62 Becmuux Mockosckoeo yrusepcumema. Cepus 3. Qusuka. Acmpornomus. 2008. Ne 1

OU3UKA 3EMJIM, ATMOC®EPDI, THIPOCPEPDLI

YK 550.362

TEIIJIO®U3UYECKHUE CBOVICTBA JJOHHBIX OCAIKOB
YEPHOI'O MOP4

I'.A. lerpynun, B.T. Ilonos, A. B. Cockos
(kagpedpa pusuru Semau)

E-mail: geopopov@phys.msu.ru

Ha o0mupHOM 3KCHEPUMEHTAJIBLHOM Marepualjie, MOJTYYeHHOM aBTOPAaMU B XOJ€ MHOIO-
JIETHUX 9KCIEeJULIMOHHBIX PabOT, aHAJIU3UPYIOTCS OCHOBHBIE (DAKTOPBI, BIUSIONME HA Tel-
JIOBbIE CBOVMCTBA JOHHBIX OCAJKOB M MX N3MEHUMBOCTH B PEaJbHBIX YCIOBUSX aKBAaTOPUH Ha
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TOYHOCTH OIpefesieHUs] BeJIMYNHbI IIJIOTHOCTH TEIJIOBBIX IIOTOKOB Yepe3 JHO BHYTPEHHHX

¥ OKPAMHHBIX MOpPEH.

BBenenune

M3mepeHus MJIOTHOCTH TEMJOBOr0 MOTOKA Ha 6OJb-
[IMX aKBaTOPHSIX SIBJSIIOTCS ONHUM H3 OCHOBHBIX HC-
TOYHHUKOB HH(MOPMALUK O TAYOHHHOM IIOTOKE TerJa
M3 oKeaHHUecKol nuTochepsl. [leficTBUTENbHO, TEMIIE-
paTypa TIPUIOHHBIX CJIOEB I'DYHTa TPU 3HAYMTEJbHBIX
ryOMHAX BOMBI MPAKTHUECKH He MeHsieTCsl CO BpeMe-
HeM W He WCIBIThIBAET BJUSHHS CYTOYHBIX, TONOBBIX
¥ MHBIX Bapualui (Hanpumep, ans YepHoro Mopst Takasi
CUTyalusi HabjofaeTcss Ha TyOWHAX, MPEBBIMIAIINX
400 m [1]). CoOoTBETCTBEHHO 3TO MO3BOJSIET MPOH3-
BONMTb B OCagKaX MOPCKOTO (OKeaHWYecKoro) MIHa
U3MepPEHHs] HEUCKAXKEHHOTO I'pajlieHTa TeMrepaTyphl.

C ¢yHmamMeHTaJbHOH TOYKHM 3peHUS] HW3ydeHHEe WH-
TEHCUBHOCTH TeIlJoflepeHoca Ha TpaHulle JuToche-
pa-Tuapocdepa UMeeT BaxKHekHIllee 3HAUeHHe IJIsI TO-
HUMaHHUs 0COOEHHOCTEH (HDOPMUPOBAHUS U 3IBOJIOIHH
OoKeaHM4YecKol Kopel. [eoTepmasbHasi aKTHBHOCTb MOP-
CKOTO JIHA B LIEJOM W TOHKAasi CTPYKTypa OKeaHHYe-
CKOTO TeTJIOBOTO TIOTOKAa HecyT O6oraTyio HHbopMa-
U0 O XapaKTepe M HAINpPaBJEHHOCTH TeONpolecCoB
B KOpe M BepXHeH MaHTHH. B mpakTHuecKWx wLessix
TaKle HCCJeN0BAaHUS HEOOXOAMMBI JJIsl pPellleHUsl 3a1au
pasBefiKHW W WCIOJb30BAHHUS TOJE3HBIX HMCKOMaeMbIX
(HedThb, ra3, rasoruapaThl, MOJUMETAIHUECKHEe KOH-
KpeLHH, TepMaJjbHble BOIBI).

Meronyka u3MepeHHsT KOHIYKTHBHOT'O TEMJIOBOTO
MOTOKa Yepe3 JHO OKeaHa 0Oa3HWpyeTcsl HA ypaBHEHUH
Dypbe

q=—-AgradT,

rme A — TemJONPOBOIHOCTb CJIOSI OCAJKOB Ha 0asze
M3MepeHHUsl TeMIlepaTypHOro rpaanenTta. MiMeHHo HeoO-
XOIMMOCTb 3HAHHSI TEIJIONPOBOAHOCTH OCAIKOB IJIsI
pacueTa TerJIOBOrO MOTOKa U CTUMYJHPOBaJia Pa3BUTHe
TEXHHKH ¥ METOIHKH H3MepeHHs Kod((dHUIMeHTa Ter-
JIOTIPOBOTHOCTH JIOHHBIX OCAJKOB BO BTOPOi TOJIOBHHE
XX B.

