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JIAEOPATOPHbIE MCCJIE)J;OBAHIHI <l>M3MqECKMX CBOMCTB 
CErPEr AQMOHHOrO BHYTPMrPYHTOBOro Jlb)J;A 

c. E. rpequ~eB, A. B. IlaBJIOB, IO. B. IlleurnH, o. B. rpequ~eBa 

Jfftcmumym KpuoccjJepbl 3eMJLU CO PAH, 117982, Moc1rna, yJL. BaBUJLOBa, 30/6, K. 85, PoccUJI. 

Tipe;iCTaBJieHbl pe3yJibTaTbl 3Kcnep11MeHTaJ!bHblX na6opaTOpHbIX HCCJie]IOBaHHH cPl13H4eCKHX CBOHCTB cer­
peral\HOHHOrD BHyTp11rpyHTOBOro Jlb]la. Tipe]IJIOlKeH 3KCnpecc-MeTOJI HeCTal\HOHapHoro TenJIOBOrD pelKHMa c 
l.\l1KJIH4eCKl1 l13Mem1101.1..1,ei1CS1 TeMnepaTypoi1 JIJIH l13MepeHHSI K03cPcPHl..\l1eHTa TeMnepaTyponpOBOJIHOCTH Mep3JIOrD 
rpyHTa. YcTaHOBJieHo, 4TO B cpe;iHeM TennonpOBOJIHOCTh cerperal.\HOHHOro BHyTp11rpyHTOnoro JibJla Ha 40 % 
HH)l(e, a fiJIOTHOCTb Ha 10 % MeHbUJe COOTBeTCTBYIOl.l..\HX CTaH;iapTHbIX 3Ha4eHHH. 

Mep3J1b1e zpyHmb1, n.JLomHocmb, cezpezaituR, me11.J1on.poBoiJHocmb, meMnepamyponpoBoiJHocmb, Bliympu­
zpyHmOBblii. JleO 

THE EXPERIMENTAL STUDIES OF THE SEGREGATIONAL ICE PHYSICAL PROPERTIES 

S. E. Grechishchev, A. V. Pavlov, Yu. B. Sheshin, O. V. Grechishcheva 

Earth Cryosphere Institute SB RAS, I 17982, Moscow, Vavi/ov str., 30/ 6, room 85, Russia 

The results of the experimental studies of intrasoil segregational ice physical properties are reported. An 
express method of unstationary heat regime with cyclic temperature changes for specific temperature conductivity 
measurements is proposed. The experiments have shown that the average heat conductivity of segregational intrasoil 
ice was by 40 % and density by 10 % lower compared to their standard values. 

Frozen soils, segregation, density, heat-conductivity, temperature conductivity, intrasoi/ ice 

BBE,ll.EHME 

,ll.o HacTo51m,ero speMeHH cPH3HqecKHe cBoi'lcT­

Ba BHyTpHrpyHTOBOro cerperau,HOHHOro Jlh)J,a OCTa­
IOTC51 HeH3yIIeHHbIMH, IITO CB513aHO c ABYM51 o6CT0-

51TeJihCTBaMH. Bo-nepsb1x, 3TO npaKTHIIeCKHe TPYA­

HOCTH OT6opa o6pa3Il,OB cerperau,HOHHOro 11h)J,a, 

HMeIOIIJ,HX pa3Mephl, Heo6xoJJ,HMbie )J,1151 HCilbITaHHB, 

IIOCK011hKY cerperaU,H51 Jlb)J,a o6hI1IHO BblrJI51)J,HT KaK 

IIaCTOe qepeJJ,OBaHHe TOHKHX rrpoc11oeB 11h)J,a H Mac­

CHBHOro Mep311oro rpyttTa. Bo-BTOpbrx, 06h1IIHO 

arrpHOpHO rrpeJJ,no11araeTC5I, IITO cPH3HIIeCKHe CBOB­

CTBa cerperaU,HOHHOro 11b)J,a He MOryT CH11bHO OT-
11HIIaThC51 OT ero CTaHJJ,apTHbIX CBOBCTB. 

Pattee aBTopaMH HacTomu;eli pa60Tb1 B npo­
u.ecce HCCJie)J,OBaHHH B o6JiaCTH KpHoreHHOB MHr­

pau,HH H KHHeTHKH ¢a30BbIX rrepexO)J,OB B11arH B 

JJ,HcnepCHbIX rpyHTax 6hl110 ycTaHOB11eHO npe:iJJ,e He 

H3BeCTHOe cPH3HKO-XHMHIIeCKOe 51B11eHHe - aHO­
Ma11hHOCTb cPH3HIIeCKHX CBOBCTB cerperau,HOHHOro 

11hAa [Grechishchev, Shankov, 1993 ]. B HeKOTOphlx 

OilbITax ero Il110THOCTb OKa3a11ach B 1,5 pa3a, a 

Ten11onpOBO)J,HOCTb B 4 pa3a MeHhIIIe CTaHJJ,apTHbIX 

3HaIIeHHB. JleJJ, COJJ,ep)I<a11 ny3bipbKH ra3a H qac­

THil,bI rpyHTa, KOHil,eHTpail,H51 KOTOpbIX HeOJJ,HOPOA­

HO H3MeH5111aCb no T011IIJ,HHe 11eJJ,5IHbIX npoCJioes. 
IlpHqHHbI OilHCaHHbIX 51B11eHHB AO HaCT051IIJ,ero spe­

MeHH OCTaIOTC51 HeH3BeCTHbIMH; a caMH cPH3HIIeCKHe 

csoi'lcTBa cerperau,HOHHOro 11hJJ,a - HeH3yIIeHHhIMH. 

