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B CTaTbe paccMaTp1·rna10TCS1 11 06cyi1q1a10TCS1 pe3yJihTaThl 3Kcnep11MeHTOB no 113yqeH1110 ::ineKTp11qecK11x 11 
ynpyr11x CBOMCTB necqaHO-rJil1Hl1CTblX Mep3JibIX rpyHTOB, HaCbIII1aBllll1XCSI pacrnopaMH pa3Jil1qHoro COCTaBa 11 
KOHL1eHTpa111111. IloKa3aHbl 11 o6'bSICHeHbl 3Ha q11TeJibHbie OT Jll11.Jl1SI 3Tl1X CBOMCTB B 3aCOJieHHblX 11 npec Hb!X rpyHTax. 
IloJiytJeHHbie ,!\aHHbie n03BOJll1Jll1 BnepBbie 011eHl1Tb Kp11Tl11.JeCKYIO KOHl.\eHTpa11mo nopOBbIX pacrnopos, pa3,!\eJISI
IOIIIYIO Mep3Jihie rpyHThI Ha 3aconeHHh1e 11 npeCHhie ,!\Jill pSI,!\a necoK-rn11Ha. 
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Electric and elastic properties of frozen sandyclayly soils saturated with solutions of various composition and 
concentration have been determined. Significant differences between these properties in saline and nonsaline soils 
are interpreted. First estimates are given of the c"ritical concentration of pore solutions, which makes it possible to 
separate objectively the frozen soils from saline and nonsaline for the sand-clay series. 
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BBE)J,EHME 

3acoJieHHhie rrecqaHo-rJIHHHCThie Mep3Jihie 

rpyHTbI ):IOCTaT01IHO qacTO BCTpeqa10TCSI B Kp.HO

JI.HT030He, a B rrpH6pe)l(HblX palioHax apKT.HIIeCK.HX 

MOpeli IIOIITH IIOBCeMeCTHO xapaKTepeH XJIOP.HJ:IHbIH 

COCTaB rropOBblX paCTBOpOB c rrpeo6Jia):laHHeM HOHOB 

Na+ H Mg2+ [,4y6wwe u ap., 1990]. 3TOT THII 

3acoJieHH5I Ha3blBaIOT MopcKHM. Bb1):1eJI.sIIOT TaK)Ke 

KOHTHHeHTaJibHblH THII 3aCOJieH.HSI c npeo6Jia):la

HHeM B rropOBbIX pacTBopax cyJihQ:>aTOB H Kap6oHa

TOB MarHHSI H KaJihU:HSI. KpoBJISI 3acoJieHHhIX 

Mep3JibIX OTJIO)KeHHH MO)KeT 3aJieraTb Ha rny6HHax 

OT 0 ):10 50-60 M, a HX MOIIJ;HOCTb .HHOr):la ):IOCTHraeT 

200-300 M . CyIIJ;eCTBeHttoe BJIHSIHHe 3THX rpyttTOB 

Ha X03SIHCTBeHHyIO ):leSITeJihHOCTb HeCOMHeHHO. 

KpoMe npnpoi:1Horo 3aconeHHS1 Ha TeppnTopnSix .H 

B6JIH3H KpyrrHhIX ceBepHbIX ropoi:10B (.5lKyTcK, Bop

KyTa, HopHJihCK H i:1p.) tta6n10i:1aeTCS1 HHTeHCHBHoe 

TeXHOreHHOe 3aCOJieHHe BepxHeH IIaCTH Mep3JIOH 

TOJIIIJ;.H. 

B CBSI3H c 3arrpocaMH npaKTHKH CTpOHTeJihCTBa 

B nepByIO 011epe):lb 6bIJIH HaIIaTbI B 1959-60 rr. 

HCCJie):IOBaHHSI i:1e¢opMaIJ;HOHHbIX .H rrpOIIHOCTHbIX 

CBOHCTB 3aCOJieHHbIX Mep3JiblX rpyHTOB KaK OCHO

BaHHH coopy)KeHHH [,4y6wwe U 8p., 1990 ]. 3Ha-

1IHTeJibHO II03)Ke HaIIaJI.HCb crreu;HaJibHbie HCCJie):IO

BaHHSI TerrJIOBhIX, 3JieKTpn11ecKHX, ynpyrnx H APY

rnx ¢H3.H1IeCKHX .H ¢H3HKO-MexaHHIIeCKHX CBOHCTB 

3THX rpyHTOB. 3HaH.He crreu;HQ:>.HK.H ¢H3H1.!eCKHX 

CBOHCTB 3aCOJieHHblX Mep3JiblX rpyHTOB HMeeT 6oJib

IIIOe Hay11ttoe H rrpaKTHIIeCKOe 3Ha1.!eHHe ):IJISI npo

eKTHpOBaHHSI H .HHTepnpeTaIJ;H.H reo¢H3H1IeCKHX 

HCCJie):IOBaHHH, npH pemeHHH pa3H006pa3HblX 3a):la1I 

H, B oco6eHHOCTH, ):IJISI C03):1aHHSI C.HCTeMbI 3KOJioro

reo¢H3H1IeCKOro MOH.HTOPHHra B CBSl3.H c JIOKaJib

HblMH .H rJio6aJibHbIMH HapymeHHSIMH TepMO):IHHa

MHIIeCKOro pe)KHMa Mep3JibIX TOJllIJ;. 3TH 3HaHHSI 

TaK)Ke Heo6XO):IHMbI ):IJISI pa3pa60TK.H ¢H3H1.!eCK.HX H 

«:J 0. IT. 'IepsHHCKaSI, IO.,[!,. 3hIKOB, A.,[!,. <l>poJIOB, 1997 

69 



0. fl. '!EPBJ!HCKA5! JI IW 

cPH3HKO-XMMHlleCKHX MeTO):\OB Hepa3pyIIIaIOrn;ero 

KOHTpOJI5I KHHeTHKM H3MeHeHH5I ¢a30BOra COCTaBa 

H COCT05!HH5! 3aCoJieHHbIX rpyHTOB rrpH HX npoMep-

3aHHH, JIH60 OTTaHBaHHH. 

JifaBeCTHO, '!TO Ha1160Jiee lIYBCTBHTeJibHbIMM K 

H3MeHeHH5IM COCT05IHH5I H COCTaBa Mep3JIOH cpe):\bI 

5IBJI5IIOTC5I ee 3JieKTpttl.IeCKMe H ynpyrtte CBOHCTBa 

[3bLK06 U ap., 1989; C/Jp0.1l06, 1976]. I1MeHHO OHM 

srsJI5IJIHCb npei1MeTOM u:eneHanpasJieHHbIX Jia6opa

TopHbIX HCCJie):\OBaHHH' rrpOBO):\HBIIIHXC5I B TelleHHM 

psri1a neT. OcHOBHOii HX :u;eJihIO 5IBJI5IJIOCb ycTaHOB

JieHtte OCHOBHbIX 3aKOHOMepHOCTeii H3MeHeHH5I 

3JieKTpttlleCKHX H yrrpyrttx rnoiicTB necl.IaHo-rJitt

HHCTbIX Mep3JibIX rpyHTOB B IIIHpOKOM ):\Harra3oHe 

KOHU:eHTpau:Hii HaCbIIIIaIOID;HX rropOBbIX paCTBOpOB 

H pa3JIHlIHOM HX HOHHOM COCTaBe. B HaCT05Ir:u:eii 

CTaTbe rrpttBe):\eHbl OCHOBHbie ):\aHHbie H paccMOTpe

HbI ycTaHOBJieHHbie xapaKTepHhle ):\JI5I 3aCoJieHHbIX 

rpyHTOB 3aKOHOMepHOCTH. 

MCXOJJ:HbIE IIOJIO:IKEHIUI 

XopoIIIo H3BeCTHO, l.ITO JII06oii: Mep3Jihlii rpyHT 

xapaKTeptt3yeTC5I O):\HOBpeMeHHbIM coi1ep:>KaHtteM 

JihAa 11 tte3aMep3IIIeii :>KHJ:\K0.11: ¢a3bI. He MeHee 

Ba:>KHbIM 5IBJI5IeTC51 ¢opMHPOBaHMe HOBOH rrpocTpaH

CTBeHHOH KpHCTaJIJIH3aU:HOHHO-KOaryJI5IU:MOHHOH 

KpttoreHHOii CTPYKTYPhI (IlKKC), OTJitt'laIOr:u:eli 

Mep3JihIH rpyHT OT TaJioro [C/Jpo.!loe, 1976; Frolov 
et al., 1993 ]. Bee oCHOBHhie 3JieMeHTbI ITKKC: 

MHHepaJibHa5I MaTpttu:a (cKeJieT rpyHTa)' Jie):\51Ha51 

MaTp11:u:a H MaTptt:u;a Me:>K3epHOBbIX 30H, coi1ep%a

r:u:a}I :>KHAKYIO ¢a3y H rrpHMeCH, rrpeTepnesaIOT 

H3MeHeHH5I rrptt nepexoi1e OT rrpeCHbIX K 3aCOJieH

HbIM rpyHTaM. 

Ba%HeiiIIIHM KOMrroHeHTOM Mep3JIOra rpyttTa, 

06ycJiaBJIHBaror:u:11M era cPH3ttqecKtte rnoiicTsa, 5IB

JisreTcsr :>KMAKasr ¢a3a (rrpaKTHlleCKM sceri1a pacT

sop), KOTopa51 cyr:u:ecTByeT B pa3Hoo6pa3HbIX 3Hep

reTHlleCKHX COCT05IHI15IX B BM):\e IlOJIYAHCKpeTHbIX M 

):\HCKpeTHbIX CKOIIJieHHH ():\OMeHOB)' B OCHOBHOM B 

Me)J(3epHOBbIX rpaHHlIHbIX 30H3X, a T3K:>Ke B 3epH3X 

11 arperaTax JihJ:\a . Ila c yr:u:ecTBY, B rpyHTe HMeIOTC5I 

pa'!Hhie BHAbI noposoii: :>KHAKOCTH c H3MeHeHHOii 

CTPYKTypo.11:, KOTOpbre 3aMep3aIOT rrptt pa3JIHlIHbIX 

TeMnepaTypax, JI1160 soo6r:u:e ne KpttcTaJIJIH3yIOT

csr - ,,HeTepMoaKTMBH351" :>KMAKa5I ¢a3a. Pe3yJib

T3TOM 3TOra 5IBJI5IeTC5I paCIIIHpeHHbIH TeMrrepaTyp

HbIH HHTepBaJI cP330BbIX H3MeHeHHH B Mep3JibIX 

rpyHTax. KoJIHlleCTBo ne3aMep3IIIeli )J(Hl:\K0.11: ¢a3hI 

o6ycJIOBJieHO ai1cop6:u:110HHOH aKTHBHOCTbIO, MHK

poHepaBHOMepHOCTblO peJihect>a I1 HeO):\HOPOAHOCTblO 

nosepxHOCTeii 3epeH TBep):\bIX M3TPH:U: rpyHT3. 

