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The article is devoted to peculiarities of formation of the cryogenic structure of modern coastal sediments
using laboratory simulation. The authors have conducted comparative analysis of the results of laboratory and
field studies and have shown how the cryogenic structure of coastal sediments depends upon the composition,
salinity and moisture. They also have analyzed redistribution of soil moisture in different types of soils and the

features of ice formation in the zone of contact between fast ice and sea bottom.
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BBEAEHUE

Wcropus usydenus ocobeHHOCTEl MOPCKOTO
KPUOJINTOTeHE3a HACUUTHIBAET HE OJTHO JIECSTUIIETHE.
Iroit teme nocssiiennl paborsr B.H. Cakca [1953],
IT.A. IIymcroro [1955], E.M. Kataconosa [ 71962],
H.®. I'puroprena [1966], B.A. Ycosa [1967],
E.H. Monouymxkuna [1973], @.3. Apa [1976],
.. Jlanunosa [1978], 51.B. Heussecrnosa [ 1983],
B.A. CasesbeBa [1989], JI.A. JKurapesa [1997],
T.E. Ocrepkamua [ Osterkamp, 2001] u np. Tem He me-
Hee JaHHAs TEMA ellle JIajleKa OT 3aBepienus. Pazuo-
obpasue rpaHyJIOMETPIYECKOTO U MUHEPATIOTHIECKO-
IO COCTABOB MOPCKHUX OCAJIKOB, OOJIBINON AHANa30H
3HAUYEHUI 3aCOJIEHHOCTH W BJIQKHOCTH, Pa3JIIyure
YCJIOBUIA IPOMEP3AHUSI TIOPOJ] HA CYIIIE U MEJTKOBO/bE
3aTPY/IHSIOT BBISIBJIEHUE OOIIMX 3aKOHOMEPHOCTEN
(hopMupoBaHUs X KPUOTEHHOTO CTPOEHUS B TIOJIE-

BBIX ycJsI0BUAX. MojesnpoBanye KpUOTeHHBIX 11PO-
1[eCCOB B JJaGOPATOPHBIX YCIOBUSIX MO3BOJISET MPEO-
JIOJIETH 3TU TPYAHOCTU MyTeM M0A00Pa XapaKTepu-
CTUK MCIIOJIb3YEMBIX IPYHTOBBIX 0OPA3IIOB U YCIOBUI
IIPOMOPAKUBAHUS.

B Hacrosiiei pabote mpecTaBieHbl MaTepua-
JIBI MHOTOJICTHUX MCCJIEIOBAHWH, TTPOBE/IEHHbBIX aB-
TOpaMu B Mep3JoTHBIX Jaboparopusx [THUNNC
n kadeapbl TEOKPUOJOTUU Teosoruyeckoro ga-
kyabrera MTY um. M.B. Jlomonocosa [ Xunmenkos,
1985; Xumenxos, Munaes, 1990; Xumenxos, llewun,
1992; Xumenxos, Bpywxos, 2003; Xumenxos u op.,
2016].

B xo/1e 1a60paTOPHBIX HKCTIIEPUMEHTOB MOJICITH-
POBAJIUCH TUMMYHBIE YCJIOBUS JIbJ00OPA30BaHUsI B
MOPCKHUX OTJIOKEHUSIX.

© A.H. Xumenkos, B.E. l'arapun, A.B. Komypuuxos, 10.Bb. lllemun, B.B. Ckocaps, 2018
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JIABOPATOPHOE MO/[EJTUPOBAHHE IIPOI[ECCOB ®OPMHUPOBAHHA KPUOTEHHOI'O CTPOEHUA MOPCKUX OT/IOXKEHUI

1. @opMupoBaHue JIbjla B BOJE MPU OOJIBIITOM
KOJINYECTBE MIPUMeceil U B BOJIOHACHIIEHHbIX UJIaX C
BECOBOM BJIAJKHOCTHIO, B 2—3 pasa MpeBbIIaloNniei
[Ipe/ieJ TEKYYEeCTH.

2. JIpmoobpazoBanme B 30He KOHTAKTA MPUTIAii-
HOTO JIbJIa T MOPCKOTO THA.

3. JIpz1006pa3oBanme B TOJIIE MOPCKIX OCAJIKOB
Pa3JIMYHOr0 COCTABA, 32COJEHHOCTU U HAYAIBHOM
BJAQKHOCTH TIPM OJHOCTOPOHHEM MPOMEP3aHUN
CBEpXy.

OOPMUPOBAHUE JIbJIA
B MUHEPAJIN3OBAHHDBIX PACTBOPAX
1 CYCIIEH3UAX

[TepBuuHOE TTPOMEpP3aHIE MOPCKUX OCAJKOB Ha-
yuHaeTcs B cybaKkBaJbHBIX ycaoBuaxX. [ToaTomy B
MepPBYIO OYEPE/b CJeNyeT OCTAHOBUTHCS Ha OCO-
OGEHHOCTSIX JIbl006pa3oBatust B MOpPCcKoil Boje. Dop-
MUPYIONIUECS 3/1eCh JeTHbIe KPUCTAJJIBI UMEIOT
MJIACTHYATOE cTpoeHne. PacTBOpeHHbBIE COJTU B XO/IE
poCTa pacupenensioTcs MeXIY dJeMeHTAPHBIMU
[JIACTUHKAMU BHYTPU KPUCTAJLJIOB U MEXKIY HUMU
(puc. 1). /lanHOE CTPOEHWE KPUCTAIIOB 3aCOJIEH-
HOTO JIbJIa U YCJOBUS €r0 (hOPMUPOBAHUS OTTUCAHBI
IT.A. IlIymckum B 1955 1.: “B cosieHbIX JibJax paccoJ
0bOpasyeT MpoCcJIOiKK B 6Ga3MCHBIX IJIOCKOCTSAX KPUC-
TAJJIOB, PA3/IeJAIONINX KPUCTAJIIBI HA PSJ] JIaCTH-
HOK. YeM ObIcTpee MPOUCXOANIA KPUCTAJIA3AIINS U
yeM HOJIbITe KOHIIEHTPAIIUS COJIeH, TeM TOJIIIE TIPO-
CJIONKM paccoia (10 HECKONbKUX MUJLIMMETPOB MIPH
GJINBKON K HYJIIO TeMIIEPATyPe) U TEM TOHBIIE OTHO-
CUTEJIbHO pasjiesisieMble UMU dJIeMEHTapHbIe TLIac-
tunku apaa” [ Hymckuii, 1955, c. 102].

ITpuoHHbIE BOBI OTJIHYAOTCS GOJIBIITIM COZEP-
JKaHUEM B3BEIIEHHBIX YACTHI] U YACTO TIPEICTABISIOT
co60ii cycrieHsuu. BbLI MPOBEIEHBI OIBITHI O TPO-
MOPaKUBAHUIO TUCTUJIITUPOBAHHOI BOJBI C MTOCTe-
[EeHHBIM YBeJIUYeHUeM KOHIIEHTPAIUKU IpUMeceil
(puc. 2, a) [ Xumenxos, bpywxos, 2003]. B kauecTBe
MIPUMECH UCTI0JIb30BATACh KAOJIMHOBASI IJTHHA. B o11bI-
TaX MPU HAYAJIBHOM COZIEP;KAHUT MITHEPAJIbHBIX TTPH-
Meceii B Bojie 110 3.2 % BO JIbJly HauuHaeT (OpMUpPO-
BaThCA MOJIOCYATOCTD 32 CUET METIOYEK MUHEPATHHBIX
BKJIIOUEHUH (cM. puc. 2, 6). [Ipu yBenndeHun coziep-
JKaHUST MUHEPAJIbHBIX ITPUMeceii B Bojie 110 13.5 % xo-
POIIIO BUHBI MapasjiebHble eM0YKH TPYHTOBBIX
BKJIIOYEHUH (cM. puc. 2, 8). PucyHok, oOpa3oBaHHbIt
MUHEPAIbHBIMI BKIIOYEHUSIMU, TIOXOK HA CTPYKTYPY
KPUCTAJIOB MOPCKUX Jib/I0B (cM. puc. 1). [Ipu nams-
HelileM yBeJIMueHnH puMeceit 10 28.3 % oTaenb-
Hble TPYHTOBBIE BKJIOYEHUS CIUBAIOTCS B TEMHBIC
MUHEPaJIbHbBIE CJIOU, Pa3/ieJIeHHbIE TTOJIOCKAMU TPO-
3payHoro Jbjaa (cM. puc. 2, 2). [lnockoctu rpynTo-
BBIX CJIOEB OPHEHTUPOBAHBI TTAPAJLIIETHHO OA3UCHBIM
MIJIOCKOCTSIM KPUCTAILIOB Jibjia (puc. 3). [1o mepe yBe-
JIMYEHUS COJIePKAHUS TTPUMeCei TPOMCXOIUT YTOJI-
IIeHNe KaK IPYHTOBBIX CJIOEB, TAK U TIPOCJIOEB JIb/Ia OT
noneit musuMerpa 0 2—3 MM, Kaxas 3ona uepe-
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Puc. 1. Ctpoenue kpucTamioB Mopckoro Jabaa [bo-
pooaues u op., 1994].