OIIeBHAHO, IITO OHM cB.113aHhI KaKHM-TO o6pa3oM c 

yc110BH5IMH npoMep3aHH51 rpyttTa, ero rpatty110-

MHHepa11hHbIM COCTaBOM H MexaHH3MOM KpHoreH­

HOH MHrpau,HH s11arH, TaK)[(e noKa tteJJ,OCTaTOl!HO 

IIOH51Tb!M. 

I.I,e11hIO HCC11e)J,OBaHHB 51B1151110Cb 3KCrrepHMeH­

Ta11bHOe H3yIIeHHe cPH3HIIeCKHX CBOHCTB (rrJIOTHOC­
TH H Tell110cPH3HIIeCKHX IlOKa3aTe11eH) cerperau,HOH­

HOro BHyTpHrpyHTOBOro 11h)J,a, 06pa3y10m,eroC5I npH 

npoMopa)[(HBaHHH o6pa3Il,OB )J,HCnepCHbIX rpyHTOB. 

METO,ll. OIIPE,ll.EJIEHM.SI K03<I><I>I1U:I1EHTA 

TEIIJIOIIPOBO,ll.HOCTM MEP3JIOro rPYHTA 
B YCJIOBH.SIX HECTAU:MOHAPHOrO 

TEIIJIOBOro PE)J(I1MA c U:I1KJII1qECKI1M 

I13MEHEHI1EM TEMIIEPA TYPbl OBPA3U:A 

OrrpeJJ,eneHHe AM Ko3¢¢Hu,HeHTa TellJionpoBOA­

HOCTH Mep311oro rpyHTa npHH51TbIMH MeTogaMH 

sechMa TPYAOeMKO, Tpe6yeT HCKJIIOIIeHH51 Ko11e6a­
HHi'I TeMnepaTyphr B03JJ,yxa BHYTPH KaMepbr H npH­

MetteHH51 X0110)J,H11bHHKOB c BbICOKOCTa6H11bHbIM 

IlOA)J,ep)[(aHHeM TeMrrepaTypbI. 0JJ,HaKO TOT )Ke 3cP­

¢eKT Ko11e6aHH5I TeMnepaTyphI B03JJ,yxa (cpeAhI), a, 

TaKHM o6pa3oM, H TeMnepaTyphI Mep311oro o6pa3u,a, 

MO)KHO HCII011b30BaTb )J,1151 3KCnpecc-ou,eHKH K03cP­

cPHU,HeHTa 3¢¢eKTHBHOB TeMnepaTyponpOBO)J,HOCTH 

a*. ABTOMaTHIIecKoe no)J,Aep)KattHe TeMnepaTyphr B 

KaMepe xo110AHJ1hHHKa B 3TOM CJiyIIae 3arpy6JI5IeTC5I. 

,ll.1151 3KCIIpecc-ou,eHKH K03cPcPHU.HeHTa Ten110-

npOBO)J,HOCTH Mep311oro rpyHTa AM npeJJ,11araeTC5I Me-
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C.E. I'PE'llfmEB J1 /1,P. 

TOA HeeTaIJ;HOHapHoro TenJIOBOro pe>KHMa e IJ;HK­
JIHlleeKHM H3MeHeHHeM TeMnepaTypbl nosepxHOeTH 
o6pa3u;a H 3KenepHMeHTaJibHbIM Haxo>K.qeHHeM 3cP­
¢eKTHBHOro 3Hal!eHH51 K03cPcPHIJ;HeHTa TeMnepaTy­
ponpOBOAHOeTH a,q,· 3Hal!emfe K03cPcPHIJ;HeHTa Ten­

JionpoBOAHOeTH B 3TOM CJiyllae HaXOAHTe51 no ¢op­
MyJie [Py>:oc30acm6o .. ., 1973 ]: 

AM= a,q,. C,q, BT/(M2 . °C), 

r.qe c 3<j> - 3¢¢eKTHBHa5I TenJIOeMKOeTb Mep3JIOro 

rpyHTa, 

C,q, = c~ . Y;;'6 )],>K/ (M3· °C), 

r.qe C:'i, - y.qeJibHa51 3cjJcjJeKTHBHa51 TenJIOeMKOeTh; 

y:6 - o6heMHbIM Bee Mep3JIOro rpyHTa B Kr/M3
• 

Y.qeJibHaSI 3¢¢eKTHBHaSI TenJioeMKOeTb MO>KeT 
6bITb npH6JIH>KeHHO 3a.qaHa cPOPMYJIOM [PyK06oa­
cm60 .. ., 1973 ]: 

YM dW 
CM = c + L · ~. _H )],>K/ (Kr· °C) 

3<j> M yM dQ l 
06 

r.qe CM - y.qeJibHaSI TenJioeMKOeTb Mep3JIOro rpyHTa 

B )],>K/ (Kr · °C); y~K -06'beMHhlH Bee MHHepaJibHOro 

eKeJieTa Mep3JIOro rpyHTa B Kr/M3
; L 

3,35 · 105 )],>K/Kr - y.qeJibHa51 TeTIJIOTa ¢a30BbIX 
npespaII(eHHM Bo.qa-Jie.q B paetJeTe Ha e.qHHHIJ;Y 

dw 
Maeeb1; dQ - H3MeHeHHe KOJIHlleCTBa He3aMep3-

weH: BOAhl B AOJISIX e.qHHHIJ;hl Ha OAHH rpa.qye npH 
cpe.qHeH: TeMnepaType onhITa. 

