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PREFACE

In conlunction with the XXIII International eographical Congress held in the
Soviet Union durin g July and August 1976 , a special symposium (K-29) was con-
ducted in Leningrad between 22 and 26 July 1976 entitled Geography of Polar
Countries. The sympo~ciu m was organized by A.F. Treshnikov of the Arc tic and
Antarctic Research Institute (AARI ) and hosted by AARI and the Soviet Geo-
graphical Society . The Symposium was divided into three sessions:

I Polar Environment , Natura l Resources , and their Exp loratio n an d
Exploitation

II Past , Present and Future Economic Developments in the Polar Regions
Ill Polar Environment Protection

Extended summaries of the 83 pape rs listed in Appendix A were published in sep-
arate English and Russian language volumes , edited by A.F. Treshnikov (Chief
Editor), V.M. Kamenev , Ye.S. Korotkevich , A. Ya. Minevich and I .M. Simonov.

The papers in Session Ill on polar envi r onment protection are particularly rele-
vant to our growing concern over environmental protection in polar regions. In
the U.S., Public Law 94-282 states that “Congress finds and declares that science
and techno1o~ ’ shou ld contribute to the following priority goal s without being
limited thereto~ (7) providing for the protection of the oceans and coastal zones .
and the pol ar regions, and th e efficient util ization of their resources .” In 1974 the
U.S. and U.S.S.R. entered into an environment al protection agreement. One sub-
project under this agreement is the “Protection of Northern Ecosystems” which is
co-chaired by the Soviet Ministry of Agriculture and the U.S. Department of Inter-
ior. In conjunction with the 1976 protoc ol the U.S. encourage d participation in
this special Leningrad symposium. Dr. J. Brown (U.S.) and Dr. S. Uspenski
(U.S.S.R.), both membe rs of the work group on the Protection of Northern Eco-
systems, co-chai red Symposium Section Ill.

• The fol lowing report contains the full texts or extended summaries of a number
of the U.S. pape rs and a Russian summary of each. In addition , we have taken the
liberty of reproducrng, in English and Russian , the summaries of a number of Soviet
contributions which we consider particularl y relevant to the ques tion of environ~
mental protection in permafrost regions. The mai n purpose in preparing this re-
port is to make available to a wide audience the materials presented by the U.S.
participants and our Soviet colleagues.

‘
~~ Attendance at the symposium was enhanced by the U.S.-U.S.S.R. Environmental

Agreement since several U.S. participants were enrout e. In addition , the National
Science Foundation provided travel assistance to several of the U.S. partici pants.
The U .S. participants express thei r appreciation to the Soviet organizers of this
symposium for the possibility to exchange ideas on the important subject of
environmental protection in polar regions.

The material presented in these papers does not represent the opinions of USA
CRREL.

~aif

JERRY BROWN
Reaearc h Soil Scientist
USACRREL
Hanover , N.H.
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PLANNING TO MITIGATE ENVIRONMENTAL IMPACT

Curtis V. McVee

NTRODUCTION Arctic will result in some impact on the ecosystem.
However , if disturbance of the vegetative cover is

The Arctic zon e is univers ally identified as the area minimized or is accomplished utilizing kn own engineer-
north of 66° North Latitude . In Alaska, the crest of ing and biological princi ples , long-term damage can be
the Brooks Range is popularly considere d the dividing avoided.
line between the Arctic and subarctic zones. The foot- The search for new reseives of oil and gas in the
hills and coastal plain north of the crest of the Brooks Arctic region of North America is rapidly increasing
Range are characterized by short , cool , moist sum- in pace and intensity. Discovery and exploitation of
mers and dry, cold , long winters . By way of contrast , si gnifican t r~eserves , such as those at Pru dh oe Bay, can
the foothills and interiorvalleys to the south of the be expected to occur. As energy demands increase ,
crest enjoy short , warm , dry summers and very cold extraction of coal reseries will also become a re ality.
winters. For purposes of definition , further refer- Major developments and settlements to facilitate re-
ences to the Alaska Arctic zone in this pape r will be sourc e extraction are likely to be ephemeral in nature
limited to the are a north of the crest of the Brooks intense concentrated development and activi ty for a
Range. However , this paper will not be limited to the finite period of time , then eventual abandonment.
Arctic zone and will include discussion on the Arctic Even those uses dependent on renewable resources .
and subarctic. such as grazing and timber production , must be ap-

The Arctic zone in Alaska and the hi gh Arctic proached with caution so as not to destroy the very
plains of Canada are the last remain ing undeveloped ecosystem which produces the forage or the timber.
areas in North America. Deman ds for resources , es- Problems of development reach far beyond the Am-
pecially minerals and oil and gas, plus the rapid evo- mediate confines of the Arctic area. The ten dn l s of
lution and development of new technology enabling access roads and pipelines in the Arctic and subarctic
man to operate more efficiently in cold climates are areas may eventuall y link with established road and
exerting increasing use pressu res on the Arctic. pipeline systems far to the south. A permanent legacy

Unique life forms and ecosystems have evolved of the searc h for , and development of. oil and gas re-
over time in adaptation to the severe climatic condi- sources of the Arctic will be a network of access roads .
tions . Permafrost appears to be a key feature of airstrips and pipeline routes. Some of these will likely
ecosystem evolution , acting as a seal against deep per- remain in place though no longe r used by industry , and
colation of the limited precipitation . By any nieas- some will be utilized by recreationist s .
tire , the Alaskan Arctic is a very fragile ecosystem , Th e problem , reduced to elemental terms , facing
influenced by precipitation typical of dry or very dry the Arctic land manager is how to accommodate such
desert areas . development and use while minimizing long-term im-

Because of the harsh climate and general low pro - pacts on the Arctic ecosystems. One thing should be
duct ivity, even minor changes effected in this environ- emphasized at this point. Any use and development
ment can tri gger spectacular and long-lasting Impacts. in the Arctic will result in some visual landscape
Massive changes , i f allowed to occur , can hav e pro- changes. Such change s, however , need not necessarily
found and long .term effects, generating permanent and resu lt in a significant reduction or alteration in the
irreversible ecosystem chan ges. basic productivity of the ecosystems involved.

Historically, the Arctic region has been sparsely Land use planning is one management tool which
settled because of the extreme climatic conditions can be effectively utili zed to prevent and/or minim ize
and the limited carrying capacity of renewable re- impacts. Because of the wide are al expanse of the
sources. As a result , large areas of the Arcti c are es- Arctic and the support systems necessary throug h the
sentially in a pristine condition . Man ’s use of the subarctic regions , a method is needed to evaluate and

‘St ate Director , Bureau of Land Management , Anchorage, Alaska.
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~• Figure 1. Per mafr os t in Alask~i

identify areas which should be given priority atten- Step II — Resource inventory
tion. Resource data was portrayed on transparent over-

lays and included such items as timber inventory, land
status .  locatable mineral s, possible meta lliferous pro .

SUGGESTED PLANNING APPROACH FOR vinces , coal-bearing rocks , possible oil and gas provin-
ARCTIC AND SU BARCTIC REGION S ces (Fig. 2), wildlife and fisheries habit ats , grazing re-

sources , and recreation al resources.
The techni que described here is based on well-

known principles of planning. The techni que was de- Step HI -- Use suitability evaluation
veloped in part , tested and used successfull y by the This prncess broug ht together the ph ysical and bio-
&i reau of Land Management on a broad assessment logical inventory in the preced ing steps for assessment.
of the enti re state of Al aska with the exception of Each of the seven resource disciplines represented in
the Southeastern Panhandle. ’ the study (Range Managemen t , Forestry, Wildlife ,

Recreation , Minerals . Watershed Man agement , and Land
Step I — Physical profile Ownership) developed a suitabilit y rating map covering

Identification of the natural  charactenstics of the every land are a identified on the resource inventory
area. This includes such factors as topograp hy, geology , map. Resources evaluated included livestock forage ,
soils, vegetation , climate and h ydrograp hy. Inc luded timber , lands , minerals , water , wildli fe habitats (Fi g.
in this ph ysical pro fil e we re such items as fault lines 3) an d recreation .
and seismic zones , potential flood , ice jam . tsunami Suitabil ity evaluations were ranked in one of three
and wave hazard areas. Permafrost characteristics categories :
were also identified (Fi g. I) . All data were portrayed I. High amenability to environmental modificati on.
on transparent overlays over a base map at a scale of or in the case of water , reflects few limitations lo use
I in. = 40 miles. and development of water ;

2. Moderate amenabili ty to environmental modi-
fication , or in the case of water , reflects some limit a-

‘Bureau of Land Management, “Land use Capacity tions for use and development of water ;
and Management Philosophies for Alaska — A Study. ” 3. Low amenability to environmental modilka-
Bureau of Land Man agement. Anchorage, Alaska, tion. or in the case of water , reflects considerable
1973. l imitat ions to use and development of water.
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Figure 2. Possible petr oleum provinces.
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Figure 3. Suitability rating for wildlife habitat. ‘
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Figure 4. Multi-resource suitabili ty ratings (excerpt).

An example for il lustrative purposes is a forested amenability t a’man ’s use and development if the ident i-
area identified as commercial forest in the resourc e fled values are to be protected. Yellow was used to in ’
profile but underla i n by shal low soil and permafrost. dicate areas generall y amenable to man ’s use and de-
This are a could be coded 13 to reflect a low amen- velopment , but  with critical potentials for conflict with
ability to environmen tal modification. The numeric al uni que , scarce or vulnerable resource values.
weights do not mean use or development should or The process of relating each discrete are a on the
should not occur , but express a measure of the degre e multi-resource suitabil i ty map to one of the three land
of like l y environment al impacts if use and develop- forms recognized is a key step. Involved is an inter-
ment occur. pretation of each discrete area , reassessment of the

resource values identified, an anal ysis of the compat-
Step IV Multi- resource suitabili ty evaluation ibi lity and/or con flicts of resource use and the forma-

Taken individually, each of the seven resource suit- tion of jud gment as to which of the th ree categori es
ability rating maps gives only a singl e resource suita- fits the assessed are a best.
h iity assessment for any given area. A composite ‘This process require s the use of an int erdiscip linar y
map is then prepared using the map transparen cies team of resource specialists who are familiar with the
and sieve techni ques while allowing a group ing of the country , the resources and the abilities and constra ints
resource com binations with their respective ecologi- of the latest technology app licable to resourc e uti l i ,a-
call y oriented weight assessments. What resu lts is a tion.
multj ’resou rce suitabil i ty portr ayal for any gi”ei. are4 In pristine areas of the Ar ctic and suh a ic t ic . key
(Fig. 4). and sometimes even singl e r enewable resources may be

Each combination of resource values and assessed of such overriding importance that  the land form group-
wei ghts is identified by numb er. In the course of the ing assigr~ed indicates the abi l i ty  of the key resource(s )
Al aska study, 559 variables were developed, to wi thstand environm ental modification. For example .

Each enclosed area is then color coded based on the the peregrine falcon is listed as an endangered species.
combinations of resources and suitability ra t i n gr  into Nesting habi ta t  is a c r i t ica l  factor , as disturban ce dur-
one of three land form groupin ~~. In the Alaska study, ing the nesting period can adversely affect survival.
green was used to identify areas with potentials for use Where such sites were identified , this resource factor
and development of resources which , with limitations , alone was sufficient to overshadow other resource rat-
are generall y amenable to man ’s use and development. ings, to place the are a in the low amenability grouping.
Orange was used to indicate areas with uni que , scarce With these kinds of jud gments involved , the inter-
or vulnerable resource values , generall y reflecting low action of a knowledgeable interdiscip lina ry team is

mandato ry to arrive at such consensus determinations.
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‘Th e result of this process was a col or-coded map of The profound impacts of man ’s activities on the
Alaska which port rayed the sensitivity of any given natural environment are recognized in the Act as it
area to man ’s use and development , always with the points out the responsibili ty of the Federal govern-
proviso that control on such use and development is ment to improv e and coordinate Federal actions to
exercised through appropriate app lication of known achieve the following goals:
technology. “(I) fulfill the responsibilities of each gen-

eration as trustee of the environment for suc-
ceeding generations ;

MANAGEMENT UTILIZATION (2) assure for all Americans safe , healthful ,
productive , and esthetically and cul tu rally
pleasing surrounding s ;The plan ning approach described is not designed to 

(3) attai n the widest range of beneficialtell the land manage r what areas should or should not uses of the environment without degradation ,
be used and/or developed. This approach does flag, risk to health or safety ;
for the manager’s considera tion, the potential magni- (4) preserv e important historic , cultural
tu de of environmental impacts which can be an tici- and natural aspects of our national heritage ,
pated wi th use and development of a given area. The and main tain, wherever possible, an environ -
gross stra tification developed also assists the manage r ment which supports diversi ty and variety of
in establishing pri ori ties for more detailed studies , individual choice ;
an alyses, and land use planning ef f or t s .  (5)  achieve a balance between population

A study of this type can also be of value in the de- and resource use which will pe rmit high stand-
velopment of environmental analyses for proposed ar ds of living and a wise sharin g of life’s ameni-

ties; andmajor developments and especially so for proposed (6) enh ance the quality of renewable re-lineal developments such as pipelines and roa ds which sources and approach the maximum attainablemay transec t hundre ds of miles and a multitude of recycling of depletable resou rces.’4
ecosystems. A major component of the administrative section of

the Act requl tes a public envi ronmental impact state-
ment process that examines the proposed Federal

ENVIRONMENTAL ANALYSIS action for effects on the environment. This adminis-
tra tive section , 102(2) states:

Another valuable tool available to the land maria- “(A) utilize a systematic , interdisci plinary
ger is a process of environmental an alysis , which ie- approach which will insure the integrated use
quires a close look at a specific proposed action or of the natural and social sciences and the en-0~ senes of proposed actions and the potential impac t On vironmenta l design arts in planning and in de-
the environment. This kind of analysis is a mandato ry cisionmaldng which may have an impact on
obligation on the part of Federal land manage rs under man ’s environment;
the terms of the National Envi ronmental Policy Act
of 1969 , commonly referred to by its acronym , (C) include in every recommendation or re-

port on proposals for legislation and other ma-
-‘q NEP A is of major significance to planning and regu - jor Federal actions significantly affecting the

lation of man ’s activi ty in the Arctic. The dedared quality of the human environment , a detailed
statement by the responsible official on—-purposes of th is very important act are : (i) the environmental impact of the

“To &clare a national policy which will en- proposed action ,
courage productive and enjoyable harmony be- (ii) any advers e environmental effects
tween man and his environment; to promote which cannot be avoided should the pro-
efforts which will prevent or eliminate damage posal be implemented ,
to the environment and biosphere and stimu- (iii) alternatives to the proposed action ,
late the health and welfare of man; to enrich (iv) the relationship between local
the understanding of the ecol ogical systems short-term uses of man’s environment and
and natural resources importan t to the Nation; the maintenance and enhancement of long-
and to establish a Council on Environmental term productivity, and
Quality. ”3 

(v) any irreversi ble and irretrievable
commitments of resources which woul d be
involved in the proposed action should it2Nationa! Environmental Policy Act (NEPA) 83 Stat. be imp lemented. ”5
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Thus the NEPA process becomes part of the planning
and decision system and an integral component which
insures selection of options to meet identified goals
and objectives.

CONCLUSIONS

The Arctic and subarctic regions of North Ameri ca
are being subjected to increasing developmental pres-
sures because of the intensified search for non-renew-
able resources, par ticularly for oil and gas. One tech-
nique for a rapid overall plannin g assessment for large
areas has been descri bed in this paper. Planning with
the use of this technique (or other similar planning
efforts), and with the process of environmental an aly-
sis will assist the lan d manager in guiding and regulat-
ing man’s use and development in Arctic regions.

These tools , however, are essentially crude because
of the small scale involved, the general lack of site-
specific data and a constantly evolving techn ology .
No amount of planning and environmental analysis
can obviate the need for a stron g management posture
of constant surveillance of on-going operations coupled
with the capability, authority and flexibility to adjust
operations on the ground. Specific authority is needed
to reqwre adherence to control and protective require-
ments in pe rmitted activities, while flexibility is needed
to tighten or loosen restrictions as situations and tech-
nology change.

Given the basic ingredients of stron g planning ef-
forts, environmental analyses and a strong management
position, the u tilization of Arctic resources can occur

-
‘ with a light touch , conserving with minimum impair-
‘I ment the basic long-term çroductivity of the Arctic

ecosystems.
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V. Max Bu -~~ paC~flHoB, nO .~rKepweHHbI x
(CLL IA . AHko p~u*. A.i.cis) -I)  p~I~~( I f ufl. flO.~aet)1NCHHhU UyHaMH

K . I J I M ; I T H 4 e C K HX  aapa KTepH cl i9(

PA3PABOTK gI. BPHPO 11HblX PECYPCOB ~~~ MO~ yT ót4rb T&CH O CB $4~~~ Ilt.I M4’lt .~t~ CO6C,4.
14 CB~13AHHb1 E C HEll J1PO6JIEMW OXPAHbI T.IK~E( C 11p06.l eMO% oxpaHbI OKpy#aKflhl .- rf IJ

OI(PY)KAIO W~Efi CPEUbI B PAfl ONAX APKTI4~ ECK0I1 nu~~~ Iuu TcH . ‘ITO cyrueclaye T KOH IMHKT MCA (iy r~~~Pd~~~rK0A 
npH .

pi : I i I t Ix  peCyp coB H co%paHeUIIeM npupo.tIIt.I x :Ialcuua4I-roa Onpe-
AJIS CI(H.— IIJ 1AH HPOBAH HE MEPOflP HITHfi , • .IHH)TCR 1~oIlo.1HwrcJrbHMe 4lOpMI .I  H( f l l W I .  l(~I1a H f l R  ~eMe~1b N

YMEHbWA IO LIIIIX YLfl EP&, HAH0CHMbI~ OKPY)4(AIO W,Efl OaIIolipeMeItIIo I4X OGCJly )IcHB8HHe Ypanl ooploM.

CPEJI.E KIT CH Ha le  Milbie KOpIUiOpbi . B pe~ yj r~~r a r ~- TU La Te . lbH O Io ii HI
poIIIleT o aIIaJlH3a Oflp~ .1e/lH~ 1CH flj IWfl a ,’lI, Tepp HTO p HH . KOTOpO *

ApicTHKa RL’tfi er cR )IeOcBOeHIIWM paA oaoM ceaepHoro nO .TywD- uaiiociii H yuiep6 pa3pa6oTKo~ npHpoaHbIx ~~~~~~~~~ H nJ7OWLSb

pna. Pocr auepro3anpocoe II ~~~~3BHTHC IIosWx ‘rexrulqe CKHx cpeacm TCpp HTO p H . npHrel1H04 10111 3Kcflh *yaTau.KH flpH YCiori u1I DUflOJ~
cnocOóCTByIoT OCD0CHHIO 3TOrO paA oHa . BaKay ynnIca.abrrocTn ap K- HCHHH TpC(~OBaHHh ox pa~~i~ oKpyrIcarouLe~ cpear~i. [1oc.1 ( ’tIIH ~ KaTe-

TI,’leckot% fl~ HPO2bi H yB3BHMOCrn C~BC~HbIX DKOcHcTCM 3TOT pafloN roplill ICMC .lb MO IKeT 6wT b ocsoeHa 6ea cepi.e3i~ Ix napylileHufi H
aoJn~ eIt OCBa HBamCR B 6yayute~ oMerI b OCTO~ OXOIO so H36e11(aHue 3Ha’{nle.jbHbIx 3aTpaT . 3KcnepHMei~r no ocRoen lf WI ii ~Kcn.1yaTauHH

Hapywe HHfi np~ po~noro paBH O BCCH R. fl JlaHH po DaHHe 3~Mj I~flO.Th- ~CPpUT O p Ill 6e3 Ha HeceH 1111 y iiiep6a oKpy ~~ J W)u1I r1 c p - ~ e npo Do-

3oBaHufi . ocHoBaHHoe na Hcc!re~ oBa HnHx npouvT bax ~ei’ II re~ ynnix an.ICH nit A iacHe. Ha 3eMJIRX ufraTa óbI.’Il, Hu.1l .1l nI.I ueCKo.lbKO

uccjreJ~oBl Hngx. MolKeT fl~ C~ OTB~ 8THTb H ~MCRbU11iTh ytnep6. r~a- I co~ e~ KOMIIJI eKCOB . TaHoe pa4oHHpoDaHHe HeO600lltMl, pyKoDoiI4~
HOcHUbI A orcpy~Karo LueA cpeae. flocToqHHi~th KOH TpOJi b it n3y~leHne ie.ito, KOTOpI4II pewaer . HON .10.IAIHbI HCUO.lbtOBaiI.W1 n’SI.l H 3T0
4o pM H MeTo~ oD 3KCflJI~ 9 T OU H K  npHpOAHMX pecypcos ~OJDKHW DO- HcOOxoaHMo OcoóeHuo it tex c .ly4aMa . xoi ia Iunc.lt .U flSHN Taxo ro
BPCMH cHrHaJtK3iIpoDaTb 0 ripo6ie~~ax , CDR 3SHHWX c ux ocsoeKueM . Hcno~n.joBaIitt~ HBJIIIIOTQB H~O~ POTHMUM11 ( .i~ \ e 1  ‘,craHOD WT b
flAaNHpoBaHHe H KOHT~OJIb B C0MeTDHHH CO caoeBpeMeHHbiMIr 113- Ily~~iIIae TNIHCflOPTIIbZ& CIICTCMbI , a TaKIN e B tMOI$IIIOCIL. Il0JMeiL~ ’
M eHeH IIOMH njiauoa H MeTQaoB øeae~ nn pa6oT NsJIaeTcB K.1)0’IoM II Ko. ltu q e ( ’Tao pa6o~ eci CH~1bl biMIn.lwj oTcsI ref)plITopHH . He
K pewe~ nio BOfl~0C~ 06 ~~1lCHbUlCHHU yuCep6a , ItaHoc NMo ro ap r ru- no~~uaa I Iu te  npOMutu.~eIiHOMy OCBOCHHiO. Octt(Soe aHa4eHH e a.1N
9e cKnM 3X0cHcTe M9M. lI .IaIlIlp( J BO I IIIH H pery .1IIpOBaHHH .l eHTeibHoclH qej o Beka B A pK-

3HaHne fl~ H~ O~lHbi X 6Ho .,or rTgec KHx Citere M, reoJiOrJlIt It Kin- luKe HM&~ l 3aK ou 0 uafluolla.lbuocI no.1UTHKC no o ’tpaue okp y Ma-
M 9T~ — DOT oc uona flJ!3HH~OB3HHN aesul ertoJlb3 oBaHnfi . fl .ianM totuefi cpc .mi. npHItRTldt KOHC~ CCCOM CWA B 1969 C.:

aeMJr erroJi bao BaHit R , CTaBBIU He ocH oaKoA ueJlbio npe~ OcTaB -1eHHe ~1 OCy. Ia pC TBCII HOH lIO.1HTIiKa lo.1IKI,a oOecn eHHlb ra pM OHtIIO
pa6om i HaeeJl eHl4to HiH IlOBbi uleNtle aoxoio ~ ceMbM. O’teHb ‘t acto ‘ICJIOBCKU H epujia H 6HOCt~)Cpbl H cflO CO6tTIIO BaT b p(KT~. 

(i.iarot O
OK~3b1B~IOTCR HecOcTOW reJi bHUMH. Bce 3e~reJ1bHbi e y’taCrKIr it npn- CTOSI IIIIII It y.IS ltueullK) 3 tOp OBt. R .iio.iea , paCwKpHTl npe LcTaB.te-

pofl.Hw e pecypc bl , T. e. ~iec. Munepa.’Ibl , xelnb, ra3 H np.. itMeror 01113 o6 aKo.lorH4ecKIIx clicleMax H fl~ Hpo.iHb1 x pecypcax ruc~~ ap-
npej~ej i npo iy IcTns HocT H , onpe.ie~nt m KOTOpUul ite,ierxo. I’tHaqe - (T UCIIHO rO 3Ha’ teUIlR Co.ualb CODer HO hIJ HTpO.1H) 30 K0 ’ ICCT BOM

zt,eno oócYowr c B0306HOBIIMbIMU peCypCaMH. Hcx0AR H3 TOFO. ‘ITO oKpyWdlOtlLc H cpciIa~ - 3a KoH yCTaIIaB.llIKael OIBeT CTBCHU OCTb t~e-

)KeialeJ!bno CO~ paHNTb flOCTOtUIHblul YPOBCHb fl~O~~ KT1fBHO CTIi ro- JiepaJlbIloI-O npaBIrrL’ .lbcrB l 3a c0 BC p UJCHCT BOHa MHC H KoopilIHau lIlo

ioaaa HO~M~ 3KCnJ1y8TO UHH nphpoaitbi x pecypco s CT~ HOBHTCR JLC HCT BII H J i p aB HTeJl bcT BeHitbl x y q pe cHi n B aocY KAC eHHH c~ie .1y-

4 y H K trneA rOJlOBOrO fl~~If~~OCT3 npO~LyKtLHH . 410 KacaeTcR HeBo3o6- O l I i U \  U e.ICII .

K0BIIMbIX PCCYPCOD. TO rO1lOBOe nolpe6ieHne ~ aer BO3MOWHOC1 b I. Yc~ aiioit~ieutoi OTBCT CT BCH HOCIII 3a COX POHHOCT b oKpylsc a Io.

onpeaeinm TeMnu ox axcnJlyaTauun. Hiaic, n.laHHpOBaHIte 3e~~ie- th eft Cp&’ .1J1 Ka13uoro llOKwlelIHlt nepe .1 6y ;1)L u llMH noKo .’IeHHHMII .

flOJib3OBaItHH POJOKHO CTPOHTbCB HO OCHOBe 3HaHIIft o ~e~t-’ie. cc 2. Cox paitet i t i t i  10111 DCCX aMepI!K;luucs 3 .tOpOBOtI. flp(}.IyKT HB

noTeHunaJibHoti IIpOiyKTHBHOC’T H H BO3MO)KHOCTAX. 0011 y l0t1.1CTB0p1tT e.1bt1o~1 B ~CleTII9eCI~ )’1 Ft KY IIbIY PHOM oluowe-

Ypoaenb ~ieTaj iH3aLjHK , HeO6xOIIHMbIA 10tH nprinn’rna peuJeHflul IIHII X IIplIpO].ltO1) Cpellbl.

6blBaeT P~ 3J1H’IIIMM H 3aBHCKT 01 TOrO, K 4~~MY ~oi13u4o npHBecTH ~ 0npC,ie~ieittit4 (ltOpMbi aI(cn.1~ a1auIlH uptlpo,iIi bix pWcypCOB

flP IIHTOB pew eHne. Hanpitoep, peritoHa.lbHoe 3OHHpOBaHIIe. ~ npo- Oci .le pa .l auHu flpupo.iUoh cpl Ibl . oll act iocTi t  .1.111 3JopoBbH. H I H

uccee KOTO~ OCO BbIiej IiteTcq leppn’ropnht iJIN TlpOMblW.IeHHOtO oc- ~PY~~” 
Hel+1eJlaTeJIbHUx IIOCIIeiCTIIIII1

Doenit a U HcnO.lb3oBaHItR . Mo)lceT ówm OCHOBaHO Ha O6o6uteHHo)~. 
4 Coxpatteouti  BaA uibl x t icTO pH’teCK lI.k. h~ .1bTypubIx II ll~~H~ O.1.

HO TOUHOrI HHII,opoau,ttt , a nia~~npo~ a~~ue ro.ioaoul py6KH ieca IIbIX aCI1CKTO B ilauiero IiauKoIia.lbHoro 6o1.ITCTBa U cox pafleHItH.

.io.i~~tro 6airipoaamctt Ha 3HaHHII ro~~nqHwx ie~~noa pOCTa . BOC- CCJIII ITO BO3Mo13cHO. OK~~~)K 3lOLU~ H cpe .mt . yIOL1CTBOpHIOLIICh KU’

cT aHoaJleHuH. rii6e~iit .9eca , a r arc~~e ao31Lel~cTBna efo py 6Ku ua ~~~~~~~~~~~ nOTp e6HocTtt .iloxeñ.

oKpv 13caiouiyIo cpeliy . 
5. .Tiocito+iettii it ~~ HlIOBCCH13 %I e~+1iy Ia ce.leuilcsl H HCIIolbIO-

fl.raHHpoItaH He, a 3131C M 1313cr1 .lvaTaun)o ôoibwlix -repp wropnct . 
B aH IFCM peCypCOB , ‘ITO o6ecite qtii Bb ICOKIIII ypO B I’II b 140131111 ii paD-

xapaKlepitblx aix APKTHKK H CY6apKTHKH , npHponhl ble pecypc~r 111411 U03M014(IIOCTII 11H BCCX .ito:1c11 uac.iai+i .IaTt.cx 6.iaraoit i t iH i u ll .

KOTO PbI X pauc e He KCnoib3oBaJlltCb, c~reaye~ Ha’Iali, C 13H~ j lH313, 6. Y.’Iy’l uJ eHnht K13’l eCT ll I B030611(IBII ’ItI X prCypCOB II ofwcne~ie-

- - coc -rox ut ero 113 ~pex cia -i icct 111113 M I I K CI IO13 l b H OrO BO IO6HOB.1C HHH ll~ ToIuaeMb1x pecvpcos

llepaax cTaaHsl — OnHCallUe H HaHeCeRHe na K~~ Thi H cxeMbt 3h K0 t 0 HauUoH a lhll oct no1HT uI~e no oxpaue oKpylK a IoLuCH

c.1e,j~ ioUj1tX X 13~~~KTC~~HCT1IK npHpo~IHoft cpeabr : LW 11J)e .IycMaTpllB Il T IIco~~x o;LI1MouTL. llIIIi)OKOI0 OctW.CCTDI ’ItIIOIO

I) ionorpa~ntti ; 1)OCYI’LlCIlIIlI DCCX Iocva apcrar’Il}Ibl x Me~ oh1pHxTtIH . B1ltitK)t1Lll~ 1113

2) ruapor pa4)HH; oKI YI+1aIoLLLY Io cpe1~; B pa3;leJle 102—C 131010 3aKOHa 3arlUCaHO:

3) reo.ioruit ; Ka) +1lax IIChOMCIUI3ILII H 11.111 CBO,IKH llpe;01o)PieItlIH .1.IH UK.1Io’tCHCII