Bo3pacTaHtte KOH:U:eHTpa:u:1111 11 rroHtt:>KeHtte 

TeMrrepaTypbl rropOBbIX paCTBOPOB rrpHBO):\HT K yse

JIHlleHMIO rrosepxHOCTHOro H3T5I:>KeHH5I, HapyIIIeHMIO 

CM3lIHB3eMOCTH H pacnai1y TOJICTbIX IIJieHOK 

)J(ll):\KOH ¢a3bl H3 ,,KaIIJIH"-AOMeHbI [C/JpO.!LOB U ap. , 
1993; Frolov et al. , 1993], T.e. IIOBbIIII3eTC51 CTe

rreHb ):\I1CKpeTM3aU,HH He3aMep3Uieii: :>KH):\KOH cP33bI. 
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HallaJibHa51 KOHU:eHTpau:1rn 11 cocTaB Hachun;aIOIIIHX 

rpyHT paCTBOpOB CHJibHO BJIH5IeT I1 Ha ¢opMH

poBam1e nopoBoro, JI1160 cerperau:110HHoro JibAa, 

'!TO o6ycJiaBJIHBaeT 3HalIHTeJibHbie OTJII1l.II151 Jie):\51-

HOH MaTpHU:bI ITKKC Mep31Ioro 3acoJieHHoro rpyttrn 

OT npeCHOra. 

Bo3MO:>KHbI ABa ocHOBHbIX cJiyqa51 ¢opM11po

BaH115I ITKKC, a cJieAOBaTeJihHO, 11 rnoii:cTB Mep3JIO

ro rpyHTa: 

- np11 B03HHKHOBeHHH H 3BOJIIOU:HH ITKKC 

npeo6Jiai1aeT BJII15IHHe MHHepaJibHOH MaTpHU:bl -

npeCHbie Mep3Jibie rpyHTbI I1 xopOIUO H3BeCTHbie 

Kp11oreHHb1e npou:ecch1; 

- npeo6Jia):\aIOII1ee BJIH5IHHe OKa3bIBaeT KOH

u:eHTpau;1151 H HOHHbIH COCTaB nopoBora paCTBopa Ha 

¢opMttpoBaH11e H oco6eHHOCTH ITKKC - 3aconeH

Hhle rpyHTbI. 

QqeBH):\HO, ):\OJl:>KHO 6hITb rpaHHlIHOe COCT05IHHe 

rpyHTa, onpei1eJI5IeMoe HeKOTOpoii: KpHTHlleCKOH HC

XO):\HOH KOHU:eHTpau:tteli nopoBoro pacTBopa - CKP' 
I103BOJI5IIOru;eii OTJII1l.II1Tb 3aCoJieHHbie rpyHTbl OT 

rrpeCHbIX. TeM He MeHee AO c11x nap HeT ei111Hora 

Kp11Tep1151 orrpei1eJieHH5I CKp' EoJiee To_ro, B Hayqttoii 

JIHTepaType 11 B P51Ae HOpMaTHBHbIX i10KyMeHTOB 

rrp11Mem1eTC5I noH5ITHe 3acoJieHHOCTb rpyHTa - D,.1 

(OTHOIIIemre Beca · coJieii: K Becy cyxora rpyHTa B 

e):\HHHU:e o6'beMa) . 5IcHO, l.ITO rrpH cPHKCHpoBaHHOM 

D,.1 11 pa3HbIX BJia:>KHOCT5IX i1aHHora rpyHTa 11cxoi1-

Ha5I KOHU:eHTpau;H5I era rropOBOra paCTBOpa MO:>KeT 

OTJIH'laThC5I Ha rrop5IAOK 11 6oJiee, lITO o6ycJIOBHT 

3Hal.IHTeJibHbie pa3JIHlII15I B KHHeTHKe era npoMep-

3aHH5I, ¢opMttpoBaHHH ITKKC, coi1ep:>KaH11H 

:>KH):\KOH ¢a3bI H l:\p., a, CJie):\OBaTeJibHO, I1 B cPI13HKO

MexaHHl.IeCKI1X CBOHCTBax. I103TOMY rrpHMeHeHHe 

D,.1 AJI5I xapaKTepttcTHKH 3acoJieHHOCTH rpyHTOB 

BP5IA JIH onpaBAaHo. EoJiee TIOAXOJ:\5IllIHM ):\JI5I 3THX 

u:eJie.11: 5IBJI5IeTC5I HCXO):\Ha5I (B TaJIOM COCT05IHHH , npH 

3a):\aHHOH B.Tia)KHOCTH) KOHU:eHTpaU:H5I HaCbiru;aIO

ru:ero rpyHT rropoBora pacTBopa Ci. 

YcTaHoBJieHo, lITO c B03pacTaH11eM ttcxoi1Hoii 

KOH:U:eHTpaU:HH nopOBbIX paCTBOpOB coi1ep:>KaHHe 

:>KH):\KOH ¢a3bI rrpH 3a):\aHHOH TeMrrepaType Mep3JIO

ro 3aCOJieHHOro rpyHTa B03pacTaeT IIOlITH JIHHeHHO 

[0CH06bl ceOKPUO.!lOWU, 1996], l.ITO 6JIH3KO K CHTy

au:1111 ):\JI5I CB060AHbIX paCTBOpOB. 3KcnepHMeHTbl 

[0cH06bl ceOKpUO.!lOWU, 1996] TaK:>Ke IIOKa3bIBa

IOT' '!TO KOJIH'leCTBO :>KH):\KOH ¢a3bl B Mep3JIOM 

3aCOJieHHOM rpyHTe 3aBHCI1T, OT COCTaBa rropoBoro 

pacTBopa H yMeHbIIIaeTC5I (npH npOlIHX paBHblX 

ycJIOBH5IX)' HanpHMep ):\JI5I paCTBOpOB COJie.11: HaTpI15I 

B P51Ay: NaCl-NaN03-Na2S04-Na2COy Oi1HaKo 

3To H3MeHeH11e HepaBHOMepHo. Ecntt AJI5I rrocnei1He

ra 3BeHa yKa3aHHora p5IAa OHO OTJIH'laeTC5I Ha 

10-15%, TO rrpeo6nai1aH11e NaCl B rroposoM pacT

sope rrpHBO):\HT K yBeJIHlleHHIO coi1ep:>KaHM5I :>KH):\KOH 

¢a3bI B 3acoJieHHOM Mep3JIOM rpyHTe B ):\Ba pa3a I1 

6oJiee no cpaBHeHMIO c Kap6oHaTHbIM M cyJibcPaT

HbIM COCTaBOM . 

.ll,JI5I 3aCOJieHHbIX Mep3JibIX rpyHTOB Ha6JIJO):\a -

eTC5I 3aMeTHOe CMer:u:eHMe TeMnepaTypbI HallaJia 3a-



OCOSEHHOCT11 3ACOJIEHHblX MEP3JlblX I'PYHTOB 

Mep3aHJrn: HfDKe 0 °C, rrporrop:u;HOHaJihHOe HCXO):{

HOH KOH:U:eHTpa:u:nn, qTo oco6eHHO 3aMeTHO nptt 

Ci > CKp· llhi:pttHa TeMrrepaTypHoro HHTepBaJia H 

HHTeHCHBHOCTb ¢a30BbIX rrpeo6pa30BaHHH TaK)Ke 

npeTeprreBaIOT H3MeHeHmI, oco6eHHO CHJibHbie B 

rrecqaHhIX rpyHTax. 

0):{HOBpeMeHHO npOHCX0):{5IT 3aMeTHbie H3Me

Hemrn TBep):{bIX MaTplI:u; TIKKC. Jle):{5IHa5I MaTpn:u:a 

rpyHTa rrpe):{cTaBJI5IeT co6ott coJieHhIH Jie):{ c ropa3AO 

6oJiee MeJIKIIMII II rrplIMeCHbIMII K p HCTaJIJiaMH, qeM 

B npeCHbIX rpyHTax. TipnqeM cpe):{HHH pa3Mep KpHC

TaJIJIOB Jlh):{a yMeHhmaeTC5I em;e II c IlOBbiilleHHeM 

BaJieHTHOCTII OCHOBHOro KaTHOHa paCTBOpeHHOH 

COJIM. 3HaqMTeJihHa5I qaCTb COJieH (30-60%) M3 

rropOBOro paCTBOpa rrepeXO):{MT B COJieHbIH Jie):{, co

):{ep)f<aID;HH 51qettKH paccoJia. MIIHepaJihHa5I MaT

pM:u:a TIKKC 3acoJieHHOro rpyHTa TaK)Ke MO)f<eT 

3aMeTHO M3MeHMThC5I 3a cqeT rrpo:u:eccoB Koary

JI5I:U:IIM rJIMHMCTbIX qaCTH:U: M ):{HCrreprMpOBaHM5I rrec

qaHhIX [0CH06bl 2em:pUO.!l02UU, 1989 ]. 
B :u;eJioM 3acoJieHHhIM Mep3JihIH rrecqaHO- rJIII

HHCThIH rpyHT rrpe):{CTaBJI5IeT co6ott KOMIT03M:U:IIOH

HbIH MaTep1IaJI c TIKKC, co):{ep)Kam;ett 6oJihme oc

Jia6JI5IIOID;HX 3JieMeHTOB, qeM He3acoJieHHbIH (rpa

HIIqHhie Me)K3epHOBhie 30Hbl c 60JibIIIIIM CO):{ep

)KaHIIeM )KII):{KOH ¢a3hI, IIplIMeCHbIH rropOBbIH Jie):{ M 

):{p.)' qTo rrplIBO):{IIT K IIOBbIIIIeHIIIO ero IIJiaCTMq

HOCTII. TipM IIOHH)KeHIIII TeMrrepaTypbI TaKoro rpyH

Ta, corrpoBO)f<):{arom;ettc5I BhIMep3aHIIeM paccoJia II 

BhIIIa):{eHMeM KPIICTaJIJIOrM):{paTOB COJieH, Il05IBJI5I

IOTC5I M Haq1IHaIOT rrpeo6Jia):{aTh yrrpoqH5IIOID;IIe 

Me)K3epHOBbie 30HbI, II cpe):{a CTaHOBIITC5I 6oJiee 

)KeCTKOH M xpyrrKott . KaK cJieACTBHe OTMeqeHHhIX 

oco6eHHOCTeH ):{OJI)!(Hbl B03HHKaTh 3HaqlITeJihHhie 

OTJIIIqH5I B 3JieKTp1IqeCKIIX II yrrpyrlIX CBOHCTBax B 

pa3HOH CTerreHII 3aCOJieHHbIX Mep3JibIX rpyHTOB ):{a 

)Ke rrplI O}:{IIHaKOBOM IIX JIHTOJIOr1IqeCKOM COCTaBe. 

