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BBEJAEHUE

Paiion uccienoBaHnii — y4acTOK IOr0-BOCTOYHOTO MakpockioHa [lo-
JsipHOTO Ypana, pacrojoKEeHHbIH MeXIy JEeBbIM Oeperom peku EHraro
U TIpaBbIM OeperoM Bmajawoiieil B Hee peku Kepmomaniop (ropHbIii Mac-
cuB Paii-M3 u ropa UepHas). ['eorpadudeckne KOOpAMHATHI MPABOTO HIX-
HETO W JIEBOTO BEpPXHEro yriioB pahoHa 66.7933° c. mr., 65.6545° B. n.
n 66.8371° c. m1., 65.5044° B. 1., coorBeTCTBEHHO, BBIcoTa OT 110 M0 313 M
HaJ yp. Mopsa (puc. 1). Tepputopusi OTHOCUTCS K €CTECTBEHHBIM JIaH/I-
madTaM TPaKTUYECKU HE MOJABEPKEHHBIM AHTPOIOTEHHOMY BIIMSHUIO.
XO03sIUCTBEHHASI JIEATEIIbHOCTh OTPAaHUYMBAECTCSI MHOTOJIETHHM BBIIACOM
onenel (Auapesikuna, 2014), a Takxe cOOpoM rpudOB U STO.

B palioHe uccinemoBaHull HaxXOAATCS IOJS MOPEHHBIX OTJIOKEHUU
MOCJIETHETO TOPHO-IOJIMHHOTO OJIEZICHEHUS C OOJIBIIIMM KOJIMYECTBOM O3€P
(IOusitoB u np., 2005). Ilpeobnanaroniye ropHbIe MOPOJBI — OCHOBHBIC
(radb0po) u yabTpaoCHOBHBIC (MepUIOTUT). [I0UBEHHBIN MOKPOB CIOXKEH U
HEOTHOPO/JICH, TOCTOBEPHBIN MMOYBEHHO-KAPTOTpaPUUECKUil MaTepuan st
BbIOpaHHOTO paiioHa orcyTcTByeT (Dupcona, Jleakos, 1983).

Paifon BKJIIOYAaeT CHEAYIOIIME BBICOTHBIE MOsCA PACTUTEIHHOCTH:
TOpHBIE JIUCTBEHHUYHBIE JieCa MPEUIECOTYHIPOBOrO THUMA U MOJTOJbIIO-
BBl JIMCTBEHHUYHBIEC pejnkoiiechs (DPupcosa, [enkor, 1983). JIperocTou
COCTOSIT TJIaBHBIM 00pa3oM W3 JIMCTBEHHMIIbI cuOupckoit (Larix sibirica
Lebed.), u3penka BcTpeuaercs enb cubupckas (Picea obovata Lebed.).
[Tonnecok oOpa3oBaH KapiukoBoi Oepesoii (Betula nana L.) (®upcosa,
Henkos, 1983), uBoii cuzoit (Salix glauca L.) (Baranos u ap., 2008), omnb-
x0BHUKOM (Alnus fruticosa Rupr.) U MOXXKEBEIHbHUKOM CUOUPCKUM
(Juniperus sibirica L.) (ITanosa u ap., 2003).

B TpaBsiHO-KyCTapHMUYKOBOM sipyce HauOoJiee 4acTO BCTPEYAIOTCS
oarynpauk O0o0sioTHBIN (Ledum palustre L.), Bogsuuka (Empetrum L.), To-
JOKHsIHKaA anbnuiickas (Arctous alpina (L.) Niedenzu), TonoKHSHKA OOBIK-
HoBeHHas1 (Arctostaphylos uva-ursi (L.) Spreng.), mon6en (Andromeda
polifolia L.), ronybuka (Vaccinium uliginosum L.), mopomika (Rubus
chamaemorus L.), mymmna (Eriophorum vaginatum L.), kpoBoxieOka
(Sanguisorba polygama Nyl.), kamnenomka (Saxifraga hirculus L.,
Saxifraga caespitosa L.), xBomr necHoir (Equisetum sylvaticum L.).
B HamoyBeHHOM MOKpOBE MpeodIaiatoT 3ei1eHble Mxu U Jumainuku (Ila-
HOBa u ap., 2003).

Ha ocnose LIMP paccuuransl ciaeayronme pacTpel: IIOCTYIUIEHUE IPsi-
MOI coiHeuHoM pamuanuu (Zimmermann, 2000), ykiIoH (KpyTH3HA) CKJIO-
Ha, Tonorpaduueckuii unaaekc BraxHoctu CTI (www.biology.ualberta.ca).



Kaprocxempbl, co31aHHBIE Ha OCHOBE JaHHBIX PacTPOB, a TaKXe KapTo-
CXeMa pa3MelIeHUs] TOUeK (POTOCHEKMKHU B pailoHE MCCIETOBAaHUI MpUBE-
JICHBI Ha puC. 2—6.

JIns OLIEHKM NPOCTPAHCTBEHHO-BPEMEHHOW JMHAMUKHU JIEPEBHEB
C Hayajla IIEeCTUIECATHIX IoJ0B XX Beka A0 Hadana XXI Beka MCHOJIB30-
BaHbI MTOJIYTOHOBBIE a3podoTocHUMKH 1962—1964 u 1985 romgos, cekTpo-
30HAIbHBIN CHUMOK 2003 rojla ¥ KOCMHYECKH CHHMOK BBICOKOTO IpO-
CTpaHCTBEHHOTO paspemeHuss 2015 ronma, MOTYyYEHHBIM C TOMOIIBIO
Nutepuer-cepBuca Sunexc.Kaptel (maps.yandex.ru). JlanHbie a’po- u
KOCMOCHUMKH HMEIOT BBICOKOE MPOCTPAHCTBEHHOE pa3pelieHue, Mo3BO-
JSIFOIIEE OMPENEIISITh MECTOIOJI0KEHUE JIEPEBRA.

Bce cuuMku Obutu reompuBsizanbl B reorpaduyueckoil mHbopMaIu-
orHoil cucreme ARC/INFO (ESRI Inc., CIIIA). Ha ux ocHoBe 1udpoBa-
HUEM CO3[IaHbl CJIOM C TOYKAMH, XapaKTEepU3YIOIINE MECTOIOJIOKEHHE
KaKJIOro AepeBa B panioHe uccienoBanuid B 1964, 1985, 2003 u 2015 ro-
nax. C ucnonb3oBaHreM (YHKIMHM pacuera TyCTOThl TOYEK C KPYrOBBIM
1a0JIOHOM paguycoM 12 M MOJy4eHbI PacTphbl, KOTOPBIE NAIOT MPEJICTaAB-
JeHrue 00 U3MEHEHUHU JAHHOTO MOoKa3aTessl B MPOCTPAHCTBE U BO BPEMEHU
(puc. 7). Ilpu onpeneneHny 3HaYECHU T'yCTOTHI UCIIOJIB30BaIM PaHEe pas-
pabotannyto npodeccopom C. I'. IIuaroBsiM KIaccu(pUKaIIAIO JIECOTYH/I-
POBBIX U JiecHBIX coobtiecTB (Illusaros u ap., 2005).

C ucnonp3oBanueM kapThl ['ocruciienTpa macimraba 1:25000, momy-
4eHHOW M3 OTKpbITOro ucrounuka (loadmap.org), undpoBanuem co3gaHsl
cieayrnme reouH()OpMaIIMOHHBIE CJIOW: WU30JIMHUU BBICOT MECTHOCTH,
OTMETKH BBICOT, pe4Has CeTh, 03epa. B reorpaduueckoit nHbopMairon-
Hot cucreme ARC/INFO (ESRI, CIIIA) ¢ ucnoib30BaHUEM ajIropuTMa
TOPOGRID co3gana ruaposjoruyeckass KOppekTHas IudpoBas MOAeNb
penseda (LIMP) ¢ mpocTpaHCTBEHHBIM Pa3peIICHUEM S5 M.

C ucnonb3oBaHWEM pa3pabOTaHHON paHee OPUTHHAIBLHON METOIUKU
®omuna B. B., llustoa C. I'. MuxaiinoBuu A. II. (Pomun u ap., 2015)
s Kaxkaou sanamadgTHo Qotorpaduu co3laHa KapTocXeMa C TOUYKOM
($OTOCHEMKH M Yy4aCTKaMH MECTHOCTH, KOTOPbI€ BUJHBI Ha (DOTOCHUMKE.
Kaxnoii mape dororpaduii, caenaHHbIX ¢ OJHOW U TOU kK€ TOYKU (HOTO-
ChEMKH, HO B Pa3HbIil MEPHOJI BPEMEHU, MMOCTABJIEHBI B COOTBETCTBUE JBE
kapTrocxembl. Takas ¢opma mpeactaBieHus: rpadpuyeckord U kaprorpadu-
4yecKoM MH(OpMalUU MO3BOJISIET OLIEHUTh M3MEHEHUS, KOTOpPbhIE MPOU30-
UM B SKOTOHE BEPXHEW T'paHULIbl JPEBECHON PACTUTEIBLHOCTH 3a UCCIIe-
JyEMbI MHTEpPBAJl BpEMEHU B MpocTpaHcTBe. [IoBTOpHBIE JaHamadTHBIE
¢doTorpaduu U KapTOCXEMBbI PUBEACHBI HA pUC. 8—87.



