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C;8S@8SE:87j: 0;An9<M o=E:<7I? eI9:<;<MIi 

p<W;8S@8SE:87I: p8;D88M eE78;I? mME=<MIi, lA;j8 m;I=E %<=@:E=:I=<M=E  

q:M8:@:M8==>? Ai8=>? @89;8:E;j CIhE=9<ME r78=E mME=<M=E 

J8f=Ii8@9I? @89;8:E;j o789@P:I=E $E;jQ LE9@IF<M=E 
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,ELK@SEIP UKEI@NI;L; `@<EF@IHJ: 
M;8FQ S<97ES<M – 15 FI=A:. 
  
,ELK@SEIP N@R;PT <E>GHV: 
M;8FQ S<97ES<M – 10 FI=A:;  
M;8FQ M<W;<@<M-<:M8:<M – 5 FI=A: 

$Y;F ? LK@?I;E `F@IHE  (): W< W;8SME;I:87j=< KEQM78==<FA @WI@9A  
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7,!(,+  + 

5 H^IJ 

9.00-10.00  -  ;8DI@:;EHIQ AiE@:=I9<M 

 

72./+,/!. :+".*+/%. 

10.00 - 11.45  

+)*. 415 

1. C;IM8:@:M8==<8 @7<M< AiE@:=I9EF 9<=G8;8=HII  

789:#!$ 5.6. (6&(.(6%G&)4%2 1-, HIJ, 4#1. 6&(40%(.(6%%) 

2. 48<9;I<7<DIi8@9EQ 9E;:E pppT 1:2500000 I W8;@W89:IM> 

D8<9;I<7<DIi8@9<D< 9E;:<D;EGI;<ME=IQ 

789:#!$ 5.6. (6&(.(6%G&)4%2 1-, HIJ, 4#1. 6&(40%(.(6%%) 

3. p<KSE=I8 I I@W<7jK<ME=I8 gEK> D8<SE==>f «48<9;I<7<DIQ» 

@98AB >.?., M$#/(.8)4%2 N.H. (6&(60#1%G&)4%2 1-, HIJ,  

4#1. 4#0,(60#1%% % 6&(%$1(07#,%4%) 

4. $I@:E=HI<==>8 SE==>8 M 9E;:<D;EGI;<ME=II 9;I<7I:<K<=> 

F*G*-  .6. ( OP Q4#$R4)) 

5. % F8:<SI98 <gK<;=<D< D8<V9<7<DIi8@9<D< 9E;:<D;EGI;<ME=IQ 

9;I<7I:<K<=> T<@@II 

H*E!$ 5.7., I#-0%.(- M.S., T&0&-U6%$ M.N., V%3#$4(-# W. . 

(6&(.(6%G&)4%2 1-, HIJ, X#Y(0#,(0%U (:0#$9 6&(.(6%G&)4(2 )0&"9) 

6. %E;:<D;EGI;<ME=I8 LE;@E  

I!J*!-!$% K.L., Z0&:(-)4%: N.M., X#!#0&- W.[., X#!#0&-# H.Q., 

\&-G&$4( S.S. (IM \ HIJ,  ]  5M[, 6&(60#1%G&)4%2 1-, HIJ) 

7. m@:<;IQ ;EKMI:IQ E;9:Ii8@9<D< n87jGE I 9E;:<D;EGI;<ME=I8 

@AgFE;I==<? 9;I<7I:<K<=>                 

<%$8*=!$ 5.6. (6&(.(6%G&)4%2 1-, HIJ, X#Y(0#,(0%U (:0#$9 

6&(.(6%G&)4(2 )0&"9) 
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".#9%_ 1  

12.00 - 16.00  

+)*. 415 

(.!%/4!, +9%!//!. !8."7.3./%. (.!#,%!2!(%3."#!(! 

#+,-!(,+4%,!$+/%_.   

!70- #+,-!(,+4%,!$+/%_ ,+:2%3/0d ,.(%!/!$ #,%!2%-!:!/0 

TA9<M<SI:87j: JAF87j U.e. 

 

1. C;I=HIW> I F8:<SI9E @<@:EM78=IQ 9E;:  D8<9;I<7<DIi8@9<D< 

;E?<=I;<ME=IQ 

?8*M9# @.N.,  T*Y0(-%$ S.M.,  ^),0&Y# [.S. (SQWI [IW_) 

2. 48<I=G<;FEHI<==>? E=E7IK F8;K7<:=<-7E=SnEG:=>f MKEIF<@MQK8? M 

9;I<7I:<K<=8 T<@@II  

O9GB=A N.6., ](0(.&-# [.M. (6&(60#1%G&)4%2 1-, HIJ) 

3. m=:8D;EHIQ W;<@:;E=@:M8==>f SE==>f =E :8;;I:<;IP o;9:I9I  

I D8<F<S87I;<ME=I8 D;E=IH 9;I<7I:<K<=> 

 BJ$BJB$ 5.5. ( I 5M[) 

4. J8W7<M<8 @<@:<Q=I8 W<;<S =E #;8=D<?@9<F F8@:<;<hS8=II: W<@:<Q==< 

S8?@:MAPcEQ 9E;:<D;EGIi8@9EQ F<S87j  

P8!QJ!$ P.R., J40#%$`&-# [.I., ](0(),&.&- N.S,  V(/(-  ].M.    

( ]a Q_ 5M[) 

5. C;I=HIW> ;E?<=I;<ME=IQ dEWES=<-pIgI;@9<? ;EM=I=> W< F8;K7<:=<-

:8;FIi8@9<FA @<@:<Q=IP W<iM8==<-D;A=:<M<? :<7cI 

O8!S*G!$% >.C., Z#.9Y%$# M.Q.  ( I Q_ 5M[) 

6. TE@i8: 9E;:> KEWE@<M AD78;<SE S7Q 9;I<7I:<K<=> gE@@8?=E ;89I #@>  

T%8UV D.5., \#0#U X.Q., V#),*:(- M.S., ]#-&0%$ T.M.  

( bcZVV 5M[,  RSZ 5M[,  Z ](7% [P J0_ 5M[) 

7. Geocryological mapping of ground temperatures and permafrost distribution 

Stuart A. Harris (Department of Geography, University of Calgary, Canada) 

 



 7

14.00-14.45 !REFEIITV UENENT? 

8. %E;:<D;EGI;<ME=I8 :8;F<9E;@:<M>f G<;F ;87j8GE M K<=8 FE@@IM=<-

<@:;<M=<? 9;I<7I:<K<=> dEWES=<? pIgI;I 

D!-!G%8B$% a.C., Z&0"$%4(- [.H., I0#-%) M.I. ( ]a Q_ 5M[) 

9. qH8=9E W<@:AW78=IQ <;DE=Ii8@9<D< M8c8@:ME M :8;F<9E;@:<M>8 <K8;E 

�FE7E @ I@W<7jK<ME=I8F SI@:E=HI<==>f I =EK8F=>f =Eg7PS8=I? 

P$!8-*#!$ b.5., X&2Y7#$ H._. ( ]a Q_ 5M[) 

10. q@<g8==<@:I D8<9;I<7<DIi8@9<D< 9E;:<D;EGI;<ME=IQ M>@<9If D<; 

�8=:;E7j=<? oKII 

RB$B8"#*V c. 6. (]#!#:),#$)4#U -9)(4(6(0$#U 6&(40%(.(6%G&)4#U 

.#Y(0#,(0%U  H Q_ 5M[) 

11. %EF8==>8, K8F7Q=>8  D78:i8;> I  F<gI7j=>8 9;I<D8==>8 W<9;<M> 

L<=D<7II 

<!8d9-!$ 5.D. (]#!#:),#$)4#U -9)(4(6(0$#U 6&(40%(.(6%G&)4#U 

.#Y(0#,(0%U  H Q_ 5M[) 

12. %E;:I;<ME=I8 W<M8;f=<@:=>f :E7I9<M  W<  FE:8;IE7EF KIF=8? 

@8?@F<;EKM8S9I  

RBJ!$ 7. . (QS][   TS_ 5M[, QSIJ) 
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".#9%_ 4 
 

16.30 - 18.30 
 

+)*. 415 

 #+,-!(,+4%,!$+/%. *2_ 7,!.#-%,!$+/%_ % "-,!%-.25"-$+  
$ #,%!2%-!:!/. 

 

TA9<M<SI:87j: u8@:8;=8M $.L. 

1. 48<:8f=Ii8@9I? F<=I:<;I=D  DEK<:;E=@W<;:=>f <g�89:<M p8M8;E 

@%:*- 6.6., X#y%$# I.W.(___ «I#!/0(7 O0#$)6#! J:,#») 

2. %E;:> ;E?<=I;<ME=IQ 9;I<7I:<K<=> – <@=<ME VGG89:IM=<@:I 

@:;<I:87j@:ME I V9@W7AE:EHII I=h8=8;=>f @<<;Ah8=I?  

TB"eB8-B$ P. . ( Ha Q_ 5M[) 

3. TE?<=I;<ME=I8 V9K<D8==>f D8<7<DIi8@9If W;<H8@@<M M :;E=@W<;:=<F 

9<;IS<;8 «l8=E - oFA;»  

T(0(1&&-  .S., @*e!$#! 5.6. ( Ha Q_ 5M[) 

4. C;<g78F> 9E;:<D;EGI;<ME=IQ F=<D<78:=8? F8;K7<:>  

S7Q @:;<I:87j@:ME W;<F>n78==>f 9<FW789@<M I FEDI@:;E7j=>f 

:;Ag<W;<M<S<M =E $E7j=8F e<@:<98 

D!J3!8-%. O.>. (O%:((4&#$)4%2 IJ) 

5. qW>: <W8;8hEPc8D< D8<9;I<7<DIi8@9<D< ;E?<=I;<ME=IQ :;E@@> 

FEDI@:;E7j=<D< DEK<W;<M<SE dEWES=<-qK8;=<8 – o=ES>;j 

O8B39d!$ a.P. (QS][   TS_ 5M[) 

6. qW>: @<@:EM78=IQ <gK<;=<? F8;K7<:=<-D8<F<;G<7<DIi8@9<? 9E;:>  

@ 9;AW=<FE@n:Eg=>FI M;8K9EFI W< :;E@@8 G8S8;E7j=<? EM:<S<;<DI 

«oFA;» sI:E – tEgE;<M@9 

?!-J8%eAB$ 6.<. ([VV «O0#$) IRH») 

7.  q M<KF<h=<@:Qf W;<D=<KI;<ME=IQ EME;I?=>f @I:AEHI? =E 

FEDI@:;E7j=<F :;Ag<W;<M<S8 @ W;IF8=8=I8F 4mp 

O%8"#%. @.C., W10&7(- V.S., Q,0*G4(-# I.V., ]#/%,($(-# O.M. 

( $),%,*, 1%!%4(-,&:$%G&)4%: /0(Y.&7 Q&-&0# Q_ 5M[)  
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6 H^IJ 

".#9%_ 2  

9.00 - 11.45 

+)*. 415 

%"7!25:!$+/%. *+//0d *%"-+/9%!//!(! :!/*%,!$+/%_ 7,% 

(.!#,%!2!(%3."#!  #+,-!(,+4%,!$+/%% 

TA9<M<SI:87I: %;EMH<ME e.m., %<;=I8=9< p.4. 

1. m@W<7jK<ME=I8 SE==>f 9<@FIi8@9<? @�8F9I S7Q 9E;:<D;EGI;<ME=IQ 

I F<=I:<;I=DE W;I;<S=>f 7E=SnEG:<M 9;I<7I:<K<=> M ;E?<=Ef 

<@M<8=IQ =8G:8DEK<M>f F8@:<;<hS8=I? 

?!8-*B-#! R.<. ( $),%,*, /0(Y.&7 $&1,% % 6#!# 5M[) 

2. m@@78S<ME=I8 ;E@W<7<h8=IQ I ;EKF8;<M :8;F<9E;@:<M>f <K8;  

@ W<F<cjP SE==>f SI@:E=HI<==<D< K<=SI;<ME=IQ I F8:<S<M 

FE:8FE:Ii8@9<? F<;G<7<DII 7E=SnEG:E 

?%f8%=!$% 6.N. ( IR 5M[) 

3. UEW;EM78=IQ I@W<7jK<ME=IQ SI@:E=HI<==>f SE==>f W;I IKAi8=II 

V<7<M<D< ;87j8GE M>@<9If nI;<: 

R*Q!$ a.R., MY0()%7(- M.S. 

( ]a Q_ 5M[, ___ «](7/#$%U «Q(-a($"») 

4. qH8=9E M<KF<h=<@:8? I@W<7jK<ME=IQ @=IF9<M @< @WA:=I9E Landsat 

S7Q IKAi8=IQ SI=EFI9I :8;F<9E;@:<M>f <K8; 

O%8%"B-#! O.6. (6&(60#1%G&)4%2 1-, HIJ) 

5. $I=EFI9E :8;F<9E;@:<M>f <K8; W;IF<;@9<? iE@:I �=<-m=SIDI;@9<? 

=IKF8==<@:I W< SI@:E=HI<==>F SE==>F 

O%8%"B-#! O.6., ]0#-`(-# S. ., V%3#$4(-# W. ., I#-0%.(- M.S. 

(6&(60#1%G&)4%2 1-, HIJ, 6&(.(6%G&)4%2 1-, HIJ) 

6. mKAi8=I8 SI=EFI9I :8;F<9E;@:<M>f <K8; I g8;8D<M<? 7I=II F<;Q  

=E @8M8;<-M<@:<98 8M;<W8?@9<? iE@:I T<@@II W< FE:8;IE7EF 

;EK=<M;8F8==>f 9<@FIi8@9If @�8F<9 

RG*8-!$% >.a., Q*:#G&-# X.X., 5*)#$(-# M.M. ([  ]MH) 
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7. C;IF8=8=I8 9<@FIi8@9<? @�8F9I M>@<9<D< ;EK;8n8=IQ  

S7Q <W;8S878=IQ @9<;<@:I :8;F<S8=ASEHII I :8;F<Eg;EKII =E 

KEWES=<F W<g8;8hj8 <@:;<ME %<7DA8M 

?*Q.#!$ 5.>., a%7%$ H.S., X&2Y7#$ H._., V0#-%4(-# [.S. 

(6&(60#1%G&)4%2 1-, HIJ,  OP Q4#$R4),  ]a Q_ 5M[, 

6&(.(6%G&)4%2 1-, HIJ) 

8. TEK;Eg<:9E F8:<SI9I S8nIG;I;<ME=IQ 9<@F<@=IF9<M  

S7Q <g=<M78=IQ @7<Q =E78S8? HIG;<M<? D8<9;I<7<DIi8@9<?  

9E;:> T<@@II  

V0#)(.(-# M. ., g#!$B-#! C.P., V%3#$4(-# W. .  

(6&(60#1%G&)4%2 1-, HIJ, 6&(.(6%G&)4%2 1-, HIJ) 

9. e<KF<h=<@:I I@W<7jK<ME=IQ 9<@FIi8@9<? :8W7<MIKI<==<? 

I=G<;FEHII S7Q :8;F<;EKM8S9I 9;I<7I:<K<=> 

b3*- 6.6.,  M6#G&- S.M., HU)$%4(-  .b. 

(___ «](7/.&4)$9& 6&(:%7%G&)4%& %)).&"(-#$%U») 

10. $I@:E=HI<==>8 SE==>8 I W;QF>8 =Eg7PS8=IQ KE M<S<;<S=<? 

S8DEKEHI8? K8F=>f =8S; 9E9 <g<@=<ME=I8 F8fE=IKFE M<K=I9=<M8=IQ 

<;I8=:I;<ME==>f <K8; =E :8;;I:<;II �=<-m=SIDI;@9<? 

=IKF8==<@:I  

@%8*- N.6., X#0%$ S.[., a6($$%4 S.M., 5("%$# Q.[.  

(Natural Hydrogen Energy Ltd., ba 5M[) 
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".#9%_ 5 

12.15 - 15.30 

12.15-14.00 - +)*. 415,  

14.45-15.30 - +)*. 611 

 (.!g#!2!(%3."#!. #+,-!(,+4%,!$+/%. #,%!2%-!:!/0 

TA9<M<SI:87j: $;<KS<M $.p.  

1. %E;:<D;EGI;<ME=I8 97IFE:Ii8@9If IKF8=8=I?  =E @8M8;8 T<@@II  

S7Q <H8=9I D8<9;I<7<DIi8@9If I D8<V9<7<DIi8@9If W<@78S@:MI? 

 %=#!$% <.6., V#-.(- M.S., ](0(),&.&- N.S. ( ]a Q_ 5M[) 

2. lE=SnEG:=<8 9E;:<D;EGI;<ME=I8 9E9 <@=<ME S7Q <H8=9I SI=EFI9I 

D8<9;I<7<DIi8@9If I D8<V9<7<DIi8@9If A@7<MI? =E W<7A<@:;<M8 �FE7 

 *h%V=!$% O.5., J40#%$`&-# [.I. ( ]a Q_ 5M[) 

3. C8;@W89:IM> D8<V9<7<DIi8@9<D< 9E;:<D;EGI;<ME=IQ �9A:II M H87Qf 

=EAi=<D< :A;IKFE 

O!="e*h*- a.N.,  -#$(-# X.T., V#-.(-# [.M. 

(Z#24#.8)4%2 IJ �4($(7%4% % /0#-#,  H Q_ 5M[) 

4. L8:<SIi8@9I8 E@W89:> @<@:EM78=IQ <H8=<i=>f F8;K7<:=<-

V9<7<DIi8@9If 9E;: =E 7E=SnEG:=<? <@=<M8 

F!e!$% @.>. (6&(60#1%G&)4%2 1-, HIJ) 

5. e7IQ=I8 WE78<9;I<D8=8KE =E @<M;8F8==>? W<iM8==>? W<9;<M H8=:;E 

e<@:<i=<-rM;<W8?@9<? ;EM=I=> 
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ORGANAZING COMMITTEE 

 

Chairman: o. Brouchkov 

Cochairmen: V. Sergeev, I. Lourie  

Executive academic secretary E. Pizhankova 

Technical secretary D. Aleksyutina 

Members of committee: 

o.Gavrilov, D. Drozdov, M. Zimin, V. Isaev, I. %<marov, S. Kornienko,             o. 

%<shurnikov, V. %ravtsova,  o. Prasolova, D. Sergeev, N. Jumel, o. Jyurin, V. Hilimonyuk, 

I. Shamanova, D Shesternev 

 

PROCEDURE OF THE CONFERENCE 

Registration of participants – June 5 from 9.00 to 10.00, 
 to the address: Moscow, Leninsky Gory, 1, floor 4, recreation at auditorium 415  

Beginning of the meeting – June 5 at 10.00, June 6 at 9.00  
 
Dinner time: – 14.00-14.45  
 
Place of the meeting – June 5 - auditorium 415,  June 6 - 9.00-14.00 - auditorium 415,  

14.45-19.00 - auditorium - 611 

Time-limit of the plenary meeting: 
 scientific report  – 15 minutes 
  
Time-limit of section work: 
section work  – 10 minutes  
questions and answers  – 5 minutes 

Entrance to the main building of MSU: according to the previously applied list    (a door 

guard will keep it at the MSU entrance)   

Travel directions: subway station "Universitet", then by bus ww 1, 113, 119, 661 to the 

stop "DK MGU" 
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PROGRAM 

June 5 

9.00-10.00  -  registration of participants  

PLENARY SESSION 

10.00 - 11.45  

Auditorium 415 

1. COMPLIMENTARY SPEECH TO THE CONFERENCE PARTICIPANTS   

A. Brou"hkov (MSU, Faculty of Geology, Geocryology Department) 

2.  GEOCRYOLOGICAL MAP USSR OF 1:2 500 000 SCALE  

AND PROSPECTS OF  GEOCRYOLOGICAL MAPPING  

A. Brou"hkov (MSU, Faculty of Geology, Geocryology Department) 

3. DEVELOPMENT AND USING THE DATABASE “GEOCRYOLOGY”  

I. Lourie, Yu. Anapolsky (MSU, Geography Faculty, Department  

of Cartography and Geoinformatics)  

4. REMOTE SENSING DATA AT CRYOLITHOZONE MAPPING 

M. Zimin (Research and Development Center “SCANEX”) 

5. TO  THE METHODS OF GENERAL GEOECOLOGICAL ZONING  

OF RUSSIAN  CRYOLITHOZONE   

A. Chizhov, A. Gavrilov, M.Dereviagin, W. Pizhankova (MSU, Faculty  

of Geology, Laboratory of Survey of Geological Environment)   

6. MAPPING OF MARS  

J. Rodionova, J. Brekhovskikh , E. Lazarev, M. Lazareva, V.Shevchenko 

(Sternberg State Astronomical Institute MSU,  

Space Research Institute, Geography Faculty MSU) 

7. THE HISTORY OF ARCTIC SHELF DEVELOPMENT  

AND MAPPING OF SUBMARINE CRYOLITHOZONE  

5. Gavrilov (MSU, Faculty of Geology, Laboratory of Survey  

of Geological Environment)   
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SECTION 1 

12.00 - 16.00  

Auditorium 415 

GEOINFORMATION SUPPORT FOR GEOCRYOLOGICAL MAPPING. 

EXPERIENCE OF GEOCRYOLOGICAL MAPPING IN DIFFERENT REGIONS  

OF CRYOLITHOZONE 

Chair:  N.Tumel  

1. PRINCIPLES  AND METHODS  OF GEOCRYOLOGICAL ZONATION 

MAPPING 

L. Kritsuk, V. Dubrovin, N. Yastreba  (VSEGINGEO) 

2. GEOINFORMATION ANALYSIS OF CORRELATIONS 

BETWEEN PERMAFROST AND LANDSCAPE IN RUSSIA 

CRYOLITHOZONE  

N. Tumel, N. Koroleva (MSU, Faculty of Geography) 

3. SPATIAL DATA INTEGRATION FOR THE ARCTIC TERRITORY  

AND GEOMODELING OF CRYOLITHOZONE BORDERS  

A. Medvedev  (Institute of Geography RAS) 

4. THE THERMAL STATE OF PERMAFROST AT THE URENGOY  

GAS-FIELD: PERENNIALLY WORKING CARTOGRAPHIC MODEL  

D. Drozdov, N. Ukraintseva, Yu. Korostelev, K. Popov 

(Earth Cryosphere Institute SB RAS) 

5. PRINCIPLES OF ZONING OF THE WEST SIBERIAN PLAIN 

ACCORDING TO THE CRYOSOLIC-THERMAL STATE  

OF THE SOIL AND GROUND LAYER 

I. Trofimova and A. Balybina (V.B. Sochava Institute  

of Geography SB RAS)  

6. CALCULATIONS OF SOIL CARBON STORAGE  

FOR CRYOLITHOZONE OF THE USA RIVER BASIN 

P. Shary, L. Sharaya, A. Pastukhov, D. Kaverin (Institute of Physicochemical 

and Biological Problems of Soil Science RAS, Institute of Ecology of Volga 

basin RAS, Science Institute of Biology of the Komi Science Centre  

of the Ural Division RAS) 
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7. GEOCRYOLOGICAL MAPPING OF GROUND TEMPERATURES AND 

PERMAFROST DISTRIBUTION 

Stuart A. Harris (Department of Geography, University of Calgary, Canada) 

14.00-14.45                                       Time break for dinner 

8. MAPPING OF THERMOKARST FORMS IN WEST SIBERIA SPORADIC 

PERMAFROST ZONE 

O. Ponomareva, N.Berdnikov, A.Gravis (Earth Cryosphere Institute SB RAS) 

9. TRANSPORT ASSESSMENT OF ORGANIC MATTER  

TO THERMOKARST LAKES IN YAMAL USING REMOTE  

AND FIELD OBSERVATIONS 

Yu. Dvornikov, M. Leibman (Earth Cryosphere Institute SB RAS) 

10. FEATURES OF GEOCRYOLOGICAL MAPPING OF CENTRAL ASIA 

HIGH-MOUNTAIN  

E. Severskiy (Kazakhstan Alpine Geocryological Laboratory, 

 Melnikov Permafrost Institute SB RAS)   

11. ROCK, GROUND GLACIERS AND MOBILE CRYOGENIC COVERS  

OF MONGOLIA  

A. Gorbunov (Kazakhstan Alpine Geocryological Laboratory,  

Melnikov Permafrost Institute SB RAS) 

12. MAPING THE SURFACE TALIKS BY MATERIALS  

OF WINTER SEISMIC SURVEY 

B. Sedov  (NEISRI FEB RAS, NESU)  
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SECTION 4 

16.30 - 18.30 

Auditorium 415 

MAPPING FOR THE DESIGN AND CONSTRUCTION  

ON CRYOLITHOZONE 

Chair:  D. Shesternev 

1. GEOTECHNICAL MONITORING OF GAS TRANSPORTATION 

FACILITIES  ON THE NORTH 

V. Lashin, G. Lashina (LTD "Gazprom Transgaz Ukhta" Vorkuta LPU MG) 

2. MAPS OF CRIOLITHOZONE CLASSIFICATION – THE BASIS  

FOR EFFECTIVE BUILDING AND EXPLOITATION  

OF ENGINEERING CONSTRUCTIONS 

D. Shesternev (Melnikov Permafrost Institute SB RAS) 

3. ZONATION MAPPING OF EXOGENOUS GEOLOGICAL PROCESSES  

IN THE LENA-AMUR TRANSPORTATION CORIDOR 

I. Dorofeev, A. Litovko (Melnikov Permafrost Institute SB RAS) 

4. PROBLEMS OF PERMAFROST MAPPING FOR CONSTRUCTION  

OF INDUSTRIAL COMPLEXES AND THE MAIN PIPELINES  

ON THE FAR EAST 

T. Podgornaya (Pacific National University) 

5. EXPERIENCE  OF OUTRUNNING GEOCRYOLOGICAL ZONATION 

MAPPING OF THE WEST-LAKE – ANADYR MAIN GAS PIPELINE  

O. Tregubov (NEISRI n.a. N.A. Shilo, FEB to RAS) 

6. EXPERIENCE IN DRAFTING REVIEW  

GEOCRYOLOGCAL-GEOMORPHOLOGICAL MAP  

WITH LARGE-SCALE  INSERTIONS  

ON THE TRACK "AMUR" FEDERAL ROAD CHITA-KHABAROVSK 

V. Kondratiev (RPE "TransEGÈM») 

7. ON POSSIBILITIES OF EMERGENCY PREDICTION  

ON THE MAIN PIPELINE USING GIS 

L. Tarskaya, P. Efremov, G. Struchkova, O. Kapitonova  

(Institute of Physical Technical Problems of the North SB RAS) 
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June 6 

SECTION 2 

9.00 - 11.45  

Aud. 415 

APPLICATION OF REMOTE SENSING DATA  

FOR GEOCRYOLOGICAL MAPPING 

Co-Chairs:  V.Kravtsova., S. Kornienko 

1. USE OF SATELLITE DATA IMAGERY FOR MAPPING  

AND MONITORING OF NATURAL LANDSCAPES  

OF THE PERMAFROST IN THE AREAS OF OIL AND GAS 

DEVELOPMENT 

S. Kornienko (Oil and Gas Research Institute RAS) 

2. STUDY OF THERMOKARST LAKES LOCATION AND SIZES  

BY MEANS OF REMOTE SENSING DATA AND METHODS  

OF MATHEMATICAL MORPHOLOGY OF THE LANDSCAPE 

V. Kapralova (IEG RAS) 

3. USING OF REMOTE SENSING DATA WHEN STUDYING AEOLIAN 

RELIEF HIGH LATITUDES 

O. Sizov, A. Abrosimov (Earth Cryosphere Institute SB RAS, Company 

«Sovzond») 

4. THE POSSIBILITY OF USING LANDSAT SATELLITE IMAGES  

TO STUDY THERMOKARST LAKE DYNAMICS 

T. Tarasenko (MSU, Faculty of Geography) 

5. THERMOKARST LAKE DYNAMICS IN THE COASTAL PART  

OF THE YANA-INDIGIRKA LOWLAND USING REMOTE SENSING DATA

T. Tarasenko, V. Kravtsova, E. Pizhankova, A. Gavrilov (MSU, Faculty  

of Geography, Faculty of Geology) 

6. STUDYING OF THERMOKARST LAKES AND THE SEA COASTLINE 

DYNAMICS IN THE NORTH EAST OF EUROPEAN PART OF RUSSIA 

USING MULTITEMPORAL SATELLITE IMAGES 

I. Smirnova, L. Sukhacheva, A. Rusanova («NIIKAM» – branch  

of FGUP TSNIImash) 
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7. THE APPLICATION OF HIGH RESOLUTION SATELLITE IMAGES  

TO DETERMINE THE RATE OF THERMAL DENUDATION  

AND THERMAL ABRASION ON THE WESTERN COAST OF KOLGUEV 

ISLAND 

A. Kizyakov, M. Zimin, M. Leibman, N. Pravikova (MSU, Faculty of Geography, 

Research and Development Center “SCANEX”, Earth Cryosphere Institute  

SB RAS, MSU, Faculty of Geology) 

8. DEVELOPMENT OF IMAGERY INTERPRETATION METHODS  

OF FRAZILS FOR THE DIGITAL GEOCRYOLOGIC MAP OF RUSSIA 

A. Prasolova, E. Yakovenko, E. Pizhankova, (MSU, Faculty of Geography, 

Faculty of Geology) 

9. APPLICATION OF COSMIC THERMOVISION  INFORMATION  

FOR THERMAL EXPLORATION OF CRYOLITHOZONE 

V. Yugin, V. Agachev, I. Myasnikov (LLC «Complex Geochemical Researches») 

10. REMOTE DATA AND DIRECT OBSERVATION OF HYDROGEN 

DEGASSING OF EARTH'S INTERIOR AS SUBSTANTIATION  

OF THE ORIENTED LAKE FORMATION MECHANISM  

ON THE YANA-INDIGIRKA LOWLAND 

N.Larin, V.Larin, V.Zgonnik, S.Rodina (Natural Hydrogen Energy Ltd., IPE RAS),

 
SECTION 5 

12.15 - 15.30 

12.15-14.00 - +UD. 415,  

14.45-15.30 - +UD. 611 

 

GEOECOLOGICAL MAPPING OF CRYOLITHOZONE 

Chair: D. Drozdov  

1. CLIMATIC CHANGES MAPPING ON THE NORTH OF RUSSIA  

FOR ESTIMATION OF GEOCRYOLOGICAL AND GEOECOLOGICAL 

CONSEQUENCES 

G. Malkova, A. Pavlov,  Yu. Korostelev (Earth Cryosphere Institute SB RAS) 
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2. LANDSCAPE MAPPING AS A BASIS FOR ASSESSING  

THE DYNAMICS OF GEOCRYOLOGICAL AND GEOECOLOGICAL 

CONDITIONS ON THE YAMAL PENINSULA 

T. Mikhaylova, N. Ukraintseva (Earth Cryosphere Institute SB RAS) 

3. THE POSSIBILITIES FOR GEOECOLOGICAL MAPPING OF 

YAKUTIYA FOR PURPOSES OF SCIENTIFIC TOURISM 

O. Tolstikhin, L. Ivanova, N. Pavlova (“Baikal State University  

of the Economy and Right”, Melnikov Permafrost Institute SB RAS) 

4. METHODICAL ASPECTS OF ENVIRONMENTAL PERMAFROST 

MAPPING  BASED ON THE LANDSCAPES 

L. Zotova (MSU, Faculty of Geography) 

5. PALEOCRYOGENESIS EFFECT ON THE MODERN SOIL COVER  

IN THE CENTER OF THE EAST EUROPEAN PLAIN 

L. Gugalinskaya,  V. Alifanov (Institute of Physicochemical and Biological 

Problems of Soil Science RAS) 

14.00-14.45                                      Time break for dinner 

+ud. 611 

6. LARGE SCALE GEOECOLOGICAL MAPPING OF NADYM-PUNGA 

GAS PIPELINE ROUTE 

N. Moskalenko, E. Ustinova, M.Rud (Earth Cryosphere Institute SB RAS) 

7. FEATURES GEOECOLOGICAL MAPPING CRYOLITHOZONE  

IN TRANSBAIKALIA 

A. Verkhoturov, G. Verkhoturov (Zabaikalsky State University) 

8. ESTIMATION OF PIPELINE GEOECOLOGICAL SAFETY UNDER 

CONDITIONS OF THE NORTH 

L. Tarskaya, P. Efremov, G. Struchkova, O. Kapitonova  

(Institute of Physical Technical Problems of the North SB RAS) 
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SECTIONS 3, 6 

16.00 - 17.30 

+ud. 611 

MAPPING OF THE POLAR SHELF 

CRYOLOGICAL MAPPING OF MARS 

Chair: V. Hilimonyuk 

1. SUBMARINE PERMAFROST MAPPING OF YAMAL PENINSULA 

CONTINENTAL SHELF 

A. Vasiliev, P. Rekant, I. Streletskaya, (Earth Cryosphere Institute SB RAS,  

All Russian Institute of Ocean Geology, MSU, Faculty of Geography) 

2. THEMATIC MAPPING OF KEY SITES OF PETROLEUM 

DEVELOPMENT IN OFFSHORE AREAS OF YAMAL PENINSULA 

D. Kuznetsov, V. Biryukov, O. Kokin, S. Ogorodov  

(MSU, Faculty of Geography) 

3. THE MAP OF GROUND ICES IN RUSSIAN CRYOLITHOZONE IN THE 

SHELF-CONTINENT SYSTEM 

 N. Shpolyanskaya, N. Koroleva (MSU, Faculty of Geography) 

4. THE BASEMENTS OF MAKING OF THE CLASSIFICATION TABLE TO 

THE DIGITAL CRYOLOGICAL MAP OF MARS. 