OEPA3U:hI M METO.ll,MKA 3KCITEPMMEHT A 

BBMAY CJIO)KHOCTM II MHoro¢aKTOpHOCTII H3Me

HeHIIH ¢1I3MqecKIIX CBOHCTB Mep3JibIX rropo):{, IIX 

M3yqeHMe B ITOJieBhIX ycJIOBH5IX c :u:eJihlO ycTaHOB

JieHH5I KOHKpeTHbIX 6a30BbIX 3aKOHOMepHOCTeH 

rrpaKT1IqecK1I HeB03MO)KHO. Tio3TOMY 1ICCJie):{oBaH1I5I 

3JieKTp1IqecKMX M yrrpyrlIX CBOHCTB Mb! BbIIIOJIH5IJIII 

B Jia6opaTOp1III Ha o6pa3:u;ax pa3JIHqHoro JIIITO

JIOrMqecr<:oro cocTaBa. OcHOBHhie cse):{eH1I5I o rpyH

Tax, II3 KOTOpbIX II3rOTaBJIIIBaJIIICb o6pa3:U:hI, rrp1I

B0):{5rTC5I B Ta6JI. 1. MaTepnaJI rpyHTa rro):{BepraJIC5I 

HeO):{HOKpaTHOMY OTMhIBaHIIIO B ):{IICTIIJIJIIIpOBaHHOH 

BO):{e c ITOCJie):{yIOID;IIM BbICYIIIIIBaHHeM rrplI 

t = 105 °C. Cyxott rpyHT cMeIII1IBaJIC5I c cooTBeTCT

BYIOID;MM KOJIIIqeCTBOM paCTBOpa COJieH 3a):{aHHOH 

KOH:U:eHTpa:u;IIH M COCTaBa. 3aTeM rpyHTOBYIO rracTy 

Ha61IBaJIM B :U:IIJIIIH):{pliqecKIIe ¢opMbI (O):{OMeTpbI)' 

yTpaM60BhIBa5I ):{O Hy)KHOro ofueMa. c :u:eJihIO IIOJiy

qeHM5I MaCCIIBHOH KpHOTeKCTYPhl o6pa3IJ;bl, ITOMe

m;eHHhie ITO):{ He60JibIIIYIO Harpy3KY (-0,5 Kr/ CM2) 

3aMopa)KMBaJIHCh rrptt t = -30 °C. I1cxo):{Ha5I seco-

Ta 6 n 11 LI a 1. Csoikrna rpyHTOB, ucnOJih3yeMhIX B 

Jia6oparnpHbIX SKCnepuMeHTaX 

fpattyJIOMeTpl14eCKl1H ql1CJIO COCTaB, % IlJiaC-
fpyHTbl ,[(11aMeTp, MM 

Tl14.Jp, ~ 
0,05->0 ,05 0,005 <0,005 

Kna pl\eBbI~ 99,9 0,1 - - . 
neCOK 

IleCOK 94,7 4,5 0 ,8 -

Cynecb 75,9 14,4 9,7 3,2 

Cyrn11tt0Kl 51,0 28,4 20,6 7,9 

CyrJIHHOK2 12,0 74,9 13, 1 11,2 

rn11tta 15,4 41,8 42,8 17,8 

Kaon11H 1,0 26,0 73,0 21,0 

Y11enb-
Hall 

IlJIOT-
HOCTh, 

r/cM3 

2,66 

2,71 

2,71 

2,72 

2,69 

2,70 

2,65 

Ba5I BJia)KHOCTb o6pa3IJ;OB 3a):{aBaJiaCh B IIHTepBaJie 

OT 10- 15% AO 30-50%' qTQ BKJIIOqaJio ):{1Iarra30H 

OT HeIIOJIHOro 3aITOJIHeHII5I rrop AO ITOJIHOro H He

CKOJibKO 6oJihillero . 0CHOBHOH o6'heM 3KCrrepttMeH

TOB BbIIIOJIH5IJIC5I Ha o6pa3:u;ax c ITOJIHbIM BJiaroHa

ChIID;eHHeM. TiplIMepbI, paccMaTplIBaeMbie B HaCT0-

5IID;eH CTaThe OTHOC5ITC5I K BJiaroHaCbIID;eHHbIM (MJIII 

6JIII3KHM K 3TOMY COCT05IHHIO) rpyHTaM. 0):{HaKO 

ycTaHOBJieHHhie 3aKOHOMepHOCTII MOryT 6hITb pacrr

pocTpaHeHhI II Ha ):{pyrMe, He CJIIIIIIKOM CHJibHO 

OTJIIIqarom;tteC5I cyMMapHOH BJia)KHOCThIO, rpyHTbI c 

COOTBeTCTBYIOID;eH KOppeKTIIpOBKOH 3Haqem:IH H3y

qaBIIIHXC5I rrapaMeTpOB. 

B OCHOBHOM MO):{eJIIIPOBaJIMCb Mep3Jibie rpyHTbI 

MOpCKOro THITa 3aCoJieHM5I, qTo ocym;ecTBJI5IJIOCb 

Hachrm;eHIIeM 06pa3:u;os pacTBopaMII NaCl. Ll,JI5I 

o:u;eHKII OTKJIOHeHM5I CBOHCTB rpyHTOB KOHTHHeH

TaJibHOro H CMemaHHOrO TMIIOB 33COJieHH5I OT MOp

CKoro 6hIJIII rrpose):{eHbI 3Kcrrep1IMeHThr c 06pa3 -

:u:aM1I, HaChIID;eHHblMH paCTBOpaMH OT):{eJibHbIX co

Jie:H, a TaK)Ke MX CMeC5IMII B pa3JIHqHbIX rrpo

rrop:u;II5IX. Orrpe):{eJieHtte CBOHCTB (AH::>JieKTp1Iqecr<:oH 

rrpOHIIIJ;aeMOCTII e,,q, , y):{eJibHOro 3JieKTp1IqecKoro co

rrpOTIIBJieHII5I p II cr<:opoCTeH pacrrpocTpaHeHII5I YJih 

Tpa3ByKa VP , V, II VR) rrpoBO):{IIJIIICh no H3BeCTHhIM 

MeTO):{IIKaM [3bl!W6 U 8p., 1989] rrpH cjJHKCIIpOBaH

HbIX TeMrrepaTypax (o6hrqHo B pe)KMMe ee ITOBbI

rrreHM5I) OT - (20-25) 0 

AO -l °C. MOAYJIM yrrpyrocTM 

paccqMThIBaJIHCb no ¢opMy JiaM TeOpHII yrrpyroCTH 

CIIJIOIIIHOH cpe):{bl qepe3 BeJIHqHHbI H3MepeHHbIX 

CKOpOCTeH II IlJIOTHOCTb rpyHTa. Tiptt Ka)K):{OH TeM

rrepaType H3MeHeHH5I o6pa3IJ;bl BbI):{ep)KHBaJIHCb B 

TeqeHIIe MHOrHX ):{eC5ITKOB qacoB AO ):{OCTII)KeHH5I 

KBa3HpaBHOBeCHOro COCT05IHH5I. TiocJie):{Hee cqHTa

JIOCb ):{OCTHrHyThlM, KOr):{a H3Mep5IeMbie 3JieKT

pttqecKIIe H ar<:ycTttqecKIIe rrapaMeTpbr rrepecTaBaJIH 

H3MeH5ITbC5I BO BpeMeHH. KBa3ttpaBHOBeCHOe COCT0-

5IHIIe o6pa3IJ;OB 5IBJI5IeTC5I Heo6xo):{HMbIM ycJIOBMeM 

Tar<:oro po):{a ::>KcrrepttMeHTOB. O_!Io rro3BOJI5IeT o6ec 

rreqttTh BOCilpOH3BO):{HMOCTb H rrpe):{CTaBHTeJihHOCTb 

pe3yJihTaToB AJI5I orrpe):{eJieHHoro TepMOAMHaMttqec

Koro COCT05IHH5I rpyHTa, a TaK)Ke B03M0)KHQCTb HX 
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0 . JI. '!EPBHHCK.A5! 11 IW 

pacnpocTpaHeHH51 Ha 'Mep3Jibie rpyHTbI COOTBeTCTBy

rom;ero COCTaBa, COCT051HH51 H KpHOTeKCTYPbI B ecTe

CTBeHHOM 3aJieraHHH. 

IlocJie OKOHqaHH51 cepHH H3MepeHHH L(JI51 Ka)l(

L(Oro 06pa3:u:a KOHTPOJIHpOBaJIHCb OCHOBHbie rrapa

MeTpbl ero COCTaBa. 

PE3Y JlbT A Tbl 11 MX OBCY)l(,ll.EHME 

1. KpttTHllecKaSI KOHu,ettTpau,HSI nopoBoro 

paCTBopa. Mbr rroJiaraeM , qTo o6beKTHBHhIM KpH

TepHeM onpei:1eJieHm1 CKP MO)l(eT 6hITb OTJIHqHe B 

¢n3HqecKnx CBOHCTBax, o6ycJIOBJiettHoe cne:u:n<Ptt

Koll. ¢opMHpoBaHH51 cTpoettH51 H cocTaBa ITKKC 

3acoJiettHoro Mep3Jioro rpyHTa . Oi:1ttaKo L(JI51 pea

JIH3a:u:mr 3Toro rroi:1xoi:1a H i:1ocTaToqHo TOqHoro on

pei:1eJieHH5I CKP Heo6xo}:IHM oqeHh 6oJihmoll. o6beM 

3KCnepHMeHTaJibHbIX HCCJie}:IOBaHHH KOHKpeTHbIX 

cPH3HqecKHX CBOHCTB Ha o6pa3:u:ax OCHOBHbIX BHL(OB 

necqaHO-rJIHHHCTbTX rpyHTOB npH HaCbIID;eHHH HX 

paCTBOpaMH pa3JIHqHbIMH no COCTaBy H B IllHpOKOM 

HHTepBaJie HX KOH:U:eHTpa:u:HH, HarrpHMep OT 10-5 -

10-4 }:10 1-5 MOJib/ JI c paBHOMepHbIM maroM H3Me

HeHH51. TaKHX ::iKcrrepttMeHTOB BbIIlOJIHetto rroKa 

uei:1ocTaToqHo, HO HMeroi:u:tteC51 K HaCT051ID;eMy Bpe

MeHH }:13HHbie n03BOJI51IOT CL(eJiaTb HeKOTOphle no

Jie3Hbie 0606m;eHm1. 