INTRODUCTION

The study area — the plot of the southeast macro-slope of the Polar
Urals, located between the left bank of the river Yengaiu and the right bank
of its tributary river Kerdomanshor (mountain massif Rai-Iz and Chernaya
Mountain). Geographical coordinates of the lower-right and upper-left cor-
ners of the area are 66.7933° N. lat, 65.6545° E. lon. and 66.8371° N. lat,
65.5044° E. lon, respectively, the height of 110 to 313 meters above sea
level (Fig 1). The territory belongs to the natural landscapes virtually not
subject to anthropogenic influences. Economic activity is limited by long-
term grazing of deer (Andreyashkina, 2014), as well as picking mushrooms
and berries.

Fields of morainic deposits of the last mountain-valley glaciation
with many lakes are in the study area (Shiyatov et al., 2005). The dominant
rocks — basic (gabbro) and ultrabasic (peridotite). Soil cover is complex
and heterogeneous, reliable soil map material for the selected area is not
available (Firsova, Dedkov, 1983).

The area includes the following high-altitude vegetation belts: alpine
larch forests of forest-tundra type and subalpine larch open forests
(Firsova, Dedkov, 1983). Forest crop mainly consists of the following spe-
cies: Larix sibirica Lebed., rarely Picea obovata Lebed. The underwood is
formed by: Betula nana L. (Firsova, Dedkov 1983), Salix glauca L.
(Vaganov et al. 2008), Alnus fruticosa Rupr. and Juniperus sibirica L.
(Panova et al., 2003).

Live ground cover most often includes the following species: Ledum
palustre L., Empetrum L., Arctous alpina (L.) Niedenzu, Arctostaphylos
uva-ursi (L.) Spreng., Andromeda polifolia L., Vaccinium uliginosum L.,
Rubus chamaemorus L., Eriophorum vaginatum L., Sanguisorba poly-
gama Nyl., Saxifraga hirculus L., Saxifraga caespitosa L., Equisetum syl-
vaticum L. Gorund vegetation is dominated by green mosses and lichens
(Panova et al., 2003).

The following geographic information layers were created by digitiz-
ing using the map of the State GIS Center with a scale of 1:25,000 ob-
tained from the open source (loadmap.org): terrain elevation isolines, ele-
vations, river network, and lakes. A hydrologically correct digital elevation
model (DEM) with a spatial resolution of 5 m was created in ARC/INFO
(ESRI, USA) geographic information system using TOPOGRID algorithm.

The following rasters were calculated based on DEM: incoming
direct solar radiation (Zimmermann, 2000), slope, compound topographic
index CTI (www.biology.ualberta.ca). Schematic maps created based on



raster data and a schematic map with points of photography in the study
area are shown in Fig. 2 — 6.

Halftone aerial photos of 1962 — 1964 and 1985, multiband aerial
photograph of 2003 and high spatial resolution satellite image of
2015 from Yandex.maps Internet service (maps.yandex.ru) were used to
assess spatio-temporal dynamics of trees since the early sixties of the XXth
to early XXI century. These aerial and satellite images have high spatial
resolution, allowing to determine tree location.

All 1images were georeferenced in ARC/INFO (ESRI Inc., USA)
geographic information system. Layers with points characterizing location
of each tree in the study area in 1964, 1985, 2003 and 2015 were created
on their basis by digitizing. Using the function for calculating the density
of points with a circular pattern with 12 m radius, rasters were obtained,
which give an idea of the change in this indicator in space (Fig. 7). Classi-
fication of forest-tundra and forest communities previously developed by
Professor S. G. Shiyatov (Shiyatov et al., 2005) was used when determin-
ing the stands density values.

A schematic map with a point of photography and terrain sites which
can be seen on the photograph was created for each landscape photo using
an original technique of Fomin V. V., Shiyatov S. G., Mikhailovich A. P.
(Fomin et al., 2015) developed earlier. Two schematic maps were assigned
to each pair of photos taken from the same shooting point, but in a diffe-
rent time. This form of representation of graphic and cartographic infor-
mation allows evaluating spatial changes in the tree line ecotone during the
analyzed period of time. Repeated landscape photographs and schematic
maps are shown in Fig. 8 — 87.
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Fig. 1. Schematic map of the study area. The area of visibility is shown in grey
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Fig. 2. Schematic map created using topographical position index values
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Fig. 3. Schematic map created based on the slope steepness values
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Fig. 4. Schematic map characterizing incoming direct solar radiation to reach ground of the study area in June-August
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Fig. 7. Schematic maps created using tree stands density values in 1964, 1985, 2003 and 2015




Puc. 8. Touka potochemku Ne 127. Coumku caenansl: Bepxuuit — C. I, [lIusaroBeiM
01 wmronsg 1961 roga; Hixumii — A. I1. Muxaiinosud 13 uronsg 2016 roga

Fig. 8. Point of photography No. 127. The photos were taken: top — S. G. Shiyatov
on July 1, 1961; bottom — A. P. Mikhailovich on July 13, 2016
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Puc. 9. Touka ¢otocremku Ne 127. Obmactu BUAMMOCTH COOTBETCTBYIOT CHUMKaM,

IPUBEACHHBIM Ha puc. 8. BepXHsis KapTocxeMa cOo3[jaHa Ha OCHOBE JITaHHBIX O MECTO-

MOJIOKEHUH JiepeBbeB B 1961 romy, HuwxkHAs — B 2016 rony. KoopauHaTtsl TOYKH

dotocremku: 66.8096° c.mi., 65.56475° B.i. Hamnpasnenne d¢otocbemku: 149°
(Yrosa oTCUMTBIBAETCS OT HAMPaBJICHUS Ha CEBEP 110 YaCOBOW CTPEIIKE)

Fig. 9. Point of photography No. 127. Visible areas correspond to photos shown

in Fig. 8. Top schematic map is created based on data on trees location in 1961,

bottom — in 2016. Shooting point coordinates: 66.8096° N. lat., 65.56475° E. lon.

Shooting direction: 149° (the angle is measured clockwise from the direction
to the north)



Puc. 10. Touka dotocremku Ne 128. Cuumku cnenansl: Bepxuuii — C. I'. llusToBeIM
15 urons 1961 rona; nmwxauid — A. I1. Muxaiinosuu 13 mronsg 2016 romga. Ha panpHem
IJIJaHE BEPXHEro CHUMKa BHUJIHA ropa UepHas

Fig. 10. Point of photography No. 128. The photos were taken: top — S. G. Shiyatov
on July 15, 1961; bottom — A. P. Mikhailovich on July 13, 2016. Mountain Chernaya
is visible in the background of the upper photo

18

Puc. 11. Touka dporocremku Ne 128. O6macT BUAUMOCTH COOTBETCTBYIOT (POTOCHUM-

kaM Ha puc. 10. Koopaunatel Touku ¢orockemku: 66.80946° c.ar., 65.56565° B.1.

Hanpasnenue ¢dorochemkn: 293° (yroia OTCUMTHIBAETCS OT HAIpPABICHHS Ha CEBEp
10 YaCOBOM CTPEJIKE)

Fig. 11 Point of photography No. 128. Visible areas correspond to photos shown
in Fig. 10. Shooting point coordinates: 66.80946° N. lat., 65.56565° E. lon. Shooting
direction: 293° (the angle is measured clockwise from the direction to the north)
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Puc. 12. Touka ¢potocremku Ne 129. Cuumku caenansl: Bepxuuit — C. I'. llusitoBbIM

24 urons 1961 ropa; HmxkHUM — A. Il. Muxainosuu 13 mrons 2016 roga. Ydacrtoxk,

oToOpakeHHBII Ha (oTorpadmu, HAXOAWTCS B HIDKHEW YacTh CKIOHA. BerpoBoe
BO3/ICHCTBUE YMEPEHHOE

Fig. 12. 11 Point of photography No. 129. The photos were taken: top — S. G. Shiyatov
on June 24, 1961; bottom — A.P.Mikhailovich on July 13, 2016. The terrain
compartment shown in the photo is at the bottom of the slope. Wind impact is moderate
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Puc. 13. Touka ¢orocbemku Ne 129. O6macté BUIUMOCTH COOTBETCTBYIOT (HOTO-

CHHMKaM Ha puc. 12. BepxHss kapTocxema OTHOCUTCS K paHHEMY CHUMKY, HUODKHSS —

Kk mno3nHemy. Koopmunatel Touku Qortockemiu: 66.80920° c.mr., 65.5652° B..

Hanpasnenue ¢ortochemku: 11° (yrom oTcUMTHIBAaETCS OT HAlpaBiCHUs Ha CeBep
10 YaCOBOM CTpENKeE)

Fig. 13. Point of photography No. 129. Visible areas correspond to photos shown

in Fig. 12. The top schematic map refers to the earlier photo, the bottom — to the later.