V. Isaev, O. Abramenko, I. Komarov, V. Balmasheva  

( MSU, Faculty of Geology) 

5. COMPILING OF THEMATIC ATLAS ON COMPARATIVE 

PLANETOLOGY "RELIEF OF THE TERRESTRIAL PLANETS  

AND THEIR SATELLITES"  

M. Lazareva, E. Lazarev, J. Rodionova  (Geography Faculty MSU,  

Sternberg State Astronomical Institute MSU) 

  

17.30 - 18.00                      ROUND-TABLE, SUMMARIZING,  

CLOSING OF THE CONFERENCE 
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POSTER REPORTS 

June 5-6 

recreation at auditoriums  415   

1. MAPS OF THICKNESS OF PERMAFROST GAS-BEARING STRUCTURES  

Yu. Badu (MSU, Faculty of Geography) 

2. IMPLEMENTATION OF REMOTE SENSING DATA IN RESEARCH  

OF COASTAL DYNAMYCS AT THE RUSSIAN ARCTIC  

A. Vergun, D. Kuznetsov, S. Ogorodov (MSU, Faculty of Geography) 

3. TO THE TECHNIQUE FOR SEISMIC RISK FORCAST MAPPING  

OF LARGE GEOLOGICAL STRUCTURES WITH REGARD TO PARTIAL  

OR COMPLETE PERMAFROST DEGRADATION                                                  

V. Dzhurik, S. Serebrennikov, Ts. Batsaihan, A. Eskin, E. Bryzhak                              

(Institute of the Earth’s Crust SB RAS) 

4. DYNAMICS OF SNOW PATCHE AND LOCAL GLACIER CHANGES  

IN THE ANTARCTIC OASES  

I. Jozhikov, M. Anisimov, S. Verkulich  

(«AARI», Department of Geography of Polar Regions) 

5. USE OF  MEDIUM-SCALE TOPOGRAPHICAL MAPS AND REMOTE  

SENSING DATA FOR GEOCRYOLOGICAL ZONING  

OF BOLSHEZEMELSKAYA TUNDRA  

T. Zengina, G. Osadtchaya, A. Koroleva  

(MSU, Faculty of Geography, Ukhta State Technical University) 

6. NEW GENERATION OF GEOMORPHOLOGICAL MAPS  

OF THE  ARCTIC SHELF OF RUSSIA AS A BASIS FOR STUDYING  

OF VARIOUS NATURAL PROCESSES  

A. Zinchenko (VNIIOkeangeologia n.a. I.S. Gramberg) 

7. SUBGLACIAL LANDSCAPE OF THE FRANZ-JOSEF LAND ARCHIPELAGO 

N. Kachurina, E. Serov (Polar Marine Geosurvey Expedition (PMGE)) 

8. CREATING A COMMUNITY PERMAFROST MAP, TSIIGEHTCHIC,  

NORTHWEST TERRITORIES, CANADA  

R. Kors-Olthof, V. Roujanski (EBA, a Tetra Tech Company, Edmonton, Canada) 
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9. MAPPING OF THE GROUND FREEZING AND THAWING  

IN THE TERRITORY OF NATURAL PARK «SIBIRSKIE UVALY»  

S. Korkin,  E.Kayl (Nizhnevartovsk State University) 

10. USING PurVIEW™ TO MAP PERMAFROST FEATURES IN ALASKA  

AND NORTHERN CANADA  

S. McCuaig, V. Roujanski (EBA, a Tetra Tech Company, Edmonton, Canada) 

11. SALINITY MAP OF CRYOGENIC QUATERNARY DEPOSITS  

OF THE YENISEI NORTH  

A. Matyukhin, I. Streletskaya (Earth Cryosphere Institute SB RAS, MSU,  

Faculty of Geography) 

12. APPLICATION OF VARIOUS CARTOGRAPHICAL FEATURES  

FOR ARCTIC COAST DYNAMICS STUDYING WITHIN DEVELOPED 

TERRITORIES  

A. Maslakov, G. Kraev (MSU, Faculty of Geography, Center for Forest Ecology  

and Productivity of RAS) 

13. MAPPING OF SMALL GLACIATION FORMS OF THE LAGONAKI 

HIGHLAND  

A. Pogorelov, K. Golovan (Kuban State University, Department  

of Geoinformatics)  

14. COMPARATIVE ANALYSIS OF HAZARD SEISMIC ZONING FOR THE SITES 

LOCATED IN DIFFERENT CLIMATE ZONES OF SIBERIA 

S. Serebrennikov, V. Dzhurik, L.Usynin, A. Shagun                                                      

(Institute of the Earth’s Crust SB RAS) 

15. CEOTECHNICAL MAPPING OF NE RUSSIAN PERMAFROST REGIONS     

V. Spektor, R. Zhang, Ya. Torgovkin, A. Shestakova, V. Spektor (Melnikov 

Permafrost Institute, SB RAS) 

16. METODOLOGICAL ASPECTS OF GEOLOGICAL PROCESSES MAPPING 

UNDER ENGINEERING ECOLOGICAL SURVEY  

M. Kharkina (MSU, Faculty of Geology) 

17. LANDSCAPE INDICATION OF TABULAR GROUND ICE  

ON THE CENTRAL YAMAL  

A. Khomutov, M. Leibman, M. Andreeva (Earth Cryosphere Institute SB RAS) 
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18. DESTRUCTING CRIOGENIC PROCESSES AT THE GRUMANT VILLAGE 

(SPITSBERGEN ARCHIPELAGO)  

V. Sharin, 5. Okunev (Polar Marine Geosurvey Expedition (PMGE )) 

19. LAWS OF SEASONAL FREEZING OF GROUNDS IN THE VICINITY  

OF THE SAMOTLOR DEPOSIT, WESTERN SIBERIA  

I. Privalichin (MSU, Faculty of Geography)  

 

The conference is supported by RFBR (grant =13-05-06024) 

The materials of the conference will be published on the site http://msu-cryology.ru/" 
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MAPS OF THICKNESS OF PERMAFROST GAS-BEARING STRUCTURES 

Yu. Badu 
Lomonosov Moscow State University, Faculty of Geography,  
Department of Cryolithology & Glaciology yubadu@mail.ru 
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;I:j. e iE@:=<@:I, @78SA8: IKAiI:j M<KF<h=<@:j S<W<7=8=IQ 9E;:> @7<8F ;E?<=I;<ME=IQ (W<FIF< 
D8<7<DIi8@9<? <@=<M>, D8<9;I<7<DIi8@9If fE;E9:8;I@:I9, 9;I<D8==>f W;<H8@@<M I QM78=I?), :.8. 
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U<MEQ 9E;:E F<D7E g> g>:j W<78K=E W;I W;<;Eg<:98 :8f=I9<-V9<=<FIi8@9<D< <g<@=<ME=IQ 
<@M<8=IQ ;EK7Ii=>f ;E?<=<M 9;I<7I:<K<=>. e W<@78S=88 M;8FQ S7Q 9;I<7I:<K<=> M H87<F, E <@<-
g8==< S7Q ;QSE ;E?<=<M K=EiI:87j=AP <@:;<:A W;I<g;87I M<W;<@> D7<gE7j=<D< IKF8=8=IQ 97IFE-
:E I V9<7<DIi8@9<D< @<@:<Q=IQ W;I;<S=<? @;8S> 9;I<7I:<K<=>. e V:<F W7E=8 =Eg7PSE8F<8 M =E-
@:<Qc88 M;8FQ W<:8W78=I8 97IFE:E I =E;E@:E=I8 (=E9<W78=I8) :8f=<D8==>f =ED;AK<9 =E <@MEIME8-
F>f :8;;I:<;IQf @9EK>MEP:@Q W;8IFAc8@:M8==< =E AfASn8=II A@7<MI? @:;<I:87j@:ME I ;Eg<:> 
@<<;Ah8=I?. 6:< @MQKE=< @ <::EIME=I8F F=<D<78:=8F8;K7>f W<;<S I AM87Ii8=I8F D7AgI=> If KE-
78DE=IQ S< 6-10 F M Ph=<? D8<9;I<7<DIi8@9<? K<=8 I S< 2-5 F M @8M8;=<?. e Ph=<? K<=8 <@:;<M-
=<D< ;E@W;<@:;E=8=IQ F=<D<78:=8F8;K7>f W<;<S AM87IiIME8:@Q W7<cESj :E7>f W<;<S. C;I @<f;E-
=8=II :8=S8=HII D7<gE7j=<D< W<:8W78=IQ 97IFE:E KS8@j 9 2050 D<SA M8;f=I? @7<? F=<D<78:=8-
F8;K7>f W<;<S F<c=<@:jP 25-50 F F<h8: W<7=<@:jP W;<:EQ:j. e @8M8;=<? K<=8 @W7<n=<D< ;E@-
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e <:=<n8=II 9EF8==>f D78:i8;<M L<=D<7II =EIg<7jnI? I=:8;8@ W;8S@:EM7Q8: L<=D<7j-

@9I? o7:E?. U< < =If S< @If W<; @M8S8=IQ i;8KM>iE?=< @9AS=>. %E;:<D;EGI;<ME=I8 If =8 W;<IK-
M<SI7<@j. %<@FIi8@9I8 @=IF9I W<KM<7I7I =EF W<7AiI:j < 9EF8==>f D78:i8;Ef I @f<S=>f @ =IFI 
W8;ID7QHIE7j=>f G<;FEf W8;MAP I=G<;FEHIP [1]. 

q9EKE7E@j, i:< g<7jnEQ iE@:j 9EF8==>f D78:i8;<M W;IA;<i8=E 9 9I:E?@9<? iE@:I L<=D<7j-
@9<D< o7:EQ, 9 gE@@8?=A ;89I 0A;iA=, M 9<:<;<F ;E@W<7<h8=< hIM<WI@=<8 <K8;< %E=E@. dS8@j <=I 
I @EF>8 9;AW=>8, I @EF>8 M>;EKI:87j=>8 W< G<;F8. LE9@IFE7j=EQ S7I=E E9:IM=>f 9EF8==>f 
D78:i8;<M W<;QS9E 1600 F.  

U< =E g<7jn8? iE@:I L<=D<7j@9<D< o7:EQ W;8<g7ESEP: FE7>8 9EF8==>8 D78:i8;> I <g>i-
=< =8 97E@@Ii8@9<D< <g7I9E. %EF8==>8 D78:i8;> M <@=<M=<F W;I@AnI S7Q 8D< @8M8;=<? W<7<MI=>, 
Ph=88 47²@.n. M@:;8iEP:@Q 7Inj <SI=<i=>8 <g;EK<ME=IQ :E9<D< ;<SE. UE @8M8;8 L<=D<7j@9<D< 
o7:EQ E9:IM=>8 9EF8==>8 D78:i8;> ;EKF8cEP:@Q M I=:8;ME78 Eg@<7P:=>f M>@<: 2800- 2200 F, =E 
PD8 – 3200 - 2500 F.  

e 4<gI?@9<F o7:E8 M D<;=>f FE@@IMEf 0EQ=-�EDEE= (3452 F), mf-0<DS-AA7 (3957 F)  
I 0EDE-0<DS-AA7 [2], ;E@W;<@:;E=8=> M <@=<M=<F 7Inj ;8S9I8 =8E9:IM=>8 I S;8M=I8 If ;EK=<MIS-
=<@:I. J<7j9< M M>@<iE?n8F FE@@IM8 4<gI?@9<D< o7:EQ, M mf-gEDS-AA7, <:F8i8=> :;I E9:IM=>f 
9EF8==>f D78:i8;E M I=:8;ME78 M>@<: 3630 – 3200. F. mf S7I=E ME;jI;A8: F8hSA 400  
I 900 F. e<KF<h=<, KS8@j If =8@9<7j9< g<7jn8, =< 9Ei8@:M< @=IF9<M =8 W<KM<7Q8: A:<i=I:j V:< 
W;8SW<7<h8=I8. e@8D< M AW<FQ=A:>f :;8f FE@@IMEf 4<gI?@9<D< o7:EQ 9E9 FI=IFAF SME S8@Q:9E 
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e@8D< M L<=D<7j@9<F o7:E8 M>QM78=< 770 9EF8==>f I K8F7Q=>f D78:i8;<M. U<, W< 9<@M8=-
=>F SE==>F, V:A <H8=9A @78SA8: AM87IiI:j S< 950 -1000. 
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9;AW=>8 <K8;E. dE:8F W<=Ih8=I8 A;<M=Q M<S M =If W;IM87< 9 F=<D<78:=8FA W;<F8;KE=IP <K8;=<D< 
<@ES9E. UE =E97<==>f AiE@:9Ef M8i=<F8;K7>8 :<7cI W;I<g;87I W<SMIh=<@:j, i:< W;IM87< 9 G<;-
FI;<ME=IP F<gI7j=>f 9;I<D8==>f W<9;<M<M (;I@.1). 
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:87j=< =8g<7jn<? D<;=<? :8;;I:<;II (50 f 25 9F) M>QM78=< 107 9EF8==>f D78:i8;<M. q=I ;E@W<-
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�EDE=-uAMAA:-#A7 (3496 F). LE@@IM, <:;<D f;8g:E JE==A-q7E, ;E@W<7<h8= =E D;E=IH8 
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t;8g8: tE=-tAfI?=-UA;AA (2828 F) – H8=:;E7j=EQ iE@:j f;8g:E – 49²20´ @. n. I 94²30´M.S. 
dS8@j =8 F8=88 S8@Q:9E 9EF8==>f D78:i8;<M, =< If 9<7Ii8@:M<, M>@<:=<8 ;EKF8c8=I8 I ;EKF8;> =8 
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tE=DE?, e <9;8@:=<@:I q:D<=-JV=DV; (4021 F), M S<7I=8 ;89I TEnE=:>=-D<7 <g=E;Ah8= E9-
:IM=>? 9EF8==>? D78:i8;, iE@:Ii=< W8;89;>MEPcI? S;8M=I?. C8;M>? ;E@W<7<h8= =E M>@<:8 <9<-
7< 2500 F. rD< S7I=E =8@9<7j9< @<: F8:;<M, M>@<:E G;<=:E7j=<D< A@:AWE W<;QS9E 10 F, 9;A:IK=E 
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S89@E =E W<M8;f=<@:I (;I@. 1). p;8S=I8 K=Ei8=IQ I=S89@E S7Q 
M<S<@g<;=>f gE@@8?=<M W;IM8S8=> M :Eg7IH8 1. TE@@iI:E=-
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W;<@:;E=@:M8==<-M;8F8==>f ;QS<M. e =E@:<Qc88 M;8FQ <S=E IK D7EM=>f <@<g8==<@:8? :8FE:Ii8-
@9If @�8F<9 – =E@>c8=I8 <g�89:<M @�8F9I :<i=>FI 9<7Ii8@:M8==>FI W<9EKE:87QFI, <;DE=IKEHIQ 
@I@:8F> ;8hIF=>f =Eg7PS8=I? I F<=I:<;I=DE [1,8, 9, 13]. 

e<W;<@ <g <;DE=IKEHII @W8HIE7j=>f @:EHI<=E;<M S7Q IKAi8=IQ SI=EFI9I M8;f=If D<;I-
K<=:<M 9;I<7I:<K<=> g>7 W<@:EM78= 8c8 =E ;Ag8h8 1920-30-f D<S<M L.m. pAFDI=>F [15]. UE ;QS8 
@:EHI<=E;<M rM;<W8?@9<D< p8M8;E T<@@II I dEWES=<? pIgI;I, 9A;I;A8F>f @<:;AS=I9EFI m=@:I-
:A:E 9;I<@G8;> d8F7I pq ToU, M :8i8=I8 =8@9<7j9If S8@Q:I78:I? W;<M<SQ:@Q =8W;8;>M=>8 =E-
g7PS8=IQ KE :8FW8;E:A;=>F ;8hIF<F D;A=:<M, ;EKMI:I8F 9;I<D8==>f W;<H8@@<M I 7E=SnEG:=>-
FI A@7<MIQFI [2, 6, 8, 12, 20]. pI@:8FE V:If =Eg7PS8=I? W<7AiI7E F8hSA=E;<S=<8 W;IK=E=I8, GI-
=E=@<MAP I :8f=Ii8@9AP W<SS8;h9A F8hSA=E;<S=>f W;<89:<M. JE9 W;<89: TSP – :8;FIi8@9<8 @<-
@:<Q=I8 9;I<7I:<K<=>, – W<KM<7I7 M<K<g=<MI:j 9;AD7<D<SIi=>8 :8FW8;E:A;=>8 I@@78S<ME=IQ M 
@9MEhI=Ef @ I@W<7jK<ME=I8F 7<DD8;<M – EM:<FE:Ii8@9If W;Ig<;<M S7Q KEWI@I I f;E=8=IQ SE==>f 
[9, 10, 21]. 

$7Q W<@:;<8=IQ 9E;:<D;EGIi8@9If F<S878? D8<7<DIi8@9<? @;8S> <9EKE7E@j M8@jFE W;<SA9-
:IM=<? D8<@I@:8F=EQ, I7I 7E=SnEG:=<-I=SI9EHI<==EQ 9<=H8WHIQ [5, 11, 14]. TEKMI:I8 D8<I=G<;-
FEHI<==>f :8f=<7<DI? M>M87< 9E;:<D;EGI;<ME=I8 =E W;I=HIWIE7j=< =<M>? A;<M8=j [1, 7, 19]. 
lE=SnEG:=>8 9E;:> @:E=<MQ:@Q =8 :<7j9< ;8KA7j:E:<F, W;<@:;E=@:M8==<? F<S87jP W;I;<S=>f 
<g�89:<M, =< I gEK<M<? <@=<M<? S7Q V9@:;EW<7QHII :<i8i=>f SE==>f I @<KSE=IQ W;<IKM<S=>f 9E;-
:<D;EGIi8@9If F<S878? @<@:EME, @<@:<Q=IQ I @M<?@:M D8<7<DIi8@9<? @;8S>, E :E9h8 F=<D<ME;IE=:-
=>f W;<D=<K<M. p<M;8F8==>8 7E=SnEG:=>8 9E;:> @<KSEP:@Q =E <@=<M8 :IW<7<DIi8@9<? 97E@@IGI-
9EHII W;I;<S=<-:8;;I:<;IE7j=>f 9<FW789@<M @ <gQKE:87j=>F I@W<7jK<ME=I8F FE:8;IE7<M SI@-
:E=HI<==<D< K<=SI;<ME=IQ.  

e ;EF9Ef 7E=SnEG:=<-I=SI9EHI<==<? 9<=H8WHII S7Q <:S87j=>f ;8DI<=<M @:;E=> (%oJ6%, 
0<ME=8=9<M@9<8 I #;8=D<?@9<8 DEK<9<=S8=@E:=>8 F8@:<;<hS8=IQ M dEWES=<? pIgI;I I S;.) @<KSE-
=> HIG;<M>8 F<S87I 7E=SnEG:=>f 9E;:, E =E If <@=<M8 – @8;II E=E7I:Ii8@9If 9E;: D8<7<DIi8-
@9If I D8<9;I<7<DIi8@9If @M<?@:M D8<@I@:8F [3, 11, 16]. L8hSA=E;<S=EQ �I;9AFW<7Q;=EQ 9E;:E 
;E@:I:87j=<@:I (Circumpolar Arctic Vegetation Map) FE@n:EgE 1:7 500 000 (2003) :E9h8 @<KSE=E =E 
<@=<M8 HIG;<M<? 7E=SnEG:=<? 9E;:>. �IG;<MEQ 7E=SnEG:=EQ 9E;:E @:E7E gEK<M<? S7Q 9<FW789:E 
F879<FE@n:Eg=>f :8FE:Ii8@9If 9E;: T<@@I?@9<? o;9:I9I (D8<7<DIi8@9If, F8;K7<:=>f, D8<fIFI-
i8@9If, gI<97IFE:Ii8@9If I S;.) [4]. e g7<98 7E=SnEG:=>f 9E;: UEHI<=E7j=<D< o:7E@E T<@@II 
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MW8;M>8 W<QMI7E@j 9E;:E W<:8=HIE7j=<? E9:IMIKEHII F8;K7<:=>f W;<H8@@<M M 7E=SnEG:Ef 9;I<-
7I:<K<=> [17].  

C<FIF< <gK<;=>f F879<FE@n:Eg=>f 9E;: =E 7E=SnEG:=<? <@=<M8 @<KSEP:@Q 9E;:<D;EGI-
i8@9I8 F<S87I @<@:EME, @<@:<Q=IQ I @M<?@:M D8<7<DIi8@9<? @;8S> ;8DI<=E7j=<D< I 7<9E7j=<D< 
A;<M=8?. JE9, 9;AW=<FE@n:Eg=>8 (1:5 000) 9E;:> W;I;<S=>f D8<@I@:8F 7<9E7j=<D< A;<M=Q D8=8-
;E7IKEHII (GEHI?) I@W<7jKAP:@Q S7Q <H8=9I 7<9E7j=<? =8<S=<;<S=<@:I D7AgI=> W;<:EIME=IQ 
W<;<S [6, 18, 22].  

 UE ;8DI<=E7j=<F A;<M=8 W< SE==>F F=<D<78:=8D< D8<9;I<7<DIi8@9<D< F<=I:<;I=DE :8;-
;I:<;II #;8=D<?@9<D< 4%L @<KSE=E @8;IQ 9E;: @<@:<Q=IQ I :8FW8;E:A;> F=<D<78:=8F8;K7>f W<-
;<S (LLC) S7Q ;EK=>f M;8F8==>f @;8K<M (;I@.) [6, 19].  

%E9 W<9EKE7 E=E7IK 9E;:, KE 20 78: (1977-1997 DD.) :8FW8;E:A;E W<M>@I7E@j W;IF8;=< =E 
1°p, E W<@78S=88 S8@Q:I78:I8 fE;E9:8;IKA8:@Q 8� @:EgI7IKEHI8? W;I <S=<M;8F8==<F FE@@<M<F 
<WA@9E=II 9;<M7I LLC. 6:< <K=EiE8:, i:< W<;<D A@:<?iIM<@:I F8;K7>f W<;<S W8;8?S8=, =E D7A-
gI=8 <: 2 F S< 5-8 F G<;FI;A8:@Q =ESF8;K7<:=>? :E7I9. C;<SMIh8=I8 W;8S:A=S;<M>f ;8S9<78@I? 
=E 30-40 9F 9 @8M8;A F<h8: @<KSE:j A@7<MIQ S7Q W<QM78=IQ AiE@:9<M <WA@9EPc8?@Q 9;<M7I LLC 
=E F8hSA;8ijQf @8M8;=<? 78@<:A=S;> (;I@., 9E;:E 2005-2009). qg;Eg<:9E SE==>f F8:8<@:E=HI? 
U<M. #;8=D<? (Ph=EQ 78@<:A=S;E) I JEK<M@9I? (Ph=EQ :A=S;E) W<9EKE7E, i:< @:E:I@:Ii8@9I K=E-
iIF>8 ;EK7IiIQ @;8S=8F8@Qi=<? :8FW8;E:A;> M<KSAfE fE;E9:8;=> S7Q M8@8==8-78:=8D< W8;I<SE  
(@ FE;:E W< EMDA@:). q@8=jP I KIF<? K=EiIF>f :8FW8;E:A;=>f ;EK7IiI? F8hSA Ph=<? 78@<:A=S-
;<? I Ph=<? :A=S;<? =8:. JE9IF <g;EK<F, K<=E7j=>8 ;EK7IiIQ :8FW8;E:A;> M<KSAfE, M< F=<D<F 
<W;8S87QPcI8 :8W7<M<8 @<@:<Q=I8 W<;<S =E :8;;I:<;II #;8=D<?@9<D< F8@:<;<hS8=IQ, W;<QM7Q-
P:@Q I@97PiI:87j=< M M8@8==8-78:=I? W8;I<S. 

 

 
 

,H<. 7NHN;FI@J FHI@SH>@ PESUEN@PWNT SI;L;KEPIESEN`KTY U;N;F  
I@ PENNHP;NHH )NEIL;V<>;L; SE<P;N; FEIHJ (:@U@FI@J "HRHNX): 

Q.&-# · 9E;:E :IW<M D8<@I@:8F (7E=SnEG:<M); )/0#-# – :8FW8;E:A;E W<;<S M ;EK=>8 D<S>: M 1977, M 1997, 
M 2005-2009; G&0$#U 0&y&,4# – W7<cESI @ <WA@9EPc8?@Q 9;<M78? F8;K7<:>; )&092 4($,*0 – <g7E@:j W;<SMI-

h8=IQ 9 @8M8;A W;8S:A=S;<M>f ;8S9<78@I? I W<:8=HIE7j=<D< W<QM78=IQ AiE@:9<M <WA@9EPc8?@Q 9;<M7I LLC 
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m@@78S<ME=IQ M>W<7=QP:@Q W;I W<SS8;h98 p<M8:E W< D;E=:EF C;8KIS8=:E T<@@I?@9<? �8-
S8;EHII (D;E=: Uu-5582.2012.5), M ;EF9Ef L8hSA=E;<S=>f W;<89:<M TSP (:8;FIi8@9<8 @<@:<Q=I8 
F8;K7<:>) I CALM (HI;9AFW<7Q;=>? F<=I:<;I=D @8K<==<:E7<D< @7<Q), D;E=:<M T��m (ww 11-
05-00544-E, 11-05-10084-9, 09-05-10030-9, 10-05-10027-9), =EAi=>f W;<D;EFF ToU I pq ToU;  
E :E9h8 W;I <;DE=IKEHI<==<? W<F<cI qqq «4EKW;<FS<g>iE #;8=D<?». 
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 qg�89:<F ;E@@F<:;8=IQ QM7QP:@Q :;I @M<g<S=>f <: W<9;<M=<D< <78S8=8=IQ AiE@:9E, ;E@-
W<7<h8==>f M <9;EI==<? iE@:I o=:E;9:IS>: E=:E;9:Ii8@9I8 <EKI@> uI;FEf8;E, t<7F> lE;@8-
FE== (e<@:<i=EQ o=:E;9:ISE) I W<7A<@:;<M �E?7S@ <@:;<ME %I=D-$h<;Sh (±h=>8 u8:7E=S@9I8 
<@:;<ME) (TI@.1). 
 $7Q <H8=9I SI=EFI9I IKF8=8=IQ W7<cESI @=8h=I9<M I@W<7jKAP:@Q SE==>8 EV;<G<:<@�8F-
9I, 9E;:<D;EGIi8@9I? FE:8;IE7, 9<@F<@=IF9I (MISIF>? SIEWEK<=). $7Q W<7Ai8=IQ SE==>f < W7<-
cESI W;IF8=Q8:@Q W;<D;EFF=<8 <g8@W8i8=I8 (Cq) 97E@@E 4mp, @8?iE@ V:< MapInfo v.10.5.1. $E=-
=EQ W;<D;EFFE W<KM<7Q8: W;<IKM<SI:j W;IMQK9A ;E@:;<M>f IK<g;Eh8=I?, M89:<;IKEHIP M ;Ai=<F 
;8hIF8 I W<@78SAPcAP ;Eg<:A @ W<7Ai8==>FI 9<=:A;EFI (M iE@:=<@:I, I=:8;8@APcI? =E@ ;E@i�: 
If W7<cESI), W<KM<7Q8: <gF8=IME:j@Q SE==>FI @ S;ADIF Cq. C<7Ai8==>8 W<@78 M89:<;IKEHII 
W7<cESI @=8h=I9<M I QM7QP:@Q I:<D<M>FI SE==>FI S7Q @;EM=8=IQ. 
 eEh=>F M<W;<@<F, M>KME==>F I@W<7jK<ME=I8F FE:8;IE7<M ;EK7Ii=<D< 9Ei8@:ME, QM7Q8:@Q 
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D< ;E?<=I;<ME=IQ dEWES=<-�FE7j@9<D< n87jGE %E;@9<D< F<;Q // «LE:8;IE7> e:<;<? 9<=G8;8=-
HII D8<9;I<7<D<M T<@@II. L4# IF. l<F<=<@<ME. L.: mKS. L4#, 2001D. - J.3. - p. 164-169. 

8. ]0%`*4 X.[., T*Y0(-%$ S.M. %E;:> D8<9;I<7<DIi8@9<D< ;E?<=I;<ME=IQ 9E9 <@=<ME D8<-
V9<7<DIi8@9<? <H8=9I <@MEIME8F<? :8;;I:<;II 9;I<7I:<K<=> // TEKM8S9E I <f;E=E =8S;, 2003. - 
w7. - p.15-20. 

9. X#$"y#1,9 40%(.%,(!($9 dEWES=<-pIgI;@9<? DEK<=<@=<? W;<MI=HII / C<S ;8S. 
r.p.L87j=I9<ME. U<M<@IgI;@9: UEA9E, 1983. 164 @. 

10. H&.8$%4(- W.Q. % ;EKMI:IP F8:<S<7<DIi8@9If <@=<M ;8DI<=E7j=<? I=h8=8;=<? D8<7<-
DII // m=h8=8;=EQ D8<7<DIQ. L.: 1981. - w 6. - p.3-16. 

11.C<Q@=I:87j=EQ KEWI@9E 9 «%E;:8 W;I;<S=>f 9<FW789@<M @8M8;E dEWES=<? pIgI;I S7Q 
H878? D8<9;I<7<DIi8@9<D< W;<D=<KE I W7E=I;<ME=IQ W;I;<S<<f;E==>f F8;<W;IQ:I? W;I FE@@<M<F 
@:;<I:87j@:M8. LE@n:Eg 1:1000 000» / r.p.L87j=I9<M, l.U.%;IHA9, U.4. L<@9E78=9< I S;. L.: 
epr4mU4rq, 1991, 36 @. 
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07ED<SE;Q ;EKMI:IP :8f=<7<DI? @<KSE=IQ I I@W<7jK<ME=IQ gEK SE==>f =EA9I < d8F78 W<7A-
iI7I VGG89:IM=>? I=@:;AF8=: W;<@:;E=@:M8==>f I@@78S<ME=I? I F<S87I;<ME=IQ. J8W8;j I 9E;:E, 
W8;8M8S8==EQ M HIG;<MAP G<;FA, =8 :<7j9< <g;EK=<-K=E9<MEQ F<S87j ;8E7j=<@:I, =< I @:;A9:A;I-
;<ME==>? =Eg<; SE==>f S7Q ;EK7Ii=>f E=E7I:Ii8@9If I@@78S<ME=I?. C;IF8=8=I8 S7Q :E9If I@-
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@78S<ME=I? D8<I=G<;FEHI<==>f F8:<S<M, @W8HIE7IKI;<ME==>f gEK D8<SE==>f I M>iI@7I:87j=<-
E=E7I:Ii8@9<D< EWWE;E:E W;<D;EFF=>f 4mp-WE98:<M <g8@W8iIME8: I=:8D;EHIP SE==>f ;EK=>f I@-
:<i=I9<M, If E=E7IK I <g=<M78=I8, @<KSE=I8 W;<IKM<S=>f F<S878? I 9E;:.  