Pe3yJihTaThI HamHx 3KcnepttMeHTOB no tt3y

qeHHIO L(H3JieKTpttqecKHX CBOHCTB [<lJpo;we u ap., 
1983; 1993] L(aJIH B03MO)l(HOCTb BrrepBbie o6'heK

THBHO ycTaHOBHTb, lJTO L(JI51 Mep3JIOrO KBap:u:eBoro 

rrecKa , Hach1m;aBmeroc51 paCTBopaMH XJIOPHLIOB Na 

H K B IIIHpOKOM HHTepBaJie KOH:U:eHTpa:u:ttll., Be

JIH'IHHa CKP=-5·10-3 MOJih/JI =-0,3 r/JI (pHc 

1, z), qTo npaKTHqecKH coBnai:1aeT c CKP' pa3L(eJISI

JOIIIeli npeCHhie H coJieHbie JihJ:lbT. KaK BHJ:IHO H3 

pttcyHKa, npH HCXOJ:IHOH KOH:U:eHTpa:u:HH Ci < CKP 
Mep3JibIH rrecoK H JTe}:I HMeIOT CBOHCTBa 6JTH3KHe K 

rrpeCHhIM, a npH Ci> CKP' B cooTBeTCTBHH c H3Me

HeHH51MH ITKKC H B03paCTaHHeM coi:1ep)l(aHH5I 

)l(HL(KOH ¢a3hI, B03HlfKaIOT cyIIIeCTBeHHbie OTJIHqlf51 

a 

200 --.KCI 

100 

50 

20 
- 25 

10 

B L(H::meKTpHqecKHX CBOHCTBax COJieHbIX KpHoreH

HblX o6pa30BaHHH no cpaBHeHHIO c npeCHbIMH. Ilo

L(06Hbie 3KCnepHMeHTbI c rJIHHHCTbIMH rpyHTaMH 

noKa Ha BhIIlOJIH51JIHCh. Oi:1HaKo o6o6m;eHHe pe3yJih

TaToB i:1pyrHX KOCBeHHbIX 3KCnepHMeHTOB no H3Y

qeHHIO npoqHOCTHbIX CBOHCTB H ¢opMHpoBaHH51 

KpHOTeKCTYP [flaH.<teH.KO u ap., 1990; XuMeH.KO(J u 

8p., 1990) n03BOJI51eT ycTaHOBHTb, qTO BeJIHqHHa 

CKP (npH XJIOPHAHOM cocTaBe nopoBbIX pacrnopoB) 

B03pacTaeT' B nepBOM npH6JimKeHHH, JIHHeHHO c 

yBeJIHqeHHeM rJIHHHCTOCTH rpyHTa (pHC. 1,6) H 

AOCTHraeT L(JI51 T51)l(eJihIX rJIHH -0,5 MOJib/ JI. YKa -

3aHHhie Ha p11cyHKe 3Haqemrn CKP onpei:1eJieHhI c 

pa3HOH CTeneHbIO L(OCTOBepHOCTH, HO 06m;11ll. TpeHL( 

HeCOMHeHeH. 

Ha11MeHb11rne CKP = - 5 · 10-3 MOJib/ JI, cnpa

Be}:IJIHBhre L(JI51 KBap:u:eBbIX neCKOB H Jib}:IOB, CB513aHbI 

c H3MeHeHH51MH CBOHCTB pacTBOpOB (CTPYKTYPbI , 

B513KOCTH H }:Ip. ) 3a CLJeT B3aHMOL(eHCTBH51 HOHOB. 

EoJihIIme 3HaqeHH51 CKP L(JI51 rJIHHHCTbIX rpyHTOB 

o6ycJIOBJieHbI HOHH006MeHHhlMH CBOHCTBaMH MHHe

paJibHOH MaTpH:U:hI. B 3THX rpyHTax 3HaqHTeJibHa51 

qaCTb HOHOB nopOBOro paCTBOpa HaXOL(HTC51 BO 

B3aHMOL(eHCTBHH c aKTHBHbIMH noBepxHOCT51MH MH

HepaJihHOro CKeJieTa, H KOH:U:eHTpa:U:H51 paCTBOpa 

CJia6o BJIH51eT Ha KHHeTHKY 3aMep3aHH51 H ¢op

MHpOBaHH51 ITKKC. 

TaKHM o6pa3oM, npHBe}:leHHhre i:1aHHhie o CKP 
n03BOJI51IOT BnepBble, c ofo,eKTHBHbIX n03H:U:HH coc

TaBHTb npe}:ICTaBJieHHe 0 ee BeJIH'IHHaX H H3Me

HeHHH B p51J:IY necoK - rJIHHhl. 

2. Ynpyme H :rneKTpttlleCKHe CBOHCTBa. 

3 a co JI e H 11 e M op c K or o TH n a • J.fay qe

HHe CKOpOCTeH pacnpoCTpaHeHH51 y npyrnx BOJIH H 

J:IHHaM11qecKHX MOL(yJieH yrrpyroCTH B :u:eJIOM IIOL(T

Bep)l(L(aeT BbIIIIe OTMeqeHHhie o6m;He oco6eHHOCTH 

3aCoJieHHbIX Mep3JibIX rpyHTOB H n03BOJI51eT HX 

oxapaKTepH30BaTb KOJinqecTBeHHO. 

HaH60JihmHe H3MeHeHH51 CKopocTeli VP n V, (a 

cJie}:loBaTeJibHO H ITKKC) rrpH pa3HhIX HCXOJ:IHhIX 

... 
" CKP· MOnb/n 6 
J: 

"' 
0 ... 

l~Q J: 
..OJ: Ql 

"' "' c;:s: LO 0 Ql c; 
0 J: )EL 
0 :x: " "'>-Ql E: I- u c ..0 "' 10-1 0 c; >-

Ql 0 0 
c "' >-~ 
0 

10-2 

5 ~~--~---~---~---~--~--- 10-3 

)].~CT . BOAa 0 ,01 0 , 1 10 100 C, r/n 10-1 10-2 10-3 d, MM 

PHc. 1. KpttTHllecKa51 ttal!aJibtta51 KOHU,ettTpau,HSI noposo ro pacTBopa )1,JJSI: a - KBapu.esoro necKa (no 

pe3yJihTaTaM ,!J,HJJieKTpHlleCKHX H3MepeHHH); 6 - )1,JI51 pa3JIHqHbJX necqauo-rJIHHHCTbIX rpyttTOB (no 

pe3yJihTaTaM o6o6IQetttt51). 
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OCOEEHHOCTH 3ACOJIEHHblX MEP3JiblX I'PYHTOB 

KOHIJ.eHTpau.1rnx rropOBhIX pacTBopoB Ci > CKP HMeIOT 

MeCTO .z:vrn coJieHbIX rrecKOB . TaK, HarrpHMep, rrpH 

t = -S °C B Mep3JIOM NaCl 3acoJieHHOM rrecKe rrpH 

yBeJinqeHHH Ci B 40 pa3 (OT 0, 7 AO 29 r/ JI) VP 
yMeHhmaeTCSI rrpnMepHo B TPH pa3a (3900-

1400 M/ c), B TO BpeMSI KaK B rJIHHe JIHIIlb B ABa 

pa3a. 

Ellie 6oJiee qeTKaSI KapTHHa rroJiyqeHa AJISI 

AHHaMHqecKHX MOAyJieM yrrpyrocTH. Oco6eHHO xa

paKTepHhlM OKa3aJIOCb H3MeHeHHe K03cPcPHJ:J;HeHTa 

ITyaccoHa (v) (pnc.2) . KaK cJieAyeT H3 pncyHKa, B 

rrecqaHhIX H rJIHHHCTbIX rpyHTax H3MeHeHHe 

v = f(C) xopomo COOTBeTCTByeT rrpHBeAeHHblM Bbl

me BeJinqHHaM CKp· .Il:JISI Mep3Jioro rrecKa rrpn 

Ci> CKP (-0,S r/ JI) HMeeT MeCTO AOCTaTOqHo pe3Koe 

B03paCTaHHe v B 1,7S pa3a OT 0,2 AO 0,33-0,3S , a 

3aTeM MeAJieHHOe yBeJIHqeHHe 3HaqeHHM 0,37-

0,39 (rrpn Ci = 1 MOJih/ JI) rroqTH OAHHaKOBhIX c 

TaJibIM rpyHTOM. .Il:m1 Mep3JIOM rJIHHbl IIOA06Hoe 

B03pacTaHHe v HaqnHaeTCSI rrpn C = -10 r/ JI , qTo 

COOTBeTCTByeT CKP rJIHHHCThIX rpyHTOB (CM. 

pHc. 1,6). 0AHaKo K03cPcPHU.HeHT ITyaccoHa H3-

MeHSieTC51 He CTOJib pe3KO, KaK y rrecKa, B 6oJiee 

IIIHpOKOM HHTepBaJie Ci, H B03pacTaeT rrpHMepHO B 

1,3 pa3a, a rrpn 6oJihIIIHx Ci -1 MOJih/ JI BhIXOAHT 

TO::>Ke K 3HaqeHH51M, 6JIH3KHM AJISI TaJioro COCTO-

v a 

0,4 ----1 
--x--2 
--+--3 

0,3 ---o-4 
--v--5 
-&--6 

0,2 --<>--- 7 

0 -10 -20 - 30 t, °C 
v 

6 

0.4 
----1 
--+--2 

0,3 --x--3 
--+-4 
--<>--5 

0,2 --&--6 

0 ,01 0,3 10 100 C, r/n 

P11c.2. 3aBHCHMOCTh K03cpcp111.1,11eHTa Ilyaccotta (v) 
OT TeMnepaTyphl (a). 

1-3: rmma c Ha'laJihHOH KOHL\eHTpa1.111eH: nopoaoro pacrnopa Ci= 
= 45, 30, 0-10; 4-7: necoK - Ci = 30, 10, 2, 0 r/JI. 