Shooting point coordinates: 66.80920° N. lat., 65.5652° E. lon. Shooting direction:
11° (the angle is measured clock wise from the direction to the north)
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Puc. 14. Touka dpotocremku Ne 130. Cuumku caenansl: Bepxuuit — C. I'. [llusitoBeiM
01 uronsa 1961 roma; auwxuuii — A. I1. Muxainosuu 13 urons 2016 roga. MuaTepBain
MEXKly CHUMKaMU 55 JIeT

Fig. 14. Point of photography No. 130. The photos were taken: top — S. G. Shiyatov
on July 01, 1961; bottom — A. P. Mikhailovich on July 13, 2016. The interval between
shots — 55 years
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Puc. 15. Touka ¢orocremkn Ne 130. O6nacTu BUIUMOCTH COOTBETCTBYIOT (JOTOCHHM-

kaMm Ha puc. 14. Koopaunarel Touku ¢orockemku: 66.80953° c.m., 65.56461° B.1.

Hanpasnenune ¢otochemku: 75° (yron OTCUMTHIBAETCS OT HAIIpaBJIEHUS HAa CEBEP
10 YaCOBOM CTPEIIKE)

Fig. 15. Point of photography No. 130. Visible areas correspond to photos shown
in Fig. 14. Shooting point coordinates: 66.80953° N. lat., 65.56461° E. lon. Shooting
direction: 75° (the angle is measured clockwise from the direction to the north)
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Puc. 16. Touka ¢orocbemku Ne 131. Cuumku cnenansl: Bepxuuit — C. I'. [lustoBsiM
15 mrons 1961 rona; mmxaui — A. I1. Muxainosuu 13 uronsg 2016 roga. @orochemMKa
BeJach B I0T0-3aMaHOM HalpaBICHUN

Fig. 16. Point of photography No. 131. The photos were taken: top — S. G. Shiyatov
on July 15, 1961; bottom — A. P. Mikhailovich on July 13, 2016. The photos were
taken in the south-west direction
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Puc. 17. Touka dorockemkn Ne 131. OGnacTv BUIUMOCTH COOTBETCTBYIOT CHHUMKAaM,

npuBeaeHHBIM Ha puc. 16. Koopauaatel Touku Qorockemku: 66.80959° c..,

65.56525° B.n. Hanpasnenue ortochemkn: 274° (Yron OTCUHTHIBACTCS] OT HATPABICHUS
Ha ceBep IO YacOBOIl CTpeIKe)

Fig. 17. Point of photography No. 131. Visible areas correspond to photos shown
in Fig. 16. Shooting point coordinates: 66.80959° N. lat., 65.56525°E. lon. Shooting
direction: 274° (the angle is measured clockwise from the direction to the north)
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Puc. 18. Touka ¢orocbemku Ne 382. Cuumku cnenansl: Bepxuuii — C. I'. ILusitoBbIM

07 mronsa 1983 roaa; nmwkuuii — A. I1. Muxaiimosuy 17 mrong 2016 roga. Ha Ommkaem

U JaJIbHEM IUJIaHaX B IICHTPE CHUMKOB BUJHA peka EHraro, Ha ganbpHEM IUIaHe — ropa

UepHas. [laHHbI y4acTOK paliOHa HMCCIEIOBAHUW TOABEPKEH CUIBHOMY BIIMSHUIO
BETPOB

Fig. 18. Point of photography No. 382. The photos were taken: top — S. G. Shiyatov

on July 07, 1983; bottom — A. P. Mikhailovich on July 17, 2016. The river Yengaiu

can be seen in the foreground and the background in the center of photos, and Moun-

tain Chernaya — in the background. This part of the study area is heavily exposed
to wind impact
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Puc. 19. Touka gorocremku Ne 382. O6s1acTH BUIMMOCTH COOTBETCTBYIOT CHUMKAM,

npuBelieHHbIM Ha puc. 18. 'opa UepHas HaxoauTcs 3a rpaHunamu kaprocxem. Koop-

JTUHATBI TOYKH PoTocheMKku: 66.8039° c.m1., 65.5091° B.n1. Hanpasienue poTocheMK:
309° (yros oTCUMTBIBAETCS OT HAMPABIEHUS HA CEBEP 10 YaCOBOI CTpEIIKe)

Fig. 19. Point of photography No. 382. Visible areas correspond to photos shown

in Fig. 18. Mountain Chernaya is beyond the borders of schematic maps. Shooting point

coordinates: 66.8039° N. lat.,, 65.5091°E. lon. Shooting direction: 309° (the angle
is measured clockwise from the direction to the north)



Puc. 20. Touka ¢orocbemku Ne 392. Cuumku caanbl: Bepxuuil — C. I'. lllustoBsiM

08 anpensa 1962 rona; vxkauil — A. [1. Muxaiinosuu 14 utons 2016 roga. [losiBnenue

HOBBIX JIEPEBHEB U YBEIMUCHUE PA3MEPOB CTAphIX COKpaIiaeT 00iactb 0030pa HaOro-

JaTels, HaxOJAMIETOCsd B TOYKE (DOTOCHEMKH, IMMOATOMY Ha HHXKHEH KapTocxeme
puc. 21 o6mactb BUIUMOCTH OTCYTCTBYET

Fig. 20. Point of photography No. 392. The photos were taken: top — S. G. Shiyatov

on April 08, 1962; bottom — A. P. Mikhailovich on July 14, 2016. The appearance of

new trees and an increase in the size of the old trees shortens the observer’s scope

of view at the shooting point, so the area of visibility is not shown on the bottom map
of Fig. 21
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Puc. 21. Touka ¢otocremku Ne 392. O6racTé BUAUMOCTH COOTBETCTBYIOT CHUMKAM,
npuBeeHHbIM Ha puc. 20: BepxHHM — CHUMKY 1962 roga, HmxHuil — 2016 roga.
Koopaunater Touku orocwemku: 66.8128° c.m1., 65.5572° B.n. Hanpasnenue ¢oto-
cbeMkH: 49° (yros OTCUMTHIBAeTCSA OT HAIPABJICHUSI HA CEBEP MO YacOBOM CTpEJIKe)

Fig. 21. Point of photography No. 392. Visible areas correspond to photos shown
in Fig. 20. The top schematic map corresponds to a photo of 1962, the bottom — to a
photo of 2016. Shooting point coordinates: 66.8128° N. lat., 65.5572°E. lon. Shooting

direction: 49° (the angle is measured clockwise from the direction to the north)
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Puc. 22. Touka ¢porocremku Ne 393. Cuumku cnenansl: Bepxuuit — C. I'. IIusitoBeIM

B 21 mronsa 1962 ropa; nmxuuii — A. Il. Muxaiinosuu 14 uronsg 2016 roma. ®oto-

CbeMKa BeJach B 3alMaJHOM HampaBieHud. KoopawmHAaThl TOYKH (OTOCHEMKH:

66.8119° c.im1., 65.5577° B.n. HanpaBnenue dotochemMku: 275° (yroj OTCUMTHIBACTCS
OT HaNpaBJIeHUs Ha CEBEp IO YaCOBOM CTpEIIKeE)

Fig. 22. Point of photography No. 393. The photos were taken: top — S. G. Shiyatov

on July 21, 1962; bottom — A. P. Mikhailovich on July 14, 2016. The photos were

taken in the west direction. Shooting point coordinates: 66.8119° N. lat.,

65.5577°E. lon. Shooting direction: 275° (the angle is measured clockwise from
the direction to the north)
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Puc. 23. Touka ¢otocremku Ne 393. O0GnacTé BUAUMOCTH COOTBETCTBYIOT CHUMKAM,

nmpuBeneHHBIM Ha puc. 22. [losBneHne IpeBecHON pacTUTENFHOCTH Ha ONVKHEM WU

CpeIHEeM IIJIaHaX COKpaIlaeT pa3Mephl 00IaCTH BUAMMOCTH U3 TOUKHU, C KOTOPOil ObLiTa
npoBezieHa (OTOCheMKa

Fig. 23. Point of photography No. 393. Visible areas correspond to photos shown
in Fig. 22. The appearance of woody vegetation on the foreground and in the middle
of the photo shortens the scope of view from the point of photo shooting
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Puc. 24. Touka ¢oroceemkn Ne 394, Caumku crnenanbl: Bepxauid — C. I'. LusitoBeIM

19 aBrycra 1960 roma, Ha CHUMKE BHUIHBI OCTATKH JIPEBECHOM pPACTUTEIbHOCTH,

KOTOpasi Ipou3pacTaja Ha JJaHHOM y4yacTKe paHee, 10 noxojojanus B CpeiHue Beka;
HxHul — A. I1. Muxaiinosuu 14 uronsg 2016 roxa

Fig. 24. Point of photography No. 394. The photos were taken: top — S. G. Shiyatov

on August 19, 1960, the residuals of woody vegetation which grew at the site earlier

before cooling in the Middle Ages can be seen on the photo; bottom -—
A. P. Mikhailovich on July 14, 2016
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Puc. 25. Touka ¢otocbemku Ne 394. OGnacTi BUAUMOCTH COOTBETCTBYIOT (DOTOCHEM-