UE 9EG8S;8 9E;:<D;EGII I D8<I=G<;FE:I9I D8<D;EGIi8@9<D< GE9A7j:8:E L4# W;I AiE@:II 
@<:;AS=I9<M D8<7<DIi8@9<D< GE9A7j:8:E I CUmmp ;EK;Eg<:E=> F8:<SI9E, @:;A9:A;E I @<S8;hE-
=I8 gEK> D8<SE==>f - 04$ «48<9;I<7<DIQ», KESEiE 9<:<;<? - <:;EKI:j I=G<;FEHIP < G<;FI;<ME-
=II I ;EKMI:II M< M;8F8=I I W;<@:;E=@:M8 :<7c F8;K7>f D<;=>f W<;<S, If @<@:EME, 9;I<D8==<D< 
@:;<8=IQ I @M<?@:M, E :E9h8 F8;K7<:=<-D8<7<DIi8@9If W;<H8@@<M I QM78=I?, I @S87E:j 88 W;ID<S-
=<? S7Q I@W<7jK<ME=IQ W;I ;8n8=II D8<9;I<7<DIi8@9If KESEi.  

q@=<M=>F I@:<i=I9<F I=G<;FEHII S7Q @<KSE=IQ 04$ W<@7AhI7E 48<9;I<7<DIi8@9EQ 9E;:E 
=E :8;;I:<;IP pppT 1996 D., @<@:EM78==EQ =E D8<7<DIi8@9<F GE9A7j:8:8 L4# IF8=I L.e. l<F<-
=<@<ME W;I AiE@:II S;ADIf <;DE=IKEHI? [3].  

%E;:E @<@:<I: IK 16 7I@:<M SMAf @ W<7<MI=<? FI77I<==<? ;EKD;EG9I I @<W;<M<hSE8:@Q A@-
7<M=>FI <g<K=Ei8=IQFI, @f8F<? ;E@W<7<h8=IQ EM:<;@9If 7I@:<M I i8:>;jFQ :8FE:Ii8@9IFI <g-
K<;=>FI 9E;:EFI FE@n:EgE 1: 25 000 000, S<W<7=QPcIFI @<S8;hE=I8 <@=<M=<? 9E;:>. %E;:E  
@<@:EM78=E M =<;FE7j=<? 9<=Ii8@9<? ;EM=<W;<F8hA:<i=<? W;<89HII S7Q 9E;: pppT FE@n:EgE  
1:2 500 000, 9<:<;EQ g>7E gEK<M<? S7Q @<@:EM78=IQ :8FE:Ii8@9If 9E;:. m@W<7jK<ME7I@j ;E@:;<M>8 
<:@9E=I;<ME==>8 IK<g;Eh8=IQ D8<9;I<7<DIi8@9<? 9E;:> I 9E;:<D;EGIi8@9I8 FE:8;IE7> 9 =8? <:-
=<@QcI8@Q (EM:<;@9I8 <;IDI=E7> - 7I@: EM:<;@9<D< <;IDI=E7E, =E 9<:<;<F W<9EKE=E F<c=<@:j 
F8;K7>f W<;<S) I D8<7<DIi8@9EQ <@=<ME, =E 9<:<;<? @<@:EM7Q7E@j D8<9;I<7<DIi8@9EQ 9E;:E. e@8 
;E@:;<M>8 FE:8;IE7> g>7I W8;8M8S8=> M M89:<;=AP G<;FA, 7I@:> g>7I 9<<;SI=E:=< W;IMQKE=>  
I W< =IF @<@:EM78=E «g8@n<M=EQ 9E;:E» M G<;FE:8 gEK> D8<SE==>f W;<D;EFF=<D< WE98:E ArcGIS 
10.1 (ESRI, puo). 

C8;8D;Ah8==<@:j @<S8;hE=IQ 9E;:<D;EGIi8@9<D< W;<IKM8S8=IQ M gAFEh=<F MIS8 @:E7< 88 
S<@:<I=@:M<F W;I W8;8f<S8 M HIG;<M<? G<;FE:. %<FW789@=<@:j, S<W<7=8=I8 @<S8;hE=IQ  
9E;:> EM:<;@9IFI FE:8;IE7EFI W<KM<7Q8: nI;<9< I@W<7jK<ME:j 88 W;I D8<9;I<7<DIi8@9If I@@78-
S<ME=IQf.  

q:;Eg<:9E F8:<SI9I @<KSE=IQ I I@W<7jK<ME=IQ 04$ M>W<7=8=E =E W;IF8;8 <S=<D< 7I@:E 
V:<? 9E;:> (w7, :8;;I:<;IQ �9A:II I %;E@=<Q;@9<D< 9;EQ). 

Q,0*4,*0# Y#!9 6&("#$$9: «I&(40%(.(6%U» 
p:;A9:A;E gEK> D8<SE==>f M G<;FE:8 ArcGIS – V:< =Eg<;> 97E@@<M W;<@:;E=@:M8==>f <g�89-

:<M, 97E@@> W;<@:;E=@:M8==>f <g�89:<M, :<W<7<DIQ, <:=<n8=IQ I S;ADI8 V78F8=:>, <:;EhEPcI8 
7<DIi8@9I8 F<S87I SE==>f [1]. e@8 =EKME=IQ S7Q =Eg<;<M W;<@:;E=@:M8==>f <g�89:<M, 97E@@<M 
W;<@:;E=@:M8==>f <g�89:<M, W<78? I S;. SEP:@Q =E 7E:I=IH8 S7Q 9<;;89:=<@:I ;Eg<:> W;<D;EFF> 
ArcGIS, M <WI@E=II h8 SE=< W<7=<8 =EIF8=<ME=I8 =E ;A@@9<F QK>98 M :8;FI=<7<DII I@f<S=<? 
9E;:>. 

e @:;A9:A;8 04$ @<KSE=< 4 =Eg<;E W;<@:;E=@:M8==>f <g�89:<M: D;E=IH> 7I@:<M 48<9;I<7<-
DIi8@9<? 9E;:> («borders»), D8<9;I<7<DIi8@9I8 <g�89:> («geocryology»), HIG;<MEQ 9E;:<D;EGIi8-
@9EQ <@=<ME («kart_osnova») (;EK;Eg<:9E epr4rm, [4]), W;8S@:EM78==>8 M W;<89HII I@f<S=<? 9E;-
:> E :E9h8 =Eg<; E:;IgA:IM=>f :Eg7IH S7Q f;E=8=IQ :89@:<M<? I=G<;FEHII 78D8=S> 9E;:>. 
(;I@.1), :Eg7. 1. 

 

 

 
 

,H<. 1 "PNW>PWN@ 8(*.  
/@R;NT UN;<PN@I<P?EIITY ;R�E>P;? 
 

 
e =Eg<;8 W;<@:;E=@:M8==>f <g�89:<M «geo@ryology» @<KSE=< 8 97E@@<M W;<@:;E=@:M8==>f 

<g�89:<M @ D8<9;I<7<DIi8@9IF @<S8;hE=I8F (;I@. 2), (:Eg7.1). 
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,H<. 2. "PNW>PWN@ 8(*.  
#K@<<T UN;<PN@I<P?EIITY ;R�E>P;? 

 I@R;N@ ;R�E>P;? «geo<ryology 
 

 
O#Y.%`# 1 

#K@<<T UN;<PN@I<P?EIITY ;R�E>P;? H <;;P?EP<P?W^�HE N@`FEKT KELEIFT 
 

#K@<< UN;<PN@I<P?EIITY 
;R�E>P;? 

,@`FEK KELEIFT 

«temp» 
TE@W;<@:;E=8=I8 I @;8S=8D<S<MEQ :8FW8;E:A;E F8;K7>f I :E7>f W<;<S. 

JIW> @8K<==<D< W;<F8;KE=IQ I <::EIME=IQ W<;<S 

«density» L<c=<@:j F8;K7>f W<;<S 

«geology» 
48=8:Ii8@9I8 :IW> =8<D8=-i8:M8;:Ii=>f <:7<h8=I? I If D8<9;I<7<DIi8-
@9EQ fE;E9:8;I@:I9E; �<;FEHII S<i8:M8;:Ii=>f W<;<S @ i8f7<F ;>f7>f 

<g;EK<ME=I? I If D8<9;I<7<DIi8@9EQ fE;E9:8;I@:I9E) 

«condPoint» TE@W;<@:;E=8=I8 9;I<D8==>f QM78=I?, :<i8i=>8 

«condLine» TE@W;<@:;E=8=I8 9;I<D8==>f QM78=I?, 7I=8?=>8 

«condPolygon» TE@W;<@:;E=8=I8 9;I<D8==>f QM78=I?, W<7ID<=E7j=>8 

 

$7Q 9EhS<D< 97E@@E W;<@:;E=@:M8==>f <g�89:<M <W;8S878=>:  
- A=I9E7j=>8 IS8=:IGI9E:<;> <g�89:<M (UID); 
- F<S87j SE==>f (:<i8i=EQ, 7I=8?=EQ I7I W<7ID<=E7j=EQ), <:;EhEPcEQ @W<@<g 9E;:<D;EGI-

i8@9<D< W;8S@:EM78=IQ <g�89:<M I7I QM78=I?;  
- @:;A9:A;E I @<S8;hE=I8 E:;IgA:IM=>f :Eg7IH (iI@7< W<78?, If =EKME=IQ, S<F8=>). 
JE9, M 97E@@8 W<7ID<=E7j=>f W;<@:;E=@:M8==>f <g�89:<M «TE@W;<@:;E=8=I8 I @;8S=8D<S<MEQ 

:8FW8;E:A;E F8;K7>f I :E7>f W<;<S («temp») W;8S@:EM78=E W;<@:;E=@:M8==EQ I=G<;FEHIQ < @7<8 
:8FW8;E:A;, M 88 E:;IgA:IM=<? :Eg7IH8 «tempLegend» @<KSE=> 3 W<7Q c :IW<F SE==>f «text»:  

- «TE@W;<@:;E=8=I8 F8;K7>f I :E7>f W<;<S» («SPREAD»), 
- «p;8S=8D<S<MEQ :8FW8;E:A;E W<;<S =E W<S<nM8 @7<Q 9<78gE=I?» (« AVERAGE»), 
- «JIW @8K<==<D< W;<F8;KE=IQ I <::EIME=IQ W< @;8S=8D<S<M<? :8FW8;E:A;8» (« TYPE»). 
e 97E@@8 W;<@:;E=@:M8==>f <g�89:<M «TE@W;<@:;E=8=I8 9;I<D8==>f QM78=I?, 7I=8?=>8» 

(«condLine») f;E=I:@Q W;<@:;E=@:M8==EQ I=G<;FEHIQ < 9;I<D8==>f QM78=IQf, W<9EKE==>f 7I=IQ-
FI. e 8D< E:;IgA:IM=<? :Eg7IH8 «condLineLegend» @<KSE=< <S=< W<78 @ :IW<F SE==>f «text»  
«UEKME=I8» («DEFINITION»).  

%7E@@ W;<@:;E=@:M8==>f <g�89:<M «48<7<DIQ» («geology») @<<:M8:@:MA8: 2 ;EKS87EF 78D8=-
S> - «48=8:Ii8@9I8 :IW> =8<D8=-i8:M8;:Ii=>f <:7<h8=I? I If D8<9;I<7<DIi8@9EQ fE;E9:8;I@:I-
9E» I «�<;FEHII S<i8:M8;:Ii=>f W<;<S @ i8f7<F ;>f7>f <g;EK<ME=I? I If D8<9;I<7<DIi8@9EQ 
fE;E9:8;I@:I9E». TEKS87 «48=8:Ii8@9If :IW<M =8<D8=-i8:M8;:Ii=>f <:7<h8=I?» ;EKS87Q8:@Q  
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=E 3 iE@:I I <WI@>ME8:@Q M 3 E:;IgA:IM=>FI :Eg7IHEFI W< 9;I:8;IP @<@:<Q=IQ W<;<S: :E7>8, 
F8;K7>8 @W7<n=<D< ;E@W;<@:;E=8=IQ, F8;K7>8 =8@W7<n=<D< ;E@W;<@:;E=8=IQ.  

TEKS87 «�<;FEHII S<i8:M8;:Ii=>f W<;<S» ;EKgIME8:@Q =E 3 iE@:I, <WI@E==>8 M 5  E:;IgA-
:IM=>f :Eg7IHEf, W<@9<7j9A M @<<:M8:@:MAPc8F ;EKS878 78D8=S> 9E;:> W<FIF< ;EKS878=IQ W< 
9;I:8;IP @<@:<Q=IQ W<;<S - :E7>8, F8;K7>8 @W7<n=<D< I =8@W7<n=<D< ;E@W;<@:;E=8=IQ - SE8:@Q 
<:S87j=EQ fE;E9:8;I@:I9E S<i8:M8;:Ii=>f W<;<S, I <:S87j=EQ - V7PMIE7j=>f I @97<=<M>f <:7<-
h8=I?, @7EDEPcIf If. 

C< <9<=iE=II W;<H8@@E @<KSE=IQ 97E@@<M W;<@:;E=@:M8==>f <g�89:<M (M89:<;IKEHII ;E@:;<-
M>f I@:<i=I9<M) M>W<7=8=E W;<M8;9E 9Ei8@:ME W<7Ai8==<? W;<@:;E=@:M8==<? I=G<;FEHII I 88 
:<W<7<DIi8@9EQ 9<;;89:=<@:j. $7Q W;<M8;9I :<W<7<DII M =Eg<;8 W;<@:;E=@:M8==>f <g�89:<M 
«geocryology» @<KSE= =<M>? :<W<7<DIi8@9I? <g�89:, M 9<:<;<F S7Q 9EhS<D< 97E@@E W;<@:;E=@:-
M8==>f <g�89:<M =Eg<;E SE==>f S<gEM78=> W;EMI7 :<W<7<DII, 8SI=>8 S7Q M@8f HIG;A8F>f 97E@-
@<M W;<@:;E=@:M8==>f <g�89:<M. 

 )/(.8!(-#$%& ZIT 
p<KSE==EQ 04$ I@W<7jK<ME=E S7Q G<;FI;<ME=IQ =<M>f 97E@@<M W;<@:;E=@:M8==>f <g�89:<M, 

=8 W<9EKE==>f =E gEK<M<? 9E;:8 QM=<, E :E9h8 S7Q M>W<7=8=IQ F<S87j=>f I@@78S<ME=I?: 
- 9Ei8@:M8==EQ I 9<7Ii8@:M8==EQ <H8=9E 7jSI@:<@:I F8;K7>f W<;<S, 
- F<S87I;<ME=I8 F<c=<@:I @8K<==<-:E7<D< @7<Q. 
JE9 M 78D8=S8 9E;:> S7Q 9EhS<D< D8<7<DIi8@9<D< 9<=:A;E :89@:<F SE=> 8D< D8<9;I<7<DIi8-

@9I8 fE;E9:8;I@:I9I M KEMI@IF<@:I <: 9E:8D<;II F8;K7<:=<@:I (:E7>8 W<;<S>, F8;K7>8 W<;<S> 
@W7<n=<D< I =8@W7<n=<D< ;E@W;<@:;E=8=IQ), <S=E9< D;EGIi8@9I ;EKS878=I8 W< V:<FA W;IK=E9A =8 
W<9EKE=<, E @EF W<9EKE:87j F8;K7<:=<@:I @<S8;hI:@Q M ;EKS878 :8FW8;E:A; W<;<S. %7E@@ <g�89:<M 
«48<7<DIQ» g>7 S8:E7IKI;<ME= W< W;IK=E9A F8;K7<:=<@:I W<;<S I @<KSE= =<M>? 97E@@ «L8;K7<:-
=<@:j W<;<S», I@W<7jKAQ S7Q V:<D< W<7ID<=E7j=>8 <g�89:> 97E@@<M «temp» I «geology», @<8SI=8-
=I8 If E:;IgA:IM=>f :Eg7IH W< <gc8FA W<7P «TE@W;<@:;E=8=I8 F8;K7>f I :E7>f W<;<S» I I=@:-
;AF8=:> W;I7<h8=IQ «Analysis Tools» WE98:E ArcGIS 10.1. 

$7Q 9Ei8@:M8==<? I 9<7Ii8@:M8==<? <H8=9I <g�8F=<? 7jSI@:<@:I, IKF8=8=IQ 9<:<;<? A9EKE-
=> M D8<7<DIi8@9<F ;EKS878 78D8=S> 9E9 iI@7<M<? SIEWEK<=, g>7 @<KSE= <:S87j=>? 97E@@ W;<-
@:;E=@:M8==>f <g�89:<M «qg�8F=EQ 7jSI@:<@:j» @ <:<g;Eh8=I8F M 3-f W<7Qf E:;IgA:IM=<? :Eg-
7IH> I=G<;FEHII < FI=IFE7j=<F, FE9@IFE7j=<F I @;8S=8F K=Ei8=II <g�8F=<? 7jSI@:<@:I, ;E@-
@iI:E==>f W;<D;EFF=<. 

$7Q <H8=9I F<c=<@:I @8K<==<-:E7<D< @7<Q ;EK;Eg<:E=E F<S87j gE7j=>f V9@W8;:=>f <H8=<9 
5-:I W<9EKE:878?, 3 IK 9<:<;>f - «qg�8F=EQ 7jSI@:<@:j F8;K7>f W<;<S», «p<@:EM W<;<S» I «p;8S-
=8D<S<MEQ :8FW8;E:A;E W<;<S» g8;A:@Q IK @<KSE==<? 04$, E SME S;ADIf - «TE@:I:87j=<@:j» I «og-
@<7P:=EQ M>@<:E =ES A;<M=8F F<;Q» S7Q 7I@:E w7 9E;:> @<KSE=> =E <@=<M8 :IW<M 7E=SnEG:<M @ 
lE=SnEG:=<? 9E;:> pppT F-gE 1:2 500 000 (W<S ;8SE9HI8? m.p.4ASI7I=E) I HIG;<M<? F<S87I 
;87j8GE «GTOPO30» @<<:M8:@:M8==<. 0E7j=>8 <H8=9I (M8@<M>8 9<VGGIHI8=:>) MKEIF<@MQK8? A9E-
KE==>f W<9EKE:878? MM8S8=> M @I7A <:@A:@:MIQ If V:E7<=<M. $7Q ;EK;Eg<:9I F<S87I @<@:EM78=E 
W;<D;EFFE, ;8KA7j:E: ;Eg<:> 9<:<;<? W<9EK>ME8:@Q M MIS8 3D- F<S87I, DS8 M 9Ei8@:M8 EWW7I9E:> 
Z W<9EK>ME8:@Q <:=<@I:87j=<8 K=Ei8=I8 F<c=<@:I @8K<==<-:E7<D< @7<Q. 

 
 

2HPEN@PWN@ 

1. H#24. a&2.&0. L<S87I;<ME=I8 =En8D< FI;E.. – Esri Press, 1999. C8;8M<S – $E:E+, 254 @:;.  
2. qgc88 F8;K7<:<M8S8=I8 (D8<9;I<7<DIQ) / T8S. e. o. %AS;QMH8M. – L.: mKS-M< L4#, 1978. 
3. qg�Q@=I:87j=EQ KEWI@9E 9 D8<9;I<7<DIi8@9<? 9E;:8 pppT FE@n:EgE 1:2 500 000. 
4. http://www.vsegei.ru/ru/info/topo �IG;<M>8 9E;:<D;EGIi8@9I8 <@=<M> epr4rm. 

 
 
 
 



 59

%"7!25:!$+/%. 7,!(,+  0 PurVIEW™  
*2_ #+,-%,!$+/%_  .,:2!-/0d (.!2!(%3."#%d _$2./%&  

/+ +2_"#. % ".$.,. #+/+*0 

¢.  @>#£VL, $.g. ,W @I<>HV 
 Z%R2, ](7/#$%U O&,0# O&4, R"7($,($, ]#$#"#, SMcCuaig@eba.ca; vroujanski@eba.ca    

 
USING PurVIEW™ TO MAP PERMAFROST FEATURES IN ALASKA  

AND NORTHERN CANADA  

S. McCuaig, V. E. Roujanski 
EBA, a Tetra Tech Company, Edmonton, Canada, SMcCuaig@eba.ca; vroujanski@eba.ca 

 

Introduction 

For a number of years, permafrost mapping and other 
types of thematic mapping have generally been done 
through the interpretation of hard copy aerial photography 
using a stereoscope. The interpreted data would then be 
manually transferred from linework on the aerial 
photographs to a digital base map for field use and final 
map production. While this method is effective, errors may 
be introduced during the manual transfer of data and the 
transfer itself can be time consuming. 

 
EBA, A Tetra Tech Company, is now using PurVIEW™ 

for its mapping projects. The thematic maps produced with 
this technology are much more accurate than those 
compiled with hard copy aerial photographs and the need 
for manual data transfer is eliminated. 
 

PurVIEW™ Mapping 
 
The PurVIEW™ mapping process begins with obtaining 

contact print aerial photographs from federal or provincial 
government sources and having them scanned at a 
resolution of 10 or 15 microns (2,540 and 1,693 dpi, 
respectively). The hard copy aerial photographs to be 
scanned can be of any available scale and can include black 
and white, colour and infrared photography.   

 
The digital imagery is next triangulated and merged with 

digital elevation model (DEM) data to produce geo-
referenced imagery that can be viewed in PurVIEW™. High 
resolution DEM data is generally supplied by the client, but 
DEM data is also available from government sources, albeit 
normally at lower resolutions than client data. 

 
If digital photography has been flown for a project (or if it 

is available from government suppliers at the appropriate 
resolution), then the digital images can be loaded directly 
into PurVIEW™ without the need for scanning of hard copy 
aerial photographs. This significantly reduces the time 
required to produce maps, as there is typically a delay of a 
few weeks when waiting for government aerial photography 
orders to be processed, therefore the amount of time and 

cost required for the scanning of each photograph is 
eliminated. Digital aerial photographs must be acquired at a 
resolution of 6-10 cm GSD (ground sampling distance), and 
it is best to specify this prior to the photography acquisition 
flight.  

 
The cost of PurVIEW™ mapping vs. standard hard copy 

aerial photography mapping is comparable; the cost of 
having the photographs scanned and set up is about the 
same as the cost of translating hand drawn lines to digital 
ones. However, there is about a two week lag time to have 
the photographs scanned (each photograph takes 1 hour to 
scan, so the time required depends on the number of 
photographs and the current backlog of scanning projects). 

 
Once the imagery has been loaded into PurVIEW™, the 

mapper can view stereo pairs directly on a 3D flat screen 
monitor using 3D stereo glasses (Figure 1). The computer 
monitor and glasses together function as a virtual 
stereoscope. The 3D imagery is spatially referenced so that 
the UTM coordinates (or latitude/longitude) and elevation 
of any point in space are known and the mapper can zoom 
in and out as needed to facilitate mapping. 

 

 

Fig. 1. Mapping in PurVIEW™. A 3D monitor is used for 
mapping and a 2D monitor for data entry. 
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Advantages 
 

Cost Savings 
Although client requirements for mapping often include 

mapping scales of 1:5,000 to 1:20,000, aerial photographs 
may be acquired at scales of up to 1:60,000. This results 
in cost savings as the total number of photographs to be 
acquired is reduced.  

 
The mapper can also choose ideal potential field site 

locations while mapping and can download these directly 
to a GPS device. This helps to streamline the fieldwork 
effort. Actual field sites may be uploaded to PurVIEW™ 
upon return from the field in order to update the mapping 
with the new data. 
 
Accuracy and Utility 

The mapper produces linework directly in the 
PurVIEW™ environment. This increases accuracy 
because scanning and digitization of linework from hard 
copy photographs is not required. 

 
Because the mapper can zoom in and out of the 

photographic imagery, more detail can be mapped with 
greater accuracy. For example, patterned ground (frost 
boils etc.) or the headwall scarps of retrogressive thaw 
flow slides often can be easily identified. If larger scale 
photography is used (e.g. 1:20,000 scale), it is possible to 
identify features such as boulder fields and sometimes 
even individual boulders. 

 
The GIS platform within which PurVIEW™ operates 

adds additional utility to the mapping. The area of the 
mapped polygons (e.g., permafrost units, aggregate 
resource areas, plant buildings, airstrips and other 
infrastructure) can be calculated. Similarly, the areal 
percentages of all of the mapped units can be determined. 
In addition, numerous layers can be added to the 
mapping. Infrastructure and route  information from the 
client, data from other disciplines, LiDAR, satellite 
imagery, field sites, drill hole locations and even 
government geology maps can be added to the project. 
These layers can be turned on and off as needed to 
produce various figures or to aid in mapping. The 
merging of the imagery with the DEM data also makes 
the measurement of slopes and distances possible. 

 
The project study area can be shown accurately or 

calculated exactly (e.g. 500 m on either side of a Right of 
Way centerline), allowing the mapper to map exactly to 
the edge of the study area, saving the client time and 
money. 
   

Disadvantages 

If contact prints are to be used for a project, there is a 
delay time that includes the amount of time required to 
acquire aerial photography from government agencies, 

plus the amount of time needed to scan and geo-reference 
the photographs. Thus, if a project needs a rapid turn-around 
time, PurVIEW™ mapping may not be ideal. 

However, if privately flown geo-referenced digital 
photography can be provided, the extra time for scanning 
and geo-referencing is not required. 

 

Examples 

Northwestern Alaska 
PurVIEW™ was used to map permafrost features and 

surficial geology of a future potential mine site in 
northwestern Alaska (Figure 2). 

 

 
 
Fig. 2. View of photographic images acquired for the Lik mine 

site project in northwest Alaska. Black outline shows property 
boundary, which overlaps 6 stereo photos. 

 
Sorted circles, unfrozen areas, cryoplanation terraces and 

non-sorted stripes on slopes were accurately delineated 
using PurVIEW™ (Figure 3). 
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Fig. 3. Fragment of Lik mine site surficial geology map. 

Cryoplanation terraces (stippled), unfrozen areas (vertical stripes), 
sorted circles (three circle symbols) and non-sorted stripes 
(dashed) mapped for the project were easily identified on the 
computer screen in 3D mode. Unfortunately, the 3D mode cannot 
be shown on this 2D figure.  

 
Southern Nunavut 

Permafrost features and the surficial geology of another 
potential mine site were mapped in southern Nunavut. 
Individual non-sorted circles in till areas and ice wedge 
polygons in glaciofluvial deposits (not shown) were easily 
identified and mapped using PurVIEW™ (Figure 4). 

 

 
 
Fig. 5. Fragment of a surficial geology map (coloured polygons) 

showing locations of non-sorted circles (three circle symbols) for 
the Kivalliq site. 

 

Conclusions 

PurVIEW™ has been used successfully to accurately map 
permafrost features in northern Canada and northwestern 
Alaska. The ability to zoom in to the features assists greatly 
in their accurate delineation and the availability of the 
ArcGIS tool kit provides numerous options for the 
production of final maps and diagrams.   
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e SE7j=8?n8F, g7ED<SE;Q F<SA7P Spatial Analyst W;<D;EFF> ArcGIS Desktop 9 W<7Ai8==>8 
M>@<:=>8 A;<M=I, g>7I M>S878=> IK HIG;<M<? F<S87I ;87j8GE (SRTM). $7Q A:<i=8=IQ D;E=IH 
;E?<=<M g>7E I@W<7jK<ME=E D<@ASE;@:M8==EQ D8<7<DIi8@9EQ 9E;:E T� W7I<H8=-i8:M8;:Ii=>f 
<g;EK<ME=I?, E :E9h8 ;8KA7j:E:> =E:A;=>f I@@78S<ME=I?.  

JE9 g>7< A@:E=<M78=<, i:< M ;E?<=8 W<@�79E $I9@<= (@8M8;=88 73,5 D;ES. @.n.) g8;8D<M>8 
<g=Eh8=IQ @7<h8=> WEi9<? M8;f=8W78?@:<H8=<M>f I D<7<H8=<M>f =8KE@<78==>f 
9<=:I=8=:E7j=>f @AW8@iE=>f <:7<h8=I?, Af<SQcIf W<S @<M;8F8==>? A;8K F<;Q. $E==>8 
7jSI@:>8 <:7<h8=IQ MF8cEP: F<c=>8 (g<788 10 F) @I=D8=8:Ii8@9I8 W<7ID<=E7j=<-hI7j=>8 7jS> 
(78S<M>? 9<FW789@). C;8SW<7EDE8:@Q, i:< SI@W8;@=>8 <:7<h8=IQ W<S@:I7EP:@Q 9<;8==>FI 
@9E7j=>FI W<;<SEFI, M>f<SQcIFI M g8;8D<M>f <g;>MEf I <@An9Ef. 

C;I @<@:EM78=II 9E;:> g>7E W;<M8S8=E @<<:M8:@:MAPcEQ D8=8;E7IKEHIQ. 
% 9E;:8 g>7 W<@:;<8= W;<GI7j I @<@:EM78=E E:;IgA:IM=EQ :Eg7IHE, M 9<:<;<? W8;8iI@78=> 

<@=<M=>8 D8<7<D<-D8=8:Ii8@9I8 :IW> <:7<h8=I?, W;IM8S8= If W;8IFAc8@:M8==>? @<@:EM, A9EKE=E 
@:8W8=j KE@<78=IQ, @;8S=8D<S<MEQ :8FW8;E:A;E W<;<S =E W<S<nM8 @7<Q D<S<M>f 9<78gE=I?, 
F<c=<@:j, E :E9h8 W8;8iI@78=> <@=<M=>8 F8;K7<:=>8 W;<H8@@>. 

p<@:EM78=EQ 9E;:E ;E@W;<@:;E=8=IQ 9;I<D8==>f KE@<78==>f i8:M8;:Ii=>f <:7<h8=I? 
r=I@8?@9<D< p8M8;E (FE@n:Eg 1:1 000 000) S< D7AgI=> 15-20 F A:<i=Q8: I=h8=8;=<-D8<7<DIi8@9I8 
@M<?@:ME W<;<S I F<h8: g>:j I@W<7jK<ME=E W;I I=h8=8;=>f IK>@9E=IQf W;I @:;<I:87j@:M8. 
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1. 4<@ASE;@:M8==EQ D8<7<DIi8@9EQ 9E;:E T<@@I?@9<? �8S8;EHII W7I<H8=-i8:M8;:Ii=>f 
<g;EK<ME=I? FE@n:EgE 1:1 000 000, pE=9:-C8:8;gA;D@9EQ 9E;:<D;EGIi8@9EQ GEg;I9E epr4rm, 
2000. 

2. T#$%.(-  .T. C78?@:<H8= F<;@9If @AgE;9:Ii8@9If ;EM=I=. L.: mKS-M< L<@9. A=-:E, 1978, 
198 @. 

3. T*Y%4(- I. .,  -#$(-# [.S., Q(4(.8)4#U S.Z. dE@<7�==<@:j F�;K7>f W<;<S // e o:7E@8 
�Uoq/ W<S ;8S. lE;=I9 p.m. – �4#C «qF@9EQ 9E;:<D;EGIi8@9EQ GEg;I9E» 2004. – @.162-163. 