B HacTosiiiee BpeM$i YHCJIO BBITOJHEHHBIX H3Mepe-
HUH TEeMNJOBOTO IOTOKA HAa AKBATOPUSX HCUUCISETCS
IeCcsiTKaMU TBICS'Y U OCTPO BCTAeT BOMPOC HANEKHOCTH
ny6JHKyeMbIX JAaHHbIX. AHa/JU3 pe3y/JbTaToOB MOKa-
3bIBaeT, UYTO CYIIeCTBeHHBble OLIHOKH B OTpeleseHnH
TemynoBbiX MOTOKOB (10 50%) MoryT ObITh CBSI3aHbI
C HEeJOCTATOYHOH TOUHOCTBIO MPSIMBIX M3MEPeHHH HJIH
pacueTa TenJoNpPOBOIHOCTH T10 €€ SMIHUPHUUECKHUM 3aBHU-
CHMOCTSIM OT BJIaYKHOCTH, He YUHTBIBAIOIIUM CTPYKTYp-
HO-TEKCTYPHble OCOOEHHOCTH OCAiKOB, MX MHHepaJsb-
HbIH cocTaB U apyrue ¢akropsl [1, 2]. B pesynbrare
B CBOJHBIX 0030pax IO HCC/JIEIOBAHUIO OKEaHHYeCKOTO
TEMJOBOTO MOTOKA MOXKHO OOHApPYXXWUTb 3HAUEHHS Tell-
JIOTIPOBOJHOCTH OCANKOB, OTJHYAMOILINecs B TSTh pa3
(0.33-1.5 Br/(m-K)) u nmaxe Gosee [1, 3], npu 3tom
HDKHee 3HadeHHe TOYTH B [Ba Pa3a MeHblIe TerJio-
MPOBOIHOCTH BOABI, YTO TPYAHO OOBSICHHMO, a BepX-
Hee MpPUOJIMKAETCS K BeJHYMHE A MarMaTHUeCKHnX
nopoxn. Kpome Toro, mpakTHUecKH OTCYTCTBYIOT HaH-
Hble MO APYTHM TemIo(U3NUEeCKUM XapaKTepHUCTHKaM:
TenyoeMKkocTH C, ¥ TemnepaTyponpoBOAHOCTH @, 3Ha-
HUe KOTOPbIX HeoOXOAMMO MJis TIOHUMaHHs Tpolecca
TenJIonepeaayy B HACBIIEHHBIX HEKOHCOMUINPOBAHHBIX
cpezax.

[lenb Hacrosime#dt paboOTBl — H3YUYHTh 10 BO3MOXK-
HOCTH HanboJee MOJHO U OMHCATh OCHOBHBIE (PAKTOPHI,
BJIMSAIOL[He HA MOBEJEHHe TeJIOBhIX CBOHCTB (a, A, Cp)
NIOHHBIX OCaAKOB M WX W3MEHUHBOCTb B peasbHBIX
yCJIOBUSIX aKBaTOPUi Ha mpumepe YepHoro mops. yuer
9TUX (PaKTOPOB, KaK HaM TPeACTaBJsieTcsi, MOr Obl
MOBBICUTb KAueCTBO OIMpeJeseHHs] TEeIJIOBOT0 TOTOKA
Mo KpalHed Mepe [Jif paccMaTpPHUBAaeMOro pervoHa.
C npyro#l cTOpoHbI, TOJyUeHHbIE Pe3y/bTAThl LOJKHBI
cnoco0CTBOBaTh 0OoJjiee IVIyOOKOMY IOHHMAHHUIO (HU-
3MUECKOr0 MeXaHH3Ma TelJonepenaud B JABYX(asHBIX
IMCTEePCHBIX Te0(PU3NUeCKHX MaTepHanax, KaKMMH sIB-
JISIIOTCS. MOPCKHE OCANKH.
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PeSyJIbTaTbI HSMepeHHﬁ A UX aHAJIU3

HMcnonb3oBaHHbIN B HacTOsIIEH paboTe IKCIIEPUMEH-
TaJbHBIH MaTepras co6paH aBTOPaMHU B XOJe MHOTOJIET-
HUX 3KCMEIULIHOHHBIX Te0TePMHUYECKHX padoT Ha ak-
BaTopuu YUepHoro Mopsi. Buliu BeIMONHEHBI U3MepeHHs
BCEro KOMIJIeKca TenIo(pHU3HUecKUX MapaMeTpoB Ha
6osee yem 600 o6pasuax AOHHBIX OCAAKOB, MOTHSITHIX
Ha OopT HayuHo-uccaenoBatesbcekoro cynda (HHC)
rpyHTOoBbIMU TpyOkamu Ha 200 cranuumsax. Msmepenus
npousBonuauch Ha Gopry HUC mertomom peryssipHoro
TemioBoro pexuma Il pona, Ha opurHHaAIBHON yCTaHOB-
Ke, pa3paboTaHHOU B JlabOPAaTOPUU reOTepPMUHN (PH3HUe-
ckoro dakyabrera MI'Y [4]. BbL10 NMpeanpruHSTO TaKxKe
ompeJesieHHe TJIOTHOCTH p U BaaxHoctH W ocanka,
VIeJNbHOTO Beca BellecTBa TBepHo# (asel, a B psine
C/yyaeB — MHHePaJorHuecKoro W rpaHyJoMeTpHYecKo-
ro COCTaBa W COJIEepPKAHHUS OPTaHUYECKOTO BEIIeCTBA.
Jnst Kax 0¥ cTaH MK (PUKCHPOBAJIUCH KOOPAWHATHI OT-
6opa, TIyOHMHA MOpsl M TMOJOoXKeHHe 00paslia B KOJOHKE
(rnmy6uHa 3ajeraHusi OTHOCHTEJNbHO aHA Mopsi). Bce
M3yueHHble 06pa3libl (He MeHee Tpex JJIs KaXKI0H CTaH-
IMH) OBbLIE OTOOPaHbI U3 TOBEPXHOCTHOTO CJIOSI 0CANKOB
MotHOCTbI0 2.0-2.5 M. 3HauuTebHASI UaCTh 06Pa3IoOB
ny6nupoBasach, T.e. oTOMpasach ¥ KOHCepPBHPOBaJlach
17 IOBTOPHBIX H3MepPEeHUH B J1aG0PATOPHBIX YCJIOBUSX
Ha cywe. OOpaboTka H3MepeHHH W aHa/INW3 MOJy-
YeHHBIX pe3y/JbTAaTOB Ja/ju OOraThli MaTepuas, 4acTb
KOTOPOTO W TIPeJCTaBJieHa B HACTOSIEH MyO/HKaIUH.
B rtabsa. 1 mokasaHbl quana3oHbl H3MeHEHHs Terao(u-
3MUECKHX NapaMeTpoB KaK Ha BCEM H3yueHHOM HHTep-
BaJsle BJIa)KHOCTH, TaK M Ha WHTepBaJaX, CpefHMe 3Ha-
ueHust KOTOpbIX oTnuaoTcest Ha 10%. BriioueHbl Takxke
pe3y/bTaThl U3MEepPeHHH OTHENbHBIX 00pa3loB C HETH-
MUYHOM OYeHb BBICOKOH BJIaXKHOCTHIO (68% — Tpu 00-
pasua, 72% — onuH obpasell), KOTOpble ObLIH 0TOGpA-
Hbl B BepXHeM JeCSATHCAHTHMETPOBOM CJIO€ OCAIKOB.
HerpynHo BumeTh, UTO KOHIEHTPALUS KUIKOH (assl,

