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OCOEEHHOCTM )J;E<l>OPMAII,MH 3EMJHIHbIX IIJIOTMH 
ll BO,Il;OCEPOCHbIX COOPY)K.EHMH Hll3KOro HAIIOPA 

B YCJIOBM5IX BEqHQH MEP3JIOTbl 

HHcmumym Mep3J!Om06eOeHU5! co PAH UM. mcao. II.H. MeJ!bliUIC06a, 
677018, 51JcymcK, HHcmumym Mep3l!omo6eoeHuR, PoccuR 

Hap51,LIY c 06ll\ei.-13secrHhIM11 np11q11HaM11 ,L1ecj:JopMau11i1 rpyHTOBhIX nnor11H (cnmKHhie re0Kp11onor11qecn1e 
ycJIOBl151 crnopoB, cyponbIH KJil1MaT, CJJO)!(Hbie ycJIOBl151CTp011TeJihCTBa11 3KCTIJiyarau1111) BCKpb!Tbl 11 11CCJie,[IOBaHhl 
cneu11cjJ11qecK11e Bl1,[lhI ,L1ecj:JopMau11i1 coopy)!(eH11i1. K Hl1M OTHOC51TC51 nonepeqHhie Mopo3o6oi1Hhie Tpell\11HhI 11 
TIOJil1rOHaJibHbie Tpell\11Hbl YCb!XaHl151, KOTOpbie B p51,Lle cnyqaes 51BJ151IOTC51 HaqaJibHbIMl1 ,[IJI51 pa3Bl1Tl151 MOp03o6oi1-
HbIX; TpeW,11Hbl OTCJIOeHl151 rpyHTa OT CTeHOK ycTOeB BO,[IOC6pocoB. 3acjJ11KC11pOBaHbl Ml1KpOCTPYKTYPHhie npeo6pa-
30BaHl151 rpyHTOBbIX qacn11_\, 113MeHem1e rpa1-1yJIOMeTp11qecKoro COCTaBa, TIJIOTHOCTl1 ynaKOBKl1 11 BJia)!(H0CTl1. 
BcKpb!T MexaHl13M OTCJIOeHl151 rpyiua OT KOHCTPYKul1i1 B0,[IOC6pocoB 11 l13MepeHbl B HaTypHbIX YCJIOBl151X Ha 
,L1ei1CTBy1oll\eM coopy)!(eH1111 nem1q11HbI nepeMell\eH1111 rpy1-1TOBh1x qacnrn" a TaK)!(e ,L1aBne1-111e, KOTopoe 0H11 
OKa3hrnamT Ha CTeHKl1 ycTOll. 

fl"~OmUHa, 6000C6pOC, Mep3J!blU ipyHm, oerj;opMaU,U5!, 6J!a/KliOCmb, meMnepamypa 

DEFORMATION OF EARTH-FILLED DAMS AND LOW-PRESSURE SPILLWAYS 
IN THE PERMAFROST AREA 

R.V. Zhang 

Melnikov Permafrost Institute SB RAS, 677018, Yakutsk, Russia 

Along with well- known reasons of deformations of earth-filled dams (complicated geocryological conditions 
of sections, severe climate, complicated conditions of construction and operation) , specific types of deformation of 
structures have been revealed and studied. These are cross frost cracks and polygonal cracks of drying which in a 
number of cases initiate the development of frost cracks; cracks of the soil rending from the abutment walls of 
spillways. Microstructural transformations of the ground particles have been marked as well as changes in 
granulometric composition, packing density and moisture content. Mechanism of the soil rending from the structures 
of spillways has been revealed and the magnitude of soil particles movement has been measured under natural 
conditions on the acting structure as well as the pressure the particles produce on the abutment walls. 

Dam, spillway, permafrost , deformat ion, moisture content, temperature 

BBE)l,EHIIE 

OnhrT 3KcrnryaTa11;i1tt rtt11,poTexHHIIeCKHX co

opy)KeHHH BOll,OX035IHCTBeHHOro H rHAPOMeJIHOpa

THBHOro Ha3HaIIeHH5I B o6JiaCTH pacnpOCTpaHeHH5I 

MHOroJi:eTHeMep3JibIX rpyHTOB CBHll,eTeJihCTByeT 0 

TOM, IITO Bonpoc o6ecneIIeHH5I HX ycTOHIIHBOCTH 

CTOHT OCTPO H B HaCTO>Im:ee BpeM>I • .. 

meil Mepe yIIHThIBaJIH reoKpttoJiorttIIecKHe H KJIH

MaTHIIeCKHe ycJioBH>I cTpOHTeJihHOH rrJiom:aAKH 

[C/)l(GH, 1997]. 
HecoMHeHHo, IITO nptt B03Be11,eHHH nJIOTHH Ha 

JihAHCThIX OCHOBaHH5IX, npHl.!HHaMH 11,ecjJopMall,HH 

5IBJI5IeTC5I OTTaHBaHHe IIOCJiell,HHX, a 11,ecjJopMall,HH 

Bbipa)KalOTC5I B BHAe JIOKaJihHbIX rrpoca11,0K H rrpoBa -

JIOB; rrpOMOHH B MeCTax rrpHMbIK3HH5I 3eMJI5IHOH 

IIaCTH IIJIOTHH K 6opTaM AOJIHH peK; rrpo11,0JihHh1x 

Tpem:HH H CIIOJI3aHHe OTKOCOB [TuMo(jJeii.l.f.yK, 1960; 
XoM3e, 1966; T.f)l(aH, 1997]. 

