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The permafrost community has lost one of the great movers of science. David has always tried to
bring people together, always proposing new ideas, new concepts, and sharing his knowledge with
the rest of the community, colleagues and young scientists alike. David was very active in the
International Permafrost Association as chair of the Astrobiology Working Group and as driving
force behind many of its initiatives including the Thermal State of Permafrost with David leading
temperature monitoring in many parts of Russia and Antarctica. Permafrost scientists all over the
globe will be greatly saddened by the loss of a colleague and friend that contributed to shape the face
of permafrost science in the 21st century.

International Permafrost Association

...He 00no oecsimunemue mvl HOCMOSHHO COMPYOHUYANU C HUM, 3AHUMASCL NPobIeMamu Kpuocgepol,
nepecekaniucb Ha MHO2OYUCICHHBIX HAYYHbIX KOHMEPEHYUSX, 6CMPEYanict 6 HehOPpMAIbHOU
obcmanoske. /lasuo Abpamosuy omaunancsa 2iyO0KUM UHMELLEKMOM, WUPOMOU 83271008, YMEHUEM
omemaueams 80U no3uyuu. Buecme ¢ mem on 6ce2oa 6wt OYuiol KOIIEKMUBA, YeN08EKOM C MOHKUM
tomopom. OH c030a8an HOBbIE HANPABGLEHUSL PA3GUMUSL YEICUCHHOCHb UYUel TUHHOCTU KAK
MAZHUMOM, NPUMSALUBAL K cebe MON00bIX uccredosamenei. Mol 6cecoa Oyoem noMHUMb €20 U KaK
nepeonpoxooyd, yHacmHuKa noaeulx sxcneduyuli 8 Apkmuxy u Anmapxmuoy, 00veduHugUIEe20
2e0KPUONIO2UIO U HOUBOBEOEHUE U MUKDOOUOTOSUIO.

Axaoemux B.II. Menvnukos,
konnexkmue Hucmumyma xkpuocgepuvt 3emau CO PAH

...His home and Pushchino were special to me and many visitors. | always enjoyed your hospitality.
We give David tremendous credit for his foresight in organizing these annual conferences in the
1990s, and under such very difficult circumstances. We all benefited from these opportunities to meet
Russian colleagues and develop new collaborations. Without these visits to Pushchino many
international scientific endeavors would not have flourished. He and the Institute’s team also helped
us with many administrative and logistical challenges.

Jerry Brown IPA, USA


http://davidinmemoriam.blogspot.com/2012/02/dear-friends-and-collegues-is-with.html?showComment=1329729635235#c1862021629820951010

...3a mo epems, 6 meueHue KOMOPO2O HAM NOCHACMAUBUNIOCH OOUWAMbCA U COBMECIHO nopabomama,
Mbl HOYYBCMBOBANU U OYEHUNU €20 CKPYNYIEZHOCTH UCCIe008aMeIisl, YMeHUe 000POA*CENAMENbHO
guicIyuwams cobeceOHuKa, cmpemierue 00beOUHUMb Kole2 8 NOUCKAX peuleHUs. NPUHYUNUATLHO
HOBbIX HayuHbIX npooaem. K ux yucny credyem, npedicoe 6ce2o, omuecmu 000CHO8aHUe NePCREeKMUE
HOBbIX YYHOAMEHMANLHBIX MEHCOUCYUNTUHAPHBIX UCCAE008AHULl HA CIbIKe HAVK 0 3emae u 6Uono2uu.

brazooaps ycunusm [ A. Funuwuncrkoeo Hucmumym nousosedenus u ¢pomocunmesa PAH
HEOOHOKPAMHO PACNAXUBAL 20CEeNPUUMHbIE 08ePU 051 HAYYHBIX KOHpepeHYUll pOCCULICKUX U
3apydedxcHbIx 2e0kpuon0206. Ha smux ecmpeuax ammocghepa evlcokou HayuHoU mpebosamenbHOCmu
8ce20a cocedcmaosana ¢ menioll cepOeyHoll 00CMAaH0BKOU, OPYAHCECKOU 3aUHMEPECOBAHHOCHBIO 8
O3HAKOMIEHUU C OOCTUNCEHUAMU KOTITIE2.

Mep3znomogeovr UI'D PAH, Mockea

... David, Victor, Vladimir, Dima and I sent a long field season in Antarctic many years ago now and
there are many memories from that trip that stay in my mind. Not lease of which was David's constant
energy and lack of need to sleep. He could be seen walking the streets of McMurdo at every hour of
the day and night. And whenever | asked him if he was doing something, he would always reply with
"of course!" in his thick accented English. David and | met many times at international meetings. He
was always keen to progress our science plans and enjoy catching up on stories over dinner. But,
always he would turn back to the next proposal and plans. | will certainly miss being able to work
with him. Please pass on my regards to family and friends and reassure them that David's legacy
stretches from the top to the bottom of the world.

Gary Wilson, University of Otago, New Zealand

asuo Abpamosuu enepsvle npuwen na kageopy ouonrozuu nous noumu 30 1em Hazao ¢
NPeOnoACeHUEM UZYHUMb BOIMOICHOCHIL COXPAHEHUS HCUBLX MUKPOOPSAHUZMOS 8 MEP3NbIX SPYHMAX.
C 2mo2o HauanoCh HOBOE HANPABNEHUE 8 MUKDOOUOLO2UU — CUCEMAMUYECKOE U3YUEHUE OPEGHUX
POpM MUKPOOP2AHUZMOB, COXPAHUBULUXCSL 8 YCTIOBUAX NPUPOOHOU KOHCEPB8AYUl, KOMOpoe
paspabamvisanoch Ha Kageope 6uoso2uy no4e npu MecHOM compyoruiecmse ¢ J{aguoom
Abpamosuuem 'unuuunckum, a 6 nociedyrouem ObLio RPOOOINCEHO U 8 OPY2UX UHCIUMYMAX.
Tlposedennvie uccne0o8anusi 6OULTU 8 YUCIO NUOHEPHBIX PAOOM, HaKMUYecKU NOTONCUBUIUX HAYATLO
WUPOKUM UCCTEO0BAHUAM 8 0OIACTU NPUPOOHOT IKCMPEMATLHOU MUKPOOUOL02UU, MUKPOOUOTO2UU
271YO0KUX NOONOUBEHHBIX Cl0es. Dmu pabombl cihopmuposau pynoamenm OJis pazeumus
cospemennotl acmpoobuonozuu. Jasuo I'unuuunckuii 061a0an yousumenbHol CnoCcoOHOCMbIO
00WAMbCs ¢ WUPOKUM KPY2OM YYEHbIX, YOercOamp ux 6 HeoOXooumMocmu u nepCcnekmueHoCmu maKux
uccnedosanull, 3a6a3v18aMb CEA3U C PATUYHBIMU UHCMUMYMAMU U 1a00PATMOPUSMU NO 8CEMY MUDY,
000UBAMBCS €ICE200H020 PUHAHCUPOBAHUSL O0OPO2OCOAWUX IKCReOUYUl 8 ApKmuxy u Anmapxmuoy,
HEeU3SMEHHO 0CYWecmanams dmu skcneouyuu. Ilonyuenuvie e2o 2pynnoti YHUKAIbHble 00pasybl 21y00Ko
3ane2aruux OPeeHUX Mep3biX 0CAOOYHBIX NOPOO AHATUIUPYIOMC 60 MHO2UX I1ADOPAMOPUSIX MUPA.
bnazooaps ycunuam [asuoa Abpamosuna u HeMHOSUX IHMYZUACMOE-COOBUNICHUKOE Y HAC U 3A
pybdescom acmpobuonous 06veOUHUNA YHEeHbIX NIAHEeM 00208, IKON0208, ACMPOPDUIUKOS,
acmpo2eono2o8, NALeOHMOoI0208 U Opyeux eOUHOU PyHOAMEHMANbHOU NPAKMU4eCcKol 3a0ayetl -
nouckom enezemuoul dicuznu 8 Conneunoil cucmeme. Ocywecmanenue Smoti 3a0a4u OmKpvleaem
COBEPULEHHO HOBbLE MEXHONOSUYECKUE U HAYUHbLE NEPCREeKMuUBbL 05 yenogeuecmed. TpyoHo
npeocmasumo cebe, ymo psdom ¢ Hamu boavuie nem Jlasuoa - HCUB020, HEYMOMUMO20, UPOHUYHO2O,
NOAHO20 Udell U NIAH08, YMO Mbl HUK020A He YCAbIUUM 6 meaepOHHOU mpyOKe HeU3MeHHO
sasepuiarowgee. «BEPETHTE CEBA».

Kagheopa 6uonozuu noue ¢p-ma Iloueoeeoenua MI'Y

David was a great person and one of the best scientists | have ever met. His ideas were inspiring and
his optimism and sharp sense of humor were truly amazing. Just two month ago, we were standing on
a roof of Convention Center in San Francisco, laughing at his jokes...

Dima Streletskiy George Washington University, USA



Less than a year ago | spent quality time with David and Elizaveta at a Polar and Alpine
Microbiology conference in Slovania. David was in top form and provided all at the conference with
invaluable information on Siberian permafrost. David wore many hats during his lengthy career--
whether it be Astrobiology, biogeochemistry, or biodiversity, | always respected his input and the fact
that he never minced his words. | am sure that his legacy will go on through his numerous
publications and through Elizaveta’s research. We have lost a great scientist and | have lost a good
friend-- one who advanced significantly our knowledge of polar ecosystems.

John Priscu, Montana State University, USA

...Heso3m001cHO nepedams ammocgepy mex 1yKago-yMHO-08bICMbICAEHHO-UHMEPECHO-NOYYUMENbHO-
OCMPOYMHBIX MOHOJI0208 U PENUK, KOMOPble NOMOM euje He PA3 NPUXoOUnI0Cs MHe CIbluamy U 6
noasax u npocmo 6 oowjernuu ¢ J{.A. JI.A. Hayuun meHs yeHumo 21a6HOe 8 JHCUSHU CEOUM
Henpumsa3amenbHbLM OMHOUEeHUEM K BHeUWHUM ampubdymam 01a20nonyyus U nopsaoxa Ha (oHe
Ganmacmuyeckoil NpedanHoCmu coemy T0OUMoOMYy demuuy — Hayke. A Kaxue 3ameyamenvhvle
100u 6cez0a OvLiu 80Kpye He2o! [[.A. ecec0a Ovll mem CMOANOM, HA KOMOPOM 0ePHCANACH OSPOMHAS
obnacmv ecmecmeo3HaAHUs, OH YEMEHMUPOBAL HAYYHbLE U TUUHBIE CE53U MENCOY CREeYUATUCTAMU,
obecneuusas my peoKylo KOMIIEKCHOCMb U3V4eHUs npupoosl, 6e3 Komopou Hauiu 3HaHus Obliu Obl
eopaz0o 6ednee. OH ObLI HOBAMOPOM U NOOBUNCHUKOM.

ITagen Hukonvcxkun, 'HH PAH

I began working with David in the summer of 1990, when he led a major international expedition to
drill into ancient Siberian permafrost for microbial investigations.

He was quite a phenomenon in the field, operating the permafrost drill nonstop in the 24 hours of
polar light. We supported him in rotating crews of three, working mere 10-12 hour shifts. After the
drilling, he would relax in the dining tent and engage in wide-ranging discussions on astrobiology
and planetary exploration. David was intently focused on determining how microorganisms were
preserved in ancient permafrost. To my knowledge, he was the first to develop the methods for
drilling in permafrost without the use of drilling fluids, thereby preventing contamination of the core.
We learned this approach, as well as David’s methods for storing and handling samples, and, with
David’s help, applied these to new studies in the Canadian Arctic and Antarctica.

David’s primary scientific legacy is that he
demonstrated to a skeptical science
community that the Siberian permafrost
contained viable microorganisms that had
been immobilized in the ice-cemented
ground for up to 5 million years. This was
an important discovery and motivated the
microbiological study of putative 25-
million-year-old ice in Antarctica; it
spurred those of us interested in Mars to
consider the prospect of life preserved for
over 4 billion years on that planet in ice-
cemented ground in the Southern
Highlands.

David was also active in international
science. He actively participated in the International Permafrost Association, and he was eager to
involve scientists from all over the world in his field expeditions. In addition, he participated in
expeditions in many other countries and Antarctica. His strong yet gentle personality will be missed
whenever there is drilling to be done searching for microbial life in ice-cemented ground.

Chris McKay
NASA Ames Research Center, Space Science Division
Moffett Field, CA, USA




A ecmpemuncs ¢ Jlasuoom énepesvie 6 1986 200y, ko2oa ou 3apaszun mens uoeei 000blMb HCUBBIX
MUKPODO8 U3 Mep310mbl MULTUOHHOAemHe20 8o3pacma. Cyos no KpacHopeuuro, YoeoumenbHoCmu u
Hanopy, ¢ kakum Jaeuo, 6yoyuu M.H.c.-OM, 000bIBAL 8 MO 8peMsi CIYOEeHMO8, OH, NO CLOBAM HAULE20
3ae6 kapeopou, /1.I'. 3ssieunyesa, ovin kax munumym 3asedyiougum rabopamopuetl. C maxoi
VBEPEHHOCMbIO Kageopa u Omnycmuia MeHsi Ha OUNIOMHYIO NPAKMUKY, U 1 noexai ¢ /laguoom 6
akcneouyuto 8 Yepckuil. dma sxcneduyus OCMAanemces Ha 6C0 HCU3Hb OOHUM U3 CAMBIX APKUX MOUX
eneuamaeHull - 0a U HAY4HLLL pe3yabmam, 60ueOwUll ¢ e2o 1e2Kol pyKu 6 KHuey pekopoos I unneca,
He y0anocs enocieocmauu nepewubums. A Jlasuo cman oeticmeumenbHo 3a8e0YuUM 8eIUKOLENHOU
1abopamopuu u NPUBeK 8 HAyKy euje 04eHb MHO20 CIMYOeHmOo8, KOMopbie NPoOoicarom e2o 0eno.

Cepeent brazooamckuii, HOXubIIIl PAH, Ilywuno

... B 2001 Huxonaii Huxumuu Pomanogckuii ckazan mme, 4mo HaACMOsIUWYio Mep3iony si CMo2y
yeudems umeHHo 6 sxcneouyuu ¢ Iunuuunckum ¢ Tuxcu. Oma skcneduyus, camas nepeas, cmana u
camoti yenewnot 3a éce 200ul. Cnywas pacckasvl [asuoa Abpamosuua o nepunemusx nogopoma pex,
6b10YPUBAHUL BCIMABHOU YETIOCTNU U HAYUHBIX 3A2A0KAX MEP3NOMOBEOCHUS Mbl YACHO 3a0bI8aANU U
npo byposyio. Eeo npuckaszku npo "...omo ewé Jlenun nucan”, "...omo -  auey cexcyanvuwix pegpopm”,
"...pabomamo waxanel”, "...KOMMYHUIM HOCMPOUMb XOPOULO, HO HEB03MOICHO " Kpatine padosanu
Hac, moeda ewé cmyoenmos. Eeo cmune obwenua npumszuean cpasy. I’ nasnoe, cosopun on moeoa
HaMm, Ymobbl CmyOenm Mo2 NOCIAMb C80€20 PYKOBOOUmMENs - mo20d eCib CMbLCIL Opams MaKozo
cmydenma. [InooomeopHuvie OUCKyccuu npoooaAHcaIUCh ¥ Hac 00 nocieonux onel. On kax 6yav0o3ep
CMAapanca Kpywumos UOUOMU3M CYuWecmayiouell Cucmembl, NPUOYMbI8al XUmpbole maKmuyecKue
cxembl, U nO-0emCKU padosaics, Ko20a y0asanocs odepicams nobedy. bydem ne xeamamso e2o
dunocoghckoco omuowenus: K nPOUCX00auemy 80Kpye, Ko20d Ha HOBOCb O MOM, YN0 OOUH U3 €20
ACUPAHTNOG HEONHCUOAHHO NPEONOUEN HAYUHBIM USLICKAHUAM HYMEUWeCcmaus, NoC1e008a10
2nybokomuiciennoe "...a nojcanyi He Kaxcodas 1a00pamopus Moducem noxXeacmams, ymo eé
acnupanm yexai 6 kpyeoceemky". Taxum on u ocmanemcs 8 Moel namamu, Opocarowuii 8b1308
YCMOAGUIEMYCSL MHEHUIO, UOYWUM C OYPOBbIMU WMAH2AMU NO MYHOPE, 8bINYCKAOWUL CIMPYI0 0blMA
(om smou npugvluKy U36asUMb €20 ObLIO HEBOZMOICHO).

U ezo obsz3amenvroe «BEPETHTE CEBA!» na npowanve..
Anopeit Aopamos, UOXubIIIl PAH, Ilywjuno



... will miss David's contributions to the journal Astrobiology very much. As an Author, he was very
demanding of what he required from his co-authors for his publications - and he would not publish
prematurely. As Reviewer, he expected from others what he demanded of himself. As a colleague and
Regional Editor for Astrobiology, he was always a joy to communicate with - he was enthusiastic
anytime | contacted him for help and advice and was very encouraging with new efforts and ideas to
grow the field. Many times, he would be out of touch because of field work and poor communication.
But he always would re-appear ready to tackle anything I needed from him. Though | only knew him
briefly, | found him to be a delightful man and a great friend to the journal Astrobiology. He will be
missed.

S.L. Cady, EIC-Astrobiology, Portland State University

Ecmb maxue 1i00u, 0 KOMopuix 0ajxice 8 camvie mANCeable 6PeMend, 0axNce 3HAS, YUMo OHU Yiice
0CMABUIU HAC, 8Ce20d BCROMUHACULb C YAblOKOU Uiy 0axce co cmexom. Taxum ovin [asuo. Tpyownyio
pabomy oH npespawan 8 padocmuyio. Pewienue um, kazanocs Ovl, 00bIYHOU 3a0a4U YACMO NPUHOCUTLO
omxkpwimue. [Tomomy 4umo 3mo YHUKAIbHOE CEOUCMBO YEI0BEUEeCKOU OYulll, NPUcyuee, yebl, OaNeKo
He MHOUM, - BUOENTb 80 BCEM CAMOe Jyuulee — 0A8al0 eMy BO3MONCHOCb U 8 JHCU3HU, U 6 pabome
8UOEeMb U NOHUMAMb CAMOE 2NIAGHOE.....

Axoe Ilauenckuii,
Jabopamopus Mukpoobuonozuueckou bezonacnocmu,
Munucmepcmeo Cenvckozo Xozaiicmea CIIIA, Mapuneno, CIIIA

...David was a great pioneer in permafrost ecology, a wonderful colleague and a good friend of many
of us. His in depth interest in geocryology has built the bridge from Earth-based research towards its
application in space research, especially in view of the habitability of Mars. With this, David was an
enthusiastic supporter of astrobiology. We will not forget his excellent organising ability and his
warm hospitality during the 10th European Workshop on Astrobiology in September 2010 in
Pushchino, which he organized, and where we all felt so much welcome. ...

Gerda Horneck, President of EANA, Germany

Bnepsvie mul nosnaxomunuce ¢ 1989 2. na V xonghepenyuu « Teopust nousennozo kpuozenezay 6
Ihwuno. On opeanuzo6an Kpyenwiii o 01 3ACTYWMUBAHUS Y CTNHBIX 00KAA008 MOJ0ObIX
compyonuxos Hucmumyma mep3nomogedeHust, NpUuexasuux uz AKymcka. ... si Nouy8cmeosaia
UCKDEHHION 3aUHMEPeCcO8AHHOCMb MANAHMIUBHIX U COCMOABUIUXCS MEP3L0NO08e008,
KPUOIUMON0208. NOYE0BEO08 - NOIYUUA NOOOEPICKY, KOMOPOU MAK HeOOCmaem 1 MOI0ObIM U



3penvim uccreooeamenam. B moeil namamu on ecec0a ocmanemcs 000pviM Opy2oM, HeOPOUHAPHBIM,
NPOHUYAMENLHBIM U NOPAOOUHBIM YEI08EKOM C APKUM YY8CMBOM tomMopa. Jlasuo ece20a Ovln
MANaHMAUBLIM UCCTIe008AMeNeM, UHO20A CYMOYPHO GUMUICMBYIOWUM, UHO20A HeNnped30U0eHHO
JIO2UYHBIM U 4ACMO OMCMPAHEeHHo 3a0ymuusbim. Kax srcans, umo nenwvssa 6oavute cnpocums: «O uem
mol Oymaeuv? ». Kak 20pbko, umo He coOpana KHUiCKa nood ycioeuvim Hazeanuem « Cymacuieouiue
uoeu Mep310mogedeHUsy, Mojcem ona omeeyana 6wl Ha sonpoc: «Kyoa uccreoosamenam mepznomol
uomu oanvuie? »

Cnazooa Enena, HK3 CO PA,H 2. Tiomens

Davis was a very important Geocryologist who made a great difference to Russian Geocryology. His
work on survival of bacteria, etc., in permafrost was a major contribution to the science. He was also
the organiser of many of the annual international permafrost meetings which were very successful. ...

Stuart A. Harris, University of Calgary, Canada

...We talked about cryopegs several weeks ago. He always had a lot of humor and great ideas. His
lightweight drill rig is wonderful and can go anywhere... | remember his humorous talk about the
“Ice Age” movie during the Zurich permafrost conference. We honored him, and | am very lucky to
have had a chance to share some experiences with him.

Kenji Yoshikawa, University of Alaska, Fairbanks, USA

...Konvima emopoii nonosunst 70-x u
Hauana 80-x, cmamvu 0 cmpoenuu
PUIXTIbIX YeMEEePMUUHBIX OMAONCEHUX
6 patione pexu Hyxouweltl, mgopueckue
ouckyccuu u paspabomxa niarHos
npeocmosnue2o noiego2o Ce30Ha Ha
ManenvKol KyxoHvke 8 Ilywuno, ¢
Mmanenvkum Muweil u kpouteunot
Anoil unu 6 kopuoopax u Ha
NEeCMHUYHOU, «KYPUMETbHOUY, KllemKe
19 smaoica I'nasnozo 30anus MI'Y ...
Houiman cebs na mvicau, ymo me u3
VUEHbIX, KMo Moe Obl paccKazamy o
MHC (ecau He ouudarocs!)
Tunuyunckom mex nem c 6yposoil
(xaocemcs, 1IBY-25) na nieuax,
AUWUKAMU CREYUATILHO U320MOBLEHHBIX
wmane u 06pazyos, 6eCKOHeUHbLM
KOIUYECTBOM 342V 0NIeHHbIX CKBAJICUH,
wmane u OYyposvix «10XHCEKY,
CONpoBOICOAEMbIL MONOU
CMYOeHmMo8-nPAKMUKanmog u
nogapux — Lllep, Apxaneenog c
"onsaxa-myxa”... - He cmMo2ym 3mo2o
cetiuac yoice coenramo. S moe 6v1 3mo
coenamob, uOO CaM Y4acmeosan 6 mex
IKCNeOUYUSIX CHAYANA 8 Kauecmee
pabouezo u cmyoenma-
NPAKMUKAHMA, NOMOM UHIHCEHepa
Ceseprotl sxcneduyuu MI'Y, a nomom
U e€ HauanbHUKA...

Anopeii JIvanoc Mac, Baneucus,
Hcnanua
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David,

We are an astrobiology group because of you. Without you, we would not have known each other.
You provided two essential components, First and most important, you provided the enthusiasm, the
vision, the knowledge, the continuity, the joy and in a clever way the organization to keep us inspired
and focused. Second, you provided us the permafrost samples essential to our studies, their special
uniqueness made us feel we had a science treasure to study, you also shared your knowledge about
the permafrost habitat, its history and the field measurements that we needed to understand the
biology we were studying. So, David, without your leadership our lives would not be so rich. For all
this, we are indebted and forever grateful. You will always be in our minds, those many experiences
and incredible stories we remember from you. You were also very dedicated to students, always
thinking of how to better their education and future, students from Russia, US, and everywhere
someone had an interest in exploring life in the very cold. We thank you for your contribution to
many, many student’s careers. Several of the astrobiology students from the MSU NASA astrobiology
project when learning of your passing have shared the following memories:

I remember David’s generosity and his fatherly demeanor and good-natured persistence in insisting
that | always keep my mind on life for Psychrobacter in the permafrost.

Peter Bergholz

I am currently writing a book chapter on Bacterial Diversity in the Permafrost with Corien
Bakermans and | have been reading his papers daily. He made such important contributions to the
field. He will be greatly missed.

Shannon Hinsa-Leisure

From the first time | met David Gilichinsky during his presentation about drilling Antarctic
permafrost, | was bewitched by his enthusiasm, broad scientific view, and sense of humor. David had
deep impact on my scientific carrier. He believed that different kind of microorganisms were able to
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survive in permafrost and he was right. He brought this belief to Astrobiology and | would not be
surprised to find out that he is right.

Tanya Vishnivetskaya

David was a very energetic, engaging, and enthusiastic person, it was fun and enlightening discussing
research with him, specially about Exiguobacterium. He was also a very helpful and generous not
only for providing the permafrost soil for my Ph.D. research, but also writing a recommendation
letter for my U.S. green card. | am very thankful for all his help in my personal and professional life.

Debora Rodrigues

David was a scientific visionary. His vision drove him to one of the most inhospitable places on Earth
in search of life. We owe him what we know now, and for years to come, about life in permafrost.

Hector Ayala

David was a pioneering scientist in the filed of microbial ecology who made major contributions to
our understanding of microbial life in extreme environments. His passing is heartbreaking. He will be
greatly missed.

Mike Thomashow

In closing, | knew David for 20 years, first meeting him by chance in Pushchino in June 1990, but that
meeting turned into a great era for our joint science, friendship and connection with many more
Russians, including Liza who we also enjoyed at MSU.

I know we will never forget David!

Jim Tiedje
Center for Microbial Ecology, MSU, Michigan, USA

C camoeo nauana flasuo Abpamosuy 3a00muics 0 npeemcmeenHocmuy nokoienuil. Aoexsammuoi
3ameHbl, KOHEUHO dJice, Oblmb He Modicem U He Mo2no. JJasud Abpamosuy — uenogex, nocéamusuiuil
cebs e3pawusanuto nac. Tenepb on 6 Mupe 2paHOUO3HBIX NIAHO8 U KOCMUYECKO20 MACumaoda uoel.
Omo ecezoa nopadxcano u 3apasxcano. C HUM AKMYATbHOCMb U HOBUZHA HUKO20A He Bbl3blEAIU
gonpocos. ... Illocaywas xo0 e2o paccysrcoenuii Xoms pas, Xomeaioch c1edo8amy UM U 0elams Ymo-
mo geauxoe. Ilycmo 0adice u 00600umMb 00 KOHYA 3MO 0eN0 He X8amano cul u xceranus. Tym deno 6
sanane. Iloooicueaemcs Parliament uz npunacennoeo 610xa, Komopozo 6ce20a Xamano 0axice 8
camoe OnunHoe noie, u /laguod nauunaem eewjams, 0eias Hac ecex yacmamu Bcenennoii u
molcayenremutl. Xeamum epemeHu 0adxce 3anucamo 8ecb MOm NPOOOIHCUMENbHBIN MOHOJI02, HO Mbl
nuuiem Ha nookopky. Beow Jlasuo Abpamosuu ouenv obcmoamenvbHulil pacckazyux. U3 smoeo
pacckaza noHumaeutb 6clo 000CHO8AHHOCMb CEOUX HA NEPEblll 83271510 beccmblcieHHbIX Oeticmeuti. Ha
cepeduHe cueapemul Mol NePBbLil 8 Mupe, Kmo oeraem mo, umo oenaem. Ilocneonss samsaxcka u
HebpedicHoe myulenue 6 O10Kc, U Mbl, OKPLLIEHHLI YCAbIUUAHHBIM, IeMULUb 8ePULUMb, A HEYMOMUMBILL
Jlasuo npoodondcaem ceoit MHO200YMHbLU MpPYd. Bo muozom xomenocy bpams ¢ neeo npumep. On u
0L nPUMEPOM DMOU 0OCMOAMENLHOCIU U KAKO20-MO PABHOZHAYHO20 3AMecd HAYYHO20 NO3HAHUA C
JHCUZHEHHOU punocoueil...

I'neo Kpaes, {311/ PAH, Mockea

David Gilichinsky was one of my heroes. A brilliant scientist, unique and irreplaceable.
A wonderful person. I will sorely miss him.

René Demets, ESA Project Scientist Biology
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...MHne cmpawrno xomenoce 6 Anmapxmuoy, s 3axuovieana yoouku u Jlasud Abpamosuyy, noyuuna
OM He20 HeOAHCUOAHHO CYPOSbIIl OMEEM — (5 JCEHY C80I0 MY0a HUK020a Obl He nycmui, u 6am sl
amo mooyce He Haooy. Obudenacs ¢ 0OHOU CHMOPOHBL, ¢ OpYeoli ObLI0 NPUAMHO, MAK KAK CKA3AHO 91O
ObLI0 UCKpeHHe U ¢ Heobbiuatinot 3abomou. IIpobunacs, /lasud evipasun MHe ceoe Hed08OIbLCMEBO,
€80€00paA3HO, Pa3 Y MAaKds HACMBIPHAS U CNPOC 8bille, NOKA 51 He onpagdana. Bepuyeswucey ceiiuac,
ObLIA YIHCACHO 20pPOaA, YMO NPUHECTA NOb3bL U 20KPUOTOSUL, CHSULA 8Ce OAHHbLE C J1022eP08, cOeNand
CALM, npeosxywana uponuyeckue noxganvt /lagud Abpamosuua na Hawem cemunape no OKOH4AHUIO
anmapxkmuyeckoeo ce3ona. He oyoem...

Ina 3azoeckan, HI' PAH, Mockea

...1 was going to meet David for the first time at the Abscicon in Atlanta in April. We had just
accepted his abstract for a talk in a session I'm running. I've known of him and his work for years, but
we'd never met. In his honor, I'd like to keep his talk in the program. His co-authors on his abstract
are N.E. Demidov, V.A. Mironov and A.A. Abramov. If anyone can put me in contact with one or all

of these people | would appreciate it. The other thought I am entertaining for his slot is a review of
his career.

Peter Doran University of Illinois, CIITA

.. s beced u obcysrcoerull, CEA3AHHBIX C IKCREOUYUAMU U HAYYHBIMU UZBICKAHUAMU, eMY
COBEPUIEHHO He ObLILO JHCAb 8PEMENU, KaK Obl 3aHsm oH Hu Obl... [Ipumep obwenus ¢ Jlasudom
Abpamosuuem spko ULTIOCMPUPOBAT HAULY MbICIb: «HeM KpynHee YuéHulil, mem bonee OH
yeaxcumeneH k cobeceOHUKy, mem MeHee OH CKYI 6 00WeHUY, U 8PS0 U CKAdICem Ymo-mo muna «si
ouenb 3aHam»y. B mobunvruke max u ocmancs COXpanénuvitl KoHmakm «/{asud I'uruuunckuiiy. ..

Baaoumup Apxunoe, HT35 PAH, Ilywjuno
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I first met Dr. Gilichinsky in Sao Paulo, at the SPASA, in december 2011. He delivered a wonderful
talk and later he was very kind in discussing several of his results, specially concerning ice dating. It
was just a minuscule glimpse of a notable scientist and man. ...

Jorge Quillfeldt, UFRGS, Brazil

Moe 3naxomemso c Jlasuoom Abpamosuuem nauanoco 11 nem nazao nepeo sxcneduyueii 8 Tuxcu.
3anomuunocs, umo Ha 6onpoc, He Oydem au Mmam MHO20 KOMApPO8, YCabluiald, Ymo «/lemouka, mam
Max Xo100HO U MAaKou eemep, Komapvl mam He scugymy. Ewe nomuro, mvl 6 motl sxcneduyuy nivliu
Ha Kopabie, U HAC 8CeX YKAUATO, 1eHCUM 8 KOUKAX nomMupaem U s caviuly muxuii 2onoc /lasuda
Abpamosuua: «Mou pooumenu xomenu, umoobwl 51 uzpan na ckpunxe. Ilouemy s ux He nocayuwancsa? »
Omo 6bLI0 CKA3aHO MAK NPOHUKHOBEHHO, HO DbLIO MAK CMEUIHO NPedCmadUumb, Ymo Mo Obl 6MeCHo
NONIEBUKA-YUEHO20 B8bIPACMU CKpUNAY. Imo noje ObL1o YHUKAIbHOe, MaK Kak 00 5moeo Jlaeuo
Abpamosuu He Opan HECKOILKO lem CIyO0eHmo8, 0ObACHSSL MO MeM, YO eMy ¢ HUMU He UHIMePeCcHO.
«Onu 2080psam 0 Makux gewjax, npo Komopwle s CO8CeM He HOHUMAIO, OHU XOmam Oblmb
MeHneddicepamu, a s He 3Haro, kmo s5mo maxuey». M eom paou sxcnepumenma 6 2001 200y on 8351 Hac
u cpazy Heckoabko wmyk. M mvl 6ce 6e3 UCKIIOUeHUA NOCTIe IMO20 NOJISL NPUNCUTIUCH 8 €20
1abopamopuu, HUKMO He NOWEN 8 KMEHeONCePbLy, NOMOMY Ymo 3a Imu 2 Mecaya oH 600Ul HAC 6
HAYKY, 8 MYHOPY, 8 cebsi, 8 KOHYe KOHYos. H yoice dicuest, mpyoHo ckazams, pabomasi, 8 1abopamopuu
Mbl 8Ce cmanu e2o 0emvbMu, KOmopbule 8ce20a 4yecmeosanu e2o sabomy u 3awumy. Cam o moe
pyeams HAC U 003616AMb CAMBIMU CIPAUHBIMU CTIO8AMU, HO eCIU KMO-MO YYHCOU 3a0e8al e20
«MAnOIemMoKy, OH OPOCANCA KAK MuUep HAC 3auWuyams. ...

Kcenus Hosomouyxan-Bnacosa, HOXubIIIl PAH, Ilywjuno

David was a gentleman and a scholar. | found him to be generous with his time and a fine
microbiologist. | am sad that | will no longer be able to call on his help.

Patrick John Webber
Professor Emeritus of Plant Biology, Ranchos de Taos, New Mexico

I first met David in 1993 at an EGS meeting in Wiesbaden, Germany, in a session about extreme
longevity of microorganisms, a still controversial topic. Later we organized jointly some sessions at
EGU and EANA conferences. He would sometimes ask, with a twinkle in his eye, if | believed - really
BELIEVED in my mind, as he phrased it - that those microbes were in fact millions of years old ...
combining rigorous science with a humorous approach in his inimitable way.

Helga Stan-Lotter, University of Salzburg, Austria
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Jasuo 6vi1 sproll, 3HAK08OU TUUHOCMbIO. Bee kmo obwanucey ¢ Hum, Xomsi Obl MUMOXOOOM, OULYIMULU
e2o "cpedoobpasyrowee” enusnue. A ecmpemuna Jlasuoa nepsvlii paz owensb 0agHo, 8 80 200vl, Ko2da
CMYOeHmKOU NPOX0OUA NPOU3BOOCNEEHHYIO NPAKMUKY 68 COCMABe KOIbIMCK020 ompsada MT'Y. ...
Boxpye neco nocmosinno oypauna sxcusns u 3ampazueana ecex. Mnoscecmao 0eouex-nosapux u
MATbUUKOB-PadOYUX U3 CMyOeHmos, 6yposble, NANAMKY, CNeYUATbHBII YeNI08eK, KOMOPbLIL CIe0ul 3a
sepmojiemamu (U Mol peoOKo Ko20d 3acmpesanu 8 myHope), ecem J]aguo ueopo 0enuncs ¢ Koalecamu.
...Ho amo enewamnenue 6ypHotl wymmnotl desmenvHocmu ObLI0 He 00CMAMOYHO HOJHBIM, HOKA 5 He
nopabomana ce30H Henocpeocmaento psadom ¢ epynnoiu Jasuda oxono Tuxcu. Cmano sicho, ymo
2Mom 4enosex, ¢ pooe bl NeHUBLIMU OBUNCCHUAMU U MEeOTUMETLHOU Peublo, NPEKPACHbLI
opeanuzamop. Bce nonyuanoce kax-mo ouenv bvicmpo u uemro. Peoicum ous - 3aempax, 06e0 u
VACUH MO PACRUCAHUIO C MOYHOCMBIO 00 MUHYMbL, 86€YEPOM Cmapuiue Yumanu 1exyuu Ojis
CcmMyO0eHmos, 6ce 1e2Ko, ¢ IOMOpOM. B amo none s He crvluana Hu eOuHO20 36yKa HblMbs, XOMs

- : paboma bvLa mAdNCenas, a KIUMam He
paoosan. [asuod cuden 3a cmoiom 8
00abUIOU KYXOHHOU NALAmKe KaK omey
cemelicmea, a npouue HUMAIU €20
3aMeuamenbHbIM PACCKA3aM U
BRUMBIEANIU OPUSUHATbHBIE UOeU,
KOMOpble ROMOM CLYIHCUTU
npeomemom 6ypHwvix OUCKYCCUll.
Hanpumep, o 3axoponenuu godcoeti 6
BEUHOU Mep310me - YHeHbIM 00beKMm
HAab00eHUsL, NOKIOHHUKAM G0MHCO5
00Cmyn 6 no03eMubill Mag30.1ell, a
9KOHOMUKE HOJISIPHLIX PAUOHO8
npubsLie om mypusma. Kpeamuenocmo
ObLIA OCHOBHBIM KAYECTHBOM
mutunenust Iunuuuncroeo, Kax 6
HAyuHOM niamne, max u 6 omope. ...To,
umo Komauoa npobypuna 40 mempos
Mmep3ombl Kak Ovl 6e3 0codbIX ycunutl,
Ha MeHs m020a He NPou3eeno
00J1ICHO20 sneyamaenus. Jlasuoa ece

L 0asHO 3HANU, e2o0 paboma KA3anacs

npugvlunbvim 0enom. A na FOkoue, 20e dosenocy nopabomams, 0bipKa 6 5 MEmMpPO8 CHUMAemcs
oonvuum oocmudicenuem. Ilpo mo, kax [unuyunckuii Oypum nepeHocHou yCmaHo8Kkol npu nomowu 4
Yenogex maxue 2ayOunbl, MHe CHAYAId He NOBEPUIU, NOMOM BOCXUMUIUCH. 3ANIAHUPOBATIU Mbl
cosmecmHule pabomul u nepedawy onvima, u 60m...

Csemnana Kyssmuna, University of Alberta, Canada

.Joknaoos lasuoa mukpobuonozu ece20a #coaiu u ¢ UHMepecom CIyulaiu, Xoms 3mo ObL1o U He
APOCMO: HCAP2OH 2€0NI02A-HeMBEPMUUHUKA, MHO203HAYUMENbHbLE NAY3bl CO 6300XAMU 8 2YCMble YCbl
U RYHKMUPHAS I02UKA C HECKONbKUMU NPONYUJEHHBIMU 36€HbIMU... S Oymaio, e2o nynkmup Obli
3a0YMAH CREYUATLHO, U3 OCMOPOAICHOCU, YMOObL He 0elamb CKOPOCNENbIX 8bl80008 - U
npeonouuman OOKIA0YUKA NOMYHUMb 6ONPOCAMU HA KOGEUHOM nepepbvise...

Brrao Jlasuoa 6 nayxy beccnopen. Ilpoiidem epemsi, 6e35canocmuo cnpeccyem mulcsayu
MHO2OCIOBHBIX NYOIUKAYULL 8 CKYRbLE CIMPOKU YUCMO20 3HANUS, HO mam ocmanemcs ums [aguoa
Tunuuunckozo kax nepgonpoxodya 6 6uonozuio geunol mepzromol. Ho ecmo ewge bonee sasicnast
sews. [lsem obwecmesa - yennvie 06pA306aHHbIe CREYUATUCTIBL, U UX OOCMAMOYHO MHO20. Pedice
6CMPEYArOMcs UCTUHHO MATAHMAUGLE JI00U - YUeHble, RUCamenu, CKYIbnmopsl, KOMOPbIX
KOCHY1acsh 'uckpa 60dicwba'. Cpedu makux maiaHmos ecims 0COOEeHHbll — OblMb 8 2apMOHUU C OpY2UMU
JT00bMU, HPABUINCSL UM, MOOUAUZ08AMb HA OOCMOUHbLE 3A0aUl, paspeuams KoOHGaukmol... Mmenno
maxum manraumom ooradan /lasuo... Ero mo0ninm, TOHUMANH, KA U KCKAJTU BCTPEYH, KaK B
Poccun, Tak u 3a ee mpeaenaMmu. JTo JIM HE caMasi CUacTIInBas cyan0a?

Nicolai S. Panikov, Northeastern University, USA
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Jasud Abpamosuy 6vi1 uenosekom 6016UI0L YU U HeOObIKHOBEHHO20 00aAHUSA. Ycnex e2o
0esmenbHOCIU ONPeOesNCsa WUPOMOll HaAYUHO20 MUPOBO33PEHUsl, 6e33a6emMHOU NPEOAHHOCMbIO 0ey
U yMeHuem co30aeamv 60Kpy2 cebs meopueckyio ammocgepy. E2o omuowenus ¢ noouunenHvimu u
YVYEHUKAMU ObLIU COBEPULEHHO YHUKATbHBIMU. DMO OblIU OMHOWEHUS PABHONDABHO20
COMPYOHUYECm8a, COBMECMHO20 MEOPUeCcmed, 21y00K020 83AUMONOHUMAHUA U 83AUMO0002AUEeHUS.
OxomHo Oensico 3HanuamMu ¢ mosapuwjamu no paoome, [.A. I'unuvunckuil cam HuKo20a He ynycKaiu
B03MOJICHOCIU NOYYUMbCA Y CBOUX CIYOEHMO8, ACNUPAHMOE U COMPYOHUKOS, eCllu OHU 3HAU MO,
ye2o He 3HAN OH caM. B e2o nabopamopuu Kaxcowill 3aHUMANCA, YeM XOmei, Yem CHUMan HyscHoim. M
MO ABIANOCH Npedmemom 0cobou copoocmu Jlasuoa Abpamosuua. OH ymen e moabko 6Cmpoums
MBLCIU U OOCTNUICEHUSL KAHCO020 8 0OUYI0 KOHYENYUIO C80€20 HAYHUHO20 KOLIEeKMUBA, HO U HAUMU
n00X00 K H060MY COMPYOHUKY, TH0OOMY Uel08eKY, NOMOUb eM) PACKPbIMbCS, NOBEPUMb 8 ce0s U
nposasuUmMb 80U yyuiue yepmol. JIloou manynucs K Hemy, Y4uIuch y He2o, 1100ULU U Y8AlCanu, 6
nepeylo ouepeds, NOMOMY, YMo OH CAM 21yOOKO I0OUN U Y8AdHCA I00el.

Mbui 6cec0a 6yoem nomuume Jlaguoa Abpamosuua - Orecmsaue2o yueHo2o, HeymomMumozo noaeduKd,
nPeKpacHoeo opyaa u e2o 0653amenvHoe

«BEPET'HTE CEBA!» na npowanve.

. ®eoopos-asviooe, UOXubIIIl PAH, Ilywjuno
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September 28 (Saturday)

CONFERENCE REGISTRATION OPEN

15:00 - 21:00 At the hotel “Pushchino”
September 29 (Sunday)
08:00 - 09:00 CONFERENCE REGISTRATION DESK OPEN
09:00 —10:00 CONFERENCE OPENING & HOST REMARKS
Director of Institute of the Earth’s Cryosphere, _ .
Academician of RAS Viadimir Melnikov
Director of IPCBPSS RAS, Corresponding
Member of RAS, Prof. Valery Kudeyarov
gt:wglrman of the Local Organizing Committee, Andrey Abramov
10:00-10:20 | Jerry Brown A tribute to David Gilichinsky and the
Pushchino Conferences
20 years of Russian-German cooperation in
10:20 — 10:40 Hans-Wolfgang Hubberten permafrost research and perspectives for the
next 20 year.
10:40 - 11:20 Coffee Break

< < S
- W =

Session 1: Subsea permafrost

Chair: Hans-Wolfgang Hubberten

Co-Chair: Grigoriev M.N.

Vasiliev A.A., Rekant P.V.,

Submarine Permafrost of Kara Sea. Modern

11:20-11:40 Oblogov G.E., Shirokov R.S. | View
. . N Subsea Permafrost Table Dynamics in the
11:40 - 12:00 Grigoriev M.N. Laptev Sea Nearshore Zone
Ogorodov S., Kamalov A.,
Abramova A., Arkhipov V.,
12:00 — 12:20 Baranskaya A., Belova N., Coastal thermal erosion monitoring at the
: : Kokin O., Kuznetsov D., Pechora and Kara Seas
Shabanova N., Udalov L.,
Vergun A.
12:40 — 14:00 Lunch Break Q\\ﬁp Q\\ﬁp Q\\ﬂp

19




Session 2: Permafrost hydrology and hydrogeology

Chair: Lebedeva L.

Co-Chair: Vasiliev A.

The Influence of Lunisolar Tides on

14:00 - 14:20 Zakha_rov V.G, Fluctuations of Antarctic Glaciers and
N.S.Sidorenkov
Icebergs Runoff
Hydrochemical Characteristics of
14:20 - 14:40 Pavlova N.A., Kolesnikov A.B. | Intrapermafrost Groundwater in Discharge
Areas, Central Yakutia
Detection and modelling of wildfire-induced
14:40 — 15:00 Lebedeva L., Semenova O., changes in thermal and hydrological regime of
) ) Volkova N. middle scale watersheds in the upper Vitim
River basin
15:00 — 15:20 Oberman N.G., Shesler 1.G Permafrost and ground waters of Middle
Subpolar Urals
15:20 — 15:40 Campbell R., Mark Bennett Presentation of Campbell Scientific, Inc.
15:40 - 16:20 Coffee Break < < <

- - =

Session 3: Permafrost biogeochemistry

Chair: Zubrzycki S.

Co-Chair: Krivushin K.

Zubrzycki S., Kutzbach L.,

Carbon and Nitrogen Storages in Permafrost-

16:20 — 16:40 Grosse G., Desyatkin A., . ;

Pfeiffer E -M. Affected Soils of the Lena River Delta

. Long-Term Spatial and Temporal Variations

16:40 - 17:00 Maxn_nov T., Kononov A., of Climatic and Carbon Parameters of

Maksimov A. ;

Permafrost-Dominated Ecosystems
17:00 - 18:00 Poster session (PS.1, PS.3)
18:00 Conference dinner (at the restaurant of hotel «Pushchino»)

September, 30 (Monday)

Session 4: Permafrost and trace gas exchange

Chair: Rivkina E.

Co-Chair: Serafimovich A.

Kraev G. N., Schultze E.-D.,

Cryogenic pumping could form methane seeps

09:00 - 09:20 Rivkina E. M from permafrost
Karelin D.V., Zamolodchikov Interannual changes in PAR and soil moisture
09:20 - 09:40 D.G., Zukert N.V., Chestnykh during the warm season may be more
YT O.V., Pochikalov A.V., Kraev | . 9 - y
GN. important for the sign
09:40 — 10:00 Serafimovich A., Larmanou E., | Airborne Carbon Dioxide and Energy Flux

Metzger S., Sachs T.

Measurements in the Lena River Delta
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Streletskaya 1.D., Vanshtein

Isotope and Gas Properties of the Ground Ice

10:00 - 10:20 B.G., Vasiliev A.A., Oblogov | as a Proxy of Climatic and Environmental
G.E. Conditions in West Arctic
10:20 — 10-40 Rivkina E., Krivushin K., Methane and Methane-producing Archaea in
) ) Karaevskaya E. the Antarctic Permafros
10:40-11:20 Coffee Break _2»=_ _2»=_ Ry
' ' y 20 2B A
Carbon Dioxide Production and Water
11:20 - 11:40 Bobrik A., Goncharova O.Yu. Extractable Organic Matter of Soils in

Discontinuous Permafrost Zone of Western
Siberia

Session 5: Permafrost dating and paleoreconstructions

Chair: Schirrmeister L.

Co-Chair: Gubin S.

Paleocryoecological niches in permafrost

11:40 - 12:00 Gubin S.V., Yashina S.G. X
deposits
Spektor V., Kholodov A., Yedoma of the Lower Kolyma: a New Insight
12:00 - 12:20 Bulygina E., Spawn Seth, into Palaeoenvironment
Davydov S., Klimova I.
Yakimov A.S., Schneider R., Micromorphological analysis of structures of
12:20 - 12:40 Gubin S.V., Vasiliev A.A., Quaternary Sediments
Stahr K.
12:40 - 14:00 Lunch Break @ﬂ» @ﬂ» @wp
14:00 — 14-20 Kazansky O.A. Cr.yoge-nlc Structure as an Indicator of
Climatic Epochs
An early and middle Wisconsin record of
. . . vegetation history preserved in the permafrost
. ] Kienast F., Schirrmeister L., .
14:20 - 14:40 Andreev A., Yoshikawa Kenji sequence of the \(ault Creek tunnel in
Fairbanks, Interior Alaska
Blyakharchuk T.A., . .
14:40 - 15:00 Ponomareva O.E., Berdnikov :\?/I%d'232'}20{;]5&239rzfgiiztl!aé]:;r?nd Frost
N.M., Gravis A.G. u y
Characteristics of microbial communities
15:00 - 15:20 Grodnitskaya 1.D., Karpenko L. | functioning in the cryogenic peat soils of boggy
V., Syrtsov S.N., Knorre A. A | larch forests and oligotrophic bog in Central
Evenkia
15:20 — 16:00 Coffee Break < _4 _2
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Session 6: Permafrost modeling and mapping

Chair: Marchenko S.

Co-Chair: Demidova A.

Dvornikov Yu. A., Leibman

Assessment of Organic Matter Transport into

16:00 - 16:20 M.O., Khomutov A.V., Heim .
B.. Roessler S. Thermokarst Lakes of Yamal Peninsula
. Transient Hysteresis of Near-Surface
16:20— 16:40 | ENSEEVA-V., Demchenko P.F., | po ot the IAP RAS Global Climate
Arzhanov M.M., Mokhov .. . .
Model Simulations
Study of Sizes And Relative Position of
. . Thermokarst Lakes By Means of Data of
16:40 - 17:00 Kapralova V. Remote Sensing and Methods of Mathematical
Morphology of Landscape
17:00 — 17-20 Nadyozhina E.D., Pavlova T.P., | Regional-Scale and Local-Scale Climate
) ) Stensat A.V. Change Impacts on the Permafrost Evolution
. Landscape Mapping for the Purpose of
17:20 - 17:40 Osadchaya G.G., Zengina Geocryological Zonation of the
T.Yu., Koroleva A.M.
Bolshezemelskaya Tundra
17:40 - 19:20 Poster session (PS.4, PS.5, PS.6)
Round Table:
«The role of cryogenic, geological and physico-chemical processes in the
18:30 formation and development of natural and technogenic systems in the

Chair: Zheleznyak M.N.

cryosphere»

October, 1 (Tuesday)

Session 6: Permafrost modeling and mapping

Chair: Marchenko S.

Co-Chair: Demidova A.

Spatial Analysis of IC thawing in

09:00 - 09:20 Demidova A. (Veremeeva ). Holocene - Remote Sensing and
GIS-study, Kolyma Lowland Tundra Zone
09:20 — 09-40 Smulsky J., Krotov O, A new approach for computing insolation of
the Earth
. . Geocryological Information System
Zhelezniak M.N., Shipitsyna . N
09:40-10:00 | L.I, Zhizhin V.I. Rybchak | (Geocryological Database) of the Siberian
Platform. Status and Prospects of its
AA, Ots L.A.
Development
sk s, wiserp, | COUPed Bycratufielang Thera badeing
10:00 - 10:20 Romanovsky V., Chapman W., y y )

Frolking S., Walsh J. E.

Implications to Permafrost Carbon Pool in
Northern Eurasia
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Session 7: Permafrost-affected soils and biosystems

Chair: Lupachev A.

Co-Chair: Pastukhov A.

Evgrafova S., Grodnitskaya 1.,
Masyagina O., Syrtsov S.,

Methane Soil Surface Flux and Methane-

10:20 - 10:40 Kholodilova V., Vorozhtcova Driving Microorganisms in Central Siberian
E Boreal Forest
: . < < 4
10:40 - 11:20 Coffee Break S )
11:20-11:40 Ogneva O.A., Matyshak G.V. | Soils of “Peat Circles” of the Western Siberia
Stability of Permafrost Peatlands in
11:40 - 12:00 Pastukhov A.V., Kaverin D.A. | Bolzhezemelskaya Tundra (The North-East of
European Russia)
I(\)/I(])Eskﬂzzlr(]gvl\ell.g.\,/Ponomareva Change Estimation of Vegetation Cover and
12:00 - 12:20 - P Geocryological Conditions in the West Siberia

Berdnikov N.M., Gravis A.G.,
Lobotrosova S.A., Rud M.I

Zone of Sporadic Permafrost Distribution

Session 8: Permafrost microbiology and astrobiology

Chair: Duarte R., Delgado T.

Co-Chair: Kochkina G.

Bulat S., Khilchenko M.,

Bizarre Bacteria at the Uppermost Water

12:20 - 12:40 Dominique Marie, Lipenkov Layer of the Subglacial Lake Vostok , East
V., Lukin V., Jean Robert Antarctica
12:40 - 14:00 Lunch Break Q\\ﬁp Q\\ﬁp Q\\ﬂp
Microbial diversity in permafrost and sea
. . sediment samples from the King George
14:00 - 14:20 Duarte R, Delgado T. Island, Antarctica, revealed by 16S rRNA
gene pyrosequencing
i Characteristic of properties of lipolytic
14:20 - 14:40 IF\)leot\r/c())\t/(;Ls; ag/ aL \élafqoi\\//?(i};ng enzymes from psychrotrophic bacterium
yaLt. "' | Psychrobacter cryohalolentis K5T
Leushkin E., Penin A.,
) ] Logacheva M., Kochkina G., . .
14:40 - 15:00 Ivanushkina N', Ozerskaya S., Population Genomics of Geomyces Pannorum
Vasilenko O.
15:00 - 15:20 Shchekinov Yu. A. Cryoplanets
Vorobyova E., Cheptcov V., Microbial Communities of Permafrost and
15:20 - 15:40 Solovyova O., Pavlov A, Xerophytic Soils Can Exist Long in the
Vdovina M. Martian Regolith
. . < 4 4
15:40 - 16:20 Coffee Break S b
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Session 9: Permafrost warming and thawing, long-term monitoring

Chair: Streletskiy D. Co-Chair: Leibman M.
16:20 — 16:40 Romanovsky V.E., Long-Term Permafrost Thawing Under
] ) Nicolsky D.J. Warming Climate Conditions

Circumpolar Active Layer Monitoring
(CALM) program: The Past Present and
Future of Long-Term Active Layer and Near-
Surface Permafrost Observations

16:40 - 17:00 Shiklomanov N., Streletskiy D.

Streletskiy D., Shiklomanov N., | Thaw Subsidence in an Undisturbed Tundra

17:00-17:20 | Nerson . Landscapes

Zhelezniak M.N., Serikov S.1.,
17:20-17:40 Konstantinov P.Y.,
Misailov I.E., Gulyi S.A.

Permafrost Monitoring Network in East
Siberia

Yoshikawa Keniji,
Stanilovskaya Julia, David
Palacios, Jose Ubeda Palenque,

17:40 — 18:00 Pablo Masias Alvarez, Fredy Tropical mountain permafrost research and

Apaza, Norbert Schorghofer Update
and José Juan Zamorano
Orozco
18:00-19:30 | Poster session (PS.7, PS.8, PS.9)
Round Table:
18:30 «Subsea permafrost: the peculiarities of formation, evolution and influence for
(Library) oceanic processes and climate»
Chair: Grigoriev M.N
Round Table:
18:30 «Modern state of Geocryological mapping: problems, tasks and future
(Small conf. room) perspectives»
Chair: Rivkin F., Drozdov D., Zheleznyak M.N.

October, 2 (Wednesday)

Session 9: Permafrost warming and thawing, long-term monitoring

Chair: Zhelezniak M. Co-Chair: Yoshikawa Kenji

Zhelezniak M.N., Serikov S.1.,
09:00 - 09:20 Misailov I.E., Semenov V.P.,
Kirillin A.R., Zhirkov A.F.

Temperature Field, Distribution and
Thickness of Permafrost in the Elkon Horst

Active layer dynamics in the forest tundra and
09:20 — 09:40 Popov K.A., Ukraintseva N.G. | southern tundra ( Urengoy oil-gas-condensate
field)

Khomutov A., Leibman M., Relation between Active-Layer Depth and

09:40 — 10:00 Epstein H., Walker D. Vegetation Indices (NIZ_)VI and LAI) along the
Yamal Transect, Russia
. Ground Temperature Controls and Their
10:00 - 10:20 Mullanurov D., Leibman M., Relation to Climate Fluctuations on Central

Khomutov A.

Yamal
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Glacial-Cryogenic Complexes of Suntar-

10:20 - 10:40 Galanin A.A Khayat Range: Constitution, Age and
Reaction on Climate Change
10:40 - 11:20 Coffee Break < 2

- S S

Session 10: Permafrost engineering, constructions on frozen ground

Chair: Rivkin F. Co-Chair: Perlova E.
1120 — 11:40 Kondratiev V.G. Problems of The Railroad and Highway
Embankment on Permafrost
. . . . A Temperature Control System of the
11:40-12:00 Panin V.N., Kuzmin G.P. Permafrost Seed Repository in Yakutsk
The Producing Wells and Gas Hydrate
. Saturated Cryolithozone Interaction:
12:00 - 12:20 Ezglr?(\)/\a/l g X l'\JﬂliE:))?;\\(/:E.S" Technological Disturbances Categorization
o o and Guidelines for Their Prevention (by the
Example of Yamal Region)
Exogenous Geological Processes on Objects of
12:20 - 12:40 Gubarkov A.A Infrastructure of the Bovanenkovo-Uhta Main
Gas Pipeline
12:40 - 14:00 Lunch Break @ﬁ» @ﬁ» @wp
14:00 — 1420 Shesternev D. M. Road Construct_lon Problems in the Russian
Permafrost Regions
. . Calculation of Frost-Heave Extent and
14:20 - 14:40 Permyakov P.P., Popov G.G. Settlement of Pipeline Frozen Soil Base
. . . . Distribution of Taliks Beneath the Buildings
14:40 - 15:00 Zabolotnik S.1., Zabolotnik P.S. Of The Yakutsk CHP Plant
Deformation of Engineering Objects after
. . Creating Peculiar Systems of Combined
15:00 - 15:20 Grebenets V. 1, Rogov V. V. Natural and Technogenic Character within
Developed Areas of the Cryolithozone
Computationally Efficient Numerical Method
15:20 — 15-40 Dauzhenka T.A., for Heat Transfer Problems in the
) ) Gishkelyuk I.A. Engineering of Foundations Construction on

Permafrost Soils
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Session 11: Permafrost processes

Chair: Kizyakov A.l.

Co-Chair: Giinther F.

Mass Exchange In The System of

15:40 - 16.00 Golubev V.N., Frolov D.M. Atmosphere — Snow Cover — Ground
. . < < 4
16:00 - 16:40 Coffee Break =K X 2
. . Geocryological Risk: Conception and
16:40-17:00 | Sergeev D. Estimation Algorithms
Gunther F., Overduin P.P.,
17:00 — 17:20 Sandakov A.V., Grosse G., Current thermo-erosion dynamics of Ice
| : Baranskaya A., Opel Th., Complex coasts in the Laptev Sea
Grigoriev M. N.
New Data on Thermal Denudation and
1790 — 17-40 Kizyakov A.l., Zimin M.V., Thermal Abrasion Rate on Western Kolguev
| | Leibman M.O., Pravikova N.V. | Island Based on High Resolution Satellite
Images
Thermokarst phenomenon typification
17:40 - 18:00 Makarycheva E. M. approaches near south border of permafrost
zone
18:00 — 18:20 Sheinkman V.S Glac_latlon_ in the Permgfros_t Area of Siberia
as Displaying of Cryodiversity
18:20 - 19:00 Coffee Break _{ _{ -,
’ ) "’ W W
18:20 - 19:40 Poster session (PS.2, PS.9, PS.10, PS.11)
Round Table:
18:30 «Mountain permafrost of Asia»
Chair: Zheleznyak M.N.
19:50 CLOSING CEREMONY
October, 3 (Thursday)
10:30 - Excursion:

18:30(19:00)

Pushchino-Yasnaya Polyana-Moscow (m. Annino)
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POSTER SESSION SCHEDULE

September 29

Poster Session 1: Subsea permafrost

Modeling Degradation of Subsea Permafrost in

PS.1-1 Kneier F., Langer M., Overduin P.P. the Near-Shore Zone of the Laptev Sea Shelf
PS 1.2 glocr?]ﬁ'rlgvgl-(‘gi.’l\?&m%w;\f#gvz.ﬁll’z Modeling Sub-Sea Ppermafrost in the East
' . T e Siberian Arctic Shelf: the Laptev Sea Region
Semiletov I. P.
Poster Session 2: Permafrost hydrology
. Year of Suspended Sediments Measurments on
PS.2-1 Debolskiy M. V., Tananaev N. I. Small Watersheds in Northen Yenisey region
Poster Session 3: Permafrost biogeochemistry
. Minor Elements in Bottom Sediments of the
PS.3-1 Chizhuk A. L. Lakes of Yakutsk
PS.3-2 Schirrmeister L., Strauss J., Wetterich Deep Fossil Carbon - Spatial and Temporal
) S., Grosse G., Overduin P.P. Variability of Organic Matter Pools in Permafrost
. Oil Contamination Influence on Water Phase
PS.3-3 Motenko R.G., Grechishcheva E.S. Composition of Frozen Sand
PS 3-4 gﬁgeé'%s”%’ S&g‘:ﬂlﬂi‘g\: IIS Lﬁ;\nroca' The Northern Circumpolar Soil Carbon Database:
' i o 120Ny N y Current Status and Call for Collaborations
P., Chien-Lu Ping
Polycyclic Aromatic Carbons in Human Affected
PS.3-5 Abakumov E. Soils of Arctic and Antarctic
September 30
Poster Session 4: Permafrost and trace gas exchange
The Influence of Climate Warming and
PS.4-1 Makarov V.N. Greenhouse Gas Deposition on H" Migration in
the Geosphere
BinsiHue BKIIIOUEHUH NIEpeOXIaKIEHHONW BOABI HA
PS.4-2 Monenxo JI.C., llpayx A.O., YCTOWYHBOCTD METACTaOMIBHBIX Ta30BBIX
MoJiokntuna H.C.
THPATOB
Hoxenko JI.C., , Mogokutuna H.C. YcToiunBOCTh “cyx0if BOABI” K 3aMep3aHHI0/
PS.4-3 OTTaMBaHMIO, 00PA30BAHMIO/ IUCCOLUALIMN
Jdpauyk A.O.
ra30BbIX T'HAPATOB
Potential Resources of Unconventional Gas in
PS.4-4 Perlova E.V., Leonov S.A. Russia and Prospects of their Commercial
Development
. The Influence of Carbon Dioxide Pressure at the
PS.4-5 Nesterov A.N., Reshetnikov A.M Ice Melting Temperature
Madygulov M.Sh., Zavodovsky A.G., - . .
PS 4-6 Nesterov A.N.. Schipanov V.., ::r:)]‘rl;earg:gnof Inhibitors on Induction Time Hydrate
Reshetnikov A.M.
Poster Session 5: Permafrost dating and paleoreconstructions
PS 5.1 Badu Yu. Cryogenic Strata of the Gas-Bearing Structures of
Yamal
. . Ground Ice from Larsemann Hills Oasis (East
PS.5-2 Belova N., Verkulich S.R., Demidov N., Antarctica): Geological Occurrence, Properties

Shmelev D.

and Genesis
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The Implementation of Cryogenic Weathering
Index for Paleopermafrost Reconstruction by

PS.5-3 Shmelev D.G. Example Late Pleistocene and Holocene Deposits
of North-East Yakutia
. . The Details of Microbiomorphs Spectra from
PS.5-4 Zanina O.G., Lopatina D.A. Buried Soils of Kolyma Lowland
Opel Th., Meyer H., Dereviagin A.Yu., Late Holocene Climate and Environmental
PS.5-5 Wetterich S., Fritzsche D., Changes in the Eurasian Arctic — Evidence from
Schirrmeister L. Glacier and Ground Ice (Eurasian Arctic Ice 4k)
. Lithological and Mineralogical Characteristics of
PS.5-6 Urban A.A., Galanin A.A. the Kyzyl-Syr Blowing Sand Complex
Pleistocene Paleogeography of the Russian Arctic
PS.5-7 Shpolyanskaya N.A., Korolyova N.A. Regions (Shelf-Land) on the Basis of the Analysis
of Underground lIces
Wetterich S., Rudaya N., Tumskoy V., Late Pleistocene Ice Complex and
PS.5-8 Meyer H., Opel Th., Schirrmeister L., Palaeoenvironments of Bol'Shoy Lyakhovsky
Andreev A. Island (New Siberian Archipelago)
PS 5.9 Larin S.1., Laukhin S.A., Guselnikov Traces of Continuous Permafros_t Lgte PIei_stocene
' V.L. in The Southwest of the West Siberian Plain
Poster Session 6: Permafrost modelling and mapping
Bartsch A., Hogstrém E., Heim B., Il?emot_e Sgnsipcghand MuIFt>i-ScaIfe Intggr?]tioAn fo'r
PS.6-1 Buchhorn M., Ottlé C., Maignan F., nvestigating ‘Changing Permafrost in the Arctic
Fily M., Delbart N. and its G!obal Effects in the 21st Century —
' PAGE21
Application of the «Econorth» Program for the
Sustainability Assessment of Elementary Natural
PS.6-2 Marakhtanov V.P., Radosteva A.V. Regions of One or Adjacent Cascade Landscape
Geosystems
. Permafrost in the Vilyui Basin: State of
PS.6-3 Semenov V.P., Zhelezniak M.N. Geothermal Knowledge and Thickness Estimation
Heim B., Buchhorn M., Bartsch A.,
PS 6-4 Dvornikov Y., Epstein H., Ermokhina Optical Spectral Remote-Sensing Applications: a
) K., Khomutov A., Leibman M., Walker Case Study in Central Yamal, Vaskiny Dachi
D.
Buchhorn M, Boike J, Lantic, | U Intraction within ESA DUE
PS 6.5 Muster S La,nger M buguay o ' PERMAFRO_ST: Evaluation of Cl(cumpo_la}r
' Soliman A Rinke A "Matthes H" Remote Sensing Products a_nd Their Usaplllty for
! N " Models (Permafrost and Climate Modelling)
Klehmet K.
Cartographical Model of Geocryological and
PS.6-6 Mikhaylova T.A. Geoecological Conditions and Dynamics (Yamal
Peninsula)
ig;;ﬁ;’:ﬁ%’ %ii‘g::;fw st MOHHMTOPHHT KPUOJIUTO30HBI POCCHK
PS.6-7 C 0 "P i B E. ” N CO3JAHUE EI[HHQH HAIIMOHAJIBHOM
eprees /1.0., Pomanosckuii B.E., WNH®OPMALIMOHHOI BA3bI
XoaogoB A.JL.
PS 6-8 Gishkelyuk I.A., Evlanov D.V., Computer Modeling of an Artificial Freezing of
' Kovalenko V.A. Soils with FROST 3D Software Application
October 1
Poster Session 7: Permafrost-affected soils and biosystems
Soil Diversity of Marie Byrd Land, West
PS.7-1 Lupachev A.V., Abakumov E.V. Antarctica (Russkaya Station Keysite)
Mineralogical Composition of the Coarse
PS.7-2 Zhangurov E.V., Dymov A.A., Kaverin Fractions in Permafrost-Affected and Long-Term

D.A., Zaboeva |.V.

Freezing Soils of the Sub-Polar Urals (Basin of
the Middle Reaches of Kozhym River)
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The Snow Cover of the Mountain Landscapes of

PS.7-3 Torgovkin N. V., Makarov V. N, the Cryosphere In Eastern Yakutia
Temperature Regime of Tundra Soils and
PS.7-4 Kaverin D., Pastukhov A. Underlying Permafrost in the European North-
East of Russia
PS.7-5 Dymov A.A., Zhangurov E.V., Starcev Microclimatic Characteristics of Subpolar Ural
' V.V. Soils (National Park Yugyd va)
PS.7-6 Ananko T. V., Konyushkov D.Ye., Soil-Geographic Division of Western Yakutia and
' Shubina I. G., Khokhlov S. F. Contiguous Territories
. Soils diversity in Thala Hills oasis (Enderby
PS.7-7 Dolgikh A., Mergelov N. Land, East Antarctica)
Poster Session 8: Permafrost microbiology and astrobiology
Vishnivetskaya T., Layton A., Chauhan
A, W|II|_ams D., Pfifiner S., Chourey Metagenomic and metaproteomic analyses of the
pPS.8-1 K., Hettich R. L., Phelps T., Lau Hiah Arctic Canadian permafrost
Maggie C. Y., Stackhouse B., Whyte L., g P
Mykytczuk N., Onstott T.
PS 8-2 V.S. Soina, L.V.Lysak, A.G. Kudinova, Characterization of Bacterial Community from
' N.A.Manucharova, N.S.Mergelov East Antarctic Oases
Koc_hkma G.A.,Ivar_1u_shkma N.E., - Mycelial Fungi from Antarctic Active Layer
PS.8-3 Vasilenko O.V., Chigineva N.I., Spirina Detected by Different Methods
E.V..Gilichisky D.A., Ozerskaya S.M. y
Shmakova L.A., Shatilovich A.V., Viable Heterotrophic Protists from Soils and
PS.8-4 Mylnikov A.P., Stoupin D.V., Gubin Rodent Burrows Buried in the Ice Complex
S.V,, Gilichinsky D.A. Sediments
.. Activity and Biodiversity of Microbial Biota of
PS.8-5 g:é?éig/‘;/\'/[i?mamk"’ V0. Cryosol and Ground Ice Complex of Central
T Yakutia (Eastern Siberia, Russia)
Poster Session 9: Permafrost warming and thawing, long-term monitoring
PS.9-1 Stanilovskaya Yu.V., Yoshikawa K., School-based Permafrost Monitoring Project in
' Sergeev D.O. Russia
New massive ground ice exposures due to
PS.9-2 Leibman M.O., Dvornikov Yu.A., activation of earth flows on slopes in Central
' Khomutov A.V., Mullanurov D.R. Yamal during extremely warm summers of 2012-
2013
Gilichinsky D., Kholodov A., Fedorov-
PS 9-3 Davydov D., Sorokovikov V., Davydov Permafrost Temperature Observation Network in
' S., Abramov A., Demidova A. The Northern Yakutia.
(Veremeeva), Kraev G., Shmelev D.
- Catalog of Thermophysical Properties of Rocks in
PS.9-4 Gavriliev R.1. North-Eastern Russia
The state of permafrost monitoring network after
PS.9-5 Abramov A A. the fissure eruption of Tolbachik volcano (FTE-
50), Kamchatka
October 2
Session 10: Permafrost engineering, constructions on frozen ground
Detecting Changes in Frozen Ground Condition
5.10-1 Efremov V.N. by Radiowave Surface Impedance Measurements
BJIMAHUE ITPOLHECCOB KPI/LOF EHHOI'O
BBIBETPUBAHUSA HA YCTOUYNUBOCTD
S.10-2 Meabnukos A.E., ITasaos C.C. XKEJIE3HOJIOPOXXHOI'O ITIOJIOTHA

AMYPO-SKYTCKOI MATUCTPAJIU
(YYACTOK TOMMOT-KEPJEM)
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Impact of Cryogenic Textures on The

S.10-3 Kotov P.1., Tsarapov M.N. Deformation Properties
JANHAMUKA MEP3JIOTHBIX
S.10-4 Octpoymosa E.A. XAPAKTEPUCTHUK B PA3JIMYHBIX
YACTAXT. IKYTCKA
. Local Monitoring System for Environmental
5.10-5 Topchiev A.G. Studies of Qil and Gas Exploration
. Proven Model of Permafrost Thaw Halo
S.10-6 Novikov P. Formation around a Pipeline
Session 11: Permafrost processes
Factors of Geosystems Sustainability within the
PS.11-1 Zotova LI, Dedyusova S.Yu. Boreal and Sub-Arctic Cryolithozone
PS.11-2 Torgovkin N. V., Makarov V. N. Saline Thawed and Frozen Grounds of Yakutsk
PS.11-3 Andryushchenko F.D., Grebenets V.I., The Study of Seasonal Freezing in the Western
' Maslakov A.A., Shmelev D.G. Moscow Area in a Snowy Winter
. The Features of Splits Formation in the Peat
PS.11-4 Bazhenov A. I., Yakimov A. S. Layer in Sporadic Permafrost Zone
Interaction of Some Organic Substances with
PS.11-5 Fedoseeva V. I., Fedoseev N. F. Surface of Ice Particles
. Some Results of investigation of the Isotopic
PS.11-6 \5()\;1'523E$Zt¥\}'\;’EOIUbeV V.N., Rogov Fractionation of Water in the Process of
U o Segregation Ice Formation
Zavodovsky A.G., Madygulov M.Sh., .
PS.11-7 Reshetnikov A.M., Nesterov A.N., Dicay Of M«_atastable Gas Hydrates by
. Crystallization Supercooled Water
Schipanov V.P.
. Hazards of Geocryological Processes in
PS.11-8 Severskiy E., Gorbunov A. Kazakhstan
Coastal Dynamics within Built-Up Areas of
PS.11-9 Maslakov A. A., Kraev G. N. Chuckhi Peninsula
Distribution of Seasonal and Perennial Mounds in
Kasymskaya M.V., Popova A A, .
PS.11-10 Grechishcheva E.S.. Guseva E.S. the _South Tambeyskoye Condensate Field (Yamal
Peninsula)
PS.11-11 Konovalov A.A. Mechanisms of Destruction of Frozen Soil
PS 11-12 Semenkov 1. N., Usacheva A. A. Current Turbation Identification in Podzols of

Western Siberia
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A TRIBUTE TO DAVID GILICHINSKY AND THE PUSHCHINO CONFERENCES

Jerry Brown

Past President, International Permafrost Association, Woods Hole, MA, USA

This 2013 international Pushchino conference on “Earth Cryology in the 21th Century” is a
tribute to the life and scientific achievements of our dear friend and colleague David Abramovich
Gilichinsky (1943 -2012). Starting in the late 1980s, David Gilichinsky had a profound and continuing
impact on scientific cooperation between Russian (Soviet) and Western researchers. The Pushchino
conferences were just one manifestation of David’s scientific foresight and leadership.

A total of twelve conferences held in Pushchino from 1992 to 2005 provided unique
opportunities for both Russian and Western scientists to meet and discuss advances in geocryology,
cryopedology, astrobiology and many other related topic. Scientists and engineersfrom many institutes
and departments throughout Russia and the international communities attended. Following the first
conference subsequent ones took place in the spring following the long Russian winter. Pushchino
provided a welcomed venue to relax in the country among old and new friends. An annual banquet
provided added opportunities for celebration. The Scientific Council on Earth Cryology played an
important organizational role in the conferences and it held its annual meetings at the close of the
conferences.

For many of us the November 1992 conference was our introduction to the Pushchino campus
of the Russian Academy of Sciences, and its Institute of Soil Science and Photosynthesis (Institute of
Physico-Chemical and Biological Problems in Soil Science). The Institute’s Laboratory of Soil
Cryology was founded by Oleg Makeev in 1969 and headed by David from 1989 to 2012. The initiator
of the November meetings was the Laboratory of Soil Cryology under David’s leadership and was
held in two parts: the First International Conference on Cryopedology (FICC) and a Joint Russian-
American Seminar on Cryopedology and Global Change. The FICC was under the auspices of the
International Society of Soil Science (ISSS).

The concept for the seminar began in Alaska in June 1991 while David and Stanislav Gubin
were attending an US-USSR Beringia Conference. Chien Lu Ping, University of Alaska Fairbanks
subsequently received funding from the U.S. National Science Foundation to support travel of some of
the eighteen U.S. participants. Representatives from nine other countries who attended the FICC also
participated in the seminar. The seminar, divided into seven working groups, provided an opportunity
to review a range of soil and climate related topics, provide recommendations and foster future
collaborations. The seminar publication (Pushchino 1993) presented resolutions of both the FICC and
the seminar and consisted of 38 summary papers. The resolutions provided the basis for establishing
Cryosols Working Groups within the ISSS and International Permafrost Association. Recognizing the
international importance of Cryosols, the IPA during the 1993 Seventh International Conference on
Permafrost in Beijing approved the formation of the Cryosol Working Group and appointed David as
it Chair for the following five years.

At each Pushchino conference a book of abstracts and papers was available in English (see
attached list). Oral presentations were translated into English for foreign participants. “Roundtables”
provided opportunities to plans and discuss progress on joint international programs with Russian
colleagues. An early example was the 1992 roundtable on viable microorganisms in permafrost and
the publication of a series of papers (Pushchino 1994). Over the years roundtable topics included
planning and progress reports on international programs related to active layer (CALM), thermal state
of permafrost (GTN-P) and coastal dynamics (ACD). David’s very early contribution to our collective
long-term monitoring activities was to obtain the previously inaccessible historical soil temperature
data from climate stations throughout the Russian arctic and subarctic regions. David and his
colleagues pioneered research on the preservation of microorganisms in

permafrost and presented their results in numerous international conferences and journals.
These built on David’s pioneering international collaboration in 1990 to obtain samples and study
ancient life from Siberian permafrost. He contributed to the Journal Astrobiology as a Regional Editor
and author, and to many international meetings such as the Lunar and Planetary Science Conferences
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and European Workshops on Exo-Astrobiology. Since 1988, David and his many Russian and
international colleagues published in English more than 130 papers.

These collaborations included universities and scientific organizations throughout Europe,
North America, and with Antarctic colleagues.

David’s life and influence on others are recognized in the many tributes from Russia
colleagues and those around the world (http://davidinmemoriam.blogspot.com/2012/02/dear- friends-
and-collegues-is-with.html).

Pushchino Conference Proceedings:

Pushchino 1992. Proceedings, 1st International Conference on Cryopedology (Cryosols: the effects of
cryogenesis on the processes and peculiarities of soil formation), November 10-14, 1992.

Pushchino 1992. Joint Russian-American seminar on cryopedology and global change, November 15-
16. 1992.

Pushchino 1993. Post Seminar Proceedings, Joint Russian-American seminar on cryopedology and
global change.
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Pushchino 1997. The problems of Earth Cryosphere (Basic and applied studies), 21-25 April 1997.
Pushchino 1998. The conference on the problems of Earth Cryology devoted to the 90™ anniversary of
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Pushchino 1999. International Conference “Monitoring of Cryosphere”, 20-23 April 1999.

Pushchino 2000. International Conference: Rhythms of natural processes in the Earth
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in the Earth Cryosphere, 1-5 June 2001.

Pushchino 2002. International Conference: Extreme phenomena in cryopshere: Basic and applied
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Pushchino 2003. International Conference: Earth Cryosphere as a habitat and object for nature
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Pushchino 2005. International Conference: Priorities in the Earth Cryosphere research, 25-28 May
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Session 1: Subsea permafrost

Submarine Permafrost of Kara Sea. Modern View
Vasiliev A.A.', Rekant P.V.?, Oblogov G.E.}, Shirokov R.S.*

Earth Cryosphere Institute, Tyumen, Russia,
2yNIlOkeangeologia, St. Petersburg,Russia
al.a.vasiliev@gmail.com

According to the modern understanding, submarine permafrost (SP) in the Kara Sea shelf can be
encountered in the area from the coastline up to the water depth of 120 m, which corresponds to decrease in the
sea level during the Sartan cryochron (last glacial maximum of the Late Pleistocene). Potential depth of freezing
and corresponding SP thickness could reach 400 to 500 m. Thus, one can presume that SP in the study area is
relic. However, during the drilling in the deep-marine shelf of the south-east part of the Barents Sea, SP bodies
shaped like ice stocks whose thickness exceeded 100 m and whose temperature was constant with depth were
encountered. It was presumed that their formation occurred as a result of rapid degassing and overcooling of
initially unfrozen gas-saturated sediments with temperatures close to the freezing temperature. So, SP of the
continental shelf of the Kara and Barents Seas is represented by both relic and newly formed permafrost.
Besides, modern permafrost formation occurs at low accumulative surfaces (e.g. Sharapovy and Marre-Sal’skiye
Koshki).

During the last years, the importance of reliable information on SP formation, distribution, properties, and
evolution has increased tremendously due to prospective of development of gas fields of the Yamal continental
shelf, first of all, of the Kharasavey and Kruzenshtern gas fields.

Under conditions of lack of direct information on SP (i.e. drilling data), indirect methods of permafrost
detection in shelf deposits become extremely important. The most promising method is a high-resolution seismo-
acoustic profiling. This recently developed method now is included in a standard set of methods of oceanological
research, and a large data base on seismo-acoustic measurements in the whole Kara Sea area has been
accumulated. The main obstacle in application of the high-resolution seismo-acoustic profiling for SP
identification is related to extremely high gas saturation of the Quaternary deposits within the shelf. Never the
less, new methods of the data processing allow detecting of acoustic reflectors which can be interpreted as a
permafrost table. Verification of results of seismo-acoustic profiling basing on their comparison with the drilling
data was performed in the area of relatively shallow-water continental shelf near Kharasavey and showed a
sufficient correlation.

All available results of seismo-acoustic profiling obtained by various institutions have been collected.
More than 130000 km of profiles have been analyzed and interpreted. Within 30000 km of profiles, acoustic
reflectors which can be interpreted as a permafrost table have been detected. The information on coordinates, sea
depth, and permafrost table depth was arranged in a data base which contains approximately 30000 records on
SP table locations in the seismo-acoustic profiles. A map of SP distribution in the southern part of Kara Sea was
developed basing on GIS-technology. This map can be updated with adding of the new data of seismo-acoustic
profiling. Thus, it always represents a current level of our knowledge of SP.

Subsea Permafrost Table Dynamics in the Laptev Sea Nearshore Zone

Grigoriev M.N.

Melnikov Permafrost Institute SB RAS, 677010, Yakutsk, Merzlotnaya Street, 36

Subsea permafrost of the Arctic seas has received very little study. So far there are more questions than
answers concerning the problem of its existence and distribution. Neither its thickness nor distribution on the
relatively deep shelf is not known still.

An active transformation of ice-rich subsea permafrost in a shallow zone of the Arctic shelf was
established. The complicated structure of the subsea permafrost top horizons dependent on local geothermal,
hydro-geological and tectonic anomalies is revealed. The limited borehole data from the shallow nearshore zone
indicate the great variation in inclination and degradation rate of permafrost table. Permafrost temperatures are
relatively “warm” (-1.0 to -1.5°C) within a few kilometers from shore. Inclination of subsea permafrost table in
the nearshore zone of the Laptev and East Siberian Seas has been found to average 0.011 (0.62°), ranging from
0.0002 to 0.1. The rate of degradation of the upper part of permafrost decreases off-shore from a few tens
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centimeters to a few millimeters per year. The degradation rate is controlled by the dynamic regime in the coastal
zone, composition and thickness of overlying sediments, temperature and salinity of near-bottom water, and
hydrodynamic processes in coastal shelf areas. No evidence of climate-related changes in the degradation rate of
subsea permafrost along the East-Siberian Arctic coasts has been found.

One of the main indicators of sub-sea permafrost table inclination at the eroded coastal segments is a
coastal retreat rate. Peculiarities of evolution of sub-sea permafrost depend on a number of factors: near-bottom
water temperature, water salinity; coastal erosion retreat rates (or rate of accumulation/accretion), shoreface
inclination, general coastal morphology and shoreline configuration, coastal and shoreface sediment
composition, ice-content of deposits, hydro-lithodynamics.

Practical importance of subsea dynamics studies is connected with changing of bathymetric parameters
within a nearshore fairways (for examples, sea floor bottom subsidence because of icy subsea permafrost
degradation), as well as development of engineering and exploitation approach on the Arctic shelf.

Coastal Thermal Erosion Monitoring at the Pechora and Kara Seas

Ogorodov S., Kamalov A., Abramova A., Arkhipov V., Baranskaya A., Belova N., Kokin O.,
Kuznetsov D., Shabanova N., Udalov L., Vergun A.

Lomonosov Moscow State University, Russia, ogorodov@aha.ru

The coastal zone the Pechaora and Kara Seas is highly dynamic due to the contact with the cryolithozone.
The coasts of Pechaora and Kara Seas which are composed of dispersive frozen deposits have poor erosion
resistance qualities. In natural conditions such coasts may retreat with a rate of 0,5 to 2 m a year. Considering
eventual human impact and forecasted climatic change, coastal retreat rate may significantly increase in the
coming years. Technogenic disturbances activate trigger mechanisms of wave-induced coastal erosion. Under
the conditions of global warming and ice cover reduce this effect is enhanced by the increase of the duration of
the dynamic activity period and wave fetch. As a result, local human impact and climate change form synergetic
effect due to which coastal retreat rates can double and even triple.

We are presenting here three examples for Pechaora and Kara Seas where human impact has already
brought in negative effects. To determine the speed of coastal retreat and shore zone profile deformations,
approximately 120 benchmarks have been established at the Varandey (Pechaora Sea) and Kharasavey (Kara
Sea) industrial key areas, as well as at the gas pipeline underwater crossing of the Baydarata Bay (Kara Sea) in
the 80-90s of the XX century for coastal dynamics monitoring. The benchmarks were attributed to the Baltic-77
(Russian) system of heights. Coastal dynamics monitoring from constant benchmarks is executed by direct
measurements and by trigonometric leveling. An additional method of receiving an overview of multiannual
coastal dynamics is studying multi-temporal aerial and satellite images of high and extra-high definition.

One of the examples is Varandey Coast of the Pechaora Sea. From 1979 to 2012 a deliberate destruction
of the dune chain of a barrier beach by vehicle traffic and beach material removal for construction needs led to
quick intensification of the coastal retreat here. And now, storm surges penetrate inland for several kilometers
without hindrance.

We also present data from a key area further east to the Kara Sea: the Kharasavey Coast of the Yamal
Peninsula. Large-scale extraction of sediments from the coastal slope has resulted in a depletion of the material
on the beaches and triggered violent thermoabrasion of the coast in 1982-1985 and 2006-2008.

The third example of the negative impact of human activity has been documented at the sites underwater
pipeline crossing on both coasts of the Baydaratskaya Bay, Kara Sea. Designers and builders have not taken into
account the negative experience of unsustainable management and sediment removal observed at Varandey and
Kharasavey industrial areas. The construction of the pipeline, accompanied by the use of many technical devices
and sediment removal from the beach and tide-flat, during the period from 2007 to 2012 led to significant
increase in the rate of coastal erosion.

A truly responsible decision making towards the strategy of developing the northern coasts of Russia and
constructing new facilities has to be based on integrated knowledge of the ongoing environmental processes, in
particular coastal dynamics. The ignoring of this issue may cause irreversible damage to both the coastal
geosystems and the facilities themselves, which, once they are destructed, may drag in enormous environmental
implication.
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Modeling Degradation of Subsea Permafrost in the Near-Shore Zone
of the Laptev Sea Shelf

Kneier F., Langer M., Overduin P.P.

Alfred Wegener Institute, Potsdam, fabian.kneier@awi.de

After the last glacial period, rising sea levels covered large areas of terrestrial permafrost with sea water
and created the subsea permafrost present today on the arctic continental shelves. After inundation, the
degradation of permafrost is governed by the influence of sea-bottom temperatures, salt infiltration into the
flooded sediment and a suite of near-shore coastal processes. Subsea permafrost warming can release trapped
methane to the atmosphere and affect coastal erosion rates. Our objectives are to employ meso-scale numerical
calculations (from meter to kilometer spatial scales and up to 1000s of years temporal scale) in connection with
borehole data from the Laptev Sea to model the transition of permafrost from onshore to offshore conditions.
The goal is to identify key processes driving permafrost degradation in the near-shore zone of the shelf and to
include quantitative parameterizations based on field observations in the models. Heat transfer is solved
numerically and takes freeze-thaw processes into account in a three-phase heat capacity/conductivity model.
Sediment composition and initial temperature profiles are derived from field and laboratory analysis of the
borehole data. Our approach includes the effect of pore water salinity on phase state and thermal properties in
order to show the impact of solute transport mechanisms into the sediment. Measured permafrost temperatures
along a borehole transect that extends from an onshore borehole to an offshore borehole that flooded roughly
2500 years ago are compared to the modeled subsea soil temperature evolution following transgression. The
degradation of the ice-bearing permafrost table or thaw depth is of special interest due to its direct relation to
sediment stability and as the most readily discernible feature in the field observations. This thaw depth is mainly
driven by salt contamination and modeled salinity profiles for the different transport mechanisms are compared
to profiles from arctic shelf drill sites.

