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OBOBIIl;EHHE ABTOMO):I;EJlbHbIX H KBA3HCTAIJ,HOHAPHbIX 
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IlpttBO):ll!TCll pe3yJihTaThl MO):leJI11poBaHl1ll rrpmwcca rrpOMep3aHl1ll-OTTa11BaHl1ll MeTO):IOM B03MYJL\eHl1i1. 
,[(aHo KOJiw1ecrneHHOe cpasHeH11e c 113secTHhIM11 B reoKp110Jior1111 cooTHOIIIeH11l!M11 CTecjJaHa, Jlei16eH30im, 
IlaBJIOBa, IiaJio6aena, Ky;:ipllsuesa, <l>eJih):IMaHa, JlyKhllHOBa-I'oJIOBKO. 

I'eo1cpuoJZozun, npozHo3, npoMep3aHue, ommaueaHue, Memoa B03MYUieHuii. 

GENERALIZATION OF AUTOMODEL AND QUASI-STATIONARY SOLUTIONS 
ON MODELLING OF FREEZING-MELTING PROCESS BY PERTURBATION METHODS 

I. A. Komarov 

Moscow State University, Department Geology, 119899, Moscow, Vorobjovy Gory, Russia 

Results of modelling of frezing-thawing process by perturbation methods are reported. Quantitative 
comparizon with relations of Stefan, Laybenzon, Pavlov, Balobaev, Kudryvtsev, Feldman, Lukanov-Golovko, which 
are known in geocryology, are given. 

Geocryology, prediction, frezing, pertrurbation methods 

BBE,11,EHIIE 

KaK H3BeCTHO, aHaJIHTH'IeCKHe perneHH5I, B 

l.f3CTHOCTH, aBTOMOIJ;eJihHhie H KBa3HCTaIJ;HOHapHbie, 

AO CHX nop IIIHpOKO npHMeH5IIOTC5I B reoKpHOJIOrHH, 

5IBJI5I5ICb OCHOBOH IJ;JI5I nporH03HbIX cxeM pacl.feTa, B 

TOM l.fHCJie B HOpMaTHBHOH JIHTepaType, H tJ;aBa5I 

BITOJIHe YAOBJieTBOpHTeJihHOe Kal.feCTBeHHoe H KO

JIHl.fe.CTBeHHOe COilOCTaBJieHHe c tJ;aHHbIMH HaTyp

HbIX Ha6nrotJ;eHHH. CpaBHeHHe TO'-IHOCTH pa3JIHl.f

HhIX cPOPMY JI IJ;JI5I Bbil.fHCJieHH5I CKOpOCTH npoMep-

3aHH5I-OTTaHBaHH5I, IlOJiyl.feHHbIX Ha OCHOBe KBa-

3HCTaIJ;HOHapHoro npH6JimKeHH5I, npoBetJ;eHO [Bo
mmwaa, 1972 ], a 3aTeM 6onee nonHo [I'pe<iul.11ea u 
8p., 1980 ]. B IlOCJietJ;HeH pa60Te OCHOBHOe BHH

MaHHe ytJ;eJieHo Bonpocy 06 OilTHMaJibHOH TOl.fHOCTH 

pacl.feTOB, npH yl.feTe pa3JIHl.fHOro l.fHCJia BJIH5IIOIIJ;HX 

Ha HHTeHCHBHOCTb npou:ecca npoMep3aHH5I ¢aKTO

poB. 0tJ;HaKO BCe npoaHaJIH3HpOBaHHbie COOTHOIIIe

HH5I CTe¢aHa, BeprpeHa, XaKHMOBa, ,11,oKyl.faeBa, 

IlaBJIOBa H Bano6aeBa 6bIJIH nonyl.feHhI aBTopaMH 

etJ;HHbIM MeTOIJ;OM npH npetJ;ITOJIO:>KeHHH 0 JIHHeH-

~ 11. A. KoMapoB, 1997 

HOCTH npo¢HJI5I TeMnepaTyp B rrpoMep3amru:eil (OT

TaHBaroru:eil ) 30He H Il03TOMY yl.feT HecTaIJ;HOHap

HOCTH peaJihHhIX TeMnepaTypHbIX noneil (pHC. 1) 

MO:>KeT npHBeCTH K onpetJ;eJieHHhIM KOppeKTHBaM 

pe3yJihTaTa. c IJ;pyroil CTOpOHhl, aBTOMOIJ;eJihHhie 

pemeHH5I IIIHpOKO HCilOJib3YJOTC5I KaK TeCTOBhie npH 

l.fHCJieHHOH peaJIH3aIJ;HH 3a}J;al.f npoMep3aHH5I-OT

TaHBaHH5I Ha 3BM. Ilo3TOMY ou;eHKH BeJIHl.fHH nor

pemHOCTeH, B03HHKaJOIIJ;HX Me:>KAY TOl.J:HblM (He

CTaIJ;HOHapHbIM) pemeHHeM H ero npH6JIH:>KeHHbIM 

perneHHeM, IlOJiyl.feHHbIM Ha OCHOBe KBa3HCTaU:MO

HapHOCTH, a TaK:>Ke HaXO:>KIJ;eHHe npetJ;eJIOB npH

MeHHMOCTH IIOCJie}J;HHX 5IBJI5IeTC5I IJ;OCTaTOl.fHO aKTy

aJihHOH 3atJ;al.feH, KOTopym Mbl pemaeM, HCIIOJlb3Y5I 

MeTOA Manoro rrapaMeTpa [K038o6a, 1975 ]. Ilpn

MeHeHHe MeTOIJ;a B03MyIIJ;eHHH Il03BOJrneT rrpoBeC'l'H 

Ha etJ;HHOH OCHOBe o6o6ru:eHHe pe3yJihTaTOB, rrony

l.feHHhIX TaK:>Ke H tJ;pyrHMH MeTOIJ;aMH, HarrpnMep 

6anaHCOBhIM MeTOIJ;OM KytJ;p5IBU:eBa, n npetJ;JIO:>KHTh 

p5IIJ; HOBbIX pe3yJihTaTOB, IIOJiyl.feHne KOTOpbIX c 
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PMc. 1. XapaKTep pacnpe.n,enemrn TeMnepaTyp B 

Mep3JIOH Ji! TaJIOH 30ttax MaCCHBa. 

I1p11 OTCYTCTBl1H Terrnoo6MeHa c n0)1CTHJia!Oll.(11MH n opo)1aMl1 (a) 
11 np11 ero HaJIHqHH (6): 1 - aBTOM0)1eJibHOe pewett11e no 
cjJopMyJie (3) )1JISI rnyqasi a, 11 KJiacc11qecKoe pewettHe (cjJopMyJia 
Hei1Matta) )1JISI rnyqasi 6; 2 - pewett11e MeTOJ10M MaJioro napa
MeTpa (6) H (7) )1JISI a, no (10) )1JISI 6; 3 - KBa311CTa[.\HOHapHoe 
npH6JIHlKeHHe (cjJopMyJia CTecjJatta) 111rn a, cjJopMyJia KpbrJiosa 
)1JI SI 6; 4 - peweHHe MeT0)10M Jlei16eH30Ha (11) )1JISI 6; tn , t0 , 

t3 - COOTBeTCTBCHHO, TeMnepaTypa Ha nosepxHOCTl1 nopo11, Ha 

TI0)10IllBe CJIOSI HYJICBblX r0)10BblX aMnJIHTYJ1. Ha rpaHl1[.\e pa3)1eJia 
30H (TeMnepaTypa HaqaJia 3aMep3amrn). 

nOMOIIIhIO ]:1pyr11x MeTOAOB npo6JieMaTHqHo. Pac

CMOTpHM Ha.1160Jiee npOCTOH CJiyqa:H. 

a. Ilp0Mep3au11e Macc11sa nopoJJ,, uaqaJihttasi: 

TeMnepaTypa KOTOporo IlOCT051HHa H pastta TeM 

nepaType ¢a3osoro nepexoJJ,a t,. 3ToT cJiyqa:H 

onHchrnaeTC51 aBTOMoi:i;eJihHOH 3a]:laqe:H CTe¢aHa 

(3ai:i;aqa JlaM3-KJia:HnepoHa). TeMnepaTypa Ha 

IlOBepxHOCTH IlOJiy6ecKOHequoro MaCCHBa nopoi:i; B 

HaqaJihHbIH MOMeHT MrHOBeHHO CTaHOBHTC51 ITOCT0-

5IHHOH H paBHOH tn. ITpH 3TOM IT051BJI5IeTC51 

ITO):(BH)KHa51 rpaHH~a pa3i:i;eJia ¢a3 .;(r). PerneHHe 

3a]:laqH H3BeCTHO [0CH08bl .. . , 1959] H HMeeT BHA: 

t)x, r) = trr + (t
3 

- tn) erf (x/2 Va~r)/ 

d/ erf (/3/2 va:,), .; = f3 ¥r. (1) 

3i:i;ech f3 onpeAeJI5IeTC51 113 ypaBHeHH51: 

z ~.XP (z2) erf (z ) = CM(trr - t3)/Qq, Vii, a z={312 va:,; 
CM = A.j aM; ri:i;e erf () - HHTerpaJI orntt6oK; A.M, aM, 
CM - TenJionpoBO):(HOCTh, TeMnepaTyponpoBOA

HOCTh H TeilJIOeMKOCTh Mep3JihIX nopOA COOTBeTCT

BeHHO; Qcp - TeITJIOTa ¢a30BbIX nepeXOAOB; x, T -

KOOPAHHaTa H BpeMSI COOTBeTCTBeHHO. 

YpaBtteHHe (1) pernaeTc51 Ha 3BM c noMOIIIhIO 

q11cJieHHbIX MeTOAOB' a npH6JIH)KeHHOe perneHHe 

noJiyqaeTC51 nyTeM pa3JIOYKeHH51 cPYHK~HH erf ( z ) H 

exp ( - z2) B P51Ahl AJI51 MaJihIX z. ITocKOJihKY Bhirne

yKa3aHHbie p51AhI 51BJI5IIOTC51 6hICTpocxoA511IIHMHC51, 

TO npH z « 1, MO)KHO orpaHHqHTbC51 nepBbIMH qJie

HaMH pa3JIOYKeHH51 p5Ii:i;a. IToi:i;cTaBJI5151 3TH 3HaqeHH51 

B (1), noJiyq11M: 

2z = o = [2C (t - t )IQ ]112 np.11 z « 1, (2) 
M IT 3 cp ' 
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a, IlOLJ;CTaBJI5151 (2) B (1)' IlOJiyqHM H3BeCTHYIO 

¢opMyJiy CTe¢aHa. Oi:i;HaKo 3To YKe cooTHorneHHe 

MOYKHO noJiyqHTb H3 perneHH51 HCXOLJ;HOH CHCTeMbl 

AJl51 CJiyqa51 JIHHeHHOH annpOKCHMa~HH npo¢HJI51 

TeMnepaTyp (CM. pHC. 1)' T . e . HCITOJib3Y51 

KBa3HCTa~HOHa pHoe np116JIHYKeHHe, npHMeHHMOCTb 

KOToporo CB513aHO c BbIIlOJIHeHHeM ycJIOBH51 z « 1 B 

(2). <DH3HqecKH 3TO o6yCJIOBJieHO Tpe6oBaHHeM, 

qTo6hI TeITJIOTa, KOTOpa51 HLJ;eT Ha nepeCTpOHKY IlOJI51 

B Mep3JIOH 30He CM/'i,.t, 6hIJia MHoro MeHhrne, qeM Ta, 

KOTopa51 HLJ;eT Ha ¢a30Bbie nepeXOLJ;bI, T. e . 

CM/'i,.t « Qq,. B npei:i;eJiax, Kori:i;a CM/'i,.t ~ 0, Bee noi:i;

BOAHMoe TeITJIO HLJ;eT Ha ¢a30Bhie nepexOLJ;bI, a 

npo¢HJib . TeMnepaTyp 6yi:i;eT JIHHeHHbIM. l1HbIMH 

CJIOBaMH, n p HMeHHMOCTb KBa3HCTa~HOHapHoro 

npH6JIH)KeHH51 o6ycJIOBJieHa Tpe6oBaHHeM, npH KO

TOpOM H3MeHeHHe MaCCbI KpHCTaJIJIH3YIOIIIeHC51 BO

Ahl 3a BpeM51 ycTaHOBJieHH51 ITOJI51 TeMnepaTyp B 

30He 6hlJIO HHqTO)KHO MaJio. KaK cJiei:i;yeT H3 (2), 

¢opMyJia CTe¢aHa np11 npoq11x paBHhIX ycJIOBH5IX 

6yi:i;eT Jiyqrne pa6oTaTb AJl51 CJiyqaeB: OTTaHBaHHSI 

CHJibHOJibLJ;HCTbIX MaCCHBOB; npoMep3aHH51 HH3HH, 

Top¢5IHHKOB c 6oJihIIIHM BJiarocoi:i;epYKaHHeM 11 xy 

YKe, AJI51 BOLJ;Opa3i:i;eJihHbIX 3JieMeHTOB peJihe¢a, CJIO

YKeHHbIX xoporno i:i;peHHpyeMhIMH nopoi:i;aMH H T . A· 

Bb1IIIenp11Bei:i;eHHh1e coo6pa)KeHH51 o npaBoMo qHOCTH 

HCITOJib30BaHH51 KBa3HCTa~HOHa pHoro npH6JIH)Ke

HH51, AJl51 HaXOYKLJ;eHH51 BeJIHqHHbl .; 5IBJI5IIOTC51 Kaqe

CTBeHHbIMH, IlOCKOJibKY He yKa3bIBaIOT rpaHH~ 

npHMeHHMOCTH . .Il,JI51 TaKOH o~eHKH BOCITOJib3YeMCSI 

MeTOAOM MaJioro napaMeTpa. MaJihIH napaMeTp MO

)KeT BbITeKaTb H3 IlOCTaHOBKH 3ai:i;aq11 HJIH BBOLJ;HTC51 

HCKYCCTBeHHO • .Il,JI51 06cy)Ki:i;aeMoro cJiyqa51 BeJIH

q11Ha MaJioro napaMeTpa HMeeT COBeprneHHO 51CHbIH 

¢11311qeCKHH CMbICJI, yKa3aHHbIH BbIIIIe B COOTHO 

meHHH (2). IT pH BBei:i;eHHH HOBhrx n epeMeHHhIX: 

T = (t3 - t )/(t3 - trr), e = C.,(t3 - tn)/Qcp H 
µ = t:TaM 11cxoi:i;Ha5I KpaeBa51 3a,D,aqa np.1106peTaeT 

BHLJ;: 

aT a2T 
e aµ = ax2 , µ > 0 x E (0 (u)). - iJT I = d~ . 

ax x = ~(uJ d,L1' 

T(oo,µ) = T (x 0) = 0· T(O µ) = l; 

T.,( (u) µ) = 0. 

IIJJB1003"::z:::::=.::!'!mi 

aBJieH

H3Me-

(3) 

_..""'u 1..1a30BaHHYIO 
~-~~ peH~HpyeM 



OEOEII(EHHE ABTOMOPEJibHblX J1 KBA3l1CTAL{J10HAPHblX PEllJEHHJf 

T = 1 - f [ 1 - ~ (;~ - 1) + 

+ ~ c~~4 + ::4 - ... ) J, 
µ = ~ (1 + ~ - ~e; + ... ) . 

(4) 

(5) 

AHa1urn p51)J,OB ( 4, 5) ITOKa3hrnaeT, qTo Bb1pa

:>Kemre )J,JISI rrepBoro qJieHa pa3JIO:>Kemrn (n = 0 -
,,HyJieBoe" ITpH6m1:>Kem1e) B HCXO)J,HbIX rrepeMeH

HblX COOTBeTCTByeT JIHHeMHOMY (cTauHOHapHOMy) 

rrpoq:mmo TeMrrepaTyp B Mep3JIOM 30He (CM. pHC. 1) 
ff BeJIHqHHe MOUIHOCTH 3TOM 30Hbl ; ' paccqHTaHHOM 

ITO ¢opMyJie CTe¢aHa. BTOpoe (n = 1) H TpeThe (n = 
= 2) CJiaraeMbie p51)J,OB 51BJI5UOTC51 ,,HeCTauHOHap

HbU.ra " )J,06aBKaMH K HeB03MyUieHHOMY (CTauHO

Ha pHOMy) perneHHIO. Pe3yJihTaThI cpaBHeHH51 3Ha

l!eIDJ.:i:i. ;, paccqHTaHHhie ITO ¢opMyJie CTe¢aHa c 

IIOMO~IO p51)J,a (5) H aBTOMO)J,eJihHOM 3a)J,aqH (1)' 
KOTOpa51 ITpHHHMaeTC51 3a ,,TOlJ:HOe" perneHHe, ITpe)J,

CTaBJieHbl Ha pHC. 2. 113 Hero BH)J,HO, qTo ITPH M3JibIX 

e < 0' 15 HCITOJib30BaHHe KB33HCTauHOHapHoro 

ITpH6mI:>KeHH51 rrpaBorrpaBOMOl!HO c ITOrpeITIHOCTbIO 

M Hee 10 % , a CJie)J,OBaTeJibHO, oueHKa rJiy6HHbl 

e30HHOro ITpOMep3aHH51 (OTT3HB3HH51) ITO ¢opMyJie 

CTe¢aHa He ITpHBO)J,HT K cyUieCTBeHHhIM ITorpernHo

CTIDvL 0 )],HaKo, KOr)J,a COOTHOITieHHe TeITJIOaKKYMY

JI5I]J:HOHHOM crroco6HOCTH MaCCHBa rropO)J, H )J,HHa -

1IDU1 ero BJia:>KHOCTHOro IIOJI51 TaKOBO, qTO 

e > 0' 15' TO )J,JI51 HaXO:>K)J,eHH51 TeMnepaTypHbIX ITO

;ie.11 M BeJIHl!HHbl ; ueJiecoo6pa3HO MCIIOJib30BaHMe 

a BTOMO)J,eJihHOro perneHH51 HJIH peIIIeHH51 (4, 5). 
f1 pHLieM )J,JI51 rnHpoqaifmero cITeKTpa ITPHPOAHhTX 

C.iIOBHM, Kor)J,a e < 2,0, TPH CJiaraeMbie p51)J,a (7) 
6ecrre'!MBaIOT YAOBJieTBOpMTeJihHYID TOl!HOCTh 

o u eHKH ;. 

c,;c,CT 
1,5 

1,4 

1,,3 

1,2 -

-/ 

/ -
/ --· 

/ --· //. 
//' 

#'. ,,. 
I 1 . 1 

1,0+-----

0 0,5 1,0 1,5 2,0 E 

P11c. 2. CpaBHeHtte pacqeTHbrx 3Haqetttti1 MOIU

HOCTH 30Hbl npoMep3aHHSI HOpMttpOBaHHOH no co

OTBeTCTBy10ruei1 BeJIHl{liHe ; ' oueHeHHOH no 

cpopMy ne CTecpatta, B saBHCHMOCTH OT BeJIHl{HHbI 

Manoro napaMeTpa <:. 

I - anTOMO).leJihHOe pewem1e (3), np11H11MaeMoe 3a TO•rnoe; 2 -
np116JI11)KeHHOe peweH11e MeTO).IOM MaJioro napaMeTpa, c TO'IHO
CThJO ).10 3-ro 'IJieHa ac11MTITOTl1'1eCKOro p!!).la (7); 3 - KBa311-
CTa!..1110HapHoe peweH11e (cj:JopMyJia CTecj:Jana). 

6. YqeT TeITnoo6MeHa c no)J,CTttJialOIUHMH 

nopO)J,3MH. 3TOT CJiyl!aM OITHCbIBaeTC51 KJiaccwrec

KOM aBTOMO)J,eJibHoii 3a)J,aqeif CTe¢aHa [0cH0<3bL .. ., 

1974 ]. Hcxo)J,51 M3 coo6pa:>KeHnii o ueJiecoo6pa3-

HOCTM KOMITaKTHOro M3JIO:>KeHH51 MaTepHaJia 

33ITHIIIeM cpa3y o6o6UieHHOe COOTHOIIIeHtte )J,JI51 Ha

XO:>K)J,eHH51 (3 H3 3a)J,al!H ITPOMep3aHH51, npH HaJIHl!HH 

CHe:>KHOro IIOKpOBa Ha IIOBepXHOCTM MOUIHOCTbIO 

lcH ' KOTOpbIM MeH51eTC51 BO BpeMeHH ITO ITapa60JIHlJ:e

CKOMy 3aKOHY lcJr) = y Yr . .[LJI51 rroJiy6ecKOHel!HO

ro MaCCMBa ITPH nOCT051HHOM TeMrrepaType ITOBepx

HOCTH, 3a)J,aqa CBO)J,HTC51 K aBTOMO)J,eJibHOM H H3Be

CTHO ee TOqHoe peIIIeHMe [<l>eJLbOMait, 1977]. BM}:( 

TpaHcueH)J,eHTHOro ypaBHeHM51 c yqeTOM COOTHO

IIIeHHM (3(aM) l/2 = 2z = 0 6y)J,eT: 

0 C (t -t) exp (-z2) z- _ M 3 0 

2 v'i'Qq,erf (z )+(ljlett) (ac/a)l/2 erf (y/2v~~) 

CCH(t0 - t,) exp (-z2aM/aT) 

Qq,(aM/ aT)l/2 erfc (z (aM/ aT)l/2)' 
(6) 

r)J,e HH)J,eKCbI "T" H ,,CH" OTHOC51TC51 COOTBeTCTBeHHO 

K TaJihIM nopo)J,aM H CHe:>KHOMY rroKpOBy. 

Kor)J,a y = 0, ypaBHem1e (6) )J,aeT cooTHome

HHe )J,JI51 oueHKH (3 B KJiaccnllecKoii 3a)J,aLie CTe¢a

Ha, a ecJIH n t0 = t
3

, TO (6) ITepexO)J,HT B (1). ITpn 

peIIIeHHH paccMaTpHBaeMOM 3a)J,al{H MeTO)J,OM B03-

MYUieHHM, 51CHoe cPH3HqecKoe o6ocHoBaHHe BBe)J,eH

Horo MaJioro ITapaMeTpa, KOTOpoe 6bIJIO )J,3HO BbIIIIe, 

y:>Ke HerrpHeMJieMo. MaJihIM ITapaMeTp BBO/:IMTCSI 60-

Jiee HCKYCCTBeHHbIM cnoco60M [KOMapoa U op., 
1987], HO TaK, l!T06hr BeJIHqMHa 6e3pa3MepHoro 

ITapaMeTpa e )J,JI51 nepeMeHHhIX <:1 = C)t
3 

- t,)!Qq, 
H <: 2 = C/t0 - t,)!Qq, B peaJihHhIX ycJIOBH51X HMeJia 

IT0p51)J,OK e < 1 H MOrJia cqnTaTbC51 MaJibIM qHCJIOM. 

Tor)J,a MaJihIM rrapaMeTp BBO)J,HTC51 B ypaBHeHMe (6) 
rrpH y = 0 cJie)J,yIDUIHM crroco6oM. 06o3Haqa51 qepe3 

t (o) cPYHKunro, KoTopa51 IToJiyqHTCSJ, ecJIM 3a

MeHHTh Z = o/2 H pa3)J,eJIHTb Ha rrpaByIO LiaCTb 

paBeHCTBa (6) , rroJiyqHM: f (o) = <:2, ITPH 

<: E [0, 1 ]. BocrrOJih30BaBIIIMCh TeM, qTo f (<:) 51BJI5I

eTC51 aHaJIMTHl!eCKOM cPYHKuHeM rrapaMeTpa E M 

MO:>KeT 6bITb pa3JIO:>KeHa B p51)J, )J,JI51 ero MaJihIX 

3Haqem1ii, KOpeHb ypaBHeHH51 (6) rrpe)J,CTaBJI51eTC51 

p51)J,OM 110 CTeITeH51M rrapaMeTpa B03MyUieHH51 £: 
n = oo 

O(E) = 2: On En, r)J,eOn: 
n=l 

5 



11.A. KOMAPOB 

.;= Mn T 
(

21 It I ) 1/
2 

Q<P 

- I~~ (ATncT T) 1/

2 

(8) 

I1HTepeCHO OTMeTMTb, l!TO nepBoe CJiaraeMoe 

MMeeT BMA ¢opMyJihI CTe¢aHa, no):(KopeHHoe Bbipa

:tKeHtte KOTOporo B )J,aJibHelirIIeM 6y):(eM o6o3HatiaTb 

.;~,a BTopoe cJiaraeMoe o6o3HatIMM S. Ll,JI5I cJiyLiaeB, 

KOr):(a e < 1, ¢opMyJia (8) )J,aeT YAOBJieTBopMTeJih

Hoe conOCTaBJieHMe c 11;aHHbIMM, noJiytieHHhlMM M3 

aBTOMO)J,eJibHOH 3a11;aLIM, M 6JIM3Ka no TOLJ:HOCTM K 

OJieHKe .; no ¢opMyJie Jieli6eH30Ha [OcHOGbL .. ., 

1974]: 

.; = (t2 + S2)1/2 - S· S = C It I (a r/n)l/2/Q . (9) SCT ' T 0 T cp 

Ll,JI5I mttpoKoro cneKTpa HaTypHbIX ycJIOBMH 

ce30HHOro npoMep3aHM5I BeJIMllMHa s < 1 M n03TOMY 

.;~T » S2, TOr)J;a ypaBHeHMe (9) CTaHOBMTC5I M)J;eH-

TMl!HbIM pemeHmo, noJiytieHHOMY c nOMOliibIO ABYX 

LIJieHOB p5I)J;a (8). 

KBa3MCTaIIMOHapHoe pemeHMe 3a11;atIM npoMep-

3aHM5I npM ycJIOBMM nOCT05IHCTBa BeJIMLJ:MHbI TenJIO

nOTOKa M3 no)J,CTMJiaIOliIMX nopo11; (qT = const) 6hIJIO 

11;aHo KpbIJIOBhIM [OciiOGbl .. ., 1959 ]. PemeHMeM 

5IBJI5IeTrn ypaBHeHMe TMna (9), me S = qTr I Q<P. 
BottTKOBCKMH (1954), EaJio6aeB (1966), IlaBJIOB 

(1975) nOJIYllMJIM no11;06Hhle pemeHM5I nyTeM MH

TerpttpoBaHM5I ycJIOBM5I CTe¢aHa npM HeCTaJIMOHap

HOM nOTOKe CHM3y, O)J;HaKO B OTJIMLJ:Me OT Jieli6eH-

30Ha npo¢MJib B HM:tKHeH (TaJioll) 30He HMM He 

HaXO)J;MJIC5I M3 pemeHM5I nO)J,llMHeHHOH 3a11;a1IM c 

npMBJietieHMeM pa3JIM1IHOro po11;a 3MnMpMLieCKOH 

MH¢opMaJIMM. B LiaCTHOCTM, pemeHMe IlaBJIOBa 

( 197 5) npe11;cTaBJI5IeTC5I B BM)J;e ypaBHeHM5I (9): 

A t 'rl/2 
S = T O M 

(na )lf2(Q + 1 2C t ' n- 1/2) 
T <P ' TO 

Ut T .;2 _ n 

CT - Q + 1 2C t ' n-1/2' cp ' T 0 

r;:i,e t
0

' - ycpe):(HeHHoe 3HaLieHMe TeMnepaTyphI, 

KOTopoe MCnOJih3yeTC5I BMeCTO 3a)J;aBaeMoro Ha

LiaJihHOro pacnpe):(eJiemrn B TaJioli 30He t/x, 0) M 

MOX<eT onpe11;eJI5IThC5I JIM6o KaK cpe11;HeMHTerpaJih

Ha5I B CJIOe HyJieBhIX rO)J,OBbIX aMnJIMTy):(, JIM6o Ha 

OCHOBaHMM Ha6JIIO)J;eHMH Ha CTaJIMOHapax. 

B. TeMnepaTypa Ha nosepxHOCTH MeHReTCR 

no nepHOAHLieCKOMY 3aKotty, yLIHThrnaeTCR TenJio

o6Mett c noLl,CTHJiaIOll.l,HMH nopoL1,aMH. PaccMoTpMM 

attaJIOrMllHYIO 3a11;aqy (nyHKT 6) npM ycJIOBMM, l!TO 

Ha noBepxHOCTM nopo11; TeMnepaTypa M3MeH5IeTC5I 

no nepMO)J,MLJ:eCKOMY 3aKoHy. 

IlpM6JIM)KeHHOe pememi:e 3a)J;aLIM noJiyLieHO 

Ky11;p5IBJieBhIM [OciioGbt .. ., 1975], ocHOBHa5I M1J;e5I 

aMnJIMTYA H 0 3a11;aeTC5I 3aBe11;0Mo MCKaX<eHHhIM oT

HOCMTeJibHO MCTMHHoro, ii:o TaKMM o6pa3oM, LIT06hl 

BhlnOJIH5IJIMCb ycJIOBM5I 6aJiaHca TenJia (TenJioo6o

pOTOB) B 3TOM CJIOe 3a onpe11;eJieHHbIH nepMOA Bpe

MeHM, paBHhIH ro11;y T. TaKMM o6pa3oM, ypaBHeHMe 

TenJionpoBOAHOCTH YAOBJieTBOp5IJIOCh B cpe11;HeM. 

Ll,JI5I CJiyLia5I, Kor11;a TenJIOcPM3HLJ:eCKMe xapaKTepMC

TMKM B TaJIOM M Mep3JIOM COCT05IHMM paBHbI, a 

TeMnepaTypHa5I C)J,BM:tKKa OTCYTCTByeT' BhlpaX<eHMe 

)J;JI5I HaXO)K)J;eHM5I BeJIMllMHbI MOliIHOCTM .; MMe eT BM)]; 

[0Cii06bl .. ., 1975 ]: 

2(A
0 

- I t0 I) (ATC )1/2 

.; = n l/2 + 

(2A g2 C + SQT)Qd_,(AT!nC )1/2 / 
cp c 2A C+ (10) 

2A g C+Q g+(2A C+Q )(AT/nC )112 cp Q<P , 
cp 2c cji cp cji 

TpaHCJieH)J,eHTHOro ypaBHeHM5I, KOTopoe pemaeTC5I 

LJ:MCJieHHbIM MeTO)J;OM. 

CooTHomeHMe MeX<AY 3HaLJ:eHM5IMM aMnJIMTYA 

Ao, Acp' Anp (COOTBeTCTBeHHO, MaKCMMaJihHOH, cpe11;

HeH M npMBe)J;eHHOH) 11;aHO Ha pMC. 3. 
B 3aBMCMMOCTM OT COOTHOIIIeHM5I TenJioo6opo

TOB, MAYliIMX Ha ¢a30Bbie nepeXO):(hI Qw M Ha nepe

CTpoliKy TeMnepaTypHoro nOJI5I B Mep3JIOH M TaJIOH 

30Hax, QC npMHJIMnMaJihHO MOryT peaJIM30BaTbC5I 

)];Ba npe11;eJihHhlX cJiyLJ:a5I : n epBbIH, Kor11;a Qw « Qc 
xapaKTepHbIH, HanpMMep, AJI5I npoMep3amrn HeBo

AOHaChiliieHHhIX nopo11;. Tor11;a A ~ A M BeJIM-
ne cp 

llMHa .; ' MCXO)J;5I M3 (10) ' 6 y11;eT HaXO)J;MTC5I no 

M3BeCTHOMY COOTHomeHMIO )J;JI5I c p e):(hI , B KOTOpOH 

OTCYTCTBYIOT ¢a30Bhie nepexo.qi,1: 

x 

Pttc. 3. Ilpocp11;Tb 3a·ryxa1:11:Wr ~m..n·1T 

6tttte CJI05I HyJieBblX ifO>:t@ n' .. 
B. A. Ky,!1,p5IBU,eB ) s::i;ecJ> - cooTBeT-

CTBeHHO a l\m illiT)'.iJa Ha mr 

npHBe)J,eHHaR a MII.J[llT )f a . 

nO)J,XO)J,a KOToporo 3aKJIIOLiaeTC5I B TOM, LJ:TO BM)]; Qq, - TenJio, 11JzyIIl,ee 

TeMnepaTypHoro npo¢MJI5I B cJioe ttyJieBbIX ro11;0BhIX KOCTb. 
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OEOEll(EHHE ABTOM04EllbHhIX JI KBA3HCTAL(l10HAPHhIX PEIJJEHHif 

f, = (J..T/C:n)112 ln(A0/lt0 1), r)l,e f,=H0 ; BTopoli, 

KOr)l,a Qw » Qc (npoMep3aHHe YBJia)l(HeHHhIX nopo)l,, 

o rraHBaHHe CHJihHOJih)l,HCThIX MaCCHBOB J1 T. )],.) . 

Targa , KaK 3TO cJie)l,yeT H3 pHc. 3, BeJIH'IttHa 

A => Qj2C, a A => 0. 011,eHHM yrnoBH5I Korga 
np '!' cp 

3To peamrnyeTcsr, BBe)l,sr nepeMeHHhie e1 = 

= 2CA
0
/Qq, = a H e2 = =2C I t0 1 !Qq, = {3, KaK 3TO 

::ie.rraHo B. E. PoMaHoBCKHM, rrocTpOHBIIIHM Ha HX 

o HOBe HOMorpaMMhI )l,JI5I pacl.J:eTa no ¢opMyJie Kyg-

SIBD,eBa. Ho B nyHKTax a, 6 noKa3aHo, '-ITO napa-

• ceTpbI TaKOH CTpyKTYPhI ITOJIHOCThIO aHaJIOrHl.J:HhI 

BBe,!l.eHHOMY MaJIOMY napaMeTpy e. IlapaMeTpbI B03-

' m_emrl'r 6ygyT MaJihI (T. e . el« 1 H e2 « 1) B 

;ryqae, Kor.u.a Qq, » 2CA0 tt Qq, » 2C I t0 I . Ilpeo6-

pa3 y sr Bhipa)l(eHtte )l,JI5I cpe]l,Heil anJIHTYAhI (10) 

rryTeM .n.eJieHH5I lJHCJIHTeJI5I H 3HaMeHaTeJI5I Ha 

0 / 2C , noJiylJttM, 'ITO A => 0, Kor.u.a c 3a)l,aHHOM . cp 
TO'IHOCThIO BhIIIOJIH5IIOTC5! COOTHOIIIeHH5! ln ( e 1 + 
+ 1) = e1 H ln (e2 + 1) = e2• <l>opMyJia Ky)l,p5IBil,eBa 

(1 0 ) AJI5I rny'-la5I, KOr)l,a Acp = 0 cyurecTBeHHO yn

p uraeTC5I H nocJie npeo6pa30BaHHH CBO)l,HTC5I K 

paccM oTpeHHOMY y)l(e Tttny KBa.n.paTHOro ypaBHe

IDl.5I (9), r .n.e S = [2 (A0 - I t0 I) (J..TC/ n)l/2 ]/ Qq,, a 

~ = 2A ( A 0 - - I t0 I ) TI nQq,. Bhrpa)l(eHwe 5IBJI5IeTC5I 

aHaJIOroM cPOPMYJihI Jleii6eH30Ha )l,JI5I cPHKCHpOBaH

HOrO .n.ttana3oHa BpeMeHtt paBHoro T (nptt 3HaKe 

,, - " rrepe)l, S). Ha pttc. 4 rrpttBe,!l.eHhI pe3yJihTaThI 

paclfeTOB no KBa]l,paTHOMY ypaBHeHHIO (9) H ¢op

My Jie (10). CpaBHeHtte noKa3hrnaeT, 'ITO B IIIH

p oqaumeM )l,Hana3oHe npHpOgHhIX ycJIOBHH, B KOTO

poM peaJIH3YIOTC5I COOTHOIIIeHH5I 0 :5 e 1 (/3) :5 3 '0 :5 

:Se/a) :5 9,0, om116Ka paclfeTa He rrpeBhrmaeT 

20 % , a B cneKTpe qacTo BCTpeqaeMhIX ycJIOBHH oHa 

M eHbIIIe BeJIH'-IHHhI 13-15 %. Mo)l(HO OTMeTHTh 

eure O)l,HH npe)l,eJibHhIH CJiy'IaH, B03HHKaIOurHH ga

)l(e TOr)l,a, KOr)l,a TenJioo6opoThr, HAYurtte Ha ¢a30-

Bhre nepeXO)l,hI, conocTaBHMhI c Te1rnoo6opoTaMH, 

HAYIIIHMH Ha rrepecTpOHKY TeMrrepaTypHoro nOJI5I. 

OH peaJitt3yeTC5I B TOM cJiyqae, Kor.u.a BeJIH'IHHa 

11, o/o 

0 2 4 6 810 £ 

P11c. 4. 3aBHCHMOCTh norpeIUHOCTH n, % pe3y Jih

TaTOB pac<JeTa BeJIH'IHHbI MOill,HOCTH 30Hbl npoMep-

3aHH5I f, no ¢opMyJie KYAP5IBU,eBa (10) H no 

ypaBHeHHIO THna (9) B 3aBHCHMOCTJ1 OT BeJIH'IHHbl 

Manoro napaMeTpa e. 

a 11 {J - eeJIW!HHhI Manoro napaMeTpa no cpeJ1HeroJ10Boi1 
TeMnepaType 11 ee aMnJII1TYJle COOTBeTCTBeHHO. 

aMrrJIHTYAhI A0 CTaHOBHTC5I 6JIH3Ka K I t0 I, T . e. 

A
0

/ I t
0 

I => l, H a => {3. Tor)l,a pa3Jiara5I BeJiw-IHHY 

ln ((a+ 1)/(/3 + 1)) B p5I)l,, rrpH ycJIOBHH , lJTO 

(a + 1) I (/3 + 1) => 1 H p5I)l, 6bICTpo cxogHTC5I, MmK

HO orpaHHl.J:HThC5I nepBbIM lJJieHOM pa3JIO)l(eHH5I B 

p5I)l,. Tor]l,a JiorapmpMHlJeCKHM npo¢HJih TeMnepa

TYPhI MO)l(HO 3aMeHHTh Ha JIHHeiiHhrii (cM. pttc. 3) , 
a BeJIHl.J:HHY TenJioo6opoTOB O'IeHh npoCTO 011,eHHTh 

no BeJIH'IHHe nJiouraAH TpeyroJihHHKa. Ll,JI5I 

npaKTHlJeCKHX 11,eJieii, onrn6Ka pac'-leTa no JIHHeil

HoMy npo¢HJIIO He npeBhrIIIaeT 20 % , ecmr BhTIIOJI

H5IeTC5I ycJIOBHe: [A0 + Qq/2C ]/ [I t0 I + Q q/2C ] < 
< 1,5' KOTOpoe MO)l(eT peaJIH30BaThC5I, HanpHMep, 

)l,JI5I paiiOHOB c MOpCKHM THnOM ce30HHOro npoMep-

3aHH5I (no aMnJIHTy)l,e) H ycTOHl.J:HBhIM (no cpegHe

rO)l,OBOH TeMnepaType) (Bee no KJiaCCHcPHKall,HH 

B. A. KYAP5IB11,eBa). 

r. Y<JeT HaJIH'IHR tta rroBepxttOCTH ctte)l{ttoro 

noKpOBa (CJIOSI H30JISIQHH) c 3agaHHblM BO Bpe

MeHH 3aKOHOM CHerottaKOIIJieHHSI. ABTOMO)l,eJihHasr 

3a)l,atJa paccMOTpeHa B [ <:De;ib8Mmi, 19 77], r)l, e )l,JI5I 

ee peaJIH3all,HH HcnoJih3oBaJiach napa6oJIHl.J:ecKa5T 

annpOKCHMall,HSI 3aKOHa yBeJIHlJeHHSI MOUIHOCTH 

CHe)l(HOro noKpOBa BO BpeMeHH, TeMnepaTy pa Ha 

noBepXHOCTH 3agaBaJiaCb nOCT05IHHOH tn = canst. 

Tor)l,a noJIO)l(eHHe ¢poHTa onpegeJI5IeTC5I no ypaB

HeHHIO (1), r)l,e f3 Haxo)l,HTC5I H3 (6). PaccMofpHM 

pemeHHe 3TOH 3a]l,alJH MeTO)l,OM MaJioro napaMeTpa 

)l,JI5I rnyqa51, KOr)l,a y > 0. KopeHh ypaBHeHHsr (6) 

6ygeT npegcTaBJISIThC5I p5I)l,OM no CTeneH5IM e2 ' B 

OTJIHl.J:HH OT CJiyqasr y = 0, H TOr)l,a: 

(11) 

0.u.HaKo IIOJIHOCThIO peaJIH30B3Th 3a,!l.a'Iy BO 

BCeM ,!l.Hana30He Bemr'IHH y He ygaeTC5I , noCKOJihKY 

gJI5I MaJibIX y « 1 (MOW:HOCTb CHe)KHOro CJI05I He 

BeJIHKa)' }l,JI5I o6ecrre'IeHJ15I 3a)l,aHHOH TO'IHOCTH orr

pe)l,eJieHH5I IIOJIO)l(eHH5I IIO,!l.BH)l(HOH rpaHHil,bI Hy)l(

HO HCITOJih30BaTh MHOro 'IJieHOB p5I)l,a (11)' HO )l,a )l(e 

B rrpegeJibHOM CJiy'Iae, KOr)l,a y = 0, K03cPcPHil,lteHThI 

p5I]l,a (11) He nepexO)l,5IT B K03cPcPHil,HeHTbI psr.u.a (7) ' 
T. e . pa3JIO)l(emre MeH5IeTC5I CK3'IKOM, XOT5I H 3 cPH-

3H'IeCKHX coo6pa)l(eHHH CJie)l,yeT' 'ITO TO'IHOe pe 

IIIeHtte ypaBHemrn (6) rrpH y => 0 ,!l.OJI)l(HO CTpe

MHTC5I K TO'IHOMy peIIIem110 3a,!l.al.J:H 6e3 H30JI5Ill,HH. 

Ll,eikTBHTeJibHO ypaBHeHHe (6) Targa, KOr)l,a y = 0 

rrepexogHT B J13BeCTHOe TpaHCil,eH)l,eHTHOe ypaB

HeHHe, IlOJiy'IeHHOe rrpH peIIIeHHH KJI3CCH'IeCKOH 

aBTOMO)l,eJihHOM 3a,!l.a'Itt CTe¢aHa. TaKHM o6pa3oM, 

B paMKax e,!l.HHOro aCCHMIITOTHl.J:eCKOrO pa3JIO)l(eHH5I 

peaJIH30BaTb 3a]l,a<Jy c rrpOH3BOJibHOH BeJIH'IHHOH 

MOW:HOCTH CHe)l(HOro IIOKpOBa He ygaeTC5I H Tpe6y

eTC5I onpe.u.eJieHHa5I ee AH¢¢epeHIJ,Hail,HSI, B 'IaCT

HOCTH ycJIOBHOe pa3,!l.eJieHHe noTeHirHaJibHO B03-

MO)l(HOH MOW:HOCTH CHera (H30JI5IIl,HH) Ha ,!I.Ba CJiy 

qa51: "TOHKOrO" H "TOJICTOro". H eCMOTp5I Ha TO' 'ITO 

TaKOH npHeM o6ycJIOBJieH HCKJIIOl.J:HTeJibHO cnell,H-
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¢HKOH HCnOJih3yeMoro MaTeMaTH'IeCKOro annapaTa, 

OH MO)J(eT 6bITh ¢H3H1IeCKH HHTepnpeTHPOBaH. 

3a)J,a1Ia c ,,TOJICTbIM" c11oeM H30JISIU,HH. Ko

peHh ypaBHeHHSI (6) 6y)J,eT onHChlBaThCSI pSI)J,OM co 

CTeneHSIMH t:2 ( 11) , r,[(e K03¢¢ttu,HeHT 0 n 3a)'.(aeTCSI 

KaK: o = n! do 1 (o) I 0 = 0 , rAe nepBhle K0-1 (d)n -l] o )nj 
3¢¢mi;11eHThI pSl)'.(a eIOT B )'.( : 

0 - 2 ( CMltnlACH (aM)l/2 

1 - 'Vii Q<jJAM erf (/3/2 VaCH) aCH 

CTI t01 (aT) 
112 

- -- - ) H 
Q<ji QM 

0 _ ~ CH CH + _T _ -ol (c It I c A c I to I) 
2 - 7'iC Q<P CM AM erf (/3/2 va-:H) Q<P • 

<DopMy Jia AJISI HaXO)J()'.(eHHSI f3 no (1) 3anmneTCS1 B 

BH)'.(e: {3 = v'a:; (01 + 02) = f31 + f32· 
3aAalJa c ,,TOHKHM" c11oeM 113011siu,1111. B CBSl3H 

c HeB03MO)J(HOCTblO peamrnau,HH 3a)'.(a1IH )'.(JISI CJiyqa51 

e)'.(HHOro pa3JIO.IKeHHSI BOCnOJih3yeMCSI npHeMOM, 

npHMeHeHHblM BbIIIIe, a HMeHHO - pa3JIO.IKeHHeM 

¢YHKU,HH exp ( z ) H erf ( z ) B PSI.[(. Ilo)'.(CTaBHB HX 

npH6JIH)J(eHHhie 3Ha1IeHirn B ypaBHeHHe (6) H OT-

6pornB cJiaraeMhie, HMe10ni;tte nopSl)'.(OK O(t:t + t:D, 
noJiyqaeM AJISI onpe)'.(eJieHHSI KOpHeli Bh1pa.1KeHHS1 

(8) KBa)'.(paTHOe ypaBHeHHe: 

Ao2 + Bo + c = o, (12) 

A = 1 - ;M (;H) 

112 

erf (yl2 VacJ, 
CH T 

B = v'ir ; M (:cH) 

112 

erf (f3 I Ya;:.) + 
CH M 

+~ ~ +-T- -2. >0 C I t I (a ) 
112 

C I t0 I (a ) 
112 

Vii Q<P aT Q<P aM ' 

[

C It l(a a )11
2

.Jc C It I) c = 2 T 
0 ~ ~H M erf ({3 / Ya;:.) -~ < 0. 
~ M CH ~ 

Ha pHc. 5 npe)'.(CTaBJieHhl pe3yJihTaThI cpaB

HeHHSI BeJIH'IHH, paCC'IHTaHHhIX no KBa)'.(paTHOMY 

(12) H TpaHCIJ;eH)'.(eHTHOMY (6) ypaBHeHHSIM, noKa-

3aBrrrne, 'ITO npe)'.(JI0.1KeHHaS1 ¢opMyJia (12) MO)J(eT 

6hITb npHMeHeHa AJISI npaKTH'IeCKOro HCnOJih30-

BaHHSI (norpemHOCTb He Bblme 15-20 %) B CJiyqa

SIX, KOr)'.(a BeJIH'IHHa TeMna CHeroHaKonJieHHSI y 
MeHee y < 5 · 10-3 M2lq1/ 2, TenJionpoBOAHOCTh no

POA B Mep3JIOM H TaJIOM COCTOSIHHSIX H3MeHSleTCSI B 

)'.(Hana30He 0,6 < A.M H A.T < 2 BT/M' rpa)'.(, a CJIOSI CHe

ra A.CH5· 10-2 <A.CH<2BTIM · rpa)'.(, T. e. OT 3Ha-

1IeHHH, 6JIH3KHX K TenJionpoBO)'.(HOCTH B03)'.(yxa AO 

Jlh)'.(a; 3Ha1IeHHH TeMnepaTypbl Ha noBepxHOCTH npo

Mep3aIOIIJ;HX nopO)'.( tn = - 1 + - 20 ·c H Ha my-

6HHe HyJieBhIX fO)'.(OBblX aMilJIHTYA ta> 0. <DopMyJia 

npHMeHHMa npH H3MeHeHHH napaMeTpa 

8 

t: = 1 

0 C2:'.J 1 

-----1,0 / 
/~.-- · - [2]2 

0,5 
// 

(I 
f 

0 1,0 2,0 £ 

Pttc. 5. CpaBHeHHe pe3y11bTaToB paclleTa napa

MeTpa o, onpe)J,em11011J;ero npoTSI)KeHHOCTh 30HbJ 

npoMep3aHHSI npH HaJIHlJHH CHe)KHOrO noKpOBa OT 

BeJIHlJHHbI Ma11oro napaMeTpa t:. 

1 - no cpopMyJie <!JeJib)1MaHa (6) (aBTOM011enb1me pewe1rn:e); 
2 - no cpopMyne (12) (MeT0/1 Ma110ro napaMeTpa). 

= C M I tn I I Q<P B o6JiaCTH 3Ha1IeHHH 0,01 < t: < 1 , 3 

COOTBeTCTBYIOIIJ;HX, HanpHMep )'.(Hana30HY H3MeHe

HHH BeJIHlJHHhI TenJIOThI ¢a30BhIX nepexoAOB 

12 000 < Q<P < 336 000 KLI:.1KIM3, a TaK)J(e npH COOT

HomeHHH napaMeTpOB t:/ t:2 > 0,5. TaKHM o6pa30M, 

npeAJI0.1KeHHaS1 ¢opMyJia (12) npHMeHHMa )J,JISI mH

poKoro cneKTpa npHpO)'.(HhIX ycJIOBHM npoTeKaHHSI 

npo11;ecca H HMeeT CXOAHYIO CTPYKTYPY c ¢opMy

JiaMH pS1Aa aBTopoB: IlaBJIOBa, liepHSl)'.(heBa, Xa-
' KHMOBa H )'.(p., paccMaTpHBaIOIIJ;HX 3a)'.(a1IH npoMep-

3aHHSI )'.(JISI KBa3HCTaIJ;HOHapHoro npH6JIH)J(eHHSI. 

y 'leT TenJIOH30JISIIJ;HH ocyni;eCTBJISIJICSI HMH c no

MOIIJ;hlO MeTO)'.(a 3KBHBaJieHTHOro CJIOSI. 3aMeHSISI Ha-

6JIIO)'.(aeMyIO B HaTypHbIX ycJIOBHSIX MOIIJ;HOCTh 

CHe.IKHOrO noKpOBa /CH Ha 3KBHBaJieHTHYIO (¢HK

THBHyIO) MOIIJ;HOCTh /
3

, Y1IHThrna10ni;y10 TepMH'Iec

Koe conpOTHBJieHHe 3TOro noKpOBa, 6hlJia paCC'IHTa

Ha no (9) my6HHa npoMep3aHHSI, me 

s = /CH A.Ml A.CH, 

/J.. BJIHSIHHe Ten11006MeHa c npH3eMHhIM c110-

eM B03)1,yxa H npO)J,OJibHO ¢HJibTPYIOIIJ;eHCSI )KH)J,

KOCTblO. 11)'.(eSI MeTO)'.(a 3KBHBaJieHTHOro CJIOSI MO.IKeT 

HCIIOJib30BaTbCSI H AJISI y q eTa HHTeHCHBHOCTH Ten

JI006MeHa c npH3eMHDI 1 cJioeM B03Ayxa. Tor)'.(a 

MO.IKHO 3anHcaTb , 'ITO l, = (J..M/?..8 ) l
8 

= ?..M/aT, rAe l" 
H A.B - MOIIJ;HOCTb 3KBHBaJieHTHOro CJIOSI H ero 

3¢¢eKTHBHaS1 (c yqeTOM KORBeKII,HH) TenJionpOBOA

HOCTh; a T - K03cp¢HIT;HeHT T p6yJieHTHOro TenJIO

o6MeHa. IlOCKOJThK 3KCil p.H:MeHTaJibHOe HaXO)J(

,[(eHHe BeJIH1.J:.KH la H B MeTO.J;Ifl!ecKH H TeXHH'IeCKH 

3aTPYAHeHO TO, SI pa,..OTe [fl al3JZOl3, 1975], 
rJiy6HHY c e30HROr .1 p3allllSI MO:>K.HO OIJ;eHHTh c 

nOMOIIJ;blO COOTH meIIB:ll: TIDia (9) rge s = A.Ml aT, a 

; 2 = U t ' -r:/ O · A b ' = l . (R - LE )la -
CT MB3 .. 33 33 T 

TenJia Ha Bena. 

B 3 • xa R - paAHa

LE - 3aTpaThl 

IIOKa3hlBaeT, 'ITO 

J ila OHa COOTBeT-



OBOBII{EHJ1E ABTOMO/l.EJibHblX J1 KBA3l1CTA11,J10HAPHblX PEllJEHl1.ft 

B eT BeJn11.ume l
3

, xapaKTep113yro:u::i;ei1 3KBJrnaJieH

TH}'10 10IIl;HOCTb HeKOH cPHKTHBHOH npoMep3aIO:u::i;eH: 

RaCbrrrn:, CJIO)f(eHHOH nopoJ:J;aMH TOH )Ke JIHTOJior11qe

oli pa3HOCTH, l!TO 11 B HaType, KOTopa51 YllHThrnaeT 

:rr 6pal1lleCKYIO J:J;06aBKY K BeJIHllHHe .; , noJiylleH

HOJ no ¢opMyJie CTetjJaHa 3a Cl!eT ttaJIHl!H51 Ha 

Il B pXHOCTH nOKpOBOB HJIH H30JI51Il;I:!J1; BJIH51HH51 

JIB K THBHOro TenJioo6MeHa c npH3eMHbIM CJIOeM 

3;:{yxa HJIH BO):l;HbIM noTOKOM noBepXHOCTHOro 

Ka . B./IJ151HH51 TenJIOBOro nOTOKa 113 no):l;CTl1Jla-

m;IIX n opoJJ. . A1rnJior11l!HO MO)f(eT paccMaTpHBaThC51 

ai'i: npoMep3aHH51 BOJ:J;OHOCHOro ropH30HTa npH 

yqcre B3aHMOJ:J;eHCTBH51 cPPOHTa npoMep3aHH51 c 

rrp OJibHO cPHJibTpyIO:u::i;eH:rn BO):l;OH. 3J:J;eCb Ha J:J;HeB

H H noBepxHOCTH 11 Ha ¢poHTe npoMep3aHH51 .;(r) 
3a}J.aHhr rpaHHl!Hhre ycJIOBH51 3-ro poJ:J;a, HHTeH-

IIBHOCTh TenJioo6MeHa Ha KOTOpbIX nponopu:110-

HaJibHa K03cPcPHU:HeHTaM Typ6yJieHTHOro TenJI006-

1eaa aT B03J:J;yxa B np113eMHOM CJIOe H a)I( - TenJI0-

0 6 1eHa c ¢11JibTpyIO:u::i;eH:c51 )KHJ:J;KOCThIO. Ha noBep

XHOCTH npoMep3aIO:u::i;ero MaCCHBa HMeeTC51 CHe)f(

milli: noKpOB co cpeJ:J;HeH 3a nepHOA rrpoMep3aHH51 

rn~OCThIO lrn . TenJionepeHoc B noKpoBe 11 Mep3-

noH: 30He nopoJ:J; nponcxoJ:J;HT KOHAYKTHBHbIM nyTeM, 

a Ha rpaHnu:e pa3J:J;eJia peaJIH3YIOTC51 ycJIOBH51 HJ:J;e

aJibHoro K OHTaKTa. PeIIIeHne MeTOJ:J;OM MaJioro na

paMeTpa c TOl!HOCTbIO AO 2 l!JieHOB p51J:J;a HMeeT BHJ:J; : 

v = - __!__ [ ip17 - In I - 1/!(1 - 11)] + 
1/!2 I -1/! 

+ c:{ 2 + 11 _ 2_ In I - 1/!(1 + 11 ) + 
3(1 + 11)2 1J 31/! I - 1/J 

+ 1/! + 2 [-17-+ ip ln (I+ 17)(1 -1/J)] }+c:2{ ... } (13) 
3 17 + I I - 1/J(l + 17) ' 

a (t - t) 

r):l;e ip = AM; (~3 - 3tn); B = AM [(!/ a1) + (lc)AcH)l ; 

CM (13 - In) 
v = aM T B2 c:; 1J = .;B; c: = Q + c (t _ t ); t"' -

cp )!( )I( 3 

cpeJ:J;Heo6oeMHa51 TeMnepaTypa cPHJibTpyIO:u::i;eH:rn 

BOJ:J;hI ; v, 1J, ip - 6e3pa3MepHhre napaMeTph1; c: -
MaJihIH napaMeTp; B - MOIIl;HOCTh 3KBHBaJieHTHoro 

CJI051 'Cl) . 
CpaBHeHne pacl!eTHhrx J:J;aHHhIX, noJiyl!eHHhIX 

no (13) H no ypaBHeHHIO 113 [JlyJCbJlH06 U ap., 
1957], npH HaJIHl!HH npOJ:J;OJlhHOH cPHJibTpau:1111 no

Ka3aJIO YAOBJieTBopnTeJihHoe coBnaJ:J;eHne B AHana-

30He c: :s 0,5 npn ncnOJih30BaHHH ABYX llJieHOB 

aCCHMnTOTHl!eCKOro pa3JIO)f(eHH51 (pnc. 6) . 
e. )1.11HaM11Ka np0Mep3amrn: np11 np0113BOJib

HOM Bl1)1.e 3aBl1Cl1MOCTl1 MOtu:HOCTl1 CHe)ICHOro IlOK

posa 11 TeMnepaTyphl )J.HeBHOH nosepxHOCTl1 OT 

BpeMett11. 3aJ:J;al!a npoMep3aHH51 npH npOH3BOJibHOM 

BH,[(e 3aBHCHMOCTeH TeMnepaTypbl noBepxHOCTH H 

MOIIl;HOCTH IlOKpOBa OT BpeMeHH HMeeT BHJ:J;: 

at (x, -r) a2 tcH (x, -r) CH :: Q 
a-r CH ax2 

(14) 

L,«lC ~1 
4000 

i:;::-:-~2 
3000 ~ 

2000 
~ 

" 1000 '-

0 0,5 1,0 £ 

P11c. 6. CpastteH11e pac11eTtth1x 3tta11ett11i1 speMett11 

npoMep3aHl1SI T cPl1KCHpOBaHHOH 30Hbl MOtu:HOCTbIO 

.; np11 HaJil1'1IU1 oceBOM cPPOHTY ¢11JlbTpau,1111 BO)J.hl, 

OT seJ1111rntthI MaJJoro napaMeTpa c:. 
1 - no MO/:IHcPl1L\11POBaHHOH cjJopMyn e JlyKbSIHOBa-roJIOBKO; 
2 - MeTO):IOM Manora napaMeTpa ):IJISI J:IBYX 'IJieHOB p51):1a (15). 

a tM (x, -r) a2 t (x, -r) a t (x, <) 
M , T :: Q 

a2 t (x, T) 
T • ---=---=a a-r M ax2 ' aT T ax2 

t11H.n . (-lcJr), r) = rp(r), (15) 

t/x, 0) = ip(x ), tjO, r) = t
0
(0, r), 

tM(.;(r), r) = tT(.;(r), r) = t,. 
a t a t 

A.M axM (0, r) = A.cu a~H (0, r), 

d i: a t a t 
+Q 2-::A, _ T -A. _r:: (16) 
- cp d-r T ax Ix=~ M ax Ix = ~· 

(tT (x, r) - gx - f
3
)2 dx < oo 

HJIH I tT (x, r) I < M. (17) 

Ha HH)f(HeH rpaHnu:e ycJioBJ1e ( 1 7) 3aJ:J;aeT 

JI1160 reoTepM1111ecK11H: rpamreHT, ml6o npe,[(noJiara -

eTC51 orpatt11:11eHHOCTh TeMnepaTyphl. C1!11TaeTC5I , 

1ITO Ha1!aJibHbie 11 rpaHH1IHbie ycJIOBH51 51BJI51IOTC51 

rJiaJ:J;KHMH cPYHKU:H51MH H, eCJIH 3TO Heo6xO}J.HMO, 

BhIITOJIH51IOTC51 ycJIOBH51 nx corJiacoBaHH.sI . P emeHne 

TaKOH o6:u::i;eH: 3a)J.a1111 paccMaTpHBaJiacb B [KoMapoa 
U ap. , 1986, 1987] . IlpH 3THX npeJ:J;nOCbIJIKaX H3Be 

CTHblMH M eTOJ:J;aMH MO)f(HO J:J;OKa3aTb TeopeMy cy:u::i;e

CTBOBaHH51 H eJ:J;HHCTBeHHOCTH peIIIeHl151 ,[(aHHOH 3a -

J:J;a1IH. KaK H ):l;JI51 aBTOMOJ:J;eJihHOH 3aJ:J;allH (CM. a) B 

paMKax eJ:J;HHOro acCHMnTOTHlleCKoro pa3JIO)f(eHH5I 

peIIIHTb 3aJ:J;a1Iy He yJ:J;aeTC5111 Tpe6yeTC51 onpe):(eJJeH

Ha51 Att¢¢epeHu:nau:1151, ycJJoBHoe pa3,[(eJieHne no

TeHU:HaJibHO B03M0)f(HOH MOIIl;HOCTH CHe)KHOrO HOK

poBa Ha ):!;Ba CJiyqa51: ,,TOHKOro" H ,, TOJICTOro " CJI051 

H30JI51U:HH. ,il.JI51 3TOro BBeJ:J;eM 6 e3pa3MepHblH MaJiblH 

napaMeTp £ CJieJ:J;yIOID;HM o6pa30M. 3aMeHHM TOJI

IIl;HHY CJ1051 H30JI5IU:HH lCH (r) B ycJIOBHH (15) Ha 

cPYHKU:HIO c:x le,,( T), ri::i;e x npo6eraeT 1IHCJia 0, 1, a 

npaByIO llaCTh y rnoBH5I CTe¢atta Cl 6) YMHO)KHM Ha 

c: 2 (3HaK ,,nJIIOC" COOTBeTCTByeT CJiyllaIO npo

TaHBaHH51, a ,,M11ttyc" - npoMep3aHH51) . Bh16op 

9 
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l{HCJia x 3aBHCHT OT CKOpOCTH H3MeHeHH51 ¢YHKU:HH 

lcJr) H <p(r) - t
3 

B oKpecTHOCTH TOl!KH T = 0. CJiy

qaii, Korga x = 1, ycJioBHO Ha3oBeM 3agaqeil. c 

,,TOHKHM" CJIOeM, a Korga x = 0 - c ,,TOJICTbIM" 

cJioeM H30JI51IJ,HH. OrrpegeJieHtte ,, TOHKHH" HJIH 

"TOJICTbIH" CJiegyeT paccMaTpHBaTb KaK :mepre

THl!eCKOe, a He reoMeTpHl!eCKOe IIOH51THe, xapaK

TepH3YIOIIIee MOIIIHOCTb CJI051 H30JI51U:HH. B CJiyqae 
,,TOJICTOro" CJI051 BJIH51HHe TeMrra H xapaKTepa H3-

MeHeHH51 TeMrrepaTypHbIX ycJIOBHH Ha rroBepxHOCTH 

HeCyII1eCTBeHHO CKa3bIBaeTC51 Ha AHHaMHKe ¢poHTa 
rrpoMep3aHH51 (OTTaHBaHH51) H Hao6opoT, OKa3bIBa

eT orrpegeJI51IOIIIee BJIH51HHe B CJiyqae ,,TOHKoro" 

cJiosr. CJioii H30JI51U:HH ClIHTaeTC51 ,, TOHKHM", ecJIH 

orrpegeJieHHbIH napaMeTp 3agalIH 6ygeT MeHbrne 

HJIH OAHOro rropsrgKa c BeJIHl!HHOH 8..1.~./ .A.M Qq, [Ko

Mapoa u ap., 1987]. )J,eJia51 P51A rrpeo6pa30BaHHH, 

rreperrttmeM rrocJiegHee yTBep:tKgemre B BHAe KpH

TepttaJihHOro ypaBHeHH51: 

1/ Fo = 8(A.ctt Cc./.A.M CJ Ky, (18) 

rge KPHTepttii <Dyphe Fo = acH TI ~"(r), Ky - 6e3-

pa3MepHbIH rrapaMeTp, paBHbIH Ky= E = 
=CM Q/Qq, T, 3gecb Q = J I f

3 
- rp(r) I dr - ox

Jia:tKgaIOIIIHH HMIIYJibC (Mopo3orpagycoqacb1). 

IlapaMeTp E 51BJI51eTcsr aHaJioroM ,,MaJioro rra
paMeTpa", 3arr11caHHbIM AJI51 cJiylia51, Korga TeMrre

paTypa Ha IIOBepxHOCTH - rrpOH3BOJibHa51 ¢yHKI.J:H5I 

BpeMeHH, H OH MO:tKeT paccMaTpHBaTbC51 KaK crre

U:H¢11l!eCKHH KPHTepttii. 3mom Kpumepui.i. npe8JZa
zaemnt 1-ta3aamb a 1.£ecmb u3aecmHozo Mep3llomo
aeaa B. A. Ky8pRau,eaa ( npe8JZazaemrn anepabte ). 
OH xapaKTeptt3yeT cooTHomeHHe B rogOBbIX TerrJio

o6opoTax KOJIHl!eCTBa TeIIJia, HAYIIIero Ha rrepecT
poil.Ky TeMrrepaTypHoro rroJI51 s 3oHax, K TenJiy Ha 

¢a30Bhre rrepexoghr H 51BmreTC51 aHaJioroM KpttTeptt51 

CTetj)aHa, B TOM lIHCJie AJISI cJiyl!asr rrepttog11lieCKH 

yCTaHOBHBmeroC51 pe:tK11Ma. CooTHomeHtte (18) He 

CB513aHO co crreu:11¢HKOH TOJibKO rogOBbIX KOJie -

6aHHH TeMrrepaTypbI H MO:tKeT 6bITb o6o6IIIeHO Ha 

CJiyl!aH rrpOH3BOJibHOH liaCTOTbl KOJie6aHl1H paBHOH 

2n/T. Torga rrpHMeHHMOCTb KBa3HCTa11,110HapHoro 

ripn6JIH:>KeHH51 AJI51 Haxo:tKgeHHSI AHHaMHKH TeMrre

paTypHbIX IIOJieil. o6ycJIOBJieHa He TOJibKO Tpe6o

BaHHeM 0 rrpeo6JiagaIOII1eM BJIH51HHH B 06II1eM 3Hep

reT11l!eCKOM 6aJiaHce, AOJIH TerrJia HAYIIIero Ha 

¢a30Bbie rrepeXOAbI, HO H Tpe6oBaHHeM l!T06bI Bpe

M51 peJiaKCaU:HH TeMrrepaTypHblX IIOJieil. B rrpoMep-

3aIOIIIeH (rrpOTaHBaIOIIIett) 30He 6bIJIO HeCOH3Me

pHMO c rrepHOAOM KOJie6aHHH TeMrrepaTyphl Ha 

rrosepxHOCTH. KpttTepttil. Ky cogep:>K11T orrocpego

BaHHO B CBOeil. CTPYKType Bee lieTbipe OCHOBHbIX 

KJiaCCHtjJHKaU:HOHHbIX rrp113HaKa THIIOB ce30HHOro 

rrpoMep3aHH51 - OTTaHBaHH51 rropog B. A. Kygp51B

u:eBa. TaK11M o6pa3oM, comarno (18), Bhr6op pac

l!eTHbIX cxeM AJI51 "TOHKOro" HJIH "TOJICTOro" CJIOSI 

o6ycJIOBJieH He TOJibKO BepTHKaJibHOH rrpOT51)KeHHO

CTblO CHe:tKHOro IIOKpOBa, HO H KJll1MaTHl!eCKHMl1 
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¢aKTOpaMH, THIIOM rropog ll HX BJia:>KHOCTbIO, a 

TaK:>Ke B u:eJioM, CTPYKTypoil. u RHTeHCRBHOCTbJO 
TeIIJI006opOTOB B CJIOe HyJieBbIX rogOBbIX aMIIJIHTYA· 

3aga'-!a c ,,TOHKHM" CJIOeM l130JISIJJ;Hl1. Ilpeg

IIOJiara51, l{TO pemeHHe BCilOMOraTeJibHOH 3agal!H c 

rrapaMeTpOM MO:tKHO rrpegcTaBiiTb B BHAe CTerreHHbIX 

P51AOB: 

dt(x,r,t:)-"t. (x,r)t:n, i=0,1,2, L.J 1, n 

;(r) - L ;n (r) t:n. 