IIpttIIHHhI H BHAhI 11,ecjJopMall,HH rtt11,poTeXHH

IIeCKHX coopy)KeHHH OilHCaHhI H HCCJiell,oBaHhI 

P>IAOM aBTopoB [TuMo(jJeii.l.f.yK, 1960; XoM3e, 1966; 
T.f)l(aH, 1972; Eu5lHOB, 1975; T.f)l(m-t, 1980 ]. Pa3py

maIOI11He 11,ecjJopMall,HH CB5I3aHbI c Hell,OCTaTOl.!HbIM 

ofo,eMOM HH)KeHepHhlX H3hICKaHHH, o6ycJIOBJieHHbIX 

MaJibIMH cpell,CTBaMH cPHHaHCHpOBaHH5I; OT

cyTCTBHeM HOpMaTHBHOH 6a3hI AJI5I 3TOro KJiacca 

coopy)KeHHH, Il03BOJI5IIOrrt:eH npHH5ITb npaBHJibHhie 

KOHCTPYKTHBHbie pemeHH5I, KOTOpbre 6br B HaH60Jib-
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06cJiell,OBaHHe rHAPOY3JIOB B HaTy pHbIX yc

JIOBH5IX, Hap>IAY c BhirneyKa3aHHbIMH rrpHl.!HHaMH, 

BhrnBHJIH P>IA crreu.HcPHIIecKHX BHAOB 11,ecjJopMall,HH 

KaK TeJia rpyHTOBbIX IIJIOTHH, TaK H MeCT rrpHMbI

KaHH5I HX K BOll,OC6pocaM H BOAOBbIITYCKaM. B 3TOH 



OCOEEHHOCTJ! l{E<:/JOPMAI{J!H 3EMJ15!Hb/X IIJIOTJ!H 

CB513ll B03HHKJia Heo6x o,n;mvroCTb ¢opM)'IIHpOBKH H 

IIOCT3HOBKH npo6JieNlliI :acCJie OBa.B:IDl. 

IIOCTAHOBKA IIPOBJIEMhI 

Cneu:mtmLieCKHMH Bm:I.a m n.e¢opMail,HM 51BJI51-

IOTC51 TpeIII;HHbI OTCJIOemrn rpy 1na OT Hecy:m;HX KOH

CTPYKil,HM Bon.oc6pocoB n BOJJ.OBhmy cKoB, a TaK)l(e 

nonepeLIHhle Mopo306o:im:b1e Tpe:m;HHbI myxoli 

rpyHTOBOM LiaCTH nJIOTHH no Tpe:m;HHaM ych1xaHnsr. 

Jl:JI51 BbI5ICHeHH51 npHpOJJ.bI 9THX n.e¢opMail,HM 6bIJIH 

BhlJ].BHHYTbI CJieJ].yIO:m;He pa60L£He rHnOTe3bI. 

rnyxaSI LiaCTb rpyttTOBOH nJIOTHHbl HMeeT 

pa3BHTYIO noBepXHOCTb TenJI006MeHa, KaK 

npaBHJIO, B nonepeLIHOM ceLieHHH 9TO Tpaneu,Hsr. B 

CIIJIY 9TOro TeJIO nJIOTHHbI HCnbITbIBaeT ropa3.D;O 

60JibIIIHe TeMrrepaTypHO-BJia)l(HOCTHbie rpa.D;HeHTbI 

no cpaBHeHHIO c IIJIOCKOCThIO. B 9TOM cJiyLiae eCTe

CTBeHHO rrpen.rroJIO)l(HTb , L!TO MHHepaJibHbie 

LiaCTHil,hl n.e3HHTerpHpyIOTC51, a rpyHTOBbIM MaCCHB 

B Il,eJIOM IIOJ].Bep)l(eH MOp03o6oiIHOMY paCT

peCKHBaHHIO 3HMOM H Tpe:m;HHaM ych1xaHHSI JieToM. 

JJ:e3HHTerpail,H51 MHHepaJibHbIX LiaCTHil, rrpHBOJJ.HT K 

H3MeHeHHIO rpaHyJIOMeTpHLieCKOro COCTaBa H rrpoLI

HOCTH rpyHTa. 