Y.qeJihHaSI TenJioeMKoeTb Mep3Jioro rpyHTa CM 

onpe.qeJISieTeSI paelleTHbIM cnoeo6oM no BecoBoMy 
eOOTHOWeHHIO oeHOBHbIX eoeTaBJI51IOII(HX rpyHTa 
[PyicoBoacmBo .. ., 1973 ]: 

C = c cK + c" . wc +(CB - C")·wH )],>K/(Kr · ·C) 
M [ + W l 

c 

r.qe ccK' CB, CJJ - y.qeJibHa51 TenJIOeMKOeTb MHHe­

paJibHOro eKeJieTa rpyHTa, BOAhl H Jlb.qa B 
)],>K/ (Kr· °C), wc -secosaSI BJia)l(HOeTb rpyHTa a 

AOJI51X e.qHHHIJ;hl, WH - KOJIHlleeTBO He3aMep3weH: 

BOAbI npH 3a.qaHHOM TeMnepaType Mep3JIOro rpyHTa 
B AOJISIX e.qHHHIJ;hl. 

TaKHM o6pa3oM, Ha ocHoBaHHH Bb1weH3JIO­
)l(eHHOro 

AM = a,q,. C,q, = a,q, . Y;;'5 . c~ = 

dw 
=a · (rM · c + L · yM · -H) BT/(M· °C)' 3<j> 06 M CK dQ > > 

C + C · w + (C - C ) · w 
C CK " c B " H rr / < ·c> r.qe M = 1 + w , µ,)I( Kr · . 

c 

EeJIH 06pa3eu; Mep3Jior o rpyHTa B TenJIOH3o­
JIHpyroII(eH: o6oJIOl!Ke HaXOAHTe51 npH HeeTaIJ;HOHap­
HOM TenJIOBOM pe)l(HMe 3a elleT nepHOAHlleeKHX 
KOJie6aHHH TeMnepaTypb1 oKpy)l(aJOII(eH: epe.qhl 
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(B03.qyxa B XOJIOAHJibHHKe)' TO MOAYJIH aMnJIHTYA 
KOJie6aHHH TeMnepaTypbI Ha noBepxHOeTH - Ao, Ha 

rJiy6HHe z - A
2 

H Ha .qHe - Ah 06pa3u;a, a TaK>Ke 

3HalleHHe nepHo.qa KOJie6aHHH, 6y.qyT xapaKTepH30-
BaTb TenJIOcPH3HlleeKHe CBOMeTBa Mep3JIOro rpyHTa. 
)KeJiaTeJibHO BbI6paTb TaKyro reoMeTpHIO H o6heM 
06pa3u;a, l!T06b1 Ah « A,. B 3TOM eJiyllae B03MO>KHO 

paeeMaTpHBaTb BbieOTY o6pa3u;a KaK 6eeKOHellHYIO. 
HaMH 6bIJIH Bb16paHhI eJie.qyroII(He pa3MepbI 

o6pa3u;a: h = 45 MM, d = 70 MM. fJiy6HHa pa3Me­
II(emrn: TepMonaphl (z) paBHa 25 MM. 

Ko3¢¢Hu;HeHT TeMnepaTyponposo.qHoeTH a 
.qJISI IJ;HKJIHlleeKoro TenJioBoro pe>KHMa a,Kc Mo>KeT 
6hITb HaH:.qeH e noMOII(blO H3BeeTHOM cPOPMYJibl 

/ 1(2 A
2 

= A
0 

• e-<w, 2a) 2 , rpa.q., 

r.qe A0 - aMnJIHTy.qa KOJie6aHHM TeMnepaTypbI Ha 
nosepxHoeTH Mep3Jioro o6pa3u;a rpyHTa B °C; A, -
aMnJIHTy.qa KOJie6aHHM TeMnepaTypbI Ha rJiy6HHe z 
(M) OT nosepxHoeTH Mep3Jioro 06pa3u;a rpyHTa 

2 ·n 6 B °C; CV = Y-' r.qe T - nepHOA KOJie aHHH TeM-

nepaTypbI B 06pa3u;e rpyHTa B eeKyH.qax, T. e. 

I 1(2 A
2 

= A
0 

• e -(n Ta) ', rpa.q. 

Ilpose.q51 HeCJIO>KHbie npeo6pa3oBaHHSI, noJiy­
llaeM 

n · z2 
a= 

2
, M2/e. 

T · (1n ~:) 
3To 3KenepHMeHTaJibHO noJiyllaeMoe 3HatJeHHe 

K03cPcPHIJ;HeHTa TeMnepaTyponpOBOAHOeTH 6y.qeT 
xapaKTepH30BaTb 3¢¢eKTHBHYIO TenJionpOBO.q­
HOeTb Mep3JIOro 06pa3u;a, n03TOMY o6o3Hal!HM ero 
B BH.qe a,q,. 

