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CIIMCOK JIMTEPATYPBI

BBEJEHUE



B coBpeMeHHON MHKEHEPHOU I€OJIOTUU U I'€OKPUOJOTUMU CYLIECTBYET pPAL
npobieM, CBSI3aHHBIX C OCOOBIMH TpyHTaMu, cjab0 HM3YUYEHHBIMH paHee H3-3a
OrpPaHMYEHHOIO0 PAaCHPOCTPAaHEHUS WM HAXOJAUBIIMMHCS BHE 30HBI OCBOCHMHS.
Cpenu Takux IPYHTOB BBIJEISIOTCS 3aCOJIEHHBIE MEP3JIbIe TUCIIEPCHBIE MOPOJBI.
OHu uMeT 0co0Oble MHKEHEPHO-T€OJOTMUYECKUE CBOWCTBA, OTIMYAIOTCS HU3KOH
HECyIel COCOOHOCThIO M HEYCTOWUMBOCTHIO K TEXHOTCHHBIM BO3AeHCTBUAM. WX
IIPOUCXOXKAEHHUE CBSI3aHO B APKTHUKE B OCHOBHOM C BJIUSHUEM MOPS, XOTSA €CTh U
Ipyrue HUCTOYHUKHU 3aCOJIEHUS. 3aCOJEHHBIE MEp3Jble€ IMOPOABl IMPEJCTABISIOT
co00if 00BEKT HCCIEHOBAHHUS, 3aHUMAIONIMHA 110 MHOTHMM CBOHM CBOKWCTBam
MOJ0XKEHUE MEXJY MEpP3JIBIMU U HEMep3idbiMH nopoaamu. Tak, OoHM coaepxkar
3HAYUTEIbHO OOJbIIEee KOJMYECTBO HE3aMep3IIed BOJABI, YeM OOBIYHBIE MeEp3Jible
NOpOJbI, YTO BMECTE C JAPYTMMH OCOOCHHOCTSIMH HX COCTaBa H CTPOCHHS
onpenaensieT uX ceoeodOpasue.

Pa3zButue 3xoHomMuku Poccuu cBsI3aHO BO MHOTOM C OCBOEHHUEM HOBBIX Me€-
CTOpPOXAeHUN He)TH U raza Ha ApkTudeckoMm nobdepexne CeBepHoro JlemoBUTOTO
okeaHa. TaM pacrnojoXeHbl KUJblE NOCEJIKH U HAXOASATCS KPYIHbIE TPAHCIIOPTHBIE
u apyrue oO0bBekThl. PacmpocTpaHeHHe B 3TOM pPErMOHE 3aCOJIEHHBIX MEpP3JbIX
IIOPOJ OCJOXHAET ero ocBoeHue. HecmoTpa Ha uMewmuecs pe3ylbTaThl,
npobiemMa o0Opa3oBaHHs 3aCOJECHHBIX MEP3JBIX HOPOJ W MX CBOWUCTB Jgalieka OT
pa3peleHus U NPpoJ0KAET OCTAaBAThCA aKTyaJbHOM.

ABTOp OsnaromapeH ToBapuiiaM no pabote Ha AMIEPMHUHCKOW MEpP3JTOTHOM
cranuuu: A.A. Hukonaery, 10.C.Ilerpyxuny, A.JI.[lanunoBy, JI.B.UuctoTuHOBY,
A.H.XumenkoBy, H.®.lpi6unoit, I'.A.Tomuno#t wu gpyrum; npodeccopy
C.C.BsanoBy, aupextopy IITHMNUHNCa B.B.bayauHy u ero co—TpyIHHKaM
10.T.YBapkuny, B..Akcenoy, I'.U./Jy6uxkoBy, M.M.Kopeiime, O.Il.ITaBnoBoii,
N.B.lllelikuny, H.B.NBaHoBOU u IPYTHUM; TJIABHOMY TeoJIOTY
IOXKHUUTUIIPOT a3a I'.I.MaxoHuHy; 3aMecTUTEN0 HauyalbHUKa JlemaprameHTa
Hay4YyHO-TeXHU4Yecko monutuku ['occtpos FO.I'.BocTpokHyTOBY, mpodeccopam u
corpyanuukam MI'Y 3.J.Epmosy, WU.Jl.Jlanunosy, JI.C.I'aparyne, B.H.3aiiuesBy,
JI.H.MakcuMoBOH, K.A.KonapatrbeBoii, O.M.JIucunbiHOM, JI.T.Pomamn,
E.M.YyBununy wu apyrum; coTrpyaHuky Mocrunporpanca B.C.JOxumuyk;
npodeccopy ['.D.0Opumapuss u 3aBeaymmeMy OTAEICHUEM BHUUTI aza
A.M.Cupotuny; 3amecturento aupektopa Dyrmamentnpoekta A.A.Komecony;
pykoBoautensiM nonpasaeneHuil Apktukctpos ['.B.3amnenoBy m HO.A.KocTtuny,
3aBenytomiemy otaeaoM Apktuku Jlea3HUUDIIa 10.4.Bennu u A.H.Spxuny 3a
cojeficTBMEe B MpPOBEJEHUHM pPabOT, COBETHI, 3aMe€YaHUs U MNOAAEPKKY. ABTOp
Takke  mnpusHarteseH  corpyaHukam  MI'Y, ITITHUHWHNCa, BCEI'MHIEO,
BHUUMOCIIa, ®yngamentnpoexkta, MUCHU, IOXKHUUTUIIPOI'A3a, BHUWT a3a,



Happimrasznpoma, Jlenrunporpanca u psjxa Apyrux OpraHM3aluil 3a momouib B

IMMOCTAHOBKC U NPOBCACHUU HCCHGHOBaHHﬁ.

I''TABA 1. 3ACOJIEHHBIE MEP3JIBIE [TIOPO/IbI 1 UX N3YUEHUE



B 60-x romax O0.f1.Bemnmu u [LA.I'punmmneiM Obuto 0OHApy’XeHO, YTO JedopManuu
3aHUH B MOCENKaX Ha APKTHYECKOM MOOEpekbe CBsI3aHbl C HU3KOH HECYIIeH CIOCOOHOCTHIO
MEpP3JIbIX  TPYHTOB,  COJEp)KaIMX  JIETKOPACTBOPUMBIE  COJM.  OKCIIEPUMEHTAJIbHBIE
uccienoBanus, nposeneHHble 3areM A.A.Kapnynunoil, I[.A.I'pummnsiv, B.M.AxceHOBBIM,
10.4.Benmn, B.M.Kapnoseiv, HO.M.MakosbiM, b.M./lanmaToBeiv, B.B.J/loky4aeBbiMm,
B.H.MBanosem, f.A.Kponukom, H.K.Ilexapckoit, JI.T.Poman, U.B.1lleiikunsim, A.H. Apxunbim
U JIpyTMMH, TOATBEPIMIN OcCOOble (U3NUYECKHEe M MEXaHWYEeCKHE CBOWCTBA 3aCOJICHHBIX
TPYHTOB.

OpnHOBpEeMEHHO B.T.TpodumoBsIMm, N.J1.JaHu10BBIM, I".'1.JlyOuKoBbIM,
H.Il.AaucumoBoii M JpyruMu OBUIO ONKCAHO 3aJIETAHUE 3aCOJIEHHBIX MEpP3JbIX TPYHTOB B
3anagnoit Cubupu, SAxkyTnn, Ha APKTHYECKOM TOOEpEKbE.

3a pyOexxoM Bompoc 0 HUX BcTan B 70-X romax MmpH MPOEKTUPOBAHUH MCKYCCTBEHHBIX
IecyaHblX OcTpoBOoB B Mope bodopra, rae BozHukia mpobiieMa Hecylled CHoCOOHOCTH
3aconeHHoro mnecka. B Kanane wmccnenoBanus 3acoleHHBIX TPyHTOB mnpoBommiuck D.Sego
(1982), G.Pharr u P.Godavarti (1985). Heo6XoaumMocTh TaKUX HMCCIICOBAHUN BBISBUJIACH B
CBSI3U CO CTPOMTENHCTBOM (DYHIAaMEHTOB Ha APKTHUYECKOM MNOOEpeXbe, B YaCTHOCTH (yHIa-
meHTOB Ha Kuaiin Pusep, CeBepo-3ananubsie Tepputopun Kanaaer (Nixon, 1988). J.Nixon and
G.Lem (1984) ycranoBwiu, uTo jaedopmamnmm 3acOJICHHBIX MEP3JIbIX MOPO]] YBEIHUNBAIOTCS OT
10 no 100 pa3 mpu 3acosieHu MOpoBOro pactBopa mopos oT 0 1o 30 mpomuuie (ppt).

BaxnHoil 3amauell  sABIAE€TCA  M3YyYEHHE  3aMep3aHusi TIPYHTOB,  COAEpPKAIIUX
JIETKOPacTBOPUMBIE COJIU. DTO UMEET OTHOIIEHUE K MPOTUBOIYUYMHHOW MEIHOpaIi TPYHTOB,
HanpuMmep, B ruaporexHuueckoM crpoutensctBe (Kponuk, 1970), k Temnoduznueckum
pacueram 1iotTH (Kponuk, JloceBa, 1978), Kk CTpOMTENbCTBY XpaHWIUI XUAKOro rasa. B
SINoHMM TPOEKTUPOBAIUCH XPAaHWIMILA >KUIKOTO Tra3a Ha MOPCKOM IMOOEpexbe U TaM
CIeNMaIbHO M3y4alics Tpoliecc 3amep3aHusi 3aconeHHoro rpyHra (Ogata et al., 1983). B
Hopserun B cBSi3M CO CTPOUTENHCTBOM TYHHENs 3aMep3aHME€ U IPOYHOCTh MOPCKHUX
3aCOJIEHHBIX 0caaKoB uccienoBain G.Aas (1980).

[IpenmnonaraeMmoe OCBOEHME Ta30KOHAECHCATHBIX MeCTOpoXkaeHuid B Poccun Ha m-oBe
Sman mnocraBuio 3amady oOecnedyeHHs YCTOMYMBOCTH MPOEKTHPYEMBIX JOOBIBAIOIIMX U
TPAHCIIOPTHBIX COOPY>KEHUH B YCIOBMSIX HIMPOKOTO PACHpPOCTPAHEHUS 3aCOJIEHHBIX MEP3JIbIX
rpyHToB. B Teuenmne 1988-97 rr. ITHUMUC, MI'Y, BCEITUHI'EO, AHUMC n npyrumu
OpraHM3alMsIMU BBINOJHSIACH HayyHas MporpamMMa ['a3smpoma, B KOTOpPOH B TOM 4HCIIE
IpelyCMaTpUBAINCh MCCIEIOBAaHUS PACIpPOCTPAHEHUS U CBOMCTB 3aCOJIEHHBIX MEp3JbIX
TPYHTOB JJisi pa3pabOTKU METOAOB MPOTHO3a MX MOBEJAEHUS MPH CTPOUTENIHLCTBE OOBEKTOB Ha
SImane.

Psan BompocoB, KacaromMXCsl 3aCOJIEHHBIX MEpP3JbIX TPYHTOB, OCTA€TCS HEPELICHHBIM.
TpyAHOCTBIO, C KOTOPOH CTOJIKHYJIUCh TNPU M3YyUYEHUU 3aCOJIEHHBIX TPYHTOB M KOTOpas

NpEIATCTBYCT Pa3BHUTUIO HCCHC}IOB&HHﬁ, OKa3saJiaChb HGO6X0}II/IMOCTB IMPUMCHCHUA 0COOBIX



METOJIOB HCCJEeN0BaHusA. B uyacTHOCTH, ONpeleNeHHe 3aCOJIEHHOCTH IPOBOAUTCS M3 BOJHOU
BBITSDKKM WJIM IO OTXKATOMY IIOPOBOMY pacTBOpPY Kak METOJIOM CYXOro OCTaTKa, TaK U TUTPO-
METpUEH, a TaKXKe [0 H3MEPEHUI0 AJIEKTPONPOBOJHOCTU. ODTH METOJbl JalOT pa3HbIe
pe3yabTaThl U /IO MOCJEAHEr0 BPEMEHH He ObLTO JOCTATOYHOTO KOJHYECTBA AAHHBIX, YTOOBI
MOYKHO OBUIO BBIOpaTh M3 HUX HauOoJiee MPHUTOIHBIA ¢ TOYKU 3PEHUS MPOU3BOIUTEIBLHOCTH U
HaJIeKHOCTH ompeneneHuid. Ocoboro mnoaxona TpeOYIOT ONpeAeTeHUS MEXaHHYECKUX
XapaKTePUCTHK 3aCOJICHHBIX TPYHTOB, HAUMHAsl CO COCOOOB MOJIrOTOBKH OOpa3lOB M KOHYAs
peKUMaMu HarpykeHusa. HexkoTopele MeToabl UCHBITaHUM, HalpuMep, JUHAMOMETPHUYECKHE
UCTIBITAHUS M CTYIIEHYATOE HArpy)KeHUE, OKA3bIBAIOTCS MAJIONPUTOAHBIMU WM TPEOYIOIUMHU
TOPaOOTKH.

PaiioHbl ¥ rpaHuIBl PacpOCTPAHEHUS MEP3JIBIX 3aCOJEHHBIX MOPOJ, 3aKOHOMEPHOCTH
COJepKaHUsl B HHUX COJICH, COCTAaB M PACIpPOCTPAaHEHHE MO TIyOMHE OCTAIOTCS HEIOCTaTOYHO
nzydeHHbiMu (JlyoukoB, MBanoBa, 1990). I''M.JlyoukoBeiM u H.B.MBaHOBO# cocTaBieHBI
KapThl PacHpOCTPAHEHUS 3ACOJICHHBIX IOPOJ Ha TEPpUTOpHM ceBepa 3amanHoil Cubupu u
Apxkrudeckoro nodepexbs Poccun. OHU BBIAEISAIOT ABa OCHOBHBIX THIIA 3aCOJIEHUS - MOPCKOM
Y KOHTUHEHTAJIbHBIM, pa3InyarolluXcsl M0 XMMUYECKOMY cocTaBy. MoOpCKON THI 3acoieHus
XapakTepeH Il CEBEPHBIX TEPPUTOPUN - BIOJIL ApKTHYECKOro moOepexbs Poccunm u Ha
OCTpOBax; KOHTMHEHTAJbHBIA THUIl pacrpocTpaHeH B LleHTpanbHoi SfIkyTun u B 3abaiikaibe.
[Tocnenuuii BcTpedaeTcss B MEP3JBIX OTJIOXKEHHUSX BBICOKOIOPHBIX O3€PHBIX KOTJIOBHMH
Tuberckoro tiato (Kezao and Bowler, 1986) u mexropusix Bnaaua Monrommu. B Kanane
umerorcss JaHHele 1o CeBepo-3anagHbiM TeppUTopusiM, NPUIIETAOIUM K ApPKTHYECKOMY
nobepexpto (Hivon, 1991). Kpome npupoaHoro 3aconenus, Ha TEPPUTOPUN KPYITHBIX TOPOJOB
(Hopunbck, Sxyrck, BopkyTa) nmporcXoIuT TEXHOT€HHOE 3aCOJIEHHE MOPOJ B TaJIMKaX U CII0e
cezoHHoro orrauBanus (youxoB u MBanoBa, 1990). Knaccudukanus 3acoieHHBIX MEpP3IbIX
IPYHTOB OTCYTCTBYET.

W3ydyeHbl HEKOTOphle O0IIKME 3aKOHOMEPHOCTHM O00pa3oBaHUS MeEpP3JbIX 3aCOJIEHHBIX
MOpOJI, a TaKXe MX COCTaBa, CTPOEHUs U CBOMCTB. X (opMHpoBaHMIO MOCBSIIEHBl PaOOTHI
"' Ay6ukosa u H.B.MBanosoii (1987), A.I'.Enosckoit u np. (1966), JI.A.XKurapesa (1981),
M.I''KpuBonorosa (1982), S.B.HeussectnoBa (1981), B.A.ComoBbeBa u gnp. (1987),
H.IT.Aaucumosoit (1970 u np.), B.M.Conomaruna u O.H.®umkuna (1981), H.®.I'puropnesa
(1981), B.Il.MenbaukoBa u B.M CnecuBueBa (1995) wu npyrux. 3HauMTENbHBIN MOJIEBOM
matepuan coaepxkutcsi B kHurax B.T.Tpodgumosa, lO.b.bany, I'.W.Jlybuxosa (1980),
N JanunoBa (1978), B.M.IlonomapeBa (1960), H.®d.I'puropseBa (1966 u 1981),
mucceprausax .M. JlyoukoBa, M.A.Munkuna u W.J{.Ctpeneukoit. Ilpouecc o6Gpa3oBanus
MOPCKHX 3aCOJICHHBIX OTJIOXEHHI, B TOM YHCJIE 3aCOJIEHHBIX MOPOBBIX BOJ U UX KPHOTEHHOE
KOHIIEHTpupoBaHue omucanel B pabore H.D.I'puropsesa (1981). I'.1.Jlyoukos (1984 u np.)
BBIIETIIIT Mep3Jible TonuM 3anaanoil CuOupH pa3iuyuHbIX T€HETUYECKUX THUIIOB M MOKa3all, YTo
CHUHT'€HETUYECKUE MEp3Jible MOpoabl GOPMUPOBAIUCH C BEPXHETO IJICHCTOLIEHA /10 TOJIOIEHa U

HIMPOKO Pa3BUTBl Ha ApKTHueckoM moOepexkbe. MM BHepBble MOKa3aHO, YTO B CEBEPHBIX



paiionax 3amagHoii CuOMpPH IIMPOKO pPACHPOCTPAHEHBI 3aCOJCHHBIE MeEp3Jble MOPOABI, H
BBICKA3aHO INPEIIOJIOKEHUE O 3aCOJIECHUN YETBEPTUYHBIX MEP3JIbIX OTIOKEHUHU TallMBIPCKON U
XaTaHIrCKOW HU3MEHHOCTEH, a TAaKXe KpaWHEro CeBepO-BOCTOKA EBpONENCKON TeppUTOpUHU
Poccun, koropoe BnocnenctBuu noarBepauwiock. .M. JlyOukoB omnMcan nepBUYHBIH,
CeIMMEHTALMOHHBIA THIT 3aCOJICHUS YETBEPTUYHBIX OTJIOKEHHH M TOKa3aj, 4TO CyJIb(haTHBIN
COCTaB pacTBOPOB B MAJEOICHOBBIX TIJIMHHUCTBIX MOPOJAaX HMMEET BTOPUUHBIM XapakTep H
TeHETHYECKN CBS3aH C OKUCJICHHEM Nuputa U obpaszoBanuem cyibdartoB. W.J.Ctpenenkoii
pa3zpaboTaHa METOJMKAa KapTHUPOBAHUS 3aCOJIEHHBIX MEP3JIBIX MOPOJ M KPUOMAroB B pailloHax
CeBepo-3anaaHoro SIMana, JereH bl K CelUaIbHbIM KapTaM CPeJHEro Macirada, a Takxke co3-
JaHbl KapTel “‘PacripocTpaHeHue 3acOIEHHBIX Mep3JbIX IpyHTOB boBanenkosckoro I'KM™ 1:100
000 u 1:25 000 macmtaboB.

JlaHHbIX, Kacaroluxcsi 00pa30BaHus 3aCOJIEHHBIX MEP3JIBIX IOPOJ KaK MOPCKOIO, Tak U
KOHTMHEHTAJIBHOIO TE€HE3MCa HEAOCTaTOYHO; OTCYTCTBYIOT TEOpEeTHUecKue O0000IIeH s,
Kacarolluecsi yCJIOBUH U 3aKOHOMEPHOCTEH 00pa3oBaHMsS 3aCOJIEHHBIX MEp3JbIX MHOpPOJA U
IIOPOBBIX PACTBOPOB.

Ou3nyuecKkue CBONCTBA 3aCOJICHHBIX MEpP3JIBIX MOPOJ HM3Y4YeHBl B OOIIUX dYepTax.
OcHoBHBIE UX (U3WYECKHE XapakTepUCTHKH ommcaHbl B padbore b.W.Jlammarosa (1966). B
1966r. nosiBunace padora B.M.IlyckoBa, mocBsiieHHass BIUSHUIO WCKYCCTBEHHOTO 3aCOJICHUS
Ha Temio(u3MYecKue CBOWCTBA TPYHTOB. ABTOp OTMEUYaeT HEOJHO3HAUYHOE  BIIMSHUE
3aCOJIEHUsI Ha TEIUIONPOBOJHOCTb IPYHTOB. C OJHOM CTOPOHBI, BBUJy MEHBIIECH TEIJIONpo-
BOJHOCTH 0oJiee KOHIIEHTPUPOBAHHBIX PACTBOPOB 3aCOJICHHE NPUBOAUT K YMEHBUICHUIO
TEIUIONPOBOAHOCTH TPYHTOB; C JIPYrod CTOPOHBI, BBUIY MOJABICHUS AUPPY3HOro cosi U
JI€30pPUEHTAlMN MOJIEKYJI PBIXJIOCBSI3aHHOM BOJBI HA  MOBEPXHOCTH TPYHTOBBIX YaCTHI
BBOJMMBIM B TPYHT PacTBOPOM, TEIIONPOBOJIHOCTh TPYHTOB YBEIUYHUBAETCS.

OmnpoGoBanre 00pa3lloB 3aCOJICHHBIX MEP3JbIX TIOPOJI €CTECTBEHHOTO CIIOXKEHUS
nposeaeHo E.H.MomouymkuasiM u P.W. T'aBpunbseBbiM (1970). Umu ans JOHHBIX OCaIKOB
npuOpexHOI 30HBI Mops JlanTeBbIX onpenensuics (pa3oBblil COCTAaB BIArd KaJOPUMETPHUUECKUM
METOJIOM, TeMIlepaTypa Hayajla 3aMep3aHus, a TaKkKe KOIPPHUIMEHT TEmJONpOBOJHOCTH U
TEMIEPATypONpoOBOAHOCTH. HekoTopble naHHBIE MO (QU3NYECKMM CBOWCTBAM 3aCOJIEHHBIX
Mep3neix mopoa mpuBoasaT Takke [ JyouxoB u H.B.MBanoma (1987). 1O.Jl.3bIkOBBIM,
E.fl.MoszranoBoit u gap. (1990) monmydeHbl pe3ylNbTaThl, KACAIOIIHUECS DICKTPUUYECKUX H
AKyCTUYECKHX CBOWMCTB 3aCOJIEHHBIX MEP3JIbIX IPYHTOB pasnuuHbix THHoB. C.I'.JloceBoit m ap.
(1990) BeImMONIHEHA paboTa TO HM3YYCHHUIO BIMSHHUS 3aCOJCHUS HAa BOJHO-(QDU3UYECKHE H
teriodusnueckue cpoiicTBa rpyHToB. CoaepKaHHIO — He3amep3lled BOJbl B 3aCOJICHHBIX
MEp3JIbIX FPYHTaX U MX TEIUI0(U3NUECKUM CBOIcTBaM nocBsuieHsl padotsl J.J[.Epmosa u ap.
(1979), U.B.llewikuna (1990), JI.E.Bpoudenopenepa (1990), S.A.Kponuka (1968) u nap.
O06001ieHne 3KCNepUMEHTaIbHBIX JaHHBIX BbiNoigHeHO H.A.IlpiroBuuem u np. (1973). beuio
M3YYEHO BIIMSHUE 3aCOJIEHHOCTH Ha BOJHO-(M3HUEcKue, Teriodu3ndeckue, 3JIeKTpUUecKue U

aKyCTUYECKHE CBOMCTBa Mep3iblXx TIpyHTOB. B wactHocTH, P.I'.Motenko (1997) wusydens



TEIIOPU3NUECKUE CBOWCTBA M (Da30BBIH COCTAB BIAard MEP3JIbIX 3aCOJIEHHBIX JHMCIEPCHBIX
MOpOJI, BBIABICHBI 3aBUCUMOCTH (Da30BOrO COCTaBa BIATM M TEMIEPATyphl 3aMep3aHHs
(oTTauBaHMUsA) OT TEMIEpPATyphl, KOHLIEHTPALMM PACTBOPA, BUAA COJUM U COCTaBAa MEP3IIBIX
nopof. [lokazaHo, 4TO BIMSHHUE 3aCOJCHHS HA TEIUIO(PU3NYECKUE CBOWCTBA MEP3JIbIX 3aCOJICH-
HBIX MOPOJ HEOAHO3HAYHO. ITO 0O0YCIOBICHO COBMECTHBIM BIMSHHEM COOTHOIICHUS JIbAa U
He3aMep3lIed BOAbl, U3MEHEHHEM TEIUIONPOBOJAHOCTH IIOPOBOIO PacTBOpa B 3aBUCUMOCTU OT
TEMIIepaTypbl, KOHLEHTpanuu u Japyrux ¢akropoB. IIpoBexennsie W.B.IleikuHbiM
UCCIJIEIOBaHMSI [TOKA3aly, YTO TEMIIepaTypa Hadajla 3aMep3aHusl U COJiep)KaHHEe He3amep3luei
BOJABl  ONPENENAIOTCS B  OCHOBHOM CBOMCTBAMHM IIOPOBOTO  pacTBopa. Pe3ynbraTsl
AKCIIEPUMEHTOB CBUJAETEILCTBYIOT, YTO TEMIIEpaTypa 3aMep3aHusl NOJUMHSAETCA MPAKTUUYECKU
JMHENHON 3aBUCUMOCTH OT KOHLEHTpauuu coieil B pactBope. F0.J1.3b1k0BbIM (1992) u3yueHsl
OCHOBHbBIE 3aKOHOMEPHOCTU (POPMHUPOBAHUS aKYCTUUECKHX U JIEKTPUUECKUX CBOMCTB MEP3JIbIX
3aCOJIEHHBIX NOpOJ. VM yCTaHOBJIEHO, YTO 3aCOJIEHHE MEP3JIbIX MOPOJ MPUBOAUT K 3aMETHOMY
CHIDKEHHMIO CKOPOCTEHl  ympyrux BOJIH; elie Oousibllie  HU3MEHSIETCSd  DJIEKTPUUYECKOE
COIPOTHUBIICHUE.

B 10 xe Bpemsi pa®oOTBI, B KOTOPBIX NPOU3BOAMIOCHE ObI 00OOIIECHHE PE3yTbTATOB
UCCIeIoBaHui (pU3MUECKUX U (PU3NKO-XUMHUYECKUX CBOMCTB 3aCOJICHHBIX MEP3JbIX TPYHTOB U
aHaJIN3 3aKOHOMEPHOCTEN UX U3MEHEHUS, OTCYTCTBYIOT.

Hekoropele ¢usznueckue n XMMHUYECKHE MPOLECCHl B 3aCOJIEHHBIX MEP3JbIX MOPOAAX
OJIM3KM K IpoleccaM, MPOUCXOJAIIUM B MOJ3EMHBIX U MOBEPXHOCTHBIX BojAax. YacTh M3 HUX
uzydyeHa. Hampumep, HM3MEHEHHsS XHMHUYECKOTO COCTaBa MOPCKOM BOJbI IpU 3aMEp3aHHUU
m3yuyanuch W.Ringer, H.H.3y6oBbim, K.O.I'urrepmanom, B.JL.Ilypukoseim, b.A.CaBenbeBbiM 1
apyrumu. ['eoxumuu u 3aMep3aHui0 BOJA Cylld mocBsiieHbl pabotel B.H.Makaposa,
B.IL.Ilenteroa, A.H./[3enc-JlutoBckoro, H.A.BmacoBa, K.b.XKarrap, M.H.XomnomoBa,
I'.'A.MakcumoBuu, K.K.Borununesa, .M.Kopenosckoii, B.I1.Bonkosoi, H.H.Pomanosckoro,
H.IT.AaucumoBoit u npyrux. DTOT Bompoc paccmarpuBaercs B paborax H.M.Tonctuxuna u
O.H.Toncruxuna, H.A.Benbmunoii, A.M.Epumoa, B.M.Ilonomapesa, A.f.Ctpemskosa,
C.M.®oruesa, 11.®.11BenoBa, B.I'.fIcbko, JI.W.I1aBnoBoit u npyrux. Ilpobieme xumuyeckux
peakuuii B MHOTOJIETHEMEP3JbIX MOpoAax mnocsameHsl padborsl U.A. TroTionoBa (1961 u ap.).
OH pa3BuBaJl MpeACTaBICHUS O OOJIBIION POiIM He3aMep3lield BOJbl B (PU3UKO-XUMUYECKOM U
XUMHYECKOM NpeoOpa3oBaHUKM MUHEPAIBLHOTO CKEJIEeTa MEP3JIbIX MOPOJ, MoKa3al BO3MOKHOCTH
MUTpAIlMU PaCTBOPEHHBIX BEIIECTB, PeaKkIuii OOMeHa.

C 30-50 rr. mpuMeHsieTcsT HMCKYCCTBEHHOE 3aCOJIEHHME TPYHTOB IIPU CTPOMTENIBCTBE B
3uMHee BpeMsa. B pabGorax C.b.Vxoma, Il.A.I'pumuna, b.U.JlanmaTtoBa, B.C.JlacToukuHa,
b.IL.Tsxenoa, E.B.IIIHUTKO M JOpyrux paccMaTpUBaeTCs HCKYCCTBEHHOE 3aCOJICHHE Kak
criocod0 OOprOBI ¢ MOPO3HBIM IMyYEHHEM H 3aMep3aHheM TMopoJ. B HUX omucaHbI
3aKOHOMEPHOCTH MOHMKEHUSI TEMIIEpaTyphbl 3aMep3aHUsl TPYHTOB C yBEJIMYEHHEM 3aCOJIEHHO-

CTH.



Haunbonpmmii uHTEpEC ¢ NMPaKTHUYECKOW TOYKH 3PEHUS MPEICTABISIOT MEXaHHYECKUe
CBOIMCTBA 3aCOJICHHBIX MEp3JIbIX TPyHTOB. Hauanmo wux wuccienoBaHuidi  Kak OCHOBAHMM
coopykeHHil oTHocHuTcs K 1958 T., KOrzma mpu ananusze mpuyuH Aedopmanuil 31aHu B TOC.
Awmaepma FO.S.Bennu oOpatuin BHUMaHUE Ha TO, ~YTO TPYHTHI OCHOBAaHMU MPH TEMIIEpaType -
3.0+ -4.5°C, BHemHe Mep3JIble ¢ HATMYHEM KPHCTAJUIOB JIb/a, JIETKO MSUIMCH pyKami...” (Bemy,
1990). Pa3paboTka THIOTE3BI O TOM, YTO OJHOM M3 BaXKHEHIINX MPUYHH AedopMaIiii 3qaHui
ABIIAIOTCS JIETKOPAaCTBOPUMBIE COJIM B BEUHOMEP3JIBIX TIpyHTaX, Hadaiock B Poccum Ha
AMJiepMUHCKOM Mep3noTHOM cranuuu B 1959 r. Dtu pabotsl BemonHsiuck HO.A.Bemnu,
I[L.A.I'pumuneiv, B.M.Kapnoseiv, K.®D.Mapkunsiv, FH.M.Makossiv, B.H.MBanoBbiM,
B.N.AkcenoBbim, A .H.AApkunbiv, 3.11.ApTeMOBBIM, aBTOPOM U APYTUMHU.

B 1963-70 rr. aHajnoruyHbIe HMCCIEJOBAHUS, MPUMEHUTEIBHO K KOHTUHEHTAJIHLHOMY
TUIy  3aCOJICHHs,  NpPOBOJWINCH B SIKyTckoM  ¢uimane KpacHnosipckoro
[TpomcrpoitHNnpoekra A.A.Kapnynunoit. Ee pabora (1974) Obina mocsimeHa (U3HKO-
MEXaHUYECKHUM CBOMCTBAM 3aCOJIEHHBIX MEP3JbIX MOPOJ TeppuTopun fAxkytuu. Pekomenayemsele
el 3Ha4eHMs MPOYHOCTU HPUTOJAHBI JJISi TPYHTOB C MECTHBIM, KOHTMHEHTAJIBHBIM (COJIOBBIM,
CyJib(aTHbIM) THIIOM 3aCOJIEHUS. OTH 3HAU€HUsS, KaK IPAaBWIO, BbIIIE, YEM Yy TPYHTOB C
MOpPCKMM  XJIODUJIHBIM THHOM  3acoyieHus. A.A.KapnyHMHON MOJIy4eHbl  BEJIMYUHBI
HOPMAaTUBHBIX COINPOTUBJICHUM MEP3JbIX TIPYHTOB CJBHUIY 110 OETOHHBIM IOBEPXHOCTSIM
(yHIaMEHTOB, a TAaK)XE€ BEJIMYUHBI CONPOTUBJICHUM HOPMAJIbHOMY JABJIEHUIO JUISI MEJIKUX U
MBUIEBATHIX TIECKOB, CyNeced M CYIJIMHKOB B Juaria3oHe Temmeparyp oT -1 mo -4°C u
3aconenHocteit ot 0 10 0.75%.

B noxmame  H.A.llpiroBuua, S.A.Kponmka, K.d.Mapkuna, B.U.AkceHona,
M.B.Camyanbcon (1973) npuBOasATCS TaHHBIE O MPOYHOCTU 3aCOJICHHOCTH TPYHTOB C MOPCKHUM
TUIIOM 3acojeHusl. OHU OBbLIM MOJy4Y€Hbl METO/IOM IIaPUKOBOTO IITaMIIa JJIsl IECKOB, Cylecei u
CYTJIMHKOB B JMamna3zoHe Temneparyp ot -1 no -4°C u 3aconennocteit ot 0 1o 1.5%. B nuccep-
tauun B.M.Akcenoa (1980), mocBsieHHON HCCIEAOBAHUI0 MEXaHUUECKUX CBOMCTB MEP3IIbIX
ITPYHTOB KaK OCHOBAaHMH COOpPYXEHHMH Ha mpumepe ApPKTHYECKOro MOOepekbs, MPUBOIUTCS
HauOosee TOoJIHAs CBOJKA SKCIEPUMEHTANBHBIX JIaHHBIX IO IPOYHOCTHBIM CBOMCTBAM
3aCOJIEHHBIX Mep3ibIX mopoa. WM mpeanokeHbl TaONMIBI PacyeTHBIX XapaKTEPUCTUK
COIPOTHUBIIEHUSI HOPMAJIILHOMY JaBJICHUIO JUIS MEJIKMX IECKOB, Cyleceid U CyTJIMHKOB B Juana-
30He 3aconeHHocTed oT 0.05 mo 1.5%, a Takke CONPOTUBIECHHS CIABUTY NPU CMEP3aHUU C
OETOHHBIMHM TIOBEPXHOCTSIMU Uil TeX ke rpyHToB. Pabora A.H.fpkuna (1986) comepxkur
(dakTHyecKkuil MaTeprall M0 HOPMATUBHBIM 3HAYEHHSIM COMPOTHUBIICHUS CABUTY IPH CMEP3aHUU
JUTST MEITKUX TIECKOB M CYTJIMHKOB Tpu Temneparype -1 - -3 °C u 3aconmennoctu 0.1 - 1.0%,
MOJTy4YE€HHBIM TMpU HCIBITAHUM MOJENel CBall, HaTYpHBIX WCIBITAHUNA CBail M J1a0OPATOPHBIX
AKCIIEPUMEHTOB. VM ompeneneHbl 3Hau€HUs PACUETHBIX JABICHMM Ui HEKOTOPBIX THIIOB
3aCOJICHHBIX TPYHTOB.

OcCHOBHOM  1eNbI0  MEpPEUYMCICHHBIX paboT OBLIO MOJy4eHHE MPOYHOCTHBIX

XapaKTCPUCTHK - PaCUCTHBIX )IaBJ'IeHI/II\/’I Ha MCEP3JIBIC 3aCOJICHHBIC T'PYHTHBI W PaCUYCTHBIX



COIIPOTHBIIEHUI MEp3/IbIX TPYHTOB CIBUTY IO MOBEPXHOCTAM CMep3aHus (yHIaMEHTOB,
KOTOpble HEOOXOAMMBI JUIS MPOEKTUPOBaHHA (YHIAMEHTOB 3JaHUH M COOPYKCHHUH.
WuTepniperanysi IMOJIYYEHHBIX  pE3YyJbTaTOB C TOYKU 3PEHMsI IPHUPOJABI, MEXaHH3Ma H
3aKOHOMEPHOCTEW J1e(hOpMUPOBAHMS 3ACOJCHHBIX MEpP3JIbIX T'PYHTOB HE SIBIISJIACh TJIaBHOM
3a/1a4eil 3TUX UCCIIEJOBaHUM, TIOATOMY M3 HUX CJ€JaHbl B OCHOBHOM BBIBOJIbI IIPAKTUYECKOTO
Xapakrepa.

VY CTaHOBIIEHO, YTO 3aBUCUMOCTH BEJIMYMHBI DKBUBAJEHTHOIO CLEIJIEHUS 3aCOJIEHHBIX
MEP3JIbIX TPYHTOB OT TEMIIEpaTyphbl I'PyHTa, BJIAXHOCTH, COCTAaBa M JJIUTEIBHOCTU AECUCTBUSA
Harpy3ku UMEIOT KaYECTBEHHO OJMHAKOBBIM XapakTep C HE3aCOJEHHBIMU rpyHTaMu. OHaKo y
3aCOJICHHBIX TPYHTOB Habmiofaercsi 0ojiee MEAJICHHOE CHMIKCHHE BETMYMHBI HKBUBAJICHTHOTO
CLEIUICHUS IIPU IOBBIIIEHUU TEMIEpPATyphbl IPyHTa U BO BPEMEHM, YEM 3TO XapaKTEPHO AJIs
He3aconeHHbIX (Bemnmu, 1990). BnusHue BIaXHOCTHM  CKa3bIBa€TCSd HE3HAUMTEIHHO: B
CyTJMHKax ee yBenudeHue ¢ 25 10 55% BBI3BIBAIO CHUYKEHHE SKBUBAJIEHTHOTO CIICTUICHUS HA
25-30% (Akcenos, 1974).

3aCOJIEHHOCTh OKAa3bIBAET PEILIAIOLICE BIMSHUE HAa MEXaHMUYECKHE CBOMCTBA MEP3JIbIX
rpyHTOB. VIHTEHCUBHO CHMKAeTCs, HalpUMEp, YKBUBAJIEHTHOE CLEIUICHUE: MPH YBEIUYCHUU
3aconenHocTH 10 0,2-0,3% y cyrnuHKoB - B 2 pa3a npu -3 + -4°C, u B 3-4 paza npu -1 + -2°C.
Pe3ko nasaer conpoTHBIIEHHE CABUTY IO IOBEPXHOCTU cMep3aHus. B nuanaszone temieparyp
oT -1 mo -5°C sT0 compoTtuBieHue cHmwxkaerca B 3-3,5 pasza npu 3aconeHuu 10 0.5%. Ilpu
JAJIbHEHIIEM yBEJIMYEHUH 3acOoIeHHOCTH 10 1.1% ero BenuunHa yxe B 3 pa3a MEHbIUIE; IIPU
3aCOJIEHHOCTH cBbllle 1.5% cMep3aHue rpyHTa ¢ pyHIaMEHTOM MPAaKTUYECKU OTCYTCTBYET.

B pesynbrare STHX MHCCIeIOBaHUM MOJyYEHBl J@HHBIE 110 MPOYHOCTH TPYHTOB
Pa3IUYHOIO TIpaHyJIOMETPUUECKOTO COCTaBa W COCTAaBJIEHBI TaOJIMIBI PEKOMEHIYEMbBIX
pacueTHBIX 3HAYEHWH TNPOYHOCTH MEp3NbIX 3acojeHHbIX TpyHToB it CHulla 2.02.04-88
“OcHoBaHus U (yHAAMEHTHI Ha BEYHOMEP3JIbIX TPYHTaX .

JL.O.CunTrnkoit (1997) mnomydeHbl KOJWYECTBEHHAs OIEHKA W 3aKOHOMEPHOCTH
BJIIMSTHUSL XUMUYECKOTO COCTaBa COJIEM M UX COJAEp’KaHUS Ha MPOYHOCTh MEP3JIbIX 3aCOJEHHBIX
NOopoJl TpU pa3IUYHbIX BUAaX 3arpykeHus. Kpome Toro, ycraHoBieHa BO3MOXKHOCTb
0000111eH!s] TaHHBIX [0 MPOYHOCTH 3aCOJEHHBIX MOPOJ Ha OCHOBE €€ 3aBUCHUMOCTH OT Tak
Ha3bIBAEMOW TIOMOJIOTMYECKOM TemmepaTypbl. BaXHbIM pe3yiabTaToM SBISETCS TaKXkKe
anmnpoKCUMalus JJIMTEIbHOM TPOYHOCTH 3aCOJIEHHBIX MEp3JIbIX MOpoJ Ha OcHoBe (e-
HOMEHOJIOTHYECKOT0 YpPaBHEHUS U OIpeJIelIeHNe 3HAYEeHU I SHEPTUr aKTUBALIUY Pa3pyIIEHUS.

HccnenoBanusi, KOTopble ObUIM MPOBEACHBI 32 pyOexoM, riaBHbIM oOpazom B CHIA u
Kanane (Pharr and Mervin, 1985; Sego and Chernenco, 1984; Aas, 1980, Nixon and Pharr,
1984; Hivon, 1991 u np.), oTnu4aroTcsi MEHBIIUM 00beMOM (DaKTHUYECKOTO MaTepuaia, HO
BBIPQXEHHBIM CTPEMJICHHEM IMOJIyYUTh OOOCHOBAHHBIE SMIUPHUYECKHE 3aBUCUMOCTH JUIS
IIPOrHO3a MPOYHOCTHU U 1ehopMaliiii 3aCOJIEHHBIX MEP3JIbIX TPYHTOB.

G.Pharr u JMervin (1985) cBsi3pIBaIM CHUMKEHHE MPOYHOCTH C YMEHbIIEHUEM

“HecylIero Harpys3ky’ cedeHus o0paslia, KOTOpoe OOBSICHSUIM yBEIHMYEHHEM O0O0BEeMHOro (a,



CJIEIOBATENbHO, M II0 CEYEHHIO) COAEpXkaHHUs MOPOBOr0 HezaMep3uiero pacrsopa. D.Sego u
D.Chernenco (1984) ycraHoBWIIM, YTO CIEIUICHHE 3aCOJICHHBIX MEP3JIbIX TPYHTOB JHMHEHHO
3aBUCUT OT 3aCOJICHHOCTH, a IPHU OINPEACIIEHHOM €ro 3HAY€HHWU PE3KO YMEHBIIAETCs. YToi
BHYTPEHHETO TPEHHs, HA00OpOT, OT 3aCOJICHHOCTH HE 3aBUCHT. Momaynb Aedopmanuu
3aCOJIEHHBIX MEP3JIbIX IPYHTOB HE TAaK CHJIBHO 3aBHCHUT OT 3aCOJIEHHOCTH, KaK HUX HPOYHOCTb
(Sego u ap., 1982).

Kanaznckue u npyrue 3apyOexHble HccienoBarenn obOpamain oco0oe BHUMaHHE Ha
neOpMUPYEMOCTh  3aCOJICHHBIX Mep3NbiX TpyHTOB. G.Aas (1980) wcmonb3oBanm yis
alMmpOKCUMALIMM  3KCIIEPUMEHTAJIbHBIX JaHHBIX HM3BECTHOE ypaBuenue C.C.BsioBa,
NpEeUIOKEHHOE MM ISl ONMHUCaHus JedopMaIiii HE3aCOJIEHHBIX Mep3ibiX TpyHTOB. J.Nixon u
G.Lem (1984) nmnpumeHWIM CTENEHHYIO 3aBUCUMOCTb JJISl  OINHCAaHUS  CKOPOCTH
nepopmupoanus. J.Nixon and G.Pharr (1984) ycranoBuiIn, 4TO HU BTOPUYHOW CTaINU TEKyde-
CTH, HM MUHHMAaJbHOH CKOPOCTH Ie(POPMHUPOBAHUS JUISI 3aCOJICHHBIX MEP3JIBIX TPYHTOB HE
HaOmoaercs. Heckonbko paHee Ha TO, YTO Yy 3aCOJEHHBIX IJJACTUYHOMEP3JBIX I'PYHTOB
MPOIOJDKUTEIBHOCTh MEPBOM cTaauu AeGOpMHUPOBAaHUS - HEYCTAHOBUBIICWCS MOJI3y4YeCTH -
3HAUUTENBHO OOJIbINE, YeM Yy He3acoJIeHHBIX, ykaspiBama M.B.Camyanscon (1972). E.Hivon
(1991) ycranoBuna s¢p¢dext aumaTaHcuu, T.€. yBelIHYeHHs oObema obOpasua npu aedop-
MHUPOBAaHUU 3aCOJIEHHBIX MEp3JIbIX TPYHTOB, KOTOpPOE HAYMHAETCSI IOYTH C MOMEHTa
NPUJIOKEHUS HATPY3KH, TIPaBa, IPH JOCTaTOYHO HU3KUX TEMIIEpaTypax.

Takum 00pa3oM, BBIIIOJHEHHBIE HCCIEIOBAaHHUS YCTAaHOBUJIHM OOIIME 3aKOHOMEPHOCTHU
neOpMHUPOBAaHUS U Pa3pyLICHUS 3aCOJICHHBIX TPYHTOB, OJJHAKO 00bEM U HANPAaBIEHHOCTh ITUX
paboT 10 MOCIEAHEr0 BpeMEHU ObUIM OrpaHnyeHbl. HeKoTophle 3aKOHOMEPHOCTH HE MOJIY4YHIIU
00BsICHEHUS, Pl 3aBUCHUMOCTEH MEXaHUUECKHUX CBOMCTB 3aCOJIEHHBIX TPYHTOB (OT MX COCTaBa U
CTPOEHUS], BIAXKHOCTH, IUIOTHOCTH, KPHOTEHHOW TEKCTYypbl M COCTaBa COJieH) HYXAAaeTcs B
HCCJIEJOBAaHUH, HEOOXOIMMO MEPECMOTPETh PEKOMEHIYEMbIE pacUeTHbIE 3HAYEHUS] POYHOCTH
U 1e(hOpPMHUPYEMOCTH ITHUX TTOPOJT JJISl IPOCKTUPOBAHUS WH)KEHEPHBIX COOPYKEHH.

TemnepaTypHoe M XHMMHUYECKOE BO3ACHCTBME Ha 3acOJEHHBbIE MeEp3Jble IOPOIbI
paccMaTpuBaioch B orpaHudeHHoM yuciie padoT. E.W.Taiinaenko (1990) nzyueno Bo3nenicTBue
COJIEBBIX PACTBOPOB Ha Mepaible TpyHTHL. Panee oHo paccmorpeno b.U./lanmaroBeiM u
B.C.JlactoukuabiM (1965) ¢ TOuUkM 3peHUsT MEP3JOTHBIX TMOCIEACTBUNA HCKYCCTBEHHOTO
3aCOJIEHUsI TPYHTOB B CTPOUTENILCTBE: 3aMep3aHus, Ny4YeHus U T.4. BiusgHue temneparypbl Ha
3acoyieHHble Mopoasl Oblo u3yueHo M.B.PabunoBuuem (1992) mpuMmMeHHTENBHO K pacueTy
TEPMOHANPSKEHHO-1e()OPMUPOBAHHOTO ~ COCTOSIHUSL ~ OCHOBAaHMM  3JaHMM, a  Takxke
B.I1.PomanoBsiM (1985) u D.J1.EpmioBeiM, FO.I1.JIebenenko u ap. (1990) B cBsizu ¢ mepeHOCOM
BJIarW M CoJied B IpOMeEp3arolIuX M Mep3ibix TpyHTax. [lomydeHbl JaHHBIE O Mpolieccax
npeoOpa3oBaHus MEP3JIbIX 3aCOJIEHHBIX MOPOJ TP BO3AEHCTBUM TEMIIEpaTypHOTO TPaJiUeHTa U
rpaJueHTa KOHLEHTpallud MopoBoro pactBopa. OJHAKO 3aKOHOMEPHOCTU MPOSBIEHUS 3THUX
MPOIIECCOB TIPU PA3IMYHBIX TEMIIEPATYPHBIX YCJIOBUSAX, KOHICHTPAIMW, BIMSHHE BPEMEHH,

COCTaBa U CTPOCHHA I'PYHTOB U3YUYCHBI HEAOCTATOYHO.



Taxum 0Opa3oM, cpen HepeleHHBIX MPOOIEM MOKHO BBLICTHUTD CIEAYIOLIHE.

OTCyTCTBYIOT OOIIENPUHATHIE M ONTPOOOBAHHBIE METOIUKU U3yUSHHSI COCTAaBa, CTPOCHUS
U CBOMCTB 3aCOJICHHBIX Mep3/bIX I'pyHTOB. He paspaborana ux kiaccupuKaiys, JaHHbBIE IO
YCJIOBHMSM MX 3aJIeraHds OTPAaHUYEHBI, PACIPOCTPAaHEHUE 3aCOJICHHBIX MEP3JbIX IOPOJA Ha
Tepputopun Poccun u Mupa n3ydeHo B o0mux yeprax. HeqoctaTrouno moneBbIX U 9KCIIEPHUMEH-
TAJIBHBIX JIaHHBIX 00 yCIOBUAX 00pa30BaHUS 3aCOJICHHBIX MEP3IIBIX MOPOJ KOHTHHEHTAILHOTO U
MOPCKOTO T'€He3HCa, OTCYTCTBYIOT TEOpETHYEeCKHe O0O00OLIeHNs, KacaloUulhecs YCIOBHM
HAKOIJICHUS W TPEOOpa3OBaHMs 3aCOJNECHHBIX Mep3ibix Tomml. Crnabo u3ydeHsl (usmueckue
CBOICTBA 3aCOJIEHHBIX I'PYHTOB Pa3JIMUYHOIO COCTaBa U CTPOEHMS, OCOOEHHO B €CTECTBEHHBIX
yCIIOBMSX 3ajeranus. HecMoTps Ha 1OJlydeHHbIE MAaTEPHUAIIbI O IIPOYHOCTHBIX XAPAKTEPUCTUKAX
3aCOJICHHBIX ~MEpP3JIbIX TPYHTOB, OOJBIIMHCTBO HCIBITAHUN HOCHJIO KOCBEHHBIH WM
KPaTKOBPEMEHHBIA XapaKTep, HEAOCTaTOYHO WM3y4YEHA JUIMTEIbHAs IPOYHOCTH  3aCOJICHHBIX
MEp3JIbIX TPYHTOB, OTCYTCTBYIOT OOOCHOBAaHHbIE M OINpPOOOBaHHBIE METO/bI €€ IPOrHo3a.
JledpopMmanmoHHbIe XapaKTEPUCTUKH M3yUYEHBbl B Y3KOM JMalla30HE U3MEHEHUH cocTaBa Mopoj,
3aCOJICHHOCTH M Temmeparypsl. lIpakTuyeckum OTCYTCTBYIOT JaHHbIE O IapaMeTpax
neGOopMHpPOBaHUS ~ TMPH CIBUTE IO MOBEPXHOCTH CMEP3aHMSA, a TaKXKe B UIMTEIBHBIX
UCHBITAHUSAX C IMOCTOSHHBIM Harpy3kamu. He paspaOotanbl MeTObl IporHosa jedopmanuii
3aCOJICHHBIX MEpP3JIbIX TPYHTOB, TEOPETHUYECKHE MPEACTABICHUS 00 OCHOBHBIX (DU3NUECKUX
nporeccax npu aepopmupoBaHuu U paspymeHun. Crnabo M3ydeHbl XUMHUYECKHE W (PU3HKO-
XUMHYECKHE IIPOLIECCHl, B TOM YHUCIE IIPOLIECCHl IIEPEHOCAa COJEM M BJIArd B 3aCOJICHHBIX
NOpOJIax MPU U3MEHEHUSIX TEMIEPaTypbl, HArPy3KU U BO BPEMEHHU, B €CTECTBEHHBIX YCIOBUSIX
3asieranusd. HegocTtaro4HO M3y4eHO KPHUOTEHHOE CTPOCHHME 3aCOJEHHBIX MEP3JbIX IMOPOX U
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YACTD 1. NIPOUCXOKAEHUE U PACITPOCTPAHEHHUE 3ACOJIEHHBIX
MHOTI'OJIETHEMEP3JIBIX ITOPO/L

I''TABA 2. @OPMUPOBAHUE 3ACOJIEHHOCTHU B MHOI'OJIETHEMEP3JIBIX
I[TOPOJAX U KITACCUDPUKALIMA TUIIOB 3ACOJIEHUA

2.1.ITPOUCXOXIEHUE 3ACOJIEHHBIX MEP3JIBIX ITOPO/I
APKTUYECKOTI'O ITOBEPEXbA

3aconeHHBIE  MEp3Jble  YETBEPTHYHBIE  MOPOABI  APKTHYECKOTO  MOOEpEekKbs,
pacrpoCTpaHEHHbIE C TOBEPXHOCTH, MMEIOT Pa3IMYHOE MPOHUCXOXKICHUE C MpeobdiaraHueM,
OJIHAKO, MOPCKUX W TPUOPEIKHO-MOPCKHX YyCIOBHH oOpazoBanus. Coiu, coaepikamruecs B
MIOPOBBIX PACTBOPaX OCAIKOB, B YCIOBUAX UX OBICTPOTO IEpexoia B MEP3IYIO MOPOY YACTUIHO
BBIHOCSITCS 32 Tpeeibl ((OPMUPYIOLIMXCS TOJII, a TJIABHBIM 00pa3oM IepepacipeiesissioTcs B
HUX.

OcamouHoe Mopo1000pa30BaHMe B KOHEYHBIX BOJOEMAax CTOKAa KPHUOJIUTO30HBI UMEET
psn ocoObeHHOCTEW. XUMHYECKUH COCTaB BOJ JIATYH U 03€p Pa3HOOOpa3eH U MHOTAA MOABEPKEH
CYTOYHBIM M CE30HHBIM KoJieOaHUsIM. B 1enoM NOBEpXHOCTHBIE BOJBI KPHOJIUTO3OHBI
NPaKTUYECKH HE COJEPKaT JIETKOPACTBOPUMBIX coneil. Tak, comepkaHue XIJIOPUAOB U
Cynab(paToB COCTaBIISIET B HHUX, KaK MPaBHJIO, JACCATKA MWLIUTPAMMOB Ha JUTp. Hwuskue
TEMIIepaTypbl U MOBBIIICHHAS B CBS3U C TUM PACTBOPUMOCTH T'a30B ONPEACISIOT 3HAUNTEIIEHOES
coaepxanue yriaekucioTel (OCHOBBI reokpuosioruu, T.2, 1996). Ee comepikanue cocrapiser, B
YaCTHOCTH, B BOJaX CJOsS CE30HHOrOo OoTTamBaHus B bonbuiezemensckoil Tynape 186 mr/m,
rugpokapOoHaT-roHa - 650 mr/i. [loBeilieHHOE coepKaHUE YTIEKUCIOTHl U €€ JTUCCOLUAIINS
BMECTE C OPraHMYECKUMH KHCIIOTaMHU OIPEAEISIOT KUCIYI PEaKIHIO0 MOPOBOTO PacTBOpa B
cioe ce3oHHoro orrauBanus. Hampumep, no ganasim W.J[. Janunosa (1983), B mOBEpXHOCTHBIX
Bogax CeepHoil UykoTkum mnpu ob6miert munepanuzamuu 80 -130 mr/m cpeau aHMOHOB
npeobnanaoT (comep:xanue B Monsx): Cl- 0.46 - 1.15 u SO4% 0.66 - 1.32, a cpenu KaTHOHOB
Na*+K* 0.79 - 1.66, Ca®* 0.17, Mg?* 0.16. Peunas u o3epHas BOJa 4acTo IIPEACTaBIAET cOOO0i
cnabbiii pacTBOp OukapOoHaTa Kanblus. CieoBaTeNbHO, 111 00pa30BaHUS 3aCOJICHHBIX MOPOJI
U3 TAKUX BOJI HEOOXOIMMO 3HAYUTEIEHOE UX KOHIICHTPUPOBAHUE.

NHON XMMHMYECKUH COCTaB M KOHLEHTpALMs COJEH XapaKTEepHBI UIsI MOPCKUX BoA. B
CpeIHEeM MX KOHIICHTpAIUS BBIIIE TI0 CPABHEHHUIO C BOJAMH CYITH Ha APKTHYECKOM NOOEepexbe
npubmsutensho B 300 pas, a gonst NaCl cocrasnser okono 85% (I"appenc, Makkensu, 1974).

OCOOCHHOCTh ~ CHHTCHETHYECKOTO MPOMEp3aHusi  OTIOKEHWH - oOpa3zoBaHue
BBICOKOJIBAMCTBIX TOPH30HTOB 3a CYET Tepexo/ia B MHOTOJIETHEMEP3IIOe COCTOSTHHE HIDKHETO,
JBIOHACHIINIEHHOTO ~ TOPH30HTa  CE30HHO-TIpOMEp3aromiero  cios. [lo  momeBbiM U
skcriepuMeHTanbHbiM JaHHbIM  H.H.3y6oBa, K.O.I'mtrepmana, b.A.CaBenbeBa, A.H./[3enc-
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O.H.Toncruxuna, H.A.Benemunoii, A.M.EdumoBa, A.f.CrpemsikoBa, II.d.1lIBeroBa,
B.I'SIcbko M napyrux Ipomep3aHue II€CYAHBIX IIOPOJ COIPOBOXKIAECTCS, KaK IPaBUIIO,
YaCTUYHBIM OTKAaTHEM pacTBOPAa M3 30HBl KPUCTAUIM3ALMU M €ro KOHLIEHTPUPOBAHHUEM.
[ToaTomMy cozpep:kaHHME COJIEW B CUHIE€HETHMYECKHMX IECUAaHBIX MEpP3JbIX TONIAX HMXKE, YEM B
NEPBUYHOM MOPCKOM ocajke. [lJiss Mep3JIbIX TIMHUCTBIX TOJIII XapaKTepeH 00paTHBIN Mpoiecc -
JBWJKEHHE COJEHM K TIpaHuLe IpoMep3aHuss BMecre ¢ Boxod. IIpaBma, mo MHEHHIO
H.IT.Aaucumonoii (1985), B npupoAHBIX YCIOBUAX MHOI/IA MOJTYYaeTCsl UHASI 3aKOHOMEPHOCTD
IIPU IIEpecUETe COJIECOAEPIKAHMS Ha COJEpKallyocs B ropoae Biary. KoHueHTpanus conei B
MEP3JI0M NOpOJIe TOTAA OKa3bIBAETCS HUKE, YEM B TAJIOM (32 MCKIIIOUEHUEM CaMOI'O BEPXHETO,
IIPOMEP3aBLIET0 BHAUYaJE CJIOSI) M HMXKE HCXOJHOW MHHEpaliu3aluu Boibl. Tem He MeHee,
3aCOJIEHHOCTb, KaK COJIEp’KaHUE COJIEM B €QUHMIIE CyXOro Beca IOPOJbl, YBEIUYUBAECTCS B
[JIMHUCTOM TOJILIE MPU IPOMEP3aHUH.

DTOT e MpolecC KPUOTEHHOI0 KOHIIEHTPUPOBAHUS MOKET NMPUBOJAUTH K 00pa30BaHUIO
JIMH3 BBICOKOMUHEPAIM30BaHHBIX OTPULIATEIIbHO-TEMIIEPATYPHBIX MOJI3EMHBIX BOJ] - KPHOIIATOB.
Tak, mo wmuenuto U.J[.Ctpeneuxoii (1991), dbopmupoBanme KpuomdroB Ha m-oBe Sman
IPOUCXOJWIO TPU MPOMEP3aHUM MOPCKUX IUICHCTOLIEHOBBIX OTJIOKEHUH Cpasy Iocie HuX
BbIXO/Ia W3-TIOJI YPOBHSI MOps, IPH NPOMEP3AHUM MOPCKHX U PEUYHBIX KOC, MOJ03EPHBIX U
MOJIPYCJIOBBIX TAJIMKOB C COJIEHOW BOJOM, MPU 00pa30BaHMUHU IJIACTOBBIX 3aJieXkeil Jibaa. JlaHHble
XUMUYECKUX aHanmu30B 1iacToBbix JbaoB (I.U.[JdybuxoB, M.M.Kopeiimma, b.M.Btiopun u
JpyTHE) MOKA3bIBAIOT, YTO 3aCOJIEHHOCTh IUIACTOBBIX JIBJAOB OOBIYHO HHU3Kas, HO M3MEHSETCS B
3HAUUTENbHBIX Ipeaenax. Mcnone3ys cooTHowieHUs TiaBHbIX HOHOB, I.J[.Crpenenkas
o0ocHOBaja 0011ee MPOUCXOXKICHHE BMEIIAIOMIMUX MOPOJ], IUIACTOBBIX JIBJOB U KPHUOMArOB Ha
SImane.

PaccMoTpuM BO3MOKHOCTH MPOMEP3aHUS 3aCOJIEHHBIX MOPCKUX OCaJKOB, OCHOBBIBAsICh
Ha UMEIOIINXCS HEMHOTOYMCIIEHHBIX (PaKTUYECKUX JaHHBIX.

Kak ykaseiBaer JI.A.XKurapes (1981), BO3BMOXHOCTh IIpOMEp3aHUs OTJIOKEHUH ellle B
CcyOakBaJIbHbIX YCJIOBHUAX W MX CYyIIECTBOBAaHUS B MEP3JIOM COCTOSHUU OIpeesieTcs
CPEIHEroZ0BOM TeMIepaTypoil MPUAOHHOTO CJI0sI MOPCKOM BOJIbI, aMIUTUTYJIOW €€ KoJeOaHuil u
MUHEpaJu3aluell MOpOBOM BOJABI PBIXJIBIX OCaAKOB. B apkruueckux Mopsx HaOmrogaercs
BbIpaXKEHHAsl 3aBUCUMOCTb CPEHET0/1I0BOI TemMIepaTyphl OT INIyOUHBI Mops. B yacTHOCTH, 115
Mopsi JlanTeBbIX YCTaHOBIIEHO, YTO HauOojiee HHU3Kas OTpHUILATEIbHAs CpPEJHEro0Bas
TeMIeparypa Mmopoj HalIroAaeTcs Ha HyJeBoM ypoBHe Mops. C yBelnYeHHEM TIIyOUHBI MOPS
1o 1,6-2 M cpenHerooBas TeMnepaTypa MoBbIIIAETCS W Ha FPaAHUIE MAKCUMAIbHON TOJIIUHBI
apaa (paBHOM TiyomHe mopsi) paBHa 0°C. Ilpu panpHeimeM yBeTWYEHUU TIyOUHBI TEM-
nepaTypbl HOPOJI CTAHOBSTCS MOJIOKUTEIBHBIMU U JUIsl MOpPS JlanTeBbIX JOCTUTal0T MaKCUMyMa
B HHTepBaJie TNIyOMH Mopsa 2-3 M (g Opyrux Mopeil IiyOuHa MOMKET H3MEHSATbCA). ITO
00yCIIOBJIEHO B OCHOBHOM JIETHMM IpPOTpPeBOM MeNKoBOAbs. Ha eme Oonbmmx rioyOnHax
CpeIHEeroioBas TeMIiepaTypa HauuHaeT MoHuxkaercsa u nepexoaut yepes3 0°C Ha rimyOune 7-8 m.

[TonmxeHnue TemMmneparypsl TPOIOIDKASTCS A0 TIyOHHBI 35 M, rae mocTuraet B Mope JlanteBbix



3HaueHuss -1.7°C. Temmneparypbl, €CTECTBEHHO, OT Troja K Troay u3MeHstorcs. Huxke
HaOmoaeTcss romorepmusi, B Kapckom mope pacnpocrtpanstomascss 10 riayounsl 200 .
Baxwno T0, uTo, Hanpumep, B Kapckom mMope riryOuHa, HUXKe KOTOPO# J1aXke JIETOM COXPaHSIOTCS
OTpULATENIbHbIE TEMIIEPATYyphl, cocTaBisier 16 -18 M. B mope JlanteBbIx Takas riyOuHa paBHa
14 -16 M, a B Bocrouno-Cubupckom - 20 -22 M, U3MEHSSICH B MHOTOJICTHEM ITUKJE. TOIBKO
3aCOJICHHOCTh M B 3HAUUTEJIBHO MEHBIIEW CTENEHU MAABJIEHUE CJOS BOJAbI IMPEMSITCTBYIOT
IIPOMEP3aHUIO OCAIKOB.

[ToneBbiMM uccnenoBaHusMH, BbinodHeHHbIMU E.H.MonouymkuasiM (MosouylikuH,
I"aBpunbeB, 1970) B paiione o.Myoctax u A.A. KurapeseiM (PKurapes, ITnaxt, 1974) B paiione
Banbkunoii TyObI, OBIO YCTAaHOBJIECHO, YTO CPEAHSSI TOA0Basl TEMIIEpaTypa MPHUIOHHOTO CIIOS
BOJBI OJIM3Ka K CpeaHe TOJ0BOHM Temmeparype OTJIOXKEHHH Ha MOJOLIBE CJIOs HYJIEBBIX
roJ0BeIX aMIiuTy. Tak, B paiioHe 0.MyocTax cpeaHeronoBas Temieparypa npuaI0HHOrO CI0s
BOJIBI Ha TITyOuHe 3-4 M Obuta paBHa 0.3-0.5°C, 1 TakoBa K€ OKa3alach CPEIHEr0J0Basi TeMIIC-
paTypa OTJIOXKEHUH Ha IMOJONIBE WX TOMOBBIX KoyieOanwii. B cBoe Bpemsi B.M.Ilonomapes
(1960) ormeTH, 4TO €COM Ha CylIe TIyOMHA IMOJOMIBBI CJIOS HYJIEBBIX TOJOBBIX AMILIHTYL
MOJKET B HEKOTOPBIX CiIydasix focturath 16 -20 M, TO Ha JJHE MOpsl OHA 3HAYUTEIILHO MEHBIIIE.
ITo muennto JIJI.JKurapesa, oHa 4MCIEHHO IPUMEPHO PaBHA 3HAYEHHUIO I'OJOBOM aMILIUTYIbI
KoseOaHuii Temmeparyp. IIpm 3TOM ClOH  CE30HHOTO OTTAaMBAaHHUS MOKET 3HAYUTEIHHO
COKpAIAThCSl U CTAHOBUTCS CPAaBHUMBIM C MOILIHOCTBIO CE30HHOTO OCaJKa.

Hannbsie H.A.benosa u H.H.Jlanunoii, B.H.Cakca, H.M. CTtpaxoBa moka3bIBalOT, 4TO
CKOPOCTh COBPEMEHHOro ocajiKkoHakoIuieHust B CeBepHOM JlenoBUTOM OKeaHE UM B CEBEPHBIX
yacTsaX ATJIAHTUYECKOrO OKeaHa, oka3biBaeTcsi B 5 -10 pa3 Oosbllie, ueM B IpyruX OKeaHax, U
coctaBisieT 5-10 cm 3a 1000 net. B mpuOpexHBIX 30HAaX U JEIbTaX PEeK 3Ta BEIIMYWHA MOXKET
ObITH BbIIIE BO MHOTrO pa3. [Ipm HeOONbIION MOIIHOCTH MPOTAMBAIOIIETO CJIOSI B MOPCKHUX
0CaJIKax €J[Ba JIM MOKET OBbITh XapaKTepHasl AJis cyOa’palbHbIX YCIOBHM ero quddepeHnuanys
M0 BJIAXXHOCTU (JIBAUCTOCTH), MJIOTHOCTH U 3aCOJIEHHOCTH MOpojsl. CienoBaTeNbHO, CTPOCHHE
TaKOW CUHI€HETHYECKOM TOJIIN OJIM3KO K CTPOECHUIO TPOMEP3aI0IIET0 EPBUYHOTO OCAIKA.

HccnenoBanusi B COBPEMEHHBIX MOpPSX MOKa3alM, YTO MUHEpPAIM3alUsl MMOPOBBIX BOJ
JIOHHBIX OCAJTKOB B APKTHKE HEPEJIKO OKa3bIBaeTcsa Ha 4 -23 T/KT BBbIIIE, YEM MPUIOHHOTO CIIOSI
Boabl (HeusBectHoB, CemenoB, 1973 u napyrue). Munepanusanusi TOPOBBIX BOJ JOHHBIX
ocaJakoB B OeperoBoii 30He ry0Obl Byopxos (0.MyocTtax), mpoHukaromas Ha ryouHy cBbiiie 15
M, coctaBiser 38-81 r/kr, BanbkuHOU ry0Osr 10 riyounsr 23 M - 13-68 r/kr (Kurapes, 1979),
Yaynuckoit ryobr 1o ryounsl 30 M - 27-77 1/kr. OHa MOXET CHIDKAThCS B OINPECHEHHBIX
3aJuBax M OCOOEHHO B YCThSX PeK. B JOHHBIX ocajkax JAEUCTBYIOT MPOLECCHl YIOPSI0UEHUs
CTPYKTYpbI BOJIbI Y TMOBEPXHOCTH pa3jieia, BHITECHEHHUS] HOHOB, aHA3pOOHOT0 OAKTEPHUATIHLHOTO
BO3/ICIICTBUS, HOHHOTO OOMEHA U aJcopOLMU, TOATOMY TPYAHO OKUJIAaTh, YTO KOHLUEHTpALUs U
COCTaB MOPOBBIX BOJ OyyT COBIA/IaTh C MOPCKOW BOJI0M. bosee BhICOKast COEHOCTh MOPOBBIX
BOJ Oblla OTMEUEHa W PSAIOM 3apyOekHBIX ucciemoBateneit (Xopn, 1972 u npyrue). Ee

O6’B5[CH5[IOT, Harmpumep, TEM, 4TO MpU H@pBH‘IHOfI KOHCOJIMAaIKr OCaJKa 4aCTULBI UTPAr0T POJIb



MOJIYTIPOHHUIIAEMOM MeMOpaHbI, KOTOpasi MPU CKAaTHH BBIIABIMBACT BOAY BBEpPX, COXPaHss B
pacTBOpe B TO K€ BpeMs THAPATUPOBAHHBIE HOHBI. MOryT MMETh MECTO U METOJUYECKHE
norpemHoctu ([erenc, Ymmunrap, 1971). Jlanusie H.I1.AancumoBoii (1981) mo HermyOokum
(1-3 ™) o3epam lleHTpanbHOil SIKyTHH CBUICTEIBCTBYIOT, YTO KOHICHTPAIMS IMOPOBBIX
pPacTBOPOB B CBEXKHX CJIOSX OCAIKOB (5-8 /1) OTIIMYaeTcs OT COAEpIKaHUs COJiel B BOJE 03ep
(ot 0.4 nerom 1o 5.4 v/n 3umoii). CoaepxaHue coyiel B TOHHBIX OCaJIKaX COBPEMEHHBIX JIaryH
4acTO BEJIIMKO M CHMYKAETCsl B IMOACTUJIAIOIIMX MEHEE TUCIEPCHBIX OTIOoKeHusx (/laHuios,
1983). Jdns moGepexnbs CeepHoit Uykorku U.[1.JlanniioB oTMeuaeT Takxke MOTHOE OTCYTCTBUE
OukapOonaTtoB mpu pe3koM nomuHupoBanuun NaCl u 3HauMTeNnbHOM conepkaHuM CyibhaT-
MOHA.

Hecmotps Ha Bce 3T0, B MEp3JIbIX 3aCOJIEHHBIX IIOPOJIaX HE TaK YX YacTO BCTPEYAOTCS
Oojee BBICOKME B CpPAaBHEHHH C MOPCKOHM  BOJOM KOHLIEHTPALMM, MCKIKOYas KpPUOIITH.
BeposiTHO, HH3Kash MHHEpaTU3alUs IOPOBBIX PACTBOPOB MEP3IBIX  MOPOA OOBSICHIETCS
o0pa3oBaHMEM M MUTIpALMEil paccojoB IpPH 3aMEpP3aHUU U CHUHICHETUYECKOM HAKOIUIEHHUH
OTJIO’KEHUH, a TAK)KE UX IOCIIEAYIOLIUM OIPECHEHUEM.

[Ipouecc mepexona NOHHBIX OTJIOKEHHUH B O€peroBble Mep3ible TOJIIM ONMCaH, B
yacTHocTH, H.®.['puropresbim (1981). B cooTBeTCTBUYU C €r0 MPENCTAaBICHUSIMU B PE3yJIbTATE
MOHMKECHUSI YPOBHS MOPSI WM aKKyMYJISIITUM HAHOCOB IPOUCXOAUT OOMEJICHHE MpPUOPEKHOM
yacTu Mops. OT riyOMHBI MOPS U COOTBETCTBEHHO TOJILIMHBI CJIOS JIbJA, JIEKALIEro Ha JHE,
3aBUCHUT MPOJOJIKUTENBHOCTD U TNTyOWHA TPOMEp3aHus JOHHbBIX OTJIOKEHUNH. UeM TOHbIIIE o
JbJa, TEM IIIy0Ke oxXJaxaeHue u Ooublie npomep3anue. Hanpumep, npu Tonmuse npaa 1-1.5 m
B ycloBuUsX 3anagHoro fSImana popMupyercs Mep3iblii CJI0H, KOTOPbIH OOBIYHO MPOTAUBAET Jie-
toM. Ilpu Ttonumue npaa 0.5 M yxe B mepBblil rojx ¢GopMupyercss Mep3iblii NEepeeTok,
MOIIIHOCTh KOTOPOT'O YBEJIMUUBAETCS CO BPEMEHEM B pPe3yJIbTaTe MHOTOJIETHErO IPOMEP3aHusl U
HAKOIUIEHHWS HAHOCOB. 3HA4yeHMs] TIyOMH MOpsST M TOJIIMHBI JIbJAa 3aBUCAT, KOHEYHO, OT
TEMIEPAaTypHbIX ycioBui. CieayeT OTMETUTh, YTO B NMPUOpEkHbIE yacTH JIeJOBUTOro okeaHa
MPOUCXOJUT NOCTYIUIEHNE 3HAUUTENIbHBIX Macc IPECHOM BOAbI peK, B yacTHocTh O6u, EHuces,
JleHbl, yMEHBIIAIOIIUX COJEHOCTh MOPCKOW BOJBl M NPUOPEKHBIX MOPCKHX OCAJKOB.
Onucannsiii H.®.I'puropseBbiM nponecc GopMUPOBAHUS MEP3IIBIX MOPCKUX CHHT€HETUYECKUX
MEp3JIbIX TOJII HE €MHCTBEHHBIN; OHU MOTYT 00pa3oBbIBaThCS U B Oojee Tiy0oKoM Mope Hpu
COOTBETCTBYIOIIUX TEMIIEPATYPHBIX YCIOBHSAX, U Ha Mopckoil yaiine. [To H.®.I'puropeesy, B
npoiiecce nepepadboTku OeperoB BOJHOBHIMU 1 SPO3UOHHBIMHU MPOIIECCAMU BEPXHHUE CJIOU OoJiee
JIpeBHEH MEp3JION TOJIIM, cllaralomeid Oepera, Cpe3aroTcsi U OHHM TEPEKPHIBAIOTCS CIIOEM
COBPEMEHHBIX OEpEeroBbIX HAHOCOB, KOTOpPbIE IOCTENEHHO Hpomep3atoT. Eciu cmbikaHue
Pa3HOBO3PACTHBIX CIIOEB MOPCKUX MOPO]] HE MPOU30IILIO, OHU OKA3bIBAIOTCS OTAECIIEHHBIMU JPYT
OT JIpyra CJIOEM OXJa)KJE€HHBIX MOPOJ U, BOZMOXKHO, KPHUOIAIOB M3-3a OT)KATHUS PAaCTBOPOB OT
rpaHuibl mpoMep3anusi. OOpa3oBaHHe OTAEIbHBIX HAaMBIBHBIX OCTPOBOB IPOMCXOAMT aHAJO-
TMYHO C TEM pas3Iu4yveM, YTO YyBEJIWYEHHE IUJIOMAAH OCTPOBOB 3a CYET IIPOLECCOB

AKKYMYJIHUKU HOPOUCXOJUT 6LICTpee, YEM B KPACBBIX YaCTAX IIIsKA, PACIIOJIOKCHHBIX BAOJb



matepukoBoro noodepexss. [lo nanasim H.@.I'puropsesa (1987), npomep3anue u oOpasoBanue
CIOS MEpP3JbIX OTJIOKEHHH Ha OCTpOBaxX OJM3KM K AaHAJOTMYHOMY IIpoLEcCcy IpH
(OpMHPOBAHNN KOHTHMHEHTAJIBHBIX OEPEroBhIX OTJIOKEHWH, OJHAKO B CBS3M C OoJbliel
CKOpPOCTBIO 00pa30BaHMUsI OCTPOBHBIX HAHOCOB M HUX 00Jee aKTHUBHBIM OXJAKIACHUEM IPH
CHHI€HETUYECKOM MPOMEP3aHUK B HAHOCAX MPE00IIaaeT MaCCUBHAS KPUOTEHHAs TEKCTYpa.

BrnocnencTtBun BEpOSTHO NPOTaUBAHWE MOPCKUX OTJIOKEHWH, BBIMBIBAHUE W3 HHX
coJieH, a 3aTeM HOBOE HACTYIUIEHUE MOp#, 3aCOJIEHUE U, IIPU OTCTYIUIEHUU MOpPS, IPOMEP3aHNE
10 AIUTE€HEeTHYEeCKOMyY Tuly. Takue Mep3ible 3aCOJE€HHbIE TOJIIH, [10-BUAUMOMY, CYLIECTBYIOT
C NOBEPXHOCTH Ha CEBEpPO-BOCTOKE EBpomneiickon yactu Poccuun, Ha fmane u ['psimane u B
npyrux paiionax. Tak, 6onpmas yacte bosbiieseMenbekoil TyHIpHI, 0%kHas 4acTh FOropckoro
MOJIyOCTPOBA, MPOTASIBIIME C MOBEPXHOCTU B rojioneHOBbIM ontumyM (baymun, 1979), 3atem
IIPOMEP3IIH, YACTUYHO COXPAHUB WJIM MIOJYUYUB COJIHU B PE3yJIbTaT€ HOBOW TPAHCIPECCUHU.

ABTOp HabIr0/1a1 00pa30BaHUE COBPEMEHHBIX MEP3JIBIX 3aCOJICHHBIX MOPOJ HAa MOPCKOMH
Koce BOmM3M Mm.AmzepMma. Beleamme u3-nojx ypoBHS MOpS HacbhIIEHHBbIE MOPCKOH BOJOM
IIeCUaHble OTJIOKEHUS IPOMEP3AIOT CBEPXY, 00pa3ys 3-7 METPOBBIM TOPU30HT C 3aCOJIEHHOCTHIO
okono 0.05-0.1%, a Hmxe B meckax B HEMOCPEACTBEHHOW OJIM30CTH OT OEperoBOi JIMHUH
dbopMUpPYIOTCS 3aCOJICHHBIE TOJ3EMHBIE BOIBI ¢ KoHmeHTpamuer 50-130 r/m u OGomee. B
MEJCIOMEH U PACHOJOKEHHOW € JIPYrol CTOPOHBI KOCHI JIATyHE INPOMEP3al0T TJIMHUCTHIC
ocajZiku, 00pasys CIIOMCThIE MEp3Jibie TOPH30HTHI ¢ pasHoW 3acoseHHOCThIO (0.2-2%),
YepeayIOIUEcs C MPOCIOSMHU OXJIAXACHHBIX 3aCOJIEHHBIX [TOPOJ.

Takum oOpa3om, THIIMYHASL cXeMa (POPMUPOBAHUS 3aCOJICHHBIX MEP3JIBIX TOJII APKTH-
YECKOT0 NMOOEPEKbsl MpeIcTaBisieTcs chneayronieit (puc. 1). [Ipu HakoraeHun ocagka B MOPCKOM
OacceliHe HOpPMaJbHOM COJIEHOCTHM WJIM OINPECHEHHOM B HEM (QOPMUPYETCS 3aCOJIEHHBIN
nopoBsIi pacTBop. [Ipu mpomep3anuu Takoro ocajka emie B MOpe UiIu MpH OTCTYIIaHUU MOpS B
YCIIOBUSIX OTPHUIATENBHBIX CPEIHEroJOBBIX TEMIlepaTyp MopoA ¢opMupyercss Mep3nas
3aconieHHas tonma. Konebanus ypoBHS Mops, TEMIIEPATYpHOTO pexuMa, U3MEHEHHs yCIOBHM
0CaJIKOHAKOIUIEHHS, BO3MOXXHOCTb IPOMEpP3aHMs CBEPXY, CHU3Y U Jaxe ¢ OOKOBBIX CTOPOH
IIPUBOJAT K CIIOKHOW KapTHHE ITPOMEpP3aHUs U pacupesesieHus CoJIed B Mep3ioil Tone. Ecin
3acOJIeHHE MPOU30LLIO Mocie o0pa3oBaHMs OTJIOXKEHUI MpU HACTYNMAaHWU MOpSA, TaKOe 3aco-
jgeHue OyneT BTOPUYHBIM, SMHUXPOHHBIM WU MpPH MOCIEIYIOIIEM I[POMEP3aHUU IpPU HOBOM
OTCTyHaHUM MOpS. M3 3aCOJCHHBIX TaKuM 00pa3oM OTJIOKEHMH OOpa3yloTCsl 3aCOJIEHHBIE

Mep3J1bIe TOPOJIbI.



Haxonrmenue ocamga B MOPCKOM IMopoKue 11 KOHTHHEHTA EHELE
faccefHe HOpMAa MEHOH CONEHOCTHA MEPEIEIE 1 HEMEPRTTEIE OTTI0HKE-
HIT OIIPECHEHHOM; (hOpMHUPORa- HMA HA pa3HEX CTA QMK

HUE 33 CONEHHOID [IOPOBOTD pacT- TITOrEHE=A

EOpPA; BOZMOMKHEL [IEPEHYHEIE i4d- +

TEHETHUECKHE Mpechpasoea HIL Hacrynnenue Mmops, npoTau-

BadHHE MEDRTEIX OTJ'IO}KEHHﬁ;
Ha CEIMIEHHNE Mo ROBROTO CaCT-
BOpd MOPDCHHMIL COTIFMMIL, ©CTI

CHHI_FGHHbIﬁ WM S OO HIA
oH He ORI 3a GolEH FaHEE,

¥ 3 HHBIE U F3CONERKR
[DpoMeEpzaHUE|

(O Bpa=opa HHUE 3d COMEHHON MEPRTION TOIIIH

Puc. 1. Ocnoenas cxema Gopmuposanus 3aCONeHHbIX MHO20JIeMHEMEP3NIbIX  NOPOO

Apxmuueckozo nobepesicos

Tunuzanusi 3acCONEHHBIX MEP3JBbIX OTJIOKEHHH MOXKET ObITh MPOBEJACHA HAa OCHOBE
npencrasiennit W.J[.JlanmnoBa (1998) o BblaeneHUM KPHOTEHHBIX (HOpMALUN, YYUTHIBAS
3aKOHOMEPHYIO, MapareHeTUYEeCKyl CBsI3b MEXIy CIoco0amH MpoMep3aHus U 00pa30BaHUs
ocasouHblx mopoA. OH mpeasiiara€T COEIUHUTh TEHETHYECKUH TOJIXO0J, NIpPU KOTOPOM
paccMaTpuBaeTcs crnoco0 o0pa3oBaHHMS TOPOA - MOPCKHE, allllOBUajIbHble W T.A., H
TEOKPUOJIOTUYECKUN, YUYUTHIBAIOIIUN TIPEXAE€ BCEro CHOcOO MPOMEp3aHUs, U BBIICISET
KPUOJIUTOTEHETHUECKHE KOMILIEKCHI - €CTECTBEHHO-UCTOPUUECKHE COOOIIECTBA TOPHBIX MOPOI,
c(OpPMHUPOBAHHBIX WM MPEOOPA30BAHHBIX B OMPEACNECHHBIX MPUPOAHO-KIMMATUYECKUX (U
MEpP3JIOTHBIX), HEOTEKTOHUYECKUX U  CTPYKTYPHO-T€OMOP(OTOTHUECKUX  OOCTaHOBKAX:
CUHKPHUOT€HHO-KOHTHHEHTAJIbHBIN, SMUKPUOTE€HHO-MAPUHHBIN u SMUKPUOTEHHO-
KOHTHHEHTAJIbHBIN.

PaccmoTpum kpaTko BO3MOXKHBIE cly4yan 0Opa3oBaHUS 3aCOJEHHBIX MEP3IbIX MOPOJ C
YYETOM MX MPUHAJJIEKHOCTH K KPUOJIUTOI€HETUUECKUM KOMILIEKCaM, T€HETHUYECKUM THUIIaM U
BPEMEHU MTPOMEpP3aHusl.

CHHKpPUOTEHHO-KOHTUHEHTAIBHBI ~ KOMIUJIEKC, BKIIOUAIONUN  cyOa’palbHble U
cy0OakBallbHO-CyOadpallbHbIE OTJIOKEHHUS: DOJIOBBIE, CKJIOHOBBIC, HHUBAJIbHBIE, AJUTIOBHAIBHBIC,
NENbTOBBIC, TAiIOBbIE W JPYTue, XapaKTepu3yeTcs IOMUHHUPOBAHHEM IIPH OOpa30BaHHUU
KPUOTEHHBIX (AKTOPOB, OTHOCUTEIBHO BBICOKOW JBAUCTOCTBIO, CyOrOpHU30HTAIBLHBIMU
KPUOTEKCTYpaMu, MOJUTOHAIbHO-KWIbHBIMA CTPYKTYPaMH M T.JI. 3aCOJIEHUE 3TUX OTJIOKEHUU
UMEET OIpeAeNieHHbIe OCOOEHHOCTU. DIIOBHANBHBIC, CKIOHOBBIE U JIETHUKOBHIE 3aCOJICHHBIC

06pa3OBaHI/ISI HC OIIMCaHbl ACTAJIbHO B JIUTCPATYPC, OAHAKO BCTPCUAKOTCA Ha ApKTI/I‘-ICCKOM



noOepexbe, B YaCTHOCTH, B IPUOPEKHOM 30HE MPH 3aTOINICHUH UX WIIM TIPU HHOM CII0co6e mpo-
HUKHOBEHUS COJIEHBIX BOJ M IOCIEIYIOIIEM IpoMep3aHuu. Tak, OHM MOTYT 3acoJIAThbCs IIPU
OTTaBaHUU JIPYyrux 3acojeHHbIX orioxkenuit. M.O. Jleiioman u W.JI. Crpeneuxoit (1996)
ONMCAaH CIy4yall 3acoJIEHUs CE30HHOTAJIOrO CJIOSI MPU OTTAMBAHMM HMKEJIEKAIIMX MOPCKHX
3aCOJICHHBIX OTJIOKEHHUH, TAKUM 00pa3oM MOTYT 3aCOJIATHCS COMUQIIIOKIIMOHHO-IETIOBHAIIbHBIE
OTJIOKEHUS, (POPMHUPYIOIIHECS HA 3aCOJICHHBIX MHOTOJIETHeMep3bIX Tonmax. [To qanaeim H.O.
KpusonoroBoit u A.A.Karan (1973), na UykoTke 3acoJieHbI COBPEMEHHBIC SJIIOBHAIBHBIC
OTJIOXKEHHUS, BEpOSATHO, depe3 aTMochepHble OCaIKu H3-3a ONM30CTH OKeaHa. ITo
MOJATBEPXKJIAETCSl TAKXKE pPeE3yJbTaTaMH ONPOOOBAaHUN pA3JIMYHBIX TUIIOB OTJIOKEHHM, B TOM
qucJie 3JIIOBUAJIBHBIX M CKJIOHOBBIX, Ha 3acojeHHocTh B Poccum u Kanane I'.1.JlyOukoBbiMm,
D.XMBOH M JPYyTUMH, a TaKXKe MajieoreorpapuuecKkuMiu U TEOJOTHYECKUMHU JTAHHBIMH 10
ApkrudyeckoMy moOepexbro. BeposTHO, BO3MOXKHO M HUX HAyaJbHOE 3aCOJICHHE B XOJIOAHBIX
apUIHBIX PallOHAX MPH UCHAPEHHH TPYHTOBBIX BOJA. OOMIMM /JJIsi BCEX STHX THIIOB OTJIOKEHHH
SBIISICTCS TIOTA/IaHNE B HUX TPU OTPEICICHHBIX YCIOBUAX COJEH HA CTaAuH MX (POPMUPOBAHHUS
U IPEUMYIIECTBEHHO CHHXPOHHOE C OCAJKOHAKOIJIEHHEM mpomep3aHue. OAHAKO OHU MOTYT
OTJIMYAThCS CIIOCOOOM IPOHUKHOBEHUS COJIEH, CPeU KOTOPBIX, TAKUM 00pa3oM, BBIIEISIOTCS:
1) ogHOKpaTHOE WM NEPUOAMYECKOE 3aTOIUIEHUE MOpPEM; 2) INPOHUKHOBEHHE 3aCOJIEHHBIX
IPYHTOBBIX BOJA (B TOM 4HCIE€ KpPHUONATOB); 3) HIPHUBHOC COJEH W3 OTTaMBAIOIIUX
MHOT0JIETHEMEP3JIbIX Toill; 4) aTMOoc(hepHbI M BETPOBOM IEPEHOC; 5) KOHLUEHTPUPOBAHUE
coJiell B CE30HHOTAJIOM CJIO€ IIPU IPeodIajaHuy UCTIapeHusl HaJl aTMOC(EPHBIMU OcaKaMH; 6)
apyrue  (MOCTyIUIEHHME CcoJied B pe3ysibTare pa3pylieHUus MHUHEpANoOB, KPHOT€HHAas
KOHIIEHTpanusa U T.1.). CrocoObl 3aCOJICHHs] OMPENEISIIOT COCTaB M CTENEHb 3aCOJICHHOCTH
OTJIOKEHUH.

AJUTIOBUAJIBHBIE OTJIOKEHUS MOTYT OBITh 3aCOJIEHBI Kak Iociie UX (GOPMUPOBAHHUSA, YTO
IIPOUCXOJUT, HAlpUMEp, B JOJMHAX NMpUOpexHbIX paiioHOB 3amagHoro fmana (Crpenenkas,
1991), Tak u mpu UX 00pa30BaHUH, KaK ATO HAOIIOMACTCS B COBPEMEHHOW nojuHe JICHBI mpu
npeobsiajaHK MCIApeHUs] U HAKOIUIEHUU COJied KOHTHMHEHTAJIBHOTO THUIlA B MOBEPXHOCTHOM
tonme (Enosckas, Konoposckuii, CaBBuHOB, 1966). D05i0BbIe U OOJIOTHBIE OTIIOKEHUS, T0-
BUJUMOMY, MOTYT OBITh 3aCOJIEHBI I1OCJIE UX 00pa30BaHUs B pe3yJibTaTe MPOHUKHOBEHUS 3aCO-
JICHHBIX BOJI, YTO MOXET MPOUCXOAUTH MPU MOPCKUX TPAHCTPECCHUSIX WM MUTPALUU BOJ MpPH
M3MEHEHUHU TUAPOTe0JIOTHYECKUX yciaoBUi. DakT HEKOTOPOro 3acOJIEHUsI €JOMHOM TOJIIM Ha
paBauHax CeBepo-Boctoka Cubupu oObsicHsiercsi, B yacTHOCTH, B.IL.Konmmessim (1981)
BCKpPBITHEM 3allOJHEHHBIX PAacCOJIOM BKIIOYEHUH B MUHEpalax B pe3ysbTaTe KPUOTEHHOTO
BozaeiicTBus. [lepBuuHasi MuHepanu3alnus MPECHOBOAHBIX MEP3JbIX O3E€PHBIX OTJIONKEHHM
o0bruHOo HeOonpmas (0.02-0.08%) u MOXeT yBeIMUMBATHCA B COJIGHBIX O3€pax WM MIpH
MIPOHUKHOBEHUU 3aCOJICHHBIX BOJ. JlaryHHbBIE k€ OTIO0XKEHUSI APKTUYECKOTO MOOepexbs 4acTo
MMEIOT BBICOKYIO 3aCOJICHHOCTH (JI0 HECKOJIbKUX %) ¢ mpeolriagaHueM XJIOPUCTOTO HATPHUS U
MOTYT MpOMep3aTh Kak B Ipoliecce uX pOpMUPOBaHUS, TaK U MOCIE - AMATEHETHUYECKUM WU,

PEXKE, SIMUTCHECTUYCCKUM ITYTEM.



Ha Apxkruueckom mobGepexxse UykoTku, Ha Banbkapaiickoii HHM3MEHHOCTH
N. . JanmnoseiM u JILA. JKurapessiM (1979) Obuin JeTanbHO M3y4y€HBI pa3iMuHbIE I€OJIOrO-
IFEeHETUYECKUE TUIIbI OTioXkeHUH. Ha puc. 2 npeacraBieHbl pe3yabTaThl 3TUX UCCIIEIOBAHUMN, U3
KOTOPBIX CJIEyET, YTO 3aCOJICHHBIMM SBISIOTCS KaK JJIIOBUAJIBHBIC IAJIEOI€H-HEOTCHOBBIE
OTJIOXKEHUS, TaK U IJICHCTOLICHOBBIE U I'OJIOLICHOBBIE AJUIIOBUAIbHBIE U MOpCKUe ocaaku. [Ipu
9TOM JIJI1 MOPCKHUX OTJIOKCHUI TUIIMYHO COOTHOILLIEHUE COJIEH, XapaKTEpHOE MJII MOPCKOM BOJIbI
C HEKOTOPBIM YBEIMYCHHUEM COJEp)KaHUs cylbdaTa HaTpus. DTO YBEIMYCHHE OTHOCUTEILHOTO
KOJIMYeCTBa Cylib(aTa HATPUS OOBACHSICTCS OOBIYHBIM OIPENCIICHUEM HATPUS IO OCTaTKy
KaTHOHOB, a TaKXKe HHU3KOH MUTPAIMOHHOH CHOCOOHOCTBIO Cynb(ar-uoHa, KOTOPHIH
3aXBaTBIBACTCSA PACTYLIMM JbJIOM. BeposiTHo oOorameHue cyinbpaTaMd M TpPU OKHUCICHUH
NUpUTa, BO3MOXKHO, MMEHHO IO STOH MNPHYUHE CYyIb(aToB 0COOEHHO MHOTO B HEOTCH-
IUICHCTOIICHOBBIX ~MOPCKHX OTJIOKEHUsX Banbkapaiickoii Hu3MeHHOCTH. Heobxomumo
IIOAYEPKHYTh OTJIMYHME pPAacCCMaTPUBAEMBIX IIPOLIECCOB OT CTAJWM THUIIMYHOIO PAHHETO
JMareHes3a, Korja MPOUCXOMUT peayKuus cyinbdaTtoB (Jnarene3 um KarareHes o0cCaJO0YHBIX

obpazoBanuii, 1967).
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Puc. 2. Cpeonuti no pationy Banvkapauickoi HUzMeHHOCMU CONEBOU COCMAS KAUHO30UCKUX
MHO2ONIemHeMep3blX omaoxceHull (no oamnvim M. J]. Jlanunosa u JI.A.2Kueapesa, 1979): 1 -
20/10YeHo8ble 03epHO-0010mHble; 2 - 20]10YeHOo8ble MOpCKue, 3 - NielcmoyeH-2010YeHO8ble
Mopckue, 4 - nielicmoyenossie alN08UAIbHbLE, 5 - NIENCIOYEHO8ble ANTI0BUATbHO-0elbI0sble,
6 - cpeonenneticmoyenogvle MOpcKue, 7 - HeO2eH-NIelCmMOYeH08ble NPUOPENCHO-MOpCKuUe, 8 -
Heo2eHOoBble U He02eH-NIeliCIOYeHo8ble ANN08UdIbHbLe, 9 -naneozen-HeozeHogvle nazyHnvle, 10
- naneocen-Heo2eHosble IN0BUANbHBIE OMIIONCEHUS, a - abCconomHoe U 6 - OMHOCUMENbHOE

cooepacanue conell.

AJUTIOBUQJIBHBIE  OTJIOKEHUS  XApaKTEPU3YIOTCS  Pa3IMUHBIM  3aCOJEHHEM  Kak
KOHTUHEHTAJIBHOTO XapakTepa (BBICOKAUM OTHOCUTENIBHBIM COJEpXKaHUEM THUIApoKapOOHaTa
KaJblHA, Cyiabdara U ruapokapOOHaTa HATPHS MPU 3HAYUTEIBHOW JI0JIE XJIOPUCTOTO HATpPUs),
TaKk U MOPCKOr0o, OCOOEHHO Ha CEBepe pailoHa, Ie auIIOBUAIbHO-AEIbTOBBIE OTIOXKECHUS
3acosiensl 10 0.3-0.7%, a cpenu coseit pe3ko npeodiiaiaeT XJIOPUCTHIA HATPHUH.

B mpaktudecku HE3aCONEHHBIX 03€PHO-OOJOTHBIX OTJIOXKEHUSX CyJb(aT-uOH MHOTAA
MOJTHOCTBIO OTCYTCTBYET M3-3a Ipoliecca OMOTeHHOM Necyib(aTu3anuu, a mpu OBICTPOM HX
MIpoMep3aHuu, HA000POT, PUKCUPYETCS B MEP3ITBIX TOJIIIAX.

TakuM 00pa3oM, 3acCOJIEHHE MHOTOJIETHEMEP3JIBIX OTJIOXKEHHM B 3TOM pailoHEe HMeeT
CMEIIIaHHOE, KOHTUHEHTAIbHO-MOPCKOE IPOUCXOXKAECHUE, C IpeodsiajaHueM TOr0 WU MHOTO
XUMHYECKOIO cocTaBa B  pa3nuyHblx (auuax. I[lpm  Bo3mMokHOCTH  (OPMUPOBAHUS
KOHTHMHEHTAJIBHOT'O 3aCOJIEHUS B JUIIOBHAJIBHBIX OTJIOKEHUSAX M KOpaxX BBIBETPUBAHMS 3a CUET
apUJIHOCTHU TEPPUTOPUHU M KPUOTEHHOT'O KOHIIEHTPUPOBAHHUS ITPU POMEP3aHUN HAAMEP3IOTHBIX
BOJ (B 9TOM pailoHe CYIIECTBEHHO BIIUSAET U OJU30CTh CYIb(PUAHBIX PYIONPOSIBICHUNI) MOPCKHE
BO/IbI HE TOJIBKO HACHIIIAIOT OTJIOKEHUS MOPCKUX M MPHUOPEXKHBIX (aluii, HO U pa3IUuYHbIMU
NyTSMHU MPOHUKAIOT B OTJIOXKEHUS JIPYTMX F€HETHMYECKHUX THIIOB M BIIMSAIOT HAa COCTaB CoJied B
MIOPOBOM PacTBOPE.

Baxxnpie ocoOeHHOCTM  (OPMHUPOBAaHHS  KOHTHHEHTAJIBHOTO  3acOJIeHUs  ObUIn
ycraHoBieHsl H.II.AnucumoBoit (1985). B wacTHOCTH, cTeneHb KPHOT€HHOI'O MOBBIIICHUS
MUHEPAJIU3alUU BOJbI MPU MPOMEP3aHUU 3aBUCUT OT HauyalbHOW KOHIIEHTpPALMU COJeH M uX
COCTaBa, a TakXke OT ycJIOBUH BojooOMeHa. [lo ee maHHBIM, IpU MPOMEP3aHUH BOJAOHOCHOIO
MeCKa B YCIIOBUSAX OTKPHITOW CHCTEMBbI OOJIBIIOIO TOBBIIIEHHUS] KOHIIEHTPALlUU IOPOBOTO
pacTBopa B HE3aMep3IlIeM CJIOo€ HE MPOUCXOIUT, TOrJa KaK B YCJIOBUAX 3aKPHITOW CHCTEMBI
MUHEpaIU3alus pacTBOpa 3HAUMUTEIBHO TOBBIIIACTCS W HU3MEHSIOTCS COOTHOILIEHHUS HOHOB.
Boigenenue mnpu KpUCTAIM3alMM BOJABI PACTBOPEHHOIO YIJIEKUCIOrOo ra3a MPUBOJIUT K
00pa3oBaHNIO0 KapOOHATHBIX HOHOB M3 THJPOKapOOHATHBIX. TpynHOpacTBOpUMBIN KapOoHAT
KaJbIUsl BBINAJAE€T B OCAJOK, @ B pPAcTBOpPE IMOBBIIIACTCS COJEp)KaHWE MarHUs W HaTpHsl.
Konuentpanusi pacTBOPUMBIX COJIEHl NpU NMPOMEP3aHUM TIOBBIIIAETCS B OCHOBHOM 3a CUET
rUIpoKapOOHATOB U KapOOHATOB MarHUs M HATpus, IPU ATOM 00bIYHO Mpeobnanaer HaTpuil. [1o

MueHnto H.IT. AHHCHMOBOM, 0COOCHHOCTH M3MEHEHHSI COACPIKAHUS BOJHOPACTBOPHUMBIX COJICH



B pa3pe3e Mep3/blX aJUIIOBUAIBHBIX OTJIOKEHUH Teppac JIeHbl MOTYT CIyKUTh IOKa3aTeleM
YCIIOBUH UX Npomep3aHus. B dacTHOCTH, MPUMEPOM MHOTOJIETHEMEP3JIBIX CHUHI€HETUUYECKUX
HOpOJ| SIBIISIIOTCS OTJIOKEHHs TMoWMeHHOW Qanuu. CTeneHb 3aCONEHHOCTH HUX BBIIIE, YeM
NPOMEP3aBUIMX SMUTEHETHYECKH MOJCTHIIAIOMIMX HOpoJ pycioBoi ¢ammu. [Ipu cezoHHOM
IIPOMEP3aHUN JIaXKE IPAKTUUYECKH HE3aCOJCHHBIX AJUIIOBHAJIBHBIX IIECKOB MHHEpaJIN3alUs
BOJIM3M TPAHMIIBI C MHOTOJIETHEMEP3JIBIMH TTopojamu mnosbimaercst 10 0.7% ¢ npeobnaganueM
XJIOPUAOB WK CyJib(aTroB HaTpuss U Maruus. llocrmemyromiee HaKOIJICHHE OCAJKOB CBEPXY
IPUBOJIUT K TOMY, YTO 3TOT 3aCOJIEHHBIN CJI0OW NEPEXOIUT B MHOTOJIETHEMEP3JIOE COCTOSIHUE.
[Tpomep3anue menb(HOBBIX OTIOKEHUH SMUKPHOT€HHO-MapUHHOTO KomIuiekca mo M.JI.
HanunoBy (1998) ocymiecTBisieTcsi TJIaBHBIM 00pa3oM SMUTECHETHYECKHUM CIIOCOOOM CBEpPXY
1ocJjie BbIX0/1a U3-11oJ ypoBHs Mopst. Ha ux cocrtaB BiaMseT HU3Kask OTpULIATENIbHASL TEMIIEpaTypa
cpelpl U Iu1aByuue Jbjabl. K 3ToMy MOMEHTY 3aBepILIAOTCsl AMAreHETUUECKUE IpeoOpa3oBaHus
nopobl. [l 3TUX OTJI0KEHUHN XapaKTEPHBI 3aJIeXKH MOA3EMHBIX JIbJ0B, KOTOpbIE 00pa3yroTCs,
[0-BUJIUMOMY, B pe€3yJibTaT€ HMHBEKIMH M MHUIpallMd BJard M3 BOJOHOCHBIX TI'OPHU30HTOB
(Btropun, 1975). He uckimoueHo ux (opMUPOBaHUE B pe3yibTaTe€ 3aXOPOHEHUS MOPCKHX
JbJOB, a TAKXKE 3a CUET MPOMEP3aHUsl CHU3Y IPU 3aTOIUIEHUH MOPEM MHOTOJIETHEMEP3JIBIX

TOJII.

Tabn. 1. Dmanvl KpuoceHH020 NPeoOPA308AHUS, 3ACONEHUS. U NEPEX00a 8 MHO20JIeMHEeMEP3II0e

COCMOSIHUE OCHOBHBIX 2€0J1020-2EHEMUYECKUX MUNO0E OMIONCEHU

Oransl Kpuoru- Kpunocunrenes Kpunonna- Kpunosnurenes
neprexes reHe3

3aco- DI10BHAIIb- CKJI0HOBEIE, D0JIOBEIE, AnmoBualib- | AJJTIOBHAJILHBIE

JIEHUE HBIE IIPU npUOpPEKHO-MOPCKHE HBIE (KpyHHBIX peK),

pu coJiep)ka-HUM | (BaTTOBBIE U JIAlIOBbIE), | (pyCIIOBBIE), 03€pHbIE, MOPCKHE

o0pa3zo- coJieil B AJUTIOBHAJIBHBIC OpUOpPEXKHO- | MPHU OTIIOKEHUH B

BAHUU MaTepHUH- (molfiMeHHbBIE U MOPCKHE, COJIEHOM OacceliHe.

OTJI0- CKOM MopoJie | AETbTOBBIE) MPU o3epHble ipu | Bee Tumel

JKEHUH OTJIO)KEHUU B COJIEHOM OTJIOXKEHUU B | OTJIOKEHHI,
OacceiiHe Wi npu COJIEHOM 3aCOJICHHBIE B
BHECEHUH COJIEH OacceitHe npouecce
IPYHTOBBIMH BOJIaMU o0pa3zoBaHusl, IpU

MTOBTOPHOM
IIPOMEp3aHUHU

3aco- Bce tunsl 0TII0KEHUH IPU IEPBUYHOM

JIEHUE WM IOBTOPHOM IIPOMEP3aHUU

nocine

o0pa3zo-

BaHUs

oTJI0-

KEHUI




Cunraercs, 4TO OTJIOKEHHUS IOJBOJHOTO OEPEeroBOro CKJIOHA-TUISKA IMPOMEP3al0T Ha
riyOuHax menee 2.5-3 M. OOBIYHO OHM 3aJEraloT B BUIE “KO3BIPHKOB™ TOMIIUHOU 10 20 M,
uHorga JABOWHBIX. [llMpUHBI B HECKOJNBKO JECATKOB KWJIOMETPOB JIOCTUTaeT I10JI0ca
npuOpeXHBIX Mep3ibIX Tonil B Mope JlanteBbix Bokpyr Lllenonckux octpoBoB u 0.Makapa, B
3anagHoi yactu BocrouHo-Cubupckoro mopsi kK BocToKy oT o.bon. JIsxoBckoro u B paiione
Xpomckoit, Omyinsaxckoil u I'ycunoit ry6 (OcHOBBI reokpuosioruy, 1.2, 1996). B atux ycnoBusix
BO3MO)XHO 3aXOPOHEHHE JbJAWH W JOHHOIO JIbJJa B COYETAHUU C MPOCIOSMHU MEP3JIbIX
3aCOJICHHBIX TOpo/1. JIal0BbIE U JIEIBTOBBIE OCAIKU NEPUOTUYECKU 3aTOILUIIEMBIX MOOEPEkKHi
pOMEp3al0T, KaK MPaBHIO, B MPOILECCe WX HAKOIUICHHS, T.€. CHHICHETHYECKHUM CIIOCOOOM H
UMEIOT  JIOCTAaTOYHO  BBICOKYIO  3aCOJIGHHOCTb ¥ JIBJAWCTOCTb,  JIOCTHIAIOLIYI0 B
NPUIIOBEPXHOCTHOM vacTu paspe3a 40-50, a mnorma u 70-80%. Takum oOpazom, B IEIOM
AIUKPUOTCHHBIA MapUHHBIM KOMIUIEKC COAEPXKUT B BEPXHHUX (IIPU PErpeccuM) WM HUKHHUX
(TIpu TpaHCIPECCHM) YacTsIX CBOETO pa3pe3a CUHKPUOTCHHbIE OTIOXKEHHUS.

Takum oOpa3oM, ¢GOpMHpPOBaHHE 3ACOJCHHBIX MEP3JIBIX MOPOJ APKTHYECKOTO
noOepexbst 00yCIOBICHO TJIaBHBIM 00pa3oM CHHXPOHHBIM M SIHUXPOHHBIM HPOMEpP3aHUEM
MOPCKHX U APYTUX OTJIOXKEHHH, coAepKallUX BOJHOPACTBOPUMBIE COJIM B IOPOBOM pacTBOpE, U
KOHTpoJIUpyeTcs: 1) TemmepaTypHOM peXUMOM; 2) KOHIEHTpaIMeld MOpOBOTO pacTBopa; 3)
CKOPOCTBIO OCAIKOHAKOIUIEHHUS (Ha aKKyMYJISITUBHBIX Oeperax).

CoxpaHeHue cojeil B MHOIOJIETHEMEP3JIBIX MOPOJiaX O0YCIOBIEHO MX MPUCYTCTBHUEM B
OTJIOKEHUSAX JI0 IPOMEp3aHusi, KOTOpOe caMo MO0 celde SBISeTcs CBUIETENICTBOM JIMOO
oTpuuaTeslbHOro ©OanaHca Biaard (OpUM  KOHTUHEHTAJBHOM  THUIIE  3aCOJIEHUsi), Ju0Oo
HeJ0CcTaTOYHOU nuddepenualmel ocaJouHoro BeuiecTsa (Ipyu MOPCKOM THIIE 3aCOJIEHUs) U
(aKkTHYECKUM OTCYTCTBHUEM CTaaui MpeoOpa3oBaHUs OTIOKEHHUH, IPU KOTOPBIX U IPOUCXOAUT
BBIHOC coyiel u3 ¢opmupyroueiics nopoabl. Ilpu 3ToM XapakTepHOH dYepTOW YCIOBUMI
(GOopMUPOBAaHNS MHOTOJIETHEMEP3JIBIX MOPOJA € 3aCOJIEHHOCTbIO MOPCKOTO THIIA SIBIISIETCS
COXpaHEHHE BBICOKOM JIBAMCTOCTH, IPHUCYTCTBHE HEPA3JIOKHUBILIETOCS OPraHU4YEeCKOro
MaTepuaia U ciabas COPTUPOBKA MHUHEPAJIbHBIX YacTHI[ - TaKUM o00pa3oM, CTENeHb
mubdepeHIMauY  BEIIECTBa TAaKUX OTJIOXKEHUH B ILEJIOM OTJIMYAaeTcss OT CTENeHU
muddepeHManny BenecTBa OTJIOKEHHUH, YINIOTHUBILKXCS HAa CTAAMIX JUareHe3a U KarareHesa,
NOTEPSABLUINX 3HAUUTEIBHYIO YacTh BOJbBI, a BMECTE€ C HEHl U coiei, T.e. B LenIoM Ooiee
OJIHOPOJHBIX IO KOMIIOHEHTHOMY cocTaBy. Heo0X01MMO OTMETUTD, YTO 3aCOJICHUE HEMEP3JIbIX
JTUCHEPCHBIX TopoJ (opMUpYETCs NpH HAKOIUIEHMM B HHUX pAacTBOPUMBIX COJIeil mocie
o0pa3zoBaHusl TOPOJLI B pe3yibTaTe BTOPHYHBIX TporieccoB 3acoiieHus (Jlomramsze, 1984;
Kona, 1946 u 1973) u >TuM OTIMYarOTCS OT OOJBIIMHCTBA 3aCOJIEHHBIX MEP3JIbIX MOPOJ]
APKTHYECKOTO MOOEPEXKDSI.

dopmMupoBaHUE 3aCOJEHHBIX MHOTOJETHEMEP3JIbIX IMOPOJ MPOUCXOJUT B HECKOJIBKO
sranoB. B coorBercTtBun ¢ omnucanHeiMu M.J[. danwnoBeiM (1995) cramumsmu ocagodHOro
noposoo0pa3oBaHusi M JTalaMd  KPUOTEHHOTO  MPeoO0pa3oBaHHUS  MOXKHO  BBIICIUTH

COOTBETCTBYIOIIME KM OTallbl 3aCOJICHHMA KaK OJHOIo0 M3 IPOLECCOB, MPOUCXOIALICTO IIPU



autorenese (tabxa. 1). [Ipu 3Tom BblneneHHas cTaaus KpUOAUAreHesa SBJSIeTCs, M0-BUJUMOMY,
ycnoBHoil. H.M. CrtpaxoB (1962) cuutaer nauareHe3 cragueil "BHYTpeHHEro (hHU3MKO-
XMMHYECKOI'0 YPaBHOBEUIMBAaHUSI MHOTOKOMIIOHEHTHOM CUCTEMBI BEIIECTB C IPOTUBOPEUUBBIMU
cBOiicTBaMM'", KOTOPBII IIpU HU3KON TeMIlepaType IOJaBJeH, a U3MEHEHUs IEPBUYHOTO OcajiKa
nociae ero o0Opa3oBaHUs TPEACTABIAIOT COOOM  pa3HOBHIHOCTH THIIEPreHe3a, WIH
BbIBETpUBaHUA. Kpome TOro, 1o MHEHHIO psiia UCCieNoBaTeleil, IIMHUCThIE MUHEpalbl HE
BO3HHUKAIOT B WJIAX IPU JUareHe3e Jake BHE OOJacTel KPHOJIMTO30HBI, a MPUBHOCATCS Ha
CTaguM ceAuMeHTauuu. Takum o0pa3oM, mpeoOpa3oBaHMs MEPBUYHOTO OCaaKa Tepen
IpoMep3aHUEeM B OCHOBHOM 3aKJIIOYAIOTCS B YAaCTUYHOM OOE3BOKMBAHMM U YIUIOTHEHUH WU
BO3HMKHOBEHUH MEPBUYHBIX KOATYJISLIMOHHBIX CBs3€H 10 Hanbosee ruApaTUPOBAaHHBIM yIaM U
CKOJIaM MHHEPaJIbHBIX YacTHIl. YTOOBI MOAYEPKHYTh OTIMYHE CYyOaKBAILHOTO U Cy0a’paibHOTO
nuarenesa, M.C. I1IBenoB (1960) npenioun Ha3bpIBaTh MOCIEAHUIN IK30/IMar€HE30M, YUUTHIBAS
TaK)Ke BO3MOKHOE JIEHCTBUE IPOMEP3aHUsI B IPEOOPA30BAHUU OTIIOKEHUH.

IIppy Ha4yaJbHOM COAEpP)KAaHMM COJEM B MATEPUHCKMX IOpPOJAax Ha  J3Tare
KpUOTUIIEPTUHE3a MOTYT 00pa30BbIBATHCS 3aCOJIEHHbBIE JIIOBHANIbHBIE OTNOKeHus (Tabn.1). Ha
JTane KpPUOCHHTEHE3a O0pa3yloTCsl pas3lIn4Hble, NPEUMYIIECTBEHHO KOHTHHEHTAIbHBIC
FEHETUYECKUE THUIbl OTJIOXKEHWI, a TakKe BAaTTOBbIE U JIaWJOBBIE OCAaJKU B HPUOPEKHO-
MOPCKHUX yCIIOBHSIX. boJbIast 4acTe mpuOpeKHO-MOPCKUX, JIEIBTOBBIX, YACTh AJTIOBUAIBHBIX
03EpHBIX 3aCOJIEHHBIX OTJIOKEHUH (QOpMHUpYIOTCS Ha 3Tane Kpuonauarenesa. U, Hakoner,
TUIIMYHBIE OacCEHOBBIE, O0Iee TITyOOKOBOIHBIC OCAIKU M PYCIIOBBIE OTIIOKEHHS KPYIHBIX PEK,
a TaKK€ BCE OTJOXKEHHUS, YXKE HCIBITaBIIME OTTAaUBAaHUE, IPHU YCIOBHUM HUX HAYaJIbHOTO
3aconeHust (OpMHUpPYIOTCS Ha JTarne KpuolsnureHesa. Ha sToMm sTame o0pasyroTcs Takxke
3aCOJICHHBIE MHOTOJIETHEMEP3JIblE TMOPOJbl, B KOTOPBIX MPOM3OILIO 3acCOJEHHE IOCie
(GopMUPOBaHUS OTJIO)KEHUH - COJISIMH OJIMHAKOBOTO C 3TUMHU OTJIOKEHUSMHU MPOUCXOKICHUS
WIM OTJINYHOTO OT HUX.

Takum 00pazoM, pa3IUUHBIM crtoco0aM 00pa30BaHUs 3aCOJCHHBIX MHOTOJIETHEMEP3ITBIX
MOpPOJT TMPUCYIIU ONPEIEIICHHbIE YEPThl, CBA3AHHBIE C OCOOBIM, KaK MpPaBWJIO, CPAaBHUTEIHHO
OBICTPBIM BO BpPEMEHH [EPEXO/IOM B MEP3JIO€ COCTOSIHME M CTeNeHbio AuddepeHranu
OCaJJOYHOTO BEUIECTBa, KOTOpbIE OOYCIOBIMBAIOT COXpPAaHEHHME B COCTAaBE OTJIOKEHHM
JETKOPacTBOPUMBIX  COJ€HM W JApyrue OCOOEHHOCTM MX COCTaBa U CTPOCHHS.
[IpeuMyIiecTBEHHBI MyTh OOpa30BaHUSA  3aCOJIEHHBIX MHOTOJIETHEMEP3JIBIX  MOPOJL
ApkTudeckoro moOepekbs CBS3aH C CHH- U DJIHUI€HETHYECKHM IPOMEP3aHHEM MOPCKHX,
NpUOPEKHO-MOPCKUX U APYTUX  CIHA00MUTU(DUIMPOBAHHBIX  OTJIOKEHHUH, HACHIIIEHHBIX
NEPBUYHBIMH WMJIM MeTaMOp(PHU30BaHHBIMU MOpckuUMH Bojamu. Comiu, cojaepkamuecs B
MOPOBBIX PACTBOPAX, B YCIOBUSAX MEpeXoia OCAIKOB B MEP3J0€ COCTOSHUE MPU NMPOMEP3aHUU
JUIIb YacTMYHO BBIHOCATCS 3a Mpefesbl (OpMHUPYIOUIMXCS TOJII, a IJIaBHBIM 00pa3oM
nepepacnpenensorcs B HuX. PopMHUPOBAHUIO BBICOKOM 3aCOJIEHHOCTH MOPCKHUX M IPUOPEKHO-
MOPCKHX OTJIO)KEHUH CHOCOOCTBYET HU3Kasl OTpHUIIATENIbHAs TEMIepaTypa Cpellbl, CHHXPOHHOE

HAKOINICHUE WU IMPOMEP3aHUE OCAAKOB, HaCTO C BO3MOKHOCTBIO ITPOMEP3aHUA CHU3Y, U cinabas



CTCIICHDb ,Z[I/I(I)(bepeHLII/IaL[I/II/I 0CaJOYHOro BCHICCTBA, OTJIArarOMICTOCA B APKTHYCCKUX MOPIAX U

IpUOPEKHBIX YCIOBUSAX.

2.2. KITACCU®UKALA 3ACOJIEHHBIX MEP3JIBIX ITOPO L

Knaccugukarust 00bI9HO pa3zienseT Ha TPYIIbI IPEAMEThI, OJHOPOIHBIE B KAKOM-ITH00
OTHOILICHHUH, PABHBIC 10 PaHTy, T.€. 3TO “TOpU3OHTaIbHOE pazaencHue. Kinaccupukanum MoryT
OBITH TOCTPOEHBI HAa JIIOOBIX NPUHIMIIAX: MOP(OIOTHUYECKUX, T'CHETUYECKUX, BPEMEHHBIX,
NPOCTPAHCTBEHHBIX, KOJMYECTBEHHBIX M T.1I. Kiaccupukanum o07erdaroT cpaBHUTEIHHOE
u3ydeHne OIMM3KUX 00BEKTOB, TOJBITOKUBAIOT 3HAHUS O CXOJICTBE U PA3JINYMAX, B TOM YHUCIIE O
TEHETUYECKOM POJICTBE, HAKOHEL, OHU MO3BOJISIOT U3y4aTh CPABHUTEIBHO HEMHOTOUUCIIEHHbIE
TUTIBI BMECTO OTPOMHOT'O KOJIMYECTBA WHIWBUIyaIbHBIX 00BeKTOB (ApMann, 1975). “Hayka -
sTo npexae Bcero kinaccudukanus’ ([lyankape, 1906).

[TockonpKy  KIAaCCU(UIMPYIOTCS  3aCOJIEHHbIE MeEp3jble IOpPOJAbl, HEOOXOAUMO
NEPBOHAYAILHO CJHIEJaTh CTPOTOE OIpeesieHue caMoro o0bekTa. OOBIMHO B JIMTEpaType
(Bemmmu, 1990; JlyowkoB u MBamoBa, 1990) 3acoiieHHBIMH Ha3bIBAIOT MEP3JIbIC ITOPOIBI,
coJiepsKalllye JEerko pacTBOpPUMBbIE B Bojie coiu. OJJHAKO CTPOroro KOJIMYECTBEHHOTO KPUTEPHUS
00b1yHO He mpuBoauTcs. Kak mpasuio, cesinatorcs Ha CHull 2.02.04-88, rae k 3acoieHHBIM
IPyHTaM OTHOCATCS IIECKH, CYNECH, CYIJIMHKU W TJIMHBI, €CJM UX 3aCOJECHHOCTh (OTHOLIEHHE
BECa BOJIHOPACTBOPUMBIX COJIEH K BECYy MHUHEPAJbHBIX 4YaCTUI[ B €IMHHULE O0beMa IpyHTa)
npeBbimaer coorBerctBeHHO 3HaueHus 0.1%; 0.15%; 0.2%; 0.25%. IlbuieBaThie mnecku
Mopckoro nobepexnsi CeBepa cuuTaroTcs 3acoieHHbIMH mipu 3acojeHHocTH 0.05%. B To ke
BpeMs 3aCOJICHHOCTh Talibix rpyHTOB ompezaensercs mo 'OCT 25100-82 HuXHUM MOpPOrom
3aCOJICHHOCTH JIETKO- U CPEJHEPACTBOPUMBIMU COJIIMHU JUISI CHEMEHTHPOBAHHBIX 1MOpox - 3%,
JUISL HeCLIEMEHTHPOBaHHBIX IpyHTOB - 5%. W.B.Illeiikun (1990) cnpaBeyinBo yka3biBall, 4TO B
JAHHOM CJIy4ae JJis 3arUICOBAHHBIX M HEKOTOPBIX JAPYTUX IPYHTOB 3aCOJIEHHOCTH MOYXKET
JOCTUTaTh JECSATKOB NPOLEHTOB U ONpEAeNsATh OOJIbIINE OCAaJKU TPYHTOB 3a CYET
BBIILIEJAUMBAHUS TPU OKCIUTyaTallud coopykeHui. IIpu 3TOM KOHILIEHTpauusi HacChIIEHUS
MIOPOBOT'O PacTBOpa CpeAHe- U TPYAHOPACTBOPUMBIMHU COJISIMH M3MEpseTCs JAOJISIMU rpaMma Ha
JUTP, YTO cnabo BIUSET Ha TOHWKEHUE TEMIIepaTypbl 3amMep3aHusl TaKUX TIPYHTOB.
JlerkopacTBOpUMBIE K€ COJIM, HAXOJACh B 3HAYUTEIILHO MEHBIIMX BECOBBIX KOJWYECTBAX, B
MEp3JIbIX FPYHTaX 3HAYUTENbHO MU3MEHSIOT TEMIIepaTypy 3aMep3aHus - OTTauBaHus, (a3oBbIi
COCTaB BJIard U UX (PU3UKO-MEXaHMYECKHE CBOICTBaA.

EnuHcTBeHHass m3BecTHas B JIMTEpaType IMONBITKA CTPOrO OINpeAeNieHUs] 3aCOJIEHHBIX
Mep3neix opoa npuHamiexkuT B. . I1anuenko nu B.U.AxkcernoBy (1990). Umu, Hanpumep, Ob110
OTMEYEHO, YTO OOYCJIOBJIEHHOE 3aCOJICHHOCTbIO CHUXEHHE MPOYHOCTU CMEP3aHUS MEpP3JI0ro
CyIJIMHKa TPOUCXOAMUT Yyke mpu 3acoieHHoctd 0.05 - 0.1%, T.e. B TOM HHTEpBaie
3aCOJIGHHOCTH, TI/I€ OTOT TPYHT CUUTaeTcss HE 3acojeHHbIM. [lo uxX MHeHuI, eciu

SKBUBAJICHTHOC COJCPKAHUE HOHOB OJJICKTPOJIMTOB B TPYHTEC MCHBIIC OOMEHHOH EMKOCTH



CKeJeTa TpyHTa, TO MOHBI B3aUMOCHUCTBYIOT TOJIBKO C MTOBEPXHOCThIO MUHEPAIbHBIX YaCTHIl U
HE YYacTBYIOT B ()OPMUPOBAHMM PaBHOBECHS JieJ - BoJA. Takod TPYHT OHM IpensararoT
CUMTaTh HE3aCOJICHHBbIM. Ecnu conmepikaHne MOHOB BBIIIE OOMEHHOH E€MKOCTH, TPYHT MOMKET
CUMTAThCA 3acOJICHHBIM. [lo Hamemy MHEHHIO, MpaBHJIbHEE TOBOPHUTH O JIETKOPACTBOPHMBIX
CoJIsIX (a HEe MPOCTO 3JIEKTPOJIUTOB) B MOPOBOM pacTBope. Ecim Mx comepkaHue NpeBbIIIACT
BEIIMYHMHY, TPU KOTOPOH yke (UKCHUpyeTcs H3MEHEHHE (PU3MKO-MEXaHUYEeCKUX  CBOMCTB
TPYHTOB U KOTOpasi (paKTHUECKH OJM3Ka K OOBIYHOM TOYHOCTH OIpECIICHUI 3aCOIEHHOCTH, a
ona 6ym3ka k 0.05%, Takue mopoabl MOXKHO CUMTATH 3aCOJICHHBIMHU.

Takum 00pa3oM, MOXHO JaThb CIEYIOIIee ONpeAeiieHHe. 3aCOJCHHBIMH SBIISIOTCS
Mep3Jble TIOPOBI, CO/IEPIKaIINe B TIOPOBOM PACTBOPE JIETKOPACTBOPHMEBIE COJIM B KOJIMYECTBE,
cocrasmsitoiiem 6osee 0.05% 1Mo BeCcy B OTHOIICHHUH K CYXOH TOPO/IE.