IlpHL!HHOM pa3pyrneHH51 coopy)l(eHHM B MeCTax 

rrpHMbIKaHH51 rpyHTOBOM IIJIOTHHbI K BO)J,Onpony

CKaM CL[HTaeM OT)J,eJieHHe rpyHTa OT CTeHKH YCT051 

B rrpou,ecce rrpoMep3aHH51-0TTaHBaHH51. MexaHH3M 

OTCJIOeHH51 rpyHTa OT KOHCTpyKil,HM BOJJ.OC6pocHbIX 

H BOJJ.OIIporryCKHbIX coopy)l(eHHM HaM rrpe):(CTaBJI51-

eTC51 CJie):(yIOIII;HM. y CTOH rHAPOTeXHHLieCKHX coopy

)l(eHHM HHTeHCHBHO rrpoMep3aIOT c HaCTyrrJieHII eM 

OTpHil,aTeJibHbIX TeMrrepaTyp B03.D;yxa. B CHJIY CBOeM 

crreu,mpHKH OHH HMeIOT LiaCTO CJIO)l(HYIO KOHcjJHry

pail,HIO H pa3BHTYIO IIOBepXHOCTb TeIIJI006MeHa c 

B03AYXOM ll BO)J,HbIM IIOTOKOM. K OXJia)l():(aeMhIM 

noBepXHOCT51M ycTpeMJI51eTC51 BJiara H 3aMep3aeT Ha 

rpaHHil,e rpyHT-CTeHKa ycTOsr. B npou,ecce n.aJibHeli

rnero rrpoMep3aHH51 Ha 9TOM rpaHHil,e 06pa3yeTcsr 

Jie.D;51Ha51 rrpOCJIOMKa, KOTOpasr KaK 6bI OTO)J,BHraeT 

rpyHT OT CTeHKH ycT051. c .!1,pyroli CTOpOHbI, TeMrre

paTypHbie ):(ecpopMail,HH rrpHB0):(51T K o6'heMHOMY 

coKpa:m;eHHIO rpyHTa o6paTHOM 3aChIIIKH. Hano

)l(eHHe 9THX ABYX rrpou,eccoB rrpHBO):(HT K oTCJIO

eHHIO rpyttTa OT cTeHKH ycTosr. BecHoli, c HaCTyrr

JieHneM IIOJIO)l(HTeJibHbIX 3HaqeHHM TeMrrepaTypbI 

B03):(yxa, Jie):(51Hbie rrpOCJIOMKH BbITaHBaIOT, rpyHT 3a 

cqeT TeMrrepaTypHbIX ):(ecpopMail,HM yBeJIHL!HBaeTC51 

B o6'beMe, HO Ha BeJIHL!HHY MeHhrnyIO, LieM TOJIIII;HHa 

Jie)J,srHOM rrpocJIOMKH. B pe3yJihTaTe Me)l(AY rpyHTOM 

H CTeHKOM ycT051 o6pa3yeTC51 :m;eJib, KOTOpasr npH 

nponycKe BO):(bl 51BJI51eTC51 nyTeM ):(JI51 KOHTaKTHOM 

cpHJibTpail,HH, npHB0):(51JIJ;a51 K ):(ecpopMail,H51M coopy

)l(eHHM Ha 9TOM yLiaCTKe. 

JJ:nsr npoBepKH BbI):(BHHYTbIX mnoTe3 6bIJIH 

rrpoBe):(eHbI KOMnJieKCHbie HCCJie):(OBaHH51 B HaTyp

HbIX H Jia6opaTOPHhlX ycJIOBH51X. 

HaTypHhle HCCJie):(OBaHH51 rrpoBOAHJIHCb Ha co

opy)l(eHHSIX Xopo6yTcKoli CHCTeMhI JIHMaHHoro opo

rneHHsr Ha p.CyoJia B 11,eHTpaJibHOM 51KyTHH. 

<l>H3HL!eCKOe MO):(eJIHpOBaHHe npou,ecca OTCJIOeHH51 

rpyHTa OT CTeHKH BO):(OnporrycKa npoBe):(eHO B 11,eH

TpaJibHOM HH)l(eHepHOM Jia6opaTOpHH I1HCTHTyTa 

rJISIIl,HOJIOmH H reoKpHOJIOmH AH KHP. 