MpeacTaB/geHHasi B 0caKaX MOPCKOH Bomo#, obsanaio-
lled HU3KOM TeIJIONPOBOAHOCTBI) U TeMIepaTyporipo-
BogHocTbio (A = 0.6 Br/(M-K); a=1.48-10"7 m?2/c)
¥ BeICOKOH TemmoemkocTbio (Cp = 4180 [x/(xr-K)),
bosee uyeM B IMSiThb pa3 MPEBOCXOASIIEH YAeJbHYIO
TENnJ0eMKOCTh TBEPHOH MHHepasbHOH (hasbl MpPH KOM-
HATHOM TeMIepaType, HECOMHEHHO SIBJISETCS JOMH-
HUpYyOILIUM (DakTOpoM (MapamMeTpoMm), OMPEeaesIsIOIHM
3HAUeHHUs] TEMJIOBBIX CBOMCTB HACHIIIEHHBIX MOPCKHX
ocankoB. 3aucumoct A(W) u a(W) nna noHHBIX
OTJIOXKEHWH, HAXOASIIUXCH B COCTOSIHWH JBYX(ha3HOU
CUCTEMBbI, UMEIOT MOHOTOHHO YObIBAIOLIMH Xapakrep,
4TO OTpaKaeT MOCTENeHHbIH Mepexos ¢ POCTOM BJIaX-
HOCTH OT BBICOKOTEINJIONPOBOAHOTO TBEPAO(HA3HOrO MO-
wHomuta (W = 0) K HH3KOTEINJONPOBOAHOH KHIKOCTH
(W =100%). Tak, ¢ yBeqdueHWeM BJAXKHOCTH OT 25
10 65% TermIonpoBOAHOCTh TOHMKAETCS HECKOJIbKO
MeHee, a TeMIepaTypPOIPOBOIHOCTb — HECKOJBKO OoJiee
yeM B 2 paza. PeHOMeHOJOTHUECKAST CTOPOHA TaKOTO
MOYTH WUAEHTUYHOTO MOBENEHUS TEMJIONePeHOCHbBIX Ma-
pametpoB (@ M \) HACBILUIEHHBIX IHCIEPCHBIX CpPej
or W nmnonsaTHa u3 paccMmoTpenus (opmyasl ebas
A=aCpp 1 obObsicHSIETCS CJa0BIM POCTOM HX 00b-
emMHOH TeroeMkoctd Cp p Ha HHTepBaje H3MEHeHHs
BJIaXKHOCTH, TOCKOJIbKY yBeJHUYeHHe YIeJbHOU Terio-
€MKOCTH C POCTOM BJIaXKHOCTH KOMTIEHCHPYETCs] YMeHb-
IIeHWeM TIJIOTHOCTH p ocaakoB (Tabdu. 1).

Boo61ie, KaK MoKa3plBalOT PacyeThl, C TOUHOCTHIO 10
5-7% ynenbHasi TEMJOEMKOCTb MOPCKHMX OCAnKOB Kak
afIUTHBHAsT (YHKIHUST KOMIOHEHTHOTO COCTaBa JIerko
MOXeT ObITh OlleHeHa 1o npaBuay Helimana—Komnna:

Cp=Cps(1 =W)+Cp; W, (1)

rJie B KauecTBe yIeJbHOH TeTJI0eMKOCTH TBepHOH (hasbl
Cps MOXKHO TPHUHATH CpefiHee 3HaueHHe [Jis MOPOMIo-
00pasyIoluX MHHEPAJOB CO CPEIHUM ATOMHBIM BECOM
M =20, pasnoe 760°1x/(xr-K) [5], a naist Tenioemko-

Ta6auma 1

Kpaitnue u cpenHue 3HaueHus TemiogU3NYeCKUX NMapaMeTpoB
HM3Yy4YeHHBIX JOHHBIX ocagkoB YepHOro mops

W, P, a, Cp, Cp P, /\,

% Kr/M° 10-7 m?/c | Jx/(xr-K) | kIx/(m>K) | Br/(m-K)
25-65 1200-1900 | 1.90-4.10 | 1580-3000 | 2800-3680 | 0.70-1.25
25-34.9 1780 3.40 1715 3000 1.05

1650-1900 | 2.70-4.10 | 1580-1880 | 2800-3300 | 0.84-1.25
35-44.9 1650 2.80 2020 3235 0.92
1480-1720 | 2.40-3.50 | 1670-2215 | 2925-3420 | 0.80-1.09
45-54.9 1430 2.40 2425 3280 0.80
1300-1500 | 2.10-2.90 | 2300-2720 | 3050-3510 | 0.73-0.92
55-65 1330 2.15 2830 3515 0.78
1210-1380 | 1.90-2.45 | 2510-3000 | 3345-3680 | 0.70-0.86
68 1200 1.85 3095 3705 0.70
1180-1230 | 1.75-2.00 | 3010-3175 | 3595-3760 | 0.67-0.72
72 1150 1.70 3260 3720 0.65




