CTaGMIILHOro KOHIIa JIeRHNKa, 6e3 cyuecT-
BEHHOTO U3MEHeHHUs ero obmel Maccel. ITociie NogBICKKM Npolecc HaKoIm-
JIEHUA JbJa B BEPXOBbAX JIENHUKA NOBTOPSAETCA, a Macca JIb[a, "BblIIeC-
HyTOro" 3a npepeis! cchOpMHpPOBABLIErOCs A0 MOABMXKY KOHIA JIEJHHKA,
pa3pyiuaercs 4 Taer. Paznuune Mexpy nyJgbCHPYIOIIMMH ¥ HENYJILCAPYIO-
[EMH JIEAHAKAMH 3aKJII0YaeTCs, BUFMMO, B GONbIEH CTENIEHN KOHKPETHBIMM
XapaKTepHMCTHKaMH NIPUXOJia ¥ Pacxofia Jibja.
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K HacToseMy BpeMEeHH M3BECTHBI COTHH NYJIBLCHPYIOUIAX JICHHKOB.
CocpenoTo4eHbl OHH IIaBHbIM 06pa3oM B CyONONSAPHBIX pafiOHaX # B TeX
rOPHO-JIENHUKOBBIX paiflOHaX CPEHMX IHPOT, IAe 06ecneyeH 3HaYUTENbHbIA
IIPHXOJ, MacChl JIbJia B 06JIaCTH aKKYMYJISILMM, B TOM YMCJIE 32 CYET CHEXKHBIX
JIaBHH, U Tfie y JIEAHHKOB BBICOKAs 3HEPrius OJielecHEHHs M GOoJIbIIHe 3Have-
HUS JIe[{HUKOBOro Koadduuuenra. Ilpeobianaromee KOIMIECTBO MyNIbCH-
PYIOLIMX JIENHUKOB BBIABIEHO Ha Anscke ¥ Ha KaHaickoM ApKTHYECKOM
apxunejare, B I'pennanpun u Mcnanpun, Ha llnunGeprene, Ilamupe u B
ropax CpepHeii A3uu.

14.3. MEXAHU3M JIEAHUKOBbIX MYNbCALUNA

Ona 6oyiee HarJAQHOro NpejcTaBJEHHMS MEeXaHH3Ma IyJNbCAlMH pac-
CMOTPHM JIEHUK IIPOCTO# (DOPMBI, JIOXKE KOTOPOrO COCTOMT U3 OTHOCHTEIBHO
NOJIOTUX JIMHEUHBIX yJacTKOB B O0NacTH aKKyMYJSALMH M NOJ HIDKHAM
KOHIIOM JIEJHHKA ¥ CPaBHHTEJILHO KPYTOro y4acTKa (Jefionaja) Mexpny HUMH
(puc. 14.1). B nensAx ynpoumeHHs BBIKJIAJJOK NpeHeGpexeM BIUSHUEM
GOKOBBIX [IOBEPXHOCTeI JI0XXa U He Gy/leM YYNThIBAaTh U3MEHEHNs NOBEpX-
HOCTH JIE[{HHKA 32 CYET aKKYMYJIALMH 1 absuun.

ITocne oyepenHOH MOABIDKKM JIEHHKA WHTEHCHBHOE JABIKEHME JIbJa
NpeKpallaeTcs, rabIObl JIbJa CMEP3alOTCA M BO3HUKaeT Gojlee MM MeHee
MOHOJIMTHBIH JICASHON MacCcUB, B KOTOPOM NPOHCXOAAT NPEHMYIIECTBEHHO
JIMIL BA3KOIUTacTHYECKMe fAedopMaluu. 3aMeTHOE INIbIGOBOE CKOJIbXKEHHE
B 3TOT NEPHOJ MOXET HaGIONaThCA JIMIIL Ha KPYTOM Y4YacCTKe JIOXa, Tfie
CIBUralollie YCHIINA NPEBLILIAIOT CONPOTHBIIEHUEe CABHrY. VI30LITOK C/BH-
raloUIMX YCUIINii BHI3bIBAET AONOMHATENIbHbIE NIPOAOJIbHbIE YCHINA CKATHA,
AeHCTBYIOIME Ha pacNOJIOXEHHbIH HIDKe MaccuB Jibfia (puc. 14.1, a).

ITon peficTBMEM NPONONBLHBIX YCHIIHI CXKATHA MOHOJIMTHBIA MacCHB JIbJa
YaCTHYHO pa3pylIaeTcs, FPaHALIa HApYLIEHUS CIVIOUTHOCTH MacCHBa NOCTe-
NIEHHO NepeMellaeTcs BHU3 IO Teny JefHuKa (puc. 14.1, 6), a BbIe 3TOi
TPaHULbI IPOUCXOMAT IIIbIGOBOE CKOJILXEHHE JIbJ]a ¥ YBeIMYeHHE TOJMIINHBI
JIEFHUKA 3a CYET NMPOAOJBHBIX HaNpskeHUuN cxkatusa. Ha nosBepxHocTH nep-
HHUKa KaK Gbl BHIPACTaET MHOXECTBO NMPH3MATHYECKUX U ITAPaMHUJAJILHBIX
JepAHbIX rbl6. ITo Mepe yRaneHus BBEpX N0 CKJIOHY OT paHMIIbl MACCUBHOM
YacTH JIEHUKA CKOPOCTh NIEPEMEILICHUS €rO NIOBEPXHOCTH YBEJIMYUBAETCA.
HMHorga Ha 3TO# pa3gpo6GlieHHO# IOBEPXHOCTH HabmiofaloTcs
BOJIHOOOpa3Hble NOBBILIEHHS U NOHKEHHs, IepeMeLIaloInecs BHU3 CO CKO-
POCTBIO, IPEBBILIAIONIEH B HECKOJILKO Pa3 CKOPOCTh NIepeMEILEHNs JIEASHbIX
rnbI6. BhICOTa TaKMX BOJIH MOXKET J{OCTHIaTh HECKOJILKHX IECATKOB METPOB.
MexaHu3M NOBEPXHOCTHBIX BOJIH NMOKa He u3y4yeH. EcTh npepnonoxeHus,
YTO OHM CBA3aHbI C CE30HHBIMM H3MEHEHUAMH BHEIIHHX H BHYTPEHHMX
yCJIOBMI1, ONIPEAENAIOLIUX ABIDKEHHME JIEAHNKA (H3MEHEHHMHA MHTEHCUBHOCTH
NOCTYIUJIEHHUA JIbJla B 30HY "Jiefjonaja”, CONPOTUBJIEHUSA INIbIGOBOMY CKOJIb-
3KEHMIO JIbJia Ha JIOXKe, NOAJIE[HOrO CTOKAa BOJbI ¥ APYTMMH U3MEHEHUAMH).

B TOT MOMEHT, KOTla TPaHHLa HapyLlIEeHHs1 CIJIOUTHOCTH NpHOIN3UTCA
K HMXKHEMY KOHILly JIEAHHMKAa HAaCTOJILKO, YTO CHJIbI [{aBJICHHUS CIOJ3alo-
1Ie# MacChl JIbJa JOCTHTHYT BEJIMYMHBI IPEICIILHOrO CONPOTHBIICHAS CABHTY
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Pnuc. 14.1. Cxema ABMXEHHS NMYyIbCUPYIOLIErO JEAHUKA

a — NpofONbHLIA NMpOoGHAL NENHHKA NOcne NMOABHXKH; 6 — npodunb NefHHKa B
MPOMEXXYTOYHBI! NEpHON; 6 — NPoGuAbL NEAHHKA Nepen NOABMUXKOM. / —~ o6nacTh NHTaHHA;
2 - neponan; 3 — nepgsHoN MaccuB, pa3GUTHIN Ha GNOKH; 4 — CMJIOLIHOMK NeAAHON MaccHB;
5 ~ neR B KOHLEBOi YacTH JIEJHHKA, KOTOPbIA CTaHBAaeT KO BpEMEHH nocieayiouiel NogBIxKH;
6 — MOpeHHbIil BaJl. G, — MPONOJIbHBIE HANPIKEHHUA COKATHA

HEHapYUIEHHOro KOHLA JIe[[HUKA, IPOUCXORMUT CKOJN JIbAa, ¥ HaUYHMHAETCHA
ouyepeqHas NOABIDKKA. JIel B KOHIle JIEAHUKA HAYHHAET [epeMelliaTbCA BHA3
IO CKJIOHY BMECTE€ C MOPEHHBIM MaTEepHaJIOM MJIH Xe IPOUCXORUT CKOJ MO
JIeAHOMY MaCCHBY,  HapyLlIEHHask YacTh JIEAHHKA BBINOJI3aeT HA KOHLEBOI
yuacTok. ITorepsBlIas onopy JeAsHas Macca YCKOpsSieT CBOe ABHKEHHE M
nepeMelaeTcs BHH3 MO JIOXKY A0 TeX NOp, NOKa CHIbI CONPOTHBIIEHHS
ABMXEHUIO, KOTOpbie YBEJIMYMBAIOTCA 10 Mepe NepeMeleHus Nbga Ha
6GoJlee NOJIOTHI YYACTOK JIOXKa, He 3aATOPMO3AT U HE OCTAHOBAT [BHIKEHHE
nbpa. IToBepXHOCTD JIEJHUKA B IIpoliecce NMOJBMKKY B HIDKHEH YacTH NOBBI-
1IaeTcs1, a B BepXHeil — MoHKaeTcs (puc. 14.1, 6).

Ha puc. 14.2 npepcrasieHsl NpofoJbHblIe NPOGUIN NOBEPXHOCTH
neqHuKa MepBekbero o 1 nocne nofgBuxXkH B 1973 r. TaM ke npuBefieHbI
3MIOphI NMOBEPXHOCTHHIX CKOpOCTell ABMXKeHus JefHuka. PacueTHas cko-
POCTBb BS3KOrO TeueHWs JIEJHUKA He NIPEBBIIIAET HECKONBKUX CAHTHMETPOB
B CyTKH, B JaHHOM 3Xe CJIyyae CKOPOCTH NlepeMeLIeHUs IOBEPXHOCTH AOCTH-
ranu o 300 cM/cyT. DTO 3HAUYHUT, YTO OCHOBHBIM MEXAaHHM3MOM JBIKECHHS
JIe[lHUKA B pa3pyLICHHON 30HE ABJAETCA IIbIOOBOE CKONbXEHHME IO JIO-
3Ky, CONPOBOXKAAaEMOe OTHOCHTEIILHBIMH cMeleHnsiMu riisl6. HaGmiopaeTcs
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Puc. 14.2. Sn1opbl NMPOAONLHBIX HANMPSXKEHUH O, ¥ CONMPOTUBJICHUS CKONBXEHHIO

JIbIAa MO JIOXY Tp AJNA JEAHHKaA MenBexbero

a — npofonbHbIA MPOUIb NEIHUKA 32 FOf AO MOABHXKH M nociie Hee; O — JMIOpbI
CKOpOCTei ABIOKEHHA NbAa; 6 — 3MIOPbI NPONONBHBIX HAMPSXEHHUI; 2 — SMIOPbl COMPOTHBJIEHUS
CKOJILXKEHHKIO JIbAa MO Noxy. / — 3a nepuop ¢ 20 uioHs no 7 mons 1972 r.; 2 — 3a nepuop ¢ 7 no
19 mrons 1972 r.

3aKOHOMEPHOEe YBEJIMYEHHEe CKOPOCTeil ABUKEHUs JIbAa N0 Mepe yAaJieHus
OT rpaHMILbl HEHAapyLUIEHHOM YaCTH JIEAHHKA, U TOJNBLKO Ha JIOKAJbHBIX
y4acTKax CKOPOCTH MOTYT He MEHSATbCSA MM la’ke HECKOJILKO YMEHBIIAThCA,
YTO, BUANMO, OGYCJIOBJIEHO HEPOBHOCTSMH JIERHHKOBOTO JIOXA M JPYTHMH
MeCTHBIMA BO3MylleHusiMH. Ha Tex ydacTkax, rie CKOPOCTH ABMIKEHHS
NOCTOSIHHBI, HONOJHUTENbHbIE NPOJOJIbHbIE HANPSOKEHUS CXKATHA OTCYT-
cTByloT. ECiii B KaKHX-TO MecTaX CKOPOCTH [JBIDKEHMA yOBIBalOT, TO 3TO
yKa3bIBa€eT Ha IEUCTBHE PACTATHBAIOLIMX YCHIIHM.

B paHHOM cityyae Mbl TOBOPHM 06 YCIIOBHBIX PaCTATMBAIOMIMX YCHIIMSAX B
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MaccHBe JIefHHMKAa, KOTOphbie HaKJIafbIBalOTCA Ha THJPOCTaTHYECKOE
RaBleHue. B pesynbTaTe Takoro HallOXKEHHUSA MCTHHHbIE PacTATHBAIOLIHE
HaNpsKEHAS MPOABIAIOTCA JHIIL B BEPXHUX CIOAX JIEAHHKA A0 rIyGHHLI,
rfie TAAPOCTaTHYECKOE aBlIeHHe JOCTUraeT BEIMYHHBI PaCYETHOrO Halps-
KeHus1 pacTspkeHus. TaM, rje HanpsKeHUs PeBBILIAIOT Ipefiesl NPOYHOCTH
Jbla Ha pa3phiB, IPOUCXOAAT Pa3pbIBbI JIEASHOrO MAcCHBa C PaCKphITHEM
TpewMH MeXay 6J10KaMH. DTO XapaKTepHO JUIs y4acTKOB neperu6a npo-
RONBHOrO NpogHIIA JTEHUKOBOr'O JIOXKA B BEPXOBbAX JIEAONA/OB.

3Has pachpefelieHHe CKOPOCTe#l ABMKEHHUA MOBEPXHOCTH, MOXHO
ONpefesIUTh BEJMYNHY NPOAOJBHBIX HANPSXKEHHW CXaTHsA B JICAHUKE H
BEJINYAHY CONPOTHUBIIEHHS CKOJILXEHHIO 10 0xXy. ITo pasHocTH ckopocTei
ABIDKEHMS NMOBEPXHOCTH B JBYX TOYKAaX, YRaJeHHbIX OQHAa OT APYroil Ha
paccrosinue Al, MOXHO BbIYHCIHTh CKOPOCTb OTHOCHTENILHOTO NPOAOILHOTO

cxaTmusl €,, KOTOpasi, B CBOIO OYepefib, ONpefeNeTCs BeIMUMHOM HanpsoKe-
HHUil MPOOJILHOTO CKaTHsl O, Ha PaCCMaTPHUBAEMOM y4acTKe:

g, =2 L= _Cx (14.1)

Tor ¢axkT, 4TO JEeRHUK pa36GHUT Ha OJIOKHM, B JaHHOM CIIy4Yae He NpensiT-
CTBYET MCIOJIb30BAaHMIO ITHX YNPOLIEHHBIX (OpMYylN, TaK Kak GnovHas
CTPYKTYpa Y€TKO BbIpaXXeHa JINIIb B BEPXHEM CIIOE JIE[{HUKA, a HIDKe GJIOKH
CMBIKAIOTC B pe3ylibTaTe TMAPOCTaTHYECKOro NaBJIEHUS, KOTOPOe He
OKa3bIBAET CYHIECTBEHHOrO BIHAHAA Ha CKOPOCTb BA3KOIJIACTHYECKHX
necpopManuit JIbAA.

Taxkum o6Gpa3oM, UMes 3MIOPY CKOpOCTeN JBHXKEHHS U NPOAOJLHBIH
npodub NOBEPXHOCTH JIEJHHKA, MOXKHO BHIMHCIINTD BEJIMYHHBI NPOAROJbLHBIX
HaMpsAXXeHHH CXAaTHA M NOCTPOHTH NMPO(HIL H3MEHEHUA HaNpsKeHUi
(puc. 14.2, g). IIpoponbHbIE HANPAXKEHUS CXKATHS MOXHO BBIYMCIIATH M 1O
BEJIMYNHE NOXHATHA NIOBEPXHOCTH JIEJHUKA, HCXOAA U3 TOrO, YTO Jie NpaK-
THYECKH HEC)KHMAeM M OTHOCHTENIbHbIE e()OpPMaliH yTONIIEHUS JIEHUKA
COOTBETCTBYIOT OTHOCUTEJILHBLIM ie(POPMALHSIM IIPOJOJILHOTO CKATH.

Smnopa NpOROIBHbIX HANPSXKEHUH JaeT BO3MOXKHOCTb BLIYHCIIATD BENH-
YHHY AEUCTBYIOLIMX CHJI CONPOTHMBIIEHHSA CKOJBXEHHIO JIbJa MO JIOXKY.
Ha yuacTke, rae npofojibHble HaNpSAXKEHUs CKATHA 110 MEPE YAAJICHUSA OT
HEHapYIIEHHOM YaCTH JIEAHAKA YMEHBINAIOTCA, CONMPOTHBJICHHE CKOJIbXKEHHIO
Ha JIOXe Ty MEHblIe BEJIMYUHbI CABUraloumMx ycunuii (To <p gh sin o).
YBenuyeHne NPONOJBHBIX HANPSKEHHN CXKaTHA yKa3blBaeT Ha TO, YTO
CONPOTHBIIEHHE CKOJILXEHHIO NpPEeBLINIAET BEJIUYMHY CABHIalOLUX CHJI
(to > p gh sin o). IIpu pacyerax BeJIMYUHBI CONPOTHBIIEHHA CKOJbLXXEHHMIO
Ha y4acTKe, IJie ONpeAesieHO HaJIMYie PacTATABAIOMIMX YCHIIMi, HEOOXOAHMO
YYUTBHIBaTh BO3MOXHOCTb PacKphITHA TpeUUH, NIO3TOMY pacyeTHas
TOJIIMHA JIEAHUKA ROJKHA GbITh YMEHbIIEHA IO CPaBHEHHUIO C (PaKTHYECKOMH
Ha BEJIMYUHY, COOTBETCTBYIOUIYIO IIyGHMHE, rfie pacTArMBalolue yCHINs
KOMIIEHCHPYIOTCSA THAPOCTATHYECKUM J1aBIICHHEM.

Ha6mopaeTcs TeCHasi B3aUMOCBA3b CKOPOCTEH ABIDKEHHS JIbia C BEJIH-
YHHAMH CONPOTHUBIICHHS CKOJIbKEHHIO JIbAA MO JIOXKY NyTeM BO3HHKHOBEHHS
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M Nlepeflayd Ha COCEIHNE YYaCTKH MPOAOILHBIX HANpsDKEeHM cxkaTns. Bemu-
YHHA CONPOTHBJICHN CKOJILXKEHHIO JIbAa PEryJIMpyeT BEIHYAHY NPOAOIBHBIX
HaNpAXKEHUH CXKATHA B JIEAHUKOBOM TeJIE H, TaKMM O6Gpa3oM, BIHAET Ha
pacnpepieieHue cCKopocTeil JBHXeHUs JefAuuKa. FlzMeneHns ckopocre,
B CBOIO OYepefib, BLI3BbIBAIOT NIEpepacnpefeieHue POJONbHBIX HANPSKCHUA
¥ M3MEHAIOT BEJIMYNHY CONPOTHBIIEHUS CKOJIbXeHUI0. ViaMeHeHne conpo-
THUBJIEHHSI CKOJIb’)KEHHIO CBA3aHO C BBLIICJIEHHEM TeIUla IIPH TPEHHH U HU3-
MEHEHHEM pealIbHbIX KOHTAaKTOB JIbJa C JIOXEM IIpH NOSBJIEHUN Ha HeM
BOJIBI, 2 TaK>K€ MOPEHHOrO MaTepuaJa y joxa. PacyeTHas BelMuMHa CONpo-
THBJICHUA CKOJILXKEHMIO NO JIOXY JeaHuka Mepnexbero (puc. 14.2, 2)
OKa3anach 6JIM3KOl K BeIMYMHE Npefelia JINTENbHON NON3yYeCTH JIbAa Npa
TeMIlepaType TasHusd (Tp = T,, = 0,1 MITa).

Hcxons 13 OonMCaHHOro MeXaHH3Ma, MOXKHO BBIIEJIATh TPH HeoOxoau-
MBIX YCIIOBHSI, I[P COYETAaHMHM KOTOPLIX BO3MOXKHA IyJIbCALUA JIEHHUKA:
1) HajIMYHEe OTHOCUTENBHO MOJIOroro y4acTka JIOXa IOj KOHLOM JIeJHHKa,
rje 3aTpyAHEHO ribIO0BOE CKONBLXKEHHUE JIbJa BHA3 IO CKJIOHY; 2) HaJu4yue
y4acTKa C OTHOCHTEJILHO NOBBILIEHHBIM YKIIOHOM JIOXKa (THNa "negonapa”),
rje YCHMIMsS CABHra y JIOXKa NPEBBIMIAIOT BEJNYHHY NpefeNa AIUTENbHON
noji3yvecTtn nbjaa (P g sin o, > T,;) ¥ CNOCOGCTBYIOT BO3HMKHOBEHHIO NIPO-
ROJILHBIX HANPSAXKEHHH CXKAaTHA B JIEJHUKE HIDKE 3TOro ydacrka; 3) pocra-
TOYHO MHTEHCHBHOE NOCTYIUICHHE JIbJa U3 00JIaCTH aKKYMYJIALNH, oGecneyn-
Balollee CO3/{aHMe YCIIOBUH [ NOBBIIIEHUA NMPONONbLHBIX HaNpsXKeHWi
CXKaTHUA M YBEIMYEHN TOJIUHUHBI JIEAHAKA, HAPYLIEHUs CIUIOLIHOCTH JIE(HH-
KOBOI'O TeJa, IPOABICKEHUS I'PAaHHULbI 30HbI AKTUBU3ALMA B CTOPOHY KOHIIQ
JIeHUKA ¥ OBICTPON "NMOABIDKKH" MAcChI JIbJJa Ha Y4aCTOK HiDKe c(hOpMHpO-
BaBILIErocs nepejy NOABYDKKON KOHIA JISIHAKA.

14.4. NOCNEACTBUA NEQHUKOBbLIX NMOABUXEK

ITopsukKM GONBIIMHCTBA JIEAHMKOB Yamle BCEro IpOCTO HHUKEM He
OTMEYaJIUCh H3-32 MX YRAJICHHOCTH OT HaceJIeHHbIX YHKTOB H TPYAHOM
RocTynHocTH. JINImb cnycTs HeKOTOpoe BpeM#A (PHKCHPOBANUCh MX NOCIEN-
CTBHS IIpH aHaJM3e adpo- ¥ KOCMHUYECKMX CHHMKOB WM IPH NOCELICHUH
JIeHUKOBLIX paitoHOB. Heb6naronpusTHble nmocliefcTBHsS HabIIOfalOTCA
yaile BCero TaMm, rjie Npu NOJABIKKE JIe[HUKA NIOTOK pa3fgpOoGIeHHOro JIbAa
co3fiaeT 3aBajibl M CBOeOOpa3Hble JIe[sHbIe IUIOTHHBI, CIOCOGCTBYIOLHE
0o6pa3oBaHuIO NOANPYAHBIX o3ep. HanonHeHue nx BOXOI M NOCHERYIOLIHA
IPOPHIB JIEAAHOH IJIOTHHBI MOT'YT NPUBOAUTH K BO3HNKHOBEHHIO Pa3pyLIH-
TEJILHBIX BOJIH M CEJIEBbIX IOTOKOB, PaCPOCTPAHAIOLUIUXCA BHU3 IO HOJIMHE
U peKe H NPOU3BOJAIINX pPa3pyLIeHus Ha CBOeM NyTH. XapaKTepHbI NpUMep
TaKoro xofa co6biTHii — 0Opa3soBaHHE NMOAINPYAHOrO O3epa Y JeXHHKaA
Mensexbero u ero npopsiBbl (Jonryums, Ocunosa, 1982).

Bo BpeMs NOABIXXKH JiefHUKa MenBexbero B 1963 r. Gbu1a GlIoKHpo-
BaHa JILAOM JlONIHHa p. AGyKajop H HavaJioch HanoJiHeHHe o3epa. Makcu-
MaJjibHas riy6usa ero npesbiciia 80 M. Bopa Havasa crekaThb BROJb GopTa
ROJIMHBI MEXAY JIETHUKOM M CKJIOHOM, ¥ 06pa30Bajioch BTOPOE 03€pO, TAKXKE
NORNPYKEHHOE JILAOM. 3aTeM JiefisiHas NepeMblyka Gblia IpOpBaHa, U BHA3

138



IO JOJIUHE YCTPEMUIICA MOLLHBIN NOTOK BOJbI, BbI3BaBLINIA pa3pyIIATEIbHbINR
celb, KOTOPbIil YHAYTOXUII PacnojioXkeHHoe Ha Gepery 3jjaHHe 3JIEKTPO-
CTaHUMH ¥ OMa XHioro nmocenka. ITogsmkka negquaka B 1973 r. Obuia
Gonee MomHuOi1, yeM B 1963 r. Bonee BbICOKOH OKa3anach H JIEAAHAsA
IUIOTHHA, MaKCUMaJIbHas rayOuHa o3epa gocturia 110 M, a ero o6beM npe-
suicun 16 min M3. K cyacTbio, BOja Ha4aja NpOCauMBaTLCS MO KPaeBOMY
pa3ioMy, ¥ ONOPOXHeHHe O3epa mpou3ouuo 6e3 KaTacTpogHyecKoro
NOTOKa.

B pe3synbTaTe M3MEHEHHMIH TOJIIMHBI X CKOPOCTH JBMIKEHHAA IyJIbCH-
pyloll¥e JIEMHHKH MHOTAa NMOAPE3aloT KaMHEeNaHble A ceJieBble KOHYChI H
3THM CTHMYJIHPYIOT NOCTYIUIEHHME Ha JIEMHUK NPOAYKTOB BLIBETPHBaHHA
CKJIOHOB. ITOABIDKKH JIEJHUKOB YaCTO CONPOBOXKAAIOTCA GbICTPOH TPaHCIOp-
THPOBKOI MOPEHHOrOo MaTepHalla, a TaK’Xe BbIHOCOM €ro INOTOKaMH BOJbI
3a npejenb! JJIENHHKOBOro 6acceiiHa, 0COGEHHO NIPH NPOPLIBaX MOANPYAHBIX
o3ep.

14.5. MIPOrHO3UPOBAHUE JIEAHWKOBBIX MYJIbCALUNA

OpnHoit ¥3 3aaay4 N3y4YeHns NMyJILCUPYIOLIUX JIEAHUKOB ABJIAETCA POrHO-
3HpOBaHHE BpPEMEHH OYEPENHOMH NOJBHKKH C LENbI0 NPUHATAA Mep s
YMEHBIIEHNS BO3MOXKHBIX HeGIarolpHATHBIX IIOCEACTBUIA.

AHaJIU3 MaTepHalioB, XapaKTEPHU3YIOUIMX paHee MMEBLINE MeCTO IO-
ABIDKKH, [IO3BOJIAET OLEHHTH NEPUOALI UX NMYyJbCAUMA U OPHEHTHPOBOYHO
NPOTrHO3HPOBATh BpeMs OXHfaeMoii ouepennoit noasiwkku. Bosee gerannb-
HOe NPOrHO3MpOBaHHUE TpebyeT cnennanbHbIX HaGlIoeHUi ¥ pacyeToB.

Xopoume pe3yinbTaThl JAlOT EPHOAUYECKHE CTEPEO(DOTOrPaMMETPH-
YecKHe ChEMKH IIOBEPXHOCTH JIEHAKAa B aKTHBHOI 30He, HA OCHOBAHHH
KOTOPBIX MOYHO ONPPEAEIHTb CKOPOCTH ABIKEHHUS JIEHUKA U IOJIOXEHHE
¢poHTa akTHBH3aUUA. MCNONB30OBaHHME ITHX CBEJEHHH B COYETAHHH
¢ MOp(OJIOrNYECKUMH XapaKTEPHUCTHKAMH M HMMEIOIMUMMUCH CBEJCHUAMH
O IpefbIAYLIMX NOABIDKKAX JIEAHHKA [alOT BO3MOXXHOCTh IPOrHO3APOBATh
KOHKDETHbIE CPOKH M Pa3Mepbl OYEPEeHON NIOJBIDKKH.

naBa 15

3PO3UOHHAS, TPAHCMOPTUPYIOILAS
U AKKYMYSIMPYIOWAS AEATENBHOCTb NEAHUKOB

15.1. IEQAHUKOBASA 3PO3UA

JIeqHNKHM NpH CBOEM [IBHXKEHHH CIOCOGCTBYIOT Pa3pyIUEHHIO FOPHBIX
IIOpOJ Ha MX JIOXe, Ha3bIBaEMOMY JIEAHHKOBOH 3po3uei. Paspymenue
IPOMCXOAHT MPEUMYILECTBEHHO NIyTEM OTKAaJIbIBAHUsA (OTILENJIeHNs) KYCKOB
NOpOJ| M3 PaCTPECKABIIErocs JoXa ¥ MCTHpaHud (abpa3nuu) JIoXkKa CKOJb3s-
LIMM IO HEMY JILAOM C O6GJIOMKaMH TBepALIX ropsix nopon. O6a 3Tu BuAa
JIEHUKOBO# 3pO3HH ICHCTBYIOT COBMECTHO.

HHTeHCHBHOCTD NpOliecca OTIIECIIEHAs 3aBHCHT OT MHKpopelbeda
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3ajieralommux Noj JIEMHUKOM TOPHBIX NOpPOJ, MX MEXaHHYECKHX CBONCTB M
HaJIM4Msl TPELIMH, YCIOBHI B3aNMOJECHCTBHSA JIEAHMKA C JIOXKEM, CKOPOCTH
ribI60BOro CKOJNBLXEHHUs U psfia Apyrux ¢akTopoB (HaNu4MA BOALI, TEMIIEpa-
TYPHOrO pexxuma ¥ fip.). OTmenneHye yaiie BCero NPOMUCXORMT Ha NIOBEPX-
HOCTH BBLICTYNOB C MX HHU30BOH CTOPOHBI M TaM, Il N3MEHSETCA Halpas-
JIeHWe JIMHUH TOKa, a TaKXKe B MECTaX, I/ie BO3MOXXHO npuMep3aHue 0GIOM-
KOB KO Jbly. HOT/]a OTKaJIbIBalOTCA JOBOJILHO KPYNHBIE IIIBIOLL.

KOHTaKTHPYIOUIHE C JIOXEM H BIIEKOMbie JIEJHUKOM TBEpAbIE IIbIGHI 1
OGJIOMKM aKTHBHO Pa3pyLIaIOT rOpHbie MOPOABI Ha JIoXKe, 06pa3ys Ha HUX
60po3nsi, xenoba U WITpUXOBKY. Benepcraue npoueccos abpa3uu cKadbHbIe
BBICTYIIBI CIJIa>KMBAaIOTCA, NOBEPXHOCTH JIOXKAa MCTHPAeTCH, NOHMXKAeTCs
H MeHseT cBOe ouepTaHue. IIpn HacTynaHHMM JIefHMKA Ha Y4acCTOK, rje
3aJIeraloT phbIXJble NMOPOAblI, MPOUCXOAAT CBOeOoOpa3HOoe "BhiaxHBaHHe"
39THX NOPOX M KX 3aXBaT JICAHHKOM. BhInaxuBaHMIO JIETHHKOBOrO JIOXa
CnocoGCTBYET MOPO3HOE BhIBETPHUBAHHE.

Crnepbl 3pO3MOHHOI eATEILHOCTH JIEAHHKa HanGolee YeTKO NpOsBIIA-
IOTCS Ha BhICTynax M 6yrpax. HaGmonenus B Anblax nmokasaid, 4TO Jef-
HHUKOBas 3pO3Ms Ha TBEPABIX KOPEHHBIX IOPOJiaX COCTABINsAET OT 2 0 15 MM
B rofi. CyiecTsyeT MHEHME, YTO JIEJHUKOBas 3pO3UsA O CBOEi BeJIHYUHE
COIIOCTaBMMa C PEeYHOM, ¥ JIENHUKOBbIE NIOKPOBHI SABJIAIOTCA MOLIHBIM (paKTO-
poM penbecdooGpa3oBaHUA.

B npouecce rinpi60BOro CKOJBXEHHs JIENHUK 3aXBaThIBaeT OTKAJbI-
BalOIIHECH OT {HAa H GOKOBBIX CTEHOK JIEJHHKOBOIO JIOKa KYCKH TBEPABIX
CKaJIbHBIX nopoj. B Teno megHMKa MonafgaloT TaKXe TFOpHble NMOPOALI,
OGpyUINBAIOIHECS M OCBINAIOUAECT C OOpPaMIAIOLINX JIEQHHK GOKOBBIX
CKJIOHOB. JIEfHHK MOXET 3aXBaTbIBaTh TaKXKe MaTepHall OHHbIX MOPEH.
B pe3yibTaTe 3THX IPOLECCOB B HIDKHUX CJIOAX JIEJHUKA YBEJIHYMBAETCS
cofiepkanne 06JIOMOYHOro MaTepHalla, KOTOpbIi, CONpAKacasicCh C NOBEpX-
HOCTBIO JIOXa ¥ OCOGEHHO CO CKaJIbHLIMHU BBICTYIIAMH, YBEJIMYABAET CHJIIbI
TpEHUs 1 MHTEHCUBHOCTD JIEHUKOBOI 3po3uu. Cuiibl TpeHud TeM Golblie,
yeM GOJbIUE CKOPOCTb CKOJILXKEHHS M [aBJIEHHE JIEJHHKA Ha JIOXE.
B Mecrax, rje JMHAN TOKa Orn6al0T HEPOBHOCTH M BCTPEYalOT NMpPENsTCT-
BUS, BO3HHKAIOT NOBBIIIEHHbIE MECTHBIE JaBJIEHUs!, CHIOCOGCTBYIOIHME YCH-
JeHnio abpa3uu.

HIHTEHCHBHOCTD JIEIHHKOBOI 3PO3HH BOJb NPOAOIBLHOrO NPO(HIIA JIOXKa
MOXKET CyIIeCTBEHHO n3MeHATbcd. HanGonbuias MHTEHCHBHOCTL Habiona-
€TCA Ha YYaCTKaX yMeHbIIEHNs KPYTH3HBI JIOXa, T.e. TaM, Ifie NPOXOJIbHBIN
npocuiIb MMEEeT BOTHYTOE OYepTaHue. TaKHe y4YaCTKM XapaKTepH3yIOTCs
3HAYUTEJLHBIMHA BeIMYMHAMM TOJILIHHBI JIE[{HHKA U HaJIMYUeM IPOJOJIbHBIX
HaNps>KEHUH CXKATHA B TeJie JIEAHNKA, YTO CIOCOOCTBYET YBEJIMYEHHIO CHII
TpeHus. HauMmeHbIIas HHTEHCHBHOCTh 3pO3MH HabGllofaeTcs Ha BEPXHUX
30HaX KPYThIX y4acTKOB. TaM CKOPOCTH CKOJIbXEHHS OGBIYHO NOBBILIEHBI,
HO TOJIIHMHA JIEHUKA U aBJICHHE Ha JIOXXE OTHOCHTEJILHO IIOHIDKEHBI, YTO
CIoco6CTBYET Pa3BUTHIO NPOLECCOB OTINENJIEHHUS KYCKOB IOPOALI OT
CKAJIBHOTO JIOXKa.
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15.2. 3PO3UOHHLIE ®OPMbI PENbLE®A

B nepnop cyuiecTBoBaHusA JIEJHHKA BCIENCTBHE €ro JBIKEHUS U IPO-
LIeCCOB 3p03uH BhIpabaThIBaloTca cnemuduyeckue ¢opMmsel penneda oxa
sepHuka. Takue pOpMbI MOXKXHO HArJIsHO HaGIIONAaTh HA MHOTHX yJacTKax,
TAie JIEJHUKH OTCTYINIIA MM BOBCE HCYE3NIH.

B npuBEepUIMHHBIX YaCTAX CKJIOHOB JIENHUKOBBIX BBICOKOTOPHIi pacnpo-
CTpaHeHbl YauleoGpa3Hblie BIAJWHBI: Kaphbl ¥ JIeAHHKOBbIEe URPKH. Bhipa-
60TKa Kapa HaUMHAaeTCA C HAKOIJIEHHUs CHera ¥ oOpa3oBaHUA CHEXXHHKA Ha
CKJIOHe. B BeceHHee BpeMsa B AHEBHbIE Yachl NPOMCXOAMT TasHHE CHera u
BOJa IPOHHKAET B NIOPhI M TPEIMHBI IOACTHIIAIOMIMX rOpHEIX nopof. Housto
3Ke, BCJIE[ICTBHE 3aMep3aHus BOJbI B TPELIMHAX NIOPOJ IO KpasiM CHEXXHHAKa,
IIPOMCXOAUT pa3pyleHHe NOpoA — MOPO3HOe BbiBeTpUBaHMe. IIpoAyKTHI
BHIBETPHMBAHUA YAANAIOTCA pydyeiHKaMHM Tamoil BORbI M CONMGIIOKIHE.
ITocTreneHHO MOBEPXHOCTb YYaCTKa, I/ie HAXOAUTCSA CHEXXHHUK, YriayoaseTcs,
M KOrfa yriy6JieHHe CTAHOBHUTCA 3HaYHTENbHBIM, CHEXXHHUK NPEeBpaliaeTcs B
¢upHOBOEe nATHO. IHTEHCHBHAs 3pO3Ms IO KpasAM CHEXHHMKA Pa3[BUraeT
rpaHMIUbl BIAHHBI, CTEHKM Kapa OTCTYNAalOT H MX BHICOTa B BEPXOBbAX
ysenuunBaeTcia. IIpu panbHefimeM yBelHYEHMM MOIMHOCTH HpPHaA
BO3HHKAET BO3MOXHOCTb OGpa30BaHUsA KapOBOT'O JIEHUKA.

C nepexofoM CHEXHHMKOB B KapoBbi€ JIE[JHHKM HaYMHAETCA BbINaXu-
BaHHe NOPOJBbI Ha JHHIIE Kapa M oOpa3OoBaHWe pHUreis, a MOPO3HOe
BbIBETPHBaHHE Ha BEPXHEH rpaHMIe BEfeT K OTCTYNAaHMIO 3ajiHell CTEHKH
U yBeJMYeHHIO ee KpyTusHbl (puc. 15.1). Bonsmue xapel o6pa3ylorcs B
NopoJiaXx M3BEPKEHHOr0 U METaMOP(PHIECKOro THIIA, CIOCOGHBIX fiepXaTh
BbICOKMe KpyThie oGpbIBhI. lllupuHa cpegHero nmo pasmepam Kapa — 1-2 ku,
a BBICOTa 3aJ{HEH CTEHKM — nopsiaka 300 M.

JIegHUKOBBIMH LMPKAaMH Ha3bIBalOT OOJbLINME Kapbl, NOJYKPYroM
3aMbIKAlOLIMe BEPXOBbS JIEAHHKOBBIX ROJIMH. DTO Ha3BaHHE NPUMEHAETCA
TaKKe KaK CHHOHMM NOHATHA "Kap”.

C 3pO3HOHHOM eATENHHOCTHIO JIEAHAKOB CBA3aHO U3MeHeHHe (POPMBI
HONEPEYHOro CeYeHUs BMelalomux ux noiuH. [na paitonos, rpe 6opra
ROJIMHBI CIIOXEHBI CIAHLAMH UM JPYTHMH HEIOCTATOYHO CTOMKHMM NOPOfa-
MH, pa3pylIeHHE UX MIET IIaBHbIM 06pa3oM 3a CYET OTILEIUICHUS KYCKOB
nopopsl. B aToM cnyyae BripaGaThiBaeTcd BeChb Npoc¢huab JOJUHBI, OHA
CTaHOBHUTCA LIMpe M ray6xe, Majo MeHAsA CBOH V-06pa3Hbiii npoduis.
B MecTax, Ijie paclipocTpaHeHb! KpelKue NOpOfbl, NpeoGiagaeT JIefHAKO-
Basi 3po3ud 3a cyeT abpa3uu Joxka o6GIOMKaMHu NOpof. B aTux ycmosmax
HauboJee MHTEHCHMBHO pa3pabaThIBaeTCA HMXKHAA 4YacTh Npoduis u
V-o6pa3nblit npoguis npeobpa3syeTcs B KOPHITOOGpa3HbIi.

JoymHbI, KOTOpBIE B pe3yJIbTaTe JIEHUKOBOI IEATEIbHOCTH NpRoGpenyu
KOpBLITOOOpa3Hblii nonepeyHsblii npothuiib C LIMPOKHM JHOM M KPYThIMH CTEH-
KaMH, OJIyYWIN Ha3BaHHUE TPOroOBBIX JOJIMH, WIH IPOCTO Tporos (puc. 15.2).
B BbIpaGOTKE TPOroB YYacCTBYIOT HE TOJIBLKO Jiefl, HO H BOJHbIE IIOTOKH
MEXy JIETHUKOM M CKJIOHaMH JOJIAHbI ¥ NOAJIefHUKOBBIe notoku. Ilocnen-
HHE MOTYT BbIp€3aTh B YCTOMYHMBLIX NOPOAAX y3KHe IiyOOKHe KaHbOHLI.
CyiecTByIOT IPEANOJNIOXEHNs, YTO MHOTHE MOpcKue ¢bopab! Ha CkaHn-
HaBCKOM IOJyoCTpOBe, B I'pernanaun un Ha Ansicke BOSHHKIIN B pe3yJIbTaTe
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Slobepxnocms neda

Noweywan u puUpHa

Puzens Saccein ,
Bacceaw [0 Z

Pnc. 15.2. CxemMaTuyeckue nonepeynbie (@ u 6) ¥ NpoRoONbLHBIA (6) mpoduan
TPOroBoO# JOMHHLI
1-3 - npepnonaraemMas nocNefoOBaTENLHOCTL BPe3aHIist KOPBITOOGPa3HOMN OMHHBI

06pa6GoOTKH JIEAHAKAMHU M MOCIEAYIOUIErO 3aTOIIIEHAS! MOPEM PEYHbIX IONMH
H TEKTOHHYECKHX BIIaJ(HH.

ITponosbHbIi Npoduib Ha JIEJHUKOBOM ROIMHBI OOBIYHO HEONHOPOHBIN
IO YKJIOHY: Ha OHUX YJaCTKaX YKJIOH HeGONbIION, ObIBaIOT faXke YJaCTKH C
oOpaTHBIM YKJIOHOM, Ha Jpyrux — Gosee KpyTroi. B ponmue BhIpa-
6GaTBIBAalOTCA YAJIMHEHHbIE NJIOCKOJOHHbIE M JIOXKOOOpa3Hble GacceilHbI,
pasfelieHHble NPOTATMBAOLIMMUCA NONepeK JONNHBI 6apbepaMu B NOpora-
MH — pHreJiamHu (cM. puc. 15.2, ). Purenu BO3HHKAIOT Yallle BCETO B MECTax
BbIXOf1a 6oJiee NPOYHLIX NOpOA. YeM GONbIINM NPENSATCTBUEM TEYEHHIO
JIbia ABJIACTCA PUrelb WIM CYXXeHHe JOJNHHBI, TeM Gonblre 6acceiiH Bhipa-
6GaThIBaeTCs BBEPX OT NPeNATCTBUA.

15.3. MOPEHbI

TepMuH "MopeHa" HMMeeT HECKOJLKO 3HaYeHMHd. DTHM TEPMHMHOM,
a TOYHee, MOPEHHBIM MaTepHaJioM, IPHHATO Ha3bIBaTh BCIO MaccCy NOMNaB-
nIero B JIEJHHK MHHEPAJIbHOrO MaTepHalla — OT KPYNHBIX I1bI6 H X O6JIOM-
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Panc. 15.3. Mopgonoruyeckne THNbl MOpeH

KOB IO MeJIKOH Ibuin. MopeHoO# Ha3kIBalOT TakKe He TONBKO NepeMelae-
MBI ¥ OTJIaraeMbiii JIEMHUKOM MaTepHal, HO U popMb! penbeda, CIoXeH-
Hble 3TUM MaTepuanoM. MOXKHO BBIIENINTD ClIEfYIOLIMe BAPUAHThHI IPUMEHe-
HUSL 9TOrO TEPMUHA.

ITepeHOCHMBIE JIEJHHKOM Ha CBOEi NMOBEPXHOCTH M BHYTPH MX TOJILLH
Macchl 06JIOMKOB FOPHBIX IIOPOJ| Ha3bIBAIOT NOBEPXHOCTHLIMH, BHYTPEeHHHMH
Y NMPHAOHHBIMH MOpeHaMH (puc. 15.3).

Mopdonoruyeckue 31eMEHThI JIEMHUKOB B BUJIe Pl MOPEHOCOAEPKa-
IIEro JIbJa, MOKPBITHIX YEXJIOM 06JIOMOYHOrO MaTepHuana, OJNy4YnJIn Ha3Ba-
HUSA GOKOBBIX, CPeAMHMbIX 1 (GPOHTANLHBIX MopeH. [Ipunecennslit u oT-
JIOXEHHBIH JIEAHAKaMH MaTepuan oGpa3yeT OCHOBHble (ROHHbIE), abnA-
HUOHHBIE U KOHeYHble MopeHbl. ITocne OTCTynaHus JIEJHAKOB OCTAIOTCA
XOJIMBI H I'PAABI OTJIOKEHHBIX MOpPEH.

B pa3spese negunka Ha (poHe HOpMaJbLHOro GENiOro JbAa M JIEHT
ronyGoro Jiba YeTKO BHIJENAIOTCA CIIOH, 33COPEHHbIE NbIIEeBaTHIMU YaCTH-
L[aMH WM 06JIOMKaMyl FTOPHBIX TOpOA. MopeHocoiepXalue MpOCIOAKA Yaie
BCEro HE BBIEPXXaHbI IO NPOCTHPAHUH U NPENCTABIAIOT COGOM NINHHbBIE
nnockue JUH3bl. OHU BBHIKJIIMHUBAIOTCS, BETBATCA M OGBbEAMHAIOTCA, YaCTO
nepecekas apyr apyra. OGmas MOIIHOCTh MOPEHOCOAEP3KAaUIeEro JbJa
MOXET BapbHpPOBaTh B 3aBUCHMOCTH OT MHOXECTBa BHELIHUX (paKTOPOB H
AMHAMUKY JIEJHUKA B ITHPOKHX Npefeiax.

OcHOBHasi Macca MOPEHHOrO MaTepHalia IIOCTYIIAaeT 332 CYET IPO3HM
JIEMHUKOBOTO JIOXKa IIyTEM OTILIEIUIEHHs 06JIOMKOB NIIOPOJi, AMHAMHYECKOro
B3aUMOJENCTBHS NPOYHBIX OOGJIOMKOB C JIOXKEM H "CAMpaHuA" PHIXJIBIX OPOA.
MopenHbIii MaTepHal NONAfaeT B TEJNO JEJHAKA TAKXKE C TOPHBIX CKJIOHOB.
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IToBepxXHOCTHBIE MOPEHbI 06pa3yIoTCA B pe3yJibTaTe NafieHust 00JIOMKOB
IOPOJ €O CKIIOHOB Ha JIE[{HMK, BHITANBAaHUSA BHYTPEHHEN! MOPEHB! M BBIXOAA
NPUJIOHHO MOPEHBI Ha NOBEPXHOCTh. ITOCTOAHHBEIM HCTOYHMKOM IMTAaHUSA
NIOBEPXHOCTHBIX MOPEH CJY>KaT OOHa>XEHHbIE Y4aCTKH CKJIOHOB JIOJINH, a He
NONSAPHBIX JIEAHUKOB — HYHaTakKH. BoiblIoe KOIM4ecTBO OGIOMOYHOro
MaTepHalia eAMHOBPEMEHHO AOCTABJIAIOT Ha JIEAHHK KaMHenajbl, 06BaJybl H
CHeXXHble JaBUHbI. OGJIOMOYHBIA MaTepHall MOXET HarpoOMOXAaThCA IO
KpasM JIefIHNKa B BUAE rpsj OOKOBBIX MOPEH, KOTOpPhle BOJIM3H OT KOHIa
JleHUKa Hepefko oO6pa3yloT PSR TEPPaCOBHAHBIX NOBEPXHOCTEH,
CTYNEHYaTO CIYCKAaIOMIMXCA OT CKJIOHOB JIOJIMHBI O IIOBEPXHOCTH JIbAA.
Ecnn Ha JeHHKE CIIMBAIOTCA Be UM GOJblle BeTBeM, TO 00 beUHEHHBIE
GOKOBbIE MOPEHBI COCEJHUX BeTBel 00pa3yloT CpeIMHHbIE MOPEHBI.

HaG6monaeTcs HEKOTOpas 3aBHCHMOCTb MEXAY MOLIHOCTBIO NOBEPX-
HOCTHO! MOpEHBI H CKOPOCTBIO [IBHXKCHHS JIE[HHKAa, H Ha y4acTKax
¢ GBICTPBIM JABHXXKEHHEM TOJIIMHA MOPEHHOro NOKpoBa yMeHbmaercs. ITo
3TOi NpHYAHE MOUIHOCTb MOPEHBbI YBEJIMYMBAETCA K KPasAM M K KOHLY
JIE(HUKa.

MaTrepuan NoBepXHOCTHON MOpEHbI IBMKETCA NPEMMYLIECTBEHHO Nac-
cuBHO. OIHaKO JIETOM B NPOLECCE TASTHUA MOXET HabGIIOfaThCA €ro CHoJ-
3aHMe C HepoBHOCTei peiibedpa. Ha KOHIe JieiHnKka MOpeHHbIi NOKpoB cOpa-
ChIBaeTCA K MOJHOXMIO (PPOHTA JIEAHHMKA, 2 HA MEPTBBIX JIbAAX MOPEHHBIN
MaTepuan popMupyeT 6ecriopAfOYHOE CKOIUIEHHE XOJIMOB 1 IIOHVDKEHHIA.

BHyTpenHss MOpeHa ¢hOpMHpPYETCS N3 CBAJINBAIOIMXCSA HA IOBEPXHOCTb
JIEAHMKA ¥ BTATMBAEMBIX BHYTPb JIEASHOrO MaccHBa OOJIOMKOB IOPHBIX
IOpOJ, @ TaKXe BCJIEACTBHME NONAJaHU] B JICAHUKOBbIE TPELIMHbLI IOBEPX-
HOCTHOH MOpEHBI.

ITpupoHHast MOpeHa BO3HHKAET C CaMOro Havaja o6pa3oBaHnA JIEJHHKA,
Korpa ¢upH npeBpamaeTcs B JIE H HAUMHAET ABUraThCs, a BMECTE C HUM
NPUXOMT B ABHKEHHE KAaMEHHBIH MaTepHall, HaxofAmuiica 3xech K0 06-
Ppa30BaHus JIE[JHUKA. B NpUIOHHYI0O MOpEHY BXOAMT TaKXKe ONYCKalouascsa
BHYTPEHHsI1 MOpeHa. 3a CYeT TPeHHs1 OGJIOMKOB NOPOJ O JIOXKe NMPUOHHAS
MOpeHa NONONHAETCA PBIXJIBIM MaTEpHaJlOM M OTINEIIAEMBIMH KYCKaMHA
CKaJILHBIX IIOPON.

B OTJIOXEHHBIX MOpEHaX BBIIEJIAIOT ABE IiaBHbie (haluu: OCHOBHYIO
(nonnyto) u abnsuuoHnyro. IlepBas oOpa3yercs oA JIENHUKaMH B IIpoliecce
IIOCTENEHHOrO OTJIOXKEHHA 00JIOMOYHOrO MaTepHaa, IEpeHOCHMOro B COCTa-
Be NPHIOHHON MOpeHbl. BTOpas ¢opMupyeTcs B pe3ynbTaTe BbITAMBAHUA
JIbJla U3 IOBEPXHOCTHOI ¥ BHYTPEHHEH MOpEH ! CTeKaHHs BOJOHACBILIEHHOM
NOBEPXHOCTHON MOPEHBI 110 CKJIOHaM.

15.4. NEAHUKOBbLIE U BOQHO-NEAHUKOBBLIE OTNOXXEHUA

JIeqHMKOBBIE OTJIOXEHHUSA COCTOAT M3 CMECH NepeMeLIaHHBIX JApyr
C IPYroM pa3sHOPOAHLIX COCTaBHBIX YaCTeil: OT OrPOMHBIX BaJIyHOB IO TOH-
yaimrei nuima. KpynHele aseMeHTh! Ipeo6iafaloT B MOpeHe npn o6paboTke
JIEAHUKOM TBEPfbIX IOPHBIX NOpOA. BanyHsl B 3TOM cilyyae yrioBaTo
OKaTaHHbIE, HA UX CTOPOHAX MOXHO OGHapYy>XMTh INTPUXOBKY M L{apalHHBbI.
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OcHOBHast MOpeHa OObIYHO COCTOMT M3 BaJIYHHOM [VIMHBI ¥ BaJIYyHHOrO
CYrZIMHKa M NPeACTaBIseT INIOTHYIO BA3KYIO Maccy, B KOTOpyio Gecmo-
PAROYHO BKJIIOYEHBI BalyHbl. FIHOrga xaMHu JieXaT B 3TOH Macce TaKMM
06pa30oM, YTO HX JJIHHHBIE OCH HaXOJSATCA B HaNpaBJIeHAM ABIKEHHUS JieN-
HHMKa. MOIHOCTh OCHOBHOM MOpPEHBI MOXKET 3HAUHTEILHO H3MEHATBCA JlaXe
Ha HeGOJIBIINX paccTOAHUAX, Aocturas S0 M u Gozee. I'panmua Mexny
MOPEHOM M NOACTUJIAIOUIMMH NOPOJaMH OOLIYHO pe3Kas, OCOOEHHO ecid
MOpOABI JOCTaTOYHO TBEPABIE.

OThenbHble KPYNHbIE INBIGhI 1 KAMHH, YHECEHHBIE JIEAHUKOM AAJIEKO
OT MEeCTa MX 3aXBaTa, Ha3bIBAIOTCA IPPATHIECKHMH BATYHAMM.

XapaKkTepHO# 0COGEHHOCTBIO CO3/1aBaeMOro JIEJHUKOBOI aKKyMyJIsauue
naHamwadTa ABIAETCA YEPEAOBAHME XOJMOB M YBaJIOB C 3aMKHYTBIMH
BIIaJINHAMH, YaCTO 3aNOJIHEHHbIMU GOJIOTaMH MIIM O3epaMHu.

C negHHKaMM TECHO CBSi3aHa IeATENIbHOCTh NOTOKOB TalbIX BOA. Bo3-
HHUKAIOLe B pe3yJbTaTe pa3MbiBa M MEPEOTIIOXEHN BOJOH MOpEHHbIE
MaTepHalbl Ha3bIBaIOTCA (MIIOBHOIIARMANBHEIMH. BOJHbIE IOTOKH HAarpo-
MOXMAIOT 32 BHElHe#l rpaHMIeil KOHEeYHbIX MOPEH rajleyHble U NecyaHble
IIsKY. BenepcTsue caMsHNS KOHYCOB BBIHOCA IIEPEMBITOrO MOPEHHOrO
MaTepHalyia 06pa3yloTcs 3aHApoBble paBHUHbI. [ HUX XapaKTepHbI CJIOX-
Hble CHCTEMbI KaHAJIOB M Pe3KHe Ce30HHbIE KOJleGaHUs BOJbI B BOJJOTOKAX.

BopHO-IeHUKOBBIE OTJIOXKEHNS B BUAIE XOJIMOB, I'PAJ ¥ TEPPAC Ha3bIBa-
I0TCS 3cKepaMu. VIM CBOMCTBEHHO ABYWIEHHOE CTPOEHME: BHH3y OOBLIYHO
3aJleraloT FOpM30HTANbHbIE U HAKJIOHHBIE CJION NIECKA, JIEHTOYHbIE IJIMHbI 1
rajubKa, a BBEpXy — aGJIsL[MOHHasi MODEHa ! BaJIyHHO-rajleyHble OTJIOXEHHUA.
K pa3sHOBHHOCTAM 3CKEPOB NPHHAJIIEXAT KaMbL, KAMOBble meppacki X 03bL.

KamaMn Ha3bIBalOT KPYTOCKJIOHHbIE XOJIIMbI M KOPOTKHE Ipsibl B 00-
JIaCTAX APEBHHUX OJlefiecHEeHNH, CIIOXKEeHHbIe B OCHOBHOM NeCYaHbIM M rpaBHii-
HO-TaJIeYHUKOBBIM MaTEpHaJIOM C FOPH3OHTAJILHON M KOCOM CIIOMCTOCTBIO.
Crnoncrele KaMOBbI€ OCaJIKM HaKallJIMBalOTCA B NIOHIDKEHMAX MEXAY Jefs-
HBIMM ribI6aMy, Kyfla CTeKaeT NepecOPTHPOBaHHLINA MaTepHall C OCTaTO4-
HBIX JIEJHUKOBBIX MaccHBOB. KpynHbie KaMbl, IPUCIIOHSIOMMECH K KOPEHHBIM
CKJIOHaM JIOJIMH ¥ MMEIOIIME NIJIOCKHE NIOBEPXHOCTH, Ha3bIBalOTCA KAMOBBIMH
Teppacamu. Kambl 00pa3yloTcs TakXe NyTeM CIMsHHA (DIIOBHOTIALH-
aJNIbHBIX AENIbTOBLIX KOHYCOB MM NPOCaAKN MaTepHaa, OTIOXHBLIErocs Ha
NOBEpXHOCTH MEPTBOTO JIbA.

O3aMH Ha3bIBAIOT JIMHEHHO BBITAHYTBHIE IPAMBI, CIOXKEHHbIE NIECKaMH,
rpaBsueM M rajbkoi. O3bl OOLIYHO pacloyiaraloTcs Ha JHUIAX KOTJIOBHH M
ROJIMH: NX O6Gpa30OBaHMe Yallle BCErO CBA3aHO C 3allI0OJIHEHHEM BHYTPMIIEHH-
KOBBIX TOHHeJIEi ¥ TpPELIMH NPOJRYKTaMH NIEPeMbIBa MOPEHHI.

15.5. CNEAB! NEAHUKOBOW 3K3APAUMU
U AKKYMYNSLMM - NOKA3ATENN UCTOPUU ONEAEHEHWS

Hccnenosanue cliefoB AeATeNLHOCTH JIENHUKOB aeT BeCbMa LEHHYIO
HH(OPMAUMIO NI YCTAHOBJIEHHS MCTOPHM BO3HMKHOBEHHA M Pa3BUTHSA
COBPEMEHHOrO olleficHeHns 3eMiH. MOpeHb! ABNAIOTCS BaXKHEHIIMMH H
NpaKTHYECKH eJHHCTBEHHBIMH HCTOYHAKAMH HH(OPMaLK O JPEBHUX MaTe-
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PHKOBEIX OJIEAeHEHMAX. B NX crpoeHMH M cOCTaBe XpaHMTCA "NaMATh" 06
apeajax pacCeHMBaHHMs JIEJHUKOBBLIX BKIIIOYEHMI M MX IPaHMIAaX, O Pa3sHO-
BO3PACTHBLIX OJIEAICHEHUAX M CTafiuAX MX pa3BHUTHA, O MexaHU3Me ¢opMHu-
PpOBaHus JIERHUKOBLIX o6Gpa3oBanuit. Ha ocHoBe 3T0it MH(pOpManun pas-
pabaTbIBalOTCA NPENCTABJIEHN O NOJOXEHUH JIEOPa3fieIbHBIX 30H H JIEA-
HHKOBBIX IOTOKOB, 06 MX aKTUBHOCTH. TaK, Ha OCHOBaHUM M3y4YEHHS MOPEH
M BaJIyHOB Ha TEPpUTOpHUH PyccKoOii paBHHHB! YCTAaHOBJIEHBI YTH ABIOKEHUS
JIe[{HUKOBBIX NOKPOBOB M NlepeHOca BaJlyHOB B IlelicroueHe (CepeOpsaHHBI
¥ fp., 1988).

ITpn u3ydyeHnn fpeBHUX MOPEH BO3ZHMKAIOT CIOXKHOCTH H3-3a TOTO, YTO
MOPEHHBIHl MaTep¥aJl MOI HEORHOKPATHO NEPEOTKIIA/(bIBATLCA B Pa3IMYHblE
cTapguu onefieHeHns. Bojiee ToOuHbIE CBElEHUSA MOXKHO NOJIYYHTh IIPH H3yde-
HHM OTHOCHTEJILHO MOJIOABIX MOpeH. HanbGonee uHhOpMaTHBHBIM ABIAIOTCA
JIEHUKOBBIE OTIIOXEHHS, chOPMHPOBaBIIKeCs BO BpeMs (pa3 aKTHBHOTO
ABMXKEHMs JIEAHMKOB U COXPaHHUBIIMECA NIPH YMEHBIICHUN UX aKTHBHOCTH.
HccnenoBanns MOpEH BKIIOYAIOT aHAJIM3 MX MHHEPAJIOrMYeCKOro COCTaBa,
onpefelieHHe CTPYKTYPhI ¥ TEKCTYPhl, H3MEPEHHS YIJIOB HAKJIOHA ¥ CTENEHU
OKaTaHHOCTH raJiek B MOpEHax.

Ha noBepXHOCTH JIEHHKOB BCTPEYAlOTCS CEpUM CPEAMHHBIX MOPEH,
CYLLIECTBEHHO Pa3JIMYaOLIMXCS IO BELIECTBEHHOMY COCTaBy. DTH pa3nuyus
IIOMOralOT TOYHO ONPENEIINTh NOJIOXKEHUE UCTOYHHUKOB KX nuTanust. Koneu-
HbI€ MOPEHBI XapaKTEPU3YIOT CIEbl MAKCHUMAJILHOTO NPOJIBIDKEHUS KOHLIOB
JIEHUKOB BO BpeMs pa3IMYHLIX CTafiuil oiefeHeHus. Baxuyio ponb npu
3TOM HrpaeT olpefiesieHne BpeMeHn ¢opMuposanns MopeH. Micnons3yeTcs
HeJNbId PAA METOROB: (DUTOLEHOTHYECKHIT, OCHOBAHHbIN Ha N3y4YEeHHH 3aKOHO-
MEpHOCTeH pa3sBUTHA PaCTUTENLHOCTH Ha OCBOGONMBIINXCS OT JIbAA cyOCT-
paTax; AeHAPOXPOHOJIOTHYECKHUH (AATHPOBKa Ha OCHOBaHMM NMOJCYETa rOfUY-
HBIX KOJIell IEpEBbEB); JINXEHOMETPHMYECKHH (JaTHPOBKAa Ha OCHOBE pa3-
MEPOB JIMIIafHHKOB, PaCTYIIMX Ha KaMHSAX Ha NIOBEPXHOCTH MOPeH); GHo-
HMHAMKAIMOHHBIHA (NATHPOBKA Ha OCHOBAHMH CIIOPOBO-NbIILLEBOrO aHAJIA3a)
u fp. [JaTHPOBKa MOpEH B COYETAHMH C AaHAJIM30M CBEJICHUII O COBPEMEHHOM
COCTOSIHHM JIEHUKA H CJeJaMH ero AesTelbHOCTH Aal0T BO3MOXKHOCTh
PEKOHCTPYHMPOBAaTh H3MEHEHHS OJIE[ICHEHU B NpOLIe/jlIee BpeMs i OLEHUTD
HMHTEHCHBHOCTb JIE[[HUKOBOM 3PO3HH.