JYIONIMXCS [TapaJljleIbHBIX I'PYHTOBBIX U JIEISHDBIX
moJioc BezetT cebs Kak efnHbIi Kpuctajl B Hux He
Ha0JII0/1aeTCST BHYTPEHHUX MPAHUIL, A B [IOJISIPU30BAH-
HOM CBeT€ 9TH 30HBI UMEIOT O/IHY WHTep(hepeHIInoH-
Hyl0 okpacky (puc. 4, a). Ha ¢ororpacdun crpoenns
06pasiia Mep3JIbiX JOHHBIX UI0B OXOTCKOTO MOpH,
J06e3Ho mpegocraBiaeHnoit B.B. PorossiM, X0poiio
BU/THO, YTO BBITSHYTbIE BKIIOUEHUS COJEl, MUHE-
pajbHBIX IIpUMecell 1 Jibjla GOPMUPYIOT aHATIOT Y-
HbI€ CEpUU TTapajlleJIbHbIX cyi0eB (cM. puc. 4, 6). Ta-
KM 00pa3oM, pH MPOMEP3aHUK PACCMOTPEHHBIX
cpel (MopcKas BoJia, IIpecHas Bojia ¢ Pa3/IM4HbIM CO-
JlepsKaHueM TJIMHUCTBIX YaCcTUIl U MOPCKOM WJT) IIPO-
HUCXOJAT CXOJIHBIE MPOIECCHl llepepacipeseienus
npumMeceii B pactyiieM Jby. [1pu atom hopmupyior-
€S CJIONCThIEe KPUCTAJIIBI, B KOTOPBIX MapasiesbHO
6a3UCHBIM TIOCKOCTSIM YePEAYIOTCS TPOCTIOH YHCTO-
TO JIbJIa ¥ TTPUMecCeii.

OOPMHUPOBAHUE KPUOTEHHOI'O CTPOEHUA
30HBI KOHTAKTA ITPUITANHBIX JIbI0B
C JOHHbIMU OCAAKAMHI

MeJikoBogHas IPUOPEKHAS YaCTh MOPSI, I/ie OJi-
HOJIETHWH JieJ] CMeP3aeTcsT ¢ ITHOM, HECMOTPST Ha He-
3HAYUTEJIbHbIE PA3MEPbI, B TEOKPUOJIOTUYECKOM OT-
HOTIIEHUH UTPAET BA)KHYIO POJib. VIMEHHO 371eCh HAYH-
HaeT JIeCTBOBATh BHENTHUI 110 OTHOIIIEHUIO K TOJIIILE
MOPCKHX 0CaJIKOB (haKTOP — MPOIeCC 3UMHETO TIPO-
Mmepaanust |Pomanoscxuii, 1993; Osterkamp, 2001].
Mesxy pacTyIuM cJIoeM MPUIIAHOTO JIb/Ia W THOM,
3a CUET BBIMOPAKMBAHUSI PACTBOPEHHBIX COJIEH, B JIO-
KaJbHBIX MOHUKEHUAX C 3aMeJIEHHBIM BOLOOOMe-
HOM (hopMuUpyeTcs CJ0 BOJbI C MOBBIIIEHHOW MU-
Hepayuzanueil. MuHepanmusaius yBeJUUnBaeTCs B
1.5—2 pasa 1o cpaBHEHUIO ¢ HAYaJIbHBIM 3HAYEHUEM U
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A.H. XUMEHKOB U J[P.

Puc. 2. Oco6ennocru pacipeaeneHnusd rpyHTOBbIX YaCTUIl B KPUCTaJJIaX JibJla IIPU Pa3dHOM COAE€pKaHUuU

I'PYHTOBBIX IIpUMeceii B Boje:

a — IMCTUTMPOBaHHas Bofla (CHUMOK B TIOJISIPU30BaHHOM cBeTe); 6 — 3.2 %; 6 — 13.5 %; 2 — 28.3 %. @oro A.H. Xumenkona.

nocruraer 50—80 r/J1, Ipu 9TOM TeMIlepaTypa Bobl
cocrasisieT —4..—5 °C [ Conosves, 1983; I'puzopves,
1987; Bozopodckuii u dp., 2007]. JlaHHBIT TIpoTIecc
IIPUBOANT K YBEJNYEHUIO COIEPKAHMUS COTell B BEpX-
newm cyoe ocankoB. H.D. I'puropwes [ 1966], nzyuas-
MU TpUTTaliHbIe JIbbI B TPUOPERHON YacTu 0. BoJib-
o JISTX0BCKMH, yCTAaHOBUJI CJeAyolee pacipese-
JIeHVIe MIHEPAJIN3AIINHU TIOPOBBIX PACTBOPOB B TOJIIIE
MOPCKHX 0ca/ikoB. HerocpencTBeHHO 1101 JIeISTHBIM
[IOKPOBOM TOJIIUHOIM 1.5 M, B BEPXHEM TIOJIyMETPO-
BOM CJIO€, MUHEPAJIU3AIUs TOPOBBIX PACTBOPOB CO-
craBuia 43 r/u, va riayoute 3 M — 20 r/i1, Ha rayOuHe
4.5 M — 5 r/n. JlanHoe pacrpejesienrie MUHePaIy-
3aI[1 U TTOPOBBIX PACTBOPOB MIPUBOIUT K TOMY, UTO B
BepxHeM, HanboJsee 3aCOTEHHOM CJI0€ OCATKOB TIPH
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OTPUIATENIBHBIX TEMIIEPATYPaX JIbJOBbIIEJIEHIE OT-
cytcTByet [[puzopves, 1966]. Huxe dopmupyiorcs
KpUOTeHHbIe TeKCTypbl. [Ipu mosHoM cMep3anun
MIPUTIATHOTO JIb/IA C THOM ITO/ICTUJIATOIIIIE €T0 OCAIKH
[IPOMEP3AI0T, HO U B 9TOM CJIy4ae JIbJIOBbI/IeJICHIE B
HUX He3HauuTeabHoe. Kpuorentoe crpoetie aToro
CJTOST IPEZICTABIISIET cOO0T pa3HOHATIPABIIEHHbIE, Yac-
TO CyOBEPTUKAIBHBIE, OUEHb TOHKHE (OT JOJTEH MILI-
Jimmerpa 10 1 MM) HIHpbI Jiba AJuHON 5—7 cM [Ku-
eapes, Ilnaxm, 1977]. Illo pusnko-mMexaHu4ecKum
CBOIMCTBAM 3TOT CJIOU MEP3JIOTO IPYHTA MMPAKTUYECKN
He OTJINYAETCS OT TAJIBIX OCAAKOB. MeXK1y muupamMu
JIBJIA TPYHT HE OB CIIEMEHTUPOBAH JIBIOM ITPU TEM-
neparype —3 "C. [pyHTOBbIE YaCTHIIBI JIETKO C/[BUTA-
10TCs pu Mastetitem naskatuu [ [Inaxm, 1977].
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MEHKOBa.

Puc. 3. Kpuorennoe crpoenne o0pasina KaoJuHa C Ha-
YaJIbHOM BECOBOI BJIasKHOCTHIO 156 %:

a — TOPUBOHTAJILHBIN cpes; 6 — BepTukajbubiii cpes. Moro A.H. Xu-

Puc. 4. Ilepeceuyenue 30H pa3IMyHO OPUEHTHPOBAHHBIX I'PYHTOBBIX BKIIOYEHUIL:

a — cycleHsus KaoJimHa B noJjiapusosannoM csere (ysesr. 45). @oro A.H. Xumenkosa; 6 — cycrnensus mopckoro uia (yses. 600).

@otro B.B. Porosa.