64 Becmuux Mockosckoeo yrusepcumema. Cepus 3. Qusuka. Acmpornomus. 2008. Ne 1

ety xuaKo# dasbl Cp; — CPeIHION TenJI0eMKOCTh MOp-
CKOH BOMIBI, OMU3KYI0 K KJIACCHUECKOMY 3HAUEHUIO IS
BOJbI B LeJIOM. DoJiee 1eTasbHBIN aHaMM3 MOBENEHMUS
@ U A\ OT MPOLEHTHOTO COfepXaHUsT BOABl B OCaaKax
MOKA3bIBAET, YTO [JISI KAXKIOHW KOHKPETHOHU BJIA’KHOCTH
M3 M3MEPEeHHOr0 MHTepBasa AMana3oH pazdbpoca 3THUX
napametpoB MoxeT gocturath 30-40% u Gosee, uTo
SIBHO MPEBOCXOMAMUT TOYHOCTb uaMepenudt (Aa/a ~ 3%;
AN/ X ~T7+9%). CneunasnbHoe u3yueHne 3TOT0 BOIPO-
ca ToKasaJio, uTo OOHApYyXKEeHHble BapHUalllh TeTJIOBHIX
CBOMCTB, KaK U MpPEeAINoJarajl paHee HEKOTOpbIe HCCJIe-
noBaresin [6, 7], CBsI3aHbl C BapHALUSIMU MHHEPAJTbHOTO
¥ TpaHyJOMETPUYECKOT0 CcocTaBa ocaakoB. HawubGosee
HH3KHMe 3HAUeHHsl @ ¥ A XapaKTepHbl IJsi KOKKOJH-
TOBBIX M JPEBHEUEPHOMODPCKHX TOHKOTHUCIEPCHBIX ca-
MpoTiesIeBBIX UJIOB, COMEPIKAIIUX OPTaHUKY, a Hanbosee
BbICOKHE — [/ HOBO3BKCHHCKHUX TJIHHHUCTBIX HJIOB,
BKJTIOUAIOIINX TIPOCJOU GoJjiee KPYMTHO3ePHUCTOTO TMec-
YaHOTO TepPPUTeHHOTO MaTrepHala.

Crenyer Takke OTMETHTb, UTO 3HAYUTEJBHYIO POJib
B (hOPMUPOBAHHH BeJHUMHBI TeMJO- H TeMIepaTy-
POMPOBOIHOCTH JIOHHBIX OCAJKOB WIpPaeT He TOJbKO
CpelHUH pa3Mep YacTHIl, HO H COOTHOLIEHHE MeX-
Ny MeJKO- U KPYMHOAHCIEePCHBIMH (pakuusimu. Kak
MOKA3bIBAIOT JKCIEPUMEHTHI, AaXKe [PH HEU3MEHHOM
(1 MeHsIIIIeMCsl He3HaYUTEeJbHO) CPEIHEM pasMepe
YaCTHI[ M3MeHEeHHe COOTHOIIEHHS] MeXIy (pakiusMu
MOXKeT TMPHUBECTH K 3HAUUTE/bHOMY M3MEHEHHIO Terio-
BbIX CBOHCTB. Bosiee Toro, B psifie ciydyaeB H3MeHeHHe
COOTHOIIIEHHST MEXIY TPaHyJOMeTPUUeCKUMHU (DpaKiiy-
SIMM MOXKET MPHBOAUTH K 0oOJiee 3HAUHTEJbHBIM BapH-
alysM Temjo- ¥ TeMIepaTypOrpPOBOIHOCTH, YeM TpH
M3MeHEeHHU CPeJIHero pasMepa yacTuil. DTOT (HakT Mo-
XeT ObITb MPOUJIIOCTPUPOBAH, HANIPUMEp, CPABHEHHEM
pe3y/JIbTaTOB M3YUeHHUs] NBYX JHUTOJNOTHUECKH ONH3KHUX
UepPHOMOPCKHUX 00pasIioB, OTOOPAaHHBIX W3 OTHOU KO-
JoHKH (Tab6s. 2). O6pasiibl HUAEHTHUYHBI 110 MHHEPAJO-
THUECKOMY COCTaBY, MJOTHOCTU U MOPUCTOCTH; B 0O0OUX
npeoGafiaeT MeJUT-aJeBpUTOBast (hpakims, AOJS KO-
Topoit cocrasssier okoso 90%, HO omMH M3 00pa3loB
COZIeP>KHUT HeOOJIbIIOe KOJHUYECTBO NecyaHO-rPaBHIHON
¢bpakupu (~ 10%). D10 He NPUBOAUT K CKOJb-HH-
OyIb 3HAYUTEJSBHOMY PA3JUUYHI0 MeXIy 00paslamu Mo
CpelHeMy pa3Mepy YacTHIl, OJHAKO TerJONPOBOIHOCTb
o0pasiia, ColeprKallero Mecok U rpaBHil, OKa3bBaeTCs
noBbitieHHOH Ha 20%, 4TO BecbMa CyIIECTBEHHO.

Tab6auma 2
Pe3yibTaThl H3MepeHNs TEIIOBLIX MapaMeTPoOB ABYX
06GpasIoB JOHHBIX ocaakoB YepHoro mMops
(IT — mequr, A — anespwur, [1c — mecok, I' — rpasuii)

05 M+A, | e, [T,[]W,] p a, \
paselt |\ oy | 9 1 9%| % |r/em®| 1077 M /c | Br/(m-K)

YM-95-4/1|85-90 |5-10| 5 | 32 |1.655| 3.22 111

yM-95-4/2|95-98 | 2-5 |0 [32]1.655| 2.70 0.88

Yro Kacaercss BAAXKHOCTH B JManasoHe 3Haue-
HUE, XapaKTepHOM Il peasibHBIX JOHHBIX O0CaJKOB
(25-65%), 3aBucumoctb A(W) mpu HeH3MeHHBIX MPO-

YHX TapameTpax, Kak [MoKa3aHo B psije padot (cMm.,
Hamp., [6]), MOCTaTOYHO XOPOIIO AMNPOKCUMHPYETCS
ypaBHeHUEeM BUAA

