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K.B.Xoinann, n.1.4., npod. (UNIS, Hopserus), K.H.IlIxunek, a.¢.-m.H., ipod. (CIIOITIY)

N3MEPEHHUE TOJIIIWHbI KOHCOJIUINPOBAHHOI'O CJIOA
B UICKYCCTBEHHOM OJHOJIETHEM TOPOCE

[Ipu dopMupoBaHUU JIEASHOTO TMOKPOBAa BO3MOXKHBI PA3IMYHBIE THUIIBI TOPOILIEHUS,
NPUYMHAMHU KOTOPOTO SIBJISIFOTCS BETPOBBIC, THIPOJIOTMYECKUE WIM TEPMUUECKUE CUJIBI, UM UX
koMOuHanuu. Cuia cxaTHsl MOXKET JOCTUTaTh KPUTHUECKOIo Ipejena, Korna aeopmupyemsiii
JeITHOW TTOKPOB B HEKOTOPBIX OCIA0JIIEHHBIX MECTaX HAYMHAET TEPATh YCTOHYUBOCTD — MEPBHI
tun. [Ipu 3TOM IPOUCXOAUT B3JIOM JIEJSTHOTO MOJISE ¢ 00pa30BaHMEM TOPOCOB B3JIOMA.

Bropoii Tl TOpoIIECHHS ONpeNeNnseTcsl XapakTepoM B3aWMOJCHCTBUS JIBAUH U JICISHBIX
noJiel, UMEIOIUX Pa3IMYHble BEKTOPHI CKOPOCTEH, Opyr ¢ Apyrom. B mecte KOHTakTa MOTyT
HaOJI01aThCS KaK CKUMAIOIIKE, TaK U CIBUTOBBIE HArpy3KH, KOTOPbIE MPHUBOIAT K APOOICHUIO
JbAUH M JIEASHBIX TOJEH, a Takke HarpoOMOXKIEHUIO JIEJSHBIX OOJIOMKOB JIpyr Ha Jpyra, B
pe3ynbTare 4ero 00pazyroTcs TOPOCH! pa3apoOICHHUS.

Kak mpaBuio, Topoc OT BaTepJIMHHUM YCIOBHO pa30MBaeTcs Ha JBE 4YacTU: Mapyc —
BEPXHIOI0 YacTh M KWIb — HIKHIOIO 4YacTh. EcCiM TOpoC HE3HAuuTeNeH IO pa3MepaM U
MoJBEpraercs JUIMTENbHOE BpeMs  BO3JEUCTBUIO  OTPULATENIBHBIX  TeMIeparyp, TO
oOpa3yromuiicss B pailOHE BAaTEPIMHUU JieJl CBA3BIBACT OOJIOMKH TOpOca MEXAy co0o0il. DTomy
MIPOLIECCY CIOCOOCTBYET TaK)Ke HAJIMYME MEIKUX OOJOMKOB JIbJia M IIYTH, KOTOpBIE B Mpoliecce
o0Opa3oBaHuUsl TOpOCa, MOJ JEHCTBHEM CHJI TSDKECTH W BBITAIKUBAIOLIETO NEHCTBUS BOJIBI,
KOHIICHTPUPYIOTCSI B palloHE BarepiuHHU. B pe3ynbrare 3TOoro B palloHE BaTEPIUHHU
o0pa3yeTcs Tak Ha3bIBa€MbI KOHCOJIUTUPOBAHHBINA CIIOM.

B Hacrosimiee Bpemst HET eqUHON 00LIENPU3HAHHON METOIUKH AJIs OTPEIeNIEHUs] TOIIIIMHbI
KOHCOJIUZIMPOBAHHOTO CJI0S, YTO MOXKET OBITh OOBSCHEHO CIEAYIONIMMHU (haKTOPaMU: BO-TIEPBBIX,
BbI/IEJICHHE KOHCOIMIMPOBAHHOTO CJIOS U3 €IMHOTO IIEJIOT0 HOCUT CYyObEKTUBHBIN XapakTep, BO-
BTOPBIX, ATOT CJIOH UMEET TONLINHY, 3HAYUTEILHO MEHSIOIIYIOCS I10 IO ! TOPOCa.