METOJJ:IIKA IICCJIEJJ:OBAHIIH 

KoMnJieKCHbie HaTypHbie HCCJie):(oBaHH51 BKJIIO

LiaJIH CJie):(yIO:m;He Bll):(bI: ):(HHaMHKY cpH3HKO-Mexa

HHL!eCKOro COCTaBa rpyHTa myxoli qaCTH nJIOTHHbI 

H ycTOeB (6ypeHHe, rnypcpOBKa c OT6opoM o6pa3Il,OB 

.D;JI51 aHaJIH3a Ha BJia)l(HOCTb, rpaHyJIOMeTpHLieCKHM 

COCTaB); JJ.HHaMHKY TeMnepaTypHoro pe)l(HMa (H3-

MepeHHe B reoTepMHLieCKHX CKBa)l(HHax no o6:m;e

npHH51TOM B reoKpHOJIOrHH MeTO):(HKe c nOMOJIJ;bIO 

TepMope3HCTopoB MMT-1, MMT-4); AHHaMHKY 

):(aBJieHH51 rpyHTa Ha CTeHKY ycT051 (c nOMOIII;blO 

):(aTLIHKa ):(aBJieHH51 THna IIJJ:M-70 - TeH3ope3HC

TOpHbIM npeo6pa30BaTeJib .D;aBJieHH51); ):(HHaMHKY 

ropH30HTaJibHbIX ):(ecpopMail,HM MHHepaJibHbIX LiaC

THil, rpyHTa (nepeMe:m;eHHe H3Mep51JIOCb c nOMOIII;blO 

cneu,HaJihHO CKOHCTPYHPOBaHHOro ycTpolicTBa c 

BTOpHLIHbIM npH6opoM LiacoBoro Tuna Hll-10); ):(H

HaMHKY BepTHKaJihHbIX ):(ecpopMail,HM (no cneu,uaJib

HbIM MapKaM c HCITOJib30BaHHeM HHBeJIHpOBaHH51 

BToporo KJiacca) ; HCCJie):(OBaHHe Mopo3o6oiIHor o 

pacTpecKHBaHH51 H Tpe:m;HH ych1xaHusr (HHCTpyMeH

TaJihHasr C'heMKa, rnypcjJOBKa, cpOTOC'heMKa, OT6op 

npo6) [Zhang, 1996 ]. 
B Jia6opaTopHbIX ycJioBHsrx 6hIJI paccMOTpeH 

LiaCTHbIM CJiyLiaM MO):(eJIHpOBaHH51 TeIIJIOBbIX npo

u,eccoB, npOXO):(HBIIIHM npH CJie):(yIOIII;HX ):(Ony

:m;eHH51X: MaTepHaJI MO.D;eJIH H HaTypbI O):(HHaKOBhI; 

TeMn npoMopaxrnBaHH51 rpyHTa npOH3BO):(HJIC51 B 

TeMnepaTypHbIX ycJioBnsrx HaTyph1; H):(eHTHLIHbI c 

HaTypoli 6hIJIH H a6coJIIOTHbie 3HaL£eHH51 TeMnepa

TYPbI Hapy)l(Horo B03):(yxa. 

l13JIO)l(eHHbie ):(OIIy:m;eHH51 npaBOMOL!HbI, TaK 

KaK B 3a):(aqy 9KCnepHMeHTa BXO):(HJIO: a) ycTaHOB

JieHHe cpaKTa o6pa30BaHH51 npOCJIOMKH Jib):(a Ha rpa -

HHil,e CTeHKa ycT051-rpyHT; 6) npoBepKa npH)l(aTH51 

rpyHTa K HaKJIOHHOM noBepxHOCTH npOTHBOcpHJibT

pail,HOHHOro yCTpOMCTBa [Zhang et al., 1996]. 

PE3YJihTAThI 

KoMnJieKCHhie nccJie):(OBaHHsr I1HCTHTyTa Mep-

3JIOTOBe):(eHnsr CO P AH Ha rpyHTOBbIX nJIOTHHax B 

5IKyTHH rH.D;pOMeJIHOpaTHBHOro Ha3HaL£eHH51 

[l/)l(ali, 1975; l/)l(ali 1981] ycTaHOBHJIH, L!TO B 

npou,ecce cpopMHpOBaHH51 HX TenJIOBJia)l(HOCTHOro 

pe)l(HMa, OHR HCnbITbIBaIOT 3HaLIHTeJibHhle, no cpaB

HeHHIO c ecTeCTBeHHbIMH noBepxHOCT51MH, rpa

.D;HeHTbI TeMnepaTypbI H BJia)l(HOCTH; CHJibHO nccy

rnaIOTC5I; rpyHTOBbie LiaCTHil,bI nO,[(Bep)l(eHbI ,[(e3-
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P.B. '!)KAH 

HHTerpau,m1 H rrepeyrraKOBKe B rpyHTOBOM MaCCHBe. 

Tipn: 3TOM cJiegyeT pa3JIH1IaTh ,[(Ba Bn:ga rrpeo6pa30-

BaHn:n B TeJie IIJIOTHH - MaKpO- (Tpem:n:Hbl YCbI

xaHH5I, MOpo3o6oiiHhle) H MHKpOCT PYKTYPHhie (H3-

MeHeHn:e rpaHy JIOMeTpH1IeCKOro COCTaBa H IIJIOT

H OCTH) . 

BJiarogap5I rrpou,eccaM n:ccyrneHH5I n:, B03Hn:Ka

ID:W:HM rrpn: 3TOM, 60JibIIIHM rpagn:eHTaM BJia)KHOCTII 

(go 0,2 ,[(OJieH e,[(HHIIIJ, Ha MeTp) H TeMrrepaTypbI (go 

20 rpag/ M) Ha IIJIOTHHe JieTOM IIIHpOKOe pa3BHTHe 

rroJiy'laIOT Tpem:n:HhI ych1xaHH5I. fJiy6n:Ha rrpoHn:K

HOBeHH5I HX B TeJio IIJIOTHHbl ,[(OCTHraeT 1, 4 M rrpn: 

r Jiy6n:He rrpoTan:BaHH5I 2,2 M, rnn:pn:Ha rroBepxy 

3-5 CM. Tpem:n:HhI ych1xaHn:5I o6ecrreqn:BaroT a3pa

u,n:ro H OKHCJieHn:e CTeHOK. 0KHCJIHTeJibHbie peaK

IJ,HH crroco6cTBYIOT u,eMeHTaIJ,HH qaCTHIJ,, 3a cqeT 

qero rpyHThI xoporno gep)KaT BepTn:KaJihHhie cTeHKH 

[Cepzeea U ap., 1960). C HaCTYIIJieHHeM XOJIO,[(HOrO 

rrepn:oga raga Tpem:n:Hbl CJiy)KaT IIYT5IMH ,[(JI5I IIOC

TYIIJieHH5I B03gyxa c oTpn:u,aTeJihHhlMH 3Ha1IeHH5IMH 

TeMrrepaTypbI B TeJIO IIJIOTHHbI. 3¢¢eKT 3TOro ox

Jia)K,[(eHH5I CK33bIBaeTC5I y)Ke 1Iepe3 HeCKOJibKO ,[(Hen: 