B mepanotHoit tabopatopunt Kadeapsl reOKpruo-
sorun MI'Y ObLIM IPOBENEHBI 9KCIIEPUMEHTBI 110 MO-
NeJINPOBAHUIO CMEP3aHUs MPUMANHOTO MOPCKOTO
JbJia ¢ ocankamu | Xumenxoe u op., 2016]. Oxrocro-
pOHHEee TPOMOPaKMUBAHKE TPOBOIMJIOCH Yepes CJIOH
COJIEHOIT BOJIBI, TEPEKPBIBAIOIIIIT IPYHTOBbBIE 00pas-
I[bI, TPUTOTOBJIEHHbIE W3 JIETKOTO TBLJIEBATOTO CY-
[JIMHKA, 0TOOPAaHHOTO Ha 1obepeskbe Mopst JIanTeBbx.
McxoaHast BIaKHOCTb 0GPA3IOB TPYHTa COCTABJISIA
0Kk0J10 35 %, HavasbHas 3acojenHocTb 0.7 %, ToJI-
IIITHA CJIOST BOJBI 2 CM IIPU MUHepaiusanuu 33 Y%o.
[ITpomopaskiBaHue OCYIIECTBIISAIOCH CBEPXY IPU TEM-
neparype —9 °C. B pesyibrare uccienoBaiuii B 06-
pasiiax ObLIO BBIJIEJEHO /[BA THIIA KPUOTEHHOTO CTPO-

enus. IlepBoiil hopmupoBazcs B ycaoBUAX, KOria
CJION BOZIBI He TTPOMEP3 /10 KoHIIA. Mexx 1y cioeM Jbia
U TPYHTOM OCTABAJICS CJIOM MUHEPATU30BAHHOMN BOIBI
TOJIIIUHON OT HECKOJIBKUX MUJITUMETPOB 110 1 cM, B
3aBUCUMOCTH OT TIPOJIOJIKUTEIBHOCTH IKCIIEPUMEHTA
(puc. 5, a, 3oHa 2). B atom cirydae B BepxHeM 2-cau-
TUMETPOBOM CJIO€ TPYHTA BCJIE/ICTBUE 3HAUUTEIBHOM
MUHEPaIN3aIUU TTOPOBBIX BOJ JIbJ000Pa3OBaHMs HE
HabJrro1amoch (eM. puc. 5, a, 3oHa 3). Hike dopmu-
poBaJIach TUIIMYHAL [/l MOPCKUX OTJIOKEHUI KPUO-
TEKCTypa u3 TOHKUX (0K0JI0 1 MM) KOCOHAKJIOHHBIX
HIJIMPOB, IlepeceyeHne KOTOpbIX (popMupyer cerya-
TYI0 KPUOTEHHYIO TEKCTYPY (CM. puc. 3, a, 30Ha 4).
[Tocsie mosiHOTO TPOMEP3aHUS CJIOS BOJBI B BepXHel
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Puc. 5. KpuorenHoe cTpoeHie rpyHTOB HA KOHTAKTE C MPUIAHHBIM JIbJIOM:

@ — OTCYTCTBHUE CMEP3aHNsI JIba C TPYHTOM; 6 — cMep3aHue Jibjia ¢ rpynTom; 1 — e, 2 — Bojia, 3 — 30Ha ¢1ab0T0 JIbIOBBIIETEHNS,
4 — 3oHa GOPMUPOBAHMST KPUOTEHHBIX TEKCTYP. I pyHT — srerkuii mbuieBatsiii cyrinnok. @oro B.E. Tarapuna.

yactu (0—1.2 cm) rpyHTOBOrO 06pasia (cM. puc. 3, 6,
30Ha 3) (opMUPOBATACH TOHKOIJIUPOBAST KPUOTEH-
Hasl TEKCTYPa C PEIKUMU MEJKIMHU Xa0TUIHO OPUEH-
TUPOBAHHBIMY NIITMPAMU, TPYHT HAXOIUJICS B TIJIAC-
THYHO-Mep3sioM coctosinnu. Hiske (1.2—4.2 em) dop-
MHUPOBaJIaCh ceTyaTasi KpUOreHHas TekcTypa (CM.
puc. 5, 6, 30Ha 4) ¢ npeobIaaHNEeM BEPTUKATHHO
OPHMEHTUPOBAHHBIX NIJIUPOB TOJIMWHON 10 1 MM 1
JIIMHOM 10 2 CM.

MOJE/JINPOBAHUE ITPOLNECCOB
OOPMHNPOBAHNA KPUOTEHHOTO
CTPOEHUA TPYHTOB MOPCKOTI'O TEHE3SHNCA

Jliist 1abopaToOpHbBIX UCCAeOBAHUN NCIIOIb30Ba-
JINCH CJIEAYTOTe TPYHTBI: CPeIHEeIeicTOeHOBas
MOpCKas TIMHA MOHTMOPHWJIJIOHUTOBOTO COCTaBa
(11-oB SdMair); coOBpeMeHHBI UJI THIPOCITIOUCTOTO
cocTaBa, co gHa OyXThl JIUKCOH; CYTJIMHOK MOPCKOTO
refesuca TuAPOCIIOIICTOrO COCTaBa, 0TOOPAaHHbII Ha
nobepesxbe Kapckoro Mops, B paiioHe noc. Amzaepma;
MMOKPOBHBIH CYTJIMHOK MPEUMYIIIECTBEHHO THAPOCIIIO-
JIUCTOTO COCTaBa, U3 IEHTPAJbHOTO paiioHa SAmaia;
OEHTOHUT — MOHOMUHEPAJIbHAs TJIMHA MOHTMOPILI-
JIOHUTOBOTO COCTaBa; KAOJMHOBast TJMHA. BoiOpaH-
HbIE JIJIs1 TPOBEICHUS UCCIEIOBAHMI IPYHTBI TUITNY-
HBI JIJIsSI TIOPOJI MOPCKOTO TFeHe31ca, PacIpoOCTPpaHeH-
HBIX Ha apKTUYECKOM nodepesxkbe. VX 0cO0eHHOCThIO
SABJISIETCS TUIPOCJIIOIUCTHIA U MOHTMOPUJIJIOHUTO-
BBIl COCTAaB TJIMHUCTON (Gpakiuu. B nanHyto rpymnimy
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IPYHTOB C XapaKTePHBIM /IJISI MOPCKUX YCJIOBHIT 0ca-
KOHAKOTLIEHUST MUHEPATHLHBIM COCTABOM OBLIa BKJTIO-
YeHa KAOJIMHOBAS TJIMHA, TUIUYHAS 1T KOHTUHEH-
TaJbHBIX ycaoBuil. CpaBHeHue npoieccoB hopMupo-
BaHUS KPUOTEHHOTO CTPOEHUS I PA3HBIX THUIIOB
IPYHTOB M0O3BOJIsIET H0JIee TOUHO BBISIBUTH XapaKTep-
HbIe 0COGEHHOCTH JIbI006PA30BAHNs, CBA3AHHbIE C UX
reresrcoM. CyIecTBYeT HaBHsIsI TPAAUINsT Tabopa-
TOPHOTO M3YYEHUST 0COOEHHOCTET TTPOTIECCOB JIBI000-
Pa30BaHUsI B IIMHUCTBIX TPYHTAX ITyTeM CPABHEHUsS
KPUOTEHHOTO CTPOEHISI MEP3JIBIX 0OPA3IIOB KAOJMHI-
TOBOTO, MOHTMOPHJJIOHUTOBOTO U THIPOCIIOIUCTOTO
coctaBoB [Hepcecosa, 1961; sKecmxosa, 1982].

[Tpu mpoBeileHNN IKCIIEPUMEHTOB TI0 OIIpefiese-
HUIO BJAUSHUS MUHEPAJIBHOTO COCTaBa, HAYATbHOM
BJIQ)KHOCTHU U 32COJIEHHOCTHU IPYHTOB HAa UX KPHOTEH-
HOe CTPOEHHE HCIIOTh30BAJINCH TP BUA TPYHTOB!
Ka0JIMH, MOHTMOPHUJLIOHUTOBAS TJINHA U COBPEMEH-
HBII WJI THIPOCJIIONUCTOTO cocTaBa. MuHepamusaiust
UX ITOPOBBIX PAcTBOPOB paBHa 1 T/ B KaoJsuHe,
6.9 r/J1 B MOHTMOPUJIJIOHUTOBO TJinHE U 35 T'/J1 B CO-
BpeMeHHOM nie. HayanbHast BJIaKHOCTh TPYHTOB Me-
HSJIach OT 3HAYEHUH, COOTBETCTBYIOINUX HUKHEMY
npezieny mIacTUIHOCTH, 10 3HaUYeHWH, B 2—3 pasa
NPEBBIMIAIONINX TIPEE TeKyuecTr (cM. TabuIry).

JUist KaskoTo BUIa TPYHTA KOJMYECTBO 00pas-
IIOB PA3JIMYHOI 3aCOJEHHOCTH COCTABJIANO OT 9 10 13.
3acosennocTh Haxoauiaach B auamnaszoune 0—-2 %. 3ua-
YeHUsT BAGKHOCTU OAOUPATICEH OTU3KUMI K BEPXHe-
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My 1pezenty mnactuanoct. O6pasiipl BbicoTol 14 cMm
1 MIAPUHON 7 CM TTO/IBEPTAJNNCHh OJHOCTOPOHHEMY
MPOMOPAXUBAHWIO TIPU TeMIlepaTypax oT —4 1o
—6 °C. HeobOxo/imMast BJasKHOCTh B 0Opasiax 10CTu-
rajiach IyTeM MpeBapUTebHOTO YIIOTHEHNS. Bbi-
OGpaHHbBIE COCTAaB TPYHTOB, HAYAIbHBIE BJIAKHOCTH,
3HAYEHUs] MUHEPAJIU3AIUU TIOPOBOTO PACTBOPA, TEM-
mepaTyp u pesKMMOB TPOMOPAKMUBAHUS TTO3BOJIHIIH
CMOJIEJTUPOBATD HIMPOKUIT AUATIA30H PEATbHBIX YCJIIO-
B, 00y CJIOBIMBAIOIINX KPUOTEHHOE CTPOEHUE MOP-
CKUX OTJIOKEHUHN aPKTUIECKOTO TOOEPEKDSL.