4. Q-%,(G M.M.  L<;@9<? W78?@:<H8= W<g8;8hI? T<@@II. · L.: 4rqp, 2003. · 362 @. 

 
 

%/-.(,+9%_ 7,!"-,+/"-$.//0d *+//0d /+ -.,,%-!,%�  
+,#-%#% % (.! !*.2%,!$+/%. (,+/%9 #,%!2%-!:!/0 

+.+.  EF?EFE?  
 $),%,*, 6&(60#1%% 5M[, a.a.medvedeff@gmail.com 
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A.A. Medvedev  
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 qD;<F=>8 <g�8F> W;<@:;E=@:M8==>f SE==>f I If SI=EFI9E @:EMQ: KESEiA @<KSE=IQ AK7<M 
I=:8D;EHII I=G<;FEHI<==>f ;8@A;@<M. m=:8D;EHIQ SE==>f W;8S=EK=Ei8=E, W;8hS8 M@8D<, S7Q 
G<;FI;<ME=IQ 8SI=<D< I=G<;FEHI<==<D< W;<@:;E=@:ME W< W;8SF8:=>F <g7E@:QF I 
:8;;I:<;IE7j=<FA <fME:A. qg�89:<F I=:8D;EHII W< SE==<FA I@@78S<ME=IP QM7QP:@Q 
I=G<;FEHI<==>8 ;8@A;@> =E :8;;I:<;IP o;9:I9I, f;E=QcI8@Q M ;E@W;8S878==>f @I@:8FEf 
SE==>f (web-@8;M8;Ef) I D8<W<;:E7Ef. JE9h8 I@:<i=I9EFI SE==>f QM7QP:@Q =EAi=<-
I=G<;FEHI<==>8 ;8@A;@> m=@:I:A:E D8<D;EGII ToU M MIS8 gEK D8<SE==>f I F8:ESE==>f, 
@:;A9:A;I;<ME==>f (W< <W;8S878==<FA G<;FE:A) GE?7<M SE==>f, <g�89:=>f GE?7<M SE==>f 
(W;<@:<? :89@:, S<9AF8=:>, IK<g;Eh8=IQ I S;.), V789:;<==>f E:7E@<M.  
 m@@78S<ME:87j@9I8 KESEiI W< SE==<? W;8SF8:=<? <g7E@:I ;8nE7I@j =E gEK8 
D8<I=G<;FEHI<==>f F8:<S<M W;8<g;EK<ME=IQ I <g;Eg<:9I W;<@:;E=@:M8==>f SE==>f, M97PiEQ, 
E=E7I:Ii8@9I8 4mp I ;8@A;@<8F9I8 :8f=<7<DII, ;8E7IKA8F>8 M 4;IS-@I@:8FEf. 6:I I=@:;AF8=:> 
<g8@W8iIMEP: W<:8=HIE7j=<D< W<7jK<ME:87Q M<KF<h=<@:jP I=:8D;I;<ME:j IF8PcI8@Q ;8@A;@> M 
@M<I W8;@<=E7j=>8 SE==>8, W;<D;EFF=>8 F<SA7I I=:8D;EHII I W;8<g;EK<ME=IQ.  
 m@W<7jKA8F>? ME;IE=: <;DE=IKEHII I=G<;FEHI<==<? @;8S> – 97I8=:-@8;M8;=EQ 
E;fI:89:A;E: SE==>8 f;E=Q:@Q M 0$ =E @8;M8;8 I F=<DI8 W<7jK<ME:87I IF8P: M<KF<h=<@:j 
<g;EcE:j@Q 9 <S=<FA FE@@IMA SE==>f, AW;<cE8:@Q ESFI=I@:;I;<ME=I8 SE==>f, W<QM7Q8:@Q 
M<KF<h=<@:j WE;E7787j=<D< @<MF8@:=<D< ;8SE9:I;<ME=IQ I M8S8=IQ =8@9<7j9If M8;@I?. $7Q 
M<KF<h=<D< @<MF8c8=IQ ;Eg<:> I ;EKMI:IQ I=G;E@:;A9:A;> =89<:<;>8 9<FW<=8=:> I ;8@A;@> 
M>S878=> - V:< 4mp I 4;IS-I=@:;AF8=:E;II, 9E9 @EF<@:<Q:87j=>8 97I8=:@9I8 W;I7<h8=IQ.  
e V:<F @7AiE8 ;E@W;8S878==EQ @I@:8FE IF88: H8=:;E7IK<ME==AP E;fI:89:A;A @ V78F8=:EFI 
S8H8=:;E7IKEHII.  
 e ;8KA7j:E:8 I=:8D;EHII I=G<;FEHI<==>f ;8@A;@<M =E :8;;I:<;IP o;9:I9I, @S87E=E 
<H8=9E :8FE:Ii8@9<D< <fME:E I=G<;FEHI<==>f ;8@A;@<M, E :E9h8 W;<IKM8S8=E ESEW:EHIQ 
I=G<;FEHI<==>f  ;8@A;@<M S7Q W<:;8g=<@:8? W<:8=HIE7j=>f W<7jK<ME:878?. e W;<H8@@8 ;Eg<: 
W<7Ai8= ;QS =<M>f ;8KA7j:E:<M M G<;FI;<ME=II 97E@@IGIHI;<ME==>f I @:>9APcIf@Q 
I=G<;FEHI<==>f ;8@A;@<M <: ;EK=>f I@:<i=I9<M SE==>f, «9<=@:;AI;<ME=II» =<M>f K=E=I? =E 
<@=<M8 f;E=I7Ic FE@@IM<M F8:EI=G<;FEHII I <;DE=IKEHII I=G<;FEHI<==<D< I=:8;G8?@E S7Q 
@W8HIE7I@:<M W< 9<=9;8:=>F =EW;EM78=IQF GA=SEF8=:E7j=>f I W;I97ES=>f I@@78S<ME=I?. 
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m=:8D;EHIQ @8:8M>f ;8@A;@<M <@Ac8@:M78=E =E <@=<M8 @8:8M>f e8g-@8;MI@<M, 9<:<;>8 :E9h8 
QM7QP:@Q V78F8=:EFI :8f=<7<DII 4;IS, E I=:8D;EHIQ ;8@A;@<M M MIS8 4mp-W;<89:<M 
W<SS8;hIME8:@Q @8:8M>FI E=E7I:Ii8@9IFI 4mp, i:< W<KM<7Q8: D<M<;I:j < W<7=<? 
I=:8;<W8;Eg87j=<@:I W;<@:;E=@:M8==>f SE==>f.  
 qS=<? IK W<SKESEi SE==<D< I@@78S<ME=IQ QM7Q7@Q W;<H8@@ D8<F<S87I;<ME=IQ =E <@=<M8 
M7IQ=IQ IKF8=8=IQ 97IFE:E. $7Q :8;;I:<;II o;9:I9I W;<D=<K> IKF8=8=IQ 97IFE:E IF8P: <@<g< 
MEh=<8 K=Ei8=I8. UEg7PSE8FEQ M =E@:<Qc88 M;8FQ :8=S8=HIQ 9 8D< W<:8W78=IP F<h8: W;IM8@:I 9 
D7<gE7j=>F IKF8=8=IQF @<@:<Q=IQ <9;AhEPc8? W;I;<S=<? @;8S> M H87<F. e @MQKI @ V:IF g>7< 
W;<M8S8=< @H8=E;=<8 F<S87I;<ME=I8 IKF8=8=IQ D;E=IH 9;I<7I:<K<=>. e iE@:=<@:I, g>7I 
;E@@iI:E=> I @F<S87I;<ME=> IKF8=8=IQ <g7E@:8? @8K<==<D< W;<:EIME=IQ =E 2020, 2050 I 2080 DD.   
 %E9 IKM8@:=<, =E @8K<==<8 W;<:EIME=I8 M7IQ8: ;QS 97IFE:Ii8@9If I 7I:<7<DIi8@9If 
GE9:<;<M, E :E9h8 @M<?@:ME W<S@:I7EPc8? W<M8;f=<@:I I <;<D;EGIi8@9I8 fE;E9:8;I@:I9I. $7Q 
D8<F<S87I;<ME=IQ D;E=IH 9;I<7I:<K<=>, I <g7E@:8? @8K<==<D< W;<:EIME=IQ M iE@:=<@:I, g>7I 
I@W<7jK<ME=> IKM8@:=>8 F<S87I <gc8? HI;9A7QHII (Lq�) E:F<@G8;>: 1) %E=ES@9<D< H8=:;E 
97IFE:Ii8@9<D< F<S87I;<ME=IQ I E=E7IKE (Canadian Centre for Climate Modelling and Analysis) – 
CCCma M SMAf 88 @H8=E;IQf a2a I b2a; 2) 4<@ASE;@:M8==<D< <g�8SI=8=IQ =EAi=>f I W;I97ES=>f 
I@@78S<ME=I? oM@:;E7II (Commonwealth Scientific and Industrial Research Organisation) – CSIRO; 
3) $M<?=EQ F<S87j �8=:;E tVS7I M e87I9<g;I:E=II (Hadley Centre Coupled Model) – HadCM3 
M8;@IQ 3. JE9h8, W;I D8<F<S87I;<ME=II g>7I I@W<7jK<ME=> gEKE D8<SE==>f IK<7I=8?=>f W<78? 
=IME7j=<-D7QHIE7j=>f fE;E9:8;I@:I9 =E :8;;I:<;IP T<@@II, =Eg<;> W;<@:;E=@:M8==>f SE==>f 
W< W<S@:I7EPc8? W<M8;f=<@:I (7E=SnEG:=>8 I W<iM8==>8 D8<I=G<;FEHI<==>8 @7<I).  
 6:I =Eg<;> W;<@:;E=@:M8==>f SE==>f W<KM<7I7I W;<IKM8@:I D8<F<S87I;<ME=I8 I SE:j 
W;<D=<K =E ;8DI<=E7j=<F I 7<9E7j=>f A;<M=Qf, M>Q@=Q:j W;IiI=> M<KF<h=>f IKF8=8=I?, E :E9h8 
W;8S@9EKE:j @8K<==>8 I S<7D<@;<i=>8 IKF8=8=IQ.   
 m=:8;W;8:EHIQ, MIKAE7IKEHIQ I 9E;:<D;EGIi8@9<8 <G<;F78=I8 ;E@i8:=>f W;<D=<K=>f 
SE==>f <@Ac8@:M7Q7I@j @ I@W<7jK<ME=I8F WE98:E W;<D;EFF ArcGIS. qg;Eg<:E==>8 97IFE:Ii8@9I8 
F<S87I @<D7E@<ME=> @ HIG;<M<? F<S87jP ;87j8GE, i:< W<KM<7I7< W<7AiI:j A:<i=8==>8 F<S87I, 
AiI:>MEPcI8 M>@<:=>8 KE9<=<F8;=<@:I ;E@W;8S878=IQ.  
 C;I@AcI8 SE==<FA =EW;EM78=IP I@@78S<ME=I? =87I=8?=<@:j I @:<fE@:Ii=<@:j 
@Ac8@:M8==< <D;E=IiIMEP: M>g<; F8:<S<M I I=@:;AF8=:<M, W;ID<S=>f S7Q <H8=<9 gASAcIf 
IKF8=8=I?, <@:EM7QQ <:=<@I:87j=< nI;<9I8 (I SE789< =8 I@i8;WE==>8 =E @8D<S=Qn=I? S8=j) 
M<KF<h=<@:I 7Inj S7Q GIKI9<-FE:8FE:Ii8@9<D< D8<F<S87I;<ME=IQ. qH8=9E gASAcIf IKF8=8=I? 
W;I=HIWIE7j=< M<KF<h=E 7Inj M MIS8 =89<:<;<D< M8;<Q:=<@:=<D< W;<@:;E=@:M8==<D< 
;E@W;8S878=IQ, :E9 i:< KESEiE W;8S@9EKE=IQ @M<SI:@Q 9 <W;8S878=IP M8;<Q:=<@:=>f GA=9HI? 
;E@W;8S878=IQ ;EK=>f fE;E9:8;I@:I9 M gASAc8F, E =8 9 W;<D=<KA 88 VM<7PHII M< M;8F8=I.   
 e 9Ei8@:M8 V9@W8;IF8=:E7j=<D< D8<F<S87I;<ME=IQ I@W<7jK<ME7I@j I=@:;AF8=:> 
D8<@:E:I@:Ii8@9<D< E=E7IKE, 9<:<;>8 M97PiE7I :;8=S<M>8 I ;8D;8@@I<==>8 F<S87I. % @<hE78=IP, 
:;8=S<M>8 F<S87I W;I ;8:;<@W89:IM=<F I W8;@W89:IM=<F W<Sf<S8 M SE==<? W;8SF8:=<? <g7E@:I 
VGG89:IM=> :<7j9< W;I <S=<=EW;EM78==<@:I W;<H8@@E I <S=<;<S=<@:I M<KS8?@:MIQ M=8n=If 
GE9:<;<M =E ;EKMI:I8 <g�89:E, 9<DSE W;<H8@@ <g7ESE8: I=8;HI8? I VM<7PHI<==<? SI=EFI9<?,  
I :;8gA8:@Q K=EiI:87j=>? W8;I<S <H8=9I. C;IF8=8=I8 ;8D;8@@I<==<D< F<S87I;<ME=IQ @:;<I7<@j 
=E IKF8;8=II KEMI@IF<@:I W;<D=<KI;A8F<D< WE;EF8:;E <: ;EK=>f GE9:<;<M – =E iE@:=<? I7I 
F=<h8@:M8==<? ;8D;8@@II.   
 e ;8KA7j:E:8 I@@78S<ME=I? g>7E W;<IKM8S8=E I=:8D;EHIQ ;EK=<;<S=>f W;<@:;E=@:M8==>f 
SE==>f W< W;8SF8:=<? <g7E@:I, E :E9h8 V9@W8;IF8=:E7j=<8 D8<F<S87I;<ME=I8 =E <@=<M8 
<;DE=IK<ME==>f SE==>f. T8KA7j:E:EFI D8<F<S87I;<ME=IQ @:E7I =8 :<7j9< W;<D=<K=>8 F<S87I =E 
;EK=>f FE@n:Eg=>f A;<M=Qf, =< I 9<=H8W:A7j=EQ @f8FE F<S87I;<ME=IQ, 9<:<;EQ F<h8: 
SI=EFIi8@9I F8=Q:j@Q W;I S<gEM78=II =<M>f SE==>f I7I W;I A@<M8;n8=@:M<ME=II 
97IFE:Ii8@9If F<S878?. JE9EQ 9E;9E@=EQ @I@:8FE I=:8D;EHII I D8<F<S87I;<ME=IQ 
W;<@:;E=@:M8==>f SE==>f =8<gf<SIFE S7Q 9<FW789@=>f D8<D;EGIi8@9If I@@78S<ME=I? o;9:I9I I 
S7Q G<;FI;<ME=IQ F8h;8DI<=E7j=>f I=G;E@:;A9:A;=>f 97E@:8;<M.   

 5#Y(,# -9/(.$&$# - 0#74#: /0(&4,# 5bb  12-05-00964.  
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MAPPING OF THERMOKARST FORMS IN WEST SIBERIA SPORADIC  

PERMAFROST ZONE 

O.E. Ponomareva, N.M. Berdnikov, A.G. Gravis 
Earth Cryosphere Institute SB RAS, o-ponomareva@yandex.ru 

 
e 7I:8;E:A;8 [1,2,3] <:F8iE8:@Q nI;<9<8 ;EKMI:I8 ;EK7Ii=>f W< M;8F8=I <g;EK<ME=IQ 

:8;F<9E;@:<M>f G<;F =E @8M8;8 dEWES=<? pIgI;I I A9EK>ME8:@Q, i:< @<M;8F8==EQ SI=EFI9E 
W;<H8@@E IKAi8=E @7Eg<. C<M:<;=<8 S8nIG;I;<ME=I8 <K8; I FE;n;A:=>8 =Eg7PS8=IQ, 
M>W<7=8==>8 l.m. e8?@FE=<F [2], W<KM<7I7I A@:E=<MI:j, i:< M W8;I<S @ 1949 W< 1972 D M W<SK<=8 
@8M8;=<? :E?DI, A@7<MIQ S7Q ;EKMI:IQ :8;F<9E;@:E g>7I =8g7ED<W;IQ:=>, W<V:<FA @Ac8@:M8==>f 
IKF8=8=I? g8;8D<M>f 7I=I? <K8; <g=E;Ah8=< =8 g>7<. e @MQKI @ :8F, i:< @ 1972 W< 2012 DD. 
97IFE:Ii8@9I8 A@7<MIQ M UES>F@9<F ;E?<=8 JPF8=@9<? <g7E@:I F8=Q7I@j M g7ED<W;IQ:=AP S7Q 
;EKMI:IQ W;<H8@@E @:<;<=A, F> KESE7I@j H87jP W<M:<;I:j I@@78S<ME=IQ SI=EFI9I :8;F<9E;@:E. dE 
40 78:, W;<n8SnIf @ 1972 D. :8FW8;E:A; M<KSAfE W<S=Q7E@j M @;8S=8F =E 2º (;I@. 1.), :8FW8;E:A;E 
F=<D<78:=8F8;K7>f W<;<S W< 16 @9MEhI=EF W<M>@I7E@j M @;8S=8F =E 0,6º, =EW;IF8;, M @9MEhI=8 
12-75 (;I@. 2) :8FW8;E:A;E W<S=Q7E@j @ -0,8° (KEF8; 30. IX. 1975) S< -0,115° (KEF8; 05.IX. 2012 D. 
J<i=<@:j KEF8;E @<@:EM7Q8: 0,03° @ Ai8:<F :E;I;<M9I 9EhS<D< SE:iI9E), E F<c=<@:j 
@8K<==<:E7<D< @7<Q AM87IiI7E@j =E 1/3. UE <:S87j=>f AiE@:9Ef 9;<M7Q LLC <WA@:I7E@j =Ih8 2 F. 
C;<IK<n8SnI8 IKF8=8=IQ, =E G<=8 AM87Ii8=IQ 9<7Ii8@:ME 78:=If E:F<@G8;=>f <@ES9<M, 
W<KM<7Q7I W;8SW<7<hI:j, i:< E9:IMIKEHIQ :8;F<9E;@:E =8IKg8h=E. 

 

 
,H<. 1. "YES@ N@V;I@ H<<KEF;?@IHV H <NEFIEL;F;?@J PESUEN@PWN@ ?;`FWY@  

U; F@IITS SEPE;<P@IGHH /@FTS < KHIHEV PNEIF@. 
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GEOCRYOLOGICAL MAPPING OF GROUND TEMPERATURES  

AND PERMAFROST DISTRIBUTION. 

Stuart A. Harris 
Department of Geography, University of Calgary, Canada. 

 

The Problem.  
 Permafrost is ground that remains below 0²C for more than two years (ACGR, 1988) and occurs 
on approximately 24% of the land surface of the Northern Hemisphere.  In order to develop the use of 
these regions, it is essential to know where the permafrost is, together with its properties.  
 These areas are vast, and information on permafrost there is limited.  Obtaining data is costly, so 
presenting the available data on maps helps in planning.  Increasingly geophysics, satellite imagery and 
modeling are being used to augment field and laboratory measurements, but these introduce their own 
assumptions. 
Zonation of permafrost. 
After permafrost was described by Middendorf in 1861, Russian scientists developed the idea of zonation, 
separating out intensity of the development of permafrost.  Thus Sumgin (1940) used ground temperature 
at 10-15m depth as follows: 

Continuous permafrost: <-5²C. 
Discontinuous permafrost: -5² to -1.5²C. 
Sporadic permafrost: >-1.5²C. 

Subsequently, these classes were used internationally, but the definitions were redefined to reflect the 
percentage of the area underlain by permafrost, since this was more useful to engineers. 

A 4th category, isolated patches, was introduced by Heginbottom et al. (1995). 
North-south variation in permafrost in the Northern Hemisphere (Ershov, 1990). 
The presence of relic permafrost from previous cold events, changing climate, as well as fire 

complicate the pattern of distribution. 
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Variations in definitions. 

 In actual practice, different authors in a given country use different definitions of the mapping 

classes.  There are also great variations in their use between countries.  This creates problems in creating 

regional maps crossing political boundaries.  As a result, new classes of mapping units are appearing in 

recent publications. 

 

 

 

 

 

 

Chinese permafrost distribution from Ran et al. (2012). Note the absence of the zonation classes. 
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Definitions. 
Mountain permafrost is permafrost occurring in complex mountain terrain affected by topography 

and cold air drainage.  It has the normal zonation when studied in detail. 
Plateau permafrost refers to all permafrost occurring above about 4000m on the Qinghai-Tibet 

Plateau. It includes both mountain permafrost and latitudinal permafrost. It has been applied 
inconsistently to the permafrost in the Rocky Mountains south of the 60² parallel, but not further north, 
though the zonation, processes, and mapping/cartographic problems are the same. 

Latitudinal permafrost includes all the other types of permafrost (sporadic to continuous) 
including mountain permafrost. 

 
Probability Maps. 
 
 

 
 
 
Bonnaventure et al. (2012) introduced “probability of permafrost” maps, based on modeling 

some of the key factors.  The scale of 0.0-1.0 is calculated by superimposing the results of the 
models (plus their errors). 

 
 

Examples of errors in the data sets. 
Unfortunately, no allowance was made for cold air drainage and its effects, while the climatic data 

is for short periods (10-15 years) covering different periods of time. 
As a result, the reliability of the values is not as high as possible. 
 



 82

 
                                  
   A.  Tree-line elevation. B. Lapse rate 
 

Other problems. 
1. The variability in methods used to obtain ground temperatures and the duration of the 

measurements. 
2.  The fact that weather and climate are constantly fluctuating, and there is usually a longer-term 

trend of change often affecting a given place.  These changes vary from place to place.  
3.  The natural variation in the thermal properties of the surficial materials, including moisture 

content.  The latter is usually in a state of constant change. 
4 .  The effect of scale on what can be shown on the map.  
5.  A fundamental assumption in mapping is that there is a smooth, continual change between the 

data points in the study area.  In actual practice, there are many different controls of permafrost 
temperatures that vary in short distances as indicated by the mean annual thermal offset.  This is the 
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resulting product of a series of offsets at discontinuities between layers between the atmosphere and the 
underlying rock.  This is discussed below. 

 
Mean annual thermal offset. 

This explains a major part of the problem. Originally introduced by Kudryavtsev et al. (1994), this 
is the sum of the thermal offsets between the atmosphere and the underlying rocks.  Each layer has 
different thermal properties: 

 a. The tree offset at the top of the forest canopy. 
 b. The ground vegetation offset. 
 c. The snowpack offset. 
 d. the organic layer offset. 
 e. The A horizon offset. 
 f.  The mineral soil offset. 
In addition, there will be exposure and slope offsets involved.  These can vary enormously in short 

distances, depending on which layers are present during the averaged time period.  The time period 
represented must always be specified. 

 
 

               

              
The effect of the varied mean annual thermal offsets is to produce a poor correlation 

between mean annual air and ground temperatures, with the ground temperatures generally being 
higher than  the air temperatures.  Data from Canada and Scandinavia. 
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       Thermal offsets near Fairbanks in winter (Romanovsky et al., 2011). 
Note that these are continually changing throughout the seasons, so the annual average shows less total 
variabilty (c.1-3.7²C in this case) 

 

Local Variability in ground temperatures 
To make a map of permafrost distribution, it is necessary to assume that the field measurements 

are typical of a large surrounding area, and that there is a gradual change to the condition found in the 
next borehole.  Unfortunately this does not often occur in nature due to the local variations in the  factors 
controlling ground temperatures. 

 The surface of the permafrost table varies in very short distances in most environments 
throughout the areas of sporadic and discontinuous permafrost, as can be shown by closely spaced 
boreholes or geophysical traverses (ground or airborne) as is indicated in the following examples. 

 
Airborne electrical resistivity traverse at the junction of the Yukon and Porcupine Rivers, 

Alaska (Abraham, 2011). 
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Detail of variability in ground temperature around Twelvemile Lake, Alaska, based on an 

airborne resistivity survey (Abraham, 2011). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A - In well-drained gravels                                         B - In poorly drained loess. 
Additional evidence of abrupt local variability is provided by thermokarst pits where ice 

blocks, 3-4m in diameter and over 2m in thickness have melted out and the surface soil has 
collapsed into the cavity (examples from around Fairbanks, Alaska). 

 
 

Conclusions. 
1. Small-scale maps of large areas. 
 These inevitably cannot show much detail of the actual variability in the properties of permafrost, 
but are valuable as a general guide to its distribution and temperature.  Attributes such as moisture content 
and active layer thickness may be too variable over short distances to give the reader a proper idea of 
what is there. 
2. Medium-scale maps. 
 These have the same problems as small-scale maps. 
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3. Large-scale maps of small areas. 
 These can depict the local variability better, especially if geophysical methods are employed with 
ground temperature measurements as a control. On their own, the latter may miss underground drainage 
ways, unless the boreholes are closely spaced. 
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7I:<@G8;A M E:F<@G8;A.  

0>7< @S87E=< W;8SW<7<h8=I8, 
i:< 9<7jH8M>8 @:;A9:A;> g7PSH8-
W<S<g=<? G<;F> (@ W7<@9IF S=<F), 
IK<gI7APcI8 =E W7E:G<;F8 (;I@.1), 
<gA@7<M78=> W<:<9<F M<S<;<SE IK 
=8S;. C;<M8;9E V:<D< @F87<D< W;8SW<7<h8=IQ W<9EKE7E W;EM<F8;=<@:j =EnIf W<@:;<8=I? (;I@. 2).  

e<S<;<S QM7Q8:@Q @I7j=>F M<@@:E=<MI-
:878F I, W<S=IFEQ@j 9 W<M8;f=<@:I, gAS8: ;8E-
DI;<ME:j @ MF8cEPcIFI W<;<SEFI. C;<SA9-
:EFI V:If ;8E9HI? gASA: M<SE, 9I@7<:> I S;. 
78:AiI8, 9<:<;>8, ;8EDI;AQ @ 9E;g<=E:EFI, =8-
W;8F8==< M>K<MA: W<QM78=I8 WA@:<:. p78S@:-
MI8F V:<D< @:E=8: W<QM78=I8 S8W;8@@II M ;87j-
8G8 W<M8;f=<@:I. e @MQKI @ V:IF =EF W;In7<@j 
MM8@:I :8;FI=, =8@AcI? D8=8:Ii8@9I? @F>@7, – 
4(.8`&-9& ),0*4,*09 /0()&"#$%U.  

087<8 <g;EF78=I8 9<7jH8M<? @:;A9:A;> 
W;<@8SE=IQ IF88: S<@:E:<i=< :<=9AP @:;A9:A-
;A I =E G<=8 i8;=<K8FE M>D7QSI: M8@jFE VG-
G89:=<. %E9 W;8SW<7EDE8:@Q, <@M8:78=I8 i8;-
=<K8F<M @MQKE=< @ M<@@:E=<M78=I8F M<S<;<S<F 
DAFI=<M>f M8c8@:M. C;I V:<F W;<I@f<SI: <@-
M8:78=I8 DAFA@=<D< D<;IK<=:E. lEg<;E:<;=>? 

 
,H<.2. ,E`WKXP@PT ?;F;N;F;SEPNHH I@  
;` 7;F;?;E. ¢@L SE FW P;O>@SH 100 S.  

$ >@ F;V P;O>E RTK@ UN;RHP@ <>?@ HI@ 
1200Y12SS, H` >;P;N;V ;<W�E<P?KJK<J  

;PR;N UN;RT 

,H<. 1. !`. 7;F;?;E H ;`.  ;>N;E (<E?ENIEE), 
8;NH<;LKER<>HV N-I, $;N;IE <>@J ;RK.  #N@<I;V 

KHIHEV U;>@`@I UN;QHKX ?;F;N;F;SEPNHH.  
*KHI@ UN;QHKJ 4400 S 
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<W>: W<9EKE7 :A h8 :8=S8=HIP – W;<S<7hI:87j=<8 W;<WA@9E=I8 M<S<;<SE i8;8K <g;EKH> i8;=<K8-
FE W;IM87< 9 AM87Ii8=IP <:;EhE:87j=<? @W<@<g=<@:I <g;EKHE [3]. 

UES< KEF8:I:j, i:< M ;QS8 @7AiE8M FE9@IFAF M<S<;<SE W;If<SI:@Q =8 =E H8=:; @:;A9:A;>,  
E =E 8� W8;IG8;IP, i:< @MQKE=<, W< =En8FA F=8=IP, @ KE:;AS=8==<? SIGGAKI8? M<S<;<SE i8;8K 
<gM<S=8==AP W;<g9A, =Ef<SQcAP@Q M M8;f=8? iE@:I -("(0("(/0(-("# – 9E=E7E, W< 9<:<;<FA 
M<S<;<S W<S=IFE8:@Q IK =8S;. 

 

 
 

,H<. 3. ,@F@NI@J <�ES>@ (LIDAR) WO@<P>@ UNHRNE I;V N@?IHIT.  
¢P@P "E?ENI@J #@N;KHI@, "¢+. ,@`SEN <GEIT 16Y30>S. %<P;OIH>: cintos.org 

 
$E7j=8?n88 IKAi8=I8 9<@FIi8@9If @=IF9<M W<M8;f=<@:I d8F7I M>QMI7< =E7IiI8 

W<S<g=>f 9<7jH8M>f @:;A9:A; =E M@8f 9<=:I=8=:Ef. e =89<:<;>f @7AiEQf, =EW;IF8;, =E 
M<@:<i=<F W<g8;8hj8 (;I@. 3) I M H8=:;E7j=>f ;E?<=Ef puo, M ±oT, =E KEWES8 oM@:;E7II 
9<7jH8M>8 @:;A9:A;> W;<@8SE=IQ W;I<g;8:EP: V77IW:Ii8@9AP G<;FA. $7Q @<W<@:EM78=IQ 
<@<g8==<@:8? IKAi8==>f =EFI @:;A9:A; @ V77IW:Ii8@9IFI @:;A9:A;EFI @8M8;<EF8;I9E=@9<D< 
9<=:I=8=:E =EFI g>7I W;8SW;I=Q:> =8@9<7j9< W<78M>f V9@W8SIHI? M puo. T8KA7j:E:> W<78M<? 
M<S<;<S<F8:;II <:;Eh8=> =E ;I@. 4. 

 

 

,H<. 4. ¢P@P � I@J #@N;KHI@, "¢+. #;KXGE?@J <PNW>PWN@ UN;<EF@IHJ N@`SEN;S 
3200Y2500S H UN;QHKX ?;F;N;F;SEPNHH. 4N@LSEIP@NI;<PX <?J`@I@ < IE?;`S; I;<PX^ 

UN;?E<PH H`SENEIHJ H`-`@ ;R?;FIEII;<PH LNWIP;? HKH PNWFI;F;<PWUI;<PH. 
("IHS;> LIDAR < <@VP@ cintos.org) 
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!" #$%&$'($) *$+,-,./, 012 3&45 %&-67&6- )($.,%&#$ (+$8,, 500 &9%.), 45 (":9#";& 

Carolina Bays, 4 %6<,%&#6,& (,%7$8/7$ =,%>&7$# &,$-4?, $+@>%(>;<45 45 #$:(47($#,(4,, :"),&4), 

'&$ %-,=4 3&$A$ )($.,%&#" &,$-4? (,& (4 $=($? 3(=$A,(($?. B884*&4',%7"> C$-)" Carolina Bays 

$+6%8$#8,(", (" ("D #:A8>=, *-,4)6<,%&#,((9) ("*-"#8,(4,) %6+#,-&47"8/($? &-,<4($#"&$%&4 

*$-$= 7-4%&"884',%7$A$ C6(="),(&", 7$&$-9? :"8,A",& (" A86+4("5 $& 0 =$ 300). E:("'"8/($ 

4:$),&-4'("> (" A86+4(, %&-6> #$=$-$=" &-"(%C$-)4-6,&%> # #,-5(45 A$-4:$(&"5 :,)($? 7$-9 # 

3884*&4',%76; ("%8,=6> *-,4)6<,%&#,(($, ("*-"#8,(4, *-$(4F",)$%&4. G<, $=($? >-7$? 

$%$+,(($%&/; Carolina Bays >#8>,&%> ',&7$ #9-".,((9? #"8 *$ *,-4),&-6 =,*-,%%44 (-4%. 3 4 4). 

H$-)4-$#"(4, #"8" )9 %#>:9#",) % ("84'4,) # -":-,:, *$=%&48";<45 ),8$#95 $&8$.,(4? 

-":+65";<45 A8"67$(4&$#95 A84(. 

I :"78;',(4, -"%%)$&-4) %4&6"F4;, 7$A=" &,--4&$-4>, (" 7$&$-$? *-,=*$8$.4&,8/($ 

*-4%6&%&#6;& #$=$-$=$*-$#$=9, %7$#"(" #,'($? ),-:8$&$?. J-4 -,"7F4>5 #$=$-$=" % 74%8$-$=$) 

H2+[O]!H2O+Q *-$4%5$=4& $+-":$#"(4, (, &$8/7$ #$=9, ($ 4 #9=,8,(4, &,*8", (("#,-($, 

*$3&$)6 $:,-$ K$7-$, (-4%. 1) (47$A=" (, :"),-:",&). K$.($ *-,=*$8$.4&/, '&$ ,%84 *$= &$8<,? 

)($A$8,&(,),-:895 *$-$= *-$4%5$=4& $74%8,(4, #$=$-$=" 4 #9=,8,(4, &,*8", &$ (" *$#,-5($%&4 

(,*-,),(($ *$>#4&%> $:,-$ &"8$? #$=9 (-4%. 5). 

L-$), &$A$, C8;4= *$=(4)";<4?%> % +$8/D45 

A86+4( =$8.,( +9&/ &,*8,, #),<";<45 *$-$=, '&$ 

&$., +6=,& %*$%$+%&#$#"&/ &">(4; ),-:8$&9. I 

&"7$) %86'", *$= $-4,(&4-$#"((9)4 $:,-")4 

%8,=6,& $.4="&/ %6<,%&#$#"(4> %7#$:(95 &"847$#.  