TeMrrepaTypa rpyHTa Ha rJiy6n:He 2-2,5 M IIOHH)K3-

eTC5I go Mn:Hyc 4-5 °C. B pe3yJihTaTe pe3Koro 

OXJI3)K,[(eHH5I H rrpoMep33HH5I rpyHTOB, JieTHHe Tpe

:W:HHbl ych1xaHH5I yrny6JI5IIOTC5I n: gocTn:raroT Mep3-

JihIX rpyHTOB 5I,[(pa IIJIOTHHbI. Ilpn: ,[(aJihHenrneM 

oxJia)K,[(eHn:n: rrpoMep3rnero rpyHTa no 3THM Tpe

m:n:HaM pa3BHB3IOTC5I MOp03o6onHhie Tpem:n:HbI. 

)1,oKa3aHO [KOHUU{e6, 1962 ], qTo B ycJIOBH5IX 

ce30HHOrO rrpoMep33HH5I-OTTaHB3HH5I Tpem:n:HbI 

ychIX3HH5I rrpegorrpegeJI5IIOT B03HHKHOBeHHe pa3-

JIHqHbIX MHKpOCTPYKTYPHbIX rrpeo6pa30B3HHH 

rpyHTa. 3To xoporno rrpocJie)Kn:BaeTC5I B H3MeHeHHH 

rpaHyJIOMeTpn:qecKoro COCTaBa rpyHTa TeJia IIJIO

THH. <I>aKTn:qecKn:e ,[(3HHbie, rrpn:Be,[(eHHhle B pa6oTe 

Ta6 JI 1111a 1. /l:HHaMHKa BJJa/KHOCTH H o6beMHOro seca rpyHTOB npasoro ycTOSI BO,[IOC6poca 
Xopo6YTCKOH CHCTeMhl JJHMaJIHOro oporneHHSI 

8.08 . 89 r . 1.09. 91 r. 11.04. 92 r. 13. 08. 93 r. 

rJiy611Ha, 
0,5 M OT CTeHKH 

0,5 MOT 2,5 MOT 0,5 OT CTeHKH M w, % y , r/cM3 CTeHKH CTeHKH 

w, % y, r/cM3 W, % w, % W, % y, r/cM3 

0,1 6,3 1,09 
0,5 11,5 1,80 
1,0 11,9 - 9,7 1,7 11,2 12,4 9,8 1,65 
1,5 10,3 1,75 
2,0 17,3 2,1 18,0 13,0 17,4 1,95 
2,5 17 ,3 1,99 
3,0 13,3 2,0 19,8 2,1 21,6 14,4 16,1 1,95 
3,5 15,1 1,85 
4,0 17,4 2,0 16,5 16,3 13 , 1 1,93 
4,5 16,0 1,77 
5,0 14,9 1,95 22,2 
6,0 24 ,7 

10,0 23,6 1,85 
15,0 24,7 1,85 

Ta 6 JI 111\ a 2. B Jia}KHOCTh H o6beMHhlH sec rpyHTa npasoro YCTOSI BO,[IOC6poca Xopo6YTCKOH CHCTeMhl JJHMaHHOro oporneHHSI. 
Illypcp co crnpOHhI um1rnero 6hecpa (no i:1aHHhIM Ha 10.10.93 r .) 

Paccrnmme OT 
06beMHhlH Bee 0 6'heMHbIH sec 

r Jiy6mia, M 
CTeHKH yCTOSI, M 

BJia)lrnOcTh, M BJia)l(HOro rpyHTa, CKeJieTa r~yHTa, IlpttMetJaHHSI 
T/M3 T/M 

0 12,8 
0,1 11,7 1,82 1,63 rpyHT Mep3JihIH 

0,2 0,2 11,4 1,92 1,73 cy rrecqaHo-cyr-

0,4 10,7 2,04 1,85 
JIHHHCThIH 

06 14 5 2 14 1,87 
0 15,9 1,86 1,61 

0,4 
0,1 11,7 2,04 1,82 
0,2 10,0 1,85 1,68 To }Ke 

0,4 9,9 1,99 1,82 
0,6 11 4 2,0 1,80 
0 10,9 1,56 1,37 

0,6 0,1 14,8 1,84 1,62 « 
0,2 10,8 1,83 1,66 
06 10 3 1 96 1 79 
0 11 ,3 1,47 1, 32 

1,0 0,1 9,9 1,69 1,54 rpyHT Mep3JihIH-

0,2 11,8 1,83 1,63 neCOK 

0,6 14,2 2,09 1,83 
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OCOBEHHOCTJf !{EC/>OPMAl.(Jfif 3EMJI5!Hh!X IIJIOTJfH 

[lJ")l(aH, 1981], CBH.11,eTeJibCTBYIDT 0 TOM, 'ITO B 

pe3yJihTaTe cpaBHHTeJihHO He6oJibmoro (Bcero 6) 
IJ;HKJia rrpoMep3aHH5I-OTTaHBaHirn B ITJIOTHHax 

rrpOHCX0.11,HT .11,po6JieHHe rrecl.J:aHbIX l.J:aCTHIJ; KpyrrHee 

0, 1 MM H HaKorrneHHe MeJIK03eMa, 'IaCTHIJ; pa3Me

poM 0,05-0,01 MM. MexaHH3M 3Toro rrpou;ecca 

rro.11,po6Ho orrttcaH B Tpy.11,ax [!IoJLmee, 1966; Pe-
6uH8ep, 1951; K0Hu14ee, 1973; K0Hu14ee, 1977; 
Epuwe u 8p., 1973 ]. 