BINAHUE MUHEPAJIbBHOTI'O COCTABA
1 HAYAJIbHOM BJIAKHOCTU TPYHTOB
HA MX KPUOTEHHOE CTPOEHUE

B o6pasiax kaosmHa Mpu 3HAYEHSIX Ha9a bHOT
BJIQKHOCTH GOJIBIIIE TTPEJIesia PACKATBLIBAHWS U MEHb-
1€ [IPeJiesIa TEKYYeCTH TPYHTBI COIEPKAT B OCHOBHOM
PBIXJIOCBSI3aHHYIO Bo/y. Ee Murpartust k bpoHTy mpo-
Mep3aHusa uMeeT OOoJIbIoe 3HaYeHue s hopMu-
pOBaHUsT KPUOTEHHbIX TeKCTYpP. B pesyibrare dop-
MUPYIOTCS TOPU3OHTATBbHO-CIOUCTBIC KPUOTEHHBIE
tekctypbl (puc. 6, I, a). B HuxHeil yactu 06pasios
BO3HUKAET 30HA UCCYTIEHNS C MACCUBHON KPHOTEH-
HOIT TeKcTypoil. B BepxHell yacTyt 06pasIioB JbKc-
TocTh gocturaet 50—60 %.

[Tpu yBemyeHNM HaYaTbHOM BJIAKHOCTH /10 3HA-
YeHWH, GIM3KUX K IPEJIETY TeKYUeCTH, HAPSLY C PhIX-
JIOCBSI3AHHO 3aMeTHYIO POJTb HAUMHAET UTPATh CBO-
60/HasT BOJIA, YTO IPUBOAUT K U3MEHEHUIO TUTIA JIB/I0-
obpasoBanus. BeaymumM mporeccoM, Kak v MpH
MeHbIIIeN BIAKHOCTH, SIBJISIETCS MUTPAIIUS CBS3aH-
HOH Bo/bI K (pponTy TpomMep3anusi. OTHOBPEMEHHO,
XOTsI M B MEHBIIIUX MacIiTabax, 3a CUeT HAJIMIHS CBO-
GOTHOI BOZIBI TPOUCXOIUT POCT IJIACTHHYATHIX KPHC-
TaJLIOB Jibjia. OHU IPOPACTAIOT B T1y0Ob IPYHTA B BUIE
JIEITHBIX CYOBEPTUKANBHBIX U HAKJIOHHBIX HIJIHPOB,
ornepeskast IPOABUKEHIE 00111ero GpoHTa IpoMep3a-
aust. TermronpoBOAHOCTD Jbla TOPaso GOJbIIeE, YeM
Y BJIaKHOTO TPYHTA, TI0ITOMY CYOBEPTHKANBHBII JTe-
JISTHOT TP, TIPOPOCHINI B 06J1aCTh TAJIOTO TPYHTA,
CTAHOBUTCS JIOKAJbHBIM IIEHTPOM OXJAKAEHUS W
abpoobpasosanus [[lymckuii, 1955]. 1o nckaxkaer
00LI1iT MUTPALMOHHBII II0TOK, HAIIPABJIEHHbII B CTO-
poHy OoJiee HU3KHUX TeMItepaTyp. YacTh MUTPAIIUOH-
HOTO TIOTOKA OTKJIOHSETCS K MOBEPXHOCTU KPUCTAJIIA
Jabna, focrpanBasd ero [Komapos, 2003]. Coueranue
MIPOIECCOB POCTA CYOBEPTUKAIBHO OPUEHTHPOBAH-
HBIX MIJIUPOB Jibja (3a cUeT HaJudus CBOOOAHOMN
BOJIbI) Y TOPU3OHTAIBHBIX MIIUPOB (32 CUET MUTPa-
LUK CBSI3aHHOI BOJBI K (DPOHTY IIpoMep3aHust) 00y-
CTIOBIUBAET GOPMUPOBAHNE CETUYATHIX KPUOTEHHBIX
TEKCTYP B KaosuHe | Xumenxos, bpywxos, 2003.

[Tpu yBesinyennn Ha4aIbHOM BJIAKHOCTH /10 3HA-
YeHUit, B 3 pasa MPEBbIIAIONINUX TPeies TEKYUeCTH,
MeXaHU3M JIbJ000Pa30BaAHUS ¥ TUIl KPUOTEHHOTO
crpoenust Mengiored (cM. puc. 6, I, ). B Bepxweii uac-

3HayeHUs HayaJIbHBIX BeCOBBIX BiaxHocTeil (W)
u Temieparyp npomopakusanus (1) mopon

ITopona Wy, % Tf, °C
Kaosmmn 165 —4
106 -6
50 -6
40 -6
CpennernuieiictoienoBast 137 -6
MOpCKas IJInHA 199 4
52 -6
43 -6
CoBpemeHHble MOpPCKUE 128 -6
T 55 6
39 -6
30 -6

TH 00PasIoB, T/ie JbAUCTOCTD gocturaet 70 %, Jb10-
o0OpasoBaHuUe CXOJHO ¢ POCTOM KPUCTAJLIOB B CyC-
MeH3UU WU pacTBope. [pyHTOBBIE YacTHIIBI TTepe-
pacrpeziesisIioTcs COTJIACHO BHYTPEHHEH CTPYKTYpe
chopMupoBaBIUXCS KPUCTALITOB (cM. puc. 3). ['pyH-
TOBBIE BKJTIOUEHUS B BUJIE TIIIOCKUX TITACTUH TOJIITH-
HOI 10 1-2 MM YepeayioTcs ¢ MPOCJOSIMU JibJa.
B mukHeil yact 06pas3ioB (hOPMUPYIOTCS ceTYaThie
KPUOTEKCTYPbI, 0COOEHHOCTH (hOPMUPOBAHUST KOTO-
PBIX PACCMOTPEHBI BbIIIE, ¢ TPeodIaaHeM BePTH-
KaJIbHBIX IIJIMPOB, JBIAUCTOCTb 3/€Ch COCTABJISACT
20-30 %. Ob1itee iepepacipe/iesieHre TOPOBOI BOIbI
B 06pasiie Mpu IPOMeP3aHUN HE3HAUUTETHHO.

KpuorenHnoe crpoeHne MepaJbix 06pasiios co-
BPEMEHHBIX MJIOB TH/IPOCIIOIUCTOTO COCTaBa IIPAKTH-
YeCKM OJHOTUITHO, B HUX MPE0OIaAt0T BEPTUKAIb-
HbIe 1 cyOBepTHKAIbHBIE TUPEL (eM. puc. 6, IT) [ Xu-
menkos, bpywixos, 2003]. Toamuna NIIMPOB 3aBUCUT
OT HAYaJbHON BJIAKHOCTH U KOJEOIETCSA OT poJieit
MUJIIMeTpa (P MUHUMATBHBIX BIAKHOCTSX) 110
1-2 MM, IiHA TIMPOB u3Mensiercs ot 2—3 o 12—
13 cM, oTaespbHbIE TIJINPBI TPOPACTAIOT CKBO3D BECH
ob6paszeil. JIbAUCTOCTD TPOTIOPIIMOHATEHA HAYATbHOT
BJIAKHOCTH U MensteTcst ot 2—5 % (cm. puc. 6, 11, @) no
60-70 % (cm. puc. 6, 11, ¢). Ilepepacmpenenenus
BOJIBI B BEPTUKAJTHLHOM HAIIPABJIEHUN MTPU TTPOMEP3a-
HUW He HabI0/1a710Ch (32 UCKII0YEHNEM 06PasIioB ¢
BJIAKHOCTDIO, B 2—3 pa3a MmpeBbIIIatoniell mpeest Te-
KyuecTn). B aTuX cydasx mponcxoanuT NHTEHCUBHOE
IPaBUTAIMOHHOE PACCIOCHUE CYCTIEH3UH, C OCAXK/IE-
HUEM MUHEPATbHBIX YaCTUI[ ¥ BbIEJCHIEM 00bheMa
cBo6OHOI BB, [Ipu mpomepsanuu popmMupyercs
CJIOHH 3arPSI3HEHHOTO JIb/IA € OOJIBITUM KOJIMYECTBOM
MUHEPaJbHBIX TIpUMecell (BepXHsist 4acTh 00pasiia,
cM. puc. 6, 11, 2). ccaegoBanus nmokasasiu, 4To Kpuo-
reHHOE CTpoeHne 00PA3IOB COBPEMEHHDIX UJIOB aHa-
JIOTUIHO KPUOTEKCTYPAaM MEP3JIBIX MOPCKUX OCA/IKOB,
BcTpevalomuxcs B npupoje [ Ycos, 1967; Kamaconos,
IIyoos, 1972].