TaKHM )l(e o6pa3oM MO)l(HO noJiyllHTb 3Ha­
tJeHHSI K03cPcPHIJ;HeHTa TeMnepaTyponpOBOAHOeTH 
AJl51 OT.qeJibHbIX CJIOeB Mep3JIOro o6pa3u;a, eeJIH 6y­
AYT H3seeTHbI MOAYJIH 3Hal!eHHM KOJie6aHHM TeMne­
paTyphI Ha rpaHHu;e eJIOeB. 

B CJiytJae, Kor.qa B o.qHopo.qHoif KpHoTeKeType 
HMeeTeSI CJIOesoe BbI.qeJieHHe Jlb.qa H Tpe6yeTe51 ye­
TaHOBHTb ero TenJionpOBOAHOeTb, a TOJIII(HHbl BbI.qe­
JieHH51 Jib.qa He.qoeTaTOl!HO AJI51 Henoepe.qCTBeHHOro 
H3MepeHHSI, onpe.qeJISIIOT K03cPcPHIJ;HeHThl TenJIO­
npOBOAHOeTH coce.qHHX CJIOeB Mep3JIOro rpyHTa (e 
eo.qep>KaHHeM H 6e3 eJioeBoro Bhl.qeJieHHSI Jih.qa), a 
3HalleHHe K03cPcPHIJ;HeHTa TenJionpOBOAHOeTH Jie.qSI­
HOro npoeJIOMKa AJJ Haxo.qHTeSI no ¢opMyJie [.lla6o­
pamoplible .. . , 1985 ]: 

A . JI • A 
A = M B r 'BT/(M· .C), 

JJ Ar - (1 - JIB) . AM 

r.qe AM - K03cPcPHIJ;HeHT TenJiorrpoBOAHOeTH eJIOSI 

Mep3JIOro rpyHTa e Jie.q51HhlM npOCJIOMKOM; Ar 



JIAEOPATOPHb1E HCCJIE,l(OBAHJf5! c/Jlf3lf'!ECK11X CBOHCTB 

Ta6n11~a 1. BO,!IHO-cpH3Hqecuie CBOHCTBa H rpaHyJIOMeTpHqeCKHH COCTaB cyrreCH 

Pa3Mep qacT11~, 1,0-0,5 0,5-0,25 0,25-0,10 
MM 

0,10-0,05 0,05-0,01 0,01-0,005 0,005-0,001 <0,001 

Co,11ep)l(aH11e 0,1 0,5 2,7 11,6 56,6 5,2 13,3 10,0 
4aCTl1~, % 

n pH Me 4 a H 11 e. r11rpOCKOIIl14eCKaSI BJia)l(HOCTb, w IT= 1,84 % ; BJia)l(HOCTb Ha rpaH11~e pacKaTbIBaHHSI WP= 27 % ; BJia)l(­

HOCTb Ha rpaH11~e TeKy4eCTH WT= 34 % ; 411cno nnacT114HOCT11 LP = 7 % . 

K03ci>qrn:u:HeHT TennonpoBOll.HOCTH COCe}l.Hero CJI051 

Mep3JIOro rpyHTa 6e3 Jie}l.5IHOro npOCJIOHKa; JIB -

o6'beMHa51 Jih}l.HCTOCTb rpyHTa 3a C'leT Jie}l.5IHOro 

BKJI10'leHH51 B }l.OJI5IX e}l.HHHU:bl. 

METO,II;HKA IIPOBE,II;EHH51 OIIbITOB 

,Il;JI51 H3y'leHHSI cerperau:HOHHOro JihlJ.OBhlll.eJie­

HH51 B npoMep3a10m;Hx rpyHTax 6hIJI HCnOJih30BaH 

npH6op, ycTpOHCTBO KOTOporo n05ICH5IeTC51 Ha pH­

cyHKe. B ocHoBy pa6oThI npH6opa noJIO)l(eHa OTKpbr­

Ta51 cxeMa npoMep3aHH51. IlpoMopa)l(HBaHHe o6pa3-

u:a ocyrn;eCTBJI5IJIOCb 3a C'leT OTPHU:aTeJihHOH TeMne­

paTypbI B031J.yxa B XOJIOIJ.HJihHOH KaMepe. HH)l(H5151 

'laCTb o6pa3u:a HaXO}l.HJiaCh B KOHTaKTe c BOil.OH B 

no}l.nHTO'lHOH BaHHO'!Ke. TeMnepaTypa BOil.bl B BaH­

HO'lKe B Te'leHHe OIIbITa 6bIJia nOJIO)l(HTeJihHOH, 

TepMOCTani:poBaHHe BOIJ.bl ocyrn;eCTBJI5IJIOCb cne­

U:HaJihHbIM ycTpOHCTBOM. 

,Il;JI5I noJiy'leHH51 noKa3aTeJieH cPH3H'leCKHX 

CBOHCTB cerperau:HOHHhIX Jih}l.OB' TaKHX KaK K0-

3cPcPHU:HeHTbI TeMnepaTyponpOBOIJ.HOCTH, TenJIO­

npOBOll.HOCTH H TenJIOeMKOCTH, B npH60pbI }l.OnOJI­

HHTeJihHO BBe}l.eHa B03M0)l(H0CTb TepMonapHoro H3-

8 

9 

10 

11 

12 

13 

-----8-----1 
h = 45 MM d = 70 MM 8 = 280 MM 
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YcTpOHCTBO ll.JIR H3MepeHHR cerperaQHH Jihll.a s 

3aMep3aJOw,Hx rpyttTax. 