Modeling Sub-Sea Ppermafrost in the East Siberian Arctic Shelf:
the Laptev Sea Region

Nicolsky D.J.!, Romanovsky V.E.', Romanovskii N.N.?, Shakhova N.E.3, Semiletov I.P.?

'Geophysical Institute, University of Alaska Fairbanks, Fairbanks, AK, USA
*Faculty of Geology, Moscow State University, Moscow, Russia
®International Arctic Research Center, University of Alaska Fairbanks, Fairbanks, AK, USA
djnicolsky@alaska.edu

The present day interest in understanding whether and how methane, preserved in seabed reservoirs, can
escape to the atmosphere suggests a need to review sub-sea permafrost observations and to re-examine available
sub-sea permafrost models. Currently, the models of sub-sea permafrost evolution significantly vary in employed
physical assumptions regarding the paleo-geographic scenario, geological structure, thermal properties, initial
temperature distribution, and geothermal heat flux. This work aims to review the underlying assumptions of
these models as well as to incorporate recent findings, and hence develop an up-to-date model of the sub-sea
permafrost dynamics at the Laptev Sea shelf. In particular, the developed sub-sea permafrost model incorporates
the thermokarst and land-ocean interaction theory, and shows that the sediment salinity and a temperature-based
parametrization of the unfrozen water content are critical factors influencing sub-sea permafrost dynamics. From
the numerical calculations, we suggest development of open taliks underneath submerged thaw lakes within a
large area of the shelf.
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Session 2: Permafrost hydrology and hydrogeology

The Influence of Lunisolar Tides on Fluctuations
of Antarctic Glaciers and Icebergs Runoff

Zakharov V.G.%, Sidorenkov N.S.?

! Geological Institute of Russian Academy of Sciences, Moscow, Russia,
2 Hydrometeocenter of Russia, Moscow, Russia; zakharov_vg@mail.ru

For the first time the data about tide oscillations of angular velocity of Earth's rotation from 1901 to 2011,
connected with lunisolar tides was received in 2008 [2]. In 2009 the influence of lunisolar tides or dynamics of
Antarctic icebergs runoff were investigated. Revealed correlations between oscillations of lunisolar tides and
Antarctic glaciers were reported o IPY Oslo Sciences Conference 2010 and IPY Montreal Sciences Conference
2012 [4, 5].

The amplitude of tide forces oscillations is changed with periods: 18.6; 8.85; 6.0; 1; 0.5 year; month;
days; and more short periods. Tide deformations are little om magnitude but periodically are repeated and acted
constantly. They create accumulating effects which are exhibited in transformation of vertical tides
displacements in horizontal displacements of terrestrial layers [1, 2]. This effect extends to the horizontal
displacements of Antarctic glaciers floating parts (ice shelves and outlet glaciers) [4]. During low tides floating
parts lie on rises of bed without moving. When the high tides occur they begin to float, come off away from bed
rises and does not exert force of friction om ground move to the side of oceann by means of press of ice mass
from enter regions of ice sheet. Such mechanism of moving is known as "vibration displacement" [1, 2].

Carried out analysis showed that the connection of Antarctic floating parts fluctuations ([3] and last data)
and oscillations of lunisolar tides dispersion were observed clearly in 1893-1910 and 1935-2009. During 75 last
years this dependency constantly appeared [4, 5].

It was found that maximum of all advance periods (surges) of Antarctic ice shelves and outlet glaciers
corresponds minimum of periods of decrease of tide oscillations Earth rotation velocity amount but the periods
of maximum of retreat of margin ice shelves and outlet glaciers in result of icebergs calving correspond
maximum of periods of increas of amount of tide oscillations Earth rotation velocity [4, 5].

Correlation analysis of long-term ranges of full Antarctic icebergs runoff (km3 water in year) and
dispersion of tide oscillations Earth rotation velocity during 1935-2009 showed maximum correlation equal
—0.71+0.54 at the shift of the curve of the dispersion by six years back. Periodicity of both considered processes
which is equal 18.6 year of variability of lunisolar tide forces was kept

LITERATURE
1. Blekhman LI. Vibration changes the laws of mechanics. Nature (in Russian). 2003. Ne 11,42-53.
2. Sidorenkov N.S. Lunisolartides and atmospheric processes. Nature (in Russian). 2008. Ne 2, 23-31.
3. Zakharov V.G. Antarctic glaciers fluctuations. Moscow. Accorinformizdat. 1994. 128 pp.
4. Zakharov V.G., Sidorenkov N.S. The lunisolar tide generates icebergs runoff. IPY Oslo Sciences Conference
2010. Proceedings. Oslo. 2010. CD\pdf\OSL02010. Ne 1638
5. Zakharov, V.G., Sidorenkov, N.S.The Influence of Lunisolar Tides o Change of Antarctic Icebergs Runoff
and Atmosphere Circulation. Abstracts of International Polar Year conference "From Knowledge to Action" in
Montreal (IPY-2012), Abstract 00047.

Hydrochemical Characteristics of Intrapermafrost Groundwater
in Discharge Areas, Central Yakutia

Pavlova N.A., Kolesnikov A.B.

Melnikov Permafrost Institute SB RAS, 36, Merzlotnay st., Yakutsk, Russia 677010; pavlova@mpi.ysn.ru

In Central Yakutia, supra-intrapermafrost aquifers are widespread in sediments comprising the middle
terraces of the Lena River. Groundwater of this type has been best studied within the Bestyakh terrace. The
terrace has a distinct escarpment 25 to 30 m high and a smoothed surface. It consists of fine- to medium-grained
sands with gravels at its base, underlain at depths of 20-80 m by Cambrian limestones and Jurassic sandstones.
An intrapermafrost aquifer 30-85 m thick lies from depths of 16-50 m below permafrost. It is recharged from
precipitation through taliks occurring beneath the lakes, small creeks, and open pine stands on level ground. The
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aquifer is confined from below by a 100-200 m thick permafrost aquitard. The intrapermafrost groundwater is
naturally discharged via the groups of springs concentrated at the foot of the Bestyakh terrace.

In winter, the springs form icings which, along with lateral ground freezing, reduce the cross-sectional
area of subsurface flow. The freezing pressure developed in the intrapermafrost talik forces the water to intrude
into the overlying warm frozen sands increasing their ice contents. The icings melt out by July-September.
Having significant natural resources, intrapermafrost aquifers can be a reliable water supply source.

The largest spring system in the study area is located at the upper reaches of Ulakhan-Taryn Creek. It
consists of five groups of springs with a total discharge estimated from long-term data to be 19 x 103 m3/day. In
2000, a well was drilled above one group of springs near the edge of the terrace tread to tap an intrapermafrost
aquifer occurring in the sands at depths of 27 to 65 m. The water from the springs and the well is of the calcium-
magnesium bicarbonate type with dissolved-solids concentration of 200-300 mg/I.

To understand the long-term changes in intrapermafrost water chemistry, we have examined the data from
50 years of hydrochemical investigations in the Ulakhan-Taryn Creek valley. Water samples were analyzed in
the hydrogeochemical laboratory of the Permafrost Institute using standard methods. Starting five years ago,
analyses have also been made at the Analytical and Certification Center, Institute of Microelectronics
Technology and High Purity Materials RAS, using the mass-spectrometry and atomic emission methods

Our study has confirmed that the springs have highest dissolved-solids concentrations (300-350 mg/l) in
March when the icing growth is at maximum. Summer thawing of the ice-rich layer formed near the seeps during
the winter results in impoverishment of the intrapermafrost water and lowers the dissolved-solids concentrations
in the spring water. Sodium shows greater concentration variability, because of the greater mobility and lower
freezing temperature of its salts.

The intrapermafrost water discharged at Ulakhan-Taryn is characterized by a wide array of micro-
components and contains more than 50 of 71 measured constituents. In an annual cycle, the contents of lithium
increase 1.5-3 times and those of rare-earth elements increase by two orders of magnitude in the end of June —
early July. This rise is thought to be related to rapid thawing of the ice-rich sediments frozen during the winter.
The meltwater enriched with carbon dioxide is highly aggressive, leaching some elements from the sediments.
Furthermore, mass movement on the slopes causes migration of groundwater discharge points, increasing the
time of water interaction with the sediments. Seasonal variations in concentration of some minor components are
characteristic only of the spring water. The chemical composition of the water from the well remains more stable
on an annual and interannual basis. Water samples obtained from the well during five-day pumping at a rate of
380 m3/day also showed highly stable concentrations of major and minor constituents.

In summary, the groundwater chemistry in the discharge area is subject to seasonal variations near the
fluctuating boundary of the intrapermafrost talik where intensive water-sediment-carbon dioxide interaction
takes place. The long-term stability of the intrapermafrost water chemistry in years with different water
availability suggests that the Ulakhan-Taryn springs are mainly formed by suprapermafrost water.

Detection and Modelling of Wildfire-Induced Changes in Thermal
and Hydrological Regime of Middle Scale Watersheds
in the Upper Vitim River Basin

Lebedeva L.}?3, Semenova O.>* , Volkova N.>2

! Nansen Environmental and Remote Sensing Centre, 14 Line VO, 7, 199034 St. Petersburg, Russia
2 State Hydrological Institute, St. Petersburg, Russia
® Gidrotehproekt Ltd., St. Petersburg, Russia
*Hydrograph model Research Group, St. Petersburg, Russia, URL: www.hydrograph-model.ru
> St. Petersburg State University
lyudmilaslebedeva@gmail.com

The ecosystems of Eastern Siberia are regularly impacted by wildfires. Destruction of vegetation and
removal of soil organic layer lead to considerable changes of heat and water regime in permafrost landscapes.
They cause both immediate and long-term non-stationary effects, notably the formation of extreme peak floods
in rivers, and permafrost degradation.

The aim of the study was to quantify possible changes in active layer depths and hydrological regime of
several middle-scale watersheds in the upper Vitim River basin after catastrophic fires using ground observations
data, remote sensing products and modelling approach.

Based on the MODIS Active Fire & Burned Area data the fire occurrence in studied area was analyzed
and the watersheds affected by extensive (burn area) and intensive (fire severity) fires in recent years were
specified.
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The Hydrograph, a distributed process-based hydrological model, was applied to quantify the wildfire
effect on watershed processes. The advantage of the approach is that observable vegetation and soil properties
are used as the model parameters allowing minimally resort to calibration procedure and make use of the
Hydrograph model in assessment of environment change impacts on hydrological cycle. The model can use
dynamic set of parameters which change in time in case of any directed transformation of landscape
characteristics.

To cope with non-stationary conditions we estimated physical characteristics of landscapes (soil and
vegetation) in post fire period. The model parameters (ex., albedo, interception capacity, infiltration coefficient,
physical soil properties, evaporation coefficient, etc.) were changed in time in a dynamic mode reflecting the
vegetation/soil succession in post fire period. Changes in soil heat dynamics, water infiltration, and active layer
depths in different part of the watersheds and runoff formation after the fire were assessed.

The work is partly supported by Russian-German Otto Schmidt Laboratory for Polar and Marine research
(research grant OSL-13-25).

Permafrost and Ground Waters of Middle Subpolar Urals

Oberman N.G., Shesler I.G.

167983 Syktyvkar, Republic of Komi, Gromov st. 75. Mining-Geological company «MIREKO»

Geothermal observations in the low-studied axial zone of Subpolar Urals, in the goltsy watershed of
Maldynyrd Ridge were conducted in fourteen boreholes. The permafrost temperature at the depth of 20m
decreases closer to abrupt and steep slopes with -1 to -4°. Due to lateral cooling of the rocks the geothermal
gradient is negative or zero in intervals to 100-175m; deeper - positive: 0.72°/100m. The thickness of permafrost
was measured at mark of relief 1293m, in the borehole, which «stood» 162 days after 45 days of drilling. At
temperature -1.5° at the depth 433m and specified gradient the thickness of permafrost was 640m. In the
borehole with less standing idle time, measured to 386m, the calculated thickness of permafrost was 620m. The
former estimations: conjectural — 300m (Baranov, 1977); to measured depth 116m — 490m (Oberman, 1981).
The frozen massif are composed of metamorphic rocks (€3-O1) and detrital deposit. The latest contain ice lenses
to 0.5m thick. The ultrafresh ice filling cavities, cracks in bedrocks are marked to the depth of 130m; ice is
deeper by geophysical data. Judging by depths of occurrence of ice, the thickness of dry permafrost is 0-15m.
The permafrost, occurring deeper, has continuous distribution in marks 1100m and above. Non-continuous
permafrost is most developed near the ridge foot, at marks 600-650m.

The sources waters of seasonally thawed layer are fixed from marks near 1200m and lower. In November
- December sources are completely exhausted, showing themselves as slope icing with area in tens - hundreds
sg.m. The discharge of waters of river-channel, lake taliks is assist by moraines: in crossing of stream with the
swell of lateral moraine the icing is formed with the area 70000 sg.m. The module of underground flow,
determined by the partition of hydrographs of the river of Balbanyu, directly above and below the lake of Bol.
Balbanty, made 2.9 and 5.0 l/secekm?® The anomaly of the latter number is caused by subaqual discharge of
waters of lake talik, dammed by terminal moraine.

The ground waters are dominated by calcium hydrocarbonates; the dry residue of water 0.01-0.07¢g/I.

In the mentioned lake, the linear stripe, consisting of eight opening-water (background thickness of ice
1.2-1.5m) with gas streams, presumably nitrogen, was noticed. Considering disposition of this stripe at the front
part of regional fault, we believe that here abyssal fluids discharge rising on open talik. The concentration of
oilproducts and dissolved organic matter here and in other numerous waterpoints, also located under natural
conditions, in faults zones, at marks to 900m, reaches 0.7 and 2.9mg/l accordingly. These components were
examined in two laboratories, including accredited Timan-Pechora scientific centre focusing on studies of waters
from oil deposits. According to the conclusion of the laboratory chief, Danilevsky S.A., the analyzed tests are
natural hydrocarbon mixes of aureole of migration flows of hydrocarbons.

Thus, even in the conditions of thick permafrost of Subpolar Urals the discharge subpermafrost ground
waters is fixed on open taliks.
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Year of Suspended Sediments Measurments
on Small Watersheds in Northen Yenisey region

Debolskiy M.V., Tananaev N.I.

Kpacnospckuii kpaii, Typyxanckuil paiion, Heapka, Heapckas eeoxpuonoeuueckasn nabopamopus CO PAH,
matt.debol@gmail.com

Integrated watershed research and sediment budget studies in Krasnoyarsk Region, Russia, started in 2012
and are now running in the scope of I.A.G. SEDIBUD Working Group. Observations were aimed to assess the
intra-annual variability of sediment yield in small Arctic catchments, and to relate observed turbidity values with
several optical features of the water samples. Four experimental catchments, data from which are employed in
this study, are located in the vicinity of the town of Igarka (N67°27', E86°30"), in the lower section of the Yenisei
River. This study is representing annual data of turbidity, SSC and water optics measurments on small
watersheds near Igarka town.

Session 3: Permafrost biogeochemistry

Carbon and Nitrogen Storages in Permafrost-Affected Soils
of the Lena River Delta

Zubrzycki S.!, Kutzbach L., Grosse G.?, Desyatkin A2, Pfeiffer E.-M."

YInstitute of Soil Science, KlimaCampus, University of Hamburg, Hamburg, German,
s.zubrzycki@ifb.uni-hamburg.de
2Geophysical Institute, University of Alaska Fairbanks, Fairbanks, Alaska, USA
*Institute for Biological Problems of Cryolithozone, SB RAS, Yakutsk, Russia

The Lena River Delta, which is the largest delta in the Arctic, extends over an area of 32000 km? and
likely holds more than half of the entire soil organic carbon (SOC) mass stored in the seven major deltas in the
northern permafrost regions. Around 61 % of the Lena River Delta region consists of true deltaic geomorphic
units accumulated in the Holocene. These units are a river terrace dominated by wet sedge polygons covered by
a soil complex of Glacic Aquiturbels and Typic Historthels, and the active floodplains covered mainly by sand
dominated soils as Psammentic Aquorthels and Typic Psammorthels. The mean SOC stocks for the upper 100
cm of soils on both geomorphic units were estimated at 29 kg m™ + 10 kg m™ at the river terrace and at 14 kg m"
2+ 7 kg m™ on the floodplains. For the depth of 100 cm, the total SOC storage of the Holocene river terrace was
estimated at 121 Tg + 43 Tg, and the SOC storage of the active floodplains was estimated at 120 Tg + 66 Tqg.

The mass of SOC stored within the observed seasonally thawed active layer was estimated at about 127
Tg assuming an average maximum active layer depth of 50 cm. The SOC mass which is stored in the perennially
frozen ground below 50 cm soil depth, which is excluded from intense biogeochemical exchange with the
atmosphere, was estimated at 113 Tg. The mean nitrogen (N) stocks for the upper 1 m of soils were estimated at
1.2 kg m™?+ 0.4 kg m~-2 for the Holocene river terrace and at 0.9 kg m?+ 0.4 kg m™for the active floodplain
levels, respectively. For the depth of 100 cm, the total N storage of the river terrace was estimated at 4.8 Tg £ 1.5
Tg, and the total N storage of the floodplains was estimated at 7.7 Tg = 3.6 Tg. Considering the projections for
deepening of the seasonally thawed active layer up to 120 cm in the Lena River Delta region within the 21st
century, these large carbon and nitrogen storages could become increasingly available for decomposition and
mineralization processes.
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Long-Term Spatial and Temporal Variations
of Climatic and Carbon Parameters of Permafrost-Dominated Ecosystems

Maximov T. Ch., Kononov A., Maksimov A.
Institute for Biological Problems of Cryolithozone of SB RAS, Yakutsk, Russia
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Almost 65% of Siberian forests and 23% of tundra vegetation grow in permafrost zone. According to our
estimate, carbon stocks in the soils of forest and tundra ecosystems of Yakutia (Eastern Siberia, Russia) amount
to 17 billion tons (125.5 million hectares of forest and 37 million hectares of tundra in total) that is about 25% of
total carbon resource in forest soils of the Russian Federation.

Since the end of XIX century winter air temperatures in Arctic Siberia have risen by 10°C, and average
annual ones — by 2.0-3.5°C. For the last 50 years in Eastern Siberia the average air temperature in January has
grown by 7°C, i.e. it was increasing 1.5-2 times faster compared to the first half of the century. Mean annual air
temperature has increased by 1.0-2°C. An increase in annual air temperature in the zone of permafrost
development is able to cause the activation of biogeochemical processes, and speed up the release of greenhouse
gases conserved in permafrost.

Authors established unique International network SakhaFluxNet of series scientific monitoring stations on
studying climatic and biogeochemical cycles in a permafrost zone (forest and tundra) in the North-East of
Russia.

The measurements of carbon cycle componens were conducted using up-to-date modern equipment —
supersensitive systems of eddy-covariance technique with 10 Hz: on CO2 - an infrared gas analyzer LICOR-
7500 (LICOR, Nebraska, USA) with a Gill, USA ultrasonic anemometer (Gill Instruments, Lymington, UK); on
methane — an infrared LGR Fast Methane Analyser with a Gill, USA ultrasonic anemometer (Gill Instruments,
Lymington, UK), and a portable infrared gas analyzer INNOVA 1412 (Photoacoustic Field Gas-Monitor, USA).
Soil respiration was measured using a Free University of Amsterdam made automatic system on the base of
CIRAS unit (PP Systems, UK) with four chambers, as well as using portable gas analyzers EGM-4 (PP Systems,
UK).

For the first time in the conditions of Eastern Siberia an attempt has been made to ground the
photosynthetic productivity of plants in terms of physiology, and quantitative parameters of the productive
process were obtained. Original data on sink-source relations of plants are stated at the levels of whole plant
organism and community. A number of specific results have been got: 1) conclusion was made about high
depositing role of the root system of high latitude plants; 2) micrometeorological estimates of carbon balance
were done; 3) quantitative dependence of CO2 concentration on the season period, weather condition and forest
fire intensity was shown; 4) carbon parameters of forest and tundra ecosystems were investigated; 5) attention
was drawn to short vegetative period of plant development — this feature contributes to enrichment of the
atmosphere of high latitudes by carbon dioxide.

The growth of wood species in Eastern Siberia during growing season is provided by high rates of
photosynthesis and transpiration at relatively low dark expenses on respiration and maintenance. High inter-
annual variability of NEE, photosynthesis and dark respiration testifies to high adaptability of wood plants to the
specific conditions of cryolithozone.

Minor Elements in Bottom Sediments of the Lakes of Yakutsk

Chizhuk A. L.

Institut of permafrost, Russia, Yakutsk; Chizuk82@mail.ru

Lake sediments provide information on climatic and geochemical conditions that is useful in assessing the
ecological state of the air and water environments. Many contaminants are accumulated in the lake sediments.
Besides being indicators of water quality, they can be sources of secondary contamination. Changes in pH, Eh,
temperature and gas composition may cause the compounds fixed in bottom sediments to dissolve, discharged
into the water and enter the food chain. Some relatively inert or non-hazardous substances may convert to
soluble and toxic forms (for example, transformation of elementary mercury to methyl-mercury).

The author studied bottom sediments of the lakes in the city of Yakutsk to assess the environmental
quality and contamination levels of the lakes. The study included both large (Beloe, Saysary, Sergelyakskoe,
Ytyk-Kyel) and smaller lakes. Sediments were sampled in the accumulation zone where fine material with good
sorptive capacity is deposited, from the 0-15 cm layer. Concentrations of minor elements in bottom sediments
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were determined by atomic absorption spectrometry and approximate quantitative spectral analysis. In total, 40
sediment samples were collected.

The bottom sediments of the Yakutsk lakes show a large range of salinity, varying from 0.011 to 4.548%.
The heavily contaminated lakes, such as Khomustakh and Teploe, have higher salinity values. Most lakes with
increased sediment salinity (>0.15%) are confined to the densely built-up areas on the first river terrace. The
increased sediment salinity in the lakes of Yakutsk caused both by climatic and anthropogenic factors results
primarily from elevated concentrations of chlorine, sodium and magnesium ions which exhibit significant
correlations with each other. In contrast, minor elements show no increase in concentration.

Concentrations of most minor elements in the lake sediments are well below the maximum allowable
limits. Levels of mostly chalcophylic elements (As, W, Ag, Pb, Mo, Co, Cu, Hg, Zn) significantly exceed the
allowable limits. Depleted levels, well below the background values, are characteristic of a complex of chalko-
and lithophylic elements, such as V, Ni, B, Li, Ga, Nb, Sn, Cr, Ge, Y. Most chemical elements have about
similar levels in the bottom sediments and in the soils, suggesting the transfer from the watershed to the lakes in
the solid phase in the form of primary and secondary minerals.

Cd, Ag, W and Sn showed an increase in concentration in the lake sediments during the study period
1998 to 2011 by a factor of 8-19. Concentrations of toxic elements, such as Pb, Cu, Hg and Zn have doubled or
tripled over this period.

The ecological geochemical assessment of the lake sediments was made in relation to the allowable limits
for soils, because no sanitary standards exist for bottom sediments.

Conclusions. The lakes with increased salinity are mainly located in the densely developed, older parts of
the city within the first terrace of the Lena River.

Rapid accumulation of contaminants, Pb, Cu, Zn, Cd, Sn, Ag, Cu, W, in the bottom sediments is
observed, the concentrations of which have significantly increased during the last decade.

Sediment contamination levels for most lakes of the city are estimated to be low or moderate. In some
lakes, however, contamination levels have reached high or extremely high levels.

Deep Fossil Carbon - Spatial and Temporal Variability of Organic Matter Pools in
Permafrost

Schirrmeister L., Strauss J., Wetterich S., Grosse G., Overduin P.P.

Alfred Wegener Institute for Polar and Marine Research, Department of Periglacial Research, Telegrafenberg
A43, 14473 Potsdam, Germany
Geophysical Institute, University of Alaska Fairbanks, 903 Koyukuk Drive,
P.0.Box 757320, Fairbanks, AK 99775-7320, USA

The estimation of the carbon pool stored in (sub-)arctic permafrost and its biogeochemical characteristics
are essential topics in today’s permafrost research. While the uppermost cryosoil horizons are well-studied and
already recorded in the Northern Circumpolar Soil Carbon Database (NCSCD), there are still large uncertainties
concerning the quality and distribution of deep (i.e. up to decameters) fossil organic carbon stocks.

Well-exposed permafrost sections along the arctic sea coast and river banks in northern Yakutia are
excellent objects to study permafrost organic carbon characteristics in connection with cryolithogy,
cryostratigraphy and past periglacial landscape dynamics.

Organic carbon occurs in permafrost as large tree trunks, peat inclusions, twigs and root fragments, other
solid plant remains, and finely distributed plant detritus. Also fossil mammal remains, insects, aquatic
zooplankton and -benthos, and soil microorganisms are significant organic matter sources, and finally the
decomposition and metabolic products of all sources in terms of particulate and dissolved organic matter. These
different kinds of fossil organic matter were formed, deposited, frozen, thawed and partly degraded, and
sometimes refrozen, under different paleoclimatic and paleogeographical conditions of the Quaternary past.
Therefore, the deep permafrost organic carbon pool is far from homogeneous and strongly linked to depositional
and permafrost dynamics as well as the ecological and climatic history. The archive of specific biogeochemical
and cryolithological features of frozen ground is recorded in permafrost sequences of about the last 200.000
years in northern

Yakutia. We present the variabilites of the spatial distribution of organic carbon and organic matter
qualities between different stratigraphical units, between correlated stratigraphical units of several sites, and even
within stratigraphic units at the same site.

Especially the coverage and composition of the widely distributed late Pleistocene Yedoma horizons and
its thermokarst-affected derivatives in alas depressions are of interest to climate modeling, microbiology or
biochemistry. There are significant differences to former estimates of the area, thickness of the relevant frozen
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deposits, ground ice content and finally in organic carbon content that lead to a reassessment of the deep
permafrost carbon pools of the northern high latitude Yedoma region.

Oil Contamination Influence on Water Phase Composition of Frozen Sand
Motenko R.G., Grechishcheva E.S

Moskow, Leninskiye gori, 1, MSU cryoerika@mail.ru

Gas and oil reserves are located mainly in the northern regions, and the majority of them - in the field of
dissemination of permafrost. Much of the permafrost zone is occupied by saline frozen rocks [2].

Oil pollution of soils can occur in various ways: in mining, storing it in the fields, also there is a risk of
leakage during the transportation of crude oil and petroleum products. During the oil extraction oil
contamination often is accompined by salinization of the soil. The sources of salts are stratified fluid, waste
water, the contents of barns and other geochemically active substances used for extraction and desalting. In
addition, the joint salinity and contamination can occur at the outpouring of oil on the territories where saline
soils are distributed.

The object of our research is the studying of combined effect of salinity and oil contamination on soil
properties [1,3]. In our report the results of experimental studies of freezing soil temperatures and the unfrozen
water content are considered.

The object of the study was fine grained quartz sand (classified in accordance with GOST 25100-2011).
For salinization NaCl was used. The samples were prepared with the given values of salinity 0, 0.5, 1%.

Oil pollution was carried out of the West Siberian oil. Contamination was calculated relative to the weight
of dry soil. For experimental research samples were prepared with values of pollution 0, 2.5, 8%. In this way the
study was conducted with samples of 9 different combinations of salinity and oil pollution.

Investigation of the temperature of the phase transitions was performed by cryoscopic method and the
water phase composition — by a combination of cryoscopic and contact methods, the application of which to
saline soils has been proved earlier [4].

In the analysis of the results led to the following conclusions: - oil contamination has no influence on the
temperature of freezing in a non-saline and saline soil, but has a different effect on the kinetics of the process of
thawing of soil;

- thermograms for thawing at temperatures range from -24 ° C to -21.1 phase transition is fixed for saline
samples, it is associated with formation of NaCl cryohydrates, due to the increase of pore fluid concentration to
the eutectic values during freezing process; oil pollution does not affect on the cryohydrates formation
temperature;

- the study of the joint influence of salinity and oil contamination on the water phase composition
revealed dominant influence of salinity on all the investigated properties, oil pollution has almost no effect on
the amount of unfrozen water in soil.
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The Northern Circumpolar Soil Carbon Database:
Current Status and Call for Collaborations
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Global estimates of soil organic carbon (SOC) stocks do not account for pedogenic processes unique to
permafrost environments. The Northern Circumpolar Soil Carbon Database (NCSCD) was compiled to address
this lack of knowledge of the role of permafrost affected soils in the global C cycle. The NCSCD links 1.778
pedons from the northern permafrost regions to several digitized regional/national soil maps to produce a
combined circumpolar coverage. Together these datasets have been used to quantify SOC storage in the topsoil
(0-30 cm depth) and down to a depth of 100 cm. Using this database, Tarnocai et al. (2009) estimated SOC mass
(SOCM) in the northern permafrost region to be 191 Pg for the topsoil and 496 Pg for the upper meter of soil.
Not included into the spatially distributed NCSCD, but in recognition of the key pedogenic processes that
transport C to depth in permafrost soils, Tarnocai et al. (2009) provided a first order estimate SOC mass from 0-3
m soil depth of 1024 Pg.

Recently, the NCSCD has been made available through an open access website
(http://bolin.su.se/data/ncscd/) in several different file formats suitable for applications in Geographic
Information Systems (GIS) and model applications (see Hugelius et al., 2013a for a full technical description of
the database). A recent updated version of the database includes an updated pedon dataset for spatially
distributed estimates of SOCM between 100-200 cm and 200-300 cm (an additional 524 and 356 pedons,
respectively (Hugelius et al., 2013b). Initial analyses of these new datasets confirm the findings of Tarnocai et al.
(2009) with estimated high storage of SOC below 100 cm depth, particularly in cryoturbated soils and frozen
organic soils.

The majority of the northern circumpolar permafrost zone is located in the Eurasian landmass. Despite
this, there is currently a lack of Eurasian soil field data in the NCSCD; only 36% of the pedons available to
characterize SOC storage are from this region. The majority of available pedons from Russia are geographically
clustered in the Usa River Basin of the European Russian Arctic, the West Siberian Lowlands (organic soils
only) and the Yedoma region of Eastern Siberia.

The NCSCD is viewed as a valuable, open access, scientific resource which will be updated and evolve as
our scientific understanding of permafrost region soils increases. We invite collaborations with individual
researchers or institutions that are interested in sharing feedback, knowledge or field data to further improve the
NCSCD.
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Polycyclic Aromatic Carbons in Human Affected Soils
of Arctic and Antarctic

Abakumov E.

Saint-Petersburg State University, 199178, Saint-Petersburg, Russia

Polar soils of Arctic and Antarctic has been affected by antropic influence during the last 50 years. The
main part of this affect is direct contamination by organic and inorganic compounds, which are produced by
seasonal or over year stations activity. This activity is mostly expressed in pollution of natural components by
the products of diesel stations works. Polar power stations pollute the nature by polycyclic aromatic carbons
which are the products of the fuel combustion. Investigations conducted shows that there is an essential
accumulation of PAHSs in those soils which are situated close to polar stations. This degree of contamination
does not exceed the critical level. The amount of individual fractions of PAHSs higher in all soils, situated near
the polar stations, than in undisturbed soils. Also the content of benzo(a)pyrene is increased in soils and ground
of stations in comparison with natural ones. These give an idea that soil pollution is an active process in Arctic
and Antarctic landscapes. The dataset on soils pollution in both polar regions discussed in presentation. Data on
reference unpolluted soils discussed as well.

Session 4: Permafrost and trace gas exchange

Cryogenic Pumping Could Form Methane Seeps from Permafrost

Kraev G.N.}, Schultze E.-D.2, Rivkina E.M.}
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Permafrost degradation due to changing climate or other disturbances could result in emissions of gases
which were buried in or below the permafrost to reach the atmosphere. Several studies assessed the
consequences methane discharge due to permafrost thawing as amplifying the greenhouse effect during
Holocene warming. It is generally assumed that the methane originated from decomposition of organic matter
which is thawing from permafrost. Here we show that methane is already present and distributed and pressurized
in porous material of the permafrost sediment and that this is old methane which concentrated during the
permafrost formation processes about 10000 years ago. Thus, high methane fluxes e.g. from the thaw lakes
cannot be attributed to modern anaerobic degradation of organic matter, but to the discharge of methane
reservoirs being buried within or below gas-impermeable layers of the permafrost. Our findings change the
insight of the role of permafrost degradation on modern methane fluxes and their timing.

Interannual Changes in PAR and Soil Moisture during the Warm Season May be more
Important for the Sign of Annual Carbon Balance in Tundra
than Temperature Fluctuations

Karelin D.V., Zamolodchikov D.G., Zukert N.V., Chestnykh O.V.,
Pochikalov A.V., Kraev G.N.

M.V. Lomonosov Moscow State University, Biological Faculty, Department of General Ecology
119992 Moscow, Leninskie Gory, 1
Center on Problems of Ecology and Productivity of Forests, Russian Academy of Sciences, 117234 Moscow,
Profsoyuznaya st., 84/32 dzamolod@mail.ru

A lot of studies of the global climate change impact on natural plant communities deal with cryogenic
ecosystems. Special attention is paid to tundra, since it is characterized with low air temperature and underlying
permafrost, both making it extremely sensitive to climate fluctuations. Continuous warming in Northern
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Hemisphere reveals more details concerning complex system of relationships, feedbacks, and interactions of the
factors of carbon balance. While the set of such factors is currently understood, their relative contribution to C-
balance depends on temporal scale of observations and is not constant. The results of field observations and
modeling of tundra ecosystems show any one of significant factors can become the leading one at some scale of
observations. Even the least significant factor can determine the sign of annual net flux of carbon in tundra
ecosystem if contributions of more significant factors offset each other. In the most general situation, the greater
the variation of a significant factor during the period of observations is the larger is its partial contribution. The
complete set of independent variables of C-balance is not limited by abiotic factors but should include such an
important factor as aboveground phytomass, which can be treated as not only the natural product of C-balance
but also as its independent parameter.

Airborne Carbon Dioxide and Energy Flux Measurements
in the Lena River Delta

Serafimovich A.}, Larmanou E.}, Metzger S., Sachs T.

! GFZ German Research Centre for Geosciences, Telegrafenberg, 14473 Potsdam, Germany,
andrei.serafimovich@gfz-potsdam.de

? National Ecological Observatory Network, Boulder, CO 80301, USA

Acrctic climate change may lead to thawing of permafrost and the mobilization of carbon pools that have
accumulated over thousands of years. Significant amounts of organic material are stored in the upper layers of
high latitude permafrost areas. Due to a strong Arctic warming trend, potentially large greenhouse gas emissions
from Arctic and sub-Arctic areas are of concern. The Lena River Delta located in north-east Siberia is the largest
delta within the Arctic Circle, characterized by wetland ecosystems and wet polygonal tundra environments.
These environments are currently thought to be sinks for carbon dioxide and sources of methane.

Tower-based eddy covariance is the most widely used direct method for quantifying exchanges of
momentum, energy and trace gases between the surface and the atmosphere. However, they cover a relatively
small footprint are constitute point measurements relative to the vast extend of tundra ecosystems. To improve
spatial coverage and spatial representativeness of these direct flux measurements airborne eddy covariance flux
measurements across large areas are required. We used the helicopter-carried measurement system “Helipod”
equipped with a turbulence probe, fast temperature and humidity sensors, and a fast response carbon dioxide and
water vapor analyzer to measure turbulent fluxes along two flight transects across the Lena River Delta in
August 2012. Our contribution will present an overview of the experiment as well as preliminary results from
this first measurement campaign.

In order to cover the whole turbulent spectrum and at the same time to resolve turbulent fluxes on a
regional scale, different integration paths were analyzed and validated through spectral analysis. Strong regional
differences in turbulent carbon dioxide and latent heat fluxes were detected. This indicates the non-uniform
distribution of sources especially in wet sedge-, moist grass-, and moss-dominated tundra. In contrast, the
sensible heat flux showed less variability across the investigation area. The obtained results are essential in
understanding the Arctic carbon cycle and changes in atmospheric greenhouse gas concentrations.

Isotope and Gas Properties of the Ground Ice as a Proxy of Climatic
and Environmental Conditions in West Arctic

Streletskaya 1.D., Vanshtein B.G., Vasiliev A.A., Oblogov G.E.

Lomonosov Moscow State University, Department of Geography, 119991, Moscow, Leninskie Gory 1,
Russia,irinastrelets@gmail.com
VNIIOkeangeologia, 190121 St. Petersburg Angliyskii pr. 1, Russia; vanshbor@mail.ru
Earth Cryosphere Institute SB RAS, 625000, Tyumen, p/o box 1230, Russia;
oblogov@mail.ru,al.a.vasiliev@gmail.com

Presented and discussed the new data of gas properties (total gas content and composition) and water
stable isotopes of two climatically contrasted Holocene and Pleistocene syngenetic ice wedges (SIW) and two
types of tabular massive ground ice (TMGI) near Marre-Sale polar station, West Yamal, Russia.
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Our data set also supports the previous assumption that the ice wedges with isotopic signature (-25-
23ppm for 180 and -190-180ppm for D) were formed in Pleistocene winters and the ice wedges with isotopic
signature (-17-15ppm for **0 and -118-114ppm for D) in Holocene.

For carbon dioxide, all ice wedges mixing ratios are clearly higher than the atmospheric values (0.03pct),
the highest values being observed in Pleistocene ice wedges (0.97 pct), in Holocene ice wedges - (0.64 pct).
Oxygen shows consistently lower values than the atmosphere (of the order of 4-7 pct), and nitrogen is slightly
higher, balancing other constituents.

On the contrary, methane mixing ratios show their lowest values in Pleistocene SIW (0.004%), in
Holocene SIW - (0.164 pct). Air bubbles trapped in polar ice provide an almost direct record of atmospheric
methane over the last 800 kyr (e.g., Loulergue et al., 2008), methane budget for the periods is known: present
(0.167 pct), and Last Glacial Maximum (0.036) (e.g., Josuer Bock et al., 2012) and it is comparable with our
data. Different methane mixing ratios in SIW suggest different climatic and environmental conditions. These
properties are consistent with SIW developing under relatively warm Holocene conditions and cold in
Pleistocene.

Methane mixing ratios in TMGI show highest content (till 1, 37 pct). Isotopic measurements of the 13C -
70,5ppm, and D -326ppm in methane are typical for gas formed with the participation of vital functions of
bacteria.

Found that the isotopic values 13°C in methane are close to the values of the carbon isotopes of methane
horizons at depths of 46-52 and 114-120 m in the Bovanenkovo gas field, West Yamal, and characterized of
isotope volume -70.4-76.8ppm.

Source of methane in TMGI could not be methane hydrates, because methane hydrates have a specific
deuterium isotopic signature of about -190ppm, versus about -290ppm for mean of other sources.

This pilot study detailed gas content and composition, and water and gas isotope analyses of ground ice
sheds more light on the conditions of ground ice growth under changing environmental conditions. Higher
temperatures in a Holocene resulted higher methane content in SIW, relatively high carbon dioxide levels. Lower
temperatures in a Late Pleistocene resulted lower methane content in SIW.

It is difficult to select potential sources bubbles trapped gas in TMGI. This heterogeneous medium, rich in
organic matter, might have favored the anaerobic microenvironmental conditions necessary to explain the
maximum methane content levels. Marshy coasts near shallow seas may have contributed to such conditions.

The content of marsh gas in TMGI excludes their glacial origin.

Methane and Methane-Producing Archae in the Antarctic Permafrost

Rivkina E.M., Krivushin K.V., Karaevskaya E.S.

Institute of Physicochemical and Biological Problems in Soil Science RAS

Compared to the permafrost of the other continents and cryosphere components, permafrost of the
Antarctica has not been sufficiently studied. Little is known about its contribution to the global biogeochemical
cycle. Unlike Arctic permafrost, Antarctic permafrost has low organic carbon content (0.01%-1.5%) and today
its contribution to the greenhouse gas emission is negligible on a global scale. In the future, however, the role of
Antarctic permafrost as a source of carbon may become more important as the vast territory is freed off ice and
activity of the active layer is increased through colonization by the new plant species and communities of
microorganisms as well as the release of the methane deposits conserved in the permafrost.

Our research on the permafrost sediments in the free of ice Antarctic regions has shown presence of
methane of biogenic origin in the marine and the lacustrine sediments as well as the sediments of the seasonal
waterways near the Bellingshausen station, near the Progress and the Novolazaresvkaya stations, as well as in
the Bunger Oasis.

We have also shown the presence of the biogenic methane in the epicryogenic sediments, i.e. Late
Pleistocene lacustrine sediments of the Dry Valleys (Miers Valley). Our analysis of the isotopic composition of
the subsurface sandstones of the Sirius Formation (Mt. Feather, Dry Valleys) established presence of the non-
biogenic methane and its homologs (ethane, propane) and ethylene.

We used 16S rRNA gene based clone libraries to assess the arhaea communities in the marine terrace
permafrost sediments near the Bellinsghausen station and the lacustrine sediments in the Bunger Oasis. Our
analysis has identified dominant phylotypes closely related to the methanogenic archaea in the permafrost
sediments of the marine and lacustrine origin. Marine sediments were represented by a large diversity of the
dominant and minor phylotypes of the genera Methanosarcina, Methanobrevibacter, Methanogenium,
Methanolobus and Methanoculleus, and two dominant phylotypes of the Methanomicrobia class. The Archae
diversity in the Bunger Oasis sediments was less extensive and was only characterized by two representatives of
class Methanomicrobi.
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Our analysis of the enrichment cultures from the permafrost sediments in the Miers Valley determined
dominant presence of the methanogens of the Methanosarcina genus. This research confirms the biogenic origin
of methane in the Antarctic permafrost sediments. The role of these sediments as the methane reservoir is yet to
be established.

This work was supported by RFBR grant 12-05-01085.

Carbon Dioxide Production and Water Extractable Organic Matter
of Soils in Discontinuous Permafrost Zone of Western Siberia.

Bobrik A., Goncharova O.Yu.

Department of Soil Science, Lomonosov Moscow State University, Moscow, Russian Federation
ann-bobrik@yandex.ru

According to the existing world assessments, northern ecosystems represent the main source of carbon
dioxide and provide its planetary maximum in the atmosphere.

The research area is located in the north of Western Siberia (Nadym, Yamalo-Nenets Autonomous
District, Russia) within the northern boundary of north taiga. It’s zone of discontinuous permafrost. It’s absent
under forest site and bogs, and exist under peatlands. The research was carried out at three sites: the forest site,
the frozen peatland and the relic frozen peatland. The forest site represents lichen-pine forest without permafrost
in the soil profile. The soil was classified as Podzols. The frozen peatland represents flat and slightly inclined
main surfaces of peatlands with cloudberrysphagnum cover. The active layer is peaty horizon with underlying
mineral stratum. Permafrost occurs below 80 cm. The following type of soil was identified as Turbic Cryosols.
The relic frozen peatland is characterized with locally bare peat spots, sparse vegetation and permafrost from 50
cm in the peat layer. The soil is classified as Cryic Histosols. Regime monitoring of the carbon dioxide emission
and concentration in soil horizons, regime monitoring of the temperature were determined in field conditions,
and some of general properties of the soil — in laboratory.

Results and discussion.

The carbon dioxide emission are low in this region (115+77 mgCO,/mhr), which indicates the low
biological activity of research soils. Maximum emissions are characterized by Podzols of forest ecosystem,
minimal — Cryic Histosols of relic frozen peatland. Mean emissions are identical for the three years of
measurement and placed in the confidence intervals for ecosystems.

Change in the concentration of CO, in the soil profile depends on the depth and presence of permafrost
and hydrothermal conditions: soils with deep permafrost are characterized by increasing of concentration CO,
with depth.

The daily dynamics of gas emission and concentration, with a maximum in the afternoon, is associated
with the daily air temperature dynamics.

Soils of forest are characterized by the highest biological activity, which related with favorable geo-
cryological, hydrothermal conditions in comparison with other objects.

Research ecosystems are characterized with high variation of the total carbon content (37-53%) and very
high variation of water extractable organic carbon (0,35-1,65% of C total) in organic profile of the soils. The
maximum carbon content found in organic profile of Podzols.

Based on the correlation analysis we revealed a high and significant correlation carbon dioxide emissions
with reserves of water-soluble carbon in the upper 20 cm soil layer (B = 0.899; p-level=0,00) and with geo-
cryological conditions - existence of permafrost in the soil profile B = 0.993; p-level=0.00).

We consider the main factor which determine amount of soil CO, production is the existence and depth
of permafrost, as it determines the type of ecosystem in such transitional landscapes and organic matter
transformation processes.

Underestimation of the spatial heterogeneity of soil and vegetation cover in the region of discontinuous
permafrost can lead to substantial distortion of estimates of the total emissions.

The Influence of Climate Warming and Greenhouse Gas Deposition
on H" Migration in the Geosphere

Makarov V.N.

Melnikov Permafrost Institute SB RAS, Yakutsk, Russia, makarov@mpi.ysn.ru

The migration of H" (pH) in precipitation, lake waters and land cover was studied in the area of Yakutsk
in the long-term ecological and geochemical monitoring of the environment (Makarov, 1985, 2007). During the
study, a comprehensive geochemical assessment of the migrating and depositing environmental components -
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air, snow, soil, surface water and groundwater - was carried out.Human activities (burning of fossil fuels) emit
greenhouse gases into the atmosphere. They affect the energy balance of the Earth, which in turn can affect the
temperature. Most climate scientists relate the observed warming to the increasing concentration of carbon
dioxide in the atmosphere. For this reason, during the last century, the average global temperature has increased
by 0.6°C.Climate (temperature) change and increased atmospheric concentrations of greenhouse gases are also
observed in local areas. Monitoring of atmospheric greenhouse gases performed by the Melnikov Permafrost
Institute (N. F. Fedoseev) in the vicinity of Yakutsk since 1997 has shown a consistent increase in concentration
of carbon dioxide in the near-surface air from 363 ppm in 1997 to 398 ppm in 2011, with a steady positive trend
of about 2 ppm/year Yakutsk has experienced significant warming over the last three decades. Y. B. Skachkov’s
(2012) data indicate an increase in mean annual air temperature of 0.7°C over this period. We have studied the
migration of H* (pH) in precipitation, lake water and soil of Yakutsk associated with increased atmospheric
carbon dioxide and climate warming. CO,, is a natural agent that exerts the greatest influence on the presence of
free hydrogen ions - H" in atmospheric water, because the concentration of hydrogen ions in the water depends
on the content of carbon dioxide. Other conditions being equal, the more CO2 is contained, the more the
hydrogen ion concentration and the smaller the pH.The relationship of the hydrogen ion level to the
concentrations of other ions in precipitation (neglecting the contribution of weak organic acids) is expressed
as:(H") = 2(S0,%)+(NO3)+(ClI)-2(Ca*) - (K*) - 2(Mg?") - (Na*) - (NH,") +2.5-10°°. The remainder term in this
expression — 2.5 <10 mol/l - corresponds to the H+ concentration in the equilibrium aqueous solution (pH =
5.6) at an average atmospheric carbon dioxide of 330 ppm and a temperature of 20°C. This value generally
corresponds to unpolluted rain. In the process of long-term monitoring of atmospheric precipitation in Yakutsk
dynamics of the H* concentration (pH) in precipitation was traced. In the last 20-25 years there has been a steady
increase in the concentration of carbon dioxide in the atmosphere, which is accompanied by a steady decrease in
the pH of precipitation, their transition from slightly acidic to slightly alkaline (pH19g9 = 8.0; pH 2012 = 6.66). The
atmospheric H" deposition to the surface increased nearly sevenfold (pHp00 = 0.14; pHo, = 0.97g/m?/year)
from the beginning of the twentieth century to 2012. The increased deposition of H+ cation from the atmosphere
to the ground surface is accompanied by an increase in soil acidity in the city. During the period of our
observations, the average soil pH at Yakutsk changed from the alkaline values - 8.10 in 1982-1984 to 7.51-7.56
in 2008-2011. The areal extent of acid soils with pH<7 increased from 0-2% in 1982 — 1984 to 8% in 2008 and
10% in 2011. Highly alkaline soils with a pH above 8.5 virtually disappeared from the territory of the city, and
in some areas there were soils with acidity less than 6.8, to pH=5.6. Under the influence of acid-forming
substances, the soils become depleted of exchange bases, and the weak natural acids (hydrocarbons) are
displaced with man-made sulfates and nitrogen compounds, resulting in lowering the pH of water. Maximum
acidification occurs on the soil surface and in the seasonally thawed layer at a depth of 1-2 m no acidity changes
are observed. The increased H+ cation deposition from the atmosphere and soil acidification has caused a change
in the acidity of lake water in the city. The average pH of lake water lowered from 8.1-8.8 in 1986-2003 to 7.6-
7.8 in 2009-2012. Possible adverse effects may be associated with the occurrence of acid geochemical barrier in
places of the increasing acidity of ground water. Moreover, the barrier may also occur under alkaline conditions
when the strongly alkaline medium is changed to slightly alkaline. Anionic components - silica, molybdenum,
selenium, and others whose mobility is reduced in an acidic medium — are concentrated at the acidic barrier.
Elements forming easily soluble anionic and carbonate complexes in alkaline medium - B, V, Mo, As, S, Cr, can
significantly extend the range of migration. Soils with neutral pH values are favorable For the majority of plants
and further increase the acidity can lead to degradation of vegetation in the city.

Potential Resources of Unconventional Gas in Russia and Prospects of their Commercial
Development

Perlova E.V., Leonov S.A.

Gazprom Vniigaz Llc, Razvilka, Leninsky Rayon,Moskovskaya Oblast E_Perlova@vniigaz.gazprom.ru

The prospects of commercial development of unconventional gas resources are the subject of wide
speculation in mass media, professional community and governmental authorities recently. The significance of
the study of unconventional gas resources is evident and resulted from several fundamental reasons.

Unconventional gas has wide distribution in the Earth crust and huge resource potential, which far
exceeds those of the conventional natural gas. The competitive ability of any uncon-ventional gas approaching
the conventional one due to its resource depletion, structure deterioration as far as smaller fields remote from
unified gas supply system are put into production.

An additional point is that the research of unconventional gas resources is important when planning
external economic activity, because of an opportunity to react swiftly to changes in export-import balance. For
example, more than 50% of internal gas production in USA comes from unconventional gas sources and their
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share is increasing. In connection with an advance in unconventional gas resources exploration in USA, many
countries, which are traditional markets for Russian gas (West Europe, China and etc.), show great interest in
using of American experi-ence for exploration their own unconventional gas resources.

Business value of unconventional gas development will be determined by the balance of the following
factors of different nature: geological (permeability, free gas proportion, depth of occurrence), technological
(density of resources, gas flow rate, wellhead pressure), as well as economical (distance to consumer, price for
gas etc.) and environmental. The business value of some unconventional gas resource cannot be categorically
determined at this stage of investiga-tions since new data and new technologies may shift key points. However
the general trend of the competitive ability of any unconventional resource type approaching the conventional
one can be clearly tracked.

The survey of world experience of prospecting of unconventional gas (gas hydrates, coal-bed methane
and shale gas), as well as tight gas and gas of deep reservoirs and also prospects of their commercial
development in Russia in view of geological-economic conditions are consid-ered in the report.

The Influence of Carbon Dioxide Pressure at the Ice Melting Temperature

Nesterov A.N., Reshetnikov A.M.
Institute of Earth Cryosphere, SB RAS, P.O. 1230, 625000 Tyumen, Russian Federation

Possibility of CO, sequestration in a gas hydrate form within permafrost is studied actively at the
present time. Due to presence of the gas hydrate stability zone, permafrost is considered to be a promising
environment for CO, storage [1,2]. As this take place, it should take into consideration that good solubility of
CO,, in water decreases the ice melting tempera. As a result, the coordinates of the Q1 quadruple point of water-
ice-hydrate-gas equilibrium are changed.

This paper presents experimental data on determination of the Q1 quadruple point for CO, hydrates, as also the
data on phase equilibrium for water(ice)-hydrate-gas and water-ice-gas. The data were obtained using visual
observations and PVT measurement.

Distilled water and CO, gas (99.9 mol%) were used in our experiments. To study the behavior of the samples,
method of visual observations using optical microscopy was chosen. Visual observations were supplemented by
pressure and temperature measurements. A detailed description of the experimental setup, as well as the methods
of producing hydrates and study of their dissociation is given in [3]. The main element of the setup is the high
pressure reactor. On the lateral surface of the reactor there are viewing window for visual observation of the
processes inside the reactor. The reactor is placed in the Teledor thermostat controlled room. Monitoring of the
processes taking place inside the reactor is done using cathetometer B-630. The cathetometer eyepiece is fitted
with a digital camera.

In the experiments on the determination of ice melting point under pressure of CO2, ice was prepared by
freezing of small water droplets sprayed on a transparent Plexiglas plate cooled to a temperature of 253-258 K.
The plate with frozen water droplets was mounted inside the reactor. After evacuation, the reactor was slowly
charged with CO2 at a fixed temperature up to pressure when the melting of ice was observed. The melting of
ice was judged from the appearance of smooth liquid phase on the rough surface of frozen water droplets.

In experiments on ice(water)-hydrate-gas equilibrium, bulk samples of hydrate obtained from ground ice were
used. The sample was cooled to the temperature of the experiment after that pressure was lowered for hydrate
dissociation. Due to hydrate dissociation, pressure increased. The pressure which was not changed during two
hours was chosen as the equilibrium pressure of gas hydrate dissociation. Then the sample was heated to the new
chosen temperature and the equilibrium pressure of hydrate dissociation at this temperature was determined.

As a rule, the Q1 quadruple point is determined by the intersection of the equilibrium curves ice-hydrate-gas and
water-hydrate-gas. The literature data on Q1 quadruple point for CO, hydrate have are scattered. Using the
method of visual observations, we obtained the curve of the ice melting temperature versus pressure up to 271,15
K. Intersection of the equilibrium curve of hydrate dissociation and the ice melting curve allowed us to
determine the Q1 quadruple point of CO2 hydrate.

The obtained experimental data allowed us to define more accurately P, T coordinates of quadruple point of Q1
for CO, hydrates. According to our data, the coordinates of the quadruple point are P= 1.03 MPa T=271,65 K.
So CO, has a greater influence on melting temperature of ice as compared with hydrocarbon gaseous. As results
of this, the dissociation of CO, hydrates into water and gas starts at temperature 271,65K. This is 1.5 K below
the melting temperature of ice.

1. Duchkov A.D., Sokolova L.S., Ayunov D.E., Permyakov M.E.// Earth Cryosphere. 2009. Vol. XIII, No. 4. P.
62-68.

2. Chuvilin E.M., Guryeva O.M. //Earth Cryosphere. 2009. Vol. XIlII, No. 3. P. 70-79.

3. Melnikov V.P., Nesterov A.N., Podenko L.S., Reshetnikov A.M., Shalamov V.V. // Earth Cryosphere. 2011.
Vol. XV, No. 4. P. 69-71.
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Influence of Inhibitors on Induction Time Hydrate Formation

Madygulov M.Sh.*?, Zavodovsky A.G.!, Nesterov A.N.*2,
Schipanov V.P.2, Reshetnikov A.M. ?

! Earth Cryosphere Institute SB RAS, Tyumen
2 Tyumen State Oil and Gas University, Tyumen

One of the problems faced by the oil and gas industry in the areas of permafrost is the formation of gas
hydrates. To date, for preventing hydrate formation in Russia widely used is methanol. Methanol is classified as
thermodynamic hydrate inhibitors, biasing a line of three-phase equilibrium of gas-water-hydrate at lower
temperatures. The main disadvantages of methanol is its high rate (20-50%) and toxicity [1]. Search alternative
methanol 90s led to the discovery of a new class of materials - kinetic hydrate inhibitors. This is basically
watersoluble polymers with a relatively environmentally friendly low flow (0.25-1%). Kinetic hydrate inhibitors
compared with thermodynamic inhibitors have limitations on temperature and time inhibition [2,3]. These
limitations constrain their use in permafrost areas. To date being actively search for and development of new
environmentally friendly Kinetic hydrate inhibitors.

To study the influence inhibitors on hydrate formation process we have developed and built high-pressure
reactor with mixing device that simulates dynamics of flow in processing lines. Hydraulic test conducted showed
use reactor up to 20 MPa and 233K. Testing of the reactor to determine the induction period is estimated based
hydrate of distilled water. The sample temperature in experiments was 274 K and a pressure of 390 + 10 kPa.
Formation of gas hydrate produced on basis of technical propane (composition in wt. %: C1- 0.0165, C2-1.2350,
C3-96.5817, iC4-2.1196, nC4-0.0471). In the course of experiments showed that induction period beginning
hydrate substantially depends on speed mixing components. So at 1080 rev / min induction period beginning
hydrate is 90 minutes, and a smaller number mixing have been not recorded formation of hydrates within 3 days.
For determine the effect inhibitors on kinetic hydrate period beginning was used a solution of 0.1%
polyvinylpyrrolidone (PVP). Experiments were carried out at 1080 rev / min during which validated increasing
induction time beginning hydrate to 512 min.

Studies showed good reproducibility results. The experimental results confirmed influence PVP on
increase induction time hydrate formation. Further studies suggest determination of the effect on the induction
period of the beginning of the kinetic hydrate inhibitors synthesized based on polyesters.

Work is executed at partial financial support of program Fundamental Scientific Research of the state
academies of sciences for 2013-2017 (priority direction VII1.77.2.), the interdisciplinary project 144 Siberian
Branches of the Russian Academy of Science and Advice under grants of the President of the Russian Federation
(grant SS-5582.2012.5).
1.Grunvald A.V. Usage methanol in the gas industry as an inhibitor of hydrate formation and forecast of its
consumption in the period until 2030 // Oil and gas business, 2007 http://

2. Sloan E.D., Koh C.A. Clathrate Hydrates of Natural Gases, third ed. Boca Raton: CRS Press, Taylor &
Francis Group, 2007. 721p.

3. Andrea Perrin, Osama M. Musa, Jonathan W. Steed. The chemistry of low dosage clathrate hydrate inhibitors
// Chem. Soc. Rev., 2013, 42, 1996—2015

Session 5: Permafrost dating and paleoreconstructions

Paleocryoecological Niches in Permafrost Deposits

Gubin S.V., Yashina S.G.

Institute of physico-chemical and biological problems of soil science RAS, Puschino, Russia,

stas.gubin@mail.ru

Institute of cell biophysics RAS, Puschino, Russia

Wide group of viable organisms from permafrost deposits was described and investigated during the last
decades (aerobic and anaerobic bacteria, green algae, fungi, yeast, protea, mosses and grasses). Viable tissues of
Silena stenophilla Leded. with age of 32 kyr that were found in buried burrows of ground squirrel (Citellus
undulates Pall.) in permafrost at the depth of 40 meters gave shoots and then fertile plants gave new generations.
Moss’ spores from frozen samples of MIS2 and MIS3 deposits have shown their possibility to grow in the
yedoma material without any special conditions: high temperatures or additional nutrition.

52


mailto:stas.gubin@mail/

The analysis of number and structure of biological objects (including viable organisms) allows us to
distinguish a number of cryopalaeoecological nishes — spatially detached volume of frozen deposits, ice forms or
buried biological objects that can be characterized by similar genesis, structure, features and organization of
biological material, similar way and time of burying. These characteristics determine viability of organisms that
are cryoconserved here. The examples of such niches are the buried soils and peat volumes, alluvial layers,
buried burrows, bodies of Pleistocene animals, big wood remnants, ice wedges with flora detritus, seeds, spores
and pollen etc.

Some of these cryopalaeoecological niches are extremely rich with palaeoecological information. Buried
rodents’ burrows with age of 15-20 kyr may contain hundreds of thousands of plant seeds that have been
preserved so well that they can be specified at the level of specie. We obtain here well-preserved mammal bones
and bodies, hairs of mammoth fauna animals, feathers, eggs, insects etc. This material is also enriched with
spores and pollen. So, this complex and be used in aims of palaeoreconstruction of given habitat.

Buried burrows show much higher viability of mosses than buried soils or yedoma deposits. The same
thing with viable protea. This fact allows us to suppose that frozen burrows is one of the best cryobank of viable
Pleistocene biota.

The analysis of conservation features of palaeobiological material in buried ground squirrel burrows (n =
70) shows that viability ratio may vary significantly. We suppose that there are buried burrows and other
cryopalaeoecological niches with viable organisms that are preserved so well that they can be brought back to
life in natural conditions.

Possibility of impact of Pleistocene biota on modern fauna and flora has to be proven. But our results
show that ancient microorganisms, spores, protea and other organisms can be reconserved after tens of thousands
of years. These facts bring new light on the issues of microevolution, ice age refugiums, plant cover genesis etc.

Yedoma of the Lower Kolyma: a New Insight into Palaeoenvironment

Spektor V., Kholodov A2, Bulygina E.?, Spawn S.*, Davydov S.%, Klimova Ir.!

'Melnikov Permafrost Institute, Russian Academy of Sciences, Yakutsk, Russia;
“University of Alaska, Fairbanks, AK, USA;
*Woods Hole Research Center, Woods Hole, MA, USA;
“St. Olaf College, Northfield, MN, USA;
*Northeat Science Station, Cherskiy, Russia, valentin_spektor@mail.ru

In 2012, a complex study of two permafrost cores obtained by drilling on the Kolyma Lowland in scopes
of the Polaris Project was conducted. The study is focused on investigating environments during and after
formation of Late Pleistocene ice complex/yedoma.

BH 12/1 (15.1 m in depth) was drilled in the vicinity of Chersky (N68°44' E161°23', 60 m a.s.l.). It
recovered homogeneous icy bluish-grey coarse silts with poor sorting. Average characteristics are as follows:
gravity water content 40-50 %; bulk density 1.5 g/cm3; loss of weight on ignition 3%; chemical content from
water extracts hydrocarbonate-calcium; minerlization 100-200 mg/1, pH 7, Eh 370 mv, 13°C -25.8. Association
of heavy minerals is biotite-epidote-amphibole. Association of light minerals is either chlorite-quartz-feldspar, or
quartz-feldspar-chlorite. The considerable amount of light fraction represents clay-mica aggregates. AMS 14C
dates obtained from the depths 2, 5, 9, 12, 15 m vary between 42 to 45 kyr. BP, that is MIS 3 or the Karginian
horizon. The palynocomplexes reflect the cold and humid climate with domination of gramineous and mixed
herbs associations in the deeper section, changing upward to phytocenoses of open forest with shrub vegetation.
The upper most section part belongs to Holocene with predominance of tree-shrub associations. A new method
applied is a determination of enzyme activity in permafrost soils by Phenol oxidase (POX), Beta glucosidase
(BG), Phosphatase (PHOS), and Leucine-Aminopeptidase (LAP), normalized to organic material and DOC in
silts. The biggest liability belongs to POX which shows the greatest values, between ca. 700 to 1500 umol gOM-
1 h-1 along the whole section getting the maximum 13900 at the depths less than 2 m.

BH 12/2 (13.4 m in depth) was drilled in the Pleistocene Park (N68°30' E161°30', 2.5 m a.s.l.) on the high
floodplain terrace. The section is represented by fine sands (12.5-13.4 m), coarse silts (12.5-1.3 m), peat (1.3-0.6
m) and the uppermost floodplain clayey sediments forming the soil layer. Average characteristics are as follows:
gravity water content 30 %; bulk density 1.7 g/cm® loss of weight on ignition 4%; chemical content
hydrocarbonate-calcium; mineralization less than100 mg/l, pH 7, Eh 370 mv, 13C -26. Association of heavy
minerals is pyroxene-epidote-amphibole. Association of light minerals is chlorite-feldspar-quartz. A
considerable part of light fraction is composed of clay-mica aggregates. AMS 14C dates collected at the depths
5, 8, 11, and 13 m were ca. 18, 28, 46, and 45 kyr, correspondingly, that is relating to MIS 3 & 2, or the
Karginian and Sartan horizons. The palynocomplexes characterize the change of climates as relatively warm and
humid (13 m), cold and humid (11 m), cold and dry (10 m), warm and humid (7 m). The deposits are
characterized by predominance of tree and shrub pollen indicating the distribution of birch-larch open forest with
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subdued landscapes of meadows, steppes, bogs, and stony tundra. Enzyme activity of LAP, BG, varies
insignificantly. POX shows the most significant variation, with min 204000 to max 2305000 pmol gOM-1 h-1.
The most active phases of enzyme activity are associated with climatic optima.

Micromorphological Analysis of Structures of Quaternary Sediments

Yakimov A.S.}, Schneider R.2, Gubin S.V.2, Vasiliev A.A., StahrK *

! Earth Cryosphere Institute, Tyumen, Russia
2 University of Trier, Germany
% Institute of Physicochemical and Biological Problems of Soil Science, Pushchino, Russia
* University of Hohenheim, Stuttgart, Germany

Investigations of structures of the quaternary sediments of 3 marine terraces of the Western Yamal
Peninsula (northwestern Siberia, Russia) have been established on the macro and microscale by field and
laboratory measures. The main focus was set on the development and transformation of the landscape as well as
the sediments and their structures. The data allow one to reconstruct the changes of environmental conditions
within the last 70 thousand years.

It may be noted that the most representative characteristics of the different sediments are based on the
structure of basic mass, plasma, new formations and shapes of the organic matter. The quaternary sediments
occur subsequently and represent three primary genetic types: marin, lagoonal and terrestrial. The structure of
the marine sediments indicates calm conditions during sedimentation. The macro- and microstructure of the
lagoonal sediments indicate more dynamic natural conditions during that period with swelling—drying-cycles.
The deposition of the terrestrial sediments occurred at the final stage of the territory formation and it is currently
in progress. The complex subtrate transformation is related to exogenic processes like cryogenic, aeolian, fluvial
and pedogenetic alterations. A transitional zone between the lagoonal and terrestrial sediments was found
implicating very unstable conditions while landscape changed from sea to land. So two major changes of the
natural conditions are revealed during the Upper (Late) Pleistocene and Holocene.

*The investigation has been performed under Program Ne20 of Russian Academy of Sciences
“Fundamental problems of oceanology: physics, geology, biology, ecology”, Program of European Union
“Erasmus Mundus” and Grant of Russian Federation President (Scientific Schools - 5582.2012.5).

Cryogenic Structure as an Indicator of Climatic Epochs
Kazansky O.A.

Igarka Geocryological Laboratory, Melnikov Permafrost Institute SB RAS
8a, | microrajon, lgarka, Krasnoyarski Krai, Russia 663200, kazansk1l@mail.ru

The cryostructural method for reconstruction of paleo-permafrost conditions was developed by the author
in 1990. It is based on the physical-mechanical model of freezing fine-grained soil. The method is used to
estimate the upper boundary temperature conditions during the formation of lenses or beds of segregated ice at
different depths.

This paper presents results of the calculations of mean annual temperatures at the top of permafrost and in
the air, as well as growth rates of segregated ice at times of formation of thick ice lenses and beds at different
depths in glaciolacustrine deposits in the Norilsk area. Conversion from the mean annual temperature at the base
of the active layer to air temperature is made by quantitatively incorporating the thermal effects of the main
surface heat exchange factors.

The widespread occurrence of segregated ice beds in the Norilsk area is explained by the presence of

confined groundwater which easily moves through the sandy soils and fissured rocks and by slow freezing of the
deposits. These conditions provided a ready supply of water to the growing ice lenses and beds.
The calculations have shown that at the time of formation of segregated ice at 15 m depth, the temperature at the
top of permafrost was -0.9°C, while the air temperature was 1.5°C lower than today (-9.0°C). The water flux to
the ice lens at the groundwater head of 10 m was 2.4 « 10-10 m/s, and it took 434 days for a 1 cm thick ice lens
to form. The calculated results analyzed with the history of the area suggest that freezing of the sediments
occurred under conditions not much more severe than today.
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An early and middle Wisconsin record of vegetation history preserved
in the permafrost sequence of the Vault Creek tunnel in Fairbanks,
Interior Alaska

Kienast F., Schirrmeister L., Andreev A., Yoshikawa K.

Senckenberg Research Station of Quaternary Palaeontology Am Jakobskirchhof, Germany
Frank.Kienast@senckenberg.de

The permafrost sequence of the Vault Creek (VC) tunnel in Fairbanks, Interior Alaska, deposited during
the early and middle Wisconsin period was studied using plant macrofossils.

Over most of the time span represented by the Vault Creek permafrost sequence, boreal coniferous forests
largely resembling modern vegetation existed at the study site. The tree layer was dominated by spruce, mainly
black spruce (Picea mariana). Also the other detected tree species such as gray alder (Alnus incana ssp. tenuifolia
), birch (Betula cf. neoalaskana) and tamarack (Larix laricina) are regular constituents of modern vegetation in
the study area. Most of these tree species and also the majority of herbaceous plants are characteristic of wet
habitats like lake shores, muskegs, bogs, and peatlands. The pollen record of the VVC tunnel indicates relatively
warm climate conditions with the occurrence of Abies and Tsuga in large parts of the spectra. The presence of
Tsuga or Abies could, however, not be confirmed by plant macrofossils.

Only one cold stage interval with a very few and poorly preserved plant remains could be found
representing tundra steppe vegetation and very dry climate conditions. Among them, Phlox hoodii is
characteristic of sagebrush and mountain grassland communities and occurs at dry, open, rocky, gravelly, or
sandy sites. The plant is not able to withstand shading and therefore avoids forested vegetation. The other tundra
steppe indicator plant in the assemblage is Kobresia, which is characteristic of dry, open, in winter snowless
habitats in grasslands and tundra. Both taxa together clearly indicate a cold stage with cool and very dry climate
conditions unsuitable for tree growth.

Above this cold stage interval, the preserved remains of spruce (Picea), wetland sedges (Carex sect.
Phacocystis) and high northern buttercup (Ranunculus hyperboreus) reflect again a wet coniferous forest
resembling modern vegetation around Fairbanks. The assumed paludification detected by the pollen record can
be reproduced by plant macrofossils through the increase in the number of wetland sedges (Carex sect.
Phacocystis, several hundred nutlets) including water sedge (Carex aquatilis) and spruce muskeg sedge (Carex
lugens). During the time of deposition of that sample, the (dwarf) shrubs Betula glandulosa/ nana subsp. exilis,
Empetrum nigrum, Salix sp., and Ledum palustre ssp. decumbens occurred in the shrub layer of a spruce forest,
the existence of which is indicated by spruce needles.

In the uppermost studied sample, only Betula glandulosa/ nana subsp. exilis, Luzula sp. and Carex sect.
Phacocystis could be detected indicating again wet habitats under boreal climate. Even though fossils of tree
species could not have been proven, their existence cannot be excluded due to the incompleteness of the
preserved plant macrofossil record in this sample.

Radiocarbon Dating of Peatlands and Frost Mounds
in the Nadym River Basin

Blyakharchuk T.A.}, Ponomareva O.E.?, Berdnikov N.M.?, Gravis A.G.?

1 IMCES, SB RAS, Tomsk, 634050, Sovetskaya str., 99
2 Earth Cryoshere Institute, SB RAS, Moscow, 119991, Vavilov str. 30/6, 67; o-ponomareva@yandex.ru

Peatlands and frost mounds, occupying more 80 % of the area in the Nadym River basin, are involved in
modern frost heaving and thermokarst, therefore peatlands and frost mounds are objects of our researches since
1970. Researches allowed us to establish the modern dynamics of these processes. For reconstruction of full
chronology of development of processes of frost heaving and thermokarst we analyzed original and literature
radiocarbon dates from peat and buried wood. Samples collected from outcrop and borehole in frozen peatland
have been analyzed by palynological method (T.A.Blyakharchuk).

Radiocarbon dating had shown, that peat and buried wood in frost mounds are younger than 9800 years,
and, hence, these formations are of Holocene age, that consists with Y.K. Vasilchuk conclusion (2012).
Moreover it was found, that upper part of the frost mounds is frequently composed by peat older than 3000
years. After this time boundary, apparently, there was a suspension of peat accumulation at tops of frost mounds
because of it appeared rather well drained. Now at the tops of many frost mounds took place a destruction of
vegetation cover and formation of limited by area spots with bare peat deprived of vegetation cover. We assume
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that temporal recovery of vegetation on these spots can occur during humid years; therefore we organized an
observation network on several spots.

The age of the peat from peatlands in flood plain of tributary of the Nadym River (from 3450 up to 6945
years BP) corresponds to the mentioned above time frames, but in general it is little bit younger, than age of peat
of frost mounds on 111 lacustrine-alluvial plain.

The peat of flat peatlands, also, of Holocene age not older than 9000 years. However the upper part of
peat thickness here is younger, than on frost mounds. It evidences that the suspension of peat accumulation
marked earlier (during last 3000 years) on frost mounds has not been caused by global climatic changes, but
rather by local processes.

The detailed palynological analysis of the upper two meters of peat in frozen peatland with age 4560+-
120 years has revealed 7 phases in development of a vegetation cover, which differ from each other either by
dominance of a treelike birch, or spruce, or pines (Pinis silvestris and P. sibirica). Change in abundance of local
components in pollen spectrums (pollen of sedges and dwarf shrubs and also spores of Sphagnum) has shown,
that freezing of peat thickness has taken place on a boundary of new era about 2000 years ago when the climate
became drier and colder after period of humidification in second half of third millennium before present.
Palynological markers (maximums of spores of Sphagnum and pollen of Pinus sibirica) specify more short
episodes of freezing of the peat thickness, which took place about 3000 and 4000 years before present
The research was supported by project CALM (NSF OPP-9732051, 0PP-0225603); project TSP (NSF RC-
0632400, ARC-0520578), Council under grants of the President of the Russian Federation (grant NSH-
5582.2012.5) and RFBR (grant 13-05-00811).

Cryogenic Strata of the Gas-Bearing Structures of Yamal
Badu Yu.

Moscow State University, Faculty of Geography, Department of Cryolithology & Glaciology119991, GSP-1,
Moscow, Lengory,1. MSU.

Gas-bearing structures in cryolithosphere occupy a significant part of the incision Ceno-zoic of
sediments. On the main characteristics of the cryogenic strata, situated above the produc-tive horizon structure
(temperature gradients, the position of the isotherm 0 C, the power of the frozen part of the cryogenic strata,
etc.), compiled overview of the permafrost zone for Western Siberia. In the middle- and fullscale mapping these
characteristics are used for the interpretation of the cryogenic sections and interpolation in areas outside of the
position gas-bearing struc-tures.

Gas-bearing structure is neotectonic formation in lithosphere. In the geological composi-tion the horizon
of unconsolidated Pleistocene and Paleogene sediments cover the thick com-pacted sediments of the Late
Cretaceous, that overlie the productive gas-bearing horizon of Early Cretaceous. During the Pleistocene on the
roof of the degraded Last Cenozoic sediments had ac-cumulated sediments of Early and Middle Pleistocene, and
the sediments of the Last Pleistocene suites formed the surface relief of many structures.

Geomorphological unit surface of the gas-bearing structures is different for shallow, up to 500-800m, gas
bearing surface of the dome. In the shallow part of the underwater shelf slope (where the depth of the sea is
about 100-120 m) are located Rusanovskaya and Leningradskaya structures. Sedimentation and relief forming in
the hard climate conditions were connected by active synchronous freezing of the marine late Pleistocene
sediments and epichronous freezing of more ancient underground strata. The ground moisture, which soaked up
marine sediments, was fixed by freezing in singenetic and in epigenetic parts of the frozen strata. The whole
history of sedimentation in the Late Pleistocene was directly connected with the synchronous and epichronous
underground iceformation: ice-cement, segregated ice, polygon vedge ice, massive ice, gas-hydrate ice.

The upper part of the gas-bearing structure is occupied by the cryogenic strata. The posi-tive temperature
gradient from the low boundary of the cryogenic strata to productive horizon showes thermal influence of the
dome to the bottom, as it is known from a number of works G.B.Ostriy, V.V.Baulin, VV.T.Balobaev a.o.

The capacity of the cryogenic strata is different and diverse in the gas-bearing structures with various
geomorphologic device surface, geology composition of the above-dome part of the sediments, the depth of the
gas bearing dome, depth of deposits of varying salinity.

Features of the cryogenic strata gas-bearing structures are shown in the series of geologi-cal cuts,
accompanied by the stratigraphic working scheme, in a series of geocryological sections and maps of capacity.
Most of them are published in volumes 1 and 2 of the publication «Cryosphere oil and gas condensate fields on
the Yamal Peninsula.
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Ground Ice from Larsemann Hills Oasis (East Antarctica):
Geological Occurrence, Properties and Genesis

Belova N.}, Verkulich S.R.?, Demidov N.**, Shmelev D.}*

! Lomonosov Moscow State University, Faculty of Geography, Moscow, Russia nataliya-belova@ya.ru
2 Arctic and Antarctic Research Institute, Saint-Petersburg, Russia
® Institute of Physicochemical and Biological Problems in Soil Science, Russian Academy of Sciences
*Vernadsky Institute of Geochemistry and Analytical Chemistry, RAN

Geological crossection of quaternary deposits 15 m depth in Larsemann Hills oasis was studied with the
use of drilling rig and complex laboratory analyses of cores. Lower stratigraphic unit was interpreted as
lacustrine-marine sediments 37820-17860 years BP meaning that relative sea level during MIS3-MIS2 period
was at least 30 meters higher than present sea level allowing lagoon-type deposition. Upper stratigraphic unit
was interprerated as end morain which marks the position of last glaciation which moved so far to the north
during pre-Antarctic Cold Reversal glaciation 14 Ka BP or some minor Holocene surges.

Two different types of ground ice were observed in these deposits. The upper layer of ground ice is
allocated on the contact between morain and lacustrine-marine deposits or in the upper meters of lacustrine-
marine sediments. It is mostly clean transparent ice, sometimes with admixture of gravel and sand. The lower
layer of ice lays into lacustrine-marine strata quite close to the aquiclude, which is presented by rock foundation;
it is composed by laminated icy sediments with narrow-meshed inclined ice schliers 1-2 cm thick. Both ice
layers were found in boreholes near the margin of Lake Reid at the quite close depths interval — 33-37 m as.l.
for upper layer and 24-26 m for the lower layer.

We present results of complex analysis of the ice core including detailed characterization of ice structure,
texture and contacts with host sediments. The isotopic analysis of ice is also currently carried out. This data
allow us to make a choice between several theoretical possibilities of ground ice origin including sea or lake ice,
glacier, firn snow, injection or segregation ice.

The work has been supported by RFBR, projects No 12-05-31442 mol_a and 12-05-31125 mol_a.

The Implementation of Cryogenic Weathering Index for Paleopermafrost
Reconstruction by Example Late Pleistocene and Holocene Deposits
of North-East Yakutia

Shmelev D.G.

Faculty of Geography, Lomonosov State University Moscow,
Institute of Physicochemical and Biological problems in Soil Science, Russian Academy of Sciences, Pushchino

The investigation of the composition, structure and properties of the Late Pleistocene and Holocene
deposits of North East Yakutia has been done. Ice Complex of Late Pleistocene (IC) and Holocene cover layer
deposits in Bykovskiy peninsula and Cherskiy (Kolyma region), alasses and IC - cape Chukochy have been
studied. Cryogenic weathering and permafrost acted the great role in the time of deposit sedimentation. For
paleopermafrost reconstruction Cryogenic Weathering Index (CWI) has been calculated. It has been found that
the least sever permafrost condition was in Kolyma region, for Bykovskiy peninsula and cape Chukochy it were
similar. The increasing of cryogenic weathering over a period of Ice Complex formatting have been shown, the
most sever permafrost conditions were in boundary of Late Pleistocene and Holocene (end of IC formatting and
cover layer sedimentation). Alasses complex (lake-boggy and taberal thicknesses) formed in the soft condition,
thawing and long-term period in thawed state were shown in more small values (<1) of CWI, than for adjacent
IC.

57



The Details of Microbiomorphs Spectra
from Buried Soils of Kolyma Lowland.

Zanina O.G.}, Lopatina D.A.?

! Institute of Physico-Chemical and Biological Problems in Soil Science RAS, Pushchino
2 Institute of geology RAS, Moscow

Researches were conducted in Lower course of Kolyma, where ice complex deposits distribution.
Pedogenesis was one of leading processes of thicknesses formation in a Pleistocene. The four paleosol profiles
different age from deposits of stage of MIS 3 were object of our research.

Soil is open information system. It constantly receives and keeps information (including microbiomorph
complexes) about factors of formation during long intervals of time. The microbiomorphs in buried soils are
various. There are spore and pollen, detritus, phytoliths, sponge spicules, shell of diatom algae, amoebas shell.

Features of microbiomorphic complexes of buried soils are analysed. In material from paleosoils the big
quantities of detritus is noted, the remains of epidermis of herbs, lignified shrubs tissue meet. The soil materials
contain a lot of various phytoliths. Phytoilths various graminoids from which the Festuca group is distinguished
are met. Phytoliths of carex, horsetail, dycotiledon herbs are found. A conifer remains and parts of dwarf steppe
xerophytes flora, hydrophilic flora are rare. The remains of testate amoebas which are usually living in plant
litter, peaty horizons of soils and peat often meet in a material of the top horizons

Content of pollen and spore in profiles of buried soils is estimated as average and high that it is enough
for environment reconstruction. It is established, that the far transferable pollen (mainly trees and bushes) are
dominated. This group of pollen can't be as indicator local phytocenosis, but with success can be used for
comparison of palynological diagram even-aged paleosols in region, being at considerable distance from each
other. The extra-local elements of spore-pollen spectrum indicate local features phytocenosis. This group of
pollen has subdominated position in ranges (10-20%). Because in severe climate conditions part of plants passes
to vegetative reproduction. It distorts conceptions about vegetable cover, received on the basis of the
palynological analysis. Pollen of anemophilouse herbs meets in spectra often, entomophilous is rare. These
different are caused by pollination mechanisms.

Microbiomorphic researches of paleosols supplement available palynological data and allow us to detail
caracteristics of vegetable asociations of local places of soils formation. Microbiomorphic researches of
paleosols supplement available palynological data and allow detailed characteristics of vegetable associations of
local places of soils formation.

The studied ranges of complexes of paleofossils from Late Pleistocene soils show that they were formed in open
landscapes with domination of herb associations with grass, sedges, sagebrushes, plant of Cruciferae and
Caryophyllaceae family and participation of dwarf shrubs and moss in vegetable cover.

Late Holocene Climate and Environmental Changes in the Eurasian Arctic — Evidence
from Glacier and Ground Ice (Eurasian Arctic Ice 4k)

Opel Th.!, Meyer H.!, Dereviagin A.Yu.?, Wetterich S.},
Fritzsche D.}, Schirrmeister L.}

!Department of Periglacial Research, Alfred Wegener Institute Helmholtz Centre for Polar and Marine
Research, Potsdam, Germany, thomas.opel@awi.de
2 Faculty of Geology, Moscow State University, Moscow, Russia

The Arctic as key region for the global climate system is more affected by ongoing climate change than
most other regions and has experienced a strong warming in the recent decades. A better understanding and
assessment of recent Arctic climate dynamics from a longer scale perspective requires detailed information on
past changes and their causes from climate archives. Of particular interest is the natural climate variability in the
Mid to Late Holocene. This period is characterized by relative stable boundary conditions of the climate system
and by a negligible anthropogenic influence in the preindustrial period.

The research project “Eurasian Arctic Ice 4k”, funded by German Research Foundation (DFG), aims at
the reconstruction of Late Holocene climate and environmental changes in the Eurasian Arctic using glacier and
ground ice as climate archives, mainly by means of stable water isotopes. Whereas ice cores are known as one of
the best climate archive, the analysis of ice wedges as mid-resolution winter climate archives is a relatively new
approach.

Our study sites are so far located in the Laptev Sea region: (1) the ice core from Akademii Nauk ice cap
(AN; Severnaya Zemlya; 80.5°N, 94.8° E), (2) ice wedges from the first Lena River terrace in the central Lena
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River Delta (around 72.5°N, 126.5°E), (3) ice wedges at the top of the Ice Complex of Muostakh Island (71.4°N,
130.0°E) and (4) ice wedges in a huge Alas at the Oyogos Yar coast of the Dmitry Laptev Strait (72.7°N,
143.5°E). This dataset will be complemented by additional field campaigns and other available ice-core and ice-
wedge data from the Eurasian Arctic.

The combination of ice-core and ice-wedge records will provide new insights into the Late Holocene
climate dynamics of the Eurasian Arctic, into their causes and into the moisture generation and transport patterns
between the varying impacts of the Atlantic and Pacific Oceans.

Here, we introduce the research project and present stable-water isotope records for all study sites and put
them into the context of temporal, spatial and seasonal aspects of Late Holocene climate variability in the
Eurasian Arctic.

High resolution AN ice core 6180 data as proxy for Western Eurasian Arctic annual temperatures reveal
significant changes on different timescales. A long-term decrease, coinciding with a decreasing summer
insolation, does not solely reflect climate cooling but probably also the growth of AN ice cap. Several abrupt
decadal-scale warming and cooling events are a marked feature of this record and lead e.g. to the coldest period
around AD 1800 followed by the exceptional warming to the absolute maximum around AD 1930.

Contrary, centennial scale ice wedge 6180 records from all study sites based on 14C AMS dated ice-
wedge samples indicate a general Late Holocene winter warming trend, consistent with an increasing winter
insolation and characterized by a marked variability. This long-term warming trend culminates in the recent
maximum reflecting ongoing Arctic warming.

Additionally, both ice-core and ice-wedge d excess records exhibit distinct variability reflecting
substantial changes in the moisture generation and transport patterns.

Lithological and Mineralogical Characteristics
of the Kyzyl-Syr Blowing Sand Complex

Urban A.A., Galanin A.A.

Melnikov Permafrost institute SB RAS, 677010, Yakutsk, Merzlotnaya ankaurban@mail.ru

Blowing sand complexes, called tukulans in the Yakut language, are unique permafrost-related
landscapes occurring in Central Yakutia. They cover extensive areas and consist of parabolic dunes of different
orders characterized by variable composition and combination of alluvial and eolian sand deposits. Several
hypotheses for the origin of tukulans in Central Yakutia have been proposed. Some authors believe that the
tukulans are products of eolian transport of the originally alluvial deposits. G.F. Lungersgausen and V.V.
Kolpakov assert that the tukulans are distinct genetic accumulations of eolian origin resulting from transport of
sand material by strong winds. S.S. Korzhuev adds that they continue to be deposited under present-day
conditions. Despite many studies, the origin of tukulans remains open to question.

We performed a comprehensive lithological and mineralogical analysis of the deposits in order to
differentiate them by origin and to interpret their depositional history. Our findings indicate that the depositional
environment varied considerably throughout the Quaternary. The lower part of the section was accumulated
under periodically changing conditions. Sand particle transport occurred alternatively by suspension and
saltation depending on the hydrodynamic conditions. The upper unit suggests relatively stable depositional
conditions. In summary, the study has shown that the upper part of the section is composed of eolian sands. The
middle and lower parts consist of alluvial sands of riverbed facies and sands of glacial origin with signs of
modification by water action. These findings have confirmed that glacial and alluvial deposits contributed to the
formation of tukulans, later on subject to wind action.

Pleistocene Paleogeography of the Russian Arctic Regions (Shelf-Land)
on the Basis of the Analysis of Underground Ices

Shpolyanskaya N.A., Korolyova N.A.

Lomonosov Moscow State University, Faculty of Geography 119991 Moscow, Leninskie Gory, 1,
nella@shpolyanskaya.msk.ru

On the basis of the genetic analysis ground ices unequal geological development and an unequal
transgressive-regressive regime of western and east sectors of the Russian Arctic regions in Quarternary period
is shown. Prevalence in the western sector of submarine massive ice beds specifies on mainly sea sedimentation
during Pleistocene and transgressive regime during this epoch. Possibility of formation of a permafrost with
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massive ice beds directly in sea conditions is shown and the mechanism freezing of bottom deposits is offered.
Prevalence polygonal-wedge ice in east sector specifies in a continental regime during almost all Pleistocene.
Spatial regularity of ground ices take up a question on the reasons of fluctuation of level of the Arctic basin.
Fluctuations, apparently, are a little connected with glacial eustasy, and caused by regional tectonic. The bottom
of the Arctic ocean is the rift zone and is settling down on a joint Eurasian and Amerasian lithospherian plates. It
has generated two isolated enough diverse tectonic areas: western with an oceanic crust and active tectonic
processes, and east with a continental crust and less dynamical processes. One more conclusion from the analysis
of ices — the limited distribution in Pleistocene of glacial covers in the Russian north, and their absence on plains
of the Russian Arctic region and Subarctic region.