4 floiBbi; H 3aKOit o.I aTC.1bCTB0 . .~~i6o 
~~~~ 

roe lOcy.I13pCTDCIIHF4C \tcpOIIplllITIilI.

5) paclllleii HocTlt: cyLUecIBrUlli) DJlH1lIoLUIIe ua Ka9ecluo cpe .2bI o~~itTalIIl1I 4C.1OtlI’~~a

6) cyluecTByro Lunx noceiieunct; ,10.0+11~~1 ttbITb Rcl.elopoHHe o6oruouattia opraHaMil  lIcllo.1HIITC-

7) K. IIIMO1a .1131111, laboC or~oci iOBat t t tc  .10111+1110 aKJl IoqaTb:

B-ropact claiKil — KapTIl ponaHile npltpoflltbt x pecvpcon- i )  HJ1HHIifl~ Ilpeal aracMbl x MeponpitaTH ul ua Ipilpohoyro ~peay.

I) pa~ oHoa flOJIe3Itbl X IICKOHaeMb1X; 2) IlVpl”leHb 11e6.l ii l Illj)llltTlIbi X iioc.ie;tciitttci, il3tIr~K aT b KOTO’

2) MCCTOpO,K ll eHHhI He41-r H. I- a la  ~~~ 
IIl:.lbJlI . CCIIII II~1_ ;.In.+i ’lIlIe 6~~1t’ T 0C~ Uthcl  II.lCflO .
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~
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RESOURC E DEVELOPMENT AND RELATE D ENVIRONMENTAL
CONCERNS IN ARCTIC ALASKA - IMPACT ON NATIVES

David M. Hickok

INTROIXJC11ON I will not dwell on this, but the histori c fact is that
change in the Alaskan Arctic has most often been

Alaska Natives , particularly the Inupiat of arctic brought about by external forces. In order to under-
Alaska , live closer to the land and the sea than most stand the pressures on the Inupiat people today a per-
other Americans. For several centuries their an cestors spective of the most influenti al events of recent time
exercised “dominion ” over the land and resources is useful .
which provided them with the requirements upon World War 11 emphasized the strategic importance
which they built one of America’s most remarkable of the Inupiat territori es , and consequently, defense
Native cultures. Historically, they took from the lan d installations were built throughout the Arctic and
only what they needed. lime and the thrust of west- Alaska generally. Government inte rest continued in
em civilization into arctic Alaska has not altered this the Arctic in the postwar years. Military construction
fundamen tal lnupiat concept of the land as the pro- and scientific research provided new sources of income
vider. for the people , and improved t ransportation , greater

The Inupiat are realists. Today, just as in the pas t , educational opportuniti es, and health facilities were
they accept and use those aspects of western culture made available.
which enhance their livelihood and survival and at the When the government initiated a major oil explora-
same time retain those values and pursuits which have tion program in Nav al Petroleum Reserve No. 4 in
maintained them for centuri es. Prior to the 1940’s Inupiat territo ry, it launched a new era in the Alaskan
and the beginning of the modem era of resource de- Arctic. From 1944 to 1953 exploration within the re-
velopment in arctic Alaska , the Inupiat experienced serve provided a long period of employment for local
two centuri es of western contact: periods of explora- people and the beginnings of a true cash economy. Ex-
lion, exploitation of whales and other marine mam- plora tion of the reserve and other govemmental inter-
mals, the fur trade , and the introduction of new con- ests led to the establishment of the Naval Arctic Re-
cepts of government, religion, and educati on. All search Laboratory at Barr ow in 1947. This action pro-
were dealt with by external acceptance and participa- vided additional local employment , affi rm ed a long-
lion but also with an internal passivity and resilience term federal commitment to arctic research , and in-
which retained the Inupiat identity. This identity is volved the Inupiat with individuals and ideas from
strong today , pe rhaps even stronger than a century around the world.
ago due to the events of the past three decades. I The effects of this scientific effort combined with
think it is becoming even stronger. the involvement of the Inup iat people from 1947 until

now cannot be overstated. Scientists who worked out
of Barrow covered the entire Alaskan Arctic and the

BACKGROUND polar sea. They depended greatly on Eskimo support .
Equally, the Inupiat learned from the scientific corn-

This retention and strengthening of the Inup iat munity. Gradual ly, this cooperation produced a basic
:41 identi ty has take n place during a time when many non- knowled ge of the environments and resources of the

weste rn cultures of the worl d have been decimated , Arctic which has just recently begu n to be understood
subdued , or amalgamated by recurring social . econo- and utilized by government and economic interests.
mic , and technological changes , introduced di sease, Ad dition al exp lora tion of the petroleum reserve and
the traum as of alcohol , and the forced separation of subsequent construction of comm u nications installa-
families for educational and government convenience, lions between 1953 and 1957 brought modern science

Dwector . Arctic Environment Informat ion and Data Center, University of Alaska, Anchorage, Alaska.
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to the Arctic and more employment for local people M industry teems began their work, an other sigalfi-
as well as environmental impact and degradation. The cant event took place. On I~~cember 6, 1960, the 8.9-
Federal Government took exploration and constrvc- million-acre Arctic National Wildlife Range was crea ted
lion materials to the Arctic on a “one-way ticket” and by Public Lan d Order 2214. This action by outgoing
left debris and destructi on everywhere. Travel and Secretary of Inte rior Seaton surprised many. Actually ,
construction activities degraded the tundra , thawed it was the result of trade-offt made In the Congress to
the permafrost , and eroded hundreds of square miles assure sufficient votes for Alaskan statehood . To the
because scientific advice was ignored. Inupiat , however , this action looked like a potential

Exploration of the petroleum reserve was suspended threat by the Federal Government to Inupiat dominion
in 1953, but the pat tern of empl oying local Inupiats in the eastern Alaskan Arctic. The establishment of the
as support personnel continued during periods of m iii- range did result in long-term consequences for the Eski-
tary construction as well as scientific in quiry , which mo people generally, and par ticularl y for the villagers of
accelerated during the International Geophysical Year Kaktovik on Barter Island. This wildlife ran ge and Naval
in 1957. Daring this period the scientific and Eskimo Petroleum Reserve No. 4 encompassed more than hal f
commu ni ties were brought closer together by several of the lan ds regarded b)- the Eskimo people as belong-
investigations of Native diseases and communi ty struc- ing to them. Inupiat at titudes toward their legal land
ture as well as by continued research in natural Arctic rights began to stiffen and become vocal.
phenomena. They organized and , by the mid-1960’s, united with

Danng 1957-1958 the U.S. Atosnic Eziergy Commis- other Native groups of Alaska to legally protest selec-
sion funded a comprehensive and correlated study of lions by the State of Alaska under the Statehood Act
environmental and Inupiat socioeconomic conditions and federal mineral leasing east and west of the petrole-
prior to Project Chariot — an experimental harbor cx- urn reserve. They demanded that Government set tle
cava tion by nuclear device to be located at Cape thei r aborig inal claims. Additionally, the State and pri-
Thompson on the Chukchi Sea coast near the Inup iat vate oil firms were advised that the Inupiat regarded
villages of Pt. Hope and Kivalina. After substantial re- their presence as trespass on these lan ds. SeIf-dete rmina-
search , the combined environ mental awareness of the tion and enhancement of life without formal ti tle to their
scientists involved and the assertiveness of the indigen- traditional lands was deemed impossible. They fully re-
ous peoples brought abou t an end to this idea. Im- alized that a land base was essential to equal societal -
portantly, thi s process gave a new urgency to under- participati on, both economic and political. Thus, the
standing more about the effects of external forces upon Inupiat renewed their ancestral claims to the land , and
Inupiat life. after many years of arduous stru ggle , their claim and

Oil company exploration crews came to the Arctic the claims of other Native groups in Alaska were recog-
in signi fican t numbers beginning in 1959. The oil in- nized by the passage of the Alaska Native Clthns Settle-
dustry had carefully studied the results of earlier cx- ment Act of 1971. The story of this act’s passage and

- - plora tions in Petroleum Reserve No. 4, had discussed its current implementation cannot be completely told
arctic prospects with government scientists, and were here , but that st ruggle and the— events leading up to it
ready to launch their own investigations, plus the major 1968 oil discovery and development at

In the rnid-60’s the disregard of arctic environmental Prudh oe Bay on the Beaufort Sea coast , and the estab-
concerns continued with private oil and gas explora tion lishment of regional and local government in the form
on state-selected and federal public domai n lands. By of the North Slope Borough all have had profound ef-
this time , however, more knowledge of natural Arctic fects upon the In upiat people.
conditions was available. Nationally , public interest
and conce rn abou t the natural environment was grow-
ing. Some scientists and governmental officials , the IMPACTS TODAY
Inupiat people, and a generally aroused citizenry pro-
tested against practices detrimental to the natural sys- The events of the past three decades have been under-
terns of the Arctic. Most were stopped. The oil in- lain by the Inupiat struggle for equal opportunity under
dustiy cleaned up m uch of its debris. I ronically, while law, settling of their land claims, and the structuring of
in dustry complied with public pressure, government home-rule government. The physical circumst ances of
did not. Except in the immediate vicinity of Barrow , the Inupiat people have changed, generally for the bet-
debris has been left scattere d over hundreds of square ter. Their attitudes towards themselves and others have
miles of tundra. The Navy has contracted the Arcti c altered during this period of near sociological revolu tion.
~ opc Regional Corporation to cleanup part of the Moreover, they are , from all points of view, most pou t-
petrokurn reserve during 1976. ically aware of the external forces affecting thei r lives:.
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economic , social , and political. Intrinsically, however, Simultaneously, the I~~partment of the Intenor was
the people are unchanged. They remain the Inupiat — gearing up for its pipeline surveillance responsibilities.
“the People” — with their own values and aspirati ons, The State did like wise. The private sector boomed with
and while they fully belong to the American commun- supply and service contrac ts that directly or indirectly
ity. they yet retai n their own special identity . For supported pipeline activi ty . Other government agencies
most Americans , who are the resul t of western civiiza- and the academic community were also committing
tion’s “melting pot ” of ethnic origins, this is difficult their resources to investigations on pipeline , environ-
to unde rstand , but it is an essential part of the current mental , or economic matters . In effect , nearly the en-
circumstances affecting arctic Alaska. tire public and private sectors of Alaska were involved

For Alaskans who care to reflect on the situation in programs relate d to either the land claims settlement
in our North today , two elements are unsettling or, at or pipeline construction.
least, ironic. These are the inordinate influence of Hardly noticed amidst this activi ty were portents of
federal program decisions and dollars over state and new problems and areas of involvement for the federal
loc al concerns and the rush into new arenas of federal agencies themselves, newly formed Native corporations,
involvement before other, earlier-agreed-to courses of state and local government, and the p rivate sector — de-

governmental action have taken place. Obviously, the velopmental ari d conservation groups alike. But noticed
two are closely interrelated , and they create a tangled or not , they were beginning to appear. Discussions on
web of bureaucrati c programs. The Inupiat and other national energy deficiency were beginning and interest
Native groups are most affected by programs related grew in Alaskan outer continental shelf oil and gas cx-
to resource development in the arctic environment ploration , additional oil and gas pipelines or other de-
since their life-sty le is so closely tied to the land. livery systems for fossil fuels from the North Slope to

Beyond this major set of circumstances there are the contiguous “lower 48” states , and the exploration
two other fundamental effects — increased employ- and possible development of Naval Petroleum Reserve
ment , much of which is self-employment, and the No. 4. As the seeds of new energy-related program s
very great concern the lnupiat have over any govern- were being planted , other public concerns over environ-
mental action that may affect the management or mental and socioeconomic impacts were also being ad-
availability of fish and wildlife resources. dressed. Competition in the Congress over national

Daring 1971 and 1972 the major federal decisions land use planning versus coastal zone management
that affected resource development and the environ- planning was taking place. The Marine Mammals Pro-
ment in Alaska were the passage of the Alaska Native tection Act , born out of concerns not directly related
Claims Settlement Act and the authorization to build to Alaskan waters and environs and in most ways sci-
the trans-Alaska pipeline from Prudhoe Bay to Valdez , entificall y fallacious with regard to Bering Sea and
Alaska. The dialogue surroundin g these two issues Arctic Ocean populations , nevertheless exerted major
was intertwined in both the legislative and executive impact on state management and on utilization of
branches of the fede ral government as well as in the marine mammals by Al askans.
several sectors of Alaskan society. A dominant , often By 1974 the infrastructure to support many of these
expressed theme of that time was the need for rapid new energy resource use , transportation , and environ-
and expedient action on both. Congress particularl y mental programs was in place. This created still more
stressed urgency and made the immediacy of land impact on Alaska. In the past two years , 1974 to 1976 .
conveyance to Alaska Natives a legislative mandate. several more , primarily federall y induced program s have

In many, ma ny ways, Alaskans in all waib of life sprung up. The list now includes construction and en-
-
~ were swept up in the wake of these two federal dcci- vironmenta l planni ng for a new gas pipeli ne or delivery

sions. The U.S. Department of Interior began to im- system from the Arctic to the “lower 48” states : cx-
plement the settlement act by withdrawing lands for plora tion, land use plan ning, and environmental studies
Nativ e selection and those that might be later included of Nav al Petroleum Reserve No. 4;exp loration , environ-
into na tional land systems. Regulations , of cou rse, mental and socioeconomic studies on oil and gas leasing
proliferated. Native groups established the corporations on Alaska’s outer continental shelf : plans , studies and
through which the compensatory assets of the act were legislation for additions to national conservation sys-
to be received. The Inupiat became deeply involved in tems : imp lementatio n of coastal zone management :
setting up and operating their Arctic Slope Re gi on al and plan n ing for new major transportation systems to
Corporation and eight village corporations. At the serve potential resource development areas.
same time they successfully established home-rule gov- In only fou r years the impact of federal program s
ernment under Alaska law in the form of the Nort h on all facets of Alaskan society has increased about
Slope Borough . 400 to 500 per cent. To the Inupiat people particularly .

I I
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and other Native groups as well , this is an unsettling enterprise yiel ds rewards to both the individual and

situ ation. Their lane has not been conveyed , and the group . Pride in self and culture has been sigrnfi-
wi th ou t land title their economic ventures are more can dy streng thened wi th far-re aching social , pol i tical ,

costly due to cre di t arrangements and lost income and economic impacts.
from planned leasing agreements. Ti tles to housing Caught somewhere between the burden of their in-

and communi ty improvement projects are in constant volvement with government and their own economic
jeopardy. Mos t importantly, each new federal pro- enhancement are a set of deep-rooted concerns over
grain seems to encroach on or remove valuable assets the management of fish and wi ldlife resources in the
from their specified entitlements un der the Alaska areas of Inupiat use and occupancy. So far no one
Native Claims Set tlement Act. Coping with a myriad has done much more than talk about how arctic de-
of federal activities in the area is a constant problem , velopment affects these resources. Very little research
and the impact on their relativel y small cadre of skilled has been done except for a few species over relatively
personnel and leaders is severe , small geographic areas. Management , whether federal

Bureaucratic competition further impacts the Native or state , tends .to be reactionary and responds more to
community. The leaders of the Arctic mope Regional ideas and feelinp than to facts.
Corp u ration , village corporations , and the North Slope The Inupiat , whose way of life is so deeply rooted
Borough find themselves answering the same question s in the harvest of fish and wildlife resources and whose
over and over again because the information is rarely dietary preferences favor wild game, view the current
shared. The amounts of lime, money, and frustration public dialogue and governmental actions over these
this causes are substanti al , and it necessarily reduces resources with great alarm . They want to know “why.”

the effort they can spend on their own affai rs. One They seek explanations of governmental actions with
example is in the Cape Thompson region and also at regard to caribou , waterfowl , and marine mammal
the village of Atkasook. Lan ds legally withdrawn for regulations. Governmental statements of “that’s the
Inupiat selection have been applied for by the people. law,” or “the biologists say” do not suffice. Allega-
On these same lan ds scientific interests are pursuing dons that they are to bl ame for declines in game popu-
environmental research programs and planning future lations do not fit the fac ts as they see them. When the
ones. The Eskimo people, cognizant of the value of inup iat and scientists agree that more bowhead whales

• such research , are willing to execute cooperative exist in arctic waters now than for the previous half
agreements to permit access to their lan ds- The fed- century , the people do not understand national efforts
erai government , however, feels that Its interests to deprive them of their whaling culture . With their
transcend the Inupiats’ legal rights, and it is trying to Canadian cousins they cannot accept federal law and
prevent the granting of land title in the name of sci- treaty which call for the harvest of waterfowl during
en ti fic inquiry . This worrisome problem not only de- seasons that favor recreation al hunting in the sou th
lays conveyance of the land title, but also requires the and that are detrimental to subsistence food hunting
Na tives to spend their energy and money fighting an in the north. Having witnessed the rise and fall and
activity that they fundamentall y agree with. changing movements of the caribou herds for genera-

All impacts of arctic resource and environmental dons , they cannot understand arbitrary regulation with-
concerns have not been adverse : some, in fact , have out explanation and without their participation. They

-. proved very beneficial. Foremost has been the ability are seeking new approaches to these regulatory matters
of the Inup iat to use the mechanisms and monetary that will involve them. In spite of an increased reliance
benefits of the Alaska Native Claims Settlement Act on the cash economy, the diet , life-style , and culture of
to actively share in the economic growth of the Alaska the Inupiat dictate that the subsistence harvest of wild-
north. Importantly, this sharin g of economic oppor- life resou rces will remain a way of life for a lon g time
tu ru ty has been generated by the people themselves to come.
throu gh thei r own corporate enterprise. Projects for As the Inupiat witness and participate in resource
new housing, better community facilities , tourist ac- exploration and development in arctic Alaska them-
commodations , and industry are operated under m u -  selves, they are particu larl y concerned with the impact
piab’di~~cted corporations. Previously, the people~ of such activity on fish ari d wildlife resources. They
when they worked at all , were employed by “out- want to know exactly what is happening. What are the
alders. ” Now, they are employed by their own car- trade-offs taking place between ene rgy and economic
porations. The income earned by the individual is development on the one hand and wildlife resources on
generated by projects of his people. They now build the other? Who wi ll bear this burden? The Inup iat sus-
their homes, their stores , and other facil ities. This pect they will , and they don ’t like it.
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CONCLU SJOI”JS The inupiat have moved into an era of self assertion
and new cultural , political , and economic iden ti ty . The

As a result of dramatically increased governmental Arctic Slope Regional Corporation and village corpora-
activity, the emerging economic sel f-sufficiency of the dons called for in Alaska Native Claims Settlement Act
Inupiat , and a series of restraints being imposed oh have been established, and the t ransfer of land title
Eskimo use of fish and wildlife resources and the land should take place shortly. Economic vitality is assured
itself, it is definitel y not “business as usual” in th~’ through the monetary compensation of the act and new
Arctic. Until quite recently, the impoverished Native development endeavors. The North Slope Borough has
populati on was largely ignore d by those who sought been formed and political home-rule has been achieved.
to develop their homelands, but no longer. Today, as It is a stirring odyssey of achievement, strength , pride,
emerging major land owners, their cooperation is in- and vigor, but importan t issues and problems must be
dispensable to anyone who wants to tap the region’s resolved before the future is assured.
considerable resou rces, and by any measure the oil
deposits on the Arctic Slope are among the great ones
in the ~~ r1d. ______

What does this mean for the Inupiat? They know
that the environmental costs of energy exploration are Federal Field Committee for Developmen t P1annin ~ in Alaska
highest at the local level. These inevitable changes in (1968) AIo2ka Natives and the Land~ 565 p.

their physical environment could conceivably lead to Histo ry of Exploration , Naval Petroleum R.serve No. 4, 1944-

unavoidable social modifications. For example, in the
nex t 10 years several settlements of perhaps 5000 Reed, S.C. and £G. Ronhovde (1971) Arctic laboratory : A

- . . , history (1947-1966) of the Naval Renearch Laboratory atpeople each could evolve in conjuncti on with natural Point Barrow , Alaaka. Arctic institute of North America,
resource development in the region. 748 p.

The elements of resource exploitation are extremely Univemty of Alaska (1915) Mas k. region al profiles : Arctic
difficult to define. To Arctic Slope Regional Corpora- region (L.L. Selkregg, Coordinator , Office of the Governor).

- - Arctic Environmen t al In for mat ion and Data Center , Uni-lion and North Slope Borou gh decision makers, the ve~~ ty of Alaska , 218 p.
resou rce becomes as nebulous as a “higher standard of
- Unive rs ity of Alas ka (in prep.) Nunakput , our lan d: Env iron-

living, as abstrac t as “secunty ” or “life style, and mental processes in Arctic Alaaka-(J.C. Lafleile Coordina-

~ complex as “gross national product. ” The payment tor). Arctic Environmental information and Data Cen ter ,

or sacrifice made for the extraction of resources may Unlveral ty of Alaska , 312 p.

also be obscure, so the actual cash payment made for
a seivice or commodity usually will not cover all social
and environmen tal costs.

The Inupiat have always said that their interest in
the land is fundamentally to ensure an environment
that will yield optimum heal th , safety, comfort and
well-being to this and future generations and will max-
imize the economic and cultural benefits of a healthy
people. A reasonable man cannot question the wis-
dom of this philosophy, but he.mi ght logically inquire
how it may be accomplished. The Inupiat wish es to
participate in a system of environmental management
that enhances man in his envi ronment rather than

‘> always being based on the latest limits of tech n ology.
-

‘ Renewabl e resources , they insist , must be used with
cultural objectives clearl y in mind. They recognize
the need for competent planning to assure real and
lastin g benefits to the new economy of their lan ds
and are developing high-quality management , skills,
and supporting institutions to achieve this goal. Their
wisdom about the land tells them that the land must
be allowed to renew itsel f and retain its basic integrity,
oth erwise the lon g fight for self-determination will be
meaningless.
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RESOURCE DEVELOPMENT AND RELATED
ENVIRONMENTAL PROBLEMS IN ARCTIC
ALASKA - IMPACT ON FISH AND WILDLIFE

David R. Klein and James E. Hemming~

in arctic regions fish and wildlife resources have scarification , erosion and stream siltation; use of cx-
traditionally been the basis of support for the people plosive charges near fish spawning gravels ; fuel oil or
living there. Now , with the accelerated exploration waste oil spills into waters where fish or birds may be
for petroleum products and minerals in the Arctic and threatened; winter depletion of water through pumping
the subsequent development of exploitation processes, from pools in rivers and streams where fish are con-
there are new pressures being placed on fish and wild- centrated; disturbance to nesting raptors , waterfowl
life populations and their habitat, and other birds and to caribou (Rangifer tarandus),

The discovety of large reserves of crude oil and mountain sheep (Ovis dalli) and other large mammals
natural gas at Prudhoe Bay, Alaska in 1968 brought during and right after the birth of young; improper
increased attention to the Alaskan Arctic as a new disposal of garbage at field camps which leads to
source of energy which could help to meet the large problems with bears and other carnivores; harassment
requuemen~s for industrial and civilian use in the of large mammals and nesting birds by low flying air-
United States and help to lessen dependency on craft; and mining of gravel with subsequent siltation
foreign oil, or destruction of fish spawning sites. Poaching of game

The Prudhoe Bay oil field is now being developed and illegal taking of raptors for falconry are also corn-
and the Trans Alaska Oil Pipeline is over half corn- monly associated with oil exploratory activitlas.
pleted. Plans are underway to build a gas pipeline to At the present time damage to wildlife habitat
provide Prudh oe Bay natural gas to American con- through oil exploratory activities has been greatly cur-
sumers and there is widespread exploration for new tailed through the establishment of state and federal
oil fields throughout the Alaskan Arctic both on land regulations prohibiting the use of tracked vehicles on
and under the adjacent seas. Changing land status in the tundra in summer; requiring permits for gravel
Alaska as a result of the Alaska Native Claims Settle- mining and for the use of large amounts of fresh water
ment Act of 1971 has also brought increased oil for field camps or exploratory drilling and through the
exploration to the new native-owned lands. Aedition. increase of surveillance activities. On the large Naval
ally, the federal ~overnrnent has recently adopted a Petroleum Reserve No. 4 (95,000 km 2) an environ-
policy of increased oil exploration and development mental impact statement is being prepared as a basis
on federally owned lands in Alaska and on the ad- for assessing the extent of environmental impacts
jacent outer continental shelf, which are expected as a result of extensive oil cx-

This greatly incre ased scale of petroleum explora- plorato ry activity and to provide for the development
tion and developmen t in Alaska has brought with it of regulations to minimize these impacts; however,
many new and widespread influences on fish and wild- exploration has already begun before the completion
life resources. Oil explorat ory activities are widely of the impact statement. The U.S. Congress has also
dispersed and of short duration in any one area , and recently transferred management responsibility for
are carried out with a minimum of advance planning. this vast area from the U.S. Navy to the U.S. Depart-
Consequently, it is difficult for state and federal ment of the Interior in recognition of the importance
government authorities to provide the necessary of the fish and wildlife and other resources that exist
surveillance to ensure that the exploratory activities there in addition to oil and natural gas. The state of
do not create unnecessary damage to the land and Alaska has also established the policy of requiring
waters and to fish and wildlife populations . Of major environmental impact assessments prior to any large
concern during exploratory activities are the use of scale exploratory activity on state lands.
tracked vehicles on the tundra in summer which causes
1L~~frr Alaska Cooperative Wildlife Research Unit, University ofAlaska, Fairbanks, Alaska; Joint State/FederalF ish and Wildlife Advisory Team, Anchoraj-e, Alaska, respectively.
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In cases where damage is done to the surface vegeta- 1 17  federal and 43 state.  These iiicl ude :i joint learn of
tion , which may lead to erosion , j est oratio n throug h federal and state fisheries and wildlife biologists who
revegetat ion or other procedures is re quired of the work t ogether along the pipeline and coordinate their
responsible company. In addition , fines have been activities with the central offices in Anchorage .
imposed on companies which have violated environ-
mental regulations governing exp loratory activities. Fisheries problems of pipeline construction

Development of oil and gas fields after their dis- Construction of the pipeline across streams was pro-
covery creates many problems for fish and wildlife hibited during fish spawning and migration pe riods and
different from those associated with exp loratory a 100-meter buffer of undisturbed vegetation was
activities . During development . construction activities required along all water bodies. This proved to be
are localized and are normally preceded by intensive inadequate and because of siltation from denuded stream
planning.  This provides for t ime to carry out initial  banks , chronic water pollution problems associated with
studies to assess Impacts on fIsh and wildlife and to const ruction camps and the frequency of fuel spills in
provide for the development of stipulations to protect the camp areas , a 4 50-meter buffer zone is now recom-
fish and wildlife values or to minimize the impact of mended to protect aquatic resources.
constructior. activities. More than 1600 stream crossings will be made on the

In the case of the Trans Alaska Pipeline there was pipeline project and most of these stream s support fish
an intensive environmental assessment made of the populations . On small streams , culverts or low water
project and comprehensive sets of environmental and crossings (fords) were initially used on the pipeline
technical stipulations governing construction were~ work pad; however , the culverts often increased water
developed by both the federal and state gove rnments velocities so that fish could not pass , and they would
before authorization was granted to begin construction, often ice up in winter and wash out during spri ng
This preliminary work required that numerous studies runoff unless special fuel oil heaters were used to keep
be done to provide information on the distribution , them open. It was found that gray ling ( Thymallus
abundance and movements of fish and wildlife and arcticus) , one of the most common fish in streams along
their habitat requirements. Additionally, in same the pipeline, coul d swim against water velocities of up
cases experiment al work had to be undertaken to to I meter per second; however , the construction corn-
determine the effects of certai n construction activities pany chose maximum culvert velocities of 1 .2 meters
on fish and wildlife populations. These involved per second as its design criteria. Gray ling, however , can
studies of the reaction of caribou to various pipeline apparently accommodate up to a five-day delay in their
construction modes, of the swimming ability of fishes, spawning migration before reproduction is affected. At
of the reaction of animals to low flying aircraft , etc. low water crossings coarse r~ ~k was lai d on the stre am
On the basi s of the prelimina ry fish and wildlife in- bed to support vehicle traffic , but in most cases this
vestigations the planned locations of construction proved inadequate to prevent excessive turbidity down-
camps, airports , pumping stations . communication stream of the crossings when heavy construction vehi-
sites , grave l pits and access roads were in some cases des were being used. It is now recognized that bridge s,
modified to minimize direct impacts to fish and wild- while initiall y more expensive , require less maintenance
life. This included moving communication sites away and pose fewer threats to fisheries.
from raptor nesting cliffs , rerouting of the pipeline Several pipeline crossings of rivers were completed
and haul road away from mountain sheep lambing in winter when water flow rates were low; however ,
areas and fish spawning areas , and location of gravel removal of ice to allow ditching in some cases required
pits where impact on fisheries could be minimized or blasting because of failure of ice cutting equipment.
to enable the abandoned pits to he flooded and de- Concern for eggs of king salmon (Oncorhynchus
veloped for fisheries production. rshawytscha ) and whitefish (Prosopium sp.) in gravels

Approximately 72% of the pipeline route is on in the adjacent river necessitated using numerous
-

~ federal land and most of the remainder is on state small blast charge s without simultaneous detonation ,
land. Both the federal and state governments estab- rather th an large exp losions , to prevent settling of the
lished special agencies to oversee the pipeline con- gravel and consequent destruction of eggs or young
struction to ensure that environmental and technical fish in the gravel , or the stimulation of premature
stipulations are being met and to provide for assistance hatching of the whitefish eggs.
to the construction companies in solving problems en- During initial stages of pipeline and haul road con-
countered in the fleld. There are approximatel y 160 struct ion improper mining of gravel took place within
people involved in pipeline surveillance work , including active flood plains, resulting in rechannelization (Fig. 1)
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Figure 1. channel j za tion of the Dietrich River in the Brooks Range for  the convenienee oJ road and pipel ine c ‘n-
struction has led to accelerated bank erosion, stream siltation and excessive stream L’el’ 0 ities, all of which har e
negative effects on fish spawning and migration.

and changes in stream h ydrology with attendant re- where resident fish species are concentrated in winter.
duction in the productivity of aquatic organisms , Fish may enter the pumps if intakes are not prop erly
siltation of downstre am areas and the creation of screened and , where water is limited , the drawing
velocity barriers to fish movement, Since approxi - down of the water may result in death of the over-
matel y 52 ,000,000 cubic meters of gravel will be re- wintering fish.
quired for the project , it was apparent that stronge r Because of the low flow vo lunie of northern rivers
regulations governing gravel mining were required in winter and their low dissolved oxygen content ,
(Fi g. 2). Both the state and federal governments the disposal in them of even secondary treated
now require that  each gravel mining request include sewage effluent may cause serious damage to aquatic
a site description , excavation plan , drainage desi gn , life . Biological sewage treatment plants were first
work schedule , location of waste disposal sites , -used in the construction camps but they proved to
quanti ty to be mined and rehabilitation procedures. be largely unsuccessful and were replaced by physical /

In winter in the Arctic and Subarctic there is often chemical treatment units which , although still not up
a very f i n i t t ed  supp ly of potable water for use in con- to the standards desired , were able to handle higher
str t lc  non camps. Direct pumping from major rivers organic loading and fluctuations in hydraulic loading
is o f t e n  the only practical method of obtaining water. while producing effluents more closely approaching
Problems were encountered when large volumes of prescribed levels.
water we re removed from poo1s beneath the river ice
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Figure 2. The mining of large amounts of grave/ for p ipeline construction poses threats to fisheries and i -’J l en
destroys ripa rian habitat for moose and other wildlife. The use of sheets of rigid polyuretha ne foam to insulate
the underlying tundra has resulted in substan tial reductions in the amount of gravel required / or workpad con-
Stru ction.

Wildlife problems of pipeline construction crossings were a minimum of 18 meters wide and were
When the Trans Alaska Pipeline was initially pro. located at traditional animal crossing points and at

posed , biologists expressed concern over the possible intervals of approximatel y 600 meters. Where passage
influence of a large diameter pipeline on the move- for caribou was necessary, burial of the pipe was con-
ment of caribou and moose (i4 lces alces). Studies by sidere d the onl y procedure which would allow fre e
the Alaska Cooperative Wildlife Research Unit re- passage of caribou although it was recognized that
vealed that caribou react negativel y to an elevated some caribou would pass under an elevated pipe ap-
pipeline and cross under or over aboveground pipe- proximately 2 meters above the ground. Where
lines in numbers only when being harassed by insects, permafrost containing large amounts of ice occurred ,
The Alaska Department of Fish and Game found that it was necessary to provide special mechanical refriger-
moose will move under elevated pipe of suitable height ation of the buried pipe to insure its integrity in the
above the ground. In order to obtain relativel y free soil. Each of these , however , requires a special build-
passage of large mammals special criteria for crossings ing with motors and pumps and they are very costl y.
were prepared. In are as occupied by moose and bison The pipeline company was therefore very reluctant to
(Bison bison ) it was considere d necessa ry for the mini- provide such special crossings for caribou. Two of
mum clearance between the ground and the bottom of these special buried and refri gerated caribou crossings ,
the pipe to be 3 meters at special crossings. These averaging 3.1 kilometers in width , were constructed.
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Figure 3. Bears have been a continuing wildlife problem at the pipeline construction camps. Even with prop er
garbage disposal , including incineration, food handouts by workers habituate bears to the camps which usually
leads to their destruction.

Additionally, 23 sho rt buried sections 20 meters in in the United States), within mountain sheep lambing
width , and supported by adjacent aboveground see- areas or where mining below the water t able would
tions, were provided , but these were not considered result in permanent loss of ripar ian vegetation of pri-
by biologists to be wide enough to provide for the mary importance to moose in winter.
free movement of large numbers of caribou. It should Direct feeding of animals by construction workers
be noted , howeve r , that of the total pipeline , approxi - and attraction of animals through improper handling
mately 230 kilometers will be buried where gravels or of waste food material has been a serious problem

-~ other stable soils exist and many of these buried during pipeline construction. The animals involved
sections coincide with caribou and other large marn- have been the black bear (Ursus americanus), grizzl y
mal movement zones. A total of 458 large mammal bear (U. horribi lis), wolf (Canis lupus), arctic fox
crossings have been included in the design of the (Alopex lagopus), red fox ( Vulpes fu lva),  arctic ground
pipeline , and after construction these will be moni- squirrel (Cite/ lw undulatus), glaucous gull (Larus
tored to evaluate their use by wildlife. hyperboreus) and raven (Corvus corax). Although

In several cases requests for mining of gravel or regulations require prompt incineration of waste food
other materials were denied because of the possible materi al at construction camps and provide for disci-
impact on wildlife. This happened when the proposed plinary action against workers feeding animal s, throug h
material sites were located adjacent to peregrine falcon carelessness and disregard for regulat ions , animal s are
(Falco peregr inus) nestin g areas (an endangered species regularl y attracted to the construction areas (Fig. 3).
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1- igure 4. This pipeline worker offering food to a wolf in the interests of photography is both breaking the law
and leading to the degradation and possible death of the wolf

This leads to potential hazards to the animals as well until late November instead of m igratin g south in
as the construction workers . Animals accustomed to September as is normall y the case.
being ted are often killed when struck by vehicles on The wildlife feeding problem can be greatl y cur-
the road system or they become prey for poachers. tailed if all garbage facilities are fenced and waste

-~ Bears often cause damage to buildings and equipment food is promptly incinerated at constru ction camps.
Or pose th reats to the workers and have to be des- Buildings should also he skirted so that  they cannot

• troyed. Rabies was expected among the foxes and a be used as shelters or for denning purposes. Education
few workers were bitten while feeding them. As yet of workers about the dangers of rabies and possible
no rabies has been found in anima ls along the pi pe- injury throug h feeding of animals as well as the harm
line hut an outbreak of the disease could pose a done to the animals is also hel pful but this must con-
serious threat to the wolves and lead to the wide- stant ly be reinforced in the camps. The interest in
spread killing of foxes. photography and apparently the psychological satis-

There is some evidence that  feeding may alter faction involved in animal taming tend to override
seasonal behavior patterns and normal migratory concern for the well-being of either the workers or the
movements. Grizzly bears receiving food at construe- animal s (Fig. 4). Unfortunately the tamed animal s
hon camps were observed to remain active for up to are degraded in both an aesthetic and ecological sense .
a month after their normal denn ing time and glaucous Studies in the use of emetics to discourage bears,
gulls remained near construction camps (In the tundra  wolves and foxes from accepting food from humans
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Figure 5. Dust blowing f r om the pipeline haul road in late winter and spring causes premature snow melt on the
adjacent tundra. The exposed vegetation is an attraction for  caribou and migrating water owl and results in early
nesting of some bird species. The ecological consequences of this phenomenon are not understood.

have had limited success. Lithium chloride (LACI) was Numerous additional fish and wildlife problems
offered  in food items , have come to light during the construction process

Control of ground and air t ra f f i c was necessary which may have long-lasting ecological consequences;
under sonic circumstances to avoid harassment to howeve r , additional studies are required to mon itor
wildlife. This included a restriction of all ground and the change s which may take place. One such problem
air t r a f f i c  within 800 meters of kn own peregrine falcon is the earl y snow melt on the tundra adjacent to the
nests from IS  April to I 5 August. Similarly, construe- haul road as a result of dust blowing from the road
(io n ~~ the pipeline haul road in 1975 was restricted onto the snow (Fig. 5). The earl y exposure of vegeta-
in the Brooks Range during the mountain  sheep lamb- lion attracts caribou , waterfowl arid other birds to

I -
‘ ing penod . Studies of the react ion of caribou to low feed and in some cases early nesting is associated with

flying a i rc raf t  indicate that flig hts below 100 meters high nest failure. Oil used to control the dust on t h e
s can result in physiological stress and injury while flights road has also been carried onto the adjacent vegetation

over 150 meters usuall y do not cause reaction by the in road spray during wet weather (Fig. ti) . The possible
animals. As a result minimum flight levels have been eff Cct of this oil on the plants or on the animak feed-
prescribed for aircraft over animal concentration areas ing on the plants is not known.
such as caribou calving areas , mountai n sheep winter The pumping stations for the pipeline south of the
concentration and lamb ing areas and moose wintering Brooks Range will each release into the at m osphere
areas. approx in iate l y 450 tons of su l fu r  dioxide and several

2 1



Figure 6. Oiling of the pipeline haul road to control road dust has resulted in the dispersal ofoil , mived with silt
and water in road spray, onto the adjacen t tundra downwind of the road as shown here. The consequences of
the oil on the vegetation and the animals feeding on it are nor known and should be the f ocus of investigations.

times that amount of nitrogenous products each year .  and this may include restricted use by the public but
Studies are just being initiated to assess the effects o f with continued industrial use f o r  oil field development
the fallout of these pollutants on vegetation and par- and to facilitate the construction of a natural  gas pipe-
t icu larly on lichens which are so important  as food line from Prudhoe Bay across Canad.’i or to a southern
for caribou in winter.  Alaskan port.

• Of concern in the future is the impact to he fel t  The Trans Alaska Pipeline is the largest construction
A on fish and wildlife if the haul road from the Yukon project ever undertaken and it is being built in a northern

River to Prudhoe Bay is opened to the public upon environment previously unaltered and rich in fish and
comp letion of pipeline construction. Fish and wild- wil dlife resources. Because of the magn itude of the pro-

- ‘ life populations in arctic regions do not have the ject , if is inevitable that its impact on fish and wi ldlife
productive capacity of similar populations further resources will be great. On the other hand , because of
south and they will not be able to withstand it itensive the long period of advance planning involved , the de-
recreational and subsistence tlshing and hunt ing .  At tailed studies undertaken and the active participation
the present time , during pipeline construction , the of both the state and federal governments in the de-
Alaska Board of Fish and Game has closed the entire vetupment of environmental stipulations , the impact
pipeline corridor north  of the Yukon River to hunt ing  of the project on fish and wildlife resources will he
and fishing. Current l y, the state of Alaska is develop- mini m ized. Although numerous problems with fish
ing policy to govern the use ( If  th e road iii the future amid wildlife resources have developed , no similar
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project has ever had such close scrutiny by biologically
trained observers. The project itself is also the source
of much needed information on pipeline construction
in arctic and subarctic environments.

4. P. J (izaü,
(CWA , ~~3p 6eHKc , AJ1R cKa )

4. E. Xe/ ~u4uKe
(Cili A , AH K O pII . -IA~. A~i,i cica)

PA3PA&OTKA 1IPHPOJ~HbI X PECYPCOB
H CB$13AHHbIE C HEfl 11P0&JIEMbI OXPAHbI

OKPY)KAIO IIIER CPEIIL bI B APKTH’IECKOfl AJJqCKE .—
B03 1L ERCTB H E HA PhI B H J~HKHX )K IIBOTHbI X

3107 JL0KJ1~ Jt nocBHLU eH . B OCHOB H OM , BOEI~ 0C~ M B.’lHh t I I I I H  p a 3-

pa6OTKH ue4rr st n bl x MeCTOpO)K A eHH H Ha pbI 6 H JL I i K l t X  )KH BOTHbI X
ap~ iu~ ec~ nx pa fioiioa AJI SICK H .

O6cy~~itaeicn ao31leficTBne I(~~~ flHbI X cTponTe.ibubl x oó heKT on ,
i-i acocimix CT assasifi , a~ponopi~oB, ne4vrenpoBonon, C~~~ACTB coo6u&e-
HHSI , M~ CT X~~~H~ H H H  M alepn aJt on , cua.~oi n ~topor Ha tiekor .La .leB-
CTBCH H YIO npiipoj t y iyH~tpw . Oco6oe B H H M ~~HH~ O6paLI LaeTCSi Ha
!IOCJ!e2LCTBHS1 cJi e.lyiouui x 4~aKTop oB :

— aKTHBH3aUHH Ha3eMHoro U B031j~ IIJH0FO TpaHC IlO pTa , ,‘j Oóbt’i H
rpa BHsi , IipOBe JteHHH 110P01’ H Tpa H CaJl siCKHnc KOt ’ O He4llenpono .la
a Mec’rax itepec~ a pbI ObI , I’He3 loBaHisst 1IThW H OTëJl a K0II bI THWX;

-
, 

— ~arp staueni is i  BOlt bi CTO 4 Hb I M H BOJLa MH , H~~~TbIO it HJI0M ;
— Hepaurl onaJibnoro OTHO 11JeHHH .iiojteii K IH K H M )KHB OT Hb I M ,

o6yc.~ioB.n eHHor o Henpaari .nbnbi M XP~ H CHH ~ M oi6pocos H KopMJle-
HH ~~M XHL U HHK OB; 

-
— H~~P~~UJC HH51 nyTei~ M H F ~~~ LLHH p1)16 ri JLH KHX )KHB OTHbI X CVLU H ,

BW 3B~~HH O ~ cTpoHTeJlbc ’rBoM itopor , fl~ OB~ 1t~ HH~ M Tpy6onposoll a ii

-~~ 1jBt1 )K~ HH~ M Tpat t cnop Ta;

- 
- — ao31te~icTBHsi 3aóopa flHlb eaOfi B011.bl H BOJL bI , HCflOJIb 3Y~ M0~

B CT~ OHT~JIb CTB~ na noIIyJl SiUHH 3HMY }O IILHX p1)16;
— BO3Ae~~CTBHH pa3J 1MBW efI CH He4~TM Ha TpO4~H’1eCKHe uernt ,

Ha O MeJIbHbI e BH1t b1 21H KHX )KH B O THbI X H M~ CTH 1) 1~ BIIaW pacl-eHHft .
YAe.n stelcH B HHMaH II e  M~ TO11~ M cTpoItTeJibc’rBa . npii KOT0~ bi~

r10~I~~J I R U H R M  )KH BOTH b1 X HaHOCHTC S1 M H H HMaJ I b H b 1 fI yiuep6 , c y~e-
TOM M~ CT~ H B~~~M~~HH c-rpoilleJlbcl-aa , KOHTP OJI II 3a 3pO3Hefl flO4B ,

- f Mep onpHsITH ~% BoccTaHoaHTeJlbHoro xap aKlepa.
OcHoBHoe BHH M~~HH~ yite~ist eicst CJl eIty IO II.LHM B i ln aM A HK HX )K H-

BoTHbI x , T~ KHM KaK:  cOKOfl cancaH . Oapa H £La~i~ia. KapH 6y,  Jtocb ,
roj ieu, xap Hyc , BO.n K , J IHC H Ua , tieceit , a Tax~tce Bo2~on~’iaaaio utHe
fiT t lUbi , K~ JtHKH H BOpO6bHHbie. OOcy .ua ioicn aonpocbi oxpa Hbm
oKpy ~Ica louLeI~ cpe~~ i B pa~ one T~~~HC~ JittC KHHC K0~O He4rrenpoB oaa.
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COMPUTER MODELING OF TERRAIN MODIFICA I1ONS
IN THE ARC11C AND SUBARCTIC

Samuel I . Outcal t and Jerry Brown’

INTRODUCTION trated in Figure 1, the depth of the active layer in-
creased from 1.1 meters in an undisturbed spruce for-

In the middle latitudes alteration of the ground est terrai n to 4.5 meters where the forest had been
surface by man during the process of urbanization cleared , to 6.7 meters where the surface was cleared
freque ntly increases its mean annual temperature. and stri pped to bare mineral soil. These effects were
This effect can be produced merely by alterations of produced over a 26-year period at a carefully moni-
the thermal radia ti onal or aerodynamic charac teris- tored test site. After 26 years the 10-meter tem pera-
tics of the surface, even without the further effects of lure in the degrading permafrost at the stripped and
heating and other industri al or domestic processes. cleared site had warmed to —0.2°C in comparison with
Thus, the effect of an urban heat island would appear —0.5°,~ at the same depth beneath undisturbed forest.
in a deserted power-off urban environment (Outcalt , In the same are a, Berg and Aitken (1973) reported a
1972b). significan t lowering of grou nd temp erature beneath a

In permafrost terra in , where the volumetric ice white-painted . asphalt-paveme nt compare d to norm al
content of the soil is larger than the unfrozen soil asphal t pavement (Fig. 2). The asphalt albedo was in-
porosity, the deepening of the annual thaw layer creased from 15 to 49% by the white paint.
(active layer), fol lowed by evaporation or drainage , Recent literature reviews covering the surface ef-
results in collapse or differential settling of the soil fects produced by snow albedo m odification and snow
surface or thermokarst development. The effects of evaporation control by the application of monomolecu-
poorly planned structures on the therm al regime can lar films have been compiled by Slaughter (1969, 1970).
thus, by the feedbac k mechanism of soil warming and The possibility of using snow fences to augment the
thermokarst fo rmation , produce structural failures. fresh water supply at Barrow village has been studied

• Even surface modifications not involving structures , by Slaughter et a!. (1975). The effects of air cushion
such as drainage , irrigation and clearing of timber , vehicle passage, fire and flood , seismic lines and organ-
can produce these effects. ic layer removal at numerous locations have been

-
~~ In the natural terrai n of interior Alaska the depth described (Brown et al., 1969 ; Rickard , 197 2; Mackay ,

of the active layer varies considerably with slope, cx- 1970; Viereck , 1973; Kriuchkov , 1968; Sterrett , 1976).
posu re , substrate conditions and vegetation (P~we!, In Canada and the Soviet Union systematic surface
1967). In river bottoms, a thaw variation from 35 modificati on experiments have been carried out in re-
cm under black spruce to 55 cm under willows has cent years (Gold , 196 7; Pavlov, 1973 , 1975).

‘I been reported (Viereck , 1970). An extensive review Planned surface modification may produce either
of the relationships between permafrost conditions an increase in the active layer depth (perm afrost de-

- ‘ 

- 
and vegetation ty pes was presented at the First Inter- gradation) or a decrease in the active layer depth
nation al Conference on Permafrost (Benninghoff , (pe rmafrost aggradation). In some cases degradation
1963). LinelJ ( 1973)has described the long-term ef- is a useful modification for agricultural purposes, to
fects of surface modification at a Fairbanks test site facilitate overburden removal at strip mining sites
where drainage/evaporation removed the excess soil an d in  the preparation of foundations . Aggradation
water created by permafrost degradation. As illus- tends to stabilize foundations and other structures

• Pr ofes sor, Geography Department, University of Michigan, Ann Arbor, Michigan: Research Soil Scientist,
USA CRRE L, Hanover . New Hampshire, respectively.
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I
Natural Area Cleared Area Stripped Aj eo

(372 1m2) (3721m 2) (37 2 1 m )
Tre es , bru sh , moss Tries and brush Tress , bru sh and

and gross removed su rface vegetation
r emoved

Mean annua l  air temp -3.3°C

O ’
~-~ ~ —  Om

Moss and Peat” Or ig in a l  Perrnof ro st(PF ) Surfoce- —-~~~~~~~  

s
’ l~8m’

2 
\ PF ot ter  5 ~rs
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~ L T ~~~ _~~~ ‘!~!2Y.Y~__ . 3.8m
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~

. 47m
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67m

~
. ~Max . depth of seaso nal frost

Figure 1. Change in permaf rost table following clearing and stripp ing in the Fair-
banks area (LIne!!, 1973).
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STA TI ON

Figure 2. Dlfftrence in surface elevation and the depth to the pe nnaf rnst table under
differen t surface treatments (Be,g and Aitken, 1973).
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Table 1. Swnnsary of surface modlflcatlon effeca.

Effect on active
Ad o,, PhyEc,J Impac t Iayei ’ dept h

Application of ligh t paint or lnc,.ue albedo Decre ase
dus t

Appl icat ion of dark paint or Decress, albido Increaae
dust

R.movel of vegetation liiCr~~~. incid.sit solar Increase
radiat ion

Establiub ment of vegetat ion Decrease solar radiation DicreNe
Remov al of organic surface Acc.le rated thaw Increase

soil
Snow t.ncf ng Warm winter soil Unc.rtaln/d.pend.nt

Reduce snow-free season on snow depth and
climate

Irrigation (wet) IncreNe evapor ation Decrease
(cool)

Dralnage (dry) Decrease evaporat ion Increase
(warm)

and form s an impervi ous seal that prevents groundwater MODELING SURFACE MODIFICATION
movement. The types and effects of some surface mod- EFFECTS
ificat ions are abstracte d in Table I .

Snow manipulation effects are ext remely dependent In the rapidly developing arctic and subarctic re-
upon both the local climate and the nature of the snow gions of the Northern Hemisphere both the geomor-
cover. The evolution of thermokarst terrain during ac- phic and climatological environments exhibit consid-
tive layer deepening is vastly accelerated at sites where erable geographic variability. The climate of these
the thaw ing, ice-rich soil is well drained since the effec- northern regions also illustrates strong effects of both
uve heat diffusivity of the soils during freeze-thaw is latitude and continenta lity. A preiminaty analysis to
incre ased by approximately an order of magnitude in examine the effects of geographic climatic variation
comparison with a saturated soil. This facilitates the on the impact of soil desiccation due to drainage mod-

• rapid deepening of the active layer. The soil heat thus ific ation and organic layer removal was attempted for
tha ws an ice-rich zone in year I with a considerable cx- the entire permafrost region of northern Canada by
pendi ture of energy . However , during year 2 the zone Goodwin and Outcalt (1974). It was discovered in
is more rapidl y thawed as less ice must be melted. The thi s computer modeling experiment that the effects of
remaining energy is available for more thaw at depth. remov al of the organic layer on the active layer depth
This typ e of feedback produces spectacular effects at showed no strong response to climatic variation where-
sites where the local surface drainag e network evolved as soil desiccation effects were strongly affected by
and deepened since the establishment of permafrost in variation in regional climate due to the stron g physi-
the region. The meitwater generated by thermoka rst- cal coup ling between surface wetness and the surface
mg is drained away, increasing the effective thermal energy bud get regime.
diffusivity of the newly thawed layer. Conversely, at The interaction between climate , terrai n and man
sites where drainag e is not possible, such as wet bot- which frequently alters the thermal regime is difficult

-~ tom-lan d, the available soil heat is expended on freez- to estimate. At Barrow , Alaska, the simulation of in-
ing and thawing a soil perpetually in saturated condi- creasing the winter snow cover by constructing snow-
tions and therefore an equilibrium condition between fences produces some interesting noalinear effects in
the active layer depth and the surface modified ther- the soil thermal regime. Increasing snow depth both
ma! regime is more quickly attained than at well- shortens the period available for active layer forma-
drained sites. tion and stores the heat of the previous summer in

26

-
‘
I.

C

~m_ , ~~~~~~~~~~~~~~~~~~ 
- 

- — — — —-
t%A -!~ -~~~~ -fr~~ ~ “.. ‘~~~ ~ .- — ~~~ — - - - -- — - —-- - — - —



the soils beneath the test site. Thus at the time of (Groenevelt and Kay, 1974). Thus, the ideal permafrost
meltout , which is delayed in comparison with sur- model would have the following interactive components .
roun ding natural terrai n , the near-surface layers are I . Surface energy budget with
warmer than the surroundin g natural terrain (Outcal t a. Snow accumulation and ablation
et aL , 1975). b. Plant canopy effects

The e ffects of tire have frequently been considered 2. Soil model with
to produce permafros t degradation near the northL’rn a. Coupled water , water vapo r and heat flow
tree-limit. However , in northeastern Siberia a decade effects
after fI re the permafrost has aggraded by 10-20 centi- b. Ice segregation with space geometry interactive
meters, producin g what has been termed pyrogenic Recentl y interactive surface energy bud get models of
tundra in regions of former tree cover (Kriuchkov , soil surfaces coupled to soil heat , water and water vapo r
1968). flux models have been developed and tested (Sassimon ,

In the Mackenzie Delta , N.W.T., there is some cvi- 1970; Rosema , 1974). These models are extremely
dence that several preceding decades of warmer temp- sophisticated and utilize both the details of the soil de-
erature conditions are now producing regional perma- sorption and unsaturated hydraulic conductivity curves
frost degradation and resulting thermoka rst effects as input data.
and some expansion of thaw lake basins although the Unfortunately the comprehensive model for pe rma-
present annual air temperature over the region is de- frost analysis has not been developed. Therefore , model-
creasing (Mackay . 1975). ing must be carried out by selecting situations which do

In recent years excellent active layer and general not require all the components of the ideal model out-
per ’nafrost numerical and analytical models have been lined above. A model incorporating surface energy
develope d (Smith and Hwan g, 1973 ; Gold and Lachen- transfer , snow accumulation , ablation and soil thermal
bruch , 1973; Goodrich , 1974 , Nakano and Brown , evolution with freeze-thaw was developed to analyze
1972; Sharbatyan , 1974). These substrate models sitowlence effects at Barrow , Alaska , and is completel y
considered only conduction heat flow in the soil as described in a report which includes a source code ~ist-
fo rced by a time series of surface temperature. How- ing (Outcal t et a!., 1975). The model was developed for
ever , the application of equilibr ium temperature alge- wet , poorl y drained coastal tundra and thus isilot ap-
bra demonstrates that the surface temperature is plicable for deep, well-drained sites overlying ice-rich
part of the answe r to the surface modification prob- permafrost , or sites in which local drainage varies due
1cm and not part of the question (Goddard, 1975; to topographic effects. That model will be referre d to
Goodwin and Outcalt , 1974; Outcalt , 1972a). Fur- as the Barrow model and was slightly modified to simu-
ther. heat transfer in the soil is the produ ct of water late wet bottomland sites in interior Alaska with poor
and water vapor movement as well as conduction local drainage .
(Philip, 1957; Phili p and deVries, 1957). The case
for wet arctic soils in which water vapor effects were
neglected but the heat and water diffusion expres- MODIFICATION OF ThE BARROW MODEL FOR
sions are interactive has been recentl y modeled by USE IN ThE INTERIOR ALASKA CASE
Guymon and Luthin (1974) and Harlan (1973). These
models do not treat complex ice segregation effects In the Barrow model surface roughness and albedo
which have been discussed in the literature (Arakawa , were treated as functions of evolving snow depth. The
1966 ; Kinosita , 1973; Palmer, 1967). modified model used a specified roughness to simulate

— In addition , terrain thermal models should incor- trees , always above natural  snow cover , and permitted
porate plant  canopy effects even in arctic coastal the soil surface albedo to be specified for each run
tundra , especially if detail during a diurnal cycle is whilst the snow albedo was specified as in the Barrow

9 necessa ry for plant process modeling (N g and Miller , model. The Barrow model was further altered so that
1975). Thermodynamic consideration s should be in- the emplacement of an asphalt pavement could be
cluded in attempts to model heat and mass transfe r simulated. With some small refinements to increase
in the complex 3-phase system of a freezing or thaw- mathematical efficiency the resulting model modifica-
ing soil in which ice , water and water vapor coexist tion resulted in what will be called the Fairbanks model.
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CALL TS TA P~ t(read sta l l temp. ~~of l.)

CALL FOMO
Calculat e ~~oIili Fourier Moduli)

LI W
feed weather dais mat rix

sat
day
7

(ca lcu late s~~~aci temP. Figu~ 3. Model flow chat.
CALL SEARCH

5 y bud I cosepOflents

ALL . U
(Csl Cu late an ne/sO i l ther mal

of ul e. melt . etc.

CALL T Ut4 PIC
(disp lay output thermal pqoltl e)

Table 2. Parameters for Fairbanks model. Table 3. Fairbanks model decade run
characteristics.

F.c?or to ch~ tge mowfall to simulate fenc ing, drifting or
removal

.~ srface aibedo o f exposed soil or asphal t surface l).rrk Asphalt In Subgrade Meadow. In thi , and all other
Surface wemess to simulate the effects of drainage etc. runs a cleared site is con sidered. The surface w slmu-
Nvessemr emplacement to simulate the con struction of a lated as dry with winter snow removal and a meter of

road asphalt end subgrsde. The dar k surf ace had a solar al.
Aerodynamic roughness to simulate the effects of air flow bedo of 17%.
Radiation penetration factor — fraction of Incomin g solar Light Asphalt In Open Cleating. Same as dark asphalt

radiation Incident on forest floor which forms a product with surface albedo Incre ased to 49%.
with daily total solar radiation Open Cleating (Wet) Meadow (A lass Type) Natural Con-

dltion~ The simul ation of an open cleati ng with undis-
turbed vegetation and soi l and 100% radiation reashing

ibis model is forced by a time series of spline , inter- sur face. Aibedo 17% with a ful ly wet surf sce (surface

polated , mean monthly weather conditions for Fair- relat ive humidity 100% or 1.00). Maximum snow depth
was 52 cm.

ban ks, Alaska, to simulate the environment along the Open (Dry) . ..Mod I. Same u previous cue but the sur -
Oiena River floodplain and terraces where a flood face relative humidity was set to 0% to simulate drain-

control project is under construction by the Corps of age of soi l evaporat ion control with thin polyethy lene
or similar mater ial s .

Engineers. Surface modification effects on ground- Open (Snow Removal ) Mod 2. The same as the clear-
C water and permafros t conditions are a sourc e of con- ing wet case except that winter snow removal was tim-

cern in this region of discontinuous permafrost. The ulated.
Open Cleating (Snow Fence) ..Mod 3. The same as themodel operation can be visualized as an input-output wet cleari ng case except that maximum ow depth was

system forced on a daily basis by the smooth , splined increa sed to 4.24 meters simulating a snow augm ents-
weather variables (incoming solar radiation , cloud lion depth sufficient to produce a permanent snowfleld

in s imulation of the Barrow environment.cover , air temperature-humidity , wind speed and
Bare soil.

mowfall ). These are conditioned by submodels of Under Closed Canopy Mature Spruce Forest. Only 40%
the sur face energy transfer regime , snow accumula- of the available solar radiation was considered to pene.

tion , ablation and substrate thermal evolution with Irate to the forest floor . The site was considered fully
wet with a surface albedo of 17%. The maximum win-

freeze-thaw of soil water. The paramete rs for con- tel snow depth was 53 cm.
dit ioning the submodels are listed in Table 2. The
operation of the model is diagrammed in Figure 3.

The model output includes daily surface energy
transfer component sums , the thermal structure of
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Figure 4. Maximum substrate temperatures during tenth-year simulation under various surfaces.

Table 4. Model response. the snow and soil , and snow depth. In the runs dis-
cussed here the aerod ynamic ro Aghness length was

Bottom of Max. active ~~ tes of freeze
fixed at 25 cm and the model was run for a period ofp ermaf ro.rt layer depth and thaw ,‘

Run (m/ (m) Thaw F,- ten years with an initial soil temperature of +0.5°C.
This surface temp erature was selected to see whether

I Under mature 5.3 0.93 15 May 28 S~P permafrost would become established at the simulated
spruce forest sites. The thermal properties of the pavement corn -2 Dark asphalt 4.0 1.78 13 Apr 9 Oct

3 Light asphalt 4.5 1.6 1 17 Apr 6 Oct plex and silt soi l are those reported by Berg (1975):
4 Op en clearing 4.5 1 . 1 1  12 May 3 Oct the thermal radiation from the sky hemisphere was

(wet) estimated as in the Barrow model and thenn al radia-
S Open clearing 3.3 1.53 12 May 4 Oct

(dry) tion from the forest canopy followed the scheme of
6 Open cleaslng 5.5 1.1 2  2O Apr 3 Oct Ng an d Miller( 1975).

(snow removal) The characteristics of the Fairbanks Decade Run
7 Open clear ing No permafrost ; 4 Jun 3 Oct

(snow fence) developed ; sea- Sites are listed in Table 3. These decade runs pro-
sonal frost re- duced the results which are abstracted in Table 4.
moved The details of the surface and substrate thermal re-

gime during the tenth year are abstracted in Table 5.

Table 5. Ex hemes of annual temperatuies at
soil or aphalt surface. INTE RPRETATION OF SIM ULATIONS

Thmperafl.re (C)
Run Annual max Anmual mist Ta king a rather conservative view of the simulations

it is obvious that large perturbations of both the near-
I Under mature spruce forest 11.0 (7.35) -20.5 (1.60) surface thermal regime and the permafrost condition2 Dark asphalt 19.7 (7.02) -25.0 ( 1. 53)
3 Light asphalt 17.2 (7.12) -25.0 (1.53) can be produced by several effects which are standard
4 Open clearin g (wet) 13 .8 (7 .12 )  - 2 l . 2  ( 1 .5 3 )  in the preparation of terrain for town , roadway and
S Open clearing (dry ) 20.2 (6.99) -2 1.0 (1.37) airport construction. In Figure 4 the profiles of maxi-
6 Open cl.aflng (snow removal) 13 . 8 ( 7 . 1 2 )  -26 .3 (1 .5 0)

mum substrate temperatures are compared. It would7 Open cleating (snow fenc e) 13.8 (7.22) —6.9 (2.39)
appear that the removal of natural  snow cover is notmonth in hundredths.
an effective way to develop permafrost although snow
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fencing appears to be a potent strategy for its degrada- (G. weller and S. Iow$lng. Ed..). Pr oceedin. of the AAAS-
tion. Although permafrost aggraded beneath both the AMS Sympoeium , Fairbanks , Masks. August 1573 , Gsophyel-

cal Init itute . University of Aliska, 230.237.
forest and open clearings it ihoul d be noted that clear- Gold , L.W. (1967) Influenc , of surface conditions on ground
ing of the forest produces an increase in active layer temp eratu re. Can. I. Earth Sd .  • 4 :199-20a.

Gold , LW. and AJ-t . Lachenbruch (1973) Thermal condi—depth which is accelerated if the surface is dried by tions In perm afroet — A review of North American liter .-
draining, stripping etc. M reported in the literature , ture . Pemtafro t. The North American Costtribsttfo.mt to

cooling at depth occurs unde r light asphalt (Berg and the Second International Conference. National Academy
of Sciences. Washington. D.C.. 3-23.

Aitken , 1973). The thermal effects of forest clearing Goodrich , L.E. (1974) A on.-dlmenaional numeric al model

and stripping are of the correct sige but not as spec- for geothermal problems. Technical Paper 421 (NRCC
14 123 ). DivIsion of Building Research , Nation al kseea ch

tacular as noted for a well-drained site by LineD (1973). Council of Canada , Ottawa , 22 p.

The simulations, however, represent a wet , low-lying Goodwin , C. and S. Outcalt (1974) The simulation of the
geographic sensitivity of active layer modifIcation effects

site where groundwater and permafrost conditions are in northern Canada. Environmental-Social Committee ,
of concern such as along the Chena River. It is appar- Northern Pipelines, Task Force on Northern Development ,

Report 74-12 , Glaciology Divialon , Water Resources
ent that considerable effort should be expended on Branch . Department of Environment . Canad a , 17-50.
preventing large snow drifts from formin g around Goodwin , C. and S. Outcsft (1975) The development of a

structures where permafrost stabilization is desired. computer model of the annual snow-soil therm al regime
In Azct lc tundra terrain. In Climate of the Arctic ((3.

Weller and S. BowlIng, Eds.). Proceedin gs of the AAAS-
AMS Symposium , Fairbsn ks , Mas ks , August 1973 , Geo-
physical Institute , Univers ity of Masks, 227 -229.

CONCLUSION Groenevelt , P.H. and B.D. Kay (1974) On the interaction of
water and heat transport in frozen and unfrozen soils.
Soil. SeE. Soc. Ames Proc. , 38(3):395-4 04.

A considerable effort should be expended on the Guymon . G. and J .N. Lu t hln ((914) A coupled heat and
production of the type of sophisticated soil heat and moisture model for Arctic soils. WaterRes. Re:., 19(5 ) :

995-1003.
water model discussed. This model in conjunction Harlan , ILL. ( 1973 )  An alysis of coupled heat-fluid transport
with a surface energy transfer model could be refined in partially frozen soil. Water Rcs~ Res. , 9(5) :13 l 4-1 323 .

by fleld testing to simulate extremel y complex geo- Kinosits , S. (1973 )  Water migr ation in soil during frost heav-
ing. Proceedings of the 2nd International Conftrence on

logical , geographical , and environmental conditions. Permafro st. Yakut s k Publishing House , Yakut ak , USSR,
vol. 1, 68-72.

Kr iuchko v , V .V. (1968) Soils of the far north should be con-
served. Prl roda , 12: 72-74. (Draft translation in USA
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RESOURCE DEVELOPMENT AND RELATED
ENVIRONMENTAL PROBLEMS IN ARCTIC ALASKA
Hl~ s way Planning and Problems

Walter B Parker *

Highway constructi on in northern and central ence in building roads on perm afrost. Realizing th is ,
Al aska mus t use several different techniques to solve a te soil lo~ have been maintained on most Al askan
the problem s encountered ac r oss the major physlo- roads - ier a lon g pe riod of time. Inter p retation of this
graphic regions. Expenence with recent oil and gas informati on and that  gained from construction of the
development thus far has shown that permanent all - Trans-Al aska oil pipeline and its accompany ing road
weather roads are a necessaiy adjunct of development system will hopefully expand our ability to locate pe r-
wells, installing gathenng lines , and provid ing the mafr ost without extensive and costly boring programs.
necessary pipelines to the nearest marke t or deep water There is now being developed , new techn ology to lo-
port . Such roads are probably going to be necessaiy cate perm afros t using air photos and seismic techn iques .
until the major logistical requirements of the mineral , Nevertheless , it is the areas of warm and discon tinuous
cii, and gas provinces are met. Thus, roads will be permafrost that present the greatest problems and that
necessary in relativel y unpopulated areas and may be are least susceptible to engineering solutions which are
of limited further use once the mineral resourc es of a adequate for the areas of col d contir otis perm afrost.
particular province are exhausted. In order to keep Road building in the wet tundra  requires large
the development costs of Arctic resources withi n rea- amounts of grav el which can be reduced if special in-
sonable bou nds , it is necessa ry that these develop- sulation techni ques are used. In the Arctic lowlands,
mental roads be constructed at uii inimum expense the most desirable and envlronl.1e ntally acceptable
while mainta ining a high degree of protection to the major sources of gravel are in the flood plains of major
environments they encounter. rivets, and to less extent , from beaches and barrier is-

For the purp oses of the road builde r , northern and lands along the coast. Any road built away from these
a central Alaska can be divided into four major re gions . sources is extremel y expensive as gravel hauls of over

namely, wet tundra which encompasses the Arc tic ten miles are often necessary.
coastal plain and other lowlands throughout the re- Recentl y there has been considerable expe rience
von ; dry tundra which cov ers the foothills of the utilizing expanded pol ystyrene and other insulations
Brooks Ran g and other alpine areas throughout the to rep lac e gravel. These roads have not been in place
state: wet tai ga which is character ized by a predomi- long enough to assess the i r  ability to withstan d con-
nance of black spruce and is found in poorl y drained t inued , heavy traffic. However , first indications are
areas , north slopes , and low-lying areas within interior that if the insulated area is carefully bedded over
Alaska and is generall y underlain by permafrost: and, gravel that is screened to insu re that rocks large enough
dry taiga which is forested by mixed deciduous and to break the insulation boards are not present and if
coniferous species and generally occupies the well gravel of the same quality is used for the covering
drained soils and south slopes of in ter ior  Alaska . layer. thi s solution offe rs much promise.

Different permafrost reg imes are encountered in Whether using gravel as an insulator or a combina-
each of the above regions. Generai l y the farther sl uth tion of gravel and insulation , the old adage that the
one proceeds , the warme r are the permafros t tempera- tundra mat must not be broken in tundra areas under-
tu res and the permafrost becomes discontinuous and lai n by permafrost still hol ds true. Experiences thus
sporadic in nature.  Unstable frozen soil conditions far in bury ing utilities adjacent to roads built on top
can be encountered in all of the above regions, and of the tundra have not been proven successful. Ex-
determining their specific locations is a difficul t task treme care must be exercised to insure that the ther-
even for engineers and geol ogists with year s of experi . mal regime of the road prism and its underlying

* Stare co-chairman , Joint Federal State Land Use Planning commission For Alaska, Anchorage . Alaska.
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per m afrost Is not threatened by an adver se thermal  the hillside s. One of tI m e h ost diff ic ul t  engineering
cor id it ioti i nduced by adj acent cons t ruc t ion  activi t i es ,  prob lems occurs when it  is necessary to traverse a soli-
Thus , the concept of u t i l m i i n g  co i iimo n corridors t~~r t iuction slope arid no alternate rout e is possible.
roa ds, pipel.nes . and other uti l i t ie s must be approached In iiia~~iig t ra ns itions from hi llsides and stream icr-
with care and the the rm al  regime u t  each s t ructur e  re- races to river bottoms , it is often necessary to mak c cuts
spected . A t t e m p t i n g  to i n in in imie  env i ronmenta l  t~ani - in ice-rich soils. These present significan t eng ineering
age by res t r ic t ing  several p r o j e c t s  to  a common c o i n -  and environmental  problems , especially i n t h ose areas
dor ca n result in a t a i lu r e of all proje ct s concerned. I f where the tundra-organic mat is thi n or nonex is tent .
pipelines and other s t ructures  in per mafrost areas arc Where th ere is a th ick  tundra  cover or fores t mat , i t
e,evated i nstead of being b u ried , it is t i iu cl i  easier to has been the practice for m any years to make near l y
confine them to c (nrr ,r lon  corridor s along wi th roads , vertical cuts arid to use the existing tundra  mat  to in-

Experience thus  far with roads buil t  i i i  the Arctic sulate the permafro st. Rapid headward thermal  erosion
lowlands indicates tha t  there are no special h ydro logi - occurs at the cut face and t h e  organ ic mat  falls ove r the
cal problems if special con :; ideration is given to sheet cut face tli~is protecting the permafrost from fu rther
drainage and potent ial icing (nalyed ) format ion , rapid thaw. When this technique cannot be used, insu-
Pon ding can quickl y affect  the thermal regime of the :,sfion must  be provided ei ther  by rapid utilization of
roa d a dversel~ and extra culver t s or french drains must large amoun ts of grave l or other insulat i n g materi al .
be uti l ized in man y areas . The di ffused drainage pat- Mother problem in foothill areas, both in tundra  and
tern s of the lowlan ds can mak e it d iff icul t  to predict tai ga . occurs where sheet drainage on relativel y steep
where ponding Will occur unless special care is exer- slopes is converted to channel drainage , or , if the chan .
cised. Also , na lyeds are very capnc ious in nature  and nel cannot be controlled, the net result is rapid h ydraulic
are not pre dictable. Areas where they occur should erosion in to  the permafrost layer. Wh en the channel en-
be avoided but in areas wh ere l i t t l e  historic observance counters a sudden change in topograp hy . rapi d headwa rd
is pre sent this may not he possible. erosion can occur. This most commonly occurs when the

Areas of dry tundra  along the northern foothills of road is built  along a riverbank wi th  a relativel y steep
the Brooks Range have proven to be deficient in gravel slope on the other side. Unless one is prepare d to handl e
sou rces. River gravel deposits are less abundant  and the drainage and erosion problems , these si tuat ions should
the upland material sites have proven to contain  gen- he avoided at all costs to prote ct other resources such as
erail y poor materi al . It is quite difficult  to  maintai n fish.
ero sioil control in these materi als. Examp les of th is The control of nal yeds where roads are on sidehi l l
occur along the Alaska oil pipeline in the Toolik 2rea slopes or in the valley bottoms is a continuing problem.
and or. top of the Sagwon bl u ffs. The thaw lone This problem changes from year to year since nalyeds

• abov e pemiafrost is less stable than in the lowland can he a major problem in one year and be scarcely p re-
areas and there is frequentl y no continuous tundra  sent the next. Culverts fill with ice , thus requiring cx-
mat to overlay but only wind-deposited silts in the tensive spring m aintenance to insure that the road will
valley hot tonis and on lower slopes , not wash out .  When icin gs cover the road , t he ice is

Drainage patterns are , of course , better defined in simp ly ripped and blade d from the road when their in-
“is the foothills and proper location of draina ge structure s trusi on cannot he prevented by special techni ques or by

is more e ffectivel y established than in the Arctic low- raisin g the level of the roadbed. Satellite photograp h y
lands - However, l i t t le  base line data on stream h ydrol- is p resently being emp loyed as a means of !ocat in g area s
ogy exists in these remote areas. Road protection is of large nal yed act ivi ty .  Such areas will be avoided
necessary at stream crossings . Arnioni i g  the roadbed , whenever possible , hut .  in areas where lit t l e previous
ins t a llattori of groins or dikes is ex t re m ely dif ficul t due h ydrolog ical data is availab le, it is often di ff icult  or mm -
to the lack of competent rock for nprap in Arctic possible to tell when or where a nai yed Will occur.
Alaska . Design of stream prote ction s tructures  has It is the practice now in wet atid dry taiga to h ol d
proven to be wie of t h e  major problems of c onstru e— clearing widths to an absolute mi n in iu ni  wi t Im n urniahl ~non tn reniote areas . Snowfall is. in t i r e  moun t ains , of only one and on e-h a lf fi.~et (0, 5 meters ) being allowe d
course, much great er than in tI r e lowlands amid spnng for clearing beyond t h e  toe of the slope nf t h e  r oa d.
floods and wash i iu is c unto onl y occ ur .  lii is provides a m rid , in ore si c nm c road . e hi t r i  i i i  k s

SoIt fi uc t ion is comm m on the slope s of tli e Sri ioks good many erosion p o ibl em mis . and p rm with ’s mn ire pin-
Range and other mounta i n ous  areas of I n tenor  Alaska. t e ct io n f r o m  snow d r i f t i n g .  Loss ut sig ht  dista n ce (or
In many cases thus makes it  necessary to establish roads tra ffic can he el iminate d by road design which e l iu r rm na tes
on stream terraces and valley bot toms rath er  than on sharp curves and excessive grade chan ges wherev er possible.
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The large number  of material and spoil disposal sites expe di ency due to their limited season. The lack of
raise environmental problems in many regi ons. There good port sites and heavy sea ice along the shallow
are very few cases where a balanced roadbed can be waters of the Arctic Alaska coast hinders development
constructed of j 11 situ materials. Replacement of gravel of marine transportation and is the major inhibiting
with insulations has an environmental benefit and eco- factor in utilizing deep-draft vessels.
nomic impact. It is pre fe rable to apply spoil along the Due to the above factors , it appears that if Arctic
raad right-of-way unless it will a ffect the integri ty of oil , gas, and other mineral development is to proceed,
the road. Scattered spoil disposal sites norm ally re- road investments should be made based upon the term
quire access to them , thus increasing the use of gravel , of utilization. If it appears that a development will be
These locations sh ould be avoided whenever possible. only a five-year term , then the road should be con-

Thus far , roads buil t with good materials in time structed to standards such that major i~construclion
Arctic hav e not shown intensive signs of degradation w~ iid b~ iequi~icd after five years if future utilization
from weathering beyon d that encountered in most is then required. By constructing roads to the term of
arid regions. However, roads constructed with a high development , the use of gravels and other expe nsive
percentage of fines suffe r from water and wind erosion materials will be minimize d and it Will not be necessary
and frost action . This has been observed am ong some to leave expensive investments in roads and other trans-
of the original roads at Pru dh oe Bay . If a road is to be portation infrastructure with an unutilized life after
utilized over a long period , the costs of surface stabil- the resou rce development period is ended.
ization , either by paving or other agents , should be In summation , cuts in ice-rich soils, especially on
considere d in order to minimize the loss of the speci- sidehills and the lips of stre am terraces are to be av oided
fled amount of fines through either wind or mechanical whenever possible. Road alignment should be modified
erosion , or freeze-thaw degradation. The use of to avoid these cuts unless the long-term costs of very
paved surfaces in Arctic regions is undergoing reevalu- expensive rehabilitation and repair will be met by the
ation as a result of the abov e experiences. If heavy road builder. Areas of nalyed occurrence and solifluc-
equi pmen t is allowed on the roads it is necessary to tion shoul d be av oided which often means the utiliza-
use thicker asphalt  layers than in the past when a 1½- tion of the margins of the river flood plai ns for road
in. (3.5-cm)inte rim layer was utilized. These surfaces construction. This has the advantage that norm ally
were expected to las t ten years but they will not stand . the bes t gravel sites are located in the flood plai ns and
up to con tinued use by heavy equipment. Present it is also this type of site which is most easily rehabili-
axle load limits in Alaska are 84,000 lb. These are tated . Where flood plain margins and stre am terrac es
lowered during the spring when the roadbed is soft . cannot be util ized, it is preferable to utilize the top of
However , it has been found that continuous heavy ridges in order to minimize cuts in ice-rich soils.

• traffic, even at these limits , has a deteriora ti ng e ffect
upon the road surface , Thicker asphalt  layers may be
a partial answe r but the expense of rep lacing them is
re sulting in a continual search for new alternatives in
surface stabilization.

Reev aluation of all paved prima ry highways is un-
de rway due to the great incre ase in truck traffic re-
sulting from pipeline and other resource extraction
activities. Since higher quality base and subgrade mate-
rials arc diff icult  to find in situ methods must be devel-
oped to make high quality roads from substandard
materials unless the enomious hau lirt g costs for bring-
ing in more suitable materials from distant sites can be
tolerated. It is obvious from the expe rience of the
Pru dh oc oil field and Its associated pipe h i .ie system s
that an all-weather road from an ice-free port is neces-
sary for development over the lon g te rm. Air support
will suff ice  d u n n g  the exp lorato ry phase hut  tonnage s
require d for  development arc d i f f icul t  to move prop-
erl y by a ir ,  especially tor constru c tion of pipel in e facili -
ties. Winter  roads have not proven to be a satisfactory
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WOCCERHbIX AOPOF .li uuunu . B fl~ OTltBHON c~iy~ae onuu nt’tS.naronpnumiuuo o’Tpa BTcii Ha
COCTOBH HII xopor C TOUK H 3peHHuI O*PBHL1 oxpyisc amouteA cpeiiJ
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~~~
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~~~ CTPOIuTCJI1 CTII3 ,nlopor ii luu-cr.lu .l apTHhl x MaTepula .,OB
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( ‘ (h~~m mm p iomu P s~, Htut ’k 4 i m i s r i l u ,  rh t u  I. r l r l l u b I b h  - f I I I)  - l u l l  O i l - h u l l - . u n I t I t ) -  lu l l )  h’ S.
1 S \ , \ u I ,  ~ ,‘ \ ) . ~~~I , I b  liii u l p u - I lil ‘ ; p u  r ’ - h r :  I h r  — sh in t iu ’I t i l l - h  t n ’  h r i i g u- ~ . ;luI(’ t or

~‘r,is , 
~ ~ - liii’ P ir r i u r I I r i ~ - I r I n c t u I r u ’ — 11111—i li u i r u - f i n t f i  u) , - ~ IcII

RI ‘s o t  RC.F I)FVEI_OPMENT ANt ) RELATED 
uI c uot uuo~~~~. t m u’~~h d 

i : r ~~ t•i ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ u~~ u
F~’ . m V IRO~~MENT PtL PROBl EMS I~ ARCTIC  A L A S K A .  I k c r l u I , u t l l u l l

IMP ~~C T S  OF L A P 6F  SCAI . I  P I P E L I N E  (.O\ STRUCTION ~ I f r i  u - r ini’ml t i i) u l l l .u I I t ~ u lu l i I r i u~ gliirl lIl uui- ’ , and s pecut lcat l mins .
Ic. us - Igr’’ u- mi’i’iis - ,r id ~t u l u l i l n r \  unit r -vh I I a t o rv  ass’s are the tools

\ Il Iir J t t ’I’ iii I,u ’  c~’ ‘ ilt’ in r h ’  .\ r c t i c  hull SIIh.l rt ’lil h u r s t  as un i l a b le  I iul ~~r !re  l I p - h ull’ I r u l i ’ g r u i\  I tnung and a f te r  cons t r u i l
tlt _ 

- -‘ ‘-t . ”.’t’ ii 1 hi it’ r nih -. Ii t their Itui tn act liii thu’ u,-n~ tIt hIOSE us) )1 ( Oil (<I ‘hitli .i~d p u u- s ’ b I ’ s I n  . - hi u I . — ~ ~ 1 l~ I IrS ~ ii (ii\’ urorument a) d~iin i p -

I II h I I 1 t (II’ 1)1 stork .u Ii d ~ ri a I I suh—eqiuent pha -~es Ru’ - 1 ri Si- t he rn pat ’ I Pr) I) ‘i t 111 ) hi a genii’ II I I s I tic u uSi Ii t’ r s lii uct u flier face e f f uc  ion t I ~ iv u t h
u’.nr, iI lv sprt’lds beyond the pr iuj e ~ tEo pe N I ~ t , 1)0 II 1 I ~~~~~~ ~ p&’r initt irg agh’ncI t iref lho~u- r I-s ponsIble for protection of the

m d  lui ana i~
u - r s  mu~ l I nsider thi s’cur rii)mic iralli’ 1111 - i t mi r i - r i r r i  iii iiisiririim -nt

She .hT~~,’ ‘c u ~I- s u rk~ u i  man and the- - f f 1 -  I’- lIt pr r j u - c t - . in uiths’r
n it i i r , i ’ r ’ ’ - ,t Irct . ‘uch it u ’~ th,- t i t  —., lImhl -r , l is )? intl s tu lu t l i f e t  -

uu. ln; gu-nnr ’nt mni’~t ,il~,ni .-\arfllfl,- t he nuf lue m ic u- hill re la ted
undustr al marke t - .. tht’ ecotuorhuic development of , i t f u-c f t ’ d  corn- ‘I. A. ~~3MflUOfl P. Xax
moult ICr and Impact on the labor market t’ .ei t The l~ut tc r  coulut 