1 - 11H,1111KaTOp ,11e¢opMa~11i1; 2 - 06pa3e~ r pyHTa; 3 - ¢opMa 

JIJISI o6pa3~a; 4 - neHOIIJiaCTOBbIH Slll\HK; 5 - cPHJibTp 113 

rrJieKC11rnaca; 6 - TepMHCTOp; 7 - IIJIOCKHH no,11orpe eaTeJ1b; 

8 - MeTaJIJll14eCKaSI IIJiaCTHHa; 9 - neHOIIJiaCTOBaSI Kpblll!Ka; 

JO - 6yMa)l(HblH cPHJibTp; 11 - Kpb!ll!Ka BO,!ISIHOH BaHHbr; 12 -
BO,!ISIHaSI BaHHa' 13 - BO/IOHaCb!ll\eHHb!H neCOK. 

MepeHH51 TeMnepaTyphr o6pa3U:OB c maroM B 1 CM no 

BepTHKaJIH. TeMnepaTypa H3Mep5IJiach OKOJIO BHyT­

peHHeH noBepxHOCTH o6oHMbI Ha KOHTaKTe c o6pa3-

U:OM. KpoMe Toro, Oil.Ha TepMonapa noMern;aJiach nail. 

nITaMnoM B BepxHeH 'laCTH o6pa3u:a. BhIJI 113roTOB­

JieH 6JIOK Me}l.h-KOHCTaHTaHOBbIX TepMonap ll.JI51 

3THX U:eJieH. vfaMepeHH51 BhIIlOJIH5IJIHCb MHKpOaM­

nepMeTpOM M-195 /1, nOIJ.KJIIO'laJIHCh TepMonaphI c 

noMOIIl;hIO nepeKJI10'laTeJI51. 

OnhIThI no 3KcnepHMeHTaJihHOMY H3y<IeHH10 

HanpaBJieHHOH KpHCTaJIJIH3aU:HH B rpyHTax npo­

BOIJ.HJIHCb Ha cynecH, OTo6paHHOH Ha TeppHTOpHH 

BoBaHeHKOBCKOro rHKM. 

Bo1J.HO-cPH3H'leCKHe CBOHCTBa cynern BoBaHeH­

KOBCKoro rHKM npHBe}l.eHbI B Ta6JI. 1. OnhITbI 

npoBO}l.HJIHCb Ha HCKYCCTBeHHO npHroTOBJieHHbIX 

06pa3u:ax. BhrJia npHH51Ta cJie1J.y10rn;a51 MeTOIJ.HKa 

np11roTOBJieHH5I o6pa3:U:OB. B031l.YIIIHo-cyxoH rpyHT 

pa3MeJih'laJIC51 MexaHH'leCKH H YBJia)l(H5IJIC51 ll.O on­

pe}l.eJieHHOH BJia)l(HOCTH IJ.HCTHJIJIHpOBaHHOH BOil.OH, 

Trn;aTeJihHO nepeMeIIIHBaJIC5I. ,Il;JI51 6oJiee paBHOMep­

Horo pacnpe}l.eJiemrn BJiarn B nacTe ee noMern;aJIH 

Ha 1 cyTKH B 3KCHKaTop. 

Onpe1J.eJI5IJIHCh Hcxo~Hhre xapaKTepHCTHKH o6-

pa3U:OB: BJia)l(HOCTh, nJIOTHOCTb, IlJIOTHOCTb CKeJieTa, 

BbICOTa, o6'beM; paCC'lHThIBaJIHCb o6'beMHble KOH­

u:eHTpau:HH CKeJieTa rpyHTa, BJiarH H nopHCTOCTH. 

Jia6opaTOpHbie HCCJie}l.OBaHH51 COCT05IJIH B OIJ.­

HOMepHOM npoMopa:>I<HBaHHH o6pa3U:OB B ycJIOBHSIX 

no}l.nHTKH BOil.OH H ll.JIHTeJibHOH cerperau:1111, KOTO­

pa51 Heo6XOIJ.HMa }l.JI51 Bbiparn;HBaHH51 IJ.OCTaTO'lHO 

TOJICTbIX IIIJIHPOB Jih}l.a, nOCKOJibKY o6hI'lHasr TOH­

KOIIIJIHpOBa51 CTPYKTypa He no3BOJI5IeT nony'lHTh 

o6pa3U:hI Jihll.a IJ.JI51 Heo6xOll.HMhrx H3MepeHHH. Bcero 

BbIIlOJIHeHO 9 OnhITOB. Ila OKOH'lamm onhITa o6pa-

3eu: rpyHTa H3BJieKaJICSI H3 cPOPMhI H pa3}l.eJihIBaJICSI. 

0}].HOBpeMeHHO H3Mep5IJiaCh BeJIH'lHHa npoMep3meH 

'laCTH, BbIIlOJIH5IJIOCb OnHCaHHe KpHoreHHbIX TeK­

CTYP 06pa3u;a, npoH3BOIJ.HJIC5I oT6op npo6 no BhICOTe 

06pa3u:a, ll.JI51 Ka)l(IJ.OH npo6hr rronytJaJIH 3Ha'leHH51 

BJia)l(HOCTH, nJIOTHOCTH H IIJIOTHOCTH CKeJieTa. Ila 

IIOJiy'leHHbIM 3HatJeHH5IM paCC'lHThIBaJIHCb o6'beM­

Hhie KOH:U:eHTpan;HH CKeJieTa rpyHTa, Jih}l.a H no­

pHCTOCTH ll.JISI Ka)l(}l.OH npo6hr, T. e. ll.JISI onpe}l.eJieH­

Hb!X napaMeTpOB no BbICOTe rrpOMOpO)l(eHHOro 06-

pa3u:a. 