3aBHCHMOCTb v OT Ha'laJihHOH KOHIJ.eHTpaIJ.HH IIO

poBoro pacTBopa ( 6). 

1-3: rJil1Ha np11 TeMnepaType f > 0; -5 °C; -10 °C; 4-6: neCOK 
np11 TOH )Ke TeMnepaType, COOTBeTCTDeHHO. 

51HHSI - 0,44-0,4S. B HHTepBaJie 3HaqeHHM Ci oT 

0 AO 10 r/ JI AJI51 H3y'laBIIIeMC51 rJIHHbl v = 0,34 -

0,3S H He 3aBHCHT OT KOHIJ.eHTpaIJ.HH, T .e. rrpH 3THX 

Ci Mep3JIYIO rJIHHY MO::>KHO cqnTaTh rrpecHOM. ITo

A06HaSI KapTHHa HMeeT MeCTO H AJI51 APYrHX AHHa

MHqecKHX MOAyJieM yrrpyroCTH. 

Ha AHarpaMMe (pnc. 3 .) rrpnBeAeHhI rroJiyqeH

Hbie 3aBHCHMOCTH AJISI MOAyJieM IOHra (E) H CABHra 

(G) OT TeMrrepaTyphI H Ci. Han6oJihmHe H3MeHeHH51 

B 3HaqeHH5IX E H G rrponcxOASIT B Mep3JIOM 3aco

JieHHOM rrecKe rrpn Ci = CKP: MOAYJih E pe3KO 

yMeHhmaeTCSI rrpnMepHo B 3-4 pa3a , a MOAYJih 

G - rrpnMepHo B 2 pa3a B 3aBHCHMOCTH OT TeMrre

paTyph1 Mep3Jioro rpyHTa. flpn AaJibHeifIIIeM B03pa

CTaHHH Ci Be;rnqHHhI MOAY JieM E H G rrpOAOJI::>KaIOT 

yMeHhIIIaThC5I, HO c MeHhIIIHM rpaAHeHTOM, H BhlXO

ASIT K HeKOTOpbIM aCHMIITOTHqecKHM 3HaqeHH5IM 

rrpn Ci = -SO r/ JI paBHhIM, HarrpHMep rrpH t = -S°C 

COOTBeTCTBeHHO -0,8 H < 0,1 ffla, qTO rrpHMepHO B 

20 pa3 MeHhIIIe, qeM AJI51 rrpeCHbIX Mep3JibIX rreCKOB 

rrpH Tex ::>Ke TeMrrepaTypax . .Il:JISI rJIHHHCTbIX rpyH

TOB B HHTepBaJie Ci OT 0 AO 10-lS r/JI HMeeT MeCTO 

rrJiaBHoe He6oJihmoe yMeHhIIIeHne MoAyJieM E H G, 
rrpHMepHO B l ,S pa3a. 3To, IIO-BHAHMOMy, CB513aHO 

c ¢opMHpOBaHHeM rrpHMeCHOro rropoBoro JibAa, CHH

:>KaIOII1ero :>KeCTKOCTb cpeAhl. 3aTeM rrpH B03pa

CTaHHH C; > CKP HMeeT MecTo TeHAeHU.HSI K 6oJiee 

p e3KOMY yMeHbIIIeHHIO MOAyJieM, KOTOpoe MO:>KHO 

o6hSICHHTb IIOBbIIIIeHHeM COAep:>KaHHSI :>KHAKOM 

¢a3hl B 3aCOJieHHOM rmrnHCTOM rpyHTe. 

3JieKTpHqeCKHe CBOMCTBa orrpeAeJISllOTCSI B oc

HOBHOM IIOBbIIIIeHHbIMH COAep:>KamreM H 3JieKTpO

rrpOBOAHOCTblO :>KHAKOM ¢a3hl B Mep3JiblX rpyHTax , 

a TaK::>Ke CTerreHbIO ee HeOAHOPOAHOCTH H AHCKpeT-

E. G rna 
20 

15 

E. G, rna 
0 

E. ~· rna 11 I \\ 
20 I I 1,0 

I 
I 

I, °C 
- 10 -20 -30 -40 

2 3 C, r/11 

Pnc. 3. 3aBHCHMOCTh MOAYJISI IOttra E (1, 2, 3) 11 

MO)J,yJl51 CABHra G (4, 5) OT TeMrrepaTypbl H KOH

QeHTpaQHH nopoBoro pacTBopa 

1, 4 - necoK; 2 - cyrn11HoK; 3, 5 - rn11Ha. 
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a 
----a o 1 

200 --b A2 
------ c • 3 

p, OM 6 

100 
15 

C, r/n 10 

80 
10 

i;o 5 
40 20 

40 
60 0 

-25 -20 - 15 -10 -5 t, °C 10 20 Jp 10 

P11c. 4. BJimt:H11e Ha'laJihHOH KOHI.J,eHTpau,1111 nopoBoro pacTBopa Ha e'3<Ji (a), p (b) 11 E (c). 

a - 3ae11c11MOCTb t: ' 3<Ji OT TeMnepaTypb1 ):IJI!I Mep3JIOro necKa, Hachm~eHHoro ~11cT11nn11poeaHHOH eo~otf 11 pacrnopaM11 NaCl 11 KC!; 

qacrnrn 10 Kr~; napaMeTpb1 Kp11eb1x: a - NaCl, b - KC!, c - ~11cT11nn11poeaHHa11 eo~a; 1, 2, 3 - Ci~ 10·1, 10·3 11 0 MOJib/JI, 

COOTBeTCTBeHHO. 6, 6, - 3aBl1Cl1MOCTb p 11 E OT Jl11TOJIOrl14eCKOro COCTaBa (411CJia nJiaCTl14HOCTl1 JP) np11 t = -5 ' C; Kp11Bble -

een11411Ha Ha4aJibHOH KOH~eHTpa~1111 nopoeoro pacrnopa (r/ JI). 

HOCTH o6'heMHoro pacnpeAeJieHHSI B rpyHTe. IToc

JieAHee oco6eHHO CHJihHO BJIHSieT Ha BeJIH'IHHY 3¢

ct>eKTHBHOH AH3JieKTPHIIeCKOH npOHHll,aeMOCTH, H3-

MepSieMOH Ha 'laCTOTaX HH:>r<e so KfU:, 3a ClJ:eT 

3¢¢eKTa MaKpOAHITOJihHOH IlOJI5IpH3all,HH [<1>pOll06, 
1976; <1>pOll06 u ap., 1983 ]. ITo3TOMY TeMnepaTyp

HaSI 3aBHCHMOCTh e' 3<jJ KBapu.eBoro Mep3JIOro necKa, 

Hachlra:eHHoro pacTBopaMH XJIOPHAOB Na H K 

(pHC. 4,a) npno6peTaeT xapaKTep, CXOAHhIH c Mep-

3JlhIMH npeCHhIMH rJIHHHCTbIMH rpyHTaMH [<1>pOll06, 
1976 ], T.e. pe3KO OTJIH'IHa OT ITOA06HOH 3aBH

CHMOCTH AJISI He3aCOJieHHOro Mep3JIOro necKa. TaK, 

B AOCTaTO'IHO CHJihHO 3aCOJieHHhIX KBapu:eBbIX nec

Kax (Ci= (1-5) · 10-1 MOJib/JI), COrJiaCHO TeMnepa

TYPHhIM cneKTpaM e' 3<Ji , Han6oJiee HHTeHCHBHhre H3-

MeHeHHSI ITKKC npoHCXOASIT B ABa 3Tana: B6JIH3H 

TeMnepaTyp Ha'laJia 3aMep3aHH5I H IlOSIBJieHHSI 

nopoBoro JihAa B rpyHTe B6JIH3H 3BTeKTH'leCKOH 

TeMnepaTyphl (t3BT) AJISI AaHHOro COCTaBa nopoBoro 

paCTBOpa. 3TO CBSI3aHO c pe3KHM H3MeHeHHeM CTe

neHH AHCKpeTH3all,HH He3aMep3IIIeH :>I<HAKOH ¢a3bl 

npn ¢opMnpoBaHHH nopoBoro JihAa H npH HH

TeHCHBHOM BbIITaAeHHH KpHCTaJIJIOrHApaTOB COJIH Ha 

BTOpOM 3Tane. TaKHM COCTOSIHHSIM COOTBeTCTBYIOT 

MaKCHMYMhI e '3<Ji' oco6eHHO 'leTKO npoSIBJISIIOIIJHecSI 

npH H3MepeHH5IX Ha HH3KHX 'laCTOTax (CM. pnc. 4, 
a). Me:>r<AY 3THMH COCTOSIHHSIMH coxpaHSIIOTCSI aHO

MaJibHO BhICOKHe 3Ha'leHHSI e ' 3<Ji ' o6ycJIOBJieHHbre 

3¢¢eKTOM MaKpOAHITOJihHOll IlOJI.5IpH3aU:HH AHCK

peTHhIX AOMeHOB He3aMep3mero nopOBOro paCTBO

pa, KOTOpbre coxpaHSIIOTC.51 BilJIOTh AO t3BT" 

B c11yqae OTHOCHTeJihHO MaJioro 3acoJieHHSI 

(C = -10·2 MOJib/ JI) HMeeT MeCTO JIHIIIh nepBbIH 
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' MaKCHMyM. 0AHaKO, HeCMOTp.51 Ha OTCYTCTBHe 

pe3KHX H3MeHeHHll B6JIH3H t3BT' TeMnepaTypHbie 

cneKTphr 3acoJieHHoro Mep3JIOro necKa HMeIOT cy

IIJeCTBeHHbie OTJIH'IHSI OT npecHoro. IlpH 60JibIDHX 

KOHU.eHTpau:nSix nopoBoro pacTBopa Ci > 1 MOJih/ JI 

HHTeHCHBHOCTh ¢a30BhIX H3MeHeHHll ITJiaBHO Hapa

CTaeT OT TeMnepaTyphI Ha'laJia 3aMep3aHH5I (KOTO

paSI 3Ha'IHTeJihHO HH:>r<e 0 °C) AO 3BTeKTH'leCKoif, 

T.e. npaKTH'leCKH OTCYTCTByeT nepBblll MaKCHMyM. 