B o6pasiax cpeaHerieficToineHoBOH MOPCKOI
TJIMHBI MOHTMOPHUJLIOHUTOBOTO COCTaBa Tiepepacipe-
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Puc. 6. Kpuorennoe crpoeHue rpyHTa pa3jiMyHOro BellleCTBEHHOIO COCTaBa IIPH Pa3HOii HayaIbHOIl BeCOBO
BJIQ’KHOCTH:

I - xaomun (W, %: a — 50,6 — 106, 6 — 165 %); 11 — coBpemenHbie wibl ruapocomctoro cocrasa (W, %: a — 30, 6 — 39, 6 — 55,
¢ — 128); 111 — cpemmenmecTONEHOBbIE MOPCKIE TINHBI MOHTMOPUIIIIOHITOBOTO cocTasa (W, %: a — 43, 6 — 52,6 — 122, 2 — 137).
@oto A.H. Xumenkosa.
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JIeJIeHIST BJIQKHOCTH B ITpoIiecce IIPOMep3aHus He Ha-
6uroaock. TIpu Beex HavyaIbHBIX BJIASKHOCTSIX (hop-
MUPOBAJINCH ceTYaTble KPUOTeHHbIe TEKCTYPbI (CM.
puc. 6, IIT). Pazmep rpyHTOBBIX s4eeK U JIeJISTHbIX
HTUPOB 06paTHO MPOMOPIMOHAIEH HAYyaJlbHOU
BJIKHOCTHU. [Ipr MUHUMATBHOM HAYaIHbHON BJIAXKHO-
CTH pa3Mep rPYHTOBBIX stueek cocTasisier 10—15 mMm,
a pa3Mep HITUPOB Jibjla — 2—3 MM. [Ipu rocTuzkenun
MaKCUMAaJIbHOM BJIQKHOCTH Pa3Mep IPYHTOBBIX SUeeK
yMeHnblaeTcs 10 2—3 MM, a TOJIUHA IIJIUPOB JIbja
110 joJsielt MusinMerpa. IIpy sHayeHusaxX BaaXKHOCTH
HIKe BEPXHETO Ipejesia MIacTUYHOCTH epepac-
npejieJieHre BOJBI B IIpollecce IMPOMeP3aHus He OT-
Medasoch. TOTbKO TTPU HAYAJBHBIX BIAKHOCTSIX, B
2—3 pasa npeBbIIIAIOIINX IIPe/ies TEKY4YeCTH, B IIPO-
1ecce IpoOMep3aHus 3a CYeT TPABUTAIIMOHHOTO pa3/ie-
JIEHWST BOJIbI 1 TPYHTOBBIX YACTHUI[ B BEPXHEH yacTh
006pasIoB BLIAETIICS CI0H CBOOOXHON BOABI (CM.
puc. 6, I11, 2). IIpu ux npomepaannu GopMUPOBAINUCH
CJION JIbjia ¢ OOJIBIINM COJIEPKAHUEM TIPUMECEN.

BJIMAHUE 3ACOJTEHHOCTHU IT'PYHTOB
HA NX KPUOTEHHOE CTPOEHUE

B nesacosennbix oOpasiax KaoauHa (HauajabHast
BJIAJKHOCTh BO Bcex oOpasiuax kaouanra 50—60 %)
(hopMUPYIOTCSI CTOUCTBIE KPUOTEHHBIE TEKCTYPHI (CM.
puc. 6, I, a). Haunnas ¢ 3acomnennoctu 0.05 %, npn
o01eM npeobaagaHuu CJIOUCTBIX TEKCTYP HOSBJIA-
I0TCS OTZle/IbHBIEC BEPTUKATbHBIE TIJIUPHI (puc. 7, a).
[Tpu yBenmmuenun 3aconennoctu ¢ 0.05 mo 0.25 %
(opmMupyIloTCs ceTyaThie KPUOTEHHBIE TEKCTYPHI C
yBEJTMUEHUEM JI0JIH BEPTUKATBHO OPUEHTHPOBAHHDBIX
npocaoek (cMm. puc. 7, 6). Ob1ast ToJIMHA TPOCI0EK
Jibjia pu 3TOM yMmenbinaercs. [Ipu 3acomennn 0.5—
1.8 % B KPHOTEHHOM CTPOEHUH MEP3JIOTO TPYHTA Ipe-
00J1a1a10T BEPTUKAIBHO OPUEHTUPOBAHHbIE LHLINPHI
(cMm. puc. 7, 8, 2) [ Xumenxos, Munaes, 1990].

B cyrimnkax, 0oTOOpaHHBIX B paifoHe moc. AM-
JepMa, MUHEPAJIOTHYEeCKU COCTAB TJIMHUCTHIX Yac-

TUIL IPEUMYTIECTBEHHO TUPOCTIOANCTLIN. B mHTEp-
Baste 3acosenus 0—0.3 % mocie nmpomepaanust (op-
MUPOBAJIACH CTOUCTO-CeTIATAT KPUOTEKCTYPa, TTPH
9TOM HabBJIIOIATIOCH TIPe0dIalaHue TOPU3OHTATBHBIX
JIeISTHBIX cJI0eB. [PYHT MPOYHO 1eMEHTUPOBAJICS
apnom. [Ipu 3acomenuu 0.4—1.0 % xpuorennoe cTpoe-
HUE 3aMeTHO MEHSTIOCh. BMecTe ¢ yBesimuenneM 3aco-
JIEHHOCTH BO3PACTAJIA [[0JISI BEPTUKAJIbHBIX HLINPOB,
MIPU 9TOM pa3MepPhI JeSTHbIX 2JIEMEHTOB yMEHbIIIa-
siuch. TpyHT ObLI c1abo CIIEMEHTUPOBAH, JIETKO KPO-
muica B pykax. B nnrepsase 3aconennoctu 1.0-
1.5 % nenstabIe TPOCTONKY pa3anyach mroxo. [Ipe-
obaany HUTEBU/IHBIE KPUCTAJIbBL JIbJA, a TAKIKE
OTJIe/IbHBIE M30METPUUYHBIE KPUCTAJIIBI PAa3MEPOM
1-2 mMm. TpyHT gaxke mpu caaboM HaKaTHH JIETKO
kpoumics. B obpasnax ¢ 3aconennoctbio 6ogee 1.5 %
rpu Temiieparype rnpomopaxkuauus (—4 °C) abjo-
00pa3oBaHUsT HE TPOUCXOIHIIO.

B GenronuTe yBemueHne HadyaJdbHON 3aCOJEeH-
HocTH OT 0 710 1.15 % mpakTUYeCcKu He TOBIMIO Ha
(hopmupoBanue kpuoreHHOTO cTpoeHusA. Kprorekc-
Typa BO BCeX CJAydYasiX 0CTaBaJach CeTYATOH, IPH
9TOM YBEJUYUBAJIACH J0JIST BEPTUKAIbHBIX IILJIUPOB
sbaa. OHOBPEMEHHO C YBEJIUYEHUEM 3aCOTEHHOCTH
YMEHbBIIATACh IPOYHOCTH MEP3JI0ro rpyHTa. MuHepa-
JIOTHYECKIiT cocTaB GEHTOHUTA TIPEUMYTIECTBEHHO
MOHTMOPWJIJIOHUTOBBIN, MOITOMY W KPUOTCHHOE
CTPOEHUE ero AaHAJOTMYHO CTPOEHUIO MOPCKOII cpe/I-
HETIEeHCTOIeHOBOH riiHbI (eM. puc. 6, I11).

B mokpoBHOM SIMATbCKOM CYTJIMHKE (MIPEUMY-
MIECTBEHHO TUPOCIIOUCTOTO COCTaBa) MPU 3aCO-
sgennoctu ot 0 10 0.3 % dopmupoBanuch cI0uCTO-
ceryarbie Kpuotekctypol. [Ipu 3acomenun 0.3-1.5 %
KPHUOTreHHas TEKCTYPa CTAHOBUJIACH BEPTUKAJIBHO-
MIJTUPOBO.