BhrcoTa o6pa3:U:OB cocTaBJISIJia 45 MM, ll.HaMeTp 

70 MM. Ha'laJibHa51 BJia)l(HOCTh 21-22 %, Ha'laJih­

Hasr nJIOTHOCTh rpyHTa - 2000 Kr/M3• TeMnepaTy -
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pa BepxHero KOHU:a 06pa3u:a 6hrJia -6 (±0,2) °C , 

TeMnepaTypa BO)l.hl B BaHHOtfKe +3 (±0,5) °C. 

.lJ.n51 npoBe.z:t:eHH51 H3MepeHHH c u:eJiblO onpeJI.e­

JieHH51 Tenno¢H3HtfeCKHX CBOHCTB cerperau;HOHHoro 

BHyTpHrpyHTOBOro Jih.z:t:a no 3aBepIIIeHHIO onhITa no 

npoMopa)KHBaHHIO o6pa3eu: .zi:onOJIHHTeJibHO OXJia)K­

)l.aJIC51, l.JT06hl cPPOHT KpHCTaJIJIH3aU:HH CMeCTHJIC51 

Ha 2-3 CM BHH3 - B 3TOM CJiytfae MO)KHO npeHe6-

pe1fh BJIH51HHeM ¢a30BhlX nepexo.z:t:OB BO.z:t:hl Ha cPPOH­

Te KpHCTaJIJIH3aU:HH Ha TeMnepaTypHbie H3MepeHH51 

B BhlmeJie)Kam;ttx CJI051X 06pa3u:a. 

PE3YJihTAThI 

O cHOBHhre pe3yJibTaThI onhITOB npttBeJI.eHhI B 

Ta6JI. 2 H 3. 
Tiptt npoMep3aHHH o6pa3u;OB o6pa3oBanach 

KpHoreHHa51 TeKCTypa H3 qepe.z:t:OBaHH51 npoCJIOeB 

Jlh)l.a H npocnoeB MaCCHBHOro Mep3JIOro rpyHTa. 

Tipo)l.OJI)KHTeJibHOCTb onhlTOB 6hlJia .zi:o 4 He.z:t:eJib, 

BeJIHl.fHHa ny1.JeHH5l cocTaBJIYJia 1,5-3,5 CM. MaK­

CHMaJihHa51 TOJIIIJ;HHa npocnoliKa Jih.z:t:a 6hIJia nony-

1.JeHa 6-8 MM. Jie.zi: o6pa30BaJIC51 pa3HOH CTerreHH 

npo3pa1fHOCTH: npo3pa1fHhlH, MYTHOBaTbIH, B BH.z:t:e 

CHe)KHOH KpOmKH. fa30Bbie ny3blp bKH B OCHOBHOM 

COCe)l.CTBOBam1 c rpyHTOBbIMH npOCJIOHKaMH, Jrn6o 

BKJIIOl.femrnMH . 

.ll.JI51 Ka)K)l.OH Mep3JIOH npo6hl 6hlJIO HaH)l.eHO 

3HatfeHHe nJIOTHOCTH Jih)l.a, CtfHTa51, tfTO BC51 ra30Ba51 

KOMnOHeHTa CO)l.ep)KHTC51 BO JibAY· TioJiytfeHHhie 

3HatfeHH51 nJIOTHOCTH (Jie)l. + ra3) HaXO)l.51TC51 B HH­

TepBaJie 0,6-0,91 T /M3• CpeJI.Hee 3HatfeHHe nJIOT­

HOCTH (Jie)l. + ra3) COCTaBHJIO 0,82 T/M3, l.JTO Ha 

10 % MeHbme yJI.eJihHOro Beca JihJI.a. 3TH pe3yJihTa­

Thl nony1.JeHhr JI.JI51 cpeJI.HHX TeMnepaTypHhlX rpa­

JI.HeHTOB 0,8-1,5 °C/cM. 