[lpu mocTpoeHMM KiacCH(PHUKAIMK 3aCOJEHHBIX MEP3JIBIX TOPOJ MBI CTapaJuCh
IPUJIEPKUBATBCA TPEX JIOTMYECKUX IpaBWil, KOTOpble, mo MHeHuto JI.JI.Apmangma (1975),
o0si3aTeNbHBl ISl JM000H Kitaccudukanuu. Bo-mepBbIX, cyMMa BBIACICHHBIX BHIIOB JOJDKHA
OBITh paBHA 00BEMY KIACCH(PHUIHUPYEMOTO MOHITHSA. BO-BTOpHIX, B Mpeaenax OJHOW CTYIECHH
KJaccu(UKauy  JOJDKEH BBIICPKUBATHCA TOJNBKO OJWH KIACCH(UKAIMOHHBIN TMPH3HAK.
Hpyrue NpU3HAKM Ha JAaHHOW CTYNEHH MOTYT TIPUCYTCTBOBaTb, HO  SIBJISIFOTCS
HEOOs3aTeNbHBIMU.  B-TpeThuX, TpyNmbl, BBIACICHHBIE IO BHUIOBBIM OTJIHYHSIM, TOJDKHBEI
UCKIJIIOYaTh JIPYT Apyra, 4YToObl HU OJMH KiIacCU(UIUPYEeMbIii OOBEKT HEeNb3sl ObLIO OTHECTH
Cpazy K JIBYM IpymmaMm. Beigensemble BUABI 3aCOJICHHBIX T'PYHTOB KJIACCHU(HUIIMPOBAIHCH IO
CIICAYIOUINM TpU3HAKAM:

1. Ilpoucxoxaenue, i cnocod oOpazoBaHUs U XUMUYECKUIN COCTAaB COJIEH B IOPOBOM
pacTBope TOpos;

2. OIHOBPEMEHHOCTh 00pa30BaHMs 3aCOJCHUS C 00pa30BaHUEM T'OPHOM TTOPO/IBI;

. OTHOBPEMEHHOCTH MPOMEP3aHUS OTIOKEHHUH C 00PA30BAHNEM 3aCOJICHUS;

. KonueHrpamus coseit B HoOpoBOM pacTBOPE;

. CocTaB AHCIIEPCHBIX MEP3JIBIX MTOPO/I, COAEPIKAIINX COJIM B TIOPOBOM PACTBOPE;
. BmaxxHocTs (JIbAMCTOCTH) 3aCOICHHBIX MEP3JIBIX TTOPOSI;

. Temneparypa;

. YcroBus 3aneranus B paspese;
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. Kpuorennoe crpoenue.

['pynmel, BbIENsAEMBbIE HA KaXIOH CTyNmeHW KilacCHPUKAIMK, B Tpelaesaax OJIHOTO
KJ'IaCCI/ICbHKaHI/IOHHOI‘O IIpuU3HaKa, MOIyT ObITb TE€HETUYECKH CBSI3aHBI C I'pynmnamu,
BBIJICIIIEMBIMHA I10 JIPYTOMY IpHU3HAKY. B 3TOM COCTOMT CyIIeCTBO €CTECTBEHHBIX CBS3EH,
MPOSBIISIOIIUXCS B KOPPEISIUU U O0YCIOBIEHHOCTH PA3JIMYHBIX XapaKTEepUCTUK oObekTa. B
OTCIC)KMBAHWM TaKUX CBA3EM 3aKIIOYAeTCs  OJHA W3 ILeJIed HAy4YHOrO MCCIENOBaHUS,
BBITCKAKOIINX U3 KJ'IaCCI/I(i)I/IKaIII/II/I, HO UMCIOIIUX CaMOCTOATCIIbHOC 3HAUYCHUC.

3aconeHue, KOIZa COJM  SIBISFOTCS KOMIIOHEHTOM OC3JIKOB M CBSI3aHbl C HHUMH

TCHECTUYCCKU, npeajnaracTcsa Ha3bIBaTh ABTOXTOHHBIM (aBTOFeHHBIM) . OTnoxenust




KOHTUHEHTAJIbHBIX T€HETHMYECKHX THUIIOB 3aCOJSIIOTCS BO BpEMSl M IOCIE UX OOpa3oBaHUS B
pe3yibTaTe MPOHUKHOBEHUS COJIEHBIX BOJ, YTO MPOUCXOIUT IIPY MOPCKUX TPAHCIPECCUAX WU
no apyrum npuuuHam. Ilo nganneiM U.J[.CTpenenkoil, MOPCKMMH COJIIMH HachILAKOTCH,
HampuMep, aJUTIOBHAJbHBIE OTJIOXKEHHS B JOJMHAX NPUOPEKHBIX paiioHOB Smana. Ilpu
HACBILICHUHM COJSIMU OJHOIO TE€HE3UCa OTJIOKEHHUU JPYroro IPOUCXOXKIEHUS 3aCOJICHHE

ABIACTCA aJIJIOXTOHHBIM (aJUIOFCHHbIM). HpI/IMepaMI/I AJJIOXTOHHOT'O 3aCOJICHUA ABJIAIOTCA

3aCOJICHHBIE O3EpHBIC, CONMHQIIIOKIIMOHHO-ICTIOBUATFHBIC OTIOXKEHUS SIMalia, IIFOBUAIBHBIE
oTnoxkeHuss UyKOTKH, JIGTHUKOBbIE OTIOkKeHHs KaHaapl. AJITIOBHANBHBIC OTJIOKCHHUS
HACBIIIAIOTCS COJIIMA U HEMOCPEJCTBEHHO MPU WX OOpa30BaHHMM, KaK ATO HAOIIOJACTCS B
nonuHe JleHpl Tpw  TpeoONagaHWM  WCMApeHWs Haa  ocaakamMu, W (Qopmupyercs
KOHTHHEHTAJIbHOE aBTOXTOHHOE 3aCOJICHUE, CBSI3aHHOE CO CPeoi 0CaTKOHAKOTUICHHS.

Kax u3BectHo (OBUMHHUKOB, 1955), rmaBHEHIIIMMU TUTIAMU TTOA3EMHBIX BOJI SBJISIOTCS
BOJIBI BBINICIIAYMBAHUS, OOpa30BaBIIMECS 32 CUST BBINICIIAYMBAHUS TOPHBIX IMOPOJA, U BOJIBI
CC/IMMCHTAIlMOHHBIC, T.C. IOMABIIME B IMOPOJABI B IMPOIECCE OCAIKOHAKOIUICHUS, B HIJIOBYIO
CTaauo Wik B Oosiee mo3aaue (a3pl auareHe3a (BOABI CHHTCHETHUYECKHUE), WIH JKE TIOCIE TOTO,
Kak mopoja cpopmMupoBaiachk (BOJBI SMUTCHETHYECKUE). BrllenaunBaHe TOPHBIX TOPOJ -
Mpol1iecc, 0COOEHHO MHTEHCUBHO MPOTEKAIOIINA B BEPXHEW 4acTu 3¢eMHOM KOpbl (OBYMHHUKOB,
1955) B pe3ynbrare AesTeNbHOCTH BOJIbI, 00pa30BABIICHCS TIIaBHBIM 00pa3oM 3a CUeT BhbINaje-
HUS aTMOC(EPHBIX 0CATKOB. ATPECCUBHBIC CBOMCTBA BOIBI O0YCIIOBIICHBI COJICP)KAHUEM B HEH
VTIEKUCIOTH W KHUCJIOpOAa. boliblioe 3HaYeHWEe WMEIOT MHKPOOPTaHW3MbI ¥ ITOYBCHHEIC
Mporecchl. B pe3ysbTare BhIIETaYNBaHUS HEKOTOPHIE KOMIIOHCHTHI TOPHBIX MTOPOJ MIEPEXOIST
B PacTBOpP ¥ MUTPUPYIOT C BOJAAMH. PaCTBOPUMOCTD Pa3IMYHBIX MOPOJ 3aBUCUT OT WX COCTaBa,
COCTaBa pPACTBOPHTENS, TEMIEPATypbl W Jpyrux (akTopoB. B nanpHEWmeM BO3MOKHO
KOHIICHTPUPOBAHNWE BOJ BBIIICIAYMBAHUS 332 CYET JBYX OCHOBHBIX IPOIIECCOB - HCHAPCHUS
BOJIM3U JTHEBHOW IOBEPXHOCTH W TMPOMOPAXUBAHUS TOPHBIX TOPOJ C OTXKATHEM COJICH OT
¢dbpoHTa MpomMep3aHus. 3aCOJICHUE TOPHBIX MOPOJ, 00YCIOBICHHOE BOJIaMH BBIIEIAYMBAHMUS,

6y)1€M Ha3bIBaThb KOHTHUHCHTAJIBHBIM THIIOM 3aCOJICHH. I[J'ISI HEro XapaKTCpHO MPHUCYTCTBUC

Cpelu aHHOHOB THJPOKApOOHAT-MOHA U CyJb(paT-UOHA, a CPEIU KaTUOHOB - KaJbIIMs, HATPUS U
Martusl.

Tak ke Kak ¥ Ha TEPPUTOPUAX PACHPOCTPAHEHHUS HEMEpP3JbIX MOpPOJ, TaK U B 30HE
BEYHOU MEp3JI0ThI OOJIbIINE MPOCTPAHCTBA CYLIHN CIOXKEHBI MOPCKHUMH OCaJ0YHBIMH MOPOJIaMH,
M3HAYAJIbHO SIBJIAIOIIMMUCS 3aCOJIEHHBIMU JPEBHUMH MOPCKMMH Bojamu. B oTimume ot
MOJI3EMHBIX BOJ BBIIIEIAUMBAHUS CEIMMEHTAIlMOHHBIE MOPCKHE BOJbI SIBISIOTCS XJIOPHIHO-
HATPUEBBIMH; HAa BTOPOM MECTE I0CJIE XJIOpa CTOUT CyJIb(haT-HOH, a MOCJIe HaTpUs - MarHuu.

BmecTto ¢ TeM M3BECTHO, UTO MOA3EMHBIE BOJbI, IPOU3BOAHBIE OT OKEaHWYECKON BOJIBI,
4acTO UMEIT JIPYTyr OOLIYH0 MUHEPAIM3ALUI0, U B COCTaBE MX IOCJIE HATPHS MOSIBIISAETCS
KaJpIUi, a Mocie Xjopa - TruapokapOoHaTHBIN HOH. Cynb(aTbl HEPEAKO HCUE3a0T U Ha UX
MECTe€  OKa3blBa€TCSl  CEPOBOAOPOA. OTH  M3MEHEHHUs  OOyCIOBIEHBl  IpOIecCaMU

Jecynb(aTU3alum, T0JOMUTH3AIMM W oOMeHa KaThOoHOB. Kpome TOro, mpoucxomuT JmOo



pa30aBiieHHE MIEPBUYHBIX CETUMEHTOTCHHBIX BOJI aTMOC(EPHBIMU U IPYTUMH BOJAMHU, THOO UX
KOHIICHTPUPOBAHUE MIPU UCTIAPEHUU U 3aMEP3aHUHU.

Mep3nple TONIIM TMPAKTHYSCKH HEMPOHHUIIAEMBI N (QUIbTpAllUU. XHUMHUYECKHE
MPOILIECCHI B HUX cllabee, 4eM B HeMep3IbIX nopojiax. [1oaTomy u3MeHeHre MepBUIHOTO COCTaBa
BOJI HE3HAUMTEIIBHOE M TPOMCXOIUT 3a CUET CyJb(aT-peayKIHH, a Takke oOMeHa HoHOB. Kak
M3BECTHO, MPOLIECC HAKOIUICHUSI OCAaTKOB B MOpE COIPOBOXKIAETCS H3MEHEHHEM COCTaBa
MOPCKOH BOJIbI C OOOTalIeHWEM ero MOHAMU Kalblus W OOCTHEHWEM HOHAMH HATPHUS H
cynb(dar-uoHaMu. ITO HM3MEHEHHE OOBSICHSICTCS TMEepeMElICHUEM TIIIMHHCTOTO MaTepuana ¢
CyIIH, TJIe OH HAaXOMWJICS B PABHOBECHH C €€ BojaMHu (B mocieanux npeobdiamaer Ca’t), B Mope,
A€ OH IPUXOJUT B PABHOBECHME C MOPCKOM BOJIOM, HACHIIIEHHOW B OCHOBHOM HaTpPUEM
(OBunHHUKOB, 1955):

2 NaCl + Caaocops. = CaClz + Naaocopo.

[Tponiecchl KOHIIEHTPUPOBAHHST MOPCKHX BOJ 32 CUYET MCHApEHUs, IPYTHe XUMUYECKHE
IPOIIECCHl BBIIIEIAYUBAHUS JIJIsI MEP3JIOH 30HBI HE XapakTepHbl. [IopoBEIil pacTBOp Mep3IbIX
MIOPOJT MOPCKOTO TPOUCXOXKJICHHSI YaCTO OKAa3bIBACTCS OJIM3KMM K COCTAaBY MOPCKHX BOJ, U
TaKWe 3aCOJICHHBIE MEp3JIbIe MOPOJAbl 3aHUMAIOT OTPOMHBIE MPOCTPAHCTBA HAa APKTHYECKOM
nobepexxpe EBpasun m AMepuku. DTOT THUI 3aCOJCHHBIX MEp3JIBIX MOPOA MOXKHO Ha3BaTh, IO
npemnoxenuto .M. JlyoukoBa, MOpCKUM.

O4eBUIHO, TpPH CMEUICHWH TIOPOBBIX BOJ PA3JIMYHBIX THIIOB MOXXET BO3HHKATh
CMEIIAaHHBI THM 3aCOJICHHBIX Mep3JbIX mopoj. Kak mpumep BO3MOXKHOCTH BO3HUKHOBEHHS
ATOr0 TUNA 3acojeHUsl MOXHO npuBecTu AaHHble M./, Jlanunosa u JI.A. JKurapesa (1979) no

3aCOJICHUIO KOHTHHEHTAJIbHBIX OTJIOKEeHNUN BaHbkUHOM TyObI (Tab. 2).

Tabn. 2. Conesou cocmas (8 %) 600HOU BbIMANCKU U3 OMIOMCEHUU Banvkumnoti 2ybwr (no
U [ Jlanunosy u JI.A.2Kueapegy, 1979)

Conu Heoren-muieicTorieHOBbIE [LielicToieHOBBIE MOPCKHE
KOHTHUHEHTAJIbHbBIE OTJIOKEHHUS
OTJIOXKEHUS
NaCl 23.6 77.2
MqgCl2 15.6 -
Na2S04 - 10.5
MgSO4 - 5.3
CaCl 44 .4 -
CaSOg4 9.5 3.2
Ca(HCO:3): 8.1 3.4




Cymma 100 100

K O9TOMY THUITY 3aCOJICHHUA MOXHO OTHECTH TaKXE 3aCOJICHHBIC MCP3JIbIC ITOPOABI

TEXHOI'CHHOI'O ITPOHUCXOXKIACHUAA.

3acoyicHHBIC MECP3JIbIEC IMMOPOABI MOPCKOI'o THIIA MOI'YT OBITE CUHXPOHHLBIMHU, IMTOPOBLIC

pPacTBOPBI KOTOPHIX CPOPMUPOBATIUCH OJTHOBPEMEHHO ¢ (DOPMHUPOBAHHEM CaMHUX OTJIOXKEHHH, U

OIHUXPOHHBIMH, IIOPOBBIC PACTBOPbI KOTOPBIX HACBITUIWM TOPHBIC IIOPOABI YXKE II0CIC
06p330BaHI/I${ ocaJKa. HpI/IMCpOM IMOCICAHUX MOIYyT CIYXHNTb aJJIIOBUAJIBHBIC OTJIOXCHUSA
HHU3KHX TEppaCc Ha II-OBC HMaJ'I, HACBhIIICHHBIC MOPCKUMH COJISIMU MW IEPCIICAIINC B
MHOTI'OJICTHEMEP3JIOC COCTOSIHHUC. KpOMe TOro, MOHO TaKXXC BbIACINTH g[I/IaXnOHHHﬁ THUII
3aCOJICHUA, €CJIM 3aCOJICHUC IMPOUCXOAMWIIO Ha CTaauu AauarcHesa OT.]'IO)KCHHﬁ, a TaKXeE
HOJ'II/IX[ZOHHHﬁ THII, KOT'ZJa B Pa3pe3c Mep3n0171 TOJIIIN Ha6J'IIO,I[aeTC$I YepCaAOBAHUC PA3JTMYHBIX
THUITIOB 3aCOJICHHUA 110 COOTHOICHUIO BPEMCHH 3aCOJICHUA KO BPECMCHHA 06paSOBaHI/I$I OTJIOKECHUM.

ITo yCIIOBUSAM NPOMEpP3aHusd, T.C. IO COOTHOUICHHUIO BPEMCHU 3AaCOJICHHUA U BPCMCHU
IMPpOMCpP3aHUA OTJIOKEHHUM MOKHO BBIACIIUTDH CICAYIOIHNE TUIIBI 3aCOJICHUS. Ecan IMPpOMEP3aHUC

OTJOKEHU U IMPOUCXOJUT OJHOBPCMCHHO C HX O6pa3OBaHI/ICM, TaKOW THI 3aCOJCHHS MOKHO

Ha3BaTb CHHKPHOI'CHHBIM. Ecmn 9TO IIPpOUCXOJUT Ha craauun JUArcHCTU4YCCKUX

npeo6pa30BaHH171, BBIACIIAACTCA JHMAKpUOT€HHBIM THUI 3aCOJICHHS. HpI/I IIpOMEpP3aHUHU OTJIOKEHHM

IIOCJIC UX O6paSOBaHI/I$I HWJIn 1OCJIC UX OTTauBaHUA 06pa3yeTc;1 SIUKPUOTCHHBIM TUII 3aCOJICHUS

MCP3JIbIX ITOPO. HpI/I COYCTaHHNH B pPa3pe3C pas3IMdHbIX THUIIOB 34COJICHUA IIO COOTHOLICHHIO

npoMep3aHusi ¢ 00pa3oBaHMEM TIOPOJbl BBIACISETCS IIOJUKPUOTCHHBIH THIT 3aCOJEHHBIX
MEP3JIBIX MOPOI.

CoueTtaHue BBIAEICHHBIX BbIIIE TUIIOB 3aCOJEHUS MEP3JbIX MOPOJA MPEACTaBICHO Ha
puc. 3.

OueBUIHO, YTO CHUHKPUOTEHHBIH MOPCKOM THII 3aCOJEHUS MOXXET OBITh TOJBKO
CHUHXPOHHBIM. [IMaKpUOTeHHbII MOPCKOH - CHHXPOHHBIM U JUAXPOHHBIM TUIIOM 3acojieHus. J{is
SMUKPUOTEHHOT'O THIIa BEPOSATHO COYETAaHHE CO BCEMHU THIAMHU 3aCOJIEHUS IO COOTHOILICHUIO KO
BpeMEHHU 00pa3oBaHMs OTJIOXKEHMH W BpeMeHHW 3acoiieHus (puc. 3). AHAJOTHYHO CTPOSTCS
B3aMMOOTHOIICHUSI THIIOB 3aCOJEHHUS M JJIsl KOHTMHEHTAJIBHOTO 3acoyieHus. TakuM oOpasowm,
Harpumep, Uil MOPCKHUX, MPUOPEKHO-MOPCKHUX U JIATYHHBIX OTJIOXKEHUH XapaKTEepHBI MOPCKHE
CUHKPHUOTEHHBI CUHXPOHHBIH THI, JUAKPUOTEHHBIH W SIUKPUOT€HHBIH CHUHXPOHHBIA U
JTMaXpOHHBIN TUIIBI.

[To KOHILIEHTpAIMK MOPOBBIX PACTBOPOB 3aCOJIEHHBIE MEp3JIbIe MOPOJIbl, MO-BHINMOMY,

MOKHO Ppa3ACiiuTb Ha ONPCCHCHHBLIC, MHWMCIOMNIMC KOHIOCHTPALIMKO MCHCC 35 F/J'I, n

KOHIIEHTPUPOBAHHLIE C KOHIEeHTpanueid Oonee 35 r1/n. Benwmumna B 35 1/ sBisiercs
€CTECTBEHHOW KOHIIEHTPALlMel MOpPCKUX BOJ U, HECMOTPS Ha BCIO YCIOBHOCTH TaKOTO
paszeneHusi Uil KOHTMHEHTAJbHOTO M CMELIAHHOTO THUIA 3aCOJIEHHBIX MEP3JbIX MOPOJ,
3aCOJIEHHBIE MEpP3JIble MOPOJAbl MOPCKOTO THIIA JIETKO Pa3leisioTcs 3TUM 3HAUY€HHEM Ha 2

reHeTH4ecKux Kiacca. IlepBblid, ompecHEHHBIH, chopMHUpoBaICS MO0 U3 ONPECHEHHBIX




MOpCKUX OacceiiHOB, JHOO TOJIIAa MOPCKHUX OTJIOXKEHHH OblIa MPOMBITA ATMOC(HEPHBIMU
OCaZIKaMH JI0 TIPOMEp3aHus, JIMOO OH MOT BO3HHKHYTh, HallpUMEp, B MECYAHBIX MOPOJAAX, TIe
COJM OTXKHMAIHCh OT (pOHTAa MpoMep3aHus. BTOpoil, KOHIEHTPHUPOBAHHBIA THI, MOXKET
BO3HUKHYTb, TJIaBHBIM 00pa3oM, 3a CYeT KPUOTEHHON KOHIIEHTPAIIMH IIOPOBBIX PACTBOPOB U Xa-
paKTepeH, HapuMep, U SITUTeHETUYECKH TPOMEP3aBIINX MEP3IIBIX TOJIII.

[MIpu Bmaxnoctn B 50% TO Becy KOHIEHTpaIUs IOPOBOTO pacTBopa B 35 r1/a
COOTBETCTBYET OKO0JIO 1.2% 3aC0JIEeHHOCTH, KOTJja IPU BBICOKUX OTPULATENIbHBIX TEMIIEpaTypax
(1o -4°C) 3acoyieHHbIE MeEp3Jble MOPOJbl MMEIOT OYEHb MAJEHbKYH0 IPOYHOCTh. ITockonbky
3HAYUTEIbHAS YaCTh 3aCOJICHHBIX MEpP3JbIX TOPOJ MOPCKOTO THIA HMEET MEHBIIYIO
3aCOJICHHOCTh, UX LIEIeCO00pa3HO pa3AeiuTh MO 3aCOJCHHOCTH (MJIM KOHLIEHTPAIIMH MTOPOBOTO
pacTBopa), UMesl B BUJly 3HAUEHUS 3acoJieHHOCTH, Hanpumep, 0.2%, 0.5% u 1%, wiu npocro
XapakTepusysli WX 3HAYCHHWEM 3acOJieHHOCTH. [lo KOHIEHTpamuu TOpOBOTO pacTBOpa
1enecoo0pa3sHo paslielieHue pacTBOPOB C HCHOJIB30BaHWEM 3HaYeHWid B 6 u 12 r/m, dro

npUOIM3UTENBHO B 2 U B 4 paza COOTBETCTBEHHO HIKE BEJTMUUHBI 35 T/71.
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Puc. 3. Knaccugurayus mep3nvix 3aconreHHbiX nopoo no munam 3acoleHusl.

OTO paszieneHre MOXXKHO OOOCHOBATh cCieAyrommM obOpazoMm. Ilepern® Ha KpUBBIX
collepsKaHUsl He3aMep3lied BOAbl OT TeMIepaTypbl B CY[VIMHKax HaOJrogaerca mpu
3acosienHocTH 0.5 u 1.2% (®a30Bblii cocTaB Biaaru Mep3ibix nopos, 1979), uto cooTBeTCTBYET
okouio 12 r/n u 30 r/n B mopoBoM pacTBope. B mecke aHamoruyHbIi nepernd Mo>XkHO HAOII01aTh
npu 10 mpomme, uiu 0.2% 3aconennoctH, wim 10 /1 B mopoBom pactBope (Hivon, 1991). Ha
KPUBOW 3aBUCHMOCTH TEMIIEPATyphl 3aMep3aHHs Il CYTJIMHKA C Pa3IUIHOW 3aCOJICHHOCTHIO
TaK)K€ MOYKHO BBIICTUTH TEepesioM Tpu 3aconieHHocTH 0.2% Wi mpu KOHIIEHTPAINMH TTOPOBOTO

pactBopa B 5 /11 (SIpkun, 1987).



CKOpOCTH CceHCcMHUYEeCKHX BOJH 3aMETHO Bo3pactaioT, mo naHHbeiM 1O./1.3pikoBa, B
MEp3JIOH 3aCOJICHHOM CYNEeCH MPU KOHIIEHTPAIIMU TIOPOBOTO pacTBopa, 61au3koi Kk 35 r/1 (36IKoB
u gap., 1990). C papyroil CTOpoOHBI, My4Yye€HHE PE3KO YMEHBIIAETCsA, MO pe3yJibTaraMm
1O.B.CodponoBa, aiis cyrnecuaHO-CyTITHHUCTHIX Topoa SImana npu 3aconeHHocT 0.2% u Huxe,
YTO COOTBETCTBYET JUIA ITHX MOPOJA KOHIEHTPALMKU OKOJO 8 T/ B IOPOBOM pacTBope. A
MaKCHUMaJbHBIA MHUTPALMOHHBIA IMOTOK BJard K (POHTY HpoMep3aHus HaOMIONaeTcs IpH
3aconenun NaCl okono 0.35 H, YTO COOTBETCTBYET Uil CYyIJIMHKA OKOJO 25 T/ B MOPOBOM
pactBope (Epmos u ap., 1992). A.JI.®OponaoB NpUBOIUT aHHBIC, T1e reopU3NIeCcKre CBOMCTBA
3aCOJICHHBIX MEP3JIBIX MOPOJ U3MEHSIOTCS MPU KOHLIEHTPAIMH TOPOBOTO pacTBOpa HIKE 6 T/
(1976).

[To HamwMM AaHHBIM, 3KBUBAJICHTHOE CIICIJICHHE OCOOEHHO OBICTPO CHUXKAETCS NpHU
noctrxennu 3Hadenus 0.2% 3aconenHoctH B neckax, 0.3% B cynecsx u 0.4% B CyrJIMHKax, 4To
COOTBETCTBYET KOHIICHTpAIlMU TOPOBOro pactBopa okoyio 10 r/m. Ha kpuBOW 3aBHCHMOCTH
OHEPTUU aKTHBALUU OT 3aCOJICHHOCTH JUIS 3aCOJICHHOHW MEp3J0H CylecH MOXHO BBIICIHUTH
nepenom mnpu  3acoseHHoctH  0.15-0.2% wnmm okono 6-8 T/ B MOPOBOM  pacTBOpE.
ConpoTuBJICHNE CIBUTY IO MOBEPXHOCTH CMEP3aHMsI 3aCOJICHHON CyIecH 3aMETHO MafaeT MpH
npesbitieHnH 3aconeHHocTH 0.1-0.2%, a B cyrnunke npu 0.2-0.3%, uam npu KOHLEHTpaLUU
OpPOBOTO pacTtBopa okouso 6 r/in. Hakonen, A.M.OBUNHHUKOB pa3jeisieT MPUPOIHBIE BOJIBI TIO
o0mieil MUHEpanu3alyy, UCIONB3YysS B TOM YHCIE 3HAaYeHHUS KoHueHTpammu 3, 10 m 35 1/m,
npuYeM HUXKe 3 T/J1 3TO COJIOHOBATHIE BOBI, 10 35 T/11 - COJICHBIE U BBIIIE - BOJBI MIOBBIIIICHHON
cojeHocTH. TakuMm o00pa3oMm, TMpeiaraeéMble TPaHUIBl JUId  KIAacCH(DUKAMU  MEp3JIBIX
3aCOJIEHHBIX TOPOJ IO KOHIEHTPAIWH, [0 HalleMy MHEHHIO, SIBJSIIOTCS JTOCTATOYHO
000CHOBAaHHBIMH.

Jlnist BBIpaXeHHUsST XUMHYECKOTO COCTaBa MOPOBBIX PAacTBOPOB, BEPOSTHO, TAKKE MOXKET
ucnonbp3oBaThcsl u3BecTHas Qopmyna M.I.KypnoBa. B Hell konMuecTBEHHOE coepX aHHUeE
HJIEMEHTOB BBIPAKEHO B TPOIIEHTaX JKBUBAJICHTOB, IPHYEM TJIAaBHbIE aHUOHBI MTOMEIICHHI B
yOBIBafOIIEM TOPSAKE BBHIINIE YEPTHI, TJIaBHBIE KATHOHBI - B TOM € TOPSJAKE HIDKE YEpTHI.
byksoit M o0o3HavyeHa o011as MUHEepainu3anus B rpaMmax Ha 1 J (CyMMa aHHOHOB M KaTHOHOB
C HEIMCCOLIMMPOBAaHHBIMU MOJIEKyJIaMU 0e3 ra3oB). Mopckas BoJja B COOTBETCTBHH € (popmyion

M.I".KypnoBa MoxeT ObITh NpeAcTaBieHa NPUOIU3UTEILHO TAKUM 00pa3oMm:

Mz Cl9oSO95HCOos
Na77 MgsCassKis

Jlns  cucremaTu3alid  JAHHBIX XHUMHWYECKOTO aHalii3a BO3MOXXHO COCTaBJICHHE
rpauKOB - TPEYTOJLHUKOB OTJEIBHO /I KATHOHOB M aHUOHOB. 3aCOJICHHBIE MEP3JIbIE TOPOIBI
MOTYT OBITH pa3/ieNIeHbl TAKXKE MO COCTAaBYy TPYHTOB - TIECUAHbBIC, CyIEeCUaHble, CYTJITUHUCTHIC U
TIIMHUCTEIE.

[To BnaxxHOCTH (JIBAUCTOCTH) MOTYT OBITh BBIJICICHBI CIEAYIONINE THUIBI: He-
HaceimeHHble (Weer < 0.9 Whoa, rae Weer - ecTtecTBeHHasl BIaKHOCTh, Wnoa - BIQKHOCTH

MOJIHOTO  BOJOHACHIeHUs), JbaoHacklmeHHble (0.9 Whon < Weer u < Wion) u



nepeHachiieHHble Jb10M (Weer > Whoa). Takoe pasneneHue onpaBiaHO TEM, YTO 3TU TPH
Pa3sHOBUIHOCTH CYIIECTBEHHO PA3IMYAIOTCS MEXKAY COOOU MO (PU3UUYECKUM U MEXaHHYECKUM
cBoiictBam. Hampumep, HeHacbIIEHHbIE NOPOJbl JIETKO YIUIOTHSIIOTCS, IE€PEHACHIILIEHHBIE
OTJIMYAIOTCSI  IOBBILIEHHOU IIPOYHOCTBIO,  aKyCTMUYECKMMM  XapaKTEPUCTHUKaMH.
JIbaOHACHIILIEHHBIE 3aCOJIEHHBIE MEP3JIbIE IOPOJbl SBISAIOTCA BECbMA PAaCIpPOCTPAHEHHBIM
TUNIOM TopoJ. Hampumep, kK HeMy OTHOCHUTCS OOJbIIas 4acThb 3aCOJIEHHBIX MEP3JBIX MOPOJ
FOropckoro n-oBa, OHM HIMPOKO PaCIpPOCTPAaHEHBI HA M-0B€ SIMai U B ApyruX paioHax.

Hakonen, 1none3HbIM SBJSIETCS  pa3/ielIeHME 3aCOJEHHBIX MEP3JIbIX IOpoA IO
temneparype. B obmactu temneparyp, OIM3KUX K TEMIIEpaTypaM UX 3aMep3aHHs, 3aCOJICHHbIC
MEp3Jble MOPOJbl OTJIMYAKOTCS KpailHE HM3KMMU MEXaHMYECKUMH  XapaKTepUCTHKaMH,
HanpuMep, IMPOYHOCTBIO HA CABUI [0 IOBEPXHOCTHU cMep3aHus, OJIM3KUMHU K
COOTBETCTBYIOIIMM XapaKTEPUCTUKAM HEMep3JblX TIpyHTOB. B oOnactu Oonee HU3KHUX
TEMIEPATyp OHU MPHUOJIMKAIOTCS MO CBOMM CBOMCTBAM K MEpP3JIbIM HE3aCOJICHHBIM I'PYyHTaM.
Pe3koe cHmKEHHE MPOYHOCTH U yBEIHUYEHHE JeHOPMUPYEMOCTH HMPOUCXOTUT Y 3aCOIECHHBIX
MEp3JIbIX TPYHTOB IpHU Temreparypax, oau3kux K (t m3 - 2°C), rae tus - TemnepaTypa Havana
3amep3anud). llosTomy nenecooOpa3sHO pa3jelieHue 3acOJIEHHBIX ~ MEp3JIbIX IPYHTOB IIO
TeMIiepaType Ha JBa Bujaa - ycroituusbie (t < (t uz - 2°C) ) u Heycroiuussie (t > (t n3 - 2°C)).
Haxkomnen, 3acojeHHbIE Mep3Jible MOPOJBI MOTYT OBITh pa3[elieHbl MO YCIOBHSAM 3ajleTaHHS
(uHTEpBaNBl TIYOWH, XapakTep M3MEHEHHUS 3aCOJCHHOCTH M0 TIyOMHE) U MO KPUOTEHHOMY
CTPOCHHUIO, Pa3HOBUJIHOCTH KOTOPOIO MOTIYT OBITh BBIJCJIEHBI B COOTBETCTBHM C
knaccudukanueir E.M.Karaconosa (1960). I[Ipennaraemoe pa3zzieiieHne 3aCOJICHHBIX MEpP3JIBIX
MOPO/JI IO COCTaBY U COCTOSIHUIO MPECTABICHO Ha pHC. 4.

CymiecTByeT ornpeeseHHast CBsI3b MEXK/1y BBIJIEISIEMbIMU THIIAMH 3aCOJIEHHBIX MEP3JIbIX
rpyHTOB. B KauectBe npumepa paccmorpuM nannbie H.B.MBanosoit u I'.1.Jlyouxosa (1990) u
ux o6o6menue T.C.KynpsiBieBoii, BeinoaHeHHOE B HayuyHO-TexHHUYeckoM otyeTe [IHUNUNCa 3a
1989 1.

HaubGonpimre BenuumHBI 3aCOJIEHHOCTH Ha fIMane XapaKTepHbl A TJIIMHUCTBIX H
CYIJIMHUCTBIX MOPCKUX M MPHOPEKHO-MOPCKUX OTIOKEHUH. DTUM OTJIOKEHHSIM CBOMCTBEHEH
XJIOPUJTHO-HATPUEBBIN THUI 3aCOJIEHUS CO CPETHUM 3HAYEHUEM 3acOJeHHOCTH 0Koio 0.7%, uTto
COOTBETCTBYET ONPECHEHHOMY BUJY 3aCOJIEHHBIX TPYHTOB. MakcuMallbHOE COZIepKaHHUE COJIEH,
npesbiiatomiee 1%, xapakTepHO Al CPENHEIIEHCTOLEHOBBIX CalleXapACKUX TIUHUCTBIX
otnoxkeHuit CeBepHoro SfImana. OHU OJM3KU K BBIACIEHHOMY KOHLIEHTPUPOBAaHHOMY BHUIY
3aCOJICHHBIX TPYHTOB, BEPHEE, K TPaHULIE, PA3JACIAIONIEH ONMPECHEHHBIN N KOHIIEHTPUPOBAHHBII
BUJbI (35 T/11 111 TOPOBOTO PAacTBOPA), U IO BIIAXKHOCTHU SBIIAIOTCS, KaK MPABUJIO JIbJOHACHI-
HmieHHbIMU. 711 3TUX TOpoJ 3acojieHue sBIsSeTCS CUHXPOHHBIM. [lo TemmepaType oHH
OTHOCSITCSI K YCTOMYMBOMY THITYy, OCOOCHHO B CpelHel M ceBepHOW uvactu Amana. Jlms Hux
XapaKTepHBI JTMH30BUIHbIE U TOPU30HTAIILHO-TIAPAIIJIENIBHO CIIOUCThIE KPUOTE€HHBIE TEKCTYPBHI.

B ammoBHanbHBIX W COMUGIIOKIMOHHO-JEIIOBUATIBHBIX OTJIOXKEHUSAX IMPOUCXOAUT

o0oramieHre MOpPOBbIX PaCTBOPOB MOHAMM TPYIHOPACTBOPUMBIX COJIEH YIJIEKHCIIOTO KajbIus,



cyibdara KaJablus U cyib(ara HATPHs IPH OAHOBPEMEHHOM IMMOHMKEHUU KOHLIEHTPAIMH. 371ECh
BCTPEYAIOTCS MOPCKOM M CMELIAHHBIM THH 3acojeHus. CpeqHsis 3aCOJIEHHOCTh COOTBETCTBYET
0.1-0.2%. Takum o0pa3oMm, 3TO OIPECHEHHBIC 3aCOJIEHHbIE TOponbl. [lo BiaxHOCTH H
IPaHyJIOMETPUYECKOMY COCTABY 3€Ch BCTPEUAIOTCS Pa3IMUHbIE BUABI IOPOJ. 3aCOJEHUE B HUX
MOKET OBITh KAaK CHHXPOHHBIM, TaK M DSIUXPOHHBIM. BTopoe uyamie pacnpocTpaHEHO.
Hampumep, amiroBuanbHble OTJIOXKEHHS MOTYT OBITh 3aCOJE€HBI B 30HE BIUSHUS MOPCKHUX
OpUIMBOB, KoTopas cocraBisier 10 30-60 kM oT ycThsi pek. Cynbdarel u KapOOHATHI

00pa3yroTcs B pe3yJibTaTe JUareHe3a NCXOHBIX KOHTUHEHTAIbHBIX OTIIOXKEHUH.

Tunbl zaconeHus Mopckoi KOHTHHEHTanNbHbIA

MeHee 6 rin cnafozaconeHHble

Mo KOHUEHTpAaLUHH

ONpECHEHHDLIE

NopoBOro pacTeopa

orbpol12rin

or12p035rin

EpEﬂHEl-'I CONEHOCTH

CHNbHO3ZACONEHHDbIE

Gonee 35 rin

KOHUEHTPHPOEAGHHDIE

No rpaHynoMeTpH-

YECKOMY COCTABY NecaHble

CyYNECYaHblE | CYTMHHHCTLIE FTMHHHCTLIE

HEHACDbIWWEHHDIE HaCbILEHHDbIE NEPEHACHILEHHDIE

No NbXCTOCTH

[BnaxHoCTH]

meHee 0.9Wn | Gonee 0.9W, Gonee Yn

MeHee W

YCTOHUHEDIE

HEYCTOHYHBDIE
o
MeHee [ty527)

no TEMNEpaTYpPE Gonee [t 20

Puc. 4. Knaccugurayus mep3nvix 3aconreHHbIX nopoo no cocmagy u COCMOsHUIO.

B 1nenom mporiecc KOHTHHEHTAIBHOTO COJIE00pA30BaHUs ISl ATUX IIUPOT HE SBIISICTCS
aKTUBHBIM M CMENIaHHBIM THUI 3acCOJICHHs oOpa3yeTcss NP W3MEHEHUH COCTaBa IMOPOBBIX
pacTBOPOB MOPCKOTO THIAa TIyT€EM WX ONpECHEHUss aTMOCHEpHBIMH OCaaKaMH |
MMOBEPXHOCTHBIMH BOJIAMH.

Takum o00pa3om, pa3paOOoTaHbl OCHOBBI THIM3AIMK 3aCOJCHUS TJABHBIX TPYIII
JICTIEPCHBIX TOPOJ KPHUOJWUTO30HBI MO T€HETUYECKOW MPUHAMICKHOCTH M COCTAaBY COJIEH,
COOTHONICHUIO BPEMEHHU 3aCOJICHHsI CO BpeMeHeM OOpa3oBaHMs OTJIOKEHUW M BPEMEHEM HX
npomep3anusa. Hapsay ¢ TpaaulIMOHHBIMU MOPCKHMM W KOHTHHEHTAJbHBIM THUIIAMHU 3aCOJICHUS
MEp3JIbIX OTJIOKEHUM BBIABICH M OXapaKTepU30BaH CMEIIAHHBIM THI, CBOWCTBEHHBIM 30HE

B3aMMOJIeicTBUs "cyla-Mope", pacnpoCTpaHEHHBIH B mpejaenax ApPKTUYECKUX MOOepexuil u



oOmajgaromuii 0COOBIMM TpPU3HAKAMH, B TOM 4YHCIE M CBOWCTBAMH. 3acOJICHUE SIBISETCS
CHHXPOHHBIM, €CJIIH COCTaB IIOPOBOTO pacTBopa C(HOPMHUPOBAICS OJHOBPEMEHHO C
00pa30oBaHUEM OTJIOXKEHUW, U AMUXPOHHBIM, €CJIM B MOPOBBIN PacTBOP COJIM NPOHUKIIMU MOCIE
oOpa3oBaHusi ocaznka. Ecinum mnpomep3aHne OTIOXKEHUH MPOUCXOAUT OJHOBPEMEHHO C
00pa30oBaHUEM 3aCOJICHUS, TAKOW THUII 3aCOJIEHUS ABJIAETCS CUHKpUOreHHbIM. [Ipu npomep3anun

OTJIO’KEHUH T03/IHEE UX 3aCOJIEHUs 00pa3yeTcs SIUKPUOTEHHBIN TUII.



['JTABA 3. YCJIOBUA 3AJIETAHMSA 1 PACITPOCTPAHEHUE 3ACOJIEHHBIX
MHOI'OJIETHEMEP3JIBIX ITOPO/I HA APKTUYECKOM ITOBEPEXBE

3.1. YCJIOBUHA 3AJIET'AHUA 3ACOJIEHHBIX
MHOI'OJIETHEMEP3JIBIX ITOPO /T

M3MeHeHHe 3aCONIEHHOCTH MEp3JbIX TPYHTOB IO TIIyOMHE W TPOCTUPAHUIO Ha
APKTHUECKOTO TOOEpeXbs CBA3aHO C HMX COCTaBOM U CTPOCHHEM U OIPEIENseTcs] Kak
yCIOoBUAMHU (POPMUPOBAHUS 3aCOJICHHSI, TAK M IMOCIEIYIOIIUMH IPOLIECCAMH B MEP3JIBIX TOJIIAX.
JlaHnHble IO YCIOBMSIM pacHpOCTPAHEHUs U 3aJleraHMsl 3aCOJEHHBIX TOJI Ha ApPKTHYECKOM
nobepexxbe Poccum B 11€10M IOKa3bIBalOT, YTO UX 3aCOJICHHOCTb B OCHOBHOM HAXOJUTCS B
npenenax 0.05-2% u OTHOCHUTCS 1O CBOEMY COCTaBy K MOPCKOMY THUIYy 3acOJICHMSL.
Ce30HHOTaNBIM CIOH BBUAY €ro CE30HHOH IPOMBIBAEMOCTH INPECHBIMM BOJAAMH, 32
UCKJIIOYEHHEM HEKOTOPBIX CKJIOHOBBIX YYaCTKOB, KaK IIPABUJIO, HE 3aCOJIEH.

M3HayasibHO BBICOKAs 3aCOJEHHOCTh OTJIMYACT IIJIEMCTOLEHOBBIE IIyOOKOBOJHBIE
MOPCKHE TJIMHUCTbIE OTJIOKeHUs [leyopckoit HU3MEHHOCTH U SImala; HanpoTUB, MPUOPEKHO-
MOpCKHE ocaZku MeHee 3acoiieHbl ([lanmnos, 1978). bonee nucnepcHble TpyHTBI UMEIOT, Kak
MPaBUIIO, OOJBIIYIO 3acoieHHOCTE (IlyoukoB, 1986; Tpodumon u ap., 1980). bosee Bricokas
3aCOJICHHOCTh B II€JIOM XapaKTepHa JUIsl pa3pe3oB C aBTOXTOHHBIM 3acojeHueM. Hampumep,
QJUTIOBHAJIbHBIE U O3E€pHBIE OTJIOKEHUS SIMasa 3HAUMTENbHO MEHEE 3aCOJIEHBI, YEM MOPCKHE
(ybukoB, 1986); MeHbIIE OTIMYAOTCS IO 3aCOJICHHOCTH MOPCKHE W JICJHHKOBBIC OCAJKH
Cesepo-3ananubix Tepputopuiit Kanaasr (Hivon, 1991).

BoiaensioTcest pa3nuyHble TUIBI Pa3pe30B 3aCOJICHHBIX MEp3JbIX Mopod. B mecuanbix
MPUOPEKHO-MOPCKHUX ToMmax st BepxHux 10-20 M BcTpeyaeTcs paBHOMEPHOE pacIipeieiCHHe
3aCOJICHHOCTH U €€ YBeJINYEHHE ¢ TITyOUHOM, yacTasi BCTPEYaeMOCThb 3aCOJIEHHBIX OXJIaKICHHBIX
MIOPOJ] ¥ KPUOTIATOB. [[JIsI TTMHUCTHIX 3aCOJICHHBIX MEP3JIBIX MTOPOJT TAK)KE XapaKTepPHBI JABa THUTIA
pa3pe3oB - CPABHUTEIBHO OJHOPOJHBINA WM C IEepeciiauBaHueM (B TOM YHUCIIE C BKIOYEHUSIMU
OXJIAKJEHHBIX IOPOA), a TaKXKe C YBEJIUYEHHEM 3acOJIEHHOCTH Mo TinyOuHe no 10-15 wm.
HepaBHoMepHoe pacnipenieneHre 3aCOJICHHOCTU 0 TIIyOMHE MOXKET OBITh CeIMMEHTAIIMOHHBIM
1 OOYyCIIOBJIEHO YCJIOBHUAMU OOpa3oBaHUs, HANPUMEDP, PETPECCUBHBIM XapakTepoM ¢anuil u
ONPECHEHUEM CpeAbl OCAaJKOHAKOIUIEHMs, W IpoMep3aHus OTioKeHHH. lloBblueHHas
3aCOJIEHHOCTh, Kak orMmeuaer [.M.JlyOmkoB, BcTpedaeTrcs B 30HE CMEp3aHHs TPYHTOB C
npunaiieiM oM (IIpupoansie ycioBust baiimapankoit ryosr, 1997). Ona TunuyHa B
COBPEMEHHBIX JIaTyHHBIX OCAaJKaX, Hampumep, B JjaryHe Amaepmbl. Takue paspesbl, Tie
pacrnpeziesieHue 3aCOJIEHHOCTH OJTHOPOAHO WIIM U3MEHSETCS 1O CI0sM, 00YCIIOBJICHO YCIOBUSIMU
0o0pa3oBaHMsl 3aCOJICHHBIX MEp3JbIX MOpOJ, TpEajiaraeTcs Has3blBaTh pa3pe3aMu YCJIOBHO-
ciouctoro (mepBuyHoro) tuma. OHU, KaK MPaBUIIO, OTIUYAOTCS W OOJBIICH BEIMYMHON 3a-
COJICHHOCTH, TIOTOMY 4YTO B pa3pe3ax pPacCOJEHHOTO (HAJIOXKEHHOTO) THMa HabIomaeTcs

YBEJIMYEHUE 3aCOJIEHHOCTU C TIIyOMHOW, KOTOpO€ OO0YCJIOBIEHO, BEPOSITHO, MPOUCXOISIINM



nociie (OPMUPOBAHUS 3aCOJCHHBIX MEP3JIBIX TOPOJ PACCOJICHHEM BEpPXHEro TOPU30HTA B
pe3yJIbTaTe MpPOLECcCa MUTPALMU COJIEH M BBIHOCA MX B CE30HHOTAJIBIN CIIOM, PACCMOTPEHHOIO
HIDKE, B IiIaBe 7. Pa3pe3pl yCIOBHO-CIOMCTOTO THMA XapaKTepHBI Uisi 0Oojiee MOJOIBIX
MO3/THETIJICHCTOILICHOBBIX U TOJIOLIEHOBBIX OTII0XKEHH (puc. 5).

Bonee npeBHHE OTIIOKEHHSI BBICOKUX MOPCKHX TEppac, re ObLIO JOCTATOYHO BPEMEHU
JUISL paccoJIeHUs, OTIMYAIOTCSI PACIIPOCTPAHEHUEM pa3pe30B PacCcOoJIEHHOro tumna (puc. 6 u 7).
CoxpaHeHue, NpU 3HAYUTEIBHON audQepeHIranul 1o TIyOMHe, JIOCTaTOYHO BBICOKOTO
3aCOJICHHS TTaJICOTEHOBBIX OTJIOXEHHUH (pUC. 7) OOBICHSCTCS, MO-BUANMOMY, OOJBIITUM

Ha4aJIbHBIM COZECPKaHUEM COJIEH.
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Puc. 5. Pacnpedenenue 3aconennocmu no enyoune 0ns: a - MOPCKUX U NPUOPEHCHO-MOPCKUX
nozounenneticmoyenosvix omaoxcenuii  (Qui>*) Ceseprnoco Smana (éepxnsas xpusas) u
Lenmpanvroeo u FOoxcnoeo Amana (nudicHas xpusas), 6 - 071 MOPCKUX U JACYHHO-MOPCKUX

eonoyerosvix (Qiy) omaogicenuti. Illocmpoerno no cpeonum oanuvim 1.1 [[youxosa (1984)

Takum o6pa30M, 34COJICHUEC XOTA W OHNpeACIACTCA YCIOBUAMU (l)OpMI/IPOBaHI/ISI u
MMpoMEp3aHrd TPYHTOB, HC SABJIACTCA B MOJTHOM MEpe IMOCTOSIHHOM XapaKTCpHCTHKOﬁ MCp3HOI>'I
Tommu. B pe3yJbTaTC MHUI'pALUU coleit YK€ B MCP3JIbIX T'PpYHTAaX HNPOUCXOIUT U3MCHCHUC
COJACpIKaHUA COHCﬁ, IIpru 3TOM U3MCHACTCA TJIaBHBIM 06pa30M BCJIMYMHA 3aCOJICHHOCTHU IIPpU
COXPAaHCHUU B IICJIOM KAQUYCCTBCHHOI'0O XUMHUYCECKOI'0 COCTaBa CoJIeil.

Mnrpaum{ cojiell M B LIEJIOM IIOCTEIIEHHOE PACCOJICHUC BCPXHUX TOPHU3OHTOB TOJIIL
3aCOJICHHBIX MCP3JIBIX ITOPO ABJISIFOTCA 061116171 3aKOHOMCPHOCTLIO UX pa3BUTUS BO BPECMCHH.

PaCHpCILCJ'ICHI/Ie 3aCOJICHHOCTH IIO0 TPOCTUPAHUIO TAKIKC IMOAYUHACTCA OIPCACICHHBIM

3aKOHOMCPHOCTSIM.



CBs13b TUTONOTO-(AIIMATIBHOTO CTPOCHHUS MJICHCTOLIEHOBBIX OTJIOKEHUH M 3aCOJICHHOCTH
MIPOCIIeKUBACTCA, HapUuMep, o riomanu B [lewopckoit Husmennoctu (danunos, 1978). dns
CEBEpHBIX, MPUOPEKHBIX €€ palHlOHOB XapaKTEPHO pacmpocTpaHeHue 0ojiee TOHKOOOIOMOUHBIX
U 0oJjiee 3aCOJICHHBIX TPYHTOB. Y BEJIMUEHHE 3aCOJICHHOCTH HAOIIOAAETCS M0 Mepe yJaJICHUs OT
pyciia peKu U BBEpX IO TEUEHUIO JUIS aJUTIOBHs pek 3anaanoro SImana. Tak, B HanmpaBJIeHUU OT
yCTbS BBEpPX IO TEYCHUIO CTEMEHb 3aCOJICHHS aJUIOBHS CHIDKACTCS, a THII 3aCOJICHUS
U3MEHSETCS C XJIOPUIHOTO Ha XJIOPUIHO-CYIb(ATHBIN U THAPOKAPOOHATHBIH.

Jns  momepeuHoro cedyenus nonuH pek Smana [.M.JlyOukoBeIM ycTaHOBIEHA
3aKOHOMEPHOCTb, 3aKIIOYAOLIAsICd B YBEIUYEHUH 3aCOJICHHOCTH NMOMMEHHBIX OTIOXEHUH I10
Mepe yAaJeHHs OT pycia PeKH K THUIOBBIM 4acTAM MOHM. TaMm MHOroieTHemeps3ible TPyHTbI
OBIBAIOT 3aCOJICHBI € TIIyOMHBI 2-4 M, a 3aCOJIEHHOCTH B cymnecsx gocturaet 0.3%, B CyraMHKax -

0.5-0.8% (MHxkeHepHO-Te0IOTUYECKUH MOHUTOPUHT MPOMBICIIOB SIMana, 1996).

08 Puc. 6. Pacnpeoenenue 3aconennocmu 6

06 paspesze 3 MOPCKOU Meppacvl, CIOHCEHHOU

04 cyenunkamu 8 n.Amoepma no  mpem

02 cKeaxdcuHam (006o3Hauenvl yugpamu)

3aconeHHOCTb, %

nybuHa, m

3acoieHHEIS MEpP3JIbIE  TOpPOJAbI  IPOCTPAHCTBCHHO CBsA3aHbl C  34COJICHHBIMH
OXJIAXKJACHHBIMHA MMOPOAAMHU U KPUOIISTaMH. YCTaHOBIEHO YacTo BCTpCHArOMECCa 4€pCaAOBaHNC
JICASAHBIX HIJINPOB, JIBAUCTBIX MCP3JIbIX YYACTKOB I'PYHTA M HaAXOOAIHUXCA B OXJIAKACHHOM

COCTOSAAHUH 3aCOJICHHBIX ITPOCJIIOCB.
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Puc. 7. Pacnpedenenue 3aconreHnocmu no 2nyoure 0isi OMaoNCeHULl: d - MOPCKUX NALE02eHOBbIX
(mP) Tazoeckozo n-o6a; 6 - MOPCKUX U 2IAYUATLHO-MOPCKUX cpednennelicmoyenosuix (On>™)
Cesepnoco Amana (1), Lenmpanvnozo u FOxcnoeo Amana (2), I'sioana (3), Tazoeckoeo n-osa
(4), Obcko-Ilyposckoco medcoypeuvs (5); 6 - O0n MOPCKUX U NPUOPEHCHO-MOPCKUX
nosonenneticmoyenogvix (Quit) (obosmauenus xpusvix xax na 6). Iocmpoeno no OannwbiMm

I U Jlyouxosa (1984)

[Tepexosl OT 3aCOJIEHHBIX MEP3JIbIX MOPOJ K OXJIAXKIECHHBIM SIBJISIETCS IJIABHBIM KaK IO
TEMIEpaType, TaKk U B IPOCTPAHCTBE, YTO CBUAETEILCTBYET O 1[€JIECO00Pa3HOCTH 00bETUHEHUS
UX B OJIH THUII 3aCOJIEHHBIX KpHOreHHbIX rpyHTOB (3KI).

Kpuomaru o0pI4HO PUYPOUYEHBI K CII0SM BOAOIPOHUIIAEMBIX TPYHTOB M K UX KOHTaKTaM
C BOJIOYTIOPAMHU.

Kak mpaBmiio, OHM OTIMYAIOTCS HEBBIAEPKAHHOCTHIO B BEpXHUX ropusoHTax. Ilo
CpaBHEHHIO C MOPCKOW BOJOW B HHX HaOrofaercss moBblmeHHOe coxepkanue Cl, Mg u
noHmwxkeHHoe - Na, 4YTo CBs3aHO C KPUOTEHHOW MeTaMmopdu3aiuell MOpOBOTO pPacTBOpa
(ITpuponnsie ycnoBust baitnapauxoit ryOer, 1997). Kpuomdrm mnoBceMecTHO CBs3aHBI C
NpUOPEKHO-MOPCKUMHU OTJIOKEHUSIMH U MPUYPOUYEHBI K JIMH3aM M MPOCIOSAM OOOTaIleHHBIX

OpraHWYECKUMH BemecTBaMu ocaakoB (OprsHckui, 1985).
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Puc. 8. Ckeaxcuna ¢ omnoocenusix 3-ii mopckou meppacwi, n. Amoepma, 30anue mpenaxicepa,
1989 a.

JUiss TOMNII 3aCONIEHHBIX MEP3JIBIX MOPOJ| XapaKTePHO YepelOBaHWE CIIOEB C pa3HOU
3aCOJICHHOCTHIO (pHUC. 8), B OONBIIEH CTENIEHN XapaKTepHOE ISl Pa3pe30B YCIOBHO-CIOUCTOTO
(mepBUYHOrO) TUMA. 3aCOJIEHHOCTh CHIIbHEE BCET0 M3MEHSETCs Ha MOPCKOM Jlaiijie, B JaryHax u
Ha MenkoBoawe (IIpuponnsie yenosus baitnapankoii ryost, 1997).

[Tocnenusst 3aKOHOMEPHOCTH MPOSBIISIETCS U 11 AMJIEPMHUHCKOTO pailoHa.

Puc. 9. Coomnowenue 3aconerinocmu u
CYMMAPHOU NANCHOCMU O]l MOPCKUX

MeP3JIblX Cynecuano-Ccy2aiuHucmoslx



naetcmoyeHoBbIX OMIIOINCEHUL

meppumopuu bosanenxosckoeco I'KM

(n-06 Aman). Bvibopra uz 36 obpasyos
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Puc. 10. 3asucumocms 3aconennocmu om enaxchocmu mepsnvix epyumos Cegepo-3anaoHnvix
Teppumopuu Kanaowl (Oannvie E. Xuson, 1991)

Cy1ecTByeT OIpeesIeHHOE COOTHOIIEHUE 3aCOJIEHHOCTU U JIBJUCTOCTH B 3aCOJIEHHBIX
MEp3IbIX MOpoAax. B MHOroseTHeMep3/bIX MOPCKHX TOJINAX 3aCOJIEHHOCTb, KaK IPaBUIIO,
YBEJIMYMBAETCSI C IOBBILIEHUEM CYMMapHOIO  BJIArOCOJEpXKAHUSA, YTO  OOYyCIIOBICHO
CeMMEHTallell B COJICHBIX MOPCKMX M MpHOPEKHBIX BOJAAaX, a IO pas3pe3y, HaobopoT,
3aCOJIEHHOCTh, KaK IIPaBMJIO, CHMJKAETCS C YBEIMYEHHEM JIBJUCTOCTH B  PA3IUYHBIX
JUTOT€HETUYECKUX TUIAX TPYHTOB (puc. 9 u 10), 4T0, NO-BUIUMOMY, CBSA3aHO KaK C YCIOBHSIMU
(GbopMHpOBaHUS JHIUCTHIX TOPU30HTOB U BHITECHEHHWEM COJIel (HE CIIy4alHO IJIACTOBBIE JIBJIBI
WHOT/Ia TIOACTHIJIAIOTCS TIECYaHBIMH TOPU30HTAMH C KPHOIITAaMH), TaK W TOCIEIYIOUIIM
paclpecHeHHEeM IO/A3EMHBIX TEKCTypooOpasyromux JbaoB. IlociegHeMy mpoueccy B
JUTEepaType He ylensieTcs JOHKHOIO BHUMaHUS, HECMOTPS Ha MPOJOJIKAIOIIUECS TUCKYCCHH O
MIPOMCXOXKACHUH TIIACTOBBIX JIBJIOB. MeXIy TeM Ha NMpHMepe MOPCKHX JIIOB JIaBHO YCTa-
HoBiieHO (CaBenbeB, 1971 u ap.), 4TO OHU MOABEPrarOTCs OBICTPOMY pacnpecHeHuro. Tak, Imo
nanHeiM @ .Manbmrpena (1930), conenocts Mopckoro nbna B [lonsipHom OacceliHe TONBKO 3a
rOJl U3MEHSAETCS B CPEJHEH YacTH JIEASHOTO MTOKPOBa MPUOIU3UTENBHO OT 7 10 3 IpOMUILIE.

3acONEHHOCTh CHMKAETCS B JIBJUCTBIX TOPWU30HTAX, MEPEKPBHIBAIONINX 3aJeKH

IJIACTOBBIX JIbAOB, KOTOPBLIC XApPaKTCPHbI I PETHOHOB PACIIPOCTPAHCHHA 3aCOJICHHBIX



Mep3nbIx mopo. [Ipu 3TOM IS 3aCONCHHBIX OXJIAXKJEHHBIX MOPOJ CyOaKkBaJlbHOIO THIIA B
baiinapankoii ry0e ycTaHOBJICHA OOpaTHash 3aKOHOMEPHOCTh - CHW)KCHHE 3aCOJICHHOCTH TPH
ymenbuiennu BinaxHocTH (IIpupoansie yenosus baiinaparkoii ryost, 1997).

Taxum obOpa3zoMm, B mpenesax MOPCKOTO U CMEUIAHHOTO THIIOB 3aCOJICHUS
BBISIBJICHBI TJ1aBHBIE BUJBl CTPOEHUS TOJI 3aCOJIEHHBIX MHOTOJIETHEMEP3JBIX OPOJ
0 XapakTEpHOMY CTPOEHHMIO pa3pe30oB M pACHPENECIEHUI0 3aCOJIEHHOCTH IO
rnybune, o0yclIOBIEHHOMY KaK yCIOBHUSMHU UX 00pa3oBaHUs, TaK U MOCIECAYIOUIUM
U3MEHEHUEM B MEP3JIOM COCTOSHUM. YCTAaHOBJEHO, YTO [JIl BEPXHEH JECSATH-
JBaANAaTUMETPOBONW TOJINM 3aCOJICHHBIX TPYHTOB XapaKTepHO JIuOO paBHOMEpHOE
pacmpejaeliecHue 3aCOJIEHHOCTH (MM CIOXHOE, C TIepeciauBaHueMm), nIubo ee
IIOCTENEHHOE YyBeJIWYeHHE ¢ TiayOumHoil. B paszpeszax ycCIOBHO-CIOUCTOrOo THIA
HEpaBHOMEpPHOE  paclpejelieHhe  3aCOJE€HHOCTH Mo  riayOuHe  sABiasdeTcs
CEeIMMEHTAIlMOHHBIM, CBSI3aHHBIM C JIMTOJOTMYECKHMMHU OCOOEHHOCTSIMHU WU
00yCIOBIIEHO YCJOBHUSIMHU TMpoMep3aHHs oOTiHoxeHud. OHHU, Kak TMpaBuio,
OTJINYalTCAd M OOJbIIEdl CTENEeHBI0 3aCOJEHHOCTH, HOTOMY UYTO B  pas3pes3ax
BBIJIEJIEHHOTO pAacCOJEHHOT0 THUNA YBEJIUYEHHE 3aCOJEHHOCTH C TJIyOHHOU
00yCIOBIIEHO paccoJICHHEM BEPXHEro FOPH30HTAa B pE3ylbTaTe MHUTpPALHU COJEH U
UX BBIHOCOM B CE€30HHOTAJIBIA CJIIOW. Pa3zpe3rl yCI0BHO-CIOUCTOrO TUNA XapaKTEPHBI
JUISL BEpXHEUYETBEPTUYHBIX U TOJOLEHOBBIX OTJOXEHUN. boiee npeBHUE OTIOXKEHUS
OoTJNYalTcsis OOJBIIMUM pAaCHpPOCTPAHEHUEM pa3pe30B paccoJieHHOro tumna. Takum
00pa3oM, B €CTECTBEHHBIX yCIOBUSIX NPOUCXOJUT MOCTEINEHHOE PACCOJICHUE KPOBIHU
MEp3JI0W TOJIIM - pacnpeleIcHUue 3aCOJEHHOCTH M3MEHSIETCS BO BpPEMEHH.
YcraHoBlI€eHa  HEOJAHOPOJAHOCTb CTPOEHHUSI 3aCOJEHHBIX MEp3JbIX TpPYHTOB,
yepeJoBaHUE JEISHBIX LIJIUPOB, JbAUCTBIX MEP3JbIX MHUHEpAJbHBIX arperaTtoB u
HaXOJSUIUXCS B OXJIAXJIE€HHOM COCTOSIHUM 3aCOJIE€HHBIX MPOCIOEB, & TaKKE CHUIbHO -
u cnab03acoJeHHBIX CJI0€B, OCOOEHHO i pa3pe30B YCIOBHO-CIOUCTOrO THIIA.
[Tepexoa OT 3aCOJIEHHBIX MEP3JIBIX K OXJIAXKJEHHBIM SBJISETCS NOCTENEHHBIM, OHU
yepeayloTcs B pa3pes3ax, UTO CBUJETEIbCTBYET O 1LeJeco00pa3HOCTU O00bEeIAUHEHUS

UX B OJMH THUI "3aCOJEHHBIX KpUOoreHHbIX IpyHTOB" (3KT).

3.2. PACITPOCTPAHEHUE 3ACOJIEHHbBIX MHOI"'OJIETHEMEP3JIbIX TTOPO1

s uccnenoBaHus TEXHOTEHHOTO BO3JAEWUCTBUSA HauOojiee BaK€H BEPXHUM, HECSTH-
MATHAALATUMETPOBBII TOPU30HT TOPOJ, AKTUBHO B3aUMOJICHCTBYIOMIMA C WHKEHEPHBIMU
coopyxeHusiMH. OH TNpUOIM3UTETHHO COBMAJAET CO CJIOEM HYJEBBIX TOJOBBIX KOJeOaHW
TeMneparypbl M OOBIYHON TIIyOMHOW 3aj0XEeHHs CBaWHBIX (YHIAAMEHTOB, MO3TOMY
OTIpeNIeJICHUE CBOWMCTB CJIAralIIMX €ro MEep3JIbIX TOpPOJ SBISAETCS HEOOXOAUMBIM IS

MMPOCKTUPOBAHHA U OLICHKU TaKOI'O BSaPIMO}IefICTBHSI.



VYuuteiBass MHOrooOpasue ycJIOBHH BO3MOXKHOTO 3acoyieHus Oojee TIyOOKHX
TOPU30HTOB HOPOJ, a TAKXKE 33Ja4M HACTOsAIEll paboThl, 31€Ch pacCCMaTPUBAIOTCS 3aCOJICHHBIE
MEP3JIbIE MOPOJIbI, PACIPOCTPAHEHHBIE C TOBEPXHOCTU B PA3JIMYHBIX PETMOHAX APKTHYECKOIO
no0epexpsa. Kak mpaBmiio, 3T0 4eTBEPTUYHbBIE IUIEHCTOLIEHOBBIE M T'OJOLIEHOBBIE OTJIOKEHMUS
Pa3IMYHBIX TEHETUYECKUX THIIOB, CPEAM KOTOPBIX TPEOOJIATAIONIUMH SIBISIOTCS MOPCKHE
orioxeHus. B Tabnuie 3 npuBOAATCS HEKOTOpPbIE (aKTHUECKUE AAHHBIE O PACIPOCTPAHCHHU

3aCOJIEHHBIX MEP3JIbIX NOPOJ Ha ApKTH4YeckoM nodepexbe Poccun.
2.2.1. [IOBEPEXBE FAPEHIIEBA MOPS U FOTOPCKUI ITOJIYOCTPOB

CBeneHus 0 pacrpocTpaHEHUH 3aCOJIEHHBIX MEP3JIbIX IpyHTOB Ha EBponeiickom Cesepe
orpaHuyeHbl. [IOCKOJIIBKY MOpPCKHE 4YETBEPTHUYHBIE  OTIOXKEHMS B MHOTOJIETHEMEP3JIOM
COCTOAHMM Ha KOJIBCKOM IOIYyOCTPOBE IPAKTHYECKU OTCYTCTBYIOT, BO3MOYKHOCTBH 3aCOJICHUS
MEpP3JIBbIX TOJII TaM HeBeluKa. MHOrojeTHeMep3iible 3aCOJICHHBIE TOPOAbl MOPCKOTO T'€HE3NCa
xapakrepssl Juis Kannacko-Tumanckoro u Mano-bonpmiezeMensekoro peruosa.

B mureparype (I'eoxpuonoruss CCCP, 1988) ynomuHaeTcsi, 4TO Ha HU3KUX MOPCKUX
Teppacax U MOPCKOH naiae modepexbs bapeHiieBa Mopst Hapsiay € y4aCTKaMH, CIOXKEHHBIMHU
MHOT'0JIETHEMEP3JIBIMU [IOPOJAaMH, Pa3BUTHl Y4YacTKU OXJaxAeHHbIX Huwxke 0°C mopopg c
Kpuordramu. Takue ywyacTKM BCTpedaroTcsi Ha mobOepexnbe bonBanckoil, Ilaxandeckoi,
Xainynpipckoir u Iledopckoil ry0, a Takke B JAenbTax U HU30BbsIX pek Hepyra, Uephas,
Mopero, Kaporamxa. BeposATHO Hainuue TakMX YYacTKOB, IIPaBla, OYEHb OIPAHMYECHHBIX
pa3MepoB, Ha CaMOM ceBepe N-oBa KaHMH 1 B IPpUyCTHEBBIX YacTAX pek Benukas u Muaura.

JlaHHBIE O 3aCOJICHMM MHOTOJIETHEMEP3JIBIX IOPOA B OITOM palOHE MPAKTUYECKU
OTCYTCTBYIOT. HaMu ObLIM MOIy4YeHBI TaKW€ CBEACHUS JIMILIb JJIs MoOepekbs XauIyablpcKon
ryosr (CunbkuH Hoc) u  Oacceitna p.CapemOoii-SIxa. Kpome Toro, mnpu u3BICKaHUSIX
[TewopHUITWHepTn Ha mnomaake mnocenka IIMOHEpHBIH yCTaHOBJIEHO, YTO TPYHTHl UMEIOT

Pa3IUYHYIO CTENEHb 3aCOJIEHHOCTH, B cpeHeM 0Kkou1o 0.1%, yBenrunBarouytocs ¢ riryOnHOM.

Tabruya 3. /lannvie 0 3aconenuu mep3nvlx nopoo Apkmuueckoeo nobepercobs
Poccuu (I'"U./[youkos, FO.A.Beanu, U./]./lanunoe, B.U.Axcenos, A.H.Apxun, agmop
u opyeue)

Paiion XapakTepHucTHKa Mecrto 3aconen-
nopoA orbopa HOCTb,%

1 2 3 4

Espor. Mopckue n Xaimyapipckasi ry0a 0-0.3

TEPPUT. AJUTIOBHAJIbHBIE p.Capemboii-Sxa 0.1-0.2

Poccun OTJIOKEHUS noc.[InoHepHsIit 0.1
noc.AMaepma 0.1-1.5
0-B Konryes 0.2-0.8
p.Ileuopa, HM30BBE 0.1-0.2



3amnay. Mopckue, Bbosauenkosckoe ' KM 0.03-2.1
Cubups aJJIFOBHAILHO- o-Ba [Ilapanossl Komku o 2.4
MOPCKHE, CeepHblii Sman 0.5-2.0
aJlII0OBHAJIbLHBIC, IOxHbI# SIMan 0.2-0.5
03€pHBIC U Mpic Xapacapait 0.2-0.4
commo(IIOKIIMOH-HO- | 03.Heii-To 0.2-0.6
JIETFOBHAIL. O6c¢ko-ITypckoe Mmexayp. 0.05-0.1
OTJIOKCHHS . Jlukcon 0.5-1
I'siman, 03.Mepky-To 0.4-1.2
p.Cyxoii [Tonyit 0.6
Bocrou- | Mopckue otnoxenus | m.Uykorka 0.2
Has naryHa PeimunbxuH 1.5-3
Cubupsp m.IlIMuaTa no 1
r.IleBek 0.1-0.5
r.AHazbIpb 0.2-0.5
neapra JIeHsl 0.1
BanbkuHa ryba 0.4-1.2
yCcThe Anazen 0.2-1.0
XasiepueHckas TyHapa 0.8-2.0
SIII0BHAJILHBIE r.AHaJbIpb 0.3
OTJIOKEHUS
OzepHble oTnoxeHus | n.Yykorka 0.1-0.2
AJUTIOBHAIIbHBIC
OTJIOKEHUSA 1.YykoTka 10 0.1

B paiiona mpica CunpkuH Hoc ckBaXMHaAMH MpU U3BICKAHUSAX PA3TUYHBIX OOBEKTOB
3aCOJICHHbIE MEp3Jble TPYHTHI ObLUTH BCTPEUEHBI HaMU MoBceMecTHO (puc. 11). 3aconeHHOCTH

yBeJIMYMBaIach ¢ IIyOUHOM n gocturana okoso 0.2% Ha rimyOune 8 M.
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Puc. 11. Ckeaxcuna 1 na cmpoumenvcmee Heghmezazopazeed00uHOU CKBANCUHBL 271YOO0K020

oypenusis AHI'PO Ne 20 na nobepeacve Xatinyowvipckoti 2yowt, 19872.

Mopckue MHOTOJETHEMEpP3/ble TOpOJbl, cojaepxkamue coiad, Ha Hropckom
MOJIyOCTPOBE XOpOILIO M3y4YeHbl A pailoHa moc.AMaepma. 37ech MIMPOKO pa3BUThI Kak
3aCOJIEHHbIE Mep3Jible MOpoAbl, Tak U Kpuomdru. [lo mpubpexxHoil yacTu mMaTepuan 4acTUYHO
6b11 cucremaruzupoBad A.H.XumenkoBbm u HO.b.1llemunbiv (1992). [loOepexbe METKOBObS
- ¢ Oapamu u ormensMu. IlecuaHas koca JJIMHOM OKOJO 2 KM OTHENSIET OT MOpS JaryHy ¢
oOummpHoOil naiinoil. Ha naiine BcTpeuaroTCss MHOTOYHMCIEHHBIE MeNKue o3epa. B mjaryny
BIIAJ]AIOT HECKOJIbKO MeENKUX peK. Takum oOpa3oM, KOMIUIEKC MPUOPEKHO-MOPCKUX OCaIKOB
COWICHSIETCA C aJUTIOBHAIIBHBIMU U 03€pHBbIMH ocaakamu. ConeHocTb Mopckux Box Kapckoro
Mopss B wuHTepBaie TiayomH 0-50 m - 29-30 r/n. KoHmeHTpalus MOpPOBOTO pacTBOpa
COBPEMEHHBIX MOPCKHX oOcaakoB - 42-48 r/n. Kpome TOro, mo HEKOTOPHIM TaHHBIM,
3aCOJICHHOCTh OCAJKOB IIEHTpabHOU YacT baiimaparikoii TyOsl cocTaBisuia i meckoB 8.9%,

it cyrHKOB -0.88-1.13%. B AmuepMuHCKO# aryHe 10 TiyOuHBI 1 M 3aCOJI€HHOCTh TPYHTOB




cocraBisieT 1.6-1.9%, HIDKe 3aCONEHHOCTh yBenuuuBaercs a0 3-4% (Ha rayOune 4-5 Mm).
TemnepaTtypa OTJIOKEHUU B IEHTpainbHOW 4actu JaryHsel -2.0 + -2.5°C u oHM HaxomATCs B
OXJIX/IEHHOM cocTosiHuM. [Ipu 3TOM MuHepanu3anus Boj B jaryHe MeHsiercs ot 18 mo 20 r/n
0 8 T/m M MEeHee B 4acTAX, YJaJeHHBIX OT Mops. O4YeBHIHO, CHIIBHOE 3aCOJICHHE OCAIKOB
JaryHbl CBS3aHO € KPUOTCHHOM KOHLIEHTpAlMEld IOpPOBOro pacTtBopa. Mopckas Koca
NpeACTaBIsieT COOO0M aKKyMylsiTUBHOE oOpa3oBanue mmHOoM 3 u mmpuHoil 0.3-0.5 xwm.
Bepxuuil 3-MeTpOBbIiI TOPU30HT OTJIOKEHHM, CIIO)KEHHBI IE€CKaMH, UMEET 3aCOJIEHHOCTb
0.1%. Huxe 2.5 ™M 3aconeHHOCTb 1OpoJ pe3ko Bo3pacrtaeT 10 0.4-0.5%. Huxe rmyOunst 3 M B
[IECKaX IPOCIIEKUBAIOTCS TOPU3OHTHl BBICOKOMMHEPAIW30BAHHBIX BOJ - KPHUOIIAIOB.
KonreHTpaiuu nopoBsix pacCTBOPOB B HUX pa3HO0Opa3HkI - oT 50 mo 120 r/n. BepositHoO, HU3Kas
MUHEpAIU3alus MeCKOB B BEPXHEM 4YacTH pa3pe3a CBsI3aHA YaCTUYHO C BBIMBIBAHHEM COJIEH
aTMOC(EpHBIMU OCAJIKaMHU TMPH CE30HHOM NpoTauBaHuu M auddepeHnumanmerd pactBopa npu
IIPOMEP3aHUU - KPUOIE€HHOM KOHIEHTpanuen. BepxHuid Cioi MHOTOJIETHEMEP3JbIX IOPOA,
pacnopoCcTpaHEHHBIX Ha AMAEPMUHCKONM Koce, HMMEET HEOJMHAKOBYI0 MOIIHOCTh. B
LEHTPaJbHOW YaCTH KOChI OHA COCTaBJIIET OKOJO 8 M, B KpaeBbIX uacTax - 1.5-2 wm.
3aCOJICHHOCTh TIECKOB M CyIlecel ¢ mpociosiMu Topda Ha naiae 1o 4 M cocrasisier ot 0.1 1o
0.3%, Hmxe 3ajerarT IecYaHble Wbl U CYIJIMHKUM C 3acojeHHocTeio 0.5-3%, npuuem
TOPU30HTHI C MACCUBHBIM KPUOTEHHBIM CTPOEHUEM CMEHSIOTCS CIOSMU OXJIAXJAEHHBIX IOPOJ C
OTAENbHBIMU  €IMHUYHBIMH Kpuctauiamu Jjbaa. A.H.XumenkoB u 1O.b.Iemun (1992)
OTMEYAIOT, YTO BEPXHUI FOPU30HT OTIOKEHUH J1aiiibl (10 2 M) UMeET OOJIBIIYIO 3aCOJIEHHOCTb,
YeM Ha IeCYaHOW Koce. DTO CBSA3aHO, II0 WX MHEHHUIO, ¢ 0Ooyiee AMCIEPCHBIM COCTaBOM
OTJIO)KEHUH, OONBIIUM  COJIEpP’)KaHUEM OpraHMKH, CIUIOIIHBIM PAaCTUTEIbHBIM MOKPOBOM Ha
MOBEPXHOCTH, YTO YXYAIIAET YCIOBHUS Ul YJAJE€HHUS COJed NpecHbBIMH aTMOC(hEpHBIMU U
PEYHBIMU BOJIAMHU.

[Tocenox AmaepMa HaxoauTcs Ha | ¥ 2 MOPCKUX Teppacax BbICOTOW COOTBETCTBEHHO 8-
10 u 15-25 m. MHoroneTHemMep3Jible MOPObI MPEACTABICHBl CEPO-TOIYOBIMH CYTJIIMHKAMU C
00JBIION NMPUMECHI0 OPraHUYECKOro MaTepHala, ¢ MacCHUBHOW (B BEpXHEW yacTu paspesa),
CJIOMCTO-CETYaTOM U CIONUCTOM KPUOTEHHBIMH TeKcTypaMu. Kak npaBuiio, 3acojieHnue CyrJIMHKOB
u3Mensercsa B npenenax ot 0.1 o 1.5%, npakTuuecku Bo BceX ciydasix (10 JaHHBIM OypeHHus
6osee 100 ckBaxuH) yBENMYUBAsACH ¢ TiIyOonHoM. Hamnbomnee yacto BcTpeyarommecs: 3HaYCHUS -

0.3-0.8%. Cocras coeit 0JM30K K COCTaBY COJICH MOPCKO BOIBI.

3.2.2. IOJIYOCTPOBA SIMAJI I TA3OBCKUI

Ha ocHoBe ananuza 6onee 4 toic. mpo6 I'.1.Jlyouxos u H.B.lBanosa (1990) noctponnu
KapTy 3aCOJICHHOCTH Mep3ibiX TpyHTOB 3amamnoi Cubupu. [lo ux panHbIM, 0051aCTh
MOBCEMECTHOI'O PacIpOCTPAHEHHUS 3aCOJICHHBIX MEP3JIbIX TPYHTOB U KPHUOIIATOB PACIIOaraeTcs

ceBepHee mupoTel noc. Hoserit [lopt Ha Smare.



B srom paifoHe Mepsnble TOpOABl 3acofieHbl Ha BCIO TNyOumHYy. BepxHss — vacTh
KPUOT€HHOU TOJNIIM (COOCTBEHHO MEp3JIble MOPObl, MOITHOCTh 150-250 M) COAEp:KUT CONU B
KOJIMYECTBE MEHBILIEM, YEM PABHOBECHAs € Temueparypoil koHueHTpauus. [lupoko pa3BuUTHI
KPHUOIIATH ¢ 0oJiee BRICOKON KOHIeHTpaluel coneil. Huke Haxomutes oxnaxnenHas ke 0°C,
HO HE coJeprKallias Jjbpaa Toja MoiHocTso 100-200 M.

IOxHee yka3aHHON MIMPOTHI B BEPXHEM T'OPU30HTE PACIIPOCTPAHEHbI ClIA003aCOTICHHbIE
U HE3aCOJICHHBbIE MOPCKHE YeTBepTHUHbIe mopoabl, uyto [ .M.JlyoukoB u H.B.MBanosa (1990)
OOBSCHSIOT Kak “O0JBIIMM OINpEeCHeHHEeM OacceifHa OCaJKOHAKOIUICHHS, TaK ¥ WHTCHCHBHBIM
BO3/ICHCTBUEM MPOIECCOB WHOWIBTPALUN U PACCOJICHHS NEPBOHAYAIFHO MEHEE 3aCOJICHHBIX
OTJIO’)KEHUHN IPU UX OTTAaUBAHUU B TEIUIbIE AMOXM IUICHCTOLIEHA U TOJIOLEHA U MOCIEIyIOIIEM
npoMep3anun”’. Hipkenexalniye naJeoreéHOBbIE BBICOKOAMUCIIEPCHBIE TIUIMHBI  OTIMYAIOTCA
3aMETHBIM 3aCOJIEHHEM, KOTOPOE MOXKET OBITh CBA3aHO C €r0 BTOPUYHBIM XapaKTEPOM, a TaKXKe
BBICOKOM IUIOTHOCTBIO U BBICOKOM BOJIOIPOHUIIAEMOCTBIO ATHX TJIMH.

bonee neranbHO wu3yueHa TeppUTOpUS bBOBAaHEHKOBCKOrO Ta30KOH- JE€HCAaTHOI'O
MECTOPOXKACHUS, JaHHBIC MO KOTOpoMy ObLM mpoananuszupoBanbl M. JI.Ctpenenkoit (1991).
371ech, UTO XapaKTepHO U Ui Bcero fImMaina, 3acOJIEHHbIE IMOPOJbl COJIEPKAT MOIIHBIE 3aJIEXKU
NOJI3EMHBIX JIbJOB. MccaenoBanbl pa3pes3bl, B KOTOPBIX 3TH 3aJI€KH MEPEKPBITHI 3aCOJEHHBIMU
[JIMHACTBIMU TOPOJAaMH U IOJCTWJIAIOTCS IECKaMH, COJEpKAIlUMU JIMH3bl KpPHUOIIAIOB.
Oxkasajioch, 4TO COOTHOLIECHHE KOHIIEHTPALMH B MI-3KB MarHusi ¥ XJIOpa B IUIACTOBBIX JIbJAX,
BMEUIAIOIIMX Mopoaax u Kpuomdrax coctasiger 0.11-0.60, 4yro cOOTBETCTByeT paccosiam
Mopckoro tuna (Bamsmko, 1963). CxonHoe COOTHOIIEHME HMOHOB B IOPOBBIX pacTBOpax
3aCOJICHHBIX MEpP3JbIX TPYHTOB, IUIACTOBBIX JIbJOB U KPHUOIAIOB CBHUJETEIBCTBYET O HX
TEHETUYECKON CBs3M, YTO JoKa3biBaeT, 1o MHeHuto W.J[.Ctpenenkoi, BO3MOXXHOCTh
o0pa3oBaHMs IJIACTOBBIX JIBJJOB 32 CUET MOPCKOW BOJIbI, COZEpXallelcs Ha paHHUX ATamax
JMareHesa B MPOMEP3a0IINX Oca/lkaX. DTO MHEHUE MOATBEPKIAAEeT BbhICKa3aHHBIN paHee BHIBOJ
I'.'1.Jy6uxosa (1986).

Ha Ttepputopun boBanenkoBckoro I'KM Mopckume mnmopoasl KpHOTE€HHOM TOJIIU
3acoyieHbl Ha BCIO rIyOuHy - 10 300 M M HMXKE, MpUYeM BEPXHSAS 4acTh TOJIIM MOILIHOCTBHIO
1700-200 M HaxoOmUTCS B MEP3JIOM COCTOSHUHW, a HWXKHIS MomHOCThI0 90-110 M B
OXJaXJE€HHOM cocTOsiHUM (MHXKEeHepHO-Te0JOrn4ecKii MOHUTOPUHT TpoMBbICiOB fmana, T.2,
1996). OTtnoxeHus MOPCKOTO, aJUTFOBUATBHO-MOPCKOTO, aJUTIOBHAIIBHOTO, O3€PHOTO U
CoNU(ITIOKIIMOHHO-/IEJIIOBUAIBHOTO T'€HE3Uca 3aCOJIEHbl B pa3HOM CTENEeHH, OHA KoJebJeTcs B
npeaenax ot 0.03 mo 2.1%. CoctaB BOJHOPACTBOPUMBIX COJIEH COXpPaHSETCS MPHUOIU3UTEIHHO
MOCTOSIHHBIM M XapakTepus3yeTcss MpeodsiajJaHueM XJIOPUCTOrO0 HATPUS U C1a0OoIIeT0YHON
peakiuell  BOJHBIX BBITSKEK. MOpCKHE — IJIEHCTOIEHOBBIE OTJIOXKEHMSI, MOJBEPTIIHECS
BBIIIIEJIaUMBAHUIO, COJIEPKAT HEOOJbIIOE KOJTUYECTBO COJIEH.

3aconmenHbiMu B 3amamHod CuOWpH  SIBASIOTCA KaK OJMUTCHETHYECKHE, TaK W
CHHTEHETHYECCKHUE Mep3nbeie  mopoabsl. Kak wum3BectHo (I'eoxpumosorumsi CCCP, 1989),

CHHTEHETHYECKHE MEP3JIbIe TTOPOIBI IMMMPOKO pactpocTpaHeHbl ceBepHee [lomsipHoro kpyra, e



OHHU M30EKaNM MPOTaMBAaHUS B MEPUOJIBI MOTEIVICHUH, a TAaK)Ke HAKAIJIMBAIOTCS COBPEMEHHBIC
CHHICHETUYECKHE OTJIOXKEHHUS - TONWMBI, TOPMSIHUKA M TPUOPEKHO-MOPCKHUE OTIIOKEHUS.
CoBpeMEHHbIE CHHTEHETUUECKHE MOPCKHE MEp3Jble IIOPOJIbl HAKAINIMBAIOTCA U IIPOMEP3alOT B
MEJIKUX JIaryHax W B Y3KOW 30HE, Ha KPOMKE (OPMHPYIOLIETOCs MPHUIMAWHOTO JbJa B
Cy0aKBaNbHBIX YCIOBHSAX, a TakXe IPEUMYIIECTBEHHO B CyOa’palbHBIX YCIOBHUAX Ha
HE3aTOIUIIEMON 4YacTW IUISDKAa M NPUIMBHOW 30HBL. biaronpusaTHbl [ HAKOIUIEHUSA
CHHI€HETUYECKUX OTJIOXKEHHUU JIeNbThl PEK, OCOOCHHO B TPAHCIPECCHBHBIC 3Tallbl Pa3BUTHS,
KOI'Zla COJIEHbIE BOJbl MOpS IIPOHUKAIOT BBEPX IO TEUYEHHUIO, KaK HalpuMep, ceddac Ha
3amagaom mobepexbe SAmana g0 50-70 kM (I'eoxpuonoruss CCCP, 1989). Dnurenernueckue
MEp3JIbIE MOPOJbl 3aJIEraloT C IOBEPXHOCTHU B psAJ€ PAaliOHOB CaleXapJCKOH M Ka3aHILIEBCKON
MoOpcKUX paBHUH SIMana u I'einanckoro nosyocrposa (baynun, 1979) u takxke, kak npaBuio,
3aCOJICHBI.

[To ganabiM W.J.Ctpenenkoit (1991) risunanbHO-MOpCKHE, MOPCKUE U IPUOPEKHO-
MOPCKHE IJIEMCTOLIEHOBBIE OCAJKU UMEIOT 3aMETHOE 3acojieHue - TauHucThie - 0.7%, necku -
0.2%. I'maaucTeie TOpPOABI B OOJIBIICH CTETNEHH CIIOCOOHBI COXPAHSTH CEIUMEHTAIMOHHYIO
3aCOJICHHOCTh M IIPOMEpP3al0T, HaKaIlJIMBas COJIM, MO3TOMY 3acosieHbl cuibHee (MHxeHepHo-
re0JIOTMYECKMH MOHUTOPUHT TpombicioB fmana, T.2, 1996). AmmoBuaabHO-MOpPCKHE
TOJIOIICHOBBIC OTJIOKEHHS TPEJCTABICHBI TJIABHBIM o0Opa3om 3acoiieHHbIMH (mecku - 0.4%,
cynecu - 0.35%) pycnoBeiMU (anusiMu, B 30HE BIUSHUS MPHJIMBOB U HATOHHBIX SIBJICHUN B
paspe3ax BCTpeyaroTcsl HEOOJIbIINE JIMH3bI KPUOIATOB. AJUTIOBHAJIbHBIE TOJIOLEHOBbBIE [TECYAHO-
[JIMHUCTBIE OTJIOXKEHUS €1a00 3aCOJIEHBI WIIM HE 3aCOJIEHBI, 3aCOJEHHOCTh IIECKOB COCTABIISET B
cpennem 0.03%, cyneceit u cyrnmuHkoB - 0.08%. ['.11.J]lyOMKOBBIM ycTaHOBJIEHA OTpECIICHHAS
3aKOHOMEPHOCTh, 3aKJIIOYaloIIasici B TOM, YTO 3aCOJICHHOCTb OTJIOKEHUH TMONMBI
YBEJIMUYUBAETCS IO MEpe yJAJeHUs OT pycia peKd. AJUTIOBHAIBHBIM KOMILJIEKC B JOJUHAX peK
MOJICTUJIAETCS  3aCOJIEHHBIMM  IOpPOJAaMM, YacTO COAEpXallUMU  JIMH3Bl  KPHUOIISTOB.
3aCOIEHHOCTh ATHX MOJCTHJIAIOIIUX OTJIOXKEHUI 00ycioBieHa MO0 NEPBHUUHBIM MOPCKUM
3acojlieHueM, MO0 BIMSHMEM MOPCKHX TpaHrpeccuid. 3a MpeaenamMu 30HbI T'OJOLIEHOBOTO
BIIMSTHUSL MOPSI aJUTIOBUN Ha KPYIHBIX pekax paccoiieH Ha 30-40 M U He cOAepKUT KPUOIIIIOB,
Kak 9T0 HaOmomaercss B pgonuHe p.lOpubGeit (MHXeHepHO-T€ONIOTHYECKU MOHHUTOPUHT
npombicioB SImana, 1.2, 1996). B TO ke Bpems 4acTO CHJIBHO 3aCOJICH aJUTIOBUN HHU30BUU PEK B
30HE€ BIMSHUS MOPCKUX MPUIMBOB U HarOHOB, PAaCIpPOCTPAHSIOMINXCS BIIIyOb MOJYOCTpOBa Ha
40-70 xM. B wactHOCTH, B HH30BBSIX Mopnel-Axu u Ce-SIxu alTiOBHAIbHBIC OTJIOKEHUS
MIPEICTABICHBI TTecKaMH C 3acoyieHHOCThI0 110 0.3% u cymecsimu ¢ 3acosnieHHOCThIO 10 0.4%.
[Ton He3acolleHHBIMH WJIH CJIa003aCOJICHHBIMH TpyHTamMu Ha riayoumHe 3-10 M 3aneraroT
3aCOJICHHbIE BEpPXHEIJICHCTOLEHOBbIE MOPCKHE U TOJIOLEHOBBIE aJUTIOBUATbHO-MOPCKHE
oTnoxkeHus. ['napokapOOHaTHBIN U XJIOPUAHO-CYIb(GATHBIA TUIIBI 3aCOJICHUS, BCTpEUarOIInecs
IpU CylecyaHO-TIeCUaHbIX pa3pe3ax MPUPYCIOBBIX YYaCTKOB, CMEHAIOTCS CyJbdaTHO-
XJIOPUJIHBIM U XJIOPUAHBIM THUIIAMU 3aCOJIEHUS B TJIMHHUCTBIX T'PYHTAaX BHHU3 IO pa3pesy H IO

HAIpPaBJIEHUIO K BHYTPEHHHUM CJIA00JPEHHPOBAHHBIM YacTsAM MoiiM. O3epHble T'OJOLEHOBBIE



OTJIO)KEHHUSI HE 3aCOJIEHBI WJIM CJIa00 3acolieHbl (3acolieHHOCTh meckoB okono 0.1%, rmmH -
0.2%) m xapakTepu3yIOTCs MPEUMYIIECTBEHHO XJIOPUAHO-CYJIb(ATHBIM U CYIb(PATHBIM THIIOM
3aconenus. Cmaboe 3acolieHHE  UMEeT MECTO M B COMUGIIOKIIMOHHO-JEIOBUATBHBIX
BEPXHEIUIEUCTOLEHOBBIX U TOJIOLICHOBBIX OTIIOKEHUAX. [IpUIIOBEpXHOCTHBIN CII0M IPAKTUYECKU
IIOBCEMECTHO MPOMBIT, 0COOEHHO Ha CKJIOHAX.

[To manneiM B.T.Tpodumosa u npyrux (1975), peakuus cpeabl B MOPOBOM pPacTBOpE
JaryHHO-MOPCKUX U MOPCKHX OOpa3oBaHMU M3MEHSETCS OT CIa0OKHCIONW A0 INENIOYHOH, a y
AJUTIOBHAJIBHBIX OHA IPEUMYILECTBEHHO Kucaas. B nenom s SImana xapakTepHO yBEIUYEHUE
CoJIepKaHusl CoJiel B MEp3JbIX MOPOJax € Iora Ha CEBEp IOJIyOCTPOBA B CPEIHEM OT AECSATHIX
nonei mporeHrta no 1-1.5%.

Bo MHOrmx paspesax NpOCIEXKHBACTCs yBEIMYEHUE 3aCOJCHHUSA C TIIyOMHOH B cioe
HYJIEBbIX TOJOBBIX KojieOanuil temmeparypbl. [.J./lyOukoB u papyrue OOBACHSAIOT 3TO
(MH>xeHepHO-T€0JIOTUYECKUH MOHUTOPUHI IpoMbIcioB Smana,1.2, 1996) perpeccuBHbIM
XapakTepoM Qanuii U nepepacnpesesieHueM CoJiel B MPOIECCe N3MEHEHUS TEOKPUOIOTUIECKUX
ycioBull. [Ipyu KOHTAaKTe ¢ IIACTOBBIMM JIbJAAMM HAOJIIO1a€TCS YMEHBLICHUE 3aCOJIEHHOCTH B
BBIILIEJIEKALIEM ciloe Mep3iaod mnopoasl. C Apyroil CTOPOHBI, W3BECTHBI Cily4ad, KoOraa
IUTACTOBBIE JIbJbI MTOJICTUIIAIOTCS MIECYaHBIMU FOPU30HTAMU C KPUOIIATaMu, HallpUMeEp, B 10JIMHE
Ce-SIxu, Ha npaBoOepexbe Hanyil-SAAxu um B npyrux Mecrax. OOBSCHSIOT 3TO IpPOLECCAMU
OT)KaTUsl CoJied IpU IPOMEP3aHUU U OINPECHEHUEM IUIACTOBBIX JIBJOB IMPU H3MEHEHUU
TEMIEPATYPHOT'0 PEeXUMa U BIUSHUEM IOJPYCIOBBIX TAJIUKOB.

H.®.I'puropses (1987) onucan pacnpocTpaHeHUE 3aCOJICHHBIX MEP3JIbIX U KPUOTEHHBIX
MopoJT Ha 3amajiHoM ToOepexne fAmana, B pailone M.Xapacasdii u 0-BoB lllapamoBsr Komikwu.
Tak, Ha gHE MENKOBOJHOTO, ryOouHou okoso 1 M, mponuBa Ilapanor Illap mox cezonHO-
MEpP3JBIM CIIOEM B WHTEpBasie r1yOuH 3.5-4.5 M 3aCOJE€HHOCTh OTJOXKeHM nocturana 2.4%. B
cocraBe coseii npeoOmamaroT xmopuasl Hatpus (85-99%-o5kB) m wmarnus (5-10%-5kB).
Conepxkannie cynb(haToB KalbliUsl M MarHus He3HauuTenbHO (1Mo 2%-3kB). Bcrpeuensr
KPHUOIIATH, KOTOPBIC HE 3aMep3aiu mpu Temreparype - 6 + -7°C. Tlo muenuto H.I1. AErCHMOBOIA,
y4acTBOBABLICH B MHTEPIpPETAIIMH 3TUX Pa3pe30B, BHICOKAs MUHEPAIU3aLMs PACCOJIOB CBS3aHA
C MUTpalueil mopoBOro pacTBopa B MPOIECCE HAKOIUICHHUS] M NMPOMEP3aHUs MOpOA IUIskKa, a
TaKkKe C BJIMSHUEM HHU3KOTEMIIEpAaTypHbIX TepMuuyeckux rpaaueHToB. Ilo H.D.I'puropseBy
(1987), B cBs3u ¢ KoseOaHUSIMU 3aCOJIEHHOCTM Ha OCTpoBax BOJM3M Mbica XapacaBiil
HaOJII0/1aeTCsl pe3Kasi CMeHa MEep3JIOTHBIX YCIOBUM B Mpejiesiax OJJHOTO U TOTo ke ocTpoBa. Tak,
Ha OJTHOM U3 OCTPOBOB, HAJIBOJHAS YACTh KOTOPOT'0 ObLiIa CI0XKEeHa MeCKaMH C MOACTUIIAIOIIUMHU
UX CYTJIMHKaMU, Ha TIyOnHe 2 M ObLta 3adukcupoBaHa Temmeparypa -6°C, HaHOCH HaXOIMITUCH
B MEP3JIOM COCTOSTHWH, a Ha TIyOuHe 4 -6 M B CBSI3U C OOJBIIEH 3aCOJEHHOCTHIO OTJIOKECHUM
npu Temreparype -8°C oHU ObUTH HE CIIEMEHTUPOBAHHBIMH JIBJIOM H IIACTUYHBIMHA. MOIITHOCTD
MHOTOJIETHEMEP3JIBIX TTOPOJ] Ha 3TUX OCTPOBax KoyieoaeTcs ot 2 10 10 m.

N A. HawunoB u JLLA. XKwurape (1979) ommcamu MHOTOJETHEMEP3IBIC TOPOIBI

Pa3IUMYHBIX T'€CHETHYCCKUX THUIIOB CO CMCIIAHHBIM THUIIOM 3aCOJICHHUSA B BEPXOBBIAX P. Mamnas



Xera, TIe KOHTUHEHTAIbHBIE OTIOXKeHHs 3aconieHbl 10 0.1-0.2% c mpeobiamaHuem coeit
Ca(HCOs3)2, NaCl, Na:SOs, a B BBITSDKKaxX M3 MOPCKHX OCAJKOB IPH 0o0Jiee BBICOKOMH
mubnepanuzauuun a0 0.2-0.6%  HOpUCYTCTBYIOT, TOMHUMO  TIEPEUYUCICHHBIX  COJIEH,
THIPOKapOOHATHI MarHusl W Kaiblus. Takoe oOmiue KapOOHATOB TH aBTOPHI OOBACHSIOT HUX

HOCTYIIJICHUEM C MIPUIIETAIONIECH CYLIH.

3.2.3. APKTUYECKOE ITOBEPEXXBE BOCTOUYHOM CUBUPU
N YYKOTKA

B npemenax CeBepo-CuOupckoil HU3MEHHOCTH, BJIOJb MOOEpexkpsi SKyTun u
UyKOTCKOIro MOJIyOoCTpOoBa, Ha AHAJIBIPCKON HU3MEHHOCTH MEp3Jble  3aCOJIEHHBIE IOPOJbI
IPUYPOUYEHbl B OCHOBHOM K MOPCKHM IUIEMCTOLEHOBBIM U TOJIOLIEHOBBIM OTJIOKEHUSAM
(dy6uxoB, HMBanoma, 1990). B BepxHem 50-MEeTpOBOM TOPHU30HTE 3aCOJCHHBIC TPYHTHI
pacipoCTpaHEeHbl HE IOBCEMECTHO U YEPEAYIOTCS C HE3aCOJIEHHBIMH.

[To nanneiM A.B.EBceeBa (1980), mopckue HoBeillne OTI0XKEeHHS UYyKOTKH HMEIOT
HEUTPATBHYIO WM CIa00IIEIIOUHYI0 PEaKIUI0, HU3KYI0 €MKOCTh MOTJIOmeHus (10 16 Mr-skB Ha
100 r), npuyeMm B cocTaBe OOMEHHBIX KaTHOHOB IPEOOJIAJaeT KaJIbLUN, OTHAKO COAEPKUTCS U
HaTpuil. KonuuecTBo JierkopacTBOpUMBIX cosiell 00bIyHO npeBbiiaeT 0.2%, riaaBHbIM 00pa3oM
9T0 OmkapOOHAT KambLus, a Takke XJjopuna Harpus. O3epHbIE OTIOKEHUS OTIMYAIOTCA
HEUTpaJbHOW  peakuueld M HECKoJbKo MeHbIMM 3acojeHuem 0.1-0.2%. AnmoBuanbHbIE
HOBeHIMe oTioxeHus 3acoynieHbl cinabo (< 0.1%). Iupoko pacnmpocTpaHEHBI 3aCOJICHHBIC
Mep3Jble TOpPOJibl B akBaTOpuu Mops. Tak, B MenkoBogHOW jaryHe Peimuiabxun (UYykoTckoe
MOpPE€) MUHEpaIM3alUsg MEP3JbIX MOPOJ MOIIHOCTBIO 22 M m3Mmensiercs ot 51 go 151 r/kr,
MpUYeM B COCTaBE coJied abcoioTHO mnpeobnamaer xyopua Harpus (Kurapes, 1981). B
Bocrouno-Cubupckom mope, no nanubiM JI.A.JKurapesa, 3aneraior MaccuBbl pEIMKTOBBIX,
BEPOSITHO, 3aCOJIEHHBIX MHOTOJIETHEMEP3JIBIX TTOPOJ Y BX0J1a B DOEIIXCKYI0 TY0y, B MPOJIMBaxX
Hmutpus Jlantesa, Otepukan, CaHHUKOBA, ceBepHee ocTpoBoB KoTenbHukoBa u 3emnu bynre.
CoBpemeHHbIE MHOTOJIETHEMEP3JIbIE  MOPOJbl, TaKXKe, IO-BUJIUMOMY, 3aCOJICHHBIE,
IPOTATUBAIOTCS BIOJIb Bcero Oepera SkyTuu u 3anaaHoil yact YyKOTKH, OKalMIISIIOT OCTPOB
bon.JIsxoBckuii, 3aneraror BOMM3M Oepera octpoBoB Mai.JIsxoBckuii, Kotenbubiit, 3emiis
bynre, HoBas Cubups. B Geperosoii 3oHe Boctouno-Cubupckoro u YykoTckoro mMopeu k
BOCTOKY OT 170° B.1. oHuM cnaratoT Tosbko AHo jnaryH (JKurapes, 1981). B.M.ConomatunbmM u
O.H.®umxkunbv (1981) omucaHo pacnpocTpaHEHHWE MHOTOJIETHEMEP3JbIX MOPOJ B pailoHe
scTyapusi p.AHabap, TIZle OCHOBHas 4YacTh pa3pe3a CI0XKEHa aUTF0BUAIbHO-MOPCKUMHU
otnoxenussmMu ¢ temneparypoit -11.8°C. A.H.KoroB (1996) coobmian o 3acoiieHHUH pPEeuHBIX
noitMeHHbIX oTiokeHu# (oxoio 0.2-0.3%) Ha o-Be Bpanrensi.

Kak wm3Bectno (MBanoB, CemenoB, 1970), mepBas Hambosiee KpymHas TpaHCTPECCHUS
MOpsi B 3TOM PETrMOHE Hayanach B IUIMOLEH-PaHHEIUIEHCTOIIeHOBOE BpeMs. ['OpHble MOpOJIbI

MPONUTHIBAINCH MOPCKOM BOJIOM HA 3HAYUTEIBHOW TEPPUTOPUU U OJHOBPEMEHHO MPOMEP3ATH



Ha 0CBOOOXKIaBIIUXCS OT MOPsI ydacTkax. [103TOMy 3aCOJI€HHOCTh MOXET NPUCYTCTBOBAaTh HE
TOJIBKO B MPUOPEKHO-MOPCKHX M MOPCKHX OTJIOKEHHUSX TOTO BPEMEHH, HO M B OTJIIOXKCHHAX
JPYIUX T€0JIOr0-TeHETUYECKUX TUIIOB.

B HmwKHEM M cpeiHEM IUICHCTOLIEHE TPAHCTPECCHUH 37eCh ObLTH HE3HAUYUTEIbHBIMU
(Kurapes, 1981) u MOIIHOCTH MEpP3JIBIX IMOPOJ YBEJIMYMBAIACH OJHOBPEMEHHO C
KOHTHMHEHTAJIbHBIM OCaJKOHAKOIUIEHUEM. B HacTynuBIyro 3aTéM KapruHCKYIO TPAaHCTPECCHIO
YpOBEHb MOpPs ObLT BhIIIE coBpeMeHHOro Ha 25-30 M (Jlomadenkos, 1966), moaTomy moa Mopem
BHOBb IPOMCXOJWJIO OTTaMBAHUE 3ACOJICHHBIX OTJIOKEHHH, KOTOpOE, MO-BUIMMOMY, OBLIO
TaK)K€ B PAaHHETOJIOLIEHOBOE BPEMs U B MEpUOJI KJIIMMaTH4eckoro ontumyMa. Ilocne orcrynanus
MOPSI TPOU3O0IILJIO MPOMEP3aHNUEe OTIIOKEHUH ¢ (popMUpOBaHMEM 3aCOJICHHUS B MOPCKUX U paHee
3aTOIUIEHHBIX aJIIOBUAJIBbHBIX oOcaikax. B pesynbrare 3acojeHHe paclpoCTPaHEHO BJOJb
no0Oepekbs OKeaHa Y3KOM IOJO0COM B MEp3JbIX IMOPOAAX pa3MUYHOrO TE€He3Hca M COCTaBa
(dybukos, Banora, 1990).

W3 oneita mpoektupoBanus Jlen3HMMOIIa 3acosieHHOCTh MOpPOJ Ha apKTHUYECKOM
nobepexne oT oc. Amaepma 1o . AHaasipb usmensiercs ot 0.1 mo 1.5%. Conu comepxarcs B
OCHOBaHUsX 3/1aHuil 1./lukcon, . Tukcu (B T.4. B TIIMHUCTBIX ClaHLax), I. [leBeke (rpaBuiiHo-
TraJICYHUKOBBIE ~ OTJIOXKeHHUs, cyrauHku), M.lImuara, n.Coro (TJIMHHUCTBIE  CIaHIbI),
n.IIpoBunenus (3aconeHHble CYyTJIMHKN) U B IPYTUX MEcCTax.

B 3TOM peruone BCTpeyeHBl TAIMKU U MPUYPOUEHHBIE K HUM BOCXOJSILNE HCTOUYHUKU
3aCOJIEHHBIX 1oA3eMHbIX BoJ (O0uauH , 1959). Tak, onu umerores no nepudepun ozep Ecceli n
XanTalickoro, B OacceiiHe p. KeHenukaH, W B Jpyrux MecTax, HUX XJOpPUIHO-HATpHUEBas
MuHepanu3auus coctaBisier 10-400 r/n. BeposATHO, OHM NOJHUMAIOTCS K TOBEPXHOCTH OT
BOJIOHOCHBIX TOPHM30HTOB, BMELIAIOIIME MOPOJAbl KOTOPHIX HACBHIIIEHbl paccolaMu WIH
OTJIO)KEHUSIMU KaMeHHOU coiu. [Ipu 3HauuTeNnbHON MHHEpanu3aluy MOA3EMHBIE BOJBI TaKHX
HCTOYHUKOB B PSAJIE MECT MCMOIb3YIOTCS MECTHBIM HACEJIEHUEM ISl 10OBIYM TTOBAPEHHOM COJIH.
OHU MOTYT 3aCONISTh TPYHTBI CE30HHOTAJIOTO CJIOSI.

ITo panapiM H.®.Kpusonorosoit u A.A.Karan (1973), Ha 0O#HOH M3 CTPOMUTEIBHBIX
wiomanok Ha UYyKoTKe 3acOJI€HHBIMU SIBISIOTCSI KaK MOPCKHE COBPEMEHHBIE OTJIOKEHUS
(3aconennocts 0.2-0.5%), Tak WU dIIOBHATIbHBIE OOpa30BaHMs, COCTOSIIME W3 MICOHUCTOTO
TpyHTa C CYIJIMHKOM B 3allOJIHUTENE, WM U3 CYIJIMHKA CO IIeOHEM U JIPECBOW, CO CPeIHUM
3aconenueM 0.3%. 3acoleHHBIMU SBISIOTCA TaKXkKe JEIIOBHAIBHO-COTU(IIIOKIINOHHbBIE
OTJIOKEHUS mwieiicronena W rosoneHa (3aconmeHHocTh  0.2-0.5%), mnpencTaBieHHbIE
CYIJIMHKaMH ¢ JpecBoi U medHeM. OueBUIHO, 3aCOJIeHHE MPOUCXOAMUIIO MPU MOAHITUH YPOBHS
MOpH.

N.A. HaamnoB u JILA. Xurapes (1979) omnucanu 3acojieHHbIE MHOTOJETHEMEP3IIbIC
MOpPOJbl  PA3IUYHBIX TEHETUYECKUX THUIIOB (AJUIIOBHANIbHBIE, JIaryHHbIE, MOPCKHE) Ha
Banpkapaiickoif Hu3MeHHOCTM Ha ApKTHYecKOM mobepexxkbe UYUyKOTKH, O3TH JIaHHBIE

pacCMOTPEHBI B EPBOIA TJIABE.



ITpu3Haky MOPCKOIO 3aCOJIEHHS BCTPEYAIOTCSd W B JPYIMX TOJIIAX YETBEPTHUUHBIX
OTJIOKEHUN ApkTuyeckoro mnobepexbs Bocrounoit Cubupu. Tak, OHM ONUCaHBI IS
OTJIO)KEHUH €IOMHOW CBUTBI B paiioHax npumMopckoir HusMeHHoctu (IlIBemos, 1962;

Tomupnauapo, 1970).

3.2.4. KOHTUHEHTAJIbHBIE PAVIOHBI A3

KoHTHHEHTaNIBHOE 3aCOJIEHUE U COOTBETCTBYIOLINE EMY MEP3JIbIE IIOPOJIbl HE SIBIISIIUCH
IOPEeMETOM CIEHUATBHOIO pAacCMOTpPeHHs B HacTosmied pabore. OpHako uX oOmas
XapaKTepUCTHKA IOJIe3HA I MOHUMAaHMs 3BOJIIOLMM COCTAaBa 3aCOJEHHBIX MEP3JIbIX TOJII]
ApkTHueckoro moodepexbs. KOHTHHEHTaIbHOE 3aCOJIEHHME MEp3JIbIX IMOpPOJ BO3HHMKAET, KaK
IpaBWJIO, TPU  COYETAHUU apuIHOro KJIMMara ¢ [peobjJaJaHueM  HCHApeHHs,
OCaJKOHAKOIUIEHUA W mpomep3aHus (0e3 mMocieAyrolero oTTrauBaHus) orioxeHuil. Takue
YCIIOBUSL BCTPEYAIOTCS HAa XOJIOAHBIX paBHUHAX M IUIOCKOropesix Asuu. Toibko u3-3a
OTCYTCTBUSI B TEUYEHHE OOJBIINX HHTEPBAJIOB BPEMEHU OJHOBPEMEHHOCTH 3TUX YCJIOBHMH
Mep3Nble TOJNIIM C KOHTHHEHTAJIBHBIM 3aCOJICHHEM  HE HUMEIOT OOJbIIOW MOIIHOCTH.
Conepxanue coyied B HUX KoJebneTcss B mupokux mpenenax - or 0.05 mo 2 u 6omee %. B
[lenTpanbHOil SIKyTHMM MakCUMaJIbHOE 3aCOJIEHHE IOpojA (UKCHUPYETCS B BEpXHUX 1-5 M
paspesa, penko a0 15 m (Enosckas, 1966 u ap., Jyoukos, UBanosa, 1990). B otnoxeHusx
03€pHBIX KOTJIOBUH TubOera 3aconeHHble MepaJible mopojbl gocturaioT 40-80 M MOIIHOCTH
(Chen Kezao, Bowler, 1986) npu uckimtounTenbHoi 1iauTenbHocTd GpopmupoBanus. Hekoropoie
coJienbie o3epa Tubera Havanu GpopmupoBaThcs B Hauase kaiiHo304 (Cheng Guodong, 1993).

XVUMUYECKUH COCTaB KOHTHMHEHTAJBHOTO 3aCOJIEHUS pa3iudyeH, U JTO SBIsIETCA
XapaKTepHOW OCOOEHHOCTbIO KOHTHHEHTAJIBHOIO 3acOJ€HHUs, B OTIMYHE OT MOPCKOTO.
HcTouyHUKOM €ro sIBISIOTCA aTMOc(epHbIe BOJIbI, KOTOPbIE, B CBOIO OYEPE]b, 3aXBATHIBAIOT
yacTh cojeil eme B atmMocdepe. Conu momajgaroT TyAa U3 MOPCKUE OpbI3r, MbLIH, JBIMOB.
OpnHako OCHOBHAs 4acThb PacTBOPEHHBIX BELIECTB NMpuoOpeTaeTcs aTMochepHbIMU BOJaMU IIPU
PacTBOPEHUH MOPOJ U NOYB, UMEIOLIUX Pa3HOOOpa3HbIN COCTaB.

Jns ycnoBuii  uentpanbHoil Sxkytum JI.I'.Enosckoit u ap. (1966) Obuia npeanokeHa
CXeMa MPEeUMYIIECTBEHHO aUIIOBHAJILHOTO 3aCOJEHMSI COBPEMEHHBIX MOYB U MEP3JIbIX TOJIII
IUIeHCTOIIeHa 3a CYET HCIapeHHsl NaBOJIKOBbIX Boj. Ilpu Takom nepumure ocaakoB B
MOHMKEHUSAX TIOMM COJICHAKOTUICHHE JIOCTUTAeT y MoBepxXxHOCTH 1.26%, a B METPOBOM cClioe
nouBsl 0.3-0.5%. H.U.BotskoBeim (1961) Obuto moka3zaHo, YTO TUICHCTOIEHOBBIE MEP3JIbIe
otnoxeHus: Slkyrum 3acomeHbl B cpemHeM g0 0.1-0.3%. Takas cxema 3acojieHUS
ucnionp3oBanachk  [III.I'acanoBeiM (1984) st OOBSCHEHHsS] TOBBIIIEHHOTO 3aCOJICHUS
enoMHbIXx oTioxeHuil Cesepo-Boctoka Aszuu. B.H.Konumes, W.P.Ilnaxt (1991), ucnons3ys
JKCIIepUMeHTabHble pe3ynbTatel B.B.Porosa (1987), mpennokuiu BakyoJbHBIM MeXaHU3M
MOCTYIUIEHUSI COJIEW B TMOJ3E€MHBbIE BOJIbI, KOTOPBIN, IO UX MHEHHUIO, OOBSCHSIET Pa3inyus B

3HaueHusix Ca/Cl mopox 1e1oBOro KOMIUIEKCa IO CPaBHEHHUIO C JAPYTMMHU OCaJKaMu H



nomzemabiMu Bojamu. O.E.IToromapeBoii (1996) BBIONHEHO OHO U3 MOCIEAHUX 00O0OIICHHI
JAHHBIX M0 COCTaBY M MPOUCXOXKACHUIO 3aCOJICHHS B MOKPOBHBIX (DIIFOBUAIBHBIX OTIOXKECHUAX
LlentpansHoii Sxytun. 1o ee maHHBIM, TP MUHEPATU3AINHA aTMOC(HEPHBIX 0CAIKOB OT 2 110 45
MI/J1 OHH pacIpeleNaoTCs HEPaBHOMEPHO M3-3a IIMPOKOTO PACIPOCTPAHEHHS C TOBEPXHOCTH
CYIJIMHKOB C HU3KUM Kod3(pduuuentrom ¢unbTpanuu. IloBepXHOCTHBIE BOJBI HMEIOT
muHepanu3anuio ot 38 mo 1728 mr/n. 3aconenue (1m0 8.2%) BEepXHETO TOPU3OHTA OTIIOKCHUU
NPOMCXOTUT M3-3a MpeoOalaHus HMCIApEeHUs HaJ OCaJKaMHU W XapaKTepH3yeTcs TeM, 4To,
Hanpumep, CyJib(paT-HOH IOCTYIAaeT B IOPOBBIA PACTBOP TJIABHBIM 00pa3oM B pe3ysbTaTe
BBIILIEIaUNBAHNS KOPEHHBIX [TOPOJ.

PaiioHbl KOHTMHEHTAJIBHOTO 3aCOJICHUSI 3aHUMAIOT OOIIMpHBIE MpocTpaHcTBa CeBepo-
Boctoka Asun. HauGombIeii MOIIHOCTH Mep3Jble 3aCOJCHHbIE MOPOJbl KOHTHHEHTAIBHOTO
TUINA JOCTUTAlOT B MEXIOPHBIX KOTJIOBHHAX C HMHTEHCUBHBIM OIyCKaHHMEM. XUMHYECKHUH

COCTaB 3aCOJICHUS - THIPOKApOOHATHBIN, CYIb()aTHBIN, XITOPUIHBIH.

3.2.5. APKTUYECKOE IIOBEPEXXBE CEBEPHOI AMEPUKU

3aconeHue MHoroJjieTHemep3ibix mnopoj CeBepHoll AMepuKH, KaKk U ApPKTHYECKOTO
nobepexnbs EBpazum, ompenensieTcss TeoJOrHYecKOl HMCTOpHUEH  peruoHa. boJIBIIMHCTBO
OCaJIKOB, aKKyMYJIMpPOBABUIMXCS Ha KOHTHMHEHTAJIbHbIX OKpamHax KaHaabl W MOTEHLMAIBHO
COJepKAINX COJH, HAXOIUTCS HUKE YPOBHS OKEaHa M CJlaraeT KOHTHHEHTAJIbHBIC MIEIb(EI.
WHTEepecHo, YTO BIOJIb BHEITHETO Kpasi MIeb(a pacioioKeHbl MEIKOBOIHBIC OaHKH, HAIIpUMED
Celi0n-Alinens, Ha KOTOPBIX IMOJ OCaJKaMH KalHO30s M Me3030s1 OOHApY>KEHbl TUATUPOBBIE
coyisiHble CTPYKTyphl. CoJisiHble HMHTPY3UM OOHapyXeHbl U BO BHaauHe CBEpIpyICKOro
OacceiiHa.

Cnabo ymIOTHEHHbIE JUCIEPCHBIE OTJIOKEHHUS] ApPKTHUECKON NMPUOPEKHON paBHUHBI
CeBepHOil AMepUKHM OTHOCITCS K IUIEMCTOIIEHY W TOJIOLIEHY M HaXOASATCS B MEp3JIoM
cocrosHuu. OHM 3ajeraloT B MpeJesax Y3KOW 30HBI CEBEPO-3alagHOr0 MOOEPEeXbs
Apkrudeckoro apxwumenara. MOIIHOCTh IJIEHCTONEHOBBIX  OTJIOKEHHMH, MpPeICTaBICHHbBIX
IrpaBUMHMKAMM, I[€CKaMH, CYNecsiMH, TOp(psSHUKAMHU OOBIYHO He mpeBblmarT 250 M.
JlennukoBbie opMbl penbeda BeTpeyaroTcs Ha Bcei Tepputopun Kanaackoro ApKTHUECKOTro
apxunenara. B HEKOTOpPBIX MeCTax COXPAHWJINCh KOHTHHEHTAJIbHBIE  OTJIOXKEHUS
MEXJIEAHUKOBUN. Mopckue ocaaky, Kak MpPaBHJIO, MPUIIOAHSTHI HA BBICOTY OT HECKOJIbKUX
MetpoB 10 200 M u Ooyslee M HajJ COBpEMEHHBIM YpOBHeM okeaHa. [IpocnexuBaercs
BO3pacTaHUe BBICOT UX HAXOXACHUS OT nepudepuu apxuresnara K LeHTPaJIbHbIM OCTpPOBaM. ITO
CBS3aHO KaK C OMYCKaHMEM TEPPUTOPUU IO JIETHUKAMU U TOBBIIIEHUEM YpPOBHS OKeaHa B
JPEBHHE ATOXH, TaK U C TEKTOHUYECKUM TOJHSATHEM BO BpPEMs U MOCJE TasHUS JIEIHUKOB, UYTO
bukcupyercs OTHOCUTENbHBIM MOJAHITHEM IUISDKEN HaJl COBPEMEHHOM OeperoBoil TMHUEH.

Ha Anscke Ha Bcell TeppUTOpPUU BCTPEUAIOTCS JIEAHUKOBBIE U MpPHU- JIEAHUKOBBIE

0o0pa3zoBaHMs, a YETBEPTh TEPPUTOPHUU 3aHUMAIOT YETBEPTUUYHBIE OTIOXKEHHS. [Ipu 3TOM B



npeenax BHYTPEHHUX oOiacteid AJSCKH, MO-BUAMMOMY, HUKOTJa HE OBUIO IMOKPOBHBIX
nennukoB. Ha Ausicke, B HoMe, nmpu3Haku Ha MOBEPXHOCTU CYIIH M MOTPeOCHHbBIE OEperoBbie
HACBHIIM OTMEYAIOT HECKOJIBKO MOPCKHMX OEperoBbIX JHHMH, JEKAIIUX Ha BbIcOTax oT -10 1o
+24 m (®nunt, 1963). Ha ceBepHOM Oepery AJSCKHM MOPCKHE OTJIOXKEHHS C HCKOMAeMOM
¢aynoii Bcrpewarorcs 10 BbicoThl 100 M Hax ypoBHem Mops. Ilpu 3Tom oTmerka Hambosee
BBICOKOTO TIOJIOKCHHS YPOBHS OKEaHa B TEUYCHHE TIOCIEAHETO TEMJIOr0 MEXKJICTHUKOBbBS
cocrasisieT okoJio +30 metpoB. Jlecc HanboIee MIMPOKO PACHPOCTPAHEH CPEAN YETBEPTHUHBIX
otnoxxkenuit Auscku (Ilese, Xonkunc, 1968). OH 00pa3yeT MOKPOB pa3IuIHON MOITHOCTH (OT
1 cMm 1o 60 M u Gosiee) MOYTH HA BCEH TEppUTOPUH ¢ abcomoTHOM BhicoToi MeHee 300-600 M.
UerBepTh TEPPUTOPUM AJSACKH 3aHATO AJUTIOBHAJIBHBIMH  OTJIOXKEHUSIMH. [IpubpexHbie
HU3MEHHOCTH, CIIO)KEHHBIE MOPCKHUMH OTJIOKEHUSMH, OKAaHMIIIOT CEBEPHYIO M 3aragHylo
Amsicky. Ha 1o)xHOM mobGepexne umeeTcs psiji abpa3suoHHBIX MOPCKHUX TEppac.

O06o0menne JaHHBIX O 3aCOJEHHOCTH Mep3nbix mopoj CeBepHOl AMepHkH — OBUIO
BbINOJAHEHO O.XuBOH (1991), onHako, BBUIY OrpaHMYEHHOCTH CBEIEHUM, KacaeTcsl TOJIbKO
npoBuHuun CeBepo-3amanubie Tepputopuu Kanaael. [lo ee mnpennoxeHuto, pailoH
pacnpocTpaHeHus 3aCONICHHBIX MEP3JBIX TOPOJA  pasfelsieTcss Ha TPH  Pa3IUYHBIX
reoJIoru4ecKuX 30HbBL: 1 - octpoB badduuosa 3emis; 2 - Ceepo-3anaaabiii Kanaackuid mut
(I'yn3onoB 3amuB u BoctouHoe Apkruyeckoe mnodepexne); 3 - BHYTPEHHHUE TEPPUTOPHUU
(monuna p. Makkensu u o.Bukrtopus). Crnenyst 3. XuBOH, pacCCMOTPUM UX MOCIIEI0BATEIBHO.

JlaHHBIE O COJIEHOCTM MEP3JIbIX MOPOJI CBUAETEILCTBYIOT, YTO HAMOOJIbLINE 3HAUEHUS
COJICHOCTH OTMEYEHHI Jist ocTpoBa baddunora 3emus u mius CeBepo-3amagHoro Kanaackoro
[[uTa, 3a HCKIIOUEHUEM HEKOTOPBIX paiioHoB. CojeHOCTh MOpoJ B JenbTe MakkeH3u
3HAYUTENILHO HUXKE, YeM COJICHOCTh MOPCKOM BOABI (TabII. 4).

3acoNeHOCTh MMOpPOJ YMEHBIIAETCSl € YBEIMYEHHEM BIaxHOCTH (puc. 12), 4ytO
3aKOHOMEPHO H3-3a BBITECHEHHMS CcoJiel npu mpomep3aHuu. bonbiias wyactb 00pasIoB
3aCOJIEHHBIX MEP3JIbIX MOPOJ ObUIH MmojydeHa ¢ riryOuHbl Beime 20-30 M, 9TO CBsI3aHO, IMO-
BUJUMOMY, Kak Cc 0oJjee JeTalbHbIM 00CIeI0BaHUEM BEPXHETO0, AECATUMETPOBOIO CIIOS TOPO/,
TaK U C YMEHbIIEHUEM MPOHUKHOBEHUS cosiel B r1yOuHy. Ce30HHOTaNbIN CJI0W, €CTECTBEHHO,
paccoJieH, KaK U KPOBJISl MHOTOJIETHEMEP3JIBIX TTopo (puc. 13).