~~~- u’ik he II p leted to f~ c i t m t a t e  construction. - )O T EIJ , +  ‘hi i

W Ith respect to pi pet i r i -  proj t - c ~ design itt ) t-on~ t ri i t - iiuin ,
ertiaps r h ’  11 1’ ) - r t t  m c i i  Iner t (or gathering data acid e~,tatitkh- PA3PAb OTKA flP HPO~~HbI X PECYPCOB

hjIt Ii h ulc ur duJri IlK geott ’Chfli ( l l iii s i ’ S ti gut i ) f l  V t h u  
H cB~ 3AHH bI E ii~ R ~ p ObJiEMbi  O X P A H W

if fOiili f , i ! h I l r i  5 5 t ~ ‘e- m t  t he second is the de!i rr -at ion of te r r , r i u l  OKPY)K A IOIUEfl CPE~~hI B AP K T H’ IE CK HX PAfl O HAX
t i f lu l -. to mininun?e cnvnronmental degradation du rin g the cons)- AJ1qCXH~—- I1OCJ1 E~~CTBH~ fl POBE~~EHH~
rnit ’t ion and operat ional  phace.u of the project and from which ~~~iiuoro HEOTEI1 POBO~~A
nul i r,l! ru - -ouiu rce~ ca n be ex t rac ted  for ut i l i za t ion in construct ion.
Fir  s.unup li’ , se li - ’t ion of sites for gravel and concrete aggregate to naqa.lbu flp uuuu’ tu - uihui l  lice’. paCor sp’. I tuoro suacut iuiCa n
an I pi n f di 10 i t  ri requ ired to mlnr iu,e ens ironment ii impact lilbi n ( ~6ap ms ’niuni II Ill ii tiO lu lvii t ithe I h I d  S cli, iseT oUe

t I , u- .i’ l n n u u  1 .1LI I t ? ’ ufl eit t to t t i -x is t e nt  or limited In -.cunpe. 14ajor miUbl iT i.  IIX Hiui . u-II T mihuh ’ h r  OKliv?K a uoill’ .iul -pc:ts. Ilpii ut .laHiupoHa-
d i ’ r,’ n f i u r r c u u i - r r i - ’ ire a’ fuul lcuu ~~. lu t ni l  STill pa Cul in Ii~~5 1 5 1 ,lC1Hd lislil IIt’OOX O_ ’lmlMO uI p IiHIi ’ .ua -r b no

Ri Cr -. .1 oil I Iuuud plain’. mluiuI ’ l  anile abnnuuu I\, it’ ln ’uhOiu- Iloc;it- nt -TB ubul , curuha UHild c lix ocyutecl-
\~ Ism n ht l rn  flood stage. 

- - 
tI ll luh l I M ii r u  lil ilcililieM na ,lps rile utpiipo~~ust e pecvpcsm (ieu’HNe .

— S u r  h t - l u t f i -  a snut ’ uuit ed w i th  design flood. pu,rr IiiuI-i II .111511’. lK H tuOulli,1 X Pvkom uin2cluv c:?t:lveT iaxwe
- ~ n Inrncn t  f f lood rE- c cu rr -nce infers a t —  If ualillb lbH H MihI lbu ’  liii Ill , ita b lIOIb.1 IIHET clpuuuTe.lbcTBo na Co.

4 Riser  u.} i . l f lh i t- )  and f ln~~d p1 mil l c- lnielrv. C’TOH uIHC ii paauHTuu - . lpYi n.x o rpac~ eui flposuuuW .lemuuuoclu . m.ma CO.

~ B - i  i s r ae l i- r i  -Ill’s . i’ g. u ’r r IOt i  and scour potent Ial t ’Toui i rne T py. tOIuLix  Ii ef l i lunU (olin (u l - i p o  suorvi 6uTL, Hero-
h t I  ‘- ag re lict flood planis Lucruli) .
River A- ;sociated (annual) and Ground Water (aufeis) Icings I Iput nr : iahiunp l II ht iu in  I I  i u l r u - .’tb u.Tui a lp\ (iuutnpoBo ,’sa ri.O’thiXltiI’i”-

• Location , t hickness and extent CKIII hiCu ,i u u u u . u n i H  r h , : huSu T cIb iuaiu6u). lee 0h uieTI~T llb’ IbHl?s1 nephlo ,10M
2 A~s nc iat e d scour , .1.111 Ihiu.I V I u - l i l I u l  1ICXO hbl l i .S .1uIiIhhiuh .\ , hOtOf )5 i e ‘.1 051111 rlcnoJlb3oBarb
3 ,\s ’.i’”- ’rnent ~f potential I lTlji,l1’l :lnu uIi- u n o - r r u - pb n i i ’ s  In;uH p; nf I i(uulht .- uui ’HuiBlibi \ cIi c icM Ii, BO—B T O —
Historucat W~~ther Data (s~Ii- ‘-pecui c) - j nn-c , l))1Il pantlunila,li.lun)Sl ilbi.1eicihiuuu y’iacTKuB na MeCTH0cT H 2.1R

- Earl iest ,  latest and most prohable date of ireeze-tt p ysrt-i i i . iuneii iii :101 la tIn m iii OKp~ 5 :iKnlift’in cf ut _’tid mi fl (’ptno,’i cT pOlm —
2. Earl iest , la tes t  and most probable date of break- u p and i~ ’.ii. ciii ,n II f ia6(uTuu I(uI,,-uti ,i I ts  ,iiix v’iac iitax siOtiter BeCTIIcb

thaw. P~ 
lp;h(’io I S - i fl~~i b f O U i  1,1 P ’  pCOH , iii’ u(15i) HIM 1,1X .1_in Clpobule_ ib.

3 Mean annual air and sur face temperatures  -TH a I lain[ i i lMep, 1.111 V’ .l?’ Ilblll( ’ iltlni vicil’p C;l . Ha ulocuI Molo oxp a-
Soi t Conditions, 11 1111’ i e l i  - - l u -A u -I hr ~~i iii’ ii a si iT lii. y’I acT it in _1.i H ItO_i V ’ ieH lB
I - Vegetat ive cover. [ li l l it i l  ( I - T oni I c(’upoca oTxo ,’liou

2. Depth of thaw and soit tempe rat t i res.  lk’Xoii.ull iL’ . i . l ih ihi . I ~~ ’lauTO OTcv TcTB\ KIT 11.111 I i  6saiae’r Heiiocra.
3 Soil type c lassi f icat ion T0’ ihio.
4. Thaw stabil i t y Heo6xo .luislmu C.le2ylO h itiit ’ cne.i euuii f t :

• 5. Soil res is t iv i ty  (frozen and thaw ed) - Pu ’s- u U pi” itiPui ’ 51,IliHhl
6. Physteat and ~hemicaI properties- . - il a K - i n ’  ,i. uu, i uau i  iu~ ulu iii, u s i o , ’.iI,ibOi’rl luu .bOulO .ui.il .

Geographic Considerations. — — ias u t a  s puu  h Ilt ii ei 3ih ubIn C i I \ T Iu( ’T i. 01 \ i f n I K T t p a  nO.10’
I Roin te set ec t oin 110:1101
2. Right-of-way width and clearing. _-- Pacnpi’:ie.ienii’ nomlTophlh”.lui( - Th u tlo.lIiBoAbhl .
3. Site se lection for disposal site s , camps, and st ag ing areas,  Otn ur m u l e  pvc , r,?  II tn f nt l ,inuahblbiii ttpo4Hm.li p500 1.
Environmental, - . Du ~~~~ bli nd ( s f ? ’  i u  lu . u r i T u - I I i Iml u ,1 spoaiioui h o d  .‘ICHTC.ibImOCTi l
I, Wildl i fe h a b i t a t s  and  migration routes . — - ( ) i ipn ie ru ’ ut- sI ,- u - IIII.I\u nh uu ’ uu m n .lpiBHiiX pe’lHbIX .1O~lliH.
2. \numdromoiis f ish stream ’- and fish habitats . Pe ’iutn , i i  i i i in Hi  In - I~
3. Cr i t ic a l  h abitat of endangered wi ld l ife spi- cs. . . — Ste r i I l T i u ,ii)~~ t’ lu l l ’ , TO, llItltH a. f l j iOT H~~ClIHOCTh Li cB mla a nh iamu
4 Esthet ics consideration (amelioration of negat iv t ’ impac t ) .  i: liuns inu

• 5. Timber re s u u n u r cu ’ s  Oiieui~~a Boismuui i tnmouo hm u1 ,’ndcrrlithl mu a CTpOIITC.’lbcIRo,
6. Recreational areas. .\ l rh h i h i H l i l ’ ),-t.l n OTAm’ ,uhHu,i \ yq , iu TK O B Mu ’CT IiOCT H).
Materia f Evatm iation , . Ca’.iu,ie i l I u I u l i t ~, in.) t r i l l-  II i i i- f uui HT i uih ’ ,‘taiiu aasi epaalmiba.
I .  River material  .ulc- (gr as el and sand) - ncitpsi riin .io;u.’ hi cr0 i .:i iu~un uu
2, Upland material s i t es  tg rav el m nu t sand). . C 1uu ’ ,’u i u - i u u ; iu uiu.uc i t M n I (j i a ’ l \f l i ir 1101:1551 II flO HCf iXiIOcTib .
3. Rip’rap quarry locations l/ i,’lhhbi,
4. Commercial timber. —~ 

l-i icT Imic ;ib luuud iti)is fbOB ,
- . 5. Water intake and discharge for pipeline hydrotest. — - t’,i~’t t.mi ma OTT iI ilB.ii l l lH Ii Tu ’\ r r u t ’ f I i T V f u I flO ’hImI ul .

To determine what is an acceptable environmental im pact . - - K , u u c c l u 4 I I ~;iI Iun n ul l.
th ere must be a continuous assessment of its  cost both in terms V i- iodi’uiliunin - i t ,  Ti thil l ulil .
of project costs and scheduling an w ell  as i ts  a n c i l l a r y  e f f e c t s  on - l-I&’cynnaiu c i u u u u ( uuhulci i . cOtlpOTuImi.lml ’sliu(’Ti u iIo’IBW l;iMu’pl-
society. The av ailability of manufactured materials , such as steel . 111th II  pun’TaHHlilt-li).
is an integral part of environmental consisleratit ros. That is, some - - ~~nbi,l’be(l5ln(’ ti \ i IMl? iu ’Cl bl e u bl )i lCtllil no’clThl .

areas may be more readily set aside as staging conies uniter given ()r lilmu ,‘ i’i.’Puu/li uu ’ bill’ htiIHH mu1t ’
seasonal conditions. Those wh ich would reqtuire ns’ertand tr iu t isport ltu. i Ou n p m ipoi .

of heavy eqt i ipmen t during the s u m  mer month. won I d togica Ifs UI f il l 1111 IlO.1ocld 11111 ~ tell till
be put aside due to destruction I tundra co’.i’r which i n  tiurn .- - Bi. tCt p Su i T  :1.111 t -CpoCa n i  suu;hi ulb , crulum n ioK M uiit i luu ui npo-
would require an ;lddit iortal u’xpensu . to restore , if indeed . rl’ s t l m r -  Ri’ ,lh,’ I I I I H  1 iómni .
ation is possible QtuP !J lx iixniilll.’I i pl’lhI.

River cross ing techn in~u iu-- . ;nnd the insta llation of traim ling — C1n’ ia o ( i I T ,tilllii :tusi \ ,-u t u I n o T u u b i r x  ii is s r i ru  p , l lu I r u u u b l u e

structures to p rot ve t t ~ I pi- Ii civ Irn iut s cot i  r m ust he In ned so a nyril .
not t in ca il ’ - i - ,~ u tu ’ t r i tnu ’ n l ,u I  m- l t 1- -t on a known Ius h u -rs r1 ’shi n mrce. — Mri u 1n lh i l t i h t  U f s u \ l_’IIISI \ phiC ii u 11 . 1.1 I l S  i?t’l I I T O iiIhi .

i i  dr.II un ,lc s m u s t  h. l u - i l l  su itt i tun ~i rCS( ’ l i t  s i l t ,ntI i I I l  nit r iser ’ .  I’u.f l i I  I iI’iI’i . KiI( ’ I I ic T ( iblhl i t u ’  d l v  11,1 Ii(uhlTallllH mic I u- .uaio l t t l ix  BIn ’
amid r un s imi is  1)1 - p ipl’liu-u e I ritcg r Is it’.’- If I t’iu - ’i- it’ hoopte- . .1013 ill liii ’. Ii .1111)111 i t S  -

Smu t Pipeline I mui m dur, . i l u , i .
S Semiiou I’.iugine, I lu Ihe Smate I’ipel iuie I i’lI,tfllla Ilhm -

is 
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—- YMeHbuienne o’rpululart’ ,lbnoro BouJie~i’Tmiuus muil cpeny. Merely hr its presence , j iermafrost places S I - s I r ’  cn urn s t r a i ru t s
‘, Pecypcbu .leca. nfl resource durvelopmu’nt. Under normal cuinditiuuns , it prr ’ iii-’.
‘ Mecia oTa~~xl . a stable struct ure to the soil materials . However. when th~- - mr
O&~en~u c rpoureA bFuu~ua /413 TL ’pua ,i oil. face of the ground is modified by the processes and requirements

— .%~ecTOfl0.i01keHHe pe’uuius Kapbepoul trpanuls H llecK’i ) involved in rec~aurce development . the thickness of the ~ au I ’ue
— ,MecT0flO~10*eHl$e Mapht’fbOS i’pa aluml ii lll’CMui . Ha.so:iuu utuxcll layer ” is increased . causing ice in the upper part of the perm a-

Ha Io1~ MweHN oc Tax. frost to melt . This melting often produces a chain of su’ u omn dar y
. .1cc flpOMblW .l(HHOI(I .uHaqe ulumuI . events which may dis as te rousty affect many other facets of the

— [IoTpe~i.’ucHuue H c6 poc mio.iur . env ironment. Depending on the topograp hy and  t he am -lint of
.aimm onp ’.ie.ieHiin .ionyciluMoro 5o31e(IcTiulmlb I i  omnpy*amomu ymo ice included in t’he permat roct , t he secondary even!- . u t  greate st

cpe’:ts IIL-o6xi,aHMa ero ncx”u’oalinami ouenuua Blu e 1 11)4511 h~~ ilmiuI npo- importance are erosion . di fferential  settlement . or both They can
enrmiod ~ ciiuHSIodTmI drpolmih’.ibdrBa . i am i  U U Im ,,auue cnn mini ,‘ie~mcinHR cause s t ruct i i rat  fa i lure to occur in engineering proj ects and
na o6uiectao . 3’ro amiasni, ‘rio HBKO’ro pt.me y i a t - r m i u MoillIhO usua ll y cause degradation of the surrounding eri ’ .u ronunenm
.lerko ai,i6parb .1.1W flPOfl3 0.~CT Ca pa6OT B .iuo(SoA ceuoiu ro.ia The most signi lu m t  e f fects are often a s s m , c u a t u ’ ! a Ih Il l-  dc
Ha .~ipyriux iie vqacT muari , no KOTOPhI N flpOsO.iiui Twisi b’,l biA Ipa ime- ‘.‘elopment of modes ml tran s portation , wheth e r the~ be rrua ,ts ,
nopi B .1CTHHe NecCubu . Tyuupoeu,uA flORPOB t ui.lbuuIu paipywat ’ru- R , pi pe lines , or ports . m i t  a it hoi t t  whnch thi n’ can he m o  s i g r n m t n u  m m m i

‘ITO C c eomo O5t~ tAb nolpe6 yeT Aonoju ImnTeJibHbi s aalpa’l Ha BciC’ development of resources . T tIh’si’ projects also usua l t i crbiss gr ab
cTaHOn.,eHIbe (ecami ONO •oaMoac muo) , d i”t ; inces . wit h vary ing s u i ts and ice cunntents , and ,n’,ui l. ~

.

HpeMa nepex p~ii~a pex mm c”rpo~-re.’m~ci-aa coop vnneiimi A .i~imi I~ - disruption of cons iderahi l-  amotints of sur face area. Thu p r u b - l l l l r m

111111W i’f)y6Oii~)oSOA a OT S~O3flhi ~O.’I1$iHO 6blTb Bi-i t5 pamio c l,uKll M of permafrost is not inu- sess a r if y  the goal to he a i w uIs  solnghi
pad’ ui-Tos . 5106W He flp il’lllHhl Tb apema pW6HU M pl’cypcaM. CAt ’ [ S I T  However , very often it is mhe mechan msni that  must he uuse d in
fl~OBlUHTb apexa* mia Me rlas iso isi6eisanxe ‘uaco pelulh bl peK lu.lox order to protect many other aspects of t h e  l’nvironmerui Thi - . ns
H H1IpVW tHHB ue.,oc’rHocTH CaMOr O TpyllOflpoaoia Ilpim s’u’oM pa r t i cu la r l y  the case wi th projects that  stretch over considl’rt ihll’
mI Y~~HO v n’TaHOis HTb isCPORIHOCTb Bclpe ’uaeMocTll lua.le,ielI n pace- lu- distances. In other case s , es peciall y in areas where the permalr -.I
T~ Tb bu .irpy 3RV .lb1OR Ha cOopy*eHuuuI . noa..1ep~~uuBai4 u uiHe 1py~ O- tempera tur e  is nt-a r O C  slId time cuinstrui ’! uu l n ss t i  he confined ill

npoBoa. MOeT~~, cisan 1.4mb Hacunul 143 rpaBuu iI. Pequlnu’ coopy~~e mum i n a sma ll area , such as wou l d be the case with a large building,
c.leayeT iipoeeix posai~ Tam( , uio6w 01111 He TO.lblt I npeiioxpa~iim.i~u there can be ad san tag es  in ut i ’ s t r u) ing the permair ust Ifl the rn-
Tpv600poiso.1 01 eciec’risenmiofi 3~03U14 . Ho H 3amuhluia.1hl oTK pI.uTwe nuediate area prior to t Ime initiation of c m r m s t r m n c t u l i n  Eactu smtu at i o n
(Su- pt’ra pee (IT 3~ 03lIll aH’m -ponoreblx oro xap ae -repa lb pa3pymuexbua . mu st be con’.idi’rcd sep~mr ;u t m- l v

Co6.iIn,leHlie npe .-Ln lmc aHHA ii mmxc ’rpyxnjmit . cnir,,aweiinuP o6
apen me mu ormpeae.leHHux 3aKOHO B cnoco6ci’uive~ o6ecnle ’ ieuhhmuo lie-
.locillocl’Ib ipr6onpoeozia , a Ta KIKC yn- ipaileubibo ape.ImI bu x 5o3 ,1e14’
c-r muiudi napywem umia oepyauaiomehm cpeabi . PyKoBo ,lImreJin IlpoebsTa
ao,l nstHu ycnewuuo corpy,-iHn’uais C y’lpeun .’meHHnslu, BeliyilimiMml M. Spio,p
cTpOflTe,lb(’TBO, H O~~~HH35iill IlMH , OTIII.’TCTBCIIIII.ii’hl aa oxpa ny (CIlIA A~ sopiu~*. A.,iu iia to h f s u e a louxea cpv .mu~l

PA3PA&OT KA flP HPO~~Hb1X PECYPCOB
H CB~t3A H H b I E C HE~I flPO &J1 EMbI OXPAHbI

OKPY )K A IO IIjER CPEJth1 B A p KTH q Ec KHx PAPOHAX
AJIgCKH.— BO3J~Efl CTB HE HA BE’IHYIO MEP3JIOTY

M, C, Brewer
(USA . Ptumchunisge, Alisaka) Bhrsilail Mepi,’IIIT.l - - ~tO (OdTOil HLm e 1104111,1 ‘— T pvhbIoB. n?’uT ipoe

npenhl ’Tc’ra yu-T ,‘iihilulm’i?mIbO uo:iur B hIllS 13 61u,ll,iu ffh m c T u nu -  c,lv’ ia i’m-
- 

. RESOURCE DEVELOPMENT AND RELATED 
cilIa llc m. :uiouiilcT Bih)TJ IL’ llHiiH rpylf rOBlut itpebua) K B H e K O T O p U 5

ENVIRONMENTAL PROBLEMS IN ARCTIC ALASKA , nmt ium itx 4laldropon Konui lu.lnpyhoiubux uieaumasiiiej iu,mus,i fi iipelia is no.
IMPACT ON PERMAFROST ?ll ~~ \ i I I ICi lh i i \  1311,1.

t’ - s lnmh- j I ; i  I vpa 1._loll bl”hlloii M ’f ’  .10111 ili ’.lciuilh’Tciu Or p.idmona
Permafrost is a condit ion , rather than a material , t hat prohib- K pa f l ou nys  01 T m ’ M A l ’ l i i V J iul . &thlaKu)ll K 105111’ 3.i .\I fl ha l lh m hu iipu-cmu oA

i ts , by freezing, t he movement of any water erick used in the so il. ihOAiul ii itdlrrp.u lh.nhl lS \ ,libcKe. 110 — 121C B CCah’ f luil h ,~ .i i l  51’. lIly-
In most cases mt eliminates internal subsur f ;uce dr ,ti riagc. In tnany 1,111 hl ,TI( ISIhll il  T l ’Mhii~~ il IA 11,1 h i m  r.’iy6nimii’ ll ’CIiII,’ih,ilIlX 511iTflOll nAIl

,nses it us one of the more effect v u ’ agents in controll ing the Cii 111(1 Ml ‘TpOiI lb i; mimi c 11511 ‘Cli? 01 1~ ~ ? h ua . mill roll;i ’m. T lihu’ HIll u T i m ,
• - minor drainage patterns for surface wa lt ’ rs I .ly( nnnilus . 1 , 1 , 1 m m  tuniS 5 ? ’  1.1(011,1, lucot’lt’hlull i pacrilt 1- .lrsuoro no-

The temperature of perma frost s’s r h -s  from p lace to place iii ~~~ ii’ thlill hI 1.1 i bM I?, - 0 I II s- I l  ro m r ~~s lila , pc.1u,eI~ :m , h flll.b II -
$ A t a ’ ka . from near the freezing point of fresh water in centra l  lt l?Ii cs_ l ila , ( lii l Ilt 13(1 1 1’ 51011 II :tps  IS ipasropomi, MIm hlilo c_ic-

Alaska to about .~_ t2 bC in northern At l”k,I At l tuoug lr consider- . 1 1 1 .  111.1111 l,h I i i , )  i Mi l u  - : T V ~’ ’ m ihe ’ b um ,u i ’ m s it ’ps.:.cm iu nu ~~ -ic r
ab le sar iat ions in temperature mar occur la tera l ly  svitt i in a few I \ l l - ,ilh , u - l l l ’ s l  izulpIlibu . k pOMe To ro, T eMilepalypa Be’lHOn Mep-
meters or tens of meters , depending on tIme material , moisture i l I u m  11 V l.Sli’IIileTt II B 3a lihbculMuicl II ,~ celllhla TO la 0.110150 C r.1y-

‘I content , depth , presence or absence or change mu the s-cge tat ive (‘ulh nuit bi l l  I? \mu ’ hnu. ’ i n i l uu vsleuli.iiiaiorcn mu ma m - ,iv (nuube 20 M sl lr\ T
cover , winter snow cover , topography, e lev a t l l r l , w hether a north uIm i1iB . l hbiI, ,lumiuii, 0,01’ C
or south lacing slope, nearness of bodies hut seater , and other Cmn .i.’p s i u u m m ’ B i l l  hi mi mie’ inElll ‘.s’p l,1u11t’ CII,’lbIlO B a f lm. lm p \ u ’I lIT

~~ lactors, a genera lization usually can be made that  the permat rucit A u ,iiIli iluIhil l ‘ I I ? :  1 1 1  1111.11,1 hi ,mu -.1hnuNs .11111 I i’, b fluISlil Iu u m .1 I.iro
temp er ature s become rot der wi t  ti increasing til l it lilt ’s Ttmti tern - ivIes 11’ T U l ?  mi ee Ii p 13.111’? Ih? . i ’. ‘ S ;u.1 a x c II.? .iuu’u l?l ’.ih’Ih II 5 sh un pa -uIc.lu?-

• perature of permatrost also changes sci th I i i’  SeaSOf l s , luilti tlii 1155111 . B Ti) lip si hi K ‘K l’hm .’iu’p K u H u l ~’ na armm B Bu ’iilllli smI ’p a.’toTe
amount of change dec reasing with depth to i l  m l . it a mle ~mt tm if 20 liu LI l ’ m u l - l u l uumhl ‘ u . l I T h l  A l ; , 1111 uIA ,llIeT cn i l ,uI?f , I l ,lbihillM B il epX Il t ’Sl  H -

— , it may only be 0.OIt C. I O-sci’ipo~ iun ‘ I l l , ’ Ii 11( 111 p a . l m I I i u h l  u ui ‘I 1111 511 n u l l ,  SI ’S , Ii i)
The moisturu- content in pu’ rmu f r os t  mali-ro i l., i’~ I’ll ru-oi ls S t  I i i  Vui, - . n m l i m  m l ,  hi 1.1 .1 . i i . 11t h ( m ’l iIu ITi ’hI :nE- , ;- .IIIUE’ l-..lliihi,Ii II

va rnab le . ranging alt the cay troni being .m lmti u ls t inure seater , in  . l u - .i hIhlh,i c .11111 Ii

u c~’ w e dges , to being almn ,st non cxi s tu ’ i mt , ill — i?t l lll rocks ~vi tli Hi’’ull;iil Ml’l b .l.lliIa . imfubl u lihO fl~~t’.iCi .11? ilhK,iit.IlI c,ut ’nmu i ii ’ lilbIl uil
few- fiss u res White the mi mt ’ . t u i rm ’  cumn te r i t  ill l u - m i m I ;  t r ” m in uuorthi’ rn b lihl’ .? u l l i - f l  I T , ‘111,1111 (mull, fill i’ullip( hl ’ l i m . i ’ .ini ii 111 11 IlObu lI.l’Il r cli
.-~ta s ka ten ds to be the highest mn the upper S tuu  10 nm , iii ce n t r a l  m i m 0,1 1 15111 - c .mu l m : lum ‘ m- s- Ho u~~il af i~ ~~t uii. II ‘s i m pir s DiR I’
,\l, ka it m a y  increase s l ul t d e n lV ,? ~ burie l cc s d I g ’ - . or Re f~l’ i l l i l?  S u~liI II , S  11111l(lt u ’SIilli publ? Ih lhbb. l  u - m ’~~’pibiuh \.luli’ Kmu  i pab l i l l?
lenses are u-rm c ? un l nter ed. iIK u .t Ih Mi,1i’ [l lu . u J h I l u u S  b’o,i,~ miK inT .it- .’i~ iuuiiu f na ’, u A  (0.’m hi II 11c M

Perry nafr iu st . whIte usuat ls frn,,emi in ii I run re.u ’mbling ‘ I ’ m ’ II i i i  il, .il,Hle , ‘11 51 ii ,l(u h ulll ul-  II ‘ I f  c , ihu 110111’ .1 ’  ihihl ull pa ’co:m
crete ’. ma y he unfrozen it the ma t Ina l ’ .  c m i nnt u in brine- , ill m- ’,u ’ fIS bMl1I uilihlu?ll;Il III 111111 II S l um i l m i T s  it’ I . 1’ I, _ . ~~lu ,I  h u n  hI’ilII,1,’ ‘.1- -
condmtions .~~~ ‘ fourtd ri cer ta in  inland areas of fr. - c nmast ,i l f n fa i u l  . I . u I ’ m ? n l  \ l f l l b I l i ’ f l lhh ~ .1,111 i l : mhmh l l,i s tilISli Ill l,i’h’u u n u ? ; i ,S ~(I Iii ‘I
in unnurthern \ I aska .  (l r ,hse t s , ne ar  Barrow- , 11551 ’ 11, - u - I l  fotl nd to lb r u u s i  *5 f i . u i l u l l?  i s i \  \ ;ull lle’Illahl s l m ’ l u - ’,ul.l. ~ui’~ ,ue T tlTm ’ ’Ili ll)
contaIn brmn es a uth  sa l in i mics as much Is s t ’ lCt l  t l t i t u ’’— t htuse fu uiund 1 ’  lu ll p. . I in lm uu 11,1. 1 II , I I i, (uhl . l ,u  V i ,  ‘S II, ‘I,il i Ihli l,1 ilIu’llhl,i l i- l , ’Cfti.
in sea cater , and to t i&’ mi n trozen at a !u - I I f uu ’ r  ;ut i i re nil . I 2,5 c u~(~u u;n p ~ ,1u u - u m , u  us ‘ 5 ,  , umu  us c S I ? ’, u n  slc,is’ .. 11.1 lhf lhi 6fheibshiiu \ Odl iuluhil u
Similar co ndit uiurus h I ss  been lounul c - i t t m  I I ,  . . at d I’ f u t tns u h f  2 1  II I i i  i t u h i h l m l i l l u M :1111- h lu -b l l lu lu i is  f l u b
iinut 3t~ on In t Ine same . l ru ’aS . “ Dry pe r l l m _ l f r l l - .l ’’ . wi th i m I t  m u f f i c i e i m t  t l h - u hh i ,m l 11,-p u:I111a 1 1 1 1 1 1  hllhl u ’l f l u  lf u . r uumI l y in) hbl p uI . ihIl~ S jui - - s p ’
lnuhist m l r u ’  to hold thu . si uu t pa rt icles t og e- t tu u - r  , , l s u u  h~i~ b - - I l  f u iuu id  u [I lI 1j l sm l _ m l _ hh l ~ .5 i’ .IlIll ulH’ , 1111 1 hlH,ilIh’i ’uI 5 1  humil ’ i I lBl ’ i? ‘1 s m
on mr-van Sp i t ”  on hlffshore blurr IE r ls l i l f lh l ’- . al bht hurl  ..u m l mmi ’ ru S T I lii o h m S ) , 11111 111 iluil l i’f l ’, I l - l i .  ul(u ’ u t)hi I? bS?h - l? uuu ’ TCW lb peis . - ui.t, irn ’
gras ci beds. II l i t ’ , III , 1 14 11 m , u h u u u l , 1  5 1’ b lln(iml ihsl lhl n u l l u l l o  luhh,1s ni- u y~uhi0B. ill _ -i .

i l l ,? ? . ? ~,Ihl 111111(111) c.luuih ‘- 1i1’ .l i I ’ l T i m ,u l rI’bI ml llh,lil.iBli l I , m u l h b i l l ’ A u ,  1.1
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t 
S SCPXNCA ‘ iact n E’,iOH He’S 115111 Me p).’hulT w . . ‘Ii ii ia~~ll lIe’ ‘I I ’ m  1 t ip II - \~ I’ III , u S ltl(’hi I II il I I hi I ~ 51 II lu ; ‘ f l u  I 5 I uf I he prIucu -ss
SOAIUT Ii no6o~ muwsu mu i lc ,ue ’ .-mh.-TB IIBM. Ha um~,ojm ee uua llbit-:ul,liI,IMII hi I I Mdl u , l n u l u - i l  I n p u t  hit S i’ltic le’s , especial l y ca terp i l la r  t rac t -Ma x ILi u~~T(’B 5~)t )3li5 II P~ .l.l IblillbiC 4i01)M u,i Ocu- .i a muii ml , ,  418  i ii 14111111’ I II 5 . Ii II ii t I u~h ~t rue I ‘in ii l it  S I gm t Il I si ’  i m d  sni I d i Re  I c-h uch resu It~OT pc.me$a mu ao.iim’mecimii .‘is- .’ta a c’JlOe ~e4ulo(m NepsJm o-r bu. (>1111 MO- ~~ II utesirudtIo n ol Segetat lon . ‘2) increase i)t soil-melting depth -
ry~ •M3IaTb paapviut’ lIlbmu IIpoMblui.it’HHwx o6beKioum Ii 06t ,a’ lllhi t i I ’ ’ r m I l . u l h u I l t  lit t tn e ’ ru iu u ik a rs l  l ike ’s 111111 mml,I rshu ’s 4)  ac t i v l -  soil
se

~
y-r K 113M(’HCHIIIIM OiSPYiItiIIOlhIe’lI cpe’.-sw. t’r , u s u ,  ‘In 

,

CIMNe SHa’lHTe,,hulhft’ iIut’.le,’ICTBIIII sac - m o (IbiBamubi s’BHIIlll,1 I I I h u g h ’ s  ml I ii lIlt II l l Im l I l l ? ls l l i u ,u i  lit liii ’ f , r us ironmhie nt as
Co cTpoII’reJlbcTaoM lmofbor. flO~ T0B H flfuObs . lafmwa a lbl me ’M Tf lyOl) Ilpe)- 11 re-st i l t  Ill ill I p i l l t mu tu hh n . n ; l tmur ; I t  gas hul rnl rng , lif t ing on to thi-
101101. 6e3 KOlo phi x lIe’Mbuc.iHMa cep~eamu a~ Pa~Pa~OTKa npIIpo.i- Sil rtaet ’ of dn’ u’t u gni ui i mm ut la~ u rs . ttm c isi’ - ‘I u , ’s t i vn u t1- s etc ,\It this
Ht•ux peCypCOB. IlpoMbuw.ieblllamb ,‘tt’IITC.lbHOdTb oxaai~umiaci t~iiJhbW bIc IS l 1 h r t l c l i t t u r l~ dangl’runls iii hugh h u h , ,I. s lt i i e  t(b ~lh)c des t r oy-
‘~‘~PPWTOpH N C pa,l .iluqmuNMlI nuirnaMu II pa.u.iHrimiasu co11e’pika~ 111111 m l  pml l I n
IlmueM 11baa ii BbuiI&Bae-i paapsjw e mumu e 6OJibthiiX yrac’T IIOD hlOSePX- Ill l) I t iu ’ l ,mi t  fu lrllis Ill 1ICC?lIli f h;Im ls log inlpacts silch a~ de-
HOdl’lt. He acer ,’ma c.iL’.lve-T cIpeMH’rbcil K coxpaiueiiii~~ fthi’iIlO i’i ‘t I I I  llh)fl ill liii- t l lrt ’st ;mtohlg i t~. III)rttiu’rn boundary : hmlle ns uf icat lon
wepaJmolw . O11HaKo OqI,’h ul, sacio OHS HCOÔXOJ1HM1I ,1.iH O\p i l hb l  tuf t t ue rm l , tS ; n r s t  ~m rI  m c I - s i -  ~~. r i - t i n ,  u I’ ll In hiuulr lg lc ;h I pr l lduct is- ity  ot
apyrmux KOMnoIleH’ro B ospylK a lomeA cpeJlw. Tag , Han pmlmue p, 1mph l’C115’u s t I l l ? ”  . ‘ l i s t  ? m r l ) ; l n l c l ’ s  in ‘, ml I I Ii t I I lv pro 1 1 5 5 1 ’ s  of fauna
pa6otax. Ko ’ropwe ae.’m y rcs Ha ÔOJIbWHX Te ppHTOplIllX HYIKIIO co- s I im ’ u II”, fo r t ” nunu pl m ’ . Et lir Il ig t m ,  e iunstr i ict ion ut oil and gas pipe-
xpaIIa-rb ae~muyio Mep3.loTy, B ,‘mpy rmm x csm y ’uaiu x OcoOeul bbO ‘laM , r,ie Illil’s . i i?Sl i ’ r  t I ? ? h ’s , Ic I I s p ~- uI- ~~s , 1974 )
l’eMflepa t ypa c.los Be’uHo~ M(’pJJlOTbi 050.10 0~C mu cilnoumle.lbciao In t In ’ t ‘SSP . sc I e’nt j f : c  lu ll t j,~r i i i imu d Iii prl u t m - c t m r m g  natu ral  -urn-
SejeTca Ha MaJIC HbKO Ü ll .lOiUa11Il, Hanp HMep , (‘T pOIITe.i bcT ao Oo,im, - 1 u l i ’ ’ ,I” , hhf t I le  . \ r t - t u c  a nn d .uIh .~ r t i  ir, - tu e - i i ug  mt t ’ s e t oped in a
woro aiiai4mu~ , npeacraa.’mse -rc li PaSYMHIIM paspyhu hiTb iseiiiyio beep’ Ittiniber iii tmughe’r e-l th luiat uonat unst it i it i ,mns and sci ent it ic ins tm-
3I4OT Y mua flplm.1enaboU5ei~I IeppIuTOpHH 110 Halialla cIpoilTesIbdTBa . 11111 ’ ‘ 115 iuuc t i i i t ung the ( :e ’ lml r ; l I  l. ; m t ” i r , l t l m rs  of E n s  Ironrnentaj l’ro’
B Kaw ,aOM cslyliae HeOóXo .iiiM IIH)ll4BHlly aJIbHbIh flO.hlXO11, tI.’i’ tu iu in  t~ I I  I”) . th h’ ,%lit i ls t r \  Ill \~~r I c u I t u ~~e

Tt mc m i r l f ? . 1 1  I Ill a lm t h r u~~uuig?-u l  I l ;hc l l un s Uf IOfl n a t u r a l  com p lexes
(If t i m nd r i I’- u- ,hrried out to I LFl~ on thu .- basis If ~

‘‘ irkuta indust-
r I a I r~-gi~ m u I I 1 ‘- I 1111 ~ 5 r I of sh r a h s ii 11/ I lull’ 01 Botshezeme lskaya
t i l I l m t r i

The 1115111 methhlit iiscd us E’IInlf lteS ‘ti,i~~uiig, gu-u)m(lr~ihot Igl~ 11
prhlluth’s .10 t Il l lul11~ Ire - r . l i t t , I I I I I L  tnihit l itte c i t ~ ui \ u , ? k l I l l  .\ I ’l lg

S. M. Uspensky. N. V. Vekhov , t hese com i n les bInutIlg Ic It su n’s Ire’ l l bCl t t ’d  II se )iich mans - s e t
‘ 

A, N. Kul iyev . V. A. Lobanov obs e rs at ion i,  - ‘ 11’ cond ucted is thl the changes making pl~ c~’ in
t t ’SSR . ,‘.t’lSCluli I l l m lf t ’ re ’lnt l i , lt l l r ,hl  c uuu l t p l l - x u ’ s do, I, lIne 111,111 5 .1(115 is

t - u r s i  r t’ ’ . i tt ts  nhhtiIlfl(’d hr i . L t  I’ 5111151 IhIl m i a l i m m i t  c imrn p l,’s~- -.
ge t  I nil(’flt ’ il u ’ Is  I l ut t l i t e l t  hs l t r , m 1 l  l 1 l I l 5 t ’ r u / e l t  ,.S tm i iu i _ _ t s  uh f  indus t ru I

PROTECTION OF NATURAL COMPLEXES p la n i l s  m i t  tu c I t h u u g  s % s t t ’ ruh . Vi l I l t  h h - . l m us . get mui t lute d bs t~ q i i i ut
OF THE ARCTIC AND SUB-ARCTIC “ ; I s t 5 ’ Ill lu ldus t r i l l  li l .ui i ls . b~ t I l t  c a ter slid t ’ s e r) day  55 . 1511-

.- \cu i lut ~ Is tOullilt t I l  itecru- ,us, - . c-bile minera ltzalhlmn it ss ~t ,
T h e - north of Eii r,ist u artd ~‘~ortt m A mim u ’ r i ,  in ss’hict i ~n(i . ss i’ss ’. ub- hi l ik u ’ ’. Iile’a tCd in t he s icililil ill f l I t s  inc reases , t i m ’ -  re’ -, l u l t s  1111111

s t a n t l . u l  mm rhi unt of n,itu l ral resource- s are ’  ; i e tmst ’ l ~ t’x p tI)it (’ut hs’ t in ,- m c ?  t h a t  tune p h r l l c l u ’-_ I’  I 11 ,1 mss~,-s ~ , t r , - rt ’d h’ the 55 lIlt
the’ ln:hn 