KaMm, MnpuBeAeHHbIM Ha puc. 24. KoopauHatel Touku ¢orocheMku: 66.812° c.mi.,

65.5571° B.1. Hanpasnenue dorochemku: 182° (yroia OTCUMTBHIBAETCS OT HAIIPABICHUS
Ha ceBep M0 YacOBOI CTpeke)

Fig. 25. Point of photography No. 394. Visible areas correspond to photos shown
in Fig. 24. Shooting point coordinates: 66.812° N. lat., 65.5571°E. lon. Shooting
direction: 182° (the angle 1s measured clockwise from the direction to the north)



Puc. 26. Touka ¢potocremkn Ne 395. Cuumku caenansl: BepxHuil — C. I'. lusitoBeIM
25 nrons 1960 roga; Hmxauii — A. I1. Muxainosuy 16 urons 2016 roga

Fig. 26. Point of photography No. 395. The photos were taken: top — S. G. Shiyatov
on July 25, 1960; bottom — A. P. Mikhailovich on July 16, 2016
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Puc. 27. Touka ¢orocbemku Ne 395. Ob6macté BUIUMOCTH COOTBETCTBYIOT (POTO-

CHHMKaM, MpUBeIeHHBIM Ha puc. 26. KoopaunaTs! Touku ¢porockeMku: 66.8177° c.u.,

65.5377° B.n. Hanpanenue porocheMku: 49° (ceBEpo-BOCTOK). YTOI OTCUUTHIBACTCS
OT HaIIPaBJICHUS Ha CEBEP IO YACOBOU CTpEIIKe

Fig. 27. Point of photography No. 395. Visible areas correspond to photos shown

in Fig. 26. Shooting point coordinates: 66.8177° N. lat., 65.5377°E. lon. Shooting

direction: 49° (northeast). The angle is measured clockwise from the direction
to the north
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Puc. 28. Touka ¢porocbemku Ne 396. Cuumku canenansl: Bepxauid — C. I'. IlIusitoBeIM
21 mrons 1962 roga; nyxauii — A. I1. Muxainosuy 16 urons 2016 roga

Fig. 28. Point of photography No. 396. The photos were taken: top —
S. G. Shiyatov on June 21, 1962; bottom — A. P. Mikhailovich on July 16, 2016
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Puc. 29. Touka ¢orocbemku Ne 396. O6iacTi BUIUMOCTH COOTBETCTBYIOT (POTO-

CHHMKaM, MTpuBeIeHHBIM Ha puc. 28. KoopaunaTs! Touku ¢porocheMkn: 66.8185° c.u.,

65.5375° B.n. HanpaBnenue porocheMku: 58° (ceBEpo-BOCTOK). YTOI OTCUMTHIBACTCS
OT HAIIPaBJICHUS Ha CEBEP IO YACOBOU CTpEIIKe

Fig. 29. Point of photography No.396. Visible areas correspond to photos shown
in Fig. 28. Shooting point coordinates: 66.8185° N. lat., 65.5375°E. lon. Shooting direc-
tion: 58° (northeast). The angle is measured clockwise from the direction to the north
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Puc. 30. Touka ¢porocbemku Ne 397. Cuumku cnenansl: Bepxuuii — C. I'. [lustoBsiM

24 urons 1960 rona; vrxkauil — A. I1. Muxaiinosuy 16 uronsa 2016 roga. HampaBnenue

dorocheMku: oro-zamaa. B meHTpe CHHMMKA, Ha JdajdbHEM IUIaHE BHJIHO O3€pO
SpenTsl, cripaBa — ropa YepHas

Fig. 30. Point of photography No. 397. The photos were taken: top — S. G. Shiyatov

on July 24, 1960; bottom — A. P. Mikhailovich on July 16, 2016. Shooting direction:

south-west. The lake Yareyty can be seen in the center of the picture in the
background, and Mountain Chernaya to the right
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Puc. 31. Touka ¢orocremku Ne 397. O6GnacTyi BHAMMOCTH COOTBETCTBYIOT (hoOTO-

CHUMKaM, npuBeaeHHbIM Ha puc. 30. Koopaunatel Touku potochemku: 66.8192° c.ii.,

65.5430° B.1. HammpaBnenune ¢porocbeMkn: 261° (yroia OTCUNTHIBACTCS OT HAPaBICHUS
Ha CeBep IO YaCOBOM CTpeKe)

Fig. 31. Point of photography No. 397. Visible areas correspond to photos shown
in Fig. 30. Shooting point coordinates: 66.8192° N. lat., 65.5430°E. lon. Shooting
direction: 261° (the angle is measured clockwise from the direction to the north)
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Puc. 32. Touka ¢porocbemku Ne 403. Caumku caenansl: Bepxauid — C. I'. IlIusiToBbIM
14 nrons 1981 roxa; amkumii — A. I1. Muxainosnd 13 uronsg 2016 rona

Fig. 32. Point of photography No. 403. The photos were taken: top —
S. G. Shiyatov on July 14, 1981; bottom — A. P. Mikhailovich on July 13, 2016
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Puc. 33. Touka ¢orocbemku Ne 403. O6macTd BHIMMOCTH COOTBETCTBYIOT (HOTO-

CHUMKaM, NpUBeAeHHBIM Ha puc. 32. Koopaunatel Touku potochemku: 66.8098° c.u1.,

65.5662° B.1. Hanmpasnenne dorocbeMkn: 220° (Yroia OTCUNTHIBACTCS OT HAPABICHUS
Ha ceBep IO YacOBOI CTpenke)

Fig. 33. Point of photography No. 403. Visible areas correspond to photos shown
in Fig. 32. Shooting point coordinates: 66.8098° N. lat., 65.5662°E. lon. Shooting
direction: 220° (the angle 1s measured clockwise from the direction to the north)
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Puc. 34. Touka porocbemku Ne 460. Cuumku caenansl: BepxHuit — C. I'. llusTtoBeiM

21 aBrycra 1960 roga; HmxHuit — A. I1. Muxaiinosuu 14 utona 2016 roga. Ha naine-

HEM IUIaHE BUJCH KpyTou Oeper peku EHraro, u rpsaa 3a Heil — mpaBas OOKoBas
MOpEHa

Fig. 34. Point of photography No. 460. The photos were taken: top — S. G. Shiyatov

on August 21, 1960, the steep bank of the river Yengaiu can be seen in the back-

ground, and the ridge behind it — right lateral moraine; bottom — A. P. Mikhailovich
on July 14, 2016
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Puc. 35. Touka dotocremku Ne 460. O6macTé BUTUMOCTH COOTBETCTBYIOT (POTOCHUM-

KaMm, TpuBeneHHbIM Ha puc. 34. KoopmuHatel Toukd ¢oTtocheMku: 66.8150° ..,

65.5613° B.1. Hanpasnenue dorochemku: 209° (yrom OTCYUTHIBACTCS OT HAIPABICHUS
Ha CEBep IO YaCOBOU CTPEIIKE)

Fig. 35. Point of photography No. 460. Visible areas correspond to photos shown
in Fig. 34. Shooting point coordinates: 66.8150° N. lat., 65.5613°E. lon. Shooting
direction: 209° (the angle is measured clockwise from the direction to the north)
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Puc. 36. Touka ¢orocremku Ne 461. Cuumku caenansl: Bepxuuii — C. I'. [llusitoBbIM
21 aBrycra 1960 roga; nmxHauii — A. I1. Muxaitnosuu 14 urons 2016 roga. Ha gansuem
IJ1aHe BuAHa ropa YepHas

Fig. 36. Point of photography No. 461. The photos were taken: top — S. G. Shiyatov
on August 21, 1960; bottom — A.P.Mikhailovich on July 14, 2016. Mountain
Chernaya can be seen in the background
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Puc. 37. Touka ¢orocremku Ne 461. O6nacTi BUOAMMOCTH COOTBETCTBYIOT (DOTOCHHM-

KaMm, TpuBeneHHbIM Ha puc. 36. Koopamuater Toukm ¢orocheMku: 66.8150° c.m.,

65.5613° B.1. HampaBnenue ¢gorocreMkn: 285° (Yroia OTCUMTHIBACTCS OT HAIpPaBICHUS
Ha CeBEp IO YaCOBOM CTPEJIKE)

Fig. 37. Point of photography No. 461. Visible areas correspond to photos shown
in Fig. 36. Shooting point coordinates: 66.8150° N. lat., 65.5613°E. lon. Shooting
direction: 285° (the angle is measured clockwise from the direction to the north)
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Puc. 38. Touka ¢otocremkn Ne 462. CHUMKH cAeNaHbl C JIEBOH OOKOBOW MOpEHBI

B 10KHOM HamnpasieHuu: Bepxauil — C. I'. IHusaroBeim 21 nrong 1962 rona; HUKHUN —

A. Il. Muxatinouu 14 wurona 2016 roma. KoopawHaTel TOUkH (POTOCHEMKH:

66.8140° c.im1., 65.5536° B.1. HampaBnenue ¢gorocwemku: 159° (yron oTcunThiBaeTCs
OT HaIpPaBJICHHS HA CEBEP MO YacOBOM CTpEIKe)