A= 1/(A+BW), (2)

rme A u B — sMmupuueckdHe KOHCTaHTHL. s MOH-
HBIX 0camKoB UepHOTo MOpsSI aBTOPHI HAKOT CJeAYIOIIMe
3HAUeHUsl aNMNpOKCHMAIMOHHBIX mapamerpos: A = 0.57
u B = 0011 npu u3MepeHHH TeMJONPOBOJHOCTH
B Br/(m-K) u Bnaxuoctu B mpouentax. OnHako, Kak
CBHUIETENbCTBYIOT pPe3y/NbTaThl HAIIMX HCCIeTOBAHHM
TEINJIOBBIX CBOMCTB YEPHOMOPCKHUX JOHHBIX OCAIKOB,
ONHU U Te »Ke 3HaueHWsi napametpoB A u B He
MOTYT OBITh WCMOJB30BAHBI JIJIST YIOBJIETBOPHTENBHOTO
MPOTHO3MPOBAHUS MX TEMJOMPOBOIHOCTH MO BCEH aK-
BaTOpUU YepHOro Mopsi, UTO CBSI3aHO CO 3HAUMTEJIbHBIM
BJIMSIHMEM Ha TeIJIO- U TeMIIepaTypPOrnpoBOLHOCTb OCAl-
KOB HUX MeXaHWYeCKHX H JIHTOJOTMYECKHX XapaKTepH-
CTHK, 00YCJIOBJIEHHBIX 0COOEHHOCTSIMH OCaJKOHAKOTIIe-
Husi. Bosiee Toro, pe3ysnbTaThl H3MEPEHHUS TEIMJIOBBIX I1a-
pamMeTpoB IOHHBIX 0CafKOB UepHOro MOpsi MOKAa3bIBAIOT,
4TO Ja)ke B MpefesaX OJHOTO JHUTOJOTHYECKOTO THTa
0CaJIKOB CYIIECTBYIOT BeCbMa 3HAUHTeJbHbE BapHallHH
MX TeIJIO- U TEeMIepaTyporpoBOAHOCTH. Tak, Hampu-
Mep, TeIIONPOBOIHOCTb HauboJiee PacnpoCTPaHEHHBIX
CepBIX NIMHUCTBIX HJIOB TIJIEHCTOIEH-TONOIEHOBOTO BO3-
pacta mnpu 3HaueHusix BaaxkHoctd 40-50% wmeHsieT-
cas or 0.8 mo 1.2 Br/(m-K). D10 cBumeresbcTByeT
0 TOM, YTO MOMMMO BJIa)XHOCTH Ha BEJIUUHHY TeILIO-
MPOBOJHOCTH OKAa3bIBAIOT BeCbMa 3HAUHTeNbHOE BJIM-
sIHHe W ApPYyTrHe (aKTopbl, 06YCJOBIEHHbBIE, OYEBHIHO,
0COGEHHOCTSIMM OCAJKOHAKOIIEHHsI: Pa3Mepbl YacTHIL
M UX OpUeHTalusl, PIyKTyallud MHHEPaJbHOTO COCTaBa,
r1yOuHa MOpsS U Op.

Ins Haubosee pacrnpocTpaHeHHoro B UepHOM Mope
THIA OCANKOB (BBILIEYIOMSIHYTBIX CEPbIX TJIMHUCTHIX
HJI0B) HauboJ/iee yeTKash ¥ 3HauMTeJbHast HU(epeH-
[MalMsl TeMJOBbIX CBOHCTB MO 30HAM OCaJKOHaKOM-
JIeHUs] HabJ/iofaeTcss Ha akBaTOPWH, TPHUMbIKAIOIIeN
K KaBKa3ckoMmy nobOepekbto. Hamu ObL1H comocraBie-
Hbl 3aBUCHMOCTH TemJOo(PHU3HUECKUX CBOHUCTB JAHHBIX
WJIOB OT BJIaXXHOCTH, XapaKTepHble IJIsT Pa3JUYHbIX

a-10""m%c
4.0
3.5
3.0

Puc. 1. TeMmepaTypOnpOBOAHOCTb CEPBIX TJIMHUCTHIX
MIEHCTOLEH-TOMIOLEHOBHIX MJIOB Kak (YHKLHS HX
BJIAXKHOCTH W TJIyOHHBI MOPSI
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(aunanpHeix 30H. Ha puc. 1 npuBeneHa 3aBHCHMOCTb
TeMIMepaTypPONpPOBOAHOCTH O0CAJKOB JAAHHOTO THMA OT
UX BJIAXXHOCTU W TJIyOMHBI MOpPSl JJIsSI CeBepo3arnaaHou
YyacTH JaHHOro paioHa. HerpynHo BumeThb, 4TO mpH
ONHOW W TOW »Ke BJIAaXXHOCTH OCaiKH, C(HOPMHPOBAB-
[IMecsl Ha pasHbIX NIyOMHaX, HUMEIOT pa3judyHble Terl-
JoBble cBoicTBa. Haubosee HHM3KHe 3HAUeHUS TeMIle-
paTypONpPOBOAHOCTH XapaKTEPU3YIOT 1IeTb(OBYIO 30HY.
BepxHsisi, npumbIKaomas K 1iegbpy 9acTb KOHTHHeEH-
TaJIbHOTO CKJIOHA (TpaHMIla MeXIy HEPUTOBOH MU cOO-
CTBEHHO TeMHUIIeJIarHYeCKOM 30HAMH OCalKOHAKOILIe-
HUST) XapaKTepHU3yeTCsi MaKCHMaJsbHbIMU 3HAUEHHSIMH.
Hanee ¢ ry6UHOH TeMMepaTyporpOBOIHOCTb MEHSIeTCs
He3HAuHTeJIbHO, PUIEPKHUBASICh BEJHUNHBI, HECKOJBKO
MPeBBIIAIOIIEH AHAJTOTHYHYIO BEJUUUHY MJs LIebda.
[TosmHOCTBIO aHANOTHYHAS KAPTUHA HAOIIONAETCS U I
BEJIMUHHBI TETJIONPOBOJHOCTH.