- s e t t l e - dills in
l)i’ ’.ii ite tIle f I let l i l t  e’COIiOlhiiC ttes - clopme’nt iuf Ill ’s , - rE-gluIns Pe’ I l e ’ t r l t l lm l t  m l  j I lt  55 11cr into In s lu r t l ,ls l i l’  [l~~ l I l t s  ill ‘I, ‘n r c

has been goiilg omm for s i l l l r t  u n,- . it is CS- lul l- nt tha t  l’e - l,sv~ t , ’ms 111111 III .i u l n l l l u c  h l . uuu l s  \‘ i’kho’,’. 974) I)usc h , l rg u - Ill ‘‘‘55 .l~~l’  I t ’ l l - .
bc-nt’ i n ’  -.hIb Jedt lii ti nads isab i l-  i rn i - se rs ih t l ’  I listurbancu’ s 11111’ I’’ 

ui I ‘ ‘t m t j i t e ’ t n ’  d l ” ; i p pe l r h u l c e -  ni RIm Ill the s lFe ’ ,ml l Is  ,lnd III c a m  i
the iml l pau - l iuf Inthrlmpogenic f , u c t , , r s  ills u’ r l I h r h t ? , CX Ci ’ l nt fiur l,hi r?ufl ol f l mlt l .s , mu the- lak e ’s

\ l r l lr l lu ls 15 ii I IImn Iuulrml .I1I I I  Ill I dIll’,’ ‘.1, 111 Ill t im .\l, III 111(1 tIl l’S h’S i tt , .11 5111115’ lt Isi;IIICI’ f ri u nri tt ie’ pIts . t Ime ’ ‘.1 ,’, Ii’ —,. imlitlimI
‘.1111 \ re’ t ic th . nt  is p I r t n c i l l I n I s  lfi1’I.’t~ it 111 ti lt ’ 1111111 ’ CI I I  i t s  111111 hlll!I1;ls’ Ill ul,,i&’r uns -e ’ r me ’bn ; lt , - ?l u m u u t u l  buIlt d i t i m - r  Iru mrmr th hbsn -

on f l i o d—h f l l f l l I h I s  rl_ . l II ir’u_’s Is 10111111 III IllI’r e s s l ’  ill t h u  f i i imn ,i l nn t h e ’ min t ! ~ lu~ lt m s t r i c t s  I t  t h i u l d ra .
N,,rt t ’ . hosves e’r Ill, gni - , , r e r  lu l l .  I , hollm d i n - u - h  , iui nt u i l u l i r e ’ c t . I l l s  . \ t t l m t \ s ulng lii ‘ m _ i h u j i t s  III cohlnl l t l i I l t I Ih,’s in s I l u g  th~ fl te’tt iout l i i

uu n Ihi- r~-gl ’ .r l ’ .  of the u t m l n l a t s  mig rat ib l l ns artd ss’ unter ings . in den .
1111 l rt t l i lr  I 11u57) ss ’ tt i c h is b u s e d  on q h i n l u t h l i s e - rat l i l . s t I l l ’S - ,  t tu , nt

se ls pl l l l l l l at e. nl I ‘gi ll’. of lfl ilthl t t’ lat It l i l I l’ ’- IlIhit III t Ime SuluIth su mi l l i  5s iler ~Iui l I lnuI im?tI e ,,  nut the’ \ re tu c  J Ill’ 11111 p re - ” l - r \ l -  t lul ’
. \ n t t u r l ? j l i ugm’n ic  l;Iu - i l Irs  1 g l u i b m I  cl l , i r ,u~ ru- n l f f m - I - t l mlg I’I’ll’ s ’  I, III’. s l r i l u t i u r t -  11111 5pc1- I u _ ’s comp os It ion ‘,s hi’n substan t ia l  ch . l l rg l - ’ Inn

of the \ , mr t t r  ‘ill_ h IS e’flS l r l l r m num - l I I . l  I u i it t l I ~ lolu II dl l l l l ru uo rg ;u u n c- 1- u mS l r l u l m mt ’ l i th t  p l ralnt’te’ r” t ake’  p l Ic n’ I \‘e’khov ) -

anuf uithen toxiv l I l l If I l i l I nmIt s , shlbij Iul .11~~11  he’ ta lse ’ um intl-I iCcIhIhIl t .  ‘v —  lii,- Infl ict iii f inbtt u t t l l l u  ill th i , \‘iirl-uta mludl i ’ i r l :u l  Clul-lIflIl.- ”.
1 h1’ 1,11 m It’. i i i ,  t i m g us -  l l s s s t ? - n r l s  II high t a t l m u , l l - s  ; l l u -  a’— f i l l— g e t ’ . ‘II ‘ ‘ l I g - r  i I lt l’l’” S i lS  , i t ISI’ ’ , t l) S t t I l t V  th i’ I lbt l l le ’ ndt ’  ill

toss ’ I)  h e — m t  I t u t i l I l . 11,1111 iii l_ 5 l f l t u ’r 11111 ~lI “ I lnnl m I -i . s t i nt )  [ lul l  I I , ’ , ,  ‘ - s h m i m — r .  UjilIli t i l ? ld r , l  j u t i m n l s .

c lm . I r I g l ’s  in l is ing i’ l l n d it l l l m ’ ’ . III llr L’,m m I i s m I I ~ itt t i t l t l ’  11111 5j 1,1e ’d t I I e r m . 1 5 1  ‘1 co r i ct - n it r i t i ot i  of s i l l_ lu  t mnl r mfu t g u s e ’’. 1’, 15(1 - . it _-S .
a (lrg;I r l Ie - lIli rlut in  t i l l -I I l ’L’ihleIs us e’h, i r ,ue ’ te ’ r iz e l t  ti~ gl -l l ’ n . i l t v  ( ( 1  t ,  s O i l  - ‘.11  i l I ’ t i ? l h , m n n c - , l it  rr ’ ’-

~- ’— - — f l l l l l t l l s \ I l t h ’ s l s  In
toss - t Im l I l l Ig l I  I i  l lr I l l u  u s  i t s , t I ne’  l Is le - s t  11 i i ;u i l t , l t l v h ’  ihilti ht l l i i l i t i i . I .  t u l i l u t ’ .. , i I l , ’dts Itm i ’ i r  ~ tIl5l hi , minI 1, 111’ — ill theIr  Ill —h i, 1 11111

i s -  imm hlumoge ’ b l e l t \  ‘‘ h— m i t t  in ‘- I -a S s’.. l ulhl is i h t l i i t  s l ur ’ - , hlln ni lg I I - r I -  . I n I -  n’S, ii l,’ k m _ ’ t i’, l i t  Ill, 5 im,’ u i t i t ’  ‘I \ l lrkllt .l . f m h r i l c m l l , I r l \
mail s SI ’ ;u r periods IlIf ‘‘ 55 ‘ r r l r l r l g— l imIt  ‘‘I-ll ’ ’ l l l m g ’ ’’ ) - I I ,  ii’ II ‘ I lu - i t  ,lmuhl i- - l I - i ’ ll p i r ts . h ue - ni -gu ru ’. si t t uc lu Ire’ mO Ist tn ; i ,t -

In u\ rc - t m  and .,uuh- \ r,  t I e .  1 ‘III’ Ilium,. u- s t rullrn lbs ‘s’unlt i  II) lu- 1~ 11u , t l  l it c I l  I t I .mIl g - -~ lit ‘1uv ’v’II’ — Chul i t t i l isu l  I- Ill Ill 111115’ co’ ,- ’’ take
Nort h 11111’ Can n l u t l c u ’  that  h, tn l u ’ ~’ ’ l im it  Imi ill-I l’.’— of I, ‘ g e  l i t  I l iu l  l t l l ’l’ ‘‘ill t r l - t u l l  I l l_ I’s  is I m ’ f i t u.;l - 1 h’, \u t , l c lm i r l r l l l l imm nIl’.’. in the
a m ud an imals ui Ihi- 1,11111  ,I r u ’  g u - t r i n u g  poil r , ss t u, ’ ru’as i t? Itt 1’ ‘.5 I tu l rt tl i - rum h u rl if I l l-  II glm n ut , t he’ gross- lit ot lil t m iss is re- ta r t ~-it ,
t he if,’ Is r? ’ l m t i ’ , ‘ I s  t i ll Il lp h ,  r u - l . l t l i i n l s h l j i s  lt e ’ ru ’ .inI’ ‘ l iuiTll sI lille 1)1 1 . I I? I I I I I I  111115” gn l I \1

In ,-~rc t i ’  bn ut  ‘— I l h  \ r,  iii’ . ti It t r  t ine l lhjl ’ Is to be pr l lt l’ - t eh l  11111 . \ l l , u l S s I i  ng lii- .1511 III p I nts , nut IiIl.n1’;lsClt e’llllth_’It l Ii 5, I ~A t .
centres Ill u l,ne’ l ’ntrn l ,.d ?f l l j i .Il I u, I , I m b t t ; r l l 1 m l u g u - n I l e - t u e- t I ns m d  ill ~ln I 11 ,1’ . nl ’ \ u - l t I - l l  .\ t m i i e ’ r l l I , . l I l u l i m  if p l i l l i —  111115 si t i pln l nr le ’ ,uci i t
local ch i ract c r  1 hu’re’ Iilrl- , i’ ’la h i l ’ t l ly lu ’lil 1, 1 .1 s s s t e ’I i I  III r I - s i n s  u- s  to  t Il l ’  slill , 1 1 m m ’ .  I ? ICn l ’ i sn i n g  n t l l i Z r m l l u m l ?  I’ , l 1 1 l b i t n t u  lii smihlte e’l ’ lnh’ Imt - —

m Ild luthe r protected t e l  r h In e- s here- i~ ‘.l.’l’iI Is 1 l ltu l’ t l i t , - 1 u s e  \ l , Znn , b .~m , . ‘,l?l I , - -
for m elf flathlrt ’ -p rot u—l 111111 nll ,15I11 is  

( I  uu l l lg nc : l l  s l I r i l ”, rl- ’— l i t t s  III se’ r l i l n is  itn’ -. t r ~ ’ 11 ,1 11 Ii ‘. ‘g i ’ t ;u t i se

It w-e ii it ut has e’ ti -u - u n ,i mistake ’ bliss I’S II, lIlt u s  to SI’ ,’ h ull’, nil’ , I’? - t Ill - 1111 ’s 1 1 11111 k Il l- . Iii uI -gr l I l , l l luuul Ill e’ l l l l t h l m m I l l m i s  j le’rln.l-

rueg. ut i se re -s t i l t s  lit the ullll l ,lc t  ol . ihlt t l rhnpuigt ’ rt ic t , u e t l l r s  lu ll In ’ - f~~ust , , u u ? l t  I I  ‘ . ( I m t  u - I I 1 S I , i u u  lS I i l iS I ’\ C 
-

• t- e o s s  ‘.1cm’. iii the \ , u r t t m ~l lu ’ 111 1 11 ihite’ll he- l ibs III ih idrC ’I ‘ III Il l -  l .uug, ’ ’ III liii’ 1 . 1 ? )  Ir i’ntl le -iuI , III g r ,? I I . i l i u lm  Ill i t s  i_’ lIIIililiuiIl’—

• 
•
.) gie- li prodiu ct i s- I t s Ill m Ite trie, nt iu n rme-, t h’ e l u s s ’ ,lu’ I l ls 

‘ ri’ht I I I ’e’ sh el l u s  , l l I l lll l ls ’,l 11111 ,iiu,I u f l l _ m r u I I t ~ if g r il lu it i l  s ,  r t c l h r I t e - -—

ir an sf iu r lum ati lm ml of lunlt ra j l t l5 I l ICn ’ l l l ls l s i i l tu i  nitl lre- I ru lh t hidl is l ’  I ns iilg Ill l I l l I l t m . I _ u’s~mc, ’ n . r l l s  I m i m i m t l n l l , i  t 1tI.It. l i
~~r\ s l um -, II’ .. 

-

;m iuthrop ogenn e ’ meadow’. mas - be glse ’ t l  is a r t  exan t l i t e’ III i t l u m s u i il’ - It h i s  Iii Ill  I, s1 ’,, te ’et t l n , I t  t h e ’ ih , ’ it ’ — i t ’ , u ul  lll r l l s  nne ’ slillg o m l t l i n

the - Ibove . lluis is c o l tnu i ’ c t I ’ u t  c- lIlt th e- l t e ’ s t ru m c t ihu in  of 11111’.” C05 l’i a 10 km zone around Vonisl tta inutuistr ia l complex has decreased,
and with the increase iul sInIl-ineltlng lie-pIll dIe t i  Ins ’ ot The amoummt uu f nesting bird s, Is compered wi th  the surrounding
S I - I l l ,  l,’s ai~t t t ta u nks to ,l ’u ’r Inast iuml ’ tummdr a , is less by 14 S[lCCle S ,

,‘h’iilIl l u cius I t ? , mtls 11150 inm pros-v Ii’, 11m g I l lI l l i t I lI l l’ - f I r  I i ! , 1 I 1 5  Population of lap land planta ins has undergone changes in

s p l it’ s uif .1111 11,1 l~ I ~~ rIm s i l l  mlg the- rn w I l l  111,111 . l u l l  ~R 11mg It -mI  morph op tiysiologi cal indices ,of nnterna l organs resulting from
11 s h u t t e r )  Is 5 5 1 ) 1 ii’ ur e a  Ii’ ‘jli’t ’If ic ,l mm th n , 1u 1 IgI-u l II Cih I l tt ul l  5, ,, ens-ironnm cntal poll utt u lm n. During sp rit ig migration , a lot of wit—

t ime - animal whl rt l t  I I spe’ lms)s \ - 1 1 1511 1117 4 ) . low-ptarmigans get killed crashing ag auns t power lines (La-
Ese n ni- l mm lleu ’ r .tm re ’ e’et ir lg. a i r u u t i t i o n l u t  hr~it mch of ttt u’ e- l ’ , lm i l u i t l s baiiris ) - 

- - -

mi t he’ I - ii (;us i an NI ‘ r t  II, III - Is resli It nIl ‘ .‘-  niolt s It t  I’ s i r  511111 ’ n lu s l u  u To itete’rni inc the liIlf iihCt ol a imtropogrm m ic factors mu pun natural

10111.15 m u tV l Is \ “t I- I l l  110 lu ’ — -’ sps’viiI~it’ u 0) l i i  II ‘ 115 liIittbIllIll is eo mlmltxes of tu imr tra , CLEI’ IS fll’W tist mmg bIological tnd icators ,
t i L l- l i  111111 acul lIl li l  The iti ’~ e’lopi rmg 1 1 1 1 1 1 - i  ‘1 I i’ .  III ilit lrl i’. I s i I r -  1 hns nuicludes some species of moss and lichens , some commu—

- u hI gr il l II- r i m m t  l i m l  1111 ’  u , un ’’, Is V ‘,te ’lTn 5 lIt \ ru - I l , - ii III ‘.11 tm ~ni’I ic nit i. s of w i t -n invertebrate 
- 

ss’ htch are capabl e of acciumu I sting
1 1,11 ,  I~I l I I I . m l I ’CR Ill t ii~ rI u ’’’ has e tOi l tmu-e ’ n l l I t lt h l l ’ t h ’ IV  m u t n u l n ’ r s t ,  11111 produu cts of ul ldustrha t pollution; t il ls also includes some ktnds of
so l;ir - birds , their morphophysiotogicat paraments (according to acade-

miciin S i mvar ts) ,  dynamics of q uan t i t y ,  peculiarit ies of biotopical
d st ribut chIt , amId t rends of pe’n timut Ic it es ellI s Ifl theu r lives.
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C. M. Yc..s.c~ad. N. I. 1.zo. , A. H. A~V.iM.a, 5. A. Jlo6aso. - l13y’lelllle aJmIlShmumll aIhmf II)ii~ih I 1110’. 4haIuTopdia 11.1 ihpilplh.luIiJe
Icccp . Mouic,*t KOMflJhCKcl,I T~~I1A~~I4 LLJIOI I iuIllullOalIT I ;iaIllii,I M IlOf lal l Isu 11,1 11 1 111

~ epe B u pKyr h hHcKor o lhposl ia ui.lchl HOrO pci~Iofta aol 1011001 sieui.

O X P A H A  flPHPOUHb1X KOMflJIEKCOB ~ Me-loll hmrcJle~ o~ aIlllul -—  5014I1. CKCIIIII’ impo4ilh.lflpIiBilKhie; pa .iil h.li.llo
KyCTapHI IKO O~ flOS3OHbi O(uIbWt’JeiMe.’ibCIdOlh Ty ll ,hllbl ) . O~ hlIlslboll

APKTHKH H CYbAPKTHKH I OT r. Bo p ueysi ~i 3aJi o~~,- i lo i eoMopl~ ei,1om H4elki?1t npo4ill .ihb 11 11015’
,I(eHHocmIo OKOIIO 30 kM Ka*gbIti . K luhIM npsypu’ueIubl IsoMniekc-

Ce.ep Eipaauii ii Ce.epHoA AMep li ks . pacno Jm araK )w Iil ~ 355411’ 
~~~ 6Ko~ orH 4ec KHe njm ouua jm iis, HI aIoTop bl x flf lO~ 05lI1C14 5111010-

TCI bHWMH np ll po aswM H pecypcaM s , HHTCHCI4BH0 oc~ aHBae icmm qe~ ~e~Hi4e Ha~~nIoJ1eHHR 31 N NCSIPNHIMH . fl~ OHCXO~ I i1lHMH D ~i5 3 iH5 HWX
JIOICKOM. HecMoTp iu HI ‘TO, ala HC ’OPHII XOamiAcTB eHmlo rO OCBOCHHII fl PHPO~ H51X xo ulmJIurel ax 110.1 05114141111CM XOSI1 ACTBCII HOA ,aeITe.ib~sills o~slm acrefi com e oqeHb Icopo l’Ka , cT aHoa lm Tc mI oq eammli Hw M . ‘cr0 ~~~~~ qejm osesa
fbi IO34eAcT IHCN aH’rpO fl OreHHbl x 4ia mc ’m-opo s s~ oc~ucre ~~w i,iem~ ~ IlepIwe pe3yJhb’raT51 nccJleA0IaHH~I UJlO11 nokaaiusa io r , ceo
(m mca35l~ amT ca Oco6eHlbO yIaBnNblM lm nOTOMy. ‘ITO B 111111 .,erko MO- ~ hmp Hpo aH51l’ KOMIIJI CIIC I,I Hhll eHc im B lh o 3I~~~H3HII IO1CI1 Kane,mm?,Ho- nha,, e-
rsi ~ MTb BW IB 3HW HeWeJIaTeJI bH51e. Heo~ p aT1b Mb1e Hapy Ule HHIm , ~ BHAH51MH B516POCIMH np o~~~wJm e~~ oc is mm o’ronmiTeJm blubl x cl-I re~~.
Cpe.’is KONIhOHeHIOB ~KocHc1’eMbI Apmce IIKll ii CyOap~ im msmi Hail6O’ BoAoeNbi aarp ilabuhulo’rchm *11415115111 O’rX OSa MH npoMI~& liJ.l eHhbocT Il ,
.1cc OUt~ THMOC .oa1e~ cTBHe ‘le.loBeKa Hcflbirblaaer Ha ceI~e lies- ~ ~~~~~~~~~ B0~t 8MH H 65,i’tOBI,iMH o’l~ poc a51mi . OI(a3bIBibleiUlibMb? ~l0.1b’
RO’TH W I’I HHp. Ha Cenepe s arpy as a 110 pecypcsi npoMbiCJiclBwx aol- woe B.q ilsshm e Ha Bll,iIie’Mi~i TyH~~pU lips ,‘rosu nolbiuslae’rdII ‘,IIC.lliT-
BOTHbI X Boa pac ’T ael’ . o~ HaKo elit e 6o.,bwee , npnMo e H Ko c Be ’HHoC’ HOCTb H VhIe. ’l fl ’h Hll aC’T C5 Mnn e pa sH bBmtsm s 8(15 a olepax, pacno.1o-
Boa,leAc’rIue ‘me.,oneK omcaasunaei H5 HimS B P~~ 0H8X I l l  Mimrpauilrl ~ )4( CHH WX Doilpy r masT , g

~ o Bb1 388110 ocemu a lulm eM MCJ1 KHX s ac~ nij Ha
Ii 311510105, B I’yCTOHaCCJTCHHbl X 0&’lacTRX cpen Hmmx IIIHPOT lb lana. I f l U m e - B OX  Macc , pa3 Hrul ’ i lMw x B~T~ lIM llotmll .labllI e I ll)’1 1114 X B0.1
C.,etye’r , ,coHeqno , yq H-rw Ba’r b Bamusmu mu e Ha SKO(’ H~1’~ MI,1 Cesepa II ~ ~~~~ ~ Bc,jsoe Mw BuabisaeT CHOII,ib BO1HMII paci’ -aH A Besotu ,
SHTPOIIOICHHMX 4IaKTO POB r.,o6aj lbnoro xa p a kTepa , Imanp iuM ep , 35- 1974) . Haöj m ,oj maesrs nO’ITH flO.illOe HCse lm(mBi Ili?i’ phi~Ii,i B PY’ ISIlX ,

~P143HCHHB fl plmpo ,ttH OA cp ea~ x lop o pra Hlb q erK tu Msm ii Ilpyr uMli -ro le - sy~ a ocyu t ec lsas elcs c6poc W5X IHI.I X BUS, B (111- 11 ,1’, flli4lhi himhilce’

dII’IHb1’4H coe,’mH mbe Hmbml Miu. oTcyldIanior Ho,1Hi,le rl.lCnO3BGnoquh lau- Ia Ill 11,1 ‘I’ll’ 11111 51 su t l I mm I l l
B ocuo~ e nosblweHHoA ya3eHMoc-r11 SKOCIICTeM BMCoX Hx WIlibol’ 515,1. O~ mias o c y aaaciuhl eM (11 W aX 1 Ha il ’ -r l ’ l ,msuho e Paul lOSllllè

leac h 1e4IHUHT Ten.,a He ‘~O.lIbIC0 IHMOI’i, HO II ,l~ T0M , pe’l)tHe 113 - BHJ~OsO H coc iaB , qhlcJh I,’HIIOCl’ b 11 ósusea c c’a ao. iUux h5UC hi OJB iI HlI ’ i -
Mehi ehimi fi YC .IOB IIA 06111511115 OP~ BHbl 3MO B HO BP~ M~ HH H fl POC’r pa hi- HbI X lie OTJI HSaIOTC B oi T a mcos wx nepH4ompH ~IH0iu iyuupi~i. -\ Ha~1H I

• cisc. OpraHuqec K mm ll MH~ 3THX o~.,ac ’reii XBPBI(TCPHlY~ TChb B 06- cTa6 H~muocTH dO0~ i1th1i.~TB DO Me1’04y Mae Apiypa I 19571, odbbem-
111CM Heawc o Ko~ 5Ho.1onmm qec Ko~u npo ltys r llBH oc i’ blo , Kpa~mmuc-l l l Kaqe- 

~a um~ i,i~ ima COOrluOI.iieHHll ‘Ihb I,leHHOCTU, flO.lTBIt JIaioi , ‘ill) II ‘ ,lll iui~
cTIIeHH0A ii ico.’mHq ecmeHHo~i ueo.’sluopoimHoclbmo — no ce3o mh aM 

~~~ ao imI ui~ie cOOót t lecTBli ap iIT lIse CK o H 10111,1 MIII >11 l’llXpaIIi lrb
ro,’m a. o’r,’sejmbHbl M ~Ot8M . B ‘re’m e ms iie Mlb oro ’leTHIIx rmep Ho,’toa l~~no- c~ oio dlpyKlypy II illb,’tm)Boiu d Ime -T aB 1I~~H dIUil’CTBehIi”h M h43 ’5 ” ?? ’ ? i l l h b
‘remi jmeH H~I) H 14noxoio,2aHHA ~ ). lb ~ epe mBHaeeHIi mm c iora Ha ce~ ep mmapa ~~erpos cpeJu~l (H. B. Bexo B) ,
B Csó ap KT Huc e H APKTHKC npolucxo,-miu-r ~~ic~poe o6elmHeHsme IcaK B cBs- him c BoSpadTBIO LUhlM BJIIII1HIICM 3arpllahl. ’ l i I t l  1301111 5 11111-
sun osoro coc -rasa. T~ K H 6HOMSCCSI p ac’r ll’m’ eJm I,HocTmu H IKHBOTH OI’O CKOIO npo Mh1i ui.lehuHo ro KoMn. leKca . B0~i HHK ae ’T IIeOOXO .’l i ’ Mo C nb ull ~ ’
MIlpa CyW II fi pH coxpaHeHH lm oTllo CbbT e.’IUHo ro 6OISTCTB B ~4(H3HH ‘C l i m B Boajue~ cmima I u ,luu-i mbi,leiIll;lhIhi X BlIÔI1(ml ’ Iuhh Ill [l~ C1ClllbII
B slOpe , pe.IKoe YKOPO5~ HHC Tpo4uHsecI ,lIx CB11 CCi - 

~~~~~~~ 
ll oml I-i iJ.iellile B Bo.I:i ys e  Koullieihipauuml l u l l s  ape,’mml l4 s

,limi .-~ pKT1lbshl II Cyttapicliuslu cneiiilltull’hl-hI ,-toca .-lI,Ib Iahl xapaliiep rams , sait SO’ . ll-’5 . CO i lf lhbmlo ,lhhT Id hbihls Uii’ I I I IKI B j lilcTm ’HIIII S
11.11, ny5~,maio W IIschi B ox palbe - 0~ l,CKlOB . las II os a roB MacC il l mo B a H- ll polte ’CcOs 4l0 ’TI)l IIhiTi’ .li’ bl lM i - .t.’Ie’lmIlh ( l Ii’. p111111. III jIii B.1i’lI ‘S I  II
11010 ao.3,-me’~IclsiIuu almlpolmorehhlliIX 4uaitTOpOB. B e’lhhl.iIl u’ 111151, Co- l’liOes ,’uhn . B IIIIcT HTC W hI M flOldj I’bhl C o i tpe c Timmmul i’H ltii ’t TO . .

3aaHIIe , imanp uMep , cmm c- re Mw 3an OBe,tmHin Ko B lb apyrn’x oxpa imseMbi x 61511110 B Ce’Bi’pIIbi X II B(ucln)’IIu luirl IlillltSIl ,’ll’C ‘Iar )IlI)Hl- Iimhh.i s ~liIh’l I,

‘T epplITO pHfI 3 mec b C1IHOBIITCB oi’oóeimimo S1f I4 IeKTHBH OfI 4lop Mo~m l u I Hi lu ha , 0TC 3’TrTli ~,’K ’ l ,lhuiIl,n lnl l IKPb LIpol IcsI I t i I I  l Me’Ha Ill’ lIlhl~l O

mmpHpo.’hoospaHHhi x !wmeponpusTuhlu . e-oc’m- ,llla ft %ll)l,I’lllIlsl J ilIulpl.uill ’ . hiiu.’l hbTpl I Sl I l l i . l l ’  51511 . l , l ’ ,I l.’ i l I l K l i I ’ H

Bblio rIM. Oti Hako , OWH6KO A BH ,’mell , B B03,ICl~IdT BhIlI aH-TpomlO . iiy .’IaK oMII H y M II B I.iiiIn i l l  IeilI’Jne paulo th a 111511’ I.’m hbu-l I ’hi I ’ S  l 04 1111-
l’ eld Hbi.s 4maK TOpo B sa 3KoCHCTeMbi CeBepa J1HLO b ilerai- ul ihmlbme ~)e-’ 1111111115 MXi ’iB II hl5 ’ I l t l l l lKl l  il’.illhlll(i p11 111 lI s j l ; lu l Ilhae’ ,\r ’ 1 .1111

av.ibTaTbl . 4e.,oaes Hepe.’mKo cnoco6c’rBye’r hm Usumeluillo 6mioj orn- 30.114 pacll ’IIIIP 11111111 li.i liiiCT llImBbIUieIi lllue I ll .’il’pIitiliIIe’ 1.11 1 1, ‘5 I- h’ ,

qecKo~I npo ty KTH B Hoc TN ST HX SKOC HCT eM , 0,1111mM 11.5 ilpoblB.leuhin ,\l . t1b , I’ 11 1111 s? I l l m l ’p.l.lhl I,IUIII1 lad e’ Oh II 11111111’ I ’ m 11 .I 1 5 ’  l~ ’1l

‘uc ro c- _iyausi TpaHc4 hopMatiims TyH5pOBI~1X ifnIlToUeHo3OB B 6o~iee C1’ [lblilH KIICJIOTII . fliilhi,iill;li(IUiiihi MIII IlilIlihIlIllIt . SI  l’iIllI ul(llIib cT I, lIS .’ia

npo .’myK ’ r HBHWe aH’m’ po rm ore mu uk.l e Jm yra . colla anHa ml c pa~ pywe HHeM ),i eslIiiiilll AT . Z im . Cmi , Mmii.
MOIIOBOH ,‘IepHHHhl Ii so3pac lamu lleM l.1y 611H111 npo~ aui muaiu iu~i f lO4 B b l  11 1111 fl lmlnhie 1l’ l u l h I m  l i -un .luil- umps3hiu’no’lmillI x 1 ,1(1111 ,II:’l.iIII pn.Ipy’
imon ysmepellbs masl Bo3 me(IcTHIueM Mexa luu m’ l u-l mdoro ipailc mlopla . ~~ I 111111115 IISITI I I,’.lblhI,i~i hilIlIplIB. ‘ITO lICI1l(iiul IIO npliilll;iill Is :1l’ I’ p.i
naca oit -im ecm II 1. 5. J~ehlTe~ibluOdTb se.lolleId a 510)40-i cflulCi)I’ICTBO- ;um u : C C  MhiOrmOII ’ 11111 ’ , St I l l  ibiS 1 ~ \ 111(111 II 1111111111 muliSH I ‘I It l”.y’S.
Barb ‘..iy’lWeHIbKl 3~~ Cb raKlce yl’JioshIII o6ihiaHHil MHOIIIX IIH SOB .i ulu’iu I
iIdlhBO’T HbI’, I Bc.l eAcT DHe yj iy muiuehims 11)1 KoIIMOllh,i X llO3MOiltiIOi’TCH , I llSI)’lli’IIIii’ IICImyAIaIII1III’uI ct ll’ .’lbl, 5 5 5  .iIllelIhll’ Ce C0CTIII1HIIH

- 
. coa.iaulls .‘me4hIIIilIIHMX B il,iih .ipas yKpli’rlb~lt - h~tO~~M l I ~~OB~~H I I I O  mmphls o .ihI T Ii 11(11 lII’IIlliui blnm;nolllll ’ li CocTaBa i i  COK P . ,iII ’luilIi l ‘Obe’,I,’ui-

B )KI1BOTI1(JM 51 lIflus emueluhilI ih’hec lel m 5 am TpOIlOrI 111145 CII 51 mi te KeoB 1111, ’ III III? 11 51111,1 )1 l103110110’I un i4X nvih .’tpbi, B hiephiy l’.u I.uh i elle’.’t b ‘I’,, ,r_
I Yc ne~icc imi ~. 1959; 1974 1 lIiI’II,d’flpo5l h~Im’ _ lIiIll~t \  II .‘,ilnlllIi.I\ 1111 .11111

,Ltaise’ cesep bh oe (lSt-Ht-Bo.’ICTBO -- - mlla .’ihlinlbobllu a hl OTj ?ll u ’ .ib 50.11111’ .-\u ’,n’il. KITIII,l,’ y’Ililbi C l .  Ieli3a.blI slelibul e’uhiie iI;Ioriloc’III Ills’ iSO-
(‘TBII Ha I~np,, lIi ifckimM Cen&’ pe, eC.lhl OhIO III 1 1 1 1 1  6i’ I ysera cneiiul- 5 , 1  II’ l i l t  ull -orIe-hhIln l II t O - elI .’COM n’TpOBOIu 311111’ Ii0K[lY~ Bopss Hill-
~ IIKH MCC THOII np lh~Io~ mo 11 c~me ,1I4. 1)14 11481111 r.ly6nlK uli’ . hihihl r,’nli 

~~~~~~ IIjlOMbi IiiJleIihiOl l KIISII1;ieit ca. 3~ ecb ice OTMe5 ’IllI C0Is~ ilIltC’
ueo6pa-rllsmbie mu ap ylhlc’HIlll B Sitodlidil’ si ax I te’ln.l Me’pH Mu (111:11-I’ n_ u Ii 11111’ 1,101 lI’lecl A l  ~ii(’3 1ll 11111 X e II 811508 flIKU (rio cpaIilheiuiIIo
6ococm mmepec’rpouluc’ mmo .’m rh(’pnam(ull ’ll -;bli,l - l ICTeMbi A pitlukIm 11 Cyri- c listl s-)4( a b(luIe’11 Tybriphilu 0TCyTe ”rB~ I0T ‘I iiiI iOh)), ILI Ilt lllMepC
BPKT 1111 ,1 lion BSIIII U ile’M pa 11111 mba II liiue’ i’ICbu lb hI ,lyCT pHmI . EIuuc.’le.’tCT Bihbl Ill III \.1111111 1 j Ia fill Ill 51 51010 Illu:lllpowlllIhla III 51 uSd 10 II 511 hli ’hllIh)

~roro ltpouere’a B IIO,lmbOIl Me-pu’ od’ra uhiT c lb elite blus IicIc p bl l’blMib . M o l i I Ilell I~hl-ihu o50i lI 1h eClull X iIil ieIsCOIh BIlVTpeblhIiIS oI It- alh O lI 11115 11,1115’
Motsuimo .1111111, OiMe’TIITI. He’KOThlpbul i I’S i ia rbpa Bll’ luIhIb . 11111 51 II t luIJiICllIhR iIliCW iu&’ I 11111,114 . fl. I Bt)e .%b hl Bill 111111115 IIjIlI.le’llIa

• I - \ II’’.abllI’leCIsIlt’ Boa.’iecmd’raibe’ 114 pacTHT e’ .ll,Ibh4lI hi n0’iiuclllih4lb I m6 iu u - m  su m ci ’a 615,11,1’. u’ .v pa mmaTole , pa. irIlbihnBl’i-. o mIpoBo;ua 113. 5
flOI1~l0th ll,l ,1l’MIlOIO , Oe’Ol’ll ’hlulll , I S’ s l .-hhII ’ l i I unnII TIIaIICIIOIITI , dilloln- ( 1,1111111 1 -

‘ Tl’ .ll.l 184 , call itibIHl.Il’ C HIIMII yHlb’ hTOiKi ’ bIIil ’ pi u cm iu Ii’ .Ii,llOdTil . YBI’- _-t -
~~ h’ ml j ’ i’,tl’_l ’.’i lulul u r Ine-h I l l  iI.’hil ihil lbhl aHTpIIliOrh’bbbll.i X uf lhi i i I IpoB

_ lHSelIll I ’ i.’ly t’hll Hb l hi~ OTBli Il5HhIIl IpyhlilhIl . uiOpa lOluIhIlle 1l’jIMOblii Il’ 
~~~ l~ )U)i(1.llhi,ii’ islIStlu mu’ls C bi 1)11 (pCi 11.1011 lliI’hlebllIe ’T i It lh lS bl’hn lhr b

CTOBI,i X 1131 11 II (10.1111. aKllllbHluib 3p1)lIi)I lhil’IB (ml?l l,luirll’II’ ,’hsl l I - l Ihn:inlKilTl IlI la 4 r l I  mI~ie’ nc:CI’ Bce- ni l [lB.’h 1111. 1,111 M\0B
2. Ii ‘3MI’lli ’ lbllhl XII 51 llqedlculno cue- TaBS e’

~ lll ,1bl B Il~ ly .11 T4 me II 111111.1 iu 11111( 1 11, lie- hsIlTlhlll,ie cootl u lti’CTBiI 111)5111,1)1 6eeno3BIlHo’i 11111’,,
Ib e- ut mTIulIlJ ’l i~m u pIllulI’llilA . l~~4~ Ill 11111111 IIP(11111.’IIh O m’I a l a .  t iO .i 1.15111 ma clIlul - lIclIlu,- i l IsbVSI3.ll l[ lOblil l ’b 111105?, 11151 llpo’.1I4l11_il’lillbi’. lai’pmmllle’-
flOBepXblOd ’t b r.iy6oco la i l- ma mblu i ls  lub jI l la .  :1pCIMI ’ lu I IiHiI lI1’llhb ’ 

~~~~ i I i, S’.l’ Il~i.ll,1 111111 —1111 %l I i 1lIflIll(IH3IIO.’IOI’llhlecKlId nlhlI ,Isl I--
1111,1135 11 1 ,1 flp(’.’1l Tai l _lIbel II (lhi i’IIIIII \ nIIIljl ” rax ImI ’’ ‘lu’, I’’ I)11111’ lf ll,1 11111 SIC no:uillo’ llIs,n. I C C lllhlapli.i I - 1Ill l.IMIIKS lIlbil.’ICIilIuln ’ThI ,
HO1’Th Ri,lu’,l,’TIllls’ MeSClellbIOlO P5 1P3 bii e-uiuil ,al fIll hlIHI( IUIiIX Male-- oe’uut’l l ’ b u b milc llu (iIblnTIihlIl’iecitotO pa- bul ’ues-IIH B. 5 . 11 flepHOSlm’ im. ’l’bdil x
pHa.lon Hli .Il ’ i l i I I I  II 11)1 15,111111.

3 Pawi Il’IIII,ll ’ 410115151 rolbl,’lCIIb V Iliuiiel Ii mum h;lI’~4CT lblIbI . 113 111’
*HBallilu’ II yHHSTI ) lbdtObhle ’ .‘mee’l,B liii Ci hIl- j I l i l iM Iulle ,tI’Se II’, Ilf IObi I-

par t n lubllll . IIIITC’ uc ill f nrb Iuo li Il hu ilplhiie’l h ’l)ll Ih’psioilapdla, nnI;ii’uIllh’ 61111’
.101511101 hI Ii) ii pal)  ie T 111311011114 hIl l lulhl( Ti’%I . 11,1 ll~ Itii’lIIlI’ 111)111 Il’dl u lB V. V I( nyu chk ov
*11 1 lIi’ ,ICBTC.l 1,11111’! II 1)14,101) I l ls  III . is lIpId MCII . 11)111 IT ~h3l1 I 1Cm l,i’T bbt’ II 559, Moacowl
144.4 111- II I’ ll lhhuI IlIlBIu ,illi B . . i l l l l l?II ,.‘il’hl CPOII(’lbl’ _’la’l II Sf’ . I ~~I’ nli ’lII Chil i,
t 1 l f l I ,

Hay ,in i ii ’ O4’HIIKl ,i 1111 11.11114 ll~~11~~l1 lb b b , i X kl,MILll’ l(Coft A pId rum k b i  II THE CHA N(5 E OF THE NORTHERN ENVIRONMENT
(; y (uap Kl l ls l l  a ( ( .Cl~ pa lp1l6aTi.i I l i s l l I ’ Ib 1111 1 1 1 1  ByillIb II i I l l V ’ I I I I4 ’ ,  As A RESULT OF ITS USE
y ’upeac ic’imim11. A fIl M 11111 ,il’ I lu’ uu m [l5.’ul.ih0 ~ .l,I(lllll ,uiIlplIl.hI oxpablhi
lI~ H[lO5M ~I,1JbnfI) M( .X C(;( .u’ . 11511 111110 11 111.11 ,1 iIpH llliflhIlIX I’oreutasts ‘I an lhrmm pllg l-nic nnmpacl 1111 t h e  Ins - irom imiie ’mmt emua bte
KllMlL’tt’llICllH ApKT IIII J m ( .y(1aIusrmIKIb II 111) 11111011114 takin g Steps to as-o ld ltd ’s i,ltiIlIls in ecohu,gical eq ui l l br l um m n .hlld

I —

40
.1,- 14

~~~~- • • ‘ - __ ‘
~~~c--.—- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,-_l_—_—_ — ’ - - — — — - -  -— —- -5— 5— . —  —

~~~~~~~ ~~~~~~~~~~~~~ - 13 -



theN u 
more harmonious relationships between the man and I Au i i m t i m i ts  .‘t s a re -sti l l of S et t t e l nentS appearing in the North.

S ‘I 
re, , 

‘ - ~ some birds and aim imats get ~hetter and food; among th is. au
01 ‘s eget lt ive cover has undergone maximum changes In the I Skulls . sea-gul l s . snipes . blackbirds . lemmings, ermines . etc.

~~urse ¶11 economIc exploitation of the Extreme North. As a result At the - - urns’ time dur ing recent decades it was obaerved that

~~~~ 
s impac . Wni cn started 3—6 thou. years age , in combm . forest anuma ls were moving to the Northern tundra zone: etka

na ion wi n natura l processes , the northern boundary of forests brow n hu’ars , re d foxes , lynxes , martens etc. This may happen

~rv~?01~
u 

~
war • thus the band of retative foresttess of the taigni ~ because the man came to inhabit the tundra. However , the reason

500 000 k ~~T h b ~~~ 
reac ing In the Soviet North about oF this phenomu-mulln hamb not yet been cleaned.

tations ~:;1 ose ~ ~~ can be successfu l ly used for forest-p lan . Creation of art i f ic iat phyt oc enoses u s now under way, i. •.

Constr 
P

t ’ 
. 

, III ‘ ‘ . - 
mead imws in the tum ldr a are ’ surrounded by forest and bush bands

. 
uc ion a se ement a , mines , amr - f ie l ds , roa ds, oi t .and - to improve the imu icroc l imate and to raise the harvest,

T :r~ 

pipe ines :tc
~ 

result in Increase of forest fires and lead there- Just as zones of forest-steppes and steppes are used for

forest.tunlr t 
~ d h  

areas in the northern taiga and growing corn , in a few decades the zones of tundra and forest .

If we ~ ens an undreds kilometers down to the South, tundra wi l l  be used for foddergrass cultivation to develop local

1 . 
assume t at re at is e for est less of tundra wilt be i f lC F s ’h s ’  milk catt t e ’ breeding and reindeer-breeding.

Will incr ~ 
es’er ; year , then during 30 years the lorestless band In a few decades , the greater part of typical tundra. and

will change int~ fores t ’ tun d ra . 
vast areas of the northern tai ga Arctic tundra s wi ll apparentl y become zones for rearing musk-

b 1 % C ~ 

ass ume ~~at tundra .tike territories will be incr~asin g I’oddergrass cu lt iv at ion wil l  help bring to a stop the expansion
) 5 5 sean . en durIng 30 S u -m i r s  tIle Ioresttes s areas iii the of bhe rmokar st - u’ n mIsiO n an d knobb y forms of the relief. Wild self-
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men l sh llwe d that  pe rmaf rums m gnounds is a s i i lnc ra hle c o m p l l m t b ’ C C t  H 1 .1 H c i I luyTc I B KlIiuec’ hIM S BC,1H’ie’llHe’ lIo51apluB BC,lsT 51 IlObplC-

of the niut itra l systems , It  is  a natural vegetat ive cover th a t  is 151111K) fl.’moUla.’tlI rue l.l lldlll-IX ~lI~ CTK O B 11 11 iIl ’julIlIil T511 [e’, .ll’IOT sH.Ipe’,

cmu p m b C of prose rs I ng the rI- I id ~lP0~ II 
ItIb(lBtilI 111( 1 061’ I,1I’CilIi 111.1 5 1’, II I j lOI i l l ,lO(hHbl 11 5 ‘1,1 Ci KOB 11:1 .11’

~ n irmtensis I’ growth of thermok ,mrs t -ero s ion relief coinciuin’- _ CIITKII hi 10 11111 KIl.’IIIMI’TPO B C Hu l l  Fe u i mupillI lITb . (ITO e’icenOSHOl’

u u t h ~~, time when heavy vehicles f i rst  appeared imm the Extreme ihi’ .l im ’ bi ’IIIbC oT bbOl ’Il rl’,ih,lIi)rO 6c- u ,il’CIIH rYb I ,lpl.i 6’, leT il7iIIIi’ \ u l  11111’

North . destroying the moss-grass cover. T lter mu lkarst ’e rl usnl ufl Bil l 0 11,1 Ofu ’ , 110 lilhbliilih’ililKl C 11111111  lbS l,lIltl’H nO.10CC , 10 ‘II j lI’

form’. Ill the rel ief (chasms , I’ it ‘- . nas I I l l ’s) S PPe-~ r blitlt ill HI itm s .
~l? 

,Ii ’T (1e’ l.ll ’CII 1111 IIll .1OC.l 11 114 1 1 .31 TI - S IS Chil l .i l’CilT’, II 11114 11.1

and mtr v w a rm weather due Iii melting ol 511 r III CC ice P iiVlfl l.’’I - ‘ TIS e’, K M  ~ , 1 1’ 3115511115.11,111,11’ 11.31111111,1 dl’Il e-t l 11(111 I ,l 11111 11 fmi’Bf I S

• p rop s (111 II’ it a rapid rate - from 8 to 25 01 pe’r S c  .1 r ‘niak in  g ash TIITC H B .le’cnml y Ii - I I  I.c, iim 1111 11111111,. ‘ITO 15 II 11 1111111 111(1 111911 T I’ l l p ll

SIl ls t lS l - ICS s for ednmnomie’ appl id;It i l l t l  10 1111 11 ‘SIl l 1 11:11111 di’, lvi .Ilu’_ ibI’lliil aTi.CIl 1111 l ’ lI - Il l ie’ lhe’i III .1CT

l) im ~~ i— an irmm portatlt facto r in th e r tmmo kar s t  fu i r i nu t u l In  gross - Ill. (it’ 1, 11 1 11141 ’ iI.lIli I1,l .liI Ila (:1-11,- f e ’ 1311 lpi ie 11,1 II.] I 50 Th.I C 1151’ 311?

Sh’c e - t s l , s  ( 1964 ) rev eal ed that dulning warm periolts the’ incrl’ .l ~e 11111111114 11 ,111  S1, ’ l Ib ,IiiIbl’ III Al l I’.lO AIhII,l \ . floe’CO.lbK V ~0 ~(~t - 1- 1 ~a IS,1
of soil t ’ ’nm perature and hence of the ’ heat f li ,w densi ts - in I he’ ‘911111 111’ 13 111 11111415 ropo;ta II 110111.1 CII (114,111 I lb j l \  5111119 ~ t’ 15111.111 I.-

tippi’ r I ave r  occure d g  the s~ mO e’ per 1111k lit Ii mc 011 1 5 1 1 -  ll’.’ I l  II .1.1 511 - ic  I s l l b , a Th’ i le’p b 11.1  511111 TduI IpI’ iii (u, 111. 1 111.1 ’, ii ~~~~
South Ill the Numrt h, It means that imi 1,IsI’ the Incr ease of te’I1i1l0- l’~~

Iulh8.

ratui re Ill the a m r  and soil s m i r f a c s ’  Is SlIt ’ ‘; ime , tIle ’ t h i e ’k ne-- , ”- i l l -  
II, il(l5O. i I lS l I I  1,15,511’ \ ‘ l l ’ l TI . . ‘11 11 (111.11 ’ ,’ 1 51.111 111.10mb II m el l l  11

crermient of a seasonaIl~’’melte d las er wi l l  be g rea te r  ill the N,irtti .hllM.1W11115 II IllisIl ll3,1)Is .114 B ro,’u Ill j I l ’ e l ’ K~~B11 Cl - I ll p 11% hO I

Ihamu in the ’ South 111111% n l ’ l ’llli , lId11,5 Ch,1ll,i1l iIil ,illllI ’m III l,I’.’u aS mml m ( l , ’ cIl .1111 11,11 ielll’

This f l Ic t  res i l i ls . in pa r t i e - i n l an , in a g re - In t l -n  nm inmb er of thernio- 111,1 11 Ii CYCTIIpIIIIIIIIB . III9’raml T lau ba i l  13C11051,1 II T .i Co “1,1 1115111

kanst ILl ’s imu tundra a—. ~-InIIp,irl-ll ss u l h  l l m r , - s t  - t i llldra , am Id I l l  
1, 1 1 111 hI IIs’ f ’ u  111111 111111 lb TI4C1I’lIl o:ie’lll- ihiu . i l Iml . ill l IuI _ii h5I l I l t i i I \  11,1

~ torI- st tundra the number III lakes exceed s t b ta t  foiiiuit in itorIImI’rmm 1CIII.iiIlir) m m I~~l ill 6wm ,l RI ,1e’  11% ~< .il4 . i l ’ p h ’ mbbR II 1151 T .h llIlubbsiI , iI~~l b

t : t m ~~, m f f  rinthr IllIl ge-Hid f , i e ’ t i i n — . (rI-I l l ul s a l  ImI lie’ lbllISs - 1i1’ , l t  I , is , ’ r ; , m l ’ sl lll’III’.’t_ hsIl iII~~lI ln lh . Is iT 111151 111.14

d C t fIm rrn Iht ion) al l’ ~iitet t ’ d m u ,  Its h la l  t l ’mIl ll l - I I I t tn r i’  11111 t il,ltIllIi. - 
III 01 POMhl0H r1’pphb roplblm Kp,ll’ilbu’i 0 Cemmepa c I-nIl lIi.lIIIlmM ep

3 sear pe-r I l I lt s , I I  ~~‘ . mr 11 111 , 11  I I I  I t i u i _ s i l lth ’Il rl-- ,t i l t s  ill il’ ’st r i i i ’. 
I.II,l’,lIl [ll IIT .1511i II ui’l IIIIIIIIJSI Oe iIl I l ’ 1 1 , 1 1 51 SIIIIII’pa_I l . l i ia ’. lI,’1’~~Pe’0K

11 :11 of reads s I l l S  hIiIId i lugs~ ill l lurm,It I l l r t  I I I ’ se m u t e r  h i- I lls ill s ’ , I t uet i  
801.11 mtpel Mialin II ’ lhilWx i1CliT ~ OB Si l ,  id OTiS T CTB~~i0T nOiIMl4 pe-~~.

bui ldings s lm ht t m l— r g l ’  
SI (ICH1II’Illle’ (111_l iT 110,1 _15 [a 11 ,1 11111111011 M1’lul.lnurl’ l lh’ lbl luMllIIsHO

.\t l r ese ’ mmt _ l It 2 111 ,, u t  t h u  t e r r I l l l n ’ , III t h e  S i l  l i l i h \  I i i  .1 1111111 
1 iIIiil’llil lbb uh4i i  11% II, i_ill lI_hI ’ 111 115 II’_l I,I’Is l l s l lbh I l l l  IRi ’lhIll,i \ 51 0-

ben of sl’ It ll-menls s e IS c r 1- I t  U ith Ib ie- r mmt i l Lan ’ ,t 1- I l i s l l uim ras  Ill’’, 
.11111 ‘I ne -lb Imi l  O1l lIIle’IIIIC i S  11.1 1 1111114’, .11101) II;tt lellbh,l s II ce’Bepo-

I. ikm’ s a n t  I lt t l,’r nI’gmit ise 11111115 III r u i n ’ S  
‘ 1 ,1151111,1 ’, lh’Mc .ll, \ 9,, ’ II hl ;u e-lollUle’e’ iij li’Mlh 111 111 11 . 1 iIpllsli.iIhl.il ’IIIIIm

The 1,1111, III c-ver -,urlae’e’ lIt iX t l ImI I l Ss .11111 ruh l l t ’ , Ill s I r l - l Ig l I l l - I l  
IbII. i s l  m l l u l . I .li_ II1.l \ I i l ’ l I It l l luI  I’. j I .illIIl ’ IO ( .I-mb e’ p. m I I I P  T Ilkh b ’ ,  11 51, 11.