Late Pleistocene Ice Complex and Palaeoenvironments
of Bol'Shoy Lyakhovsky Island (New Siberian Archipelago)

Wetterich S.!, Rudaya N.?, Tumskoy V.3, Meyer H.},
Opel Th. !, Schirrmeister L.*, Andreev A.*

'Department of Periglacial Research, Alfred Wegener Institute, Helmholtz Centre for Polar and Marine
Research, Potsdam, Germany; sebastian.wetterich@awi.de
2 Centre of Cenozoic Geochronology, Institute of Archaeology & Ethnography, Russian Academy of Sciences,
Siberian Branch, Novosibirsk, Russia
® Moscow State University, Faculty of Geology, Department of Geocryology, Moscow, Russia
* Institute of Geology and Mineralogy, University of Cologne, Germany

Paleontological proxy data and cryolithological information from East Siberian Arctic permafrost
preserve records of late Quaternary climate and environmental conditions in West Beringia and their variability
which results from interglacial-glacial and interstadial-stadial dynamics. A key site for late Pleistocene Ice
Complex is situated at the southern coast of Bol’shoy Lyakhovsky Island (New Siberian Archipelago, Dmitry
Laptev Strait) where coastal outcrops expose frozen sediments, ground ice, and fossil remains.

A 15 m long sequence of Ice Complex permafrost accumulated continuously between >55 and 27 kyr BP
in an ice-wedge polygon reflecting the palaecoenvironmental history from the end of the MIS4 stadial to the end
of the MIS3 interstadial (Oyogos and Molotkov horizons of the Oyogosskaya Suite). The late MIS4 stadial (>55
to 52 kyr BP) record shows a quickly developing polygon tundra while harsh cold and dry summers are reflected
by sparse grass-sedge tundra-steppe and high amounts of redeposited conifers. During the early MIS3
interstadial (52 to 48.5 kyr BP) pollen records show higher Artemisia percentages within a grass-sedge tundra-
steppe vegetation that supported dry conditions. The MIS3 interstadial optimum between 48.5 and 37 kyr BP
promoted low-centered polygon tundra with shallow water in polygon centers. Moister conditions in the
landscape than during the previous late MIS4 stadial are assumed while the general summer climate conditions
likely remained dry, but slightly warmer as reflected by higher Salix abundances. Warmer summer air
temperatures and moister conditions on landscape scale during the MIS3 optimum are revealed mainly by Salix
and green algae findings in the palynological tundra-steppe records. A late MIS3 cooling trend in summer air
temperatures between 37 and 27 kyr BP can be deduced from disappearing Salix pollen. The stable water isotope
composition of an ice wedge (mean values of -31%o in 6180 and -243%. in 6D) point to stable cold winter
conditions. Changes in the accumulation conditions are indicated at the end of the MIS3 in transition to the
MIS2. The Last Glacial Maximum (LGM) period has been rather poorly represented in East Siberian permafrost
records. However, present pollen, sediment, and ground-ice stable water isotope data obtained from coastal
exposures on Bol’shoy Lyakhovsky Island mirror the coldest conditions during the MIS 2 stadial (Sartan horizon
of the Yanskaya Suite) period between about 26 and 22 kyr BP. The pollen record reveals a cold tundra-steppe
vegetation with characteristic predominance of grass pollen over sedge pollen while the stable isotope ice-wedge
data indicate extremely cold winter temperatures with mean values of -37 %o in 3180 and -290 %o in 3D.

By the use of combined cryolithological, sedimentological, geochemical, geochronological, and palaeontological
proxy data, stadial-interstadial environmental variability in arctic West Beringia was elucidated at millennial
resolution.
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Traces of Continuous Permafrost Late Pleistocene in The Southwest
of the West Siberian Plain

Larin S.1.}, Laukhin S.A.2, Guselnikov V.L.!

Tyumen State University, Russia, Tyumen, Semakov str., 10
“Russian State Geological Prospecting University, Russia, Moscow, Miklukho-Maklay str., 23; Earth
Cryosphere Institute SB RAS, Moscow brench, Russia, Moscow, Vavilov str., 30/6, silarin@yandex.ru

It is known (Aubekerov, 1990, Gorbunov et al., 1998 and others) that permafrost during last (sartan)
glaciation spread from Northern shelf of West Siberia to mountains on Kazakhstan south. Only in belt ~500-470
N it is proposed discontinion and, may be, sporadic character of permafrost (Velichko et al., 2009). On the rest
of territory permafrost was continious. Relief traces of cryogenic genesis on West Siberia south-west were noted
by I.Krasnov, M.Boitsov, M.Gorodetskaya, V.Tarnogradskyy and many others. Pseudomorphs on ice or ice-
ground wedges for this territory were published very rarely. With it, to south from 50°N usually single, rarely
pair pseudomorphs were described (Aubekerov, Chelykhyan, 1974; Aubekerov, 1992 and others). Big
difficulties arise during definition of permafrost evolution, traces which are reflected in relief. Pseudomorphs on
ice and ice-ground wedges can take to sartan time, more or less, indisputable, which occur in upper part of 1st
over flood-plain terraces. Relict cryosphere relief on ii-iv “terrasing plains” of SE Western Siberian lowland and
also polygons of relict alas basins bottoms to west from Omsk (Tarnogradskyy, 1966), most likely are more
ancient, than sartan time. Polygonal relief traces, which are observed on cosmic photo and, less clearly, on 1st
over flood-plain terraces levels and low divides (below than “lI-d terracing plain”) conventionally can compare
with Late Pleistocene plain.

During fieldworks on SW Western Siberia traces of polygonal relief were observed in many points on
low levels. On papers, interpretation cosmic photo and field observations on territory with coordinates 57°12°-
53°55’N and 62°56°-73020°E numerous areas with manitictations macro-polygonal, linear-polygonal, low-
polygonal (cellular) relief. Earlier on SE Western Siberia Late Pleistocene polygons of dimension were marked
only till 70 m (Gorbunov et al., 1998). We observed polygons more 100 m. Such big polygons are typical for
marine coast (Garagula et al., 2001). They were observed by us on distance more than 1500 km from sea, but in
region spreading saline lakes. Grade of expressive and conservation of polygonal relief noticeable differ. Most
distinct traces of such relief are showing on cosmic photo, which were made in autumn of late spring on lots,
which were occupied by ploughed field in moment of surveing. Block-polygonal relief with polygons mainly of
square form is good visible on these cosmic photo. During fieldworks in under-taiga and forest-steppe zones of
Prytobolye we investigated more 60 quarries and series of outcrops in valley of Tobol and series sections were
made known Late Pleistocene end — postglacial age of permafrost traces for its outerops can be proposed on
geomorphological and stratigraphical disposition. Kyshtyrlinsky quarry is most informative. It is disposed in 40
km from Tyumen, 56°55°N and 65°49°E, elevation 54-57 m, on outlier of 1st(?) over flood-plain terrace of right
coast valley of Pyshma. Most good traces of paleocryogenesis are marked above NE part of quarry. Here
polygonal net with numerous pseudomorphs (148-290-390 cm) on ice wedges are uncovered. Layers adjacent to
pseudomorphs have bend down. Contacts of pseudomorphs with incloseing sediments usually are had
ferruinginization. Distance between pseudomorphs are 18-23 m. Possibility, it is most eastern field of polygonal
network of ice-wedges Late Pleistocene end ice-wedges on South-East of Western Siberia.

The work was supported by grant No 9 of the integration project SB RAS-FEB RAS and grants RFBR No

11-05-01173a and 13-05-00854a, by The Ministry of education and science of Russian Federation, project
14.B37.21.1900.
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Session 6: Permafrost modelling and mapping

Assessment of Organic Matter Transport into Thermokarst Lakes
of Yamal Peninsula

Dvornikov Yu.A.l, Leibman M.O.}, Khomutov A.V.%, Heim B.2, Roessler S.2

Earth Cryosphere Institute SB RAS, Tyumen, Russia
*Alfred Wegener Institute for Polar and Marine Research, Potsdam, Germany
*Technical University of Munich, Limnological Institute, Hofmark, Germany

This paper presents the results of water sample tests on concentration of dissolved organic (Colored
Dissolved Organic Matter, cDOM), collected out of the lakes in Central Yamal. The relation of cDOM to
climatic characteristics and the depth of seasonal thaw in 2011-2012 are analyzed. We take into consideration the
distribution of the chlorophyll-A concentration index in tundra vegetation within lake catchment areas as
calculated using remote sensing data. It is established that a combination of factors, including a significant
increase in average summer air temperature, and the associated increase in the depth of seasonal thaw in a key
area in conjunction with an increase in the summer rainfall, affected the inflow of more organic matter into lakes
of the Central Yamal, resulting in an increase in the concentration of cDOM in 2012, which was warmer
compared to 2011.

During field expeditions of the Earth Cryosphere Institute SB RAS, 7 thermokarst lakes in Central Yamal
were examined and 25 samples were collected. A laboratory analysis of the samples for obtaining information
about cDOM concentration was produced. The results were compared with each other as well as with the values
of chlorophyll-A (Chla) concentration indexes on the catchment areas of these lakes. The Chla index calculation
is based on the knowledge that the vegetation absorbs waves of red spectrum for the maintenance of the
photosynthesis process. The Chla index is calculated using the satellite image GeoEye-1.

It was found that cDOM concentration has a very high correlation with the average value of the Chla
index in catchments (r = 0.89). It was therefore concluded that this type of vegetation covering the basin’s area,
and that its species composition are one of the elements that form the concentration value of dissolved organic
matter in the lake. Because the water samples were collected in the field seasons of 2011 and 2012, it was
possible to trace a dynamic of changes in the concentration of dissolved organic matter in the studied lakes. The
results of the analysis for 2011 and 2012 demonstrate a rather large difference in values. To explain the
differences in the values of the cDOM concentration we analyzed the influence of climatic factors. Mean
monthly air temperature was examined during the summers of 2011 and 2012, and it was found that in 2012
mean monthly air temperature in summer (according to the weather station Marre-Sale records) was much higher
than in 2011 (an average of 5 degrees). This led to the observed significant increase in active layer depth in the
study area (as measured by the CALM project). The active layer depth values in 2012 were significantly higher
than in 2011, and this may therefore increase the flow of dissolved organic matter to the lakes from catchment
areas. Additionally, the organic matter flow may be related to the amount of precipitation infiltrated into the
active layer. The comparison showed that during the period from May to October 2012, much more liquid
precipitation fell compared to the year 2011 (according to the weather station Marre-Sale).

Transient Hysteresis of Near-Surface Permafrost:
the IAP RAS Global Climate Model Simulations

Eliseev A.V., Demchenko P.F., Arzhanov M.M., Mokhov I.1.

A.M.Obukhov Institute of Atmospheric Physics, Russian Academy of Sciences,
Moscow, Russia, eliseev@ifaran.ru

Estimates of changes in near-surface permafrost (NSP) area Sp relative to change in globally averaged
surface air temperature Tg are made by using the global climate model developed at the A.M. Obukhov Institute
of Atmospheric Physics RAS (IAP RAS CM). For ensemble of runs forced by scenarios constructed as return-to-
preindustrial continuations of the RCP (Representative Concentration Pathways) scenarios family, a possibility
of transient hysteresis in dependence of Sp versus Tg is exhibited: in some temperature range which depends on
imposed scenario of external forcing, NSP area is larger, at the same global mean surface air temperature, in a
warming climate than in a cooling climate. This hysteresis is visible more clearly for scenarios with higher
concentration of greenhouse gases in the atmosphere in comparison to those in which this concentration is lower.
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Hysteresis details are not sensitive to the type of the prescribed continuation path which is used to return the
climate to the preindustrial state. The multiple-valued dependence of Sp on Tg arises in the regions of extra-
tropical wetlands and near the contemporary NSP boundaries due to dependence of soil state on sign of external
climatic forcing. To study the dependence of permafrost hysteresis on amplitude and temporal scale of external
forcing, additional model runs are performed. These runs are forced by idealised scenarios of atmospheric CO,
content. It is shown that the above-mentioned hysteresis is related to the impact of phase transitions of soil water
on apparent inertia of the system as well as to the impact of soil state on atmospheric hydrological cycle and
radiation transfer in the atmosphere.

Study of Sizes and Relative Position of Thermokarst Lakes
by Means of Data of Remote Sensing
and Methods of Mathematical Morphology of Landscape

Kapralova V.

Sergeev Institute of Environmental Geoscience Russian Academy of Sciences (IEG RAS),Moscow, Russia,
vkapralova@gmail.com

More than 25% of Earth is within a permafrost zone. Accordingly problems of permafrost and related
exogenous geological processes are very important. Thermokarst is one of geocryological processes especially
sensitive to anthropogenic intervention and climatic changes.

Many researches study thermokarst processes, but statistical methods are less studied, in particular we
may tell it about analysis of quantitative aspects of thermokarst processes.

Within the framework of this work an attempt has been made to solve 2 problems:

- analyze regularity of spatial pattern and dynamics of the morphological structures associated with
thermokarst;

- compare results with other studies of lakes distribution.

In our work we use a method of mathematical morphology of a landscape - a branch of landscape science,
investigating quantitative laws of landscape mosaics and methods of the mathematical analysis of these mosaics.

Theoretical basis of mathematical morphology of a landscape is formed by mathematical models of
morphological structures — the quantitative dependences describing the basic properties of morphological
structures.

Mathematical models of thermokarst lakes are based on the following assumptions (Viktorov, 1998):

- The process of origination of new depressions is probabilistic and proceeds independently on disjoint
areas.

- The probability of origination of one depression on a sample area depends only on area size and on time
interval. Also, this probability is much greater than the probability of origination of several depressions.

- Growth rate of depressions due to thermal abrasion occurs independently from each other, it is directly
proportional to the heat stocks in a lake and inversely proportional to the area of a lateral surface of the lake
basin under water level.

After data analysis, the probabilistic mathematical dependences reflecting the most essential geometrical
properties of a pattern for territories with thermokarst processes have been developed by A.S. Viktorov (1998,
2006).

We performed the model approval in several test districts. We selected the districts based on
morphological homogeneity and availability of remote sensing data.

The model shows that at a particular moment of time lakes areas should follow a lognormal distribution.
Using a specially developed "Vectorizator" (by A.A. Viktorov) software we digitized the lakes in the selected
district.

We found good conformity between theoretical and experimental data. This implies that for the selected
parcels a lognormal distribution of lake areas is acceptable.

The model also shows that at a particular moment of time in a randomly selected area the lakes must be
located according to Poisson distribution. The researches were performed in the same reference parcels. Most of
the obtained results correspond to the Poisson distribution at the significance level of 0.95.

Also we analyze other studies of lakes distribution. As it follows from one of them, distribution of
average sizes of the lakes should be normal. Another investigation shows that diameters of lakes obey the
exponential distribution.

The analysis showed that the model in which the growth rate of lakes is in direct proportional to its sizes
results to be the most suitable for considered districts.
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Regional-Scale and Local-Scale Climate Change Impacts
on the Permafrost Evolution

Nadyozhina E.D., Pavlova T.P., Stensat A.V.

Voeikov Main Geophysical Observatory, St. Peterburg, Russia

The climate projections have to provide prediction of ground- and site-specific permafrost evolution. The
problem of obtaining local-scale information from global climate model (GCM) and regional climate model
(RCM) is not trivial. In the literature one can find the examples of both dynamic and statistical downscaling. We
have used the multi-scale simulation on the basis of model system consisted of GCM, RCM, meso-scale model
of the atmospheric boundary layer and ground heat transfer model to evaluate the permafrost evolution during
the 21st century. The multilevel one-dimensional model of the heat transfer in the ground was used, taking into
account water phase transformation, snow cover and vegetation effects, The model was constructed vertically on
the expanded grid, The active layer depth and ground temperature at various depths were assessed under the
canopy in the forest, at the shore of Arctic marginal seas and internal reservoirs.

The results of numerical experiments are presented in comparison with observational data if it was
possible. The local features of permafrost at the end of 20th and in the first decade of 21st century in the
permafrost regions of Russia were simulated quite satisfactory. The global scale climate change evaluation was
provided by the output data of CMIP5 (Coupled Model Intercomparison Project Phase5). The permafrost
evolution projections were analysed and compared with the results of other investigations.

Landscape Mapping for the Purpose of Geocryological Zonation
of the Bolshezemelskaya Tundra

Osadchaya G.G.%, Zengina T.Yu.?, Koroleva A.M.*

'Ukhta State Technical University, department of environmental management, galgriosa@ yandex.ru
?Lomonosov Moscow State University, faculty of geography, tzengina@mail.ru

Geocryological zonation shows itself in regular changes of the permafrost parameters of the territory.
There are significant discrepancies in approaches to the geocryological zonation of the Bolshezemelskaya tundra
that require clarification of the boundaries of geocryological zones and subzones.

In this study, medium-scale topographic maps (predominantly of 1:100000 or 1:200000 scale), field
research, and remote sensing data the main source of information were used to specify and update the boundaries
between geocryological zones and subzones within Bolshezemelskaya tundre. The multispectral images
LANDSAT-7\ETM+ with resolution 30 m were applied for the thematically oriented RGB-synthesis and for
receiving color images in pseudo-colors. In addition, we used ASTER/Terra images with resolution 15 m,
images of submeter resolution, including images presented on portals Google-maps and Google Earth etc.
Information was processed using the ArcView-3.2, ArcGIS-9.2, GlobalMapper-11 software and specialized
software IDRISI.

Geocryological zones within the Bolshezemelskaya tundra conditionally correspond to zonal landscapes:
tundra subzone (mostly southern shrub), southern and northern forest-tundra and extreme northern taiga for
which correspond four geocryological subzones. The northern cryolithozone matches with tundra and forest-
tundra subzones and is characterized by continuous and discontinuous permafrost. The southern cryolithozone
with massive-island and island permafrost corresponds to southern forest-tundra subzone and to extreme
northern taiga northern part. Most important indicators of geocryological zonation are the local landscapes.
Therefore, our work was based on the method of large- and medium-scale landscape mapping and landscape-
indication interpretation.

In the first place the local (in the stow rank) landscape-indicators were determined on maps and satellite
images. The analysis was conducted in four main groups of stows: forest, bog, peatlands and tundra. Further
main groups of the stows-indicators were determined for the each geocryologycal subzone.

Practically universal group of indicators is the group of peatlands stows. The dome-shaped peatlands or
palsa are being used as indicators for carving the southern boundary of the cryolithozone, and for allocating the
boundaries between discontinuous and continuous permafrost. The flat-topped polygonal peatland or peat
plateau is not present in the island permafrost subzone. Polygonal and flat peatlands with many lakes are typical
for the discontinuous permafrost zone. The hasyreys (the local name in West Siberia for the thermokarst
depressions) are allocated in the northern cryolithozone.
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Opposite, it appeared difficult to use the bog stows group for indication. Only the string bogs are typical
for the island permafrost subzone, though they may be present in southern part of the subzone of its massive-
island distribution.

The group of tundra stows can be used as indicators for carving apart northern and southern
cryolithozones (by particular relief forms). The tundra stows can be rather conditionally used for distinction of
the island and massive-island permafrost areas by using the degree of the tundra sites distribution. The indicator
for allocating boundaries between continuous and discontinuous permafrost can be tundra stows with gently
undulating relief with single trees.

The forest stows are indicators of the boundary between northern and southern cryolythozone (by forest
continuity character), of the continuous and discontinuous permafrost boundary (by the presence of the forest
and open woodlands sites). As a rule pine forests do not grow north of the island permafrost subzone.

No less significant characteristic when using stows-indicators for the geocryological zonation is the
cryogenic relief. For the southern cryolithozone first of all it is the modern hillocky relief (basically the mounds
in the growth stage), for the northern — ancient residual-poligonal relief. Both of them are allocated good enough
by use of the remote sensing data with high resolution. The result of this work is a small-scale map of the
Bolshezemelskaya tundra geocryological zonation.

Spatial Analysis of Ice Complex Deposits Thawing in Holocene,
Kolyma Lowland Tundra Zone

Demidova A.A. (Veremeeva)*, Glushkova N.V.?

YInstitute of Physicochemical and Biological Problems of Soil Science RAS, Pushchino, Russia
?Institute of Geology and Mineralogy SB RAS, Novosibirsk, Russia
averemeeva@gmail.com

Yakutian coastal lowlands are the landscapes, formed as a result of thawing Late Pleistocene ice-rich Ice
Complex (IC) deposits in Holocene. The climate warming in the end of Pleistocene — beginning of the Holocene
contributed to the activization of thermokasrt, which has become the leading relief-forming factor during the
Holocene. Of particular relevance of the study of these areas have acquired in recent years in connection with the
assessment of the influence of modern climate change. Knowing the spatial patterns of thermokarst development
is important for the understanding of the development of the territory in the future and assessment the content of
organic matter to predict the emission of greenhouse gases. The advent of new techniques — GIS-study and
remote sensing make it possible to implement spatial analysis of the relief to the next level, which will clarify
and supplement the existing conception about its development in the Holocene.

Study area is the tundra zone of the Kolyma lowland on the right bank. The main relief form are the
watershed remnants of the Late Pleistocene surface formed by IC deposits (Yedoma), thermokarst-lake basins
(alases), and the river valleys. For the receiving the map of areas, occupied by lakes the classification on the
allocation of lakes by satellite images Landsat ETM+ of 2000 and 2001 years was carried out using the ENVI
software. The allocation of Yedoma formed by IC deposits performed manually using aforenamed satellite
images and topographic maps of 1:200000 scale. The construction of maps, overlay operations were done in
ArcGIS software. The map of the distribution of thermokarst and thermoerosion dissection of Yedoma depth was
made. It was received by subsrtaction of the absolute heights of Yedoma surface and thermokarst lakes and
rivers’ shore line using the data of 1:200000 scale topographic maps. The map of the areas occupied by lakes and
Yedoma in percentages were construct.

The receiving data show the general structure of the research region. According to the satellite images
data Yedoma occupy about the 15 % of the whole territory. For comparison the same parameter according to the
Quarternary deposits map of the 1:1000000 scale is 41 %. Two-thirds of the region are the alases (63,5 %). The
area occupied by thermokarst lakes is 13,5 %. The river valleys and coastal marshes areas is about 8 %.
Significant areas of Yedoma saved along the river valleys and in the regions of the tectonic uplifts, where their
area is about 40 % and more. In most parts of such territories thermokarst lakes occupy less than 15%. In the
some regions of southern tundra subzone the high lakes area (more than 40%) is observed. Mostly the high
thermokarst lakes area typical for the vast depressions, where the Yedoma preserved in small areas and occupied
less then 15 % of depressions. The surrounding areas more elevated regions differs by lower lakes areas (less
than 20 %).

The analysis of thermokarst and thermoerosion dissection of Yedoma depths distribution shows the IC deposits
thickness so as the dissection depth is the function of the deposits thickness (Kaplina at al., 1986). Average depth
of Yedoma dissection received by mapping is 24-28 m which is comparable to the known thickness of IC in the
research region: from 10-15 m to 30-40 m (Arkhangelov at al., 1979; Kaplina at al., 1981). Smaller depth of
Yedoma dissection (less than 24 m) corresponds to the tectonic uplift regions and for the Bolshaya
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Kuropatochya river valley. The dissection depths of more than 29 m are observed in all other river valleys and in
depressions where few Yedoma remnants have preserved.

A New Approach for Computing Insolation of the Earth

Smulsky J. J., Krotov O. I.

Institute of Earth's Cryosphere, Tyumen, Russia, jsmulsky@mail.ru

The Earth’s insolation in the theories of paleoclimate is calculated by the method of M. Milankovitch. It
is enough complicated approach, and some of its features are not clear for some researchers. Therefore the
insolation is calculated by approximate methods in town planning, climatic and other researches.

At calculating insolation the main difficulty is caused by motion of the Sun above the Earth's surface,
which is defined by the Sun’s longitude. In the new method the longitude is defined on the basis of the exact
solutions of two-body problem. In addition, the method is designed for computer technology. In the
methodology of M. Milankovitch a series of tasks about insolation is solved for the certain time intervals by
approximate analytical method. The computer technology allows solving these tasks by sampling the daily
insolations in these time intervals.

The paper discusses the highlights of the two-body problem, the geometric characteristics of insolation,
the distribution of solar radiation on the Earth's surface and in dependence on the Sun’s position. The algorithms
are given for computing of the daily insolation for each day of year, for one year, for the caloric half-year, and
also the algorithm is given for computing insolation in equivalent latitudes. All components of insolation are
computed in concrete examples by the methodology of M. Milankovitch and by the new method, and are
obtained their coincidence.

The method is realized in the MathCad software and is submitted for free access. It allows researcher to
define kinds of analyses of insolation, and do not limited by those that have been developed at creation of the
method. By new approach the dynamics of insolation of the Earth's surface is computed at different latitudes for
100 years from epoch 1950. The results of computing represent a detailed structure of small changes of
insolation. It is necessary for research of the reasons for short-periodic changes of the natural processes caused
by insolation. These results testify of ample possibilities of the method. They allow carrying out researches,
which could not be executed earlier.

Geocryological Information System (Geocryological Database)
of the Siberian Platform. Status and Prospects of its Development

Zhelezniak M.N., Shipitsyna L.I., Zhizhin V.l., Rybchak A.A., Ots L.A.

Melnikov Permafrost Institute SB RAS,, Yakutsk,, Russia, grampus@mpi.ysn.ru

Geological, geophysical and geocryological data collected during more than a hundred years of resource
development and scientific research are spread across dozens of different organizations. This could not, but
affect their integrity, quality and accessibility. Modern information technologies, including database
development, provide means for safe storage, organization, processing and analysis of available data.

Currently, there are no completed geocryological databases (GDB) in Russia or abroad. In early 1990, the
International Permafrost Association launched the initiative aimed to create the Global Geocryological Data
(GGD) system, and the Russian National Permafrost Committee supported this decision. In 1995, the SB RAS
Permafrost Institute started the development of a geocryological database’s structure. In accordance with the
prepared provisions, a three-level architecture was proposed [Balobaev et al. 1996]. Within the framework of the
pilot project, the Geothermics Laboratory of the Permafrost Institute of SB RAS started the creation of the third
level, i.e. the base of actual data comprising structured permafrost and geothermal information. New solutions
and changes in the database’s architecture came to life during the work. Currently, the creation of the
geocryological database on the Siberian Platform that can become an example or working model for the
development of the Global Geocryological Data system is being completed (Zhelezniak, 2011).

The Siberian Platform Geocryological Database builds on the geological-structural approach. Based on
the tectonic units identified (up to the fourth order), it contains information on boreholes, terrain conditions,
ground temperature regime, and rock thermophysical properties for 246 sites (2050 boreholes with depths
ranging from 50 to 2000 m).

The Siberian Platform database was created using the multi-functional system DELPHI and the database
processor Borland Database Engine (BDE). The Structured Query Language (SQL) is used as a standard
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language. The Delphi special component TQUERY is designed to implement the queries. It has a series of
features and methods that allow to use all advantages of SQL queries in operations with the data. This enables
operations with large information retrievals.

The data input system allows one to enter detailed information, including borehole information, terrain
conditions, permafrost thickness, ground surface temperature, groundwater level, depth of annual temperature
variation, snow, and vegetation. An important field is details of the organization that collected and contributed
the data. The database also contains data on thermophysical properties of soils and rocks, such as thermal
conductivity, thermal diffusivity, dry unit weight, moisture content, temperature at the depth of zero annual
variation, and geothermal gradient. Maps and geothermal cross sections may be entered into the database, and
exogenous geological processes and resulting landforms can be shown. Borehole data may be accompanied by
photographs for illustration purposes.

For spatial representation and visual analysis of data, the database is connected to ArcGIS making the use
of maps of any scale possible. In future, the widespread use of ArcGIS will enable unified storage formats and
rapid data exchange with other permafrost communities. The system for automated construction of permafrost-
geothermal cross sections from borehole data is to be completed soon.

The database allows the systematic addition of new data, view in table and graphic forms, data retrieval
by geomorphological conditions, statistical processing, and analysis of permafrost temperature trends by
geological structures and geomorphological provinces. The database will help improve the reliability of
permafrost parameter assessments and reveal regional patterns and general relationships. The database will be
useful in modeling and predicting changes in the state of permafrost. In future, it will help solve complex
engineering problems in Russia, where 70 percent of the land surface is underlain by permafrost.

The Siberian Platform Geocryological Database will serve as a prototype for the development of
geocryological databases for the Nepa-Botuoba High and the Anabar-Olenek High. These databases planned
under the project ‘Earth’s Temperature Distribution and Permafrost Evolution in Northern Asia’ will be also
based on the geological-structural approach.

The database is managed by the Permafrost Institute. The metadata will be made available soon at the
MPI website.

Coupled Hydrological and Thermal Modeling of Permafrost and Active Layer
Dynamics : Implications to Permafrost Carbon Pool in Northern Eurasia

Marchenko S.*, Wisser D.?, Romanovsky V., Chapman W.3, Frolking S.*, Walsh J.E.®

'Geophysical Institute, University of Alaska Fairbanks, Fairbanks, Alaska, USA
“Center for Development Research (ZEFc), University of Bonn, Germany
®*Department of Atmospheric Sciences, University of Illinois at Urbana-Champaign, USA
*Complex Systems Research Center, Institute for the Study of Earth, Oceans, and Space, University of New
Hampshire, USA
*International Arctic Research Center, University of Alaska Fairbanks, USA
ssmarchenko@alaska.edu

Recent observations indicate a warming of permafrost in many northern regions with the resulting
degradation of ice-rich and carbon-rich permafrost. Permafrost temperature has increased by 1 to 3 deg C in the
Northern Hemisphere during the last 30-40 years. To assess possible changes in the permafrost and the active
layer dynamics we developed a robust coupling of a GIPL (Geophysical Institute Permafrost Lab) transient
model and modified version of the pan-Arctic Water Balance Model (P/WBM) developed at the University of
New Hampshire. Through explicit coupling of the Permafrost Model with the Water Balance Model we are able
to simulate the hydrological budgets, temporal and spatial variability in soil water/ice content, active layer
thickness, and associated large-scale hydrology that are driven by contemporary and future climate variability
and change. Coupling of the GIPL model with a suitably-scaled hydrological model captures thresholds and
highly non-linear feedback processes induced by changes in hydrology and the temperature regime over the pan-
Arctic. Input parameters to the model are spatial datasets of mean monthly air temperature, snow properties or
SWE (Snow Water Equivalent), prescribed vegetation and thermal properties of the multilayer soil column, and
water content. The climate scenario was derived from an ensemble of five IPCC Global Circulation Models
(GCM) ECHAMS5, GFDL21, CCSM, HADcm?® and CCCMA. The outputs from these five models have been
scaled down to 25 km spatial resolution with monthly temporal resolution, based on the composite (mean) output
of the five models, using the IPCC SRES A1B CO, emission scenario through the end of current century. The
model takes into account the geographic distribution of organic soils and peatlands, vegetation cover and soil
properties, and is tested against a number of permafrost temperature records for the last century.
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We estimated dynamics of the seasonally thawed volume of soils within the two upper meters for the
entire North Eurasia using a coupled, large scale, grid-based water balance/permafrost model. The model results
indicate 1,200 km?® of seasonally unfrozen soils within the two upper meters across 10,800,000 km? of northern
Eurasian permafrost domain during the last two decades of the 20th century. Our projections have shown that
unfrozen volume of soil within two upper meters increases to 3,500 km® by 2050 and to 9,500 km® by the last
decade of the 21st century due to active layer deepening. According to this specific climate scenario, the area of
permafrost with active layer shallower than 2 m in depth could decrease from 10,800,000 km? in 2000 to
9,000,000 km? by 2050 and to 6,000,000 km? by the end of current century. Despite the slower rate of soil
warming in peatland areas and a slower degradation of permafrost under peat soils, a considerable volume of
peat (approximately 20% of the total volume of peat in Northern Eurasia) could be thawed by the end of the
current century. The potential release of carbon and the net effect of this thawing will depend on the balance
between increased productivity and respiration, and will be mitigated by peat moisture.

Remote Sensing and Multi-Scale Integration for Investigating ‘Changing Permafrost
in the Arctic and its Global Effects in the 21st Century - PAGE21’

Bartsch A.', Hogstrém E.2, Heim B.%, Buchhorn M2, Ottlé C.*,
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PAGE21 (ENV.2011.1.1.3-1, www.page2l.eu) aims to understand and quantify the vulnerability of
permafrost environments to a changing global climate, and to investigate the feedback mechanisms associated
with increasing greenhouse gas emissions from permafrost zones. This research will make use of a unique set of
Arctic permafrost investigations performed at stations that span the full range of Arctic bioclimatic zones. As
part of the project remotely sensed data will be integrated with in situ measurements for improved process
understanding and model validation. A wide range of Earth Observation datasets at model scale are available for
this purpose, but there is a lack of representation of heterogeneity and dynamics, in particular. This needs to be
addressed, as well as the actual suitability of the available data, by incorporating state-of-the-art approaches
regarding surface cover distribution and the dynamics of biogeophysical properties, for all observation sites and
across all scales.

Landsurface temperature (LSCE, LGGE).

Microwave radiometers will be used to assess land surface temperature diurnal variations at regional scale
(25km) for all the Arctic region. Thermal infrared measurements will helped to downscale the data to the
kilometric scale for all the observations sites. The downscaling procedure uses a priori land surface temperatures
estimated with a land surface model, to constrain the inversion process. The methodology under development at
LSCE, will be presented.

Landsurface Hydrology (TUW).

ERS and Metop scatterometer derived soil moisture (25-50 km resolution) is combined with ENVISAT
ASAR data (150 m - 1 km resolution), and Sentinel 1 data if it becomes available, for periods with unfrozen
conditions for across scale assessment of land surface hydrology. The potential of data from these active
microwave sensors for high latitude land surface characterization will be discussed.

Phenology (UPD).

A remote sensing methodology has been developed to measure the timing of ecosystem green-up, closely
related to the timing of leaf appearance, based on medium spatial resolution optical sensors (NOAA/AVHRR
and SPOT/VGT). This methodology allows us to analyse the inter-annual variations of this key functionnal trait
of arctic ecosystems. The comparison of these time series with those obtained with active and passive microwave
remote sensing, that detects timing of key events such as the freezing or defreezing of soil, snowmelt and
snowfalls, will permit an assessment of artic ecosytems functionning at scales that are not accessible by ground
observations only. Moreover, the analysis will be completed by a comparison by the remote sensing products of
surface temperature.

NDVI_tundra, fAPAR_tundra, LAl tundra (AWI).

Remote sensing algorithms for the Normalized Differenced Vegetation Indices (NDVI), Leaf Area Index
(LA, fraction of Absorbed Photosynthetically Active Radiation (FAPAR) all use the NIR spectral bands. Due to
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low NIR reflectances from low-growing biomes, NDVI, LAI and fAPAR values for tundra fall into low ranges.
Within the further preprocessing for models (permafrost/climate) the low values are falsely parametrised as large
areal contributions of barren soil. Spectro-radiometrical field investigations at various Arcitc sites representing a
range of tundra landscapes with varying moisture regimes and vegetation structures shall provide ranges for
fAPAR tundra, LAI_tundra.

Application of the «Econorth» Program for the Sustainability Assessment
of Elementary Natural Regions
of One or Adjacent Cascade Landscape Geosystems

Marakhtanov V.P.}, Radosteva A.V.2

!Laboratory of Geoecology of the Northern Territories, Faculty of Geography, Lomonosov Moscow State
University, Moscow, Russia
“Cryolithology and Glaciology Department, Faculty of Geography, Lomonosov Moscow State University,
Moscow, Russia. radostevaanvi@gmail.com

In order to meet the urgent needs of a developing society, modern geography must focus on production of
the information that allows us to make reasonable constructive decisions about our impacts on environment. In
this situation the specialized computer programs, that are made for a wide range of users, including non-
specialists, and takes into account all possible diversity of the results of natural and technogenic systems
interaction are perspective. The last feature makes great difference between such programs and traditional tools
(e.g. evaluation maps), that provide static and often badly-founded picture that is not really convincing for non-
professionals. The first step on the way to user-friendly programs is «Econorth», developed by Vadim
Marakhtanov in the Laboratory of Geoecology of the Northern Territories, Faculty of Geography, Lomonosov
Moscow State University.

In daily practice specialists often evaluate the impact of the objects which construction influences not 1 -2
elementary natural regions but the whole catena or more, e.g. in mountain regions. For this reason, the aim of our
research is to estimate the usability of the «Econorth» in dissected relief conditions. The model region is the
Cancun hydroelectric power plant surrounding (South Yakutia).

The inundated area is projected in Aldan and partly Neryugrinsky municipal regions, in uninhabited area,
so the construction will cause different techogenic impacts.

«Econorth» allows not only to examine the sustainability of nature regions and give it quantitative
description but also to analyze it with respect to processes of different types: thermal, mechanical, chemical. The
most important feature is the opportunity to mark up the types, that cause negative consequences, by placing the
information about each natural region and the type of the impact in the analysis matrix. In addition, users can
compare sustainability in different absorption types and choose the most suitable.

We have chosen for our research such impacts as frequent transport movement, surface planning, mining,
snow removal, disposal of liquid wastes.

According to the calculations, the frequent transport movement and the snow removal that causes
thermokarst, swamp formation and frost cracking are the most harmful for the study area. The complex of
processes, for example, groundwater ponding, caused by surface planning, can trigger thermoerosion. The area
in general is quite sustainable to technogenic impacts. Nevertheless, it is important to pay attention to
subhorizontal surfaces and slopes susceptible to solifluction and cryogenic earth flows. Drained slopes, made of
disperse icy matter, are unsustainable, which is quite strange and can be determined as an error of generalization.
We also compared two absorption types.

«Econorth» is very useful for accurate analysis of impacts, user-friendly and helps the user to make
recommendations for each type of impact and examine each natural region. Therefore, the user should choose
what to study: processes or natural regions. Moreover, the program is suitable for visualization of the decision-
making process for politicians etc. However, the user cannot find a place for each natural region that can lead to
some mistakes. Therefore, it is more reliable to work with bigger natural regions, on the catena’s parts scale.
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The Vilyui Basin is one of the most important regions of Russia due to the wealth of hydrocarbon and
mineral resources and their economic value. Hydrocarbons and minerals occur in and below permafrost. It is
therefore important to understand its distribution and parameters.

The earliest evidence of permafrost and first estimates of its thickness and temperatures in hydrocarbon
deposits were obtained in the course of deep exploration drilling conducted in the early 1970s by the VNIGRI,
Yakutia Geological Survey, North Yakutia Oil Exploration Expedition, and Yana Geological Exploration Trust.
In 1971-1980, a team from the Laboratory of Geothermics, Permafrost Institute, consisting of V.T. Balobaev,
V.N. Devyatkin, A.l. Levchenko, B.V. Volodko and V.G. Rusakov performed geothermal measurements at some
of the geological exploration sites [Melnikov, 1972, Balobaev et al., 1983, 1991]. Much of the data were
collected from boreholes not yet in thermal equilibrium, resulting in the estimated values for geothermal
parameters.

In 2009-2011, geothermal investigations were resumed in the region by the Permafrost Institute as part of
the program ‘The Temperature and Permafrost Patterns in the Siberian Craton’ and covered eleven exploration
sites. All existing data sets maintained by the Permafrost Institute and the Yakutia Geological Foundation have
been compiled and synthesized to produce an electronic permafrost database of the Vilyui Basin. The
development of this first full collection of geothermal data for the region is now near completion. As a result of
these studies, new data on permafrost thickness, distribution and temperatures to 1200 m depth have been
obtained. The studies have shown the regional northward and westward increase in permafrost thickness within
the Vilyui Basin. Significant local variations in permafrost thickness occur in the Middle Vilyui and Middle
Tyung areas, from 500 to 630 m and from 580 to 680 m, respectively. The geothermal heat flux in the unfrozen
ground below the permafrost is 30-34 mW/m2 greater than that in the permafrost. The estimates have shown that
the lower boundary of the permafrost is degrading at a rate of 1.7 to 2.5 cm/yr.
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The YAMAL2011-expedition of the teams from the Earth Cryosphere Institute Siberian Branch of
Russian Academy of Sciences (ECI SB RAS), RU, and the Alfred Wegener Institute for Polar and Marine
Research (AWI), DE, took place during the period from August to September 2011. This expedition was part of
the AWI-project ‘hyperspectral Arctic VEGetation Indices’ (hy-Arc-VEG), which is a component of the
Environmental Mapping and Analysis Program (EnMAP), a German hyperspectral space mission with an
expected launch date in 2017. Hy-Arc-VEG focuses on spectro-radiometrical field measurements of tundra
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landscapes to technically explore the potential of multispectral to hyperspectral satellite data for applications in
the low-growing arctic tundra. Representative ground data need to come from well-described sites of a
homogenous surface type. Since 2007, the NASA Yamal Land Cover/Land Use Change (NASA Yamal-
LCLUC) team has established field sites in northwestern Siberia (YYamal Peninsula) to sample homogenous
surface types that can be used for upscaling to the footprint of the satellite sensor’s. The ECI had established the
Circumpolar Active Layer Monitoring (CALM) site at Vaskiny Dachi on the Yamal in the early 1990s. Vaskiny
Dachi has been revisited every year for late-summer measurements of active layer depth and other system
properties. The sites on the Yamal Peninsula represent a range of tundra landscapes with varying moisture
regimes and vegetation structures. Vegetation serves on one hand as an insulation ground cover (moss, lichens),
and as an entrapment for snow (shrubs), and on the other hand vegetation indicates drainage conditions (sedges
for wet environments, lichens for dry ones, mosses and shrubs for mesic).

For the Yamal2011-expedition, Yamal-LCLUC sites were revisited in August 2011: two at Laboravaya,
southern Yamal, close to the Polar Ural Mountains, and three at Vaskiny Dachi, central Yamal, and along with
the ECI CALM site at Vaskiny Dachi. New measurement plots were established along a 1.5 km transect (Tr11)
crossing different permafrost regimes and vegetation communities. Main vegetation complexes affecting
permafrost were subdivided into main classes, such as barren surfaces, shrub-dominating, moss-dominating and
sedge-dominating communities.

With respect to spectro-radiometry, the main research goals of the Yamal2011 investigations are:

(i) remote sensing algorithms for spectral narrow-band and broad-band vegetation indices (V1): Normalized
Differenced Vegetation Indices (NDVI), Leaf Area Index (LAI), fraction of Absorbed Photosynthetically Active
Radiation (fAPAR). The results on NDVI-tundra, fAPAR-tundra, LAI-tundra will be incorporated into the
PAGE21 project (Changing permafrost in the Arctic and its global effects in the 21st century, www.page21.eu);
(ii) spectral analyses were performed to extract surface classes: surface waters, barren surface, shrub-dominant,
moss-dominant and sedge-dominant communities.

(iii) anisotropy studies on spectral reflectances using the in-house (AWI) developed portable field spectro-
goniometer (EyeSight).

The spectro-radiometrical multi-zenith, multi-azimuth measurements simulate the viewing geometries
of wide-angle looking satellite sensors such as AVHRR, MODIS, MERIS, or sensors with technical side-looking
possibilities such as the EnMAP sensor.

The first results of the field measurements and the analyses of vegetation indices are presented and
discussed.

User Interaction within ESA DUE PERMAFROST: Evaluation of Circumpolar Remote
Sensing Products and Their Usability for Models (Permafrost and Climate Modelling)
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Duguay C.?, Soliman A3, Rinke A}, Matthes H.!, Klehmet K. *
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%Institute of Photogrammetry and Remote Sensing, Vienna University of Technology, Vienna, Austria
®Interdisciplinary Centre on Climate Change, University of Waterloo, Waterloo, Canada
*Helmholtz Centre Geesthacht HZG, Geesthacht, Germany
birgit.heim@awi.de

The ESA DUE Permafrost project (2009-2012) developed a suite of remote sensing products indicative
for the subsurface phenomenon permafrost: Land Surface Temperature (LST), Surface Soil Moisture (SSM),
Surface Frozen and Thawed State (Freeze/Thaw), Terrain, Land Cover, and Surface Water. Snow parameters
(Snow Extent and Snow Water Equivalent) are being developed through the DUE GlobSnow project (Global
Snow Monitoring for Climate Research, 2008-2011). The final DUE Permafrost remote sensing products cover
the years 2007 to 2011 with a circumpolar coverage (north of 50°N). The products were released in 2012, to be
used to analyze the temporal dynamics and map the spatial patterns of permafrost indicators. Further information
is available at www.ipf.tuwien.ac.at permafrost.

Since the beginning, scientific institutions and the International Permafrost Association (IPA) were
involved in the science plan. Interactive workshops took place in 2010 at the Technical University of Vienna,
Vienna (AT), and in 2011 at the International Arctic Research Center (IARC), Fairbanks, Alaska (US). The final
User Workshop was held 2012 at the Alfred-Wegener-Institute for Polar and Marine Research (AWI) in
Potsdam. It brought together a multidisciplinary permafrost community working on satellite-derived products,
in-situ field validation and modelling. About 60 participants from Austria, Canada, Finland, France, Germany,
Italy, Japan, Norway, Poland, Russia, Sweden Switzerland, UK, and USA participated and gave oral and poster
presentations.
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The involvement of the user communities and the ongoing evaluation of the indicators derived from
remote sensing data for high-latitudinal permafrost regions make the DUE Permafrost products trustworthy for
the permafrost and the climate research community. Ground data is provided by user groups and global
networks. A major part of the DUE Permafrost core user group is contributing to GTN-P, the Global Terrestrial
Network of Permafrost (IPA). Its main programmes, the Circumpolar Active Layer Monitoring (CALM) and the
Thermal State of Permafrost (TSP) has been extended during the last International Polar Year (2007-2008) to
provide a true circumpolar network. Ground data ranges from active layer- and snow depths, to air-, ground-, and
borehole temperature data as well as soil moisture measurements and the description of landform and vegetation.

The adaption of the remote sensing products for the permafrost and climate modelling is experimental.
For a few years already, the Geophysical Institute Permafrost Laboratory (GIPL), University of Alaska
Fairbanks, US (http://www.gi.alaska.edu/research/snowice permafrost/Permafrost) has  successfully
demonstrated the value of using LST derived from remote sensing data for driving its permafrost models. Further
experimental testing of the use of DUE Permafrost products for the permafrost-modelling and climate-modelling
communities will range from (i) the evaluation of external data of the models, with modifying or providing new
external data (e.g. tundra land cover, surface water ratio, soil distribution), to (ii) new drivers for regional models
derived from remote sensing data (e.g., LST), to (iii) the evaluation of the output data from the models (e.g.
spatial patterns of moisture and temperature).

Cartographical Model of Geocryological and Geoecological Conditions
and Dynamics (Yamal Peninsula)

Mikhaylova T.A.

Cryosphere Institute SB RAS, Tyumen, Russia, korobova.tatiana@gmail.com

Cartographical model of the geocryological and geoecological conditions and dynamic has been made
on the landscape basis. The landscape indication method is widespread in geocryology and engineering geology,
and involves the use of a landscape map as a basis for grouping, statistical analysis and extrapolation of the
geolgical parameters.

A cartographic - mathematical analysis of heterogeneity landscapes morphological structure has been
done to assess of spatial distribution and heterogeneity of geocryological conditions. The analysis is based on
Ivashutina L.I. and Nikolaev V.A. method. The frozen ground types, which are characterized by a set of
geocryological factors: permafrost extent, the ground temperature and ice content, a peculiarities of the ground
ice distribution spread, complex of exogenous geological processes, are corresponded to geosystems types.
Therefore, the characteristic of landscapes morphological heterogeneity could be used to assess the
geocryological conditions heterogeneity.

The cartographic -mathematical analysis of the landscapes morphological structure allows us to
estimate this heterogeneity and express it using quantitative coefficients. The coefficient of landscape
heterogeneity (KIn) indicates the complexity rate of geosystems structure characterized by set and spatial extent
of their different parts. In accordance to the calculated values of Kin, the classification of the geosystems was
carried out: highly heterogeneous, heterogeneous, relatively homogeneous and homogeneous. One of the most
heterogeneous geosystem (KlIn> 0,85) is hilly termodenudation geosystem with circular low area on the first,
second and third marine terraces. It is characterized by ground temperature 2... 7 C°, volumetric ice content 0,2-
0,6, and the depth of the seasonally thawed layer 0,25-1,6 m.

The homogeneous geosystems (KIn <0,45) are lake-peat on the fourth marine terrace, with ground
temperatures below -5 C°, volumetric ice content 0,4, the depth of the seasonally thawed layer 0,3-0,8 m. Basing
on the Klin values the zoning of the territory was made and correspond map was created showing the spatial
distribution of landscape and geocryological heterogeneity. This information is very important for linear plotting
construction and the optimal way of pipeline routs installation.

The method of landscape mapping is also widely used for the assessment of geoecological conditions.
As an example of such assessment, based on the landscape mapping, we could present an assessment of high
willow distribution — the distribution of the best summer reindeer pastures. It is known that high willow
widespread in typical tundra is controlled by two major factors: near-surface occurrence of saline soils and active
landslides.

The map of high willow distribution for the period of the late 70 - 80's was created using GIS-mapping on a
landscape basis. Current satellite imageries allow to evaluate the willow area reduction, associated with the
active landslides. Up to 2010 the high willow summer reindeer pastures reducing is about 10%.
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Computer Modeling of an Artificial Freezing of Soils
with FROST 3D Software Application
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The application of FROST 3D software for the computer modeling of freezing and thawing processes in
soils is considered. The forecasting of the processes of freezing and thawing of soils is highly demanded in
various practical problems:

Geotechnical justification for the constructions design on permafrost soils with respect to available
technical solutions for thermal stabilization of soils.

Analysis of permafrost shields, which are employed at construction of tunnels and mines of various
destinations on unstable soils, at the construction of foundation pits for dams, electrical stations buildings, docks
and other buildings.

Mathematical solvers of FROST 3D allow the following possibilities:

Solution of non-linear heat equation with temperature dependent thermal conductivity and heat capacity.

Ability of assigning boundary conditions as temperature, heat flow and heat exchange by Newton’s law.

Parameters of boundary conditions can be set time dependent.

Ability of creation of complex geometries and land reliefs.

Heat sources and drains of arbitrary forms can be introduced both inside the modeling region and on the
boundaries.

Convective heat transfer, solar radiation and snow are taken into account.

Availability of including cooling devices for ground thermal stabilization.

To summarize, the FROST 3D software can be effectively used for design of beds and foundations in
permafrost soils, so as also in other problems related to artificial freezing of soils. The key advantage of FROST
3D software is the ability of three-dimensional computer simulation of large-scale problems (regions with linear
sizes of hundreds of meters, meshes with millions of nodes) and non-linear thermal processes for long time
periods (of the order of years) spending a reasonable computation time (about several hours) on common
personal computers.

Session 7: Permafrost-affected soils and biosystems

Methane Soil Surface Flux and Methane-Driving Microorganisms in Central Siberian
Boreal Forest

Evgrafova S., Grodnitskaya I., Masyagina O., Syrtsov S., Kholodilova V., Vorozhtcova E.

V.N. Sukachev Institute of Forest SB RAS, Krasnoyarsk, Russia, esj@yandex.ru

One third of the global carbon pool is stored in ecosystems of the northern latitudes (Tarnocai et al.
2009). This globally significant carbon reservoir is vulnerable to climate warming through permafrost thawing
and may thus become a future source of a large amount of CO, and CH, to the atmosphere (Zimov et al., 2006).
The degradation of permafrost and the associated release of climate-relevant trace gases from intensified
microbial turnover of organic carbon and from destabilized gas hydrates represent a potential environmental
hazard.

Results of the methane flux from soil surface for Central Evenkia ecosystem are presenting. Using closed
chamber method (Wagner et al., 2003) we estimated the methane released daily from soil surface of south-
exposition slope as well as north-exposition slope. The mid-vegetation season mean flux rate from south-
exposition slope was 7.5 + 2.6 mg CH, m? d, and the mean flux rate from north-exposition slope was 7.8 + 2.8
mg CH, m? d™. The CH4 production in the upper soil horizons of both slopes was very low (0.20 + 0.06 nmol
CH, m? d™for south-exposition slope; and 0.31 + 0.13 nmol CH, m™ d™ for north-exposition slope). The CH,
oxidation rate of the upper soil horizon of south-exposition slope was 0.14 + 0.06 nmol CH, m? d*; and of
north-exposition slope was 0.13 + 0.07 nmol CH, m? d™. The data obtained shows that there is no difference
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between soil methane-driving microbiocenosises of contrast slopes despite of sufficient disparity their (slopes)
active layer thickness, soil moisture and temperature.

The work is partly supported by the Russian Foundation for Basic Research (RFBR), grants No 11-04-01884-a,
11-05-00374.

Soils of “Peat Circles” of the Western Siberia

Ogneva 0.A., Matyshak G.V.

Moscow State University, Soil Science Faculty, Russia, olga.ogneva2011@yandex.ru

The considerable part of mire ecosystems in the territory of the Western Siberia develops in the
conditions of permafrost. In this location such mire complexes as peat plateau are widespread. There are unique
peat formations - "peat circles” diagnosed by the extensive spots of bare peat, the vegetation on which is
completely absent.

The purpose of this work - studying the features of formation and functioning of "peat circles" soils. The
area of researches is located in the north of Western Siberia (Yamalo-Nenets Autonomous Okrug, 65°78'26") in
a zone of discontinuous permafrost. "Peat circles" are located on the top parts of slopes and at the tops of
peatlands, have an oval form, diameter ranges from 1 to 5 m, and their surface is covered with the seared peat
crust with a peculiar structure. The soil of peat circles is described as the peat oligotrophic destructive (Shishov,
2004).

During 2011-2012 more than 20 "peat circles" were studied. The following features were noted: the
minimum thawing of the active layer unlike typical soils of peatlands (Typic Histoturbels); peat profile is thicker
and homogeneous; "peat circles” are characterized by high degree of decomposition of organic matter; dark-
brown color. The horizons of oligotrophic peat were found in all soil pits.

During field works experimental sites were put on "peat circles” and on areas with a vegetative cover
adjoining "circles". It was established that on sites with bare surface emission of CO2 is lower, than on sites
under vegetation, (74 mgCO2/m2 in hour, 175 mgCO2/m2 in hour, respectively), at the same time concentration
of CO2 at depths 10, 40 and 60cm had inverse correlation and was higher (0,18, 0,49, 055 % and 0,2, 0,25, 0,41
%, respectively). An average annual temperature of "peat circles" soil is considerably lower than under vegetated
surface (-1,12°C and - 0,01°C, respectively at the 20-40cm depth)

The analysis of chemical properties revealed essential difference of “peat circles” soils to surrounding

area soils. Peat horizons of "peat circles" have higher total contents of carbon (5-10 %) and nitrogen (at 5-10
times). "Peat circles" have the lower content of such biophile elements as potassium (4,6 mg/100g and
37,3mg/100g respectively) and phosphorus (1,5mg/100g and 2,5mg/100g respectively), also the lower content of
exchange forms of iron (37,6 mg/100g and 89,7 mg/100g, respectively) . It was established by laboratory trial,
that indicators of intensity of initial growth of plants (defined by a sprouting method, such as total length of root
system and of green sprouts) for 20-30 percent are lower for "peat circles" samples compared to surrounding
soils (0,74 and 1,36 cm for sprouts and 0,48 and 1,13 cm for root system).
Our results show that "peat circles" are widespread in the area of researches, they are specific landscape of peat
plateaus with essentially different chemical properties and features of functioning. Apparently, similar specific is
caused by soil development in the extreme conditions inhibiting vegetation (a wind and snow erosion), also a
peculiar genesis of investigated peat and the lack of a number of biophile elements.

Stability of Permafrost Peatlands in Bolzhezemelskay
a Tundra (The North-East of European Russia)

Pastukhov A.V., Kaverin D.A.

Institute of Biology, Komi Science Centre, Syktyvkar, Russia, alpast@mail.ru

Monitoring and preservation of permafrost peatlands are important, because huge natural reservoirs of soil
organic carbon (SOC), conserved mostly in upper permafrost, Therefore, the actual environmental impact of the
permafrost degradation in peatlands has to be estimated and whether to expect an accelerated mineralization of
SOC previously being in the frozen state.

Field studies were conducted in the Bolshezemelskaya tundra in B. Rogovaya and Seida River Basins, in
a peat plateau complex, complicated with thermokarst formations and alluvial terraces. The basis of this complex
is Histosols (Tundra residual-peaty soil of mounds and fenny upland peat soils (TmOTBvm).
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Mostly rounded peat mounds are composed of peat deposits up to 2.3 and more meters thick, the diameter
of 5-15 m. Peat mounds and many small thermokarst lakes are surrounded by narrow sedge-sphagnhum unfrozen
fens (from 15 to 30 m2) serve as water conduits in the partly frozen terrain. Peat in mounds is mainly dark
brown, well-decomposed, alternating with layers of weak-decomposed wood peat. The mound core is composed
of bluish-brown sandy loams and loams.

Soil properties were determined up to 2 m depth. Soil pH is 3.5-4.6, the lowest values of the actual and
exchangeable acidity are common for sphagnum and wood layers. In fens peat consists of sphagnum, it is acid
and of various degree of decomposition. Peat of the uppermost 10 cm soil profile in the mounds and fens has
minimal ignition loss, C/N ratio is up to 50-65. In the mounds, below 20 cm, C/N ratio is relatively stable - 16-
23. The decomposition degree of the 9 peat is about the same in all the peatlands of the European North-East
(not only shown in the abstracts).

Reducing the bogs surface under the influence of erosion and thermokarst processes is one of the main
reasons of peatlands formation. Mounds are considered as outliers former bogs and fens surface which are not
damaged by erosion and thermokarst (Pyavchenko, 1955). SOC has been formed in the peatland from 9-7
thousand years to the present, however the degree of peat decomposition and humification is slightly changed
down the profile. Peat deposits are initially and primarily accumulated under unfrozen mesotrophic and
eutrophic bogs. Permafrost aggradation initiated erosion processes 2000-3200 years ago, resulting to peat
mounds formation (Becher, 2011). Thus, studied peatland remains to be frozen during relatively short period of
its development (approximately 22-36%).

Currently, a lot of scientists claim that the so-called sub-zero temperatures inhibit mineralization of SOC
stored in permafrost. Permafrost thaw will lead to a rapid remobilization and mineralization of organic matter
that occur during the decades (Schuur, Abbott, 2011). However, due to the insulating properties of dry peat,
active layer will be very slow deepening in the mounds. Scenarios for the SOC release under permafrost thaw
were described by Hugelius et al. (2012). They suggest that further disintegration of the thawed SOC will depend
not only on the increase thaw depth, but on changes in the hydrothermal soil regime resulting in water logging,
thermokarst lakes expansion. Conducted by Knoblauch et al. (2013), model experiment with Holocene and
Pleistocene permafrost peat deposits in northeastern Siberia revealed that even under permafrost thaw the release
of greenhouse gases, i.e. mineralization occurs much more slowly than previously considered. Their obtained
that during 100 years 15.1% of all SOC has been mineralized under aerobic conditions in the form of CO2 and
1.8% under anaerobic conditions as CH .

Thus, to inhibit organic matter decomposition, the presence of anaerobic conditions is the most important
issue, rather than permafrost occurrence.

Acknowledgements. The study supports from project RFBR Ne 12-04-31759-mol_a and SBS RAS
program number 12-T-4-1006.

High Resolution Palaeo-Ecological Studies of Ice-Wedge Polygon Mires
in the Indigirka-Kolyma Lowlands (NE Siberia, Russia)

Teltewskoi A., P. de Klerk, Michaelis D., Goen S., Lorenz S.,
Schron M., Joosten H.

University of Greifswald, Institute of Botany and Landscape Ecology, a.teltewskoi@uni-greifswald.de

Ice-wedge polygon mires are typical features of the Arctic zone, where climate change has been and will
be particularly intense. Little is known to what extent polygon mire dynamics are controlled by climate change
and to what extent they result from polygon internal feed-back processes.

Two ice-wedge polygon mires in NE Yakutia, a low-high center polygon near Chokurdakh (Lhc11) and a
collapsed polygon complex near Chersky (Mnp12), were subject to intensive studies. Actuo-ecological research
included mapping of vegetation and height of ground surface and frozen soil in a grid of one meter resolution
and high resolution palynological surface studies of the relation between actual vegetation and pollen deposition.
Palaeo-ecological studies are carried-out on closely-spaced peat sections in order to reveal short-distance
differences and changes in peat formation.

First results indicate that the polygon ridge of Lhcll migrated inwards from its original position that is
now occupied by a trough. 210 contiguous 0.5 cm thick samples of a current wall section have been analysed on
pollen, macrofossils and various abiotic parameters and provide the currently most detailed palaeo-record of the
entire Arctic, with the base dating at ca. 4000 calendar years B.P.
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Soil Diversity of Marie Byrd Land, West Antarctica
(Russkaya Station Keysite)

Lupachev A.V.}, Abakumov E.V.?
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2St.-Petersburg State University, St.-Petersburg, Russia

Authors summarize soil data of one of the hardly accessible and less visited areas of Antarctica — the
Marie Byrd Land. Leptosols and Leptic (Turbic) Cryosols dominate in a soil cover here; the majority of soils
have lithic contact within a profile; upper layers of permafrost are rarely ice-cemented, visible ice is only
obtained below soil profiles on shallow slopes and closed depressions of relief.

Rocklands are with extremely sparse vegetation and spots of very shallow Lithic Leptosols (SOC=0,3-
1%; pH=5,0-6,0; fine earth content 1-10%). Soil and vegetation cover becomes more closed at flat watersheds
and shallow slopes. Vegetation cover, primarily of Usnea antarctica forms the combination of Leptosols and
Leptic Cryosols (SOC=0,5-2%; pH=5,0-6,0; fine earth content 5-20%). Leptosols dominate here due to the lack
of liquid water and shallow thickness of debris that prevents cryoturbation processes from active development.
The depressions of relief are occupied with moss-lichen associations. Soils here are much more provided with
melt water, debris thickness here is relatively higher (but still with lithic contact within 100 cm of profile).
According to WRB for Soil Resources these soils are also Leptic (Turbic) Cryosols (SOC=1-8%; pH=4,0-5,0;
fine earth content 15-30%). Turbic Cryosols dominate here. Lithic Leptosols Ornithic occur near the sea shore
on the relatively elevated sites with ice-cemented permafrost at the bottom of soil profile (SOC=5-20%; pH=6,0-
7,5; fine earth content 5-20%).

The human impact presented with fuel spills and soil disturbance by vehicles. Disturbed soils contain 3-
10 times more of As, Pb, Cd and Cs than soils in the background. They also accumulate petroleum products —
from 150 to 600 and even more than 2200 mg/kg (average background concentration of CH-groups in soils is
40-60 mg/kg).
Study was partially supported by RFBR (10-05-00079-a; 12-04-00680-a); “U.M.N.LLK” Ne 10016p /14298;
Grant of the President of Russian Federation Ne MK-5451.2011.5; FAP Ne 11.519.11.2003.

Mineralogical Composition of the Coarse Fractions in Permafrost-Affected
and Long-Term Freezing Soils of the Sub-Polar Urals
(Basin of the Middle Reaches of Kozhym River)

Zhangurov E.V., Dymov A.A., Kaverin D.A., Zaboeva 1.V.

Institute of Biology, Komi Science Centre, Syktyvkar, Russia, zhan.e@mail.ru

In the mountains the cryogenic processes significantly impact on soil formation, their influence expressed
as features of specific patterned ground microtopography, cryoturbation, thixotropy, suprapermafrost water
stagnation, gleying, cryogenic ferrugination, specific aggregation formation of mineral mass and ice segregation
(cryogenic structures). In the studied region of the Sub-Polar Urals (Maldynyrd ridge, 65° 20" N, 60° 42' E),
these features are of different intensity and specifity and expressed to the maximum extent in the high-altitude
mountain tundra zone. In the mountain forest belt the soil cryogenesis is weaker developed due to leveling of
micro-climatic conditions under forest canopy.

The aim of the study is to examine the profile redistribution pattern of minerals in coarse fractions (1.0-
0.25 mm, 0.25-0.1 mm) in permafrost-affected and long-term freezing soils of the Sub-Polar Urals.

The study area belongs to the zone of massive-island and sporadic permafrost, which are widespread
along gentle slopes of the piedmont plains (350-450 m a.s.l.). The objects of the study are two profiles filled in
mountain forest belt (pit 22-09) and in mountain tundra (pit 25-09).

Pit 22-09. Mountain forest belt. The vegetation is dominated by larch (Larix Sibirica). Profile structure: O
(0-6 cm)-E (6-14 cm)-BF (14-30 cm)-CRM (30-37 cm)-BCcrm (37-55 cm), BC (55-70 cm). Soil — Fe-illuvial
svetlozem. The soil is underlained by quartz-sericite schists and rhyolites from a depth of 70 cm. According to
morphological structure, specific cryogenic aggregation is clearly expressed at a depth of 30-55 cm: fragile
lenticular-layered tiles are disintegrated to angular-lumpy (nuciform) aggregates. The mineral composition of
coarse and intermediary sand fractions is represented by micaceous -feldspar-quartz mineral association. In the
composition of heavy residue (0.25-0.1 mm) hematite (80-85%) and leucoxene (15-20%) predominate. In
cryogenic-structured horizons (CRM and BCcrm) epidote sporadically occur (1-2%) as well as tourmaline, rutile
(up to 5%), sphene, zircon, anatase and andalusite.
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Pit 25-09. Mountain shrub-lichen tundra. Profile structure: O (0-8 cm)-BG (8-22 cm)-BCg (22-45)-Cg-L
(45-70 cm). Soil — Fe-cryogenic permafrost-affected gleezem. Under shallow weakly decomposed peaty litter (5-
8 cm) there are series of mineral gley horizons of different color intensity. In the upper soil the gley horizon BG
has a bright blue (often bluish-brown) color with brownish ocher-thin margins. Middle gleyic horizons BCg-Cg
are bluish-brown with rusty spots up to 1-2 cm, the horizons enclose small lenses of pure ice. Permafrost table,
which represents watertight stratum, underlies at a depth of 40-45 cm. Thus, the soil profile is waterlogged and
thixotropic.

In studied gleezem the cryogenic structure analysis revealed that active layer is directly underlain by ice-
rich permafrost where stratified cryogenic structures dominate. According to mineral composition of coarse sand
fraction, quartz (40-55%), Mn and Fe hydroxides (10-25%) and feldspar (5-10%) dominate. Feldspar content is
increased down the profile up to 30% in the fraction of intermediary sand.

This study was supported by RFBR project Ne (11-04-00885a), the Program of RAS Presidium Ne 12-P-4-
1018.

The Snow Cover of the Mountain Landscapes
of the Cryosphere In Eastern Yakutia

Torgovkin N.V., Makarov V.N.

Melnikov Permafrost Institute, Siberian Branch, Russian Academy of Sciences, Yakutsk,Russia.
nick1805torg@gmail.com

To clarify the different characteristics of snow cover, a better understanding of the role of snow cover in
the Arctic climate system, and a more reliable estimate of the chemical composition and the amount of snow in
the cryosphere, monitoring snow surveys were conducted within the boreal and mountain landscapes of Central
and Eastern Yakutia (2010-2012).

During the field studies snow depth was measured using snow stakes, snow water equivalent was
determined using a cylindrical cover sampler of 0,005 m2 in cross section, the hardness of the snow surface was
measured with the help of a durometer, snow type and size was measured using agrain gage. For a chemical
analysis of dust, ions, and stable isotopes of water samples were taken with a clean cutter at the full depth of the
snow cover and were placed in a clean sealed plastic bag. When melted, the samples were poured into clean
airtight bottles made of polypropylene or glass.

The height of snow cover is small due to anti-cyclonic weather regime. In the mountainous landscapes of
the Indigirka River basin it is 28 cm, in the middle boreal landscapes in the basin of the Lena River it is 50 cm.

A characteristic feature of the snow cover in the region is its low density. Snow falls very dry and is little
compacted during the winter. By the beginning of snowmelt, its density ranges from 0.160 g/cm® inmiddle boreal
landscapes to 0.138-0.154 g/cm3 in mountain landscapes.

The volume concentration of dust particles tends to decrease in the mountainous landscapes and increases
in the relatively populated middle boreal landscapes.

During the observation period a steady increase of the water reserve in the snowpack of cryogenic middle
boreal and mountainous landscapes was observed, its value for the two years having increased by almost 60%,
from 41 mm in 2010 mm to 66 mm in 2012. Exceptions are mountainous deserts, where a decrease of water
reserve is observed. This situation largely determined different water content in rivers during flood.

Geographical position and atmospheric processes in the western (the Lena River basin) and eastern (the
Indigirka River basin) parts of the route determine the differences in the chemical composition of snow. The
eastern, more mountainous part of it is located in a region where with a flow of oxygen-rich moist polar air from
the Pacific Ocean. In the Lena River basin, with mainly middle boreal and mountain boreal landscapes a lack of
oxygen is observed, which is characteristic for the anticyclonic regime in Central Yakutia.

The chemical composition of snow cryogenic landscapes regardless of elevation has remained relatively
constant, hydrocarbonate chloride-bicarbonate or sodium calcium typical for the background areas of Yakutia
with very low level of anthropogenic pressure.

An increasing role of nitrogen compounds, mainly ammonium form, a sharp decrease in salinity and
acidification of water in snow mountain landscapes can be noted. At the altitudes above 2000 m the chemical
composition of snow becomes hydrocarbonate mixed composition of cations with ammonium prevalence.

In the future, it is planned to continue the monitoring system with the constant selection of snowmonoliths for
the complex study of various parameters of snow cover typical for cryogenic landscapes.
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Temperature Regime of Tundra Soils and Underlying Permafrost
in the European North-East of Russia

Kaverin D., Pastukhov A.

Institute of Biology Komi SC UD RAS, Syktyvkar, Russia, alpast@mail.ru

Temperature regimes in 7 permafrost soils formed in mineral and peat soil-forming deposits in various
landscapes of the southern tundra In the discontinuous permafrost zone of the European North-East of Russia.
The parameters of annual, winter and summer temperature regimes have been relatively studied. Seasonal and
long-term temperature dynamics in active layer and permafrost beneath has been characterized.

The differences are caused by the winter temperature indicators: thickness of snow cover, landscape
position, etc.

On peat and mineral mounds cold permafrost-affected soils occur with harsh winter temperature
conditions, the FDD range on the surface of the soil -1036 ... -2508° C, the DDT range of active layer 0.8 ... -
4.8° C. The relatively low MAT of the upper permafrost vary from -2.3 to -4.4° C with their shallow active layer
(40-50 cm) indicated the relative stability of permafrost peat mounds.

Soils of shallow slopes and depressions are a group of warm profiles with relatively mild winter and

annual temperature regimes. Surface FDD are -171 ... -1264° C, active layer DDT are 1,1 ... -1,9 ° C. Loamy
soils of this group are underlain by warm permafrost, particularly sensitive to climate change. Sustained positive
MAT of the active layers of peaty- gley soil confirm and mark permafrost thawing observed at the site during the
last two decades.
Summer temperature indicators in the upper horizons (0-20 cm) of the investigated soils are relatively aligned.
Differentiation In the deeper layers is due to the different depth of permafrost level. Large heat losses in seasonal
thawing, the presence of permafrost cooling screen and partly thick organic horizon prevents the penetration of
biologically active temperature (MAST>10° C).

Microclimatic Characteristics of Subpolar Ural Soils
(National Park Yugyd va)

Dymov A.A., Zhangurov E.V., Starcev V.V.

Institute of Biology Komi SC UD RAS, Syktyvkar, Russia, aadymov@gmail.com

Recent studies have shown that the vast territory of the Subpolar Urals with a strongly dissected relief is
characterized by the great diversity of the terrestrial and water ecosystems (Biodiversity..., 2010). However, this
unique territory remains insufficiently studied with respect to its climatic characteristics. In relation to the
problems of climate change and the budget of greenhouse gases, data on the microclimatic features and also
pools of carbon and nitrogen stored in the soils of mountain regions are of great importance. Also, the territory of
the Subpolar Urals is the southernmost territory with permafrost in the East-European sector of the Subarctic
(Oberman, 1998).

The aim of our work was to characterize the microclimatic regime (temperature of ogranogenic soil
horizons, temperature of air, solar radiation level) at dominated landscapes of mountain-tundra and mountain
forest belts of Subpolar Urals for understanding soil forming and humification processes.

The measurement was carried out by temperature logger Ibutton and Hobo micrometeostation. The field
diagnostics of the studied soils and the determination of their classification position were performed according to
the Field Guide on Russian Soils. Morphological and physicochemical properties of investigated soils were
presented at our article (Dymov et. al., 2013). The studying of temperature regime was beginning at 2010. Litter
temperature to a considerable degree repeated to air temperature. But mostly temperature of soils depend on
landscape position and vegetation belt location. Disposition and altitude of plots play major role at microclimatic
characteristic of studied soils. The minimum temperature of soil organogenic layers are located at 600-730 m
a.s.l. are minus 18 °C, but minimum soil temperature at similar organogenic horizos at soils are located at 400-
450 a.s.l. minus 7 - 10 ° C. Maximal average daily temperature during summer season at tundra soils vary from
plus 7 up to 21 °C at dependence on landscape position. Temperature of organogenic horizons at mountain-forest
belt is some higher than tundra soils - minimal value at winter season is minus 4 °C. The maximal average daily
temperature of litter at forest soils at summer season is 24 °C. Forest cover is influence on amplitude of diurnal
temperature. Daily temperature amplitudes during summer season at forest soils are 10-12 °C, while the daily
amplitudes at tundra-mountain soils some higher - 17-20 °C. The average daily temperature below zero are
observed at soils mountain-tundra soil during 200-240 days per year, at mountain-forest soils - 145-208 days per
year. Solar flux level incoming on surface of soils dependent on altitude of study sites, maximal value were
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determinate at june. More inclement conditions of mountain-tundra lead to forming humus substances with their
composition reflects the specificity of the soils" humus forming. At soil of mountain-forest humus substances are
more aromatic, while humic substances of mountain-tundra are characterized by increase of periphery part of
biopolymers.

This study was supported by the Russian Foundation for Basic Research (11-04-00885 a, 13-04-00570a)
and by Program of the Presidium of the Russian Academy of Sciences (12-P-4-1018) devoted to the species,
cenotic, and ecosystem diversity of Virgin Komi Forests included in the UNESCO World Heritage List.

Soil-Geographic Division of Western Yakutia and Contiguous Territories

Ananko T.V., Konyushkov D.Ye., Shubina I.G., Khokhlov S.F.

V.V. Dokuchaev Soil Science Institute, Russian Academy of Agricultural Sciences,
Pyzhevskii per. 7, Moscow, 119017 Russia

The map of soil-geographic regions of western Yakutia and contiguous territories of Krasnoyarsk region
and Irkutsk oblast has been developed on the basis of the State Soil Map (1 : 1 M) (map sheets P-48-49, Q-48—
51, R-49-51) and satellite imagery. Detailed descriptions of climate, vegetation, relief, parent materials, and
soils are given for each of the regions. The division of the territory into regions differs from the classical
schemes of zonal (subzonal) and provincial division. It is entirely based on the analysis of soil cover patterns as
displayed on the soil maps. Information about the factors of soil formation plays a supplementary role. The
leading factors specifying separation of soil regions differ in dependence on the particular environmental
conditions.

Thus, differentiation of soil regions in the area of the Anabar shield composed of the Archean quartzite

gneiss and granitoid rocks is specified by the absolute height of the territory. The highest positions (600-900 m
asl) are the areas of predominant stony rock outcrops with peat-mucky cryozems and podburs. Palevye (pale)
soils of stony polygons predominate on leveled interfluves at 400-600 m asl; rock outcrops and peat-mucky
cryozems are developed on slopes under tundra vegetation; Combinations of peat-mucky cryozems and raw-
humus pale soils under sparse larch taiga are formed on lower parts of the slopes.
To the east and south of the Anabar Plateau, vast Olenek—Anabar (250-350 m asl), Olenek-Markha (350-450 m
asl), and Vilyui (600-700 m asl) plateaus composed of the Late Proterozoic, Cambrian, and Ordovician
calcareous rocks are found. These plateaus differ in the composition of surface deposits serving as parent
materials. Thus, surface sandy loamy deposits with a relatively low ice content predominate in the Olenek-
Anabar Plateau, clayey ice-rich deposits of the Eikskaya suite are widespread on the Olenek-Markha Plateau,
and numerous intrusions of mafic rocks complicate the lithology of the Vilyui Plateau. The difference in
lithology is the major factor of the soil cover differentiation in these areas. Slightly gleyed mucky cryozems
forming hummocky complexes with peat soils of cryogenic fissures predominate in the areas with sandy loamy
sediments on leveled surfaces. Thermokarst is poorly developed in these areas. Gleyed peat and peat mucky soils
and residual-calcareous mucky cryozems are formed in the areas with clayey parent materials. Thermokarst is
active. The areas with mafic rocks and their derivatives on the Vilyui Plateau are occupied by the raw-humus
gravelly pale soils amidst the calcareous cryozems. Within lithologically homogenous areas with calcareous
bedrock, the particular relief and drainage conditions play the major role in the soil cover differentiation. Within
the northeastern margin of the Siberian Platform (in the Lower Lena reaches), Jurassic and Cretaceous
sandstones, siltstones, and slates come to the surface. They are covered by the loamy Quaternary sediments. The
subdivision of these territories is specified by the climatic factor: mucky and peat-mucky cryozems with peat
soils of cryogenic troughs predominate in the northern part; raw-humus pale soils and pale-cryozemic soils, in
the southern part.

Soils diversity in Thala Hills Oasis (Enderby Land, East Antarctica)

Dolgikh A., Mergelov N.
Institute of Geography, Russian Academy of Sciences, Moscow, Russia, dolgikh@igras.ru

The area of the coastal Thala Hills oasis (Enderby Land, East Antarctica) is twenty square kilometers, it
consists of two sections (Molodezhnaya and Vechernyaya). Thala Hills oasis should be considered as Mid
Antarctic snowpatch barrens (Goryachkin et al, 2012). Organo-mineral soils (first centimeters depth) with micro
profiles on fine earth under algae, lichen and moss are well represented. Soils with macro-profiles are associated
with the receipt of the organic material from the ocean («ornithogenic» u «post-ornithogenic») and from lakes -
«amphibia» soils (Abakumov, 2011). Wet valley oasis should be regarded as the closest analogue of the wet
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valleys oasis "Larsemann Hills* (Mergelov, 2011). The most important factor of soil formation in the valleys is
the additional surface wetting due to the active melting of snowpatches in the warm season. Maximum
vegetation in oasis is found in the wind shelters on eluvium in the rock baths. It creates thick moss and lichens
cover; the organo-mineral soil with peat and raw humus horizons (Histic Leptosol) is formed. This soil can be
preliminary classified as the Spodic Histic Leptosol.

Session 8: Permafrost microbiology and astrobiology

Bizarre Bacteria at the Uppermost Water Layer of the Subglacial Lake Vostok,
East Antarctica

Bulat S.}, Khilchenko M.}, Marie D.2, Lipenkov L.2,
Lukin V.2, Robert J.*

Petershurg Nuclear Physics Institute, NRC Kurchatov Institute, St Petersburg, Gatchina, 188300 Russia;
bulat@Igge.obs.ujf-grenable.fr
? Station Biologique de Roscoff, Place Georges Teissier, Roscoff Cedex, 29682 France
® Arctic and Antarctic Research Institute, St. Petersburg, 199397 Russia
* LGGE CNRS-UJF, Grenoble, 38402 France

The objective was to estimate microbial content of accretion ice originating from frozen water of the
subglacial Lake Vostok buried beneath 4-km thick East Antarctic ice sheet as well as first samples of the lake
water (RAES57) with the ultimate goal to discover the life in this extreme icy environment. As a result, the DNA
study constrained by Ancient DNA research criteria along with cell enumeration by flow cytometry has pointed
out that the deepest closest to the ice-water boundary accretion ice (3764m) contains the very low microbial
biomass generating no reliable DNA signals in PCR and is comparable with background contamination level (a
few cells per ml). The comprehensive analyses of the first lake water (mixed with a drill fluid at ratio 1:1)
sample froze on a drill bit at 3769.3m depth upon the subglacial Lake VVostok entry (February 5, 2012) are finally
got finished. The cell concentrations in the sample showed 167 cells per ml (counted by flow cytofluorometry)
coming up with several bacterial phylotypes identified by sequencing of several regions of the 16S rRNA genes.
Amongst them all but one were considered to be contaminants (in our contaminant library, including drill fluid
findings). The remaining phylotype successfully passing all contamination criteria is proved hitherto-unknown
type of bacterium (group of clones, 3 allelic variants) showing less than 86% similarity with known taxa. Its
phylogenetic assignment to bacterial divisions or lineages was also unsuccessful despite of the RDP has
classified it belonging to OD1 uncultured Candidate Division. Archaea were not detected nor in deepest
accretion nor in the lake water sample. Thus, the unidentified and unclassified bacterial phylotype for the first
time discovered in the uppermost water layer in subglacial Lake Vostok seems to represent ingenious cell
populations in the lake. The proof will (and further discoveries may) come with analyses of several new cleaner
lake water (frozen-in-borehole) samples that will be available shortly.

Microbial Diversity in Permafrost and Sea Sediment Samples from the King George
Island , Antarctica, Revealed by 16S rRNA Gene Pyrosequencing.

Duarte, Rubens Tadeu Delgado; Franco, Diego Armando Castillo;
Paula, Fabiana da Silva; Mironov V.A.; Lupachev; A.V., Demidov N. E.; Gilichinsky D.A.;
Rivkina E.M.; Pellizari Vivian Helena.

Laboratory of Microbial Ecology, Oceanographic Institute, University of Sao Paulo — Brazil.
duarte@usp.br
Soil Cryology Laboratory, Institute of Physicochemical and Biological Problems of Soil Science RAS,
Pushchino — Russia.

Microbial responses to environmental changes are still uncertain, mainly because little is known about the
species composition in most habitats. These responses are of particular interest in climatic sensitive regions such
as the Antarctic Peninsula. Biological and environmental parameters were studied in Permafrost samples
collected on mid-summer of 2009 near the Russian Antarctic Station “Bellinsgauzen”, in King George Island,
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Antarctica. Five permafrost samples were selected from a borehole drilled 4 to 9 meters below the surface
(P13=4.6 mbs; P14=5.8 mbs; P15=6.9 mbs; P16=8.1 mbs; P17=9.2 mbs). Initial analysis of the samples
indicated they represent Antarctic marine sediments frozen up to 7,500 years ago. In addition, a “modern”
marine sediment from Maxwell Bay (sample B2) was collected in order to compare the past and present
microbial community structures. Total microbial DNA was extracted from 10 g of each sample using PowerMax
Soil DNA kit (Mo Bio, USA), and then amplified with barcoded primers U519F and U1068R, which correspond
to the V4-V6 regions of Escherichia coli 16S rRNA gene. Amplicons were sequenced in 454 GS FLX
Pyrosequencing (Roche), resulting in 63,610 sequences. A high abundance of Unclassified sequences (49% in
average) was found in the Antarctic permafrosts, similarly to previous studies using massive sequencing
approaches on permafrost samples from Canada and Eastern Asia. The remaining sequences were assigned to 19
different Bacteria phyla and varied significantly across all samples. The most abundant phyla included
Proteobacteria, Actinobacteria, Bacteroidetes, Cyanobacteria, Acidobacteria, Firmicutes and Verrucomicrobia,
which are groups ubiquitously found in soils. The modern marine sediment was dominated by Proteobacteria
(73%), Bacteroidetes (13%) and Verrucomicrobia (6.3%). The uppermost permafrost sample P13 revealed high
abundances of Proteobacteria (49.9%), Actinobacteria (20.7%) and Firmicutes (17.1%) . P14 and P15 showed
higher abundances of Proteobacteria (respectively 88.7% and 55%), Firmicutes (6.4% and 20.3%) and
Actionobacteria (2.3% and 13.7%), while P16 showed a surprisingly high abundance of Proteobacteria (98.9%)
followed by a few sequences classified as Firmicutes (0.46%) and Cyanobacteria (0.42%). Finally, the deepest
permafrost P17 showed Proteobacteria (56.9%), Firmicutes (20.1%), Cyanobacteria (14%) and Chloroflexi (5%)
as more abundant phyla. Overall, the results revealed significant changes in the microbial community structures
in the permafrost, which could be related to past environmental changes in the Antarctic Peninsula over the past
7,500 years. Also, the high abundance of unclassified sequences indicates the presence of microorganisms with
less understood or even yet unknown ecological roles in the Antarctic permafrost.

Characteristic of Properties of Lipolytic Enzymes from Psychrotrophic bacterium
Psychrobacter cryohalolentis K5T

Novototskaya-Vlasova K.A.", Petrovskaya L.E.?, Rivkina E.M. *

Institute of Physicochemical and Biological Problems in Soil Sciences, Russian Academy of Sciences, 142290
Institutskaya str. 2, Puschino, Moscow region, Russia
2. Shemyakin and Ovchinnikov Institute of Bioorganic Chemistry, Russian Academy of Sciences;
nksusha@gmail.com

50% territory of Russia is occupied by permafrost, which poses unique challenges to its resident biota:
low temperatures, low content of organic matter, small amounts of liquid water and etc. Siberian permafrost
contains the unique microbial community adapted to these specific conditions. It is inhabited by bacteria, green
algae, yeasts, mycelial fungi. One way of survival for these microorganisms is the expression of cold-active
enzymes including coldactive lipases. Goal of our study was to search for coding sequences of lipolytic enzymes
in the genomes of bacteria isolated from the permafrost, and the study of their properties. Analysis of the
genome of Psychrobacter cryohalolentis allowed to detect the presence of the lipolytic system in this bacterium
including coldactive esterase EstPc and coldactive lipases LiplPc, Lip2Pc. The expression systems of these
genes in E. coli were constructed and an efficient protocols for purify recombinant enzymes and in vitro
refolding of lipase Lip2Pc in the presence of the truncated chaperone were developed. In the study of the
properties of recombinant lipolytic enzymes of P. cryohalolentis following results were obtained. The optimal
temperature for enzymatic activity of EstPc was 35° C, and for Lip1Pc and Lip2Pc - 25 ° C, while their activity
at temperatures below the optimum was 70-90% of maximum. Unlike most of the enzymes, EstPc and Lip2Pc
have shown a relatively high thermostability, they retained their activity on the level of 40-100% after incubation
at temperatures above 70°C. For LiplPc was shown a typical for coldactive proteins instability at elevated
temperatures. Obtained results for the use of proteins of substrates with different length of hydrocarbon chain
showed that EstPc is esterase with maximum activity toward C4 substrate. LiplPc and Lip2Pc showed higher
activity toward substrates with relatively long hydrocarbon chain. Maximum activity was shown to Lip1Pc using
C12 substrate and Lip2Pc - C16, respectively.

The results of these studies suggest that the permafrost is a promising source of enzymes, particularly with
lipolytic activity at low temperatures.
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Population Genomics of Geomyces Pannorum

Leushkin E.}, Penin A%, Logacheva M.3, Kochkina G.*, lvanushkina N*,
Ozerskaya S.*, Vasilenko O.*

! A.A. Kharkevich Institute for Information Transmission Problems RAS,
2 Department of Biology, Moscow State University,
¥ AN. Belozersky Institute of Physico-Chemical Biology, Moscow State University,
* G.K. Skryabin Institute of Biochemistry and Physiology of Microorganisms RAS

Analysis of the diversity of filamentous fungi from the Arctic and Antarctic active layers and permafrost,
showed that Geomyces pannorum (Link) Sigler et J.W. Carmich., psychrotolerant anamorphic fungi which can
reproduce at temperature -5°C, occupy a special position among the isolated fungi. These everytopic
micromycetes are not only widely distributed in low-temperature regions, but also have the great number of
propagules. For example, the ability to survive in conditions of high salinity and low temperature is responsible
for their abundance in the Antarctic cryopegs (75% of all isolates obtained).

High adaptive capabilities of G. pannorum allowed them to maintain the viability in the samples with the
age of thousands or even millions of years.

Starting from the paradigm of basal importance of genomics and genomics-based approaches for
comprehending evolutionally derived adoptive properties of living organisms, we present here the results of the
whole-genome sequencing of the 14 specially selected G. pannorum strains. Five strains were isolated from
permafrost (age 1,8-3 million years), three ones from Arctic active layer, one strain from Arctic cryopeg (age
100-120 thousand years), and the rest ones from temperate environments (midland Russia, Sweden, Germany,
USA and Mongolia).