Takoil xapakTep pacHpeesieHuss COJIEHOCTH, KaK OKa3ajioch, HE 3aBUCUT HH OT
TPaHYJIOMETPUUECKOTO COCTaBa IMOPOJA, HU OT HPOUCXOKICHUS oTnoxkenu. Ecmu
MPEOJIOKHUTD, YTO KPOBJISI MHOTOJIETHEMEP3JIBIX TOPOJI PACCOJSETCS B pe3yibTaTe MUTPALIUU
coJiell ¢ TOTOKOM BiIaru, 6osee AMCIEpCHBIE MOPOAbI ObLIN Obl MEHEe 3acolieHbl. JJaHHBIX MMOoKa
HEJ0CTAaTOYHO, YTOOBI PEUIUTh 3TOT BOIPOC.

OctpoB bad¢unoBa 3emiis HE MOTHOCTHIO MOKPBHIBAICS MOCIEIHUM BHCKOHCMHCKUM

OJIEZICHEHUEM U Ha HEM COXPAaHWINCH CIIEJbl JPYTUX OJIEACHEHUN U TPAHCTPECCHI MOPSL.

Tabruya 4. [Jannvie 0 3aconenuu mep3nvlx nopoo Apkmuueckoeo nobepedicosi
Kanaow (no E.Hivon, 1991)



Paiion | Xapakrepucruka Mecro ConeHocTs,
OpoJI otbopa %
bad- | I'mauumanbubie 1 Apxkrrueckuii 3anuB (Arctic Bay) 1,0-32,0
¢bu- MOPCKHUE OTJIOXK. 3amuB ITora (Pond Inlet) 0,2-23,4
HoBa | ['msnmanbHo- O-B bpaiiron (Broughton Island) 0,6-22,0
3eM- | Mopckue, Maic Jlopcer (Cape Dorset) 0,4-25,2
TSt AJTIOBHAIIbHBIE, p.Kuaiig (Clyde River) 0,6-44,5
¢roBHOTISA AT Wxsanut (Iqaluit) 0,1-24
OTJIOKCHUS [TanrauptyHs (Pangnirtung) 0,1-31,3
Cese- | 'maumaneabie u O3.beiikep (Baker Lake) 4,1-30,0
po- TJISII].-MOPCKHE, Ockumo IloiaT (Eskimo Point) 0,8-38,3
3ana- | npuOpexKHO-MOp. 3anuB Penkaiin (Rankine Inlet) 2,6-30,6
JHBIN | OTJIOKEHUS 3anuB Penyne (Repulse Bay) 0,5-10,4
Ka- Byxra Boiin (Whale Cove) 0,1-1,1
HaJI- I'mauuansHeIE U I'aBanb ['oiis (Gjoa Haven) 0,2
CKHH | 03epHO-TJIALL., 3anus [lemuu (Pelly Bay) 12,0-33,7
LIUT puOpEKHO-MOP. 3anuB Crnence (Spence Bay) 0,02
OTJIOKEHUS Kopamnossiii [Topt (Coral Harbour) 1,3-7,5
Buy- | I'msuuanbHble, p.Apkruk Pex (Arctic Red River) 1,2-70,4
TpeH- | ¢umouorsinuanbl | @opt Mak Depcon (Fort McPherson) 0,4-22,7
HHE bIE, ®opt Hopman (Fort Norman) 0,4-0,8
Tep- ATIOBUAJIbHBIC U dopt Hanex et (Fort Good Hope) 0,7-2,6
puto- | s05oBbie oTiaoxeHus | Muysuk (Inuvic) 0,5-0,9
pun Jixua Mapus (Jean Marie Creek) 1,2-41,0
Pyueit Manunep (Manner Creek) 0,18
Cronosas ['opa (Table Mountain) 0,02-0,23
Purmu(Wrigley) 0,24-1,28
0,6
Bay- | I'mAunaneHble 1 Tykroakryk(Tuktoyaktuk) 0-3.0
TpeH- | (PIIFOBUOTIIALL.,
HUC JIOKAJIbHO MOPCKHUE
Tep- OTJIOKEHUS
puTo- | AJUTFOBHANIBHBIE,
pun JIeNTbTOBBIE U O-B Puuapaca(Richards Island) 0.03-30.2
npUOpPExKHO-
MOPCKHE OTIIOK.
I'manunansHO-
MOpCKHE O-B Xoaman(Holman Island) 3.0-5.7
OTIIOKEHUS
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YpoBeHb MOpPst BO BpeMsi BUCKOHCHHCKOTO OJIEZICHEHUS, IT0-BUANMOMY, OBIIT OJM30K K
coBpeMeHHOMY. A B Gosee pannue snoxu (11000 net) ypoBeHb MOpsi ObUI 3HAYUTEIHHO BBIIIE
(1o +79 m B UkBanure). Okono 9000 ner nazaxn n-B Kambepnen Mor ObITH 10OJ YPOBHEM MODSL.
Mopckue BoAbl MOIVIM INPOHUKATh B OTJIOXKEHHS PA3IUYHbIX T'€0JIOr0O-T€HETUYECKUX THUIIOB,
3acosis UX.

Cesepo-3anannbiii Kanaackuil mut Bo BpeMsi BuckoHcnHa nokpsiBaics japaoM. [Tocne
OTCTyHaHUs JIEJHUKOB Ha MOTPYKEHHBIX TEPPUTOPHUAX OTJIATAIIUCh MOPCKUE U 03€PHBIE OCAIKH.
YpoBeHb MOpsI B HEKOTOPBIX MECTaX, HapuMmep, 3aiuBe bacyp, ObUT BbIlLIE COBPEMEHHOTO Ha
160 m.

BHyTpeHHHe TEppUTOPHUM HEOJHOKPATHO WCHBITHIBAIIM OJIEACHEHUS B TEUYEHUE
YETBEPTUYHOIO Mepuosia. B MexIeIHUKOBbE OTKIIAIBIBAIUCH MOpPCKHE ocaaku. [loBwimieHue
YpPOBHS Mopsi gocturaigo B nonuHe MaxkkeHzu 140 M (C y4eTOM TIIISIIMO-IBCTATHYECKOTO
s dexra, 6€3 HETO B cpeaHeM 35 M).

[To wmuenuto DO.XWBOH, MOXHO JaTh CJEAYIOIIHNE OOBSICHEHUS pacHpeIeIeHUI0
3aconeHHoctu. [{ns octpoBa badduuoBa 3emiss xapakTepHa BBICOKAas 3aCOJICHHOCTH
YETBEPTUYHBIX OTJIOKEHUH, KOTopas o0yClIOBI€Ha MPOHUKHOBEHHEM MOPCKUX BOJ BO BpeMs
MOBBILICHUS YPOBHs okeaHa. OrpoMHbIil nmpubpexHsiit peruon Kananckoro lluTa okazancs non
ypoBHEM Mops 1nocie BuckorncuHckoro onenenenusi. O0pasipl MOpoJ U3 ATOTO pailoHa TakkKe

HMCIOT BBICOKYIO 3aCOJICHHOCTb, 3a HWCKIHYCHHEM CC30HHO-TAJIOr0 CJjIosd W KPOBJIU



MHOT'0JIETHEMEP3JIBIX MOPOJ. BHyTpeHHUE TEPPUTOPUH TOJIBKO YACTUYHO MOKPBHIBAIIUCH MOPEM,
[I03TOMY 3aCOJIEHHOCTb IOPOJ] 37€Chb HEBEJIMKA, KPOME HEKOTOpBIX PaliOHOB, HAaIlpUMEp O-Ba
Puyappca. Ha o-Be Puuappca 3aconeHHOCTh HEKOTOPBIX OTIOKEHUHN JOBOJIIBHO BBICOKas (Oonee
10 npomusuie). OcTtaeTcst He BIOJIHE SICHBIM BOIIPOC O CYIIECTBOBAHHMH 3/1€Ch MEP3JIbIX TOJIII] U
UX JUHAMHKE BO BPEMs OJIEJCHEHUM U TpaHcrpeccuil Mops. O.XUBOH IPEANOJIAraeT, YTo COJIu
U3 MOPCKOW BOJBI MOTJIM HEMOCPEACTBEHHO  IPOHMKATh B MEp3yl0 Toily Onaromaps
muddys3un. Ensa nmu HeoOX0JMMO MpeyBeNIUYUBATh POJIb MUTPAIIMH M BOOOIE 00jIee MO3THETo
NPOHUKHOBEHUS coJieil B ueTBepTUuHble Toimu. [lo Hamemy MHeHHIO, Oojiee BEpOSATHO, YTO
3aCOJICHUE HEMOPCKUX OTJIOKEHUH IPOUCXOAWIO IpPU OTTaMBaHUM MEp3JbIX TOJII, a
BIIOCJICJICTBUH, I10CJI€ OTCTYIIAHUS MOps, IPOUCXOAMJIO MX IpoMmep3aHue. Mopckue e 1o

MPOUCXOKACHUTIO TOJIU MEP3JILIX TOPOJ 4aCTO COACPKAT CCAMMCHTAIIMOHHBIC COJIN.

3.3. PAMOHUPOBAHUE TEPPUTOPUU PACITPOCTPAHEHU I 3ACOJIEHHBIX
MHOI'OJIETHEMEP3JIBIX ITOPOI APKTUYECKOI'O ITOBEPEXbBA

PaitonnpoBanue tepputopun APKTUYECKOTO MOOEPEXbs MPOBOJAMIOCH Ha OCHOBAaHUHU
(aKkTUYECKUX JAHHBIX [0 3aCOJEHMIO MEpP3JbIX IMOpoJ, COOpaHHBIX B OCHOBHOM
I''1.Jy6uxoseim u H.B.MBanogoii (1991) B Poccun u 3.Xuson (1991) B Kanage. Kpome toro,
UCIOJIb30BAINCH ArpokiumMaTHueckuil amiac wmupa nox pen. M.A.Tl'onsbepra, Kapra
pacrpocTpaHeHusl 3acojieHHbIX Mepanbix mopon Ha teppuropun CCCP I'.M.Jly6ukoBa u
H.B.UBanoBoii, Atinac Apkruku noj pen. A.®. TpemHukoBa (kapTa 4eTBEPTHUUHBIX OTIIOKEHUH,
CXeMa pAacIpOCTpPaHEHUS] MOPCKHUX TpaHCTpeccui B muielicrorene), Kapra pailoHupoBaHus
tepputopun  CCCP 1o KpHUOT€HHOMY BO3pacTy IOpoA U TUIy KpUOTEHE3a, aBT.
K.A.KonapateeBa u np., Kapra tunos xumusma 3acosienus nous CCCP m-6a 1:2500000 nox
pea. B.B.Eroposa u H.M.bazunesuy, Kpuonuronornueckas kapra CeBepHoit Amepuku M-0a 1:6
000 000 mox pen. A.M.IlomoBa m apyrue KapThl M MaTepuaibl. Kpome Toro, o0oOiieHue
JUTEepaTypHBIX JaHHBIX B Poccum u 3a pyOexxom, cpeau KOTOPBIX HEOOXOJUMO OTMETHTbH
pabotet B.H.Cakca, A.W.IlomoBa, I'.M.JlazykoBa, C.JL.Tpounkoro, B.T.Tpodumosa,
®.A . Kamnauckoit, B.J[.TapHorpaackoro, B.B.baynuna u Jpyrux, MHO3BOJMIJIO YCTaHOBHTH
CJIETyIOIINE 3aKOHOMEPHOCTH.

HaunbGonee m3ydyeHHbIM B OTHOIIEHUM PACHPOCTPAHEHHUS 3ACOJICHHBIX MEP3JbIX MOPOJ
apnsercss pernoH 3amanHoit Cubupu. PacconeHHble 4eTBEPTHUHBIE OTJIIOKEHHUS MOPCKOTO
reHesnca B 3anagHor CuOupu pacipocTpaHEHBI B BEpXHEM TOPU30HTE H0XKHEe MUpoThl HoBoro
[Topra (MBanoBa, 1989). CeBepHee OHHU pa3BUTHl KpailHE OrpaHHMYEHHO Ha YYacTKax,
MOJIBEPTalOIIMXCsl B TEIJIble JMOXM IUJIeCTOlleHa MPOTAauBaHUIO M BBIIIEIAUYHMBAHUIO.
KoHTHHEeHTaNnbHbIE aJUTIOBUANIBHBIE MEP3JIbIE OTJIOKEHHUS 3aCOJ€Hbl Ha MOJyocTpoBe SIman B
30H€ BIMSHHS MOPCKHX IPHWJIMBOB, KOTOpbIE MogHUMaroTcs 10 30-60 kM BBEpX IO JOJIMHAM
pek. O6s1acTh MOBCEMECTHOIO PACIIPOCTPAHEHUS 3aCOJIEHHBIX MEP3JIbIX TPYHTOB PACIIONaraeTcs

cesepHee mmpoTel moc.Hoseiii Iloptr nHa SAmane-moc. VYcte-Ilopr Ha Enucee (/lyOukos,



WBanoBa, 1991). IOxHee B BepXHEM TOPHU30OHTE pa3BUThl B OCHOBHOM HE3aCOJICHHBIE
OTJIOKEHHUS, YTO OOBSCHIECTCS YACTUYHO OOJIBIINM ONPECHEHHEM OacceliHa 0CaIKOHAKOIUICHUS,
a TJIaBHBIM 00pa30M MHTEHCUBHBIMU MPOLIECCAMU PACCOJICHUS MTPU OTTAUBAHUU MOPO/] B TEILIbIC
AIOXHU.

Bonbmyto pons B (OpMHUPOBAaHHMM 3aCOJNEHHBIX MEP3JIBIX MOPOJ HUIPalOT MOPCKHE
TpaHcrpeccud. OHM OCTaBISIOT KAaK MOPCKHE CHUHITE€HETUYECKHE TOPU30HTBHI 3aCOJIEHHBIX
OTJIO’)KEHUH, KaK ¥ BbI3BIBAIOT OTTAaMBAaHUE MEP3JIBIX MOPOJ BCEX I'€0JIOrO-T€HETUYECKUX TUIIOB
C MOCJEAYIOUIMM HACBIILIEHHEM IIOPOBOIO pacTBOpa MOPCKUMU coisiMu. [losToMy rpaHuiibsl UxX
pacrpocTpaHeHHs, OCOOCHHO TIpaHUIIBl MOCIEAHUX TPAHCTPECCHI, BAXKHBI I ONpPEICTICHHS
IPaHULl PACHPOCTPAHEHUS 3aCOJEHHBIX MEP3JIBIX IOPOJ MOPCKOIO CHHIE€HETHYECKOIo H
anHUreHeTnyeckoro tuma. OgHONH M3 Haubojee KPYIHBIX M3 IOCIEIHHX TPAHTPECCHil Oblia
KazaHleBckas (6opeanbHas). Ee nmponomkurensHocTs onpenensiercs B 70-80 Thic.JIeT, a BpeMs
okonuanus - 70 Teic.jetr Hazax (Bemwuko, 1973). 3aTomnenue mpoctupanocs a0 65-66 © c.a.
(JIazykoB, 1972). 3aneranve MOPCKHUX OTJIOXEHHH, COOTBETCTBYIOIIUX OOpeantbHOU
TpaHrpeccud, pukcupyercs Ha Beicotax 150 M (m-B Kanmn), 120 m (CeBepubriii Tuman), 8-120
M (ITeuopckass Hu3menHocts), 25-300 m (ITait-Xoii) (JlaBpoBa, Tpounkuii, 1960). I[To monune
Enucest mope nponukiio roxxaee Urapku, a B 06acceiine O0u - 10 mupotsl yctbs p.Kazeim. Ilo
nosiHe Ileqopel Mope MPOHHMKIO 10 BHaaeHus B Hee p.Ycbl. [Ipu 3TOM Mep3inble OTIOXKEHUs
BCEX I'€0JIOrO-TEHETUYECKUX TUIIOB I0A 3TUM MopeM npotasuid (baynun u np., 1981), a B ux
MIOPOBBIN PAaCTBOP, OUYEBUHO, IPOHUKIIM MOPCKHE COJIM. 3aTEM MPHU BBIXOJE M3-110 IHA MOpPS B
3BIPSTHCKOE BpEMsI IIPOMU30IIIa perpeccus U NpoMep3aHue Mpu MOoX0oN0AaHuU KiuMara. B smoxy
KaprMHCKOT'0 MEXJIETHUKOBbS MHOTOJIETHEMEP3Jble IOPO/Ibl Ha Tepputopun 3anaanoit Cubupu
MOTJIM YaCTHYHO MPOTANBaTh CBEPXY MpUMEpPHO 110 65-66° c.m1. (baymun u np., 1981), a B Gonee
CEBEPHOM YaCTH OCTaBAJINCh B MEP3JIOM COCTOSIHUH, COXpaHssl MPUOOPETEHHYIO 3aCOJIEHHOCTb.
HacrtynuBmiee capraHckoe MoOXoJiaJjaHME CIOCOOCTBOBAJIO JalbHEWIIEMY COXPAHEHHUIO
OTJIOKEHUH K ceBepy OT 65-66° c.11. B MEp3JI0M COCTOSTHUMU.

[IpuunHaMu perpeccuit m TpaHcrpeccuil ApkTuueckoro OacceilHa cCUHMTaIOT
TISIMOdBCTAaTUYECKHE KojeOaHus ypoBHS MupoBoro okeaHa. PerumonanbHbie
TPaHCTPECCUU U perpeccuu ObIBAIOT OOYCIOBJIEHbl HOBEHIIMMHU TEKTOHUYECKUMU
JIBHXCHUSIMU u TISHON30CTATUYECKUMHU NOJAHATUAMU CYIIH.
[To3znuenneicToneHoBelie ypoBHU Mopsi B CeBepHoil Amepuke, OIM3KHE K
COBPEMEHHOMY WU 4yTh Bhime (Mo 15-20 M), umerot Bo3pact 81, 100 u 122 ThIC.
aet. MakcumanpHOe TMOHMXEHUE (MO3THEBUCKOHCUHCKOE UM BIOPMCKOE WU
BaJIlalicKOe OJieJIEeHEHUE) YpOBHs Mops mpousomiao 20 Teic. seT. - okoao 130 m. B
TO K€ BpeMs BBICOKHH ypoBeHb OKeaHa (HO HHMXKE cOBpeMeHHOro Ha 11-12 M) Obln
oko0Jio 30 ThIC. JeT Ha3aqa. YPOBEHb MOPS B IOJIOLIEHE, BO3MOXHO, OblI 4yTh (1-4 M)
BBIIIIE COBPEMEHHOIO, YTO YCTAaHOBJIEHO, B OCHOBHOM, N0 THXOMY OKeaHy - Tak
Ha3bpIBaeMbld “ypoBeHb Jlpnau”’. BcaeacTBue TEKTOHHYECKOW HEYCTOWYMBOCTHU

TEPPUTOPHUHU, BBICOTHOC IIOJTOXCHHUE MOPCKUX OTJIOKCHHM HE MOXKET CIIYyKUTb



KPUTEpPUEM HCTUHHOTO JHBCTATHUYECKOTO0 YpPOBHA Mops. BaxubsiM ¢dakTopom
SABJISAIOTCS TaKXXe MPOTMOaHUA U MOJHATUS CYIIH.

Haubonee cymiecTBeHHOE BIMSHHE Ha COXpPAaHEHHE KaK CHHICHETHMYECKOH, Tak U
AIUT€HETUYECKOW 3aCOJIEHHOCTH B MHOTOJIETHEMEP3JIBIX IOPOAAX OKa3ajl, I10-BUIUMOMY,
KIIMMaTUYECKUK oNTUMYM rojoieHa. [Ipu atom Ha EBponerickoil Tepputopun Poccun rpanuna
OTTAaMBaHMUS MEP3JbIX TOJII C TOBEPXHOCTH MOXET OBITh YCTAHOBJIEHA HPUOIU3UTEIHHO
(baynun u ap., 1981). IIpeanonaraercsi, YTO 3TO OTTAUBAHUE MOTJIO JIOCTUTHYTH IIUPOTHI 68-
69° c.m. Ecim 3TO BepHO, Mep3ible TOJIIM MOIJIM IPOTaMBaTh HA BCEH TEPPUTOPUHU
BonbiiezemMenbckoil TyHAPHI U Jaxe B 10kHOU yactu KOropckoro nomyoctposa (baynun u np.,
1981). Hnsa 3amagHoit CuOupu 5Ta rpaHHIa MPOXOAMIA, BEpOSTHO, 1o mmmpore I[lomspHoro
kpyra (IlleBeneBa, 1964). Takum 006pa3om, K 10Ty OT 3TOM TPaHUIIBI 3aJIETAHUE MEP3JIBIX TOJII C
MOPCKHM 3aCOJIEHUEM C IOBEPXHOCTH MPOOIEMATUYHO.

MHorosieTHEMEP3IIblE OTJIOKEHHS] TOJIOLIEHOBOI'O BO3pacTa M MOPCKOrO TIeHe3Hca
3aCOJIEHBI TIOBCEMECTHO Ha BCEW TEPPUTOPUH APKTUUYECKOTO MOOEPEkKbs, a OTIOKEHUS JPYTUX
re0JIOro-reHeTUYECKUX THUIIOB - IPU YCIOBUM HAxOXKIEHHsT UX B paloHaX, KOTOpHIE
3aTarjIuBalIkCh MOPEM, WIN B 30HE BO3JEHCTBUSI IPUIINBOB.

[To nanaem H.I'.O6epmana (1981), rpaHuna CIUIOIIHOTO NMPOTAUBAHHUS OTIOKEHHH C
IIOBEpPXHOCTU B EBpornelickoi yactu Poccun B KIIMMaTUYECKUN ONITUMYM TOJIOLIEHA ITPOXOAMIIA
oKoJ10 68° c.1I.

Ha n-oBe fIManm BepxHHUIl IUICHCTOLIEH OTJIMYAJICA B LEJIOM CYpPOBBIM KIMMAaTOM H
IIPOMEpP3aHUE MPOUCXOAUIIO 110 MEPE BBIXOJA MOBEPXHOCTU M3-TIOJ YPOBHSI MOpSI, IPU 3TOM B
BEPXHEH YacTH pPa3pe30B 3ajJeraer, Kak IpPaBWJIO, CUHI€HETHYECKHH TOPU30HT HEOOJNbIION
MOIIIHOCTH (2-3 M), a HWXKE - SIUTeHeTHYecKas Tona. B kiumaruyeckuil onTuMyM roJjiorieHa
MeCTaMU TMPOUCXOJUIIO TpoTauBaHue Mep3nbix Tonml ([JanumoBa u mp., 1981). 3aconenwue
MEP3JIBIX MOPOJ C MOBEPXHOCTU PA3BUTO MPAKTUUECKH [TOBCEMECTHO.

OcHOBHasE TOJIIIIa TIOBEPXHOCTHBIX OTIOXKEHHH Ha Ta30BCKOM  MOIYOCTPOBE,
IpeJICTaBICHHAs IUIEHCTOLICHOBBIMHM OcCaJlKaMM, Tpomep3ana snureHernyecku (bemomyxosa,
1981). IIpu 3TOM Ha moiiMax peK W MOPCKHUX JaiJlax B COBPEMEHHBIX YCIOBHUSIX MPOUCXOAUT
CHUHT'€HETHYECKOe MpoMep3aHue. Bo BpeMs rojoleHOBOro ONTUMyMa YaCTUYHOE MPOTauBaHUE
Mep3JIbIX TOJIII Ha Ta30BCKOM MOJYyOCTpOBE MPOUCXOIMIO MouTu noceMecTHo (bemomyxosa,
1981).

HenpepriBHOE cCyliecTBOBaHHE MHOTOJETHEMEP3NbIX IOPOA B CeBEpHOM SKyTun
¢bukcupyercs, HauMHas CO BpPEMEHU CpPEJHEro IUICHCTOLIEHA, MO JIEASHBIM O KHIIAM,
COXpPaHUBIIUMCS B OCaJKax aJJIJauXOBCKOW cBuUTHl Ha p.Ammamxe (Kammna, 1981). B
MIPOMEXKYTOK OT KOHIIAa CPEJIHEro IIeHCToIeHa 10 KOHIIAa BEPXHETro MIIEHCTOIIeHa CyIlIeCTBOBAIA
OJlHa WJIM HECKOJBbKO 3MOX ¢ Ooyiee CypOBBIMH, YEM CETOJHS, MEP3JOTHBIMU YCIOBHSIMH.
['onouen ObUT GoJiee TEIIBIM U B MEPHOJ] ONTUMYMa TEMIEPATypbl ObUIH BbIIIE COBPEMEHHBIX
Ha 3-5°C. YpoBeHb MOpPS Ha 3TOW TEPPUTOPUH TIOBHITIIAJICS B HavaJie TojoreHa Ha 8-15 M, 0 uem

CBUJICTEILCTBYIOT MOPCKHE Teppackl B ycTbe Muaurupku u Ha nobepexnbe BaHbkuHONU TyOb



(Jlomauenkos, 1966). Ilpu 3Tom ypoBeHb UyKOTCKOT'O MOps OBbLI BhIIIIE COBpEeMEHHOro Ha 12-15
M (Kurapes, 1981), morim ¢hopMUpPOBATHECS MOPCKUE 3aCOJICHHBIC MEP3JIbIe OTIOXKEHUSI CHH- H
AIUXPOHHOTI'O THUIIA.

B Kanane B Hauase rojoneHa OTMEUYEHBI TPAHTPECCUU MOpS, 3aHMMaBIIME OOJIbIINE
MPOCTPAHCTBA M, BO3MOXKHO, AocTurapiue ypoBHs 189 M 8-10 teic. ner Hazan (mope Jladiaam)
u 200 M, a, BeposiTHO, u 70 270-280 M (Tupensckoe mope) 3-6 Teic. et Hazan (bemnep, 1974).
['yA30HOB 3ajlUB OKPYXEH I0JIOCOM IMOCTIEAHUKOBBIX MOPCKHX OCAJKOB, IIMPUHA KOTOPOM
cocraiseT okoio 200-250 kM. Mopckue OTJIOKEHHs] BCTPEUAI0TCs 3/1eCh OOBIYHO Ha BBICOTAaX
no 170 M Hang ypoBHeM 3aiuBa, a MecTamMu MogHATHI 10 300 M. YCTaHOBJIEHO Tak¥Ke, 4YToO
OoJbIIast YacTh TUXOOKEAHCKOTo modepexbs Kanapl Oblia MOAHATA B TOCTICAHUKOBOE BpEMSI.
Tak, Ha ocTpoBe BaHKyBep MOCTIIEIHUKOBBIE MOPCKUE OTJIOXKEHHUS BCTPEYAIOTCSI 10 BBICOTHI
130 m Hag ypoBHEM MOps, a okosio BankyBepa - 1o otmeTku 250 M. Ha kpailinem ceBepo-3anaze
Bbpuranckoit Konym6uu onu BcTpeuarorcss Ha BbicoTe 10 130 M, a BO MHOTMX paiioHax IOro-
BOCTOYHOU AJsicku - Ha BeicoTe 10 200 M (®aunt, 1963). P.OnuHT cuuraer, 4To aMILIUTY1a
KOJICOAHUsI YPOBHS MOPSI IO OTHOIIIEHHIO K CYIIE MEXKITy IMOCIEIHUM TETIBIM MEKICTHUKOBHEM
YU MUHHUMAJIbHBIM IOCJTEAYIOLIUM I0JI0KEHUEM B MEPUOJ OJIEICHEHUS COCTaBisUla B CPEAHEM
120 m.

Ha Apkruueckom mobepexxbe Poccunm Hemano palioHOB, T€ CHHITE€HETUYECKHE
rOpU30HTHI ycTaHOBJIeHbI HaJexHO (['eokpuonorus CCCP, 1988). Ha ceBepHbIX IPUMOPCKUX
HU3MEHHOCTSIX CHUHI€HETUYECKHE TOPU30HTHI CPEIHEIUIEHCTOLIEHOBOIO BO3pacTa OIKCAHBI
1O.A JlaBpymuHbiM, B 3anaanoit Cubupu Ha BEpXHEIJIEHCTOLIEHOBBIX U TOJIOLIEHOBBIX T€ppacax
- ["'1. 1yOukoBbIM.

B menom MOXHO cuMTaTh, YTO MOPCKOM THII 3aCOJIEHHS XapaKTepeH s oOjacTelt
noOepekbs ¢ aOCONMIOTHBIMU OTMETKaMU MpuOau3nuTenbHo A0 150-200 M Hax ypoBHEM OKeaHa
CEBEpHEE T'paHUIlbl NPOTAUBaHUS MHOTOJIETHEMEP3JbIX IMOPOJA B KIMMATUYECKUH ONTUMYM
rosioneHa. [Ipyn 3TOM 3NMXPOHHBIA TUN 3aCOJICHUS XAPAKTEPEH UIsI HEMOPCKUX OTJIOKEHUN B
sTOl obnactu. KoHTHHEHTaNbHOE 3acOJ€HHE BCTpEYaeTcs B apUJIHBIX palloHax, Kak MpaBuHIIo,
Boimie 150-200 M M B YCIOBUSIX COBPEMEHHOr0, TIJaBHBIM 00pa3oM, aJJIIOBUAJIBLHOTO
ocagkoHakoruieHusa. CMeIIaHHbIM THI 3aCOJIEHHS MOXET BO3HHMKAaTh Ha HU3MEHHBIX ydacTKax
ApPKTHYECKOTO MOOEPEXbsl C OTPULATENLHBIM 0alaHCOM aTMOC(EPHBIX OCAJIKOB U M3HAYAIBHO
MOpPCKMM 3aCOJICHHEM IIOpOJ, WJIM B YCJIOBHUAX IEPUOJUYECKOIO MOPCKOTO 3aTOIUICHUS
TEPPUTOPUH.

O060011eHNEe ONMHUCAaHHBIX 3aKOHOMEPHOCTEH M MUMEIOIIMXCS JIaHHBIX MO0 (PaKTUYECKOMY
pacpoCTpaHEHUIO 3aCOJIEHHS MEp3JIbIX IOpOJl IMO3BOJIMJIO TPOBECTH pallOHUPOBAHUE
TEPPUTOPUN  APKTUYECKOTO TMOOEpeXbsi MO THUMAM 3aCOJIEHHS M COCTaBUTh CXEMY
pactpocTpaHeHHUs Pa3IUYHBIX THMOB 3acojieHus B MmacmTade 1:10 000 000, ymeHbIIEHHBIN
BApUaHT KOTOPOM NpUBEAEH Ha puc. 14.

Ha EBponelickoii Tepputoprn Poccun BCTpedaroTCss MEP3JIbIE MTOPOJBI C MOPCKAM KakK

CUHXPOHHBIM, TaK U SIIUXPOHHBIM THUIIOM 3aCOJICHUA - HA OCTPOBEC KonryeB H FO’)KHOM OCTPOBEC



Hogoit 3emnu, momyoctpoBe Kanmn Hoc, mobepexbe Xalmyablpckoil TyObl U B HHM30BBSAX
[Tewoper. OHM 3ayeraroT NPUONM3UTENBHO 110 WWHUPOTH llodsipHOoro Kpyra, npuyYeM B
NpUOPEXHBIX pailloHaX paclpoCTpaHEHbI TJIaBHBIM 00pa30M OTJIOKEHUS C CHHXPOHHBIM THUIIOM
3acoyieHUs. B HEMOPCKUX YETBEPTUYHBIX OTJIOKEHHUSAX 0 BBICOTHI 0K0JI0 200 M BCTpevaercs
MOPCKO€ 3IHUXPOHHOE 3aCOJICHHUE.

ITommyocTpos SIMan oTiIMYaeT NMPaKTUYECKH CIUIOIIHOE PACIPOCTPAaHEHUE € IIOBEPXHOCTH
3aCOJICHHBIX MHOTOJIETHEMEP3JIBIX TOPOJ TJIaBHBIM 00pa3oM MOPCKOTO CHHXPOHHOTO THIIA.
OpHako B BOCTOYHOM YacTH MOJIYOCTPOBA B OCHOBHOM B CBSI3U C IIUPOKUM Pa3BUTHEM
AJUTIOBUAJIBHBIX OTJIOKEHUI BCTPEYAETCS U SMUXPOHHBIA THUII.

Cpennsist 1 Boctounas CuOupb oTaM4YaeTCsi HOCTENEHHBIM CY>KEHHEM K BOCTOKY TOJIOCHI
pacrpoCTpaHeHHs 3aCOJCHHBIX MEP3JIbIX MOPO, MPUMBIKAIONIEH K 00epekbi0. ITO CBSA3aHO B
OCHOBHOM C BBICOKMM YpPOBHEM CYyLIM, OTCYTCTBHEM MOPCKHMX TOJII M JOCTATOYHBIM
YBIQKHEHUEM KJIUMaTa. 3/1eCh PaclpOCTPaHEHbl MPEUMYLIECTBEHHO TOJIIM C SMUXPOHHBIM
TUIIOM 3aCOJIEHHSI, MAaKCUMAJIbHO pacIpOCTpaHsIoIIKecs BriyOb MaTepuka B pailoHe pek JIeHsbl
u KoJibIMBL.

B Oacceiine peku JleHsl Bbimensercss camas Oojblnas B MHpE 00JacTh KOHTH-
HEHTAJIbHOTO 3aCOJICHUs, HaxoJsllasicsi B IpaHMIaX 00JacTH IpeoOsiajaHusl MCHapeHHsl Haj
aTMoc(epHbIMU OcaakaMH. JIOKaIbHO KOHTHHEHTAJILHOE 3aCOJieHHEe B A3WU BCTpedaeTcs B
MEXTOpHBbIX BlaguHax balKalbCKOro pernoHa, a TakX e B BBICOKOropbsix TubOera. OpHako
nocieAHue o0JacTh, K COXKAJIEHUIO, HE BOLUIM B KOHTYpPhl COCTaBJICHHOW HaMH

LHUPKYMIIOJISIPHOM CXEMbI paclpoCTpaHEHUs TUIIOB 3aCOJIEHUSI MEP3JIBIX ITOPOJ.



Puc. 14. Cxema pacnpocmpanenus 3aconeHnsvix muo2oaemuemepsnvix epyumos CegepHom

nojgywapuu no munam 3acColeHusl.:

MOPCKOU CUHXPOHHBIU MUN | MOpCKOU dNUXPOHHBLU MUR

CMEUaHHbl mun Vlkonmunenmanvuviu mun

He3aCOoJleHHble cpYHmMmbl | st e COBpEMEHHbLE ACOHUKU

|

AP AaAHUUA MHOSOIENTHEMEDP3/IbLX CPYHMOB

Ha kpaiinem ceBepe - nmoGepexbe AJSICKH 3aCOJEHHbBIE MEp3JIble IOPOJIbl XapaKTepHu-
3YIOTCS 3aCOJIEHMEM MOPCKOIO THIIa B MOPCKHMX OTJIOKeHMsX. [lanee BriayOb KOHTHHEHTa B
CBA3M C TNpeobiajaHMeM HCHAapeHus HaJ OcaJKaMHM Ha MoWMax peKk U JAPYyrux MecTax
COBPEMEHHOT0 OCAJKOHAKOIJIEHUS! C TOBEPXHOCTH, BEPOSTHO, PACIHPOCTPAHEHBI Mep3Jible
MOPOJIbl C KOHTMHEHTAJIbHBIM 3acoyieHneM. KOHTHHEeHTanbHOe  3acojieHHe,  MO-BUIUMOMY,
HIMPOKO PAa3BUTO B JOJUHE p.MaKKeH3U U MPOTATHUBAETCS IIUPOKOH MOJNOCOM ajeKo Ha 1or
JI0 TPaHUIBl PACIPOCTPAHEHUSI MHOTOJIETHEMEP3JIBIX MOPOJI. AJUTIOBUANBHBIE, JENOBHANIbHbIE
U O3€epHblE CHHICHETUYECKHE Mep3Jible MOPOJbl 3/1eCh 3aHUMAIOT OOJIbIINE MO S0

mpoTsl 60° c.au. (Kpuonuronoruueckas kapta CesepHoit Amepuku nof pea. A.M.Ilomnosa).



Bocrounee  MHOrosjerHeMeps3ibleé  MOPOAbl C  KOHTMHEHTAJIBHBIM  3aCOJIEHHEM
pacmpocTpaHeHbl, BeposTHO, 1m0 100° 3.1. - NOPUOTU3UTENBHO IO OSTOW JIOJNTOTHI 37eCh
HaOromaeTcs nmpeobaanue ucnapeHus: HaJ aTMoc(epHbIMHE ocaKaMu (ATPOKIUMATHYECKHNA
ammac mupa non pen. M. A.T'ombOepra). OHM 3aHWMArOT 3HAYUTENBHBIC IMPOCTPAHCTBA HA
o.bankc u 0.Bukropus, Ha KOHTUHEHTAIBHOM Mobepexse y nposinBoB Jlonpun-sua-lFOnnon u
Huc, 3anuBoB Koponeiten u Kynn-Mog.

JlokanbHO M3-3a OTPHULIATENILHOrO OajaHca BIAard KOHTHHEHTAIBHOE 3aCOJICHHE MOXKET
BCTpEUaThCs Jaxe Ha APKTUYECKMX BBICOKOIIMPOTHBIX ocTpoBax ComepceT u [leBoH, a Takxke
Ha ceBepHOM mobepexne ['peHnanany u B Ipyrux MecTax.

OnHOBpPEMEHHO Ha HHM3KHUX T€OMOP(OIOTHYECKHX YPOBHSIX M HEMOCPEJACTBEHHO Ha
MOPCKOM TIO0EpeXbe B MOPCKHX OTJIOKEHHUSIX IUICHCTOIIEHAa U TOJIOIEHA, OYEBUIHO,
pacIpoCTpaHEeH MOPCKOM CUH-, @ TAKXKE JMMXPOHHBIA THII 3aCOJICHUA. Bpllie Hag ypoBHEM MOPS
B MOPCKHUX, aJUIIOBHAJIBHBIX U APYTUX OTJIO)KEHUSAX BO3MOYKHO 3aCOJIEHHE CMELIAHHOrO THIIA.
Tak, Ha HU3KUX MOPCKHUX U aJUIFOBHAIIBHBIX Teppacax 0-Ba bankc u 0-BoB Koponess! Enn3zaBerst
U3-32 PE3KOro mpeodiiajaHusl MCIApEHUs] MEp3JIble MOPOAbl MOTYT OBITh 3aCOJIEHBI B BEpHEU
4yacTH pa3pes3a Kak XJIOpUJaMu, Tak U cysib(paTaMu, a TaKKe T'HJIpoKapOOHaTaMu.

B oOmmpHoMm peruone, npuseraroneM K ['yI30HOBY 3ajiluBY, XapakTepeH I'yMMJIHBIN
KJIUMAT, [I03TOMY KOHTHHEHTAJIBHBIA TUIl 3aCOJEHMS 37eChb OTCYyTCTBYeT. C MOBEPXHOCTH, IO-
BUJUMOMY, 3/1€Ch LIMPOKO PacHpOCTPaHEHbI MEP3JIbIE IOPOJIbI C MOPCKUM CHHXPOHHBIM THUIIOM
3aCOJIeHHs - Ha HU3KUX MOPCKHX Teppacax B pailoHe 3anuBa J[xeimMca, Ha MmoOepexbe y
nocenkoB Popr-CeBepH, Dckumo-IloiiHT, Ha ocTpoBe CayTreMnToH M B JPYyrHX pailoHax.
OnHako OHM HE XapaKTEpHBI JJI BO3BBIIEHHOCTEH M-0Ba YHraBa, 0-Ba MeJIBUJUT U 3aHSITOTO
JeAHUKAMH CeBepHOro mobepexns o-Ba baddunoBa 3emis, rae 3anerarT rIaBHBIM 00pa3om

JJICIHUKOBBIC OTJIOXKCHHA.



YACTbD 2. COCTAB, CTPOEHUE, COCTOAHUE 3ACOJIEHHBIX ITOPOA U
INPOIECCHI ETO UBMEHEHUA

I'JIABA 4. METOJIUKA UCCJEJIOBAHUM 3ACOJIEHHBIX MEP3JIbIX
ITOPO /[

4.1. METOJMKA IOJIEBBIX UCCJEJOBAHUI

UccnenoBanuss  pacnpocTpaHEHHs, COCTaBa, CTPOCHUS U  YCIIOBUHU
bopMUpPOBAHHUSA 3aCOJICHHBIX MEP3JbIX MMOPOJ OCHOBBIBAJIUCH HAa MCTOPUKO-
re0JIOTUYECKUX NpeACTaBICHUIX. 3aCOJIEHHbIE MEp3Jibie MOPOAbl paccMaTpUBAIUCH
KaKk ocaJo4Hble 00pa3zoBaHUs, CPOPMUPOBABIIMECS B PA3IUUYHBIX CTPYKTYPHO-
TEKTOHUYECKUX, JIAHAMA(PTHO-KIMMATUYECKUX U  MEP3JOTHBIX YCIOBHUIX H
U3MEHSIOMMECS TOJ BJIHUSHUEM TE€OJOTHYECKUX TMPOIECCOB U TEXHOTEHHOTO
BO3JEMCTBHUS. bbII HCIONB30BAH MNPUHLHUI HCTOPU3MA, NpeANOJarariuil, YTO
COCTaB U CTPOCHUE TPYHTOB OMNPEACHSIOTCS HX NPOUCXOXKIECHUEM, U TPUHIIUI
Mopdosioru3Ma, COTIaCHO KOTOPOMY CBOWCTBAa TPYHTOB ONPEACISIOTCS HX
COCTaBOM W cTpoeHHeM. TakuM 00pa3oM, ONpPEAEICHHBIM T'€0JIOTO-TEHETUUYECKUM
BUJAaM 3aCOJICHHBIX MEP3JIbBIX TPYHTOB COOTBETCTBYIOT OIpeAEJICHHBIE CBOWCTBA,
YTO MOATBEPKAACTCA OHKCIECPUMEHTAIbHBIMH W TMOJIEBBIMU HCCIEIOBaHUSIMH. B
OCHOBE HCCJIEIOBAHUH OBIIIO CTPEMJICHHE MOJYYHTh T'C€HETHYECKHE M (PHU3HYCCKUE
00BSICHEHHUS] 3aKOHOMEPHOCTSM HM3MEHEHHU CBOMCTB 3aCOJIEHHBIX MEP3JBIX MOPOJ.
Ucnonp3oBasuch TOJEBbIe HAONIOJIEHUS U DKCIEPUMEHTAJIbHBIE METOIHKH,
NPUMEHSIJIUCh METOJbl aHajlnh3a COCTaBa M CTPOCHHUS TOPOI, BBIMTOJIHSJIUCH
ompeneneHuss ux (GU3UYECKUX, QPU3UKO-XUMUUYECKUX M MEXAaHUYECKHUX CBOWMCTB, a
TakXe MOJeJIMpOoBaHue TmpoleccoB. I[Ilpu mnmaHUpPOBAHWU DHKCIEPUMEHTATBHBIX
HUCCJIEIOBAHUN MBI HCXOIUJIM M3 HEOOXOIMMOCTH HCIOJb30BaTh KOMIIJIEKCHBIN
nmoaxoxn. CocTaBHOH 4YacThI0 METOAMKHM HCCIENOBaHUA ObLJIO 0000mEeHHE
COOCTBEHHBIX MaTEpHUAJOB W JAaHHBIX JPYTrUX aBTOPOB Ha OCHOBE COBPEMEHHBIX
npejacTaBJIeHUN 00 yCIOBUIX GOpMUPOBAHUS U IPUPOJAE CBOUCTB MEP3IBIX MOPOJ.

[ToneBbie McCcaeqOBaHUS MPOBOAUINUCH HAa ceBepe [leyopckoit HU3MEHHOCTH,
Ha nobepexbe Xalimynslpckoil ry6sl, Ha FOropckoMm moayocTpoBe B pailoHe moc.
AMaepma u Ha 3amaaHoOM moOepexbe m-oa SAman, y moc. XapacaBdit, 03. TropuH-TO
U B pailoHe BOBaHEHKOBCKOTo Ta30KOHJEHCATHOTO MECTOPOXKICHUA (MEXIAypeube
p. Ce-Axu u Mopasi-SAxu). BeimonHsAIUCh WHKEHEPHO-TEOJOTUICCKHUE HU3BICKAHUS
IpU CTPOUTENHCTBE CKBaxXuH TiayOokoro Oypenus Amaepmunckod HIPD ¢
0oTOOpPOM MOHOJHTOB H Ja0OpaTOPHBIMHU HMX MCCIETOBaHUSIMH, OOCIEIOBAHUS
JEWUCTBYIOIMUX CKBaXXUH, U3BICKAHUS MPU CTPOUTEIHCTBE PA3JIUUYHBIX O0OBEKTOB B II.

AmaepMma (311aHUE JAETCKOro caja MOPCKOro MOpTa, IIKOJbI, MpauyedyHOM, XKHUIbIX



JIOMOB, TpeHa)epa BOMHCKOW 4YacTH W  Jpyrux) W  HaOJIOIEHUS 3a
nepopmupyromumMucs 31aHuIMHU (Iu3enbHOW 00bekTa "['OpU30HT", KUIBIX 3AaHUU
ynpaBieHus [uapomercinyxO0bl, 3JEKTPOCTAHUHMU MOCEIKAa, BOJOBOJA, B3JETHO-
NOCaJ0YHON TOJOCH a’pomopTa, JUHUHN CBI3U M Apyrue). DTu paboThl BKIOYAIU
OypeHue CKBaXuH, oTOOp W aHanu3 0o0pa3mOB MOPOJ, U3MEPEHHUS TEeMIEpaTyp B
CKBa)XMHaX, HWHCTPYMEHTaJIbHBIE HU3MEpeHUus 3a JedopManusiMd 3JaHUH U
coopyxenunii. Habnronenus 3a aehopMUpPYOMIUMHUCS 3JaHUSIMH TMPOBOJUIUCH B
OCHOBHOM B COOTBETCTBHUHU C “PyKOBOJICTBOM HO HalNIIOAEHUIM 3a AedopManusiMu
ocHOBaHUU U (QyHAaMeHTOB 3aaHuil u coopyxkenuin” (HUHUOCII, 1975). [ToneBsie
UCClIeJOBaHUs Ha M-oBe SImMan Bkiovanu OypeHue U onpoOOBaHUE CKBa)XHUH, OTOOD
U TPAHCIOPTHUPOBKY MEP3JIBIX 00pa3oB B MOA3EMHYI0 J1abopaTopuio B M. AMaepma,
CTallMOHapHbIE HAOJIOJAEHUS 3a TeMIepaTypaMHU U PEXKHUMOM CE30HHOTAJOro ciof,
oOcienoBaHus AeHCTBYIOIMHUX 00BEKTOB U Apyrue. Bo Bcex paborax, B TOM 4YHCIIE B

HUCIIBITAHUAX CBaﬁ, ABTOp NpHUHUMAJT JIMYHOC YUaCTHC.

4.2. XAPAKTEPUCTUKA NCCIIEAOBAHHBIX ITOPOJ

Hdns  wuccnemoBaHuiét  GHU3MYECKUX, (PU3UKO-XUMHUYECKHUX U  (HU3UKO-
MEXaHUYECKHX  CBOWCTB 3aCOJEHHBIX MEP3JbIX T'PYHTOB OBIIM MCHOJb30BaHBI
0o0pa3npl HApYNIEHHOTO0 W HEHAPYIICHHOTO CJIOXEHHsS U3 pailoHoB Iledopckoi
HU3MeHHOCcTH, [Oropckoro mnoayocTpoBa M, TJIaBHbBIM o00pa3oMm, MOJYyOoCTpOBa
SAman, MOpCKOro, alJlOBHAIBHOTO U 03€pHOTrO reHesuca. OO6pas3ubl HEHapPyLIEHHOT O
CJIOKeHUs (MOHOJHUTBI) JIOCTABISJIUCH AaBUATPAHCIOPTOM B MOJ3EMHYIO
nabopatopuio AMIAEPMHHCKOM MEpP3JOTHOW cTaHUUU. MX XapaKTepUCTHKH
NPUBOASATCS B T€X pa3jenax paboThl, I1€ ONUCHIBAIOTCS UX CBOMCTBA.

OO0Opa3upl HApYMIEHHOTO CJOXEHHUS TOTOBUJIHUCH K IKCIEPHUMEHTAM U3 CYXUX
TPYHTOB, UMEBIIUXCS B JOCTAaTOYHOM KOJIMYECTBE Ha AMJEPMHUHCKOW CTaHUUHU U
TaK)Xe JOCTAaBJIEHHBIX TJaBHBIM o0pa3zoMm ¢ mnoiyocTpoBa Sfman. MX ocHOBHBbIE
XapaKTEepUCTUKU MPUBOAATCS HUXKE (Tabu. 5). HekoTopeie nqpyrue xapakTepUCTUKHU
00pa3noB (BIAXHOCTh, HOPUCTOCTbL MU Jp.) HNPUBOAITCS B COOTBETCTBYIOIIUX
pa3aenax paboOTHI.

I[Tecox (alY) Obi1  oToOGpan  wu3bickatensmMu  KueBckoro ¢uauana
CorwsznopHHHUIIpoekTa B MecTe nmepexoga NpOEKTUPYEMOM aBTONOpOrn Xapacapdu
- boanenkoBo uepe3 p. Ce-fxa. C moBepXxHOCTH n0 TIyOuHB 7-12 M 3amerarmT
03€pHO-aJUIIOBUANIbHbIE W AJUIIOBHAJIbHBIE JHCHEPCHBIE TPYHTHl TOJOIEHOBOTO
Bo3pacTta. Ilecok Obi1 OoTOOpaH M3 H3TOr0 TOPHU30OHTA M HMEJ ECTECTBEHHYIO
3aCOJIeHHOCTh Mopckoro tuma okojio 0.04%. Ilo rpanyiomMeTpuueckoMy COCTaBy

(Tabi. 5) mecok OTHOCHUTCS K MeJKHMM neckaM (mo kiaccupuxkauuun B.B.OxoTuHna)



u neineBateiM neckam (mo ['OCT- 25100-82). IlmoTtHOCTs wacTul mecka - 2.67
r/em’.

Cyrauaok (m 11123) 6pn1 otobpan BO6mu3u ozepa Tubeii-to, B 4 KM OT moOC.
boBaHeHkoBO, Ha Bojgopasaese, B MOpPCKHUX OTiIOXeHUAx III Mopckoil Teppacsl
(3pIpsiHcKkoOi). OT6op mpomsBonuics 3kcunenunueid [THUNUUC mox pykoBOACTBOM
A.H.XuMeHKOBa ¢ TMOMOINBK KOJOHKOBOTO OypeHUs ¢ TayOWMHB 6-8 M.
I'panynomeTpudeckuil cocTtaB CyrJMHKa npuseaeH B Tabiu. 5. IImoTHocTh yacTull
rpynta coctapiseT 2.71 r/cm®. OH uMeeT ecTeCTBEHHYIO 3aCOJEHHOCTh MOPCKOTO
XJIOpUJHO-HATpUEBOTO THUNA. BruaxHocTs Ha rpanune tekyuectu W = 37%,
BJIa)XHOCTb HHUJ)KHEro mnpexaena mnjgactuuHoctyu W = 24%. B coorBeTcTBUH C
knaccuukanueit [OCT 25100-82 on oTHOCUTCS K CyriuHKaM. MuHepanorudeckui
COCTaB TIMHUCTON (paKIu¥ MOHTMOPHUIJIOHUT-TUAPOCTIOANUCTBHIN.

Hecox (M 1112®) 6b1 oTo6pan Ha Tpacce MPOEKTHPYeMOil M cTposmeiics
JKEJEe3HOW JOPOTH M3 OTJIOXKEHHUUN TPEThbE MOPCKOM TEppachl 3bIpAHCKOTO BO3paCTa,
B OOHa)XeHHOM JieBOM OopTy noiauHbl pexku Epkyra-fxa B 20 kM OT ee ycCThs.
Pa3pe3 oOnaxenus crneayrouuii. B BepxHel ero yacTu 3ajeraeT MEJIKUU MECOK C
rpaBuem (coaepxanue g0 15%) momuocthio 1.3-2.0 M. Huxe Bblaensercs cioit
TSAXKEJIOM CylnecH ¢ TOHKOUUJIMPOBOM pPEAKOCIOUCTOW M CETYATOM  KPUOTECHHOWU
TEeKCTypoil MomHocThio 5-8 M. I[logcTtumaer cinoil cynecu MiaacToOBBIM Jef
MOIIHOCTBIO 3-5 M, a HMJKE 3ajleTaeT MNbLJIEBAThII MECOK ¢ MAaCCUBHON KPHUOTEHHOM
TEKCTYpO#l, U3 KOTOpOoro u ObIIM B35AThl o0pas3ubl. ['paHynomeTpuueckuil cocTas
necka npuseneH B Tabn. 5. Ilecok mmeer ectectBeHHYyI0 3acoieHHocTh 0.03% c
npeobiagaHueM MOHOB HATpus U cyibdara.

Cyraunox (m 117°%) 6w1 oTo6pan Ha Mexaypeubu pek Ce-SIxu m Mopasi-
Sxu, B 8 kM Ha 1oT 1 B 1 KM Ha BOCTOK OT CTposfleics ctaHniuu boBaHeHKOBO, U3
OTJOXEHUHN 5-1 MOPCKOM Teppachsl cajliexapICKoro Bo3pacra. ['panyiomMeTpuyecKkui
COCTaB CyrJWHKa mpuBeaeH B Tabu. 5. Ilpenmen texkydecTu cocrtaBisieT y Hero 46%,
npenes NIacTUYHOCTH - 26%, uncio nuactuuHoctu Ip=20.

Cyraunox (m 1Y) 6511 oTo6pan Ha rny6uHe 1-3 M B HeHTpanbHON 4acTu 1I-
oBa SfIman Ha mupore M. XapacaBdit (B 60 kM OT Hero), BOJHU3U MEP3JIOTHOTO
crauuonapa Ilonyiickoit KI'PD “Tiopun-To”, B MOpPCKHMX Ka3aHLUEBCKUX
OTJOXEHUAX, paCIPOCTPAHEHHBIX K BOCTOKY OT 03. TropuHn-To.

['panynomeTpuueckuil coctaB rpyHTa npuBejneH B Tabn. 5. CyriuHOK UMeeT
€CTECTBEHHYIO 3aCOJEHHOCTh B cpenHem 0.4%, mpudyem 3a cuet xyop-uoHa - 0.2%,
CJeI0OBAaTEeJIbHO, €ro 3aCOJIEHME OTHOCHTCA K MOPCKOM Tully. BepxHuil npenen
miracTudHoCTH 46%, HYOKHUN nipeaen muactudHocTu 30%, ynucino miaacTuuyHOCTH Ip
= 16.

Cynece (alY) Opma otob6pana Kueckum ¢unmarom Corm3aopmnpoeKTa B

nonuue p. Ce-fxa, B MecTe MpeAnojaraeMoro nepexojaa aBTOJOPOTHM XapacaBdu-



BboBaHEeHKOBO W3 aJJIIOBHAJBHBLIX TOJOILEHOBBIX OTJOXeHUH. EcTrecTBeHHas

3aCOJIEHHOCTh cynecu (Mopckoro tumna) cocrasisia 0.26%. D1o xapakTepHBIH



Tabauya 5. Cocmas u ¢puzuueckue c80UCmea UcCcied08aHHbIX HOPOO

I'pynr Haumenosanue 1o I'panynomerpuueckuii cocras, % [Mnotno | Wy, | Ws | Ip | Bospa | Mecro otbopa, onucanue
B.B.Oxotuny Pa3mep wactun, Mmm CTb CT
o 'OCTy % %
1- | 05-1025]| 01-)005]|001)|000]| < JaCTHI,
05 | 025 -0.1 | 0.05 - - 5- 1 0.00 | r/cm®
0.01 | 0.00 | 0.00 1
5 1
1 2 3 4 5 6 7 8 9 10 11 12 13 | 14 15 16
CyrInHOK CyrnuHok - - 4 7 37 13 23 16 2.71 24 37 | 13 | 1IZ® | B4 xu or n.boBanenkoBo, Ha
(03.Tuoeii-To) IIBbLIEBATHII BOZIOpa3zeiie, B MOPCKUX
cpeiHuil otinoxxeHusx III reppacel
(3BIPSHCKOH), C TITyOUHBI 6-8 M U3
CYTJIMHOK CKBaXXUHBI. [ TnHMCTas Bpakuus -
MOHTMOPHUIOHUT-THAPOCIIOANCTAs
Cymecn Cynech TsuKenas - - - 25 | 63 5 7 - 2.66 22 | 27 | 5 | WZ® | Ha tpacce npoeKTHpyeMOii
(Epxyra-£xa) nblIeBaTas JKEJIe3HOU JOPOTH, U3 OTJIOKEHUH 3-
1 MOPCKO¥i Teppackl, B IEBOM OOpTY
cynech nonunsl p.EpkyTa-fxa, 20 kM ot
YCThs1, Ha TIIyOHHE 2-8 M
CyTamHOK CyTHHOK TsDKEIBIN - - 1 4 20 16 30 29 2.70 30 | 46 | 16 11! | LienTpanbHas 9acTs 1m-oBa SIMai,
(03.Tropun-To) | mBUTIEBATHIN cranuoHap “Tropun-To”, Ha
riyOuHe 1-3 M B MOPCKHUX
CYTJIMHOK Ka3aHIIEBCKUX OTIOKEHUAX
Iecok (Ce- [Mecox menkwii 1 1 65 25 5 - 3 - 2.67 - - - Y Jonmaa p.Ce-fxa B paiione
Sxa) repexo/ia aBTo0poru Xapacasai -
[IECOK IbLIEBATHIN BboBaHEHKOBO
Cyrmech CyrauHok - - - 13 59 9 11 8 2.73 24 31 7 Y Jonuna p.Ce-SIxa B paiione
(Ce-sIxa) IIBUIEBATHII Hepexo/ia aBTol0poru Xapacasii -
cpeiHui BoBaneHkoOBO
CyTech




Ilpooonacenue madbauywvr 5. Cocmas u ¢uzuueckue c80UCmM8a UCCIe008AHHbIX HOPOO

1 2 5 6 7 8 9 10 11 12 13 | 14 15 16
ITecok Ilecok mblneBaThIi 24 62 10 2 2 - 2.71 - - - 11123 | Ha tpacce npoekTupyemoii
(EpxyTa-Slxa) JKEJIE3HOM JOPOTH, U3 OTJIOKEHUH 3-
TMIECOK TbIJIEBATHIH 1 MOpPCKOH Teppackl, B JIEBOM OOpTY
nonunsl p.EpkyTa-fxa, 20 kM ot
yCThs, Ha Tiryoune 11-15 M
Cymnech Cymecs nerkas 2 7 68 13 8 2 2.75 30 | 35 5 Y [Tnomaaka sKCIIEpUMEHTATHHOTO
(n.boBaneH- TbLIeBaTas nosmmrona BHUMCTa Boam3u
KOBO) noc.boBaHeHKOBO, U3 peUHBIX
cynech MIOMMEHHBIX OTJIOKEHUH, C
IIOBEPXHOCTH
CyTamHOK CyTIHHOK TsDKEIBIN 1 14 3 18 64 - 2.70 26 34 8 112 | Mexaypeube pek Ce-Sxa u
(canmexapICKwii) | TBUICBATHIN Mopagi-Axa, B 6 KM Ha 10T OT
cTposiiieiics ctaHuuu boBaHEHKOBO
CYTJIMHOK 1 B | KM Ha BOCTOK, U3 OTJIOKEHUI
5-11 MOpcKo# Teppacsl
CyriHOK Mernkas Tsoxenas 8 70 | 13 3 - 6 2.70 28 | 37 | 9 | 11?3 | U3 otnoxkenuit 3 mopckoii

(m.Amaepma)

Cynech

CYTIIMHOK

Teppacsl BONM3U 1. AMaepma,
€ro CeBepo-BOCTOYHOM yacTH,
Yy KOMILJIEKCca 3JaHUU
YupaBineHusa no
THAPOMETEOpPOJIOTHH, Ha
rnyouHe 2 M




IpUMEpP MUXPOHHOTO THUIIA 3aCOJIEHUS, KOTa MOPCKHUE BOJbI, IPOHUKAS B OTJIMYHBIE
OT MOPCKHX OTJOXEHHSA, 3aCONAIT UX. B pesynaprare o0pa3yroTcs TOJIH MEP3JIBIX
KOHTUHEHTAJbHBIX OTJIO0XXEHUH C 3aCOJIEHHOCTHbIO MOPCKOTO THUIIa, B JaHHOM cilydae
aJUTIOBUANIBHBIX. [ paHyJIOMETpHYECKUN cOCTaB mpuBeaeH B Tabin. 5. Huxxuuii mpenen
miactTuuHocTu 28%, BepXHUM npenen miactuuHoctu 38%.

Cymnech (a 1Y) Oblia oTobOpaHa Ha MJIOMAJKE 3KCIEPUMEHTAIBHOTO MOJUTOHA
BOMM3uM moc. BoBaHEHKOBO, M3 pEYHBIX MNONMEHHBIX COBPEMEHHBIX OTJIOXEHHUH.
'panynomeTrpuueckuii  cocTtaB MHOpPOJbI, ONPEAEIEHHBIH METOJAOM  IHIETKH,
npeacraBieH B Taba. 5. B cooTBeTcTBUU ¢ KiaccuUKaIUEH AUCTEPCHBIX TPYHTOB I10
rpanyiomerpudyeckoMy coctaBy B.B.Oxoruna, 310 cynecp jerkas neuieBatas. s
HEe XapakTepHa BbICOKas MoHoaucnepcHocTh. Yactunm pasmepom 0.05-0.01 mwm
conepxurcs 68%, Kak B TUNUYHOU JeccoBOMl moponae. Tak ke, Kak JJisg JE€CCOBOM
MOPOJbI, JId U3y4aeMOM Cylecu XapakKTepHO NPUCYTCTBUE OPraHUYECKOTO BELIECTBA.
[Toreps Beca mpu npokanuBaHuu cocrtasiasieT 4.2%. IlnoTHoCcTh yacTull paBHA 2.75
r/cm®. IlmacTHYHOCTB, KaK M y IJI€CCOBBIX MOPOJA, HeBelnuka. llpemen TexkydecTu
coctaBiusieT 35%. I'pyHT NpakTHU4YECKHM HE 3aCOJI€H, €CTECTBEHHasl 3aCOJEHHOCTh
cocraBusiet 0.02%.

Cymecy (m 111%®) 6pima oTtobpaHa u3 OTIOXKEHMH 3 MOPCKOH Teppachl
3BIPAHCKOTO BO3pacTa B OOHa)XEHHWHU Ha JeBOM Oopty monuHbl p. Epkyra-Sxa, B 20 kM
OT ycThsi. ' panynoMeTpudeckuii coctas ee ciaeaymmui (tadi. 5).

Cyranunok (m 11123) oT6upancs u3 oTnoxenuit 3 MOpPCKOil Teppachl BOIU3M II.
AMaepma, €ro CeBEepO-BOCTOYHOM dYacTH, y KOMIIJIEKCAa 3JaHUl YTIpaBJIeHUS IO
rugpomMereoposioruu. CyraiMHOK MMeEET rojiy0oBaTO-cepblii LIBET U 3aCOJEHHOCTH OT
0.2 ngo 0.8% w™Mopckoro XJIOpHIHO-HATpHeBOTOo THUNA. JlensHbie BKJIIOYECHUS
BcTpeyalTcss B Bujae ToHkux (0.2-3 mMm) maupoB. BepxHuil mpeaen nmiacTUUYHOCTHU
37%, auwxau npenen 28%. I'panynoMeTpudeckuil coctaB mpuBeieH B Tabn. 5. B
COOTBETCTBUU ¢ Kkiaccupukanued B.B.OxXxoTwHa 3TOT TpyHT OTHOCUTCS K MEJIKOMU
TSAKEJNOW pa3sHOBMJHOCTH Cylecei, a Mo MIacCTUYHOCTU (YUCIO MIACTUYHOCTH [p=9)
- K CyrJMHKaM. 371ech 1aHO Ha3BaHUE, KOTOPOE ObIJIO UCIOJIb30BAHO NPU BU3YyaJbHOM
ONMCaHUU TpPpyHTa B MOMEHT oTOopa oOpa3znoB. B 1menom BbicOKas MbIJIEBAaTOCTD,
XapakTepHas s BCE€X HCCIEJOBAaHHBIX T'PYHTOB, TUIHMYHA Ui MEpP3JbIX T'PYHTOB
ApKTUueckoro mobepexbs, NpUUYeM JJs Pa3JIUYHBIX T€0JIOTO-TEHETHYECKUX TUIIOB

OTJOXEHUH - KaK Ui MOPCKHX, TaK U aJJIIOBUAJBHBIX.
4.3. METOJJUKA DKCIIEPUMEHTAJIbHBIX UCCJIEJJOBAHUM

4.3.1. METOJIUKA JTIABOPATOPHBIX UCCJIEJIOBAHUI



METOINKA NU3YVUHEHUA COCTABA, CTPOEHUA U1 ®U3NYECKHUX
CBOWCTB 3ACOJIEHHBIX MEP3JIBIX ITIOPO/]

HUccnenoBanus coctaBa, CTPOEHUS U (U3MYECKUX CBOWUCTB 3aCOJICHHBIX
MEp3JbIX MOPOJ MPOBOAUIHNCH KaK TPAJAUIUMOHHBIMH METOJAaMHU, TaK M METOJaMHU,
pa3paboTaHHBIMU CPaBHUTENbHO HeAaBHO. ONMBIT paboOTHl C 3aCOJEHHBIMU MEP3JIBIMHU
TPpYHTaMH TO3BOJHJI BHIOpaTh CpeaM HHUX Te, KOTOpbIe OKa3aluch  Hauboiee
3¢ PEKTUBHBIMU.

Hucnepcrnocms onpenensnach riaBHbiM oOpa3zom mo metony 'OCT 12536-67,
npuyeM Ui MeJNKUX (paknuil mnOpuMeHsIcs Kak apeoMeTpUuYecKuil, TakK U
MMUIIETOYHBIA METO.

Xumuko-munepanivusiti  cocmagé  NOPOJA  HCCIENOBaJCI €  MOMOIIbIO
pPEHTTeHONU(PPAKTOMETPUYECKOTO M TMOJHOTO CHJIHMKAaTHOTO aHajlM3a, a TaKxke
XAMHYECKOTO aHalu3a BOJHBIX BBITS)KEK. XUMHUYECKUH aHalIW3 BOJHBIX BBITIKEK
BBITIOJIHSJICS TATPOMETPUUYECKHUM METOOM.

3aCOJICHHOCTh ONpeaensiaach TpeMs CIOco0aMH - TUTPOMETPHUYECKHM, II0
CYXOMY OCTAaTKy, M IO D3JEKTPUUYECKOMY CONMPOTHUBICHHIO pacTBOpa. DIEKTPUUYECKOE
CONMPOTHUBIECHUE pPacTBOpa HM3MEPSIOCh Ha BBICOKMX YacTOTaX TOKa C TOMOIIBIO
paspaboranHoro B ITHMMWHNCe npubopa xonHcTtpykuuum B.A. Ilakynuna. Bce 3Tu
METOJbl UMEIOT YJAOBIECTBOPHUTEIbHYIO H OJU3KYIO IPYT K APYrY TOYHOCTH, OJHAKO HE
JUIICHBI HEJIOCTATKOB. TUTPOMETPUUECKUNA METOA TPYAOEMOK, MOTYT OBITh OMHOKH,
CBA3aHHBIE C HEJIOCTATOYHBIM OUYHMIICHHEM BBITSHKEK OT KOJIOHIO0B. DuiabTpanus
BBITSDKEK HWHOTJa 3aHWMaeT He OJHWH JeHb, a IMpPH HEYJOBICTBOPUTEIHHOM €€
BBITIOJTHEHUHU SBISETCS MNPUYMHOW 3aBBIMIEHHBIX 3HAaYE€HUH  3aCOJEHHOCTH IpPHU
HCIOJBb30BAHUHM METOJA CYyXOro ocraTka. lIpm ycinoBuUHM, UYTO XMMHUYECKHH COCTaB
BBITSDKKH ~ HM3BECTEH, yIOOOHBIM  HYXXHO  TpPH3HATh  METOJ  DJIEKTPHUUYECKHX
compoTuBIeHU. Ecnm cTaHgapTHBIE pacTBOPHl, C KOTOPBIMH OCYIIECTBISIETCS
CpaBHEHHE CONPOTHBICHUMH, NPUTOTOBIECHBl MpPaBHJIBHO, OMHOKAa MeToxa He
npessimaet 0.02% 3aconeHHOCTH.

B conxemepe B.A. Ilakynuna (CK-50) mnpumeHeH MeTOJ 3aMelICHUS,
SABJISIOIMMUNACS Pa3HOBUAHOCTHIO KOHAYKTOMETPpUUECKOTO MeTona. Ero mpeumymecTBo
3aKJIIOYAETCS B TOCJIEJOBATEIILHOM BO BPEMEHH CPaBHEHHUHM H3MEPSIEMOI BEIHYUHBI
CONPOTHUBJIEHUS U BEJIWYHUHBI, BOCIPOM3BOAUMOI oOpa3zuoBoil Mepoi. Tak kak o0e
9TU BEJIMYHMHBI BKIIOYAIOTCS OJHA 3a APYrodl B OJAHY M Ty *€ YacTh M3MEPHUTEIbHOUH
nenu npubopa, TO TOYHOCTh M3MEPEHUHW 3HAYMUTENHHO MOBBIIMaeTcsi. HeoOxoammo
TOJBKO COOJNIOJATh YCIOBHS TIOCTOSHCTBA TEMIEepaTypbl W paBEeHCTBO 0O0beMma
pacTBopa TpH KaXIOM OIpeJeNeHUH, a TakXkKe pa3MelleHHe H3MEePUTEIbHOTO

QJICKTpOAa HAa OJMHAKOBBIX PACCTOAHUAX OT JHA COCyJda U €ro CTCHOK.



I''1.AybuxoB u apyrue (MHXEHEPHO-TEOTOTUYCCKHA MOHUTOPUHT MPOMBICIOB
Amana, 1996) na npumepe uccienoBanuii Ha boBanenkoBckom ['KM moxka3zanu, 4To
32COJIEHHOCTH IO JIaHHBIM BOJHBIX BBITSKEK, Kak mpaBuio, Beimie Ha 10-30% 3a cuet
HapyuleHUs XMMHUYECKOTO paBHOBECHS IOPOBOTO pacTBOpa INPU HNPUTOTOBIECHUHU
BBITSKKH, OJJTHAKO 3TO MPOUCXOJUT, MO-BUIMMOMY, TJIaBHBIM 00pa3oM H3-3a mepexoaa
0OMEHHBIX KaTHUOHOB B pacTBop. C npyroil CTOpoOHBI, B OTAEIbHBIX NpoOax MOTYT
COJIepKAThCs BBHIMABUIME B 0CAJOK CYJb(aThl HATPHA, B YACTHOCTH JUIS TPYHTOB IpH
temneparypax -8°C u Huxe. B BplIBeTax colled 1[0 TpemUMHAM, HaIpUMeED,
abconroTHO npeobianamT cyabdaThl.

Bnaxunocts mopon omnpeneinsiiack B coorBercTtBUU ¢ 'OCT 5179-64 metoaom
BeicymuBaHus npu temneparype 100-105°C no moctosHHONW MacCHI.

JAns onpeneneHuss COIEPKaHUSA He3aMep3IIeld BOJIbI OBlJI HCTHOJb30BAH
KPUOCKONMUYECKUH METOJ, KOTOpPHIH OJHOBPEMEHHO TMPOCT B TEXHUUYECKOM
UCIOJHEHUU U  JIOCTaTOYHO OOOCHOBaH TeopeTuuecku. Jlnug mnpoBeneHus
KPUOCKOTUYECKUX OMBITOB OOBIYHO MCIOJB30BAIUCH MATH 00pa3oOB I'PYHTA C pa3HOU
UCXOJHOW BJIAXXHOCThIO. ['pyHTOM 3amojHsIu MeaHble OIOKCH (quameTp - 2.5, BbICOTA
- 60 MM) ¢ NOCJIOWHBIM yNJIOTHEHUEM. 3aKPbIThle KPBIIIKAMU OIOKCHI MOMEUIAINUCh B
SKCUKAaTOp € BOJOW M BBIAEPKHMBAJIUCH HE MEHEE CYTOK g pPaBHOMEPHOTO
pacmpeneneHuid Biaru. Jlns mnpoBedeHHS HKCHEPUMEHTOB OIOKCH ¢ oOpa3mamu
U3BJIEKAJUCh U3 3KCHUKATOPa U OTKPBIBAJMCh KPBILIKM. BMECTO KpPBIIIKH OTKPBHITYIO
yacTh oOpas3ia 3aKkpbIBalu TOHKOW pe3uHON. B meHTpe pe3uHKu nenanu mNpokKos, Tyaa
BCTaBJsiAu  paboumit  cmail  tepmomnapsl. Jlamee  OWOKCH  TOMENIalWCh B
TepMOCTAaTUPOBaHHBI  mKadp, B  KOTOPOM  MOAAEpKHBajgach HeobOXxoauMmas
oTpullaTeabHas TeMmneparypa. IlpoBoauicsa UuKJI 3aMopa)XHBaHHMA, a 3aTeM
orrauBaHus (npu temneparype +3°C). IlokaszaHus TepMmomnap perucTpupoBaIUCh
ransBaHomMeTpoM M/95/1 ¢ mnenoit nmenenuss 10-8 A. I{ukiasl 3aMopakxuBaHUsA H
OTTauBaHUS MOBTOPsSAUCH OT 3 10 5 pa3. Ilo okoHUaHUHM 3KcHepUMeHTa B o0Opasiax
onpenaensanach GpakTuuyeckas BJIAXKHOCTb U 3aCOJIEHHOCTb.

Jlns vccinenqoBaHUS MUKPOCTPOEHUSI 00pa3loB MPUMEHsJICS METOA penauk. Jns
3TOro Mep3Jblid oOpa3en packaiablBajcs MpPU OTpHUIATEIbHOW TeMIeparype U
MOKpBIBAJICSd  MPEABAPUTEIBHO  OXJaXJAEHHBIM  PacTBOPOM  MOJUCTHUpOJA B
nuxjgopatane. OOpazen BbIAEpKHUBAJCS A0 BBICHIXaHUS pPAacTBOPUTENS, WU TOCIE
OTTaMBaHUS peIJIMKa OTHelsjack OT rpyHTa. [lonydeHHYI0 pemJuKy H3ydyaldu MOJ
MHUKPOCKOIIOM.

[InoTHOCTP MUHEpPaJIbHON YAaCTU MEP3JIBIX MOPOJ OIpeneNsjach C MOMOUIbIO
nukHoMeTpuueckoro metona (FOCT 5181-78).

Hns onpeneneHuss o6med MJIOTHOCTH MNPHUMEHSJIMCh METOJ PEeXYUIUX

NUJIWHAPOB W B3BEIMMBaHHA oOpa3na B kepocuHe. [Ipu m3roroBieHuu oOpa3ioB B



crnenuaabHbBIX (opMax ONMpeleIeHHBIX pa3MepoOB NPOM3BOIHUIOCH TOJBKO HayalabHOE
X B3BEILIMBAaHUE.

OnpeneneHue CKOpPOCTEW yHpPYrHX BOJH MPOBOAUIOCH YJIbTPa3BYKOBBIM
mMetoaoM. Jlo wu mocie TNpoBEeAEHUS MEXAaHUUYECKHMX HCHBITAHHUKH  00pas3Ibl
MOoJABEpTalich MPO3BYYMBAHUIO C MOMOIbI0 nmpubopa P-5-5 u ngatumkoB ¢ yacTtoToi
250 kI'm. Topusl oOpasma 3auyWmadnch HOXOM M JAaTYUKH NPUKUMAIHUChL K HUM
BpyuHYI0. BpeMmss mepBOro BCTyMJIEHHS ONpeAensyioch Mo mkaine mpubopa. Jus
UCKJIIOYEHHS OMMUOKU ero ompeaeieHus oOpas3mbl MPOCBEYMBAINCH HECKOJIBKO pas,
IIpU 3TOM I[OJOXEHHME JaTUUKOB OTHOCHUTEIBHO TOpPLOB oOpa3nma MeHsnaocb. B
Ka4eCcTBE A3TaJOHHOW CpeAbl MCIIOJb30Bajlach AUCTHUJUIMpOBaHHAs Boja. TapupoBKa
npubopa NpoOU3BOAUIACH A0 M MOCJIA KAXAOTO HUKIa U3MEPEHUM.

Jluis uccnel0BaHUM MyYUHUCTHIX CBOMCTB I'PYHTOB MCIIOJIB30BAJICS CIIELUAIBHO
U3TOTOBJCHHBIH Ha AMIEPMHHCKON CTAHIUH NMPUOOP, MPEACTABISIOMUNA CO00H OJIOK
U3 TEMJIOU30JSAIMOHHOIO MaTepuaja, B KOTOpbIi BMOHTHpoBaHO 20 kacceT s
o0pasnoB ¢ m3MeputeneMm aedpopManuii CcBEpXy M Harpemartenem cHuzy. I[lpubop
MO3BOJISIET OCYIIECTBISATH OJHOCTOPOHHEE MPOMOpPaKMBaHUE 00pa3LOB IMAMETPOM 5
M BBICOTOM 15 ¢cM M M3MepeHue BEepPTHKAIBHBIX AeQopMaIuii.

UccnenoBanue Murpauuu BJard M COJ€M MNpU NOCTOSHHOM TpajJUEHTE
TeMmIepaTryp IHpOBOJAMIOCH C  HUCIOJb30BAHUEM  YHUKAJIBHBIX BO3MOXKHOCTEH
noa3zeMHou gmaboparopuum AMIAEPMHHCKOW Mep3noTHOM crtaHuuu. llogzemuas
nabopaTopus pas3jeieHa Ha OTCEKH, B KaXXJIOM M3 KOTOPBIX TOJaMHU MOJAEpPKUBACTCS
MOCTOSTHHAsI ~ TeMmIepatypa ¢ TodHocThio okono 0.2-0.3°C. Te xkomnebaHus
TeMIepaTypsl B MpeJeaax d3TOT0 3HAUYEHHUS, KOTOpble MPOMCXOMAAT, OTJIUYAIOTCS
JIJIUTEIbHOCTHIO U3-3a OOJIBIION MHEPTHOCTH MAacCHBA CKAJbHBIX MOPOJ M SIBISIOTCS
NPEeUMYyLIECTBEHHO ce30HHbIMHU. [ununapudeckue oOpas3npl, NPUTOTOBJIEHHBIE U3
MEpP3JbIX TPYHTOB pPa3IM4YHOIO COCTaBa, BCTAaBISJIMCh B CTEHKY (M3 MOJUCTHPOJIA)
MEXJy OTCeKaMu TakuM o0Opa3oM, 4YTO OJHH KOHEI o0pasla OKa3biBajcsi B OoJee
TENJOM OTCeKe, a Apyroil - B 0onee xomogHoMm. OOpa3bl BeIAECPKUBAIUCH B TE€UECHUE
HECKOJIbKUX MECSILEB U JET.

N3yuenue BO3OEWCTBUS Ha MeEp3Jble TPYHTH COJIEHBIX PpacTBOPOB
MPOBOAMIJIOCH MO ABYM cxemaM. [lo mepBoil M3 HUX - TOPU3OHTalbHAs MOBEPXHOCTH
MEP3JIOTO TPYHTA NPHUBOAUIACH B CONPUKOCHOBEHHUE C COJIEBBIM pacTBOpoM mnpu -3°C
U MpoABUXKEeHHE (a30BOIM rpaHUIbl BO BpeMeHH (pukcupoBaioch urynom. Ilo Bropoit
cXeMme, MoJeJIUpOBaBUIeld CKBa)XUHY MM TPEUIMHY B ME€P3JIOM MacCHBE, IOBEPXHOCTH
MEp3JIOW MOpOoabl OblIa BEPTHKAIBbHOW W OTTAABIIMA TPYHT MOT CIOJ3aTh HUXKE,
YCKOpSSi TEM CaMBbIM MPOILECC MPOHUKHOBEHHS COJIEBOTO pacTBOpa B MOPOAY.

Jns OINpeeICHUS ko3 dunuenrta TEMIEpaTypHOTO pacmupeHus
HCToJb30BaJicss Tpubop, pazpaborannsii u u3rotoBieHHbn AHUMC, cxomHbplil ¢

onucanHbiM B KHuUre C.E.I'peunmena (1980). TemmepaTypHBbId pexuMmM 00pa3moB



oOecneunBancss GpeoHOBHIM XONoAUIbHUKOM. [Ipu 3TOM Ans oOecnedeHUs 3aJaHHOU
TOYHOCTH OTpEJIEICHUsI W UCKIIOYeHHs KolieOaHUS TeMmmeparyp Ajis obpasma Obina
co3/JaHa TEIUIOMHEePUHOHHAass o00o0j04yka, oOecmedyuBaromas MOCTOSHCTBO 3aJaHHOM
TEeMIIEpaTypbl B Impenenax 0.1°C. MHWsmepenue nedopmanuii o0pa3mon
MPOU3BOJMIOCH HHAUKATOpPAMU 4yacoBOTro Tumna c¢ neHo genenus 0.01 mwm, npu 3ToMm

AIUHA HccaeayeMblx o0pa3noB coctasisaa 100 MM npu quamerpe 28 MMm.

METOJIUKA MU3VUEHUSI MEXAHUYECKUX CBOVICTB 3ACOJIEHHBIX
MEP3JIbIX ITOPO /]

ITOATI'OTOBKA K UCIIBITAHUAM OBPA3LOB

N3roroBinenue o00pa3LuoB 3aCOJEHHBIX MEP3JbIX MOPOJ HEHAPYUIEHHOTO
CJIOKEHUSI NPOU3BOAMUIOCH B OCHOBHOM B cooTBercTBUM ¢ TpeboBanusimu ['OCT
24586-81.

I[lonrotoBka K  3KcIepuMeHTaM  o00pa3loB  HapyLWIEHHOTO  CJOXEHUS
OCYUIECTBJSAJIOCh MO CHOCO0Yy HNPUTrOTOBIEHUS TPYHTOB K TIpPaHYJIOMETPUUECKOMY
aHanu3zy (Metonuueckoe mnocobue MO MHKEHEPHO-TEOJOTMUYECKOMY H3YUYEHUIO
ropueix mopona, 1968). IloaroToBieHHBIH CYyXOW TPYHT 3aMEIIMBaiCsA C PacTBOPOM
COJIM 3aJlaHHOTO0 coOcTaBa WU oONpejerleHHON KoHueHTpauuu. KoinumuectBo conu
paccuuThIBAJIOCh MCXOJAsS M3 3aJaBaeMOW 3aCOJIEHHOCTHM U BecCa CYXOW HAaBECKHU
rpyHta. O0beM BoJbl Opalics, Kak MNpPaBUJIO, MUCXOAS M3 BIAXHOCTH Ha Mpejese
TEKY4YEeCTH C YYETOM TUIPOCKOMUYECKON BIaXHOCTH. ['pyHT BbIAEpKHUBAJCS Hepes
yKJIaaKoi B 000WMBI B TeueHHe 1-2 CyTOK B IKCHUKAaTOpax.

B cnywae 3amanus oOpasuny rpyHTa MacCHUBHOW KPUOTEKCTYpPbl HNPUMEHSJICS
cmoco® WHTEHCUBHOTO OXJaXJeHHs TMpu HHU3KoW Ttemmeparype (-20°C) ¢
NpeABapUTENbHBIM YKJIaJblBAHUEM U YIUIOTHEHHMEM TpyHTa B o00o0iMax mpu
MOJOXUTENbHOU Temneparype. Haubosiee ynauyHbIM, C TOYKHM 3PEHHUS NOJYyUYEHUS
OJHOPOJHBIX 00pa3LOB MO BCEM mapaMeTrpaM (IJOTHOCTH, BJIAXHOCTHU, TEKCTYpPhl U
T.1.), SIBASIETCS CMoco0, BKJIOYAIOMIUN NpeIBapUTEIbHOE OXJaXJeHHE TPYHTOBOM
CMECH JI0 MOSIBJIEHUS B HEW KPUCTAJJIOB JbJa, IepEeMELINBaHUE €€ 11 PaBHOMEPHOTO
pacnpeneleHuss B HEW KpUCTAIJIOB JbJa N0 00bEMy € MOCJIEAYIOIHUM
NpoMOpakxuBaHUEeM B 00oiiMax moja 3alaHHON Harpy3Kou.

Jlns monydyeHUS TEKCTYpUPOBAaHHBIX 0O0pa3noB TpyHTa HX TMOMEUlald B
crlenualbHble TEMJIOU30JUPOBAHHbIE KOHTEHHEepbl M oOecrnedyuBaId OJHOCTOPOHHEE
npoMep3aHue.

[Tocne npoMopaxuBaHus oOpa3oB I'PyHTaA B TeueHUE 3-7 CyTOK UX HU3BJIEKaIHU
n3 000WM, NPOU3BOAMIM THIATEIbHYI 3a4UCTKY TOpPLOB, oOMep UX radapuToB C

MNOMOIIbKO MTAHTCHOHUPKYJIsA, B3BCIIMBAHHUEC W MapKHUPOBAHHUC. HpI/I HGO6XOHI/IMOCTI/I



UX coxpaHeHuss B TedyeHue 5-10 cyTok uX yHakoBbIBaAM B JBOMHOM CIOH
MOJMUATUIIEHA, YKJAAbIBAJIU B SIIIMK CO CHErOM M XPaHUIM B XOJOJUIBHOU Kamepe
MpU TEeMIEpaType UCIBITAHUS.

OO6pa3ubl rpyHTa C MACCUBHOM KPHUOTEHHON TEKCTYpOW, NpeJAHa3HAYCHHBbIE AJIs
UCMBITAHUN HAa OJHOOCHOE CXaTwe, uMelu GopMy HUIMHApa nuameTpom 45 unu 50
MM H BbicOTOM 100 MM, A7 UCUBITAHUN MAPUKOBBIM IITAMIIOM UM HA CABUT LUJIUHAPHI
umenu nuametrp 71,4 mMm u BbicoTy 35-50 MM. B COOTBETCTBUHM C OOMENPUHSATHIMU
TpeOOBaHUAMHU INPOBOAMUJICS KOHTPOJb BJIAXHOCTH M 3aCOJEHHOCTH 1O ONBITOB U

HOCJ€E UCIIBITAHUN.

OITPEAEJIEHUE ITPOYHOCTHU

[IAPUKOBBIN LITAMII

Meton cuMTaeTcss MNPUMEHUMBIM JJId BCEX Pa3sHOBUJHOCTEH 3aCOJIEHHBIX
MEP3JbIX MNOPOJ C MACCHBHOH, MEJIKOCETYAaTOM MU TOHKOCIOHCTON KPHOTEHHOU
TEeKCTypoil B numama3oHe temmepartyp oT -1 mo -10°C. Hcmonws3oBaics Hauboiee
MOAXOASIIUN [ 3aCOJEHHBIX MEP3JbIX MOPOJ AUAMETp mramna 2.6 cMm.

CooTHOmEHUs OCcaJOK HmiTamia OblIM peKkoMeHaA0oBaHbl aBTopy B.M.AKceHOBBIM
U COCTABJSIHU:

S(15)=(0.005-0.02)d  S(8)=(0.02-0.04)d S(k)=(0.05-0.1)d

rae S(15), S(8) u S(k) - ocamka mTamma cCOOTBETCTBEHHO 3a 15 MuH, 8 vac u
KOoHeuHas (crabunu3upoBaHHas), d - THaMeTp HITamIa.

WNHorna anst pacueToB BEJIMYMHBI 9KBUBAJEHTHOIO CLENJEHUS MO AaHHBIM 8-MU
YacOBBIX MCIHBITAHUN HCIOJb30Bajcsid MNEPEXOAHbIH KodpduuueHr. IIpu »>TOM
BEJIMYUHBI 3TOr0 Kod3(pPHUUEHTa Uil 3aCOJEHHBIX INECKOB OBUIM OIpEeaeIeHbI
BennunHOW 0.34-0.40; nnsa cymeceir - 0.64-0.70; ans cyrimmakoB - 0.55-0.65.
JIMUTEeNnbHOCTh UCTIBITAHUM, MOBTOPHOCTH KOTOPHIX cocTaBisna 6, 9, 12 u 18 onbITOB,

JUIS TIOJIYYEHHsSI KOHEYHOM OCaJKH mTaMmna gocturaina unorjaa 15-40 u 6onee cyTok.

OJJHOOCHOE CXATUE

Cnoco0 ucnblTaHuss 00pa3lOB MEP3JIOro I'PyHTa Ha OJHOOCHOE C)KAaTHUe IpHU
MOCTOSIHHBIX Harpy3kax NpHUMEHSJICS HaMHU [Ji HUCHBITAaHUS 3aCOJEHHBIX MEP3JIbIX
TPYHTOB ¢ JI0OBIMHU BHUJAAMH KPUOTEHHBIX TEKCTYp MpHU Temmeparypax ot -1 no -4°C.

B »ToM BHIe ucnbITAaHUS NOMHUMO TpeOoOBaHMSA K MapajlyIeIbHOCTH TOPILOB
oOpa3ma mnpeabABIAsieTCs cTporoe TpeOoBaHHEe K MNpuOOpPy, KOTOPHIH JOJKEH
obecrneuynBaTh BEPTHUKAJIbHYIO HArpy3ky Ha oOpasen. Mbl HCIIOJIB30BaIN CIELUAIBHOE

NEeHTPHUPYIOIIEe YCTPOUCTBO. [IpeuMyecTBO 3TOTO TPYJOEMKOTO METOJa UCTIBITAHUHN



3aKJIIOYAETCAd B TOM, UYTO HCHBITAHHUE TPYHTOB MPOHMCXOJIUT B YCIOBUAX, ONH3KHUX K
YCIOBHUSM B OCHOBAaHUAX 3JaHUNW U coopyxeHuu. Harpyskum He Bo3pacraroTr
CTYNEHS MU IOCJe YCIOBHOW CTaOMIM3alMU, a OCTAIOTCA NMOCTOSHHBIMH B TEUYCHHUE
BCEro BpeMeHH omnbiTa. [Ipu 3ToM BMecTo 3-6 00pa3moB - OJIM3HEOB, UCIOJIb3YEMBIX
IJs1 COOMIOICHHST YCIOBHS MOBTOPHOCTH U CTAaTUCTHYECKOW 00pabOTKH pe3ynbTaToB,
UCHBITBIBaeTcs cepusi oOpasmoB B koaumuectBe 10-20 mr. [IpeumymecTBO 3TOrO
METOoJa JJIsl 3aCOJECHHBIX MEP3JbIX T'PYHTOB 3aKJIOYaeTCs €Ile U B TOM, YTO IS HUX
HE XapakTepHO TEYEHHUE IMO0J HArpy3Kod C MOCTOSHHOW HJIHM TNporpeccupyrouei
CKOPOCThIO, MO KpalHed Mepe N0 AocTkeHus uMu nepopmamnuit 20%. B cBsasu c
3TUM pe3yJdbTaT HUCHBITAHUNH CTYNEHYATBIMU Harpy3kaMH MOXET 3aBHCETh OT
BEJIIMYUHBl CTYNEHU, MOCKOJIBbKY B KaueCTBE KPHUTEPHUS pa3pylIeHUsS B 3TOM cliydae
MPUXOTUTCS UCIONB30BaTh BenuduHy 20% (unum apyrymo) nepopmamuu.

[lonyuyeHHble 3Ha4YeHHsT MPOYHOCTH TPH PpPa3HOM BpPEMEHH pa3pylmICHHS
NMEePEeHOCUJIMCh HAa KPUBYI JJIUTEIbHOM NPOYHOCTU (3aBUCHUMOCTH pa3pyliariiei
HArpy3ku OT BpPEMEHH), KOTopas amnnpokcumupoBanachk ypaBHenuem C.C.Bsamosa
(1978):

Gp p

tp

g

rae  Gp - marpyska paspymenus, MIla wunum kr/cm?, S - mapamerp
annpokcumanuu, MIla wnm kr/cm?, tp - Bpemsa paspylieHus, cex uau vac, B -
nmapaMeTp annpoKcUMaluu, cek uiau yac. O6paboTka MpouU3BOAUIACH HA KOMIBIOTEPE

0 METOJly HAUMEHbIINX KBAaJAPaTOB C onpeaeaeHueM Kodd puinueHTa Koppeasinui.
CABUT 110 ITIOBEPXHOCTHU CMEP3AHUA

Z[J'If[ ONpeaAcjJcHUusA BCIWYHUHBI COHNPOTUBICHUA CABUTY IO TIMOBCPXHOCTU
CMCp3aHUd HCIOJIb30BAJINCH HpI/I60pH, B KOTOpPBIX YCpE3 I/ICHHTyCMHﬁ I'PYHT
npoaaBJINBAJIUCh MOACIHU (byHHaMeHTOB NJINW CABUTOBBIC HpI/I60pH.

HpI/IMeHHJ'IOCB CTYHNCHYATOC HArpy>XXCHHC, CTYIICHU BbBIACPIKHUBAJINCHL HIHU B
TCEYCHUC CYTOK, UJIKM O 3aTYXaHUA ,He(i)OpMaL[I/Iﬁ.

ComocTaBlecHHUE JaHHBIX  II0 ONpeaACICHUIO IMPOYHOCTHU Ha CABUT IIO
MNOBCPXHOCTHU CMCp3aHUA II0Ka3aJo, 4YTO THI an/I6opa U JaXe TIMPUIOKCHUC
HOpMaHBHOﬁ Harpys3kKu c1abo BIMSCT Ha PE3YyJIbTATHI.

CpaBHeHI/IC SKCIHNCPHUMCHTAJIBbHBIX JAaHHBIX 1O OINPCACICHHUIO CONMPOTHBICHUA
CABUTY IIpU CMCpP3aHUHU, MNOJIYYUYACMBIX Ha J'Ia60paTOpHBIX HpI/I60an, HCCKOJIBbKO
3aBBIIICHO, IIO JaHHBIM AM,Z[CpMPIHCKOfI Mep3.]'[0THOfI CTaHIIUHU, IO CPABHCHHUIO C
AAaHHBIMHU HCIIBITAHUA MOACIMU CBAW HATYPHBIX pPAa3sMCpPoOB (BKCHCpI/IMCHTLI A.H.

Spkuna u H.B.Tumomenko). Bo3M0XHO, 3TO BBI3BaHO BIHUSIHHEM CHJI OOKOBOTO



o0kaTus TpH BMOpaXMBaHMU Mojened cBail Ha nabopaTopHbIXx mnpubopax.
UcKyccTBEHHOE HpPUIIOKEHHE HOPMalbHOH HArpy3ku okojio 1 r/cM® B CIBUTOBHIX
npubopax MOXXET BhI3BaTh, MO-BUIUMOMY, TOT XK€ pe3yibTar. Eciu He UMeTh B BHIY
3TO 00CTOSTENbCTBO, B I[€JOM HUCIBITAaHUS NpOBOAMIUCH B cooTBeTcTBUU ¢ ['OCT
24586-81 “Metonsl nabopaTOpHOTO ONpEaeTICHHS  XapaKTepUCTUK MPOYHOCTH H

n1ehOopMHUPYEMOCTH MEP3JBIX TPYHTOB”.
CABUT

OmnpenenieHre NPOYHOCTH HA CABUT BBIMOJHAIOCH Ha NpHOOpax KOHCTPYKIIUHU
I'mapponpoexta B coorBerctBUuM ¢ ['OCT 24586-81. [lns uUCKIOYEHHUS HNEPEKOCOB
o0Opa3moB mo Mepe neGopMHPYEMOCTH NMPUMEHSJICS CIBHI HW)XKHEW YacTu obOpasma,
DU IPUIOKEHUM CBEPXY HOPMAIbHOM K IIOBEPXHOCTHM HArpy3KH, 3aJaBaeMou

JTUHAMOMETPOM.
OIMPEAEJEHUE JE®OPMUPYEMOCTHU
KOMIIPECCUOHHBIN METO/

KomnpeccrnoHHBIII METOJ MCHOBITAHUS MPUMEHUM AJSI UCHBITAHUS 3aCOJEHHBIX
MEp3JBIX TPYHTOB Ha CXHMaeMocTh. I[Ipu 3TOM OBITO HEOOXOOMMO YUYHUTHIBATH
HEKOTOpble OCOOEHHOCTH ATUX TIPYHTOB. B yacTHOCTH, NMOBBILIEHHbIE TpeOOBaHUS
NPEeabSIBIASIOTCS K KOPPO3WOHHOW 3amuTe aeTtajned mpubopa (omomeTpa) B CBSI3H C
YCTAHOBJEHHBIM (AKTOM OTXKaTHUs U BBIHOCA MOPOBOTO pacTBOpa Ha MOBEPXHOCTH
METAIJIUYECKUX YacTed oJloMeTpa, a TaKXKe BBICOKOW KOPPO3MOHHOW aKTUBHOCTH
3aCOJIEHHBIX MEP3JbIX MOPOJ.

N3-3a mOBBIMIEHHOW MJIACTUYHOCTH U CHKHUMAEMOCTH 3aCOJEHHBIX MEP3JbIX
TPYHTOB MPOJOJIKUTEIBHOCTh ONBITOB MOXET JOCTUTATh 4-X U Oojiee MecsIeB, a 3TO,
B CBOIO O4Yepeab, NPEABSIBISIET 0cOOble TPEOOBAHUSA K MONAEPKAHUIO TEMIEpPaTyphbl U
00CIIy>)KUBAIOIIEMYy TIEPCOHAIY.

Jlns onpeneneHuss XapakKTEPpUCTHK CKUMAaEMOCTH MCHOJB30BAJICS CTaHIapTHBIN
OJIOMETp ¢ AuaMeTpoM Koubna 71.3 mm u BbeicOTOM 28 MM. OOMETp yCTaHABIUBAJCS
B pBIUYQXHBIM mNpubOp KOHCTPYKIIHHU AHUMC, no3BoasgBmIUNA NPOU3IBOAUTH
CTyleHuYaToe HarpyXXeHue 3aJaHHBIMH Harpyskamu. HM3mepenue nedopmanuii
MPOU3BOIUIOCH C TOMOIIbIO WHAUKATOpOB yacoBoro tumna (MY-10) ¢ menoit neneHus
0.01 mMm. Ymcno m BeauMuuMHa CTYHEHEHM Harpy3KH 3aBUCIAT OT TeMmmOepaTrypbl H
3acolleHHOocTH rpyHTa. Crueayromas CTyneHb 3ajJaBajach IOCJ€ YCIOBHOM

cTabunu3anuu OcajKW, KoTopas mpuHuManachk paBHou 0.01 mm 3a 12 gacosn. Ilo



pe3yiabTaTaM HCHBITAaHUN ompeneisiach cTabuiu3upoBaHHas nedopMmanus TPyHTa U

K03 GUIUEHT CKUMAEMOCTH.
OJHOOCHOE CXATHUE

HcnpiTanuss Ha OJAHOOCHOE CXXaTHe MAJA OlpeneiaeHus aePpopMarmOHHBIX
CBOMCTB MEpP3JBIX 3aCOJEHHBIX TPYHTOB MPOU3BOAUIUCH OJHOBPEMEHHO C
UCOBITAHUSAMU Ha TMPOYHOCTH M COOTBETCTBOBAJIM METOJMUKE, OMNHUCAHHON B
“PexoMeHganusIX MO OMPEACICHUIO JIUTEIbHON NPOYHOCTH U MOJI3YYECTH MEP3JIBIX H
orrasBmux rpyHto” C.C.BsanoBa u ap. (1966). [Ans ompeneneHuil ucrnoiab3oBajics
pBIUQXHBIH TpHOOpP C ILEHTPUPYIOIIUM YCTPOHCTBOM, HCKIIOYAIMHUM HEPEKOCHI
oOpa3moB. 3mepenue nedopmanuii mpoBOJAUIOCH C MOMOIIBIO 2-X WHAUKaTOpoB NU-
10.

DKCIEepUMEHTHl MPOBOAMINCH C pPa3HBIMH, HO TOCTOSHHBIMH B TEUYCHHE
JaHHOTO omnbiTa Harpy3kamu. OOpasnbl AOBOAMJIHUCH A0 paspyueHus unu 20%-Hoi
OTHOCHUTENbHOU JnedopMamuu, JOpyrue ONBITH 3aKAHYUBAIUCH TPH 3aTyXaHUU
nepopmanuii, He mnpeBpmarmux 20%, NepuoOAUYECKH MPOU3BOIUIUCH OTCUETHI
nedpopmanuii. HMcnplTaHUS TPOMOIKAIUCH 0 HECKOJNBKHX CYTOK U HEICINb.
Haunbonpmias npogoKUTENbHOCTH OMBITA COCTABHUIA OKOJIO TPEX MECSIIEB.

CneuunaibHo Ob1I10 IIOCTaBJIEHO BOCEMHAaAllaTh IKCIIEPUMEHTOB
NPOJOJIKUTEIBHOCTHIO HECKOIBKO JIET.

Jlnst coXxpaHEHHUS TOCTOSHCTBAa HAaNpsKEHHUS B TEYEHHE BCETO IMpolecca
WCIBITAHUN Harpy3Ka yBEJIWYHBAIACh MPOMOPIHOHAIBHO YBEJIUUYEHHUIO MOMEPEYHOTO
cedeHus obOpasma rpyHrta mo mepe ero aepopmupoBanusi. [Ipu 3ToM He y4HTHIBAIach
aunaTaHcus o0pas3oB, COCTABIsABIIAN, MPaBla, HE3HAYUTEIBHYIO BEIUYUHY.

[Io pesynbTaTaM HCHOBITAHUHW oONpeAeNsInuch MOAYIH aAedopmanuil, a TakxkKe
napaMeTpbl CTENEHHOTO ypaBHeHUs annpokcumanuu nonsydectu C.C.Banosa (1966).
Bce oOpa3mbl mociie MCHBITAHWUNA TOABEPrajvch HCCIEAOBAHWIO Ha 3aCOJEHHOCTD,
BJIQXXHOCTh, YaCTh 00pa3OB - Ha MIOTHOCTh. MccinemoBanochk TakKe MUKPOCTPOCHHE

qyacTu 00pa3mos.
4.3.2. METOJIUKA UCIIBITAHUN CBAU

HcnpiTanus cBali mMpoBOMUINCH IO MeToauke, u3noxeHHo B [OCT 24546 -81.
CxeMa yCTaHOBKHM JAJisi HMCHOBITAHUW CBall mpuBeneHa Ha puc. 15. Hcmonbp3zoBancs
nomkpat JII'-600 u HacocHas crannus HCIT-400M.

Bce koHcTpykuum OBIIM  pacCYUTaHbl Ha COOTBETCTBYIOLIME Harpys3KHu.
N3mepeHuss mnepeMelleHUl CcBam NPOBOJMIMCH IO CMELIEHUI0 OTHOCHUTEIbHO

CIeNHaTbHO MPOOYPEHHBIX aHKEPOB ¢ MOMONIbI0O HHAUKATOPOB YacoBoro Tuma MY-10



¢ tTouHocthio 0.01 mMm. IlpeaBaputenbHO mNoOmaAKa HCHBITAHHUNA pa3zdypHuBaliach
CKBa)kMHaMu rinyounoi 10 M C JOKyMeHTalueil CKBaXMH M ONpoOOBaHUMEM Ha
rpaHyJOMETPUYECKHUH  COCTaB, BJIAXHOCTb  (JIBAMCTOCTH) U  3aCOJEHHOCTD,
NpPOU3BOAUINCH TaKXe TeMIepaTypHbIe uzMepenusi. B mpomecce wucCHbITaHUN
u3Mepsaachk TeMIeparypa OCHOBaHUs, nepeMenienuss csau uepes 0.5; 1; 2;4; 8; 16 u
24 4yaca, 3areM C HHTepBaioM B 24 wdyaca. 3arpyxeHue cBall IPOBOJIUIOCH
paBHOMEpHO, 0€3 yaapoB, CTYNEHSIMHU 3arpyXeHus, BeIMYWHA KOTOPBIX COCTaBIsia,

KaK NpaBuUJIO, OJHY MATYI0 OT HAauOOJbIIEH HATPY3KHU.

AT sommvemmslt

N

Puc. 15. Haepyzounoe ycmpoticmeo u uzmepumenvbHas cucmema O UCHbIMAHUSA
ceau: I - auxepa; 2 - ynopuas o6anxka; 3 - oomkpam; 4 - ucnelmyemas ceas, 5 - pamka

015 KpenaeHuss UHOUKAMOPO8.

[IpooMXKUTENBPHOCTh KaXJOW CTYNEHHM HarpyXeHHus cocTaBisiaa 24 yaca uUiIu
CTYHNEHb BBIJAEpPXKUBANIACH JO YCIOBHON cTa0MIM3alluM OCaAKU. 3a YCIOBHYIO
cTabunu3alnuilo NpUHUMAJIACh BEJIMYUMHA OCAaJKH, paBHas uiaum MeHbwasg 0.2 MM 3a
nocieaHue CYTKM HaOmroneHuil. Pe3ynprarel ucnblTaHUM oOQOPMISIINCHE B BHJE
rpa@uKoOB M3MEHEHHUS BEJIMYHUH OCAaJKM BO BPEMEHU M NO CTYNEHAM 3arpyX eHus u

Fpa(l)I/IKOB 3aBUCUMOCTHU BCIIMYUH OCAAKH OT HATPY3KH.



I''TABA 5. OCOBEHHOCTHU COCTABA U CTPOEHUSA 3ACOJIEHHBIX
MHOT'OJIETHEMEP3JIBIX I[TOPO/]

5.1. XUMUYECKUN U MUHEPAJIBHBINT COCTAB 3ACOJIEHHBIX
MHOT'OJIETHEMEP3JIBIX ITOPO /I

K 3acolieHHBIM MEp3JbIM MOPOJIaM OTHOCSATCS BCE JUTOJOTHUYCCKHE THUIBI JHC-
MEPCHBIX 0CANOYHBIX OTJIOXKEHHU, CONEepKAN[He B CBOEM COCTaBE PAaCTBOPHMBIE COJIH
B konmuectBe Oomee 0.05% wm Haxoxmsammecs B mMep3iaoMm coctosHuu. Cymecdano-

CYTJIMHHUCTBIC U 0COOEHHO TJIUHUCTEIE mopoasl BBHIAY ocobeHHOCTEH MHHCPAJIBHOTO



cocTaBa aJcopOUpPYIOT HAa MOBEPXHOCTU T'PYHTOBBIX YAaCTHUI KaTHOHBI, CIIOCOOHBIE K
nonnomy obmeny (Na*, Ca?', Mn?' wu gap.) ¥ SABIAOMIMECH, KaK MPaBUIIO,
KOMIIOHEHTAaMHU BOJHOpPAacTBOPUMBIX cosieil. OOmiee conpepkaHue TaKUX KaTHUOHOB
MOXET JOCTUraTh, HaAIpUMEP, B MOHTMOPHUIJIOHUTOBON riuHe 150 mMr-sxs Ha 100 r
rpyuta (CpyntoBenenue, 1971), uto cocrasuser okono 3% mo Becy ans Ca?* unm
Na*. Yamie 3Ta BeJIMUYMHA 3HAYUTEIBHO HUXKE.

Ha cBoiicTBa Mep3abIX IUCHEPCHBIX MOPOJ HNPEXKIE BCEr0 OKA3bIBAIOT BIMSHUE
COJIM, COJAEpIKAUMECs B IOPOBOM pacTBOpE.

XUMHUYECKUHA U MHHEPAJbHBIM COCTAB YAaCTHUI MEP3JbIX AUCHEPCHBIX IMOPOJ,
coJeprKalluX B MOPOBOM PacTBOPE BOJHOPACTBOPUMBIE COJIM, KAK MPaBUIIO, HE UMEET
CYIIECTBEHHBIX OTJIMYMH OT cOCTaBa HE3aCOJEHHBIX nopoxa. B kauecTBe mnpumepa
MOXHO HPUBECTH JaHHbIE O XMMHYECKOM COCTaB€ THUIMYHBIX MOPOJ MOJYyOCTpOBa
SIMan ¥ TPYHTOB M3 JIpyrux paiioHoB (Tabn. 6, 7 u §). Ob6pamaer Ha ceOs BHUMaHHE
JOBOJBbHO Y3KUM IManma3oH U3MEHEHUS COJEpPkKAHHUSI OCHOBHBIX XMMHYECKUX KOMIIO-
HEHTOB Ul TPYHTOB IOJyOoCTpoBa SImMan, He3aBUCHUMO OT pa3Mepa I'PyHTOBBIX dHac-
THII.

MuHepajipHblii cOocTaB MeCUYaHOM M MbIJIEBAaTOM (Qpakuuil AUCHEPCHBIX
3aCOJIEHHBIX nmopoJ n-oBoB fAMan u KOropckuii, mo HalmuM JTaHHBIM, XapaKTepu3yeTcs
npeobnanmanuem kBapua (67-85%) c¢ niarumokiazamu (anbOMTOM C HE3HAYUTEIbHOU
IIpUMECHI0 aHOpTUTA). BeposTHO, onpeaeneHHas 4acTbh 3TUX MUHEPAJIOB COAEPKUTCS
B BHUJE 00JIOMKOB mopoJa. B rmuHucTON ppakium npuCyTCTBYIOT THIPOCIIOBI, KAaOJH -
HUT, MOHTMOPHUJIJIOHUT.

I[To nanusiM B.T.Tpodumoa u npyrux (IlonmyoctpoB fAman, 1975), necuansie
3aCOJIEHHbIE MeEp3Jible MOopoabl SIMana OTIMYaeT MPEUMYLIECTBEHHO KBapleEeBbIH cO-
ctaB (comepkaHue kBapua ot 65 no 97%) u nmpuUCyTCTBHE B TsKEJNOW Gpakuuu Jiu-
MOHHUTA, dMUA0TA, MUPOKCEHOB U aM(puOOIIOB.

JIns TAMHUCTBIX MOPOJ B NMecyaHOW (QpakUMM XapaKTepHbI MOJIEBbIE IINAThl U
KBapll, a COCTaB TJIMHUCTOM (PpakuUUM SBIASETCS MOJMMUHEPATbHBIM (THIPOCIIONBI,
MOHTMOPHUJIJIOHUT, KAOJWHHUT, THUAPOOKHUCIBI XKe€je3a, 4acTO C BBICOKOH CTEMEeHbIO
nucrnepcHoctr). Hambonee THUNUYHBI THUAPOCIHIONBI; B TMpOIlecCe aHareHesa, Mo-BU-

ANMOMY, BOBMOXHO UCUC3HOBCHUC MOHTMOPUJIJIOHHUTA.

Tabruya 6. Xumuueckutl cocmaé OCHOBHLIX MUNOE OUCHEPCHBIX Nopoo. [lanHbie
JI.b.Pyxuna

Tuns! nopox Copepxanue, %

SiO2 | TiO2 | AlbOs | Fe;O3 | CaO | MgO K20 Na,O
KBapiieBsbrit 98.6 - 0.19 0.08 | 0.15 | 0.05 - -
MIECOK




ApPKO30BBI 68.3 | 0.46 136 | 4.08 | 3.93 | 2.28 1.54
MIECOK
I'payBakkoBbIii | 66.1 0.7 154 6.8 2.3 1.8 2.2 2.6
MIECOK
AJeBposuT 58.8 | 0.86 17.2 5.6 26 | 2.03 0.21 3.31

Kaonmunurosas | 45.0 | 0.66 | 3725 | 2.11 | 0.56 | 0.42 0.77
TJIMHA

MonTtmopH- 59.3 | 0.3 248 | 226 | 214 | 3.85 0.39
JIOHUTOBAS

TJIMHA

IManpocmio- 512 | 0.33 | 21.23 | 490 | 1.29 | 4.24 6.23 0.33

JAUCTasi rjimHa

B uerBepTuuHBIX OoTNOXEeHHIX SAMmana conepxarcs kapOboHaThl (OT JOJEH HPO-
ueHra Ao 1.5-2.1%), npuyeM HauMMEHbIIEE UX KOJIUYECTBO XapaKTEpHO s alJlOBU-
allbHBIX OTJOXCHHU, a HaWOoOJIbIIEe - JJISI MOPCKHUX, OCOOCHHO MJIs OTJOXCHUHU ca-
JEeXapACKOM CBUTHI. DIM3KMHA COCTaB MMEIOT M 3aCOJEHHBIE Mep3Jible Mopoabl I'bi-
nanckoro nonyoctpoBa. ITo nanueim H.®.I'puropeena (1987), neineBatas u necyaHas
bpaknum OTIOXEHHW B KpaeBodW vacTu M. bypynnoro (3amamnsiii fIman), Takxe
COCTOSAT TJIaBHBIM 00pa3oM U3 KBaplia ¢ MNPUMECHIO IOJIEBHIX IINAaTOB, 3MHUAO0TA,
WIBMEHUTA U JPYTUX MHUHEPATOB U 0OJTOMKOB IMOPOI.

'nmuHucCTBIE MUHEpadbl B 3aCOJEHHBIX MEP3JBIX MOPCKUX OTJIOXEHHUIX, OdYe-
BUJHO, 00pa30BaluCh B pe3yjbTaTe OCAX/JACHUSA B BOJHOMN cpeae KOJJIOUIOB U APYTHUX
JUCHEPCHBIX YaCTHIl, T.€. HE XEMOTrEeHHbIM nyTeM. He3HauuTenbHYIO pOJb HUrparoOT
pa3nuuHble HOBOOOpa3zoBaHUs (MHUPUT, FITAYKOHUT M ApPYrue MoJoOHBIE MHUHEpabl).
HexoTopoe konuuecTBO kejne3a B MEP3JbIX MOPCKUX U aJJIIOBHAJIBHBIX OTJIOXKEHHUAX
ApkTuueckoro nobepexbss o0BbSICHIETCA, BEPOSTHO, €ro MHUrpalnueil B KOJJIOHIHOU
¢bopme Onarojapss OTHOCUTEIbHO BBICOKOMY COJIEP)KaHHMIO TYMYCOBBIX BEIIECTB B

BoJsie ceBepHbIX pek (Ilewopsr, O6u u ap.).

Tabruya 7. Banoewvlii xumuueckuii cocmag pvixjavlx omaioxcenHuu 6 % K npoxKaieHHou

nasecke (llonapuwiti Ypan). Januvie U.A. Tromwonosa

Kosdpumment | @pa- | SiO2 | Al203 | Fe203 | R20 | CaO | MgO | K20 | Na.O
HAKOTUJICHHSI M | KITHSI, 3
MOJIBUKHOCTH | MM

1o r1youHe, M

['ny6una 6.2 0.005 | 51 22 11 34 1.6 4.5 3.4 1.4




To xe 0.005 | 57 18 8.5 27 2.6 4.6 2.4 3.0

Koadpduuuent | 0.005 | 0.9 1.3 1.3 1.2 | 0.6 1.0 1.2 0.4

HaKOIIJICHU

Koadpduuuent | 0.005 | 0.7 1.0 1.0 1.0 | 05 0.8 0.9 0.4

INOJABM>KHOCTH

Psn mogBmwxkHocTH  S>SIO2>P; Na>Ca>Ti; Mg>K>Al>Fe>Mn

Ta5fzuua 8. Xumuueckuii cocmae OCHOBHbBIX MUNOE MepP3JIblX 3ACONEHHbLX Oucnepcyblx

nopoo n-oea Aman

Twurmbr Copaepxanue, %
opoJ SiO2 | TiO2 | AlO | Fe2O | CaO | MgO | K20 Na20
3 3

ITecok, 03. 80.6 | 0.69 | 9.36 | 2.32 |1.07| 0.37 | 2.26 1.86
Tubeui-To
[Tecok, p. 83.7| 0.66 | 7.96 | 1.88 |1.10| 0.04 | 1.50 1.22
Epkyra-fxa
[Tecok, 78.4) 0.72 | 9.22 | 3.01 |0.79| 0.60 | 2.11 1.80
p.Ce-fxa
Cymnecs, p. 74.1] 0.95 [11.23| 3.94 |1.59| 0.96 | 2.12 2.10
Epkyra-Sxa
Cynecs, 70.8| 1.01 [12.76 | 4.67 |1.27 | 1.28 | 2.21 2.02
p.Ce-Sxa
CyTrauHOK, 67.4 0.94 [13.45| 5.30 |1.14 | 1.52 | 2.42 2.10
03.Tubeii-To
CyriIvHOK, 68.2 | 0.99 [13.46| 5.30 |1.49| 1.68 | 2.27 1.70
ct. O6¢ckas

JInst Mep3JbIX 3aCOJIEHHBIX IMOPOJ XapaKTEpHO NPHUCYTCTBUE, OCOOEHHO B
0onee AUCIEPCHBIX pPAa3HOBUIHOCTAX, OPraHMYECKOTO BEIIECTBA, JO HECKOJIBKHX
BCCOBBIX MMPOLNCHTOB.

[TockoabKy T OPOABI MPEACTABIAIOT COOOW TTaBHBIM 00pa3oM cia- OOJUTH-
bunupoBaHHbIe OCaAKHM APKTHUYECKUX MOpEH, TO OHU, KaK U COBPEMEHHBIE AapKTHU-
YC€CKHUE OCaJgKHu, BCPOATHO, MOTIJIH OBl OBITH OTHECEHEHI IIO MHUHCPAIOTHUYECKOMY CO-
CTaBy K OJHUTOMHUKTOBBIM TOJIIIaM. O)IHaKO B CBA3HU C CYPOBBIMU KIUMATUUYCCKUMHU
YCIOBUAMU W NMOAABJICHHUEM AKTHBHBIX INMPOLOECCOB JIUTOTCHE3ada, B HUX €CTCCTBCHHO
NPpUCYTCTBUEC MHUHECPAIOB, OOJBIIMHCTBO U3 KOTOPBIX €€ HE€ AOCTHUTIIO KOHEYHOH

CTagAu BBIBETPHUBAHHUA, IMO3TOMY OHH MMCIOT B ICJIOM ME30MHUKTOBBIA COCTaB.



3acojeHHblE OUCIEPCHBbIE MOPOABI, HAXOISAIIMECS 3a MNpeAelaMH KPHUOJIHUTO-
30HBI, HaIpuMep, Malkonckue riauuel LlenrpansHoro IlpenkaBkaspsi, UMEIOT CXOQHBIN
XMMHUYECKHUH W MHHEpalbHBbIM cocTaB. KpoMe TOro, OHM XapaKTEepHU3YIOTCS IpH-
CYTCTBUEM JIETKOOKHCJISAIOMHUXCSA ayTUTEHHBIX MUHEPAJIOB: NUPUTA, CUAEPUTA U APY-
FUX B BUJE OTAEIbHBIX KpPUCTAJJIOB, 3¢peH U KOHKpeuui. B xoxe nuarenesa 3Tux
ocaJKoB 0o0pa3oBaHHWE ayTHUTEHHBIX (OpPM JKeje3a MPOUCXOIUT MOCIEIOBATEIbHO OT
JNENTOXJIOPUAOB UYepe3 cuaepuTbl a0 nuputa. OCHOBHOUW nelcTByrmuini Qaktop -
MHKpPOOHMOJIIOTHYECKOE BOCCTAaHOBJIEHHE MNPU JePUIUTE KHUCIOpPOAAa KaK OKHUCHBIX
dbopMm xkene3za B MOJABUIKHBIE 3aKHCHBIE, TaK U Cylb(}aTtoB rerepoTpodubIMU OakTe-
pusmu (3arenankas, 1985).

B 3acoyieHHBIX MEpP3JIBIX AUCHEPCHBIX MOpPOJax NPUCYTCTBHE JIETKO- OKHUCISIO-
IUXCS ayTUTEHHBIX MUHEPAJIOB TaKKe€ BO3MOXHO, OJJHAKO, B 3HAUYUTEIbHO MEHbILIEH
Mepe - M3-3a MOJaBJICHUS MHUKPOOMOJOTHMYECKHX NPOIECCOB NPH HHU3KUX TeMmIepa-
Typax. B 1menom naHHBIe O KPUOT€HHOM INpeoOpa3oBaHMU XHUMHKO-MHHEPAJIbHOTO
COCTaBa pPBIXJIBIX IOPOJ, KaK B IIpoOIecce NpOMEp3aHHsi, TaK U B MEP3JIOM HX CO-
CTOSIHMH, KpalHe orpaHudeHbsl. Hanmpumep, M.A. TOTIOHOB yKa3blBae€T Ha BO3MOX-
HOCTh NPOTEKAaHUS B MHOTOJETHEMEP3JIbIX TOJIAaX pEeakUUi KaTHOHHOro oOMeHa,
THIpaTalud U TUAPOJU3a B CUCTEME “MHUHEpalibHasg MOpoja - HezaMep3mas Bojaa’.
OnHako xapakTep, CKOPOCTh M YCJIOBHS TE€UEHHUS dTHUX pEaKIUN B yCIOBUAX MPaAKTH-
YEeCKH 3aKPBITOM CHCTEMBI M OTCYTCTBHUS CBOOOIHOW (ha3pl BOABI TPEOYIOT IKCHEPH-
MEHTAJIbHOTO MCCIEJOBaHUS.

He3aBepmeHHOCTh JIMTOTE€HE3a MEP3JBIX 3AaCOJNEHHBIX JUCIEPCHBIX IOPOJ
IpeanojaraeT akTUBHM3ALUI0 JUAreHeTUYEeCKUX IMPOLECCOB B cilydae OTTAaMBAHUA U
W3MEHEHHUS BHEIMHHUX ycioBUH. [[03TOMYy XMMHUKO-MHHEpPAJIbHOE COCTOSIHUE TaKuX

MOpPOoJ HECTAaOUIBHO.

5.2. XUMUYECKHUH COCTAB ITIOPOBOT'O PACTBOPA

CoctaB mMopoBOro pacTBOpa MEP3JIBIX 3aCOJEHHBIX MOPOJ ONpeAeNsieTcd HX
npoucxoxaeHuem. Ha Apkruueckom nodepexbe 3TH MOPOAbl OOBIYHO MPEJCTABISIOT
co00l MOpCKHE O0CaaKu, MOITOMY COCTaB CoOJIeil MOpPOBOro pacTBopa ONIU30K K
MOpPCKOMY. /[l KpHOJIUTO30HBI XapakTepHa ¢bU3NKO-XUMHUYECKass KOHCepBalus
MEp3JbIX nopoa. Mopckoil, NepBUYHBIA XapaKTep 3acOJIeHus, npeobiagaer B MOp-
CKMX, CHHT€HETHYECKH MpOMEep3aBUIUX Tojimax. B ciaydae smUreHETHYECKOTO Mpo-
MEp3aHUs COCTAB COJIEH B MEP3JbIX MOPOJAaX MOXKET OBITh pa3IUYHBIM.

Kaxk U3BCCTHO, MOpPCKaA BOJa OTIHUYACTCAd MOUYTHU MOCTOAHHBIM XUMHUUYCCKUM CO -
CTaBOM, C(bOpMHpOBaHHLIM B TCUCHUC NJIHUTCIBHOTO I€OJIOTHYCCKOro BpeMCEHH B pC-
3yJbTaTe BbIHOCA COJIE ¢ KOHTUHEHTOB U YCTaHOBJIEHHS paBHOBecusi. B cBoe Bpems

JI.T'. Cunnen (Sillen, 1961) moka3an, 4ToO XMMHUYECKHH COCTAaB OKEaHOB OJHM30K K



TEOPETHUYECKH pPACCUUTAHHOMY pacTBOPY, KOTOPBIM Haxonuiacs Obl B XMUMHYECKOM
pPaBHOBECHMHM C MHOTOYUCJIEHHBIMH MHUHEpajlaMM, HaXOISIIMMHUCSI B KOHTakKTe C
Mopckoit Bono#. I[logpaszymeBanoch, TakuM o00pa3oM, 4YTO Jda)Xe MPU H3MCHCHUH
CKOPOCTH NOCTYIUIEHHUS COJEH MM COOTHOLIEHUS KOHTAKTHUPYIOUIUX MUHEPAJIOB CO-
CTaB BOJABI OyJIeT TeM >Xe€ NPU BO3MOXKHOM KoyebaHuum coieHocTu. Ilpu 3tom TH-
NUYHBIE 00JOMOYHBIE TJIMHUCTBIE MUHEpaibl OJM3KH K PaBHOBECHIO C pacTBOPOM, a
OONBUIMHCTBO MEPBUYHBIX MUHEPAJIOB MarMaTHYeCKHX MOpoJ (MiIaruokiias3bl, Mmoje-
BOW WINAaT, NMPOKCEHBI, OJIUBUHBI) - HET. MOXKHO mpeanojgaraTh B 3TOH CBA3U, UTO
MOPOBBI pacTBOpP TAKOro cOCTaBa TakXe OyaeT NOBOJBHO YCTOMYMBBIM oOpa3oBa-
HHUEM.

B MopsXx npu OTIOXEHHUH OCAJKOB MPOMCXOAAT MPOLECCH YHNOPSIJOYEHUS
CTPYKTYpPBI BOJBI y MOBEPXHOCTHU pa3jiesia, BEITECHEHHs HMOHOB, aHa’poOHOTO OakTe-
pHAIBHOTO BO3JEHCTBUS, HOHHOTO oOMeHa m ancopbuuu. [loaTomMy cocTaB mopoBOit
BOJBI J1a)X€ MOPCKHMX OCaJAKOB B TOM MJIM HMHOM CTENEHU OTJIHUYAETCSI OT COCTaBa
MOpcKoO#l Boabl. CONEHOCTh MOPOBOM BOIBI OCaJAKOB BOJM3M AHA HEPEAKO OKa3bIBa-
ercs BbllIe, 4eM B Mopckoi Boae (Xopu, 1972), wacto cuuxkaercs pH. Ilpu stom
Habmonaercs u3MeHeHue koHuentpanuii Mg?*, K*, SO4%" m apyrux HOHOB, NPOUC-
XOJIHUT Ja)ke u30TonHoe ppaknuoHupoBanue. [lopoBbIil pacTBOp MOPCKOTO oOcajka B
Oonpmiedl WIM MEHBIIEW CTENEeHHM JUIIAETCA Cynab(paToB, PE3KO IOBBIIIAET CBOWM
meJI09HON pesepB u oOoramaercs Fe, Mn, dpochopom, MansiMu dTEeMEHTAMH, JIH-
maeTcss KUCJIOpoJa, B3aMEH KOTOpPOIO HAaKalJUBaKTCS CEPOBOAOPOJ], METaH, yrie-
KHUCHBIN Ta3 u npyrue ra3sl (Ctpaxos, 1962).