JlononHuTeNbHBIE CBElEHHS MOXKHO MNMOJIYYUTh Ha OCHOBAaHHH aHAaJN3a
IMHUCTOH (pakuun MopeH. OHHU NO3BOJIAIOT YCTAaHOBUTH CBA3b MOpPEH
C IUTAIOUMMH UX JIENHUKOBBIMH IIPOBHHUMAMM — KOMIIEKCaMM NIOJCTHIIAIO-
IUX KOPEHHBIX IIOPOJ Ha NIyTH ABMXKEHHs JIENHHKA, YTO JaeT BO3MOXKHOCTD
YTOUYHSATL PEKOHCTPYKLUMH HANpaBJICeHUS €ro RBMKEHUA M U3MEHEHHMs BO
BpPEMEHH U IIPOCTPAHCTBE.



nasa 16
BAJIAHC MACCbl U SHEPIFOOEMEH JIEQHUKOB

16.1. YBEJMHEHUE MACCbI NEAHUKA

ITpouecc ¥ pe3ynbTaT yBeNIHYEHHS MacChl JIEHUKA Ha3bIBAIOT aKKY-
Myasuueii. OCHOBHBIM ee MCTOYHMKOM CIIyXXaT BbINajalolye Ha JIEJHUK
TBepAble Ocafikd. FIX KOJIMYeCTBO Ha Pa3HBbIX Y4acTKaX JIEAHHKA MOXET
CYILIleCTBEHHO Pa3JIMvaThCs, MacCa OCaJKOB OOBIYHO YBEIHYMBAECTCA C BbICO-
Toli. Benencreue MeTenel KOJMMYECTBO aKKYMYJIHMPYIOIIErocs Ha IOBEpX-
HOCTH JICHHKA CHera He BCerjla COOTBETCTBYET KOJIMYECTBY OCaKOB, Ha
Pslie YYaCTKOB aKKyMYyJIAlMs YMEHBbLIEHa 3a CYET CHOCAa CHera, B Apyrux
MecTax HaGIofaeTcs KOHIEHTpaLus OTKIAaJbIBaeMbIX ocafkoB. CymecT-
BEHHbIH BKJIaJl HHOTAIa BHOCHT CHET, IPMHOCHMBIi C OKPY>XXaIOIWIKX JIEJHUK
CKJIOHOB M COCefHHUX GacCeilHOB BCIIE[CTBME MeTeJIeH M CXOfa CHEXXHBIX
napuH. K 4nciny BTopocTeneHHbIX HCTOYHHKOB OTHOCATCA: OGpa3oBaHHE Ha
NIOBEPXHOCTH JIEAHUKA MHEs, TBPEOro HajleTa H H3MOPO3H, KOHJAEHCAIUs 1
cy6nuManus BOASAHOIO napa M Xujakue ocafku. O6uiee yBenyyeHne Macchl
JIeHUKA NPOMCXOMT B 3UMHMI1 nepuof. OHAKO NpH ONpefesIeHH! yAeIbHON
aKKyMYyJIAIlUM B BEPXHUX YaCTAX JIEAHHKOB, a TAaKXE Ha JIEJHAKAX BHYT-
PUKOHTHHEHTAJIbHBIX TOPHBIX CHCTEM B psifie CIIy4aeB OIIyTUMYIO ROGaBKY
AaeT JEeTHAS aKKYMYJALus.

MakcuMalibHble 3HaYEHHs YAEJIbHOM rofoBOH aKKyMYJSLHMH Xapak-
TepHBbI B LEHTPaNbHOI uyacTH (pupHOBOro GacceilHa, a TakXe y 3afHelt
CTEHKH M o 60pTaM ropHOro JIEHHKA, e CYIEeCTBEHHYIO 00aBKy AalOT
MeTeJNIeBbIi IEPEHOC CHEra M CHEXXHbIE JIaBUHEI. Y BeJIMYeHNe aKKyMYJISIUY C
BBICOTOl OLIEHMBAETCA IPafiMeHTOM AKKYMYJALHH, ONHAKO HeOOGXOAHMO
YUMTBIBaTb, UTO JUIS Pa3sHbIX YacCTei JIeJ{HUKAa OH MOXET YUCIEHHO OTJIH-
4aThCHA, TaK KaK aKKyMyJauus, MOMHMO OOMIMX H3MECHEHHH C BBLICOTOH,
3aBHCHT OT pelibecha JIEHUKOBOI TOBEPXHOCTH H OKPY>KalOLHUX rop.

B cymmapHyl0 rofjloByl0 aKKyMyJSLMIO HEKOTOpbIE€ MCCIIE[OBAaTEIH
BKJIIOYalOT BHyTPEHHee NUTaHHUE JieJHHKA, KOTOpOe NPOMCXORUT 3a CYeT
NMOBTOPHOrO 3aMep3aHuA Tajoi BOAbI B Tojme ¢upHa u abpa. Ha pape
TOPHBIX JIEJHUKOB BHyTpEHHEE NUTaHKe cocrasnser 10-20% o6mero Konu-
YecTBa TaNbIX BOA, a Ha JIEAHUKAX C XOJIOAHLIM (PMPHOBBIM THIIOM JILJO-
ob6pa3oBanua MoxeTt focturath 50%. Ho Tak Kak BHyTpeHHee MUTaHUE NpPO-
HCXOJIUT 32 CUET BOAbI, 06pa3yoeiics NPy TasHAM JIEHUKA, ¥ HE CBA3aHO C
NOCTYNJIEHHEM MacChl M3BHE, TO ero Helb3s BKIIOYaTh B oOmuii 06 beM
aKKyMYJISLMH, a CIElyeT YYUThIBAaTh IIpH pacyeTax 6ajlaHca Macchl Kak Ty
yacTh 0Opa3oBaBlIeica NIPH TassHUM JIbJa BOAbI, KOTOpasi HE yYacCTBYET B
JIEMHUKOBOM CTOKe. DTa BOJa CIYXXHT UCTOYHMKOM HH(HIBTPaLHOHHOIO
nbRo06pa3oBaHuA B (pMpHE HUKe cios TeKyuiero ropa. Takum oGpa3oM,
BHYTpPEHHEe NMTaHUe MOXXHO M3MEPHUTH NepeMelIeHUeM JIeASHOM MacChl U3
IIOBEPXHOCTHOTO CJIOs B GoJlee riyGOKO pacnosloxKeHHbIe CIoH (PHpHa.

K BHYTpEHHEMY INTaHMIO OTHOCAT TaKXXE A MacCy HaJIOXKEHHOrO JIbAia B
30HE JIEASHOrO NMTAHUA MEXAY (PHPHOBOH JIMHMEH M rpaHHLEN NUTaHHS
JIe[HUKA.
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16.2. YMEHbLWEHWE MACCbHI NEQHUKA

ITpouecc ¥ pe3yibTaT YMEHbILEHHS MaccChl JIEAHHMKA Ha3bIBaeTCA
abnsaumeii. OCHOBHBIMH NpoLiIECCAMU aGNALMH ABJIAIOTCA TasiHHE M UCIIapEeHHe
CHera mu Jbpga, o6Baibl JbJa M OTKajbiBaHHe alicGeproB. ITo mecry
NPOABJIEHUS Pa3iIMYalOT TPH BHAA aGNALUH: NOBEPXHOCTHYIO, BHYTPHIIEN-
HUKOBYIO U NOJJIEHYIO.

IToBepxHOCTHas abnAUMA OGYCIIOBIMBAETCA TaTHHEM M BO3TOHKOM CHe-
ra, ¢upHa u nbga. OnpenensouUlylo posib HrpaeT TasiHue, a BO3rOHKa HMe-
€T CyLIECTBEHHOE 3HaYEeHHE JIMIIb B YCIIOBUAX BHICOKOrOphs IIPH CONHEYHOR
[orofie, OTpMUATENLHOM TEMIIEPAType ¥ CyXOCTH BO3[yxa. KosmuecTBeHHbIE
[OKa3aTeJIU TasHAA ¥ BO3TOHKH ONPENENAIOT Ha OCHOBaHNM HaGIIOeHAN U
pacyeToB TeIlUIOBOro 6GalaHca Ha NMOBEPXHOCTH JieqHuKa. IloBepxHOCTHas
abnsaums, TaK Xe KaK H aKKyMyJISIjus, H3MEPAIOTCA B rpaMMax Ha KBajjpaT-
HBIA CAHTUMETpP WIH B MIJIMIPaMMaXx BORHOro 3KBuBasieHTa. Ha negHukax
abnanus 06bIYHO YMEHBIIAEeTCA C BLICOTOM. ['pagueHT yMeHbIIeHHs abnsauum
Ha f3bIKaX JIEAHUKOB B CPEJHELIMPOTHBIX IOPHBIX CTpPaHaX paBeH 6—
10 MM/M, a B apKTHYECKHX PailOHaX OH CHHKaeTca 1o 3-5 MM/M.

ITpun oueHke abGiaAuMM HEOGXOAMMO YYHMTBHIBaTb, YTO YacCTh BOJHI,
oGpasyiomeiics Ipu TasHUH NOBEPXHOCTHOIO ClIofA CHera M (HpHa,
pacxopfyeTcs Ha HH(UILTPALHOHHOE JIbAOOGpa3oBanue. B cBA3M c 3TUM
(paKTHYECKOE YMEHbIIEHHE MACChI JIEHHKA PaBHO pPa3HUIE MEXAY BEJH-
YHHAMU NOBEPXHOCTHOM aGAuMM ¥ MH(HILTPALMOHHOrO JILROOOpa3oBaHu.

TopnenHas aGnALMA MPOMCXOAMT HA rPaHHUIE JIEAHHKA C JIOXKEM IOA
BO3[IeliCTBHEM reO0TEPMUYECKOr0 TEIUIOBOro NOTOKA M TeIlIa, BBIJEISIEMOro
NPH CKOJIbXKEHHH JIEHUKA N0 JIOXKY. BHyTpuneqHuKoBas abnsuus Impouc-
XONHMT BHYTPH JIEJHHKA 3a CYET Tela, BbIJEJIAEMOro Npy BA3KOIIACTH-
yeckux AedopMaLusix JbAa # OTHOCHTENBLHBIX CMELIEHUX JIENAHbIX 6JI0KOB,
a TaK>Ke [IpH NONafaHNM B TPELMHLI H NOJIOCTH JIEJHUKA BOJbI H BO3AyXa.
ITpakTHyeckux cnoco60B M3MEpPEHHs NONJIEAHOH M BHYTPHUIECAHMKOBOM
aGuAUUM He CyLeCTBYET, IO3TOMY MX HHTEHCHBHOCTD OINpEeIAIOT AL [0
Ppe3ysibTaTaM KOCBEHHBIX pacyeToB. DTH iBa BUAa abisAuuy B HanGoublen
CTeNneHH NpOABIAIOTCA Ha TOPHBIX JIEJHHKAaX, HAa TeX y4YacTKax, Ije
HaOmrofaloTcs GoNbIINE CKOPOCTH IIIbIGOBOro CKOJILXEHUS, B YaCTHOCTH, Ha
nyJnbCHpyOmMX JiegHHKaXx. IIo OpHMEHTHPOBOYHBIM OLEHKAM, OHH HE
NPEBBIAIOT 5% NOBEPXHOCTHOMH aGIALMUH.

Y6b1b Macchl JIEMHUKA BCJIEACTBAE 00BAJIOB H OTKaJbIBaHMs aiicGepros
Ha3bIBaeTCsd MexaHmdeckoi aGnsaumen. OHa XapakTepHa [JIi BHUCAYMX,
"MOPCKHUX" H IIENb(OBBIX JIEHUKOB.

16.3. BAJTAHC MACCbHI NEQHUKA

BanaHcoM Macchl JIe[HUKa Ha3blBaeTCs COOTHOLIEHWE IPHXOAa H
pacxopa Macchl cHera, (MpHa M JIb[ia Ha JIEAHUKE 3a ONpeJieIeHHOEe BpeMs,
T.e. pa3HUIA MEXAY BeJIMYMHAMH aKKyMynauuu ¥ abnsuuu. Ero Moxxo
BBIYMCIIMThL B IPaMMaXx Ha KBafiPaTHbIH CaHTUMETpP MM B MAJIMMETpaXx
BOJHOrO 3KBHBaJIeHTa JJf JI060H TOYKH NOBEPXHOCTHM JIEAHHKA.
AHanornyHsIM O6pa3oM OIlpefesIieTcs YCPENHEeHHbIN OamaHc Maccel s
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BbIGPaHHBIX YYacCTKOB, BLICOTHBIX 30H H JIEHMKA B LeJOM. B HEKOTOpPBIX
ClIyyasix ONpeNeNAI0T CyMMapHRI 6anaHc Macchl it oGnacTeil aKKyMy-
JIsiuuM, aGJIAIUY U JIEAHUKA B 1IEJIOM B EIMHMI[aX MacChl (TOHHA).

Hapacranue Macchl OT JIETHe! IOBEPXHOCTH A0 HaCTYNAIOUIEro B KOHIE
3MMbl MAaKCHMYMa CHEIOHAKOIIEHAA Ha3bIBa€TCA 3UMHHM 0AaHCOM MAaccChl, a
yMeHBbUIEHHE MacChl OT MaKCHMyMa CHETOHAKOIUIEHMS AO KOHIa TasHHUS,
KOrga (popMHpyeTCs HOBasi JIETHAS IOBEPXHOCTD (IOBEPXHOCTH JIEHAKA B
MOMEHT OKOHYaHHs Nepuopa aGisAnuu), Ha3bIBaeTCA JETHUM OanaHcoM
Macchl. Anre6panyeckas CyMMa akKKyMYJSUMHA U aGnsauuu faeT ropoBoi
Oananc Macchl.

ITopcyeTsl 6aaHca Macchl MPOM3BOAATCA Ha OCHOBAHMHM KOHKDPETHBIX
H3MepeHuil aKKyMyJnsauuu H abiauuu Ha IOBEPXHOCTH JIEAHHKA Ha
BBIGPaHHBIX UI 3TOrO TOYKaXx.

Cy1ecTByeT iBa OCHOBHBIX BU/Ia IIOJIEBBIX H3MepeHmii 6alaHca MacChl —
cTpaTurpaguveckas cHcTeMa U CHCTeMa (hpHKCHPOBAaHHBIX AAT.

CrpaTurpacuyeckas CHCTEMa OCHOBaHa Ha NMOJIyYEHHH AAHHBIX IIyTEM
u3MepeHuil B mypdax, CKBaXXMHaX M IO peeyHOH ceTH. B kauecTse
OCHOBHOI'O MapKHpYIOLIETO FOPH3OHTa NPHHUMAETCS JIETHASA IOBEPXHOCTD,
¢opmupyloiasics K MOMEHTY CYLIECTBOBaHHMS HauMeHblIe#k Macchl. Bpemst
ee 00pa3oBaHUA IPUHAMAETCS 32 NEPEXOfi OT OAHOro 6aJlaHCOBOro roja K
ApYroMy ¥ COOTBETCTBEHHO pacyeT GajiaHCa IPOM3BOAMUTCA OTHOCHTEIBHO
3TOro ypoBHsl. AKKYMYJIALMS U aGNALus IPOUCXOAAT B TeYEHNE BCEro ropa,
a GaylaHCOBasi KpMBas JCJINTCA Ha ABa y4acCTKa: 3UMHUI M JIETHUH GanaHChI
(puc. 16.1, I). HeKOTOpHIM 3aTpyJHEHHEM IIPU HCNOJIL3OBAHUM ITON CHCTEMbI
PacyeTOoB ABJAETCA TO, YTO HaYaJIO 3UMHETO ce30Ha U 6aJlaHCOBOro roja Ha
Pa3HbIX BBICOTHBIX YPOBHAX KOHKPETHOI'O JIeHHKa HaGJIIORaeTcs B pasHoOe
BpeMs. HM3-3a 3TOro O4YeHb TPYRHO BBIABHTH MOMEHT, K KOTOPOMY
AEeACTBUTEILHO NPHYPOYEH MaKCHMYM BOJO3allaca KpPYyIHOro JIEAHHKA B
L[EJIOM, ¥ HeJIb3s TOYHO ONpefenuTh (haKTHYECKUit MaKCHMYM BOJiO3alaca.

B cucreme (pUKCHpPOBAHHBIX AAaT OCHOBHBIM IOKa3aTelleM BPEMEHH
CIIY>XHT pacyeTHbIH roj ¢ KOHKPEeTHOH IS 3aflaHHOrO JIEAHHUKA JaTO! ero
Hayaza (cM. puc. 16.1, IT). ITorosoit BeJIMYAHOI CIYKHT FOAOBOM GajaHC
Macchl, COCTaBJISIOMIMI ajre6pandecKyro CyMMy aKKyMYJISLMH U aGlIsIuH 32
rofi, KOTOpas MOXeT OTJIMYATHCA OT CyMMBI 3UMHETO H JIeTHEero 6anaHcos B
CBS3U C HECOBNajcHHEM Hayajla M KOHIa 6ajlaHCOBOro rofa ¢ gaTaMu
oTcyeTa Ce30HHBIX GanancoB. O6Ge cuCTeMbl H3MEPEHHUI CBA3aHbI MEX]Y
co60i1 1 ONOJIHAIOT OfHA APYTYIO.

ITpn opranu3anuu HaGMIOfeHUH 3a 6alaHCOM MAacCChI JIERHAK JIEINTCA HA
BBICOTHbIE 30HBI ( 4ame Bcero 4epe3 100 M), 1y KaxXgoi 30HBI onpefe-
JNAIOTCA CBOM NoOKa3aTenu Gamanca. B oGnactu akkymynaumu GannaHc
IIOJIOKHUTENBHLIA, a B 06/IaCTH aGnAuy — OTpHLaTeNbHbIH (puc. 16.2). O6-
1Mt 6anaHc JefHAKA ONpefeNnseTcs Kak CyMMa 6allaHCOB IO BBIJEJICHHBIM
BBICOTHBIM 30HaM. .

H3amenenns roposoro 6GanaHca Macchl JIEJHUKAa TECHO CBS3aHbI C
KJIAMaTOM, H IIPEXHE BCErO C M3MEHEHWIMH aTMOChEpHOH LMPKYJIALUH, X
aHOMaJIMIMH OCafikOB H TeMIepaTypnl Bo3ayxa. Ilpu aToM He Bcerpa
YAa€eTCs BBIAEINTD YeTKHE 3aKkoHoMepHOcTH. Hanpnmep, noselenne cpef-
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Pnc. 16.1. [IlnarpamMel Gananca Macchbl JEHHKA

I - crpaTurpacguyeckas cucreMa; I — cucrema pHKCHPOBaHHBIX {aT

a — a6bnaums; b — GanaHc Macchl; ¢ — aKKyMynauus; SSo — BpeMs OpMHPOBAHHUA JIETHER
NIOBEPXHOCTH; 3.C. — 3UMHHUI CE30H: JI.C. — JIETHHI ce3om; 6.r. — GanaHcoBblll rof; by — 3uMHHUI
6anauc; bg — netuuit 6ananc; b, — uucteiit 6ananc; b, — rogosolt 6amawc; ¢, — rogosas
aKKyMYJISIsA; 4, — rOfRoBas aGuauus
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Puc. 16.2. BanancoBble kpuBble negHuKa JI>kaHKyaT

HErofioBO# TeMIepaTyphl BO3yXa yBeJMYHBaeT aGJALMIO M COOTBETCT-
BEHHO YMEHBIIAeT rofoBoi 6amaHc Maccbl. OIHaKO NPH 3TOM MOXKET YBEJH-
YUBATHCA KOJMYECTBO TBEPABIX OCaJIKOB, UTO NIPHUBENET K yBEJIUYEHNIO Ga-
naHca. Takue ciyyan HaGIIOAANMCh Ha JIEAHMKAX B I0XXHOM yactn Hopserun
¥ B HauGoJlee yBIa>KHEHHBIX pailOHax AJIbIL

16.4. PAAUALUMOHHbBIA U TENSIOBOW BASTAHCbI
NOBEPXHOCTU NEQHUKA

[N KOJMYECTBEHHOH OLEHKH NOBEPXHOCTHOI aGNALUHU JIENHUKA
TpebyeTcs NPOBOAMTE KOMIUIEKCHBIE METEOPOJIOTHYECKHE M IIISALHOIIOrH-
yecKye HaGIOeHNs ¥ pacyeThl paiMalliOHHOrO H TeIUIOBOro 6asiaHCOB.

PapuauyuonHsii 6anaHC NO3BOJIAET OLEHHUTh CYMMapHOE KOJIIMYECTBO
Tela, KOTOPOe NOBEPXHOCTh JIEAHMKA MOJIYYaeT MIH TepAeT 3a CYET
COJIHEYHOM pafiialuy X H3JTyYEeHHA:

R=(+D)(1-A)-Ey+E, (16.1)

riae R — pagnanuonHbli 6ananc (pasHOCTL MEXKAY NOTJIOIEHHOM JIEJHAKOM
cyMMapHoll papuanuei ¥ 3¢¢eKTHBHEIM H3TyYeHHEeM IOBEPXHOCTH JIEe[-
HUKa); | — npamas paguauus; D — paccesaHHas paguauus; A — ann6eno;
E , — nIMHHOBOJIHOBOE H3JTy4YeHHe NIOBEPXHOCTH JiefHUKa; E, — NpoTHBO-
H3nydeHne aTMocdeps! (3aBHCHT OT BIIaXKHOCTH M TEMIlEpaTyphl BO3[yXa U
006J1aYHOCTH).

Pagnaumonneiit 6alaHC JIEMHUKOB 32 IO, KaK IIP2BHIIO, OTPHLATEIb-
Hblil. 'ooBbIe 3HaYeHHs1 pagMaLOHHOro GanaHca Ha JegHuKe PeqyeHKo
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3acpuxcupoBanbi a0 —64 000 k[Ix/mM?, a B UenTpe 'pennaHackoro neaHu-
KOBOr'0 OKpoBa a0 —380 000 x[Ix/m2.

B neTHHE MeCALb] JIEHUKN OOLIYHO NOJy4aloT 6oJblle pagualiiOHHOro
Temua, yeM pacxoAyloT. CyTouHble CyMMBI pagualHOHHOro GajiaHca Ha
A3bIKaX JIENHHKOB B IOXHEIX paiioHax cocrasisioT ao 15 000 k[Ixx/mM2 u
Gonee, a B NONAPHBIX — o6nacTax 3200 k[Ix/mM2. B 061acTAX NUTaHHA OHH
COOTBETCTBEHHO paBHbI 3900 1 650 kIx/M2.

Tennosoit 6anaHC NMOBEPXHOCTH JIEAHMKA YYMTHIBAaET COOTHOILIECHHE
NIOTOKOB TEMJIa, IPUXOAAIIMX K IOBEPXHOCTH JIEAHHKA B YXONSALIMX OT Hee,
pa3sHHIa MeXAY 3TUMH NOTOKaMH onpefenseT ¢a3oBble Iepexoin! Ha
NOBEPXHOCTH (TOYHee, B NMPUIOBEPXHOCTHOM CJIO€ AO IyGHHLI NPOHMK-
HOBEHHS pajiualn). YpaBHEHHAE TEIUIOBOro 6anaHca MMeeT BHA:

mLy £t myLyentm,L, =Rt q, *q,, (16.2)

rge m, — Macca TalomIero CHera, (PpMpHa M JIbJja Ha EAMHMIE FOPH3OH-
TaJBHOM NOBEPXHOCTH JIEJHUKA; M, — Macca MCNapsAoerocs (BO3roHKM)
JbJia WM Macca JibJja, NOJy4aeMoro B pe3ynbTaTe CyGINMaliH BOASHOrO
napa (MpHHUMAETCA CO 3HAKOM IUTIOC [UIA CyGIMMalMy ¥ 3HAKOM MHHYC AJis
BO3rOHKH); m, — Macca Hcnapsiouleiics Bojb! (OTpHLUAaTEIbHasA BEeJIMYNHA)
MM Macca BOJbI, NOJIy4aeMO# NpH KOHJEHCALMH BOASHOro napa; L, -
yaeJibHas TEINIOTa NiaBiieHus; L, — yAelnbHas TemloTa BO3rOHKY; L, —
yaeibHas TEMIOTa NCNapeHWs BOAbI; R — papMaulMOHHBIN GanaHc; q, —
TypOyJIeHTHbIH# TeNnI006MEH C BO3NYXOM (IIOJIOKHTENbHBIA NpPU NMOTOKE
Tenjia B JIEAHHK); g, — NMOTOK TelJa B TOJINY JIEAHHKA 3a CYET KOH-
AYKTHBHOM TEIJIONPOBOAHOCTH.

BenuunHa m, B faHHOM CJly'ae BKJIIOYaeT BeCb 0ObEM TaJiod BOALI, B
TOM 4YHCJE Ty 4YacCTh, KOTOpas pacXOAyeTCsi Ha BHyYTPEHHee NHTaHHUe
JefHuKa (MOBTOPHO 3aMep3aeT). IIpouecchl BO3rOHKY JIbJa ¥ CyGIuManun
nmapa MNpPOMCXORAT IIpM OTPHLATENBHON TeMmepaTtype Bo3ayxa. Ilpm
NOJIOXHTEJILHON TeMIlEpaType BO3/{yXa NPOMCXOAAT MCIapEHHEe BOAbI HIIH
KOHJIeHcalus napa.

16.5. SHEPFOOEMEH BHYTPU NEQHUKA

ITpu pBI>XKEeHHUH JIEAHHKA [IOTEHIHAJIbHAA SHEPrUs CHIIbI TAXKECTH JIbJa
cosepuaeT pa6GoTy, NpONOPUHOHANBHYIO BEPTHKAJILHOMY NepeMelleHHIO
€ro Macchl

A = mgAh, (16.3)

rge m — Macca 3aJJaHHOro JJis pacyeToB o6beMa NbJa; g — YCKOpeHHe
cBOGOHOrO NajgeHus; Ah — BEPTHKAaJNbHOE NepeMelleHue pacyeTHOro
o6beMa nbfia.

Bcst aTa paboTa npeBpaniaeTcs B TEIIO B TEX MECTaX, Ie AeHCTBYIOT
CHJIBI CONIPOTHMBIICHUA NEPEMELUEHHUIO JIbla — BHYTPH JIEAHOrO MacCCHBa;
NpOABNSETCA BHYTPEHHEE CONPOTUBIIEHHE BA3KOMY TEYEHHIO, Ha FPpaHULaX
MEXAY CABHTalOUIMMMUCA APYr OTHOCHTEJIBLHO Apyra GloKaMm Jbpa; feicT-
BYIOT CHJIbl TPEHHS, B HIDKHEM CJIOE JIbAa Y JIOXa; NPOUCXOAAT fecopManun

152



NON3yYeCTH JbJja BCIEACTBHE NOBBILIEHHBIX HANPSAXKEHMUIA CIBUra, OCOGEHHO
npy o6TeKaHNH NPENATCTBUI, ¥ Ha KOHTaKTe JISAHUKA C JIOXKEM 3a CYET CHJI
TpeHHs NIpY INbIGOBOM CKONIbXeHUH. B 3THX MecTax BO3HHKAIOT BHYTpEHHHE
HCTOYHUKH TeIUla, BIUAIOLIME HA TEMNEPATYPHBIA PEXUM JIEATHOrO Mac-
cuBa. B X0nogHOM Jie[HUKe TeNJIO TPeHAs 3aTPaYMBAEeTCs Ha NOBBILIEHHE
TEMIepaTyphl JbJa, a B JERHUKE, [ie JIe[ HAaXONUTCA NpH TeMIepaType
NJaBJIeHHs, — Ha TasHUe nbfa. Han6onbluee KOIUYECTBO TeMia, H COOT-
BETCTBEHHO Hanbosee GJaronpusTHLIE YCIOBHS AJS BHYTPEHHErO TasHUs,
HaGMIONAaIOTCA HAa KOHTAKTE JIEAHUKA C JIOXKEM IPH HaJIMYMH HHTEHCUBHOTO
INBIGOBOro CKOJILXEHHUS.

Onpepenenne KOJUYECTBA NONJIEAHHKOBBIX BOJ TpeGyeT pacyeTos
NOJIHOTO TEIUIOBOTO GallaHCa COOTBETCTBYIOIMX YYacTKOB JIENHHKA B
COYETAHUH C PaCYETaMH ero [ABIKEHHUS ¥ C YYETOM reOTEPMUYECKOro NOTOKA
TeIUTa U3 HEfIp 3eMJIH K NOAOLIBE JIEAHHKA.

16.6. CTOK C NEAQHUKA

Tanblit crok M3 (PMPHOBOI 06IaCTH ONpEfeNseTca N0 JaHHBLIM OanaHca
Macchl Kak pPasHOCTb MEXJYy KOJMYECTBOM CTafBLIEro CHera M ¢MpHa M
BEJIMYMHON BHYTPEHHEro muTaHms JenHnka. CTeKaHHe BOXbI NPOMCXOAUT
nyTeM NpOCayWBaHMUA 4Yepe3 BEpXHHE CJOH ¢HMpHA M IO CHCTEME
NOBEPXHOCTHBIX KaHaJoB. I10 Mepe npu6mkeHns K (pUpHOBOH JIMHUH BOAA
YaCTHUYHO NONAjJaeT B TPEUMHbI H NPOJOJKAET CBOE JBHXKEHHE BHYTPH
JefHuKa. B HEKOTOPBIX Clydasx BO3MOXHO IOJTHOE HaChIIIEHHME CHera u
¢opmupOBaHMEe CBOEOOPa3HbIX pe3epByapOB XKHAKONOKOGHOM CHEXKHOM Mac-
cel. IIpopeiB 3anpyn U3 Gonee NpodyHoro ¢pupHa nepef TaKMMH pe3ep-
ByapaMH NpPHBOAMT K OOpa3OBaHUIO BOJOCHEXHBIX NIOTOKOB, paHee B
JINTEpaType Ha3bIBa€MBIX THPOHANIOPHLIMH JIABHHAMH.

Hirke ¢>upHOBO# JIMHHE CTOK BOIbI NPOMCXOUT Ha IIOBEPXHOCTH B BUJE
pYy4eiikoB, oO'beAMHSAIONIMXCA, IOPOH, B 6olee uIMpokue U riay6okue pycna
TpaHIIeiHOro Bua. Bofa ABIKeTCA Takke IO KaHaJlaM BHYTPH JIEHUKA U
MO HOAJNEAHHUKOBBIM KaHallaM. Bponb KOHTakTa JiegHHKa ¢ 6opramu
BMeEILAlOIEN OIMHEI ¥ NIAPaJIIEeNIbHO ero Kpalo BO3HUKAIOT MapruHalbHble
KaHallbl, 10 KOTOPBIM CTEKAET BOJA KaK C JIEIHUKA, TaK U C HEJIEAHUKOBBIX
CKJIOHOB J{OJIMHBI. )

OOGuuii CTOK C JIEfHUKa, IOMAMO BOJAbI, O6pa3yoleiicss Ha IOBEPXHOCTH
JIEAHMKA BCJIECTBHE BHEHUIHErO MACCOHEProo6GMeHa, BKIIOYAET TaKXKe
BOAy 3a CYET NOMJIEJHOrO TasHHsA, NOCTYIJIEHHA >XHUAKHUX OCaJiKOB Ha
JIEHUKE ¥ CTOKA C HeJIENHNKOBBIX Y4aCTKOB rOPHO-JIEAHUKOBOrO GacceitHa U
MOPEHHBIX OTJIOXEHHH NpPEUMYLIECTBEHHO B BH[le T'PYHTOBOTO CTOKa.
Pacunenenne nokasarenei rugporpacga Ha CTBOpe, 3aMbIKAIOIIEM TOPHO-
JIE[{HUKOBBIA GacceiiH, NPEACTaBJIAET O{HY M3 IJaBHLIX 3afia4 HPOJIOTUH
JIEHHKOB.



nasa 17
HAB/IOQEHUA 3A JIEQHUKAMW

17.1. HABJIIOAEHNA 3A KONEBAHUAMU NEQHUKOB

H3MeHYHBOCTD JIEAHMKOB [IPHBJIEKala BHUMaHMe C AaBHHX MOp. YXe
6oJtee cTa JeT BefyTCA HaGnIofeHus: 32 KOJeGaHNAMH JIEAHHKOB, IJIaBHBIM
0o6pa3oM 3a H3IMEHCHHMSAMH NOJIOXKEHWs] UX KOHIOB. CeKLHs riAHOIOrHH
AH CCCP (npeobpa3osanHas B 1993 r. B I'A1H0IOrHYecKyIo acCOLHALHAIO)
B 1973 r. yrBepamna "OCHOBHbI€ IOJIOXEHHA II0 OpPraHH3audHd H
NpOBeAECHUIO HaGMoNeHNi 3a KOJeGaHUsAMH JIENHUKOB", B KOTOPBIX GhLIH
c¢OpMyIHPOBaHbl LENM H3yYEeHHs KoyieGaHUN JIEAHMKOB, NPHHIHUNBI
opraHu3anuy HabmoyeHnii 1 ¢ OpMbl OTYETHBHIX MaTEPHAJIOB.

OGuei 3afaveit HabmogeHNH ABNAIOTCA COOP HaTYPHBIX JaHHBIX 06
HM3MeHEeHNAX (POpMbl M pa3MEpOB JIENHAKOB M ONpefelieHHe Pa3luYHBIX
XapaKTEpPHCTHK MX BHYTPEHHErO M BHEIIHEro MaccodHeproo6MeHna. Kouneu-
Has LeJNb — N3y4eHHe NPHYNH ¥ MeXaHu3Ma KoJleGaHuil JIEAHUKOB ¥ CO3iaHue
Hay4YHOIl TEOpHH, II03BONIAIONIEH PEKOHCTPYHPOBATh NPOLIIbIE H NPOrHO-
3upoBaTh Gy/ylmue U3MEHEHNS JIEAHUKOB.

B 3aBUCHMOCTM OT KOHKPETHBLIX 3afay NpeIOXEeHO TpH KJacca
HaOIoeHNi, OTJIMYAIOIIMXCA APYT OT pyra AeTalbHOCTbIO M TOYHOCTBIO.

TIepsblit knacc HaGMOAEeHMH NpefycMaTpiBaeT c60p HATYPHBIX aHHBIX,
HeOOXOAUMBIX VIl ONpEfe/IeHUs NapaMeTpOB MaTeMaTHYEeCKHX MOJenei
JIEHUKOB, NO3BOJIAIOIMX ONHUCHIBATh HECTAL{MOHAPHLIN PEXXHM M aBTOKOJIE-
GaHus JIe[[HUKOB, X MaCCOIHEpProoOMeH C BHEIIHEH Cpefoil ¥ peakuuH Ha
HU3MeHeHNns BHewHux ycnosuil. HaGmoneHus RensTcsa Ha TpH IPyNNbI: Iis-
I[HOJIOrHYeCKHE, IIALUMOrHApPONIOrnyecKre " risuuoMeTeoposnoruyeckue. ITo-
CTaBJICHHbIE 3afilay¥ TPeOyIOT MPOBEJEHUA RETAJBHBIX KPYIJIOTOAMYHBIX
CTallMOHApPHBIX HaGMIOREHUM, YTO BO3MOXHO JIMIIL Ha HEGOJIBUIOM KOJH-
YecTBe JIEHUKOB.

Pe3ynbTaThl HaGMOAEHHI NPEACTABIAIOTCA B BHJie INIaHOB, rpacdHKoB,
cxeM ¥ Tabnuu. B KauecTBe NEpBHYHBIX MAaTEpPHANOB PEKOMEHAYETCA
COCTaBNIATh M NEpefiaBaTh B paGouyio rpyniy no KojebGaHUsM JIEAHUKOB
ClIeyIOLIME MaTepHaJIbL:

1) Tonorpacpuyecknit njaH NOBEPXHOCTH JIEfHHKA C OnmXaduraM
oGpamienneM B MacmTabe 1:10 000 unm KpynHee ¢ yKa3aHMEM TOYEK, TAE
NPOBOAHMINCH HaGMIONEeHuU;

2) coBMelleHHble TonorpadmyecKue IUIaHbl M3MEHEHHS BbICOTHI
TIOBEPXHOCTH JIEJHHKA MEX/Y OYepERHbIMU ChEMKAMH;

3) TonorpacgnyecKnii ITaH JI0XKa JIEAHNKA;

4) nnaHbI-cCXeMbI CKOPOCTE} CMELIEHNs IOBEPXHOCTH JICAHUKA;

5) TaGruMubl KOOPAMHAT TOYEK PeevyHON CeTH M M3MEHEeHMit B HUX
BBICOTbI IOBEPXHOCTH 32 CYET AKKYMYJIALHHA—aONALMy;

6) Ta6Gnuub] CMelLeH i ToYeK HaGoeHuIx;

7) TaGauub! H3MEHEHHI BEPTUKAJILHBIX PACCTOSHUI MEX/y penlepaMH B
CHEXHO-(pUpHOBO# TOMNINE;

8) TabnuIb! M3MEPERUIT MaCCOBOM ITIOTHOCTH CHEXXHO-(OPHPHOBOM TOJILH;
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9) TaGiMIbI H3MEPEHHI TEMIIEPaTYPhI CHera, (hupHa H JIbJa;

10) TaGnuup! ¥3MepeHuit BIaXXHOCTH (PUPHA;

11) cTpyKTYpHO-TEKTOHHYECKHUH IUTAH HOBEPXHOCTH JIEAHHKA;

12) nmnax pacnpegeyieHust MOPEHHOrO MaTEpHAa;

13) nnan nmegHuka M ero OacceilHa ¢ yka3aHHUEM BCEX TOYEK H
MapLIpPyTOB MISLHOIIOrHYECKUX ¥ IIISLUOMETEOPONOFUYECKHX HaOIONeHHIA;

14) TaGnuupbl H3MepeHHH BbINAaBIINX aTMOC(EpPHBIX OCafKOB IO
ocafKoMepam;

15) TaGnuIbI rpafUeHTHBIX H3MEPEHUI METENIEBOro NIepeHoca CHera;

16) TaGnunper n3MepeHui 6anaHca METEJIEBOrO B JIABHHHOTO CHEra;

17) Tabnuib1 U3MEPEHHI TOMIUHBI ¥ IULIOTHOCTH CHEXHOTO NIOKPOBa;

18) TaGnuib1 H3MepeHuIt NIIOTHOCTH CHera B mypdax;

19) TaGnuibl H3MEPEHNH TassHUS CHera, (PMpHa M JIbJa;

20) Tabnuubl M3MEpPEHMH HCNAapeHHs C INOBEPXHOCTH JIEJHHKa H
JIEHAKOBOro GacceifHa;

21) TaGamubl H3MEepeHUit rofoBo# abALmy cHera, hHMpHa U TbAA;

22) TabnUubl M3MEPEHHH H pacueTOB rOfOBOro HaKOIMIEHNH pUpHa H
MOJIOJIOrO JIbJA;

23) TaGnuLbl M3MEPEHUIT H pacYeTOB BHYTPEHHErO MUTAHAS;

24) TaGnuipl N3MEpPEHNIt CTOKA C JIEJHUKA 1 ero 6acceiHa;

25) naHopamubie ¢pororpacun;

26) rpachnk 3aKpbITOCTH FOPH30HTA;

27) cxeMbl JNEAHHUKA C YKa3aHHEM THIOB NOBEPXHOCTH M TIPaHHI
Ce30HHOrO CHera B Hayale, Cepe/inHe ¥ KOHIIe nepuoyia absiuu;

28) TaGaULbl OCHOBHBIX METEO3JIEMEHTOB H COCTAaBIISAIOHEX TEILIOBOrO
GaylaHCa M TassHUS Ha OCHOBHOM IIYHKTE HaOJIONEHUI;

29) TaGau1b! NPONOIIKUTENLHOCTH CONTHEYHOrO CUSIHUSA

30) TaGanupr MapIpyTHBIX HabGMIOAEeHUN 32 TeMnepaTypod M BIaXK-
HOCTBIO BO3/lyXa i CKOPOCTbIO BETPa;

31) TabGauubl eXXeXHEeBHbIX BEJIMYHH OCHOBHBIX METEO3JIEMEHTOB
6mpKaiinreif K JIEAHUKY METeOpOJIOrH4ecKoi craHuuu ¢ 15 mas no 30 cen-
TAGpA TOro roja, KOrfga Ha JIEHHKE BEIINCh METEOpPOJIOrHYecKHe H
Temno6anaHCcoBble UCCIEROBAHUA;

32) Tabnuupl CpeHUX MECAIHBIX 3HAUEHUI OCHOBHBIX METEO3IEMEHTOB;

33) kpaTKOe OnMuCaH#e METONUKH.

OcHOBHOIi 3aflaueit HaGmoOfeHU!l BTOPOro Kiacca ssiserca cOop
¢aKTHYECKHX JAaHHBIX VIS CTATHCTHYECKOIL XapaKTepHCTUKH KoyeGaHnil B
3aJJaHHOM paiioHe. B 3aBHCHMOCTH OT BO3MOXKHOCTEN NpefIaraeTcs npose-
AeHHe NOJYCTAalHOHApHBbIX paGoT RABaXkAbI B rop (B Havyalle H B KOHIE
nepuopa aGnsauuu), OAuH pa3 B roj (B KOHLE 6aaHCOBOrO rofia) MiiM pa3s B
HecKonbKO yeT. ITo pesynbTaTaM HaGIIIOAEHHI NPEACTABIAIOTCA TaKHe Xe
MaTepHalibl, KaK M I10 IEPBOMY KJIacCy, HO B yMEHBIIEHHOM OGbeMe.

3apayveii HaOMONEHNH TPETHErO KJacca ABNAeTCA CO0p (paKTHYECKUX
HAHHBIX AJIA NONyYeHus oOIlell KapTHHE! JIeJHUKOBbIX KoneOaHuit Ha pac-
CMaTpHBaeMOi TEPPUTOPHH, BBISBJICHHSA aBTOKOJEOaHNil M PE3KUX NO/BH-
XeK JIEAHUKOB. [I1 3TOro He TpebyeTcs NPOBEAECHUS CleNHalbHbIX Hab10-
AeHMit HeNOCPeNCTBEHHO Ha JiefHuKax. HabmoneHns MOryT OCHOBbIBAaTHCH
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Ha ClleUalibHO OPraHH30BaHHbIX OBTOPHBIX a3p0dOoTOChEMKAX ¥ CHUMKAX
13 KocMoca. TeM He MeHee JKeJlaTelIbHO NPOBefieHHue XOTA Gbl MpocTeinx
reofie3nYeCKuX H3MepeHNii JOCTYNHbIX MECT JIe[JHUKA H ero KOHIIa, 0COGEHHO
B YacCTH ONpefelieHHs HU3MEHEHHil BLICOTHI NOBEPXHOCTH. Pe3ynbTaThbl
HaGmofeHnit opopMIAIOTCA B BHAE CXeM H3MeHEHHA IJIaHOBOTO M
BBICOTHOT'O NOJIOXEHM JIENHUKOBOTO A3bIKa.

HaGniogenns NMoKa3al, YTO KaX.Ablil JEAHUK JAaXe HAa OfMHAKOBBIE
H3MeHEHHA YCJIOBMI NMUTaHUA M aGNIALMH peardpyeT MO-pa3HOMY, B 3aBH-
CHMOCTH OT ero MOp¢OJIOrHYecKuX H JUHAMUYeCKHX ocoGeHnocrei. B To
BpeMs KaK OfHH JIEAHUKH OTCTYIAIOT, PYTHe, Ka3aloch Obl B aHAJIOrMYHBIX
YCJIOBHSIX, OCTAIOTCA CTALMOHAPHBLIMH MJIM laXKe HACTYNaloT. BriscHUOCH,
YTO BbIHYXXJECHHbIE KONeGaHus JEAHNKOB NPOXOAAT B HEYCTaHOBHBIIEMCH
IepEXONHOM peXHUMe, BCIEACTBHE YEro NpsAMas CBA3b MEXAY M3MEeHEHHAMU
BHELIHUX YCIOBMH M peXuMa JICJHHKOB 3a4acTyio He HaGiiopaercs, a
[Opoii, MpocTo oTcyTcTByeT. [T03TOMY NOABHIIACh HEOGXORUMOCTD IIOCTPO-
eHUst 06061EeHHBIX MaTeMaTHYECKUX MOJieTIell JIEAHUKOB U POBEJEHNs pas-
HOCTOPOHHHX JVINTEJILHBIX HaGIIOfeH it 32 UX KOJIeGaHHUAMH.

17.2. USBMEPEHUAA AKKYMYNAUUU U ABNSILUN

Ha nepnnke ycTaHaBIMBAETCs CEThb H3MEPUTENBHBIX JEPEBAHHBIX HIIH
IUTaCTHKOBBIX PEEK Yepe3 3ajlaHHbIE PaCCTOSAHMS B Y3JIaX pPeryJIipHOH CETKH
BJIOJIb HAMEYEHHBIX MapIIPYTOB WM BIGOPOYHO Ha XapaKTEPHBIX yYacTKax.
B nepuopn akKyMynsnuH yepe3 onpeesieHHbie NPOMEXXYTKH BPEMEHH H3Me-
pAeTCA TONILINHA CHEXHOro nokpona. IIpu aTom onpepensercs nocnoiHas
IUVIOTHOCTB CHera B IIypdax i BIYACIAETCA N3MEHEHHE BeJIMYMHBI CHEro3a-
nacos. ITo BO3MOXXHOCTH NpoBOAATCA Golee QMTeNbHbIE HaGMIOACHAS 32
PeXHMMOM CHErOHAKOIUIEHHs Ha CNlelMalIbHOH IIOLIafike Ha JIEJHUKe HIIH
okoo Hero. OLEHUBAIOTCA MECAYHbIE KOJMNYECTBAa OCaKOB, ONpEREeAEeTCA
RONOJIHUTENIbHAS aKKYMYJIALHA 32 CYET NOCTYIUIEHNS HA JIE[HUK METENIEBOrO
CHera M CXOfia CHeXHbIX JaBMH. Ocobbix ycummii TpeGyloT HaGIIOReHAS
aKKYMYJIALMA 32 CYET KOHAEHCAMH ¥ CyOIIMMaIuy BOASHOrO napa.

B pspe cnyyaes NpUXOMUTCA OrpaHMYMBATHLCA ONpefeJIeHHeM CyMMap-
HOH 3MMHeH aKKyMyJIfALWM B Havale nepuopa abusauuu. IIpm aTtom
HeO6GXOMMO YYHTBLIBAThb, UYTO HAa Pa3HbIX Y4acCTKaX JIe[[HHKa CPOKM HadaJa
abnsauuy pa3siuyaloTci. B TO BpeMs Kak B HIXKHAX YacTAX JIENHHKA yXe
Hayanach aGnAuMs, Ha BEPXHHX Yy4acTKaX MOXET IPOJOIXKATHCA aKKyMy-
JIALKS CHETa.

AGnIALMIO ONpeNeNsIoT N0 3a6ypeHHBIM B NPEeAbIAYIEM Ce30He pelikaM.
IlIpu Gonee ReTaNbHBIX MCCIENOBAHMAX MPOBOAAT AONOJHHUTENLHbIE Me-
TEOpOJIoruyecKye HabGIoNeHNs ¥ ONpPeNeNAIOT PafHallHOHHbIA H TEIIIOBOM
6aaHChb! MOBEPXHOCTH JIENHHKA. B HEKOTOPBIX Clydasx 3aMepseTCs TaKXKe
KOJINYEeCTBO BOJbI, OOpa3ylomeiics Ha BhIGpaHHON [qus HaGilofeHwmi
"crokoBoii mrowaake”. HanGonee croxHyio 3agavy npeACTaBlsioT HaGlIo-
AEHUA 3a abnsAuuer B XONORHOW M Temyoi ¢pUPHOBOI 30HAX JbLOOOpa-
30BaHMs, Tie IPOUCXOANT NMNOBTOPHOE 3aMep3aHHE YaCTH BOAbI, 0Opa3ylo-
LieHcs NPH TassHUM MIOBEPXHOCTHBIX CJIOEB JIEAHUKA.
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IToTpe6HoCTh NMpOBEEHNA CIEHHANBHBIX MCCIEAOBaHUA H PacyeToB
BO3HHKaeT NPH U3MEPEHHUAX aGNALUM 33 CYET BO3rOHKH C NIOBEPXHOCTH
CHera.

17.3. ONPEAENEHUE CKOPOCTEW [ABUXXEHUA

JIBu>keHHE JIEAHUKAa Yalle BCEro XapaKTEepH3YIOT BEIMYMHAMM CKO-
pocTeil nepeMeleHus ero nosepxHocty. [ns aToro mpoBoasAT moclie-
ROBaTeNbHbIE U3MEPEHNS NEPEMEILEHHH XapaKTEePHbIX €CTECTBEHHBIX HIIH
MapKHMpPOBaHHBIX TOYEK Ha MOBEPXHOCTH JIEAHHKA 4Yepe3 ONpefesieHHbIe
HHTepBaJibl BpEMEHH — OT HECKOJbKHX YacOB [0 HeCKONbKHUX JeTr. Han-
GoJsblllee pacIpOCTPAHEHHE NMOJYYHIIM H3MEPEHHSA FOOBLIX WIH CYTOYHBIX
CKOpOCTedl. YUMTBIBasi CJIOKHOCTH NPOBEJCHUS U3MEPEHHIi Ha JIEAHAKAX U
HeOJIaronpuaTHbiE METEOPOJIOrHYECKHE YCIIOBHS, HHTEPBaJbl BPEMEHH
MexXAy hakTHYEeCKAMHI N3MEPEHUSIMU MOTYT OTIINYAThCA OT IIaHUPYEMbIX IO
nporpamMe. Jlyisi nOJy4YeHUs CYyTOYHBIX CKOPOCTeH MHTEpBaJibl M3MepeHuii
NPHHAMAIOTCA OT HECKOJILKMX AHEN O HECKOJBKHUX Heflellb, a Ha JIEJHH-
KOBBIX KYIOJIaX, IJie CKOPOCThb JBMDKEHHUs HEBeJIMKa, HHTEPBaJlbl MeXIY
HM3MEPEHHAMH MOTYT GBITH YBEINYHHBI IO HECKOJILKHUX JIET.

B kauecTBe TOYEK AJI U3MEPEHHsI CKOPOCTEN BUXKEHHS B HEKOTOPBIX
cly4yasix BbIGHPAIOTCA pa3iM4Hble 00 HEKThI M MUKpOdopMbl penbeda: oT-
KPbITbIE TPELHHbI, OrNBbI, XapaKTepHbIE YYaCTKH IOBEPXHOCTHBIX MOPEH,
KpynHble KaMHH. Takue TOYKHM yfaeTcs HaXOANTh Ha TOPHLIX JIE[HUKAX B
o6nacTy aGiuAuuM U Ha JIEAONajiaX, a TAK>XKe Ha BHIBONHBIX JiefHHKaX. IIpn
H3MEPEHMIX CKOpOCTel Ha 6ECKOHTYPHBIX Y4acCTKaXx JIe[HHKA UM B 30HaX C
HHTEHCUBHON aKKYMYJISLMEN CKOPOCTHBIE TOYKH CNIELHAIbHO MAPKUPYIOTCA.
K MapkupoBKe TO4YeK NpUGEraloT U B Cllyyasix, KOraa TpeGyeTcs NOBBICUTD
TOYHOCTb H3MEPEHHI.

ITpouecc MapkMpOBKH BKJIIOYaeT 3aKpeIlieHHe CKOPOCTHBIX TOYeK BO
sbay. CaMbIMHI pacpOCTpPaHEHHBIMH MaPKHPOBOYHBIMH 3HaKaMM ABJISIOTCA
rAAAONOTHYECKHE BEXH U pedKH — [epeBsiHHble, IIaCTUKOBBIE, METAJll-
nnyeckye. VIx ycTaHaBIIMBAIOT B NIPEABApUTENILHO NMPOGYpeHHbIe OTBEPCTUA
C TaKAM pacyeToM, YTOGbI NONYyYUTh TPeGyeMyIO KapTUHY pacnpefesieHust
NOBEPXHOCTHBIX CKOPOCTEN Np¥ MHHMMAJILHOM KolnyecTBe peek. Tawm, rae
IIPOBOAATCA M3MEPEHHA aKKyMYJALUMH U aGiAluM, NpefHa3HaYeHHbIE AN
3TOM LETH PENKU NCNIONB3YIOTCA ¥ KaK CKOPOCTHbIE TOYKH.

Cpenu MHOXeCTBa CIOCOGOB H3MEPEHNsE CKOPOCTe i IBIDKEHUS JIEAHNKOB
BBIIENAIOTCA JB€ TpYNNbI: METOABI, OCHOBAaHHbIE Ha ONpefeJIeHHH
KOOPJAHNHAT CKOPOCTHOMH TOYKH, H METO[bI ONpEAesieHNusI CMELIEeHN TOUKH
(KumxHukos, 1973).

J[Ina onpeneneHns KOOpAMHAT LIMPOKO MCHOJBL3YIOTCA reofie3nyecKne
cnoco6bl (nyreM NpsAMOi MM OOpaTHOM 3aceuKH, TPUAHTYJALUM, TEOKO-
JINTHBIX ¥ TAXEOMETPHYECKUX XOI0B) U (pOTOrpaMMeTpHUYECKHE CIIOCOGHI (C
HCIIOJIb30BAHHEM Ha3€MHOM MM a3p0o¢OTOrpaMMeTpPHYECKOi CheMKH). [lnsa
H3y4YeHUs JBMKEHHS JIbJa KPYNHBIX JIEAHHKOBBIX NOKpoBoB (['peHnanaus,
AHTapKTH/Ia) NPUMEHAIOTCA aCTPOHOMHYECKHE CNOCOObI, OCHOBaHHbIE Ha
NOBTOPHBIX H3MEPEHMAX B 3aMapKHPOBAHHLIX NMYHKTaX TOYHBIX reorpa-
¢HyeCcKHUX KOOPAMHAT C IOMOILBIO CITYyTHUKOBOM CBA3M.
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MeTonb! onpepeneHns CMEIEHRI BKIIIOYalOT MEXaHUYEeCKHe, reofie3u-
yeckue ¥ doTorpaMmeTpryecKue cnocobsr namepenui. Cpeayu nocnegHux
NPOAYKTHUBHBIM OKas3aJics Croco6 NceBfonapaiiakcoB, OCHOBAaHHBIH Ha
NICEBIOCTEPEOCKONMNIECKOM 3(ppeKkTe NpH CTEPEOCKONMYECKOM PacCMOTpe-
HHUM CHUMKOB, IIOJIyYEHHBIX C OTHON TOYKHM 4epe3 OoNnpefielIeHHbINH MHTEpBal
BpEMEHH.

ITpu BBIYHMCIICHMN CKOPOCTEH ABMXKEHHA JIEHAKA, IOMHEMO CBefieHui 06
H3MEHEHUHM KOOPAMHAT MAapKMPOBAHHBIX TOYEK, HEOOXOAMMO YUHTHIBAThb
HM3MEHEHHE NOBEPXHOCTH JIEAHMKA 32 CYeT aGlALuy, YNIOTHeHHs HIXKele-
XaluxX cloeB (PUpHA U aKKYMYJISLMH.

HaG6mionenus 3a CKOpPOCTSIMM ABMXKEHHA BHYTDHM JIEAAHBIX MacCHBOB
OrpaHMYeHbl, OHH CBOAATCA K H3MEPEHUAM B CKBaXXMHaX, NOJJIEAHBIX TOH-
HeJIAX M JIEAHMKOBBIX TpemuHax. Pacnpenenenne BHyTpeHHUX CKOpOCTe#
OINpefeNIieTcs TEOPETHYECKH C NMOMOLIbI0 MaTeMaTHYECKUX Mojelieil Ha
OCHOBAaHMHM HaOJIIONEHHI 3a ABMKEHHEM NOBEPXHOCTH JIEAHMKAa M KOMII-
JIEKCOM BHEIIIHUX YCJIOBHM.

17.4. ONPERENEHNUE CTPOEHUSA U TOJNWUHbI NEQHUKA

Hau6onee TouHbIe CBEAEHUS O CTPOEHHH JIEHUKA NOJYYalOT IIPH Npo-
XO[IKE B €ro TOJILE CKBaXXMH, 0OCOGEHHO Npu OTOOpe KepHa ais JaGo-
paTopHbIX ucciaefoBaHnii. lllnpokoe npuMeHeHHe 3TOro cnocoba CAep>KHU-
BaeTCs M3-3a CIIOXHOCTM OpraHu3auuu GypoBbIXx paGoT Ha JIEXHHKaX H
OTHOCHMTEIILHO BbICOKO# CTOMMOCTH TaKUX paGoT.

Pa3spa6orano aBa MeTofia GypeHusi CKBaXKHMH BO JIbAY — MEXaHAYECKOE M
TepMHyeckoe. Mexanuyeckoe GypeHue GhIBaeT KOJIOHKOBBIM C OTGOpOM
KEPHa MIM YIAPHBIM, KOT/Ia U3 CKBaXXUHbI YAQJIAIOT JIMIIb JIEASHYIO KPOIIKY.
Tepmuueckoe OypeHne Tak>Ke MOXET NPOBOJRUTLCSA C OT6OPOM KepHa, KOra
Jie[l BOKpYr KEpHOBOH KOJIOHKH IIPOTaUBaEeTCs NpH NIOMOLIYM HarpeBaeMoro
TOKOM KOJblia, WM OECKEpPHOBBLIM, KOTjia Jiel NPOTAMBAIOT IO BCEMY
CEYEHHUIO CKBAXKHMHbI C TOMOWIbIO HarpeBaeMoi TOKOM HIJIbI, CTPYH IUIaMEHH,
napa WM KHMsTKa.

Menkoe pyuyHoe GypeHue NPHUMEHAIOT [N ONpefesieHUs CTPOEHNs M
TeMIepaTypbl BEPXHErOo aKTHBHOIO CJIOf, @ TaKKe AJIs YCTAaHOBKH M3Me-
PMTENbHBIX peeK. BypeHne ckBakun riy6uHO#i Gosee 10 M TpeGyeTr
NpUMEHEHN ClieliMaibHOro 6ypoBoro o60pyaoBaHus.

BypeHue efHUKOB Ha4aJlo UIMPOKO NPHUMEHATHCS B NepHof Mexny-
HapopHoro reogusnyeckoro ropa (1957-1959), u ¢ aTtoro BpeMeHH TeXHO-
sorus GypeHns HenpepbIBHO COBEPLIEHCTBYeTCs. PazpabaThiBaloTCsa NOpTa-
THBHbIE YCTAaHOBKHM [JIi GypeHHsA CKBaXKMH cpefHeit rinyGuHbI M cTauu-
OHapHbIE YCTAHOBKH JIsl GypeHus riy60KUX CKBaXKHH. AMEPHKaHCKHMH JKC-
neguuusaMu B 1966 r. B I'pennanpnu Gbula NpoiifleHa CKBaXKMHA IyGHHOM
1387 M o negHUKOBOrO JoXka ¥ B 1968 r. ckBaxkuHa riyGuHOi 2164 M Ha
cranuuu Bapy B Anrapkrune. Ha Bepinuse ri1laBHOro JIeqHHKOBOrO KynoJa
B 'pennanpgu, Bospeimalonierocs Ha 3235 M, npoGypeHsb! iBe CKBaXKHHBI
ray6unoi 6osee 3000 M ¢ OT6OPOM KepHa I AeTalbHBIX HCCIIENOBAHHUI.
PoccuiicKHMH aHTapKTHYECKAMM 3IKCHefuuuaMH c 1965 r. mposopgutcs
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OypeHHe CKBaXXHH C IIOMOIIBIO KEPHOBBIX 3JIeKTpoTepMobypos. Ha cr. Boc-
TOK NpOHAEHO HECKOJNBKO IiyOOKHX CKBaXXMH, NOCIEHHAS CKBaXXAHA B
1998 r. mocrurina ray6unsl 3623 M, rge BO3pacT JNbJa OLEHUBACTCA B
420 TeIC. NTET.

H3oTONHbBI aHANN3 ¥ KOMIIEKCHbIE HCCIIENOBaHNA KEPHA H3 rTyOOKHX
JIEAHUKOBBIX CKBaXXMH JalOT GoraTyio MH(GOpMauuio AJd H3yYECHUS HU3Me-
HEHMI KIIMMaTa U yCIIOBMII OJIeileHeHN A 3a JUINTENbHbIE NIEpHObI BPEMEHH.

Jns u3yyeHus CTPOEHHS JIEJHUKOB IIMPOKO NPHMEHSIOTCA reodusn-
YyecKHMe METOJibl, OCHOBaHHbIE Ha B3aMMOJEHCTBHHM e€CTECTBEHHBIX NOJeH
(rpaBHTAlHOHHOrO, 3JIEKTPOMAarHUTHBIX, TaMMa-N3Ny4YeHAHX M Ap.) C
HCKYCCTBEHHO CO3[IaBaeMbIMH INOJIAMH (CeHCMHUYECKUMH, ITIEKTPUYECKHMY,
PaguoN3NyYeHHH, SAepHbIX H3JydeHuii u ap.). PacnpocrpaHenue noay4yuin
MeTOJIbl TPaBUMETPUUIECKOH ChEMKH, CEICMO30HAMPOBAHMUS, ATTEKTPO3OHH-
POBaHHUA M paHOJIOKALMH.

I'paBuMeTpHyEeCcKas CheMKa OCHOBaHa Ha TOM, YTO Ha JIERHUKaX Ha6Jo-
RaeTcs aHOMAJIMuA CHJIBI TAXECTH, OOYCJIOBJIEHHas OTHOCHTEJILHO MaJiof
IUTOTHOCTBIO JIbJla IO CPaBHEHUIO C IVTOTHOCTHIO FOPHBIX NIOPOJ B JIOXE U IO
6okaM nepuuka. ITo pasHOCTH CHIIBI TAXKECTH B U3MEPAEMBIX TOUKAX H3
JIEAHNKOB M NMYHKTE TOPHBIX IOPOJ, NPUHUMAEeMOM 3a MCXOJHBIN, ynaeTcs
OLICHUTh OPHEHTHPOBOYHYIO TOJMIMHY JIEfHHKA C TOYHOCTBIO nopsaaka 10—
20 M.