M$-$D$ 4:#,%&($, '&$ (" &,--4&$-44 N($-

E(=4A4-%7$? (4:),(($%&4 *$)4)$ %$+%&#,(($ 

&,-)$7"-%&$#95 $:,- 4:$),&-4'($? C$-)9 D4-$7$ 

-"%*-$%&-"(,(9 $-4,(&4-$#"((9, $:,-". O84(("> 

$%/ 3&45 $:,- $-4,(&4-$#"(" (" 00I 4 $:,-" 

$+@,=4(>;&%> # «8,(&9» P0P *-$%&4-"(4>. K9 

*$8"A",), '&$ 3884*&4',%7"> C$-)" $:,- 

$+6%8$#8,(", 7"7 4 # =-6A45 -,A4$("5 (%). $*4%"(4, 

7 -4%.3 4 4) *-,4)6<,%&#,((9) ("*-"#8,(4,) 

&-,<4($#"&$%&4 *$-$= C6(="),(&", '&$ # %#$; $',-,=/, $+6%8$#8,($ +84:$%&/; &,--4&$-44 7 

-4C&$#$? %4%&,), )$-> Q"*&,#95.  

O,8$, #4=4)$, # &$), '&$ # :$("5 -4C&$A,(,:" -"%&>.,(4, 4=,& (, &$8/7$ *$*,-,7, ($ 4 

#=$8/ $%4 5-,+&". I $7,"("5 )$-C$8$A4',%74) #9-".,(4,) *-$=$8/($A$ -"%&>.,(4> >#8>;&%> 

&-"(%C$-)(9, -":8$)9, *$*,-,'(9, $%4 5-,+&" [1, 2, 5]. J-4),(4&,8/($ 7 N($-E(=4A4-%7$? 

(4:),(($%&4 )$.($ *-,=*$8$.4&/, '&$ «8,(&"» $:,- ("%8,=6,& ("*-"#8,(4, 5-,+&" R"77,8> 4 

("*-"#8,(4, %4%&,)9 -4C&$A,((95 A-"+,($# 7"?($:$?%7$A$ -4C&$A,(,:" (" D,8/C, )$-> 

Q"*&,#95, *-4 3&$) =84(("> $%/ $-4,(&4-$#"((95 $:,- $&#,'",& ("*-"#8,(4; &-"(%C$-)(95 

-":8$)$# ($%8"+8,((95 :$(), *$*,-,'(95 7 *-$%&4-"(4; 7$(&4(,(&"8/(95 -4C&$#.  

O8> *-$#,-74 ("D45 *-,=*$8$.,(4? (,$+5$=4)$ *-$#,%&4 #$=$-$=$),&-4; (" +,-,A"5 

(,%7$8/745 $:,- N($-E(=4A4-%7$? (4:),(($%&4, " &"7., A,$C4:4',%74, 4%%8,=$#"(4> =8> 

$*-,=,8,(4> -":),-$# *$=$:,-(95 &"847$#. 

 
!"#$%&#'%& 

1.  !"#$%, &. '. P,)8>: %$%&"#, %&-$,(4, 4 -":#4&4, ("8/&,-("&4#("> A8$+"8/("> 7$(F,*F4>). 

2#&$-,C. =4%%., R,$8$A4',%74? E(%&4&6& 2! 000S, 1991. 

2.  !"#$%, &.'. !"D" P,)8> (*-$4%5$.=,(4,, %$%&"#, %&-$,(4, 4 -":#4&4, 4:("'"8/($ A4=-4=-

($? P,)84). K$%7#", «2A"-», 2005  

3.  ()*"%+," '.-., .#+/$0+, (.1., 2+34%56"4 !.7., !"#$% '.&., !"#$% &.'. E:),(,(4, A6)6%-

($A$ %$%&$>(4> 4 %&-67&6-9 )47-$+($? +4$)"%%9 # ),%&"5 #$=$-$=($? 37%A"8>F44 // J$'#$#,=,-

(4,. 2013, T2. %%.1-11. 

 

("). 5. *%"$+#"%,-&++.$ ,/$%&  

0+,-1+2"3"%)4,5 +"/6$++,)#".  

(&/6$% )7$+. 1382446. (Google Earth) 
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4.  Q9-(0(,4%$ S.X. 47AgI==EQ S8DEKEHIQ d8F7I I D7<gE7j=>8 9E:E@:;<G>. – L. «48<I=-
G<;FH8=:;», 2002, - 250 @., I7. 61, :Eg7. 9. 

5.  Larin, V.N., ed. C.Warren Hunt. Hydridic Earth: the New Geology of Our Primordially Hydro-
gen-Rich Planet. Polar Publishing, Calgary, Alberta, Canada, 1993. 
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MAPPING OF SMALL GLACIATION FORMS  

OF THE LAGONAKI HIGHLAND 

A.V. Pogorelov, K.R. Golovan 
Kuban State University, Department of Geoinformatics, krgolovan@gmail.com 

 
eMISA <@M<8=IQ =IK9<- I @;8S=8D<;=>f ;E?<=<M M ;89;8EHI<==>f I @W<;:IM=>f H87Qf, IKA-

i8=I8 @=8h=I9<M I If M7IQ=IQ =E 9<FW<=8=:> W;I;<S=<? @;8S> I E=:;<W<D8==>8 <g�89:> W;8S-
@:EM7Q8:@Q M8@jFE E9:AE7j=>F. t<;<n< IKM8@:=<, i:< @=8h=I9I M8@jFE iA:9< ;8EDI;AP: =E 97I-
FE:Ii8@9I8 IKF8=8=IQ, If ;EKF8;> I iI@7< F<DA: @7AhI:j W<9EKE:87QFI @<@:<Q=IQ FE@@IM=<D< 
<78S8=8=IQ. sI@7< FE7>f G<;F AM87IiIME8:@Q W;I S8D;ESEHII <78S8=8=IQ KE @i8: <:i78=8=IQ I 
;E@WESE g<788 9;AW=>f 78S=I9<M. C;I W<f<7<SE=II 97IFE:E I E9:IMIKEHII <78S8=8=IQ iI@7< FE-
7>f G<;F AM87IiIME8:@Q KE @i8: <g;EK<ME=IQ =<M>f M@78S@:MI8 AM87Ii8=IQ I =E9<W78=IQ :M8;S>f 
E:F<@G8;=>f <@ES9<M [2]. UE7IiI8 FE7>f G<;F <78S8=8=IQ fE;E9:8;IKA8: D7QHI<7<DIi8@9AP E9-
:IM=<@:j :8;;I:<;II. 

q@=<M=<? H87jP SE==<? ;Eg<:> QM7Q8:@Q <H8=9E @<M;8F8==<D< @<@:<Q=IQ <78S8=8=IQ FE-
7>f G<;F I =IMEHI<==>f W;<H8@@<M =E lED<=E9@9<F =ED<;j8 (dEWES=>? %EM9EK). 

C<=Q:I8 «FE7>8 G<;F> <78S8=8=IQ» MW8;M>8 MM87 L. e. J;<=<M M 1954 D. [8]. C<S V:IF <= 
W<=IFE7 «FE7>8 78S=I9I», F=<D<78:=I8 @=8h=I9I @ 78SQ=>F QS;<F I @=8h=I9I-W8;878:9I. e@78S 
KE [2,3] <:=8@8F 9 FE7>F G<;FEF <78S8=8=IQ «FE7>8 78S=I9I», GI;=<M>8 78S=I9I I @=8h=I9I-
W8;878:9I. C<=Q:=<, i:< A@:E=EM7IME8F>8 ;EKF8;> FE7>f 78S=I9<M S<7h=> @<<:=<@I:j@Q @ FE@-
n:Eg<F F8@:=<D< <78S8=8=IQ. e D7QHI<7<DIi8@9<F @7<ME;8 [1] «FE7>? 78S=I9» <W;8S878= 9E9 
78S=I9 W7<cESjP 0,1 9F2 I F8=88, i:< MW<7=8 <:M8iE8: W;8S@:EM78=IQF < FE7>f G<;FEf <78S8=8-
=IQ W;IF8=I:87j=< 9 %EM9EKA. �I;=<M>8 78S=I9I – W8;8f<S=EQ G<;FE F8hSA @=8h=I9EFI I 78S-
=I9EFI. C< F8;8 AM87Ii8=IQ M;8F8=I @Ac8@:M<ME=IQ @=8h=I9E-W8;878:9E (g<788 7 78:) =E9EW7I-
ME8:@Q GI;=<MEQ :<7cE. e@8 g<7jn8 GI;=E W;8<g;EKA8:@Q M 78S, 78SQ=<8 QS;< =EiI=E8: SMIh8=I8. 
p=8h=I9 W;8M;EcE8:@Q M GI;=<M>? 78S=I9, @<@:<QcI? g<788 i8F =E 50% IK @=8DE I 7jSE [2]. 

p<M;8F8==>8 F8:<S> IKAi8=IQ 78S=I9<M I @=8h=I9<M 9Ei8@:M8==< <:7IiEP:@Q <: :;ESIHI-
<==>f [5]: I@W<7jK<ME=I8 SE==>f SI@:E=HI<==<D< K<=SI;<ME=IQ, M iE@:=<@:I SE==>f @WA:=I9<-
M>f I EV;<G<:<@�8F<9 M :;AS=<S<@:AW=>f D<;=>f <g7E@:Qf, KEF8:=< ;E@nI;Q8: @Ac8@:MAPcI8 
W<Sf<S> 9 =EK8F=<FA F<=I:<;I=DA D7QHI<7<DIi8@9If <g�89:<M. o 8@7I Ai8@:j, i:< <g�89:> IKA-
i8=IQ =Ef<SQ:@Q M :;AS=<S<@:AW=<? F8@:=<@:I, DS8 W;IF8=8=I8 =EK8F=>f F8:<S<M F<=I:<;I=DE 
:;AS<8F9< I =8;8S9< <WE@=<, :< I@W<7jK<ME=I8 F8:<S<M SI@:E=HI<==<D< K<=SI;<ME=IQ =8;8S9< 
W;8S@:EM7Q8:@Q =EI7AinIF ;8n8=I8F. JE9, M W;E9:I98 <WI@E=IQ W;<@:;E=@:M8==<? @:;A9:A;> W<-
7Q @=8h=<D< W<9;<ME ;<7j SI@:E=HI<==>f M>@<9<:<i=>f IKF8;8=I? W<@:<Q==< ;E@nI;Q8:@Q  [6,7]. 

lED<=E9@9<8 =ED<;j8 IF88: @;8S=PP M>@<:A <9<7< 2000 F,  W7<cESj – 1025 9F2  W;I S7I=8 
D;E=IH 163 9F [4]. C;E9:Ii8@9I M@Q :8;;I:<;IQ W7E:< ESFI=I@:;E:IM=< Mf<SI: M LE?9<W@9I? ;E?-
<= oS>D8I, =8g<7jnI8 AiE@:9I M @8M8;=<? iE@:I =ED<;jQ (M S<7I=8 ;89I %A;ShIW@) I M KEWES=<? 
(@97<=> D<;> L8@@<) — M oWn8;<=@9I? ;E?<= %;E@=<SE;@9<D< 9;EQ. J8;;I:<;IQ =ED<;jQ KE I@-
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97Pi8=I8F AiE@:9<M, ;E@W<7<h8==>f M oWn8;<=@9<F ;E?<=8, Mf<SI: M @<@:EM %EM9EK@9<D< gI<-
@G8;=<D< KEW<M8S=I9E. 

e SE==<? ;Eg<:8 W< FE:8;IE7EF SI@:E=HI<==<D< K<=SI;<ME=IQ ;8nE7E@j W;<g78FE S8nIG-
;I;<ME=IQ <78S8=8=IQ FE7>f G<;F I <g7E@:8?, W<SM8;h8==>f W;<H8@@EF =IMEHII. m@f<S=>8 
SE==>8 – @WA:=I9<M>8 @=IF9I I FE:8;IE7> M<KSAn=<D< 7EK8;=<D< @9E=I;<ME=IQ. J<i9I 7EK8;=<D< 
<:;Eh8=IQ (Jlq) I@W<7jK<ME7I@j S7Q M>S878=IQ D;E=IH I ;E@W<K=EME=IQ =8W<@;8S@:M8==< <g�89-
:<M <78S8=8=IQ I <g7E@:8?, W<SM8;h8==>f E9:IM=<? =IMEHII.  U8KEMI@IFEQ W;<M8;9E ;8KA7j:E:<M 
S8nIG;I;<ME=IQ W;<M<SI7E@j W< @WA:=I9<M>F @=IF9EF WorldView-1 ;EK;8n8=I8F 0,5 F;  9;<F8 
:<D<, @=IF9I I@W<7jK<ME=> 9E9 <@=<ME S7Q 9E;:> FE7>f G<;F <78S8=8=IQ =ED<;jQ. lEK8;=<8 @9E-
=I;<ME=I8 M>W<7=8=< qqq «oV;<:8f» (D. %;E@=<SE;) M EMDA@:8-@8=:Qg;8 2010 D. 
 

 
 

,H<. 1. 7NHSEN @?P;S@PH`HN;?@II;L; FE�HQNHN;?@IHJ <IE IH>@-UENEKEP>@ (<KE?@)  
H ;RK@<PH IH?@GHH (<UN@?@) I@ 2@L;I@><>;S I@L;NXE 

 

 
 

,H<. 2. #@NP@ S@KTY Q;NS ;KEFEIEIHJ 2@L;I@><>;L; I@L;NXJ (QN@LSEIP) 
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e W;<D;EFF=<F 9<FW789@8 ArcGIS (Esri) W< SE==>F Jlq @<KSE=> SM8 F<S87I S7Q EM:<FE:I-
KI;<ME==<D< M>S878=IQ @=8h=<-78S<M>f <g;EK<ME=I? I <g7E@:8?, W<SM8;h8==>f =IMEHII. 47EM-
=>F S8nIG;<M<i=>F W;IK=E9<F @7AhI: M>@<9EQ <:;EhEPcEQ @W<@<g=<@:j @=8DE I 7jSE, E :E9h8 
<g7E@:8? =IMEHII. $7Q 9EhS<? :<i9I 7EK8;=<D< <:;Eh8=IQ M<KSAn=>F @9E=8;<F GI9@I;A8:@Q WE-
;EF8:; I=:8=@IM=<@:I M SIEWEK<=8 <: 0 S< 255. 69@W8;IF8=:E7j=< A@:E=<M78=<, i:< K=Ei8=I8 I=-
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IK<g;Eh8=IQ), <S=E9< W<KM<7Q8: EM:<FE:IKI;<ME:j W;<H8@@ M>S878=IQ =E78S=<D< 7jSE.  
 

 

C<7Ai8==>8 ;8KA7j:E:> A9EK>MEP: =E SME MKEIF<@MQKE==>f WA:I <g=<M78=IQ @7<Q =E78S8? 
HIG;<M<? 48<9;I<7<DIi8@9<? 9E;:> T<@@II. p <S=<? @:<;<=>, I@W<7jK<ME=I8 E7D<;I:F<M 9<=:;<-

") 

,H<. 3. "N@?IEIHE ;OENP@IHV I@KEFEV, ?TFEKEIITY ? NE`WKXP@PE ?H`W@KXI;L;  
FE�HQNHN;?@IHJ (`EKEITV >;IPWN) < UK;�@FJSH I@KEFI;L; KXF@, ?TFEKEIITSH U;:   

E) Neural Network, g) Multichannel Segmentation, M) NeRIS. UE78S=EQ W<7Q=E =E ;. JAFE==EQ 

0 2 4 "# 

$) %) 
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7I;A8F<? 97E@@IGI9EHII SE@: M<KF<h=<@:j EM:<FE:IKI;<ME==<D< @<KSE=IQ :<i8i=<D< @7<Q =E78-
S8? W< H8=:;EF M>S87<M 97E@@IGI9EHII. UE78SI M V:<F @7AiE8 F<DA: g>:j <:<g;Eh8=> =E 9E;:8 
<SI=E9<M>FI M=8FE@n:Eg=>FI K=Ei9EFI I7I K=Ei9EFI, ;E=hI;<ME==>FI W< W7<cESI =E78S=<D< 
7jSE. C;I V:<F gAS8: S<@:<M8;=< <W;8S878=< I KE9E;:<D;EGI;<ME=< F8@:<W<7<h8=I8 =E78S8?,  
E :E9h8, W;I =8<gf<SIF<@:I, W<S@iI:E=< If @AFFE;=<8 9<7Ii8@:M< I <gcEQ W7<cESj =E78S=<D< 
7jSE (=E F<F8=: @�8F9I) =E :<? I7I I=<? :8;;I:<;II I7I M W;8S87Ef 9;I<7I:<K<=> M H87<F.   
p S;AD<? @:<;<=>, M<KF<h=< M8S8=I8 ;Eg<: W< MIKAE7j=<FA S8nIG;I;<ME=IP @ W<@:8W8==>F @<K-
SE=I8F W<7ID<=E7j=<D< @7<Q =E78S=>f W<7Q= I <H8=98 I@:I==<? W7<cESI =E78S8?.   

C<7Ai8==>8 SE==>8 W< =E78SQF W7E=I;A8:@Q I=:8D;I;<ME:j M 8SI=AP D8<I=G<;FEHI<==AP 
@I@:8FA, W<@:;<8==AP =E gEK8 48<9;I<7<DIi8@9<? 9E;:> I M97PiEPcAP, W<FIF< IF8Pc8D<@Q 88 
@<S8;hE=IQ, @<M;8F8==>8 SE==>8 SI@:E=HI<==<D< K<=SI;<ME=IQ, D8<7<DIi8@9I8, D8<9;I<7<DIi8-
@9I8 I S;ADI8 SE==>8, @<MF8@:=<8 I@W<7jK<ME=I8 9<:<;>f <:9;>ME8: =<M>8 M<KF<h=<@:I I@@78S<-
ME=IQ, <H8=9I I W;<D=<KE SI=EFI9I 9;I<7I:<K<=>. 
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1.  48<9;I<7<DIQ pppT. e<@:<i=EQ pIgI;j I $E7j=I? e<@:<9. L.: U8S;E, 1989. – 515 @. 
2.  4IS;<D8<7<DIQ pppT, :. XXVI. p8M8;<-e<@:<9 pppT. L., U8S;E, 1972, 297 @. 
3.  qg�Q@=I:87j=EQ KEWI@9E 9 48<9;I<7<DIi8@9<? 9E;:8 pppT FE@n:EgE 1:2 500 000, FI=I-

@:8;@:M< D8<7<DII pppT C4q «4IS;<@W8HD8<7<DIQ», L.: mKS-M< L4#, 1991 
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5.  O(.),%:%$ _.[. UE78SI I W<SK8F=>8 M<S> p8M8;<-e<@:<9E pppT. U<M<@IgI;@9, «UEA9E», 
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USING OF REMOTE SENSING DATA WHEN STUDYING AEOLIAN  
RELIEF HIGH LATITUDES 

O.S. Sizov, A.V. Abrosimov 
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6<7<M>? ;87j8G nI;<9< ;E@W;<@:;E=8= M @8M8;<-:E8h=<?, 78@<:A=S;<M<? I :A=S;<M<? K<-

=Ef @8M8;=<D< W<7AnE;IQ - W8@iE=>8 W<7Q M S<7I=8 ;. %<gA9 (puo), iE@:Ii=< KE9;8W78==>8 SP-
=> Mg7IKI <K. o:EgE@9E (%E=ESE), :A9A7E=> �9A:II, W8@iE=>8 ;EKSAM> QFE7j@9<? I g<7jn8K8F87j-
@9<? :A=S;, 9<:7<MI=> M>SAME=IQ M @;8S=8F I =Ih=8F :8i8=II ;. UES>F [3, 4]. $7Q IKAi8=IQ <@<-
g8==<@:8? @:;<8=IQ I SI=EFI9I W8@iE=>f <g;EK<ME=I? E9:IM=< W;IF8=QP:@Q SI@:E=HI<==>8 F8-
:<S>, =EiI=EQ @< M;8F8=I I@W<7jK<ME=IQ EV;<G<:<@�8F9I M H87Qf :<W<D;EGIi8@9<D<, D8<7<DIi8-
@9<D< I 7E=SnEG:=<D< 9E;:I;<ME=IQ [1, 2]. e 60-70-f DD. W;<n7<D< M89E W< ;8KA7j:E:EF F=<D<iI@-
78==>f W<78M>f <g@78S<ME=I? I E=E7I:Ii8@9<? <g;Eg<:9I G<:<@=IF9<M g>7I A@:E=<M78=> S8-
nIG;<M<i=>8 W;IK=E9I W8;8M8ME8F>f I iE@:Ii=< KE9;8W78==>f ;E@:I:87j=<@:jP W8@9<M, KE9E;-
:I;<ME=> M 9;AW=>f FE@n:EgEf G<;F> F8K<- I FI9;<;87j8GE - W8@iE=>8 f<7F>, D;QS>, 9<:7<MI-
=> M>SAME=IQ, @<@:EM78=> E:7E@> IK<g;Eh8=I? V:E7<==>f AiE@:9<M. $E7j=8?n88 ;EKMI:I8 SI@-
:E=HI<==>f I I=G<;FEHI<==>f :8f=<7<DI? W;IM87< 9 ;E@nI;8=IP MIS<M I@f<S=>f SE==>f. p;8-
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SI =EIg<788 S<@:AW=>f I I=G<;FE:IM=>f I@:<i=I9<M M>S87QP:@Q 9<@FIi8@9I8 @=IF9I nI;<9< 
IKM8@:=<? W;<D;EFF> Landsat, SE==>8 @<M;8F8==>f F=<D<K<=E7j=>f @�8F<i=>f @I@:8F @< @M8;f-
M>@<9IF W;<@:;E=@:M8==>F ;EK;8n8=I8F (GeoEye-1, WorldView-1,2, Pleades-1E,1M), E :E9h8 ;E@-
@89;8i8==>8 9<@FIi8@9I8 G<:<@=IF9I MIS<M<? ;EKM8S9I (M<8==>8 FI@@II CORONA, ARGON, 
LANYARD, 1960-1980 DD.). e>@<9I8 D8<F8:;Ii8@9I8 I Q;9<@:=>8 fE;E9:8;I@:I9I @=IF9<M =E;QSA 
@< K=EiI:87j=>F M;8F8==>F <fME:<F W<KM<7QP: K=EiI:87j=< ;E@nI;I:j 9;AD I@@78S<ME:87j@9If 
KESEi, ;8nE8F>f SI@:E=HI<==>FI F8:<SEFI. C;IF8=I:87j=< 9 M<W;<@EF IKAi8=IQ V<7<M<D< ;87j-
8GE @8M8;=>f nI;<: <=I D;AWWI;AP:@Q W< @78SAPcIF =EW;EM78=IQF: E=E7IK W;<@:;E=@:M8==<D< 
;E@W;8S878=IQ, E=E7IK F<;G<7<DIi8@9If <@<g8==<@:8?, E=E7IK SI=EFI9I W;<H8@@<M ;87j8G<<g;E-
K<ME=IQ. 

C< 9EhS<FA IK =EW;EM78=I? F<h=< =ED7QS=< W;8S@:EMI:j M<KF<h=>8 ;8KA7j:E:> S8nIG-
;I;<ME=IQ =E W;IF8;8 ;Eg<: W< IKAi8=IP W;<H8@@<M M8:;<M<? V;<KII M @;8S=8F :8i8=II ;.UES>F. 
J8;;I:<;IQ I@@78S<ME=I? W7<cESjP 17 500 9M.9F. M97PiE8: gE@@8?=> 9;AW=>f W;I:<9<M - JE=7<-
ME, t8?DIQfE, C;EM. I l8M. t8::E I <:7IiE8:@Q FE9@IFE7j=>F ;EKMI:I8F @<M;8F8==<D< V<7<M<D< 
;87j8GE W< @;EM=8=IP @ S;ADIFI ;8DI<=EFI @8M8;E dEWES=<? pIgI;I. 

1. M$#.%! /0(),0#$),-&$$(6( 0#)/0&"&.&$%U. e 9Ei8@:M8 I@f<S=>f SE==>f g>7I M>g;E=> 
@=IF9I Landsat-7, 9<:<;>8 M>D<S=< fE;E9:8;IKAP:@Q <gc8S<@:AW=<@:jP, nI;<9IF W;<@:;E=@:-
M8==>F <fME:<F, =Eg<;<F IK 8 @W89:;E7j=>f 9E=E7<M, W;<@:<:<? <g;Eg<:9I, E :E9h8 M<KF<h=<-
@:jP A7Ain8=IQ W;<@:;E=@:M8==<D< ;EK;8n8=IQ S< 15 F/WI9@. C<7=<8 W<9;>:I8 ;E?<=E ;Eg<: 
<g8@W8iI7I SM8 @H8=>, W<7Ai8==>8 @< @WA:=I9E 3 EMDA@:E 2001 D<SE. 

C8@iE=>8 W<M8;f=<@:I f<;<n< 9<=:;E@:I;AP: =E G<=8 :IWIi=>f :A=S;<M<-:E8h=>f 7E=S-
nEG:<M, W<V:<FA S7Q If M>S878=IQ I@W<7jK<ME7I@j EM:<FE:Ii8@9I8 F8:<S>. mK ;8KA7j:E:<M S8-
nIG;I;<ME=IQ g>7I I@97Pi8=> :8;;I:<;II =E@878==>f WA=9:<M, MEf:<M>f W<@879<M, W;I;A@7<-
M>8 <:F87I, W7QhI I AiE@:9I, W<;<@nI8 QD878F. LI=IFE7j=EQ W7<cESj S8nIG;I;A8F<D< <g�89:E 
g>7E <D;E=Ii8=E K=Ei8=I8F 0,225 DE. C< I:<DEF ;Eg<: ASE7<@j A@:E=<MI:j @78SAPc88:  

- <gcEQ W7<cESj ;EKM8ME8F>f W8@9<M @<@:EM7Q8: 235,06 9M.9F (1,34% M@8? :8;;I:<;II), IK 
=If 86,93% - V<7<M>8 W8@9I 8@:8@:M8==<D< W;<I@f<hS8=IQ; 

- W7<cESj =E;An8==>f W8@iE=>f AiE@:9<M, M<K=I9nIf M ;8KA7j:E:8 M<KS8?@:MIQ E=:;<W<-
D8==>f I W;I;<S=<-E=:;<W<D8==>f GE9:<;<M, @<@:EM7Q8: 30,72 9M.9F (13,07 %). e <@=<M=<F =E;A-
n8=IQ 7<9E7IK<ME=> Mg7IKI <g�89:<M I=G;E@:;A9:A;> S<g>iI I :;E=@W<;:I;<M9I =8G:I I DEKE, 
MS<7j EM:<F<gI7j=>f I h878K=>f S<;<D, W< W8;IG8;II =E@878==>f WA=9:<M; 

- @EF>? 9;AW=>? AiE@:<9 W;I;<S=<? S8G7QHII IF88: W7<cESj 37,21 9M.9F. q= ;E@W<7<h8= 
=E W;EM<F g8;8DA ;.UES>F M 94 9F 9 PD<-M<@:<9A <: D.UES>F I W;8S@:EM7Q8: @<g<? H8Wj @<F9=A-
:>f M ;8KA7j:E:8 M8:;<M<? V;<KII 9<:7<MI= M>SAME=IQ; 

- @AFFE;=EQ W7<cESj WQ:I =EIg<788 9;AW=>f S8G7QHI<==>f 9<:7<MI= (7,18-37,21 9M.9F) 
@<@:EM7Q8: 77,66 9M.9F (38% <: <gc8? W7<cESI <D<78==>f W8@9<M); 

- g<7jnEQ iE@:j @<M;8F8==<D< V<7<M<D< ;87j8GE (88,3%) 7<9E7IK<ME=E M M>@<:=>f W;8S87Ef 
<: 19 S< 65 F., W;I V:<F <@=<M=<? ;E?<= ;E@W;<@:;E=8=IQ - S;8=I;<ME==>8 :8;;E@> M @;8S=8F :8-
i8=II ;.UES>F. C7<cESj AiE@:9<M M>SAME=IQ @<@:EM7Q8: KS8@j 134,4 9M.9F (65,77% W7<cESI); 

- W<M@8F8@:=<8 ;EKMI:I8 V<7<M>f G<;F F<h=< <:F8:I:j M S<7I=Ef W;E9:Ii8@9I M@8f W;I:<-
9<M UES>FE – C;EM. I l8M. t8::E, JE=7<ME, 0<7. tAfA, t8?DIQfE. dS8@j W;8<g7ESEP: =8g<7jnI8, 
W7<cESjP S< 0,5-0,6 9M.9F, KEWESI=> I 9<:7<MI=> M>SAME=IQ, M>:Q=A:>8 H8W<i9<? MS<7j S<7I=. 
#F8=jn8=I8 ;EKF8;<M 9<:7<MI= @MQKE=< M <@=<M=<F @< @=Ih8=I8F @9<;<@:8? M8:;E I W<M>n8=I8F 
A;<M=Q D;A=:<M>f M<S; 

- =8g<7jnI8 AiE@:9I ;EKM8ME8F>f W8@9<M (10,27%) M>QM78=> =E M>@<9If M<S<;EKS87j=>f 
W;<@:;E=@:MEf F8hSA ;89EFI UES>F I CA;W8, E :E9h8 UES>F I l8MEQ t8::E. 4;E=IH> Eg@<7P:=>f 
M>@<: V<7<M>f <g;EK<ME=I? M<K;E@:EP: <: 66 S< 95,5 F., E W8;8WES> <:=<@I:87j=>f M>@<: F8=Q-
P:@Q <: 40 S< 65 F, i:< @<KSE8: g7ED<W;IQ:=>8 A@7<MIQ S7Q S;8=EhE I A@I78=IQ W<;>M<M M8:;E =E 
W<7<DIf =EM8:;8==>f @97<=Ef. 
2. M$#.%! 7(01(.(6%G&)4%: ()(Y&$$(),&2. UEIg<788 ;E@W;<@:;E=8==>FI G<;FEFI V<7<M<D< ;87j-
8GE M W;8S87Ef ;E@@FE:;IME8F<? :8;;I:<;II QM7QP:@Q S8G7QHI<==>8 9<:7<MI=> M>SAME=IQ, 9<-
:<;>8 KEiE@:AP E@@IF8:;Ii=< M>:Q=A:>. m@W<7jK<ME=I8 @=IF9<M @;8S=8D< ;EK;8n8=IQ Landsat-7 
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W<KM<7Q8: M>S87I:j <@=<M=>8 =EW;EM78=IQ, W< 9<:<;>F <;I8=:I;<ME=> 9<:7<MI=>,  
I @<W<@:EMI:j ;8KA7j:E:> @ SE==>FI F8:8<=Eg7PS8=I? KE =EW;EM78=IQFI I @9<;<@:jP M8:;E. JE9, 
M f<S8 ;Eg<: g>7< M>QM78=< 2508 AiE@:9<M ;EKM8ME8F>f W8@9<M, S7Q 9<:<;>f @;8S@:MEFI 4mp g>-
7I W<@:;<8=> <@8M>8 7I=II FE9@IFE7j=<? S7I=> I <W;8S878=> If =EW;EM78=IQ. 0<7jnEQ iE@:j 
9<:7<MI= <;I8=:I;<ME=E M =EW;EM78=II pe-±d (31,54%) I pd-±e (35,93%). $7Q W<@:;<8=IQ ;<K> 
M8:;<M I@W<7jK<ME7I@j I@f<S=>8 SE==>8 @;<i=>f (8 ;EK M @A:9I) =Eg7PS8=I? F8:8<@:E=HII UE-
S>F @ 1966 W< 2010 DD. 0>7< A@:E=<M78=<, i:< FE9@IFE7j=>FI @9<;<@:QFI M8:;E M g8@@=8h=>? W8-
;I<S fE;E9:8;IKAP:@Q IP=j I <9:Qg;j (;I@. 1E, 1g). %;<F8 :<D<, g>7E W<@:;<8=E ;<KE M8:;<M KE 
M8@j g8@@=8h=>? W8;I<S (@ FEQ W< <9:Qg;j) S7Q M8:;<M, @;8S=QQ @9<;<@:j 9<:<;>f W;8M>nE8: 5 F/@ 
(;I@. 1M). p<W<@:EM78=I8 ;8KA7j:E:<M W<9EK>ME8:, i:< M8SAcAP ;<7j =E @<M;8F8==<F V:EW8 G<;-
FI;<ME=IQ 9<:7<MI= ID;EP: M8:;> @8M8;<-KEWES=>f I @8M8;=>f ;AFg<M. C;I V:<F @I7E M8:;E S<@-
:E:<i=E :<7j9< S7Q W8;8=<@E W8@iE=<D< FE:8;IE7E M W;8S87Ef AiE@:9<M, 7In8==>f ;E@:I:87j=<@:I. 
C<V:<FA F<h=< W;8SW<7<hI:j, i:< G<;FE 9<:7<MI= =<@I: A=E@78S<ME==>? fE;E9:8;, :.8. <;I8=:I-
;<M9E pd-±e <g;EK<ME7E@j M g<788 KE@An7IM>? W8;I<S @ S<FI=I;<ME=I8F @8M8;<-KEWES=>f M8:-
;<M. q;I8=:I;<M9E 9<:7<MI= pe-±d M g<7jn8? @:8W8=j <W;8S87Q8:@Q ;87j8G<F :8;;I:<;II (G<;-
F<? @97<=<M) I @<<:M8:@:MA8: =EW;EM78=IP S<7I= 9;AW=>f ;89, =E :8;;E@Ef 9<:<;>f ;EKMIME8:@Q 
S8G7QHIQ.  

