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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 
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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. 
44 

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 
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