CeiicMAyecKOe 30HAMPOBaHAE JIENHUKOB OCHOBAHO Ha H3yYeHUM Pacnpo-
CTpaHEHMs YNPYruxX BOJH, BO30YXAaeMbIX MCKYCCTBEHHBIM IIyTeM C IO-
MOIIbIO B3PbIBOB. BOJIHEBI NPEIOMIISIOTCA M OTPaXKalOTCA Ha PaHMULaxX JIef-
HHMKOBBIX CJIOEB C Pa3JIMYHbIMHA 3HAUECHUAMM MOJYJIA YIIPYTOCTH M Ha IpaHHULe
JIefHAKa C JIoxKeM. OTpaskeHHbie U NpeJIOMIIEHHbIE BOJIHBI BO3BPAIAIOTCA K
NOBEPXHOCTH JIEJHUKA, I/ile OHK PEeTHCTPHPYIOTCA celicMONpHeMHUKaMu. 3a-
PAAbI B3pHIBAIOT B CKBaXXWHAaX Ha ONpeJieNIeHHOI riyOuHe, a ceiicMonpueM-
HHUKH YCTaHAaBJIMBAIOT B y[aJIeHUH OT MECT B3phIBa C pacueTOM IOJNyYEHHS
ceiicMonpocuneit. CKOpOCTb pacnpOCTpaHeH!s! CEHCMUYECKUX BOJIH U3MEHs-
eTcs B 3aBUCHMOCTH OT INIOTHOCTH U TeMIIEpPaTyphl CHEXXHO-JIEAOBBIX Macc, B
IUIOTHOM JIbfie OHa mopsafgka 3600-3900 m/c, a B ¢upHe M CHere CyIIeCT-
BEHHO MeHblIle. IIpH NOHIDKEHUN TeMNepaTyphl CKOPOCTb PacCpOCTPaHEHHs
yInpyrux BOJNH yBenuuusaeTcs. Ha ceficMorpaMMax perucTpupyeTcs BpeMst
NpHUXOAa BOJH NOCJe B3PbIBa, NIPH 3TOM BBHIAENAIOTCA TPH BHAA BOJH —
NIOBEPXHOCTHBIE, OTPa’XEHHbIE OT JIOXKA M NpeJIOMIIEHHbIE Yepe3 KOPEHHbIEe
[IOpOABI JIOXKa. AHaNHM3 CeiicCMOrpaMM B COUYETaHHH C AONOJIHUTEILHBIMH
CBEJICHUSIMH O JIE[HHKE N03BOJISIET OLEHUTD €ro TOJLIMHY M cTpoeHue. Ilpn
Goyee feTaJbHBIX HCCIEOBAaHUAX, KOrla yBEJIHYHUBAETCA KOJIMYECTBO
ceiicMonpouieii, ynaeTcs OLEHNBAThL He TONBKO TOJIIHHY JIEJHHKA, HO U
onpeReNATh KOH(UTypaluIo NOAJIEHOro pebeha CIOXHOrO OYepTaHHA.

OneKTpO30HRUPOBAHHAE JIEAHUKOB NPOU3BOAUTCS METONAMH IIOCTOSIHHOTO
U NepeMeHHOro TOKa. B nepBOM cllyyae H3MepSIOT KaXyleecs JeKTpH-
YeCKOe CONPOTHBIIEHNE NPH Pa3HbIX pa3HOCAX MUTAIOLIMX 3JIEKTPOJOB Ha
NOBEPXHOCTH M OIPEfEeNsIOT NapaMeTphbl reo3aJleKTPHYECKOro paspesa.
AHaJlM3 TaKMX pa3pe3OB NO3BOJIAET ONPERENIHTh TONIMHY JIEAHAKA H
BBIIBUTh MOpEHbI. BTOpoOi#i MeTOJ| OCHOBaH Ha YaCTOTHOM 3JIEKTpPO-
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3OHAMPOBAaHHHM ¥ MHTeP(hePEHIUH 3JIEKTPOMArHATHBIX BOJH Pa3HOM [JIMHEI, B
TOM YHCJIE PaiHOBOJIH.

IIpu uccnepoBaHNM TONLIMHBI, CTPOEHHSA M (PH3NYECKUX CBONCTB Jef-
HHKOB IIMPOKOE PaclpOCTPaHEHHE NOJYYMIIH METORBI PaiMO30HAUPOBaHHUA.
HanpapneHHble pafHOCHrHajlbl MPOHHKAIOT B TOJMIY JIEAHHAKAa H OTpa-
3KaIOTCA OT HEOAHOPOJHOCTEH B €ro TOJIIIE M OT NMOJJIERHOro peibeda.
Papnou3nyyaTenns U NpHEeMHBIE aHTEHHbI YCTAHABJIMBAIOT HA HEKOTOPOM
PacCTOSHHH Jpyr OT Apyra, KOTOpOe 3ajaeTcsi B COOTBETCTBHH C M3Me-
pAeMOM TOJIIMHOM NefHuKa. OnpefensieTcs BpeMs 3ana3fbIBaHUA OTpa-
JKEHHBIX CHTHAJIOB Ha pa3HbIX yacTtoTax (oT 5 go 10 000 MI'n), npu aTom
yRaeTcs OLEHMBATh HE TOJLKO OOGIYIO TOJIIUHY JIEJHAKA, HO H Pa3jINYHblEe
getanu ero crpoeHus. OCOGEHHO YCNELIHO NPHUMEHSAETCS PafHOJIOKAlHs,
OCYILIECTBJIAEMas C IOMOMIBLIO JIOKAHOHHBIX CTaHIMM, YyCTaHaBJIMBAaEMBIX Ha
caMoJjieTax M BepTroyieTaX. IIpM 3TOM NPUMEHAIOT METOABI AKTUBHOH MM-
NyJBLCHOM ¥ YacTOTHOI papuonokauus. [TIposeeHre NOBTOPHBIX H3MEPEHUH
NO3BOJIIET KapTHPOBAaTh NOJJIENHbIA penbed, ONpeAeNnaTh BHYTPEHHee
CTPOEHHE U COCTOsIHHE JIEHUKA (HanpuMep, (PHKCHPOBaThL FOAOBLIE CJION B
CHEXHO-(PMPHOBOM TOJIE MM TPEUMHOBATOCTb JIbAA, (PHKCHPOBATH
M3MEHEeHHs MHOTHX XapaKTepPHCTHK JIE{HHKAa U JjaXe OLIeHHBaTh Hampas-
JIEHME M BEJIMYHHY CKOPOCTEl NepeMeIleHHs JIEAHNKOBOH IIOBEPXHOCTH).

17.5. U3OTONHO-rEOXUMUYECKUE UCCNEAOBAHUSA

Hanpasnenue, u3yvalomniee XMMHYECKHIH, ra3oBblil, IbUIEBOH H H30-
TOIHBII COCTaB CHEKHO-JIENOBLIX OGPa30BaHuil, NOJNyYHUIIO Ha3BaHHE H30TO-
NHOH 1 reoxumudeckoil rsuosnorun (Kornskos, M'opauenko, 1982). Ananus
H30TOIIHOrO M ra3oBOrO COCTaBa CHera M Jibga AaeT MHopMauuio o6
yCIOBHAX CPefibl B NEpHOA ux ¢opMHpOBaHHsA, Npoleccax B (PUPHOBO-
JIEASHOM TOJINeE, COCTaBe OCAiKOB U ipeBHeM aTMocdepe.

H30TONHO-reOXNMHUYECKHIi aHaJIM3 [OMOraeT M3yYUTh HaCTOAMLIHE M
Ipouuible CKOPOCTH IUTAaHUS JIEMHUKOB, OLEHHTh H3MeHEeHUs GaJlaHCa MacChl
JIEAHUKOB, NPOLIECCOB TasHUA, (PUNBTPALMH ¥ JIEAHAKOBOTO CTOKa. DTO
0COGEHHO Ba>KHO JJIS1 H3YYEHUS! BBICOKONONSAPHBIX JIEAHAKOBBIX TOKPOBOB,
CONlepKaIMX HENPEPLIBHYIO M [ETalbHYl0 MHGPOPMALMIO O NPHUPOAHBIX
ycnosmsix npountoro. I3oTonHblil, XMMI4eCKUil M ra30Bblii COCTaB JIEAHUKOB,
HapsAfy C COfep>KaUMMHUCS B HUX MHKPOYACTHLaMH NBIIH, CIIOCOGCTBYIOT
BBIICHEHHIO 3aKOHOMEPHOCTEN NIepeHOCa BJIarH, COJieil M a3po3oiieil B
aTMocepe 3eMIH ¥ OlleHKe PUPOAHBIX ¥ aHTPOMOreHHbIX NpPUMeCeii, YTO
uMeeT oco6oe 3HayeHHe B NpoGlieMe MOHHUTOPHHIa NPHUPOAHOM Cpeibl M
nporHo3a ee OyAyHIero pa3sBuTH.

Oco60 ueHHbIE CBEleHUs JaeT aHaJN3 JIEAAHbIX KEPHOB U3 rIMyGOKHX
JIEMHUKOBBIX CKBaXXMH. B nepsylo ouepennr onpefaensercs COfepkKaHue
crabunbHbix u3oronos 2H u 80 no oTHomenmio K HauGonee pacmpo-
crpaneHHbIM usotonam H u 0. Ornowenns 2H/H n '80/10 pripaxa-
IOTCA BEJIMYHHAMH O B THICAYHBIX RONAX (%o) B CPaBHEHHH CO "CTaH{apTOM
cpepHeit okeannyeckoit Boabl" (SMOW). OTn BenuYMHBI XapaKTEepHU3YIOT
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Pnc. 17.1. Pe3yabTaTbl N30TONMHO-TeOXMMHUYECKOTO MCCIIEJOBAHNSA JNENAHOTO Kep-
Ha co cT. Bocrok B Anrapkrupe (Kotnsakos u ap., 1992)

a — KpHBasi OTHOCHTEJILHOTO COfiepXKaHHs fielTepust; 6 — criaXeHHbIN rpadux H3IMeHeHUust
TemnepaTypbl (AT — OTKJIOHEHHS OT COBPEMEHHOrO 3HA4YEHHs Ha MOBEPXHOCTH JIEHHKA)

KJINMaTHYECKHE YCIOBHUS BhINAJIEHNst OCafKkOB, C(hOPpMUPOBABIIMX HCCIIEAYe-
MBI CHO# JIeqHUKOBOro JbAa. YeMm Gonee HU3KasA TeMnepaTypa o6pa3oBa-
HHsL OCaJIKOB, TEM MEHBIIIE 3HAYEHNA 3THX NIOKa3aTelyel, # Ha060poT. YBe-
JIMYEHHNE BbICOThI BbINMAJIEHHs OCaIKOB H PaCCTOSIHHE OT HCTOYHMKA BJIaTH KO
MECTa MX BbINaJieHUsl COAEACTBYIOT YMEHbIIEHUIO 3HaYeHnit 880 n §2H.

IToMHMO OTMEYEHHBIX H30TOINOB BOJOPOJa ¥ KUCIIOPOAa, B JIEAHUKOBOM
JIbJie IMEETCS MHOXECTBO IPYIHX PaiMOaKTHBHBIX H30TONOB, HEKOTOPBIE U3
KOTOPBIX NEPCIEKTUBHEI JI ONpefesieHns aGCOMOTHOro BO3pacTa JbJa.
IIns Yero yxe HayaJu ONpefeNsATh CofepXaHue n3oronos 210Pb, 325 u 14C.

Paspaborana MeTofMKa aHallM3a COflepXalUXcs B JEAAHbIX KepHaxX
Ny3bIPbKOB BO3[[yXa M ONpeJielIeHNs KOHIEHTPAlMH B HeM NapHUKOBBIX
ra3oB — AByokucH yriepopa (CO,) n merana (CH,). 3Tn paHHble [AalOT
NpeACTaBJIEHME O COCTOSAHMH aTMOC(hephI B pa3Hble NEPHOALI BPEMEHH, B
YaCTHOCTH, O3BOJIAIOT KOPPEKTHPOBATh OTKJIOHEHHS TEMIIEPATYPhl, BbIYHC-
JIEHHBbIE IO H30TOIHBIM JaHHBIM.

HauGonee pinTeNbHbIA pAJl H3MEHEHUI NaJleOTEeMIIEPaTypPhl BLIYUCIIEH
Mo pe3yibTaTaM HCCIE[OBAHMH KEpHa CO CKBaXXMH Ha cT. Bocrok. Ha
puc. 17.1 npepcTasieHsl pe3ylbTaThl ONPeAeNIeHAst OTHOCHTEILHOTO COEp-
JKaHuA JieiiTepus B KepHe 10 riy6unsl 2100 M ¥ BHIYUCIIEHHbIE Ha UX OCHO-
BaHHUM OTKJIOHEHMS TeMIEpaTyphl Ha NOBEPXHOCTH JIELHHKAa OT COBpe-
MEHHOro ee 3HavyeHMs 3a nepuox B 160 Thic. net. Ha pnc. 17.2 npen-
CTaBJIEHO COfiep>KaHHe NapHUKOBLIX razoB CO, u CH, B ny3sIppKax BO3fyXa
B JIEISHOM KepHe O riy6uHbl 2546 M M yTOUYHEHHbIE HA MX OCHOBaHHMH
OTKJIOHEHHS TEMIIEPATyPhI 3a nociueguue 260 Tric. JeT. ITH faHHbIE NOKa-
3BIBAIOT, YTO TEMIIEpaTypa BO3AyXa B NPOLIIble BpeMeHa Gbliia yallle BCEro
HIDKE COBPEMEHHOM. Brillle coBpeMEHHOM OHa NOAHNMANACh JIMIIb B IEPHON
130-120 TrIc. ner 1 yactuyno 10 ThIC. JeT Ha3aj. Haubonee peskne MOBLI-
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Puc. 17.2. U3menenne copepxanuns CO,, CH; M OTKIOHEHHs TeMmepaTypsl

Bo3nyxa (AT) Ha cT. BocTok oT coBpemenHoro 3navyenus (Koraskos, Jlopuyc,
1993)

LIEHUA TeMIepaTyphl NPOHCXORUIN B nepuoasl 140-120 u 20-10 Tric. ner
Ha3ajl. IIpu BHUMaTEILHOM PAaCCMOTPEHHH TEMIIEPATYPHBIX KPUBLIX MOXHO
OTMETHUTDb LUKJIMYECKHE U3MEHEHHS TeMNepaTyps! ¢ nepuoaamu 100 Thic. 1
okoJyo 40 ThIC. JIeT, a TaKXKe MeHee 3aMeTHble LMKIbI ¢ nepuopom 20—
21 Thic. neT. Bonee peranbHbie CBEiEHUS O pe3yJibTaTax MCCIEAOBaHUMN
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KepHa co craniuu BocTok MoxHo Haifti B kHure B.M. Koraskosa (1994) n
B cTaThax (Kornskos, Jlopuyc, 1997; Chappellaz et al., 1990).

B BepXxHHUX CJI0AX (PHPHOBO-JIENAHOM TOJIH PAaCIPOCTPAHEHb]I HCKYCCT-
BeHHblE PaflMOAKTHBHbIE HU30TONBI, O6pa30OBaHHbIE NPH TEPMOAAEPHBIX
B3pBIBaX. AHAJIU3 COJNEPXKaHUA 3THX M30TONOB, a TAKXe OLIEHKa CO-
AepKaHUA BO JILAY NbUIEBBIX YaCTHUIL M COJeil JalOT BO3MOXHOCTL Goliee
ReTanbHO M3YYNUTh H3MEHEHH KJIMMAaTa 3a MOCJIEHUE AeCATKH M COTHH JIET
U OLIEHWBATh aHTPONIOTeHHELIE BO3AEUCTBHS Ha JIETHAKH.

17.6. KAPTOTPAGUPOBAHUE NEAHUKOB U NEAHUKOBbLIX CUCTEM

Ons Gonee NOJHOM XapaKTEpUCTHKH JIE[JHUKOB CO3al0TCs Tonorpagu-
YyecKne ¥ MHOrOYMCIIeHHble TeMaTuyeckue KapThl. Ha Tonorpacguyeckux
KapTaXx IIOKa3bIBalOTCA BCEe XapaKTepHble YepThl MOBEPXHOCTH, BKIIIOYas
abnauuoHHble (OPMBbI M TPELIMHBI, BIEKOMblE M OTJIOXEHHBIE MOPEHBI,
rugporpacguyeckas ceTh H NPHIEAHUKOBLIE O3€pa, NIyTH CXO[a Ha JIENHHUK
CHEXHBbIX JaBHH. Ha Taknmx KapTax JalOTCs YeTKHE IpaHUUb! JIEAHHKA H
nosoxenue ¢pupHopoi nunuu. IlpepcraBnsioT HHTepec Tonorpaduyeckue
KapThbl JIERHHKOBOrO JIoXa. Cpe# TeMaTHYeCKHX KapT NOJIYYHIIA PaclpocT-
paHeHHe KapThl aKKYMyJIsuuu—a6usauuy, 6ajlaHca Macchl, TOJNLIMHBI JIEAHH-
Ka, CKOpPOCTe {BIDKEHMs1, KOJleOaHNii JIE[JHUKOB.

IToMHIMO KapT KOHKPETHbBIX JIEAHHKOB, CO3[aIOTCA KapThl JIEAHHKOBBIX
CHCTEM, Ha KOTOPBIX H306pakaloTcs 0600LIEHHbIE XapaKTEPUCTHKY PeXnMa
rpynnsl JIEAHUKOB Ge3 BhIfleNIeHNs KOHKPETHBIX JIEAHAKOB. JlegHNKOBas cuc-
TeMa NPEACTaBJIAET COBOKYIHOCTD JIEHUKOB, O6bEIMHEHHBIX TEPPUTOpHEH
U eAMHBIMHM 3aKOHOMEPHOCTAMH UX B3aMMOJIEHCTBHS C OKpY Kalomen cpefioi.
CymecTBoBaHMe OOLIMX 3aKOHOMEPHOCTeH pacnpefiesieHus1 pasHbIX IIISLHO-
JIOTHYECKUX XapaKTePHUCTHK B IPOCTPAHCTBE AAET BO3MOXHOCTb CTPOUTH
HenpepbIBHbIE N0J1A (POHOBBIX XapaKTEPUCTHK JIeAHUKOB. IIpu 3TOM rpynmns:
JIeHNKOB 06pa3yloT epapXuio CUCTeM pa3Hbix paHros. Tak, A.H. Kpenke
(1982) Beigesnn Ha Teppuropun GniBmero CCCP okono 30 camocTo-
ATENBHELIX JIENHAKOBLIX CHCTEM H IIOACUCTEM, Pa3JINYarOUIMXCs IOTI0XEHHEM
CHCTEM IO OTHOLIEHHIO K KJIMMAaTHYEeCKMM (PPOHTaM H paclpeficiCcHHEM
JIEHUKOB IO 3KCNO3NUMAM. JIeqHUKOBBIE CHCTEMBI MOTYT GBITH YCTOHYM-
BBIMHM WJIM HEYCTONYMBBLIMH, 9BOJIOLMOHMPOBATh WIH pa3pymaThcs. Knu-
MaTH4YeCKHe KoyieGaHus IPHUBOAAT K TOMY, YTO JIE{HHKOBBIE CHCTEMBI
HENOCTOSAHHBI: COOTHOLIEHHE OTCTYNAIOIMX H HACTYNalOMIMX JIE[JHAKOB He
HaXOJUTCS B CTPOrOM COOTBETCTBUM C COCTOSIHHEM KJIMMATa.

KapTorpacdupoBanue rasioNIOra4ecKuxX CHCTEM BKIIIOYaeT 0ToOpaxe-
HHE TAaKHX [OKa3aTelei, KaK CTENEeHb OJlelecHEHUS TePPUTOPHMH, BbICOTBI
KOHIIOB JIEJHUKOB, MaKCHMaJIbHbIE BHICOTBI pelibea, BLICOThI IPaHMIL [TUTa-
HUs, Cpe{HUE JIETHHE TeMIepaTyphl BO3jyXa Ha (PMKCUPOBAHHBIX BBICOTAX,
BEJIMYMHBI aKKYMYJIAUUH—-a6NALuy Ha ypOBHE IPaHAUbI NUTAaHUS ¥ MHO-
rue Apyru¥e XapakTepHCTHKH. J[JIq 3TOro MCnojb3ylOTCS ABa OCHOBHBIX
cnoco6a u306pakeHuit — U30IMHUSAMM ¥ IyTeM BbIfIEJICHUS apealloB.

KaprorpacdupoBanue JeJHUKOB H JIENHHKOBBIX CHCTEM LIHPOKO
NpUMEHEHO B "ATiiace CHEXXHO-JIEROBBIX PeCypcoB MUpa".
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17.7. BCEMUPHAA! CNY)XXBA MOHUTOPUHIA NEQHUKOB

ITo nunmaTBe MeXXayHapoJRHOH KOMMCCHM CHera M JibAa B 1976 r. npu
ITropuxckoM ¢eaeparTbHOM TEXHONOrMYECKOM MHCTHTYTE ObliI co3faH Bpe-
MEHHBIA TEXHUYECKHH CeKpeTapHar, 3ajjaueil KoToporo Gblia CTaHAapTH-
3auus HaGJIofeHni 3a KoJeGaHUAMH JIEAHAKOB U M3MepeHuit GanaHca Ux
MacChl, 2 TaKXe IOAroTOBKa K M3faHuio BceMupHoro karanora neqHakos. B
1986 r. aTOT CeKpeTapuaT Ob11 Npeobpa3oBaH Bo BeceMupHyio ciiyk6y MOHH-
Topunra JegHukoB (WGMS — the World Glacier Monitoring Service). B uuc-
JI0 OCHOBHBIX €€ 3aJ{ay BXOJUT:

1) npoonxenne c6opa 1 nyOIUKaUMsa CTaHAAPTU3NPOBAHHLIX CBEACHUI
0 KOJleGaHUsAX JIEHUKOB 32 NATUIIETHHE HHTEPBAJIbI;

2) coBepiIeHCTBOBaHHe, IONOJIHEHNE BeceMupHOro karasora JNe{HHKOB;

3) nyGnukanus pe3yibTaTOB Macc-6ajlaHCOBBIX M3MEPEHNMIi Ha penpe-
3eHTAaTUBHBIX JIENHUKAX C ABYXJIECTHUM MHTEPBAJIOM;

4) ¥cnoNb30BaHUE CIYTHUKOBBIX HaONIONEHUHA 32 TPYRHONOCTYINHBIMHU
JleHUKaMH it GoJiee NOJTHOro OXBaTa MHPOBOM CHCTEMBI JIE{HUKOB.

BoIM MpoaHaIN3MpOBaHbI pefijlaraeMbie paHee METORNKHI HaGIIoeHUH
3a JIeHAKaMHU M NpoBefieHa paGoTa IO UX COBEPLIEHCTBOBAHHUIO, NIPEXAE
BCETO B HAaNpPaBJICHWH YIPOLIEHUS NPOBOAMMBIX HaGJIONEHNH NPH OfHO-
BpPEMEHHOM NOBBIMIEHUA HH(GOPMATHBHOCTH NOJIyYaeMBIX pe3ynbTaToB. B
1988 r. 6b110 yCOBEPIIEHCTBOBAHO NOJIOXKEHNE 0 BceMupHOM Kapacrpe nen-
HHUKOB, 3afiaueil KoToporo ocraercs 06001IieHre cCBeAeHNH O Iri106aJbHOM
PacIpOCTpaHEeHHH JIEHUKOB M MX KOJNeOaHMAX B CBA3M C M3MEHEHHSAMH
KJIMMaTa, a TaKXe NojydeHne 60jiee TOYHBIX CBElEHHH O JIe[HHKaX KaK O
XpaHUJIMIIAaX NPECHOR BOABI.

naBsa 18
COBPEMEHHOE OJIEQEHEHUE 3EMJIN

18.1. PANIOHUPOBAHUE ONEREHEHUS

TepMun "oneneHeHue" MMeeT HECKOJBKO TOJIKOBaHMiA. B mmpokxom
CMBICTIe OH OTPaXkaeT COBOKYMHOCTD UTUTENILHO CYIIECTBYIOIMX IPAPOAHBIX
JBAOB Pa3HOrO IMPOMCXOXAEHUs: MOPCKHX, O3€PHBIX, PEYHBIX, HaJleHbIX,
TPYHTOBBIX, NELIEPHBIX H JIEAHUKOB. FIHOT/ja TOBOPAT O HA3€MHOM, MOPCKOM
1 NOA3EMHOM OJIefleHEHHAX, KaXK/[0e U3 KOTOPLIX SBJIAETCA COBOKYITHOCTBIO
MHOTOJIETHHX JILIOB Pa3HOTO reHe3nca. BuifesioT TakKe ONeIcHeHns NOK-
POBHOrO, FOPHO-NIOKPOBHOT'O (IIEPEXORHOrO, HIIH CETYaTOro) ¥ rOPHOTO TH-
nos. ITokpoBHoe oJiefieHeHne NPENCTaBIAeT cO60i KOMIUIEKC JIEJHUKOBBIX
LIUTOB, KYNOJIOB, JIEASHLIX IOTOKOB M HIENb(OBBIX JIEAHHKOB (HampHMeEp,
COBpEMEHHOE OJieficHeHHe AHTapKTH/bI); FOPHO-NIOKPOBHOE OJIEAeHeHHe —
3TO COYETaHHE JIOKANbHBIX JIEAHHKOBBIX I[UTOB M KYNOJNOB C GONbIIMMH
ROJIMHAMM ¥ NPEArOPHLIMH JIENHAKAMH (HaNpHMep, JIENHUKOBLIE CHCTEMBI
0-Ba DJILCMHUP U I0r0-BOCTOYHOM AJISICKH); FOpHOe oJiefleHeHHe BKIIoYaeT
CHCTEMB! JIEJHAKOB NPEHMYIIECTBEHHO AOJHHHOrO M KapoBOro THNOB (Ha-
npuMep, COBpeMEHHOe onefieHenne Anbn ¥ KaBska3sa).
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OneneHeHNEM Ha3bIBaIOT TaKKe NPOILECC CHIILHOTO YBENINYEHUS MacChl
JIeHHKOB M JPYrHX MHOTOJIETHHX JILAOB, OTPaXalOUIMii OGIIEKIMMATH-
JecKne H3MEeHEHHs.

B paHHOM cly4ae OJIeleHEHHEe PacCCMaTPHBAETCA B Y3KOM 3HaYEHMH KaK
Ha3eMHOe OJIeficHEH e, BKJIIOYalowlee BCE BAALI JIEAHAKOB.

OcHOBHBIMHU (paKTOPaMH JiIst paiiOHHPOBaHNs COBPEMEHHOTO OJieficHe-
HEA CITY>KAT IMPOTHOE NOJIOXKEHNE TEPPUTOPHH, CTENEHb ee KOHTHHEHTAIb-
HOCTH, HCTOYHHKHM B OCOGEHHOCTH nurtanus JefHunkoB. A.H. Kpenke u
B.M. KOT/ISKOB BBIEUIHN ACCATh NPOBHHUMI, Pa3iINYalOLMXCS 10 HCTOY-
HMKaM [THTaHAs JICRHAKOB BJIAaroil ¥ HaNPaBJIEHHIO {BIDKEHHAS BIIarOHECYLIUX
BO3AYIIHBIX Macc. B npefienax yka3aHHbIX NPOBHHIMIA BBIRENAIOTCA JIEAHH-
KOBble OGNAacTH, COBNAjalolHe C KPYIHLIMH FOPHBIMH MacCCHBaMH HIIM
apxuneyaraMu, rae HaGIIIOfaeTcs HEKOTOpPOe eMHCTBO PeXXHMa JIE[HHKOB
(Kornskos, 1968). Hwxe npusefeH nepeyeHb BbifieNleHHbIX 10 rasuuoino-
TAYECKUX IPOBAHIMI C 06J1aCTAMH ONpefieNieHusi BHYTPH HUX.

I. ATnanTuko-CeBepoaMe pHKaHCKast MPOBHHIHS:
I'pennanpckas o6nacTs;
o6nacte Kanafickoro apxmnenara.

II. ArnanTKO-CeBepoeBponeiicKasi IPOBUHIMA:
ApkTHyeckas o6nacTs;
CkaHMHaBCKO- Y paybcKkas o6/acThb.

III. ATnantuxo-EBpa3naTckast NIpOBHHIMSA:
Anbnmickas o61acTh;

Kaskas3ckas 0651acTb;
ITamupo-Anasickas 06J1acThb;
Tanb-lllanckas o61acTs;
Aurraiicko-CasiHCcKast 0671aCTb.

IV. TuxooKeaHCKO-A3HaTCKas IPOBHHIIMA:
Kamuarcko-Kopsikckas o6nacrs;
Bocrouno-Cubupckast 0651acTb.

V. TuxookeaHcKo-CeBepoaMepHKaHCKasi IPOBAHIIMA:
ATSCKHHCKasl O6acTh;
o6nacts 6eperosbix xpebroB CIIA u Kanapsl.

VI. IHpookeaHCKO- A3HaTcKas POBHHIMA:
I'mupykym-Kapakopymckas 0631acThb;
I'mmanajickas o6nacTb;

TuGeTckas 0651aCThb.
VII. TuxookeaHcko-IOxHOaMepuKaHCKast IPOBHHIIWS:
Anpniickas 0671acTh;
ITaTaronckas o6nacTs.
VIII. Tuxookeancko-HoBo3enangckas NpoOBHHIMA:
HoBo3senangckas 061acTh.
IX. OxBaTopnanbHas nposunuus (B Mekcuke, Adpuke, Hopoii
I'sunee).

X. AHTapKTHYECKas IPOBHHLMA.

OCHOBHBIE IIOKa3aTEeJIM NOBEPXHOCTHOrO peXXMMa JICNHHKOB B BbIfle-
JIEHHBIX JIEAHNKOBRIX 06NacTAX npuBefeHs! B Tabn. 18.1.
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Tabauya 18.1

OcHoBHbIE NOKa3aTenn NOBEPXHOCTHOrO peXxXuMma

JlemnukoBas o6nacrb Beicora ¢upHoBo#t Toposas cymma Ce30H MakcHMyMa
JIHHHH, M 0CafiKoB, MM OCajikoB
I'pennanpckas 600-1800 100-1000 BocrouHas yacTb —
3UMa, 3anafiHas — JIeTo
Kanagcxuit 900-1500 100-600 Jlero
apxumenar
ApkTHyeckas 350-1400 200-1500 3uma
CxaHEHUHABCKO- 900-2000 900-1500 3uma
Ypanbckas
Amsrickas 2800-3000 1500-3000 OceHb, 3uMa
Kaska3ckas 3000-3800 800-1500 OceHb, 3uMa
TMammpo- 3800-5200 800-1500 3uMa, BecHa
Anaifckas
Taup-1lanc- 34004800 800-1300 3uMa, BecHa
Kas
Anrraiicko-Casmc- 2300-3500 800-1200 BecHa, neTo
Kast
Kamuarcko- 600-3000 500-2000 3uma
Kopskckas
Bocrouno- 1800-2500 500-900 JleTo, oceHb
Cubupckas
ANSCKUHCKas 300-2300 10004000 Bech rof paBHOMeEpHO
Beperosbix xpe6ToB 1700-3600 800-3000 3uma
Kanapp! u CIIA
Fanpyxym- 4600-6000 3uMma, BecHa
Kapaxopymckas
I'nmanaiickas 4800-5900 Jlero
Tuberckasn 4200-6500 300-1000 Jlero
Amnpmiickas 3000-6500 1000-1400 3uma
TMaTaroxckas 600-1800 3000-5000 Becb rop; paBHOMEpHO
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JenHukoB 3emHoro mapa (Kotaskos, 1968)

Mpeo6nagatonue | IIpeoGmanato- | FopoBast akky- | BrrcoTHuIi TocnioncTayrouymit
THIBI IEHUKOB gt IeAHUKO- | MyJIAIMA Ha rpajiHeHT THII ITATaHHSA

BbIH K03~ ypoBHe rpaHu- | GiomkeTa,

mpieHr 1(b1 MATAHUA, MMM

r/em?

JlemukoBbI#A 5 26 34 CHeXHBII H CHEXHO-
MOKXpOB upHOBBI
JlennukoBbie 1,5-2 10-50 2-4 Xonomn1it hupHO-
Kynona BbIH U JIEAsTHON
JlemuukoBble 0,5-1,5 30—200 3-10 To xe
Kynona
Jlepuvxu maton 0,6-1,8 110-200 5-20 Terum1it hupHOBBIH
KapOBO-JOTMHHbIE
HomHHble 1-3 200-240 12-15 To xe
Nommnmsie 1-1,5 100-140 10-12 "
H KapoBble
HommHbie TypKe- 100-150 4-10 "
CTaHCKOro THNa
Homuiblie 1 1-1,5 30-90 0,5-8 "
TUIOCKHX BEPLLHH
Homnuomle 0,6-1,2 50-100 3-6 "
H KapoBble
Homnmsle 1,4-1,7 100-200 8-15 Termi# hupHOBLI
H BYJIKAHHYECKHUX
KOHYCOB
Kapossbie 0,8-1,6 50-70 4-5 Jlepsmioit
Hommmbie 1,5-2 50-250 2-22 Tennsiit hupHoBBIH
W NPeAropHLIe
Kaposo-nommbie  0,4-1,5 80-200 8-15 To xe
JMomHHbIe TypKe-
CTaHCKOro THNa
JlomHHBIE TypKe- XonomHbIi
CTaHCKOro THNa upHOBBIH
Kaposo-nommmsie  0,8-1,2 40-60 24 Xonomb1#t hupHo-
M TUTOCKHX BEpILHH BbIll H JieastHOM
Kapossbie 120-140 Ternumbiit houpHOBBI
M IOJIMHHbIE
JlenuuxoBble Temnbiit hupHOBBIH
MOKPOBbI H NeasHON
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18.2. NNOWAAL NEQHUKOB W NEAHWUKOBbLIX NOKPOBOB

B Hacrosilee BpeM# JIEAHAKY U JISAHUKOBbIE NOKPOBbI PacCIPOCTPaHEHbI
Ha momanu 16,3 mia kM2 (Tabi. 18.2), uro cocraBnser 10,9% nnomanu
Bcell cymu. OCHOBHBIE 3amachl JIbJla COCPElOTOYEHB B AHTapKTHAE, Te
IJIOIafib JIEAHUKOBOro Noxposa cocraBiuseT 85,65% o6mell nuouagu
onepeHeHnss 3emiun. Bropoe MecTo no Iiomajgy ollefieHeHHs 3aHAMAET
Ipennanpnsa (11,04%). 3t gBe 06GNacTH BO MHOTO pa3 NpEBLIMIAIOT
CYMMapHYyIO IUIOIafb OJIelcHeHUs: BO BCEX OCTalbHbIX o6nactax. TeMm He
MeHee IUIOLIafin oJiefleHeHus B ApkTuke, EBpone, Asum n IOxHO#
AMepHKe NOCTATOYHO BHYLIMTENbHBI, NPOCTO HX CJEAyeT OLEHWBaThb B

Tabauya 18.2

TInowans COBpeMEHHOTO ONefleHeHUus 3eMHOTro Liapa
(Tnaguonoruyeckuit cnosaps, 1984)

OGunacts onepieHeHMs Tlnousans oneneHeHns, kM2
AHTapKTHKa 13 979 000
AHTapKTHRA 13 975 000
IpnaHTapKTHYeCKHE OCTpOBa 4 000
ApKTHKA 2 044 250
I'pennangus 1 802 600
Kanapcknit Apkrnyeckuit apxunenar 149 990
Ocrposa Poccuiickoit ApxTHKH 56 125
Apxunenar llinnGepren u o. Au-Maiten 35245
ApkTrueckne pafionbl CeBepo-AMEPHKaHCKOrO H 290
A3HaTCKOro MaTEpPHKOB
Espona 19 180
o. Ucnaugus 11 785
CkanuHaBus 3 060
Anbmet ¥ INMupenen 2 880
Kaska3s u Ypan 1 445
Asns 118 355
Timanan 33 055
Taub-lllanb 17 875
Kapakopym 16 265
Hanbwanb ' 13 000
ITamupo-Anait 12 070
KyHbnynn 11 640
TyHpykyw 6 200
Ocranbhble paifonel LlenTpanbHoi Azun 5 420
Cu6ups 1 Jansumit Bocrok 1570
Ilepennsas Azns 50
CeBepHast AMepHKa 123 700
Anscka 103 700
Beperossie xpe6Tbl 15 410
CKanucTbie ropbl 4 850
BynkaHbl MekcHKH 10
IOxHan Amepuka 32 300
Hosas 3enannus 810
Adpuxa 20
Hopbas I'sunes 15
BCETO 16 317 630
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Tabauya 18.3

TInowans COBPEMEHHOTO ONECHEHNS ¥ KOMMYECTBO JIENHUKOB
Ha Tepputopun Poccun (Honryumn, Ocunosa, 1989)

OG6nacTb Wi paiioH ONIeAeHEHHS | KonuuecTso jiegHuKoB Tnouamb oneaeHeHus, Ky >
TTokpoBHOe OJiefieHeHue
Hosas 3emns 685 23 645
CesepHast 3emns 285 18 325
3emnn Ppaxya-Hocuda 995 13 734
0. Y1iaxkosa 2 325
o-Ba [le Jlonra 15 80
0. Buktopusa 1 10
T'ophoe onenenerne
CepepHbiit ckiioH Bonbioro 1433 991,9

Kaska3za u Dnb6pycckmit
JIEHUKOBBI KOMILIEKC

Anrrai 1499 906
Kamuatka 405 874
Kopsxckuit xp. 1335 260
ropsl CyHTrap-XasTa 208 201
xp. Yepckoro . 372 156
rops! Beippatra 96 30
Casttbl 105 30
Ypan 143 28
Konap 30 19
OpynraH 74 18
Cayp 18 16
Ky3neuxnit Anaray 91 6
o. Bpaurens 101 3,5
rops! [TyropaHa 22 25
XnGuHb! 4 0,1

Apyrux MacmraGax, ueM IUIOLIaa¥M OJieficHeHHs B AHTapkruae H I'pen-
JIAHUH.

HauGonee xpynHble JIeqHUKOBbIE KOMILJIEKCh! HaxopsaTca Ha Kanagckom
ApkrnyeckoM apxunenare, B CeBepHoit AMepuKe, Ha ocTpoBax Poccuiickoi
ApkTHKY ¥ Ha apxunenare IlInuuGepren. Kpynueiimne ropusle Je{HAKH
pacnonoxXeHsl B ropHuix cucreMax Kapakopyma, Taub-lllansa, ITamupa n
I'mmanaes (cM. TaGn. 12.1).

CyMMapHblit BOJIHBII CTOK C JIEJHHKOB OueHHBaeTcs B 2,5 - 1012 M3/rop,
YTO COOTBETCTBYET 7% CyMMapHOro pe4yHOro CToKa.

Ha Teppuropuu Poccum mmeercs Gonee 6 000 negHukoB oGuiei
mwiomanbio okono 60 Thic. KM2, 60MbIIAsA YaCTh KOTOPOH HaXOJUTCSA B
apKTH4YecKOM nosce (Ta6i. 18.3). JlegHUKM pacnpocTpaHeHb! JIOKAJIBLHO BO
MHOXeCTBe paitoHOB oT ocTpoBoB 3emiun dpanua-Hocuda Ha cesepo-
3anafe Poccuu o 1OXHBIX pPailOHOB YMEPEHHOrO M Cy6TpOImM4YecKoro
xmmMara (Kaska3s) u o rop KamyaTkn Ha BOcTOKe.

ITIpuHATO BHIAENATH 4 LIMPOTHBIX NOACA PAaCNPOCTPAHEHMS JIENHHKOB —
apKTHYeCKHH, cy6GapKTHYeCcKHil, yMepeHHbI 1 10XHbIA (Jlonrymun, Ocu-
nosa, 1989). HauGonpiune miomaayu 3aHAMaloOT IOKPOBHLIE OJIE[IEHEHAA B
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ApkTHke Ha octpoBax Hogoit 3emnu, Ceseproit 3eminn u 3emiu PpaHia-
Hocnda. B cybapkTHyeckoM nosice 60nbIIas YacTh JIEAHUKOB COCPEAOTOYE-
Ha B TUXOOKeaHCKOM paiione (KamuaTka, Kopsakcknit xpe6eT), rue NUTaHHE
JIEHUKOB NPOMCXOAMT B OCHOBHOM 32 CUET OCafIKOB, MOCTyNalomux ¢ Tuxo-
ro oKeaHa IO CEBEPHON BETBY NONSAPHOro (pOHTa. SHAYHUTENBHYIO MIIOLIA/lb
3aHHMAIOT TaKXXe JIEHAKH B BOCTOYHOCHOUPCKOM paifoHe (xpe6Thi CyHTap-
Xasita 1 Yepckoro), rjae MUTaHUE OCYIIECTBISAETCS NPENMYIIECTBEHHO OCafl-
KaMH, NIOCTYNAaoUMMHA ¢ uuKkIoHaMu ¢ OxoTckoro u SInoxckoro mMopei. B
YMEPEHHOM IOfice CIIeAYeT BBIAECIHTL JIEfHUKM B ropax Anras, CasH H
Kopapa. B 1oxHOM nosice npeoOGiajalolliee KOJHYECTBO JIEAHHKOB
PacIoIOXeHO Ha CeBepHBIX cKJIoHax Bonbmoro Kaskasckoro xpe6ra. Ca-
MBIM GONBIINM MacCCHBOM COBPEMEHHOrO oJieicHeHns Ha KaBkase aBiseTcs
NeHUKOBLI# KOMIUIeKC DnuOpyca (23 neguuka momaabio 122,6 KM2).

18.3. ONEAEHEHUE AHTAPKTUADbI

B paiione IOxHOro nonroca paciosioxKeH OrpOMHbIi MaTepPHK — AHTapK-
THJa, NOKPBITHIA MOIIHBIM JICAHNKOBLIM NOKPOBOM. Ilnomans AHTapKTHBI
OKOJI0 15 MITH KM?, U3 KOTOpO# UL MeHee 2,4% IOBEPXHOCTH CBOGOAHO
oro nbpa. CpepHss TOJLIMHA JIEMHUKOBOro NOKpoBa — okoyso 2000 M,
a MakcHManbHas npesbimaer 4700 M. O6muit 06beM Jbga — OKOJIO
30 muia kM3, Ecnu 6b1 BeCh 3TOT Jief pacTasil, TO ypoBeHb Muposoro
OoKeaHa nopHscs 6s1 6onee yueM Ha 60 M.

Ha negHuKOBOM NMOKpOBe AHTApKTHALI BbIENAIOTCA TPH KPYNHbIE
CTPYKTYPbI: MaJIONOABIDKHBIN MacCHUB JIbJja C HECKOJIBKMMH KYNOJIaMH H CO
c51a00HaKJIOHHOM NOBEPXHOCTHIO, OBICTPO ABHKYIIMECH BHIBOAHBIE JIEHUKH
U mensgosrie NeaHUKHu (puc. 18.1). ManonoaBmKHbIi Ha3eMHBI NOKPOB
COCTOMT U3 TPEX CBA3aHHBIX MeXJly COOO0M JacTeii: OrpOMHOrO JIEHUKOBOI'O
muTa BocTounolt AHTapKTAABI IVIOAALIO OKONO 9,9 MIIH KMZ2, JIEHHKOBOrO
muTa 3anagHoi AHTapkTuabl (1,8 muH KM2) M JIEAHMKOBOIO MLIHTa
AnTapKTHYecKOro nonyocrposa (0,3 miH kM2). JlegHukosslit noxpos Boc-
TOYHOM AHTapKTUAbI PEJCTABNAET JIMICOBUAHYIO B IJIaHE BO3BBIIIEH-
HOCTb C NOYTH FOPH3OHTAJILHOH NOBEPXHOCTBHIO B LIEHTPAJLHOM 4acTH.
W nuiup Npn feTadbHbIX reofie3nyecKnX H3MEPEHNAX Ha NOBEPXHOCTH IIMTA
6BbLIO BBIEJIEHO HECKONIBLKO KYNOoJ000pa3HbIX BO3BBILIEHUH, pa3ficIEeHHbIX
noHmxeHnsaMu. CpeaHsisi TONIMHA UIMTa OUeHuBaeTcs B 2120 M, a MakcH-
MaJibHasl TOJIIMHA NOKpoBa paBHa 4776 M. CpefiHAs TOJNIIMHA JIEAHAKOBOIO
muTa 3anafgHoi AHTapkTHAb! — 1100 M.

Jlen pacTekaeTcs OT KYNOJIOB B LIEHTPAJIbHOW YaCTH JIEAHUKOBOrO LIUTA
K ero nepudepuu. B psapge Mecr, rpe HanpaBlieHHE NOQJIERHBIX JOJHMH
COBNaflaeT C YKJIOHOM JIEAHHMKOBOrO HLIATAa, CKOPOCTh ABMXXEHHS JbJa
3HaYUTEJBbHO GOJblIe, YeM BHe 3THX AOJNMH. 3ech 06Gpa3yloTC MOILIHbIE
JefsHble NIOTOKH — BBIBOJAHEIE JIEAHUKH, KOTOpBIE CIY>KaT OCHOBHBIMM Ka-
HajJlaMH CTOKa JIbJla U3 BHYTPEHHHMX PaiOHOB. BhIBOAHEIE NEIHHKH OTIN-
Yalorcs 6onbmuM pa3HooGpasneM ¢opM u padmepos. HekoTophie U3 HHX
TEKYT B OJIMHAX CO CKaJIUCTLIMH GeperaMu, NOAHHMAIOLIMMMUCA Haj IO-
BEPXHOCTBIO JIbAa, a GOJBLITHHCTBO JIEAAHBIX IOTOKOB TEYET B JIEAAHBIX Ge-
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Pnc. 18.1. JlenHuKOBbIA MOKPOB AHTapKTH/bI

1 — M30NMHUY BLICOTBI TOBEPXHOCTH, M Hajl yp. MOpS; 2 — y4acTKH wenbdoBbIX NEJHNKOB;
3 — BBIBOAHBIE JIEAHHKH; 4 — MAJIONONBHKHBIN MaTEPHKOBBIN NIEN; 5 — BLIXOAbI FOPHBIX MOPOX;
6 — ¥ccneoBaTe NbCKHE CTAHLUH

perax. BoiBopgHbIE JIEAHUKHM 3aKaHYMBAIOTCA B OKEaHE B BHJE JIEASHBIX
O6pBIBOB WIN NHTAIOT 1IENb(OBBIE JEAHAKH.

.Ha nporsxxennu okono 17,8 Teic. KM U3 obuiei NpoTAXKEeHHOCTH Ge-
perosoii muHuu B 31,9 Thic. KM nobGepexXxbe AHTApKTHRbl OKaWMIIEHO
wenbdoBbiMu  Jeauukamu. OGumias nnomags weidbgOBbIX JIEAHUKOB —
1,5 MnH kM2, caMble GonbluMe M3 HUX — JegHMkH Pocca (525 Thic. kM?2)
Poune-®unsxuepa (433 toic. kKM2). lllenbgosbie NEIHUKA MONYYAIOT IHTA-
HHeE 3a CYET JIbJa, NOCTYNAIOILETO C JIEAHUKOBOro NOKPOBa, M aTMOC(HEPHBIX
OCafKOB, BbINAJAlOIIX HENOCPEACTBEHHO Ha MX NOBEPXHOCTH. Pacxon nmbpa
menb(OBBIX JEJHAKOB NPOMCXONUT NyTEM OTKONa aicGepros, Nmopoii,
BeCbMa BHYIIMTEJIbHBIX pa3MepoB (OTMeYaJMCh FHraHTCKHMe ajicGepru
nmomansio 6osee 100 kM2 1 TonumHoM 6osee 500 M).

JIoxXe AHTapKTHYEeCKOro JIEHUKOBOrO IOKpOBa MMEET CIOXHBIN
peabed ¥ YaCTHYHO PacNoNIOXXKEHO HHXKe NMOBEPXHOCTH OKeaHa (pHc. 18.2).
B xopennom penbede BocTouHoM AHTapKTHABI HMeeTCA AR NORJIEAHBIX
rop, BO3BBIIIEHHOCTE! ¥ PaBHUH C BNAJUHaMHU, Iic IOBEPXHOCTb HAXOAUTCA
HIKe ypoBHsi Mopa (1o —1,5 kM). FIMelOTCs TaKKe rOpHble IpsAAbl, BO3BbI-
HIAOIHAECS HaJ JIEAHHKOBOM NOBEPXHOCTHIO: TpaHCaHTapKTHYECKHE IOpbl
¥ npubpexHsble ropHble cucTeMbl. B 3anagHoit AHTapKTHE MeXAY rop-
HBIMM MAaCCHBaMH PacCHOJIOXXEHbl OOCIIMpHbIE NOMJIEAHbIE BIAJHHBI M
PaBHMHEI, HX IOBEPXHOCTB pacnojioxeHa Ha 0,5-2,5 KM HIDKe YpOBHA MOpH.
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Puc. 18.2. Cxema nopnegHoro penseda AHTapkTunb! (3Hauko-SAsopckuit, 1977)

Bbie ypoBHsa oxeaHa (B M): / —>1000; 2 - 500-1000; 3 — 0-500. Hixxe ypoBHsa
okeana (B M): 4~ 1000; 5 ->1000

Cpenuuit ypoBeHb JI0Ka B 3anafHO#l AHTapKTHle COOTBETCTBYET OTMETKE
-390 M.

JIenHUKOBBIi IOKPOB AHTapKTUAbI Hayasl (OpPMHpOBAaThCA He NO3Ke
20 M7 et Ha3af (IO HEKOTOPBIM OLIEHKaM, OKOJIO 37 MIIH JIeT Ha3aj Win
paHee). MaKcUMaJIbHBIX OGbEMOB OJIElCHEHNE JOCTUraJIO B NIEPHOJ MEXAY
17 n 21 teic. ner Ha3ajg. O6GbeM JIEQHHKOBOro IIOKPOBa BO BpeMs
NoCJIeHETO NTHKA OJieieHEHNs OLeHnBaeTcs B 38 MIIH KM3.

18.4. BBAUMOCBA3b ONEAEHEHUSA C ATMOC®EPOW, CYWIEA U OKEAHOM

Onepenenne u ero koneGaHUsA ONpeNeNsIOTCA B3aUMOJEHCTBUAMH
3BeHbEB NPUPOJHOH CHCTEMBI, BKIIOYaolleit atMocdepy, OKeaH, NOBEpX-
HOCTB CyIIIM, CHEXXHBIH U JIEHOM OKPOBLI. B3anMopeiicTBNs 3BeHbeB 3TOi
cucreMbl (POPMHPYIOT KJIMMAT 3eMJIM ¥ HANpPaBJIEeHHOCTh U3MEHEHMIt OJe-
AeHeHus. BHemHuMu ¢akTOpaMH, BIMSIOLUMMH Ha CHCTEMY, ABIAIOTCH
HM3MEHEHUs CONTHEYHO! aKTUBHOCTH, TEKTOHUYECKHE [ABIDKEHUSI 3eMHOM KOPbI
U ByJKaHWYecKHe BBIOpOChl B atMocdepy. CucremMa HaXOAMTCA B He-
PaBHOBECHOM COCTOSIHMH, JIJI HEE XapaKTePHbI KojeOaHust.
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HawuGonee namenunsa arMoctepa. C Heil CBA3aHbI CE30HHbIE H3IMECHEHHS
pa3mepoB u ¢OpMBI JIEAHHKOB, IMKJIAYECKHE KPAaTKOBpEMEHHbIE U Oojlee
RIMTeNbHBIE KolleGanus nefHnkoB. EcTs MHOro (pakTOpOB, yKa3bIBaIOMIUX
Ha PETMHYECKHH XapaKTep KoJie6GaHH JieJHUKOB, CBA3aHHbIA C COJTHEYHLIMHU
IMKJIaMA. OTH UMKJbI U CBA3aHHbIE C HUMH KJIHMaTHYeCKHE KojieGaHus
OKa3bIBAalOT BIMSAHAE Ha HHTEHCUBHOCTh HACTYNaHUA M OTCTYNaHHSA
JIEAHUKOB, NpAYeM HaGIIORAaeTCA CyHIeCTBEHHass MHEPLUMS B NPOSBJIEHUH
BIIHSIHUA aTMOC(heph! Ha KoJleGaHUs JIeJHUKOB, YTO 3a4aCTylO 3aTPYyAHAET
yCTaHOBJIEHHE B3aUMOCBS3H NOBEJCHHA JIEJHUKOB C KOJIeGaHHAMH KJIMMaTa.
KpoMe Toro, 3aTpygHeHUs1 BOSHMKAIOT BCIEACTBHE HaJIOXKEHA KoyeGaHuii ¢
Pa3IAYHBIMA KJIMMaTHYECKHMH NIEPHOJaMHU.

3auKCHpOBaH CBA3aHHBIN C COJIHEYHOl pajuanyeil K H3IMEHEHUHA
KJIIMaTa C nepuoaom 2,5 ThIC. JieT, OKa3aBIUUi BIIMSAHME Ha IOBEJECHHE
MHOTHX JIe[JHUKOB. B cooTBeTCTBHMM C HMM XOJoOpHbIe (pa3bl Obinm 7,8;
5,3; 2,8 Teic. u 300 net Ha3ap. IIpu aToM He Bce (pa3bl NPOABIAIUCH
onuHaxkoBo. B nepuop 8-5 Thic. et Ha3aj cpeaHue TEMIEpPaTyphl BO3/lyXa
GBbLIN BhILIE COBPEMEHHBIX, YTO CIIOCOGCTBOBAJIO YMEHBILIEHUIO OJIEACHECHNUS.
5-3 ThIC. JleT Ha3aj HaGIIONAJIOCh NMOHWXEHUE rII06aNbHBIX TEMNEpaTyp
¥ yBenuuenne oneneHeHus. X—XII BB. Haumreit 3pbl XapaKTepH30BaJMCh
OTHOCHTEJIBHO TEIUIBIM KIIMMATOM (3TOT NepHOJ] MHOI|a Ha3bIBalOT BTOPBIM
KJIMMaTHYeCKHUM ONTHMYMOM roJiolieHa). B aTo u mocnepyioiiee BpeMs Ha-
Gmofanuch KpaTKOBpeMeHHble KoyieGaHus ojepeHeHus ¢ 11-, 22-, 35-
H 80-NeTHUMH LMKJIAMH, OKa3bIBAIOIIHMH BIIMSHME Ha HHTEHCHUBHOCTb Ha-
CTyNaHHS JIEHUKOB BO BpeMsl MaJIOrO JIENHUKOBOrO NepHofia U Ha HHTEH-
CHBHOCTb OTCTYNaHHs JIEHUKOB B NOCTeJHEM CTOJIETHH.

Hnes aBTOKOJNE6GaHUN OJieNeHEHNS B CHCTEME 3€MHas NMOBEPXHOCTb—
aTMocdepa KaK OCHOBHOrO MeXaHH3Ma ‘Iepe{OBaHHUA JIERHUKOBBIX 3MOX
6bu1a BoickasaHa B 1930 r. kanuraHoM panbHero minasanus E.C. I'epHeToM.
CoracHO IpefJIoKeHHON UM TeOpHH, paCpOCTPaHEHHE JIENHUKOB He 061-
3aTeJIbHO ROJIKHO GBbITh CBA33aHO C H3MEHEHMSMH KJIMMaTa IOf Bo3jeicT-
BHEM KAKHX-TO BHELIHHX IIPUYMH, a CaMH JIENHUKH B XOfl€ CBOEro pa3BUTHA
MOTYT H3MEHSATh KIIUMAT. YBeJNYeHHe IJIOARH OJIeicHEHUsS IPUBORMT K
YMEHBIIEHAIO KOMIMYECTBA NOJIy4aeMoro 3eMiiei Tenia BCIeACTBUE YBeJH-
yeHus1 aNb6el0 Ha NOKPHITHIX CHErOM H JIbIOM TEPPUTOPHUSX, YTO BhI3bIBAET
NOHMKEHMeE TeMIIepaTypPhbl 3eMHO! NIOBEPXHOCTH ¥ BO3JlyXa U CIOCOGCTBYET
RanbHedIeMy pacUIMpeHHIO OJIeflcHEHUs, NIOKa He HaYHeT OIIYLIaThCA
Recduuur armocdepHoil Biaru, oGecneyuBalomiell NMUTaHUE JIeJHUKOB.
E.C.T'eprer (1981, c. 82) yTBepxXxpnay, 4TO "JeAHUKOBbIE SBIEHASA B
NJlaHeTapHOM MacuTabe ecTh YaCTHYHBIN nepexof 3eMIH U3 COCTOSHUS
6e3nefHOro B COCTOSTHUE OJiefieHeIoe" U YTO "Jief], pacCpOCTPaHUBIINACH HA
3emie, caM B cebe COepKAT NPUYHHY CBOEH COXpaHsAieMOCTH".

BinusHue cymn Ha OJleflecHEHHEe MOXET CYILECTBEHHO M GBICTpPO Ipo-
ABNATHCA NPY KPYIHLIX H3BEPXKEHUAX BYJIIKAHOB U IIPH 3€MJIETPSCEHMAX, a B
OCTaJIbHBIX CJIy4asiX IPOLECChl UX B3aMMONEHCTBUA NMPOMCXOAAT OTHOCH-
TENBbHO MEJJIEHHO ¥ OrpaHUYeHbI 10 CBOMM MacwuitabaM. Benencrene negHn-
KOBOW 3p03uH BhIpaGaThIBaeTCA JIOXKe JIEJHUKA, YTO IPUBOJUT K M3MEHe-
HHMIO (hOPMEI ¥ pasMepoB JIEJHHKOBOrO MaccuBa. TeKTOHHYECKHE CBUTH 3eM-

173



Puc. 18.3. HN3meHeHns
ypoBHs MupoBoro okeaHa
3a nocaenuune 130 Toic. NTET

|
S

HOJ NMOBEPXHOCTH MOTYT
YCHIINBATb 3PO3HOHHYIO H
TPaHCNIOPTHPYIOWIYIO fies-
TeNbHOCTD JIefHAKOB. H3-
MeHeHus 06beMoB 60iIb-
LINX JICAHUKOBLIX NOKpO-
BOB INIPUBOAAT K ONyC-
KaHMIO NOBEPXHOCTH 3€M-
Jn B paiioHe NOKpOBa 3a
cYeT yBeJIMYeHHs JIE[JOBOM Harpy3KH WA K NOAHSATHIO IOBEPXHOCTH IIpH ee
YMEHBIIECHHH. _

B3aumopeiicTBIe OJleficHEHNA C OKeaHOM NPOABJIAETCA TaKXKe OTHOCH-
TeNnbHO MefiieHHo. Han6osee 4yeTKO OHO HablofaeTcs IPA paCCMOTPEHHH
AJIMHHOIIE PHOHBIX H3MEHEHU! YPOBHA OKeaHa M TeMIEepPaTYPHBIX YCIOBHUI
onepenenns. ITo Mepe TOro Kak JiefHUKOBbIe NOKPOBBI YBEJIHYHBAIOTCH,
B HUX KOHCEPBHPYIOTCA OIpefieJIeHHbIe 06bEMBI BOJbI, YTO IPHBOJHUT K IO-
HIDKEHHIO YPOBHA OKeaHa. [IpH yMeHbIIEHHH OJIelCHEHHUSI YPOBEHb OKEaHa
nopguumaercs. ITo pacueram, A H3MeHeHHs1 ypoBH MHpPOBOro okeaHa Ha
1 MM TpebGyercss npubaBHTh WM OTHATHL mopsaxa 360-400 kM3 BopgwI.
B Teuenne XX B. ypOBEHb MHPOBOTO OKeaHa HEYKJIOHHO NOBBIUIAJICA Ha
1,0-1,5 MM/rop. OTO B ONpefieJIEeHHOM CTENEHN CBA3aHO C OTCTYNAaHUEM Jief-
HUKOB M oOiei gerpapanueit oneneHennsa. HauGonee 3HauMTeNbHbIE NO-
HIDKEHMs ypoBHA nmpoucxopunu 70 u 20 TeiC. JeT Ha3aj, a 120 Teic. neT
Ha3aJi ypOBEeHb OKEeaHa NpeBbIIIall COBpeMeHHbIH (puc. 18.3).

Bonee yeTkoe ¥ OTHOCHTENHLHO OLICTPOE BO3[IEHCTBHE OKEaH OKa3bl-
BaeT Ha "Mopckue" u menbgoBbie JIEAHUKH, KOTOpble HENOCPEACTBEHHO CO-
IIpHKAacaloTcs ¢ MOpckoii Bopoi. Ha KoHTakTe JieiHNKa ¢ MOpPEM NPOHCXOAUT
TasiHHE JIbJla U €Er0 pa3pyllieHde MOPCKHMHU BONHaMH. IIpHIMBBI MOryT CO3-
AaBaTh TPELIWHBI B JICAHAKE H CNOCOGCTBYIOT OTKAJILIBaHHUIO aiicGepros.
Y nuHuN HaneraHus "MOpPCKHUX" JIEAHNUKOB M NOJ WeNbghOBLIMH JIEAHHKAMH
NPHINBbLI CIOCOGCTBYIOT NPUPOJHOMY MEXaHH3MY, NIOJIyYHBIIEMY Ha3BaHUE
"npunuBHOro Hacoca". Bo BpeMs npuimBa MOPCKast BOJia 3aCaChiBaeTCs NMOX
JIEHUKOBBIH [IOKPOB, a NIPH OTINBE, KOrAa JIEJHUK OCEaeT, BOAA BLIKAMa-
eTcs.

ITonoxkeHue Kpas "MOpPCKOro" JefHUKa KOHTPOJIUPYETCA YPOBHEM OKea-
Ha. JTaXXe OTHOCHTEJILHO HEGONBIIOE NOBBILIEHHE YPOBHS MOPS MJIH ITOHH-
>KEeHHe JIOXKa JIEHUKA 32 CYET TEKTOHNYECKOrO NOTPYKEHNS 3eMHOM KOpbI
HJIM 3PO3NH NMOBEPXHOCTH JIOKA MOXKET IPHBECTH K NEpeMeleHHIO JINHUA
HaJleraHus B CTOPOHY Gepera U BCIUIBIBaHMIO KPaeBOii YacTH JIeHUKa. DTO
YMEHBILIAET CONPOTUBIIEHAE CKONBLXEHHIO JIEHUKA IO JIOXKY, YBEJIUYHBAET
CKOPOCTb €0 JBIDKEHNS ¥ MOXET NPUBECTH K OTCTYNAHUIO U pa3pyLIEHHIO
"MOpPCKOro" JIeiHHKOBOTO IIOKPOBa.
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NOA3EMHBIE NibAbl U HANEAW

naBa 19
KPUOJIUTO3OHA

19.1. PACNPOCTPAHEHUE TOJIW MEP3/bIX NOPHbLIX NOPOA

Mep3inble TOMIM OYB ¥ FOPHBIX NOPOJ] PaCNpOCTPaHEHbl B BEpXHEM
cloe 3eMHOi KOpbI, NIOJIyYUBIIEM Ha3BaHHE KPHOJHMTO30HBI. JTa 30Ha
XapaKTepH3yeTcs IOHIDKEHHEM TeMIIepaTyphl O OTPULATEIbHbIX 3HaYEeHUH
U HaJIMYMeM HIIM BO3MOXKHOCTBIO CYIIECTBOBAHHUS NOA3EMHBIX JbAOB. Jlen B
Mep3JIbIX NOPOJiaX MOXET HAaXOAUTHCA B BHJIE OTHAENLHBIX 3epeH, CIOEB,
IUIMPOB M JIMH3 B OKPY>XXEHMH MHHEPAJIbHOTO CKeJleTa, B BHJE KPYNHBIX
Macc, JIeAAHbIX XHJ U IJIaCTOB, U B BHJE PBIXJIBIX CKOIUIEHAN CyGiH-
MalMOHHOrO JIbia B Nelepax, FOpHbIX BEIpabOTKaX M APYrux NOA3EMHBIX
nosnocrsax. ITo AIATeNLHOCTH CymIeCTBOBaHHSI MEp3JIOr0 COCTOSIHUSL IIOPOJ
Ppa3JINyaloT KPaTKOBPEMEHHO-Mep3ible NOPOAbI (Yackl, CYTKH), CE30HHO-
Mep3Jible NOPOAbI (MECALbI) H MHOrOJIETHEMEP3JbIE (FOAbI, COTHH M THICAYH
set) nopopsl. I'1y61Ha npoMep3aHus FOPHBIX NOPOA ¥ PO OJIXKUTENLHOCTD
COXpaHEHHUS MX B MEP3JIOM COCTOSHUM 3aBHUCAT OT KOMILIEKCA NPUPORHO-
KIMMaTHYECKAX N reoynornyeckux ycinosmii. Cpeam Hux HamGoJblluee
BIIMSHUE OKa3bIBalOT NPOJOJIXKUTENILHOCTh NEPHOAA C OTPHULATEIbHBIMA
TeMIlepaTypaMH BO3[lyXa M BEJIMYHHA CpefHell OTPHLATENLHON TeMIle-
paTyphl 3a 3TOT NEPHON,.