HauGonpmiee 3HaueHue, BBUAY HMX HpeobiIagaHuss B pacTBOpPE, UMEIOT HOHBI
Na*, Ca?*, Mg?*, Cl, SO4*> u CO3%. HX COOTHOIEHHE B OCaAKe B TOW MIM UHOM
CTeneHu OJIM3KO K MOpcKoi Bojae. OcoOeHHO 3TO KacaeTcs xJop-uoHa. M3-3a npakrtu-
YeCKOro OTCYTCTBUS COPOLMU MHUHEPaJIbHBIMHM YacTUIIAMH XJOPHUAOB IPU 3HAUECHUU
pH, xapakTepHOM i MOPCKOH Cpelbl, a TakXe HEBO3MOXXHOCTU OCaXJEHHUS XJO-
PHUCTBIX COJIEM M UX OTHOCHUTEJIbHON XMMHYECKOW HMHEPTHOCTH XJOPHOCTb MOPOBBIX
BOJI, KaKk MpaBUJIO, OTPAXKAET XJOPHOCTh OacceliHa ceJMMEHTalluu, C yUeTOM, OJHAKO,
BO3MOXHBIX TIporeccoB nupdys3uu.

B kadecTBe mpumepa MOXKHO TPUBECTH cleaywmyw Ttabauny (tabia. 9)
MOHHOTO COCTaBa MOPCKOW BOJBI WU BOJHBIX BBITS)KEK M3 YETBEPTHUUHBIX OTJIOXKEHUU
Ui pa3dudHBIX pailoHOB APKTUKH (B % 2KB). OTHOCUTEIBHO BBICOKOE COJIEpIKAHUE
XJIOpa U MarHus yKa3blBaeT Ha MOPCKOE MPOMCXOXKJIEHHE HOHOB IMOPOBOTr0O pacTBopa

B 3THUX I'pYHTax.

Tabruya 9. Houuwlii cocmas MOpPCKOU 600bl U BOOHBIX GbIMANCEK U3 3ACOJIEHHbIX
Mep3AblX NOpoo PA3IUYHBIX palioHo8 Apkmuueckoeo nobepexcvs 6 % (no
B.U.Axcenosy)



By mpo6s1 HCO3 | cI [SO4 |ca Mg | Na+ | Cyxoi Hcrounuk

K OCTaTOK
/1

Boga Kap- 5 42 28 14 35 40 25.9 JleamopHUU-
CKOT'O MOPSI 7.5 MIPOCKT
Kpuomnaru 58 6.0 - 50 5.2 26 9.1 Jlenrumpo-

TpaHC
To xe 3.1 61 - 52 5.2 25 57.9 To xe
[ToGepexnbe 4.6 45 - 21 95 38 33 CO HUUMOCTI
[Tedyopckoro
Mopst

Bonausie BbI- 7.5 39 3.3 3.2 117 34 0.7 TTHUNNC
TSOKKHU U3

CYTJIMHKOB

n.Amzaepma

To xe. n-oB 0.7 48 07 22 6.1 41 1.3 Tpyast

Sman [MHUNNC
(Hdybuxos
r.m)

To xe, MbIC 2.2 4 32 07 16 47 - Jlenrumnpor-

Xapacapai paHc

To ke, M-0B 6.5 39 35 2 1 47 0.76 To xe

Aman. (p.

FOpubeit)

To xe, Ilo- 0.3 34 151 56 5.0 39 1 Jlanuiios

oepexbe Uy- n.1.,1983

KOTKHU

To xe, MbIC 7.5 39 3.9 3.9 5.9 40 - JIen3HUUDII

[Imuara (Apxun A.H.)

To ke, T. 2.3 43 50 3.0 1.0 46 - To xe

IIeBek

I[To pmanweiMm I'.M. HBanoBo#t m apyrux (1982), mHanpumep, MUHepaau3alusi
MOPOBBIX BOJ TOJOLEHOBBIX OCagKOoB B bapeHueBomM MoOpe U3MEHAETCS
HEe3HauyuTeJabHO U Kosebnercs oT 34.9 no 35.4 r/n. ®usuko-xumMuueckass o6CTaHOBKaA
nepemenuuBa: Eh usmensercsa ot -203 no +56 mV, peakuus cpeabl HelTpanbHas u
cnabo menouHas (PH u3mensiercs ot 7.3 mo 7.7). XuMHUUECKUN COCTAB MOPOBBIX BOJ
xapakTepusyercs pe3kuMm npeobmaganuem NaCl u npakTudeckm COOTBETCTBYeET
COCTaBy MOpPCKOH BOAbl. B NpuIOHHOM cl0o€ MOPCKOW BOJABl cpeJa YCTOWYHUBO
okucnautenbHas U Eh waxomurcs B mpenenax +406 + +445 mV. B BepxHeMm cloe
0CaJKOB OHAa M3MEHAETCS Ha BOCCTAHOBUTENBbHYIO. [[OBBIIAETCS IIEIOYHON pe3eps,

MOSBIISETCS CBOOOIHBIN CEPOBOIOPO.



B To xe Bpemsa He3HAUHUTENbHBIE KOJEOaHUS KOHUEHTpAaUi cylb(paToB U Tui-
pokapOOHATOB HE HM3MEHSIOT B LEJOM MOPCKON THI BOJABI, a MPOIECCH AuareHesa
UAYT HEJOCTATOYHO HHTEHCUBHO.

BrnocnencTtBum Ha QopMuUpOBaHHME COCTaBa HOPOBOTO pPacTBOpa BTOPHYHBIC
IIpolecCchl OKa3blBalOT OoJsbliee BIUSHHUE. B 4YacTHOCTH, XapaKTEpPHO YBEJIHYEHUE
conepxaHus cyinbdaT-uoHa 3a CUYET OKHUCIECHHs mupura (depe3 oOpa3oBaHHE CYJb-
dara kKejae3a, €ero THIPOOKHMCHM U CEPHOM KHCIOTBI), KaK 3TO OTMEUYEHO
I'1.ly6ukoBeiMm (1986) nns mameoreHoBeIX Mopckux riauH 3amagnod Cubupu. Ilon
BO3J€HCTBUEM CyIb(haTpeAyUHPYIOIUX MUKPOOPTaHU3MOB B NMPHUCYTCTBUU OpPTraHHU-
YEeCKOTO BEIIECTBA BO3MOJKHA PEAYKUIUs CyIb()aToB MOPCKOW BOJBI:

S04?" + 2H20 + 2C(opr) » 2HCO3™ + H2S

Cynapdarpenyknus MOXXET OKa3bplBaTh Ba)XHOE BIHAHHE Ha NpeoOpa3oBaHHE
unosbix Boa (Camapuna, 1977). [Ipu yacTUYHOM NPOTAUBAHUHU MOXKET MPOUCXOAUTH
BBIIIEIAYMBAHUE 3aCOJIEHHBIX NOpoJ ¢ oOorameHueM QHUIBTPYIOMEro pacTBOpa
KapOoOHAaTOM KaJbIlMsg W BO3pacTaHWeM (Hapsaay ¢ OOIIMM ONpPECHEHHEM ) OTHOCH-
TEJIBHOTO cojepkaHus B pacTBope nonoB Ca’* m S042 unun Ca’* uw HCO". B cBow
oyepelb, 3TO CMEUIaeT aAcOpOIMOHHOE PAaBHOBECUE U MPHUBOJUT K BBIXOAY B pacTBOP
agcopbuposanHoro Na*, KoTopslii panee nonan B 0OMeHHBIH Komnuekc BMmecto Ca®*
u Mg?* npu npoMep3aHUU HACHIEHHBIX MOPCKOM BOJIOM JAMCIIEPCHBIX OCAAKOB.

HexoTopeie BakHble pOLIECCH NPOUCXOIAT NPU IpoMep3aHuu. Beinenenue yr-
JEKHUCIOro rasa HPUBOJAUT K €ro M30BITKY B pacTBOPE, YBEJIWYEHHIO COAEPKAHUS
OukapboHaToB W KapOoHaToB. YacTh kKapOoHATOB MOXeT ocaxjaarhcsi. Kpome Toro,
BBUJAY H30UPAaTEIbHOIO MOTJOUIEHUS MOHOB PAacCTYUIUM JIbJIOM MOXKET HPOUCXOIUTH
oborameHue MOpoBOro pacTBOpa, HaIpUMEpP, XJOPOM IO CPAaBHEHHUIO C MEHEEe MOJ-
BUKHBIMH CYyJb(paT-HOHAMHU.

Jlns HeMep3JbIX 3aCOJEHHBIX BOJA OBUIM pa3paboTaHbl KilacCU(DUKALUHU IO
XUMHUYECKOMY COCTaBYy, OTpakalolllMe BTOPUYHBbIE Mpolecch UX mMeTtamopdusauuu. B
YaCTHOCTH, AJId XapaKTEPUCTUKU BOJ COJEHBIX 03€p U JIUMaHOB Oblna pa3paboTaHa
knaccupukanus KypnakoBa - Bamsamko (KypuakoB u ap., 1936; Bansmxko, 1935,
1939). ITo3nuee M.I'. Bansmko (1971) nonomHua 1 MoauduIupoBal ee U MPeIII0 KU
UCIOJb30BaTh JJisg BCE€X BHJIOB MPHUPOAHBIX BOJ. B cooTBeTcTBMHM C 3TOH Kiac-
cuukanueil Bce NpupoIHbIEe BOJBI AeNsATCA Ha ABa kiacca. K mepBomy Kkiaccy oT-
HOCSITCS BOJBI, COJEp)KAIUE CEPHOKHUCIBIE CONM KalblUsi, MarHus HiIu HaTtpus. B
3TOT KJIacC BXOJUT MOpCKas BOJa, a TaK)Ke BOJBI 03€p U JIMMAaHOB, U MUTAHUHU KOTO -
pPBIX COJIIMH TJaBHYIO pojb urpaet mope. Cioga xe OTHOCSTCS MOPOBBIE BOJBI 3aCO -
JEHHBIX TPYHTOB ApKTHuUeckoro moOepexbsi. Ko BTOpomy Kiaccy OTHOCATCSA MpHU-
pOJHBIE BOJABI, COJIEp)Kallue HOHBI CEPHOW KHCIOTHI B TaKOM KOJHUYECTBE, CKOJbKO
TpebyeTrcs s oOpa3oBaHUS TOJbKO CEPHOKAJIbLIMEBOM CONM UM elle MeHee. B aTom

ciiydae pacTBop OyaeT coaepXaTbh XJOPUCTHIM Kamenuid. K sTOoMy kimaccy mpu-



HaJAJE)KaT BOJAOEMBI, B IUTAHUU KOTOPBIX COJSMHU TJIABHYI POJIb UIPAIOT IOBEPXHO-
CTHBIE M IOJA3EMHBIE BOJAbl. TakOW MOHHBIA COCTaB MOPOBOTO pacTBOpa XapakKTEpeEH
751 OONBIIMHCTBA HE3AaCOJEHHBIX MEP3JBIX MOPOJ, & TAKXKe HEKOTOPBIX 3aCOJICHHBIX
Mep3ablx nopon LleHTpanbHoW SIKyTMHM M Apyrux paloHOB. B mpenpenax 3THUX IBYX
KJaCCOB BBIJIEJICHBl THIBl BOJ N0 MpeoOianammuM KOMIOHEHTaM, COCTaBISIOUIUM
paBHOBecHue cucTeMbl. IIpennaraercss Takke HCHOJIb30BaHHE CIEAYIOMUX KO0d3pdu-

HUEHTOB MeTamMopdu3anuu:
_ MgSO4 _ CaClz Ks— Na2SO04

" MgCl:  MgClz  MgSOs

ITo BenuunHaMm 3TUX KO3()P(PULUEHTOB MOXKHO BBIACIUTh TIeOXUMHUecKue ¢a-
LMY TOPOBBIX BOJ, XapaKTEepHU3YIOUHUXCS OOLIMM IPOUCXOXKAEHUEM M COCTABOM.

C yueroM ocoOeHHOCTEHl Mep3JabIX MOPOJ BO3MOXHO HCIOJb30BaHUE HTOH
KJlaccupUKALUM I THUIU3AaIUU 3aCOJ€HHUs B paloHaX APKTHYECKOTO0 MOOEpexbs U
Cubupu.

CH0XHOCTh XMMHYECKOIO COCTaBa NMPHUBOAUT K BO3HMUKHOBEHHMIO XUMHUYECKHUX
peakuuii, peakuuil od6MeHa M (U3MUECKUX (TEMIOBBIX, FIEKTPUUECKHUX) SBJICHHUN B
MEpP3JbIX 3aCOJICHHBIX MOPOJaxX NMpU KojebaHusAx Temnepatypbl. C HUMHU CBs3aHa He-
YCTOMYUBOCTh XMMHUYECKOTO COCTaBa NOPOBOTO pacTBOPa MEP3JBIX 3aCOJEHHBIX IO-
pon.

O c10XHOCTHU M a)kKe HEOJHO3HAaYHOCTU BO3HMKAIOUIUX IIPU U3MEHEHUU BHEUI-
HUX YCJIIOBUH XMMHYECKHMX pEakUUid B MOPOBBIX pacTBOpax CBHUIETEIbCTBYET, Ha-
npumep, GakT, 4TO 3BANOPUTHI (FTOPHBIE MOPOABI COJIEBOTO cOCTaBa), oOpasyromuecs
U3 MOPCKOW BOJBI, C COBEPIICHHO HEU3MEHHBIM COCTAaBOM COJIEH HEU3BECTHHI B
npupoae (Herenc, 1967). Ilpu ucnmapeHun coJeBOTO pacTBOpPa YacTO OCAXKIAIOTCH
HeycTOM4YMBBIE MHUHEpalbHBIe (a3bl, B CBA3M C TEM, YTO KHHETHYECKUE (PaKTOpbI
NPEeNnsATCTBYIOT OCaXJIEHHUI0O HEYyCTOMUYMBBIX (a3 B mpeaenaax ux ycrohuupoctu. Maio
U3BECTHO OTHOCHUTEJIbHO BpPEMEHHU, HEOOXOAUMOTro AJsd NpeBpalleHUH HeycTOHMYnBOM
MHHepadbHON ¢a3pl B ycToWuuBylo. IlepBrIM Mpu HCHapeHUMH MOPCKOM BOABI
BBIIIaJJa€T B OCAaJO0K KapOOHAT KajblMs, 3aTeM ocaxjaaeTcs cyiabdart kanpuus. Ilo
HEKOTOPBIM JaHHBIM, OKOJIO IIOJOBUHBI BCEro IMPUCYTCTBYIOUIETO0 KOJHUYECTBA
cyib(aTa KalbLus BbIMAJaeT B OCAaJOK B BHUJE THIICAa IpEXkJe, 4YeM KOHIEHTpalus
COJIEH B pacTBOpe IOCTUraeT BEIUYUHBI, NIPU KOTOPOW KpHUBAsA PaCTBOPUMOCTHU
AaHTUApUTA IEepeceKaeT KPUBYIO pacTBOPUMOCTH TrHIca (dTa KOHIEHTpalus
NIPUMEPHO B 5 pa3 BhHIIIE HOPMaJbHOW KOHLEHTpAalUMU cojJed B Mopckoi Bone). Ha-
YyHas C DTOIO0 MOMEHTA AHTHJAPUT NEPEXONUT B yCTOMYHUBOE cocTossHUE. ITo npyrum
JaHHBIM, TEPBUYHOE OCaXJEHHE aHTHUAPUTA HU3 MOPCKOH BOABI MNPU OOBIYHBIX
TeMmneparypax HMCIapeHUs HEBO3MOXKHO, IIOCKOJIBKY OTHOCHUTEJIbHAs JIETKOCTb KPH-
CTAJUIM3allM¥ HEYyCTOMYHUBOTO THUIICA B I0JI€ YCTOMYUBOCTU AHTUIAPUTA IPEHATCTBYET

JOCTHXCHHUIO CTCIICHHU MNEepeChIICHUA, JOCTAaTOYHOH JJIsL 06p8.30BaHI/I}I AACP



KPUCTAJNIN3AIMU aHTUAPUTA. DTH SBICHHS HaONIOJalOTCA M B APYTUX pacnpocTpa-
HEHHBIX MHUHEPAJIbHBIX CHCTeMaX (aparOHUT - KAJIBIUT - JOJOMUT, THOOCUT - OEMHUT -
AUAcIop WK aMOp(HBIH KpEeMHE3EeM - KBapll).

Jlpyroii mpumep HEyCTOMYMBOTO paBHOBECHUsS B BoJe - KapOoHaTHOE
paBHoBecue (Xopu, 1972). OHO Takxe elle HEJAOCTAaTOYHO H3YUYEHO, OJHAKO €ro
0COOEHHOCTH B TOM, UTO OHO CBS3aHO C COJEPXKAHHEM YTJIEKHUCIOTo ra3a B ra3oBOW
cpele M ero pacTBOPUMOCTBHIO B BOJ€, MPUYEM YTJIEKHCIBIH Ta3, B OTJIUYHE OT
ApYTUX Ta30B, HE SBIAETCS XMMHUUYECKHM MHEPTHBIM IO OTHOMEHHIO K Bojxe. Kpome
OOBIYHOTO SIBJICHHS THUIpaTanmuu (pacTBOPEHHs), OH pearupyer ¢ BOAOH, 0o0pasysd
YTOJIbHYIO KHCIIOTY:

CO; (pacme) + HO &> H2CO3

Kucnora 3ateMm auccouuupyer B JBe cTaauu, oOpa3ys kapOOHAT-WOH U OHMKap-
O6onar-uoH. I[loHATHO, YTO conepX)aHHE B BOJE KaXAOW U3 3TUX (OpPM SBISETCSH
¢bynknueir pH, npuuem npu oObiuabIX 3HaueHusx (pH=7-8.5) nmpeobnamaer Ouxap-
O6onar. Ilpu ymMeHbIOIEHHH TeMIEpaTypbl YBEJIWYUBAETCS oOIIee COoAep)XaHUE yTie-
pona B Boje. Ilpu mOBBIIEHUN JaBJIEHUS TAaKXe€ YBEJIMYHWBACTCS COAEpKaHUE yriie-
KHCJIOTHI, KapOOHAT-HOHOB M OMKapOOHAT-MOHOB.

Ha d¢opmupoBanue cocTtaBa TOpPOBOTO pacTBOpa OKa3bIBAIOT BIHUSHHE
NpOIECCH MPOMEpP3aHus U MPOTAMBAHU, KOTOPbIE paccMaTpHBAIOTCI B riaaBe 7. OTo
SABJICHHE MOJXXHO Ha3BaTh “KPHOTEHHOW MeTamopduiamumeid” mo TepmuHoioruu A.B.
NBanoBa (1987). Ilpu »sTOoM “KpUOTE€HHOE KOHIEHTpPHpPOBaHHE - TIpoIecc
MOCIEeOBATEIbHOTO TOBBIMIEHUS KOHIEHTPAIUH pPACTBOPEHHBIX  BEIIECTB U
MHUHEpalu3alluu NOPUPOJHBIX BOJ B pe3yiabTare Kpuctamauizanuu iapaa (“friged
concentration” mo Nelson u Thompson, 1954). Ilpu »>3ToM wuHOraAa MOXKET
NPOUCXONUTh HM3MEHEHHE COCTaBa pacTBOpa W BHINaJEHHE COJIEH B 0CaIoOK B
pe3yapTaTe MpPOCTOrO OXJaXIECHHs, KaK HAOJI0IalI0OCh B COJSAHBIX 03epax BocTodHO#
Cubupu (UBanos, 1987).

Taxum oOpazoM, mpoIEecChl B MOPOBBIX PACTBOpax MPU M3MEHEHHUSX BHEUIHUX
YCIOBUH HE TOJBKO CJIOXHBI U HEYCTOWYMBBI, HO W cinabo m3ydeHbl. CeromHs MbI

UMEEM TOJIBKO 06HII/IC npeacCTaBJICHUA 00 YCIOBUAX U 3aKOHOMCPHOCTAX UX PA3BUTHA.

5.3. TPAHYJIOMETPUYECKUMN COCTAB

@aKkTOphl, ONpEeACHIIINEe TPAHYJIOMETPUUYECKUN COCTAB OTJOXKEHUHW, MHOTO-
YUCJIEHHBI. TBepAble YaCTHUIIBl, YBJIE€KaeMbl€ BOJHBIMHU INMOTOKAMH, COPTHUPYIOTCS MO
CIIOKHBIM 3akoHaMm. He Bcerna HauOosee MOIBMIKHBIMH OKa3bIBAIOTCS MEJKHE dYac-
Tulbl. B yacTHOCTH, OHU MOTYT OBITh HAaCTOJIBKO Majbl, 4YTO MNPENSITCTBYIOT 00Opa-
30BaHUI0 BHYTPH OCAJKOB BUXPEBBIX NOTOKOB, KOTOPHIE BBI3BIBAIOT JIBUXKEHHUE YacC-

Tu1. OHU OCTAIOTCS HEMOJBHXXHBIMHU, B TO BpeMs Kak 0ojee KPYMHO3EPHUCTHIN Ma-



Tepuan noasepraercs nepenocy (I'appenc, Makkensu, 1974). Ilpu BnageHuu peku B
OKeaH OHa BHIHOCHUT CMECh YaCTHUI[ Pa3HbIX pPa3MEpOB, KOTOPbIE OBICTPO pa3neasioTcs.
Kak npaBuio, B nepBy oyepe]b OCENAIOT NECKU U CYNECH, TNIMHBl MOTYT YHOCHThCH
Ha HECKOJbKO COTEH KHUJIOMETpPOB B OTKpbrIToe Mope. Ilo3ToMy mecku oTiaararTcs
O0nuxe k Oeperam, a TIIMHBI Aainbpiie oT HUX. OMHAKO TOHKOAUCIEPCHBIE OCAAKHA MOTYT
OTJIaraThCsi U B HEMOCPEACTBEHHON Onu30cTH OT OeperoB Ha yyacTKax C HHU3KOHU
SHEprued TeUeHUil U BOJIH, a UMEHHO B Jlal'yHaX, OTTOPOKEHHBIX OT OTKPBITOIO MOpPS
OappepHBIMH OTMeNsIMU. HampoTuB, NEeCKH MOTYT BBIHOCHTHCS TYpPOHJUTHBIMH
MOTOKaMH B T1y0OOKO€ MOpe B JIeCATKAaX KUJIOMETPOB OT MOOEPEKb.

N3MeHeHHsT NEepBUYHOIO TI'pPaHyJOMETPUUYECKOIO COCTaBa OCAJAKOB YaCTHUYHO
NPOUCXOIAT TAKKE IPHU MPOMEP3aHUU U 00E3BOKUBAHUM.

Mopckue necuaHnble OCaJKM M3HA4YaJbHO XOPOLIO COPpTUpPOBaHbl. B HUX mouTu
OTCYTCTBYIOT Ipumech nbuieBarbix yactul (Pyxun, 1961; benos, Jlanuna, 1961).
MHorue mnecyaHble 3€pHa 4YacTO XOPOIIO OKAaTaHbl, MOBEPXHOCTb HX CIJa)XEHHas,
O0necrtsamas. [ muHUCTHIE TPUOpPEKHBIE OTIOXKEHHUS, B OTIMYNE OT MEeCUYaHBIX, OOBIYHO
IJIOXO COPTHUPOBAHBI MU COJAEPKAT 3HAUYUTEIbHYIO IMPUMECH IMECUYAHBIX U IbIJIEBATHIX
YaCTHL.

[leckn ¢ yBenuyeHHeM TIAYOMHBI MOpPS M yMEHBIICHHEM IOJBUXXHOCTH BOJIBI
CTaHOBATCSA Bce 0o0jJee MEJIKO3EpHUCTBIMM U COJEp)KAaT BCE OOJBIIYIO HPUMECH
nblaeBaTbiX 4acTull. O MEIKOBOJHOCTH TJIIMHHUCTBIX OTJIOXEHUH CBUJETEIbCTBYET B
OONPIIMHCTBE ClydaeB TPHUCYTCTBHE B HHUX MPUMECH T[ECYaHBIX YaCTHII,
pacTUTENBHOrO0 JAETpUTyca M CHOpP HAa3eMHBIX pacTeHuil, oOpa3zoBaHHE B PE3KO
BbIpa)K€HHONW BOCCTAaHOBUTEJIBHON cpele HM3-3a 3HAYUTEIbHOTO COJEp)KaHUS opra-
HUYECKOTO BEIIECTBA, COYETAHUE C KOHTUHEHTAJIbHBIMU OTJIOXKEHUSIMHU.

JIns 3acONEHHBIX MEP3JbIX TOJII, KaK TUMWYHBIX JJaryHHBIX ¢auuil, oObIYHO HE
XapakTepHbl rpyb6oob6soMouyHblie TUnbl. CpaBHUTENbHO HEOONBIIME pa3Mepbl NpH-
OpeXKHBIX JIaTyHHBIX BOJOEMOB, Majlasg ri1yOunHa U OblcTpas CMEHa YCJIOBUM OTiOXe-
HHUSI 0CaJKOB OOYCJOBJIMBAIOT HEMOCTOSHCTBO UX pa3pe3a. [lecuaHo-TIMHHCTHIE Ja-
ryHHble (anuu B oOmeM OJIM3KH K MEJIKOBOJAHBIM MOPCKHUM OTJIOXKEHUSIM, HO OTJIH-
4AaTCsA OT HUX XYJAIIEH COPTHPOBKOM B CBSI3M C MEHbIIEH JIUTEIBHOCTBIO MEPEHOCA
(Pyxun, 1961). OcoGeHHO XapakTepHa TMJoxas COPTHPOBKA OTJIOXEHHUU JIsi ONpec-
HEHHBIX OacceilHOB. MOXHO MpPEeaNoJIOKUTh TaKKe HEKOTOpPOE BIHUSHUE CYPOBOCTH
KJIMMaTa, JIJUTEIbHOCTh CYH[ECTBOBAHUS JEASHOrO IOKpPOBAa, NPENATCTBYIOIIETO

BOJIJHCHHUIO U NEPEMCIICHHNIO BOJHBIX MacCC.

Tabruya 10. I'panyromempuveckuii COCmag HEKOMOPbIX MUNOE 3ACONEHHBIX MeP3IblX

nopoo

['panysnomerpuueckuii coctas, % Pasmep yactun B MM




Ha3zBanue necyaHble IblJIEBAThIE TJIMHUCTBIE
>0.25 | 0.25 | 0.1- | 0.05- | 0.01- | 0.005- <0.001
-0.1 | 0.05 | 0.01 | 0.005 | 0.001

[Mecok 1 21 54 15 2 1 6
(n.boBaHEeHKOBO)

Cymech (p.Epkyra- - - 13 75 6 5 1
Sxa)

CyriauHok - 1 4 20 16 30 29

(03.Tropun-To)

Taxum  o6pa3om, 1ias nOpuOPEXKHO-MOPCKUX  OCaAKOB  APKTHYECKOTO
nobepexbs, C KOCOM CIOMCTOCTHIO, BBICOKMM COJEpKAaHUEM OpPTaHUKHU, PE3KUMHU
cMeHaMu ¢auuil ciaeayeT NPEANOJNOXHUTh clalyloo COPTUPOBKY MaTepuala u
OKaTaHHOCTb, IbIJIEBATOCTh NECKOB M NECYAHYIO MPUMECH B I'JIMHAX.

NMeHHO 3T 0COOEHHOCTH M NPUCYILH, KaK MPaBUJO, 3aCOJEHHBIM MEP3JbIM
noponam. B Ta6un. 10 npuBeaeHb TUNMYHBIE TPAHYJIOMETPUUYECKHE COCTABBI 3aCOJICH -
HBIX OTJIOXKECHHU.

JlaHHbBIE MOJIEBBIX UCCIEJOBAHUN CBUJETEIbCTBYIOT, UTO AJSI NPUOPEKHO-MOP-
CKUX OTJIOKEHUW capTaHCKON MOpPCKOH Teppachl Ha nmoOepexbe KopoBuHckoit, boi-
BaHckoM u XaWnyabipckoil ry0 Ha EBpomnelickom CeBepe XapakTEpHbl NECKH, PExe
cynecu. 3acoOJIEHHbIE OTJIOKEHHUS MOPCKOM Jnaiijipl TakXe MpeJCcTaBJIEHbl INEeCKaMU U
CyHecsiMH; IPH 3TOM NECKHU COCTOSAT MPEUMYIIECTBEHHO U3 YACTHUIl MEJIKOW MU Mblie-
Batol ¢pakuuit (I'eokpuonorus CCCP, 1988). Ha nmoOepexre UykoTckoro mops,
cpenu riay0oKo BAAIOIIUXCS 3aJMBOB, NEpBasg MOpPCKas Teppaca CJIO0KEHa CIOMCTBIMHU
IJIOXO COPTUPOBAHHBIMHM CYTIJIMHKAMU M CyHecsMHU C OOJBIIUM COJAEpKKaHUEM opra-
Huku (Muxenepnas reonorus CCCP, 1977). B.T.Tpopumossim (IlonyocTpor fAmaun,
1975) Obln caenad BBIBOJ O TOM, YTO Pa3JUYHBIE T'€OJIOTO-TEHETUYECKHUE KOMIIIECKCHI
MHOTOJIETHEMEP3JbIX OTIOXKEHUH SMana, cpean KOTOpPBIX OOJBIIMHCTBO SBISETCA
3aCOJIEHHbBIMU, HECMOTps Ha pa3HooOpa3ue TpPaHYJIOMETPHUUECKOro COCTaBa,
XapaKTepHU3YITCs BIOJIHE ONpEJeIeHHBIMU THUIIAMU AUCIEPCHBIX mopon. Tak, Hau-
0oJiee NUCHEPCHBIMU SBISIOTCS MOpPCKHE OTJIOXEHUS, OCOOEHHO cpeaHemencTole-
HOBBIE€ OTJOXKEHHUS calleXxapJACKOW CBHUTHI, a JAJs JJaTyHHO-MOPCKHX, BOJHO-JIEIHUKO-
BBIX U aJJIIOBHAJBHBIX 00pa3oBaHUN XapakTepeH Oojee mecuyaHbld cocTaB. OTioxe-
HUS NEpBOW, BTOPOM M TPEThEM MOpPCKHX Teppac Ha SMane MMEKWT, Kak IpPaBuUIoO,
TPEeXUJIEHHOE CTPOECHHUE: BHU3Y 3aJIeraloT NecKu, UX CMEHSIOT CYTJIMHKH, a B BEpXHel
4acTU paszpe3a mpeoOiagaroT Nmecku U cynecu. Jas JaryHHO-MOPCKUX OTJIOXEHUH
XapaKTepeH CcyNecdYaHO-NeCUYaHbli COCTaB U TMbIJIEBATOCTh. AJJTIOBHAJIbHBIE OT-
JOXKEHUs TMpeJCTaBICHbl MEJIKMMH U NbUIEBATHIMH MECKaMU, CYNECSIMU U JETKUMU

cyrnuakamu (Ilonyoctpos fman, 1975). Takum oOGpa3oMm, ONMHMCaHHbIE BbHIIIE OCHOB-



HBIE OCOOCHHOCTH rpaHyJIOMCTPHUUYCCKOTO COCTaBa 34COJICHHBIX MCP3JBIX MHTOPOJ

MOATBEPKAAIOTCA JTaHHBIMHU MO PAa3IWYHBIM palioHaM APKTHYECKOTO MoOep exXbs.
5.4. KPUOTEHHOE CTPOEHHUE

CTpYKTypBl U TEKCTYpPbhl MEP3JIBIX 3aCOJIEHHBIX MOPOJ M3YUYEHBl HEJOCTATOUYHO.
3.A.HepcecoBoit (1961) ycTanoBiieHa KaueCTBEHHAas CBSI3b MEXJAY 3aCOJCHUEM JHUC-
MEepPCHOTO TPyHTa, KaTHOHAMHU ONPEAEICHHBIX XUMHYECKHX 3JIEMEHTOB M €ro KpHo-
TeHHBIM CTPOEHHUEM IOCJe Npomep3aHusi, HacellleHHEe OTMBITOTO OT cojeil rpyHra
xkatuonamMu Fe3* mpuBoauio K 06Pa3’oOBAHMIO CIOUCTOM KPUOTEHHON TEKCTYPHI H
MakCHMMalbHOMY Ny4eHHMI0, Npu Hacbimenun Ca?* - K ceTyaTodl KPUOTEKCTypE H
cpenHeil BenuuuHe nydyeHus, npu HaceimeHun Na* m K - ToHkoceTyaTol KpHOTEK-
CType ¥ MHHHMalbHOMY nydeHuto. CpopmupoBaBmmecss JeasHble Npoxuiku B Fed*-
o6pasue cocrasusim 35.3% oT ero BeicoTH, a B Ca?*-06pasue - 8.2%, B TO BpeMs Kak
B Na'- u K%-o0pasnax o0pa3oBaHus TOPU3OHTAIBHBIX JEASHBIX MPOKUIOK
MpPaKTUYECKHU HE OBLIO.

KonnuecTBeHHBIN aHalu3 BIUSHUS coJiel Ha (GOpMUpPOBAHHE KPUOTEHHOTO
crpoeHus rpyHra Obin nposenedH A.H. XumenkoBbiM u A.H. Munaessim (1990). Umu
OBIIIO MOKa3aHO, YTO B KaoJHWHE NpHW yBenaudeHuu 3acosieHHocTH ¢ 0.05 mo 0.25%
bopMHpPYIOTCS ceTYaThle KPHOTEKCTYpPHl C yBEIMYUBAIOMIEHCS JOJIeH BEPTUKAIBHO
OpPUEHTHUPOBAHHBIX Hpocioek. O0mas ToamMUHA MPOCIOEK JbJa IPH 3TOM yMEHbIIa-
ercs. Ilpu 3aconenun 0.5 - 1.8% B KpUOT€HHOM CTPOEHHU MEP3JOTr0 IpyHTa mNpeood-
nagaeT cyOBepTUKalbHAasi OPUEHTUPOBKA JEASHBIX NIIMPOB. B Hamux skcmepuMeH Tax
Npu IPOMEpP3aHUU aMIAEPMHHCKOTO CYTJIMHKA THAPOCIIOIMUCTOTO COCTaBa B HHTEpBale
3aconenusa 0-0.3% obOpa3oBanachk CIOMCTO-ceTUATasA KPUOTEKCTypa ¢ mpeodiagaHuemM
FOpU30HTaNbHBIX mpociioek. [Ipu 3aconenun 0.4 - 1% B CyriIMHKE KPHUOTEKCTYPHI
cTpeMsaTcs K cerdyatomMy Tumy. [lo Mepe 3acolieHHMs TpPYHTa YyBEIHMUYHBAECTCH
KOJIUYECTBO BEPTHUKAJIBHBIX Tpocioek Jiabaa. [Ipum 3acomenHoctu 1-1.5% nensiHbie
MPOCIOWKH TJIOXO pa3jauyarTcs B oOmeil macce meps3noro rpyHra. [IpeobmamaroT
HUTEBUIHBIC KPUCTAJIBI JbJa, a TaKXKE OTIeJIbHBIE M30METPHUUYECKHUE KPHUCTAIIHKH.
I[Ipu npomopaxuBaHuu OEHTOHHMTA C 3acojieHHocThblo B mpegenax 0 - 1.15%
oOpasyeTcsi ceTuatas KPHOTEKCTypa C YBEIWYEHUEM JOJH BEPTHKAIBHBIX IMPOCIOCK
MpU YBEIHUYCHHUHU 3aCOJICHHUS.

Takxum oO6pa3zoM, B [eJOM NMPHU yBEIUUYEHHUH 3aCOJICHUS B TPYHTaX yBeJIHYHBA-
eTCsl JoNsl CyOBEepTHUKANbHBIX JICASHBIX MPOCIOEK W YMEHBIIAIOTCS WX pa3Mephl.
A.H.XumenkoB u A.H. MuHaeB 00BACHAIOT CBOU pe3yJbTaThl JUKBUIaUueH Aud-
¢by3HBIX 00070YeK BOJBl BOKPYT MHHEPAJIbHBIX YAaCTHI[ NMPU MOBBIIICHUU KOHIICH -
Tpau¥u TOPOBOTO pacTBOpa, yrHETEHHWEM IUICHOYHOTO MeXaHHM3Ma IepeHoca BIIarH,

NpEeUMYIIECTBECHHBIM POCTOM BEPTHUKAJBHBIX KPHUCTAJIOB 3a CHCT 3(1)(1)CKTI/IBHOFO OoT-



Boaa ¢ HUX TCIIJIa. OHu NOAYCPKUBAKOT, YTO paCCMOTpPCHHAA 3aBUCUMOCTb H3MCHCHHUA
KpPHOTCHHOI'O CTPOCHHUSA 3aCOJICHHBIX TPYHTOB PpCalIu3yCTCA B JAuamnma3oHC BJaXx-

HOCTeﬁ, OI'paHUYCHHBIX 3HAYCHUAMHU HUKKHCTO U BCPXHCTO MPCACTIOB MIACTUYHOCTH.
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Puc. 16. Kpuocennoe cmpoenue 06pazyo8 MOpPcKO20 CY2AUHKA C 3ACOJEHHOCMbIO
0.5% (n.Amoepma). Cneea npooonvuwviil pazpes, macuma6b 1:1; cnpasa nonepeuHuvli

paspes, ygeauverno 8 2.5 pasa.

KonnuectBeHHass 00paboTka CHUMKOB MHUKPOCTPOEHHS 3aCOJIEHHBIX MEpP3JbIX
nopon, nposenennas H.C. Hanerosoit (1996), mokaszama, 4YTO mNOpH 3aCOJCHUU
MEHSIETCSA COOTHOUIEHHWE CTPYKTYPHOW M TEKCTYPHOW JIBAUCTOCTH: MNPU OIUIKUX
3HAYECHHAX BIAXHOCTH JOJSI TEKCTYPHOW JBAUCTOCTH (32 CUET JIEASHBIX HIJIUPOB) B
3aCOJIEHHOW Mopojae yMeHbIIaeTcs, a CTPYKTYpHOW (JbAUCTOCTH MHUHEPAIbHOTO
ckenera) - yBeauuuBaeTcsi. Kpome Toro, B 3acCOJIEHHOM CYIJHMHKE MepecTpoiika
MOPOBOTO MPOCTpaHCTBA BhIpa)eHa cyabee, 4eM B HE3aCOJEHHOM, a H3MEHEHHE
CpeAHeTro pajMyca MOp TO BBICOTE Mep3JodW 30HB BooOmEe He Habmmmaetrcs (B
HE3aCOJICHHOM CYTJIMHKE CPEJHHH paguyc MOp B MHUHEPAIBHBIX HPOCIOAX MEXIY
JeASHBIMUA MIJIHPaMH Ha TMOPSAJAOK MEHBIIE, 4YeM Ha y4acTKe MAacCCUBHOWU TEKCTYpPHI).
H.C. HanetoBa 00BsACHSET 3TO OTCYTCTBHEM BBIPa)XEHHOTOo (QpOHTa MpOMEp3aHus,
MOJaBJICHNEM MHTpPAalMd BJIaru © JII000pa3oOBaHUEM OPTOTPOTHOTO THIIA,
W3MEHEHHEM MEXaHHW3Ma pOCTa MPOCIOEB JbJa OT MUTPAIMOHHO-CETPETAllMOHHOTO K
OPTOTPOTMHO-KOMIIpECCHOHHOMY. lIpm yBenwdeHWM 3acONieHUS B KAaOJUHHUTOBOW U

NOJMMHUHEPAIbHON TJIMHE 00pa3yloTcs ceTyaThle KpPUOTEHHbIEe TEKCTYphl IpH



YBEJIMYEHUHU JOJIHM BEPTUKAIbHBIX MUIUPOB, a B MOHTMOPHUJIJIOHHUTOBOH -
BeepooOpa3nas. H.C. HanmetoBoil OTMEUEHO TakXe, YTO OCHOBHBIM MEXaHHU3MOM
IIEpEHOCa HOHOB BOJOPACTBOPUMBIX COJEH SABJIAETCA UX IEPEHOC MOTOKOM
MHUTpHUpPYIONEH Biaru, yro panee Obuio moayudeno JI.B. YUuctorunosweim (1973), H.II.
AnucumoBoil (1985) u moaTBEpPKAEHO HAUIMMHU 3KCIEPUMEHTAMU, PACCMOTPEHHBIMHU
B 7 rnaBe. UHTepecHBIM HaOJIIOEHUEM SBISETCSA TO, YTO B Ja0OPAaTOPHBIX yCIOBUIX
KPUOTEKCTYpHl, pa3duyaloliuecs B  HE3aCOJECHHBIX TIHHHUCTBIX IOpOJaax B
3aBUCHUMOCTHU OT COCTaBa, MOCJE HEKOTOPOrO 3aCOJEHUS CTAHOBATCS CETUYATBIMU C
O6onpuIoi noneu BEPTUKATbHBIX HIJTUPOB. OnucaHuble 0COOEHHOCTH
CTPYKTypooOpa3oBaHHs B 3aCOJICHHBIX MEP3JbIX NOpPOJAaX CBHIETEIbBCTBYIOT 00
0c000i poJIM 3aCOJICEHUS], YMEHBIICHUN B HUX CTeNeHu AupdepeHnnanuu BeuiecTna,
cnaboil KOHCOJMIMPOBAHHOCTH UM CTENEHHW HM3MEHEHHUs TMEPBUYHOTO CTPOCHUS
ocankoB. Takum oO6pa3zom, mposBIAIETCS CBOCOOpa3sHbId 3 PEeKT KOHCEPBAIUU COIAMHU
CeAUMEHTAIIMOHHBIX YEPT CTPOCHUS.

B moneBBIX yCIOBUSX KPHOTEHHBIE TEKCTYpHl 3aCOJEHHBIX MEpP3JBIX HOPOX
OMHCAaHBI PAAOM aBTOPOB. [l0 HAKMM JAHHBIM, JJIS 3aCOJECHHBIX TIHMHHUCTBIX MEP3JIBIX
nopoa lOropckoro monyoctpoBa u Apktuueckoro moOepexps [ledyopckoil HuU3MEH-
HOCTHU XapaKTEpPHbl MEJIKO- U TOHKOCJIOUCTBHIE, CETUATO-CIOUCTbIE U HEIOJHO-CEeTYa-
ThlE KPHOTEHHBIE TEKCTYyphl. BcTpedaroTcss Takke KOCOJHMH30BUIHAS, IMeEpHCTAs,
TOHKasi JIMH30BHJAHAA W MAacCCHBHAs KpPHOTEHHBIE TeKCTypbl. [lo JgaHHBIM
B.T.Tpodumosa u KO.b.bany (ITonyoctpoB fAman, 1975), B cuHreHeTHYECKUX OTJIO -
KeHHsAX SImMana cerperallMOHHBIN Jie]J HAXOJUTCS B OCHOBHOM B BHJE TOHKHX clabo
BOJHUCTHIX WIJUPOB U JIMH30YEK, paclnpedeleHHbIX B pa3pe3e pPaBHOMEPHO HIHU
puTMUYHO. YacTo BCTpEUAIOTCA TOHKOILIMPOBBIE CIOUCTHIE KPUOTEHHBIE TEKCTYPHI.
CerperaniMOHHBIN JIe] B STIUTEHETUYECKU MIPOMEP3IMHUX MOPOAaX MPUCYTCTBYET B BHIE
IIJUPOB, BBITAHYTHIX JHMH3 M MpociaoeB pa3auuyHod TtonamuHbl. B.H. 3aiineBrim
(lF'eokpuonoruss CCCP, 1989) na Huskux npubpexHo-mMopckux Tteppacax Ano-Ko-
JBIMCKOTO PETHOHA ONMMCAHBl aTAKCHUTOBBIE KPUOTEHHBIE TEKCTYPHl B CHHTEHETUUECKH
NpPOMEP3MHUX JAaryHHBIX (03€pHO-OOJOTHBIX) OTJOXEHUSIX C OOoNbmIOH 00BEMHOU
apauctoctbio (80-90%), 3HauuTenbHbIM 3acoseHueM (0.6-0.7%) u BbICOKONW MHHE-
panusanuer (mo 4.5 r/a) TekctypooOpaszyromux aba0B. OmgHaKo, AJs 3aCOJEHHBIX
MEp3JBIX OTJIOXEHHUH TaM TakXe XapaKTepPHBI TOHKO-CIOWUCTAas M MacCHBHAas KPHUO-
TeHHBIE TEKCTYPHI.

Kpucranmsl Mopckoro inbxa, Kak HW3BECTHO, 3HAYUTEIBHO MEHBINE, YeM
KPUCTAJIBI MPECHOBOAHBIX JbJOOB. [IpucyTcTBHE B BOJE HMOHOB COJiell yMeHbIIaeT
paguyc JNEeWCTBHS WHIMBUAYAIBHOTO 3apoJbllla KPUCTAIIHU3AMUH M TEM CaMBIM
cnocoOcTByeT o00pa3oBaHWIO HOBBIX od4aroB kpucrtamnuzauuu (Casenbe, 1971).
b.A.CasenseBbiMm (1971, 1989) mnpoBeaeHbl MHUKPOCTPYKTYPHBIE HCCIEJOBaHUS

CTpOCHHUA Jibaa IHIpH PaA3JIUYHOM COCTAaBE€ IMOPOBOIro pacTBOopa MW IIOKazaHO, 4YTO



pa3Mepshl JIEASAHBIX KPHUCTAIJOB YMEHBIIAIOTCS NPH YBEJIUWUYEHUHU €ro KOHLEHTpPaIHH.
I[Ipu yBennyeHuUuM 3acojeHUs Mep3JblX CyraumHkoB III mMopckoil Teppacsl B paiioHe
noc. Amjaepma B €CTECTBEHHOM 3aJIETAHUU HAMU OTMEYal0Ch YMEHBIIEHUE IIUPUHBI U
JUIMHBl KPUCTAJJIOB B JEASHBIX LIMpax NpHU NpeoOiialaHUU CIOUCTOM U HAKJIOHHO -
CJIOUCTOU KPUOTEKCTYPHI.

B menomM KpHOTEKCTYpHl 3aCOJEHHBIX TPYHTOB OTJIHMYAIOTCA pazHooOpaszmem
IIpU JOMUHUPOBAHUM TOHKUX LIIUPOB Jbaa (puc. 16). MoxHO yka3zaTh Ha HEKOTOPYIO
HEPA3BUTOCTh KPUOTEKCTYP B CPAaBHEHHMHU C HE3aCOJECHHBIMHU MOPOJaMHU. 3aCOJECHHE
NPUBOJUT K M3MEHEHHUIO TEeMIIEpaTyp 3aMep3aHus, MOTEHIMAJOB BJIaru U kod3pdu-
LMEHTOB BJIarONEPEHOCAa U CTPYKTYpPbl, OJJHAKO B PACIpPOCTPAaHEHHOM HMHTEpBajie 3a-
COJIEHHOCTEHW HE CKa3blBaeTCsd NPUHLUUNHAJIBHO HAa pa3HOOOpa3uu BHUAOB TEKCTYp, Ha
KOTOpBIE OKa3bIBAIOT BJIMSHUE COCTAaB TPYHTa, €ro reoJ0ro-reHeTHYecKue 0ocobOeH-
HOCTH, BIaXHOCTb U yCJIOBHS MPOMEP3aHUS.

Taxum o0pa3om, IJIsi KPHOTEHHOTO CTPOEHHUS XapaKTepPHBI pa3HOOOpa3HbIC
KPUOTEHHBIE TEKCTYpbl C NpeoOalaHuEM CIOUCTHIX LHUIJIMPOBBIX U HEMOJIHOCETUYATHIX
TEKCTyp, HPH ATOM JIEJSHbIE NPOCIOM NOYTH He cojepxar cojieii. C yBelndeHUEM
3aCOJICHHOCTH YBEJIWYHUBACTCS JOJs CYOBEepTHUKAIbHBIX JEASHBIX MIJIUPOB, U
YMEHBIIAIOTCS HUX pa3Mepbl, MEHSAETCS COOTHOUIEHHE TEKCTYPHOW U CTPYKTYpPHOU
JIbJUCTOCTU, KPUOTEKCTYPHI MPUOOpETaoT 4epThl Hepa3BUTOCTU. [loka3zaHo BIHMsHUE
3aCOJIEHMs Ha CTPYKTYpy TeKCTypooOpa3ymlero Jbjaa, pa3Mep KpUCTAIIOB
YMEHBIIAETCA C POCTOM 3aCOJEHHOCTU. Jlisd DSHOUXPOHHOTO THUIA 3aCOJIEHUS
XapaKTepHa MOBBIIIEHHAs MIOTHOCTh T'PYHTOB, CPABHUTEIbHO HEOONbIIasA BIaXXHOCTh
U CIOHMCTbIE KPUOTEKCTYpPbl. 3aCOJIEHHOCTh MPHU 3TOM THUIIE€ 3aCOJEHUS, KaK IpaBUIo,
HeBenauka u coctaBasgeT 0.05-0.15%. MHoronerHeMep3iable MOPOJAbl ¢ CHHXPOHHBIM
TUIIOM 3aCOJIEHHMS OTJHYAlTCsA ciabodl COPTUPOBKOW, MOBBIMIEHHOW JbIAUCTOCTHIO,
npeobnaganueM  0a3albHOro0  JIbJA-IIEMEHTA, PBIXJBIM  OpPraHO-MHHEpPaJbHBIM

cKeJIeTOM U OOJbIIeH 3aCOJIEHHOCThIO.



I''TABA 6. TIPOLUECCHI UISMEHEHUA COCTABA U CTPOEHUA 3ACOJIEHHBIX
I[IOPOJ ITPU ITIPOMEP3AHUU

6.1. XUMMWYECKMUE ITPOIECCHI B IIOPOBOM PACTBOPE
I[MTPU OXJTAXKIAEHUU

PaccMoTpum o0Omue mNOHATHS, Kacaloliuecs YCTOWYUBOCTH OOBEKTOB IMpHU
BHEIMHUX Bo3aecTBUAX. OCHOBBI TEOPUHM YCTOWYUBOCTH, HUME0LeNd OonblIoe
3HAY€HUE MPU aHaJIMU3€ MPOCTHIX MPUPOAHBIX NMPOLECCOB, pa3paboTaHbl B MaTeMaTHKE
n mexanuke (Hdupextop, Popep, 1974). Camo noHsTHE YyCTOMYMBOCTU OBLIO BBEJIEHO
pycckuM MartematukoM A.M.JlsnyHoBeiM. MM Takxe Obl1 pa3zpaboTaH MeTO]
uccienoBaHus AuddepeHUUaNbHBIX  ypaBHEHHMH, ONHUCHIBAIOIMIUX  NPHUPOJHBIE
npolecchl, Ha YCTOWYHMBOCTH C NOMOIIBIO CcHEUUaJbHBIX (GYHKIMNH, Ha3bIBae€MBbIX
¢byukuusmu Jlsnynosa. Ilpoueccsl, npoucxoasmue B MEP3JbIX 3aCOJEHHBIX MOPOAAX
- nepopMUpOBaHUE, U3MEHEHHE TEMIlepaTypbl, MUTpALUs BOABI U cojei, pazoBbie
Nnepexoabl - SBIAIOTCA TEepMOJMHAMHYECKMMH MpoleccaMu. M3 BToporo Haudaia
TEpMOJAWHAMUKHU CJIeIyeT, UTO CYLecTByeT HeKkoTopas (yHKuus (SHTpomnus),
MOHOTOHHO BO3pacTarlnas A0 TeX MOp, MOKa He JOCTUTHET CBOETr0 MAaKCHMAaJbHOTO
3HAYEHHUS B COCTOSHUU TEPMOJUHAMUUYECKOTO PaBHOBECHS:

dS/dt=0



PaccMoTpuM TUNMYHBIA NPOLECC YCTAHOBJIEHUS PAaBHOBECHUS, NPUBOMSALIUNA K
¢byukuusm JlsmyHoBa, - BIpaBHMBAaHUWE KOHIEHTpauui coneid Xi B MEp3JIOM TpyHTE,
HaXoJsLEMCsl NpPU MOCTOSHHOM TeMmIeparype. OBOJIIOLHUI TAaKOH CUCTEMBI MOYXKHO
3a7aTh YPAaBHEHUSIMU CKOPOCTEN BbIpaBHUBAHUS KOHLEHTpALUM:

dXi /dt=F;(Xi),

rae Fi - ckopocTh nepeMemieHus (BeipaBHUBaHUA) KomMnoHeHTH Xi. [Ipu 3tom
KaXJass KOMIIOHEHTa MOXET MMETh CBOE€ ypaBHEeHHME BbIpaBHUBaHU. [Ipenmnonoxum,
gyro npu Xi=0 Bce ckopoctu oOpamarrcs B HyJdb. Torma Xi=0 - Touka paBHOBECHS
paccMaTpuBaeMoil cucteMbl. PaccMoTpuM, 4TO NMPOU30UAET, €CIUM MBI HAYHEM C HE-
HYJEBBIX 3HaueHHMH KoHHeHTpanmuii Xi. Ham HeoOXoammo yCTaHOBUTH, OyaeT I
CHUCTEMa 3BOJIOLUOHUPOBATh K TOUYKE paBHOBecUs Xi. DTO TUNUYHBIA NpUMEp, KOTAA
HeoOXxoauMo wucnoiab3oBanue ¢yakuuid JlsnynoBa. Ilycte HekoTopas GyHKIUS
KOHIeHTpanuii V=V(X1,...,Xn) MOJOKHUTEIbHA BO BCEM MHTEPECYIOIIEM HAC JUana3oHe
KOHIleHTpanuii u oOpamaercss B Hydap npu Xi=0. IlpousBonnyno ¢GyHKOUH V 10
BPEMEHU MOJKHO NMPEACTABUTH B BUJE!

dv/dt=2dv/dX; * dXi/dt=2dv/dXi * Fi(Xj).

Teopema JlsmyHoBa yTBepXkaaeT, 4YTO cucrtemMa OyJIeT 3BOJIOIHOHHPOBATH K
touke paBHoBecus Xi=0, ecau npouspoanas dv/dt GyHKUMH V MO BpEeMEHHU HMeEET
3HaK, NIPOTUBONOJIOKHBIN 3HaKy camMoi (yHKuum V. B Hamem mpumepe mpou3BOaHAA
dv/dt nomxHa OBITH OTPUIIATEIBHOM.

Jpyroil TUNUYHBIA HOpuUMEp U3 00JACTH TE€OKPHUOJOTHMHU- TEIJIONPOBOJAHOCTb.
N3MeHeHne TeMmmepaTrypbl CO BPEMEHEM ONMCBHIBAETCS KJIACCUUECKUM ypaBHEHUEM
dypse:

dT/dt=a *d2T/dx?,

rae a-temmneparypornpoBonrocTs (a>0). Oyakuusa JIanyHoBa MOXeT OBITH 3a-
nycaHa B CIEAYIOLUIEM BHUJE:

L(T)=/AdT/dx)? dx.

MoxHo yOenutbest, uro ¢yHkuus Jlsnynosa L(T) B camom nmene yOwiBaet 1o
CBOEro MHHUMAaJbHOTO 3HAYEHUs, KOrjJa JOCTUraeTcs TENJoBoe paBHOBecue. Takum
o0Opa3zoM, HayalbHOE HEOJHOPOJHOE pacHpelesiIeHue TeMIepaTypbl CTPEMHUTCS K
pPaBHOBECHIO, KOTJa TeMIepaTypbl pacnpeleiaeHbl paBHOMEpHO. [IpUHATO TrOBOPUTH,
YTO pAaBHOMEpPHOE paclpenesieHne TeMIepaTypbl SBISETCS aTTPAKTOpPOM JUIs Ha-
YaJbHBIX HEOAHOPOAHBIX pacnpeaeleHuil TeMnepaTyphl.

[Ipu ananuse n060ro BO3AEHCTBUS Ha MEp3Jible 3aCOJEHHbIE MOPOIbl MOJE3HO
UCIIOJIb30BaTh MOHSATHE YCTOMUYMBOCTU KaK XapaKTEPUCTHUKHU H3Me-HAeMocTu. llpu
3TOM B O00IIEM KOJUYECTBEHHO MOXHO OMNpeAeNATh KOIPPUUIUEHTH yCTONUYUBOCTHU
KaK OTHOIIEHHE TMpeJesa BO3MOXKHOTO H3MEHEHHMs Kakoro-nubo mna-pamerpa IMpH

COXpaHCHHWHU KAaUYCCTBCHHOTO COCTOAHUA TOPOABI K UBMCHCHUIO, BbI3-BAHHOMY JJaHHBIM



Bo3aeiicTBueM. B  HacTosmel pabore HHXE JaHBl HEKOTOpPbIE TPHUMEPHI
MCIOJIB30BaHUS KOI()(PUIMEHTOB YCTOHUYHBOCTH.

BBuny pasnooOpa3usi XMUMHYECKOTO COCTaBa MOPOBBIX PACTBOPOB 3aCOJEHHBIX
MEp3JBIX MOPOA ¥ OJHOBPEMEHHO OJIHM30CTH €ro K COCTaBy MOPCKOW BOJBI
XUMHYECKHE TPOIECChl MHpPH €ro OXJaXJAEHUHU MOTYT OBITH PaCCMOTPEHBI
NPUMEHHUTEIBHO K polleccaM B MOPCKOM BoJe.

Kak wu3BecTHO, CpelHUM XMMHUYECKHH COCTaB MOPCKOH BOJABl CIENYIOUUU
(Xopn, 1972): CI - 19.7 r/kr; Na - 10.8; SO4 - 2.7; Mg - 1.3; Ca - 0.4; K - 0.4;
HCOs - 0.1; Br - 0.07; Sr - 0.08. Ilpu mOHMIKEHUU TeMIEpaTyphbl B ONpEIEICHHOMN
TOYKE, 3aBUCAIIECH OT KOHIEHTpPAlLUHM pacTBOpa, a TaKKe BO3MOXXHOCTEH mepeoxia-
xaeHus (tabn. 11) mHaumnaeT kpucramnuzoBaThes jgea. OcTamuuiics Mo Mepe BhIJE-
JEeHHS JbJa pACTBOP CTAHOBUTCS 00Jiee KOHIIEHTPUPOBAHHBIM.

Ecau temnepaTtypa nmpojosxkaeT mOHUXKaThcsA, To npu -8.2°C (unm -7.3°C no
I'urTepmany) U3 paccoiyia KpucTtaniausyercs riaaybeposa conb (Mmupabunut) - Na2SO4
x 10H20, a npu -22.9°C - NaCl. Ilpu temneparype -36.8°C u3 paccoja BbIllagact
KCI, npu -43.2°C - MgClz2 x 12H20 u npu -54°C CaCl2 x 6H20 (Ilaynnep, 1967).
Brimanaer takxe HekoTopoe konuuectBo CaCQOs. Hakonern, npu temnepatrype -55°C

3aMep3acT BCCh PacTBOP.

Tabauya 11. Cocmas u coomuoutenue ¢az npu pasHvlx memnepamypax npu
BLIMOPANCUBAHUU MOPCKOU BOOUbL.

Temmne- | CocTaB U KOJIMYECTBO cojiel (T) Ha 1 KT MOpcKoi CootHomienue ¢a3
patypa, | BOJbl
H>0 | NaxS0s | CaS04 | NaCl | KCl | MgCly | sxuakas (Ha | TBepaast (IMCThI

°C 1000 JIeq + COJIb Ha
TCMECH) 1000 r cmecn)
0.0 - - - - 1000 -
-1.8 - - - - 1000 -
-5.6 648.2 - - - 351.8 648.2
-7.6 78.0 0.16 - - 273.6 726.4
-9.5 40.1 1.65 - - 231.9 768.1
-10.6 21.8 0.47 - - 209.6 790.4
-12.3 18.2 0.32 - - 191.0 809.0
-15.0 21.1 -0.04 0.15 - 169.3 830.7
-17.0 16.7 -0.09 0.11 - 152.6 847.4
-22.6 32.8 -0.24 0.36 247 117.6 882.4
-24.2 27.3 -0.08 0.29 1143 68.8 931.2
-26.0 155 -0.15 0.10 4.40 48.9 951.1
-28.0 6.7 -0.09 1.80 1.80 40.4 959.6
-30.8 55 -0.05 0.06 1.30 33.6 966.4
-32.2 1.2 -0.05 0.03 0.70 32.7 967.3
-34.2 3.7 -0.04 0.02 052 0.13 27.4 972.6

-35.5 1.2 -0.01 0.02 0.28 0.10 25.8 974.2




B cucreme npu NOHUKEHUHM TeMIepaTypbl HENPEPHIBHO MEHSETCS COCTaB
coinei u cooTHomenue ¢pa3 (Caenne, 1971, tadbn. 11). Ecnu 3amep3anune Havalloch C
OoJplIeil, UM MEHbIIEH KOHIIEHTpPALlUM pacTBOpa, B CPaBHEHUH C MOPCKOH BOAOM,
TO HM3MEHSIETCA CKOpPOCTh 3aMep3aHUsi U KOJUYECTBO JbJa, a CHUCTEMa MPOXOIUT
a”HajmoruuyHele ctaauu. [Ipm 3Tom mo Temmepartypsl -17°C (u BeIllie) OCHOBHAsT Macca
coimeit - 99.65%, mno [Hurmapy (3y6oB, 1957), Haxomutcs B pacTBope, 3a
UCKIIIOUEeHHEM TiiaybepoBoOil couu.

[IpoucxonsiT M XxumMudeckue peakuuu. B dvactHoctu, okono -15°C pactBOp
HaChIIA€TCAd CEPHOKHUCIBIM KaJbI[UEeM U NP AaJbHEUIIeM OXJaXJACHUU TMPOUCXOIUT
npeBpallleHue CEPHOKHUCIOro Hatpus B cyiabdar xanpuus. Cirenyer OTMETHUTh, UYTO
SKCIIEpPUMEHTAIbHBIE UCCIEAOBAHUS B 3TOW 00JacTU BecbMa CIOXHBI M HE BCerJa
obecneynBalOT BOCHPOU3BOAUMOCTh pe3yibTaToB. Tak, mo B.Punrepy Temmepatypa
MOJHOTO OTBEpPJAEBAHUS pPacTBOpa COOTBETCTBYET OBTEKTHUECKOW Temieparype
BBINAJCHUS U3 pacTBOpa XJOPUCTOro Kampiusa, T.e. -55.0°C, Torga kak mo ['mTrep-
MaHy oHa paBHa -36°C u oOycioBieHa BbIMaJeHHEM U3 PacTBOpa XJIOPUCTOTO Mar-
HUs. XJIOPHCTBIM KalbLUMl MPHU 3TOM B pe3ysbTaTe peakuuu oOMEHa MEepexoAUT B
CEepHOKHCIBIH Kaablui. BBuAy Toro, 4to B MOpPCKOW BOJE M B paccoliec MOJSIPHOE
comepxkanne Ca’* menbme SO42*, TO KOHeYHas TOYKA 3aMep3aHHUS pacTBOPa COOT-
BeTcTBYeT Temmneparype Boiaenenus MgClz + 12H20. CepHokucablii KalblUH KpU-
cramnusyercs npu -17°C.

[TokazaTenbHO TakXe CpaBHEHHUE NaHHBIX Mo BbIMopaxkuBaHuw Na28S0a4. Ilo
PuHrepy c moHM)XeHHeM TeMIepaTypbl B CUCTEME€ NPOUCXOJIHUT HENpEephIBHOE YyBe-
nuuenue Naz2S0s4 B TBepaoit ¢aze, mo ['urrepmany BHauane HallrogaeTcs HapacTa-
Hue Naz2S04 B xunkoit ¢aze no temneparypsl -7.6°C (3a cueT yBeIMUYEHUS KOHIECH-
TpalluM paccojla B pe3yibTaTe BbIJEJIECHUS NPECHOTro JbjAa), a 3aTeM HacTymaeT Io-
HuxkeHue kKoHueHtpauun Na2S0s4 no temneparypsl -22.6 °C. Ilpu ganpHeiimem no-
HUXEHUU TeMmmnepaTypbl KoHueHTpanus Na2SOs B xuiakoil ¢aze BHOBb BO3pacTaert,
JOCTHIrasi BTOPOro mMakcumyma npu -35.6°C. DTo sBieHHE O00OBIACHSAETCS pereHepa-
nuei cosell B pa3HbIX (pa3oBbIX cocTosHUAX (cornacHo peakuuu CaSOs +2NacCl =
CaClz + Na2S04, motomM Ha06OpPOT IO MEpE BBHIMEP3aHUS).

AHanu3 1 Kr MOpPCKOM BOJBI C COJeHOCTHhIO 35.5%, 3aMOpPOXKEHHOW MPU TEM-
nepatype -30°C, npuBoaut takxe O.CBepapyn (1942): Teepaas d¢aza: 931.9 r - nen;
203.2 - kpuctanasl NaCl; 3.95 - kpucrannaer Naz2SOs ; cineasr kpucraminoB CaClz ;
paccox 43.95 r (u3 Hux 23.3 r - H20; octanpHoe - Na - 1.42r, Mg - 1.31r, K- 0.38
r,Ca-039r,Cl-7.03r,Br-0.08r,S504-0.09r).

Conu BhIMagalT B 0OCAJOK MPU 3aMep3aHUU pacTBOpAa NPEUMYIIECTBEHHO B

BUJAC KPpUCTAJTJIOTUAPATOB. B ectecTBeHHBIX YCIOBUAX OHHU o6pa3y10T CBOCO6pa3HYIO



KPHOTEPMHYIO TOPHYIO MOPOAYy, HAmpuMep, OTIHoXeHus Mmupadbuinura B Tsab-lllane
WJIM B JOHHBIX OTJOXKEHHUAX 03ep 3abaiikanbs (MBanos, 1987).

Kunernka mpomecca BecbMa CJIOXHa, HpH OBICTPOM 3aMep3aHHU pacTBOpa
3JIEKTPOJUT MOXKET MONMacTh B COCTaB JbJa (3aXBaT MOHOB, paccojia), mpoiecc 3a-
XBaTa MOHOB CEJEKTHUBHBINA, ¢ 00pa30BaHUEM DJIECKTPHUUYECKHX MOTEHIMAJIOB (TaKk Ha-
3piBaeMblil 3 ekt Bopkmana - PeiiHonbaca, mpesIOKEHHBIN A1 0O0BSICHEHUS TPH-
YUHBI 2JIEKTPU3ALUH MIPU TPo3e). B peanbHBIX yCIOBUAX 3aMep3aHus 0ojiee MIOTHBIH
pacconm  MOXET ONycKarbCsa BHHU3 U Jieq oOpa3yercss H3 ONPECHEHHOW BOJHI,
BO3HHMKAIOT pa3JIMuHble KOHBEKTHBHBIE NMOTOKHU, OOYCIOBJIECHHBIE TpaJHMEHTaAaMHU KOH-
HEeHTpPalluu, MJIOTHOCTH, TEMIEpaTyphl M T.I. YCTAaHOBJIEHO, YTO B pe3yibTara 3a-
xBaTta noHoB (CaBenbeB, 1971) OvicTpo oOpasyromuiicas nen sBiasiercss Oojee coie-
HBIM, YeM MeJJICHHO obOpasyrmmuiicsa (ot 5.64% mnpu -16°C mo 10.16% npu -40°C).
Sdeiiku ¢ paccoyiOM BO JBJY SBISIOTCS IMOJBUXHBIMHU (OT HECKOJBKHUX MM B JIEHB 1O
HECKOJBKUX MM B 4ac), CKOPOCTh HX JBHXCHHS 3aBHCHT OT TEMIIEpaTypHOTO rpa-
nueHTa. BaxxHoe 3HaYeHHE MMEET TaK)Ke MPOIeCcC 3aXBaTa MOHOB KPUCTAJIJIaMH JbJa.
Bo npay Bo3pacTaeTr KOHIEHTpalus BOJOPOAHBIX MOHOB u cHuxkaercs pH (MBaHnos,
1987).

3amep3aHue MOPOBOW BOJBI OCIOXHSIETCS B AUCIEPCHBIX T'PYHTaX TaKXe OpH-
CHTUPYIOUIUM BIHSHUEM TBEPABIX YAaCTHUI[, YTO MPUBOJHUT K MOHHKCHUIO TeMmIiepa-
Typsl 3amep3anus. Tak, B aManbckoMm cyriaunHke (03. Tropun-To) ¢ ectecTBeHHOU 3a-
coneHaocThio 0.4% mpu temmeparype -3 + -6°C eme comepxurcs ot 10 go 20% He-
3aMep3Mmeil BOMbI, T.€. KOHIEHTpalusa TopoBoro pactBopa coctapisier 20-40 r B 1
nutpe. COOTBETCTBYIONIME JaHHBIE MO CYTJIWHKY M3 paiioHa FOropckoro monayocrt-
poBa CBHIETEIHCTBYIOT O TOM, 4YTO HpHU 3acoyieHHocTH 1.5% wu BrmaxHoctu 16%
TeMmepaTrypa 3amep3aHus cocrasuser -6.4°C , mpu W= 19% - 4.8°C, npu W = 32%
- 2.5°C.

B HekoTOphIX ciaydasix HEOOXOOMMO YUYHUTHIBaTh TemiaoBble 3((PEKThl pacTBO-
peHUs U BBINIAJCHUS COJEed B ocaJok B mopoBoMm pactBope. Camum mo cebe 3Tu
3¢ dexTh HEBEIUKH, OCOOCHHO B CPAaBHEHUHU C TEIJIOTOM KpHUCTAJIU3allMu BOJABI. B
gacTHOCTH, npu pactBopenun 1 monss NaCl (58 r) mormomaercs 5.36 x/[x umu 1.28
KKaj, T.e. okoao 22 xan Ha 1 r conu. Tennora miaBjaeHUS JbJa cCOCTaBIsgeT okoJio 80
Kajn/T, a TemI0eMKOCTh BOABl 1 kan/r*rpan. IIpu oOBIYHOM COAEPIKAHUU COJIEH OKOJIO
3-5% tennmoBoi 3¢ dekT pacTBOpeHUs eaBa gocturaet 1-2% oT TemnoThl (Ha3zoBOro
nepexoaa Bona-nen. Hanpumep, HeoOxoaumo pactBopuTh okoso 100 r comu, 4ToOBI
MOTJIOMIEHHOT0 Temnja ObIIO JOCTAaTOYHO A 3amMopaxuBaHus 27 r Boasl. Ilpu stom
pactBopenne 45 r NaCl cmoco6no mouusuTh Temmepatypy 1 i Boael Ha 1°C, T.e.
TOYHBIC pacyeThl TeMIepaTypbl MOPOJBI JOJDKHBI yYHUTHIBATH TEMJOBBIE J(PPEKTHI
pacTBOpeHUsA-BbiMageHus coiyieil. Eme Oonee BakHOe 3HaAueHHUE ITOT F3PPEKT MOXKET

npuobperath B ciyyasx, Korja pacTBopsitorcs Oonbmue o0beMbl couu. Ilpu



COIIPUKOCHOBEHHU 3aJI€KEH KAMEHHOW COJM C BOJON MM CUJIBHO MUHEPAIU30BaHHBIX
pPacTBOPOB BO3MOXHBI 3HAYUTENbHbIE (U3UKO-TEOJOTHYEeCKUE 3P PEKTH, BMIOTH A0
oOpa3zoBaHusi Mep3u0Thl. Heuro momnoOHOE, BO3MOXXHO, IPOUCXOAUT B YCIOBHUAX
BBICOKOTOPHBIX COJIEHBIX 03€p.

Takum oOpa3zom, 3amep3aHue IMOPOBOrO pacTBOpa NpeacTaBisieT co0oi
CJIOHBIA MPOILECC, CONPOBOXKIAUIUNCS BbIJACIEHUEM JbJa (B TOW WM MHOU cTe-
IIEHU COJAEpPk ALIEero COJM) U KOHLUEHTPUPOBAHUEM OCTAIOLIErocs pacTBopa, B KOTO-
pPOM IpPOUCXOAAT XMMHUYECKUE pEaKUMU U OocaxjaeHue cojell. Temmneparypa MoOJHOTO
3aMep3aHus (IpU MOPCKOM COCTaBE€ COJIed) SBISIETCS SKCINEPUMEHTAJIbHOW BEJIMYU -
HOM M M3MEHSETCA MO pa3Iu4YHBIM AaHHBIM OT -36°C mo -55°C gns cBobGomHoTro pac-
TBOPa U, BEPOSITHO, €LI€ HUXKE AJsI MOPOBOrO pacTBOpa 3aCOJEHHBIX MEP3JBIX MOPOL.
KoHmenrpamnuss mopoBoro pactBopa siBiseTcs (yHKOUEH TemmepaTypbl, HO (HU3UKO-
XUMHUYECKHE U OCOOEHHO XMMHUYECKHE MPOLECCHl MPU U3MEHEHUSAX TeMIepaTypbl He
Bcerga  sABAAKTCA  oOpatumbiMu. Takoil  xapakTtep mpolecca 3aMep3aHus
CBHMJETEIbCTBYET, BO-IEPBbIX, O HEYCTOMYMBOM XapaKTEpe paBHOBECHUS B MOPOBOM
pacTBOpE 3aCOJIEHHBIX MEpP3JIbIX HOPOJ, U, BO-BTOPHIX, O BAXHOW pPOJU MPOUCXOJS-
IIUX MPOLECCOB I GOPMHUPOBAHUS CBOMCTB MOPOI.

6.2. IPOMEP3AHUE U ITPOTANUBAHUE 3ACOJIEHHBIX
ITIOPO/J

I[Ipomep3anue 3aCOJIEHHBIX JUCIEPCHBIX IMOPOJ CONPOBOXKIAETCSA Iepepac-
npeaeleHueM BJaru, MUrpamnue Boabl K GpoHTY mMpoMep3aHUs U yCaJKOW IpyHTa B
Tajxoi, 00e3BOXHMBAIONIIEHCS YacCTU MOPOJbl, BOBHUKHOBEHHEM MEXAaHMUYECKHUX Ha-
npsokeHui. [IpoucXoauT M3MEeHEHne KOHLIEHTpPalUuHu PacCTBOPEHHBIX B IOPOBOW BOJE
cojiell, KOTOpoe B CBOI OYepeJb BHI3BIBAET HApPYyUIEHUsS pPaBHOBECHS KAaTHOHHOTO
oOMeHa, SBJEHUS KoaryiasUuM U MukpoarperupoBaHusi. CoBpeMeHHbIE IpeJcTaBIIE-
HUS O MPOMEpP3aHUM TPYHTOB, MHUTpPAIlMU BJAard W CBSI3aHHBIM C HEW My4YE€HHU CBO-
JISITCS B OCHOBHOM K cienyromum npeacrasiaenusm (Epmos, 1979).

['maBHOW pPa3sHOBUIAHOCTHIO HE3aMEp3IIEH BOABI, ONPEACISIIONEN KPHUOTEHHYIO
MUTPAIUI0 U MOPO3HOE NMYy4YEHUE TPYHTOB, SIBISETCS, BEPOSTHO, BOJA OCMOTHYECKOM
npupoabl. byayduu cBsizaHHOW OJHOBPEMEHHO C MUHEpPAJbHBIMU YacCTHIIAMU TPYHTA U
KaTHOHaMH NUPPYy3HOTO CI0S, OHA XapaKTepHU3yeTcs BHICOKMMHU TOJIIMHAMHU BOJHBIX
IJIEHOK M MOJABUXHOCTHIO. IIpu mpomep3aHuum rpyHTa M o0Opa3zoBaHMU B €ro mopax
abJla KpUCTaIooOpa3oBaHUME MPHUBOAUT K (GOPMUPOBAHMIO CPAaBHUTEIBHO O€IHBIX
MPUMECIMH JEeISHBIX BKJIIOYEHUH ©W 00Jee KOHIECHTPUPOBAHHBIM IMOPOBBIM
pacTtBopam. UeM HuXe TemIepaTypa B Ipomep3arouieil yacTH NOpPOJAbI, TeM Ooiee
KOHLEHTPUPOBAHHBIM OKa3bIBAa€TCs pacTBOpP. MosieKkyiabl BOJAbl HAYMHAIOT TEPEIBHU-

raTthbCs B MECTa IIOBBIMICHHOM KOHOCHTpaOuu MOHOB - Ha6J'IIOI[aeTC$I SABICHHUEC OCMOCA.



OOpaTHOe sBIEHHE - MHTpalUs HMOHOB 3aTpyJAHEHAa BBUIY JHEPreTUUECKOW CBS3U
MOHOB C MHUHEPAJIbHBIMU YaCTHIIAMH.

OcHoBHbIE (HU3MYECKUE COOTHOWIEHHUS MPH MPOMEP3aHUU MOTYT OBITH MOy -
yeHbl ciaenywmum nytem, npeaioxeHHsiM C.E.I'peunmeBsim (1980). PaccmoTpum
ypaBHenus ['u66ca nns kxaxnaod ¢a3sl (MHAEKCH oO3HavawoT “ice” - nenm, “w” -
MJICHKA):

SicedT _Vicedplce +d/uice =0 (1)
ST —v,dp,, +dz, =0

rae S - yaenbHas SHTPONHUS, V - YACIbHBIA 00beM, M4 - XUMUUYECKUNA MOTEHIIHAII.

I[MIpu ycnoBuu Sice - Sw=Q/T, rae Q - ™MoapHas Temaora (a3zoBOro Imnepexoja,

MOJIy4YaeM:

Qd?T + Vicedpice _depw +d (;uw o :uice) =0 (2) nnu

dT
Q? +Vicedpice _dep +de(p_ pw) +d(;uw _:uice) =0 (3),

rje p - BHeUIHee o0Ilee JaBI€HUE HA CUCTEMY.
N3 ypaBHeHud (2) MOXHO MOJYYUTh B COCTOSSHUU PABHOBECUS HUw = Mice U NPHU

yCJIOBUM paBeHCTBA naBieHul Pice = Pw ypaBHenue Knaneiipona - Knaysuyca:

Qd?T +(Vie =V, )dp=0  (4)

OTO ypaBHEHHUE ONUCHIBAET POCT JAaBJIEHUW MOPO3HOTO MYYEHHUs IpYHTa B 3a-
KpBITOM cUCTEME NPU MPOMEP3aHUU.

Ecau »Tu naBineHus U3MEpSIOTCS JaTYUKOM C KOIPPHUUUEHTOM YIOPYTOCTH
(>xectkocTn) Kg (MaM BOCHPUHUMAIOTCS MMEIOIIUM ONpPEAEIEHHYIO yNPYyrocTh Mac-
CHUBOM TpYHTa), TO HaNps)KEHUE 3aBUCUT OT o0ObeMa MHUTpUpPYIOLIEH BOABI ( U €ro

W3MEHEHHUS NMpHU npomep3anuu Ha 9%:

dp = kgq*009dr (5), roe t - BpeMms.

KonnuecTBO Murpupyromeid BOABl ( B €IWHUIY BPEMEHHU, OYEBUJHO, IPO-
NOPIIMOHAIBHO PA3HOCTH XMMHUYECKHX MOTECHIHANOB (Uw - Mice) U MOXET OBITH BBI-

paxeno u3 popmynsl (3) cieayromum odpaszom (I'peuunies u ap., 1980):
dT
dg=k —Q? — (Vice —Vw)dp (6) Tne Kk - koO3pbuUNHEHT.

Torga BeIpakeHHe N KOJIMYECTBA MUTPHUPYIONIEH BOJBI B CTECHEHHBIX YyCJO-
BUSX, KOTOPbIE ONMpeaesioT yepe3 KodPpPpuuueHT xxectkoctu Kg, MOXKHO mepenucaTh

B CJICAyHOIEM BHUOC:



dq = —k Qd?T + (Vi — Vo )k,0¥0.09d 7 | (7)

B npyrom npeaeiabHOM ciydae, KOrja BO3MOXeH CBOOOJHBIA OTTOK Biaru (T.e.

p = 0), nonydaem Tak HazpiBaeMyr popmyny Ckodunaa:

Q d?T + Vicedpice = 0 (8)

B COOTBETCTBUHU C KOTOPOHW POCT JAaBJIEHUHW MOpPO3HOro nydenus Pa npu mpo-

\VA

-V,
ice W 01
MEp3aHHMHU MPOUCXOMUT ciabee moyTH Ha mopsaaok (T.k. ——— =~ U.1).
ice
Ecnn ydyecTh B KMHETHUYECKOM YpaBHEHHH (2) OCMOTHYECKHE SBJICHHUS, TO
nocie npeodpaszoBanus B (3) BbIAENSETCS CAEAYIOUIUN YJICH:
de(p - pw) = Vwkocdc’ rac
Koc - koobdunuent, dc- rpagMeHT KOHIEHTPAIUH PacTBOpa B IJICHKE.

Toraa Imojiydyacm:

W™ 0C

dg = —k(Qd?T-l-Vicedpice —v,dp +v,k..dc (9)

OO0bemM murpupyromei BoJIbl U POCT JaBJIE€HUH B TaKOW CHUCTEME yXK€ OKasbl-
BA€TCs 3aBUCAIIMM OT KOHLEHTpanuu coieil C B MOPOBOM pacTBOpE, a TakXke OT
NOHUKEHUS TeMIepaTypbl, COOTHOIICHUs JAaBJICHUNW U BEIUYUH COOTBETCTBYIOLIMX
KO3(pPHUIUECHTOB.

Bripaxenue (7), KOHEUHO, 3aTPYAHUTEIbHO MCHOJb30BATh JJIs MPAKTHUYECKUX
pacueToB. HesicHO uucieHHOe 3HaueHHe KMHeTHYeckoro koidppunuenra K. Cymecrt-
BYET HEONpPEAEIEHHOCTh B BEJIMUYMHAX MOJbHBIX 00bEMOB He3aMep3uieil BOJIBI U JbJa
B IOpax Mep3J0ro TpyHTa M JApyrue TPYAHOCTH. B dacTHOCTH, NO JaHHBIM
P.V.TankaeBa (1982) monbHasg TemiaoTra paBHOBECHOTo (a30BOro nepexoja CBA3aH-
HOHl (He3aMep3mei) Boabl Q 10 ceMu pa3 HHMXKE, YeM YUCTOH BOJBl U 3aBUCUT OT
TeMIepaTypbl, TOYHEEe, OT TOJIIHHBI XUIKOH MIeHKH BOoAbl. B oTHomenun Q nus
OCMOTHYECKOW Pa3HOBUAHOCTH He3aMep3lied BOIBI JaHHBIX HE MMeeTcs. B cBs3u ¢
3TUM 0c000€ 3HAaYeHHE HUMEIOT JKCIEpPUMEHTalbHble JaHHBIE MO MPOMOPaXHUBAHUIO
3aCOJICHHBIX TPYHTOB.

IIpomep3aHue 3acCOJEHHBIX OUCHEPCHBIX NOPOJA pa3jJIMYHOTO COCTaBa HMMEET
ceou ocobennoctu (puc. 17). H3BectHol pe3ynbrarhl 3.[[.HepcecoBoii (OO6mee
Mep3inoTroBeneHue, 1967), koTopas mnokaszajia, 4TO IepepaclnpencieHHe Biaru u
Ny4YeHue yMeHbIIaeTcs Npu npomep3anuu cyriaunka B psaay Fe > Ca > Na > K. Ilo
nanaeiM D.J[.EpmoBa u apyrux (1992), conu mopoBoro pacrsopa NpoMep3aromHnX

mopoa MOryT Kak nepCaABUTATbCA OT (I)pOHTa npoMep3aHuA, BbI3bIBasd UX KPUOTCHHOC



KOHIICHTPUPOBAHUE B MOPOBOM PacTBOpE, TaK M ABUrathcs K GPOHTY MpoMep3aHus,

IIPOHUKAsI B MEP3JYI0 YacTh NOPOJbl U MOBbIIIAS €€ 3aCOJIEHHOCTb.

Dsal,% W, o.e.
0.5

T04

1

5
4
8: 2 r 0.3 3
0:2 npomep3aHue _> T 0.2 2
0.1 T 0.1 1
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N ¥ e @ g g 1 2 3 4
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a o

Puc. 17. Ocobennocmu npomep3anus 3ACONEHHBLIX 2PYHMOB PA3IUYHO20 COCMABA:
pacnpedenenue eraxcnocmu (W, kpueas 1) u 3aconennocmu (Dsal, xpueas 2) 6
Mep3ioM 0bpazye MOPCKO20 CYeAUHKA NOCle 00HOCMOPOHHe20 Npomep3anus (a) u

npu H0800OPA308AHUU MeP3IOMbL HA NeCYAHOU MOPCKOU Koce 8 n.Amoepma (0)

[lepBBIli ciiyyalh xapakTepeH najis NeckoB, jJerkux cymneceir (Xammer, 1978;
Anucumona, 1981; T'ambepnen, 1983 um nap.). B 3acolieHHBIX TOHKOIMCIEPCHBIX
nopoaax npu npoMep3aHuu bukcupyercs yBEJIUUYCHUE COJIep)KaHUS
BOJTHOPACTBOPUMBIX COJIEH B MEp3JI0H 30HE, MPUYEM MaKCUMallbHOE COJEHAKOIJIECHUE

oTMe4YaeTcs B BepXHel, Haubosee xonoaHo yactu oopasua (Epmos u ap., 1992).

—&— BriaxHocTtb (W), o.e.
—&_ 3acon-cTtb (Dsal), %

—a&— [MnoTHOCTb, r/Ky6.cM

3Ha4yeHue nokaszaTens
-
!

AnuHa o6pasua, cm

Puc. 18. Pacnpeoenenue enaxcrnocmu, coaei (3acoienue MOPCKOU CONbI0) U NIOMHO -
cmu no OluHe o0bpaszya mep3no2o CY2lUHKA, NpoMep3asuieco ceepxy (Ha pucymke

cresa) 6 zakpvimoiu cucmeme npu -3.5°C npu 3a0aHHOU HAYANLHOU 3ACONEHHOCMU
0.5%



OTa 3aKOHOMEPHOCTb ObliIa TaKX€ IOJydYe€Ha HaMU B JKCIEPUMEHTaX B AM-
JEPMUHCKOMN noa3eMHoOi nabopatopun (puc. 18) B ycinoBusax “3akpblTON” CUCTEMBI.

Ona oOwscusercs (EpmoB um ap., 1992) 3axBaToM HOHOB COJIEH TOTOKOM
BJIar¥, MUTPpUPYIOIUM K (poHTYy mpomep3anus. [Ipm HeOOIbIMIUX KOHIEHTPALUIX
IIOPOBOT0 pacTBOpa B IPOMEP3AIOLIEH 3aCOJEHHONW NOpoie HAOII0AaeTCsl YyBEIUUYE HUE
IUIOTHOCTH MUIPALlMOHHOTO MOTOKAa IO CPAaBHEHMIO C HE3aCOJIEHHOW. DTO CBA3aHO C
TEM, 4YTO HpPH OTCYTCTBHUH 3aCOJECHHUS TpaJUEHTH KOHLUEHTpAlHU HOHOB W
OCMOTHYECKHE CHJBbI BiIaromnepeHoca Mainbsl. [Ipy HeOONbIIOM 3aCOJNEHHUU TPAJTUCHTHI
KOHI[CHTPAIUHU COJICH pacTyT, YBEIMUYHBAIOTCS U MOTOKH BJAaru, JOCTUTasi MaKCUMyMa
IIpU UCXOJHOW KOHLEeHTpauuu 3aconsrwuiero pacrsopa NaCl oxono 0.2 H. 3atewm,
BBUNY cxaTusi Iu(GYy3HOTO CIOSI HMOHOB, MHUTPAllMOHHBIE NOTOKHM BJAaru BHOBbB
YMEHBIIAIOTCS.

JI.B.YuctoTuHOBBIM B cBOoe BpeMs (1973) Obln SKCIEpUMEHTAIbHO H3yUYeH
MEepeHOC MOHOB BMECTE C MUTPUPYIOUIEH Biaroil B mpoMep3armlylo 30HY 00pa3moB.
bpino mokazaHo, 4TO HAKOIJIEHHME HMOHOB B IpOMeEp3arolleil 30HE TIIMHUCTHIX MOPOJ]
MEHbIIE€ OTHOCHUTEJIBHOIO KOJHMYECTBA MNpHUIIEAIIEH Tyjaa BiIaru. DTOT XK€ MpoIecc
IIepeHoca MOHOB BMECTE C MUTPHUPYIOIIEH BJIATOW NPHU NPOMEP3aHHUHU, NIO-BUIUMOMY,
HabOmronancs B noyueBbiX yciaoBusx M.O.Jleitoman u U.J[.Ctpeneukoit (1996) B cioe
ce3oHHOro orramBanus Ha Smane. [lo ux HaONIOIEHUSIM, TOPHU3OHT HAKOIJICHUS HO-
HOB, 3acOJIeHHEe B KoTopoM gocturaet 1.5%, 3aneraetr Ha rnyoune 20-30 cm.

DKCcrnepuMeHTalbHbIE JaHHBIE, MOJYyYeHHBIE AJs 00pa3oB T'PYHTOB MOJYOCT-
poBa SIMan, CBHIAETENbCTBYIOT, YTO BEJIWYUHBI NMy4YEeHHS 3aCOJCHHBIX TPYHTOB B Iie-
noMm HeBenuku. B oneiTax O.B.CodpoHoBa MogenupoBaioch NpOMEp3aHUE ITPYHTOB
B YCIOBHAX, OJNH3KHX K TPUPOJHBIM MEP3JIOTHO-TPYHTOBBIM W KIHMaTHYECKUM
ycinoBusiM. JlocTaToOuHOE YHCIO TOBTOPHBIX HCIBITAHUNA, BBHIOOP ONTUMAIBHOTO
pexnma JabopaTOPHBIX JKCIHEPUMEHTOB U  YJAOBJIETBOPHUTEIbHAS CXOJUMOCTH
pe3yabTaTOB MO3BOJMUIN OLEHUTh HOPMATUBHBIC 3HAYEHUS] OTHOCHTEIbHON JUHENHON
nedpopManuu rpyHTOB BOBaHEHKOBCKOTO MecTopoxkaeHUs. CynecdaHO-CYTJIIMHUCTHIE
U TIWHUCTBIE 3aCOJICHHbIE TPYHTHl B OTOM pailOHE OTHOCATCA B OCHOBHOM K
KaTeropuM cJa0ONMYyYMHUCTHIX TPYHTOB C BEIMYUHON UX OTHOCHUTEIbHOU nedopmanun
nydenus B npexaenax ot 0.017 go 0.028. Jlump canexaplIcKkue CYTJIMHKHA MOXKHO

OTHCECTHU K KaTCTrOpHU CPCAHCIHYUNHUCTBHIX.

6.3. DOPMHUPOBAHUE HAIIPAXXEHHO-JE®OPMHUPOBAHHOI'O COCTOAHUA
[TPOMEP3AIOHINX I[TOPO/L

HanpsxenHo-nepopMupoBaHHOE COCTOSHUE MPOMEP3AIOMMUX JUCTEPCHBIX, H B

4aCTHOCTH 3aCOJIEHHBIX IOPOJ OO0YyCIOBIEHO MHUIpalMed M KpHUCTaIM3alueill BOJIBI,



oOpa3zoBaHHWEM JIEASHBIX M[UIMPOB, YyCAIKOW U CTPYKTypooOpa3zoBaHUEM. OTH
NpoIecchl pa3JiMdHbl B Tallod, MNpoMep3arlleil, xapakTepu3yrolulelcss aKTHBHBIM
apn000pa3zoBaHueM U JehOpMHUPOBAHHEM, U MEP3JIOH 30HAX MpOMEp3aromeld Mo pPoIb.
[TosTomMy HampsokeHus u jgedhopManuu TNYYEHHS B  I[EJIOM  OMPEICISIOTCS
B3aUMOJICMICTBUEM COOTBETCTBYIOUIMX 30H U 3aBHUCAT B TOM YHCJIE OT MEXaHHMUYECKHUX
CBOWCTB U3MEPUTEIbHOU cucteMsl (puc. 19).

B rtanoii 30He cymecei, CyrIMHKOB, TJIMH B pe3yibTare Mmpolecca 00e3BOXKHU -
BaHUS NMPOUCXOAUT ycanka. OHa HepaBHOMEpHa IO IiayOHWHE, a HEJAONYyLIEHUE €€ Je-
dbopmanuii (eCTeCTBEHHOE WM HCKYCCTBEHHOE) BBI3BIBACT HANPSIKCHHS YyCaJIKH.
HauGonbmue HampsKeHUs YCaaKH, C OJHOW CTOPOHBI, COOTBETCTBYET MaKCHUMallh-
HOMY 00€3BOXHMBAHUIO, & C APYTOM - MaKCUMaJIbHOU CTENEHH HeOOoNyIIeHus aedop-
Manui.

B mpomep3aromeit 30He, xapakTepH3YIOLIEWCss WHTEHCHBHBIM JIbJ000pa3zoBa-
HUEM, POCTOM HIIJHUPOB JbJa U AeHOPMUPOBAHUEM, MOKHO BBIACIHUTH JAEHCTBUE TPEX
OCHOBHBIX (PAKTOpPOB: NEpexoJia YacTH BOJBI B JieJl ¢ yBeaudeHuem oOwrema Ha 9%,
PacKJIMHHUBAIOMIETO ACHCTBUSA TOHKHX IMJIEHOK MHUTPUPYIOUIEH BOJABI U YCAIKU MHUHE-
palibHOW COCTABJISIONMIEH MOPOJBI MPU AETUAPATAIMUA TPYHTOBBIX YaCTHUI] B Pe3yJibTaTe

3aMep3aHus BOJBI.
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Puc. 19. Hanpsocenuss nyyenus Ha 0amuyukax ¢ pa3iuuuou scecmkocmoio: a - 800 u 6
- 1700 MIla/m 6 paszauunvix npomep3sarwuwux nopooax: 1 - kaoauwn, 2 - cyeaunok; 3 -

cynecow
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Puc. 20. Hanpsaoicenus nyuenus 6 cyeruumxe npu -2°C: 1 - ¢ noomokom enazu u3
Huodicenedcaujeco crosa necka;, 2 - 0e3 noomoka e61a2u (3akpvlmas cucmema).

Kecmxkocmv oamuuxka Kg=1500 MIla/m.
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Puc. 21. Hanpsowcenusn nyyenus npu nPOMOPAACUEBAHUU npu -5
nAMuUcaumumempogo2o obpazya cyeiunka: I - ooHocmoponHee npomepzanue; 2 -

gcecmoponnee npomepszanue. Kecmxkocmv oamuuxa Kg=1500 MIla/m.

3amep3aHue BOJBI B 3aMKHYTOM 00beMe, KAKMM MOTYT SIBJAATHCS MOPHI TPYHTA,
MOXET TPUBECTH K BO3HUKHOBEHHMIO B YCIOBHMAX HeIONyIleHUs aedopmanuu
3HAYUTEIbHBIX HamnpsokeHUui. IIpuOAMKEHHO HMX MOXXHO OIEHHUTh, HaIpumep, H3
ypaBHeHus Knanelipona-Knaysuyca, u onu cocrasiusaoT okono 13.4 MIla Ha rpanyc
NOHMUXKEHUS TeMmmepaTypbl. OIHAaKO OHU JEWCTBYIOT JHUIIb B OTPaHHYEHHOM Jauana-
30HEe JONYIIeHHBIX pgedopmanuii, cocraBiusiomemM He Oomee 9% oT oObema
KpHUCTaNIU3YIOIIeiics BOIHI.

PacknuHuBawpmee naBJIeHUE IUIEHOK HeE3aMep3lIed BOJbI, BBI3BIBAIOLIEE €€
MHUTpanuo, urpaetT O00JbIIyI0O poJb NpU (POPMUPOBAHUM HANPSIKEHUM myuyeHus. Ha-

npumMcep, npu NpoMep3aHUU MATUCAHTHMCETPOBBIX 06pa3u0B C BHCIIHHM IIOATOKOM



Biaru u 0e3 Hero (puc. 20), u3MepeHHbIe BeIUUYUHBI nedopmanuii cBOOGOAHOTO My -
YEeHUsI COCTAaBUJIM COOTBETCTBEHHO OKOJIO 5 MM M 2 MM, a Haups)KEHUH NydyEHUS -
cooTBeTcTBeHHO 0K0J0 0.4 m 0.15 MIla. Mexanuueckue ycinoBHs s GOpMUPOBAHUA
HaNpsOKEHUH, CBA3aHHBIX C KPUCTAJJH3alMeld BOABl B OTpaHUYEHHOM 0o0beme, B TOM
u apyrom ciaydae 6nu3ku. [loaTomMy Bo3pacTaHue HaUpsOKEHUN My4YEeHHS NMPU HATHYUHU
BHEIIHEr0 MOATOKA BJaru U aKTUBHOI'O pOCTa CErperallMOHHBIX LIJIMPOB JbJa MOXKHO
O0OBSACHUTh JEHCTBUEM pPACKJIMHHUBAIOIIETO JaBJIECHUS IJIEHOK BOJABI, IO KOTOPBIM
ocylIecTBIsieTcss mepeHoc Biuaru. Eciam Obl 3TH HanpsDKEHUs OB 00y CIOBIICHBI
KpUCTAJIM3alMel BOABI B 3aMKHYTOM OoObeMme, T.e. KPUCTAJJIHM3al[MOHHOE IaBJCHUE
IpeBbIIano Obl pacKJIMHUBAIOILIEE JaBJIEHUE MJIEHOK, IEpeHOoca BJaru He ObLIO OBI, a
YCIOBUS JKCHEPUMEHTOB M BEJIMYMHBI HANPSIKEHUH B 00OMX cliydasix OBUIM OBl
ONMU3KH.

OTO MOATBEPKAAETCS U SKCIHEPUMEHTAMHU MO BCECTOPOHHEMY M OJHOCTOPOH-
HeMy npomopaxuBaHuto (puc. 21). IIlpeumymecTBeHHbIH pPOCT JEASHBIX LUIMPOB Ma-
pamnensHo GPOHTY mpoMep3aHus OOyCIOBHI OOJIBIIME BEJIWYUHBI HAMPSDKCHUH Ty -
YEeHUs NPU OJHOCTOPOHHEM NMpPOMEp3aHUU. BenuuuHbl HanpsKEHUN B AIKCIIEPUMEH Tax
(puc. 20 u puc. 21) npu npomMep3aHUM C HNOATOKOM BJaru M NPU OJHOCTOPOHHEM
NIPOMOpaXMBAaHUMU OJM3KKM K JEHCTBUTEIbHBIM BEJIWYMHAM paCKIMHHUBAIOUIETO
NaBJEeHUs AJs Takux Temmnepatyp. HeoOxoamMmMo OTMETUTb, UTO BBIYJIEHUTb BKJaj
KaXJ O M3 3THUX COCTaBISIOUIMX HANpPSAXKEHUM B paMKax OJHOIO 3KCIEpPUMEHTa HeE-
BO3MOJKHO.

[Ipouecchl kKpucTanau3auuu, LIJIMPOOOpa3oBaHUS, U3SMEHEHUS CTPYKTYpPHl MO-
POABI IPOJOJKAIOT pa3BUBATHCS B MEP3J0H 30HE MPOMEP3aIONIET0 I'PyHTa, OJHAKO B
CPAaBHEHHUU C MPOMEP3aI0IIEH 30HON OHU MEHEE aKTUBHBI.

I[Ipy BO3HMKHOBEHHMU HANPSIKEHUNW NYy4YE€HUs, KaK M HANPSAKEHUN ycCaaku, pe-
miarouiee 3Ha4yeHHEe MMEIOT yCIOBHMS HeJOoNylleHus aedopmManuu: yem OOJiblle OKa-
3bIBA€TCS ATO HENOMYLIEHUE, TeM OOJblle 3HAUEHUS HANpPSKEHUIl, KOTOpble BO3HHU-
KalT B Ipomep3arouieid 30He. Tak, pe3ynbTaTel HMCCIENOBAaHUS HANpPS)KEHUU NIpHU
pa3aMyYHOMN KECTKOCTH BOCHPUHUMAIOIMNX UX NaTYUKOB Kg (T.e. B pa3HBIX YCJIOBHUSAX
HeJonyuieHus neopmanuii) nokasaiu, 4YTO ¢ yBeJIMUYEHUEM UX kecTKkocTH oT 800 mo
1700 MIla/m BenuMuMHBI HaNpsKEHUNW My4YeHUS BO3pacTaloT MOUYTH B JBa pasa.

MexaHu3M GOpMHUpPOBAaHUS HANPSKEHUM MydEeHUs, YUUTHIBAsI B3aUMOJEHCTBUE
BCEX 30H IpoMep3arllnell moponbl, HNpeACTaBIseTCs MNPU OTOM clenywoumuMm. s
MpoMep3arolel 30Hbl, ONpEeAeNAMel pa3BUTHE HANPS)KEHUW nydyeHus Ph B 3aBu-

CUMOCTHU OT HEeJONYIIeHUs ee nehOpMHUPOBAHUS, CIIPABEINBO yCIOBUE:!

dI:)h = kgrdginadm = kgrd(‘gh _ gadmit) (1)

1€ &inadm U &admit - BEIUYUHBl HEJAOMYIIEHHONW W MONMyMEHHOW aedhopmMamuu
npoMmep3aromieil 30HbI, &b - BeJMYMHA MOTEHLUHUAJIbHO BO3MOXHOH, CBOOOIHON 1e-

dbopManuu mydeHHUs B ciydae, ecaud Obl orpanudeHne aedhopMamuud OTCYTCTBOBAJO.



Kosdpdunuent Kgr mokaszpiBaeT, KakKoil BEIWYUHBI JOCTHTAIOT HANPSIKCHUS MPH €IU-
HHIlE HEJOMYIIEHHON aedopmanuu npomepsaromeid 3006, Jonymennas negopmanus
npoMep3aroliei 30HB NpPU OrpaHUYeHHU JedopMamuil NydeHUs Ha MOBEPXHOCTH
(nanpumep, gatuyukom: (I/Kgr )Pn ) npu 3TOM OyJeT ONpenensaThCs TaKXKe U yCagKou
Tanaoi 30HbBI (d&shrink), MEXaHUYECKUM CKaTHeM (KOMIIpeccHeil) Taloil u Mep3Joi 30H
(coorBeTcTBeHHO dPh*Imi/Emit u dPt*lsr/Efr), umMeromux pazmepsl Imit u lfr 1 Moaynu
nepopmanuu  Emit u Ef. Ilyrem mpeoOpa3zoBaHuid ToJiydyaeM CIEAYIOIIEe
COOTHOIIEHHUE, KAYECTBEHHO OTpakamollee 3aBUCHUMOCTb HANPSKEHHUNW NYy4YEeHHUS OT

OCHOBHBIX I1apaMETPOB:

dP, = ; dg; ~ d;‘:shrink —= dgi;-adm _1dgadr|nit _dglshrink )
e +omt T
kgr kg Emlt Efr kgr kg EmIt Efr

N3 (2) cnenyeT, 4TO HAaNpsKEHHUS NMYYEHHS NPOMOPLUOHAIBHBI MOTEHIMAIBHO
BO3MOXHOU gedopmManuu MNydyeHUS &h, OOpPaTHO NPOMOPLUUOHANBHBI AedopMalnuu
YCaAKHU &shrink U 001IeH 1eOpMUPYEMOCTH TPYHTOBOW CHUCTEMBI, KAK MOHO Ha3BaTh
BBIpaXKEHHUE, CTOsSIIEEe B 3HAMEHATee.

[Ipu comoctaBienuu ypaBHeHHUs (2) ¢ ypaBHeHueM (7) U3 NpeAbIAYLIErO Ma-
parpada MOXHO MOJYYUTb BBIPAa)XKECHHUE AJs HAMPSDKEHUS My4YeHUs, KOTOpPOE Ompese-
JIsieTCS MOTOKOM 3amep3arolleid Biaru (MUTpUpyoled U HaxoAslelcs Ha MecTe),

BpEMCHCM, TeMnepaTypoﬁ u (I)I/I?»I/I‘ICCKI/IMI/I U MCXAaHHUYCCKHMHU IIapaMETpaMu IMOPOJbI:

k(Q dl + (Vice o VW) kgrq*oogdt) o d‘g‘shrink
dR, = T (3)

L S
Efr

Kak cnenyer w3 pe3ynbTaTOB SKCIEPUMEHTAIbHBIX HCCIEIOBAHUN, CXKATHUE

gr g mit

TaJIOl 30HBI JEHCTBUTENBHO sBIsSeTCAd BaXHbIM (akTopoM. [lockonbKky B TeueHUE
BCEro nepuoja NpoMep3aHUs MPOUCXOAUT IMy4yeHHUE, TO HaOJII0JaeTcss HaAKOIJEHUE
HECpEeJaKCUPOBAHHBIX HampskeHuil. OJHaKo Mo Mepe HpoMep3aHus Jerko nedop-
MuUpyeMmas Tajas 30Ha YMEHbIIAaeTcss B pa3zMepax, yMeHblunaeTrcs oOmas aedopmu-
PYEMOCThH CUCTEMBI, YTO oOecneyrBaeT Npu MPOUYUX PABHBIX yCIOBUAX OOJNBIIUMN poCT
HampsDKEHUM B KoHIe nmpomep3aHus (puc. 22). JIns HEKOTOPHIX TIHUHUCTBHIX MOPOJ]
pacueTHble BeJuuuHbl Kodpduuuenta Kgr coctaBisitoT B cpeanem okoino 0.4 Mlla
(nns mpoMep3ampero cios ToJmuHON 1 cM u HenonyueHuu aebpopmanuu B 1 Mm),
4yT0 cpaBHUMO ¢ pesyiabtatamu B.B.llIBena c¢ mnpurpyskamu. [lpubnmxeHHO OHa
MOJXET OBITH OIleHEeHa: B mpenenax 9% oT ob0bemMa KpUCTATIIM3YIOMEHCs BOIBI (3a
BbIYETOM BEJIUUYHUHBI Eadmit U BEJIMUYUHBI OTTOKA BOJABI 3a BpeMs nepOpMUpPOBAHUSA U3

npomMep3aroniei 30Hb1) - no ypaBHeHuto Knaneiipona-Knaysuyca; B npenenax 60ib-



mux aepopmanuit - nmo ¢opmyne Ckodunama ¢ ydeToM MOATOKA BOJIBI K (PPOHTY
npoMep3aHus.

N3ydyenne ocoOeHHOCTEH pa3sBUTHUS HANPSKCHUNH NMYYEHUS] U yCaAKH B TPYHTax
Pa3IMYHOTO COCTaBa W CTPOEHUS C Pa3IUYHBIMU (PU3UKO-XUMHUUYECKUMHU U (PU3UKO-
MEXaHMYECKHMMH CBOWCTBAMHU IMO3BOJIMJIO MOJYYUTh HOBBIE 3aKOHOMEPHOCTU 3TOTO
npoiecca.

MakcumanbHble HaNpsKEHUS NydeHHUs Bo3pacrtatroT oT 1.5 u O6onee MIla npu
MOJIHOM BOJOHACHIIIEHUU C yBEIHMYEHHEM AUCIEPCHOCTH TPYHTA M COJEPKAHUS B
TIUHUCTOW (Qpaknuu MOHTMOpPWJUIOHHTA. B mpomecce mpomep3aHus, 0coOOCHHO Ha
HayaJlbHOM €ro 3Tame, Haubojee BBHICOKHE HANPSKEHHUS NMy4YeHHUS BO3HHUKAIOT B IIBI-
JeBATHIX I'PYHTAX - KAOJHUHE, MOJUMHUHEPAIbHONW TIMHE M CYyTJIHHKE. DTO CBSI3aHO CO
3HAYHUTEJIbHBIM IIepepacupeieIeHueM BJIard, MHTEHCHUBHBIM CErperanuoOHHBIM JIbJO -
BBIJICJICHUEM B MpPOILECCEe IpoMep3aHus U AeGopManusiMu MydeHHUs, 00YCIOBICHHBIMHU
NeUCTBUEM paCKJIMHUBAIOMIETO JaBJCHHUS IJIEHOK He3aMep3med BOJBI, UTO
obecrmeunBaetr GOpMUPOBAHNE U MAKCHUMAJbHBIX HAMPSKEHUH YyCaIKH, TOCTUTAO HIUX

B 3aBHCHUMOCTH OT yCIOBHM HegonymeHus nepopmanuii 0.2-0.3 u 6onee MIla.
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Puc. 22. Pazeumue nanpsioicenuii (a) u nanpsoicenutl (6) nyuenus no mepe npomep3arus oopasya
npu -2°C: 1 - kaonunumosas eiuna, 2 - NOIUMUHEPATbHASL 3ACONEHHAA 2luHd;, 3 -

MOHMMOPULIIOHUMO8As 2IUHA, 4 - mopgh

B Gonee nnoTHeIX (B mHTepBane 1.36-1.50 r/cm®) TpyHTax Ha HAa4anbHOM STale
NpoMep3aHHusl HANpSDKEHUS NydYCHHS HHXKE, a MaKCUMaJbHbIC HANpSIKEHHS - BBHIIIE,
YTO TaKXe O00BsACHIETCS O0COOCHHOCTSIMH MaccooOMeHa. IIpu yMeHbIIEHUH CTENEHU
BOJOHACHIICHUS HANPSIKEHHUS NYyYCHUS YMEHBINAIOTCS, YTO CBS3aHO C YMCHBIICHUEM
MHUTPAIlMOHHBIX MOTOKOB BJaru, aepopManuid My4eHUS U MOAyJs aedopManuu
IpYHTA.

OcTaHOBMMCS Ha OCOOEHHOCTSAX pa3BUTUS HANPSKEHUH B MOJMMHUHEpPaJbHOU
IJIMHE, 3aCOJEHHOCTh KOTOpoH cocrtaBisna okojo 0.3%. Ha nHauanbHOM 3Tame mnpo-
Mep3aHHUs OHAa HE OTJuYaeTcs OONbIIUMHU JedhopMalUsIMU NYYEHUSI: OHU MEHbIIE, YeM
B Topde ¥ KaoJIMHOBOW I'JIMHE B CBSI3M C MEHEe MHTEHCUBHOW MUTpanueil Biaru (puc.
22). OpHako B KOHIle Npomep3aHus JedpopMaluM NydYeHUs B HTOH TIHHE YyBe-
JUYMBAIOTCSA M3-3a TOrO, UTO B HUXKHEH yacTH oOpasla ocTtaeTcs OoJblle Biaru, 4em
B oOpa3uax JApYyrux IpyHTOB. TeM He MeHee HalpsIKeHUs My4YeHUs MeHbIIe H3-3a
BBICOKOH 1e(OpPMHUPYEMOCTH 3aCOJEHHOW MEep3JI0H TJIMHBI U OJU3KU K HANpsIKEeHUAM
B oOpasne tTopda. biauzkue pesynsrarsl noayuus I'.Il.bposka u apyrue (1996). B ero
JKCIEepUMEHTaX HalJlaaloch CHMXEHHE MAaKCHUMaJbHOTO THJIPOCTATHYECKOTO
JaBJIEHUS B 30HE JIbJOBBIJCICHHUA MO MEpe YBEJIWYEHHUS KOHIEHTPAIUH HOPOBOTO
pacTBOpa M MOHMKEHUU TeMIepaTyphbl Hadajla 3aMep3aHus MOPOBOM Biaru.

Takum  oOpa3om, mnpu  TNpOMEpP3aHUU  3ACOJEHHBIX TIpPYHTOB  HU3-3a
nepepacnpeneyeHus cojied M KPUOTeHHOro KOHLIEHTpHpoBaHHMsA (MJIM Haobopor,
paccojieHHss MEp3JIOT0 TpyHTa) B Mep3Jod Toiame  (GopMHpPyeTCs OTJIUYHASA OT
HayaJlbHOM 3aCOJIEHHOCTH, U MPOUCXOAAT U3MEHEHHUSI XUMHYECKOTO COCTaBa MOPOBOTO
pacTBopa. N3yueHsl 3aKOHOMEPHOCTH bopMupoBaHUs HaMpsKEHHO -

,Z[C(I)OpMI/IpOBaHHOFO COCTOAHUA npoMep3ar0IInx TPYHTOB, MOJIYUYCHBI



KOJMYECTBEHHbIC OIEHKH BIUSIHUS Ha JAedopMalMud M HANPSIKECHUS MNYYCHUS
3aCOJIeHHs, OHCIEPCHOCTH M JpYTuX (QakTopoB. 3acolieHHE TPyHTa MPUBOAUT K
YMEHbIIEHUI MUIpAlUU BJaru K TpaHULE MOpPOMEP3aHUS U YBEIUYEHUIO €TI0
n1epopMHUPYEMOCTH, M, CIEAOBATEIbHO, K YMEHbUICHUIO neQopManuil U HampsKEeHUH

NIy4eHHUs.

I''TABA 7. TIPOUECCHI UISMEHEHUA COCTABA U CTPOEHUA 3ACOJIEHHBIX
MHOTOJIETHEMEP3JIBIX I1IOPO/JI IIPU BO3JJEMCTBUU 'PAJJUEHTOB
TEMIIEPATYPEI, 3ACOJJEHHOCTU U MEXAHUUYECKUX HAIPSXKEHUM

7.1. TEMIIEPATYPHBIE AE®OPMAL NN

TemneparypHbsie agedopmManuu - xapaKTepHOE SBJIEHUE AJsl TOPHBIX MOPO,
HabnroaeMoe MpU M3MEHEHHH TEMIEepaTypbl M XapakTepuzyemoe KodppuuueHTaMu
JTUHEHHOTO U 00BEMHOTO paCIIUPEHUS, MPEACTABISIOMHUME CO00W COOTBETCTBEHHO
OTHOCHUTEIBHYIO JIMHEHHYIO B 00beMHYIO NeopManuio Mpu U3MEHEHUH TeMIIepaTy Pl
Ha 1°C. OnHu cBs3aHBl MeEXAy co0oi cootHomenuem 1:3. TemmnepatypHbie
nedopmManumu Mep3JbIX MOPOJ MPOSIBIASIOTCS BCIEACTBHE TeMMepaTypHBIX Aedopma-
UM KOMIOHEHTOB MOpOJbl (MHUHEPAIOB U OOJOMKOB MOPOJA, BOJABI, JIbJa, BO3AyXa),
¢a3zoBoro mepexojaa Boja - JieJl U CTPYKTYPHBIX MpeoOpa3oBaHUN NOPOJBI NMPU HU3-
MeHeHuUu Temmnepatypsl. Koapduuuent nuHeilHoro pacmupeHus OOJbIIMHCTBA MH-
HEepaloB, CIAaTalOMMX TOpHBIE MOPOjBI, cocTaBuseT (2-12)*10° 1/°C. B srtom ama-
nma3oHe HaxoIsATcs U KOod(G(PHUUUEHTH  JHUHEHMHOro pacmupeHus OosbplmIedl 4YacTu
MarmMaTU4ecKuX, METaMOpPHUUIECKUX W OCAJOYHBIX CIEMEHTHPOBAHHBIX mopoa. Jlen
KaK Ba)XHas 4acThb MEP3JIbIX TOPHBIX MOPOJ UMeeT OoJiee BbICOKME 3HaueHus - oT 30
10 60*10°°, mzmeHsiomIMecs B 3aBUCHMOCTH OT CTPYKTYpHI IbJa, yrjia HAKjJIoOHA OII-
TUYECKOM OCH KpHUCTalJIOB, UHTEpBaja TemmepaTrypbl U T.A. Benuuuna kosdpdunu-
€HTa pacUIMpEeHUs s He3aMep3lied BOJbl, OI€HEHHAas MO0 M3MEHEHHUIO MIOTHOCTH
mepeoxXnaxkAeHHONH BOAK, cocTaBuseT 7-18*107° 1/°C B amamasome TemmepaTyp ot 0
no -20°C. HM3menenue oObema mpu (pa30BOM Tepexoje Bojga - JIeJ OmpeaesieTcs
Pa3HOCTHhIO YAEIbHBIX 00BEMOB BOJBl U JbJa. JTa Pa3HOCTb COCTABJISIET AJsS CBO-
6onmHOM BoAbl 9%, a a9 CBA3AaHHOMW BOJIBI OHA, BO3MOJKHO, Bhime. M HakoHel, BO3-
OyX, COAepX)auuics B MEp3JIbIX MNopojax, o0yagaeT BHICOKOH CMOCOOHOCTHIO K
pacmiupeHuio - cxxatuio. B coorBercTBuu ¢ ypaBHeHueM ['eit-Jlioccaka, koappuuueHt

NMUHEHHOTO pacmuperns paser 1220%10°° 1/°C. PacuyeTsl ero BeNMUYHHBI JUIS MEP3IBIX



TPYHTOB, OCHOBaHHbIE Ha apuPMETHYECKOM CYMMHPOBAHUHM TEeMIEpaTypHBIX
nedpopManuii, MEpPeYUCICHHBIX KOMIIOHEHTOB C y4yeTOM (a30BBIX MEPEXOJ0B JAAIOT,
OJHAKO, pacxonsumuecs ¢ (PaKTUYECKUMHU JaHHBIMU pPE3yJbTaThl, OCOOEHHO I
TOHKOJAMCHEPCHBIX NOpPOJ. DTO CBHIETEIbBCTBYET O OONbmoON poau (a3oBBIX Ie-
PEXOIOB M CTPYKTYPHBIX IpeoOpa3zoBaHUil Mep3ioid mopoasl B s3ddexTe Temmepa-
TYPHOTO pacIIMpeHus - cxKaTusA. Tak, A Mep3JIbIX AUCHEPCHBIX MOPOJ KOdPPUIIUEHT
pacmupenns 10-12007° 1/°C B 3aBHCHUMOCTH OT COCTaBa MOPOJ U UX BIAKHOCTH.

C yBedan4eHUEM IHCHEPCHOCTH AePopMaluu TEMIEpPaTypHOro pacIiupeHHs -
C)KaTHsA BO3pacTamT. B cymecsax, CyrimHKax, riuHax ¥ B Topde OHM BO3pacTaioT C
YMEHBIIEHUEM BJIaXXHOCTH M CTENEHU BOJOHACHIIIEHHS, YTO CBSI3aHO C yBEIHMYECHHEM
CBOOOMHON MOPHUCTOCTU U POJHU CTPYKTYpPHBIX mpeoOpaszoBanuii. [ns meckoB, Tae
TeMImepatypHbie gedopmMamuu 0OyCIOBICHB TJIaBHBIM 00pa3zoM aedpopMUpOBaAHHEM
MHHEpaJbHBIX KOMIOHEHTOB W JbJa, Ha00OpOT, BeluMuymHa Kod(¢uumeHta pacuiu-
peHHs B IeJIOM OOJIbIIE NMPU YBEJIWUYCHUH BIAXHOCTU. BiusHMe MHHEpPaIbHOTO CO-
cTaBa Ha TEMIIEpaTypHOE pacIIMpeHHe - C)KaTue CKa3zblBaeTcs He MpsMOo, a 4yepes
BJIaXXHOCTh, NMOPUCTOCTh, CTPYKTYPHBIE OCOOCHHOCTHU MOPOJBl U MPOSABISAETCS CJe-
OYIOMUM 00pa3oM: I MOHTMOPHUJUIOHUTOBOM TJIMHBI B HHTEPBaJIe TeMmeparyp -3 + -
7°C on cocrapnser 60*10° 1/°C, a nns nmonumunepanbHoit 190%¥10°6 1/°C.

TemnepatypHOoe pacIIMpeHHE - CXXAaTUE MEpP3JbIX MOpPOJ C ECTECTBEHHOU
KPUOTEHHOW TEKCTYpOHW OTJIMYAETCS OT PACHIUPEHHUS - CXKATHA UCKYCCTBEHHO TMpH-
TOTOBJICHHBIX O0Opa3OB U MOJXKET OBITh KAYECTBEHHO OTJIHYHBIM B Pa3HBIX TEMIIC-
paTypHBIX MHTEepBaysax. Tak, Npu MOHWKEHUH Temmepatypsl otr 0 mo -2, -6 °C orme-
qaeTcsl pacmupeHue o0pa3moB MEpP3JOro CyriIMHKAa €CTECTBEHHOTO CIIOKEHHUS, MPH-
gyeM B 0o0pasnax C BBICOKOW BJIAaXXHOCTBHIO, JUH30BHUIHO-CIOMCTOM, JIMH30BUIHO-CET-
4aTOW W aTaKCHUTOBOM KPHOTEKCTypaMu OHO BbIpaxkeHo ciabo. [Ipu manbHeimem
MOHMXEHUU TeMIepaTypbl QUKCUPYETCS TOJBKO cxkaTue oOpa3noB. B oOGpasmax mo-
pOJd HApYIIEHHOTO CJOXEHHS B LeJoM KOo3(p(PUIMEeHT JIMHEHHOro pacuMpeHus oka-
3bIBA€TCS BBINIE, YEM B MOpPOJAaX €CTECTBEHHOTO CJOXEHHWs. B wacTtHOCTH, ais uC-
KyCCTBEHHO NMPUTOTOBJIEHHOTO H 3aMOPOXXEHHOTO o0pa3ia CyrimHKa B HMHTEpBale
Temmepatyp ot -3 10 -5°C on pasen 70 - 3400*10° 1/°C. Ins mopoJ ecTeCTBEHHOTO
CIIOKEHHUs 5Ta BEIMYMHA m3MeHseTcs oT 10 go 75*10°° 1/°C (E.I.Ilymepuna u 1p.,
1973). Paznuuus B moBeJACHUH 00pa3IOB €CTECTBEHHOTO M HAPYIIEHHOTO CIOXCHUS
OOBSACHSIOTCS, BEPOSITHO, OTMEYECHHBIMH TMpPH JTOM 0Oo0jJiee HWHTCHCHBHBIMHU
CTPYKTYPHBIMH H3MEHEHUSIMH W MHUKPOTpEHIMHOOOpa3zoBaHWEM B oOpasmax Hapy-
IMEHHOTO CcloXeHus. [IpruyeM Ha HEKOTOPHIX MUIATOMETPHYECKUX KPHUBBIX, HAIPH-
Mep, IS MEpP3JIOTO CYTJIHHKA, BBIACIAIOTCS HE OJHMH, a IBa HHTEpBalla TeMIeparyp, B
KOTOpBIX Habmrogaercs pacmupenue mnopoasl: oT -0.2 no -2 °C u ot -20 no -45 °C.
JlebopMmanuu pacmupeHUss B IEPBOM HHTEpBae TeMIepaTyp Hamboyiee pa3BUTHI MPHU

IMOJJHOM BOJOHACBIIECHHWHU, 4 C YMCHBIICHHUEM BJIAXHOCTHU U CTCIICHU BOJOHACBIIMICHUA



pacmiupeHHue CyrJIMHKa NPOSIBISIETCS B MEHbIIEH CTENEHHU, NPEKpallasich IpU CTENEHU
Boaonaceimenus 0.75 (E.Il.Llymepuna wu  ap., 1970). OwueBugHo, 73THU
3aKOHOMEPHOCTH CBS3aHBI C (a30BBIMU MEpPEXOJaMU BOJHBI B JieJ U 0OpaTHO B Mep3-
JIBIX MOpOJax.

NHTepecHO OCOOEHHOCTBIO TeMIEpaTypHBIX AedopManuid sBasercs 3¢¢ekT
TEMIIEPATYPHOT0 MOCHEAEHCTBUSA, YCTaHOBIEHHbI H.M.BOTAKOBBIM a1 HEKOTOPBIX
Mep3ablX nmopoa. OH 3akio4aeTcs B TOM, YTO TeMIepaTypHble AedopMaluu pa3BH-
BalOTCS B TEYEHUE HEKOTOPOrOo BPEMEHHU (O HECKOJBbKHUX CYTOK) IOCJE TOro, Kak
TeMIlepaTypa B MEp3JIOd NMOpojae CTaOUIU3UPYETCs, YTO CBA3aHO, BEPOSATHO, C IJH-
TEJIbHO MPOTEKAIINMHU CTPYKTYPHBIMU MPEOOPa30BAHUSIMHU TMOPOJIHI.

Hpyro#t ekt 3akmovaeTrcs B oOpaTHOM SBIEHHU, KOTOpOEe HaOII0IaI0Ch
HaMU B IIMKJE€ HarpeBaHusd Mep3iablX mopoj oT -25 no -20 °C. Ilpu ocTaHOBKE H3MeE-
HEHUS TeMIepaTypbl B o0pa3le NMPOUCXOAUT HEOXHUJAHHOE €ro CKaTue B TEUCHUE
HECKOJBKUX JECIATKOB MUHYT (puc. 23). DpdexT MakcuMaabHO BBIPaXXEH B MeECKe, Iae
OH BOCHPOHU3BOJMUTCS OT OJHOTO ILHUKJAa OXJaXJAEHHS - HarpeBaHus K JApPYromy,
yMeHbIIasch Mo amMninutyae nepopmanuii. Ero MmoxHO Ha3zBaTh 3pdhekToM oOpaTHOTO
ckatusi. BeposTHO, OH CBsiI3aH C BHYTPEHHUMHM HANpPSDKEHUSMU IPH 3HAYUTEIbHBIX

nepenajaax TeMnepaTtyp U CTpyKTYpHBIMU peoOpa30BaHUAMHU MEP3JIbIX HOPOL.
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Puc. 23. Temnepamypusie depopmayuu obpaszya mep3noco cyeiunka oaunou 20 mm

npu NOBvIULEHUU MeMnepamypul

TemnepatypHbie nepopManuu 3aCOJEHHBIX MEP3JbIX MOPOJ NMPAKTUUYECKHU HE
n3ydeHsl. HaMu ObIM mMoJNIydeHBl NJaHHBIE MO TeMIEepaTypHBIM AedhopManusaM Mep3a0i
cynecu (n. boBaHeHKOBO).

Kak u3BecTHO, TemmepaTypHble nedpopMaluu MEp3JbIX T'PYHTOB HEIUHEHHO

3aBUCAT OT TEMIICPATYPhI U O0OBIYHO ONmpeaAcCIdrOTCA aJd HECKOJBKHUX Pa3IMYHBIX



CTynmeHel TemmepaTypbl. Mbl mocTaBuiIM mepen coboil Ooxee y3kyw 3amady AaTh
OLEHKY 3Ha4YeHHs KOd(P(PUIIMEHTA TEIMJIOBOTO pacHIMpPEHUs Ui MHTEepBajla TeMmIepa-
TYD.