B o6pasiax cOBpeMEHHBIX 3aCOJIEHHBIX UJIOB
nepepacripe/iesieHre OPOBOii BOIbI TIPU OJIHOCTOPOH-
HEM MPOMepP3aHuK He 0TMedanoch. DOpPMUPOBAIUCH
BEPTUKAIBHO-IIIJINPOBbIE KPUOTEHHBIE TEKCTYPBL.
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Puc. 7. U3menenue KPHOT€HHBIX TEKCTYP B KaOJIMHE B 3aBUCUMOCTHU OT HavyaJIbHOH 3aCOJIEHHOCTH 06p83].l0B:

a—0.05%;6—0.25 %; 6 — 0.5 %; 2 — 1.5 %. Temneparypa npomopaskusanus Ty= -6 °C, navanpnas BraxuocTs odpasinos Wy = 46 %.
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B o6pasiiax MOPCKO MIMHBI MOHTMOPUJLIOHK-
TOBOTO COCTaBa MepepachpeieIcHNs BAAKHOCTH B
mporfecce TPoMep3ans He Habmoxamo0ch. Dopmipo-
BAJINCD CETYATHIE KPUOTEKCTYPBI.

YkazaHHas CBSI3b KPHOTEHHOTO CTPOEHUS C 32C0-
JIEHHOCTBIO OCAIKOB ObIJIa YCTAHOBIEHA AaBTOPAMH U B
ectecTBeHHBbIX ycaoBuax. A.H. XUMeHKOBBIM U
b.H. llemmabiM B 1986—1988 rr. n3yyannuch MHOTO-
JIeTHEMEP3JIble OTJIOKEHUST JATYHHOIO KOMILJIEKCA
(CyrJaMHKU THAPOCJIONUCTOTO COCTAaBa) B paiioHe
noc. Amiepma Ha 1mobepeskbe Kapckoro mopst. TToary-
YEHHBIE MATEPUAJIbI TO3BOJUIIA BBIABUTD HEKOTOPDIE
KOJIMYECTBEHHBIE CBA3U 3aCOJIEHHOCTU OCAJIKOB € X
KPUOTEHHBIM CTPOEHUEM (TeMIepaTypa rpyHTOB Ha-
Xoauaach B auamnazone ot —3 1o —6 °C). B cyrimmakax
€ 3ac0JIeHHOCTBIO 710 0.2 % 1 BIIasKHOCTDIO /10 24 % Ha-
GJIIOIANTICH CTIOMCTBIE KPHOTEKCTYPhI, MUHEPATIbHbIE
YaCTUIBI OBLIN CIIEMEHTHPOBAHBI JIbAoM. [Tpn 60.1b-
IIeif 32aCOJIEHHOCTU I'PYHTOB KPUOTEHHOE CTPOEHIE
pesko MeHstioch. [Ipu 3acomennoctu cbiie 0.8 % u
BaaskHocTH 28—51 % KpHOTeHHbIE TEKCTYPBI He (op-
MUPOBAJIUCH ¥ JIeJl He TIeMEeHTUPOBAJ MIHEPAIbHbIE
gacruiipl. [losyyanu pazsutuie oTiesibHble KPUCTAI-
JIBI WJIA THE3/1a N30METPUYHBIX U BBITSHYTBIX UTOJIb-
YaThIX KPUCTAJJIOB Pa3MEePOM B HECKOJIbKO MUJIITH-
MeTpoB. CyrIMHKYA UMEJIN MaJIyl0 MEXaHUICCKYTO
MIPOYHOCTD, JIETKO Pa3TaMbIBATUCh PyKaMu, OHU CO-
XPaHSJIN NJIACTUYHYI0 KOHCUCTEHITNIO JTaske B Mep3-
JioMm coctosinuu. B meckax 3acoserrocTsio 0.1-0.2 %
u BBIIIe GOPMUPOBAIACH MACCUBHAS KPUOTEHHAS
texcrypa. [Ipu 3aconenun 0.3—1.8 % u BbIIe mecku
pu Temmeparype ot —3 1o —6 °C HaxozsTCA B T11aC-
TUYHOM WJIM TEKYYeM COCTOSTHUU, (POPMAJIbHO SIBJISI-
sICh MEP3JIBIMU, [TOCKOJIbKY B HUX PAa3JUYUMBbI OT-
JleJTbHble KPUCTAJLIBI JIbJIa PA3MEPOM B HECKOJIBKO
MUJILTUMETPOB [ Xumenxos, [lewun, 1992].

[IpoBenennble nccaeI0OBAHNS TO3BOJNIIN yCTA-
HOBHUTH HEKOTOPbIE KOJUUECTBEHHBIE 3aBUCUMOCTH
MUTPAITIU TTOPOBOH BOJIBI OT 3aCOJIEHHOCTH TIPH OJI-
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Puc. 8. 3aBucuMocTb BeJIMUMHBI TIepepacipeieieH s
BaaxkHoctu (W; — W) or HauaJbHOI 3aCOJIEHHOCTH
Z IPH OTHOCTOPOHHEM TIPOMOPAKMBAHUN 0OPA3IOB
KaoJIMHA.

W;, W, — BecoBasi BJIaKHOCTD JIBAUCTOI 30HBI (BEPXHA YaCTb

00pasIoB) U 30HbI HCCYHIEHUS! (HUKHSIS 4acTh 00PasIoB) COOT-
BETCTBEHHO.
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HOCTOPOHHEM IIPOMEP3aHUU TPYHTOB PA3TMUYHOTO CO-
craBa. [/l Bcex MCIOb30BaHHBIX B AKCIIEPUMEHTAX
IPYHTOB HAOMIOaeTCsA 001Iast TEHAEHIINS, BHIPasKAIO-
masicst B 0Caa0JeHI MUTPAIIMOHHOTO TOTOKA TIPU
yBesmuenun 3aconernoct. Ha puc. 8 mpencrasiens
Pe3yJIbTaThl MCCIEI0OBAHNI BIUSHUS 32COJIEHHOCTH
Ha IepepacmpeiesieHre ITOPOBOI BOBI ITPH OJTHOCTO-
POHHEM [TPOMeP3aHIH KAOJUHOBOI IIUHBI (TeMIiepa-
Typa npoMopaxkuBanug —6 °C) ¢ HauaabHO BIaKHO-
¢TbI0 0K0J10 40 % (B 06J1ACTH ILIACTUYHOIO COCTOS -
Hus). B xauecTBe mokasaTesist, XapaKTepu3yomuiero
UTOTOBOE Ilepepaciipe/iesienrie IOPOBOIl BOJIbI, ABTO-
PBI UCIIOJIB30BATN PA3HOCTb 3HAYEHUH CyMMapHOU
BJIAKHOCTHU MEK/y BepXHeil, HauboJiee JIbIUCTOM, U
HYDKHE, MCCYIIeHHOM 30HO0i Mepaibix 06pasios. Ta-
KMM 00pa3oM yIaJI0Ch IpoaHalu3upoBarh oblee us-
MeHeHWe HA4YaJbHOM BJIAKHOCTH B XO/I€ OJTHOCTOPOH-
Hero mpoMep3aHus. Biusiaue 3acoeHHOCTH HA M-
rparuio mOpoBOl BOJIbI KpaitHe HeoHOPOaHO. [Ipn
sacostennoctu 0-0.05 % ato Baugnue naubosbliee,
pasHUIa 3HAYeHNH BIasKHOCTH cocTaBisieT 70—80 %
(1py UBMEHEHNHU 3aCOJIEHHOCTH Ha OJTHY COTYIO MPO-
I[EHTa BIAKHOCTh MeHsieTcs Ha 14 %). [Ipu 3acosen-
noctu 0.05-0.25 % pasuuIia 3HaYeHNH BIAKHOCTH
cHmkaercst 10 60 % (M3MeHeHMe 3aCOTEHHOCTH Ha
0.01 % usmensiet BiakHOCTD Ha 3 % ). [Ipu 3acosen-
noctu B quanasone 0.5-1.8 % BIaKHOCTH MEHAETCA
Ha 20 % (u3menenue 3acojiennoctu Ha 0.01 % npuso-
JINT K U3MEHEHNIO BIKHOCTH MeHee ueM Ha 0.2 %)
(cM. puc. 8) [ Xumenxos, Munaes, 1990).