MHoroneTHeMep3bIe TOJMIIM I0OPOJ, PaHee Ha3bIBaeMble "BeYHOl Mep3-
JoToi", pacnpocTpaHeHb! Ha 3eMile Ha IIIOLIaRM OKoJo 35 MiH kM2, OcHOB-
Hasl 4YaCThb MX HaxORuTCsA B CeBepHOM nonyurapuu: B A3um, AMepuke, I'pen-
JIaHAMA, Ha apKTHYECKUX OCTPOBaX M YacCTHYHO Ha ceBepe Esponsl
(puc. 19.1). B IOxxHOM nmonymapuu Mep3iiast 30Ha JUTOCGEpPHl OXBAaThIBAET
TEpPUTOPHUIO AHTApPKTHABI M NPHUJIEralONMX K Hei OCTPOBOB, a TaKXe
BBICOKOropHsnie y4dactku B IOxHo#t AMepuke n Adpuke. B AHTapkTune
MHOTOJIETHEMEP3JIble TOPHBIE NOPOJibl PacCPOCTPAHEHbI HA OTHOCHTEJILHO
He6ONbIIOH TEPPUTOPHH — Ha CBOGOAHLIX OT JIEAHUKOBOrO NOKPOBa y4acT-
Kax npHOpexXHO! 30HbI, Ha3bIBa€MbIX aHTAPKTHYECKMMH Oa3MCaMM, M Ha
BO3BBIIIAIOUIMXCA HaJ{ NOBEPXHOCThIO JIETHUKOBOrO IIOKPOBa CKalbHBIX
XxpeOTax U HyHaTakax.

B Poccun muoronernemep3snsie Toimu (MMT) 3aHuMaloT Iomans
Gonee 10 MITH KM2, YTO cOCTaBJfAeT OKONO 60% obmeii muomanu. I0xHas
rpaHHLa PacIpOCTPaHEHUs MHOTOJIETHEMEp3JbIX NOPOJ B eBponeickoi
YaCTH HauMHAaeTCcA B ceBepHOM yactd KonbcKoro mosnyocrpoBa, IpOTsA-
THBACTCA Ha BOCTOK HECKOJILKO 10XHee CeBEpHOro NOJMISPHOro Kpyra, 3aTeM
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Puc. 19.1. Kapra pacnpocTpaHenus MHOroneTHeMepanbix nopon (MMII) n
noa3emHbix JbR0B B CeBepHoM nonywapun (Kornsxos, 1994)

I - 10XHaA rpaHHUa 30Hbl CIUIOIUHOrO pacnpocTpaHenns MMIT; 2 - To e, 30HBI
OCTpOBHOrO pacnpocTpaHeHHss MMIT; 3-5 — paitonbl MpeuMyLIEeCTBEHHOIO PacNpOCTPaHEHHS
CerperaMoHHBIX (3), )KWIbHBIX (4) TbROB H COBPEMEHHBIX JIERHUKOB (5); 6—8 — 3HaYHTENbHbIE
CKOTUIEHMS TIOJ3EMHBIX JILAOB: HHBEKLHOHHBIX ( 6), NOBTOPHO-XKHBHBIX (7), norpeGeHHBbIX (&)

CIyCKaeTcs BJOJb 3allaHOTO CKJIOHa Ypaia loxHee 64 c.ur. B 3anagHoit
Cubnpn 10XHasi rPaHHIa NPOXOAHUT MO UIMPOTHOMY oTpe3ky O6u, nop-
HHMaeTcs K ceBepy no ponure O6H, manee cmyckaercs K lory Enuces.
Hanee rpanuna noBopayMBaeT Ha IOT ¥ YXOJHUT 3a npefeis! Poccnu B rop-
Hble paiionsl Mouronnu u Kuras. Ha BocToke 10XHas rpaHmia pacnpo-
CTPaHEHHA MEP3JbIX TONI] OKOHTYPHBAEeT rOpHble XpeGThI BIOJIb AMYypa U
Ha KamuaTke (puc. 19.2).

B 3aBHCHMOCTH OT COOTHOLIEHN IUIOUafiell pacIpOCTPaHEHUs MHOTO-
JIETHEMEP3JILIX NOPOA M IUIOMajfedl TaJUKOB (Y4aCTKOB TaJOro IPyHTa)
BBIJIENIAIOT Clefyiomue paions! (Cymrun, 1937):
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1) paiioHbl NPEeNMYIECTBEHHO CIJIOUIHOrO PacnpOCTPAHEHHS TOJI]
MHOTOJIETHEMEP3JIbIX NIOPOJ, I7le CKBO3HbIE TaJIMKH BCTPEYalOTCH JIUIIb NOJ
KPYNHBIMA PeKaMH 1 03epaMH (Ha IIoIand fo 5%);

2) paifioHbI NPEPBIBUCTOrO PaCIpOCTPaHEHHs MEP3JLIX OO, B npefie-
J1aX KOTOPBIX OOIIMPHBIE IPOCTPAHCTBa MHOTOJIETHEMEP3JIBIX TOJMM] IPOHH-
3aHbI CETHIO MEHee 3HAaYNTENBHBIX IO IUIOLIA¥ CKBO3HBIX TaJMKOB;

3) H30NMpOBaHHbIE YYaCTKH H OCTPOBa MHOrOJIETHEMEP3NbIX IPYHTOB
cpefu OOUIMPHBIX TAJIHKOBBIX IPOCTPAHCTB, 3aHUMAIOIMX Gollee NOJIOBHHBI
IJIOLIafH;

4) npocTpaHCTBa, Ha KOTOPBHIX BCTPEYAIOTCA PEJIMKTOBbIE YYaCTKH
MHOTOJIETHEMEP3JIbIX NOPOX Ha riyOMHaX HMXKE CJIOf CE30HHOrO Ipo-
Mep3aHus;

5) paiioHbl, rie MHOrOJIETHEMEP3Jible IPYHTHI BCTPEYAIOTCA TONBKO
B O6yrpax TopdsHsix 60710T;

6) BBICOKOTOpHBbIE PaiiOHbl BHE rpaHHIL O6GJIaCTH pacnpOCTPaHEHUs
MHOTOJIETHEMEP3JILIX NIOPON.

ITo xapakTepy pacnpocTpaHeHHs no BepTnkamn MMT Moxxo nop-
Pas3feNIuTh Ha: a) HeNpephIBHbIE HIIH CIUIOIIHbIE MEP3JIbIE TOJIIH IIO Pa3pe3y
(6e3 TanbIx nmpocinoes); 6) NpepbIBUCThIE (CIOUCThIE) MeP3JIble TOJNIIH, e
B pa3pe3e HaGiofaeTcs YepelOBaHue MHOrOJIETHEMEP3JbIX U TallbIX CIOEB
TOPHBIX NIOPOJ.

ITo B3aMMOOTHOLIEHUIO MEP3JIOH TOJIHMIM CO CIIOEM CE30HHOrO OTTaH-
BaHHS M NpPOMEpP3aHHs MOXHO BBIIENATH: a) camBaromuecs MMT, rae
NOJOLIBA CJIOS CE30HHOI'O OTTaMBaHUA ABJIAETCA MX KpOBJel; 6) HecluBalo-
IMecs, Tie MeX/y NOJOIIBOH CJI0s CE30HHOro NpOMEP3aHNus ¥ BEPXHENH No-
BepxHocThio MMT cyinecTByeT Talblit CJIOH, COXPaHAIOLIMICA B TeYEHHE
3UMbI WK 60Jiee AIUTENBHOE BpeMsl.

HmxHsaa rpaHulia MHOTOJIETHEMEP3JBIX TOJNIY B 30HE MX CIUIOIIHOTO
PacpOCTpPaHEeHHs 3aJleraeT Ha rilyOMHe OT COTEeH JO TBICAYM METPOB.
B 30He npeprisucToro pacnpocrpanenns MMT ux MOIHOCTb OGBIYHO y6bI-
BaeT IO HalIPaBJIEHUIO K 30HE OCTPOBHOI'O PaCNpOCTPAHEHHs, B 3TOM Xe Ha-
NpaBJIEHUM PAaCTET KOJIUYECTBO M OTHOCUTEJIbHAA IUIOIIab TaluKOB. B 30He
ocTpoBHOro pacnpocrpaneduss MMT nx MOIIHOCTb H3MEPSETCA AECATKAMH,
a HMHOrfa faXke eJUHULAMH MeTpOB. B ropueix paloHax CIUIOIIHOCTH
PAaCIpOCTPaHEeHNs Mep3JNbIX TOJNII ¥ X MOIIHOCTDb YBEJINYUBAIOTCA C IIOBBI-
nIeHueM aGCOJIIOTHBIX OTMETOK NOBEPXHOCTH peiibeca, a CpeHerofoBas
TeMIiepaTypa noHmwkaercs. OTCTyIIeHHe OT 3TOit 3aKOHOMEPHOCTH HaGto-
RaeTcs B AOJIMHAX NJOCKOTOPHOro penbedpa, rae NPOSBIAIOTCA TeMIe-
paTypHas HHBEepCHS B BHJIe NIOHWXKEHUS CPefiHel TOlOBOiH TeMIepaTyphl OT
BOJIOPa3/IeJIOB K HHUILAM.

Kpome nopojp, HaxOfsIMXcs B MHOTOJIETHEMEP3JIOM COCTOSIHHM, HIDKe
CJI0si CE30HHOIO NPOMEP3aHUs BCTPEYAIOTCA YYACTKH OXJIaXAEHHBIX IOpOJ
C OTPMLATENIbHO-TEMIIEPATYPHBIMH COJIEHBIMH M PacCOJIBHBIMHM BOJaMH.
ITocnennue npuypoyeHs! K 6eperoBbIM H LIENb(OBLIM 30HAM CEBEPHBIX
Mopeii. BcTpeualoTes TakKe Cy6akBajlibHble MHOrOJIETHEMEP3JbIE OPOAbI,
copMupOBaBIIMECS Ha JHE BOJOEMOB M BOAOTOKOB B Ipouecce X 00-
MeJICHUS WJIH YCHJICHHS CYpPOBOCTH NPHPOJHBIX YCIOBHH, a TakXe CyO-
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adpasibHbIe NOPOAbI, OKA3ABIUHECS MOTPYXXEHHLIMU O YPOBEHE: BOABI B
pesyibTaTe TepM0a6pa3m1 HIIH TPAHCTPECCHH MOpS.

Ha Bceit Teppuropuu Poccum 10XHee rpaHHUbl PacnpOCTPaHEHHA
MHOroJIeTHEMep3JIbIX NOPOJ NOYTH NOBCEMECTHO NPOSABJISIOTCA CE30HHOE MIIH
KpaTKOBpEMEHHOE IpOMep3aHue BEPXHETO CIIOs PYHTOB.

19. 2. YCNIOBUS ®OPMUPOBAHUS U TEMMNEPATYPHbIA PEXUM
CE30HHO- U MHOTONETHEMEP3J1bIX NOPOA

dopmupoBaHHE CE30HHO- H MHOTOJIETHEMEP3JIbIX FOPHBIX IOPOJ CBA3aHO
C pPaMalHOHHO-TEIIOBLIM 6allaHCOM Ha 3eMHOM NOBEPXHOCTH. B BeceHHe-
JIETHMI NIEPHOJl NPOMCXOAMT MaKCHMaJIbHOE MOCTYIUIEHHE COJIHEYHOH pa-
AManuy, cnoco6CTBYyIOLEe MOBBIIIEHNIO TeMIIEPATYPhbl NIOBEPXHOCTH M IIPO-
TaWBAHUIO MEP3JbIX IPYHTOB. B oceHHe-3uMHmit neprop 3¢ deKTHBHOE U3Iy-
YeHHUe NPEeBBIAET NOTIOIIEHHYIO PafalMIO, B pe3yJIbTaTe YEro Npoucxo-
JMT OXJIaX[EHHE U NPOMEP3aHHE IPYHTOB.

J{ns npoMep3aHus IPYHTOB CYLIECTBEHHOE 3HaYEeHHE MMeEET [IIUTENb-
HOCTh NEpHOJia C OTPHLaTENILHBIM 6alancoM Tela. UMEHHO COOTHOLIEHNe
NIPONOJDKUTENILHOCTH NIEPHOMIOB C NOJIOXKUTENBHBIM H OTPHLIATENbHBIM GaraH-
CaMM CIYXHT OfIHMM M3 OCHOBHBIX (paKTOpPOB, ONpPENENAIOUINX CpefHe-
TOIOBYIO TEMIIEPATypy IOBEPXHOCTH.

PapnannoHHO-TeNnn0BOM 6anaHC NOBEPXHOCTH BO MHOTOM 3aBHCHUT OT
HaJIMY|sA ¥ BUJ|a PaCTHTENBHOTO, BOJHOIO H CHEXXHOTO NOKPOBOB, KPYTH3HBI
H aKkcno3nuuu ckiaonos. Ha ¢opMupoBanue MEp3nbix TOJNI M UX TeMIle-
PaTYPHBbIi peXXuM CYLIECTBEHHOE BIIMSIHHE OKa3bIBAlOT TAKXKE CTPOEHHUE H
COCTaB IPYHTOB, NOA3€MHbIE BOAbI ¥ psAll ApYrux ¢akTopoB. B pesynbTaTe
Pa3sHOHANpaBJIEHHOrO BO3JEHCTBAA 3THX (PAaKTOPOB HaGIIONAIOTCA ClIyYaH,
KOrjia B TeX LIMPOTaX, Ifie NPUXOJl pafHaLiy BEJIMK, MOryT (hOpMHPOBATHLCA
U CyNIECTBOBAaTh MHOrOJIETHEMEpP3Nbie TOJIIHM, a B 30HaX C HEGONbLINM
KOJIMYECTBOM MNOCTYyNAaloOLled pagualyy LIMpOKOEe pa3BUTHE IONYYalOT
TaJIAKH,

Bennunne! npsamoi, pacCestHHOM U NOTJIOIEHHON pafuauuy, 3¢ eKTHB-
HOe M3JlyYeHHe, CNapeHue, TypOyIeHTHbIH TennooOMeH | Tennoo60pOThI
B 'PYHTaX NORAYMHAIOTCA BBICOTHOH NOSCHOCTH M LUIMPOTHOM 30HAJIbLHOCTH
M XapaKTEpH3YIOTCA Pa3IMYHbIMH 3HAaYCHHUAMH JUJI1 KOHKPETHbBIX KJIMMaTH-
YeCKHX M reo6OTaHMYEeCKHMX 30H. B KaXXJOM paiioHe B 3aBHCHMOCTH OT
reoJIOTHYECKHX M reorpaduyecKnx yCJIOBHI HaGIIOfalOTCA CBOHM OCOGEH-
HOCTH (DOPMUPOBaHNA PafHaLnOHHO-TEeIIOBOro Gananca. I3aMeHeHue nmpu-
PORHBIX YCIIOBHI NIPH OCBOEHUH TEPPUTOPUH OGBIYHO HApyLIAaeT €CTeCTBEH-
HbIi TemJI0BO! GaNaHC ¥ NMPHBOAUT K U3MEHEHUSM IJIyOHH CE30HHOTO Npo-
MEpP3aHUs ¥ IPOTANBAHMS IPYHTOB.

Pa3HocTh MeXX/ly NONIOXUTENBHOIM H OTPHLATENILHOM YaCTAMH rOOBOrO
Tennoo60pOTa Ha NMOBEPXHOCTH 3¢MJIM OOBIYHO HE3HAYMTEJIbHA, TEM He
MeHee, 6J1arofiaps HaJIM4UIO JJIMTENbHbIX IPHPOHBIX PATMOB, 32 CYET ITOM
Pa3HHIb] MOr'YT CO3[1aBaThCs YCIIOBHA i OOpa30BaHMs, pOCTa MIH IIPO-
TaMBaHU MHOTOJIETHEMEP3JIbIX IPYHTOB. B pe3ynbraTe guHaMuKa, Xapak-
TEp Pa3BUTHA ¥ HCTOPHSA MHOrOJIETHEMEP3JNBIX TOJII B 3HAYUTEILHOH Me-
pe ONpeReNnsioTCs HeNpepbIBHbIMH U3MEHEHUSIMH TEIUIO- © MacCOOOMEHa Ha
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Puc. 19.3. TemnepaTypa rpyHTOB B OKpecTHOCTAX SIKyTcka

a — MakcuMasbHble (6, H MHHHMaNLHBIE (6,,,,,) TEeMNepaTypbl IPYHTOB: Ay, — riyGuna
HyJIEBbIX aMIUIHTYA TEMNepPaTypbl; Ayt — MIyGHHA HHXHeH rpaHHLbl MHOTOJIETHEMEP3JION

TOJILK; 6 — CpefHeMeCsiHble TeMNepaTypbl FPYHTOB B MapTe, HIOHe, ceHTabpe M mekabpe:
hy, — ry6uHa C€30HHOrO MPOTaUBaHHs FPYHTOB (AeSTENbHbIH CO)

NIOBEPXHOCTH 3€MJIM, CBA3aHHBIMH C Pa3JIMYHBIMA [IEPHONAMH INPHPOAHBIX
KJIIMMaTHYeCKHX pUTMOB. TeMnepaTypa OBEPXHOCTH 3eMJIH H3MEHAETCA C
Pa3iMYIHOI IEPHOAMYHOCTBIO: CyTOYHOM, FOJ{OBOM, H MHOTOJIETHE .

Ha TeppHTOpHAX CE30HHO-NPOMEP3AIOLIMX TPYHTOB H B TaJHKOBBIX
30Hax B 00JIaCTH PacnpOCTPaHEHUsI MHOTOJIETHEMEP3JBIX IOPOJ MpoMep3a-
HHUE rPYHTOB HAYMHAETCSA NOCNIEe CHIKEHUA TeMIIePaTyphl IOBEPXHOCTH HIDKE
HYJI 1 HEKOTOpOro NepeoXNaX[eHHus BepxHero cios. Temneparypa no-
BEPXHOCTH M IPOMEP3AaIOLIETO CJIOs TPYHTOB IIOHMXXAETCSA, CHIDKAETCA TaKKe
TeMIepaTtypa IPYHTOB Ha HEKOTOPYIO IIyGHHY HIDKE MEPp3JIoro Cios.
CyTounble KoJieGaHusl TeMIepaTyphl YMEHBIIAIOTCA IO Mepe yAaJlleHus OT
NIOBEPXHOCTH H 3aTyxaioT Ha riay6uxe 0,2-0,5 M. PaccrosHme ot no-
BEPXHOCTH 10 YPOBHS, I/le 3aTyXalOT Ce30HHbIE KOJIEGaHUs TEMIIEpaTyphl,
Ha3bIBaeTCs IIAyGMHOIH HYJeBBIX FOXOBHIX aMIUIMTYJ TeMnepaTypbl. OTa
BeJIMYNHA B 3aBHCHMOCTH OT TeIJIO(PpU3NYEeCKHX CBOHCTB IPYHTOB U aMILIIU-
TyRbl M3MEHEHN TeMIlepaTypbl Ha IIOBEPXHOCTH OOBIYHO HaXONUTCA B
npepenax ot S go 15 m.

Ha TeppuTopnax pacnpocTpaHEHHsI MHOTOJIETHEMEP3JIBIX IOPOA NIOTEH-
IIMaJIbHO BO3MOXKHas ry6uHa CE30HHOTO NMPOMEP3aHus NIPEBLILIAET riyOuHy
CE30HHOr0 NPOTaMBaHMS, U CIOW CE30HHO-MEep3JNbIX PYHTOB CIMBAETCA C
TONE# MHOroJIeTHEMeP3JbiX NOpOof. Ce30HHO-NIPOTaHBAIOLIMI ClTOl IpyH-
TOB HaJ| TOJNUIEH MHOrOJeTHEMEP3JbIX NOPOA HAa3bIBACTCA REATENAbHBIM
cinoem (puc. 19.3). 'nyOGuHa Ce30HHOrO NPOTAUBAHUSA FPYHTOB JOCTHraeT
MaKCHMAJIbHOMH BEJIMYMHEI Yalle BCero KO BpeMEeHM, KOT/ia y>Ke HauHHaeTCs
NpoMep3aHHE TPYHTOB C MOBEPXHOCTH. C 3TOro BpEMEHH CIIOH TallbIX IPyH-
TOB YMEHBIIIAETCA 32 CYET NPOMEP3aHHs CBEPXY H CHH3Y CO CTOPOHbI MHO-
royieTHeMep3ibix nopop. ITocie Toro, Kak TeMneparypa Taloro clios Io-
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HIDKaeTca A0 HyNs (TOYHee, IO TEMNEpPaTyphl 3aMep3aHUA TPYHTOB),
BO3HHKaeT "Hyaesas 3aBeca”, KOTOpas NPENATCTBYET MPOHHKHOBEHMIO
BOJIH M3MEHEHHA TeMIlepaTyphl HIDKe 3Toro cnos. ITocie nonxHoro nmpomep-
3aHMS TAJIOrO COA TEMNEPAaTypa MHOTOJIETHEMEP3JIbIX IIOPOJ NOHWXKAeTCs
RO rIyGHHBI HYJIEBBIX aMIUIMTYA. TeMnepaTypa ropHBIX NOPOA Ha riyGuHe
HYJIeBBIX aMIUINTYJ PacCMaTpPHBAeTCA KaK CPeHErOfoBasA TeMIepaTypa
MHOroJjieTHeMep3inbIx nopofi. Hipke aToit riyGuHBI TeMNepaTypa IUIaBHO NO-
BBILIAETCA O HYJNEBOTO 3HAa4YeHHs y HIXKHeH rPaHULbl pPacCHpOCTPaHEHHA
MHOTOJIETHEMEP3JIOH TOJILH.

IIpn pMTENbHBIX MHOTOJIETHUX LMKJIaX H3MEHEHHSA TeMIEpPaTypPHBIX
yCJIOBHI Ha NOBEPXHOCTH 3€MJIH CPEJHETOAOBbIE TEMIIEPATYPHI H MOJIOXEHHE
HIDKHel TPaHMIbI TONIIY MHOTOJIETHEMEP3JIBIX OPOJl MOTYT B ONIpefeJIeH-
HBIX mpefienax Koye6arbcs. IIpn aToM NposABNseTcs BpeMeHHast HHepuus.
3TO 3HAYAT, YTO H3MEHEHHs! TEMIIEPATYPHOrO peXXUMa MHOTOJIeTHEMEP3JI0#
TOJINM HPOMCXOAAT HE OJHOBPEMEHHO C H3MEHEHHWsMH YCIOBHMH Ha
NOBEPXHOCTH 3eMJIH, a CIIYCTS MHOTHE FOf(bI.

19.3. COCTAB U CTPOEHUE MEP3NbIX AUCNEPCHbLIX MPYHTOB

Mep3isle aucnepcHble rPyHTHI NPEACTABIAIOT COGOl CIIOXKHbIE MHOTO-
KOMIIOHEHTHbIE H MHOroca3Hble CHCTEMBI, COCTOAIAE U3 MHHEPAILHOTO
CKelleTa, JIbAia, CBA3aHHOM BOJbI, paCTBOPOB coOJleit, apa u ra3oB. Mopdo-
JIorm4eckne 0coGEHHOCTH U BEIIECTBEHHBIH COCTaB CKeJleTa B 3HAYHTeILHOM
CTENEeHN ONpeAeaioT (hPU3uYecKre U MeEXaHnYeCcKue CBOicTBa rpyHToB. Oco-
6y1o ponb urpaior ¢popMa M B3aHMHOE PacHoJIOXKEeHHe YacTHl ckeyeta. OT
¢opMBI1. HacTHI| CKeJleTa 3aBUCHT BeJIMYAHA KOHTAKTHBIX YCHIIMH MEXAY
MHHEpPaJIbHbIMM YaCTHI[AMHM, BO3HHKAIOMIMX NOJ AeHCTBHEM BHEIIHEH Ha-
rpy3ku. Ecnu yacTuibl ckejleTa KOHTAKTHPYIOT MeX/y cOGOM U CLEMEHTH-
POBaHEI JILAOM, TO FPYHTBI OGJIafalOT NOBLILIEHHOI NpoyHoCcThI0. Ecnu oT-
AEIBHOCTH CKeJleTa Pa3[BHHYTHI JILJOM, TO NPOYHOCTHBIE CBOHCTBa Mep3-
JIOro TpyHTa ONPERENAIOTCA CIOCOGHOCTBIO JIbJa CONPOTHBIIATLCA BO3JiEii-
CTBHIO BHEIIIHUX CHJI I JaHHOM TeMIepaType.

IIpu 3aMep3anny BIaXKHBIX JUCIIEPCHLIX IPYHTOB 00pa3yeTcs TEKCTypo-
oOpa3yioumii Jien, ABJIAIONMIACA ONpeNeIAIOIMNM JIeMeHTOM (OPMHUpYIO-
mencs TeKCTyphl Mep3inoit nopopsl. ITo ycioBusaM u cnocoGy o6pa3zoBaHus
BBIJIEJIAIOT CHEYyIolHe Pa3HOBHJHOCTH JIbAa: a) JIeA-LeMeHT, oOpa3yio-
muiics B IOpax MeXXAy MHHEPATbHBIMM YaCTHLaMH; G) CerperalfHOHHbIN NI
MHIPAaLOHHDIH Jiefi, 0Opa3yoLmiics IpU 3aMep3aHNK BOAbI, MUTPHpYIOLIE
K (poHTy npomep3aHus; B) CyGIMMaLHOHHBIM Jef;, o6pa3youuiica B pe-
3yJbTaTe KOHJCHCAIMM H KPHUCTAJJIM3aLMM MHUTPHPYIOUMX K (PPOHTY
MpOMEpP3aHHs BOAAHBIX [IAPOB; I') HHUILTPALMOHHBIH Jiel, 00pa3yIoLmiicsa B
pe3ynbTaTe 3aMep3aHns cBOOOHOI rpaBUTALMOHHOI BOJBI.

IToMuMO TeKCTypooGpa3ylomero jbja, B Mep3ibIX TOJMLIAX BCTpe-
YaloTCA NorpedenHsle, NOBTOPHO-XKMWIbHbIE N HHbEKIMOHHBIe JbAbl. [Torpe-
GeHHbIit Jie[| BCTpe4aeTcs B BUJe KPYNHLIX 3ajiexXeil pa3sNnuyHOi PopMeI U
MOIIHOCTH, 0Opa30BaBIINXCA NPY NOorpeGeHUH CIIOEM IPYHTOB Halepe,
MOPCKHMX M O3€PHBIX JIbJOB, CHEXXHHKOB, CHETOJIaBUHHBIX OTJIOXKCHMIH M
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JIEHUKOBLIX JbAOB. ITIOBTOPHO-XXHIIbHBIE JILAB!I NOABIAIOTCA NIPH MHOIO-
KPaTHOM 3aNOJIHEHNM BOJO# ¥ CHErOM MOPO3060iiHbIX TpeMH. OHM O6BLIYHO
HMMeIOT KJIMHOBHJHYIO MIH cTON6G4aTtyio ¢opmy. NHBEKUHOHHEIE JbABI
o6pa3yloTCs NpH 3aMep3aHMHM BOJbI, BHEAPSAIOIIEHCS B TONIIY IpOMEp-
3al0HMX HMJIX MEP3JILIX TPYHTOB NOA HanopoM. BerpedaloTcs Takke JIbABI B
BHJIE IVIACTOB, JIUH3 ¥ "MHTpY3uii".

XKupkaa daza Boabl B MEP3NbIX JUCNEPCHBIX FPYHTaX HaXONUTCHA BO
B3aUMOJIEHCTBHH C YaCTHI[AMH CKeJleTa ¥ MOHaMH PacCTBOPEHHBIX coJieit u
HOCHT Ha3BaHWe He3amep3uiei Boabl. OHa npecTasiseT cO60i MPOYHO CBS-
3aHHYIO C MUHEPAJIbHbIMH YaCTHLaMH FHAPOCKONNYECKYIO BOAY, PHIXJIO CBSI-
3aHHYIO BOJY B IIyCTOTaX M IIOPaXx, NEPEOXJIaXEHHYIO BOAY B KalHJUIApax H
cBOGOJIHYIO BOAY B BHJl€ COJIEBBIX pacTBOpoB. KonuyecTBo He3laMep3mei
BOJBI 3aBHCHT OT JUCNEPCHOCTH IPYHTOB M TeMiepaTypsl. HauGonburee
KOJIMYECTBO He3aMep3led BOfbl COAEPKUTCA B INIMHAX U TKENbIX CYrJINH-
Kax IIpH TeMmnepaTtype, 611M3KO# K TeMnepaTtype ux 3amep3anusi. ITo mepe
NOHIDKEHNs TEMINIepaTyphl YacTh He3aMep3llei BO[bI NpeBpaliaeTca B Jief.

dopMupylOIMECS B Npoliecce MPOMEP3aHUs TEKCTypa M CTPyKTypa
MEP3JbIX AUCIEPCHBIX FPYHTOB ONpPENEIIAIOTCA MUrpauueit Bofbl, pU3nKO-
MeXaHHYEeCKMMH NpoLecCaMM, KOoaryJjsalued KOJUIOMAHBIX M TIIMHHUCTHIX
YacCTHIl ¥ npoueccamMu o6pa3oBaHHs MOpO306OiHbIX TpeuuH. IIpn aTom
Han6ojlee BaXKHyIO pOJib B ()OPMHPOBaHMM KPHOTEHHOH TEKCTYPbl HIPaeT
MHTpalMs BOALI, BCIEACTBAE KOTOPOil HapsAAY C OTAENbHBIMH KPHCTAINIaMi
006pa3yloTCs CITOH M JINH3BI JIbIa Pa3InYHbIX Pa3MepOB.

VIHTEeHCUBHOCTDL JILOBBIJIEJIEHAS B IPOMEP3alONX CIOSIX TPYHTa 3a-
BHCHT OT CHCTEMbI 3aMep3aHus (OTKPbITas WM 3aKphITas), FPaHyJIOMETPH-
YECKOro COCTaBa, CIIOKEHHs ¥ BIIaXKHOCTH TPYHTOB, TEMNEPATYpPhl M PEXXHMa
3amep3aHnd. [Ipn 3aMep3aHMM IIMHECTBIX TPYHTOB B YCIOBHAX 3aKPHITOH
CHCTEMBI JIMH3bI U NPOCIOHKY JIba NMOABIAIOTCA 32 CYET 06e3BOXKMBAHUA
COCE{HHX Y4aCTKOB IrpyHTa. B OTKpPBITO# CHCTEME BO BJIaXKHBIX INIMHHCTBIX
IPyHTaX NPOMCXOAUT M36BLITOYHOE JILAOBLIIENIEHHE BCIENCTBHE MUTPALiH
BOJibl, CONPOBOKAAEMOE 3HAYHUTENBHBIM YBEINYEHHEM 06 beMa IPYHTA.

KpnoreHHas TeKCTypa Mep3JbiX AUCIIEPCHBIX FPYHTOB XapaKTEpH3YeTCs
OTHOCHTEJILHBIM NPOCTPAHCTBEHHBIM PACNONIOXEHNEM JIbla ¥ MUHEPANIBHBIX
yacTHL. BhIgensoTcs TP OCHOBHbIE THIa KPHOTeHHBIX TeKCTYp (OCHOBBI
reokpuosioruu, 1959): 1) MaccuBHast TEKCTypa, NpH KOTOPO# YaCTHLLI
CPYHTOBBIE arperaThl CLIeMEHTHPOBAaHbI KPHCTA/NIAaMH M MEJIKHMH BKITIOYE-
HUSIMH JIBJIa, a JIEAHbIEe IUIMPLI OTCYTCTBYIOT; 2) CIOMCTas TEKCTypa, KOrAa
JIefisHble NTUPH! 06pa3yloT B3aUMHO NapajlielibHble IMH3000pa3Hble Mpo-
CJIOMKH, YEPEeAYIOLINECS CO CIOSMHM YaCTHI{ H MUHEPAJIbHBIX arperaTos, CBs-
3aHHBIX JILJOM-LEMEHTOM; 3) ceTyaTas TeKCTypa — JIEfiHbIE LITUPBI pa3iny-
HOW ()OpMBI ¥ OPMEHTHPOBKH 06Gpa3yloT 60Jee 1M MeHee IPaBAJILHYIO CETh
M pemeTky. I'maBHylo ponbs B (h)OpMHPOBAHMM KPHOTEHHOW TEKCTYPBI
HrpaloT NLAOBLIENIEHNS H BOZHUKAIONIHE PH 3TOM CerperaliOHHbBIE JIBAbI.
HHbeKUMOHHbIe M XKMIbHbIE JIbAbI €CIM M NPUCYTCTBYIOT, TO HMEIOT
NO{YMHEHHOE 3HaYEHHE.

B npupope HabmofaeTcss OrpOMHOE pas’HOOOpa3Ke TEKCTYP MEP3JbIX
TOJINLY, COOTBETCTBYIONLIEE Pa3HOOOPa3nIO HCXOAHOrO MaTepHaia M YCIIOBHAM
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npomep3anusd. TeM He MEHEE €CTECTBEHHbIE KOMIUIEKCHI MEP3JLIX MOPOX
MOXHO 00 LeIMHUTD B JiBe rpynnsl. K neppoii rpynne npuHapiexar TOMIIHA
Mep3JbIX NOPOA, NPOMEP3al0MME AMUTSHETHYECKH, T.€. IOCE OTIOXEHHUs
BCEH TOJIHM, a KO BTOPOH — TOJNIIM, NPOMEP3aloIHe CHHIEHETUYECKH, B
npouecce CBOEro HaKOIJIEHHs. DNUreHeTHYECKHE Mep3libie TONIIH B HEJIOM
XapaKTEPH3YIOTCA CPaBHHTEJIBLHO HeGONBIION JIBAUCTOCTBLIO C Ipeobna-
AaHAEM MaCCHBHBIX H CIIOHCTBIX TEKCTYp. MOIIHOCTS JIESHBIX POCIOEB U
PACCTOSIHUS MEX/y HIMH O6GBIYHO C IiyGMHOI YBeIMYMBAIOTCH.

CHHreHeTHYeCKHE Mep3Jible TOJNIIM OTJIHYAIOTCA OT AMUreHETHYECKHUX
3HAYMTEJIBHO GONbIIEH JBAUCTOCTBIO M NpeobialaHHEM CETYATBIX M
CIOUCTBIX TeKCTYP. IIpH CHHreHeTHYeCKOM NpoMep3aHuy Cy6aspalbHEIX U
MEJIKOBOJHBIX OCajJ[KOB BEPXHSAS PaHHIa MHOrOJIETHEMEP3NOH TOJUIM
nepeMemaeTcss KBEpXy 0 Mepe HaKOIUIEHHS HOBBIX OCaJiKOB. B HmxHei
YaCTH CE30HHO-NPOTaHBAIOIEro CIOSA BO3HUKAIOT 3aMKHYTHIE CHCTEMBI,
MPOMCXOAMT HanopHass GOKOBas MUTpauus B o6pa3yloTCA JIMH3bI HHBEK-
UMOHHOTO Jibjia. BCEACTBHE 3TOr0 CHHreHEeTHYECKH IPOMEP3aIOIUM TOJI-
WaM NPHCYIIH BLICOKas JILAUCTOCTb H CeT4YaThble TEKCTyphl. B BeprH-
KaJIbHOM pa3pe3e H MO IPOCTHPAHHUIO XapaKTep KPHOTEHHBIX TEKCTYP MOXET
MHOTOKPaTHO YEpPEfOBaThCA B COOTBETCTBMH C M3MEHEHHMEM YCIOBMI
yBJIaXKHEHHs HaKaIUTHBaEMbIX OCafKOB.

19.4. KPUOIEHHbIE (MEP3/1I0THbIE) NPOLIECChHI

KprnoreHHbIMHA Ha3bIBalOT re0JIOrHYECKUe, pusnyeckue, GHOXUMHUYECKHE
H ipyrHUe MpOoLEecChl, NPOUCXOMSALINE B CAMBIX BEPXHHUX YaCTAX 3€MHOil KOpPbI
A 06YCIIOBJICHHBIE CE30HHBIM H MHOT'OJIETHHM NIpOMEP3aHHEM H NPOTaNBa-
HHEM YBJIaXXKHEHHBIX PBIXJIBIX FOPHBIX NOPOJ, OXJIaXKAEHHEM MEP3NbIX NOPO
H 3aMep3aHHEeM NOA3eMHBIX BOA. HanmpasieHne m MHTEHCHBHOCTb KpHO-
FeHHBIX NPOLIECCOB CBA3aHbI C OCOGEHHOCTAMH HaKONJICHAS YeTBEPTHYHBIX
OCafIKOB, C TEMJIOBJIaroOOMEHOM B BEPXHHX FOPHM30HTaX TOPHBLIX MOPO., C
AMHAMHMKOW IIPOMEp3aHns ¥ npoTauBaHusA. Cpeau KpHOTeHHbIX NPOLECCOB
HauboJblIee pacIpOCTPaHEHHE MMEIOT NOJIyYeHHe H MOp030060itHOe pac-
TpeCKMBaHHe IPYHTOB, O6pa30BaHHe XHIIbHbIX JIbAOB, POPMHPOBaHHE NOJH-
TOHAJILHBIX (hOPM Ha IOBEPXHOCTH, CKIIOHOBBIE IIPOLIECCHI H TEPMOKAPCT.

ITpu npomep3aHuN PIXJLIX TPYHTOB MX 06'bEM YBEJIMUHBAETCS, a NPH
NIPOTaHBaHHH — YMEHbIIAeTCA. B pe3yibTaTe 3TOro NOBEPXHOCTH 3€MIIH
MOXET B 3UMHee BpeMs NpunopgHuMaTthcs Ha 10-20 cMm u Gonee. Eciu B
Ipepenax cios Ce30HHOro NPOTaHBAHUSA M NPOMEP3aHHsS UMEIOTCA BaJlyHbI,
rabibbl, me6eHs M OGNIOMKH TOPHBIX IIOPOA, TO OHH B 3UMHee BpeMs
IIPHIIOAHUMAIOTCA BMECTE C IPOMEP3aloluM ciioeM rpyHTos. IIpu aToM nop
3THMH TBEPABIMH TEJIaMH 4acTO 006pa3yloTcs cerperauuoHHble ababl. Ilpu
NOCNEAYIOMEM NPOTaHBAaHHM H OCajike IPYHTOB CKaJIbHble BKIIIOUEHHA HE
BCErjla ONYCKAaIOTCA Ha NpeXXHee NOJIOXKEHHeE, TaK KaK MeCTO BbITaHBalo-
1Lero JbAa 3aHAMAaeT MEJIKO3EPHUCTHI rpyHT. B pe3ynbraTe psifa nocieno-
BaTENbHBIX NKJIOB MPOMEP3aHNA—NPOTaNBaHus OGIOMKH NOpPOJ BhINyYHBa-
IOTCA Ha NOBEPXHOCTb. MHOroJIETHHI NpoLecc BHINYYNBAaHAUA KaMEHHOIrO
MaTepHalia NPUBOJNT K €ro KOHUEHTPAlMHI Ha IOBEPXHOCTH B O6pa30BaHUIO
"KaMeHHbIX BEHKOB", NATEH-MENAaIbOHOB # KAMEHHBIX HOTOKOB Ha CKJIOHAX.
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3arnyGneHHble B TPYHT CTONGbBI, CBaH ¥ ONOPBI JIMHHUI 3JIeKTponepeqay nop-
BEPraloTCs CE30HHOMY BBINYYMBaHHUIO, a HX OCajiKa [IPH NOCIERYIOIEM NPO-
TauBaHUHA OOGLIYHO MEHBILIE 3UMHETr0 NORHATHS. B pesynbTaTe MHOrONETHETO
BBINYYHBAHAS CTONIGHI M ONOPBI MOTYT NOTEPATh YCTONYABOCTD M YIACTh.

HepasHOMepHO pa3BHBalolieecs MO INIOMafi# MHOTOJIETHEE NPpOMEp-
3aHMe JUCIEPCHBIX TPYHTOB B psjie Cly4yaeB NPHBOJUT K OGpPa30BaHHUIO
OyrpoB nydenns. FIx ¢popmrApOBaHHE CONPOBOXAAETCA NPOLECCAMH NOBLI-
LIEHHOTO JIbOOOpa30BaHAA B JIOKANBHBIX y4acTKaX. B ycrnoBmsx oTKphITOM
CHCTeMBI POMEP3aHAs 06Pa3yIOTCA TaK Ha3bIBacMble MUTPALMOHHBIE GYrphl
Iy4eHns1, KOTOpble OGLIYHO CBA3aHbI C IPOMEP3aHHEM CKBO3HBIX TaJIHKOB U
HOBOOGPa30BaHMAMH MeP3NbIX Toi. IIpu mpoMep3aHMH HECKBO3HBIX
TaNMKOB MOTYT OGPa30BLIBAThCA MHOrOJIeTHHE GYrpbl Ny4yeHHs, Ha3bl-
BaeMble "GyArynHaxaMu” uiy "nuHro”. B Mecrax pasrpy3KH pasJiMuHOro TH-
I1a HalIOPHBIX NOJ3EMHBIX BOJ 00pa3ylOoTCs HHbEKIHOHHEIEe OyIphbl Iy4YeHns,
Ha3bIBaeMble THPOIIAKKOIUTaMH.

B o6nacTtn pacnpocTpaHeHAs] MHOTOJIETHEMEP3JIBIX TOJM H rI1y6GOKOro
CE30HHOro NpoMep3aHHUs YacTO BCTPEYAIOTCS NMOJHIOHAJNBHO-XHIbHbIE
CTPYKTYPbI, 06pa3ylolyecs B pe3ylbTaTe MHOrOKPaTHO NIOBTOPAIOLIErocs
nporecca BOSHUKHOBEHHS MOPO30GOMHEBIX TPEIMH, HX 3aNOJHEHAs BOAOM
M TPYHTOM H NOCNIEAYIOMIEro 3amMep3anus. [1oMroHanbHO-XKUIbHbIE b
MOryT OOpa30BBIBaThCA KaK B yXe C(hOpMHPOBaBLIEMCS CJIOE FPYHTOB B
pe3yibTaTe yBEJHYEHHs! CYPOBOCTH MEP3JIOTHBIX YCIOBMi, TaK M OHO-
BPEMEHHO C HaKOIUIEHAEM OTJIOXKEHUI.

B pspe paitonos ¢hopMHpPYIOTCS NOBTOPHO-XXMWIbHBIE JIbALL IIpu nocre-
ROBaTENbHBIX FOAOBLIX IIMKJIaX PACTPECKMBAHHS M 3alOJHEHHS TPELIVH
JIBIOM POCT XHJ JIbJa NPOHCXOJUT TOJBLKO B TonmuHy. IIpum Hanuuum
OCaf[KOHAaKOIVIEHHS YaCTHYHOE NPOTAHBAHME JIEAAHBIX XXUJI B TEIUIbIA
NEepHOJ| YMEHBIIAETCA M MacCa IOBTOPHO-3KHJILHOIO JIbJa PacTeT.

Ha cknonax HaG6IIORAaIOTCA NPOLECCH! KPHOTEHHOH JecepnuuMH M
cosmpmoxuuu. [lecepnuueii Ha3zblBaeTCH NpolecC NepeMelleHns YacTHI
NOpOABI BCIEACTBHE TOTO, YTO NPH NPOMEP3aHMH 3TH YaCTHLbI IPUION-
HHUMAlOTCA 3a CYET Ny4YEeHHs NEPNEHAUKYJIAPHO K CKIOHY, a BO BpeMs
NpOTaMBaHUA OHM NOJ ACHCTBHEM CHJIbI TSXKECTH OIYCKAlOTCA IO BEPTH-
kanu. Conudiokuuei Ha3bIBaeTCA MIIACTHYHO-BA3KOE TEUEHHE YBIIa>KHEH-
HBIX TPYHTOBBLIX MacCC CIIOSl CE30HHOTO NpPOTaMBaHUA IO MEP3JIOMY OCHO-
BaHuto. Hanbonbuiee conngiioKHOHHOE CMELIEHHEe IPYHTOBBIX YaCTHIL
HCIIBITBIBAIOT BEPXHHE CJIOH, a C IIyOHHOl OHM yMeHbIIaloTCs. B nepuopn
3MMHEr0 NMpOMep3aHnsa CONMH(IIIOKIMOHHOE TeYeHHE CBA3aHO C BbIaBIIM-
BaHHEM BHH3 [0 CKJIOHY JIAIIEHHOTO CTPYKTYPHOIO CIEIIEHUS BJIaTOHAChI-
HIEHHOTO TPYHTA, 3aYKaTOr0 MEXXY MEeP3JIbIMH CIIOSMH.

B Mecrax 3aneraHMs 3HaYATENBLHBIX Macc NOA3EMHOrO Jibfa HaGio-
AAIOTCs NMPOLECCH] BBITAHBAHHSA 3THX JIBJOB, CONPOBOXKAAIOIIMECS POCAi-
KaMM 3€MJIM H NOSBJICHHEM OTpHUaTelbHbIX ¢opM penbeda. Takue
npolneccsl NOJYYHIH Ha3BaHHe TepMmokapcTa. BypHoe nmposiBieHRe Tep-
MOKapCTa MOXET ObITh BbI3BAaHO Jjaxke HEGONBUIMMY HapYIIEHHAMH €CTECT-
BEHHBIX YCIIOBHIl Ha MOBEPXHOCTH. TepMOKapCTOBbIE NPOLECCh] IIPORCXOAAT
TakKe BCIENCTBAE OOmIEH ierpajaliii MeP3MbIX TOJI.
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naBsa 20
NOA3EMHBIE JibAbl

B nacrosiee Bpems CymecTByeT GONBLIOE KOMHYECTBO KiTaccuduKaumit
NOA3eMHBIX JILIOB, B KOTOPBIX JIbAbI IOAPA3AENIAIOTCA HA OCHOBE pa3IAyuii
MexaHH3Ma MX 06pa3oBaHus, pa3Mepa, POpMBI, YCIOBHIL 3alleraHus, CTpo-
€HHd ¥ N0 ApyruM npusHakaM. HanGonsiuyio M3BECTHOCTh NONYYHIIa reHe-
TH4YecKkas Knaccudukauus, paspaborannas I1.A. llymckum (OcHOBBI reo-
Kpuonoru, 1959), B KOTOpO# BBHIfIEJIEHO TPH OCHOBHBIX THIIA NIOA3EMHBIX
JIBJOB, Pa3IMYAIOLUIUXCA 11O YCIOBUAM MX OGpa30BaHHsA: KOHCTHTYIHOHHBIE
JibJbI, O0Opa3yiolMecs NpH NpOMep3aHUHA YBIAXKHEHHBIX TOPHEIX NOPOJ,
nelepHo-XWIbHbIE JIbJbI, 3allOJHAIONINE MOJOCTH B MEP3IbIX FOPHBIX
[IOpOJjaX, ¥ norpeGeHHbIe JbJbl, BOSHHKAIOLIME NIPH 3aXOPOHEHNH Ha3eMHBIX
JIBJIOB CIIOEM IPYHTOB.

K KOHCTHTYLMOHHBIM JIbJaM OTHOCSAT Jief-I{eMeHT, cerperanuoHHbIe,
HH'BEKIMOHHBIE U KHIBbHBIE JIbAbI.

ITemepHO-XAJIbHBIE JIbABI PA3JMYAIOTCA MO YCIOBUSAM 3aJIeTaHUA M
crpoenns. Cpefy HUX BBIIENSAIOT IPynny HOBTOPHO-XXWIBHLIX JbROB, KOTO-
pble 06pa3yloTCs B pe3yIbTaTe MHOrOKpPAaTHO NIOBTOPAIOLIEroCs Ha JaHHOM
y4yacTKe TpemMHOOOpa30BaHUs U 3alIOJIHEHHS TPEWMH IbJOM. Brigenstorcs
TakKe ABE IPyNNbl NELIEPHBIX JBJOB: TEPMOKAPCTOBO-NELIEPHbIe U Kapc-
TOBO-NelepHbIe JILAEL

Cpenn norpeGeHHbIX JIbAOB BLICNAIOT ABE IPYMNNbI KOHXKEJIAUMOHHBIX
JIBJOB: JIbJIbI, OOpa30BaBILAECA MyTEM 3aMep3aHus BOJbI U NorpeGeHHbIe Ha
MecTe ux o6pa3oBaHus (HorpeGeHHblEe Ha3eMHbIE HAJIE[H, Jie]| NPOMeP3LInX
RO [Ha BOJOEMOB, NOHHBIN JleN), ¥ NPUBHECEHHLIE U3BHE M 3aTeM Iorpe-
GeHHbIE — peYHble, O3EpHble M MOpPCKHeE NbJbl. B ocobrle rpynnsi Bbige-
NAI0TCA norpeGeHHble 0CafOYHO-MeTaMOp(dHYECKHe JIbAbI: CHeXXHbIE HH-
¢uasTpanonHble (MpeBpaTHBLIMECS B JIEi HENOJBIKHbIE CKOILUIEHUS CHETa)
¥ AuHaMoMeTamopdudecKue JIbJbl (OCTaTKH JIEJHUKOB).

IMo3nHeimye KiacCHGHUKALUN NOA3EMHBIX JBAOB SBISIOTCA NOCIe-
AYIOIMM pa3BUTHeM U ApobienueM knaccupukauuu IT.A. lymckoro. Tak,
A.H. ITonos (1967) paspa6oTall reHeTHYECKYIO KIaCCA(UKALMIO NOJ3EMHBIX
JIbAOB, OCHOBAHHYIO Ha NPHHUHIE YYeTa THIOB JILAOO6Gpa30OBaHus, 3aBUC-
HIMX OT IeOJIOTHYECKHX YCIOBUH 3aJieraHys ¥ JINTOJIOTHY BOJOCOAEpIKalux
nopop ¥ yciosuit ¢oopmMupoBanus anfos. 5.1. Briopun u E.A. BTiopuna
NpeJIoXUIN MHOrOCTyNeHYaTylo Kinaccudukauuio (Fasumomoruyeckuit
cnoBaphb, 1984), B OCHOBY KOTOpO# NOJIOXKEHB! Pa3jid4yusi MECTa 3ajleraHus
JIBOB H CHHXPOHHOCTH MX 0Gpa30BaHusA C (POPMHPOBaHHEM MEP3JIBIX TOJIL,
POJIM NOA3EMHBIX JILJOB B KPHOTEHHOM CTPOEHMH MEP3JNbIX IOPOJ, THIIOB
nbRooGpa3osaHus ¥ hOpMBI 3aJIeraHus JIbAa.

Huxxe npuBOAUTCA KPaTKHii 0630p OCHOBHBIX THIOB JIBJOB, Bhlje-
neHHbIx B kiaccudukaunu IT.A. Mlymckoro.

Jlen-uement. IIpu npoMep3aHuH yBIaXXHEHHBIX IIECKOB M CyNeCYaHbIX
FPYHTOB HaxXO[fAIascA B IOpax BOJa KPHCTANIU3YEeTCA MEXAY MHHe-
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PajbHBIMM YacTHIAMHA 6€3 HapyIIEHUs UX B3aUMHOTO PacloOJIOXKEHHs, a ee
U36BITOK oTKUMaeTcs. Jle cTaHOBHTCA cBOEOGPa3HbIM NOPOR0OOPa3yIOMUM
MuHepanoM. CTpYKTypa JibJa-LEMEHTa 3epPHUCTas C XaOTHYECKOH OPHEHTH-
PpOBKOi#t xpucTannoB. Kprcranisl Jibja HACTOJIBKO MEJIKKE, YTO X TPYAHO
Pa3iIM4UTh, ¥ 3aMEP3IIHAI rPYHT MOXO0X Ha CIEMEHTHPOBAHHYIO MOHOJIMTHYIO
Maccy. B Mep3nbix rpy603e pHICTRIX H rPaBHHHO-TaIeYHHKOBBIX OTIIOXKEHHAX
3epHa JIbJa 3HAYUTEJILHO GONbILINE, YEM B MEJIKO3EPHUCThIX rpyHTax. Mx
nonepeyHuku Moryrt gocrurath 10 MM u Gosnee. B 3epHax abga MoryT
COflepXaThCs NMY3bIPbKM BO3Ayxa. Jlen LeMEeHTHOro THNa BCTpEYaeTCs
TaK>Ke B IPOMEP3LINX TPELMHOBAThIX CKaJbHBIX U NOJIYCKaTLHBIX IOPOAaX.

Cerperanuonsbie ababl. CerperaquoHHbIN Jef oO6pa3yercsa U3 cinabo-
CBf13aHHOH IPYHTOBON BOABI NIPH NPOMEP3AaHHH YBIIaXXHEHHBIX AMCIEPCHBIX
PYHTOB, CONPOBOXKAAIOMEMCS NMOATATHBAaHHEM BOJBI K Y4acTKaM JIbJO-
Bbifienienus. ITo pacnpocTpaHeHnIo 3TO BTOPOil NoOcie JbAa-LeMEeHTa THI
NIOA3EMHOrO JIbJa, XapaKTEPHbIN AN MEP3JIbIX NbIIEBATHIX U IIIMHUCTBIX
rpyHTOoB. C cerperai#OHHbIM JIbJOO6pa30BaHHEM CBA3aHbI NPOLECChHI ITyye-
HHS TPYHTOB, a NpU NPOTAaHBAaHMHU JILAOHACKILIEHHLIX IPYHTOB NPOUCXOASAT
ocafika u iepopManus rpyHTOB.

CerperanOHHbIE JIbAbI OOLIYHO HMEIOT OpMY JIMH3, CIIOEB U BKIIO-
YyeHHI HenpaBuinbHOM dopmel. IInuper 1bga MOryT 6BITH OPHEHTHPOBAHbBI
CaMbIM pa3sNuYHbIM oOpa3oM. B GonbuIMHCTBE CllyyaeB npeobiafaeT ropu-
30HTaJIbHas OPHMEHTHPOBKA WUIMPOB, T.€. NMapajulelibHasg NOBEPXHOCTH
npoMep3aHus. JJOBOJIBHO YaCTO BCTPEUAIOTCA FPYHTHI, IPOHU3aHHbIE CETHIO
Pa3sHOO6pa3HO OPHEHTHPOBAaHHBIX JIEASHBIX LWIIAPOB CO BCEMH IPOMEXY-
TOYHBIMH ITOJIOKEHUSMH — OT NOJIHOM OecIOPAROYHOCTH 10 6oJlee HIIM MEeHee
NpPAMOYTOJIbHOM pelIeTKH WM NpeoGiajaHus rOpH3OHTAJILHOrO Hallpas-
JIeHUs C HAaKJIOHHBIMM nepeMblykaMi. MTHOria BCTpe4aroTcs TOJIBLKO BEPTH-
KaJIbHble WIHM HaKJIOHHbIE LITHPBI.

ITpouecc ¢popMEPOBaHUs JIEfAHBIX IIIMPOB NPOTEKAET B ABE CTA{HN: B
Hayajie BO3HUKAeT NPOTOKPUCTAIN3ALMA (3aPOXKAEHHUE U POCT IJIaCTHH-
YaThbIX JIEASHbIX KPUCTAJIJIOB IO COENUHEHNS MX B OHO JIEJSHOE TEJNO),
3aTeM pa3BHUBAEeTCA OPTOTPONHass KPHUCTAJUIN3alus (B3aMMHO CTECHEHHbLIN
POCT COEAMHUBLIMXCS KPUCTAJIJIOB IIOJ PSMBIM YIJIOM K IUTOCKOCTH LIJIMPA).

CTpyKTypa JbJia NpeNMyLIECTBEHHO 3epHUCTas C NPH3MaTHYECKUMH U
IJIaCTHHYATBhIMM KpHUCTalilaMu. Pasmepni 1 ¢hopMa 3epeH bjia CBA3aHbI C
pa3MepaMH LIJIAPOB M THIIOM KPHOTEHHOH TEKCTYphl. B TOHKMX HIIHMpax
npeoGiajjaeT MEJIKO3EPHUCTas CTPYKTYpa C KPUCTAaJIaMH OObeMOM MeHee
1 MM3. B TONCTBIX LIJIMpaX Jiefl, KaK MPaBAJIO, KPYTHO3EPHUCTBIN C KPUCTAN-
namu o6beMoMm 15-30 MM3 u Gonee. [Ins WIIMPOB XapakTepHa ymops-
ROYeHHast KpUcTaiorpauyeckas OpHEHTHPOBKA, HOPMaJIbHasA K IIOCKOCTH
LIUIMPOB, O{HAKO HEPEeKH Cly4yaH, KOraa npeobiagaeT XxaoTuyecKas OpHeH-
THPOBKa OCeil KPHCTAJIJIOB JIbAA.

I'azoo6pa3Hble NpUMecH B CerperauMOHHBIX JIbAaX CONepXKaTcsi B
HeGOJILLIOM KOJIMYECTBE M TeM MEHbIIEeM, YeM TOHbIIE JIeAAHbIE LIIHPBI.
B HeGonblIuMX NUH3aX JIbAa COfEpKaTCA JHIIL Melkue cdepuyeckue
BKJIIOYEHHs BO3[yxa. B Gojiee MOIIHBIX HIIMpax HaONIORAIOTCA TOHKHE
UMTHHPUYECKHE HUTEBU[HbIE BKIIOUEHHS, BHITAHYThlE IO HOpMalH K
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NJOCKOCTH LIJIMpa M YKa3bIBalOIHE Ha HalpaBlieHHE KPUCTAJIJIM3alMy.
Berpeuarores TakKe LIIMPBI JIbAa, NPOHU3aHHOrO GONBUIMM KOJMYECTBOM
BEPTHKANbHBIX LMJIMHAPHYECKHX BKIIIOYEHHH BO3JyXa, H3-3a 4ero Jej
npuoGpeTaeT Genbld HBET.

HNubexknuonnble ababl. MHBLEKUMOHHBIHA e 06pa3yeTcsa npu 3aMep-
3aHMM CBOOOJHOI BOJBI, BHEAPAIOUIENCA NOJ HAallOPOM B yXe MEp3Jylo
Tonmy. B oTinyMe OT cerperanMOHHOrO JIbJla Pa3fBHraHHe BMeLIalouei
NOpOAbI OCYLIECTBISETCA JAaBJICHHEM BOABI, a HE [JaBJIEHHEM pacCTyLIUX
JeRAHbIX KpucTamioB. O6pa3oBaHHe TaKOro Jibjja BCErjga CBA3aHO C Ha-
NIOPHOW MUrpanuei CBOGOHBIX MOA3EMHBIX BOJ MJIX MacChl Pa3XXIKeHHOIO
TPYHTa-IUIbIBYHAa, HO NPHYMHBI ¥ POJIb NPOMEP3aHUs TPYHTOB IIPH 3TOM
MoryT ObITh pa3nuyunbl. IIpoMep3anre HapylIaeT CyLIeCTBOBaBIINIA NpexK/e
THIPOJIOTHYECKHH PEXHM, YMEHBIIIas )KHBOE COYETaHNE NOTOKA NOA3EMHBIX
BOJI MJIM CO3[laBasi Ha €ro NyTH Nperpajy U3 BOROHENPOHHIIAEMbIX MEP3IbIX
rPYHTOB. B Takux ciy4yasx poinb poMep3aHMs NacCCUBHAas U MCTOYHHKOM
RaBJICHUSA ABJIAETCA TMAPABIIMYECKMH Hanmop NOToOka Nof3eMHbIXx Bop. Ilpu
IpoMep3aHMH BO3HHKAET 3aMKHyTasi CHCTeMa, KOrja HeKOTopas Macca
yBJIaXXHEHHBIX TPYHTOB OKa3bIBAETCS B OTPaHHYEHHOM BOJOHENIPOHUIIaeMOM
060J104KOii NPOCTPAHCTBE, Iie CBOGORHOro 06’beMa NNOp HEROCTaTOYHO ISt
KOMIIEHCAIlMH yBeJIMYeHNs NpeBpallalonieiics B e BOAblL. B aTux ycnosuax
Hanop BOJbI CO3[AAETCA HENMOCPENCTBEHHO CaMHM IIpOMep3aHMueM, NpUYeM
AaBIIEHHE MOXET JOCTUraTh BeCbMa OOJbLINX 3HA4YeHHUil (BIJIOTH A0
BEJIMYHH, IPH KOTOPbIX HapyIIAEeTCs LEJOCTHOCTh OKpy»Kalollel 060I04KH).

HanopHnass Murpauus npu npoMep3aHMM XapaKTepHa JJIi BOXOHACHI-
IIIEHHBIX rpyboaucnepcHbIx rpynTos. Eciu npoMep3arommii cioi MOACTH-
JIaeTCA BOAIOYNIOPOM, TO NpH GOKOBOI MUIpaLy BOJIbI MEP3JIasi TOJILA YacTO
OTpBLIBaETCA ¥ OTCIIAMBAETCA OT BOAOYNOPHOM NOBEPXHOCTH, a IOJ Hel
CO3[aIOTCA BOASAHBIE JIMH3bI, KOTOpbiE NOTOM NpoMmep3aloT. B mepe-
yBIIa>XXHEHHBIX TOHKOJMCIIEPCHBIX IPYHTaX MHUIPHPOBATh IO HAllOPOM M
CO3[]aBaTh €ro MOXET He TOJbKO BOJia, HO M JKMJIKast TPYHTOBasi Macca, Ipu
3aMep3aHMM KOTOpOH o6pa3syeTcs Jief], CHJIbHO 3arpsA3HEHHbIH MHHe-
PaNbHBIMH IPUMECAMH.

Hubexiun Ha BEIXOAaX BOCXOAALIUX BOAHBIX HCTOYHUKOB IIPH CE30HHOM
NpOMep3aHUH PYHTOB CO3[AIOT JIMH3BI JIbJAa M KYNOJIOOOpa3Hbie Gyrpsbl
ny4yeHus Hap HUMH. Byrpel Gb1BaloT BbICOTOM 10 1 M B guameTpoM Ao 10 M.
Jlepsnbie NMMH3bI B Oyrpax MHOTAa COXPaHAIOTCS O CIEAYIOLIEH 3UMBI.