Cynecs umena npu W=0.35 u p=1.75 r/cm® HeGONbIIYI0 €CTECTBEHHYIO 3aCO-
neHHocTh 0ko0y0 0.05%. [lepBoHavalbHO NPU MOHUXKEHUM TemmIepaTtypbl oT -1.9 o -
13.8°C (Bpimepkka mocie crabunusanmuu Temuepatypbl 12 gacoB; AT = 11.9°C),
KO3 QUIIMEHT TEIIOBOTO pacIIMPEHUsS U3MEHICS M0 o0pa3lnaM COOTBETCTBEHHO 7,3;
9,6; 7,6 u 8.8%10° 1/°C, cpennee 3nauenue 8.2*10° 1/°C. 3aTem, NpuM HArpeBaHUU
or -13.8 mo -5.4°C (BeIOEepkKa mociie crabuiau3amuu TeMmmepatypsl B obpasme 3
gaca) kodpdunueHnt umen 3HadeHus 6.3, 8.3, 7.0 m 8.4 mpu cpeaHedl BeIMUHHE
7.5*107° 1/°C. 3areM npu HarpeBaHuu oT -5.8 g0 -1.9 °C (AT = 3.9 °C, BwiepxkKa
mocyie cTabMiauM3anuu TeMmImepatypsl B obpasmne 12 gacoB), KOdPPHUIMEHT WMeEJT 3HA-
genus (mo 4 obpasmam) 10.3; 13.2; 10.1; 9.8 npu cpenneit Benuuune 10.8*¥10-5 1/°C.
Beiio  BBIMONHEHO e€me HEeCKOJAbKO [HKIOB HArpeBaHUS-OXJAaXICHHS B OTOM
Auamna3zoHe TeMmIepaTryp, KodpQUIHEHTH TEIJIOBOTO PAaCIIMPEHHS OKa3aJlUuCh N0CTa-
TOYHO OJHM3KHU MEXIYy COOOM.

B memom 3TH 3KCHEepUMEHTHl MOATBEPAWIIM H3BECTHBIE 3aKOHOMEPHOCTH W3-
MeHEHUs Kodp(duIueHTa TeMImepaTypHOTO PaCIIHPEHHsS, B YACTHOCTHU YBEIHYCHUE
e€ro MpW TOBBIIMICHHHW TEMIEpaTypbl, mocleneicTBue. Bemuuuabl kodpdunumenrta
oKazanuch ONM3KUMHU K paHee uzyueHHbIM s cynecu (C.E.I'peunmes u ap., 1990).
Jnis pa3nuYHBIX AUCHEPCHBIX TPYHTOB MPHU HHU3KUX Temmeparypax (puc. 23) ycta-
HOBJIEH BOCIIPOM3BOJMUMBIA B JKCHEPUMEHTAX, B TOM YHCJIE IHUKINYECKUX, dPPeKT
00paTHOTO CXKATHUs IMMOCJE OCTAaHOBKM HAarpeBa W CTAaOMIM3AIUHM TEeMIEpaTyphl, MPO-

TUBOIIOJOXKHBINA MOCIENEUCTBUIO.

7.2. IEPEJIBUXXEHUE BJIATU U COJIEM B MEP3JIBIX [IOPOJIAX ITIPU
BHEIIHUX BO3JEVCTBUIAX

Bonpocy o mnepeaBukeHMHM Biaru B MEp3JbIX NOpOJAax MOJA BIUSHUIM
TEeMIIepaTypHOTO TpajJueHTa BCerja MNpHUIaBalii BaXHOE 3HAa4YE€HHE, HECMOTpPsS Ha
SKCINIEpPUMEHTAJIbHbBIE TPYAHOCTU €ro wuccienoBaHusd. J[lns Hemep3ablX MNOPOA OH
BIepBbIe ObLI MoABeprHyT aHanu3y A.d.JlebeneBriM (1912), koTOpsIl npexae BCETO
UMena B BHUJY INepeIBUXKEHHE BJAard B NapooOpa3sHOM COCTOSHUM NOJ BIUSHUEM
pPa3HOCTH yNPYrocTU Mapa B TOYKaxX ¢ pa3Hod temmepatypoil. A.T.MoposzoB (1938)

MPEIOXKUI NPUOIMKEeHHYI0 (OPMYITy Ui pacxoja nmapoodpa3zHoi Biaaru V:

v=R,Pi-h
P I

rae K - xosdpouuuent naponponunaemoct, PB u PH - ynpyroctes BOJOSIHOTO

mapa B TOYKaxX, COOTBCTCTBCHHO cnymameﬁ HCTOYHUKOM IIapa H cnymameﬁ €ro



npuemHukom , | - mnuHa TpyHTOBOrO ciiosi, P - aTMocdepHoe maBieHue. ITa
dbopmyna aHalloTHYHA HU3BECTHOMY BhIpaxeHuro @Duka. ['.Byrokocom (1915) Obui0
YCTAaHOBJEHO, YTO C NOBBIIMICHHEM BJIa)XHOCTHU IEPEHOC BIAaru CHadvajga pacTeT 10
HEKOTOPOW BEIMYHUHBI, a 3aTeM YyMEHbIIAeTCs BIUIOThH JO IMOJHOTO MPEKpalmleHUs
BUAMMOTO TmepeHoca. llpumedarenpbHo OOBSICHEHUE TMOJTYYCHHBIM pe3ylbTaTaM,
nanHoe aBTopoMm: “C MOBBIMIEHUEM TEMIEpPATyphl YMEHBIIAIOTCS CHJIBI aATre3ud U
aTTpaKIMU, CYHIECTBYIOIINE MEXJy TBEPABIMH YaCTUI[AMU U BJIAroi, B CHUIY 4Yero
OTOpOJIHAsI MOYBA IMEpEeTATUBACT K cebe YacTh BJIAard ¢ TEIJIOTO KOHIlA KOJOHHBI 1O
TEX NOp, MOKa HE YCTAaHOBUTCS paBHOBecue. YUeMm BHIINIE TeMIepaTypa TEmaoro
KOHIIa, TeM OoJsble mepeaBuraercs Biara. [locie Toro, Kak JOCTUTraeTCs MAKCUMYM B
MEepEeIBUKEHUU BJard, MNpUTATAaTeIbHAs CHJIAa XOJOJHOTO KOHI[a BCIEJICTBUE
BO3pacTaHUs BJAXHOCTH HAYMHACT YBCIHMYHMBATHCS MEJJICHHEE, 4YeM yMEHBIIAIOTCS
anre3us W aTTPakIMs B TEIJIOM KOHIE, BIJIOTH JO TOrO, YTO XOJOIHBIH KOHEI
BooOme mepecTtaeT mepersAaruBath K cebe Buary”. BwiBoaer I'. byrokoca Obuin
nontBepxaeHsl X. HMonmacom u X. Kouke (1952) u gpyrumu. C.I'. I'sppowm,
T.A.Mapmamnom u J.T.Xatrronom (1952) Obi10 ycTaHOBJIEHO, dYTO B Ccllydae
HACBHIMCHUS TPYHTa pPacTBOPOM XJIOPUCTOW CONHM XJIOP-WOH JBUTralics HE K
X0J0AHOMY KOHIY, a K Terminomy. P.JI.Ponnuuc, M.I'.Cnaurnep u J.Kupkxsm (1954)
Ha OCHOBaHHWHU J3KCICPHMEHTAJNBHBIX JaHHBIX W HX MaTeMaTHYecKol oO0paboTku
NPUILIA K BBIBONY, 4TO mpeoOmamaromieii Gpopmoil NBUKEHHUS BJIATH MPH HAITUYIUU
TEMIIEpAaTypHOTO TpaaueHTa sBIseTcsS He x)uakas. OHU MOATBEPIUIN PE3yIbTAThI
C.I'.'appa m apyrux, 4To HaOJOgaBOIMECS CKOPOCTH MOTOKa BJIAard B IIECTh pa3
MPEBBIIIAIOT PACCUYUTAHHBIC MO YpaBHEHUIO nuPPy3un. M3 3TOro oHH clesialu BBIBO/I,
4TO MEepeJABUKCHHE BJIaTrW COBEPINAETCS MOJ BIHSHHEM KaKOTO-TO MHOTO MEXaHU3Ma,
HEXeNu  MoJekylnspHas auddysus. HeoxugaHHsle  pe3yiabTaThl  MOJYYHUIIHU
N.M.Ky3zmak u II.JI.Cepena (1957), koTopbie B CBOUX OMNBITaX, MOMETUB BJary
WOHOM XJiopa, IMepeNBUXKeHUs He oOHapyxwunu. I[lo-BHamMoMy, TeMIepaTypHBIN
TpaJieHT CO3MacT 3HAYHUTENbHBIM TPpAaJUCHT YIPYrOCTH BOJSHOTO Tapa W B TO XK€
BpeMsi HeOOJbIIOW TpaJUEeHT MMOBEPXHOCTHOTO HATSIKCHUS IKUJKOW  BJATH.
A.M.I'mobyc (1960-1962) Takke oTMeuyaeT, UYTO MHTEHCHMBHOCTh NEpPEHOCA BJaru K
XO0JIOJHOMY Kpar 00pa3loB cHayajga ¢ yBEJIHMUYEHUEM BJIaXHOCTH BO3pPACTaET, a 3aTeM
C JMalbHEHIIUM YBEJIMYCHUEM BJIAXHOCTH YMEHBINACTCSI, HW TIPH BJIAXHOCTH
KamuJIJASpHOW BJIATOEMKOCTH TMpaKTHUYeCKH mpekpamaercs. A.M.I'mobyc oOpamaet
BHUMaHWE Ha TO, YTO IMEpeJBUKCHHE BJATH IOJ JEHCTBUEM TeMIEepPaTypHOTO
rpaJlieHTa aKTUBU3HPYETCS B BOJOHACHIIMEHHBIX TpyHTaXx. OH cyWTaeT, dYTO NIPH
3ToM maponupdy3HBIH MOTOK Mall W3-3a HU3KUX TEMIEpaTyp HM 3aHATOCTH IOpP
BJIarO¥, TEPMOKAMUJJISIPHBIN - TO K€ M3-3a COKpAIlEHUS MOBEPXHOCTH pa3jesia Bojaa -
BO3JIyX M YMEHBIICHUS MECHUCKOBBIX CHJI, TO3TOMY TJaBHOE 3HAYCHUE MMEET TPETUH

CbaKTOp - YMCHBIICHHWEC IMOTCHOHAJa BJIaTH HOpH €€ KPUCTALJIHU3alWMU B MOPOLHECCE



npespamenus B aen. OnHako, mo cnpaBeqiuBomMy 3ameuaHuto A.A.Poxme (1969),
npupoga 3tux cuia HescHa. M. A.TotionoB u 3.A. HepcecoBa (1963) ucTouHHK 3THX
CUJ BHUJEIM B TOBEPXHOCTHOM OSHEPruM TBEPIABIX YAaCTUL TIOYBBI, KOTOpas
ocBOOOXIaeTcss MpH AeTUApATallMi ATHUX YacTHUIl B mpolecce oOpa3zoBanus npnaa. [lo
b.B.[lepsaruny u np. (1987), sBieHue TepMoocMoOca U TEYEHHUE JKUIKOCTH UeEpe3
KanuJJIsipbl UM HNOPUCTHIE NEPETOPOJKHU MOJA JEHCTBUEM IpaJUMeHTa TEMIEpaTypsl -
CBSI3aHO C OTJIMYUEM YJEJIbHON APHTAIBIUMU KUAKOCTH B T'PAHUYHBIX CJIOAX U TOHKHUX
nopax or o0beMHBIX 3HaueHHUU. [Ipennmaraercs cnenyronee BoIpaXeHUE 51 OMUCAHUS

TEPMOOCMOTHUYECKOTO ToTokKa Qo:

Q, =23l AT
T

rae T, AT - COOTBETCTBEHHO TeMIepaTypa M ee TIpagueHT. S - IIomanb
ceyeHuss mopsl, | - MOMEHT H30BITOYHON SHTAIBNUM TPAHUYHOIO CJOs, 3HAK
uHTerpana | ompenensercs 3HaKOM M3MEHEHHUH PHTalbNUM B TPAaHUYHBIX ciosx. Tak
KakKk B OJMHOYHBIX TPAHUYHBIX CJIOSIX Ha TIpaHULE C JHUOPUIBHOH CTEHKOH
MEXMOJIEKYJISIPHBIE CBSI3U OOBIYHO YCHIJIEHBI, YTO AOJIKHO MOHMXKATh MX IHTAJIBIHUIO,
TO B IIUPOKUX JIUOPUIBHBIX MOPaX, TEPMOOCMOTHYECKHUH MMOTOK JOJKEH OBITh
HallpaBJieH B rOpsAYYyI0 CTOPOHY.

Psgom aBtopoB (Gurr et al., 1952; Hadley and Eisenstadt, 1955; Hutcheon,
1958 u npyrue) OblIO HOKa3aHO Tak)Xe, YTO MOTOK HapooOpa3HOW Biaru OOBIYHO
JBUTAETCAd B XOJOJHYI CTOPOHY, a KOHIEHCHUpYIoIIasics TaM JKMJAKas BJjara
IepeMenaeTcss B MPOTUBOIOJI0XHOM HaNpaBJIE€HUM - BO3HUKaeT UMpKynauus. [lpn
9TOM CKOPOCTb JBUXXEHHMS B IIECTh pa3 BbIIIE, YEM pacyeTHas CKOPOCTh
MosekynsipHo auddysuu. Ecnm cucrtema OTKppITa M B XOJOJHOW oOnactu
NPOUCXONUT TMOTeps BjIaru, HaOmOJaeTcs MOCTOAHHBIA €€ MNPUTOK U3 TEIJIoHl
obmactu.

I[To cnoBam b.B.Jlepsruna (1987), okcnmepuMeHTaldbHbIE pE3yJIbTaThl
TEPMOOCMOTHUYECKOTO TE€YEHHS B OTHOCHUTEJIBHO HIMPOKONMOPHUCTBHIX TeJaX JOBOJBHO
npoTtuBopednBsl. Tak, B MOPUCTBHIX CTEHKAaX CO CPEAHUM paJuyCOM IOp OKOJO | MKM
U B CTEKJIAHHBIX Kanujuisipax paauycoMm 10-15 MKM TepMOOCMOTHYECKOE TEueHHE
HalpaBJIE€HO B XOJOJAHYK CTOpPOHY, CBHIETEIbCTBYS O IOBBILIEHHON OJHTAlbIINU
rpaHUYHBIX CJI0E€B BOJBI. B TO ke BpeMs i HNOPOIIKOB IOBEJIUPHOTO KPOKyca M
kapbopyHaa ¢ pa3MepamMu dacTuil okojo 0.1 MkM BooOme He yJaajaoch B mpeaeiax
NOTPEIIHOCTH H3MEpEeHUH OOHapyXHUTh TEUYEHHUs BOJBl. B cMauuBalOIMUX MIEHKaX
BOJbI Ha MOBEPXHOCTHU CTEKJa, HANpPOTHB, HAOJIIOIAJIOCh TEPMOOCMOTHYECKOE
TedyeHHe B ropsiuyio ctopony (nanueie A.Il. EpmoBa u H.B.Uypaesa, 1969 u np.).
Jlyume  coriacyrmmuecs  pe3yJbTaThl  JAalOT  HU3MEPEHHUs, CHEJaHHbIE  Ha
TOHKOMOPUCTHIX  Teiax: MeMmOpaHax, rIvMHax, cuaukareasx. llpu  sTom

TCPMOOCMOTHUYCCKOEC TCUCHUC BOIbBI OBLIO HaIlpaBJICHO B XOJOAHYIO CTOPOHY.



Cnenyer OTMETHTBH, UYTO HapsAAy C TEPMOOCMOCOM OJHOBPEMEHHO HabIgaeTcs
ABJIEHUE TepModopesa, T.€. IepeHoca YacTHUIl.

[lepernoc He3amep3mieid Biaru B Mep3lod mopoae Tpebyer ocoboro
paccMoTpeHus. MHOrokpaTHO OIMCaH MPOLECC MUTpPAlUM BJaru U IpPOMEp3aHUI.
Ero cBsA3pIBalOT ¢ pa3auYHBIMH TNPUYMHAMH, HO HauboJiee pacupoCTpaHEHHOU
aBiasercs Touka 3penus O.J[.EpmoBa. OH 00BACHAET MHUIpPAIHI0O BHICBOOOXKIEHHEM
MOBEPXHOCTHON JHEPruM TPYHTOBBIX YACTHUI[ NPU MEPEXOJ€ YaCTUI[ BOJbI, B TOM
4HUCcJie YaCTUYHO CBS3aHHOW BOABI, B Jyea. Mm m ero corpynHukamu (1985) Owuio
[I0Ka3aHO, YTO TE€UYEHHUE He3aMep3lIei BOJbl NIPOJOJIKAETCA U B IpOMEp3alOLIEd 30HE,
T.€. B MEP3JOM TIPYHTE.

B pab6ore 0. Hakano um A.P.Taiica (Y. Nakano and A.R. Tice, 1989)

NPUBOJKUTCS CIEAYyIOIIee BhIpaKeHHME s MOTOKa Biaru f:
704 ar
f:_le (WaT)E_pDZ(WaT)E’

rae p - MIOTHOCTh cyxoro rpyHta, T - tremneparypa, °C, W - coaepkaHue BJIaru BO
Bcex (azax, X - koopauHarta, a D1 u D2 - smnupuyeckue kod3PpPpuuueHTs, 3HAUCHUS
KOTOpBIX OBLIKM ompeAeneHbl ATUMH aBTopamu. [locieaHumu ObBLJIO YCTAaHOBIEHO
Takxe, 4to 3HaueHus D1 wu D2 yBenunuuBamwTCs C YBEJIMYEHHUEM BIAXHOCTH U
MakCcuMalbHbl NPU 3HAYEHUU  BIAXKHOCTH, COOTBETCTBYKIIEM COIEPKAHUIO
He3amep3uieil Boabl. OnHako 3HaueHue D2 yBenuumnBaeTcs ¢ yBeIMYEHUEM BIAXHOCTHU
10 BeauuuHbl W=14%, a 3aTeM cCOXpaHsAeTCs NOYTU MOCTOSHHBIM. Pe3koe U3MeHeHue
D2 mpoucxoautr oxomno 0°C, ecaum BaaxHocTh Oonee 14%. Ilpu oTpuuaTenbHBIX
TeMmIepaTrypax, €CJM  BJAXHOCTb  BBIIIE€ BJIAXHOCTH  He3aMep3led  BOJIBI,
IepepacnpeneseHue BJIaru Majuao, N0 KpallHEed Mepe, B TEUEHUE HECKOJIbKHX HENEIb,
OJHAaKO IOTOK BJAaru BO BCEX JKCIEPUMEHTAX HAINpaBJIEH B CTOPOHY MOHUKEHUA
TeMIepaTypbsl. OTH aBTOPbl HALJIM, YTO MOSBJIECHHUE JEASHBIX IIJIUPOB NPAKTHUUYECKHU
IIpephIBAET MOTOK BJATH.

b.B.[lepsrun cuutaet (1987), uto XxoTs caM (akT TeUYeHHUS BJIarud B MEP3JI0OM
IPYHTE JIOCTOBEpPHO ycTaHOBJIeH paboramu A.A.AnHansHa (1972), JI.B.UuctoTtunoBa
(1973), A.P.FOmukuca (1967), 3.[4. Epmosa (1973) u npyrux, d¢usuyeckue
3aKOHOMEPHOCTH M MEXaHHU3M 3TOTo HepeHoca OOyCIOBIEHB yCTaHOBJIEHHBIM UM
spdexToM TepMOKpHUCTaNIU3ALUMOHHOTO TeueHus. b.B.Jlepsrun paccmatpuBaer
CHUCTEMY, TJ€ JeAsHas IUJIaCTUHKA HaXOJAUTCA MEXAY JIBYMS  TBEPABIMHU
MIOBEPXHOCTSIMHU, OTAECIECHHBIMU OT HEE MJIEHKAMM He3zamep3wmeld Boabl. Ecaum Takyro
CHCTEMY BBIBECTHM M3 COCTOSHUS paBHOBECHs, coO3JaBas Mallyl0 pa3sHOCThb
temnepatypsl AT = T(1) - T(2) unu manyw paszHocTb aaBieHuss AP = P(2) - P(1) B
npocioiikax, n1u60 TO WM JApyroe, TO MNPOUCXOAUT TEMIO- U MacCOOOMEH MEXIy
NIPOCIOMKaMHU, CONPOBOXKAAOMNINCA MJIAaBJICHUEM JbJa HA OJHON €ro NOBEPXHOCTU U

KpUCTaJIM3anuel BoAbl Ha Jpyroil. B pesynbrare mpou3BOACTBO SHTPONHMHU S I



paccmaTrpuBaeMou CUCTEMBI B €JIMHHULY BpeMeHM t M Ha eAUHHLY [JIOoWAaau
MJAaCTUHKHU JIbJla PABHO:

ds _ AP AT

a &7 T?

I/ICHOHBSYH MCETOAbl TCPMOJUHAMHUKHU H606paTI/IMHX npouceccoB, ajad IMOTOKa

MaAaCCBHhI qs MOXHO HOHyI‘II/ITB CHeHyI'OH_Iee BBIpa>KeHI/IeZ
AT
g = all(AP+psQ?)

rae i1 - kodphunueHT, KOTOPHIH XapaKTEPU3yEeT COMPOTHUBICHHUE CMEIICHHIO
IbpJa, 3aBUCANIEE OT THUIAPOJUHAMHYECKOTO CONPOTHBICHUS KOMMYHUKAUHH U
NPOCIIOEK; Ps - IIOTHOCTh; Q - TermnoTra ¢pa30BbIX NEPEXOIOB.

B pab6orax C.E.I'peunmeBa (1983) Ha OCHOBE TEOPETHYECKOTO0 PACCMOTPEHUS
KAHETUKH B3auMojaeicTBus (a3 B oOimacTu TrpaHUIBl (A30BBIX NEPEXOJO0B OBIIO

MOJYUYCHO CICAYIOIICE BIPAKCHUC!

1,d(Ca,) =-Q T~ 0G* — vy, —v, )P

rae Vw U Vice - yJ€JlbHble 00BbEMbl COOTBETCTBEHHO MJIEHKHU BOJABI U JbJa, (Quw -
notok Binaru, C - kodppuuuent, G u P - 1aBIeHUE COOTBETCTBEHHO BO JbAY H B
BOJASIHOW IIeHKe. HeTpyaHo BuAETh METONOJOTMYECKOE  CXOACTBO BBIPAXEHUN
C.E.I'peunmena u b.B.Jlepsruna, a BuepBble Qopmyla mnoao0HOro Tuma Oblia
npeajgoxeHa, mo-suaumomy, akagemukoM H.C.AkynoBeiMm (1946) nns omnucaHus
ckopoctu ¢a3zoBoro mnepexona. Henb3ss He cOriacutbCs ¢ TaKUM IOJXOJ0M,
MIOCKOJbKY DHEPreTUUYECKH MUIpalus BIAaru Ipu NPOMEpP3aHUU U B MEP3JBIX IPYHTAX
NEeUCTBUTENBbHO JOJKHAa OBITh 0OyclioBieHa (a30BBIM IMEpexoaoM “Boaa - yen’ H
3aBHUCETh, CIEJ0BATEIbHO, OT TEIJIOTH (a30BOTO MEpexoaa.

I[To D.J.EpmoBy (1986), co3manue u mnoaaepxaHue B Mep3Joil mopojae
rpaJlMeHTa TeMIOepaTypbl NIPUBOAAT K HAPYIIEHUIO TEPMOJMHAMUYECKH PABHOBECHBIX
yClIOBUM M 0O0yCIOBIMBAIOT BO3HUKHOBEHHE TpaJWEHTa MOTEHIIMajla BJAru Mo
KUAKOW U mapooOpa3zHO#l ¢da3am, 4TO BHI3BIBAET HANpPaBICHHYIO NUPPy3UI0 MOIEKy
He3aMep3uied BoAbl U napa. [IpoucxoauT nmepeMmemieHne He3aMep3lIel BOABl U mapa
U3 MeCT C OOJNBIIMM MOTEHIMAJOM BJaru B MeCTa ¢ MEHBIIUM MOTEHIMAJIOM, T.€. K
ydyacTkam ¢ OoJsiee HuU3KOM Temmeparypoil. Ilpm »3TomM B ciayuae MOJHOTO
BJIATOHACBHIIIEHUSI MEP3JI0T0 0o0pa3ia NPOUCXOAUT HEe cBOOOAHOE (B MYyCTHIX MOpax), a
n30BITOUHOE (KOTrjJa BCE MOPHI 3aMOJHEHBI JIBJIOM) CErperalluoOHHOE JbJOBBIIEIICHHE,

onpeaciaaemMoc HC TOJBKO TCHJ'IO(I)I/ISI/ILICCKI/IM, HO n (I)I/I3I/IKO-MCX3.HI/IHCCKI/IM



yCIOBUEM, KOTOPOE CBA3AHO C HEOOXOJAMMOCTHIO MPEOIOJCHHUS CIENJIECHHUS MEp3J0ro
FPYHTa U CO3JaHUS JONOJHHUTEIBHOTO NPOCTPAHCTBA JJs MHUrpupyroueid Boasl. B
SKCIIEPUMEHTAX  MEp3Jible  IpPOCJIOM  aKTUBHO  pacTyT MpU  BO3AEHCTBUU
TEeMIEepaTypHOTro IpajJueHTa, ecilu O0iau3ka o0JlacTh MUTAHHUA - JeAsgHas NiIacTuHa. B
yCIOBUAX “3aKpbITONH” cucTeMbl (0€3 MOAJI0XKKH JIbJa Y BEICOKOTEMIIEpAaTypPHON YacTu
o0Opa3una) JbJAOHAKOIJIEHWE MPOUCXOAUT 3a CYET MepepacnpereneHus JIULIb
COOCTBEHHBIX 3aMacoB BJlaru (MOPOBOTO JIbJAa) Mep3aoro rpyuta. [Ipu cranumonapaom
TEMIIEpATypPHOM pEXUME MUTpalMs BJaru M JbJOHAKOIJIEHUE YMEHBIIAIOTCA BO
BpeMeHH. JIbIUCTOCTh (CyMMapHOE BJIarocojaep)kaHue) ydacTkoB oOpasma c Ooiee
BBICOKOM OTpHIATEIbHONW TeMIepaTypoil CHUXKaeTcs, HaOJwIaeTcs ycajaka U
pacTpecKUBaHUE IPYHTA.

[locne Ttoro, kak Murpanus BJard B MeEp3JblX TIpyHTaxX NOJA JEHCTBUEM
rpaJueHTa TemIiepaTypbl Oblda 00OCHOBaHAa TEOPETHUECKH U MOJATBEpPXKJIEHA
SKCINEPUMEHTAIBHO, BO3HHUKJIA TMmpoliiemMa, wuMeromas OoNbIIOe MPaKTHYECKOe
3HaueHue. HeoOXonuMoO yCTaHOBHUTH TpaHUIbl CYLIECTBOBAHUS U KOJHYECTBEHHBIE
XapaKTEepUCTUKHU OBTOT0 IMpoIllecca, MOCKOJbKY MMEHHO OHHM OIpPENENsiloT €ro
3HaueHue. Takum oOpa3om, peub HUJAET 00 YyCTOMYMBOCTU KPUOTEHHOTO CTPOEHUS
MEp3JBIX MOPOJ, HENPEPHIBHO MOJIBEPralOIUXCsA BO3JCHCTBUIO OONBIIUX M MaJIBIX
TEeMIEepaTypHBIX TPAJUEHTOB, U 00 OIEHKE 3TOW yCTOWYMBOCTH IJsI NPAKTHUYECKHX
LEJICH.

Bo npny Takxe Oblila ycTaHOBJIEHa Murpauus coineil. B aureparype (MBaHoB,
1987) mpuBoauTcs cienyomuil Bneuatasrooumui npumep. B maryne Capoma Ha
Xokkaitno (Oxorckoe mope) B deBpane 1983 u 1984 roga coeHoCTh BEPXHETO CIOS
MoJioforo Jbaa 1 MM cocTtaBisiia 42.4 mpoMuUJIJIe MIPU COJTEHOCTH BOABI 31 mpomMuiie.
C npyroi CTOpOHBI, 3aCOJIEHHBIN JIeJ NOJABEepraeTcs HHTEHCUBHOMY PAacIpECHEHUIO 3a
BpEMS CBOErO CYIIECTBOBAaHMS, UYTO JIOKa3bIBAIOT JKCHEPHUMEHTHl M HAOIIOJEHUS 3a
MHOTOJIETHUMU MOPCKHUMH JibJaMH. Tanas BoJa Ha MOBEPXHOCTH MHOTOJETHETO
MOPCKOTO JIbJ1a YacTO OBIBA€T MPUTOAHA AJSI NUTHS.

DKCIEepUMEHTHI 3. J.EpmoBa 51 ero COTPYIHUKOB u apyrue
IKCIEpUMEHTaIbHbIE paboTHl MOKa3aidu, 4To mpu Bo3aeicTBuu Oonpmux (0.6-3.0
°C/cM) rpagWeHTOB TeMIlepaTyp MepepacnperesieHue BJIaru MPOUCXOIHUT, OJHAKO
3ajjadya MpOTHO3a TpeOyeT OLEHKH MHUTpAlUM B YCIOBUSAX MajblX TEeMMIEPaTYpPHBIX
rpaJlueHTOB U OOJBIIOTO0 BpeMeHHM BO3AeHCTBUs. M3-3a OUYEBHIHBIX TEXHHYECKHUX
TpyAHOCTEeHN Takue paboThl 1O CUX MOP HE MPOBOJUIIUCS.

B cBoux skcmepuMeHTax Mbl PYKOBOJCTBOBAJIHUCh HEOOXOJAUMMOCTBHIO BbIOOpa
MHUHUMAaJIbHO BO3MOJKHOTO, HO TEXHUYECKH HaJle)KHOTO nojJiepXxaHus
TEeMIIepaTypHOTO TpaJueHTa B MEP3JbIX I'PYHTaxX B TE€UEHUE AJUTEILHOTO BPEMEHH.
Jlns sToro Oblna Mcnojdb30BaHa Moj3eMHas jabopatopus AMIEPMUHCKON Mep3JI0THOM

CTaHLIMMU, Haxonsmeiica Ha TAyOMHE  HYJIEBbIX TOJOBBIX aMIUIUTYJA KojeOaHU



temnepatypsl. [log3zemuas nabopatopus pasjesieHa TEMJIOHU3OISIUHUOHHBIMUA CTEHKAMH
Ha OTCEKH, TIJe C NOMOILIbI0 Trpermero kabeas TeMmmeparypa HOAAEpPKUBACTCS
NOCTOSSHHOW B TeueHue MHoTux jieT. Konebanus temnepatypsl B TeueHue 3-5 yer He
npesbimaioT 0.3°C 1 mpoucXoaT COTIacOBaHHO BO Bceil maboparopuu. B onHoil u3
CTEHOK M3 NEHONOJHCTUpOJa ToNmMuHON 10 cM OBLIM mpoaeNaHbl HUJIHMHAPUUYECKHUE
OTBEPCTHUS, KyJa BCTAaBJEHBI CIEIHAIbHbIE KOHTEHHEPH ¢ oOpa3zmamu. Temmepatypa
Ha “XOJNIOJHON” CTEHKE cocTaBjsiia B cpeaHeM okoyio -2.7°C, Ha “remnoit” - 2.2°C,
TEeMIEePaTypHBId TpaluMeHT B TPyHTE (MOCTOSAHHBIA MO AJHWHE) COCTABISAI TaKUM
oO6pa3om B cpenaeM okoio 0.05°C/cm.

B oskcmepuMeHTax OB HCHOJB30BaH CYTJIMHOK, KOTOPBIA oTOupancs wu3
MOPCKHUX IJICHCTOLEHOBBIX OTJOXEHUU BOAM3u mn.Amaepma (tabma. 5). Ilpm
MOATOTOBKE K OKCIEPHMEHTY HE3aCOJECHHBIH TPYHT OB BBICYHNICH, HM3MEIbYEH B
CTYINKE M 3aMelIaH OJHOBPEMEHHO B TPEX €MKOCTSIX - C AUCTHUIJIMPOBAHHON BOJOM 10
BJIaXHOCTH OKoJo 44 u 40%, u c pacTBOpOM MOPCKOH couu (BBIHAPEHHON Wu3
Mopckoi Boabl Kapckoro mops) no BiaxHocTtu okojo 40%. [IpuroroBiieHHBIN TPYHT
BBIJICPKUBAJICS JUISI PAaBHOMEPHOTO pacupeaesieHus Biaru mo o0bemMy B TedeHue 3-X
CYTOK B 3aKpBITOH IOCyJae, a 3aTeéM IOMeIllalcs B CIelualbHbie KOHTECHHEpPHl H3
MOJUATUIICHOBOW TPYOKHM AUAMETPOM OKOJO 2 CM, TOJIIMHOW CTEHOK 1 MM W JUIMHOM
12 cm. TpyOkm 3aBapuBainuch ¢ 0OOMX KOHIIOB, 3aKJIaJbIBAJINCh B XOJOJUJIBHUK B
TOPU30HTAJIBHOM TOJIOKEHUU U BBIJEPXKHUBAIWCh Hpu Temmeparype - 9 -11°C B
TeuyeHue 3-x cyTok. [locime mpomopakmBaHUS TPYOKH CMa3bIBaJIUCh TEXHHUYECKHM
Ba3eJIMHOM B MecCTaxX CBapku (IJIsI TpeNoTBpPAIICHUS CYOJIMManuud B BO3MOXKHBIX
nedexkTax CBapHBIX MBOB) M 3aKIaJbIBAIUCh B OTBEPCTHS CTEHKH MEXIYy OTCeKaMu. B
KOHTPOJBHBIX o0pa3max u3 xkaxaou cepunm (W= 40 u 44%, 3aconeHHocts okono 0%;
W=40%, 3aconennoctr=0.5%) OBIJTIO U3yUYEHO pacmpeeseHue Mo JJIMHE BIAXKHOCTH U

34COJICHHOCTH, @ TAKKC KPUOTCHHOC CTPOCHHUC.

Tabruya 12. Pacnpedenenue enasxcnocmu W, 0.e. u 3aconennocmu Dsal, % 6
KOHMPOAbHOM 00pa3ye Ha OuG@dysuro no ciosam

Ne cios 1 2 3 4 5
W, % 40 38 38 37 37
Dsal, % 0.51 0.50 0.48 0.48 0.49

Tabauya 13. Pacnpeoenenue enaxcrnocmu W u 3aconennocmu 6 oopasye cnycms 6 mecsyes (ciesa
0=-2.2°C, cnpasa -2.7°C)

Ne cios 1 2 3 4 5 6 7 8

W, % 39.1 38.2 38.3 37.8 374 | 375 | 381 | 382

Dsal, % 0.48 0.53 0.47 0.46 0.48 0.53 | 047 | 0.51




Tabauya 14. Pacnpeoenenue enaxcnocmu W u 3aconennocmu Dsal 8 0bpasye cnycms 4 cooa nocie
Havana sxcnepumenma (cneéa memnepamypa -2.2°C, cnpaea -2.7°C)

No cios 1 2 3 4 5 6 7 8
W, % 41.5 435 19.1 334 42 .5 41.2 41.6 39.5
Dsal, % 0.48 0.50 0.46 0.67 0.49 0.37 0.47 0.49

Kpuorennas TekcTtypa Oblla mpeacTaBieHa  TOHKMMH — XaOTHYHBIMH,
U3BUJIUCTBIMH JI€ASHBIMU NUIMPAMHU, BBITSIHYTHIMH B OCHOBHOM BJOJb CTEHOK
KOHTEHHEpa U PaBHOMEPHO pacHpele€eHHbIMH 10 JJIUHE, ToamuHou 10 0.5 - 1.0 mMMm.
B 3aconenHom oOpa3sue neasiHble NUIMPHI ObLIK eme ToHbIIe - g0 0.5 mMm. HayanpHoe
pacnpenelieHne BIaXXHOCTH U 3aCOJICHHOCTU ObIno ciaenyromum (tadbn. 12). Xapakrep
KPUOTEHHOI'0 CTPOEHHUS mpeacTaBiieH Ha puc. 25. B nepuona ¢ 02.09.86 r. mo 30.04.92
r. TeMmIieparypa Ha “X0JIONHOW’ cTeHKe u3MeHsnach B npenpenax 2.7 + 0.3°C, nHa
“rermmo” - 2.2 + 0.3°C, NMOHWXEHHUS W TMOBBIIICHUS TEMIEPATyp MPOUCKOTUIHN
COTJIAaCOBaHHO B 00OMX OTCEKaX, MEIJIEHHO, B TeYeHHE MHOTHX MecsmeB. OOpa3imsl
OBLIM TOMEIIeHBI B cTeHKY 15.07.86 T.

[lepBbie Tpu oOpaszma Owiim m3ydeHsl 28.01.87 r. Kaxapiii oOpazem Obln
pa3pe3aH Ha 8 paBHBIX yacTed mo juuHe (mo 1.26 cM B cpenHeM). PesynbTaTsl
OompeneseHnusl BIAXXHOCTH M 3aCOJIEHHOCTH NpuBeAeHbl B Tabn. 13. Pacmpenenenue
BJIQ)XHOCTH B KOHTPOJIBHBIX 00Opa3max u mociie 6 MecsueB dIKCIepuMeHTa MoKa3aHo Ha
puc. 24. BusyanbHO B UCHBITaHHBIX 00Opa3max OBIJIO 3aMETHO HEKOTOpPOE YBEIHUYCHUE
JBJAUCTOCTH 3a CYET HUJIMPOB BOJU3U “X0NONHOTO” Kpas o0pa3uoB (puc. 26).

JlanpHelee uW3y4YeHHE pacHpeeseHUus] BIAXHOCTH U MJIOTHOCTH ObLIO
BhINOJHEHO uepe3 | rox, 1 rog m 5 mecsanes, 3 ronga u 9 MecaueB U 5 jeT moclie
Hayana skcuepuMeHTta (puc. 24-26 u tabn. 12-14). V3 npeacTaBieHHBIX MaTepHaOB
CIielyeT, 9TO 3aMETHOTO MepepachnpeieNeHnss BJIAXHOCTH HE NMPOHUCXOJUT, OJIHAKO

KPHUOTC€HHOC CTPOCHUEC HC OCTACTCA MOCTOSAHHBIM.

Puc. 24. Pacnpeodenenue  ena-
HCHOCMU 6  00pa3yax  Mep3noco
MOpCKo20 cyenunka: 1 - HayanbHoe;

npu 8030eUcCmeuy memnepamypHo20

BnaxHocTb, A.e.

epaduenma (cresa -2.1°C, cnpasa -

0:35.:::::::::

1 2 3 4 5 6 7 8 9 10 220C) Cnycmﬂ.' 2 = [ 200,' 3 = 3 20061

OnuHa, cm 9 mecsaiyes, 4 - 11 nem

UccnenoBanus E.M.UyBUIMHBIM HamuX 00pa3loB ¢ MOMOUIbIO ONTHYECKOH

MHUKPOCKOIIUHA ImoKasajiu, qTo CymeCcTBOBaBIICC a0 OIIbITAa OOTHOPOAHOC



MHUKPOCTPOCHHUC CyrJIMHKa 3HAa4YUTCIBHO U3MCHUIIOCH, npuucm HaI/IGOHBLHI/IG
u3MeHeHHss 3apUKCUpPOBaHBI B 3acojeHHOM oOpas3ue. OCHOBHBIE HM3MEHEHUS
NPOUCXOAT B 0o0jacTh, mpuierawmeid k “remnomy’ kKparo oOpaszma. Ilepectpoiika
KPUOT€HHOW MHUKPOTEKCTYypbl BbIpa3dujiacb B JOpAallMBaAaHUW IIJIMPOB  JbJA,
nmapajJjJClIbHbBIX IMOTOKY TCmjda, MU YMCHBIICHHUH MOIIHOCTHU JICAAHBIX BKHIOHGHHﬁ,
NepneHJuKyIApHBIX MOTOKY Terua. Habmiogaercs ompeneseHHas ymopsJO4YeHHOCTD
KPUOT€HHOW MHUKPOTEKCTYpPHI: YTOJNUIEHUE MUKPOILIJIMPOB U HUX pa3pekKeHHE 3a CYET
YMEHBIIEHUS KOJIUYECcTBa 00Jiee TOHKMX MHUKPOIJIMPOB, YTO yKa3blBaeT Ha JOKAJIbHOE
nepepacnpeneienne Biaaru. M3MeHeHHsT MHUKPOCTPOECHHS B 00JacTU “XOJOIHOTO”
Kpasi MpakTUYECKHM He HaOJ0JaeTcs, YTO CBA3aHO, MO-BUAMMOMY, ¢ Oojiee HH3KOU
TEMIIEPATYPON U YMEHBIIEHUEM BO3MOXHOCTHU MEPEABUKEHUS BJIATH.

Bomnpoc nepenoca coyieil B MEp3JibIX NOPOJax UMEET BaKHOE TEOPETUUECKOE U
NpaKkTUYECKOE 3HAYE€HUE Il CTPOUTEIbCTBA Ha APKTHYECKOM NOOEpexbe U APYrux
paiionax. HaubGomnee OmaronmpusTHBIE YCIOBUS JJIS MHUTPAIMUA COJEH B MEP3JIbIX
TpyHTax IOJ JAEHCTBHUEM TIpajgHEHTa TEMIEPATypbl CO31AKTCsA, BEPOSITHO, IpHU
BBICOKHUX OTpHLATCIBHBIX TEMIICpATypax, KOorga 3HAYHUTCIBHOC KOJHUYCCTBO BO bl
COACPIKUTCA B KHUIAKOM COCTOsAHHUU, BJIAaronpoBoguUMOCTb MCP3JIBIX TPYHTOB
MaKcHUMallbHasi, a BOJa B OCHOBHOM MaJIO CBsf3aHa C MUHEPAJbHOMN 4acThlO0 IPyHTA.

Kaxk HN3BCCTHO, OJd HACAJTBHOIO XHAKOIo pacTrBOpa XAMHAYECKUHU IIoTCHInal

JII000r0 KOMIOHEHTA BBIPpAaXaC€TCd COOTHOLWICHUCM

w=p(T)+PV(T,0) 1—%0{P +RTInr

rae 4 - nocrosuuas, V (T,0) - MmonsapHbIi 00beM, | - KOMIIOHEHTa B PaCTBOpPE MNpPH
temnepatrype 1 wu naBaenuun P—>0, o - KkKod3pPuIUEeHT U30TepMHUUYECKOH

CXKMMACMOCTH, R - razoBas INOCTOSHHAaA, I' - MOJIIpHAsA KOHCHTpAal U1 KOMIIOHEHTA.

Puc. 25. Kpuocennoe cmpoenue: a - KOHMPONbHO20 00pa3ya CyeAuHKA OJs

dKCcnepumenLmoes no ucciedo8anuio muepayuu ejaacu npu ONIUMENbHOM 6030elCmeul



memnepamypnozo epaouenma (3a0annas eraxchocms 0.44); 6 - obpazya cyeiunka

nocae 5 nem ucnoimanusa uwa cosue. Macwmaé 1:2

C npyroil CTOpOHBI, NOHHUXKEHHE TeMIEpaTypbl KpHUCTalJIU3aLUM BOABl B
MEpP3JIOM T'PYHTE HNPONOPLUUOHAIBHO MOJSIPHON [0J€ PAaCTBOPEHHBIX BEIIECTB U HE

3aBUCUT OT UX XUMHUUYECKOHN IMPUPOBI:

AT=0,2r,

rae Gkp - KpUOCKOMUYECKAss MOCTOSTHHAS.

[Mockonbky nudPy3nOHHBIH OCMOTHUYECKHN MEPEHOC COJIEH B MEP3JOM IpYHTE,
OYEBHUJHO, MNPONOPLUHMOHAJIEH PA3HOCTU XUMHUYECKUX IOTEHIMAJIOB, TO BEJIWYHUHA

MOTOKA COJM MOXET ObITh BBIPAaXKEHA B BUJIE:
Ae = K[4(T) = 1(T) |~ kR(T Intry = T, Ity

rae K - koadppunment nepenoca.
[MpeamnosioxumM, 4TO pacTBOpEHa TOJbKO oJHa coiib, HanpuMep, NaCl. Torxa,
yuutbiBas, 4to u T(1) u T(2) - paBHOBECHBIC TeMIepaTyphl, Hali;leM KOHIECHTPAIHMU

cosu B oObemax pactBopa npu T(1) u T(2):

Puc. 26. Kpuocennoe cmpoenue 00pa3zyos cyeiuHKa 6 OdKCHepumeHme no
8030elcmeuio memnepamypHo20 2paouenma Cnycms: a - wecms mecayes; 6 - niamo

nem,; 8 - oOunnaoyamo nem. Beepxy -2.7 °C, enuszy -2.2 °C, macwumab6 1:2.



CooTBeTcTBeHHO, U} PY3UOHHBII MTOTOK OyJAeT paBeH B 3TOM Cllydae:

q—kR{TITHT T|T il |

kp kp

[Mpuaumas ans onenku 3HaueHue Gkp=0.01, T1 = 272°K, T2 = 268°K, monyuum
qc = 413kP.

Takum o6pa3om, NpuOIUKEHHBI TEepMOJMHAMUYECKHN aHalU3 IOKa3bIBaeT,
4YTO TakoOW Tmpolecc B TMNPUHIMIE BO3MOXKEH, XOTd KOHcTaHTa Auddys3uu
(mpoBoaumocth) K MoOXeT MMeTh OYE€Hb MAJEHbKYI BEIHUYUHY. DTO 00YyCIOBIEHO
JUHEWHONW 3aBUCUMOCTBK OT KOHUEHTPAUUHU TEMIEpaTypbl 3amMep3aHus U
norapupMHUUYECKOW - XMMHUYECKOTO MOTeHUuuaida. Bmecte ¢ TemM B cMecu coueil,
3HAYUTEIbHO NOHMWXXAIOMMUX TeMIepaTrypy 3aMep3aHuss B CyMME€ TakKOil MuUTpaluu
MOXET W He OBITh H3-3a HEOOJbIIMX H3MEHEHHHW B KOHLEHTPaIHUAX OTIEIbHBIX
KOMIIOHEHT U COOTBETCTBEHHO HEOONBIIUX H3MEHEHUH moTeHuuama. DTo Oyaer
3aBUCETh OT Te€MIEpPaTyphbl U MPOBOJAUMOCTH.

OOpaTuMcs K SKCIEpPUMEHTaJbHBIM JAaHHBIM. MccrnemoBaHuss B 3ToiMl oOnactu
HEMHOTOYHMCIEeHHB. B dvacTtHoctu, B paborax M.M.Jlep6eneBorri (1965) wu
P.II.Mypmana (1973) oneHeHbl BO3MOXXHOCTH MUTpPAIMd MOHOB B MEP3JBIX MOPOIAX.
P.II.Mypman otTmedaetr, uTo 3¢G¢eKT BIUSHUS TEeMIEpaTypHOTO TpagueHTa  Ha
MUTpalUl0 HOHA HaTpus He3HauuteneH. Ilpm »>TOoM He oTMmeyanocy H
nepepacnpeneneHus Biaru. B anamoruunsix onbeitTax y B.II.PomanoBa (1985) Takxe
HE OTMEYaJoCh HW3MEHEHHUsA HadalbHOW BraxHocTu. B.I[.PomaHOBBIM mOKa3zaHO
Hanuuue Mmurpanuu ans pactBopoB NaCl u CaClz, mpuueM CKOpPOCTh MHTpAIUH
nonoB Na®, okaszpiBaeTcs 3aBucsimeid or pH pactBopa. I[locmennuii pesynbTar
corjacyercsd C JaHHbBIMA M3y4Y€HUS  MHUIpalUM HOHOB TMPHU HOCTOSHHOU
orpunarenbHoit Ttemmneparype E.A.Hewaesa u D.B.Kam (1980). IIpoBeneHHBIe
B.I1.PomanoBsiM (1979) uccnenoBanus moka3ailu, 4YTO B Cliy4ae dJIEKTPOCTATUUECKOM
afcopOuuu moaBUXKHOCTh MOHOB J[OC 06aM3ka K MOJIBUKHOCTH MOHOB B CBOOOJHOM
pactBope. B cBsI3M Cc 3TUM KadyeCTBEHHO HalbiroJaeMyl 3aBUCUMOCTb H3MEHEHUS
ckopocTu Murpanuu c¢ poctom pH MoxHO ObITO OB, IO MHEHHMIO 3TOTO aBTOPA,
CBfA3aTh C yBEJIMYEHHUEM OOLIero yucjia MOHOB B He3zaMep3lleld MJIEeHKEe MOPOBOro
pactBopa. MabiMu cBolictBamu obnagaet JIDC Ha MOBEpXHOCTHU KBaplia B pacTBOpax
II€JIOYHO-3€MEJIbHBIX METaJJoB. OTH HOHBl  aJACOpPOUpPYIOTCA  cHenupHuyecKu
(BO3MOXHO XHMMHYECKO€ B3aMMoOJeiicTBHE) M MNpakTUYECKH He 00iagaroT
nonsuxHocThio (B.I[I.PomanoB, 1974). [losTomMy, HECMOTpsS Ha yBeJIHWYEeHHE OOIIETO
yucia HOHOB ¢ poctoM PpH, nond uxX ydacTuss B NEPEHOCE COJIEM MOXKET He
U3MEHATHCA.

Cnenyet ormeTuth, uto B.[l.PoMaHOBBIM 3agaBanuch KOHIEHTpPAlMU OKOJO 1

F-BKB/H, YTO J3KBHUBAJCHTHO BCIHMYHMHC 3aCOJICHHOCTH 3-4%, npuiucm B HadallbHBIN



MOMEHT OINBITa TPAJUEHT KOHLEHTpauuu ObIT oueHb Bedauk. P.M.MypmanoMm ObLIO
yCTaHOBIEHO, uTo Kodpdunuentsl nuddysuu coneit cocrapnsaor 2-8 x 107" cm?/c. B
YCIOBUSIX €ro ONneITOB (K COXaJleHHWI0, B MNyO0JIMKamuM He coolOmaercs o
KOHIIEHTpAIUsIX, KOTOpPbIE OBIJIM, BEPOATHO, BEJIUKH) NEPEHOC COJIEH CTAaHOBUTCS
3aMETHBIM MHOTO MECSIIEB CIYCTs MOCJE Hayajaa 3KCIEPUMEHTA.

Oxcnepumentsl HO.I1.Jle6enenko, B.J.EpmoBa wu apyrux, B KOTOPBIX
NPUBOJAUINUCH, B COMNPHUKOCHOBEHHE 3acojieHHbie o0pas3usl (pactBopamu 0.1-0.4 u
NaCl) co npaom npu temneparype -1 u -15 °C mnokazajiu, 4TO B 3aCOJECHHOM
MEP3JIOM TPYHTE NMPOUCXOAUT NEPEHOC BJIArM MOJ JEWCTBUEM OCMOTHYECKUX CHII.
BnusHue 3acoleHHOCTM NOPOJA Ha BEJIWYMHY I[OTOKA BJaru HOCHUJO CJIOXHBIN
XapakTep. bblI0 ycTaHOBIEHO TakKXe, YTO CYLIECTBYET KPUTHYECKas 3aCOJEHHOCTD,

IIPU KOTOPON MUTpPAlLMs BJIard B MEP3JIbIX I'PYHTAX MakcuMalibHa (puc. 27).

. Puc. 27. H3zmenenue cpeoHneco
/\\ MUuepayuonHo2o nomoka eiacu Jw 8
I p 3a6ucumocmu om UCXO0O0HOU

. . KOHYEeHmpayuu nopoeo2o pacmeopa ¢
0.2 0.4 0.8 NaCl (3.4.Epwos u op., 1992)

KoHueHTpauus, H

[oe]

&

o N b
(R

JW*10E6 r/'kB.cm*c

o

B mouBax Ha NpOTAXKEHUM 3UMHETr0 IMEpuoJa MPOUCXOAAT CYLIIECTBEHHBIE
U3MEHEHHUsI cOocTaBa M cojaepxaHus pacTtBopuMbix coieil (I'onskos, 1951; EnoBckas
u ap., 1966; Ilanun u Kazaumen, 1986). [lnsa BepxHEro cios MOYBBl OOBIYHBI
rpaaueHTel temnepatyp Ao 10°C/m u Gonee, mostomy, Hampumep, II.C.I[lanun u
B.A.Ka3zaHueB paccMaTpuUBaIOT 3TH U3MEHEHUS BO MHOTOM KakK pe3yJbTaT IBUXCHUS
coJiell B ME€pP3JIOM CJIO€ MO/l BIUSIHUEM I'pajueHTa TEMIEpPaTyphl.

B.E.OctpoymoBbsiM (1990) Oblim mpoBeneHBl 3KCHEPUMEHTH MO MUTPALUHU
coJiell B Mep3JIbIX I'pyHTax MoJ AeiCTBUEM IpajueHTa Temneparypbl. MM uizyyanuces
CMECH TPYHTOB NECYAHOTO U JIETKO-CYTJIMHUCTOTO COCTaBa, U3 KOTOPHIX TOTOBUIIHUCH
o6pasubl aauHoM 110 mm u nuamerpom 40 mM. McxonHble 0o0beMHBIE BIaXHOCTH
3agaBanuchk B auanazoHe or 0 no 20% y mnecuanbix u 10 30% y CYrIMHUCTBIX
TPYHTOB, [Js YBJaXHEHUS HCHOJb30Bajcs pacTBop xyopuaa kaaus 10%
koHUeHTpanuu. KacceTsl ¢ oOpa3namu pazMemaniuch B yCTaHOBKE, MOJAepKHUBatoIIei
noctosiHubele (£0.3°C), HO paznuyammuecs OTpHUIlaTEeJbHBIE TEeMIEepaTypbl Ha
NPOTHBOMOJOXHBIX KOHIax obpa3ma (-15°C u -5°C). B.E.OctpoymoB moayduin
3¢ dexT mepeHoca BJaru B CTOPOHY MOHWXKEHUS TEMIIepaTyphl, a IEpeHOCca CoJiel - B
CTOPOHY HX IMOBBIIIEHUS, MPUYEM MO JaHHBIM CBOUX JKCIEPUMEHTOB YyTBEpPXKIaeT,

4TO TIepepacrmpeieieHue CoJiel B MEp3JbIX TPyHTaX MPOUCXOAUT ngaxe Ovictpee (77



yac.), ueM B Tanbix (96 uyac). [Ipu MalbIX UCXOOHBIX BIArocolepx aHUAX MEPEHOC U
BJaru, WU HWOHOB TIPOUCXOAUJI B CTOPOHY NOHMXKEHHUS Temneparypsl. Cuenyer
OTMETHUTH, UTO NMPHU KOHIeHTpauuu coinu 10% Temmeparypa 3aMep3aHUs OKa3bIBAETCS
01M3KOW K TeMmeparype ombiTa Ha “remyiom” KoHIe oOpasma (-5°C), a B yclaoBHAX
JJIUTEIbHBIX OIBITOB PEIKO BO3MOXHO HaJeXHoe TepMmocrtatupoBaHue. Iloatomy
pesyabpTaTtel onbiToB B.E.OcTpoymMoBa MOryT OBITH NPUHATH JUIIB C JTHUMH
oroBopkamu. Kpome TOro, 3ajaBaeMblii TeMmIlepaTypHBIA rpaaueHT okoio 1°C/cm
OYEHb BBICOK.

Takxum o6pazom, eciau 5PdexT mMurpanguum cojeil B Mep3IbIX TIPyHTaxX B
BO3MOXEH, HO JAJs €ro BO3HHUKHOBEHHS, MO Pa3JHUYHBIM HAOJIOJEHUSIM H OICHKaM,
TpeOyloTcsi BechbMa JKECTKHE YCIOBHSA - BBICOKAss 3aCOJEHHOCTh U OOJbIIHE
rpaJueHThl TEMIEPATyp UJIU 3aCOJIEHHOCTH.

Mexay TeM sl HCCIEJIOBAHMM MHOTOJETHEMEP3JIBIX TOdHm ATOT 3Pdexr
OKa3bIBACTCS BAXHBIM - KakK IS 00BsICHEHHS (GOPMHUPOBAHHS MEP3JBIX 3aCOJCHHBIX
MOPOJ U NMHAMHUKHM MEP3JbIX TOJI, TaK U ycTpolicTBa ¢pyHAaMeHTOB. B uvactHOCTH,
IIpU ycTpoWcTBEe OYpPOONYCKHBIX CBail BO3ZHMKAeT BONPOC MPOHUKHOBEHMS COJIEH U3
MEpP3JI0M TOJIIM B 3aJIMBAEMBbI MEXJY CBael M CTEHKaMHu CKBaXuMHbI pacTBop. HO.4.
Bennu n A.H. SIpkuHBIM ONMCAaHO OTCYTCTBUE 3aCOJEHHS CTPOUTEIHLHOIO pacTBOpa
BOJM3U CBaW, OMyHN[EHHONW OYpOOMYCKHBIM CIIOCOOOM B 3aCOJICHHBI MEP3JIBIH TPYHT.

ABTOpOM OBUIM TPOBEAEHBl JKCIHEPUMEHTHl B MOJA3EMHOH JnabopaTtopuu
AMIEpMHUHCKON MEP3JOTHOM CTAHUMU. DBl HMCIIONB30BaH MOPCKOW COBPEMEHHBIN
CYTJIMHOK, OTOOpaHHBIM BONU3M 1. AMaepma. [IpenBapurtenbHo oH OblT obeccolieH,
BBICYLIEH, pa3MOJIOT U 3aMellaH ¢ JUCTHUJJIMPOBAaHHOW BOJOW ¢ Jo0aBieHHEM
MOPCKOH COJM B KOJHUYECTBE, oOecrnedynBamIIUM 3acojieHue odOpasua Ha 0.5% wu
BJIaXHOCTbh 0K0JIO 40%. V3 Hero ObLIM NPUTOTOBJIEHBI HUIAUHAPH JuameTpoMm 30 MM U
nmuaoi 100 M wm 3amopoxeHsl mpu Ttemmeparype okono -10°C (BcecTopoHHEee
oxJlaxkaeHue obpasunos). s 3acolieHUs UCIOIb30BaJach MOPCKas COJb, MOJyYeHHad
BhImapuBaHueM BoJbl Kapckoro mops. B pesynpTate mpomep3anus Oblila mojiyyeHa
MEJKOUUJIMPOBAss KPHOTEHHAss TEKCTypa C XaOTHUYHBIM pPACHOJIOKEHUEM IIJIUPOB
anuHo a0 10 MM u TommuHOM no 1 mm. OOpasnbl BCTaBASIIUCH B CTEHKY,
OTHEJSIBIIYIO KaMepy C MOCTOSHHOW TeMmmepaTypodl okoso -2.2°C oT KaMepsl ¢
TeMmmepatypoi okoso -2.7°C. [Ipou3BOAMIICS KOHTPOJb paclpeeeHUS BIAXHOCTH U
3aCOJIEHHOCTH B 00pa3iax, KOTOopble ObUIM pacHpeiesieHbl A0CTATOYHO OJHOPOIHO
(trabn. 12). Cnycts 6 MecsaneB U 4 roja mocje Havajla dKCIIepUMEHTa 00pa3ibl OblIH
M3y4YeHBbl M MOJYYEHO pachpeieieHHe BIAXHOCTH M 3aCOJIEHHOCTH, MOKa3aHHOE Ha
puc. 24 n 28.

Takum oOpa3zoMm, He 3adukcupoBaHo 3pdexTa HampaBJIEHHOW MHUTPALUU, HO
pacnpenelieHUe 3acCOJEHHOCTH B o0Opa3lmax cTajlo, B CpPaBHEHHUHU C HAYaJIbHBIM,

HEOJHOPOJHBIM. DTO KacaeTcs W BIaxHOCTH (Tabn. 14, puc. 24).



beuin mpoBenEHBl M JKCIEPUMEHTHl 10 MUTpPALMU COJIEH NPU IMOCTOSHHOU
temneparype (-3°C). OHuM ObIIM MOATOTOBICHBI W HadyaThl Ha AMIEPMHHCKOMH
cranuuu l0.C.IleTpyXuHBIM, U BIIOCJIEACTBUYU NIPOJOJKEHB aBTOpoM. [IpuBoaunuce B
COIPUKOCHOBEHHE JABa o0Opa3zna MOpPCKOTO CYyrJIMHKa npu temmneparype -2 °C -

He3acoJEeHHBbIN U ¢ 3aconeHHOCThI0O 0.5% (ucmonb3oBasack Mopckas coiib). OOpasibl
HU30JIMPOBAJIIUCh OT BHEIIHEN CpPENBI.

2

ry

=

o

<)

I

I

2

8 02 —&— KoHTponbHbI obpasel,
A - —B__ CnycTs 6 mecsaues

017 —a— CnycTs 4 roga
0 t t t t t

AnuHa o6pasua, cm

Puc. 28. Pacnpedenenue 3aconreHHocmu 6 obpasye MopcKo20 CY2lUHKA NPU PA3ZHOM
gpemMeHU 6030elicmeus NOCMOAHHO20 MeMNnepamypHoco 2epaduenma (1egvlli Kpatl
obpasya -2.2°C , npaewiii kpau -2.7 °C)

[Ipy TakoM pe3KOo HEOJHOPOJHOM HadaJlbHOM paclpe/ieJIeHUU 3aCOJTEHHOCTH
(rpanuent ©Oomee 0.1%/cM) B CyIrJIMHKE TPOUCXOJAUT €ro MHOTOJIETHEE
nepepacnpenenenue (puc. 29).

Puc. 29. Muepayus mopckux
conei 6  cyeiuHKke — npu
memnepamype  -3°C: 1 -

3a0aHHOe HauajlbHoe pacn-

3aconeHHOCTb, %

pedeﬂeﬂue 3A4COJIeHHOoCnU, 2 -

cnycmsa 7 mecayes, 3 - cnycmsi

11 nem sxcnepumenma.

OnuHa, cm




BeiuncneHHblH Ha OCHOBAaHMM O3THX JaHHBIX Kodpduuuent nuddysun
cocTasigeT okojio 2*1077 cm?/c. CienoBaTenbHO, 3aCONEHHOCTh B MEP3JBIX TOIIIAX
npu OOBIYHBIX TeMIEepaTypPHBIX YCIOBUSAX MOXHO CUYHTATh JIMIIb YCIOBHO
YyCTOMYUBON BEJIWYUHOW, KOTOpas IPU YBEIWYECHHUU TIpPAJUCHTOB TEMIIEPATypbl H
3aCOJICHHOCTH H3MEHSETCsA. OTHUM MOXHO OOBSCHHUTH YyBeIHYEHHE C TIyOMHOH
3aCOJIECHHOCTH BO MHOTHX pa3peszax wMep3abix Ttouam (puc. 30) U mnpakTHueckoe
OTCYTCTBME B MEP3JbIX 3aCOJEHHBIX NOpOJax BEIMYMH 3acoieHus Oosnee 2%. He
MOXET OBITh MCKJIIOYEHO CYIIECTBOBAHHME IEpeHOoca coJed MNpu HeOONbIHX
rpaueHTax 3aCOJEHHOCTHU M TeMIIEpaTypbl, HO 3HAYUTEIbHOM BPEMEHHU BO3JCHCTBUA,
CYIIECTBYIOWIEro B Mep3JablX Tohmax. K coxaneHulo, 3TO BBIXOIUT 3a MPEAEIIb
BO3MOXHOCTEH NPSAMOMN dKCIEPUMEHTAIBHOU IIPOBEPKHU.

3nech, KaKk M BO MHOTHX JPYTUX CIydasX HEBO3MOXEH KOJUYECTBEHHBIN
TepMoaMHaMuUueckuii aHanu3. OCHOBHBIE TEPMOJAMHAMHYECKHE COOTHOIICHHS
BBIYUCISIIOTCA HE IMOJHOCTHIO M HE BIOJHE NPUMEHHUMBI TOHKUM JXKHIKHM BOIHBIM
IMIeHKaM. BO3MOXHBI KakK 4Ype3BBIYAWHO HU3KHE 3HAUYCHHS MUTPAIMOHHBIX
K03pPUIIMEHTOB, TaKk ¥ TMOPOTOBas BEJIWYMHA TPaJUCHTA, MPEHATCTBYIOIHX
MacCoOmepeHocy B TpaJlHMeHTHOM TeMIeparypHoM moje. Kpurepuem yCcTOWYMBOCTH
MOXET BBICTYNAaTh COOTHOIICHHWE TpagWEHTAa TEMIEepaTypbl HIH 3aCOJIEHHOCTH C
MOPOTOBBIM €TI0 3HAYCHUEM.

HccrnenoBaHue MUTpandu BJard B YCIOBUAX MHOTOJETHEro CJHABHra IMpHU
NPUIOKEHUH HAIMPSKEHUS, COOTBETCTBYIOMEr0 MPEAeIbHO-IIUTEIbHOMY 3HAUYCHUIO,
MPOBOAMIIOCH B TEUEHUU 2-X JIET; IpHU 3TOM aedopmanus caBura cocraBuia 1 cm, a B
30H€ cJABUTra Habdmnalach HE3HAYUTENbHAs KOHLEHTpalus JEIsSHbIX MIJIHPOB,
3aUKCHPOBAHBI 3aMETHBIE U3MEHEHUSI MHUKPOCTPOEHUsS, B TOM YHCJI€ POCT Pa3MepoB
JNENSHBIX MPOCIIOEB B 30HE cABHra (puc. 25).

UccnenoBanus B.[l.PomanoBa (1985) mnoka3zanu, dYTO MpHU TOCTOSHHOU
OTpHUIIATeNbHOU Temmepartype -3.5 - -4.5 °C, cymecTBylomei B TOJ3EMHOM
naboparopun MHCTHTYTa Mep3Ja0TOBeAEHUS B I'. SIKyTCKE, HN3MEHEHUE KOHIEHTPaIuu
MOHOB MOXKET OBITh 3aM€4Y€HO TOJIbKO 4yepe3 8 - 10 mec. DTo 00bsACHAETCS TE€M, UTO
P JAaHHOW TeMmIeparype B MEp3J0HM MmOpoae MOPOBBIM pacTBOp HMMEET
ONpEeAEIeHHYI0, HE 3aBUCSILIYI0O OT 3aCOJIEHHOCTHU KOHIeHTpauut. [Ipu moBeieHHON
3aCOJIEHHOCTH YacTh JibJla NEPEeXOoJUT B BOJAY U paBHOBECHass KOHIEHTpalud
coXpaHsieTcs.

Takue mnpencraBieHUs MOJATBEPXKAAITCSA pa3pe3aMu MEp3JIbIX 3aCOJEHHBIX
nopoa. Ha puc. 30 u puc. 31 mpencrtaBiieHbl XapaKTEpHbIE KOJOHKHM CKBaXXWH,
npoOypeHHBIX BOIU3U NI. AMIepMa COTPYAHUKAMU MEP3JIOTHOW CTaHIIUH.

Pacnpenenenue 3aconmeHHoctu HepaBHoMepHO (puc. 30), €e 3HaueHue

usmensercs or 0 o 1 u 6osnee % Ha riyOuHe 8 M.



[To pa3pe3y BcTpeuarTcs konebOanus 3aconeHHoctu Ha 0.2-0.3% B mpenmemax
NECATKOB CaHTUMETpOB Mo raybuHe (puc. 31). WM 3To0 TunuyHas KapTHHA I
paszpes3oB Oropckoro n-oBa, SImana u apyrux paiionon. Eciu Obl mepepacnpeaencHue
coJIell IpOUCXOJUI0 aKTUBHO, 3aCOJIEHHOCTbh MJM KOHIEHTpalus MOPOBOTO pacTBopa
(OTHOCHUTEJIBHO CyYyMMapHOW BIaXHOCTH, T.e. ‘‘cosieHocts” - salinity - mo
CeBEepOAMEpPUKAHCKONH TepMHUHOJOTHHU) OblTa OBl paBHOMepHOW. Ha camom ngene
paBHOMEpHAa paBHOBECHAs ¢ TEMIEpPATypOll KOHLEHTpaLUs B HE3aMep3IIeM IHOPOBOM
pactBope. IIpum 3TOM BO3MOXHA MHUrpauus COJEM, CBA3aHHAsA C pPa3JIU4YHOU
TeMmIeparypoil 1no rayoune. bonee BepodATHO oOpaTHOE JABUKEHHE MOHOB BMECTE C
MUTPUPYIOIIEN IOJX JAEHCTBHEM TEeMIEpaTypHOro rpagueHTta Biuarou. Tak, npu
BBICOKOM TeMmIlepaTypHOM rpaguente B onsiTax B.II.Pomanosa B 1°C/cm (ot -20 no -

2 °C) u3MeHEeHUS KOHIEHTPAIMHU COJIEH MPOUCXOAUIU MPUMEPHO YEepe3 MEeCHIl.

Onucanue Kpuo- ([ eonoq D sal, W, %
cnoM reHHoe MTHYEC o
M rpYHTOB cTpo- |KHA
i eyue |pasped 0.30.6 20 40
15 |MecoKCBRmION. [ [ - -
' rpaegna L_l- - . |-l. .
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Puc. 30. Ilpumep ysenuuenus 3aconennocmu ¢ enyounou. Cxeaxcuna Ne3 6 n.Amoepma 8 Mopckux
OMIOACEHUSIX.

Hab6nogenus FO.S.Bennu u ap. (1987) 3a pacnpeneneHueM 3aCOJEHHOCTU B
OCHOBaHHWHM CBAaWHBIX (YHIAMEHTOB IOKa3bIBAIOT, YTO HApPYIIEHHUS paclpeaelieHus
3aCOJICHHOCTH MO TIyOWHE, BHI3BAHHBIC HAarpy>XCHHEM CBail B BEUYHOMEP3JBIH TPYHT,
MPaKTUYECKW HE BOCCTAHABJIMBAKTCS MPU Temmeparypax wep3uor toumu -4°C u
HYKE.

OkcnepuMmedTtbl HO.I1.Jlebenenko u nap. (1987) moxkazanu, dYTO HaJUYUE
KOHTAaKTa IHPECHOT0 JbJa C 3aCOJEHHOH MEpP3J0M MNOPOJOM NTPUBOIUT K
nepepacnpeneseHHI0 TPYHTOBOM BIIarW 3a CUET JAEWCTBUS HAa HEE OCMOTHYECKHUX CHI,

da MHTCHCHUBHOCTL BJIaron€peHoca 3aBUCHUT OT CTCIICHU 3aCOJICHHUA. HeﬁCTBHTeHBHO,



JJUIIICHHAas colel JKHUOKasl IIJICHKa Ha JibAY HJOJI’KHa IepeMCllaTbCd B CTOPOHY
yBEIUYCHHUS KOHIEHTpaluu HOHOB. Bo Bcex oOpasmax MakKcuMalbHOE 3HAUYCHUE
BCJINYUHBI ITIOTOKA BJIaru Ha6JIIOI[aJ'IOCB B6JII/ISI/I KOHTaKTa C NpCCHBIM JIbAOM, BFHY6B
o0Opa3ma TMPOUCXOAWIO UX YyMEHBIIEHHE B CBA3M C PE3KUM YMCHBIICHUEM
OCMOTHYECKOTO MOTEHI[HAJIA.

3aBUCHMOCTh  MHTPAMUOHHOTO MOTOKAa OT 3aCOJEHHOCTH  HOCHIA
3KCTpCMaJIBHInlf/'I XapakKTep, ¢ MAKCHUMAJbHBIM JbAOHAKOIIJIICHUCM IpPHU 3aCOJICHHOCTHU
0.1 u pactBopom NaCl (puc. 27). OnHako B NPUPOJHBIX YCIOBHAX 3TOT IpoIliecc,
BEpPOSITHO, HE UMEET IMUPOKOTO pAaCHpPOCTPAaHEHHS, T.K. MUTPUPYIOIIasi B 3aCOJICHHY O
moponay BJjara BHOBb JOJI’)KHA 3aMCP3HYTb B COOTBCTCTBHUA C IPUHIOHUIIOM paBHOBeCHOﬁ
KOHIIEHTpalluu pacTBopa ¢ Temneparypoil. CiienoBaTenbHO, TMPOLECC MOXKET

moAACPIKUBATHECA TOJBKO IMPU CUJIIBHOM, BBIIIC PABHOBCCHOTO, 3a4COJICHHUU IMMOPOILI.

H.m Pazpes Onucanne nopop W, 2% |Dgg .2
0.2 ———"-17=_ Topt nnoxo pasnoxUBILMACS | 154
0.3 f,:'f'/ AT Cynech cepas, NboMcras 56 0.16
0.4 i ,/ Topd LB 012
1.1 =__h-;-. T Cvnecb Gvpas c pacTUTENbHbI- | 368 0.27
.'_ i MH OCTATKAMMK,NbAKCTAA 2q 017
S N - i -
2.7 P lNecok cepbli, MENKWHA C pacTH-| 27 0.09
- - . TENbHbIMK OCTATKAMM M Npoc- | |9q 0.28
Lt l+ o \_nosMu cyrnuuka 23 0.18
10 ———— MNecok TeMubIR, OypbIA, men- 23 0.27
—a KHHA, C paCTHTENBHBIMH OCTAT-
e — =1} Kamu 28 0.58
P 36 0.94
————-| [lepecnaneaHue necka TOHKO-
|=_--- - | T0WYEPHOrD UNa, C MACCHB- gg g;g
"+ | HOM KpHMOTEK 0 :
e PHOTEKETYP 39 | 3.0
7.5 B+ CyrnuHok TEMHo-cepbIR, nnac- 40 2.1
THUHOMEP3NbIA 46 1.47
8.2 41 1.64

Puc. 31. Ilpumep pacnpedenenus coneil 6 paspeze npu nepeciausanuu. CK8ANCUHA HA MOPCKOU

Koce 6 n.Amoepma.

I[TogBeneM MTOTH HCCIEJOBAaHUW MUTpPAUHM coJiel, KoTopas OCOOEHHO Ba)KHa
IS0 HBOJIOIMHM 3aCOJEHHBIX MeEp3JbIX mopoa. Takum oOpa3oMm, B TedeHHE
JIUTEIBHOTO BPEMEHM IpPH TpPaJUEHTE TeMIEepaTypbl OKOJIO 0.1 °C/em B
JbJJOHACBIIIEHHBIX  o0pa3max  Mep3JbIX TJIHHUCTBIX  3aCOJEHHBIX MNOpoJ C
KPUOTE€HHBIMH TEKCTYpaMH IPOUCXOJUT H3MEHEHHE KPHUOTEHHOIO0 MHUKPOCTPOEHUS

6e3 3aMeTHOro 0o0IIero nepeHoca Biary.



HccnenoBaHuss pemiuk o0pa3moB MHOJA MHUKPOCKONOM TOKa3ald, YTO
nepecTpoiika KPUOTEHHOW MHUKPOTEKCTYphl BbIpa)xajaach B JAOpalllUBaHUU LLIUPOB
IbJla, TapaljedbHbIX NOTOKY TeNJja, U YMEHbUIEHUHU MOIIHOCTHU JIEASHBIX BKJIIOYEHUH,
NEPHEHAUKYISIPHBIX TOTOKY TEIla.

Murpanus cosiei B Mep3JbIX NOpoJax MpU BO3ACUCTBUM TI'paJUEHTa
KOHLEHTPAalUu COJIEH NpU NOCTOSHHOW TeMIlepaType HNPOUCXOAUT HpU OOJbIIUX
3HAYEHHUSAX TPAJNEHTa, HAPUMEP, MPU TpaJUeHTE 3acoieHHocTH Oonee 1%/cm npu -
3°C. Ilpm wManblX 3HaYye€HUSAX TpajueHTa 3aCOJEHHOCTU HPU MOCTOSHHOMU
TeMIepaType U MpU MajblX 3HaYyeHHsAX rpagueHrta temnepatypsl (0.1°C/cm u MeHnee)
MUTpanMs CcoJeld B 3aCOJEHHBIX TJIMHHUCTBIX MEP3JbIX IOPOAAaX C KPHUOTEHHBIMHU
TEeKCTypaMu He (QUKCUpYETCs Mo KpallHed Mepe B TeUueHHE HECKOJbKHUX JIET, OJHAKO
NPOUCXOIUT UX JIOKaJbHOE mepepacnpeneneHue. [loaydyeHHble JaHHBIE, 110 HallEMY
MHEHUI0, NPUOJIMKEHHO YyCTAHABIMBAIOT IOPOTOBbIE 3HAYEHUS I'PAJUEHTOB.

[Ipyu mnoBBIIEHMM TEMIOEpaTypbl U yBEJIWYEHHHM 3HA4€HUHW TpajHUeHTa
TeMIlepaTyphl, a TaKXK€ B HEJIbJOHACBIIIEHHBIX MOPOJAaX MUTpaAlUsi KaK BJaru, Tak U
cojJiel MNpOUCXOAUT U, BEPOIATHO, HMEET OYEHb O0onpmroe 3HAYECHHE IS
pacnpenelieHuss 3aCOJIEHHOCTH B  reoJjiornyeckux paspes3ax. Kak Oblmo mokaszaHo
paHee, KpOBJIS MHOTOJIETHEMEP3JbIX MOpPOJ OOBIUHO paccojieHa A0 INIyOMHBI OKOJIO
10 M.

B pacuerax nmpuHHMMAalOCh, YTO MOTOK COJIM JABUXKETCA B OCHOBHOM BMECTE C
BJAaroil, MUTpUpYyIOIIEH NOA BIUSHUEM TeMIepaTypHoro rpaaueHta. CUHXPOHHOCTD
MOTOKOB BJaru M COJIEM MOJTBEpPkKJIAaeTCsd B TOM UHCJI€ JaHHBIMU Ha puc. 28 U puc.
32. B netHue mnepuoiabsl Hu3MeHeHHE MOXKeT NocTUTHYTh 0.1-0.01 % 3a 10 mer. IIpu
3TOM B 3UMHHUH MepuoJ MOTOK COJIM HANpaBlIeH B CE30HHOTAJBIN CIOWH, U3 KOTOPOTO

JIETOM MPOUCXOIUT OBICTPOE BBIMBIBaHHE coyie (puc. 33).

Puc. 32. Pacnpedenenue 3aconennocmu
(%, kpusas 1) u enaxcnocmu (0.e.,
Kpueas 2) 6 Mep3ioM MOPCKOM Cy2luHKe

npu  o3zdelicmeuu  memnepamypHoco

3HayeHue napametpa

epaduenma (cresa -2.2°C, cnpasa -

1 2 3 4 5 6 7 8 2.7°C) nocne 4 nem skcnepumenma

OnuHa o6pasua, cm
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Puc. 33. Cxema pacconenus eepxmnezo 2opusonma MHO201emHeMep310U moiu.

Jlernu#i, OoJiee HWHTEHCUBHBIM MOTOK, MO-BUIUMOMY, CO BpEMEHEM
yMEHbIIAETCsA M0 MePe HAKOIJIEHUS COJed BOJMHM3M MOJOMIBHI CIOS HYJIEBBIX T'OJIOBBIX
TeMmepaTypHbIX KolebOanuii. PesynbTaToM Takoro mnepepacupeneiieHuss coiei
SABJSIETCA YBEJIMUYEHUE 3aCOJEHHOCTH C TJIYOMHOU 10 8-12 ™M, Habmromaemoe
MOBCEMECTHO B pa3pe3ax 3aCOJEHHBIX  MEP3JbIX TOJIIM W HMEIIee BaXHOE

NPpaKTHUUYCCKOC 3HAYCHHUC B (I)YHI[aMeHTOCTpOCHI/II/I Ha ApKTI/I‘{eCKOM no6epe>1<be.

7.5. XUMUYECKAS YCTOMYUBOCTH MEP3JIbIX 3ACOJIEHHBIX
ITOPO/

ITon XMMUYECKUM BO3JEHCTBUEM 31€Ch NOHMMAETCS BO3JEHCTBUE HA MEP3JbIE
Nopoabl OONBIINX KOHLEHTPALUNA coleil U COIeBbIX PAaCTBOPOB.

O BbIpaBHHBAHNUU KOHLEHTPAU MW COJIEM, HE MPEBBIMIAKIIUX PABHOBECHYO MpHU
JaHHON TeMmIeparype B MEp3JIOW MOpOoJe, KaK YK€ OTMEYaJoCh B IPEABIAYIIEM
naparpade, UMEIOTCS pa3jIWdyHble JdaHHBIE. 3aMETHbIE M3MEHEHUs KOHIEHTpaluHu B
MEP3JBIX MOPOJAX MOTYT NPOMCXOAUTH NPHU MOCTOSSHHOW TEMIEpPaType M BEIMYUHAX
kodbpunuenta aupdysun mopaaka 107 - 10 cm?/c (Murrmann, 1973) cmycts
roasl. Ilo ganueiMm UW.B. boiiko (1962) nuddysus comeid B Mep3ablX TpPyHTax
NPOUCXOIUT CO CKOpOCThI0 OokoJio 1 cM 3a 10 gueir (B cmosx - 2-3 cm). C.b.YxoB
(1958) ycranoBui, 4To mpu OTChIMKe ciosiMu B 30 ¢cM M TOCIOWHOM 3aCOJEHUH
cyrnuaka NaCl mnpu monoXuTenbHOW TeMmmepaType  ero 3acoJeHHOCTh OyJIeT
NIpakTHYeCKu paBHOMepHON uepe3 70-80 nHeil. B Mep3nom cyriamHke 1pu
temneparype oT -1.4 ngo -1.8°C xoHueHTpauus pacTBOpa XJOPUCTOTO HATPHUS NpPHU

MOCIOWHOM 3aconeHnu uepes 20 cm Oyaetr paBHOMepHa Toabko yepes 80-100 gueid.



B nenom omnenku kodpdunumentoB Aud@y3ud HMOHOB B MEpP3JBIX MOPOAAX

nocTaTouHo Onu3ku (tabdiu. 15).

Tabnuya 15. 3navenus kospduyuenmos oug@yzuu uoHo8 8 Mep3ivbiX HOPoOaAx No

OaHHbIM pPa3iluvynHblmM aemopoe

Kosddunuent nuddysuu, cm?/c ABTOp
2-8*10°7 Murrmann R.P., 1973
10°7-10°8 Cmupnona O.T"., 1997
5*108 bpymxkoB A.B., 1998 (nnuTenbHbIE ONBITH)

IO .I1.JIe6enenko (1987, 1988, 1990 u np.) ycTaHOBHUJ, UTO MUTPALUS BOJIBI
OJHOBPEMEHHO C MOHAMH COJIEH OT OOJIBIIMX K MEHBIIUM KOHIIEHTPALUSIM B MEp3Jble
MOPOAbl IPOUCXOJAUT B IMIUPOKOM UHTEpBaJie KOHIEHTpAIUil, OT clabbIX PacTBOPOB 110
BHICOKOKOHI[EHTPUPOBAHHBIX, MPU Pa3IUYHBIX TeMIepaTypax, B TOM YHUCIE HHU3KHUX
(mo -20 -30°C). IIpuueM c yMeHbIIEHHEM KOHIIEHTPALUH pacTBOpa HaOII0gaNCs POCT
MOTOKa BJaru B Mep3iayr noponay. DkcnepumenTtsl FO.I1.JlebeneHko MpoBOAUIUCH B
OCHOBHOM BOJIHM3HM TeMIepaTypbl KpHCTAaJJIH3alUH pPacTBOPOB, KakK MNpaBUIO, MpHU
KOHILEHTPaIUAX pacTBOpa, NPEBBIIIAIONINX PABHOBECHYIO C IAaHHOW TeMIepaTypoi.

Jlpyroil BHUJ XMMHUYECKOTO BO3JCHCTBHS Ha 3aCOJICHHBIE MEp3Jble MOPOABI -
BO3JecTBHME KOHIEHTPUPOBAHHBIX COJIEBBIX pacTBOPOB, BIIJIOTh JO pa3pylIeHUS
nopoasl. B 3ToM cilyyae BO3HUKAIOT MPOIECCH IEPEHOCA HOHOB PACTBOPEHHBIX COJIEH
U KUAKOW (a3el Boabl. B Tanpix rpyHTax 3TO NPUBOJUT K OCMOTHYECKOMY BBIHOCY M3
HUX BOJB M YIUIOTHEHUIO B pe3yiabTate ycaaku. OnHoBpeMmMeHHO (opmupyercs
BCTPEUYHBIM TOTOK HMOHOB COJIel W3 BHEIIHEro BOJHOTO pacTBOpa B TOPOBOE
MPOCTPAHCTBO TMOPOABI. B Mep3abIX mopoJax MPOUCXOIUT OCMOTHYECKHU MepeHOC
He3aMep3lieid BOABl B KOHIEGHTpUpPOBaHHOU pacTtBop. [lo Mepe yMeHbIIEHUS
KOHIIEHTPaIUd BHEUIHETO pacTBOpPa OCMOTHYECKHUU MOTOK BIAaru majaaeT A0 HYIEBOTO
3HaAuYeHUs. BenumumHa HSTOM KPUTHUYECKOW KOHIEHTpPALlMM BO3pacTaeT C pPOCTOM
JUCIIEPCHOCTU U MOHMKEHUEM OoTpullaTelbHOold Temnepatypsl (Jlebenenko, 1990), 1.e.
B TeX cjydasX, Korja Biary TpyJIHee OTAEIUTh OT MOBEPXHOCTH MHUHEPaJIbHBIX
YaCTHII.

[Ipu 5TOM NPOHMCXOIUT ABUKEHHE HMOHOB COJIell U3 pacTBOpa, KOHIEHTpaIus
KOTOpPOTO BBIIIE pPaBHOBECHOM ¢ Temmeparypoill, B Mep3ayw nopoay. Ilo mepe
IIOCTENEHHOTO 3aCOJEHUS MEP3J0H MOpOJbl, 3aKOHOMEPHOCTH KOTOPOIrO M3Yy4aJUCh
H.A.beneaukTtoBoi#t (1992), mpoucxoaut mepexoa JbJa B BOAY U pa3pylieHUE caMoil

MEP3JIOU MOPOIBL.
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Puc. 34. Hzmenenue maccoet mep3nvlx 006pazyos npu 6030€UCMBUU CONEBbLX
pacmeopos: 1 - 100, 2 - 150, 3 - 200 2/a; a, 6, 6 - coomeemcmeeHHO CY2IUHOK,

Menkuu u kpynuwoiti necok. [Jannvie E.A.I'atioaenko (1990)

[TornxeHue TteMmmepaTypbl  BBI3BIBAET 3aMEJJIEHHUE IMPOIECCOB BJIaro - #
COJICHAKOMJEHUS 3a CYET BBIMEpP3aHHs TMJIEHOK CBsA3aHHOW BOJbI. CIOUCTOCTh H
JUTOJIOTUYECKAsT HEOJHOPOTHOCTh OOpa3oB TMNPHBOJAUT K HEPABHOMEPHOCTH
pacupenesieHuss CoJe.

C TIOBBIINIEHHEM AUCIIEPCHOCTHU HAKOIIJICHUEC BJIaTU WU HOHOB YBCIHWYHUBACTCH,
YTO CBSI3aHO C 0OJBIIONW aKTUBHOW MOBEPXHOCTHIO yacTull. Hanbonbniee HakomIeHUE
Ha6J'IIO)IaeTC${ B KaOJWHHUTOBOH T'JIMHE, HaWMCHBIIECEC - B MOHTMOpHHJ’IOHHTOBOﬁ.

Vaonoraenue 06p33HOB CHJIBHO CHHIXACT HAKOIIJICHHUC BJIaru MU MOHOB. HO)IBI/I)KHOCTB



nonoB npu -6°C ymenspmaercs B psagy Na > Mg > Cu > Pl > K > Fe > Co
(benenuktoBa, 1992).

Pa3zpymenue caMux Mep3iablX MOpPOJ HNPH BO3JEHWCTBUU pacTBOpa B pe3yJibTaTe
TasitHUS J1bJa MPOUCXOAUT HO-Pa3HOMY.

I[To nmamaeiMm E.U.Tailimaenko (1990), wambosiee MeIJIEHHO pa3pylIalTCs
CYTJIIMHKH, 3aTeM MeJKue U KpymnHble mnecku (puc. 34). DTo 00ycioBIEHO Kak
Oonpmiedl  BIAXHOCTHIO (JIBJUCTOCTHIO) CYTJIMHKOB, TaK M TEM, YTO CYTJIHHKH
ABIAIOTCS OoJjiee CBSI3HBIMH NOpPOJaMH, KOTOpbIE TpyJAHee pacmagalTcs Ha
OTJIEIBHOCTU U TeM 0oJiee Ha OTJAEJIbHBIC YACTHIBI, YEM JIETKO OCHIMAIOIMINECS MEeCKH.

Bbeinu BeIMONHEHB HAaOMIOAEHHSA C MEpP3JBIM NECKOM C BiIaxHOCThIO 0.27 u
CYTJIIMHKOM C BiaxHocThio 0.43 mpu temmnepartype - 2°C u pacTBOPOM MOPCKOH coyu
C KOHIeHTpamuei 45 r/a, mokaszanw, YTO HOPOIBl pa3zpymarnTcs ¢ OJIU3KUM
ckopocTsiMU. CyriMHOK NpeIBapUTEIbHO HE YNJIOTHAJICSA, UMEJ BBICOKYIO BJIA)KHOCTH
U MO3TOMY JIETKO Tepsa CBA3HOCTh HNPHU OTTaWBaHUSA JibAa. ETo cKopoCTh pa3pylieHus
ObIJa TOBKO HEMHOTO HUXKE, YEM CKOPOCTh pa3pyIlICHUs MecKa.

Hamu OBl Takke YCTAaHOBJICH CIeAyIOMmUN (akT pocTa KPUCTAJUIOB JIbJa B
YCIOBUSIX, KOTJa OHH, Ka3ajaoch Obl, HE JOJOKHBI ObIIM 0OpPa30OBBIBATHCH.
[ToBepxXxHOCTh pa3pylIeHHsT B HANIMX ONBITaX, Kak U B onbitax E.M.T'alinaenko, Oblia
BepTHKalbpHOUW. Macca oOpa3moB okoyo 1 Kr, oOpas3mbl OJHOW CTOPOHOU OBLIH
CMOpPOXEHBl €O CTEHKOM cocyna, a Jpyro compukacaauch ¢ pPacTBOpOM,
yCTaHaBJIMBAJIUCh B CTEKJISHHBIM cocyl ¢ pacTBOopoM oO0beMoM | . DKCIEpUMEHT
Obl1 HauvaT 13 ampens, a 4 mas yacTh oOpasma CyrjaivMHKa YK€ pa3pyuiuiach, OJHAKO
Ha €ro NOBEPXHOCTH BBIPOCIM HrojbyaTble JeJsiHble KpucTajuibl. KoHumeHTpauus
pacTBopa Oblia OJM3Ka K paBHOBECHOW mpu naHHOW Temmepatype. [lo-Buaumowmy,
JesIHble KPUCTAJIJIbl HAa MOBEPXHOCTH 00pa3oB UMEIT 00Jiee BBICOKYIO TEMIIEPATypy
oOpa3oBaHus, 4eM Jjea-ueMeHT. M B yciioBuSX, KOrja TpYHTOBBIH JeJ HNpOJOJIKAET
pa3pymaTtbcsi, Ha IOBEPXHOCTH MEpP3JIOW MOPOAbl MHpPH KOHIEHTpalUH pacTBopa,
OJMM3KOM K paBHOBECHOMW, MPOUCXOJUT JIbJOOOpa3OBaHUE.

bonee BbicOkas TeMmmeparypa KpUCTAJUIM3allUU BOJBl B CBOOOJHBIX YCJIOBHUSAX
MOYET OOBSCHSATHCA BIUSHUEM MOBEPXHOCTH MHUHEPAJIBbHBIX YaCTHUIl HA TPYHTOBBIH
Jel, a TaKXe JIOKaJbHBIM MOBBIIIEHUEM KOHIIEHTPALlMM MOHOB BOJIM3M MOBEPXHOCTH
4acTUIl B pe3yibTrate ux agcopbuuu. Ilocie monHoro paspyuieHus obpasua CpoCcTKU
JeISHbIX KPUCTAJIOB OKa3aJiuCh Ha MOBEPXHOCTU 'PYHTOBOTO OCajJKa U OCTAaBaJIUCh B
TaKOM IIOJIOKEHHUU B TeUeHHE enie 2-3 Heaelb.

B umemomM Ha mpouecc B3aMMOJIEWCTBUS 3aCOJEHHBIX MEP3JbIX MOPOJ C
pacTBOpaMHu coJjieil, BEpOSATHO, Ba)XHOE BIHMAHHE OKa3bIBAE€T TakXe HEOJTHOPOIHOCTh U
CTaTUCTUYECKUHN XapakTep ATOTO B3auMmoaecTBUsI. OIHAKO 3TO MpPEACTaBIsET CO00H

npeaMeT OyIymuXx HCCIeJOBaAHUMA.



Takum oOpa3oM, BHOEpBbIE OJKCHEPUMEHTAIbHO YCTAaHOBJIEHO, 4YTO MpHU
BO3JCUCTBUU TOCTOSHHOTO TEMIEpaTypHOro TpagueHTa, a TaKXe CABUTOBBIX
HamnpsiKEHUH B TEYEHUE HECKOJbKHUX JIET B 3aCOJEHHBIX TPYHTAX MNPOUCXOIHUT
M3MEHEHHE KPHOTEHHOTO0 MHUKPOCTpOeHHsA 0e3 3aMeTHOro oOmero mepeHoca Biaru.
Murpanus cojieii B Mep3JIbIX I'pYHTax NpPH BO3JEHCTBUHU I'paJUMeHTa 3aCOJEHHOCTH
NpU MOCTOSIHHOW TeMmMmeparype, a TakXe MpU BO3JICHCTBUU TpaJMEHTA TEMIIEPaTyphl
MPOUCXOTUT npu (10018:911070: 3HAYECHUIX ATUX rpajiieHTOB. Bnepssie
SKCHEPUMEHTAJNbHO J0Ka3aHO CYIIECTBOBAHME MHOTOJIETHEH mMurpanuu coiyieit. C Hei,
B YaCTHOCTH, CBSI3aHbl NPOCTPAHCTBEHHBIE 3aKOHOMEPHOCTHU pacuperecHus
3aCOJIEHHOCTH B MOPCKHUX OTJOXEHHUAX TrojoueHa u miehcroueHa fAmaina, [levopckoit
HU3MEHHOCTU M JPYyrux panhoHOB, OHA OMNpEeIeNsieT yBEJIHMUYECHUE 3aCOJECHHOCTH C
rnyouHo B paszpesax (mo 10-15 ™), wumeromee MNpakTUYECKOE 3HAYCHUE B

GyHIaMEHTOCTPOCHUHN HA APKTHYECKOM MOOEpexKnbe.



YACTbH 3. CBOMCTBA 3ACOJEHHBIX MHOT'OJIETHEMEP3JIBIX
I'PYHTOB U ®AKTOPBI, UX ONPEAEJAIOIHUE

I''TABA 8. CBOEOBPA3UNE ®UZNYECKUX N ®PU3UKO-XUMUUECKUX
CBOWCTB 3ACOJIEHHBIX MEP3JIBIX TPYHTOB

8.1. INTOTHOCTH I'PYHTOB U IINIOTHOCTb HACTHUL] 'PYHTA

Kak Obimo mokazano B 1. 4.1, 4.3 3acojeHHbIE MEp3Jble MOPOABI OTJIUYAIOTCS
pazHooOpa3ueM TpaHyJIOMETPUUYECKOTO M MHUHEPAJIbHOTO COCTaBa M OTHOCATCS Ipe-
MMYIIECTBEHHO K THIY MEJIKOBOJIHBIX MOPCKHUX OCAaJKOB KOHTHHEHTAJIBHOTO HIenbda.
B ycinoBHAX X0JT0XHOTO MOpPS COJEpKaHUE KapOOHATOB HEBEJIHMKO U YaCTO MBI HMEEM
neno co ciaabo TMTUPUUUPOBAHHBIMU MIECKAMH, CYIIECSIMU U CYTJIMHKAMHU.

Kak usBectHo (JIsicenko, 1972), ynenpHblil BeC (IJIOTHOCTH YACTHUI[) MECKOB

Kojebiercs 06suH0 OT 2.64 no 2.70 r/cm®

; IJIsl KBapIEBBIX MECKOB OH paBeH 2.65-
2.66 t/cm3. TIpucyTcTBUE TErKOPacTBOPUMEIX COJIEH M OPraHMUYECKHX BEIIECTB IO HH-
’aeT MJIOTHOCTh YacTHIL, OJHAKO 3aCOJIEHHOCTb, He NpeBblmaromas 1%, He BIHUIET
3aMETHO Ha €€ BeJUUYHuHY. [II0THOCTh YyacTHUIl NbLIEBATHIX MECKOB SIMana, Mo HalluM
JaHHBIM, COCTaBIAET B cpegHeM oT 2.63 10 2.72 t/cm°.

[I10THOCTh MECKOB 3aBUCUT OT MJIOTHOCTH YACTHIl, MOPUCTOCTU U BIAXKHOCTH.
B cpeaHeM mIOTHOCTH meckoB KomeGmercs oT 1.43 mo 1.70 r/cm®. IlnoTtHOCTH Mep3-
nbpIX neckoB Skyrtuu, no H.M. BoTAK0OBY, HECKOJIBKO BBIIIE U COCTABJIAET B CPEAHEM
1.90 r/cm®. [lo HamMM DaHHBIM, CpeAHAS MIOTHOCTh 3aCONEHHBIX MeckoB SImama co-

craBiser 1.83 r/cm®

. HexoTopoe yBeinmueHHEe NMIOTHOCTH MEP3JbIX MECKOB, BCTpE-
yauieecss B HEKOTOpPbIX 00paslax, CBsI3aHO, BEPOSATHO, C UX YNJIOTHEHHEM IPHU HpPO-
MEp3aHUU JaBJIE€HHUEM, CO3JAIIUMCS NpH (a30BOM NpeBpalleHUH BOABI. DTa BEJIHU-
YUHa MJOTHOCTU OJM3Ka K MAaKCHUMaJbHOW MJOTHOCTHU, ONpPENEIEHHON CTaHAapTHBIM
METOAOM.

[To nanaeiM B.T.Tpodumona u npyrux (1975), nJ10THOCTH MHOTOJIETHEMEP3-
abpIX mopoj fIMalia m3MeHsieTcs B MHUPOKOM nauana3zoHe. Hambonee HU3KOW MIOTHO-
CTHIO OTJIMYAIOTCS CUJIBHOJBAUCTBIE CYTJIMHUCTHIE U TJIUHUCTHIE MOPOJBI CO CIOUCTOHU
U CJIOHCTO-CETYaTOW KPUOTEHHBIMU TEKCTypaMu, a HauOojblield - TMecyaHble H

TJIUHUCTBIE TOPOJBl C MAacCUBHOW KpuoTekcTypoil. Ilpum sTomM Oonpiine 3HaYeHUS



MJOTHOCTHU XapaKTEPHBI AJS JIATYHHO-MOPCKUX W aJUIIOBHAJBbHBIX IME€CYAHBIX OTJIO-
JKEHUM, MEHbIIUE - JJS O3EPHBIX OTJIOXKEHUU. BcTpeuaeMoCTh 3HaYEHUS MJIOTHOCTH B

% cocraBnser B cymme Gonee 50%. Baxublil BHIBOJ cAenaH

nuanaszone 1.81 - 2.0 r/c™m
B.T.Tpodpumossim (1975), 3akiamyammUACId B TOM, UYTO YETBEPTUYHBIC IMOPOIBI
SImMana ogMHAKOBOIO Ie€HE3Huca W BO3pacTa MMEIT OJIM3KYH IIOTHOCTh. JTO Kaca-
€TCs, HAIPUMEP, MOPCKUX OTJOKEHUMN calieXapACKOW U Ka3aHLEBCKOW CBUT U BTOPOU
MOPCKO# Teppachl, UIsi KOTOPBIX Haubojee XxapakTepHas IJIOTHOCTHh (BCTPE4aeMOCTh
okono 25%) cocraBnser 1.81- 1.90 r/cm®, a Takkxe TaryHHO-MOPCKHX OTJIOXKEHHI
IEpBOM, BTOPOM U TpeThEH Teppac, s KOTOpPbIX Hauboisee BcTpeuyaemas (6osnee 50%
cllydaeB) MIOTHOCTH cocTamiseT 1.91 - 2.0 r/cm®. B tabnume 16 mpuBemeHbl s

npuMepa HEKOTOpbie (U3UUYECKHE CBOMCTBAa TPYHTOB AMJIIEPMUHCKOTO paiioHa.

Tabnuya 16. Quszuueckue c80UCMEA 3ACONEHHBIX MEP3NAbIX NOPOO 6 OCHOBAHUU
obvexma “Ilnaysn”, n.Amoepma, ckeaxcuna 1

I'myOuna | Hamme- | Wc [Inotnocts, | Ilnot- Kooad. Hopu- | Desal,
orbopa, | HOBaHHE r/em® HOCTb BII&JKHOCTH | CTOCTh %
M rpyHTa YaCTHII,
ecrect | cyxo | T/em® Kw n
COCT. -TO

2.5-3.5 | cymech 0.23 1.83 1.49 2.68 0.77 44 .4 0.2
4.0-45 | cynech 0.30 1.78 1.38 2.68 0.85 48.5 0.14
4.5-5.0 | cymech 0.24 1.80 1.45 2.68 0.76 45.8 0.2
6.1-6.8 | cymech 0.22 1.88 1.55 2.68 0.81 40.7 0.16
4.1-5.0 | cynech 0.24 1.83 1.48 2.68 0.79 44.8 0.16
8.5-9.3 | cyrim- 0.30 1.67 1.29 2.70 0.74 52.2 0.8

HOK
Iy~ Hanwme- ['panynomerpuueckuii coctas, %
OuHa, | HOBaHHE
M IrpyHTa Pasmep vactun, MM
2- | 1.0- | 0.5- | 0.25- | 0.1- | 0.05- 0.01- < 0.005
10| 05 | 0.25 0.1 0.05 | 0.01 0.005
2.5-3.5 | cymech 0.2 0.3 8.4 217 | 416 | 19.7 3.0 5.1
4.0-4.5 | cymech 0 0.1 0.3 2.1 55.2 | 27.7 0.8 13.8
4.5-5.0 | cymech 01| 0.3 1.3 9.2 43.1 | 28.8 8.9 8.3
6.1-6.8 | cymecn 01| 0.2 0.5 54 584 | 20.8 5.4 9.2
4.1-5.0 | cymech 01| 0.1 0.6 6.3 56.3 | 20.3 7.2 9.1
8.5-9.3 | cyrmu- 01| 05 2.1 9.2 147 | 36.1 14.7 22.6
HOK

Hns ceseproit yactu Ilewopckoit ob6mactu (I'eokpuonmorus CCCP, 1988) nns
HpI/I6pe)KHO-MOpCKI/IX 34aCOJICHHBIX TOJOLNEHOBBIX IMECYAHBIX OTJIOXEHUH CpCaHAada
mIoTHOCTE cocTaBnsgeT 2.0 r/cm® mpu mHTepBane m3Menenns 1.83-2.13 r/em®, a cy-

necuadsix - 1.86 r/cm® npu unTepBane nuzmenenus 1.78-1.97 r/cm’.



[ImoTHOCTP YacTHULl TIAMHHUCTBIX TPYHTOB COCTaBisAeT B cpeaHem, nmo M.IIL.
JIeicenko (1972), or 2.70 o 2.76 r/cm®. Bonee BBICOKHiII yAeNbHBIH BEC HMEIOT
IJIUHBI, 00pa3oBaBUIMECS B PE3yJbTaTe BHIBETPUBAHUS OCHOBHBIX U yJIbTPAOCHOBHBIX
IOPOJa U COJAEpiKalllue MOoBbIIEHHOE KoaudecTBo Fe u Mg. Ilpumech opranumueckux
BEIIECTB IMOHMWKAET yJEJNbHBIH BeC TJIMH. Tak T'yMycOBbl€ COEIMHEHUS, HAIpHUMEp,
UMEIOT yjaenbHbli Bec 1.25-1.45, Topd - 1.1-1.8 r/cm®. JIns 3aconeHHBIX CYTJIHHKOB
IOropckoro mojayoctpoBa cpeJHee 3HAY€HHE MIOTHOCTH YacTHUL cocTaBiuser 2.72
r/cm®, nng 3aconeHHBIX cymecei SAmana - 2.67 r/cm®.

Jns cyrimHKoB AMAepMBbl CpelHEEe 3Hade€HHME IUJIOTHOCTH cocTaBiser 1.72
r/cm® (cpennee u3 60 onpenencuuit). Ilpu onpenencHusaX, Kak IPaBHIO, HEe TIPUHU Ma-
JHUCHh B pacdeT JeAsHble MIIHPHI TOIMMUHON Oonee 1 cM, ¢ UX y4eTOM IJIOTHOCTH 3a-

COJICHHBIX INTMHHUCTBIX TPYHTOB HECKOJBKO HHIXKC.

1'00 I Puc. 35. Bzaumocsasw 3aconenHocmu u
80 1 niomuHocmu 01 00pasyos  HeHapy-
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[110OTHOCTD TIIMHUCTBIX TPYHTOB KOJIeOJNIETCS B MIUPOKUX mpeaenax - ot 1.35 mo
1.90 r/cM®, a ans CUNIBHO YNJIOTHEHHHIX IMUH - naxke 2.30 r/cm® (JIsicenko, 1972).

CymecTByeT ompeaelieHHas CBSi3b MEXJY BIaXHOCTBHIO, 3aCOJIEHHOCTHIO MeEp3-
JNBIX TMOPOJ W HMX IUIOTHOCTHIO B €CTECTBEHHOM 3aieranuu (puc. 35 u 36), o0y-
CIIOBJIEHHAs MX NPOUCXOXKJAEHUEeM. Tak, Ha MPHUBEICHHOM IMpUMeEpe ais 00pa3moB C
nonyoctpoBa fAman (puc. 35) 3aCONEHHOCTh YBEJIMUYUBACTCS C BO3pacTaHUEM IJIOTHO -
ctu. [Ipu 3TOM BIaXHOCTH (JIBAUCTOCTH), KaK MPaBUI0, yMeHbIIaeTcs (puc. 36).

OTH AaHHBIE HE COTJACYIOTCS C MPOCTBIM MPEAINOJIOXKEHHEM O TOM, 4TO (Mpu
3aCOJICHUH, HAllpUMeEp, MOPCKOH BONOI) B TaJlOM COCTOSHHHU YeM OOJBIIE COJIEHOTO
pacTtBopa, TeM OOJIbIIE OTHOCHTEIbHOE K MHUHEPaJlbHBIM YacTHIAM COJEpXKaHHUE CO-
Jei, T.e. IpH YBEJIHYECHUHU BIAKHOCTH 3aCOJIEHHOCTH (OTHECEHHass K BECY CyXOHW IIo-
poAabl) OyJIeT yBeIUYUBATHCH.

Kpome Toro, Oonee MIOTHBIMH YacTO OBIBAIOT MEHEE IUCIEPCHBIE TOPOJIHI.
OOBsiCHEHHE dTUM JAHHBIM MOXXHO MPEIOKHTH ciaeaytmniee. Kak mpaBuino, o0pasimsl
3aCOJICHHBIX MEpP3JBIX MOPOoJ OTOMpanuch U3 BepxHero, 10-15-mMeTpoBoro ropu3oHTa

HauboJsiee aKTUBHOTO B3aUMOJIEHCTBHS C HHKEHEPHBIMHU COOpYyXKeHusiMu. Bepxuuii ro-



PHU30HT MHOTOJIETHEMEP3JbIX 3aCOJICHHBIX MOPOJ, KaK MOKa3aHO B HacTosIel pabdoTe,
XapaKTepu3yeTcs YBEIUYCHUEM 3aCOJEHHOCTH ¢ riyOounoi. [Ipu 3TOM KpoOBJIss MHOTO -
JETHEMEP3JbIX MOpPOJ, KaK HU3BECTHO, OTJHUYAETCS BBICOKOW JIBAUCTOCTHIO, a,
clieJOBaTeJIbHO, MEHbIIEH MIOTHOCThIO. TakuM 0O6pa3zoM, ¢ TIIyOMHOU M) BEPXHETrO

ropu3oHTa  MHOTOJCETHCMCP3JbIX HNOPOA HTPOHUCXOAUT YMCHBUICHUC JIBAUCTOCTH,

YBCINYCHUC INJIOTHOCTHU U OJHOBPCMCHHO 3aCOJICHHOCTHU.

0.8

07 ¢
06 I
05 1

04 | .
03 | ® o o

W, po.e.
L

® o 00 o

01

0 f f f f f f f f f f f f f f f f f
1.39 1.43 155 161 1.68 1.94 1.73 1.75 2 21 2,01 21

MnoTHocTb, r/ky6.cMm

Puc. 36. Bzaumoceazv cymmapnou eénaxcrnocmu (W) u niomnocmu epynma OJisi MOHOAUMOG PA3-
JUYHO20 cocmaea u3 p -Ha boeanenxosckoeo I'KM (26 obpasyos)
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Puc. 37. Paspe3 mopckux 3aconeHnvix uemeepmuunvlx omuoxcenuil FOzopckozo nonyocmposa
(n.Amoepma): NecoK ¢ epasuem u 2aibKou, @ CY2NIUHOK 2071YD08amMo-cepulil, ¢ epa-
suem u pacmumenvruvimu ocmamxamvy; | R 7eo; W - eradxcnocms cymmapnas, o.e.; Dsal - 3a-

conennocms, %,; H - enyouna, m.

Tunuunblil pa3pe3 3acoieHHbIX T'pyHTOB KOropckoro moyiyocTpoBa NpHUBEAEH
Ha puc. 37.
B uemom 3aconeHHBIE Mep3Jble MOPOABI  OTIMYAIOTCS CPaBHUTEIbHO

HeO0O0JIBIION NIOTHOCTHIO, MAJION CTENEHbIO TUTUPUKALUU U OOJNBIIONH HOPUCTOCTHIO
8.2. TEINIO®MU3NYECKHUE CBOMCTBA

Tennodusndyeckue CBOWCTBA 3aCOJEHHBIX MEP3JBIX MOPOJ (TEIJIOMPOBOJIHOCTH
U TENJIOEMKOCTh), a TakXe TeMmmepaTyphl 3amep3aHus U (a3o0BbIl coCTaB BIaru BO
MHOTOM ONPEACISAITCS CTEIEHBIO 3aCOJICHUS U COCTABOM COJIEH MOPOBOTO pacTBopa.

[TonmxkeHue TeMmmepaTrypbl 3aMep3aHUs MOPOBOTO pacTBOpa MPH 3aCOJCHUH
MPOUCXOJIUT, KAK U3BECTHO, NPUOJU3UTEIBHO B COOTBETCTBUU C BBIPAXKCHUECM:

dT = K*q/m,

rae dT - monmxkenue Temmepartypbl 3amep3anus; K - kpuockomnuueckas KOH-
CTaHTa BOJbI, TEOpEeTUUYECKH paBHag 1.86; M, - MoJeKyaspHas Macca W macca pac-
TBOpeHHOTO BeniectBa B 1000 r BoJbI, COOTBETCTBEHHO. BelnunHa KpUOCKOMU YECKOM
MOCTOSIHHOW 3aBUCHUT OT 3JEKTPOCTATUUYECKUX CBOMCTB MOJEKYJ PAaCTBOPEHHOU COJIH.
I[To B.I'. TIpuropseBoit (1957), A.Il. boxenoBoii, @.I'. bakyauny (1957),
TeMIeparypa 3aMep3aHus NOPOBBIX PAaCTBOPOB C pPa3JIUYHON KOHIEHTpauueul coiei
NpakTHYEeCKU HE OTIMYAeTCd OT TeMIepaTyphl 3amMep3aHus CBOOOJHBIX PacTBOPOB
TeX e KoHIeHTpauui. OQHAKO B CBSI3M C NPHUCYTCTBUEM B TPYHTE THIAPODUIBHBIX
MUHEpPAJbHBIX YAaCTUI[ BJIHUSHUE MajOd KOHUEHTpALlMU COJHU HA MOHHUKEHHE TeMIe-
paTtypsl 3aMep3aHusl, HAaIpUMeEP, CYTIMHKOB, CKa3bIBA€TCS MEHBIIE, YEM MPHU CUJIbHOM
3aCOJIeHUHU, KOoTopoe pgocTturaercs, mno npaHHeiM I[[.A.I'pumuna (1963), npu 3a-
conenHoctu 1%.

N3BectHo (EpmoB u ap., 1979), 4To y OormaHAUHCKOTO OEHTOHUTA €MKOCTh TO-
TIoIeHus cocTaBusieT 42, y KeMOpuUHCcKOW TAWMHBI - 5, a Yy KaOIMHUTOBOUN TIUHBI
okoso 4 mr-3kB Ha 100 r cyxoro rpyHra. JIas NaCl 3To cocTaBisieT COOTBETCTBEHHO
okono 2% nns 6entonuta u 0.2% nna kemMOpuiickod TIUHB U KaoauHa. OXHAKO 3THU
COJIM CBSI3aHBbl MUHEPAJIbHBIMHU YaCTUIIAMHU, HE YUYACTBYIOT B JBUIKEHUU MOPOBOTrO pac-
TBOpa M, KaK MNpaBUIIO, HE ONPEAENSIITCI METOJaMU, NpeJHa3HauUe€HHbBIMU Ui UCClie-
JOBAaHUS 3aCOJNEHHOCTHU (MO AIEKTPONMPOBOJHOCTH M CYXOMY OCTATKy BOJHOHN BBI-
TSKKH). BakxHoe 3HaueHHe MMEeT UX BO3MOXKHBIM MepexoJ B pacTBOpP, KOTOPHIH, Be-

POATHO, BO3MOXKCH NIpU UBMCHCHHUU COCTaBa conen pacTBOpa WJIHK IPpH PE3KOM CHHIKC -



HUM €ro KOHUEHTpauuu (HapylaeTcs paBHOBecue Mexay AU Py3HBIM cIoeM H
nopoBbIM pacTBopoMm). OnHako B 000HMX cliydasix 3TOT NpOLEcC, BEPOSITHO, Mallo
3aMeTeH H3-3a HeOONbIMHNX BEIWYUH KojeOaHWW KOoHmeHTpauui. M, KoHEYHO, OH
COBEPIIEHHO HE XapaKTEPEH [ MEHEE NUCIEPCHBIX IPYHTOB (Cyneceil U MecKoB).

MHorouuciaeHHbIE ONIpEICIICHUS TEMIIEPATyphl 3aMep3aHus NPU pPa3JINnYHON 3a-
COJIEHHOCTH, BJIAaXHOCTH JUIsl pa3jUuHbIX MIIMHUCTBHIX TPYHTOB I1-0Ba fIMan mokaszaiu,
4TO 3Ta TeMIepaTypa HNPaKTUYECKU JUHEHHO 3aBUCUT OT KOHLEHTPALUHU MOPOBOTO
pacTtBopa. OHAKO I'JIMHBl UMEIOT XapaKTepHOE NOHMIKEHUE TeMIepaTypbl Hayajnaa 3a-
MEp3aHusA NPU MaJIBIX KOHUEHTpauusx cojei. Oka3anoch, 4YTO CTENEHb MOHUXKECHUA
TEMIIEpaTypbl Hadajga 3aMep3aHMUs 3aBUCUT OT XUMHUYECKOW NPHUPOIBI COJU, CTENEHHU
€€ IUCCOUMaluMu U CpeAHEro aToMHOro Beca uoHoB. [lo Muenuto U.B.Illeiikuna, nis
MOHM)KEHUS TeMIlepaTyphl Hauajla 3aMep3aHUsl Ha BEIUYUHY KPUOCKONMUYECKON KOH-
cTaHThl, paBHOUW -1.86°C, KOHUEHTpauus 4acTtum B 1 J1 BOJHOrO pacTBOpa JOJDKHA
OBITh paBHA 4yHMCIy ABOTagpo, T.€. JJIS HEJUCCOUMUPYIOUIUX MOJEKYT B 1 1 JOJIKEH
ObITh pacTBOpeH | Monp BemecTBa. IlockOIbKY OOBIYHO 3aCOJEHHOCTh TPYHTa BBIpa-
XKaeTcs OTHOLIEHUEM MAacCChl COJIM K MacCe CyXOro rpyHTa, TO pa3JIMuue BhIpaXKEHUU B
BECOBOM KOHIIEHTpalMU IMOPOBOr0 pacTBOpa U €ro MOJAIbHOCTU OOYCIOBIMBAET HeE-
paBeHCTBO TeMIlepaTyp Haudaljla 3aMep3aHUsl pacTBOPOB pa3JIMUHbIX coJieil. BmecTe ¢
TE€M U3yUYEHHUE 3aMep3aHUsl TPYHTOB ¢ OMHAPHBIMU COJSIMU Pa3HbIX KUCJIOT, OCOOCHHO
COJIIMH C MaJOll pacTBOPUMOCTHIO (MeHee 8 I/i), MoKa3ano UX CYHeCTBEHHOE OTKJIO -
HEHUE OT ONMCAHHOMW BBIIIEC JUHEMHONW 3aBHUCHUMOCTH, YTO CBSI3aHO, MO-BUAUMOMY, C
XUMHYECKHM B3aUMOJECHCTBUEM COJIEH.

KosdpdunueHt tennoeMKoCTH TPYHTOB, HAXOJSLMXCA B TAJOM HJIH MEP3JIOM
COCTOSIHMM, BBIpa)ka€T KOJHWYECTBO TE€IJia, HEOOXOAUMOTO AJs U3MEHEHHs TemIepa-
Typsl eauHuIbl o0beMa rpyHTa Ha 1°C. [Ipu 3ToM cienyer ydecTh, 4YTO AJS TAJIOrO
COCTOSIHUSI TPyHTa OH cJlabo 3aBUCHT OT TEeMIEpaTypbl U PaBeH CyMMe€ TEMJI0EMKO -
cTeld KOMHOHEHT. J[nsg mep3aslXx 3acojieHHbIX TpyHToB WM.B. lllelikMH pexkoMeHAyeT
ucnojb3oBaHue “s3phexTUBHON” TENIOEMKOCTH T'PYHTA, YUUTHIBAIOUIEH BBIJIEJICHUE
WM TOTJOIIEeHUE TEeMJIOTHl (a30BBIX MEPEXOJ0B B I'PYHTE NMPU U3MEHEHUU €ro TEeM-

neparypsl:

Cer (t) = Co+ Qp%

rae dWice/dt - u3MeHeHHe JIbJOCOAEpKAHKUS TPYHTA B 3aBUCHMOCTH OT TEMIIE-
paTypsl, ompeaeiasieMoe Mo KpuBoil (a3oBOro cocraBa Biaru TPyHTa; O - MIOTHOCTH;
Q - temora ¢a3zoBeix mepexogoB; Co - TemmoeMkocTh nmpu 0° C.

KosppunueHT TenaonpoBOIHOCTH MEP3JI0OT0 TPYHTA, KaK M3BECTHO, BBIPaKaeT
HaNpPSKEHHOCTh TEMJIOBOTO MOTOKA MPH MHTEPECYIOUmEed TeMmIepaType TPpyHTa, MpHU

€IMHUYHOM rpaauente temneparypsl ( 1°C/m).



OOBIYHO TpoIecC TEMI000OMEHa BO BIaXXHBIX JUCIEPCHBIX cpelax MPOUCXOAUT
32 CYET KOHAYKTHUBHOW, KOHBEKTUBHOM M JIyYUCTOM TEmJIONEpeaadyu U CONPOBOKAA-
eTcs MaccooOMeHoOM (mapo- M BiyaromnepeHoc). Jisg mMep3ablX T'PyHTOB, KaK IpaBUIIo,
ONpENea0T TaK Ha3blBaeMblil “3(PeKTHBHBIN’ KOIPPUIHUEHT TEMmIONpPOBOAHOCTH,
cuMTas npeobiagaloMIUM Mpolecc KOHAYKTUBHON Temnonepenayu. Hanpumep, Ob110
II0Ka3aHO, YTO KOHBEKIMA M JYUYUCTHIH TEIJIOOOMEH HAUYMHAET 3aMETHO NPOSABIATHCS
JUIIb B KPYNHOOOJIOMOYHBIX TPYHTaX 0€3 MEJIKOro 3amoJHUTENs, IPU AUaMETpe yac-
Tu1 6osee 4 MM.

TennonpoBOAHOCTh I'PYHTa 3aBUCUT OT TEIJONPOBOJHOCTH €r0 COCTaBJISIO-
mux (TPYHTOBBIX YacTHIll, JbJa, BOABl U T.A.), UX COOTHOWIEHUS U pacCHpeleeHUs.
KospdunueHTsl TemmonpoBOJHOCTH KOMIIOHEHT cleaylomue: MuHepansl - 1.5-8; nen
-1.7-2; Boga - ot 0.5 mo 0.8; ra3sr - okono 0.05 xkkan/m*gac*rpan.C. OnHako Teope-
TUYECKUI pacyeT TEemJONPOBOJHOCTU MEP3JIOr0 IPyHTA OCJIOXKHEH BBUJY BIHUSIHUSI

MHOTHX (aKTOPOB M OOBIYHO OHA OMpPEAENACTCS IKCIEPUMEHTAIBHO.

)N Kkani.u. rpap

1.7 - 3aeMcuMocTb koadiMUMEHTa TENND-
NPOBOOHOCTH J  OT 3ACONEHHOCTH

15L 1 npu -3°C : 1- Mepanbii necok
npu W=0.2; Z-MEpP3NbIA CYrNHHOK
npu W=0.35.
13
2
1.1 ' ' '
0 126 2% Dg,
Cob. KKEIH."MS- oc
800 5
700 -~
1 3aepucuMocTb 006bEMHOR TENNODEM-
kocTH C 06 OT 3acONEHHOCTH npH
600 - -3%C : 1 - Mepanblii necok npw
W =02, 2-MeEpP3INbIA CYrMHHOK
oon L npH W =0.35.
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Puc. 38. Hexomopuwle mennoghuzuueckue ce0UCmMEa 3acONeHHbIX MEP3IbIX NOPOO.



IIpu 3TOM ompenensollee 3HAYEHUE B TEIJONPOBOJHOCTH M TEIJIOEMKOCTH
umeet cojgepxxkanue apaa. [lo gamueim FO.J[.3bikoBa, S.A.Kponuka, M.A.Komaposna,
P.I'.'MoTeHko u Apyrux, KoOdPPUIUEHT TEIJIOMPOBOJHOCTH COOTBETCTBEHHO yMEHB-
maeTcs ¢ YBEJIWYEHUEM 3aCOJEHHOCTH, a KO03pPHUIHMEHT TEemIOeMKOCTH YBe-
nuuuBaercs (puc. 38). Temneparypa 3aMep3aHus MOPOBBIX PacTBOPOB C pa3JIMuHOU
KOHLEHTpalueil cojedl NpakTHUYECKH HE OTIMYAaeTCs OT TeMIepaTyphbl 3aMep3aHus

CBOOOJHBIX PACTBOPOB TEX KE KOHI[CHTPAIU.



Tabauya 17. Pexomenoyemvie pacuemuvie 3Ha4eHUs: KOIGGuyueHmos menionpo8ooOHOCHU PYHIMOE C XIOPUOHO-HAMPUEBIM
MUNOM 3ACONEHUSL 8 MATOM U MEP3TIOM COCIMOSHUU

[Tnotaocts | Bnaxknocts | Koadduuuent rermnonposoanoctu, Bt/ (M K)

CyXoro rpyHTa [Tecku Cynecu CyriavuHku u

TpyHTa, TJIMHBI

Whot, 3aconennoctsy Dsal, % 3aconennocts Dsal, % Dsal, %

Pdf o 0 0.5 1.0 0 | 0.5 1.0 0-2

r/em® €IMHUIIBI Ath ¥ Ath At Ath At Ath Af Ath At Ath At Ath At
1.0 0.60 2.00 1.90
1.2 0.40 1.90 1.57 1.80
1.4 0.35 180 | 1.86 1.57 1.66
1.4 0.30 1.74 | 1.80
1.4 0.25 191 | 214 1.57 | 1.68
1.4 0.20 157 | 18 | 140 | 146 | 132 | 140 | 133 | 151 | 128 | 136 | 1.22 | 1.22 | 1.10 1.22
1.4 0.15 139 | 162 | 112 | 118 | 105 | 1.10 | 110 | 127 | 110 | 1.18 | 1.10 | 112 | 0.87 0.99
1.4 0.10 110 | 1.27 | 096 | 0.84 | 090 | 0.9 | 093 | 105 | 092 | 1.04 | 090 | 1.03 | 0.75 0.75
1.4 0.05 075 | 081 | 068 | 056 | 0.65 | 053 | 0.64 | 0.70 | 0.64 | 0.67 | 0.64 | 0.64 | 0.52 0.52
1.6 0.30 - - - - - - 186 | 1.97 - - - 1.86 1.86
1.6 0.25 250 | 2.73 1.80 | 191 1.68 1.68
1.6 0.20 215 | 237 | 180 | 1.86 | 158 | 150 | 162 | 1.74 1.56 138 | 1.51 1.51
1.6 0.15 180 | 200 | 1.60 | 158 | 155 | 145 | 145 | 157 | 142 | 142 | 128 | 1.30 | 1.22 1.22
1.6 0.10 145 | 162 | 125 | 118 | 115 | 105 | 116 | 128 | 116 | 1.20 | 1.16 | 1.16 | 0.93 0.9
1.6 0.05 105 | 110 | 085 | 0.74 | 082 | 0.70 | 081 | 087 | 0.81 | 0.80 | 081 | 0.79 | 0.64 0.64
1.8 0.20 2.67 | 2.84 186 | 1.97 1.8 1.6 1.80 1.80
1.8 0.15 2.26 | 2.62 1.9 207 | 180 | 1.70 | 168 | 180 | 162 | 1.62 | 158 | 142 | 1.57 1.57
1.8 0.10 197 | 220 | 1.78 | 168 | 1.70 | 150 | 145 | 157 | 142 | 142 | 138 | 1.26 | 1.22 1.22
1.8 0.05 145 | 151 | 120 { 092 | 112 | 104 | 099 | 0.99 | 099 | 097 | 099 | 096 | 0.75 0.75
2.0 0.10 2.73 | 2.90 1.74 | 1.86 1.39 1.39
2.0 0.05 210 | 2.14




B cBsA3u ¢ mpucyrcTBHeM B TPYHTE TUAPOPHUIBHBIX MHHEPAIbHBIX YaCTHUI]
BJIMSIHUE MaJOW KOHLEHTPAUUU COJMM HAa MOHMIKEHUE TeMIEepaTyphl 3aMep3aHus, Ha-
npuMep, CYTJIMHKOB, CKa3bIBAETCS MEHBINE, YeM IPH CHJIBHOM 3aCOJEHHHU, HANPH-
mep, 1%.