The comparative analysis of genome sequences reveals very high nucleotide diversity among
G. pannorum isolates. The typical distance between two isolates is dS=0.5, this is near the same as the distance
between G. destructans Blehert et Gargas (well-known pathogen of bats) genome sequence and each any of
newly sequenced G. pannorum genome sequences.

The strains extracted from permafrost do not form a separate phylogenomic clade, although they are
considered completely isolated of temperate environments for the last 2-3 million years. Namely, each
permafrost isolate has relatives from temperate environments. This indicates that either the varieties of G.
pannorum diverged much earlier than the isolation had started or the permafrost did not provide enough isolation
for G. pannorum population. Moreover, mutation rate and mutation patterns for permafrost isolates are
indistinguishable from those for temperate strains.

Consistent with the hypothesis of asexual reproduction of G. pannorum, we observed clonal structure for
>99% of genome sequences. However, there are certain short (~100-10000 nt) regions which demonstrate
phylogenetic pattern strikingly different from the rest of the genome. These regions are most likely to be the
result of horizontal transfer of the genetic material between different varieties of G. pannorum.

This work was supported by the Russian Foundation for Basic Research, project 13-04-02082.

Characteristics of Microbial Communities Functioning in the Cryogenic Peat Soils of
Boggy Larch Forests and Oligo-Trophic Bog in Central Evenkia

Grodnitskaya 1.D., Karpenko L. V., Syrtsov S.N., Knorre A. A.

V.N. Sukachev Institute of Forest SB RAS, 660036, Krasnoyarsk, Akademgorodok, 50/28.
igrod@ksc.krasn.ru

The microbial activity of cryogenic peat soils was studied in oligo-mesotrophic bog and boggy larch
forests formed by the Larix gmelinii Rupr., located in the basins of the Kochechum and Nizhnaya Tunguska
rivers in Central Evenkia. Formation of a thick moss—lichen cover is typical for waterlogged soils of Evenkia and
promotes to the slow thawing of the active soil layer during the vegetation period. The level of permafrost
depends on microrelief (microhigh or microlow), orientation of the microhigh slopes and amount of
precipitation.

Peat soils of boggy larch forests and the transitional bog are characterized by the simple and thin (30-50
cm) profile underlying by permafrost. Boggy larch forests (B1 and B2) are forming after the fires; the
composition of peat changes from the woody peat in the lower layers to sphagnum peat in the middle and upper
parts of the profile. The effects of fires on vegetation have not been found in the oligotrophic open larch forest
(B4), where the peat was composed of S. fuscum. Degree of decomposition of the upper mass layer and the peat
is lower than in B1 and B2 plots. The thickness of the peat soil profile in transitional bog (B3) varies from 25 to
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35 cm. The botanical composition of the peat is rich and diverse. The degree of decomposition of the peat varies
from 20 to 45%. The acid reaction in studied peat soils changes from strongly to moderately: in the TO horizon
pHKCI varies from 2.7 to 3.1 and in the T1 and T2 horizons - from 4.3 to 5.3. The soils have very low ash
content: in the moss horizon on the microhighs varies from 1.62 to 3.16%; in the microlows - from 2.80 to
8.90%. The carbon content in the soil profiles of all studied plots varies slightly (48-49%). It is known that peat
decomposition depends on the microbial activity. The representatives of the bacterial complex (Proteobacteria)
predominated among microbial population in the soils of all plots. The abundance of the microbial population
gradually decreased to deep of soil profiles and reached its minimum in the boundary of the permafrost layer.

The intensity of the microbiological and biochemical processes in the peat soils of B1-B4 plots is
different; the maximum values were recorded under the boggy larch forests (B1); lower values were obtained for
plots B2 and B3; the lowest activity was recorded on plot B4 (B1 > B2 > B3 > B4). ANOVA and the correlation
analysis revealed significant effects of pH and soil temperature on the activity of the main microbial ecotrophic
groups and the MB (p < 0.05) at all the plots. The values of the integral criterion of the microbiological activity
(QR) at all the plots evidence of the functioning of microbial communities in the studied soils is within the limits
of the natural variability, which points to the ecological stability of the studied ecotopes.

This work was supported by the Russian Foundation for Basic Research (Nel1-05-00374 a, and Ne 11-04-
01884 _a).

Cryoplanets

Shchekinov Yu.A.

Space Physics Department, Southern Federal University, Sorge 5, Rostov on Don, 344090, Russia,
yus@sfedu.ru

Recent observations of gravitational microlensing towards globular clusters and the Galactic centre have
brought information of a completely new class of objects in our Galaxy: the planets liberated of their host stars
and floating free in the interstellar space -- so-called free-floating planets. Estimates show that their amount can
be upto four-five orders of magnitude higher than the number of stars in the Galaxy. This conclusion has been
confirmed by a recent near-infrared detection and spectroscopic study of such a free-floating planet of 4-5 jupiter
mass, aged of 20-500 Myr, and with surface temperature of 650-750 K. In general though the existence of free-
float exoplanets in a very wide range of ages (ranging from hundreds of Myrs upto 10-13 Gyr) can be expected
in our Galaxy, with the corresponding surface temperature from hundres to 3-10 K, respectively. | esttimate and
briefly discuss the following characteristics of free-floatting planets: i) the mass, age and temperature
distribution functions, ii) expected chemical composition and physical conditions on their surface, iii) emissivity
of very cold (3-30 K) planets induced by external radiation and cosmic rays, iii) expected fluxes in infrared and
prospectives for their photometric and spectroscopic study with current and ongoing telescopes.

Microbial Communities of Permafrost and Xerophytic Soils Can Exist Long in the
Martian Regolith

Vorobyova E.A.*2 Cheptcov V.S.}, Solovyova 0.}, Pavlov A.K.2, Vdovina M. ?

! Lomonosov Moscow State University, Fac. Soil Sci., Moscow;
ZSpace Res. Inst. RAS, Moscow;
® |offe Inst. Physics and Technology, S.-Petersburg, cheptcov.vladimir@gmail.com

The study of microbial resistance in extreme habitats suggests that the protective role of the natural
environment can be a factor that significantly corrects the theoretically predicted maintenance of cell life
sustaining in alien ground and in the meteorites.

The purpose of this study is to investigate the viability of terrestrial microorganisms and natural microbial
communities in soils and rocks under conditions simulating the space environment and Mars regolith, to estimate
the duration life sustaining in the Martian ground.

We conducted the irradiation of frozen rocks and arid soils (as the models of Martian regolith), and pure
cultures of bacteria by gamma radiation (dose gradient 1Gy - 10 kGy) at different temperatures (+50°C, 0°C, -
50°C) and a pressure of 0,1 mbar. We also studied the influence of strong oxidants presence (peroxides and
perchlorates at concentrations up to 10% and up to 15% by weight respectively) in the soil. In our research we
investigated the combined effect of all these factors.

It was found that bacterial communities of the extreme Earth habitats (Xerophytic arid soil and permafrost
sediments of Eastern Siberia and Antarctica) are able to withstand, without significant loss the space conditions
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and simulated Martian environments: ionizing radiation at doses corresponding to 5-50 thousand years on the
Martian surface, the presence of oxidants, low pressure and low temperature, maintaining metabolic and
reproductive activities. The perchlorate presence exacerbates the impact of radiation on microorganisms under
vacuum and low temperature. However, the damage to communities and the cells were not catastrophic. The
concentration of peroxide up to 15% in the soil and atmospheric saturation by and hydrogen peroxide vapors are
not critical to the viability of the borrowing mechanisms disorders natural microbial communities. Most of the
cell pass into uncultivated state, keeping the possibility of reparation after damages and maintainance of the cell
pool potentially ready for reproduction.

The high viability of pure bacteria cultures (Kocuriar osea, Arthrobacter polychromogenes, Micrococcus

roseus, Micrococcus luteus, Bacillus sp., Cellulomonas sp., Sphingomonas.sp.) isolated from the permafrost and
arid soils was found us in the Martian model. Certain strains have an increase in reproductive activity and an
improvement in functional status undercertain modes, and the positive impact of short-term (2 h) impact of
vacuum on the crop condition was found.
Thus, the expectation of a high concentration of oxidants in the soil of Mars or the lower layers of its
atmosphere, combined with the impact of other extreme factors such as radiation and low pressure — do not
contradict to the terrestrial microbial communities and fundamental possibility of adaptation and long-term
survival in the soils of Mars.

Activity and Biodiversity of Microbial Biota of Cryosol and Ground Ice Complex
of Central Yakutia (Eastern Siberia, Russia)

Ruzova O.V.}?, Domanskii V.0.}?, Samsonova V.V.?

YInstitute of Earth Cryosphere SB RAS olga-nv@bk.ru
?Institute of Cryogenic Resources TSOGU -TSC SB RAS vdomanskiy@gmail.com

The activity of microbiocenosis defines ecosystem functions of contemporary permafrost soils and
permafrost rocks. The investigation was focused on microbial biota of thermocirque ecosystem, which develops
in the ice complex, located on the left bank of the Aldan river under the influence of cryogenic processes,
destructing permafrost depositions of upper Pleistocene-Holocene age of the Mamontova mountain outcrop.

The samples were taken in June, 2012 from the thermocirque wall for studying diversity and number of
microorganisms, as well as enzymatic activity depending on the humus content, temperature, humidity, pH, soil
and ground composition. The area is described by extreme climatic conditions. In the permafrost soils the
microbial biota activity is season determined, limited by a very short warm period of the year. The
microorganisms in the permafrost soil are in the latent state. At thawing of rock ice complex and failure of the
walls at the average speed of 5-15 m for the summer season the soil and permafrost microbial biota first finds
oneself in the thaw basin, and then to the bank and inside the body of the Aldan river together with thawed
deposits.

A considerable decrease of microbial biota in number is traced at transition from permafrost soil (1,
00x10" CFU/g) towards permafrost (8, 60x10° CFU/g). the following bacterial prevail: Bacillus, Acinetobacter,
Psychrobacter, Phenylobacterium. The coefficient of microbiological mineralization in the permafrost soils is
0.54, and 0.90 in the permafrost and correlates with the humus content (r=0.64). The permafrost soils and
permafrost rocks in terms of invertase activity are estimated as poor, at that all the investigated samples were
enriched with invertase. The invertase activity has a strong positive correlative relation (r=0.95) with the
number of microorganisms, either in permafrost soils and in permafrost rocks.

The permafrost biological activity is not less than the permafrost soils activity. The diversity of
contemporary microbiocenosis increases by means of cryogenic processes with the help of relict bacteria.
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Metagenomic and metaproteomic analyses
of the High Arctic Canadian permafrost

Vishnivetskaya T.!, Layton A.!, Chauhan A.!, Williams D.%, Pfiffner S.},
Chourey K.2, Robert L. Hettich?, Phelps T.2, Maggie C. Y. Lau®, Stackhouse B.>, Whyte L.%,
Mykytczuk N.*, Onstott T.2

University of Tennessee, Knoxville, TN, USA
20ORNL, Oak Ridge, TN, USA
®Princeton University, NJ, USA
*McGill University, Quebec, Canada

Permafrost thawing and the resulting microbial decomposition of previously frozen organic C represents a
significant potential positive feedback from terrestrial ecosystems to the atmosphere. Comparative metagenomic
and metaproteomic analyses of microbial ecosystems in low-carbon Arctic cryosols and upper permafrost layer
were undertaken to understand the effect of temperature increase on the changes in community composition.
Twenty, well-characterized, 1 meter long, intact cores consisting of active-layers and permafrost, collected from
an ice-wedge polygon located near the McGill Arctic Research Station on Axel Heiberg Island, Nunavut, Canada
were used in a long-term thawing experiment. The cores were thawed under saturated conditions (receiving
artificial rain), under natural hydrological conditions with light input (drained cores) and with no light input
(dark cores), and without thawing (control cores with permafrost maintained at 70 cm depth). Gas composition

in the headspace (H,, CH4, CO, O, N,, CO,, and 8*3C of CO,) and pore water chemistry (including dissolved
gases) at 4 different depths were analyzed weekly. The cores were sub-sampled along 4 depths at 0, 0.25, 6 and
12 months for metagenomic analyses. Shotgun metagenome libraries for samples before and after thawing were
sequenced using 454 and Illumina platforms vyielding >300 Gb of raw data. Taxonomic and functional
characterization of the metagenomes indicated specific microbial community differences between the upper
active layers and the lower permafrost layer. Potential CH, cycling pathways primarily consisted of CH,
oxidizers in the upper layers with a paucity of methanogenic archaea in the lower layers. Other differences in
carbon cycling pathways with depth included aromatic ring oxidation and CO, fixation potential in the
uppermost layer, and carbon reduction pathways in the permafrost layer. Nitrogen-cycling pathways also
differed by depth with nitrogen fixation occurring in the upper layers and nitrification in the permafrost.
Metaproteome profiling of the samples revealed modest increases in the cellular activity of the microbial
consortia upon thawing. The metagenomic sequences generated during the study are currently being co-
assembled to generate a high quality database in order to understand the relationships between metabolic
potential of microbial communities and ecosystem gradients.

Characterization of Bacterial Community from East Antarctic Oases
Soina V.S.}, Lysak L.V.}, Kudinova A.G.!, Manucharova N.A.', Mergelov N.S.?

! Soil Science Faculty Moscow Lomonosov State University
2 Institute of Geography Russian Academy of Science soina@yandex.ru

Antarctic permafrost is the regarded model for solving several important issues such as life evolution and
soil-forming factors in extreme habitats on Earth and possible life preservation in extraterrestrial environment.
Subsoil sediments are the most constant and stable environment among other extreme habitats, where microbial
communities survive several millions of years. Nevertheless, Antarctic soil seems to be no less attractive as a
model for study of life on the surface of Antarctic rocks and influence of living forms on soil development under
extreme conditions. Detailed soil investigations are concentrated mainly on soil genesis, development of
relatively detailed soil maps and molecular-genetic analysis of microbial components in such soils. Molecular-
genetic methods showed the diversity of bacteria in Antarctic soils, but these results don’t reveal biological
activity, physiological status and stability of microbes in external environment. A combination of culture -
depended and - independent techniques were used to characterize bacteria community in earlier not
investigated soils in the oases of Larsemann Hills (East Antarctic Coast). The samples of ahumic soils and
barren rock with endolithic soil-like bodies in interhill ‘wet valleys’ area were examined. The total number of
bacterial cells counted by staining with acridine orange was rather high for Antarctic habitat and varied in the
range of 107-108 cells/g dw. Using Live/Dead (L7012) pigment stain it was shown that 60% of detected total
number cells has undamaged cell membranes that testify for their viability and stability to extreme environment.
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The considerable number among viable cells (70-80%) were nanoforms with cell diameter not higher 200 nm,
that exceed such indexes in temperate soils and represent the specific pool of antarctic bacteria. The viable cell
count of heterotrophic bacteria varied significantly (0-10 5 cfu/g dw) and correlated with organic C content in
microhorizons. This can testify that the most important part of organic matter is rather mobile and available for
bacteria, but weakly connected with mineral matrix and poorly humified. Application of Fish method
(Fluorescence in situ by hybridization) allowed determining the representatives of Actinobacteria, Planctomyces,
Acidobacteria. Examined soils were characterized by significant discrepancy between indexes of total and viable
number of cells, as well as high irregularity in horizons of developing soils, that is rather common in Antarctic
sediments. As a general rule, it can be explained by specification of physical and chemical processes in
permafrost or permanently frozen habitats, both by imperfection of microbial isolation techniques. Our data
indicate additionally the importance of taking into account in Antarctic investigations the microbial biofilms,
where microorganisms are intimately associated with each other and mineral particles through binding and
inc lusion within exopolymer matrix. These biofilms may play leading role in soil development, modify the
metabolism of the component cells and favor the cells to obtain high stability to external factors that require
special techniques for reactivation of bacteria from such extreme environment.

Mycelial Fungi from Antarctic Active Layer Detected by Different Methods

'Kochkina G.A., 'lvanushkina N.E., *Vasilenko O.V., *Chigineva N.I.,
2Spirina E.V., 2Gilichinsky D.A., 'Ozerskaya S.M.

lG.K.Skryabin Institute of Biochemistry and Physiology of Microorganisms, Pushchino, Russia, gak@dol.ru
2 Institute of Physicochemical and Biological Problems in Soil Science, Russian Academy of Sciences,
Pushchino, Russia

To identify Antarctic fungi the conventional microbiological methods and (or) the metagenomic analysis
of the samples are commonly used. A characteristic feature of these studies is that the lists of taxa recovered by
different methods often don’t yield an overlap (Margesin, Miteva, 2011; Kochkina et al., 2013).

The present study was conducted to investigate the genomic DNA of 2 samples of active layer
Novolazarevskaya station (hole FDG-09-03, 70°45'45,3"S, 11°46'50,2"E). By sequencing of amplification
products, 84 OTUs (operational taxonomic units) of the ITS2 region were obtained from these samples. Only 19
OTUs belonged to Kindom Fungi. The obtained OTUs included a great number of those belonging to mosses,
green algae and ciliates.

All received fungal OTUs relate to phylum Ascomycota. 5 fungal sequences found in the surface sample
(0.5-2 cm) were similar to those available in the GenBank for 3 fungal species (Geomyces pannorum,
Herpotrichia juniperi u Tumularia aquatica).

14 fungal OTE in the subsurface sample (2-6 cm) could be referred to 10 taxa. They were represented by
both anamorphs and teleomorphs of Ascomycetes. Among the teleomorphs there were two species (Thelebolus
microsporus and Antarctomyces psychrotrophicus) commonly found in Antarctica.

The black snow mold pathogen frequently occurring in the Alps (Herpotrichia juniperi) and the aqueous
fungus often found in the cold waters of Alpine springs (Tumularia aquatica) were common for both samples.

In parallel, culture-dependent method with using of different temperatures of thawing (Kochkina et al.,
2001) was used for isolation of fungi from the same samples. As a result of studying the Antarctic samples by
culture-dependent and culture-independent methods, different lists of the taxa were obtained, which coincided
only in the two dominant species: Geomyces pannorum and Phoma herbarum. However, complex studies are
extremely informative and allow to obtain a more complete picture of biodiversity in Antarctic sediments.

Culture-dependent method for fungal diagnostics may lead to problems in identification because of:

1) having morphology of strains isolated from low-temperature habitats reduced and variable; C than
contemporary isolates of the same species;[]

2) some psychrotolerant fungi prefer lower temperatures and grow more slowly at 26

3) the presence of a large number of sterile mycelia.

Therefore, in our study we used a molecular-biological analysis for the identification of sterile mycelia
and for the diagnosis of some freshly isolated strains with unclear morphological peculiarities.

Thus, a strain named anamorph Ascomycetes has been identified to the level of genus (Teberdinia sp. -
99% homology). Difficulties of this strain identification were related to the lack of growth at temperatures above
15°C, whereas the description of this genus was carried out at a temperature of 18°C (Sogonov et al., 2005).

Strain of dark sterile mycelium had cultural properties similar to those of the species Epicoccum nigrum,
but identification was impossible because of absence of reproductive structures. Molecular-biological analysis
has confirmed that the isolate belongs to this species with 100% homology.

This work was supported by the Russian Foundation for Basic Research, project 13-04- 02082.
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Viable Heterotrophic Protists from Soils and Rodent Burrows buried
in the Ice complex Sediments

Shmakova L.A., Shatilovich A.V., Mylnikov A.P., Stoupin D.V., Gubin S.V., Gilichinsky D.A.

142290 Institute of Physical Chemical and Biological Problems of Soil Science of the Russian Academy of
Sciences, Institutskaya 2, Pushchino, MO; lushmakova@gmail.com

To identify viable protists were investigated permafrost sediments of north-east Arctic by different age,
composition and origin (Shatilovich et al 2005, 2010). We analysed 230 samples of permafrost and found that
the most rich and diverse fauna of the ancient protozoa is contained in buried soils and in the contents of ground
squirrel (Citellus undulatus) burrows.

The number of samples of buried soils and burrows containing viable protists reached up to 90% of the
investigated, while in mineral blocks of ice complex only 36% of the samples contained protists. Ice Complex is
composed from loam sediments with powerful ice wedges. It was formed in the process in a constant supply of
precipitation on the surface in the process of syncryogenes.

However, during the formation of these sediments have been more warm periods when the precipitation
did not arrive so intensely. The soil with well-defined genetic horizons was formed on the surface. Then, these
soils were buried in permafrost. Age of buried soils was dated is 32-35 thousand years (Zanina et al 2011).
Burrows of ground squirrels located in the mineral layers. They contain a rich and varied material. Rodents
brought it from the surface (Zanina et al, 2005). In addition, we assume that the physical conditions in soils
saturated with organic residues, as well as in the litter burrows are more favourable for cryopreservation viable
objects compared with ice-rich sandy loam of mineral blocks.

Heterotrophic protists of three groups: the naked amoebae (representatives of the three genera), ciliates (7

species of 3 taxonomic groups), flagellates (32 species and form of 12 taxonomic groups) and one species of
heleozoa were identified from samples of buried soil and from material of burrows.
Samples were taken from outcrops Stanchikovsky yar and Duvanny yar in the 2000- 2003 field seasons. In
most cases, the detected species is universally common organisms in the soil ecotopes. Thus, the buried soils and
burrows of rodents are the most promising objects for biodiversity studies of protists have retained viability a
long time.

Session 9: Permafrost warming and thawing, long-term monitoring

Long-Term Permafrost Thawing under Warming Climate Conditions
Romanovsky V. E., Nicolsky D. J.

Geophysical Institute, University of Alaska Fairbanks PO Box 750109 Fairbanks, AK 99775,
veromanovsky@alaska.edu

Climate warming of the last half of a century resulted in many changes in all other components of the
Earth’s system. One of the most impacted components was the Cryosphere. Permafrost, as an important part of
the Cryosphere, has also been strongly affected. However, according to our data, a wide range of permafrost
reaction has been observed. Typically, a much more significant warming has been observed in cold permafrost
and much less in warm permafrost. At many sites where the permafrost temperatures are within 0.5 C from the
freezing point of water, almost no measurable changes in permafrost temperature during the last 25 to 30 years
were recorded. Also, while the warming of relatively cold permafrost was observed practically for the entire
Northern Hemisphere permafrost domain, the permafrost thawing was much more restricted and mostly
observed in mountain permafrost and at the sites where surface disturbances (natural or human-induced) have
occurred and where isolative organic layer was reduced or removed from the ground surface.

In our previous publications and in the publications of our colleagues, the lower rates of changes in
relatively warm permafrost were correctly related to the unfrozen water presence in frozen fine-grained earth
material. However, we believe that a more in-deep explanation of this phenomenon is warranted especially now
when the changes in permafrost and specifically the rate of permafrost thawing were designated by the last IPPC
report as one of the major uncertainties in future climate projections.

The major driving force of permafrost warming and/or thawing is a long-term (one year or multi-years)
imbalance in incoming and outgoing heat fluxes at the upper boundary of permafrost (permafrost table)
integrated over a one-year time period. If more heat is coming in than going out, permafrost will be warming and
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eventually thawing. If the opposite is true, permafrost will be cooling and the active layer could be converting
into permafrost from the permafrost table up.

For some reasons that will be discussed in this presentation, this heat imbalance at the permafrost table is
very difficult to measure directly. Therefore, to investigate and explain the mentioned above phenomenon we
used both in situ precise temperature measurements and numerical modeling. The permafrost temperature
reanalysis technique which was developed in our Permafrost Lab was used in this study. Results of this effort
show that, depending on a specific shape of the unfrozen water content curve in soil, active permafrost thawing
and a talik formation triggered by atmospheric warming may be delayed by tens and even hundreds of years in
fine-grained soils (both organic and mineral) if compared with mineral soils of coarse-grain texture, such as
sands or gravels. The presence of massive ice of any type, structure or origin in the upper part of the permafrost
layer may further decrease the rate of permafrost thawing and substantially delay the formation of a talik. We
believe that any representation of permafrost in global or regional climate models should include the thermal
effects of unfrozen water in soils. Otherwise, the rates of permafrost thawing and degradation produced by these
models will not be realistic.

Circumpolar Active Layer Monitoring (CALM) program:
the Past Present and Future of Long-Term Active Layer
and Near-Surface Permafrost Observations

Shiklomanov N.I., Streletskiy D.A.

Department of Geography
The George Washington University, 1922 F at NW
Washington, DC 20052, USA shiklom@gwu.edu

Global climate change has serious impacts on natural and human systems in permafrost regions. The
uppermost layer of seasonal thawing above permafrost (the active layer) is an important regulator of energy and
mass fluxes between the surface and the atmosphere in the polar regions. Active layer monitoring is an important
component of efforts to assess the effects of global change in permafrost environments. The Circumpolar Active
Layer Monitoring (CALM) program, established in the early 1990s, is concerned with observing the response of
the active layer and near-surface permafrost to climate change at multi-decade time scales. CALM and its
companion borehole temperature program, Thermal State of Permafrost, are closely coordinated international
observational networks devoted to permafrost (together, they comprise the Global Terrestrial Network-
Permafrost, or GTN-P). The present active-layer network represents the only coordinated and standardized
program of observations designed to observe and detect decadal changes in the dynamics of seasonal thawing
and freezing in high-latitude soils. In recent years substantial efforts have been made to develop CALM in the
permafrost areas of the Southern Hemisphere (CALM-S). Overall, the CALM network involves 14 participating
countries and is comprised of 230 sites distributed throughout the Arctic, parts of Antarctica, and several
mountain ranges of the mid-latitudes. Direct active-layer measurements are conducted on standard rectangular
grids ranging from 10 x 10 m to 1 x 1 km. The locations of sites were selected to represent generalized surface
and subsurface conditions characteristic of broad regions. The size of each grid reflects the level of local
geographic variability. Active-layer observations and auxiliary information from the CALM network provide a
circumpolar database, which has been used extensively by the broader scientific community in biochemical,
ecologic, geomorphologic, hydrologic, and climatic research. This presentation is intended to provide
discussions on observational strategy, data availability, dissemination, and data use for CALM in the Northern
Hemispheres. The main purpose of this report is to initiate the discussion on future development of CALM
observational program.

Thaw Subsidence in an Undisturbed Tundra Landscapes

IStreletskiy D.A., *Shiklomanov N.I., 2Frederick Nelson F.

! Department of Geography, The George Washington University, Washington, DC 20052 USA.
2 Department of Geography, University of Delaware, Newark, DE 19716 USA. strelets@gwu.edu

Thaw penetration into ice reach permafrost is a common process in tundra landscapes. Associated
changes of the surface affect radiation balance, surface hydrology, vegetation and cryogenic processes.
Differential subsidence initiated by man-made or natural disturbances characterized by relatively fast and
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substantial changes of surface elevation over relatively small areas. However, over larger areas subsidence can
be relatively slow process which can be attributed to changes in climatic forcing alone. Despite the importance
of frost heave/subsidence, field measurements of the process are quite rare and available only at point locations
which may not be representative of diverse landscape conditions of even small areas. Recent advances in remote
sensing allowed to monitor surface deformations over large geographic areas using SAR interferometry.
However, field measurements are essential in validation of the remote sensing data and in scaling local
observations to larger areas.

To asses changes in daylight surface due to frost heave and subsidence at the North Slope of Alaska two
monitoring plots were established in 2001. One site was chosen to be characteristic of the Arctic Coastal Plain
and the other of Arctic Foothills physiographic province (detail site descriptions are available under the CALM
webpage for sites U5 and U32a at www.gwu.edu/~calm). The sampling design at each site represents
hierarchically nested spatially distributed network of 32 points over 1 ha area. Monitoring of changes in surface
elevations was performed at least annually at each of the points using DGPS Fast Static surveys.

The results show that net subsidence of 0.11 and 0.14 m occurred at both sites over the period of
measurements. The net subsidence occurred due to domination of subsidence over frost heave in most years. The
maximum subsidence occurred in the summer of 2004, which was exceptionally warm allowing thaw penetration
to melt segregation ice the bottom of the active layer. Linear fit between the square root of Degree-Days of
Thawing and active-layer thickness is commonly used to evaluate sensitivity of permafrost landscapes to
climatic forcing. Introduction of thaw subsidence to this equation improves best linear fit and increases the
coefficient of determination by about 10% at both sites showcasing importance of subsidence in development of
the active layer.

The results indicate that relatively slow subsidence may occur over large areas due to changes in climatic
forcing even without initiation by man-made or natural disturbances. This low magnitude relatively slow
subsidence is referred to as isotropic subsidence to distinguish it from high magnitude differential subsidence
associated with initial disturbances and commonly leading to development of thermokarst terrain. Integration of
radar interferometry and ground based DGPS measurements of thaw subsidence in the future may provide
assessment of isotropic thaw subsidence over large geographic areas. This will help in better understanding of
reaction of active-layer and upper permafrost on changing climatic conditions.

Permafrost Monitoring Network in East Siberia

Zhelezniak M.N., Serikov S.1., Konstantinov P.Y., Misailov L.E., Gulyi S.A.

Jakutsk, str. Merzlotnaya, 36 , Institute Permafrost, grampus@mpi.ysn.ru

Temperature characterizing the ground thermal conditions is a key assessment criterion for controlling the
state of permafrost. Development of predictive models, their adaptation and reanalysis require reliable data that
can only be provided by permafrost monitoring networks. Significant climate changes towards warmer
temperatures observed recently in various parts of the Earth increase the importance of establishing such
networks. Over the last ten years, the world permafrost community has been undertaking activities to develop
thermal monitoring networks within the framework of the Thermal State of Permafrost (TSP) project.

The Melnikov Permafrost Institute has been conducting observations on the thermal state of permafrost
over more than thirty years in Central Yakutia, Magadan Oblast, Chukotka and northern Krasnoyarsk Krai.
During the last fifteen years, automated systems (dataloggers) have been used at the observation sites, allowing
monitoring to be performed with better quality and fewer observers. In 2007, the Institute with support from the
TSP project developed a program to establish a permafrost monitoring network across East Siberia. Over 40
observatory sites have been established during the last five years in central, southwestern, western and southern
parts of Yakutia, in Magadan Oblast, in the Anadyr lowland on Chukotka, in the Chara Basin, and in the foothills
of the Kodar Range. Monitoring sites have been in operation for the last two years in the southern Verkhoyansk
Mountains (Lazurnyi). In 2012, twelve sites were instrumented with datalogger systems representing a variety of
terrain conditions within the North-Eastern Federal University Geological Field Camp area in the southern
Verkhoyansk. Five or six more sites will be established here in 2013.

The permafrost monitoring network in long-term operation will make it possible to obtain reliable
information on the thermal state of permafrost needed to predict and prevent adverse consequences associated
with permafrost response to climate change and anthropogenic impacts.
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Tropical Mountain Permafrost Research and Update

Yoshikawa K., Stanilovskaya J., Palacios D., Jose Ubeda Palenque, Pablo Masias Alvarez,
Apaza F., Schorghofer N., José Juan Zamorano Orozco

University of Alaska Fairbanks

This project’s objective understands the current permafrost state and to establish long-term permafrost
monitoring sites at tropical high mountains along the equator between 23.5 ° N and 23.5 °S. Presence of the
permafrost strongly affects local hydrologic regimes and the impact of natural disasters. Also this will greatly
increase global cryosphere structure and local knowledge and to aid science education.

The tropical high mountain climatic system plays an influential role in the global climate system. The
borehole data that result from this study will provide a quality spatial-resolution data set from tropical mountains
for the first time then connecting between Arctic and Antarctic cryosphere. The presence of permafrost in
tropical mountains has been determined and some borehole data has been obtained, but further/deeper research is
needed to gain a greater understanding of climate signals. The additional data gathered from the proposed
research will aid the research community in the understanding of today’s thermal state of permafrost and
encourage science education in the younger generation. This project offers great opportunities for both the
science and education communities.

This project will contribute much-needed data to several working groups in the international science
community, also provide unique and valuable opportunities for field experience and education to generally
underserved groups in rural and predominantly Hawaiian, African and Latin American communities, including
isolated communities along the Altiplano, Peruvian and Bolivian Andes. In addition, the project will represent a
successful collaboration between the science/research and education communities, and offer valuable insight into
difficult thin-air drilling operations. Thus far, we have had promising success in this difficult fieldwork. The data
resulting from this research will remain a useful record for future climate studies.

Temperature Field, Distribution and Thickness of Permafrost
in the Elkon Horst

Zhelezniak M.N., Serikov S.1., Misailov I.E., Semenov V.P., Kirillin A.R., Zhirkov A.F.

Melnikov Permafrost Institute SB RAS, Merzlotnaya St., 36, Yakutsk 677010, Russia, grampus@mpi.ysn.ru

The Elkon Horst is situated in the northern part of the Aldan Shield and consists of a set of raised blocks
composed of Archean, Paleoproterozoic and Mesozoic metamorphic and igneous bodies. The region has a
middle altitude, heavily dissected mountainous relief. The areal extent and thickness of permafrost, as well as its
temperature field are controlled by the complex geology and geomorphology of the Elkon Horst.

In 2007-2011, permafrost and geothermal investigations were carried out by the Laboratory of
Geotermics, Melnikov Permafrost Institute, in designated resource development areas within the Elkon Horst.
Temperature measurements were made in 120 boreholes ranging in depth from 10 to 1200 m. In the laboratory,
thermophysical properties were determined for main rock types. Based on the results obtained from these
studies, the region was subdivided into three zones differing in permafrost distribution, temperature regime and
thickness:

the northern zone is underlain by unfrozen ground with isolated masses of permafrost; ground
temperature ranges from -1.0 to +2.5°C and permafrost thickness varies from a few meters to 80 m;

the central zone is underlain by discontinuous permafrost; ground temperatures range from -2.0 to +2.5°C
and permafrost thickness varies form a few meters to 150 m; and the southern zone, comprising about 90% of
the region, is underlain by continuous permafrost with some areas of discontinuous permafrost; ground
temperatures generally range from +0.5 to —2.5°C and permafrost thickness is 30-50 to 330 m. The maximum
thickness is estimated to be as much as 450 m in the Kurung and Bileberda watersheds.

In the lower parts of west- and north-facing slopes and in the debris cones, patches of relic permafrost up
to 70 m thick occur below depths of 20-30 m from the surface.

The ground temperature regime within the depth of annual temperature fluctuation depends on slope
aspect. On north-facing slopes, ground temperatures range from +2.5 to -3.5°C. Ground temperatures are
positive on south- and southwest-facing slopes, ranging from 0.5 to 1.8°C. On south-eastern slopes, 69% of the
boreholes had positive temperatures, while 31% had zero or subzero temperatures.

No permafrost was found to occur within the flat watersheds where ground temperatures at 10 m vary
from 0.1 to 2.5°C. On the Pre-Aldan Plateau, the fissured rocks of Fedorov suite are highly permeable, favouring
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intensive percolation of precipitation and surface water. The associated thermal effect prevents perennial
freezing. Here, areas of unfrozen ground have relatively high temperatures ranging from +1.5 to +2.5°C.

First determinations of the thermophysical properties of the Elkon Horst main rock types were made

during the study. Thermal conductivities were found to vary from 1.47 to 4.20 W/(m+K) and dry densities to
range from 2236 to 3235 kg/m3.
Using the geothermal measurements and borehole log data, the subsurface temperature field was characterized
within the depth of 1500 m. The direct measurements and calculations indicated that ground temperatures at true
vertical subsea depth of 500 m vary from -1.0 to +5.2°C. The geothermal gradient in the subpermafrost zone
below 600 m varies from 1.66 to 2.20 °C/100 m depending on rock type. The geothermal heat flux in the Elkon
Horst was estimated to be 44 mW/mz2.

Active Layer Dynamics in the Forest Tundra and Southern Tundra
( Urengoy Oil-Gas-Condensate Field)

Popov K.A., Ukraintseva N.G.

625026, Russia, Tyumen, 86 Malygina st., popov.k.eci@gmail.com

In 2008, in the frame of CALM program (Circumpolar Active Layer Monitoring) the Earth Cryosphere
Institute SB RAS has established 2 study sites which are located on the left bank of the river Pur within the
Urengoy oil-gas-condensate field: UKPG-5 — in the southern forest-tundra and UKPG-15 — in southern tundra.
The main task of the research is to estimate of the impact of soil and vegetation on the thickness of active layer
and permafrost conditions in the ecosystems of the different natural zones. Location of the study sites was made
on the base of the theory of the "ecosystem-driven” and "climate- driven ecosystem-modified" permafrost,
respectively, for the southern discontinuous nonstable high-temperature cryolithozone and the northern
continuous low-temperature cryolithozone [Shur Y. L., Jorgenson M. T., 2007]. Ecological-geochemical studies
(determination of overground phytomass of the dominant species) were made using landscape pattern mapping
with GIS technology by scale of 1:5 000 for the every site.

In southern forest-tundra the CALM-site is placed at the IV lacustrine-alluvial plain composed of loamy-
sand deposits. Landscape pattern at the CALM-site in the southern forest-tundra is mosaic: forest, hilly tundra,
ravines with shrubs, peatlands, bogs. The overground phytomass reached 3 kg/m2. Active layer depth (Dth) is
accompanied by thickness of organic soil horizon (Mt). At peatbogs — Mt = 0.5-3 m, Dth = 0.3-0.5 m; at
hummock tundra — Mt = 0.2-0.4 m, Dth = 0.7-1.2 m; in the ravines with shrubs — Mt = 0.05-0.4 m, Dth = 1.0-1.6
m. Sandy valleys are covered by sparse larch-lichen forest. Permafrost table decreases up to 3-8 m, active layer
depth ranges from 0.8-1 to 1.4-1.6 m [Ukraintseva et al., 2010, 2011]. In southern tundra the site UKPG-15 is
located at 111 marine plain composed mainly of loam. Grass-shrub-moss-lichen tundra with rare sorted circles is
the dominant landscape there. The phytomass decreased to 1.5-2.5 kg/m2, the thickness of the organic soil
horizon is rather uniform and reached 4-10 cm. Southern tundra vegetation is less motley than in the southern
forest tundra, biodiversity of the dominant ecosystems is decreased to the north [2]. Thus, in the southern forest
tundra with diverse and mosaic vegetation, the total impact of soil and vegetation play the significant role in
active layer dynamics and position of permafrost table. This is due to "ecosystem-driven" permafrost. The role of
the soil-vegetation cover in tundra is substantially reduced and "climate-driven ecosystem-modified" permafrost
is formed [Shur Y. L., Jorgenson M. T., 2007].

Analysis of temperature regime using data of the meteorological stations Novy Urengoy (southern forest
tundra) and Tazovskiy (the southern tundra) was made on the base of Student t-test for dependent samples.
Statistically significant differences were obtained for the period from March to August, there are no significant
differences for the period from September to February. Thus, differences of air temperature which in mainly
determine the thermal state of permafrost of the northern and southern parts of the Urengoy field appear only in
spring and summer. This study was supported by grant SS 5582.2012.5 from the Grant Council of the President
of the Russian Federation. It was carried out as part of integration programs of the Presidium of the RAS
Siberian Branch, as well as international projects TSP and CALM, (USA), grants from the Russian Foundation
for Basic Research and SB RAS. Additional logistic support was provided by Gasprom Dobycha Urengoy Ltd.
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Relation Between Active-Layer Depth and Vegetation Indices
(NDVI And LAI) Along the Yamal Transect, Russia

Khomutov A., Leibman M., Epstein H., Walker D.

Russia, 625000, Tyumen, POBox 1230, akhomutov@gmail.com

Analysis of relation between active-layer depth and vegetation indices data was carried out within the
framework of IPY projects (CALM and GOA). Normalized Difference Vegetation Index, Leaf Area Index and
active-layer depths (ALDs) were measured at four grid locations along the Yamal Transect from bioclimate
subzone E (Laborovaya) in the south through to bioclimate subzone B (Bely Island) in the north. At each
location, we sampled both sandy and clayey sites, which differed in vegetation and permafrost features.

NDVI on sandy (clayey) plots decreases from Laborovaya to Bely Island from 0,64 (0,73) to 0,45 (0,59).
NDVI at Kharasavey (Subzone C) on the sandy sites (0,59) was greater than the expected zonal value and closer
to the value found at Laborovaya (0,64). This is likely caused by a dense vegetation mat at Kharasavey on the
flatter and poorly-drained sandy surfaces. NDVI at the Bely Island at clayey site (0,59) was also slightly greater
than the expected zonal value. This is likely related to very high moisture content of the soils and a well-
developed vegetation mat on lower elevation terrain compared to continental Yamal. NDVI at clayey sites were
in general greater than on sandy sites due to greater vegetation biomass

LAl on sandy (clayey) plots decreases from Laborovaya to Bely Island from 0,29 (0,86) to 0,0 (0,41). For
sandy sites this trend is consistent, but for clayey ones an important deviation is on Bely Island where LAI is
close to that at Laborovaya (0,84), again due to low topography, while LAI at the Kharasavey clayey site is only
0,41.

Rated maximal ALDs on clayey plots decrease zonally northward from 84 to 63 cm on average. On sandy
plots at both Vaskiny Dachi (Subzone D) and Bely Island the active layer is considerably deeper than expected
zonal values for sand (123 cm at Vaskiny Dachi and 117 cm on Bely Island compared to 110 cm at Laborovaya,
and 92,5 cm at Kharasavey).

It is well known that active-layer depth mainly depends on soil composition and moisture content,
vegetation mat thickness, and air temperature. In its turn, vegetation as an active layer control depends on the
same zonal and local factors. In the similar soil conditions provided by separate analysis of sandy and clayey
plots, variability of vegetation indices is not fully correlated to the ALD variability. Nevertheless, shallow active
layer on sandy plots at Kharasavey corresponds to increased NDVI. At the same time, increased values of
indices on clayey plot of Bely Island did not provide small values of ALD. Probably, this is connected with high
wetness.

Generally, the zonal pattern of vegetation indices and ALDs from south to north exists on both sandy and
clayey sites. Deviations from zonal trends are related to local features, such as lithology, drainage, and
topography. Vegetation cover on sandy surfaces of flat terraces at Laborovaya and poorly-drained watersheds at
Kharasavey is well developed, yielding shallower active layer compared to Vaskiny Dachi and Bely Island. At
Bely Island high vegetation indices on clayey sites do not prevent deep thawing, possibly due to high soil
moisture content.

Ground Temperature Controls and their Relation to Climate Fluctuations
on Central Yamal

Mullanurov D.R., Leibman M.O., Khomutov A.V.

625026, Russia, Tyumen, Maligina 86, damir.swat@mail.ru

Basic factors which influence ground temperature regime in the upper part of the geological profile on
Central Yamal are considered. The aim of the research is to determine proportion of various natural controls of
ground temperature formation and estimate climatic impact as a major control. The controls include: vegetation
cover (moss), the sum of precipitation and air temperature. Observations were carried out on Vaskiny Dachi
geocryological polygon in 5 boreholes up to the depth of 1.5 m within the last 5 years. Boreholes are located
within different geomorphic levels; one borehole is located on slope. Snow survey carried out in the end of
March 2013 showed snow redistribution by wind depending on the landform. Thus, snow thickness on the flat
watersheds does not exceed 0.11 m, on the convex tops snow is almost fully blown off; on slopes snow thickness
could be more than 2 m. The field research and data processing revealed the following. The moss cover
thickness near boreholes located on the flat surface of VD-1 and VD-2 sites is 0.06 and 0.03 m respectively.
Snow thickness on these sites does not exceed 0.11 m. The same temperature regime in these conditions formed
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on both grids. At 0.25 m depth average annual temperature varies from -3.4°C to -6.8°C from year to year (2008-
2011).

The third thermometric borehole is located on the flat surface of VD-3 site. Moss thickness is 0.02 m.
Average annual temperature at 0.25 m depth varied from -2.9°C to -6.8°C from year to year.

The borehole on the convex top of a hill (VD CALM site) is characterized by 0.03 m thickness of the
moss cover and 0.035 m thickness of snow cover. Value of average annual temperature is -5.3°C, -5.0°C and -
4.2°C at the depths 0.25 m in 2007, 2008 and 2011 respectively.

The fifth borehole is located on slope where moss thickness is 0.1 m and snow cover thickness reaches
0.83 m. Average annual ground temperature up to the depth 1 m is above zero (from +0.1°C to +1.4°C).

Therefore, snow cover shows the highest impact on ground temperature regime formation as a heat-
insulating factor. In the boreholes with snow thickness up to 0.11 m average annual ground temperature at
different depths correlate with average annual air temperature with coefficient not less than 0.9. In the borehole
located on slope with 0.83 m snow thickness correlation coefficient between average annual ground and air
temperatures is no more than 0.78. Average annual ground temperature variation pattern on the sites where snow
thickness is under 0.1 m replicates average annual air temperature variation pattern. On the site where snow
thickness is 0.8 m and higher ground temperature variation pattern slightly differs from that of the air
temperature with the phase shift of 1 year.

Glacial-Cryogenic Complexes of Suntar-Khayat Range:
Constitution, Age and Reaction on Climate Change

Galanin A.A.

677010, Russia, Yakutsk, Merzlotnaya, 36 Permafrost institute by P.I.Melnikov SB RAS

The term glacial-cryogenic complex is used here to refer to a suite of different age icy-debris formations,
consisting of a source area, glacier bodies, prefrontal moraines, terminal and lateral moraines, rock-glaciers, etc.
The study of glacial-cryogenic complexes of Suntar-Khayata is a logical continuation of the research started by
M.M.Koreysha in 1957-1959. This gives a great opportunity for comparative analysis of glacier shrinkage and
permafrost change during the last 60 years. The studied key site is situated in the upstream of the Burgaly River
on the northern slope of Mus-Khaya Mountain (2959 m a.s.l.). It includes glaciers # 29, 30, and 31 and their ice-
cored moraines of different ages.

Our study is based on field geomorphologic mapping carried out in 2012-2013, as well as on geospatial
analysis of multi-temporal high resolution (1-0.6 m) aerial and satellite imagery. The estimation of the Last
Glacier Maximum (LGM) was fulfilled with lichenometry and Schmidt Hammer Test (SHT) followed
approaches of Shakesby et al. (2004, 2006), Winkler (2000, 2005), and Goudie (2006).

The glaciers’ terminal positions have risen on average from 2052+102 to 2226+114 m a.s.l. after 1945
aerial photography. The termini of Glacier # 29 and Glacier # 31 have retreated approximately by 500-650 m,
while the ELA has risen by 61+38 m, from 234656 to 240755 m a.s.l. The total glaciated area has reduced in
size by approximately 36%. The surface of Glacier # 31 has lowered by 50-70 m in its terminal part due to
ablation. The estimated glacier shrinkage is valid only for the exposed ice area, since the large amount of glacier
ice is buried in ablation moraines, glacier-derived rock glaciers and other glacial-cryogenic landforms. Some ice-
cored rock glaciers are 30 to 80 m in thickness.

Lickenometry and SHT methods show that LGM occurred between 2500-2000 kyr. In LGM the

glaciation was only 5-7% larger in extent compared to the 1945 photography. The glaciers were relatively stable
till the 1850s-1900s, then started to shrink slowly. The most catastrophic decline in glacier area began after
1960 and continues to the present. A surface ice flow velocity has decreased 5-6 times compared to the 1957-
1959 values. A 45-m-deep geothermal borehole drilled in the middle of Glacier # 31 in 1958-1959 has
completely melted away and its mouth shifted 150 m down the glacier surface. The drilling equipment of 1958 is
now on the top of a steep 70 m-high rock wall which was entirely covered with ice before 1958. This obviously
reflects the magnitude of glacier shrinkage. However, despite the rapid retreat of glaciers, the size and position
of foots of rock glaciers have not changed over the past 60 years. This shows the difference between glaciers and
rock glaciers in morphoclimatic niches as well as in reaction to current climate change.
The research is supported by the Russian Foundation of Basic Research, Grant # 11-05-00318. The author
expresses his gratitude to A.N. Fedorov and PY Konstantinov, Melnikov Permafrost Institute, and Tetsuo Ohata,
Hiroyuki Enomoto and Tsutomi Kadota, Research Institute of Global Change, Japan, for the possibility of joint
research on Mus-Khaya Mountain.
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School-based Permafrost Monitoring Project in Russia
Stanilovskaya Yu.V., Yoshikawa K., Sergeev D.O.

Sergeev Institute of Environmental Geoscience Russian
Academy of Sciences (IEG RAS) stanik85@mail.ru

The objective is to establish long-term permafrost monitoring sites in appropriate and convenient sites
near communities and schools in Russia. Permafrost conditions are one of the important indicators for the future
climatic change. Permafrost strongly affects local ecosystems, hydrological regimes and natural disasters. The
design of the long-term permafrost observation not only fits our science objectives but also involves rural
villages and schools and provides an important linkage to schools and communities across the Russia. Most of
these villages depend on a subsistence lifestyle and are directly affected by climatic and permafrost changes. At
the same time, there is colossal interest of the northern native villages and people from those living in non-
permafrost areas. The monitoring sites collect temperature measurements at different depths in the permafrost,
and also record the length and depth of the active layer (the layer above the permafrost that thaws during summer
and freezes again during winter).

In addition to extending our knowledge of the environment of the cryosphere, this network involves
school-age students in hopes of inspiring a new generation of scientists to continue this study. Our project
involves drilling boreholes at the villages/schools and installing the micro data logger with temperature sensors
to measure permafrost temperatures in Russia. The trained teachers at the schools will download data every
summer and discussing the results with students in the classroom. The teachers at the schools can demonstrate
and compare with the other villages’ data. This is an important science project for these remote villages that have
limited exposure to science.

The intellectual merit of this research is that it will advance our knowledge of the climatic system and the
thermal state of permafrost. It will provide more insight of a complex process that is spatially and temporally
quite variable in an area where little data are available. The Arctic climatic system imparts an important
influence on global climate. Monitoring of the thermal state of permafrost using boreholes temperature will be
the one of the methods that increases our understanding climatic trends and spatial and temporal distributions of
the climatic signals. The broader impacts of this project are: 1) to provide opportunities for field experience and
educational participation at levels ranging from elementary school to high school. 2) to provide high resolution
spatial distribution of the thermal state of permafrost using the same protocol as in North America. 3) to improve
the general knowledge of the polar climatic patterns and provide an opportunity for younger generations to take
part in enhancing our understanding of the climatic systems. This project will make clear connections between
permafrost and the arctic and subarctic climate system as well as establish a strong outreach program supporting
village science education and a great knowledge base by which we can document future changes.

New Massive Ground Ice Exposures due to Activation of Earth Flows on Slopes
in Central Yamal during Extremely Warm Summers of 2012-2013

Leibman M.O., Khomutov A.V., Mullanurov D.R., Dvornikov Yu.A.

Earth Cryosphere Institute SB RAS, Malygin st., 86, Tyumen, Russia; moleibman@mail.ru

Our previous studies in Central Yamal laid a basis for a theory of cryogenic landsliding. Subdivided were
2 main types of cryogenic landslides differing in mechanisms and triggers: (1) translational landslides, and (2)
earth flows. In contrast to other predictions of process activation in the Arctic plains, we suggested that
cryogenic translational landslides resulting from accumulation of ice at the active layer base will not become
more active because of climate warming as they depend on reduction of the active layer thickness in a sequence
of years. At the same time, earth flows/mud flows related to the thaw of ground ice within permafrost should
activate with the deepening of the active layer when massive ground ice get involved in thawing. This theoretical
assumption got its verification in 2012 and especially in 2013 when extremely warm summers resulted in
substantial deepening of the active layer (average values on the experimental grids were the highest in 2012-
2013 (102-103 cm) compared to previous years (76-97 cm in 1993-2011). As a result, a number of new
landslides appeared, only very few being translational landslides (active-layer detachments). Most landslides
were earth and mud flows.

While translational landslide events are separated by decades of centuries and form landslide cirques,
earth/mud flows form thermocirques which once being triggered, develop until either ice is exhausted, or
insulated by landslide bodies from further thaw. Single translational landslides and earth/mud flows are found as
well. Usually single earth flows are located on slopes far from the impact of streams or lakes, while
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thermocirques are rather related to lake coasts. Several thermocirques exposed walls of up to 15 m high and
hundreds of meters long. The rate of scarp retreat reached several tens of meters a year since discovered in 2012.
Field studies in 2012-2013 at the Research Station Vaskiny Dachi in Central Yamal revealed
extraordinary for the area huge exposures of buried polygonal ice wedges invading into tabular ground ice.
Buried peat several meters thick is also exposed in the sections building polygonal blocks in between the ice
wedges. Such exposures are very unusual for this inland area. They are mostly observed and described at the sea
and river exposures. Ice wedges do not have manifestations on the surface except for subdued polygonal relief at
the hill edges. It is for the first time since Yamal was under such a close study that such sections are found
inland.
Thus, (1) activation of cryogenic landsliding in Central Yamal proved the theory of cryogenic landsliding which
suggests that earth flows are landslide forms to extend over the territory with massive ground ice due to climate
warming; (2) new exposures of Late Pleistocene-Holocene ice wedges and tabular ground ice should be subject
to thorough study to obtain new data on Quaternary history of the area.

Permafrost Temperature Observation Network in The Northern Yakutia

Gilichinsky D., Kholodov A., Fedorov-Davydov D., Sorokovikov V., Davydov S.,
Abramov A., Demidova A. (Veremeeva), Kraev G., Shmelev D.

903 Koyukuk dr., Fairbanks, AK, USA, 99775, akholodov@gi.alaska.edu

Our research team started systematic permafrost temperature observation in the North-Eastern Yakutia in
the 1980s. Until the 2006 temperature in 15 to 50 m deep boreholes was measured occasionally (once per year of
every other year). Since 2006 most of existed boreholes available for observation and all new boreholes were
equipped with instruments fro continuous measurements in the frame of International Polar Year project
“Thermal State of Permafrost” initiated by the International Permafrost Association. We use HOBO U12 (4-
channel) and HOBO U23 (2-channel) data loggers with TMC-HD thermistors designed and produced by “Onset
Computer” Corp. as standard equipment. The high resolution and accuracy (x0.02°C) of this equipment allow us
to obtain precise temperature records and to register even slight changes in permafrost temperature that are very
important for a short period of observation.

Currently observation network consists of 15 boreholes located in the different climatic conditions and
natural zones. Boreholes characterize 3 main types of terrain typical for this area: tundra; boreal forest and river
floodplain. We try to establish new boreholes next to the historical drilling site in order to compare recent results
with historical data.

Comparison of modern observations and published data shows permafrost temperature increasing at the
all observation points. But rate of this process is different in various ecosystems. The most significant changes in
permafrost temperatures took place within the tundra zone on the Kolyma Lowland. Permafrost temperature
increased here by 1.5-2°C since 1980. At the same time, the thermal state of permafrost in the western part of the
region did not change until the recent years. However, as observations show, temperature here is rising now by
hundredths to tenths of a degree Celsius per year at the most of monitoring sites. At the some of observation sites
permafrost temperature now as high as -2.7°C, that is close to the range of phase transition in fine-grained
deposits.

Catalog of Thermophysical Properties of Rocks in North-Eastern Russia
Gavriliev R.1.

Melnikov Permafrost Institute SB RAS, Yakutsk, Russia, gubanova@mpi.ysn.ru

In order to present a large volume of factual data collected during the last forty years, a systematized
catalog of measured thermal conductivity, moisture content and dry density of rocks has been compiled. It
contains information for 167 sites spread across various geological structures in the north-eastern part of Russia.
Measurements of thermophysical parameters, moisture content and dry density were performed by the thermal
property research group of the Laboratory of Geothermics (now the Laboratory of Geothermal Physics and
Prediction), Melnikov Permafrost Institute. The catalog collects together data on physical characteristics of over
3000 rock samples measured in the laboratory.

The samples were selected to represent all types of igneous, metamorphic and sedimentary rocks from the
variety of studied sections and covered the stratigraphic interval from the Early Achaean to the recent.
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The data have been assembled in the form of aggregate tables. The tables give geological structure, site
name, laboratory number assigned, borehole number and sampling depth interval, as well as site location maps
for ease of site identification. From the drilling logs, geological indices and sample descriptions by rock type are
given to show sample position in the geological section. The physical parameters — thermal conductivity,
moisture content, and dry density — are given with the accuracy of test measurements. The thermal conductivity
values are given for saturated samples representing in situ conditions.

For the sake of compactness, the primary material was generalized for each study site with identification
of main varieties of sedimentary rocks and indication of occurrence of metamorphic and intrusive rocks.

The representation of measured thermal conductivities by borehole with sampling depth interval is
convenient for geothermal calculations, because the depths of sampling points and temperature measurements
are strictly tied.

The catalog contains no discussion of cause-effect relationships between rock thermophysical properties
and environmental factors, as it was made earlier in Gavriliev [1998, 2004]. This catalog is thought to be
valuable in that it presents the original, primary data.

The data presented in the catalog can provide a foundation for mapping efforts to reflect the regional
distribution of rock thermal properties and physical parameters.

The catalog is intended for use by permafrost scientists, geothermal researchers, thermal physicists,
geologists, geophysicists and other researchers interested in the upper layers of the continental earth crust.
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The State of Permafrost Monitoring Network after the Fissure Eruption
of Tolbachik Volcano (FTE-50), Kamchatka.

Abramov A.A.

Institute of physic-chemical and biological problems in soil science RAS, Pushchino, Russia,
forestpro@gmail.com

The monitoring network consists of surface and ground (installed in the boreholes 2-25 m deep)
temperature sensors and marked grids for active layer measurements (in the frame of CALM project) were
established in the Klyuchevskaya volcano group area during 2002-2012. At the end of 2012 there was 4
boreholes equipped with ground sensors, 11 points equipped with surface sensors and 3 points equipped with air
sensors for year-round monitoring of temperatures in operation.

During the Fissure Tolbachik Eruption named by 50 anniversary of Volcanology institute (FTE-50),
started at 27 of November 2012, more than 20 km? was covered by lava flows up to 30-50 m thick. The initial
temperature of lava was about 1100-1200° C. The active cone of eruption (named by Naboko) is situated near
our CALM grids (R30A and R30B), which were covered by lava, the borehole 8-03(06) was situated at R30A
grid and was covered by lava too. The air and surface loggers at 500 m a.s.l. is under lava, but at 950 m a.s.l. the
lava stopped just 5 m near the installed logger.

According to the field observations, the permafrost was affected by this eruption only under the lava
flows, and in the very narrow area around. For better understanding of changes in temperature field under the
lava the drilling from the surface of fresh lava flows would be necessary, the important point is, that we can
compare the existing ground temperatures with one, observed by ground sensors in boreholes before the
eruption. At the vicinity of 8-03(06) borehole, the thickness of lava is about 5-6 m, and drilling a new borehole
here looks possible.

The reported study was partially supported by RFBR, research project Ne12-05-01051 a.
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Problems of The Railroad and Highway Embankment on Permafrost

Kondratiev V.G.
125008, Mockea, b. Axaoemuueckas, 47-1-73; v_kondratiev@mail.ru

The history of railway and highway construction in permafrost zones in Russia, USA, Canada and China
has extended more than 110 years. Nonetheless, no one has ever been able to build a railway track not subject to
deformation caused by subsidence resulting from ice-rich subgrade soils thawing. This paper presents data on the
roadbed state in the Transbaikalian and the Baikal-Amur Railways as well as the Federal Highway “AMUR”
Chita-Khabarovsk. It also covers the possibility of roadbed stability maintenance using methods based on the
reduction of the mean annual ground temperature and roadbed preservation in a permafrost state by means of the
natural cooling and heating factors ratio regulation resulting in a reduction of the heat generation in the roadbed
and the adjoining area accompanied by an increase of heat consumption.

A Temperature Control System of the Permafrost Seed Repository in Yakutsk
Panin V.N., Kuzmin G.P.

Melnikov Permafrost Institute SB RAS, Merzlotnaya St., 36, Yakutsk 677010, Russia
e-mail : kuzmin mpi.ysn.ru ; vovapanin76@mail.ru

Plant seeds can remain viable for long periods at certain subzero temperatures and low humidity. There
are currently a number of long-term seed storage facilities around the world which use refrigeration equipment
or natural cold with further artificial cooling to maintain desired temperatures. Their disadvantages are high
power demands and the risk of collection loss due to power failure. An alternative, less costly and more reliable,
strategy is to use the natural sources of cold to maintain optimal temperatures in seed repositories.

Investigations carried out by the Institute of Biological Problems of the Cryolithozone (IBPC) suggest
that temperatures of -6° to -10°C are optimal for maintaining the viability and genetic integrity of seeds. Such
low ground temperatures are only found in the arctic and alpine areas, and additional cooling to reduce
permafrost temperatures is required elsewhere.

The Federal Permafrost Seed Repository, Phase | was completed in Yakutsk by reconstructing an
underground laboratory of the Melnikov Permafrost Institute. The enclosing frozen ground has a natural
temperature of -2.3°C. To maintain the optimal temperature year round, the repository is equipped with air
convection cooling devices in which the flow of cold air is driven by natural drag. For summer stabilization of
the repository temperature, an innovative method based on the phase lag of ground temperature fluctuations is
used. The new technology allows the required temperature to be maintained in the repository throughout the
warm season.

This paper describes the main requirements to the use of the new temperature stabilization technology for
underground structures in permafrost by natural-climatic conditions of construction areas. Schemes and main
parameters of the repository and cooling devices are given. Results of the first year of observations on the
performance of the cooling devices and the temperature regime of the repository and surrounding permafrost will
be presented.
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The Producing Wells and Gas Hydrate Saturated Cryolithozone Interaction:
Technological Disturbances Categorization And Guidelines for their Prevention
(by the Example of Yamal region)

Perlova E.V., Miklyaeva E.S., Leonov S.A., UkhovaY.A.
Gazprom vniigaz llc, Moskovskaya oblast

The effective gas fields development at Yamal region depends significantly upon consideration of
extremely complicated and varied geocryological conditions and forecast of cryolithozone’s gas hazard. Usually,
at northern gas fields development, cryolithozones section (depths up to 500 m and deeper) is not paid great
attention. The geocryological studies usually focused on upper 10-20 m of permafrost section and they will not
suffice for safe operation of gas producing industry units at the region. The experience of construction and
exploitation of producing wells at the north part of Nadym-Pur-Taz region shows a possibility of accident
conditions at all stages of field development in permafrost areas. Evolution of geocryological processes and
phenomena, thawing and refreezing of icy and saline rocks, caving formation, intrapermafrost gas hydrates
dissociation and other negative processes associated with producing wells and permafrost interaction are
developing during the whole period of field exploitation.

These challenges will come in full force during exploitation of gas fields at Yamal region. Yamal
peninsular and contiguous shelf of Kara sea are characterized by extremely complicated geocryological
conditions: wide spread occurrence of geocryological processes and phenomena, presence of ground and
repeated-wedge ice, icy and saline section, presence of permafrost and cooled rocks at the shelf and etc. Also
there are a wide spread occurrence of relic gas hydrates at Yamal peninsular, which are especially sensitive to
natural and anthropogenic influence.

It should be noted that development of gas fields at Yamal region goes on against the backdrop of

natural climate warming in Arctic. This may entail intensification of all above-described negative processes
associated with complicated geocryological conditions and gas hydrate saturation of cryolithozone of Yamal
peninsular.
The first step towards minimization of negative effects during gas fields development at Yamal region is
generalization and systematization of negative experience, gained during exploration of northern part of West
Siberia. The causes and effects of accident situations and process upsets at drilling, exploitation and
conservation of wells in northern regions are considered in the report. Also guidelines for prevention and
minimization of negative effects of long-term interaction between producing wells and gas hydrate saturated
cryolithozone are presented.

Exogenous Geological Processes on Objects of Infrastructure
of the Bovanenkovo-Uhta Main Gas Pipeline

Gubarkov A.A.

Tyumen State Oil-Gas University,
625000, Tyumen, Volodarskiy str.,38, Russia, agubarkov@rambler.ru

Yamal refers to the zone of continuous distribution permafrost. All exogenous geological processes
territory is characterized by the flat processes. Cryogenic processes are the most active among them. During the
construction and operation of industrial and civil projects most cryogenic processes are unfavorable or
dangerous.

Detailed engineering-geological research of the regiont Baidaratskaya Bay perfomed in the 80's of last
century in connection with the gas pipeline construction of the Bovanenkovo-Ukhta. In 2004 engineering-
geological researches are continued again. In connection with complexity of geocryologic conditions and activity
of cryogenic processes three times the axis of the route of the gas pipeline was changed.

In 2006 near Baidarata Bay researches of cryogenic processes are conducted in a natural environmental
conditions. In the summer-autumn period in 2006 field route, regime and aerovisual researches are conducted. In
this period conditions and characteristics of cryogenic processes and their current status were identified. The
most active processes in 2006 were the channel processes, termodenudation, termoabrasion on the banks of
thermokarst lakes and deflation.The surface with the absence of active cryogenic processes predominate in the
surveyed area. But in all parts of the relief with large ice inclusions in the permafrost, there are parts of the
manifestations unfavorable or dangerous cryogenic processes.
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In 2008, in the observation network includes four construction objects. The temporary construction camps
located on a flat watershed area on the second sea terrace. The strew by sandy ground platform prevents
mechanical and warming impact on the permafrost. The base of storage is located on flat water separate place.
The low-inclined surface adjacent to the gullies and ravines network and river valleys. The impact on the
surrounding area is the result of obstructed flow of water from the sewage lake, sliding and scour the sides of
drainage ditches.

The quarry of sand and the clamping platform located on the watershed area of small rivers
Sidyapelyatose and Hurehotarka with gently sloping and steep banks. In developing the quarry of sand occurred
most significant impact on the geological environment. The soil-vegetation and peat layers are removed and
opened seasonally thawed and permafrost soils. As a result of actively developing the termodenudation, a
thermokarst, cryogenic sliding, a thermoerosion.

Ice storage area for pipes exposed to the least human impact. Because the work carried out on it in the
winter, the land cover slightly disturbed, therefore, does not occur higher-layer thawing and development of
Cryogenic processes.

Cryogenic processes have the greatest activity in the quarry of sand, due to a number of natural factors
and characteristics working-out of soils. The quarry is located between the small rivers. Sides of valleys have
sufficient biases for development of cryogenic slope processes of various activity under natural conditions.
Opening and clamping of soil of a seasonal thawed layers, transitional layers, intermediate layers and permafrost
leads to an active drain of water and a thermoerosion, soil streams, cryogenic landslides of a current, and also a
termodenudation. Quantity of thermoerosive gullies and cryogenic landslides of a current in 3-5 times more, than
on other objects of monitoring.

Road Construction Problems in the Russian Permafrost Regions
Shesternev D.M.

Melnikov Permafrost Institute SB RAS, Yakutsk, e-mail: shesternev@mpi.esn.ru

Changes in the areal extent, thickness, cryogenic structure and ice content of seasonally and perennially
frozen ground are observed in recent years due to global climate change. This results in deterioration of the
engineering properties of soils on which integrity of infrastructure, including motor roads, largely relies on.
Furthermore, it becomes increasingly difficult to predict the kinetics and mechanics of the development of
adverse cryogenic processes and phenomena (alternating seasonal deformations, perennial heaving, frost jacking,
thermokarst, settlements, and icings) and engineering-geological processes (paludification, land sliding, gully
erosion, etc.). The impressive impact of these processes acting singly and in combination was observed during
the reconnaissance survey conducted in 2012 on the Lena, Amur, Vilyui and Kolyma roads with a total length of
over 8,000 km.

Where the Lena Road transverses the floodplains and terraces of temporary and permanent streams,
permafrost conditions reduce or may reduce the efficiency of road maintenance and operation. The survey has
shown that such sections of the Lena Road total no less than 100 km in length. On the Vilyui and Kolyma Roads,
the length of critical sections is still greater.

Investigations at 18 key sites along the Amur Road have demonstrated that the main causes for
embankment deformation and pavement damage are:

- degradation of the underlying permafrost characterized by complex cryolithology and high ice contents;

- development of trough-shaped thaw bulbs in the roadbed and attendant oversaturation;

- differential settlement of the embankment and underlying permafrost layer;

- cuts in the ice-rich permafrost promoting additional saturation of the thawing soils.

In our opinion, primary measures to prevent deformations of the roadways on permafrost were to have
been considered and implemented at the design, or at least, the construction phases. However, geotechnical
investigations were of such poor quality that they failed to fully comprehend the real geocryological conditions.
Moreover, no prediction was made for interaction of different roadway designs in the context of global climatic
change.

A possible solution to the existing roadway construction and maintenance problems in the permafrost
regions is to:

- establish research and testing sites in different road-climate zones to develop new construction
technologies using innovative techniques and materials;

- develop site-specific and standard designs and technologies for each road-climate zones in Russia;

- promote research on experimental sites to adapt the conventional technologies used in non-permafrost
regions;

- develop regional packages of construction codes and regulations for the entire project cycle, from route
selection to maintenance and possible abandonment;
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- develop codes and regulations which would take into account not only the administrative division of Russia,
but also the unified zonation of road-climate conditions and their changes resulting from the natural cyclic
variations in climate over the service life of roadways.

Calculation of Frost-Heave Extent and Settlement of Pipeline Frozen Soil Base

Permyakov P.P., Popov G.G.

677980, Yakutsk, Russia, The V.P. Larionov Institute of Physical and Technical Institute of the North (IPTPN)
SB RAS, st. Oktyabrsrya, 1; p.p.permyakov@iptpn.ysn

Cyclic freezing and thawing of grained grounds are often accompanied by deformation (raising and
settling) of the surface, i.e. by heave and settlement of ground surface. At the industrial development of an area
the particular danger for engineering structures is not the absolute value of these deformations but their non-
uniformity in area.

The formula to estimate the amount of heave and settlement in freezing-thawing grounds is presented.
The formula derivation is based on the assumption that the expansion (compaction) of ground volume occurs
vertically (toward the ground surface) due to the increase of pore materials by transformation of water into ice,
i.e. without the possibility of lateral expansion as it is assumed in the problem of compression soil compaction.
The proposed equations are closed by the system of simultaneous equations of heat and moisture exchange.

Two-dimensional nonlinear equations taking into account the iteration are split into one-dimensional
problems and implemented by the method of directional differences. The initial data for the numerical
calculations are taken from local weather stations and engineering survey works of concrete objects. The
numerical experiment of water regime of grounds has been carried out taking into account the quantity of pore
solution of carbonate rocks, precipitations and evaporation.

The numerical experiment found that the process of film and capillary moisture migration plays a major
role in the formation of frost heave. The value of heave steadily grows during the wintertime due to the
migration of pore water to the freezing level. In May the sharp increase (swelling) of upper layers of the active
layer is observed due to water from melted snow. During summer months (June-August) when the intense
evaporation takes place due to the drying of upper layers of soil, the active layer is settled. The autumn rains
(September) stop the process of settlement from drying out. The all above mentioned process is repeated
cyclically every year. The amplitude of the seasonal fluctuations in the active layer surface is equal to 5 cm.

The seasonal shaking” of the main laid at a depth of 1 m compared with the surface of ground is little
slow. The amplitude of seasonal fluctuation is equal to 3.8 cm. The peak meanings of shaking are observed at the
end of May (maximum) and in the beginning of November (minimum). The general course of this numerical
experiment coordinates well with the data of field observations.

The general settlement of oil-pipeline operated in positive regime consists of two terms. The first term
takes into account the relative subsidence of icy deposits without load. The second expression is calculated at
different values of ground compressibility and external load. From the numerical experiment it has been found
that the process of pipeline settlement is increased without insulation, i.e. the presence of thermal insulation
significantly decreases the heat distribution around the pipeline. In the process of 35-years operation of the
pipeline without insulation the bowl of thawing with a depth of 11.7 m is formed. This is accompanied by the
maximum settlement of a pipeline by 0.45 m. And with insulation at the end of 35 years of operation the bowl
depth of thawing is equal to 7.6 m, and the value of maximum settlement is 0.37 m. To stabilize the deformation
state of the pipeline it is necessary also to conduct the arrangements against thermokarst.

Distribution of Taliks Beneath the Buildings of The Yakutsk CHP Plant

Zabolotnik S.1., Zabolotnik P.S.

Melnikov Permafrost Institute SB RAS,
Merzlotnaya St., 36, Yakutsk, Republic of Sakha (Yakutia), Russia 677010

The Yakutsk Combined Heat and Power (CHP) Plant is located in the north-eastern part of Yakutsk on
the bank of a branch of the Lena River. It is situated on an alluvial terrace which is 9-10 m above the low-water
level and about 3 km wide. According to N.I. Saltykov’s data, permafrost in the area was 180-200 m thick prior
to construction, and the mean annual ground temperature at 15 m depth ranged from -3 to —5°C at the
construction site.
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The Yakutsk CHP was put into operation on November 7, 1937. It was the first large industrial facility in
the USSR built on permafrost using the passive construction method, i.e., maintaining the supporting ground in
its frozen state. Special foundations (pillars with casing shoes and solid concrete plates under the process
equipment) were developed based on frost heave analysis and an air space for winter ventilation was provided.

During the 75 years of the plant’s operation, stability problems occurred now and then due to partial
thawing of the underlying permafrost. This was mainly caused by leakage of warm process water into the
foundation soils and along the conveyance lines from drainage pipes, sewages and other utility lines.

As a result, thaw zones developed beneath the plant’s buildings. In order to reestablish the natural ground
temperature regime, Gapeev seasonal cooling devices were installed at problem sites. The operation of cooling
devices, as well as other measures, such as ice removal from the ventilated air space and continuous leakage
control of the utility lines, resulted in partial ground re-freezing and talik reduction. However, taliks have
persisted to the present.

The highest temperature (up to 12°C) and thickness (up to 23 m) was observed in a talik near the circular
pump station. The talik extends around the pump station for 25-30 m and into the southern corner of the main
building.

A talik beneath the hot-water boilers building is 17 to 20 m thick with mean annual ground temperatures
of less than 2.5°C. Permafrost around this part of the building has thawed down to 12.0 to 19.5 m and the mean
annual temperature of the thawed layer is 1.7 to 1.8°C.

From the boilers building, the talik extends in a narrow strip to the carbon dioxide department (CDD) and
underlies its eastern part. Its thickness is not known yet. In 2012, boreholes drilled around the CDD to the depth
of 10-15 m failed to reach its bottom. Ground temperatures within the talik were measured to vary from +0.9 to
+1.5°C.

Around and beneath the eastern part of the chemical water purification unit, the thawed ground had
refrozen from top to 7.0-8.2 m by 2009. A thaw layer has preserved below with a temperature of 1.0-1.5°C at 10-
11 m depth.

In spite of the large number of taliks, the soils are in a perennially frozen state over much of the Yakutsk
CHP site. Beneath the main building, annual ground temperatures in the depth interval 4-10 m varied from near
0°C to —3.9°C. In recent years, the taliks have slightly decreased in extent, indicating that the foundation soils are
gradually restoring their thermal regime.

The current permafrost conditions at the Yakutsk CHP site are quite complicated. However, the engineering
solutions used during site preparation, construction and service have provided such a long term of its failure-free
operation.

Deformation of Engineering Objects after Creating Peculiar Systems of Combined
Natural and Technogenic Character
within Developed Areas of the Cryolithozone

'Grebenets V.1., 2Rogov V.V.

YFaculty of Geography, Moscow State University, Cryolithology & Glaciology Dept., Moscow
>0OA0 ““Fundamentproekt”, Moscow

Economic development of the cryolithozone creates a new pattern of geocryological conditions, different
from natural parameters. This pattern is characterized, firstly, by drastic landscape transformation, promoting
changes in the conditions of heat and mass turnover within the permafrost/atmosphere system, and, secondly, by
engineering and technical influence upon the frozen ground, leading to alteration of its physical, thermal and
mechanical properties. In the northern cities this causes ground temperature rising and intensification of
hazardous cryogenic processes in areas under engineering development, reducing hereby stability of
geotechnical environment. For example, facility deformations in Norilsk district, Northern Siberia, in the last 15
years, became much more abundant than these revealed throughout the previous 50 years. By the beginning of
XXlst century up to 250 large buildings in the local towns were deformed considerably due to worsening of
geocryological conditions, ca. 100 objects were revealed to function in emergency state, and almost 50 nine- and
five-storeyed houses, built in the 1960-80s, have undergone laborious dismantling recently.

Increase in accident risk for facilities (water and oil pipelines, industrial enterprises, etc.) enhances the
technogenic pressure on permafrost of the territories under development, leading to the new milestone of
changes in perennially frozen grounds, i.e. to creation of “another reality” of geocryological conditions. Factors
of natural and social geography cause the cluster distribution pattern of industrial units in the cryolithozone.
Cryogenic processes within the urban cryolithozone are seldom similar with these under the natural conditions:
they either run more intensively or, vice versa, attenuate under technogenic impacts, whereas sometimes new
cryogenic processes and phenomena occur, which have not been typical for a given region hitherto. Then
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possibility of origin, activity, intensity, reversibility, geographical distribution, formation of paragenetic chains
and other features of cryogenic processes differ considerably from natural conditions or are unprecedented at all.
Peculiar natural-technogenic geocryological complices (NTGC) are formed in the urban territories, which are
remarkable by the vector of permafrost evolution, by the set of cryogenic processes, by temperature trends and
the other characteristics. NTGC types depend on initial natural settings and on kinds, intensity and duration of
technogenic pressure. For instance, field reconnaissance of permafrost and geological conditions resulted in 17
NTGC types in Norilsk industrial area, 11 types in Yamburg gas condensate field, Taz Peninsula, and 32 types
along overground and underground gas and oil pipelines in the north of Western Siberia. NTGC dynamics,
depending on the scale of urban system, on the set of its elements and on duration of impact upon nature as well
as on degree of stability of natural permafrost, attracts the particular interest. A key point here is assessing the
direction of climate change (in terms of influence on the engineering of the permafrost environment) in different
areas of the cryolithozone.

Computationally Efficient Numerical Method for Heat Transfer Problems
in the Engineering of Foundations Construction on Permafrost Soils

Dauzhenka T.A., Gishkelyuk I.A.

Simmakers Limited107023, Russia, Moscow
Malaya Semenovskaya str., 11, building 5 dauzhenka@simmakers.com

The long-standing problem of constructions engineering on permafrost soils is reviewed and the relations
between effects accompanying the seasons of thawing and freezing of active layer are revealed. The fact that
temperature is the most actively changing physical parameter leads to the necessity of determination of
temperature field around the constructions foundation for the whole period of exploitation. In practice, this
determination is realized via calculations and requires the use of sophisticated scientific software, where
appropriate numerical methods are implemented.

We have both developed and implemented an alternating directions implicit method (ADI method) that
permits to solve the Stefan problem and to take into account convective heat transfer in large-scale 3D systems —
i.e. in permafrost soils. The stable calculation algorithm is constructed and successfully applied to the nonlinear
transient heat equation solution in typical three-dimensional domains of permafrost soils. The physical properties
(such as thermal conductivity and heat capacity) are assigned separately for the thawed and frozen phases of
different soil structures, thus permitting to consider sets of soils layers with purely thawed, frozen or
intermediate, so-called frozen fringe, states.

The proofs of convergence of the developed numerical algorithm are obtained by using both generalized
Galerkin’s method and Brezis theorem for maximally monotone operators. The stability criterion (constraint on
the relation between the values of time step, space discretization steps and the values of physical properties of
soil) is derived using Samarskiy’s and Gulin’s approach to the study of stability of difference schemes. The
estimated computational complexity of the developed algorithm is O(N), where N is the number of nodes in a
mesh. We argue that our numerical ADI method specially designed for permafrost soil heat transfer problems
shows good performance in terms of time consumption and accuracy. The numerical results will be presented for
some typical configurations of initial-boundary values and soil domains.

Mass Exchange in the System of Atmosphere — Snow cover - Ground

Golubev V.N., Frolov D.M.

Laboratory of Snow Avalanches and Mudflows, sector *The Modelling of Processes in Cryosphere™,
Faculty of Geography, Moscow State University, Russia, golubev@geol.msu.ru

The input of the sublimation to the snow cover balance was estimated. The relation of snow and ice
sublimation intensity on snow density and heat conductivity was experimentally established (from 42¢10-8
kg/m?s for ice and 40+10-8 kg/m?s for snow with density 500 kg/m?® to 32¢10-8 kg/m?s for snow with density 160
kg/m®). The moisture distribution in the pore space of snow and soil and the possibility of vapor migration from
snow to ground was considered (relative concentration of water vapor in snow pore space Csnow/Cover_ice
varies from 1.,14 at temperature -20°C to 1,06 at -5°C). The experimental results on mass transfer under
isothermal condition and with the temperature gradient are presented. The combinations of temperature and
temperature gradients, which allows water vapor migration from ground to snow, thermo dynamical equilibrium
or migration from snow to ground was characterized. The water vapor flow from snow to ground had the rate 1-
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2,5¢10-8 kg/m?s on the contact snow/sand at temperature -13 or -4°C and zero temperature gradient. The water
vapor flow from ground to snow had the rate 8-39.3+10-8 kg/ m? on the contact snow/sand or snow/clay at
temperature -5 - -8,3°C and temperature gradient 24-91 K/m.

Detecting Changes in Frozen Ground Condition
by Radiowave Surface Impedance Measurements

Efremov V.N.

Melnikov Permafrost Institute SB RAS, Merzlotnaya St., 36, Yakutsk, Russia vne@mpi.ysn.ru

The results of surface impedance observations in the frequency range from 20 to 900 kHz on
experimental sites near Yakutsk, consisting from sandy frozen grounds, are presented. The observations revealed
that in the study area the surface impedance of frozen soils is most closely correlated with upper 4-m
temperature, structure and strength properties in the frequency range of 500 to 900 kHz.

The period of ground seasonal cooling detected by the surface impedance of the active layer is subdivided
into the freezing zone (November - February) and the zone of stable frozen condition
(March - April). The period of seasonal warming of the active layer is subdivided into zones of intensive
thawing, moderate thawing and stable thawed condition. The sizes of these zones differ in time between forested
and open sites. Changes in the periods and zones can be used as a measure of permafrost response to climatic
changes.

The temperature dependence of effective electrical resistance of frozen soils has been determined
experimentally which is obtained from surface impedance. The lowering of frozen ground temperature from -5
to -80C has resulted in an over four-fold increase in effective resistance. The variations in mean effective
electrical resistance of frozen soils correspond well to the variations in mean annual temperature data from
meteorological observations for the same year.

The module of surface impedance at the forested site can decrease in summer more than twice as a result
of the increased conductivity of frozen soils of the active layer caused by melting of ice and occurrence of
thawed water. The phase angle of surface impedance in the forest can decrease by 450 in the 864 kHz frequency
due to the formation of a thawed layer on the surface (active layer, intrapermafrost taliks) and increase by 200
for the 171 kHz frequency due to the formation of an additional thawed layer at depth (intrapermafrost taliks).

The study indicates that joint observation of surface impedance and its phase angle provides a non-contact
means for detecting changes in structure of frozen ground caused by the formation of a seasonally thawed layer,
as well as suprapermafrost and intrapermafrost taliks.

Moreover, surface impedance parameters can be used to detect variations in moisture content and volumetric ice
content of frozen soils.

Impact of Cryogenic Textures on the Deformation Properties

Kotov P.1., Tsarapov M.N.

119234, Moscow, Leninskye gory 1, 365, kotovpi@mail.ru

Deformability of clayey soils during thawing varies widely, because it depends on many factors. Most
important ones are density, moisture content, strength structural bounds and type of contacts between the
particles, mineral and grain size, the nature of the pore space, the orientation of the structural elements, etc. But
the effect of cryogenic structure of clay soils is poorly studied.

The research aims to the investigation the effect of cryogenic structure of clayey soils on their
deformation and physical properties under compression tests. Studies were conducted to silt (a Il1kr) and clayey
silt (Ia 111kz). Soils were selected near pipeline from Pyakyakhinskoye field (Russia, Yamal-Nenets Autonomous
District). These soils can be thawed at surface and subsurface pipelining.

Deformation characteristics of clayey soils are determined by various field and laboratory methods. But
the field method is quite time-consuming and costly, so soil tests are conducted primarily in the laboratory.

Average values of density and moisture content were obtained by field studies. Then we prepared
artificial clayey soils (height 35 mm and diameter 71 mm) with a massive cryogenic and layered texture.
Cryogenic texture had two versions. The first was with a one layer of ice (the size of ice layer - 2,1 mm), and the
second - with three layers of ice (the size of one ice layer — 0,7 mm). But all soil had the same physical
properties (density and moisture content).
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Thawing of clayey soils was carried out under two loads 0,025 MPa 0,1 MPa and then step by step
applied load — 0,05 MPa. Each next step was applied after stabilization of deformation and altogether there were
4. We had two condition of thawing soils: one-dimensional or three dimensional.

After thawing and compaction we studied the change of density and moisture content of the soil. We also
investigated the effect of cryogenic structure on deformation characteristics — thawing and compression
coefficients. These characteristics are necessary for the calculation of settlement during thawing under its own
weight or load of engineering construction.

We obtained the following results. Most deformation and change of physical properties occurs during

thawing (more than 80% of total settlement, the initial density and moisture content). The values of moisture
content after thawing for all clayey soils 2-5% higher than plastic limit. The largest change in the density and
moisture content are typical for soils with massive cryogenic texture.
Different cryogenic textures affect the values deformation characteristics soils during thawing and consolidation.
So thawing coefficient of clayey soils are greatest in samples with a massive cryogenic texture. Thawing
coefficient in all studied soils is higher during three-dimensionals thawing. In addition, this difference for
various soils did not exceed 10%. Compression coefficient depends on condition thawing and type of soil. Thus,
different cryogenic structure, soil type and conditions of thawing can affect the calculations of settlement frozen
soil during thawing and consolidation.

Local Monitoring System for Environmental Studies
of Oil and Gas Exploration

Topchiev A.G.

Lomonosov Moscow State University

The most complicated stage of any environmental investigation is field survey, because collected data
define the accuracy of further results. Nowadays the researches use remote sensing data collected from space to
shorten time wastes. The technological development in this sphere has got us images with high resolution, but
even they are not completely suitable for some purposes. Moreover some territories are not available to be
sensed from the space, because it’s the high level of cloudiness there. Another lack is a variety of data
interpretation, so the results can differ greatly.

We suppose that there is the way to solve the problems described above. It is the airborne system serving
for local range monitoring. Its name is “Biosphere-TM”
and it was developed by a group of specialists from
Lomonosov Moscow State University, “Biosphere TNK”,
Moscow Institute of Physics and Technology, Gubkin
Russian State University of Oil and Gas and Moscow
State Technical University of Civil Aviation. Local range
monitoring system is the unique technique and
technology which provides data collection from low
heights and automatically processing via GIS-
technologies.

The main idea of local range monitoring system
(LRMS) is “from particular to general”. It means that
accurate and overall information about petroleum
industry can be received by summarizing data about its
principal parts. Investigation of each object or principal
part will be local, but the number of particular results got
by one technology can be combined into one geodatabase
and present the general vision. By this way we perform
data collection and data can be used further for the wide
range of tasks because of high positional accuracy, high
resolution and multispectral sensing.

As it was said the system is aerial and it is used
Ultralights as the carrier (Figure 1). The carrier is
equipped by navigation system GPSMAP 76CS. It
provides flight navigation and data positioning with
sufficient precision. Optimum height for the carrier is 100
— 3000 meters and optimum speed is nearly 100 km per hour. There were constrained the special airborne
system to control, manipulate, rotate the platforms that carry the sensors.

104



General view of “Biosphere-TM”".

All the sensors can be divided into primary and additional. Primary equipment includes high resolution
digital photographic camera, thermal sensor and professional camcorder. Additionally the system can be
upgraded by aerial camera with focal length 140 mm and microwave radiometer.

There are some spheres of activity where LRMS was utilized and yielded the sufficient result.

These spheres are: environmental management, environmental and technical monitoring, geodetics, mine
surveying and topographic maps creation, rights of ownership verification, land management for oil&gas
objects, flow detection for pipelines, detecting geohazards.

Proven Model of Permafrost Thaw Halo Formation around a Pipeline

Novikov P.

Emergency Situations Scientific and Educational Center of Bauman Moscow State Technical University
2nd Baumanskaya St, 5, Moscow, Russia, 105005
phone: +7(926)591-62-50

Heat released from buried pipelines transporting warm hydrocarbons progressively thaws surrounding
permafrost forming a permafrost thaw halo around the pipeline. Due to the non-uniform distribution of soil
properties and massive ice deposits in the permafrost, differential settling of soil under the pipeline is likely to
occur. This differential settlement results in bending strain in the pipe’s wall which could lead to overstress and
possible damage to the pipeline.

This work is dedicated to the prediction of permafrost thaw halo formation around a pipeline. A
reasonably accurate predictive model of pipeline thermal interaction with permafrost is difficult but realizable if
detailed data on all of the relevant factors influencing this interaction are available. But today obtaining full and
precise information about these factors is quite difficult.