B o6nacTi MHOTrOJIETHEMEP3JIBIX IOPOJ PaCIPOCTPAHEHO HHBHEKLHOHHOE
JIbA006pa30BaHME B CE30HHO-NPOTAHBAIOIEM CIIOE C NOABJIEHHEM GyrpoB
nydeHus 6osee KpynHbix pa3MepoB. Ce30HHbIe Gyrphl € JIEATHBIMH A{paMH
PacnpocTpaHeHbl IPEMMYIIECTBEHHO B pafioHax ¢ lepeceYeHHbIM penbedoM
y TOJHOXHSA CKJIOHOB, B IOJIMHAX PeK U B JIOKOMHAX BPEMEHHBIX Py4bes.
Bo3HuKaIOT OHM NIpH IPOMep3aHUH NOJPYCIOBLIX ¥ APYTHX HaAMEP3JIOTHBIX
IIOTOKOB B CJIO€ CE30HHOTO IIPOTaNBaHUS.

Ha BhIXopax "nogMep3yoTHbIX" BOJ M NPH IPOMEP3aHUM NTOAO3EPHbIX
TAJINKOB, IJie MPOMCXOAHUT NOCIE[OBATEIbHOE HapaCTaHHe HHBEKIMOHHOrO
IbJla B TeYEeHHE psApa JeT, o6pa3yloTcs GOJbLINE MHOrojieTHue 6yrpui
Iy4YeHHs BBICOTOM 0 IECATKOB H JHAMETPOM JIO HECKOJIbKHX COTEH METPOB.
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HIHbeKIMOHHBIN JIefl, KaK NPaBHIIO, YHCTHIA U Npo3pauHsblii. Teparbie
NPHMECHA BCTPEYAlOTCHA JIMIIL Yy OCHOBaHMS LIJIHPOB M JIEAAHBIX sAfEp.
OpueHTHpPOBKa OCEll KPHCTAJUIOB Yalle BCero xaoTudeckas. Kpmcramnsl
MOTrYT JAOCTMraTh 3HAYHUTENbHbIX pa3mepoB — go 10 cM m Goxee B
nolepevyHHKe.

Kunbuste apapl. 2KuiibHble TbAbI 06pa3yloTCs PH 3aMep3aHAH BOJbI B
TPEelUHOBATHIX M pa3fpo6JIeHHbIX FOPHBIX Oopofiax. B oTnuume oT cerpe-
FauMOHHBIX ¥ WHHEKLHOHHBIX JIBJOB OHH 3aNOJHAIOT TpelluHbl, 06pa3o-
BaBILUMeCs paHee, O Havaja Jbfoobpa3oBannsd. Kak H JleA-LeMEeHT, XHiib-
HBIA JIe[l IeMEHTHPYET pa3fpoObJIEHHYIO M BLIBETPENYIO FOPHYIO IOPOAY,
3anoNHAA B He#l NyCTOTHI, HapyIIAIOIHME €€ NEPBOHAYANIbHYIO MOHOJIAT-
HocTb. Jlen Yame Bcero 3anoJyiHAeT TpeluHb! neaukoM. s popmupoBanns
SKUJIBHBIX JILAOB, IOMAMO TPELIMH, TPEOYIOTCA ellle Ba YCIIOBUA — HaJiA4Ae
BOJbI JUI 3allOJIHEHMS NCTOT M OTPHLATENbHON TeMnepaTypsl, obecie-
YHuBalollel 3aMep3anne Bofbl. KunbHbIi Jief o6pa3yeTcs Npu NpoMep3aHUA
TpeUIMHOBAThIX BOAOHOCHBIX FOPHBIX NIOPOJ, a TakKXe NPH NPOHUKHOBEHHH
BOJIb! BO BHOBbL 0Opa30BaBIINEC TPEWMHBI B NPOMEP3IIHX IOPOJiaXx.

ITpn MepeHHOM 3alOJIHEHMM TPELIMH BOJOM, KOrga OHa ycCIeBaeT
HaMep3aTh Ha CTeHKaX, oOpa3yeTcs HENpaBHIIbHAsA BEPTHKalbHAs CIOHC-
TOCTb HaTeYHOro THna. Bo3MOXHO Takke o6pa3oBaHHEe FOPU3OHTAJIBHO-
CJIOHCTOM TEKCTYPhI C YEPEAOBAaHHUEM JIba C NPOGKAMHU MIIN C PYHTOBBIMHU
YaCTHLaMH (TIpY 3aTEKAHNH B TPEIMHY Pa3KIKEHHOTO IpyHTa). B KpynHbix
TpeLIWHaX JIe[| MOXET COfepXaTh BKIIOYEHHS NOPOJ Pa3HOTO pa3Mepa,
BIUIOTh 10 KPYIHO#H 1[eGeHKH 1 HEGONBIUINX IIIbI6, OTBAJIMBIIMXCSA CO CTEHOK
TpEeUHHBI.

XKunbHbie NbJbl HIPAIOT CYIECTBEHHYIO POJIb B H3MEHEHNH (pUIILTpa-
IMOHHBIX CBOMCTB OpPHBIX NMOPOA. 3aKyNnopuBas NpU CBOeM OGpa3OBaHUH
TpELIMHbI, OHH IeJIalOT NOPOAY HEMPOHMIIAEMOM [JIs BOJLI ¥ ra30B.

IHoBTOpHO-XUIABHBIE JbAbl. OTIHYHTENLHAA OCOGEHHOCTH TOBTOPHO-
KMIIBHBIX JIBJIOB 3TO TO, YTO OHM ABJAIOTCA NPOJYKTOM MHOTOKPAaTHO
NOBTOPSAIONLIErocs JIbR0O6Pa30BaHUs B TPELMHAX, IEPHOJUYECKH BO3HHKAIO-
LIMX B OHUX H TEX Xe MeCTax.

IIpu NOHMKEHMH TEMIEPaTyphl NOBEPXHOCTH MEP3JIOro rPyHTa B
rPYHTOBOM MacCCHMBE BO3HHMKAIOT PaCTArMBAlIOMIHE HANPSAXKEHHUS, KOTOpbIe
NPH JOCTHXXEHHUH BEJIMYMHBI Ipefieia CONPOTHBIIEHHS MepP3JIOrO IPYHTa
Pa3pbIBy NPHBOAAT K 06pa30BaHMIO MOPO300OIHBIX TPEMIMH, pa3GHBAIOLIMX
MacCHB Ha NIOJIMrOHAaJIbHbIE OTAENLHOCTH. B OHOPOHBIX paBHOMEPHO NpO-
MEp3al0IMX TPYHTAaX NOJMIOHbl MMeIOT (OpMy NPSAMOYrOJIBHHKOB, a3 B
HEOHOPOJHBIX — HENPABUIILHYIO, HO B GOJILUIMHCTBE CJIy4YaeB YeThIpeX-
yroJsHyo hopMy. Paccrosins Mexkay MOpo3060HHBIMEI TPEIMHAMM COCTaB-
JIAIOT OT AECATKOB CaHTHMeTpOB 0 40-60 M. HanGonee mupoko pacnpo-
CTpaHEeHbI NOJIMIOHBI ¢ nonepeyHnkamu ot 6 no 30 M. BuyTpn HuX MoryT
BO3HHKAaTh MEHEE YETKO BhIPaXKEHHbIE [IOJIMTOHbI MEHBIMX Pa3MepOB.

Mopo3060iiHble TpeUHb] 3aN0THAIOTCA ITyOHHHONH U3MOPO3BIO, a BO
BpeMs TasiHHSA CHera B HMX IIDOHHKAaEeT BOJa M TaM 3amep3aeT. B Kaxpuo#
TpelidHe BO3HMKAET TOHKHH BEPTHKAJILHBINA CIOH JIbJa — 3JIeMEHTapHas
JKWJa NIbAa, OKa3blBalomias pacKINHMBalollee AcicTBHEe Ha rpyHT. Ecmm
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Pnc. 20.1. Cxema anureHetndyeckoro (A) m cuureHerudeckoro (5) pocra
NOBTOPHO-XUNbHbIX NbA0B (10 B.H. ocroBanosy: cM. Mep3notoBenenue, 1981)
I-IV — nocneposaTenbHble CTAAMH POCTa XU, 4, 0, 6, 2 — eXerofHo obpa3syrouuecs

JJIEMEHTAPHBIC JIEASAHBIC XXHIIKH, Ah — MOWHOCTD CJIOS, HAKATUTMBAIOLLErOC 3a FOfl OCajKa npH
CHHI€He3e

JKAJIa HAXOUTCA B NIPEfelIaXx CE30HHO-NPOTAUBAIOLIErO CJIOS, TO JIETOM Jie]
BBITAMBAET M TPEIlMHA 3aKphIBaeTcs. Eciu e ee HIDKHAA YacTb IPOHUKAET
riy6e B TOJIy MHOTOJIETHEMEP3JIOrO FPYHTa, TO OHa MOXKET COXPaHHTBCA.
IIpu nocnepylomeM NOBBINIEHWH TeMIEPAaTyphl H TeMNEpPaTyYpPHOM
paclIEpeHHH TPYHTOBOrO MacCCHBa MEXJy COCEHHMH JIEATHBIMA XHJIaMHA
NPOMCXOAMT YaCTHYHOE BLIXXMMaHMe I'PYHTa BBepX. B mocnepyrouryro 3umMy
PaCTpeCKHBaHUE IPOMCXOAHUT IPEUMYLIECTBEHHO 11O ClIE]aM CTaphbIX TPELIUH
H JeAAHbIM XHJIaM, TaK Kak Jie]| Ha pa3pbiB MeHee NIPOYEH, YeM MEP3IbIi
rpyHT. Biaropapst 3ToMy JIefAsiHbIE XKHJIbI IOCTENEHHO PAaCTyT B IIUPUHY 3a
cueT BHeJIpeHUS HOBLIX CIIOEB JIbJ]a B CPEAHIOI0 YacTh XuJbl. BMemaromue
TPYHTBI Ha KOHTaKTax C JICAAHBIMY JXHUJIAMH YIUIOTHAIOTCH, CXKUMAIOTCA U
BBIXKMMAIOTCA KBEpXy, oOpa3ys no o6eMM CTOpPOHaM OT MOPO306OifHOI
TPEelMHbl IPYHTOBble BaNMKH. Tak ¢OpMHpYIOTCA SIMHreHeTHYecKHe
NOBTOPHO-XWILHEIE JIbALI (pHC. 20.1, a).

Ecnm opHoBpeMeHHO ¢ 06pa30BaHUEM JIENAHBIX XKHJI MPOUCXONMT Ha-
KOILJIEHHE OCajIkOB Ha NIOBEPXHOCTH, TO BCJIEN 32 NOJHATHEM YPOBHS IO-
BEPXHOCTH NIOJHEMAETCS ¥ BEPXHsS IPaHALla MHOTOJIETHEMEP3JIOH TOJIIIH, a
BMeECTe C Hel0 M HapacTalouue JeAsHble Xuibl. Takue CHHreHeTHYECKAe
KHJIbI PacTyT HE TOJBKO B IIMPHHY, HO M KBepXy (puc. 20.1, 6).

Tak Kak NOBTOPHO-KHJIbHBIE JIbJbl OKOHTYPHBAIOT NOJMUTOHAJNBHBIC
CTPYKTYPhI, TO HX YaCTO Ha3bIBalOT TaKXe NOJHIOHAJIbHO-3KAJILHBIMA
nbpRamu. OHM NpeNCTaBNAIOT HanboJiee pacNpOCTPaHEHHbIH BHJ 3alexe-
ob6pasyiomux nbaoB. Takue JbAbl OTIMYAIOTCA OT APYTHX BHJOB JBLAOB
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obuinem npnMeceit (MMHEPaNbHBIX YaCTHL, OPraHUYEeCKHX OCafKOB, COJei,
PacTBOpOB M ra3os). TeKCTypa JIbOB XapaKTepH3yeTC BEPTHKAJLHOR H
HaKJIOHHO# CIIOMCTOCTBIO.

HemepHunie apapl. K nemepHbIM 1bJaM OTHOCAT JIEAsHbIe OGpa30BaHuU,
¢opMupyIOmHECS B NOJOCTAX €CTECTBEHHOrO NPOUCXOXKAEHHS (KapCTOBBIX
neuiepax, TEPMOKAapCTOBLIX H JPYrHX IOA3EMHBIX NMOJIOCTAX), a TaKXe B
IIaXTaX, TOHHEJAX ¥ Pyrux NOA3EMHBIX BbIpaGOTKaXx.

KapcToBbie mneuepn! BO3HHKAIOT B TFOPHBIX MOpPOAaX, MMEIONUX
TEMIIEPaTypy BhILE TOYKH 3aMEP3aHMs HUPKYJIHPYIOUIUX B HUX PaCTBOPOB,
U pacnpoCTpaHEHb! NPEUMYIIECTBEHHO BHE OGJIaCTH MHOrOJIETHEMEPAJIBIX
rpyHToB. IIpn onpefeneHHbIX YCIOBUAX HUPKYJIALAH B NeLepax XOJIOXHOro
BO3JlyXa 3UMOM B HHX MOJXET BO3HHMKATh 3HaYHTEJILHOE MECTHOE OXJIaX-
AeHMe, BbI3bIBalollee JNbRoOGpa3oBanue. Tak, B usBecTHoi KyHrypckoi
neuiepe, pacnosyioxkeHHo# B IlepMckoit 061acTi BHe 30HbI paclpOCTpaHEeHus
BEYHOH Mep3JIOThI, IJle CpPefHerofoBas TeMmnepaTypa Bonime +5°C, B
HEKOTOPBIX rpoTax Temnepatypa noumxkaercsa fo —8°C. Tam Hamep3aeT
MHOTO NELEPHOrO JIbJa | JIETOM TEMNIEPATYpa He MOAHUMAETCS BbILIE HYJIA.
Takoit peHoMeH OO BACHAETCA TEM, YTO B 3UMHEE BpeMs Yepe3 TPEeIIMHbI 1
KapcTOBble BOPOHKH B 3TH I'POTHI NOCTYNAET XOJOAHBINA BO3YX, KOTOPbIN
Taxelee Goiee Temroro Bo3ayxa B neuiepe. JleTom e NOCTyIJIeHHe
HapY>KHOTO BO3fiyXa yMEHbIIAETCA.

KapcroBo-neumepHbie JNbAbl 3aNOJHAIOT Neliepbl HE LEJNHKOM, a
006pa3yIoT JeAsHbIe NOKPOBBI Ha fiHE, CTCHAX M NOTOJKE, HEPEKO C Jefs-
HBIMM CTaJlaKTHTaMH, CTallarMMTaMu ¥ KoimoHHamu. OCHOBHas Macca
JBAOB — HAaTEYHOro THIa. B XojofHOEe BpeMs Ha CTeHaX M NOTOJKax
06pa3yloTcs CyOIMMMaLMOHHbIE KPUCTANIbI H3MOPO3H.

B paitoHax pacnpocTpaHeHHsi MHOTOJIETHEMEP3JIbIX TPYHTOB NOBBILIEH-
HOM JNBLAUCTOCTH M MOLIHBIX IIOBTOPHO-XXMJIBHBIX JIBJOB HEPENKO M3-3a
YaCTHYHOTO pa3pyIUeHHs JIbJja BO3HMKAIOT TEPMOKApPCTOBbIE NOJ3eMHbIE
IIOJIOCTH, KOJNIOALBI M KaHanbl. Bo3HuKalomMe TakuM 06pa3oM NOJIOCTH
MHOTIa OCTAlOTCsA IYCTHIMH, HO B GOJILIMHCTBE Cly4YaeB 3aMOJIHAIOTCA
TPYHTOM, PaCTHUTEJILHBIMU OCTaTKaMH, CHEIOM MJIH KOHKEALMOHHBIM JILIOM.
CHer valle Bcero CKanjiMBaeTCA B KOTJAaX TEPMOKapPCTOBBIX KOJIOALEB,
3aTeM NPOIMTHIBAETCA BOJOI, 3aMep3aeT M NpeBpallaeTcs B Jie[l, KOTOpbIi
XapaKkTepusyeTcss GelieChIM LIBETOM H3-3a OOMINA B HEM BO3JYLIHBIX
BKIIfoYeHnii. Takoii iey MOXKeT YyepefoBaThCs C roNyObIM KOHKeJISIIHOHHBIM
JbAOM, OOpa3ylolMMCA NyTeM 3aMep3aHHs BOAbI B TEPMOKAapCTOBBIX
nojnocrax. Hap cioeM nioTHOro nbaa MoryT o6pa3oBbIBaThCS KPUCTAJIIbI
CyOIIMMAaLMOHHOTrO JIbJa.

TepmoxapcToBo-neiepHble JbAbI 4acTO O6pa3yloT KOMIUIEKChl M3
MOILIHOM JIHH3b! MHGHIBTPALHOHHOIO MM KOHXKENSLMOHHOTrO JILAOB, OKpPY-
JKEHHOH cepHell FOPH3OHTAJILHBIX CIIOEB JIbJa M rPYHTa, KOTOphie MOrYT
6bITH NMpOpe3aHbl JIEAAHBIME XWIaMu Gojlee MOJIOAOro BO3pacTa.

XapakTepHO#i 0COGEHHOCTBIO JIbJOOGPAa30BaHKsA B NOJIOCTAX SABJIAETCA
paBHoOe npeo6liaflaHie KOHKEJSLUOHHBIX JILAOB Haj ApyruMy tanamu. Yamre
BCEro HabJIoaeTcs pa3oBoe NpoMep3anne 06beMa BOJibI, NOJTHOCTHIO MIIN
YaCTAYHO 3aHHMaBIIIEro NoJocTh. Eciu uMeroTcs nyTH Uit OTTOKa H36GbITKa
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BOMibI, TBEPABIC NPHMECH YCIEBAalOT OCECTh KHH3y M BEPXHAS 4YacTh
obpasyromeiics 3anexu Jbfa ObiBaeT uncroil. IIpu BcecTOpOHHEM IpO-
Mep3aHuH o6pa3yeTcs Jie[| pajHalbHO-ITy4YHCTOR TeKCTyphl. TepMokapcTo-
Bble NOJIOCTH MOTYT 3allOJIHATBLCA H B TeYEeHHEe HECKONbKHUX JeT. Torga
c¢hopMupyeTCS FOPM3OHTANBLHO-CJIOMCTAas 3aJieXXb, B KOTOPOH YHCTO BOJHbIH
JIE[l MOXKET NEPECIauBaThCA CO CHEXXHO-BOJHBIM CJIOEM M CIIOSIMHM IPYHTa,
3aTEKLIMMH B NIOJIOCTb.

B nckyccTBeHHBIX BLIpabOTKaX B MHOTOJIETHEMEP3JILIX IPYHTaX NPH IO-
NaJjaHuH B HAX HaIMEP3JIOTHBIX H MEXMEP3JIOTHBIX BOJ 06pa3yloTcs HaTey-
Hble NbABl. MecTo nx o6pa3oBaHus U 0GbEM ONpPeNeAlOTCS TEMIEpaTyp-
HBIM PEXHMOM OKPYKaloleil Mep3J10i TOJIIM, IOCTYIUIEHHEM B BBIPaGOTKY
BOJbI H PEXXMMOM BEHTHIIALMHA. B BhIpaGoTkax 06bI4HO HaGMIOfaeTcs pocT
KPHCTaJIJIOB CyOIUMAMOHHOrO JIbia Ha CTEHKaX U IIOTOJIKAX 32 CYET MOCTY-
NaOUEro OTHOCHTENBLHO TEIJIOro M BJIaXXHOro Bo3ayxa. CyGnuManMOHHbIE
KPHCTallsibl GBIBAIOT IJIaCTHHYATOM, UrojibyaToi, CTONGYaTON M APYrHx
¢dopM, HHOrga JOBOJILHO GOJBLIINX pa3MepoB — A0 JECATH CAHTHMETPOB H
Gonee.

IHorpebennnie apabl. K 3Tol KaTeropuu OTHOCATCS JbAbl, ChOpMHU-
POBaBIINECA HAa JHEBHOMH NOBEPXHOCTH M 3aTeM NorpeGeHHbIE TOJLIAMHU
MEHEPaJIbHBIX MM OpraHO-MHHEpPANbHBIX OTNOXeHn#. ITo cBoeMy nepsuy-
HOMY NPOHCXOXJEHHIO 3TO MOTYT OBITh JIbAB! JIIOOGOro THIA — CHEXHBIE,
JIE[HUKOBELIE, O3€PHbIE, pEYHbIE, MOPCKHE M HaJIEHbIE.

CHexXHbIE JbJIbl BCTPEYAIOTCA NPENMYIIECTBEHHO B BHe HeGONbIIAX
CKOIUTEHUI B CKJIOHOBBIX OTJIOXKEHHAX. JIEAHAKOBBIE JIb[bI PaCIPOCTPaHEHbI
B MOPEHHBIX, (hIIIOBHOIIIALMAIILHBIX U CKJIIOHOBBIX OTJIOKEHHSX B BUJIE CKOII-
JIeHU# JIefSHbIX INIbIO MM LeJbIX JIeAAHbIX nojeil. O3epHble, peyHble H
MOPCKHe JIbJbl COXPaHAIOTCA NPH NOrpe6eHNH X CKIIOHOBLIMHU OTJIOXXKEHH-
AMu. 3aXOpOHEHHE HaJlefiel IPOUCXOAMT B pe3yNibTaTe NOKPbITHSA MX NaBOA-
KOBBIMM HaHOCaMH, CONMGIIOKIHMOHHBIMH CIUIBIBAMHA M CKJIOHOBBIMH OTJIO-
>KEHHAAMH. ‘

Ha6monatorcs cnyvyan o6pa3oBaHus B pafOHaxX C CypOBBIM KIIMMaTOM
KPYIHBIX Macc NOrpeGeHHbIX JILJOB B OTBaJIaxX ICTOH FOPHOMH NOPO/BI ¥ IPH
HCKYCCTBEHHOM HaMbIBE IPYHTOB.

naBsa 21
HANEQW

21.1. 3AKOHOMEPHOCTU OBEPA30BAHUA HAJNEAEN

HanensMu Ha3bIBalOT CIOMCThIE JIEASHbIE MacCHBhLI, 0Opa30BaBIIHECA
Np¥ 3aMEP3aHMH U3JIMBAIOUINXCS IPUPOAHBIX M TEXHOTEHHBIX BOJ Ha NIOBEPX-
HOCTH 3€MJIH, JIb/ia HJIH HH>KEHEPHBIX KOHCTPYKIMIA, a TaKKe B NIOA3EMHBIX
BbIpabOTKax.

ITpoueccy HaneneoOpa3oBaHus NpeNIIECTBYET NOSABIEHHE NEPBUYHOTO
ClIOs JIbJIa Ha KaKOM-JTN60 NOBEPXHOCTH, OXJIAXKAECHHON HIKE TeMIepaTyphbl
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3apO>K/IEHHA KPHCTAJJIOB JIbJa Ha 3TOH ke noBepXHocTH. [anbHeimee
J1006pa3oBaHAe MOXET IIPONCXOAUTD 3a cYeT TYpOyJIEHTHOrO OTBOAA TEMN-
J1a OT MPOMEP3AIOIIETO CIIOA BOAbI B BO3AYX Ge3 nepeoxnaxAeHns NoBepX-
HOCcTR ¢hopMmupylomeiics Haneau. OQHAaKO B TEX Cly4asix, KOrja BOja H3Ju-
BAaETCA C NEPEPBIBAMH U NIOBEPXHOCTD JIbAia NEPHOJUYECKH NIepeoXIakKaaeT-
csl, ”HTEHCHBHOCTEL HapaCTaHHUA JIbJ]a YBEIMYABAETCA, TAK KaK OTBOJ Tella
OT MPOMEP3aIOUIEro CJI0s BOAbI IPOUCXOAMT B IBYX HaNPaBJICHWAX — B BO3-
AYyX ¥ B JIETHOE OCHOBaHHeE.

Bona B 30Hy Hamep3aHua nocrynaer oO6bIvHO HepasHoMmepHo. Ha ro-
PHU3OHTAJILHOM NIOBEPXHOCTH OHAa PAaCTEKaeTCA B Pa3HbIX HaNpaBJIeHUAX, 06-
PpasyA cJoii, TONIIMHA KOTOPOro onpefensercs o6’beMOM NOCTYNHBLIEH BO-
Abl ¥ HAJMYHEM NpENATCTBHH JIA ee pacreKkaHns. Ilpouecc 3aMep3aHus
BOJBI pa3fielifieTcs Ha [IB€ CTafiuM: CHayajla NMPOMCXOAUT OXJaXXAECHHE IO-
TOKa BOJbI 1O HYJIEBOM TEMIIEPaTyphl, 3aT€M HaAYHHAETCA NpOLecC KpucTal-
JIN3aLAH.

ITpn TonumHe CI0s BOALI O 8 MM NpOMep3aHUe NIPOUCXONUT Cpa3y BO
BceM o6beme. IToABNAIOTCA TOHKHE HrOJIbYaThie KPHCTallbl, KOTOpPhIE
3aTeM NpOpacTalOT M CMBIKAIOTCA C JIEAAHBIM OCHOBaHMEM. B Tomme
IIPOMEP3AIOLIETO CIIOA MOTYT OCTAaBaTLCA MeJIKHe sYeHKH C BOAOM, KpHCTal-
JIA3anus KOTOPBIX CONPOBOXAAETCA HEKOTOPOIi fehopManueit HOBOro cios
Jba M RaXxe paspbiBamu. IIpn 3amep3aHum ciiost BOABI TONLIMHOM Gonee
8 MM cHayalla Ha ero NnoBepXHOCTH oOpa3syeTcs nefsHas Kopka. [Jams-
Heillllee MpOMep3aHKe CBA3aHO C 06Pa30BaHNEM 3aMKHYTBIX BOJSHbIX JIMH3,
IIpM 3aMEP3aHUN KOTOPIX BO3HHKAET NOBLILIEHHOE IaBJIeHHe, NPUBOASILEe
K pa3phbiBaM JIEisTHOH KOPKH U H3JIMBAHUIO YaCTH BOJbI Ha TOBEPXHOCTb.

Ha HaKkJIOHHBIX M BEPTHKAJILHBIX NOBEPXHOCTAX CTEKAalOUIas BOAA
OCTaBJIsET INIEHKY cMaunBaHus. IIpy nepHofguyeckoM NOCTYIUIEHHH BIIarH
BOJHAs MJIEHKa ObICTpO NMpOMeEp3aeT, NpeBpaliasch B 6a3UCHbIN CIIOH JIbJa,
a oyepepgHas ee NOPHHA CO3JAaECT HOBYIO IUeHKY. IIpum HenpepriBHOM
NMOCTYIJIEHMH BOJbI B CTEKAIOIEM CJIOE PAacTyT Hrojib4aThble KPHMCTAJJIbI
JNbAa, KOTOpblE€ NPH ONpENEJICHHbIX YCIOBMAX NMpEBpAIalOT BOAY B Ka-
meo6pa3Hyl0 MacCy JIEASHBIX KPHCTaJJIOB, NPMMEP3alOMyl0 K OCHOBa-
HHUIO.

Hanepubiit nex vaille Bcero 3ajieraeT B BHAE KOPOK H MacCCHBOB Ha
IIOBEPXHOCTH FOPHBLIX NIOPOJ M IOYB, @ TAKXKE Ha [TOBEPXHOCTH JIEASHOrO
NMOKpPOBa pyubeB M pek. JIex MMeeT 4eTKO BBIPaXXCHHYIO CIOHMCTOCTD,
OPHMEHTHPOBAaHHYIO NapaJlIeIbHO NIOBEPXHOCTH aKKyMynauuH. Ero crpykry-
Pa 3aBHCHT OT TOJIIMHBI 3aMEP3aIOIIEro ClIOs BOABI Ha JIbAY M TeMnepa-
TYpHBIX ycnoBuil. YeM MeHbIIE MOIIHOCTL Hallele06pa3yowero clos, TeM
MEHBIIIE pa3sMep KPHCTAJIJIOB JIbAA.

B npupope Ha6Gmofnaercs 60oibiroe paznooGpasue Hallefied, OTINYalo-
LIHXCA UX PACNOJIOKEHHEM OTHOCHUTEJILHO NOBEPXHOCTH 3€MJIH (Ha3eMHBIE H
NOA3eMHbIE HaJiefiu), POpMON M pa3MepaMH, NEPHOAUYHOCTHIO BOZHHKHO-
BEHMS, NPOROJIKUTEIBHOCTHIO CYLIECTBOBAaHHS U PAIOM APYTHX IPH3HAKOB.
Hanengu noppa3fensioTcs Ha JiBa KJIacCca B 3aBHCMMOCTH OT MCTOYHHMKA
NOCTYIUTEHAs HaJIEAHBIX BOJ: HAJIEAR NOJA3EMHBIX BOJ H HAJIEAH NIOBEPXHOCT-
HBIX BOJ,.
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21.2. HANEQU NOASEMHLIX BOA

Hanepn nop3eMHbIX BOJ, 06pa3ylOTCS Ha 3HAYUTELHOMN YaCTH TEPPUTO-
puu Poccun. IHTEHCHBHOCTb pa3BATHSA HaJefici MEHAETCsA B 3aBHCUMOCTH OT
reorpaPuyecKUX M TeOJIOTHYECKHX XapaKTEePHCTHK MECTHOCTH, KIJIM-
MaTHYECKHX YCJIOBHMI M XapaKTepa MCTOYHHMKA HaJlefiHbIX BOJ. B paiionax
yMepeHHOro KJIMMaTa OHH 06pa3yloTcs B MeCTaX BhIXOAA NOJ3EMHBIX BOJ —
KJIIOYeil # BOJIbI, COflepXXallelicsi B BEPXHEM CIIO€ TPYHTOB, PaclOJIOXEHHOM
Ha BofoynopHoMm cioe. Hamegu ¢popMapyroTCs NperMyMIeCTBEHHO Y IOf-
HOXHI CKJIOHOB B 3aTEHEHHBIX JOJIMHAX H OoBparax. VIX KONIHYeCTBO BO3-
PAacTaeT OT I0XKHBIX PaiflOHOB CE30HHOrO POMEP3aHAs I'PYHTOB K CEBEPY.

OnTumyM B pa3BATHH Hajefel Ha6noaaeTcs B paifOHaX OCTPOBHOTO H
NPEPBIBUCTOrO PacNpOCTPaHEHHUsT MHOTOJIETHEMEP3JbIX IPYHTOB, Iie B HX
¢$OpMHpOBaHUHN YYacTBYIOT BCe BHJbI NOA3EMHBIX BOJ — HaAMEP3JIOTHLIE,
MeXXMep3JIOTHbIE ¥ IORMEP3NOTHbIE. B 3aBHCHUMOCTH OT MeCTa BbIXOfia BOJ
06pa3yloTcs AONMHHEIE, PYCIOBbIE, CKIIOHOBbIE U IPYTHe HaJleH.

B o6nacTy CIUTOLIHOTO PacpOCTPaHEHHSt MHOTOJIETHEMEP3JILIX TPYHTOB
KOJINYECTBO Hallefiedl K CEBEPY YMEHBINAETCA. DTO CBA3AHO C OGIMUM yBeTH-
YeHHEM NPOAOIIXKUTEILHOCTH XOJIORHOrO NNepHofia rofia H HU3KUMH TeMIepa-
TypaMH BO3fyXa, IpH KOTOPBIX NIOBEPXHOCTHLIE U HaMeP3JIOTHbIE BOJbI
6bICTPO NpOMEP3alOT M NEPECTAIOT YYAaCTBOBATh B BOfoo6MeHe. OHAKO B
MeCTaX HEOTEKTOHHYECKHX {BIDKEHMI, IJle BCTPEeYalOTCA CKBO3HbIE TaJIHKH
H BO3MOXXeH BBIXOJ{ Ha NOBEPXHOCTh NOAMEP3JIOTHBIX BOJ{, CO3JAIOTCA YCIIO-
BUA I 0Opa30OBaHMs M CYyHECTBOBaHMS FMTaHTCKAX MHOTOJIETHHX Halle-
meit — TapbiHoB. HanGonee kpynHble Hajle[, 3aHMMaAIOLNe IUIOLIaAH B
AECATKH KBafIpaTHBIX KWJIOMETPOB NpH TOJIIMHE MacCHBOB Jibja 10 10 M 1
Gornee, pacpocTpaHeHbI Ha ceBepo-BocToke SIKyTuu u Ha KonbiMme, rae oHn
NOKpHIBAIOT 0 4% TeppuTopnd. OrpoMHbIe HaJIeH BCTPEYAIOTCA TaKXKe Ha
cesepe Kanann! 01 Anscku.

B ropubix paifloHax HaJle[d pa3BUBAlOTCA INIaBHLIM 06Pa3oM B CpefHEM
BBICOTHOM NOfiCe, BEPXHAA IPAHHULa KOTOPOro HaXOAUTCA Ha HECKOJILKO COT
METpOB HIDKE BOROpa3felsioB. B paiioHax ropHOro onefeHeHus HaJleqHbIA
IIOSIC PacnoJIaraeTcst HIpKe JIEMHUKOB. ITo Mepe CHIDKeHust ypOBHS M npuGin-
3KeHNs K paBHHHE BO3MOXKHOCTb O0pa30BaHUA Halefell yMeHbLIaeTCd, TaK
KakK TaM, Iie pelbec BHINONAXKHBAETCHA, HHTEHCUBHOCTh ABMIKEHHS NTOA3EM-
HBIX BOJ| yMEHbLIAETCH.

ITpouecc o6pa3oBaHus Halle{ HEPENKO IPOHCXONUT TaKUM 06Gpa3oM,
YTO MEXJY CTOSIMH JIbJla OCTAaeTCA XKHAKas BOAa, IPH fajbHeHIIEeM IpoMep-
3aHMM KOTOpOM BO3HHKAET NOBBILIEHHOE AaBJIEHHE, JOCTATOYHOE AJIs NOJ-
HATHS BEPXHHX JIEASHBIX CIOEB ¥ 06pa30BaHUA HallefHbIX 6yrpos. HekoTo-
phle nenaHble 6yrpel OA AaBIEHHEM BOAb! Pa3pbIBalOTCA M YacCTh BOJLI H3-
JINBAETCA Ha NOBEPXHOCTb, CIOCOGCTBYS HAPAaCTaHUIO HOBBIX IOPLMIi HaeN-
HOTrO JIbJa.

B pspe cnyyaeB B ¢)OpMHPOBaHHHM HaJieieli IPUHUMAIOT YYacTHE ONHO-
BPEMEHHO M NOA3eMHbIE M TOBEPXHOCTHLIE BoAbl. HanpumMep, Hanens, ¢op-
MHpYIOIIasAcA Ha NEPBOH CTaiMA M3 PEYHON BOJKI, BO BTOPOM NOJIOBHHE 3H-
MBI, KOT/la peKa Ha NepeKaTax NOJHOCTBIO IPOMeP3aeT, IPOJOIIKAET PacTH
3a CYET NOAPYCIOBLIX H 6eperoBbiX rPYHTOBBIX BOJ.
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21.3. HANNIEAN NOBEPXHOCTHbLIX BOA

Cpenu Hanefieli NOBEPXHOCTHBIX BOJ NpeoGinafaloT Haxend, ¢op-
MHpYIOLMECS IPH NOCIOKHOM HaMOPa>KHBaHNM PEYHBIX BOJ Ha IOBEPXHOCTH
JIEAAHOro NOKPOBa, Ha GeperoBbIx OGHaXKeHNAX ¥ HU3KUX PeYHbIX Teppacax.
Takue Haleau pacnpoCTpaHEHBl Ha pPeKaX yMEPEeHHBIX M apKTHYECKHX
IIAPOT, a8 TaKXXe B BhICOKOropbe. FIHOra OHM BCTPEYaloTCst B IPHYCTHEBBIX
y4acTKax aKBaTOpMil KpyNnHBIX o3ep U mopeil. Hanenu o6pa3syrorcs Takxe
Ha Geperax o3ep u Mopeii, rjie HaMep3aHHeE JIbia NPOUCXOANT NIPH HaGeraHun
BOJIHBIX BOJIH M OpBI3r Ha OXJaXK/i€HHbIEe NIOBEpXHOCTH. B 3aBucuMOCTH OT
NPHYHH, ONPEAENSIONUX BBIXOJ BOABI K NOBEPXHOCTH HaMOPaXXHBaHHUSA,
BBIIEJIAIOT 7 THUNOB HaJieell IOBEPXHOCTHLIX BOX (Anekcees, 1987).

1. Hanepn, dopmupylonmecs B pe3yibTaTe H3JIUIHUA BOALI NOX BO3-
AelicTBHEM M3GBITOYHOTO TMAPOAMHAMMYECKOrO Halopa B MOMJIEJHOM IO-
TOKE, BO3HHKAIOIIEM IIPH IONOJIHATENBHBIX BOJONPUTOKAX U3 HEp 3eMHOM
KOPbI WX IIPH NIONYCKaX BOJbI M3 BOXOXPaHMJIHLLL,

2. Hanepu, o6pasyiommecs Npy 3aKyNnopKe XXUBOIO CEYeHus pyciia Iy-
roil MJIN BHYTPHBORHBIM JILIOM B pe3yiIbTaTe lepeMep3aHusi BOJOTOKOB H B
cly4asix NPHIOXKEHHS BHEITHMX Harpy30K Ha JIENSIHOH NOKPOB.

3. Hanepu, ¢opmupylomuecs B pe3yibTaTe BO3BPaTHO-IOCTYyMNa-
TEJILHOTO JBUXKEHMSI BOJHBIX MacC NPH JYHHBIX NPUIIMBAX, BETPOBBIX HAaro-
Hax ¥ HaGeraHud BOJIH.

4. Hanenu, pa3sBuBaloliecs B pe3yabTaTe OCEfaHUA QUCIIEPTHPOBaH-
HBIX BOHBIX MacC: IIpH BETPOBOM CpbIBE KaneJlb C BOJHOI IOBEPXHOCTH; PH
ApOGJIEHHN NafaloUNX BONHBIX NMOTOKOB; NpH MEXAaHHYECKHX yAapax M
MCKYCCTBEHHOM JIOXK/I€BaHUH.

5. Hanepn, ¢opMupyromnecs B pe3yibTaTe NEpHOAYECKOro morpy-
KEeHHUs OXJaXXACHHBIX TBEPABIX TeJ B BOQY: NPH Kayke IJIaBaIOIIUX
NpPEeAMETOB; NPH BO3BPAaTHO-NIOCTYNATEbHbIX ABHKEHHAX 3JIEMEHTOB I'MJ-
POTEXHUYECKHX COOpPYXXEHHH.

6. Hanenn, o6pa3syroliecss OT TassHUA CHEra M JIbJa B YCJIIOBHAX CTpa-
TH(UIMPOBAHHOrO TEMIEPATYPHOTO NOJIA, BO3HHKAIOUIETO NPH pajua-
IHOHHBIX ¥ a[BEKTUBHBIX OTTENEJIAX N HCKYCCTBEHHBIX TEIJIOBBIEICHUSAX.

7. Hanenu, popmupyroiuecs npu c6pocax NPOMBILITIEHHBIX H GbITOBBIX
BOJL.

ITpomep3aHHe pek HHOTrAa NMPHBOAMT K CBOeOOpa3HbIM 3NMHAM HAaBOJ-
HEHMsAM, KOrjja NnojJjiefiHas BOAa BBIXOAUT M o6pa3syeT Hajequ Ha Gonee
BBICOKMX Teppacax, rje oObIvHO ux He GbiBaeT. Ha pekax BO3MOXHO cy-
LIECTBOBaHME Hallefiell H MONbIHEH, KOTOphie NOABIAIOTCA HAa MECTax
BBIXOJIa OTHOCHTEJILHO TEIUIBLIX NOA3EMHBIX BOf. Hanenp B Takmx cnydasx
o6pa3yeTcs HIMEHHO OT noybineil. Hanepn Ha peKax MHOr[a BLITATMBAIOTCA
Ha JecATKH KHioMmeTpos npu TomuuHe 0,5-1,0 M. O6BeM exerogHo
o6pa3ylolmuxcs Hajlefieli MOBEPXHOCTHBIX BOA Ha TeppuTopuM Poccum
ouenuBaercs B 240 kM3, uTO B 4eThlpe pa3a Gonbuie o6beMa Halefei
NOJI3eMHBIX BO[.

Co BpeMeHeM Hallel¥ MOT'YT MATPHPOBATh BJOJNb PEeKH BCIENCTBHE H3-
MEHEHHI1 KIIMMaTHYEeCKHX H MEP3JIOTHO-THAPOJIOrAYECKUX ycnosuid. B 6onee
XOJIOAHbIE 3HMBbI MHOTHE HaJleAH YBEJMYUBAIOTCA B pa3Mepax, pacnpocTpa-
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HAACH Ha HOBble YYacTKH. B npouecce pa3BUTHS Hajleay CO3JAlOT YCIIOBHS
JJIA CBOETO NlepeMeLIeHNs BBEPX 110 PeKe.

Hanepgu okasbiBaloT GONBIIOE BINSHEE Ha PEYHOl CTOK, Nlepepacipe-
menss ero B roguyHOM Hukie. OHYM MOTyYT NOrIOWATL BeCh 3UMHHUI CTOK Ha
PYYbSX M MaJIbIX peKaX, a Ha KPYNHBIX peKaX YMEHbIIaThb 3TOT cTOK. C
NPHUXOAOM JieTa Ha PeyHOM CTOK 3HAaYHTENIbHOE BIMAHHE OKa3bIBAalOT
npouecch! TasHud Hanefeil. Takxe HaJlleg! BIMAIOT Ha CO3JjaHUe B paifOHaX
uX 06pa30BaHus 0COGBIX MEKPOKJIMMATHYECKHX yCIOBHUil. B 3uMuee BpeMa
OHH CIIOCOGCTBYIOT NOTEIIEHHUIO, B JIETHEE — OXJIAXAEHHUIO.

21.4. ACKYCCTBEHHbIE HANEQU

K MCKYCCTBEHHBIM OTHOCSTCS HaJlefiH, BbI3BaHHbIE HapYLUEHHEM eCTeCT-
BEHHBIX YCJIOBHIi IBIDKEHHA TPYHTOBBIX BOJ| IPY NPOKJIafKe aBTOMOGHIIBHBIX
U XeJIe3HbIX AOPOT M CTPOMUTEJILCTBE Pa3lIMYHbIX cOOpyXeHuii. Takue Ha-
JIeH 4acTo o6pa3yloTcs B TOHHEJIAX, IITONBHAX ¥ APYrHX NOA3EMHBIX COO-
pyXenusx. McKkyccTBeHHbIE HaJleld MOTYT BO3HHKATh B MECTaX HEOPraHU30-
BaHHOTO c6poca TeXHOreHHbIX BOX. Hanegu MOryT MCKyccTBeHHO cO3fa-
BaThCA JJIA NOJIyYEHMs 3anacoB JIbfia, PETYIMPOBAHHS PEYHOrO CTOKa,
ONpeCHEHHs COJIEHBIX BOJ.

Hau6onee yacTo Hajleau NOSBIAIOTCS NPU YCTPOMCTBE JOPOXKHBIX
NOJIYBBIEMOK, I'/IEé HAPYLIAETCA €CTECTBEHHbIA CTOK IPYHTOBLIX BOJ B Ce-
30HHO-NPOTAaWBAOLLEM CJIoe B 06GNAacTH paclpOCTPaHEeHHs MHOroJieTHe-
Mep3JIbIX TPYHTOB MJIM N0 BOAOYNOPHOMY CJIOI0 B OCHOBRHHM CE30HHO-IIPO-
Mep3alomero cios. Hamenn BO3HMKAIOT TakXXe B pe3yJbTaTe BBIPYOKH
NPOCEK, OTCHINKH 3eMIISHOTO NOJIOTHA, CTPONTENILCTBA MOCTOB M Tpy6. Cpa-
3y noclie BLIpYGKHM Jieca M KyCTapHHMKOB, CXKUT'aHUA APEBECHBIX OCaikKOB H
PACUACTKM TEPPUTOPHHA CO CHATHEM HIIH YIUIOTHEHHEM TOP(SHO-MOXOBOTO
IIOKpOBa HaYMHAETCA YCHIIEHHAas TENJIOBas MEJINOpPAalMs IPYHTOB, IpH-
BOAALIAs K YBEJIMYEHHUIO rIyGMHBI CE30HHOTO NPOTAMBAHUA ¥ OCYLIEHHIO
TPYHTOB AEATEJILHOro Closi. B 3uMHee BpeMs Ha TaKHX y4acTKaX TPaccChl
IIPOUCXOMT YCKOpEHHOEe NpOoMep3aHue NOTOKOB HaIMEP3JIOTHBIX BOJ, BbI-
3pIBas NOSABJIEHHE MEpP3JIOTHBIX NEpEeMbIYeK Ha NYTH HX JBHXKEHHSA C
o6pa3oBaHMeM OGyrpoB NyuyeHHMs M TPYHTOBBIX Hajefeil. B HekoTOpbIX
cny4asix IIpH Cpe3Ke I'PYHTa BCKDbIBalOTCS TOPHU3OHTHI TPYHTOBBLIX BOJ,
KOTOpble B MeCTaX HMX BbIXOla Ha JHEBHYIO IIOBEPXHOCTb MOryT obpa-
30BBIBaTh IPYHTOBLIE HaleAn. OTChINKa Hachinei, 1aM6 M 3eMIISHBIX BaJIOB
H3MEHSEeT PeXHM IOA3EMHBIX BOJi, CO3[aeT Nperpafbl Ha NyTH UX JBIOKEHUA
H MOXeT cnoco6cTBOBaTh 0Opa30BaHUIO 3HAYUTEILHBIX HaJlefel.

ITpuunHO¥ NMOABNIEHUS PYCIOBBIX, CMEIIAHHBIX ¥ TPYHTOBBIX Haneae
MOXeT ObITh CTPOMTEJILCTBO MOCTOB M BOJOIPONYCKHBIX TPy6 BBHAY pe3-
KOro H3MeHEeHHUs BOJHO-TEMIIEPATYPHOrO peXXNMa rPYHTOB M CO3JIaHUA BOJIO-
NPOHMIaeMbIX NepeMblYeK Ha NyTH NOA3EMHBIX NOTOKOB. Tak, mpu
CIpSMJIEHHH PYCJia Py4Ybsi MM PeKHM I'PYHTOBBIN NOTOK B aJINIIOBHAJILHBIX
OTJIOXXKEHHAX MOXET CJIEJOBaTh CTapbiM pyclioM. JIMIIasch OTEMNIAIOLIETrO
AeHCTBUS NOBEPXHOCTHBLIX BOJ, NOTOK B 3MMHEe BpeMs HaYMHAeT MHTEH-
CHBHO NIpOMep3aTh ¢ 06pa30BaHMEM MEP3NIOTHBIX IEPEMBIYEK, YTO IPHBOAUT
K ¢hOpMHpOBaHNIO HaNefel.
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MeTopoM noxnieBaHAs 1 NOCIOMHOrO HAMOPAXHUBAHUSA CO3[AIOTCA Mac-
CHBbI JIb[]a, KOTOPbIE BIOCIEACTBHH HCIOJB3YIOTCS KaK XpaHWIMIIA 3a11acoB
JbAa M nmpecHoit BOABI. B yacTHoCTH, JlenoXpaHMIAI{a MOrYT HMCIOJb-
30BaThCA Ha TEIUIOBLIX H ATOMHBIX 3JICKTPOCTAHIEAX M HA MPOMBILIIEHHBIX
NPEfNpUATHAX B Ka4yeCTBE MCTOYHHKA XOJIofa. BkmioueHnme B cHCTeMBI
OXJIaXJECHHUS JIbJ]a ¥ XOJIOHOM TaJION BOJbI NOBbIIIAET HX 3¢h(PEeKTHBHOCTS,
YTO NO3BOJIAET CHU3UTh CTOMMOCTD 3JIEKTPOIHEPTAH U IKCILTyaTalAOHHbIE
PAacXofb! IpENPHATHIA.

3HauyuTeNbHBIA NPaKTHYECKUN HHTEpec NpefcTaBiseT coboi upes
CO3JIaHUsA ONIPECHAUTEIIEH COIOHOBATRIX NOA3EMHBIX BOJ{ METOJIOM HaMOpPaKH-
BaHUA MaCCHMBOB JIbJ]a C OOecneyeHueM MUTpalHU COJIEBOro paccoia. Takoii
cnoco6 npepcrapiseTca 3PPEKTHBHBIM B CTENHBIX pailoHaX, XapaKTepH-
3YIOLIMXCS XOJIOXHBIMHU 3HMaMHU U HEOCTATKOM NPECHBIX BOJ.

21.5. NPOrHO3UPOBAHUE HANEQHbLIX NPOLIECCOB
U BOPbBA C HANEQAMU

ITporHo3upoBaHMe HaJEHBIX NPOLECCOB HMEET O0JBLIOE NPAKTAYECKOE
3HaveHHe. Kak noka3bsIBaeT ONbIT, HEOYYET (haKTOPOB Hallefe0Gpa3oBaHus
IIpH NMPOEKTHPOBAHMM M CTPOMTEJLCTBE JOPOr M APYrAX OGBHEKTOB
HEOAHOKPAaTHO NPHBOAHUI K 3aTPYAHEHUSIM BO BpEeMs HX 3KCIUTyaTalUN H
Tpe6GoBaJ 3HaYHTEILHBIX AONOJIHATEILHBIX 3aTPAT Ha 3alMTY OT Halefei.
Mo>xHO BhIfIEIATH TPH 3Tanla paboT MO IPOrHO3MpPOBaHHIO Hanefgein. Ha
NIEPBOM 3TaNe HU3y4aloTCs PerHOHaJIbHbIE 3aKOHOMEPHOCTH IPOLECCOB Ha-
Jefeo6pa3oBaHAd M KOHKPETHBIE YCIOBHS PacNpOCTPaHEHHUs Halepei u
COCTaBJAIOTCA KapThl palOHUPOBAHUA TEPPUTOPHH IO YCIOBHSAM Halefe-
06pa30oBaHuA C BBIIENIEHHEM NIOTCHIHAJILHO ONACHBIX HAJIEAHbIX pailOHOB.

Ha BTOpOM 3Tane NpPOBOAHTCA AOJICOCPOYHBIA IPOrHO3 Hallefied C
y4eTOM BEPOATHBbIX H3MEHEHHH KJIMMaTHYECKUX M THApoyornyecknx ¢ak-
TOpOB.

HauGonee clOXHBIM, HO OYEHb BaXXHBIM SIBJIIETCA NMPOTHO3MPOBAaHNE
H3MEHEeHMIl PoLecCOB Halee00pa30oBaHusl ¥ BOBHHKHOBEHHSI HOBLIX HaJle-
Reii, CBA3aHHBIX C XO3AHCTBEHHOH NEATEIBLHOCTBIO ueyoBeka. [lna aToi
LeJIM MCNOJIL3YIOTCS METOABI r€OJIOTMYECKAX H MEP3JNOTHBIX aHajorwil. B
KayecTBe aHaJIOrOB-3TAJIOHOB BLIGHPAIOT H3yYEeHHbIE H OCBOCHHBIE B MHDKe-
HEPHOM OTHOLIEHHMH paffOHBbI pa3BHTHSA HaJleqHbIX npoueccoB. CpaBHUBas
TUAPOJIOruYecKHe H MEepP3JIOTHbIE YCIOBHS BHOBb OCBaHBAaEMbIX PailOHOB C
paHee OCBOEHHBLIMM MOXHO NPOTrHO3HPOBATh MHTCHCHBHOCTb H AHHAMHKY
Pa3BUTHA HaJe[HbIX npoueccoB. IIpUMEHAIOTCA TaKXe METONbI, OCHOBaH-
Hble Ha MCIIOJIb30BAHUH MaTEeMaTHYECKNX AHAJIOTHH.

ITpoTnBoHaNeHbIe MEPONPHATHS Pa3pabaThIBalOTCA NPEHMYIIECTBEHHO
ANA 3aUIMTHI AOPOr M AOPOXHBIX HCKYCCTBEHHBIX COOpyXeHmi. Mepo-
NpUATHA Pa3felslOTC Ha Ce30HHbIe (BpeMeHHbIe) M nocrosiHuble. K uncny
CE30HHBIX OTHOCSATCS OTBOJ HaJleAHLIX BOJ|, NIOJOTrpeB BOJ, TasHHE JbAA,
MeXaHM4YeCcKOe pa3pylIeHHe U yRaJeHAEC HaJCAHOro jbfa. [ns 6opu6bl €
TPYHTOBLIMH U PYCJIOBO-TPYHTOBBIMHA HaJIe[IMM Ha KOCOrOPHBIX y4acCTKax
ROpOT B Ka4YeCTBE BPEMEHHBIX CPE/ICTB IPHMEHSAIOTCA CHErOBBIE H CHEXXHO-
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JlefoBble Balibl, BpEMEHHbIE IUIETHH ¥ 3a6Ophbl U Apyru¥e NpensTCTBHSA,
OCTaHaBJIMBAIOLIHe HaJleAHLIE BOABLI HE ROXOAM IO AOPOTH.

K NOCTOSIHHBIM 3aIUTHBIM MEPONPHUATHAM OTHOCATCA MEP3NOTHbIE
nosica B BUfle NNONEPEYHbIX KaHaB C BaJlaMH ¥ PaCYHULIEHHBIX [IOJIOC; PYCIIO-
Bble MEP3JIOTHBIE NOsSCa C 3aMOPaKMBAIOIMMMH YCTAaHOBKAaMH; 3KPaHbI U
CTEHKHM NI 3ajilep>KaHus HaJICQHbIX BOJ Ha YNaJIEHHMH OT 3alULIaeMbIX
06bekToB. IIpUMeHSIOTCA TaKKe pa3iiMyHble IPOTHBOHANIEJHLIE COOPYXe-
HUS ¥ ycTpoiicTBa. Cpeay HUX PaclpOCTPaHeHbI ClELHalIbHbIE COOPYXXEHHA
IVIs IPOIIyCKa HaJIefHRBIX BOJ U cOpoca HX HIDKe JOPOrH (CBaitHO-TOHHENLHEIE
COOPYKEHHUA, MOCTBI, TpyObl, IPOTHBOHAJIEAHBIE PEHaXHbIE U KAl TAXKHbIE
YCTPOJCTBa, yTEIUIEHHbIE JIOTKH H fIp.).



NNABYYUE JibAbl

naBa 22
JNIEASIHON NOKPOB PEK U BOLOEMOB

22.1. POPMUPOBAHUE NEAAHONO NMOKPOBA

ITo ycnosusiM (pOpMHpPOBaHHs NPECHOBOAHBIE JIbABI JAENAT Ha TPH
rpynnsi: peyHble, O3epHbIE M JbAbI HeGonbIINX BogoeMOB. Oco6eHHOCTE
PeYHOro Jbjia 3aKJII04YaeTCcsa B TOM, 4TO JJeR00Opa30BaHHE NIPOMCXOAMT NPH
ABHXeHHH BORBI. O3epHble NbABI O6pa3yloTCA KaK NPH CIOKOWHOM
COCTOSIHMH BOJbl, TaK M NpPH BETPOBOM BOJIHEHMH. JIbABI HeOGOJIBLINX
BOAIOEMOB GoJIbllIel YacThbioO 06pa3yloTcs NpH CNIOKOHHOM COCTOSIHMY BOJbI M
yCTOMYMBOM pacnpefielIeHHH TeMNEPaTyphl B BOJlOEME.

ITo Mepe nMOHHXXEHHS TEMIepaTypbl BO3fyXa YCHIMBAETCS NepeMe-
muBaHue BOfbI. IIOBEPXHOCTHBIM CIIOH OXJIaXK/[aeTcsA, IIOTHOCTL BOABI YBe-
snyuBaeTca. Oxiaxk/ieHHast BOAia ONMYCKAaeTCcs KO AHY, a Ha ee MECTO MOAHH-
MaeTca Gonee Temyas BOJla M3 HMXKHUX cnoeB. Takoil mpolecc MOXeT npo-
AOJIKAThCA JO TEX NOp, MOKa BCA TOJIa BOJbI HE OXJIAMUTCA AO TEM-
nepaTyps! +4°C, np# KOTOPO# MIOTHOCTH BOABI JOCTHIaeT MaKCHMaJILHOIO
3HayeHud. ITocne 3TOro fanpHeiiee OXIa>xkKAEHAE IPOUCXOAMT JIUIID B NIPH-
IIOBEPXHOCTHOM CJIO€, €CIIH, KOHEYHO, HE YYMTHIBATh MEXaHHYECKOrO ne-
peMeIlNBaHUA BOJbI BCIEACTBHE TEUEHHs U BOJNHeHMA. TeMnepaTypa BOj-
HOM NOBEPXHOCTH ONYCKAETCA HUXKE HyNd, M HayMHaeTCs NMpouecc Jefo-
o6pa3oBanns. B Tex cnyyasx, Korja npoucxoguT 6bICTpOe NOHIDKEHAE TEM-
nepaTypsl BO3[lyXa ¥ TEIJIOOTAAYa C MOBEPXHOCTH BOJbI NPEBBIIIAET NPH-
TOK TelUla 3a CYET NMOA’beMa NMPHUAOHHBIX CIIOEB BOJbI, NEPEOXIIaXACHUE
NMOBEPXHOCTHOIO CJI0A H NpoLece 1ef006pa3oBaHus MOT'YT HAYHHATLCA NPH
OTHOCHTEJILHO BBICOKOH TeMIIEpaType BOAbl B BOROEME.

3apopuBluNECS Ha NOBEPXHOCTH BOJABI KPHCTAJUIbl JIbla PAaCTYT BHH3,
YacCTh M3 HUX BBIKJIMHHMBAETCS, a OCTaBUIMecs yroxumatorcs. Jlepsanoi no-
KpoB npuoGpeTraeT cTon64aTylo CTpyYKTypy, H B BEpTHKAaJbHOM pa3pes3e
JJIMHA YaCTH KPHCTAJJIOB MOXKET COOTBETCTBOBATh TONMIMHE JIEAAHOTO MO-
KpOBa.

ITpu 3aMep3aHnM BOJbI B YCIIOBMAX CHIIBHOTO NepeMelInBaHus, 6bicT-
pOro OXJIaX[AEHUA M HaJuuus GONBLIOro KOJNMYECTBA LEHTPOB KPUCTAIIIH-
3alMA pacTyT U3OMETPHUYHbIE KPHCTAIbI HeNPaBHIbHOH (hOPMBI C OTCYTCT-
BHEM YETKO BbIpa’k€HHBIX IpaHeil N 6ecnopA{OYHON OPMEHTHPOBKOH MX
oceit. Jlen Takoi cTpyKTyphbl 06pa3yeTcs Ha peKax ¢ 6bICTPbIM Te4YEeHHEM H
o3epax B yCIIOBMAX CUIIBHOTO BOJIHEHHA B NepHOp Jefocrasa. ITo mepe yse-
JIMYEHNs TOJNILIMHBI JIEASTHOrO MOKPOBa CTPYKTYPa HOBbIX CJIOEB JIbJja IPHOO-
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PeTaeT 4epThl YNOPAKOYEHHOCTH, COOTBETCTBYIOIIHE CTOJIGYATOH CTPYK-
Type.

IToMuMO NOBEPXHOCTHOTO BOAHOrO JIbJa, B pAfe clydyaeB o6pa3yloTcs
BOJIHO-CHErOBbI€ H BOJJHO-LIYyroBble JbAbI. CHer, BhIafalomuii Ha Nepeox-
JIaXIEHHYIO NIOBEPXHOCTh BOJIbl, @ TAKXKE HAChIIEHHbIE BOROM CJIOM CHera
Ha JIEASTHOM IOKPOBE IpH NpOMep3aHUHU NIPEeBPaIlalOTCd B HENPO3PavHbIA
Jieq ¢ GONBIINM KOJIMYECTBOM NOJIOCTEN M BO3AYLIHBIX BKIIIOUeHHA. BogHO-
LIYroBOM Jie BO3HUKAET NPH 3aMEep3aHMM BOJbI, COAEpIKalEH IIyroBbie
o6pa3oBanusi. OH MeHee NpOo3payeH, YeM BOAHMIN JIe[l, H UMeeT HeNPaBUIIb-
HYIO CTPYKTYpY.

ITonoce! 1bAa, OKaiimMisaowHMe 6epera pek, 03ep ¥ BOROXPaHUIIMIL NIPH
He3aMep3lIeil OCTaJIbHOH YacTH BOJXHOrO NPOCTPAHCTBA, Ha3bIBAIOT 3a0e-
peramu. Ilon BIMsHMEM BETPa M TEYEHHs MOFYT OOpa3OBBIBATHCA HArpo-
MOXKJIEHHA JILAMH y 6eperos — HaBaJIbI JbJA.

IIpu Hannyuyu NepeoxnaXkgeHHOl BOAbI B IOTOKAX, I/i€ YaCTHLbI BOJBI C
OTpHMILATENbHON TeMIlepaTypoOil nomajaioT B riy6b NOTOKa MM KO IHY,
006pa3yroTCA BHYTPUBORHBIE JIbALI B BHE JOHHOIO JIbAA M IIyrd. [JOHHbIH
Jie MHTEHCHBHO (hOPMHPYETCS: HAa HEGONBIIMX FOPHBIX PEKAX B MEPHONBI
CHIILHBIX IIOXOJIOflaHMil, OCOOEHHO Ha NMMOBEPXHOCTH BAaJlyHOB M KaMHeH Ha
nHe. HakannuBasch B GONBIIMX KONHMYECTBAX, CKOMJIEHUs AOHHOTO JIbJA
nprHoOpeTaloT MIABY4YeCTb, OTPBIBAIOTCA OTO [HAa M BCmiIbIBalOT. Ha
[IOBEPXHOCTH BOJAbI OOpa3ylOTCs MEJIKME JIENAHbIE KPUCTANIb] — JIEAsiHOE
cano. BenbiBaronnie KOMKH AOHHOTO JIb/Ia BMECTE C JIEASHBIM cajloM o6pa-
3YIOT ¥ CKOMJICHUA 1OYTH.

Hau6onee MHTEHCHBHO mIyra o6pa3yeTcss Ha pekax cO CKOPOCTBIO Te-
yeHnst 6onnbiue 0,4 M/c. JIensiHON NOKPOB OGBIYHO HAYNHAET (POPMHPOBATHLCA
He IO Bceil peke, a CHayaja Ha y4aCTKaX C HeOGOJNBUIUMH YKIIOHAMH, B
MECTax Cy>XEHHil ¥ Ha KpYyTbIX IOBOPOTAaX pycla, IA€ HMEIOTCA YCIOBHS JJis
pocra 3aGeperos M BO3HHKHOBEHHS JEAAHbIX nepeMbiuek. lllyra,
o6Gpa3oBasiasca Ha Oe3NefHOM ydacTKe, IUILIBET B HEM IO TEYEHHIO U
nonapgaeT NOR y>Xe c()OpMHPOBABIIMIACS JIE[AHO NOKPOB. YacTh mIyru Ha-
Mep3aeT CHH3Y JIEITHOrO NOKPOBa, YMEHBIIIas XXHBOE CEYeHHe NIOTOKa. ITO
MOXKeT NpUBECTH K OOpa3OBaHMIO 3aXKOopa B BHJie CKOINIEHHS LIYrd M
MEJIKOOMTOrO JIbAa, MPEMSATCTBYIOLIErO PEYHOMY CTOKY.