OOpryHO K03 PunuenTs TenmaonpoBoaHoctTu Ha 10-20% BeIme A MEepP3IbIX
TPYHTOB, YeM JJIsl aHAJOTHYHBIX TaJIbIX, YTO 00YCIOBJIEHO OOJbIIEH TEMIONPOBOJ-
HOCTBIO JIbJIa IO CPAaBHEHHUIO C MOPOBBIM pacTBOpoM. HemocpeacTBEHHBIM BIHUS -
HHEM coJieil MOXHO npeHeOpeusb. BaxxHO, YTO OTIMYHSA B TENJIOMPOBOIHOCTH MEP3-
JBIX 3aCOJEHHBIX U HE3aCOJEHHBIX MOPOJ HEOOXOJAMMO YUYUTHIBATH IPH TEIIOBBIX
pacuerax. Ha ocHOBaHHMU HCCIEeIOBaHUHN MOCIEIHUX JIET U 0000IeHN MaTepruaJoB
npeasaymux padbor P.I'.MoTeHKO mpu HEKOTOPOM YYacCTHUH aBTOpPa MOATOTOBICHBI
NpEeIJIOKEHUS O JOMOJHEHUIO HOPMAaTUBHBIX JOKYMEHTOB, B yactHocTtu, CHull
2.02.04 - 86 maHHBIMH O TEIIOPHU3UICCKUM XapaKTEPUCTUKAM 3aCOJCHHBIX MEp3-
JBIX TOPOJ C MOPCKHM THUTIOM 3acosieHus (Tabi. 17). B atoif Tabnuue pdth U pdf, Ath
U Af - COOTBETCTBEHHO IJIOTHOCTH MOPOJ, KOAP(PUIUEHTH TEMJIONPOBOAHOCTH B Ta-

JIOM U MCP3JIOM COCTOAHUMH.

8.3. ®DA3OBBIN COCTAB BJIATU

Conepxanue He3aMep3UIed BIaru B MEpP3JIbIX MOpPOJAAxX - KJIKOYEBas Xapakre-
pHUCTUKA AJA MOHUMaHUs PU3NUECKUX, MEXaHUUECKUX U IPYTUX UX CBOMCTB.

OcoOple OTIMYMS 3aCOJEHHBIX MEP3JBIX MOPOJ BO MHOTOM OOYCIOBIEHBI
WHBIMH 3aKOHOMEPHOCTSIMHU COJIEep)KaHUS He3aMmMep3lieidl BOJbI, 4eM B APYTHUX Mep3-
JBIX TTOPOJAX.

B cBoe Bpems Owunio mokaszano (Botskos, 1975; Epmos u ap., 1979 u npy-
rue), YTO COJAEpIKaHME He3aMep3meld BOABl U JIbJla B MEP3JIBIX TPYHTaX CYHIECTBEH -
HBIM 00pa30oM 3aBHCHT OT CTEMEHU MX 3aCOJICHHOCTH, COCTaBa COJIed M TpyHTOB. B
YaCTHOCTH, 3aCOJICHHE KAOJMHUTOBOW TJIWHBI XJOPUCTHIM KallbIIUEM HPHBOIHUT K
O0onee pE3KOMY YBEIHYCHHUIO COJNEPKAHUA He3aMep3mieil BOABI B HEM IO
CPaBHEHHWIO C TMOJUMHHEPAIbHBIM TSIKEIBIM CYTIHHKOM. B TOo ke Bpewms
TeMIepaTrypa 3aMep3aHUs 3aCOJCHHBIX T'PYHTOB TPAKTHYECKH HE OTIMYAETCS OT
TaOJNMYHBIX 3HAYEHUH, ONPEIETICHHBIX IO MPUBEICHHOMY BHIIIIe YpaBHEHUIO Payms.

KonndecTBO He3aMep3meid BOABI B 3aCOJEHHBIX MEP3JIBIX OPOJaaX OMpees -
eTCsl BYMS TJIaBHBIMU (pakTOpaMH: MEPBBIA 00yCIOBIECH OOBIYHBIM BIHUSHUEM TIO-
BEPXHOCTH YaCTHIl, aICOPOIIMOHHBIMU U KANHUJIJISIPHBIMH SIBICHUSAMH, IPYTOd - U OH
SABISIETCS Jake 0ojee BaXXHBIM JUIS 3aCOJICHHBIX MEP3JBIX MOPOJ - YBEJIHYECHHUE KOH-
LIEHTpallMu COJIed B TOPOBOM pacTBOpE.

He ocTanaBnmmBasch 371eCh MOAPOOHO HA BIUSHUM MUHEPAJbHBIX YAaCTHII, IO -

CKOJIBKY O3TOT BOIIPOC MOOBOJBHO CJOXCH MW OIHKCAaH B crnenuaibHOU JUTCpaType



(®da3oBbIl cocTaB Biaru B Mep3ibix moponax, 1979; C.E. I'peuumen u ap., 1980;
9. .Epwos, 1986; JI.B.Yucrtorunos, 1973 u ap.), pacCMOTPUM HENOCPEACTBEHHO
BIMSHUE COJICH.

Cnenyet eme pa3 MOAYEPKHYTb, UTO YaCTh KAaTMOHOB BCErJa HaXOJUTCS B
0OMEHHOM KOoMIIJIeKce Mep3yoil mopoasl. OHM B3aMMOACHCTBYIOT ¢ MUHEPAJIbHBIMHU
4acTHULIAMU W HE pacTBOPAIOTCSA B MOPOBOM pacTtBope. Ilpm 3TomM MX conepxaHue
MOXXEeT OBITh 3HAYMTENbHBIM. Hanmpumep, i MOPCKHX Cylecei U CYyrIMHKOB ApK-
THYECKOTO mobepexbs, mo coobmenunto A.H.SpkuHa, eMKOoCTh 0oOMeHa COCTaBIsET
13-21 mr-»kB. [Ipu conepxaHuu B OOMEHHOM KOMIIJIEKCE TOJbKO MOHOB HATPHUS HX
BECOBOE KOJHUYECTBO MOXET JOCTHraTh, Takum obpazom, 0.5 r va 100 r cyxoit no-
pPOMABI, T.€. IMMPHU MEPEX0Je B pacTBOP 0OYCIOBHTH 3acOJeHHOCTh 0Koi0 0.5%. O6-
MEHHBIE KaTHOHBI, IpaBJa, B OOBIYHBIX YCJIOBHSAX HE MEPEXOAAT B pacTBOp U HE
CKa3bIBAIOTCS HA €ro KOHIEHTPAaluHu, HO MNPH 3aCOJCHHUHU IMOPOJABI, HaIpHUMeEp,
COJISIMH KaJbI[Msl MPOUCXOJUT BhITECHEHHME MOHAa Na® M3 0OMEHHOro KOMIIJIeKca U
non Na® mepexoauT B pacTBOp. DTO HEOOXOAMMO YYHUTHIBATH IMPU H3YUYCHHUHU
3aCOJICHHBIX MEP3JIBIX MOPOJI.

Kak yxe ormeuanoch, BTOpOH 3aKoH Payis mo3BoJiseT NpeacKa3blBaTh PaB-
HOBECHYIO C JAHHOW TeMIepaTypoil KOHIEHTpaluio pacTBopa. Kpmockommueckas
KOHCTaHTa JUIS BOJBI cocTaBisier 1.86 rpan/mMorb.

Jnst 6onee KOHIIEHTPUPOBAHHBIX PACTBOPOB MOXXHO BOCIOJIB30BAaTHCS APYTroi

u3BectHoil popmynoit (Kupunnun, Uleiinnmun, 1956):
Ro* T02* In(1-c)
Ro*ToxIn(1—c) —|

rac MOJsApHasas AO0JA paCTBOPCHHBIX BCHICCTB MOXKCET OBITH npeacTaBjicHa B

AT =

Bujae (JI.B.HYuctorunos, 1973):
1

100W= M
189

rane W - oTHOocuTenbHAsA BIAXHOCTh, M - CpelHUN MOJIEKYJSIpHBIA BeC pac-

C:

1+

TBOPEHHBIX COJIEH; § - HUX BEcOoBO€ 3HaueHHe, npuxonsmeecs Ha 100 r cyxoro
rpyHTa (3acosieHHocTh); | - MonspHas Temnora nuaBieHus (1440 xan/mons); Ro -
YHUBEpcajbpHas rasoBas MOCTOsSHHAs, paBHas 2 kai/rpan*mons; To - Temmeparypa
KPUCTAJNIN3AIUHA PACTBOPHUTEIS.

Kak yxe oTrmeuanoch B mpenabaymeM maparpade, reMmeparypa 3aMep3aHus
MOPOBBIX PACTBOPOB Pa3IMYHON KOHIIEHTPAIIUH COJIEH MPAKTHUYECKH HE OTINYACTCS
OT TeMIepaTypbl 3aMep3aHHs CBOOOIHBIX PAaCTBOPOB TEX X€ KOHIEHTpanui. bia-
rojaps 3TOMy OOCTOSITEIIBCTBY CTajJl BO3MOXHBIM JTOCTATOYHO AOCTOBEPHBIH TMpoO-

THO3 COACpIKaHUMA He3aMep3me171 BOJBI B 3aCOJICHHBIX MECP3JIbIX MMOpOoOAax U ONpCac-



JeHHue TeMmmeparyp ux 3amep3aHusi. OOBIYHO HUCMOIB3YIOTCS pa3JIMuHbIe COOTHOUIE-
HUs, TaK WJIM MHA4Y€ CBSI3aHHBIE CO BTOPHIM 3aKOoHOM Payus.

Takx, Cheung (1979) mnpennoxun crueaymomyo ¢GopmMyly AJsS pacyeTra
NOHM)KEHUS TeMmmuepaTrypsl, nonoOHyio nanHoi Beime (Kupunnun, Hleiingnun,
1956):

RT,
_ "o

Q
o Wo /M,
W/ My +W, /M,

AT X,

rae AT - moHMIKEHUE TeMIepaTypsl KpucTamu3anuu, To - TemnepaTypa Kpu-
CTAJUIM3alMU YUCTOW BoAbl, Q - Temmora Kpucramuuzanuu, R - razoBas mOCTOSH-
Hass, W1 u W2 - Beca pacTtBoputens u pactBopumoro, Mi u M2 - ux
MOJIEKYJIsipHbIe Beca. lloxokme ypaBHEHUS NPHBOJHUT e€me psax 3apyO0eKHBIX
aBTOPOB.

CpaBHutesnbHO mnpocToe BbipaxeHue mnpeanoxunu . JA.Benrnu u IL.A.
I'pumun (1982):

T=axK

rae a paBHo 57 gus mopckoi conum, 62 aas NaCl, 32.5 ans CaClz, a
K=Dsal/(W+Dsal).

B To xe Bpems aHanu3 UMEKOUIUXCSA CINOCOOOB ONIpenesieHHs KOJIHWYecTBa
BOJIbl B MEP3JIBIX TPYHTAaX YKa3blBa€T Ha TO, YTO B HACTOSIIEE BpeMs MOKa HET 3Ta-
JOHHOTO METO0/a, MPUTOJHOTO AJs BCE€X TPYHTOB M TEMIEpaTypHBIX yCIOBHH
(B.I''Yesepes, 1986). IIpennpunstas 10.C. [lerpyxunsim (1990) nmonbiTka 3xcnepu-
MEHTaJbHOTO CpPaBHEHHUS METOJOB CBHIETEIbCTBYET 00 YyJIOBIETBOPUTEIBbHOCTHU
KPUOCKOMHWYECKOTO METOJa B JOBOJIBHO IIMPOKOM JAUaNa3zoHe YCIOBUHU AJds 3acCO0-
J€HHBIX MEP3JBIX MOPOJ.

Pesynbrarel skcnepuMeHTanbHbIX HcciaenoBanuit O.J[.Epmosa, O0.I1. Axu-
moBa, B.I'.UeBepena, 2.3. KyuykoBa (1979) noka3piBaloT, 4TO cOJlepKaHHE He3a-
Mep31ieil BOJIbl B MepP3JbIX MOPOJaX CYNECTBEHHO 3aBUCHUT OT CTEMEHU HX 3aCOJEH-
HOoCTH (CcM. puc. 15, 16). DTo BAUSHUE I KaXXT0W OTACIbHOW COJU 3aBUCHT OT XH-
MHKO-MUHEPAJIbHOTO W TpPaHyJIOMETPHUYECKOrO cocTaBa TIpPyHTOB. BriMmep3anue
06ospmIOoro 0o0beMa BOJBl NPUBOJUT K BO3pAacCTaHUIO KOHUEHTpauuu coyu. [Tloatomy
yBEJIUYEHHE CYMMapHON BIAXHOCTHU MOPOJALI NPU MOCTOSHHOW KOHLEHTpPAIUU CO-
Jeil B €¢ MOPOBOM PAaCTBOPE B TAJIOM BHJE JOJDKHO MPHUBOJAUTH K OOJBIIEMY HU3ME-

HEHHIO (a30BOro cocTaBa BJard B Mep3J0H mopojae. AHAJIOTUYHBIE BBHIBOJBI OBLIN



caenansl O.J[.EpmoBeiM 1 ap. (1979) npu ananusze coaepxaHus He3aMep3LIed BOIBI
OT 3aCOJIEHHOCTH CYIJMHKA U MeCKa XJOPUCTHIM HaTpueM. Kak u3BeCTHO, TOJNIIMHA
a1 Gy3HOro cios MUHEPAJbHBIX YACTHUIl B 3aBUCHUMOCTH OT KOHLIEHTPALUU COJHU B

IIOPOBOM pacTBOpE olpeaensercs ypaBHenuem ['yu:

5= A
C

rae O - mpuBeAcHHAas ToNmuHA AUddy3HOTO ciios (cpeaHee pacCTOSHHE OT
aIcOpOIMOHHOTO CJIOSI JO LEHTpa TSHKECTH AIEKTPUUYECKUX 3apsanoB Auddy3HOTO
cios); C - KOHLEHTpal U HOHOB PacTBOpa; A - KOHCTaHTA.

[Ipu GonbmIMX KOHUEHTpALUAX DJIEKTpOJUTa TodmuHa AUdEGY3HOro ciaos B
nopojaax MpHUOJHMIKAETCS K HYJII U MPH HEKOTOPOW KOHIEHTpALUH, 3aBUCSIICH B
TOM 4YHCJIE€ OT BUJIa MOHOB, B3aUMOJEHUCTBUE TPYHTA C COJbIO MPAaKTHUUYECKU MpeKpa-
maetcs. [Ipu HeOONBIMINX KOHIEHTpAUAX B3auMoaeicTBue AU((GY3HBIX CIOEB MU -
HEpalbHBIX YACTHUI[ C KATHOHAMHU yYMEHBIIAET BIUAHUE KOHIEHTPAIMU KaTUOHOB Ha
coJepkaHue He3zaMmepiuied Boabl. [lo TOCTHKEHUHU HEKOTOPOH KOHLEHTPAIMU BIIUS -
HHE KaTHOHOB YCHJIHMBAETCS, CKOPOCTh POCTa COAEPkKAHUS He3aMep3lIield BOABI B 3a-
BUCHUMOCTHU OT 3aCOJIECHHOCTH BO3pacTaer.

Takum oOpa3zoM, naHHBIe 00 U3MEHEHHHU COJEPKAHUS He3aMep3lield BOJbI OT
3aCOJIECHHOCTH MEpP3JIOH MOPOAbl CBUIETEIHCTBYET O MPOTPECCUPYIOLIEM, MO Mepe
YBEJIUYEHUsS] 3aCOJIEHHOCTHU, BIUsHUU coseil (puc. 39, 40). [Ipuyem Ha KpPHUBBHIX
3aBUCHUMOCTHU He3aMep3lield BOJABI OT 3aCOJEHHOCTH MOXHO BBIJIEIUTh TpPU

xapakTepHble obnactu (puc. 39).

xaoauna: 3 - 0 u, 4 - 1 n

30 Puc. 39. 3asucumocmo
s T

g - 4 codepxcanus Hezamep3uiell
E 1

a:f 20 > 800bl OM memnepamypuvl npu

X T .

g a 5 PAa3iudHoU  KOHYeHmpayuu
28 10 \o\*‘ CaCl. ¢ noposom pacmeope
z 1

§ . cyenunka: 1 - 0 n, 2 -1 n u
g

o

(3..Epwos u op., 1979).

Temnepartypa, rpaa.C

[lepBas - ob6mactp cnaboil 3aBUCHMOCTH COJCPKAaHUS He3aMep3med BOJBI OT
3aCOJeHHOCTH. BTopas ob6nacTe - mepexonHas H, HaKOHEIN, TpeThsd - 001acTh

HHTCHCUBHOTO poOCTa He3aMep31HeI71 BOABI C POCTOM 3aCOJICHHOCTH, KOIr'Ja mopoaa



MNPAaKTHUYCCKHU HC OKa3bIBACT

He3aMep31eEl BOJIbI

BJIIUAHUA MW XapaKTCP HU3MCHCHUA

conepxaHus Hezamepiumeit Boasl (Epmos u np., 1979).

, %

25
20
15
10

CopgepxaHue

HCaHusi Hezamep3uieu 600bl

He 3ame p3wen Boabl

0.5 1

KoHueHnTpauus NaCl, %

15 (no H.U. Bomaxosy, 1975).

COJIEpIKAHUS

OT 3aCOJEHHOCTH M OTBEYAET MAKCUMaJIbHOMY HPUPOCTY

Puc. 40. 3aseucumocms cooep-

om

3dcojleHusl nopoeoco pacmeopa
xjaopucmuvim Hampuem meps3ioco

necka npu memnepamype -4°C

3HAYUTENbHO BIHSAET COOCTBEHHO COCTAaB COJIEH. OI[HOFO npouncHTa XJIOpH-

CTOIO HATpugd B MCP3JIOM CYIJIMHKE JOCTATOYHO, 4TOOBI H3MEHUTH COOACPIKAHHUC HC-

3aMep3meI71 BOAbI B HEM, IIO CPABHCHHUIO C HC3A4aCOJICHHBLIM, IITPAKTHUYCCKH B 2 pa3a. B

TO XK€ BPCMA TAKOC KC KOJIHNUYCCTBO A30THOKHUCIIOIO KaJlbIIUA cnabo cka3bpIBaeTCsl Ha

cogepxanum Heszamepsuei Boasl (Epmos u ap., 1979). [Ipu nepecueTe 3acCONEHHO -

CTH Ha KOJIMYCCTBO MOHOB KPHUBBIC COACPKAHUA HCSaMCPSH_Ieﬁ BOABI OJA pa3JIMYHBIX

cojielt nexxat OMM3KO APYT K Apyry (puc. 41). 3To 0O0bsicHsAETCS TeM, YTO COJEpiKa-

HHUC HeSaMGPSH_Ieﬁ BOJAbl YMCHBIIACTCA B CBA3U BO3pACTAHUEM BAJICHTHOCTHU KATHO -

HOB (I/I COOTBCTCTBCHHBIM YMCHBIICHHUECM arpCerupoBaHHOCTHU YaCTHL, TOJJIIHHBI

nu(pGy3HOro ciost U COJNEp)KAaHUEM PBIXJIOCBI3aHHON BOJblI) U YBEJIHYEHUEM MOJE-

KyJSpHOTO Beca coilu (mo ypaBHeHHMI0O Bant-I'odda) m 3aBUCUT OT cocTaBa COJH

cneaytomum obpazom: NaCl>mopckas cons>CaCl2>CaSOz.

16
14 1
12 1
10 1
8 +4
6 +4
4 =+
2 +4
0

WH3

0

0.0005 0.001 0.0015 0.002
Cc

aamu: 1 - NaCl, 2 - F

CO@@prCaHZUZ UOHOEB 6

maccvl  cyxoeo  epyHma
102%/2pamm).

Puc. 41. Konuuecmeo mneszamep3zuiei
600bl (W,3) 8 Mopckom cyznunke npu

-2°C npu 3aconenuu pasiudHblMU cO-

eCls, 3 -

Ca(NO3)2 6 3asucumocmu  om

eouHuye
(C &

Bausaue pa3IndHoOro cocCTaBa coieil Ha COACPpIKAaHUC He:«:aMep3me171 BObI

MOHO OLOCHHUTH TAKIXKXC IO TECMIICpATypaM 3aMCpP3aHUA BIAXHBIX TPYHTOB. TaK, oo

nanueiM A.H.Spkuna (1987), npencraBneHHslM B Tabn. 18 u puc. 42, mpu 3acoJieH -



HocTu 1% 1 mbplIeBaToOro CyriMHKa ¢ BiaxHocThio 0.28 TemnepaTypa 3aMep3aHus
MOPOBOTO pacTBopa ¢ xJopucThiM HaTtpuem - 2.3 °C, a ¢ cyapdaTroM MarHus -
tonbko - 0.35 °C. IIpoBenennsie B 1986-1992 rr. Ha AMIEpMUHCKON Mep3JI0THOMN
CTAaHUHMU HccliefoBaHUs (Ha3zoBOTO cocTaBa BJard MO3BOJHIN yCTAaHOBUTH 3aKOHO-
MEPHOCTH M3MEHEHUS COJEp)KAaHUS He3aMep3lied BiIaru B pyHTax ApPKTHYECKOTO

nobepexps.

Tabnuya 18. Temnepamypa 3amep3anusi 3ACONEHHBIX 2DYHIMOS8 PA3IUYUHO20 COCMABA NO OAHHBIM
A. H. Apxuna (1987)

['pyHT, BIQXKHOCTh Dsal, Temneparypa 3amep3anus, °C
%
NacCl MOpCKast CaClz MgSOs4
COJIb
CyrimuHoK 0.2 -0.50 -0.30 -0.25 -0.15
[IbUIEBATHIA 0.5 -1,10 -1.0 -0.60 -0.25
W=10.28 1.0 -2.30 -1.80 -0.95 -0.35
Cymech 0.2 -0.65 -0.55 -0.45 -0.25
[bLIEBATAS 0.5 -1.60 -1.40 -0.80 -0.40
W=10.23 1.0 -3.50 -2.65 -1.45 -0.50

Puc. 42. 3asucumocmsv memne-

o

=\

pamypsl 3amMep3aHus 3A4cCOJleH-

o
)]
I

HO2O MOpPCKO2O noljiesanioco

cyenunka ¢ eaasxcHocmoro (.28

'
-
!

no oOauueim A. H. Apxuna

(1987) ¢ paznuunvim cocmasom

N
3
+

3dcoJleHUusl nopoeoco pacmeopa:

1
N
!

1 - NaCl; 2 - mopckasn conw; 3 -
CaCly ; 4 - MgSOq4

TemnepaTy pa 3amep3aHnus, rpag.C

R
[8)]
[

3aconeHHoCTb, %

[MIpu temneparypax -5 + -8°C B MOPCKUX CYTJIIMHKAX M CYNECSIX COXpaHseTcs
3HAYHUTEIbHOE KOJMUYECTBO He3zamep3mei Boawl. [Ipu Temmeparypax Huxke - 10 + -
5°C xpuBbIe He3aMep3uied BOJBl B 3aBUCUMOCTH OT TeMIEpaTypbl MpHU pa3InuHOMN
3aCOJIEHHOCTH HadyuHawT cOnumxkatbes (puc. 43). BeposaTHO, 3TO NPOUCXOAUT 3a
CUeT BBIMAJEHUs U3 pacTBOpPAa HEKOTOPHIX COJEH, B HACTHOCTU, MUPAOUINUTA - KOH-

IMEeHTpalusi HAYMHAET YMEHbINATHCS, a TaKXKe JAPYTHX MPOIECCOB. DTO XapaKTEpPHO



JUIS MOPCKOTO 3aCOJIEHUS M HE MPOSABISETCS JJig pacTBOpa YHCTOW COJIM XJIOPH-
croro Hatpus (E.Hivon, 1991).

B nuknax orramBaHusS U NpOMEp3aHUS AJS COJEPKAHUS HE3aMep3IIel BOJIBI
B 3aCOJIEHHBIX MEp3JbIX MOopojaax MnposiBasercs rucrepesuc (puc. 44). B mecke
colepx)aHUEe He3aMep3lel BOJAbl YMEHBIIAETCS C NOHUXXEHUEM TEMIIEePaTyphl
obicTpee, ueM B cyrauHke (puc. 44 u 45), 4TO, OYEBUIHO, CBA3AHO C BIHUSHHEM
AKTUBHOMN MOBEPXHOCTHU TIMHUCTHIX YaCTHII.

B nenom monarBepkaaeTcss yBEJIMYEHUE CKOPOCTH POCTa COJEp)KaHUS He3a-
Mep3I1ie BOAbl NPU YBEJIUYEHUHU 3aCOJEHHOCTH, OJIHAKO TOJIBKO MPH JOCTATOYHO
BBICOKHUX TeMmmepartypax (-2 + -4°C). CxkopocTh pocTa colepKaHHs He3aMep3lel
BOJIBI C yBeJIHWYEHHEM 3acolieHHocTu npu -8 °C ymeHpmaercs. B ciydae 4ucToro
pacTBopa XJIOPUCTOTO HATPHUA, KOTJa HE MPOUCXOJUT BHIMANEHUS COJIM, 3TO MOXKET
OBITH CBSI3aHO C TEM, UTO 3/eCh, NPU MaJOH TOJIIUHE KHUIKUX TIJICHOK,
MPOSBISACTCS BIUSHHE aJCOPOIMOHHBIX CHUJI, KOTOpbIe Ha HEOOJBIIOM PACCTOSHUU
CHOCOOHBI yJep>KaTh OT 3aMep3aHUs JOMOJHUTEIbHOE KOJIMYECTBO BOJABI. A Tpu
YBEJIUYCHUS TOJIIUHBI JICHKU UX JEHCTBUE YK€ HE CKa3bIBAETCS M CKOPOCTh pOCTa
cojJeprkaHue He3aMmep3led BoAbl 3aMennseTrcsi. Bo3MOXHO, 3TO CBS3aHO TaKXe C

3aXBAaTOM 4YaCTHU KAaTHOHOB KpUCTAaJlJIaMHU Jibaa IIpU 0oJlee HU3KHUX TEMIICpaTypax.

Wha
0.20 | 38BMCMMOCTD COEPXKAHHUA HE3AME-
P3LEH BOAbI B NbINEBATOM CYITMHH-
4% 5 ke [03.TuleR-To] oT TEMNEpaTYpbI
npu zaconeHdocTy: 1-0%, 2-0.2%,
0.10 - 3-0.5%, 4-1%, 5-1.5%.
: Naunoie U.B.UleRAkuna.
| 1 o )
0 -10 -20t, C
II|'Il'lIIIZIB
0.30 4
~ 3aBMCHMOCTb COEPXAHNWA HE3AMEp-
31IEHA BOfbl B NbINMEBATOM NECKE OT
0.20 - TEMNEPATYPbI NPH 3ACONEHHOCTH !
3 1-0%s, 2-0.2%, 3-0.425, 4-1.2%.
010 L2 JaHHble E.XHBOH.
ﬂi\____\
| 1

0 -4 B a1z t.°%



Puc. 43. Cooeporcanue nezamepsuieti 00bl 8 pasIUUHbIX MUNAX 3ACONEHHBIX MEP3NbIX NOPOO.

OOmee  W3MEHEHHWE  HAKJIOHA  KPHUBBIX  3aBHUCHMOCTH  COJAEpXKaHUSA
He3aMep3uedl BoAbl OT coJieHocTH (puc. 46) npu pas3juuyHON TemmepaTtype
00yCIOBIEHO TE€M, YTO YT0J HaKJIOHA 3THUX KPUBBIX JOJKEH OBITH MPOMOPUHOHANIEH
MIOHUXKEHUIO TeMIlepaTyphl (bopmyna Kupunnuna-Uledinnuna; YucCTOTHHOB,
1973).

05 Puc. 44. 3aeucumocms cooep-
S O T
g JHcaHusi Hezamep3uieu 600bl 8
2 04 4
Q
2 mopckom cyeaunxe (03.Tiopun-
8 o 34 .
e T 03 To) npu ecmecm@eHHOU 3aco-
2 2

%g 02 1 nennocmu 0.4% om memnepa-
g 1
§. 011 mypwl: 1 - 6 yuxkie ommauganus,
§ ; ; ; 5 2 - 8 yuklie 3amMep3aHUs.

6 -4 -2 0 Hannvie 10.C.Ilempyxuna

Tewmnepatypa, rpan.C (Amoepmun-cxas HUMC).
N Puc. 45. 3asucumocmv coodep-
25
> Jcamus Hezamepsuiel 600bl 8
a 0.2 4
§- necke (p.Epxyma-fxa) npu ec-
§ & 0.15 ¢ mecmeeHHOU 3aconeHHocmu
I -
o

% g 01 4 0.03% om memnepamypuvi. Jan-
2 noie FO.C.Ilempyxuna (Amoep-
> 0.05 1
% * * ¢ munckas HUMC).
o N N N 0

-4 -3 -2 -1 0

Temnepartypa, rpaa.C

YacTpe ucciaegoBaTeneil nmpuaaetr O00JbIIOE 3HAYEHHE MPSIMBIM KOPPEISALUIM
Co/lep>)KaHUs He3aMep3IIeid BOJIBl U MEXaHHYECKHUX CBOIMCTB 3aCOJIEHHBIX MEP3JBIX
nopon (I'.Il. bposka u W.U. Pomanenko, 1987 wu npyrue). HccinenoBaHus
O0.C.IleTrpyxuHa moka3ajiu, 4YTO [ ecKa ¢ ecTeCTBEHHOU 3aconeHHocThi0O 0.03%
cojep)kaHue Heszamep3lied BoJbl NmpH TeMmmneparype Huxe -1°C mpakTHdecKu He
meHseTcs. OnHako K03 (PULIMEHT BSI3KOCTH 3TOT0 mecka npu tremneparype -2°C co-
craBuseT 0.46x10*6 MIla*c, a npu Temneparype -3.8°C - 0.98 x 10*6 MIla*c. Ta-



KUM 00pa3oM, MEXaHHUYECKUE CBOWCTBA MECKa MPOJOJKAIOT U3MEHATHCS MPHU MOHH-
JKEHUM TEMIEpaTyphl. B orHomenum cynecu OBIIM TOJYYEHBl CXOJHBIE
pe3yiabTaThl. 14 3aCOJEHHOI0 MEpP3JIOr0 CYTJIMHKAa MPOYHOCTb IMOYTH CTPOrO
o0paTHO NMpPOMOpPUHOHAIbHA COAEpPKAaHUIO He3amep3med Boabl. llpu mocTpoeHuwu
3aBHCUMOCTU NPOYHOCTH OT 1/WH3 yCcTaHOBJIEHO, YTO OHa OJNHM3Ka K MpsAMoOi (puc.
47). IlpsiMble 3aBUCUMOCTHU SKBHBAJECHTHOTO CIENJECHHS OT OOpaTHON BEIUUYUHBI
conepxanuss WH3 nepecekaroTca Ha ocu abcuucc npu 1/WH3=3.6, uyto
coorBercTByeT WH3=0.28. Beanunna We=0.28 nng ucciieoBaHHOIO CYyIJIMHKaA

COOTBCTCTBYCT BJIA)KHOCTH HHUXXHCTO Ipcacja MMIaCTUIHOCTH.

20 Puc. 46. 3asucumocms codepcanus He-
25 1 3amep3wen 600vl WH3 6 nvliesamom
® 20 2 necke om KOHYEHmMpAayuu noposoco pac-
§ 13 3 A meopa S: 1 - npu -2°C; 2 - npu -4C; 3 -
5 npu -8 °C. 3aconenue NaCl (nocmpoeno
0 0 1i0 2io 20 no oannwim E.Hivon).
S, npomunne

HO.C.IleTpyXuH HpeANOJOXKUIJ, YTO MPU BIAXHOCTHU pPACKATHIBAHUS MOPHI
rpyHTa B 3HAYHUTEJIbHOW CTeNMEeHHU CBOOOJHBI OT JbJa, KOTOPHIA, IO-BUAMMOMY, Ha-

XOOUTCA B BUAC U30JIUPOBAHHBIX arp€ratoB 1 HC HEMCHTUPYECT NOPOJEIL.

08 Puc. 47. 3asucumocmov Onumens-
. A
071 HO20 IKBUBANIEHMHO20 CYUENIeHUs.
1 .
S 061 5 (Coxe*107, kpusas 3), xpamxo-
= s .
) 0.5 1 8PEMEHHOU NPOYHOCMU HA OOHOOC-
g 044
2 .5 . Hoe cocamue (kpusas 1) u oau-
7 0371 3
é- 02 1 MenbHOU NPOYHOCMU HA 0OHOOCHOE
. L 4
* -
0.1 4 cocamue (kpusas 2) om (Wusz)™,
0 —t—t+—+—+—t+—+—+—+—+—+—+— - -
S L L 20e Wuz - codepocanue Hezameps
6 6 © N NR® g = .
~oo~ uieti 600wl.
1/WH3

Takum 06pa30M, C HCKOTOPBIM HpI/I6J'II/I)KCHI/ICM 3aBUCUMOCTh MCXAaHHUYCCKHUX
XapaKTCPUCTUK MNPOYHOCTU TPYHTOB OT COACPIKAHUA He3aMep3meI71 BOAbI MOXCT
OBITH npeacTaBJICHa B BUAC!

F=A(Wp-Wnu3)/Wp*Wn3



rae A - kKodpGUUMEeHT, yYUTHIBAIOIUNA XapaKTep UCIBITAHUM.

B nannom canyuwae nnga CakB A=0.023, nna Gkp A=0.527 u gnsa Gaa
A=0.079 ( Gkp u Gaa - UPOYHOCTh HAa OJHOOCHOE CXXAaTHUE COOTBETCTBEHHO
KpaTKOBpEMEHHAas M JJIMTENbHAas). BeluucieHHbie KO3GPUIUEHTH KOPPEISI NN s
3aBUCUMOCTEH:

Coke=f(1/Wn3), Gkp=f(1/Wn3) n Goa=f(1/Wn3)
cocTtaBiisitoT cooTBeTcTBEHHO 0.98, 0.96 u 0.88, 4TO CBUAETEIBCTBYET O XO-

polIeld KOppeasluu.

8.4. DJIEKTPUYECKHE U AKYCTUYECKHUE CBOMCTBA

['maBHBIM (paKTOpPOM, ONMPEACIASIONIUM IIECKTPUUYECKHE U aKYCTUYECKHE CBOM -
CTBA 3aCOJIEHHBIX MEP3JBbIX T'PYHTOB, SIBJISETCA COOTHOLICHUE TBEPAOW U KHUIKOHU

¢a3 BOIABI U CBA3aHHAS C HUM KOHIEHTpalUs cOJell B IOPOBOM PacTBOpE.

8.4.1. DJIEKTPUYECKHE CBOMCTBA

Kak u3zBectno (B.B. ®eapiackuii, 1967), pacnpeneneHue moCTOSIHHOTO 3JI€K -
TPUYECKOTO TMOJSI B MACCHUBE TOPHBIX MOPOJ 3aBHUCUT OT MX DJIEKTPUUYECKON MPOBO-
JUMOCTHU MJU OT 0OpaTHOW €W BEJIUYMHBI DJTEKTPUUYECKOTO COMPOTUBICHUS. Y I€Ib-
HOE€ DJIEKTPUUYECKOE COMPOTHUBJICHUE MOPOABl ONMpEAENAeTCS KaK CONPOTHUBICHUE
Kyba co cTopoHOW | M MOCTOSIHHOMY TOKY, MPOTEKAWIIEMY MEXIY €ro AByMs MpoO -
TUBOIOJIO)KHBIMU TPaHsAMH, U u3Mepsercs B OmMm. XapakTep MEPEMEHHBIX DJJIEK-
TPOMATrHUTHBIX MOJEW 3aBUCUT TAKXKE OT JAMAIEKTPUUYECKOW MOCTOSHHON € W Mmar-
HUTHOM NMPOHUI[AEMOCTH W.

MunepalbHble YacTUIBl B OOJbIIEH YaCTH JAUCHEPCHBIX TOPHBIX MOPOJI, a
TakXe JIeJl SBJIAIOTCS NMPaKTHUECKH HM30JATOpaMHU. DIEKTPUUECKaAs MPOBOJAUMOCTH
MEp3JbIX NOpoJa o0ycioBJI€Ha NPOBOJAUMOCTBIO JXKHJIKOrO MOPOBOTO pacTBopa U
MMEET HOHHBIA XapakKTep.

NonHass mpoBOIUMMOCTh MOPOJBI, KaK H3BECTHO, ONpeIesieTcss KaKk cyMma
WOHHBIX KOHCTAHT, €€ Clarariux:

y=2aCNF(u+ + u.)

rae o - KodpPuuueHT IeKTpONIUTHYECKON nucconuanuu, C - KOHIEHTpAUs
pactBopa, N - BaJJ€EHTHOCTh HOHOB, |l - MOJBUKHOCTh HOHOB, F - QyYHKIMS TOABUX-
HOCTH. B mOpoBBIX pacTBOpax 3aCOJEHHBIX MEP3JBIX MOPOJ MOPCKOTO THMA COJaEP-
KUTCS, TITAaBHBIM 00pa3oM, XJOPUCTHIA HATPUH, Y KOTOPOTro KOIPPHUIUEHT AUCCO-
nuanuu 6nu30k Kk 1. JIms Takux pacTBOPOB yaelibHAsI MPOBOJAUMOCTHh MPUOTHKEHHO
BeIpaxaeTcsa popmynoit (Pensickuit, 1967):

y=10.1 C (Omcm)-1



rae C - konuentpanus NaCl B mpomuiie.

Ecau »1eKTponpoOBOJHOCTh MEP3JBIX TOPHBIX IOPOJ MOXKET CHIBHO Me-
HATBHCS, TO AUDJIEKTPHUUYECKAs MPOHUIAEMOCTh U OCOOEHHO MAarHUTHAsE BOCIIPUUMYH -
BOCTb MaJiO 3aBHUCST OT MX COCTaBa MU CTpOEHMA. BelnmunmHa JUIIEKTPUUYECKON MPO-
HHUIaeMOCTH OOJIbIIEH YacTH TpyHTOB u3zMmeHsetrcs oT 4 no 40. Boxa npu temnepa-
Typa 0°C uMeeT AUIIIEKTPpUUYECKYIO TpoHuLlaeMmoctb 88, nex - 79 npu -2°C u 3 npu
- 18°C. MarnuTtHas BOCHPUHUMYUBOCTh MEP3JIbIX NOopoa oueHb Mana (I'pyHroBene-
Hue, 1973).

OKcnepuMeHTallbHble UcciaeqoBanus, nposeaeHubie F0./[.3pIKOBBIM U €ro0 cO-
TpyaHukamu (1990), nokazanu, 4TO yJAeabHOE IJIEKTPUUYECKOE CONPOTHUBIEHUE, KAK
U CKOpPOCTb HPOJOJBHBIX CEHCMHYECKHMX BOJH  MEP3JbIX 3aCOJEHHBIX MOPOJI
3aBUCUT OT KOHIIEHTpPAIMHU COJIEM B MOPOBOM pacTBOpE U TemIepaTyphl (puc. 48,
49). Bo BceM [auama3oHe TeMIeparyp COINPOTHUBIEHHE YBEIMYHMBAETCS C
NOHUKEHUEM TEeMIEpaTypbl. XapaKTEpHON 0COOEHHOCTHbIO KPUBBIX SBJISAETCS TOUYKA
neperu0a, COOTBETCTBYyIONIasi, BEPOSITHO, TeMIlepaType HHTEHCHBHBIX (a30BBIX
nepexonoB. Jlnsg Bcex HCCIEJOBAHHBIX JIUTOJOTHYECKUX Ppa3sHOCTEH TIPYHTOB
oOHapyXuBaeTcs dYeTKas CBiI3b TEMIEpaTypbl B A3TOH TOYKE OT KOHIEHTpAUHUHU
MOpoOBOro pactBopa. B He3aconmeHHBIX TpyHTax oHa cooTBercTByeT 0°C u mnpu
YBEJIUYEHUU KOHILEHTPAalUU CMellaeTcss B o0jacTh Oojiee HU3KUX TEMIEpartyp - B
COOTBETCTBUM €  3aKOHOM, CBS3BIBAIOUIMM  KOHLEHTpPAIMIO pacTBopa C
TeMmneparypoi ero 3amep3anus (3s1koB u Ap., 1990).

[To muenuto 10./[.3pik0OBa, U3MEpPEHHUE YIEIbHBIX JJIEKTPUUECKUX CONPOTHUB-
J€HUH MO3BOJIAET JOCTATOYHO TOUYHO ONPEAEIUTh TOUKY Hadajla 3aMep3aHus T'PyH-
TOoB. UM OBlIM MOJYy4YEHBl TAK)K€ 3aBUCUMOCTHU YAEIbHBIX 3JEKTPUUECKUX CONPOTHB -
J€HUHN OT KOHLEHTPALMU MOPOBOr0 pacTBOPa U OT CYMMapHOM BJIAaXHOCTH 3aCOJIEH-
HBIX MEpP3JbIX T'PYHTOB. XapaKTE€pHOU O0COOEHHOCTHIO 3aBUCHUMOCTU OT BJIAXKHOCTHU
ABJIsSIETCA €€ AKCTpeMalbHBId xapakrep. Ilpu HekoTopoll Bia)XHOCTH, ONU3KON K
NOJHOMY 3aMOJIHEHUIO MOP HUJIHU K IpeJesly TeKy4yeCTH, yJeJbHbIe 3JIEeKTPUUECKUE
conpotuBieHuss uMeoT MUHUMYM. FO.J[. 3pIkOoB 00BACHSIET 3TO Te€M, YTO cHauaja
yBEJIMYEHHUE BJIAXKHOCTHU 3a CUET 3aMEIIEeHUs B MOpax BO3JAyXa NPUBOJAUT K yBEJIHUE -
HUIO abCOJIOTHOTIO COJep)KaHHUs He3aMep3lied BOJAbl, B TOM YHCJE U paccoja, uTo
BEJE€T K YMEHBIIEHHUIO CONMPOTUBIEHUNH. OTMETUM, YTO 3TO BO3MOXXHO NpPHU JOCTa-
TOYHO HHU3KHMX 3HAUEHHUSAX BIaXHOCTHU. JlanbHelliee yBeJIMUYEHUE BJIaXHOCTH BBIIIE
npenesia TeKy4YeCcTH B MECYaHbIX FPYHTaX NPUBOJAUT K 0Opa3oBaHUIO JIbja, ME€PEMBI-
Kalollero TOKOMPOBOJSIIME NYTH. B TIMHUCTBIX TpyHTax 3TOT 3¢¢eKT BBIpakKeH
cnabo.

YaenbHOEe 3JIE€KTPUUYECKOE CONMPOTHUBJIECHHE B 3aCOJIEHHBIX MEP3JbIX I'pYHTax
ci1ab0 3aBUCUT OT HUX JHUTOJOTHUYECKOTO COCTaBa M OMpeJessieTcs TOJbKO KOHIIEH -

Tpanue mopoBOro pacTBopa.



[To nanueim O.I1. YepBuuckoit u ap. (1997), spdexkTuBHas HU3KOUACTOTHAS
OHUAJIEKTpUUYECKas MPOHUIIAEMOCTh CUJIBHO 3aCOJIEHHBIX MEP3JIBIX MECKOB COXpaHsET
AHOMAaJIbHO OOJIbIIME 3HAUYEHUS BILJIOTH 0 3BTEKTHYECKOH TeMIepaTyphl MOPOBOTO
pactBopa. Ilpu 3TOM BpeMs 3JIEKTPUUECKON pellakCcally 3HAYUTEIbHO MEHbIIE, YEeM
ISl IPECHBIX MEP3JIbIX MEeCKOB. VM3MeHeHHne TUla 3aCOJICHUs MOPOJ OT MOPCKOTO K
KOHTUHEHTAJIbHOMY MPUBOAUT K BO3PACTAHUIO BJIEKTPHUUYECKOTO COMPOTHBICHUS HaA

1-1.5 nopsanaka.

8.4.2. AKYCTUUYECKHE CBOVCTBA

CKOpoCTH TPOXOXJIECHHS YHNPYTHUX BOJH B TOPHBIX MOPOAAaxX HU3MEHAIOTCS B
3Ha4YUTENbHBIX npeaenax (Penvinckuit, 1967). Eciu u3zBepKeHHbIe U KpUCTAIIUYE -
CKHE TOPOJaBl XapaKTEPHU3YIOTCA CKOPOCTHIO pacnpocTpaHEeHHs BOJH OT 3 g0 7
KM/CEK, TO B OCAaJOYHBIX CKOPOCTH u3MeHsTca oT 0.5 mo 6 xm/cek. Kak mpasuio,
ylnaeTcss YCTAaHOBUTH YETKYH aHHM30TPOMHIO MOPOJ - CKOPOCThH Bcerjaa Oojplie 1o
HAIlJIaCTOBAHMIO, YeM NEPHEHAUKYJIsIpHO eMy. Hampumep, B TIMHUCTBIX CIaHIIax
CKOpOCTh MO HamiacToBaHuio paBHa 1400 w™/cexk, a B TNEePHEHAUKYISIPHOM
HanpaBiaeHuu Bcero 490 wm/cek. B 1memoM s 0caloYHBIX MOPOJA CYIIECTBYET
JOBOJILHO OOOCHOBaHHAs CTAaTHUCTHYECKas 3aBUCHUMOCTh  MEXIY CKOPOCTHIO W
MJIOTHOCTBHIO MOPO:

v=a*p-b

rae V BeIpaxkaeTcs B KM/cek, p (MJIOTHOCTB) - B r/cM3, a a u b - mapaMeTphl.
[To H.H. Ily3sipeBy a = 6, B = -11, mo A.K. YpynoBy - 7.5 u 14.8 cOOTBETCTBEHHO.

B He3acoleHHBIX MeEp3JBIX TpyHTax, KaKk HM3BECTHO, HaOIomaeTcs pe3koe
yYBEJIWUYEHUE CKOPOCTEH NPOJOIBHBIX BOJH MPHU NEpPexXoJe OT MOJOXKHUTEIbHBIX K

OTPHUILIATEIBbHBIM TEMIIEpATypaM.

£ 250

c

8 Puc. 48. 3asucumocms ckopo-

¥ 200 ¢ . 5 .

2 cmeti NPOOONbHBIX CeUCMUYECKUX

Q

é\ 190 7 60JIH 8 3ACOJeHHOU cynecu om
=

%]

§ 100 1 KOHYeHmpayuu nopoeoco pac-

O,

§ 50 meopa npu memnepamype -5°C

2 0 g onsa enascunocmu, %: 1 - 10; 2 -

= t t t

o

0 20 40 60 80 20; 3 - 30 (Bwvikos u op., 1990).

KoHueHTpauus noposoro pacteopa, rin




Jns  3acoleHHBIX MEp3JbIX TPYHTOB Habmmonaercs 3aKOHOMEPHOE
MOHUWIKXCHUC TCMICPATYPHhI, COOTBCTCTBYIOH_[Cﬁ Ha4dYaly YBCIHUYCHUMA CKOpOCTH
pacnpocTpaHeHuss ynpyrux BoJdH (3sikoB, 1992). OHO TecHO CBsI3aHO C
KOHIIEHTpalueil MmOpOBOTO pacTBOpa B Mep3Jbix mnopoaax. KoppensuumonHas
3aBUCHUMOCTH 3TOH TCMIOCPATYpPhl OT KOHIUCHTPpAUUNU OMUCBIBACTCA, IO PE3yJIbTaTaM
ucciaenoBanuit FO.J[.3p1k0Ba, U3BECTHBIM U3 TEOPUU PACTBOPOB YpPaBHECHUCM:

Tuz =3.36 * C/Cim

rne TH3 - Temmeparypa Hadana 3amep3anusi, C - KOHIEGHTpAIUs MOPOBOTO
pactBopa, Cim - KOHUEHTpauus OJHOMOJSIJIBLHOTO pacTBopa. B oOmnactu
TEMIIEpaTyp HHUXKE TOYKH 3aMep3aHus HaOJIogaeTcs SPKO BBIPa)XeHHas 0OpaTHO
IPONOPUUOHATbHASA 3aBUCHUMOCTh CKOPOCTEH YyHNpPYruxXx BOJH OT KOHILEHTpalUU

pacTBopa.
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Puc. 49. Ocnosnvie ceoghuzuueckue ceolicmea 3aconeHHbIX MeP3ablX NOPOO.

VYBennyeHne NUCHEPCHOCTU WM IMOBBIIMIEHUE TEMNEPATypbl NIPUBOJUT K BHINO-
naxuBaHuoo rpapuxkoB V-p. FO.J[. 3pIKOB BBISICHUJI, UYTO HM3MEHEHHE BJIAXHOCTH
MEP3JBIX 3aCOJEHHBIX T'PYHTOB IIPHU MNOCTOSHCTBE KOHUEHTPAUUHU pPacTBOpPa U TEM-

neparypbl MOXET MNPUBOAHUTHL KaK K JOCTATOYHO MOHOTOHHOMY YBCINYCHUIO



CKOpOCTEHl ympyrux BOJIH, TaK U K DHKCTpEMalbHOMY XapaKTepy 3aBUCHMOCTEH
vp(W). B »s3ToM ciiydae MakKCHUMyM CKOpPOCTH MPHXOJUTCS  Ha BIIAXHOCTH,
NpUOIU3UTEIFHO COOTBETCTBYIOUIYIO MOJHOMY 3alOJHEHH IO TOP.

B rauHHUCTHIX TpyHTax yBEJIMUYEHHE AUCIHEPCHOCTH NPHUBOIHUT OOBIYHO K IO-
HUXEHHUIO CKOPOCTEH yIpyrux BOJH, a B MECYAHBIX MHOT1a HabI0gaeTcss 0OpaTHBIN
3¢ deKT, CBA3AHHBIH ¢ OCOOCHHOCTSMH HU3MCHEHUS OTHOCUTEIBbHOW IBAUCTOCTH B
MEpP3JbIX 3aCOJICHHBIX TPYHTAX.

Mo pmamaeim O.I1. YepBunckoit u ap. (1997), xosdbdunuent Ilyaccona
BO3pacTaeT IpPH IMEpexoje OT HNPECHBIX K 3aCOJICHHBIM TPYHTaM H JOCTUTAaeT MAJs
MEpP3JBIX CUIBHO 3aCOJIEHHBIX neckoB 3HaueHui 0.38-0.4, a nns rnun 0.44-0.45,
4TO OJM3KO K BEJIMYMHAM, XapaKTEPHBIM JUIS 3TUX TPYHTOB B TaJIOM COCTOSHHUH.
HN3meneHnne Tuma 3acoJeHUS MOPOJ OT MOPCKOTO K KOHTUHEHTAJIBHOMY HMPHBOJHUT K
BO3pacTaHUIO CKOPOCTU aKyCTHUECKUX BOJH B 1.2-1.5 pa3a.

Hamu Oblmu mpoBeneHBl MCCIEAOBAHUS CKOPOCTEH MPOXOXKACHUS NPOIOIb-
HBIX BOJH B 00Opa3nax IrpyHTOB M. SIMajd HapymIEeHHOTO CJIOXXEHHUS B 3aBUCUMOCTH
OT 3aCOJICHHOCTH W BPEMEHHOTO CONPOTHUBIECHHUA OXHOOCHOMY cxaTtui Gsp. B
HAaIUX OKCIEPHUMEHTaX YBEJIWYEHUE 3aCOJEHHOCTH TpPyHTa TMPUBOAUIO K
MOHOTOHHOMY YyMEHBIIEHUIO CKOPOCTEH NPOJOIBHBIX BOJH. Takxke XOpommo
NPOCIEKHUBACTCS 3aBHCUMOCTh CKOPOCTEH TMPOJOJBHBIX BOJH OT BPEMEHHOTO
COTNPOTUBICHUS OJHOOCHOMY CXXAaTHIO, rje OOJibIIeMy 3HAa4Y€HHIO BPEMEHHOTO

COMPOTHUBIIEHUSA COOTBETCTBYIOT OOJbIINEe CKOPOCTH (puc. 49).
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Puc. 50. Cxopocmu axycmuueckux 601H 68 00pa3yax Mopckou cynecu (a) u necka
(6) npu memnepamype -4 °C u 3aconennocmu 0.2% 0o (3awmpuxoeannas obracmo)
u nocne (memuas obonracms) OUHAMOMEMPULECKUX UCNBIMAHUL HA NOA3YUECMb.



Ha puc. 50 npencraBieHbl pe3yJbTaThl U3MEHEHUS CKOPOCTENH aKyCTHUYECKHUX
BOJIH B pe3yibTaTe JUHAMOMETPUYECKHUX HCHBITAHUN Ha Noa3ydyecTh. M3MeHEHHs
CKOpoCTeil 0ojiee 3HAUMTENbHBl B CYIECH, JJIs KOTOPOW XapaKTEpHBI OOJbIIUE J€-
dbopmManuu M COOTBETCTBEHHBIE H3MEHEHHS CTPYKTYpbl. 3aCOJEHHOCTHb JHIIAET
IIECKa XPYIKUX CBOMCTB, IIO3TOMY H3MEHEHHUS CKOPOCTEH aKyCTHYECKHMX BOJIH B

HCM HCBCIHKH.

8.5. DJIEKTPOKMHETUYECKHE CBOMCTBA

[Ipu BO3A€MCTBUU MOCTOSHHOIO 3JEKTPUUYECKOTO TOKA HA TPYHTHI BO3HUKAIOT
SABJIICHUS DJIEKTPOOCMOCa U 3jIeKTpodopesa, BuepBbie usyueHusie P. Peiicom B 1909
r. DJIEeKTpOOCMOCOM Ha3bIBAIOT MEPEABUKEHHUE BOJABI B OpPax IPyHTa, a dBJIEKTPO-
dope3omM - mepeIBUIKEHUE TBEPAbIX yacTull. Kak mpaBuio, BoJga JBUKETCS K OTPU-
HaTelbHOMY D3JIeKTpoay (KaToay), a MUHEPalbHbIE YAaCTHLbl K IMOJOXUTEIbHOMY
(aHOAYy). DTO CIOXHBIM NpoLEcC; YIPOIUEHHO CUUTAETCS, YTO ABUKEHHUE BOJBI 00Yy-
CJIOBJIEHO CyIlleCTBOBaHMEM JU(P(PY3HOrO MOJOKUTEIbHO 3aPAKEHHOTO CJIOS MOHOB
BOJM3HU MOBEPXHOCTH MUHEPAJIbHBIX YaCTUL, & ABUKEHHE YAaCTHUI] - UX OTPHULIATENb-
HBIM 3apsaaoM. M30bITOK HOHOB OJHOTO 3HaKa OKOJO MOBEPXHOCTHU YACTHUIl CO31AET
AIIEKTPUUYECKYI0 CHJYy, NEepeJBUTalollyl Boay B rpyHre. Ilpu 3TomM mpoucxonut
CKOJIb)KEHUE JKUJIKOCTHU IO MOBEPXHOCTH YACTHUL HOJ BIMSHUEM B3aUMOJEHCTBUS
NOBEPXHOCTHBIX CHUJI C NPUJIETAIOIIUMHU CIOAMHU KUAKOCTU. CIIOCOOHOCTD KUAKOCTHU
K TEYEHUIO U3MeEpSAETCS BEIMYMHOU 3JIEKTPOKMHETHYECKOro MOTEeHI[Hana (J3eTa-1mo-
TEHI[Mada), COOTBETCTBYIOMIETO MaJ€HUIO DIEKTPUUECKOTO MOTEHIHala B JuPdys-
HOM CJIO€ MOHOB BOKpPYTI MHUHepalbHbIX YacTull. Haubonpuias Beau4YMHA A3€Ta-IO0-
TEHLHaja XxapakTepHa npu HaubonapueM qudpdy3sHoMm cioe, 4TO MOKHO HaOIIOAAThH
JUIIb B pa30aBIEHHBIX CYCIEH3UAX NMPU HEBBICOKOW KOHI[EHTpPALUM 3JIEKTPOJIUTOB.
OObIuHO NpU KOHLEHTpauuu 3jekTpoiauta 0.5 - 1 H 3IEKTPOKMHETUUECKUI MOTEH-
1aj paBeH HYIIO.

DIEeKTPOOCMOTHUECKOE MEPEIBHKEHUE BOJABl B IOpax IpyHTa 3aBUCHT IpH
MOCTOSIHHOM 3JIEKTPUUYECKOM IMO0Jie OT BEIUYUHBI Kod(pdunuenra snextpoocmoca K
(F'pynroBenenue, 1973), koTOopblil OTpa)kaeT »3IEKTPOKHMHETHUYECKHE CBOMCTBaA
TpYHTa, TEOMETPUIO MOPOBOr0O MPOCTPAHCTBA U CBOWCTB MOPOBOTO pacTBOpa. 3Ha-
yenue K ans pa3nauuHbIX TPYHTOB U3MEHSAETCS TOJBKO B y3KUX mpenaenax (ot 1*10-
3 1o 8*10-5 kB.cM/B*cek).

s Mep3abIX MOpPOJ SBIEHUE 3JIEKTpoocMoca u3ydalioch A.A. AHaHAHOM
(1952). Ilpu pasznoctu norenuuanoB 120 - 130 B u cune Ttoka okoyo 12 MA B 006-
pasue 7.5 x 8 x 44 cm mep3noll rinuHb npu Temneparype -1.5 + -2.4°C B TeueHue 6
CYTOK MpOM30ILIO HepepacmpeneneHue Biuaru. OOpaszen B KaTOAHOW 30HE ObLI

BCITY4YCH, ObBLIH BUJAHBI TPCHIMHBI, 3aMOJIHCHHBIC JIBJOM. V koHTakTa Mep3ﬂ0ﬁ



TIMHBL C AHOJAOM mopojaa Obina cyxas. Ilpu HawaneHOU BiaxkHoctu 37-38% mocie
3JIEKTPOOCMOCA BIAXHOCTh Y aHOJla YMEeHbIIUIach A0 28%, a y kaTtoja Bo3pocia 10
55%. A.A. AHaHsSH OOBACHSAN 3TO TE€M, UYTO JJIEKTPHUUYECKHE CHJIBI MEePEeMEIlaloT
MeHEee CBS3aHHYIO YacTh He3aMep3liedl BOABI OT aHOJa K Karoqy. DTO Hapymiaer
paBHOBECHE JbJa M He3aMep3meld BOABI M aHoJa, KOTOpas BOCCTAaHaBIMBACTCH
nepexoagom qacTu Jbaa B Bonay, BOCIIOJIHAA (M9 Y6LIHB. OI[HOBpeMeHHO
MNOCTynuBIIasg B KaTOAHYIO 30HY HE3aMep3liasa BOJa ABIACTCA 3ACCh H30BLITOYHOH U
OHa BBIJICNISIETCS 3/1€Ch B BUJIC JIbJA.

B 3aconeHHBIX MEP3IBIX TPYHTAX B IIOPOBOM PacTBOPE COAECPIKUTCS 3HAYUU -
TEJIbHOE KOJHUYECTBO DJIEKTPOJHUTA, MPHU MOPCKOM THUIIE 3aCOJEHHUS NMpeodianaroT
nonsl Na*, Cl, SO4%". CneayeT 0kuaaTh, 9YTO OPU NPONYCKAHMHM JJIEKTPHUYECKOTO
TOKa Ha 3JIEKTPOJax MPOUCXOIAT CIEAYIOIHNE PEAKIIUH:

na karoge : 2Na* + 2H20 + 2e = 2Na* + 20H" + H. T

na anoge: 2ClI" -2e=Cl7T

nim 25042 + 2H20 - 4e = 4H* + 2S04 + 02 T

[Ipu »ToM BONHM3M KaToja ClenyeT OXHuaaTh pe3koe Bo3pactanue pH u mie-
JOYHYIO peakIHio, a Ha aHojae - mageHue pH B pesyapTaTe 3J1€KTpOH3a BOJHI.

B skcmepuMeHTaxX MBI HCIIOJB30BANM 00pa3mbl MEp3JIOTO CYTJIMHKA M IecKa
npu temneparype -2.5°C. CyriavuHOK UMea NPUPOJHOE 3aCOJIEHUE MOPCKOI0 THUIIA C
ob0mum conxepxanueM coseit 1%. K oOpasmy mnuHoW 15 cM NMpUKIAaABIBAIOCh Ha-
npsixkenue V=9.6 B, cuna toka Obia HeOonbwmwol u gocrurana J=0.4 mA. Obpazen
BhIIepXKUBaJicsi B TeueHue 12 cyrtok. Cynas mo pacnpenesieHUuI0 BIaXHOCTH,
3aconeHHoctu u pH (puc. 51), B cyrnunke HaOdr0ma1Css 3aMETHBINH 2JEKTPOOCMOC.
BOnu3u karona conepkaHue Biaaru jgocturio 3HaueHus W=0.56, BOGiu3u aHona
YMEHBIINJIOCh OT mepBoHadainbHoro 3HaueHus W=0.4 go W=0.3. HabGnronamnocs
TakXe CBs3aHHOE C AynekTpoauzom manenue pH BOiu3u anoxa 10 4.0 u MOBBINIEHUE
pH BOnu3u xatoxa g0 9.0. B To xe Bpems B obpa3max necka npu 3aconenuu 0.2%,
HanpsikeHuu 12 B u cune toka 0.4 MA B Teuenue 20 mHEl CylmIECTBEHHOTO Mepe-
pacmpeneneHus Biaru He HaOmaan0Cch (puc. 52). DTH SKCINEPUMEHTHI JOKAa3bIBAIOT
pOJIb TICEHOYHOTO MEXaHH3Ma JJEKTPOOCMOCA, CBA3AHHOTO C aacoOpOHMpPOBaHHBIMU
NOBEPXHOCTHIO MHUHEPAJbHBIX YaCTUL HOHAMH JIUPPYy3HOTO CJIOS, KOTOPHIH
HMECTCA B CYI'JIMHKC U MMPAKTHYCCKH OTCYTCTBYCT B IICCKC.

NuTepecHbld pe3ynbTaT OBLI MOJYYEeH NPU HU3MEPEHHUHU 3aCOJIEHHOCTH B 00-
pasie CyrJiMHKa 1Mo ero JuuHe. M3MepeHus mpoBOAMUIUCH B 9 TOYKAX C MOMOIIBIO
EKTpUUECKOTO cosemepa. OKazamoch, 4TO 3aCOJNIEHHOCTh MEP3JIOTO 3aCOJEHHOTO
CyrJIMHKa BoO3pacTtaer oOT katoma k a"oay oT 0.7 mo 1.1%. OnHO3HauHOE
o0BsicHeHue d3ToMy GakTy JIaTh TPYJAHO, OYEBHIHO, YTO pa3HOHAMPaBICHHOE
ABUXCHUEC MOHOB PA3JIMYHEBEIX 3HAKOB IMPHU JBJICKTPOIU3EC MOXKET OBITH HEOAHNHAKOBO,

BO3MOXHO, IpeoOsanaer JABUXKeHUe K aHoay. Kpome Toro, mnpoucxoaut



pacTBOpCHUC MaTCpHUalia aHOAA: B HAUICM CJIydYa€ MCAHOIO JJICKTpPpOJa BO3MOIKHA

cleayrolias peakius:

Cu - 2e = Cu?*

C MepexoaOoM MOHOB COJIM B paCTBOP.
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Puc. 51. Pacnpeoenenue enaxcnocmu, 3acoieHHocmu u 6000poonoco nokasamens pH 6 obpazye
Mep371020 cyenunKa ¢ HadanvHou enaxcnocmoio 0.46 u 3aconennocmoio 1.0% npu nponyckanuu
NOCMOAHHO20 INIeKmpuyecko2o moka (kamoo ciesa) U=0.6 6, J=0.44 npu memnepamype -

2.59C nocne 12 cymok sxcnepumenma.

Puc. 52. Pacnpedenenue enaxcnocmu 8 o.e.
(1) u 3aconennocmu 6 % (2) 6 obpasye
MEP31020 NecKa C HAYANbHOU GIANCHOCIBIO
W=0.24 u Dsa=0.18% npu nponyckanuu
NOCMOSIHHO20 dlleKmpuieckoeo moxka U=12
B, J=0.4 mA, 6= -2.59C nocre 20 cymox



IKcnepumenma.
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Takum o0pa3oM, BO3MOXXHO YBEJIHYECHHUE OOIIEH KOHIEHTpPAIlUW HOHOB
BOJIM3W aHOZla U3-3a DJEKTPOJUTUICCKOTO PAaCTBOPEHHUS MaTepHajaa aHoja.

OuyeBuaHO, TpeOYIOTCS NalbHEHIINE WCCIEAOBAHUS dTUX IpoleccoB. Bmecte
C TEM MOXHO OTMETHTh Ba)XHOE 3HAYCHHUE DIIEKTpOOCMOca B mpakTuke. Ecam ¢ ero
MOMOIIBI0O MOXXHO HU3MCHSTh 3HAYCHHS BJIAXHOCTH U 3aCOJICHHOCTH B MEP3JBIX 3a-
COJICHHBIX TPYHTaX, UMEIOIIUX HU3KYI0 HECYIIYI CIOCOOHOCTh, 3TOT METOJ MOXKET
CTaTh OCHOBOH crmoco0a yKpemJeHUus OCHOBaHHUN, OCOOCHHO METAJIMYEeCKHX CBai-

HbIX, C IOMOIObIO MOCTOAHHOI'O 3JICKTPUUCCKOI'O TOKA.

8.6. INTACTUYHOCTDb 3ACOJIEHHBIX 'PYHTOB

[Ton nmaacTUYHOCTHIO TPYHTA MOHMMAETCS €ro CIocoOHOCTbh MOJ BO3JEHCT-
BUEM BHEUIHUX YCJIOBUM U3MeHATH ¢popMy Oe3 pa3pbiBa CIJIOMHOCTU U COXPAHATH
npuaaHHyl0 eMy (opmy Imocie TOoro, Kak JAeilicTBHE BHEUIHEH CHIbl yCTPaHEHO
(Ceprees u np., 1973). 310 cBOHCTBO 00YCIOBIEHO COJEpPKAHUEM B I'PYHTax CBA-
3aHHOW BOJBI U OTHOCHUTCS K HEMEP3JIOMY UX COCTOSHUIO.

[InacTUYHOCTH MPOSBISAETCS JUIIL B ONpPENEICHHOM JAUana3oHe BIAaXHOCTH,
npeaeabl KOTOPOro sABISIOTCS BaXXHBIMU KOJMUYECTBEHHBIMHM XapaKTEPHUCTUKAMHU I10-
ponasl. B 3aconeHHBIX Mep3JbIX MOpPOJAAX 3TH XApPaKTEPUCTUKH, XOTS U OIpenes-
I0TCA B TajJoM (HEMEP3JI0M) COCTOSIHUM, HO OKa3blBAalOTCS 3aBUCAIIUMH OT 3aCOJICH -
HocTU. MBI paccMaTpuBaeM 3/1€Ch 3TOT BONPOC M3-3a BaXHOM POJIM MJIACTUYHOCTHU B
GbopMHUPOBaHUHU CBOMCTB HEMEP3JbIX MOPOJ; KPOME TOTO, 3aCOJIEHHbIE MEpP3JIble MO-
pOJBl ABISIOTCS NPOMEXKYTOYHBIMHU IO CBOMM CBOWCTBAM MEXJY MEpP3JbIMU U He-
MEp3JbIMHU, a MJIACTUYHOCTh NOPOJA MPU HEOOJIBIIOM 3aCOJIEHUHU €Ie HEJA0CTaTOUYHO
uszyuena. Kak nzectuo (Ceprees u ap., 1973), BepXHUM NpeJieaoM MJIACTUYHOCTH,
UM HUXKHUM npenenoM TekydecTd (Wr ) Ha3pIBalOT ITPaHUYHYIO BJIAXHOCTH (B IMpO-
[EHTaX) MPU MPEBBIIMIEHUH KOTOPOH IPYHT MEPEXOIUT U3 MJIACTUYHOTO COCTOSHUS B
tekyuee. Huxxuum npenenom ninactuuHocTH (Wp) Ha3pIlBalOT MUHUMAJbHYIO BIaX-
HOCTh (B MpPOLEHTax), TPAHUYHYI0O MEXJYy HOJYTBEPJbIM U IMIACTUUYHBIM COCTOS -
HHMEM, IpPH KOTOPOM MHUHEpalbHBIE YAaCTUIIBI CINOCOOHBI MepeMelaThcs OTHOCH-
TeJIbHO APYTr Apyra 0e3 HapyleHHs CIJIOMHOCTU. Pa3HOCTh BEpXHEro M HHUXKHETrO

npeacioB MIACTUYHOCTH HA3BIBAKOT YHUCJIOM IMJIACTUYHOCTH (lp) IInmactuyHOCTH 3a-



BUCHUT TJIaBHBIM 00pa30M OT COJepKaHUS TIUHUCTOU Qpakiuu U 0COOEHHO BO3pac-
TaeT MpPU YBEJIMYECHHH KOJIUYECTBA KOJJIOMJIHBIX 4YacTUI. MHUHEPaJIOTHUYECKUM
COCTaB TPYHTa TakKXe CHJIBHO BIHUSIET HAa MJAaCTUYHOCTH: YAaCTHUB OHOTHUTA
pasmepoM <2 MK UMEIOT, O ATTepOepry, Yucio MIACTUYHOCTH 43, a MIACTUIHOCTH
y KBapIeBBIX YaCTHI[ TaKoro e pasMmepa otTcyrcTByeT. CocTtaB 0OMEHHBIX
KaTHOHOB Ha MIACTHYHOCTH BIUSIET cienyromuM oopaszom (Ceprees u ap., 1973): ¢
BO3pacTaHUEM BAJCHTHOCTHU BO3PAaCTaeT MJIACTHYHOCTH:
Kamuon™ >> kamuon** >> kamuon***

KoHmeHTpamus nopoBOro pacTBOpa 3aMETHO CKa3bIBAETCs Ha YMCJIE MIACTUY -
HOCTH, T.K. OT HE€ 3aBUCHUT TONImMHHA TU(PY3HOTO CJIOS KATUOHOB BOJIHM3U MOBEPX-
HOCTH MHUHEpaJbHBIX YacTHUL. M3BECTHO, YTO MPUCYTCTBUE 3HAUYUTEIBHOTO KOJIHYE-
CTBa COJIEH MOHMXKAET NMpeeibl MIACTHYHOCTH TPYHTOB. DTO CBSI3aHO C MPOIECCOM
JeTuaApaTaluu TPYHTOBBIX YacTHI, yMEHbIIeHHEM aAuddy3HOro cios H,
COOTBETCTBEHHO, KOJHYECTBA PBIXJOCBA3aHHOW BOABI. /[l OCKaHTIMHBI TaKOWu
s ekt HabaonaeTcs npu konuentpauuu NaCl 3u (170 r/n), a npu KOHUEHTPAIUU
pactBopa 0.0l NaCl (0.6 r/m) HaoO6OpoT, MNPOUCXOJAUT YBEIHUYCHHUE YHCIA
MJIACTUYHOCTH B CPAaBHEHUH C NUCTHIIUPOBAHHOW BOJOU.

B.U.AxceHOB mpoBea 3KCIEPUMEHTHl C CYTJIMHKOM MOPCKOTO TeHe3uca (1.
Sman) B auanazone 3aconeHnocteit 0.02 - 1.5%. B npenenax 3aconennoctu ot 0
10 0.5% (4TO COOTBETCTBYET KOHIIEHTpPAIlMM MMOPOBOrO pacTBopa okoio 18 r/m)
BJIaXXHOCTh mnpenena tekyuectu ( Wr ) cHauasa yBenumuyuBanach Ha 1-3%, a 3atem
yMmeHbmanack. B numanmazone ot 0.5 ngo 1.5% mOpoucXOOUT TNOCTENEHHOE
yMeHblieHue npeaena Tekydectu. [lo maenuto C.b. Yxoma (1959), usmenenus
npeaeaoB  MIaCTUYHOCTH  MOTYT  TPOHCXOIHTH  JIMIMb TpH  HEOONbIION
KOHIIEHTpaluu nmopooro pacteopa (g0 20-30 r/n). Ilo gauueim C.I".JloceBo#t u ap.
(1990) mpu BO3pacTaHUHM 3acOJIeHUs XaHTaiickoro cyramHka ot 0 mo 2-3%
MPOUCXOJUT CHUXKEHHUE Tpeaesia TekydecTu oT 28 nmo 24, mpeaena pacKaTblBaHUSA
(HuxkHero mpenena nmiaacTUYHocTu) oT 20 no 16 u ymcnaa naacTUYHOCTH OT 9 1o 5
NpH 3aCOJEHUH XJTOPHUCTHIM HATPUEM U XITOPHUCTHIM KaJbI[HEM.

B nenom, HecMOTps Ha O4YeBUJHOE MpOsiBIeHUE dPPexTa BAUSHUSA 3aCOTECHUS
Ha TJAaCTUYHOCTh, MPHU 3aCOJICHHUH, XapaKTEPHOM I 3aCOJIEHHBIX MEP3JIBIX
rpyHTOB U cocTaBisoomeM 0.2-1%, oH He CTOJIb 3HAYHUTEJNEH U 4YaCTO OKa3bIBaETCH
B TIpeJenax TOYHOCTH ONpeaeneHus BIaxXHOCTH (okono 2%). Tak, B Hamux
IKCIEPUMEHTAaX Mpu H3MeHeHuHu 3acoyieHHocTu oT 0.5 no 1.0% B ob6pasmax
AaMJEPMHUHCKOTO MOPCKOTO CYTJIHMHKAa M3MEHEHHUS TpeaeoB IIAaCTUYHOCTH

HaXOJUJIUCh BHYTPH OOBIUHOTO pa3Opoca 3HAUEHUHN BIAXKHOCTH.

8.7. IYUMHUCTBIE CBOMCTBA



[IlyduHUCTHIE CBOWCTBA 3aCOJIEHHBIX MEP3JBIX MOPOJ B OOBIYHOM HHTEpBale
3aCOJI€HHOCTEN, HECMOTPS HAa NPAKTUYECKYI0 3HAUYMMOCTbh 3TOT0 BONMPOCA, U3YUEHBI
elle HeJoCTaTouHo. B onpenesneHHON Mepe 3TO CBSI3aHO € TEM, UTO HOPOJbI CE30H -
HOTAJIOTO U CE30HHOMEP3JIOTO CIO0EB, KaK MpaBuUio, He 3acoieHbl. [laxe ecnu obOpa-
30BaHUE CE30HHOTAJIOrO CJOS NMPOMCXOAUT Ha 3aCOJIEHHBIX MHOTOJIETHEMEP3JbIX
nopojaax, HaJMep3JOTHbIE BOJAbl OBICTPO BBIMBIBAIOT COJIM. 3aCOJIEHHOCTb, TEM HE
MEHEee, 3aMETHO BJIMSIET HAa NYYUHUCTHIE CBOMCTBA TPyHTOB (puc. 53).

B obuiem Buje BeaMYMHA MyYEHUS MPOMEP3AIOIMUX TPYHTOB MOXET OBITH BBI-
paxena ciueaytomum oopazom (Epmos, 1985):

hnylt = hpacn + N own - hyc

rue hnyq - BeJIMYMHA My4YeHHUs T'PYyHTA 3a CUET yBeau4eHUs B o0beme Ha 9%
3amMep3awineid TopoBoi BiIaru (MaccCuBHOE paclydYuBaHUE); Nwa - Bennunna nydJe-
HUSI 32 CYET MUTPALMOHHOIO JIbJOHAKOIJIECHUS; hyc - BeianuuHa nedopmamuii
yCaJlK¥ TaJOW 30HBI TPYHTA 3a c4eT 00€3BOKMBAHUS.

B naumbonpmieid CcTemeHW MYYEHUIO MOJBEPKEHBI CYNEeCYaHO-CYTJIIMHUCTHIC
TPYHTHI U3-32 UX OOJIPIIONW BJIAXKHOCTHU M BO3MOJKHOCTH B HUX MHTEHCHUBHOTO BJa-
ronepeHoca U JbJOHAKOMJIEHUS.

Bennuunna hpacn omnpenaensercs riaaBHBIM 00pa3oM pa3HOCTHIO HayajlbHOU
BJIa)XHOCTH W BJIAXXHOCTU 3a CYET He3aMep3liedl BOABI MpPU JAaHHOW TeMmIeparype
npoMOpakKuBaHUs. BBUAY 3HAUUTENBHOTO COJEpKaHUsA He3aMep3liedl BOJbl B 3aCO-
JEHHBIX MEP3JbIX MOPOJax 3Ta Pa3HOCTh YMEHBIIAETCS C YBEIHUYEHUEM 3aCOJIEHHO -
ctu. CrnenoBaTenbHO, MACCUBHOE pacly4YMBaHHE TAKKE YMEHBIIAETCSA C POCTOM 3a-
cosieHHOCTH. Tak, MOpPCKOHN 3acoyieHHBIH nmecok obianaer cnaboil MyYUHHUCTOCTHIO
(puc. 54).

MurpauuoHHoe JbJIOHAKOMJIEHUE U CONPOBOXKAAKIIAs €ro ycagka Xapak-
TEPHBI JJIsl TAUHUCTHIX MOPOJA, OJHAKO B MPOMEP3AIOUIUX 3aCOJEHHBIX NOPOAAX U3Y -
YeHbl HE B JA0CTaTO4YHOW Mepe. Ilo HEKOTOpPBIM NaHHBIM, 3aCOJI€HHE YMEHBbIIAET
IMJIOTHOCTh MHUTPAIMOHHOTO MOTOKa BJIAaru K (QPOHTY MpoMep3aHHs B TIHUHUCTHIX
noponax. Uccnenosanus A.Il. boxenoBoit u ®.I'. bakynuna (1957) nmokazanu, 4To
yBIa)XHEHUE 00pa3loB CYTJIWHKA PAacTBOPOM XJOPHCTOTO KalbIUs MNPUBOJUT K

YMCHBIICHUIO MOIIHOCTH HIJIUPOB JIibAAa IO CPABHCHUIO C ,I[HCTHJIJIHpOBaHHOﬁ BOJIOH.

Puc. 53. 3asucumocmv ommuocu-
menbHoU eenruyunsl nyuenus (E) om
3aconeHHocmu 0711 CYnec4aHo-cyeiu-
Hucmulx nopoo Amana. Oxcnepu-
menmanvHvle Oauuvie FO.B. Cog-

ponosa u A.H.Munaesa.
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C.b.Yxo0B (1963) coobmaet, utro B ciaydae 3acoineHuss NaCl npu KOHIIEHTpa-
uuu rpyHtoBoro pactpopa 0.3-0.4 oT paBHOBECHOW IJIs JaHHOW TeMmepaTypbl OT-
HOCHUTEJIbHAs BEJIWM4YMHA nydeHUs coctaBiasgeT 15-20% ot makcumanbHOU. 3.A.
HepcecoBoii (1961) Ob110 ycTaHOBIEHO, YTO COAEpPKaAaHUE B OOMEHHOM KOMIIJIEKCE
OJIHOBAJEHTHBIX KAaTHOHOB IOYTH NOJHOCTHbI YCTpPaHAET MUIPALUI0 BOABI, a
MHOTOBaJE€HTHBIE KAaTHOHBI  MpeBpamlaloOT  Jaxe  OOBIYHO  HEMyYHHUCTHIE
(MOHTMOPUJIJIOHUTOBBIE) TPYHTHI B MOpo3oomnacHbie. [Io skcnmepuMeHTaIbHBIM J1aH -
HeiM JI.B.YUuctorunona (1973), npu nmpoMep3aHUH MNPOUCXOAUT Mepepacrpenene-
HUE BJIAXHOCTH U MOHOB MMOPOBOTO pacTBOpa M HAKOIJEHHUE COJIEH B MEP3JIOA 30HE
npomep3aromux nopoja. MoHb HakaniauBarwTCsS B MEP3JI0M 30HE HEPABHOMEPHO,
NpUONM3UTENBHO B cileayiomeil nocaegosarenbuoctu Cl- > Mg?*+Ca?* > SO4%" >
Na® >HCOs".

IIpu 3tom JI.B.YUHCTOTHHOB yCTaHOBMJI, YTO KOJIMYECTBO INEPEHOCHUMBIX B
NpOMEpP3al0UIyl0 4acTh TPYHTa COJEH HE MNPONOPIHOHAIBHO KOJHYECTBY MHUIPHU-
pylolei BOABI, a HECKOJIbKO MEHbIIE. B 3TOM cilyuae BO3MOYXHO BO3HHKHOBEHHUE
KOHIEHTPAIlMOHHOTO TpagueHTa, OOYCIOBJIEHHOTO TpPaJUEHTOM TeMIEepaTypbl, U
MOSIBJIEHUIO OCMOTHUYECKON COCTaBISIONIENH MOTOKA BJIarM, KOTOpas HalmpaBJ€Ha Ha-

BCTpCHY OCHOBHOMY MUTPAIUMOHHOMY IMOTOKY U HOJI’KHA Oblaa OBl YMCHBIIATH €TO.

Puc. 54. Jlepopmayuu nyuenus 6 00-
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BpeMsi npome p3aHus, CyTKU

npomopadsicusanus -2.5 C

3. 1.EpmoBsiM, 0. I1.JIe6enenko u apyrumu (1992) 6p110 nokasaHo, 4To 1npu

HEeOOIbIINX KOHOCHTpAaOHUAX MOpPOBOIro pacTtBoOpa B HpOM@p38.IOH.IGI>i 3aCOJICHHOH



nopoje HabmOAaeTcs yBeIUYEHHUE MIOTHOCTH MUTPAIMOHHOTO MOTOKAa MO CpaBHE-
HUIO C He3acojJeHHOW. B wactHocTH, B nmpomep3atouieid npu - 17°C KaoIMHUTOBOU
rIuHe MakCHMalbHBI MUTpalMOHHBIH NOTOK Boaru okoio 8*107° r*cm?*c! ma-
onronancs npu 3acoiseHuu NaCl npu koHueHTpanuu moposoro pactsopa 0.2 H unu
11.6 r/n. Ilo muenuto D.J[.Epmosa, 0.I1.Jlebenenko ap. (1992), sto, BeposATHO,
CBS3aHO C TE€M, UYTO HEOOJbIIOE 3aCOJECHHE MOPOJ HE MPUBOAUT K 3HAYUTEIBHOMY
U3MEHEHHUIO KOHLEHTPALUHU B IBOMHOM 3JIEKTPUUYECKOM CJO€ M MAJCHHIO 3JIEKTPO-
KMUHETUYECKOT0 IMoTeHnuana. B To ke BpeMs NpPOUCXOIUT oOpa3zoBaHHE
3apsOKEHHON MOBEPXHOCTHU JbJa U yBEIHYEHHE COJAEpXaHUS MOHOB B nuddy3nom
cioe. DTo yBEJIMYMUBACT JABUXKYUIME CHJIbl MUTPALUH 32 CUET OCMOTUYECKOW COCTaB-
nsaomen. Ilpu  nanpHelmeM yBEJIMYEHUM KOHUEHTPALUHU COJIEM B IOPOBOM
pacTBOope HabNOAAaeTCd YMEHBIICHUE MUTPAIIHOHHOTO MOTOKA BJIATH.

OOmiee HaKOIMJICGHUE BJIAard B MEP3JIOH 30HE 3aCOJCHHBIX MOPOJ MEHBIIE, YeM
B He3acoseHHBbIX. CpenHee 3HaUYeHUE MIOTHOCTH MHUTPAIlMOHHOTO MOTOKA BIAaTrW JJIS
3aconeHHbIx 0.8 H pactBopoMm NaCl o0pa3ioB cyriauHKa ¥ TJIMHBI COCTABJSIET COOT-
BeTcTBeHHO 1.2%¥10°% 1 2.7*%10°® r/kB.cM*c, uTo B 2 pasa B cyrnumHke M 2.5 pa3a B
TJIIMHE HU)KE, YeM B HE3aCOJICHHBIX oOpasmax. B mpomep3aromnield KaoJTUMHUTOBOM
rauHe npu 3acoseHun ee 0.05u pactBopom NaCl mabniogaercs yBeIndYeHUE BJIaX-
HOCTH B BEpXHEH 4acTH Mep3Jyiod 30HHBI B 1.5 pasza, npu 3aconenuu 0.3 H pacTBOpOM
- B 1.3 pasa, a npu 3aCOJ€HUHU pPacTBOPOM C KOHIeHTpamnue 1.0 H mepepacnpenene-
HUS BJlaru npaktudyecku He npoucxoiuT (Epmos u np., 1992). Hamu skcnepuMen-
TaJbHBIE JAaHHBIE TAaKXKe CBHUJIETEIbCTBYIOT 00 YMEHBIIEHUH IepepaclpeeeHus
BJIATH B MIPOMEP3aI0IIEM MOPCKOM CYTJIHWHKE IPU YBEIUUYEHUN 3aCOJICHHOCTH.

Taxum o0Opa3zomM, B MNpPOMEP3aMUX TIHHUCTHIX MNOpPOJaX MHUTpPAlMOHHOE
JbJOHAKOMJIEHUE B IEJOM YMEHbIIAETCS C POCTOM 3acolieHHocTu (puc. 53).
OnHako mpu HEOONBIMHUX KOHIEHTPAUUIX MMOPOBOTO PACTBOPA MOJXKET MPOUCXOAUTH
ero yBeJIHYeHHE, BEPOSATHO, 32 CYET OCMOTHYECKOW COCTABISIONIEH MOTOKA BIIArd.
C yBenumueHHEM COJEpKaHUS DIEKTPOJIUTOB B BOJAE HOHBI AUPPY3HOTO CIOA
TPYHTOBBIX MHUIIEIUI THAPATHPYIOTCS B MEHbIIEH CTENMEeHH, CTAHOBUTCS MEHBbIIE
CBSI3aHHOUW BOJBI M TOHBIIE €€ IMJIEHKA, MO3TOMY OcllabeBaeT MUTPAIMOHHBIN MOTOK
Bjaru Kk GpoHty npomepianusi. Cocrapismoomas nydyeHus, oOyciloBIeHHas ycaJlKkou
hyc, TaKXe JOJKHA 3aBHCETh OT KOHIIEHTPAIlMHM HMOHOB MOPOBOTO pacTBOpa, T.K.
NOCHEIHSS] U3MEHSET COoJAepKaHWe CBsI3aHHOW Boabl. Yem OonbIIe 3aCOJEHHOCTH,
TEeM MEHbBIIE CBSI3aHHOW BOJBI U COOTBETCTBEHHO MeHbIIe ycaaka (['pyHTOBeneHue,
1973).

B memom 3acosieHMe MOpPOJX NPHBOIHUT, KaK IMPaBHIO, K YMEHBIICHUIO
Ny4YeHUs TpPH TMPOMEp3aHUU. ODKCIHEPUMEHTAIbHBIE WCCIEIOBAHUS pPa3IUIHBIX
IHUCIIEPCHBIX TMOPOJ MOJYyOoCTpoBa SIMal moKa3alu, 4YTO B OCHOBHOM J3TOT BBIBOI

MNOATBECPIKAACTCH. BmecTte ¢ TeM BO3MOXHBI U H3MEHEHHS BEJIMYHHEBI IMy4YCHUA B



6nu3kux mo coctaBy oOpasumax mopoxa. ITo gamaepiM [ M.Ilaxynsuama (1988),
HaOJII0Jal0TCs cilydad, Korja TPYHT, HaxoJsllelcs IOJA CJI0EM HENpOMEp3LIEero
3aCOJIEHHOI0 TPYHTAa 32 CUET NOBBILIEHHON TeMIepaTypOoNnpoOBOJHOCTH MOCIEAHETO,
npomep3aer Ha Oonpmyr TAyOMHY, YeM B OOBIYHBIX YCHOBHUAX. DPHU3UKO-
XUMHYECKHH MeTon OopeObl ¢ mnyuenuem rpyHtoB (b.M. J[laamaros, B.C.
Jlactoukun, 1978), 3aknoyvarouuiics B 3aCOJEHUHM, HE Hallel MHUPOKOTO
NpUMEHEHUs, HeCMOTps Ha 3PDEeKTUBHOE CHHKEHHE 3aCOJEHHEM NPOYHOCTH
cMmep3anus mopoa ¢ dyaaameHntoMm. Tak, paborer IlewopHUIIWmpoekTa mox
pykoBoacteom MW.B. boiiko (1962) mnokazanu, UYTO 3aCOJEHUE OCHOBAHUS
cTon0uaTteiX (YyHIAMEHTOB OTpajabl TEJEIEeHTPa COJNSIMH XJOPUCTOTO KalbUUS U
MarHus JUKBUIMPOBAJO MYYEHUE MBUIEBATHIX CYrJAWHKOB. OnHAaKo, coiau OBICTPO
BeIMBbIBatoTCcsa u3 rpyHta (B.A. Yepxamwun, 1961; um np.) U nydeHHe MOXKET
BO3HUKATh CHOBA.

MakcuManbHble BEIUYUHBl Ny4YeHUS POPMUPYIOTCSA MPU HEKOTOPOM OIpeJe-
JEHHOM COOTHOILIEHUM CKOPOCTU IpOMEp3aHus U rpajaueHTa tremneparypsl (Epmos,
1979). Ilpo rpanuenTe temmeparype 6-10 rpaa/Mm U CKOPOCTH MPOMEP3aHUS MCHEE
0.0001 m/9ac mydeHHuEe MOXKET OBITh BRICOKHM Ja)Xe€ B CIa0OMyYUHUCTHIX TPYHTaX.

VYBenuuenue riayOuMHBI MpPOMEp3aHUs 3aCOJEHHOTO, B 00IIEeM Majoly4YUHHU-
CTOro mecka 10 2 M Ha MOPCKOH koce BOiu3M nm.AMJepMma NMPUBEIO K HEOOJbIIUM
nehopmanusM 31aHus tabopaTopuu a’ponopra. TpemMHB peryJsipHO MOSBISIOTCS
OCEHbIO0, B T€UEHUE CEHTAOPs - AeKaOps U 4YaCTUYHO 3aKpPBIBAIOTCS B T€UEHUE JIET-
Hero nepuonaa. Hacrosmum OencTBueM i apKTUYECKHMX MOCEIKOB HPOJOJIKAET
ocTaBaThCsl BBIIyUYMBAaHUE ONOp »dJEKTpomnepenad, TpyOONpoBOAOB M JpYTrux
COOpPYKEHHUH M3-3a HEJOCTAaTOUHOUN IrlIyOHHBI noTrpyxeHus onop. [lyuenue sBusercs
4yacTOM MNpUYMHON pa3pylleHus TBEepAOro MNOKpbITUA pgopor. Takum obOpaszowm,
UccieloBaHUE MYy4YeHUS MpoOMeEp3aloUUX MOpOoJ, B TOM UYHUCIE 3aCOJIEHHBIX, U

pa3paboTka MeToq0B OOpHOBI ¢ HUM MPOJOJIKAET OCTABAThCS aKTyallbHOM 3amauei.

8.8. KOPPO3MOHHBIE CBOUCTBA

Koppo3uss mMeTannoB B TPyHTaX B OCHOBHOM SBIISICTCS 3JEKTPOXHMHUUYECKOM
(I'pyntoBenenue, 1973). IlpakTudecku n1000H MeTalll COMEPKHUT MPUMECU APYTHX
MeTannoB. [TodToMy B cpeae 3JIEKTpPOJIMTAa CHCTEMa M3 OCHOBHOTO MeTajjla U Me-
Tajna-nmpuMecu o0pa3yeT OOJbIIOE YHMCIO MUKPOTAIbBAHWUYECKUX DJIEMEHTOB. Pa-
00Ta TakWX DJIEMEHTOB MOXET OBITh OOBSICHEHAa HAa OCHOBE BEJIWYHWH CTAHIAPTHBIX
BIIEKTPOJHBIX MOTCHIIHANOB. KaXablli WiieH 3TOro psja, CTOSMHUN BBIIIE, 00JagaeT
OoJyiee OTpPUIIATEIBHBIM MTOTEHIIMATIOM, Y€M €T0 COCEeJ, PACIOJOXKEHHBIH HIke. Eciu
JBa MeTajjla COCJUHHTh M TMOMECTHThL B pacTBOpP, TO Oojiee aKTHUBHBIA MeTaJlI

Oyner paspymartbcsi. Koppo3us MeTamsioB B TpPyHTax SBIAETCS CJIOXHOU



Pa3HOBHJIHOCTBIO KOPPO3HUHU. 37€Ch UrpalOT poJb (PU3UYECKHEe H XHUMHYECKUE
cBoiicTBa IrpyHTOB. OuUeHb BaXXHYIO pOJIb BBINOJHAET KUCJIOPOJ, HNPOHUKAIOMHUN
yepe3 TPyHT K MertannaM. [lo-Buaumomy, Hanbosaee BaXHBIMH (pakTOpaMH MOA3EM-
HOM KOPPO3UM METANIOB SBJISIOTCS CIEAYIOIIUE: CONEPKAHNUE BJIaru B TPYHTE U €€
pH, »>iexTponpoBOAHOCTh TpPyHTa, BO3AYXONPOBOAUMOCTb MOPOJABI, a TaKke
3JIEKTPOAHBIA MOTEHIIMAJ METaJlJla B KOHTaKTe ¢ mopojgoi (AXxymoB u ap., 1972).

Jnst Toro, yTo6b1 00pa3oBayics PNEKTPUUYECKUNA 3JIEMEHT M Hadajlach KOppo-
3Us, OTHIOJAb HE 0053aTEJIbHO HAJIMYHME ABYX Pa3HbIX METAJUIOB, HAXOAAMIUXCS psi-
J0M. YCTaHOBJEHO, 4YTO I€penaj XHMHUYECKOro MOTEHLHuajla MOXET BO3HUKHYTH
TaK)X€ M3-3a HE3HAYUTEJbHBIX JOKAJbHBIX HEOJHOPOJHOCTEH B COCTaBe CIJiaBa,
pa3auyYMi COJIEHOCTU MOPOBOr0 pacTBOpPa, KOHTAKTHUPYIOUIET0 C METalJIOM (TakK Ha-
3pIBaeMble KOHIICHTPAIMOHHBIE JJIEMEHTHI), 0COOCHHO pa3JMYMii B KOHICHTPAIUH
pacTBOPEHHOro KHciopoja, NaBJIEHUM U Harpyske. [laxe eciau y IByX MeTajuinye-
CKHMX 3JIEKTPOJIOB pa3Has TeMmIepaTypa, K3 HUX MOXXHO COCTaBUThb 3JEMEHT. Brico-
Kasi KOppO3MOHHAs aKTHUBHOCTh MOPCKOM BOJBI CBA3aHA CO cnocoOHOCThIO HoHa CI
CBSI3bIBATh MHOTHE KaTHOHBI B KOoMIlIeKchl (XopH, 1972). Kak B GoypIIMHCTBE pe-
aKIM{, NPOTEKAIOIMUX B BOJHBIX PAacTBOpax U KOHTPOJUPYEMBIX AupPy3uei, Kop-
po3us 3aBUCUT OT BO3MOXHOCTH JBHMXKEHUS MOPOBOI0 pacTBOPA OTHOCUTEIbHO Me-
taja. OgHa U3 TI1aBHBIX 0COOCHHOCTEH MOA3EMHOM KOPPO3UU - OOJbIINE pa3Mephl
BO3HUKAKIIUX KOPPO3UOHHBIX 3ieMeHTOB (I'pyHroBenenue, 1973). B cBsa3u ¢ atum
O4YyeHb O0O0JbLIOE 3HAUYEHUE HMEET BEJIMYUMHA DJEKTPUUYECKOTO CONPOTUBIEHUS BO
BHEIIHEHN I[eNH, T.€. TPyHTAa, KOTOPOE BO MHOTHUX CIyyasX SBJISETCS KOHTPOJUPYIO -
muM (pakTopoM Kopposuu. [losTomMy B HacTtosuiee Bpems Ui XapaKTEPUCTHUKHU
KOPPO3MOHHON aKTHUBHOCTU TPYHTOB MCIOJIb3YIOT BEJIHWYUHY UX yJEJIbHOTO DJIEK-
TPUUYECKOTO conmpoTuBiieHUsA. [Ipu 37€KTPOXUMUUYECKON KOPPO3UU OKUCIUTENIbHAS
(aHonHAasi) U BOCCTAaHOBHTENbHAs (KaTOJHAsi) peakIUHU KOJUYECTBEHHO CBSI3aHBI
MeXay coOOl YMCIIOM 3JEKTPOHOB, yUYacTBYIOIIUX B 3TUX peakuusx. [loatomy cko-
pPOCTh pEakIuu, a 3HAYUT, U CKOPOCTh KOPPO3UHU MOXKHO BBIpakaThb B €JAMHHIIAX
mioTHocTu Toka (A/kB.cMm). Kpome ckopocTu yaenbHON MOTEpPU MacChl, a TaKxke
IJIOTHOCTU TOKa, €€ MOJYXHO HU3MEPSATh CKOPOCTHIO yBEJIMWYEHMS TNIyOMHBI paKOBUH
(LIMTUHTOB) Ha MOBEPXHOCTH MeETaJlja.

B coorBercTtBumM ¢ aercrByromuM ['OCTom 9.602-89 koppo3nOHHAsA aKTUB-
HOCTh TPYHTa MO OTHOUIEHHWIO K CTaJIM XapaKTepU3yeTCd 3HAYEHUSIMU YIEIbHOTO
AIIEKTPUYECKOT0 CONMPOTHUBIEHUS MOPOJBI, ONpPEAeaseMOro B MOJIEBBIX U Jlabopa-
TOPHBIX YCJIOBUSIX, U CPEJAHEN MIOTHOCTHIO KAaTOJAHOTO TOKA MPHU CMEIIEHUU MOTEH -
nuaia Ha 100 MB Huxe (oTpuuartelbHON) MOoTeHIMala KOPPO3UU CTAIU B TPYHTE.
CreneHb KOPpPO3MOHHON aKTHBHOCTHU OllEHHMBaeTcs cielyromum obpaszom. Huzkoi
CUHATAETCS aKTUBHOCTh NIPHU YIAEIBHOM JJIEKTPHUUYECKOM compoTuBieHun 50 Owmwm,

cpedHel MIOTHOCTH KaTogHOro Toka A0 0.05 A/M? mpu moTepe Maccsl g0 1 rpamma



B CyTKH, a BBICOKOH - Oosiee 2 rpaMM npu conpoTuBieHUuH 10 20 OMM U NIOTHOCTH
Toka 0.20 A/m?,

HeoOxoqumMo uMeTh B BUAY, UTO KOPPO3US HE MOJHOCTHIO ONMpEAENsieTCs Be-
JUYUHONW yJOEIbHOTO 3JIEKTPUUECKOTO CONMpPOTHBIECHUS. Ha KOppo3uio BIHAET CKO-
pPOCTHh MPUTOKA KHCIOPOa, ABUKEHHE PACTBOPA, €r0 XUMUYECKUNA COCTaB U T.1.

UccnenoBanus  3acosieHHbIX  Mep3iasix rpyHtoB  FO./.3sikoBa, O.K.
Yepsunckoii, A.I'. Kpacosckoro, E.A. Mo3ranoBoil B nocieaHue rojbl 03BOJIUIHU
clenaTh BBIBOJABI 00 yBEJIMYEHHUHM KOPPO3MOHHON AKTUBHOCTH HOPOJ C POCTOM
3aCOJICHHOCTH, O 3HAYUTEIbHOM €€ CHHXCHHUU NpH 3aMep3aHUU mopoa u o0
YMEHBIIEHUH PAa3HHUIBl AaKTUBHOCTEH TAJlOT0 MU MEpP3JIOTO TPYHTOB C yBEIHYECHHEM
3aCOJICHHOCTH. B dYacTHOCTH, CTemeHb KOPPO3MOHHOM AKTHUBHOCTH 3aCOJICHHBIX
Mep3JbIX neckoB npu -5°C Bbicokas npu 3acoiaeHHocTtu >0.3%, cpennss npu ot 0.3
10 0.5% u Huskaga npu 3acoseHHoctu MeHee 0.3%. CreneHb KOPPO3UOHHOMN aKTHUB-
HOCTHU TaJIOro IecKa BblcoKas npu 3acoseHHOoCTU 0.3% u HU3Kas NpU 3aCOJIEHHOCTHU
Huwxke 0.2%. Ilpu nmepexoge U3 Tajaoro COCTOSIHUS TPYHTa B MEpP3JI0O€ MPHU 3aCOJICH-
Hoctu 0.2% KOppoO3MOHHAsT aKTUBHOCTb yMeHbuiaercs BiaBoe, npu 0.5% - B 1.6
pa3a u npu 1% - B moatopa pasza. J{as 3acCOJEHHOTO MEpP3JIOr0 CyrJIMHKa OTMeda-
I0OTCSl TaKHWeE K€ 3aKOHOMEPHOCTH, Kak Jis necka. Koppo3noHHass akTUBHOCTb CYT -
nunka Beime. [Ipu temneparype 1.5°C creneHb aKTUBHOCTHU BBICOKAs JUJIsl 3aCOJICH -
Hoctu 0.3%, cpennss npu BeauuuHe oT 0.3 mo 0.3% u HHU3Kas IpPU 3aCOJIECHHOCTH
meHee 0.2%. [lns HeMep310ro CyrivuHKa KOpPpPO3HMOHHAs aKTUBHOCTbH BBICOKAs IpH
3aconeHnoctu Oosee 0.15%. [lpu mepexonme U3 TaJoOro COCTOSHUS B MeEp3J0€
KOPpPO3MOHHAsl aKTUBHOCTh YMEHbIIaeTcs BABOe npu 3acoysieHHocTu 0.1% u B 4 pa3za
npu 3acoieHHoctu 0.5% (3vikoB u np., 1992). Ecam cpaBHUBaTH CTENEHb
KOPPO3MOHHON AaKTHBHOCTH 3aCOJIEHHBIX MEpP3JBIX MOpPOJ IO pe3ylbTaraMm
SKCIEPUMEHTOB IO 3HAa4YCHHSAM TIOTEPH MacChl M 1O BEJIWYHUHE YJIEIbHOTO
NEKTPUUECKOTO COMPOTUBIIEHUS, TO ITH OLIEHKU MJIM COBMAJAIOT, HJIU aKTUBHOCTH,
ompeNieIeHHas IO CONMPOTUBIIEHUIO, BHIIIE.

MeTtannudeckue MpUOOPHI A MPOBENCHUS MEXaHUUYECKUX HCIBITAHUNH 3aCO-
JEHHBIX TPYHTOB B MOJA3€MHON nabopaTtopu AMIEPMUHCKON MEp3JOTHOW CTaHLIUU
npu OTPUILATEIHLHON TeMIlepaType aKTHBHO KoppoaupyioT. Hampumep, omomeTpsl
mocje IBYX-TpeX MecsIeB UCHBITAHUN HEOOXOJAMMO MOJHUMATh HAa MOBEPXHOCTh U
OYHIIATH OT PXKABUYHUHEI.

B meixom Koppo3mMOHHAs aKTUBHOCTHb MEP3JIBIX 3aCOJEHHBIX TPYHTOB M3yUeHA
HeJocTaTo4yHO. MMeroTcs obmue npeacTaBieHUs O XapaKTepe ee U3MEHEHHUS C poc-
TOM 3aCOJICHHS MEP3JIBIX MOPOJI, @ TAK)KEe €NMHUYHBIC SKCTIEPUMEHTAJIbHBIC JaHHBIE.

Takum oOpa3om, TemmepaTypbl 3amep3aHus U ¢$a30BBIM CcOCTaB BJATHU
3aCOJICHHBIX MEP3JIBIX TPYHTOB 3aBHUCAT OT CTENEHH 3aCOJICHHs, COCTaBa COJIeH

MOPOBOTO pacTBOpa U APYTrux GakTopoB, KOTOPbIE, B CBOIO OUE€pEb, ONPEACIAIOTCS



FEHETUYECKUM TUIIOM 3acoJjieHHUs. JloKa3aHO 3KCHEPUMEHTAJIbHO, UTO 3TU TPYHTHI
UMEIOT 0co0ble DJJIEeKTPOKMHETHYECKHEe © JApyrue (¢u3nuecKkue CBOMCTBA,
yKa3blBalOILME Ha IOJIOKEHUE 3aCOJIEHHBIX MEP3JbIX TPYHTOB II0 HUX CBOMcTBaM

MEXY MEP3JIBbIMU U HEMEP3JIBbIMU I'PYHTAMHU.

T'JIABA 9. JE®GOPMAIIMOHHBIE Y PEOJIOTMYECKHE CBOMCTBA
MEP3JIbIX 3ACOJIEHHBIX TPYHTOB

9.1. AEOGOPMUPOBAHMUE ITPU OAHOOCHOM CXATHUU

HccnenoBaHusIMH ~ YCTaHOBJEHO, 9TO OCHOBHBIE 3aKOHOMEPHOCTH
nehopMUpOBaHHS 3aCOJIEHHBIX MEp3JbIX TPYHTOB YAaCTHYHO COOTBETCTBYIOT
3aBHCHMOCTSIM, YyCTaHOBJIEHHBIM [JIsI HE3aCOJECHHBIX MEpP3JIBIX TPYHTOB, OJHAKO
€CTh W cyllecTBEHHble oTiuuusi. Ha puc. 55 mpencrtaBieHbl KpPHUBBIE MOJ3y4YECTH
NpH OJTHOOCHOM CXXKaTHUH Pa3JIMUHBIX 3aCOJICHHBIX MEP3JIbIX TPYHTOB: MMECKa, Cylmecu
U CYTJIMHKA.

Jns mecka mpu Bcex 3HaueHHsX 3acoleHHocTH  (Dsa=0.03; 0.1; 0.2%;
W=0.25-0.27; n=0.25-0.27) nabawoganucek Tpu cTaguu NeHOPMHUPOBAHUA: CTAIUS
3aTyXalolel MOJN3y4YeCcTH, CTaAusl TEYCHHsS C TOCTOSHHON CKOPOCThIO WM CTaaHs

nporpeccupyromein monzyudectu. Ilepexom B CTaauio TEYEHUS C MOCTOSHHOU



CKOpPOCThIO mMpoucxoaus npu aepopmanuu 4 - 7%, a B cTaAUuI0 NPOTPECCUPYIONIETO
TeueHus - npu 8 - 11%. Ha xpuBbIX moyi3ydecTu MeEp3J0i 3aCOJEHHOM cymecHu
(mpu  Dsai=0.09; 0.2%; u W=0.36-0.40) craguum pedopmMuUpoBaHUSI B
HUCCIEeIOBAHHOM HHTEpBalie Temieparyp -2 + -4°C He BBIACISIIOTCS: HabmmgaeTcs
3aTyxarmiass moJ3ydyecTh N0 BenuwuuHbl Aepopmanum 20% u Oosiee. AHAJIOTHUYHO
NPOUCXOIUT AehOpMUpPOBAHME MEP3JIOro CYrJIMHKAa B HWHTEpBaJe 3aCOJICHHOCTEH
Dsal=0.5-1.0% B TOM Xe HHTEpBajye TeMIeparyp.

OTO 0COOEHHOCTHIO 3aCOJICHHBIE MEP3JIble MOPOJBl OTJIUYAIOTCA HE TOJBKO
OT HE3aCOJIEHHBIX MOpPOJ, TJe, Kak MNpaBUIO, HaOIOOalOTCs BCE TPU CTAJUU
nepopmMupoBaHUsi, HO U OT CHIBHOIBIUCTBIX, TJ€ MpeoOilalaeT TEYEHUE C
NOCTOSSHHOM CKOpPOCTBIO.  DTO MOXKET OBITh CBA3aHO C OCOOBIM CTPOCHHUEM
3aCOJIEHHBIX MEpP3JBIX MOPOJI. OTH TPYHTHI HMMEIOT TOJICTBIE TPOCIOWKHU
He3aMep3mied BOJBI, IO KOTOPBIM MOXET MPOUCXOJUTHh CKOJBXKCHUEC YaCTUI[ H
JEeISHBIX KPUCTAJUIOB NpU AedpopMupoBannu. bosee BaxHO, 9TO B HUX MPOUCXOTUT
WHTEHCHUBHAs MHUTpalHs BOJIBl U IepepacrnpenesieHne ee Hezamep3mux cioes. [lo
Mepe n1eOopMHUPOBAHUS TPYHT YIUIOTHSAETCS, BO3MOXHOCTh (QUIbTpamuu BOJBI 1O
NpOCIOiiKaM yMEHBIIAETCI M CKOPOCTh aedopManuu Takxke ymeHpimaercs. C
TEUYECHUEM BPEMEHU ITHU nponecchl WHTEHCUBHO 3aTyXaloT, HECMOTpsA Ha
OMaronpusITHBIC YCIOBHS AJS UX Pa3BUTHS Ha HadaJIbHOM dTarne aehOpMUPOBAHUS,
TaK Kak BO3MOXXHOCTH VIJIOTHEHUS B I[€JOM Y JIbJOHACHIIIEHHBIX MOPOJ]
OTpaHWYCHB. A Ha TOCIHEAYIOMUX JdTamax MMPOUCXOJUT YXKE TEUYeHHe U
MHUKPOTPEIIMHOOOpa30BaHUE BO JbJYy, JIBHXKCHUE W H3MEHCHHE OPHCHTAIHU
MHUHEPaJIbHBIX YaCTHUI[ OJHOBPEMEHHO C TEUYCHUEM JXKHJIKUX TJICHOK He3zaMmep3miei

BO/JBI.

2 4 6 Bt cyrmm



h.% Puc. 55. Kpuevie nonsyuecmu npu
00HOOCHOM corcamuu: A - necka npu
3aconennocmu Dsal=0.1%, memnepamype
t=-2C u naepyske: 1-0.8; 2-0.7; 3 - 0.6;
4 -05;,5 - 04 Mlla; F - cynecu npu
Dsal=0.2%, t=-2 °C u naepysxe: 1 - 0.25; 2
-0.15;3-0.1; 4 - 0.05 Mlla; B - cyenunxa
npu Dsal=1%, t=-3.8°C u wnaepyske: 1 -
04;2-035;3-03;4-0.15;5-0.12
Mlla.

16

Hammu HCCiICaA0BaJINCh BO3MOXHOCTH AlllIpOKCHUMaAalI N MMOJTYYCHHBIX
KpUBBIX ,Z[e(i)OpMI/IPOBaHI/Iﬂ B OJOKCII€EPpHUMCHTAaX, IpOAOIXKHUTCIBHOCTD KOTOPBIX
COCTaBJIslJIa OT HECKOJBbKUX CYTOK OO HCCKOJIBKUX HCEACJb, C TOMOIBIO PA3JIUYHBIX
ypaBHeHHfI. B 4YaCTHOCTH, CTCIICHHasiA 3aBHCHMOCTD, COOTBCTCTBYHOIIAA Tak

Ha3bIBaeMOM TCOPHUHU CTApPCHHA, UCIIOJTIB30BaJIaCh B CJ'ICI[y}OH_[eM BHUAC:
m - n
o=Alt)e" =& % (1),

rae o - Hanpsokenue, A ( t ) - dbyHkuus BpeMeHH, € - aepopmanus, M -
NOCTOssHHAs, Ha3biBacMas Kod(ppuuueHTOM ynpouHeHus, & - KodIDPUIUCHT
nebOopMUPOBAHUS, O - TOCTOSHHAS.

KpuBbie moi3y4yecTd A OJHOrO M TOrO K€ TpyHTa MHpH  OJHOM
TeMImepaTtype, nepecTpoeHubie B koopaunarax In(c) - In(g), He ABAsI0OTCS TPSIMBIMH
JUHUSIMH C MOCTOSHHBIM HAaKJIOHOM, KaK CJIeI0Bai0 Obl 0XHUJAATh B COOTBETCTBUH C
ypaBHeHueM (1). DT KpHUBBIE HMEIOT MNEpeJOMbl W pPa3JUYHBIA HAKJIOH, T.C.
napaMeTpsl M, o U & U3MEHSIOTCS C TEYCHHEM BpPEMEHH W TMPH yBEJIUYCHHH
nedhopmanuu. Hanpumep, s Mep3JIOTO 3aCOJEHHOTO MOPCKOTO CYTJIMHKA MpPHU
Dsai=0.5%, W=0.35; t=4°C 3uauenus m uzmensiorcs oT 0.15 go 0.45. Beauuunsl U
U a, ONpeJesicHHbIe Ha Pa3JUYHBIX y4aCTKaX KPHBBIX, 3HAYHUTEIbHO OTIAMYAIOTCS

OpYT OT Apyra, a Tak)Xe OT UX cpeaHero 3HadyeHus (tabiu. 19).

Tabnuya 19. [Hegopmayuonunvie ceolicmea 3aCONEHHbLIX Mep3AblX NOPoO Npu

O00HOOCHOM CoHCAMUU

I'pyHT Mecto T, °C 3acone | BmaxHocTb £, m o
oTbopa H- [lnoTHOCTD, | Kr*uac
HOCTbD, r/em®
Dsol, %
[Tecok | p.Ce-Axa -2 0.2 0.26 32 0.8 0.3
1.87




0.5 0.30 9 0.8 0.3
1.71
0.50 4.6 0.8 0.4
1.49
0.70 12 0.8 0.4
1.39
ITecox | p.Epkyra- -2 0.03 0.26 95 0.5 0.3
Sxa 1.85
Cymnecs | p.Epkyra- -2 0.2 0.36 7 0.4 0.1
Axa 1.79
0.5 0.36 5.8 0.6 0.3
1.79
Cyrmuu- -1 0.2 0.46 36 0.6 0.3
HOK Mexny- 1.65
peube -2 0.2 0.46 12 0.3 0.1
p.Ce-Sxa 1.65
u p.Mopnabi- -3 0.2 0.46 16 0.3 0.08
Sxa 1.65
(canexa- 0.5 0.46 8 0.3 0.08
packue 1.65
OTJIOXKCHUS ) 1.5 0.46 10 0.3 0.16
1.67
0.70 8.5 0.4 0.14
1.51
-6 0.5 0.46 24 0.3 0.07
1.62
1.5 0.54 31 0.5 0.2
1.68

Koaxppunuent ynpounenuss m usmensiercs ot 0.22 nmo 0.71 nnsa mep3nbix
3acOJIeHHBIX neckoB u cyneced u ot 0.19 no 1.4 ans cyrnuakoB. Yucno neperu6os
KPHUBBIX MOXET JOCTUTATh TpeX U Oojee. DTo ABAgeTCA NPU3HAKOM CTPYKTYPHOU
HECTaOMIBbHOCTH MEP3JbIX 3aCOJEHHBIX T'PYHTOB M H3MEHEHHUS HAa MHUKpPOYpPOBHE
XapakTepa MeXaHMYEeCKUX MpPOLEcCOB MO Mepe AehopMUPOBAHUS.

AnnpokcuMmanus KPHUBBIX TMOJ3yYECTH 3aCOJEHHBIX MEpP3JIbIX TPYHTOB
BeIpakeHueM (1) B HEKOTOpPBIX ciyuyasx HE BIIOJHE YyJIOBJIETBOPUTENIbHA.
N3meHeHuss mapaMeTpoB a, U U M He HOCSAT OTYETJIMBO 3aKOHOMEPHOTO Xapakrtepa,

HalpuMep, NP U3MEHEHUU T'PaHyIOMETPUUECKOTO COCTaBa I'PYHTOB.



B 3acoseHHBIX MEp3JBIX MOpPOJAaX M3-3a MX BBICOKOH BIIAXHOCTH M ciaboi
YOJIOTHEHHOCTH  MOJIEKYJSIpHBIE  B3aUMOJAEHCTBUA  MEXJAY  MHHEpPaJbHBIMU
qacTULlAMU OcCJIa0JIeHbl pa3BUTHEM BOJHBIX IJIEHOK, a CTPYKTYpHBIE CBS3H,
OYEBUJHO, pa3feisloTCd Ha JBa TJIABHBIX THUOA: JbJOLEMEHTAlMOHHBIC,
00yCIOBICHHBIEC MPUCYTCTBUEM JEASHBIX BKIIOUYCHUIN U CBI3AMH "JeI-MHUHEpaTbHasA
yacTuua", U BOJHO-KOAryJIsAlMOHHBIE, OOYCIOBIECHHBIE TUAPATHBIMH O0O0JIOYKAMH
BOKpyr uwactun (tabm. 20). IlepBrie OTAMYAIOTCSA 3HAYUTENbHO OoJbIIeH
NPOYHOCTHIO, BO3MOXHO, HEKOTOpPOH  yHmpyrocteio, OJHAKO HeoOpaTHMO
pa3pymialoTcs BO BpEMEHH Yyxke mnpu HeOoabmux pgedhopmanusax u Ooyblie
XapakTepHBbl JJs NEeCKOB. BTopbele, HAIPOTHUB, JETKO HapyUIalOTCSI, HO CIIOCOOHBI K
BOCCTAHOBJICHUIO, 3JIACTHYHBI U Npeo0iajaloT B TIMHUCTBHIX TPYHTAX; CBA3AHHBIC C
HumMu  aedpopmanuum  H.S. JleHucoB  mpemioXuia  Ha3bIBaTh  CTPYKTYPHO-

aJCOpOIUOHHBIMU.

Tabruya 20. OcnoeHble CMPYKMYpPHbIE CEA3U 8 3ACOJEHHbIX MEP3NbLX NOPOOaxX

CBolicTBa JIpnonmeMeHTaMOHHEIC BonHo-koaryasiiiuoHHbIE
[IpouHocTh Ho 2-3 MlIla Ho 0.01 MIIa
O6paTuMOCTh [IpakTH4YeCcKH OTCYTCTBYET Bricokas
I'pyHTBHI, 119 KOTOPBIX Ilecuansie I'nunucrteie

OHH XapaKTCPHBI

3aBUCUMOCTH OT CunrHag Cna0Oas

TeMIepaTyphl

BeposaTHO, mO3TOMY [ 3aCOJIEHHBIX TJIMHHUCTBIX MEP3JIBIX MOPOJA HE
HACTyMaeT TeYEeHMs JlaXke C MOCTOSHHON CKOPOCThIO: NMpHU JePOPMHUPOBAHUU TPYHT
YIUIOTHAETCS B OCHOBHOM 3a CUET HEMEpP3JbIX MPOCI0EB, YACTHLBI COIMKAKOTCH,
COXpaHAs HEPa3pyLWIEHHBIMHU JIEASHbIE BKJIKYEHHUSA, U B LEJIOM INPOUCXOAUT €ro
ynpouyHeHue. Takue siBieHHs HaOiogarTcs U B HeMmep3ublx rpyHtax (Jlomranse,
1984 u pgpyrue), oAHAKO B HHUX caMu Jaedopmanuu 3aTyxawmueil Mnoia3ydecTu
00BIUHO HE€ CTOJIb BeIMKH. B memom xapaktep nedpopmauuil 6ynetr ompenenasTbes,
0 BUIAMMOCTH, COOTHOIIEHHUEM JIbJOLEMEHTALMOHHBIX U BOJHO-KOAryJSIIMOHHBIX
CBsA3€EW B OpoJe.

N3 »>KcmepuMEeHTOB BBITEKAE€T Ba)XXHOE MeToauuYeckoe TpeboBaHUE K
UCOBITAaHUSAM  JUIS  ONpeAeNieHUus dOTUX  Je(pOpMalMOHHBIX  XapaKTEPUCTHK,
Kacawuieecss JIUTEIbHOCTH 3THUX HCHBITaHUNH. ONBITH JOJKHBI MPOAOJKATHCS HE
MeHee 2-3 CYTOK, MIPU MEHbIIeH MNPOJOJKUTEIBHOCTH PE3ydbTaThl OKa3bIBAIOTCS

HENPUTOJAHBIMU JUJISI NPOTHO3a AepopManuil OCHOBAHUHN 3JJaHUN U COOPYKEHUH.




B nutepaType mMeeTcs yka3aHHe Ha TO, UYTO JUJIS CHJIBHOJBIMCTBIX TPYHTOB
touku neperunda kpuBbix IN(o) - IN(g) cBs3aHbl ¢ Tak Ha3bIBAEMBIMH IpeeiaMu
noJyizydecTtu. [Ipu 3TOM BBIACHSIOTCS JBE XapaKTepHbIC TOYKMU meperuda - meppas
OTBE€YaeT MpeaeNly 3aTyXawlled MOJN3y4YecTH, a BTopas - Mpeaelny JUHEHHOH
noyizydyectu. Takum  oOpa3oM, U3MEHEHHE XapakTepa jaepopMHUPOBaAHUS,
3aMKCUPOBAHHOEC B HM3MCEHCHHUSX BeaW4yuH &, M U O, BBIPaXEHO U Ha
coOCTBEHHO KpUBBIX mos3yuecTu €(t), meperuObl Ha KOTOPBIX M SIBISIOTCS TUMHU
npeneiaamMu. B 3acolieHHBIX MEP3JBIX TPYHTAX 3TOr0 He HabmogaeTcs.

Ha mnpouecc nedopmupoBaHUS OKa3bIBAKOT BIHUSHHE Takue (aKTOPbI, Kak
JokKajdbHbie (a30BbIC IMMEPEXOJbl, MHUTpAIUS BJAaru, HU3MCHCHHE TOJOXKCHUS
FPYHTOBBIX YACTHI[ U APYTHE MPOIECCHI, POJIb KOTOPBIX €Ile MPEACTOUT BBISICHHUTH
KOJNWYeCTBEHHO. HecMoTps Ha TO, dYTO D3TOT BoOmpoc sABIAsgeTcs cuabo
pa3paboTaHHBIM Ha ypOBHE MOJENH, B MocieaHee BpeMs yxaainoch (bpymkos,
Bnacos, Mep3askoB u Tanono, 1996), B yacTHOCTH, MOJYYHUTh pEUICHHUE [JIA
KOJMYECTBCHHOTO ONHMCAHHUS BIUSHHUS JOKaJAbHBIX (a30BbIX MMEPEXOJOB Ha
nehOpMUPYEMOCTh MIACTHYHO-MEP3JBIX TPYHTOB.

B kauecTBe MojaenM TpyHTa paccMOTpuUM Oe3rpaHHMYHOE  yHpyroe
npocTpaHcTBo ¢ kodhpdunuentamu Jlame A, @ U 0O0OBEMHBIM KOIPPHUIUCHTOM
TEMIEPaTypHOTO pAaCHIMPEHUS O, COoAepkamee chepruueckoe BKIIOUYECHUE PATAYCOM
R w3 uM30TpomHOro marepuaina, XapaKTepU3yeMOTO YHPYTHMH MOAYIAMHU A1, Ui U
00BEMHBIM KO3(p(PUIUEHTOM TeMIepaTypHoro pacmwupenus oi. [lox geiicTBuem
BHENIHETO IIOJs HANpSKEHWI, xapaktepuzyemoro tenzopom olij (i, j=1,2,3), B
OKPECTHOCTH BKJIIOYCHHH BO3HUKACT HEOJHOPOJHOE IMOJe HaNpsKEHUU, KOTOpOoe
ompenensieTcss CIENyIMUM BbIpaxxeHueMm (0e3 ydeTa MpOCKaJIb3bIBAHUS IO
KOHTAaKTYy):

cij=clij+Fij T+Wij,

raie KOMIoOHEHTH TeH3opoB Fij mw Wij omnpenensioTcs BBIpaXEHHUSIMHU,
KOTOpPBhIE MOJYyYalOTCS W3 H3BECTHBIX B MEXAHUKE CIUIONIHON Cpeabl C Yy4eTOM
OPUHATBIX  JonymieHuid. HeoaHOPOAHOCTH  HAMpPSKEHHOTO  COCTOSHHSA B
OKPECTHOCTH YaCTHI[Bl IPHUBOIUT K U3MEHEHHIO TeMIepaTypsl (a3oBOTO Mmepexoaa,
BCJEJCTBHE YEro Ha MMOBEPXHOCTH KOHTaKTa YaCTHIBI CO JbJOM BO3HHKAIOT
yCIOBHS JJsi TjaBieHus. Pe3ynbTaThl pacdera IJIaBICHHUS JibJla BOKPYT
MHHEPaIbHOW YaCTHIBI PH Pa3JMYHBIX YPOBHSX BHEIIHEH HAarpy3KH MOKa3bIBAIOT,
yTo JaedopMamuM HMEIOT 3aTyXammHuid XapakTep C TEYCHHEM BPEMEHH, UTO
corjacyercs C OJKcrnepuMmMeHToM. Pa3zpaboTka ¢u3MYecCKUX M MaTeMaTHYECKHUX
MOJeNIel, OMUCBHIBAIOMIMX CIIOXHBIE MPOMECCHl B  MEP3JBIX MOpOJaxX IpH

neopmMupoBaHUU, SIBIASETCA aKTyalbHOU Oyayiei 3anauei.



9.2. KOMIIPECCUOHHAS C)KUMAEMOCTb 3ACOJIEHHBIX
MEP3JIbIX TPYHTOB

Kakx mnokazano C.C.BsanoBeim (1953), a 3arem A.I'. bpoackoir (1962),
MEp3Jible MOPOAbl OTJMYAKTCS 3HAUUTENbHON cxxumaemocThio. CyMMapHBIN
KO3Q(PUIUEHT CKUMAEMOCTH MEP3JBIX NOPOJ MOXHO TMPEACTAaBUTh B BHJIE
(2.4.EpmoB u ap., 1987):

Ao =Ay + An + A¢p + Aw

rne Ay, Am, A¢, Aw - dgacTtHble KOIQQUIUEHTHI OTHOCHTEIBHOM
C)KMMAE€MOCTH MEp3JbIX IOPOJA 3a CUET COOTBETCTBEHHO YIPYIroro cxarus,
3aKpBITHS TOp U jAePeKkToB, (a30BOro mepexojaa JbJa B HE3aMEp3My BOLY H
OTTOKA He3aMep3IIed BOABI.