IlogCTaBJI51SI 3TH psrgbr B ycJioBusr 3aga lil1 11 

BbIAeJI515I l!JieHbI rrpH OAHHaKOBbIX CTerreHSIX MaJioro 
rrapaMeTpa, OTbICKHBaeM 3HalieHH51 K03¢¢m1.11eH

TOB P51AOB. IlepBblH K03¢¢uu:neHT HaXOAHTCSI 113 

perneHH51 3agal!H Korn11: 

ds1(r) A.M I t
3 

- t
11

tt.n.Cr) I 
~ = Qq, [s1(r) + (A.Mn.c,.> lcH(r)J' ;(O) = 0, (19) 

KOTOpoe B KBagpaTypax He BbIIIHCbrnaeTC51, H 3agaqa 

peaJIH3yeTC51 lIHCJieHHbIMH MeTogaMH. OgHaKo AJI51 

rrpOCTbIX l!aCTHbIX CJiyl!aeB (HeKOTOpbie 113 HHX 

paccMaTpHBaJIHCb BbIIIIe) MO:>KHO rrpuseCTl1 l!aCTHbie 

pemeHHSI 3agal!H. TaK rrpn OTCYTCTBHl1 H30JI51U:HH, 

Korga lc"(r) = 0, ypaBHeHHe (19) npn HHTerp11-

posaHHH gaeT ¢opMyJiy CTetj)aHa: 

; 1(r) = (~M J I f
3 

- tn(r) I dr)1/ 2 =(UM Q/Qq,)1/2. 
q, 0 

B cJiyl!ae, Korga TeMrrepaTypa gHesHoil. rroBep

XHOCTl1 H MOIIIHOCTb CHe:tKHOro IIOKpOBa CBSI3aHbI 

cooTHorneH11eM lc"(r) = f3(f I f
3 

- <p(r) I dr) l/2, H 

eCJil1 rp(r) = const, T. e. TeMnepaTypa AHeBHOH IIO

sepXHOCTH npHHHMaeTC51 IlOCT051HHOH (cpegHeHH

TerpaJibHOH 3a rrepHOA rrpoMep3aHmr), To HMeeM 
rrapa60JIHl!eCKl1ll 3aKOH 113MeHeHH51 MOIIIHOCTH IIOK

posa lc
11
(r) = y( I t

3 
- rp I r) l/2. Herrocpeg cTBeHHOM 

npoBepKOH MO:IKHO y6egl1TC51, 1.fTO pemeHHe 3agaq11 

(19), ygosJieTBopsrroIIIee y CJiosmo ; ~ 0, HMeeT 

s11g: ; 1 (r) = /3 (j I tq, - cp(r' ) I dr ')l/2, r g e f3 orrpege

JISieTrn KaK f3 = [(A. ,,,,y/ U cJ2 + (U j Qq,)J112 -
- A.My /2{ctt ' 

Kor}J,a MOIIIHOCTb CHe:>KHoro IIOKposa rrp11HHMa

eTC51 ocpe]],HeHHoli 3a rrep1rn rrpoMep 3aHHSI rrocTo-
51HHoii BeJIHl!JIBOH TO (1 9 rrep ex owrT B (12) . )J,JI51 

CJiy l!aSI , KOr l(a t:ra .IL H lCH B513aHbl c BpeMeHeM 

rrpo113BOJibHOH nap ,,., Oillfl{ KOH 3aBHCHMOCTbIO 

<p(r) = = i3 + rn n = 0 1 lCH(r) = yr(n + l J/2, TOr-

;:B.JL (r) = t + A sin wr, 
ifr) = D sin (wr/2), 

f3 = { ( ,. 1/ .aJ (w/ ~ I I ) + 

+ (U / Q,p}} - ( ,,. y/ "cs)[(w /21 A I) ]1/2. 



OBOBII{EHJ!E ABTOMOl{EJibHbIX JI KBA3J!CTAL(J!OHAPHbIX PEillEHJ!H 

3a)J,aqa CTecpatta c ,,TOJICThIM" cnoeM 1130-

.rurn,1111. IloJIO)l(HM napaMeTp x B ycJIOBH5IX (14) H 

(1 5) paBHhIM 0. PernettHe 3a)J,a1m ttru;eM B BH)J,e 

P5IAOB: 

ti (x, T, t:) - L: ti,n (x, r)t:2n H c;(r, t:) - Lt (r)t:2
n. 

IloACTaBJI5I5I p5IJl.hI B ycJioBH5I 3aAalfH H BhIAe

JUI5I K03¢¢mi;HeHTbI npH OAHHaKOBbIX CTeneH5IX c' 
IlOJiylfaeM CHCTeMy ypaBHeHHH AJI5I HaXO)l(AeHH5I 

IlOCJieAyIOill;HX K03cPcPHU:HeHTOB pa3JIO)l(eHH5I [Ko
.'. tap06 u ap., 1987 ]. IloJiylfeHHbie Bbrpa)l(eHH5I AJI5I 

mrx B 5IBHOM BHAe He BbIITHCbIBaIOTC5I, a peaJIH3y

IOTC5I lfHCJieHHbIMH MeTOAaMH. CJieAyeT OTMeTHTb, 

'IT O AJI5I 3TOro cneKTpa 3a):l.alf HX HyJieBoe npH6-

illDKeHHe 3HalfHTeJibHO xy)l(e CO!'JiacyeTC5I c MO

JJ,eJibIO CHe)l(HOI'O IlOKpOBa KaK TepMHlfeCKOI'O conpo

THB ileHH5I B CHJIY MaJIOH lfYBCTBHTeJibHOCTH AH

Ha IBKH cPPOHTa K 3aKOHOMepHOCT5IM CHeroHaKOil

; remrn H APYI'HM ¢aKTopaM, BJIH5IIOill;HM Ha HH

TeHCHBHOCTb npoTeKaHH5I npou:ecca. 

BhIBO,il;hI 

1. IloKa3aHo, 'ITO p5IA H3BeCTHbIX B reoKpHo-

orn:rr aHaJIHTHlfeCKHX COOTHOIIIeHHH, noJiylfeHHbIX 

CTe¢aHoM, Jieil6eH30HOM, KpbIJIOBhIM, JlyKb5IHO

BbIM H roJIOBKO, cf>eJib):IMaHOM MOI'YT 6bITb IlOJiylfe

HbI, KaK lfaCTHbIH cJiylfail H3 6oJiee o6ru;ero perneHH5I 

M eTOAOM MaJioro napaMeTpa, Il03BOJI5I5I ou:eHHTb 

rrp eAeJibI npHMeHHMOCTH, nop5I):IOK norpeIIIHOCTH H 

)'TOlfHHTb cPH3HlfeCKHe npe):IITOCbIJIKH HCilOJih3ye

MbIX MOAeJieil. IlocJieAHee KacaeTC5I H p5IAa ¢opMyJI, 

IIOJiylfeHHbIX c IlOMOill;blO KBa3HCTaU:HOHapHoro 

rrpu6Jitt)l(eHH5I EaJio6aeBbIM, BoilTKOBCKHM, IlaBJio

BbI M . 

2. 1'1cnoJib3Y5I BBe):leHHhlll MaJibIH napaMeTp, 

BbI5IBJieHbI npe):leJibHbie CJiylfaH, KOI'):la npH6JIH)l(eH

Ha5I ¢opMyJia KyJ:I.p5IBU:eBa, npHMeHHTeJibHO K cJiy

l.faIO OTCYTCTBH5I TeMnepaTypHOH C):IBH)l(KH, ynpo

ru;aeTC5I, B lfaCTHOCTH, CBO):IHTC5I K ¢opMyJie THITa 

Jieil6ett3oHa; ):lpyroil CJiylfail peaJIH3yeTC5I, KOrAa 

BeJIHlfHHhl aMITJIHTYAhl H cpe):IHero):IOBOH TeMnepa

TypbI 6JIH3KH. 

3; B paMKax e):IHHoro accHMITTOTHlfecKoro pa3-

JIO>KeH:rr5I peIIIHTb 3a):lalfy c npOH3BOJibHbIM BH):IOM 

cPYHKU:HH cHerottaKonJieHH5I BO BpeMeHH He YAaeTC5I 

H Tpe6yeTC5I onpeAeJieHHa5I AH¢¢epettu;HaU:H5I 3a-

):lalfH. Hail):leHbI ycJIOBH5I npeAeJibHOro nepexo):la OT 

O):IHOro THna acCHMITTOTHlfeCKOI'O pa3JIO)l(eHH5I K 

APYroMy, KOTOpbre KOJIHlfeCTBeHHo Bbrpa)l(aJOTC5I c 

noMOill;bIO HOBoro KpHTepH5I. Ero npeAJiaraeTc5I Ha-

3BaTb B lfeCTb H3BeCTHOro Mep3JIOTOBeAa B. A. KyA

p5IBU:eBa, xapaKTepH3yIOru;ero COOTHOIIIeHHe B ro):IO

BbIX TenJioo6opornx AOJIH HAyru;eil Ha nepecTpoilKy 

TeMnepaTypHoro IlOJI5I B 30Hax K AOJle HAyru;eil Ha 

¢a30Bbie nepexOAbL KpHTepHil co):lep>KHT onocpe):lo

BaHHO B CBOeH CTPYKType BCe lfeTbipe OCHOBHbie 

npH3HaKa COOTBeTCTByIOru;eli KJiaCCHcPHKaU:HH TH

ITOB Ce30HHOro npoMep3aHH5I-OTTaHBaHH5I. 

EaJI06aeB B. T. Pac<IeT rny611HhI rrporn11Bamrn c yqeTOM BHern
Hero rerrnoo6MeHa I I Ce3omroe rrporn11BaH11e H np0Mep3a1rne 
rpyHToB Ha repp11rnp1111 Cenepo-BocroKa CCCP. M., HayKa, 
1966, c. 47-57. 
BOHTKOBCKI1H K. <I>. Pacqer coopy)[{eHl1H 113 Jlb).\a 11 CHera. M., 
113).1-BO AH CCCP, 1954, 136 c. 
BornKOBa 11. H. CpanH11TeJihHa5! 011eHKa cjJopMyJI ).IJI51 pacqern 
rny611Hb1 ce30HHOro rrpoMep3aH115!-rrporn11naH115! rpyHrn I I 
3Kcrrep11MeHTaJihHh1e 11ccJie).IOBaH115! rrpo11eccon rerrJioo6MeHa B 
Mep3JihIX ropHhIX rropo).lax. M., HayKa, 1972. 
rpeq11~eB c. E., qaCTOTl1HOB JI. B., lllyp IO. JI. Kp11oreHHbie 
cjJ11311Ko-x11M11qecK11e rrpo11ecch1 11 11x rrpomo3. M., He).lpa, 1980, 
383 c. 
Ko360).la JI. A. MeTO).lhI perneH115! HeJI11Hel1Hh1x 3a).laq rerrJio
rrpoBOAHOCT11. M., HayKa, 1957, 228 c. 
KoMapoB 11. A., T11rreHKO r. c. PerneH11e MeTO).IOM MaJioro 
rrapaMerpa O).IHOMepHol1 3a).laq11 CTecjJaHa c cjJ11Kc11ponaHHhIM 
q11CJIOM cjJpoHTOB I I Bcec. KOHcjJ. rro a1mJI11rnqecK11M MeTO).laM 
pacqern rrpo11eccon TerrJio- 11 MaccorrepeHoca. ,Il,yrnaH6e, 1986. 
250 c. 
KoMapoB 11. A., T11rreHKO r. c. 0 rrp116JI11)[{eHHOM perneHl111 
3a).laq11 rrpoMep3aH11H-ona11naH11l! ropHhIJ\ rropo).I rrp11 HaJI11q1111 
Ha rroBepxHOCT11 cJIOll 1130Jilll\1111 I I reoKp110Jior11qecK11e 11ccJie
J.10BaH11H. M., 113A-BO MrY, 1987, c. 260-280. 
JiyKhllHOB B. C., roJIOBKO M. ,II,. PacqeT rny611HhI rrpoMep-
3aH11ll rpyHTOB. M., TpaH01<eJI).IOp113).laT, 1957, 164 c. 
OcHOBhI reoKp110Jior1111. q, 1. M., 113).1-BO AH CCCP, 1959, 
460 c. 
OCHOBhI Mep3JIOTHOro rrporH03a rrp11 11H)[{eHepHo-reoJior11qecK11x 
11ccJie).10BaH11Hx I Pe).I. B. A. KYAPHBI\eB. M., 113).1-BO MrY, 
1974, 432 c. 
IlaBJIOB A. B. TerrJioo6MeH rroqBhI c aTMOCcjJepol1 B cenepHhrx 11 
yMepeHHhIX w11p0Tax Tepp11Top1111 CCCP . 5IKyTcK, 5IKl1, 1975, 
302 c. 
<l>eJih,[(MaH r. M. IlpOrH03 TeMrrepaTypHoro pe)[{11Ma rpyHTOB 11 
pa3Bl1Tl1ll Kp11oreHHhIX rrpo11eccon. M., He).lpa, 1977, 254 c. 

IlocmynUJ1a 6 peamcu,wo 
21 Rl-l6apR 1997 i . 
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HAYqHbIM )KYPHAJI 

KPMOC<I>EPA 3EMJIM 

Kpuocrj;epa 3eMJLU, 1997, T. l, N9 4, c. 12-19 

PEI'HOHAJihHhIE IIPOEJIEMhI KPHOJIOI'HH 3EMJIH 

Y,Il;K 551.791: 569(57)+550.93 

B03PACT M PACCEJIEHME ,,MAMOHTOBOM" 
<l>AYHbI A3MATCKOro 3AIIOJI.SIPb.SI 

(no paiJuoyz;zepoiJHblM iJaHl-lblM) 

JI..IJ.. CyJiep:>1un.i;Ktttt, <I>.A. PoMattettKo* 

reo;iozu'l.ecJCuii. ulicmumym PAH, 109017, Moc1rna, lJbl)KeBc1cuii. nep., 7, Poccu5! 

* M OCKOBCICUii. zocyaapcmBe/i/iblii. YliUBepcumem, zeozpacjJu'l.eCKUii. ¢-m, 119899, Moc1rna, Bop06be6bl ZOPbl, POCCU5! 

IlonOJIHl1BWa51C51 KOJIJieKI.\1151 pa,L111oyrnep0,!1HblX ,[laT no KOCTSIM MJieKOn11TalOl.I.\l1X n03BOJil1Jia noCTp011Tb 
r11CTOrpaMMbl (c waroM 1 TbIC. JieT' BCero 262 ):la Tb!) no HeKOTOpblM 3Bep51M ,,MaMOHTOBOH" ct>ayHbl ,[IJISI a311aTCKOro 
3anoJIS1pb11. PacnpeAeJieH11e AaT Ha mcTorpaMMax no3BOJI11eT rosop11Tb o nepeMel.I.\eH1111 apeaJIOB )1(11BOTHbIX 3a 
nOCJie,[IHl1e 50 Tb!C. JieT Ha Tepp11Top1111 KOHTl1HeHTa 11 0-BOB CesepHoro Jle,[IOBl1TOrQ OKeaHa. 

,.MaMOJ-tmoBa5!" rj;ay1w, ocmamKu 313epeii., paBuoyzJLepoBlioe aamupoBa/iue, ucmopu5! pacceJLeliu5! 

L.D. Sulerzhitsky, F.A. Romanenko* 

AGE AND DISTRIBUTION OF THE ,,MAMMOTH" FAUNA OF THE POLAR REGION OF ASIA 
(radiocarbon dating results) 

Geological Institute of RAS, 109017, Moscow, Pyzhevsky per., 7, Russia 

* Moscow State University, Departament of Geography, 119899, Moscow, Vorobjovy Gory, Russia 

The enlarged collection of the radiocarbon dates on the mammal bones allowed us to construct hystograms 
(with one thousand year interval) based on 262 dates on various animals of the ,,mammoth" fauna from the Asiatic 
Polar region .' The date distribution indicates a shift of the biological habitat of animals during the last 50 ka on 
the continental and islandic areas of the Arctic basin . 

,.Mammoth" fauna, animal remnants, radiocarbon dating, history of settling 

.II:attttoe coo6m;em1e rrpmi;omi<aeT cep1no rry6-
JIMKa:u:11M: [JiaapoB u ap., 1992; CyJLepxUU,ICUU, 
1995] Ha OAHY H3 HaH6oJiee HHTepeCHbIX TeM reo
x poHOJIOrHH ' leTBepTHqHoro rrepHOAa - B03pacT, 
pacceJiem1e H AHHaMHKa apeaJIOB MJieKOIIHTaJOil:(HX 
TJK Ha3hIBaeMOH ,,MaMOHTOBOH ¢ayHbI" HJIH ,,Ma
MOHTOBOro KOMIIJieKca". K HeMy OTHOC51TC51 MaMOH
Tbl (Mammuthus primigenius), mepCTHCTble ttoco
pom (Coelodonta antiquitatis), 6u30HhI (Bison 
priscus), oB:u:e6hrKH (Ovibos moschathus), JIOIIIaAH 
(Equus caballus), a TaK)Ke ceBeptthre oJieHH 
(Rangifer tarandus). B AaHHOH cTaThe BHOBh pacc
MaTpHBaIOTCR paAHyrJiepOAHhie AaTHpOBKH KOCTHblX 
OCTaTKOB MaMOHTOB H3 3arrOJI51pb51, co6paHHbie 
rrpe)KAe [CyJLepXUU,ICUU, 1995], He rry6JIHKOBaB
IIIHeC51 pattee AaTbI r.HH ITO APYrHM 3Bep51M (98 
AaT) , HaKOIIHBIIIHeC51 B Jia6opaTopHH 3a IIOCJieAHHe 
TPHA:U:aTh JieT (IlpHJIO)Kettne 1), a TaK)Ke cepHR 

AaTHpOBOK (51 AaTa) KOCTeH )Kll30THbIX, HaliAeH
HbIX B 1994 r. yqacTHHKaMH PoccHlicKo-IIlBeACKOH 
3KCIIeAH:U:HH ,,3KoJionrn TYHAphr-94 " Ha ocTposax 
H rro6epe)Kh51X CesepHoro JleAOBHToro oKeatta H 
co6paHHbIX Cl>.A.PoMaHeHJCO (IlpHJIO)KeHHe 2). 
OrrpeAeJieHHR ocTeOJIOrH'!ecKoro MaTepnaJia 6hIJIH 
BhIIIOJIHetthI 3.A.BaHreEITe:iiM <rMH P AH). IlpHMe
HRJICR BapHaHT COIDIHOKH OH feTO.ll;HKH BbIAeJie
mrn H3 KOCTH y r JiepoAa Il) UI ,J.anrpoBamrn, OIIHCaH
HblH pattee [Jla6p06 U Op. 1992] H CU:HHTHJI-

OJieIDI 
o6Ha p 2K . .HHblX 

<Cl JI.,!l,.Cy Jiep>Klll.\Kl1H, <1>.A.PoMaHeHKO, 1997 
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B03PACT H PACCEJIEHHE ,,MAMOHTOBOH" <PAYHhl 

cy:tK.[(aeMOH TeppIITOpIIII ycJIOBHOH rpaHIIIJ,eH 

npIIH5IT CeBepHbIH noJI5IpHhIH Kpyr (B BII)l,e IICKJIIO

tJ:eHII5I YLITeHo HeCKOJihKO p;aT Mara.[(aHCKOH 

0 6 iiaCTII) • 113 nepeLIIICJieHHbIX :tKIIBOTHbIX p;aJiee He 

paccM aTpIIBaIOTC51 ceBepHbIH OJieHb, JIOCb II 6Jiaro-

.[(HbrH oJieHh BBIIAY MaJIOLIIICJieHHOCTII p;aT no 

HHM. TaKIIM o6pa30M, B HaCT05IIIJ,eM coo6m,eHIIII 

.a MaTpIIBaeTC5I MaCCIIB II3 262 pap;IIoyrJiepop;HbIX 

::i.aT. accIIB roJioIJ,eHOBbIX p;aT o. BpaHreJI5I p;eTaJih

HO H e paccMaTpIIBaeTC5I, TaK KaK noJIHOCTbIO OH em,e 

H e ony6Jll1KoBaH, a yLIIIThIBaIDTC5I TOJihKO ero xpo

HOJIOIB1IeCKHe rpaHIII.1,bI. 

Tipe :tKp;e LieM nepexop;IITh K aHaJIII3Y rroCTpo

eHHhlX no pe3 y JIJJTaTaM p;aTIIpOBaHII5I rIICTOrpaMM, 

KpaTKO c¢opMy JIIIpyeM OCHOBHhie noJIO:tKeHII51 npe

.J(N;:zym;KX ny6JIIIKaIJ,IIH. I1cKonaeMbie KOCTII, no Ha-

rrpe CT aBJieHIIIO, - HaII6oJiee Hap;e::>KHbIH Ma

ll Jl5I IIOJiy1IeHII5I pa.[(IIOymepop;HbIX p;aT' He

cym;IDI H HCpopMaIJ,IIIO 0 BpeMeHII cym,eCTBOBaHII5I 

o rnoro , BII.[(e H MeCTe ero rII6eJIII. feoMop¢o-

JB eM .. 51 K aK rrpII )KII3HII ::>KIIBOTHhie MOrJIII ne

ID"aTh 5I no 6onhmoll: nJiom,a.[(II. Mep3JIOTa crro

miOC:I:ooBa..1a x opomell: coxpaHHOCTII KOJIJiareHa. 

BJ!l4llMO, H e rrnpa:tKaIOTC5I npoKapIIOTHbIMII 

B H OCfilil,IIMII 3arp513HeHII5I B p;pyrIIe 

IU:J . H aiiJJ;eHHDre ocTaTKII - He3HaLIIITeJih

BIDI 'laCTb o rpOJ\IBOro KOJIHLieCTBa rrorII6IIIIIX )KII-

' Il03TOMY Bep05ITHOCTb norrap;aHII5I B KOJI

."'leKD;HIO ¢par feHTOB :tKIIBOTHbIX, OKa3aBIIIIIXC51 3a 

npe,:i;e.Jia Mn CBoero o6hILIHoro apeaJia, Kpall:He He

;mxa. ToLIHOCTh p;aTIIpoBaHII51 6oJihmell: LiaCThIO 

xa K T e p1rny eTC5I npIIBep;eHHbIMII p;osepIITeJihHbIMII 

DHrep BaJiaMII II onpep;eJI5IeT BpeM5I, Korp;a :tKIIJIII 

n rmre. CooTBeTCTBeHHO, xpoHoJiorIILieCKIIe 

p o eHII5I no HIIM BnOJIHe p;onycTIIMhI. UJI5I Ma-

. OHTQB , KOJIII1IeCTBO KOCTHbIX OCTaTKOB KOTOpbIX 

oObfC!EO 6oJihIDe, 1IeM IIHbIX BII)J;OB, MO:tKHO npe.[(IIO

::rarnTb BbICOKYIO 3KOJIOrIILieCKYIO nJiaCTII1IHOCTb II 

sep 0 5ITHOCTb cym,eCTBOBaHII5I nony JI51Il,IIH c pa3JIII1I

HOH TaKTIIKOH rrepeMem,eHII5I - KaK ocep;Jihrx, TaK 

JI HMeIOIIJ,IIX p;aJihHIIe ce30HHbre MIIrpaIJ,IIII. BIIp;IIMO, 

apeamr pa3JIII1IHbIX nonyJrnIJ,IIH MOrJIII 6hITb BeCbMa 

neIJ,H¢IILIHbIMII. MIIrpaIJ,IIOHHhle nyTII B 3HaLIII

Te.IThHoll: Mepe, Bepo5ITHO, 6hIJIII o6ycJIOBJieHhI pac

rrpe.[(eJieHIIeM Ha TeppIITOpIIII nIIIIJ,eBhIX pecypcoB, II 

OT1IaCTII npep;nonaraeMOH B03MO:tKHOCTbIO nOBbIIIIe

HH5I rrnop;opop;II5I TYHAPOBhIX naCT6IIm, npII cIIcTe-

1aTH1IeCKOM Bhmace [3UM06 u ap., 1991 ]. Mo:tKHO 

n.onyCTIITb II B03MO:tKHOCTb aHTporroreHHOro B03-

p;ell:CTBII51 B OT.[(eJibHbIX pall:oHax. 

CeBepHa51 EBpa3II5I B IJ,eJioM, BIIAIIMo, 6hma 

AJIHTeJibHOe BpeM5I OTHOCIITeJihHO paBHOMepHO 3ace

JieHa :tKIIBOTHbIMII ,,MaMOHTOBOro KOMnJieKca", II 

Ta¢oHOMII1IeCKIIe ycJIOBII5I Ha BC.ell: ee TeppIITOpIIH 

6bIJrn CXO::>KIIMII, n03TOMY Ha rHCTOrpaMMax (pIIC. 1) 
)];3Tbl OTHOCIITeJibHO paBHOMepHO 3anOJIH51IOT BeCb 

nepIIOA OT 53 (II 6oJiee) p;o 9,5 TbIC. JieT H333)];. 

CpaBHIITeJihHO He6oJihmoe KOJIHIIeCTBO 3anpep;eJih

HbIX ,[(aTIIPOBOK, BCTpeLiaIOIIJ,IIXC5I BO MHOrIIX 

pall:oHax, o6'b5ICH5IeTC5I, B 1IaCTHOCTII, OTCYTCTBIIeM 

KOCTeH 6oJiee p;peBHIIX )KIIBOTHbIX. I1 pII1IIIHOH IIX 

OTCYTCTBII5I Bp5I.[( JIII MOrJIII 6bITb He6JiaronpII5ITHbie 

Ta¢oHOMIILieCKIIe ycJIOBII5I. BIIAIIMa5I npIILIIIHa -

OTCYTCTBIIe TOrp;a caMIIX )KIIBOTHblX B HeKOTOpbIX 

pall:oHax 3anOJI5Ipb5I, BepHee OTCYTCTBIIe COOTBeTCT

BYIOIIJ,IIX KOHTIIHeHTaJibHbIX OTJIO)KeHIIH Ka3am..1,eB

CKoro BpeMeHII. Bo BC5IKOM cJiyLiae, Ha Tall:Mbipe 

TOrp;a 6hma rpaHp;II03Ha5I MOpCKa5I TpaHcrpeCCII5I 

[ Cy;zep)l(UL'iKuii u 8p., 199 7], 3aKOHLIIIBIDa5IC5I He3a

p;oJiro p;o HaLiaJia pa6oThI pap;IIoyrJiepop;Horo xpoHo

MeTpa. 113 3aBep;OMO 6oJiee p;peBHIIX OTJIO)KeHIIH 

(HanpIIMep, OJiepCKIIX) KOCTII )J;JI5I p;aTIIpOBaHII5I He 

6paJIIICb, XOT5I yrJiepo.[( opraHIILieCKOH COCTaBJI51IO

m,ell: B HIIX npIICYTCTByeT B KOJIIILieCTBe, )J;OCTaTOLI

HOM )J;JI5I II3yLieHII5I 14C. 

1Iepe3 py6e)K I 0 ThIC. JieT Ha3ap; nepeBaJIIIJIII 

TOJihKO TPII p;aThI no MaMOHTaM Ha Tall:Mbrpe, Mac

CIIB p;aT no JIOKaJibHOH nonyJI5II.1,IIII MaMOHTOB Ha 

0. BpaHreJI5I II OTp;eJibHbie p;aTbl BTOpoll: nOJIOBIIHbl 

roJioIJ,eHa no OBIJ,e6hrKaM II op;Holl: Jiomap;II c Tall:

Mbrpa. MaJioe LIIICJIO roJioIJ,eHOBbIX p;aT, BIIAIIMO, 

o6'h5ICH5IeTC51 OTCYTCTBIIeM caMIIX KpynHhIX ¢IITO

¢aroB IIJIII IIX 3Ha1IIITeJibHbIX norryJI51Il,IIH Ha orpoM

HbIX npocTopax CeBepa. ilpIILIIIHoll: TOMY B BhI COKIIX 

mIIpoTax, BIIAIIMO, 6hIJIO HaLiaBmeec51 eµi:e p;o 
10 TbIC. JieT Ha3ap; CIIJibHOe noTenJieHIIe, npIIBep;

mee K KaTaCTpo¢II1IeCKOMY Ta5IHIIIO Jib)J;IICTbIX 

TOJIIIJ,, LiaCTII1IHOH rII6eJIII paCTIITeJibHbIX noKpOBOB, 

CMeHe pacnITeJibHhIX coo6m,ecTB 6e3JieCHbIX npo

CTopoB, npop;BII)KeHIIIO c rora JieCOB . 

UJI51 IICTOpIIKo-naJieoreorpa¢IILiecKoll: IIHTepn

peTaIJ,IIH pap;IIoymepop;HbIX .[(aT no KOCT51M Kpyn

HbIX MJieKOnIITaIOIIJ,IIX qpe3BbI1IaHHO Ba:tKeH Ta¢o

HOMII1IeCKIIH ¢aKTop. Mo)KeT JIII OH npIIHIJ,IInIIaJih

Ho II3MeHIITb Bep051THOCTb coxpaHeHII5I OCTaTKOB 

O)J;HIIX :tKIIBOTHbIX OTHOCIITeJibHO p;pyrIIX IIJIII Ha 

nop5Ip;KII II3MeHIITb 1IIICJIO coxpaH5IIOIIJ,IIXC51 OCT3T

KOB Ha HeKOTOpbIX BpeMeHHbIX py6e:tKax? I1pe.[(

CTaBJI51eTC51, LITO rrocJiep;Hee MaJioBepo51THO. PaBHO 

KaK He npoIICXO)J;IIT )J;IICKpIIMIIHaIJ,IIII B Ta¢oHO

MII1IeCKIIX npoIJ,eccax O)J;HIIX ::>KIIBOTHb!X no OTHO

meHIIIO K p;pyrIIM (IICKJII01Ia5I, B03MO:tKHO, ceBepHO

ro OJieH5I, KOCTII KOTOporo 1Ipe3BJ,I1IaHHO 6hICTp0 

pa3pymaroTC5I). oJiarop;ap5I crroHTaHHoll: nop;6opKe 

Hamero MaTepIIaJia, Korp;a 6paJIIICh Bee .[(aThI no 

KOCT5IM, nocTynaIOIIJ,IIM II3 BCeB03MO::>KHbIX IICTOI.[

HIIKOB, II OT6paChIBaJIIICb TOJibKO nOBTOpHb!e onpe

p;eJieHII51 no O)J;HOMY IIJIII rpynne O)J;HOBpeMeHHO 

norII6IIIIIX ::>KIIBOTHbIX, BII)J;IIMO, )J;OCTIIraeTC5I yp;oB

JieTBOpIITeJihHa5I npep;cTaBIITeJibHOCTb .[(aHHbIX )J;JI51 

IIX paccMoTpeHII51 no KpynHhIM perIIOHaM. 

UocToBepHoCTb nocTpoeHIIH HecoMHeHHa Jl,JI51 

0Tpe3KOB BpeMeHII, B KOTOpbIX IIMeIOTC5I p;aThI, T.e. 

:tKIIJIII 3BepII. UJI5I BpeMeHHhIX IIHTepBaJioB, B KOTO

pbrx p;aT HeT, OTCYTCTBIIe 3Bepell: 6yp;eT )l,OCTOBepHO 

JIIIIIlb npII 60JibillIIX IIJIII )J;OCTaTOLIHO )J;JIIITeJihHbIX 

nepenap;ax KOJIIILiecTBa p;aT BO BpeMeHII. B oTo6pa -
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1:.::.: :.:1 H ocopor 

Pttc. 1. Pa;:vmyrnepo.uttMH so3pacT pa3;1wrnb1x 3sepeH:. 

,, napm:r~He" KBa,1waTbI - ,,aanpe11enbHb1e" 11aTb1, TO eCTb Te , KOTOpb1e 60JJbllle Ka3aHHbIX 3Ha4e1-n-rfi. Illar UJKaJJbI - 011Ha TbIC. neT. 

)KeHHOH Ha I'lICTOrpaMMax KOJIJieKIJ;liH gaT, BH.!1,HMO, 

HMeeTC51 .!1,0CTaTOlJHO aHOMaJIHH pacnpegeJieHH51 HX 

KOJIHlJeCTBa BO BpeMeHH, lJTO no3BOJI51eT l'OBOpHTb 0 

pacnpeJ:J;eJieHHH )((HBOTHbIX BO BpeMeHH H npocTpaH

CTBe. ilOCJie.!1,0BaTeJihHO paCCMOTpHM pacnpegeJie

HI-Ie gaT KOCTen pa3JIHlJHbIX )((HBOTHbIX no perHOHaM 

(pHC. 2). llMeIOm;HeC51 .uaThl (10) no .5IMaJiy H fhI

J:J;aHy n03BOJl51IOT .uonycTHTh, lJTO cro.ua MaMOHTbI 

npHIIIJIH 35 ThlC. JieT Ha3a.!1, H .!1,0)((HJIH, KaK H Ha 

TaliMhipe, .uo HatJana roJiou;eHa . Pacnpe.ueJieHHe gaT 

IIOXO)((e Ha TaHMblpCKOe, HO IJOlJTH o6paTHOe Ma-

14 

JIOlJHCJieHHhlM aT ·r 4) CeBepHOH 3eMJIH. noc

Jie.[l,HHe, BH}l.Jll.'10 , ' a 3hIBa10T Ha TO, lJTO 3.!1,eCh 

OTCYTCTBOBaJI CIIJI IIIHOH eAfil'IXOBbIH noKpOB B 

capTaHCKoe s pe'151 . Ha.H6oJibIIIee l!HCJIO .uaT (97) c 

Tai1Mhrpa . :Vb HilX 0 n MaMOHTaM, KOTOphre 3.!1,ecb, 

BH}l.HMO , oforrarr.II 0' Hlla.HIDI Ka3 aHu;eBCKOH TpaH

crpecc:~nI (65 Thi . ner H.a3a ) AO HaLia.rra ro11ou;eHa 

(967Q JieT) 3'ro II 

3;'.lech HaXOZJ;OK OCTaTKOB JIOma

• ;JOEe 14 TbIC. JieT Ha3a.[I, HeT, 

f)f"f')nt)TTIC,,~ Her BO 6I1Ie. BHAHMO, H OBU:e-
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P 11c. 2. PacnpeJJ.eJietttte paJJ.ttoyrnepOJJ.HhIX JJ.aT pa3JIM'IHhIX 3Bepeif no per11ouaM. 

" flapSUJJ,11 e " KBa):lpaTbl - ,,3anpe):leJibHbie " ):laThl, TO eCTb Te, KOTOpbie 60JiblllC yKa3aHHbIX 3HaqeHl1H. 

6bIK.H He 6hvur 11ocT05IHHhIMM )KHTeJI51MM Tall:Mhrpa, 

B l.{aCTHOCTM, )J.aT HeT OT 12 Tb!C. JieT Ha3a)J. JJ.O 

Bropoll: 110JIOBMHhI roJioueHa. MttorOl.{MCJieHHhie JJ.a

Thl M aMOHTOB 40-38 TbIC. JieT Ha3a)J. II HeMHO-

e - 21-15 ThIC. JICT Ha3a)J. npoTMBOCT051T B He

OT opoll: Mepe TaKOBbIM B 6oJiee lQ)KHblX perHOHax, 

'IT O, B03MO)KHO , yKa3hrnaeT tta nepepacnpeJJ.eJiemre 

IIJIOTHOCTM 3aCeJieHM51 )KllBOTHbIMH TeppMTOpMH. 

,Il,aT no HoBocM6MpcKMM o-BaM (Bcero 37 , 

- - MaMOHTbI)' BHJJ.HMO, JJ.OCTaTO'IHO )J.JI51 3aKJIIO

lJ: 111151 , 1ITO 110 KaKHM-TO 11pH1IHHaM MaMOHTbI Ha 

Tep pMTOPMM OCTpOBOB pattee 36 TblC. JieT Ha3a)J. He 

II051BJI51JIMCh, XOT51 110 cyIUeCTBYIOIIIMM npe)J.CTaB

JieHM51M meJihcP 6hIJI OTKpbIT. Ha rrocJie)J.nee TaK)Ke 

x a 3hIBaeT O)J.Ha M3 1151Tll )J.aT 110 6H30HaM -

43 ThIC. JieT tta3aJJ.. EJJ.HHCTBetttta51 3JJ.eCh JJ.aTa 0Bue-

6b1KOB (caMa51 1103JJ.H5151 H3 Bcex llMeIOIUllXC51 IIJieM

T OueHOBbIX - 10 TbIC. JieT Ha3a)J.). Ha BCex OCT

p OBHblX TeppMTOpM51X IIOKa OTCYTCTBYIOT JJ.OCTaTOll

HO JJ.peBttHe H ,, 3arrpe)J.eJihHhie " )J.aThI. 

• f'llcTorpaMMa CeBepttoll: .5lKyTHH, 51BJI51IOIUell:c51 

HaH6oJiee 06I1IHpHOM H pa3Hoo6pa3HOM no npHpOJJ.

HblM ycJIOBH51M H3 paccMaTpllBaeMblX TeppHTOpHH, 

rrpe)J.CTaBJI51eT 90 )J.aT, 46 H3 KOTOpbIX no OCTaTKaM 

M aMOHTOB, B TOM lJ:HCJie n51Tb ,,3anpe)J.eJihHbIX". 

OcTaJibHhie 3Bepn (44) TO)Ke JJ.am1 lfeThipe ,,3anpe

n,eJibHhle" )J.aThl. 3TO OT'laCTll yKa3hIBaeT Ha TO, lJ:TO 

B OTJIHlJ:He OT OCTpOBOB, TeppHTOpHH KOTOpbIX, B03-

MO)KH0, He noce1IIaJIHCb MaMOHTaMll (H HX cnyT

HHKaMH) B HalJ:aJie paccMaTpHBaeMoro BpeMeHH, Ha 

KOHTHHeHTe npe)J.CTaBHTeJIH ,,MaMOHTOBOM" ¢aytthl 

)KHJIH n JJ.O Toro. Ha o. BpattreJI51 H3 Bcex HMe

IOIUHXC51 )J.aT no HOCopory noJiyl.!eHa caMa51 JJ.peBH5151 

(29 TbIC. JieT ua3aJJ.). Ha 3TOM ocTpoBe noKa tteT JJ.aT 

no MaMOHTaM CTapIIIe 23 TbIC. JieT Ha3a)J., XOT51 

o6IUee nx l.!HCJIO npeBhlmaeT 50. Han6oJihIIIa51 l.!aCTh 

)J.aT rOJIOueHOBa51, OT 4 JJ.O 8 TbIC. JieT tta3a)J., BCe OHM 

rrpHHa)J.Jie)KaT noJiyKapJIHKOBOM ¢opMe MaMOHTa 

[Aeepb.llH08 U 8p., 1995 ]. fio HaIIIHM npe)J.CTaB

JieHH51M, OTCYTCTBHe )J.aT OT 12 JJ.O 8 TbIC. JieT Ha3a)J. 

YKa3hrnaeT, l.!TO 3JJ.eCh B To BpeM51 MaMOHTOB tte 6hIJIO. 

,Il,JI51 Toro, l.£T06bI cpe)J.H )J.aTHPOBaHHbIX KOCTeM 

MaMOHTOB He nonaJIH 12-8 TbIC511IeJieTHlle, l.!HC

JieHHOCTb )KHBOTHbIX Ha o6oco6HBIIIeMC51 OCTpoBe B 

3TO BpeM51 )J.OJl)KHa 6hIJia 6hITb Ha 2 nop51)J.Ka HH)KC 

8-4-TblC51l.£eJieTHHX, l.!TO MHOro HH)Ke KpHTHl.!eCKOM 

l.!HCJieHHOCTll nonyJI51IJ;HH, npH KOTOpoll: Otta no

rn6Jia 6h1 e1ue JJ.O roJiouetta. Ta¢ottoMHl.!ecKHe yc

JIOBH51, BHJJ.MMO, npHHIJ;HnHaJibHO He MeH51JIHCb. 

IlJieiicToueHOBhie MaMOHTbI 3)1.eCb - )KllBOTHbie 

o6bil.£HOro pa3Mepa, Bep051THO, 3aXOJJ.HBIIIlle BO Bpe

M51 MHrpauHM Ha OCTpOB' KOr)J.a nocJie)J.HHH 6b!JI eIIIe 

l.!aCTbIO ocymettttoro IIIeJib¢a. foJiouettoBbie Ma

MOHTbI MOrJIH nonaCTb Ha y)Ke o6oco6HBIIIHMC51 

OCTpOB c en,oMHOro, OCTpOBHOro )Ke pe¢yrnyMa, 

BbITOJIKHYBIIIero a6opnreHHblX )KHTeJiell: Ha 6JIH3Jie

)KaIIIllH o. BpattreJI51 npH CBoeM HCl.!e3HOBeHHH. 

lllCTOrpaMMa 1.JyKOTKH, MaTepHaJia no KOTO

poll: noKa MaJio (10), cyJJ.51 no pacKJiaJJ.y JJ.aT, 6y,1:1eT 

3anoJIH51ThC51 no Bcell: mKaJie, KaK Ha Tall:Mbrpe, TaK 

n B CeBeptto:H .5IKyTHH. 

B ueJIOM MaMOHTOBa51 ¢aytta OTHOCHTeJihHO 

paBHOMeptto (cM. pnc. 1) 3aceJI5IJia npocTopbI CeBe

pa A3HH, rrepepacnpeJJ.eJI5151Cb no OTJJ.aJieHHhIM Tep

pHTOpH51M H )J.aBa51 HeKOTOpbie cPJIYKTyauHH l.!HC

JieHHOCTH CBOHX KOMnOHeHTOB. YBepettHa51 HHTepn

peTauH51 3THX cPJIYKTyauHM Tpe6yeT npHBJICl.£CHH51 

)J.OnOJIHHTeJibHOM pa3HOCTOpOHHell: HHcPOpMauHH H, 

rJiaBHOe, pacmnpeHH51 MaCCHBOB pa;::i;noyrJiepOJJ.HbIX 

JJ.aT. B nepcneKTHBe TaKa51 pa6oTa MO)KeT cTaTh 

Ba)KHbIM MeTO,[IOM )J.eTaJihHOro BOCCTaHOBJieHM51 11a

Jieoreorpa¢Hl.£eCKHX ycJIOBHM. 
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Ilp11JiolKeH11e 1. Cn11coK pM11oyrJiepo.11nh1x .11aT11posoK ocTaTKOB 11cKonaeMh1x >KHBOTHbIX 

N~ n/n )]:am Jla6opaTOpHbIH HOMep MecToHaxolK.11em1e 3seph 

1 2 700±70 nrn-3803 cpe.11uee Teqe1rne p. Jlorarn om.1e6h1K 

2 2 920±50 rttH-2945 MhlC qeJIIOCKl1Ha OBI.\e6uIK 

3 3 250±60 rttH-3243 p. Arana JIOIIIa).\u 

4 5 090±80 rttH-3132 p. IiOJihIIIa5! EaJiaxH5! OJieHb 

5 7 990±70 rttH-293 3ana).\HhIH .slMaJI OJieHb 

6 9 550±80 rttH-4328 o. <l>aMeescK11i1 OJieHb 

7 10 750±90 JIY-1666 o. KoTeJibHbIH OBI.\e6hIK 

8 11 660±450 rttH-6427 p. O;ieueK JIOIIIa).\h 

9 12 150±40 rttH-3131 p. IiOJibIIIasi EaJiaxHsi OBI.\e6b!K 

10 12 800±60 rttH-4038 p. KepeMeuc11T (6accei1H l1u1111r11pK11) 61130H 

11 14100±160 rttH-3823a cpe.11Hee Te4eH11e p. Jlorarn JIOIIIaJ'.lu 

12 14 260±150 rttH-6007 IOKampcKOe nJIOCKoropbe HOCOpor 

13 14 560±250 rttH-6096 p.OJieHeK, 400 KM BbIIIIe yCTbSI JIOIIIa).\b 

14 14 800±250 rttH-3208a p. KOJ1b1Ma 61130H 

15 15 130±50 rttH-6023 p. EoJI . XoMyc-IOpsix HOCOpor 

16 15 130±90 rttH-6024 p. IiOJI . XoMyc-IOpsix HOCOpor 

17 15 250±60 rttH-8248 o. BpaureJisi OBI.\e6h!K 

18 15 300±60 nrn-5371 ycThe p. 0MOJIOH JIOIIIa).\h 

19 15 850±80 rttH-6020 p. l1u.1111r11pKa HOCOpor 

20 16 080±100 rttH-3239 p. Arana OBI.\e6hlK 

21 16 390±120 rttH-5727 6yxrn KolKenu11Kosa 61130H 

22 17800±160 rttH-3 140s o3 . Tai1Mbip, MhIC Ca6Jiepa OBI.\e6uIK 

23 18 200±300 rttH-6102 p.OJieHeK, 400 KM BblIIIe yCTbSI OBI.\e6~IK 

24 18 300±200 rttH-31406 p. EoJI . EaJiaxHsi JIOIIIa).\h 

25 19 100±120 rttH-8252 o. KoTeJihHhii1 JIOIIIa).\b 

26 19 480±100 rttH-3868 p. KOJihIMa, JJ:ynaHHhIH .sip JIOIIIa).\h 

27 20 000±1300 rttH-7696 p. KoJibIMa, JJ:ysaHHhii1 .sip OJieHb 

28 20 400±200 rttH-6021 p. XpoMa HOCOpor 

29 20 500±400 rttH-4327 o. <l>aJl)J.eeBCKl1H OJieHh 

30 20 700±500 rttH-3 142a 03. Tai1Mh1p, MhlC Ca6Jiepa JIOIIIa).\b 

31 21 500±200 rttH-2744 Tai1Mb1p, p. Ee11ep60-Tap1111a JIOIIIa).\u 

32 23 590±1560 rttH-8251 3ana11HaS1 qyKOTKa 61130H 

33 24 000±400 rttH-6426 p.OJieHeK, 400 KM BhIIIIe yCThSI JIOIIIa).\h 

34 25 200±200 nrn-1817a o3. 3HreJihrapl.\T, Tai1Mhip JIOIIIa).\b 

35 25 500±150 rttH-6014a p. IiOJI . AHIOH 6JI . OJieHh 

36 26 100±300 rttH-4329 o. <l>aJl)J.eeBCKl1H 61130H 

37 26 400±300 rttH-3 1426 03. Tai1Mh1p, MhIC Ca6Jiepa JIOIIIa).\h 

38 26 900±400 rttH-6005 p. KOJihIMa HOCOpor 

39 27 300±300 rttH-3209 p. MaJI. Amoi1 HOCOpor 

40 27 300±300 rttH-6018 p. MaJI. AH10i1 HOCOpor 

41 27 360±170 rttH-6448a .slMaJI, p. W y4hS1 JIOIIIa).\h 

42 27 600±400 rttH-3814 p. Jlorarn 61130H 

43 27 900±300 rttH-38416 03. Tai1Mhip, MhIC Ca6Jiepa JIOIIIa).\b 

44 28 180±270 rttH-8219 AHa6apo-0JieHeKcKoe Me:>KJ1Y pe4he JIOIIIaJ'.lh 

45 28 300±400 rttH-5732 6yxrn KolKeBH11Koea JIOIIIa).\h 

46 28 600±500 rttH-3858 p. KOJihIMa , JJ:yeaHHhrH .sip OBI.\e6hIK 

47 29 100±400 rttH-4330 o. <l>a.11.11eescKm1 JIOIIIaJ'.lh 

48 29 700±700 rttH-314la 03. Tai1Mhip, MhIC Ca6nepa JIOIIIa).\h 

49 29 800±340 rttH-8259a o. BpaHrem1 nocopor 

50 29 800±1200 rttH-5047 p.IlaseJI-Ca11.h1Hr11- IO p2X (6a i1"H np HTOKa JIOIIIaJ'.lh 
p.OJieHeK) 
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B03PACT lf PACCEJIEHHE ,.MAMOHTOBOH" </JAYHhl 

0KOH•.Jam1e npHJI. 1 

N~ n/n ,Il;ara Jia6oparopHblH HOMep MecroHaxoJK):\eHHe 3sepb 

51 30 500 ± 400 rIIH-8222 o. EeJihKOBCKHH 6H30H 

52 30 900 ± 200 nrn-6022 p. EoJI . XoMyc-IOpSIX HOCOpor 

53 30 900 ± 300 rl-IH-3121/1 p. EoJihwasi EaJiaxHsi JIOCb 

54 31 500±300 rI-IH-6013 p. 0MOJIOH Hocopor 

55 31 500±600 fHH-3012 p. XaraHra om-1e6h1K 

56 31 800±500 fHH-3825 p. Jlorara 6H30H 

57 31 900±500 fHH-3241 p. Arana 6H30H 

58 32 000±500 fHH-6475 p. KOJiblMa OJieHb 

59 32 000±1000 fl1H-314ls 03. Tat!Mblp, MblC Ca6Jiepa JIOWa):\b 

60 >32 000 fHH-6017 p. Aqqb1ratf-AJiatfxa, 6accet!H 11HJ1HrttpKH nocopor 

61 32 200±600 fHH-8228 o. <l>aMeeBCKHH 6H30H 

62 33 100±320 fHH-8231 o. <l>aMeeBCKHH 6H30H 

63 33 100±400 fHH-6010 p. KOJib1Ma HOCOpor 

64 33 750±1200 fHH-3824 cp. reqeHHe p. Jlorara 6H30H 
6 - 33 800±1200 fHH-8235 n-OB JlonarKa 6H30H 

66 34 600± 1200 fl1H-314ls 03. Tat!Mb1p, Mb!C Ca6Jiepa JIOWa):\b 

6 34 700±400 fHH-4434 p. KOJiblMa, ,Il;ysaHHblH 5Ip 6H30H 

>35 300 fHH- 7308 p. MaJiblH AHIOH 6H30H 

69 35 800±800 rHH-3100/1 Tat!Mb1p, p. Eel\ep6o-TapttJ1a 6H30H 

10 36 300± 640 fHH-8221 AHa6apo-0JieHeKcKoe MelKJ1ype%e JIOWa):\b 

36 300±900 rm-I-3119 p. EoJI. EaJiaxHsi JIOWa):\b 

36 00±500 rHH-6097 p. OJieHeK, 400 KM Bb1we ycrbsi 6H30H 

3 000 fHH-3100/IT Tat!Mb1p, p. Eel\ep6o-Tapttl\a JIOCb 

100±500 fHH-3207 p. KOJiblMa 6H30H 

3 00± 1100 fHH-6009 p. EoJI. qyKO%SI HOCOpor 

100±800 fHH-6430 p. OJieHeK JIOWa):\b 

400±800 fHH-57 11 p. KoJib1Ma 6H30H 

38 700±1000 fHH-4965 xp. KyJiap JIOllla):\b 
>39 000 fHH-8239 3an. qyKOTKa 6H30H 

39 200±800 fl1H-2764a p. EoJI . EaJiaxHsi 6H30H 

39 600±500 fHH-3519 cesep Ana6apo-0JieHeKCKoro MeJKl\ypeqbSI JIOll!a):\b 

39 900±500 fHH-6011 p. Eepe;iex HOCOpor 
40 000±500 fHH-6012 sepxosbsi p. 51Ha nocopor 

>40 000 fHH-8544 3an. 5IMaJI JIOll!a):\b 
40 200±1200 fHH-3823 cp. reqem1e p. Jlorara JIOll!a):\b 

41 300±800 fHH-6098 p. OJie1-1eK, 400 KM Bbill!e ycrbsi 6H30H 
41 600±800 fHH-6006 p. KoJib1Ma HOCOpor 

41 00± 1500 fHH-6428 p. OJie1-1eK 61130H 

41 00±900 rHH-3120/ l p. EoJI. EaJiaxnsi JIOCb 
41 900±600 fHH-2327 TaHMb1p, p. Cttlla oeu_e6b1K 

>42 300 fHH-6015 p. KoJib1Ma HOCOpor 
42 800±700 fHH-5710 p. KOJiblMa 6H30H 

43 400±2200 fHH-8253 o. KoreJibHblH 6H30H 
43 700±1000 fHH-6008 p. EoJI. qyKO%si HOCOpor 
45 400±1200 fHH-3860 p. KOJib1Ma, ,Il;yea1-11-1b1tf 5Ip 6H30H 

>48 700 JIY-1673 o. KoreJibHblH OJieHb 
>49 000 fHH-60 14 p. EoJI. AHIOH HOCOpor 
>-o ooo fHH-3866 p. KoJib1Ma, ,Il;yeaHHblH 5Ip JIOll!a):\b 
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JI.I{ CYJIEPJICJf~KHfi, <P.A. POMAHEHKO 

IlpHJIO>KeHHe 2. Cm1coK pa1vrnyrJiepOAHb1x Aan1ponoK ocrar Kon 11cKonaeMbIX >KHBOTHbIX 
(co6paHHb1e PocrniicKo-IIIneACKoii JKcneA11L111eii, 1994 roA) 

N~ n/n ,IJ:ara Jia6opaTOpHblH HOMep MecroHaxO>KAeHHe Marep1mJI 

1 4 370±70 nrn-8249 o. BpaHren11 KOCTb 

2 9 780±40 rIIH-8256 cenepo-nocro4HOe no6epe>Kbe 6HBeHb 
TaHMbipa 

3 12 950±130 rIIH-8241 0. A.i10H KOCTb 

4 13 650±170 rIIH-8427 o. llloKaJibCKOro KOCTb 

5 13 700±100 rIIH-8230 o. KoreJibHbii1 KOC Tb 

6 14 000±120 rIIH-8242 0. A.i10H 3y6 

7 14120±170 rl1H-8241a o. AtioH 6ttneHb 

8 15 000±70 rIIH-8255 Il-OB llIHpOKOCTaH KOCTb 

9 15 250±60 rIIH-8248 o. BpaHreJI11 KOCTb 

10 15 400±100 rIIH-8258 o. BpaHreJISJ KOCTb 

11 18 500±120 rIIH-8229 o. <l>aMeenCKHH KOCTb 

12 19 100±120 rIIH-8252 o. KoreJibHbii1 KOCTb 

13 20 100±150 rIIH-8263 Il-OB llIHpOKOCTaH 6HBeHb 

14 22 400±200 rIIH-8257 o. BpaHren11 KOCTb 

15 22 400±300 rIIH-8259 o. Bpamen11 KOCTb 

16 23 590±1560 rIIH-8251 3an. qyKOTKa KOCTb 

17 23 940±150 rIIH-8244 o. <l>aMeeBCKHH 6HBeHb 

18 25 180±150 rIIH-8227 o. <l>aMeencKHi1 6HBeHb 

19 25 200±180 rm-I-8246 o. <l>aA,!1eencKHi1 KOCTb 

20 25 540±170 rIIH-8532 o. <l>aM eenCKHH KOC Tb 

21 26 680±200 nrn-8237 n-oe JionaTKa 6ttneHb 

22 27 100±300 rIIH-8224 o. <l>aM eencKHi1 KOCTb 

23 28 180±270 rIIH-8219 AHa6apo-0JieHeKcKoe Me>K11ype4be KOC Tb 

24 28 300±350 rIIH-8545 3ana,!1HbIH 51MaJI KOC Tb 

25 28 400±340 rm-r-8220 n-oe Tepn11i1-TyMyc, OneHeKCKHH KOCTb 
3aJIHB 

26 28 650±350 rIIH-8225 o. <l>aMeenCKHH KOC Tb 

27 28 680±200 rIIH-8237 n-oe JlonaTKa KOCTb 

28 29 700±250 rIIH-8260 o. <l>aMeencKHi1 KOCTb 

29 29 800±340 rl1H-8259a o. BpaHreJISI KOC Tb 

30 29 900±300 rIIH-8236 n-on JlonaTKa 6ttBeHb 

31 30 000±300 nrn-8218 n-on Tepn11i1-TyMyc, 0JieHeKCKHi1 KOC Tb 
3aJIHB 

32 30 500±400 rIIH-8222 O. lieJibKOBCKHH KOC Tb 

33 31 400±300 rIIH-8226 o. <l>aMeeBCKHH 6HBeHb 

34 31 530±420 rIIH-8240 HH30BbSI p. KJH:HryeeeM (3ana11Ha11 6HBeHb 
qyKOTKa) 

35 32 200±600 rIIH-8228 o. <l>aMeencKHH KOCTb 

36 32 600±700 rIIH-8261 o. <l>apnarepHbIH, ITSICHHa KOCTb 

37 33 100±320 rIIH-8231 o. <l>aMeenCKl1H KOCTb 

38 33 600±500 rIIH-8233 n-oe JlonarKa KOCTb 

39 33 800±1200 rm-I -8235 n-on JionaTKa KOCTb 

40 34 400±400 rIIH-8254 o. KOTeJibHblH KOCTb 

41 34 500±500 rIIH-8247 o. <l>aMeenCKHH KOCTb 

42 35 210±500 rIIH-8243 o. <l>aMeencKHi1 611neHb 

43 35 800±700 rIIH-8223 O. lieJibKOBCKl1H KOCTb 

44 35 900±500 rIIH-8262 AHa6apo-OneHeKcKoe Me)l{11ype4he KOCTb 

45 36 000±500 rIIH-8238 o. <l>aM eenCKl1H KOCTb 

46 36 300±640 rIIH-8221 AHa6apo-OneHeKcKoe Me>K11ype4he KOCTb 

47 36 700±500 rl1H-8243a o. <l>aMeeBCKl1H 6ttneHb 

48 38 500±900 rIIH-8250 HH30BbSJ p. Kai1HryneeM (3ana11Ha11 KOCTb 
qyKOTKa) 

49 >39 000 rm-I-8239 3ana11Ha11 qyKOTKa qepen 

50 >40 000 rIIH-8544 3ana,!1HbIH 51MaJI KOCTb 

51 43400±2200 rIIH-8253 o. KoreJihHbli1 KOCTb 
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B03PACT J1 PACCEJIEHJfE ,,MAMOHTOBOf'f" <PAYHhl 

Anep&HHos A.O., Baprnmrn C.JI., rapyrr B.E. MenK11i1 MaMOHT, 
- iamrnuthus prirnigenius vrangeliensis Garuti, Averianov et Var
tanian, 1993 c o. BpaHreJIH (Ceaepo-BoCTo<rnaH C11611p&) // 
HCCJiei:1oeaH11S1 n o nJiei1CT01'eHOBhIM 11 cospeMeHHbIM MJie
KOlil1ra1ow:11M. Tp. 3oonor11qecKoro 11HCT11Tyra PAH, 1995, T. 
263, c. 184-199. 

C.A., qynp&IHHH B.11. 3Koc11cTeMb1: ycTOH'l11BOCTh, 
"""""-vr"'~11S1, 1'eJieHanpanneHHOe npeo6pa3onaH11e. M .: 1991, 

_:Iz.B os A.A., CyJiep>1rnu.Kni1 JI.A. MaMom&1: pai:111oyrnepoi:1-
llhle ,JaHHb1e o npeMeH11 cyU1ecrnosamrn I I BeKonaH Al1HaM11Ka 
&toreou.eao3on. M.:1992, c. 36-52. 

CyJiep>KHU.KHH JI.A. qepTbI pai:1110yrnepOAHOH xpoHOJIOrHH Ma
Momon (Mammuthus primigenius) C11611p11 11 cenepa BocTOqHOH 
Enponbl/ I MccJiei:1onamrn no nnettCT01'eHOBbIM 11 conpeMeHHbIM 
MJieKomnaIOUll1M. Tp. 3oonornqecKoro HHCT11TyTa P AH, 1995, 
T.263, C. 163-183. 
CyJiep>1rnU.KHi1 JI.A., ApCJiattos X.A., repacnMosa C.A. n AP· 
Yponm1 11 B03paCT Ka3aH1'eBCKOH MOpCKOH TpaHcrpecnm Ha 
BocrnqHOM TattM&rpe I I Mrnm ¢YHAaMeHraJI&H&1x 11ccnei:1ona
H11i1 Kp11occpephr 3eMJ111 s ApKT11Ke 11 Cy6apKT11Ke. Hono
rn611pcK, HayKa, 1997, c. 39- 44. 

IlocmynUJZa 6 peiJa1Cu,wo 
8 UIOJ!R 1997 c. 
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Kpuoc<J;epa 3eMJLu, 1997, T. 1, N~ 4, c. 20-27 

PEJillKT II03,II,HEqETBEPTllqHQM MEP3JIOTbl 
HA EbIBIDEM HYHATAKE IIJIATO MAYHTllH 

(10w-3anaiJ1wJl AJZb6epma) 

C. A. Xapp11c 

I'eotpa<J;u'ieCKULL <J;-m YHuBepcumema KaJLw pu, T2N JN4, AJLb6epma, KaJLzapu, KaHaDa 

Y,IJ:K 551.345 

Ha IlJiaTO MayHTl1H , pacnoJIO)!(eHHOM Ha mro-3ana11e wTaTa AJih6eprn (KaHa11a), Ha6JIIOAaeTCll peJI11KTOBall 
aJibHl1HCKaSI Mep3JIOTa, OCTanwaSICll OT 3H0Xl1 Il03/1HeBl1CKOHCl1HCKOro OJie11eHeHl1SI . IlJIOCKall nepw11Ha rOpbl He 
no11nepraJiaCb OJie11eHeH1110 B TeqeH11e nJieHCTOL\eHa l1 peJil1KTOBaSI Mep3JIOTa 3AeCb He COOTBeTCTByeT conpeMeH
HOMY KJIHMaTy. B6JIH311 nonepxHOCTH TeMnepaTypa nopo11HOHH)!(aeTCSI11 TenJIO Me11JieHHO rrpOHHKaeT B nop0/1bl. 
TenJio nepe11aeTCSI KaK nocpeACTBOM KOH/1YKTl1BHoro TenJioo6MeHa, TaK 11 11nm1<eH11eM no113eMHbIX B0/1 , HO rrp11 
3TOM IlOCTyrn1eH11e TenJia qaCTHqHO KOMITeHc11pyeTCS! OXJia)!(11a1oll.\l1M BJIHS!HHeM ITOTOKOB B0311yxa, npOHl1Ka!Oll.\11X 
Me)!(11y 06JIOMKaM11 l1 B Tpell.\HHbl B KOpeHHblX nopo11ax. IlOTOKH no113eMHb!X BOA 11 B03Ayxa OKa3bIBalOT 
Cyll\eCTBeHHOe no BeJIH'111He, HO JIOKaJibHOe B0311el1crn11e Ha TeMrreparypy rropo11. 11 MeCTO 3TOl'O B03AeHCTBl1ll 
MO)!(CT 113MeHllTbCll BO npeMeH11. 

IlonepxHOCTb npe11crnnJie1-ia CTPYKTYPHbIM11 rpyHTaM11 11 TepM0KapCTOBb1M11 cjJopMaM11 B crn111111 KOHcep
nal\1111, o6pa30BaBIII11Ml1CS! np11 Bb!Tal1BaHl111 )!(11JlbHblX Jlh/10B, KOTOpble ccjlopM11poBaJI11Cb rrp11 6oJiee XOJIOAHOM 
KJI11MaTe no11 KaMeHHb!Ml1 KOJibl\aM11. H a ceeepHOH OKOHeqHOCTl1 ropbl Cyll\eCTByeT JIC/1511-Jall IlCll.\epa, KOTOpall 
coxpaH11JiaCh e KpOnJie MHOroJien1eMep3JihIX rropo11. Mbn11l1cKall pacT11TeJibHOCTb nKmoqaeT OTAeJihHhie n1111b1 
cjJJIOpb1 A pKT11K11, a TaK)!(e cjJJIOpbI rro6epe)!(bll CIIIA K mry OT KaJI11cjlopH1111. PacrrpoCTpaHeH11e C11el\11cjJ11qecK11x 
e1111oe o6'hSICHlleTCS! r.111rpal\11el1 aJibn11l1cKOH cjJJIOpb1 no epeMll rrpowJibIX xoJIOAHhIX 3nox. Ha6JIIOAalOTCll TaK)!(e 
HeKOTOpble MeCTHbie oco6eHHOCTl1. 

flo3DHeBuc1coHcw1c1Coe OJLeDeHeflue, pe.nwcmoBaJl aJLbnuuc1CaJ1. Mep31wma, cmpy1CmypHb1e zpyHmb1, a.nb
nuuc1caJ1. pacmume.nbHOCmb 

A RELICT OF LATE QUATERNARY PERMAFROST ON A FORMER NUNATAK 
AT PLATEAU MQUNTAIN (SW Alberta) 

S. A. Harris 

Department of Geography, University of Calgary, T2N JN4, Alberta, Calgary, Canada 

On Plateau Mountain in southwest A lberta is an example of relict alpine permafrost left from the Lat e 
Wisconsin glaciation . The flat mountain top was not glaciated during the Pleistocene and the relict permafrost on 
its summit is not yet in equilibrium with the present-day climate. T he near-surface ground tempera tu re becomes 
colder with depth and heat is moving slowly into the ground. This heat flow is accomplished by hea t conduction 
and groundwater movement, but this is partl y counteracted by air moving through block fields or cracks in the 
bedrock. Ground water and air movement produce large but localized ground temperature effects which may change 
location over time. 