3axopsl 06pa3yloTcs Ha MIYTOHOCHBIX peKax OCEHbIo, B nepuop ¢op-
MHpPOBaHUS JIE[JHOrO MOKPOBAa B MECTaX, ric OOJBIIOH YKJIIOH CMEHAETCA
MaJbIM ¥ NPOJBIXXEHNE KPOMKH JIbJJa BBEPX IO TEYEHHUIO 3aiep>KUBAETCA, a
TaKXe B MECTaX CTECHEHHMA pycCjla OCTPOBaMM M BallyHaMH. 3aXXOphl
o6pa3yloTcs TakXe NpH JIEROCTaBe HMXKe KPYIHBIX NOJNbIHEH. B HiDKHNX
6becpax I'DC, rae NONBIHBA COXPAHAIOTCA B TEYEHHE BCEH 3HMMBI, 3a3KOPBI
o6pa3yloTcs B Ipolecce NepeMeleHnss KpOMKH JIbJla Ha y4acTKax ¢ Io-
BBIIIEHHBIMH CKOPOCTSAIMH TE€YEHMS.

I'onosa 3axkopa ¢opMHpPYETCS HENOCPEACTBEHHO Yy KPOMKHM JIEASHOrO
IIOKPOBa IOCJIE MHOTOKPAaTHBIX NMOABHXEK, CONPOBOXAAIOMIUXCA TOPO-
LIeHHEM M yBEJIMYEHHEM MOIHOCTH 3a’KOPHBIX CKOIIeHHil. B pe3ynbTaTe
CTECHEHNs pyclia CO3[aeTCs NOAMNOp, CHHXAIOTCA CKOPOCTH TEYECHHS,
NOAIUIbIBAOIHE IYroBbie CKOIJICHHs OCTaHAaBJIMBalOTCA 6€3 TOpOIIeHus 1
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cMep3aloTcs. ToMIUHA 3a’KOPHBIX CKOIIEHHH B 3aBHCHMOCTH OT (pOpMBI
nonepevHoro npoc¢uis pycia MOXeT npesbiats 10 M, a yIMHa CKOIUIE-
Huii — pocturats 10-20 kM. O6Gpa3oBanHe 3aXX0pa NPHBOANT K NOBHLILICHUIO
YPOBHA BOABI B pPeKe Ha y4YaCTKe BhIlle IO TEYEHHIO M 3aTOIIEHHUIO
npuGPpeskHOM Noockl. BeicoTa NogbLEMa yPOBHS BOAbI 4aCTO KOCTHraeT 3 M
u Goree.

B paiioHax C CypOBBIM KJIMMaTOM Ha JIEASHOM NOKPOBE peK 4acTo
o6pa3syiorca Hainefgu. OHM BO3HHKAIOT B pe3ylbTaTe NOCIONHOro 3a-
Mep3aHus BHICTYNAIOLIEH Ha NOBEPXHOCTD JIEATHOTO NOKPOBa BOALI Yepe3
TPeIHHbI NIPH CY>KEHUH MOAJIEAHOrO NIOTOKa WM YBETHYEHHH €r0 PacXopa.

22.2. OCHOBHbIE XAPAKTEPUCTUKWU NEAAHOIO NOKPOBA

Bpemst Hayaa H NPOJOJDKHTENLHOCTD JIEJOCTABA 3aBUCAT OT KJIMMa-
THYECKHMX YCIJIOBMii, TEMNEPATYPHOrO H BETPOBOrO PEXXHMOB, TOJIIMHBI
CHEXXHOrO NOKPOBa Ha JIbAY M KOHKPETHBIX XapaKTEPHUCTHK PEKH HIIH
BOJloeMa. B mepuop negocraBa NpOMCXOAAT yNpOYHEHUE NMOJBUKHBIX MaccC
JIbia, HapacTaHUe TOJILMHBI JIbAa NyTeM KPUCTAJUIM3alMI BOAbI Ha HIDKHEH
NIOBEPXHOCTH JIE[IHOrO NOKPOBa M NpOMEp3aHHe IIYTH NOJA NOKpPOBOM, a
TaK>XXe CMep3aHHe HaXOAAIIErocs Ha NOKpOBe NPONWTAaHHOTO BOJOH CHera.

JlepocTaB ycTaHaBJIMBAETCA B TeyeHHe OKTAGpA—-HOAOpsA Ha pekax
aspatckoit yactu Poccum m B Hos6pe-ekaGpe Ha eBpONENCKOH YacCTH.
ITpopomxuTeNIbHOCTD JIEOCTaBa Ha pekax Poccium OT OfHOro—Tpex Mecsues
B I0KHOH JacTH eBponenckoi yacru o 7 mecsues ¥ Gonee 3a ITonsapHbIM
KpyroM (puc. 22.1).

ToJuuHa JIEAAHOT0 NOKPOBA HAYHHAET YBEJIMYNBATHCA NOCNEe Havala
JIefOCTaBa ¥ JOCTHraeT CBOErO MaKCUMyMa BO BTOPOii NOJIOBUHE 3UMHETO
NepHO/ia MIIN B HayaJie BECEHHEro ce30Ha. 3aTeM TONIMHA IOKPOBa YMEHb-
aeTcs, Yalle BCEro CHayajla 3a CYeT NO[TaMBaHHA Ha HUXHeH
NOBEPXHOCTH, a 3aTEM BCJIE[ICTBUE TasHHA ¢ nosepxHocTH. IIpu Hanuyuu
CHEXXHOro MOKpOBa O6IIas TOJINAHA JIbAa MOXXET YBEJIMYMBATBLCA 32 CUET
BOJIHO-CHErOBOI'O JIbJla ¥ YIUIOTHEHHOTrO CHera. MakcMMaJsibHasi TOJIIIMHA
JIETHOro NOKPOBa Ha CEBEPHBIX peKax JOCTUraeT 2-2,5 M.

ITpOYHOCTH CHErOBOrO U IIYTrOBOTO JILAOB CYILIECTBEHHO MEHbIIE IPOY-
HOCTH KPHCTAJINYECKOrO BOAHOIO JIbAA, NO3TOMY NpPH XapaKTEpHCTHKE
JIeASHOro MOKpOBa, IOMMMO CBEJICHUH O ero oOlle# TOJIIMHE, XeJaTeJIbHO
HMETh JaHHble O CTPOEHMH, INIOTHOCTH M TOJIHHE BCEX COCTaBJISIOLIHX
NOKPOB CJIOEB.

IenocTHOCTD IEfSIHOT0 NOKPOBA XapaKTEPH3YIOT HAJIMYHEM B HEM Tpe-
LIMH, NONbIHElH, NPOMOYH U npoTanuH. PopMHUpOBaHUE H Pa3BUTHE JIEJIHOrO
NOKPOBa CBA3aHO C 00pa30BaHMEM TEPMUYECKMX TPEIMH, BO3HUKAIOLIMX NIpY
GBhICTPOM NOHMXEHHH TEMIIEPaTyphl BO3/lyxa. Takue TpelIMHb] Yame BCero
PacIpOCTpPaHAIOTCA JIMIIb B BEPXHHUX COAX JIEATHOrO nokpoaa, CKBO3HbIE
TPeLUHb! BCTpEYaloTcs pefko. IIpyu noBbIlIEHNH TeMNEPaTyphl TPEIIMHEI
"saneynsatorca”. IIpm M3MEHEHHW YPOBHA BOJAbI BO3HHKAIOT TPEIMHLI
BOoNbL Oeperos pekd. B negsHOM NOKpoBe HeOGONBUIONW TOJILIUHBI,
PaclpOCTPaHEHHOM Ha 3HAYUTENILHOHM IUIOLIafM, TPEeIHHbl MOryT obpa3o-
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BBIBATLCA INOJ AEHCTBHEM CMJI CXKaTHs, BbI3bIBAEMBIX BETPOBBIM BO3-
neiicTBMeM. B Mecrax BBIXOAa TPYHTOBBIX BOJ M Ha y4acTKaxX peK C
GbICTPLIM TeueHneM 06pa3yloTCs NOJbIHBY. B nepnoy TasHus 1eJTOCTHOCTD
JNEeASHOro IOKPOBa HapylllaeTCs BCIENCTBHE OOpa3OBaHUA CHEXHHUI,
MPOTAJIMH ¥ NPOMOHH.

Pacnpeniesiennie TeMnepaTyphl B JIeiiHOM NOKPOBE U ee H3MEHEHHe B
3HAYMTEJILHOM CTENEHH ONpeNeNAIOT NPOYHOCTHbIE XapaKTEPUCTHKH JIbJla U
NoKpoBa B LenoM. TemnepaTypa HIDKHElH NMOBEPXHOCTH JIEJAHOrO MOKPOBa
HyJieBasi, a BEPXHErO CJIOA JIbAa NPH OTCYTCTBHH Ha HeM CHera Gnu3Ka K
TeMnepaType BO3lyxa. B COOTBETCTBHM C CYTOYHBIMH M GOJjiee [IMTEINb-
HBIMM KOJIeOGaHMSIMH TeMIEpaTypbl BO3AyXa BO JIbJY PacnpoCTPaHAIOTCHA
TeMIepaTypHble BOJNHBI, 3aTyXaloume ¢ rayounoi. Ecnu nefsaHoit nokpos
NOKPLIT CHETOM, TO TEMIIEPATYpa MOBEPXHOCTH JIb[a BbILE TEMIEPATYPHI
BO3/lyXa ¥ ee KojieGaHuA 3HaUATEILHO MEHblIIE, YeM B GECCHEXXHOM NOKPOBe
Ha TOH e riybune.

B TeuyeHue 3MMHEro nepHORa TeMIepaTypa BEPXHHX CJIOEB IIbJa
OOGLIYHO 3HAYMTEJILHO HHXE TEMIEpaTyphl CpefHUX cloeB. B BeceHHmi
NEepHOJ TeMIepaTypa JIbAa B BEPXHHUX CIIOAX [OBBINIAETCA M CTAHOBUTCA
BBIILE, YeM B cpefnux. ITogo6Hoe pacnpenenenne HabMIOAaeTCA ¥ BO BpeMs
oTreneneit. K nepuony paspylueHus Jei1HOro OKpoBa TeMIepaTypa Bcei
TOJILIM JIEASHOrO OKPOBa NPHOIIMIKAETCA K HYJIEBOH.

CTpyKTypa NpecHOBOAMBIX JbJOB ONpPENCIAETCA YCIOBHAMA JIe000pa-
3opaHusi. B 3aBUCHMOCTH OT POpPMBI, OpPHEHTHPOBKH M pa3MepOB KPHCTAJIOB
BRIIENSAIOT 9 THIOB JbROB (pHucC. 22.2). HekoTophle XapaKTEPUCTHKH 3THX
THIIOB JILAOB NpHBEAEHbI B Ta6m. 22.1.

Tun Al pacnpocTpaHeH Ha HeGOJIBIINX O3€pax, JaryHax, HEOOJMBIINX
He3aperyJMpOBaHHBIX BOXOXPaHUJIMILIAX C JOCTATOYHO GONIBIIAM 3aNacoM
TENJIa B HIDKHAX CJIOAX BOJBI.

Tun A2 Hau6oJlee LIMPOKO PacHpOCTPAHEH Ha GOJILUINX OTKPBITHIX O3€-
pax, BOROXpaHMIULIaX, GOJLIUIMX PeKaX Nocle UIHTEILHOrO BETPOBOro Iie-
peMEINBaHUA, CONPOBOX/AIONIErocs 3HAYUTENLHOM NoTepeil TEelIOBOro
3anaca. ’

Tun A3 o6Gpa3yeTcs Ha 3aperyJHpOBaHHBLIX peKax, BOROXpaHHIIHIIAX,
KPYIHbBIX 03€pax, V11 KOTOPBIX XapaKTePHbl PATMHYECKHE HAPYIIEHUSA TEM-
NepaTypHbIX YCIOBHIi NPUIIENHOrO CIOA H AJNTEJbHOE BPEMs COXPaHsIO-
1Mecs He3aMep3liue Y4acTKH BOJBI.

Tun A4 oGpa3yeTcs Ha BCeX NPECHBIX BOKOEMaX, KOTOPhIE K MOMEHTY
nenoo6pa3oBaHuA TEPAIOT BeCh Temyno3anac. Takoit ieA pacnpocTpaHeH B
YCTBAX peK, BIAfalOLIMX B apKTHUECKHe MOps, U 06pa3yeTcs NpH 3aMep-
3aHMM NTOBEPXHOCTHBIX pacIpPEeCHEHHBIX CJIOEB MOpA Npu GONILLIIOM HAKOI-
JIEHAM TaJIOA BOJBI NOCJIE JIETHErO TassHUs: MOPCKHX JIBJOB.

Tun AS. Ycnosusa gis o6pa3oBaHHs 3TOrO THIA JIbAa CO3AAIOTCA Ha
3aperyJMpOBaHHBIX peKaX, BOJOXPAHHIIHNIIAX, GOJBUIMX 03epaX CO CIIOXHBIM
THAPOJIOrMYECKHUM PEXXUMOM, XapaKTepH3yIOIINMCS HeNPEPhIBHLIM HapyLIe-
HUEM TeMIEepaTypHO# CTpaTUrpaduH.

Tun A6 o6pa3yercs B BOAOEeMaXx HPH YCTOMYMBOM OXJIaXJACHHH
NPHJIEJHOTrO CJIOA BOAbI I0 TEMNIEPATYPhl 3aMEP3aHMs MJIN OOJIBIIOM ee ne-
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Puc. 22.2. OcHOBHbIE THNBI IPECHOBOAHBIX NbAOB (Uepenanos, 1976)

THUNbI NLAOB CM. B TEKCTE



Tabauya 22.1

XapakTepuCTHKH NPECHOBOAHLIX NLAOB,
(Yepenanos, 1976)

Tun nepa | Cpemmit IpeoGnapatoman | IlnoTHocTs, | CpemHsAsA MPOYHOCTH Ha U3rMG
06'bEM KPHC- | OpHEHTHPOBKa K’ AMCKOBBIX TUTacTHH, MITa
Tannos, M3 | oceil kpAcTANNOB

npu 0°C npu-10°C

Al 31.10° Beprukanshas 915-917 29 42
A2 15.10* Cwmemannas 910-917 1.5 3,1
A3 2.10% XaoTuueckas 900-915 0,7 22
A4 3600 Topus3oHTaNbHASK 905-917 0,2 22
AS 630 XaoTHyeckas 880-900 1,0 2,0
A6 500 Toxe 830-900 0,6 12
A7 49 " 820-850 0.2 1,0
A8 15 " 810-850 02’ 12
A9 3 " 790-820 - -

peoXJIaxkiIeHUH, CIIOCOGCTBYIONEM NEPEKPUCTAIIIM3AIMM BTOPAYHBIX MUK-
POCKONMYECKUX KPHUCTAJJIMKOB, HapyIIAIOUIAX OPMEHTHPOBAHHBIA POCT
KpucTamios. Takoe Jbf006pa3oBaHne YaCTO IPOANCXOAMT Ha peKax ¢ GhICT-
PBIM TEYEHHEM, Ii€ JUTHTEITbHOE BPEMS COXPAHAIOTCH NOJILIHBH.

Tun A7 xapakTepeH [ TTyOOKOBOAHBIX Y9aCTKOB PEK C HaJIMYHEM
OTKPBITBIX Y4aCTKOB BOJbI (NOJIbIHEH). Takoit e o6pa3yeTca U3 KpUCTal-
JIOB BHYTPHBOJHOTO JIbJiA.

Tun A8 o6pasyercs npH CMep3aHHH IUIOTHBIX CKOIUIEHWH LIYyrd M
‘CHEXYPb! OCEHbIO NIPH MHTEHCHBHOM BETPOBOM IlepeMELIMBaHUY NTOBEPX-
HOCTHBIX CJIOEB BOJIbl, HANPUMEP Ha peKaX C ObICTPHIM TEYEHHEM.

Tun A9 ob6pa3yeTcs npu cMep3aHMH CHEra, IPONUMTAHHOTO BOJOM, Ha-
npuMep, npu o6pa3oBaHUM HACHyJ (TOHKOro ClIOsi BOAbI, CKONHMBILEHCA Ha
6oJiee crapoM JIbAY) H pa3iIMYHOro poja Hanepei.

IIpovHOCTHEIE XapaKTEPHCTHKH JIEASHOrO IMOKPOBa ONpENeNsiOTCA
CTPOEHHEM, IIIOTHOCTBIO, TEMIIEPAaTYPOil U TPELMHOBATOCTHIO CIIOEB JIbAA.
JIIna onpenesneHuss NPOYHOCTHBIX XapaKTEPMCTHK MCIOJB3YIOTCA 06pa3ibl
JIbAa, MOJIyYaeMble NyTeM BbIOYPHBaHMS KEPHA C NMOMOIIBIO KOJBLEBOIO
6ypa. HacTo orpaHHYMBaIOTCS ONpeJielieHneM "MIHOBEHHOM" IPOYHOCTH Ha
cXaTHe NyTeM HCHLITaHus Ha ObICTpOE CXAaTHe KYCKOB KEpHa BJOJIb €ro
ocu. IIpepcrasnseT HHTEPEC NOCHOMHAA MPOYHOCTD Ha CXKaTHE NapaJliesIbHO
NIOBEPXHOCTH JIEAAHOrO NOKpOBA, AJIA €€ ONpefesIeHHs NPHUXOAUTCA
BbIpe3aTh KybHuyeckue o6pasip! nbia. PacpoctpaHeH cnocob onpeneneHns
CONpPOTHBIIEHN JIbJia H3rn0y NyTeM HCIILITAHHN Ha M3JIOM O6GPas3lioB JIbJa B
Bufie 6anoyek M JUCKOBBIX IIAacTHH. Pesxe onpenensaioT conpoTHBiieHAe
JIb/la Cpe3y U pa3pbiBy H XapaKTEPHCTHKH €ro MOJI3yYECTH.
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22.3. NOBEAEHUE NEASHOrO NOKPOBA
MOA HATPY3KOW W ETO HECYWAS! CNOCOBHOCTb

JlensHOM NMOKPOB YacCTO MCHNONL3YIOT AJI TPAHCIIOPTHPOBKM IO HEMY
rpy3oB. Eme B KOHIle NpOIJIOro BeKa NOJNYYMIM PacNpOCTPaHEHHE XKe-
NIe3HONOPOXKHBIE JieAaHble Nepenpasbl. IllMpoko HCNONB3YIOTCA NEAAHbIE NIe-
penpasbl A1 aBTOMOGHIILHOrO TpaHcnopTa. B paitonax Cubupu u Kpaitne-
ro CeBepa aBTOMOOHMJIBHBIX ROpPOr KpaiiHe Majlo H 3aBO3 TIpy30B
OCYHIECTBJIAETCA NPEHMYMIECTBEHHO IO aBTO3MMHHMKaM, Ha KOTOPBIX
nepexofbl Yepe3 peKH MPOXOAAT MO JEfAHOMY NOKpOBY. B psane ciyyaes
aBTO3MMHHUKM IIPOKJIAfbIBAIOT IO PEYHOMY JIbAYy Ha GoyblIMe paccTos-
HHA.

B nocnepnee Bpems Hecyuiylo CIOCOGHOCTD JIENSHOTO NIOKPOBa Haya-
JI C YCNEXOM MCHOJIb30BaTh NIPH CTPOMTEJLCTBE THAPOTEXHHYECKAX COO-
pyxenuii. Tak, 60JbIIOE KOJINYECTBO rpy30B NPH CTPOMTENLCTBE THA-
poanekrpocraHuuii B Cubupu nepesosmnoces no nnay. Co nbaa
NpOM3BOANIACE HaGPOCKa KaMHA Il NEPEKPBITHA PyCla, BHINOJIHAIHCH
HEKOTOpble MOHTaXHble paboThl. JIeAsHON! NOKPOB CTajl MCIONbL30BATHCA
B Ka4yecTBe JONOJNHUTENLHON CTPOUTENbHOM MiIomanku. Jis paunoHans-
HOro ¥ 6e30NacHOro MCNOJbL30BaHUA JIENSHOrO NOKPOBa NOTPe6OBaNoOCH .
HM3YYHTh 3aKOHOMEPHOCTH Ae(OPMHPOBAaHHA M Ppa3pyIIEHHA JIEASHOrO
NMOKPOBa NOJ AeiCTBAEM Harpy3Ku H pa3paboTaTh METOAMKY ONpeNeJICHUS
€ro Hecymeil CNOCOGHOCTH NpH pa3NMYHBIX BHAax 3arpyxenus. Ecrecr-
BEHHO, 4TO B KaX/IOM KOHKPETHOM clly4ae HeOOGXOAMMO MMETh AOCTOBEPHbIE
CBEICHUS O CTPOEHMH JIEASHOTO MOKPOBa H €ro NPOYHOCTHBIX XapakK-
TEpHCTHKAX.

ITpu nnaBHOM 3arpyXeHHH Jie[siHOH MOKPOB NOCTENEHHO nporutaeTcs,
o6pa3ys cBoeo6pa3Hylo yamry nporu6a, oopmMa ¥ pa3Mepbl KOTOpOIi 3a-
BUCAT, IPH NPOYHX PaBHBIX YCIOBUAX, OT BEJIMYHHBI H IPOAOIKATEILHOCTH
RelicrBus Harpy3ku. Eciu Harpy3ka Bo3pacTaeT OT HyJIs {0 CBOErO NOJIHOrO
3HAa4YEHHs B TEYCHHE KOPOTKOro BpeMeHH! (MEHbIIE 1 MHH) U HE NIPEBLIIIAET
NIOJIOBHHEI I'PYy3a, CHOCOGHOrO Cpa3y NPOJIOMHTS JIel|, TO NPOru6 JefaHoro
NIOKpOBa YBEJIMYHBAETCA MPONOPLHOHANBLHO HAPaCTaHMIO Harpy3ku. B Tom
ciydae, KOrjia Harpy3Ka nocie 6bIcTporo HapacTaHHs Tak e GbICTpO yaa-
JnAeTcs, TO NMpOrubnl JIEASHOrO NOKPOBa MCYE3alOT NOYTH IOJHOCTHIO.
Ilpu mBHXeHMM rpy3a 4dama nporm6a JIEAfHOTO NMOKpOBa NmpHOGpeTaeT
3JIMNCOBHHYIO (hOPMY M NEpEMEIIAETCA B COOTBETCTBUH C lepeMelleHAeM
rpysa.

Ilpn yBenn4yeHNH Harpy3KH uin Goliee JIIMTENBLHOM ee AeHCTBMH Ha-
YHHAIOT NPOABJIATHCS BA3KOMIACTHYECKUE CBOMCTBA JIbJa, IPOTru6 JeAsHoro
NOKPOBa HApacCTaEeT, M NOCJIE CHATHA IPy3a OCTAaeTCA OCTATOYHLINA NMPOru6.
Ilpu pnMTEeN HOM JEHCTBHM Harpy3KH Ha CIUIOLIHOM JIEASHOH NOKpoB 6e3
CKBO3HBIX TPELIHH HaGIIONAIOTCA CIEAYIOLHE CTafiuu ero fepoOpMUpOBaHUs
B 3aBHCHMOCTH OT CKOPOCTH HapallMBaHHA HAarpy3KH, €€ BEJMYHHLI H
BPEMEHH AieHicTBHA: 1) cTapus HeNpepLIBHOrO HapacTaHus fedopMalun npu
yBEJIMUEHUH HArpy3Kd; 2) CTafusa 3aMeJJICHHOTO HapacTaHHs NpH NO-
CTOSIHHOM Harpy3ke; 3) cTafus nporpeccupyomux gecdopmanmii, KOTopas co
BpPEMEHEM NIPHBOAMT K NPOJIOMY JIEATHOrO MOKPOBa.
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Ta6auya 22.2

Hpenenbﬂaﬂ BEMYMHA OJMHOYHOrO rpy3a Ha JIeAsHOM NMOKpOBE, T

(no X.®. ITandunosy. Cm.: MuxenepHas rasuuonorus, 1971)

Tomuuna nbaa, cM | Tlpu KpaTKoBpeMeHHOM 3arpyxenun | [Ipu 3arpyxxeHnn B TeueHHe
100 yacos
Ha CILTOLLHOM Ha KPOMKe NIbla | Ha CIUIOLHOM Ha KpOMKe
NOKpOBe NOKpOBe nbpa
20 2,5 0,8 0,9 0,3
40 9,2 3,0 33 1
60 20 7 7 2
80 33 11 12 4
100 50 17 18 6
150 107 36 39 13
200 - 180 60 65 22

Hcxopnsa U3 aTUX 3aKOHOMEPHOCTEH, NPH OLIEHKE HEeCyHed ClIOCOGHOCTH
JIENHOTrO NOKpPOBa HEOOGXOAMMO YYHTBIBATb BpeMsS HaXOXJEHHSA rpy3a
Ha sbpy. I3BecTHBI ciryyau, KOTfia NpH JUTHTEILHON aBapHitHOM OCTaHOBKeE
rpy3oBasi aBTOMAlINMHA NpOJiaMbIBajia JIEAAHON MOKPOB M NpOBaJIMBajlaCh
IOJ Jiefl, XOT N0 BCeM NPH3HAKaM TOJILHHA JIE[ITHOro NOKpoBa Gblia BIOMN-
He AOCTaTOYHOM 1 6e30nacHOi TPAaHCNOPTHPOBKH rpy3a.

_ Ecan Bo nbly NMEIOTCA CKBO3HbIE TPEIIHHbI HIN NMpOpy6H, MK rpy3
HaXOJMTCHA OKOJIO CBOGOAHOI KPOMKH JIbJja, TO O Mepe HapacTaHus fecdop-
MalyH Yanra nporn6a 3anoJiHAeTCcs BOJOM, YTO CnOocOOCTBYET fanbHeIeit
redopmanun. Hecymas cnocoGHOCTh JIEASHOrO NOKPOBa y €ro KPOMKH
IIPUMEPHO B TPH pa3a MeHbIIE, YeM HECYILasi ClIOCOOHOCTD CILIOIIHOrO IO-
KpoBa. PacueTh! Hecylel cnocoOOHOCTH JIEJAAHOrO NOKPOBa CBOAATCS Ipe-
HMYIIECTBEHHO K ONpeeNIEHUIO NpEAeIbHON BEJIMYHHBI OfMHOYHOrO rpysa
HJIA CHCTEMBI py30B C y4YeTOM BpeMeHH ux peiicrBus. Hanbosee pas-
paGoTaHa MEeTOMKa pacyeTa BEJIMYNHbI Nporu6a M ONycKaeMoH Harpy3KH
IpH KPaTKOBPEMEHHOM 3arpyXeHHHM, 4YTO XapaKTEPHO [ JIEASHBIX
nepenpaB. OpHeHTHPOBOYHbIE 3HAUEHUA IPYy30NOABEMHOCTH PEYHOTO JIbAa
NpHUBEfEHk! B Tabm. 22.2.

B Tex cnyyasix, KOria BOZHHKAET HEOGXORMMOCTb NEpPENnpaBliATh MO
JIbRY CPY3bl, CO3MAIONINE HATPY3KH, NPEBbILIAIOMIAE HECYIYIO CIOCOGHOCTD
€CTECTBEHHOr0 JIEASHOTO NMOKpPOBa, MPOBOAAT MEpPONpHUATHA IO 06ycT-
POJCTBY NEIOBBIX NMEpENnpaB W HCKYCCTBEHHOMY YBETMUEHHIO MX Hecyluel
cnoco6HOCTH. [I71s 3TOM LEJN YBEJINYUBAIOT TOJLIUHY JIEASIHOrO NOKpOBa -
WM YKPeIUISIOT NIPOE3KYI0 YacTh, HanpuMep, HAMOPa>XMBAIOT BEPXHUI Clioi
JIbJa, apMHUPOBAHHLIN BETKaMH, XBOPOCTOM H XEPAAMH, HIIN Ha NPOE3XKYIO0
4acTh YKJIa[{bIBalOT OpeBHA M OCYaTbie HACTHIIbI.

HeGonbiroe yToseHne JeATHOro nNoKposa MOXHO 0GeCeYnThb, OYH-
1mas JieAAHO# MOKpOB OT cHera. BoJee cymiecTBeHHbIH pe3ynbTaT NO-
Jy4aloT NyTeM NOCIOHHOrO HaMOPaXXMBAaHHUA JIbJla MyTEM IOJMBA BOAOI
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IIOJIOCHI JJIA NlepenpaBhbl WM MCNOJIb30BaHMUs (haKeIbHOrO HaMOpaXKMBaHUS.
Tak, B SIKyTcke nocieHue TOfbl YCHEIIHO NPHUMEHSETCA cnocob ycko-
PEHHOTrO CO3[1aHus JIEAAHOM Nepenpasbl V1A TSOKEJbIX IPY30BbIX aBTOMALINH
yepes p. JIeny. ITocne nepsoHayansHOro ¢opMHpOBaHUS JIEASHOrO NMOKPO-
Ba tonumHoi 30—40 cM Ha Jep BLIBOAAT Nepe[BUXKHbIE RallbHECTPYIi-
Hble JIOXXAEBaJIbHbIE YCTAHOBKH M C MX IIOMOIIBIO HaMOPaXXHBAIOT NOJIO-
cy nspa romuuHoi nopsaka 0,5 M. JoxpeBanbHas ycTaHOBKa paGoTa-
eT TakuM 06pa3oM, YTOObI Kamiu BOAbLI B (haKeNbHOM CTpye 3a BpeMs
HMX NoJieTa B BO3[yXe 3aMep3ajii M BbINAfalid Ha -moyocy Oyayuwein
nepenpassl B BHAAE JIEAAHbIX MIApUKOB. Ml XOTA B 4acTH IIapUKOB BHYTPH
JeisHO# 0GOJIOYKH OCTaeTCd He3aMep3llas BOJla, a HEKOTOphIe KAl He
yCIeBalOT 3aMep3HYTh, ECTb BO3MOXHOCTb GLICTPO M ONEPATHBHO CO3[aTh
[I0JIOCY JIbAA 3alaHHbIX pa3MepoB. Jlen mony4aeTcs NOPUCTHIM M BHayae
HEJOCTAaTOYHO NPOYHBIM, ORHAKO Yepe3 HECKOJbKO JHEH OH NMOJHOCTHIO
npoMep3aeT H I03BOJIAET NPHUCTYNHTh K 3KCIUIyaTalld¥ IepelpaBhl.
CHayajla NpPONYCKAIOT OTHOCHTEJILHO JIETKHE aBTOMAIIMHBI, KOTOphIE
YIJIOTHSAIOT NOPUCTHIA Jie ¥ TaKUM 06pa3oM COCOGCTBYIOT YIPOYHEHHUIO
JbAa W NOBBILIEHHIO Hecylled cnoco6HocTH nepenpasbi. JlepsHas
nepenpasa C HCKyCCTBEHHBIM JICASTHBIM NIOKpbITHEM HaYHHaeT paboTaTh Ha
OMH—]IBA MecsLa paHbllIe, YeM INiepenpaBa IO eCTECTBEHHOMY JIEASTHOMY

NIOKpOBY.

22.4. TASHUE U PA3PYWEHUE NEAAHOIO NMOKPOBA

B BeceHHee BpeMs BROJBb Oeperos pek M BOJOEMOB NOSBJIAIOTCHA
[QJIOChI BOAbI — 3aKpauHbl. BelieicTBHE TasiHMS CHera Ha NOBEPXHOCTH
JIEASHOro NOKpOBa 00pa3yloTCs CHEXHHUbI B BHJE NATEH NPONUTAHHOIO
BOJIOM CHera M CKOIUIEHMH BOAbI. TeMmmeparypa Jbfa nmo Bcei Toimle
IIOKpOBa NPUGIIDKAETCs K HyJIEBOM, IPOYHOCTh IOKPOBa YMEHBIIAETCA.

Ha o3epax ¥ BOJOXpaHHJIHMILAX TAIOWIMHA JefAHOH NOKPOB HaYMHAET
pa3pymaThcs Yalile BCero INOJ BO3[eHCTBHEM BETpa, BBI3LIBAIOLIETO €ro
nepememense. Ha pexax Havano paspymeHMs OOBIYHO CBSI3aHO C IO-
BbIlLIeHHEM ypOBHSA BOAbl. CpOKH BCKPBHITHS JIEATHOTO NIOKPOBa MEHSIOTCA B
LIMPOKMX NpefiesiaX B 3aBHCHMOCTH OT KJIMMAaTHYECKHX NOKa3aTellel aH-
HOTO rofia ¥ psiia KOHKPETHLIX XapaKTEPUCTHK PEKH WM BofoeMa. Bckpel-
THE PeK Ha lore espolneickoi yactu Poccun npoucxopur B MapTe, Ha ore
Cu6upu — B anpere, a 3a ITonspHbIM KPyroM B Mae—HIOHE.

Mansie peKkn BCKpPBIBaIOTCA NIOYTH OJHOBPEMEHHO IO BCEH MX JJIUHE
nocJjie KpaTKOBPEMEHHOTO nogbeMa BoAbl. JIEMOXOR cOBNajaeT C HaUBbIC-
IIAM ypOBHEM BOJbl. BCKpPBITHE MaJbIX peK MPOUCXOAUT OOBLIYHO paHblIe
KPYTHBIX.

XapakTep BCKPbITHSA CPEHHX M KPYNHBIX P€K BO MHOTOM 3aBHCHT OT
HanpasjieHHs1 uX TeyeHus. Ha pekax, TeKylmux ¢ cesepa Ha 10T, BCKpPbITHE
JIeASHOTO NOKpPOBa HAYMHAETCA B HU30BbLAX BCIEACTBHE ero TasHus. Jlen
6GecnpensaTCTBEHHO YHOCHTCS Te4eHMEM, H (PPOHT BCKPHITHA IIJIAaBHO INe-
peMemaeTcs K ceBepy. BeceHHHI IEfOXO MPOXOAHT OTHOCHTEILHO CIO-
KoiHo. Ha pekax, TeKymux ¢ 1ora Ha cesep, BCKPhITHE IPOUCXOAUT Goee

207



cnoxHo. CHeroTasHue B BEPXOBBAX Ha IOT€ BLI3BIBAET NOJBEM BOABI H
B3J1aMbIBaHMe JIEAAHOrO NOKpOBa. IlnniBymue IbJUHBI BCTPEYalOT HA CBOEM
IyTH elile NPOYHLI JIEAAHOH NOKPOB Ha CEBEPHBIX YYacTKaX PEeKH, YTO
NPUBOAMT K NOABEMY YPOBHSA BOJBI H 3a4aCTylO K 06pa30BaHHIO JIeAAHBIX
3aTOPOB.

3aTopbl GOPMHUPYIOTCS B MECTAX, Iic 3a/leP>KUBAETCA BCKPLITHE PEKH
13-3a NOBLINIEHHOM TOJIIMHBI ¥ IPOYHOCTH JIEASHOro IOKPOBa, B YaCTHOCTH,
B MecTax oOpa3oBaHHs 3aXXOpa BO BpeMs (OpPMHPOBaHMA JIEASHOrO
NOKPOBa, a TaK>Xe BCJIECTBHE 3aKJIMHUBAHNA PYClla PEKH JIEJAHbIMHU NOJIAMH
HJIM CTECHEHMS pyclia Ha TOBOPOTaX PEKH, OKOJIO OCTPOBOB H T.II

HanGonee pacnpocTpaHeHHbIH MexaHH3M O6pa30BaHUA 3aTOPOB Hayu-
HaeTCA C pa3pylLIeHNs JIeJAHOro NOKPOBa B NPOLIECCE ErO TOPOIIEHUA NOJ
AeiiCTBHEM IUIBIBYLIUX JILAMH U IOAHBLIPUBAHMUSA JILAMH IO KPOMKY JIESIHOTO
nokposa. IIpu 3TOM, NOMUMO MEXaHMYECKON 3aKyNOPKH PYCla JIBLJOM, MO-
XeT HaGNIofaThCA CMep3aHHe JIbAWH, BBI3BAHHOE TEM, YTO TOJICTBHIN JIER
MOXeT COXPaHATh BHYTPH OTPHLaTENbHYIO TEMIIEPATYPY.

ITo pnuHe 3aTOpa BBIAENAIOT TPH OCHOBHBbIE YAaCTH CKOIUICHUS JIbJA:
3aMOK, rOJIOBY U XBOCT 3aTOpa. 3aMOK NpEJCTaBIieT cO60i NMOKPHITHIA
TpelUHAMH JIEAAHON NOKPOB MJIM NEPEMBIYKY U3 JIESHBIX NOJEi, 3aKina-
HUBIIMX pycno. 'onoBa COCTONT M3 MHOTOCJIOHHOI'O CKOIUIEHUS! XaOTH4YECKH
PaclOJIOXKEHHBIX JILAUH. B XBOoCTOBOI yacTi 06pa3yeTcs OQHOCIONHOE CKOII-
JIeHue JbAMH B 30He nopnopa. Ha KpynHeIx pekax XBOCTOBOI uuieid MoxXeT
PacnpoCTPaHATECA Ha IECATKY KHJIOMETPOB.

IIpu ¢opMUpOBaHUH 3aTOPOB YPOBEHb BOALI NEpPER 3aTOPOM IO-
BoimaeTcs. Han6osnee BBHICOKHMH NOABbEeMaMH ypOBHSA BOAb! (no 10M m
6oyee) OTIMYAIOTCA 3aTOpbl, OOpa3ylomHecs INpPH HHTEHCHBHOM
¢OpMHpOBaHMH BECEHHEro NaBOAKa M pacxofax BOJbI, OIM3KHX,K Mak-
CHMAJIbHBIM.

Paspymienne 3aTOpoB NPOHCXOAMT KaK NOJ AeiCTBMEM CHIIbI IIOTOKA
BOJIbI, TaK U IIOJ| BIIMSHHEM COJIHEYHOH pafivaliH, Coco6CTBYIOLIEH CHU-
XEeHHIO NPOYHOCTH 3aTOpPHOro jbga. IIpophIB 3aTOpa CONpPOBOXAAETCA
nepemeuieHneM 60abImIMX Macc JbJa ¥ 06pa3oBaHMEM HaBaJIOB JIbAa Ha
6eperax. B HEKOTOpBIX Clly4asX NPUXOAUTCA NpUGEraTh K HCKYCCTBEHHOMY
pa3pylleHuIO 3aTOPOB.

22.5. BO3[JEMCTBUE NEAAHOIO NOKPOBA HA COOPYXEHUSA

JlepsHOI MOKPOB OKa3bIBaE€T CHIIOBOE BO3JACHCTBHE Ha ONOPHI MOCTOB,
npHYalbl, BON03a00phl, INIOTHHEI ¥ AAPYrHe THAPOTEXHUYECKHE COOPYKEHH.
PasnuvaroT cnepyromue BHAbI BO3JEHCTBHA JBAOB HAa COOPYKEHHA:
a) cTaTHYeCcKOe faBlieHne, BO3HUKalolee nNpy ¢)OpMHPOBaHUH JIEASHOrO NO-
KpOBa M paCIIMPEHHH JIbJ]a IPH Pe3KOM NOBBILIEHUH TEMIIEPAaTyphl BO3yXa;
6) mMHaMM4YeCcKOe faBJIEHHE B NMEPMOJ JIEAOXOfa NpHM BCTpeYe JbAUH C
ONOpaMH MOCTOB, JIERO3aIMTHLIMA CTEHKAaMH H APYTHMH COOPYXEHUSIMM;
B) BO3[IEHCTBHE NPUMEP3IIEro K COOPYKEHHIO JIEJAHOro NOKpPOBa IpH
KoneGaHuAX ypOBHS BOJBI; I') HCTHpalOLllee ACHCTBHE JIEAAHOro NOKPOBa NpH
Jefoxone.
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~ Hnsa obecneveHus: IPOYHOCTH M YCTOMYMBOCTH COOPYXeHUH TpeGyeTcs
3apaHee OLIEHHBATh BO3MOXHbIE CHJIbI BO3[I€HCTBUA JIbJJa ¥ BHIABIATH BO3-
MOJKHOCTH YMEHBIIIEHHS 3THX CHIL.

BenuunHa CTaTUYECKOro JaBJICHUS 3aBHCUT OT UaNa30Ha H CKOPOCTH
NOBLIIIEHUA TeMnepaTypsl lbfa. HauGonee MHTEHCHBHbIE H3MEHEHUSA
TeMnepaTyphl HaGIIONAIOTCA B CAMOM BEPXHEM CJIOE, TaM € H BO3HHKAIOT
HauGoJNbIINE TeMIEpaTypHbIE HaNps>XXeHHs. BenuunHa paBieHUs onpe-
AenseTcas MCXOAA U3 TOro ¢pakra, YTO TEMIEPATYPHOE PaCUIMpEHHE Jie-
ASIHOrO NOKPOBA C 3alIEMJICHHBIMH KPasiMH JOJI)KHO KOMIIEHCHPOBAThLCH CO-
OTBETCTBYIOUMMH iecpopManusamMn nonsydectn. HaTypHsiMu u3MepeHHAMHA
YCTaHOBJIEHO, YTO CTaTMYECKOE JlaBJIeHHE JIESHOro IIOKpPOBa Ha peKax C
GeperaMu, JONYCKaIOIUMHU "BbINOJ3aHNE" NMOKPOBa Ha Geper, AOCTUraeT
0,05-0,3 MITa, a Ha pekax CO CKaJIHCTbIMH GeperaMy OHO MOXET JJOCTHraTh
0,6 MIla.

B3auMopeiicTBHe ABIXYLIErocs JbJa C ONOPaMH MOCTOB 3aBHCHT OT
pa3MepoB, KHHETHYECKON 3HEPruM M NMpoyYHOCTH NbAuH. I[IpH pBIOKEeHUH
GonbIIMX JIEAAHBIX NOJEH ONopa npopesaeT JIbAKUHY, BbI3bIBas €€ PacTpec-
KHBaHMe ¥ MECTHOe pa3pyuieHre. Majble JILAMHBI HCIILITHIBAIOT MECTHOE
CMATHE B TOYKE yHapa, a 3aT€M pacKaJIbIBalOTCS MM OCTaHaBIMBAIOTCA.
BenuunHa JUHAMHYECKOrO JaBJIEHUs JIbAa Ha ONOPHI 3aBHCHT TaKXe OT
BeTpa, HaChILLEHNUSA 3€pKaJjla peKH JIbAOM, ()OpPMbI ONIOPHI H IIEPOXOBATOCTH
€e NIOBEPXHOCTH M psAfa APYrux pakTopoB.

B umxeHepHO# npakTHKe pa3paGoTaHbl cnoco6bl pacyeTa JaBJICHUS
JIeAHOTO NMOKpOBa Ha ONOpbI MOCTOB M Ha ApYyrue coopyxenus. Pas-
paboTaHbl TaKKe KOHCTPYKTHUBHbIE pellleHus, NO3BOJIAIONIME CYLECTBEHHO
YMEHbIIUTh CHJIOBOE BO3[E€HCTBHE JIba Ha COOpyXeHHdA. B wacTHoCTH,
JKeJIaTeJIbHO NIPHAABaTh COOPY>KEHMAM TaKylo (hopMy, IpH KOTOPOii JIeRAHOIM
NOKpoB OyAeT pa3spyliaThCs NMPEMMYIIECTBEHHO NYTEM PAaCKaJIbIBAHUSA U
u3ruba. :

naBsa 23
MOPCKUE Iib[bl

23.1. 3BAMEP3AHUE MOPCKOWA BOAbI

Cneuncdpnyeckas 0cO6eHHOCTb 3aMeP3aHHs MOPCKOH BOJbI B OTJIHYME OT
NPeCcHOI 3aKJII04aeTCs B IOHIXXEHHH TeMIIEPaTyphbl KPHCTAIIIOO6pa30oBaHusA
NpH YBENTHYEHHH COJNIEHOCTH BOABI. C COJIEHOCTHIO CBSI3aHBI TaKXKe W pas-
JMuMA B nipouecce OpMHPOBaHNs JIEASHOTO NIOKpoBa. IIpu coleHoCcTH MeHee
24,7%o npouecc oXJaXAEHHU U 3aMep3aHus BObI NPOUCXOAMT TaK e, KaK B
npecHbIx BofoeMax. OxiaxkieHHe BOJHON NOBEPXHOCTH BLI3LIBAET
BEPTHKaNbHOE NepeMelIBaHie BOJibl, KOTOpOe NMPOAOJIXAeTCA A0 TeX NOp,
IIOKa TeMNepaTypa Bceil TONIH BOJhI HE JOCTHTHET TeMIlepaTyphl
Hanbonbuel nmiuoTHocTH (Ta6i. 23.1). Takue BOAbI Ha3BIBAIOT COJIOHOBA-
ThIMU. IIpu coneHocTy Gonee 24,7%o (coneHbIe BORbI) BEPTHKANBHOE Nepe-
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Tabauya 23.1

XapaKTepuCTUKH CONOHOBATHIX M COJIEHBIX MOPCKHX BOJ

TMoka3arenu Conenocrs, %o

1 4 10 20 24,69 30 35
Temneparypa 3,74 3,13 1,86 -0,31 -1,33 2,47 -3,52
HauGonbiuei
noTHocTH, °C
Temnepatypa -0,05 -0,21 -0,53 -1,07 -1,39 -1,63 -191
3aMep3auus, °C
Hau6onsiuas 10008 1003,3 1008,2 1016,1 1019,8  1024,1 1028,2

TIOTHOCTB, Kr/M®

MelI¥BaHHE He NPEeKpaliaeTcs, BIVIOTh O TOrO BpeMeHH, KOria TeMHepa-
Typa B IEPEMELINBAEMOM CIIOE AOMAET IO TEMIIEPaTyphbl 3aMep3aHusl BOAbI
IpH 3afjaHHOl conleHocTH. Jlepsnbie Uribl 06pa3yoTcs BO BCEM 3TOM CJIOE,
NOCTENEHHO BCILIbIBas Ha IOBEPXHOCTh MOPA.

CpepnHas coneHOCTh BOJi MHpoBOro okeaHa paBHa oOkono 35%.. B
apKTHYECKHMX MOpAX coneHocTh Konebnercs oT 30 5o 35%o, HO B HEKOTOPBIX
MecTax IPOMCXONUT YaCTHYHOE paclpecHEeHWe MOPCKOi BORbI peYHBIMH
BOJIaMH.

B npouecce 06pa3oBaHus IEPBAYHOrO CIIOA JIEASTHOTO NOKPOBa KPUCTaJl-
bl JIbAQ, OKPY>XXEeHHbIE IUIEHKaMH COJIEHOM BOfIbl, cMep3atoTcs. IIpn noHu-
3XKEHHH TEMIIEPATYPhl IEPBUYHOIO CJIOA B XOfie POCTa €ro TONIIMHBI MEXAY
KPHCTaJlJIaMH OCTaeTCS Paccoli B BHJe 3aMKHYTBHIX IUIEHOK M KaHaJOB.
ITponoikaeTcss poCT KPHCTAJUIOB JIbAa 32 CYET BBIMOPaXKABaHUs paccoia,
IIpM 3TOM €ero KOHUEeHTpauus yBenuuusaetcs. [anbpHeiiee oxnaxpaeHne
cnoco6CTBYeT BbINafieHUIO HeKOoTOphix conell. Tak, cons CaSO,4 BhinagaeT
u3 paccona npu —-1,9°C, a Na, SO, — npu -7,6°C. OCHOBHYIO YacThb cOjei
MOPCKOM BOJbI COCTABJISET XJIOPHCTHIH HaTpuit (okono 80%), AN KOTOPOro
3BTEKTHYECKas TeMlepaTypa paBHa —22,6°C. HexoTopbie comu coxpa-
HSAIOTCA B BHJIEe paccojia u npm 6oliee HH3KO# Temneparype, Tak, CaCl,
BBINaJjaeT TOJILKO npu —55°C.,

Mopckoii JIeR NpefcTaBiIAeT CIIOXHYIO UeThIpeXKOMIIOHEHTHYIO CHCTe-
My, COCTOSILIYIO M3 YHCTOTO JIbJia, BBIKPHCTAJIIIM30BABLINXCA COJIEH, XKHUJKOro
paccona M ra3ooGpasHbix BKiIoueHHi. COleHOCTh MOpCKOro Jbpga cy-
LIECTBEHHO MEHbIIIE COJIEHOCTH 3aMep3alolieil BOAbI, TaK KaK BHavaje
PAacTyT KpMCTalIbl YMCTOrO JIbAA, 3 OCTAaBLINECA BKJIIOYEHHs Paccojia MeX-
RY KPHMCTaJlZlaMH YaCTHYHO MHTPHPYIOT B CTOPOHY (hpOHTa 3aMep3aHHs.
KosmuecTBo coseit i paccoiia BO JIbY 3aBHCHT KaK OT COJIEHOCTH BOJIbI, TaK
H OT MHTEHCHBHOCTH JIbAo0oOpa3oBaHus. IIpu GbICTPOM HapaCTaHMH JIbAA B
HeM coXpaHseTcs 66blee KOJIMYECTBO Paccoiia, YeM Npu MeJIeHHOM JIbJO-
06pa30BaHHH, TaK KaK BO BTOPOM CIIy4Yae yBEJIUYHBAETCS BPEMs JIJIE MUTpa-
IMOHHOrO BBITEKAHMS paccolia U3 NIOp MEXHy KpPHCTAIIaMH.
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Ilpu noBBIMIEHHH TeMIEPATYphl JIbAa 00 beM 3aKIIOYEHHOrOo B HEM
paccolia yBeJIMYMBAETCA, CONIEHOCTb YMEHBILIAETCA ¥ NOBBIIIAIOTCA BO3MOX-
HOCTH /IS MHTpalLMM paccojia U pacnpecHeHMs jbja. B pesyiabraTe 3TOrO
COJIEHOCTh MHOTOJIETHHX JIbOB CHIXKAETCA, OCOGEHHO B BO3BHIIIAOMUXCS
HajJl IOBEPXHOCTBIO YaCTAX JIEAAHBIX TOPOCOB, If€ Jie]] MOXET NOYTH
MOJTHOCTBIO PaCIpeCHUTHCH.

ITpu coKO#HO# NOBEPXHOCTH MOPS NOCJIE OXJIaXAEHUs1 BEPXHEro Clos
BOIBI I0 TeMIepaTyphl 3aMep3aHUs NPOUCXONUT HHTEHCUBHOE (POPMHPO-
BaHMeE JIE[AHBIX UIJI, KOTOpbie 06pa3yloT JiefisiHOe CaJI0 B BUJE IIATEH, NIOJIOC
HJIA CIJIOUIHOrO CJNOS CEepOBaTO-CBHHIOBOro LBeTa. EcM Ha BOAHYIO
[IOBEPXHOCTb, HMEIOLIYIO TEMNEPATYPY HUXKE HYJIA, BINAJalOT 3HAUMTENb-
HbIE MacChl CHETa, TO OH HE TaeT U 06pa3yeT CHEXXHYIO Kallly, Ha3biBaeMylo
cuexypoii. IIpu BeTpe U BOJHEHHH U3 calia, CHEXYPbl U BHYTPHBOJHOIO
JIba 0Opa3yeTcs myra B BUAe CKOMJIEHHH PhIXJIBIX IOPUCTHIX KOMKOB Oelle-
COBaTOroO LBETA.

JlepsaHOE cano, cMep3asiCh M YTOJILASACh 32 CYET HapaCTaHUA JIbJa C
HIDKHEil OBEPXHOCTH, NpPEeBPAIaeTCa B TOHKYIO JIaCTHYHYIO KOpKY. Ilpn
TOJIIHHE KOPKH O 5 CM OHa MMeeT TeMHBbIH I[BET M Ha3bIBaeTCA TEMHBIM
HunacoM. IIpy yBeInYeHHN TOJNIMHBI KOPKH €€ LBET CTAaHOBHUTCA Golee
CBETJIbIM, TaKasi KOpKa Ha3bIBaeTCA cBeTIbIM HmwiacoM. IIpu gocraTouHoM
KOJIMYECTBE CHEXYPhI M IIYTH CBETIIbIi HAJIAC MOXET 06pa3oBaThCs, MUHYS
CTajiiI0 TEMHOro Hunaca. IIpu geopMauusx JIefssHOro NOKpOBa ¥ CXKaTUA
YaCTH OHOTrO JIEASHOTO I0JIA HaJ{BUralOTCA OfHA Ha APYryio u o6pa3yioT
HACJIOCHHDIN JIe).

ITocne o6pa3oBaHKsA CINIOLLHOIO CJIOf JIbAa CKOPOCTh JaJIbHEHILIETO €ro
HapacTaHNs ONpEAENAeTCs BEJIMYNHON TeMIIepaTypHOro rpafMeHTa B Jeas-
HOM ToNme. Monopoii neganoi nNoKpoB ToiuuHon 10-15 cM Ha3bIBalOT
CepbIM JIBIOM H3-32 TOTO, YTO Ha ero NOBEPXHOCTH NOSABIAIOTCA "cONeBbie
UBEeTHI", NMpEefCTaBIAIOLe COOOM cepble KPHCTANJIb] JIbAA, MPONUTAaHHbIE
BBIKPHCTAJUTN30BaBUINMACA Ha MOBEPXHOCTH JbAa consMu. IIpn cxxarusax
cepble JbbI HaCIaHBalOTCA U MOryT 06pa3oBbIBaTh HeGONbIIKE TOpOCkl. ITo
Mepe yBeanueHHs TomuuHbl fo 20-30 cM nepgsHON NOKpOB mpuobperaeT
GoJtee CBETNBIN LBET M €ro Ha3bIBalOT cepo-OenbiM abaoM. Ilpu nanbHei-
LIeM YBEJIMYEHNH TOJNIIUHBI €r0 NOBEPXHOCTh OOBIYHO NOKPBIBAETCA CHETOM,
TaKOH [IOKPOB Ha3bIBAIOT GEJILIM JIBAOM.

23.2. MUIrPALIUA PACCONOB U PACNPECHEHME NbAA

B neqsaHOM NOKpOBe HEeNpephIBHO MPOMCXONUT HEKOTOPOE ABHKEHHE
PaccoioB NOX BO3[EHCTBHEM IPalHEHTOB TEMIIEPATYpPhbl ¥ YIPYTOCTH BOAS-
HOTrO napa, FUAPOCTaTHYECKOrO aBJIEHHs, {UHAMOMeTaMOp¢dHu3Ma U APYTHX
¢dakropos. XapakTep MHrpauuy ¥ ee HHTEHCHBHOCTb 3aBHCAT OT TOrO, B
KaKOM BHJle HaXO{UTCS Paccoll (3aMKHYTble TUEHKH, MEXXKPUCTAIIIINYeCKHE
NPOCJIOHKY WIH CKBO3HbIE KaNMILIAPDI).

B HavanbHO# CTaAu! (GOPMHPOBaHMsSL BEPXHETO CNIOS JIEASHOrO IOKPOBa
OCTaIOTCS CKBO3HbIE KaNMIIAPbI, COEAMHSIOLIMECS C MOPCKOIi BOJO# ¥ CIlO-
cOGCTBYIOLIMEe HHTEHCHBHON MUTpallMi PaccoJia ¥ yMEHBIIEHUIO COJIEHOCTH
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nbaa. ITo Mepe yBenmyeHHs TONINMHBI IOKPOBa B BEpPXHEH M cpenHei
€ro 4acTax pacTeT KOJHYECTBO 3aMKHYTHIX IOp H SA4eeK, KOTOphle IO
Mepe INOHHXEHHMS TeMIepaTyphl YMEHBLIAIOTCA B 06beMe BCIENCT-
BHE BbIMEP3aHHUA BOJbI M YBEJIIMYEHHSA COJIEHOCTH 3aKJIOYEHHOTO B HHX
paccona.

B apxkTHYecKHX MOpSAX C HaCTYIJIEHHEM MOJIAPHOrO JHA TeMIepaTypa
JIeTHOro MOKPOBa HaYHMHAET MOBBILIATLCA BCIEACTBHE NIPOHMKAOMIEH co-
HEYHO# pajuauuy. 3TO NPUBOANT K YBEJIMYEHHIO XUAKOM ¢ha3nl m 06pa3o-
BaHHUIO CKBO3HBbIX KaIWUISPOB, MHTEHCU(DUIMPYIOIIMX MUTPALHIO PACCOJIOB H
pacnpecHenue Jbia. CoJIeHOCTh OHOJIETHETO JIba K KOHILY 3UMHETO NIEpPHO-
ha B BepxHeM cioe o 1 M cocraBiser nopagka 5%o, a B Gonee rinyGoKHX
ropu3oHTax — 5-9%o. B nepsHOM NOKpOBE, COXpaHHBIIEMCH B TeYeHHE
JIETHEro Nnepuofia, COJIEHOCTb yMeHbIIaeTcs K0 2—1%o.

23.3. TUMNbl MOPCKUX NbAOB

H.B. Yepenanos (1976) Bbigenun 9 THNOB MOPCKHX JILJOB, pa3J-
YaJOUIMXCA N0 UX CTPOEHHIO B 3aBUCHMOCTH OT YCJIOBHIi ILA006Gpa30BaHusA
(puc. 23.1). HekoTOpble XapaKTEpUCTHKH BLIIeJIEHHBIX THIIOB JIbAA NpHBe-
IeHsl B Tabm. 23.2.

Tun Bl. O6pa3yeTcs npu yCTONYUBOM TEPMUYECKOM pPeXXuMe NpWIEAHO-
ro cJI0st BOABI C XOPOILUO Pa3BUTON BEPTHKAJILHOM KOHBeKIMeH. Berpevaercs
B NpuIIae BHE 30HBI paclpoCcTpaHeHMs peuHbIXx BOoA. FIMeeT 4eTKO Bhipa-
XEHHYIO NPOCTPAHCTBEHHYIO YNOPAKOYEHHOCTh KPHCTAJIJIOB, pacTYIMX
CBEpXy BHH3 Ha BCIO TOJIY JIEASHOrO NOKpoBa. Jlex cBeTIO-Ceporo uBeTa
u3-3a o6mims Menkux (0,1-0,5 MM) corneBhIX M BO3AYIUTHLIX BKJIIOYEHHI, pac-
NIOJIOXKEHHBIX BEPTHKAJbHBIMU Henoykamu. Kpucramner umeror ¢dopmy
BOJIOKOH.

Tun B2. O6pa3syercs npd HeGONBIINX HAPYIIEHHAX CTaGHIILHOCTH OpH-
€HTHPOBAHHOrO POCTa KPHCTAJIIOB M3-3a Pe3KHX KOJieGaHMil TEMIEpaTyphl A
COJIEHOCTH NMPHJIEAHOTO CJIOA BOABI. DTOT THN JIbJA XapaKTepeH Ais oG-
LIMPHBIX NoNeH fpeiiyromux JIbK0B B APKTHKE M YaCTH NPUMAAHbIX JIbIOB
B AHTapKkTuKe. Jleq UMeeT BOJIOKHMCTYIO CTPYKTYpY, KaK M jej Tana Bl,
TOJILKO KPMCTaJJIbl B BEPTHKAaJIbHOM HaNpaBJICHUM OrpaHAYeHbl CBOMMM
pa3mepami (nopsapka 200-300 mm). OTnuyaercs Gonee CIOXKHOMK BETBUCTOM
CHCTEMO# PaclOJIOXKEHNS COJIEBBIX U BO3AYLITHBIX BKIIOYEHHIL.

Tun B3. O6pa3yeTcs Npu HapyLIEHAN CTaGUIBHOCTH POCTa KPHUCTAJIJIOB
¥ MHTEHCMBHOM NOCTYIUIEHUH K (PPOHTY KPUCTA/UIM3ALMH BHYTPHBONHOIO
JbAa. DTOT THI LIMPOKO PACNpPOCTPaHEH cCpeay ApeithyIomUX ¥ NPUNAAHBIX
IBJOB B APKTHKE B 30HaX MHTEHCHUBHBLIX NOBMXXEK M HAJMYMs NOJbIHEH.
XapaKTepHbl Ba BUia KPHCTaJJIOB: BOJIOKHUCThIE, KaK Y JbAa THna B2, n
HM30METPHYECKHE, PAaCIOJIOXKEHHbIE XaOTHYECKH WK 06pa3ylolue CKOIJIEHHS
Ha OnpeJieIeHHbIX FTOPU30HTAX.

Tun B4. O6Gpa3yerca B paifoHaX CTalMOHAPHLIX NONbIHEH B Apeiidyro-
IIUX ¥ Npunaiuelx aspax. OTaugaercs ot Tuna B3 TeMm, yTO KpHCTanibl
JIbJia B HEM MeJIbue U HaNpaBJICHU MX OCeHl He YNIOpAAOYEHbI.

Tun B5. O6pa3syeTcs npy HaJIMYUK Ha IOBEPXHOCTH BOJbI GOJNBILOrO KO-
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Tabauya 23.2

XapakTepHCTHKH MOPCKHX JIbIOB
(Yepenauos, 1976)

Tun nepa | Cpemait Conenoctb, %o | [noTHocTs, TpouHocTs Ha H3rHG
06BeM KpHc- Ko AMCKOBBIX TUTACTHH NPH
Tannos, Mm3 -10°C, MITa

Bl 2,810° 1,540 910-930 1,1-1,6

B2 250 1,540 910-930 0,9-1,6

B3 130 1,6-3,5 910-950 1,1-14

B4 50 1,6-3,0 930-950 0,7-1,2

BS 10 4,0-15,0 900-920 0,7-14

B6 150 2,0-5,5 900-935 0,7-1,5

B7 50 2,0-6,0 850-900 0,7-1,0

B8 35 2,0-7.0 880-900 0,5-1,0

B9 1 2,0-14,0 850-900 0,6-0,7

JINYECTBA LEHTPOB KPUCTAJIN3aIMH, 2 TaKXKe NPH 3aMep3aHUH BOJIbI B 3UM-
HMIi IEpHO]| B YCIIOBHUAX HU3KOI TEMNEPATYPhl 1 HHTEHCHBHOTO JIefloo6pa3o-
BaHudA. COJIEHOCTh TAKUX JILAOB MO CPaBHEHHIO C APYTMMH THIIaMHM NOBBI-
HIeHa.

Tun B6. O6pa3yeTs npu 3aMep3aHUN MOPCKOI BOAbI B YCIIOBHSAX PE3KHX
M3MEHEeHU! TMAPOJIOTHYECKOrO pexXuMa — NpH M3MEHEHMAX CKOpOCTEd u
HanpaBJIeHUs TeYEHNH, pe3KUX KoynebaHnil TeMIepaTyphl ¥ COIEHOCTH BOJBI.
XapakTepeH 1Ji1 OKPaMHHBIX MOpEH, NPOJINBOB M PaitOHOB, NPUJIETralONINX K
ycThaM pek. CTPYKTypa JIbia XaOTHYECKa.

Tun B7. dopmupyercs npu CHILHOM BETPOBOM NIEPEMELINBAHUH BOJbI
Ha MeJIKOBOIHBIX y4aCTKaX MOPS, CONPOBOXK/aIOLIEMCS MHTEHCHBHBIM 06pa-
30BaHHEM IIYTH U BHYTPUBOJHOrO JbAa. CTPYKTypa XaoTHYECKas.

Tun B8. O6pa3yeTcst npu cMep3aHHM 3epEH CHEra ¢ MEJIKMMH KpUCTal-
JlaMM BHYTPMBOJJHOIO Jiba. PacnpocTpaneH noBceMecTHO, OCOGEHHO IIHPOKO
B AHTapkTHKe. CTpyKTypa XaoTHYecKas.