Ha kommnpeccuonnoit kpusoit H.A.LlpiToBuu (1973) mpeanaraer BBIAEHATH
TPU YYacTKa, COOTBETCTBYIOIIUX Pa3JIUYHBIM CTAAUSAM YIPOUHEHUS MEP3JbIX
nopoa: ynpyroro aedpopMupoBaHus (0 CTPYKTYpHOH HPOYHOCTH), CTPYKTYPHO-
HeoOpaTUMBIX JAedopManuil U y4acTOK YHpPOUYHEHHUS. YIHpyroe aepopMHUpOBaHUE
cocraBuger oO0bryHO oT 10 go 30% ot mnmonHoW pgedopmManuu, CTPYKTYpPHO-
HeobOpatumeie nepopmanuu 70-90% (L{piToBHu, 1973).

Benuuuna Ay, BepoaTHO, u3Mmensercsa ot 0.006 nns meckos o 0.015 MIla™?
mis rnuH (EpmwoB u np., 1987), ecau cyauTh mo pes3ysibTaTaM MCHBITAHUM HpU
HU3KHUX TEMIlepaTypax.

Benuuynna Am, rinaBHbBIM 00pa3oM, 3aBUCHUT OT KOJHWYECTBAa CBOOOJHBIX MOP B
MEp3JI0OW TOpOJe U CTAHOBUTCS OCOOEHHO 3aMETHOW NpPHU BJIAXKHOCTH, MEHBIIECH
NOJHOTO BoOJOHachlmeHuss. Ho W mnpu MNOJTHOM BOJOHACHIUIEHUH KOJUUYECTBO
CBOOOJHBIX MOP MOXKET COCTAaBIATh, BEPOSATHO, 10 5% u Oojnee no o0beMy MOPOJIHI.

Benuuuna Ad¢ omnpenensiercs caBurom ¢a3zoBOro paBHOBECHS Ha TPaHUIIE
“men - He3aMep3mias BoAa ¢ MPH YBEJIUUYECHHUM OOIIEro JaBJICHUS B MEP3JIOM MOpOLeE,
a Tak)Xe MOCTENEeHHBIM MEePexXoJ0M JibJla B He3aMep3lIyl0 BOAY IO MEpe €€ OTTOKa
U3 paccmatpuBaeMoro o6sema. B coorBercTBUM ¢ ypaBHeHuem KiameipoHa -
Knay3suyca temmeparypa 3amMep3aHHs YUCTOM CBOOOJHOW BOJBI MOHUXKAETCS TPHU

2 cmocobHa

noBelmenun nasiaenus Ha 0.007 rpax/atm, T.e. Harpy3ka B 10 kr/cm
NOHU3UTH Temmnepatypy 3amep3anus Ha 0.07°C. Ilpu yciaoBuu cBOOOIHOTO CTOKa
BOJBl TEPMOJNHAMHUYECCKHIN aHAJIU3 IMOKa3bIBaeT, YTO MOHWKEHUE OyaeT moutu B 10
pa3 ©Oonpme, T.e. Ha 0.7°C. Ecium #OpuUHAT, BO BHHUMaHHE BO3MOXHYIO
KOHIICHTPAIMIO HANPS)KEHUH Ha KOHTAKTaX YacTHIl, TOHHKEHHE MOXKET, BEPOSITHO,
ObITh OoJblle Ha MOPAAOK nu Ooinee. OTO COOTBETCTBYET HEKOTOPHIM
ony0iukoBaHHbBIM B Jsutepatype aaHHbiM (H.A.llsiToBuu, 1973 u ap.). Ilo
O.A.KonnakoBoii (1985), usmenenue coaepkaHusi He3aMep3lIel BOABI B MEP3JbIX

nmopoagax mpu HUX HArpyXCHHUHU BO3pacTacT C YBCIHMUCHHUECM JUCHCPCHOCTHU NOPOd U



OT MOHTMOPHWJIJIOHUTOBOW K KAaOJMHUTOBOM riuHe. Tak, npu temneparype -1.5°C u

naienuu 0.3 MIla 3nauenue A¢ a1 KaodTUMHUTOBOU riuHbl coctaBuyio 0.03 MIla
! a nng MouTMOpuAnOHUTOBOH - nump 0.008 MIla™l. [[ns mecuanplx U cymecyaHbIX
TPYHTOB BeJIM4YMHA A} HE3HAUYUTEIbHA.

[To nanubim 3.J.EpmoBa u ap. (1987), ywacTtHas cocraBismpomas AwW Urpaer
OCHOBHYIO pOJb B CXHMMAaeMOCTH BBICOKOTEMIIEPATypPHBIX TOHKOJUCIEPCHBIX
BJIATOHACBHIIEHHBIX MEP3JBIX MNOPOJ U MOITOMY TpedyeT 0co0Oro paccMOTpEHHS.
[Ipn mpeomoneHUU CTPYKTYPHOH NMPOUYHOCTH MEP3JBIX HOPOJ BHEIIHAS Harpyska
nepenaeTcs Ha BOJY, KOTOopas HauWMHaeT (UIBTPOBATHCS HAa CBOOOMHBIX KOHIIAX
oOpasua, a pacmnpejaelieHHe OaBJCHUS B MOPOBOW Biare NPUHUMAET XapaKTEpHBIN
napabonuyeckuii BuJ. OAHAKO €CJIM B TalblX TPyHTax IO MeEpe KOMIIPECCHHU
JlaBJ€HUE HadyMHAaeT BBIPaBHMBAThCA MO BbICOTE o0O0Opa3na, yMeHbLIAeTCid U
npubnuxaeTcs K BEIUYMHE JaBieHUs HaOyXxaHHs, TO B MEpP3JbIX IpyHTax 3TOT
npolecc MPOUCXOJAUT HECKOJIbKO HHAYE.

B Mep3abix rpyHTax nmapabosimueckoe pacnpeesieHue JaBJICHUN U IBUKEHUE
BOJBl NPOJOJKAETCA JOJro. OTOMY CIOCOOCTBYET HAJM4YUe JbJa B MOpPOJIE,
KOTOPBIH, B CHJIIy HEOOXOJAUMOCTH MOJJIEepKaHUI (a30BOT0 paBHOBECHUS MEPEXOIUT
B BOJAY U BOCIHOJHSIET TO €€ KOJHMYECTBO, KOTOpOoe€ (UIBTpyeTcs K TIpaHUIAM
o6pasna (Epmos u np., 1987). [1o cymecTBy, BeaIudnHa AW B 3HAYUTEIBHOU Mepe
JNOJKHAa  ONpeAedsThCid  NPOBOJAMMOCTBIO  HE3aMep3UIUX  IMPOCIOEB  BJIArd.
JIbIOHACHINIEHHOCTh W OCOOEHHO JeJsHble NUIMPBl NPENSTCTBYIOT JABUKEHUIO
Biaru. Tak, MaccuBHasi KpUOTE€HHas TEKCTypa KaoJuHa B skcnepumenHtax O.A.
KonnakoBoit (1984) He Hapylana HENPEPHIBHOCTh B HEM XHUJKOH (a3bl, a MOATOMY
HE NpensaTCTBOBajJa OTTOKY He3aMep3lleld BOJAbI, B pe3yJbTaTe KOTOPOTO I'PYHT MpH
KOMIIPECCUHU TOTEpsa 3HAUUTENIbHOE KoiauyecTBO Biaru (24% oOT HCXOAHOTO
konuuecTBa). Hanporus, suencrass kpuoreHHas TeKcTypa OEHTOHHMTA M30JHpoOBala
OTAEJbHBIE YAacCTU MHUHEPaJIbHOTIO CKeJieTa JIpyr OT JApyra, JIOKaJu30BaB B HHUX
He3aMep3lyl BOJAY, B pe3yidbTaTe INpPH aHAJOTUYHBIX YCIOBHUSIX KOMIIPECCHU
OCHTOHUT NMOTEPsN AU 8% MCXOIHON BIaXHOCTH.

I[To namueiM O.A.Konnakosoir (1984), wMep3nble mnopoAbl PpPa3IMu4YHOIO
MUHepanbHo20 cOCmasa MO CKUMAEMOCTH MOTYT OBbITh Paclo0KeHbl B CIEAYIOMHN
psAJl: MOHTMOPHUJJOHHUTOBAS TJIMHA > MOJUMUHEpaidbHas TJIMHA > KaoOJUH >
cynmech > mecoK. MOHTMOpPHJUIOHUTOBAs TJIMHA MMeeT OOJbUIYIO0 JBIAUCTOCTDH, a
Takxe OoJbIIyI0 CBOOOJHYIO MHOPUCTOCTh M COJAEp)KAaHUE He3aMmep3lieill BOIBI.
[TosToMy 37€Ch B BHICOKOW CTENEHU Pa3BUTHI MPOIECCHl 3aKPHITUS MOP, CMEIIEHUS
MHUHEpaJbHBIX arperaToB M JEASHBIX KPUCTAJJIOB MO XKUJIAKUM IJIEHKAM.

O.A.KonnakoBo#t (1984) OplTO Takke YCTAaHOBJIEHO, YTO 3aCOJIEHHOCTH
MEp3JbIX MOpPOJ yBEIMYHUBAET MX CHKHUMAEMOCTbh BCIEACTBUE BO3pacTaHUs

q)HHI)TpaIII/IOHHO-MI/IFpaHI/IOHHI)IX mpouccCCoOB 3a CUYCT YBCIUYCHHA TOJIIHWUHBI BOJHBIX



niueHok. [Ipu aTom mepuoa GUABTPALMOHHON CTaAWHM KOHCOJHIAIMU 3HAYUTEIBHO
YMEHBIIAETCS, HAIPUMEP, C YBEIMYECHHUEM 3aCOJICHHOCTH MOJUMHUHEPAIbHON TIUHBI
ot 0.7 no 1.7%. CunbHee 3aCOJEHHOCTb BJMsAJAa Ha TJIIMHUCTBIE NOPOJBI, YEM Ha
necuyansie. KpoMe TOro, OblJIO YCTAaHOBJIEHO, YTO CXKXHMaeMOCTb MEpP3JBIX MOPO/I,
3aCOJICHHBIX XJOPHIOM HATpus OojplIe, 4yeM 3aCOJEeHHBIX KapOoHaToMm Hatpus. [lo
pesyiabTtatam d3KcnepuMeHToB A.l'.Bpoackoil, ¢ yBeIMYE€HHEM JIbJAUCTOCTHU
C)KMMAeMOCTh MEp3JIBIX NOpOJ MOBBIIAETCsA, T.K. YBEIHUYEHHE JIbJIHUCTOCTH
COTMPOBOXAACTCA YBEIMYECHHEM COJEpKAHUS NYCTBHIX IMOpP, BO3AyXa U Je(PEKTOB.
UccnenoBanusamu H.A.llpiToBuua (1973) u npyrux ycTaHOBJIEHO, YTO BEJMUYHMHA
ABAUCTOCTH HEOJHO3HAYHO BIHUAET Ha JAePOPMHUPYEMOCTh NPH KOMIIPECCHH,
NpUBOJAS CHadajla K YyMeHblIeHUI0o (mpu uapauctroctu MeHee 0.15), a 3artem
NOBBIIIEHUIO C)KHMAEMOCTH.

[IpoBeneHHbIE HAMH WCCIEIOBAHUS MO3BOJIUIN YCTAHOBUTH, YTO 3aCOJCHHBIE
Mep3Jble MOpOoaBl 00JlafaloT 3HAYUTENBHOW cxxkumaemocTbio. Koadounmenr
C)KMMaeMOCTH BO BceM auamna3oHe 3acoseHHocTed (ot 0.05 go 1.5%) u temneparyp
(-2 + -4°C) sBwme s3madenus 0.001 cm?/kr, KoTOpoe SABIAETCA KpHUTEpPHEM
miacTuuHoMepsnoro coctosHus mnopon (CHull 2.02.04-88). B cBoe Bpems
10.5.Bennu (1973) OblIO YyCTAaHOBJEHO, YTO CXKXHMAaE€MOCTh 3aCOJICHHBIX IMOPOJ
CUJIBHO 3aBUCUT om memnepamypsl. Hanpumep, Mep3abldi MOPCKOW 3aCOJEHHBIN
CYTJIMHOK W3 pakioHa moc. Amuaepma npu 3acosnenHoctu 0.45% npu marpyske |1
kr/cm? u Temmepatype -1°C cxumaercsa Ha 0.146 oT Tonmumubl, a npu 3°C - Ha
0.039. DT0 Takue ocaaKu, C KOTOpPBIMH HEJb3sl HE CUUTAThCA B HHXKEHEPHOU
npaktuke. Jnsa cpaBuenus, no ganueiM C.C.Bsanosa (1973), ocanka He3aCOJIEHHOTO
CyravHKa npu Toil xe Harpys3ke um temneparype 1°C cocraBiaser Bcero 0.01, T.e.
MOYTH HA MOPSATOK MEHBIIE.

HeoOxonumMo OTMETHTHh 3/€Ch HEKOTOpPbIe METOJWYECKHE OCOOEHHOCTH
IKCIEPUMEHTOB, OOYyCIIOBJIEHHBIE OCOOBIMH CBOWCTBAMHU MEP3JBIX 3aCOJEHHBIX
rpyHTOB. MBI HCIOJNB30BalW CTaHAApTHBIE JAbIpuaThie MmTamnsl. BeposTHO, B
OyIymuX ONBITAX HMX CJIENyeT 3aMEHHUTh CIIOMHBIMH. Bce 3a30psl B ogoMeTpax
JNOJKHBl OBITh MHHHMAJBbHBI. JTO BBITEKAET W3 YCTAaHOBJIEHHOTO (haKTa CHIBHOTO
BBIHOCA COJIEH MO BOJHBIM IUJIEHKaM, OCTaBISIOMIETO O€Nblii CONEeBOW HalleT Ha
MOBEPXHOCTH METAJJIUYECKUX dYacTed ojgomMeTpa mociae omnbsita. Heobxommumo
YUYHUTHIBATh HCKIKUYHTEIbHYIO MPOJOKUTEIBHOCTh OJKCIHEPUMEHTOB - J0 4-X
MecsneB U Oosee BBHAY ciaboro 3aTyxaHus jgedopmanuid U BBICOKOU
MJIACTUYHOCTH mmopona. Ha OonpmHUHCTBE KPUBBIX 3aBUCHUMOCTH OTHOCHUTEIBHOU
CcTabUIU3UPOBAHHOM negopmManuu  MEp3JbIX  3aCOJEHHBIX TPYHTOB  OT
YILIOTHAIOMIEH HArpy3ku HE BBIJICNISETCS HaYaJIbHBIH y4acTOK - TaK Ha3bIBaeMoe
s3ppexkTuBHOE naBiaeHHE - (KaK y JIPYTHUX MEpP3JIbIX MOpPOJ), XapaKTepU3yHIHH

VIOPYTYI0 U CTPYKTypHO-oOpaTtumyro nedopmanuto (puc. 56). Takum oOpaszowm,



CTpyKTypHass npouHocTh (LlpiToBuu, 1973) y Mep3abIX 3aCOJ€HHBIX NOpPOJX, MO-
BUJAUMOMY, OUEHb Majia. ¥ CYIJIIMHKOB M YaCTUYHO Yy CyIecel BBIJEISIETCA y4yacTOK
UHTCEHCUBHOTO Je(GOpMUpPOBAHUS - YIUIOTHEHHS H CTPYKTYPHO-HEOOPaTHUMBIX
nedopManuii, a TakKe y4acTOK 3aTyXaHus AedopMaiuu, YIpOUHEHUS TPYHTA.

Puc. 56. 3aseucumocms cma-

OUnU3UPOBAHHBIX dedopmayuili om

Hazpy3Ku npu KOMnpeCCUOHHbLIX

21461 ucnvoimanusax. 1 - cyeaunok (03.Tu-
¢ 0.12 oeii-To) npu 6= -2°C; Dsa =
;E; 0.1 1.0%; W=46%, oonocmoponnee
% zzz npomo-paxcugearnue obpaszyos, 2 -
3‘ 0. 04 cynecv (n.boeanenkoso) npu 6= -

0.02 3°C; Dsai=0.5%; W=35%; 3 -

necok (p.Epxyma-fxa) npu 6= -
3°C; Dsa1=0.5%; W=24%.

Harpyska, kr/kB.cm

Kak u3BecTHO, 3¢ PEeKTHBHOE NaBJIECHUE YBEIUUYHBAECTCSA C BO3PACTOM HOPOIBI
(Jlomranze, 1984) B pesynbrare ee nuarene3a. OtcyrcrBue 3PPEeKTHBHOTO
JaBJIE€HUsS YKa3blBa€T Ha HEJOYIJIOTHEHHOE COCTOSHHE MOPOJAbl, HEJIOCTUTHYTOE
COCTOSIHUE  paBHOBECHUS. B cllydyae  3acCOJIEHHBIX  MEp3JIbIX  TIpPYHTOB
HEJIOYMJIOTHEHHOE COCTOSSHME OOyCJIOBJIEHO, BEPOSITHO, B NEPBYIO OYepeab
BO3HUKHOBEHHEM JIbJIOLEMEHTAIMOHHBIX CBS3€H, MPENATCTBYIOIINX KOHCOJUAAHUU
MOPO/IBI.

Ha nexotoprix kpuBblX (puc. 56, kpuBas 1) BeigeasieTcs €lie OJUH - TPETUH
(mo H.A.IlpiToBuuy, 1973 - yeTBepThIil) y4acTOK HapacTawomux AedhopmManuid npu
Gonmpmux Harpyskax - 10-12 xr/cm?. Ilpupoxga »tux pgedopmamnuii cBsA3aHa,
BEpPOSATHO, C BbIAaBJIMBAHUEM TpPYHTa M JbJa Yyepe3 AbIpUaThlil mTamn ogomerpa. B
NpakTUKe TaKue Harpy3ku, IpaBja, BCTpedaroTcs peaKo. Iy 3acoleHHbIX TECKOB U
HEKOTOPOW 4YacTH cylecell HM y4yacTOK CTPYKTypHO-HeoOpaTuMbiX Aedopmaiui,
HU Yy4YacTOK YIJIOTHEHHUS HAa KOMIPECCHOHHBIX KPUBBIX HE BBIACISAIOTCSA - KPUBBIE
ONMM3KH K NPSAMOM, YTO CBA3aHO, MO-BUAMMOMY, C pPaBHOMEPHBIM BO BPEMEHU U B
3aBUCHMOCTH OT Harpy3ok gedpopmMupoBaHUEM, 00YCIOBIECHHBIM YCTaHOBUBIIUMCS
TEUYEHUEM >KHUJKHUX MJIECHOK M CIABUTOB YAaCTHUIl U KPUCTAJIJIOB MO HUM.

OO6pamaer Ha cebs BHUMaHUe (QakKT 3HAYUTEIBHOTO  HM3MEHEHUS
3aCOJIEHHOCTH 00pa3ioB B mpolecce onbiTa. Hampumep, B oOpa3max Mep3soro
3aCOJIEHHOTO CYTJMHKA BJIAXXHOCTbh 32 BpeMs KOMIIPECCHUOHHOTO ONbITa U3MEHUJIACh
npu -2°C ot 0.48 1o 0.37-0.31, a 3aconennocts - ot 1.0 10 0.31-0.28%, T.e. Gonee,

yeM B Tpu pasa (tabn. 21). Conu cogepxkarcss B 3aCOJEHHOM MEpP3JOM TpYyHTE



rIaBHBIM 00pa3oM B He3aMep3MUX JKHUIKMX BOJHBIX IJIEHKaX, MO3TOMY B
pe3yJsibTaTe TE€UYEHHUS KUJAKUX IJIEHOK B IPOLECCE KOMIPECCUOHHOTO BO3JIEHCTBUSA
BMECTE C MOPOBBIM PACTBOPOM M3 00pa3OB BRIHOCATCA MpaKTU4YECKU Bce conu. [1o-
BUJIMMOMY, O3TO BechbMa JS(GPEeKTUBHBIA MEXaHU3M ONPECHEHUS 3aCOJECHHBIX
MEP3JIbIX MOPON.

HAns  omeHku  AedpOpMANMOHHOTO  MOBEACHHS  PAa3JIUYHBIX  MEP3JbIX
3aCOJICHHBIX IOPOJ HAMHU MCIOJIB30BAINCh KOMIPECCUOHHBIE MOAYJIHU JNedopManuu
OpH pPa3IMYHBIX HAarpy3kKaxX yIJIOTHEHHUS, a TaKXe OTHOCHUTEIbHBIE KO3(DPUIHEHTHI
ycToiiunBoCcTH mpu Kommnpeccuu. Kospdunuentsl ycroiiunBoctu K ompenensnuceg
HaMi B JaHHOM ciaydae oTHomeHueMmM (Ko) kKoMmpeccCHOHHOro MOAyJs YxkKe
ynnoTHeHHoro rpyHTa npu G = 1.0 MIla k HauanpHOMy Moaynto npu G = 0.2 MIla,
a nainepime nepecuutbiBaiuch no ¢opmyine K= 1 - 1/Ko. O oTpaxaer cTeneHb
YIOJIOTHEHUS, YHPOYHEHUS NOPOJbl, MOBBIIIEHUS €€ Hecyled CcnocoOHOCTU B
npoiecce KOMIPECCHOHHOTO cxaTtuia. HaobopoT, yMeHbmeHHe KodpuIueHTa
YCTOMYUBOCTU CBHUJETEIBCTBYET O Pa3yNpOUYHEHUM, Pa3pyLIEHUU CTPYKTYphl
HOPOJbl NPU KOMIPECCHUH.

3aKOHOMEPHOCTh U3MEHEHUS C)KUMAEMOCTU MEP3JIbIX 3aCOJEHHBIX TPYHTOB B
3aBUCUMOCTHU OT UX OucnepcHocmu (puc. 57) B 11eJIOM COOTBETCTBYET aHaJIOTMUYHOU
3aBUCUMOCTH JAJsI HE3aCOJEHHBIX T'PYHTOB, T.€. MAaKCHUMaJlbHON CXHUMaeMOCTbIO
007aal0T TIMHUCTHIE TPYHTHI, @ MUHUMAJIbHOW - ECUYAHBIE.

OTnuune 3aKiO4YaeTcs B pa3jiMuHOM BJIHMSHUM 3aCOJEHHOCTH Ha pa3IMYHBbIE
TUIBl MEP3JIBIX MOPOJ, MO3TOMY HMX TPYJAHO CpaBHUBATh MpPU €JUHOM 3HA4YE€HHUU
3acoineHHocTtu. Hampumep, B mnecke mnpu 3acoineHun ot 0.03 no 0.5%
KoMIpecCuoHHBIH Moaynp npu G=0.2 MIlla cHHM)XaeTCs MOYTH Ha MOPAJOK, a B
CYrJIMHKE Takoe CHHUJ)XE€HHME NpH u3MeHeHuu 3acoieHus ot 0.5 mo 1.5% enma
3aMeTHO. [loaTOMy cpaBHEHHE TPYHTOB Pa3JIU4YHONW JUCIEPCHOCTH - MECKa, CymecHu
U CYrJIWHKa NpH OAHOM 3HaueHUH 3acoieHus - 0.5% - mpuBoauT K pe3ynbrary,
KOrjla C)KMMaeMOCTh CYIIeCH M CyrJMHKa Onu3ka, a mecka - 3aMeTHO MeHblue. [Ipu
MEHBIIEN  3aCOJEHHOCTH  CYTJIMHOK, BEpoOsITHO, oOmaganm Obl  OoJblIeH
C)KMMaeMOCTbhIO, YEM CYIIECh.

HedbopmupyemMocTh NpU KOMIPECCHOHHOM CXATHU NOCTENEHHO, MO Mepe
YBEJIUYEHUS NIOMHOCMU U YMEHBIIEHUS nopucmocmu, €CTECTBEHHO, YMEHbIIAaeTCs
C POCTOM Harpy3ok, 3a UCKJIOYeHUueM oueHb Oonpmux (1.2 MIla), korna BeposTHO

BBIJIaBJIMBaHME TPYHTA 4epe3 AbIpUaThliil mramn (puc. 56 u apyrue).

Tabauya 21. Usmenenue xapakmepucmux oopaszyos mepinoeo cyeiunka (03.Tubeii-
To) c¢ ooOnocmopouHum npomopadxcusanuem npu 3acorenHocmu Dsa=1% u

memnepamype 0=-2°C 6 npoyecce KOMIPeCCUOHHBIX UCNLIMAHUIU.



N Bpems Bnax- | Ilmotr- | 3aconen- | Ilopuctocts | CreneHs
oOpa3ma | ompenelieHUuss | HOCTh | HOCTH HOCTh n, BJIa)XXHOCTH
W, P, Dsal, G,
I.e. r/cm® % n.e. n.e.
1 Mo ombiTa 0.48 1.43 1.0 0.64 0.74
ITocne ompita | 0.31 1.90 0.28 0.46 0.97
2 Jlo ombITa 0.48 1.43 1.0 0.64 0.74
ITocne ombita | 0.36 1.74 0.35 0.53 0.88
3 Jlo onbITa 0.48 1.50 1.0 0.62 0.77
ITocne omwita | 0.37 1.80 0.31 0.51 0.95
g 120
?? 00 Puc. 57. KomnpeccuonHnvle mooyau
§ 80 2PYHMO8 PAa3nudyHOU
g E oucnepcHocmu 8 3a8UCUMOCHU Om
o=
§ 40 Hazpy3Ku npu o= -3°C;
qé- 20 Dsai=0.5%: 1 - necok, 2 - cynecw;
2 0 3 - cyenunox
0.2 0.4 0.6 0.8 1 1.2
Harpyska, kr/kB.cm

CpaBHeHue KO3(QPUIMEHTOB YCTOMYMBOCTH B OJTUX YCJIOBUAX Ooiee
uHtepecHo. KorpduuueHTs yCTOHUYUBOCTH YBEIMUYMBAIOTCS B PAAY: CYIJIIHHOK -
Cymnech - MECOK, YTO CBHUJETEIbCTBYET O OOJbIIEM YNPOUYHEHHUU MECUYAHBIX MOPOJ]
IpH KOMIIPECCUM, MEHbIIEH MIACTUYHOCTH U TEKY4eCTH MO Harpy3Kou.

VYBelauueHUue 3acoleHHocmu MEP3JbIX MOpOJ MNPUBOAUT K YBEIUUYECHUIO
cxkumaeMocTu (puc. 58), ocobeHHo B ob6sacTH OONBIIUX HArpy30K, KOTJa YAaCTHUIIBI
HOpOJbl CHJbHEE MPHUXATHl JIPYr K JpPYyry M OCOOEHHO BeJIMKa pPOJb TOJCTHIX
KHUIKAX BOJHBIX TIJIEHOK. YBeludeHue Kod3(p(pUUMeHTa YCTOWUYUBOCTH npu
3aCOJIEHUH, BO3MOXHO, CBS3aHO C OOJBIIMMHU BO3MOXXHOCTSAMHU YMIJIOTHEHHS, HO

NPpOABIACTCA HC BO BCEX IMMOpOgax.



Puc. 58. Komnpeccuonnuvie
MOOYIU CY2AUHKOB C PA3IUYHOU
3ACONeHHOCMbIO 8 3A8UCUMOCMU
om Haepysku npu 6= -3°C: I -
Dsa|:0.5%; 2 - Dsa|:1.5%

Komnpec cuoHHbIM Mmogynb, MIMa

0.2 0.4 0.6 0.8 1 1.2

Harpy3ska, MINMa

Bnusinue avoucmocmu Ha CKUMaeMOCTb 3aCOJEHHBIX MEpP3JbIX NOpPOA ObLIO
U3Y4YEHO HaMU Ha npuMepe cyriuHka. [lonydeHHBI HaMu pe3yabTaT HE OTIHYAETCS
OT U3BECTHOH /AJI HE3aCOJIEHHBIX MEpP3JbIX MOPOJ 3aKOHOMEPHOCTEH yBEJIMYEHUS
C)KMMAEMOCTH C POCTOM JbAUCTOCTU. B skcmepumenrtax (puc. 59) ¢ CyrIMHKOM coO
3HAYUTEJIbHBIM 3acolieHueM (3acosieHHOCcTh 1.5%) yBeluuyeHue HayalbHOMU
BJIA)KHOCTH NMPUBOAMUIO K 3aMETHOMY CHMXEHUIO Moayieill nepopmanuu, HO TOJIBKO
npu O0OJbUIMX HArpys3kax, KOrJa CKa3blBajJoCh YMJIOTHEHHE MOPOJbl U CIENJIeHHE
yacTHI Mexay co6oii. [Ipu Manelx Harpyskax, 10 8 Kr/cM? BIHMAHHE NbAMCTOCTH HE
0COOEHHO 3aMETHO, BEPOSTHO, H3-3a YyBEJIMYEHHUs IMperpajg B BHUAE JEASTHBIX
BKJIIOUEHUHN U NUIMPOB JJS TEUYEHUS KXKUIKUX MPOCIOEK. YBEIMYEHUE NYCTOTHOCTHU
U J1e(EeKTHOCTU NpPU YBEIUYEHUHU JbJUCTOCTH KOMIEHCUPYETCs, TakKUM o00pa3om,
pPa300LMIEHHOCTHIO XKMAKHUX TMJIEHOK, KOTOPbIe B YCIOBHUSAX OOJBLIIOTO 3aCOJICHUS
UTPAIOT BaXXHEUIIYIO POJb B C)KUMAEMOCTH MEP3JI0i MOPOIHI.

Heo0xoaumMo OTMETHUTHh TakXke CHHUXKEHHE KOd(PPUIMEeHTa YCTOWUYHUBOCTHU C
pOCTOM JBAUCTOCTH, YTO OOBACHSAETCS, BEPOSATHO, MEHBIIMM YIJIOTHEHHUEM B
ABAUCTBIX  MOpPOJAAX  CKejeTa MOpPOJAbl, MHUHEPaJIbHBIX YacTHL, KOTOpHbIE
obecrneuyuBanu Obl BO3pacTaHUE MPOYHOCTH.

NHTepecHble pe3ynbTaThl OBUIM TOJYYEHbl NPHU HCCIEJOBAHUM pexUMa
NpoMOpaXKMBaHU M oOpasyromencs kpuozennot mexcmypsl odpaznoB. Hamu Ob110
NPUTOTOBJIEHO YeThipe cepuu oOpa3unoB cyriauHka (o3. Tiopun-To) - nBe cepuu ¢
3aconeHHoCcThI0 0.5% u 2 cepum - ¢ 3aconeHHocThio 1.0%, mpuyeM oxHa cepus -
IIpU BCECTOPOHHEM MNpomopaxuBaHuu npu -4°C, apyras - nNpu OJHOCTOPOHHEM
NpoOMOpaXMBaHUM TMpHU ToH xe Temmepatype -4°C. OOpa3usl ¢ OJHOCTOPOHHUM
MPOMOpaKMBAHUEM OTIMYANNCH O0Jdbmel mmoTHOCThIO (1.65 r/cM?®), cremensio
BogoHaceimeHuss G (0.88), uemM o06pa3nbl cO BCECTOPOHHUM MPOMOpPaXKUBAHUEM
(P=1.60 r/cm®; G=0.85), a TakKe OpPMEHTMPOBAHHBIMU MapajlelbHO MIOCKOCTH,

HepHeHﬂHKyanHOﬁ yHJ’IOTHﬂIOIJ_ICI\/Il Harpys3ke, MCJIKUMU JICASAHBIMU HIJIUPpAMU.
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g 80 1 Puc. 59. Komnpeccuonnvie mooyiu
S . e0d CY2NIUHKA C PA3IUYHOU BINANCHOCMBIO
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§ s 4l 8 3A6UCUMOCMU OM HA2PY3KU npu 6=
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Harpyska, MMa
E 100
g 80 Puc. 60. Komnpeccuounvie mooyiu
=
s, 60 cynecu ¢ pasiudHubIM XUMUYECKUM
Ic
5= 40 coCcmagom 3aconleHusl 8 3a8UCUMOCMU
s
g 20 om naepysku npu 0 = -3°C u Dsal =
s 0 0.5%: 1 - NaCl; 2 - CaClz; 3 -
2 02 04 06 08 1 1.2

MgClz; 4 - Na2SO4
Harpyska, MMNa

CrnemoBaiio, BEpOSITHO, OXKHUAATh YBEIWYEHUS KOMIPECCHUOHHBIX MOAYyJeil BO
BCEM JHama3oHe Harpy30K y OJHOCTOPOHHE MpPOMEp3aBIIMX 00pa3moB Kak 3a CUET
ux Oojpmiel MIOTHOCTH, CTENEHW BOJOHACHINIEHHWS, TaK © 32 CYET
NpEensiTCTBOBAHUS MOTOKY He3aMep3mIen BOJbI OPUEHTHPOBAHHBIMHU
NEePNEeHAUKYIAPHO €My JeAsHBIMUA mupamMu. OJHAKO 3TO NPOUCXOJHUT TOJIBKO MPHU
Harpyske 0.6, 0.8 u 1.2 MIla npu 3aconennoctu 0.5% u nmpu 0.8 MlIla npu
3aconeHHocTH 1%. Ha HauanpHOM 3Tame gedpopMupoBaHus, CTaAuu GOPMHUPOBAHUS
NOTOKOB BJIaTH M 3aKPBITHS HauboJyiee KPYMHBIX TOp, MONYJIHU neGopMamuu BO BCeX
YeThIpex cepHusix o0pa3loB NpPUMEPHO OJMHAKOBBI, YTO U HaOIOmaeTcs B
PKCIEpPUMEHTaX. 3aTeM TNPOHUCXOJUT YyBEIHMUYECHHE MOIYyJeHl B JIBYX CepHAX
00pa3moB ¢ MeHbIIEeH 3acoeHHOCThIO (0.5%) Mo cpaBHEHUIO C MOIYJISIMH 00pa3IoB
¢ 3acoyieHHOocThI0 1%, HO Monynu 0O6pa3LoOB C OJJHOCTOPOHHHUM MPOMOpPaKUBAHUEM
B HEKOTOPBIX CIIy4dasiX OKa3bIBAIOTCS Jake HEMHOTO HHXE, 4eM y 00pasmoB cO
BCECTOPOHHHUM IpoMopaxuBanueM. [lo-Bugumomy, 3G PeKT BIUSHUSI OPUCSHTUPOBKHU
OIJIAPOB W HEOONBIIMX  HW3MEHEHHH Ha4YyaJlbHOW TIUJIOTHOCTH  BBIPAXKEH
HE3HAYHUTEIbHO.

UccnenoBanuss BIUSHHS cocmaea coJjell TOKa3alu, YTO HaWOOJIbIIEH

CKMMAEMOCTBhIO OTIHYalTCa oOpasusl, Hackimenubie consimu NaCl u CaClz (puc.



60). Kak wm3BectHo, noH Na® (B cpaBHEHHUHM C JPYrHMH HOHAaMH) yBEIUYUBACT
colepKaHue HezaMep3led Boabl B Mep3ibiXx nopoaax (Epmos u ap., 1987). Toit ke
0COOCHHOCTBHIO OTJIMYATCA M XJopuAbl BooOme. CyramHOK NpPH HACHIIEHUH
XJIOPUCTBIM MarHueM MeEHee C)XKuMaeM, O0COOEHHO mpu OONBIMIUX  HArpy3Kax.
PactBOp 3TO#l conm obnagaer, B CpaBHEHUHU C JIPYTUMHU XJIOPHIAMH, 3HAUYUTEIBHO
O6osnpmeit BsaszkocThio (P.Xopn, 1972). CraenoBarenbHo, ¢bunpTpanMoHHas
COCTaBJIAONIAs CKUMAaEMOCTH MOXET YMEHbIIAThCS, yMEHbIIasgs W O0O0mYI0
ckuMmaeMocTs. CyrIMHOK € pacTBOpOoM cyib(aTa HATpUA XapakTepH3yeTcs
HauOONbIMIUMU MOAYIAAMH JedopMamuu, T.K. 3HAUYUTEIbHO MEHbBIIE BIHUSET Ha
cojepkaHue Heszamepsmed Boabl. OpgHako npu Harpyskax 0.6 - 1.0 Mlla
HabmronaeTcss pe3koe CHUXKEHUE Monayis Jnedopmamuu Mep3aoro CYIJIMHKA,
HaChIIEHHOTO Ccylb(paToM HaTpHUs 10 BEJIWYUH, COOTBETCTBYIOUIUX XJOPUIHOMY
3aconeHuto. Ilo-BuauMoMy, mpu 3TOM NPEOJOJEBAETCS CTPYKTYpHass MPOYHOCTH
NOpOJAbl, B I[€JOM HE XapaKTepHas IJs 3aCOJEHHBIX MEpP3JbIX MOPOJ MOPCKOIrO
Tuna. BeposATHO, CTpyKTypHas HNPOYHOCTh HUMEET MECTO IHpu cyiabdaTHOM
3aCOJI€HUU U cOcCTaBiseT BeauduHy okoso 0.4 Mlla, uto B mesnom coriacyercsa ¢
nanaeiMu H.A.llpitoBuua (1973). Ilpu ganpHelmeM Bo3pacTaHuu Harpys3ku go 1.0-
1.2 MIla npoucxoauT YHJIOTHEHHUE U YIPOUYHEHHE TMOPOJBI, MOAYIh AehopManuu
cHoBa yBenuuuBaetrca 10 60 MIla. [lanubsie M.B.1llelikuna cBUAETENBCTBYIOT O TOM,
gyro pactBop CaClz umeer Heckoibko Oojiee HH3KME TeMIEpaTyphl 3aMep3aHus,
yem naxe NaCl. BeposiTHO, m0o3TOMYy KpHuBas 3aBUCHUMOCTH MOIYJ]b aehopManuu -
Harpyska JJisi HachlIIEHHOW PacTBOPOM XJIOPHUCTOTO KajbLUs CyNECH HAXOAUTCS B
OCHOBHOM HHXe cooTBeTcTBYyMIIeid kpuBoit mis NaCl - cymecu.

Kakx wu3BecTHO, HMMEHHO U3 KOMIIPECCHUOHHBIX HCIBITAHUN ONPEAENIAIOT
K03 UIUEHT CKUMAEMOCTH, MO KOTOPOMY NMPOBOAAT pa3JieJIeHuEe MEpP3JIbIX MOPOJ]
Ha TBepao- u munactuudHoMmepisasie (CHwull 2.02.04-88). Dto pasneneHue umeeT
Ba)XHOE€ 3Ha4Y€HUE, T.K. B 3aBUCUMOCTHU OT KaT€rOpUU NOPOJbl JUOO MPOBOIAT, T1UOO
HE MPOBOAAT pacyeThl yCTOMUMBOCTU cOOpykeHuil no nepopmanusm. B.M. Akcenos
HEOJHOKPATHO BBICKA3bIBAJCSI O HEOOXOAMMOCTH pa3JielieHus U 3aCOJEeHHBIX
MEp3JbIX MOPOJ Ha 3TH KaTerOpUM U Ipejajarajl cooTBeTcTBylomue kpurepuu. Ilo
ero NpeJUI0KEHUI0, KPpUTEpUEM IMepexoaa U3 OJHOM KaTeropuu Mep3Jjiod MOpoabl B
IPYTYIO MOXET CIHYXHUTh Tmeperud morapudMuUUYecKOd KpPpUBOU “IPOUYHOCTH-
COJEepKaHUE He3zaMep3lmed BOABI , KOTOPBIA OTYETJIMBO NPOCIEKUBAETCA Ha
OOJPIIMHCTBE TaKMX KPHUBBIX M JEHWCTBUTEIBHO XapaKTepH3yeTCs TaKUMU
YCIOBUSIMHU IO 3aCOJIEHHOCTH M TeMmIlepaType, Korjaa Kod3G(UIUEeHT CKUMaeMOCTHU
uMeet 3Hauenue 0.001 cm?/kr, T.e. moporoBomy 3Hadenuto mo CHull 2.02.04-88.
Cama mo cebe Takas BO3MOXHOCTbh CBHUJIETEIBCTBYET O B3aMMOCBSI3H NPOYHOCTH U
nepopMHUPYEMOCTH 3aCOJIEHHBIX MEp3JbIX NOpoJ, a Takxke O ¢GU3HYECKOU

000CHOBAHHOCTH NPUMCHCHHUA UMCHHO TAKOI'O KPUTCPUA.



9.3. JE®OPMHUPYEMOCTbH TP BAABJIIMBAHNU IHAPUKOBOI'O
HITAMITA

Hacrosmuii mnaparpad BkIodYeH B TriaBy 8§, HECMOTpSs Ha TO, UYTO
onpeaenseMoe IIApUKOBBIM IITAMIOM 3KBHUBAJEHTHOE CLENJIEHUE OTHOCHUTCS K
XapakTepUCTHKAM TPOYHOCTH, a He nedopmupyemoctu. OnHAKO, KaK MOKAa3aHO B
riiaBe 11, coOCTBEHHO  TpPOYHOCTh  SABJISIETCA  JOCTATOYHO  YCJIOBHOM
XapaKTEpUCTUKON A1 3aCOJEHHBIX Mep3iablx mnopon. Kak mnpaBuino, oHH
paspymaloTcss B pe3yibTaTe MJIacCTUYHO-BA3KOTO Te4YyeHHs, O0e3 HapyueHUus
CIJIOMHOCTH MM NPOSBICHUU APYTUX MPU3HAKOB PE3KOTO OciablieHUus MaTepuaa.
[Ipn BpaBiIMBaHUM WITaMOoa B O3TUX MOPOJAaX BO3HUKAIOT MJIACTUYHO-BA3KHUE
nedhopManuu, KOTOpPbIE NMOCTENEHHO W 3HAYUTEIBHO MJOJbIIE, YeM B OOBIYHBIX
MEpP3JIbIX MOpoJax, 3aTyXalOT BO BPEMEHHM - KaK BBMJY yYMEHbUICHHS YyJEJIbHOU
Harpy3KM Ha T'PYHT [0 ME€pE€ MOCTENEHHOro paclIMpEeHUs IJIoUagu oTnedaTKa, Tak
U BBUJY YNJIOTHEHUS U YHPOUYHEHHS Mopoabl nmoj mramnoM. [loaTomy BenumuuHa
OCaJKM LITaMIIa MOJ 33aJaHHOW HArpy3kKoW XapakTEepHU3yeT JBa CBOMCTBA MOPOJABI -
€e HayaJbHYIO KECTKOCTh, IPOYHOCTb, a TaKXe€ CTENeHb YIJIOTHEHUS U
yrnpoyHeHuss mnpu xaepopmupoBanuu. JedopmamuoHHas UIM NPOYHOCTHAA ITa
XapaKTepUCTUKa - pEMUTh TPYAHO, OJHAKO B JIIOOOM ciyyae OHa SBISETCS
XapaKTEpUCTUKON CONPOTHUBISEMOCTH MNOPOJAbl Harpy3kam, €€ YCTOMYHBOCTH.
[Mupokoe wucCnoab30BaHUE OBTON XapaKTEPUCTHUKH OOYCIOBIEHO CpPaBHUTEIbHOU
NpOCTOTON NpuOOPOB U ONpeieIeHU.

B cooTBeTcTBUU CO CTPOTUM peLIEeHUEM TeopHuHU miaacTUYHOCTH (MmnuHckui,
1944) nns ujaeanbHO CBA3aHHBIX HEYNPOUHSIOUMXCSA TEJd OTHOIIEHHE TBEPAOCTH
(mIpoYyHOCTH) K HaNpsSXKEHHUI0O TpH IMpejaesne TEeKydYecTH MOXKHO TMPHUHATH 3a
NOCTOSIHHYIO BEJIIMUYUHY, a CLenjeHue Mep3iablx nopoj CIKB Torjga, Kak MOKa3zaHOo
IT.A.IlpiToBuuem (1954), onpenensieTcst BoIpaXxeHUEM:

Crke=0.18P/n*D*Sy

rae P - marpyska Ha mapukoBbld mrammn; D - auameTp mapuKoBOro mTaMIa;
St - BenmmumHa ocankum mTamma. [lo mHenuto H.A.llpitoBuua (1973), Benuumny
SKBUBAJIEHTHOTO CLEMNJEeHUs, OMNpeAenseMyl0 MIapUuKOBBIM MITAMIOM TaKUM
o0Opa3zoM, cieAyeT CUYMTaThb KOMIIIEKCHOM XapaKTEpUCTUKON CHUJI CBS3HOCTH
MIACTHYHBIX TPYHTOB, mpuueMm, kak mokazano C.C.Bsamoseim (1959), BausHuem
auaMeTpa IHITaMia U BEJIMYMHOW Harpy3KH 4acToO MOJXKHO NpeHeOpedb U CUYHUTaATh
PKBUBAJEHTHOE CIENJEHUE He3aBUCAMUM OT HuX. OmnpenenasitoT MTHOBEHHOE
PKBUBAJIEHTHOE cClenJeHue (Ipu BpeMeHH BraBauBaHus mramna 10-15 cek),
BochMHuuyacoBoe CakB (Haubosiee yacTo omnpegenaseMas XapaKTepUCTHUKA) H

nnutenbHoe CHKB.



OkcnepuMeHTalbHass npakTuka (AxkceHoB, bpymkos, 1993) mno3Boauna
BBISIBUTh ONTHUMAJIbHBIE pa3Mepbl MIAPUKOBOTO MmTammna, paBHble 2.3 cMm. bbinu
YCTAHOBJIEHBl W BEIMYUHBI MOCTOSHHOM HArpy3Kd IJsi TIMHUCTBIX M THECYAHBIX
3aCOJIEHHBIX MEP3JbIX MOPOJ B 3aBHUCHMOCTH OT OTPUIATEIbHOH TeMIepaTyphl.
BaxxuplM sBAsieTCS HEOONYyLIEHHE BBIIIOpPAa, YTO OTPAHUYMBAECTCA KOHEUHOMU
ocaJakoi, KoTtopas He JoJkHa npesbimars 0.1 nmamerpa mrammna. 3a KpUTepuUH
cTrabunu3amuu NMpU ONpeNeeHUU AJIUTEIbHOTO 3KBHUBaJeHTHOTO cuemineHus CIkB
7S OOBIYHBIX MEpP3JBIX MOPOJA MPUHHUMAETCS MpUpalleHue aedopmanuu, HeE
npesbimatoniee 0.01 mMm 3a 12 yacoB. JIUTENbHOCTh TaKHUX ONBITOB COCTaBISET
o6bpiuHo 1-2 Hemenu. B kadecTBe mokazarens WHTCHCUBHOCTH CHHXCHHS
OPOYHOCTH TPYHTOB TMPUHATO COOTHOIIEHWE BOCHMHUYACOBOTO CIHEMJICHUSA K
JUIUTEIbHOMY, UMEIoUIee NPUOIU3UTEIbHO MOCTOSHHYIO BeIUUuHy okoso 0.75 nus
HE3aCOJICHHBIX MEP3JIBIX TPYHTOB.

Jlnst 3aCONEHHBIX MEP3JIBIX TPYHTOB, MO JAHHBIM HEKOTOPBIX HCCIIeOBaTeNeH
(AxceHnoB, 1977), BeJluunHa 3KBUBAJEHTHOIO CLEIJIEHUS JOJKHA ONPEAECNIATHCS C
Yy4ETOM KOPPEKTUPOBKH MEPEUYHUCICHHBIX KpUTEpHEB. B yacTHOCTH, peKOMEHAyeTCs
NpUMEHATh Jpyroil kputepuit crtabunuzanuu: 0.005m 3a 24 yaca. Ilpu sToM
JUIMTEIBbHOCTh OINBITOB BO3pacTaeTr 0 Heckoabkux (4 - 5 u Oojnee) HeAenb.
Kospdunuent mepexoma OoT BOCBMHYACOBOTO K JUIMTEIBHOMY OSKBHBAJICHTHOMY
CIICTJICHUIO TaKXKEe PEKOMEHIYETCS MHBIM M cocTaBiseT: ais neckoB - 0.34 - 0.60 u
s rIuHUCTBIX mopoa 0.55 - 0.65. PexoMeHAYIOTCS YCJIOBHUSA JJis Ha3zHAUYCHUS
HAarpy30K, UCXOJs M3 KpUTEepHEeB s ocaaku mramna 3a 15 muu: S(15) < (0.005 -
0.02)d, 3a 8 gacos: S(8)< (0.02 - 0.04)d.

HccnenoBaHusi BIABIWBAaHUS MIaAPUKOBOTO INITaMIla MO3BOJHUIH YCTAaHOBUTH
€ro BEJMYMHBI SKBHBAJECHTHOTO CIENMJECHHS B TPYHTaX pa3IUYHOTO CTPOCHHUS, a
0onbpImIOE KOJMYECTBO BBHIMOJHEHHBIX ONpENEeICHUH - OIEHUTh CTATUCTHYECKHUE
BEIMYUHBl HAONI0JaeMOT0 MpPU ONpeAeNeHUusIX (PU3NKO-MEXaHNUYECKHUX CBOUCTB
pa3Opoca MX 3HaA4YeHUU, B TOM YHUCIE JJsI TPYHTOB €CTECTBEHHOIO CJOXEHHS -
MOHOJHUTOB.

HdedbopMupyeMoCTs TpH BIABIWBAHUM HIAPUKOBOTO MITaMIla YBEJIHYHUBACTCS
NpU NMOBBIIIEHUN memnepamypul (Axcenos, 1977; Akcenon, bpymkos, 1993).

Ha npumepe cymecu (p. Ce-fIxa) HamMu OBUIO HU3Yy4YEHO BIHUSHUE
3aconennocmu nupu -3°C. Ilpm yBemumdenuu 3aconeHHoctH oT 0.5 mgo 1% mnpwu
BIaXHOCTH 0.33 BOCBMHMYACOBOE PKBUBAJEHTHOE cleIMJeHnue yMeHbmaercsa ot 0.63
10 0.24, a qnutenasHoe - oT 0.48 1o 0.18 kr/cM?, T.e. Goyiee 4eM B ABa pasa.

[IpoBenenHsbIe uccieaoBaHus TPYHTOB €CTECTBEHHOT O CIIOKEHU S
NpEeUMYyILIeCTBEHHO MOPCKOro reHesuca mnokazanu (puc. 61 - 64), yTo BeauyuHa
SKBUBAJIEHTHOIO CIEIJIEHHWS B 3aBUCHUMOCTH OT 3aCOJIEHHOCTH OCOOEHHO CHJBHO

N3MCHACTCA B IIECKAX U CYNNECAX, U MCHbBIIEC - B CYI'JIMHKAax. Panee sTo YCTAaHOBJICHO



TOJBKO ISl TPYHTOB HapyuieHHoro cioxeHus (Bennu, 1973). Ocagku mrTammna
HECKOJIbKO BbIIIE IPU YMEHBIIEHUU OucnepcHocmu Npu OJUHAKOBON 3aCOJEHHOCTH,
O0JIHAKO ATa 3aBHCUMOCTH BbIpa)keHa HeueTko (puc. 61). Ha puc. 61 Bumen Ttakxke
3HAYUTEJIbHBIM  pa3dpoc  AKCHEPUMEHTAJBHBIX  3HAYEHUH  SKBUBAJICHTHOTO
CIICTJICHUS B pa3NUYHBIX oOpasmax mpu OJM3KUX 3HAYCHHSAX 3aCOJEHHOCTU. DTO
HOATBEPXKIAET TOYKY 3pPEHHS O TOM, YTO HCHOJb30BaHHME EIMHUYHBIX 00pa3LoB
€CTECTBEHHOTO CIIOXKEHHS /I M3YUYCHUS 3aBUCHMOCTHU KaKOro-im0o UX mapamerpa
OT 3aCOJI€HHOCTHU, BJAXHOCTHU U T.J. MOXXET IPUBECTHU K OMIMOOYHBIM pe3yabTaTaM.

Jaxke st UCKYCCTBEHHO NMPHUTOTOBJIEHHBIX 00pa3noB pa3dpoc HEpeaAKO ObLI
CTONb 3HauuTeleH, 4Tto s 10 m Oosee ompeneneHuil moka3aTeilb TOYHOCTH,
HampuMmep, ocraBaiics okosio 0.3 (tabmn. 22), a koddpdunuent Bapumanuu - 0.39.

Bnusiaue xpuocennoco cmpoenus WCCIEAOBAIOCH HA IpHUMepe 00pa3lnoB
cyrnunka (03.Tropun-To) npu Temneparype -3°C. PaznudyHas cerdatass KpUOTreHHA
TeKcTypa o0pa3noB OblIa MOJMy4eHAa METOJOM OJHOCTOPOHHETO TPOMOpPaXKHUBAHUS
IpU pa3IM4YHOM TeMmme oxjaaxjaeHus. CpaBHUBaIUCh 00pa3ubl ¢ TpeMs BHUAAMHU
KPUOTEHHBIX TEKCTYp - MAacCUBHOM, cetuatoil co muupamu 0.1-0.5 MM u ceryartoit
CO MITUPAMH A0 2 MM.

N3yuyeHuto BIUAHHUS KPUOTEHHBIX TEKCTYyp Ha MEXaHHMYECKUE CBOMCTBA
MEp3JBIX TMOpPOJ NOCBSIIEHO CpPaBHUTEIbHO Majo pabor. BmepBeie Ha Takoe
BiIusiHUE Ob10 oOpameno BHuMaHue eme B 30-e roaer M.M. CymMruHsiM u
H.A.IlpiToBuueMm. B 1956 rony H.K.Ilekapckas ucnbiThiBana Ha CABUI U OJHOOCHOE
C)KaTH€ MHOTOJIETHEMEP3Jble CYIJIMHHUCTBIE TPYHTHl Pa3IUYHOU  TEKCTYphl
Urapckoro pailioHa. DKCHEPUMEHTHl NPOBOAMINCH HAa MOHOJHUTAX MAacCCHUBHOU U
CIIOUCTOM TEKCTYpbl, HX JUIUTEIBHOCTh COCTaBJsIA no 2.5-3 wMecsues.
HauGonpuieli npo4YHOCTHIO W HauUMEHbIIEH JedOopMHUPYEMOCTbIO MNpPU OBICTPOM
capure oOmnanan yen, MeHpued (u Oonbmied AepOpMUPYEMOCTHIO) - TIAMHUCTBIN
TPYHT CETYAaTOW TEKCTYyphl M Jajiee - TPYHT CIOUCTOM TEKCTypbl NPH CABUTE IO
KOHTAaKTy I'pyHTa ¢ JeAsSHbIMU npociosiMu. [Ipu aHanu3e NoJydyeHHBIX pe3yJIbTAaTOB
jnTenpHblX dkcnepuMeHToB H.K.Ilexkapckas BbICKa3ajlach B IOJIb3Y BO3MOXHOCTH
nepeceuyeHnss KPHUBBIX JJIUTEIbHOM NPOYHOCTH MEP3JBIX TPYHTOB Pa3IUYHOTO
KPUOTE€HHOTO CTPOEHHUS, NpPUYEM IMOcCje TOYKH IepecedeHHss 3aKOHOMEPHOCTh
U3MEHEHUSI 3aBUCUMOCTH NPOYHOCTH (BO3MOXKHO, JepopMuUpyeMOCTH) OyaeT
o0OpaTHOM.

Tak, ecnu A0 TOYKM NEpeceuyeHUs TPYHT CIOMCTONM KPHUOTEHHOW TEKCTYpPhI
OblJI IpOYHEE, YeM MACCHUBHOM, TO 3a 3TOM TO4YKOil, HaoOOPOT, TPYHT MAaCCHUBHOU

TEKCTYpPbI JOJXKEH OBITh NIPOYHEE, UYEM CIOUCTOH.
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Puc. 61. 3asucumocmsv npounocmu
(R), onpeodenennou no OiumenbHoOMy
IKGUBANEHMHOMY  CYEnieHuro, om
saconennocmu npu 6 = -3°C oas
2PYHMOB PA3IUYHOU OUCHEPCHOCTU!
1 -

neckog;, 2 - cyneceu, 3 -

CY2NUHKOS.

Puc. 62. Pesyrvmamwl  uccie-
008aHUsl  80CbLMUYUACOB020  IKBU-
sarenmnozo  cyenienuss Csrwe 8

neckax ecmecmeeHH020 CJILOJNCEHUS
n-oea Aman npu 0 = -3°C (kaosxcoasn
moukxa - 3-x

cpeonee u3

onpedenenull).

Puc. 63.

008aHUA

P€3yﬂbmambl uccie-

socbmudacoeoco IK6U-

6AJIEHMHO2CO cyenierus Coke 6

cynecsax ecmecmeenHH020 CILONHCEeHUs
n-oea Aman npu 0= -3°C (xaoscoas
mouka - 3-x

cpeonee u3

onpedenenull).



Puc. 64. Pesyromamwvl  uccie-
008aHUsl 80CbMUYACOB020 IKEUBA-

fr newmunoeo  cyennenus  Cie 6

Kr/KkB.CM

[
N | I |
.ﬁ LI | ] CY2JIUHKAX eCmeCmEeEHHOc0 CJoaHce-

= Husi n-oea AHAman npu 6= -3°C

JKBMBasieHTHOE cLenneHue,

= = (kaxcoas mouxa - cpedHee u3z 3-x

onpeodeneHull).
3aconeHHoOCTb, %

OTH BBIBOJBl B HW3BECTHOH Mepe NOATBEpAUIUCH uccienoBanusmu 3.11.
ApremoBa. On paboTan ¢ aMIEpMUHCKMMHU TpyHTamMu (Cymech, ITIE€COK)
HApYMIEHHOTO CJIOKEHHUS, T.e. Ha HUCKYCCTBEHHO NPHUIOTOBJICHHBIX o0Opaszmax
CJIOMCTOW TEKCTYpPhl C Pa3JMYHOM TONIIUHOWU HeasHbIX ciaoeB (1.5 - 5 MM gus
necka, 4 - 5 MM a4 cymecu) U oOpasmax 0a3aidbHOW TEKCTYpHI (pasmep JeIsHBIX
BKIOUeHU nusa cymecu 8-10 mm, ans mecka 10-15 mm). OOpasubl Mep3Jiblx
TPYHTOB HCHBITHIBAJIUCH Ha OJHOOCHOE C)XaTHe C MNOCTOSHHOH W CTyNEHYaTOH
Harpy3Koi.

ABTOp OTMeUaeT, 4TO MPEAECNbl MOJ3YUYECTH MEpP3JbIX T'PYHTOB CIOUCTOH
KPUOTEHHON TEKCTYpHl OKa3ajJHCh 3aBHCSIUIMMH OT TOJIIMHBI mpocios apaa (mo 4
MM BJIMSTHHE CJIIOMCTOCTH MOYTH HE HAOII01aeTCs).

CBeneHUs O BIHWSHUU KPHOTEHHOTO CTPOCHUS Ha MPOYHOCTHh 3aCOJEHHBIX
mopoJ B JHUTEpaType MNpaKTUUYECKH OTCYTCTBYIOT. Hamm wucciaemoBaHus
METOJAUYECKHU He Beixonuau 3a pamku [OCT 21048-75, 3ampemaroniero
NpUMEHEHWEe [IapUKOBOTO OITaMma JHIIb TPH TNPEBBINICHUU  JIEISHBIMHA
NpOCIOMKaMH TOJNIMUHBL 2 MM - JIeAsSHBbIE NUIMPHl B TNPUTOTOBICHHBIX HaMH
o0Opa3max He MpeBbIIali ITOT0 3HAYECHHUS.

BMecTe ¢ Tem B nuTepaTtype OTCYTCTBYIOT NaHHBIE 00 MCHBITAHUIX MEP3JIBIX
NOpOJ  Pa3IMYHOW TEKCTYphbl IIaPUKOBBIM MITAMIOM, IO3TOMY H3y4YeHHE
BO3MOXXHOCTH NMPUMEHEHHUS METOJa MAapUKOBOTO IMITaMIa B JaHHBIX yCIOBUIX OBIIO
OJTHOM M3 3aJa4 NPOBOJUMOTO UCCIIEIOBAHUS.

Hamu wuccnenoBanuch o0pa3ubsl ¢ CyYyMMapHOW BIIQXHOCTHIO Ha IMpejaene
TekydectTu 0.46 mpu NpoOAOJIKUTEIBHOCTH ONBITOB 8 4acoB (KPaTKOCPOYHBIE) U J10
42 cyrtok (mnutenpHble). Kaxaplii oOpa3en uHCHOBITHIBAJICS HE MeHee 6 pas,
cTaTucTuyeckas obOpaborka mpoBoauinack B coorBerctBuu ¢ ['OCT 20522-75.

[IItamMmn MOT MOMAacTh U HA TPYHTOBOW MPOCIOM, U HA JEN.



Tabauya 22. Pezyibmambl uUcCnblMauuti 2epyHmos n-oea AHAman wapuxosvim
WMAamMnom.

I'pyar | 0, | Dsa | W, | YenoBus | C8 | Counr Ko- IToka- | Koad. | Ko-
° 1% | % | ompiToB, | KI/ Kr/ 2. 3aTellb | Bapu- JnY.
C sacome- | cm? | cm? nepe- | Tou- aluuu | OIbI-
HUE xoja HOCTHU % TOB
p
Cymece | -3 10.5 |33 | Mop.coms | 0.63 0.48 0.73 0.06 0.16 27
p-Ce-fIxa 1.0 | 33 | Mop.come | 0.24 0.18 0.74 0.12 0.21 15
Cynmecs | -310.5 |35 | NaCl 0.69 0.48 0.69 0.28 0.39 10
1n.bosa- CaCl; 0.81 0.47 0.58 0.11 0.15 12
HEHKOBO
NaSO4 1.79 1.46 0.81 0.32 0.15 6
Cyrmn- | -310.5 |56 | maccus- 1.12 0.54 0.48 0.05 0.06 14
HOK Hasda
03.T1o- KpUOTEK-
pus-To cTypa
ceryaras 1.46 0.73 0.5 0.16 0.15 21
KPHOTEK-
HUIAPBL
0.1-0.5 mm
Cyrmuro | -3 |1 0.5 | 46 | mop.coms | 0.79 0.39 0.49 0.13 0.26 19
K
canexapn NaCl 0.83 0.49 0.59 0.04 0.08 18
-CKHNHn
CaCl; 0.86 0.35 0.41 0.05 0.08 11
Na2SO4 1.26 0.65 0.51 0.05 0.09 14
W=0.70 | 1.28 0.54 0.42 0.06 0.13 17
W=0.35 | 1.35 0.87 0.36 0.07 0.16 18
Cyrmuno | -3|1 0.5 | 37 | Beecro- 0.62 0.39 0.62 0.06 0.12 15
K 03.Tu- pOHHee
6eii-To MIPOMO-
paKHBaH.
npu
-4°C
Toxempu | 0.91 0.56 0.61 0.05 0.11 15
-15°C
OJIHOCTO- 1.09 0.64 0.59 0.21 0.20 24
poHHEe
mpomMopa-
JKUBAaHUEC
pu -4°C

O6pa3um C OOAWMHAKOBBIM KPHUOTCHHBIM CTPOCHHUEM O6T)GJII/IH$IJ'II/ICI) B OOUH
I/IH)KeHepHO-FeOHOFI/I'—IeCKI/Iﬁ DJIEMCHT. O6'LGJII/IHGHI/I6 OpoBOAUIIOCHE HAa OCHOBAaHHHU

kputepusa Oumepa:
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A - A, . [ (ng +1, —2)

t=
2 2
\/nlal +n,05 N, +N;,
I'me A1 u A2 - cpeaHeapudMeTHUECKHE 3HAYEHHSA OKBHBAJIEHTHOIO
cuemienus B AByX oOpasmax; Gi wm G2 -  COOTBETCTBYIOIIME UM

CpeJHEKBAaApaTUUYECKHE OTKIOHEHHUSA; N1 U N2 - YUCIO UCHBITAHUH.

JIBa ob6pa3ua oO0bEAUHSINCH, B OJUH HHXEHEPHO-TEOJOTUYECKUN 3JIEMEHT C

OJIMHAKOBOUW KPUOTEKCTYpPOMH, €CIHU OJHOBPEMEHHO BBINOJHAINCH YCIOBUS:
F<Fa ut<ta

rne Fa m ta - Beamumsbl, pekomenayembie ['OCT 20522 - 75. Takum
00pa3oM, BbIJE€JICHHbBIE 2JIEMEHTHl CPABHUBAIUCH MEXAY COOOIM.

bpuio monyyeHo, 4YTO SKBUBAJIEHTHOE CIENJEHUE TIPYHTOB C CETYATOU
TEKCTYpO#l BbIllIe, 4eM y 00pa3oB ¢ MAaCCUBHOW M 3aBHCUT OT TOJIIUHBI JEISIHBIX
Braouenuii: CakB=1.12 kr/cm? misi MaccUBHOM TekcTypbl, CakB=1.46 Kr/cM? mis
CeTyaTol KPHUOTEHHON TEeKCTypbl ¢ ToiamuHOoM wmuupoB ot 0.1 mo 0.5 MM wu
CrkB=1.56 kr/ cM? mis ceTyaToii KPUOTEHHOUW TEKCTYphl C TOJMMHON WIJIUPOB 10
2 MMm. Otu pesynbrarhl coriacyroTrcs ¢ ganHeimu H.K.Ilekapckoi o Tom, 4TO
TPYHTHI C CETUYATOM KPUOTEKCTYpOU MpHU OBICTPOM cABUTE MeHee AehOpPMUPYEMBI U
0oJiee IPOYHBI, YEM I'PYHTHl C MAaCCHUBHOW KPUOTEKCTYPOM.

JnuTenpHble 3KCIEPUMEHTHI C 3aCOJEHHBIMU MEP3JIBIMH MOpPOJaMU, KaK U B
uccinenoBanusax H.K.[lexapckoil, He moarBepauau npeanoaoxenus C.C.Banosa o
HAJIU4YUUA TOYKU NEPECEUYEHUS KPHUBBIX NJIUTEIBHOW NPOYHOCTH MEP3JBIX I'PYHTOB
Pa3IMUYHOTO KPUOTEHHOTO CTPOEHHUSA: TPYHTBl C CE€TUATOW TEKCTypOH OCTarwTCs
6onee npounsiMu (CakB=0.54 xr/cM? ang MaccuBHOM TekcTypsl; CakB=0.73 kr/cm?
JUJISL CeTYaTON KPUOTEKCTYphl ¢ TONMMHON miupoB oT 0.1 1o 0.5 mm).

OTH uUCCIeAOBAaHUS NOATBEPAMIN TaKXe BO3MOXHOCTb IPUMEHEHUS
HIapUKOBOTO IITaMIa JJis ONPENEJNEHUs 3KBHUBAJECHTHOTO CLENJIEHUS TPYHTOB C
CeTYaTONM KPUOTEHHOW TEKCTYpOHW C TONMMHOW maupoB no 2 MM. C momMomsbio
CTaTUCTHYECKON 00pabOTKM YCTaHOBJIEHO, YTO IpPU JaHHOW Temmeparype u
3aCOJIEHHOCTH BC€ 00pa3ibl ¢ ceTyaToll TeKCTypoill o0O0BeIMHSAITCS B OJUH

HH)KeHepHO-FeOHOFI/I‘{eCKI/Iﬁ OJEMCHT B COOTBCETCTBHUU C KPUTCPUCM!
c—cl<
c—c|<voey

rne C - cpeanee 3Hayenue cuemiueHus; Ci - eJIMHWYHOE 3HA4YeHUE
CLEIUIEHHs; V - cTaTUCTUYecKuil kpurepuit (tadynupoBan 'OCT 20522-7), Gem -
CMEUIeHHAas OlleHKa CPEeJHEKBAJAPaTUYECKOr0 OTKJIOHEHHS XapaKTEPHUCTHUKH.
Kacasch cTaTUCTUYECKUX OLIEHOK 3KBHUBAJEHTHOIO CUEMNJIECHHS, BBINIOJHEHHBIX HAMHU
ISl pa3fIMYHBIX TPYHTOB, HEOOXOIMMO OTMETHTh, YTO B LEJOM I[OKa3aTelb

ToyHOCcTH u3MeHsercs oT 0.05 mo 0.10 gns cymecedl M CyrIMHKOB C Pa3jJIM4HOU



CTENEHbI0 3acoJieHus ¢ Tunamu coneid. Ilpu »s3Tom, mpaBaa, KOJIUYECTBO
UCOBITaHHBIX 00pa3noB pgocturaer 15-20 wu OGoxnee. Kosddunuent Bapuanuu
usmensercs ot 0.05 no 0.4.

WccnenoBanus e@ausHus cojeil Ha DKBUBAJIEGHTHOE cuemyieHue npu -2°C
(cyrnuaok canexapuckuii) u -3°C (cynech, n.boBaHEeHKOBO), MOKa3alu, 4YTO JJIs
CyIlecH BOChbMHYACOBOE 3KBUBAJECHTHOE CIUEMJIEHUE U3MEHseTcs B psaay (tabu. 17):
cyapdaTr HATpUS > XJOPUA KaJIbIUS > XJOPUJA HATPHUs, a JIUTEIbHOE - B Py
cynapdar HATpUs > XJOPUA HATpus > XJIOpUA Kanpnus. Jasg cyriamHka
BOCHbMHYACOBOE HIKBHUBAJCHTHOE CIEMJICHHE U3MEHsSETCS B pAny cyiabdar HATpUs >
XJOPHUJ KaJdbUHUA > XJOPUA HATPHUS > MOpPCKas COJb, a JJIHUTEIbHOE CIENJCHHE B
pAay cynbdaTt HaTpHUA > XJIOPHJ HATPHUSA > MOPCKas COJIb > XJIOPHUJ KaJIbIUS.

3aconenune cyiabparoM HATPUS NPUBOAUT K (HaAKTHUYECKUM 3HAUYCHUSIM
npouHoctu, kortopsie pekomeHayer CHull 2.02.04-88 nans BcexX 3aCOJEHHBIX
TPYHTOB H KOTOpPBI€ SBISAIOTCS 3aBBHIMIEHHBIMH 110 CPaBHEHUIO C TPOYHOCTHIO
TPYHTOB C XJIOPUIHBIM THUIIOM 3aCOJICHUS.

OObsicHEeHHE BBICOKOW MPOYHOCTH T'PYHTA, 3aCOJEHHOrO Cyiab(haToM HATpHA,
MOXHO HNPEAJ0XUTh ciaenyrouiee. Mosb XJIOpUCTOr0 HATPUS BECUT O0KOJIO 58 T, B TO
BpeMs Kak MOJb cylbdara HaTpus - okoso 142 r. IIpu oanuHAKOBOHN 3aCOJIEHHOCTH
KOJIMYECTBO TSDKEIBIX CYJIb(aT-uoOHOB B MOPOBOM  pacTtBope OyaeTr B 2 pa3sa
MEHBIIE, YeM XJIOP-HUOHOB, COOTBETCTBEHHO U3MEHHUTCS UX BIUSHHE HA COJEpKaHUE
He3aMep3nieil BOJABl M MPOYHOCTH B IeiaoM. bomee BaxeHn cuenyromuii ¢akrt. Ilo
Punrepy, ¢ mMOHWXEHHEM TEeMIIEpaTypbl B pacTBOPE MOPCKOW COJH TPOHUCXOIUT
HENpephIBHOE yBenW4yeHHe cynbdara HaTpus B TBepnoil ¢aze; mo I'mrrepmany,
BHauyajle HaOnmonaeTcs HapacTaHue cyiabdara HaTpus B KUAKOH ¢aze 10
temnepatypsl -7.6°C (3a cyeT yBenW4YeHHS KOHI[EHTPAI[MU paccojia B pe3yJbTare
BBIJICJIICHUSI TIPECHOTO JbJa), a 3aTeM HacTymaeT NOHW)XXEHUE KOHIEHTpPalHuu
cynbdara HaTpUs A0 Temmeparypsl -22.6°C. MmeroTcs Takxke JaHHBIE O TOM, YTO
BBITTAJIcHUE MupadbunuTa npoucxonut npu -8.2°C (D.Ilaynmep, 1967). Ilpu stom
JIUIS  4YUCTOrO pacTBopa cyiabdara HaTpus (TOUuHEe, €ro KpPUOTHApATA)
IBTEKTHUYECKAsl TOUKA COOTBETCTBYeET TeMmmepaTtype Bcero -1.2°C, t.e. mpu -3°C unu
naxe -2°C (TeMmepaTypbl ONBITOB) PacTBOP yXKE€ HE JOJKEH COAEpPXKaTh dTOM CONH
U IPOYHOCTH TPYHTA JOJKHA OBITH MOBBIIIEHHOM.

Nutepecen Takxe (pakT Haubosiee HU3KOTO JJIUTEIBHOTO 3KBHBAJIEHTHOTO
CIEIJIEHUS JJs CYHEeCH M CYTJIMHKa MPU 3aCOJE€HHUU XJOPUCTHIM KajabuueMm. Moib
XJOPHUCTOTO KalnblUs BecUT OokoJio 110 r, ogHako Kaxjaasg MOJEKyJia pacmaaaercs
Ha TpH HMOHA, MO3TOMY IO KOHIEHTpAalMH HOHOB B pacTBOpEe NPH OJMHAKOBOU
3aCOJIEHHOCTH XJaopucThii  kaneiuit Onm3zoxk k NaCl. HaubGonee wuwu3koi
TeMIepaTypoil 3aMmep3aHuss B - Juana3zoHe KoHHeHTpanud ot 0 go 2 H

(N.B.le#ikun, 1988) - ornauyaeTcs MMEHHO XJOpUCTHIH Kanbuui. IlosTomy mnpu



OJTHOW, paBHOBECHOUW TeMmIliepaType KOHIEHTpPAIUs XJIOPHUCTOTO KalbIUs MOXKET
opiTh MeHnbme, yeM NaCl. CoorBercTBeHHO, MOXKET OBITH OOJBIIE KOJIHYECTBO
He3aMep3med BOJBI JJIsi XJOPUCTOTO Kalbuusi. PaHee g Mep3abiXx MOPOI,
HaceimeHHbix CaClz, Oblma ycTaHoBieHa HauOOJbIIAs CXKHUMAaEMOCTh, TEUEpPh
bUKCUpyeTCs HAaMMEHbIIee ANUTEIbHOEC dSKBUBAJCHTHOEC CIICTJICHUE, BEPOSITHO, U3 -
3a HECKOJbKO OOJBIIET0 COJEpKaHUS He3aMmep3led BoIbl U 00Jee TOJCTHIX

KUJKHUX MPOCIOEB.
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biuskue Kk HalIUM JaHHBIE NMOJIy4eHBI B nociegHee Bpemsa takxke JI.T.Poman
u gpyrumu (1996). Ilo pesynbratam skxcnepuMeHToB JI.®.CBUHTHIKOM,
BOCBMHMYACOBOE IKBHUBAJEHTHOE CLEIMJIEHHE XapacaBlMCKOW TJIMHBI CHUIXKAETCS NpPU
ee 3acomenuu a0 0.5% pasznuuabiMu consmMu B cienytomem paay: NaHCOs >
Na2S0O4 > Na2SO4+NaHCO3 > NaCl+NaHCO3 > NaCl+Na2S0O4 > CaCla.

HNccnenoBaHus BIAMSHUS JbOucmocmuy Ha NPUMEPE cajlexaplCKOTro CYrJIMHKa
npu temmneparype -2°C u 3aconeHnoctu 0.5% mnpuBenu K pe3yiabTaTy, OTIUIHOMY
oT usBecTHbIX AaHHbIX E.Il.Iymepunoit (1970) u H.A.IlpitoBuua (1973). Umu nus
HE3aCOJICHHBIX MEp3JBIX TMOpOoJa OBIJIO YCTAaHOBJIEHO, YTO NPH YBEJIUUYCHUH
BJIQXHOCTH B 00JacTH A0 TMOJHOTO BOJOHACHIIIEHHUS COMPOTUBIEHHUE IS BCeEX
MEpP3JbIX IOPOJ BO3PAacCTaeT, a IPU IOJHOM JbJO3AM0JHEHUU U paclydyuBaHUU
nopoa JabJAOM, KakKk IpaBuUio, yMeHblaeTcsi. Takum oOpa3oM, HauMeHbLIas
nehopMUPYEMOCTh IS HE3aCOJEHHBIX MEP3JIBIX MOPOJ M HauOONbIIas MPOYHOCTH
XapaKTepHbI JJIS MOJHOTO BJIaroHaChIIEHUS.

JAnst 3acoleHHBIX MEp3JbIX MOpoa paHee (aKT CHUXKEHUS MOAyJIeH
nedpopManuu MpU yBEIHMYEHHUHU JBJAUCTOCTH YyXKE C BEJIHMUYUHBI, 3aMETHO MEHBIICH
IOJIHOTO BJAarOHACBIIMIEHHUs, OBbLI YCTAHOBJEH 11 KOMIPECCHOHHOTO CXAaTHS.
MuHuManbHass TPOYHOCTH OpH TOJHOM BOJOHACBHIIIEHUH OTMEYaeTCs IS
CYTJIMHKA M NMPU OJJHOOCHOM CXAaTHUHU. DKBUBAJEHTHOE CIENJIEHUE JAJs 3aCOJEHHBIX
MEp3JIBIX MOPOJ UMEET aHAJOTHYHYI0 3aBUCUMOCTH OT BIaXHOCTHU (puc. 65-67).

BeposiTHO, ymnpo4yHeHHE JBJOIEMEHTAIMOHHBIX CBsA3€H TMpPU MOJHOM
3al0JJHEHUU TMOp TPyHTA JIBJAOM, XapaKTepHOoe AJs OOBIYHBIX MEP3JbIX MOPOJ, HE
MMEET TaKOTO 3HAYEHUs AJs 3aCOJIEHHBIX MOPO/J, I'JI€ TJIaBHOE ONMPEEsII0T TOJICThIE
KHUJKHUE TPOCIOUKU C COJIEHBIM pacTBOpoM. [loBbIIEHHE BIAXHOCTH A0 IMOJHOTO
BJIarOHACHIIIEHNUSI B 3THX YCJIOBHUSAX, BO3MOXXHO, MPHUBOJUT K IepepaclpeieIeHUuI0
HalnpsOKeHUM Ha cnabblii 3aCOJEHHBINM NMOPOBBIM Jie, KOTOPbIH naedpopMupyercs u
pa3pymiaercsa jgaxe ObIcTpee, YeM Mep3Jbld 3aCOJEHHBIH TPYHT C MEHBbIIEH
BJIaXXHOCTBIO.

[ToBpiIeHNE BIaXXHOCTU (IABJUCTOCTH) MNPUBOAUT K TNOSABIEHUIO Oosee
MOIIHBIX ¥ MEHEE COJEHBIX JICASHBIX BKIIOYECHUH, MOBBIIIAIIAX NPOYHOCTH (TabII.
22).

Bnusuue peowcuma npomopasxcueanuss o0Opa3noB HCCIEIOBaJIOCh HaMHU Ha
oOpasmnax cyriauaka (03. Tubeii-To) npu temneparype -3°C u 3aconeanoctu 0.5%.
[TepBast cepusi 06pa3uoB NpuU OOBIYHOM pEXKHMME BCECTOPOHHETO MPOMOpPa)XMBaAHUS
npu -4°C wumenma cpeanue 3HaueHus Crke(8)=0.62, Corke(aa)= 0.39 npu
nokazarene ToyHoctu 0.05 (15 oGpas3umoB); BTOpas, Npu MPOMOpPaXMBAHUU MPU -
15°C - O6onee Boicokme 3HaueHus CirkB(8)=0.91; CrkB=0.56 npm mnokasareie

toyHocTH 0.05 (15 o6pa3uoB); TpeThs, NIpU OJHOCTOPOHHEM MPOMOPAKUBAHUU NPU



-4°C, umena Haubosee BrIicokue 3HaueHus - CIkB(8)= 1.09 kr/cm?, CakB(1:1)=0.64
kr/cm? mpu mokasatene Tounoctu 0.21 (24 o6pasna).

[Tpu OJHOCTOPOHHEM NpOMOpaKMBAHUU OPOUCXOIUT O6omnpuras
nupdepeHuuanus pacrnpeaeieHus Biard B o0pasiax, MOITOMY CTAaTHCTHYECKHUE
XapaKTepUCTHKU 3HAYUTEIbHO XYyX€, OJAHAKO OoJpIIas MIOTHOCTh MHUHEPAJIbHBIX

IMPOCJIOCB MOBLIIACT 3HAUCHHUA 3KBUBAJICHTHOTO CHCIIJICHUSA.
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BeposaTHO, paBHOMEpHOE pacmpelesieHue MEJIKHX JIeASHBIX BKIIOYECHUH,
o0pa3yromuxcss Tpu nOpoMopaxuBanuu npu -15°C, npuUBOAUT B 1MEIOM K
YOPOYHEHUIO TOPOJABI MO CPaBHEHHIO C MPOMOpakWuBaHWUEM Tpu 0OoJiee BBICOKOU
TeMmIeparype.

Hamu Obiu  ycTaHOBIEHBI TaKXe€ HEKOTOpPhIe Jpyrue 3aKOHOMEPHOCTH
W3MEHEHHUSI HDKBUBAJECHTHOTO CIEMNJIEHHsS, KOTOpbhle OJM3KH K 3aKOHOMEPHOCTAM
W3MEHEHHUS JIPYTUX XapaKTEPUCTUK MEXAHHUUYECKHX CBOWCTB 3aCOJCHHBIX MEP3JBIX
MopoJa, Hampumep, BiausHue nopucmocmu (puc. 68-69). IlpouHocTr B I1EJIOM

YMEHbIACTCA C BO3paCTaHUEM TIOPHUCTOCTH. 3aCOHeHHOCTB, KaK IIpaBHIIO,



BO3pacTaeT ¢ YyBEJIMYEHUEM HopHcTOCTH (puc. 68) H3-3a yBeJIUWYEHHUS OOmero

o0beMa MOPOBOTO PacTBOpaA, CONEPIKAIIETOCST B TPYHTE.

9.4. OCAAKA TIPU OTTANBAHUU 3ACOJIEHHBIX
MEP3JIbIX TPYHTOB

C nedopmamusiMu OCajaKd INpU NPOTAUBAHHU MOPOJ CBA3AHO ONYyCKaHHUE
NOBEPXHOCTH U (GopMHpOBaHME oOTpuUaTeabHbIX (opm penbeda. Ocanku
00yCIOBIECHBI B IEPBYI oOuYepelb COCTOSHHEM MEpP3JbIX MOpPOJ, KOTOpOE
H.A.llpiToBUMY Ha3zBan HexoymioTHeHHeM. OHO CBsI3aHO € MajJoOil BEJIUYHHOU
IUIOTHOCTHU CKEJIETa NOPOJbl, €ro pacly4YeHHOCTBhIO, B3PBIXJEHHOCTbIO BCIEICTBUE
JbJJOHACBHILIEHUSI U COJEPKAHUS JIEASHBIX MPOCIOEB, CHOCOOHBIX K BHITAUBAHUIO,
T.€. IOTEHIMAaJIbHON HEYCTOWYHUBOCTHIO IpU (Ha30BOM MEPEXOJE.

Benuunna nedopmanuu Mep3a0i MOPOJABI MPH OTTaUBAHHHU Noc, MOXKET OBITH
IpeJCTaBlIeHa B CIEAYIOLIEM BUJE:

hoC:hﬂ+hocm+h(GcM)+hyC-hHll6-hS

rae aepopmanus mopoasl hx 3a cuer 00beMHBIX (A30BBIX M3MEHCHHUU MpPHU
nepexone Jbjaa B BONAY, Noewm - OOYCIOBJICHHAs BbITAUBAHUEM KPYIHBIX JEISHBIX
BKJIIOUEHUN U NUIUPOB JbJa U HpeoOpa3oBaHUEM CTPYKTYpbl U TEKCTYphl
(cMbIKaHMe Makpomnop) npu orraumBaHuu 0e3 Harpy3ku; h(Gem) - 00ycioBICHHAS
OCaJKOW 3a CcYeT BHEHIHEH Harpy3ku; Nye - 3a cueT ycaaku: huas - 3a cuer
HaOyxaHus; hs - 32 c4eT cerperaliMOHHOTO JIbJOBBIJCICHHUS B MEP3JIOH 30HE.

[IpuBeneHHOE BBIIIE COOTHOLIEHHWE - MTOr PabOTHl psjna HcciaegoBaTenei.
Eme B 1939 r. I'.'M.JlankuH npeaiokKua pa3aeisiTh 0CaAKy MEpP3JIbIX MOPOJ Ha JIBE
COCTaBJIAIONIME: YCJIOBHYI OCaJKy oOTTauBaHus (ocagka 0e3 Harpysku) U
NEepEMEHHYI0 O0CaJKy 00KaTus, 3aBUCSALIYI0 OT BHEIIHEro jAaBieHus. Mccinenopanus
NpOLIECCOB NMPOMEpP3aHUs - OTTAalMBaHMs, BHINOJHEHHbIE HAa Kadeape reoKpUOJIOTHU
MI'Y non pykoBoactsom O.J[.EpumioBa, mo3BOJUIN AOMOJHUTH 3TO COOTHOIIEHHE
COCTaBJISAIONIUMH, CBA3aHHBIMU C yCaJKOW M MUTrpalueil Biaru.

Benuuuna ocangku Noc BeIpaxkaeTcs cClieyIOIIUM 00pa3oM:

hoe=A*h+a*h*G

rae A - kodpbUIUEHT OTTAaWBaHU, YUYUTHIBAIOMHUNA AedhopMaluu Oocagku 0e3
Harpy3ku; a - KoopPUUUEHT YyNJIOTHEHHUS, YYUTHIBAOIMUN nedopmManuu ocaaku Mo
Harpy3koi; G - Harpyska; h - ToJduMHa OTTAaWBAIOIIETO CIOS.

Kosdpduuuent orrauBanus A sBiusiercs 0e3pa3zMepHON BEeIWYWHOMN, MEHbIIEH
| m xapakTepusywiied CTENEeHb TEIJIOBOW OCAaJAKM IPH NPOTAauBAHHU TOPOJA.
[Tostomy BenuunHa (1-A) OGyaer Oe3pa3MepHOW XapaKTEPUCTHUKON yCTOWYHBOCTHU
MEp3JbIX NOPOJ K TMpocajgkaM, KOTOPYKH MOXHO Ha3BaTh Kod3(QduIHeHTOM

yCTOMYHBOCTHU K TermiuoBoil ocanke (K =1 - A).



PaccMoTpum nelicTBue COCTaBISAIOMINX, BXOAAUIUX B YypaBHEHHUE A OCAIKHU
IpU NPOTAaUBAHUU.

Hdedbopmanuu rpyHTta 3a cyeT OOBEMHBIX M3MEHEHUH NpH Mepexone Jibaa B
BOAY ha 00yCIOBICHBI MPEXKJAE BCEr0 CTENEHBI BOJOHACBHIIEHHOCTU TPYHTOB. Jlis
MEpP3JIbIX PACHYYEHHBIX HOPOJ C IOJHBIM BOJOHACHIIIEHUEM  HE3aBUCHUMO OT
JUTOJOTUYECKOTO COCTaBa, OLlEHKA 0CAJO0K BBIMOJHIETCS OOBIYHO IYTEM BBEACHUS
kodppunuenta 0.9. I[lpu HemomHoMm BOJIOHACHINICHUH BeduunHa ha pesko
YMEHbIIAETCH.

HNebopmanuu hoem, 0OyCIOBICHHBIE 3HAYUTEIbHBIMH MpPeOOpPa3oBaHUIM
CTPYKTYPBI U TEKCTYPbl MOPOJBI, BKIIOUAIOT B ce0s CMEIIEHUS 3a CYET BhITAaUBAHUS
JeASHBIX HIJIUPOB ¢ 00pa3soBaHHMEM MaKpOMOp M MU3MEHEHHEM NPOCTPAHCTBEHHOTO
pacnoioXeHuss CTPYKTYPHBIX 3J€MEHTOB. bonpliylo posib B pa3BUTHHU OTHUX
nehopManuii UTPAIOT JTUTOJOTUYECKUI COCTAaB MOPOJABI, €€ KPUOTEHHAsI TEKCTypa H
CTE€NEHb JbJOHACBHIIIEHHOCTHU. [IpM Haiuuuu NensHBIX XHUJI HpoLecC OTTAaWuBAHUS
UJET MEIJEHHO U HepaBHOMepHO. [Ipu oTTamBaHUM MEpP3JIBIX MOPOJ CO CIOUCTOU
KPUOTEKCTYpOll Mpolecc OCajJAKU M COOTBETCTBEHHO pa3pylIeHUs TEKCTYphl BO
MHOTOM ompenensercss GuAbTPAUNOHHBIMU CBOMCTBAMH OTTAWBAIOMIETO TPYHTA.

Hdedpopmanuu rpyHTa 3a cueT HaOyxaHus Nuas CBSI3aHBI C yBEJIHMYCHHEM
o0beMa MOPOABI 3a CYET NOCTYIUICHHS B HEE BJAaru W3 OTTasBIIeH 30HBL. B
pe3yibTaTe pacKIMHUBAIOUIETO  JaBJIE€HMS BOJHBIX IJIEHOK YMEHbBIIAIOTCS
3pPeKTUBHBIE HANIPS)KEHUS B CKEJIETE I'PYHTA U YBEJIMUYUBAETCSA €I0 HOPUCTOCTD.

Jdepopmanuu MOpPOABI 32 CUYET CErperalMoOHHOTO JIbJOBBIACICHUS Ns
00yCJIOBJIEHBl TEMIEPATYPHBIM I'PAJUEHTOM B MEP3J0i 30HE, KOTOPBIH MPUBOIUT K
00pa3oBaHUIO T'paJUEHTA BJIAXHOCTHU He3aMep3IllIel Biaru U COOTBETCTBEHHOMY €€
JBUKEHUIO U CTOPOHY OoJiee TOHKHX BOJHBIX IJIEHOK. MTorom storo mpomecca
ABJsSI€TCSA  BO3HUKHOBEHHME  MOJOXHUTEIbHBIX  jAedopManuil, yYMEHbIIAIINUX
nedopmanuio ocaaku, IpUYeM B OTAEIBHBIX ClydasiX MOJIOXKHUTEIbHbIE AedOopMaluu
MOTYT NPEBBICUTh OTpPHUIIATEIbHBIE M NMPUBECTU K OOLIEMYy yBEIMYEHUIO O0O0BbeMa
OTTAauBAKOIIEH MTOPOLHI.

PasButne  gedopmammit  ycaakum  hNye  NOpOUCXOAUT B pe3ylbTare
00€3BOKMBAHUS TaJOW 30HBI BCIEACTBUE MHUTpAIMU Bjaru K oOpa3ylomuMcs B
MEp3JI0i 30HE CEerperalMoHHBIM MpPOCIO0sAM Jbga. B pe3yibTaTe NPOUCXOAUT
cOnuxeHune MHUHEpaJIbHBIX arperaTos, yMEHbIIEHUE MOPUCTOCTH,
NEepeoOpUEeHTUPOBKA MHUKpOArperaToB, UX I[€EMEHTAlusi U T.J.

CooTHOIIIEHUE BCEX COCTABISIOUIMX YpPaBHEHUS I OCaJKU MPU OTTAWUBAHUU
3aBUCHUT OT COCTaBa U CTPOEHUS MOPOJBI.

Jns 3acoieHHBIX MEp3JbIX NOpPOJ B HACcTOsAllee BpeMsS MPAKTHUYECKU

OTCYTCTBYIOT AAaHHBIC IO TCIIJIOBBIM OCaJKaM, MMO3TOMY MBI MPUBEACM PE3YJIbTaThbl



HEMHOTOYHMCICHHBIX OINpeNeeHH, KOTOphle OBLIM CHENaHbl IS MEpP3JbIX MOPOJ]
nonyocrtposa fAmain.

Jns n3ydyeHusl BIUSHUSA YCIOBUM MPOMEP3AHUS U KPUO2EHHOU mMeKCcmypuvl Ha
ocoOeHHOCTH aAePpOpMUPOBAHUS TNPHU OTTAMBAHUU OBLIM TPOBEIACHBI ONBITHI Ha
UCKYCCTBEHHO IIPUTOTOBJIEHHBIX oOpa3nax, NOpoOMOpoXeHHbIX mnpu -4°C wu
NPOMOPOXKEHHBIX MPH HU3KHX Temmeparypax (mo -20°C). B kaxnoit cepum ObIIO
UCIBITaHO MO TpU oOpa3ua cyriauaka (03. Tubei-To) ecTecTBEHHONW 3aCOJEHHOCTH
(oxkomo 0.7%) w™opckoro Tuma. Bce o0pa3susl o0iaganru  O4YeHb BBICOKOH
neGopMHUPYEMOCThIO IPH OTTaMBaHWU. Benuk Takxe KOdPPHUIUEHT CKUMAEMOCTH,
cocTaBiflomui B o6pasumax o6oux cepuit 0.123 cm?/kr. Takue BelMUHHBI
ko3P dunuenTa cKUMaeMOCTH Oo0Jiee COOTBETCTBYIOT NpPU OTTAMBAHUHM MEP3JIBIM
rauHaM. XapakTep MpOMEp3aHUs H, COOTBETCTBEHHO, KPHUOTEHHOTO CTpPOCHHS,
NpOSIBISIETCS B U3MEHEHUH KodppunueHta orranBanusa. CyriInHOK, IpOMep3aBIINA
npu -4°C u obGnanaBmIMi BBIPAXXEHHBIM LUIMPOBBIM KPUOTEHHBIM CTPOEHHUEM U
Oonbmiell CTEMEeHbI0 Ccerperamuu BemecTBa, HMeeT OoJpmuil KodpdunueHt
ortauBaHus (0.16), ueM npoMOpOKEHHBIN NIpU HU3KUX TemnepaTtypax (0.14).

DKCIEepUMEHTHl Ha MEP3JbIX 3aCOJEHHBIX MOPOJaX €CTECTBEHHOTO CTPOCHUS
(MOHONMTAX) MPOBOAMIMCH HAMH NpPU OJHOM 3HAYEHHM Harpyskm - 1 kr/cm? |
KOTOpasi B NEPBOM MNPUOJMIKEHUH MOXKET COOTBETCTBOBATH OBITOBOMY JIAaBICHHIO

(tabu. 23).

Tabauya 23. Pezyromamosl onpedenenuss Kod3Q@uyuenma ommausanus 6 Mep3iblx

nopooax ecmecmeeHHo2o CAoJdCeHUs (Mounonumax) n-oea Aman npu Hacpyszke I
2

Ke/cm

I'pyHT XapaKTepUCTUKHU MOCIIE [TnotHoCcTh 0 | Koadpd. Koadd.
ONBITA OIBITA, OTTau- ycTol4n
BaHUS -BOCTH
W, % | Dsal, % | p, r/em? p, r/em?® A K
CyrauHOK 38 0.9 1.87 1.75 0.080 0.92
CyrauHox 35 0.03 1.88 1.76 0.059 0.94
Cymnecs 32 0.04 1.81 1.51 0.217 0.78
Cymnecs 28 0.16 1.89 1.79 0.050 0.95
Cymnecs 30 0.15 1.84 1.62 0.131 0.87
[Tecok 21 0.02 2.00 1.95 0.037 0.96

[Tonyyennsle kodpduuueHTsl oTTauBaHusg (yCIOBHBIe, NpH Harpyske I

KF/CMZ) CPAaBHUTCIBbHO HHU3KU (ﬂaxce npu TaKOM ,Z[aBJ'IeHI/II/I). HpI/IqI/IHa HHU3KHUX



3HaYeHUH Kod(pHuIHeHTa OTTauBaHUSA, B YACTHOCTHU JJISl CYTJMHKA, 3aKII0YaETCs B
0COOCHHOCTSAX KPHOTEHHOW TEKCTYphl. B OCHOBHOM B MOHOJHTax CYTJIHHHCTOTO
coCTaBa MpeJaCcTaBjeHa ceTyaTas U OJIOKOBas KPUOTEHHAass CTPYKTypa C TOJIIUHOU
JeJsHbIX WIIJIUPOB, Kak npaBuiao, A0 | cMm. TonamuHa TIpyHTOBBIX MPOCIOEB
nocrturaet 5 - 10 cM.

I[Ipy mnoAaroTroBke K B3KCHEPUMEHTY oOpa3en BbIpe3ancs KOJbIOM U3
TPYHTOBOTO IPOCJOS, MOCKOJbKY IMONBITKH BbIp€3aTh 00pa3el] ¢ JeASHBIM LIJIHUPOM
HE yJaBaJUCh H3-3a XPYNKOTo pa3pylieHus oOpa3noB IO TIpaHULE pazjena
“MuHepanbHbIi mpocioi - nen”’. KosdduumeHt oTramBaHUS OTpaxkaeT, TaKUM
o0pa3oM, ocaJaKy NMpU OTTAMBAHUU MHUHEPAJbHBIX NpocioeB. Ee HU3K0oe 3HAueHHE
00yCJOBIEHO B TOM YHCJE TEM BaXXHBIM OOCTOSITEIbCTBOM, UYTO MEP3JIbIE MOPOJBI
3aMETHO 3aCOJIEHbl M MMEIOT MOBBIIIEHHOE COJep)KaHUe He3zaMep3mied Bonabl. [lus
OTpeleICHHs MOJTHON OCaJKH HEOOXOAUMO y4eCTh BHITAUBAHME JIEASHBIX IIPOCIOEB,
0o0mas MOUIHOCTh KOTOPHIX gocTuraeT 2 cM Ha 10 cM ninuHbl 00pasna.

MakcuManbHBIE 3Ha4YeHHUS KOd(GPHUIHMEHTa OTTAaWBAHUS, a CIENOBATEIbHO,
MHHUMaJIbHBIE 3HAa4YEHUS KOd()(PHUIMEHTAa YCTOWYUBOCTH OKA3aJIUCh XapaKTEpHBIMHU
oS cymecu, TrAe 3aduUKCcMpoBaHA MHHHUMAalbHAs  HadalbHass IUJIOTHOCTG.
3aBHCHUMOCTh KO3 PHUIIMEeHTa OTTAMBAHUS OT HAYaJIbHOW MIOTHOCTH MpeJCTaBieHA
Ha puc. 70.

B uenom, mo pganaeiMm P.I'.KansbeprenoBa, Hanmpumep, KodpdumueHt
OTTAaMBAHUS IUIOTHBIX MOPCKUX TJHMHHUCTBIX MOPOJ cajexapJACKOoW CBUTH (mpu
cpenneit muotaoctu 1.82-1.86 r/cm®) mensercs ot 0.001 mo 0.004. 3aBuCHMOCTB
kKodpduuueHTa orTanBaHus A OT HAaYaJbHOWU nIomMHOCMuU CyXOTO TPyHTa TOKa3zaHa

Ha puc. 71 ¥ annpOKCUMUPYETCS YPAaBHEHUEM:

6
A = 1182+ @ Fd

3neck k0d3hGUIHUEHT OTTAaWBAHUS €Ille HUXKE H3-3a OTCYTCTBUS HayalbHOU
Harpys3Ku.

P.I'.Kanp6epreHoBbIM OBITM TPOBEAEHBI TAaKXKE HCCIEAOBAHUS OCAIKU TPHU
OTTAaMBAaHUU MONUMEHHBIX aJUIIOBUAJBbHBIX OTJIOXEeHUU mn-oBa SAman. Kpuorennas
TEKCTypa TJUHUCTBIX pa3HOCTEeW clouctas, pexe wmaccuBHas. lnupel npga
MOIIHOCTBhIO 1-1.5 MM, ropuszoHTanbHble U HakJIOHHBIe. CyMMapHas JbAUCTOCTH
o6pasnoB cocTaBisna 10 5%. IlmotHocts mopox 1.80-2.00 r/cm®, mmoTHOCTH
ckeimera 1.25 - 1.60 r/cm®. Pasnuuus B MIOTHOCTAX TJIHHHCTHIX nopona Owinu
00ycCIIOBIEHB pa3dpocoOM BEIMYUH €CTECTBEHHOW BIIAXXHOCTU, HAIMUYUEM COJIEH U
0CcO0eHHO opraHudeckoro wmarepuana. OOpa3npl NTECKOB HMEIHM MAaCCHUBHYIO

KPHUOTCKCTYPY U TAKXKC COACPIKAINU PACTUTCIBHBIC OCTATKH.



[To namaeiM P.I'.KanebeprenoBa, kKod>QpPuUHMEHTH OTTauBAaHUA XOPOIIO
KOPpPEIUPYIOTCS C HayaJbHBIMU NIJIOTHOCTSAMH cyXxoro rpyHtra. Haumbonee Hu3KHE
K0P (puUIUEeHTH OTTauMBaHUS OBIIM XapaKTEpPHBI JAJsg TPYHTOB C MACCHUBHOU
KPUOTEKCTYPO M MalIbIM COJAEpKaHUEM TIUHUCTON ¢pakuuu: aias neckoB 0.0002-
0.025, nnsa cyrnuakoB 0.002-0.003. /Ins OoNBIIMHCTBA CYTIMHHUCTBIX 00pas3moB

k03¢hdunueHt orrauBanus coctapisa 0.01-0.15.
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Puc. 70. 3asucumocmo xosgppuyuenma ommaueanus A om HAYAILHOU NIOMHOCMU
ckenema nNopoowbl 015 OMIIONHCEHUU NOUMEHHOo20 annweus n-oea AHAman: a -

cyenunkos, 6 - necxos. {aunvie P.I'.Kanvbepeenosa



He o4yeHp  BBICOKME  XapaKTEpUCTHKH  OCaAKM IpU  OTTAUBAHUHU
UCCJIEJOBAHHBIX 3aCOJICHHBIX MEP3JBIX MOPOJ 00YCIOBICHB HEOONBUIOW TOJIINHON
JESHBIX IPOCI0EB U 00IIEN JIBAUCTOCTHIO.

Kak ocagka npu oTTamBaHMU, TaK U KOMIPECCHOHHAs CXHUMAEMOCTb H
apyrue aedpopManMOHHBIE XapaKTEPUCTUKU  3aCOJICHHBIX  MEP3JBIX MOPOJ
HYXOAalTCA B [[aJIBHeI\/JIH_II/IX HCCICAOBaHUAX. HOJIy‘-ICHHLIe JaHHBIC OTHOCATCA K
OIrpaHUYCHHOMY KOJHUUYCCTBY 06pa3u0B HCKOTOPBIX I'COJIOTO-TCHETUYCCKUX THUIIOB
nmopon. BmecTte ¢ TeM BBINOJNIHCHHEIC HCCICAO0OBAaHUA H 0606H.[CHI/I$I IIO3BOJJIHNIIN
YCTaHOBHUTH OCHOBHBIE 3aKOHOMEPHOCTH POpPMUPOBAHUS AePOPMAIMOHHBIX CBOMCTB
3aCOJI€HHBIX Mep3JiblX nopoh. IlokazaHo, 4YTO OHM HMMEIOT BaXXHbIE€ OTIUYUSA OT
HE3aCOJEHHBIX MOpPOJ, XapakKTepPU3YIOTCS  BaXXHOW  pOJbI  COOTHOIIECHMS
He3aMep3uiedd Boxabl W Jubjaa. Jleg, kak M[OpaBuiio, SBISETCA YHPOUYHSIIOUIUM
dbakTopoM.

YcTanoBieHHble 0COOEHHOCTH JehOpPMHPOBAHUS  CBUJAETEILCTBYIOT O
H€YCTOﬁqHBOM COCTOAHHUM 3aCOJICHHBIX MCP3JIBIX MOPOJ, MX HCAOYIIJIIOTHCHHOCTH,
YTO CBHUJAETEIbCTBYET O MPEAPACHOJ0KEHHOCTH K OBICTPBIM MU HEOOpPAaTHUMBIM
U3MEHEHHUSIM, CBO€OOpa3HOl He3aBepHIEHHOCTH MX jauToreHesa. Ilpupona takoro
xapakTtepa neGopMUpOBaHUS MEpP3JIBIX 3aCOJEHHBIX MOPOJ, OYEBUIHO, CBA3aHA C

0COOCHHOCTSAMHU UX CTPOCHHUS.
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Puc. 71. 3asucumocmov kod¢ppuyuenma ommausanus A om niomumocmu ckeiema
nopoovl  (pd) Ora  cyerumkoe n-osa  Aman  (n.boeamenkoeo). Jannvie

P.I''Kanvbepeenosa.



['maBHBIM HpOIlECCOM CTPYKTYpOoOOpa3oBaHUS MEP3JIbIX 3aCOJEHHBIX TOPOX
1O/ Harpy3KoO# sBASETCS HE HAKOMJIEeHHE Ne(PEeKTOB U MUKPOTpEIMHOOOpa3oBaHue,
a yIUIOTHEHUE, YNPOYHEHHE MOPOABl MO Mepe AedOpMHUPOBAHHUS U YMEHBIICHUE
INOPUCTOCTHU, COJNMIKEHUE YaCTUI INPU OJHOBPEMEHHOM BS3KOM TEUYEHUHU KHUIKHUX
npocioek u apna. llepepacnpenenenue Biaru U pocT JEAAHBIX WIJIMPOB BHYTPHU
Mep3I0Hu IIOPOJBI UTPAIOT ONpPENCIAIOUY IO poiab IIpHu JUIUTEIbHOM
nedhopMupoBaHMU. MBI CYMTaeM TMOJE3HBIM TakKXe INpH aHajau3e Jb0ro
BO3JCUCTBHA Ha Mep3Jble 3aCOJEHHBbIE IOPOABbl HCIOJbB30BAaTh IOHATHE
YCTOMYUBOCTH KaK  XapakTEpUCTUKH  HU3MEHSIEMOCTH, KOTOpas  IO3BOJSET
CpaBHHMBATh  pa3jM4YHble  IapaMeTpbl  CONPOTHUBJIEHHUS  TIPYHTa  BHEIIHUM

BO3JIEUCTBUIM.

9.5. ®PAKTOPHI, OIIPEJEJISIOLIME OCOBEHHOCTHU CBOMCTB
3ACOJIEHHBIX MHOT'OJIETHEMEP3JIBIX 'PYHTOB

Paccmorpum BiusiHME pa3nuyHBIX (AKTOPOB Ha mpolecc AeopMHPOBAHUS
Ha TpUMepe OJHOOCHOTO CXXAaTUs 3aCOJEHHBIX MEp3JbIX TpyHTOB. llpm
HEO0OXOAUMOCTH Oy/JeM BBISABIATH POJIb 3THX (PAKTOPOB MPH APYTHX MEXaHUUECKUX
UCTBITAHUSAX.

JedbopmupoBaHue 3acOJIEHHBIX MEP3JbIX TPYHTOB pa3jJMYHOTO cOCTaBa H
CTPOCHHS NPU OJHOOCHOM CXAaTHHU HM3y4e€HO HenocTtarodHo. [loaTomy MBI mpoBenu
pAl KpaTKOBPEMEHHBIX (MPOAOJIKUTEIBHOCThIO 1O 2-3 HeJelb) UCHBITAaHUH. ITO
ObLIM HCHOBITAaHUS C IOCTOSHHBIMU Harpyskamu Ha cepusx 10-20 oquHaKOBBIX
oOpa3moB mpum Temmeparypax -2 + -4°C. Mpl OyaeM HCIOJB30BAaTh MapaMeTphl
nedpopmupoBanus ypaBHeHus annpokcumanuum C.C.BsmoBa, KkoTopoe naer
HE00X0IMMO€e HaM KOJMUYECTBEHHOE ONMUCaHue 0cOOEHHOCTEeN KpUBOMl nedopmanuid.
[Tapamerp & mo cBOeMYy CMBICIY W BEJIMUYMHE OJH30K K MOAYIIO AehopMaluu.
[TapameTp @ y4uTbHIBa€T pocT nAedopManuili BO BPEMEHH. Bospacranune
kKodpunueHTa ynpouHeHuss M CBSI3aHO C YMEHbIUIEHHEM HArpy3kKu, HEOOXOJUMOMU
JUISE OMHOM U TOW ke AedopManuu rpyHTa.

BnausHue QMCMEpPCHOCTH TOPOAB TPYJAHO MPOCHEAUTH MPH MPOUYUX PaBHBIX
YCIOBHUSIX, TaK KaK OJHO M TO XK€ 3Ha4YeHHUE 3aCOJICHHOCTH OBIBACT MPH Pa3IUIHOM
COoJep KaHUM He3zaMep3lied BOABI U Jake KOJIUYECTBa COJIe JJis mecka U CyrJIMHKA.
Tem He MeHee nmecok npu -2°C u 3aconenHoctu 0.2% umeer £=0.6 kr*uvac, cymecs
B 3THX ycloBuaxXx umeer §=7.0 kr*uac, T.e. MeHee AedopmMupyemMa Ha MOPSIIOK, a
CYTJIMHOK CaJIeXapJICKOro Bo3pacTa mMeeT 3HaueHue Toabko 3.0 kr*uac. Takum
o0Opa3zoM, HauWOOJBIIYIO CONPOTHUBISIEMOCTh BHEHNIHUM Harpys3kaM MpOSBISET
3acoyseHHas cynecb. OJHaKO €€ CONpPOTHUBILEMOCTh BO BpPEMEHH CHHXKaeTcH

cunpHee: a=0.5, B 1O Bpems kak y mecka o=0.3, a y cyramaka o=0.1.



Kospdunuent ynpounenus makcumaien y necka m=0.8-0.9, y cynecu m=0.4, ay
cyrnuika m=0.3. Takoe coueTaHue mapameTpoB, KaK MpPaBUJIO0, IPUBOJUT K TOMY,
4TO B HeJa0M MaKCUMaJlbHOU COIIPOTUBIAEMOCTHIO u HauMEHbIIEH
nehopMUPYEMOCTHIO IPH PAaBHOW 3aCOJIEHHOCTH OTJIMYAIOTCA CYTJIUHKH.
JleicTBUTENBbHO, CpPEIHUM pa3Mep MHUHEPANbHBIX YacCTUL Yy CYLJIUHKOB
MHHHUMaJIeH, MOPUCTOCTh U 00INasg MOBEPXHOCTh YACTHL OOJbIIE, MMO3TOMY IMpHU
OJJMHAKOBOM COJI€PKAaHHUHU COJICH cleayeT OXHAaTh, UTO B CYIJIMHKax OyayT Ooiee
NPOCION HE3aMep3ILIEero pacTBoOpa NpHU OONbIIEM KOJUUYECTBE JICASIHBIX BKIIOUYCHUM.
I[TooTOMYy CcMeHeHUS 4YacCTHUL JOJKHBI NMPOUCXOAUTHh MEAJICHHEE, YEM y CYIECH U

TeM Oosiee mecka. I[lepemenieHue Biaru B TAKUX YCJIOBHUSAX TaKXKe 3aTPYAHEHO.
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Puc. 72. Kpusvie degpopmuposanus paznuyHvlx munog 2pyHmos. a - necok, Hazpyska 0.01 Mlla,
3aconennocms 0.5%, memnepamypa -2 °C u enasxcnocmo: 1 - 0.3; 2 - 0.5; 3- 0.7, 6 - cyenunok,
Haepyska 0.1 MIla, memnepamypa -3 C u 3aconennocmo: 1 - 0.5%; 2 - 1.5%, 6 - cyenunox,
naepyska 0.3 Mlla, 3aconennocms 0.2% u memnepamypa: 1 - -1C; 2 - -2°C; 3 - -3C; 2 -
Haepyska 0.3 Mlla, 3aconrennocmo 0.2%, memnepamypa -2 C u epyum. 1 - necok; 2 - cynecw, 3

= CY2JIUHOK.

OTH OCOOCHHOCTH BaXXHBI AJId MMOHUMAHUA POJH KaAXIAOIo H3 BO3MOKHBIX

MECXaHU3MOB ,Z[C(I)OpMI/IpOBaHI/IﬂI CKOJIBXXKCHHUSA MHUHCPAJBbHBIX YaCTHUL U JibJAa II0



KHUIKAM IUIEHKaM, TEe4YeHHEe CcaMUX IJIEeHOK U JedopMuUpoBaHUE JEASHBIX
BKJIIOUEeHUH. Xapaktep neGopMuUpOBaHUS ONpeNeNseTcs MOBEACHUEM JeIsHBIX
BKJIIOUEHUH, TO3TOMY 0OoJjee NbIUCTHIA CYTIMHOK AeGopMuUpyeTcs MEIJIeHHEe, YeM
IECOK.

Jlns Mep3siblX HE3aCOJIEHHBIX MOpPOJ  HM3BECTHA JApyras, oOpaTHas 3ToH
3aKOHOMEPHOCTh: CYTJIHHKH Oosee nehopMupyemsl, 4yeM I[EeCKU, T.K. IpH
OTCYTCTBHUHU 3aCOJICHUSI UMEHHO B CYTJMHKE COJECPKHUTCSI 3HAYUTEIbHOE KOJIUYECTBO
He3zamep3med  Boabl. COOTBETCTBYWOINIME  JIaHHbIE  MNPUBOJAHUT, HANpUMED,
H.A.llpitoBuu (1983).

BaxHo OTMETUTH, YTO MNPU KOMIPECCHOHHBIX HCIBITAHUAX, TIJIe OOBIYHO
AHAIM3UPYIOTCA He AedopManuu BO BpEMEHHU, a CTAOMIM3UpPOBaHHBIE AedOopMaInu,
O0osiee 1eOPMUPYEMBIMHU SIBISIOTCS CYTJIMHKH, a HE MECKU. DTO OOBICHICTCS HX
0oJbpIIe HAaYaJIbHOU MOPUCTOCTHIO.

Bnusaue TemMmepatypbl MOXXHO HNPOCIEIUTHh MO JaHHBIM, MOJYYCHHBIM JUJIS
CYrJIMHKa canexapiackoro Bo3pacta (puc. 72). Ilapamerp & 3aKoHOMEpHO
yBeauuyuBaercss oT 2.3 1o 3.0 m 4.0 xr*uac mpu COOTBETCTBEHHOM IOHMXEHUU
temnepatypsl oT -1 10 -2 u -3°C. BBUAY yMEHBIICHUS TOJIIUHBI XUAKUX IMJIEHOK
NpH MOHUKEHUU TEMIEPaTyphl YMEHBIIAIOTCS BO3MOKHOCTH MX TEUCHHUS U CIABUTOB
N0 HHM MHHEPaJIbHBIX YacTHI W JbJa BO BPEMEHH, IMOITOMY IMapaMmerp o
[OCJIEI0OBATEIbHO yMEHbIIAETCA MpPHU MNOHUKEHUM TemmoepaTrypbl oT -1 g0 -2 U -
3°C or 0.35 nmo 0.1 mw 0.08. AHamoruuHo yMmeHbIIaeTcs U KOIQPUUIHEHT
ynpoudHenuss m - ot 0.6 mo 0.3. Ilpu sTtom o6a mapamerpa - u o, © M -
NpuOJIMIKAIOTCSA MO CBOMM 3HAYEHUSIM K BeJIHMYWHAM, T[OJYYCHHBIM HaMHU IS
NMPECHOTO JIbAa JJs ToW ke Temmepatypsl -3°C. [nsg npaa HaMu OBIJIO ONpEIeNICHO,
yro m=0.3 u a=0.17.

Taxum o0Opa3zom, THpH JOCTATOYHO TOHKHX JKHUIKHX TIJEHKAX XapakTep
nehopMUpOBAHUA MEp3JBIX TPYHTOB OKa3blBAeTCsA ONHM3KUM K XapakTepy
nehopMUPOBAHUSA JbJa, YTO BHITEKAET U3 DKCIEPUMEHTAIbHBIX JTaHHBIX M BIOJHE
00BSICHUMO, T.K. ME€XaHU3M jaedopManuil cBsizaH Npu OoJiee HU3KUX TEMIeparypax
CO JBJOM.

Uro xacaeTcs Abp7a, TO OOBIYHO BIWSHUE TeMIepaTypbl Ha €ro MOJI3YYecTh
OMUCHIBAIOT B TepMmuHax sHepruu aktuBanuu Eo (Perenasr u ap., 1974). Ilpu stom
npeamojgaraeTcs, 4To CKopocTh aedpopmanumu  de/dt  u3meHsercs coriacHo
ypaBHeHUo Appenuyca: de/dt=A*exp(-E0/RT), rae R - razoBas nmocrosiuHas. ITO
BBIDa)XEHUE BIOJHE CHPaBEIINBO IS MOHOKPHCTAJIJIOB JbJAa u ISt
NOJIMKPHUCTAIUINYECKOTO  JbpAa Hike -10°C, korga BIWSHUE JKHJIKHX BOJHBIX
NpPOCIOEB HEBEJIUKO. Jns  MOHOKPHUCTAIIUYECKOTO Jibja 3HaueHue Eo
npubiauxeHHo paBHO 16 kkaia/Moab. s THIUYHOTO MOJUKPUCTAIINYECKOTO JIbJa

npu Temneparype -10°C 3zaBucumocts In(de/dt) ot 1/T wenuneiina: 3Havenue Eo



BO3pacTaeT ¢ pocToM Temmneparypsl. I[IpaBga, mo MHEHHI0O HEKOTOPBIX aBTOpPOB,
XOTsl YypaBHEHHE AppeHHyca M OCHOBAHO Ha TIy0OKMX (DU3MYECKHUX MPUHLHIIAX,
JUISL JIbJ1a OHO HE MMEET KaKMX-Iu00 0COOEHHBIX JOCTOMHCTB.

BnusHue 3ac0eHHOCTH TPOSABISETCS B HU3MEHEHHUHM BCEX XapaKTEPHUCTHUK
nedpopmupyemoctu: &, a, m. Tak, A7 CyrimHKa cajexapACKoro Bo3pacrta Mpu -
3°C, Bnaxuoctu 0.46 u muotHOocTH 1.65-1.67 r/cm® mpu 3aconmenum ot 0.5 10
1.5% mnpoucxoautr ymenpmenue & ot 2.0 mo 1.0 kr*yac, a a yBeIMYUBAETCSA OT
0.08 7o 0.16 w m - or 0.3 mo 0.5. Takum ob6pa3zom, Bce AedOpMaLHOHHBIE
napamMeTpbsl M3MEHSIOTCS B CTOPOHY ociabieHus rpyHra. JlelcTBUTENBHO, MpHU
NpPOYUX PaBHBIX YCIOBHUAX C YBEIHYEHUEM 3aCOJECHHOCTU BO3pAaCTaeT COJEpKaHHUE
He3aMep3lieil BOJBI, TOJIIMHA BOJHBIX IJEHOK M, BEPOATHO, TaKXE YHCIO
HaYaJIbHBIX 1e(PEeKTOB CTPYKTYpHI. [loaTOMYy cpa3y mocie MNpPUIIOKEHUS HArpy3KH,
U C TEYEHHWEM BPEMEHHU BIIOCJIEICTBHU YCIOBHSA AJA CMEIIEHUH U CIBUTOB
YacTUIl, TEYCHHUS MJICHOK U JeOpMHPOBAHHUSA JbJAa NPH yBEIUYCHUHU 3aCOJCHHS
CTAHOBATCS OoJiee OJArONPHATHBIMH, YTO U MPOSABISETCS B H3MEHEHUH BCEX
napametpoB &, o, m. IlpaBma, nns cynecu (n.boBaHeHKOBO) He HalOirogaeTcs
YBEJIMUYECHUS a NpPU YBEJIWYEHUHM 3aCOJEHHOCTH, a B mecke (p.Epkxyra-fxa) -
yBenuueHuss M (mpu u3dmenenuu 3acoseHHoctu ot 0.1 go 0.2%). Omnako mpu
temneparype -2°C u wusmeHenuu 3acoineHHoctu ot 0.03 mo 0.1% B mecke
(p.Epkyra-fxa) mpoucxonurt, Kak U B cyriamHke, ymeHpmenue & (ot 140 mo 50
kr*vac) u yBenuuenue & (ot 0.4 1m0 0.7) mw o (ot 0.1 mo 0.28).

Bnusuue BJaakHOCTHM (JABAMCTOCTH) Ha JOeQOPMHPYEMOCTH 3aCOJEHHBIX
MEp3JbIX NOpPOJ HucciegoBaioch Ha npuMmepe mnecka (p.Ce-fxa) u cyriumHka
canexapiackoro Bo3pacta. Kpussie pepopmupoBanus necka (p.Ce-fxa) npu
temrneparype -2°C u 3aconeHHocTH 0.5% ¢ pa3MIHON BIAXXHOCTHIO M MIOTHOCTHIO
npeictaBieHsl Ha puc. 45 (a). U3 HuxX crneayer, 4TO BO3pacTaHUE HaydyallbHOU
CyMMapHOW BIIQXXHOCTH TPHBOAUT K YMEHbIICHHWI0O Jaedopmamuii 3acCOJEHHOTO
necka IMpW OMHOW W TOW ke Harpy3ke. COOTBETCTBEHHO M3MEHSIOTCS U MapaMeTphl
nedpopMuUpoBaHUs: MpH yBeaudyeHUU BiaxHocTH OT 0.3 mo 0.5 m 0.7 BenmumHa M
cooTBeTcTBeHHO yMeHbmaerca oT 0.98 mo 0.83 u 0.81, 3HaueHue & Bo3pacTaeT OT
0.1 mo 0.3. OmHako mapamMeTp a Mpu 3TOM Takxke Bo3pacrtaeT ot 0.3 mo 0.44 - 0.45,
YTO, BEPOSATHO, CBSA3aHO C YBEIMYEHUEM BO3MOXKHOCTEH nedopmupoBaHHs Oojee
JBAUCTONW TOPOJBI BO BPEMEHH - MHHEpaJbHbIE YAaCTHIBI 37eCh B OoNbIIed mepe
pa3o0meHsl JIbAOM, KOTOPBIH MEHEe CBS3aH CKEJIETOM TPyHTa W C TEYCHHEM
BpeMeHH Jerko nedpopMupyercs. AHaloTH4YHAs 3aKOHOMEPHOCTh ObIa TMOJydeHa
IUTSL cajexapACcKOTo CYTIHHKA, B KOTOpoM mpu Temmneparype -3°C u 3aCONEHHOCTH
0.5% npu yBenudenuu BiuaxuHoctu oT 0.46 mo 0.70 mpoucxoauT Bo3pactanue § OT
2.0 go 3.5 kr*yac u nmapamerpa o oT 0.08 mo 0.11. Ilpu yBeauuyeHUH 3acCOJICHUSA

camexapiackoro cyriauHka g0 1.5% ¢ yBenmuenuem BaaxHoctu oT 0.46 mo 0.70



BenuuyuHa M ymenbmaetrcs ot 075 no 0.4; mapamerp & Bo3pacrtaer ot 1.0 go 1.3, a
3HaY€HUE O HEe3HadyuTeslbHO yMeHbmaercs ot 0.16 go 0.14, T.e. Bce mapaMeTphl
U3MEHSIOTCA B CTOPOHY YBEJIMYEHUS YCTONUMBOCTU IOPOJABI, YMEHBIIEHHUS €€
nepopmanuit mon Harpy3kamu. I[lpumep BIWSHUS HadyalbHOW TIJIOTHOCTH U
BJIAXXHOCTHU NMPUBEAEH HA pUC. 73 1 3aCOJICHHON MEP3JIOi CyINEecH.

Kak wu3BecTHO, a1 Mep3JbIX HE3aCOJEHHBIX MOPOJ HabnronaeTcs
JKCTpeMajbHasi 3aBUCUMOCTb COINPOTHUBIEHHUS MEP3JbIX IOPOJ CXKATHUI OT
appocoaepxkanus (Ulymepuna, boOkos, 1969). [lelicTBUTENbHO, NPU HENOJHOU
CTEMEHMW 3alOoJHEHUS MOp TPyHTA JbJAOM YyBEJIHUYEHUE JBJAUCTOCTHU NHPUBOIUT K
YIOPOUYHEHHUIO TPYHTA BBUAY YCHUJICHUS JIbJOIEMEHTALIMOHHBIX CBs3CH.

HanpoTuB, npu nanbpHellleM yBEIWYEHHUHU JIbJOCOAEPKAHUS CONPOTUBICHUE
TpYHTa CHHXaeTcs, JAOCTUras B IMpeAele 3HAuYeHUs, KOTOPOE XapaKTEepHO M
YUCTOTO JbJa, YTO CBSI3aHO C IOCTENEHHBIM YMEHBIIEHUEM YHIPOUHSIOLIETO
BJIUSHHUSA MHHEpaJbHbIX dacTul. CamMo ynpouHsIoIlee BIUSHUE Ha JeJ
MHUHEpaJIbHBIX YacTuil, ©Hanpumep, R.Hooke wu npyrue oOBSACHAIOT TeM, YTO
BOKpPYI MUHEpAaJbHbIX 3€pEH NpU AepopManuMu JbJa BO3MOXHO 0Opa3oBaHUE 30H
AU CIOKalui, KOTOpbI€ TMPENATCTBYIOT OCHOBHBIM CJABUTOBBIM JHCIOKAILUSIM.

BeposaTHO, 3TO 01HO W3 NpOsSBIEHUN MacmTabHOro 3PdeKTa, Kormaa CoOKpamanTcs

nedhopmupyromuecs o0BeMBl Ibla, HaxXOJsIIMECS MEXAY MHUHEPAJIbHBIMHU
YaCTHIIAMHU.
Takum oOpa3zoM, B OTJIMYME OT HE3aCOJIEHHBIX IOPOJ, B 3aCOJIEHHBIX

MEpP3JBIX MOPOaax BO3PAaCTaAaHUE CONMPOTHBISAEMOCTH NOPOAB BHEIIHUM Harpys3kam
NPOUCXOIUT YyXE€ IOocJie MOJHOTO BoJoHackimeHus (B cyriauHke or W=0.46 no
W=0.70, B mecke ot W=0.30 no W=0.70). 3aecr MHHEpaJbHbIE YaCTHIIHI,
pa3apoOIeHHbIE JABJOM, OKa3bIBAIOT MOJIOKUTEIbHOE BIIUSIHU Ha
COTIPOTUBISEMOCTh JAePOPMUPOBAHUIO, YTO, BEPOSTHO, CBSI3aHO C TeM, UTO
NpEPHIBAIOTCS  TOJCTHIE HE3aMep3MHue MPOCIOWKH BOABI, 1O KOTOPBIM MOTIIO
NPOUCXOUTh CKOJBbXEHHE dYacTHl. M3oiaupoBaHHBIE ciabbie MecTa B TOpoOje,
KOTOPBIMH SIBJSIOTCS He3aMep3lihe TNPOCIOWKM pacTBOpa, MNpPU  YBEJIUWYEHUU
JBAUCTOCTH  CTAHOBATCS Jalibllie JpPYyr OT JApyra, UX OO0BEMHOE COJepKaHue
YMEHBIIAETCS, MOITOMY 0O0IIas CONMPOTUBISIEMOCTh HAarpy3kaM Mep3JIOW TOPOJBI

BO3pacTacT.