B Teuenue BTopoi nexansl mapta 2002 roga COBMECTHOM TpYIIIOW HCCieAOBaTENEH U3
HTHY (Hopsexckuii Yuusepcurer Hayku u Texnuku), JOHUC (YHuepcurerckue Kypchl,
Cpanmpbapn), CIIGITIY wu CHCI' (Hopexckas  YroasHO-moObBaromass Kommanus,
HInuubepren) B Hopseruu, na llnunbeprene, B 3anuBe Ban-MueH OblT cO3/1aH UCKYCCTBEHHBIN
TOPOC U3 MOPCKOTO JbAa. OMHON U3 eIl ATOr0 AKCIIEPUMEHTa ObLTO U3yUYeHHE 00pa30BaHuUs U
OTIpe/ieIeHue HapacTaHUs TOJIIMHBI KOHCOJIUAMPOBAHHOIO CJIOS B OJHOJIETHUX Topocax. B
CBSI3W C pPa3BUTHEM Ta30[00bIBAIOIMUX W HEPTEHOOBIBAIONIUX KaK POCCHUMCKUX, TaK U
MHOCTpaHHBIX KoMmMmIaHuih B Mopsx CeBepHo-JIemoBUTOro okeaHa MOJOOHBIE HCCIEIOBAHUS
OUYEHb BAXHBI IS 0OOCHOBAHHOTO MPOEKTUPOBAHUS HHXKEHEPHBIX COOPYXKEHHIl mienbda B
COBPEMEHHBIX METOJaX pacueTa Harpy30K OT TOPOCOB.

B npannHoit  paboTe  mpeacTaBieHbl  JBa  METOJa  OMNpPENEICHHS  TOJIIMHBI
KOHCOJIUJIMIPOBAHHOTO CJIOSA: MyTEM OypeHHMs M TyTEM HU3MEPEHHUs TEeMIIepaTyphl IO BCEH
[IyOMHE UCKYCCTBEHHOTO TOpOCa.

1. Bypenue. B Teuenue mnpolecca KOHCOIMIAIMHA UCKYCCTBEHHOT'O TOPOCA TPHOXKIBI ObLIH
B3sATHI 00pa3ibl kepHoB. YerBeproro ampenst 2002 roma nnuHa kepHa coctaBuia 80 cm, a
BOCEMHA/ILIATOTO ampeist ObLIM B3SATHI JIBa KEpHa, JIMHA KOTopbix Obuta 100 m 110 cwm.
VYuurteiBas, 4To BBICOTA Mapyca Topoca Oblia 15 cM, TO MOXKHO CAENaTh BBIBOJ, YTO B TE€UECHUE
JBYX HEZEIb TOJIIMHA KOHCOJIUANPOBAHHOIO CJI0s TOpoca yBenuuuiach oT 65 cm 10 85...95 cm.



MGTO)I 6ypeHI/I$I SABJISACTCA HETOYHBIM CII0CO00M OIpCacCICHUA TOJIITUHBI
KOHCOJIMIMPOBAHHOTO CJIOS TOpPOCa, TaK Kak HE Bceraa ynaéres MOJYyYHTh BeCh KEpH U 0e3
HNOBPEXACHUN H3-3a MOP(POJIOTHIECKHX OCOOEHHOCTEN TOPOCOB.

2. Temnepamypmuvlie usmepeHnus. Ilocne oOpasoBaHus Topoca B HEM ObUIH
YCTAHOBJIEHBI JBa TEPMHUCTPA, KOTOpbIE MO3BOJSUIM CUUTHIBATH TEMIEPAaTYpHBIC JaHHBIE C
3a/laHHBIM TPOMEXYTKOM BPEMEHHM B LIECTHAAUATH TOYKax IO BCEH riyOmHE Topoca C IIaroM
200 mM. Temmeparypa Obula 3amucaHa MPH TOMOLIM 3alMCHIBAIOIIUX YCTPOWCTB, KOTOpHIE
HaXOJWINCh Ha MIOBEPXHOCTH JibJia. B TeueHne nepBbix 34 yacoB oHa ObLIa 3amucaHa Kaxkible 5
MHUHYT, a B TIOCJIEIYIOLINI Mecs1] — KaXablil yac.