XapaKTepHo, 'ITO npn TeMnepaTypax, HH:>r<e 3BTeK

TH'leCKoli, yMeHhIIIeHHe e ' 3<Ji CHJihHO 3acoJieHHoro 

necKa (Ci> 10-1 MOJih/ JI) npOHCXOAHT B HeKOTOpOM 

HHTepBaJie TeMnepaTyp H CXOAHO c TeM, KOTOpoe 

HMeeT MeCTO AJI.51 npecHoro npH IlOHH:>r<eHHH TeMne

paTyphI nocJie Ha'laJia ero 3aMep3aHHSI (cM. 

pnc. 4, a). 3Ta aHaJiorHSI no3BOJISieT npeAITOJiaraTh, 

'ITO yMeHhIDeHHe KOJIH'leCTBa :>I<HAKOH ¢a3bl H pa3-

MepoB ee AHCKpeTHbIX CKOITJieHHH npOHCXOAHT npH

MepHO B ABYX paCCMaTpHBaeMbIX COCT05IHH5IX Mep3 -

JIOro necKa. ITocKOJihKY TeMnepaTypa noJIHoro 3a

Mep3aHH5I :>I<HAKOH ¢a3bI B npeCHOM necKe 6bIJia 

ou.eHeHa [<1>poAoe, 1976; Frolov et al., 1993] 
- - (25-30) °C, TO MO:>I<HO O:>I<HAaTh, 'ITO B 3aCOJieH

HOM necKe ITOA06Hoe COCTOSIHHe 6yAeT AOCTHrHyTo 

npH TeMnepaTypax Ha 25-30 °C HH:>r<e 3BTeKTH'le

CKOll AJI5I HaChIIIJaIOIIJero nopoBoro pacTBopa. TaKa5I 

cnTyan:nSI ITOATBep:>r<AaeTC5I 3aBHCHMOCThIO e ' 3<Ji ( t) 
AJI5I Mep3JIOro necKa HaChIIIJeHHoro pacTBOpoM KC! 

c t3BT = -11°C (CM. pHC. 4,a): JieBa5I 'laCTb KpHBOll 

2 npn TeMnepaTypax HH:>r<e -12°C aHaJIOrH'IHa 3a

BHCHMOCTH e I 3<jJ AJISI npecHoro necKa npH t < - 2 ° c. 
Heo6xoAHMhr AaJihHelimne 3KcnepHMeHTaJihHhie 

HCCJieAOBaHHSI H yTO'IHeHHe 3Toro ¢aKTa, yKa3hrna-



OCOBEHHOCTJ1 3ACOJIEHHhlX MEP3Jlb1X I'PYHTOB 

JOm,ero Ha cym,ecTBeHHoe OTKJIOHemi:e rrp ou,ecca 3a

Mep3aHMSI paCTBOpa B rropHCTOH cpeAe OT Teo pHH 

CB060AHhIX p aCTBOpOB . 

YAeJihHOe ::meKTpw1ecKoe conpoTMBJieHMe (p) 
3aCOJieHHbIX necliaHO- rJIMHMCTbIX rpyHTOB , TaK :>Ke 

KaK B npeCHbIX, B03pacTaeT npH 3aMep3aHMM M 

IlOCJieAyJOm,eM IlOHM:>KeHMM TeMnepaTypbI. 0AHaKO 

3TO B03pacTaHMe HalIMHaeTCSI npH TeMnepaTypax 

HM:>Ke 0 °C B COOTBeTCTBMM c MCXOAHOH KOHU,eHT

pau,MeH nopoBoro paCTBOpa, M MHTeHCMBHOCTb ero 

npM nepeXOAe B Mep3JIOe COCTOSIHMe pe3KO CHM:>Ka

eTCSI npu yBeJIMlieHMM 3acoJieHHOCTM (Ci > CKp) . 
TaK, ecJIM npu 3aMep3aHMM npecttoro BOAOHaChI

m,ettttoro neCKa p B03 paCTaeT B 104- 105pa3, TO IlpH 

Ci = 10-1 MOJih/ JI 3TO B03paCTattue cocTaB;rneT 

JIMIDh 10-102 pa3; a npu Ci = 1 MOJih/JI - Beem 

- 2 pa3a. 

TaKMM o6pa30M, npu yBeJittlieHMM Ci > CKP 
Mep3JibIH necliaHhIH rpyHT no BeJIMlIMHe p rrpH6-

JIM:>KaeTC51 K Mep3JIOMY rJIMHMCTOMy . 0TCJOAa CJieAy

eT, 'ITO npu tteKOTopoM 3HalieHMM Ci npaKTMlieCKM 

MClie3aeT 3aBMCMMOCTb p OT JIMTOJIOrMlieCKOrO coc

TaBa 3acoJieHHOro necliatto- rJIMHMCToro Mep3Jior o 

rpyHTa. )1,JISI M3yliaBIDMXC51 HaMM o6pa3U,OB IlhIJieBa

Toro rrecKa, cynecu, cyrJIMHKa M KaOJIMHa, HaChI

m,eHHhIX paCTBOpaMM NaCl, TaKoe COCTOSIHMe Ha

CTynaeT npu C 'i = -(0 , 6 - 0,7) · I0- 1 MOJih/JI 

(CM. pMC. 4,6) . ilpH MCXOAHhIX KOHU,eHTpaU,MSIX Ha

CbIIIJ,aJOIIJ,MX pacTBopoB 6oJihIDMX C'i = 3- 4 r/ JI Be

JIMlIMHa p Bcex yKa3aHHhlX rpyHTOB OAMHaKOBO 

yMeHhmaeTCSI npM cpMKCHpoBaHHOH TeMnepaType 

Mep3JIOro COCTOSIHMSI. yfa 3TOm CJieAyeT' 'ITO cpop

MHpOBaHMe CTKKC, 06ycJiaBJIMBaJOI1J,eH celieHMe M 

M3BMJIMCTOCTb TOKOBbIX nyTeH, ocym,eCTBJISieTCSI 

CXOAHO B 3TMX rpyHTax, TaK KaK BeJIMlIMHa MX p 
onpeAeJISieTCSI JIMIDh yAeJihHhlM conpoTMBJieHMeM ux 

nopoBoro pacTBOpa, 3aBMC51IIJ,MM OT KOHU,eHTpau,MM. 

B onpeAeJieHHOH CTeneHM 3TO IIOATBep:>KAaeTCSI M 

npHBeAeHHbIMM 3aBMCMM OCT51MM MOAyJieH ynpyroc

TM (CM. pttc. 4, 6). CT pH yKa3aHHOH MCXOAHOH 

KOHU,eHTpau,uu nopoBoro pacTBopa C' i MOAYJIM yn

pyrocTM KaK E, TaK M G npttHMMaJOT 6JIM3KMe 

3HalieHMSI AJISI rpyHTOB pa3Horo JIMTOJioruqecKoro 

cocTaBa . 0AttaKo rrpu Ci > C/ MOAYJIM yrrpyrocTM 

3aCOJieHHOro Mep3JIOro necKa OKa3hIBaJOTC51 MeHh

me. Bo3MO:>KHO 3TO o6ycJioBJieHo MeHhmeli :>KeCTKO

CThJO nKKC 3aCoJieHHOro Mep3JIOro rreCKa BBMAY 

COAep:>KaHMSI B Me:>K3epHOBhix 30Hax 6oJiee KpyrrHhIX 

IlOJIHKpMCTaJIJIMlieCKMX o6pa30BaHMH nopoBOro co

JieHoro JibAa, lieM B rJIMHMCTbIX rpyHTax. 

KoHTMHeHTa Ji hHhlH M cMemaHHhlH 

TM II 3 a c 0 JI e HM 51 . )1,JISI ou,eHKM OTJIMlIMH yrr

pyrux M 3JieKTPMlieCKMX CBOHCTB Mep3JibIX rpyHTOB 

KOHTMHeHTaJihHOro M CMemaHHOro TMilOB 3aCOJieHM51 

6hIJIM BbIIIOJIHeHhI orpaHMlieHHhie no o6'beMy 3KC

nepHMeHTbl c 06pa3u,aMM cyrJIMHKa npH HaChlIIJ,eHMM 

MX pacTBopaMM COJieH rpynnhl XJIOPMAOB M rpynnhI 

Kap6oHaToB M cyJihcpaTOB B pa3HhIX nponopu,HSIX. 

I13MepSIJIOCh ABa napaMeTpa: p M VP B MHTepBaJie 

TeMnepaTyp OT noJio:>KMTeJihHhIX AO -20°C. CooTHO

meHMe B AOJISIX KOJIMlieCTBa COJieH ABYX rpynn 

(cy JibcpaTbI / XJIOPMAbI) B HaCbIIIJ,aJOIIJ,eM o6pa3U,hl 

pacTBope 3aAaBaJIOCb AMCKpeTHO: 0 / 1; 0,25/0,75; 
0,5/0,5; 0,75/0,25 M 1/0. PacCMOTpHM BHaliaJie 

KpaHHMe CJiyliaM. 

Ha pucyHKe 5, a,6 npuBeAeHo conoCTaBJieHMe 

TeMnepaTypHoli 3aBMCMMOCTM p M VP AJISI rpyHTa , 

HaChIIIJ,aBmeroCSI pacTBOpaMM pa3JIMlIHbIX OTAeJih

HbIX coJieli. KaK cJieAyeT M3 pucyHKa, o6IIJ,MH xa 

paKTep M3MeHeHMSI p M VP rrpu nepexoAe B Mep3Jioe 

COCTOSIHMe M npH AaJibHelimeM IlOHM:>KeHMM TeMne 

paTypbl OCTafacSI AOCTaTOlIHO YHMBepcaJihHbIM AJISI 

Mep3Jioro rpyHTa c JIJ06hIM cocTaBOM nopoBoro pacT

Bopa. 0AHaKO COCTaB HaCbIIIJ,aJOm,ero pacTBopa 

CMJibHO BJIMSieT Ha TeMnepaTypy HaliaJia 3aMep-

3aHM51 M MHTeHCMBHOCTb M3MeHeHM51 BeJIMlIMHbl M3y

liaBIDMXC51 napaMeTpOB. ilOCJieAHee onpeAeJISieT 

pa3AeJieHMe noJiylieHHbIX 3aBMCMMOCTeH Ha ABe 

rpynnhr: 1) XJIOPMAHOe 3aCOJieHMe (MOpCKOH TMII) ; 

2) cyJihcpaTHO-Kap6oHaTHOe 3acoJieHMe (KOHTMHe

HTaJihHhIH TMII) ' - AJISI KOTOpbIX MMeJOTCSI KaK 

o6m,ue qepThl, TaK M HeKOTOphre OTJIMlIMSI. 