The surface shows inactive sorted patterned ground and thermokarst resulting from melting of ice wedges 
formed beneath the stony borders during a colder climate. At the north end of the mountain , an ice cave occurs 
in the surface of the relict permafrost. The alpine vegetation includes disjunct species from the floras of the Arctic 
and also from the west coast of the contiguous United States south to Californ ia . These distributions imply a 
migration of alpine floras during past cold events. Some local speciation has also occurred . 

Late Wisconsin glaciation, relict alpine permafrost, sorted patterned ground, alp ine vegetation 

BBE,ll.EHME 

PenHKTOBag Mep3noTa TnrrnqHa AJig HH3MeH
HbIX TeppnTopuil: IOKoHa [Mackay et al., 1972] u 
AngcKH [Pewe, 1966], He ITOABepraBIIIHXCg OJieAe
HeHHIO, a TaK:>I<e mupoKo pacnpocTpaHeHa B Cu-
6upu, HO AOBOJibHO PCAKO BCTpeqaeTcg B ropax, 
ITOABepraBIIInxcg oneAeHeHngM. TaKoe HCKJ110qe
HHe - IInaTo MayHTHH B CKaJIHCTbIX ropax, Ha 
10ro-3arraAe IIITaTa A.nh6epTa B KaHaAe. B CTaTbe 
rrpHBOAgTcg pe3yJibTaTbI npOAOn:>I<aIOII!HXCg c 

(0 C. A. XappMc, 1997 
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197 4 r . Ha6JIIOAeHHM 33 TCMrrepaTypoi1 B03Ayxa ll 
nopoA, a TaK:>I<e cBg3aHHbIX c HHMH gBneHnil: Ha 
IInaTO MayHTHH. 

IInaTO MayHTHH rrpeACTaBJigeT co6oi1 rrnocKo
BepIIIHHHYIO ropy c a6COJIIOTHOH BbICOTOM 2519 M, 
pacrrono:>I<eHHy !O B 80 K r K 10ro-3arraAy OT r. Kan
rapu (puc. 1) . 3 ro ~po aHTHKJIHHanu, rna6o tta 
KJIOHeHHOM K ceBep H 3arraAy. IIepeKphrnaIOII!He 
rropOAbI npeACTaB ileHbl KpeMHHCTbIMH AOJIOMHTaMn 



PEJIHKT II03J(HW!ETBEPTW!HOH MEP3JIOThl HA EblBllIEM HYHATAKE 

fl.,1aTo MayHTHH B IOro-3ana)l,HOtt AJib6ep-
· a.::i.a. 

2';~lero Kap6oHa rpynnbI Cnpeli JleliKc, rrepeKpbI

E:!:;:J.l:>:mi:rr:m H3BeCTH5IKH, ):\OJIOMHTbl, M5IfKHe rrec

'i!:!::I::IKH H CJiaHIJbI 3sepHHITOHCKOH H MayHxe):ICKOH 

[Douglas, 1958; Norris, 1993a, b ]. 
tl;~C'.:fill.;:(h BepIIIHHbI COCTaBJI5IeT 13 KM2• 

BepXH5I5I r paHHIJa Jieca CHJihHO tt3MeH5IeTC5I no 

'C B 3aBttCMMOCTH OT 3KCII03HU:HH (pHc.2) . Ee 

ee IIOJIO)KeHHe Ha 3arra):IHOM CKJIOHe COCTaBJI5[

~90 1 [Bryant, Scheinberg, 1970 ]. KaK rrpa

• rpaHMIJa Hepe3Ka5I H BKJIIOlJaeT KpHBOJieCb5I H 

::;)lllH c HBoll: H pa3HOTpasheM cpeAH AepesbeB, 

fil'HBaIOIIJa5IC5I BHH3 OT 3TOH BbICOTbl ):10 180 M 

pTm<aJIH. BbIIIIe rpaHHIJhI Jieca, B aJihIIHHCKOH 

He rrp eo6Jia):laJOT aJihIIHHCKHe Jiyra c JIHIIIali-

' ·IB, a Ha sepIIIttHe - aJihIIHHCKasr TYHApa c 

..a.....:L>Ll"rn, rroKpbIThIMH JIHIIIaHHHKOM. B sepxHell: 

cy6aJihIIHHCKoro Jieca rrpeo6Jia):laIOT eJih 3H

re...TuMaHa H aJihIIHHCKa5I JIHCTBeHHHU:a , c MeHbIIIHM 

OJilP.IeCTBOM 6eJIOKOpOH COCHhI H IIHXTbI )J,yrJiaca. 

TeppttTopttsr pacrroJIO)KeHa Ha IIO):IBeTpeHHOH 

cropoHe K BOCTOKY OT fJiaBHOro BO):lopa3)l,eJia. Ta

KKM o6pa30M, BepIIIHHa ropbl Jie)KHT 3HalJHTeJibHO 

HIDKe rpam1IJhI oJie)l,eHeHHSI [Ostrem, 1966] H BO 

BpeM5I BHCKOHCHHCKOro OJie):\eHeHHSI He IIOKphIBa

JiaCb JieAHHKOM. CHer OT peAKHX cHerorra):IOB CAY

BaJIC5I c BepIIIHHbI B TbIJIOBbie lJaCTH I.J;HPKOB Ha 

!O)KHOM H BOCTOlJHOM CKJIOHax ropbI (CM. pHC. 2). 

Cpe):IHSISI ro):IOBa5I TeMrrepaTypa B03):1yxa Ha 

BbICOTe 2500 M 3a rrepHO):\ 197 4-1995 rr. COCTaBHJia 

20 5 

* 6 

" 7 
x 8 

P11c. 2. PacnonmKeHtte yqacTKOB H3MepeHtt51 TeM -

nepaTypht 11 nonoxetttte anbnttttCKOtt 30HbI Ha IlJia

TO MayHTHH (c ttcnOJib30BaHHeM MaTepwanos 

[Harris, Brown, 1978]). 

1 - nJiaTo, 2 - Jiec, 3 - r pamni,a 11eca H 1rnaTo, 4 - ):(Opora, 
5 - CKBa)l(HHa H ee HOMep , 6 - 11e):(srnall nell(epa , 7 -
MeTeOCTaHl\Hll, 8 - rny6oKall TepMOMeTpWICCK351 CKBa>KHI-Ia. 