E)   g)   M)  
 

,H<. 1. )<NEFIEIITE N;`T ?EPN;? SEPE;<P@IGHH /@FTS, F@IITE 1966-2010 LL: 
E) IP=j, g) <9:Qg;j, M) FE?-<9:Qg;j, @9<;<@:j g<788 5 F/@ 

 
m@W<7jK<ME=I8 @=IF9<M M>@<9<D< ;EK;8n8=IQ (=EW;IF8;, WorldView-2 – ;I@. 2) W<KM<7Q8: 

IKAiI:j <@<g8==<@:I FI9;<;87j8GE 9;AW=>f 9<:7<MI= M>SAME=IQ. UE W;IF8;8 9<:7<MI=> Mg7IKI 
A@:jQ ;.t8?DIQfE (;I@. 2E) f<;<n< MIS=<, i:< g<7jnAP iE@:j W<M8;f=<@:I KE=IFEP: W;<:Qh8==>8 
W8@iE=>8 D;QS>, @f<S=>8 W< @M<8FA @:;<8=IP @ 97E@@Ii8@9IFI SP=EFI. e f<S8 W<78M>f ;Eg<: 
g>7< A@:E=<M78=<, i:< M>@<:E SP= @<@:EM7Q8: 2-2,5 F. q;I8=:I;<M9E SP= W<9EK>ME8:, i:< If G<;-
FI;<ME=I8 W;<I@f<SI: W<S M<KS8?@:MI8F @8M8;=>f I @8M8;<-KEWES=>f M8:;<M. e>@<:E I W;<:Q-
h8==<@:j D;QS FE9@IFE7j=E M Ph=<? I FI=IFE7j=E M @8M8;=<? iE@:I 9<:7<MI=>. $P=> SMIhA:@Q 
W< W<M8;f=<@:I, @7<h8==<? W7<:=>F E77PMI8F I <@7<h=8==<? W<7ID<=E7j=<? @8:jP S;8M=If F<-
;<K<g<?=>f :;8cI=, 9<:<;>8 ;EK7IiIF> =E @=IF98 W;I AM87Ii8=II. JE9h8 f<;<n< KEF8:=<, i:< 
=E9<W78=I8 V<7<M>f =E=<@<M W;<I@f<SI: W< @8M8;=<?, M<@:<i=<? I Ph=<? <9;EI=EF, i:< M H87<F 
@<<:M8:@:MA8: ;<K8 M8:;<M (;I@. 1). L<h=< @S87E:j M>M<S < :<F, i:< W8;8F8c8=I8 W8@9E W;<I@f<-
SI: M :8i8=I8 M@8D< g8@@=8h=<D< W8;I<SE, =< D7EM=AP ;87j8G<<g;EKAPcAP ;<7j ID;EP: @I7j=>8 
M8:;> @8M8;<-KEWES=<D< =EW;EM78=IQ. q:i8:7IM< ;EK7IiIF> =E @=IF98 @78S> E=:;<W<D8==<D< M<K-
S8?@:MIQ: W8@iE=>? 9E;j8; M Ph=<? iE@:I I W7<cES9E M<S<KEg<;E M @8M8;=<?. tE;E9:8; W<M8;f=<-
@:I M:<;<? F<S87j=<? 9<:7<MI=>, ;E@W<7<h8==<? Mg7IKI A@:jQ ;.o=A=S<7ME I ASE78==<? =E 80 9F 
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I @ I@W<7jK<ME=I8F 97E@@IGI9EHI? M EM:<FE:Ii8@9<F ;8hIF8 (F8:<S g<788 g>@:;>?, =< W7<cESI 
M>S878==>f <g�89:<M KEMI@Q: <: M87IiI=> M>g;E==<D< W<;<DE). C;<M8@:I g>@:;AP 9Ei8@:M8==AP 
<H8=9A W;<IK<n8SnIf IKF8=8=I? W<KM<7Q8: F8:<S @<KSE=IQ HM8:<M>f 9<FW<KIHI? RGB IK ;EK=<-
M;8F8==>f IK<g;Eh8=I? (;I@. 1).  

 

 a  b  B 

4 *#,#( LANDSAT 4 TM, 

03.08.1988 

4 *#,#( LANDSAT 7 ETM, 

21.07.2000 

RGB: R – L 7 (4 *), G,B – L 4 (4*) 

 
,H<. 1. ";`F@IHE G?EP;?TY >;SU;`HGHV RGB H` N@`I;?NESEIITY H`;RN@ EIHV  

(>N@<ITV G?EP – ?T<;Y�HE > 2000 L. ;`EN@,  
L;KWR;V G?EP – WO@<P>H < U;?T�EIHES W?K@ IEIHJ) 

 
 

 
 

,H<. 2. $@N@IFEV<>HV N@V;I. 9?EP;?@J >;SU;`HGHJ RGB.  
R – 3 >@I@K ALOS AVNIR 2 (12.07.2007), G H B – 3 >@I@K LANDSAT 4 TM (03.08.1988). 

�IG;EFI @< @:;879EFI A9EKE=> W7<cESI IKF8=IMnIf@Q <g�89:<M g8;8D<M<? K<=> (@I=I? HM8: – 
AiE@:9I ;EKF>ME, 9;E@=>? – AiE@:9I =E;E@:E=IQ g8;8DE, ;EKM8ME8F>8 W8@9I, @<<;Ah8=IQ).  
1 – 10 =<F8;E :8;F<9E;@:<M>f <K8;, M 9<:<;>f W;<IK<n7I IKF8=8=IQ: 1 – M>@<fn88 <K8;<  

(fE@>;8Q), 2 – <K8;< @ AM87IiIMn8?@Q D7AgI=<?, 3, 4 – <gF878MnI8 <K8;E,  
5 – <K8;< @ KE:<W78==>FI g8;8DEFI, 6 – 10 – KED;QK=8==>8 <K8;E 
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C;<E=E7IKI;<MEM @M<I ;8KA7j:E:> I ;Eg<:> S;ADIf I@@78S<ME:878?, EM:<;> W;I@<8SI=QP:-
@Q 9 F=8=IP e.m. %;EMH<M<? I J.e. JE;E@8=9< [7], i:< ;E@@FE:;IME:j IKF8=8=IQ :8;F<9E;@:<M>f 
<K8; M 9Ei8@:M8 I=SI9E:<;E @<@:<Q=IQ 9;I<7I:<K<=> @78SA8: @ g<7jn<? <@:<;<h=<@:jP, AiI:>MEQ 
;EK7Ii=>8 GE9:<;>, M7IQPcI8 =E IKF8=8=IQ W7<cES8? <K8;. 

mKAi8=IP IKF8=8=I? g8;8D<M<? 7I=II F<;8? M 9;I<7I:<K<=8 :E9h8 AS87Q8:@Q g<7jn<8 
M=IFE=I8. UEW;IF8;, M ;Eg<:8 [5], W;<M8S8=< <g@:<Q:87j=<8 I@@78S<ME=I8 SI=EFI9I g8;8D<M>f 
W;<H8@@<M  ;E?<=E lQf<M@9If <@:;<M<M =E <@=<M8 S8nIG;I;<ME=IQ EV;<9<@FIi8@9If @=IF9<M @ 
Ai8:<F D8<7<D<-:89:<=Ii8@9If I 97IFE:Ii8@9If SE==>f. # EM:<;<M :E9h8 IF88:@Q <W>: IKAi8=IQ 
IKF8=8=I? g8;8D<M<? 7I=II E;9:Ii8@9If F<;8? [6,9,10]. C< ;EK=<M;8F8==>F %p M>QM7QP:@Q AiE-
@:9I ;EKF>ME I =E;E@:E=IQ g8;8D<M, M>iI@7Q8:@Q If W7<cESj, @9<;<@:j <:@:AWE=IQ, <H8=IME8:@Q 
@<S8;hE=I8 MKM8n8==>f M8c8@:M. C;I V:<F AiI:>MEP:@Q D8<F<;G<7<DIi8@9I8 I D8<7<DIi8@9I8 
fE;E9:8;I@:I9I g8;8D<M<? K<=>, <@<g8==<@:I G<;FI;<ME=IQ MS<7jg8;8D<M<D< W<:<9E =E=<@<M, =E-
W;EM78=I8 :8i8=I?,  W;I7IM=<-<:7IM=>8 QM78=IQ.  

UE ;I@A=98 2 W;8S@:EM78=> ;8KA7j:E:> IKAi8=IQ IKF8=8=I? g8;8D<M<? 7I=II I :8;F<9E;-
@:<M>f <K8; M eE;E=S8?@9<F ;E?<=8, W<7Ai8==>8 F8:<S<F @<KSE=IQ HM8:<M>f 9<FW<KIHI? RGB IK 
;EK=<M;8F8==>f IK<g;Eh8=I?. 

e KE97Pi8=I8 @78SA8: <:F8:I:j, i:< I@W<7jK<ME=I8 %p F<h8: <9EKE:j @Ac8@:M8==AP W<-
F<cj W;I IKAi8=II SI=EFI9I :8;F<9E;@:<M>f <K8; I g8;8D<M<? 7I=II F<;8? M 9;I<7I:<K<=8. 
q@<g>8 W8;@W89:IM> @MQK>MEP:@Q @ I@W<7jK<ME=I8F %p @M8;fM>@<9<D< ;EK;8n8=IQ (<: 0,5 F) I 
;ESI<7<9EHI<==>f SE==>f, W<KM<7QPcIf W;<M<SI:j =Eg7PS8=IQ M <g7Ei=AP W<D<SA, fE;E9:8;-
=AP S7Q 9;I<7I:<K<=>, E :E9h8 IKF8;8=IQ W;<@ES<9 K8F=<? W<M8;f=<@:I M87IiI=<?, @<@:EM7QP-
c8? W8;M>8 @E=:IF8:;>. $7Q W<7Ai8=IQ g<788 <g�89:IM=>f ;8KA7j:E:<M =8<gf<SIF< W;<M8S8=I8 
9<FW789@=>f I@@78S<ME=I?, M97PiEPcIf =EK8F=AP W;<M8;9A S8nIG;I;<ME=IQ, @ W;IM78i8=I8F 
@W8HIE7I@:<M M <g7E@:I D8<9;I<7<DII, D8<g<:E=I9I I S;. 

8K@L;F@NI;<PH 
oM:<;> g7ED<SE;=> @<:;AS=I9EF �W<=@9<D< %<@FIi8@9<D< oD8=@:ME (JAXA) KE W;8S<@:EM-

78=I8 9<@FIi8@9If @=IF9<M ALOS AVNIR M ;EF9Ef F8hSA=E;<S=<D< W;<89:E (JAXA PI 200) [9]. 
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qS=IF IK F8:<S<M, W<KM<7QPcIf <@Ac8@:M7Q:j IKAi8=I8 IKF8=8=I? W7<cESI :8;F<9E;@:<-

M>f <K8;, QM7Q8:@Q E=E7IK 9<@FIi8@9If @=IF9<M. e@8 @<M;8F8==>8 I@@78S<ME=IQ W< IKAi8=IP IK-
F8=8=I? W7<cESI <K8; M>W<7=8=> W< 9<@FIi8@9IF @=IF9EF, W;8IFAc8@:M8==< @< @WA:=I9E Land-
sat [1, 2, 3, 4].  

%<@FIi8@9I8 @=IF9I @< @WA:=I9E Landsat IF8P: ;QS W;8IFAc8@:M W< @;EM=8=IP @ S;ADIFI 
9<@FIi8@9IFI @=IF9EFI. % <@=<M=>F W;8IFAc8@:MEF V:If @=IF9<M @78SA8: <:=8@:I: =E7IiI8 M 
@M<g<S=<F S<@:AW8 @=IF9<M <: =EiE7E 1970-f D<S<M, M>@<9AP ;8DA7Q;=<@:j @�8F9I, =E7IiI8 9E=E-
7<M M g7Ih=8? I=G;E9;E@=<? K<=8, g<7jn<? <fME: :8;;I:<;II. qS=E9<, =8@F<:;Q =E QM=>8 W;8-
IFAc8@:ME :E9If @=IF9<M, @Ac8@:MA8: ;QS <D;E=Ii8=I?, 9<:<;>8 =8<gf<SIF< AiI:>ME:j W;I If 
I@W<7jK<ME=II. % <S=<FA IK D7EM=>f <D;E=Ii8=I? @78SA8: <:=8@:I W;<@:;E=@:M8==<8 ;EK;8n8=I8 
@=IF9<M. TEK;8n8=I8 @=IF9<M, W<7Ai8==>f @9E=I;APcIFI @I@:8FEFI TM I ETM+, 9<:<;>8 ;E-
g<:EP: @ 1982 D<SE, @<@:EM7Q8: 30 F, E @=IF9<M, W<7Ai8==>f @9E=I;APc8? @I@:8F<? MSS, GA=9-
HI<=I;<MEMn8? M 1970-8 D<S> – 80 F. JE9<8 ;EK;8n8=I8 =8 W<KM<7Q8: W;<E=E7IKI;<ME:j IKF8=8=IQ 
W7<cESI FE7>f :8;F<9E;@:<M>f <K8;, <@<g8==< W;I E=E7IK8 F=<D<78:=If IKF8=8=I?, 9<DSE W;I-
f<SI:@Q @;EM=IME:j @=IF9I ;EK=<D< W;<@:;E=@:M8==<D< ;EK;8n8=IQ.  

p H87jP M>QM78=IQ K=Ei8=I? W7<cESI <K8;, =EIg<788 W<7=< I :<i=< M>S87Q8F>f =E @=IF-
9Ef @< @WA:=I9E Landsat, =E W;IF8;8 :;8f V:E7<==>f AiE@:9<M g>7I <H8=8=> W<7=<:E S8nIG;I;<-
ME=IQ :8;F<9E;@:<M>f <K8; I W<D;8n=<@:j <W;8S878=IQ W7<cESI <K8;. e W;<H8@@8 I@@78S<ME=IQ 
W;<M<SI7<@j @;EM=8=I8 ;8KA7j:E:<M M>S878=IQ <K8; F8:<S<F EM:<FE:IKI;<ME==<D< S8nIG;I;<ME-
=IQ g8K <gAi8=IQ (97E@:8;IKEHII ISODATA M W;<D;EFF=<F WE98:8 Scanex IMAGE Processor) 
g7Ih=8D< I=G;E9;E@=<D< 9E=E7E @=IF9<M @< @WA:=I9E Landsat @ ;8KA7j:E:EFI S8nIG;I;<ME=IQ 
@=IF9<M @M8;fM>@<9<D< ;EK;8n8=IQ (@< @WA:=I9<M WorldView-1, IRS-P5 (Cartosat) I SPOT-5). 
p;EM=IME8F>8 @=IF9I g>7I W<7Ai8=> M <SI= S8=j I7I @ ;EK=IH8? M =8@9<7j9< S=8?. eMISA <:@A:-
@:MIQ WE; @=IF9<M @< @WA:=I9E Landsat @ ;EK;8n8=I8F 80 F I @=IF9<M @M8;fM>@<9<D< ;EK;8n8=IQ 
=E <S=A I :A h8 SE:A, @=IF<9 @< @WA:=I9E Landsat @ ;EK;8n8=I8F 30 F g>7 W;IM8S8= 9 ;EK;8n8=IP 
80 F. 6:< W<KM<7I7< @ <W;8S878==<? S<78? A@7<M=<@:I ;E@@F<:;8:j =ES8h=<@:j M>S878=IQ <K8; =E 
@=IF9Ef, W<7Ai8==>f @I@:8F<? MSS.  
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V(.$(,# "&y%10%0(-#$%U (!&0 fE;E9:8;IKA8: <:@A:@:MI8 W;<WA@9<M, <=E g>7E <W;8S878=E 
9E9 <:=<n8=I8 9<7Ii8@:ME <K8;, S8nIG;I;A8F>f =E @=IF9Ef Landsat 9 9<7Ii8@:MA <K8;, S8nIG;I-
;A8F>f =E @=IF98 @M8;fM>@<9<D< ;EK;8n8=IQ. JE9EQ M87IiI=E g>7E W<7Ai8=E S7Q <:S87j=>f 
D;AWW <K8; ;EK=<? W7<cESI, i:< W<KM<7I7< M>S87I:j W7<cESI <K8;, =EIg<788 W<7=< <:<g;EhE8-
F>f =E @=IF9Ef Landsat. #@:E=<M78=<, i:< W<7=<:E S8nIG;I;<ME=IQ <K8; ;EK=>f V:E7<==>f AiE-
@:9<M KE9<=<F8;=< AM87IiIME8:@Q W< F8;8 AM87Ii8=IQ W7<cESI <K8;. $7Q @=IF9E @< @WA:=I9E 
Landsat @ ;EK;8n8=I8F 30 F @ W<7=<:<? S8nIG;I;<ME=IQ g<788 90% M>S87QP:@Q <K8;E W7<cESjP 
g<788 0,5 DE, E S7Q @=IF9E @< @WA:=I9E Landsat @ ;EK;8n8=I8F 80 F – 5 DE. C<7Ai8==>8 K=Ei8=IQ 
W<9EK>MEP:, i:< S7Q 9<;;89:=<D< @;EM=8=IQ @=IF9<M ;EK=<D< W;<@:;E=@:M8==<D< ;EK;8n8=IQ =8-
<gf<SIF< I@97PiE:j IK ;E@@F<:;8=IQ <K8;E, <:<g;EKIMnI8@Q =E @=IF98 g<788 M>@<9<D< ;EK;8n8-
=IQ, =< =8 <:<g;EKIMnI8@Q =E @=IF98 g<788 =IK9<D< ;EK;8n8=IQ.  

C;I IKAi8=II SI=EFI9I W7<cESI :8;F<9E;@:<M>f <K8; <i8=j MEh=< K=E:j :<i=<@:j <W;8-
S878=IQ V:<? W7<cESI, W<V:<FA M I@@78S<ME=II g>7E M>iI@78=E /(60&y$(),8 (/0&"&.&$%U /.(-
+#"% (!&0. $7Q AS<g@:ME E=E7IKE S7Q 9EhS<? WE;> IK<g;Eh8=I? <K8; g>7E <W;8S878=E <:=<@I-
:87j=EQ W<D;8n=<@:j, M>;Eh8==EQ M W;<H8=:Ef: 

)%(100
%),

%),i

M

Ma  
!" , DS8 

° – <:=<@I:87j=EQ W<D;8n=<@:j <W;8S878=IQ W7<cESI <K8;, ai – W7<cESj <K8;E, M>iI@78=-
=EQ W< @=IF9A Landsat, A%), – I@:I==<8 K=Ei8=I8 W7<cESI <K8;E, M>iI@78==<8 W< @=IF9A @M8;fM>-
@<9<D< ;EK;8n8=IQ. 

p H87jP S8:E7IKEHII K=Ei8=I? W<D;8n=<@:I S7Q <:S87j=>f D;AWW <K8;, @D;AWWI;<ME==>f 
W< W7<cESI, g>7E <W;8S878=E @;8S=QQ 9MES;E:Ii8@9EQ W<D;8n=<@:j # : 

n

n

i
%
!

"

&! 1

2

# , DS8 

° – <:=<@I:87j=EQ W<D;8n=<@:j <W;8S878=IQ W7<cESI 9EhS<D< <K8;E, n – 9<7Ii8@:M< <K8; M 
D;AWW8, W< 9<:<;<FA g>7E <W;8S878=E @;8S=QQ 9MES;E:Ii8@9EQ W<D;8n=<@:j. 

e ;8KA7j:E:8 g>7< A@:E=<M78=< W<@:8W8==<8 AF8=jn8=I8 W<D;8n=<@:I @ AM87Ii8=I8F W7<-
cESI <K8;. C<D;8n=<@:I F8=88 10% fE;E9:8;=> 7Inj S7Q <K8; W7<cESjP g<788 10 DE =E @=IF98 @ 
;EK;8n8=I8F 30 F I S7Q <K8; W7<cESjP g<788 40 DE =E @=IF98 @ ;EK;8n8=I8F 80 F, E F8=88 5%  – 
S7Q <K8; W7<cESjP g<788 30 DE I 50 DE @<<:M8:@:M8==<. C<FIF< K=Ei8=I? @;8S=89MES;E:Ii8@9<? 
W<D;8n=<@:I g>7< A@:E=<M78=<, i:< W;I IKF8;8=II W7<cESI <K8; W< @=IF9EF Landsat F>, D7EM-
=>F <g;EK<F, W;8AF8=jnE8F W7<cESI <K8; <:=<@I:87j=< If S8?@:MI:87j=<D< ;EKF8;E.  

JE9IF <g;EK<F, @;EM=8=I8 <@=<M=>f FE:8;IE7<M S7Q IKAi8=IQ SI=EFI9I :8;F<9E;@:<M>f 
<K8; – @=IF9<M @< @WA:=I9E Landsat – @< @=IF9EFI @M8;fM>@<9<D< ;EK;8n8=IQ W<9EKE7<, i:< If 
I@W<7jK<ME=I8 S7Q 9<7Ii8@:M8==>f <H8=<9 :;8gA8: ;QSE <D;E=Ii8=I?: I@97Pi8=I8 IK ;E@@F<:;8-
=IQ FE7>f <K8; I Ai8: W<D;8n=<@:I <W;8S878=IQ W7<cESI <K8;. qS=E9< I@97Pi8=I8 IK E=E7IKE 
<K8; @ g<7jnIFI M87IiI=EFI W<D;8n=<@:I =8 W<KM<7I: W;<E=E7IKI;<ME:j If SI=EFI9A. C<V:<FA 
S7Q AS<g@:ME E=E7IKE IKF8=8=I? W7<cESI :8;F<9E;@:<M>f <K8; W< 9<@FIi8@9IF @=IF9EF ;89<-
F8=SA8:@Q @<@:EM7Q:j @f8F> SI=EFI9I V:If <K8; S7Q WE;> ;EK=<M;8F8==>f @=IF9<M, i:< W<KM<7I: 
MIKAE7j=< KEGI9@I;<ME:j IKF8=8=IQ. qS=E9< <D;E=IiIME:j@Q 7Inj MIKAE7j=>F E=E7IK<F =8S<@:E-
:<i=<, =8<gf<SIF> 9<7Ii8@:M8==>8 <H8=9I.  

%E9 IKM8@:=< W;I IKAi8=II IKF8=8=I? :8;F<9E;@:<M>f <K8; W< 9<@FIi8@9IF @=IF9EF @< 
@WA:=I9E Landsat M<KF<h=> SME ME;IE=:E I@W<7jKA8F>f FE:8;IE7<M, 9<DSE @;EM=IMEP: ;EK=<M;8-
F8==>8 @=IF9I <SI=E9<M<D< ;EK;8n8=IQ I @=IF9I ;EK=<D< ;EK;8n8=IQ. C<V:<FA S<W<7=I:87j=< 
g>7I <W;8S878=> @;8S=89MES;E:Ii8@9I8 <:97<=8=IQ W7<cES8? <K8;, W<7Ai8==>f W< @=IF9EF @< 
@WA:=I9E Landsat <SI=E9<M<D< ;EK;8n8=IQ KE g7IK9I8 SE:>, I W< @=IF9EF ;EK=<D< ;EK;8n8=IQ, W<-
7Ai8==>F M <SI= S8=j. L8:<SI9E <W;8S878=IQ @;8S=89MES;E:Ii8@9If <:97<=8=I? W7<cESI <K8; 
S7Q <g<If ME;IE=:<M g>7E E=E7<DIi=E :<?, 9<:<;EQ I@W<7jK<ME7E@j W;I <H8=98 @;8S=89MES;E:Ii8-
@9<? W<D;8n=<@:I W< @=IF9EF Landsat, @ :<? 7Inj ;EK=IH8?, i:< M 9Ei8@:M8 V:E7<==<D< IK<g;Eh8-
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=IQ MF8@:< @=IF9<M @M8;fM>@<9<D< ;EK;8n8=IQ g>7I I@W<7jK<ME=> @=IF9I @< @WA:=I9E Landsat  @ 
;EK;8n8=I8F 30 F.  

d=Ei8=IQ @;8S=89MES;E:Ii8@9If <:97<=8=I? W7<cESI <K8; M KEMI@IF<@:I <: If M87IiI=>  
<:;Eh8=> M D;EGI9Ef (;I@. 1, 2).  

 

 
 

,H<. 1. "NEFIE>?@FN@PHOE<>HE ;P>K;IEIHJ UK;�@FEV ;`EN N@`I;L; N@`SEN@,  
U;KWOEIITY U; <IHS>@S <; <UWPIH>@ Landsat ;FHI@>;?;L; N@`NE�EIHJ `@ RKH`>HE F@PT 

 

 
 

,H<. 2. "NEFIE>?@FN@PHOE<>HE ;P>K;IEIHJ UK;�@FEV ;`EN N@`I;L; N@`SEN@,  
U;KWOEIITY U; ;FI;?NESEIITS <IHS>@S <; <UWPIH>@ Landsat N@`I;L; N@`NE�EIHJ  
 
4;EGI9I S8F<=@:;I;AP: AF8=jn8=I8 @;8S=89MES;E:Ii8@9If <:97<=8=I? @ AM87Ii8=I8F 

W7<cESI <K8;, W<V:<FA W;I 9<7Ii8@:M8==<? <H8=98 S7Q 9EhS<? D;AWW> <K8; ;EK=<D< ;EKF8;E =8-
<gf<SIF< AiI:>ME:j @M<8 K=Ei8=I8 @;8S=89MES;E:Ii8@9<D< <:97<=8=IQ. C;I 9<7Ii8@:M8==<? 
<H8=98 =8<gf<SIF< AiI:>ME:j IKF8=8=IQ <:S87j=>f <K8;, W< M87IiI=8 W;8M>nEPcI8 W<D;8n-
=<@:j IKF8;8=I?, I=Ei8 M<K=I9E8: <WE@=<@:j W;I=Q:j KE IKF8=8=I8 @;8S=89MES;E:Ii8@9<8 <:97<-
=8=I8.  

e ;8KA7j:E:8 I@@78S<ME=IQ: 

' A@:E=<M78=E KEMI@IF<@:j W<7=<:> S8nIG;I;<ME=IQ I <:=<@I:87j=<? W<D;8n=<@:I <W-
;8S878=IQ W7<cESI <K8; <: If ;EKF8;<M. s8F g<7jn8 W7<cESj <K8;, :8F M>n8 W<9EKE:87I =ES8h-
=<@:I.  

' A@:E=<M78=< W;8AF8=jn8=I8 W7<cESI <K8;, IKF8;8==<? W< @=IF9EF @< @WA:=I9E Land-
sat, <:=<@I:87j=< If S8?@:MI:87j=<D< ;EKF8;E 

' A@:E=<M78=<, i:< A @=IF9<M @< @WA:=I9E Landsat @ ;EK;8n8=I8F 30 F 7Inj S7Q <K8; 
W7<cESjP g<788 0,5 L@, E A @=IF9<M @< @WA:=I9E Landsat @ ;EK;8n8=I8F 80 F 7Inj S7Q <K8; g<788 
5 L@ W<7=<:E S8nIG;I;<ME=IQ S<@:E:<i=E I W;8M>nE8: 90%. 
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' A@:E=<M78=> g<7jnI8 M87IiI=> W<D;8n=<@:I <W;8S878=IQ W7<cESI <K8; W< @=IF9EF 
Landsat <:=<@I:87j=< @=IF9<M @M8;fM>@<9<D< ;EK;8n8=IQ. qW;8S878=I8 :<i=>f K=Ei8=I? IKF8=8-
=I? W7<cESI <K8; @ W<D;8n=<@:jP F8=88 10% M<KF<h=< 7Inj S7Q 9;AW=>f <K8; W7<cESjP g<788 
10 L@ S7Q @=IF9<M @< @WA:=I9E Landsat @ ;EK;8n8=I8F 30 F I g<788 40 L@ S7Q @=IF9<M @< @WA:=I9E 
Landsat @ ;EK;8n8=I8F 80 F.   

' A@:E=<M78=<, i:< 9<7Ii8@:M8==EQ <H8=9E IKF8=8=IQ W7<cESI <K8; W< 9<@FIi8@9IF 
@=IF9EF @< @WA:=I9E Landsat M<KF<h=E, <S=E9< <=E S<7h=E <g8@W8iIME:j @<W<@:EMIFAP W<7=<:A 
S8nIG;I;<ME=IQ <K8; =E @;EM=IME8F>f @=IF9Ef WA:8F MM8S8=IQ W<;<D<M>f K=Ei8=I? I AiI:>ME:j 
K=Ei8=IQ @;8S=89MES;E:Ii8@9If <:97<=8=I? <W;8S878=IQ V:If IKF8=8=I?. 
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mKAi8=I8F SI=EFI9I W7<cESI :8;F<9E;@:<M>f <K8; W< EV;<9<@FIi8@9IF @=IF9EF KE=IFE-

P:@Q F=<DI8 I@@78S<ME:87I. 0<7jnEQ iE@:j V:If I@@78S<ME=I? <H8=IME8: IKF8=8=IQ :8;F<9E;@:<-
M>f <K8; @ :<i9I K;8=IQ ;8E9HII 9;I<7I:<K<=> =E D7<gE7j=<8 W<:8W78=I8 97IFE:E [2,5,6]. JE9h8 
AS87Q8:@Q M=IFE=I8 :E9IF GE9:<;EF, 9E9 E:F<@G8;=>8 <@ES9I I V;<KI<==EQ S8Q:87j=<@:j ;89 
[3,4]. qS=E9< M7IQ=I8 :89:<=Ii8@9If W;<H8@@<M =E IKF8=8=I8 W7<cESI :8;F<9E;@:<M>f <K8; <@:E-
8:@Q =8IKAi8==>F. lInj 8SI=Ii=>8 I@@78S<ME=IQ A9EK>MEP: =E IKF8=8=IQ <K8; M W;8S87Ef W<7<-
hI:87j=>f I <:;IHE:87j=>f @:;A9:A; [1].  

�87j W;8S@:EM78==<D< I@@78S<ME=IQ – =E <@=<M8 EV;<9<@FIi8@9If @=IF9<M W;<M8@:I E=E7IK 
@MQKI IKF8=8=I?  W7<cESI :8;F<9E;@:<M>f <K8; W;IF<;@9<? iE@:I �=<-m=SIDI;@9<? =IKF8==<-
@:I @ =8<:89:<=I9<?. UE :8;;I:<;II, <D;E=Ii8==<? M<@:<i=>F W<g8;8hj8F F<;Q lEW:8M>f =E KE-
WES8, I t;<F@9<? DAg<? =E M<@:<98, M>S878=> W<7<hI:87j=>8 I <:;IHE:87j=>8 F<;G<@:;A9:A;>, 
<:=<@IF>8 9 ;Ag8hA W78?@:<H8=E I D<7<H8=E. e KEMI@IF<@:I <: :8=S8=HI? @<M;8F8==<D< ;EKMI:IQ, 
<=I W<S;EKS87Q7I@j =E A=E@78S<ME==>8 I <g;Ec8==>8 F<;G<@:;A9:A;>. UE W8;M<F V:EW8 @;EM=I-
ME7E@j SI=EFI9E <K8; M W;8S87Ef W<7<hI:87j=<? F<;G<@:;A9:A;> A=E@78S<ME==<D< ;EKMI:IQ I 
<:;IHE:87j=<? @:;A9:A;>, F8=QPc8? M =E@:<Qc88 M;8FQ =EW;EM78==<@:j M8;:I9E7j=>f SMIh8=I?. 
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m@@78S<ME=I8 g>7< W;<M8S8=< =E V:E7<==<F AiE@:98, <fME:>MEPc8F W<7A<@:;<M uI;<9<@:E= I 
;E@W<7<h8==AP 9 PDA <: =8D< E7E@=AP ;EM=I=A (;I@. 1).  