Tenno¢tt3H1feCKHe CBOHCTBa Mep3noro o6pa3-

u:a paCCl.fHTbIBaJIHCb no ¢opMyJiaM, n p HBe)l.eHHbIM 

BhIIIIe. Ko3¢cPHU:HeHT TennonpoBO.z:t:HOCTH BHYTPH­

rpyHTOBOro cerperau;HOHHOro Jib.z:t:a paCCtfHThIBaJIC51 

.z:t:JI51 O.z:t:HHOl.fHhlX npocnoeB B O.z:t:HOPO.z:t:HOH KpHOTeK­

CType Mep3JIOro 06pa3u:a c 6JIH3KHMH 3HatfeHH51MH 

BJia)KHOCTH .l:t:JI51 coce.z:t:HHX CJIOeB' HCKJI!Otfa51 BKJIIO­

tfeHHe npocnoeB Jih.z:t:a. Pe3yJihTaThl tfeThlpex onhITOB 

no onpe.z:t:eJieHHIO TenJIOcPH3HtfeCKHX CBOHCTB )l.JI51 

Mep3noro 06pa3u:a cyneCH H B TOM 1.Jttcne .z:t:JI51 

cerperau:HOHHOro BHyTpHrpyHTOBOro Jlh)l.a A.Jl npHBe­

)l.eHhI B rn6n. 3. CpeJI.Hee 3Ha1feHHe K03cPcPHU:HeHTa 

TerrnonpOBO)l.HOCTH cerperaU:HOHHOro BHyTpHrpyH­

TOBOro Jih.z:t:a cocTaBHJIO 1, 2 BT I (M · °C) , tfTO Ha 

OCHOBHble pe3yJibTaTbl OTiblTOB c 06pa31.1aM11 cynec11 

N~ Tep nepxa 
h npOMO-

CKopOCTb nyqeH1111 Pnb/1,a + ra3' T/M
3 

p03Kl1 06- Tc/h. °C/cM TeKcTyp a o6pa3IJ,a 
OTiblTa 06pa31.1a, ·c 

pa3IJ,a, CM 
(cpe11mrn), MM/cyT (ceepxy BHl13) 

I -6,5 5 1,3 16/20 ~ 0,8 Jll1H30Bl1,!1Hall, MaCCl1BHall 0,87; 0,72 
3 - 6 -4 1,5 17/7 - 2,4 Jll1H30Bl1,!1Hal! 0,83 
4 -6 -4 · 1,5 20/11 - 1,8 Macc11eHaS1, Jil1H30BHAHall 0,73; 0,6; 0,71 
5 -6 4,7 1,3 14/5- 2,8 CJI011cTo- eoJIH11craS1, Macc11eHaS1 0,85; 0,79; 0,79 
5* -5,5 6,6 0,8 20/8 - 2,5 Macc11eHaS1, cJI011cTaS1 0,91; 0,85; 0,80 
6 -6 4,6 1,3 12/5-2,4 Macc11eHaS1, cJI011cTo-eoJIH11cTaS1 0,71; 0,88; 0,78 
6* -6 7,1 0,85 34/28 - 1,2 CJIOl1CTall 0,85; 0,85; 0,82; 

0,83; 0,85 
7 -6 6,8 0,9 28/13 - 2,2 CJI011cTaS1, KpynHOCJI011CTall 0,84; 0,85; 0,81 ; 0,86 

• IlonTOpHbie 113MepeHHSI. 

Terrnoqm311qecK11e ceoiicrna Mep3JIOro 06pa31.1a cyneC11 (.r\Jill 11nyx coce11tt11x CJioes) 

Ee3 npocJIOI1Ka JihAa c npOCJIOHKOM Jlb,!1a 

N~ n/n Cr · 10-6 ar. 106 Ar, CM . 10- 6 QM• 106 AM, An, 
J1.>K/(M3 · °C) M2/c BT/(M·°C) Jl.>K / (M3 · °C) M2/c BT/(M' °C) JIB BT/(M' °C) 

I 8,82 0,200 1,76 8,53 0,169 1,44 0,5 1,21 
2 8,97 0,188 1,69 8,41 0,176 1,48 0 ,4 1,25 
3 9,23 0,195 1,80 8,84 0,181 1,60 0 ,2 1,11 
4 9,03 0,200 1,80 8,20 0,172 1,41 0,5 1,15 

Cpe11Hee 9,0 0,20 1,80 8,45 0,175 1,48 - 1,18 
3Ha'leH11e 

rr p 11M e qaH11 e . Cr, ar 11 Ar - o6heMHall TeTIJIOeMKOCTb, KOJcjJcjJ111.111eHTbl TeMnepaTyponpOB0,!1HOCTl1 If TennonpOB0,!1HOCTl1 

Mep3JIOro rpyHTa 6e3 n pocnoi1Ka Jih,!1a; CM, aM 11 AM - TO >Ke, c npocJioi1KOM JihAa; JIB - 06-heMHall Jih/111CTOCTb rpyHTa aa C'leT 

JieAHHoro BKJI10'leH11S1; An - KOJcjJcjJ11IJ,11eHT Tennonpoeo11HOCT11 JibAa e npocJIOI1Ke; 3Ha'leH11S1 Cr 6brJI11 nonyqeHhI AJill 

L'i.W/ ti.El = 0,02 np11 El = - 1,5 · °C; CM - AJill ti. W"/ ti.El = 0,05 np11 El = - 0, 7 · ·c. Jl.nll JTOro 11cnoJih30BaHa JKcnep11MeHTaJJbHaS1 
3aBl1Cl1MOCTb KOJJH'lecrna He3aMep3weI1 B0/1bl OT TeMnepaTypbl Mep3JJOf0 r pyHTa (6oeaHeHKOBCKOH cynec11) . 

80 



JIAEOPATOPHblE 11CCJIE/{OBAHl151 c/Jl1311'!ECKJfX CBOHCTB 

40 % HH%e ,n;aHHhlX CHttITa ,n;JI51 Jih,n;a cpe,n;HeH: 

nJIOTHOCTH [CHufl ... , 1990]. 3TOT pe3yJihTaT no­

JiyqeH .D;JI51 ou:eHKH TeMnepaTypHbIX rpa,n;HeHTOB 

0,8-1,5 °C /CM. 