0 

-5 '---<---.-~~~~~~~~~~---.-~~~-,....,....,--, 
~m~romo-NM~~m~ro~o-NM~m 
~~~~~rorororoooro~ooooromm mmmm mmrnrnrnmrnmrnmmmmrnrnmrnmrnrnrn 

---------------~-----

Pttc. 3. lI3MeHeHtte cpe)l,Hero)l,osoi1 Te~.rnepaTypb1 
B03Ayxa Ha BbtCOTe 2500 M (3a nepttOA c 1974 no 

1995 rr., IlnaTo MayHTHH [ITM N!! 2]) 

-2 ,22 °C, rrpH 3TOM c 1985 r. Ha6JIIO):\aJIHCh 3Ha

lJHTeJibHhie BapHaI.J;HH (pHC. 3) . 3a rrepHO):\ HCCJie):IO

BaHHH (21 roil,) rrpOH30IIIJIO IIOHH)KeHHe TeMrrepaTy

pbI rrpHMepHO Ha 1 ,62 °C. 
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METOJJ:bIMCCflEJJ:OBAHMY 

B 1974 r. 6hwo npoBe)l:eHo 6ypeHHe c u:eJibJO 

o6Hapy)KHTh MHOroJieTHeMep3Jihle nopOJl:hI. B Te

t.reHHe CJie)l:yJOII.1,HX 4 JieT 6hIJIH npo6ypeHbl H 060-

PYl::(OBaHbl 10 CKB. (CM. pHc. 2), OJl:Ha H3 KOTOpbIX 

HMeJia my6HHY 150 M [Harris, Brown, 1978; 
1982 ]. TeMnepaTypa B03Jl:yxa H CHe)KHbIH noKpOB 

H3Mep51JIHCb Ha 5 IIJIOII.l,a)l:Kax Hat.rHHa51 c 1994 r. ' a 

OTHOCHTeJibHa51 BJia)KHOCTb onpe)l:eJI51JiaCb Ha BhlCO

Te 2500 M c 1995 r. JJ:JI51 onpe)l:eJieHH51 Mep3Jioro HJIH 

TaJioro COCT051HH51 IIOPOJl: IIpOBO)l:HJIHCb e)KeMeC51t.r

Hbie H3MepeHH51 HX TeMnepaTypbI, B TO BpeM51 KaK 

CTaU:HOHapHble Ha6JIJO)l:eHH51 Ha KJIJOt.reBbIX yt.raCT

Kax o6ecrret.rHBaJIH KOHTPOJih 3a KJIHMaTHt.reCKHMH 

H3MeHeHH51MH H KOJie6aHH51MH TeMrrepaTypbI IIOPOJl:. 

KpoMe Toro, H3MepeHH51 TeMrrepaTypbI 6hIJIH rrpoBe

)l:eHbI B Jie)l:51HOH rreII.1,epe Ha ceBepHOH OKOHet.rHOCTH 

rophI [Harris, 1979 ]. 
JJ:orrOJIHHTeJibHhie HCCJie)l:OBaHH51 BKJIJOt.ralOT 

H3yt.reHHe pacrrpocTpaHeHH51 paCTHTeJibHOCTH 

[Bryant, Scheinberg, 1970] H rrpoHcxO)K)l:eHH51 Ka

MeHHhlX Mopeli H CTPYKTYPHhlx rpyHTOB [Woods, 
19 77] H 3TH HCCJie)l:OBaHH51 rrpO)l:OJI)KalOTC51. fep-

6a pHH HCCJie)l:yeTC51 B KaJirapH, B TO BpeM51 KaK 

)l:eTaJihHbie HCCJie)l:OBaHH51 rrpOHCX0)K)l:eHH51 cyxHX 

HecopTHpoBaHHbIX KOJiell B ropax Be)l:yTC51 c HCIIOJib-

30BaHHeM HeHTpOHHhlX 30HJl:OB, TeMrrepaTypHbIX 

KOC H CHCTeMbl TeJieCKOIIHt.reCKHX Mep3JIOTOMepoB 

pa3JIHt.rHOH Jl:JIHHhI. ITpH H3yt.reHHH Terwoo6MeHa B 

MHHepaJihHbIX IIOt.rBax H B rrpe)l:eJiax KaMeHHbIX 

Mopeli HCIIOJih3YIOTC51 JiorrepbI. JJ:oKTop A. ITpHK 

H3yt.raeT ycTOHt.rHBOCTb KopeHHblX IIOPOJl: K qJH3Ht.re

CKOMY BbIBeTpHBaHHIO IIOJl: )l:eHCTBHeM IIHKJIOB npo

Mep3aHH51-IIpOTaHBaHH51, a TaK)Ke yBJia)KHeHH51-HC-
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Puc. 4. MaMettettue TeMrrepaTypbI nopo.[1. tta rJiy-

6utte 15 M B aaBHCHMOCTH OT BhICOThl, IIJiaTO 

MayttTutt. 
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cymemrn Ha annapaType C.N.R.S. B KaHHax H B 

YHHBeprnTeTax Jlhe)Ka H KaJirapH. 

PE3YflhTAThI 

XapaKTepHCTHKH MttoroJieTtteMep3Jihrx rropo.[1. 

MHoroJieTHeMep3Jihre nopOJl:bI B aJibIIHHCKOH 

30He pa3BHThl IIOBCeMeCTHO Ha HeKOTOpOH rJiy6HHe. 

3HMOH CHer C.[l.yBaeTC51 c BepIIIHHbI H HaKaIIJIHBaeTC51 

B rrpHJieraIOill,HX U:HpKax BOCTOt.rHoro H IQ)KHOro 

CKJIOHOB ropbI, TaKHM o6pa30M OTCYTCTByeT TeIIJIO

H30JIHpy10II.1,ee BJIH51HHe CHe)KHOro rroKpoBa. Cpe)l:

H5151 MOII.l,HOCTb CHe)KHOro IIOKposa COCTaBmreT 

12 CM, B OTJIHt.rHe OT 95 CM B Jiecy. TaM, r)l:e cpe)l:H5151 

BhlCOTa CHe)KHOro IIOKpOBa 6oJiee 50 CM, MHOroJieT

HeMep3Jible rropOJl:bI OTCYTCTBYIOT (pHc. 4, 5). MoII1,

HOCTh ce30HHOTaJioro CJI051 H3MeH51eTC51 OT 5 Jl:O 15 M 

(pHC. 6) H orrpe)l:eJI51eTC51 COBpeMeHHbIM KJIHMaTOM. 

B 150-MeTposoli CKB. OTMet.raIOTC51 TPH xoJIOJl:

Hhlx IIHKa TeMrrepaTypbI Ha myfornax 9 M, 60 M H 

130 M (pHC. 7). 0)l:HaKo 3TO He 51BJI51eTC51 pe3y JlbTa -

TOM BJIH51HH51 KJIHMaTHt.reCKHX H3MeHeHHH 3a noc

Jie)l:HHe 120 JieT, KOTOphle 6hIJIH OTMet.reHbl Ha ce

BepHOM CKJIOHe xpe6Ta EpyKca Ha AJI51cKe [cM. 
Gold, Marshall, 1969; Gold, Lachenbruch, 1973]. 
XoJIOJl:Hhle 3KCTpeMyMbI Ha rJiy6HHe 60 H 130 M 

B03MO)KH0 51BJI5IIOTC51 peJIHKTOM IIOXOJIO)l:aliH51 noc

Jie)l:Hero BHCKOHCHHCKoro OJie)l:eHeHH51, TaK KaK 
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TeMneparypa nOYBbt Ha rny61-1He 

150 CM, 'C 

PHC. 5. 3H:MJUlil Te~mepaTypa IIO'IBhl Ha rJiyforne 

150 CM B 3aBHCH:MOCTH OT cpe.[1.He3HMHeH MO~
HOCTH CHe)KHOfO IIOKpOBa, aJibIIHHCKa51 30tta, IlJia

TO MayttTHH (c HCIIOJih30BattueM MaTep11aJIOB 

[Harris, Brown, 1978]). 



PEJIHKT fl03,!J,HE'lETBEPTW!HOJf MEP3JI0Tbl H A Eh!BJJJEM HYHATAKE 
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l ny61-1Ha B8YHOili M8p3nOTbl 

JP . 6. 3aBl1CMMOCTb MOW,HOCTM CHe:»rnoro noKpO-
O'I' BhJCO'I'hJ, IIJiaTo MayHTttH. 

I - re~mepaT)'pa r py HTa, 2 - neAHHa5I nell\epa. 
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c. · . TeMnepaTypa no po LI, B CKBa:>IrnHe r Jiy6ttHOH 
1 M (IIM Ng 2A) Ha IIJiaTO MayHTMH B 1979 r. 
Harris, 1990]. 

ThKO oJiegeHemi:e no3gHero BttcKoHorna gocTtt.ra
_"fo Ha 3arragHOM CKJIOHe ropbl BbICOTbI OKOJIO 

130 M. Ha BOCTOl.JHOM H. lO)KHOM CKJIOHaX cym.ecT

BOBaJI TOJibKO He60JibIIIOM KapOBbIM negmIK. 

Ha ptt.c. 8 noKa3aHa TeMnepaTypa nopog, H3-
1epeHHa5I Ha IlJiaTo MayHTHH NQ 2 c rroMOID,hIO 

Tep mcTOpoB B nep.11og c 1976 no 1989 rr. ([Harris, 
1990 ] p.11c. 2). TeMnepaTypa B03gyxa 11 rropog Ha 
r;ryfarne OT 0, 7 5 go 6 M OCTaBaJiaCb IIOCT05IHHOM c 
He3Hal.JHTeJibHbIMH. KOJie6aHH5IMH, o6ycJIOBJieHHbI

ill IIOCTynJieHHeM COJIHel.JHOro TenJia K IIOBepx-
HOCTH. BMecTe c TeM TeMrrepaTypa rropog Ha rJiy-
6HHe 9 M noHtt.)KaJiach c 1977 go 1982 rr., a 3aTeM 
CTaJia nOCT05IHHOM. TaK KaK B gpyr.11x CKBa)KHHax 
reoTepMaJibHbIX .113MeHeHH.M He Ha6JirogaJIOCb CH.11-

T, 'C 803AYX IIM.NU 

:;l litFHl+U'fITT I 
_:~17~ 

J'~ 
2,25 M 

Jl~IM 

:~f~ 
Q 6 M 

1976 78 80 82 84 86 88 90 

P.11c. 8. TeMnepaTypa nopog Ha pa3Jittl.JHh1x rJiy-
6ttHax Ha IIJiaTo MayHTMH NQ 2 p5ILl,OM c IIM 
NQ 2A 3a nepttOLI. c 1976 no 1989 rr. 11. cpeL1,Hero
L1.0BaS1 TeMnepaTypa B03Ll,yxa. 

.il:JJH crJJa)!(11llamrn Kp11eb1x 11cnOJJh30BaJJJ1Ch CKOJJb35!ll\11e cpeAHHe 
3a weCTb MecmJ,eB. 

)KeHH.e TeMnepaTypbI Ha rJiy611He 9 M MO)KHO CB5I-
3aTb c gBH)KeHtteM BOgbI B nopoge, KOTOpoe .113-

Memwo TennoBoif 6aJiaHc. B 1984 TepMHCTop Ha 
rJiy611.He 16 M noKa3aJI Hal.JaJio nogo6Horo rn.11-
)KeH.115I TeMnepaTypbI, B03M0)KH0, ITO TOM )Ke nptt

l.JHHe. 
Ha pttc. 9 noKa3aHhI or.116arom..11e TeMnepaTyp

HhIX Kptt.Bhrx gJISI IlJiaTo MayHTHH NQl. 3aMel.JeHo, 
l.JTO TeMnepaTypa nopog cflaKTHl.JeCKH yMeHhIIIaeTC5I 
c rJiy6HHOM. 3TO CBHgeTeJibCTByeT 0 TOM , l.JTO MHO
roJieTHeMep3Jible nopoghr em.e Haxog5ITC5I B npo
u;ecce aganTaI..l;HH K 6oJiee TenJIOMY COBpeMeHHOMY 
KJIHMaTy . 
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Jle)J,srnaR ne~epa IlJiaTo MayttTttH 

0)],Ha H3 HHTepeCHhIX oco6eHHOCTeH nJiaTO 

Jiell,5IHa5I neIIIepa, pacnoJIO)KeHHa5I Ha ceBepo-Boc

TOqHoM CKJIOHe ropbI Ha BbICOTe 2225 M (CM. pttc. 2). 
MHoroJieTHHH JieA pacnpocTpaHeH B caMhIX rJiy-

6oKttx qacT5IX neIIIephI (pnc. 10). OH npell,cTaBJieH 

60JihillHMH )],peBOBH)],HbIMH H reKcaroHaJihHbIMH 

nJiaCTHHqaThIMH KpHCTaJIJiaMH )],O 25 CM B )],HaMeTpe 

[Wigley, Brown, 1971 ]. TaKne KPHCTaJIJihI MoryT 

¢opMHpOBaThC5I TOJihKO npH TeMnepaType, 6JIH3KOH 

K 0 °C [La Chapelle, 1969 ]. MHoroKpaTHhie H3Me

peHH5I TeMnepaTyphI B neIIIepe noKa3aJIH, qTo OHa 

B 3HaqnTeJihHOH CTeneHH OCTaeTC5I nOCT05IHHOH H 

HHKOr)],a He onycKaeTC5I HH)Ke -0,25 °C. ,Il,BH)KeHHe 

B03)],yxa B neIIIepe OTCYTCTByeT H rpaHHIJ,a MHOro

JieTHero Jih)],a Me)],JieHHO OTCTynaeT BHH3 BCJie)],CTBHe 

noBhimeHH5I TeMnepaTyphI nopoll,. Ta5IHHIO JihAa 

cnoco6CTBYIOT HHCXOil,5IilIHe rpyHTOBhie BO)],hI, o6pa-

3YIOilIHeC5I npH BbITaHBaHHH Jih)],a B TpeilIHHax H3-

BeCTH5IKOB, CJiaraIOilIHX CTeHhI neIIIepbI. fJiy6nHa, 

Ha KOTOpoll: BCTpeqaeTC5I MHOroJieTHHH Jie)],, COOT

BeTCTByeT, B OCHOBHOM, 3aBHCHMOCTH rJiy6HHbI ce-

30HHOTaJioro CJI05I OT BhICOTbI MeCTHOCTH, KOTOpa5I 

6bIJia ycTaHOBJieHa npH H3MepeHHH TeMnepaTypbI B 

APYrHX CKBa)KHHax B npell,eJiax ropbI (CM. pnc. 6). 
TeMnepaTypa JihAa TaK)Ke cooTBeTCTByeT 3TOH 3a

BHCHMOCTH (CM. pnc. 4). Han6oJiee 3HaqnTeJihHOe 

OTCTynaHHe rpaHHil,bI Jih)],a OTMeqaJIOCh B JieTHHe 

ce30Hhl c CHJibHbIMH JIHBH5IMH. 0TenJI5IIOIIIee B03-

)],eHCTBHe n0)],3eMHbIX BO)],, HeCOMHeHHO, rJiaBHbIM 

¢aKTOP Ta5IHH5I Jih)],a Ha BepxHeH rpaHHIJ,e Mep3JIOTbI. 

CTpyKTYPHhie rpyttThI 

PeJIHKTOBhie copTnpoBaHHhie CTPYKTYPHhie 

rpyHTbI mnpOKO pacnpOCTpaHeHhI Ha nOJIOfHX CKJIO

Hax BepmHHhI rophI. BcTpeqaIOTC5I nepexO)],hI OT 

copTHpOBaHHbIX KaMeHHhIX KOJieIJ, qepe3 copTHpO-

0 

:::!: 10 
C1l 
I 
:s: 
\0 
> 
~ 

20 

30 

TeMnepaTypa, ·c 
-10 0 10 20 

~ 

! 
I 
! 

I 
I 

I 
l 
I 
I 

I 

I 
Pttc. 9. Om6aJO~tte TeMnepaTyptthIX KpttBhIX ,!I,JIR 

TIM NQ 1 tta BhICOTe 2519 M. 
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Pttc. 10. MecToHaXO)K,!I,etttte MHoroneTHero Jih)J,a B 

Jie,!I,RHOH ne~epe IlnaTo MayHTttH [Harris, 1979]. 

1 - KpMCTaJIJibI, 2- T, 'C, 8 oKrn6p51 l976 r., 3 - TepMonapb1. 

BaHHhie nOJIHrOHhI K copTHpOBaHHbIM nOJIOCaM 

[Woods, 1977]. 3TH ¢opMbI o6pa30BaHhI CMeChIO 

o6JIOMKOB, necKa II nhIJIH (pnc. 11) , KOTOpbie npell,

CTaBJI5IIOT co6oll: JIH6o OTJIO)KeHH5I Ha ll,peBHeH 3po-

3HOHHOH noBepXHOCTH BepmHHbI rophI, JIH6o BhIBeT

peJibie KpeMHHCThie H3BeCTH5IKH. 3TH OTJIO)KeHH5I 

CyilieCTBeHHO OTJIHqaIOTC5I no rpaHyJioMeTpnqecKO

MY COCTaBy OT 30JIOBbIX JieCCOB, a HX MOilIHOCTb Ha 

IlJiaTo MayHTHH NQ 2A cocTaBJrneT AO 40 M. 

100% 
fm1Ha 

Pttc. 11. Pacrrpe _e JieHtte pa3Mepa 11acTttll, 3anoJI

HHTeJIR no cppaKll,lliIM B copTttposattHhIX CTPYKTyp

Hhix rpyttTax IlJia T o MayHTHH s cpasHeHtttt c 

30JIOBhIM11 rreccai.rn 113 K11npecc XHJIJI3 [Catto, 
1981]. 

1 - cj:JpaKl\HS! <2 MC\1, 2 - Jiecc H.3 I0mpecc XMJIJI3. 



PEJ!HKT II03pI-IE'lETBEPTH'!HOH MEP3JI0Thl HA Bb!BllIEM I-IYI-IATAKE 

IlosepxHOCTh KaM'Heil n r;Ib16 B rpamm.ax cop

TnposaHHhIX ¢opM HMeeT xapaKTepHblH IIOKpOB H3 

JIHIIIaHHHKOB, KOTOpbIH OTCYTCTByeT Ha HX HH)KHeH 

CTOpOHe. 0TCIOL(a CJieL(yeT, IJ:TO copTHpOBKa HMeJia 

MeCTO MHOro JieT Ha3aL( H ceilIJ:aC rrpeKpaTHJiaCh. 

H eo6h1IJ:ailHoe pa3Hoo6pa3He JIHrnailHHKOB Ha H3Be

CTKOBOM cy6cTpaTe IIOL(TBep)KL(aeT ::>Ty HL(eIO 

[Bryant, Scheinberg, 1970 ]. MecTaMH Ha seprnHHe 

ropbl Ha KaMeHHbIX KOJihU:aX BCTpe1IaIOTC51 IIOHH -

:>KeHH51 rJiy6HHOH L(O 70 CM, KOTOpbie, BHL(HMO, 

c¢opMHpOBaJIHCb B pe3yJibTaTe 3HaIJ:HTeJihHOH rrpo

Ca L(KH IIOBepXHOCTH BCJieL(CTBHe BbITaHBaHH51 )KHJib

HhlX JihL(OB. TaK KaK )KHJihHhie JihL(hI H CTPYKTYPHhie 

r p y HThI ceilIJ:ac He ¢opMHPYIOTC51 Ha HapyrneHHhIX 

IIOBepxHOCT51X, 3TH o6pa3oBaHH51, BHL(HMO, B03HHK

JIB BO speM51 rrpeL(hIL(YIIlero OJieL(eHeHH51. 

Pacn1TeJihHOCTh 

PacTHTeJibHOCTh CesepHoil AMepHKH HHTepec

a a MHOrHMH oco6eHHOCT51MH, KOTOpbie CB513aHhl c ee 

.rnrpau:11eil [Weber, 1965], HO rrpttpoL(a H Harrpas

JieHne 3THX MHrpati:HH L(HCKyCCHOHHbl. IlepeMeII1a

;iacb JIH TpeTHIJ:Ha51 ¢Jiopa Ha cesep, ¢opMHpySI 

pacTnTeJihHOCTh rraHaMepHKaHCKoil TYHAPhI [Tol
m achev, 1959; Hulten, 1962], HJIH cPJIOpa apKTHIJ:e-

' Oi1 TYHAPhI L(BHraJiach K 10ry B xoJIOL(Hbie rrepHOL(hI 

D OKa3bIBaJiaCh HeTHIIHIJ:HOH L(JI51 ropHbIX sepIIIHH, 

' OrL(a KJIHMaT noTerrJieJI [Hooker, Gray, 1880; 
Darwin, 1883; Wallace, 1900]? 

Ha IlJiaTo MayHTHH 6brno co6paHo, 110 Kpail

Hei1 Mepe, 488 BHL(OB cocyL(HCTbIX pacTeHHH, H3 

f.r OTOpblX 212 ( 43 % ) BCTpeIJ:aIOTC51 B aJihIIHi1CKOH 

3 He. 0HH Ilp051BJI51IOT HC'KJIIOIJ:HTeJibHOe pa3H006-

a3He reorpa¢HIJ:ecKoro pacrrpocTpaHeHH51. HeKOTO

hle BHL(hI, TaKHe KaK Paa pattersonii H Epilobium 
clavatum THIIHIJ:HhI L(JI51 rop 10ro-3arraL(HhIX pai1oHoB 

CIIIA. Do KpailHeil Mepe, 10 H3 HHX 51BJI51IOTC51 

rraHapKTHIJ:eCKHMH (HarrpHMep, Campanula 
uniflora), 6epHHI'HHCKHMH (HarrpHMep, Myosotis 
alpestris ssp. asiatica), HJIH aM¢HaTJiaHTHIJ:eCKHMH 

(HarrpHMep, Pedicularis flammea). OHM HCIJ:e3aIOT K 

10ry OT IlJiaTo MayHTHH, IJ:To nOL(TBep)KL(aeT rrpaso

TY XyKepa H fpeSI, JJ.apsnHa H BaJiaca. JJ.pyme 

BHL(hI HaHL(eHhI TOJihKO B npeL(eJiax xpe6Ta CKa

JIHCThIX rop Me)KAY LI.)KacrrepoM H BaTepTOH Ilap

KOM (CM. pnc. 1), OHM yKa3bIBaIOT Ha MeCTHYIO 

rne-u:n<PttKy (HanpttMep, H aplopappus lyallii) . 0):(

HaKo L(pyrtte, TaKne KaK Erigeron aureus, HailL(eHhI 

TaK)Ke B aJihIIHHCKOi1 30He Ha seprnnHaX rop B 

JO)KHOH IJ:aCTH EpHTaHCKOH KoJiyM6Htt . 

IlJiaTo MayHTHH Jie)KHT B rrepexOL(HOi1 30He 

Me)KL(y 6opeaJihHbIMH JiecaMH K cesepy H ropHblMH 

JieCaMH K 10ry. 0L(HaKO, 1IT06hl C03L(aTh ycJIOBH51, 

IIPH KOTOpbIX aJihIIHHCKIIe pacTeHII51 MOI'JIH MIIr

PIIPOBaTb IJ:epe3 rrycThIHH n Jieca H3 KaJin¢opHHH 

IIJIH K 10ry II3 ApKTIIKH, L(OJI)KHO 6hIJIO rrpott30HTII 

IIOXOJIOL(aHHe, rrpH KOTOpOM MeCTHa51 paCTHTCJib

HOCTb BhITeCH51Jiach TYHAPOBOH, a JieL(HHK rrptt ::>TOM 

He 51BJI51JIC51 rrperrSITCTBHeM L(Jl51 MIIrpau:IIH pacTeHIIH. 

3To, CKOpee scero, HMeJIO MeCTO B paHHeM H cpeL(

HeM BHCKOHCHHe [Harris, 1994 ]. 3TO TaK)Ke MOI'JIO 

o6ecrreIJ:HTb B03MO)KHOCTb 3THM BHL(aM pa3BIIBaThC51 

JIOKaJihHO H OTHOCHTeJihHO HeL(aBHO IIpOL(BHHYTbC51 

B 3TOT paHOH BL(OJib CKaJIHCTbIX rop. 

TenJIOBhie IIOTOKH B peJIIIKTOBYIO Mep3JIOTY 

B Ta6JIIIU:e rrpIIBOL(IITC51 pe3yJihTHPYIOII1IIH HHC

XOASIIIIHH TeIIJIOBOi1 IIOTOK, 6a3IIPYIOIIIHHC51 Ha H3-

MepeHHOM IIOHII)KeHIIII TeMnepaTypbl B HeKOTOpbIX 

ropII30HTaX IlJiaTo MayHTHH N<:> 1 IJ:epe3 18 Mee. 

IIOCJie 6ypeHH51. HHCXOL(SIIIIHH TeIIJIOBOH IIOTOK 

yMeHhrnaeTC51 c rny6HHOH . IlpH cpaBHeHHH 3Ha-

HHCXO,!lll~HH TeIIJJOBOH IIOTOK B rrepBbIX Ill!TH CKBa)J<lfHax B Mep3JlbIX nopo.11ax aJlhIIHHCKOH 30Hbl Ha sepumue 
IlJJaTO MayHTHH qepe3 1,5 ro.11a IIOCJ!e 6ypeHHll, Ha OCHOBaHHH H3Mepemrn TeIIJJOIIpOBO,!IHOCTH If TeMneparypbl rropo.11 

(no MaTepttaJJaM [Harris, Brawn, 1978)) 

Ilomrn<em1e Tern10rrposo.11HocTb, TerrJJOBOH IIOTOK YttaCTOK rny6ttHa rOp1130HTa, M TeMnepaTypb1 c 2W/rnK qepe3 CJioii, 6w/rn2 A6c. BbICOTa, M 
rJiy6mmii*, ·c 

4,6-6,1 0,04 5,18 0,136 

6,1-7,6 0,04 5,18 0,136 

7,6-12,2 0,08 5,18 0,093 
1 12,2-15,2 0,04 5,18 0,065 2519 

15,2-18,3 0,04 5 ,18 0,063 

18,3-30,5 0,12 5,18 0 ,053 
2 12,1-15,2 0,05 5,18** 0,085 2484 
3 12,2-15,2 0,03 5,18** 0,051 2438 
4 12,2-15,2 0,05 4,92 0,081 2426 
5 12,2-15,2 0,05 6,10 0,120 2319 

* Pa3HOCTb 3HaqeH11ii TeMrrepaTypb1 nopo.11, 113MepeHHoii OJ.IHOnpeMeHHO Ha nepn1eii 11 Hl1)KHeii rpaHm.(ax mnepeaJia (cpeAHee 
3Ha4eH11e 113 MeCi!qHbIX Ha6moAeH11ii 3a 1-2 roAa). 

** BeJI11q11Hb1, noJJyqeHHbie AJI5! auaJior11YHb1x nopoA Ha yqacTKe 1. 
a Onpe)leJieH115! BbIIIOJIHeHbI A.C.):(}Ka)l)KeM, 0TAeJI ¢11311K11 3eMJil1 ):(enaprnMeHTa :mepreT11K11, ropuoro AeJia 11 3anacon, OTTana , 

Kaua)la. 
6 PacqeT BbIIIOJIHeH JI .E .ryApHXOM, 0TAeJI 11ccJieAonau11ii AJI5! CTpo11TeJibCTBa HaL1110HaJibHOro HayY HOro Conern, OTTana, 

KaHa)la. 
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C.A. XAPPJfC 

Liemrli TeITJIOBOro ITOTOKa B ITOpOJJ,e Ha O)l,HOH H TOH 

:>r<e rJiy6ttHe B 5 CKBa:>r<HHax Ha BepmHHe rophl, 

Ha6moJJ,aeTC51 TeHJJ,eHIJ;H51 K HX yBeJIHL!eHHIO c 

yMeHhilleHHeM BbICOThl MeCTHOCTH. 

TaKoe pacITpeJJ,eJieHHe TeITJIOBbIX ITOTOKOB noA

TBep:>r<JJ,aeT HJJ,eIO, L!TO MHOroJieTHeMep3Jibie ITOPOAhl 

51BJI51IOTC51 peJIHKTOBbIMH H AO CHX ITOP He HaXO)l,51TC51 

B paBHOBeCHH c COBpeMeHHbIM KJIHMaTOM. 0JJ,HaKO 

TeMITepaTypa ITOPOA Ha BepmHHe rophI OITpeJJ,eJI.s1eT

c.s1 KaK MHHHMYM LieThlpbM51 ITpoii:eccaMH, JJ,elicTBy

roni;HMH B pa3JIHLIHhlx LiacT.sIX ropbI. Hatt6oJiee oLie

BHAHhIM 51BJI51eTC51 KOHAYKTHBHbIH TeITJIOITepeHOC, H 

:no YLITeHo B BhILIHcJieHH.sIX (cM. Ta6JIHIJ;y). BMeCTe 

c TeM cPHJibTpaIJ;H51 BO)l,bl BHH3 B ITOLIBY (CM. pHC. 8) 
H Liepe3 Tpeni;HHhI B ITopoJJ,ax B JieJJ,.sIHOH ITeni;epe 

ITPHBO)l,HT K yBeJIHLieHHIO Ta51HH51 BepxHHX ropH30H

TOB Mep3JIOThl. 0TCIOJJ,a pa3JIHL!He B TeMITepaType Ha 

rJiy6HHax 6 M H 9 M Ha IlJiaTO MayHTHH Ng 2, 
COCTaBHBmee B 1984 I'. 1,9 °C, L!TO ITOL!TH B 400 pa3 

ITpeBbimaeT HOpMaJibHbIH TeITJIOBOH ITOTOK, BbIL!HC

JieHHbIM B Ta6JIHIJ;e. B ITpeJJ,eJiax KaMeHHoro MOp5I 

3TO 51BJieHHe 6bIJIO OTMeLieHO TOJibKO B OJJ,HOM 6ypo

BOH CKBa:>KHHe H3 IT51TH, B TO BpeM51 KaK B KOpeHHbIX 

ITOpOJJ,ax BOJJ,a MO:>r<eT ITPOHHKaTb TOJibKO ITO Tpe

IIJ;HHaM. TaKHM o6pa3oM, 3TO B03JJ,elicTBHe He MO

:>r<eT OXBaThIBaTb 6oJiee 10 % yLiaCTKOB KaMeHHbIX 

Mopeli H 3 % MaCCMBa KopeHHbIX ITOPOA, HO BCe :>r<e 

3TO ocTaeTc.s1 oLieHb Ba:>r<HbIM ct>aKTopoM. YLiaCTKH 

ero B03JJ,eHCTBH51 co BpeMeHeM MOI'YT MeH51Tb MeC

TOITOJIO:>r<eHHe ITO Mepe COKpani;eHH51 MOIIJ;HOCTH Mep-

3JIOTbI. 

KaK TOJibKO JieJJ, BbITaHBaeT H3 Tpeni;HH B KO

peHHOH ITOpOJJ,e, B03AYX HatIHHaeT ITPOHHKaTb B HHX 

B mo6oe BpeM.s1 roJJ,a [Wigley, Brown, 1971 ]. 3TO 

HMeeT MeCTO TaM, rJJ,e KopeHHbie ITOPOAbI BbIXO)l,51T 

Ha ITOBepxHOCTb B CKaJiax ITO ITepttct>epHH IlJiaTO H 

I'JJ,e o6hIL!HO BCTpeLiaIOTC51 yLiaCTKH c B03AYIDHbIMH 

ITOTOKaMH B ITOpOJJ,ax, HaITpHMep, B Jie)l,51HOH ITe

ni;epe KaHhOHa KpHK [Harris, 1979 ]. TaK KaK 

7 Mee. B rDAY cpeJJ,H5151 TeMITepaTypa B03JJ,yxa HH)Ke 

<1l 
f-

c 
GR.728 

8000 

8 7000 
:a 

Q) 

6000 

0 °C H 5 Mee. Bbiille 0 °C, TO ITPOHCXO)l,HT OXJia:>r<

JJ,eHHe ITOPOA co CTOpOHbI Tpeni;HH. JlI06bie ITOJJ,3eM

Hbie BO)l,bI, ITPOXO)l,51IIJ;He Liepe3 OXJia:>r<JJ,eHHYIO 30HY, 

MOI'YT 3aMep3aTh, ct>opMHPY51 JieJJ,, KOTOpbIH HrpaeT 

poJih HaKOITHTeJI.s1 xoJioJJ,a. TaKHM o6pa3oM, 3TO 

6yJJ,eT ITPOTHBOJJ,eHCTBOBaTb HarpeBaHHIO, XOT51, 

ITOBTOpHM, 3TO 6yJJ,eT HMeTb MeCTO TOJibKO B 3 % 
MaCCHBa. 

IlocJieJJ,HHH ct>aKTOp, H3MeH51IOIIJ;HH TeITJIOBbie 

ITOTOKH - 3TO ITPHCYTCTBHe KaMeHHbIX ITOJieH H 

KaMeHHbIX Mopeli Ha CKJIOHax H LiaCTHL!HO Ha Bep

illHHe ropbI. B KyJiyH )l(aHe [Harris, 1996] cpeJJ,H5151 

TeMITepaTypa ITOPOA ITOA KPYITHoo6JIOMOLIHhIM Liex

JIOM MO:>KeT 6bITb Ha 7 °C HH:>Ke, LieM Ha coceJJ,HHX 

yLiaCTKax 6e3 KaMHeli. AHaJiorHLIHhre pe3yJihTaThI 

6bmH ITOJiyLieHbI Ha CKJIOHax IlJiaTO. TaKHM o6pa-

30M, coBpeMeHHbie KPYITHoo6JmMOLIHhie LieXJihI Ha 

CKJIOHax I'Opbl, B03MO:>KHO, CHH:>KaIOT CKOpOCTb ITpor

peBa peJIHKTOBOH Mep3JIOTbl OCHOBHOI'O MaCCHBa 3a 

CLieT 6oKOBbIX ITOTepb TeITJia. 

Ha pHc. 12 o6o6ni;eHhI Bee H3BeCTHbie CBeJJ,eHH51 

0 TeITJIOBbIX ITOTOKax. Mo:>r<HO BHJJ,eTb, L!TO KOH

AYKTHBHbIH TeITJioo6MeH o6ycJIOBJIHBaeT TOJihKO 

tiaCTb o6ni:ero TeITJIOBoro ITOTOKa. B ropax ITOTOKH 

BO)l,bl H B03JJ,yxa B MaCCHBe 2, a TaK:>r<e B ITOBepxHO

CTHbIX KPYITHoo6JioMOLIHhIX LiexJiax, TaKHX KaK Ky

PYMhI, MoryT JIOKaJihHO 3HaLIHTeJihHO H3MeH51Th 

cpoKH JJ,OCTmKeHH51 paBHOBeCHOH TeMITepaTypbl 

ITOPOA ITOCJie KJIHMaTHLiecKHx KOJie6aHHli. Bo3JJ,ym

Hbie ITOTOKH B KPYITH006JIOMOL!HOM LieXJie OXJia:>r<JJ,a -

IOT HH)KeJie:>r<ani;tte ITOPOAhI. TaKHM o6pa3oM, ITpor

H03 TeITJIOBOro B03JJ,eHCTBH51 KJIHMaTHL!eCKHX H3Me

HeHHH Ha TeMITepaTypy ITOPOA B ropax 3HatIHTeJihHO 

6oJiee CJIO)KeH, LieM ITPHH51TO YLIHTbIBaTb B Tpa

AHIJ;HOHHbIX ITpOCThIX TeITJIOBhix MOJJ,eJI.s1x. CKopoCTh 

3THX H3MeHeHHH, B03MO:>KHO, HeJIHHettHa. 

BblBO)].bl 

B ITpeJJ,eJiax BepmHHhI IlJiaTo MayHTHH pacIT

pocTpaHeHa peJIHKTOBa51 Mep3JIOTa, KOTOpa51 Ha-

IO 
GR .600 

2400 

rnb16a 

* Jle.Q ne11.1epb1 

V130TepMa 

YYaCTKlll 

2100 TenJ1080iii OOTOK, BT M2 

0,38 Tennonpo80AHOCTb 

3,8-11,6 Bo.Qa 

3 -10 ,[l8111lt<eH111e 803.Qyxa 

1800 4 r11b1608oe none 
(nOTOK 803.QYXaJ 

Pwc. 12. 06o6lll,eHHe H3MepeHHbIX TenJIOBbIX ITOTOKOB, IlJiaTO MayHTHH. 
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PEJJHKT ll03PHE'!ETBEPTW!HOH MEP3JJOThl HA EhIBJlIEM HYHATAKE 

X O}J,IITC5I B HepaBHOBeCHOM COCT05IHIIII no OTHO

meHIIIO K coBpeMeHHOMY KJIIIMaTy. B rrpIIrroBepxHo

CTHOM ropII30HTe TeMrrepaTypa rropo,!l; IIOHII)J(aeTC5I 

c rJiy6IIHOH II Tomn:a rrporpeBaeTC5I Me,!l;JieHHO. Terr

ilOBOH rroToK B rropo,!J;y - 3TO pe3yJihTaT KOH

JJ:YKTIIBHoro TeIIJI006MeHa IIOTOKa IIO,!l;3eMHbIX BO,!l;, 

KOT OpOMY 'IaCTII'IHO rrpeII5ITCTByeT rrpOHIIKHOBeHIIe 

Bo3n.yxa qepe3 KpyrrHoo6JIOMO'IHhie IIJIII TpeID;IIHO

BaThie KopeHHhie rropO/l.hI. IlOTOKII IIO,!l;3eMHbIX BOil. 

JI B03LI.yxa OKa3hIBaIOT 60JihIIIOe, HO JIOKaJihHOe 

B03LI.eHCTBIIe Ha TeMrrepaTypy rropo,!l; II 3TO B03-

.:i;e:ik TBIIe MO)J(eT H3MeH5ITb MeCTOIIOJIO)J(eHIIe BO 

Bpe f eHII. 

IloBepxHoCTh rroKphITa CTPYKTYPHhIMH rpyH

a rn B CTa,!J;IIII KOHcepBaU:HII II TepMOKapCTOBbIMII 

- p M a M II, 5IBJI5IIOID;IIMIIC5I pe3yJihTaTOM BbITaIIBa

HIDI Ji e):{5IHhlX )J(IIJI, KOTOpbie o6pa30BaJIIICb IIO,!l; 

e HHbIMII KOJibU:aMII rrpII 6oJiee XOJIOLI.HOM KJIII

MaTe . AnbIIIIHCKa5I paCTIITeJibHOCTb BKJIIO'IaeT OT

;:i~ ;n,m,1e BII.!J;hI II3 qJJiophI ApKTIIKII II 3arranHoro 

n o6 p e )J(h5I CIIIA IO)J(Hee KaJIIIcPOPHIIH, rrpn-

: TCTBHe KOTOpbIX MO)J(HO o6'b5ICHIITb TOJihKO MIIr

paqH.e fr a JibIIIIHCKOH cPJIOpbI BO BpeM5I rrpOIIIJibIX 

n xoJioL(aHIIH. Ha6JIIO,!l;aeTC5I TaK)J(e MeCTHa5I crre

IUI :m<a . 
IloJieBhie pa6oThI cPIIHaHcIIpoBaJIIICh NSERC 

rpaHTbI #A-7483, 6ypeHIIe CKBa)J(IIH cl>IIHaHCIIpOBa

_- {lCb 6hIBIIIIIM 0TL(eJIOM IICCJie,!l;OBaHIIH ll.Jl5I 

HTeJihCTBa Hau:IIoHaJihHOro Hay'IHoro CoBeTa 

&-u..uc•µ, DJ. 
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Y,IJ;K 551-345 

JIAEOPATOPHOE OIIPEAEJIEHIIE KPIIOrEHHOro BbIBETPIIBAHII51 
II3BECTH51KA B IIPIIMEHEHIIII K rOPHOfi MEP3JIOTE 

(llJLamo MayHmuH, Allb6epma, KaHaoa) 

A. IlpHK 

reozpaf/Ju'iec1Cuu ¢-m, y1weepcumem K11J1zapu, T2N IN4, A.r!b6epma, K11J1zapu, Kanaaa 

Kp11T11qecKaSI CTenettb so11ottaCblll.\eH11SI nop11cToro 113secTHS1Ka s coqeTatt1111 c ero pacnyq11satt11eM 11 
C)!(aT11eM s npol.(ecce npoMep3att115!-0TTa11satt11S111aeT npe11crnsnett11e o npol.(eccax, npo11cxo11S1!.l.\l1X np11 MOp03HOM 
BbIBeTp11BaHl111. Pacu111pett11e 06pa3u:a BJia)!(HOH nop0,!1bl np011CX0,!111T TOJibKO B yCJIOBl151X ero BbICOKOrO B0,!10Ha
Cb!ll.\eHl151 11 6h1CTporo oxJia)!(11ett115!, np11 KOTOpb1x yc111msaeTC5! 3cjJcjJeKT tta6yxatt115! 3a cqeT pacurnpe Hl1ll B0,!1hI 
np11 ee 3aMep3aHl111 . Ilp11 Hl13KOH CTeneH11 B0,!10HaCbI!I.\eHl151 (qTQ T11n11qHO )1JI51 eCTeCTBeHHb!X ycJIOBl1H) 
tta6mo11aeTC5! C)!(aT11e o6pa3I.(a, 06bS1CH5!10ll.\eec51 M11rpal.(11ett He3aMep3rnetf B0,!1bI s nop11cTOH cpe11e, se11yll.\ee K 
ocy111ett1110 OT,!1eJibHbIX MCJIKl1X nop. OchmHhie CKJIOllbI IlJiaTo Maynnm no3nOJI5!IOT conoCTan11Tb pe3yJihTaThI 
TaKl1X 3KCnep11MeHTOB c noJieBblMl1 11CCJie)10BaHl1SIMH. 

Mopo3HOe <3bteempueanue, na6yxanue, pacny'iueanue, u,u1CJLbt yeJLWKnenUJL/ <3btCbtXanu51 u 3aMopa)Ku
eanUJL/ ommaueanUJL, cmenenb HaCbt~enuR nap eoaou, aUJ1amoMempu51 

CRYOGENIC WEATHERING OF LIMESTONES EVALUATED BY LABORATORY TECHNIQUES 
AND APPLIED TO A MOUNTAIN PERMAFROST AREA 

(Plateau Mountain, Alberta, Canada) 

A. Prick 

Department of Geography, University of Calgary, T2N IN4, Alberta, Calgary, Canada 

The critical degree of saturation of a porous limestone combined with its dilatometrical behavior during a 
freeze I thaw cycle gives a good idea about the processes involved in frost weathering. Dilation of a humid rock 
sample only occurs under conditions of high saturation and rapid cooling, which emphasizes the influence of the 
swelling due to transformation of water into ice. With low saturation levels (the most common case in nature), the 
contraction of a sample can be observed and explained by migrations of unfrozen water within the porous media , 
leading to the drying of some small pores. The debris slopes of Plateau Mountain provide a good example of the 
application of such experiments to a field study. 

Frost weathering, wetting/drying and freezing/thawing cycles, degree of saturation of a porous, medium 
with water, dilation, dilatometry 

BBELJ:EHME 

Mopo3Hoe BbIBeTpHBaHHe .srBJrneTc.sr O/l.HHM H3 

B3)KHettlllHX rrpou:eccoB B rrepenrnu:waJihHbIX ye-

• JIOBH.srx [Mugridge, Young, 1983; Fahey, Lefebure, 
1988], HO HeKOTOpble reoMoptjJOJIOrH [White, 1976; 
Mc Greevy, 1981; Hall, 1995] OTMetJ:aJIH, tITO HeT 

IJ.OCTaTOllHbIX IIOJieBhlX H Jia6opaTOpHbIX HCCJie/].O

B3HHH, /].OK33bIB3IOID:HX, llTO rrpeBparu:eHHe BOil.bl B 

Jie/]. Ha caMOM /].eJie 51BJI51eTC51 rrpHtIHHOH o6pa30-

B3HH51 CKOIIJieHHH o6JIOMOllHOro MaTepHaJia, Tll

IIHllHbIX /].JI51 BbICOKOrOpHbIX H apKTHlleCKHX JI3HIJ.

matjJTOB. IloMHMO rrpoMep33HH51, K paCillHpeHHIO 

MoryT T3K)Ke rrpHBO,!J;HTb H .ri;pyrwe rrpou:ecchl, 

HanpHMep, Ha6yxaHHe npH rn.ri;paTaU:HH [White, 
1976 ]. TaKHM o6pa3oM, B HaH6oJiee o6ru:eM cJiytJ:ae 

:no COBOKYIIHOCTb pa3JIHllHbIX tjJH3HqecKHX, 

<Cl A. Ilp11K, 1997 
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XHMHqecKHX H 6HOJIOrwqeCKHX ¢aKTOpOB [Hall, 
1995 ]. 

KpoMe Toro, ecJIH paccMaTpHBaTh rrpoMep3a

HHe OT/].eJibHO, BHIJ.HO, KaK MaJio H3BeCTHO 0 npo

u:eccax, KOTopbre rrpH 3TOM rrpoHCXOIJ.51T. HoBhre 

Jia6opaTOpHbre MeTOIJ.HKH, pa3pa6oTaHHbie B reo

MOPcPOJIOrHH B rrocJieAHHe rOIJ.hI, rro3BOJI51IOT JiyqlJle 

IIOH51Tb OTHOCHTeJibHOe BJIH5IHHe OT/].eJibHbIX ¢w-

3HtJ:eCK.HX rrpou.eccoB ' HarrpHMep HCIIOJib30B3HHe 

aKy CT:Efq ecKOH 3MHCCIDI [Hallet et al., 1991], HM

IIYJibCHOro 511J.e pHo-MarHHTHoro pe3oHaHca [Aka
gawa, Fukuda, 1991] H IJ.HJIOTOMeTpHH [Matsuoka, 
1990; Prick et al, 1993; Pissart et al., 1993; Prick, 
1995]. 3 T H H OBbie MeTOIJ.bl He pa3pylllaIOT o6pa3eu:. 

B rrepBoli tJ:aCTH CTa Tn H rrpelJ.CTaBJieHhl pe3yJihT3TbI 



JIAEOPATOPHOE OIIPEJJ,EJIEHIJE KPIJOI'EHHOFO BblBETPIJBAHIJ51 

HeCKOJibKIIX 3KCIIepIIMeHTOB no Ha6yxaHIIIO BJia)l(

HbIX o6pa3uOB M5IrKIIX II rropIICTbIX ¢paHuy3CKIIX 

H3BeCTH5IKOB' nogBeprIIIIIXC5I rrpoMep3aHIIIO II 

OTTaIIBaHIIIO. 

D ,pyra5I rrpo6JieMa 3aKJIIO'-IaeTC5l B TOM, '-ITO 

OCHOBHa5I '-IaCTb paHHIIX 3KcrrepIIMeHTaJibHbIX pa6oT 

IIpOBOll,IIJiaCb 6e3 co6JIIOll,eHII5I TepMII'-IeCKIIX II 

B..la)l(HOCTHbIX ycJIOBIIM, COOTBeTCTBYIOilIIIX HaTyp

HbIM [Hall, 1986 ]. 3TO Ba)l(HbIM MOMeHT, KOTOpbIM 

Be 6bIJI gocTaTO'-IHO TiliaTeJihHO Y'-ITeH paHhme. TaK, 

HeKOTOpbIX pa60Tax K o6pa3uY rrpIIKJiall,bIBaJIOCb 

1133pyIIIaIOiliee gaBJieHIIe, KOToporo HeT npn npo

xe1J3aH1Ill: B ecTeCTBeHHbIX ycJIOBII5IX. B HacT05Iiliee 

,ffi CTaHOB5ITC5I HOpMOM B3aHMOll,OnOJIH5IIOilIIIe 

';nogeHH5I B rroJie II Jia6opaTOpHII [Douglas et al., 
19 3; Hallet et al., 1991] n 3TO cnoco6cTByeT 

e;rnpoBaHIIIO ecTeCTBeHHbIX II3MeHeHIIll TeMne

- bl II BJia)l(HOCTH. Bo BTopoll: '-IaCTII cTaTbH 

I' rrpell,CTaBJieH nop5Ill,OK rrpoBell,eHII5I IIOJieBbIX 

COBMeCTHO c Jia6opaTOpHbIMII 3KCnepIIMeH

..J,llil oueHKII B031l,eMCTBII5I rrpoMep3aHII5I Ha 

~..::nrinpnre II3BeCTH5IKII CKaJIHCThlX rop KaHall,hL 

JIAEOPATOPHhIE 3KCIIEPMMEHThl 

Onncam1e 113yqaeMoi1 nopOll,bI 

.::bmaTOMeTpII'-IeCKIIe II3MepeHH5I 6hIJIII npoBe

Ha 10 06pa3uax ¢paHuY3CKOro II3BeCTH5IKa 

ro H MeJIOBOro B03pacTa, KOTOpbie IICnOJib3Y

BO CDpaHI.I,HII B Ka'-IeCTBe cTpOIITeJibHoro Ma-

2t::::iia;;ra. 3nr rropoll,hI 6hIJIII Bb16paHhI H3-3a pa3HO

s o Hx cPII3II'-IeCKIIX xapaKTepIICTIIK II oco

ll3- 3 a HaJIII'-III5I ll,aHHblX no nopIICTOCTII II 

'11"1,_,.,,....,..,.,,......u p e 3yJihTaTOB gpyrIIX IICCJiell,OBaHHM no 

-~. 3gecb npell,CTaBJieHbI HeCKOJibKO 

u--or-··-~.roB IIOJiy'-IeHHblX npII pa6oTe c Oll,HOM II3 

~ TypoHCKIIM II3BeCTKOBbIM TYcPOM, TaK 

Elac::!iGO:'.!ei'ifi>D1 Breze. Ero o6ilia5I nopIICTOCTb (H3Me

BaKyyMe) - 4 7 % . Cpell,HIIM gMaMeTp 

peHHbIM PTYTHbIM nopoMeTpOM '-Iepe3 

nop COCTaBmreT 2,58 MK, a rropHCTOCTb 

n.-c~ ;n,Ra5I, TO eCTb Breze, IIMeeT ll,Ba OCHOBHbIX 

--"'-&.d IIOp . 1fa-3a TaKIIX nopoMeTpII'-IeCKIIX xapaK-

1 RX K03cPcPIIuIIeHT XnpIIIBaJihll,a cocTaBJI5I-

::n,r.ro 4 ,34 % (K03cPcPIIuIIeHT XIIpmBaJihll,a -

b OT o6iliero o6'heMa nop, B KOTOpbre Boga 

OHHKHYTb 3a 48 '-I), TaKIIM o6pa30M, npII 

E::::::l!inTI'eEJill 3THX rropoll, npII HOpMaJibHOM aTMOC

·- .cJ,.M1 u '.:..I .n.aBJiemrn B nopIICTOM cpege coxpaH5IeTc5I 

XE~ret:::rEo rrop c ny3bipbKaMH B03gyxa. 

lln:.mrnll.pII'-IeCKIIe o6pa3uhr (11 CM ll,JIIIHOM, 

;zyi:aMeTpe) 6hIJIII Bbipe33HbI nepneHll,IIKYJI5Ip

Ha oemno. ITpIIroTOBJieHHhre o6pa3uhr 6hrJIH 

H BbICYIIIeHbI npn 50 °C rrpII ITOCT05IHHOM 

n nepeJl, H3 1epeHII5IMH yJibTpa3BYKOBbIM ge3-

~"""' • .,.'"'T-O ·f (Grindosonic) OCT3BJieHbI OXJia)l(-

' O'rKpbITOM B031l,yxe (CM. HII)l(e KpIITH'-Ie

neHh RaCbIIIIeHII5I). ll,JI5I II3MepeHII5l Ha6y

o6pa31IbI 6bIJIII norpy)l(eHhl B ll,IIC-

TIIJIJIHpOBaHHYIO BOll,y, no Kpall:Heil Mepe , 3a 3 
Hell,eJIH ll,O 3KCnep.11MeHTa, a 3aTeM BbICYIIIIIBaJIIICb 

Ha B031l,yxe ll,O ):(OCTII)KeHII5l HMM BJia)KHOCTH, Tpe-

6yeMOll ll,JI5I 3KCilepIIMeHTa. 

Kp11T11'-IecKa5I creneHb Hacb1ruemrn 

BJia)l(HOCTb oKa3hrnaeT CIIJibHoe BJIII5lHHe Ha 

ITOBe,[(eHIIe rropOll,bl, IIOll,BepraIOilieMC5I npoMopa

)l(IIBaHIIIO. CTeneHh HaChiilieHII5I 3aBIICIIT He TOJibKO 

OT crroco6a rII):(paTaun.11 o6pa3ua M rrpoll,OJI)l(IITeJih

HOCTII HaMOKaHII5l, HO TaK)l(e OT pa3Mepa rrop B 

rropo):(e. B 3TOM CB5l3II, y'-IIIThIBa5l 3aBIICIIMOCTb 

Me)l(ll,y cTeneHhIO HachnueHII5I o6pa3ua II er o JrnTo

JIOrIIell:, MO)l(HO ll,Jl5l Ka)l(ll,OrO TIIIIa nopoll, onpe

):(eJIIITb KPIITII'-IeCKYIO crerreHh HaChiilieHII5l Ser· ITpH 

CTerreHII HaChiilieHII5I 6oJibIIIe II paBHOM s rropoga 

6ygeT pa3pymaThC5l rrpII rrpoMep3aHIIH [F~gerlund, 
1971; Weiss, 1992; Prick, 1997]. 3Ha'-IeHIIe Ser ):(Jrn 

Ka)l(ll,Oro MaTepIIaJia pa3HOe. 

ITpII6op Grindosonic no3BOJI5IeT npoII3BOAIITb 

II3MepeHH5l OCHOBHOM '-IaCTOTbI BII6pauIIII o6pa3ua 

COOTBeTCTBYIOilieM ¢opMbI II, TaKIIM o6pa30M, onpe·

ll,eJI5lTb ll,IIHaMII'-IeCKIIM MOAYJib I0Hra. Mhr IICnOJib-· 

30BaJIII ero g.rrn orrpe):(eJieHII5l 3Toro MOA YJI5I B 

CBe)l(IIX o6pa3uax II rrocJie Toro, KaK 3TI1 o6pa3uhr 

IIOll,BepraJIIICb 8-KpaTHOMY IIIIKJIY rrpoMep3aHmI .11 

OTTaIIBaH.115! c pa3JIII'-IHoll: BJia.1KHOCThIO. To'-IKa 

rreperII6a Ha rpa¢IIKe ):(MHaMH'-IeCKOro MOJ:\Y JI5l 

IOHra '-IeTKO BIIJ:(Ha Ha pIIc. 1. To'-IKa nepem:6a 

onpe.n:eJI5leT BeJIII'-IMHY Ser: no Mepe yMeHhrnemrn 

MOAYJI5l I0Hra BhrneTpIIBaHIIe rrpoIICXOll,IIT npII 60-

Jiee BbICOKOM HaChiilieHMII rropO):I. ll,JI5I 3Ha•rem rH: 

HaChiilieHII5l 6oJihme, '-IeM Ser' cyIIIeCTByeT Jin:Hell:

Ha>I 3aBMCIIMOCTb Me)l():ly CKOpOCThIO BLIBeTpTrnamrn: 

H ypOBHeM HaChiilieHII5l. 

CTerreHh KpIITII'-IecKoro HaCbiilieHII5I o npegemr .. 

eT ):(HJiaTOMeTpII'-IeCKIIe CBOMCTBa rropO):I , KOTOpbre 

E/Eo 
1 

0,95 • 

0,9 

0,85 

• . . __._ . 
• 

0,8 "---.,~-~~--~.-~""~~--~ 
60 65 70 75 80 8S ~o 95 100 

CTeneHh BOll,OHachrru;eHIIJI, % 

Puc. 1. OrrpeJJ,eJieHMe cTeneHM KPMTw1ecKoro Hachl~ 

ilieHM51 Ser B M3BeCTH5IKe Breze. 

ToqKa rreper116a Kp11noi1 orrpe;\em1eT 3Haqemie Ser: rro rrpoMep·· 

3aHHIO c BhICOKOH CTerreHh!O BOJ\OHaChlll\emrn , MOJ\YJih lOHra E 
3Haq11TeJibHO CHH)!(aeTCS! rro cpamreHHIO c HCXO}\Hb!M 3HaqeHHeM 

Ea· 
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A. IIPJ1K 

Ha6mo;n:aIOTCSI B U:HKJie npoMep3aHHSI/ OTTanBaHHSI, 
•ITO H 6y;n:eT npOHJIJIIOCTpnpoBaHO HH)Ke. 

,Il,nJlaTOMeTpnqeCKHH MeTO,!I, 

I13Mepemrn Ha6yxaHHSI nopo;n: B pe3yJihTaTe nx 
npoMep3aHHSI H OTTansaHHSI npOBO:U:HJIHCb pe;n:Ko 
[Matsuoka, 1990; Weiss, 1992 ]. Ha pnc. 2 noKa-
3aHo 3KcnepnMeHTaJibHOe ycTpOHCTBO, c IlOMO.m;bIO 
KOToporo npose;n:eHhl ;n:aHHhle H3MepeHHSI. Ll,n11a
TOMeTpH1IecKne TIOKa3aTeJIH H3Mep51JIHCb B Hec
KOJibKHX MeCTax: B u:eHTpe Kpyr11oro OCHOBaHHSI, y 
rpaHHIJ:bl 3TOrD OCHOBaHHSI, a TaK)Ke B ;n:syx TO'!KaX 
;n:pyr npOTHB ;n:pyra Ha nosepXHOCTH U:HJIHH;n:pa. 
3THMH 'IeTblpbMSI H3MepeHHSIMH Mbl perncTpnpo
BaJIH H3MeHeHHSI He TOJlbKO no :U:JIHHe U:HJIHH;n:pa, HO 
TaK)Ke no ;n:naMeTpy. 

I13MepeHHSI 6bIJIH npose;n:eHbl JIHHeHHbIM 
3JieKTpOHHblM npeo6pa30BaTeJieM CMem;eHHSI, ;n:a-
10.m;nM KOJie6aHHSI pa3MepoB c TO'IHOCTbIO OKOJIO 
5 MK. OcHoBaHne 06pa3u:a BBHH'Insa11ocb B cTaJib
Hoe OCHOBaHne, Ha KOTOPOM 6hlJIH ycTaHOBJieHbl 
;n:aT'IHKH CMem;eHHSI. 3TH H3MepeHHSI, a TaK)Ke H3-
MepeHHSI TeMnepaTypbI nopo;n: aBTOMaTH'!eCKH Bbl
nOJIHSIJIHCb B o;n:HOM U:HKJie 3aMep3aHne/ OTTansa
HHe B KJIHMaTH'!eCKOH KaMepe. Li,JISI u:e11ei1 onnCbI
BaeMoro ::iKcnepnMeHTa TeMnepaTypa 3a;n:asa11ach s 
;n:nana3oHe OT +20 °C ;n:o -20 °C n MeHS111ach Ha 2 °C 
B qac. 

1 

5 

Pttc. 2. 3KcnepttMeHTaJlhHasr ycTaHOBKa, ttCnOJ1h-
30BaHttaS1 ,!I,JISI H3MepeHHSI Ha6yxaHHSI nptt npoMep-
3aHHH/ OTTanBaHHH 06pa3u:a [Pissart et al., 1993). 

1 - K ::JJieKTpOHHOMY 3amtCbIBaJOw,e My y CTpOikrny ; 2 - ~aT
'-111Kl1 CMew,eHl1ll; 3 - MeTaJJJJH'-leCKHM l.\11Jll1H~p; 4 - o6pa3el.\; 

5 - MeTaJJJJH'-leCKOe OCHOBaH11e. 
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Pe3y Jib Ta Thi ,!I,ttJlaTOMeTptttt 

Ha pnc. 3 noKa3aHo ;n:n11aT0MeTpn1IecKoe nose
;n:eHne npoMopa)KHBaeMoro 06pa3u:a (Breze) co CTe
neHbIO BO,!l;OHaCbI.m;eHHSI 98 % ' TO eCTb Bhime CTe
neHH KpHTH'!eCKOro Hacblm;eHnSI. B npou:ecce ox
Jia)K;n:eHHSI Ha61110;n:aJIOCb CHa'!aJia TepMH'IeCKOe 
C)KaTHe. IlocJie KOpOTKOro nepno;n:a C)KaTHSI Ha'!aJICSI 
npou:ecc npoMep3aHnSI H npott3om110 pe3Koe pac
nyqnsaHtte npH nOCTOSIHHOH TeMnepaType 0 °C (Hy
JieBaSI 3aseca) 3a C'IeT H3MeHeHHSI o6'beMa Ha 9 % 
npn TpaHc¢opMaU:HH BO:U:bl B 11e;n:. IlpH nOHtt:>KeHHH 
TeMnepaTyphI B ;n:ttana3oHe OTPHU:aTeJibHhIX 3Ha-
1IeHHH Ha6nro;n:aeTCSI He6onhmoe ysenn'!eHtte ;n:ntt
HhI 3a C'!eT Toro, 'ITO 'IaCTb CBSl3aHHOH BO:U:bl 3aMep-
3aeT nptt TeMnepaType HH2Ke 0 °C. 

Kor;n:a 06pa3eu: Bh1;n:ep)Knsanrn npn TeMnepa
Type OKOJIO -18 °C B Te'!eHne 27 'I, Ha61110;n:aJIOCb 
He60JibIDOe COKpam;eHne no :U:JIHHe, 'ITO M02KeT 6hITb 
CBSl3aHO c nccymeHHeM MeJIKHX nop, H3 KOTOpbIX 
He3aMep3maS1 so;n:a MttrpnpyeT K KpncTaJIJiaM Jih;n:a, 
¢opMnpyrom;ttMrn B 6onee KpynHhrx nopax. Ilpn 
HarpeBaHHH H3MeHeHHSI npOHCXO,!J;SIT c o6paTHbIM 
3HaKOM. 

Ha pnc. 4 noKa3aHo nose;n:eHne npn npoMep-
3aHnn TaKoro 2Ke 06pa3u:a, HO co cTeneHbIO so;n:oHa
Chlm;eHnSI TOJibKO 86 % ' TO eCTb HH2Ke, 'IeM CTeneHh 
KpHTH'IecKoro Hach1.m;eHHS1. KpnBhie Ha6y~aHHSI OT
JIH'IaIOTCSI OT TaKHX )Ke KpHBblX Ha pnc. 3: Ha6JIIO
;n:aeTCSI orpaHH'IeHHOe Ha6yxaHne H TOJibKO B ne
pno;n: cym;eCTBOBaHHSI HyJieBOH 3aBeCbl. Ilocne 3TOro 
o6pa3eu: coKpam;aeTrn no ;n:nttHe B pe3yJihTaTe Tep
Mn'Iecr<oro C)KaTnSI, a TaK)Ke Mnrpau:ntt He3aMep3-
mei1 BO:U:bl OT MaJieHbKHX nop K 6oJibillHM' K 3TOMY 
MOMeHTY y)Ke npoMep3IDHM, H K 6oKOBOH nosepx
HOCTH U:HJIHH;n:pa, KOTOpaSI nepBOH BCTpeqaeT cPPOHT 
npoMep3aHHSI o6pa3u:a H n03TOMY SIBJISleTCSI 6onee 
xono;n:Hoii [Prick et al., 1993; Pissart et al., 1993; 
Prick, 1995 ]. 3TOT npou:ecc aHanorn'IeH ¢opMn
posaHnro cerperau:ttoHHoro Jih;n:a B noqse, OH tta-
61110;n:a11cS1 H B ;n:pyrnx na6opaTOpHbIX onbITaX 
[Hallet et al., 1991 ]. 3TO oco6eHHO 'IeTKO npOSIB

JISleTrn B 06pa3u:ax Breze, ;n:JISI KOTOphrx xapaKTepHo 
3aKynopnsaHne nop, KaK y)Ke 6b1JI0 onncaHo Bhime. 

CoKpam;eHne 06pa3u:a H3BeCTHSIKa no;n: ;n:eiicT
BHeM BbICymttBaHHSI npn noCTOSIHHOH nOJIO)KHTeJib
HOH TeMnepaType y)Ke nccne;n:osanoch c noMO.m;hIO 
;n:nnaToMeTpa X::iii:MCOM n ;n:p. [Hames et al., 1987], 
KOTOpbie noKa3aJIH' 'ITO MaKCHMaJibHOe H3MeHeHne 
;n:nnHbl nponcxo;n:nT, Kor;n:a so;n:a ocTaBJISleT MeJIKne 
nopbl. 3TOT ::i¢¢eKT Bbl3BaH B ;n:aHHOM CJiy'Iae 
npoMep3aHneM Heso;n:oHachrm;eHHOro nopncToro Ma
TepnaJia. 

B 3aKJII01IeHne OTMeTnM, 'ITO 3Tn 3KcnepnMeH
ThI no;n:qepKHBaJOT Ba2KHYIO poJib BJia2KHOCTH B MO
P03HOM BbIBeTpnBaHHH H noKa3bIBaIOT' KaK Ba)KHO 
onpe;n:eJISITb CTeneHb KpHTH'IeCKOrD HaChrm;eHHSI. 
Ha6yxaHne BJia)KHhrx 06pa3u:os nMeeT MeCTo TOJih
KO B ycnoBlrnx BhICOKoro Hachrm;ettnSI n 6hrCTporo 
OXJia)K;n:eHHSI, KOTOpoe ycHJIHBaeT BJIHSIHHe yse-
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A. flPI!K 

JIHtiemrn o6heMa rrpu rrepexoAe BOAhI B JieA. 3Tl1M 

o6'b5ICH51eTC51 MOp0306oll:Hoe pacTpeCKIIBaHHe IIOPOA 

[Letavernier, Ozouf, 1987]. I1p11 Hl13KHx ypoBH51X 

Hachlru;emrn (ll'ro qaru;e BCTpeqaeTC51 B ecTeCTBeH

Hhix ycJIOBH5IX) 3TO Ha6yxaHHe MaJI03aMeTHO " 

o6hilIHO rrpOIICXOAHT C)KaT11e 06pa3u:a. 3TO MO)KHO 

o6'b51CHHTh M11rpau:uell: He3aMep3mell: BOAhI BHYTPH 

IIOpHCTOro MaTepuaJia' rrpHBOA51ilieH K uccymeHHIO 

6oJiee MeJIKHX rrop " ¢opMHpoBaHHIO JIHH3 JibAa 

B6JIH3H IIOBepxHOCTII. 3TO rrpHBeAeT K Bbl

BeTpvrnaHHIO o6pa3u:a B pe3yJihTaTe [Letavernier, 
Ozouf, 1987], a He B CB513H c BhICOKOH CTerreHhIO 

HachiilieHH51 H 6hrcTpbIM oxJia)KAeHHeM. TaKHM o6-

pa3oM, pacKaJihIBaHHe IIOPOAhI, BHAHMO, AOBOJibHO 

peAKHH BHA BbIBeTpHBaHH51 B reOMOPcPOJIOrHH, KaK 

Apyrue aBTOphr y)Ke rrpeAIIOJiaraJI11, B03MO)KHO, l!TO 

poJih yBJia)KHeHH51 " uccymeHH51 MO)KeT 6hrTb 6oJiee 

3HalIHTeJihHa, tieM rrpeAIIOJiaraJIOCh AO cux rrop 

[White, 1976 ]. 

,D;onOJIHHTeJibHble ,[1,0Ka3aTeJihCTBa 

MHrpau:uH He3aMep3UieH B0,[1,bl 

B Mep3JIOM COCT051HHH HeKOTOphie o6pa3U:hI 

Breze 6hIJIH rrocJioll:Ho pa3pe3aHhI aJIMa3Holl: rruJioll: 

B MOp03l1JibHOH KaMepe fJI5IU:HOJIOrl1lleCKOH Jia6opa

TOpl1H BpIOcceJibCKoro YttuBeprnTeTa. U:eJihIH 06pa-

3eu: 6hJJI pa3pe3aH Ha MeJIKHe KYCOlIKH pa3MepoM OT 

1 CM3 " MeHee, KOTOpbie 6bIJIH B3BemeHbI IIOCJie 

rrpoMep3aHH51, a 3aTeM BhrcymeHhI rrpu TeMrrepaTy

pe 50 °C H 3aTeM IIOBTOPHO B3BeIIIeHbI AJI51 orrpeAe

JieHH51 BJia)KHOCTH. TipeABapuTeJihHOe HCIIbJTaHHe 

rrepe,[1, OXJia)KAeHHeM 6hIJIO rrpoBeAeHO AJI51 TOro, 

l!T06hr y6eAl1TbC51, l!TO pacrrpeAeJieHHe BOAbI B 

06pa3u:e rrepeA rrpoMep3aHueM - paBHOMepHoe. Ha 

puc.5 IIOKa3aHbl l130JIHHHH BJia)KHOCTH IIOCJie rrpo

Mep3aHH51 AJI51 Bcero pacrr11JieHHOro 06pa3u:a Breze, 

KOTOpbIH AO rrpoMopa)KHBaHH51 HMeJI CTerreHb HaCbI

IIIeHH51 7 5 % . 1-laCTb BOAbI MHrpupoBaJia OT u:eHTpa 

o6pa3u:a (rAe K03cPcPl1U:HeHT BOAOHaChiilieHH51 IIOCJie 

rrpoMep3aHH51 COCTaBHJI 45 % ) K 6oKOBOH IIOBepx -

HOCTH: OTHOCHTeJihHa51 BJia)KHOCTb 3AeCb IIOCJie npo

Mep3aHH51 OKa3aJiaCb 6oJiee 85 % . JleA B OCHOBHOM 

o6pa3oBaJIC51 BHYTPH nopttcToro MaTepuaJia, a He Ha 

IIOBepxHOCTH 06pa3u:a. 

IlPMMEHEHME 3TOro METO,D;A 

B IlOJIEBblX MCCJIE,D;OBAHM5IX 

ll,eJib HCCJie,[l,OBaHHSI 

KaK y)Ke IIOAtiepKHBaJioCb BO BBeAeHu11, BOII

poc, 51BJI51eTC51 JIM B03AelicTBl1e MOp03a orrpeAeJI51-

IOilIHM ¢aKTOpOM BbIBeTpHB3HH51 B XOJIOAHbIX pe

rHOHax, Bee eIIIe He pemeH. Ha AaHHOM ypoBHe 

3HaHHH Jiyqmull: rryTh rrorrbIT3ThC51 pemHTh Borrpoc 

0 B03AeHCTBHH MOpo3a - 3TO o6'beAHHHTb HeCKOJib

KO Jia6opaTOpHbIX HCIIbITaHHH c IIOJieBbIMH HCCJieAO

B3HH51MH B pall:oHaX, xapaKTepu3yeMbIX 6bICTpbIM 

pa3pymeHHeM BbIXOA51ilIHX Ha IIOBepXHOCTb IlOPOA. 
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IlJIACTMACCOBOE 
OCHOBAHllE 

P11c. 5. CeqeHHe QHJIHHAPHqecKoro 06pa3u:a nopo

AhI Breze nocJie npoMep3aHH51 c H30JIHHH51MH KO

::icpcpuu:»eHTa BO,[l,OHaChIIIJ:eHH51 qepe3 5 % ; CTerreHb 

BO,[l,OHaChIIIJ:eHH51 nop0,[1,bl AO npoMep3aHH51 7 5 % . 
(Ilo,L1,po6Hee - B [Prick, 1995]). 

OchmHhre CKJIOHhI I1JiaTo MayHTHH (A.nh6eprn, 

KaHaAa) II03BOJI51IOT ycnemHo rrpttMeHHTh TaKHe 

3KCrrepHMeHTbI B IIOJieBhIX HCCJieAOBaHH51X. 0CbIIl

Hbie CKJIOHbI ropa3AO 6oJihIIIe pacrrpoCTpaHeHbI B 

3THx MecTax, 'IeM rAe-Jiu6o eIIIe B CKaJIHCThrx 

ropax IOro-3arraAHOH A.nh6epTbI, rAe Ha noBepx

HOCTb Bb!XOA51T H3BeCTH51KH Toro )Ke B03pacTa. ,D;JI51 

3THX rop xapaKTepHO pacrrpocTpaHeHHe peJIHKTOBOH 

Mep3JIOTbI, HCCJieAOBami:eM KOTOpoll: 3aHHMaeTC51 

C . Xappuc (1997). IlJiaTo MayHTHH npeACTaBJI51eT 

co6oll: IIOJioryIO aHTHKJIHHaJib, CJIO)KeHHYIO cy6ro

PH30HTaJibHbIMH CJI051MH ocaAOl!HbIX rropoA Kap6o

Ha, rJiaBHbIM o6pa30M H3BeCTH51KaMH " AOJIOMH

TaMH. 06Ha)KaIOilIHeC51 IIOPOAbI 51BJI51IOTC51 HCTOl!

HHKOM o6JIOMOlIHOro MaTepuaJia Ha CKJIOHax . LJ:o

CTYIIHOCTb H3BeCTH51KOB AJI51 l1CCJieAOBaHH51 6hrJia 

OlleHb Ba)KHa, TaK KaK 60JibillHHCTBO MeTOAOB H3Me

peHH51 MOp03HOro B03):(eHCTBH51 pa3pa6aThIBaJIHCb 

AJI51 H3BeCTH51KOB. HacKOJihKO HaM H3BeCTHO, 3TO 

nepBbre uccJieAoBaHH51 TaKoro poAa B CeBepHoll: 

AMepuKe. 

IlepcneKTHBbl HCCJie,[l,oBaHHH 

1lTo6hI rrpoBepHTb, MO)KeT JIM OAHO MOp03HOe 

B03):(eHCTBHe pa3pyIIIHTb TaKoe 6oJibIIIOe KOJIH'-IeCT-



JJAEOPATOPHOE OJIPE/I,EJIEHJfE KPJfOI'EHHOI'O BblBETPJfBAHHfl 

BO H3BeCTH5IKOB, 6hIJia npoBe,n:eHa Oll,eHKa npoII

H CTH ABYX pa3JIM1IHbIX ¢au:Mii: rropo,n:hI B IIOJieBbIX 

a6opaTopHhrx ycJIOBM5IX. TaK KaK Heo6xo,n:MMO 

o porno 3HaTb cPM3MIIeCKMe xapaKTepMCTMKM rropo-

;n,i: ,ilJI5I ofrMICHeHM5I npou:ecCOB, npoTeKaIOilIMX npM 

ep3aHMH, 6hIJia M3MepeHa nopMCTOCTb 3TMX M3-

IDIKOB c IlOMOilibIO PTYTHOro rropoMeTpa B reo-

• OJiorMIIeCKOM UeHTpe B KaHHax (<!>paHU:M5I). 

HecKOJihKO o6pa3ll,OB 6bIJIO ,n:ocTaBJieHo B 

p B ceHT516pe 1996 r. Hx nopMCTOCTb (M3Me

B BaKyyMe) M Mx MO.D:YJIH IOHra 6y,n:yT 

eHhI CHOBa BeCHOH M oceHbIO 1997 r . .D:JI5I Toro, 

, bl paBHHTb pa3JIMIIMe 3MMHero M JieTHero BbI

"'-'-'~l'U.<>aJilUI. D,eii:CTBMTeJibHO, B03MO)l(H0, IITO IIailie 

JKe IlOBTOp5IIOilIMHC5I e)l(e,n:HeBHbIH HOIIHOH 

B TeIIeHMe JieTa MO)l(eT 6hITh 6oJiee pa3 -

·~-w'""""•-rP:ieH ITO OTHOIIIeHMIO K 3TMM nopo,n:aM, tieM 

"IXEITeJibHOe 3HMHee npoMep3aHMe, TaK KaK 

- ,,. p a3U:bI IIaCTO IIOKpbITbI CHeroM. 

,;ia6opaTOpMM IIOBe,n:eHHe 3TMX nopo.n: npH 

}':::.:E!KB:eHHH H MCcymeHMM npM IlOCT05IHHOH TeMITe-

II. mmaJIOCb ,n:MJiaToMeTpMeii: [Hames et al., 
rroTepe Beca M Mo,n:ymc IOHra. Kor,n:a 

51 BJIM5IHMe Mopo3a, 6oJibIIIOe 3HaIIeHMe 

IIhlTbI ITO yBJia)l(HeHMIO M MccymeHMIO. TaK 

OIIbITbI c npoMopa)l(MBaHMeM M OTTaM

blIIOiIH5IIOTC5I c BJia)l(HbIMM o6pa3u:aMM, TO 

---~"""""oAU!UlO 6hIJIO 6hr pa3,n:eJIMTb B03,n:eii:CTBHe BJia

o.n:y OT ,n:eii:CTBMTeJibHOro B03,n:eii:CTBM5I 

C:::.~.;EJIIleHIDI BO.D:bI B Jie,n:. 

Hb KpMTMIIeCKOro HaCbiilieHH5I 6y,n:eT OIT

IIOMOilibIO arrrraparn Grindosonic. Ha 

3THX pe3yJihTaTOB B Jlhe)l(CKOM YHM

(E e;-ihrM5I) 6y,n:eT BbIIlOJIHeHa .D:MJiaT0-

1 )Ke o6pa30M, KaK OIIMCaHO B 3TOH 

p ecHa5I IIaCTb MCCJie,n:oBaHMH - 3TO 

eJibIIaeMOCTh. OHM cocT05IT B ou:eHKe 

06pa3u:a B 3aBMCMMOCTM OT KOJIMIIeCTBa 

M ep3aHM5I M OTTaMBaHM5I M ycrremHO 

e=;;;;:;.::lli:ilOB iIHCb B MCCJie,n:oBaHM5IX paHee [Leta
li.P\:-rll'--. Ozouf, 1987]. TaKMe MCnhrTaHM5I BbinOJIHe

a3Jilfl!Hhrx TeMnepaTypax B KaJirapM (B 

.::=:::;;;::30.He 20 °C M - 20 °C), KaHHax (B ,n:Mana3oHe 

-5 °C) M Jlbe)l(e (B ,n:Mana3oHe +3 °C M 

IIpen,sapMTeJibHhre pe3y JihTaTbI 

11 0611aCTb npHMeHeHHR 

Bbi e pe3yJihTaTbI no,n:tiepKMBaIOT MaJiyIO 

Beca B M3BeCTH5IKax, no,n:BepraBIIIMXC5I 

~;e;Jif:sH t>ry ll,HKJIY rrpoMep3aHM5I I OTTaMBaHM5I B 

:-z::~:soH T eMIIepaTyp +20 °C M -20 °C. Bo3MO)l(

- - _TH rrpon.ecchl, TaKMe KaK CHlITHe ,n:aBJieHM5I, 

a 3bIBaTb HeKOTopoe B03,n:eii:CTBMe Ha 3TM 

reo OrHIIecKa5I MCTOpM5I KOTOpbIX BKJIIOIIa

'="'P'lllipOBaHHe CKJia,n:IIaToCTH CKam1cThrx rop B 

~5Y,.Thrare CTOJIKHOBeHM5I npw6pe)l(HbIX ITJIHT 

C Bepo-AMepMKaHCKOii: nJiaT¢opMbI. Hx rro

~cn>cr:& KpaliHe HM3Ka5I (0,38-1,22 %). B cooT-

BeTCTBMM co IIIKaJiaMM IIYBCTBMTeJibHOCTM, ycTaHOB

JieHHbIMM ,n:pyrMMM aBTopaMM [Letavernier, Ozouf, 
1987] M HaIIIMMM npe,n:hI.D:YilIMMM pa6oTaMM [Prick, 
1997], M3BeCTH5IK c TaKOH HM3KOH IIOpMCTOCTbIO He 

IIYBCTBMTeJieH K rrpoMep3aHMIO. 

Ll,MJiaToMeTpMIIeCKMH MeTo,n:, o6'be,n:MHeHHbIH c 

M3MepeHMeM KPMTMIIeCKOH CTerreHM HaCbiilieHM5I -

3TO xopornMii: crroco6 ou:eHMTb IIYBCTBMTeJibHOCTb 