The aim of this work is to develop a predictive model that provides sufficient accuracy in estimating
thawing halo dimensions in comparison with actual thawing halo. In order to achieve this aim we solved the
following problems:

First, we constructed a list of factors (temperature of the transported hydrocarbons, soil properties,
geometry of the trench, etc.) that possibly influence permafrost-pipeline thermal interaction and from this list we
developed a model that predicts interaction with a pipeline and thaw halo extent.

Second, we measured the permafrost thaw halo around the oil pipeline located in Eastern Siberia, Russia.
Measurements of thaw halo extent were taken for two sections of the pipeline after 3 years from the start of its
operation. In addition, we collected all information as accurately as possible about local conditions that affect
permafrost-pipeline thermal interaction.

Third, we predicted the thawing halo formation around the pipeline using our model and conditions
recorded at the pipeline. We compared calculated halo dimensions with measurements of the thawing halo for
each of two sections during June and October in the third year of the pipeline's utilization. The good agreement
between calculated and measured results was demonstrated

Finally, we conducted a series of numerical studies to evaluate the individual influence of each factor on

permafrost thaw halo formation, allowing us to estimate the requirements for input condition.
In conclusion, we have developed and tested a predictive model of permafrost thaw halo formation that provides
sufficient accuracy of calculated thawing halo dimensions. According to the results of the numerical studies, the
dimensions of the thawing halo are most sensitive to the temperature of the transported hydrocarbons, thermal
conductivity of frozen soil and the initial temperature field of permafrost within the region of the pipeline’s
thermal influence. This model can be used as a basis for further investigations of the stress state of a pipeline in
the conditions of soil subsidence.
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Geocryological Risk: Conception and Estimation Algorithms
Sergeev D.

Sergeev Institute of Environmental Geoscience, Russian Academy of Sciences (IEG RAS)

The approach of geocryological risk estimation is considered. The irreversible change of geocryological
conditions is the content of the stochastic component of the risk. Depending of the situation, scale and accuracy
of investigations, other specifications the special accent in geocryological situation diagnostics is choosing.
These accents are the cryostratigraphy, the ground temperature regime and the geocryological processes’
dynamics.

The change of geocryological conditions leads to engineering structure damages, disturbances of
sustainable economical development, loss of natural resources or violation of environmental laws.

The engineering structure damages are linked with direct effects of geocryological processes
(thermokarst, icing, frost heaving, etc.) or with indirect impact with changed landscapes that are located outside
of engineering structure allotment (fires, swamping etc.). The economic loss is linked with assurance of
technological safety of the engineering structure. E.g. the thermokarst development under the railroad
embankment leads to complete reconstruction of the railroad within the distance of the settlement.

The disturbances of sustainable economical development are linked with non-forecasted losses due to
abnormal exploitation of engineering structure. E.g. the thermal erosion along the pipeline leads to permanent
works on the gullies filling-up by the ground.

The loss or deterioration of natural resources is significant for the society. E.g. the permafrost evolution
affects the forest recreation and water resources stability.

The violation of environmental laws leads the surcharges and penalties for the above-standard exposure
on the environment or the protected territories.

In all above mentioned cases the charge of the special survey and scientific investigations must be added
to general economical losses. These investigations are the base for the revision of geocryological forecast and
recurrent risk assessment.

The spatial and temporal factors must be taken into account in risk estimation procedure.

The spatial factors are:

Insufficient geological information about location of ice-rich and saline grounds.

Heterogeneity of ground structure and cryolithological content due the history of landscape evolution.

Insufficient information about geocryological processes’ activity (where and when the geocryological
processes accelerate after the climate fluctuation and human impact).

Uncertainty of future areas of human activity.

The temporal factors are:

Anomalous climate events (years and seasons with abnormal characteristics and single weather impact).

Permanent and repetitive periodic and non-periodic typical human impact that is linked with determined
nature management.

Long-term climate and landscape change.

Long-term changes of the human impact intensity in the different stages of the engineering structure’s
life-cycle.

The anomalous climate events and typical human impact demand the statistical analysis of the empirical
data. On the contrary the long-term change of climate and human activity need the development of the
prognostic scenario for the risk assessment.

The principal task for permafrost professional is the determination of two principal risk factors: the first
one is from spatial factors and the second one is from temporal factors. These two factors set the specifications
for geocryological forecast. The predicted probability of the irreversible change of geocryological conditions is
corresponded to the economical loss during the period of the forecast. The product of mentioned probability and
loss is the desired geocryological risk estimation.

The stated approach is valid for different scale and different types of human-nature systems. Particularly it was
tested in different permafrost condition with long distance structures (railroads, trunk pipelines) and structures of
oil-gaz exploration.
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Current Thermo-Erosion Dynamics of Ice Complex Coasts
in the Laptev Sea

Gunther F., Overduin P.P., Sandakov A.V., Grosse G.,
Baranskaya A., Opel Th., Grigoriev M. N.

(1) Alfred Wegener Institute Helmholtz Centre for Polar and Marine Research, Potsdam, Germany
(2) Melnikov Permafrost Institute, Russian Academy of Sciences, Siberian Branch, Yakutsk, Russia
frank.guenther@awi.de

Thermo-erosion causes 74% of the continental coastline in the Laptev Sea region that consist of
unconsolidated permafrost deposits of Ice Complex type to continuously retreat during the short time window of
the subarctic summer. Insights into past and future landscape dynamics depend on understanding the spatially
and temporally variable intensities of coastal erosion and its interaction with endogenous and exogenous forcing
factors. Coastal thermo-erosion includes two related processes that work temporally and quantitatively
differently together. CIiff top erosion (thermo-denudation) and cliff bottom erosion (thermo-abrasion) are
coupled, since the entire coastal cliff profile is super-saturated with respect to ice, largely due to thick syngenetic
ice wedges. These erosion types result in annual land loss of up to 0.5 hectares per kilometer of coastline and
mobilize deep permafrost organic carbon, in response to seasonal environmental changes in the Arctic. Thermo-
abrasion and denudation vary in intensity according to the seasonal cycle. Thermo-abrasion is only active during
the open water season, while thermo-denudation can proceed throughout the summer. In order to systematically
analyze these seasonal thermo-erosion dynamics, we use a set of contemporary very high resolution satellite
imagery, repeated geodetic surveys in the field and historical aerial photographs. Particular emphasis in our
change detection study was put on stereophotogrammetric digital terrain modelling and subsequent ortho-
rectification in order to enable accurate coastline position change measurements over multidecadal to seasonal
time scales and to provide current and historical quantifications of planimetric land loss and volumetric coastal
erosion. Across a variety of study sites well distributed along more than 200 km of the Laptev Sea mainland
coast, observed recent erosion rates for the last 1 to 4 years were almost twice as rapid as the long-term mean of
around 2 m per year. Based on normalization of diverse seasonal and interannual erosion rates, our findings at
Muostakh Island demonstrate that the currently higher intensities of coastal erosion are controlled at least in part
by the increasing open water season and summer air temperatures. We found that under current
hydrometeorological conditions, as seasons lengthen and permafrost warms, thermo-abrasion and thermo-
denudation are increasingly coupled, increasing the effective mass flux resulting from erosion. Our results also
suggest that higher rates were accompanied by a higher frequency of the thermo-erosion cycle that causes coastal
cliffs to pass various stages of morphological evolution, which in turn have different impacts on eroded volumes
and subsequent mass displacement in the coastal zone.

New Data on Thermal Denudation and Thermal Abrasion Rate
on Western Kolguev Island Based on High Resolution Satellite Images

Kizyakov A.1.Y, Zimin M.V.}, Leibman M.O.?, Pravikova N.V.?

Lomonosov Moscow State University, Faculty of Geography, akizyakov@mail.ru
! SCANEX Research and Development Center
2 Earth Cryosphere Institute SB RAS
® Lomonosov Moscow State University, Faculty of Geology

INTRODUCTION. Destruction mechanisms and dynamics of the Arctic coast, including the western
sector of the Russian Arctic, where is our observations took place, are studied in detail, including the use of
remote sensing methods. However, data on thermal abrasion and thermo denudation of Kolguev Island is quite
limited. Some estimates are presented in article M.A.Velikotsky (1998). Determination of a speed of thermo
denudation breaks in the key area near the mouth of the river Sauchiha for the period 1948-2002 years was done
by the authors earlier (Kizyakov& Perednya, 2003; Perednya et al., 2003).

To obtain data about the modern (after 2002) shoreline retreat rates and growth of thermal cirque a high
resolution remote sensing data are involved in our research.

METHODS AND KEY-SITE. Part of the western coast of Kolguev Island was inspected in field work
conducted on 2002 by ECI SB RAS, together with VNIIOkeangeologia. The object of research was the part of
coast, including a group of three coastal thermal cirques. In 2012, within the project "Geoportal of MSU"
operational satellite imaging was done by satellite FORMOSAT-2. High resolution satellite imagery provides
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ample opportunities for visual interpretation of coastal landforms.mAerial photographs (1948, 1968), surveying
materials (2002), satellite images (2009, 2012) became a basis to study the dynamics of the coast.

RESULTS. Calculations for key area:

retreat rates of the edge of the coastal terraces and thermal cirques for the periods 1948-1968, 1968-2002,
2002-2009, 2009-2012;

retreat rates of the foot of the coastal terrace for the periods 2002-2009, 2009-2012;

volume of the material enters the coastal zone by the thermal abrasion for one linear km of a coast.

Average long-term rates of retreat of the coastal terrace during: 1948-2012, 0.7-2.4 m/year; 2002-2012,
1.7-2.4 mlyear. Identified rates are distinctive for the part of coast from the mouth of Krivaya River to the curve
of coastline near the mouth of the Gusinaya River, a length is 60.5 km.

Averaged growth rates of the thermal cirques: 1948-2002, 2.4 m/year; 2002-2012, 2.6 m/year. The
maximum growth rates on some sections in 2009-2012, 14.5-15.1 m/year. The cause of the abnormally high
rates is an increase the annual amount of positive air temperatures, which in 2011-2012 were 1.4-1.5 times
higher than the long-term average.

The determined rates of the development of thermal cirque can be extended to the north from the key area
to the mouth of Gusinaya River a total length of 32.3 km.

CONCLUSIONS

1. Modern rates of thermo denudation and thermal abrasion were obtained by using very high resolution
satellite imagery. Averaged growth rates of the thermal cirques: 1948-2002, 2.4 m/year; 2002-2012, 2.6 m/year.

2. The maximum growth rate: 2009-2012, 14.5-15.1 m/year. These rates are the highest for the previously
recorded in the western sector of the Russian Arctic.

3. Average rates of retreat of the coast without thermal cirque: 2002-2012, 1.7-2.4 m/year. These rates are
in 1.1-1.5 times lower than average rates of retreat of thermal cirque edges which are connected with melting of
massive ice deposits.

Thermokarst Phenomenon Typification Approaches Near South Border
of Permafrost Zone

Makarycheva E. M.

Sergeev Institute of Environmental Geoscience Russian Academy of Sciences (IEG RAS)
Moscow, Russia, emakarycheva@gmail.com

The development of thermokarst processes leads to negative landform generation. Morphology,
vegetation characteristics and watercut of negative landform depend on geotechnical conditions, activation
trigger and stages of process development.

Thermokarst phenomenon of wide south territory of Eastern Siberia was analyzed throughout more than
2500 km length. Thermokarst phenomenon was investigated not only in pipeline affected zone but also under
natural conditions. The object was constructed using one construction technology throughout all the pipeline.
This enabled to estimate a degree of technogenic impact on the development thermokarst processes in different
landscapes and under varied climate conditions.

Initial data for researching were helicopter visual observation materials using special equipment. We got
more than 7000 images every year within last three years.

The problems of thermokarst phenomenon identification by images were solved. Thermokarst
phenomenon typification near south border of permafrost zone was made on the basis of generalized analysis of
typification approaches which were published in Russian and world literature. The regularities of thermokarst
process distribution, the dependence of the phenomenon morphology and a morphometry from a structure and a
genesis of the territory, and a source of thermal influence underlie this typification.

The distribution regularity analysis of thermokarst phenomena allowed all the phenomena to be divided
into two classes by their confinedness to elements of a relief and a complex of quarternary deposits. The first
class, i.e. the phenomena having a natural genesis includes: confinedness to fluvial deposits of the rivers valleys,
the dead arm of river and drain hollows, or sedentary deposits and moraine of watersheds.

At the development of thermokarst process on fluvial deposits, morphological and morphometric
characteristics of the phenomena have distinctions depending on the form of a relief and landscape type, and as a
result, structures of the territory and a source of thermal influence. Within the territory studied, five thermokarst
phenomena on types fluvial deposits were as follows: thermokarst expansions of river arms or drain hollows, a
thermokarst on drain hollows, a thermokarst on dead arms, on mound peatland in valleys of the rivers,
hypocrateriform low in river valleys.
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At the development of thermokarst process on sedentary and moraine deposits of watersheds, obvious
dependences of morphology and a morphometry of the phenomena on type of underground ices and landscape
types are traced. The total of the allocated types is leveled to four: thermokarst within suffruticose mari, a
thermokarst on mound peatland, a thermokarst on ice-wedge casts, close-meshed thermokarst on watersheds.

The thermokarst phenomena whose genesis is connected with human impact belong to the second class.
They are not occasional to forms of a relief and quarternary deposits complexes. The phenomenon factor
development of the second class is the type human impact. Within the studied territory, groups of the phenomena
whose development is connected with violations of a vegetable cover and the phenomenon connected by
influence of engineering objects are found. Thus, in the second class of the phenomena two types are
distinguished: thermokarst on an arable land and on the sites of violation of heat exchange.

To each of the eleven distinguished types of the thermokarst phenomena the description of a form,
approximate depth, sizes, character of the coastline, water cutting, character of vegetation in a form and
existence of modifications in character of the vegetation, a landscape containing a form were fefined.
Additionally, forms with activation signs as a result of human impact of the territory were denoted.

Allocated type analysis allowed to find a stadiality sign existence of the process development inside the
studied territory. The allocated types of the phenomena are characterized by various development time and the
intensity of process course that results in the necessity of development of individual protection measures for each
of them. The developed typification can be applied to other areas of permafrost zone.

Glaciation in the Permafrost Area of Siberia as Displaying of Cryodiversity
Sheinkman V.S.

Earth Cryosphere Institute, SB RAS; Institute of geography, SB RAS;
Tyumen State Oil and Gas University, vlad.sheinkman@mail.ru

In respect to the cold world, at present it has been mapped out, on the base of system knowledge, a wide
perspective of cryological researches. It requires first to integrate available data into a system of scientific views
in all range of phenomena which have been yielded by cold and covered by the concept of cryodiversity
(Melnikov et al., 2013). However cold is an anthroposensory concept. There is not such a quantity in physics, but
it has been constantly required to operate with it in permafrost studies. So, it is possible to be guided by the
meaning of the Greece word “cryos” (ypvog) that has become the terminological base in those studies. It means
as “cold, frost”, also “ice”, because the Greece language has been born in subtropics where the words
determining cold and frost are usually associated with such a phenomenon yielded by them as ice. The analogous
occurs in other languages in subtropics. For example, the Hebrew word “kor” (737) means “cold”, and the
derived from it “kerakh” (71p) means “ice”, and the further derived word “kerkhon” (y11p) means “glacier”.

In point of fact, the concept “cold” implies a state of environment under negative temperature, and in such
a meaning it already became actually operated in terminology, because the well-established term “cryogenesis”,
as a set of different processes going under negative temperature and leading to the development of formations of
frozen ground, means literally “the yielded by cold”. However, in respect to glaciers such associations are not
unambiguous.

The source substance of glaciers is snow that is a product of cryogenesis in atmosphere. However after it
falls on the ground, accumulation of ice developed of snow is able to form as in the permafrost area, also outside
it. At that, it has been historically turned out that glaciers yielded by the second way became to be studied earlier,
and on such a base it has been formed a stable view that antagonism between formations of snow and permafrost
genesis exists. As a result it is so far unaccustomed to consider glaciers as a product of cryogenesis which covers
them also on the earth surface, even if they are in the permafrost area. Though it means only displaying of
cryogenesis in respect to geological bodies of initially specific frozen rocks, that is to say — of snow and ice
yielded of snow. All the more so that another form of surface glaciation — icing — consists of snow and ice, but it
has been attributed as of a permafrost phenomenon. Barely, the glacier body is a result of sedimentary-
metamorphic ice-formation, whereas the icing body is a result of mainly congelation ice-formation.

In Siberia all glaciers occur in the field of cryolithozone (Sheinkman, 2012). That is to say the glaciation
is here a product of cryogenesis both in atmosphere and lithosphere. Being an object of the science about
glaciers, it becomes also the object of the science about frozen rocks. So, such an object should be analyzed from
the position of system knowledge of Earth cryology, as according to which all ice bodies represent the displaying
of cryodiversity, and they should be considered in their interaction as cryogenic geosystems (Melnikov et al.,
2010). In order to show the situation in a specific case, when glaciers are in the permafrost area and become the
main element of cryogenic geosystems, it is reasonable to add to the name of the geosystems the word “glacial”
and lead the conversation in respect to glaciation as of specific cryogenic-glacial system (Sheinkman, 2011).
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Cryogenesis covering not only the source substance of glaciers in atmosphere, but also their bodies on the earth
surface, attaches to them and to their geological work specific features. However taking in account of all of this
became possible only during the last decades, when necessary representative data have been appeared. Earlier for
a long time there was a prevailed opinion in respect to antagonism between formations of snow and permafrost
genesis. Nevertheless, as displaying of cryodiversity (Melnikov et al., 2013) in frames of cryogenic-glacial
system, development of glaciers as a component of cryolithozone has been quite appropriately, and their study in
such an aspect allows better to understand many of cryogenic processes.

Factors of Geosystems Sustainability
within the Boreal and Sub-Arctic Cryolithozone

Zotova L.1., Dedyusova S.Yu.

M.V. Lomonosov Moscow State University, Faculty of Geography, Russia

Potential geosystems stability in permafrost - is their ability to resist cryogenic processes activation. To
assess this lithocryogenic stability you must select factors, the number and range of which depends on the
regional specificity and scope of research. The procedure for their selection and evaluation is considered as an
example of test objects located in different climatic conditions. The first three are located in the West Siberian
tundra within the Bovanenkovo, Yamburg and Kharvuta gas fields. The others - in "forested" cryolithozone,
Central Yakutia along the route of the railway Tommot-Yakutsk.

Within the sub-Arctic cryolithozone, to estimate the cryogenic processes intensity using five factors:

-annual mean permafrost temperature;

- permafrost ice content in rocks to a depth of 10 m;

-protective vegetation properties— heat-insulating properties of the topsoil cover and the fixing properties
of the plant root system;

-ground composition, which the seasonally thawed layer thickness change depends on;

—Vvegetative cover self-recovery potential.

In some cases, we add "regional™ terrain parameters - slope dissection degree and steepness or the
dispersion of sediments which was introduced into the evaluation scale of the Kharvuta test site for strengthening
of the weight of hazardous thermo-erosional processes (earthflows).

According to this factors each geocomplex assigned some marks for further checking and obtaining the
total index for ranking. In all cases expert marks are traditionally used. They are simply summed up or arithmetic
mean values are calculated. The calculation-statistical method of miltifactorial correlation analysis can also be
used to identify the factors communication with each other, to select the leading factors and reject the secondary
ones.

Found that on the West Yamal minimal resistance was found in landscapes with high annual ground
temperature, high ice content, maximum protective properties of vegetation and its slow and incomplete
recoverability, with the largest change in the depth-layer after the surface mechanical breaches.

In the boreal taiga zone within the test objects in Central Yakutia it has been selected the following
factors:

- relief position, the genesis;

- permafrost ice content;

-change in the seasonally thawed layer (ratio of the actual thawing depth to the maximum possible);

- shading of tree crowns;

-insulating properties of the topsoil cover.

Found that a high risk of cryogenic processes manifestation in Central Yakutia occurs on relatively steep

slopes and within the areas between alases , with the ice content over 0.47, when the seasonally thawed layer
below 0.35, crown cover of the stand above 0.6, with moderate and significant heat- insulation properties of the
topsoil cover.
Comparative evaluation of geosystems stability within the north and south cryolithozone showed that a universal
factor is ice content of frozen ground, other factors have regional implications. For example, in Western Yamal
tundra are the leading self-healing properties and the rate of vegetation. In Central Yakutia - insulating properties
of ground cover, shading, and changes in the seasonally thawed layer as a result of the surface disturbances.
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Saline Thawed and Frozen Grounds of Yakutsk

Torgovkin N.V., Makarov V.N.
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Saline frozen soils possess special geotechnical properties that define the low bearing capacity and
instability to anthropogenic influence. The authors analyzed the results of geocryological and geochemical
monitoring carried out on the territory of Yakutsk.

Soil salinity in the city (as opposed to natural) has no areal distribution. Salinity of soils (depth 0,10 - 0,20
m) varies in a wide range from non-saline (0.021% / 100g) to highly saline (0.98% / 100g), mainly in the old part
of the town, where large lithogeochemical anomalies developed with salinization exceeding 1% / 100 g. The
chemical composition is variable; salinity may be chloride, sulfate, and carbonate.

The active layer (depth 3.2 m) is characterized by predominant chloride-sulfate salinity with the ratio of
anions SO,%>CI> HCO®. Salinity also varies in a wide range from non-saline (0.017% / 100g) to strongly saline
(0.96% / 100g)

In permafrost (depth 5-6 m) soil salinity decreases. The salt composition is dominated by bicarbonates
and sulfates, but in the old urban areas anomalies of heavily saline soils with concentrations of up to 1% / 100g
are observed.

The maximum concentration of salts and the greatest depth of penetration and distribution of saline soils
are noted in the old part of the city, where the duration of anthropogenic effect ranges from 150 - 200 to 300
years, also having the majority (70%) of damaged buildings and structures. The minimum soil salinity is
observed in relatively new areas of the city with the duration of technogenesis less than 80 years.

In the city, the depth distribution of saline soils is usually about 6 am, however, a number of areas of
saline rocks reach the depth of 9.0 - 10.0 m and 14.0 m. As a rule, these are the areas of existing or frozen taliks
under lakes or oxbows. With the interpretation of aerial photographs of the old city area (1946), and comparisons
with modern satellite images the location of fully or in partially buried lakes in the central part of the city was
determined and their position on a modern map of the city was found.

The freezing point of soils, saline chlorides and sulfates of magnesium, sodium and calcium comprises -
2.3 ° C at the depth of 2-5 m and -1.1 ° C at the depth of 6 m. The transition of saline soils from the plastic-
frozen to the frozen condition occurs at low temperatures. Therefore, saline frozen soils are characterized by
reduced strength and low values of shear resistance along the surface of the freezing with the foundation. They
are distinguished by increased corrosive effect on foundations.

Salinization of soils and soil causes direct and indirect damage to the urban economy, threatening the
stability of structures, causing accidents and destruction of residential buildings, industrial sites and
transportation routes, emergency situations, and environmental problems (in particular, hampers the urban
landscape gardening).

Change Estimation of Vegetation Cover and Geocryological Conditions
in the West Siberia Zone of Sporadic Permafrost Distribution

Moskalenko N.G., Ponomareva O.E., Ustinova E.V., Berdnikov N.M., Gravis A.G.,
Lobotrosova S.A., Rud M.1.

Moscow 119991, Vavilov str. 30/6, 67, Tyumen, 625026, Malygin str., 86, nat-moskalenko@yandex.ru

In West Siberia northern taiga the long-term monitoring observations have been carried out in Nadym
area. Landscape and geocryological researches started here since 1967, have allowed to track changes of
ecosystems both in natural conditions, and on the sites disturbed by a lining of the Nadym-Punga gas pipeline
and fires. Observations were carried out on permanent transects and plots established in natural and disturbed
conditions.

On data of Nadym weather station for 1970-2012 the trend of increase of air mean annual temperature has
made 0.040°C in a year. The steady increase in active layer thickness in all natural complexes and rise in
permafrost temperature is connected to rise in air temperature. The rise in air and permafrost temperature and
increase in active layer thickness were accompanied by appearance on peatlands of tree species (Betula tortuosa,
Pinus sibirica, P. silvestris), earlier not characteristic for these natural complexes, and increase in frequency,
coverage, height of shrubs (Ledum palustre, Betula nana).

In northern taiga on boggy sites under impact of increase of atmospheric precipitation amount hummocky
open woodlands with pine cloudberry-wild rosemary-lichen-peat moss cover were replaced by andromeda-
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cotton-grass-sedge-peat moss bogs. Hummocky settled, and the lenses of permafrost under the hummocks
thawed. All aboveground biomass, characteristic for wood communities, decreases from 2316 up to 1715g/m? in
bog communities.

On cloudberry-wild rosemary-peat moss-lichen flat peatland on which the vegetation cover has been
removed, the surface and the permafrost table has lowered with the development of thermokarst and bogging and
it is covered with cotton grass-peat moss bog community. This bog are kept and in 40 years after disturbance in
connection with increase in an atmospheric precipitation amount last decades. This bog radically differs from the
initial peatland in appearance, structure, frequency, coverage of dominant species and geocryological conditions
(downturn of permafrost table up to 3,5m and rise in permafrost temperature).

On the sites, undergone to a fire, recovery of a vegetation cover goes faster, than in territory with the
removed vegetation, and recovery of the vegetative cover close to initial plant communities is more often
observed. For example, on frost mounds with Pinus sibirica- wild rosemary-peat moss-lichen open woodland in
35 years after a fire were formed Betula nana-wild rosemary-peat moss-lichen community with Pinus sibirica in
height 2m. The participation of lichens sharply decreased after a fire, within 16 years has considerably increased.

Thus, the carried out monitoring of ecosystems has allowed revealing impact of climatic changes and
human-induced disturbances on a vegetation cover and permafrost. The increase in air temperature and in
amount of atmospheric precipitation in the north of Western Siberia caused process of bogging on flat poorly
drained surfaces of plains. As a result of it hummocky open woodlands with lenses of permafrost on the
hummocks are replaced by thawed bogs.

The research was supported by project Circumpolar Active Layer Monitoring (CALM) project (National
Science Foundation, Grant NSF OPP-9732051, OPP-0225603); Thermal State of Permafrost (TSP) project (NSF
RC-0632400, ARC-0520578), and Council under grants of the President of the Russian Federation (grant NSH-
5582.2012.5).

The Study of Seasonal Freezing in the Western Moscow Area
in a Snowy Winter

Andryushchenko F.D., Grebenets V.1., Maslakov A.A., Shmelev D.G.

MV Lomonosov Moscow State University, Faculty of Geography,
Department of Cryolithology and glaciology, andrushenko.f.d@gmail.com

Winter period in 2012-13 in Western Moscow area differed from previous periods by increased
snowiness: the average thikness of snow on watershed reached 54cm (in previous years 20-47cm), and cold: the
sum of negative-temperature hours was 17455 (the average — 14350).

The combination of these factors led to the formation of features in progress and to the seasonal freezing
spreading. The research of these peculiarities in different landscape conditions were in the Zvenigorod
(55°42°00°" N; 36°43°21"" E).

The expedition was held in several stages (the start, middle and finish of winter). The main observation
plots were chosen, there were held landscape descriptions, measuring of snow layer depth, soil samples
collecting, the cryogenic structures were investigated and the depth of the seasonally frozen layer was
determined. Noted the diversity of soil and ground composition: from fine-grained silty sands to sandy-loamy
differences. Using data loggers provided data on temporal variability of the temperature field in freezing soil.

During research it was found that the maximum depth of seasonal freezing occurs on the edge of the
ravine, coming to the floodplain of the Moscow River, and is 54 cm (with a depth of snow - 35cm). The
minimum values of the depth of the active layer (or absence thereof) are confined to areas with high altitude
snow (more than 75cm) or wet soils: water-logged low floodplains, the bottom of ravines, poorly drained areas
with powerful logging herbaceous cover, in which a young tree and shrub vegetation plays stop-snow role during
snowstorms.

The depth of the active layer in the watershed ranges from 0 to 44 cm, depending on the type of
vegetation, soil composition and moisture content, the provisions of sections in the relief and the degree of
anthropogenic pressure. For example, cover layer (soil, litter and vegetation) may provide temperature difference
between under and above cover — 6-7°C. The other side of cover — temporal heterogeneity of seasonal freezing
(in autumn period we can observe up to 7 cycles freezing-thawing). Characterized by high differentiation depth
of seasonally frozen layer in dissected relief, where there is a significant redistribution of snow and runoff of soil
moisture on the slope.

Especially interesting to study the influence of the anthropogenes seasonal freezing of ground, activating
their frost heave, bulging lightly loaded objects and the destruction of the roadway. Noticeable the increase in the
active layer thickness on dirt roads and trails (with seal or absence of snow), 8-year observations have shown
that there is power at 30-100% higher than the average for the territory. For example, in cold and relatively little
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snow winter of 2005 06 on the frozen dirt road 98cm (snow had a thickness of up to 5 cm) on average this winter
- 45cm, after the "abandonment” of the road in winter 2012-13 frost depth was 41 cm (with a thickness of 32cm
of snow).

Up a number of observations (from winter 1999 to 2000.) on the actual freezing of soils of different
compositions in different winters in Central Russia. Increased pre-winter snow accumulation and prevent water
logging of soil freezing, which can cause its absence in the suburbs, even in the cold of winter. The combination
of "relatively low temperatures and low power cover" at the beginning of the cold period (as in December 2012.)
has led to an excessive (in comparison with a long-term supervision) frost heaving of soils, the development of
strains that commonly observed in the region in late winter. Variations in the thickness of the active layer (the
same thickness of snow) are connected, first, with micro landscape conditions, and only in the second - with litho
genetic parameters.

This work was financially supported by the program CALM, U.S. Grant, US National Science Foundation
OPP-0352957 grant.

The Features of Splits Formation in the Peat Layer in Sporadic Permafrost Zone
Bazhenov A. I, Yakimov A. S.

Huemumym kpuocgepor 3emnu CO PAH, Tromens, bazhenov-ikz-anatolii@mail.ru

The work was carried out on Nadym's polygon ECI SB RAS (Tyumen Region, Yamal, Nadym
district). Subject of cracks research was flat-hilly peat-lands. As a result two types of splits were
developed: frost-shattered and dehydrated.

Frost splits are widespread on the peat-land. An example is a split in a section with coordinates
N 65 ° 18 '; E 72 ° 51'. The section is confined to small-hilly peat-land which is divided by lows on
isometric forms (polygons). Diameter of polygons is 0.5-3 m and relative altitude is 0.1-0.2 m in
places up to 0.4 m. Width of interpolygon lows is 0.2-0.7 m. Distinguish ability of polygons is
complicated by overgrowing of lows with dwarf shrubs. Peat on the surface of polygons is denser than
peat in lows. In lows area permafrost tapes at a depth of 0.2-0.3 m, on adjacent polygons permafrost
tapes at a depth of 0.5 m. Examined splits do not have any signs of syngenesis with splits of
dehydration.

Splits of dehydration are localized on the plots without plant cover. Diameter of such plots is 5-
7 m. Often it is drained slopes of southern exposition. Several splits were developed on a plot without
plant cover which is located on a flat slope of flat-hilly peat-land wit coordinates N 65°17"; E 72°53'.
Splits of dehydration (width 3 cm) divide surface on small blocks which are observed to the depth of
0.15-0.2 m in open section.

Research of peat layer cross-section in places of pronounced dehydration splits does not indicate
on development of frost-shattering but points on process of freezing and thawing with intensive
moisture migration and substance volume alternation. Main role in peat processing in upper part of
section plays dehydration and freezing-thawing.

Studied formations which are consequence of split formation underline the climate contrast and
variety of landscape cover in research area. Frost splits and dehydration splits develop in different
seasons so in theory they can develop one on another. Nevertheless landscape conditions of plots with
one type of splits impede development another type of splits.

Interaction of Some Organic Substances with Surface of Ice Particles

Fedoseeva V.I., Fedoseev N.F.

Melnikov Permafrost Institute, Siberian Branch, Russian Academy of Sciences, Yakutsk,Russia.,
vifgoreva@gmail.com

E. M. Katasonov (1954) pointed out that the change of cryogenic structure of permafrost is bound up
with changes of the content of organic matter in the soil. Similar observations were made in the laboratory by
freezing of soils treated with various lubricating preparations (Yarkin, 1981). Ground water is enriched with
various substances, dissolving the products of decomposition of organic residues.
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Formation of frozen soils with different cryogenic structure is possible by the freezing of moist soil,
depending on the content of organic matter. If they can be adsorbed on the surface of ice particles, it is able to
influence on the number of nuclei that are formed during the crystallization water, their size and shape. Thus, the
study of the interaction of organic substances with the surface of the ice particles is important both from a
theoretical and practical point of view.

When organic substances interact with the surface of the dispersed ice from their solutions in the
indifferent organic solvent, the decrease in the concentration of substances in solution should be due to its
passage in liquid-like film existing on the surface of ice. Sorption capacity of substance (Nechaev Fedoseeva
Fedoseev, 1981) correlated with the its distribution coefficient between water and organic solvent at ambient
temperature. Bulk aqueous layer appeared with increasing concentration of such substances in the system.
Sorption isotherm is concave relative to the axis of the equilibrium concentrations.

Behavior of o-bromo-benzoic acid in sorption experiments differed from that described above. First, the
shape of the sorption isotherm is convex and obeyed the Langmuir adsorption equation. Secondly, the shape of
the isotherm did not change with the change of temperature. It is evidence of interaction between the molecules
of the acid and the surface of ice particles. These results suggested that o-bromo-benzoic acid may be used to
estimate surface area of ice particles. Confirmation of this was obtained in the study of adsorption o-bromo-
benzoic acid on snow samples, selected from different according to the temperature and humidity conditions
sites (Makarov, Fedoseev Fedoseeva, 1990). In the following, a method of estimating the specific surface area of
dispersed ice was used to study the dynamics of migration of solutes on the border of snow with underlying
substrate.

The distribution pattern of o-bromo-benzoic acid between surface of ice particles and the acid solution
was maintained during the transition from solution in an organic solvent to solution in water. The energy of
adsorption interactions in aquatic systems was markedly higher.

Some Results of investigation of the Isotopic Fractionation of Water in the Process of
Segregation Ice Formation

Konishchev V.N., Golubev V.N., Rogov V.V., Sokratov S.A.

Lomonosov Moscow State University, Faculty of Geography, Moscow, Russia, rogovvic@mail.ru

Study of the isotopic content of the ice formations in the cryoshere, such as ice sheets, glaciers and
massive ice, became one of the main methods of obtaining information on the climatic conditions in the past.
The structure-forming ice is studied much less than the other forms of ice and, despite the difference in the
mechanisms of the ice formation, the same approaches are normally applied to the interpretation of the isotopic
content of both the structure-forming ice and the ice formed from the atmospheric moisture (Michel, 2001;
Derevyagin et al., 2012). The principles of the creation of the structure-forming ice need to be known for
understanding the construction of its isotopic content. However, the data on the difference or similarity in the
isotopic content of free water or in the water taking part in the moisture migration is not in existence.
Nevertheless, it can be assumed that the water, taking part in the moisture migration and creating the segregation
ice and ice-cement has different characteristics than those of free water and thus can have the isotopic content
differing from those of the free water. In addition, it can be assumed that the concentration and distribution of the
stable isotopes of oxygen and hydrogen in the structure-forming ice should change as the result of the phase
transitions.

The external medium for the ground moisture is the ground itself. The degree of its influence on the
moisture distribution and on isotopic content of the moisture depends on the mineral composition, dimensions of
particles and specific of the phases interactions with the mineral particles. The characteristics of the mineral
particles are the factors responsible for the specific surface and the surface energy of the mineral matrix, as well
as for the quantity of the volumes of supercooled water, unfrozen in the ground at temperature below the
freezing temperature. The properties of such water, which is interacting with ions, atoms and molecules of a
ground particle surface, are different from the properties of bulk water. This allows possibility to have different
quantity of the molecules with heavy isotopes of hydrogen and oxygen in the supercooled water, than in the bulk
one. However, the crystallization of such water, possibly, once again allows the change in the ratio between light
and heavy isotopes, similar to such change with freezing of the bulk water.

To prove such a hypothesis, the authors conducted experiments on the samples of the kaolinite ground of
the Prosyanovskoe deposit. The samples with set moisture content and known isotopic content of the ground
water were unidirectionally refrozen in special device under set temperature gradient. The water for isotopic
analysis was extracted from the samples in another device, allowing vaporization of whole the ground water in
hermetically closed volume. The isotopic analysis provided the following conclusions: The water from unfrozen
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part of the kaolinite sample (presumably the bounded water not taking part in the migration) had the isotopic
content “heavier” in oxygen and “lighter” in hydrogen than the original isotopic content of the water filling the
sample. This result is in agreement with the data of Yu.A. Federov (1999). The water, which formed the ice-
cement in the frozen part of sample with massive ice-structure, had the isotopic content “heavier” than the
original one both in oxygen and in hydrogen. The water, which formed the second in size from the top of the
sample ice schliere (7 mm-thick) had the isotopic content “heavier” both in hydrogen and in oxygen relative to
the original water, but “lighter” than in the massive horizon. The maximal difference of the isotopic content from
the original water in the direction to “heavier” was in a thin ice layer with massive structure positioned right
below this schliere. The regularity in the isotopic content distribution in an upper, not such thick (3 mm) schliere
and below it was similar, though less extreme

The obtained data allow expecting that mainly isotopically “lighter” moisture participates in the migration
to the freezing front. The migration is most active in the contact area of a forming ice schlieres. Since this “light”
water is forming a schliere, the “heaviest” water remains under the schliere, forming the massive ice structure.
The “light” migrating water takes part in the schliere formation, but the fractionation during the phase transition
results in heavy isotopes enrichment almost back to the content of the original water. Besides that, the noted
effect of isotopes differentiation shows dependence on the speed of freezing and on the activity of schliere
growth. The less is the first factor and the more is the second one, the more pronounced is the differentiation.
The results allow stating of existence of intensive and rather complex structure of the differentiation of the
isotopic content of bounded moisture in the process of segregation ice formation. That is why; the interpretation
of the isotopic data from the structure-forming ice for paleo-climate reconstruction should be based on the other
principles, than those applicable for the interpretation of isotopic data from the ice of the atmospheric origin.

Dicay of Metastable Gas Hydrates by Crystallization Supercooled Water

Zavodovsky A.G.}, Madygulov M.Sh.*? Reshetnikov A.M.2, Nesterov A.N.*? Schipanov V.P.?

! Earth Cryosphere Institute SB RAS, Tyumen
2 Tyumen State Oil and Gas University, Tyumen

Metastable states of gas hydrates are realized into the region of P-T the parameters, limited on the phase
diagram by equilibrium lines "ice-hydrate-gas" and “supercooled water-hydrate-gas ” [1]. It is assumed that a
condition of translation of hydrate into region of metastable states is absence of its direct contact with the ice
crystals [2].

In this work is investigated by P-T method the stability of metastable hydrates Freon-12 and propane to
external influences. Found that the crystallization of water initiates the dissociation of the metastable hydrate on
an ice and gas. Into P-T experiments testify to
it downturn of temperature of the sample and growth T,K P, kPa

of quantity of pressure which eventually to 1 o4
equilibrium line “ice-hydrate-gas” asymptotically [T T T T T T T T T T T T T ity i P eq2
approaches (Figure). 268 1 pressure 1 %
Empirically shown that stability of gas

hydrate in the region of metastable states in many temperature

respects is defined by lifetime of supercooled water ] 116
contacting with its surface. With downturn of 267

temperature metastable hydrate to become is 112
less stability since it increases the activity nucleiof ~ F-----iieei ey e Peqt
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the supercooled water. It is established, that the
increase in velocity of pressure decline of gas
within the limits of metastable region raises
probability of crystallization supercooled
water, and, accordingly, probability of hydrate  result of crystallization of supercooled water. Peqy, Pego -
dissociation.

In turn, the translation of the metastable
hydrate through the line of equilibrium "supercooled
water - hydrate - gas" is accompanied by its decomposition with the formation of liquid water. The reverse translation of hydrate
region of absolute instability in the region of metastable states, if in the process of transition in the sample does not form ice. It is
established, that at the same temperature for more stable hydrates of Freon-12 than hydrates of propane.
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Fig. Decay of the metastable gas hydrate Freon-12 as a
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Further studies are assumed to be similar to the use of a broad class of hydrate forming gases.

Work is executed at partial financial support of program Fundamental Scientific Research of the state
academies of sciences for 2013-2017 (priority direction VI111.77.2.), the interdisciplinary project 144 Siberian
Branches of the Russian Academy of Science and Advice under grants of the President of the Russian Federation
(grant SS-5582.2012.5).
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Hazards of Geocryological Processes in Kazakhstan
Severskiy E., Gorbunov A.

Kazakhstan Alpine Geocryological Laboratory of the Institute of Geocryology
Siberian Department of the Russian Academy of Sciences, Almaty, Kazakhstan, permafrost.08 @mail.ru

Qualitative and quantitative estimation of degree of danger of the main geocryological processes and
phenomena of mountain and extensive flat territories of Kazakhstan is done. On the plains and in intermountain
depressions in the conditions of seasonal freezing of soils and grounds the most widespread processes are frost
heaving and cracks formation. As a result of these processes thufurs, frost-shattered cracks and polygonal relief
are formed. Extremely rarely aufeis are observed here. The quantity of dangerous exogenous-geological
processes and phenomena including geocryological sharply increases in the mountains and essentially
complicates development of these territories. Laws of distribution of geocryological processes and phenomena
here depend on latitudinal positions of mountain region and in the region from the absolute height. That is
reflected in regional structures of altitudinal geocryological zonality. The most significant geocryological
processes developing in the conditions of long-term and seasonal freezing of soils are the following: frost
heaving, thermokarst, solifluction, frost cracks formation, aufeis formation. Large and most dangerous
cryogenic formations are rock glacier, corroms, cryogenic landslides and landslips and glacial

In the mountains of Central Asian region climate change became the reason of considerable reduction of
land glaciation. It leads to essential reorganisation of periglacial environment of high mountains and frequently
accompanied by activation of postcryogenic permafrost geological processes and phenomena including of
destructive character. All geocryological processes and phenomena are united in groups by one-two leading
factors: cryogenic-gravitational, cryogenic and water-cryogenic.

The quantitative estimation of danger of geocryological processes and phenomena allowed to systematize
and tot allocate three categories of natural and technogenic geocryological processes and phenomena by degree
of danger of their occurrence - low-hazard, middle hazard and hazard.

For the first time hazard geocryological processes and phenomena in Kazakhstan were mapped on the

map of «Hazard of geocryological processes in Kazakhstan» (scale 1:5 000 000). It was made on the base of
geocryological map (scale 1:5 000 000) in which the main characteristics of distribution, structure, temperature
mode short-term (diurnal) are reflected, seasonal and long-term freezing of sub-soils and provided
geocryological division into districts of the territory of Kazakhstan. The map provides representation about
susceptibility of the territory to the most significant in the engineering-geological relation geocryological
processes and phenomena.
On the map five groups of areas of susceptibility to hazard and potentially hazard geocryological processes and
phenomena are allocated as well as one more group of areas where these processes are absent. The last group
unites extreme southern areas where during the cold periods there is mainly short-term freezing of All mountain
areas of South-East Kazakhstan belong to the regions with high seismicity that considerably raises degree of risk
of formation of dangerous exogenous-geological processes and phenomena including geocryological.
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Coastal Dynamics within Built-Up Areas of Chuckhi Peninsula

Maslakov A.A., Kraev G.N.

MSU, Geographical Faculty, Cryolithology and Glaciology Department, alekseymaslakov@yandex.ru

Coastal processes causes geotechnical environment of built-up areas to malfunction. Chuckhi peninsula is
the habitat for about 10 thousands of indigenous people with both modern and traditional economy is set on the
coast. Destruction of permafrost coasts raises the needs of expensive reconstruction or replacement of
endangered coastal facilities. To assess and forecast the coastal retreat we studied coastal dynamics, and the
factors influencing it based on the archive materials of engineering surveys of the past century, modern satellite
imagery, and geodetical surveys. Here we report on the dynamics of the accumulative and abrasive coasts
dynamics of the Bering and Chukchi seas for the last 50 years.

Abrasive coast of the Middle Pleistocene Marine terrace in Lorino settlement on the shore of Bering Sea
has retreated by 11.7 m for 45 yrs. The maximal retreat rate was observed in 1979-1992 comprising 0.54 m
yearly. The factors influencing the rate of coastal retreat are ranged on the basis of analysis of metheorological
information, sea ice data, composition, and soil mechanics at the coast.

Accumulative coasts of Inchoun, Neshkan and Uelen communities settled at spits of Chukchi sea have
shown the retreat rates of up to 2 m yearly. However, changes in shoreline position for accumulative coasts are
regulated mainly by tidal fluctuations and by the balance of sediments in the coastal zone of the sea, with
permafrost playing the secondary role.

Our studies widen the range of permanent coastal monitoring of the coast in permafrost area. Factor studies of
coastal dynamics in every case are aimed to shift to mechanistical approach of coastal degradation in permafrost
zone.

Distribution of Seasonal and Perennial Mounds
in the South Tambeyskoye Condensate Field (Yamal Peninsula).

Kasymskaya M.V., Popova A.A., Grechishcheva E.S., Guseva E.S.

OJSC Fundamantproject, Moscow, Russia, mvkasymskaya@yandex.ru

Researchers at the northern part of the eastern Yamal is inconclusive estimates of the existence,
distribution and genesis of the heave mounds [1; 2; 3]. By our assumption region of South Tambeyskoye field
(71° N and 71-72 ° E) is insufficiently investigated and that is why researchers have different opinions. Frost
heaving is a pervasive cryogenic process in the studied area. By field works of "Fundamentproject” in 2011 were
found numerous forms of the process as areas heave, single-season mounds, perennial migration mounds and
injecting mounds — hydrolaccoliths (pingo).

Transgressions and regressions of the Arctic Basin the taking place during Pleistocene and Holocene led
to the formation of the complex of Late-Pleistocene Holocene terraces of marine and lagoon-marine genesis; the
deposits from there moved to subaerial conditions and froze. At all geomorphological levels of the research area
permafrost have continuous distribution. The continuity of the permafrost is broken by lake and river taliks, on
the laida and in flood plains. The most typical mean annual temperature on the dividing areas is minus 5 — minus
6°C. Large flood plains have generally background temperatures are 1-2 degrees higher than on the divide and
are minus 4 — minus 5°C.

The surface of the lagoonal-marine terraces and the laida the is generally flat and to varying decree it is
cut by network of rivers and ravines, it is broken by polygonal incipient cracks, covered by lakes and boggy.

Frost heave of the seasonally-thawed layer grounds is very active in waterlogged and water-cut areas on
all geomorphological levels made up of silty clay-lean clay deposits. Seasonal heave irregularity fosters the
formation of flat mounds up to 1,0 m high and 5-10 in diameter or flat-dome-shaped elevations with cross-
section of 0,5-1,0 m and with the height of not more than 0,5-1,0 m.

Perennial frost heave leads to the formation of migration mineral and peat-mineral mounds, and injection
mounds-hydrolaccoliths. Among migration mounds oval mound 2-5 m high prevail, rare 6-8 m. In cross section
their size varies from 15 to 100 m. Mounds are made up of loams with high ice content, clays, seldom loamy
sands. In the mound strata there is an ice core lying at the depth of 2,0-5,0 m.

Such mounds are found on low geomorphological levels. Mounds are formed in freezing hasyreys, flow
lines of made of silty clay-lean clay deposits, with lenses of watered sand; the height of the mounds is not more
than 3-4 m and it increases with freezing

The majority of injection mounds- hydrolaccoliths are relict; they are not growing at present and are
intensively destroying.
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Mechanisms of Destruction of Frozen Soil

Konovalov A.A.

Institute of North Development Problem, SB RAS, Russia

Communication between the particles of the frozen ground, depending on the proximity to the melting
temperature t,, can be plastic (“melting”) near t., and fragile (“sublimation”) away from t, [Konovalov 2009,
2011]. The energy of plastic ties equal to the specific heat of melting (crystallization) Q, fragile - specific heat
of sublimation Q.. Different types of links particles of frozen soil is determined and different mechanisms of its
destruction. Plastic destruction is deformation of frozen body (its connections particles), with a gradual transition
in liquid, flow, which is recorded on the achievement of the values of relative deformation close to the j, =
0,083...0,12. Sublimation corresponds to a complete breakdown in nuclear communication, education at its
place of “emptiness”, when the relative deformation of the highest - j. of about 1 (ice value j. and Q., and more
jmi @nd Q roughly 12 times). At the macro level such deformation is local, is confined to areas with weak links
hub voltage (micro-cracks, structural defects...). It develops unnoticed for an observer in the form of cracking in
the direction of compression and fixed on the disorder of the body. Formula durability of plastic permafrost is
[Konovalov, 2009, 2011]:

T4 = Tmin (Pm.mi / P) 1/ij' (1)

Durability of frozen soil with a low melting temperature is determined by the well-known formula [Regel,
etc., 1974], the mind [Konovalov, 2009, 2011]:

T4 = T min CXP[Z' (TO/T)(l_ P/Pm.c) /jml] (2)

Maximum (conditionally instantaneous) strength plastic - or brittle - frozen ground, in the General case -
Pm, the equilibrium of minimum durability T min,is determined from the equation Clausius - Clapeyron
equation, in which substitutes the current temperature of the frozen ground, t < tml , and the corresponding
volume of heat (Lml or Lc) and the deformation jml or jc) phase transitions. Replacing indexes at these values of
share - f, we obtain a uniform expression for the maximum (instant) strength:

Pm:Lft/(jf'To) (3)
Here is the formula (1) and (2) comparable to mind:
JIn(t, It o =2 (To/T)(A-PIPy) =A, jm In(t,/to) =In(Py/P) =B.
Attitude TO/T of ordinary ice (ice-1), the existing temperature range 251-273 K, changes in the range of 0.92...1.
Dependence of conventional durability A and B from P/Pm at TO/T = 0,96 are presented in Fig. Thick line shows
the dependence of the real (i.e. a minimum of A and B) the relative durability (in logarithmic scale) from relative
pressure, regardless of the mechanism of destruction.
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The figure shows that when P/P, > 0,2 durability more fragile body (A>B). This means that the critical
deformation jup achieved earlier than the body is falling apart. Therefore, to ensure the sustainability of the
projected at such ground constructions durability and strength should be calculated using formula (1), as for
plastic body. If P/P,, < 0,2, on the contrary, more “plastic” longevity (B >A), so the body is falling apart before
achieved critical deformation j.,. Therefore, durability and strength in this area should be calculated using
formula (2), as for fragile body.
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Current Turbation Identification in Podzols of Western Siberia

Semenkov I. N., Usacheva A. A.

Institute of Geology of Ore Deposits, Petrography, Mineralogy, and Geochemistry, Russian Academy of
Sciences (IGEM RAS), Russia, ivan.from.murygino@yandex.ru

Soil material movement has wide distribution in permafrost landscapes. Sometimes top soil horizons are
buried by subsoil horizons due to windblow. These processes dating are possible in case of direct observations.
However buried layers are located in soils covered by undisturbed herb or/ and mass stratum. Dating presents a
problem in this instance because of existing methods are not suitable for current turbation that took place in the
end of 20th century— in the beginning of 21th century. Using of artificial radionuclide can help to solve this
problem. Chosen radionuclide should have long half-life and to be slightly mobile or to be quickly immobilized
under soil conditions. Cesiume-137 satisfies these criteria. Cesium-137 is quickly immobilized in soils and
accumulates in topsoil. Therefore if significant 137Cs concentration is detected in moved layers, it age is not
more than 70 years.

The aim of our research is to estimate suitable of cesium-137 as geotracer of soil turbation.

Field research was curried out in 2012 in three study area located in Western Siberia, Rissia. The first
study area “Purpe” occurs in the middle part of the Pur river basin, near Gubkinsky town (Yamalo-Nenets
Autonomous Okrug). The second study area “Noyabrsk” is located in the Ob and the Pur rivers watershed, near
Noyabrsk sity (Yamalo-Nenets Autonomous Okrug). The third study area “Turtus” occurs in the north of
Uvatsky District of Tyumen Oblast. Turbicpodzols are the typical soils of study area “Purpe” and “Noyabrsk”.
Turbicgleysols are the typical soils of study area “Turtus”.

From 7 crossovers 38 soil samples were collected. Cesium -137 specific activity decreases from topsoil
horizons to subsoil horizons. But significant 137Cs specific activity (2+1 Bg/kg) was detected in 3 samples from
buried layers with high organic carbon concentration while it specific activity is 0 Bg/kg in background layers
consist of carbon-poor material.

Obtained data show that turbations of soil material with high organic carbon concentration take place in
the end of 20th century- in the beginning of 21th century.
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Session 1: Subsea permafrost

JTAHAMMKA KPOBJIA IIOJIBOJHOM MEP3JIOTHI B TIPUBPEKHOM 30HE
MOPA JAIITEBBIX

I'puropses M.H.

Hremumym mepznomosedenus CO PAH, Axymck, Poccus, grigoriev@mpi.ysn.ru

ITonBonmHas Mmep3nora (cyOakBaibHBIE MHOTOJeTHeMep3ible moponasl, CMMII) B apKTHYeCKHX MOpSX
n3ydeHa KpaiHe cnabo. Hem3BecTHBI ee MOIIHOCTh M TPAHUIIBI pACTIPOCTPAHEHN Ha OTHOCHTEIBHO IPUTITyOOM
menbde. YCTaHOBICHO akTUBHOE ITPeo0pa3oBaHKe JbIUCTBIX MHOTOJIETHEMEP3IIBIX TI0POJ] B MEIIKOBOIHOM 30HE
apkTuueckoro menbga. /laHHble, Mogy4eHHbIE 0 HEMHOTOYUCICHHBIM OYpOBBIM MPOQMISM Ha MPUOPEKHOM
MEJIKOBO/IbE, TIOKA3bIBAIOT 3HAUUTEIbHBIC BapUallMU B YKJIOHAX MMOBEPXHOCTH U TEMIIaX JAErpajalud Mep3JIoThl
CBEpXy, IPH JIOBOJIBHO «BBICOKMX» Temieparypax (-1, -1,5°C) B ee Toimax Ha pacCTOSHUH YK€ B HEPBBIX
KIJIOMETpax oT Oepera.

YcraHOBIIEHO, YTO CpeHUH YKIIOH (0T Oepera) KpoBIIH ITOABOIHON MEP3JIOTH B IIPUOpEKHO-1IEeTb()OBOI
30He Mopeir Boctounoit Cubupu — 0,011 (0,62°). duanazon yxionoB — 0,0002-0,1. YcraHOBICHO Takke, 9TO
CKOpOCTH JIeTpasalliiil BEPXHUX TOPH30HTOB PEIMKTOBBIX CYyOaKBaIbHBIX MHOTOJIETHEMEep3bixX mopox (CMMIT)
COCTaBJISIET NIEPBBIC IECATKA CAHTHMETPOB B BEPXHEH YacCTH MOJABOAHOTO OEPEroBOrO CKJIOHA, YMEHBIIASIChH 10
MEPBBIX MUJIJIMMETPOB B TOJA B HID)KHEH €ro 4acTH. JTa CKOPOCTh ONpENENsieTCs AMHAMUYECKHUM PEKUMOM
OeperoBoil 30HBI, COCTABOM, CTPOCHHEM M MOIIHOCTBIO 3aJeTalolIMX Ha KpPOBJE MEP3JIOTHl OCAaKOB,
TEMIIEPAaTypOl U COJICHOCTHIO IPHJIOHHOTO CJIOSI BOZABI, a TaKXKE XapaKTepOM T'MIPO-JIUTOANHAMUYECKHX
MPOIIECCOB B MPHOpeKHOU 30HE mienabda. OYCBUIHBIX H3MEHCHHH TEMIIOB JErpajaldil CyOaKBaIbHBIX
MHOTOJIETHEMEP3JIBIX TIOPOJI B MNPUOPESKHOM 30HE AapKTUYECKUX MOpEeH, B CBSI3M C KIMMaTHYECKUMH
M3MEHEHHUSIMH B APKTHKE, I0Ka 00HAPYXUTh HE yIaloCh.

BersBieHa ciioxHas CTpyKTypa BepxHUX ropuzonToB CMMII, cocTosiHne KOTOPBIX HA MHOTHX Y4acTKax

HecTaOWIIBPHO B CHIIy CYIIECTBOBAHHSI JIOKAJBHBIX T'€OTEPMHUYECKHX, THAPOTCOJIOTHUECKUX M TEKTOHHYECKHX
aHomanunii. Hazemnast (GeperoBasi) KpHOTCHHAsI CUCTeMa U JOHHas (BepxHHUe Topu3oHTEl CMMII Ha mogBoHOM
OeperoBoM CKJIOHE) AWHAMUYECKH TECHO 3aBUCHMBI Ipyr OT aApyra. OcCOOEHHOCTH 3BOJIIOLMHM BEPXHHUX
ropuzonToB  CMMII 3aBucsaT oOT psiga (GakTOpoB: TEMIOB OTCTYHNAaHWS WJIM BBIABIDKCHHS OEperos,
TEMIIEPAaTYpPHOTO DPEXHMa M COJECHOCTH TIPHJIOHHOH BOJBI, YKIOHOB ITOJBOAHOTO OeperoBoro mpodus,
Mopdosoran OeperoBoil 30HBI W KOHHUrypamuu OeperoBOd JIMHUH, CTENEHH OTKPBITOCTH K MOPCKOMY
BIIMSIHUIO, XapaKTepa OCAJKOB, CIAralolux Oeper W IOABOAHBIA OeperoBOi CKIOH, JIBAWCTOCTH CyOcTpara,
0COOEHHOCTEW THAPO-TUTOJMHAMUKHYECKUX T1apaMeTPOB.
[MpakTHyeckoe 3HaYeHUE MCCIIEIOBAHHIA MTOJIBOJJHOM MEP3JIOTHI CBSI3aHO C YTOYHEHHEM M3MEHEHHUs] OaTUMETpUH
npuOpexHbIX (apBaTepoB (IMpocaaku THa NpH Aerpaganuu jdbaucteix CMMII), ¢ BbIsIBIEHHEM HH)XEHEPHOM
OCHOBBI JUJIsl JIIOOBIX BHJOB Pa0OT Ha Iuenbde, a TakkKe C IMOMCKOM T'a30KOHIEHCATHBIX MECTOPOXKICHUH Ha
menbde.

Session 2: Permafrost hydrology and hydrogeology

MEP3JIOTA U HOA3EMHBIE BO/Ibl CPEJHEI'OPbS
IPUITOJIAPHOI'O YPAJIA

O6epman H.T'., lecnep U.T.

167983 Pecnybnuxa Komu, Coikmoiexap, I oprozeonozuueckas komnanuss "MHUPEKQO"; oberman@mireko.ru

I'eoTepmuueckre HaOMIOACHUS B ClIa00 M3ydeHHOUW oceBoil 30He [IpumomnsipHoro Ypana, Ha TOJBIIOBOM
BoJIOpazienie XpedTa MaAbIHBIp/, MPOBEJCHBI B YETHIPHAIUATH CKBAXWHax. Temmeparypa Mep3JoThl Ha
rinyouHe 20M MOHMXKaeTcs ¢ NMPHUOJVDKEHHEM K KPYTBIM, JI0 OTBECHBIX, CKIOHaM ¢ -1 nmo -4°. Benencreue
OOKOBOTO OXJIQXK/CHUS MOPOJ TE€OTEPMUYECKHI T'PaJHEeHT OTPHLATEIbHBIA JIMOO HYJIEBOW B MHTEpBAJIaX JI0
100-175m; rny6ke — monoxkuTenbHbid: 0,72°/100M. MoniHocTs MEp3JIOTH ONpeJielieHa Ha OTMETKE pesibeda
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1293M, mo ckBakWHE C BBICTOHKOHM 162 cytok mocne 45 cytok Oypenus. Ilpu temmeparype -1,5° Ha rmyOune
433M M yKa3aHHOM TpaJUeHTe MOILMHOCTb Mep3J0oThl cocTaBUT 640M. Ilo MeHee BBICTOEHHOW CKBa)KUHE,
npoMepeHHoN 10 386M, pacueTHas MOITHOCTb Mep3s0Thl 620M. [TpexHue oneHKU: npeanonoxkurensHas — 300M
(bapanos, 1977); no 3amepam no riayounsl 116M, - 490m (Obepman, 1981). [IpoMOpOKEHHYIO TOJIILY CIararoT
MeTamopdudeckue moponsl (€3-O1) m 0010MOUYHBIE OTIOXKEHHSA. B MOCIeNHWX BCTpEYArOTCS JIMH3BI JIbIA
MOIIHOCTBIO 710 0,5M. YABTpanpecHsIi Jie BBITOIHAET MOJIOCTH, TPEIIMHBI B KOPEHHBIX MOPOaX, OTMEUEH 10
riryOuHB! 130M; TITy0Ke JIBAUCTOCTH MPOCIEKUBAETCS O TE€OPU3NISCKUM JaHHBIM. CyIs 10 TIIyOHHaM BCTpEUH
JIbJla, MOIIHOCTE MOpPO3HBIE TOpoAbl cocTaBisgeT 0-15M. Mepsnora, 3aneraromiasi riry0ke, UMEET CILIOIIHOE
pacrpocTpanenue Ha otMeTkax 1100m u Beire. HecrutomrHast mep3noTa Hanbonee pa3BuTa y MOTHOXKUS XpeOTa,
Ha oTMeTKax 600-650Mm.

HcTOYyHMKM BOJ CE30HHOTANOrO CJosi (PUKCUPYIOTCS ¢ OTMETOK Ookojio 1200M W Humxke, B HOsiOpe -
JieKkaOpe MCTOYHHMKH ITOJHOCTBIO MCTOIIAIOTCS, OOHApYXMBas ce0sl CKIOHOBBIMH HAaIEASMH, IUIONIAABI0 B
NeCATKH — COTHH M2. Pasrpyske BOJ MOIPYCIOBBIX, MOJO3CPHBIX TAIHKOB CIIOCOBCTBYIOT MOPEHbBI: Ha
MepPEeCCUYCHUH Pydbsl C BAJIOM OOKOBOH MOpPEHBI (hOPMHUPYETCS HAJIECIb TUIOMIABI0 70000Mm%. Mopayinb noa3eMHOTr0o
CTOKa, ONpEACICHHbBIH 0 pacuieHeHHIo Tuaporpados p. banbanpio, HEMOCPEICTBEHHO BHINIE M HIDKE 03epa
Boun.banGanTsi, coctaBmn 2,9 u 5,0 1/cekM’. AHOMATBHOCTD TOCIIEIHEH BEIMIHHEL o0ycnoBieHa cy0aBabHON
pasTpy3Koi BOJ MOJO03EPHOTO TalHKa, NOINPYKEHHBIX «IUIOTHHOI» KOHEYHOH MOpEHBI. B moa3eMHBIX Bomax
peodIaialoT THAPOKAPOOHATH KaIbIHS; CyX0i ocTaTok Bos! 0,01-0,071/m.

B ynomsHyTOM 03epe oTMedanach JMHEWHAs T0JI0Ca U3 BOCHKMH TOJIBIHEH ((POHOBAS MOITHOCTH JibAa 1,2-
1,5M) co cTpysiMu Ta3a, MPEaIOoI0KHUTENbHO a30Ta. YUUTHIBAs MPUYPOYCHHOCTD ATOH IMOJIOCH K (DPOHTANBHOM
YacTH PErHMOHANBLHOTO HA/IBUTA, ITOJIAraeM, YTO 3/I€Ch POUCXOIUT BOCXO/SINAS pa3rpy3Ka NIyOHHHBIX (IIIOUI0B
10 CKBO3HOMY TauinKy. KoHleHTpanus HeTenpoayKTOB 1 BOJOPACTBOPEHHOIO OPraHUYECKOr0 BEIIECTBA 3/1€Ch
U B JPYTUX MHOTOUYHCIIEHHBIX BOJOIMYHKTaX, TAaKXKe PACIOJIOKEHHBIX B €CTECTBEHHBIX YCIOBHSAX, aHAIOTHYHO
MPUYPOUCHHBIX K 30HAM JM3BIOHKTUBOB, HAa OTMETKax 70 900M, - TOCTUTaeT, COOTBETCTBEHHO, 0,7 u 2,9mr/m.
OTH KOMIIOHEHTHI OIPEAESINCh B JIBYX J1a0OpaToOpusX, BKIIOYAs akKpeAnToBaHHYI0 Tumano-Ilewopckoro
HAy4YHOT'O LEHTpPA, CIEHUAIM3UPYIOIIYIOCS Ha HCCIEAOBaHUAX BOA HE(PTIHBIX MecTopokaeHui. CoriacHo
3aKJIIOUCHHIO 3aBeqylollero Jlaboparopuei kannuaata Hayk C.A. JlaHMIEBCKOTO, aHAIM3HPOBABIINECS TIPOOBI
SIBIISIFOTCS] IPUPOAHBIMH YTJIEBOJOPOIHBIMHA CMECSIMH OPEO0JIOB MUTPAIMOHHBIX TIOTOKOB YIJIEBOAOPOIOB.

To-ecTp, nmake B YCIOBHAX MOINHOW Mep3noTsl llpumonspHoro VYpama oTMmedaeTcs pasrpys3ka
TTOMEP3JIOTHBIX BOJ [0 CKBO3HBIM TAJINKAM.

Session 3: Permafrost biogeochemistry

MUKPODJIEMEHTBI B JOHHBIX OTJIOXKEHUAX O3EP I'. AKYTCKA

Ymxyk AJL.
Hnemumym mepsnomogedenus CO PAH. Chizuk82@mail.ru

JIOHHBIE OTJIOXKEHHsI O03€p SIBJISIOTCS BaXXHBIM HMCTOYHHUKOM HWH(OpMAaNMK O KIMMaTHYECKHUX,
F€OXMMUYECKHX U JPYTUX YCIOBUSAX U MO3BOJSIOT OLIGHUTh COBPEMEHHOE 3KOJOIMYECKHE COCTOSHHE
BO3JYIIHOM M BOAHOW cpex. MHorue 3arps3HsIOIIME BELIECTBA JEMOHUPYIOTCS JOHHBIMU OTJIOKEHHSIMH U
MIO3TOMY MOT'YT paccMaTpHBaThCsl, HE TOJIBKO Kak MOKa3aTelH KadeCcTBa BOJBI, HO M KaK HCTOYHHK BTOPHYHOTO
3arpsisHeHus. [lpu n3meneHun ¢Qusnko-xumuyeckux yciosui (pH, Eh, temmeparypsl, coctaBa ra3os)
COEIMHEHUSI, CBSI3aHHBIC C IOHHBIMH OTJIOKEHUSAMH MOTYT PACTBOPATHCS, IIOCTYIIATh B BOAY U laJIee B MHIIEBYIO
nenb. [Ipr 3TOM HEKOTOpBIE OTHOCHTEIBHO WHEPTHBIE WM O€3BpPEeAHBIC U OKPYXXKAIOUmeH Cpembl
HEOPraHWYEeCKHE BEIECTBA MOT'YT IPE00Pa30BaATECS B PACTBOPUMBIEC M TOKCHUYHBIE (pOpMBI (HaIpUMep, Iepexos
3JIEMEHTApHOM PTYTH B METWIIPTYTh.

ABTOpPOM TIOBEJICHA OIIEHKA T'COAKOJIOTHUECKOTO COCTOSIHHA 03ep T. SIKyTcka ¥ HMHTEHCHBHOCTH WX
3arpsA3HEHUS Ha OCHOBE M3YYEHHS COACPKAaHHS MHKPOIEMEHTOB B AOHHBIX ominoxkeHusx (J10O). beum
uccinenosanbl J10 kak kpynsbix (benoe, Caiicapsl, Cepressixckoe, blteik-Kroens u n1p.), Tak 1 HeOOJIBLIUX 03€p.
[IpoGsr JIO orbupanuch B 30HaX aKKyMYJSILMH, TJI€ CO3/AIOTCS YCJIOBUSI CEAMMEHTAIIMU MENKOAUCIIEPCHOTO
Marepualia ¢ XOpOUIMMH COPOLIMOHHBIMU COCOOHOCTSIMH, U3 citos 0-15 cMm. KoHueHTpauss MUKpOdJIEeMEHTOB B
JO ompexpensnace METOZaMH aTOMHO-aOCOPOLIMOHHOM CHEKTPOCKONHMH M IPUOIIMKEHHO-KOJIMYECTBEHHOTO
CHeKTpalbHOro aHanu3a. Oo61mmee koamdecTBo oToOpanHbix 1O - 40 mpoo.

Jna 1O o3ep XapaKTepeH 3HAUUTENbHBINA qUala30H COJEHOCTH, KoTopas u3MeHsiercsa B mpegenax 0,011-
4,548%. Hambomsmree 3aconenue JJO HaOmomaeTcs B CIIIBHO 3arps3HEHHBIX 03epax (Xomycrax, Termnoe u ap.).
B nienom Ha TeppuTOpHH TOpoa GONBIINHCTBO 03€p € MOBBIIEHHON coneHocThio IO (>0,15%) npuypoueno k 1
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HaJIMTONMEHHOM Teppace, TIJIe€ paclojOKEeHbl paloOHbl C BBICOKOH IIJIOTHOCTHIO TOPOJCKOM 3aCTPOUKH.
[oBbimenune conenoctu JIO o3ep ropona, OOYCIOBIEHHOE KaK KIMMAaTHYeCKUMH, TaK M TEXHOT'€HHBIMHU
MPUYMHAMH, OTIPENIENISeTCS, B IEPBYIO OYEpeb, BO3PACTAHHUEM KOHIEHTPALMH HOHOB XJIOpA, HATPHUS U MarHus,
MEXIy KOTOPHIMH HAOII0JaeTCsl BBHICOKAs 3HAYMMOCTh KOPPEIIMOHHBIX CBs3eH. B TOXe BpeMs MOBBIIICHHE
coneroctu IO He compoBOXKIaeTCs OJHOBPEMEHHBIM BO3PACTaHUEM KOHIICHTPALIUN MHKPO3JIEMEHTOB.

Copneprxanne OompImUHCTBA MUKpodsieMeHToB B JIO o3ep r. Skyrcka 3HauntensHO Hinke [IK. B To xe
BpeMs, KOHIIEHTPAIHs IPYIIIHl MPEUMYIIECTBEHHO XalbKOPHIBHBIX dreMeHToB (As, W, Ag, Pb, Mo, Co, Cu,
Hg, Zn) 3nauntensro mpeBocxoaut I1JIK. dedurutaemv B JIO SBISeTCS KOMIUIEKC XalbKO- U JUTO(IIHLHBIX
9JICMEHTOB, KOHIICHTPAIIMS KOTOPBIX 3aMETHO HMxke KiaapkoBwix: V, Ni, B, Li, Ga, Nb, Sn, Cr, Ge, Y.
COL[ep)KaHI/IC 6OJ'HJIHI/IHCTBa XUMHUYECKUX DJICEMCHTOB B JOHHBIX OTJIOXKCHHUAX U MMOYBAX HAXOAATCA MPUMEPHO HA
OJTHOM YypOBHE, YTO IIpeArojaraeT MX IEepPeHOC ¢ BojocOOpa B aKBaTOPHIO O3€p B TBepAOil (ase B BHIC
MEPBUYHBIX 1 BTOPHYHBIX MUHEPAJIOB.

B nepuon nccnenopanuii (¢ 1998 mo 2011 rr.) 0TMEYEHO MOBBIIIIEHUE KOHIIEHTPAUH MUKPOAJIEMEHTOB B
JO nmns Cd, Ag, W, Sn, KoHHIEHTpauusi KOTOpHIX Bo3pocia B 8-19 pa3. BaBoe u Tpoe yBennumiach
KOHIICHTPAIUS TAKUX TOKCHYHBIX A1eMeHTOB Kak Pb, Cu, Hg u Zn.

Jkonoro-reoxuMudeckas orneHka /IO BHIIOTHEHA ITyTEM CPpaBHEHHSI C YPOBHEM MPEEIBHO JOMYCTHMBIX
KoHNeHTpanuii mrs mouB — [IJIK, tak kak cammrapHbie HopMmbl it 1O He paspaboransl.. CreneHb
KOHIICHTPUPOBAaHUS XHUMHUYCCKHX OJIIEMEHTOB (CpegHHE W MaKCHMalbHBIE KOHIICHTpPAIlMH) B JIOHHBIX
OTJIOKEHHSAX TOPOICKHX 03€p [0 CPABHEHHUIO C CAHUTAPHBIMHA HOPMaMU JIJIS TTOYB.

BriBosbl. BoNbIIMHCTBO 03€p C MOBBIIMIEHHON COJIEHOCThIO HAaXOIUTCA B mpenenax 1-il HaanmoWMeHHOU
Teppackl p. JleHa, B «cTapbix» pailOHax ropoja C BBICOKON IUIOTHOCTHIO 3acTpoiiku. [[OHHBIE OTJIOKEHHS
AKTUBHO HAKaIUIMBAIOT KOMIIOHEHThI-3arpsisuutenu — Pb, Cu, Zn, Cd, Sn, Ag, Cu, W KOHIICHTpaIis KOTOPhIX B
nocjeHee JecATUIeTHE 3HAYUTEIbHO BBIPOCTA.

Crenens 3arpsisHeHHOCTH OonbmmHCTBa J1O 03ep ropojia olleHUBaeTCs Kak JIOMyCTUMas U yMepeHHas. B
HEKOTOPBIX 03epax 3arpsi3HEHHE JOCTUTAeT ONACHOM U JAaXke Ype3BbIUaiiHO ONacHO CTeNeHu.

Session 4: Permafrost and trace gas exchange

METAH U METAHOBPA3YIOIIUE APXEHN
B BEUHOH MEP3JIOTE AHTAPKTUJIbI

Puskuna E.M., Kpusymun K.B., Kapaesckas E.C.

Hncmumym usuxo-xumuueckux u 6uonocuveckux npodiem novgogedenuss PAH

[o cpaBHEHHUIO ¢ APYTIMH KOHTHHEHTAMH W KOMIIOHEHTaMHU KPHOCQEphI, BEYHAST MEP3TI0Ta AHTAPKTHIBI
n3ydeHa ci1abo, 0 ee BKIIaAe B TI00aTBHBIN OMOTCOXMMIYECKHUNA MK H3BECTHO KpaifHe Mallo.

B ornmume oT ApKTHKH, aHTapKTHYeCKas MeEp3JIOTa XapaKTepU3yeTcs HHU3KUM COAep)KaHHUeM
OpPraHUYecKOTo yriepona (0T coThix moisieit 1o 1.5 %) u ee ponb B MOTOKE MAPHUKOBEIX Ta30B B atMochepy B
riiobanbHOM Maciitabe cerofHs He3HaunTenbHa. OHAKO, B CpelHE- M JIOJTOCPOYHOW MEpCHEeKTHBE BKIIAI
AHTapKTUYECKON MEp3JIOThl KaK MCTOYHUKA YIJIEPOJa MOXKET BO3pacTaTh MO Mepe OCBOOOMKIEHHS TEPPUTOPUH
OTO JIbJIa ¥ yBEJINYEHHS MOIIHOCTH JIESTEIBHOIO CJIOSI KaK 32 CUET KOJIOHU3AlMU HOBBIMU BHUAAMH PACTEHUH U
MHUKpPOOHBIMH COOOIIECTBAMH, TaK M 3a CYET pasrpy3Ku pe3epByapoB 3aKOHCEPBUPOBAHHOTO B HEH MeTaHa.
HccnenoBanue Mep3nblx OTJIOKEHUH CBOOOIHBIX OTO JIbAAa 0a3MCOB AHTapKTHIBI IOKa3ano, 4TO MeTaH
MPUCYTCTBYET B MOPCKHX M O3€pHBIX OTJIOKCHHUSX, a TAK)KE B OTJIOKEHUSAX BPEMEHHBIX BOJOTOKOB. Tak Ha
cranimy bemnmHcray3eH MetaH Obll1 0OHapyXeH B OTJIOKEHUSIX MOPCKOM Teppachl M B 03€PHBIX OTIOKCHUSAX Ha
crarnusx [Iporpecc, HoBomazapeBckas u B oa3uce banrepa.

[TokazaHo mpHCyTCTBHE OHOTCHHOTO METaHa B JMHUKPHUOTCHHBIX OCAOKaX: CPEeIHEIUICHCTOIEHOBBIX
o3epHBIX oTnoxkeHmsax Cyxux JommH (monmmuHa Maifepca). B BRIXOSMmNX Ha TOBEPXHOCTH IECUYAHMKAX
tdopmarmu Cupuyc (Cyxue [onwmasl, T. @3Bep) yCTaHOBICHO MPUCYTCTBHE aOMOTEHHOTO METaHa, a TaKkKe ero
TOMOJIOTOB (3TaHa M MPOIaHa) U dTHJICHA.

Ananu3 cooOlecTBa apxedl B MHOTOJIETHEMEP3JIBIX OTJIOKEHUSX MOPCKOW Teppachl Ha CTaHIUH
bennmuHcray3eH ¥ 03epHBIX OTJIOKEHHSIX oa3uca baHrepa MeToqoM aHaan3a KJIOHOBBIX OHMOJHOTEK reHoBl6S
pPHK BbIsiBUT  JOMHHaHTHBIE (MIOTHIIBI, HanOosiee OIM3KHE K METAaHOT€HaM apXesiM B MHOTOJIETHEMEP3JIbIX
MOPO/IaX MOPCKOTO U 03€PHOTO IPOUCXOXKICHHMs. Touia MOPCKHX OTIOKEHHH XapaKTepu30Balach OOJIBIINM
pasHooOpasueM JOMHHAHTHBIX M MHHOPHBIX (uiotunoB pomoB Methanosarcina, Methanobrevibacter,
Caldivirga, Methanogenium, Methanolobus u Methanoculleus, nBymst nomuHaHTHBIMEH (QUIOTHIIAMH Kiacca
Methanomicrobia. Pa3zHooOpazue apxeil B OTJIOXKEHHSX oasuca baHrepa okasanoch Oonee HH3KUM H
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XapakTepu30BAIOCH JIMIIG IBYMs TpeactaBuTessMu kiaacca Methanomicrobia. MccmenoBanne HaKOMUATENBHBIX
KYJBTYP METAaHOT€HOB M3 MHOIJIETHEMEP3JIBIX OTIIOKEHHMH JTOIMHBI Maiiepca BBISIBUIIO JOMUHHPOBAHHE B HUX
MeTaHoreHoB poja Methanosarcina.

IpoBeneHHBIE  HMCCIENOBAHWS B IIEJIOM  [OATBEPKAAIOT OWOTEHHYKO IPUPOAY MeETaHa B
MHOTOJIETHEMEP3JIBIX OTIOKEHUSIX AHTAPKTHIBI U POJb STHX OTIOXKEHHH KaK pe3epByapa MeTaHa, MacIiTaObl
KOTOPOTO e1rie TPeOyeTCs OICHHUTS.

HWccrenoBanust MpOBEACHBI ITpH moaaepskku rpanta PODOU 12-05-01085.

BJIMSTHHUE BKJIIOYEHUH MEPEOXJIAXKIEHHOM BObI
HA YCTOUYHUBOCTDb METACTABUWJIBHBIX I'A30OBBIX THAPATOB

Iopenko JI.C., Ipauyk A.O., Mosokutuna H.C.

Huemumym kpuocgepor 3emau, 2. Tiomens, yn.Manvicuna 86, |podenko@yandex.ru

WHTepec K TMOBEINCHUIO Ta30BBIX T'MIPATOB NPH OTPHUIATENBHBIX TeMIleparypax OOYCIIOBJIEH psaoM
npuunH. [IpuposHble ra3oBble THIpAThl 3ajJeraloT B TONIIAX MEP3JbIX MOPOA, U MX JUCCOLHUALNS MOXKET B
CHJIbHOW CTEIICHU IOBJIMATh Ha TI00AJIbHOE M3MEHEHHe KinMmara. Pa3paboTka ra3oruIpaTHBIX TEXHOJIOTHH
XpaHEHHs ra3a, OCHOBAHHBIX Ha CIIOCOOHOCTH MPUPOJHBIX THAPATOB COXPAHATH B YCIOBHUSIX HU3KUX TEMIIEPATyp
(< 273K) nonroBpeMeHHYIO yCTOHYMUBOCTD IPH JABJICHUH I'a3a 3HAYUTEIBHO HIKE PABHOBECHOTO.

[IpuHsTO cCunMraTh, 4YTO aHOMAaJbHAs YCTOMHYMBOCTh Ta30BBIX T'MAPAaTOB BHE OO0JNACTH HX
TepPMOIWHAMHYECKOH CcTaOWIBHOCTH TpH Temmeparypax Hmke 273 K obOycrmoBmeHa oOpa3oBaHHEeM Ha
MTOBEPXHOCTH THIPATHBIX YaCTHIl CJIOS JIbJA, HPEISTCTBYIOIETO CBOOOAHOMY BBIAEICHUIO r'a3a U3 ruapatos. He
TaK JaBHO OOHApYKEHO CYIIECTBOBAaHHE METACTaOMIBHBIX Ta30BbIX THAPATOB MPU JABJICHHUAX HUXKE
PABHOBECHOTO JAaBJICHHS JeI-TUApAT-Ta3, KOrjaa JieA OTCYTCTBOBaI B obOpasmax [1, 2]. YcToH4MBOCTH Takux
THPATOB HE cBs3aHa ¢ 3(Q(PEKTOM UX CaMOKOHCEPBALHH.

IMpu rupparooOpazoBaHuM mepexoJ]] Bceil BOIbl B THApAT, KaK IPaBWIO, HE MPOUCXOIUT, U
HENpopearnpoBaBlias BOJA NPUCYTCTBYET B KPHCTAUIMYECKHX oOpaslax TuapatoB B (opMe KHUIKHX
BKitoueHnid. [Ipu mepexozxe ruapara B METacTaOMIbLHOE COCTOSIHHE, IIPU TEMIEpaTypax HUXKE TEeMIIepaTypbl
TUTaBJICHUS JIbJIa, TIEPEOXJIKICHHAs BOJa MOXKET HEKOTOPOE BPEMsI OCTaBAaThCS B COCTOSHUU TEPEOXJIKICHHON
xuakocTd. CaMONpPOM3BOJIBHOE 3aMEp3aHHe IMEPEOXIKIEHHON BOIBI COMPOBOXKIACTCS IIOSBICHHEM B
ra30TuApaTHON CHCTEME JIb/la, KOTOPBII MOXKET MOBJIMATH Ha YCTOHYMBOCTH MeTacTaOMIbHro ruapara. OqHako
BIMSHHUE 3aMEp3aHusl HENpOpearHpoBaBIICH BOIBI Ha YCTOHYMBOCTH METAcTaOMIBHBIX Ta30BBIX TMAPATOB B
00J1acTH OTPUIATENBHBIX TEMIIEPATyp HUKOTAA IPEKAE HE HCCIIEA0BATIOCH.

Hamyn wm3ydeHo BiusSHHE BKIIOYCHHH NEPEOXTKIEHHOM BOABI HAa YCTOWYMBOCTH METACTAOMIBHBIX
ra30BBIX THAPATOB IIPOMAHa, Ha MPUMEPE Ta30THIPATHBRIX IUCIIEPCHH, TIONYYEHHBIX U3 “‘Cyxoif Bomsr”. “Cyxas
Bofa” OTO ChIMyunid mopomok Ha 90-98 wmac. % cocrosmmii W3 MUKpPOKAmelb >KUIKOH BOJBI,
CTaOMIM3UPOBaHHBIX THAPO(GOOHBIMM HaHouacTHiaMu [3]. Brnarogapst MUKpOKanenbHOMY CTPOCHHUIO “‘CyXoii
BOJbI” M MAJIOMYy pa3Mepy BOJHBIX 4acTHIl e€ nucrepcHoit ¢asbl (0T ~2MkM 10 ~40MKkM) [4] mepeoxakaeHHOe
COCTOSIHHE BOJBI B Ta30TUIPATHBIX IUCIEPCUSX, INOJTYYEHHBIX Ha OCHOBE ‘“CyXOH BOJBI” COXpaHsSeTcs
JUIMTENBHOE BpeMs, JOCTaTOYHOE JUIsd IIPOBENEHMs OSKCIHEPHUMEHTOB IO H3YYEHHIO YCTOWYMBOCTH
METacTaOMIIBHBIX COCTOSIHUH I'a30BBIX THAPATOB. O COCTOSIHUM CUCTEMBI «CyXasi BOAa»-TIPOIIaH U IPOTEKAFOIIHX
B Hell (ha30BBIX NpeBpalICHUsIX CYIWIM 110 JAaHHBIM H3MEpeHHUs NaBiieHne-oobeMm-temmeparypa (P-V-T) u
mddepeHIMaNTBEHOTO TEPMUYIECKOTO aHAIM3a MPU M30XOPHOM OXJIaXKIECHWH/HArpEeBaHWU CHCTEMBI, CHIDKCHHU
JIaBJICHUS Ta3a B YCIIOBUAX OTPULATENIFHBIX TEMIIEPATYD.

B pesymbrare MpOBeAEHHBIX HCCIeAOBaHMN mokasaHo: (1) - Temmeparypa Hadana 3amMep3aHwus
BKIIIOUEHHH HEMPOpPEarupoBaBIIeH BOAbl (B PEKMME OXJIAKACHHUS) B Ta30BBIX THAPATax CHIKACTCSA C
YBEIMYEHHEM CTEIIEHH Mepexoja BOAbl B ruapar; (2) CaMONpPOM3BOJIBHOE 3aMEp3aHME BKIFOUCHUH
MePeOXIKAEHHON BOJIbI B METACTAOMIIBHBIX Ta30BbIX THIpaTaX HHUIIMAPYET UX Pa3lIoKEeHUE Ha JIEI U ras.

PaGora BbINONHEHA MPH YacTHYHOW (uHaHCOBOM momnepkke PDOPDOU (mpoekr Ne 12-08-31357),
nporpammbl - ®HU  roc. akagemuii Hayk Ha 2013-2020r. (npuopurernoe Hampasierue VIIL77),
MexaucnumianHapaoro npoekta CO PAH Ne 144, Hayuno-uccnenoBarenbckoil mporpamMMsl TroMeHCKOH
o6siactu Ha 20131, CoBera 1o rpantam npesuaenta P® rpant HIII 558220125.
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YCTOMYHUBOCTD “CYXOM BOJbI” K 3AMEP3AHWUIO/ OTTAUBAHMIO,
OBPA30OBAHUIO/ JUCCOLUAIINU I'A3OBBIX THJIPATOB

Hoaenko JI.C., Moaoxkutuna H.C. [Ipauyk A.O.

Hucmumym kpuocgepor 3emnu, 2. Tromens,; Ipodenko@yandex.ru

[IpuponHpie Ta30BBIE THUAPATHl CHOCOOHBI COXPAaHATh B YCIOBHSX HHU3KHX Temmeparyp (< 273K)
JIOJITOBPEMEHHYIO YCTOMYMBOCTH MIPU JABJICHUH T'a3a 3HAUUTEIHHO HUKE paBHOBECHOTO. IIpuHATO cuntath, 4ToO
aHOMaJIbHAsl YCTOWYMBOCTh Ta30BBIX THJPATOB BHE OOJACTH HMX TEPMOJMHAMHYECKOW CTAOMIBHOCTH IpH
Temreparypax Hmwxe 273 K o0ycnosieHa oOpa3zoBaHHEeM Ha IOBEPXHOCTH THAPATHBIX YaCTHI[ CIIOS JIbJA,
MPEMSITCTBYIONIEr0 CBOOOJHOMY BBIACICHHUIO ra3a M3 THIpaToB. MexaHu3M (opMHpOBaHHMS 3TOTO CJOS JIbJa
0CTaeTCsa MaJIo MOHSTHIM.

OpuH ¥U3 NpEeUIOKEHHBIX MEXaHW3MOB CaMOKOHCEPBALMH T'MIPATOB IIPEIIONaraeT, 4To JIMCCOLMAIUs
THIPaTOB IIpH Temrieparypax Hike 273K MoXeT mpoTekaTh depe3 NMpOMEXYTOUHYI0 MeTacTabumibHyIo ¢asy
(mepeoxnaxaéHHYI0 BOLy). B HacTosIiee BpeMst OIydeHbI TOCTOBEPHBIE IKCIIEPUMEHTAIIBHBIE TOKA3aTeIbCTBA
JMICCOLIMALINK T'a30BBIX THAPATOB Ha MEPEOXITAXKIEHHYIO BOAy 1 Ta3 [1,2].