Ito ’ soil lu -shi l ls ill i l i t l ’ n u s u v i ’  t i ni l ih m tig 111,1 11,1—I ‘.u~rt i mug Ill ((t i  ‘lIlt 
OCIlIic’IIII (111.1,1’  1,1111 m l ,1 I  1,1 . I I I  1111’, B 15111 111 II ll’~ nI lSI l ipe 115,11,111

and , t I l l —  Ill t’\~IanSlllll 1,1 t err’ lI,rul’s (II’, I n  II Vi’ i t  Ii SIl l I t ls , hitlIllIus . 
3 1141 1 , 1  tI .i.l _ iI,l li’ lfUIi’’,l I l’jlpll10~illll Bell1~~V I’ IIjloSli4iiI_ iChlbIlm 1111 -

f l I l tS  giulnIlIs c r 1 1  Lcd tilrltl’. 111 tt i i  rore’hiu’ l 
- - 1)1_ i hi l . i _ II.III4S 111 11 1111111 1511  111,1 it .i i ’COl% 11.11114 . l. Ibblbl I ,1e’ 11111 111111111

It IS kriluwn t hltit t b t e . ihnindanm 1’ III Ill s t11l1l , 1S ’, ill tbl C \ ‘ u I - t t l  l~ 
11141 ’ 115.11,1)1114 II ClllISliIIll4I’ 1 1 1 ,1111.1 6s III 1111 Ii’ .ll T IlT ’S. 131111% 51.111

Ifl re -vu rse’ p r I l l I l u r t l I lm ia l  ItC lII ’ lClIl ’lIe ’ l’ to Ill ,IllmIliiiIt lit /1111,11  0111111 - 
3 1 1 1  IIeiIT~iI~ liii- flll,1l -I ’  iiliill I I u l I%lI I  kliI-IIie’IITpII’fl 111115111 l l l l l ll ,,15111

re lie f lirms 1111’Il tmImrIe ’ lt ; i t m l , s u ’ , t l I I ’Sl ’ t ( l r l l l S l t i i l i l - . SrI’ llt l s l ’ [ \ l ’ u t  l Ims i l uk ’  
// Il 5Il l l,’/)I/PlII.l U p1 1 1 1  I/’ I 1111 I’ III l i t  S I i’  1.11 11,11111 II - I lmt ’ r I l S

in ~~~~~ 
I l l - S e C t s  .1111 1 III \ re ’( i c t m m l u , l n . m s , Is 11111 ,’ I I t l l s  i ’S c l i  I m l I I S t , I l  1 

1151 11I1.il’ilbiIlbIb.l ,I 1 1 1 1 5 . 1  11111111111. ‘hIll III’ 1 bb bl lH M u’ p I _ llll’ a l lt l l ’ l I i l mII Ih%t ’T

1111’ mm l l lm uh e r  ol Ibll’ sl’ decrl - ,lsI’ ’. 
‘ 1 1.1 0111111111 1101 0111. 11111111 pI1bI j ’ I .  I .1411 .111’ 11 11 1,1 ii I I p l ’ l lA m l  l I i % t 1

I tO w I’sl’ r , is ~u ft’slIl t oI mI lan ’s acl is i t s , pIllar l u - s e n  111111 Ii,- 
hI s (l I4i 111051 ) l~ l ’ , i e - i i e ’ I I i l I , l  ( ~ \ I p1 11~0.1-13 1 11 111 \ ~ ( l b

filrmii s of mie - rore’l cf s i r ,  fliI~~ f i lnimld 10 i l l r l ’ s I  li l l I ltr Il .11111 I ’S e l m ill 
Cl,,liiII . I 1 1 5 1  11(11 .it’SHhll ’ I I I  11111.11-11111 11111, III 1110111111 il jS islh4ilI.1I’H

ta lga 
1111111 ill 111 11 10111 11111 , 1 lI b _ m l b . ‘110 I lsI .  1 1 1 1 1 1  ihi .1IhIl l%II’ I l l . lU t’ 1 1 5 1 1 1 1 , 1 . 11,1

l I,iil il’lIbIi,ll’ .II, . I.IMbl . l l ’ il ’ Ill, Ill lII,:Ml.iil 1,115111111111111 I IIhiIl luilhbla’ ,  I’ll
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dieM. He BehiHall NCf I.3,lllIih , a h’ e’Tl’dTB e’Hbli,l A padTbm reJI bHbi~ I1OKpOB II T he impact of transport on vegetat Ive cover and , ~oit
cnoco6e H coapaHml -r l. p(’.ibt’l~ ItlI’t e’HCHIIHi.III fiodi m’epMomcapcloBo- Destruction of mois cover end peit y level leads to increase of
ApO3lmOHIlOnO pt’.lbe’ifol (11411111 lae’r I’ IIIIII II.i t’Illll’M Ha Kpa~ HeM Ce- melted soil Il’s-el . This result. in degradation of perma frost andBepe TH*e.mm Llx ‘4iIwull. %bIhl ’ lmI mlI l , l I l l l ilHx MoaoBo- Tpaa mm nHcT ufm no- In formation of thawIng spots. As a result ravinaB and pools
~poI. TepMoKapcTobo-apo3HoHHwe 41OpMi~ pesii~e4ii — npocaaKn , often come into being, However , it Is not always that th ermokarat
npo IaJI w, o.par~ — oOpaiylhllcis Kak mm iO*~ JlHRyIo. I lk  H p CyBylo events remm ult In eroBlon development.
-renJt y~~ flOrO.’ty 313 C9H’T TSIIHHI4 mIo 1l3eMHMx Jib~ OI, Olparii p.ciyr Ill . The impact of pasturage. It hall both po4 ltive and negative
C 6O.,bW O~ cKOpOcTi,i1) _“ OT 14 .10 25 M B IOL npmm i leM Ha1160.mJee aspect a : I ) increase of plant. not much eaten by an imnats . 2) bet-
iiIlICKCliBHO sa eqet flOllBJlCHlIH lItBepiSillos. BIIIBOILB 143 XO3likT’ ter conditions b r  seed germinat Ion ma a result of deatruction of
Beunono no~Th.i(iBaHHB OoJlbwlIe n.louuaAH. soil cover during deer pastu rage ; 3) destruction of moss coven

Be*HMM 4IIKTOpOM ~0CT 3 Te f iMoKapcTOIbi x oOpa3OIaHflA mmmm ’ and peaty level on the Stee p slopes may result in erosion for-
,aelcw ‘ramm*e 3ania.1eHIIC f t .  ~~~. WBeitOBl.i Sb 119b4 1 yc’r a mmossi eno , mation.
‘ITO 50 BP~ MB flO Tell JleIlIIIi np lmpa i ueuu e TeMfl epaT%’pIl a nogse II , The flolshezemetskaya tundra Is a most suitable region for
C.,CTOB ST e.lbHO , 11.101110d b Tt’ ll .lOBOrO fl OTOKS B BC PXH HM cc c ioe studying the above impacts. This region combines intensive indu-
ysc •lIls u Ba io T C mm B O,THH II IC’ )KC OT pC.11113 IlpeMeIb li c b r a  H~ Cembe p , str i al dev elopment (co al , gas-and -ott Industry) and agriculture
1’. e. f l p il o~1HHali ouo M flO lI i9iiit ’ililIi neMl le pa - ry pw Bo3 .l t yxa H fl O’ Accordin g to a number of authoritative s pec Iali sts (A. A. Gnigo-
sepsuodlil 1104104 mi p i upa iul’i i l lt- TII .T u 1I b Ibi.3 se ’So HHo-T aaor o c.1011 1111 rt ev et at . ) . this region is a nice model for studying main cha
cesepe 6yJl eT 6o1bwe , 4CM H~ lo re . 310 cIc aal,l BaeTdII . B qac -rHocru , racteristi cs of tundra landsca pes ,
Ha lIHailllT e,lb HO  (id1,il, 191’M K0,lll q l ’CTB e TepMo lla pc To Bbi x oaep Inv es t igat ions carried out in the eaBtern part of the Bo lshe-
B TYH.lpe no Cpaitllt’lllubO C .iee-óT’,ll:1p04, a mm McOiyli flpe no cpa mm- zemelskaya tundra (Vorkuta industrial complex) show that coat
He’HHIO C CCRCpI3 O~I raAru,i-i t.u ’.lll .3, 115 IiObi’ibll4 Ii TeMnepalypulSe industry has great influence on biological and chemical composi-
KoJme6a m3llB 42— l- ., ’i- ujl ue , l l - ,l e’Ti h h ulT Ii I . .  ‘t.) llalcia ,1ISBahOTc R alIT~ tion ot water basins , I, e. the amount of oxygen is found to dc
pOtIOreHIl l.ie 4lflh rOflIS. S i,h.ii ’lIlIl’ sIo.soHo- - rOp1~ IIiuuuC T Oro CJI OM . ha- crease by 1,5—2 orders of magnitude; plankton at water-removing
nbi.1eHHe, - - ‘ITO H”llI’ ,lIso ile;ter II nlIona,laM ii paIl lv II le’Hlblo .‘Iopor . points resembles plankton of biological winter (amount of or-
3.laHI1(1, oópa3o B all .lNl BO,’j OC’,Illiu. II lilulopi1i e 1101115 MamOTC Ib 00cr- ganisms-filtrates is found to reduce by 60%).
pO~iKH II 1. mi . B liacloBiUce B~ e-MlI II oKpccT Il( II’ TBv p11.15 lia(e.lell- Pit gases pollution exerts great Influence on snot melt inten-
HI Si  i IV H A i I OB  01 tO ~o 20 ‘

~ Tu’f ipillOpilii lIOK~~i4T O ‘lepM oleapdlombo’ sity, on species compo sition and phenology of plants , on produc-
SPOISIIOHHISMH oBp :Irasmim , IIpomb;l,laslil, o l l ’p,’iMul ii ,1IIyr1lsIul o’m-pim iua- tion and growth of flora. Vegetation and flowering of plants near
Te.1bHCIMU 4lOpMaMil pe’mise4 na, the pits starts 5—6 days earlier than in plants communities b

YM eHbw eHHe Hal leMllo(l 4 Inr OMacCbl em KopIle(I, chcpeim.l lb loiluuux cated 6—i km far away from pits. Growth of willow in a w illow-
no~iay, BeJI eT K HImIeHenaHoM y mly ’ It’Hillo , M0p03H011 cOpTlb PoB Ke grass-moss communities and growth ami d production o f sedge in
i’pyflTOB H COOTBeTCTBeIIIIO p0cm y Tep p niT 0 phm ~~, baIIblTbi x 11511313- a sedge-moss communities near the pits (at a distance of 0.5 -
(119MB. 6yr’opKoBarIa MlI, iIO.111n011;1 1b11o-TpeifleHoBaTbiMII 4mopMaMll I km) is s,,mewhat higher than that in plants comlnlnnitul ’ s Inucat-
MilK po p eJl be$a. H3BedIHO , ‘ITO (Ill Cl-Be-pc’ o611.rm lue ~~HTOM aCC 19 11 ed tar awa y from pits , by :30 -35 % in the case oI Uit low and by
K0.lHqecTB0 lIaaBaIIlmla x ‘uolla.-lhHwx 1110PM M1IKpOpl’1be~~a bsa .’no- 10% in the case of sed ge. lt i is is exp lained by the fact that ne-s ir
,IIBTCA B OO paTHO I1I nponopullolla.lbHulcu .IaBIle ’lbMOcTll ‘31115 Oóp53 O - p i ts  the depth of permafroat .melt is 10 —1 5  cm larger than that
Ba HH~ So.’mbwe Bcero mm rlo.’mRplIbI x li~ dTl4llAX II B apll-rlm’uedIcllx irm plants commu lmit ies which are not subject , or subject to in-
TyH,ipax, no ~ €‘pe T mbii51eIlIlB K hOi’Y 01111 VMI’HbliIa IOTdlm . Ho mmc.ae.l- significant es tent , to man ’s imnpact. It is an often case tha t  in the
CTBib e .leRTe.lbllOCTil llC.lOAl-Ka A IlacT0qUtee 135 11- 519 11.1Cr Ii flO.1Bib ’ regions of coal s t r a t a  dI’vcloprnenl the -re form gaps whic h are
IK e-B Ile 11.3 lOd — B ,1l’I’OTYll .lf l% II ,‘ia1Il(’ ia9 ry - — no.1spHo-nycTwH~ f i l led  in w i th  thl- ear th  co l lected from surrounding area which
HISS H apKTIl lieclllms lfIollsl 51115 5 1115 11’ ,lben11a exceeds the area of a gap to be fi l led in. Ins 5 -10 orders of mag-

.~~U8OTHbil) MUP, IlpObIulKllIlBe-ulle qe.IOBE’KS Ia Ce- Be- p co c’rpoll- fl itl ide As a r,’sult , vegetation an d upper so i l  level are destroyed
Tej l,e’T BO M HaCe.ielibhi9 x IIyIIKIOB, b3eiI3O e’11(HbiMll o’rximaaMls ii,aet at v ast areas , and 11 takes a long t ime Son other veg etat is - e gr oups
HeKO’rO pblM )KHBOT HISSI ,lOflO,TIII lT e~,ll,Hbl e VKpbiTIl lb II 110PM — no- to fonm here However , if proper land-re- lamation measures are-
M0pHHIuSM , ‘Iañllasb, h(v,iHleaM . ,lpOa:i,IM - .1e’MMlllIr aSI , rophodTalism ta ken , n ew ph ytocenoses can be create d, wi th  ce e ,3ls crops pre--
H ,iip- vai l in g. Product is - its  nil tt ue’s e may be much higher , than pro-

BMedTe c 5111 51 OTSll’Si ’iIO , 1110 II fl( IL’il ’ t HIm e :iecBilb.ieIllB ha-  du c t is  uly of loc al  p lan ts  communit y.
~ .‘11o .’IaI’TCIl \ C’lOiil lIIBOe llpIl .lBiOl1 ’ 11111’ 11111145 ,lS hl B0Tll b l X Ha ceBe-p , T he Impact  of dif lenent types of machinery (11. - hors , cross-
B ‘ryH .lposysm 301351: 10’ is. ( l yf l IS ill s be-; iBe .j b , KpacHii lb .l IlC Fbla a , p19db. coumi t r y  ce - hi d es , motllr’vehlicle s) is v e r y  d iss im i la r  a-hen used in
.,ec nas KY li lbilS I? .IP I lf l im ’ l l lhhnl 51010 1111,’t elIbI li .10 1<011115 lIe’ Hi4 lld- d i f ferent  seasons
nella. Ftc HcK.lmoqeno, ‘ iTO 0110 cmbhblailo 11 li~ O.1h31liKe-ll1Il’M Se,llilllllSII Cross-cl mlihtry se - hid es have the te ; ist  m n t t l i e’nce on 11111 111 .1 hill
B Tyml.lpy. geocenoses when th e - v drive one way in w inter indis- id l ia l  bustle-

Ha4nHae- rCR ro’uaillle I1CCV C1 TiIi’Ibibbl X 4 iHToItebloaon -. 1.iV,51’II- damaged: no des t r i c t  ion III moss coven and peatv t , ’ s , - J u,hs err i ’ ut .
mIMe yhiac isH 1YH.1~ oKoHTypHnaiO1cB .lecImis\ TapHHIIOBUII1I 11(1,111- ther m,uka rst crash and poois absent. D namics oh gr m m i m m d n m i - i u

• caM B. KOT0~~b9e- y.1y’ilII.IhOT MllK~~O hH1IIMilT 1111.1111 H e’TO CO6CT 1I\ 1111 observed ni nmt c- r c r05 -, co luntry vehicles t rack 11 wmn t i ’ n  111111 III

11OBMWCIIIIhO spoIltaB. Trot tIl e II~~II 301119 .lec odlemme(1 II [i ” Ile’il Illual plam it ’s communities us almost the same
ci&,n 3013a5113 BO:b,je.1I4BSHHII sTe -So n, Tall II lOHi9 TylISll I4 U ( . nll, ’s ’CO i i l ! t r \  s ’eh ncle s d r iv e  in sl immer ie’sl i lts ill Itei- Ir l icmioll
,leCoTYH.lpW CTS HYT llepe3 HedIhO.1l,KO .1edIlT11.1e’TH~I 301155111 11151111. o f hilshes and moss lesl ’ l. The- de ptt m of melting on the I raeL cs
cellilliB, r~ e 6y.uer ~33BhIBiiTb CB rlpilrolmo,llIlle M(i.’IOlhlllIl’ 51I1B 1IIII.I- ce-ed’, tha I I lt lserved in undisturbed p la n t s  commu ti i t i m’s , his 12
BII,’ICTBO H oj leHeBo.1cTBel. F30.lbIilIliI ‘l;II’il, TIIllnllIlIi,l ’, 15111 151 . 15 i’m. ‘the nmaximilmm ~ du fference is observed in spring ( I S
SI T,ICIKe- apKTil’ lecKhle TyIb ,’t p i.3 e-Ta l ly i , IIO-Ibil , sm l ’ , l u IS l m - ‘Iep I si’ 18 c m) .  h~ ttte end of slntlmnfle r it comes to t~ 0 cm On sIlilIhetIl
dIeO.lbKO ,1ee-BTH.1ernl~ 11111511 111111111 p13 IBS’.lClI Hll IliIiii ’(ll,lIl l’iB slIlpI’s . thl-rmObll rst rII ’,t l I ’ -  Ill’ 01110 torrnil’It a long t raCk s

Tpa BlmceA lIHe 6yj~e-m- cnlie’rIScrliliB5h Tb nIle liP Cl lull 111111 1 1101’ 1.3 i e’p - 11111 u1r~n ph ’, lO c u ’  ‘ l ist ’ s ,I re nIl 1st s,’r 10115 lv 1111 nt age’d his t ~.l I mu Ir ’s
Mokap e’TOBO’apoaMOHmI bix 13 Mi ;illliS yl  phic lu4 .s 1111111151 ll .ti 1’IilS hushes limit St l r lm l l s  are bound comp lete- k l Ie-stro l led , moss cose r
11 1(1.11.110 B .111 IiOBl’_ lhb Ilk I - K uJT mlf liSl’ .111 ,1511114 Ii 1111 111111, lIe’ n lIl’~’ all It liCS lv Ii’s c ‘ e r  1011515’ da ma l~l It Damaged It iflss c a l m - n  s l ips

• 20’. TeppllTlipIIIl Kpii~~lIl-I I) C1-11l- [ma Clv si ’  co u llalle.III1 ,lIIIiIIl ’ e l I  - aln,ng the t r . I l - k .  dlIsS- n t Ile’ SIO~ 5”.. poo ls conme 10111 III ill~ i he’
sIlifIl’ I ) l im p ’ , 151 0 I- li,l’ s’bIS 11- 11,1 1~ pKi 111,5 (:yS,hpKi I S v  depth of melt ing uti thl’ t rack enreeits tha t  obs e rve - I t  III undistur h -

ed p lant  u- lilIImunIt iI.s , by 211 30 cm Il l the’ IllIlliw ing S c a r , p1)11k

~ 
20 50 c-in deep ar e nIle-n lulrrtmed fl tr,o’I,s ,

1 lId Impact (II 111111 III’ s- chicle ’s on tan It na hI i , mg em it’ll s i -s  lIla y he
~ u. (,. / ha rko ws dif terent s o b  depends on in t l ’ I ls l tV  of the- t mse Ill l a n lt s c . 11il”.. e’spc

I S’sIl i i - ,’ . -, m , i l I ~ t t I l ls l’ l rlls-,l’iI by roads , SI’ , w, ’ ll as Ill either 1,1, t l Irs III . I shoeul,l be 1,11, 1 t l i . l I the ilepllm ob mli i  ilmg imbsc ns e’d 1111 imull l l lr
rosuts , 55 tI e - CC w e’ has e- elndloselt fl luuss druven - is 2 2 . 511 liT ltl’l i’,IIMPA(_ T OF CI PlA IN A NT HRO POGEN IC FACTORS magnit l ilte less 1111111 ill Illial l l i l t m lsv  L’’ l”5 ’ C ’ Il’ , cl l t lmni l i tu i t f t  I

ON TL N D RA COMPI.l X F S  OF 1 I ROPEAN NORTH ifl 1 .1i- t  oh tIle abuis e ’ l l it t l ri l~Illge’ I m C l - la c t l i rs  l . m i  Inindra f lbl\ ’llil ’ l’l iIlsi’s
01 THE L S5R is 111111111 Ill til’ gru’at lId Iiirlhl’ r illvesI 15,’,I t ‘ ,lli’, 1111 ttmis prlmhle ’llm

CI ’ to tIe’ m i l l

1mm coltniec uilIlt s~ ilh lml t ei’ l\ I’ e(’ulnl’mlc iti’~ ‘ ‘ I-  l l uu rm l ’III ill m i ’ m r t b l l ’ r I l
r egIon s . 1111 u r lsrc ’as i I ig  Itll’nI, l ln IS t1e’ili~~ gil  I’ l l  In tIll’ S 5S~ t i
ttit ’ S t i l I t S  elf .nt hr l i p l l 1 ,’ I ’ ’ I l  01111.111 111 1 t l l t i d r m l  tIlllgi.’lli 1111111 , 1111’ ,

irrmpact ‘. bill .11 and 1111 i1iit i’s thl’ t I l t l ’ ’ ’ ,e ll’~~ f. ,. :t imrs
I l Id i lsI rual  plIltullIm fi ol the l.i,s Iii.IllIfll ’ lC ’ . which If tell re- s in l t —

in sa n i . , t uo ns  in ph~ s ico ’ e t i i ’ nm ue a l  ploper l le s III Itte ,ltl’ ,lu id s l I l t

This in Ii’ tlil’fl at lee ts ptIIit ll .s) l l i i I i’ .Is .11111 llrludlldtiilfl Of S ‘C ’
lat is I’  tuim’lmIlili nlt lu’S tlld11’,t n ia t  I ll l l ’ rpr i s l’ s I s, ’ l t illIllil’I?i’e 1111 111
th e-rnlllIt ) i I . l rm ’mi e I l  h I l l l I I 5 s ~

_s W tl iu bI n - ~ III .1 gIl - I t  i l i lrI l I I t. ine’lr tlIldm’ r
perlTl hl Ir lIst 1’On,t it 11111
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MI, r. .*~apxo.a 111113 SUBBB’r niOJl IbOdTbK) yHN ITO*eH~~. B MO2OBO~ BOI~ O1 N 1Op$~ • -
Id l I P , 511101111 IblidlislA ropii~ oii r - - - flOIPC*!1CM~ OMCNb CL1~ NO. Ha i~y~~z

l’K.illHaZ no ipa mmaw ryce mma u npowcxoas,’ cnoJmSaNHe UBfI7WIUUOVO
MilcuiBlI ro nomipo.a BHHS no ckJtoHv, O6pa~ywvre mm npoworns~~. ray.

BJ1H~~H H F  HEKOTOP hI X AHTPO UOIEHHbI X •AKTOPOB IShlilsi iuf IoTslI mBaHIIB Ha KOJ1CB X Ha ~O— 30 CM 6OJIbWe, sew I o~py~HA T)’HJRPOB bI E KOMfl JIE KCM AI,IIOIIIHX lIl’H,I5IS1IJCHHIS S coo6tiiec’riaii. flo dj 13,IBM if )IkYO~lI NB

ERPOT1 ERCKOrO CEBEPA CCCP I,il ,1,K)W lbfI nn.i ‘IBdTO 06P13510?CI nPONOHHW rJt y6HH0~ 20—4O cw. -

B.1HIIHHII h mllol paHcn m) pta NB TyN~ pOBWe 6Honeou eNoaw .SCbNB
B dBB)H C IIHTeHI’IIBHI,I M XI)’S 1IIICTBI’HHI4M i-n’Bol-HimeM CCBI’pHIII \ f il 1.11111130 H .ISI1IICHT 01’ uHTeHdml.woc’r N .sslsIleHIms. oco6emmNOcTe*

PB~ OHOB B CCCP Bee Simj i ,wee BHIIMSHHI’ 51,ie’.lIICT CH illy 4 ellllmo .1.Ilb ,’lliJa4liIlB, flU KO1O~~~M flpOZQAN? 4opora, ml P.A. impyru ai-
BHIpOflO neHHoro BO3.1e~ICTB I3 B 115 Tyll.ipo fl bie’ 6IIOreo UPHOlbi 3m Tof lula l,TI’:l s i - n  TOi bKo OTUB’TWTb . 1T0 My6HNI fl pOlaNIaNNU II

aBTO,1(l5lO rl’ . 1,11’ HmIeeidB HCCOMNNYTW ~ BIOmIONOfI noapo.. • 3—BiIIBH HA on poNHo II CBOrtHTcB K (‘ .ll ’ ,iylo we uy 2 ~ ~~ Ia MI’lll,We- . SC M B KOpeHHl.i5 HInNKoso ’pa3NoTp BIHo.uozo-I f l po uw w J me I IHoM 5 la l p s lH e ’H u uo Cjie .lbI . sa n-To npHBO.’jB lll,-sl y 
~~~ n’ooeiw i’cruac B.1HBIIHe nepelinc~ieNNI,ix BHTPOflO~CHNWX •UK NIMCH eKNIQ 41i4 ’INKO- X HM IIII (’cIu Hx CB O4CT B noi~iy x a  H n0’I mm , 1(0’

iopoe B c~ om osepeab , B03.’te~ dT Bye T Ha 4iOTOCHHTe3 H npO,1yKU 1111, TOP0B hIS 15hl.1poBbie •nTI)ueHo3w oseHb HeiNKO, H HCCJICAOIBNNI
no ero H3ISCII HIO c.lelty er fl POAOJI *NTK.paclHlejfl,HIgx COOSUTACIB. &OJlbUJOMy B.llmllbb lI IO flpoMbmlu.lCNblhl x

npe.1npNa’ru~ Ha TepMO .TIbI maMIls ed K He npo tl eccu , 1110 B y d 1n)aH13s
DC~ HOA Mep3 lOTW KNe el OqeHi, SOJl bWOe .3na ’ IeHHe

2. Bo3~ieAdT BNio Tpaflc nOp la ems paCT HTl - .’lbH maA fl OK POB H nOq ml v:
~AHN41OIKeHfl e NOROBOT0 fl Oml f IOAa 11 Top4llIlhUCTorO nopIl3ouTa Bi11-
3bIBaeT 5’BC mNqeHHe Mo uull odTH OTTalIBUier0 e-OPH3OHIB nOSB U , 1. C. B. K. Sorz honov . E. IC Bocoidln,nponcxo~mIT ~erpajlaunH ae11mlofi Me-P3110Thi H 4lOpMIIpOBaNHe Is- N. 0. Dyachenko, V. A. Zakodl n.1HKOB , B pe3yJibT aTe qero qacr o o6pa3y io i-CB OBP5~ I1 11.111 Ilpo ’ t m.JSSR. Noruisk)MOHHM. O,amm aao ~e Bc en.1a TepMo KapdT o BIs e BB .lClblI B fl p lmi~~,’i 1m -n
K ~~~3BHTHIO 13~~O3HH

3 BJIHRHHIO nadTbSLS nbll)T 3 , IcoTopoe B TyH~1pe HImeer H no.10’ THE DOMESTIC REINDEER INDUSTRY INFLUENCElKilTe,ibflbi e II 0TpHUSTC .mhlliau- u Top0II i9, a IIMeHHO: Na na c-rbti, maa’c ON THE FLORA AND FAUNAymle.’iHqmmKaeicB o6hl,113e Ma,lonoe ,’tacMIax padTelml4~~, a mi pe Iy.1b.
‘ T I ITC Haps’IUl’bInlhl blano’IBI’IIII,li-o flOKpOBa y.lYlIWa IoTctI yC.lOilllIl .1.113 OF THE TUNDRA OF THE USSR

nf’ em pa c Ta lmHbl Cl ’ MBII . () ,lllllKhi 113 1151511145 CK.’lOllal Hapy l imebllm e- Ue’-
,1IOCTH(I, I II MOxo Boro flIiii;’llll.l II ioPlll llIiIlCTol-o ropemll mml’r a 51051(1 There are about 2.5 mhn of domesticated reindeer in the So-
IIpHIIt ’CTII II ,pO)Hh1. viet Union, or ahm lls t 80 /Il of the world number. The reindee r

OIITIIMa.’Ih.Hi951 ~ alI0Hl)’ll ,1,i11 u’ l~ lIlIlulB B03.jl ’(mCTllullI ne- 1 ‘C l’, IlIn- indus tr s is one Ihe mu st important bnanches of the Extreme North
C lleHHbi X li blule allrponulre lllbbi x lt .lKTnlpOB RB,l lbCTCR F30.li,tIinll’SII’Tl ,’ Agric u i lt e i re and the basic field of the economy and material wet-

CK a5 T 5Ib .’tp a , r ,je cO ’ 1 , ’m ; nbi u T c 13 ililTi ’llC lIBbb l)h’ Ii;l3BH rlid’ flpniSl lalli.ll ’ll- f are of the Na h ive ’ s  The profitable reindeer industry yields the
11OCT13 (yro.’lbiio11, ill 111111 ltl e.lo6IailrIlouse11l II cC.11,cKoi’O .slllllmIcTml,i mark et ab le  h i ghqua lit s’ p nii ducti uin.
bo.ibiuu’ie’Mu-,Ibciea B 151111 5 1 .1 , no Mile- IlillO IIB.la CIli’illIa.liICTI)B The reindeer is t h e  only agricultural animal which can use
IA. ‘\ f pHrOImbeB H Ap I - c.lyi+CnlT npe-Iu pan mbe mA 510211 ,11,10 .1.111 im is - the scanty north past ures all the yean round drawing into the
qeHHmm oe-HoBmI ia ii XSp5IlTep1lcTbIK 1Vil.i5lOBbi x .‘iaH.1illaIFToll. economy the enormous tundra and taiga terr i tories In the de.

It rc.1e.1oBaIins. npomlh’ .lebhlihal- 13.35113 Ha FhIldTOKe bo.11,illl ’ CM - li. . vekuped reindeer industry negions tOO ha of the reindeer pastures
I KI ll 1)lI .ipbi IB0 p KVT :Ill is tm 11 Il;unlMialtl.1e1111l4 11 KoMn.leu<cl , noisa~ ~ii’Id 40 metric centners of the reimmdeer production.
3BJI N, 1110 yr0.lbiiaB flpOMl9W ,le’llIIlIl lb ulus;m3L9B aei  OrpoSIli lle 13.111131111e Nl lwadays there are tsi-o systems of the reindeer industry ma~mia SnoJlorHqeclilIa 11 X HMH’I e’v idbli’I Coc l’aB BO~tOci t I i f l ’  KO,’tIllle’ - nags-me-nt in the USSR: open-herding (the animals a r e  watched
cnao lcffc.To pim ta B A0.ielesq,~s ysfe-i(ilw ,ll’rcg 8 1.5— 2 pIcas. nujr5riis- by Die hendsmen who control and dire-c t the reindeer moving),
TIS H B M1l’iaie c5poca lIlfl l)SIIIIICICT fl.’InIIIKTOII Simooonii’i <‘1 11011 311511,1 and c l m is m- -herding at the enclosed pasture - s  (the animals graze
(KO:lim9e c lso opra Illl ’lslomi it lhl.lbip aT o mm s ’,Ii’Hi.uiac ’TCB ta 11 0 , 1  free , but the ter r i tory  is limited with the fence).

35.TMU.11’IhHoc’r b w.i’,illta%t l 01.115111 c im: lbml l I  11111. I i  ,‘TIllli T 11 ,1 Th e’ sa n ious  management sys tems of the herds influence dit-
Hbi1eHClbIIHoCT m, I Hernulaiblllllb 511 111131111 COCT~~B 11 4551111.111 111111 ~~al’ll’ ’ ferentl y oim the flora and (aetna of the ecosystems.
131111 , fl pollyMh uIllcl H Im plipocT parTulleJlbiIocThI B reTalihi ll H 01111- - The Sovi e t  sc ie n t i s t s  have - worked nut the north reindeer in-
Bile pac ’reIlIlCl B6.T1II1I ha lT  IlO’ ll I i iSli l lTCfl Ha 5— II lll ~ ~~‘miI l . i f l I’ dustry management system which ensures the highe-~t possible
4CM B cooSiiuec’rnax j1 . IrflO. iIliI(i ’ llllbi ’, 11 (l—l~ 1dM Iii ’ 1111 ’, [l( muI l mI l1 - r  pnl’ si-nvaticln of th l- natural e ’ c o s s s t c m s  It is accomplished by
HAM B HB1ISK0BII ~5.JlIIlT 5l;lIuillI - M0Xo HI4\ lilIl( l l i tc l’T i IS iX,  II 1111,511,1 ’ me- S I l ts il production process p lanning and first ot all the pasture
flpHpOdT H flp0115’KIIIIB 1111111 11 11~ lh 5l11. TohlIlle11 13 lId ‘11050-51’ i\,IiiI ’9 lit i l ie - mt ion
coo6tueci-ae RSJmwlH W a sT (mm 0,5— I kM ‘ IT  01135119), lii’l’Kl),TI,l(li ‘S he Sulviet s c i e n t i s t’  have worked olub the reindeer pasture
Bh4llif’ , ‘II M II CnlOSiit I 1111,1’, y.’la.1111I1i145 01 III ’, mm a III.IIIIITC,’ll,ull4l , ca p a c i t y  norms all ilwing to determine the possIble duration and
~~Cd’i’0i~IlHh1: 5’ 11019 - III 30 3~ - y OCol,Il - u s  III , .  3111 ll(ii,lbc. imm t i ’ nms i t y  of he-rd p;I’ llllrage w hithc u lt h l r r l ’ v l - r s l h s t c  plant rosin
HAl - I  Ii 1CM . 9 10 r.’IyOllbI.I Oil iIlB5hlIllbl MI -Il 1.11)114 11(1,111311 lUSlIT ~;, de - shn u lc t io n  file of the ’ most imporhaiml m e a s u r e s  tee the reindeer
t O  I - i  CM  SO.’lbii ni- . ‘II’ 51 B Me-C 1 . 3 <  1111 flil11Hl’ ,ls ’ ’lillI,l X co al.’, ‘‘II 11 ,111 past  Ii ru p ri’’u’I C ut  i l l  is tIme so ta l l  c I t  pasture - turnc is l t  P r’~v id n g
flo.1aep51eHHlax B bll-lIIa’hilT(-jbH uI11 dTl’Ill 1111 B0l:ie11u-T BIIIO ‘Ie:lOnu-uca . one- - s e a r  I lt i l i za t ion  lilt i t s  “re s t ” wi th i rm next two ye - Si rs .  1 he
4acTO Ii Me- cTa5 11 ,1 hIlSISOTeIK yro.- i is ui ia x n.lacioui 0611.3 l ) i i ’ i e T II 111111’ hn l-SII ’h Ill t tm is  S%s lCtl l  clllis u’s the p as m i t r e  implls l-nistmment a mmit Ihe
Ba.l is, KoT oplae j ae -on 11111111 l I ’SOtm’h i  C luSllv51aiIliiIill 1 1 . i v  11,11u1~ (t is t r l i l ’lillfl of ttt i’ e’cllss’ ste- ms si- ith hhm ’ re— suit oh the ‘l ihstit l i t lof l  Ill
npeBisiuaslullIx 110 iIltOllj;01II lIfJOllSi .T14 II 8- II) ,_ m i IS ~me I\ ’_lI,T ,lTi t h I  l i c l m i -m m - .. ‘ret a i l ing in pkl lm t  cllmpllsitiuln, by It ’ ,- c e r e a l s  alllt
91115 pa6oi npOllCXo,’IlmT S lbiliiTIl)Ki’liIle pacTllli- .lbimilcli u Ii lie-5lsIliIl -.elIgI’s
rOpiilliI1T0B 504 519 Ha Orposmllli .s fl JlOil ta ,l1m X , 1:11’ 11013141’ PSCT1I il-li ’ TIle hllbih nt ii! tIle’ I l I l l l le ’s lncate ’ lt  reilmI ll-er is ‘01111, II 5,1 thaI ii
mIbil’ rpynnimposkH oSpaiyio-rc im 0’beIlb Ml’ .i.’II’lIllO O,’iIIaKl, h a  0111 Die udi b a t l u l l i , m Is , that is se’hv the close contarb s ,inut comples
ysacn~ a 5 ITfJII Ila11.ielfcalil IX ‘,bl’.illIu fualllBbll4 5, %lI.’~~0flfi IllITIlli ’S 51115111,,  rl’ lal iI)flslI ups ‘5 151  bet  ss’ s’en si i le t 11111113k S lim d di limes I i,- ,m lid ri’mn -
CO3 .’iaii. HOB b le- 1~ IlT0Iiel1o aid, B K0TO~ i j~~ (i’, ,l Y I 1151111 (1.1.1 1 111, 1 .111,11 111 1-n ‘I’. Cl V. :11111 55 i III I hI- dc- s e l ’  Ip lii I’ll t Ill tIme- ulilillist ic rein de e r
H fl pO~ y KTIl ai~oci~. KOTOf l ISI M01111’i Sun. 3HallluiI ,lbuii l  IbIStlie , se- si ll’ lb l l ’ - t i  1 Ii ’- I!ilhiIh’Il, ’ e 1111 bIt” ~‘. i!iI tI ll’  1111re- ,ise’
K’ ipeHlll4 x nopo ~ l ine Ito m m lc—t i I -a t l - I i  mmm d Sk Ill ni ’it mde , ’n ,lrl ’ CIim nj le ’ t t t O r S  in h ti e ’

BJubHHi,e pa ’s.-iii’iuwx RlI.1lbB MIluilill II I ,l i sT l1t i l lB , Ill’ l.I,’\o ,li uB. p a s t u r e -  III ihj eat l lb n .  \i ,ss’adays in lhe- ar e - s m ’ sc Ull high netmben of
aBToMallillH) mm ai~i i , m~- 1,301114 11ev 1.5111 HCCI ,iHil.llsllBll. 551111 ilee r (liii’ N Int h III lIme ’ enise’l hIlsIll and \ a k t i t s l s . m s .1 ,-~SSR) -

flOKpOB em i O~l~~B II  Ilm’T19 H rop II IIIIIT. 11.~15111k .111cm 111314’, il i)ll(’i h ,)I1k ii 11111-s

HBHM eII.uiee 511 IllIlmile na TylI,1 p011141’ SIllu l l’ i l’ C l ’ III 114 0m~ 119’ Ii’ W I  d I ci lm d i r  bILl rnhe- r Is regu la ted  arid ‘,oTne’ W hrh I the develop -
55101 AC i.il’So ,liS npi~ O1tHO~~13 3OIIOM 11111151 1)11 101 CI I I  III 111111: 111111 i l l ) -  nn(’lmt u, l liii’ doii lest IC Is  mile-c’ s inul inst rv is limited. I im the other
Bpl’lK,laiol 0111(111,11 h - ic y e ’l’alI 11111111, ill) 1311 1151)5 111111111 SIll 5111114 (I Nuli b In u re - as  I tme ss ’n l eh ni mm iteer ‘se n rep’t ace- d by the dome-st ca t  i’it

flplIMOH II He I)6~~ il lye ~II1 4IHH 1151111(3 1151111111013111111 rI iVIl Ta 1111 1 lii ’ I’ ‘I Ime pn eu ts itl.u rs , espe c Ia l  l~ C Il ye s  cause - g r e a t  Itrbma ge to the
aexo.1uo11 311 MIK e-A 1111,113 11 II U 1113Pe-lb 11141 bOb 1(11111 ’, 111,1’, 11(111111 ui _ ill’ donme-st icsi ted n - m elee- n herds. tIe re II Ire the regular wol s-es control
1111 KOBa - 5 en rr 11 11 1111 I 1 5  ci ysc he-ne his nile-tI lls l i t  II’,’ ~SI I ion and ctmemi ca I l i s t

rt p u ,lBIb * PH1IH Be l .lb’xO ,’l ,l 1(11151 lb IlS,ilI i iSAIT eM HulsIiea( ,lelblIH k i l lers ,  The - \11115d5 lulimber is dinminished ‘ ig n itn ,  , n t t t l s  in the
llvriapHibl(Iill 5105000111 ropll .IIIIlTa I .15( 1 1113 lllIIIm a i inamIu lA  11,1 mmcl- i l I r l uj I c  111111101 III the’ USSR m id  t im the - \ Imrtt i  ‘t the’ \ ¼ I ’st  Siberia.
911011131111 KII.lre Ha 12 IS cs ~ (11,11,011’, ‘11 51 13 IbellillI’, liit’IIbIO% l I I’-  bI le- ne-~lr I’ se - l l t I t i s c ’ s u,I the 111,11k 1 ic k  i,lflIIt\ and tIll’ WII I I ’ r tu lWl
otSiitet’ ’rse OcoSeHHO 111’,iil II il 311 lila B r i’ , (111131’ Il pllla ilbl5llbulH amnt 11111111-st 11,1 he’ ih re-Ill deer are t h e  conmpeti lelrs in the 11111 iut i llS el’
Ill ’cHi’lA (1 5 8 (‘M( H 511111,11k’ K Ko l l I t s  ,il’i.I l’ s  tO CMI Ilil ‘ill, ut i t i L, I t i l l l l  I tte’ (ilImip le x nl-I5it iOliS hil ls 1 5 1 5 1  hetsi-cen thl’se’ aIIitn,b l
11194 CI(.lllblax 110 TpaIl aM r~~, elill il 1 1CICTO llCi1l ,I ly KuTcI b T l’ps Il It lpCTlI’ gnhliI~lI.BISe flpoca.llhll III s h l , i I I l m I ’r lIlt’ Ilse ’rgm _ n i_hi ig  ol Ito’ p.m tuni’” by tIme t i i i h l’ donie-

f Is h 11(31.11,1111111 Ape,I 15111.1 p0111451 41111,11111111 1.15 1 11,1 II1IIB r Tpa 11 - st IC ill ill rc-~ Ii t i - e r lme’r its, atis l’s the’ di’st ruct Ibm 13011 I ramm i p I Ing of
101119 Ky c ‘nil p i l l l e  11131411 ii isV Iat i f lul’ lki luIl ,hII 115 151 1,1 11 1 111 I I ’S 11111,1(1’ - 5111115’ h e-n I il’ ’r’, 5’, he’ I e Itlu ’ pt .Irlnigsimls Sililt ~ Ci’~ C tn c i  ibuc ’ ni-sls
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V. V. Kryuchkos- It TIle I..i’.l Fm.to ~o .mm “ ubArn tu , - ‘ ‘ 5 C a r a e ’ e r s ze d  by hlgtm tem •
(IJSSI1 M.l$c,IlC’ I 

‘ c r 5 1 1 1 . 1 1  i Ills,’ to 1) . l l I , l’ii t~ h i l I l l e S s  ‘I .:- ‘ I ~ ~~~~~ ~ v~~ r5 ii fl st-
‘ ‘ ahl, - Dsmr l ’ i 1_ i  . 5 1 5 4 5  P~’tI 11lIIC IC .ll I’lIIlg t I ll t hlckne 1113 of Keason-

CAUSES OF TREELESS TUND RA ZONE t I l , l 51e . I  I s -  : mlii  r” . I~~,’ -, ‘ I . , I I -  ‘ ‘ .11~~’ rlng ‘Ii, w~~temproot-
h r .  I ,’ l l i  III I Illfl and t a I l o r s  gIl - h I ’ ’ w a r m m n~~ of th31 upper Boil

Our research ss C-r k l - r s  have estab l ushed t h at for the gros~th an d ‘ I , I TS , I III - l~ J l ar t  01 ~ 31111 I’~~~~;” ’  I lIlt t ’1~ e~~ a p m~~ it iofl of s u m -
development of tr ees and large shrubs in the Subarct ic - - Picesi I) tUs m’m,l .’.III ’, is c l ,e ’l l I ‘Aa rr ro’ i~~ ‘‘ I’ coi l A l l  1hls prh’1mOtP4 th.
obov a ta , Larmx s i b i r ica , L. d a hu rsc a , A i r taster f r t i t i . ’Osus , Betul~ 

.1 , 1 5 s 55 II S . - . 1 , 1 ,1111 l i
i 1 ,,  , I 1,1 1. • C . .  ground soil re s pect warm

to rl uos a . Sor bus g labrata -— -  the daytime’ air te i lu pera t ure should p I cc , II Ii . . h i l ie- ‘ II’ 5 1 1 1 1 1  flh’ilr nb’ t1~~r’I t I I I l ’ J I  .1 border or forest
exceed 10 - - I  I’ during several  hours tar 25 — 3(1 days un t h e  sum- i I ld i C l l . — , Il IIIOCI’ S ot ‘Il’l’1I5 A l the place S I d II~~ t I I  by 11,iod siegel.-
10cr period If warm llay 11 c umme lip t o ISo’ uimm l-nber de i rsn ,~ the- S ‘ ‘I I  t i~ lt I ’ I’. .1’ . ItilIlII.,I ‘ -I ttIU1~ tO oK, /1411 .11 I II ‘u lm o-sildlng t ree-
warm period , then t he above - p l an t s  w o u t u t  hasie their branches I,’ss IIi,III.I’. - , sst i ie h p r e . I u l t s  from an n iensi ve w i r m t i ’ r  t n -c l i n g  and
grown. the ge rter at ms e’ and ve ’g i ’ta t ;v~’ 1111 ,5 5 Imrlmted . the’ s l l l l i lt s  P11l~ 1,5 ’ ’ -. D.e i f - e-i,uIIl3 ~ ,n of h:~~f I i ’ mt t ; .cratu t re s ’  1/111 grouund under
lignified and so ott That m’-ar ~s that p l m n t s  Comp let e the ir s’e’ge- I0T, ’sI ~ I a n d ~ ! b l l ’ m , ’ t , , m -  ill SUI:tl ~- 1  i