Fig. 38. Point of photography No. 462. The photos were taken from the left lateral

moraine in the south direction: top — S. G. Shiyatov on July 21, 1962; bottom —

A. P. Mikhailovich on July 14, 2016. Shooting point coordinates: 66.8140° N. lat.,

65.5536°E. lon. Shooting direction: 159° (the angle is measured clockwise from
the direction to the north)
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Puc. 39. Touka ¢otocremku Ne 462. O6iacTd BUAUMOCTH COOTBETCTBYIOT (HOTO-

CHUMKaM, NpuBeAeHHbIM Ha puc. 38. [losiBlieHuEe HOBBIX JI€PEBHEB M YBEIMUYCHHE

pa3MepoB CTapbIX COKpamaer o0iactb 0030pa HaOmroAatelnss B TOYKE (HOTOCHEMKH,

MO3TOMY Ha KapTOCXEME, COOTBETCTBYIOMIEH cHUMKY 2016 rona, 001acTh BUIUMOCTH
Oonee y3kasi, yeM Ha cHUMKe 1962 roma

Fig. 39. Point of photography No. 462. Visible areas correspond to photos shown
in Fig. 38. The appearance of new trees and an increase in the size of the old trees
shortens the observer’s field of view at the shooting point, so visibility area on the

schematic map corresponding to the photo of 2016 is narrower than that of the photo
of 1962
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Puc. 40. Touka dpotocremku Ne 463. Caumku caenansl: Bepxuuid — C. I'. [llusitoBeiM Puc. 41. Touka ¢orocbemku Ne 463. OO6sacTd BHIUMOCTH COOTBETCTBYIOT (POTO-
19 urons 1960 roga; nywknuii — A. I1. Muxaiinosny 15 urons 2016 roaa CHUMKaM, TIpuBeAeHHbIM Ha puc. 40. KoopaunaTel Touku porochemkn: 66.8189° c..,

Fig. 40. Point of photography No. 463. The photos were taken: top — 65.5487° B.1. Hanpasnenue dorochemku: 129° (yrom oTcuuThIBA€TCS OT HANpPaBIICHUS

S. G. Shiyatov on June 19, 1960; bottom — A. P. Mikhailovich on July 15, 2016 Ha CEBEp 110 1aCOBOH CTPENKe)

Fig. 41. Point of photography No. 463. Visible areas correspond to photos shown
in Fig. 40. Shooting point coordinates: 66.8189° N. lat., 65.5487°E. lon. Shooting
direction: 129° (the angle is measured clockwise from the direction to the north)
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Puc. 42. Touka dotocremku Ne 464. Caumku crenanbl: Bepxuuit — C. I'. IlustoBeiM
19 urons 1960 ronma; umwkuuii — A. I1. Muxaitnosuu 15 uronsg 2016 roga. Ha nansaem
IJIaHE BUJHO 03€po fApeirThl, cnpaBa — ropa UepHas

Fig. 42. Point of photography No. 464. The photos were taken: top — S. G. Shiyatov
on June 19, 1960; bottom — A. P. Mikhailovich on July 15, 2016. The lake Yareyty
can be seen in the background, and Mountain Chernaya to the right
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Puc. 43. Touka ¢orochemku Ne 464. OGnacTu BUAMMOCTH COOTBETCTBYIOT (hOTO-

CHUMKaM, MPHUBEACHHBIM Ha puc. 42. KoopauHaTtel Touku ¢orocheMku: 66.8189° c.ii.,

65.5487° B.1. HanpaBnenue dortocbeMku: 256° (yroi OTCUUTHIBACTCS OT HAlpaBIICHUS
Ha CEBep IO YaCOBOM CTPEIIKE)

Fig. 43. Point of photography No. 464. Visible areas correspond to photos shown
in Fig. 42. Shooting point coordinates: 66.8189° N. lat., 65.5487°E. lon. Shooting
direction: 256° (the angle is measured clockwise from the direction to the north)
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Puc. 44. Touka ¢orochemku Ne 465. Cuumku caenansl: BepxHuit — C. I'. [luaroBbim
17 mrong 1960 rona; arxaun — A. I1. Muxainosud 15 uronst 2016 roma. Ha nampHeM
IJ1aHe BUJIHA ropa YepHas

Fig. 44. Point of photography No. 465. The photos were taken: top — S. G. Shiyatov
on July 17, 1960; bottom — A. P. Mikhailovich on July 15, 2016. Mountain Chernaya
can be seen in the background
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Puc. 45. Touka dorocremku Ne 465. O6macTé BUAMMOCTH COOTBETCTBYIOT (POTOCHUM-

Kam, TpuBeneHHbIM Ha puc.44. Koopaunatel Touku (orockemkn: 66.8182° c..,

65.5475° B.1. HanpaBnenne dorocremkn: 285° (Yros OTCUHATHIBACTCS OT HATPABIICHUS
Ha CeBep M0 YAaCOBOM CTPEJIKe)

Fig. 45. Point of photography No. 465. Visible areas correspond to photos shown
in Fig. 44. Shooting point coordinates: 66.8182° N. lat., 65.5475°E. lon. Shooting
direction: 285° (the angle is measured clockwise from the direction to the north)
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Puc. 46. Touka ¢porockemku Ne 466. Caumku caenansl: Bepxauii — C. I'. IustoBbIM
24 urong 1960 roga; mumkau — A. I1. Muxainosuu 15 urong 2016 roga. Ha gansHem
IJIaHE crpaBa BUAHA ropa UepHas, B HUKHEN 4aCTU CHUMKA — 03€pO SpenThl

Fig. 46. Point of photography No. 466. The photos were taken: top — S. G. Shiyatov
on July 24, 1960; bottom — A. P. Mikhailovich on July 15, 2016. Mountain Chernaya
can be seen in the background, and the lake Yareyty at the bottom
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Puc. 47. Touka ¢otocremkn Ne 466. OOnacTu BHUIMMOCTH COOTBETCTBYIOT (hOTO-

CHHUMKaM, TPHUBEACHHBIM Ha puc. 46. Koopaunatel Touku GoTockemMku: 66.8197° c.u.,

65.5439° B.1. HampaBnenue ¢otocheMku: 258° (Yroi OTCUMTHIBACTCS OT HAIPaBICHUS
Ha CeBep 0 YaCOBOM CTpEJIKe)

Fig. 47. Point of photography No. 466. Visible areas correspond to photos shown
in Fig. 46. Shooting point coordinates: 66.8197° N. lat., 65.5439°E. lon. Shooting
direction: 258° (the angle is measured clockwise from the direction to the north)
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Puc. 48. Touka ¢porocbemku Ne 467. Cuumku cnenansl: Bepxuuit — C. I'. [HustoBsiM

19 aBrycra 1960 roga; HuxHuii — A. I1. MuxaiinoBuu 15 utons 2016 rona. Ha nanb-

HEM IUIaHE cieBa BUJHA ropa Yepnas, B ueHTpe — ropusid maccus Paii-13, cripaBa

ropa Manas Yepnas. Ha OnmkHeM U cpeiHEM IUTaHAX BUJIEH BETPOYAAPHBIM y4acTOK
CKJIOHA

Fig. 48. Point of photography No. 467. The photos were taken: top — S. G. Shiyatov

on August 19, 1960; bottom — A.P.Mikhailovich on July 15, 2016. Mountain

Chernaya can be seen in the background to the left, mountain massif Rai-Iz in the

center, and mountain Malaya Chernaya to the right. The slope area exposed to wind
impact can be seen in the foreground and in the middle
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Puc. 49. Touka ¢orocremku Ne 467. O01acTi BUAMMOCTH COOTBETCTBYIOT (DOTOCHUM-

KaM, npuBelneHHbIM Ha puc. 48. Koopaunatel Touku ¢orocbemkn: 66.8201° c.i.,

65.5478° B.n. HarpaBnenue orochemku: 314° (yroia OTCUMTHIBAETCS OT HAIPABICHHUS
Ha CeBep IO YaCOBOH CTPEJIKE)

Fig. 49. Point of photography No. 467. Visible areas correspond to photos shown
in Fig. 48. Shooting point coordinates: 66.8201° N. lat., 65.5478°E. lon. Shooting
direction: 314° (the angle is measured clockwise from the direction to the north)
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Puc. 50. Touka ¢potochemku Ne 493. Caumku caenansl: Bepxuuii — C. I'. [IusitoBbIM

14 wurons 2003 rona; Hwkuuid — A. I1. Muxainosuu 14 urons 2016 roma. Kamens,

KOTOPBIN BUICH HA ONMIKHEM IUTaHE, IEpEeHEeCeH JISTHUKOM C TOPHOro MaccuBa Paii-3,

HAXOJSIIETOCS] B HECKOJIBKUX KHJIOMETPax OT JaHHOTO MecTa. Brmanm (cneBa) BUIHA
ropa YepHas