Hamm mpennokeHO UCIIONB30BaTh ‘“‘CyXyio BOAY~ Ui MONYYEHHS MOJEIBHBIX Ta30THIPATHBIX
JUCIIEpCHi, MpeAHA3HAYECHHBIX JUIA M3YUCHHsS BIHMSHUS IEPEOXTaXIEHHBIX COCTOSHHHI BOJIBI HAa IOBEICHHE
ra30BbIX THIPATOB BHE UX COBPEMEHHON 30HBI CTAOMIIBHBIX COCTOSIHUIA.

“Cyxas Boja”, NMONy4YeHHAas WHTCHCHBHBIM CMEIIMBAaHHUEM >KHIKOW BOJBI, BO3AyXa, THAPO(HOOHOTrO
a’pocuia MOXeT cofepxarhb A0 98 mac.% >KuAKON BOIBI U IIPH 3TOM UMETh KOHCHCTEHIIUIO CHIITYYero MOPOIIKa
[3]. Manbie pa3Mmepsbl Kamenb qucrepcHoi (asbl “cyxoi BoIbl” (OT OJHOrO 0 HECKONBKHX JECATKOB MHUKPOH)
[4] u HanuuMe PBIXJIOTO CJIOS A’POCUIA, PA3AEISIONIET0 3TU KaIlUIM, CO3JAI0T YCIOBUS A BO3HUKHOBEHUS
YCTOHYMBOTIO HEPEOXITAXKIEHHOTO COCTOSHMS BOJBI B Ta30rMIPATHBIX CHUCTEMax, IMOJyYeHHBIX W3 “‘CyxXoi
BOJBI”.

OpHaKO HCIOJIB30BAHKE “‘CyXOH BOJBI” B MCCIEIOBAHMIX METacTaOMIIBHBIX COCTOSHUM Ta30THIPAaTHBIX
cucreM npu Temmeparypax <273K ocioxHseTcss TeM, YTO NMPOMCXOANUT YaCTHYHOE Pas3pylIECHHE ANCIIEPCHH
“cyxoit BOIBI” IPH 3aMep3aHIH/OTTanBaHIH, 00Pa30BaHHUIO/ TUCCOIMAIINHN Ta30BBIX THIPATOB [5,6].

CraOWIbHOCTh JUCHEPCHBIX CHCTEM B CHJIBHOM CTENEHM 3aBHCHUT OT HX cocraBa. OnHako He
MPOBOIMIIOCH HMICCIICIOBAHNIN BIHMSHHUA COAEp)KaHUS cTabmim3aropa B “‘Cyxod Boie” Ha €€ yCTOWYHBOCTH K
3aMEP3aHMIO /OTTAUBAHUIO BOJBI, 00pa30BaHUIO/ IMCCOIMAIINN Ta30BBIX THAPATOB.

Hammn wu3ydeHo BiIMSHHE COAEp)KaHHUS adpocwia B “Cyxoil Bojme” Ha €€ ycToWuumBOCTh. Jlis
XapaKTEPUCTUKU CTENECHU Pa3pyLICHUs JUCIIEPCUH IOCJE MPOBEICHHUS LIMKIOB 3aMep3aHuUs/OTTauBaHusl BOIbI,
00pa3oBaHusl/IUCCOLMAl Ta30BbIX THIPATOB ONpenessulach O JKHIKOW BOJBI, BBIICIHMBLICHCS IpH
paspyiieHnn aucnepcuu. L{Mkiel 3amep3aHus/oTTanBaHusl BOJbI, 00pa30BaHMs/IUCCOLMANN Ta30BBIX THAPATOB
NPOBOJIMJINCh B CTEKISIHHOM PpEakTope OO0BEMOM HECKOJBbKO KYOMYECKMX CAaHTHMETPOB. OTO MO3BOJISUIO
BU3YaJIbHO KOHTPOJIMPOBATh COCTOSHUE CHCTEMBI B IPOILlECCe MPOBEACHUS JKCHEpUMETOB. B kauecTtBe rasa
THIpaToOpa3oBaTes UCIOIb30BaH MPOIaH.

B pesynbrare npoBeAEHHBIX UCCIEA0BAHUN YCTAHOBIEHO UYTO, YCTOMYMBOCTD “CyXOW BOABI” BO3PACTAET C
pocTtoM coxepxanust crabunmuzaropa. 10 mac.% crabmimsaropa oOecreunBarOT YCTOMYMBOCTD “CyXOH BOABI” K
mporieccaM 3aMep3aHds /OTTaWBaHUS BOJBI, 00pa30BaHUS/AMCCONMAIIMH Ta30BBIX THUIPATOB. DTO MO3BOJSAET
UCTIONB30BaTh Ta30THpPAaTHBIE AUCIIEPCHH, TIONydeHHBIE U3 “‘CyX0H BOABI”, C colepkaHueM aspocuna 10 mac.%
u Oomee, ANsT M3Y4YCHUs] METACTAOMIBHBIX COCTOSIHMM, BO3HUKAIONIMX B Ta30THAPAaTHBIX CHCTEMax IpH
OTPHIIATENIBHBIX TEMIIepaTypax.

Pabora BeinonHeHa npu yactuuHo (uHaHcoBo# nporpammbl ®HU roc. akagemuit Hayk Ha 2013-2020r.
(npuopurerHoe Hampasiaenue VIII.77), mexaucrummunapHoro mnpoekta CO PAH Ne 144, Hayuno-
UccIe0BaTeNnbcKol mporpaMmbl TromeHnckol obiactu Ha 20131, CoBera mo rpantam npesujeHta P@ rpant
HIII 558220125.
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BJIMSTHUE UHTUBUTOPOB HA MHAYKIMOHHBIN ITEPUO]]
I'MIPATOOBPA30OBAHUA

MaapIryioB MLIILY 2, 3a301103c1mi711 A.T., Hecrepos AHY 2,
Hlunanos B.H.z, Pemernukos A.M. "

YUnemumym Kpuocgepor 3emnu CO PAH, 2. Tiomens
Tiomencruii 2ocyoapcmeennbiii Hepmeeasoswiti ynusepcumem, 2. Tromens, marat747 @mail.com

OpnHoli u3 mpobiieM, ¢ KOTOPOH CTajKuBaeTcs HedTera3oBas oTpacib B pailoHaX BEYHOW MEP3JIOTHI 3TO
o0pa3oBaHKe ra3oBbIX I'HaparoB. Ha cerogusimHuii neHs U1 npeAoTBpalieHus ruaparoodpazosanus B Poccun
IIMPOKO HWCIOJIB3YIOT METaHOoJI. MeTaHoll OTHOCHTCS K KiacCy TEPMOJMHAMHYECKHX WHTHOMTOPOB
THIpaTo00pa30BaHMs, CMEIIAIONINX JIMHAIO TPeX(a3HOTo paBHOBECHS I'a3-BOJa-TUAPAT B 001acTh Oojee HU3KUX
Temrrepatyp. OCHOBHBIMHM HEIOCTATKaMU METaHOJIA SBIIsieTCs ero Oonbiioit pacxox (20-50%) u smoBurocTs [1].
INounck ampTepHaTHBBI MeTaHONa B 90-X rofax MpHBEN K OTKPHITHIO HOBOTO KJIAcCa BEIIECTB - KMHETHYECKUX
MHTUONTOPOB THAPAToOOpa3oBaHMsA. OTO B OCHOBE CBOCH BOJOPACTBOPUMBIE MONHUMEPHI, IKOJIOTUYECKH
0e3BpemHbIe ¢ OTHOCHTENBbHO HU3KHM pacxonoM (0,25-1%). Kunernueckne WHIHOUTOPHI THAPATOOOpa30BaHUS
10 CPAaBHEHHIO C TEPMOJANHAMUYECKHMMH MHTUOUTOPAMH MMEIOT PsiJi OTPaHHYCHHUI MO TEMIepaType U BpEeMEHH
uHTHOMpoBaHus [2,3]. OTu orpaHHYEHHUs CACPKUBAIOT MX HCIIOIB30BaHME B pailoHax BeuyHOW Mep3ioTsl. Ha
CETOHSIIHUI JeHb aKTHBHO BEIETCS MOUCK M Pa3pa0dOTKa HOBBIX DKOJIOTHYECKH OE30MACHBIX KHHETHYECKUX
WHTUONUTOPOB I'MPATOOOPa30BaHMSI.

Jnst uccnenoBanust BIMSHUSL MHTHOMTOPOB Ha MIpoLEcC MApaTooOpa3oBaHHs HaMH ObLI pa3paboTaH u
CO3J]aH PpEaKTOp BBICOKOTO MABJIEHUS C IEPEeMEIIMBAIONIMM YCTPOHCTBOM, MOJEIHPYIOIIUM JWHAMUKY
JBIDKCHUSI TTOTOKa B TEXHOJOTMYECKMX JMHUSAX. [IpOBEEHHBIC THJIPOMCHBITAHUS IOKa3ald BO3MOXHOCTh
ucrnoisb3oBanus peakropa 10 20 MIla u 233K.

Anpobanusi [aHHOTO pPEaKTopa II0 ONPEACICHHI0 WHIYKIHMOHHOTO IEpHOAa THAPaTooOpa3oBaHUs
MIPOM3BOANIIACH HA OCHOBE AMCTHILUTMPOBAHHON BOABL. Temmneparypa oOpasma B 9KCIIEpUMEHTaX COCTaBisuIa 274
K u nasmenme 390+10 klIla. B kagectBe ruapaTooOpa3yIOMIEro ra3a HCIOIB30BAIN TEXHHYECKHHA IMPONaH
(cocras B macc. %: C1-0.0165, C2-1.2350, C3-96.5817, iC4-2,1196, nC4-0.0471

B xome npoBeaeHHs OKCIEPUMEHTOB YCTAHOBIEHO, YTO WHAYKIMOHHBI TEpHON  Hayaia
THPAaTO00pa30BaHMs CYIIECTBEHHO 3aBHCUT OT CKOPOCTH IEPEMEIIMBAHUS MCXOIHBIX KOMIIOHEHTOB. Tak npu
1080 006/MUH MHAYKIIMOHHBIA NEPHOJ Hadasa ruaparoodpasoBanus coctapisieT 90 MUH, a IIpyU MEHBIIEM YuCIie
000pOTOB He 3aUKCHPOBAHO 0Opa30BaHKE THIPATOB B TEUCHHE 3-X CYTOK.

st ycTaHOBIJIGHHST BIIMSIHUSL KUHETHYECKNX MHIMOMTOPOB HA IEPHOJ] Havasa THIpaToo0pa3oBaHus ObLI
ucnosszoBad 0,1% pactBop nonuBuHMIIMpponuaona (PVP). DkcnepumenTs! npoBoauiucs npu 1080 06/mMuH B
XO07Ie KOTOPBIX TTOITBEP)KACHO YBEINYEHHS MHIYKIIMOHHOTO MepHo/ia Havyaina THApaToo0pa3oBanust 10 512 MuH.

[IpoBeneHHBIE MCCIENOBAHMS TTOKa3all XOPOLIYI0 BOCHPOM3BOJMMOCTE IOJYYaeMbIX pe3ynbTaTtoB. Ilo
pe3ynbTaTaM SKCIIEPHMEHTOB TOATBEpXkKIAeHO BiusHHe PVP Ha yBenmnueHWe WHAYKIMOHHOTO MEpHOAA
ruapaToobpa3oBanud. [ladpHEHNINe MCcCIeaoBaHus MPEATIONAraoT ONpEIeICHUE BIMSHNS HAa WHAYKIMOHHBIN
MIEpUOJ Hadala ruApaToo0pa3oBaHNs KHHETHUECKUX HHTMONTOPOB CHHTE3UPOBAHHBIX HA OCHOBE MOIU3()UPOB.

PabGoTa BBIMONMHEHA NPH YaCTHYHON (QuHAHCOBOM mommepikke mporpammbl @HUW rocymapcTBEHHBIX
akagemuit Hayk Ha 2013-2017 roxsr (mpuoputetHoe Hampasnenue VIII.77.2.), MeXIUCIUIITMHAPHOTO MPOEKTa
Ne 144 CO PAH u Cosera 1o rpantam [Ipesunenta Poccuiickoit ®enepanuu (rpant HIII-5582.2012.5).

1.prHBaJ'II>Z[ A.B. Hcnonp3oBanne MeTaHOJIa B Ta30BOH IMPOMBINUICHHOCTH B KadCCTBEC I/IHI‘I/I6I/ITOpa
ruapaTooOpa3oBaTess W NPOrHo3 ero mnorpebnenHus B nepuox ao 2030 r./ Hedrerazosoe nemo, 2007.
http://www.ogbus.ru

2. Sloan E.D., Koh C.A. Clathrate Hydrates of Natural Gases, third ed. Boca Raton: CRS Press, Taylor &
Francis Group, 2007. 721p.

3. Andrea Perrin, Osama M. Musa, Jonathan W. Steed. The chemistry of low dosage clathrate hydrate inhibitors
/l Chem. Soc. Rev., 2013, 42, 1996—2015

128


mailto:marat747@mail.com
http://www.ogbus.ru/

Session 5: Permafrost dating and paleoreconstructions

PAJIMOYTJIEPOTHASI JATUPOBKA TOP®SIHUKOB U BYT'POB ITYUEHUS
BACCEWHA PEKH HAJIBIM

' Basixapuyk T.A., 2 IMonomapena O.E., 2 Bbepanuxos H.M., 2 I'paBuc A.T.

Y Unemumym Monumopunea Knumamuueckux u Ixonoeuueckux Cucmem CO PAH (HMKIC CO PAH), Tomck
634055, np. Axademuueckuii 10/3; 0-ponomareva@yandex.ru
2 Hucmumym kpuocgepol 3emnu CO PAH. 119991, Mockea, yn Basunosa 30/6 k 67

Topdsuuku u Oyrpsl mydeHus, 3anumaroinue 6osee 80% ruromanu B 6acceiine peku HambiM, 0XBadeHbI
COBpPEMEHHBIM ITy4eHHUEM M TEIUIOBOH ocankoi. B cBs3M ¢ 3TUM TOpGSHMKHM KM Oyrpbl ITydeHUS SBISIOTCS
o0bekToM Hammx uccnenoBanuii ¢ 1970 r. VccnenoBaHusi MO3BOJIMIM YCTAHOBUTH COBPEMEHHYIO JAMHAMUKY
9THX TpoueccoB. J{JIsi BOCCTaHOBIEHHS MOJTHOM XPOHOJIOTHH Pa3BUTHSI IPOLIECCOB ITyYEHUS M TEIUIOBOM OCaIKu
OBUTO TIPOBEZECHO PAAMOYIVIEPOTHOE JIATHpOBaHWE Topda W JPEBECHHBI, W NPOAHAIM3MPOBAH MaTephall W3
JUTEPATYpHBIX HCTOYHHMKOB. I3 OOHakeHHMs ¥ KepHa CKBOXUHBI OBbUIM OTOOpaHBl 0Opasmbl Ha
MaJTMHOJIOTMYECKUI aHaIM3, BHITOJHEHHBIA U IpoaHain3upoBaHHblil T.A. biasixapuyk.

PapnoyrineponHple DaTHPOBKM IIOKa3alH, YTO TOp( M ApeBECHHA OMPOOOBAHHBIX OYrpOB My4EHHS
Mmogoxe 9800 rnet, u, cieoBaTeNbHO, TH 00Pa30BaHUS ABISIFOTCS TOJOIEHOBBIMH, UTO COTIACYETCS C BEIBOIOM
I0.K. Bacunpuyka (2012 r.). Kpome Toro, 6bU10 yCTaHOBJIEHO, YTO BEPXHSS 4YacTh pa3pe3a OyrpoB mydeHHs
yacto cinokena Tophom crapire 3 000 net. [To3muee 3TOro pybesxa, mo-BUAUMOMY, MPOU30IIIa IPHOCTAHOBKA
TOp(QOHAKOIJICHNS Ha BEpLUIMHAX OYrpoB IMYyYeHHs, KOTOpble OKAa3aJIMCh OTHOCHTEIBHO XOPOLIO
JpEeHUPOBaHHBIMU. B HacTosiiee Bpemsi Ha BEpIIMHAX MHOTMX OYrpoB Iy4YeHHUS IMPOMCXOAUT pa3pylleHHe
PacTUTENILHOTO TIOKPOBa, MPOSIBIIONIEECs B 00pa3oBaHMM OTPaHMYECHHBIX IO IJIOIMIAAM IISITEH, HA KOTOPBIX
TOpQ JHIIEH PAaCTUTEIBHOIO MOKpOBa. MBI mIpennonaraeM, 4YTo BPEMEHHOE BOCCTAHOBJICHHUE PAaCTUTEIBHOIO
MOKPOBa Ha IISITHAX MOXET IPOMCXOAWUTH BO BIIQKHBIE TOJBI, MOITOMY Ha HECKOJIBKMX IISITHaX HaMHu
OpraHu30BaHa HAaOJIOAATEIbHAS CETh.

Bospact Topda, crmaratomero Oyrop B moiime mpuroka peku Hameim, (ot 3450 mo 6945 ThIC neT)
COOTBETCTBYET YKa3aHHBIM BBIIIE BPEMEHHBIM HHTEpBaJaM , HO BCE )K€ B IIEJIOM HECKOJIBKO MOJIOXKE, YeM
BO3pacT Topha Oyrpos myuenus Ha |1l ozepHO-amuTIOBHATBHON paBHUHE.

Topd, cnararomuii WIOCKOOYTPHCTEIE TOPPSHUKHN TaKKe ToJoneHoBEIH, He crapmie 9 000 mer. OgHako
BEPXHSSA 9acTh pa3pes3a TOpGSIHUKOB OoJiee MOIo1asl, 4eM Ha Oyrpax ImydeHHus. DTO CBHICTEIBCTBYET O TOM, UTO
OTMEUYEHHAs paHee NpuocTaHoBKa TopdonakomieHus (B mocieanue 3000 jer) Ha Oyrpax mydeHus He ObLia
00ycioBiIeHa II00aIbHBIME KIMMAaTHYeCKUMH H3MEHEHHMSMH, a CKOpee SBISNIACh CJIEJICTBHEM IIPOLIECCOB,
HOCSILLIUX MECTHBIN Xapakrep.

JleTayibHBII ManeonaMHOIOTHYECKUH aHannu3 BEpXHEH 2-X METPOBOH TOJNIIM OYyrpucToro TOpQsiHUKA
Bo3pactoM 4560-+-120 ner BbisiBMII 7 (a3 B pa3BUTHU PACTHTEIHHOTO ITOKPOBA OTIMYAIOLIMXCS APYT OT Apyra
JIOMHHHPOBaHUEM JINOO JpeBOBUAHON Oepé3bl, 1100 enu, b0 coceH (JIecHOH U KeapoBoii). Miamenenune oouims
JIOKJIBHBIX KOMITOHEHTOB IBUIBIIEBOTO CIIEKTPa (TTBIUIBIEI OCOKH U SPUKOUIHBIX KyCTAPHUYKOB, a TAK K€, CIIOp
carayma) moxas3ayio, 4To mpoMep3aHue TOPQIHOHN TOJIIN MPOM30ILIO HA pyOeke Harmiei 3pel okono 2000 ier
Has3al, KOTJa KJIMMAaT cTajl Ooiee CyXMM M XOJOAHBIM IIOCE IEpHOJa YBIAKHEHHS BO BTOPOH IOJOBHHE
TPEThETO THICSUENETHs Hazaa. [lamuHONOrHMUeckne MapKepsl (MAKCHMYMBI CIOp C()arHymMa M TBUIBIBI KeApa)
YKa3bIBAIOT Ha 00JIee KpaTKie SIMU30/IbI TpOMep3aHust TOPQSHOHN TONIIH, UMEBIINE MECTO, Takxke, okoio 3000 u
4000 m.H.

HWccremoBanust BBIMOMHEHB! pu moaepkke npoekta CALM (NSF OPP-9732051, 0PP-0225603); TSP
(NSF ARC-0632400, ARC-0520578), npu momuepxke rpanrta IIpesunenrta Poccuiickoii demeparnuu (rpaHt
HIII -5582.2012.5) u rpanta POOU ( rpant 13-05-00811).

KPUOTI'EHHASA TOJIINA 'A3OHOCHBIX CTPYKTYP SAMAJIA

Bbany 10.Bb.

T'eoepaghuueckuii paxynomem MI'Y umenu M.B.Jlomonocosa,
Kagedpa kpuorumono2uu u enayuonozuul 19991, I'CII-1, Mockea, Jlenzopuol, 1. MI'Y. yubadu@mail.ru

I'a3zoHocHEIE CTPYKTYPHBI B KpI/IOJ'II/ITOC(bepC 3aHUMAOT 3aMCETHYIO YacCcTb paspeia KaHO30HCKUX
oTinoxkeHn. Ilo OCHOBHBIM XAPAKTCPUCTUKAM KpHOFeHHOﬁ TOJIIIH, paCHOJ’IO)KCHHOﬁ HaJg MOPOAYKTUBHBIM
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TOPH30HTOM CTPYKTYPHI (TpafveHThl TeMIleparyp, HojoxeHrne n3oTepmbl 0°C, MOIIHOCTH MEpP3JION HYacTH
TOJIIM W Jp.), COCTaBJIEHO IPEICTaBIEHHE O Bcel KpuonmTo3oHe 3amamgHoi Cubupu. Ilpm cpenmHe- u
MeJKOMAacCIITaOHOM KapTorpapupOBaHUN ITH XapaKTEPUCTHKH UCIIOIB3YIOTCS I MHTEPIPETANU KPHOTSHHBIX
pa3pe30B W MHTEPIIONAIUN Ha y4acTKaX BHE PACIIOJIOKEHUS T'a30HOCHBIX CTPYKTYp. ['a30HOCHas cTpykTypa -
HEOTEKTOHHYECKOe O0pazoBaHME, T€OJIOTHYCCKHN pa3pe3 KOTOPOTO COCTOMT M3 TOPHU30HTA PHIXIBIX ITOPOJ
IUICHCTOIIEHA W TANeOTeHa, MEPeKPHIBAIONICTO TOJILY YIUIOTHEHHBIX MOPOJ MO3THET0 Mena (TOKPBIIKY Hajl
MPOAYKTUBHONH Ta30HOCHOW 3alle)KbI0 paHHEro Meja). B TedeHnme mIieiicTonieHa Ha KPOBJIE Pa3MBITHIX
MIO3JHEKAHHO30MCKUX OTJIOKEHUN HAKOIMIMCh OCAJKU PAHHET0 M CPENHEro IUICHCTOLIEHA, a OTJIOKEHHUS
MO3/THETUICHCTOLICHOBBIX ~ CBUT CTald  penbeooOpa3ylomuMl Uil TOBEPXHOCTEH MHOTHX —CTPYKTYP.
I'eomopdonornyeckoe yCTpOMCTBO MOBEPXHOCTH TA30HOCHBIX CTPYKTYP HEOAMHAKOBO (IPH HETITyOOKOM, 10
500-800M, 3ayileraHuu ra30HOCHOTO Kymojia). B mosoroit yactu moaBOAHOTO OeperoBoro CkjoHa menbda (¢
riryouHON Mopst okosio 100-120 M) pacnonoxens! PycanoBckas u JIeHUHTpaJicKkast CTpYKTYpBHI.

OcaznkoHakoIuieHHe U penbedoobpa3oBaHre B CYpOBOH KIMMAaTH4eCKOHW OOCTaHOBKE CONPOBOXKAAINCH
AKTHBHBIM CHHXPOHHBIM IIPOMEP3aHUEM IT03/IHETICHCTOLIEHOBBIX OTIOKEHUH M STIMXPOHHBIM - 0oJiee APEBHUX
IpyHTOBBIX Toxml. [IpoMep3aHneM KOHCEpBHPOBAJIACH Ta TPYHTOBAs Biara, KOTOPOH NMPOMHUTHIBAINCH MOPCKHE
OTJIOXKCHHUS U B CHHKPHOTEHHOH, M B 3MMKPUOTCHHON YacTsAX Mep3ioil Tonmw. Bes uctopust ocaTkoHaKOIIICHUS
B ITO3HEM HEOIUICHCTOIICHE ObLTa HETIOCPEICTBEHHO CBA3aHA C CHHXPOHHBIM U IIUXPOHHBIM JIbIOBBIICIICHIEM:
[IEMEHTAIIHOHHBIM, CErPEeTAIIOHHBIM, ITOMTOHAIFHO-KIIIBHBIM, TIACTOBBIM, Ta30THAPATHBIM.

BepxHior0 wacTe pa3pe3a CTIPYKTYphl 3aHUMAaeT KpHOTeHHass Toimia. lloJ0KWTeNnbHBIA TpagueHT
TEeMIepaTypbl OT IOJOIIBH KPHOTEHHOW TONIM 10 NPOAYKTUBHOTO TOPHU30HTA MOATBEPKIACT TEILIOBOE
BO3JICHCTBHE Kymoja CHU3Y BBEpX, Kak dTo wu3BecTHO u3 psga pador [.6.Octporo, B.B.baymuna,
B.T.banobaeBa. MoIHOCTh KPHOTEHHOW TONIIM HEOAMHAKOBA M HEOJHOPOJHA B T'a30HOCHBIX CTPYKTypax C
pPa3IMYHBIM TeOMOP(OIOTHUSCKUM YCTPOHCTBOM IOBEPXHOCTH, T'COJOIMYCCKHM CTPOCHHUEM HAJKYIIOIBHOM
YacTH pa3pesa NopoJ U NIyOHHOI 3aj1eranusi ra30HOCHOTO KyIoJia, TITyOMHOHN 3aJleraHtsl OTJIOKEHUH pa3iuaHON
3aCOJIEHHOCTH.

Oco0eHHOCTH KPUOTEHHOHN TOJIIIM T'a30HOCHBIX CTPYKTYp IOKa3aHbl B CEPUU I'€OJIOTMYECKUX Pa3pe3oB,
CONPOBOXKAAIOIINXCS CTpaTUrpaduieckoil pabodeii cxemMol, B CEpUM T'€OKPHOJOTHYECKHX pPa3pe3oB M KapT
MOIIHOCTH. BonpmuHCTBO MX omyOimkoBaHel B Tomax | m 2 m3manus «Kpuocdepa HedTerazokoHIEeHCATHBIX
MECTOPOXKICHHUI TOITyoCTpoBa SImamny.

HCIOJIb30BAHUE KOD®PUIIUEHTA KPHOTEHHO KOHTPACTHOCTH
JIJII BOCCTAHOBJIEHU S MAJIEOMEP3JIOTHBIX YCJIOBU HA TIPUMEPE
MO3IHEIUIEHCTOIEHOBBIX U I'OJIOIIEHOBBIX OTJIOJKEHU
CEBEPO-BOCTOKA AKYTHUMU.

Imenes A.I.

Teoepaghuueckuii paxyromem Mockoeckozo 2ocydapcmeenno2o ynusepcumema umenu M.B. Jlomonocosa,
Hncmumym usuxo-xumuueckux u 6uonocuveckux npodiem novgogedenuss PAH, ITywuno

BeimosiHeHa paboTa 1m0 UW3y4EHUIO COCTaBa, CBOMCTB M CTPOCHHUS IO3HEIUICHCTOLIEHOBBIX U
roJIoIeHOBBIX oTioxeHuit CeBepo-Boctoka fkyrun. beumm uccnenoBansl orioxenus Jlemosoro Kommiekca
no3Hero mericronena (JIK) m moxpoBHBIN cioit — BeIkoBCKMi moiyocTpoB, paiioH moc. Yepckuil (mpaBblit
6eper Kosbimbl), anacuble otnoxenust u JIK — mpic Uykounii. Bosbiryro pons B Ipoliecce 0caJKOHAKOIJICHUS
UrpaeT KpHOTEHHOE BBIBETPHBAHHME, KOTOPOE IOJHOCTHIO ONpPENENHIO OONMK 3THUX Toiml. beul paccunraH
K03(QUIMEHT KPHOTEHHOW KOHTPACTHOCTH ISl BOCCTAHOBJICHHSI MEP3JIOTHBIX YCIIOBUII HA MOMEHT HAKOIUICHUS
TOJIIM. Y CTaHOBJIEHO, YTO HAMMEHEE CYpOBBIE MEpP3JIOTHBIE YCIIOBHS B IO3/IHEM IUICHCTOIIEHE ObUIM B paiioHe
moc. Yepckuif, Ha BBHIKOBCKOM MONyocTpoBe W Ha MbBICY UyKOUWil yciIoBUS OBLIIH CXOXH. [Tokazano
YBEIMYEHHE POJM KPHOTCHHOTO BBIBETPMBAaHMSA B mporecce HakoruieHus Ttommu JIK, Hambomnee cypoBbie
MEp3JTI0THBIE YCIOBHS OBUIM Ha TPAaHMIE ITO3AHETO IUIEHCTOLEHA U TrololeHa (3aBepumeHne HakomiaeHus JIK u
(dhopmupoBanre TOKpoBHOTO cnosi). PopmupoBanne AmnacHoro Kommiiekca (03epHO-OO0JOTHOW TAYKH |
TabepalbHBIX OTJIOXKEHUH) MPOUCXOMMIO IpH Oonee MITKUX MEP3JTOTHBIX YCIOBHSAX, INPOTaWBaHHE H
JUINTEJIFHOE HAaXO0XJIEHHE B TaJOM COCTOSHHU OTOOpakeHO B Ooiee HM3KHX 3HAYEHHAX (YacTo MeHbIne 1)
k03¢ duLKeHTa KPUOT€HHOI KOHTPACTHOCTH, YeM JJIsi coceiHuX ocTaHioB JIK.
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OCOBEHHOCTHA MUKPOBHOMOP®HBIX CIIEKTPOB IIOI' PEFEHHBIX ITOYB
KOJBIMCKOM HU3BMEHHOCTH.

3anuna O.I'.* Jlonatuna . A.**

*Uncmumym usuxo-xumudeckux u buonoeuveckux npooiem novgogeoenusi PAH, 2. Ilywuno

**Uncmumym eeonoeuu PAH, . Mockea

HccnenoBanus nposoauirchk B Hu3oBbax KonbeiMel, B paifoHe pacmpocTpaHEHUsS! OTIOXKEHUH JIeI0BOTO
komIutekca. OJHUM M3 BeOyHIMX NPOLECCOB (OPMUPOBAHUS ATUX TOJI B TO3IHEM IUICHCTOLEHE SBIISUICS
nenorene3. B ornoxkenusx cragun MUC 3, yctaHOBIIEHO MPHCYTCTBUE NMPOQMIICH YETHIPEX Pa3HOBO3PACTHBIX
NOrpeOeHHBIX M0YB, KOTOPHIE SIBUIIUCH 0OBEKTOM HCCIIEIOBAHHUS.

Byny4un oTKpbITOI MH(MOPMAIIMOHHON CHCTEMOH, IT0YBA IMOCTOSHHO TOJIyYaeT ¥ COXpaHsIeT HH(HOPMAIHIO
0 ¢akropax cBoero (GOpMHUPOBAHUS Ha MPOTSHKCHWH 3HAYUTENBHBIX OTPE3KOB BPEMEHH, B TOM UHCIIC B BHJE
KOMILIEKCOB MUKPOOHOMOP(.

Mukpobuomopdpsl B mouBax pazHOOOpa3HbL. BcerpedaroTcs mbuIbIla W CIIOPHI, JETPHUT, (PUTOIHTHI,
CIHKYIIBI TYOOK, TAaHIIMPH ANATOMOBBIX BOJOPOCIIEH, pAKOBHHBI aMED.

[Ipoananm3upoBaHbl 0COOEHHOCTH MUKPOOHOMOP(MHBIX KOMIUIEKCOB OTpeOEHHBIX MoUB. B Mamepare u3
MaJcoNo4YB OTMEUCHO IIOBBIIIEHHOE COJCP)KaHWE JAETPUTA, OCTATKOB OIHIECPMUCA TpPaB, BCTPEUAIOTCS
TUTHA(UIMPOBAHHBIE TKAaHW KycTapHMYKOB. OHHM Tak K€ XapaKTepH3YIOTCS BBICOKHM COJEep)KaHHEM
¢utonuToB, pasHooOpazueM ux Mopdorunos. BerpedeHsl GUTONNTHI pa3HOOOPA3HBIX 3JIAKOB CPEId KOTOPBIX
BhIJIEIISIETCs Tpynna oBcsHUL. OOHapyKeHbl (PUTONUTHI OCOK, XBOIIEH, HEKOTOPBHIX NBYAOJBHBIX TpaB. Pexe
BCTPEYAIOTCS XBOMHBIE, AIIEMEHTEHI HHU3KOPOCIIOH OCTENMHEHHOH KcepoduTHOH (Jopa, ONMyHIEHHON
ruapoduibHOl (uopsl. B MaTepuane BepXHUX TOPH30HTOB YaCTO BCTPEYAIOTCS OCTATKU PAaKOBUHHBIX aMmEo,
OOBIYHO OOMTAIOIINE B PACTUTEIBHBIX OACTHIIKAaX, TOPPSHUCTHIX TOPU30HTAX MTOYB U TOpdax.

B npodunnsax morpeOGEHHBIX MOYB coepKaHNE MBUTBLBI M CIIOP OLIEHUBACTCS KaK CPEeJHEE M BEICOKOE, UTO
JOCTaTOYHO JUII  PEKOHCTPYKIMH NPUPONHON  cpensl. YCTaHOBIEHO 3HAYMTENIBHOE IIPHCYTCTBHE
JIaTTbHE3aHOCHOM TBUTHIEI (IPEMMYIIECTBEHHO EPEBhEB W KyCTapHHUKOB). JlaHHas rpymma MbUIbIE HE MOXKET
CIy)XUTh WHIUKaTOPOM MECTHBIX (PHTOILIEHO30B, HO MOXET C YCIIEXOM HCIIOJIb30BATHCS UISI COMOCTABICHHS
CIIOPOBO-IIBIIBLIEBBIX IMArpaMM OJHOBO3PACTHBIX MAJCONOYB DPErHOHA, HAXOIIUXCS Ha 3HAYUTEIHLHOM
paccTostHAM ApYT OT Apyra. JIokaabHbIE KOMIIOHEHTHI MAIWHOCIEKTPa (TbUIbIIa HEKOTOPBIX BHJOB, HAIIPUMEP
Valeriana capitata L.) ¢ukcupyroT MecTHBIE OCOOEHHOCTH (DUTOIEHO30B. DTa IPyIa MbUIBIEI 3aHHMAET
NnoJuMHEeHHOe nosoxeHue B crekrpax (10-20%), mockonbky B HEOJArompUsSTHBIX YCIOBHSIX 4YacTh PacTeHUil
MEPeXOAUT Ha BETETaTUBHOE Pa3sMHOKEHHE WM Ha 3aKphITOC IBETEHHE, YTO HCKaXaeT MpPeACTaBICHHUS O
pacTUTENILHOM IOKPOBE, IOJIy4eHHbIE Ha OCHOBAaHWH IAJMHOJOTMYECKOro aHaiau3a. [Tbuiblia aHeMOQHIBHBIX
TpaB BCTpPEYAETCS B CIEKTPaxX ITOCTOSHHO, SHTOMO(MWIBHBIX — TOpa3[ o pexe. DTH pasinuusi 00YyCIOBIICHBI
MEXaHW3MaMH{ OIIBUICHUSI.

MukpoOroMophHBIe HCCIeIOBaHHS MAIICONOYB JIOMOIHIIOT UMEIOIUECs] NaTMHOIOTHYECKUE JTaHHBIE U
MIO3BOJISIIOT JIETATM3MPOBATh MPEACTABICHHUS O PACTUTEIFHOM ITOKPOBE JIOKATBHBIX MECT X (DOPMHUPOBAHUSI.

B menoM wu3ydeHHBIE CHEKTPHl KOMIUIEKCOB mNaneo(ocCmiimii M3 MO3THEIUICHCTONECHOBBIX MOYB
MOKa3bIBAlOT, YTO OHH (DOPMHPOBAINCH B OTKPBITBIX  JaHAMA(PTaX C JOMHHHUPOBAHHEM TPABSHUCTHIX
TPYIIHPOBOK CO 3HAYNUTEIBHBIM Y9aCTHEM B HUX 3J1aKOB, KPECTOI[BETHBIX, OCOKOBBIX, 'BO3IMYHBIX, MOJIBIHEH,
HEBBICOKHX KYCTAPHHUYKOB U Pa3BUTHIM MOXOBBIM IOKPOBOM.

CJIEJBI CIUIOITHOM MHOTI'OJIETHEA MEP3JIOTHI KOHIIA IVIEHCTOIEHA
HA IOT'O-3ATIAJIE 3AITATHO-CUBUPCKOW HU3MEHHOCTH

Japun’ C.1., Jlayxun C.A.%, I'ycenpunkos B.JL

YTomencruii 2ocyoapemeennwiii yruusepcumem. Poccus, Tiomens, yi.Cumarosa, 0.10
2Huemumym kpuocgpeput 3emau CO PAH, Poccus, Tiomens, yi.Manvieuna, 0.86

UzBectHO (AyOexepos, 1990; I'opbyHoB u mp., 1998 u ap.), 9TO BO BpeMs MOCIEAHETO (CapTaHCKOTO)
OJIeICHEHMSI MHOTOJIETHSSI MEp3JI0Ta PacIpoCTpaHsuIach OT ceBepHoro menbda 3amagHoit Cubupu 1o Top Ha
tore Kazaxcrana. JIump B monoce ~500-470c.m1. mpenmonaraercs e€ MpephIBUCTHIA M, BO3MOXKHO, OCTPOBHOMN
xapakrep (Bemmuxko m np., 2009). Ha ocrampHOi Tep-purtopun oHa Obuia crutomHoi. Criensl penbeda
KPHOT€HHOTO TPOUCXOXKJEHHUs Ha foro-3amane 3amaaHoil Cubupm ormedanu WM.U.Kpacuos, C.II1.Kauypus,
M.H.boiinios, M.E.TI'oponeukas, B.JI. TapHorpaackuii u MH. np. ['opa3mo pexe myOIMKOBAIUCH TICEBIOMOP(HO3BI
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TI0 JICIOBBIM MJIM JIEIOBO-TPYHTOBBIM JKMJIaM IJIsl 3ToH Teppuropun. Ilpu Tom, k fory ot 580c.11. ONMCHIBaNINCH
0OBIYHO €IMHUYHBIE, peke — MapHble ceBroMopho3sl (Ayobekepos, YenbixbsH, 1974, Aybekepos, 1992 u np.).
Bonpmue TpyAHOCTH BO3HUKAIOT NpPU ONPEAEIECHUU BPEMEHH Pa3BUTUS MHOTOJIETHEW MEpP3JIOTHI, CIEJbI
KOTOpOW OTpakeHbl B penbede. bonee-mMeHee omnpenesi€éHHO K CapTaHCKOMY BpPEMEHH MOXHO OTHECTH
nceBqoMop(o3sl MO JEASHBIM W JIEIOBO-TPYHTOBBIM JKHJIAaM, 3aJIeTalOllMM B BEPXHEH 4YacTH IIEPBBIX
HAATONMEHHBIX Teppac. PeInKTOBEI MEp3MOTHBIN peibed Ha «TeppacoBBIX paBHHHAX» IOT0-3amana 3amagHo-
Cubnpckoil HUI3SMEHHOCTH U JIa)Ke TTOJIMTOHBI Ha JHUINAX PEJIMKTOBBIX AJACHBIX KOTJIOBHH K 3amangy oT OMcka
(Tapuorpan-ckuii, 1966), ckopee Bcero, IpeBHee capTaHCKoro BpeMmeHH. CIempl MOJMTOHATLHOTO penbeda,
HaOmoaeMple Ha KOCMHUYECKHMX CHHMKaxX, M MeHee UYETKO BBIACNSACMble Ha IIOBEPXHOCTH IEPBBIX
HaAMOMMEHHBIX Teppac M Hu3kux (Hmwke «ll-ii TeppacoBoil paBHHHBEI») BOJOpa3feiax YCIOBHO MOXKHO
COIIOCTAaBUTH C KOHIIOM ITO3/HET0 IJIeiicToeHa.

B xone moneBsix paboT Ha toro-3amnaje 3amagHo-CHOUPCKO paBHUHBI BO MHOTHX MECTaX HaOIIOIaIiCh
CJIe/Ibl TTOJIMTOHANIBHOTO penbeda Ha HU3KUX YpoBHAX. [lo myOnukausM, remud-prupoBaHuio KOCMOCHHUMKOB U
TI0JIEBBIM HAOJIOJICHUSAM Ha TEPPUTOPHHU ¢ KoopauHatamu 57012°-53055c.au. u 62056°-73020°B.11 BBIAEIAIOTCS
MHOTOYHCIICHHBIC y4acTKH MIPOSIBIICHUS KpPYMHOIO-TUTOHAIBHOTO, JMHENHO-TIOJIUTOHAIBHOTO,
MEJIKOTIOJIMTOHANIBHOTO  (Menkosyencroro) penbeda. Panee nHa 103  3amagnoi-Cubupm oTmedanuch
o3 AHeIUIeHCTOIIeHOBRIe TONHToHEL 10 70 M (IopOyHOB 1 1p., 1998). Hamu mHabmoganuce monurons! 6omee 100
M. Taknme KpymHBIE MTOIUTO-HBI XapakTepHBI s Mopckux mobepexuit (Iaparyms u gp, 2001) Hamu onm
Habmogamich Ha ynanerun 6oxee 1500 kM OT Mops1, HO B paiioHE pa3BUTHS CONEHBIX 03€p. CTeneHb BEIPaKeHO-
CTH M COXPAHHOCTH IIOJIMTOHAJIBHOTO peibeda 3aMeTHO pasiaudaerca. Hamboree OTUETIMBO CileAbl TaKOro
penbeda MpOoSBIAIOTCS HA KOCMOCHHMKAX, CIETaHHBIX OCEHBIO WJIM MO3IHEH BECHOM, Ha yd4acTKax 3aHSTHIX B
MOMEHT CBhEMKHM MMOJ MamHd. Ha HUX XOpOmIO BHACH MATHH-CTHIH, OJOYHO-TIONMIOHAIBHBIA penbed, ¢
NOJIMTOHAMH TIPEMMYIIECTBEHHO KBaapaTHOM (GopMbl. B xoze mojeBbIXx pabdOT HaMH B TOATa&KHOM H
necocrerntHoM Ilpurobonbn ObuTH 00cienoBaHbl Oonee 60 KapbepoB, a TakkKe OOHAXKEHHsI B OOpTax JOJIMHBI
p-ToGon n BeIsIBIEHa cepusi pa3pe-30B, reoMopdosioruyeckoe MOJ0KEHHE KOTOPBIX W CTpaThrpaduyeckas
MIPUYPOUEHHOCTb CJIe-JOB MHOTOJIETHEH MEp3JIOThl MO3BOJIAET MIPEANONIONKUTh UX MO3JHEMIEHCTOLEHOBBIN-
TI03/IHE-JIEAHUKOBEIA Bo3pacT. HanbGonee mnpopmatnen Kemureipnuackuii xkapsep B 40 xM or TiomeHw,
56055’c.m1. u 65049°B.1., abc. oTMeTKa 54-57M; Ha ocTaHIle TepBoii (?) HaAIOIMEHHON Teppackl MPaBoro dopra
nomuHbl pIIemmel. JIcaGeHHO XOpomIo clieibl NaJeoKPHOTeHe3a BRIPAKEHBI BBEPXY CEBEPO-BOCTOUHON YacTH
Kapbepa. 3/1ech BCKPHIBACTCS MOJIHMTOHAJIbHAS CETh C MHOTOYH-CICHHBIMH IICEBAOMOP(O3aMH IO JIEASHBIM
xwuiaM. [Ipuneraronye K )Knunam cou B 30HE KOH-TaKTa, OCOOEHHO B BEPXHEW 4acTH, IMEIOT N3THO0 CIOEB BHU3.
KoHTaKTBI KU C BMEIIAIONIMMHU OTJIOKEHUSIMU O0BIYHO OXele3HEHHbIE. PaccTosiHne Mex Iy nceBroMopdo3amu
— 18-23 M. BO3MOXHO, 3TO caMOe I0XKHOE IMOJIe MOJUTOHAIBHBIX IICEBIOMOP(}HO3 KOHIIA TUICHCTOIICHA 110 JIes-
HbIM xwiaM Ha HO3 3amagnoit Cubupu. Pabora BhITONHEHA MpU MOJAEpPXKKe rpaHTta Ne 9 WHTErparMOHHOTO
npoekrta Ne 9 CO PAH-/IBO PAH u PO®U Ne 11-05-01173.

Session 6: Permafrost modelling and mapping

TEPMOKAPCTOBBIE O3EPA SIMAJIA, .
KAK UTHAUKATOP KIMMATHNYECKUX U3SMEHEHUHU

Jigopuukos F0.A.%, Jeiioman M.O.', Xomytos A.B.!, Xaiim B.%, Péccaep C.°

1HHcmumym kpuocepuvl 3emau CO PAH, Tiomens
2HHcmumym NOJAPHBIX U MOPCKUX Ucciedosanuil um. Anvgppeda Bezenepa, [lomcoam, I'epmarnus
*Mionxenckuii mexnuuecxuii yHusepcumem, Jlumnonocuyeckuil uncmumym, Xogmapx, I'epmanus
ydvornikow@gmail.com

B pabore mpezacraBieHbl pe3yabTaThl aHATM3a POO BOABI Ha KOHIEHTPALMIO PACTBOPEHHOI OPraHUKH -
cDOM (Colored Dissolved Organic Matter), otobpantoii u3 ozep LlenTpansHoro fImana. PaccmoTpeHa cBsi3b
cDOM c kmMMaTHYeCKUMH XapaKTepUCTHKAMH M TNTyOMHOW CE30HHOTO mpoTamBaHus mopox 3a 2011-2012 rr.
[Ipoananu3upoBaHO pacHpesneieHre WHAEKCa KOHIEHTpanuu Xjopodmmia A TYyHAPOBOTO PacTUTEIBHOTO
MOKpOBa BOJOCOOPHBIX 0acCeifHOB, pAacCUMTAaHHOIO C  HCIIOJIb30BAaHMEM JAHHBIX JWUCTAHIMOHHOTO
30HIUPOBaHMS. BrIsBICHO, 4TO codeTaHue (HaKTOPOB: 3HAUNTEIHHOE YBEIMYCHHE JICTHEH CpeIHEMECSIHOMN
TEMIIEpaTypbl BO34yXa M CBS3aHHOE C 3THM YBEIWYEHHE TIIyOHMHBI CE30HHOTO MPOTAaMBAHUS Ha KIFOUYCBOM
ydJacTKe B KOMIUIEKCE C YBEIMUYCHHEM CYMMBbI JETHHX OC3JIKOB IOBIMAJIO HAa IOCTYIUICHHE B BOJOEMBI
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HentpanpHoro SfIMana OOJBIIETO KOJMYECTBA OPraHWYECKHX BEIIECTB, YTO MPUBEIO K YBEIHUYCHUIO
koHIeHTpauun CDOM B 6onee Teriom 2012 1. o cpaBuenwuro ¢ 2011 rogom.

B xome monesbix skcremunuit Mactutyra Kpuocdepsr 3emmu CO PAH B 2011 u 2012 romax u3 7
TepMoKapcToBEIX 03€p LlenTpampHoro SIMana 6pu10 0TOOpaHO 25 P00. beIT Mpon3BeneH TabopaTOPHBIA aHAIH3
9THX P00 Ha KoHIeHTpannuto CDOM. Pe3ynbraTsl OB COOCTABICHBI MEKAY COOOH, a TaKKe CO 3HAUCHUSIMHU
MHJIEKCa KOHIICHTPAnH XJopoduiuia A Ha OBEPXHOCTH BOJOCOOPHBIX OacceWHOB 3THX 03ep. Pacder nHaekca
Chl-a Ha moBepXHOCTH OCHOBAaH Ha 3HAHHH TOTO, YTO PACTUTEIBHOCTh HHTEHCHBHO IIOTJIOIIAET BOJHBI KPACHON
oGnacrtu criekrpa (650-700 HM) JUTs TOAAEPIKAHMS IIPOUCXOIAIIETO B HEH mpoiecca ¢potocuntesa. Muaeke Chl-a
paccuuTaH ¢ UCIOJIb30BaHHEM KocMuueckoro cHumka GeoEye-1 2009 ronma. O6umii Bu KOMOMHAIIMN KaHAJIOB
ciytHEKOBOTO cHUMKa, umeet Bua: Chla = (DNgreen + DNnIR)/2 — DNred, riae DN — oTHOCHTenbHOE 3HAUCHUE
spkocTi THKceda B 11-OutHOo# cucteme kanamoB GeoEye-1: green, nIR, red — cOOTBETCTBEHHO 3€JCHbIMH,
OmmkHuK MH(QpaKpacHBII M KpacHBIM KaHallbl, MMeroNMe auana3oHsl ceeMku 510-580, 780-920, 660-690
HaHOMETPOB COOTBETCTBEHHO.

Bbiio ycraHoBieHo, 4to 3HaueHHs KoHIeHTpaund CDOM nMeroT BBICOKYIO KOPPENSIHIO CO CPEAHUM
3nauenneM uuaekca Chl-a B BomocOopHbix Oacceiinax (I = 0.89). M3 3Toro ObUT cliefiaH BBIBOJI, YTO XapakTep
PacTUTEIIFHOTO IIOKpPOBa B BOJOCOOpHOM OacceiiHe, ero BHAOBOI COCTaB SIBISIIOTCS OIHUM M3 (PaKTOPOB,
KOTOpbIe (DOPMHPYIOT KOHICHTPAIMIO PACTBOPEHHON OpraHuKH B o3epe. Ilockonbky mpoOBI BOABI ObLIH
otobpansl B moneBble ce3oHBl 2011 m 2012 rr., 3TO MO3BOJHMIO TPOCIEOUTh NWHAMHKY HW3MEHEHHUS
KOHIICHTPAIlMN DPAacTBOPCHHOW OpraHWKH B HW3y4aeMbBIX o3epax. Pesympratel aHammza 3a 2011 m 2012 rr.
JEMOHCTPUPYIOT AOCTATOYHO OONbIIME Pa3IHuus B 3HAYCHUSX. [ OOBSICHEHMS pa3NHuMi B 3HAYCHUIX
koHueHTpaiun CDOM Hamu GbUTO TPOAHANM3UPOBAHO BIMSHUE KJIMMATHYECKOTo (aktopa. belin paccMOTpeHsbl
CpeIHHe MeCSYHbIC TeMIIepaTyphl Bo3myxa 3a jeTHuil nepuog 2011 u 2012 rr. u 6bUTO0 BBIABICHO, 4TO B 2012
rojly CpelHEeMeCsYHbIe JIETHHE TeMIleparypbl Bo3ayxa (1o JaHHBIM craHiuu Mappe-Caie) HaMHOIO BBIIIE
3navyeHni 2011 roga (B cpeHeM Ha S rpaaycoB). TO IPUBEIIO K TOMY, YTO Ha ITOJMTOHE MPOHM30IILIO JOBOJIEHO
3HAYNTENIbHOE yBEIWYEHHE TIyOWHBI CE30HHOTrO IMPOTaWBaHMs (IO JAHHBIM M3MEPEHUH B paMKax IpOeKTa
CALM). 3navenus CTC B 2012 roxa 3HauuTensHO BhIme, yeMm B 2011 romy, a, ciemoBaTenbHO, BO3MOXKHO
YBEJIMUYECHNE TPUTOKA PAaCTBOPUMOM OpPraHMKHM B 03epa ¢ BOHOocOOpHBIX OacceitHoB. [locTymienne opraHuku
MOXET OBITh TaKXE CBS3aHO C KOJMYECTBOM aTMOC(epHBIX ocankoB, koTopble mHpmIbTpytoTcs B CTC.
CpaBHEHHME MTOKa3aJI0, 9TO B IIEPHOJ] ¢ Mast 110 oKTs10pb 2012 roxa BeImano ropasno OoJbIIe KUIKAX OCAIKOB 10
cpaBHenmio ¢ 2011 romom (o maHHBEIM MeteocTaH Mappe-Caie). 70, 1o HameMy, MHCHHIO, TAK)Ke MOTIIO
HOBJIUATH HA KOHIeHTpauuio CDOM B o3epax, MOCKOJBKY OCAJKU MIPAIOT BXKHYIO POJIb B TPAHCIIOPTUPOBKE
BEILIECTBA C TIOBEPXHOCTH BOJIOCOOPHOro OacceiHa MO3eMHBIM CTOKOM.

JAHAIA®THOE KAPTOTPA®UPOBAHUE JIJISI LIEJIEN
I'EOKPHOJIOI'MYECKOI'O 30HUPOBAHMUA
BOJIBIIE3EMEJIbCKOM TYHPBI

Ocanuas F.F.l, 3eHrnna T.IO.Z, KopoJaeBa AM.!

Y Vaemunckuii 20cyoapemeennviii mexnuveckuii ynusepcumem, kagedpa ynpasnenis npupoOonoib3oeanem,
galgriosa@ yandex.ru
2 MI'Y um. M.B. Jlomonocosa, 2eozpaduueckuti paxynomem, tzengina@mail.ru,

I'eokpuroornyeckas 30HAIBHOCTb, IPOSBIISAETCS B 3aKOHOMEPHBIX N3MEHEHHAX XapaKTepa Mep3JOTHBIX
napaMeTpoB TeppuTopuu. CyIIeCTBYIOT 3HAUUTENbHBIE PA3HOUTEHHsS MPU TEOKPHOIOTMYECKOM 30HHPOBAHUU
BosnbiiezeMenbCkol TYHIPBI, TPEOYIOIINE YTOUHEHUS! IPAaHUI] TEOKPUOJIOTHYECKUX 30H M TOA30H.

B pamMkax npoBelieHHOTO UCCIIEeIOBaHUsl B KAYeCTBE OCHOBHOI'O MCTOYHHMKA MH(OPMALIUY JUT YTOUHEHUS
M OOHOBJICHUS TpaHUI] T'COKPUOJOTMYECKMX 30H M TIOJ30H B TMpenenax bonblie3eMenbckoil TyHAPHI
HCIIOJB30BAUCH TOMOrpaduyecKie KapThl cpeHero macurrada (mpeumyinectsenHo 1:100 000 wmu 1:200 000),
JIaHHBIC TIOJIEBBIX MCCIICIOBAaHMIA M MaTepualibl JUCTAaHIMOHHOTO 30HIUPOBaHMA. B KadecTBe mOCIEIHHX
UCIIOJNB30BAIMCE B OCHOBHOM 30HanbHble u300pakeHuss LANDSAT-7\ETM+ ¢ mnpocTpaHCTBEHHBIM
pazperrenneM 30 METpOB IJIsl TeMaTUYecKd OpuUeHTHpoBaHHOr0 RGB-cuHTE3a W MOJMydYeHHs LBETHBIX
H300paKeHHi B IICEBIONBETAX, a TAKXKe IBETOCHHTE3upoBaHHble cHUMKH ASTER\Terra ¢ paspemenuem 15
METPOB, CHUMKH CyOMETPOBOTO IIPOCTPAHCTBEHHOT'O Pa3pelleHus, B TOM YHCIIE, TPEICTaBICHHBIE Ha MOpTalax
Google-maps u Google Earth u np. Uadopmarust o6pabarsiBanack ¢ HCIOIB30BaHneM Tporpamm ArcView-3.2,
ArcGIS-9.2, GlobalMapper-11, a taxke crenuanuzupoBanHoro nakera IDRISI.

I'eokpuonoruueckas 30HaJIBHOCTh B Tpesenax bolblie3eMenbCckoil TyHJIPBl YCIOBHO COOTBETCTBYET
30HaNbHBIM  JtaHAmadraM. OHM  TpEACTaBICHBl  MOJ30HAMHM  TYHJAPbBI, IPEUMYILIECTBEHHO  I0)KHOW
KYCTapHHUKOBOH, a TAK)KE - FO’)KHON U CEBEPHOM JIECOTYHIPBI U KPailHECEBEPHOU TaliI'l, KOTOPBIM COOTBETCTBYIOT
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4 TEOKpHOJOTMYECKHE IOJ30HBI: MOA30HBI TYHAP M CEBEPHOH JIECOTYHAPHI COBIAJAIOT C CEBEPHOM
KPHOJINTO30HOM, JUISi KOTOPOH XapaKTepHO pa3BUTHE CIUIOLIHOW M IPEPBIBUCTOW MEP3JIOTHI; TOI30HBI FOXKHOM
JIECOTYHAPBI U CEBEPHON 4YacTU KpallHECEBEPHOM TaWIM — 3TO IOXKHAsH KPHUOIUTO30HA, XapaKTEpU3YIOIEHCs
pa3sBUTHEM MAacCHBHO-OCTPOBHON M OCTPOBHOW MEp3JIOTH. BaKHEHIIMMM MHANKATOPAMH T€OKPHOJIOTHYECKON
30HAJIBHOCTH MOTYT CIYXXHTh JIOKaJbHbIC JIAHIMA(GTHL. B CBSA3M ¢ 3THM B OCHOBE IPOBEACHHBIX PadOT Jexal
METOJ] KPYITHO- B cpelHe- MacmTabHOTo JaHAMa(THOTO KapTorpagupoBaHUs U TaHAMAPTHO-HHANKAIIMOHHOTO
JIemupUpoBaHus.

B nepByro ouepenp mo kapTam M CHUMKaM ONpPEEISUINCH JIOKAIbHBIE (B PaHIe YpOYMII) JaHAIIA(THI-
WHIWKATOPHL. AHAIN3 MPOBOIMWICA MO 4 OCHOBHBIM TpPYIIaM YpPOUHII: JICCHBIM, OOJOTHBIM, YPOUHIIAM
TOpQsIHUKOB U TyHp. Janee ajsl KaKI0i reoKpruoIOrn4ecKol NOA30HbI ObLIH ONpe/e/ieHbl OCHOBHBIE I'PYIIITBI
YPOUHII-UHIUKATOPOB.

[TpakTHyeckn YHHMBEpCAIBHOW TPYNNOH WHAWKATOPOB SIBJISETCS TPYNNa YPOUHUIl TOP(PSHHUKOB:
BBIITYKJIOOYTPUCTBIE TOPGSHUKN UCIIONB3YIOTCS B Ka4€CTBE WHIUKATOPOB IPU OINPEAEICHHH I0XHOW I'PaHUIIbI
KPHOJINTO30HBI, TPaHHIBI MEXIy IOA30HAMH IIPEPHIBUCTOH M CIUIOIIHOW MEP3JIOTHL; IUIOCKOOYIPHCTHIC
TOP(SIHUKU HE PA3BUTHI B TI0/I30HE OCTPOBHOM MEP3JIOTHI; IIOJIMTOHAIBHBIE U TUIOCKHE 3a03€PEHHBIC TOP(SIHUKU
XapaKTepHBI sl HOA30HBI CIUTONITHOM MEP3JI0ThI; XaChIPeH BBIICISIIOTCS B CEBEPHON KPHOJIMTO30HE.

I'pynmy 6onrommusix ypounin, HANpOTHB, CIOXKHO HCIONB30BATh VI WHIUKAnWU. TOJIBKO TPSIOBO-
MOYaXMHHBIE 00JI0Ta XapaKTEPHBI IS TIOA30HBI OCTPOBHOI MEP3JIOTHI, XOTS MOTYT IPHUCYTCTBOBATh M FOXKHOM
YaCTH NOA30HBI €€ MACCHBHO-OCTPOBHOT'O PacIIpOCTPAHEHUS.

I'pynmy mynopogeix ypoumil MOKHO HCIIONB30BaTh B KAUECTBE MHINKATOPOB MPU Pa3eICHUN CEBEPHOM
U FOKHOW KPHUOJHUTO30HBI (110 XapakTepy Me3opeibeda), a Takke (IOCTATOYHO YCIOBHO) MPH Pa3srPaHHUCHHH
OCTPOBHOH M MAaCCHBHO-OCTPOBHOW MEp3JIOTHl (110 CTENEHU paCIpOCTPAHEHHsS TYHAPOBBIX YYacTKOB) U
HPEPHIBUCTON M CIUIOIIHOW MEp3JoThl (IO PAaCHpPOCTPAHEHHUIO IOJOTO-BOJHUCTBIX TYHAP C €AWHUYHBIMU
JICPEBBSIMH).

JlecHble ypouuila SBISIOTCS HMHAMKATOPaMH TI'paHHUIBl CEBEPHOH M I0)KHOW KPHOJUTO30HBI (110

XapaKTEePUCTHKE CIUIOIIHOCTH JIECHBIX MAaCCHBOB), I'PAHUIIBI IPEPHIBUCTON M CIUIOLIHONW MEP3IIOTHI (110 HATMYHUIO
Y4JacTKOB JIeCOB M peakosecuii). COCHOBBIE Jieca, KaK IPaBriIo, MPOU3PACTAaIOT HE CEBEPHEE MOA30HBI OCTPOBHOM
MEp3IOTHI.
He Menee 3HauMMBIM TOKa3zaTelIEM IIPH HCIOJIB30BAHUM YPOUMII-MHIUKATOPOB IIPH T'€OKPHOIOTHYECKOM
30HUPOBAHMUU SIBISAETCS KPHUOTCHHEBIM penbed. B 10KHOH KPHOMMTO30HE 3TO, MPEXIEC BCETO, COBPEMEHHBIN
Oyrpucthlii penbed (B OCHOBHOM OYIpHl B CTaAMH pOCTa), HA ceBepe — ApeBHUI OnounbIi. M TOT M mpyroit
JOCTaTOYHO XOPOILIO BBIACISAIOTCS MO CHUMKAaM BBICOKOTO paspelieHus. Pe3ynbTaToM NMpOBEICHHOW paboTHI
CTajla MenKoMaciTabHas KapTa TeOKpHOJIOTMYECKOr0 30HUPOBaHuUs bombie3eMensCKkol TYHAPHI.

IMPOCTPAHCTBEHHBIT 3AKOHOMEPHOCTH MIPOTAUBAHUS OTHQHCEHI/Iﬂ
JIEJJOBOI'O KOMILIEKCA B I'OJIOIEHE HA TIPUMEPE TYHIPOBOW 30HBI
KOJBIMCKOM HU3BMEHHOCTH

Jlemuniosa (Bepemeena) A.A.", [1ymkosa H.B.2

YWnemumym gusuxo-xumuueckux u 6uonocueckux nponem nousosedenus PAH, ITywuno, Poccus
2Hhtcmumym eeonozuu u munepanoeuu CO PAH, Hosocubupck
averemeeva@gmail.com

IIpumopckne Hu3MeHHocty CeBepa SxyTun sBistoTcs nTaHgmadTamMu, chOPMUPOBAHHBIMU B pe3yibTaTe
MIPOTAaUBAHUS MO3HEIUICHCTOICHOBBIX BBICOKOJIBAMCTBIX OTJIOXKEHHUH JienoBoro komiurekca (JIK) B romornene.
[Norennenne ximMara B KOHIIE IUIEHCTOLEHA - Havyaje TOJOIEHa CIIOCOOCTBOBATIO aKTHBU3AIMN TEPMOKapCTa,
CTaBIIETO TJAaBHEIM penbedoodpazyromum (akTopoM Ha MpOTsDKeHHH rojoneHa. OcolOyro aKTyalbHOCTH
HCCIIEOBaHMS TMOJO00HBIX PalioHOB MPUOOPENH B IOCIEIHEE BPEMS B CBSI3U C OLICHKOW BIIUSIHUSI COBPEMEHHBIX
n3MeHeHni kinuMmarta. [loHuMaHue MPOCTPaHCTBEHHBIX 3aKOHOMEPHOCTEH Pa3sBUTHA TEPMOKApCTa BaXKHO IS
NPE/ICTaBICHUSI O PAa3BUTHHU TEPPUTOPUH B OYyJYIIEM M OLCHKH COAEPIKAHUSI OPraHWYeCKOro BElecTBa JUIs
MPOTHO3UPOBAHUSA SMUCCHM TApHUKOBBIX ra3oB. IlosBneHue HOBBIX MeTtomoB — [MC-texHosoruit c
ucnonszoBanueM J1J133 naroT BO3MOXKHOCTBH NMPOBECTH MPOCTPAHCTBEHHBIH aHANN3 pesbeda Ha HOBOM YPOBHE,
YTO MO3BOJINT YTOYHUTH U JOTIOJHAUTH CYHIECTBYIOIINE MPEACTABICHHUS O €r0 PAa3BUTHH B TOJIOIICHE.

Paiton uccnenoBanuii - TyHApoBas 30Ha KomsiMckoil Hu3MeHHOCTH TuTomansio 45000 kM. OCHOBHBIMH
(dopmamu penbeda SBIAOTCA BOAOPA3ACIbHBIE OCTAHIOBBIE MOBEPXHOCTU ITO3IHEMICHCTONEHOBBIX DPaBHMH,
CIIOKeHHBIX OoTnoXeHUsIMA JIK (emoMbl), 03epHO-TEpMOKApCTOBBIE KOTJIOBHHBI (ajachl) MU MOJMHHBI pek. s
COCTaBJICHHMsI KapTbl 3a03€PEHHOCTH IPOBEleHa KIACCU(PHKALUSA II0 BBIJICICHUIO 03€p MO KOCMHUYECKHUM
canmkam Landsat ETM+ 2000 u 2001 roga ¢ ucnonb3oBanureM nporpammuoro nakera ENVI. Beigenenue enom,
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CIIOKEHHBIX OTHnoXxeHusMH JIK, mpoBoAmIOCh BPYyYHYIO MO BBIIICHa3BAaHHBIM KOCMHYECKMM CHHMKaM H
TororpaguyeckuM kapram MmacmTaba 1:200000. ITocTpoeHHMe MIIOTHOCTHBIX CETOK, OBEpIICHHBIE Olepanuu
BBINIOJIHEHBI B mporpaMMHoM makere ArcGIS. Kapra pacnpocrpaHeHus TIIyOMH TEpMOKapCTOBOTO |
TEPMO’PO3MOHHOTO PACWICHEHUs1 OblIa MOJydeHa ITyTeM BBIYMTAHUS KapThl IMOBEPXHOCTH, IIOCTPOSHHON IO
OTMETKaM ype30B BOABI TEPMOKApPCTOBBIX 03€p M PEK M3 KapThl ITOBEPXHOCTH aOCOIIOTHBIX BBICOT OCTaHIIOB
€I0MBI (OTMETKH BBICOT B3SITHI ¢ Tomorpadudeckoir kaptel Macmraba 1:200000). ITo kapTam pacrnpocTpaHeHHS
TEPMOKapCTOBBIX O3€pP M €IOM IIOCTPOCHBI KapThl 3a03€PEHHOCTH M EAOMHOCTH (IUIOIAIU O3€p M €I0M
OTHOCHUTENBHO O0IIeH IIOMAaAN HCCIIeAyeMON TEPPUTOPHH B MIPOLICHTAX).

[lony4yeHHble MmaHHBIE [MAIOT TMpeICTaBlIeHHE 00 oOmeid cTpykrype Tepputopud. Ilo maHHBIM
KOCMHMYECKHX CHHMKOB €I0MBI 3aHUMAIOT 15 % oT Bcel miomanu uccieayeMon Tepputopun. [nsg cpaBHeHns
TOT K€ MOKa3aTesb 110 JJAHHBIM KapThl YETBEPTUYHBIX OTJIokeHUH MacmTada 1:1000000 cocrasisier 41 %. [Ise
TPEeTU TEPPUTOPHUH 3aHATHI anacaMmu (63,5%). CpeaHss 3a03epeHHOCTh TeppUTOpUH cocTasiseT 13,5 %, peunsie
JIOJIMHBI U IPUOPEKHBIE MaplIeBble YYaCTKH 3aHUMAIOT OKOJIO 8%. 3HAUUTENbHBIE O IUIOMAIN YYaCTKH €10M
COXPaHWJINCH BJIOJIb PEYHBIX JIOJIMH U B paiioHaX HOBEHINMX TEKTOHMYECKUX NOIAHATHH, /i€ UX IJIOIAIs - Oolee
40 %. Ha Oonplielf yacTH TakMX TEPPUTOPUIl TEPMOKApCTOBBIC 03epa 3aHMMaroT MeHee 15%. B HekoTOpbIx
palioHaX MOJ30HBI I0XKHON TYHJIPHI, OTMEUaeTcs BEICOKas 3a03epeHHOCTh (Oonee 40%). Bricokas 3a03epeHHOCTh
XapakTepHa Al PaioOHOB OOIIMPHBIX NETPECCHH, 37ECh €I0Ma COXpPAHWIACh HAa HEOONBIINX YyJacTKax M
3aHuMaeT MeHee 15 % Tepputopun. IIpmeratomue k aenpeccusM 0ojee BO3BBIMICHHBIE PAOHBI OTIHYAIOTCS
MeHbIIeH 3a03epeHHOCThI0 (MeHee 20%).

Kapra pacnpocTpaneHust TINIyOMH TEPMOKApCTOBOTO UM TEPMOSPO3MOHHOTO pACWICHEHUs IaeT
mpeacTaBiIeHre 0 MOIHOCTH oTiaokeHni JIK, Tak Kak TyOWHBI pacuIeHEHHs €IOMBI SBIIOTCA (yHKIHEH
moutHocTH oTinoxkeruit JIK (Kamnmna u gp., 1986). M3BectHas momuocts otnoxenuit JIK Ha mccnemyemoit
Tepputropur u3mensiercst ot 10-15 no 30-40 m (ApxaunrenoB u ap.,1979; Karnmna u np., 1981). Ilonyuennas
cpenHsisi TIyOMHA pacdjeHEHHs eJoMbl paBHa 24-28 MeTpoB. MeHbIIME TIyOMHBI TEPMOKApPCTOBOTO H
TEPMOIPO3HOHHOIO pacuieHeHus: (MeHee 24 M) XapakTEpHBI Ul PAailOHOB TEKTOHWYECKHX IOAHSITHN W JUIS
nonunsl p. bon. Kyponatousst. ['myOunsl pacunenenust 6onee 29 M oTMevaroTcs Juis paifloHOB OoJblel 4acTu
YEPHBIX JTOJUH U ATl HEKOTOPBIX PallOHOB MEXypEUnil C COXPaHUBIINMUCS OCTAHI[AMU €I0M.

HOBASA METOAUKA PACYHETA UHCOJISIIIUAU 3EMJIN
Cmyabckuii U.U., Kporos O.H.

Hrnemumym kpuocgepor 3emau CO PAH, Tiomens, jsmulsky@mail.ru

B Teopusix maneoxinMara MCMOJB3YIOTCS PACUEThl MHCOMSIMU 3eMiin 1o MeToauke M. MuaHnkoBHua.
OHa J0CTaTOYHO CJIOXKHAsi ¥ HEKOTOphIE €€ OCOOCHHOCTU HEMOHSATHBI JUIA psfa ucciemopareneid. [loatomy B
TPaJOCTPOUTENBHBIX, KIMMATHYCCKUX U JIp. MCCIICIOBAHUSX WHCOJIIHI0 PACCYMTHIBAIOT IO MPUOIMKCHHBIM
METO/aM.

OCHOBHYIO CIIO)KHOCTh TIPH pacdyeTe WHCOJAIHNU BBI3bIBaeT IBIDKeHHE CONHIIA HAaX TOBEPXHOCTHIO
3emMiH, KOTOpPOe ONpEAeTIeTCs ero JONTOTOH. B HOBOM METOAMKE MONTOTa ONPENeNsIeTCs] HA OCHOBAaHUH TOYHBIX
penreHnii 3ana4d 2-x ten. KpoMme Toro, MeToarKa paccunTaHa Ha KOMIBIOTEPHYIO TEXHOJIOTHIO. B MeTonke M.
MunankoBi4a NPHONIKEHHBIMA aHATHTHYECKIMH METOJAMH peIIaeTcs psI 3aJad [0 HWHCOJLIIUHN 3a
oTpesieIeHHbIe MHTEPBAIBl BpeMeHH. KOMITbIOTepHas TEXHOIOTHS MO3BOJISIET TH 3a/a4d PEmIaTh ¢ MOMOIIBI0
BBIOOPKH CYTOYHBIX MHCOJIALIMI Ha 3TUX UHTEpBalax BPEMEHU.

B paGore paccMOTpeHbl OCHOBHBIE MOMEHTHI 3aJ]aud JBYX Tell, T€OMETPUUECKHUE XapaKTEPUCTHKHU
WHCOJISLINY, pacIipeielieHue COMHEUHOTO M3IYUCHHsI 10 MOBEPXHOCTH 3eMJIM U B 3aBHCHUMOCTH OT IMOJIOXKEHHUS
Connna. [IpuBeneHbl anropuUTMBbl pacdeTa CyTOYHOW HHCONSALMU TO JHSM TO/a, 3a TOJ, 32 KaJIOpPHUECKHe
MOJYrOAMs, & TaKKe IMPEJCTABICH aJIrOpUTM pacueTa WHCOJSIMM B SKBHBAJCHTHBIX IIUPOTax. Bce
COCTABJISAIOIINE HHCOJIAIUI PACCUUTAHBI HA KOHKPETHBIX MPHMEpax Mo Meroauke M. MulaHKOBUYA W HOBOW, U
MOJTYYCHO WX COBIAJICHUE.

Meroauka peanuzoBana B cpeme MathCad u mpeacraBnena anst cBoOogHOro wucrosib3oBanusi. OHa
MO3BOJISIET HCCICIOBATENI0 CAMOMY ONPEACTATh BHABI 00paOOTOK WHCOJSIHMK, a HE OTPAaHMYMBATHCS JIUIID
TEeMH, KOTOpbIe OBUTH Pa3BUTHI MPH CO3MaHUH MeTOMuKH. C ee MOMOIIBI0 pacCUMTaHA TUHAMUKA HHCOISIIUH
MMOBEPXHOCTH 3eMJT Ha pa3HbIX mupoTtax 3a 100 met, HauwHas ¢ 1950 1. Pe3ymbTaThl pacueToB MPEACTaBISIOT
JIETaTbHYI0 CTPYKTYpy MalblX H3MEHeHHH wuHcomsanun. OHa HeoOXoauma il HCCIEHOBAaHUS IPHYNH
KOPOTKOMEPHOANUESCKUX U3MEHEHUW MPHUPOJHBIX MPOIECCOB, O0YCIOBICHHBIX HWHCONSAIMEH. DTU PE3yabTaThl
CBUACTCIIBCTBYIOT O IIMPOKHUX BO3MOKHOCTAX METOIUKH. OHI/I IMMO3BOJIAKOT MPOBOJAUTE HUCCIIEAOBAHUA, KOTOPHIC
paHee HeTb3sl ObLIO BBHITIOIHUTD.
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WHO®OPMALNNOHHASA 'EOKPHOJIOI'HYECKASI CHCTEMA
(TEOKPUOJIOT'HYECKASA BA3A TAHHBIX) CUBUPCKOMU IIVIAT®OPMBI.
COCTOSAHUE 1 IIEPCIIEKTUBBI EE PA3BUTUAI.

Kenesnax M.H., lInnunsina JL.U., ZKu:xun B.H., Peiouak A.A., Ot JLA.

Hnemumym mepsznomogedenus um.I1.U Menvnuxosa CO PAH, 2. Axymck, grampus@mpi.ysn.ru

I'eonoro-reodusmnyeckas ¥ reokprosiornyeckas HHGopMalus o Heapax, HaKOIUICHHas 3a Oojee 4eM 3a
100-1eTHIOI0 HMCTOPUIO OCBOCHMS HPUPOIHBIX OOraTcTB M HAyYHBIX MCCICIOBAaHMH B HACTOAIIEE BpEMs
OKa3aJach PACCPENOTOYCHHOW IO AECSATKAM pa3lUYHBIX OpraHu3aluil. DTO HE MOIJIO HE OTPasHThCS Ha
COXPaHHOCTH MH(OPMAINH, €€ Ka4eCTBE U TOCTYITHOCTH.

Bonpocsl HameXHOTO XpaHEHMs, CHCTEMaTH3alud, OOpabOTKM M aHanM3a HAKOIUIEHHBIX MJaHHBIX
YCICIIHO PEIIaroTCsl BHEAPECHUEM COBPEMEHHBIX MH(OPMAIIMOHHBIX TEXHOJOTUH, B TOM YHCIE CO3JaHHeM 0a3
JIAHHBIX.

B nacrosiee Bpemsi Hu B Poccun, HU 32 pyOekoM HET 3aBEpILEHHBIX [€OKPUOJIOrHYeCKUX 0a3 ITaHHBIX
(I'bA). B 1995 rony B UnctutyTe Mep3notosenernus CO PAH 6b11m HayaThl paboThI IO pa3paboTKe CTPYKTYPHI
TEOKPUOJIOTHYECKON 0a3bl JaHHBIX. B COOTBETCTBMHM ¢ pa3pabOTaHHBIMHU IOJIOKEHHSIMU ObLTa TNpEJIoKEeHa
TpexypoBHeBas crpykrypa (banobaes u np, 1996). Jlabopatopus reorepmun MucTHTyTa Mep3noroeaenus CO
PAH B pamMkax MHUIIMaTHBHOT'O NIPOEKTa Havdaja (POPMHUPOBAHUE TPETHETO YPOBHS - 0a3bl (PaKTHUECKUX JaHHBIX,
BKJTIOYAIOIINX B Ce0sl CTPYKTYPHUPOBAHHYIO MEP3JIOTHO-T€OTEpMHUECKYI0 MHpopMmanuio. B mponecce paboThl,
MOSIBUIINCH HOBBIE PEIICHNUs, U3MEHEHHS B CTPYKType 0a3bl. B Hacrosmiee Bpems 3aBepmaercst (hopMHpOBaHUE
TEOKPUOJIOTHIECKON 0a3bl JaHHBIX CHOMPCKOH MIaThOpMBL, KOTOPask MOXKET SBJIATHCS MPUMEPOM I pabodeit
MOJIENBI0 JUTs pa3paboTku BeeMupHOI reokpronornieckoi napopmannorHoi cucremsl (JKenesnsk, 2011).

B ocHOBY pa3zpaboTaHHOH T€OKpPHOIOTHIECKOH 0a3bl MaHHBIX CHOMPCKOM MIaT(OpMBI 3aJI0KEH Te0I0T0-
CTPYKTYPHBIH TNIPHHIMII, IJl€ HA OCHOBAaHMM TEKTOHHMYECKOTO pPallOHMPOBaHMS (IO CTPYKTYp 4-TO IOpsIKa)
coOpaHa M cHCTeMaTH3WpoBaHa HHpOpMalMsi 10 (QU3HUKO-TeorpapUUIecKUM YCIOBHSAM M TEXHUYECKUM
XapaKTEePUCTHKaM CKB2)XUH M TOPHBIX BBIPAOOTOK, TEMIIEPATYPHOMY PEXHMY U TEIUIO(PU3NYECKUM CBOHCTBAM
TOpHBIX Nopoj 1o 246 miomazsam (2050 cksaxkuHaM rimy6uHoi ot 50 1o 2000Mm).

baza nannbix Cubupckod miaatdopMbl co3gaHa C MCHOJIb30BAaHHEM MHOTO(YHKIMOHAILHON CHCTEMEI
DELPHI wu mpoueccopa 6a3 nanubix Borland Database Engine (BDE), B kadyecTBe CTaHAApTHOTO S3bIKa
sBisercss SQL - cTpyKkTypupoBaHHbIH s3bIK 3ampocoB (Structured Query Language). [nst peanu3annu 3ampocoB
B Delphi cymecrByer crnenmansubii komnoHeHT TQUERY, koTopblii 007agaeT psaoM CBOWCTB U METOJOB,
MO3BOJISIIOIINX HCIIONB30BaTh BCE IpeuMyliecTBa 3ampocoB SQL s paboTtel ¢ paHHBIMH. OTO Jaer
BO3MOXKHOCTh MaHUITYJINPOBATh OOJBIIMMHU BEIOOPKaMU HH(OPMALIHH.

Cucrema BBOJA B 0aHK JaHHBIX MO3BOJISIET BBOIUTH MOIPOOHYIO WH(GOPMAIMIO: TEXHUICCKHUE CBEICHHUS
CKB@KHH, JaHAMA(THBIE OCOOEHHOCTH, MOIIHOCTH MEP3JbIX MOPOJ, TEMIIEPATyphl IOBEPXHOCTH, YPOBEHb
MOJ3EMHBIX BOJ, MIyOMHY TENMI0000POTOB, CHEXHBIH M PACTHUTENbHBIN MOKpPOB. HemanoBaXHBIM sBISIETCS
BO3MOXKHOCTh YKa3aHHsl CBEJCHUH 00 OpraHu3anusxX, MPOBOIUBIIUX PabOThl M IPEIOCTABUBIIMX JaHHBIC.
Taxke B reoKpHOJOrH4ecKkoil 0aze AaHHBIX MOTYT ObITh HPEACTABJICHBI TEIUIOPHU3UYECKUE XapaKTEPUCTHKH,
TaKue Kak: Kod(QUIMEHT TeruonpoBOAHOCTH M TEMIEPaTypOIPOBOIHOCTH, 0OBEMHBIH BeC CKeleTa TPyHTa,
BJI@XXHOCTh, TEMIlEpaTypa Ha IIOJOLIBE CJIOS TOJIOBBIX TEIIOOOOPOTOB, I'€OTEPMHUYECKHH TpaaueHT. EcTh
BO3MOXKHOCTb BHECEHUs B 0a3y JaHHBIX KapT M MEP3JIOTHO-TEOTEPMHUYECKHUX Pa3pe3oB, a TAK)Ke OTOOpakeHHE
9K30TCHHBIX T'€0JIOTHYECKUX MPOLECCOB W sBJICHMH. [l HarisIHOCTH JaHHbIE IO CKBaXHHAM MOTYT
CONPOBOXKAATHCS (hoTOrpadusIMH.

C 1enplo IpOCTPAaHCTBEHHOTO NPEICTABICHUS W BU3YaJIbHOIO aHaIM3a MMeronelics nHdopmaruu 6a3a
IaHHBIX cBs3aHa ¢ ArcGIS, 4ro maer BO3MOXHOCTH HWCHONB30BaHUS KapT jroboro Mmacmraba. Iupokoe
pacupoctpanenne ArcGIS, maer B0O3MOXHOCTH B OyAylleM K NPHBEICHHIO YHH(PUINPOBAHHBIX (OPMATOB
XpaHEHUsI W K ObICTpOMY OOMEHY AaHHBIX C JAPYTMMH TE€OKPHOJIIOTHYECKHMH coobmiecTBaMu. B Hacrosmiee
BpEMs BEIETCS JOPabOTKa CHCTEMBI Ul aBTOMAaTHYECKOTO TIOCTPOCHUSI MEP3IOTHO-TEOTEPMHUUECKHUX Pa3pe30B
10 UMEIOIINMCS JaHHBIM CKBA)KUH.

PabGora ¢ 6a30ii JaHHBIX MO3BOJIAET BECTH €€ CUCTEMATHYECKOE IOIMOJIHEHUE, MPOCMOTpP HMEIIIeHCs
uHdopmanuy B TaOIMYHOM M TpaduyeckoM BapHaHTax, BBIIOJIHATH BBHIOOPKY HHTEPECYIOLIMX JAHHBIX I10
reoMop(OJOTHYECKIM YCJIOBHSM, €€ CTaTUCTUYECKYI0 00pabOoTKy, aHaJM3UpOBaTh XOJ TEMIIepaTypbl
MHOTOJIETHEMEP3JIBIX MTOPO 1O TEOJIOTHYECKUM CTPYKTYpaM, Te€OMOP(OIOTHIECKIM 00JIacTIM. DTO MO3BOJIUT
MIOBBICUTH JOCTOBEPHOCTh PA3IMYHBIX NApaMETPOB KPHOJINTO30HBI U BBIIBUTH HOBBIE PETHOHAIBHBIE M O0IINE
0COOCHHOCTH M 3aKOHOMEPHOCTH. /lacT BO3MOKHOCTh MOJEIHPOBATh U NIPOTHO3UPOBATh N3MEHEHHS COCTOSHHUS
KPHOJINTO30HBI.

AnMuHHCTpUpOBaHHe 0a3bl IaHHBIX OCYIIECTBIsIeTcs uepe3 VHCTUTYT Mep3noToBeneHus. B Omikaiiniee Bpemst
MeTa-0a3a OyzeT BeUIOXKeHA Ha caiite IM3.
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INPUMEHEHHUE ITPOI'PAMMBI «kECONORTH» JJIs1 OHEHKH
YCTOUMYUBOCTHU TPUPOJAHBIX KOMIIVIEKCOB O/JHOU
NJIN CMEKHbBIX KATEH

Mapaxranos B.IL. %, Pagocresa A.B. 2

1 o«
Jlabopamopuu ceosxonoeuu Cesepa, I'eoepaguueckuii paxyromem MI'Y um. M.B. Jlomonocosa
2 .
MI'Y umenu M.B.Jlomonocosa, I'eocpapuueckuii paxyromem, Kageopa kpuonumonozuu u eisyuono2uu

CoBpemeHHas reorpaduueckas Hayka, €CIM OHAa XOYeT OTBeYaTh HACYIIHBIM IOTPEOHOCTIM
pa3BHBarOIIerocs oOmIecTBa, JOJDKHA OPUCHTHPOBAThCA HA CO3IAHUE MPOIYKIUH, MO3BOJSIOMEH MPUHUMAThH
000CHOBaHHBIE KOHCTPYKTHBHBIC PEILICHUS NPH BO3JCHCTBHM Ha OKPYXKAIOIIYI0 MPUPOIHYIO cpexy. B stom
OTHOIIEHUH TIEPCIIEKTHBHBI CIIEHATN3UPOBAaHHBIC (OPHEHTHPOBAHHBIX Ha IIMPOKUH KPYT MOJIb30BaTENEii, B TOM
Ylucle M HE HMEIOMMX TIeorpauyeckoro oOpa3oBaHMs) KOMIIBIOTEPHBIE IIPOTPAMMBI, YUHTBHIBAIOIINE BCE
BO3MOXKHOE pazHO00pasue pe3ybTaToB B3aUMOJICHCTBHS MPUPOAHBIX U TEXHOI'€HHBIX CHCTEM. DTHM MOA00HBIE
MpOrpaMMbl KOPEHHBIM 00pa30M OTJIMYAIOTCS OT TPAJAULHMOHHBIX MAaTEPUAJIOB THIA OLIEHOYHBIX KapT, KOTOPbIE
JAf0T CTAaTHYHYIO, 3a4acTyl0 Majo OOOCHOBAaHHYI0 M HEJOCTaTOYHO YOETUTENbHYIO JUIS HeCHennalnucTa
kaptuny. [lepBbiM IpoOGHBIM KaMHEM siBisieTcs mporpamma «Econorthy, coszmannas B.II. MapaxtaHOBBIM B
nmabopaTopun reodkonorun Cesepa reorpapudeckoro pakymprera MI'Y.

B npakTryeckoil AeSATETBHOCTH HEPEAKO MPHUXOAUTCS OLCHUBATH BO3JEHCTBHE HA OKPY)KAIOIIYIO Cpeny
00BEKTOB, CTPOUTENHCTBO KOTOPBIX 3aTparuBaeT He 1 — 2 mpupoaHo-TepputopuanbHbix komimiekca (ITTK), a
HECKOJBKO KaTeH. [IOCKONBbKY Takue OIEHKH CJIOXKHBI, IeJIBI0 HCCIICAOBAaHMS CTaja OIEeHKa MPUMEHHMOCTU
nporpammel  «Econorthy B ycmoBusx pacdieHeHHOro penbeda. B kauecTBe MOAENBHOTO BBIOpaH pailoH
Kankynckoit 'OC (YOxHas Sxytus).

3ona Bomoxpanwimmia Kankynckoit ['DC Oynmer pacnojaraTbess B AJITAHCKOM HM  YaCTHYHO
Heprorpunckom paiionax FOxuoit Skyruu. PalioH cTpouTenbcTBa HaXOJUTCSl B HEOOXKUTOM 30HE, IIOATOMY BCE
00BEKTHl WH(PACTPYKTYphl TPHUIETCS CO3AaBaTh «C HYJS», a 3HAYUT, CTPOUTEIHCTBO IPEAYCMaTpPHBACT
HOSIBIICHHE Pa3IHYHBIX TEXHOIEHHBIX Harpy3ok. Kpome toro, paiion KakyHckoit 'OC uHTepeceH u TeM, 4TO
IIPaBBI 1 JIEBBII OOPT MOIMHBL p. TUMITOH OTHOCATCA K pa3HbIM (PU3HMKO-TeorpaguIecKuM MPOBHHIIHSIM.