~~~ 
II. cr1031,  ‘. Ihe- t hm lklt I ’ ’ ’ ’)f

tation. Comparison oI these - rn l ltirnuull i11’armtll cond i t i l ly l s  necessary iIua ssI ’d l . u ~ i I 5 1,111 e s’ .  t tta~ J Ill I / I c  5 . I l /e l I  U1 0 3 1’ Ci t m e ’ r e  Is not
for t h e  vegetat ion of trees Ill the Su ba rCt Ic svtth actual  war mt h flIb’t~~’f le - .  I I’ . the layer of w inter  I ‘,‘e iIll~ IS 2 . 0 2 ,5 m and s not
con ditio ns at the northern borulu’r (If s p a n ’ . ’ gI ‘ss II: ol Ire-I’s s l .ous l’ i I C C , I ’ I 1 , 1 .5 w i t h  lIme’ ue- s” - ‘.~~ I~~5 t- at p~’rtiI I rotS  grounds situated
that the real limits ol polar spars- - g rowtl l l I t  Ir,’.’s are . Olls ldi’r sI ‘ 1 1 1 1 ’  r t h a n  3 rim Thu ’ us an i i., . 1 5 1 111 oI IiI’ g r . I l f l C lg fr,,,l-Im ground
ab ly further south than their 

~~~~~ 
:ihIc ss’arlhith t i ln i ts  [ h i -  I dl , II ..it tundra ,Iri’im - bs wood \ l ’g l ’ta lmOI I  r esu lt s  in better

Th’’ south treeles s belt Ill ICII Id1S 51,51,.’ - thor , sir , - ‘,s sl rmth Con- 1~~I1 TIll 1111 ,11, ‘ I I  gT .ll ,I !iilil It t mi4i  ‘ ‘ C .  e - i l~ i lid, C I in biogeose- nosis
ilIlIl1115 tar t he- gnoss’th and If,’si-!l, ;,rnelII 01 t Ie- u s . b u t  t i le 5 1 5 5 1 1 1 1 1 1 5  11111115 Ill(Il si i . . I ’I 11 11 Dmmri ’ ig Sl4l lt I I l Ig lIe-li l i , re -s5  l s t a r m d s  appear
1(1115 ot trI’,’’ are 5,115, I ii  i’ll ‘‘5 11 b r  ~ lng l I -  I l l’ s ,I~~il f  5 5 1 3151’ II u S :‘ .1 a t  ‘i , .  1)1 ,1 . ’ , : - 1 I I ’ II C . i ,und ‘ I ‘ ‘ — ‘ l .s m i dra Si l t II 1 1 , 5 1 1’ lIs t ing
woo li is la nds are ‘4uggesti-d to be- rl’Iel’rI’ ll Ill as a 11111 1 of re l a t l s , - l s ’ I ’ ’ iIl’tl(I .

t r l ’ l- l , ’ s s tundra Il’I thm ’ nortll Ill the b5-lt III I , l l I S e i l  S r l ’ u ’ I I - ’’- 1 1 5 /  ill (Ill’ I..l’l 1/ I l i~~l 1 I  11 11 S I .t l I l l ,  t t c  I i I ’ S ’s’ ans- obs -i- ,’ ’ d dlredil y
tundra trees i’annot grow’ in tI m , 1I~~l’tm 5,11 I i,- - a n ’ -  of a, k Il l I III I t C  Ill (11’ illes ’ , - s . 4 5  \1.I~H e- I . 3 \ 5  I C .  It 1iI ’.c .Il I1.I1 115cr , .lppearande
wa rmth Thus is ~j t)1’St cIt ,ll’lClIl.ltI’t\ II I C i e s t  Iomlldra Numumero lls Ot 1 1 1 1 1 1 1  I., ~~~~~~~~ 

I 4 1 1 1 5  it~ l.l l ltc ’ I I1 l Ig  , , ie ,,tf l ‘.11 t re - e - s  Ihus occurs
I 111111’S adsanc e d ton exp lanation ‘1 a t r I ck s ’ .  tundra lsv inte’ I .1 1 

~ 1 1 l 1 ~~ ’ aI C lI  - I C e - hO ~ COOd SIl -  ll:~ II I-s w i th  c las  -s and loam~drying of t r ee s , d s t i c i t  of seeds, .3e-e- Ie-ss iV ei l l’ss  oI nilIts , and g ro lut l ls
bogging up etc.) could relate to the- Sollth t u ndra  — —  the belt oI ~t e t i l e - I ’  - I’ - mI l l  1 1 0  lu re  ‘ ‘Il / I ’  Ii gnIlIlillI 5 ha na ’ I e r . s 1 - s  l’ me ’ Yukon
relativel y treeless tundra. TI~ere is Oh1 lv one- i ’a i ise -  ill the belt of B.l iII . tile- S t i l l S / I  coasl UI Ituds ,,~i Bay aum d oIlIer a reas  ot North
absolutel y b I l l I es’ tundra: I s m s k  01 \s’ .lnIII tI lot tree growth alld , ‘~ 1~~ 1 1C ~ II Iti thesi ’ lI e- I)11 . 5 Ie :’ - a a s  fl \ l’d an lIlt Il ls” of woo d
de-selopmer ll 5 l’e- l ’ I )t i Oli low a n,t ,  I II ,l lr .I 11Te’, I ” I P Cinmggs , I JO . J. V.’ .%t a n r .

‘the bell III r. Sl t l S I ’ I \ ’  I r , - , - ! l ’s ’ .  SIilldrSl (‘Oinl ’ Ilt e ’ s 11151111k 55’ i t t l  1 /1111) (1 I H11ltsi’ l  I) ~\ I b I S I O I l  I sloI l l i l  t hat  t~i, gnoist l i of
the’ subzone- oS soo t~ l bll 5515’ I U nd ra s Thi s I .5 a 1051’ II I 1 a S (mIll ‘ sI It r I lee OIl ne-Se t I IT I to r ies  I ‘ I11, 51 5 ., I ~‘ ~ It the ‘, ea rs 01 b - I  weather
tmindra The- he- It of a hsol m t e S s  I r e - c l ’ s’. Itindra CIII lIC iCt(’S svittm tllC cond itmons - I 11111$ , I 93 I , 1960.
1. lh 1)111’S (it arctic and I’. [ l u sh I I ,  11101 mos’. ari d sh~m :ht mio s ’ It ! .  Ii ~ ll a t ion, lr ,  St ~~t l ol S u e 1 IC I I I1 I1 ’ t l l  boi~isda r’ 1 o fo re s t s
t uumlt ra l  I m l -  are-a oi l i t  01 r e l a t u s ’ e l v  I r c I - l e s s  t t i l ld ra is . . , ‘I’ IS III- . ’ u S 13r Io  0111115’ . ITC , lS  ol Su e ( .1-101.11 41111 I’ _ , 15 I S , be r ia  — s’ m t t l
40 l l l , , ~ I - l u 2 in ‘ I , Kota ‘l’g ;llii I! hIlt’ ‘11111,1- III’ , 1111 t llol u l.nI1 Ill t t m eu r  C o n l ’ i u l  111 ,11 dlilmma ts’ . c otr ipa r.3 ‘ I C S I ’ 5, s~’anit j slim mer , 1110cc
the’ t:,,s ! 1/llr l l l l ,  , , C I  ‘I 12 1111 . ‘Ii thou. kI’ l-  In Slue- \~‘I’~l- S i bc rian 11’ broke- ru Il’I,iCI tluan I l l  \V€ -sI Si lo -m o, ,  I -1111cr It l l’se I O C I l t I t I 1 l t l 5  there
e- I I I I ’  ‘ ill 5 1 1 1 1  thllu I Ill Iluc ’ I , ‘r~’ raI- ”,’ l,, 1 1 1 1 1 1  T ’ ’ I S , l l l l . 1,11 iS 1101 III)51,i ’. i ’d such aru I IC ! C I l I . 5 , ’ growsli  III 0. 115,’. al ‘0 e a l l,’1t
“II llioiu ‘11 , 1 ,  1 ,, i l l I s t  ~~~t l , ’ 1 I , I l m  I’ ~ I0t) , 35 S f 1 1 . 1 1  knu III 11,1 ’  I s i n  ‘‘ plak l lrs - IS III ‘b1,I’st Siber Ia
l u s t . 10 I , 5011 ~~lll ’ om S s , 1 I C , f ’ l C , I S C . l  about 2 III :, kIn2 ut .-\ I t Ic ’ SlIme Smu n e  tm t i, ’ s~’ It iile- Suban . I sc  a r Id  OIl all 1,011(1-

2 . 11 _ 5 5 thou ‘s I m s ’  im ’  S I I C C I f I  I ‘ ‘I’ 115 , 11111 , -III 511 lbtou. km1 111 1115 Eii ro1m 1. ,‘ir-I;u , \ unt ll-At11c1’ie ’a — .  th e re - is hiSs-I l  1111 l lnqute s-
.\ .i k. 5 1 1 1  

~1II 1111)11 
~ h 1I~ III ~,Il it t I  t .ansiit a I I I, I t id l ’ :g Lab  I , I u m l a b l e  n c - I r I s h  of tii nu’ sS bi,uun darv as a i ies Ied  bs 111,111 t i l e S . le D

rador T I ’s ,t I’Tl. ,l ’l’ t ’ l,,r lIe h1-lt 0) r e l l b f I v l - l v t r l - l’ li’s’ . t u h n - t r , l  0 ung, ex t ra  p as t l i T I -  ot 5,-I rs , industrial In st d i ’s I r’ l \ l l Ig  s’l mlnenahui -
III’ ~ i lb m s i r .  t I c  ~‘ipi a h ’ .  5211 1 1 1 1 1  tho mi kill’ l ” ’ I ’ S ‘ .111 11 ’, ol bc \ IS1t I I  Ix All this co uitrtbutes to es l s ’ m I l t i I m g  She

‘.1oII l I ’~ I1.,ve- ‘ - ‘ - ‘ ;ns SI lt  I i ’  I l l ’T I I I -  C C ’ S ’  I ll . III p u — r o t a -  11 1 , 5  of r l ’ I . I t l S ’ ’ - t \  IlI’ l ’ l l ’sS 111111 1 ,1
ni ’’ i t Ile- re’ . InI’  th mi- u’ IC I1 t1 ’ IIl i —  in 1111’ dyna mi 1 II’ tIme t m l s t ’ l f l l - r r l  I t te belt III r e i a h i s e i 5 t r l - c I dss 5111,1101 oCcu p5 ’ i t tg  in the northeruu

boull-f a ’  . I I I ’ ,’ s t s  I s t , ’ , : 1 a I l _ , I I I I I S  .11111 r 1 1 1 .15 oI lIme no r I i C -  I l l  
11 1 - I i I C sp lil.-rl’ ab out one- tItIllillIl imlII,)rI  lIIllinI’ Ire- s I’. all ,1 rl.ll4 ImI

bolmndar\ ot 5 ( 4  5, ’ grllsv ’I i ‘II ll’e~ I ll  S he South , IT  IS te - ndem l l  5 to 1111 1111 1,Tl ’i I lillld- rl’I l,,ntatiol ms ~~IiI ’b i could im prove-  t Ime - s’ l i im lat e
SI S ill, C . . ‘ I (lIar f l ITe I l  I ciIIilII. lry 1 15, and ’ . 101111,1 , I I I  us sta - l i C e -  ‘ ‘ ‘-5. ’ t,al.Ill, ’ I- of lIme C I h i I I I l l - I I S I I ’ Ti ’  B’ . ‘I 111 5 1 1 1  ‘1 111 It is t Il l ’ S

Ilo rm a r s sta le - ,..Irs I r sI  .‘ t all Ill ‘.511 11 the n l ’ I r l ’s I I  “II lIr e - S I hllrIte” II’ 151’  s,,uth
I I I I  III . - l , l ,l i I I i I l l l ’  ol utarn p - . 5. 1 - 101.11,’ lltid 11,1 11- I l l ’ ’ I ’  3l ,’ , S I, l,\lIIi’,.ulll III I I C 1 ~ 5 1 1 1 1  of n,-Ditt ’ , Is Ii I’ll’’’.

t i lmi’ br l i l ’1-1l th~s’~~ il lS5, l~~
, , I’us .r 11111 Ioss’ ,’r at the 111 51111 I’ll

1 1 1 In . I I a t  he : . ’.l I ’ hu- la~s’r ill arinlua l  ‘‘Ill ‘ ‘ ‘1 .151115 ’  5 , 4 1 1 . 1 1
1011,1 t i l l ’  1101 11.1 11 51111111 I ot to r i- c t ’  ‘ l il t11 In I I  0’ .I’i i ie -  l ’’I II.
exami nb’ th is 111 1 1 1 5 1  ‘ a k l r lg  14V .--.r i,lh,’ ’ C , l  as Ill i-1, ahnpte Ttie t~ p
. 1 5 5 5 1 1 . 1 1  (151113’s  S “p 1 5 1 k 1 . l I  - 

‘ ‘ I  f h s s  r e - I ll 1’I’lll ’ i . l l lV I i l ns I’ I ; l ie-

i i hllilIdcr ll . I . ’ l s  • I t ~~ I bC ar l r l ’ te ’ r i  ‘ ,‘It b~ ihi , s parse g rowth of t rei-s
[.an lx 5 1 11.0111 on peat 1111’S — o Il ’. ISle’ III’ l e - C :  Ill I t - i ’ s  I ’ — .1 1’ 6 III,
the losi r’ g of ir lm o 115, us  0.52 m I o’ th i s  h I l l s’  01 11105,5, s o s i - n  1 B. B, Kp13is~ o~4 4, cm 111’ SOils thaw I I I ’ S  1 1 1  the - 1 1 5 1 1 / 1  , -f ~II 1111 cfl t ihe 5111115 ’ I c 1 1 1 1  II ,c ~, , ,
I I15l’ t Is 1111 011 I m I l l  tI ll ’s , . ll:Iilll ’ l l - ’emml ls l - . . l l - l - ’ m t i l - I I I I T \  l’l’ iJS\ s

t , ’nl’. i 1 1 1 1 1 5 1 1  111 ’  LI)ll I1I ’ lOiIs Il l —lamp (‘ t l i i i . l ’ l’ l i d  smoot l l l - ,5 r I- l I l t
11105,5 ~ t I 1’ ’  C 110,11515’ . l 5  ‘b~

’ l I t1 al l  I I I .  1, .1’ ’ ’  fl 111015, 111,1’’ Ille
51, C ’ I C I  1(1 ‘111, 1 ., I’ r l I t O I - l  of 51111 I’  111011 1 1 1 , 5  0 1 ’ l l l l l l - r , b S u t , ’  I;ufls II~ 

11PH’ IH1II ,I I I  IJ II( HIt 1YHJ~POBOfl SOHI,I
-IV I’I 01 ‘.1.151,11 ‘ i’ ’ l ’ 4  ing (lilt 5 ’ l ’ ~ ult t ’ l-”  ‘1I O I I I I ’r \ l 11w ‘-S l Ih l e  limI’

the l I I l l I h i i I i l i&  ol 5 . 5 1 1 1 1 I l C i t r I I u l ’Ifl hI’ . 111111’  11111 1.’ “I I IL’l’ n u i n l - r : u .  I I ,ILi l I l5 l I I  h i l l  i l’ .Illll.lll ,OISIII II 1 ,1111114, 1. III’ , 9)11 .1_i ll III, 1 ,1 ii

— 01,1101” are lake- n ‘kIll Ill 1’ I l 1 ’I l 1 1 i ’ l l l  1’ . 1’ r, 1. — l O g  ‘, I l l lClIl l’  o f  s O i !  111111111 :l le- l I’  111.1 11 II kI~s h l i l i lm s 115 1 i . l i I I I i lk I I i l  I.5 l ’ I . i i i -  ‘11111! !‘ l l l ’ li

I’l l ’  ,u m’~d his’f i,’s begin 5 I 1 ’ i I ’ I h i C C g  tIme’ 51, - i-  II, I I I C 1 5 I 1  \‘ I - I_i ’ ’ ’ . I t , o I .  
./ I . I ,’ ,St e l . 1.. m , i s S Ih I lm ,  e- , L. ,i,, ’ C C v I l I, ‘( 5 1 5 1 4 5 1 1 7  1 1 1 1 1 1 .  ‘ ‘‘ ‘I’ , ml

11111,’’ more sil ,ul’I’ . c l i  ‘ .,I ’ — III 1111,1’ .111 1 (‘ill s I l l ’ ’ , ~11(1 1 lI, ’,’ I. ’.IIm _~ lh1hIi5 l’Il, l11 ii111 Iil’ , ,(l\ ~l ’II  ,lI ’ ’ l l I  f~j 
~i ,1I’ l l ’ ’. ’ I I  iliIIlllll’i

It ’ u ’ s - areas 51 - ‘s ~ ‘ Il1m mi I I  ‘nose’ shield 1151111  s ICi l I l  I (l,’ u- r  depi l’ II 1 (‘1111 II’ ,/.1 III .1 1 11 11 ,‘u111u11151 ’C I lSml I i l I I i lT )’Pa f o i ls ’ . I 13.1 III ’ -
I- c s  tha n 1 . ’ — 20 ‘In) - I I I ’  oif . 1511 ’ 1.11r 1;I1’ ’’ Ii, • l , i IIs’ (II’ .lS la s i - r  I s  C k Il,ll.lc’I 1 1 . 1  1111 I l l - I  i lo, l I I . l  1.1 t~ H S ,1II III T I - m i  I i  4 , 1  iII’(III’ l ,’l

broke n his Inost I r ,u, ’ I,~ 
‘ l l , I I , I I C I S 1 I .’i( Ii 1111,111 1511 , 1 1 1 ’ ’ ’ ’ , S f 1 1 1  1I ’Ii .li.i ’c tIll II, III 5’ 11,3111.11 1 111 - S 5 1 . 1 1 1 1 ’ ’

Tlt,’ ill.- r . ’ a s m n g  ‘ Irs ni’s’ — . 1 0 , 1  ‘‘‘1151, 10” tll’Illfl I 1 1 1 1 5 1 1 1 1 1 ’ dest riis ‘ l i e -  11 ‘11  I I I I I S I C T , I I I I m  1 1 1 1 1 1  If 1I11 s1 l I 1  ,Il. ’ I. , ’ l l l, ‘ i 111b11141 ’ 1 I II . I 111113-
11, i ’  1111’.’. peal ~~~~ , 51 111151 II 11 ,0 ,1 / I S  1101 11111 I ’S ,  ~•~5 I ‘ I I I ’  1” 11141 ’ li.I’lIsil , 11 1(11 111 1 1 1 . 1 1 , 1 1 1 1  h I ’,, I I I  11511 1,111111 1111 l i l’ .C  11.111 11/111

.111 ‘ rrt . SplIl.• ol nno,’i,il grIllillil 1151511 11 5 ’ ’  I l l S  ii ,Jh ,IlllIilll,C11,l Ill ’ . I , h I I I k I l I 1111,11  I,ill Ie’ ll i lI ‘ l i lt  l , ’ i I _ l l i l l I 4 ’ ,

‘1a 1’ I C I 1 ’  l11’l’ 3 1 1 1 1 1 1 1 1  III,’ rt 1sso, ‘I II IHI S l i t 5111.311 ‘i/I ’S Ill i ’ I u ’ l , l  ‘ 1 , 1 1 1 1 1 1 0  Sil l Il C\i.i,hi.IlIi I~ 
. 1 ( 1 5 . ,  , l I , 1 l 4 5  111 11111  1 , 1 1 5 1 1 1 1  1 5 1’ ’ 61,1 11

ol ‘.5 1.1 1 .1 15 e- : m I \ l  111 1_ i l ’ ’ l - lIi ’ii1l0~ I 1 1 1 1 1 1 1 1 ,  I II. l—i i I I I l l I l I  ‘ I l _ l i ‘ , . I . 1 ,0 1 1 1 1 1 - I l  I ’. .1, 1 1 , 1 1 1 ,  1/ 1 3 1 1 I i l5l l l i i i l I. . ll ’l’ _ u l , i il1’.III 5 1’ I111i1111 1.iIl

~io ’ ’ Id  I I ~ooI~’ II III, 5, ’ lau~.!’ , Il’s as a i l ’S l i t t  of al I’ l ’ ’ . S I l I f l c  1 Shi t I 5 l’i’lIillhllliI I Il _ I O IlS 13 , 1110,11 S i l l  11 111.. ,  11 , 1 1 1 .11  I . ‘‘III i l - C l ,  111111 . 1 1  111)1

0111 1f l 311 ’ s ‘ 1 1 1 1 ’ 1  ( ‘ r O e  11151  r h -  rD ,- r f , ’ ,
~ 111 1’ of man’ ‘ ‘s I r ; ,  l .l ’ t I l O  I 1 11110114 i i l l . i 1 15 . I I I . i \ 1~’ 1 - , Ii  111 II,1 511 .1111l’A j i l , i4 iI l l’ .il, Illl II 5 ‘ - 1 .1-
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depth , t hese are intrater resi rial heat “lreanl , t lt ho lo)g ica l nompo- Oaso(~ ii i IIIIIIII .lIll lll TI ll lllllllc 5 :lllliubll aTMoCl~lepW lla.lllioIca
SItlo n oI frozen zones and palaeogeothr rmui t reg~me 1l  1,11511. 11 I KiITOpl4 x I C I I S ’ ,ul l p0.111 1115 14111 Clll’h4Illl4~ floKpl)8 Kaa-
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Rock’, of poor ~ I Iductiv i ty  as well as those w Ith large heat CT51OCIISI4 Ii co c’rasa
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ii it util lef l th ’Cml ml’ ill perm~lrost III’S u - S l l 5 ln l . - lm % must be’ an  Ill Tb )11 5111151 1151 1) mettie-id oI permalloll deve5opment tendencie14 us
portin t part oh sui h ~ pre dlet ln Sil Ise - iS le - sc tendencie s p11- S e t ’ ’  III J e i)mllllll’ ch aract er and cam ’ be used h u m  any other region of
mine Io ~ co nslhle ra ble degree the results Ill human .11 1 1 1 5 1 1 1  In -  pe rmafrost area The resu lt ’ .  of the predIct ion mis bA appl ied

• ll ueflc e on permafrost - prac t ica l l y  I n  part Icular w e 1 ias e used such a prediction for app-
When clearing up the tenden c ies iine shoutd lay ‘.ps’. al a l l ’ s  rais a l of some probable nonse ’qIle’lces of planned drain trans f er

tl iblm (I) the te mpera lure l IpId of roc ks , i e , the 11151111 I S all ph~ of the r i ve r  Ob to the South region14
‘.1 ~ 5, g(- 1g rap ti y a nIt gIl IlIlgi I loUd, t lOfl S I 1111’ 1 11 . S ion and to t II

cause of ont’ or a Ill , S Ill I roze I I l’flS I lOflifl I II 1
T h e  ‘.tud~ of tenlpl’rature f ie ld  must be built on tw o  base’ Tt lr

f i r s t  is s tuds Ing mo dern temperature’  t ie ld and c t ea r i i , 14 up  1,5 I t s

development te ndl’licles In that case an important informatio n can
be give -il hs I ) analyses of t hermal balance structure of the earth
sur tac e as mothnii II1lper’boulmdarl ormdit ions , 2) ana lyses of T0I~~ H A. WiioA**C~a.~lem per ature f ield under pemn ia l ros l .1’. modern lower boundary el I
con dit Ions, ‘3) anal >ses of tem peratm mre Ileld ch a r a l  hen In perina-
frost The second s the study of rock temperature field d inam leaf l y
in PleIst oc ene In thi s case dec isise role belongs to analyses of TEILLL~~H UKQ P’i tB HT H~ BF~~HO~ M EP3J1OT~~t he main roc k temp e rature 5,11 t I l ls  c l l C l m ’,e’ through time. The 11111, ’ ~ 3Af l AJ j Ij Ø R CH&HPN
lyse s ts aime d 45  • lt ’art t ig up of possible rh ythm and periodieity I
in these tas t l IN  l’h a m lg mnlg  i s  well as tu t~. , e development extrapo -  ~ OcR oclIlle flpl451O~~H~~ 5 I ‘ 1 ~~ ICO S Ha ce -Al - pc H BOCTOKe CCCP
latleln of the l,l,.l 1 l T s  pro per and Ihe temperature - held caused by c ras um llepe,1 ucCJle.iImBal, 1115111 npo&’leM5 flpOlHO3a flOSe,ieHlIR
t hem Be’i llO(I Mep3,’IoT~ Ha 111Mph 511 11 11510C1’PaHC’THSX Ba*M~itt bHel4OM

A~ alf or t III the planned programii~ n1- ,Illz at,on has bee-t i made. Ta korul  1151 111 14(1 1,1 0 1.1* ‘Ill 614111 B&Ha,leli lfe TeI~5eHUn* CCTCCTSCN’
West SIberIa IS taken as an ussa mp li- 14010 p,~ 181111313 Be- S lI, I) 51111 1,10114 . flpC.iOflpC,5C•lNmIlAHX , B 3fl13’1H’

I The s tiud ~ of modern rock, t e t r l p t ’ r a t u T u  51 ( 115 I. Anal ys I s of ‘(t’.115H051 141 511’ , 511 l5~1I~’I I 114 8o3ae51c151111 Ha NC~ aHl’pOflOreIlHWX
upper boundary e’o ndmtlolus 

~ I abI  ‘IIII
lIb’at cschangl’ bets~ee -tt ground .l lmd .l ’ I I ib I . 5 111i ’ r e  C.Ilisi h ‘ -m ta m n Ocllo BHha M A II. ~ ,Ie ,lOAa1bHIb COCTUIIHII A Be11lbO~ MCp3~’I1)TI4 .10.1’

heat f low (81 through She grl.und surf,i e sI hiCh ill its  turn torm 1151111 (114111 m1’Mlll’p.lI\ 11111’ 1111.91’ 5 5I[’H~~~1 nopoa “ 51C3YJtb1~~T B3ahl -
ground tl- nhp l’ rature at 5111 ’ 1-u  T ill ~ S,-v u ’ ls  of ( l l’ r lnafrost  The’ eat - u ‘I l l’  HcT BKA Bce -co M I ’ M I C , ’li ’ll ~ 

l~~.’1 I I14 C l  rt’O1pa~~ II11eC1 HX 14 reo,,or l4~c ufat lo l l  of a lrnual ‘C I I I , h i.’t’ lie-at h.ulan, e Ion (Il point’. in I11- r~’~m aS r , i s t  ‘ 0 1 1 1 - I S  yl~~oBoH K O,3lhiIA peMeH lll ) tlp14 ’llbHa TO~ 11.114 HH0~l 51(5 1 1 ,101-
areas of ~~es I  ‘SlbI ’ r . , l  fl1411411’” It  5 III,, ihlc t I l  l)UIIIIII Ihri.e 151,1111111 I 1 1111 11 (l~ C, i l l ,IIIIIII
(froiii t h e  “111 1 1 5 1  to tIll’ ‘1,1 5 1 5 5 ’  I at  t i c ’ I,,’ ’ I I  I s.’ hm ’ Ii IS sllI laIl-d .~m 

~~, I .1,’.m0A ~ lllle- t(’MI’ et l l lT\ III l lbrlI 50,111 .30.151(130 CT51IIII’I.l 1’
I lIe S Cr5 \ll’III In tUIld Ia .1 III s rougtm f) . l m ’ I !ed bs l,~’ 1$ \ I. isys o~ IlOilaS Rim fle llBllX , hIll IICC•le,1OA I ‘11414 1 I IHpe l,bl’IIII 11 11 10’ 51fl’~
11,1 111 t Ill’ “111 .1111 t I, ’ r l  ti, ’ 11 ( 511 f f 111 1, q U . I I 1 S C I ’ . d., r I l I1~ tim1’ iold part  pal -s - - I lllm ro 110,111 H 1414’ I l l . I l’ l I l liI II 111 51 IIII[ll’ _’l(’_il’IIIII.I’. Iebr.leIl::uulA
of ItIl.’ )‘c’ar I 1. CI II Iti,- u ( t u l l l t l t \  I i U T l I 1 5 ~ t I l e  se ar m n  part 0’ 5111’ year  

~ 11 .1 l’ I’T ilIi La _ m i l l  S I  II ‘ ‘ ~~‘l  I ~~~~~~~ ‘t a c T  aHa,1 H I CT; I . 1 4 1 15 1 1 4  ‘I I I’
IA,), I I’ I~f , “FI ,. .11 115 l I I I l’ . l I(Ue-nI IS t I ll  roe - ks , IlIlt If li l l ’  coolinj,~ , 1 1 1 111 1 ’ , 3 (‘ .1.1.1141 . 1 11 111 1 1111 .11 III 11 51,111 fall CO A pe M e u l l I u 4 l  11(5 .511115
,ab.,r ,t l l ’ rI ’Il III ’ , s l r t’ t s t l . ’ lI in I C ,. form of , I l I m m 5 l a s I - 1 l s i ’Sv  na r row  , ,III1I’(14145 5’c.l(lUHll , alla.lhbb 1l’M nep.3~~:5’Horo 110.111 r0511114 11 IIOPO,3
line along t he polar • ln, ’ ! l - , It î nC I lm l t ’ ’ . 51111151 (UIImI 1’rbrllstl l I l I lmlt ra 1111 41-. ’ Ilb’’4H051 511511.111114 15,11, CO lbpI’Sl ’’bhlII4 X 1114*11115 1513HIl ’iHi.i l YC
and for t -sf  I unit ra wllere 8,. - ~ 13~. I e. I 1 s- I,~r1i5I lilt te’mpe nIl t II re I i , Id ,11i1111h5 , , ‘I II .,.i hi) s .i ~ ‘ .u 1, 11-JIll I I’ M III 5 ‘ 1 1 V 1111 I I 0 110.111 B (‘ 1 ‘.1 ‘111 511 11 1.i ll 11

is cO mp a ret is ’ e ls stable , Boreal leg l I l i l  1 1 4 5 1 1 ,  1 01(05111’’. the re- st of Tl),lUtc 11’ I BTI1p14x . 1151 H - ‘ C ’  1111 10 S I l l  
~ 
ll”15 1 1 1 ( l l l ’  11 .111 ~0~~Hl11X

t he region I the Ia ga part I 11-tI - Ti ’  B , < If . . u. e. pen n a I lost lt(’g I ~ ‘ Ill 15 11 I. I II br I .111 II 1 51 1 II I B tu_l e- IIC I Olli lle- P - ‘ . s I ,I hi C III S II p(1,lb 11 5111 , Ill ~1

dates. ii~ . i i l ~~i ,Il 1,1. 1 101 ‘ ‘5 I’III’llIiIllI’ \l).la r,iablIIbl S If ialeTopoB . 11’ . ’ ’ M lu 1 ’\ u o -

:: Ana ly se-s of lower boulmda I v ‘ondl I ions h as shoss im S SC .1 I I u , ’ .  Sill s 1’ 51 CI I ’  f151T~~( s I I 151 11 14 1 11115111 ‘, II 51 elI . 1111111 II’ ‘11.11 I II I II II ’ , I CIII’

play a subordinate role in the mt s 0111111 ,5 of permaIrll~1 1111 1511 14’ III4 I 51111511114 ii ml’plrrl:IIISII.II’Tl u II III ’l!I’Ile-hlIliI ‘Til l It ’ll  I 01’’ 4’
3 Ana lyse- s of te mperature I C - I l l  .11 pe rma frost atid I ,esi l flow II I I  T lla l I l l isC l i l l I  I) 5151 IIIIVIIII I. Il. 115 1 , 15111 1, ‘.11. II I l, l’ .,,,liIII .IIIII ,Ii ’ ’

corre fat lon at Ilm ,’ boItIlnl of pi’ rma f n iuc t  at both 5111(5 of the bourl. 51 1 11-, ‘ ‘ S I l l  I. 51111’p;rT .pI I l rO 1 I , l . t b b

dar ~ I I ’ S  I iro .’ ,-mm I~ ’,,,) 111115 thas s ’m l rocks u l ~,( shIll. S Ill same 111,1,1,1 I’ ‘ I 1.11151 110111411141 Ill 5 liil’ - Ilh i lTl.  11 ,1 41 1 11’ III I ’,’ lIl npor pa M M v

t1u r l ’u’ rr -gIOfl ’. 511th sim~ha r t l ’ 1 l l S 5 ’ t i . ’5’ ol Iu r I lt a tC l I l l  i l l -vI’topme lml as u’ I ‘ II 1 ,1111,11 ( .11(111 5111
III Ills’ poInt I. II. . II ’’lIlllcl lli.’ ll)iJ/ie’. ’O 111111,3 1 11. 1(1 1 5 Tqj i ’ l’ ’ .’O 111 1.4 .‘ ‘ 5 15145

II The’ s t u dy ol t e m p e r I t l m ne  f eld III 115111111’S In l1~ l , sIiul’,-l l l- TI ~~~~~ S “Iil.I.iII I ll1’5 111lh11, 1 
~~~~~~~~~~~ 

5’c lllilI’hl ‘1 ‘ ‘ I I, I1111(ISI1IH
A .. I1r,I Il1g to th~ mo,t l-rll v i e - v  c l Im ate ,,rtd landscape I t m 5 u t i ~~ ,’s M’ ~~ i\ I (l,,111151 11 d l  ‘.l.mclfuc’IilIII I I O I I ’ ,IIIR.illII.ll’I 111111 1’ 1c. l ellllI,IlI TCl10
¶11 1011gb 11111, - 11(1 chara, I I  I/I’ ll bs periodic s’ ,Iniat ions It I’ , . 111 - I ’  of .101111,1 11011111 (LI I 5l’p(’ I nllsc’p sIloc’Tb 1 5 1 . 1 1 1 41 . 4 ’ i d 0 1 1 5 ’ \  uulLlloiu .
th e- fa . ’t f ha t  t u ’ l n 5 u e r a t I i r l  l ie ! . l  is a n c — s i l l  of such san i a t I u l I l s  In 14 . 11.1111 Id - I. .1, , ‘0 .IIie 5 i . 1 1 1 1 1  15 1114151 14 lle’pXllhl X i’opllaOuTaX
(S I l enC e w uth diIIe ’ rent Il - r i m S  anll ;lllip l i t I ld e’ 5111’ analyse - s al sill MI -p I I ’ ‘II TOl l ’  - ‘.~~ 

Il l I 10,3081110 Te’lt,3OlloI’Iu (l,l.iSlIl( II ltlIIu I’ ll\ l lO
• (‘s l sh ing  ts ’pes ol 5-a r la t i l l I l’ - ss ould ‘he lt ~ ,’ II1I I’.I i l l l l’ r . ’ ’lt 111.1 Tlii’ c u b  .i.I~ 4 4 1  I’ . 111,11111 ilóI.ICTII  paCtl(IllcTpalhi’ lbIlll 81’’IIIIIII 5 1 1 5 1 1 . 3 1 1 1 1 4

var iat ions penl S r a l e  to 1 1 1 1 1 1  11 Sf  depth (de’ pe-nd lnl,i 1111 perIod 11111 II t;11151.’IIl - - .I ( ‘ 116115111 uolhlil.lil e—r buld .II JIIITI, IC i’t’Aep4I bIll 1111) TI1I1
11111 1111t 1111 C ) ilImuf 111111 ll 1’ I i  t h e  rod s II I I ’ 5 1 l ’ r sh I I un l ’  I1 , 11i’i’ ,’ !IIIs I T tm (115.1,11 1145 4151 14111 11 1 1.4111. 51 .ICflI1;11I 11i’II lIss’ 1141 C 1I ’ l ’ IS l  11 1.11 111 II 11111’ ’
l.I ’ l l ll lat l y ,  th e-r I’  ‘‘ II (((I II 11 1131111 ol %‘ i l’W 1111 Ill 1 ,311 51 5 Ill 1151’ ,ll’_ l , l ’ .  ‘ ‘ ‘ 1114 1511 151. II III pal l Ir Ie’ l lu ls l l ’ C 1 1 1 1 . 1  I l 1 1 i 1 1 1 1’ i I I l l l  II, III C_ Ill .
tu ra I pr oi-ecsI-~ y e 1111111. it y 11 nut I- ’,’elt on p re-s I nCe’ 01 ‘Il SihIl’ I VI ’ S  I’S rIo i3eJlH’l 111151 Ten. Ill Ill ‘10 II, - 1 , 1 5 . 1  III 50.1(1,1115 Ii’ 110,11111 II 115 ro sa
in tIm e- rn . th i s 51 1 1’ i~l - Il i , ’  a n I l t y’ .I’ 111 ¶ 5 ’’ regIons if l l l i i l’ru i e OIl l I m e  1111, llp e’ liI4Ill,ii’l Ill .III’ ,Ill l S 15-1l,iI)1101,l 1111101451 313 TI’il.i\ lO 1511,10’
rock s t tm l l j l u - I 1 l I i I r e  dy IlanlICs , A l  l l ru’~ ent it  ~el’ lf lS possible’ III ana- 1111115 11113 1111 L 1. C 131,’. C.II’ ,tlll,.ITe.il,lIO , 1115111111 1 1 . 1 5 1 1 1 . 3 1 4
I ’ .’., In ’  I I~ l Ie’ n l l l ltS 5(1111 va n ia l l , lns  Ill S I l 1 , m m s a r , S  ihIld I lls III IIIIII.lI),1, ls lu l . I  . 1 1  . . , ~~~.id1bl1b 5 • y1’i. i5 1 1 1 1 1 1 ’.ll’K) N l . 111411414515,111 • ‘ ‘(B ’
t h ,, mm s a rtd s y r - I r s  lhaI mainly’ 1110111 11, I’ (In permaf r I ls I  lemnIll - I . l S C I r e  1111T 1_.1I,IliI 5 151111 1 1 1 1 , 111 .  I ’ ll Ii ‘ ‘I_il, f lu l _ItIpsoro KIlyra . IIsIlSITld A ,1b ’ im( v lo
fie ld Oil the’ 11 1 1 1 1 1 ’  III l l ’~~I’ 11-r I l l I t s  .311,’ l’4l ~ r im , . rbe lt  bs’ tIle InVes t i - 1411 1 , 1 1 1 1’  5 1 1 5 1 1 4 1 5 1 1 1  1 0 - I ’  ,l. ’
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5,~.lIIIIl lfl P l I - I s S oul - I l l- ) ,und se-eoImI t l ’ .  1 1 1 1 1 1 1 5 5  W I t h  \ . i l i l lS I i I I Is  of ‘n I I’ 11_ Mile Il ; l IS IuFII ls .  1111. 11,’ 151 1,11111(1 l l l I I. lCIlt l ’ ,’ll,llil •‘T a I l I i l l IhapHl l .
yea rs  wlu,,’t u bumhlt j . - 1m1’ (- t h e  ItpJmI’r o u r s  (If nl,ck ’s and 1111 1(11141 Is 1 1 . l j I l ’ ,u _3 I414 5 Ill 1,111115’ ‘ ‘ 1 1 4 , 1 , 1 1111 + 1 1 1 1 ’  ‘4ll~115 (11 1 111111 1. I _ic ’ B~< B,~• l lnpllrtarlt ta r p rac t i ce . 1. I’ Ibl’’lIla.u MIspi_ i l l i  II ,31’l(111.’1I11151’ I

• I Ana lss u ’ ’; of s- ’~r,a ti ons v i t lm 1, - r i nds il thiOu ss I m l I t  11111 I’ll’, III 2 \IIa.llll lIll111hIII S I j l 5 I ’ l I I i l I l l .Il 55.111141151 11011,1 111_i , 91,1 B .1111111-
t housands years. Modelling on thI’ bas ic  of \~~I’’ I S~ Ill ‘ iii el lilt II’  511 1 111’ IlI ’’i 11 1111 M1’~ 1.111114 111111 II rpmi 1111 110 ,1 ‘ IIIIII ’I l I l \  Ill 5IO.lb.

‘
S
i •• _. and lands ’ a pi’ changes ‘ Ill 5155101’ II ni .5 1 (151 - It tu y modern l S l I h ’ l I S ’ I I l  1. ‘Ill 1.111 ,1 II ‘I l ls P3TV Phl 0~0 1111,114 II SI, 1 1 ,10(1 111.1 lIe U C0011411-

gra~r Ims has shov n perrnalrost  t e r n p ’ m  a l li r l ’  Il l- Il l  COIlS tui  , , 11I l ~~1 Ihil’TII I I  I (‘tl,iOlh l4x 11( 1111111 III S lO.t,1IUII I4 \‘l513.iO’1111 11,1 11(1, CT0 1’ lIulll
nu t’ .  III the I’lOh ’ I l_ SI’ II C11m 1111’ for 111000 - — IS (100 s u- ,ln’, It flil - I r i s  l 5 l .IIIIlitld 1 1 1  1 .11,151 S m , ~~:ts- ~lI j ’ 1. 1144 11 15, 1 II 141.11,15111 tQ ~ l 110110’
f irst l y’ t hah a t I lu l I s t  a l l  V.le- st SIber ia ( I ’S  1 - 5 1 1  f I l l’ .  1 , 1 1  pI l irl s 111111 al ‘1415111 nI’lllll:Ill S- r 11111101111, Ic’ .15,’ 11111 .115 ‘13(111 •‘ Tl)(1 IKe Te’ i t i l l -
das whose age is less than 1500(1 y l - a r s  Q, I IS 511l111111-IeII If t I l l /I ’ ll  ill, II pa u u i i i  11111 111’’III - . 1 1  515 5 1 1,111114
rOc k’. 551111 111111 maxlmutn 111 (1111 , and ‘.11 1111-  1’ I laIId I’ of de- 1IIII 11111 /5, , ‘ ,ll’,lIlII,lrili, ’ l i l lS l lWUl, I4 r, - .I I’ I l  ll l. l llf llll ’ , ’ l l  1111 .1,9 ii 1. II I,, nIIi4I -l 4e .

• Iernpl-r a S I I r l -  ‘ I t  se ml l  tak l ’  1 11,111 -  11111’. 10111115 1111.5 I lu , ’ Iri’Ss’ IllItla ll- 115 11 50 - 1111131’ i lISII’ l Iei l lbhh 1, 1 1 1 5 1 , 1 1 , 1  14 .I,IrI:suialliTa no . 1 1 1 1 1 1 1  Sli’lllblJM
changes Su- c I,lIltl y i f nme-an s b u l l  so called rehu I lIerfluiISrIlsI e x I s t -  il( l I -:tfiIn.ll’ I l IbHM 11511 I’ ’ ’  \.IIlilIltI’II lm l ’ p l luu . m i l ’ I l ’ I’k I I S  1111. 1(1 ,1 1111(1 S i l l
mng Isota t t ’ lh iy In S he III ITI’sI l  /11111 in Silifle- d1’ptll IS IreSl . I’S’ l’It ot ilv 1 1 1 1 1 . 1 1 ,151 II’ ‘.1 1 , 1  I s I I \ ( l l u l l I ’  1111,11 511513.11,15 1111510 ,1 1111,’IiIITTI’ll Ic Is - l I l a’
becalIs I’ of tI l l - S a l t  that Ii’’.s tha r m 111000 ‘.1-s i r ’. pasc l ’ It  sInce 111,1,1 - 11151 .~~ sI sl.IIIIIIIIII nill.11’(1cliIiIlI ISO I1’15.llhillb lla.1ui11 iO flI’i~ i I l l I , I  Ii 11513’
Ce-fl I’ h hermiu’ ilmmlxllntinu Iv he- ri 1,1-rOi l 1 1 1 1 . 1  t t iaSvu fld he~~an) alI t 111111 sIll l I I Is , i14 , mo 11,1 llSiI.’Il,lliIlil 111111 5111 11(11’ Ii 1 4 1 1 1 .114.1 651 .311,1 .111.3
that 1 ’ ’ the limit of pernmairost exl s la l tre. 1.. . I S lul5- ’lfl’ .KIIIlIIS 111111111 1111.le’6 ,IIIIII1. llllIIIIlbloIKliUi’ \  1111 p41 11.1114’

2 Anal ys I s of cent l - t C - I r v  c l i r r t a t e  ~‘a r ia t i o i tc  made it plIssIllIl ’ 1 115111  I I ,  151 1 11’ 115,1,11 111 01 ICe (111 1i .’541 II alIiI:IIITV;iI4f 1,15110115’ II nO’
in ‘.~ ‘~l ‘sIhl ’ r Is,  ho clear up of a n u m b e r  of re-giolls dilf,’rl ’.I by- 1,1 111 1 1511  1 1 1 1 1 ,11(11 I h lys i l l i r l  1, 11.1 I eSlltl’f l iI S I l l  1 1 1 1 5 1 1 1 ,1 K .‘IiCi4 11.11’lIhiIll,
stage 111(1 d I r ’  lion of I 11111 . 15 , -  rhan~ I-s u’ ,5 ( 11- 1 ’ted to the’ end of t h e  III ’ 1110111_ I S  biphl’ llbIl lll’I’llli,lIl’IIlIll III llphIpiotl l i , lX 1 1 5 1 1  ‘Iii ’ - ,1111 II ,i :liI( e
i-en let ry and the- fo llov-Ing I 5 1 4 1 1 1 5 5 1 -  III fro zen rocks’ app n i - ’  able 1141 , 1  I’~llI1I II III1S S m ’ 1151 1 111014 S I1HK,1111r l1iIl ’TlrH IIllIlll .t.lIlTl’ .ll,Ill 1 1b1
1111 k t - r n~,,- ratu re decrease - may la ke 11311’ fl (UllufrIl a p I  lorest I’S lu l l ’ ’ 111 1 - I  51111110 11 ,111111 1 11 ‘11111 1,11 1111,  11151 . ITo 111151\ ,‘iII lle’I

110111.1 . in 1111,-S I ‘11111’ Ille’ groUlIll t I ’ l l Ip I - rat lh re 511111 ho t  .‘ luaflge 1lll,l.lbl.h (I .iblnlillb bl • t l l S  plIlSIllIl 1111 ,1i ll I lSl I I l , \  (SI ’ ’ , 5141155111 lO p lb l4X
,r,~ lit a I ls 110 (1 . 11
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13 11,1,1. -lI Ul~’C 11111 SI ll SI) I ll’ .15 1 1 SlllJ.u11 I IeO.IIl’IiilIiII’ . 1111 III ‘ ‘ I l l  I I Ii, - ra te of the processes arid their manifestation under natur al
1’ fl I’ j ’ 1 1 1  ‘ II ’ II II 5131 ‘ 1111 Il II” Ii 11111 11,11 114 III , h b l .l,t ,’ ,lll e SIl,IS In, 1 11’ - ,  r I l It Il lo i ls  depend on the dynamics of the nitura l fac t ors , Tempe-

- - I II, ’ ‘l’,lllMlb II fl,’Ie51CTOUI’111’ II 014,1 lIlBaI(lll(1114 I l l5 ’ b 1 . l ~ II 11(111 1111’ IllS I r a t u m I -  d u d  ilillu.st u re  cond It Ions ol depoxits and sedimentat Ion rate
,‘t , ’S l l’TlllIl’ III Tl’s1 ue5la l’ . ’p.r l l l  11’’ II’ II, 111 111.111(11 lbl”blIliSt 51e51 .1 I’ll 4. .1 Is s ubject to these lacto rs whIch are as foll owa :
H, BiI’111c15111S , C 1 1 1 5 1 1 1 ’  1 . 1 5  I l l l l ~ . I  111,0 .ll ’I . II;III11II( SJIIIIIIII\ lb Ii (‘ ‘ II ilill’ ~ Sld l lum u t io rh -1 i1 (a t  balance of the surface.
1,1011 I ll’5I Ii ~ II Ol’( .r’.1 .1 110 11,1 111 1111 15 .1,111 III - .1 II I ill, I 2 Lllnuat 11 a lid nulL’ rot’ f imate.

I - ‘\b lsi ill I k0.uI’tS a llIl Ci c IlellIllIl., “II II I 1,11 Il’IIl 11 .1’ IITIIII rl4~’~~9 ,t l)ilferenl na tu ra l  u os’ers (snow , ve~ et atl o n . wal er) ,
,‘II’I “1 1 1 1 1  .I1I51III1SIII’ l’ Ml i I l l’ l I I ’ II Il I l  1 1 1 1 , 1 1  1 1 5 1 1  41111111 11151 11115 lt( I ’’i,l Ha -1 (iconlorp holo gical  st ruc fure
6:51 15~.5 

~ 0(110115 15OToporo 611,113 IICl.’111l111’14a 1101 .l e .10b111150’II.HlIlIb 5 Composition slId propert Ies oh rocks in a layer ol annual
B II IMCll (’Il Illb 1,11114131,1 II aIl.’1wa4 1l3 3an 3lu uoC ’ CU~ HpK , 4 l - r l m pe r s i t u r ( ’ f lIll-t ua t l l mns
npl- _ t,1.lmae Maa cOepi’Ml’llIll)CI ml1.1 e-oreor pauf mlbeCl . fl0115.la,l1l , 410 1CM 1 Regurne of s u r face  seater , ground water and sup ta permafroct
nepa~ ypooe l10,’le B fl511’.il ’ .l.I l. 511 (13,104 10.111(11 (051141.115 110510.1 115111’ ‘C III, T .
1111,1111 II C,lIIl’ I15 l1TBIlI’ C I’ 1S1’lII.liiIiIlMClI 11,11114410141 3B l0 - -—1 5 .uu -r The natural dynamics oI tIle aforementioned factors is notable
.*rO aIia’lIlT , Bo Ile’pRbl\. ‘110 nhisru RiB Tsp~ lluTop h llb 3anaano 51 Cu- 01 a u g h ampl i tude of -han g eabi l i t y  v’ithin a ahort space of time.
(1115111 ( T a llcK .,Io SeHIleM fle’IIIbl S llO(1M H MO51CIIH I( .iaA,’~, 103515C1 llu e-y also un dergo considerable variations upon man ’ s indu str ial
K0T051141 ~esee 15 ie.ic .‘tei - 1,11 ; ~,l’,i 1Ii ,’H a Sbep1.l l4Mbb ito po~ a M I l . l I l t l I i l Ie i ,  l ia r th is r~ -151)11 , ‘-val uat Io n of t bie - un effect on temperature
,mtoclul rwebM H CBOeSb MaI(cllua.Tbll’ m(1 MOU1I4OC1’ll , lb ,1a,lbl leAwee lea - an d moistur 1 1 1 1 1 1  S i l I l i l l s  l It de posi ts , as well as predicting a chang.-
Me-Heill Ie nOC.le3lleIi. lak .411 15.111 II I4iMeHeI4 Il e reMnepalypooro LI] Ibis effect a d ’  Ofl I’  oh t I re  com ponen ts of the genera l predi ctio li
no_us, 

~
y Icr iIpollCso.lIbTb 111.11.11(1 RC.1e-,’l Id HOB11IM l1J MeIleHIl1’S ( as t o the .‘ ns’irrlnhlml’ lula l a l te ra t ion  P is fhe Initial stage for pre-

14,l IIMaT a 310 ‘110111111 , BO’llTO pbl S , 1110 T~~11 IlaSl.hBaeMa R pe.l lbIiTo- dieting the i oio l , utuoim of cnsl lg l ’ li I l  prol ’l’ss enI
Han Mep u .io ra~ i’s U III’ m bls’I(iI ltaR 11 (lO pussI lbIloSI b ile l130,’IllpOBaHIlo “II the I’e- nrna l rost “r l l i l t i e s  (j m,iir oh Itue ,% l m )s i01s State Univer
Ha nesoiopim(1 (14611115 , ,‘ IISpl Iu l le -TCl I  10,111140 IlCITOMy. 410 CO ilpe-- “ ily. t h u  princIp les ot geocryo logical prediction have recent ly
Me - HO ro,uo,t e’Hoaono re-pMIl’ lI- l 111)11.3 MaIIc IIMS la IKon,la Ha4a.iocs beett des e loped , vh i icft e nab les one to assc ’ cs the dynamics of cryo-
npolaHaahlll e Be 1H051 %le(1 1,lO1bt ) IlpoIll.1O Me- He-C t O  11,115 . ,  leT , genie and engineering-geological co ndition s both in connection
II 910 ol la I l a Smosia l l  Ii H~ npI ’ ,ll ’ .le ,i~oeno csult ”mTIlo lla Ill l Il ss’ ut l m s change in natural factors and IlIlder the- eff ect of different

2 A l l -Ill I 111 1101101 KO,’11’fI,1lliIil 11,111511313 fl0380,III.1 BhiJIeJlIITI, structures, Yet for tackling a problem on the environmental pro
Ha T(’PfIIITOIIHII I,alIa ,’tIIoSl (:116115111 15 ,1 51.11101400, ~~~.l.1KSHbl 1 rIo SI- ch ion She -se data a r t -  riot enough. Fo llowm ng the methods avai l -
(Te-liellIl Ii ilaflpaB.l I’HlIOdTll ,IIKII.laeMo ro II 1101111’. I’TOie-THlb 11451 1” 1(111’, 1 is ni’ l:e-s’,a ry to work out a comp lex technique for a long -

I 
• 1110114 14.1151313 , a 01 .11 .1 341 11114 11 T c-sr luepaIvpI.1 S11 ’pJ,lbi \ 10510:1, term p11’dil.’tioll of a t l  ch anges  ti the e-iiv ironment over vast ter ’

la sh - S llOe IIOHIIIKe-Illie T e S I I l e p JT S p l 4  1051111111 fli)pIusi flpOil3Oll.lI ’l, ritories where v - ide - -scale Industrial development is • 4rried out
llO’Bll,’SllMOM’,i, B u’.ll;ipoBolI II .leco-l y ii .’Ipoooll ‘lollax perlrulll l . It IS essential ho lompile nmaps for predict ing changes n the en-
a B .le-CiIo Sl b Ile lesmumipa T y p a  ‘50111.1 h i l l S  rlI’ IeCSilb III’ II iSlebIljTdIl vironment under tIle combined influence - 01 varIou s construellon

ty pes arid land-ten u re forms On the basis of thIs map alone . Oft’
can ite-se1o p a plan ol alrallge’ lflerIts b r  i’o ntrolllllg Unlal.i) iurJ ble-

ll ,., -;t.uarae’ s i i,i im ‘.ll’TI.33 Bl,lul ll,le-H1111 Tel I ,1l ’ll I ,Illl palIblITlill 1111111051 processes i alIsed by industr ial ai’ t iv i t , u- .s
1.11111.1 11111 lIT 31I511110’liIO 11 (111.3111 ‘iapahle-p II MII ,+li’T 611111 11 5 11 1-  The problem of controll ing various natural pro cess es is  coinp ll-

‘1,’ I1CII ‘1.111 .1 lI e- ,1 ;1 , 1(1 . 1415 111 1111(11 P0C1(I 41111114110 ac’’IllOh( 511.151 1,11)11,1 - caSed chIle’ ho Ihi\’ l’lSifili Ij  Ill at,oiish 515 oh the’ processe s and phe-no
Pc 15 , 1 I T  311,1 lnIIl)111041’I 5101’. 1 (11,1111 1W 110.11,1004111,1 111)11 pe’llle-Il 1111 mt’na - It IS I here - b r,- sol se d in terms of a thorough i live-st ga I IOn
i451 II11.i.I.iHbu S 11(1.16 ,11 51 It ~l,II’ 1 ( 1 1 1 1 1 1 1 , 1,1141111 flpOi’lrIIl 6i,ou 11(110,11, ’ into tt t e - regularities oh the - natural land so apes evolution In h i sto r y
‘10111111 ilaSI e S 111 OLte- Illi ll 11(11 1111151515, iII’510lbT Ill4X IIOC.le,StdTBIlil 11.14- alid SIte related 55(1(11 ryo l ogucal condilloll’. ThIs I’. attaIned or~ls by
l lHpse ’ srllII i~~ p ( ‘ p 1 - 5 1 1 1 1  (11,1.1 l Id, ,, Ii Ii’l ifil IIlS’ 131101151, cor uduch lng a complex geocryo logical engIneerIng-geological sur-

v u - s  and anal ysis ot thc ’ i ’v iden ce- available through different paleo-
recol ist III, ’ lIons . 2.111k 111 55 00 1 hi’ basis ot waite Is of natural and
natural-engineering 55 ste- I l ls and solving problems peculiar to the
‘ysll’rlls perlorm1inl’l in tIme imtur e  would provide the requIred
ilulormation for seorki t i g 0111 prIncip les of ~-u ’mntro hl ing the natural
prol l’SS l ’ s  and  5 5 1 , - I-I l l( oIillIl-liIal ç~rimte , h ole

V. A. Iu’ udryai he, - I.. S (iaragu l ya , L, M. Masi mov a l i m e  most , I I I .  c r ib  t l’Cb l l I i l5 l l l”  ‘ I T  ‘ - h i - - i r s i 1. ~ ’ Ill,’ L’ns ronmental
(USSR 51 151 .3 I 

ch .111 55 1 ’ ’. ,inl ’ I 1 1 1 1 1 1 5 1  Ii s m Ill ,le rorhietbl lIds arid spadI’ suns’ ey
Iii Conclus IlIrl . a d~agnam is sI’ggi”.ted .1’. to the prIncipal I ll-