Fig. 50. Point of photography No. 493. The photos were taken: top — S. G. Shiyatov
on June 14, 2003; bottom — A. P. Mikhailovich on July 14, 2016. The stone in the
foreground, is moved by the glacier from mountain massif Rai-Iz, located a few kilo-
meters away from this place. Mountain Chernaya can be seen at a distance (to the left)
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Puc. 51. Touka ¢otoceemkn Ne 493. ObGnacTu BHIMMOCTH COOTBETCTBYIOT (POTO-

CHUMKaM, IpuBeieHHbIM Ha puc. 50. Koopaunatel Touku dpoTochemku: 66.8100° c.i.,

65.5579° B.1. HampaBnenue dotochemku: 300° (yroi OTCUMTHIBACTCS OT HAlpaBIICHUS
Ha CeBEp M0 YaCOBOM CTPEIIKE)

Fig. 51. Point of photography No. 493. Visible areas correspond to photos shown
in Fig. 50. Shooting point coordinates: 66.8100° N. lat., 65.5579°E. lon. Shooting
direction: 300° (the angle is measured clockwise from the direction to the north)
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Puc. 52. Touka ¢porocbemku Ne 504. Cuumku crnenansl: Bepxauid — C. I'. HIusitoBbIM Puc. 53. Touka dorocsemkn Ne 504. O6GIacCTH BUAMMOCTH COOTBETCTBYIOT (OTO-

03 mions 1961 rona; mwxunii — A. I1. Muxatinosny 13 mions 2016 rona CHUMKaM, TPUBEIEHHBIM Ha pHc. 52. KoopauHatel Touku (oTocheMkn: 66.8093° c.o.,

Fig. 52. Point of photography No. 504. The photos were taken: top — 65.5664° B.1. Hanpasnenue ¢orocbeMku: 287° (Yron OTCUMTBHIBAETCS OT HApaBIICHUS
S. G. Shiyatov on July 03, 1961; bottom — A. P. Mikhailovich on July 13, 2016 Ha CeBep IO YaCOBOII CTPEIIKE)

Fig. 53. Point of photography No. 504. Visible areas correspond to photos shown
in Fig. 52. Shooting point coordinates: 66.8093° N. lat., 65.5664°E. on. Shooting
direction: 287° (the angle is measured clockwise from the direction to the north)
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Puc. 54. Touka ¢potocremku Ne 616. Cuumku caenansl: Bepxuuii — C. I'. lusitoBeIM
19 uronst 1960 rona; Huxuui — A. I1. Muxaitnosuu 14 utons 2016 rona. @ororpadun
CJIeNaHbl Ha FOTO-3aMaIHOM CKJIOHE JIEBOH OOKOBOI MOPEHBI

Fig. 54. Point of photography No. 616. The photos were taken: top — S. G. Shiyatov
on June 19, 1960; bottom — A. P. Mikhailovich on July 14, 2016. The photos are taken
on the southwest slope of the left lateral moraine
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Puc. 55. Touka potocreMku Ne 616. O6macTu BUAUMOCTH COOTBETCTBYIOT (POTOCHUM-

KaM, IpuBeAeHHbIM Ha puc. 54. Koopaunatsel Touku ¢otochemku: 66.8169° c.mi.,

65.5541° B.n. HammpaBnenne gorocbemMku: 153° (yron OTCUUTHIBAETCS OT HANPaBIICHUS
Ha CEBEP I10 YaCOBOU CTPEIIKE)

Fig. 55. Point of photography No. 616. Visible areas correspond to photos shown
in Fig. 54. Shooting point coordinates: 66.8169° N. lat., 65.5541°E. lon. Shooting
direction: 153° (the angle is measured clockwise from the direction to the north)
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Puc. 56. Touka ¢potocremku Ne 617. Cuumku caenansl: BepxHuil — C. I'. LusitoBeIM
19 urons 1961 roga; HmxHuil — A. I1. Muxaiinosuu 15 urons 2016 roga. Bnanu cnpasa
BHJIHO 03€po Spelitel 1 ropa YepHas

Fig. 56. Point of photography No. 617. The photos were taken: top — S. G. Shiyatov
on June 19, 1961; bottom — A. P. Mikhailovich on July 15, 2016. The lake Yareyty
and Mountain Chernaya can be seen at a distance to the right

64

TR

Puc. 57. Touka ¢otoceemkn Ne 617. ObnacT BUIMMOCTH COOTBETCTBYIOT (POTO-

CHUMKaM, IpUBEeACHHBIM Ha puc. 56. Koopaunatsl Touku porochemku: 66.8180° c.ui.,

65.5462° B.1. HanpaBnenue Qotochemku: 257° (yrojl OTCUMTHIBACTCS OT HAlpaBIICHHUS
Ha CeBep IO YaCOBOM CTPEIIKE)

Fig. 57. Point of photography No. 617. Visible areas correspond to photos shown
in Fig. 56. Shooting point coordinates: 66.8180° N. lat., 65.5462°E. lon. Shooting
direction: 257° (the angle is measured clockwise from the direction to the north)
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Puc. 58 Touka ¢porocremku Ne 651. Cuumku caenansl: Bepxuuil — C. I'. lllusgtoBbmM

17 uronsa 1961 rona; nmxuuii — B. B. ®omunbim 09 aBrycra 2015 roma. Ha nane-

HEM IUIaHE BHUJEH OTpor ropHoro maccusa Pai-lI3 — KpacHbii kameHb. YdacTok

CKJIOHA, KOTOPBIM BHJIEH Ha OJMKHEM M JajdbHEM IUIaHAX, MOJBEPKEH CHIbHOMY
BO3/ICHCTBUIO BETpa

Fig. 58. Point of photography No. 651. The photos were taken: top — S. G. Shiyatov
on June 17, 1961; bottom — V. V. Fomin on August 09, 2015. Krasniy Kamen branch
of the mountain massif Rai-Iz can be seen in the background. The parts of slope that
can be seen in the background and in the foreground is heavily exposed to wind impact
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Puc. 59. Touka ¢orocbemku Ne 651. O6GmacTu BHUAMMOCTH COOTBETCTBYIOT (HOTO-

CHUMKaM, MpHUBEACHHBIM Ha puc. 58. KoopauHatel Touku (potochemku: 66.8232° c.i.,

65.5749° B.1. HanpaBnenue GporocheMku: 26° (yroia OTCUUTHIBAETCS OT HAMPABICHUS
Ha CEBEP 10 YaCOBOU CTPEIIKE)

Fig. 59. Point of photography No. 651. Visible areas correspond to photos, shown
in Fig. 58. Shooting point coordinates: 66.8232° N. lat, 65.5749° E. lon. Shooting
direction: 26° (the angle is measured clockwise from the direction to the north)

67



Puc. 60. Touka ¢porocbemku Ne 652. Cuumku cnenansl: Bepxuuii — C. I'. [lustoBsiM

17 urons 1961 rona; Hwxuuii — B. B. @®omuneim 09 aBrycrta 2015 roga. Ha panb-

HEM IIIaHE BHJEH OTpor ropHoro maccusa Pain-lI3 — KpacHbil kaMeHb. Y4acTOK

CKJIOHA, KOTOPBIM BHIEH Ha ONM)KHEM W JajlbHEM IUIaHAX, MOJBEPXKEH CHIIEHOMY
BO3JICHCTBUIO BETpa

Fig. 60. Point of photography No. 652. The photos were taken: top — S. G. Shiyatov

on June 17, 1961; bottom — V. V. Fomin on August 09, 2015 Krasniy Kamen branch

of the mountain massif Rai-Iz can be seen in the background. The parts of slope

that can be seen in the background and in the foreground is heavily exposed
to wind impact
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Puc. 61. Touka ¢orockemku Ne 652. OO6sacT BHIUMOCTH COOTBETCTBYIOT (OTO-

CHUMKawM, rpuBeaeHHbIM Ha puc. 60. Koopaunaater Toukn potocremkn: 66.8232° c..,

65.5749° B.n1. HanpaBnenue gorochemMku: 54° (Yroil OTCUYUTHIBAECTCS OT HAIPABJICHUS
Ha CEeBEp M0 YaCOBOU CTPEIIKE)

Fig. 61. Point of photography No. 652. Visible areas correspond to photos, shown
in Fig. 60. Shooting point coordinates: 66.8232° N. lat, 65.5749° E. lon. Shooting
direction: 54° (the angle is measured clockwise from the direction to the north)
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Puc. 62. Touka ¢orocremku Ne 1005. Caumku caemansl: Bepxauii — C. I'. [lusToBbIM

17 uronsa 2005 rona; mwxHuii — B. B. @omunbim 09 aBrycra 2015 roga. Ha gansHem

IJIaHE BUJIEH OTPOT TopHOTO MaccuBa Paii-U3 — KpacHblil kaMeHb. Y4acTKu, BUIUMBIE
Ha OJIMKHEM U TAJIbHEM TUTaHaX, MOABEPIKEHBI CUIIBHOMY BO3JICUCTBUIO BETPA