[TpuHUIMI ONIpeneneH s TOMIMHBI KOHCOJIUIUPOBAHHOTO CJIOSl JAaHHBIM METOJIOM OCHOBaH
Ha TEpPMOJMHAMMYECKMX CBOMCTBax JipAa. TemmepaTypa 3aMep3aHus MOPCKOM BOJBI B 3aJIMBE
Ban-Mwuen paBna —1,9°C. Drta Temmeparypa W SBJISUIACh KPUTUYECKOW [JISi OMpPEACTICHUS
I'paHUILIbI JIEA-BOAA, @ IIPU U3BECTHOM ILIare MeX/1y TOUKaMU M3MEPEHUH OIpeesieHUe TOJHHBI
KOHCOJIUZMPOBAHHOTO CJIOS TI0 ITTHHE TEPMHUCTA OBLIO BO3ZMOKHBIM.

Ha ocHOBaHuM aHHBIX 110 IBYM OTAEIBHBIM TEPMHCTaM ObUT NOJIY4YeH rpaduK N3MEHEHHUS
TOJILIMHBI KOHCOJIUAUPOBAHHOTO CJIOS JJIsi JAHHOTO TOpOca B TEYEHHE Mpoliecca KOHCOIUIAINH,
KOTOPBIH MpecTaBieH Ha puc. 1.

U3 puc. 1 BugHO, 4TO Bpema [meme]
C MOMeHTa 00pa30oBaHMs 12map  16map 20map  24map  28map  lamp Samp Famp
TOpoca TOJIIIIAHA 50
KOHCOJIUJITUPOBAHHOTO CJIOSI 50 /
yBenmumiach or 30 cM o r/
87 cMm. Ecau cpaBHHBaTh -0

JaHHBIE  JIByX  pasHBIX E
METOJIOB  U3MEPCHHUH  OT g-ﬁﬂ
[
[_|

YCTBEPTOIo arpei, TO
padHrula B TOJIIUHE CJIOA

COCTaBHIIa 13%. 210 0
BIIOJIHE  MPHEMJIEMO, HO /
emé pa3 TOKa3bIBacT, 4TO -30
TOJIIIIMHA

H 20

KOHCOJIUJAUPOBAHHOTO CJIOSI
HE MIBIAETCS IIOCTOSHHOM Puc. 1 Hamenenne TONIMHHE EOHCOIHIHPpOEAHHOIC CIO0A E TOROCE
BEIIMYMHOM I
OTpeIeIEHHOTO TOPOCa.

3aMeTHa pa3jauyHas CKOPOCTh HapacTaHWs TOJILIMHBI KOHCOJUAUPOBAHHOTO CJIOSI B
topoce. B nmepuoasl mexay 23 u 30 mapra, a Takke Mexay 1 ampens u 40 KOHIIA U3MEPEHU
Temreparypa Bo3ayxa Obpuia okosno 0°C, mo3ToMy TONIIMHA KOHCOJHIMPOBAHHOTO CIIOS
U3MEHsUIach JIMIIb HU mapy caHTumerpoB. Korma ke Obuin OosbliMe OTpHLIATENIbHBIE
TEMIEPATypbl BO3/1yXa, TOJIIIKMHA KOHCOJIMIMPOBAHHOTO €JI0s Bo3pactajna 10 10 caHTuMeTpoB B
JIeHb. DTO TMOKa3bIBaeT, YTO PABHOBECHE MEXy OOJNBIIMMM OTPULATEIbHBIMH TEMIIEpaTypamu
OKpPYXaIoIIero Bo3AyXxa M TeMIlepaTypoil MOpPCKOW BoAbl, KoTopast coctamiser —1,8...—1,9°C,
yCTaHaBJIMBAJIOCH IMyTEM 00pa30BaHuUs JIbJia B KOHCOJIMIUPOBAHHOM CJIO€ TOPOCa.