\ i’sS, ga luo n lypes ss’hli h are - (‘ .5(1104,1 lb arranging a sers’ ice- On
BASI C PROPOSITIONS FOR SCIENTIFIC PREDICTION the - t’nv lrolmtnl ti lal 5 1 1 1 1 1 1 1  511 11 ,

OF ANTUOPO GENIC ACTION AND IMPROVEMENTS
OF THE ENVIRONMENT IN PE RMAFROST REGIONS

In fhe age of II’. t Imi l I l l ) 55 11 .35  r - -.olti t ,on . 1114111 1 l 1 l ll la eb  Ill She-
ns- inonme-nI hal ilk rm ’ase d Ill sli• ’ II II lie-gre-c th at tIle -re is a (ta lmger

u I  i r r ev e r — i h i ’ ’ changes ‘lc ’S r’ ni onat ing living cllrldit iolrs oil tlIu-
1 4 1 1 1 1 ’

[- ‘or I S i s ’  rl’asrull . e- f t I l r l~ of r ,- s e a r u  t i e r s  tire ’ 111111 ada’ . s aim-.1d I t  B. A. Kyd pNBI4eB . ~7. C, fapa.~y,vi , .1. Ii, Ma,ccuwoaa
1ll’ 5l’lIl~~ II I55  a Si ’ . ifl i9ul’ 1,15 ill-lenlIllIlIlIg t i l l ’  ‘ Seg m ~’i- of l ’ I Is ’ CS c f  di l -  1 LI t1 5\’lQ li Il.l I
,‘ r r - ’ I 5  f ’ , m n m s  III 1111311 5 In d I l s i r l _ l i  a c t ’ ’ .  I I I  — I_Ill It  l l ’ I i l l s’ l l I l i I l I i l’lI and

.1 0-’ t i t lique’ los cont ro l l i ng  11,1 11 ,1131 511111 ess i ’ s  T t i i s  is done sv it hi
a s a ss ’  ho ln l .u ’ n ta i l l i ng  Ins-ni i s , I, t t’ • ‘ ‘  1 1 1 1 1 5 5 1 - a l  I onut i l iul ls  iui .iititi-
11011 , in,,t h,uuls ar l ’ c mi r r , - n t l y  un,S,sr se- ay for obse- rva t ,o t l  on the’ e’.o- OCHOBHWF flOJIO~~EHii~ HAyq Horo I1P01’HO3A
5 1 1 1 1 , 1 1  a rmd i i t e r a l  IIlfl of linu s , 41 5 11 . e- ,I’., r Isers etc. AHTPOflO I’ EHOB Ot’o rl pt . ob pA3OBAHH ~ H Y JI Y 9W E H H ~S r. 1Sl Is ( ‘ ‘ ( h i lt  Itt, mil l- l I l lol led I’flctlIOdlv,u t 51 111155(111 ‘ ,lrI’ ,lillsi’ OI(P~ ’)K A KJUjI Fl CPEJ~bj B OIJ IACT HSi dcl 

~~~ res t  Iru/I.n ru It’ u~ i~

’

~~ 

ill’Osl 1 5 , 1 1  PACflPO CT PAH I  HI-fl MHOIOJ IET HI-MFPIJI bIX fl c )POJI
- ‘ 

SIll’ ,’ UhIIIl’( tI ll  ‘ ‘ ist i ; iu,S Ii~ ,L ~~~~~~~~ ‘~ot idiSi i t ,us on t b iu - 1.315111 ’,
- - l lr l l l i e’ .151 1 1 5 1  - 111 $ ’ 1,11101’ - .,fl5t 1111 ’ Ire t i , , ’  . 1 — I  Oil t t i e- suri,Ic,’
ui a S I r  01 11 ,111’, ) c - a rs  lt,i ’ , 5 , - o h s  to S -SI - 1 1 1 1 111 or lle re- ntIial !3 ,iI,,s,,’ IIaV’ ilhi .l- il’SlIll’ltli’I(IiU llt’lI.I_ m H h I I I I I i  l303 .’O ’51d T all ._’ 41 .111

Inc -ezIh s, ari d Sfi asu l I:g ol ba’. ’ 1111 111 II 5,s 05c r I Isi ~I.’giOiI- - l.Ipon iIl ’K,l 1 1 , 1  111111111115’ 11 ,1. 111 11411 ’ 111,0.1111 ‘llI.lqilIt,li,Hl,i S, - limll 111)1111115.1,1
II 1 , 111 55 1 i l l  rd k- , SI . l le , cQii s II te- I l f l ! l -  s a r I a t m l l I I - . Ii tbii ’ ,r p roper— o riac lill, Ti, bIe- II6 I1IIIIIM1.I S I llIl’ll(lII ,I lllaliIIIllI , s ’ s S ’ - IiltaBO ltll .s 5’ l’ _ lIIiIullI

III I s - uit, ’’’r~ c ’ i S  ,IIII’II,lI ’d I,> t i l e -  Il l’s I ’ l l I5II l Iet it  ol sI l l_d Ill ’ ci 511551’ . 4s 1111111 Ha esr ,m, ’,

f li c -gI-olo 55 - ‘ a I prcic e- 1s1.’ s a lu, I . ini- .i pita er ul 5 5 1 1 1 1 5 5  sea l  a rid ,
~~

. I III 111145 II 11,1, ’ nOIillt I-e’ 115115111 S’CbI,1l~ll 111.3.31( 11111 , 1 T ,’.li’i’I nan psin .
illolp Itohi lgI.  iS factor .lt fec!,1m 55 IS,’ I , l ( IhS b.1l1It ’~(4p e I Ii, su- r e - ’ .  .11 11111 Ia (1;1 15 1 _ 1 1 5 1 l 1 1 1 5  S I l l . ’  .1111111 I’ll 5’ .’ ll’ .ll’HiIIl I’Tc ’ l I i l l l I  il_ lIllbiIIIbl
SI’ ’ re 1511’ tlIiII)v,’ l1155 lIt, I 11111k _ lI ‘.1, tI e- Il ’, ing lIl t ‘111 ks , 15 1 1 1 1 , 1115 l • ’  l.llI1Ilihl X 1111 I’ll \llIliIlI’Tlbl ’ lb b l oli ll’lrIl ’_ ’Il , 1 1 0 1 1 1 1  ll€’.l illli ’li.I la OIl-
1 1 1 1 - I Ir lI-,l b ras - l Ilt Ing .  —,o lu i h iu , 511 111 , tlll,lc tu i l u I  l l l ’’10i1, ornlati ort II .111 ll51+.,1u1 tmi Sl1 u L I ’ ’  .55 , 511 111 . ‘ 1 , 1 1  ‘ .11( 1  111.1114115 iilllbpo.ullIaslil 1 1 5 1 1 1 1 1 1 1

11111 55 ,  I’ll Rl ’ la ll ‘I I I I I , ’ ,l 51r11, 1155115 is S h i l  shrIl , lion Ill lI’ ’IlO s i t S  ‘15111 1’ III ’ . I I.IlI 0 1 1 1 5 1  lil l ’lIlIlb (‘_ lai I l l lpl lHnII Ia c 11.11 ,1 1,1 lIl1e’cKlll, 5~’.lI1_
51i IS i 11,011111 - ¶ 1  il_ illt~ .11111 diII l lpOs.l i l i l l  1 , for IIISI. i l l ,  I’ , 55 Ilge’lIi’ti,’ 111111 lb sl1’iII,Illhil lI~IIl . lKi3l1lIillI 1,1 11 ,1 111111111 SI II llpe-l’6palolimlI l l Iesl
( I ,  r Ir r , i l ros t  5, I 1411155 1 . 1 1 1 1  I. e, s,iIII is l ’  111111 lepit- , its  II ii~ i t i i i ms- i l ,I, , ill fliIIll. 411 511 11, ( I d ,  II m :1
sou l .1 1111 l i rru I i -  lorniat 11111 1>5 sIll’, t l ic  re- Ill-I ho rth ’., ‘11(11 ,u~ 

It .,,IllblllSi 11111:1.3 11’ ‘.‘l,al;IIIIub,l(’ 5lI’II),lil’ ’ - ’CI,lr,’ norrpol -la 5 1 . 1’ ’

~~~~ 1 1111 55 . 1 - lIlie S 11h1)iIIIIt’,. 11111 1 II lIt l,Se • ,‘ Ilt rs’ 1)1 >1555 1111 ” , I’ll 151,1 1 IIIm11,I5I~ II 11111151 1 1111 ri’,’li,luul 11 llIIIl-, l ’iIi’lIllIJ ’ I (‘(1.11 11 h I l l _ i 151151 i’p e- 1’
a r * -  .ilsrj , III III’s’le- lh ‘,i il h i S I l l - s I’  In I I ’ 5 ,1 II ll(i,iatTlI l’~’’ 1 1 1 1 1 1 ,  I j’ llle’iilill 10 11 111111 51 1 . 1 5 1 1 , 1 1 1 1 1 , 1
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Mep~ i~ie ropn~ie nopo,’n.i a xepnio .’isn asiiise ceo i1. OTIIOW eHIIH V. A. Kudryavtw ,, V. 0. ~~I wwdBIJI ~~ETCa Cp~~~ HMt eJt bHO HCyCTOASHN11IMi4, l’ali Bak iipu CY UICCTM Y’ (USSR. MoscowlBIWMX ycJIo.IIBX TeflJbOO6NeIi a Ha noaepx .ioc n. aeM.m npo oe-ao .’thI r
CNBHa 3HIKS TeMne plTypw h ail ~ 10.101051, ian H P NHOrO.lerHeN THE CHARACTE RISTICS OF SIM!JLA TIHG II4ATURALnsi lne , ‘ITO RpHlO~5NT K CeaO nHoMy H.1H NHoro ieTHenll y npoMe paa. AND ,WATUML .ENG INEERUW G SYSTEMS~am lUll oTyaHRaIucIo flo Sl cTu Jl amtfl H tu nOpo,x Ha llf aq nleji bn ia s 

~~ PE RMAFROST REGIONSTeppNTopH~ x. fl pn H3MeHCNHIS COCT OBHIIA fl0~lO.’t Ha&,ioiaelcbl (‘Y’
UIBCTICHHOB H3NCH eHiIC HX caoAc ia, con po Boacaa,o u~eecu pas aH-
T$CN CneuH~~Hse cKHx Mep3Jlom o ’reosm or hqec Kna npouecco . , nob - The Ieatur e~ of induatria l development of ditt.rent region. arePbiC uBJi alotca NOIUHI.1M reojrn r liqecx llsh s reoMo p4bo ior ilsecnH N to a cong t derab le exten t predetermined by natura l condhlloni In•aKT0~OM, flPeO6pa3yIOW HM .laH.1wa411 3eMiH K ~annsi npo uIec~ th is res pect oh great importance are geolo g ical s tructure. geo.caM o-rnoc arcw ‘repMo kap c- r , nys eHHe H oCa ,1KH nopoj t , lx (IO51O~O. morphology and climatic conditions, as w II u all the other featur-60*Hoe pac’r pec Ic n~aHHe , co.’IH4IJIioIcuHlI H Tepslo3poiIb~ , uajejo• es of a landscape cOflhpIex. In permalroat region.. geocr)ologicaloópu3oBaHHe H iI~~ C 3?HMII flp OUecc aMih C R 0 3 5 140  o6pa 4o ~ aHli e conditi~~ a •Te one 01 1 e dec lilve factors of the phenomenon TheO’MO*elIiiA onpe Ae.’renHoro (‘IPOBOHU H coclaBa . HaimpisMep. CIiH’ nature and pec uliarities ol permafrost distributi on and of c r 5 mu gereHeTHqecK iIe Mepa.,ba e TO.~WH c K.l IbHoBlb ,iHo)K lb.ii, HbIMll .‘lb ,l aIWH , 

~
, pr~~ es ses occur ring in them are Frequen tl y reBpon su ble bIll h1cOJIH$J1 ,oKulI oHHI,ie OT.lOu$(e HIh ii c norpeóelh ih l,lMIi nOliB asill II ‘He-Ill ’ prin ciples and methods of industrial development in vast pcrrriaI I H O SMO  H .‘l~~ .. a l’aKIK e c lle ’i t ll 4 IllsHbl s Imo p M pe.lbe4Ia (hl an pilsn ’p, ros h regionaa.lachi , 6y.irynn~ xn. fbaft tauepasII . no,1iInoIla,,bHo.Ba,,liKoHiaç~ 5111’ 01 the whole natural cond itions complex , geoc ryo lo gu ca l •on.‘lbeht, H I .1 ) 

d it ions are par l i cul a r l y distinguished by the tw o basic featu l l ’sCnopoc—rh npoueccoB lb P~ 3~ CPW OX nPOhl il.1eHIIH B eCTeci R(’H- 
F Irst  and foremost , Ihey are very- dynamic in time The se• ondHI,l 11 VC.108H115 Onpe.aeiaiolcil ,iibH aMiuhto~i nlmHpo,’lblbi x l~ aKTopoR , 
fe - allure of geocr)llloglca l conditIon s is the prese ’ mu c e of p I .lst’ I ran-01’ 11010511411 11aBHcll-r TeMnepa lyp bibii’b II D.l aiKll ocT lIblll peiIlllsh OT ’ 
‘.15111115 a lfecting consIderably the dynamics and c hara 1tl- r  oh ge’o-,1OIICCHIS CI, ci(opoc’r b Oca,iKoHaKon.qeHHlc 1< SIT IIM 4lale-rop mbsh 1)1110’ 
cryo l og o -al c o r r d i tmor m s  both for natural and 1iatura5 .englrieerl~lgco le -H 
sssl ems , ,3. malfme ma i l la l  su mu lat io n of geoc ryo log ical and e’ng l-I 1 pasrna uuoshso-Ten ,,oBoA ~aj aHc noBepsnocTH . ui ’e-er irlg’geologica processe’ s and phenomena in permairllst regions2) K,IHM3T II (l lbMpOKiihMaI , 
should therefore ’ be pe rformed with due regard for all Il,,si ’ Se - a-3f pa~~~ 4qimi~ ecxecineii~ii,~~ noxpos>a (clIeIKlIla~i. pacllhTe.114- 
lur e-sIIS1A , 80,1141,14 I , of particular Im portance is also lIre intimate relationship be4 1 r(’osIopu~mo.1orHq l-cKoe clpoe’lille , 
ta- ce- fl Ithi’ geoc rsolog lcmb l condit ions and Ilue sehole natural coil -5) cocran H I B(i~~CTBa nimp o,-i lb C,ille 111,30111415 ieo,1&’613b11111 T IM ’  
dllil)llS ll)0111l14’X. £51111 S u i t o r  of thus complex Ic lma ra s l l ’ r  and corn-ne-pa lspbi : 
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III SIllill Ial 11m g g,- i lcr)otog ,, at co imd utions , aS g re - i l  l l l l5 lOrt .llldl’hIs H6Iajee- 5lf1l~1eKTl1 11111,1411 SIl l o,ia SIll 1111(1,1 lO.)I’IIlhlb lii II p11(1(1 
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geocrs’ologlcal suins’e ’. techni ques ,,‘.a llab le by .Ipp l)lnp r I l l u d  flflpelloda B 111111hlJlJlHpHO - itOpHcTl4x 151 11_l as  Ma l rMaT Hb iecKoe
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llil ’ ’li,ll .t 1s IOTOn I I  tm 1 , 1 1 1 5  II., 111111 III II ’ S . ’ I’ CIOKOB Tehh.1t1 B r(-oKpllO.1O1’hISecKiIX ll li.11’Hllml S ula( 1O.’lbKO 11e.iilKO,
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$ ~~~ ITh~ * 0021 113Me11e11118 fl pWpO21N~~X II fl popoa $o-Tex HH9eCKlls The relationships under review are of great importance- for
CKCTtM 31 cqe, ecyec,aern.o~ AilKaNllIeil flpHpoAHOA cpeuui K UpO’ investigations into thermod ynamics of rocks’ upper levels. On th Is
K3IOAC?$111111015 ,11eRTeJf bKO~-TM ‘ieJlo11eRa. B COOTBBTC’INHH c STH M basis it is possible to def Ine a regular change in temperature

‘ ‘ onp eaeJu11 eTcR fl pOr KO3llpo..HIle H3MeHBH HA reoK puo Jb or HqeCKIl ’ . . conditions oi rocks with different Composition , thermophysical pro-
yCJIOIN~ . fl03110111110U13u15 IM6p$Th on ,IlMa smK w e n~~o tr a KHoro ~t ti15- ~ p e r t i es, hy drogeo logica l and tectonic tonditions in connection with
ooa nprni u~ nw ii fl PHlbM~ Yfl~ 11I111(HHR MeplJIo THbl M npoueCcoM I the structure of tIle earth’ s sur face radiat ion.heat balance.
U NapoaIloxo3IlAcTBeHKhl ml ueJlRx II 11 uie-.’iRx OX PaHbI oKpyacaKmuae15 I The lorniation of the earth’ s sur faCe radiation-heat balance i’
cpe~~ , I subject to a comp lex of geological and geographical factors . which

f is sho wn on a map of heat ex change 1-ondihions 4 t f m e sc a le of
I - 7 500 (100) comp iled for the USSR permafrost regions at lb?
Permafrost Studies Chair,

The effect imf each factor on the le af l i re’s Of th e  radiation-l i - at
balance str uictiu re and on rocks ’ temperature condihions ,‘, roiigtil’ .
determine d bs- var iotis empirical formulae - . Using the- formulae ,
one can assess Changes l f l  rocks ’ temperature conditions . perma-

I.. S. Gara~uIya , V. A. K~dry1vtsev frost lormatlon or thass ing depending on the radiation-heat ba
E. I. Nesmelo va lance structure b r  specific sites,
IUSSR . Moscow) Following the relationships obtained, measures can be outlined

on control ling geological Conditions through a directed change in
the radia t ioim - heat balance structure for flit’ most reasona ble in-

THE ROLE OF RA DIATION .HEA T BALANCE du s tr ua l develo pment of the territory in coimnertiort with man’s
IN PERMAFROST EVOLUTIOrI~ ind us t ria l activ ities,

Thermal s tate of rocks in the earth ’ s crust ’ s u pper levels is
determined bs- a structure of t he’ s u rf ace radiation ’ heat balance
and by heat ‘flux from its unlerior . The amount oh solar energy
Itran sformed into thermal) w h i c h  is specified by the annual heat
c irculation is lost through the formation of rocks ’ temperat ure
con ditions. The value ol the annual heat circulation can be obtain ’ j ~ c. ~~~~~~~~ B. A. I(ydp *aqe., E. H, HecMeitona
ed fr om an equation of the earth ’ s sur face radiation-heat balance , ICCCP , M~~K Bal
The equation has been worked out for a ha lf-period of heating or
cooling of the surface and basement roc ks, 

PO~ b PA ,QHAUH0HH0-TE nJl oBoro &AJIAHCA
B PA3BHTH H MHOFOJ1 ETHEMEP3JI bIX flOPOJ~Q=~R— LE— P . (I)

Tensroooe CoclOHU lle- ropHbl ’, flOPO21 B B~51I’.H1IS roplu ’lluu l T i s  .1CM -

w here Q is the value of positive or negat Ive heat c irculation through ,-io15 11051bi onpe 11e11ReTCR Clpykiypofl pa .’iIi auiIoHHo -ien.ioBo ro (‘a-
soil sur face, in CaI , m 2 . R s the radiation ba lt lnce - in Cal/rn2 ; LE .‘i a llca FIOBe-~ XH0CTH K T en110130i’oKoM 113 I-c i~e.ip. Ha 4lopMllpllilanlli’

are t he he-at losses due to e’v aporat iolu from the- earth ’ s sur face TeMnepaly pnoro 9e-2RHM~ i’opHbix nopo11. pacleO21yelcR ‘Ia 41311111 co.1-
in Cal/ rn2 ; P are the- he-at tosses dui u.’ to tur bulent heat exe -ha lmge’ of HeqHok 3HC51~ i1Il (1paHc~~o p Mu po BaH Ho15 B Ten .1oBy~~~l, i~OTO51~~il liii-

the earth s surface wi hh atmosp here in CalIm 2 pe.le.iaerCR r0,’10Bi4~ 1efl.10o~ 0p(lToM Be.lib’IHHsI rl,.loilorel 1C’Ii. lll

The relationship of he-at c i rculations ilm ‘.011 aimd rocl,s to the o~opo’ra M(l4,eT 6111111 OllpC51e’.l eHa HI ypas HelluR pa11liauuoIIIlo-Te’iI-
earth’s surfac e temperature conditions , to th ermal cotiduCtioll and •ii~~oro 6a.,albca ‘1115111111? f loBe- pX HOcTiI. t’OCTiIB.lellllrlriI .11.111
thermal capacity ol rocks , and to water phase’ trans itions in roc ks , no.,yne-p~o~ a H11F~ e- U11bIl b 5 11.111 lIlm.lyliepHO51a oCm’l4Babl Iis 110111 5151l11( II

is we-ll.known. It ma)- be e- x 5 m r i.’s.-ed as Io llosvss II lIo21cnl.la uolullx 13(151021, 1’. 11,

Q . L E~~P (I)

Q— ~ (nA 1pC+Qs)-4-- ( 
~~~ 

(2) r.’te Q - - BC.IiI4ilb(iI rlo,lolKilre.1i,uoro 11.111 OTpIlii.IIe’.lbll orli e-0,’ilmb l lmI Ie

Te-il.100(lIlpOm ,I - llpo xll ,’tll lute-rn 4e51e3 1111111’llSIIIll Ti, flhI’IBUI, 154,41 . 1  II - -

P - — flll .11l1111411lHHbi ñ Itajanc . i-4 1l;l,1/M 2. LE - - IaIpa1l4 11111.113 11 .1  lIc-
where ~ is the depth of seasona l thas s- ung ol Ire-cl Ing of soIl ,ind nape~ se c uolIepxHoCTll lt0’IBbI, MKa,1 ’ M 4 . P -—‘ l a T pa l l 4  11113.1 . 1  1141

rocks , in rn; A,.~, is the ampliluth’ of annual Iemperafurt’ fhuucf i ia -  
T}516)’.m1 ’lllHlIFI TI’il.1006M1’l1 It’%411015 i10l1115’ISHIIISTIi C 1151 III l~ 5 11111 ,

lion s, average in a It iser ~ . in “C , C ,s the ‘,‘oltimetric spe-c i l l e - tmeat . 
~u5~ ,1 M~

in Cal/rn41 deg. . Is t h e -  cIx’f Iiclclit ol ‘.11111 thermal 1 lIlidue-t lOfl, In 061ue-lI’lBecTIlilH I.lllllcIlMOCTI , 1C(I.loof’lopOIOlI II flfl’IBC ii 11,1 1111’,
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I ng or freezing of ‘.1111 In a lad ’ r ~ . Ill C .11 , 111’ - t. is the ls c r . 3  e- e- Ii plIlloallIlci II - 1 e’fl,llIc’ 511(1111TH rap 111411 11(1(1051 II (ia 111111,1 ’. 1151 105131111’ ’
anliula I hem (11 ra litre’ ol rol 5.5 at  1 Ife’ fltIl III 51 415013411 thu .i’.’. I ne- or liii 15 Bem:tia ~ nopo111’. :411 ‘113 B1IcIIMIII,ITI, 511 lIK e 1 (11411, 0 1 4 ( 1 . 1 1 1 5 1  I .  -

Ire-cl ing, in ‘ (.., T l ’s tIme- perioul is e a r )  , lloiir c,le ‘1511 111111S1 (111 1141 111511

i rormi till’ 1.-q l lat lons I t t  .11111 (2 )  ut is  10551b11’ In llhl.lilm 11 1111111.’ -

f or ave rage’ annual I ’ i1151e- 1.1111 re oi slIll 41 111 1 111115.5 siihll’l I tei Ilte Q - (11,4, e- c—~- Q,11) —
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components of th i’ c-a rttl s ‘-Iur i ,ll ’ (’ r ,III,atborl 111 111 ba ls l l ,  I’ af l l t  III
geologil a l factor s ‘.5 f lue- l i a re r’.’s (loimslble- tar rocks 111,11 p ti~ 511 ,u I r.’w — — rlvISlilia ce3onlboro m m 14111144111115 11.111 I1POMI’p I,IHllib 1111411 II
propert ies’ l’ilfllblll X 111)110.1. s~ ‘I, 41M1i,lIlr\ . 111 rl,.ilI uli4 S isll ,lI’t’l,IlllIIl Te’MlIl’p.3 -

R — I~E — P — InA . 14C e (3) I T’,flli. c’pl’.llIRB II clot’ ~, ‘Cl C - 1115 1,1 51111111 ‘reimjoeSIls(l,- - ru , 15 11111 I ,
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—_ TelI ,10T13 ~ il,I00OI’0 Iil’511’\I1141 11(1,114 111111 (1T1311

Balillil 11,111 ilpIiMe’IlllilHlbil r(1)’II 141 B (‘.111’.’ 4,1411,1 S1~ , i~ — 4 ’5 le  1111(11

‘43 In lilt’ pe-riod of 100111155 . due Ill 5111111511 rt ’ ifiICt lOtl of solar ro ’l,ouoliI 1151 1 1 1 5 1 .1 1 )5141 roplllix 110510,1 11.1 r b)  C,iiHe- CI,’ 1111111’ ‘111 u’I’nalI-

l’nI’rg) 1111111’, alid to Irte -re asI ’ Ill tIle’ suiria, e’ al bed Ib ta l le r  511115 I 1111111111 li.llb i1p0Me’p 141111111 , ‘C , 1’——— ili’llllll .I 1 1 1 1 .11 , ‘I
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and s,-s i s oflat freezing ot soil is dl-ter m lne- d prlniarll) tIp (‘III’S l iv e  I ro,’ioBiI(I ml’5I l i1 ’ 514i l~~(1l4 11040 II 10511114’. 11115111.1 B 1111111111 1151111 III ‘II 110’
ra1fI ,ltlllli ,\s 50(lfl a’, tIil radUit iolm hala ll l I’ becorlmi’s i i l’gaIIS i’. inuh claui:lsIIlliiII\ p I ’i l lalt l lOlbUb’ Ie’ui,lIlHIiI II (111141111.1 11 ’sI I I l l i l I I I I I I ’ p S I I I IC I I I

hIll’ siurla, e t l’mperall l re fa l l s to ,ero , the- ruron’ ’s ol 5’. a te - r  i’vapo- I ~~~~~~~~~~~~~~ 41131(10(100, (111111’ 11’ lll bOiiiIIX r(’bl;illl(lil lll’ll’l 1 1 , 5 1 ’
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t loo I or t h is e ,- ,isotm . lb, lice-a t SI’ r;bdiahlll n hal a n c i ’  re-p resent  rig v 2’ TI ’
lb, su urfa i e eff ect is e’ rael iatioit in s’.’i ille’I 11141’. be rela ted In a Vi ’r41gt’
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/ 2’ re H,’ ie .~~c (111111 III’ 11,0111 I_’ilhpaiILe-IIlIlI 11 1111 ‘I I I  1,1 l’ l l , ’ l I I1’ ’ i l l I l i l  1115911 101 IiI. - — - - . -

‘.‘Iii’,lu’ll’lblIlb 1l.li.tle’,lIl ibIIRl’IlXHIII’rbl 111111,111 111,11141 11 111111 cli ’’ , . 1 1  1111)11’
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cylgecti eNHo yM en bw aeTca H MeHqer CIQA 3145K , II aro Dp1(MN 01’ Neve rtheless , pi’ OVl aIOfl of comp Ili ng 01 permafr os t tbiCkfleu
.la’ia 1012211 $3 1OPM~~* liOPO51 B iIIMOC 4lep)’ npoiicaoini ny-Few TC11’ maps for VlsI area s sloth su f f icient amou nt of actual materiel cor~Jro lo ro II3~ly ’lenwa . fl oBro My o’r puu ure.lSHbI A p&aH lu HOKHul A Oa’ respondin g ho (lie map scale a .1111 th . wo rk of very large v~~ume.
21aHc , npeAcTaIJl.louanA coOok 54i4lC1’.T IisHOe l’aJlyqeilHe (iolep*Ho’ Therefore , more e zpedient us map conipillng on the basi l ~ rep’
cln P 3UBIKI4~ (iCp H0,~., ‘lep ej oT piltlaTe.l bH bl e TeniI)o ~iopoTu NOSc eT la ru t ie s  relat ing permafros t th icknei i to factors known , Fov inst .
6hITb CB~ 31ll CO Cp e~ ilecogoso ~l TeN u ep IT ) 1 l c I  nopo ,1 cae21yiouuIM anc e. for the areas compoSed by rock-a w ith appro almately equal
oó pa3oN: heat conductivity and fresh ground water . change in stationary

A C f r ozen strata from poInt to point under other equal cond iti on g IS
1~ 

— ,_.:_ ‘., ‘~~~_
‘
~~,: 

?p ) 
(4) determined by mean annual rock temperature va r iat ion , Mean an-

Ii ~~~~~ 
‘ 

nuua l temperat ure directl y and  indirectly usually depends on eleva-
V ~1 lion of the region For Chekanovskiy Ridge correlar ion coeff icient

beiween the elevation of point an~ permaf rost thickness is 0,6;Ypasnenn e (4) R8.’lBeTCII qacIniaN c.lyqaer4 ypannenus (3 ) , re ’j at ion is linear here According ho the data of EDS technique
THq~~kM : c21o.HHMH 

onpl’21e’.3ls b4TrcB BI1HK51CTHI,lMll l(.lKMa- 
relation bet sset ’n the average ‘.aluea of permafro Bt thurkness R”and

PaccMa ’~s HBaeMwe 3aBuIrllMn(TK liMe-lot ISo.lbwoe aB as e - HIre 21215 absolute marks h u s  given by the regression equat ion.
1cCJICA0IIIIIIS TC~ MOAi4HkM1IKH Beple nIs li roplilonTos ropnsix nopoa. H- O.64h-4-- 320; lOOm < h <‘ 500m. (I)
h1oas~iaeita .oaMo*aocm yc~anosj ienns 3aeoHoMep soro H3MCHB’ This eqllat ion allii’ .t s fo cal c ulat e peril mafr ost ihiirkness appa-I 
HIbU ?eMnepiT-ypaoro pe2K iiMa rpy HTo. , 0TJIHSaI0U1NXCR CO11TSIOM H r I’ lit l ) e-s ’e rywher e- s e ithin Che kanovsk iy Rid ge as geomorp hofogucal
TeflJlO$iiaIv4ecKRMM cw~cieascH , rnusporeoJlorHsecxnMu Iu ’reKToNuIqe. itnil It is ne1’ess ary to spec if y south-we - st boundaries of the region
CKHMK yCJtOsII *M$, cssI auHl41Mll Co CT~ YK1Y510~ p aalbaws oK nO”ren’ ol lim e equat Ion app lue ation as if wi ll be seen turthe r eastwards in
jiosoro 6aJt aKca aeNNoA fl ODCPXH0CTH 

~
‘erk li oyan s ki y Ridge peri r iaf rost t hick nes s is subjecll ’d 40 other re

•opMu poaaHne p,Anau u4oHHo-Te naoB c ’ro Oa21anca 3eM Ko~ ilo~ gularity
.C~~~HOCTil onpe21eJrae-rca iioMn.lescoM reorpa4 ln4ecKKx n reo.noru,- Similar feature was fou nd for Anaharsku ’ ,  c rs ’ . la lh i ne  ma s s uf
?IeCKHX •alc ropos, ~cro abipauKeno a Kapl’e yC.10B144 -i’enziooOsueHa 

~~here pe rmalrost thickness increases rapIdl y wit h altitude h~pso.
(uacwT a6 I : 7 500 000) , cocTau.lenHo~u Na Ka4 le21pe MBp3JIOTOBe.lle- geothermal gradient is largl’r than ge’ohhermal one
pills ~,‘ra TeppHtop nu pac n pocrpa neHHa Beq uo~i Me paioTu1a B npe- 

~~ I .1 7h ~— 180; 100111 ‘ ‘ l~ ~ 7IX)iri (2)jseJlax CCCP-
0 B~ruianne Kauic~oro b$laKIOpa Ha ocoóenHociii c ’r pyK ly pbl paJIHa- It ‘. possible that for definit ,- area lu ’ ru la lrost  t hi , 5.1:,- ,’. dol-sfl ’t

unonn o-Tenalosoro 652155C5 H TeMnepatypnbufi pe~~HM fl0~ O2I npH- rl ma lmge wi t h  a l i l t u d e -  or changes only s l ig ht ly  as a r i - sa l t  of Inter-
Ô21KIKeHHO onpe21e.ilaeTca 9a3JIHqH11INK SMnHpHSeCKKNH 4topuyJlaMH 5(1 011 h f  all . ,  I I I’ . III hi’. cas e e ’ i !st , ’ lui e (It r,’laliori 1 u ’ - l  i~Illfl o.msyacb STHUI I 4XIpMyJIaMH. MOHIHO OueHKT 11 II3MC1IC HHI? 14 ,51111 ’ absol ute - marks u t  da~ sur face - Si and ba’., (II I’I’rmai ri ls i  (I, 15pal’ypHoro P1(*H515 nopoJI, O6pa3 08a ilH e 1121K oT -rantl auln e Mno roJl e-r - (‘11511’ ci t  T h i s  41151, al!, ,~’.’s to i a l cuu l i t e  p, -r ii . i ir  1,’.’ i I:i, ( ‘ i e- ..-, ,,t anyIieMe p321bi x 1051W 8 aflDKCiU*011’ri( 0-I CTpyKTypiII paaliaucuuoKllo-le l- point ol lIme- rl ’5.~llulI Such relation wbni 11 is rather 1(15,-  u , ’ or r , -ta
.uloaoro 6a~raHca 21218 KOiIKpeThItiX yqacll(oB. t oll ~ lle!li,’ iel l l  t . i ’ i r lg ii 1,1, 1 ‘.1 a, St a ll It fIll \ ‘ l’t k i l l l s  al s - - s i s  Ru le- ,-Ha 0cHOBaHMH no1ryseHnMx 3aBHc HMoCI e15 Mory ’r 611mb onpe ae. • northe rim i -s t r e - nHts  Ill ,uiii - h ( :heh-a novski s Ridge’ di’,, us’ .- ) . s ( i . , s
Ji~ libI NepOnpHR THa . nanpaa ien~~~ie na bl3MeneHne CTPYKIY pII1 I~~

- • 
~~ a if j a cenl in he- SI I — I

AHauHoHno~TenhIoaoro ~asi anca 51218 uaii 6o.i ee paull ona lwi oro npo- 
~ 6~h ~~li li~~ m ~

“ h S4’$’)m (‘I)Inso51cTaeHHor o ocBoe HIiB ‘Tepplrlopilui K OX(1IIHiII ii~~1bP01ilI0H cpesua . u’ ‘ - ‘ - , -

In Ihe bas in cii OIl- lie-k t.’i’ . ,’ r  1114 (1(111’ course , i rt t i  ‘.a ItI-.I 55011111(1
SI ~t i ’r  perrr la i r’msl  th u s In ’s ’ .  IS 51111)1’. i t  Ii , rather e-s tr l ’ ln I .iii,t ‘IL’
nili(-a n t  Sil l 13111115 ’ . 11.iIise-d by t h e  ‘ h . s s ~’,z, - -i .11  g ru i nd 14 .11 ,1  i111 ’ lc r . l
l i /a ij u i l ,  S i l l -  rrlailm IasI, s oh tIle inse ’ ’ . t ie - s l I Inn  ,ll pl’rin a i r l l — b  t h u
n i’s ’ . in Sh I ll 11 - 5 5 111115 , in t b -  plan 111 151.1 , re- il , a u ’ -  t h u  d t ’ l : n i l uu i l i  of
i t s rile-an v s u l e , ’ , , t i s 5  ‘II ‘.11111 i’harae ’t ’ ’ r• , i’ ig s ar lat lon af l l( I I lt l i l i l’  I I’
funct ion  of pe’rt’mia !u’osr t t l iCk I I e . s . t he- possIble It . i i i  i, I ‘ riila lr,I-.l
lhii’kl ies ’ .  mean 11111111’ allil Imprlmvernl’nl oh the- 11 55 1111’ I’~ lll l I l t , lr i i -’.

~ ln th e- b a s t s  i i  t i l e  esiSlelI, e ot t h e’ ri ’ 5 5 . 1 l a r it l e - s  at l a  l s p~-V. S. Yakup ov . V. M - Kal ~~n1 it e-~ , ri be’it the - m l  i,is’. I n’. irt ,,’thod oh I II 1 5 1 1111 III ‘ ‘ 1  111 ,1 irIl -I Ihtc ’k -
II SSR \.iL,csl, i lle-’ ,s regional maps is siugge-sted II al l i s’ ’. to use s’ i d e - s s  e’I,’ , t r i ss i l

,t,’1ithi sou ndIng tu’chni qtn- t or Ihie ltl-11’lltlIIl,ll i. I I I  01 j~’ ’ r t f l i lrosl 1111115 -

-
~~ METHODS OF MAPPING OF PERMAFROST THICKNESS — 

l t e - ss  
mapp ed t e - r r i t i i r s -  is di vude it iimlo lIm e- . 1 1 1 . 1  ‘.1,11Th- hs possib t ~COMPILIN G REGIONAL MAPS large iuuunibe-r of t~~cto r s  1 -1,- i  i l i l u l u l l e -  pern iar 11 ,51 thu k I l e s— ) ta k , I l g

I 11t h iucc ount glult I lgI l i I-otIlpus itIotl ref ue l  alilt is  dreg, 0 1 ( 5 5 1 .  iSThe ‘tIId’l at permafr ost lllOrp lI l) lgs and  i ts  thie- Is l Il’s’.. Ill pal li - , i l l idjI l l InsI -ular , . • i l l l t l r i ’ . l - s  o ne- of t h e  lmi,l’” ‘ ‘ ‘.111. II’S of geo~ 15(11 . 155 ) Ihe 2 )  the re la l lo i I~ 1,11 1 4 1 1 1 1  Of the - in are - • I ’  1111 ,1 1’. !h l’ el1l i a t t o l i -most , oiu’ 5 Ii II’ I l i se ~ t Iga tIc m il Ill ( I ’ l l  h r . ’- 1 Is j l05’~l1Ie ‘.‘.IIII tt i ,’  111 rc ’gre’s- .l.3n h t ’ t se I - i ’ I i  thu ’ 11-1 , 1 1 1  sl r ; i t , ,  III , k I l es s  1111(1 •t , - lern i inu i ighelp of 55 (115 .11 5 ‘ ucat opera luolls i l l  s t i f t i s i c r i l l s  .1, ’ u ’ l~ s’.eil’. Tiles , ’ it ct i rc ’c t l s  or i lt d l ree ’t ly s,i ri:ibl,’ t a c t o r s  15I lowi I  or 1-4154k iourid ,
geophs’sic al l i p I - r i l l I o l l s  ~tt’is- IllIe’ 1,1 StI l l) ’, Iii,’ Ul’liltle-t ilial 111111 .1~ i i i

’ the i- s i ’ . .  set u i ’ i u lii,- —., ’ r ,’ l : I tuor l ’ 11,’ llhl’.I’lit 4 t ~, huu lk luob l  IIIarid In deteriliune ll;li,’I l l ’IiIII ntl l tI’l’ pe’ r ln.hI: ’ilsI basi’ (111 11 l 1 l t i ~ that  (111(111131(11’.t t 1 l i u ’hli, ’ -.s dl ‘.t ri l I l ul : 1 1 1 1  i -. (‘olli5lllsl- l
is necessary if the gs. und s ’ .at e - r  is l i ,ul  f r i ’ - ,hu 1111111’S I r l i i i ’ .  stork I) r,’I i iu -d lire h i , - huiiintt~ ric’s Ill a r e a s  III t f i . ’ ‘ I’ ill 55111111advari , e- ’ e’xI re’ l rucl) .111 .’. - ~ ‘. tt u e’ l iusI t l iur l ing ol it u -ep s-ella ,ui : , t  lii es u -  1-qi lat lo ns or d l s t ru ht l l bo l l  full,’t u ,, l ls I,! e- a I d  \V t u u II it is t i emines ts determined Iu~ the- location III lndii’.l I ial  h r  l ”rItIl iSIlig .- -~~- .31’. Ihe lilt,tlt llliiaI Scot k’ s a r -  1 :111 he - u .1111fields of m ineral Ilu’puIsIl - anit large ‘—i ’ h t lell; , ’t l I ’ . ~

‘I’- .i 1 1 , 5 . 1 5 1 . th e r e  .‘~~5 SI CI ’S i ,J l , It ue - 41111011111 oi data lice-dI ll b r  lu,’ , ~nipul i i rg .11
is no a well on u . !  ‘ , r r i ’. l rI l’  1 1 3 11 11 I ‘s ’r ’- l t I u -  lm.ltLlril l I IlIllli I i, ,t ls ll’illl aIrt l ’-l t I i t l ’kII, ’’.. i I l S l l l_  ( lI t  ‘ I l ’ull’ le’rilllfle’It s’ ’ .lle’ l iO( .)lI ’ .and t he ,utli,II,on s- ut l 11,1 1 c14 . I I :g i ’  111 tlu e t iCiI (u’s l f u t u r e  I i I I ’ ( e ’ f I I r e . reg ion r r i ay  ii,- r I -d i l l - u’ , t 1111 l iu  i l l inIhel s u l t i .  re- I tt  l i lT  Ill,’ b u t .  111111 3-
It i’. ver s mp .i lant t o is , ’  l i r u u . , I l s  uind ‘.s ‘shi ’rt uat i ,  i l l s  1,1 1 . 11 5 1  i r s ,  ,~ 111,11 ut lht’ l t’ l13 l Ilb l l’ .h l Ip .. l,- l iIlr1- lh , I 1’ r , ’ ’ ti u 1 ’,’ It l . I t l i I ~i s . 5 5 t . I t l CatitI)
methods heIr de t I- rm ur ma hlol l  lIt le’rniaf rost liii 5.11,’-.— .\ t  lur l -SI- i l t . ~rfletllo,t of t h is problem s m l i , I u , i :  us l t t’S’ ’ ’ h l i ) ’ l  i t wi th  It .  h e l p lii

electrical depth soh in t i l i g  I Fl)S I t l- l.’hIlIl(ue ’ I I,’, 1 ( 1 1 4 1 1  i l t l ’ r ! , l l

t’oIncidcs wi t h lii,’ houndars’ sl-~: . I I lt i r Ig  ocks ’,, it t j  l i i tf l ’ t, ’ I l t  pltase .
el undll liuns of Ire,’ seate r I l i l lta I I i- ,lIg ill thl’ili I III- Ih1’ te’rlltill,llllull III
pI- rrTl1lt rosh hh iV k l le - ’ . ’ ,  11) I l)S It ’ . hilIl q lil ~- I’- ll’ ’s Ihl e in tt iu ’ f l l l I’ lw i l lg
I ( u ludi t  ‘ I l ls a) ehe i’tr lcah I’utuIllIll.,rS’ l u l l  11 1 1 1 1 1 1  11511 1 u f iu ’  ‘ hi ’ ’ t i l , - ,’ll

.1 
r i- s i s l a r l ,  I’ b.lIliIle- t , u  ts’ .’o arid niori’ 10111’s i s  lu III’’ s u l t t  Ill,’ pe r -
malruisl tuii s u-  bI 1 r l l , u ’ l l  rocks make’ I l l  41 5 1 rI  I SI If ui i I, I l t t I i, I l l
55 1, 1 11 hlllllilgl’lIilIls t e - I t a I l , ’  111111 t Ile’ 141111 1 1 ’  of III, t IoiIui lh, l rS’ I S ,  II’ 8, (.. Rs~qnoa, 8. M. KOAuHUH
lfllnl’d i., b1’~0nd 1) 111 1 )11  - I Iri,,i’,i lufl,lbn”IIli,cII?’1t II 1 )111._ i l - . i l l  l l - , l 15 1 1 l’s , S les
shiu’ ld .u-rrflaf rosI htis.- Ii I”’ , ,  I l i lt it i o l I s  lbs Il -rIlillIrlist thic k ime’,s
be ing more- 111am 101) m, B’hi, II 5 V I II u i  ‘mt I1’e l l Iut l t I l’ rn regiOll I
a rc  ea ’ l l y  I a r r ul ’lI ‘ lu l l  and I I l l I t r Iml lu ’ lb 511)11 1 Ire ’ . - II ‘- 1 ( 4 1 1 41  i S  a he- it MFTOJt (0 1  TA BJ 1EHH~ PErU0HAJ1 bHWX KAPT
rock MOLUHOCTEA MEP3JIOfl TOJ1Lfl HBy present t ime a large s-rt l inn’ of ‘.t irt ; t i ’ . he-I ’ l l  1,111, 1,11 .1.
tlu’rml nation rmf ~ e- tr ib13 f r~~ct Iti IC kness Ill,’ 115111 55 I l)~u l u ’  till I (lilt’ I tm I l u s  ‘iI’II Ill Mopuf lu).llurIb II 5 1 1 5 1 1,1, uiI1 111.1 11111, B qa cIHoc-rul ee Moult-
eastern SIbe ria and in t i le  \l,rIlu I,,usl III Ibiu ’ I - usI ,l ‘Thus 5 5 1 1 1 1  5 1 .1 1111 1 III , ll (ll’ .j( 1,114, 111111 1111 15 I I I  Ill Il’1IIIIIJS 135111(1.11- 51 5 1 ( 5 1  IJl,lTllbl l’.l’’Ill.lb

10 pI)’l5I’’~Sl’ ’1 ml’ttuod (II l t l ’ t l ’ r r l Iu l l a I l l I l l  h I  )ic’rIIillIrIl’ .t Ili’ , 5.1,’ “ S 11) IlillI l l I llu’ , ’ 11 11 ,11111 ill e’.l’’ lt l l I i .l  II. Sll ’ tl’I.’tigu ’ 10,111111 III l’lli,Kll1l C 11,10,1
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no3io~iaEuta x M3yqaTb reotepMa’iecKOe rtoJie ii Ofl~~t~~CJUh7b no.410- C ysl.’ToM J8KOHOM(’pKOCT I.’Ii ollulca luluorim THfl~ npe~ .tiaraeTcui cJIe-

aeuue uli*ae* rpaHuubI $CP3JIO* TOJIIILH S c~uy~ae. eCJIu( no~3eM- ,‘t s )umiii uIll MeTo51 COCT3B.ieHulll perHnHa21lHIax Ka pT MMT , ocnoaau-

~~ 

. •~ e ao~ w Ne !a,IlBiOTcl npeCnMMu. O~NaKo ati pa6o~a npo21aul~ Nan 1141 WH~ OI10M Hc,lo .,bul,s auM lu .1.11* (‘C OnpeJleJIeNN41 ueio~a B33:
rae~ca ~pea.wia*Ito Me51JIeuwo . noc lcoJtbKy pacn oaloweuue rJIy6okH~ 

- - K apTllpyeuall TeppliTopllul pai ,1e.1RCTCB Na paAO HbI, CT a6llJlL.

cB. lws NK H W•XT 3asll cu, o~ psaweuteuK u npoM~~wJt eHuw a npe21. ilia c 110 BO3MOIKHO O0.lbUlt’My qulc.ly 4 laKTOpOB, onpeiie.,it IousHS

npItaTlI *. nepcneKi ilIltMX Mec~ OpO*21eHll* 13OJ1C3KMZ HCKOfl aeMWI( MMT (c )iqeTOM reo21or Hqeeie oro c lpuleulula , peJ ibe -4~a ul r u u 5 1 p o i l - l i i r l

N kpy nNW* uaceJIeH)WX nyaKToa. I rul ’1e’cKo~I 06cT 41H041118) ,
B pe3yJi btaTe Ha FpOMa~ HMX tepp i~rop~ ax a ocuoauou c aKcT pe- ~ 

- .‘t.iu kaIH.’tOlO in l u lls OIUcIiIIlI 13lOiCH CBH3K — B BIl lIe ypaBH l- -

~~aJlbu~~MW np I4po21 Hbl MK ycal o Bua Mu ue, Ha oAHoA cKaaukHHbi . 111111 ~C~PCCCHH Me*51y M.’I’Il U I)llpe’,ie21HKlultHMH cc miputuo wan  Hoc ’

N a 621N*a~WeM tSY ~ yuLeM no.,oweuuue lIe ii3l4eHHlT41, 110510MY 11.111 41(1180 lie peMen Hu Mul 4u131 (TeI pa Mu. I i lB ec lulbuuu4 81111 .lCrllSO onpe ,ne-

OnpCACJICHR41 M0USHOCTH uepaaoA ‘roautu (MMT) oqeu~ aat.tui o wit - .111e’MW SIII . eCJ1 I Ta K Ile Cillilli oTcyrcTByIor , CTPOKTCH l~ YHKUH41 pac-

PoBo N n21auo Mepuo HcnoJIb3o sam reo4uuauqecxue Ne’ro21bl. K Ha- ~~~~~~~~~ MMT.
cTotmeMy PPCNCHH 121B pCW CItB41 3TO~I ia21a’IH na3ps6o’rau Me’1051 yToqHNPotcu rpaHilulia ~ iIlI(IHOB 11.111 yS13CTK OB, B llpe21eiax 110’

mepTukaJ%ba.oro s.’reKT pH~ecm(oro 3OH~ HpO B* HK41 ($33), 3~teKT pH4e- T0~~hi5 ‘lIlT ypaDHeHilIl 11.111 4lyIlKUllIi pacllpe21eJteHuull liMelo r cKJl~~.
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t he- and BuI due I,, consucte rahlt- hc .3 l  11155 ill tIle- e\apor.lllelli .llld Ten,tuuaou1 pes~IUM .11’, I Jleca B SI KYT HH COC’TB B .l M lO ’r npeo6 .la’
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Therma l regime - of glaciers. Glaciers arc  mainly spread iii t Ile 3UBa101 oieniia ioutee aJiuBHne.
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n aIl . ‘.51111 I sil bpreuS r , im s r  (u I m c l  \ , , r l b i  1 .ar l lt ( ,  ,‘l.l,ah,Il
Ole - l Ie - k Kha ra lu la kh , ~ all,I K<ul~ nia , II I lie - I Ii i u luol ka , se i l hi tIll’

‘ Colitin,’lmIaI ( .hukot ls a and Be-rlnglail Clluiklutl,,u silhprel’. Ill’ 1’’, 111111
the- ~ lllglie’ill41 hran s l tuo l la l  Cin,l l i l  (the- Ills’. If  re- a ‘ c Ill-s iml the ’ A il4,
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~~~~~~~~ suco~~oropiiux l~m Iiop B Ce ’Be ’pIW M BHeTp OflH ’I11CK OM nllac, ’ ,
,., llc’mt- ,I pIe-s toge-ograp tiuc sub,,>iue’s of t h e  luimllra zOlle- , comp l ied C13OCOÔCTBOB1341O X0HcOJIHAaUHH FupHo4uHrHIa x KoMIl.,e-KcoH: a c I t  -I,, t h e ’  aulblors ( An anal yt ic Iu ’ I  ol s pp aiid ra~ ,-s has be-en 8oR41e-HIIK1 KOHTaKTa Me-*51Y pa3o~uteHnuMH flpe*.1C ~~.10p4l\lll
.II,ill lutil-d for even s 11t115IIlC(’ and sub p rovIIls ’e- , (11111 inclllde”.: 1) the MHOi HX I0*H~~X BMc eIK0ropHt , ni uk.i ioqe-HHK) ce-aep Hux B14CIIS’Il l l -

511t,’ l l l I , 5 l I l t  slube’flhle- iIIICS oh the ’ 55 ivu’n plo htIcIu,,rlolm . 21 bIle olhue ’ r pHt EBp a3ll l1 H AM ePIIKH K o6Wt11 CI1C’re-Me 41~~OplICTil’Il’cb ’ ‘10
~ihi ,- ni ’ 1iI i a l spp e l l t t ’ r l lmg it 1 m m  S or bia s 11155 b Ie r,’ ,u s i’para l~’ o6Me-na ‘lepei A — .Uapciao KIIH041HT0B~~, O(1UIiIpH14e- BIacilKoill j lI l1
l(h r ,~ gil s ill III I lie’ r,, nge; 3 ( I III’ 13,1- s I a lilt I’ll ‘.1 ceu ul I l l  e re i1i lii i 

~Pl~ ce- Bep Hot ‘I 3CTH 111101(1111111 311111,1 (c FOCflI1,’ICTBOM ‘rYH,I 511113195 1151111.’I ,  Ir I re in I It gi he- n phs tot-fior loll a I cit Ii,’r the - 1,1 st 1)~ t i l e- 4111111144 1,11 Mi I,ie-KCIlll I 1111,1411011141 111311 (114 ii p0,10_i uieeii 111 51 -‘5 , 1,111 1 1’
‘.141 st litn,l Ill dish r ib luh lo l l  almi l thuis i,ve -r l . ip  onla h,’re , 41  t i le -  fl1 