Tun B9. O6pa3syeTcs B npolecce NOCTENEHHO! HH(MUILTPALUH B CHET H
3aMep3aHUM MOPCKOH BOJbI, BBICTYNAIOLIEH Ha NOBEPXHOCTD JIbAA NOM THA-
3KECTBIO CHEXXHOTO NOKpOBa. JIey MeNIKO3EPHUCTDIA XaOTHYECKOH CTPYKTY-
pbl. JIbABI 3TOrO THNA LIMPOKO PacnpocTpaHeHbl B AHTapKTHKE, Iie COC-
TaBJIAIOT GOJIbIIE YETBEPTH BCEro 06’beMa MOPCKUX JILJOB.

23.4. PACNPOCTPAHEHUE MOPCKUX NbAOB

ITnomans pacnpocTpaHeHHs! MOPCKHUX JIBIOB MEHSETCA 1O CE30HaM OT 9
po 18 min kM2 B CeBepHOM nonymwapuy ¥ or 5 go 20 Min kM2 B I0xHOM.
MakcuManbHOe pasBUTHE JIEfAHOrO NOKpoBa B CeBepHOM NOJNYLIapHH Ha-
6monaerca B peBpane-MapTe, a B AHTapKTHKeE — B CeHTAOpe—oKTA6pe. B
L[eJIOM Ha 3eMHOM LIape MOPCKHE JIbAblI C YYETOM CE30HHBIX KOJeGaHui
NOKPBIBAIOT 26,3 MITH KM2 NIpH CpeiHe# TOJILMHE NOKPOBa OKOJIO 1,5 M.
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Puc. 23.2. PacnpocTpaHeHue Mopckux nbaoB B CesepHoM JIENOBHTOM OKeaHe

I - npunait; 2 - nepn, 9-10 6amnos; 3 — nen, 5S-8 6Gannos; 4 — rpaHKNa MaKCHMAILHOIO
pacnpocTpaHeHHs JIbAa CIUIOYEHHOCTHIO 5 6GannoB u Gonblue; 5 — rpaHHIa MaKCHMalbHOTO
pacnpocTpaHEeHHs NbJia CIUIOYEHHOCTBIO 1 Gann u Gonee

Mopckue nbabl 06pa3yioTcs Bo Bcex Mopsax CesepHoro JleqoBHTOrO
okeaHa (puc. 23.2). 3umoit onn popmupylorcs Takke B Bepuurosom, Oxor-
CKOM, A30BCKOM, ApanbcKoM U BesoM Mopsx, B dunckoM, BoTHrnyeckom n
PiskckoMm 3anuBax BanTuiickoro Mops, B CeBEpPHBIX 4YacTax SINOHCKOro M
Kacnmiickoro Mopeii n BpeMeHaMH Ha ceBepo-3anafiHoM noGepexbe UepHoro
Mop#i.

B ApKTHKE BBIIENAIOT WIECTh rpajlaluii OXHOJIETHAX H MHOTOJIETHUX
JILAOB, Pa3IMYAIOIIMXCA IIO TOJIMHE H BpEMEHH X CyliecTBOBaHus. OfHO-
JIETHUH Jlef| Ha3bIBaeTCA TOHKUM npy TonutuHe 30-70 cM, cpefHel ToMH-
Hbl — OT 70 no 120 cM u ToNCTHIM — GoJyee 120 cMm. JIByxyeTHHE JIbAbI
umetot TonumHy 180-280 cM, Tpex- u yerbipexneTHue — 240-280 cm. Toxn-
L[UHa MHOrOJIETHHX JNbJOB pocruraer 280-360 cM. B nepuop MakcHMalnb-
HOrO pa3BUTH JIEJIHOro nokposa B CeBepHoM JIefoBUTOM OKeaHe MHOIO-
JIeTHHE JbJbI 3aHUMaIOT 28% o6mell niomany, AByxjieTHHE — 25%, OfHO-
JNeTHHE U Monofble — 47%.

B IOxHOM monymapuu JIeAsHOM NOKPOB pa3BHBaeTCA C ampelns IO
CEHTAOPh KOHUEHTPUYECKH BOKPYr AHTapKTHABI (puc. 23.3). MHOroneTHue
JIBABI TaM NPAaKTHYECKH He BCTPEYAIOTCH, a ABYXJIETHHE 3aHUMAIOT MEHee
25% nnouragy MaKCHMaJbHOrO Pa3BUTHA NHAOB.

PacnpocrpaneHne IbJOB B MOPSAX XapaKTEPU3YETCsl MX CILIOYEHHOCTHIO,
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Pnc. 23.3. Pa3BuTue nepsiHoro nokposa B IOxHOM okeaHe ¢ anpenst o ceHTA6pb

OlLleHHBaeMOM o AecATHOaJILHOM NIKaJle, rae 6anibl COOTBETCTBYIOT AECH-
ThIM JOJIAAM OTHOLLIEHWS IUIOLIafM, 3aHATOM ApeiidyroluM JIBAOM, K o6men
IUIOLIIa{ pacCMaTpUBaeMOM TepPUTOPHH.

23.5. QAEGOPMALUMY, TOPOLWEHUE U APEA® NbAOB

Mopckue JbAbI 1O CTENEHH CBOel NOABUXXHOCTH NOAPA3fieNIAlOTCA Ha
HeNoABIXKHbIe U fpeiidyromue. OcHOBHOI (HPOpPMOIt HENOABMIKHOTO JIbAA
ABJISETCS NpHNait, KOTOPbI# MOXET OGPa30OBBIBATHCS NIYTEM ECTECTBEHHOTO
3aMep3aHUs BOAbI MIIM 3Xe B pe3yJibTaTe pUMep3aHus K Gepery apeiidyro-
LIETO JIbAA 1060l Bo3pacTHO!M KaTeropud. K HENOABIKHBIM JIbAAM OTHO-
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CATCA TaKXKe CTaMyXH — TOpPOCHCThble 06pa30BaHUsA, CHAALIME Ha TPYHTE Ha
MeJIKOBOAbE MM y Gepera. Bce ocTanbHbie BUALI MOPCKOIO JIb]a OTHOCATCH
K KaTeropuu apeiidylonux, KOTopble NepeMelaloTcs NOA AeACTBHEM BETPa
¥ TEYCHHH.

B pesynbTaTe HEOOHOPORHOCTH NOJIEH BETPa M TEYEHHIA, pa3IH4Hi B
TOJIMIMHE ¥ CTPOEHHH JIEAHBIX NIOJIEN M CJIOKHOTO B3aUMOJelcTBHA ¢ Gepe-
ramu gpeid JNeasHbIX noJjel, JbIUH ¥ KyCKOB JIbJa IPOUCXOAUT HEPABHO-
MepHO. 3TO NPHBOAMT K MX CTAJIKHBAHMUSM, AiehopMaLsM H pa3jioMaM.

Hpeiidyromue nbAb! 10 CNIIOYEHHOCTH NOAPA3AENIAIOTCA Ha OTAENIbHbIE
JIbAMHDLI, PEKHI JIefl, CIUIOYEHHBIH JIe[l, OYeHb CIUIOYEHHBIN Jie[ ¥ CIIOouI-
HOH Jef. [IBMKeHHe CINIOYEHHBIX JILJOB CONpOBOXAaeTc AecopManuimy,
BKJIIOYAIOIMMH NOABIIKKH U CABUIH JIE[ASHBIX NOJIeH ¥ JILAHH OTHOCHTEJILHO
ApYr ApYyra, BpallleHHe JIbJUH, 06pa30BaHUe TOPOCOB, TPEIIMH H Pa3BONHI.
B pesynbrare nepeMemieHuii U gecopMaunuu NPOUCXOAMT Nepepacnpe-
AeJIeHHE JIbJOB Ha NOBEPXHOCTH MOPs, H3MEHAETCA MX CIZIOYEHHOCTDb, Me-
HAIOTCA CTpOeHue H MOpONIOrus JIEASHOro NOKpOBa.

ITocne cnnoyeHus nbaos A0 9-10 Ganos, €CIH BhI3BABIIHE €rO CHIIbI
NPOAOJKAIOT AEHCTBOBATh, HAUHHAETCA CXKAaTHE, IPY KOTOPOM NPOUCXOAAT
HacJloeHHe H TopoiueHue nbaoB. Hacnoenue npoucxonur B BUe NOACOBA
OJ{HUX JILAMH IOA APYyrue, YTO XapaKTEPHO JJIA HAJIACOBBIX M TOHKHX MO-
Jonbix IbAOB. IIpu cxkaTuu GoJiee TONCTHIX JIBJOB OOpa3ylOTCA TOPOCHI B
BHJI€ HarpOMOXJeHus1 06110MKOB bANH. Hanbosie HHTEHCHBHOE TOPOLICHAE
Ha6JonaeTcs Cpefu cepo-6enbix ¥ GeIbIX JILAOB.

ITpouecc TOpoLIeHHs 3aKJIFOYAETCA B Pa3liaMbIBAHUM JIESHOrO NOKpPO-
Ba C IOCIEAYIOIIMM HaKJIOHOM OGJIOMKOB, BIUIOTh JO BEPTHKAaJIbHOIrO
NOJIOXKEHNsA, pa3fpoOIeHNH KPOMOK JIbJAMH, HaJBUTe JIbAHH OfHAa Ha ApY-
ryio, HarpOMOX/EHHH JIEAAHbIX BajoB M rpsap. Ilpu oTHOCHTENBHOM
nepeMelleHHH JIEASHbIX NoJell oOpa3yloTCA RJNMHHBIE NpSAMBIE IPAAbI
TOPOCOB M3 MEJKOpPa3fApoOJieHHOro nbAa. 'pafgbl TOPOCOB CIBHrOBOTO
NIPOUCXOX/IEHHS XapaKTEpHBI [JI1 pallOHOB, rje HaGJIONAIOTCA CYLIECT-
BEHHbIE pa3NMyus cKopocTei fpeiica. ITpn cOMKeHnH JEeNsHBIX NoJel 1
cXaTHH 06pa3ylOTCd XaOTHYECKHE HarpOMOXK/IEHUs! CPABHUTENILHO GOJIBIIMX
06J10MKOB JIbJia.

Ha rpanune npunas ¢ NOABHKHBIM JIBJOM B 3aBHCHMOCTH OT Hanpas-
neHns fpeiipa MOryT BO3HHKATh TPELIMHBbI MIJIM Pa3BOAbS MIH Xe o6pa-
3yIOTCS CABHrOBbIE I'psAfbI TOpocoB Ju60 Topockl cxkaTtus. Ilpu manoii
riy6uHEe MOpS ¥ HHTEHCUBHOM TOPOCOOGpa30BaHUH NOJOMIBbLI TOPOCOB MOT'YT
ROCTHraTh rpyHTa. Takue TOpoch! NponaxusaloT 60po3an! Ha [HE.

BricoTa TOPOCOB B OTKPBITHIX aPKTHYECKMX MOPAX MHOI/a NPEBLILIAET
10 M, a B npHOGpeXHBIX aKBaTOPUAX MOXKET JOCTHraTh 15-20 M.

Ha nonorux 6eperax B pe3ynbTaTe HaNnopa JibJa CO CTOPOHbI MOPSl BO3-
HHKalOT Geperosbie Bajibl JIbJia, KOTOPbiE MOI'YT HaiBUraThCs B ri1yOb NO-
Gepexbs Ha JIECATKH METpPOB. BricoTa HarpoMoXpaeHuit Jbfa Ha Gepery
MoxeT focrurats 20 M u Gonee.

B 3aBMCHMOCTH OT NMPUYHH, BI3BIBAIOLIMX IIOCTYNATEIbHOE ABIDKCHUE
JIBJIOB, BBIAENAIOT HECKOJIBKO pa3sHOBHAHOCTEN fipeiicda. Berposoii apeiid
BO3HHMKaeT NOJ fieficTBueM BeTpa. Takoii fpeiid npopomkaeTcs HEKOTOpoe
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BpeMs B Noclie NpeKpalleHus BeTpa, TaK Kak jpeidylolmii e BOBIEKaeT
B [IBIDKEHHE BepXHHe ciion Bofbl. CKOpOCTh BeTpOBOro apeiidha MOpCKHX
nbAoB Giu3ka K 1:50 ckopocru Betpa. Hanpasnenne apeiida o6bIYHO He
COBNAJla€T C HaNpaBJIeHWEM BeTpa. B apKTHYECKHMX MOpsX NOJ AeHCTBHEM
cun Kopnonuca HanpasieHye aipeiiha oTKIIOHAETCA BIIPaBO OT HallpaBJIEHAS
BeTpa Ha yrox 28°, a B aHTapKTHYECKHX MOPSX — B IPOTHBONOJIOXKHYIO CTO-
poHy. Bo MHOrux mopsx, HanpuMmep, B Besom, Bapenuesom, Bepunrosom,
OXOTCKOM H ApPYruX, BaXHyIO0 POib MrpacT NPUJIMBHBIN Apeildp aAbROB,
06YCIIOBJICHHBIH TeYEeHAsIMH NIPY NPIIABAX ¥ OTIIMBAX.

Ha nanpasnenue fpeiicpa Gonpuioe BIMSHHE OKa3bIBalOT GIHM30CTHL
GeperoBoit JIMHEA, HaJIAYME OCTPOBOB M OTMelieii, penbed AHa. B pesynn-
TaTe OJHOBPEMEHHOrO BIMSHHSA MHOXecCTBa (pakTOpoB fpeiic IbJOB YacTo
GbIBaeT HEPaBHOMEPHBIM, OTAEJILHbIE MacCHBbI H CKOIUIEHHS JIbAOB MOTYT
apeit¢doBaTh B pa3HbIX HAalIPaBAEHUAX ¥ C Pa3HbIMH CKOpocTAMM. ['paHuLbI
MeXIy HAMH Ha3bIBalOTCA Apeiipopasfenamu, Jiis KOTOPBIX XapaKTEpPHO
HaJIMYMe NOJIOC TEPTOro JIbAia 1 NOSCOB TOPOCOB.

B CeBeproM JlenoBHTOM OKe€aHe 4E€TKO NPOABJIAIOTCA JBa OCHOBHBIX
HanpasJieHus apeiicda NbROB: TpaHCapKTUYeCKHi B EBpa3niickoM cexkTope
APKTHKH ¥ aHTHLIMKJIOHAJBbHBIA B AMEepHKaHCKOM (pHuc. 23.4). TpaHcapKTH-
YeCKHil IOTOK pacnpocTpaHaeTcs oT Bocrouyno-Cubnpckoro Mops uepes
CeBepHBIil NOJNIOC K CeBEPO-BOCTOKY OT I'pennanpun. B 3TOT ke moTOK
BraruBatoTcs ababl U3 Kapckoro mops m Mops Jlantesbix. B paiionax
Mexpy CesepHoit AMepukoii (Ansackoii 1 Kanapoit) 1 CeBepHBIM NOJIOCOM
JIB[BI IBIDKYTCS N0 YaCOBOH CTPENIKE B COOTBETCTBUH C aHTHILMKJIOHHYECKON
uUpKynsuuei. 3ech BO3HAKAET 3aMKHYThIH KPYroBOPOT JIbOB, Ha3bIBae-
Mblii cimpanbio Bogopra. JIbAb! H3 3THX paflOHOB YaCTHYHO NMONafaloT B
TPaHCApKTHYECKHUIi IOTOK, C KOTOPHIM BBHIHOCATCA B CeBEpHYIO ATIIAaHTHKY,
a 4aCTh M3 HUX COBEPUIAET NOBTOPHBIN KPYroBOpOT (NOJHBINA Kpyroo6opoT
3aHHUMaeT OKojo 7 neT). B cBA3M C 3THUM B OCHOBHBLIX NIOTOKax Apeiida
npeo6ajjaloT MHOrOJIETHUE JILABL.

Cxkopoctb Apeiicha B reHEpPalIbHOM TPAaHCAPKTHYECKOM HaNpaBlIeHUM
cocrasnseT 2-3 kM/cyT. B paitone mexny I'pennanpueit 1 llInnuGeprenom
ckopocTsb apeficha go 10 kM/cyT, a nanee CKOpPOCTh BBIHOCa JILAOB B I'peH-
JaHACKOe Mope Bo3pacraeT o 20 kM/cyT u Gonee. CpefHie rOIOBbIE CKO-
poctn ppeiida - ot 0,4 no 4,8 km/cyT.

AHTapKTHYeCKHeE JIbbl BOIM3N OT MaTepUKa Apei(yIOT NpenMylIecT-
BEHHO Ha 3amnaji. YacTb JbOB, OTKJIOHAACH K CeBepY NOJ| BO3[EHCTBHEM BhI-
cTynoBs 6GeperoBoi YePTHI, NONAfaeT B AHTapKTHYECKOE KPYrOBOE TeYEHHeE.
H3-3a pBIKeHns NefsaHOl NOKPOB OGLIYHO He ObIBaeT CIUIOUIHBIM, Yaule
BCErO OH COCTOMT H3 JIEAAHBIX NOJIed Pa3JIMYHOro BO3PaCTa, pa3fieJIeHHbIX
Ppa3BOAbAMH M NOJBIHbAMHA. Pa3Mepnl JleAAHbIX NOJIe YMEHBIIAIOTCA K
KpoMKe nboB. HabmonaloTcs y4acTK# OTKpPHITOH BOABI B BH/IE 3aNpunaii-
HBIX IOJIbIHEH, OCOOEHHO Y 3aNafiHbIX O€peroB MaTepUMKOBLIX BBICTYIIOB, a
3anajfiHble y4aCTKM Mopei 3a6HBalOTCs CINIOYEHHBIMM JIbfaMH. B cBs3m c
3THM ocnablieH BBIHOC JILAOB U3 Mopeil BeiuHcrayseHa 1 AMyH/CeHa, a B
Mope Yaanenna HabnogaeTcsa NOBLIIEHHAA JIEJOBATOCTb. B aTnx Mopsax
OTMeYeHa Hanboibuas TONMIMHA JbAa (6Gonee 2 M) m HauGonee BbIpa-
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Pnc. 23.4. Ipeiid nopoB B CeBepHoM JIenoBUTOM OKeaHe

I - rpannia Hau6oJIbLIErO PacNPOCTPaHEHUs NLAOB; 2 — npeobnafalolliee HanpasjeHHe
npeitca nbaoB; 3 — OTKIOHEeHU Apeiicda B neTHe-oceHHM nepuon; 4 — apeiicdopasgen Mexny
TPaHCAPKTHYECKMM H aHTHLMK/IOHHYeCK1M peiicoM

>KeHHasi TOPOCHCTOCTb. B 11€JIOM TOpPOCHCTOCTh aHTapPKTHYECKHX MOPCKHX
JIbAOB MeHble, yeM B CeBepHoM JlefoBHTOM OKeaHe.

Hpeitd aHTapKTHYECKUX MOPCKHX JILJOB HAXOAUTCSA B CIIOXKHOM B3aUMO-
neiicTBHHU ¢ fpeiiom aiic6epros, KOTOpble OOpa3ylOTCA CO BCEX CTOPOH
AHTapKTHAbI B pe3yibTaTe 06710Ma KpaeBbIX y4YaCTKOB IOKPOBHBIX, MaTe-
PHKOBBIX, BBIBOJHBIX M IIEeNb(OBBIX JEJHHKOB, CIIOJN3alOLUX B OKEaH.
Yacrp aiicOeproB 3aep>XMBaeTCA Ha MEJIKOBOJbSX, a 6ONbIIas 4yacTh ABH-
5KETCA IO CJIOXHBIM TPAaeKTOPHSAM B pe3yJIbTaTe COBMECTHOrO AEeHCTBMA
TeuyeHU#, BeTpa U fpelcda NbaoB. AlicGepru yaile BCero nepeMemarTcs
MeJJIeHHee JIbAOB, a NIpH CMEHE HalpaBJIeHHs: BETPa ¥ HAJIMYHUHA NOJNOBEPX-
HOCTHBIX NPOTHBOTEYEHHWH OHM MOTYT ApeiipoBaTh B HaNpaBJIEHHUH,
IIPOTHBONOJIOKHOM Apelicdy JIENsIHOro NOKpOBa.

23.6. TAAHUE MOPCKUX NbARoB

TasHue 1ba HaYHHAETCA elle NPH OTPULATENbHONH TeMIlepaType BO3-
Ryxa. ITo Mepe yBenn4eHns NPOROIDKUTENLHOCTA ¥ HHTEHCHBHOCTH COJIHEY-
HOro CHsIHMSI TEMIepaTypa NOAINOBEPXHOCTHOrO CJIOS JIba HJIM pacnolio-
>KEHHOrO Ha JIEASHOM NOKPOBE CHera NMOBBILIAETCS 32 CYET NPOHUKAIOMIEH
papuanui. IIpun ROCTaTOYHOM KOJIMYECTBE pajHallHOHHOIN IHEPrMM HayM-
HAaeTCA YaCTHYHOE TasHMe ¢ 06pa30BaHHEM BOJbI, MUTPHPYIOILEN B HIXe-
pacnojioxenHble ciod. Takoii npouec Han6osiee HHTEHCUBHO NPOMCXOJUT B
ciy4ae, KOTJja JIEAsTHOM NOKPOB IIOKPBIT CJIOEM CHeTa.

K Hayany ce30Ha TasiHusl BO JIbJY OCTaeTCH eLic HEKOTOpHIi "3amac
XoJIofa”, KOIfla TeMIepaTypa CpefHeil TONIIM JIeATHOro MOKpPOBa MMeeT
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OTpHLATEJIbHOE 3HaYeHHe. B Tex ciyyasx, KOraa OTTOK TellJla OT HMXKHeil
NIOBEPXHOCTH JIbJa KBEPXY NPEBBINIAET NPHUTOK TEIIa OT BOABI, MOXET
IPOMCXORMTH JONMOIHUTENILHOE HapacTaHME JIbAa CHU3y flaXXe TOrja, KOoraa
neR yxe crauBaeT cBepxy. ITocne TOro Kak CpefHeCyTOYHbIE TEMIIEPATYPhI
BO3/yXa CTaHOBSATCA [OJIOXKHUTEIBHBIMA, TassHAE JIbia MPOHUCXONUT BCIENCT-
BHE COBMECTHOIO BO3ICHCTBHS COJTHEYHOM SHEPTiM M TYpOYJIEHTHOrO TEILTO-
o6MeHa.

Brnaropaps TasHMIO CHera Ha JibJly OOpa3yloTcs NATHAa NPONHTaHHOTO
BOJIOH CHera (CHEXXHHI[bI), 3aTEM NOABIAIOTCA HeGoybUIAE U Heraybokue
CKOIUIEHHs! BOJbI, OTpaHUYEHHbIE IPONNTAaHHLIM BORO¥ cHeroM. Beiep 3a
3THM Ha JIbly O6pa3yloTcs 03€pKH B BHJie HEGOJNBIIMX BOJOEMOB C 4ETKO
BBIpaXX€HHBLIMH KOHTypamu. Ha pOBHBIX NpUNafiHbIX JIbAAX U NOJISAX OfHO-
JIETHErO JIbJa MEX/ly MHOIOJIETHUMH NOJIAMM MOPCKOH JIe[{ MOXET NOKPpbI-
BaThCA CIUTOIIHLIM CJIOEM PEYHOM HUIJIA MOPCKOH BOABI.

B HavanbHBIA NEpHOJ TasHUE NPOMCXOAMT NPEHMYIIECTBEHHO C IOBEPX-
HocTH. ITocne cragun 06pa3oBaHMA CHEXHHLL, JIYK, 03€PKOB U 3aTOINICHAA
NOBEPXHOCTH JIEJSHOrO NIOKpOBa 06pa3yloTCs NPOTAIIMHbI B BUJIe OTBEPCTHI
Noj| CHeXXHHIaMH. MecTaMu JiefiiHOl OKPOB NpHoGpeTaeT coToo6GpasHoe
crpoense (“rHunon nex”). Paspyiennio JeasHOro NOKpoBa Coco6CTByeT
npeiid nbpos. ITocne pasgpoGieHns NOKPOBa U NPOrpeBa MOBEPXHOCTHBIX
cl0eB BOAB! [O6ABIAETCA TasiHUE JBAMH C GOKOBBLIX M HIKHMX IOBEpPX-
Hocte#l. Paspymenue n TasiHHe JeJHOro NOKpoBa Hanbojiee HHTEHCHBHO
MPOUCXOMAT B paiOHaxX KPOMKH IIPHUIIAHHBIX JILOB.

Ha Mopsix yMEPEHHBIX HIMPOT JILALI BHITAUBAIOT NOJHOCTHIO K Hayany
Jera. B apKTHYeCKMX MOpPAX NMpOLECC TasHUSA NPOAOIXKAEeTCA BCe JIETO H
YacTh TOJICTHIX OFHOJIETHHX JILJOB OCTaeTCs Ha ciefylomylo 3umy. Cre-
NeHb Pa3pyIIeHHs JbAa B NPOLECCE TasiHAA OLIEHUBAEeTCA BH3YaJlIbHO IO
nsatuGannpHoi mKane. IIpH OTCYTCTBHM BHEIIHMX NPH3HAKOB TasHUA pa3-
PYLICHHE OLEHHBAETCA B HOJIb 6aiios, a 5 6alyioB COOTBETCTBYIOT pa3py-
IIEHHOCTH Ha TPaHM NOJIHOIO MCYE3HOBEHH JILOB. '

23.7. BO3AEMCTBUE MOPCKUX NbAOB HA COOPYXXEHUSI

Mopckue JIbbl OKa3bIBAIOT 3HAYMTENBHOE CHIIOBOE BO3JielicTBME Ha
NpHYajbHble M Apyrie Geperosble COOPY>XEHHs, a Tak>Ke Ha COo3[laBaeMbie B
nocnefHee BpeMs IIAaTdOPMBI IJis JOOBLIYM He(TH M raza Ha MOPCKOM
menbcge. PaznuyaioT TpH OCHOBHBIX BHJla BO3[EHCTBHA JILAOB: JHHAMH-
YeCKOe AIaBJIcHHE JILAOB Ha COOPYKEHMs; HCTHpaloLee AefiCTBYE JIbAA NpH
€ro JBIDKCHHM OTHOCHTEJILHO COOPYXXEHHS; CTaTHYECKOEe [aBJICHHE JIbAa,
BbI3BaHHOE H3MEHEHHEM TeMIIEPaTyphl.

Ilpu pBMXEeHHM JeASHOro IOKpOBa B CTOPOHY Gepera JbJbl MOTYT
"BbINON3aTh" Ha nonoruii Geper, o6pa3oBbiBad 3aBajibl B IPUGPEXHOM 30HE,
M OKa3blBas JUHAMMYeCKOe faBJieHHe Ha COOpyXeHus. Tak, H3BECTHBI
cly4ad IOBPEXJCHHS MasKOB, NOCTPOEHHKIX Y KPOMKM Gepera. 3acduk-
CHPOBaHO [jaBJIeHHE Ha coopyskeHne R0 500 T Ha NOrOHHELINA METP KOHTaKTa
JIe[ITHOro NOKpoBa ¢ coopyxeHueM. IIpu Bu>keHUH NHROB BAOJb Gepera OHI
OKa3bIBalOT KOMILIEKCHOEe BO3[lefiCTBHE Ha Oeperosble COODPYXEHHS —
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NaBJIeHHE M MCTMpaloliee BO3REHCTBHE, B 3aBHCHMOCTH OT PaCHOJIOXECHHUS
KOHTaKTHDYIOIIHX CO JIbJOM NIOBEPXHOCTEH COOpPY>XEHHS.

CraTHuyecKkoe JaBJieHHE MOPCKOIO JIETHOrO NOKPOBa, BbI3BAaHHOE H3Me-
HEHHEM TeMIepaTyphl BO3AyXa M BEPXHHMX CJIOEB JIbJia, CYIIECTBEHHO OTIIH-
YaeTcs OT CTATAYECKOro JjaBJieHns IPECHOro Jibaa, KOTOpOoe NpsMO Npomnop-
LHOHAJIBHO MHTEHCHBHOCTH NOBBIIIEHNs TeMnepaTyphl. JlaBjienne MOpCKOro
JIbAA 3aBHCHT HE TOJILKO OT CKOPOCTH H3MECHEHHsI TEMIIEPATYphbl, HO H OT
COJIEHOCTH JIbJ]a ¥ €r0 KOHEYHO! TeMIlepaTyphl.

IIpu noBbIlIEHUH TEMIEPaTyphbl paHee 0Opa30BaBUIMACA JIE[ paclud-
pseTcs, ORHAKO OHOBPEMEHHO C 3TUM IIPOMCXOAMT HEKOTOPOE YMEHBIIICHHE
o611ero o6bemMa BCIEACTBHE YACTHYHOrO TasHHS JIbJa OKOJIO 3alIOJTHEHHBIX
pacconom nop. IIpu noHw>KeHNH TeMnepaTypbl paHee 00pa30BaBIIRICA Jie]|
coKpaulaeTcsi B 06’beMe, HO NpH 3TOM H3 HaXOAAWIErocs B €ro NoJocTAX
paccola BBIJEJAETCA NPECHBIN JIeN, YTO NPUBORMT K yBEJIHYEHHIO 00BeMa.
B uTore Kak B IIEPBOM, TaK H BO BTOPOM ClIy4asX MOXET INPOMCXOAMTHL
obuiee yBelMyeHWE MIJIM YMEHbIIEHHE YAEJIbHOro ob6beMa JbAa. Takum
06pa3oM, IpH ONpefeIEeHHbIX COOTHOLIEHUAX COJICHOCTH JibJia H AMana3oHa
M3MEHEHHs €Ero TEMIEPATyphl CTATHYECKOE AABJIEHHE MOXET BO3HHKATL H
IIpH [OBBILIEHHUH, ¥ NIPH OHIDKEHUH TEMIEPATYphI JIbAa.

ITepcnexkTHBBI OCBOEHMSI HOBBIX aKBaTOPHii 3aMep3aloIMX MOpeil, Ha-
npumep mensgoB Oxorckoro ¥ Kapckoro mopeit, cBf3aHbl ¢ Heo6xonu-
MOCTBIO NPOEKTHPOBAaHUA M CTPOMTEJILCTBa KOMIUJIEKCA Pa3jIMYHBIX JIEO-
CTOMKHX NiaT¢OopM, NpefHasHAYEHHBIX A Oypenus ¥ KoObIYH HedTH U
rasa.

B pesynbraTe gpeiida nefsaHbIX nonell, NPUINBOB H OTIHBOB BO3MOXKHBI
KaK FOPH30HTANIbHBIE, TAK U BEPTHKAJIbHbIE CMELIEHNA JIba OTHOCHTEILHO
coopyxenuil. Caibl BO3EHCTBHS ¥ XapaKTep pa3pylIeHus JIEASHOTO NoJs
3aBHCAT OT TOJIMHBI, TOPOCHCTOCTH, MPOYHOCTHBIX XapaKTEPUCTHK H
CKOpOCTH Jipeiiha 3THX MmoJel, OT TEMNEPATYpHOro pexKuMa, a TakxKe OT
Ppa3MepoB 4 KOH(UTrypaLHH ONop Ha ypPOBHE MX B3aUMOJAEHCTBHA C JIEATHbIM
NIOKPOBOM.



COBPEMEHHbIE MPOBJIEMbI MisAUnonorum

naBa 24
MOHUTOPUHI KPUOCDEPDI

24.1. HABMIOAEHUS 3A 3BOMIOLMEN NPUPOAHBIX NbAOB

Konen XX B. xapakTepH3yeTcsi CyLECTBEHHbIMH H3MEHEHHSAMH METO-
AMKY HaGJIOeHU 32 NPHPOAHBLIMA JbAaMu. Eciin paHee OCHOBHOE BHUMaHUe
YREJNANOCh NPOBEACHHIO NMPAMBIX CUCTEMATHYECKUX MJIH SNU30JHYECKUX
HM3MEpEeHNMIi IIAuMalbHBIX O0BEKTOB, TO B HAacTosllee BpeMsi Bce Ooiuee
LIMPOKO MCIHOJNb3yeTCHs AMCTAHIMOHHOE 30HAUpoBaHHe. OCOGEHHO 4acTo
NPUMEHSIOT METOAbI a3POKOCMHUYECKON CheMKH. VIHTEHCHBHO pa3BUBaeTCs
MOHHTOPHHT KpHoc(epbl KaK YacTb reOCUCTEMHOIO MOHHTOPHHTa, NPENCTaB-
JISIOLIEr0 CHCTEMY HaGMIOJIeH I, KOHTPOJIS H YNIpaBJIEHHs COCTOSIHHEM OKpY-
xatoueit cpeanl. B.M. Kornsakos (1994) Beigenun yeThbipe OCHOBHBIX
HallpaBJIEHHs JaJIbHENIero pa3BUTHS CHCTEMbl MOHUTOPHUHIa: HaGMOAeHUs
3a CHEXKHO-JIEIOBbIMU pECypCcaMH, MISLHOKINMATHYECKUMH YCIIOBISIMH, CTH-
XUIHBIMHU ¥ ONIaCHBIMM HUBAJILHO-TTIALMAJIbHBIMU SABJIEHUSMH M 33 aHTPOIIO-
TreHHbIMM H3MEHEHUSAMH.

MOHHTOPHHI COCTOSIHIS CHEXXHO-JIEOBBIX PECYPCOB BKIIIOYAET OIpe-
AeJIeHHe pa3IMYHLIX NIOKa3aTeeil, XapaKTepU3yIOIUX JIE{HHKH, CHEXKHUKH,
CHEXXHBIH NIOKPOB, HaJIE[{H, Jle[ifHble NOKPOBLI. Tak, R/ FOPHBIX JIEFHUKOB
NIPOBOJATCS ONpENEIIEHNS HX pa3MepPOB B 06 bEMOB, COOTHOLIEHHE IJIONIa-
neit obyacTeil MUTaHUA U aGNALUH, H3MEHeHUA OajlaHCa MacChl H JIETHUKO-
BOI'O CTOKa, CKOPOCTEH ABMXKEHHA M T.II.

CIauMoKIMMaTHYEeCKUiT MOHUTOPHHT IPEIyCMaTPUBAET UCNIONb30BaHue
ITIAMOJIOrNYECKUX NOKa3aTeNlel KaK HHAMKATOPOB KIIMMATHYECKHAX YCIIOBHI.
AHanu3 JeAsHOro KepHa, U3BJIEYEHHOTO NpH GYPEHHH CKBa>KUH Ha JIEHHU-
KaX, a€T BO3MOXKHOCTb NOJIyYUTh CBEIEHUS O KIIMMAaTHYeCKUX YCIIOBHSAX 32
JIIMTENbHBINA nepuop BpeMeHn. O6Go61eHre JaHHBIX O IOJIOXXEHUH IpaHHMIL
NUTaHUA ¥ BEJIMYNHAX aKKYMYJISALMH JIERHUKOBBIX CHCTEM MJIA Pa3HBIX
pernoHoB 3eMiIM NMO3BOJSET OLECHUThL HaNpaBJIEeHHE BJaronepeHoca Hap
rOpHOH TeppUTOpHEl U nepepacnpefelieHde OCafKOB M CTOK Ha COOTBET-
CTBYIOUIUX TEPPMTOPHAX. AHaJlM3 MHOrOJIETHHX PpAROB HabilOgeHHH 3a
GOJIBIIMM YHCJIOM JIEJHUKOB [TO3BOJIAET BhIABUTH CBA3M KOJIcGaHMil JIEAHUKOB
€0 cMeHO# ¢(hopM LUPKYIALMH aTMOChEpBI.

CnexeHne 3a CTUXHAHBIMM M ONTaCHLIMH HUBAJILHO-IJISIMAJILHBIMH sSIBJIE-
HUSIMH B NIPHPOJiE JaeT BO3MOXXHOCTb HaKaIlJIMBaTh 1 06001aTh CBEleHN,
HEOOXOAMMBIE IS NPOrHO3UPOBAaHUA TAKUX ABJIEHUH U BHIPAaGOTKH Mepo-
NpUATHA NO 3alIUTE OT MX BpeaHoro Bo3felicreus. HaunGonee onacHele u
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YaCTO NOBTOPSAIOLIMECH SBJIEHHUS — 3TO CXOJf CHEXXHBIX JIaBUH, pe3KHe Nop-
BIDKKH JIEHAKOB, IJISLMAJIbHEBIE CEJIN H BOJO-CHEXHbIE NIOTOKH. MOHATOpHHT
CTHXMIHBIX SBJICHUH NPEACTABIAET BECbMa CIIOXKHYIO 3ajjayy, TaK KaK OHH
NpOSABNAIOTCA HE NEPHOAMYHO, ¥ 3apaHee TPYAHO NMPOrHO3HPOBATh BpeEMs
NpOsABJIEHMs U MaCIITaObl ONAaCHOrO IpOoLEeCca.

CrnexeHye 3a aHTPOIIOr€HHbIMM U3MEHEHHsMH B riusunocdepe gaer
HH(OpPMALHIO NI OLUEHKH MacIITaGoB BIMSHHS YelIOBEYECKOW AesATeNb-
HOCTH Ha npupopy. Pa3nesieHue npupogHOro ¥ aHTpONOreHHoro ¢akTopos
OYEHb CJIOXHO, H MMEHHO HaOJIOfEHHS Ha JIEfHUMKaX B PAAE CiydyaeB
nomoraroT 60jiee TOYHO OLUEHUTH POJIb KaX/O0ro U3 3THX ¢pakTopoB. Tak,
aHaJIN3 [IbUIEBBIX BKIIOYEHHUH B JIEASHOM KEpHE U3 NpOOYPEHHBIX HA JIEAHHU-
K€ CKBaXXMH MO3BOJIIET YTOYHUTh NCTOYHMKH NOCTYIUIEHUS 3TOH NMbUIA Ha
JIEAHHK ¥ OCOOEHHOCTH LUPKYJIALMH aTMOC(heph! B npouioe Bpems. JJonon-
HHMTEJIbHbIE e OXMMHYECKHNE aHaTH3bI JalOT HH(POPMALHIO O CTENEHH 3arpa3-
HEHHS JIEAHAKOBOrO pafiOHa aHTPONIOreHHBIMM BO3[IEICTBHSMH.

I'nsauponornyeckuit MOHUTOPHHT OCHOBaH Ha palfHOHAJIbHOM COYETaHUU
AMCTAHIHOHHBIX M NPAMBIX Ha3eMHBIX HaGmopeHuit. Bunsl, 066eM, nepuo-
AUYHOCTL HabGrofeHuit u TpebyeMas HX TOYHOCTDb ONPEAEHIAIOTCA KOHKpeT-
HBIMH 3aJjlayaMi MOHUTOPHHra. OCHOBHBIE PE3ybLTaTh! IPOBEAECHHBIX paHee
Ha6niofieHnH 3a NIPUPOAHBIMA JIbaMH Ob1il 060061eHs! B " ATiace CHEXHO-
JeoBLIX pecypcoB Mupa" (1997).

ArTnac aeT KOHKpEeTHOE NpeJICTaBJIeHHe O PaclpOCTPaHEHUH B OCOGEH-
HOCTAX CYIECTBOBAHUA BCEX BHJOB CHEra M JIbJa Ha 3emiie: TBEPABIX Ocaj-
KOB, CHEXKHOrO NIOKPOBa, CHEXKHBIX JIaBHH, TOPHBIX JIEAHHKOB, JIEAHUKOBBIX
NOKPOBOB, MOPCKHMX, O3€PHBIX H PEYHBLIX JILAOB, NOA3EMHBIX JILAOB U Ha-
nefielt, KIMMaTAYEeCKUX YCIIOBUH CYLIECTBOBAHUS CHEra M JIibJja, CHEroBOro u
JIEAHMKOBOrO CTOKa, APEBHETO OJIEAiCHEH!s, 3a1aCOB CHEra M JbAa. ATiac
CTaHOBMTCA Hay4HOI 6a30i Ayis faJIbHEHIIErO pa3BUTHA H COBEPIIEHCTBOBA-
HUA IIIALHMOIOrHYeCKOro MOHUTOPHHTa.

B uucne Gnwkaiunx 3afay rasuAOIOrHYECKOro MOHHTOPHHIa MOXHO
BBIJIETIMTL Pa3pabOTKy M BHE[PCHHE B NPAKTHKY KOMIIIEKCHBIX CHCTEM
HaOJIIONICHHH 33 COCTOSTHMEM M 3BOJIIOLMEH JIBJOB U CIEeHHalH3NPOBaHHBIX
HaOJIONEHNHA I pelIeHdss KOHKPETHBIX MHXXEHEPHBIX M 3KOJIOrHYECKHX
npobneM.

IIpn MOHHTOpPHHIE CHEXXHOrO NOKPOBA YBEJIMUMBACTCA ONA a9POBU3Y-
aNIbHBIX HaOJIOAEHHH U KOCMHYECKOH cheMKH. Hanpumep, nepcnekTuBHO
B FOpHBIX pailOHaX NpHMEHEHHE raMMa-ChbEeMKH JJI ONpeJelIeHnus: CHero-
3aIacoB Ha FOPHBIX CKJIOHAX, CIIeXEHHNs 32 H3MEHEHWsIMH (pOpM CHEXXKHOM
NOBEPXHOCTH B Pe3yJIbTaTE BETPOBOrO CHeronepeHoca u HaGllofeHus 3a
JIaBHHHOM aKTHBHOCTbIO. Ha paBHMHHBIX TEpPUTOPHAX JXKeJlaTeNIbHO NOBLI-
CHTb TOYHOCThL PE3yJIbTaTOB HAONIONEHHH 32 M3MEHEHHSMH IIapaMeTpOB
CHEXXHOTrO [MOKpOBa (TOJNIHMHA, INIOTHOCTb, MaCCa, PABHOMEPHOCTh 3aJiera-
HUS, CPOKHM OOpa30BaHMA U HCYE3HOBEHHMSA) KaK AJsA OONBIIMX TEpPUTOPHMI,
TaK M Ui JIOKAJIBHBIX y4acTKOB. OCO6YIO CIOXHOCTB NPEACTABIAET NOJY-
YeHHE AETAJIbHbIX CBEJCHHMH, TpeOyeMbIX N1 MpOBefeHNs KOHKPETHBIX
arpoMeJIHOPaTHBHBIX MEPONPHATHI U 3aILUTBI OT CHEXKHBIX 3aHOCOB.

ITpu MOHMTOPHHTIE FOPHBIX JIEJHAKOB H JIEJHUKOBBIX IIOKPOBOB CYLIECT-
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BEHHOE pacluupeHue uHGpOpMalHu JalIOT ChbeMKH C METEOPOJIOTHYECKHX U
PeCYPCHBIX CHYTHHKOB ¥ KOCMMYECKO# craHumH. Biarogaps aToMy MeHsieTCst
Halle IpejCcTaBleHHe 06 3BOJIIOLMHM MHOIMX MaJIOM3yYEHHBLIX JIEJHHKOB.
Tak, 0OKa3aJoch, YTO MHOTHE JIEHUKH, CYATABLINECS OTHOCHTENBHO CTALKO-
HapHBIMH, NEPHOAMYECKH NYJIbLCHPYIOT, U MX KOHIbI NPOABHUralOTCA Ha
3HaYATENbHbIE PaCCTOAHNA. A3POKOCMHYECKHE ChEMKH TECHO YBA3BIBAIOTCHA
C Ha3eMHbIMH M3MEPEHUAMH Ha JIEJHUKAX C y4eTOM MHGoOpMauuy, nojiyyae-
MOIi Ha CTaHIMAX ruApoMeTeocnyK6bl. [lanbHelillee pasBUTHE MOHUTOPHHIa
rOpHOrO ¥ NIOKPOBHOI'O OJieficHEHN Tpe6yeT paclmpeHus o6IacT! JUCTaH-
IHOHHBIX U3MEPEHHUN ¥ YTOYHEHHs METOMKH pPacyeToB psAfla NapaMeTpOB
JIEHUKOB 110 KOCBEHHbIM NpU3HaKaM. B yacTHOCTH, XXeaTeNbHO COBEPLIEH-
CTBOBAThb CIOCOORLI ONPEEIIEHNA TOJIIHHBI TOPHBIX JIEJHUKOB U YTOUHEHUS
ux o6beMoB M Macchl. Ecnu Ha GoNbUIMX JIEAHMKOBBIX NOKPOBaxX HX
TOJINIMHY ¥ CTPOEHHE MOXHO JJOCTATOYHO TOYHO ONPEREIUTH I METOAOM
PafMO30HAMPOBAHMS, MJIM C IOMONIBIO PaJHOJIOKALIMOHHBIX CTAHIMM, yCTa-
HaBJIMBaeMbIX Ha CaMOJIETAaX, TO GOJILIIHHCTBO FOPHLIX JIETHUKOB OCTalOTCA
TPYRHOJOCTYNHBIMM JJI TAaKMX M3MepeHHit. MHOro npensrcTeuil Ans onpe-
AeJIeHNs NapaMeTpOB JIEAHUKOB BO3HUKAET B 30HaX TPELIMHOOOpa30BaHHs.
IToaToMy npepcTaBisieTcs NEpPCNEKTUBHON pa3paboTKa KOCBEHHBIX pacye-
TOB NIapaMeTPOB JIEAHUKOBBLIX NIOTOKOB B 3aBUCHMOCTH OT peiibedpa reo-
MOp}OJIOrHYECKHX XapaKTEPHCTHK NOBEPXHOCTH JIEAHUKA ¥ NIOBEPXHOCTHBIX
CKOpOCTeil nepeMelleHus Jbja.

XKenatenpHO NONYYATH AONONHHTENBHYIO HH(MOPMALHUIO O peaKkIuu
JIEMHUKOB Ha M3MEHEHMs KiMMaTH4yeckux ycnosnii. HaGmopnenus 3a xone6a-
HHUSAMH JIEHUKOB (CM. pa3fen 17.1) B nOTHOM 00beMe BBINONHAIOTCA PEAKO H
Yallle BCero OrpaHM4YHMBAIOTCA COKpallleHHBIMM NOBEPXHOCTHBIMM Hablto-
ACHUSIMU 32 JIEJHHKOM B I[eJIOM U 6oJiee AeTaNbHbIMHE HaGJIIOe HAAMH JIUIID
3a opMoii 1 nepeMenIeHUAMM HX KOHIOB. IIporHo3upoBanne aanbHeHmenR
3BOJIIOLMH JIEAHUKOB TpebyeT Gonee eTalbHBIX CBElEHNH 06 U3MEHEHUAX
NIOBEPXHOCTH JIEHUKOB, O pacnpefeieHA BHYTPEHHUX HaNPSKEHMH CXKaTHA
M CABMTa, O CKOPOCTH ABIDKEHMS JIEAHON MacChl U KHHETHYECKHUX BOJH.

ITocTosiHHYIO ¥ perynspHyo HH(OpPMALHIO O COCTOSHAM MOPCKUX JIbOB
RAIOT TEJICBU3HOHHEIE H CKaHePHbIE CHIMKH CO CIYTHAKOB. OHH NIO3BONSAIOT
ONEpaTHBHO OLIEHUBATH JIEAOBYIO OGCTAHOBKY [JI MOpeIIaBaHUS M ONpe-
RENATh MU3MEHEHHs JIEASHOrO NMOKPOBa 3a ONpEfelIEHHbIE NPOMEXYTKH
BpeMeHHn. Tak, aHalM3 KOCMHYECKHX CHUMKOB 1978-1987 rr. mokasan
(KoTnakos, 1997), uro cpegHss rio6anbHas INOWMaAb MOPCKHUX JILAOB
3a 3TO BpeMs YMEHBIINWIAch Ha 2,5%, MpuyeM MHTEHCHBHOCThL COKpalle-
HHS IUIOWIafH JBROB B ApPKTHKe OKa3alach Golnblle, 4eM B AHTapK-
THKe.

B Onwxaiinme rogbl HAMEYaeTC pacCIIMpPEHHE IUISLMOJIOrHYeCcKOro
MOHHMTOpHMHra. B risuuosornyeckoM MOHMTOPMHIE JOJKHbI HAalTH NpH-
MEHEHHE HOBbIE BM[IbI AMCTAHUHMOHHBIX M CIIyTHHKOBBIX Pa3HOBHJHOCTEN
ChEMOK — HH(PpaKpacHOM, paflHOMETPUYECKOH, PaAMOJIOKALMOHHOM U JIp.
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24.2. U3YHEHUE HUBANBHO-MMALMANBHBLIX CUCTEM NPOLWIOIO

OTpacns risuyoIOriN, H3y4alollasi MpUPOfHbIe HIBALHO-TIIALMANLHBIE
CHCTeMBI NIPOLIJIOro, B KOTOPBIX AOMHMHAPYIOLIAs POJb NpAHA[JICKalla JIbJaM
4 B NEPBYIO ovYepe/b JIEJHAKAM, NONyYnia Ha3BaHAE NaJeorIssHOIOrHH
(T'nsaumnonornyeckuii cioaps, 1984). 3agaueit naneorinsuuoNOruy SBuseTcs
PEKOHCTPYKIUA [ Pa3HbIX NEPHMOAOB BPEMEHM B IIPOLIIOM (PH3NYECKHX
napaMeTpoB JIEfSAHbIX OOpa3oBaHMi: pa3MmepoB, (OpPMEI H CTPOEHMS
JIEASHBIX TeJl, UX reorpauyeckoro pacnpocTpaHenns, 6ajanca Macchl ¥ ero
COCTaBJIAIOLIMX, TEMIIEPATYPHOTO peXuMa M TemoBoro 6ananca. MeTopbl
NaJIeorIALMOIIOrNM 6a3UPYIOTCSA Ha KOMIUIEKCHBIX JaHHBIX O ClIefiaX CyLIecT-
BOBaHHS JPEBHHX OJIE[lCHEHUI ¥ HaOJIIOREHUAX Ha CYIIECTBYIOIHUX JIC[HH-
kax. Mlccnenylores ciiefibl JIEfHAKOBOH 9K3apalyu ¥ aKKyMYJISLIMH, BEIECT-
BEHHBIH COCTaB M H30TOIIHBIE XapaKTEPUCTHKH JIEJHUKOBBIX OTJIOXKEHUH U
pasnMyYHbIe pyrue XapaKTepUCTHKH APEBHHUX olefeHeHnit. IIpn ananuse
9THX JAHHBIX HCNOJB3YIOTCA PE3yNbTaThl COBPEMEHHBIX HaGJIONCHHH U
CBEJIEHAs O MEXaHN3MaX MacCO3HepProoOMeHa JILAOB C 3¢eMHOM KOpPOH, aTMO-
ccepoil # OKEaHOM.

Ha ocHOBaHMH H3y4YeHUss OKaMEHEBLINX MOPEHHBIX M JIE[JHUKOBO-MOP-
CKHUX OTJIOXEeHWH (THIUIMTOB), 9K3apauMOHHbIX ¢hopM penbeda 1 psaaa fpyrux
NPU3HAKOB CAEJIaHbl OLIEHKM JIEAHUKOBON HCTOPMM Halle#l IJIaHEThI.
BBIsIBNIEHO, YTO B NPOLIIOM Ha 3eMJle HEONHOKPATHO BO3HUKAJIN IIOKPOBHELIE
onenenenns. Cleb! PeBHAX OJIeAeHEHUIT COXpPaHWJIMCh Ha BCEX MaTepHKax.
YCTaHOBJIEHO, YTO B NCTOPUH APEBHErO OJIEJEHEHHA MOKHO BBIEIUTH
YeThIpe IALHONIOrHYECKAE 3Ph! (IIALMIPHI) — KAHAACKYIO B HaYyaJie paHHEro
nporepo30s (2,45-2,2 Mnppg 51.H.), adpUKaHCKYIO B KOHIe puces U B BeHfie
(900-580 MuH 11.H.), FOHABAHCKYIO B CpeJHEM M IO3[HeM naneo3oe (380-
240 MJH J1.H.) ¥ TaBPa3niicKylo B NO3[iHEM KaifHO30€e, KOTOpas NpOROJIKaeT-
ca u ceityac (Kotnsakos, 1994).

Onoxu onefeHeHNs 3aHAMAJA NIOYTH CTOJIBKO XK€ BpeMEHH, KaK U Tell-
nble GesnenHble nepuofbl. CWIbHbIE OXONOAAHUA KIIMMATa ¥ pacUIMpeHHbIe
NJIOai¥ NMOKPOBHBIX OJIEE€HEHHII CONPOBOXMAIUCh IBCTATHYECKHM IIO-
HIDKEHHEM ypoBHA Muposoro okeana 6onee yem Ha 100 M. [Ipesune onepe-
HeHus GbLIM BpeMeHeM He TOJILKO IIOXONOfaHuM, HO M KOHTPaCTHOM KJIMMa-
THYeCKOM 30HaJIbHOCTH.

B npepenax BBIABJIEHHBIX MIALMOJIOrNYECKUX 3P JIEAHUKOBbIE IEPHONBI
4epeaoBalluCh C OTPE3KaMH BPEMEHH, I KOTOPBIX ClEfbl OJIElEHEHNs He
o6Hapy>eHsl. [l onpefesieHAst KOHKPETHBIX BpEMEHHBIX NPefieNioB Cylie-
CTBOBAHW JPEBHUX OJIEEHEHUH U IIIAUUIP NOKa CBEJCHUI HEOCTATOYHO,
NO3TOMY MHOTHE ONpefielIeHHs CIeAyeT PacCMaTpHBaTh KaK MIIOTeTHYe-
ckue. Bonee onpepeneHnble CBEAEHHA UMEIOTCSA O NOKPOBHBIX OJIElCHEHAAX
B nepuof 21-17 Teic. 1.H. Pazpa6oTaHbl AOCTaTOYHO yGeqUTENbHbIE THNO-
Te3bl O CYIMIeCTBOBAHMY KPYNHBIX JIEAHAKOBBIX IIOKPOBOB Ha CeBepO-3amnaj-
Hol okpanne Espa3snu, B CeBepHoii AMepHKe.

EBpa3uiicKuii JIefHUKOBbI IOKPOB, BUAMMO, BO3HHKAJ H HCYe3aJl MHOIO-
kpaTHo. ITocnepnuit pas OH JocTUrayn CBOero MakCUMyMa Mexnay 21 m
17 Teic. n.H. EguHOro MHeHHs O ero pa3Mepax noka HeT. ITo opgHoOil u3
pexoncrpykuuit (C'pocBanba, 1983), oH cocTosn M3 COeHHEHHBIX BMeCTe
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YeThIpeX JIEAHAKOBLIX IUTOB, BEPIIMHbI KOTOPBIX HMelH oT 1,9 o 3,3 km.
ITo gpyruM runoresaMm OH NpPE[CTaBIAN CO6GOl ariroMepaiuio 60JbIIOTrO
YHClla CPaBHUTENLHO MENIKHX JIEHUKOBBIX KYINOJIOB.

CeBepoaMepHKaHCKHIl JIe[[HUKOBLIN NOKPOB NPEANOJIOXHTEILHO BIEP-
Bbl€ BO3HMK 2,8 MIIH JI.H., IOCJIe Yero, TaK Xe Kak u Espasniickuii, MHOrO-
KpaTHO HCYe3all M JocTuran MakcumMyma mexpay 21 u 17 teic. n.H. Ero
MaKCHMaJibHas IJIOIIajbL OUeHuBaeTca B 18 MIIH KM2, IpuyeM Ha GoJblieit
YacCTH IUIOLIai OH PacIpOCTPaHsAJICA Ha 1Ielb¢ X NpUMOPCKUE HU3IMEH-
HOCTH, T.e. Gb111 GoJiee YeM Ha NIOJIOBHHY H MOPCKHM.

ITaTaronckuii fpeBHENEAHUKOBBI KOMILIEKC NMPENCTABISET CHCTEMY
JIE[JHUKOBBIX LIUTOB U CETYATHIX JIEAHAKOB. Ero MakcuMasibHas IiIomags Ha
no6epexse Tuxoro okeana okono 500 Teic. KM2.

Hnurepsan spemenn ¢ XIII no xonna XIX B. oTMevyaeTcs 3HaUHTEIILHBIM
IIOXOJIOAAHHUEM KJIMMATa, CHUKEHHEM CHEerOBOM JIMHUMH M HaCTyNaHUEM Jef-
HHKOB BO MHOTHX FOpPHO-JIEJHUKOBBIX paiioHax Mupa. STOT HHTepBaJ noJiy-
YUJI Ha3BaHHE MaJIOro JIEAHMKOBOro nepmopa. Ilocie Hero Havanoch
IIOBCEMECTHOE OTCTYyIIaHHE KOHI[OB JIE[JHUKOB U YMEHBIIEHHE OJIEeHEHUs.
Crepbl pacnpoCTpaHeHHs JIEMHUKOB BO BPEMSI MAJIOrO JIEHUKOBOr'O NIepHOfia
BO MHOIHMX MECTaxX COXpPaHMJMCh OTYETJINBO. JTO NO3BOJIMIO OLEHHUTh
nocliefjHee pa3BUTHE OJie[leHEHUs JOCTATOYHO TOYHO.

B nocnennee BpeMs Bce GONBIIYIO POJib B H3YYEHHH HUBAJILHO-TIISIM-
aJIbHBIX CHCTEM INpOLIJIOro MrpaeT aHajM3 KepHa U3 riyGOKHX CKBaXKHH,
npoOypeHHBIX Ha JIE[HHKAaX B 30HaX aKKyMyJsauuu. BypeHue Ha e HHKax
IIPOBOJMTCA C CEPEAMHBI NPOLIJIOro BeKa,  BCE BPeMsi COBEPIIEHCTBYIOTCS
cnocoOb! aHanu3a KepHa. IlepBoii riy6oKo# CKBaXXMHOM Ha NOJIAPHOM JIE[HH-
KOBOM IIOKpOBe 6klita npoGypenHas rasuuosnoramu CHIA B 1960-1966 rr.
ckBaxknHa Ha cT. Kemn-Cenuypu B I'pennaHauu Ha BCIO MOIHOCTD JIEHHKO-
Bo# Tommu (1970,5 m). B 1966—1968 rr. Ha cr. Bapa B 3anagHoit AHTapK-
Taje Obuna mpoOypeHa CKBaKHMHa, HOCTHrIIas JIOXa Ha ray6une 2164 m.
Camble riny6okne CKBaXXHHbI IpOGypeHb B AHTapKTHAe Ha cT. Bocrok.
K cenra6pio 1993 r. rny6uHa odepeqHOH CKBaXKMHBI AOCTHria 2755 m.
AHaNu3 JegaHOro KepHa M COfep>XXaHus B HeM JelTepus, MUKpPOYaCTHII,
IIAPHUKOBLIX ra30B ¥ H30TOINOB NO3BOJIUJ OLEHUTh H3MEHEHHUS TeMIIEPaTypPbi
BO3yXa 3a nepuof 240 ThIC. JIET, T.€. OXBAaTHJI [iBa NOCIEHUX KIMMaTHYe-
ckux mukna (Koraskos, 1997). B 1996 r. ckBaxknHa JOCTHria riyGHHBI
3350 M. AHanu3 HIDKHel YacTH JIEASHOro KEpHa JjaJl BO3MOXXHOCTB NOJIYYHTh
CBEJIEHUA O NaJIeOKJIMMaTe B LIEHTPAIbHOI YacTH AHTapKTH/BI elle 3a ABa
KIIMMaTHYECKHX IUKIIa, T.e. 3a 400 ThiC. NeT.

HecMOTps Ha CIOXHOCTH OpraHM3auu GypOBbIX paGOT Ha TOPHBIX
JIe[lHUKaX, 9TOMY HaNpaBJICHUIO MCCIIE[OBaHUI ypenseTca Bce Goiburee
BHIMaHHe, OCOOEHHO GypeHMIO CKBaXKMH Ha TaKHX JIE[HHKaX, Jie MOXHO
NOJIYYHUTb CBEJEHUS O JQJIMTEJILHBIX NEepHOAaX HAKOIUIEHUS JbAa. AHaJIu3
KEpPHOB M3 TaKMX CKBaXXHH B COYETaHMM C KOMIUJIEKCOM HaGilofeHmit 3a
JIEHAKAMH HCIIOJIL3YEeTCs JJIA NPOBEPKH MOAeleil pa3BUTHS JIE[HUKOBbIX
CHCTEM U MPOTHO3MPOBAHUSA MX JaJIbHEHIIEH 3BOMIOLIH.
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24.3. NPOrHO3UPOBAHUE BEPOSITHbIX U3MEHEHUHA
rNSUMANBHLIX CUCTEM

IIpencka3aHusi BEPOATHBIX H3MEHEHUI HUBAIILHO-TIIAIHAILHBIX CHCTEM
MMEIOT OYeHb BaXKHOE 3HaYEHHE KakK [ RalbHeiuero pa3surus QyHpa-
MEHTAJIbHBIX OCHOB IJISIMOJIOTHH, TaK ¥ [Is pEIIEHUsA MHOXECTBa KOHKPET-
HbIX 3aia4. IToCTOAHHO BO3HMKaeT HafOGHOCTL B IPOrHO3€ IIIALMAIBHBIX
SIBJIeHH# KaK B €CTECTBEHHBIX YCIIOBHSAX, TaK M INpPH JAONOJHHTEIbHOM
AHTPONOreHHOM BO3feiicTBHM. BpeMeHHbie npepens! Mporuo3a MOryT
COCTaBJIATh OT HECKOJILKMX 4acOB [0 ThICAYH M Goiee jnet. Tak, mpor€os
CXOfia CHEXXHBIX JIABUH MOKET BBhIlaBaThCA Ha OJKaiiliue yacsl MM laxe
¢ "nynesoit" 3a671aroBpeMEHHOCTRIO. A BOT IIPH NPOrHO3€ BEPOSATHOIrO pe3-
KOro BbIOpOCa JIbfja ¥ KaTacTpO(puIeCKOro pacnaja JEAHUKOBOTO LHTa
3anagHoit AHTapKTHABI IPEROJIaraeMbiii HHTEpBaJl BpEMEHH TaKOro cobbl-
THS OLIEHHBAETCA B COTHH HJIM TBICAYH JIET.

naguonoruvyeckue IPOLECChl HENOCPECTBEHHO B3aMMOCBSA3aHBI
C KJIMMaTHYECKMMH YCIIOBHSIMH, IIO3TOMY JII000¥ INALMOIOrAYeCKuii NPOrHo3
B ONpefieJIEHHOM CTENEeHN TpeGyeT yyeTa METEOPOJIOrHYECKMX XapaKTepHC-
THK ¥ KJIIMaTHYECKOro NMpOrHo3a. JlnurenbHble IIsAUMOI0Orn4ecKHe IPOrHo3bl
B HanGounbLIeH cTeNneH: pa3paboTaHbl IPUMEHUTENBLHO K OLIEHKE BEPOATHBIX
KoJie6GaHuit JIEAHNKOB M cyan6e JegHUKOB B OyaymeM. MHOroyucieHHbIe
HCCIIEOBaHNs [IOKa3aJli BEPOATHOCTD Ir7106aIbHOrO NOTEIUIEHHUs KIMMaTa B
XXI B. Ilpepcrosinee nosbINICHHE ri06ajIbHOM TeMIlepaTyphbl ROJXHO
OTPa3HTbCA Ha peKMMeE M pa3Mepax JIEAHHKOB. Pa3paboTan psap mopnenei
AN ONpefesyieHns BO3MOXHBIX PeaKUui JEHUKOB Ha H3MeHEHHe KIINMaTa.
KnumaTHyecKHe NPOrHO3bl BO MHOTOM JHCKYCCHOHHBI, H3-32 3TOrO H
[IISAIHOJIOTMYECKME TPOrHO3bI HE OTIINYAIOTCA GOJIBILIOH TOYHOCTHIO. TeM He
MeHee OHH TpeOylOoT NMPHUCTaJBHOrO BHUMaHWs, TaK KaK He MCKIIOYeHa
BEPOSTHOCTH CYIIIECTBEHHOIrO BIHMSHHMS M3MEHEHHUH OJIElecHEeHUs Ha MHOrue
cpephl YeI0BEYECKOH IEATENBHOCTH.