 

 
 

,H<. 1. ,@<U;K; EIHE £P@K;II;L; WO@<P>@ 
 
J8;;I:<;IQ V:E7<==<D< AiE@:9E, W7<cESj 9<:<;<D< @<@:EM7Q8: <9<7< 2000 9F2, <:=<@I:@Q  

9 K<=8 @W7<n=<D< ;E@W;<@:;E=8=IQ F=<D<78:=8F8;K7>f W<;<S I W;8S@:EM7Q8: @<g<? ;EM=I=A, @7<-
h8==AP M>@<9<7jSI@:>FI <:7<h8=IQFI. 45% :8;;I:<;II KE=Q:< :8;F<9E;@:<M>F ;87j8G<F, 
W;8S@:EM78==>F E7E@EFI I  <K8;EFI, 42% – W<M8;f=<@:jP 78S<M<D< 9<FW789@E I 13% - S<7I=EFI 
;89. qgcEQ W7<cESj <K8; M =E@:<Qc88 M;8FQ @<@:EM7Q8: 153 9F2, IK =If =E <K8;E M  S<7I=Ef W;If<-
SI:@Q 20 9F2.   

UE :8;;I:<;II AiE@:9E g>7I M>S878=> <g7E@:I :89:<=Ii8@9If W<S=Q:I? (W-<M uI;<9<-
@:E=) I <g7E@:I :89:<=Ii8@9If <WA@9E=I? (E7E@=>8 ;EM=I=> 9 PDA I M<@:<9A <: W<7A<@:;<ME)  
(;I@. 1g). C8;M>8 @<@:EM7QP: 55% W7<cESI, M:<;>8 - 45%. qg7E@:I :89:<=Ii8@9If W<S=Q:I?  
W;8S@:EM78=> M <@=<M=<F <@:E=HEFI 78S<M<D< 9<FW789@E I iE@:Ii=< :8;F<9E;@:<M>FI 9<:7<MI-
=EFI (E7E@EFI), E <g7E@:I :89:<=Ii8@9If <WA@9E=I? –  @7IMnIFI@Q F8hSA @<g<? E7E@EFI @ ;8S9I-
FI <@:E=HEFI 78S<M<D< 9<FW789@E - E7E@=>8 ;EM=I=>.  

0<7jnEQ iE@:j <K8; (62% <: If <gc8D< 9<7Ii8@:ME) ;E@W<7<h8=E M W;8S87Ef E7E@=>f ;EM-
=I= (<:;IHE:87j=>f F<;G<@:;A9:A;), DS8 M@:;8iE8:@Q =EIg<7jn88 9<7Ii8@:M< 9;AW=>f <K8; (W7<-
cESjP g<788 10 DE). L8=jnEQ iE@:j  <K8;  (38% <: If <gc8D< 9<7Ii8@:ME) ;E@W<7<h8=E M W;8S87Ef 
W<7<hI:87j=>f F<;G<@:;A9:A;, g<7jnEQ iE@:j IK 9<:<;>f – FE7>8.  

p H87jP M>QM78=IQ fE;E9:8;E SI=EFI9I W7<cESI <K8; g>7I W;<E=E7IKI;<ME=> @8K<==>8  
I F=<D<78:=I8 If IKF8=8=IQ. 

$7Q IKAi8=IQ @8K<==>f IKF8=8=I? I@W<7jK<ME7I@j 9<@FIi8@9I8 @=IF9I Landsat M :8i8=I8 
78:=8D< W8;I<SE 2011 D<SE: KE 18 IP=Q, 4 IP7Q I 5 EMDA@:E, W< 9<:<;>F A@:E=<M78=< W<@:8W8==<8 
AF8=jn8=I8 W7<cESI <K8; <: IP=Q 9 EMDA@:A. p<9;Ec8=I8 W7<cESI <K8; M W;8S87Ef M@8D< V:E7<=-
=<D< AiE@:9E @ IP=Q W< EMDA@: @<@:EMI7< 41%, W;I V:<F =EIg<7jnI8 IKF8=8=IQ =Eg7PSEP:@Q W< 
S<7I=EF ;89 I M <g7E@:Qf :89:<=Ii8@9If <WA@9E=I?, =EIF8=jnI8 – M W;8S87Ef 78S<M<D< 9<FW789@E 
I M <g7E@:Qf :89:<=Ii8@9If W<S=Q:I?. #M87Ii8=I8 M<S=<@:I <K8; I ;89 M =EiE78 78:E <gA@7<M78=< 
:EQ=I8F 7jSE =E M<S<8FEf I @=8h=<D< W<9;<ME =E <9;AhEPcIf :8;;I:<;IQf, i:< W;IM<SI: 9 W<-
M>n8=IP A;<M=Q M<S> M =If I iE@:< @<W;<M<hSE8:@Q M>f<S<F M<S IK KE=IFE8F>f IFI ;A@87  
I 9<:7<MI=. e< IKg8hE=I8 W;I=Q:IQ @8K<==>f IKF8=8=I? KE F=<D<78:=I8 <W:IFE7j=>F QM7Q8:@Q 
I@W<7jK<ME=I8 @=IF9<M KE g7IK9I8 SE:>, W<7Ai8==>8 M 9<=H8 78:=8D< – =EiE78 <@8==8D< W8;I<SE 
(EMDA@: – @8=:Qg;j).  

L=<D<78:=I8 IKF8=8=IQ g>7I W;<E=E7IKI;<ME=> W< FE:8;IE7EF 1951 D. I 2009 D. m@W<7j-
K<ME7I@j EV;<G<:<@=IF9I KE 9 IP7Q 1951 D. I 9<@FIi8@9I? @=IF<9 @< @WA:=I9E Landsat-5 KE  
22 IP7Q 2009 D. $7Q ;Eg<:> @< @=IF9EFI I@W<7jK<ME7@Q W;<D;EFF=>? WE98: Scanex Image Proces-
sor 3.6.9. C< 9<@FIi8@9<FA @=IF9A @< @WA:=I9E Landsat @ W<F<cjP 97E@@IGI9EHII Isodata g>7< 
W;<M8S8=< EM:<FE:IKI;<ME==<8 M>S878=I8 <K8;, E <HIG;<ME==>8 EV;<G<:<@=IF9I :;E=@G<;FI;<-
ME=> M W;<89HIP I @I@:8FA 9<<;SI=E: 9<@FIi8@9<D< @=IF9E. C<@9<7j9A =E EV;<G<:<@=IF9Ef <K8-
;E IF8P: @EFAP ;EK=<<g;EK=AP Q;9<@:j I EM:<FE:IKI;<ME==<8 If S8nIG;I;<ME=I8 =8M<KF<h=<, 
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IKAi8=I8 IKF8=8=I? W;<M<SI7<@j WA:8F =E7<h8=IQ ;8KA7j:E:<M EM:<FE:IKI;<ME==<D< M>S878=IQ 
<K8; W< 9<@F<@=IF9A Landsat =E EV;<G<:<@=IF9I I MIKAE7j=<D< @;EM=8=IQ ;8KA7j:E:<M. e>QM78=-
=>8 :E9IF <g;EK<F IKF8=8=IQ g>7I W;<M8;8=> I KEGI9@I;<ME=> W< @<M;8F8==>F 9<@FIi8@9IF 
@=IF9EF g<788 M>@<9<D< W;<@:;E=@:M8==<D< ;EK;8n8=IQ.  

e ;8KA7j:E:8 =E :8;;I:<;II V:E7<==<D< AiE@:9E g>7< A@:E=<M78=< IKF8=8=I8 W7<cES8? 110 
<K8;. UEg7PSEP:@Q ;EK=<=EW;EM78==>8 IKF8=8=IQ <K8; @ <gcIF W;8<g7ESE=I8F AF8=jn8=IQ If 
W7<cESI 9E9 W< 9<7Ii8@:MA <K8;: A 72 <K8; W7<cESj AF8=jnI7E@j, A 38 <K8; - AM87IiI7E@j, :E9 I 
W< W7<cESI IKF8=8=IQ: AF8=jn8=I8 W7<cESI <K8; @<@:EMI7< 1323 DE, E AM87Ii8=I8 – 882 DE. 

#@:E=<M78=<, i:< M <g7E@:Qf :89:<=Ii8@9If <WA@9E=I? =Eg7PSE8:@Q D7EM=>F <g;EK<F W;<-
H8@@ AM87Ii8=IQ W7<cESI <K8;, E M <g7E@:Qf :89:<=Ii8@9If W<S=Q:I? – W;<H8@@ AF8=jn8=IQ If 
W7<cESI. 

e W;8S87Ef W<7<hI:87j=<? F<;G<@:;A9:A;> W-<ME uI;<9<@:E= (:8;;I:<;II ;E@W;<@:;E=8-
=IQ 78S<M<D< 9<FW789@E) @Ac8@:M8==>f IKF8=8=I? W7<cES8? <K8; =8 KEGI9@I;<ME=<. UEg7PSE8:-
@Q 7Inj @<9;Ec8=I8 W7<cESI 3-f <K8;. qS=< IK =If g>7< @WAc8=< ;89<? I W;8S@:EM7Q8: @<g<? 
W;IF8; ;EKMI:IQ KE:AfEPc8D< :8;F<9E;@:E, E SME S;ADIf, ;E@W<7EDEMnI8@Q M W;Ig;8h=<? K<=8, 
W<S S8?@:MI8F :8;F<Eg;EKII I :8;F<V;<KII @WAc8=> M F<;8 lEW:8M>f. 

e W;8S87Ef E7E@=>f ;EM=I= ;E@W<7<h8=< =EIg<7jn88 9<7Ii8@:M< <K8;, IKF8=IMnIf @M<I 
W7<cESI. dS8@j =Eg7PSE8:@Q ;EK=<=EW;EM78==EQ If SI=EFI9E: W7<cESI <S=If <K8; AF8=jnI7I@j, 
E S;ADIf AM87IiI7I@j. C;I V:<F W;<H8@@ AM87Ii8=IQ W;8<g7ESE8: W< W7<cESI IKF8=8=IQ =ES 
AF8=jn8=I8F, =8@F<:;Q =E gó7jn88 9<7Ii8@:M< <K8;, AF8=jnIMnIf @M<I W7<cESI (:E9, AF8=jn8-
=I8 W7<cESI 47 <K8;  @<@:EMI7< KE 60 78: 751 DE, E AM87Ii8=I8 W7<cESI 34 <K8; – 837 DE). e 9Ei8-
@:M8 <@=<M=<? W;IiI=> AF8=jn8=IQ W7<cESI <K8; M E7E@Ef, @78SA8: W;IK=E:j )/*)4 (!&0 -("(,(-
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$7Q :8;;I:<;II @M<?@:M8==E K=EiI:87j=EQ =8<S=<;<S=<@:j I=h8=8;=<-D8<7<DIi8@9If, 
DIS;<D8<7<DIi8@9If I D8<9;I<7<DIi8@9If A@7<MI?, <gA@7<MIMnIf MF8@:8 @ <@<g8==<@:QFI 
97IFE:E I ;87j8GE F=<D<<g;EKI8 I ;EK7Ii=AP I=:8=@IM=<@:j W;<QM78=IQ V9K<D8==>f 
D8<7<DIi8@9If W;<H8@@<M (64C). �<=<M<? <@<g8==<@:jP :8;;I:<;II QM7Q8:@Q @W7<n=<8 I 
W;8;>MI@:<8 ;E@W;<@:;E=8=I8 F=<D<78:=8F8;K7>f W<;<S, @ =E7IiI8F 9<:<;>f @MQKE=E 
@W8HIGIi8@9EQ D;AWWE 64C - 9;I<D8==EQ.   
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I=h8=8;=<-D8<9;I<7<DIi8@9<? (F8;K7<:=<?) @�8F9I. 
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64C W;I=Q:E F8:<SI9E r.U. q@W8==I9<ME [1]. $E==EQ F8:<SI9E IKAi8=IQ 64C g>7E ;EK;Eg<:E=E I 
W;IF8=8=E S7Q o7SE=<-JIFW:<=@9<D< F8hSA;8ijQ M ;8KA7j:E:8 F=<D<78:=If I@@78S<ME=I?, 
W;<M8S8==>f @<:;AS=I9EFI 9EG8S;> F8;K7<:<M8S8=IQ (=>=8 D8<9;I<7<DII) L4# [2]. ±h=<-
�9A:@9I? ;8DI<= KE=IFE8: H8=:;E7j=AP iE@:j ;E@@FE:;IME8F<D< :;E=@W<;:=<D< 9<;IS<;E, i:< 
QM7Q8:@Q MEh=>F <g@:<Q:87j@:M<F, <W;8S87QPcIF  F8:<SI9A ;8DI<=E7j=<D< 9E;:I;<ME=IQ 64C.  

e <@=<MA ;E?<=I;<ME=IQ V9K<D8==>f D8<7<DIi8@9If W;<H8@@<M W<7<h8= D8<7<D<-
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F<;G<@:;A9:A;=<D< E=E7IKE @ Ai8:<F <@<g8==<@:8? D8<F<;G<7<DIi8@9<D< @:;<8=IQ <:S87j=>f 
:8;;I:<;I? M W<7<@8 :;E=@W<;:=<D< <@M<8=IQ M>S878=> <g7E@:I I ;E?<=> @ MW<7=8 <W;8S878==>F 
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JE9 9E9 S7Q 9EhS<D< :IWE F<;G<@:;A9:A; @M<?@:M8==> MW<7=8 <W;8S878==>8 A@7<MIQ 
G<;FI;<ME=IQ 64C, i:< W<KM<7I7< @<@:EMI:j @f8FA @<W<SiI=8==>f 8SI=IH ;E?<=I;<ME=IQ.  
e f<S8 F879<FE@n:Eg=<D< 9E;:I;<ME=IQ (FE@n:Eg 1:500000) M>S878=< 5 <@=<M=>f F<;G<-
@:;A9:A;=>f 8SI=IH (<g7E@:8?): l8=<-o7SE=@9EQ, o7SE=<-JIFW:<=@9EQ, sA7jFE=@9EQ, p:E=<MEQ, 
C;IEFA;@9EQ =IK9<- I @;8S=8D<;=EQ (;I@. 2).  
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M>S87Q:j W<S;E?<=> I g<788 S8:E7j=>8 :E9@<=<FIi8@9I8 8SI=IH>, =EW;IF8;, @<<:M8:@:MAPcI8 
<:S87j=>F V78F8=:EF ;87j8GE.  

C;8S7<h8==EQ @f8FE W<Si8;9IME8: D8<7<D<-D8=8:Ii8@9AP @Ac=<@:j ;E?<=I;<ME=IQ 64C, 
9E9 @<@:EM=AP iE@:j I=h8=8;=<-D8<9;I<7<DIi8@9<D< ;E?<=I;<ME=IQ, W<:<FA i:< M <@=<MA 
M>S878=IQ <@=<M=>f :E9@<=<FIi8@9If 8SI=IH W<7<h8= W;I=HIW <gc=<@:I If D8<7<DIi8@9<D< 
;EKMI:IQ, <@<g8==<  M =<M8?nAP VW<fA. C;8S@:EM78==EQ @f8FE ;E?<=I;<ME=IQ V9K<D8==>f 
D8<7<DIi8@9If W;<H8@@<M :;E=@W<;:=<D< 9<;IS<;E «l8=E - oFA;» F<h8: @7AhI:j <@=<M<? S7Q 
<H8=9I D8<V9<7<DIi8@9<D< ;I@9E W;I ;8E7IKEHII F8DEW;<89:<M =E SE==<? :8;;I:<;II. 
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EXPERIENCE IN DRAFTING REVIEW GEOCRYOLOGCAL- 

GEOMORPHOLOGICAL MAP WITH LARGE-SCALE  INSERTIONS  
ON THE TRACK "AMUR" FEDERAL ROAD CHITA-KHABAROVSK 
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9;>:I8 S<;<DI, E M 2010 D. – E@GE7j:<M<8. $<;<DE IF88: W;<:Qh8==<@:j 2165 9F I W8;8@89E8: @ KE-
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W;<@:>FI I=h8=8;=<-D8<9;I<7<DIi8@9IFI A@7<MIQFI. p7<h=<@:j A@7<MI? M <@=<M=<F <W;8S87Q-
8:@Q =E7IiI8F I 7jSI@:<@:jP F=<D<78:=8F8;K7>f W<;<S, If W;<@ES<i=<@:jP W;I <::EIME=II, E 
:E9h8 WAiI=I@:<@:jP W;I W;<F8;KE=II @8K<==<-:E7>f I @8K<==<-F8;K7>f D;A=:<M, ;EKMI:I8F 
9;I<D8==>f W;<H8@@<M I QM78=I?. C;I @:;<I:87j@:M8 I V9@W7AE:EHII S<;<DI W;<I@f<SQ: @Ac8@:-
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V9@W7AE:EHII =8<gf<SIF>: @M<8M;8F8==<8 M>QM78=I8 KE9<=<F8;=<@:8? ;EKMI:IQ F8;K7<:=>f A@-
7<MI? =E :;E@@8, @I@:8FE:Ii8@9I? 9<=:;<7j If SI=EFI9I I 9;I<D8==<D< M<KS8?@:MIQ =E V78F8=:> 
S<;<DI, <@Ac8@:M78=I8 KEcI:=>f F8;<W;IQ:I?. UEIg<788 VGG89:IM=< V:< M<KF<h=< M ;EF9Ef @I@-
:8F> I=h8=8;=<-D8<9;I<7<DIi8@9<D< F<=I:<;I=DE EM:<S<;<DI «oFA;» (pm4Lo «oFA;») - W<@:<-
Q==<D< 9<=:;<7Q, <H8=9I, W;<D=<KE I AW;EM78=IQ I=h8=8;=<-D8<9;I<7<DIi8@9IFI W;<H8@@EFI =E 
:;E@@8 S<;<DI [2]. 
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W;<@:;E=8=IQ M8i=<? F8;K7<:>, K<=E =8@W7<n=<D< ;E@W;<@:;E=8=IQ M8i=<? F8;K7<:> @ <@:;<MEFI 
:E7I9<M, K<=E <@:;<M=<D< ;E@W;<@:;E=8=IQ M8i=<? F8;K7<:>, K<=E ;8S9<<@:;<M=<D< ;E@W;<@:;E=8-
=IQ M8i=<? F8;K7<:>, K<=E D7Ag<9<D< @8K<==<D< W;<F8;KE=IQ D;A=:<M. e@8 M>S878==>8 D8<F<;G<-
7<DIi8@9I8 <g7E@:I I F8;K7<:=>8 K<=> <fE;E9:8;IK<ME=> 16 9;AW=<FE@n:Eg=>FI M;8K9EFI, ;E@-
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2HPEN@PWN@ 

 

1. V("6(0$#U O. . qH8=9E @<@:<Q=IQ D8<7<DIi8@9<? @;8S> S7Q @:;<I:87j@:ME D<;=<-
F8:E77A;DIi8@9If 9<FW789@<M M tEgE;<M@9<F 9;E8 // 69K<D8==>8 W;<H8@@> M D8<7<DIi8@9<? @;8S8. 
qH8=9E W;I;<S=>f <WE@=<@:8?. – m;9A:@9–p<@=<M8H: I=@:I:A: K8F=<? 9<;> p< TE=, pI78K@9I? 
A=IM8;@I:8:, �E9A7j:8: =EA9 < K8F78, 2008. – p. 54-65.  

 
 
 



 171

! $!: !�/!"-_d 7,!(/!:%,!$+/%_ +$+,%&/0d "%-)+9%&  
/+  +(%"-,+25/!  -,)8!7,!$!*. " 7,% ././%.  (%" 

2... -@N<>@J, 7.$. .QNES;?, (.7. "PNWO>;?@, -.+. #@UHP;I;?@ 
 $),%,*, 1%!%4(-,&:$%G&)4%: /0(Y.&7 Q&-&0# Q_ 5M[, lina.tarskaya@mail.ru 

 
ON POSSIBILITIES OF EMERGENCY PREDICTION  

ON THE MAIN PIPELINE USING GIS 

L.E. Tarskaya, P.V. Efremov, G.P. Struchkova, -.+. Kapitonova 
Institute of Physical Technical Problems of the North SB RAS, lina.tarskaya@mail.ru 
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  ;E@:I:87j=<@:I; 

  @8?@FIi8@9If M<KS8?@:MI?; 

  :8FW8;E:A;=<D< W<7Q, G<;FI;APc8D<@Q M<9;AD :;Ag<W;<M<SE. 
e@8 W8;8iI@78==>8 <g�89:>, M97PiEQ 9E;:<D;EGIi8@9AP <@=<MA, V78F8=:> :;Ag<W;<M<S-
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@7<M78=> M=8n=IFI 97IFE:Ii8@9IFI A@7<MIQFI I M7IQ=I8F  <g�89:<M =8G:8W;<M<SE =E :8FW8;E-
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@7<h8=I8F W<9<FW<=8=:=>f gE77<M. e 9;AW=<FE@n:Eg=>f I@@78S<ME=IQf H878@<<g;EK=< I@W<7j-
K<ME:j F=<D<GE9:<;=>? 9<;;87QHI<==>? E=E7IK <H8=<i=>f 9;I:8;I8M, 9<:<;>?, M<-W8;M>f, W<-
KM<7Q8: <H8=IME:j K=EiIF<@:j :<D< I7I I=<D< GE9:<;E I, M<-M:<;>f, W;Ig7IhE8: 9Ei8@:M8==AP 
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7Ig< W;<@:< @97ES>MEP:, 7Ig< M>M<SQ: @;8S=88 E;IGF8:Ii8@9<8 (;8h8 – @;8S=88 D8<F8:;Ii8@9<8), 
7Ig< I@W<7jKAP: ;E@i8:=<-@:E:I@:Ii8@9I8 F8:<S>. $<@:<I=@:M< gE77<M – M<KF<h=<@:j iI@78==<-
D< @<W<@:EM78=IQ 9<7Ii8@:M8==>f I 9Ei8@:M8==>f fE;E9:8;I@:I9. U8S<@:E:<9 – @Ag�89:IMIKF W;I 
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;>f "%E;:E F8;K7<:=<-gI<:Ii8@9<D< @<@:<Q=IQ"  @<W<@:EM7Q8:@Q @ "%E;:<? E=:;<W<D8==<? =ED;AK-
9I" WA:8F =E7<h8=IQ @<<:M8:@:MAPcIf :8FE:Ii8@9If @7<8M. $7Q 9;I<7I:<K<=> =EIg<788 @Ac8@:-
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<;Ah8=I? I S<g>iI W<78K=>f I@9<WE8F>f – W;<97ES9E 7I=8?=>f 9<FFA=I9EHI?, @<<;Ah8=I8 9A@-
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@:;EM7IME8F<@:j <78=jIf WE@:gIc M@78S@:MI8 W8;8M>WE@E, E :E9h8 M>;Ag9E 78@<M, DE;I. e@8 V:I 
=E;An8=IQ E9:IMIKI;AP: ;EKMI:I8 :8;F<9E;@:E, @<7IG7P9HII, S8G7QHII, @W<@<g@:MAP: ;E@nI-
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M@8 MIS> W8;8iI@78==>f F8fE=Ii8@9If =E;An8=I? W<M8;f=<@:I. 
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MAPPING OF THE GROUND FREEZING AND THAWING  
IN THE TERRITORY OF NATURAL PARK «SIBIRSKIE UVALY» 
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ME»). UE 3 WA=9:Ef W;8SA@F<:;8=< GI9@I;<ME=I8 :8FW8;E:A;> M<KSAfE (;I@. 1). $7Q D7AgI= IKF8-
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81º40'02,0'' M.S.) IF88: D7AgI=A 1 F.).   
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L8;K7<:=EQ 7I=KE M :8;F<@9EMEh8=8 8 M>:EQ7E M 78:=I? W8;I<S 2012 D<SE. 
%E;:E F8;K7<:=<D< @<@:<Q=IQ =E :8;;I:<;IP W;I;<S=<D< WE;9E «pIgI;@9I8 #ME7>», @<-

@:EM78=E W< FE:8;IE7EF o:7E@E tLoq [3], :E9h8 S<W<7=8=E I=:8;E9:IM=<? @MQKjP @ FE:8;IE7EFI 
W< :8;F<@9MEhI=EF (G<:<D;EGIQFI, D;EGI9EFI, <:i8:EFI) (;I@. 4).  
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In many northern Canadian communities, 
buildings are supported in or on permafrost. 
Permafrost degradation due to climate warming 
can impact these building foundations.  As part of 
an interdisciplinary team led by Natural Resources 
Canada, EBA, A Tetra Tech Company (EBA) 
developed an impact assessment methodology to 

improve our understanding of future permafrost 
degradation, the vulnerability of community 
buildings, and the timeframe for informed 

adaptation. EBA’s work resulted in the report 
“Assessment of Foundation Sensitivity to Climate 
Change in the Northwest Territories (Revision 1),” 

January 2005.  This assessment showed that 
Tsiigehtchic, Northwest Territories, has a very 
high sensitivity to climate change, ranked fourth or 
fifth in a study of 32 communities, depending 
upon the sensitivity indicators chosen for ranking.  
 
The community permafrost map (Fig. 1) was 
compiled by EBA for Ecology North as one of 
several proposed adaptations to climate change in 
Tsiigehtchic that required geotechnical 
engineering expertise. The permafrost map was 
intended to be a desktop-level map that would 
accomplish the following tasks: 

' Help the community better understand the 
soils, rock and permafrost around them; 

' Provide a tool to assist land managers with 
land use and development: to determine the 
preferred areas for building; and 

' Provide a baseline reference for monitoring 
potential future thaw or large-scale changes in 
the permafrost, resulting from climate change 
and/or development. 

 

The scope of work in preparing the map included: 

' Review available information, including past 
reports, aerial photographs and geology 
information, local knowledge and construction 
records; 

' Perform a terrain analysis to determine 
anticipated site conditions throughout the 
community of Tsiigehtchic; 

' Carry out some minor ground-truthing in 
different map units; and 

' Prepare a map suitable for use by decision-
makers that are not permafrost experts or 
geotechnical engineers.  

 
The methodology included the following steps: 
' Prepare a geotechnical characterization of 

Tsiigehtchic to help define the map 
parameters, and support modelling and 

analysis of permafrost degradation in response 
to climate change and its impacts on building 
foundation systems in the community; 

' Provide descriptions of the typical soil/rock 
profile(s) observed in Tsiigehtchic, based on 
available geotechnical data such as soil/rock 
descriptions, grain size analyses, soil moisture 
contents, ice contents, soil salinities, and 
ground temperatures. The overlying vegetation 

was also considered as it is often diagnostic of 
the ground and permafrost conditions beneath. 

' Perform a terrain analysis to support mapping 

and interpretation of current landforms at 
Tsiigehtchic. Compare sets of aerial 
photographs to identify possible changes in 
ground surface characteristics due to 
permafrost thaw, such as signs of thermal 
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erosion that may or may not be a result of site 
disturbance.  This comparison would provide 

an immediate indication of important areas to 
be aware of when monitoring for potential 
future thaw or large-scale changes in the 

permafrost. 
' Consult with community members for 

anecdotal information regarding, for example, 

known permafrost areas, areas known to have 
high ice content in the soils, or areas that are 
known to be experiencing permafrost 
degradation. 

' If/as available, obtain foundation drawings, 
construction information, and date of 

construction for various buildings or facilities 
constructed for government, community, 
commercial or industrial applications in 

Tsiigehtchic. Review available building 
performance studies. Where possible, correlate 
data to geotechnical and permafrost 

engineering data. 
' Consider informal or other reporting on 

building performance by the community of 
Tsiigehtchic and users of the community’s 
infrastructure, as well as observations of 
performance of housing foundations. 

' Conduct ground-truthing (hand-excavated 
holes or observations of soil/rock exposures) in 
selected map areas. 

' Document site findings with geo-referenced 
photographs. 

' Prepare a map that incorporates not only a 

map, but instructions for use, geotechnical 
characterizations of soil/rock types and 
permafrost regimes encountered, available 
ground temperature data, locations of slope 
failures and other features of interest.  
Geotechnical characterizations incorporate 

photographs of soil types encountered, and 
explanations of map areas incorporate 
photographs of typical surface conditions and 

vegetation.  The map is presented on the last 
page of this abstract. 

 
Limitations encountered during the mapping work: 

' Lack of detailed geotechnical information in 
many of the map areas; 

' Lack of permafrost temperature profiles, with 
only sporadic single thermistors providing 
temperature data and very little recent data.  
Simultaneous with the field component of the 
mapping project, however, a government 
agency (Indian and Northern Affairs Canada) 
was conducting a research project, installing 
two ground temperature cable arrays in the 
community.  One of these was in the 
developed part of the community, near the 
cemetery, which had been experiencing thaw 
slumping along the western (Arctic Red River) 
edge, and the other was in an undeveloped, 
undisturbed area further from the Arctic Red 
and Mackenzie Rivers.  Future iterations of the 
community permafrost map will be able to 
incorporate data from these arrays; and 

' Lack of available performance data for most of 
the building foundations in the community. 
 

However, more ground-truthing was carried out 
than anticipated, and though most of the test pits 
were very shallow, this permitted the field team to 
confirm some of the soil types and permafrost 
conditions being mapped. 
 
To summarize, the community permafrost map 
provides a useful tool for community members, 
planners and land use managers to understand the 
ground conditions in the community and to make 
the right decisions on where they should plan 
future development.  Before, it was too easy to 
make errors in locating new facilities or new 
subdivisions for industry or residences.  These 
errors resulted in buildings being located in areas 
with very high ice content and/or organic soils, 
and ongoing issues with water on site and thaw 
settlement.  Now, community members, planners 
and land use managers do not need to be experts to 
avoid poor areas for future construction. 
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Fig. 1 Tsiigehtchic Community Permafrost Map, Tsiigehtchic, Northwest Territories, Canada 
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<g�89:E 9E;:<D;EGI;<ME=IQ =E <@=<M8 :IW<7<DIi8@9<? 97E@@IGI9EHII W;I;<S=<-:8;;I:<;IE7j=>f 
9<FW789@<M [4,6,8,12]. 

UE :8;;I:<;IP M W;8S87Ef :;E@@> 0<ME=8=9<M< - 0E?SE;EH9EQ g>7E @<@:EM78=E HIG;<MEQ 
7E=SnEG:=EQ 9E;:E FE@n:EgE 1:200 000. e 88 <@=<MA 78D7I FE:8;IE7> 7E=SnEG:=<? @�8F9I :;E@-
@>, W;<M<SIF<? epr4mU4rq M 70-80f D<SEf. e89:<;IKEHIQ I W;IMQK9E M D8<D;EGIi8@9If 9<<;SI-
=E:Ef gAFEh=>f 9E;:<D;EGIi8@9If FE:8;IE7<M W;<M<SI7E@j @ I@W<7jK<ME=I8F ArcGis (M8;@IQ 
10.0) I MapInfo Professional.  

$7Q <H8=9I W;<@:;E=@:M8==<? SI=EFI9I I =8<S=<;<S=<@:I D8<9;I<7<DIi8@9If A@7<MI? 
W;<M8S8= 9E;:<D;EG<-FE:8FE:Ii8@9I? E=E7IK =8<S=<;<S=<@:I F<;G<7<DIi8@9<? @:;A9:A;> 7E=S-
nEG:<M =E A;<M=8 F8@:=<@:8?, M <@=<MA 9<:<;<D< W<7<h8=E F8:<SI9E, ;EK;Eg<:E==EQ mMEnA:I=<? 
l.m. I UI9<7E8M>F e.o. [8]. p<D7E@=< [7,10], :IWEF F8@:=<@:8? @<<:M8:@:MAP: :IW> F8;K7>f 
:<7c, fE;E9:8;IKAPcI8@Q H87>F =Eg<;<F D8<9;I<7<DIi8@9If W<9EKE:878?: ;E@W;<@:;E=8=I8 F=<-
D<78:=8F8;K7>f W<;<S, :8FW8;E:A;E W<;<S I If 7jSI@:<@:j, <@<g8==<@:I ;E@W;<@:;E=8=IQ W<S-
K8F=>f 7jS<M, 9<FW789@ V9K<D8==>f D8<9;I<7<DIi8@9If W;<H8@@<M I G<;F If W;<QM78=IQ. JIW F8-
@:=<@:I fE;E9:8;IKA8: :E9h8 A@7<MIQ ;E@i78=8=IQ I S;8=I;<ME==<@:j W<M8;f=<@:I, @<@:EM <:7<-
h8=I? [5,9]. JE9IF <g;EK<F, fE;E9:8;I@:I9E =8<S=<;<S=<@:I F<;G<7<DIi8@9<? @:;A9:A;> 7E=S-
nEG:<M 7Pg<D< :E9@<=<FIi8@9<D< ;E=DE F<h8: W;IF8=Q:j@Q S7Q <H8=9I =8<S=<;<S=<@:I D8<9;I<-
7<DIi8@9If A@7<MI?. 