rropo,n: K npoMep3aHMIO, Ha6JIIO,n:aTb MX IIOBe,n:eHMe II 

orrpe.n.eJIMTb, KaKOH BHJl. MHrpall,MH BO.D:bl MMeeT 

MeCTO. 0,n:HaKO HaIIIa 3KCnepMMeHTaJihHa5I MeTO

.D:HKa M pa3Mep HaIIIMX o6pa3U:OB II03BOJI5IeT HaM 

TOJibKO Ha6JIIO,n:aTb pa3pyIIIeHMe M MaCIIITa6 BbI

BeTpMBaHH5I. CyilieCTByeT ,n:pyroH: TIIII Mopo3Horo 

BbIBeTpMBaHM5I: paCKJIMHMBaIOIIIee B03Jl.eHCTBMe BO

.D:bI, rrona,n:aIOilieH B TpeilIHHbI M rrpM 3aMep3aHIIII 

pa3pyrnaIOilieii: MX [Letavernier, Ozouf, 1987]. 3TOT 

rrpou:ecc, B03MO:tKHO, OIIeHb IIIMpOKO pacITpOCTpa

HeHHbIH KOMIIOHeHT BbIBeTpMBaHMlI B ecTeCTBeHHbIX 

ycJIOBII5IX. OH II3yIIaJIC5I M Mo,n:eJIMpoBaJIC5I B Jia6o

paTOpMM [Davidson, Nye, 1985; Tharp, 1987; 
Matsuoka, 1995 ]. B HaCT05Iiliee BpeM5I Mb! Tex

HMIIecKM He MO:tKeM rrpoBepMTb 3HaIIeHMe 3TOro 

rrpou:ecca M cpaBHMTh c pe3yJihTaTaMn: Mo,n:eJIM

poBaHM5I, HO 5ICHO, IITO OH MO:tKeT HrpaTb Ba:tKHYIO 

poJib B OTKaJihIBaHIIM ¢parMeHTOB rropo,n:hI B IlOJie, 

oco6eHHO B cJiyIIae IIJIOTHbIX M3BeCTH5IKOB c HM3KOM 

rropMCTOCTbIO [Matsuoka, 1995 ]. ' 
EcJIM HaIIIa pa6orn rro,n:TBepJl.MT npe,n:BapIITeJib

Hhie pe3yJihTaThl, IIOKa3bIBaIOilIIIe CJia6oe yIIaCTMe 

npoMep3aHM5I B BbIBeTpMBaHHM 3TMX II3BeCTH5IKOB , 

B Harneii: CJie,n:yIOilieH pa6oTe MbI IIOCTapaeMC5I 

HaHTII ,n:pyroii: rrpou:ecc , o6'b5ICH5IIOilIMH 3TO 5IBJieHMe. 

BbIB0.11.hI 

Pa3pa6oTaHHbiii: Jia6opaTOpHhiii: MeTO,n: o 6'he

.D:MH5IeT Jl.MJiaTOMeTpMIIeCKMe M3MepeHM5I B TeIIeHMe 

U:MKJia rrpoMep3amrn/ OTTaMBaHII5f M ou:eHKY CTe

rreHII KpMTMIIeCKOro HaChiilieHH5I. 3To MO:tKeT ,n:aTb 

u:eHHYIO MHcPOpMaU:MIO npM MCCJie,n:oBaHMM MOp03HO

ro BhIBeTpMBaHMSI M orrpe,n:eJIMTb pa3JIIIIIHhre npo

u:eccbJ' yIIaCTBYIOilIMe B MOp03HOM BbIBeTpMBaHMM B 

ecTeCTBeHHbIX yCJIOBM51X. 113yIIeHIIe OCbIIlHbIX CKJIO

HOB IlJiaTo MayHTMH rrpe,n:CTaBJI5IeT MHTepec B Ka

IIeCTBe rrpMMeHeHII5I Jia6opaTOpHbIX MeTO,n:OB B ITO

JieBbIX MCCJie,n:oBaHM5IX. Mbr Ha,n:eeMc5I, IITO 3Ta pa-

6oTa npIIBHeCeT HeKOTOpbie HOBbie 3JieMeHTbI B 

peIIIeHIIe Ba:tKHOro Borrpoca: TaK JIM IIaCTO MOp03HOe 

BbIBeTpHBaHne yIIaCTByeT B ¢opMnpoBaHHM reo

MOPcPOJIOrHIIeCKOro o6JIMKa XOJIO.D:HbIX perMOHOB 

[Hall, 1995] . 
.5I Bbipa:tKaIO rJiy6oKyIO npH3HaTeJibHOCTb 

rrpo¢. A. IlMccapy 3a rroMOilih M coBeThI B Jia6opa

TOpHoii: pa60Te n rrpo¢. C. Xappncy 3a noMOilib M 

o6ocHOBaHMe IIOJieBbIX MCCJie,n:OB3HHH. 5I TaK:tKe 

6Jiaro,n:apIO ,n:-pa Ll,:tK.-K. 03oy¢a H3 feoMOPcPOJIO

rtttieCKOro n.eHTpa B KaHHax, rrpo¢. P. CoyIIe3 a M 

.n: - pa Ll,:tK. JI. TMcoHa M3 YHMBepcHTeTa Eprocc eJI5I. 
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YLJ:K 504.05:624.139 

METO)JJ1KA M PE3YJibTATbl KPYTIHOMAClllTAEHbIX 
3KOJIOrO-rEOJIOrMlJECKMX MCCJIE,II;OBAHMfi TEPPMTOPMfi 

PY,II;HbIX MECTOPO)l(,Il;EHMfi B KPMOJIMT030HE 

A.A. BarnJiheB, )J,.C. )J,po3.n:os 

lfocmumym 1Cpuocrjlepbr. 3eM.11.u CO PAH, 117982, Moc1rna, y11.. Bal3U11.0l3a, 30/6, 1c.74a, PoccuR 

Ilp11MemneJ1bHO K patioHaM PYl:\Hb!X MeCTOp0}K):\el-!11H B Kp110Jll1T030He npe)1JJO>KeHO Bbl):\eJJSITb Tepp11-
rnp1111 4-x KaTerop11t"1 yCTOH411BOCTI1'. 

I) ycTOH411Bhle - 111-1>KeHep1-1aSI 11eSITeJ1hHOCTh He Bbt3hrnaeT 1-1eraT11BHbtx 113MeHe1-111ti e reonor114ecKol1 
cpe11e; 

2) yCJJOBHO yCTOH411Bbie - B03MO>KHa aKTI1Bl13al.(115! npou:eccon; 

3) 1-1eycTOti411Bh1e - HH>KeHepHaSI 11eSITeJ1hHOCTb Bhl3brnaeT 113MeHe1-111SI, TPYl:\HO noMalOll(11ecSI peKyJ1b
T11eau:1111; 

4) oco6o Heycrn1'1411Bhre - yrpo>KaeT nonHoe pa3pyllleH11e nosepxHOCT11. 

LJ:nSI Ka>K11oti Tepp11rnp1111 11aeTC SI 11HcjJopMau:11SI o cjJOHOBb!X 11 nporH03HbtX (np11 I 00 ';10 -M 1-1apyllle1-11111 
noeepxHOCTH) reoKp11onor114ecK11x 11 reox11M114eCKI1X xapaKTep11cT11Kax. Ko1-1Typ1-1b1M 3HaKOM BhIHOCHTCSI ne
J1114111-1a COBpeMeHHOH TeXHOreHHOH uapyllleHHOCTI1. 

31Co11.0w-zeo11.ocwtec1Cue yc11.0l3uR, ycmoii.<J.ul3ocmb te011.0ZU'l.ec1coii. cpeabr., mexH.oceH.H.bte U3M.e/ieH.uR, aicmu-
13u3au,uR J1C3oze1mbr.X npou,eccol3, zeoxuM.u<J.ec1coe 3acpR3H.eH.ue 

TECHNIQUE AND RESULTS OF LARGE-SCALE ECOLOGO-GEOLOGICAL 
ENVIRONMENTAL RESEARCH OF ORE FIELDS IN CRYOLITOZONE 

A.A. Vasiljev, D.S. Drozdov 

E arth Cryosphere Institute SB RAS, 117982, Moscow, Vavilov st., 30/ 6, room 74a, Russia 

Four main gradations of environmental (eco-geological) stability for territories of mining deposits in 
cryolitozone are established: 

I) stable territories, on which the engineering activity does not cause negative changes in geological 
environment; 

2) conventionally stable territory, on which some activization of exogenic geological processes can take place; 

3) unstable territories, on which the engineering activity causes significant landscape changes wich are 
difficult for recultivation; 

4) especially unstable territories, which threatens with complete disturbance of surface by activization of 
geocryological processes. 

The information about natural and forecasting (at I 00 % technogenic surface disturbance) geocryological 
and geochemical characteristics for each area is provided on the eco-geological map. The grade of modern 
technogenic disturbance will be also show by additional contours. 

Environmental ( eco-geological) stability, technogenic surface dis turbance, activization of exogenic 
geological processes, geochemical pollut ion 

OEID:Irn IIOJJO./KEHIUI METO,ll,IIKII 

3Koreo11omqecK11e ycJIOBH51 (3fY) TeppHTO

pnli onpell,emnOTC5l npttpOJ:J:HhIMH H TexttoreHHhIMH 

QJ3KTOpaMH, KOTOpbre H3XOJl:5lTC51 B TeCHOH 

B3aHMOCB513H .n:pyr c .n:pyroM. B CB5l3H c pacTyW:MM 

o6heMOM TeXHOreHHOro BMemaTeJihCTBa 3KOJIOrH

qeCKHe acneKThI OCBOeHH5l H o6ycTpOHCTBa Tep

PHTOPHH npMo6peTaIOT nepBOCTeneHHoe 3HaqeHMe 

<CJ A.A. BaCHJibCB, .u;.c. )1;p03)10B, 1997 
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[OcmpoecKUii u ap., 1992; OcmpOBCJCUii. u ap. , 
1995; Tpe6oeaHU>L .. . , 1990a,6,e; 1.{apea, 1992]. B 
KpHOJIHT030He OC06oe 3HaqeHHe HMeeT ytcleT H npor

H03H351 ou;eHKa B33HMOJ:J:eHCTBH51 HCTQqHHKOB Tex

HOreHe3a c reOJIOrMqeCKOH cpeii;oli, IlOKpOB3MH, 

BHemHHMH cpeii;aMH [I'apa2y.!l>L, 1985; H 3y'leHue .. ., 
1992; M e.!lbllUK0<3 u ap., 1992 ]. 

B KaqecTse KPMTepMeB 3Koreo11orMqecKoli 

ou;eHKH TeppHTOpHli pyJJ;HhIX MecTOpO)l(ll,eHHH B 



METO/l,I1KA I1 PE3YJ!bTATbl KPYIIHOMACllITAEHblX 

IDI3KoropHbIX pailoHax KpttOJIHT030HhI yLJ:HThIBaIOT

c sr CJie):lyIO.rr~He npHpO)J,HbJe cpaKTOpbI: TeKTOHHLJ:ec

asr J:IHCJIOU,HpOBaHHOCTb; MopcpOJIOrHSI IlOBepxHOC

TH H cocTOSIHHe rroKpoBoB; TeMnepaTypa MMIT Ha 

rny 6ttHe HyJieBbIX rO):IOBbIX aMIIJIHTyA; COCTaB, 

OIII,HOCTb, BJia)l(HOCTb-JibAHCTOCTb H IIJIOTHOCTb 

YHTOB, a TaK)l(e HaJIHLJ:He IIOBTOpHO-)KHJlbHblX 

.Th.J.OB (IJ)]_(JI) ; HHTeHCHBHOCTb np05IBJieHH5I 3K30-

HHbIX reoJiomLJ:eCKHX rrpou,eccoB (3fI1) no J:IBYM 

ynnaM: TepMOKapcT H CB5I3aHHbie c HMM rrpou,ecCbl 

K Haw6oJiee orracHbie), npoLJ:He npou,eccb1; rJiy

a 3aJieraHH5I l1 CTerreHb BbIBeTpeJIOCTH KopeH

rropo.[1; rH.[lporeoJIOrHLJ:eCKHe ycJIOBH5I; XHMH

KHH H MHKpOKOMilOHeHTHblH COCTaB IlOLJ:B, rpyH

B BOJ:I. 

I1HcpopMaIJ,H5I 06 3JieMeHTax rrpHpO):IHOH o6cTa

- BKH o6o6III,aeTC5I Ha OCHOBaHHH .[laHHbIX, C0.[1ep-

-.nq,nAC5I Ha reoJiorHLJ:eCKOH, HH)l(eHepHo-reoKpHO-

ITLJ:eCKOH, l'H.[lporeOJIOrHLJ:eCKOH, JiaHAIIIacpTHOH 

Bf ill! reoMopcpOJrnrwLJ:ecKoll) KapTax, Ha KapTax 

HepHo-reoKpHOJIOrHLJ:eCKOrO H reOXHMHLJ:eCKO

orrpo6oBaHH5I. 

Texttorettuasr cocTaBJBIIOI.IJ,asr 3KoreoJion1qec

- oucTattOBKH ou,eHHBaeTcsr no cTeneHH Hapy

rroBepxHOCTH (B % OT rIJIOIII,a.[IH) KOMIIJieK

caHKU,HOHHpOBaHHbIX H HecaHKU,HOHHpOBaHHblX 

--~ .... ,o rw-IeCKHX, TpaHcnopTHbIX H X035IHCTBeHHO

abIX MeponpH5ITHH H .[leHCTBHH. I1CTOLJ:HHKaMH 

reHe3a SIBJI5IIOTCSl 3.[laHmI H coopy)l(eHHSl, rop

Bbipa6oTKH, OTBaJibl H XBOCToxpaHHJIHIII,a , 

OpTHbie H 3ttepreTHLJ:eCKHe KOMMYHHKaU,HH, 

r.-.-n '"'' 3SIHCTBeHHbie ofo,eKTbl , JieCHbie Bbipy6KH H 

:IbHHKH H np. 113 COCTaBa TexttoreHHbIX cpaKTO

B KJIIOLJ:aeTC5I B03.[leHCTBHe JieCHbIX nO)l(apoB 

;n,rx .[leCSITHJieTHH, KOTOpbie ccpopMHpOBamr 

m1!eCKyIO o6cTaHOBKY' paccMaTpHBaeMyIO Ha 

SlfI!H H MOMeHT KaK cpottoByEO. 3JieMeHTbl TeX

'-""'""""nn-oJ1 o6cTaHOBKH H.[leHTHcpHU,HpyEOTC5I B COOT

HH c AaHHbIMH cneu,HaJibHblX HCCJie):IOBaHHH 

,. OBaHHSI, co cxeMaMH o6ycTpOHCTBa MeCTO

HH5I, c 3KOJIOrHLJ:eCKHMH nacnopTaMH, c Ma

;ra rn IlOBTOpHbIX a::ipoCbeMOK. 

X 0):\5! 113 CJI0)1(HBIIIeHC5I cxeMbI pa3Be.[IKH H 

HH5I KOHKpeTHOrO MeCTOpo:>K)J,eHH5I .[IJISl ou,eHKH 

............ ,c.u.iiIOrHLJ:ecKo:H: ycTOHLJ:HBOCTH ocym;ecTBJJsreTcsr 

TexttoreHHblX H3MeHeHHH reoKpHOJIO

y cJIOBHH . LJ:mr nporH03a HCnOJJb3YIOTC5I 

eTbl II MeTOA aHaJIOrHH. 

r pacpw1eCKaSl HHcpOpMaIJ,ml 0 npHpO)J,HbIX yc

.......,,..,"tJ"L'- , TeXHOreHHOM B03)1,eikTBHH H nporH03e 

' eHJ1H npe.[ICTaBmieTC5I Ha e.[IHHOH KapTorpa

.;;:!:trec:K'OH ornoBe MacrnTa6a 1 :2 000- 1 :25 000. B 
KOHTypHorr ocHOBhI 11crroJJh3yeTcsr JiaHA

,_..,,,.,...n., 51 R/ HJIH l1H)l(eHepHo-reoKpHOJIOrHLJ:eCKa5I 

1eCTOpO)l(1J;eHH5I, a TaK)l(e cxeMa HH)l(eHep

,. eKTOB, KOMMYHHKaU,HH , ropHbIX Bbipa6oTOK 

0 HOBHOe H3o6pa3HTeJibHOe cpe)J,CTBO (Kpan H 

'OBKa )J,JI5I qepHo-6eJIOH KapTbl H U,BeT IJ;JISI 

U,BeTHOH KapTbl) HCnOJib3YeTC5I .[IJI5I OT06pa)l(eHH5I 

ycTOUlfl1BOCTl1 reOJIOI'HlfeCKOU cpeJI,bl no OTHO

IIIeHHIO K KOMnJieKcy TexttorettHblX HapyrneHHH, 

CB5I3aHHbIX c pa60TOH ropHO)J,06hIBaEOIII,ero K OMII

JieKca. I10H5ITHe ycTOHLJ:HBOCTH paccMaTpHBaeTC5I 

aBTOpaMH B COOTBeTCTBHH c o6III,enpHH5ITbIMl1 npeA

CTaBJieHH5IMH [I'apacyJl5l, 1985; I'e031WJWZU5l .. ., 
1992; I'oJloaKo6CKG5l u ap., 1989; MeJLblillKOB u ap. , 
1992; OcmpOBCKllU ll ap., 1992 u ap.] KaK cnoco6-

HOCTb reOJIOrHLJ:eCKOH cpe.[lbl coxpaHSITb CBOH OCHOB

Hbie CBOHCTBa H n pocTpaHCTBeHHO-BpeMeHHY IO 

CTPYKTYPY· CooTBeTcTBeHHO, Ha KapTe oTo6pa)l(a

eTcSI HHcpOpMaU,H5I KaK CTaTHLJ:eCKOrO xapaKTepa 

(coCTOSIHHe cpe)J,hI), TaK H nporH03ttoro (cTerreHh H 

CHJia TeXHOreHHblX H3MetteHHH rrpH OCBoemrn:). y c

TaHaBJIHBaeTC5I 4 OCHOBHbie rpa.[1au,1rn ycTOHl!H

BOCTH. CooTBeTCTBYIOIII,He TeppHTop1111 paccMaTpH

BaIOTCSI KaK o 6JiaCTH: ycTOHl!HBbie (Y) ' Ha KOTOpbIX 

HH)l(eHepHasr .[leSITeJibHOCTb He Bbl3hIBaeT (He Bbl30-

BeT) HeraTHBHbIX H3MeHeHHH B reOJIOrHY:eCK OH cpe

Ae; YCJIOBHO ycTOHl!HBbie (YY)' Ha KOTOpbIX B03 -

MO)l(H0 HeKOTOpoe H3MeHeHHe HJIH aKTHBH3aU,HSI 

KOMIIJieKca 3fIT, a HeraTHBHbie IIOCJie)J,CTBHSI MOry T 

6b!Tb KOMIIeHCHpOBaHbI MeponpH5ITH5IMH no p eKyJib

THBaU,HH IIOBepxHOCTH H TeKyIII,eMy peMOHTY HH)Ke

HepHbIX o6'beKTOB; HeycTOHl!HBbie <HY)' Ha KOTO

pbIX HH)l(eHepHaSI IJ;eSITeJihHOCTb Bbl3bIBaeT HJIH aK

Tl1Bl13HpyeT KOMnJieKC 3fIT , cyIII,eCTBeHHO M eHSI

IOIII,HH o6JIHK 110BepxttocT11, LJ:TO TPYLIHO noM aeTcsr 

peKyJibTHBaU,HH H HapymaeT HOpMaJJbHYIO pa6oTy 

o&beKTa ; oco6o HeycTOHY:HBbie (OHY) ' Ha KOTOpbIX 

TeXHOreHe3 yrpo)l(aeT nOJIHblM pa3py rrreH11eM IIO

BepxHOCTH 3a CY:eT aKTHBH3au,1111 Mep3JIOTHblX npo

u,eccoB H npHOCTaHOBKOH cpyHKU,HOHHpOBa HHSI 

o6'beKTa. 

B rrpeAeJiax o6JiacTeil BhIAemrIOTCSI paiio H bl, 

pa3JIHLJ:aIOIII,HeC5I no KOMIIJieKcy cpaKTHY:eCKHX l1 

rrporH03HbIX CBOlICTB reOJIOrI1'-IeCKOi1 cpe)J,bI H 3 fIT. 

PailOHbI B CBOIO OLJ:epe.[lh pamK11py10Tcsr no cTeneHH 

ycTOHl!HBOCTH B paMK3X COOTBeTCTBYEOIII,eH rpa

.[13U,11H. ParroHhr .[leJISITCSI Ha yqacTKH, pa31rnY:a

IOIII,HecSI no TeM HJIH HHbIM napaMeTpaM, H O He 

nO):IJie)l(aIII,He pamr<HpOBaHHIO no CTeneHH yCTOH 

l!HBOCTH. 

B 3KCIIJIHKaU:HH K 3KoreoJiorrtl!ecKoil K apTe 

.[IJI5I K3)KAOro pailoHa HJIM yY:aCTKa rrpHBO)J,HTC5I ne

pel!eHb BXOASIIII,HX B HHX e.[IHHJifl( JiaH)J,lllacpTHOro 

n/ HJIH HH)l(ettepHo-reoKpMoJiorHLJ:ecKoro pailom rpo 

BaHHSI, a T3K)l(e HHcpopMal(H5I 0 cPOHOBbIX H rrpor

H03HbIX (rrpH 100 %-HOM HapyrneHHH) r e o K pHO

JJOrMLJ:eCKHX xapaKTepHCTHKax . 3Ta Htt¢opMaIJ,HSI 

rrpM HaJIH'l!HH rpa¢nY:ecKoil B03MO)l(HOCTH ;:i:y6JIH

pyeTCSI B BM;:i:e Ta6JIMU,-Bpe3KOK BHYTPH KOHTy poB 

3KOreoJIOrMl!eCKOH KapTbI. LJ:orroJIHHTeJibHblM KOH

TYPHblM 3HaKoM BhIHOCMTCSI BeJIHY:HHa coBpeMeHHOH 

TeXHoreHHOH HapymeHHOCTH B rpa)J,aU,H5IX 5-25, 
25-50 H 50% [O'cmpOBCKUU U ap., 1992]. 

reOXHMHl!eCKaSI HHcpOpMaU,H5I xapaKTepH3 yeT 

COCT05IHHe IIOBepxHOCTHbIX M TIO)J,3eMHbIX BOA, )J,OH -
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A.A. BACJfJJhEB, /f,.C. /!,P03/!,0B 

HbIX oca,[(KOB , IIOl.J:B, rpyHTOB, pacnITeJibHOCTH Ha 

MOMeHT COCTaBJieHmI KapTbl H ,[(aeTC51 B BH.[(e IJJIO

m:a.[(HOH HJIH TOl.J:el.J:HOH Harpy3KH B rpa.[(aD;H51X 

IUI,K. XapaKTepH3YJOTC51 ¢eHOJihI, He¢Terrpo.[(yKTbI 

lI THIIOMOPcPHbie .[(JI51 KOHKpeTHOro MeCTOpmK,[(eHJI51 

MHKp03JieMeHTbl. 

3KOJIOrO-rEOJIOniqECKA5l XAPAKTE
Pl1CTl1KA MECTOPO./K,ll,EHl15l KIOqIOC 

CorJiacHo rrpe.[(JIO)J(eHHOH MeTO.[(HKe 6hma BbI

IIOJIHeHa 3KOJioro-reoJiorHl.IecKa51 ou;eHKa KJOl.IJOC

cKoro 30JIOTOPYAHOro MecTopO)J(.[(eHH51 CeBepHoli 

5IKyTHH. 3.[(eCh B .[(OJilIHe pyl.I . Kroqroc pa3Be.[(aHa 

pOCCbJIIHa51 3aJie)J(b, a Ha rrpHJieraIOJ.JJ;HX BO.[(Opa3-

,[(eJibHbIX rrpoCTpaHCTBax HaropHOH TeppaCbI lI Tep

pacoyBaJIOB Be.[(eTC51 pa3Be.[(Ka lI OIIbITHa51 pa3pa6oT

Ka KOpeHHOH 3aJie:>KH. 

LI:oJIHHa pyq, Kroqroc, Bpe3aHHa51 B TpHacoBoe 

aJieBpOJIHTOBOe IIJiaTO, BblIIOJIHeHa raJiel.J:HbIM aJI

JIJOBHeM c rrecl.J:aHo-cyrrecqaHhIM 3arroJIHHTeJieM. 

11,0KOJib HaropHOH TeppaCbI BbICOTOH HeCKOJibKO ,[(e

C51TKOB MeTpOB CJIO)J(eH TpeJ.JJ;JIHOBaTbIMlI TpHaco

BbIMH aJieBpOJIHTaMH, rrepeKpbITblMH m:e6HHCTbIM 

3JIJOBHeM H m:e6HJICTo-cyrJIHHlICTbIM .[(eJIJOBHeM 

MOJ.JJ;HOCThJO 0-10 M. B rrpe.[(eJiax TeppacoyBaJIOB 

KOpeHHbie rropO.[(bl rrepeKpbITbl OTJIO:>KeHH51MlI Jie,[(O

BOro KOMIJJieKCa MOJ.JJ;HOCTbJO .[(O 35 M. 3TO IlbIJieBa

Tbie cyrrecH H cyrJIHHKH c IJOBTOpHO-)J(lIJlbHbIMlI 

Jlb.[(aMH, 3aHHMaJOJ.JJ;lIMlI .[(O 35 % o6'beMa - TaK 

Ha3hrnaeMa51 e.[(OMHa51 TOJIJ.JJ;a. 

11opO.[(bl HaX0.[(51TC51 B MHOroJieTHeMep3JIOM co

CT051Hllll. TeMrrepaTypa MMIT Ha rJiy6HHe HyJieBhIX 

I'O.[(OBbIX aMIIJIHTYA COCTaBJI51eT - 7 ... -10 ° c. 
OcHOBOH .[(JI51 3KOJioro-reoJiorHl.J:ecKoli KapTbI 

IIOCJIY)J(JIJia JiaH,[(lllacfJTHa51 KapTa TepplITOpHH, co

CTaBJieHHa51 Ha ocHoBe .[(emH¢pHpoBaHH51 A<DC H 

MapmpyTHbIX Ha6JIJO.[(eHHli. Ha JiaH.[(IIIacPTHoli Kap

Te BbJ.[(eJieHbl rrpHpO.[(Hbi e reOClICTeMhI (rrpHpO.[(HO

TeppHTOpHaJibHbie KOMrrJieKCbI - ITTK) paHra JiaH

.[(ma¢ToB lI COCTaBJI5IJOJ.JJ;lIX lIX ypOl.IHJ.JJ;. JlaH.[(ma<P

Tbl .[(JI51 paccMaTpHBaeMOH IIJIOJ.JJ;a.[(JI 51BJI51JOTC51 

ITTK-HH.[(HBH.[(aMH, a ypol.IHJ.JJ;a THIIH3HpoBaHhI. 

Ll:JI51 Ka)J(,[(Oro TJIIJa ypOl.IHJ.JJ;a IIO ,[(aHHbIM HaTypHbIX 

Ha6n ro,[(eHHH IIOJIYl.J:eHhl rrpHpO.[(Hbie 3Hal.J:eHH51 re

OKpHOJIOI'Hl.J:eCKlIX rrapaMeTpOB H aKTHBHOCTH 3fl1, 

a TaK)J(e ou;eHeHbl H3MeHeHH51 3THX rrapaMeTpOB rrpH 

pa3HOH cTerreHH HMeJOm;Hxc51 HapyIIIeHHH. Pacl.IeT

HbIM rryTeM lI IIO MeTO.[(y aHaJIOrHH ou;eHeHbl MaCIII

Ta6bI lI3MeHeHHH Ha CJiyl.J:aH 100 % -ro Ha pymeHH51 

IJOKpOBOB. <DparMeHT JiaH,[(IIIacPTHOH KapTbl rrpHBe

.[(eH Ha pHc. 1. B CTPYKType rrpe.[(CTaBJiettttoro yqa -

CTKa BbI.[(eJI51JOTC51 4 JiaH.[(IIIa¢Ta , BKJIJOl.J:aJOJ.JJ;He B 

CBOH COCTaB IIO HeCKOJibKO TlIIIOB ypol.IHJ.JJ;. 

B cooTBeTCTBHH c rrpMH51TOH MeTO.[(HKOH .[(JI51 

Ka)J(,[(OI'O ypOl.IHJ.JJ;a ou;eHeHa ycTOHl.J:HBOCTb K B03-

MO:>KHbIM TeXHOreHHbIM HapyIIIeHH51M H COCTaBJieHa 

3KOJioro-reoJiorwqecKaSI KapTa (pwc. 2), JiereH.[(a K 

KOTOpo:H: rrpe.[(CTaBJieHa B Ta6JI. 1, a 3KCIIJIHKa

u;HH - B Ta6JI. 2. 
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PHc. 1. <Dpar em · ma .. · 'A'U~•cv 
pmK,[(eHIHI KJO'TIOC H OS£ 

COOTBeTCTBHJ1 c rrp mur 

lltQ.:nOBHaJl bH bl e 

,...... ....... ~~ 1D~;ir;11o::m; 9 - uepac4Jie -

cynec4a1-10 - cyrm1HHCTble 
py4. KI04IOC: 36 3 - __ :;-.;- ~e;x~=YI!: 

(37) cpe):lmte nok\l.bl, ~IZC::a13. l:IC';sJrH.'113 

raJie4HHKaM11 ; 3 
nec4a1-10-cynec4a~~ 331m;::azr:r.:re1.:; 
(40) 11 3a6ono <1eHHh e (.I) C11t;;::p;:;:ae g;:s=;ZEJ:A. 
Hble CTbIJieBa Tbf~tl1 11. 



METO~HKA H PE3Y lfbTAThl KPYflHOMACll!TABHblX 

Pttc. 2. <I>parMeHT 3Konoro-reonorttqecKoi1 KapThI 

MeCTOpmKJJ,eHH5I KIOqIOC (yen. o603H. CM. B Ta6n. 

1; 3KCilJIMKaIJ,MH CM. B Ta6JI. 2). 
-------------------------

K ycTOWIJIBblM c 3KOJIOrH1-IecKoii: TOL!KH 3peHu5I 

B rrpe):(eJiax paccMaTpuBaeMoro ¢parMettTa OTHOC5IT

C5I IIJIOIIJ,a)J,H c 6JIH3KllM 3aJierattneM CKaJihHbIX 

rropO):( TpIIaca (Y-1, 2)' a TaKX<e OChIIIII Ha CKJIOHaX 

(Y-3a.2). CBoii:cTBa rropo):( 3)],eCh B pe3yJihTaTe Tex

HoreHe3a He II3MeH5ITC51, a TeXHOreHHa5l aKTHBII-

3aIJ,II51 npou,eccoB He npOII30H):(eT. 

K ycHOBHO ycTOWIHBbtM OTHeceHhI ):(OJIHHhI 

pyL!heB (YY-5.2, 6.2, 6.3) ll BepXH5I5l t.IaCTb )J,e

JIIOBIIaJibHO-COmHpJIIOKll,IIOHHOro CKJIOHa HaropHOH 

TeppaChI (YY-4.1) c MaJIOMOIIJ,HbIM Jie)J,OBbIM KOMIT

JieKCOM (2-5 M). TexHoreHHOe BMemaTeJibCTBO He 

M:oX<eT BhI3BaTh 3)],eCh cyIIJ,eCTBeHttoii: aKTIIBII3au,mi: 

3fI1 (oco6eHHO CB513aHHhIX c TepMOKapCTOM) II 

HapymeHII5l roMeOCTa3IICa JIIITOreHHOH OCHOBbl npII

pO):(HhIX KOMITJieKCOB. 

K HeycTonqJIBbIM OTHeceHbI ):(Ba TIIrra o6Jia

cTeii:. I1epBa5l - o6JiaCTb pa3BIITII5l MaJIOMOIIJ,HOro 

():(0 10 M) Jie.n;onoro KOMIIJieKca Ha IlOBepXHOCTII 

HaropHOH TeppaCbI (HY-7)' a BTopa51 - o6paM

JieHue 03ep Ha TeppacoyBaJiax (o6JiaCTh HY-8). 

3.n;ech rrplI HapymeHmr IlOKpOBOB B03MOX<Ha aKTII

BH3all,H5l TepMoKapcTa, 6aii:1J,X<apaxoo6pa3oBaHII5l u 

pa3JIH1IHbIX ¢opM 3p031III. 

Oco6o HeycTouqHBbI K TexHoreHe3y rroBepx

HOCTH II CKJIOHbI TeppacoyBaJIOB. H(:l ITOBepXHOCT5IX 

(OHY-9) maBHhIH II3MeH5IIOIIJ,Hii: npou,ecc - Tep-

MOKapCT, Be):(yIIJ,IIH K o6pa30BaHIIIO 3aMKHYThIX 

KOTJIOBIIH; Ha CKJIOHax (OHY-10) - He3aTy xa

IOIIJ,IIH TepMOKapcT' IIO)J,):(epX<IIBaeMblH repM03p0-

3IIeii:. 

ConpeMetttta5I Texttoretttta5I HapymeHHOCTh 

CB513aHa KaK c co6CTBeHHO )J,e51TeJihHOCThlO ropHoro 

npo1I3BOIJ,cTBa, TaK II c ero IIH¢paCTpyKTy poii:. B 
TOM L!IICJie B IIX Hepall,IIOHaJibHhIX II HeCaHKll,HO

HIIPOBaHHblX ¢opMax. Ha1I60Jiee CIIJihHhre napy

meHII5I ITOBepXHOCTII (70-100 % ) CKOHIJ,eHTpnpo

BaHhI B ):(OJIIIHe pyt.I. K10'-l10c II Ha yCTyne HaropHoii: 

TeppaChI, O)J,HaKO B CIIJIY ycTOHL!IIBOCTH 3TIIX Tep 

PIITOPIIH 3Hat.IIITeJibHhIX II3MeHeHIIH B reoJiorn'-lec 

KOii: cpe):(e II aKTIIBII3aIJ,IIII 3fI1 He Ha6mo1J,aeTC5I . 

IIIIIpoKa5I rroJioca CIIJihHhrx Hapymeu1Iii: ( 50 % 
IIOBepxHOCTII) T5IHeTC5I ITO TeppacoyBaJiaM. 3)],eCh 

IIOBCeMeCTHO llMeIOTC51 np1I3HaKII KJiyM60BH)J,HOI'O 

peJihe¢a, T.e. Hat.IaJihHOH CTa)J,IIII TepMOKapCTa. Ilo

JIOCa CIIJibHhIX HapymeHIIH o6paMJI51eTC5l MaJIOHapy

meHHbIMH Tepp1ITOplI51MII. 

3KoreoxIIMIIt.IecKoe onpo6osaH1Ie CBH):(eTeJih

CTByeT 0 ecTeCTBeHHO-HaIIp5IX<eHHOH o6craHOBKe B 

ocnosnhrx JiaH1J,ma¢THhIX cpe1J,ax. ECTecTneHnaSI 

Konu,enTpau,1I5l MHKpo3JieMeHTOB I II II rpyrrn TOK 

CIIKOJIOrlit.IecKoii: onaCHOCTll B npHpO):(HhIX BO)J,ax 

6JIII3KII K Kp1IT1It.IeCKIIM (B cpe):(HeM 0,86 IILl,K). 

Ha1IMeHhIIIYIO cTerrenh 3arp513HeHHOCTII IIMeIOT 

rpyHThI. I1p1I3HaKOB MaCCOBoro TexHoreHHOfO 3a

rp513HeHII5l He o6ttapyX<eHo. 

BblBOLl,bI 

p a3 pa6oTaHa MeTO)J,IIKa KpynHOMacmra6HhIX 

3KOJIOro-reOJIOflit.IeCKIIX IICCJie)J,OBaHIIH nJIOIIJ,a)J,eH 

PYJ:\Hhrx MeCTopoX<1J,eH1Iii: B Kp1IOJIIIT030He. MeTo

):(IIKa OCHOBaHa Ha re03KOJIOrlit.IeCKOH ou,eHKe COCT0 -

51HII5l II )J,IIHaMIIKH JiaH.n;ma¢THbIX, IIHX<eHepH o - reo

KplIOJIOI'IIt.IeCKIIX II reOXIIMIIt.IeCKHX ycJIOBIIH rrplI 

TeXHOreHHbIX B03)],eHCTBII5lX, xapaKTepHbIX )J,JI5l o c 

BOeHH5l MeCTopOX<):(eHIIH. OcHOBHhIM 3JieMeHTOM Me

TO):(IIKII 5lBJI51eTC5l paHX<IIponarrne Tepp1ITOpHH B 

npe):(eJiax MeCTopoX<):(eI-11151 H 30HhI ero BJIII5IHII51 no 

CTeneHII ycTOHL!IIBOCTII K TexHoreHHOMY nMerna

TeJihCTBy. Bbr1J,e1rn10TC5! 4 KaTeroplIII o6naCTeii: OT 

ycTOHt.IIIBhlx AO oco6o HeycToii:t.rnBhIX. K aYI<):(aSI 

o6JiaCTb pa3)],eJI5leTC51 Ha paiIOH!JI H yt.IaCTKII ' OT

JIIIt.IaIOIIJ,IIeC5l no KOMITJieKcy CBOHCTB reoJIOI'IIt.IeCKOH 

cpe):(hI no ne6Jiaronp1I51THhIM reo.rror1It.IeCKIIM rrpo --

11,eccaM II no B03MOX<HOH peaKil,IIII Ha X035I MCTB eH

HYIO 1J,e5ITeJihHOCTJJ. 

MeTO):(IIKa onpo6osaHa Ha npuMepe Kpy1rnoro 

30JIOTOPYAHOro MecTOpOX<):(eHII5l CeBepno:ii: .5IKyTIIII. 

CoCTaBJieHHa5l no pa3pa6oTaHHoii: MeTO):(IIKe 3KOJIO

ro-reoJior1It.IecKa5l KapTa xapaKTep1I3yeT coBpeMeH 

Hhle 3KOreOJIOrlit.IeCKIIe ycJIOBII5l IIJIOIIJ,a)J,H, IIX nplI

POAHYIO II TexHoreHHYIO cocTaBJI5IIOII\1Ie. Orm co

.n;epX<IIT nportt03 pa3BIITII5l 3fY )J,JI51 cu,eHap1I51 CJIO

X<IIBIIIeMC5l rrpaKTIIKH OCBOeHII5l MeCTOpOX<)J,eHH5l . 

KapTa 5lBJI5leTc5l ocHoBoii: ):(JI5l Be1J,eH1I5l 3KoJior lit.Iec-
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A.A. BACI!JlhEB, /{.C. /{P03/{0B 

Ta6nwua 1. Jlereu)J.a K JKOJioro-reoJioru'lecKou KapTe MecTopmK)J.enuH K10'110c 
A. CTEIIEHh YCTOHCJHBOCTH TEPPHTOPHH 

06nacT11 PaH:oHhI Y CJIOBHbIH 3HaK YqacTKH 
ycTOHtIHBOCTh I uH.n:eKc paHr HHJJ:eKC M~M~ HHJJ:eKC 
Y cToilq11B1>re y 1 Y-1 ................................. - -

................................. 
2 Y-2 ..... ..... ..... ....... .. ..................... ..... 

- -............... ....... .... ............. ..... ... 

3a Y-3a . . . . . 
1 Y-3a.1 . . . . . . . . . . . . . . . . 
2 Y-3a.2 ' . ' . ' . . . . . . . . . . 
3 Y-3a.3 ' . ' . ' ' . . . . . . 

36 Y-36 

•• •• ••••••••••••••••••••••••••••••••••••••••••••••• •• 

.' / . 1 Y-36.1 
.. ·· // . 2 Y-36.2 

YCJIOBHO- yy 4 YY-4 1 YY-4.1 
ycToilq11B1>re 2 YY-4.2 

5 YY-5 1 YY-5.1 
2 YY-5.2 
3 YY-5.3 

6 YY-6 

~~ 
1 ) -6 .1 

-6 .2 
3 -6.3 

HeycToilq11B1>re HY 7 HY-7 I I - -

I I 
I I 

8 HY-8 I I - -
I I 
I I I 
I I 

Oco6o OHY 9 OHY-~ - I -

HeycToilq11B1>re 9 
10 OHY-~ - -

-10 

~ 
- rpaH11u;1>r o6nacTeH: c pa31rn:qH1>IM ypoBH 

3KOJior11qecKOH ycToHqlfBOCTH 
,. 

rpaHHIJ;hI paHOHOB pa3HOrO paHra YCTOtt Ljj\j[tl\JC1...~ ...........- -

------ - rpaHHIJ;bI yqacTKOB c pa3JIJ1qHbIM KONfIIJieKro:;i,_~ C'_3..l}:__._ -
E. TEXHOFEHHAH HAPYllIEHHOCTb IJOBEPXHOCTJ!f 

HapyrneHHOCTh 5-25°/o 25-50°/o 
Tepp11Top1111 

HapyrneHHOCTH 110BepxHOCTI1 
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METO/f.JJKA JI PE3Y J!bTATbl KPYIIHOMACllITAEHblX 

0KOff'laHI1e Ta6JI. 1 
B. 3AFPJ/3HEHHE IIOBEPXHOCTH Zn®Hg - ToqeqHa51 ITpo6a ITO 6 MlIKp03JieMeHTaM. EyKBa B 

Pb B As u:eHTpe Kpyra - BH.Il: OITpo6oBaHHOH cpe,n:hI: B -
Sb Cd Bo,n:a; r - rpyHT; Ji: - ,n:oHHhie oca,n:KH; n - IToqBa; 

p - pacTHTeJihHOCTh 
YpoBeHh < 0.5 II,[(K 0. 5-1. 0 II,[(K 1-5 II,[(K > 5 II,[(K 

3arp513HeHH51 0 @ • • ,,,,,.. --.- ....- - ITOTeHu;HaJihHa51 o6naCTh 6hICTporo XHMJiqecKoro 
t _..~ 3arp513HeHH51 I" 

20 B Me)l{eHh 
M--Mr/n - MYTHOCTh peqHoro CTOKa: 

60 B ITaBO,n:OK 
r. COCTOJ/HHE H CBOHCTBA FEOHOrHqECKOH CPEJ(bl, 

3K30FEHHblE IJPOaECCbl (Ha 3KC11JlUI!. ) ' llll,UHX U 6pe3KllX 

Y-2 I IITK: 1, 10 HH,n:eKChI paH:oHa H IITK 
AneBponHThI 11 11x 3JIIOBHH 

Tz, eT2 (AO 2 M) 
reon. HH,n:eKc; COCTaB H 
MOI.IJ;HOCTh ITopo,n: 

I1oKa3aTenh YcnoBH51 ITOKa3aTenh 3KoreonorH-
3rY ecTeCTB. Hapyrn. *) qecKHx ycnoBHH: (3rY) 

t °C 
' 

-7 ... -9 - 7 ... -9 TeMITepaTypa MMII, °C 
CTC,M 1.2 ... 2.2 1.2 ... 2.5 MOI.IJ;HOCTh CTC, M 

p, r/cM3 2.6 ... 2.73 2.6 ... 2.73 ITJIOTHOCTh rpyHTa, r/cM 3 

. O;( 
Zm10I, o 0 0 nh,n:HCTOCTh 3a cqeT IDKJI 

Wc;:::;;;iBr, o/o 10 10 cyMMapHa51 BJia)l{HOCTh H 
rPVHTOBa51 Jlh.Il:HCTOCTh 

Ilpo11reccb1, o.e. ITOpa)l{eHHOCTh ITJIOI.IJ;a,n:H 
ITPou:eccaMH, ,n:onH e,n:. 

~ 0.3 0.7 conmpnIOKU:H51 
- 0.3 0.5 = 3a6onaqHBaHHe 

L HeT 0.3 3p03H51,TepM03p03H51 
--

0 HeT 0.5 TepMOKapcT 

~ HeT 0.3 ... 0.5 6aH:,n:)l{apaxH 

# 0.3 HeT ITOJIHroHaJihHOe 
pacTpecKHBaHHe 

- -.. OChIITH H o6BaJihI l 3-5 - -
,[:105 

KJIHHh51 Il)l{JI (BBepxy -
llIHpHHa ITO Bepxy, M; 
BHH3Y - BhICOTa KJIHHa, M) 

*) ITPH 100°/o-HOM HapyrneHHH ITOBepXHOCTH 
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A.A. BACHJihEB, ~. C ~P03~0B 

Ta6mn.1,a 2. 3KcnJiuKau;uu ,!J;JIH TunuquhIX paii:ouoB u yqacTKOB pa3uoii: cTenem1 ycr oEITI1rn ocTH 
Y-1, 2 nTK: 1, 10 

A.neepom1Tbl "1 "1X 
eT2, T2 311IOB"1M {AO 2 M) 

noKa3a- YC110B"151 

TeJlb 3rY ecTeCTB. Hapyw. 

t, °C -7 ... -9 -7 .. . -9 

CTC,M 1.2 ... 2.2 1.2 ... 2.5 

p, r/cM
3 2.6 ... 2.7 2.6 ... 2.7 

• Of. 
l n>KJ1' 10 

0 0 

Wc"'isr,% 10 10 

n p 0 4 e cc bl, a.e. 
\:::::,J HeT HeT 

L HeT HeT 

0 HeT HeT 

# HeT HeT 
HeT HeT . . 

l HeT 
- -

YY-6.2 nTK: 37 

Cynecb (2-5 M), Hi.1>Ke 
acn IV ra11bKa 

noKa3a- YC110B"151: 
TeIJb 3fY ecTeCTB. Hapyw. 

t, °C -7 ... -8.5 -5.5 ... -8 

CTC,M 0.8 ... 1.2 1.0 ... 1.5 
p, r/cM 3 1.3 ... 1.68 1.3 ... 1.68 

i n>Kih % . 0 0 

Wc"'isr,% 40 ... 100 40 ... 100 

n Po 4 e cc b1, a.e. 
\:::::,J HeT HeT 

- 0.7 0.7 ... 1.0 

L HeT HeT 

0 HeT HeT 
J'1- HeT HeT 

# 0.5 0.3 ... 0.5 

lHeT 
- -

HY-8 nTK: 26, 27, 28 

ad 111l·4 Cyneci.1 {> 20 M) 

n9K333- YcnOBi.151: 
TeIJb 3rY ecTeCTB. Hapvw. 

t, °C -8 .. . - 9 -8 ... -9 
CTC,M 0.6 ... 1.0 0.6 ... 1.0 
p, r/cM3 1.24 ... 1.8 1.24 ... 1.8 

i n>KJh °lo 25 25 

Wc"'isr,% 40 ... 130 40 .. . 130 

n p 0 4 e cc bl, a.e. 
\:::::,J 0.3 0.5 ... 1.0 

- HeT HeT 
L 0.1 ... 1.0 0.7 ... 1.0 

0 HeT 0.1 ... 0.3 
J'1- 0.5 ... 1.0 0.7 ... 1.0 

, 3-5 - -
AO 20 

Yen. o6o3H. CM. s rn6n. 1 
48 

Y-3a.2 nTK: 5, 6, 7, 13 

LUe6eHb aneepo-
c Ill-IV 11"1TOB (2-5 M) 

noKa3a- Ycnoei.151 

Tenb 3rY eCTeCTB. Hapyw. 

t, °C -7 .. . -9 -7 ... -9 
CTC,M 1.2 ... 2.0 1.2 .. . 2.4 
p, r/cM3 2.1 ... 2.35 2.1 ... 2.35 

i n>KJl• °lo 0 0 

Wc"'isr,% 5 .. . 20 5 ... 15 

n po 4 e cc b1, a.e. 
\:::::,J HeT HeT 

L HeT HeT 

0 HeT HeT 

# HeT HeT 
0.3 ... 1.0 0.7 ... 1.0 .. 

lHeT 
- -

Y-6.3 nTK:16, 29, 32, 33 ,34 

ad,p OTOpcpoeaHHbIM 
1112.4-IV cyrn"1HOK (5-10 M) 

noKa3a- Ycnoei.151: 

TeJlb 3rY ecTeCTB. Hapyw. 

t, °C -7 ... -8.5 -5.5 ... -8 
CTC,M 0.4 ... 0.8 0.4 .. . 1.4 
p, r/cM3 1.3 ... 1.48 1.3 .. . 1.48 

i nlK1l• % 0 0 

Wc"'isr.% 60 ... 160 60 ... 160 

n p 0 4 e cc bl, a.e. 
\:::::,J 0.3 0.5 ... 1.0 

- 0.3 0.3 ... 0.5 
L HeT 0.3 

0 HeT HeT 
J'1- HeT 0 ... 0.3 

# 0.1 .. . 0.3 0.1 ... 0.3 

l HeT 
- -

OHY-9 nTK: 17 

ad 111L·4 Cyneci.1 (Ao 35 M) 

noKa3a- YcnoBi.151: 

TeJlb 3rY ecTeCTB. Hapyw. 

t, °C -8 ... -9 -6 ... - 7 
CTC,M 0.6 .. . 1.0 0.8 ... 1.4 
p, r/cM

3 1.24 ... 1.8 1.24 ... 1.:8 

i nlKJ1• % 35 30 ... 35 

Wc"'is,.,% 40 ... 130 40 ... 130 

n p 0 4 e cc bl, a.e. 
\::::,/ HeT HeT 

- HeT 0.1 ... 0. 3 
L HeT 0.1 

0 HeT 1.0 
J'1- HeT 0.3· 

, 3-5 - -

- AO 35 

YY-6.2 nTK: 37 

t, °C 
CTC , M 
p, r/CM 3 

i nlK1l • % 

Wc"'isr.% 

\::::,/ 

L 

0 
# 

l ;-5 

, :-: 
.. :: - : : 

Cynecb (.2-5 M), 
H 11'>Ke rnn bKa 

Ycnosi.rn 
ecTe c1B. 

- 7 ... -8.5 
0 .8 .. . 1.2 

1 .. 3 ... 1.45 

Hapyw. 
-5.5 ... -7 
0.8 ... 1.4 

1 .3 .. . 1.45 
10 

60 ... 120 

0.3 

0.5 
HeT 

o. e. 
.•. 1.0 
9T 

.. . 0.5 
.5 
.3 



METO,l{lfKA If PE3YJibTATbl KPYIIHOMACllITABHblX 

KOro MOHHTop:irnra TeppMTOpmI MeCTOp0%)l,eHH5I H 

npHH5ITH5I ynpaBJI5IIOIIJ;HX peIIIeHHH no MHHHMH-

3ail,HH 3KOJIOrR<IeCKOro ym;ep6a OT )l,e5ITeJihHOCTH 

npeil,npH5ITH5I H ero HH¢paCTPYKTYPhl. 

MeTO)l,HKa )l,OnycKaeT HCilOJih30BaHHe rMC
TeXHOJIOrHH. 

raparyJrn JI.C . MeTo,1111Ka nporno3Hoi1 Of.\eHKH aHTponoreHHbIX 
H3MeHeH11i1 Mep3nornb1x ycnos11i1. M.; li3,11-so MrY, 1985, 
225 c. 
reo3KOJIOrHll Cesepa (sse,11eH11e B reoKpH03KOJiormo) I IT011 
pe,11. B.M. ConoMaT11Ha. M.; M3,11-Bo MrY, 1992, c. 270. 
roJIO,!IKOBCKall r.A., E.Jrncees IO.Ii. reonomqecKa11 cpe.11a npo
MbIIllJieHHbIX pai1oHos. M.; He11pa, 1989, 230 c. 
Jf3yqem1e HH)l(eHepHo-reoKp11onomqecK11x 11 m11poreo
nomqecK11x ycJIOBHi1 BepxHHX ropH30HTOB nopo,11 B Hecjnera3o
HOCHbIX pai1oHax KpHOJIHT030HbI: MeTo,1111qecKoe pyKoso,11crno I 
Ilo,11 pe,11. E.C. MeJibHHKOBa, C.E. rpeq11ll(eBa, A.B. IlaBJIOBa. 
M., He,11pa, 1992, 288 c. 
MeJihHHKOB E.C., MocKaJieHKO H.r., CTallleHKO A.H. KpynHo
H cpe,11HeMaCillTa6Hh1e KapThI peaKf.\HH reonomqecKoi1 cpe,!lhI 
KpHOJIHT030HhI Ha MexaH11qecK11e HapyllleH1111 I I reo3KO-

nor11qecK11e 11ccne,11onau1111 np11 HH)l(eHepHo-reonor11qecK11x 
C'beMKax. M ., BCErIIHrEO, 1992, c. 41-51. 
OcTpOBCKHH B.H., l.J;hmHHa M.M., KyJhMHHa JI.H . 01.\eHKa 
reo3KOJion1qecKoro cocT011u1111 reonor11qecKoi1 cpe,11h1 np11 coc 
TaBJieHHH perHOHaJibHbIX MeJIKOMaCillTa6HbIX re03KOJIOr11qeCKHX 
KapT I I reo3Konorw.iecKHe 11crne,11osan1111 np11 11m1<enepHo-reo
nomqecK11x C'beMKax. M .; BCEI'MHI'EO , 1992, c. 12-20. 
OCTpOBCKHH JI.A., OcTpOBCKHH B .H . Cso,11Ha11 neren,11a 11 MaKe
TbI reonoro-3KOJ10r11qecK11x KapT MaCillTa6a 1 :200 000 
1:100 000. M., BCErIIHI'EO, 1995. 
Tpe6osaHHll K reoJIOr0-3KOJIOrH'leCKHM HCCJie,!IOBaHHlIM H Kap
TOrpacjmpoBaHHIO. Maclllrn6 1: 1 000 000-1 :500 000. M., BCE
I'IIHI'EO, 1990a, 41 c. 
Tpe60B3HH5! K reOJIOr0-3KOJIOPH1ICCKHM HCCJie,!IOBaHHlIM H Kap
TOrpacjmpoBaHHIO. Maclllrn6 1 :200 000-1: 100 000. M., BCE
I'MHI'EO, 19906, 86 c. 
Tpe6osaHH5! K reOJIOr0-3KOJIOrH'leCKHM HCCJie,!IOBaHHlIM H Kap
rnrpacjmponaHHIO. Maclllrn6 1:50 000-1:25 000. M., BCE
I'MHI'EO, 19906, 127 c. 
U:apeu II.B. 06ll(He Tpe6osaHH5! K re03KOJIOrH'leCKHM HCCJIC,110-
BaHHlIM npH npOH3BO,!ICTBe HH)l(eHepHO-reOJIOfH'leCKHX H KOMTI
JieKCHbIX C'bCMOK I I reo3KOJior11'leCKHe 11crne,11osaH1111 np11 
HH)l(euepHo-reonor11'lecK11x C'heMKax. M., BCEI'MHI'EO, 1992, 
c. 7- 12. 

IIocmynwza 13 peaa1c11wo 
3 UIOJlR 1997 i. 

49 



HAYqHhIH )KYPHAJI 

KPMOC<DEPA 3EM JIM 

KpuocrjJepa 3eMJZU, 1997, T. 1, N~ 4, c. 50-53 

HA/{EJKHOCTh OCHOBAHHH H COOPYJKEH HH B 

Y1IET M3MEH1IMBOCTM KJIMMATA ITPM OEE 
HA,il;E)K.HOCTM OCHOBAHMfi COOPY)KEHHM B 

r. rr. IIycTosoi1T 

B CTp011TeJihHhIX HopMax 11 IlpaB11Jiax (CH11II ) smrnmie CJiy'IBiimD; c:;_~rot;ICSl 
coopy)!(eH11i1, B03B0):111Mb!X Ha MHOrOJieTHeMep3JibIX nopoi:1ax , )"!11TbIBaeTC.ll: >D•'ooi:~-'.;2~:E:::Jlll C:::1!'2i:mlll:ilL 
K03cj)(jJl1L(l1eHT BHOCl1T B pacqeT OCHOBaHl15! HeKOTOpb!H 3anac npo4Hocn~ . 

roJ1q11BOCTb BOnpeK11 He6Jiaronp115!THb!M CJiyqaJ1HbIM B03):1eHCTB l15!M' rrpe·: 
cTeneHh 06ecneqeHHOCT11 He MO)!(eT 6hITh OL\eHeHa np11 i:1erepM:mu-1CTHG 
Ha):le)!(H0CTl1 Bb]q!1CJil1Tb HeB03M0)!(H0, fI03TOMY OH Ha3HaqaeTC5! .,BOJJe 
npoeKT11poBaH115!. Bep05!THOCTHhii1 noi:1xoi:1 i:1aeT KOJI11qecrneHHy10 Mepy rap:a.Hn 

~-· 9:6241 5 

ORE 

ypoBeHb 6e3onaCHOCTl1 - 11 fI03BOJI5!eT CB5!3a Tb ero c K0:3cjlcjJ11L(l1eHTOM Ha eBHocru. ¢i"l1H:ll:CJ1c;;;;U::>EI!iil 3'~~.m-
CTblO, a 3Haq11r, 11 paccq11TaTh KO:JcjlcjJ11L(11eHT. B CTarhe npeAJIO)!(eH MeTOA ero IX!.l:::'R:Ta.. l!ID1ro;;.;Omil 
JierKo BKJIIOqeH B CH11II B Kaqecrne i:1onoJIHeH115! K coorneTcrny IOU\eMY nymcry. :M:ero 
TeMnepaTyphI 113-3a rJio6aJihHhIX 113MeHeH11i1 KJI11MaTa. 

Be'1.HOMep3JLble zpyHmb1, HaiJe)1rnocmb, puClc, onmuMU3a~UR, U3JtteHeHU.!l IC. 

ACCOUNT OF CLIMATIC CHANGE IN THE DESI . 
OF THE BASES OF STRUCTURES ON PERM.A.FROST SOD..S 

G. P. Pustovoit 

Moscow State University, Department Geology, 119899, Moscow, arobjovy Gory. 

In the government design standards (SNiP) permafrost bases of structures ol 
described in terms of coefficient of reliability. This coefficient has to provide a safety 
effect on the frozen base (the climatic factor first). But it is impossible to eval ua e the d 
calculate the coefficient of reliability, so it is set from the previous design ex per ience. . tirely, p;:obabili ty 
approach results in the quantitative characteristic of the degree of safety and gives i ·_ fun ·ona1 rela · ·p l'iih 
the coefficient of reliability, and now we are able to calculate this coe ffi cient. \ e have ro. oo culation 
procedure which can be added to the design standards. This procedure permits to ta e into a:oum bolh random 
temperature variations and its r egular global changes. 

Permafrost, reliability, risk, opt imization, climatic change 

CTpOHTeJihHhie csoil:CTBa seqHoMep3JihIX rpyH

TOB (.BMr) B 3HaqHTeJibHOH CTeneHH onpegeJI51IOTC51 

HX TeMnepaTypHbIM pe)KHMOM, npegcTaBJI5IIOIIIHM 

co6oil: npou,ecc, pa3BHBaIOIIIHHC51 BO BpeMeHH H 

nogsep)KeHHbIH CJiyqail:HbIM B031l,eil:cTBH51M, n03TO

MY H3MeHeHH51 HecyIIIeli crroco6HocTH H geci:Jop

Mau,HH OCHOBaHHH TaK)Ke 51BJI51IOTC51 CJiyqail:HbIMH 

npou,eccaMH, a HX CTOXaCTHqeCKHe CBOHCTBa H c:PaK

TOP speMeHH OKa3hIBaIOT pelllaIOIIIee BJIH51HHe Ha 

ycTOil:qHsocTh 3gaHHli H coopy)KeHHH. MeTogHKa 

pacqeTa OCHOBaHHH no npegeJihHbIM COCT051HH51M, 

HOpMHposaHHa51 B CTpOHTeJihHhIX HopMax H Ilpa

BHJiax (CHHil), C031l,aHa Ha OCHOBe onhITa CTPOH

TeJihCTBa Ha TaJiblX rpyHTax H He yqHThIBaeT Ha -

3BaHHbIX c:PaKTOpOB . .Il,JI51 npHMeHeHH51 ee K pacqe-

TaM BeqHOMep3JihIX OCHOBaBJrik n o CJie.[(HI1e H eo6-

XO!l,HMO paccMaTpHBaTh c no3~ T eo p .ITTI H a ll,e)K

HOCTH H3MeH5IIOIIIHXC51 CHCTeM , JI5I K OT OpbIX c:PaK

TOp BpeMeHH npHHil,HnHaJibHO Ba%eH H H e M O)KeT 

6hITb yqTeH BBegeHHeM K a K.HX- JIB6o egHHbIX K0-

3cPcPHil,HeHTOB, 3ag aIOIIIHX ll,OB e p HTeJihHhie rpaHH

Il,hl ll,JI51 Tex HJIH HHbIX na paM eT pOB . 

KoJIHqecTBeHHoe onH caHHe Hage)KHOCTH gaeT

rn cPYHKil,HeH, 3HaqeHHe KOTOpoH: B JII06oH: cPHK

CHpOBaHHblH MOMeHT BpeMeHH t paBHO B epo51THOCTH 

Toro, qTo BpeM51 6e30TKa3HOH pa6oTbl CHCTeMbl 

6ygeT 6oJibllle t. IlpH 3TOM nog 6e30TK a3HOCThIO 

nOHHMaeTC51 BbIIIOJIHeHHe ycJIOBHH rrpegeJihHhIX co

CT051HHH, qeM o6ecneqHBaeTC51 npeeMCTBeHHOCTb 

Bep051THOCTHbIX MeTOll,OB pacqeTa no OTHOilleHHIO K 

© r. rr. IIycToBoiiT, 1997 
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Y'!ET I13 MEH'-II1BOCTI1 KJII1MATA IIPI1 OEECIIE<JEHI1!1 HA!{E>KHOCTI1 

TeOpHH rrpe::r Th OCT05IHHH H MeTOL(aM pacl.!eTa 

no C HKII . Oo rrpe eneHHe cPYHKU:HH Ha}:(e)K-

HOCTH aH B { p ICmaJlea U 8p., 1988 ]. IlpH 

coxpaHeHJill B :'ffi Mep3JIOro COCT051HH51 rpyHTOB oc

HOB3HH51 ( rrpKBIJJilI I pacrrpeL(eJieHHe 1.!HCJia OTKa-

30B IIOJl.'IHH51eTC5I 33KOH)' IlyaccoHa H cPYHKU:H51 

Ha}:(e.IKHOCTH MO)KeT 6hITb rrpeL(CT3BJieHa B BHL(e: 

I 

P (t, y) = exp { - J m [y(r) ]dr} = 
0 

= exp [-tm (y)], 

r}:(e t - BpeM51, JieT; IIOCJieL(Hee paBeHCTBO crrpa

Be}:(JIHBO rrpH OTCYTCTBHH rno6aJibHbIX H3MeHeHHH 

KJIHMaTa, Koma y = const; m (y) - MaTeMaTHl.!ec

Koe OJKHL(aHHe 1.!HCJia OTK330B 3a e}:(HHHU:Y BpeMeHH; 

BHL( 3TOH cPYHKU:HH orrpeL(eJI.SieTC51 BHL(OM pacrrpeL(e

JieHH51 H crreKTpaJibHbIMH xapaKTepHCTHKaMH CJiy-

1.!3HHOro TeIIJIOBoro rrpou:ecca B OCHOBaHHH H 

rrepHOL(Hl.!eCKOH COCTaBJI51IOIIIeli; L(JI51 BellHOMep3JibIX 

OCHOBaHHH Mbl HaITIJIH 3TY cPYHKU:HIO H rrpHBeJIH ee 

K CJieL(yIOru:eMy BHL(y: 

m (y) =exp (-y2/2)/(y Yiii), (2) 

r}:(e y - xapaKTepHCTHKa 6e30II3CHOCTH OTHO-

rneHHe 3arraca rrpol.!HOCTH (HarrpHMep, Hecyru:a51 

crroco6HOCTb MHHYC Harpy3Ka) K cpeL(HeMy KBaL(

paTHl.!eCKOMY OTKJIOHeHHIO 3TOro 3arraca. 

XapaKTepHCTHKa 6e3orracHocTH, c OJ:IHOH CTO

poHhI, IIOJIHOCTbIO onpeL(eJI51eT HaL(eJKHOCTb CHCTe

MbI, c L(pyroli - CB513aHa npOCTOH cPYHKU:HOHaJibHOH 

3aBHCHMOCTbIO c Ko::i¢¢HU:HeHTOM HaL(eJKHOCTH. Co

rnacHo CHHil 3TOT K03cPcPHU:HeHT BHOCHT B pacqeT 

OCHOBaHH51 HeKOTOpbIH 3anac npOl.!HOCTH, npH3BaH

HbIH o6ecne1IHTb ero ycTOHl.!HBOCTb BonpeKH He6na

ronpH51THhlM CJiyl.!aHHbIM B03L(eHCTBH51M, npeJKL(e 

Beem KJIHMaTHl.!eCKHM. 0L(HaKO CTeneHb o6ecnel.!eH

HOCTH He MOJKeT 6hlTb ou:eHeHa npH L(e

TepMHHHCTHl.!eCKOM IlOL(XOL(e, H K03cPcPHU:HeHT Ha

L(e.IKHOCTH Bbll.!HCJIHTb HeB03MO.IKHO, Il03TOMY OH 

H33Ha1IaeTC51 ,,BOJieBbIM" nop51L(KOM, HCXOL(51 H3 

orrhrTa npoeKTHpoBaHH51. B CHHil 3TOT K0-

3cPcPHU:HeHT ,,pacru:enHJIC51" Ha HeCKOJibKO no-pa3-

HPMY Ha3brnaeMbIX H He3aBHCHMO Ha3Ha11aeMhIX 

K03cP¢HU:HeHTOB. Il03TOMY B L(3JlbHelirneM Mbl 6y

L(eM mBOpHTb 0 K03cPcPHU:HeHTe 3anaca, IlOHHMa51 

IlOL( HHM KOM6HHaU:HIO BCex ynOM51HYTbIX Ha3Ha1Ia

eMbIX K03cPcPHU:HeHTOB. CB513b Ko::i¢¢HU:HeHTa 3a

naca K c xapaKTepHCTHKoli 6e3onarnocTH L(aeTC51 

¢opMynoli: 

K = 1/(1 - Vy), (3) 

r}:(e V - K03cPcPHU:HeHT BapHaU:HH Hecyru:eli crroco6-

HOCTH (CM. HH.IKe). 

Bo3MO.IKHOCTb pacqern K03cPcPHU:HeHTa 3anaca 

KaK pa3 H CJIY.IKHT TeM ,,pa3'beMOM" (HJIH HHTep

¢elicoM) ' qepe3 KOTOpbIH Bep051THOCTHbie MeTOL(bI 

nerKo nOL(KJII01IaIOTC51 K CHHil, TaK KaK paccl.!HTaH

Hoe 3Ha1IeHHe K03cPcPHU:HeHTa 3anaca npOCTO IlOL(-

CT3BJI51eTC51 B yCJIOBHe npeL(eJibHOro COCT051HH51, He 

Hapyrna51 npHH51TOro nop51L(Ka pacl.!eTOB. 

Pacl.!eT Ha3BaHHhIX BeJIHl.!HH Tpe6yeT perneHH51 

Tpex B33HMOCB513aHHbIX 3a}:(a11: BO-nepBbIX, L(aTb 

¢opM3JlbHOe MaTeMaTHl.!eCKOe OilHCaHHe CHCTeMbl 

,,¢yHL(aMeHT-OCHOBaHHe" B BHL(e onepaTopa, nepe

BOJ:151ru:ero BXOL(Hble B03L(eHCTBH51 Ha Hee B BblXOL(

HyIO BeJIHl.!HHY - Hecyru:yIO cnoco6HOCTb, BO-BTO

pbIX , OilHCaTb CTOXaCTH'IeCKOe IlOBeL(eHHe CHCTeMbl, 

KOrL(a BXOL(Hble H BbIXOL(Hble BeJIHllHHbl 51BJI51IOTC51 

CJiyl.!aHHbIMH npou:eccaMH, B-TpeTbHX, B u:eJI51X 

npaKTHlleCKOH npHMeHHMOCTH pe3yJibTaTOB 

yrrpOCTHTb CJIO.IKHbie 3aBHCHMOCTH, npHL(aB HM BHJ:J; 

pacl.!eTHbIX ¢opMyJI, Ta6JIHU:, rpa¢HKOB. 

IlpH perneHHH nepBoli 33L(al.!H B OCHOBY nono

.IKeHhl pacqeTHhie cxeMhI H ¢opMyJihI CHttil, CB51-

3hlBaIOru:He Hecyru:yIO cnoco6HocTb c napaMeTpaMH 

TenJIOBOro pe.IKHMa H npOl.!HOCTHbIMH xapaKTepHC

THKaMH BMr. BTOpa51 3a,i:i;aqa perneHa MeToL(aMH 

MaTeMaTHl.!eCKOH TeopHH CJiyl.!aHHbIX npou:eccoB H 

HX Bbr6pocoB; npH 3TOM Yl.!TeHa ce30HHa51 H CJIY1I3H

H351 H3MeH1IHBOCTb He TOJibKO Hecyru:eli cnoco6-

HOCTH, HOH Harpy30K Ha OCHOB3HHe. B pe3yJihTaTe 

perneHH51 TpeTbeH 3a,i:i;a1IH IlOJiyl.!eH npe,i:i;CT3BJieH

HbIH 3L(eCb MeTOJ:J; pacl.!eTa. IlOCKOJibKY H3MeH1.!H

BOCTb Harpy30K HrpaeT BTOpOCTeneHHYIO pOJib H J:J;JI51 

KanHTaJihHhrx 3,i:i;aHHH MO.IKeT Boo6ru:e He yl.!HTbI

BaThC51, Mbl onyCTHM COOTBeTCTBYIOIIIHe 1.!JieHbI B 

pacl.!eTHbIX ¢opMynax, 1.!T06br He OTBJieKaTbC51 OT 

rnaBHoro. 

Pacl.!eT Ko::i¢¢ttn:tteHTa BapttaU:HH Hecyru:eli 

cnoco6HOCTH cyru:ecTBeHHO 3aBHCHT OT crroco6a 

cPYHJ:J;aMeHTOCTpOeHH51 H THna OXJia.IKL(aIOru:eli CHC

TeMbI. 3L(eCb Mb! paCCMOTpHM caMbIH pacnpOCTpa

HeHHbIH cnoco6 (c coxpaHeHHeM Bel.!HOMep3noro 

COCT051HH51 rpyHTOB) H THil CHCTeMbI (BeHTH

JIHpyeMoe no}:(nonbe). B 3TOM cnyqae HMeeM: 

0,9(-T
0
'/A )lf3aw 

V = -2T - C l=T (4) 
m,e m , e 

r;::i;e T m,e' T 0 ' - pacl.!eTHble TeMnepaTypbI BMf, 

onpe;::i;en51eMhle no yKa3aHH51M CHHil; a, A - cpe}:(

Hee KBaL(p3THlleCKOe OTKJIOHeHHe cpeL(Hero,i:i;oBOH 

TeMnepaTypbl B03,i:i;yxa H aMilJIHTYJ:la ee Ce30HHbIX 

KOJie6aHHli; w - K03cPcPHU:HeHT 3aTyxaHH51 cny-

1.!3HHbIX KOJie6aHHH TeMnepaTypbI c rny6HHOH, 

npe,i:i;cTaBJieHHbIH B BHJ:J;e rn6JIHU:bI; c - K03cP

cPHU:HeHT' 3aBHC51Iu:HH OT THIIa cPYHJ:J;aMeHTa H OT 

BHL(a rpyHTa, npe,i:i;CTaBJieHHbIH B BHL(e Ta6JIHU:bI. 

KaK HaHTH BTOpyIO BeJIHl.!HHY' BXOJ:151Iu:YIO B 

Bbipa.IKeHHe (3) - xapaKTepHCTHKY 6e3onaCHOCTH? 

Mepoli ycTOHllHBOCTH coopy.1KeHH5l cny.IKHT ypoBeHh 

Ha,i:i;e.IKHOCTH - 3Hal.!eHHe cPYHKI!HH Ha,i:i;e.IKHOCTH B 

KOHU:e HOpMaTHBHOI'O cpoKa 3KCilJiyaTaU:HH coopy

.IKeHH51 (T. e. Bep051THOCTb 6e30TKa3HOH pa6oTbI B 

Tel.!eHHe Beem 3Toro cpoKa). Eonee HarJI51J:IHhri1 

IlOKa3aTeJib - ypoBeHb pHCKa - J:J;OilOJIHeHHe ypoB

H51 Ha}:(e.IKHOCTH AO e,i:i;HHHU:bI, T. e . Bep051THOCTb 
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r.n. IIYCTOBOHT 

oTKa3a. KaKIIM JJ;OJDKeH 6bITh 3TOT ypoBeHb? )],JI5I 

coopy:tKeHIIH c BbICOKOH CTerreHblO OTBeTCTBeHHOCTII 

(c MOpaJibHOH OTBeTCTBeHHOCTbIO) OH MO:tKeT 6hITb 

3aJJ;aH (aopMIIpoBaH) KaK IICXOJ:IHhIH rrapaMeTp. B 

3TOM cJiyqae xapaKTepIICTIIKa 6e3orraCHOCTII orrpe

JJ;eJI5leTC5l II3 Bbipa:tKeHIIH (1) II (2). B 06II1eM :tKe 

cJiyqae ee cJie):(yeT orrpeJJ;eJI5ITh II3 pemeHII5l 

OIITIIMII3all,IIOHHOH 3a):(aqII, r,J:(e MIIHIIMII3all,IIII IIO):(

Jie:tKaT cyMMapHbie rrpIIBe):(eHHble 3aTpaThI Ha 

CTpOIITeJibCTBO II 3KCITJiyaTall,IIIO coopy:tKeHII5l, 

BKJIIOqa51 u.eHy pIICKa, KOTopa5I Bbipa:tKaeTC5l qepe3 

cPYHKil,IIIO HaJJ;e:tKHOCTII. cDopMyJia JJ;JI5l pacqern 

OIITIIMaJibHOro 3HaqeHII5l xapaKTepIICTIIKII 6e3orrac

HOCTII IlplIBO):(IITC5I K BII):(y: 

y
0 

= Y2 ln [(5 - 65/te )/EV] - 2V, (5) 

r,J:(e t - JJ;JIIITeJibHOCTb cpoKa 3KCIIJiyaTall,IIII, JieT; 

E - e 0606II1eHHblH 3KOHOMIIqecKIIH K03cPcPIIIl,IIeHT, 

orrpe):(eJI5IeMbIH KaK OTHOIIIeHIIe y):(eJibHOH CTOII

MOCTII C03):(aHII5l HeCyII1eH crroco6HOCTII (Il,eHa 

1 HblOTOHa) K CTOIIMOCTII coopy:tKeHII5l, rrpIIX0):(5I

II1eHC5I Ha e,J:(IIHIIIl,Y ero Beca. 

IlOJJ;CTaBJI5l5l 3HaqeHIIe (5) B Bbipa:tKeHIIe (3), 

IIOJiyqaeM OIITIIMaJibHOe 3HaqeHIIe K03cPcPIIIl,IIeHTa 

3arraca. KaK BII):(IIM, OHO 3aBIICIIT OT oqeHb MHOI'IIX 

¢aKTOpoB: KJIIIMaTIIqecKIIX, rpyHTOBbIX, OT Ha3Ha

qeHII5l II CTOIIMOCTII coopy:tKeHII5l II ):(JIIITeJibHOCTII 

ero 3KCIIJiyaTall,IIII, TIIIIa II rJiy6IIHbl 3aJIO:tKeHII5l 

cPYHJ:laMeHTOB, CTOIIMOCTII rrpOII3BO):(CTBa pa6oT. BbI-

5IBJI5leTC5l II xapaKTep OCHOBHblX 3aBIICIIMOCTeH. 

TaK, c poCTOM CTOIIMOCTII coopy:tKeHII5l II ):(JIII

TeJibHOCTII 3KCIIJiyaTall,IIII, corJiaCHO (5) II (1), pac

TeT OIITIIMaJibHblH ypoBeHb Ha,J:(e:tKHOCTII, a BMeCTe 

c HMM II K03cPcPIIU.IIeHT 3arraca. To eCTh ):(JI5l 6oJiee 

J:IOpororo coopy:tKeHII5l, B03BOJ:IIIMoro Ha 6oJiee ):(JIII

TeJihHhIH cpoK, 3KOHOMIIqecKII BbII'O,J:(eH 6oJibIIllIH 

3arrac rrpoqHOCTII, 06ecrreqIIBaIOII1IIH 6oJiee BhICO

KYIO Ha):(e:tKHOCTb (HarrpIIMep, B ycJIOBII5IX BopKyThI 

rrpII rrpoqIIx paBHbIX: ):(JI5l 12-3Ta:tKHOro )KIIJIOro 

3):(aHII5l K = 1,8, J:IJI5l 5-3Ta:tKHoro - 1,6, ):(JI5l Bpe

MeHHOro co cpOKOM 3KCIIJiyaTall,IIII 20 JieT - 1,4) . 

3To BIIOJIHe IIOH5ITHO, KaK II TO, qTO B 6oJiee 

xoJIOJ:IHhrx II cTa6IIJihHhrx KJIIIMaTIIqecKIIX ycJioBII5IX 

OIITIIMaJibHbIH K03cPcPIIIl,IIeHT 3arraca OKa3hIBaeTC5I 

MeHhIIIe (rrpII rrpoqIIx paBHbIX ycJIOBII5IX 1 , 6 ):(JI5l 

BopKyThr II 1,3 J:IJI5l 5IKyTcKa). 

He CTOJib oqeBII):(Ha 3aBIICIIMOCTh OT rJiy6IIHbI 

3aJIO:tKeHII5l cPYHJJ;aMeHTa. c rJiy6IIHOH BCe KOJie-

6aHII5l TeMrrepaTyphl 3aTyxaIOT II K03cPcPIIU.HeHT 

BapHall,IIH v y6brnaeT, a 3HaqHT B03pacTaeT OIITH

MaJibHOe 3HaqeHIIe xapaKTepHCTIIKII 6e3orraCHOCTH 

(II, KOHeqHO :tKe, ypoBeHb Ha):(e:tKHOCTH), HO TeMrr 

3TOro poCTa HII:tKe, qeM TeMrr CHH:tKeHII5l K03cP

cPIIU.HeHTa v, II03TOMY COrJiaCHO (3 ) OIITIIMaJibHbIH 

K03cPcPHil,IIeHT 3arraca CHII:tKaeTC5l. 3To MO:tKHO rrpo 

IIJIJIIOCTpHpOBaTb CJieJJ;yIOIIllIM rrpIIMepoM, paccqH

TaHHbIM B ycJioBH5IX BopKyThI. 
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,ll_mma csa11, M 6 8 10 

Ko:i¢¢111111eHT 3arraca 1,9 1,6 1,4 
Hecyw_a51 crroco6HocTh 62 100 144 
csa11, % 
q11rno cnai:i, % 190 100 60 

O&beM 6eTOHa, % 142 100 75 
Y poseHh Ha):le)!(HOCT11 0,975 0,985 0,991 
Y poseHb p11cKa 0,025 0,015 0,009 

KaK BHJ:IIIM, c pocTOM r Jiy6IIHhI rrorpy :tKeHH5I 

CBaH COKpaII1aIOTC5l 3aTpaTbl Tpy):(a H M aTepHaJIOB 

rrpH O):(HOBpeMeHHOM 3HaqiITeJibHOM IIOBbI IIIeHllH 

ypoBH5l Ha):(e:tKHOCTH (pHCK yMeHbIIIIIJIC5l rroqTH 

BTpoe), TOr):(a KaK IIOIIbITKa IIOBbICIITb 3TOT y poBeHb 

rryTeM yBeJIIIqemrn qttcJia CBali rrpttBeJia 6h1 K pocTy 

3aTpaT. IlpIIqHHa B TOM, qTo B rre pBOM CJiyqae 