ITposenenusiit B.M. KornsxkossiM (1994) aHanu3 nmokaspIiBaeT, YTO
IIpH CYLIECTBYIOLIEM TPEH/E NOTENJIEHHS M BEPOATHOM €ro YCHJIEHHH 3a
CYET AHTPONOTEeHHLIX (PAKTOPOB K KOHIy NEpBOiM YeTBepTH Gyayuiero
croneTHs cpefHue riobaibHble TeMnepaTypbl Bo3pactyT Ha 1,5°C, uto
nosjeder 3a coboil fanbHelinee yObIBaHHE OJIEleHEHHA U INOBBILIEHUE
ypoBHsi Muposoro okeana. JIlefHHKH B TOPHBIX CTpaHaX YMEPEHHBIX LIUPOT
Espa3uu B 6nuKaiiiee BpeMs OCTaHyTcst 6e3 CyIIeCTBEHHBIX H3MEHEHHH,
TaK KaK MHTEHCH(HKalMsA TasgHuA GYAeT KOMIEHCHPOBATLCSA YBEIHYEHHEM
Macchl TBepAbIX ocaakoB. Ho 3aTeM mpouecc COKpaleHMs IUIOIafgH H
o6’beMa JIEAHUKOB YCHINTCA. B yMepeHHBIX M CyOTPONMYECKHUX IMMPOTAX
4acTh JIEHHKOB ucye3HeT. CylecTBeHHOe COKpallleHHEe OJIE[leHEHUS OXH-
naerca B Apktuke. B I'pennanpuu 6ynet HabIIOAaTHCA NOAHATHE IPaHULBI
NATaHAA, U B pe3yjbTaTe YBEJIUYEHHs IUIOLIAfM abGiAuuy JIEAHUKOBBIN
nokpos I'pennanpuu GyaeT CHUXKAThCA, HECMOTPS Ha HEKOTOPHI pocT
ocaakos. B Bocrounoit Anrapkruie rino6GajipHoe NOTEIUIEHHe IPUBERET K
pocTy aTMOC(hEPHBIX OCaIkOB, HO TaK KaK JIEJHHKOBBI} IOKPOB TaM OYEHb
XOJIONHBINA, TO CYLIECTBEHHBIX H3MEHEHHWH NOKpoBa He oxupaerca. dro
KacaeTcs 3anajHoil AHTapKTHABL, TO TaM B GyaylileM BO3MOXHbB! GOJbIIIHNe
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HapyUIEHUs JIEATHOTO NIOKPOBa, HO NMPOHM3O0MJET 3TO, BHAUMO, B AaJIEKOM
Gynyuem.

ITporHo3 cToka c JIEHUKOB JieiaeTcs OObIYHO C 3a6/1aroBpeMEHHOCTHIO
OT HECKOJIBKHX CYTOK Ji0 Mecsna. IIporHossl pa3pa6aThiBalOT Ha OCHOBE
METEOpOJIOrHYeCKOro NpOrHo3a ¥ PacyeTHBIX MOJeJiel, TOCTPOEHHbIX Ha
OCHOBaHHM aHallM3a MMEIOLIMXCS CBEleHMIT O TassHMH CHera, (pMpHa M nbja
Ha JaHHOM H [IpYTHX aHAJIOTMYHBIX JeAHnKax. Ocobbli ciyyail mpefcKa3aHus
CTOKa NPEACTaBJIAET NPOrHO3 KaTacTpO(HUECKUX NaBOAKOB IIPA NIPOPBIBaX
JIE[HUKOBBIX NOANPYAHBIX 03€P.

MInpoko NpaKTHKYIOTCA NPOrHO3bl, CBA3aHHbIE CO CHEXXHBIM IOKPOBOM
KaK KpaTKOBpeMeHHble, TaK M C JJIHTEJIbHOH 3a61aroBpeMEeHHOCTHIO.
ITporHo3 ycnoBmii CHEronaja, BpeMeHH BbINIafieHHs1 ! KOJMYECTBA TBEPABIX
0CafiKOB ABIAETCA YaCThIO METEOPOJIOrHYECKOro nNporuo3a. nsauuonornye-
CKHe NPOrHO3b! BKIIOYAIOT NpefcKa3aHne KOHKPETHBIX YCIIOBHIt hopMHUpO-
BaHHA CHEXHOTrO IOKpPOBa, €r0 MOUIHOCTH, CTPOEHHA H MacChl, IPOROI-
SKHTEJIBHOCTH 3aJIeTaHUdA, CPOKOB M MHTEHCHBHOCTH TasiHuA. B ropHsix
paifoHax, TOMHAMO IIepPeYHCIIEHHOrO, LIMPOKO NMPAaKTHKYeTCA NMpefCcKa3aHue
MeCT, BpEMEHH CXOfla M JaJIbHOCTHM BbIGPOCA CHEXHBIX JIaBHH (CM. pa3-
nen 9.4).

IInpoko NpUMEHSAIOTCA JIEAOBble NPOrHO3bI AN 3a6lIaroBpeMeHHOro
NpeNBUICHASA Ha ONpejielIeHHbI! MOMEHT W NepHOA BpeMEHH COCTOSHHS
JIeAsHOTO NMOKPOBa MIIM CPOKOB HACTYNJICHHs JIEAOBBIX SBIEHUN Ha peKax,
o3epax miu B MOpAX. OHH HEOGXOUMBI [T NPAKTHYECKOrO MCNOJbL30BaHUsA
B CY/IOXOJICTBe, PhIGHOI JIOBJIE, JOGBIYE NOJIE3HBIX HCKONMAeMbIX Ha meibde,
CTPOMTEJILCTBE MOCTOB M TMAPOTEXHUYIECKHX COOpYKeHuit i T.1. IIporHosn-
PYIOTCS NIpeXKJie BCEro Takue XapaKTEPUCTHKH, KaK JIEJOBUTOCTD, IIOJIOXe-
HUE KPOMKH, TOJIMHA M CIUIOUWIHOCTH JIEfIHOro NOKPOBa, CPOKH JIefO-
oGpa3oBaHus, IOJHOrO 3aMep3aHnsi, Hayajla pa3pylleHus, JefoXoAa ! psj
ApYrux IapaMeTpOB B 3aBUCHMOCTH OT KOHKPETHBIX 3aila4. MeTopuka nefo-
BBIX NPOrHO30B OCHOBaHa Ha NPHPOHBIX 3aKOHOMEPHOCTSAX, ONpeEIIOLINX
H3MEHYHBOCTD JIEASHOrO IOKPOBa.

ITpu ocBOEHMH PaitOHOB, Iie 3aMETHO NMPOABIAIOTCS NpOLEcCh popMu-
poBaHMs Hane[ielf, BOSHHKaeT HeOOXOAUMOCTDb NpeNCKa3aHUusA BO3MOXKHOCTH
ONACHBIX HAJIEAHbIX IIPOLECCOB pealibHbIX W NMOTeHUHaNbHbIX. PeanbHas
ONaCHOCTb MOXET MPOSBIATLCA B CBA3M C aKTHBU3ALMEH HaJIeAHbIX Npoliec-
COB M pacuMpeHueM c¢epbl HX OTPHLATEILHOrO Bo3fieiicTus. IloTeHInaNb-
Hasl HalefHasi ONACHOCThL BO3PacTaeT B pe3yJbTaTe aHTPONOTeHHBIX BO3-
meicTBUi, 0OCOGEHHO NPH CTPOHTENBLCTBE JOPOT H psfla APYrUX HapyUIeHUH
€CTECTBEHHOrO pe3KHMa IIO[[3EMHBIX ¥ IIOBEPXHOCTHBIX BOJHBIX IOTOKOB.

Heo6xoqMOCTh B YTOYHEHNH [IIALMOJIOTHYECKHX IPOrHO30B HENpephIB-
HO BO3pacTraeT, 0COGEHHO B CBSI3M C NOTPEOHOCTBIO PacUIMpPEHHs BO3JEi-
CTBHA Ha IIILMANIbHbIE POLECChI M pa3paboTKy CocO60B HCKYCCTBEHHOTO
PeryJMpOBaHus 3TUMH MPOLIECCaMH, a TaK3Ke NMPH pPellIeHUN TIISAHOIKOJOrA-
YecKux npobnem.
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naBa 25
WHXXEHEPHASA Mnaguonorus U rnsauuo3Koorna

25.1. 3AfIAYM UHKEHEPHOW MNALMONOrUM

OCHOBB!I MHXEHEPHOH TIJIAIMOJOrMM KaK Hay4YHOro HalpaBJIEHHS,
Ppa3pabaThIBAIOLIETO CNIOCO6LI MCIIONB30BaHUA JIbAa M CHEra B HIDKEHEPHOI
IpaKTHKe, MeTOAbl 60PLOBI C UX BPEAHLIM BIUAHMEM Ha XO3SHCTBEHHYIO
AEATENLHOCTD YeJIOBEKa U MPHEMBI YIIPABJICHAS IIAHAIBLHBIMA NPOlleCCaMH
6GbUIH 3aJIOXEHB! B OOLIEN INIALHOJOTHA M TaKAX JMCLHMIUIAHAX, KaK WH-
>KeHepHOe Mep3JIOTOBe/ieHHe, JIEJOTEXHNKAa M CHerorexHunka. Oco6GeHHO
6ypHO pa3BuBanach JefoTeXHHKa. KonndecTBo npobnem HHKeHepHOH ris-
I[MOJIOTHH HENpPEPLIBHO YBEIHYMBAECTCA, PACTYT O6bEM U Hay4YHbIH YPOBEHD
JIeROTeXHHYECKHX HccnepoBanuil. ITomumo aToro, mMeeTcs MHOro 3ajav
MIDKEHEPHOM IIIALHOJIOrHH B Pa3iIMYHLBIX OTPaciAX Xo3sicTea. B yacrrocTH,
MHOTO 3aJia4 BO3HMKAET B 00J1aCTH MCIOJIb30BAHHUA JIbJJa ¥ CHEra B KayeCTBe
CTPOHUTENLHBIX MATEPHAJIOB, IPH 3alIUTE ROPOT M Pa3JIHYHLIX 06 HEKTOB OT
CHEeXXHBIX JIaBHH, B Goph0e ¢ 06liefieHeHHeM Cy/IOB, CAMOJIETOB, JIMHHN CBSA3H.
AKTyaJIbHBIMH CTaJIH BOIPOCHI CO3MaHUSA HCKYCCTBEHHBIX JIEASAHBIX OCTPOBOB
AL OCBOEHMS NPHPOAHBIX 6OraTCTB apKTHYECKOro mienbda.

I'maBHBIMEH HanpaBlieHHAMH (yHIaMEHTAJIbHBIX HCCIEJOBaHHHi B
06J1acTH MIDKEHEPHO! TIIALMOJIOTYH ABISIOTCA:

1) uccnepgoBaHMe 3aKOHOMepHOCTeH OOpa3OBaHHA JibJa M CHEra B
€CTECTBEHHBIX H HCKYCCTBEHHBIX YCIIOBHUAX;

2) uccliejoBaHNe TePMOJMHAMHKM IIPOLIECCOB JILJO00Opa30BaHNs NpH pas-
JIAYHBIX BO3JIEHCTBUSAX Ha 3TH NPOLECCHI;

3) pa3paboTKa 3KCNEPHMEHTAJILHO-TEOPETHYECKAX OCHOB MEXaHHKH
JIbJla U CHEra;

4) BrIpaboOTKa COCOGOB YNpaBlIeHUS NPOLECCaMH BOSHHKHOBEHHS JIbJia
U CHera B NIPHPOJHBIX YCIOBUAX (BBINaficHNEM H OTIIOXEHHEM CHera, o6pa-
30BaHNEM H pa3pyLICHHEM JIEfSHOTO NMOKPOBa, [BMXXEHHEM H TasHHEM
JIEHUKOB M IPYTHMH IIALMANEHBIMA MPOLIECCAMK);

5) pa3paboTka cnocoG0B NPOrHO3UPOBaHHA BO3MOXHBIX M3MEHEHHMH
CBOJCTB JIbfia ¥ CHEra B 3aBHCHMMOCTM OT NPHPOAHLIX M aHTPONOrEeHHbIX
¢akTOpoB;

6) BrIpa6oTKa CnocOGOB M3MEHEHN MEXaHHYEeCKHX CBOMCTB JIbAa U
CHera — YBeJIMYEHNs WIIH CHIDKEHHS X IPOYHOCTY;

7) pa3paboTKa HayYHBIX OCHOB HCKYCCTBCHHOrO OGpa30OBaHHA M pa3s-
PYLIEHAs JIbJIa U CHera;

8) pa3paboTKa cnoco6GoB CO3faHMsA JIbJa C TpeGyeMbIMH XapaKTe-
PHCTHAKaMH ero (pH3NKO-MeXaHHMIECKHX CBOHCTB;

9) NpOrHO3MpOBaHHUE IIIALHANBLHBIX IPOLECCOB NPH X031 HCTBEHHOI! fes-
TENLHOCTH;

10) cocraBneHne CIpaBOYHBIX ¥ METORHYECKHEX NIOCOGMI IO MIDKEHEPHOMI
TJISIIMOJIOTHH.

OTH HCCIEROBaHMUS CO3JAIOT HAJIEXXHYIO TEOPETHYECKYIO OCHOBY I
pellleHHs ePeYNCIEeHHbIX HIDKE KOHKPETHBIX 3aiay.

229



Pa3paGoTka MHXeHepHLIX clocoG0B HaMopaXXuBaHusa abaa. Cymecr-
BYIOT TPH OCHOBHBIX METOAA CO3[JaHHUs JIEAHBIX MACCHBOB M JIEASHBIX
KOHCTDYKIHI — HaMOpa>KHUBAHUA JIbJa NYTEM PacHblLIEHAS BOABLI M Ipe-
PBIBHBIX IIOJIMBOB; KJAaJKH M3 3apaHee 3aroTOBJICHHBIX GJIOKOB Jbjga H
KOMOGHHHPOBaHHbIe CIOcO6b! HaOphI3ra ¥ NOJMBOB C MCIIOJb30BAaHUEM KYCKOB
JbJla ¥ CHera. DTH METO/bI elle HEOCTaTO4YHO pa3paboransl. Heob6xopumo
6oJiee ry60KO M3YYHTh TEPMOJUHAMHUKY M (pU3NYECKHE 3aKOHOMEPHOCTH
IIPOLIECCOB HaMOPaXXHBAaHHS JIbAAa M YTOUYHHTb PaCYETHbIE MOJENH MJIA
BbIGOpa ONTHMANBLHLIX PEXXMMOB TakuX npoueccos. Haspena norpeGHOCTE B
COBEPINEHCTBOBAHHH INPaKTHYECKHX CNOCOOOB HaMOpaXXHBaHHUA JbJa,
0COGEHHO B CYPOBBIX KITMMATHYECKUX YCIOBHAX.

Hawu6onee cnoxunyio npobiieMy npefcTaBiIseT HAMOPaXKMBaHHE JIb/a U3
MopcKoii Bofbl. IToTpe6HOCTL B 3TOM CBfi3aHa C NEPCNEeKTHBaMH HCNOJb-
30BaHMs HCKYCCTBEHHBIX JIEASHBIX OCTPOBOB M IJIAT(HOPM AN Pa3BEAKH H
no6bruM He(pTh U rasa Ha weibge apKTHYECKHX MOpeil.

YBennuenne BA3KOCTR M NpodHocTH Jbja. IlapaMeTprl, XapaKkTepu-
3ylOIIMe MJIaCTHYECKHE CBOMCTBA JIb/ja H €ro IPOYHOCTh, 3aBUCAT OT IJIOT-
HOCTH, CTPYKTYPhI H TeMIEpaTyphl! Jibga. M3BeCTHO, HaNnpUMep, YTO NpPOY-
HOCTb MEJIKO3EPHHUCTOrO JIbJa OGLIYHO BbILIE NPOYHOCTH KPYNMHOKPHUCTAI-
ymdeckoro. ITpoyHOCTE JbJja yBENNYNBAETCS IPH NOHIDKEHUH TEMIIEPATYPhl
¥ HaJIMYMH B HEM pa3NIMyHbIX A00aBOK. 3HaHHE 3THX 3aKOHOMEpPHOCTE
NO3BOJIIET HCKYCCTBEHHO YBEJIMYMBAThH NMPOYHOCTL HAMOPAXXKNBAEMOTO JIb/ia
IyTeM CO3[aHHUA JbAAa C 3aflaHHOM CTPyTypoil. B psame cnydyaes ueneco-
06pa3HO MCKYCCTBEHHO NOAAEPKABATh B CO3[]aBa€MOM JIEITHOM MacCHBE
PacyeTHYIO OTPHHATENBHYIO TEMNEPATYPY, 06ecneynBalomyo TpeGyembie
NPOYHOCTHRLIE XapaKTEPUCTHKY. Ba’kHO yCKOPHTE BBIpaGOTKY NPaKTHYECKAX
NpUEeMOB HaMODPa>XHMBAHUA JIbJa M3 YHCTOI BOABI M BOABLI C A06GaBKaMH
ApEeBECHHBI, MCKYCCTBEHHBIX BOJIOKOH M IPYrHX MaTEpHaJOB.

HcKyccTBeHHOE yIUIOTHEHHe U ynpouHeHne cHera. IIpoyHOCTh ecTecT-
BEHHOT'O CHEXXHOIO IOKPOBa OGBIYHO HEBEIIMKA, IOTOMY ISl HCIIONIb30BaHAS
CHera B CTPOMTEJILHBIX LENAX NPUXONUTCA MCKYCCTBEHHO YBEJIMYMBAThL €ro
npoyHocTh. JJOCTHralOT 3TOro NMyTeM YyIJIOTHEHUA CHera, 3a4acTylio B
COYETaHHH C €ro NepeMelIUBaHieM, YaCTHYHBIM IOJOTPEBOM H yBJIaXKHe-
HueMm. HanGosee nepcneKTHBHa KOMIUIEKCHas nepepabGoTKka CHera nyrem
MEXaHHYECKOro pa3pylIeHHs eCTECTBEHHOrO CHEXXHOro IOKpOBa, pacnbuie-
HHUA CHEra TelJIbIM BO3[yLIHBIM NOTOKOM, OTJIOXKEHHS CHEXHON MacChl B
TpeGyeMOM MecCTe, JONOJIHUTEILHOrO BUGPOYIJIOTHEHHS 3TOH MacChl H ee
NOCJIEAYIOIErO OXJIaXKAEHHUA.

IIpn MexaHMYeCKOM pa3pyLIEHHH U NEpPeMEIIMBAaHHN CHETa KOHTAKThl
MEeX]y ero 3epHaMH ¥ CaMH 3€pHa HapyIIaloTCs, NPUYEM B IEPBYIO OYepeb
pa3pyumalorcs Hanbonee crnaboie 3epHa. O6pa3syercs 6ojee OMHOpOAHAA
Macca U3 OKPYIIIEHHBIX KpHCTAJINYecKuX 3epeH. IIpu pacnbuIeHHH CHEXHOM
Macchl TEIJILIM BO3yXOM NOBEPXHOCTh 3€PEH CIIeTKa OIIaBJIAETCS, H NPH
OTJIOXKEHHH TaKOHi Macchl 3epHa 6biCTpO cMep3aloTcs. Bu6poynioTHeHHE
CnocoGCTBYET YIyYIIEHHIO YIIaKOBKH 3epeH U X pexenauuu. B pesynbraTe
NIOTHOCTB OTKJIA{bIBAEMOrO CHEra MOXeT NOBLIMAThCA A0 500600 km/M3.
ITpun poGaBneHun B NepeMeIInBaeMblii pa3npOOJIEHHbIH CHET PaclbLIIIEHHOMH
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BOJIbI M YIUVIOTHEHUS CHEXXHOH MacChl MOXHO INOJYYaTh CHEXXHCTBIA JIEeR
mnotHocTbio 700 kM/M3 | Golee, MeXaHMYECKHeE CBOCTBA KOTOPOro Npu6-
JIIDKAIOTCA K CBOMCTBaM NOPHCTOTO JIbAA.

B HacTosiee BpeMs yxke HaKOIJIEH HEKOTOPBIH NPaKTHYECKH OIBIT IO
MCKYCCTBEHHOMY YIUIOTHEHHIO CHEra. B 4YaCTHOCTH, 3HaUHTENbHBIE YCIEXH
6GbUIM AOCTHMIHYTHI NPH CO3[aHHM CHEXXHO-JIEJOBOH B3JIETHO-NIOCaflOYHOI
MOJIOCHI JJISE TAXKEJbIX KOJECHBIX CaMOJIETOB OKOJIO AHTapKTHYECKOro
METEOPOJIOrHYECKOro LieHTpa MorofexxHas.

HMcnons3osanue JibJa B Ka9ecTBe CTPOHTENbHOro MaTepnana. Teoperu-
yeckue pa3paboOTKH U NPaKTHYECKUH ONBIT CTPOUTENLCTBA JIEAAHBIX CKJIa-
HOB, NPUMEHEHHE JIbAa B F’HAPOTEXHUYECKOM CTPOHTENLCTBE M HCIIONb30-
BaHMeE JIbJA JUIs OGJIHMIOBKH NOA3EMHLIX BhIPAGOTOK B MEP3JILIX NIOPOAAX
NOKa3bIBaIOT, YTO MMEIOTCS pealibHble BO3MOXKHOCTH JJI1 MCIIONIb30BaHUS
JIbla B KayecTBE CTPOHMTENLHOrO MaTepHaja B Pa3iMYHBIX OTPACHAX
xo3siicTBa. OfHAKO IO CPaBHEHMIO C PeaJIbHbIMA BO3MOXHOCTAMH (haKTH-
YecKoe HCIONb30BaHHe JIbJIa €lle OYEHb MaJlo, NPEX/E BCero u3-3a ABHO
HEAOCTaTOYHOH MNONyJNApU3alUM HMEIOIEerocs OnbiTa M pAfa
OpraHU3aLUOHHBIX OCJIOXKHEHHI.

ITepcneKTHBHBIMH NPEACTABIAIOTCA UCIOJIB30BaHUE JIbJA NPH CTPOH-
TENbCTBE MAJIOHANIOPHBIX IVIOTHH B palOHaX BEYHON MEP3JIOThI, CTPOH-
TEJIBCTBO Ha3eMHbBIX M NOJA3EMHLIX COOPY>XXEHHH M3 JIbja, CO3AaHHE HCKYC-
CTBEHHBIX JIEATHBIX OCTPOBOB Ha eNbche apKTHYECKHUX MOpE.

Hcnosn3oBaHne NOA3EeMHBIX JIbOB B KauecTBe OCHOBaHMI 1A (pyHaa-
MEHTOB 3aHHi K coopyxkennii. F13-3a nmpoueccos non3ydect hyHRaMEHThI
Ha NIOA3EMHBIX JIbJaX HE ABJAIOTCA aGCOIOTHO YCTOHYHBLIMU H HENPEPLIBHO
norpyxatorcs B nejl. IIo3ToMy 06bIYHO BHIOMPAIOTCA CTPOHTENLHEIE ILIO-
IMaJKN BHE YYaCTKOB C NOA3eMHBbIMM JbAaMH. OHaKO HEPENKO CTpPOH-
TeJBCTBO GONBIINX KOMIUIEKCOB 3]aHMI M COOPY>XEHHUI CBA3aHO C HEO6XO0-
AMMOCTBIO 3aCTPOHKH YUaCTKOB C NIOA3EMHBIMH JIbAAMH.

Teopus pacueTa ocagok (pyHAaMEHTOB ellle lajieKa OT COBEPIIEHCTBA U
TpebyeT pnanbHeimel paspaborku. HeoGxopumo pa3paboraTh cnoco6bl
YMEHBLIECHUS CKOPOCTH OCafOK (PyHaMEHTOB M NOBBIIIEHUS AONYCTUMBIX
Harpy3oK Ha JIEfiiHOE OCHOBaHHe.

Mexannyeckoe paspyuieHue JibJa H cHera. B MHXeHepHO# NpakTHKe
4acCTO BO3HHMKAET HEOOXOAMMOCTD pa3pylIaTh €CTECTBEHHBIN JeAHOM NOK-
poB, GYPHTBb CKBaXXHHbI H CO3[]aBaTh KOTJIOBAaHbI B NOA3EMHBIX JIbJAX, PO-
XOAUTh BLIPaGOTKH B JIEJHHKAX, APOGHTH HaJIEAHLIN Jel, YRaliAThb OT-
JIOXEeHus CHera. 3TO TpeGyeT COBEpUIEHCTBOBAHMA NPAaKTHYECKHX MepO-
npustiit. Oco60ro BHUMaHHS 3aCITyXXHBAaeT pa3paboTKa BbICOKONPOHU3BOAY-
TEJILHBIX 1 3KOHOMUYHBIX MAIIHH JJIA pa3pylIeHus ¥ yOOPKH JIbJia ! CHera.

3amuTa OT CHEXHBIX 3aHOCOB. VI3BECTHO, YTO CHeXXHhIEe 3aHOCHI 3a-
TPYAHAIOT 3KCIUIyaTalUUIO0 aBTOMOGHIJILHBIX U XeJIE3HbIX JJOPOT, a3pOApo-
MOB, OTKPBITBIX IOPHBIX pa3paGOTOK M psAfa APYrUX XO3AHCTBEHHBIX
06bexToB. [1y1s1 60pL6BI C HUIMH CO3[JalOTCS CHErO3aLIMTHBIE JIECHBIE TOJIOCHI
BROJIb IOPOT, BO3/IBUIalIOTCA CHErO3afieP>KMBAIOIME U CHETOBLIYBaIOLINE
INWTBI, PETYIHPYIOTCS NPOLECCh! BETPOBOrO CHEronepeHoca U OTIOXEHUS
cHera. B aTOM HanpaBeHHM AOCTHrHYTHI 3HAUMTENBLHBIE YCIIEXH, H TEM He
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MeHee eCTb ellle MHOTO HEOTJIOXHEBIX 3ajlay, NpeX/e BCero B HallpaBJICHHH
NOBBLIUIEHHAS HAfeXXHOCTH M yYMEHBUIEHHS CTOMMOCTH MEPONPHATHH IO
3alHTE XO31UCTBEHHBIX O6EKTOB OT CHEXKHBIX 3aHOCOB.

3amuTa OT CHeXHbIX JaBuH. Ha npakTuke NpuUMeHAIOT npoduiak-
THYECKHE MEPBbI 3alIMTHI OT JIaBHH, BKJIIOYalOIIMe NPOrHO3HPOBaHHUE JIaBHH-
HOH ONAaCHOCTH M HCKYCCTBEHHOE OOpyIIeHHe CHera C JIaBUHHOONACHBIX
CKJIOHOB C NOMOIIbIO apTHIIEPUACKOrO MJIM MHHOMETHOro ob6cTpena u
B3pbIBa 3apAAO0B. [Insa Gonee HafeXXHOM 3aMIMTHI O6'BEKTOB HEOOGXORHUMO
BO3BOJUTL ClIELHaJIbHble NMPOTHBOJIAaBUHHBIE coopyxXeHus. Omymaercs
HaCTOATENbHas NOTPeGHOCTh B COBEPILIEHCTBOBAaHUN METOAMKH OINpefe-
JIEHUs! PacYETHBIX CHErOJIaBUHHBIX Harpy30K Ha MPOTHMBOJIABHHHBIE COOPY-
>KeHHUs 1 pa3paGoOTKN KOMIUIEKCHBIX METOJOB 3aLIUThI OT JIaBHH.

3amuTa 0T MNIAHUAIBHEIX CeJiei H BOJOCHEXHBIX NoTOKoB. Oyaru Hau-
Gollee aKTHBHOrO 06pa30BaHUs IIISALMAJIBLHBIX CeNlell pacloyiaraloTcst O6bIYHO
Ha nepHdepUiHbIX Y4YacTKax JIEAHAKOB H CHEXHMKOB, IJe HMMEIOTCH
CKOHJIEHHSI MOPEHHBIX PBIXJIO06JIOMOYHBIX IpyHTOB. CelleBbie NOTOKH MOTYT
PacIpoCTpaHATHLCA Ha 3HAYUTENbHbIE PAaCCTOSAHUS M IIPOM3BOAUTDL OOJIBIINE
pa3pyumeHust Ha csoeM nyTH. Cnoco6el MPOrHO3MPOBAHUA IIALMANBbHBIX
ceneit pazpaboTaHsl c1abo u TpeOyIOT fajibHeHIIero COBEpIIEHCTBOBAHNS.
Heo6xoquMO COBEpIIEHCTBOBATb H CHOCOGHI 3alIUTHI OT cejeil. Bopo-
CHEXHble NIOTOKH, 06pa3ylolmecs Ha CKJIOHaX TOp B NEpHOJ CHErOTasHUs,
3aHAMAIOT NPOMEXYTOYHOE NMOJIOXEHNE B Py KaTacTpOoUIECKHX CKIO-
HOBBIX IIPOLIECCOB MEX/Y CHEXHbIMHU JTaBMHaMH M censamu. IIpu paspaGoTtke
cnoco6oB 3aUIUTH!I OT BOJOCHEXHBIX IOTOKOB HauboJiee CIOXHYIO 3afiaqy
NIPeACTaBISAIOT BLIGOP MX PacCUYeTHBIX IAPaMETPOB H ONpENeIEHHE Harpy30K
Ha 3alUTHbIE COOPYXKEHHS.

HMckyccTBeHHOE peryiupoBaHie TassHUA cHera R Jibjaa. Mi3BecTHBI OmbI-
ThI IO YCKOPEHHIO NPOLECCOB TassHASA CHEra M JbAa NyTeM yMEHbIIEHHUS
anb6el0 NOBEPXHOCTH U NpPUMEHEHHs XMMHYeCcKHX BeuecTB. OfHaKoO
NpaKTHYECKHE NpHEMBbl PEryjlIHpOBaHUA WHTEHCHBHOCTBIO TasHHMA NOKa
pa3paboTansl cnabo u TpeOyloT faJbHEHIIMX TEOPETHYECKUX HCCIIE[OBAHMIA
H TEXHHYECKHX pa3paboTok. OCOGEHHO aKTyallbHbIM CTAHOBHUTCS Peryiiu-
pOBaHHE HHTEHCHBHOCTH TasiHUS JIEAHUKOB B TeX paiiOHax, Ific IEAHUKOBBIA
CTOK HMEET CyIECTBEHHOE 3Ha4YeHne B BORHOM GasaHce.

YBenudenue Hecyuei cnocodHocru geasaHoro nokposa. Ilpu akcnnya-
TalUH JIEAAHBIX Nepenpas Yepe3 PeKH M 03epa U HCIOJIb30BaHUM JIEATHOrO
IIOKpOBa B KayecTBe AOMOJHUTENLHON CTPOMTENLHOM IJIOLIAfKH NN
BO3BeJIecHHS. MOCTOB, F’HAPOTEXHUYECKHUX U IPYrUX COOPYXKEHHUI 4acTO BO3-
HHKaeT HeOOXOIMMOCTD B YBEJIMUEHUH Hecylel CIOCOGHOCTH €CTECTBEHHOrO
JIETHOTO NOKpOBa. JIOCTHIHYThL 3TOr0 MOXKHO NyTEM COBEPIIEHCTBOBAaHMA
cnoco60B HAMOPaKMBaHHUA JIbAa B IPOM3BOJCTBEHHBIX YCIOBUAX, apMHUPO-
BaHUs JIEAAHOrO MOKPOBA H 3aLMThI €ro OT TasHUA M pa3pyuenns. Ocoboe
BHHUMaHHe ClIeyeT YAENHTb NOBBILMIEHHIO HAfleXKHOCTH JIeAHOro NOKpOBa
IIpY epeMeLIeHUH N0 HeMy 6OJIbIIMX IPY30B, YTOYHEHHIO METOIOB pacyeTa
NpefeNbHbIX Harpy30K 1 AechopMaLuil, HCCIE{OBAaHMIO NIOBEIEHHs JIEATHOTO
NOKPOBa ITPA U3MEHEHHUH YPOBHS BOJBI.

IMponyck abaa yepe3 rEApoTexHUYecKHe coopykenns. Ilpu crpon-
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TENbLCTBE M IKCIUTYaTalMHM THAPOTEXHUYECKHX COOPYXEHMH Ha peKax B
ceBepHbIX paifoHax esponeiickoi yactu Poccuu, B Cubupn u Ha Cesepo-
BocToke BO3HMKAET OrpOMHOE KOJIMYECTBO 3aj1ay, CBA3aHHBIX C IPOIYCKOM
JIBJa Yepe3 COOpY>KeHUS U peryJnpoBaHHUEM JIEAOBLIX SBJIEHHH Ha KacKafax
THRPOY3JIOB.

YMenbleHHE RABJIEHHs MOPCKHX JIBJ0B Ha coopyxenus. ITosrimenHoe
NaBJIeHHE MOPCKHX JIb0B HEONHOKPATHO 6bINIO IPAYMHON pa3pyIIeHAs Mas-
KOB, IPHYaJIOB U APYrUX coopyxXeHuit. Oco60 BHICOKHX JIEROBBIX HaIPy30K
(no 300 u GoJyiee TOHH Ha OfMH NMOTOHHBbIA METp NEpHMETPa MOPCKOTO
COOPYXEHHsI) MOXKHO OKHUATh NP NOIBIDKKAX JILAOB B CEBEPHBIX MOPSAX.

ITpu cTpOUTENLCTBE MCKYCCTBEHHBIX ONOp Ha Ieib(e M BO3BENECHUH
HCKYCCTBEHHBIX JIEIHBIX OCTPOBOB TPeGyeTcs IPOBOJUTL MEPONPHATHS 11O
yMeHBbUIEHHIO MaKCHMaJIbHbIX JIEJOBbIX Harpy3ok. Takue MeponpusaTus
MOTYT BKJIIOYaTh OCNaGlieHue JIENAHOTrO NIOKPOBa Ha HEKOTOPOM YRaJIeHHH
OT COOpYyXeHHs IIyTeM YCTPONCTBa Npope3eil B NOKpPOBE, HapyUIEHHS
CIJIOLIHOCTH JIEiHBIX NOJIell ¥ NPUMEHEHNA XMMHYECKUX BEIECTB, YMEHb-
LIAIOUIMX NPOYHOCTH Jibfa. [lepcnexkTHBHA pa3paboTKa OCOOBIX KOHCTPYK-
THBHBIX (hOPM NOBEPXHOCTH MCKYCCTBEHHBIX COOPYXEHHH, 06eCIeYNBaIOMIHNX
yMeHbIIEHHe JIeOBbIX Harpy3ok. ITo Mepe OCBOEHHS apKTHYECKOro
wenbda, BURUMO, ChOPMHPYETCs ClIelHaIbHOE HanpaBlieHHe HHXKEHEPHOM
CJISLAOJIOrHH, CBA3aHHOE C MCIIOJIb30BaHHEM MOPCKOro Jibfia ¥ 60pnboii ¢
JIelOBbIMHA 3aTPYJHEHUAMH.

PeryaupoBaHie NnpouneccoB o0pa3oBaHusa Hajefeil U cOBEpPLIEHCTBO-
BaHHe NPOTHBOHAJIEAHLIX MeponpuaTHil. VIHXeHepHble METOAbI 3aIMThHI OT
HaJlefiell fOpor, 3aHNii N Pa3JIMIHLIX COOPY>KEHHii BKJIIOYaIOT NPOBEJIEHHE
AETaNbHBIX MCCIENOBaHHH MCTOYHHKOB HaJlefell M NpPOTrHO3UPOBaHME
HaJIe[HbIX IPOLIECCOB I YCIOBHI CTPOMTENILCTBA, MPOEKTUPOBAHUA HCKYC-
CTBEHHBIX COOPY>KEHHI C y4ETOM JIEAOTEPMHUYECKOTO PEXXNMA NEPeCEKaeMBbIX
BOJOTOKOB M NpUMEHEHMS KOMIUIEKCa NPOTHBOHAJIEAHbIX MEPONPHATHH.
OcHOBHas 3ajjaya 3aKJII0YaeTCA B falibHENIIEM HCCIEAOBAHUN HaJIEAHBIX
npoleccoB U pa3paboTke 6oyee HaeXXHbIX H 9KOHOMHYHBIX IPOTHBOHAJIE]-
HBIX MEPOINIPUSTHI.

Bopnoa ¢ o0JieaeHeHHEM CYA0B, CAaMOJICTOB, JIRHUI CBA3H, AOPOIKHLIX
NOKPBITHI U APYriX coopyxenuii. PaspaGoTka MeponpusaTuil no 6ops6e
o6neleHeHMeM HJeT B HECKOJbKHX HanpasieHusax. Pa3pabGaTbiBaloTcs
KOHCTPYKTHBHBIE MEPONPHATHS, OGeCeYHBalOLNe YMEHbIIEHHE HHTEHCHB-
HOCTH OGJlefileHEHNs, HaNpUMEpP, NyTeM BLIpaBHHBaHHUA NMOBEPXHOCTEH H
JIMKBHAANMM "KapMaHOB", Tie MOXeT 3aJiepXXUBaThCA N 3aMep3aTh BOJA.
Co3paloTcs cneuaibHble NOKPBHITHA, Ha KOTOPBIX Jie] MoXeT o6Gpa3o-
BBIBaThCA TOJIBKO NPH OTHOCHTEJILHO HU3KOH TeMIlepaType U CHIIbI afre3un
nbfa ocnabnensl. PazpabaTeiBaloTcst cnoco6bl MEXaHHYECKOro, TENJIOBOTO H
XMMHYECKOro pa3pylleHus M yRajJeHus HaMep3aloulero jbaa. Bripaba-
TBHIBAIOTCA CNOCOGBI PEryJMpOBaHHUA YCIOBHSAMHM JIbROOGpa3OBaHUA H
MepOINIPHATHSA IS MCKIIIOYEHHS! BO3MOXKHOCTH O6JIelEeHEHNS 3aLUIIaeMOro
o6bekTa. CoBepllieHCTBOBaHME CIOCOG0B 60pL6BI C 06NeieHeHneM TpebyeT
ROINOJIHATENBLHBIX HCCIIEOBaHUI MPOLECCOB 0Opa30BaHus JIbAia Ha NOBEPX-
HOCTH TBEPABIX TEJl IPH Pa3IMYHBIX TEPMOAMHAMHMYECKNX YCIOBHSAX.
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Heo6xopuMo TakKe feTajibHee U3yIUTh CTPYKTYPY H CBOMCTBa HaJIEJHOrO
JIbla B 3aBHCHMOCTH OT COCTaBa M XapaKTEPHCTHK NOBEPXHOCTH TBEPAOro
TeJla M YCIOBHI JIbROOGpa3oBaHuA.

JInsa panbHelmero pa3BUTHS WIDKEHEPHOM IIISLHOJIOTAY CIEAYET aKTH-
BH3NPOBAaTh MCCIEJOBaHMS B NEPEYHCICHHBIX HampasiieHHsx. Ocoboe
BHHMaHHE YAEIUTh PELICHHIO IISALHO3KOIOrHYeCKNX Npo6iieM, BOZHUKAIO-
OIUX IO MEpe PpelIeHHs MHXEHEepHbIX npobineM. XKenaTenbHO TakXke
NOATOTOBHTh M M3[aTh CHENHANM3NPOBaHHbIE NOCOGHS IO MHIXXEHEPHOI
TJIALEONIOTHH. ,

25.2. 3KOJNNOrMYECKUE ACNEKTBI rnsyuonormm

Tasuuo3Kkoorns pa3BuBaeTCa KaK OTPaCcib HayKH Ha CThIKE IIISALHOJIO-
UM B 3KOJIOTMH M NIPH3BaHa pellaTh Hay4yHble U NPaKTHYeCKHe Npo6ieMbl
B3aUMOJEHCTBUSA YeJIOBeKa M HUBAJILHO-TJIALMAJILHBIX CHCTEM B NPUPOJe.
O6bexTaMu ee MCCIIefOBaHUI ABJAIOTCA €CTECTBEHHbIE M AaHTPONIOreHHbIE
9KOCHCTEMBI, COfiepXKalye NPAPOAHLIE JIbABL.

Jlen m cHer OTHOCATCA K HaHMeHee YCTOHYMBBLIM KOMIIOHEHTaM IpH-
ponBl, NO3TOMY AaXKe OTHOCHTEJILHO HeGOJbIIOEe M3MEHEHHE peXHUMa UX
CYLIECTBOBAHMSA MOXET HapyUINTh 3KOJOrHYEKOe pPaBHOBECHE I'EOCHCTEM.
Casuuonornyeckue 3KOCHCTEMbI BECbMa YyBCTBHTEJIbHbI K aHTPOIOreHHBIM
BO3[eHCTBUAM NpU XO3ANCTBEHHOMN AEATEJILHOCTH, OCOGEHHO B BBICOKO-
rOPHBIX pafiOHax U B palfOHaX pacpOCTPAHEHUs NTOA3EMHBIX JILJOB.

B ¢opmupoBannu penbeda BbiCOKOropbsi 60JbMIas polib NPUHANJIEXKAT
APEBHUM M COBPEMEHHBIM JIEHUKAM, CHEXXHOMY ITOKPOBY M CHEXXHBIM Jia-
BuHaM. COBpeMEHHOe OJieleHeHHe HCIbIThIBaeT KojieGaHus. IopHble nep-
HHKH B HaCTOsSIIIEE BPEMs HMEIOT TEHAEHIMIO K COKPAIEHNIO MX NJIOIAfH 1
MacChl, YTO IPHBOJHUT K BBICBOOOXJEHMIO GOJNBLUIMX MacC PBIXJIOro
MODEHHOrO MaTepHala, Coco6GCTBYIOLIEro 06pa3OBaHUIO IIALMAJIbHBIX
ceneil. B 3UMBI C NOBBINIEHHOH CHEXHOCTHIO YCHIIMBAETCH JIaBUHHAs
AEATEJILHOCTD Y, NOPOii, CXORAT KaTaCTpogHYeCKNE JIaBUHbI, NPUBOAAIIME K
pa3’pylLIEHHIO XO31iCTBEHHBIX O6BEKTOB B CUMTAIOUINXCA J1aBUHOGe3onac-
HBIX MecTax. TakWe JIaBHHbI YHHUTOXAIOT TaKXe JIeCHble MacCCHBBI U
Pa3pyLIaloT NOBEPXHOCTDb CKJIOHOB.

Xo3siicCTBEHHAs AEATENBHOCTh YCHINBAET Pa3pyLINTEILHYIO EATEIb-
HOCTb IJIALHANBHBIX npoueccoB. IT0o3TOMYy NpH OCBOEHHM TOPHBIX TEp-
PpHATOpPHIT HEOOGXOMMO NPOTrHO3UPOBATh BEPOATHbIE H3MEHEHNUA [IISLHANBHbBIX
IPOLIECCOB ¥ OLEHUBATh MX nociencrans. ClefyeT yYATbIBaTb, YTO YaCTO
caMble, Ka3ajloCh Obl, nojie3Hble MEpONPHATHS MOTYT NPHUBOAUTHL K
HeXeJlaTeJIbHbIM NocnefcTBHsIM. Tak, B paitone IIpuans6pychs B NOCHERHEM
RECATHUIICTHH HAa4yaJiH INHPOKO NPUMEHATLCA MPOTHBOJIABHHHBIE O6CTpEbI
OMNACHBIX CKJIOHOB B LIEJIAX MCKYCCTBEHHOrOo OGpYIIEHMS HEyCTONYMBBIX
CHEXHbIX Macc. XOTA TaKHe MEpONpPHATHA NO3BONAIOT YNpaBiAThL oOpa-
30BaHHEM H CXOJIOM CHEXXHBIX JIaBHH U HEPEAKO OKa3bIBAIOTCA €AMHCTBEHHO
BO3MOXXHBIM CIIOCOGOM NpefoTBpallleHus JIaBUHHBIX KaTacTpod, TeM He
MeHee 0Ka3aJloCh, YTO NpH 06CcTpeliaX HapylaeTcs IOBEPXHOCTD CKIIOHOB, a
3TO NPHBOJNT K YCHJICHUIO JIABHHHOW AeATENbHOCTH. BhuIM ciyyan, Korga
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BCIIE[ICTBHE OOCTPENIOB CXOUIIY JIABMHBI B MECTaX, IJle paHee UX He Oblo, H
3TH JIaBHHBI BbI3bIBANIM pa3pylieHus ¥ ru6ens mopei. Yacro HabGmonaroTes
ciy4yad yXyAIIEHHA 3IKOJOTMYECKOH CHTyallHM B ropax, CBA3aHHEIE C
NpOBElEHHEM FOPHBIX paboT, yCTPOACTBOM NONYBBIEMOK JUIs OPOT, CO3-
AAHHEM OTBAJIOB NYCTHIX NMOPOJ H APYrHMH MEPONIPHATHSAMH, IPHBOAALIUMH
K 3arpsA3HEHAIO CHEXKHOTO NIOKPOBA H NIOBEPXHOCTHBIX BOJ.

BopnHelit pexXXuM JIEHHKOBLIX PaHOHOB AaJIeKO HE BCErjga OTBEYaeT
noTpe6GHOCTAM X039HCTBEHHON feaTenbHocTH. IT03TOMY BO3HMKAaeT HEO6-
XOMIMOCTb PETYJINPOBaHUA ITOrO PEXAMA, I YEro yxe CO3[laHbl Hay4YHbIe
npepnockuiky. ITojieBbie ONBITE! NOKa3aid, YTO TasHUE JIEAHUKOB MOXHO
CYIIECTBEHHO YCHIIATh, NPON3BOAA 3aYE€PHEHHE HX NIOBEPXHOCTH YTOJILHOM
NBUIBIO. YBEJIMYEHHS BOAHOrO CTOKa MOKHO JJOGHThCA IyTeM 3afiep>XKaHus
METEJIEBOTO CHEra M HCKYCCTBEHHOro OOpYIIeHWs CHera cO CKJIOHOB.
PerynmmpoBanue cTOKa MOXHO NPOM3BOAMTH C IIOMOMLILIO CHCTEMBI BORO-
XpaHUJIMIL, CO3/laBaEMbIX B BEPXOBBAX PeK HIDKe JICMHHKOB. Takue BOpO-
XpaHHJIHINA OJHOBPEMEHHO YMEHBLIIAIOT BO3MOXHOCTL OOGpa30OBaHHS
KaTacTpo(HYecKHX cejieBbIX NOTOKOB. OHAKO CJEyeT YYHUThHIBATh, YTO
TaKOro pofia MEpONIPHATHA MOTYT BbI3bIBATh HEGIaroNpUATHLIE HapYIIEHHUS
npupopHoi cpepbl. IToaTOMy BO BCeX Clydasix HEOGXOAMMO KaK MOXHO
6oJiee TIIATEIBLHO NPOrHO3MPOBATh BEPOSATHHIE N3MEHEHHA TIISALNANBHBIX
IIPOILIECCOB ¥ IPOBOANTH 3KOJIOrMYECKYIO IKCIIEPTH3Y.

B paiioHax pa3BHTHS CENBLCKOTO XO3AHCTBa IIMPOKO MCIONBL3YIOTCA
CHeXHble Menuopauuu. Bo MHorux permonax Poccum npumensercs
CHEro3ajepKaHue JJsA 3alIMThl JOPOr, KapbepoB, NOCEJIKOB M APYrHX
00BEKTOB OT CHEXXHBIX 3aHOCOB.

Ha pekax akojiornueckue npo6iieMbl BOZHUKAIOT B CBS3H C JIEASHBIMH
3aKOpaMH, JIEAOXOAOM H JIEASHBIMH 3aTOPaMH.

B 30He pacnpocTpaHEHHs! MHOTOJIETHEMEP3JIbIX NOPOJ 3KOJIOrHYecKHe
npo6iieMsl Yalle BCEro BO3HHMKAIOT NPHM HapyUIEHMAX €CTECTBEHHOroO MOK-
poOBa, NPUBOASAMINX K BBITAHBAHHIO NOA3EMHBIX JILJOB H NPOTaHBAHHIO
JIBOHACHILIEHHBIX IPYHTOB.

K pernonanbHbIM npo6iieMaM IIISIMOIKOJIOrMM OTHOCHTCHA H3ydyeHMe
B3aUMOBJIHSHAA M3MEHEHNI KIMMaTa, IPUPOAHBIX JILAOB H OKpYyXalomiei
Cpefbl, BKIIOYas BJIUSHHE aHTPOIOrE€HHBbIX BO3JEMCTBHA Ha HUBAJLHO-
rAsSMalibHbIe CHCTEMbI. BaxXHOe 3HaueHHMe MMEIOT pa3paboTKa METOROB
ocna6ieHns CTUXMIAHBIX IIAIMOIOrHYECKHX MPOLECCOB, YCHIMBAIOMIMXCA IO
Mepe BO3pacCTaHHS XO3AHCTBEHHOH [eATENbHOCTH JIOAeH, M OLEeHKa
KPHTHYECKHX Pa3MEPOB HapyLICHHs NPUPOAHLIX CHCTEM, Korfa Guocdepa
MOXET IOTEpPAThL CNOCOOHOCTh caMoBOccTaHOBIeHHA. Oco6oe 3HaueHHe
npuoGpeTaeT penieHne npobiieM, CBA3aHHBIX C COXpPaHEHHEM M YIIy4IlleHueM
IISIMOIKOCHCTEM IIPH XO3SHCTBEHHOM OCBOCHHMH TEPPATOPHIA.



SAKJNIOYEHUE

OpHoit 13 BaXKHEAIIMX IPOGJIEM TIIIALMOJIOrHH HA COBpEMEHHOM 3TAalle ee
Pa3BUTHA SABISAETCS BCECTOPOHHee H3yYeHHMe B3aHMOCBA3EH MexXny
oJieicHeHHeM 3eMIH, rio6aJbHBEIMH H3MEHEHHAMH KJIMMaTa ¥ OKeaHoM. [l
peleHus 3Toi nNpo6ieMsl cOpPMHPOBAINCh YEThIpE HaNpaBJIeHUs Hccre-
AOBaHUI: N3yyeHHe NPOLIIBIX OJIefieHeHN 3eMJIi, OpraHu3alus CUCTEMa-
THYEeCKUX HaOJNIOeHNii 32 COBPEMEHHBIMH TIIISALMAJILHBIME NPOLIECCaMH,
OLIEHKa POJIM IIIALHAJILHBIX NPOLIECCOB B H3MEHEHUH KIIMMaTa ¥ IIPUPOJHON
cpenbl, pa3paGoTKa MSHUOIOrHYECKUX IPOrHO30B.

JlegHuKH ABNAIOTCA YYBCTBUTEJILHBIMH MHIHKATOPAaMH KoJieGaHU KiH-
Mara. [laske OTHOCHTENBHO HEGOIBIIIOE H3MEHEHHE TEMNIEPATYPHOTO PEXN-
Ma M KOJIMYECTBa OCAaJiIKOB MOT'YT BBbI3BaTh 3aMeTHble H3MeHeHus OanaHca
Macchl, CKOpOCTeil IBI>KEHUA U pa3MeposB JeaHukos. [Ipn noxononanuy, a
TakXe NPH YBEJINYEHHH KOJIMYECTBA TBEPABIX OCAAKOB aKKyMYIALMS
JIE[JHUKOBOI MacChl NpeBhIIaeT ee aGNALHI0. DTO NPHBOAUT K HaCTYNaHHUIO
JIEAHUKOB, BLIpAXaloIIeMyCsi B IPOABHXKEHNH KOHIIOB M KpaeB JIETHUKOBBIX
IIOKPOBOB M yBEeJIMYEeHHIO uX Macchl. [loTenyienne M MccyuieHne KiuMaTa
Cnoco6GCTBYET OTCTYNAHHUIO JIEJHAKOB — COKPALIEHHIO MX JJIMHBI, IVIOIIafH A
Macchl.

IToMuMO BHEUIHMX BO3JEHCTBHH Ha MacCO?Heproo6MeH M pa3Mepbl
JIE[{HUKOB, KJIIMMaTHYECKHe YCJIOBHS JIbJOOOpa3oBaHHUsA B ONpefesIeHHOMH
creneHy "(DUKCHPYIOTCA" B CTPYKType NbJla H COflepXKaHMH B HEM CTa-
GHUIBHBIX M PaJMOAKTHBHBIX M30TONOB. DTO AaeT BO3MOXHOCTh PEKOH-
CTpYHMpOBaTh KJINMaTHYeCKHEe HM3MEHEHHMS B INPOLIJIOM IO HRAaHHBIM
KCCJIEROBAaHMI TOJIY JIeqHUKOBOrO JibJa. Haubonee uennyo napopManuio
06 HM3MEHEeHHH YCJIOBMIl OJIEleHEHHd B NMPOLIJIOM AAaeT M30TOIHO-reoXu-
MHAYECKMH aHaJIM3 JIEASHOrO KepHa M3 riyOOKHMX CKBaXXMH B AHTapKTHJe H
I'pennanpnn. PazpabGaThiBaloTcs HOBbiE METOAUKHM aHAJM3a COfEPIXKaHHUA
H30TOIOB, ra30B ¥ NbUIEBBIX YaCTHI[ BO JIbAY, YTOUYHAIOTCSA CNIOCOOLI BHIYMC-
JIEHUS. aKKYMYJISLHA U TeMIepaTypbl BO BpeMsa o6pa3oBaHus JbJa, NpPO-
BOJATCA KOPpPENsLUH MeX]y BapHAUWAMH M30TONOB M ra3oB B JIE[ASHOM
KEepHe C pe3ylbTaTaMH UCCIEeXOBaHNi IyGOKOBOHbIX OTIIOXKEHUH.

Bospocna norpeGHOCTL B 06 befHHEHNH HaKOMJIEHHOW MHGOpMaluu O
INISUANBHBIX Npoleccax B NH(OPMaLHOHHbIE CUCTEMBI C TAKMM PacyeToM,
yTOGBI 3Ty HHGPOPMALMIO MOXHO GBIJIO ONIEPAaTHBHO MCNONL30BaTh KaK s
¢yHIaMEHTaJIbHBIX UCCTIEJOBAHMIA, TaK M NI PeLIEHNA NPaKTHYECKNX 3aja4
¥ MPOTHO3MPOBaHNsA HEGJIarONPUATHRIX INIALMAJBHEIX ABJeHH. OKa3anoch,
4yTO MMelowascs uH¢OpMaLusa HEPEAKO MPOTHBOpPEYNBa B €€ HE BCerja

236



yhaeTcs BKIIOYHTh B eiMHbie MHOpManMOHHbIe cucTeMbl. IToaToMy Baxk-
HYIO POJIb HTPAIOT NIPOBOJNMBIE 1O EAMHBIM METOIAMKAM CHCTEMaTHYeCKHe
HaOJIOfleHus!, HalIpuMep, 3a 6alTaHCOM MacChl HEKOTOPBIX THINHYHBIX JICTHH-
KOB, 32 CHEXXHBIM IIOKPOBOM B CETH METEOCTaHUMH, 3a Jb{aMH B apKTH-
YEeCKHMX MOPAX, 32 CXOJOM CHEXHBIX JIABHH M IIIflHaNbLHbIX ceneil. Haspesna
HEOOXONAMOCTL B OpPraHi3al[iil MOHNTOPHHIA 332 COBPEMEHHBIMM TIIALMAIb-
HBIMM NPOLECCAMU II0 TaKHM NpOrpaMMaM, KOTOpbIE AayT BO3MOXHOCTb
HaKOIINTH CBEJCHMS JUI pelleHus Npo6ieM, CBA3aHHBIX C ri100aJbHBIMA
HM3MEHEHASAMH KJINMATa.

Amnanu3 xone6GaHuii KIMMaTa 3a NocleHee ThiCAYeJIeTHe aeT OCHO-
BaHHME NpejnoJaraTh, 4TO nocjie noremieHus B XX B. JOIKEH HaYaThCA
NEPEXOR K HEKOTOPOMY NMOXOJOfaHMIO KimMaTa. OHAKO CYIECTBYIOT H
Apyr¥e nporHo3nl. B pesynbTaTe feaTelLHOCTH 4eloBeKa B aTMocdepe
HEYKJIOHHO yBennunBaeTcs cofepxanne CO,, ¢ppeonos, MmeTana, aMMnaka,
COETMHEHHH CEphl, OKHCIIOB a30Ta M JPYrux ra3osbix npumeceit. Conep-
JXXaHHe ITUX NpuMeceil B Gimkaiiume fecATHNeTHS GyleT NOBLIMIATHCA, H
3TO MOXKET NPABECTH K CYIIECTBEHHOMY NOTEIUIEHHIO KIUMaTa. IIporuossl
KJIMMaTa eue JaJieKl OT COBEepUIEHCTBA M He HAalOT YBEPEHHOCTH B
NPaBHILHOCTH BBIBOJIOB O TOM, KaK Xe OyJAeT MEHAThCA KJIMMaT B GyQRy-
meM. TeM He MeHee nmpeo6afialOT MHEHHS O BEPOATHOM TIJIO6GallbHOM
MOBBIIIEHUH TEMIIEPATYPbI BO3[yXa.

3HavyATeNbHBIA HHTEPEC NPENCTABNAET B3aUMOCBA3b ONleleHEHN 3eMIIH
C H3MEHEHUAMH ypoBHa MupoBoro okeaHa. ITo gaHHBIM HaGmIOfeHHI,
YPOBEHb OKeaHa B TeuyeHne nocnepuux 100 neT nogHMMaeTcsa CO CKOPOCTHIO
1-2 Mm/rof. 3TOT NOABLEM NPOUCXOJAT BCIEACTBHE TEPMHUUYECKOrO pacly-
peHust BOALI NIPH r106aIbHOM NOTENJIEHUH, TastHNS JIEJHUKOB Y JIEAHUKOBBIX
NOKPOBOB, YMEHBIIEHNS 06 bEMa NNOBEPXHOCTHBIX U NOA3EMHBIX BOJ. 3afa-
yell JaNbHEHNINX HCCIEAOBAHMIA ABJIETCA NPOBEPKA CYHIECTBYIOLIAX H
pa3paboTKa HOBBIX MOJeJiell pacueTa H3IMEHEHH! YPOBHA OKeaHa M Npor-
HO3NpOBaHHE 3THUX M3MEHeHuit B GyaymeM. ITo HEKOTOPBIM pacuyeTHBIM
MOfeNIAM NOJly4aeTcs, YTO K cepefuHe GyRylliero CTojeTHs rioGaibHas
TeMInepaTypa MOXeT NOBBICHTbCA Ha 1,5-2,0°C, npu 3TOM ypOBEHB OKeaHa
MOXeT NOofHAThCA Ha 40-80 cM, B ToMm umcie Ha 20-50 cMm 3a cuer
TEII0BOro pacumpenns BogHoi Tonum (Kornsakos, 1994).

IToMuMO rno6GalbHBIX INIALMOJIOrMYECKHX NPOTHO30B, BaXKHYIO pOIb
HIpaloT PETrHOHAJIbHbIE NMPOTHO3bl BEPOATHHIX M3MEHEHMH TIIAUUaNbHBIX
NpolieccCOB, KOTOphle pa3pabGaThIBalOTCA UCXOMd U3 Pa3IMYHBIX CLleHapHEB
BEPOATHOro M3MEHEeHWs KauMmarta B 6yaymeM. Tak, coriacHoO KiHMaTH-
YECKOMY IPOrHO3y NOBBINIEHHMS II0GanbHOR TeMIepaTyphbl, B FOPHBIX
CTpaHaX yMepeHHbIX mMpoT EBpa3um jieTHHE TeMIepaTypbl OCTaHYTCS
IIPYMEPHO Ha COBPEMEHHOM YPOBHE, a B 3UMHee BpeMsi OyieT HaGlItonaThCs
NOBBIIIEHAE TEMIEPaTyphl BO3[lyXa U ocafkoB. [ToaToMy B Havane Je[HUKH
He OYAYT MCHBITHIBATh CyLIECTBEHHBIX H3MEHEHHIl, HO IOCTENIEHHO OHH
HaYHYT COKpaulaThcia. B cy6TpONHYecKHX YCIOBHAX rOpHbIE JIENHAKH MO-
YT HCYE3HYTh NOYTH IOJHOCTHIO yXe B NEPBOH YETBEPTH Clefylo-
LIETO CTONETHA. YBEJINYHTCA riyGHHa Ce30HHOro NMpPOTaHBaHUA B paifo-
HaX pacnpoOCTPaHCHHsA BEYHOH Mep3noThl, OynyT pa3BHBaThCA Npolec-
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Chl BBITaWBaHMs NOA3EMHBIX NbAOB. B ApKTHKe yCHNHMBaeTCs abGuaumus
JIEHAKOB.

JansHeiiee pa3suTHe Teopum onepeHenns 3emuu tpebyer Golee
HeTaJbHOTrO H3y4eHNs XapaKTepa H ONpefeJIeHHs KOMHYECTBEHHBIX XapaK-
TEPUCTHK MEXaHH3MOB B3aMMOJEHCTBUA JIENHHKOB, MOPCKHX IIbJOB H
CHEXXHOTO NOKPOBa ¢ aTMOC(epoil 1 OKEaHOM B Pa3jIM4YHbIX BPEMEHHBIX H
IPOCTPaHCTBEHHBIX H3MEPEHHSX.

B nocnenuve rogb! HHTEHCUBHO Pa3BHBAIOTCA OTHOCUTENIBHO MOJIOJbIE
Hay4YHble HaNnpaBJICHAs — HHXXEHepHas IAUMOJIOrus H Iisuuo3Kojorus. B
06JIaCTH HHKEHEPHOM TIISLMOJIOTHH NOSABHINCh NepCIEKTHBbI COBEPIIECH-
CTBOBaHMs Hay4YHBIX OCHOB M NPAaKTHYECKMX NMPHEMOB HCKYCCTBEHHOrO
BO3[IeHCTBHS Ha NPHUPOJHLIE IIIALMONOrHYECKHE NPOLECCh] ¥ YIPaBlIeHHs
3THUMHM NPOLECCAMH, YTO HEN3GEXKHO CO3AACT PAR HOBBIX IKOJOrMYECKHX
npo6nem. TakuMm o6pa3om, rasuuonorus B XXI B. norpebyer fannHeiimero
Pa3BUTHA KOMIUIEKCHBIX HCCIIEAOBaHMI, COYETAIONUX HOBbIE PHEMBI MO-
HUTOPMHIa, COBEPLIEHCTBOBAHNA HayYHBIX OCHOB, NOBbIMEHNA 3¢(hEKTHB-
HOCTH MHJKEHEPHBIX MEPONPUATHH H pellleHHs 3KOJIOTHYECKHX Tpobiem.
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