OBCY/KJAEHUE PE3YJIbTATOB

[IpoBenenuble sKCIIEPUMEHTHI TTOKA3AJH, YTO
MIPU BIQYKHOCTSX, IPEBBIIAIONTNX MTPEIE] TEKYUECTH,
MUHEePaJbHbIl COCTAB TPYHTOB B (pOpMUPOBAHUU
KPUOTEHHOTO CTPOEHUSI UTPaeT BTOPOCTETEHHYIO
poab. [Ipn HA9aTBHBIX BIAKHOCTSX, B 2—3 pasa mpe-
BBITIAIOIINX BEPXHUH MPeJlesl TEKYUeCTH, Bey UM
[IPOIIECCOM SIBJISIETCS TIepepaciipe/iesieHne TPYHTO-
BBIX YACTHUIL PACTYIIUM KPHUCTAIIOM Jbaa. OH nin
pachpeessieT TPYHTOBbIE YaCTUIIBI BHYTPH celst, Win
BBITAJIKUBAET UX K CBOUM rpanuiiam. [Ipumecu BHyT-
PU KpUCTaLIa Paclpeae/sioTcs MapalieJbHo Gasuc-
HBIM 110cKOCTSIM. [Tpu aTom hopmupyetcst cioncroe
CTpOeHUe KPUCTaJIa, TOUHEee KpucTajjoarperara.
Korya navasnbhas BIasKHOCTb YMEHBIIAETCS, HO OCTa-
eTCs BbIlle TIpejiesia TeKyuecTu, (QOPMUPYIOTCS BeP-
THKaJbHO-IIIMPOBBIE KPUOTEKCTYPHI. B 0boux ciry-
Yyasgx 7 pocTa JeJSTHbIX KPUCTAJJIOB OTPeIesio-
MM SIBJISIETCSI HaJIMune CBOOOHOI BO/bI B IPYHTE.

[Ipu ymenbiieHun Ha4aJIbHOU BJIAKHOCTH O
3HAYEHWH, COOTBETCTBYIONINX TIPe/ey TeKy4ecTn U
HIIKe, OTIPE/IEISTIONTY 0 POJib B (hOPMUPOBAHUHN KPHO-
TeHHOTO CTPOEHUs 0CA/IKOB HAUMHAET UTPATh Bellle-
CTBEHHBII cOCTaB rPyHTOB. {1 KaosiHa IPU JIaHHON
BJIAXKHOCTHU XapPaKTEePHBI CeTUyaTbie KPUOTEKCTYPHI,
copmupoBaBiecs 3a cYeT ABYXCTAAUHOTO POCTA,
JIISI COBPEMEHHBIX UJIOB I'MJIPOCIOIUCTOTO COCTABA —
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CJIOUCTBIE W CETYATBIE KPUOTEKCTYPBI 32 CUET POCTA U
nepeceyeHust CyOBEePTUKATBHBIX IITHPOB.

B MopcKoii riimHe MOHTMOPUJIJIOHUTOBOTO CO-
cTaBa B MIUPOKOM JMalla30He HAYaJbHBIX BJIAKHO-
creit popMUPYIOTCS ceTyaTbie KPUOTEKCTYPHI. Jlan-
HBII [IpoIiece 0OYCIOBJIEH CHHEPE3UCOM, TP KOTO-
POM IIPOUCXOAUT 0OPA3OBAHUE TPYHTOBBIX YIIJIOTHEH-
HBIX arperaTtoB ¢ BbIJeJeHUEeM BOJIbI MEXIY HUMHU.
Yewm 6oJibllie HaYATbHAS BIAKHOCTH OCAIKOB, TEM
HWHTEHCHBHEe 00PasyIoTCsT TPELIMHBI, IPU 00IIeM He-
3HAUNTEJIbHOM YMeHbIeHnn oObeMa rpyHTa [[opvko-
6a, 1965]. B oxsiask/IeHHbIX MOPCKUX OCAJIKAX TIPOIEC-
CBbI CHHEpE3uca MPOTEKAT OoJiee UHTEHCUBHO, YeM
MIPU MOJIOKUTENBHBIX TeMIieparypax [ Macnos, 1988].
CdopMmupoBasiasicsi CETh TPEUUH IPOHU3BIBAET T10-
poay emle 10 Hadaja JabgooOpasosanusa [Epuwos,
2002]. B xoie ipoMep3aHus Jib/IOBbIJIEJIEHIE IPOUC-
XOJIUT B EPBYIO OUepelb B 00Pa30BaBIINXCS TPEIIN-
Hax, IIPU 3TOM (POPMUPYIOTCS CETYATHIE KPUOTEKCTY-
pot [Xumenxos, 1985; Xumenxos, bpywxos, 2003].

B o6pasiiax coBpeMEHHOI0 Jia THAPOCIIOIICTO-
0 cOCTaBa B OOJIBIINX IMAMA30HAX HAYATbHBIX BJIAK-
HOCTEeI KPUOTEeHHOe cTpoeHne (hOPMUPYIOT JIeIsTHbIE
[IJIMPbI, UMEIOIIe BEPTUKAIBHYIO U CyOBEPTHKAIIb-
HyT0 OpreHTHPOBKY. [lepepaciipenenrenue BaaKHOCTH
[IpU MPOMEP3aHUN He3HAYUTETbHO. /lanHas crenu-
(buka JIbIOBBIIETICHIS B UJIAX ONPEESeTCs PEKIe
BCETO UX BBICOKOW 3aCOJIEHHOCTBHIO.

Benymuii mpotiecc mpu mpoMep3aHuu rpyHTOB —
MUTPAINS CBS3aHHON BOJIBI K (DPOHTY IIPOMEP3AHMS.
[Tpu sTOM (hopMUPYIOIIHECS KPUOTEKCTYPHI SIBJISIOT-
¢ OCHOBHBIM TIOKa3aTesieM ycjaoBuii murparuu [Ilo-
106 u dp., 1985]. B Hamux omnbiTax AaHHBIN IPOIECC
Urpajl 3aMEeTHYIO POJIb TOJIBKO JIJIst He3aCOJIeHHbIX 00-
PAasIlOB KAOJIMHA TIPU 3HAUYECHUSIX HAYaJIbHBIX BJIAsKHO-
cTell MeHee Tpeiesia MIACTUYHOCTH. 3acoJIeHre TPy H-
TOBBIX 00PA3II0B OKA3BIBAET CYIIECTBEHHOE BIUSTHIE
Ha MPOIIECCHI, TPOUCXO/ISIINE B HUX ITPU ITPOMep3a-
Huu. BogopacTBOpUMBbIE COTH, K KOTOPBIM OTHOCUTCS
XJIOPUCTBIN HATPUH, B3AUMOJIEUCTBYSI C TIOPOBOH BO-
JIOH, 06PasyIoOT BJIEKTPOJIUT, KOTOPDIT 1e30PUEHTH-
PYET MOJIEKYJIbI PBIXJIOCBSA3AHHON BOJIbI, DOPMHUPYIO-
mue 000J0UKY TPYHTOBBIX yactuil | Erosckas u op.,
1966]. I1pn mpomep3aHnu 3TO MPUBOUT K TOMY, YTO
B 3aCOJIEHHBIX TPYHTAX TOHMIKAETCST POJIb TLJIEHOUHO-
ro MeXaHu3Ma MUTPAIUU CBSI3aHHOW BOJBI, a caMa
MuUrpaius ociaabesaer. B aTux yciaoBusx poct Kpuc-
TAJIIOB OCYIIECTBIISIETCS TaK JKe, KAK OH MPOUCXOUT
B ¢B06GO1HOM Boze. Cpeiv BOSHUKAIOIIMX TIEPBUYHBIX
KPUCTAJJIOB JIbJIa B CUJTYy aHU30TPOTTUU POCTA TIPEH-
MYIIECTBO TMOJIYYAIOT KPUCTAJIBI, OPUEHTUPOBAHHbIE
6a3MCHBIMU MJIOCKOCTSIMU MEPIEHIUKYJISPHO PPOH-
Ty HpoMepsanusd. B gaHHOM ciydyae HabirogaeTcs
CXOJKECTh TPOIECCOB JIbI00OPA30BAHMS B 3aCOJIEH-
HBIX TPYHTAX Pa3HOrO COCTaBa U MOPCKOIT BOJIE.

KpuorenHoe cTpoeHue OTIOKEHUN Ha KOHTAKTe
C MPUTIAHHBIM JIb/IOM B TIPUPO/IHBIX YCIOBUSIX aHAJIO-
TUYHO CTPOEHUIO 3aCOJEHHDBIX BIATOHACHITIIEHHDBIX

IPYHTOBBIX 00Pa310B, KOTOPbIE IPOMOPAKUBAIICH
yepe3 cJI0M MUHEpaTN30BaHHON BOABI. PazBuBatoTcs
cyOBePTUKAJIbHO OPUEHTUPOBAaHHbIE HLIUPBI, IIepece-
YeHne KOTOPBIX (POPMHUPYET CeTUaThbie KPHOTEHHbIE
TeKCTypbl. Pazimune MUHEpaJbHOTO COCTaBa HECYy-
MIECTBEHHOE, TPYHT HE TIEMEHTUPYETCS JIBIOM TIPH
OTPUIATEILHOI TeMIIepaType, FPYHTOBbIE YACTHUI[bI
JIETKO C/IBUTAIOTCS TPU HECUJIBHOM HAKATUM.