TenaonpoBoIHOCTh TOHHBIX 0CaAKOB YepHOro
Mopsi (0600mEeHne TaHHBIX)

B uHTepBase TyOHMH OT MOBEPXHOCTH [HA, MPe-
CTaBJSIIOIIEM WHTEpeC [Jsl reoTepMUYeCKHX HCCIIe0-
BaHui (0-3 ™M), moHHBIE OT/OXKeHHsT YepHOro wmops
HUMEIOT TOJIOIeH-TIIeHCTOLEeHOBBIH Bo3pacT. BepxHui,
TOJIOLIEHOBBIM OTAEJ [JAHHOHM TOJIIIM BKJIOYAET B Ce-
O 1IBa TOPHU30HTA: COBPEMEHHBIH (IXKEMeTHHCKHH),
Mpe/CTaBJIeHHbIH 3e/IeHOBAaTO-CePBIMU KOKKOJIUTO(DOPH-
IOBBIMH U CepbIMH TJIMHUCTBIMM W aJe€BPUTHCTBIMU
WJAMHU, U HUXKHUK [ peBHEUePHOMOPCKUH, conepKalului
TIMHUCTHIE (aJIeBPUTHCTBIE) MJIBI U (pexke) carmpore-
JIeBble U CamporieJieBUIHbIE HJBI, a TaKKe OCaJKH,
npeacTaBJsiionie coboi mepecnanBaHHe TJHHHCTOTO

U camnporeseBoro uja. O61ias MOMIHOCTb OTJIOXKEeHHH
JAHHOTO OT[eJia MEHSIeTCS B BeCbMa 3HAUHUTEJbHBIX
npeesiax — OT MOJHOTO UX OTCYTCTBHSI B HEKOTOPBIX
palioHaX KOHTHHEHTAJbHOTO CKJIOHA 10 MHOTHX MeT-
pOB B TPHUCKJOHOBOH uYacTHW abWcCas, Te CKOPOCTH
0CaJKOHAKOMJIeHUS 0COOeHHO BeJUKU. [0JoleHOBLIE
0CaJIKH 3aJIeratoT Ha OTJIOKEHUSIX BEPXHETO0 MeHCTole-
Ha, TNPeJCTaBJEHHBIX MOYTH HUCKJIIOUHUTEJbHO CEpbIMHU,
roly6oBaTO-CepbIMH H OYypPOBATO-CEPbIMU TJIMHUCTHIMH
HJIaMH C TIPOCJIOSIMH aJIeBPUTOBOTO U (pexke) mecyaHoro
MaTepHasa. XapakTepHble 3HaUeHHS TEMJIONPOBOIHOCTH
TOJIOLEH-TIJIEHCTOLIEHOBBIX 0CAIKOB T10 Pe3y/IbTaTaM Ha-
IMX MCCJeOBAHMHU TIpeCTaBJeHbl B TabM. 3.

CBoero poja 3K30THKOH [/ JAHHOH aKBATOPUH
SIBJISIIOTCS  COTIOYHble OpeKYWH, CJaraiolide KOHYChI
MOJNBOMHBIX TPsi3eBbIX BYJKAHOB Ha abuccand, W ma-
BOJLKOBBIE OTJIOXKEHHSI, pa3phIBAIOLIHe CKJOHOBBIE OTJIO-
JKEeHHSs TOJNIOLEHOBOT0 Bo3pacTta. PesysbTaThl omnpenee-
HUSI UX BJAXXHOCTH W TEIJIOTIPOBOAHOCTH TIPUBOISITCS
B Tabs. 4. B 1Le/oM OCHOBHBIE [OHHBIE OTJOXKEHUS
UepHOro MOpsi ¢ HEKOTOPHIM YTMPOIIeHHEM MOXKHO pas-
NeMUTb Ha TPU OOJbIINE TPYMIbl, KaXaasi H3 KOTOPBIX
OyneT paccMoTpeHa HAMH OTAEJBHO.

[lepBasi rpymmna ocagkoB — 3TO cepble TJIMHUCTBIE
U aJeBPUTHCThIE WJIbl, UMeolle HauboJiblliee pacipo-
CTpaHeHHe W XapaKTepHble KaK JJsl MJeHCTOleHOBbIX,
TaK M [Js TOJIOLEHOBBIX OTJoXKeHu#. Bmaxnocts W
9TUX WJOB KoJebjeTcs B OYeHb I[IHPOKHX TMpele-
nax — ot 25 po 70%, a temnonpoBonHocTh A oT 0.6
no 1.2 Br/(m-K). TemmoemkocTh HJIOB, He 3aBHCSIIAS
OT CTPYKTYPHBIX U TEKCTYPHBIX OCOOEHHOCTEH, a TaKXKe
OT JUCIEPCHOCTH MaTepHana TBephnod (asbl U OueHb
He3HAUHTEeJbHO MEeHSII0IIAsics ¢ M3MeHeHHeM MHUHepPaJib-

Tabnuwa 3

XapaKTeprIe 3HAYE€HUSA TENMJONMPOBOAHOCTU JOHHBIX OCaJAKOB ‘{epHoro MopHa
I‘OJIOI.IeH-IIJIeﬁCTOI.leHOBOI‘O BO3pacra

. . XapakTepucTHKa MorurHocTs, W, A,
Ne Croid OTJIOXKEHHUH cM % Bt/(m-K)
1 | I>xeMeTHHCKHH [TMHUCTBIE W aJIeBPUTOBbIE 0-300 > 60 <0.70
HJIBI, PAKyIIeYHHUKH
2 | Kamamutckui CarmporenieBUIHbIE Wb 0-50 55-80 | 0.65-0.80
3 | byrascko-Bursazesckuii | [nuHUCTBIE HJTBI 0-100 25-60 | 0.60-1.20
4 | HoBo3BKCUHCKHI [nuHucTHIE Bcekpoitas morHocTh | 25-60 | 0.60-1.20
M aJIeBPUTOBbIE MJIbI 1o 150 cm
Tabnnuma 4

XapakTepHble 3HaUeHUS TEMJIONPOBOJHOCTH COTIOYHBIX OPEKYM U NMaBOAKOBBIX
oriaoxkeHuin YepHoro mops

XapakTepucTUKa Bckpeitas W, A,
Bospacr . 0
OTJIOXKEHHUH MOILHOCTb, CM Yo Bt/(m:K)
Cormnounble Gpekyun

JlpeBHHE KaTaMUTCKHe [nuHUCTBIN aneBpuT, 10 90 cm 33-40 | 0.88-0.92
OT/IOXKEHHST GoraThlii MECKOM H IpaBHEM