K03cPcPHil,HeHT BapIIall,lllI v y M eHbIII3eTC5I , BO BTO

poM - HeT. 3aMeTHM, qTo K03cPcPHU.IIeHT V y MeHh

maeTC5l H rrptt rroHH:tKeHttH TeMITepaTy phr BMr, 

rrpllBOJ:15l K TOMY :tKe 3cPcPeK TY IIOBbIIIIeHII5l Ha):(e:tK

HOCTII rrpH COKpaII1eHHll 3aTpaT (B ):(a HHOM rrpIIMepe 

oxJia:tK):(eHIIe BMr Ha 1 ° coK paII1aeT pac x o A 6eToH a 

Ha 15 % II yMeHbIIIa eT y poB eHb pHCKa rroqTll 

B):(BOe). 

I1TaK, 3KOHOMHqeCKII Il,eJiecoo6pa3HblM II Me

paMll IIOBbIIIIeHII5l y cToliq ffBOCTH 5IBJI5IIOTC5l OXJI3)K -

JJ;eHIIe BMr II y BeJIIIqeHtte r Jiy6 aHb1 3a Jio:tKe HII5l 

cPYHJ:13MeHTOB. IIocJie):(H ee YKa 3brnaeT Ha rrpettMy

II1eCTBO CBaHH bIX cPYH J:la M eHT OB n ep e CTOJI6 q aTbIMII 

II Ha u.eJiecoo6pa3HOCTb TaK n poeKTHpOBaTb KOHCT

PYKil,HII 3,J:(aHIIH, npe):(Ha3HaqeHHbIX K cTp OIITeJibCT

BY no npIIHil,IIIIY I, qTo6br HX M O:tKHO 6bIJIO onIIpaTh 

Ha cPYHJ:laMeHTbI c B03M O:tKHO I eHbIIIBM qlICJIOM 

3JieMeHTOB' C03):(aIOIIllIX H eo 6xo,llHMy 10 HeCYIIIYIO 

cnoco6HocTh 3a cqeT 6oJibrno:0: rJI 6IIHhI norpy

:tKeHH5l B BMr. 

IIpe):(JIO:tKeHHhrn M eTOJJ. pacqeTa rro3BOJI5leT yqecTh 

ll IlOTenJieHHe KJIIIM a Ta , eC.iIH OHO He ,, CJIIIIIIKOM 

CIIJibHOe " (KpHTepIIH ,J:(aH lllDKe) . c IIOBbIIIIeHIIeM 

TeMrrepaTy phr BMr H ecy II1a5I crro c o6H ocTb ocHo

BaHII5l 6y):(eT CHH:tKaTbC5I H B KaKOH -TO M OMeHT 

CTaHeT paBHOH Harpy 3Ke OT coop y:tKeHII5l (6y):(eT 

,,BbI6paH" Beeb 3anac rrp0qff0 CTH , 3aJio :tKeHHbIM B 

npoeKT K03cPcPIIIl,IIeHTOM K). 3nrM ,,KpHTIIq ecKIIM" 

MOMeHTOM HaII6oJie e Be p05ITHOfQ OTKa3a OCHOB3HII5l 

orrpe):(eJI5leTC5l cpe):(H5l5l JJ.OJirOBeqffOCTh. KpIITIIqec

KHM MOMeHT (KaK .11 Te~mepaTyp B M r B 3TOT 

MOMeHT) MO:tKHO HaHTH o 6 bJLlHbLv! p acq eTOM no 

CH.11II B K3:tKJ:IOM KOHKpeTHo. 1 c.nyqae, 3a ):(aBIIIIICh 

orrpe):(eJieHHhIM cu.eHapHeM rroTerr.n:emrn . 

EcJIM KpIIT.11qecKoe Bpe rn tc 1eHbIIIe cpoKa 

3KCIIJiyaTall,MM coopy:tKemrn te, 6 JJ;eM rOBOpH Tb 0 

,,CMJibHOM" IIOTerrJieHHII; ~!eHHO TaKOH CJiyqaH: 

6hIJI IICCJie):(OBaH HaMM q HCJieHHb rn MeT0):(3MII 

[XpycmaJZea u 8p., 1993 ]. )J,n:5l rrpRMeHeHM5I K 

3TOMY CJiyqaro aHaJIMTHqecKO[Q MeTO}J.a pacqeTa 

Tpe6yeTC5l ero c y IIJ,eCTB eHHa 5l rrep ep a 6oTK a , KOTO

pa5I celiqac Be):(eTC5I . 3 ):(eCb :tKe MbI paCCM OTpIIM 

,,cJia6oe" rroTerrJieHMe (tc > t, ) . 



Y'!ET J13MEH'!J1BOCTJ1 KJJJ1MATA TIP11 OEECflE'!EH11I1 HAl{E>KHOCTH 

KaK noKa3a1m pac1.1eThI, npH JIHHeMHOM TpeH)l.e 

TeMnepaTypbI B03)l.yxa 3aKOH H3MeHeHH5I xapaK

TepHCTHKH 6e3onaCHOCTH npaKTHl.leCKH He OTJIHlla

eTC5I OT JIHHeMHOro: 

y(t) = (1 - t/tc )y0 , (6) 

r)l.e HH)l.eKCOM ,,HOJib" o6o3HalleHO OTITHMaJibHOe 

3Hal.leHHe, paCCllHT3HHOe 6e3 TIOTenJieHH51. 

Bb1pa)J(eHH5I (1), (2) H (6) onHcbrnaIOT 3aKoH 

CHH)J(eHH51 Ha)l.e)J(HOCTH OCHOBaHH5I H3- 3a rJio6aJib

HOro TIOTenJieHH51 H Il03BOJI5IIOT H3MTH 3HalleHHe 

xapaKTepHCTHKH 6e3onaCHOCTH (a 3Hal.IHT, H K0-

3¢¢m.i;HeHTa 3anaca), KOTopoe Tpe6yeTrn 06ec

ne1.1HTh B Hal.laJihHblM MOMeHT. 3TO 3Hal.leHHe MO)J(

HO HaMTH H3 CJie)l.yIOIIJ,ero BTIOJIHe TIOH5ITHOro yc

JIOBlrn: npH a)l.eKBaTHOM y1.1eTe TIOTenJieHH51 ypoBeHb 

Ha)l.e)J(HOCTH )l.OJI)J(eH OCTaTbC51 TaKHM )Ke, KaKHM OH 

6hIJI 6es IlOTeTIJieHH51 npH OTITHM3JlbHOM 3Hal.leHHH 

(5) xapaKTepHCTHKH 6e3onaCHOCTH, T. e. 

P [t,, y(t)] = P (t,, Y
0
). 

flo)l.CT3BHB CIO)l.a (2) H comaCHO (6)' C)l.eJiaB 

3aMeHy dt = - (t/yo)dy, TIOJIYllHM: 

YT 

c f exp (-y2/2)/y dy = t, exp ( -y~/2), (8) 
YT - Yo1l 1c 

r)l.e YT - HCKOMOe ,,Tpe6yeMoe" 3HalleHHe. 3aMeHa 

nepeMeHHOM exp(-y2/2) = y npHBO)l.HT IlO)l.bIHTer

paJihHOe Bhlpa)J(eHHe K BHil.Y dy/ lny, T. e. HHTerpaJI 

(8) CBO)l.HTC51 K xopomo H3BeCTHOM cne11;HaJibHOM 

cPYHKIJ;HH - HHTerpaJibHOMY JIOrapmpMy, KOTOpbIM 

npH MaJihIX 3Ha1.1eHH5IX cBoero apryMeHTa xopomo 

npH6JIH)J(aeTC51 cPYHKIJ;HeM y/lny. IIocJie JIO

rapH¢MHpoBaHH51, npHBe)l.eHH5I IlO)l.06HbIX H OT6pa-

CbIB3HH51 MaJibIX llJieHOB IlOJIYllHM Hal.laJibHOe 3Ha

lleHHe xapaKTepHCTHKH 6e3onaCHOCTH, Tpe6yeMoe B 

ycJIOBH51X noTenJieHH51: 

t t 
YT = y0 [1 + t + 2ln (1 - t) (t/tc )/y~J . (9) 

IlO)l.CT3BHB 3TO 3HalleHHe B (3)' HaM)l.eM on

THM3JlbHbIM K03cPcPHIJ;HeHT 3anaca, KOTOpbIM Tpe6y

eTC51 06ecne1.1HTh c y1.1eTOM 6y)l.yIIJ,ero noTenJieHH51. 

B Ka1.1ecTBe npHMepa MhI pacc1.1HTaJIH onTH

MaJihHble 3Ha1.1eHH5I K03cPcPHIJ;HeHTa 3anaca )l.JI51 

)J(lfJibIX 3)l.3HHM (cpoK 3KCTIJiyaTaIJ;HH 50 JieT)' B03-

BO)l.HMbIX no rrpHHIJ;Hrry I B ycJIOBH51X, xapaKTepHbIX 

)l.JI51 pa:H:oHa BopKyThI, rrpH pa3JIHllHOM TeMne 

TIOTerrJieHH51 (3HalleHH51 K 6e3 IIOTerrJieHH51 B351Tbl H3 

rrpHBe)l.eHHhlX Bhime npHMepoB) . 

TeMn Ko:icjJcjJ111.(11eHT 3anaca K JIJUI 3J1aH11i1: 
noTenJJeH11ll, 5-:JTa)KHOro 12-3Ta)l{H0rQ 

rpa):l/r 

0 1,6 1,8 

0,02 1,8 2,0 

0,03 2,0 2,3 

0,04 2,2 2,7 

XpyCTaJieB JI. H., IIyCTOBOHT r. II. BepOSITHOCTHO-CTaTl1CTl1-
ljeCKl1e pactJeTbl OCHOBaHl1H 3):1aHl1H B Kp110Jll1T030HC. Hoeo
C11611pcK, HayKa, 1988, 253 c. 
XpycTaJieB JI. H., IIyCTOBOHT r. II. Ha]:le)l{HOCTb 11 ):IOJJrOBelJ
HOCTb OCHOBarrnl1 11H)l{eHepHh!X coopy)l{eHl1H Ha BelJHOMCp3JJblX 
rpyHTax B ycno011S1x rno6aJJhHOro noTennerrnll KJJ11MaTa I I Oc
HOBaH11ll, cjJyHgaMeHTbr 11 Mexan11Ka rpyHTOB, 1993, N~ 3, 
c. 10-13. 

IlocmynUJta 6 peiJaiw,wo 
30 .MW! 1997 ~ -
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TEPMOCTAEIIJIII3AIJ.IHI CBAHHbIX <I>YHJ_I;AMEHTOB 
JIOKAJibHOro COOPY)J(EHII51 HA MEP3JlbIX rPYHTAX 

5£.B. ropeJIIIK, B.H. <DeKJIIICTOB, A .H. HecTepos 

Jfltcmumym JCpuoclfJepbl 3e.MJZU CO PAH, 625000, T10.Me11b, al R 1230, PoccuR 

Y,[(K 624.139 

B COOTBeTCTBl111 c yCTaHOBJJeHHblM11 HaM11 11pwrnHaM11 ):lecjJopMal.\1111 CBaHHblX cjJyH):laMeHTOB (He):IOCTa TO'l
Ha5! rny611Ha 11orpy)l{eH115! 11 TIJiaCTl1'1HO-Mep3JJOe COCT05!Hl1e TIY'll1Hl1CTOro rpyHTa) npe):IJJO)l(eH KOMnJJeKC 
Meponp115!Tl1H no TepMOCTa611JJl13al.\1111 rpyHTOB OCHOBaH11i1 3Tl1X cjJyH):laMeHTOB. KoMnJJeKC Meponp115!Tl1H BKJJIO
qaeT n nepnooqepe):IHOM 11op5!J:1Ke 11cnOJJh30naH11e cpe):ICTB no nott11)1{ett1110 TeMnepaTypb1 rpyttrn ):IO rnep):loMep3-
JJOro COCT051Hl151 (c I10MOII.\bl0 TepMOCl1cjJOHOB) 11 nocJJe):lyIOII.\ee 3a 3Tl1M 11p11MeHett11e neHHOro noKpblTl15! no 
nonepXHOCTl1 rpyttrn B npe):leJJaX KOI-!Typa cjJyH):laMeHTOB /1Jl5! yc11JJeH115! :icjJcjJeKTa OCTaTO'II-IOro OXJJa)l(11ett115!. 

BhmOJJHeHHhie pac'leThI 11 nocne):ly10ll.\11e 1-ia6n1011ett111I 110Ka3aJJ11, 'ITO 11pe11naraeMa5! cxeMa TepMo
crn611n113al.\1111 06ecneq11naeT Tpe6yeMoe 3Ha'lett11e oCTaTO'lttOro oxnalK11ett115! n npe):lenax -0,5 °C, '!TO c y '-!eTOM 
Ha'!aJJbHOH TeMnepaTypbl rpyttrn /IOCTaTO'-!HO llJl51 nepeBO):la 11X B rnep110Mep3JJOe COCT051Hl1e. 

Ilpone):letttth1e n 1996 r. 1-1a6JJ10J:1eH115! cpa3y norne 311Mttero nep11o):la oxnalK11ett115! TepMoc11cjJottaM11 11 
yCTpOHCTBa TenJJOl130JJ5ll.\1111 B Irn'-!aJJe JJen1ero Ce30Ha noKa3aJil1, '!TO B OCHOBaHl111 ncex CBaHHblX KYCTOB 
1-raKOnJJeHbl Cyll.\eCTBeHHbie 3anaCbl XOJJO/la 11 myforna ce30HHOro OTTal1BaHl15! rpyHTa B npe11enax CBai1HbIX 
cjJyt111aMeHTOB KOHI.\Y JJeTa yMeHbUll1JJaCb Ha 1,5-2 M no cpaBHemuo c npe/lbl/IYII.\11M rO):\OM. 1-ITo 1103BOJJ l1 JJO 
CHl1311Tb aKTl1BHblH CJJOH 11ei1CTBl15! Cl1JJ ny'leHl151 Ha cPYH/laMeHTbl 11 Ha COOTBeTCTBYIOII.\YIO BeJJl1'111HY y seJJ 11'-!11Tb 
):\Jll1HY aHKepHOH '-!aCTl1 CBai1. 

Ha6mo11eH115! 3a noBe):\eH11eM TepMOCTa611JJl1311ponaHHblX TaK11M o6pa30M OCHOBaHl1H cjJy H):laMeHTOB npO):IOJJ 
)l{aIOTC51. 

MepJJZbtii ipyflm, CBaR, mep.Mocma6JZuJau,uR, mep.Mocul/Jofl, neHa, menJZouJOJl5!U,UOflHOe no1Cpb1mue 

STABILIZATION OF THE PILE BASIS OF THE LOCAL STRUCTURE ON THE FROZEN GROUND 

Ya.B. Gorelic, V.N. Feclistov, A .N. Nesterov 

Earths Cryosphere Institute SB RAS, 625000, Tyumen, 1230, R ussia 

According to the reasons, of deformation instablished by us, of the pile bases (insufficien t depth of imbedding 
and plastic-frozen state of the frost heave ground) a complex of measures on thermostabili zation of the groun d of 
these bases is offered. The complex of measures includes in the prime order use of tools on lowering tempera ture 
of the ground up to hard-frozen state (with the help of thermosyphon) and consequent applica tion of foam cover 
on the surface of the ground within the limits of outline of the bases for enhancing the effect of residual cooling. 

Our calculations and consequent observations have shown that the offered scheme thermostabilization 
provides the required value of residual cooling within -0.5 °C, which in view of initial temper ature of the ground 
is sufficient for changing them into hard- frozen state. 

The observations, carried out in 1996, immediatily after winter period of cooling by thermosyphon and 
thermoinsulation devices at the beginning of summer season have shown that in the base of all pile of bushes 
essential stores of cold are accumulated and the depth of seasonal thawing of the ground wi thin the pile bases to 
the end of summer decreased by 1,5-2 M in comparison with the previous year. This allowed us to decrease the 
the active layer of operation of frost heave forces on the bases and to increase the anchor leng1h of a part of piles 
by corresponding value. 

The observations of the behavior of thermostabilized ground bases are in progress. 

Ground freezing, pile, thermal stabilization, thermosyphon, foam, thermalinsulation, cover 

BBE,ll;EHIIE 

B p51,n:e cJiyqaeB rrpn 3KCIIJiyaTaU:HII rnaliHhIX 

¢yH,n:aMeHTOB JIOKaJihHhIX coopy:>KeHIIH CTaHIJ;IIH 

pa,n:nopeJJeHHhIX JIHHHH OTMeqaIOTC51 cy~eCTBeHHbie 

e:>Kero,n:Hhle .n:e¢opMau:nn. JlnKBII,n:au:mr rrocJJe,n:

CTBHH 3THX .n:e¢opMaU:IIH rrpnBo,n:IIT K y,n:opm1<aHIIIO 

3KCIIJJyaTaIJ;IIH CTaHIJ;HH II yxy,n:meHHIO KaqeCTBa HX 

pa60Thl. 

KaK rrpaBIIJIO, TaKIIe cTaHIJ.Jil'[ pa :a ;i YKeHhI B 

palioHax 3aJJeraHII51 BhICOKOTeMIIepa . HblX r p y H

@ 51.BSopeJI11K, B.H. <l>eKJIHCTOB, A.H. HecTepos, 1997 
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TOB, Haxo,n:51~HXC5I B IIJiaCTl'ftIBQ-_ (XL"I 

51HIIH. CJJmKHhie HH:>KeHepHo-reo iJOI'lI'J cJJo-

BHSI B coqeTaHHH c OTKJIOHeHl'I51MH a 
Tpe6oBaHIIH npII B03Be,n:eHRH CBail::BHx ' 



TEPMOCT AEI1JII13Al{I1Jl CBAHHhlX C/JYH/(AMEHTOB 

TOB np:irnem;i: K npaKnPieCKH aBapHHHOMY HX coc

T051HHIO Ha ,1:1aHHbIH MOMeHT. 

IT poBe,1:1eHHh1e B nepno,1:1 1995-1996 ro,1:10B 

06cJie,1:10BaHHe COCT051HH51 CBaHHhIX cPYH,l:laMeHTOB Ha 

o,1:1tto:H: H3 TaKHX cTami;n:H: B 120 KM ceBepttee r. Ho

BhIH YpeHro:H: noKa3aJio cpo•rny10 Heo6xo,1:1HMOCTh 

npoBe,Z:leHH51 cneIJ;HaJibHhIX MeponpH51THH no TepMO

CTa6HJIH3aIJ;HH rpyHTOB OCHOBaHHH c IJ;eJihIO npe,1:10T

BpaII1eHH5I ,1:1aJihtte:H:me:H: nx ,1:1eclJopMaIJ;HH. Ilpe,1:1-

BapnTeJihHhie pe3yJihTaThl no TepMOCTa6HJIH3aIJ;HH 

TaKHX cPYH,l:laMeHTOB H3JiaraIOTC51 B ,1:1aHHOH pa6oTe. 

MH)KEHEPHO-rEOJIOrMqECKA51 
XAPAKTEPMCTMKA IIJIOrn;A,U:KM 

CTaHIJ;H51 pacnoJio:>KeHa B 120 KM ceBepttee 

r. HoBhIH Ypettro:H: Ha Bo,1:1opa3,1:1eJihHOM Y'IaCTKe 

,l:IOJIHHbl p. IJyp. 

TeppHTOpH51, npttJiera10II1a5I K nJIOII1a,1:1Ke, 6yr

pnCTa51, paCTHTeJibHbIH noKpOB npe,1:1cTaBJieH Kyc

TapHHKOM KapJIHKOBOH 6epe3bl, 51ro,l:IHHKOM, MXOM. 

IloBepxHOCTb xapaKTeptt3yeTC51 6JIH3KHM pacnOJIO

:>KeHHeM rpyHTOBhlX B0,1:1, BCTpeqaIOTC51 TepMOKap

CTOBhie o6pa30BaHH51. IloBepxHOCTb HMeeT YKJIOH B 

ceBepHOM ttanpaBJieHHH, npeBhimettne Bepxtte:H: 

TOqKH Ha,1:1 HH:>KHe:H: B npe,1:1eJiaX nJIOIIJa,Z:IKH COCTaB

JI51eT npnMeptto 1,2 M. Pa:H:ott pacnoJIO:>KeHH51 nJio

II1a,Z:1KH OTHOCHTC51 K 30He HeCnJIOillHOro pacnpocTpa

HeHH51 MHOroJieTHeMep3JihlX nopo,1:1 [Eay11w1., 1995]. 
B npe,1:1eJiax nJIOII1a.L1KH MOXOBOH noKpoB 3HaqnTeJib

HO HapymeH, MeCTaMH noKpbIT Bb16ypeHHbIMH 

nopo,1:1aMH, cTponTeJihHhIM MycopoM. B6JIH3H KYCTOB 

CBa:H: pacTHTeJihHbIH noKpOB OTCYTCTByeT, noKpbIT 

CJIOeM Bh16ypeHHhIX nopo,1:1. B6JIH3H cBa:H: HMeIOTC51 

KOHycoo6pa3Hbie nOHH:>KeHH51, 3anOJIHeHHbie BO,l:IOH, 

,1:1peHa.1K OTCYTCTByeT. 

Jia6opaTOpHoe HCCJie,Z:IOBaHHe KepHOB, OT06-

paHHhIX B npe,1:1eJiax KOHTypa nJIOIIJa,l:IKH c pa3-

JIHqHhlX rJiy6ttH, noKa3aJIO, qTo rpyHTbl OCHOBaHH51 

HaX0,1:151TC51 B nJiaCTHqHo- Mep3JIOM COCT051HHH. I1x 

TeMnepaTypa Ha rJiy6ntte 3a,1:1eJIKH HH:>KHero TOpIJ;a 

CBa:H: He npeBhimaeT -0,6 °C (Ta6JI. 1). 

Ta 6 n 11 ~a 1. <l>HJHqecKHe xapaICTepHCTHKH rpyHTOB 

06'heMHhIH TeMnepa-
fny611Ha 

Knacc11- sec 
CyMMapHaSI Typa Ha-

oT6opa 
qrnKa~11S1 

snaJKHOCTh' qana 3a-
npo6, M CKeneTa , 

,11on11 e,11 . Mep3aH11S1 , Kr/M3 
' C 

0,75-1,5 Cynech 1200 0,35 -0,04 
CTh!fleBaTaSI 

3,5-5 Cyrn11HOK 1400 0,31 -0,06 

CorJiaCHo [CHuII 11-18-76, 1997], TeMnepa

Typa nepexo,1:1a ,1:1aHHOro THna rpyHTOB B TBep,1:10Mep-

3JIOe COCT051HHe COCTaBJI51eT - 1 °C. 

XAPAKTEPMCTHKA <DYHJJ:AMEHTOB 
COOPY)KEHM51 

Cl>yH,Z:laMeHTbl CTaHIJ;HH npe,1:1cTaBJI5IIOT co6o:H: 

n51Tb KYCTOB CBa:H:, y,1:1aJieHHbIX ,1:1pyr OT ,1:1pyra Ha 

pacCT051HHe 40-50 M. 0,l:IHH H3 KYCTOB 51BJI51eTC51 

IJ;eHTpaJihHOH onopo:H: MaqThl, OCTaJihHhie - aHKep

Hhie cPYH.z:laMeHThI OTT51:>KeK. KycT IJ;eHTpaJihHo:H: 

onopbl HMeeT 6 nOJihlX MeTaJIJIHqecKHX CBaH, nor

py:>KeHHbIX Ha my6ntty OT 4 ,1:10 6 M. KycThI ciJyH,1:1a

MeHTOB OTT51.IKeK HMeIOT no 8 aHaJIOrnqHbIX CBa:H: c 

ciJaKTHqecKOH my6HHOH norpy:>KeHH51 OT 3 ,LIO 6 M. 

B npe,1:1eJiax Ka:>K,1:1oro KycTa CBaH o6B513aHhI poCT

BepKoM. Ba:>KHOH oco6eHHocThIO cBaHHhIX KYCTOB 

51BJI51eTC51 HX OTHOCHTeJibHO MaJia51 npOT51:>KeHHOCTb 

B IIJiaHe 3x3,5 M. CorJiacHo npoeKTHOH ,1:10KyMeH

TaIJ;HH npe,1:1JiaraJIOCb ocyIIJ;eCTBJl5ITb OXJia:>K,1:1eHHe 

rpyHTOB OCHOBaHH51 nyTeM npHHY.z:IHTeJihHOH IJ;Hp

KY JI511l;HH B03,l:lyxa qepe3 IIOJIOCTh CBaH B 3HMHee 

BpeMH ro,1:1a B TeqeH11e Bcero cpoKa 3KCnJiyaTaIJ;1111 

CTaHIJ;HH, qTo B ,1:1eHCTBHTeJibHOCTH He 6hlJIO ocyII1e

CTBJieHO. B pe3yJihTaTe Ha npoTH:>Kemrn: ,1:1ecHTH JieT 

3KCnJiyaTaIJ;HH CTaHIJ;HH Ha6JIIO,l:laJIHCb ,1:1ectJopMaIJ;HH 

nyqeHH51 CBaH cPYH,l:laMeHTOB OTT51:>KeK MaqTbl c 

HHTeHCHBHOCThIO np11MepHO 30- 50 MM/r. 3TH ,1:1e

clJopMaIJ;HH HOCHJIH HepaBHOMepHbIH xapaKTep, qTo 

Bhl3hIBaJio 3aMeTHbie If3rH6hI pOCTBepKOB . ,IJ;eciJop

MaIJ;HH cPYH,l:laMeHTOB IJ;eHTpaJibHOH onopbl BH3yaJih

HO He cPHKCHPYIOTC5I, HO 3aMeTHhl npH HHCTpyMeH

TaJibHOM Ha6JIIO,Z:leHHH H 51BJl51IOTC51 oca,1:1KaMH c Ma -

JIOH HHTeHCHBHOCTbIO (< 1 MM/ r) . 

IlpHqHHhI, Bhl3hIBaIOIIJHe pa3BHTHe ,1:1ectJopMa

ll;HH cPYH,l:laMeHTOB, 3aKJIIOqaIOTC5I B Heco6JIIO,l:leHHH 

TeMnepaTypHoro pe.IKHMa rpyHTOB OCHOBaHH51 H He

,1:1onorpy:>KeHH5I qacTH CBa:H: ,LIO npoeKTHOH OTMeTKH. 

KOHCTPYKl..I,H51 CMCTEMhI 
TEPMOCTAEMJIM3AII,MM 

B cooTBeTCTBHH c ycTaHOBJieHHhIMH npnqn

HaMH ,1:1ec1JopMaIJ;HH, pa3pa6oTaHHhIH KOMnJieKC Me

ponpmITHH no ycTpaHeHHIO HeraTHBHhIX npoIJ;eCCOB 

BKJIIOqaJI B nepsooqepe,1:1HOM nop5I,1:1Ke HCIIOJih30-

BaHHe cpe,Z:ICTB no IIOHH:>KeHHIO TeMnepaTypbl rpyH

TOB ,LIO TBep,1:10Mep3JIOro COCT051HH51 H ee CTa6n

JIH3aIJ;HIO Ha 3a,1:1aHHOM ypOBHe. IlpHHIJ;HnhI TaKOH 

TepMOCTa6HJIH3aIJ;HH H3JIO.IKeHbl B MOHOrpaciJHH 

[Epuwe u ap., 1991 ]. OcHOBHhlM cpe,1:1CTBOM ,Z:IJI5I 

IIOHH:>KeHH51 TeMrrepaTyphI rpyHTOB BbI6paH Tep

MOCHcPOH Ce30HHOro ,1:1e:H:CTBH5I, 3cPcPeKTHBHOCTh 

,1:1eHCTBH5I KOTOporo B aHaJiornqHbIX CHTyaIJ;H5IX 

MHOroKpaTHO npOBepeHa [B5ZJZ06 u ap., 1979; Tap
ZYJlflH, 1976; MaKapoe, 1985 ]. 0,1:1ttaKo CJIO:>KHOCTh 

,1:1aHHOro KOHKpeTHOro CJiyqa51 3aKJIIOqaeTC5I B Ma

JIOH rrpoTH:>KeHHOCTH CBaHHhIX KYCTOB B nJiaHe. KaK 

noKa3aHo [I'opeJZUK u ap., 1984; Gorellik, 1996 ], 
ocTaToqttoe oXJia:>K,1:1ettne B KOHIJ;e JieTHero nepno,1:1a 

B OCHOBaHHH IIJIOII1a,Z:1KH c pa3MepaMH B nJiaHe 

Mettee qeM 12x 12 M MO:>KeT OKa3aTbC51 He,l:IOCTaToq

HhlM ,Z:IJI51 nepeso,1:1a rpyHTOB B TBep,1:10-Mep3JIOe coc

T051HHe. ,I:l;JI5I yrnJieHH51 3cPQJeKTa ocTaToqttoro 

oxJia:>K,1:1eHH5I rryTeM npe,1:10TspaII1eHH5I pa3orpeBa 

rpyHTa c ero IIOBepxHOCTH B JieTHee speM51 ro,1:1a 

HCnOJib30BaHO neHHOe IIOKpbITHe no ero nosepx-
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51.E. TOPEJIJfK, B.J-!. cJJEKJ!JfCTOB, A.H. HECTEPOB 

P11c. 1. 06UJ,HH BH,D, cflytt,D,aMettTa IWHTpaJJbHOH onopb1. 

HOCTH B rrpegeJiax KOHTypa cPYHAaMeHTOB. TieHH Oe 

IIOKpbITHe HaHOCHTC5I no rpyHTY B BH,D,e )[(H,ll,KOM 

IIYJibIIbI, KOTOpa5I rrpeBpaIIIaeTC5I B TBepgyIO rreH

HYIO Macey B Tel.IeHtte l.faca. 3¢¢eKTHBHOCTb rreH

HOll: TeITJIOH30JI5I1IHH H ee ycTOMl.fHBOCTb K BHeIIIHHM 

B03,D,eMCTBH5IM rrpoBepeHa B ycJIOBH5IX IJOJIHroHa Ha 

IJOJiyOCTpOBe fbI,IJ,aH [CfJeKJlUCmOG U 8p., 1989; 
Feclistov et al., 1996 ]. 

TieHHblM 3KpaH rrpeg cTaBJI5IeT co6oll: CJIOM IIO

JIHMepHOM rreHbl Ha OCHOBe Kap6aMHAOcPOPMaJib

AerH,D,HOM CMOJihI MapKH K<D-MT. YcrnHOBKa 3Kpa

HOB Ha Ka)[(,ll,OM H3 CBaMHbIX OCHOBaHHM ocyIIIeCTB

JI5IJiaCb c IIOMOIIIblO rrepe,D,Bll)[(H OH rreHoreHepn

PYIOIIIeM ycTaHoBKH. 06IIIa5I rrJioIIIaAb ycTaHOBJieH

HhIX rreHHbIX 3KpaHOB COCTaBHJia 250 M 2 (no 50 M 2 

Ha KycT). 

IIAP AMETPbI CBE.IKEIIOJIYqEHHOti IIEHbI 

KpaTHOCTh .... • 

Tom1-11-1Ha CJIOll . . . 

,I1_1-1cnepcHocTh neHhr . 

IlJIOTHOCTb neHbl . 

Ha'IaJihHall BJialKHOCTh 

IlJIOTHOCTb neHhl B B03):1YWHO - cyxoM 

COCT051HHH . ... .. . . . 

IlpO'IHOCTb B B03,LIYW HO-cyxoM 

10-14 
20 CM 

0,1-0,25 MM 

70-100 Kr /M3 

,1.10 400 Bee. % 

14-20 Kr/M3 

COCT051HHH . . . . . ):10 0, 1 Mila 

Ko:icjJcjJHI\HeHT Te n JionpoBO):IHOCTH 

B B03).IYWH O-cyxoM COCT051HHH . . . 0,03 BT/M. rpa,1.1 

BbIITOJIHeHHhie pacl.IeThI TeMrrepaTypHoro pe

)KHMa rpyHTOB IIOKa3aJIH, '-ITO rrpegJiaraeMa5I cxeMa 

TepMOCTa6ttJIH3aIJHH AOJI)[(Ha o6ecrrel.J:HT.b Tpe6ye

MOe 3Hal.feHHe OCTaTOl.J:HOro OXJia)[(,D,eHH5I B rrpege-
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Jia X - 0,5 °C, '-ITO C Yl.J:eT011 Haq TeMTiepaTy-

pbI rpyHTOB ,ll,OCTaTOl.J:HO ,!l.lli! II BO.:I HX B TBep g o-

Mep3JIOe cocT05IHtte. KoHCTp 'TKBBoe H CIIOJIHeHtte 

CHCTeMbl TepMOCTa6HJIH3aIJ;K11[ B ;noqae-r rrapO)[(H,ll,-

K OCTHbi e TepMOCHcPOHbI ,!].Ha lfeTpo ' B KO-

JIJl'-IeCTBe 1 TepMOCHcPOH Ha ~ B IO CBaIO 

H rreHHbIM TepMOH30JIHp yroIIIl'l:H 3 ' pan no lIOBepx

HOCTH rpy HTa c BbIXO,!l.O 1 33 rrp e I K OHTypa 

cPYHAaMeHTa 1,5 M n TOJIIIIJIBOH 0,2 M. TepMo

CIIcPOHhI ycTaHOBJieHbJ B c eHTsIDpe 1995 r. , a rreH

HbIM 3KpaH - B Hal.fa e HIOlli! 1996 r. 06IIIHM BHA 

ncrro JIHeHtt5I KOHCTPYKTHBH:hIX •re porrpR5ITHM rroKa-

3aH Ha cPOTOr pacfJHIDC (p HC. 1, 2) . 

,ll;I1HAMI1KA TEMIIEP TYPHOro PE)KI1MA 
I1 ,ll;E<DOPMAII,I1M <DYH AMEHTOB 

l!l.HCTpyMeHTaJibHbie Ha6JI10gemm Ha cPYH,D,a

MeHTax CTaHIJHH rrpOBO,ll,RJIHCb 4 pa3a : B Hal.faJie H 

Ta 6 JI 11 I\ a 2. Pe3yJibTaThr H3Mep emr i1 ,L1ecjJopMal.\HH cnaif 

,Il_arn l13Merrnrme IlOJIO>Kemrn MeTOK tih (MM) ):\Ji il CBai1 B 

l13Me- KYCTe n o OTHOWeHH!O K n p e):lb!,Llyll.\eM}' llOJIOlKeHH!O 

peHl151 tihy M~ M~ M~ M 1 M~ ti hi tih~ M~ 
24 .09.95 - 40 - 1 +4 +1 3 +4 +4 -15 - 4 -1 
23.06.96 +18 +21 +63 +66 +13 +15 +3 2 +53 0 
21.09.96 +4 +2 +6 +6 -4 +2 -2 +l 0 

II p 11Me'IaH11 e. Bepxt111i1 11H,1.1_eKc o603rrn'IaeT HOMep 

rnai1, H l1lKHl1tt - HOMep Kycrn; 3HaK ,,-" COOTBeTcrnyeT oca,[IKe, 

3HaK ,,+" - IlO).l'beMy CBai1 OTHOCHTeJibHO Ha'IaJibHOro llOJIO

lKeH115! ; Ha'IaJ!hHOe llOJIO>Ke!·!l1e MeTOK coorneTCTByeT H3MepeHHIO 

Ha 25.06.95. 



TEPMOCTABJ1JJJ13AL(Jf5! CBAHHhlX <PYH4AMEHTOB 

PHC. 2. 06w.11u BHjl, cfJyttjl,aMeHTa OTTSDKeK. 

Kottu;e JieTttero rrepHOJJ:a B 1995-1996 rr. IlocKOJib

KY rrpoeKTHbie TeMrrepaTypHbie CKBa)l<HHbI oKa3a

JIHCb 3a6HTbI JibJJ:OM, H3Mepemre TeMrrepaTypbI rrpo

H3BOjl,HJIOCb B IIOJIOCTSIX HaH60Jiee rJiy6oKHX CBaH. 

BHOBb o6opyJJ:OBaHHbie TeMrrepaTypHbie CKBa)KHHbI 

B KOJIH1IeCTBe 2 IDT. 6hIJIH ycTaHOBJieHhl B ceHT5!6pe 

1995 r.' a H3MepeHHSI B HHX BbIIIOJIHeHbl TOJibKO B 

1996 r. Oii;Ha H3 HHX ycTaHOBJieHa B 30He ):leHcTBHSI 

TepMOKOJIOHKH Ha paCCTOSIHHH 0,5 M OT Hee, BTO

pasi - BHe 30Hbl HX BJIHSIHHSI Ha paCCTOSIHHH 15 M 

OT 6JIH)Kattmero KYCTa. Ll:HHaMHKa TeMrrepaTypbI B 

OCHOBaHHH OJJ:HOro H3 KYCTOB cPYHJJ:aMeHTOB OTTSl

)KeK H u;eHTpaJibHOH orropbl IIOKa3aHa Ha pHC. 3, 4. 

7,0 Z,M 

• - 1 

• - 2 

o - 3 

• - 4 

Puc. 3. Lf:uttaMUKa TeMrrepaTypbI B OCHOBaHUH 

CBaHHbIX cfJyttjl,aMeHTOB OTTSI)J{eK Ma'ITbI. KycT 

NQ 1, CBaSI NQ 8. 

1 - 25.06.95; 2 - 25.09.95; 3 - 25.06 .96; 4 - 22.09.96. 

Pe3yJJhTaTbI H3Mepemrn TeMrrepaTypbI B Tep

MOCKBa)lmHax rrpHBe):leHbl Ha pHC. 5. 
Ll:HHaMHKa H3MeHeHUSI rJiy6HHbl CJIOSI ce30HHO

ro OTTaHBaHHSI B IIJiaHe KYCTOBbIX IIJIOIIJ;a):IOK IIOKa -

3aHbl Ha pHC. 6. IlpHBe):leHHbie Ha 3THX pHCYHKax 

pe3yJihTaTbl xapaKTepttbl JJ:JISI Bcex CBaHHbIX KYCTOB 

IIJIOII!aJJ:KH CTaHIJ;HH. 

LI:aHHhie no H3MepeHHIO JJ:e¢opMau;tti1: rnali B 

cPYHJJ:aMeHTaX rrpHBe):leHbl B Ta6JI. 2. 

BblBOLf:bl 

Ha ocHoBamm rrpeJJ:CTaBJieHHbIX ii;aHHbIX MO)K

HO CJJ;eJiaTb CJieJJ;yIOII!He BbIBOJJ:bI: K KOHIJ;Y 3HMHero 

- 1,25- 0,75- 0,25 0 0,25 0,75 1,25 

t,°C 

Puc. 4. Lf:uttaMUKa TeMnepaTypbl B OCHOBamm 

cpyHjl,aMeHTOB ~eHTpaJihHOtt onophI, CBasi NQ 5. 

Yrn. o6o3H. CM. Ha p11c. 3. 
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a tr 

-1.~5 - 0,75 -0,25 0 0,25 - 0 ,25 0 0 ,25 0,75 1,25 1,75 

t,°C t,'C 

1,0 

2,0 

8,0 

4,0 4 ,0 / 5,0 Z,M 5,0 Z,M 

P11c. S. ,rt:11uaM11Ka TeMnepaTyph1 B TepMocKBa)Jrn

uax: a - B 30He BJIHSIHHSI TepMOKOJIOHOK; 6 - BHe 

30Hbl BJIHSIHHSI TepMOKOJIOHOK. 

Yen. o6o3H. CM. Ha pHc. 3. 

rrep1rn;::i;a 1995- 1996 rr. B OCHOBaHHH Bcex CBaHHbIX 

KYCTOB HaKOl1JieHhI cym;eCTBeHHhie 3a11ach1 XOJIOJJ;a. 

Cpe;::i;m1S1 110 rJ1y611He Htt:>Ke OTTaS1Brnero CJIOSI TeM -

11epaTypa rpyHTOB COCTaBJISleT -0,75 - -1,0 °C , 

IJTO 11p116J111:>KaeTCS1 K TeMrrepaType 11epexo;::i;a B 

TBep;::i;oMep3JIOe COCTOSIHHe. c yIJeTOM 3aMep3aHMSI 

IIIJiaMa, 11011aBrnero B CKBa:>KMHbI 11ptt ycTaHOBKe 

TepMOKOJIOHOK, 3TOT ::i¢¢eKT SIBJISleTCSI Bl10JIHe 

yJJ;OBJieTBOpHTeJibHbIM; TeMrrepaTypa B KOHTpOJib

HOH TepMOCKBa:>KMHe, HaXOJJ;Slm;e:H.CSI BHe 30Hbl BJIHSl

HMSI TepMOKOJIOHOK, 3a 3MMHMH 11epMO):( He 011yc

TMJ1aCb HM:>Ke 0 °C. :::ho 03Ha1IaeT) lJTO Ha rn10m;a;::i;Ke 

CTaHU,MM 11pOIICXOJJ;SIT OTeIIJISIIOm;Me rrpou,eCCbI, 

BJIMSIHIIe KOTOpbIX HeB03MO:>KHO 6hIJIO 6hr II36e:>KaTb 

6e3 BbJIIOJIHeHHbIX TeXHIIIJeCKIIX MeporrpIISITIIH; K 

KOHU.Y JieTHero 11eptto;::i;a 1996 r . cpeJJ;HSISI no rny-

6ttHe HII:>Ke CJIOSI ce30HHOro OTTaIIBaHMSI TeMrrepaTy 

pa r pyHTOB cocTaBMJia MttHyc 0,5 °C. Bhrrne OT

MeTKII 3,5 M , 110-BMJJ;IIMOMY B11epBbie 3a IIOCJieJJ;HIIe 

HeCKOJlbKO JieT) o6pa30BaJIC5J. CJIOH Mep3JIOro rpyHTa 

MOm;HOCTblO 1 ,5-2 M. 3TO cym;eCTBeHHO yBe

JIMlJIIJIO ):(JIIIHY aHKepHOH IJaCTII CBali; rJ1y6ttHa ce-

30HHOro OTTaIIBaHIISI rpyHTa B 11pe;::i;enax KYCTOB K 

KOHD,y JieTa 1996 r. CHII3IIJiaCb Ha 1 ,5-2 M 110 

cpaBHeHIIIO c 11pe;::i;rnecTBy10m;ttM ro;::i;oM. CooTBeTCT

BeHHO CHJ13MJICSI aKTIIBHbIH CJIOH ;::i;e:H.CTBIISI CHJI 11y

'leHMSI Ha cPYHJJ;aMeHThr; cym;ecTBeHHhre ;::i;e¢opMa

U,MH nyIJeHMSI 3acPIIKCIIpOBaHbl Ha KOHeu, 3IIMhI 

1996 r . c Harnett TOlJKII 3peHIISI, OHM SIBJISllOTCSI 

ecTeCTBeHHbIM CJieJJ;CTBIIeM aKTIIBHOH pa60TbI Tep

MOKOJIOHOK, pa6oTaIOm;Mx B TeIJeHIIe rrepBOH 3I1MbI, 

B rrepByIO 01Iepe;::i;h, Ha 3aMopa:>KIIBaHIIe IIIJiaMa II 

JIMIIlb 110CJie):(HIIe ee MeCSIU,bI - Ha OXJla:>KJJ;eHIIe 

ocHoBaHIISI. KaK OTMeIJeHo Bhrrne , 60J1hIIIaS1 IJaCTh 

IIOBepxHOCTM CBaH B 11epMOA MHTeHCMBHOrO rrpoMep-

3aHMSI ;::i;eSITeJibHOro CJIOSI HaXO):(IIJiaCb B T3JIOM rpyH

Te, Hecym;a.51 crroco6HocTb KOToporo MIIHIIMaJihHa. 

BcJieJJ;CTBIIe 3TOro aHKepHbie CMJlbI He MOryT CKOM

rreHCMpOBaTb CIIJlbI rryIJeHIISI , pa3BMBaIOm;MeCSI IIO 

6oKOBOH IIOBepxHOCTM B CJIOe ce30HHOro rrpoMep -
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CTeHKa Ocb 

0 

0 ,8 

1,6 

2,4 

3,2 

Z,M 

P11c. 6.rny611Ha ce3oHEono HillI Ha IlJIO-

ID,a)J,Ke cpyttLl,aMeHTa OTI.HJKeK =-"· "'~'""· 

TyHJipa, HeHapyrneHHhii1 yqa 
OCTanhHh1e yen. o6o3H. CM . H 

3aHMSI, lJTO BbI3bIBaeT Haip j'Il!t"i'ille 

cPYHJJ;aMeHTOB Ha ;::i;e11CTB 

ro;::i; pa60TbI TepMOK0;1 H 

HeHHhie pacIJeTbI Ha yciie>i'I'IllBOCI'b 

CTaHU,IIII 

1997 r . 

·111epa ) a 

-; 6 - 25 .09.95. 
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A.A.KAI' AH, H.C/J.KPHBOHOI'OBA 

pHCTMK B pacqeTtto:H o6JiaCTM, onpeil,emno~e:H pa6o

TY coopy.1KeHM5I, T. e. 

(E - £IlP) 2': 0, 

(T - yrrP) 2': 0, 

(Kq, - Jq,P) ~ 0, 

(3) 

(4) 

(5) 

r)l,e E, T, Kq, - cooTBeTCTBeHHO napaMeTpbr )l,e

¢opMHpyeMoCTM, npoqHOCTM lI BO)l,OnpOHMIJ,aeMOC

TM; lIH)l,eKC ,,np" yKa3bIBaeT npe)l,eJibHYIO 

BeJIMqMHy, npM KOTOpo:H o6ecneqMBaeTC51 Ha)l,e:>K

HOCTb. Ilpe)l,nOJiara51, qTo yKa3aHHbie xapaKTepHC

TlIKM no)l,qMHeHbI HOpMaJibHOMY 3aKOHY 

pacnpe)l,eJieHM51 CJiyqaMHbIX BeJIMqlIH noJiy'laeM: 

H = (/J [E (E) - Enp] > 0 (6) 
E a(E) - ' 

H = (/J [E (r) - 'np] > 0 (7) 
r a(r) - ' 

H = (/J [E (Kg,) - Krrp] < 0 (8) 
Kq, a(Kq,) - ' 

r)l,e (/J [ . ] - n6y JIMpOB3HH35I cPYHKll,lI5I HOpMaJib

Horo pacrrpeil,eJieHM.sI (¢yttKll,M5I JianJiaca); E ( · ), 
a(.) - MaTeMaTM'leCKOe O:>KlI)l,3HMe lI CT3H)l,apT 

COOTBeTCTBYIO~ero noKa3aTeJI5I. 

B 3aBMCMMOCTM oT BM)l,a, TMna coopy:>r<eHM51 M 

KOHKpeTHbIX lIH:>KeHepHo-reOJIOrM'leCKMX ycJIOBMH 

)l,Jl.$1 o6ecne'leHM5I Ha)l,e.IKHOCTM Tpe6yeTC5I JIM6o COB

MeCTHOe BbIIIOJIHeHMe ycJIOBMH (3)-(5)' JIM6o He

KOTOpbIX M3 HMX. 

HanpMMep, )l,JI.sI HM3KOHanopHo:H nJIOTMHbI Ha 

CK3JlbHOM OCHOBaHMM )l,OCT3TO'IHO BbIIIOJIHeHM5I yc

JIOBM5I (5)' B TO BpeM.sI K3K )l,JI51 BbICOKOHanopHOH 

nJIOTMHbI Ha JII060M OCHOBaHMM Heo6XO)l,MMO co6mo

)l,eHMe BCex ycJIOBMH. 

Ll,JI5I OCHOB3HJIM, npeil,CT3BJieHHbIX MHOrOJieT

HeMep3JibIMM rpyttTaMM, npM ocy~eCTBJieHMM 

I npMHIJ,Mna cTpOMTeJibCTBa o6o6~eHHOH xapaK

TepMCTMKOH CBOHCTB OCHOBaHMH 5IBJI5IeTC51 TeMnepa

Typa rpyHTa, noCKOJibKY onpe)l,eJieHHbIM 3Ha'leHM5IM 

TeMnepaTypbI COOTBeTCTBYIOT onpeil,eJieHHbie 3Ha

qeHM5I noKa3aTeJieH MexaHJI'leCKMX lI cPMJibTpa

ll,JIOHHbIX CBOHCTB rpyHTOB. Ilo3TOMY' npMHMM35I, 

'ITO 3Ha'leHM5I TeMnepaTypbI nO)l,'llIH5IIOTC51 HOp

MaJibHOMY 33KOHY pacnpeil,eJieHM5I CJiy'laHHbIX Be

JIJI'IMH, Ha)l,e.IKHOCTb onpe)l,eJIMTC5I Bbrpa:>r<eHMeM: 

H = (/J [tIIP - E (t )] < 0 . (9) 
a(t) - ' 

r)l,e t - TeMnepaTypa rpyHTa OCHOB3HM5I; trrp -
TeMnepaTypa rpyHTa OCHOB3HM5I, BbIIIIe KOTOpo:i1: He 

o6ecne'IMBaeTC5I Ha)l,e:>KHOCTb OCHOB3HM5I; E (t ), 
a(t) - MaTeMaTM'leCKOe O:>KM)l,aHMe lI CT3H)l,apT t; 
C/J - cPYHKll,M.sI JianJiaca. 

IlpM cTpOHTeJihCTBe no II npMHIJ,Mny il.O ttaqaJia 

npOT3MB3HM5I )l,JI51 o6ecne'leHM5I Ha)l,e:>KHOCTM OCHO

B3HM5I Tpe6yeTC5I BbIIIOJIHeHMe ycJIOBJI51_ (9). c no

BbIIIIeHMeM TeMnepaTypbI Ha)l,e:>r<HOCTb OCHOB3HM51 

60 

MO:>KeT coxpaH5ITbC5I MJIM CHM:>K3Tb .lI 

MHOrMX CJIY1I351X MlIHMM3JlbH351 Ha;teErn.l:leifb 

TepHa )l,JI.$1 OCHOB3HMH B nepMO II(JO'I'a.lllBi'!!BJ[llJ 

B03HMKaIO~e:i1:, B 'l3CTHOCTH , 

CBOHCTB rpyHTa B pa3HbIX T01IK.ax OOiil:L32lraliL 

npoTaMB3HM5I Ha)l,e:>KHOCTb , no O-T.H:QlI!ffi:;jlii:l) 

5IHMIO npOT3MB3HM5I, KaK n p a.B 

TaKMM o6pa3oM, npH OIJ, emc 

T3JIBaIO~MX OCHOB3HMH H eo6xo 

33BlICMMOCTM (3)-(5) )l,J151 

OCHOBaHM5I. 

'leCKlIX 51BJieHMH B OCH OBa!Ill.5JX 

BeCTlI K aBapM5IM coopy LKemm 51 TepMO-

KapcT. Bo3HMKHOBeHMe H KHTeH ~~ Tep Mo-

KapcTa B03MO.IKHbI npM H a.Jill'IEll'i B ml. Ten JIO

BOrQ BJIM5IHM5I coopy:>r<eHIDI C11l:JThH ;;Ib;JilCThl.X rpyH

TOB MJIJI MOHOMMHepaJibHbIX ii IIQ::f.3eMHo ro Jlb)l,a. 

0TCIO)l,a BbITeKaeT' qTo KpHTe ID 

Ha)l,e:>KHOCTM OCHOBaHJiill n o urnome K TepMO

KapcTy MOryT CJIY:>KlITb Jlb,n;HCTOCT'h .rp 'HTOB lI MX 

TeMnepaTypa. KpMTM'leCKH 3H q H1!5I iTh,ri:JICTOCTM 

)l,Jl.$1 pa3JIM'IHbIX rpy HTOB orrpe;:i: :UUO-T 5I paclfeTOM. 

B ocHoBaHJI.sIX Kpyrrm;rx H ;:i:ocraro'IJio npoT.sI

:>r<eHHhrx coopy:>r<emm (mrn:eiffi:hl:x rrpoMDrmJieH

Hhrx, rM)l,pOTeXHM'leCKHX) KMe TC5I 06 aCTJI JIJIM 

30Hbl, B npe)l,eJiaX KOTOphlX HaH6o Jiee 'laCTO 

npOlICXO)l,5IT npoll,eCCbI , BbJ3hlB310mHe Ha p y meHM5I 

HOpMaJibHOro cPYHKll,liOID1pOB3HE5! coopy:>KeHJI5I lI 

ero OCHOB3HM5I (HarrpMMep ' rrpIDvibIK3IDl5I r pyHTO

BbIX IJJIOTHH K 6eperaM , 6 eTOHHbIM coop y :>KeHM51M, 

CTblKM Tpy6onpOBO)l,OB, BBO)l,bl ceTei!f TeIJJIO-BO)l,O

CHa6:>r<emrn H il,p.) lI TeM C3MbIM HapymaIO~He lIX 

Ha)l,e:>KHOCTb. 

CJieil.OBaTeJihHO, HaJJ;e:>K.HocTh octtoBaHM5I oIJ,e

HRBaeTC5I npe:>r<)l,e BCero 1Iep e3 Ha,ri:e:>KHOCTb TaKHX 

30H. 

B CB5I3H c oco6o:H ,ri:MHaMMqHocTbIO cocT051HJI5I 

OCHOBaHHH B KpMOJIMT030He RX H3)l,e>KHOCTb lI3Me

H51eTC51 BO BpeMeHH BeCnMa cy~ecTBeHHO. Ll,JI51 ne

pHO)l,M'leCKOH OIJ,eHKH , a B He06XO)l,lIMblX CJiyqa51x JI 

)J;Jl.$1 BOCCTaHOBJieHJI5I Tpe6y eMoro y pOBH5I Ha,ri:e>K

HOCTJI OCHOB3HMll li c p .1KefIJ'IJ1, oco6yIO 

3Ha'IJIMOCTb rrp1rn6perneT o f3.Hil3aIJJ'l5I 11 rrpoBe

)l,ettJie MOHlITOPHHra CH 

HJie, H31IlIH351 c rrepJIO 

il.O OKOH'l3HJI51 cpoKa 

KYJibTJIB3ll,JIM 3eMeJlb. 

H errocpe;t,....,,,,"'·'"",,,,_,., 

napaMeTp - TeMnepaT p 

)l,e:>KHOCTlI rrpOlI3BOAHTC5I ii[ 

Ha OTTaJIBaIO~ 

rrpJI MOHJITOplIHre JJ;ecPOi:J• •hl<l~JJl.11, Dl~~i!i~>I. 
paIJ,JIOHHbie pacxo.n;nr n 

BaTb 06 lI3MeHeHJili HCQ.edcrillClrn.. 

CHM>KeHMlI Ha,ri:e>KHOCTll 001rn:3a5:a2 

IJOCTaBHTb ,ri:aHHDie MOHilTOUIIlEm3 

pac'leToB ornoBaHJiill . E 



HA/I.E>KHOCTb OCHOBAHHfi COOPY>KEHHfi B KPHOJIHT030HE 

BhIIIIeHbr JJ;OrryCTHMhre npeJJ;eJihI JJ;eciJopMau:wli, nepe

Meru:emrn , qJHJibTpau:woHHbIX noTepb, TO JJ;JI5I 

ou:eHKH Ha}:(e)KHOCTH CJieJJ;yeT onpeJJ;eJIHTb noKa3a

TeJIH JJ;e¢opMHpyeMOCTH, npOlfHOCTH, BO):\OnpOHH

u:aeMOCTH, COOTBeTCTBYIOru:He Ha6JIIO):\aeMOMY coc

T05lHHIO OCHOBaHH5l. 

I1ocTaBJieHHa5l 3aJJ;alfa MO)KeT 6hITh perneHa, 

eCJIH npHH5ITb nocTyJiaT: He o6ecnelfHBaeTC5I Ha

JJ;e)KHOCTb OCHOBaHH5I - He 06ecne1rnBaeTC5I H Ha

JJ;e)KHOCTb coopy)KeHHH . .ll:JI5I o6ecnelfeHH5I Ha}:(e)K

HOCTH coopy)KeHH5I Heo6xO):\HMO, lfT06br: 

P (S - S) ~ 0 np ' 

P (K, - 1) ~ 0, 

p (Qnp - Q) $ 0, 

(10) 

(11) 

(12) 

r):\e Snp - OCa):\Ka, npe):(eJibHa5I ):\JI5I ):(aHHOro COOpy

)KeHH5I; S - paclfeTHa5I (HaTypHa5I) ocaJJ;Ka Ha 

onpeJJ;eJieHHhIH MOMeHT BpeMeHw; K, - Ko3¢¢w

u:weHT 3anaca, o6ecnelfHBaIOru:wli ycTOHlfHBOCTh oc

HOBaHH5I, OTKOCa, CKJIOHa H AP· Ha onpe):(eJieHHbIH 

MOMeHT BpeMeHH; Qnp - npe):(eJihHO ):\OnyCTHMbIH 

pacxo):( cPHJihTpau:ww, Q - paclfeTHhIH (HaTypHhrli) 

pacxo}:( Ha onpe):(eJieHHbIH MOMeHT BpeMeHH. 

Bee BeJIHlfHHhI, BXOJ:\5l~He B Bhrpa)KeHH5I 

( 10)- ( 12), JierKO paCClfHThIBaIOTC5I no H3BeCTHbIM 

3aBHCHMOCT5IM c HCnOJib30BaHHeM xapaKTepHCTHK 

npoqHOCTH, JJ;e¢opMHpyeMOCTH, BO):\OnpoHmi:aeMOC

TH rpyHTOB. B nepBoM npw6JIH)KeHHH MO)KHO ClfH

TaTh, lfTO TOJibKO yKa3aHHhie xapaKTepHCTHKH 5IB

JI5IIOTC5I CJiylfaHHbIMH BeJIHlfHHaMH. 0):(HaKO Ha):\O 

HMeTh BBHJJ;y, lfTO pe3yJihTaTbI BbllfHCJieHHH 3aBHC5IT 

OT npHH5lTOH cxeMbI paClfeTa. 

ITpw CTpowTeJihCTBe coopy)KeHHH B KpHOJIHT0-

3oHe no I npwHu:wny HaXOJJ;5ITC5l nepelfHCJieHHhre 

noKa3aTeJIH B cneKTpe nporH03HpyeMhIX 3HalfeHHH 

OTPHU:aTeJihHOH TeMnepaTypbI, H Bbr6wpaeTC5I TaKoe 

ee 3HalfeHwe, npw KoTopoM o6ecnelfHBaeTC5I Ha):(e)K

HOCTh OCHOBaHH5I. 

TaKHM o6pa3oM, H B 3TOM cJiylfae 3HalfeHHe 

TeMnepaTypbI OCTaeTC5I KpHTepHaJibHOH xapaKTe

pHCTHKOH Ha):\e)KHOCTH. 

JlttTepaTypa 

rocT 27.002-89. Ha11eJKHOCTb B TeXHI1Ke. TepMHHbl H onpe11e
neHHH. M., 1989. 
CTect>aHOBH'I .u:. B., lIIyJibMaH c. r. Tipo6neMbl Ha)leJKHOCTH 
m11poTextt11'leCK11x coopyJKeH11i1. C.-TI6., BHHHT 
HM. E. E. Be11eHeeBa, 1991, 51 c. 
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IIОВЫШЕНИЕ НАДЕjКНОСТИ РАБОТЫ ВОЗДУШНЫХ
охлýкдАющих устроЙств конвЕктивного дЕЙствия

Г. П. Кузьмин

Инсmumуrп мерзлоmовеdенuя СО РАН ut"t. atcad. П. И. Мельнuкова, б77018, z. Якуmск, Россuя

Рассмотрены особенности работы воздушных охлаждающих устройств конвективного действия -термосифонов известной и предлагаемой конструкций. Показаны факторы, определяющие льдообразование
в коаксиапьньIх термосифонах. Выявлены условия, при которых зарастание каналов термосифонов льдом
не происходит или происходит через определенное время их работы. ГIолучены расчетные зависимости
между поперечными размерами каналов термосифонов, параметрами процессов льдообразования и
сублимации льда и продолжительностью полной закупорки термосифонов льдом. Приводятся результаты
экспериментальных исследований льдообразования и сублимации льда в термосифоне.

ВозOуulньtй mер мосuфон, расчеm, сублutпацuя льOа, льOообразованuе

IMPROYEMENT ОF ТНЕ RELIABILITY ОF AIR CONVECTION TYPE REFшGERATION UNITS
G. Р. Kuzmin

Меlпikоу Permatrost Iпstitute ýВ R,4S, б77018, Yakutsk, Russia

Peculiarities of the wofk of аir convection type refrigeration units - thermosiphons of the kпоwп and proposed
design have been discussed. Factors which predetermine ice formation iп coaxial thermosiphons are shown. The
conditioný hаче been eýtabliýhed under which ice sublimation in channels of thermoýiphon does поt оссur, or occurs
some time lаtеr during their operation. Calculated relationýhips have Ьееп obtained between the lateral sizes of
thermoýiphon channels, раrаmеtеrs of the ice formation and ice sublimation processeý and the duration of complete
plugging of thermosiphons йth ice. The results of experimental studies of ice formation and ice sublimation in
thermosiphon аrе given.

iir thermosiphoп, ice formatioп, ice suЬliпшtiоп, саlсulаtiоп

ввЕдЕниЕ

ТеплообменЕые устройства с естественной
циркуляцией теплоносителя (термосифоIrы) ис-
пользуются для управления температурным ре-
жимом грунтов в фундаментостроении и Iидро-
технике. Воздушные термосифоны вследствие
низкой надежности практически не нашли при-
менения. В летнее время Еа холодных стенках
каналов воздушного термосифона образуется
лед, кОторыЙ может вызвать его закупорку.

С целью повышеЕия надежности работы воз-
душЕых термосифонов выполнены теоретические
и экспериментальные исследования льдообразо-
вания и сублимации льда.

ПОСТАНОВКА ПРОБЛЕМЫ

.Щвижение воздуха в термосифонах проис-
ходит за счет разности давлеЕий столбов воздуха
в двух сообщающихся каналах, возникающей в
результате радиальIrого притока или отвода теп-
ла, и разности ветрового разрежения Еарух(ного
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воздуха у входа и выхода каIlалов, расположен-
Еых Еа разной высоте от поверхности земли.
I_{иркуляционное движеЕие воздуха в термоси-
фоне обусловлено в холодное время года в основ-
ном первым фактором, а в теплое время года -вторым. .щвижение теплого воздуха в термоси-
фонах приводит к кондеЕсации влаги и намер-
занию ее Еа стеЕках канала.

В известном коаксиальЕом термосифоне с
возвышающеЙся внутреЕнеЙ трубоЙ (рис. 1) в
летЕее время движение воздуха происходит вниз
по кольцевому межтрубному пространству и
вверх по внутренней трубе. При таком Еаправ-
лении движения воздуха наибольшее количество
конденсационного льда образуется в узком коль-
цевом каЕале.

В открытых каналах термосифонов лед на-
мерзает также в результате шопадаFия в них

дождевых капель.
В настоящее время'Еет мgподов оцеЕки льдо-

образования в воздушЕых термосифонах.
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Рис. 1. Воздушные термосифоны
конструкции.

известноЙ Рис. 2. Воздушные термосифоны
рукции.

новои конст-

На основании изложенного, повышение Еа-
дежности работы воздушных термосифонов мо-
жет быть достигнуто за счет: 1) обеспечения
летнего движения нисходящего потока воздуха
по каналу с большим поперечным размером, т. е.
по внутренней трубе; 2) сни;кения общего ко-
личества льда, образующегося на стенках каЕа-
ла; 3) установления зависимости между разме-
рами каналов термосифонов, сроком их работы и
параметрами льдообразования и сублимации
льда.

МЕТОДИКА ИССЛЕДОВАНИЯ

.Щля решения поставлеЕных задач рассмот-
рены особенности льдообразования и сублимации
льда в воздушных коаксиальных термосифонах и
проведены экспериментальные исследования
этих процессов.

РЕЗУЛЬТАТЫ ИССЛЕДОВАНИЯ

Разработана новая конструкция воздушнок)
термосифона (рис. 2), состоящего из внутренней
(1), наружной (2) и вытяжной (3) труб. Верхние
концы внутренней и нару;кной труб располага-
ются Еа одном уровне, а пространство между
Еими закрывается. Межтрубное пространство со-
единяется с вытяжной трубой через окно, выре-
занное на стенке наружной трубы. В таком тер-
мосифоне воздух движется всегда в направлеЕии
внутренняя труба - межтрубное пространст-
во - вытяжная труба. В летнее время двих<ение
происходит за счет различной скорости ветра у
коЕцов внутренней и вытяжной труб, располо-
женных на разной высоте. Лед образуется Еа
стенках внутренней трубы, диаметр которой

значительно превышает шириIrу кольцевои
щели.

Условия, при которых каналы термосифона
полностью не закупориваIотся льдом, моN(но
записать в виде:

при 6, < €", L> 2€", (1)

при 6" > €", L > 2(€" - €,)(т - |) + Z€,, Q)

где 6, - толщина льда, намерзаемого в теплое
время года; ý" - толщина льда, испаряющегося
в холодное время года; l - поперечIlый размер
канала| в котором образуется лед; т - число лет
полного зарастания канала льдом, начиная с
летнеIю периода.

Поперечный размер канала, в котором обра-
зуется лед:

в термосифоне известЕой конструкции

r =d! 
| ;,j, (з)2 ij '

в термосифоне новой коIIструкции

L = dr, (4)

где d, - внутренний диаметр внутренней трубы;
i= dt/dl относительный размер толщины
стенки внутренней трубы; j = d|/dz
относительный размер кольцевого канала; d| -
внешний диаметр внутренней трубы; d, - внут-
ренний диаметр наружной трубы.

Подставив (3) и (4) в (1) и (2), получим
зависимости для определения миЕимzlJIьно допу-
скаемых размеров термосифонов:

известной конструкции
4a ll

приý,=ý., drrru_'i, {5)
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приt, > Е. dr> 4I(6" - t" )(т - 1)+ý" ] fi; rбl

новой конструкции

при€"< €", dr>2€", ('|)

при€"2 €", dr.2[(€,_ €")(r - 1) + е ]. (8)

Отношение минимаJIьно допускаемых диа-
метров d, термосифонов известной и новой кон-
струкции равЕо

k: |zij i. (9)
L-J

При ;: 0,9; l= 0,761, k= 5,7, т. е. для обеспе-
чения самоочистки от льда поперечные размеры
термосифона известной конструкции должны
быть в 5,7 раза больше поперечных размеров
термосифона новой конструкции.

.Щля определеЕия величин €,, €" в условиях
Якутска были выполнены натурные эксперимен-
ты. Экспериментальные определеЕия ý" прово-
дились в термосифоне с тремя разными устрой-
ствами, снижающими возможность закупорки
ек, льдом: 1) схема 1 -- термосифон новой кон-
струкции, в котором возможность его закупорки
льдом уменьшена путем обеспечения льдообра-
зования в канале с бодьшим поперечным разме-
ром; 2) схема 2 - то же, но с устройствOм для
уменьшеЕия летней циркуляции воздуха в виде
четырех окон, прорезанных в верхней части
внутренней трубы, через которые теплый воздух
проходит из внутренней трубы в вытяжЕую;
3) схема 3 - то х(е, но с козырьком Еад внутрен-
ней трубой, предотвращающим попадание в нее
дождевых капель.

Основные размеры термосифонов: dt:
: 96 мм; dz: l59 мм; ft = 16,0 м.

В конце теплого периода года определяли
количество намерзшего льда V, длину / и мак-
симальную толщину ý" ледяного покрытия:

Параметры ледяного схема lпокрытия

6ýпJий объем (И, л l2,0
[лина (l), м l2,0
Толщина (6r), мм 20,0

Схема2 Схема 3

отсутствием двих(ения воздуха во внутренней
трубе них<е окон. НаилучIЕие условия создаются
rrри схеме 3. В экспериментах в 12 раз умеЕь-
шился объем льда и в 2 раза толщина льда.

Исследования сублимации льда в тер-
мосифонах были проведеЕы в конце февраля -начале марта в течение 720 ч. Температура воз-
духа колебалась в пределах миЕус 20 ... 30 'С.
Образцы льда массой около 500 г помещались в
начале нисходящего и в конце восходящего пото-
ков термосифона. В процессе эксперимента пе-
риодически определяли изменения массы и раз-
меров образцов. По этим данным рассчитывuL,Iи
интенсивЕость сублимации льда, средЕие зна-
чения которой составили в начале Еисходящего
потока /i=O,б,10-2 мм/ч, в коIIце восходящего
потока Iz:2,10-2 мм/ч.

Суммарную величиЕу испаряющеюся слоя
льда в нисходящем потоке приближенно можЕо
определить по формуле

Е": I,тr, ( 10)

где тс - продолжительность функцrtонrlрования
термосифона в холодное время года.

В Якутске т" : 4б80 ., " t. 
: 0.б , 10 2 4б80 :

: 28,1 мм. При €, з €", l : 0,9, l : 0.7б опрсjIс-цим
минимальные поперечные разNIсрь] тер}{оси-
фонов:

известной конструкции по фор\1\-.Tс (5)

,7, 1 4 20 ' 0-:9-- 0'76 - ]fS l:.,l:*1 
1 - 0,7б

новой конструкции по форlrl-rе (7)

з,0
3,0
40,0

1,0

0,3
10,0

Сравнивая между собой все три схемы, мож-
но записать

Yr:Vr:Vз=t2:З:t
lr:lr:lr=40:10:1
€|: Щ: €1= z:4 : L

Устройство окон на стенке внутренней тру-
бы термосифона (схема 2) уменьшило общее ко-
личество льда в 4 раза. Однако при этом мак-
симzulьная толщина льда в 2 раза ув_еличилась.
Это вызвано, по-видимому,. снижением vши
64

с устройством по схеме 1

с устройством по схеме 3

d,>2,20 = 40мм;

tl .>2,10=20лп"r.

.Щля термосифона новой констр\,-кцlIII с vcт-
роЙством по схеме 2, когда i. > s . опре:]еJим
мивимальный диаметр BH},TpeHHi}l тр\бы при
т = 3 года по формуле (8)

dt= 2t(40 - 28,1)(3 - 1) + 40l = 127.б _rrпr.

ЗАКЛЮЧЕНИЕ

В термосифоне новой констр\,кцI111 п\,тем
обеспечения циркуляции возJ\,ха в спр-.]е,]ен-
ном направлении достигнуто .rь:ообразованIlе в
канале с большим поперечным раз\lеро].f . Кропrе
тог0, восходящий поток холодного возJ\,ха по
кольцевой щели обеспечивает бо.,тее равно}lсрное
охлаждение грунта по высоте тсрrтосlтфона и
более эффективный отвод тепла. че).1 HIla_to-
дящий поток холодного воздуха по кl..]ьцсвой

щели в термосифоне известной констр\-кцllrl. Jo-
полнительные устройства по уменьшснIlh-r .]ст-
ней циркуляции воздуха и исключенIlю попа-
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данияатмосферЕых осадков в термосифоЕе новоЙ
конструкции позволили сЕизить общее количес-
тво и толщиЕу намерзаемого льда.

Полученные зависимости минимальных раз-
меров каналов воздушЕых термосифонов от сро-
ка их службы и параметров льдообразования и
сублимации льда в них являются основой для
проектирования надежно работающих охлажда-
ющих устройств.

Воздушные термосифоны IIовой конст-
рукции впервые применеЕш для создания мерз-
лотной завесы в Жатайской водохранилищной
грунтовой плотине и замораживания воды в под-
земных резервуарах геокриогеЕных охлажда-
ющих устройств.

Посmупuлtл в реOаtсцuю
12 uюля 1997 е.
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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 

68 



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 

MeJIHOpaTHBHbIX CHCTeM B 5l:KyTHH. 

Emmos r.<I>. I1JJOTl1Hbl Ha Be4HOH Mep3JIOTe . M.' Ifa.11-no 
3Hepmll, 1975, 184 c. 

EpIIIOB 3.)1,., Hnalll,eHKO H.H., 3axapos M.H. 11 .11p., B1111l!H11e 
npou_ecca cy6J111Mau_1111 Jih):la Ha cjJ11311KO-MexaH11LiecK11e cnoi1CT
na Mep3JJhIX nopo.1111Mep3JJOTHhie11ccJie.11ona1-111l!, nhm.XIII. M . , 