%E;:<D;EG<-FE:8FE:Ii8@9I? E=E7IK F<;G<7<DIi8@9<? @:;A9:A;> 7E=SnEG:E W<KM<7Q8: 
AMIS8:j 8D< =8<S=<;<S=<@:j I M>;EKI:j 88 M MIS8 9<7Ii8@:M8==>f 9<VGGIHI8=:<M [8]. %<VGGIHI-
8=: 7E=SnEG:=<? =8<S=<;<S=<@:I (].$) <:;EhE8: @:8W8=j @7<h=<@:I =Eg<;E ;EK7Ii=>f MIS<M I 
D;AWW A;<iIc, @<@:EM7QPcIf @:;A9:A;A F8@:=<@:8? I @<<:=<n8=I8 If W7<cES8?. d=Ei8=IQ 9<VG-
GIHI8=:E F<DA: IKF8=Q:j@Q <: 0 S< 1. C;I =E7IiII =EIg<7jn8D< iI@7E D;AWW A;<iIc I ;EM=<F 
@<<:=<n8=II If W7<cES8? M ;E?<=8, ].$ S<@:IDE8: FE9@IFAFE, :< 8@:j ;EM8= 1. r@7I M W;8S87Ef 
F8@:=<@:I W;I@A:@:MA8: 7Inj <S=E D;AWWE A;<iIc, :< ].$ @=IhE8:@Q S< FI=IFAFE I @:E=<MI:@Q 
;EM=>F =A7P. 

e @<<:M8:@:MII @ ;E@@iI:E==>FI K=Ei8=IQFI ].$ W;<M8S8=E :IWIKEHIQ F8@:=<@:8?: @I7j=< 
=8<S=<;<S=>8, =8<S=<;<S=>8, <:=<@I:87j=< <S=<;<S=>8 I <S=<;<S=>8. % =EIg<788 =8<S=<;<S-
=>F F8@:=<@:QF (].$ >0,85) <:=8@8=>: 9;AW=<f<7FI@:EQ :8;F<S8=ASEHI<==EQ F8@:=<@:j @ HI;9<-
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;E W<;<S -2÷–7 p0, <g�8F=EQ 7jSI@:<@:j 0,2-0,6 (S.8.), I D7AgI=E @8K<==<:E7<D< @7<Q 0,25-1,6 F; 
M<7=I@:<-f<7FI@:EQ <K8;=<-9<:7<MI==EQ F8@:=<@:j =E M:<;<?, :;8:j8? I i8:M8;:<? F<;@9If :8;;E-
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@7<Q 0,3-1,2 F. e @M<P <i8;8Sj, <S=<;<S=>FI (].$ <0,45) <9EKE7I@j: <K8;=<-g<7<:=EQ F8@:=<@:j =E 
i8:M8;:<? F<;@9<? :8;;E@8, @ :8FW8;E:A;EFI W<;<S =Ih8 -5 p0, <g�8F=<? 7jSI@:<@:jP 0,4 (S.8.), 
D7AgI=<? @8K<==<:E7<D< @7<Q 0,3-0,8 F; W7<@9EQ <K8;=<-9<:7<MI==EQ F8@:=<@:j =E <K8;=<-
E77PMIE7j=<? :8;;E@8 I W8;M<? =ESW<?F8==<? :8;;E@8, @ :8FW8;E:A;EFI W<;<S -5÷-7 p0, <g�8F=<? 
7jSI@:<@:jP g<7jn8 0,2 (S.8.), D7AgI=<? @8K<==<:E7<D< @7<Q 0,8-1,6 F.  

UE <@=<M8 ;E@@iI:E==>f K=Ei8=I? ].$ W<@:;<8=E 9E;:E ;E?<=I;<ME=IQ :8;;I:<;II, <:;E-
hEPcEQ =8<S=<;<S=<@:j 7E=SnEG:=<-D8<9;I<7<DIi8@9If A@7<MI? (;I@.1). 

 
 
 
 
,H<. 1. ,@V;IHN;?@IHE PENNHP;NHH U; 

IE;FI;N;FI;<PH S;NQ;K;LHOE<>;V <PNW>PW-
NT K@IF�@QP;? H LE;>NH;K;LHOE<>HY W<K;-
?HV:  

1 – <S=<;<S=>8, ].$ <0,45;  
2 – <:=<@I:87j=< <S=<;<S=>8,  
      ].$ = 0,45÷0,75; 
3 – =8<S=<;<S=>8, ].$ = 0,75÷0,85;  
4 – @I7j=< =8<S=<;<S=>8, ].$>0,85.  
J;E@@> :;Ag<W;<M<S<M: I-I I II-II. 

C;<M8S8==EQ <H8=9E W;<@:;E=@:M8==<? SI=EF9I (=8<S=<;<S=<@:I) 7E=SnEG:=>f I D8<-
9;I<7<DIi8@9If A@7<MI? =E <@=<M8 7E=SnEG:=<D< 9E;:<D;EGI;<ME=IQ IF88: =8FE7<MEh=<8 W;I-
97ES=<8 K=Ei8=I8 @ :<i9I K;8=IQ M>g<;E <W:IFE7j=<D< WA:I I @W<@<gE W;<97ES9I :;E@@ FEDI@:-
;E7j=>f :;Ag<W;<M<S<M I S;ADIf 7I=8?=>f @<<;Ah8=I?. 6:< @MQKE=< @ =8<gf<SIF<@:jP Ai8:E H8-
7<D< ;QSE fE;E9:8;I@:I9 7E=SnEG:=>f I D8<9;I<7<DIi8@9If A@7<MI? I, M <@<g8==<@:I, If =8<S=<-
;<S=<@:I M W;<@:;E=@:M8 W;I W;<89:I;<M98 I=h8=8;=>f @<<;Ah8=I? I <H8=98 V9<=<FIi8@9If KE-
:;E: =E @:;<I:87j@:M<. 

C;<IKM<7j=< W;<7<h8==>8 SM8 :;E@@> :;Ag<W;<M<S<M (;I@. 1) =E AiE@:98 :8;;I:<;II  
dEWES=<D< �FE7E, W;<M8S8==>? 9E;:<D;EG<-FE:8FE:Ii8@9I? E=E7IK I ;E@i8: W;<H8=:E W8;8@8i8-
=IQ :;E@@EFI ;EK7Ii=>f W< =8<S=<;<S=<@:I F8@:=<@:8?, W<KM<7I7 =E =ED7QS=<F W;IF8;8 W;8S7<-
hI:j <W:IFE7j=>? ME;IE=: WA:I W;<97ES9I :;E@@> S7Q M>g<;E I @Ah8=IQ 9;ADE W;<89:=>f ;8n8-
=I?. e ;8KA7j:E:8, =8@F<:;Q =E g<7jnAP W;<:Qh8==<@:j (90 9F), M:<;<? ME;IE=: W;<97ES9I :;E@@> 
:;Ag<W;<M<SE (:;E@@E II-II) – <W:IFE7j=>? S7Q @:;<I:87j@:ME. J;E@@E II-II M@8D< =E 19,5% @M<8? 
S7I=> W8;8@89E8: @I7j=< =8<S=<;<S=>8 7E=SnEG:=<-D8<9;I<7<DIi8@9I8 A@7<MIQ, M :< M;8FQ 9E9 
g<7jnEQ iE@:j :;E@@> <9EK>ME8:@Q M <:=<@I:87j=< <S=<;<S=>f A@7<MIQf (].$=0,45-0,75), M <:7IiI8 
<: :;E@@> I-I, W;<:Qh�==<@:jP 81 9F I W;<f<SQc8? W;8IFAc8@:M8==< W< :8;;I:<;II @ @I7j=< =8-
<S=<;<S=>FI 7E=SnEG:=<-D8<9;I<7<DIi8@9IFI A@7<MIQFI ].$ >0,85 (71%). 
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L8:<SI9E 7E=SnEG:=<D< 9E;:<D;EGI;<ME=IQ nI;<9< I@W<7jKA8:@Q, M :<F iI@78 I S7Q <H8=-
9I SI=EFI9I D8<V9<7<DIi8@9If A@7<MI? :8;;I:<;II. e 9Ei8@:M8 W;IF8;E :E9<? <H8=9I =E <@=<M8 
7E=SnEG:=<? 9E;:<D;EGIi8@9<? F<S87I W;<M8S8=E <H8=9E SI=EFI9I ;E@W;<@:;E=8=IQ M>@<9<-
@:M<7j=>f IM=Q9<M – 7AinIf 78:=If <78=jIf WE@:gIc. mKM8@:=<, i:< M>@<9<@:M<7j=>8 IM=Q9I 
;EKMIMEP:@Q M :IWIi=<? :A=S;8 g7ED<SE;Q @<MF8@:=<FA S8?@:MIP SMAf M8SAcIf GE9:<;<M: KE@<-
78==<@:I F=<D<78:=8F8;K7>f W<;<S I W;<H8@@E 9;I<D8==<D< <W<7KE=IQ. o;8E7 ;E@W;<@:;E=8=IQ 
IM=Q9<M>f :A=S; @<MWESE8: @ D;E=IH8? KE@<78==>f @ W<M8;f=<@:I F<;@9If <:7<h8=I?, E @EFI IM-
=Q9I QM7QP:@Q I=SI9E:<;EFI S;8M=8? <W<7K=8M<? E9:IM=<@:I. p<M;8F8==>8 F<7<S>8 <W<7K=I F<-
DA: g>:j I=SIHI;<ME=> W< WI<=8;=>F 7AD<M>F @<<gc8@:MEF @ AiE@:9EFI =8KES8;=<ME==>f W<-
M8;f=<@:8? [11,13].  

p W<F<cjP D8<I=G<;FEHI<==<D< 9E;:<D;EGI;<ME=IQ =E 7E=SnEG:=<? <@=<M8 W<@:;<8=E 
9E;:E ;E@W;<@:;E=8=IQ M>@<9<@:M<7j=>f IM=Q9<M =E W8;I<S 9<=HE 70-80f D<S<M (;I@. 2.). p<M;8-
F8==>8 SE==>8 SI@:E=HI<==<D< K<=SI;<ME=IQ d8F7I (9<@FIi8@9I8 @=IF9I) W<KM<7QP: <H8=I:j 
@<9;Ec8=I8 W7<cESI IM=Q9<M, @MQKE==<8 @ E9:IMIKEHI8? W;<H8@@E 9;I<D8==<D< <W<7KE=IQ (;I@. 3). 
UE 2010 D. M ;8KA7j:E:8 E9:IMIKEHII W;<H8@@E 9;I<D8==<D< <W<7KE=IQ W;<IK<n7< IKF8=8=I8 @<-
@:<Q=IQ 78:=If <78=jIf WE@:gIc KE @i8: @<9;Ec8=IQ W7<cESI M>@<9<@:M<7j=>f IM=Q9<M W<i:I =E 
10%. 
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=>f <:7<h8=I? M ;E?<=8 W<@�79<M 4;AFE=: I %<7@g8?.  

qS=IF IK ;8KA7j:E:<M ;Eg<: W< IKAi8=IQ D8<F<;G<7<DIi8@9<D< @:;<8=IQ ;E?<=E W<@�79E 
4;AFE=:, QM7Q8:@Q D8<F<;G<7<DIi8@9EQ 9E;:E (;I@. 2).  
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C<@�7<9 4;AFE=: ;E@W<7<h8= M S<7I=8 4;AFE=:SE78=, 9<:<;EQ M D8<F<;G<7<DIi8@9<F W7E-

=8 W;8S@:EM7Q8: @<g<? ;87I9:<M>? HI;9. e ;E?<=8 W<@879E M <@=<M=<F W;8<g7ESE8: S8=ASEHI<=-
=>? I @:;A9:A;=<-S8=ASEHI<==>? ;87j8G. % W<@78S=8FA F<h=< <:=8@:I W7E:<, ;E@W<7<h8==>8 =E 
@8M8;<-M<@:<98 (D<;E d878=EQ) I PD<-KEWES8 (D<;E #D<7j=EQ) ;E?<=E. C<M8;f=<@:I W7E:< <g;EKAP: 
W<7<D<-=E97<==>8 W7<cES9I, G<;FE 9<:<;>f <gA@7<M78=E g;<=I;APcIFI W7E@:EFI <@ES<i=>f 
W<;<S WE78<D8=<M<D< M<K;E@:E. LE9@IFE7j=EQ M>@<:=EQ <:F8:9E M ;E?<=8 @<@:EM7Q8: 571 F (D<;E 
d87�=EQ). C7E:< @ @8M8;<-M<@:<9E I PD<-M<@:<9E <g;EF7QP: @:;A9:A;=<-S8=ASEHI<==>8 A@:AW>, 
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9<:<;>8 W8;8f<SQ: M 9;A:>8 S8=ASEHI<==<-V;<KI<==>8 I <gME7j=<-<@>W=>8 @97<=>. #D7> @97<-
=<M iE@:< W;8M>nEP: 45². 

$8=ASEHI<==>8 G<;F> ;87j8GE W;8S@:EM78=> @97<=EFI ;EK7Ii=<? 9;A:IK=>, G<;FI;<ME-
=I8 9<:<;>f @MQKE=< @ D;EMI:EHI<==>FI W;<H8@@EFI I V;<KI<==<? S8Q:87j=<@:jP M<S<:<9<M.  
e M8;f<MjQf S<7I=> g8;8: =EiE7< 9;AW=>? M<S<:<9, W8;8@89EPcI? M@P 8� W7<cESj I G<;FI;AP-
cI? V;<KI<==>8 @97<=>. uI;I=E ;A@7E @<@:EM7Q8: 10 F, E D7AgI=E M;8KE S<@:IDE8: 20 F. T87j8G 
S<7I=> 4;AFE=:SE78= M< F=<D<F <W;8S87Q8:@Q KE78DE=I8F 9<;8==>f W<;<S, M>M8:;IME=I8 I W7<-
@9<@:=<? @F>M 9<:<;>f W;IM<SI: 9 <g;EK<ME=IP S87PMIE7j=<-@<7IG7P9HI<==>f @97<=<M.  

p;8SI E99AFA7Q:IM=>f G<;F ;87j8GE @78SA8: M>S87I:j @I7j=< @<9;E:IMnI8@Q KE W<@78S-
=88 @:<78:I8 78S=I9I I F=<D<78:=I8 @=8h=I9I, E :E9h8 78S=I9<M>8 <g;EK<ME=IQ, W;8S@:EM78==>8 
9<=8i=>FI, g<9<M>FI I @;8SI==>FI F<;8=EFI. o99AFA7Q:IM=>8 G<;F> W;8<g7ESEP:, D7EM=>F 
<g;EK<F, M W;8SD<;jQf I S=Ic8 S<7I=>.  

UEFI A@:E=<M78=<, i:< <S=IF IK S8@:;A9:IM=>f W;<H8@@<M QM7Q8:@Q @<7IG7P9HIQ. UEIg<-
788 i8:9< V:<: W;<H8@@ W;<@78hIME8:@Q M M<@:<i=<? iE@:I W<@�79E. UE @=IF98 (;I@. 3) <:i�:7IM< 
MIS=< 9E9 @<7IG7P9HI<==>8 W<:<9I W;E9:Ii8@9I =E :;8:j W<D;8g7I iE@:j KSE=I?. 6:<: W;<H8@@ 
KE=Q7 ;<M=< 50 78: (W<@�7<9 KE9<=@8;MI;<ME= M 1961 D<SA, E @=IF<9 @S87E= M 2011 D.), i:< W< D8<7<-
DIi8@9IF F8;9EF M;8FQ M8@jFE =8K=EiI:87j=<8. p<7IG7P9HI<==<8 W8;8F8c8=I8 =EW;QFAP @MQK-
=< @ W8;8AM7Eh=8=I8F ;>f7>f FE@@ D;A=:E (W<@�7<9 ;E@W<7<h8= =E W7<cES98 Eg;EKI<==<? F<;-
@9<? :8;;E@>, W<9;>:<? c8g�=9<? @ @AD7I=I@:>F KEW<7=I:878F). m=:8=@IM=<@:I V:<D< W;<H8@@E 
@W<@<g@:MA8: @8K<==<8 <::EIME=I8 F=<D<78:=8F�;K7>f W<;<S, :E9 9E9 M8@=E I 78:< =E uWIHg8;D8-
=8 S7I:@Q =8 g<788 4 F8@QH8M. C @8M8;<-M<@:<9E W<@�7<9 <D;E=Ii8= E9:IM=>F 97IG<F M>@<:<? S< 
10 F. q::EIME=I8, 9<:<;<8 A@I7IME8: Eg;EKIQ, W;IM<SI: 9 IKF8=8=IP D7AgI=> @8K<==<D< W;<:EI-
ME=IQ D;A=:<M W<S KSE=IQFI I I=h8=8;=>FI @<<;Ah8=IQFI 4;AFE=:E.  

 

 
 

,H<. 3. (E;S;NQ;K;LHOE<>HE UN;GE<<T, ;>@`T?@^�HE FE<PNW>PH?I;E ?;`FEV<P?HE  
I@ HIQN@<PNW>PWNW U;<EK>@ (NWS@IP. 4;P; $.$. ¢@NHI@, 2011 L 
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C;<H8@@> 9;I<D8==<D< ;E@:;8@9IME=IQ I WAi8=IQ ;>f7>f D;A=:<M W;IM<SQ: 9 W;<@ES98 
KSE=I?. e W;8S87Ef W<@�79E <:F8i8=> F=<D<iI@78==>8 :;8cI=> W;8IFAc8@:M8==< 9;I<D8==<D< 
W;<I@f<hS8=IQ, W;Ii�F =89<:<;>8 IK =If ;E@W<7<h8=> =8W<@;8S@:M8==< W<S KSE=IQFI. mK-KE 
W;<@ES9I D;A=:E I S;ADIf GE9:<;<M M@8 KSE=IQ M W<@�798 =Ef<SQ:@Q M ;EK;An8==<F @<@:<Q=II 
(;I@. 3).    

 
q@=<M=>8 ;87j8G<<g;EKAPcI8 W;<H8@@>, ;EK;AnEPcI8 I=G;E@:;A9:A;A W<@879E 4;AFE=:: 
1. p<7IG7P9HIQ; 
2. %;I<D8==<8 ;E@:;8@9IME=I8;  
3. og;EKIQ; 
4. qgME7IME=I8 I <@>WE=I8. 
C;IM8S�==>8 M>n8 W;<H8@@> =8<gf<SIF< AiI:>ME:j W;I E=E7IK8 M<KF<h=>f @H8=E;I8M 

M<@@:E=<M78=IQ I7I h8 @:;<I:87j@:ME =<M>f <g�89:<M =E E;fIW87ED8 uWIHg8;D8=.  
$7Q A@W8n=<D< ;8n8=IQ  I=h8=8;=<-D8<7<DIi8@9If KESEi S<7h8= IKAiE:j@Q =8 :<7j9< @Ag-

EV;E7j=>?, =< I W<SM<S=>? g8;8D<M<? ;87j8G V:<? :8;;I:<;II. 

 
2HPEN@PWN@ 

 

1. I$%.(09Y(- [. M. #D<7j=>8 nEf:> =E uWIHg8;D8=8. L.: U8S;E, 1988, 191 @. 
2. UEA9E =E uWIHg8;D8=8. m@:<;IQ ;<@@I?@9If I@@78S<ME=I?. mKS.$<F «4oLop»,pCg, 

2009, 384 @. 
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$?EFEIHE 

p<KSE=I8 97E@@IGI9E:<;E <g�89:<M 9E;:I;<ME=IQ QM7Q8:@Q W8;M<=EiE7j=<? @:ESI8? 
;EK;Eg<:9I I KEW<7=8=IQ @7<8M 9;I<7<DIi8@9<? 9E;:> LE;@E. %E9 I S7Q K8F=>f <g�89:<M, 
<@=<M=<? KESEi8? QM7Q8:@Q @:;A9:A;I;<ME=I8 GE9:Ii8@9<D< FE:8;IE7E, @<KSE=I8 @MQK8? F8hSA 
E:;IgA:IM=>FI SE==>FI. JE9, S7Q @<KSE=IQ D8<9;I<7<DIi8@9<? 9E;:> T<@@II, KE <@=<MA g8;8:@Q 
GE9:Ii8@9I? FE:8;IE7, W<7Ai8==>? M f<S8 SI@:E=HI<==>f I W<78M>f I@@78S<ME=I? <g7E@:I 
IKAi8=IQ. 

l8D8=SE E=E7<D<M<? D8<9;I<7<DIi8@9<? 9E;:> <g>i=< @:;<I:@Q W< W;I=HIWA FE:;IH>, :.8. 
:Eg7IH> @ @<i8:E=I8F 9<7Ii8@:M8==>f I 9Ei8@:M8==>f fE;E9:8;I@:I9 S7Q Qi889 =E W8;8@8i8=II 
M8;:I9E7j=>f @:<7gH<M I D<;IK<=:E7j=>f @:;<9. 6:< =ED7QS=< I S<@:E:<i=< I=G<;FE:IM=< S7Q 
;Eg<:> @ W8iE:=<? M8;@I8? 9E;:>. U< S7Q KESEi M89:<;IKEHII I @<KSE=IQ HIG;<M<D< gE=9E SE==>f 
:;8gA8:@Q W;8<g;EK<ME=I8 88 @:;A9:A;> @<D7E@=< @:;A9:A;8 gEK> SE==>f 4mp-W;<89:E.  

7NHIGHU U;<PN;EIHJ H<Y;FI;V KELEIFT > >@NPE 

e 4mp-W;<89:8 9EhS<FA M89:<;=<FA <g�89:A =E 9E;:8 W;I@MEIME8:@Q <S=E <@=<M=EQ 
fE;E9:8;I@:I9E (:.8. K=Ei8=I8 W<7Q), E <@:E7j=>8 fE;E9:8;I@:I9I QM7QP:@Q S<W<7=I:87j=>FI 
E:;IgA:IM=>FI SE==>FI I W;8S@:EM78=> M< M@W<F<DE:87j=>f :Eg7IHEf. C;8SW<7EDE8:@Q, i:< 
97E@@IGI9E:<; (78D8=SE) 9;I<7<DIi8@9<? 9E;:> S<7h8= @<S8;hE:j I=G<;FEHIP W< :;8F g7<9EF: 
:<W<D;EGIi8@9<FA, D8<7<DIi8@9<FA I 9;I<7<DIi8@9<FA.  

O!f!38%S*. 
UE ;I@.1. W;8S@:EM78=E E=E7<D<MEQ :<W<D;EGIi8@9EQ 9E;:E LE;@E, <@=<ME==EQ =E SE==>f 

E7j:IF8:;II, W;8S<@:EM78==>f 9<FW789@<F MOLA @ g<;:E the Mars Global Surveyor M< M;8FQ 
W8;MIi=<? I ;E@nI;8==<? FI@@II. LI=IFAF I FE9@IFAF :<W<D;EGIi8@9If =Eg7PS8=I? 
=Ef<SI:@Q M=A:;I SIEWEK<=E <: -8208 F (S=< 9;E:8;E 677ESE 62,2E 32,9S) I 21300 F (Ph=>? 9;E? 
9;E:8;E D<;> q7IFW 226,6E 17,36N). $E==>8 M MIS8 HIG;<M>f @8:<9 M W;<@:<? HI7I=S;Ii8@9<? 
W;<89HII @M<g<S=< S<@:AW=> i8;8K Planetary Data System . mf I=:8;G8?@ =Ef<SI:@Q =E [10]. UEg<; 
SE==>f =EK>ME8:@Q The MOLA MEGDR (Mission Experiment Gridded Data Records). 
U8W<@;8S@:M8==< SE==>8 =Ef<SQ:@Q =E @E?:8 Uopo W< ES;8@A [11]. JEF SI;89:<;II meg004, 
meg016, .... meg128 @<S8;hE: W;< I=:8;W<7I;<ME==AP :<W<D;EGIP M FE@n:Eg8 4, 16, ...  
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128 WI9@878? =E D;ESA@ @<<:M8:@:M8==<. �<;FE7j=<8 <WI@E=I8 G<;FE:E =Ef<SI:@Q GE?7Ef *.lbl, E 
@7<M8@=<8 - M SI;89:<;IQf «catalog» I «document». 6:I SE==>8 @<@:EMQ: <@=<MA g7<9E 
:<W<D;EGIi8@9If SE==>f HIG;<M<? 9;I<7<DIi8@9<? 9E;:> LE;@E. 

 

 

 
 

,H<. 1. -;U;LN@QHOE<>@J >@NP@  @N<@ < N@`NE�EIHES 0,015625 (1/64)  
I@ 0,015625 LN@FW< (USGS, [9]). 

 
<B!=!3*. 
e 9Ei8@:M8 <@=<M> D8<7<DIi8@9<D< g7<9E MKQ:E D8<7<DIi8@9EQ 9E;:E, ;EK;Eg<:E==EQ %. 

JE=E9E [8], 9<:<;EQ =E @8D<S=Qn=I? S8=j QM7Q8:@Q <gc8W;I=Q:<?.  
 

 

,H<. 2. (E;K;LHOE<>@J >@NP@ U;KJNITY NELH;I;?  @N<@ ?T�E �HN;PT 60 LN@FW<;?  
7;KJNI;V <PENE;<>;UHOE<>;V UN;E>GHH [8].  

dED7EM=>8 gA9M> M =EKME=II M>S878==>f V78F8=:<M <g<K=EiEP: =EKME=IQ @:;E:ID;EGIi8@9If 
W8;I<S<M, N – =<EfIS@9I? (M<K;E@: 4,5–3,6 F7;S. 78:), H – D8@W8;I?@9I? (M<K;E@: 3,6–2,8 F7;S. 78:),  

A – EFEK<=I?@9I? (M<K;E@: 2,8 F7;S. 78:). C;<WI@=>8 gA9M> M =EKME=II M>S878==>f V78F8=:<M 
<g<K=EiEP: D8=8KI@ @7EDEPcIf W<;<S =EW;IF8; Api – EFEK<=I?@9I8 W<7Q;=>8 78SQ=>8 <:7<h8=IQ; 

Adc – @8;W<MIS=>8 SP==>8 EFEK<=I?@9I8 <:7<h8=IQ I :.S. [8]. 
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e <:7IiI8 <: :;ESIHI<==<D< W<Sf<SE, W;IF8=IF<D< S7Q K8F=>f <g�89:<M, S7Q LE;@E 
@Ac8@:M8==>F <:7IiI8F QM7Q8:@Q <:@A:@:MI8 M<KF<h=<@:I <W;8S878=IQ M<K;E@:E W<;<S 
W<M8;f=<@:I F8:<SEFI fE;E9:8;=>FI S7Q d8F7I (@W<;<-W>7jH8M<?, W< fE;E9:8;=>F <@:E:9<F 
M>F8;n8? GEA=>, I :.S.) eF8@:< V:<D< @Ac8@:MA8: 9;E:8;=>? F8:<S, W<KM<7QPcI? W< @:8W8=I 
9;E:8;I;<ME==<@:I W<M8;f=<@:I @ASI:j < M<K;E@:8 SE==<? <g7E@:I LE;@E. $;ADIF <:7IiI8F <: 
K8F=>f A@7<MI? QM7Q8:@Q @Ac8@:M8==EQ ;EK=IHE M M<KS8?@:MII W;<H8@@<M M>M8:;IME=IQ =E 
W<M8;f=<@:j W7E=8:> g7ED<SE;Q <:@A:@:MIP <@=<M=>f ED8=:<M M>M8:;IME=IQ, fE;E9:8;=>f S7Q 
d8F7I. 07ED<SE;Q @A;<M<FA 97IFE:A (@;8S=QQ :8FW8;E:A;E W<M8;f=<@:I -64°p) I =IK9<FA 
E:F<@G8;=<FA SEM78=IP (0,006 E:F.) @Ac8@:M<ME=I8 @M<g<S=<? (=8@MQKE==<?) M<S> M MIS8 
hIS9<@:I =E W<M8;f=<@:I LE;@E M<KF<h=< 7Inj W;I @<i8:E=II @78SAPcIf GE9:<;<M –  
1) :8FW8;E:A;> W<M8;f=<@:I (M 78:=I? W8;I<S M p8M8;=<F W<7AnE;II M W;IV9ME:<;IE7j=>f 
<g7E@:Qf :8FW8;E:A;E F<h8: W<S=IFE:j@Q S< 20°p); 2) =E7IiIQ M M<S<=<@=<F D<;IK<=:8 
;E@:M<;8==>f @<78? M S<@:E:<i=<? 9<=H8=:;EHII, W<KM<7QPc8? <WA@:I:j :8FW8;E:A;A KEF8;KE=IQ 
;E@@<7E S< -20°p, 3) ;E@W<7<h8=IQ Ai8:=>f W7<cES<9 M <g7E@:Qf @ W<=Ih8==>F ;87j8G<F I, 
@78S<ME:87j=<, g<788 M>@<9IF E:F<@G8;=>F SEM78=I8F. JE9IF <g;EK<F, =E @8D<S=Qn=I? S8=j M 
g7<98 «48<7<DIQ» F> F<h8F M>S87I:j: E) D8=8:Ii8@9I8 :IW> EFEK<=I?@9If <:7<h8=I? I SE:j If 
D8<9;I<7<DIi8@9AP fE;E9:8;I@:I9A; g) G<;FEHII S<EFEK<=I?@9If W<;<S I SE:j If 
D8<9;I<7<DIi8@9AP fE;E9:8;I@:I9A.   

?8*!=!3*. 
$E==>8 W< 9;I<7<DII M <@=<M=<F A97ES>MEP:@Q M K8F=>8 W;8S@:EM78=IQ < F8;K7<:=>f 

A@7<MIQf I W;<QM78=IQf, <S=E9< 8@:j I @Ac8@:M8==>8 <:7IiIQ. JE9, S7Q LE;@E F> ;E@@FE:;IME8F 
7Inj F=<D<78:=8F8;K7>8 I @8K<==<:E7>8 W<;<S>. C;Ii8F ;E@W;<@:;E=8=I8 W8;M>f QM7Q8:@Q 
D7<gE7j=>F, E M:<;>f W;IA;<i8=< 9 7<9E7j=>F <g7E@:QF, < 9<:<;>f D<M<;I7<@j M>n8. 

o:;IgA:IM=>8 SE==>8 S7Q V:<D< g7<9E F> W<7AiE8F @78SAPcIF <g;EK<F: 
 E) TE@W;<@:;E=8=I8 F8;K7>f I :E7>f W<;<S - W< SE==>F =8?:;<==<D< S8:89:<;E t6U$ 
(High Energy Neutron Detector), SEPc8D< 9<@M8==AP I=G<;FEHIP < 9<=H8=:;EHII E:<F<M 
M<S<;<SE M W<M8;f=<@:=<F @7<8 W<;<S [2]. C< SE==>F m% I MISIF<D< SIEWEK<=E @W89:;<F8:;E 
qF8DE (OMEGA -Visible and Infrared Mineralogical Mapping Spectrometer) - FI=8;E7<DIi8@9I? 
@<@:EM W<M8;f=<@:I LE;@E [2]. C< fE;E9:8;A M>g;<@<M FE:8;IE7E IK IFWE9:<M F<h=< @ASI:j < 
7jSI@:<@:I W<;<S I D7AgI=8 KE78DE=IQ M8;f=8? D;E=IH> F=<D<78:=8F8;K7>f W<;<S (LLC) [3]. 
p;8S=8D<S<MAP :8FW8;E:A;A F8;K7>f I :E7>f W<;<S W<7AiE8F IK SE==>f LE;@IE=@9<? 
97IFE:Ii8@9<? gEK> SE==>f L%0$ (The Mars Climate Database [12]).  
 g) L<c=<@:j F=<D<78:=8F8;K7>f W<;<S F<h=< <W;8S87I:j I@f<SQ IK K=Ei8=I? 88 M8;f=8? 
D;E=IH>, <W;8S87Q8F<? W< fE;E9:8;A 9;E:8;<M, I =Ih=8? D;E=IH>, <W;8S87Q8F<? ;E@i8:=>F 
F8:<S<F [1];  
 M) TE@W;<@:;E=8=I8 I F<c=<@:j W<;<S @ 9;I<WVDEFI :E9h8 <W;8S87Q8:@Q ;E@i8:=>FI 
F8:<SEFI, :.9. <=I, W<-MISIF<FA, W<S@:I7EP: LLC [1];  
 D) TE@W;<@:;E=8=I8 9;I<D8==>f QM78=I?. 6:I SE==>8 QM7QP:@Q =EIg<788 I=:8;8@=>FI, :.9. 
IS8=:IGI9EHIQ I ;E@W;<@:;E=8=I8 9;I<D8==>f W;<H8@@<M QM7Q8:@Q F=<D<GE9:<;=<? KESEi8?, 
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