Pe3yJihTaTOM BhrmeorrncaHHhrx rrpou;eccoB, 

rrpOHCXO.ll,5III(HX B rpyHTOBbIX ITJIOTHHax, 5IBJI5IIOTC5I 

H3MeHeHH5I cPH3H'IeCKHX rrapaMeTpoB rpyHTa. TaK, 

3a meCTb JieT 3KCITJiyaTaIJ;HH rpyHTOBOH ITJIOTHHbI 

Xopo6yTcKoii CHCTeMhr JIHMaHHoro opomeHH5I rrpo

H30IDJIO pa3yITJIOTHeHHe rpyHTa Ha my6HHe 0, 1 M 

OT 1,7 r/cM3 .11,0 1,5 r/cM3, a Ha myfarne 0,4 MOT 

1,9 r/cM3 .11,0 1,7 r/cM3• TaKHM o6pa3oM, .11,e3HHTer

pau;H5I rrec'IaHhrx rpyHTOB crroco6cTBOBaJia pa3BH

THID Tpern;HH ychIXaHH5I, KaK rrepBHl.J:HbIX H MOp030-

6oiiHbIX Tpern;HH, TaK H BTOpH'IHbIX. 

EoJibmoli HHTepec rrpe.11,cTaBJI5IeT H rrpocTpaH

CTBeHHOe pacrrpe.11,eJieHHe BJia)KHOCTH H ITJIOTHOCTH 

rpyHTa. B rn6JI. 1 H 2 rrpe.11,cTaBJieHhI HaTypHbre 

Ha6JIIO)l,eHH5I 3a .11,HHaMHKOH BJia)KHOCTH H ofo,eMHOM 

Maccoii rpyHTa o6paTHOH 3aCbIITKH )KeJie3o6eTOHHO

ro Bo.11,oc6poca Xopo6yTCKOH CHCTeMhr JIHMaHHOro 

opomeHH5I Ha p. CyoJie B Pecrry6mrKe Caxa (.5!Ky

TH5I) . CJie.11,yeT cpa3y )Ke OTMeTHTb, 'ITO rrpou;ecc 

¢opMHpOBaHH5I TeITJIOBJia)KHOCTHOro pe)KHMa coo

py)KeHH5I He 3aBepmeH H rrpHBe.11,eHH hie .11,aHHhie 

P, Kr/cM2 

2 

HOC5IT rrpoMe)KyTO'IHbIH xapaKTep. Ilo 3THM .11,aHHbIM 

MO)KHO cy.11,HTb ITOKa 'ITO TOJibKO 0 HaMeTHBIDeHC5I 

TeH.11,eHIJ;Hll OTMel.J:eHHbIX rrpou;eccoB. 