TemmepaTypHblii METOJ TMpenarnojaraeT HauOoJbIIMEe MaTepUalbHble 3aTpaThl, HO
o0ecrieunBaeT NoJdy4yeHHe 0ojiee TOUHBIX PE3YJbTATOB C HECIOXKHOM OpraHM3aluei mnpouecca
U3MEPECHUM.

E.V.Gordienko (SPbSPU),
K.V.Hoyland, prof. (UNIS), K.N.Shkhinek, prof. (SPbSPU)

TEMPERATURE MEASUREMENTS IN ARTIFICIAL SEA ICE RIDGE
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By a joint group of people from UNIS (the University Courses on Svalbard), NTNU
(Norwegian University of Science and Technology), SPbSPU (St. Petersburg State Polytechnic
University) and SNSG (The Store Norske Spitsbergen Kulkompani) an artificial sea ice ridge
was created in Van-Mijen fjord in Svalbard, Norway starting from 11 of March 2002. The
environmental conditions were for that time: temperature -20°C, without wind and snow. The
following technique was done for production the sea ice ridge:

1. In the beginning the level ice was cut by chain saw on blocks with volume approximately
1m®. Excavator put these blocks on the surface of level ice. The polinya approximately 4 x4
meters was opened in the level ice.

2. The net was fixed in that polinya in order to create truncated pyramid shape of the rubble.

3. Than the smaller ice blocks were cut on distances of 20, 15 and 10 centimetres from the
bottom of bigger blocks of the level ice. The length of blocks was approximately half a meter
and width ice in the range of 20...30 centimetres. A lot of these ice blocks were used for
creating the artificial sea ridge. The geometrical dimensions of the ice ridge were in
horizontal plane 4x4 meters, in vertical cross section 1.5 meter depth of the keel and 15
centimetres high of the sail.

4. Two single thermistor-strings with 16 nodes and a vertical distance of 200 millimetres
between the nodes were placed into the artificial sea ice ridge immediately after it was made
in order to measure the temperature development in the ridge during the initial part of the
consolidation processes. The temperature was logged automatically by dataloggers.

During the first 34 hours the temperatures development in sea ice ridge were logged every
5 minutes and then within 1 month — every hour.

When the cold temperature from surrounding air penetrated into the sea ice ridge, the
seawater between ice blocks froze and it was shown by decreasing the temperature data for notes
in the middle of thermistor-strings during the second part of measurements. The seawater closed

to boundary of consolidation layer Datalogger 1522
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Figure 2. The peaks of temperature data for datalogger 1522

In Figure 2 the peaks in temperature development for two lowest notes on thermistor-string
during two periods: 15™-19"™ of March and from 26" of March to 4™ of April are shown. The
duration of each peak of temperature is approximately 6 hours that equal to duration of high and
low tide. The highest temperature of peaks equals to the lowest level of seawater. As the lowest
notes on thermistor-string were close to the seabed apparently this phenomenon is linked with

action of high and low tides.

Temperature data registered by both of dataloggers are plotted in the Figure 3. Surrounding
air temperature changed from -21°C to +4°C, also the temperature changed in sail and
consolidation layer of the artificial sea ice ridge; the temperature of seawater was constant
around —1.8°C. The growing of consolidated layer of ice ridge is also better to see on the Figure
3, where the temperature dependence on depth is shown. The thickness of consolidation layer

increased to 90 centimetres.

The temperature in the sail of
the ice ridge was very influence
from  the  surrounding  air
temperature, which was cold. The
temperature gradient is quite high,
that probably can be explained by
establishment  of  equilibrium
between two heat transfers: the
first one is the cold air and second
is heat flux from the ocean.

So using the automatically
measurements of temperature in
the artificial sea ice ridge it is
possible to recognise the thermo-
dynamical processes, which can
occur during the consolidation of
sea ice ridge. Also it is possible to
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Figure 3. Growing depth of consolidated laver

see how the depth of consolidated layer in sea ice ridge grows, that is very important for
estimation the loads from sea ice ridges on offshore constructions, when the development of gas
and oil production is very great and important.
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