[TaBOLKOBBEIE OTJIOKEHUS
TosouieHoBbIe OTNOXKeHUST | TOHKHE TIHHUCThIE UJIbI 1o 50 cm ‘ 55-60 ‘ 0.65-0.71
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HOTO KapKaca, MPeKPacHO YKJAAblBaeTcsi B eIWHYIO
I/ BCEro pacCMaTpUBAEMOr0 pErvoHa 3aBUCHMOCTH
OT BJIQXKHOCTH, TPENCTABJIEHHYIO paHee NpHBeIeHHbIM
coorHomrenuem (1). Hamporus, temsmo- u Temmnepa-
TYPOTIPOBOIHOCTb HJIOB, KaK OKa3aJoCh, 3HAUHUTEJbHO
MeHsleTCsl TIpU Tepexojle OT OMHOH 30HBI OCaJKOHa-
KomJjleHWst K 1pyroi. Becbma cyliecTBeHHble H3MeHe-
HUSI TeIJIONePeHOCHble CBOMCTBA HJIOB IpeTepreBaloT
¥ TpU Mepexojie OT ONHOTO reorpaduueckoro pariona
AaKBaTOPUM K IPYrOMy, UTO MpexJe BCEro CBSI3aHO,
OYEBHIHO, C PA3JIMYUSIMH B COCTaBe WU JUCMEPCHOCTH
CHOCHMOTO B MOpe TeppuUreHHOro Martepuasa. Hakorm-
JIeHHble JaHHBble TO3BOJISIOT HaM pasfesuTh aKBaToO-
puto UepHoro Mopsi, Te MPOBOLUJICS OTOOP MaTepuasa
IJIS ACCJeOBAHUH, MO TermIo(PU3nIecKUM CBOHCTBAM
JNOHHBIX OTJIOXKEHUU Ha yeTblpe paloHa, CXeMaTUUeCKU
npeacTaBjeHHble Ha puc. 2. Kaxnoi ¢gauunansHoi 30He
M3 3TUX pAHOHOB OTBeYaeT CBOSI 3aBHCHMOCTb Terl-
JIOTIPOBOTHOCTH OT BJIQXKHOCTH, KOTOpasi NeHCTBUTE/b-
HO MOXKeT ObITh almIpPOKCUMHUPOBAHA APOOHO-JTHHEHHON
(byHKIHeH ykazaHHOro Tuma. B kauecTBe mpumepa Ha
puc. 3 u 4 npuBenensl 3aBucumoct A(W) mist cepbix
TJIMHUCTHIX HJIOB 3aMaJlHOKaBKA3CKOTO M BOCTOUHOKAB-
kazckoro pationoB (I u Il Ha puc. 2).

CBopHBEIE pe3y/bTaThl aNMPOKCHMALMK TOJYYEHHBIX
namu 3aBucumocreit A(W) npoGHO-HHelHOH QyHKUH-
el (2) mnst pasaMuyHBIX PAHOHOB M (hallMaJbHBIX 30H
YepHoro mops, uamoctpupytoress taba. 5. Kak BumHo
M3 3TOM Tabmuubl, napametrpsl A u B, ocraBasich
B CpeHeM COOTBETCTBYIOUIMMHU 3HaYeHHUSIM paboTH (6],
M3MEeHSII0TCS B IOBOJIBHO IIHMPOKOM juanasose. [lpu
9TOM CJIeIyeT 3aMeTHUTh, YTO Pe3y/IbTaThl allPOKCHMA-
MM TIPUMEHHMBI TOJIBKO B TOM AMAaNa3oHe BJIaXKHOCTH,
Ha KOTOPOM pa30pOCaHbl MCXOIHbIE 3IKCIEPHUMEHTalb-
uble manneie (30 <+ 60%). JelcTBUTENbHO, BCE 3TH
3aBUCHMOCTH JalOT, HarmpuMmep, B TOH WJM WHOH CTe-
MeHW 3aHWKEHHble 3HAUEHHSs TeNJONPOBOIHOCTH IIPH
6auskod Kk 100% Baaxuoctu (0.4-0.55 Br/(m-K)),
TOTla KaK OHa JOJKHA ObITh OJH3KOH K TEIJIONpO-
BogHOCTH Boibl (nmpubausutesnbHo 0.58 Br/(m-K) npu
TeMnepatypax oxkoso 20°C.

Kasxasz

Puc. 2. PaiionnpoBaHue akBaTopuu HepHOro mMopsi 1o

Tenno(Gu3nuecKMM OCOOEHHOCTSIM JOHHBIX OCalIKOB:

[ — 3amagHokaBkasckuil paioH, II — BocToyHOKaB-

Kasckuil pation, Il —uentpanbublil padion, IV —
I02KHbIH palioH

A, Bt/m °K
1.4 T T T T T T T T T
- + Lenbdosas 3oHa (rmy6uHbI 0-200 M) E
® BepxHsas yacTtb cknoHa (rny6uHbl 300-550 m)
12 ° O KoHTWHeHTanbHbI CKIOH B
° (rny6uHbl 6onee 600 m)
B S e O 7
- [
1.0 | o " o i
o g% o o [] 8
- + o L4 e} .
o e *
... + o ] C-a .. [}
0.8_ +O;_..~- . :: 08'“~,_o_... .
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+ [ I o o} e
° el
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Puc. 3. 3aBUCHMOCTb TEMJIOMPOBOAHOCTH CEPBIX TJIH-

HHUCTBIX [JIEACTOLEH-TOJIOLEHOBBIX HJIOB OT BJIAXKHO-

CTH MJIs 3aMaJHOKAaBKAa3CKOro pariona UepHoro mopsi.