Cpe.11,H5I5I BJia)KHOCTb rpyHTa .11,0 rJiy 6nHhI 5 M 

cocTaBJI5IeT 13, 4 % , ofo,eMHa5I Macca 1, 96 r I CM3• 

fpyHTbl OCHOBaHH5I c rJiy6HHhl OT 6 .11,0 15 M H M eIOT 

xapaKTepHyID .ll,JI5I CTBOpa ITJIOTHHbl BJia)KHOCTb 

MHOroJieTHeMep3JibIX rpyHTOB 24 % c o6'beMHOH 

Maccoli 1,85 r/ CM3• HecKOJibKO rroBI:>rmeHHhre 3Ha

'IeHH5I o6'heMHOH MaCCbI rpyHTa o6'b5ICH5IIOTC5I Ha

JIH'IHeM BKJIIO'IeHHH rpaBeJIHCTo-rn;e6HHCTbIX pa3-

HOCTeH. y JIOBHTb KaKyID-m160 l.J: eTKYID 3aKOHOMep

HOCTb BJia)KHOCTH rpyHTa He rrpe.11,cTaBJI5IeTC5I B03-

M0)KHbIM, 3a HCKJIIO'IeHHeM rrpHCTeHHOro CJI05I 

(CM. Ta6JI . 2). I1 TeM He MeHee, B u;eJIOM, c y'IeTOM 

ypoBeHHoro pe)KHMa rrporrycKa B0.11,bI 1Iepe3 Bo.11,o

c6poc H rrpou;eccoB rrpoMep3aHH5I-OTTaHBa mrn rpyH

Ta, c orrpe.11,eJieHHOH .11,0Jieii .11,orryrn;eHH5I MO)KHO KOH

CTaTHpOBaTb cJie.11,yrorn;ee. 3a TPH ro.11,a 3Kcrmya

rnu;nn BO.ll,OC6poca B HHTepBaJie my6HH 1-2 M B 

rroJiyMeTpe OT CTeHKH rrpOH30IIIJIO yBeJIH'IeHHe 

BJia)KHOCTH Ha 7-8 % . Ha1IHHa5I c 'IeTBepToro 

ro.11,a, HaMeTHJiaCb TeH.11,eHIJ;ll5I K CHH)KeHHIO BJia)K

HOCTH. Ha rJiy6nHe 5-6 M B pe3yJihTaTe HaJIJI'IH5I 

IIOCT05IHHOro HCTO'IHHKa BJiarn (cPHJibTpau;rroHH Oro 

ITOTOKa B CJIOe Ce30HHOro OTTaHBaHH5I) n pOH 30IIIJJO 

yBeJIH'IeHne BJiam c 15% .11,0 24 % . 
1I TO KacaeTC5I rrepeyrraKOBKH MHHepaJibHbIX 

'IaCTHIJ;, TO H a paCCT05IHHH 0,5-0,8 M OT CTeHKH 

rny611Ha 1,0 M 

6 ~---.---~AtJ-----.~-~--.-------,----
3Tanb1 

f, °C ti/, MM _l~V 

30 0,6 3 2,5 M 

20 0,4 2 
10 0,2 1 

0 0 0 
-10 -0,2 
- 20 -0,4 4 
-30 -0,6 3 

2 
3,5 M 

1 

0 ~~~..-~~~--~-.-~~~~~--.--. 

~L-.-~---.--.~.--. ..... -.-,-.---,--,---.--,-4-._5_M_ .~.~ 
1989 1990 1991 1992 1993 ro,o,b1 

---2 - --- 3 __..__ 4 

,II;HttaMHKa .11,ecpopMau;rru H .11,aBJiemrn rpyttTa 3a cTeHKou ycTo5I. 

1 - TeMrrepaTypa rpyHTa B MeCTe YCTaHOBKH 11aT'll1KOB 11e¢opMal(11i1; 2 - 11e¢opMal(Hl1 rpy1ua Ha paCCT05!Hl1l1l1 40 CM OT CTeHKH 

YCT05I; 3 - TO )l(e Ha paCCT05!Hl1l1 15 CM; 4 - 11aBJJeH11e r py HTa Ha CTeHKy ; P , Kr/cM2 - 11aBJJe1me; t, °C - TeMrrepaTypa ; ti/, MM -

11e¢opMau;1151. 
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P.B. '!>KAH 

HaMenrnacn TeH,[(eHIJ,H51 K pa3yITJIOTHeHHIO rpyHTa 

ITO BCett BbICOTe ycT05l. 

l1ccJie.[(OBaHH5I Ae¢opMaIJ,HH rpyHTa H ,[(aBJie

HH5I, KOTopoe OH OKa3nIBaeT Ha CTeHKH YCT05I BO,[(O

c6poca ITOKa3aJIH, 4TO Han6oJiee aKTHBHO, KaK H 

CJie,[(OBaJIO O)[(H,[(aTb, ITPOIJ,eCCbI ITpOTeKaIOT B ITep

Bble rQ,[(bI ¢opMHpOBaHH5I TeITJIOBJia)[(HOCTHOro pe

)[(HMa. Ll,HHaMHKa ,[(e¢opMaIJ,HH H ,[(aBJieHH5I rpyHTa 

B ycToe )[(eJie3o6eTOHHOro BO,[(oc6poca Xopo6yTCKOH 

cncTeMbI JIHMaHHoro opomeHH5I Ha p. CyoJie ITOKa-

3aHa Ha pwcyHKe. ITo aKTHBHOCTH ITpoIJ,ecca B ITep

BbIH ro,[( 9KCITJiyaTaIJ,HH ycJIOBHO BbI,[(eJieHO qeTbipe 

BpeMeHHbIX 9TaITa: ITepBbIH c OKT5I6p5I ,[(O Ha4aJia 

5IHBap5I; BTOpOH c 5IHBap5I ,[(O cepe,[(HHbI MapTa; 

TpeTHH c cepe,[(MHbI MapTa ,[(O HaqaJia Ma5I H 4eTBep

ThlH c cepe,[(HHbI Ma5I ,[(O KOHIJ,a ceHT5I6p5I. 

ITepBbIH 9TaIT xapaKTeptt3yeTC5I ,[(BH)[(eHneM 

MHHepaJibHbIX qaCTHIJ, K CTeHKe 3a C4eT 3aMep3aHH5I 

CB060.[(HOH BJiarn, ITpHB0,[(5IIIJ,eH K yBeJIH4eHHIO 

o6neMa rpyHTa. Ll,aT4HKH cPHKCHPYIOT B 9TO BpeM5I 

yBeJIH4eHne ,[(aBJieHH5I OT 0 .[(O 2,3-3,6 Kr/cM2• Ha 

BTOpOM 9TaITe B pe3yJinTaTe rJiy6oKoro OXJia)[(,[(eHH5I 

rpyHTa (.[(O -30 °C) 3aMep3aeT ocTaBma5IC5I rno6o.[(

Ha5I BO,[(a H qaCTb He3aMep3meil BJiarH, 9TO BbI3bI

BaJio pe3Koe yBeJIH4eHHe o6beMa rpyHTa H ,[(aJib

Heilmee ITepeMeIIJ,eHHe qacTHIJ, K cTeHKe ycTo5I. 0.[(
HoBpeMeHHO, rJiy6oKoe oxJia)[(,[(eHHe rpyHTa ITptt