Bo-nepBhix, BTopaSI rpynna OTJIMliaeTC5I OT 

nepBOH cym,ecTBeHHO 6oJiee BbICOKMMM 3HalieHM5IMM 

p , OM 
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-5 
101 -3~ 
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- 1 
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Puc. 5. BJIHSIHHe cocTaBa noposoro pacTnopa Ha 

p M VP )l,JISI Mep3JihIX cyr JIMHKOB. 

a, 6 - TeMneparypttaSI 3ae11c11MOCTh: 1 - NaHC03; 2 -
Na2S04; 3 - MgCI.-i ; 4 - NaCl; 5 - MopcKaSI eo,Lla; 6 -
npecHaSI BO,LlhI; 6, l - 3aBMC11MOCTb OT CO,Llep lKamrn N a2S04 (B 
OTHOCMTellbHbIX e,LlMHMl\aX) B pacrnope CMeCM conei71 (Na Cl + 
+ Na2S04) HaChill\alOll\eH lKM,LlKOCT11; Ci = 30 r/n . 
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0. n. 'lEPBHHCKAfl H /(P. 

p H VP H 6oJihIIIHM TeMnepaTypHbIM rpaAHeHTOM HX 

H3MeHeHH5! (HHTeHCHBHOCTblO ¢a30BbIX npeo6pa30-

BaHHH) B HHTepBaJie AO -S°C. 3TOT HHTepBaJI MO)K

HO BhIAeJIHTb KaK nepBbIH 3Tan npoMep3aHH5! COJie

Horo rpyHTa, KOrAa npOHCXOAHT cPOPMHPOBaHHe Jie

A5!HOH MaTpHIJ,bl I1KKC rpyHTa, yMeHhIIIeHHe co

Aep)KaHH5! H B03pacTaHHe CTerreHH AHCKpeTH3all,HH 

He3aMep3IIIero nopoBoro paCTBopa, KOHu,eHTpall,H5! 

KOToporo yBeJIHlIHBaeTC5!. I1ocKOJihKY npn cyJih

¢aTHOM H ™APOKap6oHaTHOM 3aCOJieHHH t3BT paBHbl 

COOTBeTCTBeHHO -l,2°C H -2,1°C, TO Ha nepBOM 

3Tarre rrpoMep3aHH5! rrpaKTHlleCKH 3aKaH1.JHBalOTC5! 

rrpoIJ,eCCbl BbIITaAeHH5! KpHCTaJI.ITOrHAPaTOB COJTeH, 

rropoBhIH paCTBOp onpeCH5leTC5! H 3HalleHH5! p H VP 
OKa3hIBalOTC5! OlleHh 6JIH3KHMH K TaKOBbIM AJI5! He-

3aCOJieHHOro rpyHTa. Ha BTopoM 3Tarre rrpoMep-

3aHH5! nptt TeMrrepaTypax -S - -20°C 3HalleHH5! p 
H VP AJI51 o6pa3IJ,OB c Kap6oHaTHo-cyJThcPaTHhIM 3a

coJieHHeM npaKTHlleCKH aHaJIOrHl!Hbl COOTBeTCTBy

IOIIl,HM AJI5! npeCHhIX rrecKOB. 

Bo-BTOphIX, B TaJIOM cocT05lHHH cKopocTh pac

npoCTpaHeHH5! ynpyrHX BOJIH OKa3hIBaeTC5! rrpaK

THl.JeCKH OAHHaKOBOH AJT5! npeCHOro H 3aCOJTeHHOro 

rpyHTa rrpH JII060M COCTaBe HaChIIIl,3!01Il,ero paCTBO

pa, a yAeJihHhie corrpoTHBJieHH5! HecKOJihKO OTJIHlla

IOTC51. 3To CB5!3aHO c TeM, 1.JTO yrrpyroCTb (a TaK)Ke 

H rrpOlIHOCTb) Mep3JIOro rpyHTa onpeAeJI5leTC5! B 

OCHOBHOM KOJIHlleCTBOM )f(HAKOH ¢a3hl B Me)f(3epHO

BblX 30Hax. Ll,JI5! yAeJihHbIX conpOTHBJieHHH noJiy

lleHHhie OTJIHlIH5! B TaJIOM COCT05!HHH CB5!3aHhl c 

HOHHbIM COCTaBOM nopoBoro paCTBopa. Il,JI5! paCTBO

poB XJTOPHAOB 3JieKTponpOBOAHOCTb 60JibIIIe. 

B-TpeTbHX, conocTaBJieHHe 3HalleHHH HCXOA

Hhix 3aAaBaeMhIX KOHU,eHTpall,HH paCTBOpOB c KOH

u,eHTpaIJ,HeH BOAHhIX BbJT5l)KeK B KOHU,e H3MepeHHH 

rroKa3aJio, lITO rrptt cyIIhcPaTHO-Kap6oHaTHOM 3aco

JieHHH npoHCXOAHT 3HalIHTeJihHOe HX yMeHhIIIeHHe. 

ITo-BHAHMOMy, B nocJieAHeM cJTyllae l!aCTh coJieH: H3 

paCTBOpOB, B3aHMOAeHCTBY5! c MHHepaJihHbIMH 1.JaC

THIJ,aMH, 06pa3yeT IlJIOXOpaCTBOpHMhie KOMilJieKCbl. 

3To yKa3hrnaeT Ha CJIO)KHOCTH cPH3HKO-XHMHlleCKHX 

npou,eccoB B 3acoJieHHhIX rpyHTax rrptt HX 3aMep-

3aHHH H OTTaHBaHHH, KOTOphre Tpe6yJOT ylleTa. 

I1pH XJIOPHAHOM COCTaBe HaChIIIl,alOIIl,HX pacT

BOpOB IlOA06Horo yMeHbIIIeHH5! KOHU,eHTpall,HH He 

o6Hapy)f(eHo, a xapaKTep TeMnepaTypHoH 3aBH

CHMOCTH p H VP (CM. pHC. S, a,6 KpHBbie 3-5) 
rrpaKTHlleCKH He 3aBHCHT OT KaTHOHa paCTBopeHHblX 

coJieH:. B o6JiaCTH TeMrrepaTyp BhIIIIe t ,BT ¢opMH

poBaHue H 3BOJIIOIJ,H5! I1KKC Mep3JIOro 3acoJieHHOro 

rpyHTa M M3MeHeHHe era CBOHCTB npOHCXOAHT CXOA

HO c paccMoTpeHHhIM BhIIIIe AJI5! NaCJ-3acoJieHHM. B 

peaJIM30B3HHOM TeMnepaTypHOM HHTepBaJie H3Me

peHHH npMBeAeHHhie Ha pucyHKe 3aBHCHMOCTH AJI5! 

Ci = -0,S MOJih/ JI >CKP oTpa)KaIOT cylil,eCTBeHHOe 

orna6JieHHe MHTeHCMBHOCTM ¢a30BbIX npeo6pa30-

BaHHH Ha rrepBOM (AO -S°C) 3Tane 3aMep3aHH5! M 

coxpaHeHMe 3HalIHTeJihHOro COAep)f(3HM5! He3aMep3-

mero rroposoro pacTsopa, KOTopoe MeAJieHHO 
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yMeHhIIIaeTC5! Ha BTOpOM 3Tarre BilJIOTb AO -20°C . 

II,a)f(e AJI5! o6pa3IJ,OB, HaChIIIl,aBIIIHxrn pacTBopoM 

MOpCKOH COJIH, T.e. COAep)f(alil,HM rrpH6JIH3HTeJihHO 

20% cyJihcjJaTOB H Kap6oHaToB, rroJiylleHHhie 3Ha

l!eHH5! VP OAHHaKOBhI c lIHCTO XJIOPHAHhIM 3aco

JieHHeM, a OTJIH1.JH5! B BeJIHlIHHax p BeCbMa MaJihl. 

I103TOMY rrpH ITJiaHHpOBaHHH 3KCrrepHMeHTa c 

HaChIIIl,aIOIIl,HMH pacTBopaMH CMeceH: COJTe.H 6hIJTH 

Bb16paHhI coJTH Na c pa3HhIMH aHHOHaMH: Cl, S04 H 

HC03. I1pttlleM 3aMeHa HC03 Ha S04 B pacTBope He 

BHOCHT 3aMeTHOH pa3HHIJ,bl B IlOJTyllaeMbie 3aBH

CHMOCTH p H VP. 
Terrepb paccMoTpHM 3KcrrepnMeHTaJThHhie AaH

Hhie Ha rrpnMepe IiachIIIJeHH5! 06pa3u,0B cymttHKa 

cMernMH pacTBopoB coJTe.H NaCl H Na2S04 B pa3-

JTHlIHhIX rrporropIJ,H5!X (CM. pnc. S, a, z). KaK 5!CHO 

CJTeAyeT H3 pHCYHKa, yBeJTHlleHHe COAep)f(aHH5! 

cyJThcjJaTa HaTpH5! B HaChIIIl,aIOIIl,eM pacTBope rrpH

BOAHT K 3aKOHOMepHOMY B03pacTaHHIO KaK p' TaK H 

VP. 3To B03pacTaHHe cTaHOBHTC5! AOCTaTOlIHO 5!B

HhIM rrpn COAep)KaHHH cyJThcjJaTa 6oJTee -20%. Ec

TeCTBeHHO, l!TO c IlOHH)f(eHHeM TeMrrepaTypbl HH

TeHCHBHOCTb B03pacTaHH5! yMeHhmaeTC5!, 1.JTO . COOT

BeTCTByeT KHHeTHKe rrpoMep3aHH5! COJTeHoro rpyHTa 

rrpn ABYX THrrax 3acoJTeHH5!. 

TaKHM o6pa3oM, no BemrlIHHaM rrapaMeTpOB 

3JieKTPHlleCKHX H yrrpymx CBOHCTB K JopCKOMY 

THUY 3aCOJieHH5! MOryT 6hITb OTHeCeHbl rpyHTbl c 

npeo6JiaAalOIIl,HM XJTOPHAHhIM COCTaBOM nopOBbIX 

paCTBOpOB rrpH COAep)KaHHH B HHX AO 20-30 % 

cyJThcjJaTOB H Kap6oHaToB. KoHTHHeHTaJThHhIH )Ke 

THO 3aCoJTeHH5! xapaKTepu3yeTC5! B03MO)KHbIM co

Aep)KaHHeM XJIOPHAOB B nopOBOM Kap6oHaTHO-CyJTh

¢aTHOM pacTBope AO 10-1S% (JTeBaH llaCTh rpa

cjJnKa Ha pncyHKe S a, z). CoAep)KaHne XJTOPHAOB B 

CMeIIIaHHOM nopoBOM paCTBOpe npHMepHO OT 60 AO 

20% xapaKTepH3YeT CMeIIIaHHbIH THil 3aCOJTeHHOCTH, 

npu KOTOpOM 3aCOJTeHHbill Mep3JibIH rpyHT HMeeT 

npoMe)KyTOl!Hbie ¢113HKO-MexaHHlleCKHe CBOHCTBa. 