3AKJIOYEHUE

[IpoBenerHbIe MCCTETOBAHNS TTO3BOJIIIH BbISI-
BUTH HEKOTOPbIE 00IINE 3aKOHOMEPHOCTU BJIUSTHIIS
HaYaJIbHBIX BIAKHOCTU W 32COJIEHHOCTH PAa3TUYHbBIX
rPYHTOB Ha (hOPMHUPOBAHNE UX KPUOTEHHOTO CTPOE-
HUST TIPY OHOCTOPOHHEM TTpoMep3anun. [1pu Biaaxk-
HOCTSIX 0OJIbIIIE HIJKHETO Mpejiesia MIaCTUIHOCTU U
MEHbIIIEe IpejieJia TEKYIeCTH B He3aCOJIeHHbIX 00pas-
1ax (opMuUpoBaINCh KPUOTEHHBIE TEKCTYPbI, 00Y-
CJIOBJIEHHBIE COCTABOM TPYHTOB: B KaOJMHE — TOPH-
30HTAJBHO-CJIOUCTHIE, B MOPCKON TJIMHE MOHTMO-
PUJJIOHUTOBOTO COCTaBa — CeTYaTble, B CYrJIMHKAX
THIPOCITIOIUCTOTO COCTaBA — CJIOUCTO-ceTYaThie (IIpH
npeobaaiuu BepTuKaibHbIX cjaoes). [Ipu yBesu-
YEHUHU BJIAKHOCTH OOJIbIIIe BEPXHETO Mpejiesia TIac-
TUYHOCTH, a TaKKe MPU YBEJUUEHUN 32COJIEHHOCTH
BO3pacTaeT J0Jisl BEPTUKAIBHO OPUEHTUPOBAHHDIX
ILTUPOB.

B xo0/1¢ 9KCIIepUMEHTOB OBLJIN BBISIBIEHBI HEKO-
TOPbIE KOJIMYECTBEHHbIE COOTHOIIEHUST MEXK/y Ha-
YaJbHON 32COJIEHHOCTBIO TPYHTA, €0 KPUOTeHHBIM
CTPOEHUEM U TIepepacipeiesieHueM TOPOBOI BOJIBI B
mpoilecce mpoMep3anus. B HezacomeHHbIX 0Opasiiax
KaoJmHa (hOPMUPYIOTCSI CIIOUCThIE KDUOTEHHbIE TEKC-
Typbl. Pasuuiia 3HaueHuil BECOBOU BJIaKHOCTH
JIBINCTON U UCCYIIEeHHON 30H cocTaBisieT 70—80 %.
Hauunag ¢ saconennoctu 0.05 %, npu ob1eM mpeos-
JIAJIAHWY CJIOUCTBIX TEKCTYP TOSBISIOTCS OT/E/IbHbIE
BepTHUKaJIbHbIE NIUPLL. [Ipy yBenueHun 3acoyen-
noctu ¢ 0.05 no 0.25 % dopmupyloTcs ceTyaTbie
KPUOTEKCTYPHI C YBEJIMINBAIONIENCS 0JIe BepTu-
KaJIbHO OPUEHTHUPOBAHHBIX NITUPOB. [lepepacmpee-
JIeHKe BJIaKHOCTH B oOpasiie mocje mpoMep3aHust
ymenbiaercst 10 60 %. [lpu 3aconenun 0.5-1.8 % B
KPHOTEHHOM CTPOEHUE MEP3JI0TO IPYHTA Tpeod iaja-
eT cyOBepTHKaJbHASA OPUEHTUPOBKA JIeAAHBIX LILIU-
pos. Ilepepacupesesienre BIaKHOCTH COCTABJISIET
30-40 %.

YcTaHoBIeHa CXO0KeECTh MTPOIECcCcOB HOPMUPO-
BaHWS KPUCTAJIJIOB JIbJIa U3 PACTBOPOB U CYCIIEH3UI.
W B TOM, 1 B IpyroM ciydae (GOPMUPYIOTCSI KPUCTAJI-
JIOATPETATHI C YEPEAYIOIIUMUCS CTOSIMU YUCTOTO JIb/IA
u npuMecei. [11ockocTn ciioeB mpumeceil n Jib/a ma-
paJLIeJIbHbI 0a3UCHBIM IIJIOCKOCTSM KPHUCTALJI0arpe-
raTos.

Bbuin BbisiBIeHbI 0CO6EHHOCTU (DOPMUPOBAHKS
KPUOTEHHOTO CTPOEHUS MOPCKUX OCAJIKOB B 30HE UX
KOHTAKTa C MPUIANHBIMU JbJaMiu. Mexay mpumnaii-
HBIM JIBJIOM ¥ TIOBEPXHOCTBIO 0Cajika (hopMUpPyeTCs
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CJIOH BOJIBI C OTPUIIATEIBHON TeMIIepaTypoil 1 TOBBI-
IMeHHOoH (110 CpaBHEHUIO C HauaJbHON ) MUHEpaIn3a-
rueit. TommuHa c1ost BOJbI ONIPEEIeTCst COOTHOTIIe-
HUEM MUHEpaJU3allii BOJBI U €e TeMIlepaTypoil.
ToJmuHa c1ost MOKeT KoJe0aThes OT AECATKOB CaH-
THUMETPOB JI0 IoJiell MUJIInMeTpa. B BepxHeil yacTu
0Ca/IKa, IPUMBIKATOIIEI K CJI0T0 BOJIBI, Jiel He (hopMu-
pyercst Win HabIIOAAI0TCs OTACTbHBIC HUTEBUHBIE
Kpucrasibl. Huske pazBUBaOTCS KPUOTEHHBIE TEKC-
TYPBI € IpeobajanueM cyOBepTHKAIBLHO OPUEHTHPO-
BaHHBIX TIJIUPOB.

DopmupoBaHue BHICOKOIbICTBIX TOPH30HTOB B
BepXHEH YaCTH SMUTEHETUYECKUX MEP3JIBIX TOJII
MOPCKHX OTJIOKEHUH TPUHATO 0OBSICHATH MUTPATIU-
el PBIXJIOCBSI3aHHOU BOBI K (PPOHTY MPOMEP3aHUS
[Ay6uros, 2002]. Cienyer yuaecTb, 4TO 9TH OTJIOKE-
HUS UIMEIOT 3HAUUTEJbHOE 3aCOJIEHNE, B HUX TTUPOKO
Pa3BUTHI TJIMHB MOHTMOPHUJIJIOHUTOBOTO COCTAaBa.
IKCIIEPUMEHTHI TIOKA3aJI1, YTO JAHHbIe (DAKTOPBI OT-
PUIATENbHO BIUSIOT HA MUTPAIMOHHBIE CBONCTBA
rpyHTOoB. Habmosaemoe B mpupojie pacnpesesieHue
JIBIUCTOCTHU B DIUTEHETHYECKUX MEP3JIbIX [TOPOIAX
MOPCKOTO TeHe3uca BIOJHE O6BACHUMO THITUYHBIM
pacrpejie;ieHueM BIaKHOCTU B CyOaKBAJIbHBIX OCA/l-
Kax 6e3 MPUBJICYEHUST MUTPAIIUOHHOTO MEXaHU3MA.

Kpuorennoe cTpoeHmne 1MakpuoreHHbIX MHOTO-
JIETHEMEP3JIBIX TPYHTOB Ha apKTHYECKOM Mo0epeskbe
MPEICTABJIECHO MTPEUMYIIECTBEHHO CYOBEPTUKAIBHBI-
MU U KOCOCJOUCTBIMU KPUOTEHHBIMHU TEKCTYPaMHU.
Cunraercst, 9T0 uX hopMuUpoBaHUe 00YCIOBIECHO
GOKOBBIM MPOMEP3AHNEM CO CTOPOHBI MOOEPEKBSI.
BBITSHYTBIE MIJIUPBI PACIIOIATAIOTCS TAPAJIENbHO
dpouty npomepsanus [ Kamaconos, 1962]. Jlanubiii
TUII KPUOTEHHOTO CTPOEHUSA MOJYYeH B Xo/e J1abo-
PATOPHBIX UCCJIEIOBAHUN IIPU TPOMEPIAHIH CBEPXY
3aCOJICHHBIX U BOJIOHACBIIIIEHHBIX TPYHTOB Pa3HOTO
cocraBa 6e3 Kakoro Ol TO HU GBII0 OOKOBOTO BIIHSI-
Hust. ITo MHEHHUIO aBTOPOB, MHOTHE 0COOGEHHOCTH
KPUOTEHHOTO CTPOEHUS TIPUOPEKHO-MOPCKUX OCal-
KOB MOTYT ObITh OOBSICHEHBI OOBIUHBIM [TPOMEP3AHNU-
€M CBepXy BOJOHACHIIEHHBIX 32COJIEHHBIX OCA/IKOB B
YCIIOBUSIX TIEPEMEHHON TIyOUHBI BOZIOEMA.

Pa6oma svinonnena npu punancosoii noooepaicke
PODU (npoexm Ne 17-05-00294).
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