BO.[(MT K o6beMHOMY COKpaIIJ,eHMIO MlrnepaJibHbIX 

qaCTMIJ,. 3TH ,[(e¢opMaIJ,HH ITOCTeITeHHO HaKaITJIH

BaJIHCb H B KOHIJ,e ¢eBpaJI51-Ha4aJie MapTa ITpM

BeJIH K OTpbIBY rpyHTa OT CTeHKH ycT05I. Ll,aBJieHtte 

rpyHTa Ha ycToil B 9TOT MOMeHT yITaJio ,[(O HYJI5I. 

TpeTHH 9TaIT, KOr,[(a TeMITepaTypa rpyHTa ITOBnrma

eTC5I OT -30 ,[(O 0 °C, xapaKTepn3yeTC5I ,[(BH)[(eHHeM 

qaCTHIJ, K CTeHKe ycT05I, o6ycJIOBJieHHOe TeMITepa

TYPHbIMH Ae¢opMaIJ,H5IMH MHHepaJinHnrx qacTHIJ, 

rpyHTa. l1 HaKOHeIJ,, Ha qeTBepTOM 9TaITe, B KOHIJ,e 

Ma5I MeC5IIJ,a, KOr,[(a TeMITepaTypa rpyHTa ITOBbI

CHJiaCb ,[(O ITOJIO)[(HTeJibHbIX 3Ha4eHHH H Ha4aJiaCb 

KOHTypHa5I cPHIIbTpaIJ,M5I B ycT05IX, Ha6JIIO,[(eHH5I 

6nrnn ITpepBaHDr. 

MaKCHMaJinHOe ITepeMeIIJ,eHHe MHHepaJinHbIX 

qacTHIJ, B ITepByIO 3HMY cocTaBHJIO 2 MM. CITyCT5I 

ro,[(, .[(.aT4HKH 6nIJIH BOCCTaHOBJieHbI H Ha6JIIO,[(eHH5I 

6nIJIM ITpO,[(OJI)[(eHbI, OHM CBH,[(eTeJibCTBYIOT 0 TOM, 

4TO rpyHT ,,,[(bi illHT"' COBepma5I KOJie6aTeJibHbie ITe

peMeIIJ,eHH5I OT ce30Ha K ce30HY. Ll,aBJieHHe ITPH 

9TOM qeTKO pearupyeT Ha ,[(e¢opMaIJ,HH rpyHTa. 

BrnroTb AO qeTBepToro ro,[(a 9KCITJiyaTaIJ,HH ITpoIJ,ec

CbI 6hlJIH HaCTOJibKO HHTeHCHBHbI, 4TO ,[(aBJieHHe B 

KpHTH4eCKHe ITepMO.[(bI ro.[(a ITa,[(aJio AO HY JI5I. Ha -

4HHa5I c IT5ITOro ro,[(a, ,[(aBJieHHe CTa6HJIH3HpOBaJIOCb 

KaK ITO BnrcoTe ycT05I, TaK n Bo BpeMeHH. Cpe.[(Hee 

3Ha4eHne ,[(aBJieHH5I rpyHTa ITO BnrcoTe ycT05I coc

TaBHJio 0,12 MITa. 

BnI.[(BHHyTa5I l1HCTHTYTOM Mep3JIOTOBe,[(eHH5I 

CO P AH rHITOTe3a B03HHKHOBeHH5I cITeIJ,HcPH4eCKHX 
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BH,[(OB ,[(e¢opMaIJ,HH, 5IBJI5IIOIIJ,HXC51 B 6oJibillHHCTBe 

cJiyqaeB ITpH4HHaMH KPYITHnrx Ae¢opMaIJ,Htt u aBa

pttil coopy)[(eHHH, ITOJIY4HJia ITO,[(TBep)[(,[(eHHe B Ha

TYPHbIX H Jia6opaTopHnrx 9KCITepnMeHTax. BITepBnre 

ITOJiy4eHbI B HaTypHbIX ycJIOBH5IX 3Ha4eHH5I ,[(e¢op

MaIJ,HH H ,[(aBJieHH5I rpyHTa, OKa3nIBaeMoe Ha CTeHKH 

ycTOeB BO,[(OITPOITYCKHbIX coopy)[(eHHH, KOTOpnre ,[(JI5I 

,[(aHHbIX Mep3JIOTHO-KJIHMaTH4eCKHX ycJIOBHH MO)[( 

HO HCIIOJib30BaTb ITPH ITpOeKTHpoBaHHH. Ha OCHOBe 

HCCJie,[(OBaHHH ITpe.[(JIO)l(eHO HmKeHepHoe pemeHHe 

COITp5IraIOIIJ,ero ycT05I, Ha KOTOpoe ITOJiy4eHO aBTOp

CKOe CBH,[(eTeJibCTBO [lfxaH, Me.!lK03epOB, 1991 ]. 
Ll,aHHOe pemeHne BHe.[(peHo Ha coopy)[(eHH5IX ABYX 
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