KoHelIHO, pe3yJihTaThI HaIIIHX 3KcrrepHMeHTOB 

H CAeJiaHHhie 0606II1eHH5! AaIOT JIHIIIh rrepBhre oc

HOBHhie 061;-eKTHBHhie BeXH IlOCTpOeHH5! eAHHOH 

KOHIJ,enIJ,HH AJI5! IlOHHMaHH5! cneu,HcjJHKH ¢opMH

poBaHH5! H 3BOJTIOIJ,HH I1KKC Mep3JibIX rpyHTOB 

pa3JIH1.JHOrO THna 3aCoJiemrn H HX cPH3HKO-Mexa

HHlleCKHX CBOHCTB. Heo6xoAHMhI AaJihHeHIIIHe mn

poKHe H CHCTeMHbie 3KCrrepHMeHTaJihHbie HCCJieAO

BaHH5!, KOTOpbie OXBaThIBaJIH 6bI BCIO Heo6XOAHMYIO 

raMMy MHHepaJihHbIX MaTpHIJ, rpyHTOB, COCTaBa H 

KOHIJ,eHTpall,HH HaChIIIl,aIOIIl,HX ux pacTBopoB. MeTo

AhI H3ylleHH5! 3JieKTPHlleCKHX H ynpyrnx CBOHCTB 

3aCOJieHHhIX rpyHTOB npeACTaBJI5llOTC5! BeCbMa nep-: 

cneKTHBHblMH B KOMilJieKce 3THX HCCJieAOBaHHH. 

3AKJIIOqEHME 

l13JIO)KeHHhie pe3y JibT3Tbl Il03BOJI5l!OT CAeJiaTb 

P5!A BhIBOAOB: 

1. 3acoJieHHbie Mep3Jihie necllaHo-rJIMHHCThre 

rpyHThI MoryT 6hITh BhIAeJieHhI no 3HalleHH5!M KPH-



OCOEEHHOCTJ! 3ACOJIEHHb!X MEP3JlbIX I'PYHTOB 

TH'IeCKOll HCXOAHOH KOHll,eHTpa11,mr rropOBbIX paCT

BOpOB - CKP' rrpH KOTopoil B03HHKaJOT OTJIHllH5I HX 

QJH3HKO-MexaHH1!ecKHX cBoilcTB OT rrpeCHbIX. Be

JIH'IHHa CKP rrpH XJIOPHAHOM 3acoJieHHH AJI5I KBap-

11,eBbIX rreCKOB COCTaBJI5IeT -0,5. 10-2 MOJib/ JI H B03-

pacTaeT c yBeJIH'IeHHeM rJIHHHCTOCTH rpyHTa B nep

BOM npH6JimKeHHH JIHHeHHO, AOCTHra5I y TmKeJibIX 

rJIHH 3Ha1!eHHll -0,5 MOJib/ JI. 

2. IlpH Ci< CKP ITKKC Mep3JIOro rpyHTa Hero 

QJH3H1IeCKHe rnoilcTBa aHOJIOrH'IHbI H3BeCTHbIM AJI5I 

npeCHbIX Mep3JibIX rpyHTOB. IlpH Ci> CKP 3aKoHo

MepHOCTH KHHeTHKH 3aMep3aHH5I H ¢opMHpOBaHH5I 

ITKKC 3acoJieHHbIX rrecllaHo-rJIHHHCTbIX rpyHTOB, a 

CJiegoBaTeJibHO H HX QJH3HlleCKHe CBOHCTBa (B nep

BYIO oqepe,a:b 3JieKTpHlleCKHe H yrrpyme) CHJibHO 

3aBHC5IT OT KOHll,eHTpall,HH H HOHHOro COCTaBa rropo

BbIX paCTBOpOB. 

3. CKopocn1 pacrrpocTpaHeHH5I yrrpyrHX BOJIH 

(VP, Vs H VR) H AHHaMH'IeCKHe MOAYJIH yrrpyrocTH 

(E,G,IO cym,ecTBeHHO (go 3-4 pa3) MeHhme ,a:a)J(e 

B OTHOCHTeJibHO CJia6o 3aCOJieHHbIX rpyHTax no 

cpaBHeHHIO c npeCHbIMH H em,e 6oJiee yMeHhillaJOTC5I 

c B03pacTaHHeM Ci> CKP' rrpHLieM 6oJiee HHTeHCHBHO 

AJI5I Mep3JihIX rrecKoB. 

4. Ko3tjJtjJH11,HeHT IlyaccoHa, Hao6opOT, B03pa

CTaeT rrpH nepexo,a:e OT rrpeCHhlX K 3aCOJieHHhlM 

rpyHTaM H AOCTHraeT AJI5I Mep3JiblX CHJihHO 3aCoJieH

HbIX rrecKoB 3HaLieHHH 0,38-0,4; a AJI.sI rJIHH 

0,44 - 0,45, L!TO 6JIH3KO K BeJIH'IHHaM, xapaKTep

HhlM AJI5I 3THX rpyHTOB B TaJIOM COCT05IHHH. 

5. Y,a:eJibHOe 3JieKTPHLiecKoe corrpoTHBJieHHe p 
3aCOJieHHhIX Mep3JihIX rpyHTOB Ha HeCKOJibKO no

P5IAKOB MeHbme, LieM rrpeCHhrx, B 3aBHCHMOCTH OT 

HCXOAHOH KOHll,eHTpall,HH H COCTaBa nopOBbIX pacT

BOpOB. ITpH Hcxo,a:Hoil KOH11,eHTpa11,HH rropoBoro pac

TBopa NaCl Ci = -(0,6 - 0, 7)' 10-1 MOJih/ JI HCLie-

3aeT 3aBHCHMOCTb p OT JIHTOJIOrHLieCKOro COCTaBa 

rrec'IaHO-rJIHHHCThIX 3aCOJieHHblX rpyHTOB (KpOMe 

T5I)J(eJibIX rJIHH) H ero BeJIH'IHHa onpe,a:eJI5IeTC5I 

TOJihKO HCXOAHOH KOHll,eHTpa11,Heil rropoBoro pacT

Bopa H TeMrrepaTypoil Mep3JIOro rpyHTa. 

6. 3¢¢eKTHBHa5I HH3KOL!aCTOTHa5I AH3JieKT

PH1IeCKa5I rrpoHH11,aeMOCTh t: '3<Ji CHJihHO 3acoJieHHhIX 

Mep3JiblX rreCKOB (Ci> l0-1 MOJih/ JI) coxpaH.sieT 

aHOMaJibHO 60JibIDHe 3Ha1!eHH5I BIIJIOTb AO 3BTeK

THL!eCKOll TeMnepaTypb1 nopoBoro pacTBopa. BpeM5I 

3JieKTpH1IeCKOll peJiaKCall,HH 3Ha'IHTeJihHO MeHhIIIe, 

LieM AJI5I npeCHhIX Mep3JihIX necKoB. 

7. CorJiacHo TeMnepaTypHbIM 3aBHCHMOCT5IM 

t:' ></> 3aBepIIIeHHe ¢a30BbIX nepexo,a:OB B 3aCoJieHHOM 

Mep3JIOM necKe npoHCXOAHT IIpH TeMnepaTypax Ha 

20-25 °C HH)J(e 3BTeKTHLieCKOll AJI5I HaCbIIIl,aJOm,ero 

rpyHT rropoBOro pacTBopa. 3aBHCHMOCTb c I o<ji( t) B 

3TOM HHTepBaJie TeMrrepaTyp aHaJIOrH'IHa 3aBH

CHMOCTH AJI5I npecHoro necKa nocJie ero 3aMep-

3aHH5I. 

8. l13MeHeHHe THIIa 3aCOJieHH5I rpyHTOB OT 

MOpCKOro K KOHTHHeHTaJibHOMY CHJihHO H3MeH5IeT 

3JieKTpH1IeCKHe H ynpyrHe CBOHCTBa 3acoJieHHblX 

rpyHTOB B CTOpOHY npH6JIH)J(eHH5I HX K npeCHhIM. 

Bo,a:oHaChrm,eHHhIH 3acoJieHHhIH Mep3JihIH rpyHT xa

paKTepH3yeTCSI B03pacTaHHeM Ha 1-1,5 nop5IgKa 

BeJIHllHH p H B 1,2-1,5 pa3a CKOpOCTH VP npH 

rrepexo,a:e OT MOpCKOro THna 3aCOJieHH5I K KOHTHHeH

TaJibHOMy. 

9. 3JieKTpH1IeCKHe H ynpyme CBOHCTBa 5IBJI5I 

IOTC5I HaH6oJiee 1IYBCTBHTeJihHhIMH K H3MeHeHH5IM 

ITKKC H ¢a3oBoro cocTaBa Mep3Jioro 3acoJieHHOro 

rpyHTa. Ilo3TOMY Han6oJiee pa11,HoHaJihHhIM AJI5I 

H3yLieHH5I oco6eHHOCTeil H KOHTPOJI5I H3MeHeHH5I 

COCT05IHH5I 3aCOJieHHbIX Mep3JiblX rpyHTOB 5IBJISieTC5I 

KOMIIJieKCHOe rrpHMeHeHHe 3JieKTpoMeTpH1IeCKHX H 

ceHCMOaKyCTHLieCKHX reOQJH3H1!eCKHX MeTOAOB. 

Pe3y JihTaTbI BhIIIOJIHeHHhIX 3KcnepHMeHTaJib

Hbrx HCCJiegoBaHHH TaK)J(e IIOKa3bIBa!OT B03MO)J(

HOCTb Mo,a:eJIHpoBaHH5I ¢opMHpoBaHH5I ITKKC H 

QJH3H1IeCKHX CBOHCTB npaKTH'IeCKH JIJ06bIX Mep3-

JihIX necLiaHO-rJIHHHCTbIX rpyHTOB c IIOMOIIl,blO 

Mep3JihIX rreCKOB, HaChIIIl,eHHbIX paCTBOpaMH pa3-

JIH1IHOH KOHll,eHTpall,HH H HOHHOro COCTaBa. 

Pa6orn BbIIIOJIHeHa rrpH IIOMep)J(Ke P<D<DH 

(npoeKT 97-05-64961). 
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