Fig. 62. Point of photography No. 1005. The photos were taken: top — S. G. Shiyatov
on June 17, 2005; bottom — V. V. Fomin on August 09, 2015. Krasniy Kamen branch
of the mountain massif Rai-Iz can be seen in the background. The areas that can
be seen in the background and in the foreground are heavily exposed to wind impact
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Puc. 63. Touka dorocremku Ne 1005. OOnactu BUAMMOCTH COOTBETCTBYIOT (OTO-

CHHMMKaM, NpHUBEACHHBIM Ha puc. 62. Koopaunatsl Touku ¢orocheMku: 66.8259° c.u.,

65.5973° B.a. HampaBnenue Qotochemku: 18° (Yrom OTCUMTBHIBACTCS OT HAIPABICHUS
Ha CeBep IO YaCOBOI1 CTpeJKe)

Fig. 63. Point of photography No. 1005. Visible areas correspond to photos, shown
in Fig. 62.Shooting point coordinates: 66.8259° N. lat, 65.5973° E. lon. Shooting
direction: 18° (the angle is measured clockwise from the direction to the north)
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Puc. 64. Touka ¢portocbemku Ne 1006. Caumku cinenansl: Bepxauid — C. I'. [HustoBsiM

17 urons 2005 roxa; mmwxkauii — B. B. ®omunsim 09 aBrycra 2015 roma. Ha nanb-

HEM IUIaHE BUJEH OTpor ropHoro maccusa Pai-M3 — KpacHbli kaMeHb. Y4acTOK

CKJIOHA, KOTOpBIA BUAECH Ha ONM)KHEM M JAJbHEM IUIaHAX, MOJBEP)KEH CHIIBHOMY
BO3JICHCTBUIO BETPA

Fig. 64. Point of photography No. 1006. The photos were taken: top — S. G. Shiyatov
on June 17, 2005; bottom — V. V. Fomin on August 09, 2015. Krasniy Kamen branch
of the mountain massif Rai-Iz can be seen in the background. The areas that can
be seen in the background and in the foreground are heavily exposed to wind impact
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Puc. 65. Touka dotocremku Ne 1006. O6iacTH BUAMMOCTH COOTBETCTBYIOT (hOTO-

CHUMKaM, MPUBEACHHBIM Ha puc. 64. Koopauaatel Touku potocremku: 66.8259° c.mr.,

65.5973° B.n. HampaBnenue dotochemkn: 43° (yroa OTCUYUTHIBAETCS OT HAMPAaBIICHUS
Ha CeBep 110 YaCOBOU CTPEJIKE)

Fig. 65. Point of photography No. 1006. Visible areas correspond to photos, shown
in Fig. 64. Shooting point coordinates: 66.8259° N. lat, 65.5973° E. lon. Shooting
direction: 43° (the angle is measured clockwise from the direction to the north)
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Puc. 66. Touka dpotocremkn Ne 1012. Caumku cnenansl: Bepxauit — C. I'. [lustoBbM Puc. 67. Touka dorocbemkn Ne 1012. Ob6aacTH BUAMMOCTH COOTBETCTBYIOT (hOTO-
18 mromst 2005 roza; Hikuuit — A. I1. Muxaiinosud 16 utoist 2016 roxa CHUMKaM, TIPMBEICHHBIM Ha puc. 66. Koopaunars! Touku dorochemku: 66.8153° c.o.,

Fig. 66. Point of photography No. 1012. The photos were taken: top — 65.5347° B.n. HanpaBnenne ¢otocheMku: 31° (yron OTCUMTHIBACTCA OT HaIpaBICHUS

S. G. Shiyatov on July 18, 2005; bottom — A. P. Mikhailovich on July 16, 2016 Ha CeBep M0 HacoBOH CTpenKke)

Fig. 67. Point of photography No. 1012. Visible areas correspond to photos, shown
in Fig. 66. Shooting point coordinates: 66.8153° N. lat, 65.5347° E. lon. Shooting
direction: 31° (the angle is measured clockwise from the direction to the north)
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Puc. 68. Touka ¢porocremku Ne 1013. Caumku caenansl: Bepxuuit — C. I'. [llusroBsiMm

18 uronsa 2005 roxa; HymoxkauA — A. I1. Muxaiinosua 17 mronsa 2016 roga. Ha OnmmxkaEM

u cpeaHeMm 1utaHax (ororpaduii BugHa pexka Enraro. B menTtpe cHumka, Bmamm —
ropa Yepnas

Fig. 68. Point of photography No. 1013. The photos were taken: top — S. G. Shiyatov

on July 18, 2005; bottom — A. P. Mikhailovich on July 17, 2016. The river Yengaiu

can be seen in the foreground and in the middle. Mountain Chernaya can be seen
at a distance in the center of the photo

76

Puc. 69. Touka ¢ortocremku Ne 1013. OOnactu BHIUMOCTH COOTBETCTBYIOT (POTO-

CHHMKaM, NMPUBEACHHBIM Ha puc. 68. Koopaunats! Touku ¢porockemku: 66.8037° c.i.,

65.5093° B.1. HanpaBnenne potochemMku: 314° (yrosr OTCYMTHIBAETCS OT HANIPABICHUS
Ha CeBep 110 YaCOBOU CTpEIIKE)

Fig. 69. Point of photography No. 1013. Visible areas correspond to photos, shown
in Fig. 68. Shooting point coordinates: 66.8037° N. lat, 65.5093° E. lon. Shooting
direction: 314° (the angle is measured clockwise from the direction to the north)
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Puc. 70. Touka ¢potocbemku Ne 1045. Caumku caenansl: Bepxauid — C. I'. [ustoBsiM

20 urons 2005 roga; HuwxHUM — B. B. ®omunbim 09 aBrycra 2015 rona. Ha nansHem

IJ1aHe BUIHBI JIBE€ BEPILIMHBIL: JIeBast — ropa Manas YepHas, npaBasi — 0/1Ha U3 BEPIIMH
ropHoro maccusa Paii-U3 — KpacHslii kaMeHb

Fig. 70. Point of photography No. 1045. The photos were taken: top — S. G. Shiyatov

on June 20, 2005; bottom — V. V. Fomin on August 09, 2015. Two peaks can be seen

in the background: the left — Mountain Malaya Chernaya, the right — one of the peaks
of the mountain massif Rai-I1z — Krasniy Kamen
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Puc. 71. Touka dorocremku Ne 1045. Obnactu BHIMMOCTH COOTBETCTBYIOT (POTO-

CHUMKaM, TipuBeneHHbIM Ha puc. 70. Koopaunatel Touku dorocheMku: 66.8179° c.i.,

65.5803° B.1. Hanpasnenue dorochemku: 321° (yron OTCUUTHIBACTCS OT HANpaBIICHUS
Ha CeBEp M0 YAaCOBOM CTPEIIKE)

Fig. 71. Point of photography No. 1045. Visible areas correspond to photos, shown
in Fig. 70. Shooting point coordinates: 66.8179° N. lat, 65.5803° E. lon. Shooting
direction: 321° (the angle is measured clockwise from the direction to the north)
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Puc. 72. Touka potocreMku Ne 1047. Cuumku cnenansl: BepxHuil — C. I'. [llusitoBbIM
20 wuronst 2005 roxa; vwkauii — B. B. ®omunbeiM 09 aBrycra 2015 rona. Ha manbaem
IJIaHE BUJICH OTPOT ropHoro maccuna Paii-13 — KpacHblii kaMeHb

Fig. 72. Point of photography No. 1047. The photos were taken: top — S. G. Shiyatov
on June 20, 2005; bottom — V.V.Fomin on August 09, 2015. Krasniy Kamen
branch of the mountain massif Rai-1z can be seen in the background
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Puc. 73. Touka ¢doroceemkn Ne 1047. O6macTy BUAWMOCTH COOTBETCTBYIOT (POTO-

CHHMKaM, MpuBeIeHHBIM Ha puc. 72. KoopaunaTs! Touku GporockeMkn: 66.8179° c.u.,

65.5812° B.n. HanpaBnenue gorochemMku: 25° (Yrojl OTCUYUTHIBAECTCA OT HANIPABICHUS
Ha CEBEp 10 YaCOBOU CTPEJIKE)

Fig. 73. Point of photography No. 1047. Visible areas correspond to photos, shown
in Fig. 72. Shooting point coordinates: 66.8179° N. lat, 65.5812° E. lon. Shooting
direction: 25° (the angle is measured clockwise from the direction to the north)
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Puc. 74. Touka ¢otocremku Ne 1063. Cuumku caenansl: Bepxauit — C. I'. Hlusro-

BbIM 18 aBrycra 1998 ropa; nmwxuuii — A. Il. MuxainoBuu 15 urons 2016 ropa.