113):1-BO MrY, 1973, c. 172-175. 

Kmmlll,es B.H. I-IeKoTOpb1e oco6eHHOCT11 noKponHhIX cym111-1Kon 
IOro-BocT04HOi1 LiacT11 EoJJhwe3eMeJJhCKOi1 TYH.!IPbl n CBll311 c 11x 
reHC311COM I I BonpOCbI reorpacjJ11qecKoro MCp3JIOTOBCJ:ICHl1ll 
nep11m51u_11aJibHOi1 MopcjJoJ1or1111. M ., 113.11-no MrY, 1962, 
c. 131-140. 

KOHlflll,eB B.H. Kp11oreHHOe BhrneTp11na~111e. II MK no Mep3JIO
TOBe):leH1110 11,IJ_oKJJ.11 coo61Il,., Bhm.3, 5IKyTKHl1rQl13):1aT, 19173, 
c. 38-45. 

KOHM!Il,eB B.H. 061Il,11e 3aKOHOMepHOCTl1 Kp11oreHHOH ):le311HTer
pau_1111 Ml1HepaJIOB I I Mep3iihie nopO.!lhI 11 cHe)l{HhIH noKpon . M., 
113.11-no He.11pa, 1977, c. 3-16. 

IlOJJTCB H.<l>. 113MeHeH11e rpaHyJJOMeTp11qecKoro cocrnna nec
LiaHhrx rpyl-ITOB np11 B03):1CHCTBl111 Ha H11X paCTBOpOB 3JICKT
pOiil1TOB 11 npou_ecca 3aMep3aH11ll-OTTa11BaH11ll I I Mep3JJOTHhre 
11crne.11onaH11ll, nhm. 6. 113.11-no M r Y, 1966, c. 199-206. 

Pe611H.11ep II.A., JIOTrlfHOB r.H. HOBbie cjJH311KO -Xl1Ml14eCKl1e 
nyT11 n Tex1-10Jiom11 CTpo11TeJ1hHhrx MaTep11aJIOB I I BecTHHK AH 
CCCP, 1951, N~ 10, c . 47-54. 

Cepreen E.M., MmrnpnttH A.B. Cylll,HOCTb npou_ecca 06Jiecco
naH11l! n no.113011bHOi13oHe11 BecTHHK MrY, cep. IV, reoJJOmll, 
N~ 3, 1960, c. 3-14. 

TttMo<fleilLiyK B.C ,I(ecjJopMau_11tt 3CMJil!HbIX nJIOTHH TaJJoro T11na 
Ha neLI1-10Mep311hrx rpyHTax 11 KoJJhIMa, 1960, N~ 8, c. 40-42. 

XoMse B.A. Oco6e1-1HOCT11 npoeKT11ponaH11ll 11 CTpo11TeJ1hcrna 
Hl13KOHanopHb!X 3eMJil!HbIX nJJOTHH Ha Be1JHOMCp3JJb!X rpyHTaX 
I I Tp.IV conelll,aH11ll-CeM11Hapa no o6MeHy onhrTOM CTpo11TeJ1b
crna n cypOBhIX KJI11MaT11LiecK11x ycJ1on11l!x. T. X, BopKyTa, 
1966, ceKL\Hll r11.11poTex;.r11qecK11x coopy>KeH11i1. KpacHOllpCK, 
1966, 22 c. 

'VKaH P.B. Bo.11Ho- TenJionoi1 pe)l{HM 3CMJill1-1r,1x nJ10T111-1 J111Ma1-1-
1-1oro 1-1a3HaLieH11ll I I Tp. 5!KyTcKoro Hl111 ceJihCKoro xo3lli1crna. 
Bhm.XII, 5IKyTCK, 1972, c. 93-101. 

'I>KaH P.B. TeMnepaTypHhri1 pe)l{HM HH3KOHanopHbrx 3eMJil!Hhrx 
nJIOTHH .!lilll J111Ma1rnoro opoweHHll B ycJIOBHllx UeHTpaJJbHOti 
5IKyT1111 I I Tp. KOOpJ:IHHaL\HOHHhrx conelll,au11i1 no m.11po
TexH11Ke. Bbm. 101. r11.11poTCXHH4eCKOe CTpOHTeJJhCTBO B 
patioHax Kpatiuero Cenepa. JI., 1975, c. 79- 85. 

q>KaH P.B. HeKoTOphre oco6euuocT11 .11ecjJopMau_11i1 3CMJil!Hhrx 
nJIOTHH HH3KOro uanopa B yrnon1151x nequoti Mep3iIOThI I I 
Ha Y4Hhle OCHOBbl MCJIHOpau_1111 3CMCJib np11 C03):1aHHl1 
Tepp11Top11aJ1hHO-npOH3BO):ICTBCHHb!X KOMnJICKCOB B C11611p11. 
KparnollpCK, 1980, c. 97-98 . 

q>KaH P.B. ,I(11uaM11Ka BJJB)l{HOCTH rpyurnn HH3KOHanopHhrx 
nJIOTHH B ycJJOBHllX ne11uoi1 Mep3iIOThI I I l1mKe1-1epuhre 11ccJ1e-



OCOBEHHOCTH aE<POPMAl.(HH 3EMJIHHblX JJJIOTHH 

11onamrn Mep3JJhIX rpyHTOB . Honoc1-1fo.1pcK, HayKa, 1981 , 
c. 117-121. 
q>I<aH P.B . H3MeHeHHSI cjJH3HKO-MexaHwieCKHX cnoifcrn npo
Mep3al0ll\HX H npOTaHBalOll\HX /1HCnepCHblX rpyHTOB B TIJIOTHHax 
HH3Koro Hanopa // H:ccne11onaHHe cocraea, cTpoeHHSI H csoifcrn 
Mep3JJbIX, npoMep3a!Oll\HX H OTTaHBa!Oll\HX nopo11 c u;eJJblO 
Ha1-16onee pau;110HaJ1hHOro npoeKTHponamrn H CTpo1-1renhcrna. 
M., 1981, c. 115-117. 
~KaH P.B., MeJIK03epon r.B. Conpsiral0ll\11H ycTOH. 
Ilp11op1-1rer H3o6pereHHSI 30.01.90 r. A.C. N~ 1705479. 3a
perHcTp11ponaHo B rocy11apcrneHHOM peecrpe H306peTeHHH Co
I03a CCP 15.09.91 r. 

q>KaH P.B. 06ecne11eH1-1e ycroif111-1eocr1-1 r1-111porexH1-111ecKHX co
opyJKeHHH no11oxo3siifcrneHHoro Ha3Ha11eHHS1 n 51KyTHH I I Hay
Ka H 06pa3onaH1-1e, 1997, N~ 1, c. 139-140. 
Zhang R.V. Filld studies of the dinamics of temperature regime? 
pressure and soil deformations around the reinforced concrete 
spillway under central Jakutia conditions I I International 
symposium: Cold regions engineering. Harbin, China, 1996, 
p . 22-24. 
Zhang R.V., Zhu Linnan, Zhang Changqing. A physical model 
stady on the Interaction between aquedusts and freezing, thawing 
and frozen soils. In the same place, 1996, p. 27-29. 

JlocmynUJ1a 6 peaaicu,wo 
J 2 UIOJ!Jl 1997 Z. 

71 



Kpuoc<jJepa 3eMJLU, 1997, T. 1, N~ 4, c. 72-78 

Y,IJ:K 624.13.54 

,II;E<l>OPMAQMM 3EMJlSIHOro IIOJIOTHA ,II;OPOr HA CMJibHOJib,II;MCTbIX 
BEqHOMEP3JlblX rPYHTAX M METO,Il;bl MX IIPE,II;OTBPA~EHM.s:I 

B.r. Kott.n:paTheB 

AKf.{UOHep1we o6Ulecmao MoczunpompaHc, 129278, MocKBa, yJL. n. KopwzuHa, 2, PoccuR 

,IJ:ecjJopMa1.11111 3eMJillHOro nOJIOTHa Ha seqHOMep3JiblX rpyHTax B OCHOBHOM CBll3aHbl c ,1:1erpa,1:1a1.1Heft Mep3JI0Tbl 
B ero OCHOBaHl111 BCJie,[ICTBl1e ysen11qeHl1ll KOJI11qecrna nOrJIOil.\eHHOM COJIHeqHOH pa,1:111a1.11111 TeXHOreHHOH nonep
XHOCTblO no cpaBHeHl1!0 c eCTeCTBeHHOH nosepxHOCTblO, npocaq11saHl1ll JieTHl1X oca,[IKOB qepe3 TeJIO HaCbITIH, 
ynen11qeH11ll TOJIIl.\11HbI cHei1rnoro noKposa B Hl1JKHeft qacT11 Hacbm11 11 Ha np11nera10I1.1ett Tepp11rnp1111 11 
cjJ11JibTpa1.11111 nosepxHOCTHblX 11 n0,[13eMHb!X BO,[I B Teno 11 OCHOBaH11e HaCbITil1 1rn KOCOrOpHb!X yqaCTKax. 

B coasrnpcrne c rpynnoil cne1.111aJil1CTOB HaMl1 pa3pa60TaHO HeCKOJihKO MeTO,[IOB yKpenJieHl1ll OCHOBaHl1ll 
3eMJillHOro nOJIOTHa Ha C11JlbHOJib,[111CTb!X rpyHTax ' OCHOBaHHblX Ha pery Jil1pOBaHl111 COOTHOIIIeHl1ll OXJiaJK,[laIOil.\11X 
11 OTenJilllOil.\11X cjJaKTOpOB c 1.1eJiblO coxpaHeHl1ll OCHOBaHl1SI B nOCTOllHHO Mep3JIOM COCTOllHl111 (c nOMOil.\blO 
CHerooq11CTKl1 11 0KpaCKl1, COJIHI.1eOCa,[IK03all.\11THOro Haseca, nonepeqHbIX OXJiaJK,[lalOil.\11X Tpy6, nJieHOqHoro 
3KpaHa, npO,[IOJlhHblX OXJiaJK,[lalOil.\11X yCTpoftcrn) 11!111 Ha npeneHTl1BHOM y,1:1aJieH1111 Jlb,[111CTbIX MaCCl1BOB rpyHTOB 
(Jie,[lllHb!X Jil1H3) 113 OCHOBaH11ll 11 3anOJIHeH1111 o6pa3ylOil.\11XCll nOJIOCTeft Henpoca,1:1oqHbIMl1 rpyHTaM11. 

Ha OCHOBe 3Tl1X 11306peTeHl1H pa3pa6ornHa pa6oqall ,[IOKyMeHTa!.111ll OnbITH0-3KCnep11MeHTaJibHbIX yqacTKOB 
3eMJillHOro nOJIOTHa CTpOllll.\eMCll JK .,[I. Jil1Hl111 liepKaKl1T - 51KyTCK (c HaBeCOM, nJieHOqHbIM 3KpaHOM, nonepeq
Hb!Ml1 11 np0,[10JlbHbIMl1 OXJiaJK,[lalOil.\11M11 yCTpOHCTBaM11). 3Kcnep11MeHTaJibHbJe pa60Tbl HaqaTbl TaKJKe Ha 
liattKaJIO-AMypcKOH (no CHerooq11CTKe) 11 Ha 3a6aftKaJibCKOM (no HaBecy, OKpacKe 11 ,1:1pyr11M TeXJmqeCK11M 
peIIIeH11S1M) JKeJie3HbIX ,1:1oporax. 

J(e</JopMaf.{UU 3eMJLJ!HOZO noJLOmHa, Be'iHGJ! Mep3J10ma, CHelOO'iUCmKa, OKpaclCa, HGBec, OXJla>KaalOUlUe 
mpy6bl, nJLeHO'iliblU 31CpaH, ycmpoucmBa aJlJ! aJCICYMYJlRf.{UU XOJloaa, yaaJLeHue JLeaJ!HblX Mace 

DEFORMATION OF ROADBEDS ON ICY PERMAFROST GROUND AND METHODS AGAINST IT 

V.G. Kondratiev 

Joint stock company Mosgiprotrans, 129278, Moscow, P.Korchagin, 2, Russia 

Deformations of roadbed on permafrost soils are connected mostly with permafrost degradation in the roadbed 
base main factors, causing thawing of permafrost in the base of roadbeds, usually are: increasing amount of absorbed 
solar radiation by the man-induced surface in contrast with the natural surface; infiltration of warm summer 
precipitation through the body of embankment; increasing thickness of snow cover in lower part of embankment 
and at the adjoining territory; warming effect of the surface and underground water on slope. 

In co-authorship with a group of specialists we have developed several methods of strengthening of roadbed 
base on very icy permafrost soils, which are based on adjustment of ratio of cooling and warming factors with the 
purpose to reduce average annual temperatures of soils and to preserve them in a permanently frozen state (snow 
removal and painting, sun and precipitation protective shed, cooling pipes, film cover, cold accumulation devices) 
or based on preventive removal of very icy masses (ice lenses) from a permanently frozen base and filling the 
cavities formed with a high consistency soils. On the basis of the above technological concepts with the purpose to 
test their efficiency in operation conditions and to try out the techniques Mosgiprotrans designs pi lot-experimental 
roadbed sections of Berkakit - Yakutsk Railway being under construction now. Experimental works have been 
started also on the Bailkal-Amur railroad with the use of some new ways, in particular, snow cleaning, and on 
Transbailkal railroad. 

Deformation of roadbed, permafrost, snow removal, painting, shed, cooling pipes, film cover, cold 
accumulation devices, removal of icy masses 

BBE,[l;EHME 

Il.e¢opMau.1rn: 3eMJI51Horo noJIOTHa ,n:opor Ha 

BeqHoMep3JibIX rpyHTax qam;e BCero CB513aHbI c .n:e

rpa.n:au.neil: Mep3JIOTbI B HX OCHOBaHHH. HanpHMep, 

Ha BAMe TaKHX .n:e¢opMau.nil: OKOJio 70 % [Ee.;w3e
po6, 1993; 5!1C06JZe6, 1992 ]. 06hI1IHO rrpnqnHaMH 

MHOI'OJieTHero OTTaHBaHH51 BeqHoMep3JibIX rpyHTOB 

IIO)J, 3eMJ151HbIM IIOJIOTHOM )KeJie3HbIX .n:opor 51BJI51IOTC51: 

<C B.r. KoH,[lpaTbeB, 1997 

72 

yBeJIH'IeHne KOJIH'!eCTBa norJIOIIJ.eHHOH CC)JIHelJHOH 

pa.a;HaIJ.HH IIOBepXHOCTbIO 3eMJI51HOro IIOJIOTHa no 

cpaBHeHHIO c ecTeCTBeHHOH IIOBepXHOCTbIO; HH

QJHJibTpaIJ.H51 TeIIJibIX JieTHHX oca,n:KOB qepe3 TeJIO 

HaChIIrn; yBeJIH'IeHHe TOJIIIJ.HHbI CHeJKHOro IIOKpOBa 

y OCHOBaHH51 HaCbIIIH H Ha IIpHJieraIOm;eM: Tep

pHTOPHH; QJHJibTpa:a;H51 IIOBepXHOCTHbIX H IIO)J,3eM-



/{Ec/JOPMAl_{HH 3EMJIJIHOI'O JJOJIOTHA /{OPOI' 

HbIX BO.!l, B TeJio H OCHOBaHHe 3eMJI5IHOro ITOJIOTHa 

Ha KocoropHbIX y l.laCTKax. 

OcHOBHhIMH MepoITpH5ITH5IMH ITO o6ecITel.leHHIO 

ycTOHl.J:HBOCTH 3eMJI5IHOro ITOJIOTHa Ha CJia6oM H 

ITpoCa.!l,Ol.J:HOM ITPH OTTaHBaHHH OCHOBaHH5IX o6bil.J:HO 

5IBJI5IIOTC5I: C03.!l,aHHe 3aITaca ITO IIIHpHHe H BbICOTe 

HaCbIIIH' ITO.!l,'beMKa ITYTII Ha 6aJIJiaCT' coopy)KeHHe 

6epM, OTCbIIIKa HaCbIIIH CKaJibHbIM rpyHTOM, Bbipe3-

Ka Jlbil,OHaCbIIIIeHHbIX rpyHTOB OCHOBaHH5I c 3aMeHoii 

ITOCJIOHHO YITJIOTH5ICMbIM .u.peHHPYIOiliHM MaTepna

JIOM H .a.p. [lf3blCl<:aHU5l, 1977]. Ilepel.lHCJieHHbie 

MepoITpH5ITH5I HOC5IT ITpeHMYiliCCTBeHHO ITaCCHBHbIM 

xapaKTep, TaK KaK HaIIeJieHbI B OCHOBHOM Ha ITpe-

0,[(0JieHHe ITOCJIC,[(CTBHii .a.erpa.a.aIIHH Mep3JIOTbI, Tpe-

6yroT 6oJibIIIHX paCXO,[(OB Ha coopy)KeHHe H ITO,[(,[(ep

)KaHHe B pa6o'-leM COCT05IHHH ITYTH H He pernaIOT 

ITpo6JieMbI o6ecITel.J:eHH5I ycTOMl.J:HBOCTH 3eMJI5IHOro 

ITOJIOTHa Ha rpyHTax III H IV KaTeropn:ii ITpoca.a.o'-l

HOCTH [EyW.UH, 1992; 5JJCOBJteB, 1992 ]. 
0'-leBH,[(Ha Heo6XOJJ:HMOCTb pa3pa60TKH aKTHB

HbIX H 6oJiee 3¢¢eKTHBHbIX MepoITpH5ITHH ITO o6ec

ITel.J:eHHIO ycTOlll.J:HBOCTH 3eMJI5IHOrO ITOJIOTHa Ha 

CHJibHOJib,[(HCTbIX Bel.J:HOMep3JibIX rpyHTaX, HaITpaB

JieHHbIX Ha yCTpaHeHHe rJiaBHOM ITPHl.J:HHbI .a.e¢op

MaIIHH: .a.erpa.a.aIIHH Mep3JIOTbI B OCHOBaHHH 3eMJI5I

HOro ITOJIOTHa .a.opor. 

HaMH B coaBTOPCTBe c rpyITIToii cITeIIHaJIHCTOB 

pa3pa6oTaHO HeCKOJibKO CIToco6oB yKpeITJieHH5I oc

HOBaHH5I 3eMJI5IHOro ITOJIOTHa Ha CHJibHOJib,[(HCTbIX 

Bel.J:HOMep3JibIX rpyHTax, ITpe;:i:ycMaTpHBalOiliHX pe

ry JIHpOBaHHe COOTHOIIICHH5I OXJia)K,[(alOiliHX H OTeIT

JI5IIOiliHX ¢aKTOpOB c IIeJiblO ITOHH)KeHH5I cpe.a.Hero

,[(OBOll TeMITepaTypbI rpyHTOB H coxpaHeHH5I HX B 

MHOrOJieTHeMep3JIOM COCT05IHHH Ha ITPOT5I)KeHHH 

BCero BpeMeHH 3KCITJiyaTaIIHH ITYTH HJIH, Hao6opoT, 

ITpeBeHTHBHOrO OTTaHBaHH5I CHJibHOJibil,HCThlX Mac

CHBOB: yKpeITJICHHe OCHOBaHH5I 3CMJI5IHOrO ITOJIOTHa 

c ITOMOiliblO CHerOOl.J:HCTKH H OKpaCKH [KoH8pambeB 
u ap., 1992a ]; yKpeITJieHHe OCHOBaHH5I 3eMJI5IHOrO 

ITOJIOTHa c ITOMOiliblO COJIHIICOCa,[(K03ailiHTHOrO Ha

Beca [KoH8pambeB U 8p., 19926]; yKpeITJICHHe 

OCHOBaHH5I 3eMJI5IHOrO ITOJIOTHa c ITOMOiliblO ITOITe

pel.lHbIX OXJia)K,[(alOiliHX Tpy6 [KoH8pambeB U 8p., 
199 3 a]; yKpeITJieHne ocHoBaHH5I 3eMJI5IHoro ITOJIOT

Ha Ha y'-laCTKax c ITOITepel.lHbIM yKJIOHOM MeCTHOCTH 

c ITpHMeHeHHeM ITJieHOl.J:HOro 3KpaHa [KoH8pambeB, 
1993 ]; yKpeITJieHne ocHoBaHH5I 3eMJI5IHoro ITOJIOTHa 

Ha y'-laCTKax c ITOITepel.lHbIM YKJIOHOM MeCTHOCTH c 

ITOMOiliblO ITpO,[(OJibHbIX yCTpoiiCTB ,[(Jl5I aKKYMYJI5I

IIHH XOJIO,[(a [KoH8pambeB U 8p.,19936]; yKpeIT

JieHHe OCHOBaHH5I 3eMJI5IHOrO ITOJIOTHa ITyTeM ITpH

HY,[(HTeJibHOro OTTaHBamrn Jih,[(HCTbIX rpyHTOB 

[KoH8pambeB u 8p., 1994 ]. 

CHErooq11cTKA M OKPACKA HACbIIIM 
M qACTM IIPMJIEr AIOIIJ,Efi TEPPMTOPMM 

Ha yl.laCTKax ITpoca.a.ol.J:HbIX ITPH OTTaHBaHHH 

MHOroJieTHeMep3JibIX rpyHTOB B03BC1,[(5IT HaChlITb ITO 

TeXHOJIOrHH, ITpe.a.ycMaTpHBaIOilieii coxpaHeHHe 

rpyHTOB OCHOBaHH5I B MHOrOJieTHeMep3JIOM COCT0-

5IHHH: ITpoceKH ITpopy6aIOT 3HMOii 6e3 KOpl.leBKH 

ITHeii, MaKCHMaJibHO coxpaH5IeTC5I MOXOBo-pacTH

TeJibHbIH ITOKpoB; ITepBbIH CJIOH HaCbIIIH OTCbmaeTC5I 

MeTO.!l,OM ,,c rOJIOBbI"' He ,[(OITYCKa5I ,[(BH)KeHH5I Ma

IIIHH ITO ecTeCTBeHHOMY OCHOBaHHIO; ITpOH3BO.!l,HTC5I 

ITOCJIOHHOe YITJIOTHeHHe HaCbIIIH. 

B ITepBoii ITOJIOBHHe 3HMhI (c MOMeHTa yCTa

HOBJieHH5I ycTOHl.J:HBOrO CHe)KHOro ITOKpOBa H .a.o 

MOMeHTa HHBepCHH 3HaKa TCITJIOITOTOKa) ITpOH3-

BO.!l,HTC5I CHCTeMaTH'-leCKOe y.a.aJieHHe CHera c ITpOe3-

)Keii '-laCTH ITYTH, OTKOCOB HaCbIIIH H '-laCTH ITPHJie

raIOilieii TeppnTopnn. MoMeHT HHBepcnn 3HaKa 

TCITJIOITOTOKa ycTaHaBJIHBaeTC5I ITO .a.aHHbIM 6JIH

)Kaurneii MCTCOCTaHIIHH, Kor.a.a cpe.a.HeCyTOl.J:Ha5I 

TeMITepaTypa B03,[(yxa CTaHOBHTC5I ycTOHl.J:HBO BbIIIIe 

cpe.a.HecyTOl.J:HOll TeMITepaTypbI ITOBepxHOCTH ITOl.J:

BbI. IllttpHHa Ol.J:HiliaeMoii OT CHera ITOJIOCbI B03Jie 

HaCbIIIH ,[(OJI)KHa, KaK ITpaBHJIO, 6hITb 60JibIIIe IIIH

pHHhl 6oKOBOM ITOBepxHOCTH HaCbIIIH, o.a.HaKO He 

,[(OJI)KHa ITpeBbIIIIaTb MOiliHOCTb CJI05I rOJJ;OBbIX KOJie-

6aHHM TCMITepaTypbl rpyHTOB ,[(JI5I oroJieHHOM ITO

BepxHOCTH. CHeroo'-lHCTKa MO)KeT ocyilieCTBJI5IThC5I 

JII06bIM CITOco6oM: MexaHH'-leCKHM, ra30JJ:HHaMH'-leC

KHM c ITOMOiliblO aBHaIIHOHHOro ,[(BHraTeJI5l, ycTa

HOBJieHHOro Ha ITJiaT¢opMe HJIH .a.pe3HHe H ;:i:p. 

BecHoii ITOCJie cxo;:i:a cHera ITpOH3BO,[(HTC5I oKpa

CKa OTKOCOB HaCbIIIH IO)KHOH, BOCTOl.J:HOH H 3aITa.a.

HOii 3KCIT03HIIHH, a TaK)Ke BepxHero CTpOeHH5I ITYTH 

B 6eJibIH IIBeT. 3KCIT03HIIH5I OTKOCOB HaCbIIIH OITpe

;:i:eJI5IeTC5I ITO ITJiaHy TpaCCbI HJIH Ha MeCTe B 3a

BHCHMOCTH OT opHeHTaIIHH ITO CTpaHaM CBeTa. Kpa

CKa MO)KeT 6hITb JII06o:ii, HO o65I3aTeJibHO 3KO

JIOrH'-leCKH l.J:HCTO:ii. IloKpacKy ITYTII MO)KHO ITpo

M3BO,[(HTh KpaCKOITYJihTOM JII06o:ii KOHCTPYKIIHH, yc

TaHOBJieHHhIM Ha ITJiaT¢opMe (.a.pe3MHe) HJIH ITepe

HOCHbIM. 0KpacKa ITYTM ,[(OJI)KHa xoporno OTpa)KaTb 

COJIHe'-lHYIO pa.a.HaIIHIO B BeCeHHe-JieTHHH ITepHO,[(, 

IT03TOMY ITPH 3arp5I3HeHMH 60 % 3aIIIHIIIaeMOH ITO

BepxHOCTH ee CJie.a.yeT o6HOBJ15ITb. 

IlOJIO)KHTeJibHbIH 3¢¢eKT JJ:OCTMraeTC5l TeM, 

l.J:TO ycTpaHeHHe TeITJIOH30JIHPYIOiliero BJIH5IHM5I 

CHera B ITepBOH ITOJIOBMHe 3HMbI pe3KO YCHJIHBaeT 

TeITJIOBOM ITOTOK H3 rpyHTOB TeJia l1 OCHOBaHM5I 

HaCbIIIH B aTMoc¢epy - ITPOHCXO.!l,HT HX HHTeH

CHBHOe OXJia)K,[(eHHe. 

CyilieCTBeHHoe yBeJIH'-leHHe aJih6e.a.o ITOBepx

HOCTM (a), ITOKpbITOH HOBOM (a= 75%) HJIH CTapoif 

(a = 55 % ) 6eJioii KpaCKOM, ITO cpaBHeHHIO c ecTeCT

BeHHOH ITOBepxHOCTblO Ma pH (a = 25.%) H B oco6eH

HOCTM 3al.lepHeHHOH Ma3yTOM l1 yroJibHOM ITbIJibJO 

ITOBepXHOCTblO ITYTH (a = 6 % ) yMeHbIIIaeT KOJIHl.J:e

CTBO ITOrJIOilieHHOM COJIHel.J:HOM pa.a.HaIIHM, COKpaITia

eT JieTHMM ITporpeB 3eMJI5IHOro ITOJIOTHa. y CHJieHMe 

3MMHero OXJia)K,[(eHH5I H yMeHbIIIeHHe JieTHero ITpor

peBa coxpaH5IIOT OCHOBaHHe ITYTM B Mep3JIOM COCT0-

5IHHH. Ilpe.a.oTBpaIIIeHMe ;:i:erpa.a.aIIMH Mep3JI0Tbl B 

OCHOBaHHM 3eMJI5IHOrO ITOJIOTHa HCKJIIO'-laeT pa3-

BHTHe ero MHOroJieTHeM OCa.!l,KH. 
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B.I'. KOH~PATbEB 

COJIHII,EOCA.il:K03Arn;MTHblfi HABEC 

y CTpOHCTBO Ha;a: HaCbIIIbIO COJIHil,eoca;a:Ko3a

IIIHTHOro HaBeca rrpe;a:oTBpam:aeT OTeIIJI5IIOII1ee 

BJIH5IHHe rrp5IMOH COJIHeqHoH pa;a:Hail,HH H JieTHHX 

oca;a:KOB, a TaK.)Ke pe3KO CHH.)KaeT TeIIJIOH30JIH

pyrom:ee BJIH5IHHe CHe.)KHOro IIOKpOBa. 

I1 pHHil,HIIHaJihHa5I CXeMa .)KeJie3HO,n:Op0.)KHOrO 

rryTM H306pa.)KeHa Ha pHC. 1. 
Ha yqacTKax 3eMJI5IHOro rroJIOTHa c ocHo

BaHHeM H3 CHJlbHOJib;>:(HCTbIX rpyHTOB HJIH c BKJIIO

qeHHeM rro;a:3eMHbIX Jlb;>:(OB OTChIIIaeTC5I HaChIIIb 

o6brqHoH KOHCTPYKU:HH 6e3 CH5ITH5I MOXOBO- pac

THTeJibHOro IIOKpOBa • .n:orroJIHHTeJibHO ycTpaHBaeT

C5I coJIHil,eoca;a:Ko3aII1HTHbIH HaBec. KoHCTPYKU:H5I 

HaBeca BbI6HpaeTC5I B 3aBttCHMOCTM OT reorpaqmqe

CKOH IIIHPOTbl H KJIUMaTHqecKHX ycJIOBHH MeCT

HOCTH, 3KCil03Hil,HH OTKOCOB H BbICOTbl HaChIIIl1. 

ilpo<fiHJib KpbIIIIH MO.)KeT 6hITb BbIIIYKJIOH 

(pnc. 1, A) o,n:Ho- HJIH ;a:BycKaTHoii: (p11c. 1, E 11 

1, B) <fiopMbI. 

HaBec ,n:OJI.)KeH 3am:mu;aTh ocHoBHyro nJiom:a;a:

Ky H OTKOCbl HaChIIIH, a TaK.)Ke qaCTb rrpHJierarom:e:ii 

TeppHTOpllli, BKJIIOqa51 BOJ1.03aIIIHTHbie BaJIHKH, OT 

A 

P11c. 1. Hp11mwmia11bHaY cxeMa )){eJie3Ho,11,opo)){ -

HOro nyTl1 c COJIHil,eoca,11,K033lll,l1THbIM HaBeCOM. 

A, B H B - c BhlllYKJJhIM, J:IBYCKaTHbIM H OJ:IHOCKaTHhIM npo

c:jmneM Kpb!LUl1 COOTBeTCTBeHHO. I - Cl1JlhH0Jlb):ll1CTOe OCHOBaH11e 

HaChmH; 2 - CTO):l3eMHblH JJe):I; 3 - HaCblllh; 4 - MOXOBO

paCTl1TeJlbHblH CTOKpOB; 5 - Hasec; 6 - peJJbChl; 7 - OTKOC 

HaChln11; 8 - BO):I03all.l,11THb!H BaJl11K; 9 - npOJ:IYX. a, 6, (j 11 G 

w11p11Ha HaCb!CTl1, OCHOBHOH CTJ!Oll.l,a):IKH, BaJ111Ka 11 !Q)KHOro OTKOCa 

COOTBeTCTBe1rno. 
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Jl.0.)l<Jl.5I H IIp5IMOH COJIHeqHOH pa;a:Hail,HM BeCHOH H 

JieTOM H rrpen5ITCTBOB3Tb HaKOITJieHHIO cttera 3HMOH. 

Ll,JI5I 3TOro ycTpaHBaIOT rrpo;a:yxH B HH.){(HeH qaCTH 

ttaBeca, cnoco6cTByrom:ne Bhrnocy CHera 3a npe,n:eJibI 

rryTM B03Jl.YIIIHblM IIOTOKOM rrpH npOXO.)KJl.eHHH 

rroe3,n:a HJIH BO BpeM5I MeTeJIH. illHpHHa HaBeca 

,n:OJI.)l<Ha 6bITh tte MeHhme cyMMbI nonepeqtthIX pa3-

MepoB HaChIIIl1 (a) H BOJl.03aIIIHTHblX BaJIHKOB (13) 

rrp11 MepH,n:HOHaJihHOM HanpaBJieHHH nyTM H He 

MeHhIIIe cyMMbl nonepeqHbIX pa3MepoB OCHOBHOH 

IlJIOII(a,n:KH (6)' IQ.){(HblX OTKOCa HaChIIIll (z) n BOJl.0-

33IIIHTHOro B3JIHKa (6) rrp11 IIIHpOTHOH opHeHTail,HH. 

BhrcoTa ttaBeca ,n:OJI.)Ktta 6hITh He Mettee cyMMhI 

BblCOTbl ra6apHTa npH6JIH.)KeHH5I CTpoeHl1H n on

Tl1MaJibHOH BbICOTbl HaCbIIIl1, orrpe,n:eJI5IeMOH no pe-

3YJihTaTaM TeITJIOTeXHHqecKHX pacqeTOB Jl.Jl5I KOHK

peTHbIX yqacTKOB Tpacchr. ITptt 3TOM yKa3aHHhIH 

ra6apHT ,n:OJI.)KeH BXOJl.HTh BO BttyTpettttee rrpoCTpatt

CTBO HaBeca. 

HaBec MO.)KeT rrpHMeH5IThC5I He TOJibKO Ha yqa

CTKax HaCbIIIeH, a TaK.)Ke Ha HyJieBbIX MeCTax rrpo

Jl.OJlbHOro rrpo<fiMJI5I H B BbieMKax. 

ilOJIO.)KHTeJihHbIH 3<fi<fieKT Jl.OCTHraeTC5I TeM, 

qTo HaBeCOM rrpH coxpaneHHH B03M0.)KHOCTH MHTeH

CHBHOro 3HMHero OXJia.)K,n:eHM5I 3eMJI5IHOro IIOJIOTHa 

H ero OCHOBaHH5I MCKJIIOqaIOTC5I MHcPMJibTpau;H5I JieT

HHX oca,n:KOB H rrp5IMa5I COJIHeqHa5I pa,n:ttail,H5I, 5IBJI5I

IOII1MeC5I 06b1qHO OCHOBHbIMH rrpttqMHaMM ,n:erpa

,n:ail,MH Mep3JIOTbl H ,n:e<fiopMail,Mll 3eMJI5IHOro IIO

JIOTHa Ha OTHOCMTeJibHO poBHbIX yqaCTKax MeCT

HOCTH. 

I1pH coxpaHeHMH BbICOKHX rrpoqHOCTHbIX 

CBOHCTB Mep3JiblX rpyHTOB OCHOBaHH5! B Te11eHMe 

Bcero rrepno,n:a 3KCnJiyaTail,MM ,n:oportt onra,n:aeT He

o6xo,n:HMOCTh B Jl.OIIOJIHMTeJihHbIX npoTHBO,n:e<fiop

Mail,MOHHbIX Meporrptt5ITH5IX, yrrpom:aeTC5I KOHCT

PYKU:M5I ttachmtt, B03pacTaIOT rrporrycKHa5I crroco6-

HOCTh JIHHHH 11 CpOKH CJiy.)K6bI 3JieMeHTOB IIYTM. 

IIOIIEPE1iHbIE OXJIA)K.il:AIOrn;ME TPYBbl 

YKperr11eHtte ocHoBaHH5I 3eMJI5IHOro rroJIOTHa 

Jl.OCTMraeTC5I nocpe,n:CTBOM pa3Mem:eHM5I CMCTeMbl 

OXJia.)K,n:arom:ttx Tpy6 B Htt.){(HeH qacTM HaCbIIIH TaK, 

qTo rpyHTbI OCHOBaHM5I coxpaH5IIOTC5I B MHOrOJie1"

HeMep3JIOM cocT05IHMH. KoHCTPYKU:M5I HaChIIIM cox

Jia.)K,n:arom:e:ii CHCTeMOH IIOKa3aHa Ha PHC. 2. 
0xJia.)K,n:arom:a5I CMCTeMa COCTOHT H3 o,n:noro 

MJIH HeCKOJibKHX p5IJ1.0B Tpy6, YJIO.)KeHHbIX rrorrepeK 

HaChIIIH, qepe3 KOTOpbie nycKaeTC5I XJia,n:oareHT (xo

JIOJl.HbIH HJIH OXJia.)K,n:eHHbIH B03,n:yx, B03,n:ymHo-ra-

30Ba5I CMeCb) rryTeM ecTeCTBeHHOH HJIH rrpttHy

Jl.HTeJibHOH BeHTHJ15II.l,HH. ,Il,HaMeTp Tpy6, mar HX 

yKJia,n:KM M KOJrnqecTBO p5IJ1.0B orrpe,n:eJI5IIOTC5I c rro

MOIIlhIO TenJioTexHHqecKttx pacqeTOB . BeHTMJI5IU:M5I 

ocym:eCTBJI5IeTC5I c IlOMOIIl,bIO MarttcTpaJibHbIX Tpy6 , 

BXOJl.HOro H BbIXOJl.HOro naTpy6KOB. Ll,JI5I ycttJieHM5I 

eCTeCTBeHHOH BeHTHJI5II.l,Hl1 OTBepCTH5I BXOJl.HbIX H 

BbIXOJl.HbIX naTpy6KOB pacnoJiaraIOTC5I Ha pa3Hb!X 
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Puc. 2. CucTeMa oxJia)K,IJ,aiow,ux Tpy6 B ocuosauuu 

uachmtt: B pa3pe3e (A) u B nJiaue (E). 

1 H 2 - OXJia)!()jaJO~He H MarttCTpaJibHhie Tpy6hl; 3 H 4 -
BX0)1HOH H Bb!X0)1HOH naTpy6Ktt; 5 - BeHTHJlllTOp. 

ypoBtt51X. 3ToMy :tKe crroco6cTByeT yKJia,IJ,Ka Tpy6 c 

HaKJIOHOM B HM30BYIO CTOpouy 3eMJI51HOro ITOJIOTHa 

unu rrpuMeueuue Tpy6 KOHJIIIecKo:ii ¢opMbI. B cny

qae rrpMHYAMTeJihHOH BeHTMJI51QMM AOITOJIHHTeJihHO 

rrpeAyCMaTpHBaeTC51 BKJII04eHHe BeHTHJI51TOpa, 4TO 

rro3BOJI51eT TaK:tKe B cnyqae ueo6xoAHMOCTH rrpo

H3BOAHTh OXJia:tKAeHHe rpyHTOB OCHOBaHH51 JieTOM c 

rr0Mo:ru;n10 B03Aymuo-ra30BhIX cMece:ii, uarrpttMep, 

B03AYIDHO-a30THO:ii, H o6ecrre4HTb CTa6HJibHOCTb 

3eMJI51HOro ITOJIOTHa Aa:tKe B aHOMaJihHO TeITJihie 

rDAbI. 

IIJIEHQqHbIM 3KP AH 

Ha KocoroptthIX yqacTKax AJI5I coxpauettH51 

rpyHTOB OCHOBaHH5I 3eMJI51HOro ITOJIOTHa B MHOro

JieTHeMep3JIOM COCT051HHH ueo6xo,IJ,HMO rrpeOAOJieTh 

OTeITJI5IIO:ru;ee BJIH51HHe He TOJibKO COJIHe4HOH pa

AHaQHH H aTMoc¢epHbIX oca,IJ,KOB, HO TaK:tKe rro

BepXHOCTHbIX H HaAMep3JIOTHhlX BOA, CTeKaIO:ru;Hx K 

HaCbIIlH c Haropuo:ii CTOpOHbI. 

BJIH51HHe rroBepxuocTHhIX H ttaAMep3JIOTHhIX 

BOA MO:tKeT 6bITb ycTpaueuo rryTeM ycTpO:iiCTBa rrpo

THBOcPHJibTpaQMOHHOro 3Kpaua (pnc. 3) H3 ITOJIH

Mepuo:ii rrnettKH ua rpattHQax Mep3noro 51Apa co 

CJIHBHOH rrpH3MOH H c 6epMo:ii c BepXOBO:ii CTOPOHbI. 

,Il;JI51 HaAe:tKHOH KOHCepBaQHH Mep3JIOro COCT051HH51 

rpyHTOB TeJia H OCHOBaHH51 HaChlITH 6epMa COCTOHT 

H3 TeITJIOH30JI51QHOHHOro H rrpoTHBOcPHJibTpa

QHOHHOro CJIOeB H Bpe3atta B OCHOBaHHe Ha rny6nuy 

rrpeBbima10:ru;y10 MO:ru;HOCTb ce30HHOTaJioro CJI051. 

0TKOC HaChIIlH c HH30BOH CTOpOHbI yKperrJieH Ka -

Meuuo:ii ua6pocKo:ii, TaK:tKe crroco6cTBy10:ru;e:ii ox

na:tKAeHHIO rpyHTOB TeJia H OCHOBaHH51 HaChIITH. B 

cnyqae lO:tKHO:ii 3KCI103HQHH OTKOCa KaMeHHbIH Ma -

2 I 3 1 

Puc. 3. KoucTpyKQM51 uachmtt c nJietto4tthIM JKpa

HOM. 

1 - CTOJIHMepHall nJieHKa; 2 - Mep3JIOe 1111po HaChmtt; 3 -
CJIHBHall nptt3Ma; 4 - 6epMa; 5 - CHJlbHOJlb)jHCTOe OCHOBaHtte 

HaChmtt; 6 H 7 - TenJIOH30JlllL\HOHHb!H H npOTHBOcjJHJibT

paL\HOHHb!H CJIOH 6epMbI; 8 - no11ourna ce30HHOTaJIOro CJ!Oll; 

9 - KaMe1rna11 Ha6pocKa. 

TepHaJI AOJI:tKeH HMeTh ecTeCTBeHHbIH HJIH crre

QHaJihHO C03AaHHhI:ii CBeT00Tpa:tKa10:ru;n:ii QBeT. Oc

uoBaune CJIHBHOH rrpH3MbI AOJI:tKHO HMeTh yKJIOH B 

HH30BYIO CTOpouy AJI51 CTOKa aTMoc¢epHbIX BOA. 

Texuonorn51 coopy:tKeHH5I uachmH cneAy10:ru;a5I. 

B KOHQe JieTa-oceHhlO B03BOA51T HaChIITb H3 CB5I3-

HbIX rpyttTOB (cyrJIHHKOB, cyrrecn) H c uaropuo:ii 

CTOpOHbI ocy:ru;eCTBJI51lOT Bpe3KY B OCHOBaHHe Ha 

rny6nuy' rrpeBbima10:ru;y10 MO:ru;HOCTb ce30HHOTaJIO

ro CJI051 (OT ITOBepxHOCTH BOAOOTBOAHO:ii KaHaBbI) Ha 

0,5-0, 7 M. Htt30BOH OTKOC HaChIITH ITOKpbIBalOT 

ua6poCKOH H3 ¢paKQHOHHOro KaMH51 co cpeAHHM 

AHaMeTpOM 0,3-0,5 M. Ilo OKOH4aHHH ITOJIHOro 

rrpoMopa:tKHBaHH5I HaChIITH HJIH B KOHQe 3HMbI BO 

Bpe3KY H Ha Mep3JIOe TeJio HaChIITH HaCTHJialOT 

ITJieH04HbIH 3Kpau. <DopMttpyeTC5I BepxoBa5I 6epMa 

H3 TeITJIOH30JI5IQHOHHOro H rrpoTHBOcPHJibTpaQHOH

HOro CJIOeB. TerrJIOH30JI51QHOHHbIH CJIOH OTChmaeTC5I 

H3 rrecqauo-:ru;e6eHHCTbIX rpyHTOB, a rrpOTHBO

cPHJibTpaQHOHHbIH CJIO:ii - H3 yKaTaHHbIX rJIHHHC

TbIX HJIH cyrJIHHHCTbIX OTJIO:tKeHHll:. 06:ru;a5I MO:ru;

HOCTb CJIOeB AOJI:tKHa rrpeBhrmaTb rny6nuy ce30HHO

ro OTTaHBaHH51. ,Il;JI5I yMeHhIIIeHH5I rrocneAtte:ii Qene

coo6pa3HO ITOKpbIBaTb 6epMy MXOM, AepHOM, TOp

cPOM H ApyrHMH TeITJIOH30JI5IIJ;HOHHbIMH MaTepna

JiaMH. 3aTeM ¢opMnpyeTC5I OCHOBHa51 ITJio:ru;aAKa 

HaChIITH CO CJIHBHOH rrpH3MOH. ECJIH HH30BOH OTKOC 

uachrnH o6pa:ru;eu B IO:tKHYID CTopouy, a ua6pocKa 

BhlITOJIHeHa H3 TeMHOQBeTHOro KaMH5I, TO AJI5I 

yMeHbllleHH5I BJIH5IHH5I COJIHe4HO:ii paAHaQHH Otta 

0KpamHBaeTC5I B 6eJihlH QBeT. 

IIPO,IJ;OJihHbIE YCTPOMCTBA 

,IJ;JI5I AKKYMYJI5III:JIM XOJIO,IJ;A 

OcuoBHhIM HeAOCTaTKOM orrncauuo:ii Bhime 

KOHCTPYKQHH c rrpoTHBOcPHJihTpaQHOHHhIM 3KpauoM 

H3 ITOJIHMepuo:ii ITJieHKH 5IBJI5IeTC5I TPYAOeMKOCTb 

pa6oT B ycJIOBH5IX 3KcrrnyaTttpy10:ru;nxc5I AOpor H 

orpaHH4eHHe rrpHMeHeHH5I rrpettMy:ru;eCTBeHHO HO

BbIM cTponTeJihCTBOM. XapaKTepn3yeMa5I HH:tKe 

KOHCTPYKQH5I 1rnmeua yKa3auuoro tteAOCTaTKa. 

y CTpaueune OTeITJI5IIO:ru;ero BJIH5IHH5I ITOBepx

HOCTHbIX H HaAMep3JIOTHbIX BOA Ha KOCOropHbIX 
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B.I'. KOH4PAThEB 

A 

3 5 2 5 

6 4 

PHc. 4. KoHCTPYKQHSI Hachrrr11 c ycTpoiicTBOM ,[J,JISI 

aKKYMY JISIU:HH xo110)1,a: A - B nonepe1.1HOM, E - B 

npo)J,OJibHOM pa3pe3ax. 

1 - yCTpOHCTBO ):\Jill aKKYMYJJlll\1111 XOJJOAa; 2 - HaCbIITb; 3 11 

4 - B03AJUIHblH 11 rpyHTOBblH Terrnoo6MeHHl1K11; 5 - rrpo

Tl1BOqll1J1bTpa11110HHall 6epMa; 6 - ITO):\OIIIBa ce30HHOTaJJOro CJ!Oll; 

7 - KaMeHHall Ha6pocKa. 

y1.1acTKax MO)KeT 6bITb AOCTHrHyTo nyTeM C03i':(aHHSI 

npoTHBOcPHJibTpau;HOHHOI'O 3KpaHa H3 Mep3JibIX 

rpyHTOB (pHC. 4) c nOMOID;bIO ycTpOHCTB i':(JISI aKKy

MYJISIU:HH XOJIO;r:(a THna TepMOCBaH JloHra, faneeBa, 

MaKapoBa H AP· , pa3Mem;aeMblX BAOJib HacbmH c 

BepxOBOH CTOpOHbI. TipH 3TOM B03AYIDHbIH Ten110-

06MeHHHK ycTpOHCTB ycTaHaBJIHBaeTCSI BepTHKaJib

HO, a rpyHTOBbIH - Bi':(OJib HaCbIIIH noi':( yrJIOM 

95-100° K BepTHKaJIH. L(JISI Hal:(e)KHOH KOHcep

BaIJ;HH B Mep3JIOM COCTOSIHHH rpyHTOB TeJia H OCHO

BaHHSI HaCbIIIH coopy)KaeTCSI npOTHBOcPHJibTpau;HOH

HaSI 6epMa, KOTOpa.si: Bpe3aeTCSI B OCHOBaHHe Ha 

rny6HHY, npeBhlma10m;y10 MOID;HOCTb Ce30HHOTaJio

ro CJIOSI. 0TKOC HaCbIIIH c HH30BOH CTOPOHbI yKpen

JISieTCSI KaMeHHOH Ha6poCKOH, TaK)Ke cnoco6cTBYIO

m;e:ii OXJia)Kl:(eHHIO HaCbIIIH, npHl.leM B c11y1.1ae 

IO:>KHOH 3KCn03HU:HH OTKOCa KaMeHHbIH MaTepHaJI 

i':(OJI)KeH HMeTb ecTeCTBeHHbIH HJIH cneu;HaJibHO C03-

i':(aHHblH CBeTOOTpa)KaIOru:H:ii IJ;BeT. 

TexH011orm1 coopy)KeHHSI HaCbIITH c11eAy10ru:asi. 

B KOH!J;e 11eTa-oceHbIO B03BOASIT Hachmb H3 TaJihrx 

CBSI3HbJX rpyHTOB (cyrJIHHKOB, cynecH) H c Harop

HOH CTOpOHbI ocym;eCTBJISIIOT Bpe3KY B OCHOBaHHe Ha 

r11y6HHY, npeBhlmaroru:yro MOru:HOCTb ce30HHOTaJIO

ro CJIOSI (OT i':(Ha BOi':(OOTBOi':(HOH KaHaBbl) Ha 0,5-
0, 7 M H ycTaHaBJIHBaIOT ycTpOHCTBa i':(JISI aKKYMY

JISIU:HH xoJIOAa no cxeMe, yKa3aHHOH Ha pHc. 4. 
3aTeM ¢opMHpyIOT npOTHBOcPHJibTpau;HOHHYIO 6ep

MY H3 ynJIOTHeHHblx rJIHHHCTblX HJIH cyrJIHHHCTbIX 

OTJIO)KeHHH. L(JISI yMeHbmeHHSI rny6HHbI ce30HHOI'O 

OTTaHBaHHSI rpyHTOB u:e11ecoo6pa3HO noKpbIBaTb 

6epMy TenJIOH30JISIU:HOHHbIMH MaTepHaJiaMH nocJie 

npoMopa)KHBaHHSI HaCbIIIH, nepel:( HaCTynJieHHeM 

nepHOAa OTTaHBaHHSI. y CTaHOBKa OXJI3)Kl:(aIOru:Hx 

ycTpOHCTB MO:>r<eT 6hlTb BbIIIOJIHeHa H nocJie coopy

)KeHHSI BepXOBOH 6epMb1 c noMOru:bIO BepTHKaJibHOI'O 
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H HaKJIOHHOI'O 6ypeHHSI HJIH OTpbITHSI cneu:HaJibHbIX 

KaHaB (npope3e:ii). 

Te110 HaCbIIIH MO)KeT 6b1Tb coopy)KeHo H H3 

cKaJibHOro (ApeHHpy10m;ero) rpyHTa. B 3TOM c11y1.1ae 

OTCbIIIKa rpyHTa BblnOJIHSieTCSI B 3HMHee BpeMSI, a 

JieTOM c HaropHOH CTOpOHbI OTpbrnaeTCSI TpaHme.si: Ha 

0,5-0, 7 M HH)Ke KpOBJIH MHOI'OJieTHeMep3JibIX 

nopoi':\. B Hen ycTaHaBJIHBaIOTCSI ycTpo:iicTBa AJISI 

aKKYMYJISIU:HH XOJIO;r:(a. TipOH3BOAHTC5I 3aCbIIIKa 

TpaHmeH TaJibIMH rJIHHaMH HJIH cyrJIHHKaMH, KOTO

pble npH 3TOM TI.IJ,aTeJibHO ynJIOTHSIIOTCSI. 113 TaKHX 

)Ke rpyHTOB ¢opMHpyeTC.sI npoTHBOcPHJibTpau;HOH

HaSI 6epMa. 

HH30BOH OTKOC HaCbIIIH noKpbrnaIOT Ha6poCKOH 

H3 ciJpaKU:HOHHOI'O M0p030CTOHKOI'O KaMHSI CO 

cpeAHHM AHaMeTpOM 0,3-0,5 M. Ec11H 3TOT OTKoc 

HaCblnH o6pam;eH B IO)KHYIO CTopoHy' a Ha6pocKa 

BbIIIOJIHeHa H3 TeMHOU:BeTHOro KaMHSI, TO i':(JISI 

yMeHhmeHHSI BeceHHe-JieTHero nporpeBa HacbmH 

COJIHel.IHOH pal:(Hau;HeH OTKOC noKpbIBaeTCSI 6e11o:ii 

KpaCKOH (CBeTOOTpa)KalOI.IJ,HM noKpbITHeM). 

IIPHHY )J,HTEJihHOE OTT AHBAHHE 
CHJibHOJibL(HCThIX rPYHTOB 

OCHOBAHH51 3EMJI51HOro IIOJIOTHA 

B HeKOTOpbrX CJ1y1.1a.si:x, B oco6eHHOCTH Ha y1.1a

CTKax c TeMnepaTypo:ii rpyHTOB 6JIH3KOH K 0°C, 
MO:>KeT OKa3aTbCSI u:e11ecoo6pa3HbIM BMeCTO nOCTO

SIHHOI'O nOl:(l:(ep)KHBaHHSI OTPHU:aTeJibHOH TeMnepa

TYPbI rpyHTOB npHHSITb npeseHTHBHbre Mepbr no HX 

OTTaHBaHHIO H ynpo1.1HeHHIO. L(JISI 3TOI'O cneu:HaJib

HO pa3pa6ornHa TexH011om.si: pa3pymeHHSI H yAa-

11eHHSI CHJibHOJibi':(HCTbIX Bel.IHOMep3JibIX rpyHTOB 

HJIH 3aJie:>r<e:ii Jlbi':(a B OCHOBaHHH 3eMJISIHOro nOJIOTHa 

rHAPOAHHaMHl.leCKHM cnoco6oM 1.1epe3 cneu;HaJibHbie 

CKBa:>KHHbI, no KOTOpblM npOH3BOAHTCSI TaK:>r<e OA

HOBpeMeHHOe 3aMem;eHHe B03HHKaIOI.IJ,HX noJIOCTeH 

TaJiblM Henpocai':(Ol.IHbIM rpyHTOM c Heo6xOi':(HMbIMH 

CBOHCTBaMH, HanpHMep, necKOM HJIH rpyHTOBo-u:e

MeHTHOH cMeCbIO. B TaKOM c11y1.1ae HCK11101.1aIOTCSI 

onaCHbie ocai':(KH HaCbIIIH npH JII06bIX TenJIOBblX 

B03Ae:iicTBH.si:x H H3MeHeHHSIX npHpOAHOH cpeAbI. 

OllbITH0-3KCIIEPHMEHT AJibHbIE P AEOTbI 

Ha ocHoBe H3JIO)KeHHbIX Bhrme TeXHHl.leCKHX 

pemeHHH c u:eJiblO nposepKH B npOH3BOi':(CTBeHHbIX 

ycJIOBHSIX HX 3¢¢eKTHBHOCTH H 0Tpa60TKH TeXHO

JIOrHH CTpOHTeJibCTBa H TeKyru:ero COl:(ep)KaHHSI npo

THBOAe¢opMaIJ;HOHHblX coopy)KeHHH 3anpoeKTHpO

BaHbl OnbITH0-3KCnepHMeHTaJibHbie y1.1aCTKH 3eMJISI

HOro nOJIOTHa CTpo.si:ru:e:iic.si: :>r<eJie3HOAOPO:>KHOH JIH

HHH BepKaKHT-TOMMOT-5lKyTcK. 

B 1.1acTHOCTH, Ha 708 KM JIHHHH, Me)KAY pa3'b

e3l:(aMH BoTTOMa H KHpHM, npel:(no11araeTc.si: HCnhr

TaTb COJIHu;eocai':(K03am;HTHbIH Hasec. 3KcnepHMeH

T3JlbHbIH y1.1acToK pacnoJIO)KeH Ha A6a11axcKo:ii Tep

pace p. JleHa, CJIO)KeH Ha rny6HHY 10-15 M 03ep-



J(EC/JOPMAL{J!Jf 3EMJI5IHOI'O flOJIOTHA J(OPOI' 

H0-60JIOTHbIMH, 03epHO-aJIJIIOBHaJibHbIMH H aJI

JIIOBHaJibHbIMH c y rrecllaHo-cyrJIHHHCTbIMH rpyH

TaMH c rrpOCJI05IMI1 H )KHJiaMH Jlb}:(a H Jib}:(OrpyHTOB. 

0THOCHTeJibHa5I TeIIJIOBaSI oca}:(Ka COCTaBJISieT 0' 1-
0, 7. 11pHro}:(HbIX J:(JI5I coopy)KeHH5I HaCbIIIH rpyHTOB 

B6JIH3H rrpaKTHlleCKH HeT. )J,aJibHOCTb B03KH Hy)K

HbIX rpyHTOB COCTaBJISieT 20 KM, a CKaJibHOro rpyH

Ta - 48 KM. 

11pe}:(mecTBYIOIIJ,HM rrpoeKTHbIM pemeHHeM 

coxpaHeHHe OCHOBaHH5I B Mep3JIOM COCT05IHHH Ha 

J:(aHHOM yqaCTKe rrpe}:(yCMaTpHBaJIOCb ocyIIJ,eCTBHTb 

c IIOMOIIJ,blO rrapO)KHJ:(KOCTHbIX TepMOTpy6, ycTa

HaBJIHBaeMbIX qepe3 2 M y IIOJ:(OillBbI HaCbIIIH, H 

rreHOIIJiaCTa B OCHOBaHHH. 

B OIIbITH0-3KcrrepwMeHTaJibHOM rrpoeKTe rrpeA

JiaraeTCSI pemHTb 3TY 3a}:(ally, T.e. o6ecnellHTb MHO

roJieTHeMep3JIOe COCT05IHHe rpyHTOB, c IIOMOIIl,blO 

HaBeca, rrpe}:(CTaBJI5IIOIIJ,ero co6oii D;HJIHHAPHlleCKOe 

IIOKpbITHe rrpoJieTOM 9,5 M J:(JI5I OJ:(HOIIYTHOro )K.):(. 

rryTH c rrpSIMOJIHHeHHbIMH OKpbIJIKaMH AJIHHOH 4 M, 

KOTOpoe ocyIIJ,eCTBJI5IeTC5I rryTeM ycTaHOBKH apoK 

rrpoJieTOM 9' 5 M H CTpeJIOH IIOJ:('beMa 4' 7 5 M Ha 

TpeyroJibHbie orropbl c IIOJ:(OIDBOH 3 M H BbICOTOH 

3,5 M. Me)KAY apKaMH ycTaHaBJIHBaIOTCSI CBSI3H. B 
KalleCTBe orpa)KJ:(aIOIIJ,ero 3JieMeIITa rrpHHSIT rrpo¢

HaCTHJI, KOTOpbIH YKJia}:(bIBaeTC5I Ha rrporoHbl c ma

roM 1,5 M. B Ka11ecTBe cPYHAaMeHTa apoK rrpHHSITbI 

MOHOJIHTHbie 6eTOHHbie CJia6oapMHpoBaHHbie 6Jio

KH, ycTaHaBJIHBaeMbie Ha IIOJ:(CbIIIKe. 

KaK IIOKa3aJIH paclleTbl, CTOHMOCTb )K.):(. rryTH 

c HaBeCOM OKa3bIBaeTC5l Ha 20 % HH)J(e, lJeM c 

rrapO)KHJl:KOCTHbIMH ycTaHOBKaMH. TexHw11ecKoe )Ke 

rrpewMyIIJ,eCTBO OlleBHJ:(HO, IIOCKOJibKY ITO}:( HaBeCOM 

Ha}:(e)KHO 06ecrre11wBaeTCSI coxpaHeHI1e Bcero ocHo-

BaHH5l HaCbIIIH B MHOroJieTHeMep3JIOM COCT05IHHH, 

TOr}:(a KaK rrapO)KHJ:(KOCTHbie ycTaHOBKH, HMeIOIIJ,He 

paA11yc AeHCTBHSI Bcero 1,5 M, oxJia)J(J:(aIOT JIHIDb 

KpaiiHHe yqacTKH rroAomnbr HaCbIIIH, He ycTpaHilSI 

orraCHOCTH OTTaHBaHH5I rpyHTOB B cpe}:(HeH llaCTH 

IIOJ:(OillBbI. 0'-IeBHJ:(Hbl rrpewMyIIJ,eCTBa HaBeca TaK)J(e 

B 11acTH rrpocTOTbI H Ha}:(e)J(HOCTH rrp11 3KCIIJiya

Ta11HH JIHHHH. 

Ha 383 KM, B paiioHe ToMMOTa, rrpe}:(rroJiara

eTcsr IIOCTpOHTb OIIbITH0-3KCrrepHMeHTaJibHbIH yqa

CTOK }:(Jill rrpoBepKH H cpaBHeHH5I Tpex J:(pyrHX 

TCXIIHlleCKHX pemeHwii: rrpoeKTHOH KOHCTPYKD;HH B 

BHJ:(e HaCbIIIH H3 CKaJibHOro rpyHTa c rJIHHHCTbIMH 

1I3CTHD;aMII He 6oJiee 20%' c rreuorrJiaCTOM B OCHO

BaHHH TOJIIIl,HHOH 0,1 M ua IDHpHHY 3,5-4 MOT OCH 

IIYTH, c KaMeHHOH na6poCKOH H3 J:(OJIOMHTa CJIOeM 

0,8 Mc pa3MepaMH KYCKOB 0,2-0,4 M ua OTKOCax; 

OIIbITII0-3KcrrepnMenTaJibHOH KOHCTPYKIIHH H3 

J:(JIHHHOMepubIX ceKD;HOHHbIX TepMOCTa6HJIH3aTopon 

B COOTBeTCTBHH c rraTeHTOM Ha H306peTeHHe 

N«? 2059752, ycTaHaBJIHBaeMblX y BepxoBOH (crrpa

Ba no XOAY KHJIOMeTpOB) IIOJ:(OillBbI HaCbIIIH, 

HCKJIIOllliB rrpH 3TOM KaMenuyIO ua6pocKy c 3TOH 

CTOpOHbr; OIIbITH0-3KCIIepHMeHTaJibHOH KOHCT

PYKI~HH B cooTneTCTBHH c rraTeHTOM Ha H306pe

Tem1e NQ 2010919 c oxJia)J(J:(eHHeM HaCbIIIH H rpyH -

TOB OCHOBaHHII rryTeM rrpHHYAHTeJibHOro rrpo

BCTpnnaHH5I no 11yryHHbIM Tpy6aM J:(HaMeTpOM 

150 MM, YKJia}:(bIBaeMbIM B HH)J(Heii llaCTH HaCbIIIH, 

HCKJII01IHB KaMeHHbIC na6poCKH c o6eHX CTOpOH 

HaCbIIIH H rreHoIIJiaCT H3 ee OCHOBaHHII. 

KaK BHAHO 113 Ta61111u;hr, Ha yqacTKax CHJib

HOJibJ:I:HCThrx rpynTOB Bee rrpe}:(JiaraeMbie pemeHirn 

5IBJI5IIOTC5I u;eJiecoo6pa3HbIMH H MoryT KOHKypH-

CMenmSI CTOllMOCTb 1 rroronnoro MeTpa 3CMJIS!HOro IIOJIO.THa 

pa3JJHqHbIX rrpOTHBO,[ICcpOpMal\HOHHLIX KOHCTPYKL(HH }l{,,[1. JIHHHH TOMMOT-51KyrCK 

KoHCTPYKL\HSI 3eMJrnHoro rronoTHa 

HaCblIIb BbICOTOH 1,5-2,5 M c KaMeHHOH Ha6pOCKOH Ha OTKOCax H rre11orrnaCTOM 

0,1 M B OCHOBaHHH Ha Y'laCTKax: 

TOMMOT-AMra 

DOTTOMa-KHDHM 

Hacbmb BbICOTOH 1,5-2,5 M c sepTHKaJJbHbIMH rrapo}l{HJIKOCTHbIMH ycrn11osKaMH 

rny6HHOH 7 My IIO,[\OIIIBbl 1.1epe3 2 M H rre1mrrnaCTOM 0,1 MB OCHOBaHHH Ila y1.1aCTKC 

DOTTOMa-KHDHM 

Hacblrrb BbICOTOH 1,5-2,5 M c ,t1JJHHHOMepm .. 1M11 ceKL(HOHHbIMH TepMOCTa611n11-

3arnpaM11 y BepxOBOH IIO,[IOIIIBbl Ha y1.1acTKe TOMMOT-AMra: 

c rreHOIIJJaCTOM 0,1 MB OCHOBaHHH H KaMeHHOH na6pOCKOH Ha HH30BOM OTKOCe 

6e3 rreHomracrn 

6e3 rrenorrnacTa 11 KaMe1-mo1'1 na6oocKH 

HaCbJIIb BbICOTOH 2-4 M c rrpm1y,[IHTe.%HblM rrpoBeTpHBaIIHeM ITO 1.1yry1IJibIM Tpy6aM 

1111aMeTpOM 150 MM, yno}l{eHHbIM 1.1epe3 3 M B HH}l{Hei"1 <1acT11 n<1Cbm11 11a y1.1acTKC 

TOMMOT-AMra: 

rrpH )1JIHHe y'laCTKa 70 M 

rrpH ,[\JIHHe y<1aCTKa 280 M 

rrp11 ,[IJl1-rne y1.1acTKa 700 M 

IIDH HaJJH4HH Dll,[\OM IIVHKTa o6orocsa 

HaCbIIIb BbICOTOH 1,5-2,5 M c COJIIIL(eoca,[IK03U~HT!lbIM H'.l.necoM 

Ha y1.1aCTKe TOMMOT-AMra 

Ha y1.1aCTKe DOTTOMa-KHpHM 

CTOHMOCTb B L(enax 1991 r., py6. 

210 
320 
1120 

502 
390 
340 

415 
250 
200 
190 

790 
900 
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B.I'. KOHl{PATbEB 

poBaTb c 3aJIO%eHHbIMH B npoeKT 3eMmrnoro nOJIOT

Ha %eJie3HO,ll,opo%Hoii JIHHHH ToMMOT-.5IKyTcK 

KOHCTPYKU:H.srMH c napo%H)l,KOCTHhIMH ycTaHoBKaMH 

y nO)l,OIIIBhl HaCbIIIH HJIH c KaMeHHOH Ha6poCKOH Ha 

OTKOcax HaCblIIH H rreHOIIJiaCTOM B OCHOBaHHH. 

Hal.laThI orrhITH0-3KcrrepHMeHTaJihHbie pa6oTbI 

H Ha 3a6aliKaJihCKoli %.,!I,. B l.laCTHOCTH, pa3pa60Ta

Ho TeXHHK0-3KOHOMmieCKOe 060CHOBam1e B03MO)l(

HblX TeXHHl.leCKHX pemeHHH no ycTpaHeHHIO H rrpe

)l,OTBpa111eHHIO )l,aJibHelimero pa3BHTH.5l ,ll,e¢opMaJJ;HH 

3eMJI.5lHOro IIOJIOTHa Ha O)l,HOM H3 yl.laCTKOB MHOro

JieTHeH )l,erpagau;HH Bet.J:HOH Mep3JIOTbl B OCHOBaHHH 

nynr. KoMnJieKc npegJio%eHHhIX Meponptt.srTHH H 

pemem1li oKa3aJic.sr 6oJiee u;eJiecoo6pa3HhIM KaK B 

TeXHHt.IeCKOM, TaK H 3KOHOMHt.IeCKOM OTHOmeHH.srx: 

ero CTOHMOCTb, a COOTBeTCTBeHHO H cpoK OKynae

MOCTH, OKa3aJIHCb B 1,8 pa3a MeHhme COOTBeTCTBy

lOII(HX noKa3aTeJieli paHee pa3pa6oTaHHoro rrpoeKTa. 

B 3TOH CB.sr3H HHTepeCHhI 3KcnepHMeHTbI 

)],. 3apJIHHra H A. Bp3Jie.sr [Zarling et al., 1986], 
npoBe,ll,eHHbie Ha AJI.srcKe gJI.sr pa3pa60TKH Hatt6oJiee 

3KCTpeMaJibHblX MeTO)l,OB Jiel.J:eHH.5l 3eMJI.5lHOro rro

JIOTHa (oxJia)l()l,eHH.sr OTKOCOB aBTO,ll,OpOrH B palioHax 

Bet.IHOH Mep3JIOTbI). ITpoBep.srJioch TPH MeTOga: coo

py%eHHe Ha OTKOCax )l,OpOrH HaBeca H3 gepeBa H 

¢aHepb1 gJI.sr 3aTeHemrn rpyHTa B Tet.IeHHe JieTa H 

rrpegoxpaHeHH.5l OT BJIH5IHH.5l CHera, KaK TenJIOH30-

JI.5lU:HOHHOrO IIOKpOBa 3HMOH; rrepHO,ll,Ht.IeCKa.sr (1 pa3 

B Mec.sru;) 01..IHCTKa OT CHera B Tet.IeHHe 3HMbl yt.IaCTKa 

6epMbl aBTO)l,O'porH H ycTaHOBKa Ha OTKOcax HaCbIIIH 

TepMOCHQJOHOB. 

HaH60Jihmyro 3QJQJeKTHBHOCTb noKa3aJIH HaBe

CbI. 0HH, no MHeHHIO )],. 3apJIHHra H A. Bp3Jie.sr, 

MoryT 6bITb )l,OCTaTOt.IHbIMH )l,Jl.5[ OXJia)l()l,eHH.5l rpyH

TOB HaCbIIIeH Ha 3-5° B Tet.IeHHe HeCKOJibKHX JieT. 

CHerool.lHCTKa TaK%e noKa3aJia 3Hat.IHTeJihHYIO 

IIOJlb3y, O)l,HaKo OHa, KaK Ct.IHTaIOT aBTOpbI, MO%eT 

noTpe6oBaTb 60JibillHX ycHJIHH B rO)l,bl o6HJibHbIX 

CHeronagoB. 

AJI.srCKHHCKHH OnbIT nO)l,TBep%gaeT nepcneK

THBHOCTb pa3pa6oTKH cnoco6oB yKpenJieHH.5l OCHO

BaHH.sr 3eMJI.5lHOro IIOJIOTHa Ha Bet.IHOMep3JibIX rpyH

Tax , OCHOBaHHbIX Ha peryJIHpOBaHHH COOTHOmeHH.5l 

OXJia%)l,alOII(HX H OTeIIJI.5llOII(HX ¢aKTOpOB c u;eJiblO 

110HH%eHH.5l cpe)l,Hero)l,OBOH TeMrrepaTypbI rpyHTOB 

H coxpaHeHH.5l HX B MHOroJieTHeMep3JIOM COCT0.5lHHH. 
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HamH TexmrLieCKHe pernemrn rrpe)l,cTaBJI.srIOTC51 

6oJiee 3QJQJeKTHBHblMH, nOCKOJihKY HaBeCOM rrepeK

pbrnaeTc.sr BCe 3eMJI.5lHOe IIOJIOTHO, a He TOJlbKO OTKOC 

HaCbIIIH, KaK B 3KCnepHMeHTax )],. 3apJIHHra H 

A. Bp3Jie.sr; CHerooLIHCTKa BbIIIOJIH.sreTc.sr TOJihKO Tor

ga, KOrga TeIIJIOIIOTOK HMeeT HarrpaBJiem-1e B aTMOC

¢epy' a B JieTHHH rrepHO)l, TeIIJIOIIOTOK B rpyHT 

yMeHbmaeTC.sr CBeTOOTpa)l(aI0111e:i1: IIOKpaCKOH. 
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I'EOHHC/JOPMAI.{HOHHh!E CHCTEMhl 

Y,!l,K 574.4.001.57:581.526.533 

rEOMH<l>OPMAIJJIOHHbIH TI0,11,X0,11, K M3YqEHMIO YrJIEP0,11,HbIX 
TIOTOKOB B TYH,11,POBbIX JIAH,11,IIIA<l>TAX 

)],. r. 3aMOJIO)l,11HKOB*, ,n:. B. KapeJIHH*·**, A. II. IIsaru,eHKO** 

* l{e1tmp no npo6JLeM.aM. :JKOJLozuu u npoiJyKmue1tocmu JLecoe PAH, MocKea, 117418, Hoeo'tRpeM.yw.1CuHcKaJ1 yJL., 69, PoccuR 
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,!l,m1 xapaKTep11cT11K11 yrnepOJ:IHOro u,11KJJa naHALUacjna T11nwrnoi1 TYHAPbI Cesepo-3ana):IHOro Tai1Mb1pa 
11CnOJib30BaH reo11HcjJOpMau,110HHblM nOAXOA. 0CHOBHblMl1 4aCTSIMl1 noCTpOeHHOM rttc 51BJJSIIOTC51: 1) KOMnbIOTep
Ha51 Kaprn rpatt11u, TYHAPOBblX 611oreou,eno3os, 2) 6a3a AaHHbIX no cyTO'IHbIM norOAHbIM napaMeTpaM, 3) MOAeJJb 
ce30ttttoi1 A11ttaM11K11 HaA3eMHOi1 cjJ11TOMaccb1, 4) 11M11rnu,11ottttaS1 MOAeJJb yrJJepOAHbIX noTOKOB. Ou,ettettbl ce30H
Hb1e yrnepOAHble nOTOKl1 (saJJOBOe AbIXatt11e, BaJJOBa51 npOAYKU,1151, 411CTblM nOTOK) AJJ51 CJJaraIOlll,11X JJaHAlllacjJT 
611oreou,eno3os. Ce30HHbii1 yrnep0Anb1i1 6ananc (1110tth-Cettrn6pb) nanALUacjJrn oxapaKTep113osan KaK 6n113K11i1 
K HyJJeBOMy. IlposeAeH KOMnbIOTepHhlM 3Kcnep11Me1n, 11Ml1Tl1PYIOLU11H BJJl151Hl1e 113Menen11i1 TeMneparypbl 11 
06JJa'-!HOCT11 na yrnepOJ:1Hhii1 6aJJanc JJaHAlllacjJrn T11n11'-!Hb1x TYHAP· 

YzJ1epoB1tb1ii. 1.1;wcJ1, my1tBpa, J1a1tiJw.ai:jJm, zeou1ti:jJopM.a1.1;uon11.aJ1 cucmeM.a, u w6aJLbHbte U3M.e1teHuJ1 

GEOINFORMATION-APPROACH TO INVESTIGATION OF CARBON FLUXES IN TUNDRA LANDSCAPES 

D. G. Zamolodchikov*, D. V. Karelin* '**, A. I. Ivashchenko** 

* Center for problems of ecology and productivity of forests, RAS, 117418, Moscow Novocheryomushkinskaya, 69, Russia 
** Moscow State University, Department Biological, 119899, Moscow, Vorobjovy Gory, Russia 

GIS-approach is used for the estimation of the carbon balance of the typical subarctic tundra landscape. 
Main parts of the created GIS are: 1) a computer map of tundra ecosystems borders, 2) database on diurnal 
weather parameters, 3) a model of aboveground plant biomass dynamics, 4) a simulation model of carbon fluxes. 
Seasonal carbon fluxes (gross respiration, gross primary production, net flux) are estimated for ecosystems of the 
tundra landscape. Seasonal carbon balance (June-September) of the landscape is found to be close to zero. 
Computer experiment simulated the influence of temperature and cloudiness changes on carbon balance of the 
typical subarctic tundra landscape. 

Carbon balance, tundra, landscape, geographic-information system, global change 

BBE.LI:EHIIE 

femrnciJopMal.IJiOHHbIH 110)1,XO)l, B HayKaX 0 3eM

Jie, KaK 11pamrno, HCl10Jih3yeTC51 11pw HHTerpau:im 

KapT H 6a3 JJ,aHHhlX Jl:Jl51 KPYl1HbIX pemOHOB, 

Ha11pHMep, CTpaH HJIH 11pHpOJI:Hh1x 30H. O;::i:HaKo 

yKa3aHHbIH 110)1,XOJI: MO)!(eT 6hITb 110Jie3HbIM H B 

HCCJie;::i:osaHH51X JiaH;::i:ma¢Tttoro ypoBH51. ]/fasecTHO, 

11To pa3Hhie THl1hI TYHJI:pOBhIX 6Horeo1.1,eH030B HMe

IOT pa3Jilll.J:Hhie 11apaMeTpb1 yrJiepOJI:HOro 6aJiaHca B 

11peJJ,eJiax OJI:HOro JiaHJI:ma¢rn. Enoreo1.1,eH03hI c 6y

ropKOBhIM ll KOl.J:KapHbIM MHKpopeJihe¢oM l.J:aCTO 

BbICTy11aroT B Kal.J:eCTBe HCT011HHKa yrJiepOJI:a )l,JI51 

aTMoc¢ephl, B TO BpeM51 KaK 3a6oJIOl.J:eHHhie .u;e-

11peCCHll H JI0)!(6HHhl - ero cToKa. TaKHM o6pa3oM, 

xapaKTepHCTHKa yrJiepoJJ,Horo 6aJiaHca JiaH)l,maq>Ta 

HeB03MO)!(Ha 6e3 yl.J:eTa 11pocTpaHCTBeHHOH 11peJI:-

CTaBJieHHOCTH CJiaraIOIIJHX ero 6noreo1.1,eH030B (3a 

HCKJIIOl.J:eHHeM 11pose.u;eHH5I 11p51MbIX 011pe.u;eJieHHH 

yrJiepOJI:HOro 6aJiattca JiaHJI:ma¢Ta MHKpoMeTeopo

Jiorn11ecKHMH HJIH a3p01J:HHaMll11eCKllMH MeTo

.u;aMH). 

~ ,!I;. r. 3aMOJIOAqHKOB, ,!I;. B. KapeJIHH, A. M. HBalll,eHKO, 1997 

MA TEPIIAJibI II METO.LI:bI 

B Te11JibIH nepno)l, 1993 ll 1994 rr. HaMH 6brnn 

11poBeJJ,eHbI 110JieBhie HCCJie)l;OBaHH51 110TOKOB yr

JieKHCJIOro ra3a B pa3Jilll.J:HhIX TH11ax 6noreo1.1,eH030B 

THl1Hl.J:Hhix TYH.U:P B OKpecTHOCT51X 6hrnmero Ta:if

MhIPCKOro 6HOJIOrlll.J:eCKOrO CTal.l,HOHapa (Tape51 , 

73°15' N, 90°36' E). B Ka)!(JI:OM nccJie.u;yeMOM 6no

reo1.1,eH03e pac110JiaraJIOCh OT 1 .u;o 4 11po6HhIX 11JIO-
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,l(.I'. 3AMOJIO/l,'fl1KOB, ,l(.B. KAPEJ!Jfll, A.11. JfBAll{EHKO 

m;aJl_eH (B cpeJI.HeM 3)' Ha KOTOpbIX c liHTepBaJIOM 

7-15 JI.Hett rrpOBOJI.liJIHCh H3MepeHH5I IIOTOKOB C01 

KaMepHbIM MeTOJI.OM c rrpHMeHeHHeM rropTaTHBHOro 

HHCppaKparnoro ra3oaHaJIH3aTopa LiCor- 6200. 3a 

cyTKH Ha Ka)K)J;OH rrpo6HOH IIJIOI.IJ;a)J;H rrpOH3BO)J;H

JIOCb OKOJIO 24 3aMepoB' HHTerpHpOBaHHeM MrHO

BeHHhIX BeJili'UIH paCCl.IHThIBaJIH cyTOl..[Hbie BeJIH

l.IHHbI IIOTOKOB. PaCTHTeJibHbIH noKpOB rrpli li3Me

pemrnx He cpe3aJIC5I, TaKHM o6pa30M, perHcTpH

poBaJIHCh l.IHCTbIH IIOTOK yrnepOJI.a (NF) B np03paq

HOH KaMepe, BaJioBoe JI.hixaHHe 6Imreou,eHo3a (GR) 

B 3aTeMHeHHOH KaMepe H ITO HX pa3HOCTH pac

Cl!H'.l:hIBaJiaCh BaJIOBa5I nepBHl.IHa5I rrpOJI.YKQH5I 

(GP P). ITocKOJihKY GR H GP P 5IBJI5IIOTC5I pa3HOHan

paBJieHHhIMH IIOTOKaMH, HM 6bIJIH rrpHCBOeHbl pa3-