0TMeqaeTC51 B3aHMOCB513b Me%,n;y nJIOTHOCTbl{) 

cerperau:HOHHOro BHyTpHrpyHTOBOro Jlb.D;a H ero 

TenJionpOBOJJ;HOCTbIO: c yMeHhWeHHeM IlJIOTHOCTH 

Jlb.D;a TenJionpOBO.D;HOCTb ero TO%e yMeHbWaeTC51. 

BbIBO,ll.bl 

1. I1pe,n;JIO%eHHhlH MeTo,n; onpe,n;eJieHH51 3cP­

¢eKTHBHOH TeMn epaTypon pOBOJJ;HOCTH Mep3JibIX 

rpyHTOB JJ;JI51 HeCTaU:HOHapHoro TenJIOBOro pe%HMa 

c U:HKJIHqecKHM H3MeHeHHeM TeMnepaTypbI o6pa3u:a 

rpyHTa Il03BOJI51eT ,n;aBaTb 3Kcnpecc-ou:eHKY K03cP­

cPHU:HeHTa TenJionpoBOJJ;HOCTH Mep3JibIX rpyHTOB. 

2. I1pH HaJIHqHH OCHOBHbIX TenJIOcPH3HqecKHX 

xapaKTepHCTHK Mep3JIOro rpyHTa no 3KCnepHMeH­

TaJlbHbIM ,n;aHHbIM 3¢¢eKTHBHOH TeMnepaTyponpo­

BOJJ;HOCTH a3<ji B03MO%HO paccqHTaTb npOH3BOJJ;HYID 

KOJIHqecTBa He3aMep3weH: BJiam no TeMnepaType 

.D;JI51 cpe,n;Hero 3HaqeHH51 TeMnepaTyphr o6pa3u:a Ha 

rJiy6ttHe OCHOBHOro H3MepeHH51. I1o ,n;aHHbIM H3Me­

peHH51 a3Cji .n;m1 HeCKOJlbKHX 3HaqeHHH TeMnepaTypbI 

Mep3JibIX o6pa3U:OB-6JIH3HeU:OB, MO%HO nocTpOHTb 

3aBHCHMOCTb co.n;ep%aHH51 He3aMep3weH: BJiarH OT 

TeMn epaTyphr. 

3. I1oJiyqeHbI 3HaqeHH51 K03cPcPHU:HeHTa Ten­

JIOilpOBOJJ;HOCTH A.JI .D;JI51 BKJil{)qeHHH cerperau:HOHHO­

ro BHyTpttrpyHTOBoro Jih,n;a. Cpe,n;Hee 3HaqeHHe Ko-

3cPcPHU:HeHTa TenJionpOBOJJ;HOCTH COCTaBHJIO 1,2 
BT/ (M · °C), qTO Ha 40 % HH%e ,n;aHHhrx CHttITa 

.D;JI51 Jlb.D;a cpe,n;HeH nJIOTHOCTH. 

4. IloJiyqeHHbie 3HaqeHH51 IlJIOTHOCTH cerpe­

raU:HOHHOro BHyTpttrpyHTOBOro Jlb.D;a HaX0,11;51TC51 B 

HHTepBaJie 0,6-0,9 T/M3• Cpe,n;Hee 3HaqeHHe nJIOT­

HOCTH (Jie,n; + ra3) COCTaBHJIO 0,82 T/M3, qTQ Ha 

10 % MeHhwe y,n;eJihHOro Beca Jih,n;a. 

5. 3KcnepHMeHTaJibHbie ¢aKTbI MaJIOH nJIOT­

HOCTH H MaJIOH TenJionpOBO.D;HOCTH cerperau:HOHHO­

ro Jlb.D;a (MaJibIX no cpaBHeHHI{) c H3BeCTHbIMH CTaH­

.n;apTHbIMH 3HaqeHH51MH ,IJ;Jl51 o6hJqHoro Jlb.D;a) rrpe.n;­

IlOJIO)!<;HTeJihHO MoryT 6hITb o6'h51CHeHbI HaJIHqHeM B 

cerperau:HoHHOM Jib,n;e ny3hipbKOB B03,n;yxa. Bo Bpe­

M51 KpttoreHHOH MHrpaU:HH BJiarH pacTBOpeHHbIH B 

HeH B03,n;yx MO%eT C03.D;aBaTb caMOCT051TeJibHbIH 

MacconoToK BHYTPH ra3HpoBaHHoro ¢mott.n;a ,,Bo,n;a 

+ B03,n;yx"' BbI.D;eJI5151Cb B BHJJ;e ny3blpbKOB npH ¢a30-

BOM nepexo.n;e BO.D;bl B Jie,n; H cPHKCHPY51Cb B noCJie.n;­

HeM. TaKHM o6pa3oM, B nepBOM nptt6JIH%eHHH 

rrpo6JieMa aHoMaJihHhrx CBOHCTB cerperau:ttoHHOro 

Jlb,11;3 MO%eT 6hlTb CBe,n;eHa K pa3hICKaHHID cPHK­

CHpyeMoro BO Jih,n;e noToKa B03,n;yxa, T . e. K onpe.n;e­

JieHHID ero KOHU:eHTpau:HH BO Jlh.D;e. 

Pa6orn BbIIlOJIHeHa npH cPHHaHCOBOH no.n;.n;ep­

%Ke PocrnH:cKoro ¢oH,n;a ¢yH,n;aMeHTaJihHhrx HCCJie­

,n;oBaHHH (npoeKT Ng 00-05-64669) . 
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