IOro-3anannsiit yyactok Bepunasl 312,8 M. 3aech HaxoaUTCst OOJBIIOE KOJTUYECTBO

OCTaTKOB JIPEBECHBIX PACTEHUM, KOTOPBIE MPOU3PACTAIN B JAHHOM MECTE JI0 Hayaia
Mauiioro JieIHUKOBOTO MEPHUOIA

Fig. 74. Point of photography No. 1063. The photos were taken: top — S. G. Shiyatov

on August 18, 1998; bottom — A. P. Mikhailovich on July 15, 2016. South-western

part of the peak of 312.8 m; there are many residues of woody plants that grew here
before the Little Ice Age
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Puc. 75. Touka ¢dorocbemku Ne 1063. O6macTy BHAMMOCTH COOTBETCTBYIOT (POTO-

CHHMKaM, MpuBeIeHHBIM Ha puc. 74. KoopaunaTs! Touku GporockeMkn: 66.8169° c.u.,

65.5459° B.n. HampaBnenue ¢otocheMku: 21° (yrojl OTCUUTHIBACTCS OT HAIPaBICHUS
Ha CeBep 10 YaCOBOMU CTpEJIKe)

Fig. 75. Point of photography No. 1063. Visible areas correspond to photos, shown
in Fig. 74. Shooting point coordinates: 66.8169° N. lat, 65.5459° E. lon. Shooting
direction: 21° (the angle is measured clockwise from the direction to the north)



Puc. 76. Touka porocremku Ne 1064. Cuumku caenansl: Bepxauit — C. I'. [IIustoBsiM
18 aBrycra 1998 rona; nuxuumii — A. 1. Muxaiinouu 16 urons 2016 rona

Fig. 76. Point of photography No. 1064. The photos were taken: top — S. G. Shiyatov
on August 18, 1998; bottom — A. P. Mikhailovich on July 16, 2016

84

Puc. 77. Touka ¢gorocbemkn Ne 1064. OOnacTy BUIUMOCTH COOTBETCTBYIOT (poTO-

CHMMKaM, IpUBEIeHHBIM Ha puc. 76. Koopauuartel Touku porocremku: 66.8197° c.uu.,

65.5398° B.1. Hanpasnienue potocheMku: 106° (yrosl OTCUUTHIBACTCS OT HAPABIICHUS
Ha CeBEep 10 YaCOBOU CTPEIIKE)

Fig. 77. Point of photography No. 1064. Visible areas correspond to photos, shown
in Fig. 76. Shooting point coordinates: 66.8197° N. lat, 65.5398° E. lon. Shooting
direction: 106° (the angle 1s measured clockwise from the direction to the north)

85



Puc. 78. Touka ¢potocremku Ne 1065. Cuumku cnenansl: Bepxauil — C. I'. [lusatoBbim Puc. 79. Toukoit porockemku Ne 1065. O6macT BUANMOCTH COOTBETCTBYIOT (HOTO-

18 aBrycra 1998 rona; nuxuuii — A. I1. Muxaitnosuy 14 urons 2016 roga CHMMKaM, MpHUBeIeHHBIM Ha puc. 78. Koopaunarsl Touku portochemku: 66.8170° c.i.,

65.5575° B.1. HanpaBnenue ¢orocremku: 217° (Yrom OTCUMTHIBACTCS OT HAIPABIICHUS
Ha ceBep IO YaCOBOH CTpPEJIKE)

Fig. 78. Point of photography No. 1065. The photos were taken: top —

S. G. Shiyatov on August 18, 1998; bottom — A. P. Mikhailovich on July 14, 2016
Fig. 79. Point of photography No. 1065. Visible areas correspond to photos, shown
in Fig. 78. Shooting point coordinates: 66.8170° N. lat, 65.5575° E. lon. Shooting

direction: 217° (the angle is measured clockwise from the direction to the north)
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Puc. 80. Touka potocremku Ne 1066. Canmvku caenansl: Bepxauii — C. I'. IustoBpiM
18 aBrycra 1998 rona; mmwxnuii — A. I1. Muxainosuu 14 urons 2016 roga. Bepxuss
4acTh JIEBOH OOKOBOW MOpPEHBI

Fig. 80. Point of photography No. 1066. The photos were taken: top — S. G. Shiyatov
on August 18, 1998; bottom — A. P. Mikhailovich on July 14, 2016. The upper part
of the left lateral moraine
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Puc. 81. Touka dorochemku Ne 1066. O6iacTi BUAMUMOCTH COOTBETCTBYIOT (POTO-

CHUMKaM, TIpuBeAcHHBIM Ha puc. 81. Koopaunatel Touku dorochemku: 66.8170° c.i.,

65.5575° B.1. HanpaBnenue gorocbeMku: 133° (yrosm OTCUUTHIBACTCS OT HAINPABJICHUS
Ha CeBep M0 YaCOBOW CTPEIIKE)

Fig. 81. Point of photography No. 1066. Visible areas correspond to photos, shown
in Fig. 81. Shooting point coordinates: 66.8170° N. lat, 65.5575° E. lon. Shooting
direction: 133° (the angle is measured clockwise from the direction to the north)
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Puc. 82. Touka gorocbemku Ne 1125. Cuumku cnenansl: Bepxuuit — C. I'. [llusitoBeiM

18 wuronst 1960 rona; vuwxkuuii — B. B. ®omunbim 09 aBrycra 2015 roma. Bepxuss

4acTh CKJIOHa HAXOJUTCS IOJ| CUJIBbHBIM BO3J€iCTBHEM BeTpa. Biaamm BHIEeH OTpor
ropHoro Maccusa Paii-U3 — KpacHslii kaMeHb

Fig. 82. Point of photography No. 1125. The photos were taken: top — S. G. Shiyatov

on July 18, 1960; bottom — V. V. Fomin on August 09, 2015. The upper part of the

slope heavily exposed to wind impacts. Krasniy Kamen branch of the mountain massif
Rai-Iz can be seen at a distance
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Puc. 83. Touka dotochemkn Ne 1125. O6GnacTd BUAMMOCTH COOTBETCTBYIOT (HOTO-

CHMMKaM, IpuBeIeHHBIM Ha puc. 82. KoopaunaTsl Touku ¢porochkeMku: 66.8157° ..,

65.5751° B.n. HanpaBnenue ¢gorochemMku: 46° (Yrojl OTCYUTHIBACTCS OT HAIIPABJICHUS
Ha CeBep 10 YaCOBOU CTPEIIKE)

Fig. 83. Point of photography No. 1125. Visible areas correspond to photos, shown
in Fig. 82. Shooting point coordinates: 66.8157° N. lat, 65.5751° E. lon. Shooting
direction: 46° (the angle is measured clockwise from the direction to the north)
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Puc. 84. Touka ¢potocremku Ne 1139. Cuumku caenansl: Bepxauii — C. I'. [lusToBBIM

21 mona 1961 roaa; awxkuuii — A. I1. Muxainosuu 16 uronsa 2016 roga. Bug na o3e-

po Speiitel. Ha nanbHem tutane: ropa Yepnas (cneBa) W ropubeiii MaccuB Paii-U3
(B LIEHTpE U crpaBa)

Fig. 84. Point of photography No. 1139. The photos were taken: top — S. G. Shiyatov

on July 21, 1961; bottom — A. P. Mikhailovich on July 16, 2016. View of the lake

Yareyty. In the background: Mountain Chernaya (to the left) and the mountain massif
Rai-Iz (in the center and to the right)
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Puc. 85. Touka dotocremku Ne 1139. O6mact BUAMMOCTH COOTBETCTBYIOT (hOTO-

CHHMKaM, MpHUBeAeHHBIM Ha puc. 84. Koopaunartel Touku potocremku: 66.8182° c.u1.,

65.5375° B.n. HanmpaBnenune dorocbeMkn: 310° (Yroia OTCUNTHIBACTCS OT HAIPABICHUS
Ha CeBep MO YaCOBOM CTPEJIKE)

Fig. 85. Point of photography No. 1139. Visible areas correspond to photos, shown
in Fig. 84. Shooting point coordinates: 66.8182° N. lat, 65.5375° E. lon. Shooting
direction: 310° (the angle is measured clockwise from the direction to the north)
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Puc. 86. Touka dorocbemku Ne 1155. Caumku cnenansl: Bepxuuit — C. I'. LlusiTtoBbIM
06 ampens 1962 ropa; mwxkuuii — A. I1. MuxaitnoBuu 14 wutons 2016 ronma. FOro-
BOCTOYHBII CKJIOH JIeBOM O0KOBOI1 MOpeHbl. Ha nanpHeMm riane BugHa ropa UepHas

Fig. 86. Point of photography No. 1155. The photos were taken: top — S. G. Shiyatov
on April 06, 1962; bottom — A. P. Mikhailovich on July 14, 2016. South-east slope
of the left lateral moraine. Mountain Chernaya can be seen in the background
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Puc. 87. Touka ¢otocremku Ne 1155. O6macT BUAMMOCTH COOTBETCTBYIOT (POTO-

CHUMKaM, TIpUBEACHHBIM Ha puc. 86. Koopaunatel Touku gorochemku: 66.8139° c..,

65.5644° B.1. Hanpasnenue gorochemku: 331° (Yroa OTCUUTHIBACTCS OT HAPABIICHHS
Ha CeBep M0 YaCOBOW CTPEJIKE)

Fig. 87. Point of photography No. 1155. Visible areas correspond to photos, shown
in Fig. 86. Shooting point coordinates: 66.8139° N. lat, 65.5644° E. lon. Shooting
direction: 331° (the angle is measured clockwise from the direction to the north)
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