Ocobennocts nporpammer «ECONOrthy B TOM, 9TO OHA MO3BOJISIET HE MPOCTO OMPENCIUTh YCTOWIUBOCTD
IITK, naTe efl KOJIMYECTBEHHYIO OLIEHKY, HO M OLIEHUTh €€ IO OTHOLIEHHIO K IpolLeccaM pPa3HOro THIIA:
TETUIOBBIM, MEXaHHYECKUM U XumudecknuM. Ho camoe BakHOE — BO3MOXKHOCTH BBIACIUTH TUIBI BO3JICHCTBHA,
KOTOpBIE TPUBOAAT K HETATUBHBIM IOCIEACTBUSAM. Takod (yHKIMOHAM AOCTUraeTcsi 3a CUET BHECEHHS B
pacueTHy0 MaTpuily cBeaeHuii o0 kaxkaom I[ITK (momoxkenue B penbede, nammuue IDKJI, coctaB rpyHTOB,
JBAUCTOCTh) U 3aJaHMsI BHIOB Harpy3ok. Kpome TOro, MOXXKHO CpPaBHHUTh YCTOWYHMBOCTH NPH Pa3HBIX THIIAX
OCBOCHMSL, ONIPEICIIUTh NPEINOYTUTEIbHBIN.

B marpuiy ObiiiM BHECEHBI CIIEAYIOIIUE BO3/ICHCTBUS: MOCTOSHHOE JBMYKEHHE TPAHCIOPTA, TIAHUPOBKA
3eMHOH TIOBEPXHOCTH, 3aJI0’KEHUE KaphepoB, CHErOOUNCTUTEIILHBIE PA0OTHI, COPOC IPOMBIIIIEHHBIX U OBITOBBIX
He3arpsi3HEHHBIX BOJI.

CormacHO pacdeTaM, B HCCIEAYEeMOM paiioHe Haubojee «TpaBMAaTHYHBIMK» SIBISIOTCS ITOCTOSTHHOE
JBIDKCHHE TPAHCIIOPTA M yJaJeHHUE CHEXHOTO NMOKPOBAa, KOTOPBIE MPUBOIAT, NMPEXIE BCEro, K 0Opa3oBaHUIO
TEpPMOKapCTOBBIX 3alajdH, 3a00MauMBaHUIO W MOpPO3000iHOMY pacTpeckuBaHHio. Ilpumuem Hamboee
TyOUTENbHBI CHETOOYHCTUTEIBHBIE PAa0OTHL. TepMO3PO3HI0 MOXET BBI3BATh KOMIUIEKC IIPOIIECCOB, CPEIU
KOTOPBIX — MONPY>KUBaHKE MTOI3EMHBIX BOJ BCIEICTBHE IIIAHUPOBKH TEPPUTOPHUH. B 1enoM paiioH 10cTaToqHO
YCTOWYMB K TEXHOTEHHBIM Harpy3kaMm. TeM He MeHee, CTOMT OOpaTUTh BHHUMAaHHE Ha CyOrOpH3OHTAJbHBIC
MOBEPXHOCTH, HAa KOTOPBIX MOXKET Pa3BHBATHCA TEPMOKAPCT, W CKIIOHBI, MOJBEPKECHHBIC COMUGIIOKINUA U
cruibiBaM. HanmMmenee yCTOWYMBBIMHM OKa3aJIUCh JPEHHUPOBAHHBIE CKIIOHBI, CIO)KEHHBIE TOHKOIMCIIEPCHBIMU
JIbIUCTBIMU IPYHTaMH, YTO BPSJ JIK COOTBETCTBYET JEUCTBUTEILHOCTH, 3TO T0O0YHBIN 3dekT 00001meHusI.

Takxe OBLTO MPOBEACHO CPaBHEHHE JBYX THUIOB OocBoeHus. [Iporpamma «Econorthy» odens mosesna mms
JICTaJIbHOTO aHalM3a BO3JCHCTBUIN, MPOCTa B HUCIOJIB30BAaHUM, a TJIaBHOE — IIO3BOJSIET JIaThb KOHKPETHHIE
PCKOMEHAAIMU IO KAXJOMYy THITY BO3JCHCTBHIA, OICHUTH B oTaeinbHOCTH Kaxawsii [ITK. Beibop 3a
nonb3oBareneM: u3ydars npoueccsl mnu IITK. Kpome Toro, 3a cuer cBoeil HariasHOCTH OHA HJEAILHO
MOJXOJUT JUII OOOCHOBAaHUS pelleHui, Oyner ynoOHa Ui BU3YyaIHM3allK OLCHOK Iepes 3aKa3unkamu. Tem He
MeHee, IpHU paboTe B KOHKPETHOM pailoHe NMpHXoauTcs mpuderats k 0000menunsm, noromy uro He Bce IITK
MOXXHO BHECTH B MAaTpHIy IO OTAEITBHOCTH. OTO MOMKET MPUBECTH K IOTPEIIHOCTAM, IO3TOMY IIpH
UCTIONB30BaHIH METOJMKH JIydine paboTats ¢ 6onee kpynabiMu [1TK, gem pacronoxeHHbIE B KaTEHE.
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MOHUTOPHUHI" KPUOJTUTO30HBI POCCHUU U CO3JAHUE EJVHOM
HAIIMOHAJIBHOU UH®OPMAIIMOHHOMU BA3bI

Jiposnos JI.C.', Mankosa I'.B.!, AGpamor A.A.%, Koncranrunos I1.51.%,
Ceprees J1.0.%, Pomanosckuii B.E., Xos10108 A.JI.°

1
Hucmumym xpuocghepot 3emnu CO PAH, Tromens
2
Hnemumym gusuro-xumuueckux u ouonocuvecku npobiem nousosedenusi PAH, ITywuno
3
Uncmumym mepznomosedenuss CO PAH, Axymck
4
Uncmumym eeosxonoeuu PAH, Mockea
5 o«
[eopusuueckuti uncmumym Ynusepcumema Anscku, CLIIA

MOHHUTOPHHT KPHOIMTO30HBI — 3TO YHH(UIMPOBaHHAs CHCTEMa HAOIIONEHMH 3a COCTOSHHEM
KPHOJINTO30HBI, OI[EHKA, KOHTPOJIb U MPOTHO3 €€ M3MEHEHHs BO BPEMEHH U MPOCTPAHCTBE O] BO3JCHCTBHEM
NPUPOTHO-KIMMaTHYECKUX U TEXHOTeHHBIX (pakTopoB. HabironarenbHas cetb 00bEKTOB MOHUTOPUHTA TATOTEET
K OCHOBHBIM NPOMBIIUICHHBIM PETHOHAM U MPHUHAUICKUT LEJIOMY PSIy Hay4HBIX OpraHH3alUi, B OCHOBHOM
otHocsuMces K otaenernsm PAH. ITponomKuTensHOCTD PSI0B TEOKPHOJIOTHYECKUX HAOMIOICHUH B HACTOSIIEE
Bpems nocruraer 30-40 ner, a Ha EBpormeiickoM ceBepe cucreMaTHuecKHe TeMIEpaTypHble U3MEPEHUs B psilie
CKBaXHH Bemytcs Oosiee 50 ner. Ha coBpeMeHHOM 3Tarie MOHUTOPUHT KPHUOJIMTO30HBI B Poccnu HEBO3MOXKEH
6e3 (uHAHCOBOW M TEXHUYECKOH IMOIAEPKKH Pa3IMYHBIX MEKIYHApOJIHBIX IMPOEKTOB. B pamkax mpoekra
CALM (upkyMOonspHBEIA MOHUTOPHUHT aKTHBHOTO CJI0s1) C cepeAuHBl 1990-X IT. B pa3sNUYHBIX PETHOHAX
Poccun mo exmHO#M MeTonuke OBUIO OPraHM30BaHO OKOJIO 20 IUIOIIANOK Ui HAOJMIOAEHHUH 32 TEMIIepaTypHBIM
peXUMOM W TIIyOMHOW CE30HHOTO TpoTamBaHus TpyHTOB. B 1999 r. mo wHMnmatmBe MexIyHapomgHOM
Acconunanu Mep3ioToBeioB ObLIO HA4YaTO W3ydeHHe AUHAMUKHU OeperoB B Apkruke (mpoekt ACD), B pamkax
koToporo B 17 paiionax Poccuiickoil ApKTHKH BEIyTCs HAOIMIOACHUS 3a CKOPOCTBIO pa3pylICHHs OeperoB u
nepeHoca ocaakoB. B mpemasepun MexayHapoanoro IMomspaoro 2007/08 roma craproBai mpoekt TSP —
TEPMHYECKOE COCTOSIHUE KPHOJUTO30HBI, KOTOPBIH MO3BOJIMII BO30OOHOBUTH KPYIJIOTOJWYHBIE TEMIIEPaTypHbIE
UCCJIEZIOBaHUSI B HECKOJBKHX JIECATKAX CKBKHH C MCIOJIB30BAHUEM aBTOMATH3MPOBAHHOW CHCTEMBI 3alllCH U
XpaHEHHs JaHHbIX.

B pesynbrare AiIuTeNbHBIX HAOMIOAEHUH Ha psijie 00bEKTOB T'€OKPHOJIOTHYECKOTO MOHUTOPHHTA ITOJy4eH
YHUKQJIBHBII MaccuB (haKTHYECKUX JaHHBIX, MMO3BOJSIONIMN HM3ydaTh Kak LUKINYECKHE, TaK W TPEHIOBBIC
W3MEHEHMsI MOIIHOCTH CE30HHOTAJIOTO CJIOS WM TEMIepaTyphl MEp3JbIX TPYHTOB, a TaKkKe CKOPOCTb H
PUTMHUYHOCTD NPOSUICHHUSI KPHOTEHHBIX IPOIECCOB. DTH JAHHbBIE OKa3bIBAIOTCS YPE3BBIUANHO IOJIE3HBIMH NIPH
N3YYCHUH BOJIONNH KPHOJIUTO30HBI B YCIOBHUSX III00AIFHOTO MTOTETIICHUS KIIMMaTa U YCHICHHH TEXHOTCHE3a.

[IpakTHKa poCCHICKNX M MEXKIYHApOIHBIX MccaenoBanuii mo mporpammaM CALM u TSP, a Taxke mo
KOPPEMOHANPYIONIMMCSI C HMMH IIpOrpaMMaM YKa3blBalOT HAa HA3PEBIIYI0 HEOOXOIUMOCTb OOBEAMHEHHUS
HCCIIEIOBAHUN MPUITIOBEPXHOCTHON YaCTH MHOTOJETHEMEP3ION TOJNIIM B €€ B3aUMOJACHCTBUU CO CMEXKHBIMU
reochepaMy TIO/I «30HTHKOMY» €IWHOM WJICOJOTMU W OpPraHM3allMOHHBIX ycuiuid. ToT ¢axT, 4yTo MHOTHE
TEOKPUOJIOTMYECKHE CTAllMOHAPhl, PEXKHMHBIE IUIOLIAJKH, KIIOYEBbIE YYaCTKH YXKE HOCAT KOMILJIEKCHBIN
XapakTep U OO0CIEAYIOTCS CIEIHANNCTaMH, 3a/IeiiCTBOBAaHHBIMH B Pa3HbIX TEKYIIMX IMPOrpamMmax, TOBOPUT O
HaJIMYMH XOPOIIKMX MEPCHEeKTUB B 3TOM HampasieHuu. Hampumep, nmox srunoii npoekta GTN- P (I'moGanbuas
Ha3zeMmHas HaOmronarenbHas cetb — Mepanora) MexayHapoanass Accoruanuu no Mepanorosenenuto (IPA —
MAM) u eé Koncynsraruaas Komuccun (IAC) nposenn (5-8 mas 2013, XKenesa, mrab-kBaprupa BMO
[Bcemuponoit Mereoponornueckoit Oprannzanmu]) pabodee coemanue no “Crparternu u [Inany Peannzamum
mpoekta GTN- P” cumimamMu HalMOHANBHBIX KOPPECIIOHIEHTOB W3 CTpaH-ydacTHHIl mpoekta GTN- P.
Ob6cyxnamice TpoOJIEeMbl BEICHUS BCEMHPHOW 0a3bl JaHHBIX 110 COCTOSHHIO M H3MEHYHMBOCTH
MIPUTIOBEPXHOCTHON MEP3/OTHL. [ OTEYECTBEHHBIX yJACTHHKOB OYEBHIHBIM CTaJ0, YTO HA COBPEMEHHOM
3Tare Ha3pena OCTpast HEOOXOANMOCTh O0BEINHUTD YCHIIHSI PA3IMYHBIX HHCTUTYTOB M OTJEIbHBIX HTY3HAaCTOB-
HCCIIeIOBATeNIe W MPUCTYNUTh K CO3IAHUIO E€IWHOW POCCHHCKON WH(pOpManmMOHHON 0a3bl, comeprkarien
pe3yJibTaThl MHOTOJIETHUX HCCJIEJOBAaHMN MEp3JIbIX TOJNI B Pa3IM4YHbIX pPErHOHaX Ha TEPPUTOPHHU
KPHOJIUTO30HBI.

Crenyer oOpaTuTh BHUMaHHE Ha TO, YTO KOJOCCAIBHBIM PE3EPBOM ISl paclinpeHus HHQOpMaluoHHOM
0a3bl 1 BepH(PUKAIMK TCOPETUUECKHX TPECTABICHUI O COCTOSIHUM U IUHAMHUKE KPHOJINTO30HHI SIBIISIETCs OoJiee
TECHOE B3aMMOJICHCTBUE C METEOCHyk00il. B cBA3M ¢ 3THM mpencTaBiseTcs LelIecOO0pasHbIM BKIIIOYHTH B
periiaMeHT METECOHAOJIOICHUH M3MEpEeHHE TeMIepaTypbsl BO3[yXa M TOPHBIX IOpOJ 1O TIyOHMHBI HYJEBBIX
aMIUIMTYJ Ha OCHOBHBIX JJaHAIIA(Tax, MPUIIETaloUX K METEOCTAaHIIUSM.
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CHEJKHBIM IOKPOB TAEKHBIX U I'OPHBIX JIAHAIIA®TOB KPUOC®PEPBI
B BOCTOYHOM SIKYTUHA

Toproskun H.B., Makapos B.H.

Hremumym mepznomogedenus um.I1.U. Menvruxoea CO PAH, e. Axymck, nick1805torg@gmail.com

Jlng yTouHEeHUS pa3sNNYHBIX XapakTePUCTHK CHEXHOTO MOKPOBA, JYYIIETO IMOHMMAHHUS PONH CHEXHOTO
MOKPOBa B KIMMAaTHYECKOH cucreme ApKTHKH U 0oJiee Ha/Ie)KHON OLIEHKH XMMHYECKOr0 COCTaBa M KOJMYECTBA
cHera B Kpuocdepe, ObUIM INPOBENCHbBI MOHHTOPHHTOBBIE CHETOCHEMKH B Ipeleiax TaeXHBIX W TOPHBIX
nanamadros LienTpansHoit 1 Bocrounoi SAxyrun (2010-2012 1.).

MapmipyT uccienoBaHuil nepecekan BocTok lleHTpanbHO-AkyTckol TaéXHOW HU3MEHHOH paBHUHBI U
TOpHBIE CHCTEMbl IOKHOM dYacTH BepxosiHckoi nenun, BepxostHo-KoibIMcko# ropHockiam4aToil oOnactu
(xpeoter Catra-/ladan, Cxanuctenii, Kymb6apckuii, bpronrsanuckuii u Cynrap-Xasra) u gocrturan ONMsKOHa,
CaMoro XOJIOJJHOTO HACeJICHHOTO IIYHKTa Ha 3eMile.

B xonme momeBBIX WCCIENOBaHMN IIPM TOMOIIM CHETOMEPHOW peHKHM H3Mepsiach BBICOTA CHera,
OTIPEICTISIICS. BOJHBIM SKBHBAJICHT CHEXKHOTO MOKPOBA C MCHOIB30BaHUEM IIMIMHIPUIECKOTO MPOOOOTOOpHMKA
wromanpio 0,005 M2 B TOMEpPEeYHOM CEYEHHH, TBEPJAOCTh MOBEPXHOCTH CHEXHOTO IOKPOBA - C ITOMOIIBIO
TBEpAOMEPA, M3MEPHUTENIEM 3€peH - BHJ U pa3Mep cHera. g XMMHYECKOro aHain3a Ha IblIb, WOHBI U
CTaOUJIbHBIE U30TOIBI BOJIBI C IOMOIIBIO YUCTOI'0 CHErOpe34ynKa OTOMPAINCH MPOObI HA BCIO TMIyOHHY CHEKHOTO
MOKPOBa ¥ TIOMEINAIUCh B YHCTBIH TEPMETHYHBIA IOJMATWIICHOBBI Memok. [locie TasiHUS TPOOBI
MEPEeTUBAINCh B YUCTHIC TePMETHYHBIC OYTHUTKM U3 MOJIUITPOIIIICHA WM CTEKIIA.

BricoTa CHEXXHOro MOKpOBa BCIEICTBHE AHTUIUKIOHAJIBLHOIO pEXHMa IMOrofsl HEBelIHKa. B ropHbIX
nanamadrax B Oacceline p. IHAMIUpKY — OHA cocTaBisieT 28 M, B CpeHETaeXKHBIX - B Oacceiine p. Jlensr — 50
CM.

XapakTepHOH 0COOCHHOCTBIO CHEXHOTO MOKPOBA PETHOHA SIBISIETCSl €ro HeOoibias miIoTHOCTh. CHer
BBINIIA€T OYEHb CYXOW M Majo YIUIOTHSETCS B TedeHHe 3uMbl. K Hadaly CHErorasHus €ro IIOTHOCTh
konebnetcs ot 0,160 r/cm3 B cpegHeraexkubix manamadrax no 0,138-0,154 r/cM3 B ropHBIX TaHAmadTax.

OObeMHast KOHIIEHTPANKs MBIIEBBIX YAaCTUI] IMEET TCHACHIINIO K YMEHBIICHUIO B TOPHBIX JaHAmAadTax u
BO3pAacTaeT B OTHOCUTEIHHO 3aCEICHHBIX CPEAHETAC)KHBIX JTaHAIIA(PTAX.

B mepuon HabmromeHuW OTMEYaeTcsi NOCTOSHHOE BO3pacTaHME 3araca BOJBI B CHEXHOM IIOKPOBE
KPUOTCHHBIX CpPEIHETaéKHBIX U TOPHBIX JIAHAMIA()TOB, BEIWYMHA KOTOPOTO 3a JIBAa Toja BO3pOCia MOYTH Ha
60%: ¢ 41 MM B 2010 r. 10 66 MM B 2012 r. HckmoyeHueM SIBISIOTCS JIaHIIIAPTHI TOPHBIX ITYCTBIHb, TJE
Hao0opoT HaONI0JaeTCs CHIDKEHHE 3araca BOAbl. DTO 00CTOSATENbCTBO B 3HAYMTENILHON CTENEHU OINPEACINIO
Pa3NUYHYI0 BOJHOCTH PEK B IEPUO/ MOJIOBOABS.

OcobeHHOCTH TeorpaUuecKoro MoJjJ0KeHHUst U aTMOC(epHBIX MpoIeccoB B 3anaaHoi (bacceiH p. JleHsl)
M BOCTOYHOM (OacceiH p. HIUrHpKH) YacTsAX MapuipyTa ONpeAessiioT OTINYUS B XMMUYECKOM COCTaBe CHera.
Bocrounasi, 6osee ropucTas €ro 4acTb, pacHoiaraercs B PErHOHE, TJe OUIYyIIAeTCsl MPUTOK HaCHIIIEHHOTO
KHCJIOPOZOM BIIAKHOTO IIOJIIPHOTO Bo3ayxa ¢ Tuxoro okeana. B OacceliHe p. JIeHBI, rne pacrpocTpaHeHBI
MPEUMYIIECTBCHHO CPEIHETAeKHbIE W TOPHO-TAac)KHbIC JaHMMABTH HaOmomaercs AeHUIMT KHUCIOPOAa,
XapaKTEPHBIN JUIsl aHTULUKIIOHATIBHOTO pexxuMa LlenTpansHoit SkyTuu.

XUMHYECKU COCTaB CHEra KPHOTEHHBIX JaHANIA()TOB HE3aBHCHUMO OT BBICOTHBIX OTMETOK, OCTaeTCs
OTHOCHUTENBHO ITOCTOSIHHBIM, THAPOKapOOHATHBIM MU XJIOPUIAHO-THAPOKAPOOHATHBIM HATPHEBO-KAJIBIHEBBIM,
TUIMYHBIM 17151 OHOBBIX pailOHOB SIKyTHH ¢ OUYCHb HU3KUM YPOBHEM TEXHOTEHHOT'O IaBJICHHUS.

MOKHO OTMETHTh YBEJIMYCHHE DOJIM COSIUHEHHH a30Ta, MPEUMYIECTBEHHO aMMOHUIHOW (opmbl,
pe3koe yMEeHbIIEHHE MHHEpaJU3alli ¥ IOBBIINICHHE KHUCIOTHOCTH CHETOBBIX BOJ B BBICOKOTOPHBIX
nanamadrax. Ha Beicorax Oomee 2000 M XMMHYECKMH COCTaB CHera CTaHOBHUTCS THIPOKapOOHATHBIM
CMEIIaHHBIM 10 COCTAaBY KaTHOHOB, CPE/IM KOTOPBIX MpeolIiagaeT aMMOHUIA.

B nmepcnexTrBe, UIaHUPYETCs MPOIODKUTD CHCTEMY MOHMTOPHHTIA C TIOCTOSIHHBIM 0TOOPOM MOHOJIUTOB
CHera Ui pa3HOCTOPOHHETO U3y4YeHHs PAa3IUYHBIX IaPaMETPOB CHEKHOIO MOKPOBA XapaKTEPHBIX KPUOTEHHBIM
nmaramadTam.
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MUKPOBHBIE COOBIIECTBA BEUHON MEP3JIOTHI
N KCEPOOUTHBIX TIOYB MOI'YT JVIMTEJIBHO CYIIECTBOBATD
B YCJIOBUAX MAPCUAHCKOI'O PEI'OJIUTA

Bopo6besa E.A."%, Yennos B.C.", ConoBbena 0., ITapiaos A.K.°, BioBuna M.}

tD-m nougogeoenus, MI'Y um. Jlomonocosa, Mocksa;
2 UKU PAH, Mockea;
® ®TU PAH, Canxm-Ilemep6ype 119991, Poccuiickas dedepayu

W3yueHne yCTOMYMBOCTH MHMKDOOPTAaHM3MOB B OKCTPEMAIBHBIX OHWOTONAax JaeT OCHOBAaHUS
MpeAnoaraTb, 4YTO HPOTEKTOPHAs pPOJIb MPUPOJHON Cpembl MOXKET OKa3aThCd (AKTOPOM, CYIIECTBEHHO
KOPPEKTUPYIOIINM TEOPETHUYECKH TPEICKA3BIBAEMYIO IPOAODKUTEIBHOCTh MOIJEPKAHUS JKU3HH KIETOK B
MHOIUIAHETHOM TPYHTE M B COCTaBE METEOPHUTOB.

Ienp HAcTOSAIIETO HCCIENOBAaHUSA — HCCIEIOBAHUE >KU3HECTIOCOOHOCTH 3€MHBIX MHKPOOPTaHM3MOB H
€CTECTBEHHBIX MHKPOOHBIX COOOIIECTB MOYB M IMOPOJ B YCJIOBHUSIX, MOJACIUPYIOLIMX KOCMHYECKYIO Cpely H
peronuT Mapca, oIieHKa POAOIDKUTEIHHOCTH NOAIePKaHUS KU3HU B MApCHAHCKOM T'PyHTE.

[TpoBeneHo oOiyyeHHE MEpP3JIBIX MOPOJA M apUIHBIX MOYB (MOJENed MapcCHaHCKOTO PEroyiuTa), a TakKe
YHUCTBIX KyJIbTYp OakTepuii raMMa-u3iaydyeHueM B rpaguente 103 1Ip - 10 k['p npu paziauyHbIX TeMIEpaTypHBIX
pexumax (+50°C, 0°C, -50°C) u nmaBnenun 0,1 mOap. V3ydeHo BIMSIHME NMPUCYTCTBHSI B T'PYHTE CHIIBHBIX
OKHCIIUTENEH - MEepXJI0PaTOB U MEPOKCHIOB - B KOHIEHTpausax A0 10% Bec. u 1o 15% Bec. COOTBETCTBEHHO.
HccnenoBaHo cOBOKYITHOE BO3JIEHCTBHE EPEUHCICHHBIX ()aKTOPOB.

YcTaHOBIIEHO, YTO OaKTepHaTbHBIC COOOIIECTBAa SKCTPEMANBHBIX MECTOOOUTaHUH 3emMiu (KcepoduTHas
apuIHas II0YBa, MeEp3Jble OcCafodHble Mmoponsl Bocrtownoit Cubupm u AHTapKTHABI) CIOCOOHBI 0e3
3HAUNUTEIbHBIX IIOTEPh BBIICP)KUBATH YCIOBHS KOCMOCAa M CMOAEIMPOBAHHONW MAapCHAaHCKOM Cpempl:
HMOHU3UPYIOIIEr0 W3Iy4eHHs B 033X, COOTBETCTBYIOMMX 5-50 ThIC. JIET HA MOBEPXHOCTH Mapca, MpUCyTCTBUS
OKHCIIUTENeH, HU3KOrO JaBJICHHUs M HHM3KOIl TeMIepaTrypbl, COXpaHss MeTabOJMYEeCKYI0 M DPEHpPOJYKTHBHYIO
aKTHBHOCTb. [IpHcyTCTBHE nepxjopaTa B IPyHTE YCYryOusieT BO3JEHCTBHE paaualliil Ha MHUKPOOPTaHWU3MBbI B
YCJIOBUSIX BaKyyMa M HU3KOH TemriepaTypbl. OJTHAKO TOBPEXICHUS COOOLIECTB M KIETOK HE KaTacTpO(UYHBI.
KonueHnrpamust nepokcuia B rpyHTe A0 15% u HachkimeHue aTtMocepbl IapaMH IMEpEeKHUCH BOAOpoJa He
SIBJIIFOTCS.  KPUTHYHBIMH JUIS HapyIIEHHsS MEXaHW3MOB MOJAEP)KaHUSI JKU3HECIIOCOOHOCTH €CTECTBEHHBIX
MHUKpPOOHBIX COOOLIECTB. 3HAUUTENbHAs YacTh KJIETOK IIEPEXOAUT B HEKYJIbTHBUPYEMOE COCTOSHHUE,
COXpaHseTCsl BO3MOKHOCTD pelapanyy IMOBPEXACHUH 1 OAep KaHHUs MOTEHIINAIBHO TOTOBOTO K PENPOIYKIIUH
ImyJa KJIETOK.

ITokazaHna BBICOKas ’KM3HECIIOCOOHOCTh B YCJIOBHSX MAapCHAHCKOW MOJEIH YHCTBIX KYJIBTYp OakTepHi,
BBIZICJICHHBIX M3 Mep3loThl W apumabix mous (Kocuria rosea, Arthrobacter polychromogenes, Micrococcus
roseus, Micrococcus luteus, Bacillus sp., Cellulomonas sp., Sphingomonas.sp.). s OTHENBHBIX IITAMMOB
HaOMIOJAeTCsl YBENIMUEHUE PENPOAYKTUBHON aAKTHBHOCTH M YIy4llIeHHE (YHKIMOHAJIBHOTO COCTOSHHS B
OIIpE/ICTICHHBIX PEXKHUMaxX BO3JCHCTBHS, OTMEUYEHO MOJIOKHUTEIBHOE BIMSHHE KpaTKOBPeMeHHOro (2 waca)
BO3ACUCTBHS BaKyyMa Ha COCTOSIHHE KYJIBTYD.

Taxum 06pa3zoM, IPENON0KEHHE O BEICOKOW KOHIIGHTPALMU OKUCINTENEH B TpyHTe Mapca Wi HHKHUX
CIIOAX ero arMoc(epbl B COUYETaHUH C BO3ACHCTBUEM JAPYIHUX HKCTPEMAIBHBIX ()aKTOPOB: pajlaluil U HU3KOTO
JIaBJICHUs, - HE MPOTUBOPEYMUT NPUHLUINAIBGHON BO3MOXHOCTH aJallTalliil W JJIMTEJFHOIO BBDKUBAHUS B
rpyHTe Mapca MUKpOOHBIX COOOIIECTB 36MHOTO THIIA.

AKTHBHOCTb U BUOPAZHOOBPA3ZUE MUKPOBHUOTBI HOYBBI U ITOPO]
JIEAOBOTI'O KOMIIVIEKCA HEHTPAJIBHOU AKYTHUU (POCCHUA).

Py3oBa O.B."?, lomanckuii B.0."%, Camconosa B.B.?

YWnemumym xpuocgepor 3emnu CO PAH, Tiomens, olga-nv@bk.ru
2 HUU kpuozennwvix pecypcos Troml HT'V-TiomHIL] CO PAH, Tiomens; vdomanskiy@gmail.com

AKTHBHOCTP MHKPOOOIIEHO30B XapaKTEePHU3YyeT HKOCHCTEMHBbIC (YHKIIMH COBPEMEHHBIX MEpP3JIOTHBIX
o4yB U MHorojeTHeMep3ibix nopox (MMII). HMccnenoBanach MEKpOOHOTa SKOCUCTEMBI TEPMOLIUPKA, KOTOPBIH
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pa3BHBaeTCs B PACIIOIIOKCHHOM Ha JIEBOM Oepery pekn AJaH JIe0OBOM KOMIUIEKCE MOJ| BO3JCHCTBHEM
KPHOTEHHBIX mpoueccoB, paspymaonmx MMII BepxHeIeHcToeH-TOJIOIEeHOBOTO Bo3pacTta OOHaXECHUS
MamoHTOBa ropa.

[Ipo6s1 orOmpamucy B urone 2012 T. W3 CTEHKH TEPMOIMpPKA I W3YyYCHHS  pa3HOOOpasws W
YHCIEHHOCTH MHKPOOPTaHMW3MOB, a Takke (PEpMEHTATHBHOW aKTHBHOCTH B 3aBHCHMOCTH OT COZIEpKaHUS
ryMmyca, TeMIIepaTypbl, BIakHOCTH, PH, cocTaBa mo4B M TpyHTOB. PaifoH Xxapaktepusyercs 3KCTpeMaIbHBIMU
KIMMaTHIECKUMH yCIOBHSAMHU. B MEp3IOTHBIX MOYBaxX aKTMBHOCTh MHUKPOOMOTHI CE30HHAs, OTPaHMYEHA OYEHb
KOPOTKUM TeIbIM TiepuoaoM rojga. B MMII mukpoopraHu3mbl HaxXxoAsSTCS B JIATEHTHOM cOCTOSIHUH. [Ipu
OTTaMBaHMH MTOPO/T JIEJOBOTO KOMIUIEKCA U OOPYIIEHHUH CTEHOK CO CpeIHEH CKOPOCThIO 5-15 M 3a neTHHH ce30H
MuKpobunoTa mous 1 MMII cHavana monazaeT B yamry TEPMOIIMPKA, a 3aT€M C OTTASBLUIMMHU OTJIOKEHHUSIMH - Ha
Oeper u B pyciio peku AjiaH.

BBISBICHO CyIIECTBEHHOE CHIDKEHHE YHMCIEHHOCTH MHUKPOOMOTHI TIPH IEpeXoj]ie OT MEP3JIOTHBIX TMOYB
(1,00x107) k MMII (8,60x10°%. Jlomuuupyror Gakrepun pomos Bacillus, Acinetobacter, Psychrobacter,
Phenylobacterium. KosdduimeHT MUKpPOOHOIOTHYECKOH MUHEPATH3alHd B MEP3JIOTHBIX MOYBaX COCTABJISCT
0,54, a 8 MMII 0,90 n xoppenupyer c coxaepxkanueMm rymyca (r=0,64). Mepznorasie moussl 1 MMII 1o
WHBEPTA3HOH AaKTUBHOCTH OILICHUBAIOTCS Kak O€JHBIe, NpPU O5TOM MHBEPTa30d ObUIM OOOTamIeHBl BCe
uccieayemele mpoObl. MHBepTasHas aKTUBHOCTh MMEET CHIIBHYIO IOJOXHTEIBHYIO KOPPEJSIHOHHYIO CBS3b
(r=0,95) ¢ YHCIEHHOCTHIO MUKPOOPTAaHM3MOB, KaK B MEP3JIOTHBIX MOYBax, Tak 1 B MMII.

buonorunueckass axtuBHocTb MMII He ycTymaeT akTUBHOCTM MeEp3JOTHBIX Mo4B. IlocpencrBom
KPHOTEHHBIX TIPOILIECCOB 3a CYET PEIMKTOBBIX OaKTepuil IOBBIMIACTCA PA3HOOOpa3He COBPEMEHHBIX
MHUKPOOOIIEHO30B.

Session 9: Permafrost warming and thawing, long-term monitoring

I'EOTEMIIEPATYPHOE ITOJIE, PACITPOCTPAHEHUE 1 MOIIHOCTDb
MHOT' OJIETHEMEP3JI0M TOJIIIHA 3JIbKOHCKOI'O T'OPCTA

Kenesnsak M.H., Cepuxon C.U., MucaiinioB U.E., Cemenon B.II.,
Kupniaun A.P., Kupkos A.D.

Pecnybruxa Caxa (Axymus), 2. Axymcek, yn. Mepsaomnas, 0 36, grampus@mpi.ysn.ru

DJBKOHCKMH TOPCT paclojoXeH B CEBEPHOW dYacTH AJIIAHCKOTO IUTAa W IIPENCTaBiIsIeT Cco0oi
COBOKYIHOCTh OJIOKOBBIX ITOIHSTHH, CIIOKCHHBIX ApXCHCKHMH, PaHHETPOTEPO30HCKUMH M ME3030HCKHMHU
MeTaMOp(UYECKMMHU ¥ MarMaTH4ecKUMH TellaMH M 00pa3yeT CpeIHErOpHbIH, MHTEHCHBHO pacuJICHEHHBIH
pembed.

OCOOCHHOCTH PACIPOCTPaHEHUS] W MOIIHOCTH MHOTOJICTHEMEP3IION TONIM DIBKOHCKOTO TOpCTa H
(hopMHpOBaHUE €r0 TEOTEMIIEPATYPHOTO TOJMIS O0YCIOBIECHBI CIIOKHBIM T'€0JIOTHIECKHM U F€OMOP(HOIOTNIECKUM
CTPOCHHEM.

Corpyaaukamu jaboparopun reorepmun Muctutyra Mep3noroBeaenus CO PAH B 2007-2011 romax
BBIITOJTHAIMCH MEP3JIOTHO-T€OTEPMUYECKHAE UCCIEN0BAHUA HA TEPPUTOPUU IIPEAIIONATa€MOr0 OCBOCHUS TPYIIIIBI
MECTOPOXKICHUI DIBKOHCKOro ropcra. B mponecce paboT ObUIM MPOBENEHBI FEOTEPMUYECKHE HCCIICA0BAHNUS B
120 ckBaxuHax TayoumHod or 10 mo 1200 M, B 1a0OpaTOPHBIX YCIOBHSIX OIpPENENICHbI TEeIIO(U3NUECKUX
CBOMCTB OCHOBHBIX THIIOB TOPHBIX TIOPO/I.

Ha ocHOBaHMM NOJYyYEHHBIX HCCIENOBaHMN B IpEAeNax paccMaTpHBAEMON TEPPUTOPUH BBLAEIEHO 3
obylacTh, OTIMYAIOIIMECs XapaKTepOM PpaclpOCTPAHEHHs, TEMIEpaTypHbIM PEKUMOM ¥ MOIIHOCTHIO
MHOTOJIETHEMEP3JIBIX TOJII: CEBEpHAsl — 00JIaCTh Pa3BUTHS TAIBIX ITOPOJ] C OCTPOBHONH MHOTOJIETHEH MEP3JIOTOH,
TeMIepaTypa IMopoA 31echk BapbupyeT ot -1,0 1o +2,50C, a MOITHOCTh MHOTOJICTHEMEP3JION TOJIIH OT TIEPBBIX
mo 80 wM; meHTpasbHas — OOJIACTh TPEPHIBICTOTO PACHpPOCTPAHEHUS MHOTOJETHEMEP3JIBIX TIOPOA C
Temneparypoit mopox ot -2,0 7o +2,5 °C 1 MOIIHOCTBEI0O MHOTOJIETHEMEP3JIOil TOMMHK OT MepBBIX 10 150 M.
I0KHasE — 3aHMMaeTr okojo 90% miomanu - o0JacTh CIUIOIIHOTO, PEAKO MPEPHIBHCTOTO PaclpOCTpaHEHHUS
MHOTOJIETHEMEP3TIBIX TOPOJI; TEMIIEpaTypa MOpoa B OONBIIMHCTBE ciay4aeB n3MeHseTrcs oT +0,5 mo — 2,5°C, a
MOIITHOCTh MHOTOJIeTHEMep3oi Tommu uzMensercs ot 30-50 mo 330 m. ITo pacdeTHBIM JaHHBIM MaKCHMAaJIbHOE
3HAYCHHE MHOTOJICTHEMEP3II0# ToJIIHM 1101 Bogopasaeinamu KypyHr u bunedepna moxer gocturats 450 m.

B HW)KHUX YacTsX CKJIOHOB 3alaJHON U CEBEPHON HKCIO3UIIMH, B TIpejiesiaX KOHYCOB BBIHOCA, OTMEUEHEI
YYacTKU C PEIMKTOBOI MEP3JI0TOH MOIIHOCTBIO 710 70M BepXHsisl IpaHUIa KOTOPBIX HaXOJUTCs Ha riyoune 20-
30 M OT MOBEPXHOCTHU.
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TeMnepaTypHblii pEeXHUM TOPHBIX IIOpPOJ Ha IJIyOMHE TOJIOBBIX TEIUIOOOOPOTOB W3MEHSIETCS B
3aBUCHMOCTH OT OSKCIO3WIIMM CKJIOHOB. B mpesmenax CKIOHOB CEBEPHBIX 3KCIO3MIMK TeMIieparypa I0poj
u3Mensercs ot +2,5 mo — 3,50C.

B mpenmenax CKIOHOB IOKHOM W OTO-3allafiHOM AKCIIO3MLMH MOYTH ITOBCEMECTHO 3a(UKCHpOBaHBI
noJIokuTenbHbIe TemmepaTypsl oT 0,5 mo 1,80°C, nump Ha cxionax FOB skcrosunmum B 69 % HM3MepeHHBIX
CKBa)KMH OTMEUCHBI IIOJIOKUTEIbHBIE TEMITEPaTyphl, B 31 % — OTpHIIaTENbHBIC HIIH HYJIEBBIC.

B mpenenax miockux BOAOPa3/ieNIOB MHOTOJIETHEMEP3IIBIE TIOPOIBI HE 0OHApYKeHBI. TemiepaTypa Imopos
Ha rimyomaax 10 M u3mensiercs ot 0,1 no 2,50°C. Bricokue puiabTparmoHHbIE CBOMCTBA TPEIIMHOBATHIX TOPHBIX
mopoa  (GenopoBCcKoW CBUTHI B IpeAenax [IpumampaHckoro mato OJaronpUsTCTBYIOT WHTEHCHBHOM
uHUIbTpalu aTMOC(EpHBIX OCAJIKOB U MOBEPXHOCTHBIX BOJA. DJTO NPUBOJAMT K TeEIIOBOMY 3(hdexTy,
NPENSTCTBYIOLEMY MHOTOJIETHEMY ITPOMEP3aHHUI0 MOPOJI, Ui TAKUX IUIOIIA/Aei XapaKTepHbI TajJble YYaCTKH CO
CPaBHUTEIHHO BBICOKOM Temmeparypoii ot +1,5 no +2,50C.

BriepBbie i1t CTPYKTYpBl DJIBKOHCKOTO T'OPCTa BBIIIOJIHEHBI ONpENeNIeHNs] TeIUI0(pU3NIEeCKUX CBOMCTB
OCHOBHBIX THIOB TI0poJ. Ha OCHOBaHMM 3THX WCCIEAOBaHWUI YCTaHOBIEHO, YTO KOA(pQUIHEHT
TETJIONPOBOIHOCTH TOPHBIX OPOA BapeupyeT oT 1,47 1o 4,20 B1/(M*K), a 00BbEMHBIIT Bec ckenera — ot 2236 1o
3235 kr/m3.

BbInOTHEHHBIE  TE€OTEPMHYECKHE HCCIEAOBAHUS, aHAIM3 KapOTAXHOTO Marepuaia, MO3BOJIIN
OoXapaKTepHu30BaTh TeoTeMmeparypHoe mone 10 rryouHs! 1500 M. C mOMOIIBI0 IPSIMBIX U3MEPEHUH U pacuyeToB
YCTaHOBIICHO, YTO TeMIIepaTypa MOpoJ Ha riyOuHe 3aneranus abconoTHoi ormerku 500 M Bapbupyert ot - 1,0
no +5,2°C. T'eotepmudeckuii rpaueHT B TMOAMEP3IOTHOH 30HE ¢ riryouH 600 M B 3aBHCHMOCTH OT COCTaBa
mopo u3mMensiercs ot 1,66 1o 2,20 °C/100 m.

BriepBbie aiist CTpYKTYpbl DJIBKOHCKOTO TOpCTa OIpelielieHa BeJIMYMHAa BHYTPU3EMHOIO TEIJIOBOIO IOTOKA
DJIBKOHCKOT0 ropcTa, kotopasi coctarisieT 44 MBT/m2.

BJIMSTHUE ITPUPOIHBIX TEOCHUCTEM JIOKAJIBHOI'O YPOBHS (DAILIHI)
HA TVIYBUHY IIPOTAUBAHMS TIOPOJ BJIECOTYHIPE U FO’KHOM TYH/IPE
(HA TEPPUTOPUU YPEHI'OUCKOI'O MECTOPOXIEHMUS)

IHomos K.A., Ykpannnesa H.I

625026, Tiomenckas obnacme, 2. Tiomenw, yi. Marvieuna 86, popov.k.eci@gmail.com

C menpio co3anusi KOMILIEKCHOTO 3ana Ho-CHOMPCKOTO 30HABHOTO TPAHCEKTa MOHUTOPHHIA CE30HHO-
tanoro cnosi (CTC) skcmeguumonHbiM otpsaom MK3 CO PAH B 2008 romy ObuM OpraHWM3OBaHBI IBa
PeKUMHBIX ronuroHa. OHM pacroyioXeHbl B LEHTPAIbHBIX KOHTHHEHTAIbHBIX paiioHax 3amanHoit Cubupwu, Ha
nesoOepexxbe p. Ilyp, B TOM30HAX IOKHOM JICCOTYHAPHI M FOKHOW TYHAPHI B paiioHe YPEHTOHCKOTro
HegTerazokoHaeHcaTHOTO MecTopoxaeHus (HI'KM). ['maBHas 3amava Hammx UCCIETOBAaHUN - OIICHUTH BIIUSHIE
MIOYBEHHO-PACTUTEIBHOTO TIOKPOBA HA JIOKANbHYIO HU3MeHunBOocTh MomHoctH CTC wu  cocrosHus
MHoOTOJIeTHeMep3TsIX mopox (MMII) B pasHBIX reocucTeMax W B Pa3HBIX HPUPOAHBIX 30HAaX. B kauectBe
THIIOTE3bl MPUHATA TEOpHst 00 «IKOCHCTEMHO-OOYCIOBIEHHBIX» W  «KIMMaTHYECKU-00YCIOBIEHHBIX
9KOCUCTEMHO-MOJM(DUIIMPOBAHHBIX»  MEp3JbIX TOJINAX, XapaKTEPHBIX, COOTBETCTBEHHO, JUIS  FOXKHOM
KPUOJIMTO30HbI C HECIUIOIIHBIM PAcCHpOCTPAHEHUEM HEYyCTOMUYMBBIX BbICOKOTeMIepaTypHsix MMII u s
CEeBEPHO KPUOIUTO30HKI CO CILUTOIIHOI HU3KOTEeMIeparypHoit mepanoroit [Shur Y. L., Jorgenson M. T., 2007].

Jns pemeHuss 3ajaud  Ha NOJWTOHAaX IPOBEAEHBI JaHANIA(THO-TEOXUMHYECKHE HCCIEIO0BaHNU,
paspaboTaHa THMU3AIMS TPUPOTHBIX TEOCHCTEM JIOKAUIFHOTO YPOBHS (B panre ¢anuii), ¢ mpumenenuem ['1C-
TEXHOJIOTHI mocTpoeHs! kpynHomacimrtaOHble (1:5 000) KapThI-CXeMBI NMPHUPOAHBIX T'€OCHUCTEM, OIperesieHa
Haj3eMHas (uTOMacca AOMHHAHTHBIX PAaCTUTEIBHBIX cOOOHIeCTB. EjkKerogHo, B KOHIE TEIUIOTO CE30HA roja
npoBostcs m3mepenns MomHoctd CTC u remneparypst MMILL

B roxHOW IecoTyHApe MHOJHIOH pacmoioxeH Ha |V 03epHO-aJUTIOBHATIBHON paBHHUHE, CIIOXKEHHOH
CYTTIMHUCTO-TIECYaHBIMH OTJIOKEHHAMH. Ha BoJopa3fenbHOM MOBEPXHOCTH MHOTOJIETHEMEP3IBIE MOPOMBI
(MMII) 3ameraroT ¢ MOBepXHOCTH, a daHmmadTHas (daruanbHas) CTPYKTypa pasHooOpa3Ha M MO3aWyHA:
MENIKOOYTPHUCThIC TYHIpPHI, JIOTa C KyCTapHHKamu, TOp(SHUKH, 00i0Ta. 3amackl Haa3eMHOW (HUTOMACCHI
nocruratot 3 kr/mM2. ['myOuHa nporanBaHus CBsI3aHa C MOLIHOCTBIO OpraHOreHHOro ropusonra mnoys (Mr). Ha
TopdsiHukax, rae Mt=0,5-3 M, ona MuHUMasbHa U cocTaBisieT 30-50 cM, B MenkoOyrpucTbix TyHapax (Mrt=0,2-
0,4m) -0,7-1,2m, B KycTapHUKOBBIX Jorax (M1=0,05-0,4m) — 1-1,6M. [lecuanble NpuIOIMHHBIE YYaCTKH 3aHSTHI
JIMCTBEHUYHO-JINIIAHHUKOBBIMU pEAKOJIeChIMH, e Kposist MMII omymena nHa riyOuny 3-8 M. I'myOuna
CE30HHOTO MpOMep3aHust B cpeareM u3mensiercst ot 0,8-1 m mo 1,4-1,6 m [Ukraintseva et al., 2010, 2011] .

B roxHOH TyHzape monuron pacmosioxkeH Ha |l Mopckoil paBHUHE, CIOXEHHOH NPENMYIIECTBEHHO
CYTJIMHUCTBIMHU OTJIOXKEHHsIMH. Ha 1uromanke QJOMHHHUPYIOT TpaBSHO-KYCTapHHYKOBO-MOXOBO-THIIAHHUKOBBIC
TYHAPH C PENKUMH TSTHaMH-MeAadhoHamu. 3amacel Quromaccel cHmxkarotes (1,5-2,5 kr/m2), MOIIHOCTH
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OpPTaHUYECKOr0 TOPU30HTAa IOYB JOCTATOYHO OJHOPOAHA M cocraBiseT 4-10 cMm. PacTuTenbHOCTH FOKHOM
TYHAPBl MEHee IIeCTpas, 4YeM pacTUTEIbHOCTh IOXHOW JIECOTYHJIpPBI, CHMXaeTcs OunopasHoobOpaszue
JIOMUHAHTHBIX SKOCHCTEM [2].

TakuM o00Opa3oM, B IOXHOW JICCOTYHJIpE, T/A€ PACTHTENBHBIN IIOKPOB pa3sHOOOpa3eH M MO3aWyeH,
PacTUTEIFHOCTh OKAa3bIBACT CYIIECTBEHHOE BIMSHHE HA JIOKAIbHBIE OCOOCHHOCTH CE30HHO-TAJIOrO CIIof,
00yCIIOBIMBAET YepeTOBAHIE YIACTKOB C MOHMKEHHOW KpoBied MMII 1 mOBepXHOCTHBIM HX 3aJleTaHHEM. DTO
9KOCHUCTEMHO-00YyCIIOBJICHHAs] MEP3/10Ta. B TyHIpe poib MOYBEHHO-PACTHTENBHOIO MOKPOBA CYIIECTBEHHO
CHMXaeTcsd, (OPMUPYIOTCS «KIMMAaTUIECKU-O0YCIIOBICHHBIE 3KOCHCTEMHO-MOAM(UIIMPOBAHHBIE) MEP3IIbIe
tosu [Shur Y. L., Jorgenson M. T., 2007].

[Tony4ens! nanubie MeTeoctannuii HoBeiid Ypenroii (roxxHas iecoTyHApa) U Ta30BCckuil (F0’KkHAsI TYHIPA).
JlaHHble TeMmepaTyp IPOAHAIM3UPOBAHBI IO CpeJHEMECSYHbIM 3HaueHHsM. [IpoBepka mnpoBoauiach t-
kpurepueM CTbIOJIEHTa JUI 3aBUCUMBIX BBIOOpOK. CTaTUCTUYECKH 3HAYMMBIE pa3JIMuusl 10 JaHHBIM
METEOCTaHIMI OTMEUEHBI B IIEPUOJ] C MapTa I10 aBr'yCT, B IEPHOJ C CEHTOPA 1o (eBpalib, 3HAYMMBIX Pa3Induil
HeT. TakuMm 00pa3oM, 30HAIBHBIE PA3IMYMs TEMIEpaTypbl BO3AyXa, BO-MHOTOM ONPEACISIONINE TEIUIOBOE
COCTOSIHUE MOPOJ Ha TEPPUTOPHH Y PEHTOMCKOT0 MECTOPOXKACHUS, MPOSBISIOTCS UCKIIOUUTENBHO B BECEHHE-
JIETHUH MEepUOI.

HccrenoBanms BRIMONHAIOTCA Tpu nogaepkke Cosera mo rpanTam [Ipesunenta Poccutickoit @eneparun (rpant
HIII-5582.2012.5), B pamkax Mexayrapoaasix mpoektoB TSP u CALM, rpantoB PODU, HaydHBIX TporpamMm
PAH u CO PAH; a taxxe npu opranuzanuoraoii momomu OO0 «I"a3npom no0srda Y peHroi.

®AKTOPBI, OTIPEAEJIAIOIIUE TEMIIEPATYPY IIOPOJ
HA OEHTPAJIBHOM SAMAJIE, 1 UX CBA3b
C IBMEHEHUAMMU KIIMMATA

Myainanypos JI.P., Jleitoman M.O., XomyToB A.B.

625026, Tromenckas o6a., 2. Tiomenw,yn. Manvieuna 0. 86, damir.swat@mail.r

B pabotre paccMOTpeHBI OCHOBHBIC (DaKTOPHI, OKAa3bIBAIOIIME BJIMSHHE Ha (POpMHUpOBaHHE
TEMIIEPATYPHOI'O PEKUMa IIOPOJT BEPXHEN YacTu pa3pesa B ycioBusx LlenTpanbHoro Smana.

Lenp wccrenoBaHWsl - YCTaHOBHUTH CTENEHb BIHMSIHUA PA3IMYHBIX MPHUPOIHBIX (DaKTOpOB Ha
(hopMupOBaHHE TEMITEPATYPHI IIOPOJ M OLEHUTH BO3/ICHCTBHE KIMMaTa, Kak OCHOBHOTO (haKTopa.

®DaKkTOpbl BKJIIOYAIOT B CEOsA: PACTUTENBHBIA TMOKPOB (MOX), CyMMy aTMOC(HEpPHBIX OCAIKOB H
TeMIIepaTypy BO3IyXa.

HaOnromeHnss mpOBOAWINCE Ha T'COKPHOJNIOTMYECKOM  crammoHape "Bacekuubl Jlaun" B 5
TEPMOMETPHUYCCKUX CKBOKUHAX JIO TIYyOWHBI 1,5 M B TedeHHe mocienuux 5 netr. CKBaXHMHBI PacHojararoTcs Ha
Pa3HBIX TEPPACOBBIX YPOBHSAX, OJJHA CKBAKMHA PACIIONOXKEHA Ha CKIIOHE.

B xonne mapra 2013 roma Ha craudoHape MpPOBEACHA CHETOMEpPHAsi ChEMKa, B PE3yJIbTaTe KOTOPOM
YCTaHOBJICHO, YTO TIOJ BIIMSHUEM BETpa MPOUCXOAWUT MEpepachpeclicHHe CHETa B 3aBHCUMOCTH OT (DOpMBI
pemseda. Takum oOpa3oM, Ha IDIOCKHX BOJOPA3ACIBbHBIX IMOBEPXHOCTAX TOJIIMHA CHEXHOTO IMOKpOBa HE
npeBbicuia 0,11 M, Ha BBEITYKJIOH MOBEPXHOCTH BOIOPA3LEIOB CHET MPAaKTUYECKU ITOJIHOCTBIO CAYBaeTcs, Ha
CKJIOHAX - MOYKET JOCTUTaTh TOJIIIMHEI Ooiee 2 M.

B pesymbrate HabmromeHmit M 0OpaOOTKM IONyYEHHBIX NAaHHBIX BBIABICHO clenyiomee. B paiione
CKB)XHMH, PacCIOIOKEHHBIX Ha IUIOCKUX MOBepXHOCTAX momanaok VD-1 n VD-2, TonmuHa MOXOBOTO TTIOKpOBa
cocrainsieT 0,06 u 0,03 M coorBeTcTBeHHO. TONIMIMHA CHEXXHOTO TTOKPOBA Ha 3THUX TUIOMNIAJIKaX HE MPEBBIIMIACT
3naueHus 0,11 m. [Ipyu maHHBIX YCIOBHSIX HAa 00CHMX IUIOIIAAKaX (OPMUPYETCS OAMHAKOBBIA TEMIEpATypPHBIM
pexxum nopoj. Ha rimybune 0,25 M B pasubie romusl (¢ 2008 mo 2011) cpenHeromoBasl TeMiieparypa MOpOJ
u3Mensercs ot -3,4°C mo -6,8°C.

Tpethst TepMOMETpHUECKash CKBa)XKMHA pACIIONaraeTcs Ha IUIOCKOW moBepxHocTH Iiomanku VD-3.
Tonmmuua Mxa Ha 3TOW IUIoUlaJke MHUHHMaidbHa U coctaBisieT 0,02 M. 31ech 3HAU€HHUS CPEHEroJ0BON
TEeMIIepaTyphl TOPOJT Ha ITOH ke TITyOHWHE B pa3HbIe TObI U3MEHSIOTCA OT -2,9 10 -6,8°C.

CkBaxMHa, paclojoXeHHass Ha Bblmyksiod mnosepxHoctu octanna (VD CALM), xapaxrepusyercs
HAJIMYAEeM MOXOBOTo TMokpoBa tommmHoi 0,03 M mepatyp mopoxn 3a 2007, 2008 u 2011 nHa rybune 0,25 M
HAMEIOT 3Ha4YEHUs COOTBETCTBEHHO -5,3°C, -5,0 °C un -4,2°C.

[IsaTas ckBaykMHA pacIioyiaraeTcsi Ha CKJIOHE M XapaKTepHU3yeTcsl HATHIHeM MOXOBOTO ITOKPOBA TOJIIIMHON
0,1 M. Tommmua cumera 3meck nocturaer 3HaueHus 0,83 M. CpenmHeromoBas Temrmeparypa IOPOA HMEeET
MOJIOKHUTENbHBIC 3HaUeHus 110 rryounsl 1 M (ot +0,1°C no  +1,4 °C).

Takum oOpa3oM, HauOoJIbIIECe BIUIHKE Ha ()OPMHPOBAHUE TEMIICPATYPHOTO PEKUMA MOPO]] OKa3hIBACT
CHEXHBIH IMOKPOB KaK Teruion3onupyoonmi Gakrop. B ckBaxkuHaX, pacnoioKEHHBIX Ha IUIOIIAIKaX C BHICOTOM
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cgera 10 0,11 M cpemHeromoBele TeMmepaTypsl MOPOX HAa Pa3HOM TIIyOMHE CBS3aHBI CO CPETHETOIOBOM
TeMIlepaTypoi Bo3yxa ¢ ko3 unnenrom Koppemsuu He Hrxke 0,9. B ckBakuHe, pacrionioxeHHOI Ha CKIIOHE,
rae BbicoTa cHera jgocruraer 0,83 M, koaduIMEeHT KOppenmsuuu CpeTHErofO0BOM TeMIepaTypsl IOpoX U
CpEeIHEroZI0BOM TemIepaTyphl Bo3iyxa He npesbiiaeT 0,78.

Xox cpeaHerofoBOW TeMIepaTyphl MOpOI Ha IUIOMIATKaX, TOe CHEr OTCYTCTBYET, MO0 €ro TOJIIHHA
Menee 0,1 M, TOBTOpSIET X0 CPETHETOOBOI TeMIepaTyphl Bo3ayxa. Ha rromazke, rie CHEr WMeeT TOIIIUHY
0,8 M m Oornee, X0 CPETHETOIOBOM TEMIIEPAaTyphl HMOPOJ HE3HAYHTENHHO ITOBTOPSET XOJ CPEIHETr0IOBOMH
TeMIIepaTyphl BO3yXa, IIpH 3TOM HabrogaeTcs 3aaepxka mo ¢gase B 1 ro.

Session 10: Permafrost engineering, constructions on frozen ground

YCTPOUCTBA 1151 YIIPABJIEHUSA TEMIEPATYPHBIM PEZKMMOM
HOA3EMHOI'O KPUOXPAHUJINIIA CEMSH PACTEHUU B T'. AKYTCKE

INanun B.H., Ky3smun I'.I1.

Hncemumym mepsznomosedenus um. 11U Menvruuxosa CO PAH
Poccus, 677010, e. Axymck, yn. Mepsnomnas, 0. 36, UM3 CO PAH,
e-mail : kuzmin @mpi.ysn.ru; vovapanin76@mail.ru

CemeHa pacTeHHH TP ONMPENEICHHBIX OTPHILATENBHBIX TEMIIEpaTypax M HU3KOW BIaXKHOCTH CIIOCOOHEI
JUTNTETBHOE BPEMSI COXPAHAThH CBOIO JKU3HECIIOCOOHOCTh. B HacTosimee BpeMsi BO MHOTUX CTpaHaxX BO3BEICHEI
XPaHWINIIA TEHEeTHYECKUX PECYpPCOB PACTEHHUM, B KOTOPHIX HEOOXOAMMAs Ul JOJITOBPEMEHHOTO XPaHEHUS
CeMsIH PacTeHHMH OTpHUIaTelIbHas TEeMIepaTypa CO3[aeTCs XOJOMMWIBHBIMU YCTaHOBKAMH WM €CTECTBEHHBIM
XOJIOJIOM C JIOTIOJIHUTEIBHBIM HCKYCCTBEHHBIM OXJakaeHueM. CyIecTBEHHBIMH HEAOCTaTKaMH TaKHX
XPaHWIKIL SBIISIOTCS OOJBLIME 3aTPaThl SHEPTHH M BO3MOXXHOCTh HapyLICHUS] HEOOXOANMOr0 TEMIIEpaTypHOTo
peKMMa XpaHEHUs CeMsH Ipu Mepedosix HSHEeprocHadKeHWs. AJBTEpHATHBHBIM 0ojieeé SKOHOMHUYHBIM U
Ha/IeKHBIM CIIOCOOOM OOecredyeHHss ONTHMAJIBHOTO TEMIIEPATypHOTO pEeKMMa B KPUOXPAHWIUINAX VIS
JIOITOBPEMEHHOTO XPaHEHHS CEMSIH PACTCHUI SBJIAETCS HCIOIb30BAHNUE €CTECTBEHHBIX HCTOUHUKOB XO0JIOAA.

HccnenoBanusamu  cotpyanukoB HWHctutyra Omonmormyeckux mpobiem kpuonmuro3onsl CO PAH
YCTaHOBICHO, YTO ONTHMAJIbHBIMU ISl JUIMTEIBHOTO COXPAHEHHs JKM3HECIIOCOOHOCTH W TEHETHYECKOH
LIEJIOCTHOCTH CEMSH PAcTEHHWH SIBIAIOTCS TeMIepaTypsl mopsaka muHyc 6...10 oC. B kpuonmTo3oHe Takue
TEMITEpaTypbl MEP3IIBIX ITOPOA XapaKTEPHBI TOJIBKO IS apKTHUECKUX M BHICOKOTOPHBIX paiioHOB. [loaTomMy mpu
CTPOMTENBCTBE MOI3EMHBIX  KPHOXPAaHWIWII Ha OOnblIe 9acTH  TEPPUTOPUH  PACHpPOCTPAHECHUS
MHOTOJIETHEMEP3JIBIX TIOPOA, TPEOYeTCsl NONOIHUTEIBHOE KPYIJIOTOJMYHOE OXJIAXKICHHE OKPYKAIOIMX HX
MEp3JIBIX TOPHBIX MTOPO/I.

B r. fIxyrcke noctpoeno denepanbHoe KpuoxpaHmiuine | ouepenu myTeM peKOHCTPYKIUH ITOA3EMHOM
nabopatopun Muctutyra Mep3notoBeneHus CO PAH. Temmeparypa mopon Ha TIiyOMHE paclioyIOKEHHS
xpanmuma Munyc 2,3 oC . JIng KpyrJIorOAUYHOrO MOJJEpXKaHWS ONTHMAalbHOI TeMIepaTypsl B Kamepax
XpaHEHMs CeMsIH MPHUMEHEHB! BO3JYLIHBIE OXJIAXIAIOIUE YCTPONCTBA KOHBEKTUBHOTO JEWCTBUS, B KOTOPBIX
LUPKYJSIIAS. XOJIOAHOTO BO3yXa IMPOMCXOAUT I0J] NEWCTBUEM eCTeCTBEHHOH Tsru. s jeTHel crabmin3annu
TeMIepaTypbl B MOA3EMHOM COOPYKEHHH, MOCTPOEHHOM B TOJILE MHOTOJIETHEMEP3IBIX IOPOJ, BIEPBEIC
HCIIOJIB3YeTCS TEXHOJIOTHS OXJIQKACHHs, OCHOBaHHAas Ha W3BECTHOM 3aKOoHE ciBura (a3 TemmeparypHbIX
KosiebaHmii B mopozax. IIpuMeHeHne 3Toil TEXHOJIOTHH MO3BOJISIET MOANCPKUBATh TEMIEPATYPY B TOA3EMHOM
COOPY)KEHHH Ha HEOOXOAMMOM yPOBHE B TEUECHHE BCETO TEILIOTO MEPHOa roja.

B nmoxiame moka3aHel OCHOBHbIE TPEOOBaHMS K IPUMEHEHHIO HOBOH TEXHOJIOTHM CTaOWIM3alnu
TEMIIEpaTypbl B TIOA3EMHBIX COOPY)KEHHAX, MOCTPOSHHBIX B MAacCHBE MEp3JbIX MOPOA, IO MPUPOAHO-
KIIMMATUYECKUM YCJIOBUSAM TEPPUTOPHH HX CTPOHUTENHCTBA. lIpHBEeneHBI CXEMBI M OCHOBHBIE MapaMeTpHI
KPHOXPaHWIHIIA M OXJIXKIAIOIIUX YCTPOMCTB. BynyT mpejicTaBieHbl pe3yibTaTbl HaOJIIOAEHUH 3a padoToii
OXJIQXIAIOUIUX YCTPONCTB M TEMIEpPaTYPHBIM PEXHMOM KPHOXPAaHWIHMINA U BMELIAIOIUX MEP3JIBIX MOpoJ 3a
TIePBLII HEMOJHBIHN roJ paboThl COOPYKEHUS.
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9K30I'EHHBIE I'EOJIOI'MYECKHUE ITPOLHECCHI
HA OBFBEKTAX HH®PACTPYKTYPbI MAT'NCTPAJIBHOI'O I'A3OIIPOBO/JIA
BOBAHEHKOBO-YXTA

I'ybapbkoB A.A.

Tiomenw, 625000, yn.Borooapckoeo, 38, agubarkov@gmail.com

Hentpaneueiid  SIManm xapakTepus3yeTcs pPa3BHTHEM BCEX OK30TCHHBIX T'€OJIOTHYCCKHX IPOIECCOB,
Pa3BUTHIX Ha PaBHUHHBIX TEPPHUTOPHUAX, CIIOKEHHBIX MHOTOJETHeMep3nbiMu mopoxamu (MMII). Haubonee
AKTUBHBIMH CpEId HHX SIBILIIOTCS KPUOTEHHBIE IPOIECCHl. BONBIMMHCTBO W3 HUX NpPU CTPOUTEIBCTBE U
SKCIUTyaTalliy MPOMBIIUICHHBIX U TPAXKIAHCKUX 00BEKTOB SBIISTIOTCS HEOIATONPUATHHIMH WA OTIACHBIMH.

JletanpHBIE MHKEHEPHO-TEOKPHUOJIOTHYECKIE HMCCIENOBaHMs paiioHa baiimaparikoil ryOBl MpoBeAEHB B
CBS3M CO CTPOMTEILCTBOM Ta3ompoBoja boBaneHkoBo-YxTa B 80-X Tomax mpomuioro Beka. B 2004 r.
MHXCHCPHO-TCOKPUOJIOTUYCCKHUE U3BICKAHUA IMTPOAOHKEHBI BHOBD. B cBs131 €O CII0KHOCTBIO TCOKPUOJIOTUYCCKUX
YCJIOBHUIl 1 aKTUBHOCTBIO KPHOTEHHBIX MPOLIECCOB 32 MEPHOJI ITPOBEICHUS U3bICKAaHUI TP pa3a Obuia M3MEHeHa
0Ch TPAcCHI Ta30MPOBOAA.

B 2006 . mpoBeseHb! HCcCeI0BaHUS KPHOTEHHBIX MPOIIECCOB B €CTECTBEHHBIX NMPHPOAHBIX YCIOBHSX B
paiione batimapankoii ryosl. B nerHe-ocennuii nepuon B 2006 r. B cocTaB paOOT ObUIM BKJIFOYEHBI MOJICBHIC
MapUIpyTHBIC, PEKUMHBIC ¥ a3pOBH3YAIbHBIC HAONOJCHHS. BEBISBICHBI YCIOBHUS M XapaKTEPUCTUKU Pa3BUTHS
KPUOTCHHBIX MPOIIECCOB, HX COBPEMEHHOE cocTosHre. Hanbonee akTuBHBIME Tiporieccamu B 2006 T. SBISUTHCH
PYCJIOBBIC MPOIECCHl, TEPMOICHYIANHs, TepMoadpasus Mo OeperaM TEepPMOKApCTOBHIX 03ep W IeQIAIuS.
HecmoTtps Ha mpeobnmamanue Ha OOCIEIOBAaHHON TEPPUTOPHH IIOBEPXHOCTEH C OTCYTCBHEM aKTHUBHBIX
KPUOTCHHBIX TPOIECCOB, MPAKTUIECKH HA BCEX DIIEMEHTaX penbeda ¢ cHabHOIbIUCTeiIME MMII u kpymHBIMI
JeSHBIMU BKITFOUCHHUSMH, UMEIOTCS YYACTKH C MPOSBICHUSMH HEOIaroNpHUATHBIX UM OMACHBIX KPHOTEHHBIX
MIPOIIECCOB.

B 2008 r. B cocTaB HaOMIOAATEIHLHONW CETH BKJIIOYEHBI YEThIpE OOBEKTa CTPOUTENbCTBA. lLmormamka
BPEMEHHOI'0 TOpPOJIKA CTPOUTENEH pAaCIOJIOKeHa Ha POBHOM BOJOPA3JelIbHOM IIPOCTPAHCTBE Ha BTOPOI
MOpCKOﬁ Teppace. OrTchllladHasg  MEeCYaHBIMHA TpyHTaMHu TIUIOMIaJiKa TMPEAOTBpallacT MEXAaHUYCCKOC U
OTeIJIsIfollieee BO3JEHCTBIE HAa MHOTOJIETHEMEp3JIble MOpoJbl. ba3a XpaHEHHs pacrojiokeHa Ha POBHOM
BOJIOPA3/JIeNIbHOM IpocTpaHcTBe. ClaOOHAKJIOHHBIE MMOBEPXHOCTH INPHJIETAIOT K OBPa)KHO-OAJOYHOW CEeTH |
JONMHaM pek. BoszeiicTBHEe Ha OKpYKarONIyl0 TEPPUTOPHIO NPOUCXOAMT B pE3yJibTaTe IIOANOPAa BOA U3
CTOYHOTO 03€pa, OIMOJI3aHMs U TIOJMBIBA OOPTOB APCHAKHON KaHABHI

Kaprep mecka u miommagka OypToBaHHS PacHOIOKESHBI Ha BOIOPAa3AECIHLHOM MPOCTPAHCTBE MAaJBIX PEK
Cumgsmenstoce W XypexoTapka C TOJIOTMMH W KpyThIMH Oeperamu. llpm pa3paboTke Kapbepa Iiecka
MPOUCXOIMIIO HanOoJee 3HAYNTEIbHOE BO3JCHCTBHE Ha TEONOTHYecKylo cpeny. CHHMaeTcs IOYBEHHO-
pacTUTENBHBIN U TOP(SHOHN CIIOM M BCKPHIBAIOTCS CE30HHOTANIBIE U MHOTOJICTHEMEP3IIbIe TPYHTHL. B pesynbraTe
AKTUBHO Pa3BHBAETCS TEPMOJACHYJANA, TEPMOKAPCT, KPHOTEHHOE OIMOJI3aHHEe, TEPMOIPO3HSL.

JlenoBas miomaaka sl XpaHeHust TpyO MeHee BCero MmoJiBep)keHa TEXHOTGHHOMY BO3eHCTBUI0. Tak kak
paboThl Ha Hell NpPOBOASATCS B 3MMHEE BpeMs, TO IIOYBEHHO-PACTHUTENILHBI IOKPOB HapylleH ciao,
CJI/IOBATENILHO, HE MPOUCXOJUT IOBBIIIEHHOTO MPOTAWBAHUSI CE30HHOTAJIONO CIIOS W Pa3BUTHS KPHOTCHHBIX
MIPOLIECCOB.

Camoii OoJIbIION aKTUBHOCTBIO 00JIa[aloT KPHOTEHHBIE IPOLIECCH B Kapbhepe IMecKa, YTo 00yCIOBICHO
PAIOM TPUPOIHBIX (PAKTOPOB U CICIU(PUKON pa3pabOTKu rpyHTOB. Kapbep pacmoiiokKeH B MEKIypeUbe MajbIX
pek. bopTta J0NMHH UMEIOT TOCTATOYHEIC YKIIOHBI JJIS Pa3BUTHS KPHOTCHHBIX CKIOHOBBIX ITPOIECCOB PA3IMIHOMN
AKTUBHOCTH B €CTECTBCHHBIX YCIIOBHAX. BCKprITHE UM OypTOBaHWE TPYHTOB CE30HHOTAIOTO CIIOS, IEPEXOIHOTO,
MPOMEKYTOYHOTO CJIOCB M CHIBHONBIUCTEIX MMII mpuBOIUT K akTHBHOMY CTOKY BOIBI M TEPMODPO3HH,
TPYHTOBBIX TIOTOKOB, KPHOTEHHBIX OIIOJI3HEH TedeHWs, a Takke TepMolaeHyxannu. KoimgecTBo
TEPMO3PO3HOHHBIX TPOMOMH M KPHOTCHHBIX OIMOJ3HEH TeUeHusI He MeHee 4eM B 3-5 pa3 Oouiblie, 4eM Ha IpyTux
00BeKTax MOHUTOPHHTA.

IMPOBJIEMbBI CTPOUTEJBTBA ABTOMOBUWJIBHBIX TOPOT
B KPUOJIMTO30HE POCCHUH

lecrepuen .M.

HUM3 um. I1. U Menvruuxosa CO PAH, 2 Alkymck, e-mail: shesternev@mpi.esn.ru

B YCJIOBUAX rno0aaLHOr0 M3MEHEHHS] KIMMaTa B MOCICAHNE NCCATUIICTHUA IMPOUCXOAAT HU3MCHCHUA
pacnopoCTpaHCHUA U MOIIHOCTHU CE30HHOM M MHOTOJICTHEH MEP3JI0ThI, KPUOTCHHOT'O CTPOCHUA U JIbJAUCTOCTU
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ClIaraloIlX ee MopoJd. B pe3ympTare yXyAIIAlOTCA CTPOUTEIbHBIC CBOWCTBA T'PYHTOB, ONPEACISIONIMX (B
3HA4YNTEIbHOH Mepe) AP PEeKTUBHOCTh IKCILTyaTallii HHXEHEPHBIX COOPYKEHHUH, B TOM YHCIIE aBTOMOOMIIBHBIX
nopor. Hapsimy ¢ aTuMm, crana TpyZHO-TIpeCKa3yeMOH KMHETHKA U MEXaHHKH Pa3BUTHS ONACHBIX KPHOTEHHBIX
MIPOLIECCOB M SIBIICHUH (3HAKONEPEMEHHBIX CE30HHBIX Ae(OopMalfii, MHOTOJIETHEIO Iy4YeHHs, BBITYYHBaHUS,
TEpMOKapcTa, OCaZOK W HajeneoOpasoBaHWMsS W T.O.) M HMHKXECHEPHO-TEOJIOTHYECKUX IPOIECCOB -
3a00JaunBaHIsL, OTIOJI3HEH, OBparooOpa3oBaHMs U T.1I. BrieuaTnstommii pe3yibTaT BO3EHCTBHUS IIEPEIUCIICHHBIX
MpoIeccoB W WX KomiuiekcoB B 2012 r. HaMm ymanock HaOmIOAaTh B MpoIecce PEKOTHOCIIMPOBOYHOTO
o0CIIeZIOBaHMsL COCTOSIHUS aBTOMOOMIBHBIX gopor «JleHay, «Amyp», «Bumoi» u «KoipiMa, o0eii
MIPOTSHKEHHOCTHIO OoJiee § ThICAY KM.

VYuacTku aBTOMOOWIIBHOH noporu «JleHa», mepecekalonye TPYHTOBbIE KOMIUIEKCHI MOWMEHHBIX MU
HaﬂHOﬁMeHHbIX T€ppac BPEMCHHLIX U MOCTOAHHBIX BOAOTOKOB, IMPAKTUYECKHU BCEC OTHOCATCA K ydaCTKaM, B
TIpezienax KOTOPhIX TEOKPUOIOTHYECKHE YCIOBHS CHUKAIOT MIIM MOTYT CHHXKaTh d((EKTUBHOCTb SKCILUTyaTalluu
Maructpany. OOmas NpOTSHKEHHOCTh TaKHX YYaCTKOB IO Pe3yJbTaTaM PEeKOTHOCIMPOBOYHBIX 00CIeI0BaHUI
Ha aBTOMOOWJIBHOI Maructpamu «JIeHa» cocraBiser He meHee 100 kM. Ha aBTOMOOMIIBHBIX JOporax «Buimroii»
1 «KospIMa» IpOTSHKEHHOCTh TAKUX Y4acTKOB HECPABHEHHO OOIIBIIIE.

HccnenoBanus, BHIOJIHEHHbIE Ha 18 KITIOUEBBIX ydacTKaxX aBTOMOOMJIBHOW Tpacchl «AMyp» IMOKasaiu,
YTO OCHOBHBIMH MpPUYMHAMH HEJOMYCTUMBIX nedopmanuii  3eMIISIHOTO TOJOTHA U pa3pyLICHUS
ac(arbTOOCTOHHOTO MTOKPBITHS SBISIOTCS:

- Jerpafanysi MHOTOJIETHEMEP3/IbIX T'PYHTOB OCHOBaHMS aBTOMOOWJIBHBIX JIOPOT, XapaKTEPH3YIOIIHXCS
CJIOKHBIM KPHOJIUTOIOTHIECKUM CTPOSHUEM U BBICOKOM JIbUCTOCTHIO;

- (hopMHpOBaHKE YaIIX NPOTAUBAHUS KeJI00000pa3Hoit (OPMBI B TPYHTOBOM OCHOBAaHHH aBTOMOOHMIIBHOM
JIOPOTH, C IOCTOSIHHBIM €€ 00OBOJHEHHEM;

- HEPABHOMCPHLIC HG(I)OpMaLII/II/I 3EMJIAHOTO MOJIOTHA W MHOI'OJICTHEMEP3JIbIX BCPXHUX TOPU30OHTOB
TPYHTOB OCHOBaHUS aBTOMOOMJIBHO JIOPOTH;

- BBIEMKa JIBJUCTBIX TPYHTOB, CIIOCOOCTBYIOImasi (DOPMHPOBAHUIO YYacCTKOB JIOMOJHHUTEIHHOTO
YBIIQ)KHEHUS! TPOTANBAIOLINX IPYHTOB OCHOBAHUSI.

OCHOBHBIMH MEPOTIPHSTHSIMH, KOTOpbIE CMOTJIM OBl TPENOTBpaTUTh IOsABICHHE JAcdopManuii Ha
aBTOMOOWJIBHBIX JOpOrax KPHUOJIMTO30HBI, HA HAI B3IJII, HEOOX0OUMO ObUIO OBl pa3paboTaTh W Peasn30BaTh
Ha MOMEHT NPOEKTHPOBaHMS AaBTOMOOWIIBHBIX JIOPOT, B KpaifHEM cilydae, B MEPHOA HMX cTpouTenbcTBa. Ho
WH)XEHEPHO-TEOJIOTHIECKUE M3bICKAHWS, BBINOJIHEHHBIE B OOJACTH PAaCHpOCTPAHEHUS MHOTOJIETHEMEP3JIBIX
MOopoA, OBUIM CTONb HEKAYECTBEHHBIE, YTO, HE OTPaKald pPEAIbHO CYIIECTBYIOIINX T'€OKPHUOIOTHYECKHX
ycaoBuil. OTCyTCTBOBAJ U IPOTHO3 B3aUMOJEHCTBHSI pa3JINYHBIX TUIIOB KOHCTPYKIMH aBTOMOOHIIBHBIX I0POT B
YCIIOBHAX TI100aJIFHOTO H3MEHEHHS KJINMATa.

Bo3mokHOe pelleHre CyHMIeCTBYIOIUX IPOOJIEM CTPOMTENBCTBA W OKCIUIyaTallid aBTOMOOMIIBHBIX
MaFPICTpaJ'Ieﬁ B KPUOJIMTO30HE, HAM BUJUTCA UX B CO3JJaHUU:

- Hay4YHO-METOJIMUECKHUX IOJMTOHOB B PA3IMYHBIX JOPOXKHO-KIMMATHUECKUX palioHax, Il pa3padoTKH
TEXHOJIOTUH CTPOUTENBCTBA aBTOMOOWJIBHBIX JOPOT C INPUMEHEHHEM WHHOBALMOHHBIX TEXHOJNOTHH U
MaTepHaoB;

- MHIUBHIYaJbHBIX W THIIOBBIX KOHCTPYKLHUH M TEXHOJOTWH, MPUMEHNTEIBHO K KaXJIOH M3 JOPOKHO-
KIIMMaTH4YecKnx 30H Poccny;

- YCIIOBUIi, HAa TEPPUTOPHN HAYYHO-METOAMYECKHX TTOJIMTOHOB [UIS aJalTallii HM3BECTHBIX TEXHOJIOTHH,
MIPUMEHSBIINECS B IPYTUX TMPUPOIHO-KIMMATHIECKUX obmacTsix Pocenn.

- PETHOHAIBHBIX IIAKETOB HOPMATHUBHBIX [OKYMEHTOB DPErJaMEHTHPYIOIIMX BECh LUKJI paboT - OT
BBIOOpA HAIIPABJIEHHS CTPOUTENBCTBA aBTOMOOMIIBHBIX AOPOT O 3KCILUTyaTallul U BO3MOXKHOW MX YTHIH3AINH;

- IMMaK€Ta HOPMATUBHBIX TOKYMCHTOB, YUYUTBIBAIONIUX HE TOJHBKO aAMHUHUCTPATUBHOI'O ICICHUA pOCCI/II/I,
HO W yHU(UUMPOBAHHOE pPAaHOHUPOBAaHHE OPOKHO-KIIMMATHYECKUX YCJIOBUH M uX TpaHchopmanuu B
pe3yiibTare JUHAMUKH CCTCCTBCHHBIX KIIMMATHYCCKUX PUTMOB B TEUYCHUC BPEMCHHU OKCILUIyaTallun
ABTOMOOWJIBHBIX J0POT;

PACITPOCTPAHEHME TAJIMKOB IOJI 3JAHUSAMHU AKYTCKOM T3I]

3adoaornuk C.H., 3a6oa0oTHuk I1.C.

Poccus, Pecnybruxa Caxa (Axymus), eop. Axymcek-10, yn. Mepsromnas, 36,
HUncemumym mepsznomoseoenus um. I1L.U. Menvnuxosa CO PAH

SAxyrckas TOL] HaxomUTCS B CEBEPO-BOCTOYHOMN YacTH SIKyTcKa Ha Oepery ropoacKoil mpoTokH p. JIeHBL
Ona pacrnojioXxeHa Ha aJUTIOBHATFHON Teppace, BO3BBIMIAIONICHCS HaJl YPOBHEM MEXEHHBIX BoA Ha 9-10 M u
nMerommeit mupuHy okono 3 kM. B paitone ATOL] nmo mamabsiv H.M. CanTeikoBa MOITHOCTH BEYHOMEP3IION
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tommu gocturana 180-200 M, a cpeiHne TOIOBBIE TEMIIEpaTyphl TPYHTOB Ha IriIyOnHe 15 M HemocpeACTBEHHO Ha
IJIOLIA/IN 3aCTPOMKH J10 BO3BEACHUS COOPYXKEHUI U3MEHSUIUCH OT -3 110 -5°C.

STOL] 6buta BBEJCHA B MOCTOSHHYIO dKCILTyaTanuio 7 Hosiopst 1937 r. OHa SBWIIOCH TIEPBBIM KPYITHBIM
npoMbinuieHHbIM 00bekToM B CCCP, mocTpoeHHBIM Ha BEYHOW MEp3JIOTe MO MNPHHIMITY 1: COXpaHEeHHUs
MHOTOJIETHEMEP3JIOTO COCTOSHUSI TPYHTOB B €ro OCHOBaHMH. 11 3TOro ObIM pa3paboTaHBl CIICIHATBHBIC
(yHDaMeHTHl (KOJIOHHBI C OamMakam#, a TMOJ OCHOBHBIM TEXHOJOTHYECKHMM OOOpYNOBaHWEM — CIUIOIIHBEIC
OETOHHBIC IUINTHI), IPOBEPEHHBIE PACYETOM HA BBITYYHBAaHHWE, W OCYIIECTBICHO CO3JIaHWE NPOBETPHBACMOTO
TOJTIOJIBSI.

HecmoTps Ha 3TO B Te4yeHHMe 75-JeTHEW OKCIUTyaTalldd »AIM30AMYECKH BO3HHMKAIH IPOOIEMBI
o0ecrieyeHNs YCTOMUMBOCTH COOPY>KEHHM HM3-3a YaCTUYHOI'O OTTAaMBAHMUS MHOTOJICTHEMEP3IBIX T'PYHTOB IO
HUMA. OHu ObuM  OOYCIIOBJIEHBI TJIaBHBIM 00pa3oM YTE€YKaMH HarpeTbiX IPOU3BOJCTBEHHBIX BOJ
HEMOCPEJCTBEHHO B TPYHTHl OCHOBAHWH W BJAOJIb JIMHUH MX TPaHCIIOPTHPOBKH H3 JPEHAXHBIX TpPYO,
KaHaJIM3aLUOHHBIX CETeH U APYTUX KOMMYHUKAIUIL.

B pesynprate mox 3maHUSIMHM OOpa3’OBAINCH TAaJIMKOBBIC 30HBI. J[si BOCCTAHOBJIEHHS €CTECTBEHHOTO
TEMIIEPAaTYpHOTO pPEXHMa TPYHTOB B TIPOOJIEMHBIX MeECTax YCTAaHABIMBAINCH CE30HHOJACHCTBYIOMINE
oxnaxaatomye ycraHoBku (COVY) cucremsr C.U. INaneeBa, mpoBoamiack OYMCTKA OTO JIbJla TPOBETPHBACMOTO
MOJTIONBSI, OCYIIECTBILUINCE ITOCTOSHHBIA KOHTPOJb 32 COCTOSHHEM KOMMYHHKAalWid W YCTpaHEHHE yTeuek.
Bgog B neiicteue COY u mpoBeseHNe APYTUX MEPOIPHUSATHIA MPUBEN K YaCTHIHOMY IIPOMEP3aHUIO TPYHTOB U K
COKpAIICHHIO IUIOIAI! TATMKOB. TeM He MEHee, OHU COXPaHWJINCh U 10 HACTOAIIETO BPEMEHH.

Hambonee Brbicokass temmepatypa (mo 12°C) m mommHOCTh (1o 23 M) TanWka yCTaHOBIEHA OKOJIO
MUPKYJIALHAOHHOW HacocHOW craHmmu. OH pacmpocTpaHseTcst BOKpyr Heé Ha 25-30 M M 3axBaThIBaeT FOXKHBIN
YroJl TIIaBHOTO KOpITyca.

ITon 3maHMEM BOJOTPEHHBIX KOTJIOB MOIIHOCTh TaJlMKa He mpeBblmaeT 17-20 M, a cpegHHE I'OJOBbIE
TemriepaTypsl 0butH He BhImIe 2,5°C. Bokpyr 3Toit yacTu 31aHis MHOTOJIETHEMEDP3IIBIE TPYHTHI OTTastiu 10 12,0-
19,5 M, a cpenHss roioBast TeMIleparypa B OTTasgBIIeM cioe focrurana 1,7-1,8°C.

OTOT K€ TAIMK Y3KOH MOJIocOH mpocTupaercs o yriekuciaoTaoro nexa (YKILI), pacrpocrpaHnssics mon
€ro BOCTOYHYIO 4acTb. TodYHas MOILIHOCThH €ro MoKa He ycTaHoBieHa. [Ipu Oypenun ckBakun Bokpyr YKII B
2012 r. royouno# 10-15 M HWXKHSS TpaHWIA TajdWKa He ObUIa JOCTHTHYTAa, a TEMIEpaTypa TPYHTOB B €ro
npenenax nuaMeHsace ot +0,9 mo +1,5°C.

OKo0JIO BOCTOYHOW YAacTH 3IaHUS XMMBOJOOYHCTKH W IIOJ HEH oTTasBIIKEe paHee TpyHTH K 2009 romxy
npomépanu ceepxy a0 7,0-8,2 M. Hike coxpaHWMIICS Talblii TOPH3OHT, CPEAHSA TO0BAsI TEMIIEpaTypa KOTOPOTro
Ha riryoune 10-11 m gocturana 1,0-1,5°C.

HecmoTps Ha Oonbmioe KOMTMYECTBO TalUKOB, Ha Ooipmiedl wactu SATOLl rpyHTBI HaxomsaTcsl B
MHOTOJeTHEMEP3TIOM cocTostHUK. CpenHss rojoBas TeMmepaTypa X B HHTepBaie 4-10 M 1HOa IJIaBHBIM
KOPITYCOM H3MEHSUIACh OT OJMU3KUX K HYII0 3Ha4YeHui 1o -3,9°C. B mocnemHue roabl Iomaad TaTHKOBBIX 30H
HEMHOT'O COKPAaTUJIMCh, YTO CBHJETEIBCTBYET O IIOCTENIEHHOM BOCCTAHOBJIEHHMHM TEMIIEPaTypHOTO pPEXHMa
TPYHTOB B OCHOBAaHHH COOPYKEHHI.

B nacrosimee Bpemst Ha Tepputopun Skyrckoit TOL copmupoBanach JOBOJIBHO CIIOKHAs MEP3JIOTHAsS
00CTaHOBKa, OJHAKO JIOCTATOYHO KBAIM(UIIMPOBAHHBIE WHXXCHEPHBIE PELICHUs, OCYIIECTBICHHBIC IIPH
MOJITOTOBKE CTPOUTENBHBIX IUIONIAJO0K, BO3BEACHUH 3IaHUM M IOCIEOYIOIIEH X SKCILIyaTaluyd O0eCHEeYMIIH
TaKOH [UINTENBHBIN Ieprox e€ Oe3aBapuifHONW PabOTHL

HABJIIOAEHUA 3A UBMEHEHUEM COCTOSHUSA MEP3JIBIX ITPYHTOB
11O USMEPEHUAM PAJUOBOJIHOBOI'O ITIOBEPXHOCTHOI'O UMIIEJAHCA

Edpemon B.H.