~~~ BMC1’i,.- C He’ll ile’iipepbiBilylo 1115,1,11111, lcpHO4l IlTIlias 4 1 1 1 1
g.lllS IS- ill Ill’ rent i,iI a lIt ie-ga II’, c- -cod 1 t l ’n,-nb a I 

~pl’ ~~ king In the’ Tuuii,isi I B (IllS BbhcIlbl 11 1151b41 II II illt ’CTII hi 51e’j llK’IIlBMe- Mecl oHa S i l  .15
I1~i s t i , ,  lion i,iit huut be-u 1155 pre’se’IiI in I tIe’ bIll Ii Ime’u 5511 boui n 111 555 Oil ,’ ’ . l IT _l~ HH13 Dll,ioB II 111311(1’ p0 _ lOB , B oclajli.H1,sq (II 115111441 hI’. 13.1-4 ‘I,
h1I~ I III 111 11 III I he lOll 

, (i~ anp, - f lrah~ sub, apI (ala, D, lnae ’l-ocarp a , (11541 1111 ,141 Phup ~- - i,a .I Sunee a IIonlsilC peculIarity of ul u Il e - n ,’nt se ’CtG Cs inai1itc’sts ui  Poll, ahhrrt’uala) Ill) noeoOpa 111111 SIl~’lOplli , Bhi_lep*al l l I i lSIS Ill
Sc tI in dissimIlar se as s , on,- needs lYe - 1 11mp h I ’S I’ll 11111311 ,111 lIt t i l l ’  01 po MIIOM 1151011114 III I lIe . ‘S 8110_ ik e- laCJt yullll Bad pa HI a 4m,iopii~ ii, -
pe’ l~e ib Ian l iS  according to se’ve’nal c r i t e r i a , ~‘.IiicIi ‘uuggt’st ’, ‘ 111155 11- MC, hulil o(l.’iaclH , ‘ITO llpI1lIHMae-Tc41 6o,1I,tiiHllci’BoM aBTopoiI~1114’’ d uf i l - r I  il l Ilo nushil dt s hi t ic ’tuoiis S i’ct lunal c’ ilehe ’ rlIisllI I s  s i’e -t l  ,ljlIarH1lc’Tll’.e’ckile 13 51 11111131111 11511(11111cc 51111 I)1,l i ij l l l u’TI l’ lI’ u 511111 o(i.
rl- Il5’ I -s l - l l b e’d hut in liii- II ulIl d III IncuS Ill, l ’s ilIrlImlile - Ihie ’ He -r i iugi,ul m .111I’TH u -SI ) i : I )  011, 5111151’ I I ’ III IIl’lc.’IKI ’lili’ i, 1111.11.1, l’,iII ,I 14 1 5 1 14 1
s , - i (or ,14,u~ l Chill s ‘1 5 ,11 , r I l l - n ia  ~re- the - s,’ Ie’ u 1 1 5 1 -  northi et and pt ’lul’ ililue- B A , 6o r3TrT po ~~~~ MI IIIIII1I llltl’lj iITb UH4151Ot 1000 1111 11111 , 113
I ras lu i l i  ‘i bone-al and 411 111111 1 55111 11111 1 dihle’n,’ ill 5,1 Il lrs III 5 ihs KOlo pla s CBI1UIe- I/ill ‘ull,’lesIHqHla H O4l~llh MIlorhi c’ Ca 15.11’ l l ’ l. I llIflM,l

— - ~‘.- It s thu , ra lu o be-I ce ‘I’ll I l l lut i l l I’ n ta I  .11111 11u ,,1111, ’ ,- t ,- l iu , - r r ls Ill,’ 13H,leMll’lllI.ie- II 1111 1 1111 III Ii’SI ll’IHbIC pem _1i9 - Diup(’fl Iill, I ’ ’ s, ~ r ~
,, . , s

111,1- I illlrIhilgl’IIISIIIS l i lm l l s  in our sc’he’rrle are ’  srr t i ~ ruus 1111 ‘ ‘ ‘ 1 “ I .  Ptl’ur pogon S 111 , 11, luIp hlIlu B0’iMIiuhl,ll II 1111,1 ‘i~~V I II’. Ill II’’55111 11 .15 I h&’ pros- i Ill l’s Ic See -p t  I tI~’ V I  1 ml’ 1113111 r u  I 41 55 1 111  h i  55 1 ’ ’ II p~ llqHhit’ 11 c~ tS ’ ,)i ,’ie-MIl ’lllU e- rpvnns.i 118.1011 Hi  III ’S’ 111113 11 pp p1 ‘Ii,
-‘ ‘ ib lIrlIS lie- I’s gmlllippe’d Ill (IrIt ilig luu the- In ma’,iislium IllIrislic — I J’i~ i oil //Ia , Papav,”r , Draba, Ci ’rasliu ’~i , ( l I l c t r u I / u ,  h i i s , TIl l CIII 1I’i
1111 lab-Il ) 111, I he- above I ri le o  a. Ouu r s, ir,’nmi’ is I hi’ I I ‘ i e - I s i  iI,’et 

~ 1351 MHhi rHe 3ll13CMl1 t ic A - — fl510u1 lIe 111111111114, 110811,-Si ,‘cT 111.1 11
(leI r Is l Ic  “riI,ii~s ‘.11111 ill Ihi,’ ‘.511111,’ ‘S I r~~ idi- ,t se Iii ,i nilnlutl’  I i i  Ml’IIT ee- 4l.,opu; 2 1 u iu ,  il’eatS lm,i IIIl’ l a l  ic’MSIT HqI ’ ’ is ’ ‘Ii 1lp’,’lsT’, 5114 41.111511,1
Ii, 11111 ‘ i t  11)11 III es’e’ ms pha Ioclmor,i,,i 5 1 li, Il i i r i — t  i u  i l llI’gnlIS Il l o npe_le,iam uuel’ I’a H14011 )l& ’ ll IIl ’M H_ TM S Ml’ IlhIUe’ljIll ’M 51O1H 511111111’,‘II 5/ I s  lt e lenllmull,’It ha the ’ e-r il slIar ,’ r i  S I III l’Ir,’IIIlIIlIII,lr KIianHhis 41I1,1S M I IB  H CO0IBt’Tl’IlI/loujllSj ‘,Ill’,11I’I1’lIil,’M 5141,111 II ‘ - ‘I” ’
511 ,11111— 12I, up Ii) illore 1111111 ‘ 01 Ibm ,’ spp ,it a tie ,il lIon s , l~,- il l’ To,iepallInia S r ;ms- fl hl II tulM1llu3IilIljlI .kz 1)1,11141,41 01’ t’I ’p,- .i SI .
t ,hlIl l 1111 reas i i i g poll -St alli ( 111 1 11 55 ss r I l i  1111’ ~s ‘4 , 111501101111111 111.15 41,31111 MHHIIMa,ii,Hhi 8 fle).iOCl’ cI11i11lI,iS rllnoapKTH’I e’daII\ e- ’,ll 5 1
ee ) nlllll’nI;lI 111,11115 iii -‘5 lIrt’ b ras  ~li ‘ 111111111  III I ,  se- I 1111 ’  II irIs’ 14 ~~~~~ yCH41Hlia lll’re’ ll II S’l_S ill’p s’ ,I’illcT,IlllIlIl l’l 1115111814, Ii I’hlllll -l’ ’  11111 ’
l aek I I ~g Ii, u e’dllIl I I’IllI’lIlI lilt’ 5I’Il.IldlI’l l Ill 1111 ’ u s  u l l . I I ’ ~ ~~ ~~ 13C51BhiC Me-Cia 130 4HC.iy 1111 ,1041 511309 H .1HI1JuISIIIHKOI, . 111 ,11 111-l4, - riii5 ‘.,l ra i l  11111’. ha “ 1111 ‘.1’,t’’ 1 eIlIlilI,’hhI,,I Ill l’ ,llii c ( (l ,,r .i - Ill me- ni ce ro,,, iee’ ,4cn icwx CaMelt’luTnIIcTI, A~i IITIII11 1111411,80 (‘I. upc, I . iI-lie (43(1k , III 411111 ‘lI ’5% .lrd I ‘I’IlllIsllI ,i ‘ 10 11 h a  1 S e  0 1 1 1 1 1  r,lst 

11145 41,11051 oflpeneji BeIe’B 13411, 1111’ uk O_lelr l I - 4l ,1 11111’i I l l  H41’t ’it hlS’ II 5,111 -- Ill l’,il ~Il s~’’dg. ’ of 1115111 ,11 1 1 , 1 1 , 1 — , III, 1 1 1 1 1 1 , 1 1 ,  l I t _ Il h( lur , l ’ , I I  551 ,1 t ’THTyuHoHHhl M c aoeoô pallIl -M llll~mMlIl’C,eH4 l 1 , I cT I H IlA , C0111’ l I( l Ila h i l l - S Iand ~orlii ,\liil’rll a , onj 1155 ,111-Il loIn.- 1 1 1 4 1 1 1  Ollc ’ l’ 11111111 ;’ I’ll sIll - 
~~~~~~~~~~ 9B0.110UHH, ll(’Il(ll ’lllllIcTlI IFiI 911.100155111 lIlBali li w II 4 , 1 u l l u l ~‘ 5 1 1 ’  I I Ill,’ 1,1111-s I bmal lu , - H.- s i g i a n s bu , -hI 55 , 1 ’  ‘ 45 1 0 5 1 11 III III,’

5? t a f l t t u  Im,ir, iisrir ig par ts  Id ‘5 , I i c’~~~~.- i II,! 1 ‘‘ liii si’iI fIlIrul s I’ . .1 ,~1l.1 Ill’ (lTHilCllM II 1111(11 1411-HUll At) r e -  i,ie~e’a~~e- , (10,11,111, 11
mel. Ii III It, - 1 5 1 1 1  e’ialI~ iii II lB ,-r 11111111 , 11 ‘ISICIhICI He- Me-51 L1IITH We - 1C5151 11111511113 C 11111 5111 11111 1 4,1151 11,1101,11 ‘S I

- 

57

a
- . I — - —  ‘ —‘—- —‘——‘— - ——— -‘ — ‘ - — ‘.  —

~~~~~~~~~~~~~~~~~~~~~~~~ — --- —



B ATaaaiwiecaoN C~ KTOP11 f IO rO-3II1LCHOA , ~‘*no~ n mro-Iocro hl - -o6puo iann. noc’roaiu aoro aIe~ caov~ ~~~ upo a CJ1O Cozpeisesius
110~ tpeii~iiiun~ . HC.11n514114. ~~IptpC it H* o-BO• . cesepl ~ eMHo CKaH- C nO3~ Mero nJlH *CToUeUa MO~ nM~U C?flIUl PaCVSW~* NI 0. BPIN
131441) 41 TMx ooa elnc IcoM (n o. Aj iac ie a , A.ieyIcxHe 0-H, K051111130p- resi a H w ro -unaAN hix 0-aix Kaiuciior o •pzaauarm ae cora.cy.
CKNe OIl . C11R PH$M H CPBA HMB .141Cm kypH.lbcIeIIs o-ao.~ an•13wp - e’ICB c T14IT0’I’I30* 0 1TORBOM C7IB$IB~ B ~~~~~ C.flO a nn~yio ~noay
CK0 - fl~H*HHCK$l fl~10IHHUHI IIBOANhIX CT,1IHHI(OIl , m51e lo 4lJIope roJIoLea., O’IelHuuIo, j,e~~iuol noipos coapau..cl wi’i 6ii P Aae-
,lOMNHMpy)01 ‘ly luWe THfl H’ INOA A oieea Hic ’ IecslI e’ H Cy 6OkCalIH9 e- pa3KkI~oM cy66*cceáMe Il paaiaarvu.ciae a oi~aciii npuóepea-
cane kONflJItKCW — 6Opea.1bHhIt , tIifl0lpK1U’FCckHe H IlIflOS~ il1O’ rUkaHe paAoiu.i acnw ,i~ a 6oa~~ u. mou.*c’sse OJIefle~S*N~ N
l.lb nNIc K H e . C.ie,i)ei N . ly ’I H T l .  BonpOc 0 aie j ieu’Il- il llll .11145 TeppilTo’ MOPCKHZ TpaHcrpecC II*, fl *IAI ~ OI?NN~ NVL11.Nhi ceaiop~ A.
PMA a AO Ml fl~ l UlX  flO51ofl.iae-T11A CeaepoaT.iaurN’iecKo~ II Ceic’ OcaoØoaAap njNeciu ,epp~~op~i c tiep.io u~ w IJIIWITOW iiC~~Aa-
pofl pKTN5oo l(elH cic o~ . jUC h H3 0~~WNpHhIX KOHTHM11N TSJI bMWS N ~0A41~ K1*14W1 (Meii e 11510-

4, B fl~41A~JIdX COó cTBeliflel - SI )  s~l,i 411. 1 ,111151 h e-Cu , npC’ BHH- i’Il9tC HHWX ) OKCaHH’ICCKII S pe$yrNyMo..
UHA : I. Boc’ro’inocnOHpctyio c III ‘1bl.JaHIIu.151MM Ta AM hip CK o A
(aK~ E9ll CesepHy lo 3e~~.iio~ , AHaIh a ç.0-O,ieHckcieo~ , Na pas i, s

CKOA , qNO’KOJIW NCKQA; II - “l)1 (ul~ l~ 5 41l S IiiSll t ’pOBflHOll l lMH (1 11H

TH newTa.mHo- ’l yko lc Kll# Be’llIl l lS A. s~ 
(l y e I , is ‘A u~ Il piiaM rYaM-

CKMM flepe*O.IHbIM 01(51)1 Si iHHal rBhH ,“I e - .I i.~~ H H Ce-Bej ill a li ‘113d b
Koprnic itoro flO6e5l~ *b41 s. 4.1111 11I4,~5I’ .1I1 ,- P 151e-i’bKI ~O*H0’Iy410T’
CK~~~ flO51flpOS MHUHPOt; I I I  A,lq11ieulll, 1 , 5 4 1  C flc linf l’ IBHHUHIMH
BepNN rIIAckO -A 13adIcnHcaoA Ii I -Il i ’;” - .u ’a I c u ’ ’ I. 111111 I l I St I S I  S I ’41C 5 1 1 1  -
alfla 51HOa A.iacKH, Ik,ilel’h a ll 111fl1141Hhle . 1 1 1 1 1  II 4 1 l l ’ e -  ‘ ,~ h, uci ,a ~ 

I - Vo il kova ky , R. M, Kamenaky
lHaJIor f lp HaMrs lBS 11’ ~ , ‘‘- ;- ,-

~~
, I , 1 1 1 . 1 , ’ 1151 4 I 1 I t ‘. I’ 51414 ,11 II ‘ I  I I SS14 . SI. cr- .~~ ~- ,i ‘~ 551* , I

fp eN~iaH13 c ay a I’ fll l41l S/ 1 1 1 4 1 l 5 1 , 4 1 . I I s 4 I l  h~~eil -51 .11  II - ‘  u I u a l  ‘ ‘Ci (aK . ’~qaa Ioro-3arIaAHyKI 5.1 S b ap B Kfle . i ara u I I’  I 1 5 5 4 1  h u H  4,’ 4 ~ O PId DPTIO !IIS A PI~D PECUL IAR IT IES
(Basiloqia celepo - ~a na,1 ny K I “ ueH’i’pa.II Ill c ‘1~~, 111 1. -i It  l’ ,C’ l l . ’ ll Ill CO8~ST Rt hC T IO r ~S PROJECTS3PM 1M) 

1 1 1  

1 II 31 II .111 ;~::~ I’ll 
l b  l~3~ 

I a ~~ l i i i  PFPMA FR0ST AREAS
51 1- 1,41111.1 .~ 11iId. HI’~ e- r- 1 , ~ , e, is fl 1’ . 1 3 5 1  IIIHU, ’’ 1 M,l  C ~ H51M0 Ill - I - . 5’
1 11114 . Ypa.io II - 1 1 l . , I ’ M e, I e - .  I siA , St.. 1 . 5 1 1  ‘ .1 1.111, 11, 1 4  ( II’ r.15 ,~ 

., l) . ’S(~IIl1llI 11 111 . 1 p1-mm 1 1 1 1 1 5 1  11l’l’uls i s  ‘ l I v  i n c I ted stI th certaun ‘ Isf
( Bh_1 Kl4 l R ,4 eM ,1 K -  

~~
It , ‘ , : , . - 11. , ,  u’ t ‘ 0- ‘5 II S) ,,,, . ,i ~ ‘ ‘ ‘11111 /1 c m ’  . 

1111111”. and t - x lra e - 4 5 1 . ’ r i s l ’ ’ W hil ’h are u ,u l l sc ’d not onl y by remote-
P0Hbl, CCRCPH\ II ‘1.1 SI, .‘ 111111 1” ~ ‘1111194 51’ ‘b ’~ ‘ .111’ ‘1 ‘ I I’ ‘I hI 11,111 ne I r , l m “ lain undu sl S . I ,‘ e r’ Ir r ’s j u l - i  base- s of construction in-
kp y leMW Tc pHa , (~ic .113I51CHTH R U~ hla Tr,l-hI I C .

~- ;‘‘~~~ ~ i’ .  
i jusl rs Ii’, , ‘ 1 l i 5 i4 I - ~ tm al  ls~~,I lr ’  , ~ l l r r l r e - c t r , I I I S , l ittle density of popu.

tIISPIIHCHHbIMH ‘ l b l ’ 4 1 1 1 i 1 4 C C 1 , - ’s’ , ’ ‘ Si, 41’.hule ( C I I I  Ii .11 - l U l l ’  I ,1h1 ’ l f l , lad  5 , 5 , 1 1 ’  cIi l ’ late- Frozen grounds land ice~ used as
411154 14 h15 11411 1  , I a cia ~ ‘I 0111’ I’i. II - H I I ~ - ‘~ 1 1 1 1 1  SU HIl t l l l i f l d , , l  I’ll 5,irnoiin,lI ’ Ie-~ Ill h:, i I~j~~~ g mater ials plissI’ss s pec i f i c113114151 ~ I I 51 , 5151 I Ic sa l - n , ‘ ‘III, - l . r ’  Ia i,.I, 1’ , 11511111’ l,j lu ir  e s - s . , 1 1 1 1 5 5  Ill . I I I ’ , l l le (  ipp rIlach to research , ,te-sign cons-
uilny ,Sle’ ,ieHHlI S I III1a,llIlIil’’sI , B I ’ ’ ’ -  

~‘l’~~ ’’  UI 111111111 - f ’ ,i. ~ 
tnl i,  ilIIfl u I  ‘I hen 5111.5 . I fllSlll ’s ac tu c i t a  In these regions

51.111111311 ‘lad e- k Au I 41,iHUHi’l I,., ‘;.aops III’ S 1514 5 111 114 1 ‘‘111 5 51 ._I ll ’  ~~ ‘ 5l ~fl l h e ’ s l ~~’r l u I r g .  c ’ ’ I is t r udt l r ig  and runnung unIts 111t 1’ll,tl’ll for
all/i Il l ,  11 ,1’ , / . jI lITi, .11111111 14 151 I II I 13 I’, l’ i I ’ l. IlliHHCII7,l,i4,’I~l1 ’Il d, ll,’r,’nI liii , I — ,  — Ill f’l’ r I r l a f r l r - .l .10 ,15 , 11 fo l lo wung l I - s l i l i l m i t y
1 .‘ : is. ana i t , ’t 1 1 1 5 1 . .14 ii’: - t 1 1 1 ’l1 ha u l ’ . ,  ‘I ‘5 1113 41 ‘‘II 1111, . 11 ,1 11. ‘ II — h’ .ei ld b - ‘ ‘,~ ‘ ‘ i ’ il,~ IICCOU’ II , I IS heal e - x l’hange betst- e-e - ii b r i r , r’lt
IS l.ITpa ’I’’ 11 .1 l l ’ M lf  Ii C l ’ s ’ ’ I, 11,1~1, 14, ‘ I I ’ ’ , .  , , I I 11 11511’ , I1I’ ,, IIIIi 1,11 I e-’ . ’ ’li k , r i . t  I l ’ t r ’ e ic r ,I,lr un It ’. 15 w e - I l  as the IsnSlnolilne’nl , f I u~poalIll I’ll , , ‘1 r~ c,o : a -.,i, i,i c, ’ ~ ~r , .lll’’IIIUIIIIIIH I’o(raI.,ll’H II ’ I “II II liii’ , i,,uiucal aiid IllIlIdili g pr~~ip.-rI ir ’’ .  of the ’ Inn/en e- r l l : I I i ds
a na_ lIi’Tu’’’ ’ , is.i , I I’ll, ’ ’5 1111 I’ 1, . ‘ . I 1.(IT’Iltll,iU 515.lKl’1PH4,1’ (H ,’t ’’ ~~ a au th  ‘ 1 1 1 1  u t r ,  I’ J I ’ (  ,lIllh t 1 ’ i lrp e- r . u t l i r l ’ s a n i a l l u ’ r i - . Ill lIr ’ - l e-a-
51411(14 H cy (S’1n .le-M uleIl 1,1 III ‘II I- I’- -

’’ I(il’hFH ‘51 115 11 ‘ ‘ sc. 4 1- ‘1,- h u H  - 115 I’ I ,ille-, f lii’, l u ’  t Is  aCdI 1r l l l . l n l e d  IS ‘I ,-s l- lc lpnlment  ‘‘I cr ’  ‘ ‘ 5 5 5 1 1
aJIbHhge 98.1W 1411.115.. ; ‘ . 1411 I,, hIl 1111111IS 41 ill ’ , e- III SI 11 ,111  fl Sil’ MiIfl Iid ‘ ‘ ‘ ‘  ‘I ~~t r i c t r  1 1 5 1 5 , ’ .1 I,,rrnhuf 111151.11-I In Ihe ‘lalll~Ita I l l  511115
313ecb OÔOCO(1,,C1l1lI,I5 t :  S M”Nl’ apclI~~i4 ( 4 41141211M1 ii BOt’IOIllIJ l ’ ( n h ’ 11110 111111’,
1(O2114414111511’IiIIHIJlIINWC I,,, II I II I \ I’ ,lfl Tl’B II 1,111111 ii ,~ ‘ ‘ ‘ . 1 ’ ’  I Ill’ I’ll’ lii uh,- I I r I S  ‘ Ill l I e ’ 1 1 1 1 1 ’, . u~ l u i I  S- I - I l l s Irl i ct I l Ig  Ls i h s i i k , i I s k ; 1 \ 4 ]
OTBP’rC’T’3eHHI 5 - , - a 11,’ r ‘ ‘ ‘  . ~ 111 111-  ‘ Ii 14, 11’ ‘ , l 1 1 1 1 . . ,, ,- , 1 1 1 1 1 . u f l u I .~~ ’ ’ I I ’ r - . 5 4 1 5 51 t , i i l r  1 . 1 1 1 ’  i s  St is  f i l ul r lut lIl t 1 1 5s , llII’tll, ’, I’. Ii’,’iI sr
1’OJIbKO B HM’A 5111.1 14 l” l ’~~~ . ‘ I IM I’ l nil - l b .  I1I’’ .i~~ lIlll’ ’ 41 11 41 ‘ I I I ’ ’ ’  . I ’ ill, ‘ttl l ’s ll’ril ‘ ‘ 1  , 5 ‘‘1 h -  c l luhi l l iS ((I l l  i imel t ,—u i grll l I r I i i S u  lime- n,lI
lJlbHl13C ii l u l l - I ’ 1151 11,1 hI I’ 

~ ‘‘I’’ llIIH11,1hHI,iI’ 4114,11,1 i ’ l l ,  S 111115 1’ ,— a pilIle .uhl, ’ Ill II S S l l . I I l ’ l I ;ln l’aI _ ‘I r  I’ ll l r s t r i i s ’l I , u r r  ( ln its I hi l : I l l . llg ’,,
lItHe B ,IaHno~ i~’hT(15051HH , i l l ’  0511,1 ,m ’ ’ Ia ’ , , - ,  ,, ,  a C,t-114 cOCejlli,l ’ 

n i b s , hni,l g’’ — u  ill Ill - 1,1111 Is, - , ’  I sh, mrt t , r s r r  ma ln t I - l r . I1i 1’r ’ - l ’ ’’ ’ r ’ .ll
iin6~i I’ (1,11405 113 11’ , S ‘ Ball - . 1,110, ‘hIll ‘~ lb lHe ’ II l’II ’ I ’ 11 1 11 I’ ll ,.,, e, d l i l  I e-’ III rul i lu I me — re t i re’ , ,_ ‘ II i 1 5 i ’ l l l l i u l i 1j  ‘ . l ’ r l s ? r i s ’.’ t r , I i r s  . i r ~ it t l~ s Ill
pa~~e ..qeHb H I l l  1 1 1 1 1 1 1 1 1 1 . 1  415 , 111- I a B 1113311145 _‘iI, , l r l l s s i , - I, 1111 lI _I I ((UI’ s B bii~ Ii 1 1.1 .111 to I,,’ 5 1 1 5 ( 1 - 55 ‘ I I IIt I  I 115 11 ,11 l ’ Il l l I I I l l u i l l —  ca lm ni , t  s,

13esleuiIl l 13 A . u II” ’ C II’ i ’ M  I K’ 511,1 II. CFIaM 11111 ‘ I C l i i  110 pai_ ’1I1’i uri1 ”? 1~~’ ii II ; ‘ ‘ - r m . i t l  -~~~u’ in— , , - ‘  r i s e r , ‘ ‘I ’ h la f l i c a l  t r l r r s t r - r  I I I
1101(13351 eJIMM , Co ll ll1I’IIiIIRaII l’ ’Si  nllIl I 5 41 1111 11 t 1,’ rifl i i l i.’sI ,,r, - ,,-, r,’-,’ . Its IS .1 mIll’ ’ , ill dis a s i T I l i s s  c I t e - c l ’

Ceii ropa.ibHia ll lul l, ‘‘11mM X i . l l . ’ I l u I l  llbl,’ ,ll ’ ra ll.l, ,iHwb B I t  II h:1 e-1 r1-, ’ r I i ie  -Ira’ lIce - 1111,1 t I  re’sIi~ls of su le l It l I l. ’ t l l I l l I ’ S  al
III lIP IBHHtillWI 1, - I  ‘ I ’ l l 11 11- ‘.1111 ‘ 5  ri,p \ u  f l - . r C  111114411511 1 , 5 1  ‘ ‘s led III l I e - c l - I l l 5 1  nIll 1 11 11 e- l -n I - r h hi’ ll l,’ 1 1l t , . l , i’l l I r ’ I b , ’ S ’ q u u . - s l i t

HWM1I KpHT epHBMi1 iIlI ,’lluI,. l II l~
r4 r l . ’ 1 l u I - ,  111 .1  )a S . ’ ,h  s ’  i i , r e  C i~ a I l i l l ” l l I l C ’ t lIIil oil f ruo~-n 1,’ i ’ ’ I ’, i l l Is , I rs . 5  Ii’ 1 11-11111 - 1,1 1 1 1 1 1  ‘t , ’ Is  tliI_’Sl,’

a paan~~e CCKTO51I,1 r . 5  . aJlbHi,I S - ‘ l ’~~ ’ ’  - I  il, ’ S I l l ’ l 1.IIS 4111 1011 , ,  1lr i i l u  4111 for l f i l f l - r r ’ r r l  ‘ s p.’” . inI  , l . 1 5 5 1 ’ s  it , l’lI’ii’lll’t l l ’ Si  i,u i m u t —
MeHen He COOTH0WCI(l’lI I IOH’Ti’ l i ,  I l I ,L1I , I l I . \ II ~k ’  . I l l I ’ ’ l l ’ l I l l S  11111 , 1 ’  S t I l l  Is du l l - r e , , ’ Is ‘ c . ’  I s r , ’ r k .
izj eA ~hac1’1,1() Ko.’t K lfl’ I- l  II 1 1 5 5 1 1 1 1  1 1 , 1 1 1 4 4 1  1111 1 ,1 l h , ,irs-i ,’,’ 1 : _ O p ‘II’ \ t  l l r l ’ s . ’ l r t . ,s , - , 5 4 1 1 1 5 - to  n i h l r i i .r t r s , . Iii, s i , i s ,  I l l s  III lr sum ,’ I,,,,
‘II’CKH UCJI I.IIIJMI’ C.’lilIlul ,,.isIIl B II,llil’’iS C5’ ’ s l l’ lIIl,lal,,,i II flll.1liIIiIIlIlIi’ nr;llll 51111111151115 II, 1151112 im I lds -Im gr id ’  in the ’ I’ S’sR ,‘ i lt l r  I Ill
UHH ( 181, IltIllIl UiluHIl 4- ’  (Ic 5 ‘~ rS l . ’  ‘ 5 1  l ij . 1  .1. 1118.11311113 (II,, ’ I l 5 l , ’ l l . ,  1 1 1 1  I ’ l l  ‘ - ‘ l u ’  h r  Iii 1111 11- II “ t , u l , - , lim s- t i l l e r . .1’ II rIule , 5 1  lIlliIll.lrs
13O511151OBKHIIHA 131) l l l l H H i 4 1 I i l ’ , Si l i - I 1 1 S ’ - I . i I , l l l l l l ’, C \II:i ‘ 1 1 4 1  In’ I l , ’ u I  I , . he’ . ,ll ’ I I s l . , I l I -  l b  ‘ ‘ ‘ r ’ ’. , 5 Ihs’ re— ,~re I t - ’  s l r i ,  I 111111 ,
I- Iawa cxe n a 111 5 111 .411 i’-Ia41h,,- l,11’l l l5 I l I l ’ kT 4 1 1 1 1 1 1,1 III’’’ 5 1 1 ’  lm. ’tst e ’ ’ ’n t I l l -se ’ ~ ( r i  I lllIlII,lII 55 h I l l s ’ lii’ 1 1 5 1 1 1 1 1  iun 5 l ~ ,. ,ulher , s - e - s  ‘11 .1
pai51eJTtHli a nu’e-ll .5 1 II.II’,,11,’ l l I I i41l l  llll .I(I iChlil.h. I 5, 41 1’ I k l l ’;I I I I  5 , ’ l l’ ,I pl’ 1 1 1 1 . i 1 5 1  s - s ‘i l IrsIrIhiltI l l Il  and ‘ . tr i i ,’ l i s r , ’ II pl - r r l i . I t ’  — t 1,11 , - r —
BhIie.10B 4 1’ ’  1 1 1 , 1 1  1 1 1 1 1 .  ,uI , S ’IliIitI I 1 1 1 1 5 1  tIll’. linI ,‘I S Ie l l , 1151 tIII t ’ msc II ,,

5 I_ ’s icii c ’r~o 41.111 1111 ‘So llrlpl’ .’le_ ’lal TI ll III’ 13(1,11,110 t1l41 ’ Ill-’. l ’ ’.r rI -e- r l I l le arc’ Ii — ‘ IllgIul’- I l l  It II I’’ r r I i r r s s . ~~u. 1 1 1 1 1 1 1  II 1 5 , 1 11 III Iosc’ ’ h . - r ’ ’
2 s - I  t I m ,- j i e i l l l . I r I l s t  5 5 0 1 1 1 1 1 1 1 5  l\ ,,5 ,,i I ’ ,h \ .,s I I —,1, et su I t . 21 de’ ih ii-

. 5  . 1 , 1 1 , 1 114 51 Be-ClIMe B ll’ ’ ’  l ,1I , ’ I , S \ l l S l I , i l IOl l l,i \ 4113.11113 (( IT  ‘s” - 1 111 115 IlIlPiIl55IIlllIIl i .f  hugh i’ ’ r i ub I l ’ r . l l u l l l.  I1( ’rl ls. I I ” I b ’ - l  4 5. - S i l l  I’ (If Il ls
4 de-phIm I ‘.\ i r i cs ’  Fe - i r b a l  1 1 1 , 1  II 151511 111 11r d’” l b I l r t i i l l i , m I I s  5 ’ ’ ’ ’ ’  e- i-CDhiuIe -
~, 

COe-TaBa .l’~~. 1,1 111,5 41_ iop, C I l l , l i b , I i i ’ l 1 1 11’ SI iiI ,l l l II 1111 - b i,1fl um f 1 I c - r r I s . I I r i 1~ l I i Ui. f~rsI I I I’ ’  I s
~ ’,- ,. 1 e-t0iifl lt’ l j ~ , .

IIp1IR51I’HHH C 1(11 -1 Ha I l - l u - i - I ,  MC) H l I l l It lulk I lSI p ;lr 1111111 l f I _ l l u i ’ l l I l l  SI p ill ipl, ’ oh l ’ l l l i s l r ’ i, loll I’ l i — I  1 , l’ ,r 1111 ’  I n s t  s
~~

r,- b1 l l? ~~ Is .
41IlllTIl’IeIITa,lI,IIIIS ,,l,’SIl  I’l’lll ltl llll,Il kIlIlInlil I i l , I . 5 l , I l I . i \ 1 1 1 1 1 1 1 1 -  III 111111 l 1 I  111,1 r n i r i . ’ i 1 Ir - ’ iir ,i~ h,-~~ .,,, I , 111’pl’lldlllg ‘Ii 5 1 5 1 1 1 1  ‘ 1111411 l I TA t ) . llO’ITH _ lIIsiiI’IIIII,1I’ IIIte’lIIlIi’ul ~ll l ,, l ’%I l ’ i l I ’ Ilul Il ‘ 1 ( 1 1 . 1 ,  III b 11 - ph111 ’ llI,ifn osl l’lllilIllil ’ll’ III I I s . -  s i r ’ I m c— f i r s t  bin l I l t , ’  11,1 1’ ’ Ii’’ ’
111 811 ilpO_ 1HII_ 1 I_I  i_ , l ’ _il ’lill .11111,1, 1 ’  SI, ’il,,IhIIii4 ImflII 1 5 , 1 1 ’ ’ l l l i l ’ i r ’ ,l_ i l , l l I l -  1,1k,’ 11110 4u1 ’e’’ l l I r Il :li ’i li, II cl l l . l l . l r l l s i s , hal i.’ Is - i-rim s Ill’ - r r ’ l pe - r l r .  -
0111 ’41MN q Cc K HMHI ufl ,’iIlt lsl S ’  u n-oae,M ‘ ls ’Kl,Tc ico ro H I I.s’ i: i~

1,~ 41 Til l, ‘I1i’ III 211111101 ’ . III. Ihe’ I, ’ r i 1 , ’ ’! ‘i’ l l su ’  Ii l Ime s e - n h  iI~l ‘ I i , ’O1hCHl, 1111451 ‘lltl’., IlII’ll’ I 11115’ h , I l I l i I ’ S I I ( X ’ T F I  1111 11.1 1 41 , 1 1 1 1 1 , II 1 1 1 1 . 1 1 . III u- r .  1 1 1 1 1 1 1  ‘ ‘I IrI’,,- l i  , h , ’ : , s ! i —  F r I  111111, ’ (1 ,1/e l I  grIl l inlI I’’ ’ ’ ’ ‘ , i ’ e  -—
OCs ’iu ue’IIHli npIl,lIFaa KOHIH1II’H’T liJlblII,ie 41,111 51 1,1 ‘ 5 1 1 1 1 1  II ~~0I4IIl1llI I ,, lnl’r, ’ , i s l -  I!’ l t i l r s i l , - I I t  11111 ii ll,’ 5 5 h 5 .ilIl I i, ’ ._ .  ‘I h. S’ ’ I’I l l ’ I 

- ‘Cl)e-51MH41.lHcb 13 lllInan_,11II1-lIlll l ’ 111111 ‘1 ,11111 ‘5 1 1,111 1 1 51’ i s : a h Iuuu , ISS c h I l i ’  - i i  ill c’ u ’ n hs u l l i  1 , 1 5 1 ’ s , hi,’ I l l ’  111111 , 11111 ’ s l l ’ l’ l’ii Ii ~
- I I  — 15

41_lop naMH,l r l) uui~pe , i11’’m(ll’lIiI,l II (l,I . s el III’ 5115 uilII~lO1a’. iss l i c ’ l 1 . ’ d 11,11 111115 ‘C’lt lt j i t i h r s  ‘ 1 1 1 1 5 11 III 1 1111 ? s e - s I 11- Il I II. — s
Pacr ip oci paHen He 4,’ I I Il l I i I .’ HT ,i,’I4,Hi134 O’I’ ’M( ’lilIiB II iS ( II I  li~ ’ t l i l i 11111 ‘ Is ’ ’  Sc r lh i  Ib i ,  b s r i . ,,I 1 I’llIl ’ Inul l - l I ’ l l ’ ’  l I l t  ‘f’ — 1111111. .

flO’illI Hniipepia allia %l B 113- 51 151.1 1 , 1 1 -111.1 , I , i I I ’ l l  1 1 1  511’e’l ’ ’iI 1111 1 Il l’ ‘~ .11 111 5 ’  l b l l l’ Ih l lL ’ 4 III 1111111 - lr l ,II a, 1 1 5 1 1 1 5 - s
li.11’IlliOUeHII , a , 11,151. 4- 1111 . II II lilli_ l i l l  “I 11,l ,,I1’nl ’  Ila11lIe’Si fl_i ’’ iI I ll,- ‘ ‘ s t 111 III, 11111’ I 11111 _ I  ,,tm n l u l l s  u 11111 l l ,’/ ~’ll e- I l l i i I i I I’ _
l,’Tlllil,SHe, I C , B 115115 ’. IIlsllIl,I1,lc’Hllli 1 1 1 1  ‘ I  sS. ’ 1 1 , 1 , 1 5 apSuiIl l I ’ l lS i l \  l i — i - I , , -  l , l l i I l I b , l t I l l l i  l’ .r ‘ ‘ 1 1 1 1  ,iti I - r , - ’ t r is tn i . i I  I ’ l l , - . ‘ III, oh II,j I , 5 , 1 , 5
Ju aHat ua4ITon , M l l ~~~ I i l b  fif’,’ r l l , ’ . i’ ,,s IlIl. iT o 11 ‘S’ ’p ‘ 111100151 ‘i~’~” 15 1 11-s  ‘b I , l li luuf , i l l l l l is  c ’ l m s r i I i s l g  lIt.’ I n  l ’ ’I’ n - I ’ll 1 Ill,, - ’’ ’
~ 5 l , , l ’  HIll ’ ‘1-31110414 flOKIlOH ,i TaIlillill.1I II pilIll.ulll’ , ‘1, 51 Ii I 1151 .1511’ - g i ’ ’ e - i~ Is at has, - 11111 5 ’ 1 11 ,11  ht l ’ \ l ’ I I l l lm ’ef Ii, ~ 101p t1 ’s1 s, , l I I t l u , l Ip nAt ’ KoM _ H ~ W41 1 1 . 1 (1 i’ l . l ll’e I’ .1 1 1 1 ’ I l ’  5 , ’ ,lil’’lIlIl 11l5 ,’ ,llill’Idi ~~~ Ii’ ’ ’ . 1 1 . - I t  .11 to l’ I i lmli l l ,ih 11111 1 1 1  h I r e - c l  ‘ ‘  IIII.o I Ii, 5I I l’ ,’ll 1 Is . i l - -I
Mt’IITIIB paCUlHpaJll1(l, B (1111*11 511151111115 IPalICI li_ CI _ h i l l  ( 1 3 5 , l K l’u;III hr i i l , t u n e  -. 1 1 1 1 1  c ’ i u . , u l l . t  si u nI , u , . u s  , I . b ’ ’ i s 1 i i i u g .1 - 11111 I
llI_1llt iCH0D~llfi), fleflpe’blhiRIII.iM h i i l’ l  51111 III (

~i. I i , B 11,11311111 111 ’ .111 Ii’ m u’. h e ir - , ~~~~ l’.llllll,t b~,- ,‘ — I , r I,lisIi, 1 Fl- ,, l,lll ”lrIl, S:

58

— 
~:- 

—
~~

— ‘—- —‘ ‘  .— “—‘-~~‘.~~e——- - —’ - ’ .—’-—’ -~~~” . ._  ‘ -‘.‘ ‘ ‘

ta . .. (~ -.-. ~~~ .~ —~~ ‘--— a, .
— ‘---— — —



other reasons) art i f ic i al  coelhil lg us IIse’II . e’i lh ic ’r .111111 55 the 1m111111 OcotheNHodib II51OCKTHpOB11HHN, CTPOHTCJIB’CT•a n 0111111,1~~,114111411
da ry of building-ground siIrI,lc - c- in il LIII’ i ’ l i lu r , ’ lnuuien ‘.‘nIiIuiilf COOpyli(eHHfl pa)nHqHoro HalIlaqeIlHB Ha aViN0~ Hep l. l ( u r- - .141,1411-
ma’s sI rs Ing as a flluil,I,lllulll ‘Is eTra 11 Heot5xo JhIlsi oc -I-H yqe’ra H pery JI HpOaMH TC13J10043MI’Ila MI’pl’

the ,he,se prillc uple ’ s 111415 n e l l I e  Ill lI lbi l - nel l l  111111’ , r u b  cI,hllSl r l ,I JUl15 IPYIITOB C COOPY*CHHIIMH H IHeniMell cpejto* , T131( leaK H13

IiI)fl Whi le 1,11, l u g  e i l g l l  1 , 1 ’  ~ l l I 5 5  c u lu t h l iuu u imu e, , I I u I l1 s  5’ 1111111 .1 i. i t)  rI 3HKo-Mexa HHqedielle II CTPOHT~JIbHWC cao~ c’raa HiMeHlI Il’l, II 115111
guolm , the princ- lI lle - of dlllls lruuctllun us g , rv e- rj ic ’ d, 11’. .1 rulu’ . liv t he- npoTanaaHuH (npOMep3a HMH) HAN H3M CHCH HH TeUnepaly p ia B
prlncllp ll- ol lir’ i rig Pl’rfll.IIrlisl grIlullilk I s  Ii.iIuili,Ibioli oh hu u i iuhih lg s ~HII11TCJ1bHOM siH analone, 3ro aminanue conpoao*laeTca p .1014
and other Cl ,ns tmuctuo ii Units, I I c m i  ii Suild I luduus l r ial c l , lm s t nu lc tu l lh i  TH eM RPC~ H WX  ~J1N YCTO~ 4N~ O~Th COOpy~~eHH~ KPHOI e-IlHllX npo-
IS. carr ied out w ith lrlu/c n sts i te  (If ground pre-ser s e-d . lh,-ii a 511111- Ueccoa.
la m clm nditlon should be- u ,hs ,’ rs e-d for ene-iliecrung com ItluunicsmhlIIl ls B Haqa,ti e Hawero .exa 1151H cypouTeJm.c’r. e 3at5afiic a ibc ieoA H
In case - the con-,t muctilli u is c s u n r i e ’ d  lIlt Iccoreling to ( f tc  su’iIlhlld AMY PCKO k wesm e3HbI x gopor nie*eaepu npHWJI w K RWBO .Iy, ‘ITO
principle’ . slich a st niel  lntercondItil ln.l l i ty us 1101 lit ‘ c c  ssa nu l i . Ill be’ CTPOW1’ b B ST HX pa Aonax ,ia MC513J1W5 rpyn-rax Tall. 1(1111 13 ‘1ana~tHhix
I)bserse- 11. Dif ferent const r m uct l c l ns su nuf techn i que-s has e-  ju l -I’ ll , t c ’ s e -  P~~ OH41X CTPIHW (no TIJIW* I’pyH ’i’aZ ). HCJIb3L eoopy~~e’llH8 (us-
loped Ion laying commuu m uc.I t mluuu s w ithoul llustunbu llg f m oteui 51,1111 ~~~~. Jt OPO~M . MO c-nW ) a npouecce HeflpOAOJI*HTtJI bHOA ‘1Kcn.~ya’ra’
oh grounds. [he most c ’ f fec l isc ’  me-the ld is ISISI I1g engu lme-em ing corn- UHH sie41opMnpyio-ncii ii pa3pywa~~1’ca. 3,aecb HeRo 3Mo aeHe u ompaH ill ’
munu catiemns of al l  kinds in lwo ’ Ias i ’m comunullie.I ling l5 1’ nhi la h ed 4HT~e-13 oOwenpHHNTwNH KOHCT PYKUHMMH H flpHCWaM lI , Kfll051i4C

in the- 110111 period of the- s c , u r l  Ct i,lllhiI’lS, xoPouuo ce6ll 3apeKoMeniona.,H B O6bi4HI4 X yCJIO BHBX , ~~I l 5 l . ’l’ Tomo ,
‘A’hen layIng umain pIpel ine- s Iw aten IIi(11’Illl ’ , lle’t mll le -Lul l l  p ipe-  MCX13HM 4ec HHA nepeiio c ux II 3114 yc JIOll HM, kale npaaH.io , flPihllOIlHT

line - , gas pipe- tIne- etc I the - 11hoic r- I i  SI Ceu i l s tm lu c t i l uf l  linlluc’lp le 111 11 ~ K11TaCTp04IHIecKHM I1OCJ1e-IICTBF1RM.

la~,iIig technique becomes clurl mp l icat e d to the- f a ct 11151 1 hIll’ 111Pe’ fIH14u eHep HaH IIp13KT HKS H peay~lhia-n ia llayqHwx III1’,i1’,1l’1II11HHA

line may intersect the regions It cuimple t e- I~ d i f fe rent gelisr ~,i)llIglc flO3BO.1HJIII p~ 35111b’~0T111b He 10,11,110 ulb’lLuIlie- flplIHl1iIflI~l II Me-T O,’IIa

conditililis Howe-s- cr , the’ exper ien ce-  nb(su une -u l shose s tha t se hil i ’  ~~~~~~~~~~~ H a Mep 3JlIaS r pyHTax , HO II l(OHK51e-TII31IpI )H11Tb 1413
buildllig l i u r u- ,lr l’o l ist rusl ion-u , me’a’ .uu re- s sbiou iluf b, lake - I l  to pre- ~~~~~ Puum144H~~5 11113013 II l(.iaccon coopyauellH4 II 811,1(113 ~ 41 6O1.
Se-1’.l’ ~is l u r as possible- 11111 ink It ll ’ ’ r l s ,  II regime ill re r l l r , l i rosh  B HacToBillel’ 1351 1’M41 B (;(:(;p HO51MSIT IIHH1lMIl liih’.M ’- l r t a n l l  pe-
gr(Iuunds b mi t  natural COfl IflIllIlls 1’- we ’ ll In c s u s u -  there r - . III ‘e-4u b rJlahieilTllposaHo 11111 Odll(lBIlIl .l, It~~HHi Iltfl5 Hcflnibliill,,IIIIII Mi’p’i~1hix
to ,IclIid disturbance -s. t he- f a l ter  sh luulld he- bruluught III IlliflIllillill , rpyHTon. C CoSpaIIe- l l l Ie -M HI M( ’p l .lllmo COCTOI1HHB 11 C H’ (liTail Ba-
taking unto acdlllunt ,, de’tai l, ’,I p red ls l l o lm ‘‘I th c ’ rma l .mech .u i urca l  HIIeM , Kac npaHllJlo. flpe,ina pmlTe ’ .ibHiasl . , yflpaa.’ lMeM IAflT Ml’~~ .1V
lInt - m acl ion ol the - Ilipelilue an(t co nsh r uuc lr,I l ms I1b,Is u’ w i t h  1lerm.,’ HIlMil He-I CTPO~ HX CP41 HH1I l3I1ib’lop m m  13.111 liHorn fl~~l l l l t 5 i l  11,1 11(11. C’
f n , .s t  gno iuimds in the COIl r’ - e ’ ~ I pre lu i n in Ims SC 111k , ( l i i? l ie -11111511 ‘ IC -  J10BJIeH pe-mHo Ha~1bHi1M1I OCOl’ICHIIOCTlIMH pacnp ocTpaH I’ Ilul-A ii CTp( ll”
I 11111 .1 Ii Ii 5 I I h ~ r - pIe-n I 11141 I 11 tc’fl iu Iii I’ H 1111 Ile-4nO Me-p3JIOH Tim,1 iii 11 (~ sTuic~ T0’iKll ~peu 1111 I ‘ -‘ 51 11 ‘1131311

I’l a 1111 Ifl~ an d con s I n cu e - I i ‘ ,~r If h I gh - se II ‘, s. i Im p -nma t r s t  rc’ Iz II Il ls 5113(1014111 1 I ) CflJ1I )ili HorO pac npocipa H(’HIIH 1114 ‘1 1101151 I I I ‘ 
~ 

4 1 55 1111.14
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s,’ ,ns , ’ial t haBli lgl ‘5 c i rio  t r l i I li lml l  pnr l lc rp lc’ and . ippml lpnlul l’  — ub - p~’T H145 Mepi_iO’r Hbix yC.1o411111l naoiua’iKul , f1epRi~uIl lIplIIiiulllI 11111’ I V -

g l i d e ’  st ri ld IlIrl’ am ,- ch l I s l ’fl In Ill II’lIdl’ll(’ll 1111 Ihe Is ‘c ’ Ill s I m e - 4 l  Sifld 
CM5T P IIB41C T He T1I,1l,K0 )‘‘il’T 41.11111141-1 15114 yc1lOBlIiI . II’ I II S 1151 .11 1 11

IIl ’ e-r,’,’ Of t~ ‘i i n el , I I I ,r e-nnuI n - I s, I I I i lie 
- HHe ClloildTiSa M II mpy ’HToB II 1111 511mM UI I1p(uiiIlM C M hic,’le’ ,‘, I I I II SI , II 11,11 I Il,
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