Hbie 3HaKH, a HMeHHO, 3HaK ,,IIJIIOC" - Jl.bIXaHHIO, 

H ,,M1rnyc" - rrpOJI.YKQHH. BeJIHl.IHHa NF MO)KeT 

HMeTb pa3HbIH 3HaK, 5IBJI5I51Cb OTpHQaTeJihHOH Jl.ll5I 

CTOKa yrnepoJI.a H IIOJIO)KHTeJibHOH Jl.ll5I ero HC

TOl..[HHKa. CyTOl.IHhre yrnepOJI.Hhie rroTOKH )J;JI5I Ka)K-

JI.OH H3MepeHHOH npo6HOH nJiom;ap;H paCCl..[HThIBa

JIHCb HHTerpnpoBaHHeM p;aHHhIX no cyTOl..[HOH JI.H

HaMHKe (He MeHee 20 3aMepoB 3a cyTKH). KoMrr

JieKc no;reBhIX pa60T BKJIIOlJ:aJI B ce65I TaK)Ke pe

rHCTpaQHIO rrorO)J;HbIX xapaKTepHCTHK, )J;HHaMHKH 

rny6HHb! aKTHBHOro CJI05I, orrpeJI.eJieHH5I HaJI.3eMHOH 

cpHTOMaCCbI, BJia)KHOCTH nolJ:BhI H rrpo 1rnx 3KOJIO

rHl.leCKHX rrapaMeTpOB. 

PeJihe¢, .KJIHMaT, pacnneJihHOCTh H noqshr 

p a ifoHa HCCJieJI.OBaHHM Jl_eTaJibHO OIIHCaHhf B p5IJI.e 

H3BeCTHhlx pa6oT [Euoieou,e1-t03bl .. . , 1971; A1am
eeeea, 1977 U 8p. ]. 0CTaHOBHMC5I IIOJI.p06Hee Ha 

paCTHTeJihHOCTH 6noreou,eH030B, B KOTOpb!X H3Me

p5!JIHCb IIOTOKH C01 , a HMeHHO, IJ;pHaJI.OBO- OCOKO

BO-MOXOBOH MeJIKo6yropKOBOH TYHJI.PhI H IIOJIHrO

H aJihHOro TYHJI.POBo-6onoTHOro KOMIIJieKca . Pac

THTeJihHhre accou,HaQHH 3THX 6noreou,eH030B pa3Jl_e

JI5IIOTC5I Ha MHKporpymrnpOBKH, npnypoqeHHbre K 

cpopMaM MHKpopeJibecpa [Mameeeea, 1977]. Ey

ropKH noKphIThr KYCTapHHl.IKOBO-MoxoBO- JIHmaifHH

KOBhIMH coo6m;ecTBaMH, 3arraJI.HHbI Me)KJI.Y HHMH 

3aH5ITbl OCOKOBO- MOXOBbIMH aCCOQHaQH5IMH. 110JIB

roHaJihJ;IbIH KOMIIJieKC COCTOHT H3 Tpex qacTeH, 

BKJIIOl!aIOI.IJ;HX KYCTapHH1..[KOBO-TpaB5IHO-MOXOBYIO 

aCCOQHaQHIO B QeHTpaJihHblX 1..[aCT5IX nOJIHrQHOB, 

3aKpaHHbI BOKpyr u,eHTpaJihHhlX qacTeH IlOJIHrQHOB, 

nopocmHe KYCTapHHKOM, H OCOKOBo-rrymHIJ,HeBO-

MOXOBYIO accou,HaQHIO B 3a60JI01..[eHHblX Tpem;HHaX 

BOKpyr IlOJIHrQHOB . 

PE3YnhTAThl 

IloJieBbie HCCJie,r1,0BaHH5l. ITposep;eHHhre rrone

Bhre pa60Tbl II03BOJIHJIH IIOJIYl.IHTb p;aHHbie no 6a

JiaHcy col JI.JI5I OCHOBHbIX THnOB TYHAPOBhlX 6no

reou,eH030B co CJieJI.yIOI.IJ;HMH paCTHTeJihHbIMH rpyrr

IlHpOBKaMH: KYCTapHHKoBoif, KYCTapHHl.IKOBOH, Ky

cTapHH1..[KOBO-TpaB5IHOH, OCOKOBOH H rrymHIJ,HeBO

OCOKOBOH. B Ta6n. 1 npHBeJI.eHhl BeJIHl!HHhI cyTol.1-

HhIX yrnepOJI.HhIX IIOTOKOB, ycpeJI.HeHHbie no BCeM 

npo6HhIM IIJIOI.IJ;a)J;5IM, H3MepeHHhlM 3a )J;Ba IIOJieBhIX 

ce30Ha B ;rr,aHHOM 6Horeou,eH03e (nepHO;r:I, H3MepeHHH 

COCTaBJieH H3 KpaeBbIX ;rr,aT H3MepeHHH 6e3 yqeTa 

ro;rr,a). Mo)KHO OTMeTHTh, l.ITO pa3Hhre 6ttoreou,eH03hI 

xapaKTepH3YIOTC5I pa3JIHl.IHbIMH H3MepeHHbIMH Be

JIHT..[HHaMH BaJIOBOro ;r:(bIXaHH5I, BaJIOBOH rrpo;rr,yKQHH 

H l.IHCTOro IIOTOKa. 

reo1rn¢opMaQHOHHhIH IlO,TJ,XO,TJ,. ll.JI5I JiaH;rr,

macj)THOH xapaKTepHCTHKH yrnepo;rr,Horo QHKJia 6bIJI 

HCIIOJih30BaH remrn¢opMaQHOHHhIH no;rr,xo;rr,. OcHOB

HhIMH 1!3CT5IMH IlOCTpOeHHOH r11c 5IBJI5IJIHCh: 

1) KOMIIhIOTepHa5I KapTa rpaHHQ TYHAPOBhIX 6Ho

reou,eHo3oB; 2) 6a3a ;rr,aHHhIX no cyTOl..[HhIM rroro;rr,

HhIM rrapaMeTpaM; 3) MO;r:I,eJib ce30HHOH ;r:I,HH3MHKH 

Ha;rr,3eMHOH cjJHTOMaCChI; 4) HMHTaQHOHHa5I MO;r:I,eJih 

yrJiepO;r:I,HbIX IIOTOKOB. 

B KaqecTBe TOrrorpaq:mqecKOH OCHOBbI ;r:(JI5I 

KOMilhIOTepHOH KapTbI IIOCJIY)KHJia ony6JIHKOBaH

H35I H. B. MaTBeeBoif (1978) reo6oTaHH'-lecKa5I 

KapTa paCTHTeJibHbIX aCCOQH3QHH (6noreou,eH030B) 

oKpecTHOCTeii: Taii:MbrpcKoro cTau,noHapa. KapTa 

OXBaTbIBaeT IIJIOI.IJ;3;r:I,b 23,5 KM1 H BKJIIOT..[aeT rpa 

HHU:bI 6Horeou,eH030B, o3ep H peK. CorrocTaBnemie 

c HbIHellHHMH (1994 r.) rpaHHQaMH aCCOQHaQHH 

IIOKa3aJio OTCYTCTBHe cym;eCTBeHHbIX H3MeHeHHH H 

rrpHro;r:I,HOCTb KapTbI ;r:I,JI5I COBpeMeHHbIX ou,eHOK. 

KoMrrh10TepHoe OTo6pa)KeHHe KapTbI 6bmo ocym;e

CTBJieHo B rncTeMe IDRIS!. 
Hcxo;rr,HhIH BapnaHT KapTbI BKJI10qaeT 36 THITOB 

pacTHTeJihHhrx accou,nau,HH. O;rr,ttaKo rro;rr,aBJI5IIOI.IJ;ee 

6oJihlliHHCTBO H3 HHX 5IBJI5IIOTC51 KOMITJieKCHhlMH H 

MOryT 6bITh rrpe;rr,cTaBJieHbl KaK KOM6HHaQHH He-

6oJihIDOro l!HCJia 6onee rrpocThIX roMoreHHhrx ac

cou:ttau,nil. l15ITh H3 3THX rrpocTeii:mnx accou:nau:rrli 

Ta 6 JI H I( a 1 . CpeAIHle neJIH'IHHbl TIOTOKOB yr JieKHCJIOfO ra3a B pa3Jill'IHbIX cpopMax MHKpopeJibecpa JiaHAIIIacpra 
mntt'IHOii TYHAPhI (Cenepo-3anaAHbIH TaiiMb1p) n 1993-1994 rr. 

rpynnHpOBKa ITepHOA 
Kon-so IToTOKH C01, rC·M - 2·cyT- l 

<l>opMa MHKpope;1becjJa npo6HbIX 
paCTHTeJibHOCTH 113MepeHHH 

llJ!Oll.\aAeH 
BaJIOBOe BaJIOBaSI 'IHCTbIH 

Ab1xa1111e npOAYKl.(1151 TIOTOK 
--

EyropK11 KycrapttH'IKOBaSI 10.VII- 14.IX 22 1,066 -0.747 0,319 
H11311Hbl 0COKOBa!I 10. VII- 14.IX 24 1,598 - 1,899 -0,300 

UeurpbI non11rouos Kycrapu11'!KOBO- TpasSittaSI 27.VII-11.IX 16 1,829 - 2,186 -0,357 

3aKpaHHbl rIOJ!HfOHOB Kycrapu11Kosa SI 27.VII-11.IX 6 1,670 -1,807 -0,137 

Tpeu~1111b1 Oc0Koso- nyw111(11esa51 23.VII--l l.IX 10 1,702 - 2,543 -0,841 
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I'EOJfHc/JOPMAl.{JfOHHhlJf II04X04 K Jf3Y'!EHJfl0 YI'JJEP04HbJX IIOTOKOB 

(KycTapHHKOBa5I, KYCTapHHqKoBa5I, KYCTapHHqKo

Bo-TpaB5IHa5I, OCOKOBa5I H nyrrrnu:HeBO-OCOKOBa5I) 

cPOPMHPYIOT npaKTHqecKH BCe pa3H006pa3He 3KO

CHCTeM THIIHqHOH cy6apKTHqecKOH TYHAPbl B 

palioHe TapeH. Ilo)J,po6HocTH MeTO)J,HKH nepecqeTa 

COCTaBa 36 THnOB 6Horeou:eH030B qepe3 npocTeH

mHe accou:HaU:HH npHBe)J,eHbl B cneu:HaJibHOH pa6oTe 

[KapeJZUH U 8p., 1996]. 
KaK H3BeCTHO, BeJIHqHHbI nOTOKOB C02 B 3Ha

qHTeJibHOH CTeneHH 3aBHC5IT OT norO)J,HbIX ycJIOBHH. 

Henocpe)J,CTBeHHO )J,JI5I palioHa HCCJie)J,oBaHHH MbI 

pacnoJiaraJIH MeTeO)J,aHHbIMH TOJibKO no )J,H5IM npo

Be)J,eHH5I H3MepeHHH r330BbIX nOTOKOB. LJ:JI5I BOCCTa

HOBJieHH5I ce30HHOH )J,HHaMHKH 6bIJIH HCnOJib30BaHbl 

)J,aHHhle PocrHAPOMeTu:eHTpa no cTaU:HOHapttbIM Me

TeocTaHU:H5IM. OHM BKJiroqaJIH TeMnepaTypbI B03AY

xa H noKa3aTeJIH o6JiaqHOCTH (cPHKCHpyeMbie B 

4.00, 10.00, 16.00 H 22.00 no MeCTHOMY BpeMeHH) 

c 1 Ma5I no 31 OKrn6p5I 3a 1993-1995 rr. 

K co)KaJieHHIO, Bce MeTeocTaHU:HH (MbIC l!e

JIIOCKHH, MbIC CTepJIHroBa, 03. TattMbip, o. LI:HKCOH, 

XaTaHra), no KOTOpbIM MbI pacnoJiaraJIH )J,aHHbIMH, 

6hIJIH CHJibHO y)J,aJieHbl OT pawoHa HCCJie)J,OBaHHH. 

LI:JI5I BbIHBJieHH5I HaH60Jiee npHro)J,HOH H3 HHX 6bIJI 

npoBe)J,eH cpaBHHTeJibHbIH aHaJIH3 )J,aHHbIX no BCeM 

cTaHU:H5IM H no HaIIIHM Ha6Jiro)J,eHH5IM. CTaHU:H5I 

XaTaHra (72°0' N, 102°30' E) noKa3aJia HaH6oJiee 

6JIH3KYIO K H3MepeHHOH HaMH )J,HHaMHKY norO)J,HbIX 

napaMeTpoB. 

CJIO)KHOH BcnoMoraTeJibHO:H 3a)J,aqe:H oKa3a

JiaCb annpOKCHMaU:H5I Ce30HHOH )J,HHaMHKH cPOTO

CHHTeTHqecKH-aKTHBHOH pa)J,HaU:HH (PAR). IloKa-

3aTeJIH o6JiaqHOCTH B MeTeOCBO)J,Kax BapbHpyIOT OT 

0 (OTCYTCTBHe o6JiaKOB) )J,O 10 (CIIJIOIIIHa5I o6Jiaq

HOCTb) H He MoryT CJIY)KHTb np5IMOH 011,eHKOH ce-

30HHbIX BapHaU:HH COJIHeqHOH pa)J,HaU:HH. LI:JI5I BOC

CTaHOBJieHH5I AHHaMHKH PAR HaMH 6bIJIH HCnOJib-

30BaHbl MeTO)J,bI OTeqecTBeHHOH MeTeopoJIOrHH 

[EepJZsiH8, 1961; Co1CoJZuxuHa, 1994]. 

PerpeCCHOHHbIH aHaJIH3 noKa3aJI, qTo BOCCTa

HOBJieHHbie H H3MepeHHbie BeJIHqHHbl TeMnepaTypbI 

B03Ayxa n PAR H3MeH5IIOTC5I cxo)J,HbIM o6pa3oM, 

O)J,HaKo CB060)J,Hbie qJieHbl ypaBHeHHH 5IBJI5IIOTC5I 

3HaqHMbIMH. I103TOMY np5IMOe HCnOJib30BaHHe BOC

CTaHOBJieHHbIX )J,aHHbIX B MO)J,eJibHbIX ypaBHeHH5IX, 

annpOKCHMHpOBaHHbIX no HCXO)J,HbIM noro)J,HbIM 

)J,aHHbIM, MOrJIO npHBeCTH K CHCTeMaTnqeCKHM 

OIIIH6KaM. LI:JI5I yAaJieHH5I noCJieAHHX HAeHTHcPH

KaU:H5I napaMeTpoB ypaBHeHHH, HMHTHPYIOll!HX Be

JinqnHbI ITOTOKOB C02, ITpOBO)J,HJiaCb C HCITOJib30-

BaHHeM BOCCTaHOBJieHHbIX 3HaqeHHH norO)J,HbIX xa

paKTepHCTHK. 

BoccTattoBJieHHe ce3oHHoli AHHaMHKH Ha)J,3eM

HOH cPHTOMaCCbI ITPOBOAHJIOCb rJiaBHbIM o6pa3oM Ha 

OCHOBe Hamnx )J,aHHbIX ITO YKOCaM c npo6HbIX ITJIO

ll!a)J,OK. Ilo)J,p06Ha5I HHcPOpMaU:H5I no COCTaBy ¢paK

U:HH B yKocax, OnHCaHHe MeTO)J,OB annpOKCHMaU:HH 

AHHaMHKH cPHTOMaCCbI H ITPJ'!H5IThIX )J,onyll!eHnii 

npHBe)J,eHbl B pa60Te [KapeJZUH u ap., 1996 ]. B 

pe3yJibTaTe 6bIJIH ITOJIHOCTbIO BOCCTaHOBJieHbI KpH

Bbie )J,HHaMHKH OCHOBHbIX KOMITOHeHTOB cPHTOMaCCbJ 

ITO BCeM n5ITH THnaM accou:HaU:HH B TeqeHHe Bere

TaU:HOHHOro (,,TenJioro") ce3oHa 1994 r. 

Ilo rJiy6HHe OTTaHBaHH5I ITOqBbI Mbl pacnoJia

raJIH )J,OCTaToqHoH HHcPOpMau:HeH BO BCex acco

U:HaU:H5IX 3a nepHOA noJieBbIX pa60T B 1994 r . Mo

MeHT HaqaJia oTTanBaHH5I noqBbI 6brn oITpe)J,eJieH no 

KJIHMaTnqecKHM )J,aHHbIM. IlocJie)J,HHe H3MepeHH5I 

rJiy6HHbl OTTaHBaHH5I 6bIJIH BbIIIOJIHeHbI B HaqaJie 

ITpOMep3aHH51 noBepxHOCTH ITOqBbl (OKOJIO 10 ceH

T5I6p5I). Cpe)J,H5I5I rJiy6nHa OTTaHBaHH5I noqBbI B 3TO 

BpeM5I COCTaBJI5IJia 41 CM. 

Mbr He pacnoJiaraJIH )J,OCTaToqHo:H HH¢opMa

U:Heii no )J,HHaMHKe cPHTOMaCCbl H rJiy6HHbI OT

TaHBaHH5I B 1993 H 1995 rr. H no3TOMY HCIIOJib30-

BaJIH )J,aHHbie 1994 r.' H3MeHHB Ha OCHOBe MeTeO

)J,aHHbIX )J,aTbI HaqaJia H KOHU:a TeIIJIOro ce30Ha. 

QqeBH)J,HO, qTo TOqHOCTb BOCCTaHOBJieHH5I )J,HHa

MHKH B 3TOM CJiyqae HH)Ke, qeM )J,JI5I 1994 r. B 

60Jibmeii CTeITeHH 3TO KacaeTC5I rJiy6HHbl OTTaH

BaHH5I, )J,JI5I KOTopo:H xapaKTepHbJ 3HaqHTeJibHbie 

Me)Kro)J,OBbie cPJIYKTyau:nn. 

YpaBHeHH5I nOTOKOB co2 6hIJIH H)J,eHTHcPHU:H

poBaHbl Ha OCHOBe 3MITHp11qecKHX 3HaqeHHH nOTO

KOB co2 (GR, GPP, NF, rC·M-2·cyT-1), cPHTOMac

CbJ (GV - JIHCTBa cocy)J,HCTbIX pacTeHn:H, WSH -
APeBecHa5I qacTb KycTapHHKOB H KYCTapHHqKoB, 

MM - Macca MXOB, ML - Macca JIHIIIaHHHKoB; 

r cyxoro Bell!eCTBa. M-2)' H rJiy6HH OTTaHBaHH5I 

(TD' CM) ' a TaK)Ke BOCCTaHOBJieHHbIX 3HaqeHHH 

cpe)J,Heii, MHHHMaJibHOH H MaKCHMaJibHOH TeMnepa

TYPbI B03)J,yxa 3a cyTKH (Ta' Tmin' TmaJ<' °C) H PAR 
(MLJ:)K. M-2 • cyr l). Ilo)J,po6Hoe paCCMOTpeHHe Me

TO)J,HKH H pe3yJibTaTOB perpeCCHOHHOro aHaJIH3a 

OCyll!eCTBJieHO B pa6oTe [3aMOJZ08ttUICOB U 8p. , 
1997]. Il03TOMY 3)1,eCb Mb! ITpirne)J,eM JIHillb HTOro

Bbie ¢opMbI ypaBHeHHH, ITOJiyqeHHbie Ha OCHOBe 

aHaJIH3a napHbIX B3aHMO)J,eHCTBHH Ka)K)J,OH H3 He-

3aBHCHMbIX ITepeMeHHbIX c GV HJIH TD npH HcnoJib-

30BaHHH nomaroBOH perpeCCHH c ypOBHeM 3Ha -

qffMOCTH 0,2: 

GR= 0,001 TD (66,825 - 0,028 ML+ 

+ 0,140 GV- 1,661 TD+ 2,l73Tmin+2,l26PAR), 

R 2 = 0,940, n = 82, P < 0,001; (1) 

GPP = O,OOlGV(-37,253 + O,l07WSH + 

+ 0,0l2MM + 0,092ML + 0,163GV

l , 704Tmin + 3,453TffiaJ( - 4,064PAR ), 

R 2 =0,912, n=82, p<0,001; (2) 

NF= O,OOlGV (0,120WSH + 

+ 0,0l8MM + 0,096ML+2,809TmaJ( -3 , I87PAR ), 

R2 = 0,649, n = 82, p < 0,001. (3) 

KaK BRAHM, 3HaqeHH51 R2 AJI5I ypaBHeHHH, 

onHCbIBaIOll!HX BaJioBoe AbIXaHne n GPP, oqeHb 
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/!,.I'. 3AMOJIO/!,'!J1KOB, /f,.B. KAPEJIJ1H, A.H. JfBAII{EHKO 

BhICOKH, H o6'h5ICH51.IOT 6oJiee 90 % BapHal.l,HH HC

XOAHhIX AaHHhrx. IloKa3aTeJih R 2 AJI5I ypaBHeHHsr 

'IHCTOI'O nOTOKa HaMHOI'O HH)Ke, 'ITO o6'heKTHBHO 

OTpa)KaeT 60JihillYIO KOMnJieKCHOCTh 3TOH BeJIH'IH

HhI. 

.ll,JI5I BCex He3aBHCHMhIX nepeMeHHhIX 6bIJia 

BOCCTaHOBJieHa nocyT01IHa5I AHHaMHKa c 1 Ma5I no 

31 OKT5I6psr 3a 1993-1995 rr. 3To no3BOJIHJIO BhI

'IHCJIHTh cyTO'IHhle 3Ha1IeHH5I AhIXaHH5I H npoAyK

l.l,HH c nOMOIIJ;hlO ypaBHeHHH (1) H (2). 1IHCThIH 

nOTOK MO)KeT 6hITh ou;eHeH c nOMOIIl,hlO ypaBHemrn 

(3) HJIH KaK cyMMa AhIXaHHsr H npOAYKU:HH. B 

nepHOA, KOI'Aa nO'IBa HaXOAHTC5I B 3aMep3meM coc

T05IHHH (cepeAHHa OKT5I6psr-Ha1IaJIO HIOH5I)' 3Ha-

1IeHH5I nOTOKOB 6bIJIH npnpaBHeHbI HYJIIO. 

IlpH npoBepKe pac1IeTHa5I AHHaMHKa nOTOKOB 

yrJiepoAa no HMHTal.l,HOHHOH MOAeJIH noKa3aJia ', 

YAOBJieTBOpHTeJihHOe cooTBeTCTBHe 3MnHpH1IeCKHM 

AaHHhIM. A;:i;eKBaTHOCTh MOAeJIH Ol.l,eHeHa Ha OCHOBe 

Ko3¢qmu;neHTa HecoBnaAeHH5I [Tyler, 197 I]. 3TOT 

K03QJQJHl.l,HeHT BapbHpyeT OT 0 B CJiyqae nOJIHOI'O 

COBnaAeHH5I AO 1 npH nOJIHOM HeCOBna,[(eHHH. 3Ha -

1IeHH5I K03QJQJHl.l,HeHTa HeCOBnaAeHH5I OKa3aJIHCh 

paBHhIMH 0,127 AJI5I AhrxaHnsr, 0,101 .[(Jisr GPP n 
0, 198 - AJI5I 'IHCTOI'O nOTOKa. 01IeBHAHO, 'ITO MO

AeJib xopomo onHChIBaeT npou;eCChI BaJIOBOI'O AhI

xaHH5I H BaJIOBOH nepBH'IHOH npOAYKl.l,HH, npH 

YAOBJieTBOPHTeJihHOM onncaHHH 'IHCTOI'O nOTOKa yr

Jiepo,[(a. 

MoAeJih no3BOJIHJia pacc'IHTaTh cyMMapHhre ce-

30HHhre nOTOKH C02 (OT CHeI'OTa5IHH5I AO nOJIHOI'O 

npoMep3aHH5I nO'IBbI) AJI5I Ka)KAOI'O H3 HCCJieAOBaH

HhIX 6noreou;eH030B (Ta6JI. 2). 1IHCThIH ce30HHhIH 

nOTOK BapbHpOBaJI Me)K,[(y acCOl.l,Hal.l,H5IMH OT -51 
(CTOK yrJiepOAa; 3a6oJI01IeHHhie Tpern;HHhI) AO +57 
(HCTO'IHHK yrJiepoAa; 6yropKH) rC · M-2. CJieAyeT 

OTMeTHTh HeCoBnaAeHHe nocJieAOBaTeJibHOCTH pac

noJIO)KeHH5I 6noreou;eH030B no y6hrnaHHIO aeJIH'IHH 

AhIXaHH5I H npOAYKl.l,HH B Ta6JI. 1 H 2. 3TO o6'h5ICH5I

eTC5I TeM, 'ITO B Ta6JI. 1 npeACTaBJieHbI cpeAHHe 

BeJIH'IHHhI, Ol.l,eHeHHhie no orpaHH'IeHHOH CJiy'IaH

HOH BbI6opKe H3MepeHHH. IlorOAHbie H ce30HHbie 

ycJIOBH5I cyrn;ecTBeHHO aapbHpoaaJIH B AHH H3Me

peHHH, CMern;asr B pa3JIH1IHhie CTOPOHhI cpeAHHe 

BeJIH'IHHhr. BeJIH'IHHhI Ta6JI. 2 npeACTaBJI5IIOTC5I 60-

Jiee YCTOH'IHBhIMH, nOCKOJihKY BKJIIO'IaIOT THnOBOH 

pac'IeT no aceM 6Horeou;eHo3aM AJI5I acex cyToK 

TenJioro ce3oHa. 

•1 •2 •3 04 05 0 6 

PHc. 1. KapTa ce3ottttoro lJ:HCToro noToKa CO a 

JiaHJI,llla¢Te THIIHlJ:HOH cy6apKTHlJ:eCKOtt TYHJI,pbl 

Ceaepo-3anaJI,ttoro TattMbrpa. 

rpa):lal.\1111 '111CTOrO nOTOKa (rC-M-2·ce30H-l): } - · - 55 - -30; 
2- -30 - -5; 3 - -5-5; 4 - 5-30; 5 - 30- 55; 6 - o3epa. 

KaK OTMe'IaJIOCh Bhrme, TYHAPOBhre farnreou,e

H03hI nccJieAyeMoro palioHa 6hIJIH rrpeACTaaJieHhr 

KaK KOM6HHal.l,HI1 rrpocTe:iimHX accou,Hal.l,HH, 'ITO 

AaJIO B03MO)KHOCTh Ol.l,eHHTh cyTO"lJ:Hhie H ce30HHbie 

JiaHAIIIaQJTHhie nOTOKH C02 Ha OCHOBe IIMHTaU,HOH

Hhl.X MOAeJieH H KOMIIhIOTepHOH KapTbI rpaHIIU, 6no
reou;eH030B. PeKOHCTpynpoaaHHhIH TaKIIM o6pa30M 

JiaHAmacpT THIIII'IHOH cy6apKTII1IecKoli TYHAPhI oKa-

3aJicsr rrpeACTaBJieHHhlM y'IaCTKaMH, HMeIOID;WMH 

ycTOH'IHBhIH IIOJIO)KHTeJihHhIH, .rrn6o OTpHl.l,aTeJih

HhIH Ce30HHhIH yrJiepOAHhIM 6aJiaHC (prrc. 1). 
Y'IaCTKH, HMeIOrn;ne OTpHu,aTeJihHhIM 6aJiaHc , 

3aHsrThI 6oJioTaMH H TYHApoao-6oJioTHhIMH noJinro

HaJihHhIMH KOMIIJieKCaMH; ytJ:aCTKH c IIOJIQ)KHTeJib

HhIM ce30HHhlM 6aJiaHCOM - 3TO rJiaBHhlM o6pa30M 

30HaJihHhre TYHAPOBhre 3KOCWCTeMhI c MeJIKo6yrop

KOBhIM HJIH KOl.J:KapHbIM MHKpopeJiheQJOM, pacrro

JIO)KeHHhie Ha JIOKaJibHhl.X IIOBhIIIIeHHlIX. rJ/IC AaeT 

B03MO)KHOCTh IIOCTPOHTh KapTbl Ce30HHhIX BeJIHl.J:HH 

BaJIOBOI'O AhIXaHHll H BaJIOBOH IIPOAYKl.1,1111, a TaK)Ke 

cyTotJ:Horo pacnpeAeJieHHll 3THX xa paKTeprrcTHK. 

CyMMapHhre ce3oHHhre rroTOKH (MIOHh-CeHTll6pb) 

A.rm 1994 r. cocTamw:rr (B rC · M-2): aanoaasr nep

BHtJ:Hasr npOAYKl.l,H5I -149' BaJIOBOe AhIXaHrre + 145' 

Ta 611111.\ a 2 . CyMMapHb1e ceJOHHhie yrnepO.LIHhie nomKH B 6irnreol.\eHoJax T11ntt'IHOH cy6apKTtt'leCKoii ryH,!lpb1 
no peJyJibTaTaM MO,!leJittpOBaHHll (TattMblpCKHH CT81.(HOHap; Ha'laJJO Hl0Hll-H8'18JJO OKTSI6p11 1994 r.) 

PacT11TeJJhHall rpynn11poBKa 
611oreol.\eH03a 

KycTapH11'IKOean 

Kycrnpu11'IKOno-ocoKoeall 

0COKOBa51 

KycrnpH11KonaH 

0COKOBO-nyllll11.(11eBa51 

82 

eanoeoe Ahixau11e 

134 
157 
159 
165 
182_ 

nanoean npO.LIYKI.\1111 

-77 
-184 
-180 
-161 
-233 

411CTbIM TIOTOK 

57 
- 26 
-21 

4 
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I'EOHH<POPMAI{HOHHblH llO/l,XO/l, K H3Y'!EHHIO YI'JIEPO/l,HbJX llOTOKOB 

qttcTbIH 110TOK -4. TaKHM o6pa30M, 11:;rn 3Toro 

11epHOiJa llOTOKH C02 B JiaHiJlllaqJTe TIIIJHqHbIX 

TYHilP TaliMb1pa 6bIJIH c6anaHcttpoBaHbI. 

Mo11enb 1103BOJI11Jia paccl.fIITaTb BeJilll.fllHbI 6a

JiaHca co2 B 1993 11 1995 rr., paBHbie iJJI51 GR: 
+154 11 +175, iJJI51 GPP: -162 H -176, iJJI51 NF: -8 11 

+ 1 rC. M - 2 COOTBeTCTBeHHO. 3a TPM ro11a OTMeqaeTC51 

He60JiblIIOH 'TpeHil l.fllCTOro llOTOKa yrnepo11a OT 

CTOKa B 1993 r. Kero lICTOqHMKY B 1995 r . , KOTOpbIH 

COB11a11aeT c TpeHiJOM K yBeJIMqeHHIO cpeiJHMX TeM -

11epaTyp Te11noro ce3oHa (11IOHb-aBrycT) 3a TO :1Ke 

BpeM51: 7,5, 8,2 11 9,8 °C. 011HaKO KOpOTKMH 11ep11011 

llMHTaU:llll He 11aeT B03MO:IKHOCTM cp;eJiaTb 3aKJIIO

qemre 0 MHOroJieTHHX TeH11eHU:ll5IX B iJMHaMHKe 

6aJiaHca co2 TYHilP TaHMbipa. 

KoMnbIOTepttbIH 3KcnepttMeHT. 011ttoii 113 oco-

6eHHOCTeli rrpHMeHeHHOro 11011xo11a 5IBJI5IeTC51 TO, 

qTo Mb! He HCllOJib30Bami: HMKaKMX MCXOiJHblX llOC

Ty JiaTOB OTHOCMTeJibHO ¢opMbl BJIM51Hll51 pa3Jilll.fHbIX 

¢aKTOpoB. ITonyqeHHbie ypaBHeHM51 (1)-(3) OTpa

:IKaIOT CB513b Me:IKiJY yrnepOiJHblMH llOTOKaMll ll 

peaJibHO 11eliCTBYIOillllMll 3KOJIOrMl.feCKllMlI ¢aKTO

paM11. 3TO 1103BOJI5IeT o6paTMTbC51 K KOMilbIOTepHblM 

3KCrrep11MeHTaM c MOileJI5IMM, ll3MeH5151 BXOiJHbie 

11aHHbie. 0TBeT MOiJeJIM llPM 3TOM He 6y11eT Tpll

BllaJibHbIM MJIM 11pe11011pe11eJieHHbIM Hal.faJibHOH 

¢opMoii ypaBHemrli. 

HaM11 6brn rrpoBe11eH KOMITbIOTepHbIH 3Kc11e

p11MeHT, llMMTHPYIDilllIH OiJHOBpeMeHHOe ll3MeHe

Hlle TeMrrepaTypbI H 06nal.fHOCT11. B 3Kc11ep11MeHTe 

!!.T 4 

Pwc. 2. KoMnhIOTeptta51 HMMTau,mi: BJIH5IHH11 KJIM -

MaTHl.feCKHX H3MeHeHHH (TeMrrepaTyphl B03)J,yxa H 

o6Jial.fHOCTh) Ha l.fHCThlH Ce30HHhlH fIOTOK C02 B 

JiaHJ:i;rna¢Te· THfIHl.fHOH Tytt)J,phI TattMhipa. 

!!.T - l13MeHemie cpe;r1HeCe30HHOH TeMnepaTypbl B03;llyxa (°C), 

l:iN - l13MeHe~me cpe;r1Hece30HHOH o6Jla<rnocTH (6aJIJibr) , NF -
'll1CTbIH nOTOK (rC. M- 2 . Ce30H- 1). 

ll3MeH51Jlll Ha cPHKCllpOBaHHYIO BeJIMl.fMHY 3HaqeHll51 

MCXOiJHbIX llOr0iJHbIX napaMeTpOB (T. e. cpe11Hecy

TOl.fHOH TeMrrepaTyphl H o6Jial.fHOCTH)' ll p;aJiee 11po

BOiJlIJill pacl.feT iJJI51 Bcero Te11noro 11epH011a 110 

HOBbIM 3Hal.feHH5IM. I1MHTaU:H51 llOKa3bIBaeT 

(pHC. 2) ' l.J:TO pOCT cpe11HecyTOl.fHOH TeM11epaTypbI 

B03p;yxa Terrnoro rrepH011a Ha 1 °C rrpH HeH3MeHHOH 

o6Jial.fHOCTll Bep;eT K OTKJIOHeHHIO yrnepop;Horo 6a

JiaHca B llOJIO:IKHTeJibHYID o6JiaCTb 11p116JIH3HTeJibHO 

Ha 20 rC. M-2. 011HaKO OiJHOBpeMeHHOe llOHH:IKeHHe 

o6Jial.fHOCTll Ha 1 6aJIJI llOJIHOCTblO KOMileHCMpyeT 

OTMel.feHHoe BJIH5IHHe TeM11epaTypb1. B TO :1Ke BpeM5I 

O)J;HOBpeMeHHOe llOBbillleHHe o6Jial.fHOCTll Ha OiJllH 

6aJIJI ll TeM11epaTypbI Ha OiJllH rpap;yc 11pHBOiJllT K 

110Tepe y:1Ke 27 rC · M-2 · ro11- 1. Pe3y JibTaTbI KOMllb

IOTepHoli llMMTaU:Hll llOiJTBep:1K11a10T ll3BeCTHYIO rH

llOTe3y 0 llOJIO)KMTeJibHOH o6paTHOH CB5I3ll Me:IKiJY 

llOTellJieHHeM KJIHMaTa ll rrpeBpailleHHeM TYHilP B 

IICTOl.fHllK yrnepo11a iJJ151 aTMoc¢epbI. 3TO llOJIO

:IKeH11e llOiJKpe11JieHO MHOrOl.fllCJieHHbIMII Ha6n1011e

Hll5IMII II B 11pyrIIX perIIOHax MllpOBOH TYHiJPbI 

[3UM06 u op., 1991; 3aMO.!WOl.f.UK06 u op., 1996; 
Oechel et al., 1993; 1995]. CJiep;yeT OTMeTHTb, l.fTO 

BbIBOiJbI KOMilbIDTepHoro 3KC11ep11MeHTa c11paBep;

JlllBbI TOJibKO B TOM CJiyl.fae, ecJIII He 11pOllCXOiJllT 

H3MeHemrli CTPYKTYPbI H cPYHKU:IIH 6Horeou;eHo30B, 

a TaK:IKe TIJIOillailHbIX COOTHOllleHHM Me:IKilY HllMll. B 

xo11e peaJibHoro 110Te11JieHH5I HeKOTOpbre 11pou:eccbr 

(yBEJilll.fEHHe 3a6oJIOl.feHHhIX IlJIOillaJJ;eli 3a Cl.fET 

TepMOKapcTa, 3apaCTaHHe 03epHbIX MeJIKOBOJJ;MH, 

H3MeHeHHe BlliJOBOH CTPYKTypbr coo6IlleCTB B 11po

u:ecce cyKIJ;ECCMH lI p;p.) MOryT 11pllBECTM lI K 11po

TllBOllOJIO)KHbIM pe3yJibTaTaM. 

OECY)K.D:EHIIE 

B HaCT051IllEM ttccne110BaHHH MbI MOiJEJIHpo

BaJIH cyMMapHbIH CE30HHbIH IlOTOK yrJiepo11a iJJI51 

11epH011a OT Hal.faJia CHeroTa51Hll51 110 llOJIHOro 11po

Mep3amrn 1101.J:BbI. CTporo roBOp5I, 3Ta BeJIHl.fHHa He 

llOJIHOCTblO COOTBeTCTByeT rOiJlll.fHOMY llOTOKY' llOC

KOJibKY B HEH He Yl.fTeHa 3MllCCll51 co2 113 1101.J:Bbl B 

XOJIOiJHbIH 11epHOil ro11a [3UM06 u op., 1991; Zimov 
et al., 1993; Oechel et al., 1995 ] . .l1:JI51 ou;eHKH 

BeJIHl.flIHbI ,,3HMHero" llOTOKa yrJiepo11a MO:IKHO 

BHOBb o6paTHTbC51 K 11aHHbIM 110 BJia:IKHOH OCOKOBOH 

TYHJJ;pe Ha Alr5ICKe. 06'heM 3MlICClllI co2 B Tel.leHIIe 

XOJIOiJHOro ce30Ha (BKJIIOl.fa51 11epMOiJ 11poMep3aHII51 

1101.J:Bbr) 3iJECb cocTaBJI5IeT 19 rC · M-2 · ro11- 1• BeJIII

l.fHHa' paBHa51 10 rC . M-2 . ro11- 1, y:1Ke 6bIJia BKJIIOl.le

Ha HaMII B o6IlllIH ce30HHhIH llOKa3aTeJib iJJI51 11e

plIOiJa 11poMep3aHII51 1101.J:BbI. I1o3TOMY Heyl.fTeHHa51 

BEJilll.flIHa 3MlICClIM TaK:IKe COCTaBJI5IeT OKOJIO 

10 rC. M-2 . ro11- 1• 0TCIOiJa o6IlllIH r0iJlll.fHbIH 6aJiaHC 

yrJiepo11a B JiaH11rna¢Tax TIIllIIl.IHOH cy6apKTIIl.fec

KOH TYHiJpbr cJie11yeT ou;eHMBaTb KaK 6JIM3KllH K 

iJIIHaMIIl.fECKOMY paBHOBeCIIIO B 1993 r. lI llOJIO

)KlITEJibHbIH - !,! 1994 M 1995 rr. CyilleCTBEHHO 

6oJiee HII3KIIe 3MMHIIe TeMrrepaTypbr Ha TaliMbrpe 
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/{.I'. 3AMOJ!Olf/HKOB, j{.B. KAPEJIHH, A.H. HBAllfEHKO 

tJ;OJDKHbI CTIOC06CTBOBaTh H 6oJiee HH3KHM 3Ha'le

HH5IM 3MHCCHH co2 TIO cpaBHeHHIO c M5ICKOH. 

Ori;HaKo OKOH'laTeJihHYIO 5ICHOCTh MoryT BHeCTH 

TOJibKO Tip5IMhie H3Mepemrn TIOTOKOB C02 Ha TaiI

Mbipe B 3HMHHH TiepHOJJ:. 

I1011yqeHHbie B pe3yJibTaTe MOtJ;eJIHpOBaHH5I 

ou;eHKH He TIPOTHBOpellaT ri;aHHbIM TIO BJia)KHOH 

ocoKOBOH TyHri;pe ceBepHoro Tio6epe)Kh5I M5ICKH 

(CllIA)' KOTOpOH TIOCB5IID;eHo 60JibIIlOe KOJIH'leCTBO 

pa6oT [Coyne et al., 1975; 1978; Miller et al., 1976; 
Oechel et al., 1993; 1995; u 8p.]. HaTipHMep, GPP 
ocoKOBOH TYHJJ:Phl ou;eHeHa KaK 160 rC · M-2 · rori;- 1 

[Miller et al., 1976], lITO xopomo corJiacyeTC5I c 

Hamett aHaJIOI'HlIHOH JiaHri;ma<t>THOH ou;eHKOH 

(149 rC. M-2 . rori;- 1) . .[(naTia30H BapHaD;HH lIHCTOI'O 

flOTOKa CQ2 TIO Il;HTHpyeMbIM pa6oTaM B Cperi;HeM 

cocTaBJISieT OT-40 ri;o +34 rC-M-2·rori;-1 [Coyne et al., 
1975; Miller et al., 1983; Oechel et al., 1993; 1995] 
c MaKCHMyMOM tJ;JI51 CTOKa -109 rC. M-2 . rori;- 1 

[Chapin et al., 1980]. 3ToT ri;naTia3oH 6JIH30K K 

TIOJiylleHHOMY HaMH tJ;JI51 pa3JIH1IHbIX accou;Hall;HH 

(CM. Ta6JI. 2). 
Eyri;ym;ee pa6oThI TIPOlIHO CBSI3aHo c ncnoJih30-

Bami:eM reOHH¢opMaD;HOHHOI'O nori;xori;a, Il03BOJI51IO

m;ero IlOJIYlIHTb u;eJIOCTHYIO JiaHri;ma<t>THYIO ou;eHKY 

xapaKTepa yrJiepori;Horo 6aJiaHca. Mori;eJihHhie 3Ha

l!eHH51 yrnepOtJ;HblX ITOTOKOB cym;eCTBeHHO BapbH

PYIOT B pa3JIH1IHhrx 6Horeou;eHo3ax (cM. Ta6JI. 2). 
EcJIH 6br H3MepeHHS£ ra30Bhix. noTOKOB npoBOJJ:HJIHCh 

TOJibKO Ha 6yropKaX, TO B pe3yJihTaTe Mb! IlOJIYlIHJIH 

far 3MHCCHIO (HCTOlIHHK) yrJiepori;a H3 TYHJJ:pbI B 

aTMoc¢epy' a B CJiyqae HCCJieri;oBaHmI TOJibKO no

JIHI'OHOB - CTOK yI'liepori;a. feOHHcPOpMaD;HOHHa51 

CHCTeMa, C03tJ;aHHaS£ Ha OCHOBe KOMilbIOTepHOH Kap

Tbl OCHOBHbIX paCTHTeJibHbIX coo6m;eCTB, Il03BOJI51eT 

H 36e)K.3Tb T3KHX HeTOlIHOCTeli H KOppeKTHO ou;e

HHTb yrnepOtJ;HbIH 6aJiaHC JiaHri;ma<t>Ta B u;eJIOM. 

Pa6oTa BhlITOJIHeHa B paMKax nporpaMMhI rrpo

eKTa 4.3.3 fHTII 18 ,, fJio6aJihHhie H3MeHeHHSI 

npHpOJJ:HOH cperi;hI H KJIHMaTa " . IloJieBbie pa60Tbl 

cPHHaHCHpOB3JIHCb rpaHTaMH R 7 rocyri;apcTBeHHOI'O 

ri;enapTaMeHTa CA H MSGOOO Me:>Kri;yHapori;ttoro 

Hay lIHOI'O <t>oHri;a. 

• ABTOphr 6Jiarori;apHbI C. XacTHHrcy (CaH

.[(nero, CIIIA), JI. A. KoJinam;HKOBY H C. C. Ma

MYJIOBY (HopHJihCK), B. B. 3eJieHeBy H M. B. fJia

roJieBy (MoCKBa) 3a IIOMOID;b B BbITIOJIHeHHH HCCJie

tJ;OBaHH51. 

BepJJ!!H.11 T. r . Pacnpe.11eJJem1e COJJHetJHOH pa.1111au;1111 Ha 
KOHTl1HeHTaX. JI., f11.11poMeTe0113.LlaT, 1961, 226 C. 
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YJJ:K 551 .345 

3JIEKTPOHHAR JIAH,IIJIIA<DTHA5I OCHOBA II;MPKYMIIOJI5IPHbIX KAPT 
3KOJIOrMqEcKoro CO,II,EP)J(AHM5I ,II,JI5I TEPPMTOPMM 

POCCMMCKOM APKTMKM 

E.C. MeJihHHKOB, JI.A. KottqeHKO, JI.C. MoJiqattosa 

H Hcmumym 1Cpuocr.jJepb1 3eMAU CO P AH, 117982, Moc1rna, yA.BaBUAOBa, 30 I 6, 1coM1t. 7 4a, PoccuR 

B I1HcnnyTe Kp11occjJepb13eM1111 CO PAI-I 113rornnJ1eHa :JJieKTpo1rnaSI 11aH,rilllacjJniaSI Kapra ,riJrn Tepp11Top1111 
Pocc11i1cKoi1 ApKT11K11 n Macwra6e 1 :7 500 000. Ha KapTe noKa3aHhI 3ona11hHhie, no,ri3oHaJihHhre 11 BbICOTHO-TIOSIC
Hbre Tl1Tibl 11 TI0):1Tl1Tibl JiaH,rilllacjJTOB, MOpcjJoreHeT11'1eCK11e rpynnbl 11 Bl1):1bl JiaH):\WacjJTOB c pa3Jil1'1Hb!M COCTaBOM 
11X Jll1TOremrni1 OCHOBbl. 3Ta KapTa MO)J(eT CJIY)l(l1Tb OCHOBOH 3KOJIOrl1'1eCKl1X KapT pa3Jil1'1HOro co,riep)J(aHl1l1, 
COCTaBJISieMblX c 11CTIOJ!b30BaH11eM reOCl1CTet.moro (JiaH,rilllacjJTHOro) np11H~11na TIOCTpoe1·!11l1. ITp11 C03):1aHl111 KapTbl 
11CTIOJib30BaJil1Cb conpeMeHHbie nporpaMMHbie cpe):ICTBa, np11MeHSieMhie B reo11HcjJOpMa~l10HHblX CY!CTeMax (rl1C). 

JlauiJuiar.jJmbt 1Cpu0Aumm0Hbl, PoccuiiDCM ApKmwca, .3Ae1cmpoHHbte Kapmbt, zeouHr./JopMaU,UOHHbte cucmeMbt 

ELECTRONIC LANDSCAPE BASIS OF ECOLOGICAL CIRCUMPOLAR MAPS FOR RUSSIAN ARCTIC 

E.S. Melnikov, L.A. Konchenko, L.S. Molchanova 

Earth Cryosphere Institute SB RAS 117982, Moscow, Vavilov st., 30/6, Room 74a, Russia 

An electronic landscape map for the territory of Russian Arctic at a scale of 1 :7 500 000 has been compiled 
at the Earth Cryosphere Institute SD RAS. The map shows zonal, subzonal and altitude-zonal landscape types and 
subtypes, morphogenetic groups and landscape varieties with different composition of their lithogenic base. This 
map may be used as the basis for ecological maps of different profiles compiled on the geosystem (landscape) 
principle. The map was produced through modern computer software used in the Geoinformation Systems (GIS). 

Landscapes of the cryolithozone, Russian Arctic, electronic maps, geoinformation Systems 

BBE,IJ;EHHE 

Jiatt,ll,rnaci:iThI ApKTMKII II Cy6apKTIIKM nechMa 

'lYBCTBIITeJihHhI K ecTeCTBeHHhlM II3MeHeHM5IM KJIII

MaTa M pa3HOro po,ll,a TeXHII'leCKMM B03,ll,eHCTBII5IM. 

B CB513II c 3TIIM oco6y10 aKTyaJihHOCTh'.'rrpIIo6peTaIOT 

BOIIpOChI II3y'leHM5I ,ll,IIH3MIIKM re03KOJIOrM'J:eCKOH 

CMTya11:im cenepHbIX perMOHOB' KOTOpa51 B rrepnyIO 

O'lepe,ll,h 33BIICIIT OT II3MeHeHMH JI3H,ll,III3cPTHhIX yc

JIOBIIH. JlaH,ll,III3cPTHhie KapTbI MoryT CJIY)KIITh xopo

rneil. KOHTypHoii octtonoil. ,ll,JI5I KapTOrpacPII'!ecKoro 

OT06pa)KeHII5I pa3HOro po,ll,a IIOTeHI.i;IIaJihHhIX MJIII 

rrpOII30IIIe,ll,IIIIIX II3MeHeHMH re03KOJIOrII'leCKMX yc

JIOBIIH. B I1HCTIITyTe KpIIocci:iephI 3eMJIII CO P AH 

II3rOTOBJieHa JI3H,ll,III3cPTHa51 OCHOBa MeJIKOM3CIIITa6-

HhIX KapT 3KOJIOrn'leCKOro CO,ll,ep)K3HM51 ,ll,JI51 Tep

PIITOpIIII PocrniicKoii ApKTMKII B MacrnTa6e 

1: 7 500 000. I1oK333HHbie Ha Heil JI3H,ll,III3cPTHhie 

BhI,ll,eJibl MO)KHO YB5133Th B rrepByIO O'lepe,ll,h c pa3-

JIII'lHhIMII rrapaMeTpaMII KpIIOJIIIT030HhI, a 33TeM Ha 

3TOH OCHOBe C03,ll,3Th cepIIIO pa3HbIX KapT re03KO

JIOrM'leCKOro co,ll,ep)KaHM51. CMhICJIOBa51 Harpy3Ka 

JI3H,ll,III3cPTHOH OCHOBhI OTpa)KaeT M3KCMM3JihHYIO 

CTerreHh ,ll,McPcPepeHIJ;IIaIJ;IIII JI3H,ll,III3cPTOB, IIOK33 KO-

Topoil. B03MO)KeH B A3HHOM MeJIKOM MacrnTa6e. ITpM 

COCT3BJieHIIII re03KOJIOrII'leCKMX KapT JiaH,ll,ill3cPT

H35I KOHTypHa51 OCH OB a o6bil.IHO yrrpmii:aeTC5I B 33 -

BIICIIMOCTM OT H33Hal.J:eHII5I 3TMX KapT II MeTO,ll,MKII 

IIX COCTaBJieHII51. 

© E.C. MeJihHHKOB, JI.A. Kon'leHKO, ·JI.C. Mo11'laHona, 1997 

HCTOqHHKH HH<DOPMAII,HH 

II IIPOrPAMMHbIE CPE,II;CTBA 

ITpn C03,ll,aHIIII 3JieKTpOHHOH JiaH,ll,III3cPTHOH 

KapTbI IICIIOJih30B3JIIICb pa3Hhle rrporpaMMHhie cpe,ll,

CTBa. ITporpaMMa Map Edit rrpMMeH5IJiach ,ll,JI51 neK

Topn3aIJ;MII 3JieMeHTOB KapThI. ITocJie,ll,yIOni;a51 o6pa-

6oTKa MaTepnaJIOB ,ll,JI5I IIOJiy'leHII51 OKOH'laTeJibHOH 

KOMII03HIJ;IIII KapTbI rrpOBO,ll,IIJiaCh c IIOMOIIJ:bIO rrpor

paMMHhIX rraKeTOB GeoDraw H reofpacti. 3TII rrpor

paMMHhie rraKeThI o6ecrrel.J:IIBaIOT 3KCIIOpT KOMII0-

3MIJ;IIII KapThI B ci:iopMaT DXF, KOTOpbrii, B CBOIO 

Ol.lepe,ll,h, II03BOJI5IeT MMIIOpTHpOBaTh ,ll,3HHhie B CIIC

TeMy ARC/INFO II ,ll,pyrne, rrpIIMeH5leMhre B reo

IIHcPOPM3IJ:MOHHhrx CIICTeMax (fHC). B pe3yJihTaTe 

IICIIOJib30B3HII51 rrepel.IIICJieHHhIX rrporpaMMHhIX 

85 



E.C. MEJlbHlfKOB YI /f,P. 

172 --

174 -

176 

178 

176 

T'10c 

©parMeHT JlaH)J,lllacpTHOH 1capTh1 TeppttTop1ut PoccwiicKoii ApKTHKH MacmTa6a 1: 7 500 000 H Jieren)J,a 

K HeMy. 

I. 3m aJibHbie, fl0,!l,30HaJJhHbie M BhlCO'l'HO- IlOSICHhie THilbl H nO)J;'i'l11lbl JiaH,IJ,waqrron 

H a pam-mnax: A - apKTl1'lecK11e (nom1pHb1e) nycThIHHh1e; T' - cenepOTYHAPOBbie 11 T11nwmoTyH11ponh1e; T" - 10lKHOTYHAPOBb1e . 

B ropax: T - rop HOT)'H;11posh1e; OF - ropnope11KOJiecm,1e. 

II. MopQ:loreHeTH11ecKHe r p ynnhI H BH)l.bI Jia)J,lllaQJTOB 

I'opno-CKJia)l.qaTh1e o6Jiac·rn : JiaH;irnacj}TbI MelKrop1-1b1x 11 BHy Tp11ropnb1x nna)'l11H, npe;iropHbIX pasn11H 11 npe;11rop11ti: 9 - Mopcn1e; 

10 - a.JIJllOBH:aJibHbie, 0 3epHbie l1 03ep1m- aJIJI!OBl1aJibHbie; 11 - Jie)1HH:KO!Jbie l1 IJO;L1HO-Jle;L1Hl1KOBbie; 13 - a KKYMYJI51Tl1BHbie 

Hepac•1JieHeHHbie; 14 - - 3P03l10HHO-;L1euy;11a l.\H:OHHbi e ; 15 - JiaH;L11llacjJTLI ropHbIX coopy)!{eHl1H (Hl13Kl1e , cpe;imie l1 BbICOKl1e ropb!). 

III. T11n JlliTOreunoii OCHOBhI JiaH)J,lllaqnon 

p - rnpcjl51Hb111 ; c - rJil1Hl1CTbIH; s - necq aHbIH; d - Kpymmo6Jio mqHbitt ; r - CKaJibHbIH l1 nOJI)'CKaJibHbIH (nepacrnop11Mble 

nopOAbJ).* 

IV. rpamuJ,bI 

1 - 30HaJlbHbIX, fIO;L130HaJibHhl.X l1 BblCOTHO- fl05ICHblX Tl1HOIJ 11 HO):(Tl1HOB Jia H;L11llaqrroa; 

2 - Mop¢oreHeTl1'IeCKl1X Ill1AOB JlaHgrnacflrna; 3 ·- TH:HOB Jll1TOl'eHHOH OCHOBbl JlaH;imacpTOB. 

* n p l1 Me q a H 11 e • Co'leTaHHe 6yKBeHHbl.X Cl1MIJOJIOB o603Haqaer: CMernaHHbIH COCTaB HCJil1Tl1cpl1J.\l1POBaHHblX nopOA (cs) ; 

COCTaB HCJil1Tl1cPl1J.\l1POBaHHhIX nopo;i, 3aJiera101.1.111x Ha CKaJibHbIX l1Jll1: ITOJl)'CKaJibHbIX nopo):lax (c / r) . 

cpe)J;CTB 6r,ma C03)"~ana MeJIKOM3CIIITa6HaSI 3JieKT

poHHaSI JiaHAma¢'rHaSI KapTa, IT03BOJI51JOIIJ;3.51 n y TeM 

npoCTpaHCTBeHIIbIX onepau;m1: c pa3HbIMH ):(3HHbIMH 

COCT3BJI51'l'b o63opHbie KapTbI 3KOJIOrn11ecKoro co

J'(ep%3HH.II (reo6oTaHHt.IecKne, rrotrneHHbie, reo 

KpHoJiornt.IecKHe n Apyme) . 

JlaHJ'(ma<t>THaSI OCHOBa 01.J;IfcPPOBaHa B paBHO

Be.JJ:HKOM a3HMYT3JlbHOH nomrpno:if npoeKD;HH JiaM-
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6epTa, KOTOpa5.! o6bl"UIO npHMeHSieTCSI J'(JISf OKOJIOIIO

JISlpHbIX TeppHTOpH:if. PannoneJIHKOCTb rrpoeKu;nn 

o6ecnet.IHBaeT coxpanenue nporropu;HoHaJihHOCTH 

IlJIOJJ~al.(eM npoeKD;HH H 3eMHOM IIOBepXHOCTH. c 
HCIIOJib30B3HHeM J'(aHHOM npoeKD;HH panee J'(JISI Tep 

pnTopnn PoCCHH 6hIJIH COCTaBJieHhI reoKpHOJIOrHt.Ie

CKasr KapTa Macrma6a 1:10 000 000 (KaK t.IaCTb 

Me)Kl.(yHapol.(HOH U:HPKYMITOJISipttoif KapTbI) H KapTa 



3JIEKTPOHHA5I JIAHJ(filA<PTHA5I OCHOBA l_(J1PKYM!lOJI5IPHhIX KAPT 

KpirnreHHbIX reoJIOTIItieCKHX rrpou:eccoB Macrrna6a 

1: 7 500 000. 
IlpH COCTaBJieHlrn JiaHp;matjJTHOH OCHOBhl HC

IIOJib30BaJIHCb H3,D;aHHbie KapTbI: JiaHp;matjJTHbie, 

MacmTa6a 1: 2 500 000 H 1: 4 000 000 (rro,11; pep;. 

11.C. fyp;HJIHHa, A.r. Mca'leHKo), l!eTBepTH'IHhrx 

OTJIO:>r<eHHH, Macmrn6a 1: 2 500 000 H 1: 5 000 000 
(II0,11; pep;. f.C. faHeIDHHa) H p;pyrtte KapTbI, pa3Hbie 

orry6JIHKOBaHHhre pa6oTbI, pe3yJibTaThl p;emn¢ptt

poBaHH51 KOCMOCHHMKOB, a TaK:>r<e MaTepHaJibI MHO

roJieTHHX HCCJie.D;oBaHHH HHCTHTYTa BCEfl1HfEO 

Ha ceBepe 3arrap;Ho-Cn6npCKOH HH3MeHHOCTH H B 

rrpep;eJiaX rrpHMOpCKHX HH3MeHHOCTeH .51KyTHH. 

fJiaBHbIM HCTO'IHHKOM HHtjJOpMaU:HH .D;JI51 coc

TaBJieHH51 JiaHp;matjJHOH OCHOBbI IIOCJIY:>KHJia JlaHp;

ma¢THa51 KapTa CCCP rro,11; pep;aKu:ne:if 11.C.fy

AHJIHHa [lfaH8uw(jJmHa5l .. . , 1980 ]. 3To Han6oJiee 

,11;eTaJihHa5I JiaH,11;matjJTHa5I KapTa CCCP. Ha He:if 

IIOMHMO mnpoTHO- H BbICOTH0-30HaJibHbIX THIIOB H 

IIO.D;THIIOB JiaHp;matjJTOB BbI,D;eJieHbI 1019 HX pO.D;OB 

[lfe2eH8a .. . , 1987]. Op;HaKo rrpn rro,11;06Ho:if p;eTaJih

HOCTH KapTa Bee :>r<e He cop;ep:>r<HT Ba:>r<HyIO HHcPOP

MaU:HIO 0 COCTaBe 'leTBepTH'IHbIX OTJIO:>r<eHHH. Ilo::i

TOMY O.D;HOBpeMeHHO c THIIH3au:ne:if JiaHp;matjJTHbIX 

KOHTypoB B OCHOBY 6hIJia BBep;eHa H :na HHcPOP

MaU:H51. OT TaKo:if KapTbI rrpoll!e MO:>r<HO rrepe:ifTH K 

OT06pa:>r<eHHIO oco6eHHOCTeH pacrrpocTpaHeHH51 H 

CBOHCTB MHOroJieTHeMep3JihlX ropHbIX rropop; (3TO 

OCyll!eCTBJieHO B BH,D;e feoKpHOJIOrH'leCKOH KapTbI 

Poccnn n MoHroJIHH Macmrn6a 1: 10 000 000, coc

TaBJieHHOH B 1993 r.). c yl!eTOM 3TOH KapTbI JiaH

p;matjJTHYIO OCHOBY MO:>KHO HCIIOJib30BaTb .D;JI51 coc

TaBJieHH51 reo::iKoJiorn'leCKHX KapT pa3Horo cop;ep

:>r<aHH51, B TOM lIHCJie H rrporH03HbIX re03KOJIO

rH'leCKHX KapT. I1MeHHO rrpH TaKOM MeTO.D;OJIOrH'le

CKOM nop;xop;e JiaHp;matjJTHa51 OCHOBa 6yp;eT CJIY:>KHTb 

CB513YIOll!IIM 3BeHOM pa3HbIX KapT 3KOJIOrII'leCKOro 

cop;ep:>r<aHII51, p;eJia51 IIX COIIOCTaBIIMbIMII H p;aBa51 

B03MO:>KHOCTb nOMIIMO KapTorpa¢IIpOBaHII51 CTaTII

'leCKOH npIIpO.D;HOH o6cTaHOBKH ou:eHIIBaTb .D;IIHa

MIIKY npIIpO.D;HhlX ycJIOBIIH, cocTaBJI51Tb pa3JIII'!Hhre 

rrpOrH03Hbie KapTbI [MeJlbHUIC06, 1985 ]. 

CO ,[(EP)l(AHIIE KAPTbI 

3aKapTIIpOBaHHa51 TeppHTOpII51 orpaHII'leHa c 

IOra 64 °C c. m. B COOTBeTCTBIIII c rpaHIIU:aMII, 

npIIH51TbIMH .D;JI51 p;pyrnx MeJIKOMaCmTa6HbIX U:IIP

KyMnOJI51pHbIX KapT 3KOJIOrH'leCKOro cop;ep:>r<aHH51 

(feoJiorII'leCKOH, KapTbI 'leTBepTH'IHhlx OTJIO:>r<e

HIIH) . 3Ta TeppIITOpH51 npeBhrmaeT nJIOll!a.D;b co6cT

BeHHO ApKTIIKII. B ee npep;eJiax, Ha EBpone:ifcKoM 

CeBepe, IIOMIIMO 30HbI pacnpocTpaHeHH51 MHOroJieT

HeMep3JihIX nopop; pa3BIITa TaK:>r<e 30Ha ce30HHO

Mep3JibIX rropo,11;. fpaHIIU:a pacnpocTpaHeHII51 MHoro

JieTHeMep3JibIX rropop; npoBep;eHa B COOTBeTCTBIIII c 

KapTo:if KpIIoreHHhrx cPH3HKo-reoJiorn'leCKIIX npo-

u:eccoB KpnoJIHT030HbI PoccIIII MacmTa6a 

1:7 500 000, COCTaBJieHHOH B I1HCTIITyTe KPIIO

c¢ephl 3eMJIII CO P AH B 1996 r. 
Cop;ep:>r<aHne JiaHp;matjJTHOH ocHOBhl o6pa3yIOT 

30HaJibHhle, IIO.D;30HaJibHbie II BbICOTHO-II051CHbie TII

nhI II nO,D;TIInbI JiaHp;matjJTOB, Mop¢oreHeTII'leCKIIe 

rpynnbI II BII.D;bl JiaHp;matjJTOB. 

Ha paBHIIHax Bhl.D;eJI51IOTC51 meCTb 30HaJihHbIX 

II nO,D;30HaJibHbIX TIInOB II nO,D;TIInOB JiaHp;matjJTOB: 

apKTII'leCKIIe (nOJI51pHbie) nyCTbIHHbie, ceBepoTyH

APOBbie II TIInH'IHOTYHAPOBbie, IO:>KHOTYHAPOBbie, 

JiecoTyH,11;poBbre, ceBepoTae:>r<Hhre, cpep;HeTae:>r<Hbre. 

B ropax noKa3aHhI p;Ba BhICOTHo-no51cHhIX TIIrra 

JiaH,D;matjJToB: ropHOTyH.D;pOBbre, ropHopep;KoJieCHbre. 

Mop¢oreHeTII'leCKIIe rpynnhr II BII.D;bI JiaHp;

matjJTOB BhI.D;eJI51IOTC51 oco6o B rrpep;eJiax rrJiaT¢op

MeHHhlX o6JiaCTeH II B npep;eJiax ropHO-CKJia,D;l!aTbIX 

o6JiacTe:if. 

B rrpep;eJiax nJiaT¢opMeHHhrx o6JiacTe:if no rnn -

COMeTpIIlleCKOMY IIOJIO:>r<eHIIIO BbI,D;eJieHbI TPII MOp

¢oreHeTII'leCKIIe rpyrrnhr JiaH,11;ma¢ToB: JiaHp;matjJTbI 

HH3MeHHbIX paBHHH, C03,D;aHHbie rrpeIIMyll!eCTBeHHO 

HOBeHIDIIMII orrycKaHII51MII, JiaHp;matjJTbI BbICOKIIX 

paBHIIH II nJiaTO c npeo6Jia,D;aHHeM noJiorIIX HO

BeHIDIIX nO,D;H51TIIH, JiaHp;matjJTbI nJiaTO, IIJIOCKO

ropIIH II Kp51:>r<e:if c rrpeo6Jiap;aHIIeM HOBeHIDIIX CBO

.D;OBbIX II 6JIOKOBbIX nO,D;H51TIIH. 

Cpep;II rrepBhrx .D;Byx rpynn JiaH,11;ma¢ToB nJiaT

¢opMeHHhIX o6JiaCTeH B npep;eJiax aKKYMYJI51TIIB

HbIX paBHIIH no reHe3IICy CJiaraIOll!IIX IIX OTJIO

:>r<eHIIH pa3JIII'laIOTC51 Mop¢oreHeTH'leCKIIe BII.D;bl 

JiaHp;matjJTOB: MOpCKIIe II Jie,D;OBO-MOpCKIIe, aJIJIIO

BIIaJibHbie, 03epHhle II 03epHO-aJIJIIOBIIaJibHbie, Jiep;

HHKOBhle II BO.D;HO-Jie,D;HIIKOBbie, aKKYMYJI51TIIBHbie 

HepaC'IJieHeHHhre. 

B npe,11;eJiax ropHo-cKJiap;llaThrx o6JiacTe:if o6o

co6JieHhl p;Be Mop¢oreHeTII'leCKIIe rpynnhl JiaH,11;

matjJToB: Me:>r<ropHbIX II BHyTpIIropHbIX Bnap;IIH, 

npep;ropHbIX paBHIIH II npep;ropIIH, co6CTBeHHO rop

HbIX coopy:>r<eHIIH. 

Cpep;II aKKYMYJI51TIIBHbIX paBHIIH Me:>r<ropHbIX 

II BHyTpIIropHbIX Bna,D;IIH II HaJio:>r<eHHbIX rrpep;rop

HbIX paBHIIH no reHe3HCy CJiaraIOll!IIX HX OTJIO

:>r<eHIIH pa3JIII'laIOTC51 CJiep;yIOll!IIe Mop¢oreHeTII'leC

KIIe BII.D;bl JiaHp;ma¢ToB: MOpCKIIe, aJIJIIOBIIaJibHbie, 

03epHbie II 03epH'o-aJIJIIOBIIaJibHbie, Jie,D;HIIKOBble II 

BO.D;HO-Jie,D;HIIKOBbie, p;eJIIOBIIaJihHbie, aJIJIIOBHaJib

HO-IIpOJIIOBIIaJihHbie II COJIIIcPJIIOKU:IIOHHbie, aKKy

MY JI51TIIBHhle ttepaclIJieHeHHhle. 

Bcero, BKJIIO'la51 ::ipo3IIOHHo-,11;eHy,11;au:ttoHHhre 

¢opMbI peJihe¢a, o6oco6JieHo 15 Mop¢oreHeTII'lec

KIIX BII.D;OB JiaHp;matjJTOB. 

Ha KapTe rroKa3aHhr mecTh pa3JIH'IHhrx TIIIIOB 

JIIITOreHHOH OCHOBbI JiaHp;matjJTOB, H3 HIIX 'leTbI

pe - .D;JI51 pbIXJibIX OTJIO)l(eHIIH (TOPcP51HbIH, rJIII

HIICTbIH, necl!aHhIH H KpyrrHoo6JIOMO'IHbIH TIInbI) II 

,D;Ba - .D;JI51 CKaJihHbIX II IIOJIYCKaJibHbIX rropop; (pac

TBOpIIMbie II HepaCTBOpIIMbie IIOpO,D;bI). <DparMeHT 
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E.C. MEJihHHKOB H ~P. 

JiaH.[lma¢THOH KapTbl 1.JyKOTCKOH ropHO-CKJia.[lqa

TOH 06J1aCTH i:IpHBO.[IHTrn Ha pucyHKe. 

TaKHM o6pa3oM, .r1u¢¢epem.1,uau;m1 J1aH.r1ma¢

TOB Pocrn:licKoli ·ApKTHKH u rrpuJ1ermoiu;eli K Heli 

TeppHTOpHH IIOKa3aHa B KOM6HHaD;HH c pa3-

JIHqHbIMH THilaMH JIHTOreHHOH OCHOBbl. JlaH.[lllla¢

THa51 CTPYKTypa TeppHTopuu oTpa)KeHa c 

MaKCHMaJibHOH .[IJl51 .[laHHOro MaCIIITa6a .[leTaJibHO

CTblO. IlpH HCIIOJib30BaHHH JiaH.[llllacPTHOH OCHOBbl 

.[IJI51 COCTaBJieHH51 KapT 3KOJIOruqecKoro co.r1ep)KaHH5I 

MO)KeT 6bITh rrpoae.r1eHa Heo6xo.[IHMa51 reHe

paJ1H3au;u51 KOHTypoB B 3aBHCHMOCTH OT co

.r1ep)KaHH5I 3THX KapT' MaCIIITa6 KapTbl MO)KeT 6hITb 

TpaHCcPOPMHpOBaH B rrpe.[leJiax Mac111rn60B OT 

1:2 500 000 .[10 1:10 000 000. 
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JlaH,11IIIacjJTHall Kaprn CCCP Macrma6a 1 :2 500 000 I ITo.11 pe.11. 
11.C. f'y,1111JI11Ha. JI., BCErEH, 1980, 16 JI11crnB. 
JlereH,11a K JiaH.11IIIacjJTHOi1 KapTe CCCP MacIIIrn6a 1 :2 500 000. 
M.' r11.11pocrrel.\reoJIOr11SI, 1987' 340 c. 
MeJihHHKOB E.C. Hay11Hb1e OCHOBbI 11 MeT0,11h1 per110HaJibHhIX 
11m1<eHepHo-reoJior1111ecKl1X HCCJie,!IOBaHHH paBHl1H Kp110Jil1T030-
Hbl (Ha rrp11Mepe 3arra,11Hoi1 C11611p11) I I ABrnpecj:J . .1111c . .. . .11-pa 
reoJI.-M11Hep. HayK, M., 1985, 44 c. 

IlocmynUJZa 6 peamcu,wo 
12 U/OflR 1997 i . 



HAYqHhIH )KYPHAJI 

KPMOC<I>EPA 3EMJil1 

KpuoC1pepa 3e,} 9- 90 

XPOHHKA 

MHxa11JI MBattoB11q CYMrMH 
OCHOBOllO DIOJKJilIK Hay KH 0 Mep3JihIX TOJI~ax 3eMHOH KOpbl 

K 125-JLemwo co Ol-lJL po%oeHUJL) 

M. 11. CyMmH po):(HJIC5I 25 ¢eBpaJI5I 1873 r. B 
MOp):(OBCKo:i1 ):(epeBHe KparrnBKM JlyKo5IHOBCKoro 
ye3):(a HmKeropo):(CKOH ry6epHHM. B 1895 r. OH rro
CTyrrHJI B CaHKT-I1eTep6yprcKMH yHHBeprnTeT. 3a 
yt.IaCTHe B 3a6acTOBKe CTy):(eHTOB B 1899 r. 

M. 11. CyMrMH 6hm MCKJIIOt.IeH H3 yHMBepcHTeTa H 
BbICJiaH H3 I1eTep6ypra. B rrocJie):(yIOm:He I'O):(hl OH 
COBMem:aJI pa60Ty c aKTMBHOH peBOJIIOU:HOHHOH ;ri:e-

5ITeJibHOCTbIO, 3a 'ITO HeO;r:t:HOKpaTHO IIO):(BepraJIC5I 
apeCTaM H 6nm cocJiaH B To6oJibCKYIO ry6epHHIO. 

B 1911 r. M. 11. CyMmH rroJiyt.IMJI rrpMrJia
rneHMe 3aBe):(OBaTb MeTeOpOJIOrMt.IeCKOH CTaHU:MeH 
BoMHaK B AMypcKoli o6JiaCTH. ITo rrpMe3;ri:e Ha 

JJ:aJibHMH BocTOK OH rrorraJI B KOJIJieKTMB rrot.IBOBe
):(OB, arpOHOMOB ll 6oTaHMKOB, ,[(e5ITeJibHOCTb KOTO
pbIX 6hlJia CB5I3aHa c M3yt.IeHHeM BJIM5IHH5I Bet.IHOH 
Mep3JIOTbI Ha IIOt.IBOo6pa30BaHHe ll pa3BHTM5I pac

TeHHH. Pa6oTa M. 11. CyMmHa Ha MeTeopoJiomt.Ie
CKOH cTaHU:MH H, II03):(Hee, B _MeTeopoJiorMt.IeCKOM 
6IOpo AMypcKoro rrepeceJieHt.IecKoro palioHa BbI-

3BaJIH y Hero IIOBbIIIIeHHbIH llHTepec K M3yt.IeHMIO 
Bet.IHOH Mep3JIOTbI. 

B KOHU:e 20-x rr. M. 11. CyMmH rrepeexaJI B 
JleHHHrpa):(. 3,[(eCb OH pa6oTaJI B aBTO):(OpmKHOM 
llHCTHTyTe, t.IHTaJI JieKU:Mll ll rrpoBO):(llJI MCCJie,[(O
BaHH5I MHrpau:MM BJiarH, rryt.IeHH5I ll ):(pyrHX rrpou:ec
COB, rrpOHCXO;r:t:5Im;Mx B rrpoMep3aIOm:Hx rpyHTax. 

B 3TO X<e BpeM5I OH o6paTHJIC5I B aKa):(eMMIO 
HayK CCCP c xo;ri:aTalicTBOM 06 opraHM3aU:MH rrpH 
AKa):(eMMM ll,eHTpa no BcecTOpOHHeMy M3yt.IeHHIO 
Bet.IHOH Mep3JIOTbI. Xo):(aTalicTBo M. 11. CyMmHa 
6hmo rro):(;ri:epX<aHo aKa):(eMMKaMH B. 11. BepHa;ri:c
KMM H B. A. 06pyt.IeBbIM. B 1930 r. rrpH AKa):(eMMM 
HayK CCCP 6nrJia o6pa3oBaHa KoMHCCH5I no H3y
t.IeHMIO Bet.IHOH Mep3JIOTbI ITO):( rrpe):(Ce):(aTeJibCTBOM 
aKa):(. B. A. 06pyt.IeBa. M. 11. CyMmH 6nrJI Ha3Ha
t.IeH ero 3aMeCTHTeJieM. c o6pa30BaHMeM 3TOI'O Ha
Yt.IHOI'O u:eHTpa rnHpoKo pa3BepHyJirn opraHM3a
TopcKMH TaJiaHT M. 11. CyMmHa. 

KoMMCCHeli 6DIJIH rrpoBe):(eHnr KpyrrHhle pa6oTbI 
no HCCJie):(OBaHMIO Bet.IHOH Mep3JIOTbI B CB5I3ll c 
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H3bICKaHlHIMH H CTpOHTeJihCTBOM )KeJie3HbIX .D;Opor 

Ha BocTOKe CTpaHhI H B HeKOTOphlx .D;pymx 

palioHax. Co6paHHb1e. MaTepHaJihI 3HaqHTeJihHO 

o6oraTHJIH HamH 3HaHH51 0 npHpO,D;e BeqHOH Mep3-

JIOTbl, a BbIIIOJIHeHHhie B TO )Ke BpeM51 Jia6opaTop

Hhie pa60Thl nOJIO)KHJIH HaqaJio C03,D;aHHIO Mexa

HHKH Mep3JibIX rpYffTOB. 

B 1936 r. KoMHCCH51 6brJia peopraHH30BaHa B 

KoMHTeT no H3yqeHHIO BeqHoli Mep3JIOThI. PyKo

BO.D;HTeJieM KOMHTeTa cTaJI aKa.D;. B. A. 06pyqeB, a 

em 3aMeCTHTeJieM - M. M. CyMmH. KoMHTeT 

npHcTynHJI K opraHH3a:U:HH cTa:U:HOHapHbIX HCCJie,D;o

BaHHH B palioHax pacnpocTpaHeHH51 BeqHoli Mep3-

JIOThI H pemeHHIO 3a,D;aq .D;OpO)KHOI'O H rpa)K,D;aHCKOI'O 

CTpOHTeJihCTBa. 0.D;HOBpeMeHHO HaKanJIHBaJIHCb 

,D;aHHhie .D;JI51 TeopeTHqecKHX o6o6r:u;eHHH. 

B 1939 r. KoMHTeT no H3yqeHHIO BeqHoli Mep-

3JIOThI 6bIJI npeo6pa3oBaH B MHCTHTYT Mep3JIOTOBe

.D;eHH51 AH CCCP HM. B. A. 06pyqeBa. LJ:HpeKTO

poM HHCTHTYTa cTaJI aKa.D;. B. A. 06pyqeB, a 

M. M. CyMmH - ero 3aMeCTHTeJieM. HaqaThie 

paHee CT3:U:HOHapHbre HCCJie,D;oBaHH51 3HaqHTeJihHO 

pacmHpHJIHCh. MHCTHTYT opraHH30BaJI p51.D; nocTo-

51HHo ,D;eHCTByIOr:u;HX Mep3JIOTHbIX CTaH:U:HH, ceTh 

KOTOpblX OXBaTbIBaJia OCHOBHhie npHpO.D;Hhie 30Hbl 

CeBepa 11 6hrJia npHypoqeHa K palioHaM HaqaBme

roc51 npoMhlmJieHHOro ornoeH115I. Pa6oTa Mep3JIOT

HhIX CTaH:U:HH o6ecneqHJI3 KpyrJIOrD.D;HqHoe H3y

qeHHe npo:u:eccoB' CBOHCTB H COCT051HH51 BeqHOH 

Mep3JIOThl H no3BOJIHJia onepaTHBHO pemaTh Ha 

MeCTe HH)KeHepHbie 3a,D;aqH. 
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B 1937 r. 6hlJia ony6JIHKOBaHa KHHra 

M. M. CyMrHHa ,,BeqHa51 Mep3JIOTa noqBbI B npe,D;e

Jiax CCCP", B KOTopoli 6hmH o6o6r:u;eHhI Bee npo

Be.D;eHHhre HM Ha6JIIO,D;eHl151 H Jil1TepaTypHbie CBe

,D;eHH51. B 3TOH KHHre 6bIJIH CcPOPMYJIHpOBaHbl OCHO

Bbl Mep3JIOTOBe,D;eHl151 - HOBOro HayqHoro HanpaB

JieHl151, TIOJiyq11Bmero B TIOCJie.D;y10r:u:11e ro,D;hl Ha-

3BaHHe ,,reoKpHOJIOrH51". B 1937 r. M. M. CyMmH 

COBMeCTHO c H. A. U:hITOB~eM ony6JIHKoBaJI Ka

TIHTaJibHhIH TPYA ,, OcHOBhI MexaHHKH Mep3JihIX 

rpyHTOB"' 3aJIO)KHBillHH HayqHhie OCHOBbl HH)Ke

HepHoro Mep3JioroBe,D;eHH51. B 1940 r. M. M. CyM

rHH COBMeCTHO co CBOHMH copaTHHKaMH H yqe

HMKaMH (H. M. ToJICTHXHH, c. rr. KaqypHH M 

B. Cll. TyMeJih) ony6JIHKOBaJI nepBbIH yqe6HHK 

,,06r:u:ee Mep3JIOTOBe,D;eHHe" . 

BeJIHKa51 0TeqecTBeHHa51 BOHHa npHocTaHo

BHJia MHOrHe HaqHH3HH51 M. M. CyMrMHa. OH BhI

HY)K.D;eH 6bm nepeexaTh B TamKeHT, r,D;e npttcTynHJI 

K HCCJie.D;oBaHH51M ce30HHOH Mep3JIOThI noqB B Cpe.D;

Heli A3HH. 

Ho Cl1JihI MHxaHJia MBaHOBHqa Ta51JIH. OH 6h1JI 

T51)KeJio 6oJieH. CKa3aJiacb H KOHTY3H51, noJiyqeHHa51 

HaKaHyHe oThe3.D;a 113 MocKBhI Bo BpeM51 6oM6e)KKH. 

8 ,D;eKa6p51 1942 r. MHxaHJia MBaHOBHqa He cTaJio. 

M. M. CyMrMH ocTaBHJI o6urnpHoe H MHOro

rpaHHoe HayqHoe H3CJie,D;He, a BhlCKa3aHHhie HM 

H.D;eH H 3aBeThI cnoco6cTBOBaJIH ,D;aJihHelimeMy nJio

.D;OTBOpHoMy pa3BHTHIO Mep3JIOTOBe,D;eHH51. 