BepxHsisi KpuBast naeT oCpelHeHHe /151 BePXHEH YacTh
CKJIOHA, HUXKHSAS — [/ lenbbha

A, B1/m °K
1.4 T T T T T T T T T
| + LWenbdoBas 3oHa (ry6uHbl 0-200 M) i
® BepxHsia yacTb cknoHa (rny6uHbl 300-550 m)
| O KOoHTWHEHTanbHbIN CKMOH (rnyOuHbl |
1.2 . Gonee 600 u)
L 0 e ] ° L4 ]
3.0 g s
° o~ o e o
1.0 | L " Tel B
S .. °
B + Tty o o B
04 ... eo®
0.8 .o e
QL Ttk
- el
o ©
06 7
04 1 1 1 1 1 1 1 1 1
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W, %

Puc. 4. 3aBUCHMOCTb TEMJIOMPOBOJHOCTH CEpbIX TJIH-

HUCTBIX MJIEHCTOLEH-TOJNOLEHOBBIX HJIOB OT BJIAXKHO-

CTH IJIs1 BOCTOUHOKABKA3CKOro paiioHa YepHoro Mops.

BepxHsisi KpyBasi 1aeT ocpeHeHHeE /Il BEPXHeH 4acTh
CKJIOHA, HHXKHSIST — IJIS [eJib(a

Bropasi surTosornueckasi rpymnmna OcagkoB — ca-
nporiesieBble M CarporiesieBUAHbIE HJbl JPeBHEUEpPHO-
MOpCKOro (KajiaMHTCKOT0) BO3pacTa, XapaKkTepuayemble
TMOBBIILIEHHBIM COJIeP?KAHHEM OPraHUYECKOro BellecTBa
M uMempollre 6ojee MJIH MeHee 3HAUHTENbHOE Pacrpo-
CTpaHeHMe TOJbKO B IeHTpanbHOM paiione (III Ha
puc. 2). MOIIHOCTH NaHHBIX OTJIOXEHHWH B 3TOM peru-
oHe YepHoro Mopsi B GOJBIIHHCTBE CJAyYaeB HEBeJHKH
¥ MEHSIIOTCSI OT HECKOJIbKUX caHTUMeTpoB 10 30-50 cM.
BiaxHocTh HX, KaK [IPaBHJO, OYeHb BbICOKA —
55-85%, TenJaonpoBOAHOCTb, HANPOTHB, BEChbMa HeBe-
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Ta6auuwa 5

AnnpokcumauuoHHbIe apamMeTpsbl 3asucumoctd A(W) mas cepbIX NIMHHUCTBIX
TOJIOIEH-TLIENCTOIEHOBBIX 0B YepHOTro Mops

Peruon A B

Hlenbd 3amagHOKaBKa3CKOTo pailoHa 1.02 0.009

lenbdh BocTOUHOKABKA3CKOTO palioHa 0.84 0.009

KoHTuHeHTaMbHbIH CKJIOH 3aMajHOKaBKa3CKOro paioHa 0.61 0.013

KoHTuHeHTa bHbIH CKJIOH BOCTOUHOKABKA3CKOrO paiioHa 0.65 0.011

lenbdh ¥ KOHTHHEHTANbHBIH CKJIOH I03KHOTO paioHa 0.38 0.015

[Tenbh ¥ KOHTHHEHTAJTbHBIN CKJIOH LIEHTPAJIbHOTO paioHa 0.36 0.019
A, Br/m °K Tpetbsi rpynma — coBpeMeHHbIe (IKEeMEeTHHCKHE)
0.9 KOKKOJUTO(DOPUIOBbIE 3e/IeHOBATO-CEPbIe WJbI, TaKXkKe
L T obmagaoniue BhICOKOH (55-80%) BIaXKHOCTHIO M HU3-
. . ko#t (e Bwime 0.77 Br/(m-K)) rtemnmonpoBomHOCTbIO.
08 o. ©® _ MotHOCTh JaHHBIX OTJOXKEHHH He MpeBbIIaeT B 60Jb-
L \\\ ° 1 muHeTBe caydaeB 50-60 cM. JlaHHBIE MO TEMIONPOBOJ-
o7l .\.\\ ¢ | HOCTH TIPeJICTaBJIEHBl Ha pUc. 6. ANmMpoKcUMaIHOHHbIE

: LI ¢ . napamerpel: A=1.02 u B=0.007.

L T>sle ] Takum o6pa3om, Kak HaM MpeNCTaBAseTCs, IPH
06 . o ¢ : UCCJIeJOBAHUU TOHKOU CTPYKTYpPBbl TEIJIOBOTO MOTOKA BO
a ° _ BHYTPEHHUX MOPSIX, XAPAKTEPU3YIOLIUXCS 3HAUUTEJIb-
L 1 HBIM pa3HooOpa3reM OCaJKOHAKOIJIeHUs, HeOOXOAU-
MO HeMOCPEACTBEHHOE H3MepeHUe TerJONPOBOJHOCTH
0'550 E;O 7‘0 86 50 100 0CaZiKOB Ha 06a3e U3MepeHUs] TeMIepaTypPHOro TPajueH-

W, %

Puc. 5. TennonpoBogHOCTb APEBHEUEPHOMOPCKUX Ca-
TIPOITEJIEBBIX HJIOB KaK (DYHKLHS BIAXKHOCTH

A, Bt/m °K
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Puc. 6. TemnomnpoBOgHOCTb COBPEMEHHbBIX (mKeme-
THHCKHMX) KOKKOJIUTO(OPHUIOBBIX HJIOB KakK (DyHKIIHS
BJIA2KHOCTH

qvka u He npesbimaet 0.85 Br/(m-K). dauuble mo ten-
JIOTIPOBOTHOCTH JIJIST 0CAIKOB 3TOH T'PYTIIBl MPHBeIEHbI
Ha puc. 5. AnnpoxcumannoHHbe napametper: A = 0.52
u B=0.013.

Ta, @ He HCIMOJIb30BaHNE yCPeIHEHHBIX armnpoKCHUMalH-
OHHBIX 3MNUPHUYeCcKUX cooTHoimeHHi A = A\(W) u Tem
6oJiee COOTHOIIEHUH, TOJNYYeHHBIX IJSI OKeaHHUEeCKHUX
akBaTopuil [8].

Pabora BeIMOJHEHA TpU (DUHAHCOBOH TIOMIEPXKKe
P®DU (rpaur 05-05-65269).
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