Hucmumym mepsnomosedenus um. I1.1. Menvuuxosea CO PAH,
Mepsnomuas, 36, Axymck, Poccus vne@mpi.ysn.ru

[IpuBenens! pe3yabTaThl HAOMIOJCHNI TOBEPXHOCTHOTO MMITeAaHca B fuamna3one yactoT 20...900 kI’ Ha
OKCIICPUMEHTAJIbHBIX IJIOIAaAKaX HEAAJICKO OT T. HKyTCKa, IpeACTaBICHHBIX MHOT'OJICTHEMEP3JIBIMU TECUAHBIMH
rpyHTamu. B xone HaOnroneHUi yCTaHOBJIEHO, YTO HauboJee TeCHas KOPPENSMOHHAS CBS3b MOBEPXHOCTHOTO
UMIIEIaHCa MEp3JIbIX TPYHTOB C MX TEMIeparypoil Ha riyOuHe 10 4 M, CTPYKTYpOod U HpPOYHOCTHBIMH
CBOMCTBaMH MEpP3JIbIX TPYHTOB B JaHHOM paiioHe HaOoaeTcst Ha yacrorax auanazona 500...900 xIo.

BeigensieMplii 110 TOBEPXHOCTHOMY HMIIEAHCY aKTHBHOTO CIJIOS TIEPHOJl BpPEMEHH CE30HHOTO
OXJIXKICHUSI TPYHTOB MOJpa3feisieTcs Ha 30HY IpoMmep3aHus (HOSOpb-(eBpaiib) M 30HY YCTaHOBHBIIETOCS
CTa0MIIBHO MEp3JIOTO COCTOSIHMS (Mapr-ampenb). Ilepmon  BpeMeHM pacTeIUIEHHsS aKTHBHOTO — CJIOS
MOJIpa3/ieNseTcss Ha 30Hbl WHTEHCHBHOTO IPOTAMBAHUS, YMEPEHHOTO IPOTaWBaHHWA W CTaOMIBHO TaJOTO
cocTtosiHus. Pa3mephl 3THX 30H pa3iuyaroTcs 10 BPEMEHM AJIS JIECHOW M OTKPBITOM Iulomanok. M3meHeHus
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YKa3aHHBIX TIEPUOZOB M 30H, MO3BOJSIOT PACCMAaTPHBATh MX KaK PEAKIHIO MEP3JIOThl Ha KIMMAaTHYECKHE
N3MEHEHHUS.

OKcnepyMEHTaNbHO  IOJy4eHa TEeMIepaTypHas 3aBHCUMOCTb 3¢ (EKTHBHOTO  JIIEKTPHUYECKOTO
CONPOTHBJICHHS MEp3JIBIX TPYHTOB, KOTOPOE OIpEenesieTcsi MO IIOBEPXHOCTHOMY HMIlenaHcy. lloHmxkenue
TEMITEpaTypbl MEP3JIBIX TPYHTOB OT -5 10 -80C mpuBeNo K yBeIU4eHHIO 3()(hEeKTHBHOTO CONPOTHBIECHUS Ooiee
yeM B 4 paza. VI3MeHEHHS cpemHUX 3HAUYCHUH A(PPEKTHBHOTO DSIEKTPHUECKOTO  COMPOTHBIICHHS
MHOTOJIETHEMEP3JIBIX TPYHTOB XOPOIIO COOTBETCTBYIOT M3MEHECHMSIM CPEIHETOJOBBIX 3HAYEHUH TEMIIEpaTyphl
10 JaHHBIM METCOHAONIONEHUH B 3TOM e roxy. Hampumep, Ha OTKPBHITOW 3KCIEPUMEHTAIBHON IUTOIIAIKE
MOHW)KEHHIO cpefiHero 3a roJ 3¢ dekTrBHOrO conporusieHus Ha 4actote 171 k['m Ha 18%, cooTBeTcTBYET
NOBBILICHHE CPEIHEr0I0BOI TeMIieparypsl Bo3ayxa Ha 17%, a HMOHIDKEHUIO cpefHero 3a roj 3pQekTHBHOTo
conpoTuBiieHUs Ha 1% - MOBBIIEHUE CPETHETOOBOM TeMIepaTyphl BO3yXa Tak xe Ha 1%.

VY CTaHOBIIEHO, YTO MOBEPXHOCTHBIN HMMIIEAAHC XapaKTEPU3yeT CE30HHBIE W MEXKIOJOBBIE HW3MEHEHUS
TEMIIEpaTyphl, CTPYKTYpPbI, €CTECTBEHHOH BJIQ)KHOCTH U OOBEMHOM JILAUCTOCTH MEP3JIBbIX IpyHTOB. [Ipu 3TOM,
TTOBEPXHOCTHBIN MMITEaHC Ha JIECHOH IIJIOIIA/IKE 10 MOJIYIII0O MOXKET YMEHBIINTHCS JITOM OoJiee, 4eM B 2 pasa B
pe3yibTare yBENWYEHHsS IPOBOAMMOCTH MEP3JIbIX TPYHTOB aKTHBHOTO CIJIOS, BBI3BAHHOTO OTTaHMBaHUEM
COZIepIKalIerocsi B HEM JIbJa M ITOSBJICHUEM Tajlol BoAbl. Pa30BbI yroj MOBEPXHOCTHOTO MMIIEAAHCA B JIECy
MOJKET YMEHBIIUTHCSA Ha 450 11t 4acToThl 864 k['1, B pe3ynbraTe 00pa3oBaHUs TaJOTO CIIOSI HA TIOBEPXHOCTH
(axTHBHBI ci10¥), 1 yBenmmunThes Ha 200 1t wactotsl 171 k[, mpu 00pa3oBaHUN HOTIOTHATEIEHO TAJIOTO CIOS
Ha TTyOnHE (TOHKHUH IPOBOISIIU CIION).

IToxa3zaHo, 4YTO COBMECTHOE PACCMOTPEHHUE MMOBEPXHOCTHOIO UMIIEAAHCA U €ro (pa30BOr0 yIiia MO3BOJSET
MPOCIEIUTh C MOBEPXHOCTH 3€MIIM OECKOHTAKTHBIM CIIOCOOOM HM3MEHEHHs] B CTPYKTYpE TPYHTOB, BBI3BAaHHBIE
0o0pa3oBaHMEM B HHMX CE30HHOTAJIOrO CJIOSl, HaJMEP3JIOTHBIX M MEXKMEp3JOTHBIX TalukoB. Kpome Toro, 1o
napaMeTpamM IOBEPXHOCTHOI'O UMITEZaHCa MPOCIIEKMUBAIOTCSI M3MEHEHHUST €CTECTBEHHON BJIAXKHOCTH U 0OBEMHOM
JIBJIUCTOCTH MEP3JIBIX TUCTIEPCHBIX TPYHTOB.

CrenoBarenbHO, CYIIECTBYET BO3MOXKHOCTh OLIEHKHM CTENEHW BIMSIHUS KIMMaTHYECKUX M3MEHEHUH Ha
COCTOSIHHE MEp3JIbIX AWCIEPCHBIX T'PYHTOB M T€OKPHOJIOTHUECKHME IIPOIECCHI, MPOMCXOAANINE B HUX, IO
pe3ysbTaTaM U3MEepeHNH MOBEPXHOCTHOTO HMIIEJaHCa.

BJIMSTHUE ITPOIIECCOB KPUOTEHHOI'O BLIBETPUBAHUSI HA
YCTOMYHUBOCTD KEJE3HOJOPOKHOI'O OJIOTHA AMYPO-SIKYTCKOM
MAT'UCTPAJIA (YYACTOK TOMMOT-KEPJIEM)

MeanbnukoB A.E., I1asaos C.C.

678960, Pecnybnuxa Caxa (Axymus), e. Hepronepu, yn. Kpaguenxo, 16 men/parc: (41147) 4-49-83
MelnikowDron@mail.ru

IIpenycMoTpeHHas: HOPMAaMH CXeMa JOPOKHOTO pailOHUpPOBaHUSA Tepputopuu Poccuu He yduThIBaeT
peruoHabHbIE OCOOCHHOCTH OTAENBHBIX TEPPUTOPHH, K YHUCIY KOTOPBIX OTHOCHTCS M pecrnyOnuka Caxa
(Axytus).

3HauuTEIbHAS POJIb B PAa3pYILICHUU TOPHBIX MOPOJA B SIKYTHH, HCIOJIb3YeMbIe B KAYECTBE CTPOUTEIBLHOTO
Marepualia MPHHAIISKHUT IpolLeccaM KPHOT€HHOTO BHIBETpUBAHUS. TeM He MeHee, 10 CHX II0p HOpMamu U
MpaBWJIAaMH CTPOUTEIbCTBA JIMHEHHBIX COOPYXKEHHH HE OTPaXEHbl KOJMYECTBEHHBIC KPUTEPHH YydeTa
WHTEHCHBHOCTH BBIBETPHBAHHSI TOPHBIX IIOPOJI BO BPEMEHH.

TakuM 00pa3oM, BBICOKHI YpOBEHb I'€HEepallM3aliy TEPPUTOPHH, B Npenenax BbIICICHHBIX JOPOKHO-
KIMMaTHYECKUX 30H, ONpEAeNsieT HeoOXOIMMOCTh HOBOTO TOAXOAA K JACTATHM3ALUM CYIIECTBYIOMIEH CXEMBI
JIOPO’KHO-KJIMMATHYECKOTO PAaHOHNPOBAHMS.

Hcxonst 13 BEIMIECKa3aHHOTO, COTTIACHO MpoBeneHHBIM aBTopaMu B 2010-2013 rT. peKOrHOCIHPOBOYHBIX
1 MHXEHEPHO-TEOJIOTHUECKUX HCCIENOBAaHUN B TOyIoce CTpouTenbeTBa ASIMa Ha ydacTke JKeNe3HOH JoporH
Tommot-Kepaem, orTmedaercs psii  OCOOCHHOCTEH, XapaKTepU3YIOIIMX  HA/IEKHOCTh  YCTOWYHMBOCTH
JKENE3HOIOPOKHOTO ITYTH:

1. ITocKoJBKY TIPH CTPOUTEINILCTBE CTOJIb MaclITaOHOrO 00bekTa Kak ASIM He MaJlOBaXXHYIO POJIb UTPAET
(DMHAHCOBBIN acHeKT, OJAHUM U3 JAOMHUHHPYIOIINX (PAaKTOPOB IMpPHU BBIOOpE T'PYHTOB IJISi OTCHINKH IIOJIOTHA
SIBISIETCSI TATbHOCTh BO3KHM CTPOHMTENBHOTO MaTepHana, oOblMHO HE mpesbimaromas 15 kM. Takum oOpazom,
MIPAaKTHYECKH BHE 3aBHCUMOCTH OT T'€OKPHUOJOTMYECKHX YCIOBHII CTPOMTENHCTBA TOTO HIIM HHOTO ydacTKa
KEJIE3HOIOPOKHON JIMHUM JUIS OTCBINKH JKEIE€3HOJOPOKHOTO MOJIOTHA HCIOIb3YETCs Y3KUIl CIEKTP MPUPOIHOTO
KaMHsl B KaueCTBE CTPOUTEIBHOTO MaTepHaia — 3TO MECTHbIE TPYHTHI, I€JIeCOOpa3HOCTh HCIOJIb30BaHUS
KOTOPBIX, B BHAY CJIa00i YCTOMYMBOCTH K IPOLIECCAM KPHUOTEHHOTO BHIBETPHBAHHSA, HA HEKOTOPHIX ydacTKax
JKEJIE3HOM JOPOTH CTaBUTCS T10/1 COMHEHHE.
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2. CremeHb pa3pyLICHHOCTH NPHUMEHAEMOTO OJHOTO M TOTO JK€ THUIA TOPHOHW IMOPOABI B KauyecTBE
CTPOUTENBHOTO MaTepHaja CyIeCTBEHHO pa3lIuyagach yxKe 4epe3 MepBbhle JECATKUA KUIOMETPOB. bolbIIMHCTBO
HaOIOaBIINXCS MOCJIEACTBUN HETaTUBHOTO BIMSHUS BBIBETPHBAaHMS Ha YCTOWYHMBOCTB JKEJIE3HOJOPOXKHOM
HACBIITK MIPUYPOYCHBI TTIaBHBIM 00pa3oM K ydacTKaM IyTH, MPOXOSIINX B Ipejesax JOJIHH PEeK U pydbe, U UX
«94acTOTa» yBEIMUMBAIACh C IPOBIKCHNEM XKele3HoH noporn Ha Cesep.

3. [IpumeHnseMble Ha paccMaTPUBAEMOM OTPE3KE JKEJIE3HOAOPOKHOM TMHNHM TEXHUYECKHE PEIICHHS N3-3a
HEJIOCTATOYHOTO BHMMAHHMSA K TMPOIECcCaM KPUOTEHHOTO BBIBETPUBAHUSA TPYHTOB, CIIAralOlIMX HACHIIIb,
Mano3(hHEeKTUBHBL.

Takum o6pa3oM, pemieHHe MPOOJIEMBI pa3pyIIeHHS TPYHTOB, CIAralollnX 3E€MJITHYI0 HACHIb, I10]
BO3JICICTBHEM BBIBETPUBAHHS B CYpPOBBIX KJIMMATHYECKUX YCIOBUSX SIKyTHH aBTOpamy BEETCS B CIEIYIOLINX
HampaBieHusix: a) Paspaborka MeTtoguku 1a0OpaTOpHBIX MCIBITAaHUM 00pasloB TOPHBIX IOPOA IO
OTIpEJICTICHUIO UX (PU3UKO-MEXaHHMUYECKUX CBOWCTB C YUETOM YCTOHUMBOCTH K KPUOTCHHOMY BBIBETPHBAHHIO.

IMonpasymeBaeT cienyromue NOIX0IbL:

- 3aKJIFOUYEHHE O COOTBETCTBUH FOPHBIX MTOPOJ VISl HCIIOJIBb30BAHUS B KAYECTBE CTPOUTENBHOIO MaTepHraia
00513aTENbHO JIOJDKHO YYMTHIBATH MEXaHU3MBI a3pajibHOTO (IIOPOABI HAXOMSIINECS B €CTECTBEHHBIX YCIOBHSAX
6e3 ToATOKAa BOJBI), aKBaJbHOTO (IOPOABI HAXOMSAIIMECS B BOIOHACBHIIIEHHOM COCTOSIHUM) M HEBAJIHHOTO
(3aHNMaroNIMe MPOMEXYTOYHOE ITOJIOKEHNE MEXIY aKBAJIBHBIMH W a3pajbHbIMH, XapaKTCPHbBIE YCIOBHSIM Yy
CHE)KHUKOB ¥ HaJelel B BeCeHHE-JIETHUH Nepro]) pa3pylleHui rpyHTa. JlaHHpIle 0COOCHHOCTH Ba)KHBI BBHIY
3HAYUTEIBLHOTO MPOXOXKACHUS TMHUH ASIMa 1o 1oiauHaM peK U pydbeB.

- 000CHOBaHHOE M3MEHEHHE IMKIIOB 3aMOPaKMBAHUSI-OTTAMBAHMSA 10 ONPEICICHUI0 MOPO30CTOHKOCTH
TPYHTOB B CTOpOHY yBenmueHus. Tak, pekomeHmaunu I'OCToB mo ompeaeneHnio MOpO30CTOWKOCTH ocie 25
LUKJIOB 3aMOPaXMBAaHUS-OTTAWBAaHHUs HE COOTBETCTBYIOT TPEOOBaHMSAM K TPYHTaM, NPHUMEHSIEMbIM IpH
CTPOUTENBCTBE KEJIE3HBIX IOPOI B YCIOBUAX PE3KO-KOHTMHEHTAIIBHOTO KJIMMAaTa, Tak Kak B SIKyTuu B rojx
MIOBEPXHOCTH JKEJIE3HOI0OPOIKHON HACKIITK MOXET MCIBITHIBATH Oo0Jiee 75 IMKIIOB 3aMOPaKUBAHU-OTTaUBaHHSL.

Pa3pymienne ropHsIx Mopoj, CIararoIiUX HACHINb JKeJIe3HOH AOPOrd, MPOUCXOAUT NMPEUMYILECTBEHHO B
HepBble rojbl dKcILTyaTauuu. Jns ycnoBuil SIKyTMM TpeM-deThlpeM rojaM COOTBETCTBYeT mpumepHo 400
uKIIoB. Tak, HampuMep, MPOYHOCTHBIE CBOWCTBA (GCXK) Al 0OpasmoB mopox u3 meprens nocie 400 130
CHU3WINCH B HUBAIBHBIX YCIOBUAX Ha 62%, B a’panbHbIX Ha 33%. T.e., Meprens nocne 3-5 et 3KCILTyaTaluu
pa3pyIIATCS MO TEKCTYpHO-CTPYKTYPHBIM HEOJHOPOAHOCTSIM 0 JAPEcBBL. Pa3HuIa B MpPOYHOCTH 0OpasioB
JOJOMHTA Ul HUBAIBHBIX ycioBui coctaBmia 10%. [luHamuka Ae3WHTErpaldyl TpaHWTa Il HUBAJIBHBIX
ycioBuil coctaBuna 16%, B a’panbHBIX YCIOBHSX 3HAYCHHME MPOYHOCTH MOHM3WIock Ha 10%. (maHHBIE
MPUBEIEHBI A1 00pa3loB TOPHBIX MOPOJ, OTOOPaHHBIX Ha y4YacTKe »KEJIE3HONOpPOKHOW imHUM becTyxeso-
Tommor [C.C. IlaBmor]). Takum o00pa3omM, TOpHBIC IOPOIbI, OOJIAMAIONIHNE H3HAYATIBHO MPOYHOCTHBIMU
cBoiictBamu B mpezenax 50 Mna, mociae 400 130 Gonee yem Ha 50% TepstOT CBOM OCHOBHBIE (DH3HKO-
MEXaHUYeCKUe 3HAUCHHUSL.

6) CocraBieHue cXxeMbl paiiOHHPOBaHUS AMYpPO-SIKYTCKOH JKEIe3HOJOPOKHONH MarucTpaid Mo CTEIeHU
YCTOMUMBOCTH K NMPOLIECCAM KPHOT€HHOTO BBIBETPUBAHUS.

B) CocraBieHHe NEeTAIN3UPOBAHHON CXEMBI JOPOKHO-KIMMATHUECKOTO PalOHUPOBAHUS PECITyOIHKH
Caxa (SIkyTusi), yunThIBaromas BIMSHHUE IPOIIECCOB BHIBETPHBAHMS Ha YCTOHYMBOCTH JIMHEWHBIX COOPYKEHHH,
KOTOpasi O3BOJIMT IIAHUPOBATh M Pa3padaThIBaTh 0o0Jiee palMOHAIBHBIE MEPONPHUSTHS IO CTPOHUTEILCTBY H
COZIEPIKaHMUIO JKEJIE3HOIOPOKHOI CHCTEMBI.

JANHAMUKA MEP3JIOTHBIX XAPAKTEPUCTHUK
B PA3JIMYHBIX YACTAX I'. AKYTCKA

OctpoymoBa E.A.

Mocxosckuii I'ocyoapcmeennviil Ynusepcumem um. M.B. Jlomonocosa, I'eoepaguueckuii ghaxynvmem,
Kag. kpuorumonozuu u anayuono2uy, 0strkat92@yandex.ru

SIKyTCcK — caMblii KpYyOHBIA TOpPOJ B MHpE, PACHOJOXEHHBIM B 30HE CIUIOIIHOM KPHOJIMTO30HBI.
Teppuropus ropoza o4eHb pa3HOOOpPa3Ha MO TEOKPHOIOTUIECKUM YCIOBUSAM. JTO pa3HOOOpasne 0OyCIOBICHO
0COOCHHOCTSIMU aHTPOIIOTEHHOTO OCBOEHHS IaHHOHN Teppuropuu. OcBOeHHE TEppUTOpHH SIKyTCKa Ha4ajioch
moutu 4 Beka HazaJl 1 IpoXoJuJI0 MOCTCIIEHHO, HAYUHAA OT HBIHEITHEH I.IeHTpaJ'IBHOﬁ JacTu ropoJia, npoaooKas
MEPEXOAHON W 3aKaHUMBas OKPaWHHOW 00JacThio ypOaHusaiuu. COBpEMEHHAs pa3HUIA B JIUTEIBHOCTU
3acTpOUKN OO0YCIIaBIMBAaET HEOJHOPOJHOE pAaCHpPOCTPAaHEHUE KYJIBTYPHOTO CIIOS, pa3jinuusi B MOIIHOCTH,
COCTaBe, M CTEIIEHH €ro 3aCOJICHHOCTH, YTO NPENONpeAeniIo OObIIyl0 BapuadelbHOCTh T€OKPHUOIOTHYECKHX
XapaKTEePUCTHK TEPPUTOPHH, HEOCPEICTBEHHO KOPPEIUPYIOIINE C BO3PACTOM 3aCTPOUKH.

«Crapprii» SIkyTck — 370 Hambosee ypOaHM3MpOBaHHAs 30Ha. Bo3pacT 3acTpoiiku 371ech COCTaBISET
Oonee 160 mer. DTa 00MACTh XapaKTEPU3YETCs CIUIOMIHBIM PACIPOCTPAHEHHEM TPYHTOB KYJIBTYPHOTO CIIOS.
MOIHOCTh JaHHOTO CIIOSI, COCTOSIIETO M3 MEPETHOSI, CTPOUTEIFHOIO Mycopa M OTOPOCOB, HAKOIMBIIUXCS B
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TE€YEHUE MPAKTHYECKH YETBIPEXCOTIETHETO CYIECTBOBAHMA TOPOAAa M IEPEMEIIABUIMXCS C €CTECTBEHHBIM
NIBUIEBATO-CYIJIMHUCTBIM IIOKPOBOM, MEHSETCS B CBA3HM C BO3PACTOM OTIEIIBHBIX Y4aCTKOB I'OpPOJa U JOCTUIAET
6-7 M, mpeBbIIIas TIIyOUHY CE30HHOTO OTTaWBaHUS M 3HAUNUTEIBHO W3MEHSS TEMIEPaTypHBIH PEXXUM MEpP3JIBIX
TPYHTOB B 30HE HH)KEHEPHOIO BO3JEHCTBUA. BIaKHOCTb M 3aCOIEHHOCTb TAaKUX TPYHTOB JOCTHTAlOT 31ECh
MaKCHUMAallbHBIX 3Hau€HHH. B CBA3M C HAKOIUIEHHEM COJIEH, KOJIMYECTBO He3aMep3UIed BOABI B JbIUCTBIX
TPYHTax KyJIbTYpHOTO CIIOSl Ha y4acTKax IJaHHOH 00JacTH BO3pacTacT HACTOJBKO, YTO HA MECTE 3aCOJICHHBIX
Pa3sHOBHAHOCTE I'PYHTOB NpH Temieparype -2,2+-2,5°C mosBistoTcst mopoisl ¢ kpuorsramu. OHU HMEOT
Mallyl0 HECYIIyI0 CIHOCOOHOCTb M Il HOCTPOCHHBIX HAa BMOPOXKEHHBIX CBasX HHXKCHEPHBIX COOPYKCHUH
SBJIIIOTCS] BECbMA HEHA/1€)KHBIM OCHOBAHHUEM.

Ha tepputopun mepexomHod wactu SIKyTcka, Bo3pacT kotopoil 70-160 ner, OTIOXEHHUS KyIbTypHOTO
CJIOSI MMEIOT IIATHHCTOE» PAacCHpOCTpaHEHHUe. 3aCTPOEHHbIE IUIONIAAKH, I7le OH BCKPBIBAETCS, YEPEAYIOTCS CO
ciabo ypOaHW3UPOBaHHBIMU HWIIM BOBCE HE 3aCTPOCHHBIMH YYacTKaMH, I'/le KYJIbTYpPHBIH CIIOH NMPaKTUYECKH
OTCYTCTBYeT. Tak, y rpaHHIIbI IEPEXOAHOM YacTH ropojia co CTapoi, KyJIbTYpHBII €0l UMeeT MaKCUMalIbHYIO
MOIIHOCTh ¥ NECTPOTY COCTaBa, TeMIIEpaTyphl TPyHTa MO TIyOHWHE, 10 JaHHBIM CKBaXXHMH, CTpeMSTCs K Oosiee
HU3KAM OTPULATENBHBIM 3HAUYEHHsSM, YTO XapaKTepHO W Ui crapoll uyacTtu ropoxa. bmmwxe k mepudepnn
MOJCTHJIAIOIINE TPYHTHI OCHOBAHUI MOJBEPAKEHBI BCE MEHEE JUINTEIILHOMY aHTPOIOI€HHOMY BO3JeicTBHIO. B
CBSI3M C 3THM, II0 Mepe NPHOMIKCHHS K OKPAaMHHOW YacTH ropojia, B ILIEJIOM, TOJIIIMHA KYJIBTYPHOTO CIIOS
YMEHBIIIAETCS, & CPEHUE TEMIIEPATYPHI TPYHTA MOBBIIIAIOTCS.

Heo0xoauMo OTMETHTH, YTO ITOBTOPSIONIMECS B HACTOSINEE HAa TEPPUTOPUHM MEPEXOJHOM obmacTu
SIkyrcka Bpemsl cilydad ~aBapuiHOrO cOpoca OBITOBBIX M HPOMBIIUICHHBIX  MHHEPAIN30BAHHBIX
KaHAJIM3aLMOHHBIX CTOKOB ITOCTENIEHHO IIPUBOAT K 3aCOJIEHUIO KYJIbTYPHOTO CJI0SI M MOACTHIIAIOIIMX IPYHTOB U
00pa30BaHMIO B HUX KPHOIIATOB.

3acTpoiika OKpauHHOIl o00JlacTH Hauajgach HENABHO, PaclIpOCTpaHEHHE KyJIbTYPHOTO CIIOS 3/ech
MHHHUMAJIBHO, €r0 MOIIHOCTh COM3MEpHMa C TIIyOHMHOM Ce30HHO-Tanoro cios. CTelneHb aHTPOIOI€HHOIO
BO3/ICMCTBUS Ha MOACTUNAOLINE MEp3Jble TPYHTHI CBOAUTCA K MMUHUMYMY. Pa3BUTHE KPHOT€HHBIX MPOLIECCOB
JIOKAJIbHO Y HE3HAYUTENIBbHO, TEMIIEPATyPHbIE XapaKTEPUCTUKU IPYHTOB CTPEMATCA K 3HAUEHUSM, XapaKTEPHbIM
JUI €CTECTBEHHBIX ycnoBuil LlenTpanbHoil SAKyTHH.

TakuM 00pa3oM, KyJAbTYpHBII CIOM B CTapoil 4acTH ToOpoJa MMEET CIUIOIIHOE PACHpPOCTPaHEHHE U
OKa3bpIBa€T MaKCHUMAaIbHOE BO3JECHCTBUE HAa TEIIOBOE COCTOSHHUE MEpP3JIBIX IPYHTOB, XapakTep U CTEIEHb
pacmpocTpaHeHUs] KPUOTEHHBIX MPOLECCOB. TEXHOTEHHBIE NPEOOpa3OBaHMS XHMHUYECKOTO  COCTaBa
HaJMEP3JIOTHBIX BOJ, B COBOKYIIHOCTH C KPHOTE€HHBIMH IPOLIECCAMH HETATHBHO OTPAXKAKOTCA HAa COCTOSHHH
MOJ3E€MHBIX KOMMYHHKAIUH, KOHCTPYKINH ()yHAaMEHTOB, JOPOXKHOTO IOKPBITHSI, MOBBIIIAIOT KOPPO3HOHHYIO
AKTUBHOCTb I'pYHTOB. [IpUpOAHO-TEXHOTEHHBIE THAPOTE€OJIOTMUECKHE TIPOLIECCH] BBI3BIBAIOT aBAPUM, HAPYILLIEHUE
YCTOMYMBOCTU 3[J@HUM MU COOPYXKEHMM M T.A. M3 BBILECKA3aHHOIO CIEAYeT, YTO B HACTOALUEE BpeMs
UH)KeHepHas HHYPACTPYKTypa HccieyeMoi oosact (OpMUPYETCsl B 3HAUUTEIBHO 00Jiee CIOKHBIX YCIOBUSIX,
Hexend B XX B. U paHee. B oCTalbHBIX 4acTSAX rOpoAa OTJIOKEHHUS KYIbTYPHOIO CJIOS HUMEIOT «ISTHUCTOE»
pacIpOCTpaHEHUE U HE BCErZa BIMAIOT Ha TEIJIOBOE COCTOSIHUE U APYTHUE XapaKTEPUCTUKU TPYHTOB.

Session 10: Permafrost processes

TEOKPUOJIOTMYECKHUI PUCK: COJEPXKAHUE ITOHSTUS
N CITIOCOBbI OHIEHKH

Ceprees /.

Hnemumym eeosxonoeuu um. A. E. Cepeeesa PAH (UT'D PAH)

PaccmatpuBaercst oJX01 K OICHKE PUCKAa HEOOPAaTUMOI0 W3MEHCHHUS T'C€OKPHOJIOTHYECCKUX YCIOBHil. B
3aBHCHMOCTH OT CHUTYaIlMH, MacmTabda HCCICAOBAaHUI W TOTPEOHOCTEH OCBOCHUS TEPPUTOPHU BBIOHpACTCS
aKIEHT B XapaKTCPUCTHKEC H3MCHCHHI TEOKPUOJOTHMYECKUX YCIOBHM, OMPEACISIEMbIH KPHOCTpaTUTpa(HCH,
TEMIIEPATYPHBIM PEKHMOM TPYHTOB U TUHAMHUKOHN T€OKPHUOJIOTHYCCKHX ITPOIIECCOB.

W3MeHeHHe TeOKPUOJIOrMYeCKUX YCIOBHHA MPUBOMUT K HAPYIICHUIO YCTOWYUBOCTH HHXEHEPHBIX
COOPY)KEHHI, K HApYIICHUIO PEXHUMa XO3SIMCTBEHHON AEATEIbHOCTH, MOTEPSM MPUPOJHBIX PECYPCOB HIIH
HapYUICHHIO TPUPOJOOXPAHHOTO 3aKOHOAATENbCTBA. HapyllieHne yCTOHYMBOCTH MHIKEHEPHBIX COOPYXKEHHUH B
pe3ysibTare TMPSIMOTO  BO3JCHUCTBUS TCOKPHOJIOTHYECKHX TIPOLECCOB WM B  PE3ylbTaTe HM3MEHEHUS
XapaKTEepUCTHK JIAHAMA(TOB, OKPYXKAIOMUX 30HY 3E€MJICOTBOJA, BIEUET 3a COOOW ymiepO, CBSI3aHHBIA C
3arpaTaMu Ha oOecreueHre TeXHNIEeCKOH 0€30MacHOCTH HHIKEHEPHOT'O COOPYIKEHHSI.
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Hapymenne pexnma XO3IHCTBEHHOM NEATEIBHOCTH BIICYET 3a co0OW ymiepO, CBSI3aHHBIA C
HEeMpelyCMOTPEHHBIMH 3aTpaTaMu Ha SKCILTyaTallli0 HHKEHEPHOTO COOPY>KEHHUS.

[MoTepu MPUPOAHBIX PECYpPCOB UM YXYIIICHUE WX KadyecTBa BIEYET 3a co0oil ymiepd OOIIECTBEHHOTO
XapakTepa, peke YOBITKH COOCTBEHHHKA MPHPOTHBIX PECYpCOB (Uallle BCETO CTPAJAIOT JIECHBIC, BOTHBIC H
pEeKpearioHHbIe PECYPCHI).

Hapymennst mpupomIooXpaHHOTO 3aKOHOAATENbCTBA MPUBOIAT K HENPEAYCMOTPEHHBIM pPacxoaaM IIo
TUTaTe 32 CBEPXHOPMATHBHOE BO3JICHCTBHE WM 32 BO3ACHCTBHE Ha KOMIIOHEHTHI OKPYKAIOIMIeH cpelbl Ha 0c000
OXPaHSAEMBIX TEPPUTOPHUSIX.

Bo Bcex mepeynCIeHHBIX CIOy4asx K HEMPEOYCMOTPEHHBIM YOBITKaM CJIEeIyeT Takxke MpHUOaBIATH
pacxobl Ha HAOIOJHUTCIBHBIC M3bICKAHUA W HAYYHBIC MCCICIOBaHUA, HCO6XO}1HMBIC 1A YTOYHCHUA
TCOKPHOJIOTUYCCKOM CUTYAI[MK U BBIPAOOTKH OBTOPHBIX FCOKPHOIOIUISCKOT0 MPOTHO3a M OIICHKH PUCKA.

B xome OlleHKH paccMaTpUBAIOTCS MPOCTPAHCTBEHHBIC W BPEMCEHHBIC (DAKTOPHI T'€OKPUOIOTHYCCKOTO
pucka. K mpoctpaHcTBEeHHBIM (PaKTOpaM reOKPUOJIOTHYECKOTO PUCKA OTHOCATCS:

- HepocraTouyHasi reokpuoyiornyeckass M3y4eHHOCTh TEPPUTOPUUM U HETMOHMMAHUE 3aKOHOMEPHOCTEH
pacIpoCTpaHCHHS BHICOKO JIBTUCTHIX H/YITH 3aCOJIEHHBIX TOJIII.

- HeomHOpOMHOCTH TEOKPHOIOTUYECKOTO CTPOCHHUS TPYHTOB, OOYCIIOBICHHBIC HCTOPHEH pa3BUTHA

nmagamadra.
- HemocrarouHasi M3y4eHHOCTh 3aKOHOMEPHOCTEH Pa3BUTHSI TEOKPHOJIOTMYSCKUX MPOILECCOB (HE3HAHHE
pachoyioKeHuss ¥ OPUPOJbl «ciIalbbiX 3BeHbEB» JaHAmadTa — Y4aCTKOB IIEPBOOUEPEAHON aKTHBU3AIMU

HEOIaronpHusATHBIX IPOLIECCOB IPH U3MEHEHUH YCIOBHH TEIUIOOOMEHA HA TIOBEPXHOCTH).

- HeompenenénnocTu BEIOOpa YIaCTKOB X035HICTBEHHOT'O OCBOCHHUS TEPPUTOPHH B OyAyILIEM.

K BpeMeHHBIM (hakTOpaM reoKpHOJIOrHYECKOr0 PUCKA OTHOCSITCS:

- AHoMajbHBIE KIMMaTHYECKHE BOSZ[CﬁCTBI/Iﬂ (FOZ[]JI U CC30HbI C AHOMAJIbBHBIMH KJIMMAaTHYCCKUMU
XapaKTepUCTUKaMU U €JUHUYHBIC SKCTPEMANIbHbIE TIOTOHEIE SIBJICHUS).

- IloBropsronuecst (epHoaMYEecKHe M HENEePUOJMUYECKHE) THINYHBIE TEXHOT'CHHBIE BO3/EHCTBUS,
CBSI3aHHBIE C TUIIMYHBIM IIPUPOIONOJIE30BaHUEM.

- MHoronetHre W3MEHEHHs JIAaHTAPTHO-KIMMATHUECKUX XapaKTEpPUCTHK W YacTOTHl aHOMAJIBHBIX
MPUPOIHBIX SBJICHUN.

- MHoOrOJNIeTHIE M3MEHEHNSI TEXHOTCHHBIX BO3JCHCTBHI Ha Pa3sHBIX CTAAUSIX OCBOCHHS TEPPUTOPHU HIIH
JKU3HEHHOTO ITUKJIA IPEATIPUATHA.

3aMeTuM, 4TO aHOMAJIbHbIE KIIMMATHYECKHE COOBITHS W TUIMYHbIC TEXHOTCHHBIE BO3ACHCTBUS TPEOYIOT
UCTIONB30BaHMS CTATUCTUIECKOTO 0000IICHNSI NMEIOIINXCS HCTOPUYECKHUX JaHHBIX, 8 MHOTOJIETHIE U3MEHCHHUS
JMaHAmAa(THO-KIMMATHYECKUX XapaKTEePUCTHK U TEXHOTEHHBIX BO3JEHCTBHN TPEOYIOT MOCTPOCHHSI IPOTHO3HBIX
CLIEHApWEB BHEIIHUX BO3AECHCTBUIA HA TONIIHA MHOTOJIETHEMEP3JIBIX TTOPOJ.

Ipu oueHKe reOKPHOIOTUUECKOr0 PUCKA ITIaBHOM 3afadeil mpodeccuoHana ABILETCA ONPEASIICHUE IBYX
BeIyIUX (aKTOPOB, IO OJTHOMY M3 «IIPOCTPAHCTBEHHOT0» M «BPEMEHHOT0» PSI/IOB, IO KOTOPBIM BBICTPAHBACTCS
OCHOBHasl JINHUSI T€OKPHOJIOTHYECKOT0 TIPOrHO3a, HEOOXOIMMOTO JIJIsl ONIPEAEIICHHs BEPOSTHOCTH HACTYIIJICHUS
HEoOpaTUMOro M3MEHEHHs T'€OKPHOJIOTHYECKHX yciaoBHH. Takoe M3MeHEHHE 3aTeM YBSI3bIBACTCS C YIIEpOOM
CYOBEKTY NPHPOAOTIOIB30BAHUS WM NPUPOJHBIM PecypcaM BBHIOPaHHOHN TEppPHUTOPHH, KOTOPHIH OXHIACTCS BO
BPEMEHHOM HHTEpBAJEC TI'E€OKPHOJOTMYECKOTO0 TporHo3a. [IpowsBeneHHMe BEpOATHOCTH  HACTYIUICHHS
HEOOpaTUMOro HM3MEHEHHUs TE€OKPHOJOTMYECKMX YCIOBHH Ha BEJIMYMHY yImiepOa W OyAeT COOTBETCTBOBATh
HMCKOMOMY T€OKPHOJIOTHYECKOMY PHCKY.

OJIEAEHEHUE B OBJIACTU KPUOJIMTO30HbI CUBUPHU
KAK ITPOSABJIEHUE KPUOPA3HOOBPA3UA

Ieiinkman B.C.

Hucmumym xpuocgepot 3emau CO PAH, Uncmumym eeocpaguu CO PAH,
Tiomenckuil 2ocyoapcmeennviil Hegpmezazosuiii ynusepcumem, Vlad.sheinkman@mail.ru

CeromHsi Ha OCHOBE CHCTEMHBIX 3HAaHWH O XOJOAHOM MHPE HAMEUCHBI IIMPOKHE MEPCIIEKTHBHI
KPHOJIOTHYECKNX HCCIIeOBaHUH. B mepByro odepens 310 TpeOyeT 0ObeAMHEHUS MMEIOLIEHCST HH(OPMAIH B
CHCTEMY HAyYHBIX B3IVIAOB IO BCEMY IEPEYHIO ITOPOXKIEHHBIX XOJIOJOM SIBICHHH, KOTOPBIE MOTYT OBITH
OXBaueHbl MOHATHEM “KpHopazHooOpaszue” (MenbHHKOB U 1p., 2013). Xosnox — noHsATHE aHTPOIOCEHCOPHOE, B
(u3uKe TakoW BEJMYMHBI HET, HO B MEP3JIOTOBEICHHU OICPHUPOBATH MM IPUXOJUTCS ITOCTOSHHO, ¥ MOYKHO
OTIepeThCsl HA 3HAUEHHE IPEUEcKOro CioBa “KpHoc” (ypvog), CTABIIETO OCHOBOI TEPMHHOTHH 3TOi Hayku. OHO
03HaJaeT u “xooj, Mopo3”, u “men”. Bemp rpedeckuil I3pIK POKICH B CyOTPOIIHKAX, T/IE CIIOBA, OMPEICIIIOIIIE
XOJIOZ U MOPO3, IPUBBIYHO ACCOIIMUPYIOTCS C TIOPO’KACHHBIM UMH SIBICHHEM “NieNl”. AHAIOTHYHOE TPOUCXOJUT
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B JIpYTHX S3BIKax B TeX Kpasx. Hampumep, Ha mBpHTE c10BO “KOp” (?17) 03HauUaeT “xoijox’, MPOMU3BOIHOE OT
Hero “kapax” (PIn) — “nex”, OT KOTOPOro Jaiiee 00pa3yeTcs CIOBO “KIpXoH” (PM]) — “IneaHuK”.

ITo cytu, mousTHE “X0J701” MOAPa3yMEBACT COCTOSHHE CPE/Ibl IIPU OTPUIIATENBLHBIX TEMIEpaTypax, U B
TaKOM 3HAYECHUH OHO ()aKTUIECKH YK€ BOILIO B TEPMHUHOJIOTHIO, BElb YCTOSBIIANCS TEPMHUH “KPHOTEHE3”, KaK
COBOKYITHOCTh PAa3JIMYHBIX IIPOIIECCOB, TPOTEKAIOMINX IIPH OTPUIATEIbHON TeMmmepaType M BEIyOINX K
pa3BuTHIO 00pa30BaHWI W3 MEP3NBIX, MOPOI, OYKBaIbHO O3HAYaeT ‘“mopoxmaemoe xoiomom”. OIHAKO B
OTHOIICHHH JICTHUKOB aCCOIMALINN HEOTHO3HAYHEI.

HcxomgHoe BEIIeCTBO JIGTHUKOB CHET — MPOAYKT KPHOTeHE3a aTMOC(EPhl; OJHAKO JIOKACh HA 3eMJII0, OH
MOXET MOPOXKIATh CKOIUICHUSI IPe0OPa30BAaHHOTO U3 HETO JIbJia U B 00JaCTH KPHOJIUTO30HBI, U BHE ee. [Ipuuem
UCTOPUYECKH IOJIY4YWJIOCh, YTO JIEAHUKU BTOPOW IPYNNbl CTAJM M3y4aTbCs paHblle, U Ha 3TOH OCHOBE
c(hOpMHPOBAJICS YCTONUMBBINA B3MJISL 00 aHTAarOHU3ME 00Pa30BaHM CHEXKHOTO U MEP3JIOTHOTO MPOUCK 0K ICHHS.
B urore 10 cux HOp HENPUBBIYHO paccMaTpUBaTh JISTHUKH KaK MPOIYKT OXBaTa UX KPUOTEHE30M M Ha 3€MHOI
MTOBEPXHOCTH, @K€ €CJIM OHU PAaCHOJIOKEHBI B 00JIaCTH KPUOIUTO30HBL. XOTS 9TO JIMIIb O3HAYAET MPOSBICHHUE
KpHOTEHE3a B OTHOLICHUH Ie€OJIOTHUECKHUX TEJ U3 NMEPBUYHO MEP3JIbIX, XOTS U CIIEHU(PUIECKUX TOPHBIX OO —
cHera u c(OPMHUPOBAHHOTO M3 HETO JbJa. TeM Oosiee 4TO U3 CHEra W JIbJja COCTOUT M Jipyrasi popMa Ha3eMHOTO
OJICICHCHHS — HaJIeIH, OTHOCUMBIE K MEP3JIOTHBIM SBICHUAM. [IpOCTO JIeTHUKOBEI JIe — CIIEACTBUE OCAI0YHO-
MeTaMop(HHUIECKOTO JTbI000Pa30BaHMSL, @ HAIECTHBIH — IIPESHMYIIECTBEHHO KOHKEIISIIHOHHOTO.

B Cubupn Bce nemuuku npuypodeHsl K kpuonuro3one (Lleitakman, 2012), T.e. oneneHeHHE SIBISCTCS
3/IeCh TPOAYKTOM KpHOTeHe3a u arMmocdepsl, W Jutocdeprl. byaydn oOBEKTOM HAayKH O JIEAHHWKAX, OHO
CTaHOBATCA OOBEKTOM M HAayKH O MEP3JbIX MOPOJax, W aHAIM3UPOBATh €ro CIEAYeT C MO3WLIUH CHCTEeMHBIX
MPEICTABICHUNA KPHUOJIOTHH 3eMJIHM, COTJacHO KOTOPBIM BCE JIBJBI, TPEACTaBIsAs CO0OM TMpOsIBICHHE

KpHOpa3HooOpas3usi, MODKHBI PaccCMaTpUBATBCS BO B3aMMOJEWCTBUM — KaK KPHOT€HHBIE TI'€OCHCTEMBI
(MenbHukoB U ap., 2010). YToObl moka3aTh CHTyalMIO C OCOOBIM CiIydyaeM — JIAHHKaMH B 00JacTH
KPHOJINTO30HBI, T.. — KOTJAa OHU CTAHOBSTCS OCHOBHBIM JJIEMEHTOM KpPHOTE€HHBIX CHCTEM, B Ha3BaHWHU

LesecooOpa3sHo J100aBUTH IMOSCHSIONIEE CIOBO “TIISIIMANBHBIA’, M BECTH pedb YK€ 00 OJIeJeHEHHH Kak
cBOcOOpa3HOI KpHOTeHHO-TIIsHabHON cucteme (Sheinkman, 2011).

OxBaT KpHOTEHE30M HE TOJHKO HCXOIHOTO BEIIECTBA JIGAHHUKOB B arMmocdepe, HO M HMX Tel Ha 3EMHOM
MTOBEPXHOCTH NPHIAET UM M IMPOBOANMOI MMM I'eOJIOTHYECKOH paboTe ocobble uepThl. X yder, omHako, crai
BO3MOJKEH JIMIIb B MIOCIIEAHUE JECSATHICTHS, KOTAA MOSIBUINCH COOTBETCTBYIOIINE JaHHBIC, BEIb IOJITOC BPEMs
TOCTIO/ICTBOBAJI0O MHEHHE 00 aHTaroHM3Me OOpa30BaHMH CHEXHOTO M MEP3JIOTHOTO MPOHMCXOXAEHUs. Tem He
MeHee, KaKk MposiBIIeHHE KpHopasHooOpasus (MenpHukoB m fAp., 2013) B pamMkax KpHOTCHHO-TIIAIIHATBHBIX
cucteM (OPMUPOBAHUE JIETHUKOB KaK KOMIIOHEHTAa KPHOJHTO30HBI BIIOJHE 3aKOHOMEPHO, M MX H3y4YEHHUE B
OTOM INTAHE MMO3BOJIACT JIYUIIC NOHATH MHOTUC KPUOT'CHHBIC ITPOIICCCHI.

3ACOJIEHHBIE TAJIBIE 1 MEP3JIBIE I'PYHTBI AKYTCKA

Toproskun H. B., Makapos B. H.

Hnemumym mepsznomogedenus um. ILU Menvrnuxosa CO PAH, 2. Axymck, nick1805torg@gmail.com

3acoisieHHbIE MeEp3ible TPYHTHl 00IafaloT O0CcOOBIMH  MHXKEHEPHO-TEOJIOTMYECKHMMH CBOWCTBAMH,
OIIPEACTSIONIMMH HHU3KYI0 HECYIIYI0 CIIOCOOHOCTh M HEYCTOHYMBOCTH K TEXHOTEHHBIM BO3JCHCTBHSAM.
ABTOpaMH aHAIM3UPYIOTCS Pe3yIbTAaThl TEOKPHOJIOTHYECKOTO M TE€OXMMHYECKOT0 MOHUTOPHHTIA, IPOBEAECHHOTO
Ha TeppuTopuu SIKyTCcKa.

3aconeHne MOoYB B ropoie (B OTIMYME OT MPHUPOJHOTO) HE MMEET IUIOMATHOTO PACIpOCTPAaHEHUS.
CreneHp 3acoleHHOCTH MOYBO-TpyHTOB (Tiy6mHa 0,10 — 0,20 M) Komebiercs B MIMPOKOM JAWAma3oHE: OT
He3aconeHHbIX (0,021%/100r) mo cmmeHO 3aconeHHBIX (0,98%/100r), mpeMMyIIecTBEHHO B CTapod YacTH
ropona, rac C(l)OpMI/IpOBaJ'[I/ICB KPYHIHBIC TATOXUMHUYCCKUE aHOMAJIMN, B IPEACIaX KOTOPHIX 3aCOJICHUEC I'PYHTOB
npesbimaer 1%/100 r. XuMuueckuii coctaB OTIMYaeTCs pa3HOOOpa3ueM, 3aCOJICHUE MOXKET ObITh XJIOPUIHBIM,
CyJb(aTHBIM U KapOOHATHBIM.

JIJis TpyHTOB JICATENBHOTO CJ10s (TTyOuHa 2-3 M), XapaKTepHO MPEHMYIIECCTBCHHO XJIOPUIHO-CYIb(PaTHOES
3aCOJIEHHE, C COOTHOIIEHHEM aHHOHOB SO4Z'>CI'> HCO®. CremeHp 3acONEHHOCTH TaKKe W3MEHSETCS B
LIMPOKOM Jnarnasone: oT HezaconeHHBIX (0,017%/100r) no cunpHO3aconeHHbIX (0,96%/100r).

B mHoronerHemep3noi Tomime (riryonHa 5-6 M) 3aCOJIEHHOCTh TPYHTOB YMeHbIIaeTcs. B cocrase coseit
peo0sialaloT THAPOKapOOHAThl W Cyab(arbl, HO B MECTax CTapOd TOPOJCKOW 3aCTPOWKH (UKCHUPYIOTCS
AQHOMAJIMU CHUJIBHO3ACOJIEHHBIX TPYHTOB ¢ KOHIeHTpauuei 10 1%/100r.

MakcumasbHasi KOHIGHTpauusi coyieil 1 HamOousibiuas riryOMHa TPOHUKHOBEHHS M PacHpOCTPaHEHUs
3aCOJICHHBIX TPYHTOB OTMEYEHa B CTapoW 4YacTH TOpoja, TA€ MPOJODKUTENBHOCTh aHTPOIOTEHHOTO
Bo3jeiicTBUsl coctaBisger oT 150 — 200 mo 300 mer, TaM e PacHoJOkKeHO O0ibIUHCTBO (0KoyI0 70%)
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aBapuUHHBIX 37JaHUH W COOpYXeHWHA. MHHHManbHas 3aCOJCHHOCTh T'PYHTOB HAOIIOHAaeTCs] B OTHOCHUTEIBHO
HOBBIX PalilOHaX ropojia ¢ MPOIOJDKUTEIILHOCTRIO TEXHOTeHe3a MeHee 80 JeT.

Ha reppuTtopun ropoaa riryOrMHa paclipoCTpaHEHHUS 3aCOJICHHBIX TPYHTOB COCTABIISICT OOBIYHO OKOJIO 6 M.
OpmHako Ha psle YyYacTKOB TOPOJA 3aCOJICHHBIC MOPOIBI JOCTHTarOT TIyOonHb! 9,0 - 10,0 M u gaxe 14,0 m. Kak
MPaBUJIO, STO YYACTKH CYIIECTBYIOUIMX FITH MPOMEP3IINX TAJIHKOB MO 03epaMy WiH cTapunaMu. C MOMOIIBI0
IemupUPOBaHUS CTAPBIX a3pO(POTOCHIMKOB TOpoacKoi Tepputopun (1946 1.) U cpaBHEHUS ¢ COBPEMEHHBIMH
KOCMHYECKIMH CHAIMKaMH OBUIO OTPEAETICHO MECTOIOI0KEHHE TOTHOCTHIO MIIM YaCTUYHO 3aCHITaHHBIX O3€p B
[EHTPAIIEHON YaCTH FOPOAa ¥ ONPEACIICHO UX IOJI0KEHHE Ha COBPEMEHHOM KapTe ropoja.

Temmeparypa Havana 3amMep3aHusi TPYHTOB, 3aCOJCHHBIX XJIOPUAaMHU U Cylb(araMd MarHusi, HaTpHUs W

Kajbims, cocTaBisieT -2,3°C Ha rryoune 2-5 m u -1,1°C - Ha rirybune 6 m. Ilepexon 3acCOJCHHBIX TPYHTOB U3
TUIACTUYHO-MEP3JIOT0 B TBEPAOMEP3JIOE COCTOSIHUE MPOMCXOIUT IpU Oosiee HU3KUX Temmeparypax. [loatomy
3aCOJICHHBIC MEP3JIbIC TPYHTHI OTJIUYAIOTCS MOHMKCHHOW MPOYHOCTHIO W MAJBIMK 3HAYCHUSMH COIPOTHBIICHHIHA
CABHTY TIO0 TMOBEPXHOCTH cMmep3aHus ¢ (yHmaameHToM OHHM OTJIHYAIOTCS MOBBIIICHHBIM KOPPO3HIHBIM
BO3/CHCTBUEM Ha MaTepuai (yHIaMEHTOB.
IIporece 3acoeHUs MOYBO-TPYHTOB U TPYHTOB HAHOCHUT MPSIMOM M KOCBEHHEIH yIIepO TOPOICKOMY XO3SICTBY,
yrpoXkKaeT YCTOHYHBOCTH COOPY)KCHH, BBI3BIBACT aBApUU M PA3PYNICHHUS JKHUIBIX 3IaHWHA, POMBIIUICHHBIX
IUIOMAA0OK W TPAHCIOPTHBIX MAarucTpaieid, CiIy)kaT TPUYAHOW YPE3BBYAWHBIX CHTYalUH, CO3HAIOT
9KOJIOTHIECKHE TTPOOIEMBI (B YaCTHOCTH MPEMATCTBYET 03€JICHEHUIO TOPOJICKOTO JaHmagTa).

OCOBEHHOCTH TPEINIMHOOBPA3OBAHUS B TOP®SHOM TOJIIE 30HbI
«OCTPOBHOI» MHOI'OJIETHE MEP3J10THI

Bbaxenos A.HU., Sikumos A.C.

Earth Cryosphere Institute SB RAS, Tyumen, Russia, bazhenov-ikz-anatolii@mail.ru

IIposenenst padotel Ha HanbiMckom cranmonape K3 CO PAH (Tromenckas obnacts, SHAO, paiion r.
Hanpim). MccnenoBanus TpemyH B TOPQSIHOW TOJNIIE MPOU3BOIMINCE Ha IUIOCKOOYrpUCTHIX TopdsiHuKax. B
XOJIe M3y4eHHs OCOOCHHOCTEH Ipolecca TPEeIMHOOOpa30BaHUsl B NIpejesiaX OJHOTO TOP(SHHKA BBISBICHBI
TPEIINHBI IBYX THIIOB: MOPO300OHHBIE U HCCYILICHHUSI.

Mopo3000iiHbIe TPEMMHBI UMEIOT MIMPOKOE PACIPOCTPaHEHHE HA TeppUTOpHH TopdsHuKa. [Ipumepom
MOpPO3000HHON TPEIIUHBI MOXKET CIYXXHTh TpelnHa B pa3peze ¢ koopaumHatamu N 65°18'; E 72°51'. Paspes
MPUYPOUCH K MEIKOOYTPUCTOMY TOPQSHHUKY, KOTOPHIA Pa3OUT MOHIKCHUAMH Ha W30METPHYHBIE 00pa30BaHUS
(momuronsr) gumamerpom 0,5-3 M u otHOcurenbHOW BBIcOTOW 0,1-0,2 M, mectamm mo 0,4 wm. Ilupunra
MEXXITOMUTOHANBHBIX ToHMWKeHui 0,2-0,7 M. Pa3snn4uMoCTh TOJNMTOHOB OCJOXHEHA TEM, YTO IOHIKEHHS
3apacTaloT KycTapHHYKaMu. Ha MOBepXHOCTH MONWTOHOB TOpd Ooiee IIIOTHBINA, YeM B TOHIKEHHIX. B
npoduie MPOCTPAHCTBO MEXIY COCEIHHMH IOJMTOHAMH, CIOKEHHBIM 0oJiee TUIOTHBIM TOP(OM 3armoHseTcs
CBETJIBIM COBpPeMEHHBIM (00Jiee CyXUM, PBIXJIBIM U ciiabopasiiokeHHbM). Ha riryoune 0,2-0,3 M B MOHMKSHUA
BCKpPBIBAaETCS. MEP3JIOTa, Ha MPHIISKALNIUX IMOJUTOHAX MEp3JIoTa BCKpbIBaercst ¢ TiiyouHsl 0,5 M. V3ydeHHble
TPEIIMHBI HE MMEIOT IPU3HAKOB CHHIEHE3a C TPEIIMHAMH UCCYIICHUSI.

TpemuHbl UCCylIeHUs] JIOKAIN30BaHBl HAa YYacTKax JIMIIEHHBIX PACTUTEIBHOIO IIOKPOBa, IUAMETP,
KOTOPBIX MOKET JOCTUTaTh 5-7 M, 4aCTO Ha I0XHBIX JIPEHUPOBAHHBIX CKJIOHAX. Ha 0THOM M3 msATeH, JIMIIEHHBIX
PacTUTEIFHOTO TIOKPOBA, OTMEYEHBI TPEIIMHBI pasMepoM | Ha 2 M Ha IOJOTOM CKJIOHE INIOCKOOYIPHCTOTO
topthsiauka, ¢ koopamHatamu N 65°17'; E 72°53'. Tpemunsl ychixaHHs, MIHPHHON C MOBEPXHOCTH A0 3 CM
pa3duBalOT MOBEPXHOCTH HAa MENKKE OJOKH, BO BCKPBITOM IpoduIie mpociexxnBatoTes 1o rryounst 0,15-0,2 m.

UccnenoBanus npogueii TopdsHOM TOMIIN B MEeCTax BBIPAKCHHBIX TPEIIWH MCCYIICHUS HE YKa3hIBacT
Ha pa3BUTHE 37e€Ch MOPO3000MHOTO TpoIecca, a COAEPKHUT CIeNbl MPOMEP3aHUA-OTTauBaHM C WHTCHCHBHOU
MUTpanueil BIaru U u3MeHeHneM oobséma BemectBa. OCHOBHYIO poJib B mepepaboTke Topda B BepxHeH yacTtu
npoduiIs UrpaeT UCCyLICHUE U TPOMEP3aHne OTTalBaHHeE.

OTMeueHHbIe 00pa3oBaHMsl, SBIISIOIIMECS CIEICTBUEM SIBJICHHS TPELIMHOOOPA30BaHMs, MOTYEPKUBAIOT
KOHTPACTHOCTh KIIMMAaTHYECKUX YCJIOBHH M MO3aMYHOCTH JIAHIIA(PTHOTO IOKPOBa B pailOHE HCCIIEIOBaHHM.
Mopo3000iiHbIE TPELIIMHBI U TPEUIMHBI UCCYIICHUS IIPU STOM Pa3BUBAIOTCS B pa3HbIE CE30HBI T0ja, MOITOMY
TEOPETHYECKA MOTYT pa3BUBAThLCS OfHA MO Apyroil. Tem He MeHee, JaH A THBIE YCIOBUS y4acTKOB Pa3BUTHS
OJTHOTO BUJa TPELIMH 3aTPYAHSIIOT 00pa30BaHKE APYTUX, [I03TOMY TaKOTO HE MPOUCXOJIHT.
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B3ANMOJIENCTBUE HEKOTOPBIX OPTAHUYECKHUX BEIIIECTB
C ITIOBEPXHOCTBIO JTUCIIEPCHOTI'O JIBJA

®Penoceea B.U., ®enocee H.D.

Hucmumym mepsnomosedenus um. I1.U. Menvnuxosa CO PAH, 2. Axymck, vifgoreva@gmail.com

Eme E. M. Karaconos (1954)yka3piBai, 4T0 M3MEHEHNE KPUOTEHHON TEKCTYPBI MEP3IBIX MOPOJ CBSI3aHO
C UBMCHCHUEM COACPIKAHUA OPTraHUYCCKHUX OCTATKOB B I'PYHTax. AHanoruyueie Ha6J'IIOI[eHI/I$I ObLIH CACJIaHbI B
71a00paTOPHBIX  YCIOBHSIX IPU INPOMOPXKUBAHMK TPYHTOB, OOpabOTaHHBIX pa3UYHBIMH CMa304YHBIMHU
npenaparamu (SIpkuH, 1981). 'pyHTOBBIE BO/IBI OOOTAIAIOTCS PA3IMYHBIMU BEIECTBAMU, PACTBOPSIS IPOAYKTHI
Pas3JIoKEeHUs] OPraHUYECKUX OCTATKOB.

[Ipr mpoMOpaKUBaHHH BIIAXHBIX TPYHTOB BO3MOXHO (POPMHPOBAHHE MEP3IBIX MOPOI C Pa3IMIHON
KPUOTCHHON TEKCTYpOd B 3aBUCHMOCTH OT COICp)KaHUS OpPraHWYeCKHX BEIIeCTB. ECTM OHH CIIOCOOHBI
aJIcopOMPOBATECS HAa IMOBEPXHOCTH AWCIIEPCHOTO JbJA, TO MOTYT BIHUATh HA YHCIO 3apOJIBINICH, KOTOpBIC
00pa3yloTCs TPH KPUCTAJUIM3AIUN BOIBI, WX pa3Mepsl U ¢opmy. TakuMm oOpa3oMm, H3ydeHHE XapakTepa
B3aMMOJICHCTBHS OPTAaHUYESCKHUX BEIIECTB C TIOBEPXHOCTHIO AMCIIEPCHOTO JIb/Ia BAYKHO KaK C TEOPETUIECKOH, Tak
Y TIPaKTUIECKON TOYKHU 3PESHUSI.

Ecnu opranndeckue BemiecTBa B3aUMOJICHCTBYIOT C ITOBEPXHOCTHIO AUCIEPCHOTO JIbAA U3 UX PACTBOPOB
B MHIU((EpPEeHTHOM KO JIbJy OpraHHYeCcKOM PacTBOPUTENE, TO YObLIb KOHIIGHTPAIMHM BEIIECTBa B PacTBOPE
JOJDKHA OBITh OOYCJIOBJIEHA IIEPEXO/IOM €ro B JKHIKOMOJOOHYIO IJICHKY, CYLIECTBYIOIIYIO Ha IOBEPXHOCTH
neaa. Copbumonnas cnocobHocTh BeniectBa (Heuaes, @enoceesa, degocees, 1981) npu 3ToM KoppeaupoBaiia ¢
BEIMYMHON KOA(PQUIIMEHTA pacpesesieHNs] eT0 MEX/1y BOJOW M OpraHMYeCKHM PacTBOPHUTENIEM IPU OOBIYHOMN
temreparype. IlosBisuics ciiolf 00bEeMHOTO BOJHOTO pacTBOpa MPH YBEJINYEHUH KOHIIEHTPALMK TaKUX BELIECTB
B cucteme. M3orepma copOrun Obljia BOTHYTOW OTHOCHTEIBEHO OCH PABHOBECHBIX KOHIIEHTPALHUH.

[ToBenenme 0-OpoMOEH30MHONM KHCIOTHI B COPOLMOHHBIX SKCIEPUMEHTAX OTINYAIOCh OT ONMMCAHHOTO
Belme. Bo mepBBIX, Gopma H30TEpMBI cOpOIMH ObLIa BBITYKIOW W IOAYUHSAIACH YPaBHEHHUIO aicopOIIH
Jlearmropa. Bo-BTopwIX, (opma H30TepMBI HE HW3MEHSUIACh C W3MEHCHHEM TEMIIEPAaTyphl, UTO SBISUIOCH
CBHUJICTEIILCTBOM B3aWMOJICHCTBHA MOJIEKYN 3TOH KHCIOTHI MMEHHO C TIOBEPXHOCTHIO YACTHII JbJaa. Takwe
Pe3yIbTaTHI TO3BOJIILIH MIPENOIOKHITD, 9TO 0-OpOMOCH30MHAS KUCIIOTAa MOXKET OBITh HCIOIH30BaHA IS OIICHKH
yIENbHOM MOBEPXHOCTH YacTHul] Jbaa. [loaTBepxkaeHue 3ToMy OBUIO MOJIYYEHO MPH M3YyUCHHUU ancopOIuu o-
OpoMOeH301HON KHCIOTH Ha 00pa3lax CHera, OTOOPAaHHOTO C Pa3HBIX MO TEMIEPATypHOMY M BIaXXHOCTHOMY
pexumy 1iomanok (Maxkapos, ®emoceeB, ®PemoceeBa, 1990). B mocieayroiieM, Takoi Crocod OICHKH
yﬂeHbHOﬁ IMOBEPXHOCTU AUCHECPCHOIO JibJa OBLII  HMCIIOJIL30BaH npu H3y4YCHUU JUHAMWUKW MUTPpaALIN
PacTBOPHMBIX BEILECTB HA TPAHUIIE CHE)XHOTO MIOKPOBA C MOACTHIIAIONINM CYOCTPaTOM.

XapaxTep pacrpezieseHus: 0-OpoMOeH30MHOM KHCIOTHI MEXY ITOBEPXHOCTBIO YaCTHIL JIb/Ia U PACTBOPOM
KHCIJIOTHl COXPAHsUICS IpPU IEepexofie OT PAacTBOPOB B OPraHMYECKOM pAcTBOPHUTENE K PacTBOpaM B BOJE.
DHeprus agcopOIOHHOTO B3aUMOACHCTBUS B CITydae BOJHBIX CUCTEM OBLlIa 3aMETHO BHIIIIE.

HEKOTOPBIE PE3YJIbTATBI UCCJIEJOBAHUA N30TOITHOT'O
OPAKIIMOHUPOBAHUSA BO/bI B ITPOHECCE
CEI'PETAIIMOHHOT O JIB/IOOBPA30OBAHUA

Konnmesn B.H., I'onyoes B.H., Poros B.B., Coxparos C.A.

Mockosckuii I'ocyoapcmeennuiit ynueepcumem um. M.B. Jlomonocosa, eeoepaghuueckuii paxyiomem,
Mockea, Poccus, rogovvic@mail.ru

W3oTonHble HMccenoBaHus JEISHBIX 00pa30BaHUIl KpHOC(EPHI - JIEAHUKOBBIX MTOKPOBOB, JIEIHUKOB U
3aj1exe00pa3yonMx MOA3EMHbBIX JIBJIOB CTaM OJAHUM M3 OCHOBHBIX METOJOB IOJydeHUs HH(OpMAIUH O
KJIMMaTUYeCKUX YCIOBHUSX mpouuioro. [Ipu aToM TekcTypooOpasyrolue JbIbl H3y4eHbl 3HAYUTEILHO MEHbIIE U,
HECMOTPS Ha MHOM MEXaHU3M HX 00pa30BaHUs, K MHTEPIPETALNU UX U30TOIMHOTIO aHAIN3a MIPUMEHSIIOTCS TaKHue
e MOJXOJIbI, KaK M KO JbJaM, Gopmupyrommmes u3 armocheproit Bmaru. (Michel, 2011, Hdepessrun u mp.
2012). [dns Toro uTOOBI BBIACHWUTH, Kak (GOPMHUPYETCS HM30TOMHBIA COCTaB TEKCTypOOOpa3yoLIMX JbJOB,
HEOOXOJMMO 3HaTh INPHUHIMIBI ero oOpazoBaHus. OIHAKO, B HACTOSIIEE BpPEMsl OTCYTCTBYIOT JlaHHBIE O
Pa3IMuMy WIN €r0 OTCYTCTBHM B M30TOITHOM COCTaBe CBOOOAHOW M y4acTBYIOIIEH B MuUrpanuu Biard. Tem He
MEHee, MOKHO IPEIIOI0KUTh YTO BOAA, YUACTBYIOUIAs B MUTPALMK M (OPMHUPYIONIAsl CErpeTalliOHHBIN & 1
AEN-IIEMEHT, XapaKTepH3yeTcsi CBOMCTBAMH, OTIMYHBIMH OT TaKOBBIX Y CBOOOJHON BOABI M MOXKET HMETh
W30TOMHBIA COCTaB, OTIHMYAIOMIMKCSA OT W30TOIMHOTO COCTaBa CBOOOMHOW BOmbl. Kpome 3TOTO, MOXKHO
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MPEANONI0XKNTh, YTO KOHLEHTPALUs M paclpelesicHne CTaOWIbHBIX H30TONOB KHCIOPOZAa W BOAOpPOJA B
TEKCTYpOOOpPa3yIONIMX JIbJIaX J0JDKHA U3MEHATHCS U B Pe3yibTaTe (Ja30BbIX MEPEX0JI0B.

Buemnel cpefoit 1 TpyHTOBOW BIaru sIBISIETCS CaM TPYHT, CTENEHb BO3ACUCTBHS KOTOPOro Ha
pacnpeseneHre BIard W M30TOINOB 3aBUCHT OT MHMHEPAIBHOTO COCTaBa, pa3Mepa M OcOOeHHOCTEH
B3aUMOJEHCTBUS (a3 ¢ dYacTHLAMM TpyHTa. XapaKTEpPUCTUKM TPYHTOBBIX YacTHI[ CIyXaT (aKTopamu,
ONpPENENAIOIUMY  yAEIbHYIO TOBEPXHOCTh M TOBEPXHOCTHYIO JHEPIHMIO MHHEPAIBHOW MATpHIBI, a TaKxkKe
cofiep’KaHNe B TPYHTE HE3aMEp3aloIlUX NPH OTPHIATEIBHON TEMIIEpPAaType HEKOTOPBIX 0OBEMOB BOABI, YacCTO
Ha3bIBaeMbIM «He3amEp3iiel Bomoi». CBOHCTBA 3TOH BOJBI, HAXOMSIIEHCS BO B3aMMOJICHCTBHHM C HMOHAMHU,
aTOMaMH H MOJEKylTaMH, (OPMHUPYIOIIMX IOBEPXHOCTh TPYHTOBOM MATPHIIBI, OTIMYAIOTCS OT CBOICTB
00BEMHOM BOABI, YTO JIOMYCKAEeT BO3MOXXHOCTh MHOT'O COJEp)KaHUS B HEH MOJIEKYJ, BKIIOYAIOUIMX TSDKENbIE
M30TONBl BOJOpoAa W Kuciaopoga. OAHAKO KPUCTAJUIM3ALMS TaKOM BOABI, BEPOSTHO, BHOBB JIONYCKAeT
M3MEHEHHE COOTHOILICHNUS JIETKUX U TSDKEJIBIX W30TOIIOB, KaK U B CBOOOJHOM BOJIE.

JIyist TOATBEP KCHUS BBILIETIPUBEAECHHOM TMIIOTE3bl aBTOPAaMU IPOBEAEHBI AKCIIEPUMEHTHI ¢ 00pa3aMu
TPYHTOB KaoJUHUTA I[IPOCSHOBCKOTO MECTOPOXXIEHHSA, KOTOPBIE C 3aJaHHOM BIAXHOCTBIO U U3BECTHBIM
U30TONHBIM COCTaBOM HCIIOJIB3YIOIIEHCS B ONBITE BOJABl IPOMOPAXHBAIUCh B YCTAHOBKE OJHOMEPHOTO
MIPOMEp3aHusl C 33/laHHBIM T'PaAMEHTOM TeMIleparypbl. Boxa juia ananm3a orObupanach B yCTaHOBKE, KOTOpas
MO3BOJISUIA TTYTEM BBINAPUBAHHUS TPYHTOBOH BJIArM B TEPMETHYECKH 3aKPHITOM OOBEME IMOMYUIHTH BCIO BOLY,
cozieprkantytocst B mpode. Ha ocHOBaHMYM MTPOBENECHHBIX 3KCIIEPUMEHTOB MOXKHO CHEJATh CIEAYIOIINE BBIBOBI.
B Tamoif wactm oOpasma KaonWHUTA BoAa (MPEANOIOKHTEIBHO, BOJA, «CBA3aHHAs» C TPYHTOM, HO HE
y4JacTBYIOLIAas B MUTPAIMM) MOKa3ajla M30TOIMHBIA COCTAaB «TSHKENEE» IO KHUCIOPOAY M «IErde» 10 BOAOPOLY,
4eM HCXOJHas, 9To cornacyercs ¢ ganHbiMEu H0.A. @énoposa (1999). B MEp3amnoii 30He ¢ MACCUBHOU TEKCTYpOH
Boja (Boxa, ¢opMmupymoomas JEA-IIEMEHT) Oblla «TsDKeNee» KakK M0 KHCIOpPOJY, Tak M IO BOAOPOIY IIO
CPaBHEHHIO C UCXOIHOU BOOIl. B BepxHel yacTu rpyHTa, BO BTOPOM CBEPXY 110 MOILTHOCTH JieAssHOM mupe (7
MM), U30TOIHBIA cOCTaB OBUT «TsDKeEee» KaK M0 KUCIOPONIY, TaK M IO BOAOPOJY IO CPAaBHEHHUIO C MCXOJIHOM
BOJIOH, HO «JIerde», 4eM B MAaCCHBHOM ropusoHTe. HamOosble OTIMYMS M30TOIMHOTO COCTaBa OT HMCXOJHOM
BOJIBI B CTOPOHY «yTSDKEJIEHUs» OB XapaKTepeH Ul TOHKOTO CJI0Sl C MAaCCHMBHOW TEKCTYPOH, pacrojoKeHHOTO
HEMOCPEACTBEHHO MOJ ATUM HUTUPOM. 3aKOHOMEPHOCTH PACHpeeIeHHs] H30TOMHOTO COCTaBa B BEPXHEM, MEHEE
MOIIIHOM, 1UTUpe (3 MM) M IOACTHIIAIONIEH €ro YacTH TaKHue K€, HO MEHee BBIPaKCHHBIC.

[TonydeHHble AaHHBIE MO3BOJAIOT IPEANONOXKUTH, YTO B MHIpPAlMM BiIard K (POHTY IIPOMEp3aHus
y4JacTBYIOT HamOojee «IETKHe» MO HM30TOIMHOMY COCTaBy OOBEMBI BiarM, MpHUYEM 3Ta MHTpanus HawmOoiee
aKTHBHA B MPUKOHTAKTOBBIX K (hopMupyrOmEMyCs MITHPY JbJa closiX. [I0CKOIBKY HMEHHO 3Ta «IeTrKas» BOZa
uzaeT Ha (OpPMHUPOBaHHE IUIMPA, O HUM, (JOpMHUPYST MACCHBHYIO TEKCTYpY OCTaeTcsi camasl TsbKenas Boja. B
camMoM ke (OPMUPOBAHWU JIbJ]a IIUIMPA YYACTBYET Ta camas MUIpHUpYyolias Oojee «I€rkas» Boja, HO 3aKOH
muddepeHMaMu  U30TONOB NPU KPHCTAJUIM3ALMK JaéT «YTSHKEJICHHE» H30TOIHOIO COCTaBa IIOYTH J0
3Ha4eHHH HMCXOAHOW Boubl. Kpome aroro, addekr oTMedeHHOH H30TONHOHM anddepeHIranuy, MnoKa3bBaeT
3aBHCHMOCTh OT CKOPOCTH IPOMEp3aHKs U pOCTa HIJIUPa, K YEM MEHBIIE NMEPBHIH (hakTop 1 OOJbIIEe BTOPOH, TEM
ata auddeperumanus Oonee 3HAYUTENBHA.

IlomyyeHHbIE JaHHBIE MO3BOJIAIOT YTBEPXKAATh O 3HAUUTEIBHOM M JOCTATOYHO CIIOKHOH CTPYKType
muddepeHMaMM U30TOMHOTO COCTaBa CBA3aHHOM BJIAarW IPH CETPEralioHHOM JbJ000pa3zoBaHuH. [losTomy
MHTEPIIPETalysl H30TOMHBIX JaHHBIX TEKCTYypoOOpa3yIouX JbJO0B AJS IMajieoreorpaguueckux peKOHCTPYKINI
JIOJDKHA BECTHCH Ha MHBIX NPHHIMIIAX, OTIMYHBIX OT JIbJJOB aTMOC(EPHOTO MPOHUCXOKACHHS.

PACHHAJI METACTABUWIBHBIX I'A3OT'HAPATOB B PE3YJIBTATE
KPUCTAJVIM3ALIUHU ITEPEOXJIA’KIAEHHOUM BO/IbI

3aBoaoBcKHid A.F.l, Maapirynos M.I]J.l'z, Pemernnkos A.M.",
Hecrepos A.H."%, Illunanos B.I1.°

YYnemumym Kpuocepor 3emnu CO PAH, 2. Tiomens
2Tiomenckuii 2ocyoapemeennbiii Hegpmezazoswiti yrusepcumen, 2. Tiomens, marat747@mail.com

MertacTaOniIbHBIE COCTOSHUS Ta30TUAPATOB peanu3yioTes B oomactu P-T mapaMeTpoB, orpaHHYeHHOI Ha
(azoBoll AmMarpaMMe JMHUSMH PaBHOBECHS “‘NeA-THIOpar-ra3” W “TiepeoxJaxIeHHas Boma-ruapar-ra3z” [1].
[Ipennonaraercs, 4YTO YCIOBHEM IIepeBOja THApaTa B O0JACTh METacTaOMJIBHBIX COCTOSHHH SBISETCS
OTCYTCTBHE €T0 MPSMOTO KOHTAKTa ¢ KpUCTAIIIaMHK JbAa [2].

B nannoii pabore P-T MeTomom uccieioBaHa yCTOWYMBOCTh METAacTaOMIIBHBIX THAPATOB (peoHa-12 u
IpornaHa K BHCHIHUM BO3I[CI>1CTBH$IM. YCTaHOBHeHO, YTO KpuUCTallIM3alusd BOJAbl WHUIMHUPYET pPa3JIOKCHHUC
MeTacTabMIBHOTO THApara Ha Jien 1 ra3. 00 stoM B P-T akcneprMeHTax CBHIETEIBCTBYET MOHKEHHE TEMIIEPATYPBI
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00pasiia ¥ pocT BEJIMUNHBI JIABICHNS, KOTOPOE C TEUCHHEM BPEMEHH aCHUMITTOTHYECKH NPHOMKACTCS K JIMHUM PaBHOBECHS
“nep-ruppar-ra3” (puc.).

ONBITHBIM TyTEeM IOKa3aHo, YTO T K P xlla
YCTOMYMBOCTh ~ Tasoruppara B OOJACTH
METacTaOMIIBHBIX ~ COCTOSIHMA BO ~ MHOTOM R N e R Ty
OIIpeIesieTest BpEeMeHeM KU3HA 268
MIEPEOXJILKICHHON BOJIbl, KOHTAKTHPYHOLLEH C
ero  moepxHOCcThIO. C  TIOHIKEHUEM
TEeMIepaTypbl METacTaOMIBHBIA THIpaT
CTAQHOBHMTBHCA MEHEE YCTOMYMB, T.K. HpH 267
9TOM BO3pacTaeT aKTHBHOCTb IeTeposiep
HyKJ€allMd M COKPAIlaeTCs BpeMs KM3HM | ....__......_ ..\ . ... .. ...
NEePEOXTAKACHHON BOJABL. Y CTAaHOBIIEHO,
YTO YBEJIMYCHHE CKOPOCTH HOHMKCHUS 266 8
JaBJICHUS rasa B npeaenax 0 200 400 600 t,c
METacTabMIbHOW  O0JIacTHM  ITOBBINIAET
BEPOSITHOCTD KpucTain3anud  Pacmaj MetacTabuiIbHOTO rasoruapata Gpeona-12 B
MepeOXIIaK ICHHON BOJIBL, M,  pe3yibTaTe KPUCTAJUTU3ALNH MEPEOXIIaKACHHOH BOIBI.
COOTBETCTBCHHO, BEPOSITHOCTh pacmaga  Pegi, Pegz - COOTBETCTBYIOIIME aBIIEHHS PABHOBECHS]
rujapara. “nepeoxJiaxaAeHHas BOAa-Tuapar-raz” | “nea-ruapar-raz”

B cBorwo  ouepenp, 1nepeBoj  mpu TemiepaTvpe paBHOM 267.2 K.

MeTacTaOMIIBHOTO THApara 4epe3 JIHHUIO

paBHOBECHS ‘TIEPCOXJIAKICHHAS BOJa — TUApAT - ra3” COMPOBOXKIACTCS €ro pa3jioKeHHUEM C 0Opa3oBaHUEM
xuaKol ¢aspl Boabl. Bo3MokeH M 0OpaTHBIN MepeBoj| Tuipara U3 00JacTH abCOJMIOTHOW HEYCTOMYMBOCTH B
00J1acTh METacTaOMIIBHBIX COCTOSIHUM, €CNIM B Ipoliecce JAaHHOTO IMepexona B oOpasie He oOpasyercs Jen.
VYcraHOBIEHO, YTO TMPH OJHOM M TOH e Temrieparype Oojee yCTOWYMBHI THApAThl (PpeoHa, YeM THIPaTHI
MIpoTIaHa.

B nanpHeiineM mpearonararoTCsl aHAJIOTMYHBIC WCCIENOBAaHMS C HCIOJIB30BAHMEM IIMPOKOTO Kiacca
THIPAaTOO0pa3yIOIINX Ta30B.

Pabora BrImoNHEHa TpW dYacTHYHOW (uHAHCOBOM mommepkke mporpamMmel @HU rocymapcTBeHHBIX
akagemuii Hayk Ha 2013-2017 roxsr (mpuoputetHoe Hampasienue VIII.77.2.), MeXIUCIUIITMHAPHOTO TPOEKTa
Ne 144 CO PAH u Cogera no rpanram Ipesuaenra Poccuiickoit @enepanuu (rpant HIII-5582.2012.5).

JaBJICHUE

TeMIeparypa

1 12

Peq1

Jlurepatypa

1.Melnikov V.P., Nesterov A.N., Reshetnikov A.M., Istomin V.A., Kwon V.G. Stability and growth of
gas hydrates below the ice-hydrate—gas equilibrium line on the P-T phase diagram//Chemical Engineering
Science, 2010,vol. 65, p. 906-914.

2.BmacoB B.A., 3aBomoBckmii A.I'., Magsmryno M.IL. HccrnemoBaHme MeTacTaOMIBHBIX COCTOSHUIMA
ra3oBbIX THIpaToB QpeoHa-12 merogom JTA // Teoperudeckne M MPAKTHYECKUE ACIEKTHI HCCIICTOBAHUIMA
TIPUPOTHBIX U MCKYCCTBEHHBIX Ta30BBIX THIPATOB: COOPHUK MaTepralioB Beepoccuiickoil HaydHO-TIPaK THIECKOM
koH(pepeHmH. Akyrck, 24-28 asrycra 2011 ., c. 36-40.

MEXAHMUW3MBbI PASPYIIEHUSA MEP3JIOI'O I'PYHTA

KonosajioB A.A.

HIioC CO PAH

CBsI3U MEXIIy YacTUIIAMH MEP3JIOTO TPYHTA B 3aBHCHMOCTH OT OJIM30CTH K TeMIlepaType IUTaBIeHU o,
MOTYT OBITH IIACTUYHBIMA (“IUIABMIIBHBIMK ) BONMU3HU 1., u Xpynkumu (“‘cyOIMMAanMOHHBIMA) BHATH OT ly; .
[KonoBamoB 2009, 2011]. Dueprusi IUIACTHYHBIX CBA3ed paBHA VIENBHOM TEeIUIOTe TUTaBIICHUS
(xpuctammzanuu) Q,, XPYNKUX — yIenbHOU Tertore cyonuManuu Q. PasHble THIBI CBsA3€ll YacTHIl MEep3JI0To
IPYHTa OMNpPENCISIIOT W pa3Hble MEXaHU3Mbl €ro paspylleHus. [lnacTHuHOe paspylieHHe 3aKI4YaeTcs B
JIe(OPMHUPOBAHUH MEP3JIOr0 Tea (CBA3EH €ro YacTHII) C MOCTCIICHHBIM MEPEX0A0M B JKHUAKOOOpa3HOE, TCKydee

COCTOSIHHME, KOTOPOE (PUKCHPYETCs N0 JOCTHKEHUIO 3HAYEHUS OTHOCHTENbHOM fedopmaluy, Gm3Kkoro Kk j =

0,083+ 0, 12 CyOnmMarusi COOTBETCTBYET IIOJTHOMY pPa3phIBy aTOMHOH CBS3H, 06pa303aHm0 Ha ee MecTe
“IyCTOTHI”, KOTJa OTHOCUTENbHAS JeopMaris MaKkCUMaIbHa —j ~ 1 (y npaa BeMWIHHEI j u Q. Gonpue j

Q.. mpumepHo B 12 pa3). Ha makpoypoBHe Takas ne(bopMaum{ JIOKaJIbHa, TPUYypOYeHa K yqaCTKaM c
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ocna0JICHHBIMU CBSI3IMH — KOHIIGHTpAaTOpaM HampsDKeHUS (MHUKPOTpeIIuHaM, nedeKTaM CTPYKTYphL..). OHa
pa3BUBAacTCS HE3aMETHO [UIs HaOmogarens B (opMe TpemuHOOOpa30oBaHUS B HANPABICHUH COKATUS H
(ukcupyercs mo pasBaly Teina Ha dYacTH. DopMmyna JOITOBEYHOCTH IUIACTUYHON MEP3JIOTHI MMEET BHJ
[Konoganos, 2009, 2011]: _
Tn = Tmin (Pm“rm / P) L/ ’ (1)
JlonroBeYHOCTh MEP3IIOrO TPYHTA C HU3KOM TEMIIEpaTypoi IUIABJIEHUS ONPEAEIISETCS 110 U3BECTHON

tdopmyne [Perems u np., 1974], npusenennoii k sungy [Konosamnos, 2009, 2011]:

ty =T min €Xp[2 (To/T)(1= P/Pumc) ! Jupl (2)

MaxkcumanbHas (YCIOBHO MTHOBEHHASI) TPOYHOCTD TUIACTHYHO- WIIM XPYITKO- MEP3JIOTO TPYHTA, B 00IIIeM
ciydae - P, paBHOBecHas MUHHMAJIBHOHN JOJTOBEYHOCTH T min,ONpenenseTcs u3 ypaBHeHus Kuameiipona -
Kinaysmuyca, B KOTOpo€ MOACTaBIIIETCS TEKYIIas TeMIepaTypa Mep3ioro rpyHra t < t., , ¥ COOTBETCTBYIOLIHE
o6bemuble TermaoThl (L, nm L) u gedopmarmn (j,, wid j) $pasoBbIX MEPEXOI0B. 3aMEHUB HHAEKCHI IIPH DTHX
BEJIMYMHAX HAa OAMH oOmuil - «b», MoidydaeM eIUHOE BBIPAKEHHE [UIi MaKCHMAaJIbHONH (MTHOBEHHOW)
MPOYHOCTH:

Pm=Lyt/(y To) ©))
[Mpusenem dpopmynsl goaroseunoctedd (1) u (2) kK conocTaBUMOMY BHIY:
JuIn(ty [t o =2 (To/T)(L-P/Prm) =A, ju In(t; /to) =In(P/P)=B.

Otnomenne To/T 'y obbrunoro npaa (ipaa l), cymiectByroriero B auanasone temmeparyp 251-273 K,
usMensiercs B npenenax 0,92...1. 3aBUCUMOCTH YCIOBHBIX jgoiroBeyHocted A u b ot P/Pn npu To/T = 0.96
MpeJCTaBICHEl Ha pucyHKe. JKupHas IMHUS OTpakaeT 3aBUCHMOCTH pealbHOU (T.e. MUHHMAaJIbHON U3 A u B)
OTHOCHTEIBHOW JTOJTOBEYHOCTH (B JIOTApU(PMHIUECKOM MaciiTabe) OT OTHOCHTEIBHOTO JTABICHUS, HE3aBHCUMO
OT MeXaHU3Ma pa3pyIIeHus.

&, E
> I e—4 o—E
2 -

£
1 .-%é__‘_‘

0 0,2 0,4 0,6 0,2 F/P

3aBucumocts A u b ot P/P,,

W3 pucyska BumgHO, uto mipu P/Pn > 0,2 monroBedHOCTh Oombine y xpymkoro Tena (A>B). DOrto
O3HAYaeT, YTO KpUTHYecKas AepOpMalus jn, JOCTHIaeTcs paHbLIE, YEM TEIO pPa3BalIUBAETCd HA 4YacTH.
CrnenoBarensHo, [UId OOECHEUYEHHS YCTOWYMBOCTH IPOEKTHPYEMOIO Ha TaKUX TIPYHTAX COOPYKEHHS
JIOJITOBEYHOCTH M ITPOYHOCTD HYKHO PacCUUTHIBATh 10 hopmyste (1), kak aist miactudgroro tena. [pu (P/Py) <
0,2, Hao6opoT, OombIe “mmacTudeckas’” AonroBedHocTh (b >A), mosToMy Teno pa3BaqMUBacTCA paHbIIE, YeM
JOCTHTaeTcs KpuTHdeckas aedopmanus j,,. CiemoBaTenbHO, TOITOBEYHOCTh M MPOYHOCTH B 3TOH 0ONacTH
HYKHO PacCUUTHIBATH 110 (opmyiie (2), Kak It XPYIKOro Tena.
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