Puc. 73. Kpuevie nonsy-
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BaxxHo oOTMeTHTh, UYTO aHaIW3 CTAaOWMJIM3HPOBAHHBIX nedhopManuil mpu
KOMIIPECCHUOHHBIX HMCIBITAHUIX 3aCOJCHHBIX MEP3JIBIX TPYHTOB CBHUJAETEILCTBYET,
YTO KOHEYHBbIE JAeQOopMaIuu BbIme y 00Jiee JbJAUCTHIX TPYHTOB. DTO OOBACHSAETCS
MJIACTUYHBIM T€YEHUEM JIbJa MPU OOJBIIOM BPEMEHHU BO3ICHCTBHS.

Hexotoprie nccnenopatenu, ocoOEHHO 3apyO0eKHBIE, HCIONB3YS MPHU aHATHU3E
MEXaHMYECKHX CBOWHCTB MeEp3JBIX MOPOJ MOHATHE coseHocTH (salinity), T.e.
KOHIIEHTPAIlMI0 MOPOBOTO pacTBOpa, a He 3acojeHHOcTH (salinization), Ha Ham
B3TJIAJ, HE BIOJHE OOOCHOBAHHO CUHTAKOT, YTO yBEIHYCHHE HavYyalbHOU
BJIQXXHOCTH MPUBOJAUT K YMEHBIIEHUIO COJIEHOCTH MOPOBOTO pacTBOpa.

B Mep3nbpIX TpyHTax COJEHOCTH MOPOBOTO pacTBOpa sABIseTCsS PyHKIHEH ero
TemMmneparypel, a He o0mei BraxHocTu. I[lopoBBIiI pacTBOp HUMeEET Ty
KOHIIEHTpAIMIO, KOTOpas SBIsEeTCS PaBHOBECHOW C TeMmIepaTypou, OCTalbHas
BJIara COJEpXKHUTCS B BuUIe ibaa. CrenoBaTenbHO, YBEIUYUBAs JbJOCONECPKAHHE
npu OAHOW W TOH ke TeMmmepaType, Mbl HE HU3MEHSEM KOHIEHTPALHI TMOPOBOTO
pacTBOpa, a yBeiaumuuBaeM oO0BbeMHoe cojaepxaHue ibpaa. CoJaeHOCTb ke BooOIIe
ABJSI€TCS YCJIOBHON XapaKTEpUCTHUKOW caMOi MOpPOAbI, T.K. PacTBOPSIOUUNA 00BbEM

BOJBI B MCP3JIBIX TPYHTAX MCHACTCA OT TCMIICpAaTyphbl, 1aBJICHUA U T.1.
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Puc. 74. Bnusauue ycrosuii npomep3anus HA 3A8UCUMOCMb Odedopmayuii om
épemenu npu o0HoocHom cocamuu npu o=0.3 Mlla cyeanunka (03.Tubeii-To) npu
Dsa|=0.5% u = -3°C

Bnusaue ycnoBui npoMoOpakMBaHUS o0Opa3moB M HX KPHOTEHHOTO
CTPOEHHUs M3y4yaJoCh HaMH Ha Tpex cepusx obpasmnoB cyrnumaka (03.Tubeii-To) c
3aconeHHocThi0 0.5%, onHa M3 KOTOPHIX TOTOBHUJIACh OOBIYHBIM BCECTOPOHHUM
npomMopaxuBanueMm mnpu -5°C, npyras npomopaxusanack npu -20°C, a B TpeTheit
00pa3npl TOTOBUIKUCH OJTHOCTOPOHHUM NMpoMopakuBanueMm npu -5°C (puc. 74).

B pesynbpraTte B oOpa3max mepBoi cepuu HabOI0ganack MEJIKOCIOHCTas
KpUOTEHHAass  TEKCTypa C XAOTHYHBIM pPAacCIOJOXEHHEM LUIHPOB, B oOpasmax
BTOPOW - €IMHUYHBIE TOHKHE NUIMPHI, a B 00pa3max TpeThel cepuu oOpa3oBaliachk
FOPU30HTAIbHO-CIOUCTAS] KPUOTEKCTYypa C TOHKMUMHU (OKOJIO 2 MM) LIJIMPAaMH JIbJA.

[InoTHOCTE 00pa3noB B cepusAX COCTaBJsAJa COOTBETCTBEHHO B CpPEIHEM
1.75, 1.77 n 1.78 r/cM®. DKcepuMeHTH MOKA3alld, 4TO C MEPEXO0J0M OT 0Opa3IoB
IIEPBOM CEpUM KO BTOPOH U TpPEThEH K03(ppuULUEHT M yBEJIUYUBACTCA
coorBercTBeHHO oOT 0.46 go 0.47 u 0.50. [Jns oOpa3uoB TpeTbell cepuu
3aUKCHUpPOBAaHBl MaKCHMaJbHBIE 3HA4YECHHUS BEJIMYUH & M O, a MUHUMaJIbHBIC
3Hauenusa £=0.3 u a=0.07 xapakTepHBI 15 00pa3oB, 3aMOPOXKEHHBIX MPH HU3KOH
TeMmIeparype.

Kak oTMmeuanoce  BbIIE, yBEIWYEHHE  JBAUCTOCTH MEP3JIBIX MOPOJT
NPUBOIUT K YBEIHYECHUIO Ne(GOpPMUPYEMOCTH BO BPEMEHH M COOTBETCTBEHHOMY
yBeIUYEeHUIO Napamerpa o. OnHOCTOpOHHEE MpoMep3aHuUe CcrnocoOCTByeT Ooliee
MEJUUIEHHOMY OXJaXX/JI€HWI0O U HalpaBJIEHHOMY BJarolepeHoCy, CJIE€JI0BaTEIbHO,
GOpMHUPOBAHUIO JIEASHBIX [UIMPOB OOJbIIEH TOJIMMUHBI W B IEJIO0M OOJbIIeH
cerperanuMu JjbpJa B Mep3Jiod moponae. BeposTHO, CKOJIbXEHUE MHHEpPalbHBIX
OT/AENBHOCTEH BIOJb HAMpaBIEHUS JEASHBIX NUIMPOB B 00pa3nax TpeTheil cepuu
NPUBOIUT K BO3PACTAHUIO nedhopManuii Mep3JIOro TpPyHTa BO BpPEMEHU U
MaKCHUMaJIbHOMY 3HAQUECHHIO MmapaMeTpa o u3 Tpex cepuit. Hanbonpmee 3HaueHue &
B OJHOCTOpPOHHE IpoMep3aBmMX oOpa3max TakXe  MOXHO, TIO-BHUAUMOMY,
OOBSICHUTH BBICOKOW CTENEHBIO Cerperanuy Jbjaa B oOpas3max, 3HAYUTEIbHBIM
YILIOTHEHWEM MHHEpPaJIbHBIX arperaTos U TOoTOMYy OOJBIIUM MOIYyJIeM
nedhopmanuu. J{ns apma Takke oTMedaeTcs BHICOKOE 3HAaUYeHHUE &, MOAITOMY M Jel, U
MHUHEpaJbHbIE MPOCIOU OKa3bIBAIOT YIPOUHSIONIEE BIUSHUE HAa MEP3JIyI0 MOPOAY B
neiaoMm. IlosTomMy 0Opas3mbl, IPUTOTOBICHHBIE OJJHOCTOPOHHHUM IIPOMOpPaXKUBAHUEM,
OKa3bIBAKOTCS HanMeHee nehopMUPYEMBIMH. HauGonpmue nedopmanuu
XapakTepHbl A  00pa3oB, MPUTOTOBIEHHBIX METOJAOM  BCECTOPOHHETO
NpOMOpaXKMBaHUS TIPH CPAaBHUTEIBHO BBICOKHX OTPHUIIATEIBHBIX TeMIIepaTypax.

Onu, kak u 00pa3mbl BTOPOW CEepPHUHU, OTIMUYAKOTCA MaJOd CTEMEHBIO CeTrperaiuu,



HO, W3-3a MEAJEHHOTO NPOMOpPaXHBaHHS, MO-BUIAUMOMY, Oolee HEOAHOPOJHBI H
UMEIOT MEHBIIYI0O MJIOTHOCTh, YTO CIOCOOCTBYET HaMOOJBIIUM JIe(POopMausIM.

Brnusnue cocraBa coJiedl uccienoBajloCh HaMu Ha obOpas3iax  Mep3Jiou
3acoieHHOU cynecu (m.boBanenkoBo) mpu temmeparype -3°C, 3aconennoctu 0.2%
u Braxuoctu 0.35. B mep3nayro mopoay nobaBiasinuch cyxue O€3BOJHBIE COJHU
NaCl, Na2S04, CaCl2 u MgCl2 B konuuecTBe, COOTBETCTBYIOIIEM 3aCOJICHUIO
0.2% mo Becy cyXxoro ckejiera TpyHTA.

Kak u3zBectno (EpmoB, 1979), B Mep3abix noponax npu 3aconenuun NacCl
COJEpPXUTCS MAKCHMalIbHOE€ KOJHWYECTBO He3aMep3Iiei BOJbI, MEHbIIE - IpPHU
3aCOJICHUHU IPYTUMU XJIOPHIAaMH, M €Ile MEHbIIE MPHU 3aCOJCHHUHU CyiabdaTaMu UIH
HUTpaTaMu. OTUM OOBICHIETCS, UYTO MHHUMAalIbHOE 3HAYEHUE, HAIPUMED,
napametpa, &, ABIAOIErocs MoayiaeM naegopmanuu NpU EAUHUYHOM 3HAUYCHHUHU
BpemMeHu U aedopmanuu, 3abpukcupoBano ais oopasnos cynecu ¢ NaCl. ITapametp
€ nns NaCl-cymecu cocrtaBiser 12 kr*uac, a mais Na2SOs-cynmecu - 17.3 kr*uac.
KospdunuenT ynpouyneHuss M okazaicsi HE 3aBUCSAIIUM OT BUJA COJIEH, MmapameTp
O MPAaKTHUYECTH TOXE. 3HAYCHHs MmapaMeTpoB NeHOpMHPOBAHUS TPHUBEIACHBI B
Tabn. 24, kpuBBIe AaHBl Ha puc. 75. bojee ToiCThIe KHUIKUE MIECHKH BJaru y
XJIOPUJIOB, OCOOCHHO Yy XJOpHIa KalblHus W HAaTpHsA, oOecrmeuuBaroT OoJbIIne

nehopManuu MOPOIbl, YEM IPHU 3aCOJICHUH CyINEecH Cylb(paToM HATPHU .

Dedopmaumn, %

0 50 100 150

Bpems, yac

Puc. 75. Bausanue coneii Ha Oegopmuposarnue npu 0OHOOCHOM CHCAMUU CYNecu
(n.bosanenxoeso) npu o0=0.7 MIla, Dsai=0.2% u 6= -3°C: 1 - NaCl; 2 - CaCly; 3 -
Na.SOg4; 4 - MgCla.

Tabnuya 24. [Hegopmayuounvie  xapakmepucmuku  3ACONEHHOU  cynecu
(n.bosanenxkoeo) npu saconennocmu Dsa=0.2%, memnepamype -3 °C u enasxcnocmu
W=0.35 ¢ paszruynvimu coaamu npu o0HoOCHOM coxcamuu. DPusuveckue c8olcmea
cynecu oamsl 8 maou.




3acoieHue &, Kr*yac m a
NaCl 12 0.2 0.09
CaClz 12.5 0.2 0.03

Na2S04 17.3 0.2 0.03
MgCl2 15.4 0.2 0.03

Haubonpmue nepopMamuu xapakTEpHBI Ui CYIMECH C PAacTBOPOM XJOpHUjaa
KaJbIMs, TAK KaK UMEHHO 3Ta COJb MMeeT Haumbojee HU3KHE TEeMIepaTyphl Havaia
3aMep3aHusl.

B Ttabn. 24 nupuBencHH 3Ha4YeHHs mapamMeTpoB M, &, o, KOTOpHIE
UCIIOJIb30BAJIUCh JIJIS aHajdu3a pPe3yJIbTaTOB HCHBITAHHNA U MO KOTOPBIM MOYXKHO
clesiaTh MPOTHO3 JaedopMamuii 3aCOJCHHBIX MEP3JBIX TPYHTOB IMPH OJHOOCHOM
cxkatuu. HecMoTpss Ha WX NPEUMYIIECTBO NPU COCTABJICHHU IMPOTHO3a, C HX
MOMOMIBI0 JOCTATOYHO TPYJIHO CPABHUTH Pa3JIMYHBIC 3aCOJICHHBIE MEP3JIbIEC MOPO B
U uX aedpopMamnuu MojJ Harpy3KaMmu.

HNedbopmanuu Mep3abIX MOPOJ Pa3JUUYHBIX Te0JOT0-TeHETHYECKHX THIOB

UMEIT 0COOEHHOCTHU, 0OYCIIOBIIEHHBIE UX COCTaBOM U CTpoeHUEeM (Tabi. 25).

Tabnuya 25. JJepopmayuonnsie ceoticmea mMep3ablX 3dCONEHHbIX NOPOO PA3NUUHBIX

2ceonoco-eceHemuyeckux munos (oannvie B.U. Axcenosa u P.I'. Kanvbepeernosa,
1996 (1); asmopa (2)).

I'pyHnT T, | W, | Dsal, P, [TapaMeTpsl MON3y4eCTH MecTo oTbopa,

°C | me. | % | r/cm® C.C.Bsanosa aBTOP, CIIOKEHHE
m o €,
Kr/cm?*cy
T

Mopckue OTJIOXKEHUS cajlexapACKOW CBUTHI

'muna -3 10.43(0.95|1.71 |0.7 |0.048 |70 bosanenkoBo, (1),
HEHapyIIeH.

Cyrnunox |-3 |0.46 0.5 |1.65 |0.3 |0.08 8 boBanenkoBo, (2),
HApYIICHHOE

'muna -4 10.45(0.82 | 1.7 0.9 10.081 | 240 bosanenkoBo, (1),

HapyLIEHHOE




OTHOXEHUS] TPEThEW MOPCKOUN Teppachl

Cyraumnok |-2 [0.38 0.5 |1.76 |0.2 |0.062 |8.8 AMmaepwma, (2),
HapyIIEHHOE

Cyraumnok | -2 [0.2210.23 |1.96 |0.4 |0.057 |13 bosanenkoso, (1),
HEHapYIIEH.

[Tecox -2 10.26 10.11 {1.83 |[0.8 [0.06 18 bosanenkoso, (1),
HapyIIEHHOE

AJIIOBHAJIBHBIEC OTJIOXKEHHUS

[Tecok -2 10.19{0.03 |{2.03 |0.40.072 |76 bosanenkoBo, (1),
HEHapyIIeH.

[Tecok -2 ({0.26 0.2 |1.87 [0.8 0.3 32 p. Ce-fxa, (2),
HApYIICHHOC

Tabauya 26. @axmopwl, iuswwue Ha 0eopmupyemocms 3ACONEHHbIX MepP3LblX

nopoo
DaKTOpPHI U UX Hedopmanuu Mep3noro rpyHTa KommenTapuu
BJIUSIHUE:
npu OnnoocHoOe [TapukoBweiii | Komnpeccus
YBEJUYECHUHU c)KaTue mTaMn
JucnepcHoctu | YMeEHbIIAOTCA Binusuue Bo3spacratror | OnHOBpeMEHHOE
HEOJHO3HAUYHO | (KOHEUYHBIE | BIUSHUE
nedopma- COoJepKAHUS
1197879 Ibaa u
HayvyallbHOU
IIOPUCTOCTH
Temmneparypsl Bo3spacraror Bo3spacraror Bospacraror | YBenuuenue
KOJIMYECTBA
crnocoOHOH K
I BUXKECHUIO
3aCOJIEHHOCTH Bo3spacraror Bospacraror | BospacrarwT | He3amep3men
BO/JIBI,
N3mMeHeHnun CaCl>NaCl> CaClo u CaCl; U3MEHCHHE
cocrtaBa coxeir | MgClo>Na>SO | NaCI>Na2SO4 u NaCl> BA3KOCTH
4 Na>SO4 MMOPOBOTO
pacTtBopa u
BOJIONPOBO-
JUMOCTH MOPOJbI
JIsaucroctu YMeHbpmawTcs | YMeHbIIaTC Biusuue Yupounstomee




(cymmapHoOit) S HEOJHO3HAY- | BIUSIHUEC
HO
N3menennn MaccuBHas> MaccuBHasg> CeTuarasg> | IeASTHBIX
KPUOTEHHOTO Cnowucras CeTuaras Cnoucras BKIIOYCHUU
CTpOCHUS KPHOTEKCTypa | KpHOTEKCTypa
[InoTtHOCTH Bo3spacratoT YMeHbpmawTc VYMmenbma- | Bo3pacranue
i IOTCS CBSI3aHO C
(KOHEYHBIC) | yBEIHUYCHHEM
JIbIUCTOCTH
3HaueHus mnapamerpa § - aHamora wMonayis aedopmanuii - B IEJIOM

BO3pacCTalOT C YBEJIMYEHUEM JHCIEPCHOCTHU, HYTO OOBACHICTCS YBEIHYCHUEM
ABJAUCTOCTU, W BO3pacTa OTIOXEHHH. [l TPYHTOB HEHAapyUIEHHOTO CIIOXECHHS
napamMeTp O, ONpeleNsomMUi BIMSHUE BpPEMEHU Ha JedopManuu, 3aKOHOMEPHO
YMEHbIIAETCS C YBEJIMYECHHEM JAUCHEPCHOCTH, T.€. B MEcKax ObIcTpee M3MEHSETCs
ckopocTh nedopmanuu. [Tapamerp M Bo3pacTaeT NpH HAPYIICHHHU CJIO0KEHHS, YTO
00BsSCHSETCS AaKTUBHBIM BO3HHKHOBEHHEM CTPYKTYPHBIX CBSi3eil M YHNpPOUYHEHHUEM
HapyHICHHOW MOPOABI O Mepe AePOpMUPOBAHUS.

[Ipennaraembie OOBSICHEHHS HE SBISIOTCS HCYEPNBIBAIOIIMMH, OJHAKO OHHU
NOKa3bIBAIOT, 4YTO (OPMUPOBAHUE MEXAaHHMYECKHUX CBOWCTB 3aCOJICHHBIX MEpP3JIBIX
HOpoJ, B YAaCTHOCTH, UX JAe(GopMHpOBaHME OCHOBBIBACTCS NPEUMYIIECTBEHHO Ha
U3BECTHBIX (PU3MUYECKUX SIBJICHUSAX U 3aBUCHUT OT COCTaBa U CTPOEHUS MOPOJ.

B rtabGauume 26 mepedyuciaeHbl OCHOBHBIE (aKTOpPhl, BIMAIOIINE Ha
nehopMUPYEMOCTh 3aCOJIEHHBIX MeP3JbIX MopoJa. KoMMeHTapuu yUuThIBalOT TOJBKO
rjlaBHbIE MPOILECCHl, oNpeenstommue 1eopMUpyeMOCTb.

Bo3MoxHble MexaHM3MBl JehOpMHpPOBaHHMSA CBA3aHbl, TakuM oOpa3zoMm, B
OCHOBHOM ¢ 1) nedopMupoBaHMEM U pas3pylieHMeM Oojiee TMPOYHBIX, HYeM
MHHEpajJdbHbIE MPOCIOU M arperaTsl, JeAsSHBIX BKJIIOYEHUH; 2) cuemiIeHueM Hu
CKOJIb)KEHUEM MHHEpaJbHBIX YACTHUIl; 3) IBUKEHUEM He3aMep3Iiield BOJIbI.

C napyroil cTOpOHBI, BBISIBIEHHbIE (AKTOPHI, ONpeACNsAONINe pa3BUTHE
nedpopManuii, Mo3BOJAIOT 00BACHIATH OCOOEHHOCTH CBOMCTB 3aCOJIEHHBIX MEP3JbIX
NOPOJ Pa3JIMUHBIX [€0JOr0-reHeTUHYEeCKUX THUIOB. Tak, HanpuUMep, Mep3Jble TPYHTHI
C KOHTHUHEHTAJbHBIM THIIOM 3aCOJIEHHS MeHee aAeQopMUpPYEeMBbl, YeM TpPYHTHl C
MOPCKHMM THUIIOM 3acOJIeHUus. Mep3ible HOpOAbl ¢ SMUXPOHHBIM THIIOM 3aCOJICHHUS,
KaK MpaBuUJIO, OTIMYAIOTCS NPH OJAMHAKOBOH 3aCOJEHHOCTH MEHBIIEH MPOYHOCTHIO,
4eM TPYHTBI C 3acCOJIeHMEeM CHHXPOHHOTO THUNa. AJIIOBUAJIbHBIE M MOpPCKHE
rOJIOIEHOBBIE CYIJIMHKHM moOepexbs Xalnyablpckoid TyObl SHMUXPOHHOTO THIA
npomep3aHusi, 6ojee MIOTHBIE, MEHEE JbAUCTBIE U 3acojeHHble (B cpenHem 0.05-

0.15%), yem ronoleHOBbBIE MOPCKUE U AJUIIOBHANbHbIE CYTJIMHKHN 3amaaHoro Smana,




OTJIMYAIOTCA W MeHbIed aedpopMHPyeMOCThIO. [JIHMHHCTBIE TOJOIEHOBBIE U
IUIECTOLEHOBBIE JIBAUCTBIE OTJOXEHHS CHUHXPOHHOIO THUIIA IpOMEp3aHus,
ciararomue Ha SImane BepXHHME 4YacTU MOpPCKUX Teppac (Hampumep, 3 Mopckasd
Teppaca: BBEpXy CHHICHETHYECKHH TOPU3OHT C HEYETKOW auddepeHunanuei
TPYHTOB 1O (pakmusiM U BBICOKOW JBAMCTOCTHIO, MpeobiagaHueM 0a3adbHOTO
JAbJa-1IEMEHTAa, PBIXJIBIM OPraHO-MUHEpPaJbHBIM CKEJIEeTOM), MeHee ne(hOpMHUPYEMBI,
Jla)ke IpU OJMHAKOBOM 3aCOJIEHHOCTH, Y€M HHUXKEJEKAIUe MOPOABl C SIMUXPOHHBIM
TUIIOM NpOoMep3aHUs (C TUIUYHONU CETYATON KPUOTEKCTYpPOU U JIbAUCTOCTHIO MEHEE
20-30%).

Pe3ynpraThl paccMoTpeHHs BIUSKMUX Ha jaepopmupyemMoctb (axTopon
MOTYT CJIYXHTh OCHOBOW JajbHellied pa3pabOTKM METOJOB TMpPOTrHO3a U
YIpaBJIEHUS CBOWUCTBAMHU 3aCOJIEHHBIX MEP3JBIX IOPOJ.

YACTDb 4. HECYIIASA CITIOCOBHOCTbD 3ACOJIEHHBIX
MHOT'OJIETHEMEP3JIBIX TPYHTOB U IPAKTUYECKHUE
PEKOMEHJALINN

I''TABA 10. JJIUTEJIBHAA (MHOT'OJIETHAA) [TOJI3YYECTD

Kak mokazano nusa mepsubix rpyHToB Brnepsble E.IL.IIlymepunol, a 3arem
C.C.BsanosreiM, H.K.Ilekapckoit u P.B.Makcumsak (Bsanos u ap., 1978),
3apoXKIEHUE U pa3BUTHE TMOJI3yYECTH OIpEAeNsieTcsl pa3BUTUEM TpEIlUH,
paspyuieHMeM arperatoB YacTHIl W BO3HUKHOBEHUEM Jpyrux nedexrtos. Ilpu
3aTyXxarleil moja3yyecTu npeobiagaeT Npolecc YMEHbIIEHUS, 3aKPbITUS TPEUIUH U
CMEUIEHUs YacTHUIl OTHOCUTEIbHO JAPYT Apyra. 3aKpbiTUE M MCUE3HOBEHHE TPEIIUH,
no MHeHHO0 H.A.llpitoBuua (1973), mnpoucXOAUT TakXKe B pe3yiabTaTe IMmpollecca
TassHUS JbJa B TOYKAaX KOHTAKTa MHUHEPAJbHBIX YaCTHUI U MOCIEAYIOIIEro ero
3aMep3aHuUsl B MEHEEe HAaNpsDKEHHBIX 30HaX Mep3J0oro TIpyHTa. 3aTyxaromas
NOJ3y4ecTh  XapaKTepusyercs NOCTENEHHBIM  yYMEHBIIEHUEM  CKOPOCTH
HeoOpaTuMbix nedopmanuii. B mpomecce 3aryxawmeidl MOI3y4eCTH MPOUCXOIUT
NEPEOPUEHTUPOBKA U IMEpeKpucTajyiu3alnus JbJa C YMEHBbIIEHHUEM pPa3MEpoB
KPUCTANJIOB, YTO YBEJIWYMBAET IUIOTHOCTh Jbjaa. OuUeBUIHO, YTO YyUYe€CThb OTHU
npoueccsl Mmpu pa3paboTKe KOJIMYECTBEHHOTO  NPOTHO3a  TPYAHO, IMOATOMY
uccieAaoBaTeNM YacTo UAYT MO NYTH AaNNpPOKCUMAIHUU ONBITHBIX JaHHBIX
pPa3IUYHBIMU YPAaBHEHUSAMHU.

[IpocThiMH, a MOATOMY pacnpOCTpPaAaHEHHBIMHU SBISIOTCS TaK Ha3bIBaeMbIe
TEXHUYECKUE TEOPUHM TMOJ3Yy4eCTH, OCHOBAHHbIE Ha HEJIUMHEHHOW 3aBUCHUMOCTHU
MEXIYy YyCTaHOBHBIIEHCS CKOpOCThi0 moi3ydectu de/dt m HampsikeHHEM O,
NpUYeM KpuBas HUCXOAUT U3 Havana koopamuHat (Bsmor, 1978). Hawubonee

HU3BCCTHBIMHU ABIAIOTCA CTCIICHHAA HIIHU rI/Inep6oanec1<a${ 3aBUCHUMOCTBh, UMCIOIIIAs



OCHOBaHME B CTaTHCTHUYECKOW MexaHHKe (Ppopmyna DIipunHra), a Takxke Gopmyia
Teopun  ynpouyHeHus. Ilo napyroii Teopum (cTapeHus) ycTaHaBJIUBaeTCs
3aBHCUMOCTb HE MEXAY CKOPOCTbIO neGOopMUpOBAHUS M  HANpSKEHUEM, a
Mex1y nedopmamueil, HampsOKEHUEM M BpeMeHeM (MBI Ha3biBaeM ee (GopMyJioi
C.C.BsanoBa, Omnarogaps HUCCIEIOBAaHUSIM KOTOPOTO OHAa IMOJy4YHiIa IIUPOKYIO
U3BECTHOCTH). MeeTcs Takxe psaa apyrux noaxonon (Bsmos, 1978).

beiinm  nmpoBeneHBl  AJNUTENbHBIE  DKCIEPUMEHTAIbHBIE  HUCCIEJOBAHUSA
NOJI3Yy4YECTH MEP3JbIX 3aCOJEHHBIX MOPOJ OTAEIbHBIX I'€0JOT0-T€HETUUYECKUX TUIIOB
IpU NOCTOSIHHBIX TEMIIEpaType U Harpy3kax B YCJIOBHUSIX NOA3EMHOH snabopaTtopuu
AMJIEpMHUHCKON MEP3JOTHOU CTAHIIMU NPOJOJIKUTEIbHOCTHIO 10 11 net. [ns sTux
UCOBITaHUN pa3dpaboTaHa METOJAMKA M HM3TOTOBJIEHO 00OpYAOBaHHUE, MO3BOJSIONIEE
IPOBOJAUTH MHOTOJIETHUE DKCIEPUMEHTHl U HCKJIIOYaroliee nepekocsl odOpasznos. B
3TUX DSKCIHEPUMEHTAX HCMO0JIb30BaHbl YHUKAJbHbIE BO3MOXHOCTH JabopaTtopuu
AMIEpMUHCKOW MEP3JIOTHON CTAaHIIMU, HaXOAsAIIeHCs Ha Ti1yOouHe 14 M mox 3eMiei,
NOYTH Ha TAyOMHE HYJIEBBIX TOJOBBIX aMIUIUTYJ KoJeOaHUH TemIepaTyphl.
[Toxzemuas  mabopaTopus  pas3jejeHa TEIJIOU3OJSAIMUOHHBIMH CTEHKaMH  Ha
OTCEKH, TJ€ C IMOMOUIbI0 Trperlnero kabenas Temmneparypa NOAJLEpKUBAETCS
NOCTOSSHHOW B TeYyeHHE MHOTHX MecsaneB u yer. KomeOaHus temmepaTypsl B
TEUYEHHWE MHOTHUX JIEeT, Kak nmpaBuio, He npebimamT 0.2 - 0.3°C.

[TonroToBKa 00pa3mOB TPYHTOB [JIS HUCHOBITAHWH 3aKJ0dYalach B CYIIKE
FPYHTa, €ro M3MEJIbYEHUM U CMEUIMBAaHUU C PacTBOPOM MOpPCKOH coau
ONMpeaeleHHON KOHLIEeHTpauuu. 3areM oO0pas3ubl YKiIaAbIBaIuCh B  (OPMBI,
3aMOpa)XMBAJUCh U HU30JUPOBAJIHUCH OT OKpYyXKalllel cpeabl B TOHKHX PE3UHOBBIX
obonoukax. [Ipm HcOBITAHUSIX OHHM MOMEIIAJUCH B CIHENHUAJbHbIE T€PMETHYHBIE
CTakaHbl, cojaepxamue cHer. Takum oOpa3oM, HCKJIOYajllach MOTEps BIAXHOCTHU
o0pa3noB B TeuyeHUe »dKcnepuMeHTa. ONBITHI NPOBOAUIKNCH C HAarpysKaMu,
ONMM3KMMHU K [peAeny AJUTEIbHOW MNPOYHOCTH, MapajlIeIbHO C€ HIECThIO
ONMHAKOBbHIMU oOpa3uamu. B TeueHue Bcero BpEeMEHU MPOBOAUICH KOHTPOJb
TeMIlepaTypbl B KaMepe B HECKOJbKMX TOYKaX. OTCUETHl BHIMOJHSAINCH B OCHOBHOM
OJIMH pa3 B MeCHII.

JnutenbHasg MOJ3Yy4YeCTh 3aCOJIEHHOTO MEpP3JI0ro IMecKa MNPOUCXOAUT C
3aTyXawlle, MOCTOSHHOW M 3aTe€M YyBEJIHWYUBAIOLIEHCS BO BPEMEHH CKOPOCTHIO U
3aKaH4YMBaeTCs pa3pylleHHueM o0pa3lmoB, T.€. COOTBETCTBYET MOBEIEHUIO MEP3JIbIX
HE3aCOJEHHBIX 00pa3loB U pe3ylibTaTaM KpaTKOBPEMEHHBIX MCHBITaHUN (puc. 76).
B oTnuune oT Mep3dbIX 3aCOJEHHBIX MECKOB M MEP3JbIX HE3aCOJEHHBIX MOPOJ]
3aCOJIEHHbI€ TJIMHHUCTBIE Mep3jble MOpoabl AeHOPMUPYIOTCS MPEUMYLIECTBEHHO C
yMEeHbIIANEHcss BO BPEMEHU CKOPOCTHIO - TaK XK€, KaK U B KPaTKOBPEMEHHBIX

HUCIBITAHUAX.



K mnony4yeHHBIM JaHHBIM OBIIM TPHUMEHEHBI TPH METOAUKH 00paboTKH,
OCHOBAaHHBIE Ha clleylmux ¢popmynax.
Bo-nepBrix, Oblla uMcmosip30BaHa (opMysa Tak Ha3blIBAEMOH TEXHUYECKOU
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BO-BTOPBIX, TEOPUU YIIPOUHECHUS:
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Puc. 76. Kpuevie onumenvnozo oOepopmuposanus mep3noco mopckoco necka (A) npu
3aconennocmu 0.1%, enaxcnocmu 0.26 u naepysxe 0.15 MIla u cyenunxa (B) npu 3aconennocmu
0.5%, enasxcnocmu 0.46 u nacpysxe 0.1 MIla. Temnepamypa -3 °C, yugpamu o0603nauerbl

HoMepa 00pa3yoe



OcHOBBIBasACh Ha pE3yJbTAaTax ONBITOB NPOJOJKUTEIbHOCTHIO B HECKOJBKO
OHEW, Mbl MOJYYHIM pacyeTHbIE KpPHUBBIE A pPa3IUYHBIX (GOpMYyJ, a 3aTeM
CPaBHHMJHM UX C KPUBBIMHU, NMOJYUYEHHBIMH B 3KcrepuMeHnTe. O6paboTKa IIUTEIbHBIX
IKCIIEPUMEHTOB, BbIIOJHEHHass M.A.MaromearaaxueBoi 1oJ PYKOBOJACTBOM

JI.T.Poman u A.B.MenBenaena, gana cieJylonue ypaBHEHHUs alpOKCUMAIUU:

10 TEOPUU CTAPEHUSI 10 TEOPUU YIPOUHEHUS
1
— 0.786
nns necka &=\ —_—— E=| —<
0212 0212
— 0.369
ot %154 0.369 o ot
IS cyriuika &= | — = —/— = t
0148 0147
L 0.464
O_t0.234 0.464 o 0,396
ons cynecu &=\ —_— = —
0164 0164

ITo TCOPUHU TCUCHUA allIPOKCUMANUA NaJia CICAYOINUEC PE3YJIbTATHI:

de de

OJs1 mecka —— = 20'3, IIsA CyrIUHKA — = 4.40'3 ,
dt dt

de

—“ - 0l1c*.
I CyHeCI/I dt

Haunydmee coBmajgeHue pacyeTHBIX W IKCMEPUMEHTAIbHBIX JAHHBIX IS
MHOTOJIETHUX OMNBITOB OKa3ajaoch AJs oOpa3uoB mecka. OTiaudyue MOJTYUYEHHBIX IO
dbopmyne C.C.BsmoBa pacyeTHBIX JAaHHBIX OT OJOKCHEPUMEHTAJbHBIX JaHHBIX Ha
KOHEYHBIM Mepuoja mnporHosa (8 ner) cocraBiaser aAid mnecka okoyo 7%, 1us
cyrinuaka 4% wu cymecu - 30%. Jns cymecu pacueTHble 3aBUCHUMOCTH  JalOT
MEHbIIee 3HadeHHe JepopMaluud IO CPaBHEHHIO C DBKCIHEPUMEHTaJbHBIMU
3HaueHussMH. Kpubsie mon3ydecTu, paccyuTaHHble MO0 (GOPMYyJie TEOPUU TEUECHUS
(Nixon, Lem, 1984), Onu3ku K OKCIHNEPUMEHTAJIbHBIM KPUBBIM IS TeCKa U
CYrJIMHKa, OTKJOHEHHE cocTaBisgeT cooTBercTtBeHHO 4 u 3%. [us cynecu
pacxoXxaeHue okazaaoch okojo 28%.

TakuMm o0pa3zoM, CyHIeCTBYIOIIME pacyeTHbIE METOJbl MPOTHO3a AJIUTEIbHBIX
nedopmanuit MEP3JbIX 3aCOJIEHHBIX TPYHTOB OKa3bIBAIOTCS BIIOJIHE
yIOBJIETBOPUTEIbHBIMHU Jd ONMUCAaHUs nepopmanuil mo KpaiiHel Mepe B TeUeHHE
8 1er. OnaHako HEOOXOOMMO TOMYEPKHYTh, YTO OTH pacYETHBIE METOJBl HE
OCHOBBIBAIOTCA Ha (GHU3MYECKUX MOJENAX IMPOLECCOB, KOTOpPbIE MPOUCXOISAT B

MEP3JBIX TPYHTaXx.



HccrnenoBaHuss MUKPOCTPOCHHUS IMMOKa3alH, 4YTO JIe(GOopMUpOBAHUE MEP3JIBIX
3aCOJICHHBIX TOPOJ B YCIIOBUSAX HeOompmux Harpy3ok (mo 0.3 MIla) BwI3bIBaer
HapylIeHUs BBIJEP)KAHHOCTH M MOLIHOCTH MHUKPOULIUPOB JbJa, a YBEIUUECHUE
HArpy30K MNPUBOJAUT K PE3KUM H3MEHEHHUSIM MOpP(GOJIOTHH WIUPOB U MOTEpe HUX
BBIJIEP)KAHHOCTH MO NpocTUpaHuto (puc. 77 u 78).

B xonxe sKkcmepMMEHTOB B MEp3JIBIX 3aCOJEHHBIX OO0pa3lnax MHUHEpalbHBIE
CJION YIUIOTHSIIOTCSI U TEpAIOT BJary, Kotopas MepeaBUTaeTCs K JEASHBIM LUIMpaM U
K BHCIIHUM TrpaHunam obpasua (puc. 79).

[Ipn uccnenoBaHUM aNNpPOKCHUMAalUUU KPUBBIX Ne()OPMUpPOBAHUS 3aCOJTECHHBIX
TPYHTOB (3aBUCUMOCTH HANpsHKEHUS G OT neopManuu € U BpeMEHH t) B KauecTBe
OHOM M3 BO3MOXHBIX MOJEJEH, B ONPEACICHHON CTENEHU YUYUTHIBAKOIIEH yNpyrue
nedpopManuyu dYacTHI TpPYyHTA, TEYEHHUE JIbJa W He3aMep3leld BOABI, aBTOPOM

npennaraercs teino KenbBuHA ¢ TIEPEMEHHOM BI3KOCTHIO:
L. de
o=FEe+({+gs )E’

rae E - monyne ynpyroit nebopmanuu, I - koaddbunuent Bs3koctu apaa, g,

a, N -mapaMeTpBhl.

Puc. 77. Mukpocmpoenue mep3snvix obpazyoe npu yeeruvenuu [2x: a - cynecu
(p.Ce-Axa) npu 0= -2°C; Dsa=0.5%; W=33%; 0=0.05 MIla u 6 - necka (p.Ce-
Axa) npu 0= -2°C; Dsa1=0.2%; W=26%; 0=0.7 MIla, nodséepecnymuvlx 00HOOCHOMY

corcamuro



Puc. 78. Muxpocmpoenue mep3noco o00pa3ya 3ACONeHHO20 CY2AUHKA NpU
yveeauvenuu 12x npu 6= -3.8°C; Dsai=1.0%; W=46%; 0=0.4 MIla, noosepenymozo
00HOOCHOMY cocamurw: a, 06, 6 - COOMBEMCMBEHHO, GEePXHASA, CPEOHAA U HUICHAA

yacmsv 0bpasya.
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Puc. 79. Pacnpeoenenue eraxcnocmu (creea) u 3acoienHocmu (cnpasa) 6 oopasye
MOpPCKO20 cyenuHka nocie 9 nem dKcnepumenHma nO OOHOOCHOMY cacamuto: 1 -

g6epxuss, 2 - cpeonaa u 3 - HUXNCHAA Yacmsb 0bpasya

Kak uzBectHo, Teno KenpBuHa npejacrtaBiaseT co0ol coueTaHHUE YyHNpPYroro u
BA3KOIo 3JICMCHTA U B IICPBOM HpI/I6J'II/I)KeHI/II/I OIMMUCBIBACT MOBCACHUEC TPYHTaA ION

Harpy3koi, cocrosmero u3 aeGopMupyOIIEerocs 1o JMHEHHOMY 3aKOHY CKeleTa



rpyHta u ¢QuubsTpyrouieiics mnopoBoil Biaru. Eciau mpeamnonokuTh, UTO CKeJIeT
MEpP3J0TO 3aCOJIEHHOr0 TpyHTa AedopMmupyeTcs o 3akoHy ['yka, a Haxoasmuecs B
nopax JeJ W KHJKas Bjara TeKyT IIOJ Harpy3Kod, TO MOJAEIb 3TOr0 'PyHTa MOXHO
IPEeICTAaBUTh B BUJIE YCOBEPIIEHCTBOBAHHOIO, COCTOSIIET0 U3 TPEX JJIEMEHTOB TeJla
KenpBuHa: ynpyroro M ABYyX BS3KMX 3JeMEHTOB. IIpu 3ToM oAMH M3 BA3KHUX
3JIEMEHTOB YCJIOBHO ONMCBIBAET TCUECHHE JIbAA, & BTOPOM - TEUCHUE KUAKOHN BIIaru.

JanpHelmne paccyXA€HHUs, KOTOpble NPUBEIM K MPEAJOKEHHOMY BBbIIIE
BBIPA)KECHUIO, 3aKJII0YAJINUCh B ClleAyloleM. TedeHue abjla B IOpax BECbMa CJIOKHBIN
IIPOLECC, HO BA3KOCTH JIbJla HECKOJIBKO BbIIIE BA3KOCTH BOABL. [I03TOMYy M3MeHeHUH
IIOCHEeJHENW, CBSA3aHHBIE C H3MEHEHHEM CTPOCHUS TpyHTa B  IIpolecce
nehopMUpOBaHHUS MO HArpy3Koil, MO-BUAMMOMY, B OOJbIICH CTENEHU BIHUSIOT HA
camy aedpopmupyeMoctb. Takum o0pa3zomM, B MEepBOM MPUOJIMIKEHUHU BSA3KOCTH JIbJIa
MOXHO CUUTATh MOCTOSHHOM, a BA3KOCTh KUJAKOW BJIaru - 3aBUCSILEN OT BEJIUYUHBI
nedpopManuu, HampuMmep, WO CTeneHHoMy 3akoHy. Ilpum ngedopmupoBanum
U3MEHSETCS CTPOCHHUE TPYHTA, CIEAOBATEIbHO, U3MEHAIOTCS YCIOBUS TEYECHUS JIbJa
u Biaru. KpurepmeM NpUMEHHUMOCTH MNpeaaraéMoro BbIPaXXEHHUSA, B KOHEYHOM
cyeTe, SABJAETCA TOYHOCTH ANNPOKCHUMALUHU.

PaccMoTpuM HECKOJIBKO €€ MPUMEPOB.
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Puc. 80. Pesyromamor annpoxcumayuu menom Kenveuna xpuewvix oepopmuposanus
npu 00HOOCHOM caxcamuu cynecu (n. boeanenxkoeo) npu memnepamype -3°C,
3aconennocmu 0.2%, enascnocmu W=0.35, naomnocmu p=1.74 o/em®: 1 -

IKCnepumenmajlbHaAl Kpuedas, 2 - pacuemuas Kpueas

HccnenoBanoch 0OJHOOCHOE CXKaTHE COBPEMEHHOMW alLIIOBUANLHOW cymecu (II.
boBaHeHKOBO), cCBOiicTBa KOTOpOW mpuBeNeHbl B Tabn. 5, npu temmnepatype -3°C,
3aconeHnoctu 0.2%, Bnaxknoctu W=0.35, nnotaoctu p=1.74 r/cm®. BprumcieHue
napameTpoB nuddepeHunanbHOro ypaBHeHus s Teina KeiabBuHa mMpoBOAUIOCH C
MOMOIIBI0 YHCIEHHOrO pemeHus 3agaud Komu ¢ HyJeBbIM HayallbHBIM YCJIOBHUEM.
OO6umuii anroputMm pemeHus Obl1 pa3paboran A.B. MenBeneBblM, MPUMEHSJIUCH
TakXe alropuTMbl U3 bubawmorekm uucieHHoro ananuza HUBI MI'Y mnon
penaknueir A.H. TuxonoBa (Ilstoe wm3manme, 1986) m cucremnl ['paduueckoro
pacmupenus @oprtpana KO.M.baskoBckoro u apyrux (1975). B atom npumepe Obla
HCIIONB30BAaH METOJI CAYYalHOTO MOMCKa MUHUMYyMa QYHKIIMOHANA U KJIACCUUYECKUU
metoa Pynre-Kyrtra 4-ro mopsaaka. Pe3ynbratsl pacueTra A1 HECKOJBKUX HArpy30K
npuseneHsl Ha puc. §80.

Tabnuya 27. Ilapamempsi annpoxcumayuu Kpuevlx NOA3YUeCcmuU HPpU O0OHOOCHOM
cocamuu cynecu (n. boeanenkoso) npu memnepamype -3 °C, 3aconennocmu 0.2%,

enascnocmu W=0.35, nnomnocmu p=1.74 2/em®

Harpyska, E, MlIla I, MIla*4ac €, MIla*ugac n, 1.e.
MIla
0.5 4900 5388 385 -0.5
0.6 1563 1629 1.31 -1.3
0.7 859 818 1.02 -1.38
0.8 475 583 1.33 -1.49
0.9 453 547 0.50 -1.53
0.95 446 542 0.47 -1.42




N3 tabnuner 27 crneayetr, 4TO MapaMeTpbl YCOBEPIIEHCTBOBAHHOTO TeJa
KenbBUHAa 3aKOHOMEPHO HM3MEHSIOTCS B 3aBUCUMOCTH OT Harpy3ku. B wacTHOCTH,
Monynb nedpopmanuu E, mapamerpsl | u £, mapamerp (ycioBHBII KO3I(pPUUHUEHT
YIPOYHEHHUS) N YMEHBIIATCSA C YBEJIWYCHUEM Harpy3ku. [lo-BuagmMomy, 3TO

CBSI3aHO C pa3pylI€HUEM CTPYKTYphl TPYHTa NPH OOJNBIIUX HArpy3Kax.
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Puc. 81. Kpusvie Onumenvuou (MHo2OoNemHel) noazyvecmu npu 0OHOOCHOM
cocamuu cynecu (n. bosanenxoso) npu memnepamype -3 °C, saconennocmu 0.2%,
gnascnocmu W=0.38, nromuocmu p=1.75 2/cm®. Luppamu o6o3nauenvi Homepa

0bpas3yos.

C mnomomsio Tena KenpBuHa Oblna caelaHa ammpoKCHUMAalUs KPHUBBIX
IIUTENbHON MON3Yy4YeCTH MPH OJHOOCHOM caTuu cymecu (m. boBaHeHKOBO) mpu
temneparype -3°C u 3aconeHHoctu 0.2% (puc. 81) u ompeaeneHbl MmapaMeTphl
nuddepeHInanbHOTO0 YpaBHEHUsS C MOMOIIBIO YHCIEHHOTO pemieHus 3aaauu Komwu.

B tabmx. 28 NPUBOAATCA MAapaMETPhbl allIPOKCUMAIIUU OOAHOTO U3 BAPHAHTOB.

Tabnuya 28. Ilapamempur annpoxcumayuu yco8epuleHcmeo8aHHbIM — MeaoM
Kenveuna «kpueou Onumenvnou (MHO20oNemHel) noa3yuecmu npu O0OHOOCHOM
cocamuu cynecu (n. boeanenkoso) npu memnepamype -3 °C, 3aconennocmu 0.2%,

enasciocmu W=0.38, nnomunocmu p=1.75 2/emB.

Harpyska, E, MIla I, MIla*uac, ¢, MIla*uac, n, 1.e.
MIla x 10°° x 10°°
0.31 570 7.56 5040000 1.65

CpaBHeHue HabmonaeMod W pacyeTHOM  KpUBBIX JeGopMHUpPOBAHUS
npuBegeHo Ha puc. 82. M3 Ttabn. 28 crueayer Takxke, YTO MOAYJIb YNPYTOCTH

CHHXKACTCA MO CPAaBHCHHUIO C KPAaTKOBPEMCHHBIMU HCIHBITAHUAMHU, @ COCTABIAOOIUC



BSI3KOCTH, mapaMeTpsl annpokcuMauuu | u § 3HaYUTENbHO YBEIUUYUBAIOTCSA. Takum
0o0pa3oM, TEHJACHUUS U3MEHEHHU MapaMeTpoB annpokcumanuu (tabn. 27 u 28) npu
U3MEHEHUU Harpy3ku B  OCHOBHOM coxpaHsercs. OpHako  yBeJIHYEHHE
COCTaBISIOIMUX BA3KOoCTH napameTrpoB | u £ o0yciaoBiIeHO, OUEBUIHO, COBEPIIEHHO

HHBIM MCXAaHU3MOM TCUCHUA, UCM INPU KPATKOBPCMCHHBIX UCIIBITAHUAX.

A

Oedopmauumn, %
- N w
V)

o

500 1000 1500 2000 2500 3000 3500

o

Bpewms, aHun

Puc. 82. Kpuevie Onumenvuou (MHo2OoNemHel) noazyvecmu npu 0OHOOCHOM
cocamuu cynecu (n. bosanenxoso) npu memnepamype -3 °C, saconennocmu 0.2%,
enascvocmu W=0.38, nnomunocmu p=1.75 2/emd 1 - 9KCnepumMeHmanivHas u 2 -

pacyemunas Kpuevie 0eopmMupoeanus

TakumMm O6p330M, B pE3yJIbTATC I/ICCJ'IGI[OBB.HI/Iﬁ BIICPBBIC U3Yy4YCHA HJIUTCIIbHAsA
MMOoJIBy4ueCThb 3aCOJICHHBIX MCP3JIBIX TPYHTOB B OKCIICPpUMECHTAaXx
NpoOAOIZKUTCIIBHOCTBIO 9 u Oonee JEeT, KOTOpad MAJd TJIUHUCTBIX TPYHTOB
NPpOUCXOOUT C YMCHLmammeﬁCH BO BPpEMCHU CKOpPOCTBIO. I[JII/ITCJ'ILHOG
He(bOpMHPOBaHHe AlllIPOKCUMHUPOBAJIIOCH YPABHCHUCM C.C.BHJ’IOB&, TaKUM o6pa30M,
BIICPBBIC OCYWICCTBJICHA IIpsAMad OSKCICPUMCHTAJIbHAsA MTPOBEPKa MNPUMCECHUMOCTU
9TOTrO0 YpaBHCHHUA B MHOTOJCTHUX OSKCICPpHUMCHTAX. ITokxazana NPpUMCHHUMOCTb
alllpoKCcuMannu KPpHUBbIX MOJI3Yy4YeCTHU TCIOM KenpBuna. HOJ'IyLICHBI
XapaKTCPUCTUKHU MHOTOJI€THEM MOJIBYHUECCTH. B xone 9KCIICpUMCHTOB B o6pa3uax

NPOUCXOAUT MUTPALUA BJIaTH U NEPpCPaCpeaACICHUC JIBAUCTOCTH.



I''TABA 11. HECYIIIAA CITOCOBHOCTb 3ACOJIEHHBIX MEP3JIBIX
I'PYHTOB

11.1. OBIIME IMPEACTABJIEHNA O PA3PYIIEHUU

Anss oueHKW pa3pylmieHUs HMEETCS MHOXECTBO pPa3JUYHBIX IOJXOI0B.
OcrtaHoBuMcs Ha kiaccudeckum noaxone Kynona. OH 3akiaroydaeTcss B OTbICKaHHUU
CBSA3HM pa3pylIEHUs C ONpPEACICHHBIM HAMNPSIKEHHBIM COCTOSHHEM, KOTOpOE
Ha3bIBAETCS NpeaebHbIM. MCnONb3yHOTCS KPUTEPUU MAKCUMAJIBbHOTO HANPAKECHUS,
MaKCHMaJbHOU nepopmanuu, MaKCHUMaJbHOU SHEPTUU nepopmanmu,
MaKCHMaJbHOTO KAaCaTEJIbHOTO HANPSI)KEHUSA U IPYTHE.

Kaxngas u3 tTeopuil pa3pylmieHUs OCHOBAaHA HA DKCHEPHUMEHTAJIbHBIX JTaHHBIX
WM JOorajJKaX M NPAKTHYECKW HHU OJIHA - HAa M3YYEHUU BHYTPEHHEr0 MEXaHH3Ma
paspyumieHusi. B 4acTHOCTH B TEOPUH MAKCHUMAJbHOTO KacaTe€JIbHOTO HaNpPSIKECHUS
(Kynona) mpeamonaraercsi, 4To B MaTepHale NPOU30WAET pa3pylleHue, Kornaa
MaKCHUMaJbHOE KacaTeJlbHOE HAIPsSKEHHWE B HEKOTOPOW TOYKE Marepuana
JIOCTUTAET ONPEJEIICHHOW BEJIMYHHBI, KOTOpAas Ha3BaHAa MPOYHOCTHIO MPHU CABUTE.
B Tteopum Mopa npuHHMaeTcs, UYTO MaTepuaJ pa3pymuTrcs WIA Oyaer
HEOTpAaHUUYEHHO JAe(popMUpOBATHCS, KOTJAa KacaTeJIbHOE HANPSXKEHUE B MIOCKOCTH
pa3pymieHuss JOCTUTHET ONPENECICHHOW BEIWYUHBI, 3aBUCAIIEN OT HOPMaJIbHOTO
HAMpsOKEHUS, JCUCTBYIOIMEro B JTOW IUIOCKOCTH, HWJIH KOTJa HaubOoJIbIIee TOo
a0CoONIOTHOM BeNMYMHE pacTATHBalOIlee TJIaBHOE HamnpsKeHUE JTOCTHUTHET
npeaeabHOTO 3HadeHus. [pudpdurc mnOpeamosoxui, dUYTO XPYNKHA MaTepuall

COOCPIKUT cnyqaﬁHo OPUCHTHUPOBAHHBIC TPCIIWHBI U YTO Y KOHYHUKOB TPCIOUH HIIN



BOIU3HU HUX co3gaercs KOHLEHTpanus HaNpsKEHUM, BBI3BIBAIOIIUX
pacnpoCcTpaHEHHUE TPEIIMH U B KOHEYHOM HMTOre MaKpPOCKOIMYECKOE pa3pylleHHE.
Hanee HeoOXxoauMa 3HEPrus At oOpa3oBaHUS HOBOW moBepXxHOCTU. Eciau TpemuHa
IIOX0’Ka Ha 3JIJIMIC, a NPHUJIOKEHHOE HAaNps)KEHUE NEPNEHAUKYIIPHO €ro IrjJaBHOU
0CH, MaKCcHMajbHOE HampspkeHne Gmax y BepUIMHBI 3JJUICA 3aBUCHUT OT pajguyca

KPUBU3HBI P B 3TOM BEpIIMHE U AJUHBI TpemUHbl 2 ¢. MHIIUC BBIYMCIUI €r0 TaK:

1
O-max - 20—0(0/10)2
rae Go - MpUIOKEHHOE CpeJHEee HANpPsIKCHUE.

FpI/I(i)(bI/ITC BBIUYMCIHNII pa3HOCTb BCIHWYHUH DHCPIHUHU IMMOJOCHl C S3JIJIHUITHYCCKUM

OTBCPCTUEM U 0e3 Hero:
_ 2 2
W, = ¢ oy

[ToBepxHocTHas sHeprus npu odOpazoBanuu TpemwuHsl Ws =4cT, rue T -
NOBEPXHOCTHOE  HaTskeHue.  ClnegoBaTenbHO,  AIIMITUYECKOE  OTBEpPCTHUE

yMEHbIIAeT MoJHYt 3Hepruro W :
1
W =W, -W, = ic’0> = —4cT
E

OueBUIHO, YTO MOMEHT HEYCTOWYMBOCTM M Hadajla pacHpoOCTPaHEHUS
TPEIIUH ONPEAECNAETCSA YCIOBUEM:

N _g
x

Takum o6pazom, uMeeM:

, 2ET )
co=—"=15,
7iC

rae To - IpOYHOCTHh MaTepHajaa Ha pacTsKEHUE.

OtmeTuM, uto ¢pyHkuuss W oT aprymMeHTa ¢ MOXET paccMaTpUBaThCsA Kak
a”Haior ¢yHkuuu JlamyHoBa, TMOCKOJbKY TpU  ONPEJNENEHHBIX  YCIOBUIX
npousBoaHas dW/dC MeHseT 3HaK U UMEHHO 3TH JBa COCTOSHHS MaTepuala MOTYT
paccMaTpuBaThCs KaK YCTOMYMBOE U HEYCTOMYHUBOE.

NHoli moaxon 3akjroyaeTcsi, HalpuMep, B TOM, YTO pa3BUTUE TPEHIMHBI
NPOUCXOOUT MPU NPEBBIIIEHUH HANPSIKEHUEM B KOHUYHMKE TPEHIUHBl NMPOYHOCTHU
MOJIEKYJIspHO#l cBsi3u Martepuaja. Ee BenuuuHy, nmpaBla, Kak U NMOBEPXHOCTHYIO
PHEPrUI0 TBEPAOr0 MaTepuana, TPYyAHO H3MEPITh. B KOHeYHOM cueTe Teopus
I'puddurca NPUBOAUT K KPUTEPHUIO pa3pylieHus, NpeCcTaBIIeMOMY
KpUBOJNHHENHONW (mapabGonuyeckoit) orubaromeit Mopa, dYTo He Bcerja
NOATBEpXKJIaeTcsd JKcnepuMeHTanbHO. KoHEYHO, CyHmecTBYIOT MOIM(PHUKAIHUU Kak

teopun ['puddurca, tak u Apyrux noaxonoB, NpUOIUKAIOIIUE TEOpPETUUYECKHE



KpUBBIE K OJKCIepUMeHTalbHbBIM. Hamnpumep, wuHTepecHa mnonsiTka Ierme
pacmpocTpaHuTh Kpurtepudh I'puddurca Ha TOITUKPHUCTAINIMUECKUNA YHPYTUH
MaTepual ¢ MUKPOCTPYKTYypO#, CIOCOOHOM cO3/1aBaTh KOHIICHTPAIMIO HANIPSKCHUMN.
Jnst 5Toro OBIO PacCMOTPEHO 3€pHO, UMEMIIee Oojiee HU3KUI MONYJIb YyIPYTOCTH

E, uem okpyxawmue 3epHa. [loayuaercs:
1
8,G 2
m(n+1)(1- x5/ 7)c,

N=(3-u)/(1+u), 3necy u - xoapdunuent [lyaccona, y - yacTh HANPSIKCHUSA O,

,rne G - MOnyab cABHTA,

KOTOpPOE BO3JEHCTBYET Ha cJaObli KpUCTAI U O - CIIOXKHAsA (PYHKIUS HCXOIHOU
nnubbl 3epHa Co um ganuebl Tpeuuabl (C-Co), Y - moiHas 3Heprus oOpa3oBaHHs
HOBOM ITOBEPXHOCTH.

Cnenyer OTMETHUTH, YTO TEOPHUM, MCHOJB3YIOUIME TUIOTE3y MPEAEIbHOIO
COCTOSIHUS BEIIECTBA, UCXOAAT B KOHEUYHOM cHeTe U3 NpocToi mpeamnocklaku. OHa
3aKJI0YaeTcs B TOM, 4YTO JUIS pa3pymeHus Kakoro-imubo Tena HE0OX0aUMO
paspyuieHue ero BHYTPEHHHUX CTPYKTYpHBIX CBs3ed. VYuuTbhiBasg aTOMHO-
MOJIEKYJISIpHOE CTpPOEHUE TeJl, HNpeAelIbHbBIMU MOXHO CUUTaTh KPUTHYECKHUE
HaNpsKEHUS] MEXATOMHBIX (MEXMOJEKYJISIPHBIX) CBA3€H, KOTOPbIE BBI3BIBAIOT HX
pa3psiB. Ha 3TOM nmyTu umeroTcs, oJHAaKO, ABE NpUHLUUIHAIbHbIE TpyAHOCTU. OHA
COCTOUT B TOM, YTO BBHJIY CJIOKHOTO U 3E€PHUCTOrO CTPOEHHUS BCEX TEJ, B TOM
yuciae  MEep3JblX TPYHTOB, pacHpejeleHUue  MEXaHUUYECKHUX  HanpsKEeHUHU
HepaBHOMepHO. CpeaHue BeIWUYMHBI HaNpsSXKEHUHW, JelHcTByllHe B oOpa3sie
MEp3JI0r0o TpYyHTa, HE COOTBETCTBYIOT BEJIWYMHAM, JEHCTBYWOIIHUM B TOpE,
3al0JJHEHHOW JbJOM, Ha TpaHuIlle TBepAod uacTtuubl u T.A. [lonyueHHBle B
SKCIIEpUMEHTAaX  JaHHblE O  pa3pylleHHWH HE  MOTYT  COOTBETCTBOBATh
NpEeJCTaBICHUAM O pa3pylIEeHUUM aTOMHO-MOJIEKYJSIpHBIX CBsi3eii. BmecTe ¢ Tem B
CBSI3M C U3BECTHON MEPUOJUUYHOCTHIO, OJJHOTUIIHOCTHIO CTPOEHUSI MEP3JIOro I'pyHTa
MOXHO TOBOPUTh O CpeJHEW TMope HIM CpeJHEeM CTPYKTYPHOM DBIEMEHTE
(BKIIOYaIOMIEM KaK TBEpJAble YacTHUIIBl, TaK U Jed, BOAY, BO3AYX U T.J.), KOTOPHIH
NEepUONUYECKH TMOBTOpsieTcs B oOpasme. Jlas Takoro »3JeMeHTa XapaKTepHO
HalpsKeHUe, COBNAajalollee CO CpEeJHHMM HaMNpsKEeHHEM BO BceM obOpasue (s
cllyyas OJJHOPOJHOTO HAmps)KEHHOTO COCTOSHUS). BHyTpHU CTpYKTYypHOTrO 3JieMeHTa
Ui KaXJAOM TOYKM XapaKTepHa CBOS BeJIMYMHA HANpsS)KEHUH, HO CYIIECTBYET
TOYKa, TrAe OJM30CTh HANpPSKEHUS K NpelleIbHOMY MakcHUMalbHa. VIMEeHHO 31ech
NPOUCXOOUT pa3pylulieHHe paHblie Bcero. Jpyras TpyaHOCTh COCTOMT B TOM, 4UTO
n3MeHeHue GQopMbel o0Opasa MOXKET MPOUCXOIUTh W 0€3 pas3pymeHus. ITO
HaOurogaeTcs, HalpUMep, MPU OJHOOCHOM CKATUH 00pa310B MEP3JIbIX TPYHTOB.

OKcnepuMEHTaJlbHbIE  HCCJIEIOBaHMA  TNPOYHOCTH  MEP3JbIX  T'PYHTOB

Ha4YWHAJIUCh ONPECACICHUAMU TakK Ha3bIBaeMoOi KpaTKOBpeMeHHOI\/'I IIPOYHOCTH,



Korga OBICTPO MpUKJIAAbIBajdach Harpy3ka W HEMEIJEHHO IPOUCXOAHUIIO
paspymenue. Ilo Mepe HAaKOMIEHUS ONBITHBIX MJAaHHBIX OOHapyXuics QaxkT
CHUJ)KEHUS MPOYHOCTH BO BPEMEHH, B Ipollecce BOCHPUATUS Harpy3ku. Okazaioch,
YTO MITHOBEHHAs MPOYHOCTH MOXKET ObITh OOJsibIle ANUTENbHON Oonee yem B 10 pa3
(Poman, 1987 u agpyrue, a Takxe puc. 86). [lepBbie uccienoBaHusi JJIUTEIbHOUN
NPOYHOCTH TPYHTOB ObIIM BbIModHEHB B 30-x rogax H.A.llsToBuuem, B 40-x romax
M.H.l'onpnmreitnom (1948). 3arem C.C.BsamoBeiMm B 50-X romax mNpoOBEJEHBI
KOMIJIEKCHbIE HMCCIEJOBAaHHUSA IJIUTEIbHOTO  CONPOTHUBIEHUS MEP3JBIX TPYHTOB
Harpy3kaMm, TOKa3aHO CHHXXEHHE NPOYHOCTH B TMpOLEcce MOJ3YYECTH,
YCTaHOBJIEHBl OCHOBHBIE 3aKOHOMEPHOCTH  JJHUTEIbHOM NPOYHOCTH. BrisiBIeHa
3aBUCHUMOCTb €€ OT TeMIepaTyphl rpyHTa (Bsnos, 1959).

3acoJieHHbIE MEp3Jble NUCIEPCHBIE MOPOABl 00anal0T PsAAOM 0COOCHHOCTEH
nepopmupoBanuss wu paspymenus (puc. 83-86): 3aryxXxamImUM XapakTepom
nehopMUpOBaHHs, yBeJIHMYeHHEM oOO0beMa NpPH OJHOOCHOM CXAaTHH C HAYaJIoOM
nehopMuUpOBaHHs, NEepeJoMaMd Ha JOoTapu@MHUUYECKHX KPHUBHIX gepopmManuii u
U3MEHEHHEM KPHUBU3HBI PEOJOTHYECKHUX KPUBBIX, OOYCIOBJICHHBIMH H3MEHCHHEM
xapakTepa AepOpMHPOBAHUS, 3HAYUTEIBHBIM CHU)KEHUEM NMPOYHOCTU BO BPEMEHHU.

Puc. 83. [Jepopmayuu nonzy-

5 5 yecmu (a) u yeenuveHue
2
2 g obvema obpazya (6) npu
Efg Haepyske 0=0.678 MIla u 6=
T o
=
g g -1°C 60 epemenu (t) 8
I
g
kot Z obpazye  Mep3no2o  3aco-
| =
E JIeHHO020 (conenocmo 30
npomuuie) nbl1e8amozo
Bpems, yac .
necka. Hannole E . Hivon
(1991).
25
s 27
S Puc. 84. H3oxponnvie kpusvie
g .
€t 157 oegpopmuposanus Mep3not
1]
o 14 — 1 oyTkn cynecu (p.Epxyma-fxa) npu
° 05 —= 2 cyToK 00HOOCHOM colcamuu 8
A—3cyToK noeapupmuyeckux  Koopou-
, , —x—4 cyTOK
0 ' ' y namax npu 0 = -2°C;
0 2 4 6 |—%—5cyTok
InE s 6cyToK Dsa|=009%, W=40%
—+— 7 CyTOK
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Puc. 86. Kpuevie onumenvrou

npoivHocmu npu 00HOOCHOM

14 cocamuu necka npu

0.8 + 1 3aconenunocmu 0.1%, mem-

06 '\.\._._._. nepamype -2°C (1); cynecu
041 ) 2 npu  3aconennocmu  0.2%,
024 3

0 : : memnepamype  -2°C  (2);

MMa

OmutenbHasa n POYHOCTD,

0 5 10 15 CYeNUHKA NpU 3ACONEHHOCMU
Bpems, cyTku 1.0%, memnepamype -3.8°C

(3).

I[J'ISI OIIEHKH JJIUTEIbHOU MNPOYHOCTH MCEP3JIBIX TPYHTOB 1O HOAaHHBIM
KpaTKOBpPCMCHHBIX HCOBITAaHUU IMMHUPOKO HCHOJB3YCTCA NMOJYUCHHAA C.C.BanoBeM

(1966) 3aBUCUMOCTB:

I exp{-AO(t)]/ o(6)}dt =B

rae tp - Bpems g0 paspyuieHus (JoiaroBeyHocTh); B u B - mapamertpsl,
ompenensieMpie U3 omnbiTa; o(0) - HampskeHHWe, BBI3BIBAIOINIEE pa3pylIieHUE U
3aBucsniee oT Temrnepatypsl; O(t) - TemmepaTypa Mep3noro rpyHTa, 3aBuUcsmias OT

BpeMeHu; t - Bpemsa. [lnsg yciaoBHA NOCTOSHHOM TeMIepaTypbl 3TO ypaBHEHHE

o, = b
In(t / B)

OTH YpPaBHCHHUA OKa3bIBAKOTCA CHpPAaBCAIUBBIMU JJIA BCCX IMPOYHOCTHBIX

yopouracTtcsa B BUAC:

nmokaszaTeyiel Mep3JbIX TPYHTOB (CIETJICHUS, COMPOTUBICHUS CXKATHIO, CJIBUTY),
NpU UX BBIBOJAE MEXaHH3M pa3pylIeHUs paccMaTpUBaeTCsd KaKk pe3yJbTar

NpPOTEKAIIEro BO BpeMEHH “pa3BUTHUS Ae(PEKTOB CTPYKTYphHl - MHUKpPO- H



MaKpOTpPCIIUH, B MPOIECCE KOTOPOTO YBEIUUYHMBACTCS CTENEHb MOBPEKIACHHOCTH
CTPYKTYpBl  TpYHTa. Kpurepuem  paspymeHuss  sBISETCS  JOCTHIKCHHUE
HOBPEXJACHHOCTHIO KPUTUYECKOTO 3HAUCHHSA, KOTOPOE JUJIS JaHHOTO BHJa I'PYHTa U
TEeMIIEPATypbl MOCTOSHHO. MHTEHCUBHOCTH IIpolecca AJUTEIBHOTO pa3pyLICHUs
3aBHCHT OT CKOPOCTH pocTa JAe(eKTOB, KOTOpas B CBOI OYepeab SABIACTCSH
byHkuuei geiicTpyrouiero Hanpskenus u spemenu’” (Bsamos, 1978).

B mnocnennem ypaBHeHuum 3aBucumocth o=f(Int) sBusercs nuHelHOMN,
cieaoBareiapHo, mapamMeTpbl B u B s gaHHOTO BHAA TPpyHTa M TEMIEPATypHI
HOCTOSSHHBI. DTO W OTKPBIBAET BO3MOJXXHOCTh HCIIOJB30BAaTh €r0 JUISI PacdeToB

JUINTEIbHON NPOYHOCTH 10 PE3YJAbTAaTaAM KPATKOBPEMEHHBIX UCIBITAHUN.
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Puc. 87. 3asucumocms npounocmu Ha 0OHOOCHOE cocamue Om 6pPeMeHU 6 JL02apUPMUYECKUX
Koopounamax. A - mepsnozo nvinesamozo necxka (p.Epxyma-Axa): 1 - npu -4 C, 2 - npu -3°C, 3
-npu -2°C, 4 - pacuemnas kpueas npu 0C, 5 - npu -2°C u Dsa=0.1%, 6 - npu -2°C u
Dsai=0.2%, b - mepsnoii kennogetickotu cynecu: 1 - npu -20C, 2 - npu -10°C, 3 - npu -5C; B -
mep3znot enunst bam-oatiocca: 1 - npu -20°C, 2 - npu -10C, 3 - npu -5 °C (b u B nocmpoetnvi no
oannvim C.C.Bsnosa u op., 1962)

C.C.BsanoB ormeyan (1976), 4To o nbjaa TpyAHO HA3HAYUTH MapamMeTpsl B u
B, T.x. pa3BuBaeTcCs BA3KOE TEYEHUE U MOHATHE MPOYHOCTU TEPSIET CMBICII.
JI.T.Poman (1987) Obln0 ycTaHOBJIEHO, 4TO s Topda U 3aTOP(POBAHHBIX T'PYHTOB
rpapuku 3aBucumoctu 1/G - In(t) B numama3oHe TeMmmepaTypbl HHTCHCHBHBIX
($ha30BBIX IEPEXOOB HEJIUHECHHBI.

CHuXeHHue NPOYHOCTH C TEYEHHUEM BPEMEHU U 3aBUCUMOCTH NPOYHOCTHU OT
TeMIepaTypbl ObIIM YCTAHOBJEHBI JKCIEPUMEHTANbHO JJSI MHOTHUX OJHOPOJHBIX
TBEpPABIX MaTepuanoB. B pes3yirbTare Ha OCHOBE AaTOMHO-MOJIEKYJSIPHBIX
NpeACTaBIEHUNH O pa3pyLIeHUM CTPYKTYPHBIX  CBsiI3ed B BEUIECTBE BO3HHUKIIA
KHHETHUYeCcKass KOHUENUHUsI MPOYHOCTU TBEPABIX TE€JI, OCHOBONOJOXHUKOM KOTOPOMH
apnsiercss C.H.KypkoB. JlocTaTouHO MOJNHO 3Ta TEOpHUs HU3JI0XKEHA B paboTe
B.P.Perensa, A.U.Cayukepa u 3.E.Tomamenckoro (1974). Paccmorpum ee
OCHOBHBIE TmoJiokeHuss. CpeaHue TemJoBble KoyebaHUS aTOMOB, KOTOpHIE
npoucxonasaT ¢ uactotoir 102 - 10 cex!, BmI3BIBaOT “pHIBKM” HArpy3KH Ha
MEXaTOMHBIE€ CBS3U, CPaBHHUMBbIE C MPOYHOCTHIO Ha pa3pbiB: pa3pblBHOE YCHIIHE
uMeeT BenuuumHy okomo 1.5%10% xr/cm?, a cuma pasma F =1/2 xT/h ( h -
nedpopmanus komebanus, okono 0.01A) ~1000 xr/cm?.

[TooToMy, 1o ciaoBaM aBTOPOB KOHUENIMH, “‘pacCOCIUHEHUE AaTOMOB
OCYILIECTBISIETCS MpH HAarpys3kKax, MEHbIIUX TNPOYHOCTH MEXKATOMHBIX CBs3eil,
nIprYeM “AOpbIBaHUME”  HANPSAKEHHBIX MEXATOMHBIX CBSI3€ll  OCYHIECTBISAIOT
TenjaoBble GQayKkTyanuu.”

Takum o0Opa3om, BHEWHsA CcHJIa caMa HE OCYIIeCTBJIAET pa3pbiBa
MEXaTOMHBIX CBSI3€i, a JUIIb aKTUBU3HPYET mHpouecc paszpymeHus. OCHOBHOE

YpaBHEHHE 3TOW TEOPUU UMEET BUNI:



t =t,exp —Eokfl_y 2

t - BpeMs no paspymenus, ¢; t(0) - mepuoa cBOOOIHOTO KOJicOaHUSI aTOMOB,
paBupiii 10712 -10713 ¢; Eo - sHeprus akTuBamuu; y - CTPYKTYpHBIH Kod(pduiueHT
(unmm k0d3hPUIHMEHT KOHIEHTPALUH HANPSIKEHUN); G - mHampsxeHue; K -
nocrosinHas bonsumana; T - abcontoTHas Temneparypa.

Ha ocHOBe »KCHEepUMEHTOB YCTAaHOBJEH (U3MYECKHUH CMBICT BXOASIIUX B
ypaBHEHHE mapaMeTpoB. s METalJoB dHEPrus aKTUBAIMU MpoOIlecca pa3pylIeHUs
Eo coBmamaer ¢ BenuuumHOW sHepruum cyOnumanuu. Jlerupyromue n00aBKH H
CTEeNeHb HaKJOHa M o0xura He BiusiT Ha Eo u t(0), a ©3BMEHEHUs] MPOYHOCTHBIX
CBOMCTB OOYCHOBJIEHB M3MEHEHHUSAMHU Y. JJg HMCCIEeTOBAHHBIX MOJMMEPOB, KaK M
A MeTamioB, okasbiBaeTcsa, uto t(0)=10"'3 cex, a Bemmumna Eo cocraBuser
HECKOJBKO JECATKOB KKaj/MOJIb, MEHSSICh OT NOJUMEpa K IMOJUMEpPYy, H XOpOIIO
KOppeIupyeT ¢ BEIWYMHOW OHHEPTUHM aKTUBALUHMU TIpoIecca TEPMOIECTPYKIHUH.
[InacTudukanus nonumepoB He 3arparuBaet Eo, a cka3piBaeTcs TOJBKO HA Y.

[To nanueim JI.T.Poman (1987), 06paboTka B COOTBETCTBUH C KHHETHYECKOM
TEOpHEel OMBITHBIX JaHHBIX MO MPOYHOCTU MEP3JOTO Topda Mpu pa3IudHBIX BUIAX
UCOBITAaHUHN MOKa3ajga, 4To Ui Hero xapaktep 3aBucumoctu G-In(t) apyroii, uem
UL TBEpPABIX TeJI: OHA HEIMHEWHa BO BceM auana3one usMmeHenuss G. Takum
0o0pa3oM, HCIOJBb30BAHHWE B YHUCTOM BHJE YPaBHEHUS KHHETHYECKOH TEOpHHU s
NpPOTHO3a JJIUTEIBHOUW MPOYHOCTHU Mep3ioro topda, mo mHenuto JI.T.Poman, He
NpPECTABISAETCS BO3MOKHBIM.

Hamu Obino mpoBeneHo ucciaenoBanue 3Toro Bonpoca. CoOCTBEHHBIE JTaHHBIE
U JaHHbBle JpPYTUX AaBTOpPOB OBUIM COOTBETCTBYIOIIMM o00pa3om o0OpaboTaHsbl,
nocTpoeHbl rpaduku 3aBucumMoctTeit G-INt miis pa3IUYHBIX THIIOB TPYHTOB U BHUJIOB
ucneiTanuii. OHU npexactaBiaeHsl Ha puc. 87 u 88. OOpamaer Ha ce0s BHUMaHHE
NpsIMOJIMHEHHOCTh TpaUKOB M WX MEpeceyeHre B OJHOM TOUYKE HAa OCH OPIWHAT
(morapupmMoOB BpeMEHHU pa3pyUICHUs ).

DTa 3aKOHOMEPHOCTH OTMeEYaeTcs JAJi CaMBIX pa3IWYHBIX TPYHTOB W

HanboJiee MPOCTHIM CIOCOOOM MOXXET OBITh BBIpa)XE€HaA B CIEAYIOUIEM BUJE:

t =t S,
=1, eXp rie
p 0 ’
T-T,
To u S - xoncrantel. [loacTaHoBKa TaHHOTO BEIpAXEHUSI B OCHOBHOE

ypaBHeHue kuHetnuueckoil teopun C.H.)KypkoBa naet ciaenyrouiee:

1) EO =CT, rze ¢ - koadpdunnent, t.e. Eo cnabo 3aBucur ot T, MOCKOIBKY
abcoioTHasg TemImeparypa B JOKCIEpPUMEHTaX H3MEHSETCS CPaBHUTEIBHO Malo.
JlelicTBUTENbHO, CAM XapaKTep CTPYKTYPHBIX CBS3€l MaJio MEHseTCAd B HEOONIbIIOM

TEMIEpaTypHOM JMala3oHe.
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KOoTOpasd CHJIBbHO MCHACTCA. OTa 3aKOHOMECPHOCTH, HAa Hall B3IJIAM1, 00BsICHUMA TEM,

, T.€. Y 3aBHUCHUT TriaBHBIM oOpa3zom ot paszHoctu To-T,

2)y

4YTO MNpPU HU3MEHEHHU TeMIepaTypbl B MEp3JbIX MNOpPOJax HU3MEHSETCS HMEHHO
COOTHOIIEHHE JIbJla M He3aMmep3led BOJAbBl KaK Ba)XHEHIIHX CTPYKTYPHBIX
napaMeTpoB, ONPEACNAIONUX TPOYHOCTD.

N3 onpenenenuit cineayer, yro BeaumunHa Ko oka3bsiBaeTcs paBHOU ais
HE3aCOJICHHBIX MEP3JIBIX TPYHTOB OT 22 10 29 KKaJI/MOJIb.

Jns Apna, mo oleHKaM CKOPOCTHU TEUEHHUS Pa3HBIX aBTOPOB, OHA COCTaBISET
12-18 kkan/monp (3apeukuii, Yymuuen, 1982). YMecTHO BCIOMHHUTH, 4YTO TEIJIOTa
TENJOBOW JAecTpyKuHMs Inbaa (miaaBieHHE + HCHapeHHe) CcOocTaBisieT OKoyo 12
Kkaia/Monb. Takum oOpa3om, pa3pylieHHE CTPYKTYpPHOTO »dJeMEeHTa MEep3JIoro
rpyHTa OOYCJIOBJIEHO pPa3pblBOM aTOMHO-MOJEKYJSIPHBIX CBsI3€d, BEpPOSTHO, HE
COOCTBEHHO BO JIb/1y, @ B KAKOI-TO KOHTAKTHOW 00JIaCTH, TJ€ DHEPTHUs CBI3U BHIIIE.
MoxHO Ha3BaTh 3TH CBS3H JbJAOLEMEHTAUMOHHBIMU. ODHEPrus CBsSI3€d BO JIbAY
ciabee MU OHU MOTYT pa3pylIUTbcs ObBICTpee, HO, BEPOATHO, UX pa3pylieHHE B
MEpP3JIOM T'PYHTE HE BBI3BIBACT pa3pyIlICHHUs: JeJ BI3KO TEUeT B MOpaxXx U OCHOBHOH
“yaap” Harpy3oK NPUXOJIHUTCS Ha JbJAOLEMEHTAIMOHHBIE CBA3U, DHEPTUS KOTOPBHIX,
TakuM oOpa3oM, B cpeaHeM 22-29 KKall/MOJb.

[Ipsmbie ©Ha puc. 87 u 88 mnpu HUX NOPOAOIKEHHHU TMEPECEKAITCs
npubiIU3UTEIbHO Ha OCH OpAuUHAT. OITOT (akT OOBACHUM U3 TMOJOKECHHUHU
KHHETUYECKOH Teopuu TmpoyHocTu. B Touke mepeceuenus G=0 wu mnoromy
t=t(o)exp(Eo/xT). /Jluana3oH H3MEHEHUH aOCOIIOTHBIX TeMIEepaTyp  Mep3JbIX
TPYHTOB B HCHBITaHHSIX oueHb Manl - 5 -10 rpan.C (T=const), a 3aBUCHUMOCTH
PHEPTUU aKTHUBAIMH OT TEMIIEpATyphl B 3TOM obOnacTu Mana. B wacTHocTH, 1Uis nbla
IT.A.I0ymckuit npuBoaut BeipaxeHue: Eo=11.4 kkan/monp + 0.036 kkan/monp*T.
Takum ob6pazom, Eo/T=const B wu3yuaemMoM JAuama3oHe TeMIeparTyp.

CnenoBatenbHo t=t(0)exp(const) u o6pasyeTcst TOUYKA MEPECCUCHHS MPAMBIX.
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Puc. 88. 3asucumocmv npounocmu om eépemenu 6 nocapugmuueckux xoopournamax: A - Ha
00HOOCHOe colcamue mep3nou enunsl (Oanusie 11.M. Tromionnuka, 1965): 1 - npu -14°C, 2 - npu -
8, 3 -npu -4 °C; b - na pacmsicenue mep3znoeo mopgha: 1 - npu -20°C, 2 - npu -8 °C, 3 - npu -
6.5%C, 4 - npu -4.5°C (0annwvie JI.T.Poman, 1987)

M3meHeHHuss yria HakJIOHA MPSAMBIX CBS3aHbl HE C 3aBUCUMOCTBIO OT
TeMIepaTypsl B 3HamMeHaTesne 3KcmoHeHThl (KT), a ¢ M3MeHeHHEeM CTPYKTYpHOIO
napameTpa Yy - IepepaclpeleeHUud HanpsKeHUH B CTPYKTYPHOM 3JIEMEHTE
Mep3aoro rpyHra. IloroMy ¥ BO3HMKAeT HEIMHEHHOCTbh 3aBUCHUMOCTU HANPSIKEHUHN
oT jorapudma BpeMeHHU, Ha KOTopyto yka3biBana JI.T.Poman.

C yBeaMyeHUEM 3aCOJIEHHOCTHM HPOUCXOAUT pe3koe ymeHbineHue Eo,
CBSI3aHHOE, OYEBUAHO, C BIUSIHMEM HOHOB Ha MOJEKYJIApHBIE CBA3U. B 3To# cBs3M
MOXXHO cOCJIaThC Ha OJKCHEPUMEHTAJNbHBIH (akT, dYTO BEJIMYMHA DHEPrUHU
aKTUBAIlMU BSI3KOro Te4YeHUs AppeHHyca B 00JacTH HHU3KUX KOHIEHTpaUuu
pPacTBOPOB YMEHBIIAETCA MPHU YBEJIWUYEHUU KOHUEHTpanuu siuekTpoauta NaCl.

Takum o0pa3oM, UCHOJIb30BaHME KUHETUUYECKONH TEOPUH MPOUYHOCTU MOJIE3HO
o7 OOBSICHEHUs OHKCIEPUMEHTAJNbHBIX JAaHHBIX 1O Mep3iabiM mnopoaaM. OHu
HEIJIO0XO BIIMCHIBAIOTCS B NPEACTABIECHHUSA MU IOHATHUSA O3TOM Teopuu. Bo3Hukaer
BONIPOC, HACKOJIBKO 3Ta TEOopHs Xopolua Juisi nporHo3a. Ha mnepBwiil B3rusn,
ypaBHEHHE KMHETHYECKOH Teopuu Oolsiee mpuemiaeMo Mo (U3UUYECKOMY CMBICIY,
yem C.C.BsanoBa. Jlaxxe 4uclO MEpEeMEHHBIX 3/€Ch MEHbIIE: NpU (UKCUPOBAHHOMU
temnepatrype napamerp Y, a y C.C.BsanoBa - B u B. OqHako M3BEeCTHBI JTOBOJBHO
pE€3KHE OLEHKH OTHOCHUTEJIBHO HMCIOJb30BAHUS YPaBHEHUsS KMHETUYECKON TEOpHUU
Ul TpaKTHYECKHX pacueroB. B uactHoctu, I'.Il.YepemanoB, mnpusHaBas, 4YTO
GbopMyJiBl TaKOTO THUIA MO3BOJSIIOT OO0BACHUTH OOJBIIMHCTBO KCIEPUMEHTAIbHBIX
JaHHBIX OTMEYAET, YTO OHHM TPEOYIOT CIHMIIKOM BBICOKOH TOUYHOCTH ONpEIeseHUs
IMOHUPUUYECKUX MOCTOAHHBIX Eo0, Y, 4TOOB 1OOUTHCS TOYHOCTU MPEJICKA3aHUSI XOTS
Obl WO TMOPAAKY BEJIIMYUHBI, BBHJY CaMOI0 HX OKCIOHEHLMAJIbHOIO BHJA.
I0.H.PaboTHOB cuuTaeTr, 4YTO OHU MaJ0O NPHUPOAHBI I ONHUCAHUA MOBEICHH A

MaTcpuala U B cBOe 061HI/IpHOI>'I KHUTC NIPUBOAUT OIBITHBIN MaTepual MmpocTto B



Bune rpapukos. [IpaBna, I'.Il.YepenaHoB BbIpa3uJl HaAEKAY, YTO 3Ty TPYIHOCTH
MOXXHO CHSTH, UCIIONB3Ys popmynsl Tuna t=Aexp(-aK//T), koTopble IpOUTPHIBAIOT
B OOIIHOCTH, 3aTO BBIUTPHIBAIOT B OJIM30CTU K dKCIEPUMEHTAM. B 3TOM OoTHOLIEHUHU
NOJIy4eHHOE HAaMH BBIPa)XKEHHUE OTHOCHUTCS K KjJaccy TakuxX (HOpPMyJd U HCIOJIB3YET
TOJILKO TPH NMEPEMEHHBIX JUISI OMMCAaHUI CBOWCTB IPyHTOB u yciouii: t(0), S u To.
[MIpuuem t(0) u To - COOTBETCTBEHHO BpeMs M TeMIlepaTypa caMmopaspyuieHus, S -
BHYTPEHHSS INPOYHOCTh TpPyHTa, OTpa)xarwuas KOJIUYECTBO U  CIO0XKHOCTh
CTPYKTYpHBIX cBsi3zeil. Bo3moxHo, 3ta ¢dopmyna mnpennmoururenbna G=B/In(t/B).
Otnuuue 3TuX GOpMyJ B TOM, YTO B Hamell JuHelHas cBsA3b Mexay Intu G, ay
C.C.Bsanosa - mexny 1/G u Int.

Jnst Mep3JbIX TPYHTOB, OJHAKO, HEJIb3sl HE OTMETUTh (PU3UUECKYIO IPOCTOTY
UCXOJHBIX MPEANOCHIIOK KMHETHYECKON TEOpUM M HEKOTOpbIE 3aciyKUBalolue
BHUMaHHUs 3aKOHOMEPHOCTH, BBISABISIOIIMECS TIMpPU aHalM3€ €€ C MO3ULUHU
AKCIIEPUMEHTAJIBHOTO MaTepHuajga MO MEXaHMKE Mep3JbIX I'pyHTOB. BeposrtHo, ee
UCIIOJb30BAaHUE BO3MOXHO M I HNPOrHO3a JUIMTEIbHONW NPOYHOCTH 3aCOJEHHBIX

MEP3JBIX TPYHTOB.

11.2. TIPOYHOCTDb MEP3JIbIX 3ACOJIEHHBIX 'PYHTOB
NP OAHOOCHOM CXATUU

11.2.1. XAPAKTEP PA3ZPYIIEHUA I[TP1 OJHOOCHOM CXATUU

IIpn BO31EMCTBUM MEXaHUYECKOW HArpy3KH BCIEICTBUE CYIECTBOBAHUSA B
MEp3JbIX MOpPOAax JbJa, MPEeJCTABIAIOIIEro cOO0M MOYTH UJealbHOE TEKyUee Tello,
U BSA3KOW He3zaMmep3lield BOJAbl, IPOUCXOSIT HEOOpaTUMble MEPECTPONUKHU CTPYKTYphI
U pa3BUTHE PEOJOTUUYECKHX mpoueccoB. JlepopMupoBaHue Mep3JbIX MOPOJ
00yCJIOBJIEHO CMEIIEHHEM OTHOCUTEIbHO APyl JApyra OTIEIbHBIX T'PYHTOBBIX
4acTUI] U MHUKPOArperaTtoB IO pa3AeldlllUMM HX IJEHKAM CBS3aHHON BOJABI H
BKJIIOUEHHUSM JIbJla, KOTOPbIE B CBOEM IMpeolianaromeM OOJbIIMHCTBE U ABIAIOTCS,
no mHeHuto O.J[.EpmoBa (1986), ocnabieHHBIMHU B TNPOYHOCTHOM OTHOIICHHHU
yd4acTKaMU MepP3JIOW MOpoasl - “medexkramMu’”, KOTOpPbIe MOTYT OBITh TOYCUYHBIMHU H
JTUHEHUHBIMU. MeXxaHU3M MIACTUYECKOTO Ne(GOpMHUPOBAHUS KPUCTAIIHUYECKUX Tell
(1pa) CcBA3BIBAIOT NPEUMYUIECTBEHHO C IMeEpeMelleHHeM JHUCIOKalUui mnyTem
CKOJIbXKEHUS, KOTOpble MPU HEKOTOPOM KPUTHUYECKOM HAMNpPSIKEHUU MOPOXKIAIOT
HOBBIE JHMCIOKAalMM W TpemuHb. KpoMmMe TOro, mnpouUCXOIUT NEpeMElIeHHnE
He3aMep31iedl BOAbl U3 YUaCTKOB € OOJBIIUM Halps)KEHHEM K y4yacTKaM C MEHbUIUM
HaMps)KEHUEM C COOTBETCTBEHHBIMHU (Pa30BBIMU MEPEXOJaAMHU.

Bwmecte c 3TUMU npoueccamu CTPYKTYpPHOTO npeobpazoBaHus

(paccnabmenusi) Mep3J0il MOPOJABl B HEW MPOUCXOIUT 3aKPBHITHE MUKPOTPEUIHH,



YyMEHBIIEHUE MEXarperaTHOW M arperaTHOW MOPUCTOCTH, Oojiee MIOTHAs yMaKoBKa
TPYHTOBBIX YacCTHUII U BOCCTAHOBJEHHE CTPYKTYpHBIX cBs3eil. IlpeoOnananue Tex
UiId UHBIX npoueccoB, mo MHeHUIO C.C.Bsnosa (1978), u onpenensier ynpouHeHHE
UM pa3pylIeHUue Mep3J0W MOPOIHI.

B noHsTHe “HpOYHOCTH MEP3JbIX I'PYHTOB” BKJIAABIBAIOT Pa3JUUYHBIM CMBICI
B 3aBHCHMOCTH OT pemaemMoi 3agauu. OHO BKJIOYAET KaK pa3pylleHHue, TakK U
n30piTounyo nedpopmanuio (I'eorexumueckue Bompockl ocBoeHuss Ceepa, 1983).
Co Bpemenu ¢yngamentanbaoro wuccienoBanus C.C.Bamosa (1959) mnpunsro
CUMTaTh, YTO MEp3Jble MOPOABl MNPU JOCTATOYHO OOJBIIUX HANPSIKECHHUAX
pas3pymarnTcs, 4TO GUKCHUPYETCsA yBEIHMYEHHEM CKopocTed nedopMUpoOBaHUS TpH
NOCTOSIHHOM Harpy3ke. llpudyem nams Mep3nblX MNOPOJ XapaKTEpPHO BSI3KOE
pa3pymienue ¢ OonpmuMu  gedopmManusasMu M CIUIIONMIMBaAHHEM  oOpasma
(o6pazoBanme “O00uku”) 6e3 HapymeHus cunomuocTu. Ilo nanaeim H.K.[Texapckoi
(1962), C.D.T'oponenkoro u E.Il.llymepunoit (1962), C.C. Bsnora (1959) y
MEpP3JBIX TPYHTOB BBIPAXEHBI BCE TPU CTAAUU IMOJ3Yy4YECTH, a MEepPexon OT
3aTyXamlled K He3aTyXalomel moyizydecTu 4eTkuil. OMQHAaKO MIUTEIbHOCTh CTAAHU
HEYCTaHOBHUBIICHCS MOJ3YyYECTH IJISI MEP3JBIX IMOPOJ MOXKET COCTABIATH COTHHU U
JlaXKe THICSIYM YacoB.

Jnst HEeKOTOpPBIX TIMHHUCTBHIX TalbIX MOPOJ MEpexoJa B NPOTpEeCcCHpYIOIIee
Te4yeHHe Tak W He mnpoucxoguT. I[lockonbky B mpomecce MOJ3y4YeCTH TPYHT
OJHOBPEMEHHO U YIpouHseTcs, U pacciabusercs, T10, nmo MHeHuto C.C. Bsanosa
(1978), cTanus yCTaHOBMBIIErocs TEUEHHS BO3HHKAET TOTJa, KOTJa HapylIeHUE U
BOCCTAHOBJIEHWE  MEXYACTHYHBIX  CBS3e€ld  B3aMMHO  KOMIIEHCHpyeTcsa. Y
cabOCTPYKTYPUPOBAHHBIX CHCTEM TaKoe€ COCTOSHHE MOXET MPOJOJIKAThCA
HEOTpaHUYEHHO A0NTO. [Ipr 3TOM pa3BUTHE NPOTPECCUPYIOIIETO TEUYECHHS CBSI3aHO C
ABJEHUEM JUJIaTaHCUU - YyBeJIUYeHHMEeM oObema oOpa3nma NOpu BO3AEHCTBUU
CIBUTOBBIX YCUIHH, UTO, K CBOIO O4Yepe]ib, 00YCIOBIEHO PAa3BUTHEM MUKPOTPEIINH.

OkcnepuMenTsl E.Il.Ilymepunoir (1966) mo wuccienoBaHUIO NOJ3Y4YECTH
MEp3J0i cymecH ¥ TJIAWHBI T[OKa3ajiW, YTO H TNPOJOJbHAs, W IOoNepedHas
nedhopManuu pa3BUBAIOTCA OJHOBPEMEHHO. YBelWdyeHue obObemMa o00pasnoB
HAaYWHAETCS YK€ B CTAJJUU HEYCTAHOBHUBIIETOCS TCUCHUS.

Jnst  3acoleHHBIX MEp3JBIX TOpOJ Ja)e TpPH BBICOKHX Harpys3kax
HaOloJaeTcs B OCHOBHOM 3aTyxaromas noi3ydecTb (cM. rinaBy 9). Ilostomy B
NOHATHE TPOYHOCTH 3aCOJIEHHBIX NOPOJ MBI BKJIaJbIBA€M CMBICT H30BITOYHOUH
nepopmanun. OcHOBaHUS  AJs Ha3zHauyeHUs AepOpPMalMOHHOTO  KpPHUTEpHSA
npouHocTu umewTtcs B paborax C.C.Bsmora (1956) u M.H.T'onsamretina (1957).
HMmu ObI10 BBRICKAa3aHO MPEINMOJOXKEHNE, YTO pa3pylleHue TPyHTa HACTyMmaeT TOrjaa,
KOTJla HAaKOIUIEHHWE  TNJIacTUYecKodW  nedopMamum  JAOCTHUTaeT  HEKOTOPOTO

MOCTOAHHOI0o mpeaciia, NpEeBEIMICHUC KOTOPOTO BEACT K PaAa3pyMICHUIO. TaK, I



NJIaCTUYHBIX TAuH, 1o AaHHBIM C.Myposmbl u T.IHubGote (1966), 3HaueHue 3TOM
npenenbHoi negopmanuu koaebdbaercs ot 0.09 no 0.1.

[To nmanabpim C.C.BsamoBa u ap. (1962), nns mep3ioil cynecu 3Ha4YEHUE
npenenapHoit gedpopmanuu - 0.16, nus naotHodl Mep3noit ramusl - 0.06. us
MJIACTUYHBIX TOpPOJ 3HauyeHHE NpelenbHol aedopmaunuu yBenuuuBaetrcs. Ecau
TaKyl HpeaeiabHylo nedhopManuio MCIOJb30BATh IS OLEHKU MPOYHOCTU MEP3JIBIX
nopon, C.C.BsnoB u np. (1966) pexomennyer 3Hauenue 0.2, T.e. medopMaruio
obpasua mpu oxguoocHom cxatuum 20%. Ilpu Takoi amedopmanuu eciu U He
JOCTUTAaeTCsl BU3YaJIbHOTO pa3pylIeHUs, HAPYIIEHUS CILUIOUIHOCTHU, TO AedopManuu
HACTOJNBbKO BEJIUKH, UYTO oOpa3zem MOXHO CUHUTATh MOTEPSBIIMM HECYILYIO
CIIOCOOHOCTH.

YuutsiBasg 3aTyxammuid xapakrep aepopmuposanus, A.JI. Koran npennoxun
CYATATh OCHOBHOW XapaKTEPUCTUKOW JJs OLEHKH YCTOWYMBOCTH COOPYKEHHU
npeaen AONYCTHUMOM MOJI3ydecTu (Mpeaen IMOJI3y4ecTH), omnpeaenaseMbld aubo 1mo
paBHOMEPHOH CKOpPOCTH MOJ3YydYeCcTH, JUOO MO cyMMapHou nedopmanuu, KoTopas
Jonyctuma st nanHoro coopyxenus (Jlomranze, 1984). [Ipu ucnonb3oBaHUU dTOU
XapaKTEepPUCTUKU CJIElyeT yYUTHIBAaTh, OJHAKO, YTO OHAa 3aBUCUT OT KOHKPETHOTO
COOpYXEHHS U Hey10OHa NPU CPABHEHUSAX.

[Ipu »>TOoM HeoOXOOAMMO UMETh B BHUAY, 4YTO, IO MHEHHIO MHOTHX
uccienoBaresiei, NOTEpU MPOYHOCTU MOPOJAbI BO BPEMEHHU HA CTaJMU 3aTyxarouien
noJyizydectu He npoucxoaut (Jlomranze, 1984). Takum obpazom, nedopManmoOHHBIN
KPpUTEPUH NPUBOAUT K YCIOBHOM NPOYHOCTH, CHHUXKEHHUE KOTOPOM BO BPEMEHHU
CBHUJIETEIBCTBYET O pa3BUTHUU JepopMalnuil Npu OJIHOBPEMEHHOM BO3MOXKHOM
YIUIOTHEHUU W (PaKTHUYECKOM YyNpOYHEHUH TrpyHTa. [lodTOMYy BaXHO NPOBOJIHUTH
CpaBHEHMS MOJYYEHHON TaKUM 00pa3oM BEJIUYUHBI MPOYHOCTU C €€ 3HAUEHUSIMHU IO
IpYTUM KPUTEpHUSIM, TaKMM, KaKk H3MEHEHHE XapakTepa neGOopMHUpPOBAHHUA, U IO
JaHHBIX JAPYTUX HMCHOBITAHUM, TA€ pa3pylieHue OoJiee OYEBUAHO - HaIpHUMED,

CABUTOBBIM HUCIIBITAHUSIM.

Hedopmauus, %

Bpemsi, cyrku




Puc. 89. Kpusvlie noazyuecmu epyHmoé npu pazHblX NOCMOAHHLIX HAPY3KAX - K
onpedeneHuio nonamus oaumenvuou noazyvecmu no K.@. Boumrxosckomy (1960).
Ilpu npesviwenuu nHaepyskot npedena orumenvnou noisyvecmu Goa nabrwoaemcs

cmaous npoepeccupyroujell Noa3yiecmu.
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Harpy3ska, Kr/kB.cM

Hcnons30oBaHUEe NPYTUX KPUTEPUEB MPOUYHOCTU M MOHSATUHN NI 3aCOJIEHHBIX
MEP3JBIX MOPOJ MOJXKET Takke ObITh mojie3HbiM. K.®. BoiiTkoBckuM (1960) Ob1i0
BBEJICHO BaXHOE€ MOHATHE Mpejena AJIUTEIbHOW MON3Yy4YEeCTH, NPU HAMPSIKEHUIX
HIKE KOTOPOTO MOXET MPOUCXOJAUTh TEUEHUE C MOCTOSHHOW WJIM YMEHbIIarleics
CKOPOCTHIO, a MPpHU OOJBUIUX HANPSKEHHUAX YCTAaHOBHUBIIASICS CTaAusl MEPEXOAUT B
CTaJUI0 TMPOTPECCUPYIONIEro Te4YeHHUs C Bo3pacTaromeil ckopocTeio (puc. 89).
TakuM o00Opa3zoM, 3HaYEHHUE MPOYHOCTHU, OMpPEACICHHOE MO BeIWuYnHE Aedopmaluu
0.2 mpu 3aryxamiieid mMoa3ydecTu, OyaeT Huxe Nub0 paBHO MpeAeny IIUTEIbHOU
non3yuectu no K.®. BoliTkoBckoMy, a caM 3TOM Ipeaes AJs 3aCOJIEHHBIX MEpP3JbIX
MOpPOA MOJXKET OBITh HaJEXHO ONpeJeNieH TOJIbKO MJsf 3aCOJEHHBIX MeCUYaHBIX
OTJIOKECHUH.

Pan aBtopoB (Bennu, 1973; AxcenoB, JlokyuaeB, 1978; Spxun, 1986 u
IpyTHe) HUCIONB3YIOT TMOHATHA  Tpenena 3aryxaromed mounszyuectu  G3,
ompeAenseMblil B TOYKE MEpecedeHHs PEeoJIOTUYECKOW KPHBOW ¢ OocChbio abcuucc, U
npeaesn JUHEMHOW MOJM3yuyecTH, KaK NPOEKIUU TOYKH, I'/1€ IPOUCXOJAUT YBEIUUYEHUE
ckopocteit nedhopmupoBanus, Ga (puc. 90). IIpu 3ToM cama peororudeckas Kpunas
OOBIYHO CTPOUTCS MO CKOPOCTAM YCTAaHOBUBIIEHCS TMON3Yy4YECTH, TOITOMY
ompeaenseMoe 3HaUYCHUE MPOYHOCTH MO AedopMalusiaM JJs 3aCOJEHHBIX MEP3JIbIX
nopoJa, KpoMe MecCKOoB, HUXKe 000uX ATuUX mpenenoB. I[IpaBga 3To BepHO, Kak U B
ciydyae C mnpeaenom aAnutenbHod mnonszyuectu K.D.BolTkoBCckoro, ecium 3TH
npeaenbl CYWECTBYIOT JAJs 3aCOJEHHBIX MEp3JbIX mopoa. BeposiTHO, oHH
BBIJICTSIOTCS JTUIIb MPU OYE€Hb OONBIIMX HArpys3kax, nmpeBbimarmux 2-3 Mlla, T.e.

OOBIYHEIC Harpys3kKu oT COOp}/)KeHI/Iﬁ U UCIIOJIB30BAHHBIC B HAINX SKCIICPUMCHTAX.



[To nanusiM E.Hivon (1991) nepexon B cTaguio NporpeccUpyromero Te4eHus
y 3aCOJICHHBIX MEpP3JbIX NOpPOJ, IpaBaa, MPU AOCTaTOYHO HU3KHX TeMIepaTrypax -5
+ -7°C, nabnwnaercsa nub60 okono 3HaueHus aepopmanuu 20%, nubo (uyame) mpu
nedpopmanusx 25-30% wu BeIlme, Korpa obOpasen 3aMeTHO U3MEHseT (GopMy U 1O
HalleMy MHEHHIO, NMPOBOJHUTHh AKCIHEPUMEHTHI Jaliee HE BIIOJHE IesecooOpasHo,
T.K. YCJIOBUS OJHOOCHBIX UCIBITAHUN U3MEHSAIOTCH.

[Ipupona takoro xapakrtepa AePOpPMUPOBAHUS MEP3JIBIX 3aCOJEHHBIX MOPOJ]
CBs3aHa C OCOOGHHOCTSAMHU HMX CTpPOCHHA. UeM BBIIIE 3aCOJEHHOCTb, TE€M OOJIbIIe
He3aMep3ued BOABI M TOJINE €€ NpociHoWkH. Ecim npeamosoxuTb, YTO
nehopManuu MEp3JBIX 3ACOJEHHBIX NOpOA OOyCIOBJIEHBI TJIaBHBIM 00pa3zom
CKOJIb)KEHHEM MHUHEPAJbHBIX YAaCTHUIl M JIbJA MO XHUJAKUM MJICHKAM M MIACTUUYECKUM
TEYEHHEM JIbJla B MOPaxX, TO TIaBHBIM MPOLECCOM CTPYKTYPOOOpPa30BaHUS MEP3JIBIX
3aCOJIEHHBIX nopoJ TOJ Harpy3kou OyaeT He HakomJeHHe JePeKTOB U
MHKPOTpEIIMHOOOpa3oBaHue, a YIJIOTHEHWE W yMEHbIIEHHE IOPHUCTOCTH,
CONMIKEHUE YaCTHI[ NMPU OJHOBPEMEHHOM BS3KOM TEUYEHUHM KHUJKUX IMPOCIOCK U

Jbaa.

Tabruya 29. Pe3yibmamel onpeodenenusi OAUMEAbHOU HPOUYHOCMU Mep3JblX
3ACONEHHBIX NOPOO Npu OOHOOCHOM CIHCAMUU C UCNONb30BAHUEM PA3IUYHBLX
Kpumepues nomepu npouHoCmu.

HaumenosaHue 0,°C Dsal, | AnutensHas npouydHocth, Gai, Mlla
MOPObI %
o 20% o nmeperudy no
nedopma | KpuBOW peosioruuec
9078 In(G)-In(g) KO KpHBO#
ITecok -3.8 0.05 0.70 0.80 1.35
(p.EpkyTa-Sxa) -3.0 0.05 0.86 0.67 0.90
-2.0 0.05 0.61 0.49 0.70
0.1 0.24 0.20 0.35
0.2 0.09 0.10 0.10
Cynecs -3.8 0.09 1.0 0.95 *)
(p.Epxyra-sxa) -2.0 | 0.09 0.55 0.60
0.2 0.10 0.10
0.5 0.06 0.06
CyrauHOK -3.8 0.5 0.35 0.35
(03.Tropun-To) -2.0 0.5 0.13 **)
-3.8 1.0 0.04 0.15

*) YcranoBuBIIIEEeCs TEUYCHUE HE HAOIIOJaeTCsI
**) Ilepenom kpuBsix In(G)-In(g) orcyrcTByeT



Takoit mnpoumecc OyAeT, OUYEBHUAHO, XapaKTEpPU30BATHCS 3aTyXaloUIUM BO
BpeMeHU AePOpMHPOBAHHMEM BILUIOTH 10 OYE€Hb OOJBIIHUX AePopManuil U MOTEpHU
dopmbl 00pa3na. B KoHIle KOHIIOB MOXET HAaCTYNHUTh Pa3pbiB CTPYKTYPHBIX CBs3eH
U JE3WHTerpanus 4YacTHI[, OJHAKO 3TO HPOUCXOJHUT, MO-BUAUMOMY, B oOpasmax
TONBKO MpU oYeHb Oosbimux (O6omee 30-40%) nedopmanusx mpu MOJHOU MOTEpe
bopMBI.

Ha 10, 4TO npu nepopMupoOBaHUH 3aCOJECHHBIX MEP3JBIX MOPOJ MPOUCXOIUT
pa3pbiB CTPYKTYPHBIX CBsI3€d, a CleJJOBATEIbHO, MOCTENEHHAA MOTEPs CBI3HOCTHU H
NpOYHOCTH o0Opa3moB, yka3siBaroT nanHeie E.Hivon (1991). DxcmepuMeHTHI,
npaBjaa, NOPOBOJAMIMCH €10 MpU Temmeparypax -5 =+ -7°C, HO ¢ 3aCOJECHHUEM
nopoBoro pactBopa mnopona a0 30 npomumie (ppt). B OoJbmHMHCTBE ONBITOB
yBelIudeHue oO0bema o00pa3noB (UKCUPOBATOCH yX€ BCKOpE TIocje Hauala
ucneiTanuil (puc. 83).

CrnenoBaTelnbHO, MOKHO CUUTATh, YTO C TEYCHHEM BPEMEHHU yCIOBHAS MOTEPS
NpOYHOCTH HacTymaeT. [lodToMy MBI cUMTalM BO3MOXHBIM HA3HA4YUTH IS €€
OLlCHKHU AepopmManuoHHbId Kputepui (20% nedbopmanumn).

OmnpeneneHue MOMEHTa MOTEPU HPOYHOCTH BO3MOXKHO M Ha OCHOBAHUH
HEKOTOPBIX JAPYTruX NpH3HAKoB. Tak, M30XpOHHBIE KpUBBIE AePOPMUPOBAHUS B
aorapudpmuueckux koopaumnarax ING-Inh, ans 3aconeHHBIX Mep3JIBIX TOPOJ MOTYT
UMETh TEepPEeIOMBbl, KOTOpPBIE CBSI3aHBl C U3MEHEHUEM XapakTepa neGopMUpyeMOCTH
noponasl. Ilpenmen 3aryxaromieil MON3y4eCTH MOXKET OBITh ONpENeeH W IO
pEONOTUYECKUM KPHUBBIM, €CIH HUX YAAaeTCI TOCTPOUTH JUISI YCTAaHOBUBIIHXCS
CKOpocCTeil nepopMHUPOBaHUSA, YTO BO3MOXKHO IS IMECYAHBIX 3aCOJICHHBIX MEP3IIBIX
TPYHTOB.

B ycnoBusax, Korma mMpoOMCXOJHUT TEYEHHE KUAKUX IIJICHOK BJIArM M JIbJa C
MOCTENMEHHBIM npeoOpa3zoBaHHEM CTPYKTYDHI, U3MEHEHHUE XapakTepa
nehopMUPOBAHHUA MOXET OBITh CBSI3aHO C pa3pylUIeHHEM CBsI3€dl W TOSIBICHHEM
HOBOM, pa3pyWIEHHONW CTPYKTYpbl MEP3J0H MOPOJBI, T.€. C MOTEPEN €€ NPOYHOCTH.
Torpa Touku meperu0OB U Mpeaesbl MOJI3y4eCTH KPUBBIX Je(hOPMUPOBAHUS JOIKHBI
COTIOCTABIATHCS APYT € Apyrom. Pe3ynbTaThl TakoTro COMOCTaBICHUS MPUBEICHBI B
tabxa. 29.

Kakx crneayer u3 »3Toil Tabiauubl, 3HAYEHUS NPOYHOCTH, OINpeaesieMble
pa3IuYHBIM 00pa3zoM, MPU OTACIBHBIX PACXOXKICHHUSIX B I[€JIOM OJU3KH MEXIY
coboil. 3HaueHHs, ONpeAeleHHbIE MO pEOoJIOTUYECKOW KpPHUBOM, Kak MpaBuio,
HECKOJIbKO BBIIIE, YTO, IMO-BHIUMOMY, CBHUIETEIBCTBYET O IMOCTEIMEHHOM

N3MCHCHHU XapaKTEpa TCUCHHUA IO Hany3KOf/’I.

11.2.2. JJIMTEJIBHASA ITPOYHOCTb 3ACOJIEHHBIX MEP3JIBIX 'PYHTOB



N3 3KCIEpUMEHTOB U3BECTHO, UTO MPU NPUIOKEHUU HArpy3KU MEHbIIE TOMH,
KOTOpas BBI3bIBAeT OBICTpOE pa3pylieHue oOpas3ma Mep3JIoro TpyHTa, CIYCTs
HEKOTOPOE BpeMs Takxe Habiwogaercs pa3pyuieHue (MId pa3BUTHE OYE€Hb OOJBIIMX
nedopmanuii). SIBaeHne TaKOro pa3pylIeHHs BO BPEMEHM HA3bIBACTCS AJUTEIbHOM
IPOYHOCTHIO, MM JOJTOBEUYHOCTHIO. YMEHBIIEHHUE BEIUYUHBI pPa3pylIaNIEro
HaNpsSKEHUs € YBEJIMUYEHUEM BPEMEHHM [0 pa3pylIeHUss U €CTbh INpPOsBIECHHE
npolecca CHHXEHHS NPOYHOCTH. I'paduK CHUIKEHHUS MPOUYHOCTH MOXXHO MOJYYHUTH
nepecTpoMKol KpuUBBIX moji3ydectu. Eciaum conpoexkTupoBaTh Ha ocbhb abcuucce
3HA4Y€HUsI BPEMEHM [0 pa3pylIEHUs C KPUBBIX IMOJ3Y4YECTHU, TO, OTJIOXKHUB IO OCHU
OpAMHAT 3HAUYEHUS  COOTBETCTBYIOIIMX pa3pyllalIIUX HANPSKEHUH, MOJIYyYUM
KPUBYIO, O0TOOpaXaroIlyl 3aBUCHUMOCTb MEXJY pa3pyLIalolUM HaNpsIKEHUEM U
BPEMEHEM JI0 pa3pylIeHUsl, TaK Ha3bIBAEMYI0 KPUBYIO JJIUTEIbHON NpOYHOCTH (puC.
86). CymecTByeT TNOHATHE TMpeaena AJIUTEIbHOW NPOYHOCTH, KOTOPHBIH
COOTBETCTBYET  HANpPSDKEHHUIO, JO0 MPEBBIIIEHUS KOTOpPOro aedopmManus HMeEeT
3aTyXaloluil XapakTep W pa3pylleHUE HE MPOUCXOAUT NPHU JIOOOM NPaKTUUYECKHU
HalJll0JJaeMOM BpPEMEHU BO3JEWCTBUS HArpy3KH, a IPHU MNPEBBILIEHUU BO3HUKAET
He3aTyXxarllas M0JI3y4yecTh, IPUBOAAIIAS C TEUEHUEM BPEMEHHU K pa3pylleHUI0. Y
HEKOTOpPBIX MaTEpUaJIOB, HaNpuUMep, y JbJa, He3aTyxarollas TO0JI3yYecTh,
NpUBOASALIAsA K Pa3pyLICHUIO, BOSHUKAET NPU JIOOBIX HANPAKEHUSIX, OTJIUYHBIX OT
HYJA.

@akT CHUIXEHHUS NPOYHOCTH B pe3ylbTaTe NOJ3ydecTH HalbmromaeTcs y
HIUPOKOTO Kpyra MaTrepuajgoB U 3TOW mpoOiemMe MOCBALIEHO 00JbIIOE KOJHYECTBO
uccienoBanuil. IlepBrie MccinenoBaHus JUIUTEIbHOM NMPOYHOCTU MEP3JIBIX T'PYHTOB
Obuiu BeIMOJIHEHBI B 40-x romax M.H.TonpamreliHOM NPUMEHHUTEIBHO K CHJIaM
cmep3anus rpyHtoB. B 50-x romax C.C.Bsanos, npoBoas B Mrapke KoMmJeKCHOE
U3y4YE€HHUE JJIMTEIbHOTO CONPOTHUBIEHUS MEP3JbIX T'PYHTOB NPHU Pa3IUYHBIX BHJAX
3arpyeHHs, YyCTAHOBUJI OCHOBHBbIE 3aKOHOMEPHOCTHU AJIUTEIbHOW HUX MPOUYHOCTH.
[To3nuee BONpOCH AJIUTEIBHOM MPOYHOCTH MEP3JbIX T'PYHTOB HCCIEJOBAINCh B
Nuctutyre MepsnotoBenenus u HUM ocuoBanuii, Ha xadeape Mep3J0TOBEIECHUS
MI'Y, B Kpacnosapckom IIpomcrpoitHUUnpoexkte, Bo BHHWMN-1 wu gpyrux
OopraHuizanusix, B TOM 4uciie 3a pyoOexoM. [lonydyeHbl 3aKOHOMEPHOCTHU U3MEHEHUS
JUIUTENbHONW  NPOYHOCTH B 3aBUCHUMOCTHU OT TeMIepaTypbl, BHUJIa HCIBITaHUS,
rpyHta u T.4. llpennoxeH psax annpOKCMMAalMOHHBIX YPaBHEHHW KpPUBOU
JUIUTENbHON MPOYHOCTH, M3 KOTOPBHIX HauOoJsbllee pacnpocTpaHEHHE MOJydulia
annpokcuMmanus (popmyna) C.C.Banosa.

HexoTopeie BUIB TPYHTOB HEAOCTATOYHO H3YYEHBl 10 CHX MOpP, K HUM
OTHOCSTCS 3aCOJIEHHbIE MEP3Jbl€ TPYHTHI, JIbJUCTHIE U OJTHOBPEMEHHO 3aCOJIEHHBIE
u apyrue. ONbITH, BBUAY HX TPYAOEMKOCTH U MOTOMY MAaJIOYMCIEHHOCTH, Kak

npaBUujIO0, HC MOAAAOTCA CTATUCTHYCCKOMY aHAJIN3y, YTO 3HAUYHUTCIBHO CHHUXACT UX



neHHocTh. Ha Ham B3rid], cepbe3HBIM HENOCTATKOM YK€ SBISETCS TO, 4YTO 3a
HECKOJBbKO JECATUIETHNH UCCIEIOBAHUN IIpaKTUYECKU HE IPOBOAUIOCH MO-
HACTOSIIEMY AJUTEIbHBIX 3KCIEPUMEHTOB (JJIMTENBbHOCTh 3-4 Mecsilia CUUTAETCs
O4YeHb OONBIION, CBBIIIE 3TOr0 CPOKAa HM3BECTHHl EJAMHUYHBIE ONBITHI) - [0
HECKOJBKUX JIeT. OTO HE€ MO3BOJAET JaTh OLEHKY TOYHOCTH OJKCTPamoJslHUU
KPUBBIX JJIUTEIbHOW MPOYHOCTH, IO KOTOPOH ompenessieTcss mpeaea IIUTEeIbHON
IIPOYHOCTH, YTO J€J]aeT TaKOe ONpPEeJEICHNUE BECbMa yCIOBHBIM.

He BbI3bIBa€T COMHEHUS TO, YTO MPUPOAA MPOYHOCTU MEP3JBIX IUCIEPCHBIX
IOpoJ OCTaeTcss OJAHHMM M3 Hauboliee CIOXHBIX BOIPOCOB B MEP3JIOTOBEICHUHU.
JlocTaTo4HO cociarbCcs, HAMpuMep, Ha GpakT OoNbUIeH MPOYHOCTU MEP3JTOW MOPOIBI
B CPABHEHUU C NIPOYHOCTHI0 KOMIIOHEHTOB - JIbJla U JUCIEPCHOrO I'PyHTA.

[TosTOMy BBI3BIBAIOT TaKOW MHTEpPEC MOMNBITKU HMCIOJb30BAHUS COBPEMEHHBIX
NpPEACTaBIEHUNH O MPOYHOCTH MAaTEPHUANOB MPUMEHUTEIbHO K MEP3JILIM TIPYHTaM,
Hampumep, KuHeTudyecko teopun mnpouHoctu. C.C.BarmoB Ha OCHOBaHUU
HEKOTOPOW  AaHAJOTMM MEXJAY KPUBOM NOTEHIMAJIBHOW DJHEPTUU CBA3U MEXKAY
TPYHTOBBIMM 4YacTUIAMU M KPUBOW MOTEHIUAJIBHOM OHHEPrUU CBA3U MEXKIY
MOJIEKyJIaMUd pPaccMOTpesl B3aUMOJEWCTBUS YACTUIL KAaK TEPMOAKTUBUPOBAHHOTO
npouecca. OIHAKO NPU 3TOM YCIOBHBIM OKa3bIBA€TCSI MOHATHE MEPUOAA TEIIOBBIX
kojseOaHuil, sHeprum axktuBauuu. Kpome TOro, B Mep3J0M TIpYHTE, BEPOSTHO,
ONpeAenslouyl0 poOJib UIpalOT HE COOCTBEHHO KOHTAaKThl MEXJY YacTHULAMHU, a
CBSI3U BO JIBAY U YAaCTHI CO JIbJIOM.

ObOparumcs k ¢dakTudeckomy wmatepuainy. Ha puc. 91 m 92, B tadn. 30
NpEeACTaBIEHBl JaHHBIE 10 OJTHOOCHOMY CXAaTHI0, YACTUYHO MAPUKOBOMY LITAMIy U
apyruMm wucneiTaHusMm. Kak yxe oTMmMeuanoch, HECMOTPS Ha MPOCIEKUBAEMYIO
KpUBHU3HY JuHHUK, oTMmMeueHHyto JI.T.Poman nans TtopdoB u mnoOyauBIIyIO €€
BUJ/JIOU3MEHUTH BUJl BHIPAXKEHUS KMHETUUYECKON TEOpUH, BO3MOXKHO UX CIPAMIECHHUE.

[Ipupona Ttakoi 3aBUCHUMOCTH JOTAapUPMOB BpPEMEHHU pa3pylIeHUs OT
HaNpsOKEHUM CBsi3aHa, BEPOSITHO, C BHYTPEHHUMHU HaNpsDKEHUSAMHU, sPpdexramu
pacTBOpeHHs, ajncopbuum u aAp. B TO ke Bpems ciaeayer OTMETUTb, 4YTO
3aBucuMocTh Eo OT TemnepaTtypsl B OOBIUHOM JHana3oHE TEMIEpaTyp AJs Mep3JIbIX
rpyHToB (0 + -20°C) cnabas, TOCKONBKY B HEe BXOJIHUT abCONIOTHAS TeMIlepaTypa.

CTpyKTypHBIH mapaMeTp Y MAJs MEp3JbIX TPYHTOB OKa3bIBA€TCS CHIIBHO
3aBUCAIIUM OT TeMmmepatypbl. Du3zuueckuil CMbICT 3TOrO pe3yjbTaTa 3aKJIYaeTcs,
BEPOATHO, B CTPYKTYPHBIX H3MEHEHHUSX B MEpP3JbIX MOpOJaax, CBA3AHHBIX C
BbIMEp3aHUEM IIJIEHOK He3aMep3Ilied BOJAbl Ha KOHTAKTaX MUHEPAaJbHBIX YacTHUI[ U
JeSHbIX KPUCTAJIJIOB, KOTOPbhIE B 3HAUUTEIBbHON Mepe U ONpeAessioT NPOYHOCTD.
Kak M3BECTHO M3 KMHETUYECKOW TEOPHH, CTPYKTYPHBIM IMapaMeTp Y YUCIEHHO M IO
busnuyeckoMy cMbicily o003HadyaeT 00beM, B KOTOPOM JAEHCTBYIOT HaNpsKEHUS.

Jlns MeTalloB M CIJIaBOB OH BBIIIE, 4€M 00BEM aToMa (e€ciM paccMaTpUBAETCS



MOJIb BEIIECTBA), UTO 00BsCHIETCSA MO0 yBeIMUYEHUEM (IyKTYallMOHHOTO 00beMa,
aub0 KOHIEHTpanuel HampsokeHuil. J[as Mep3/IbIX TPYHTOB OKa3bIBAETCS, YTO 3TO
npeBblIeHHE cocTaBiseT 3-4 nopsaaka.

BepueMmcs k kpuBoauHenHoctu gunuit In(t) - G, usz-3a xoropoit JI.T.Poman
npennaraeT BHUJIOU3MEHUTH KJIACCUUYECKOE YypaBHEHHE KHUHETHYECKOH TeEOopuH.
[IpencraBasgercs, YTO /€O HE CTOIBKO B 0CO0OOM (HU3UUECKOM MEXaHH3ME
pa3pylieHHUss CTPYKTYpHO-HEYCTOMUHMBBIX MaTEepUanaoB, CKOJIbKO B pa3JUuYHON
CTENEHU KOHLEHTPAUUU HANPSKEHHUN, HA YTO yKa3bIBaJU U aBTOPHl KUHETHUUYECKOU
Teopuu. B camom nene, mMep3able TPYHTHl B IpPOLECCE JJIUTEIBHOTO pa3pylIeHUs
UCIBITBIBAIOT  3HAYUTEJbHBIE nedpopmanuu, OYEBUJHO  MPUBOJSIIUE K
nepepacupenelieHnio HamnpsokeHud. W ecnum npu Oonpmux HanpsokeHusx G u
COOTBETCTBEHHO MAaJIOM BpeMeHM o MNpPOUCXOAUT 3HAYUTEIbHAS KOHLEHTpalUs
HaNpsOKEHUM, TO NpU JJIUTEIbHOM TEUYEHUHM CTENEHb KOHUEHTpalluu, OYEBUIHO,
yMeHbIlIaeTCs, Bce OojblIee YHMCIO CBsA3€M BocnpuHuUMarwT Harpysky. Ciuenyer
CUMTAaTh INEPEMEHHBIM CTPYKTYpPHBIH MmapamMeTp Y, U C YYETOM CKa3aHHOTO
JONYCTHUMO CHpSIMIIEHHE KpPUBBIX M OIpeJAeleHue cpeaHero 3HaueHus 7y. Ha
rpadukax BUJIHO, YTO 3HAYECHHE Y, YUYHUTHIBAs BO3MOXHBIH yroJI HaKJIOHA, MOXET
MEHATHCS B HECKOJBKO pas.

XapakTep mepepacmpeleseHuss Hanps)KeHUW B MEp3JbIX  Hopojax
CKa3bIBaeTCs, BEpPOSATHO, MpEXkJ€ BCEro B UYHUCIEHHOM 3HAUYEHUU DHEPrUHU
aktuBanuu Eo. Kak yxe oTmeuanoch, 1 Mep3JblX T'PYHTOB OHa OKa3bIBaeTcCs
BesuuuHOon otT 20 g0 29 kkan/mons npu T=0°C - tak ke, Kak u 1 Topdha u Ibaa,
YTO BO-IEPBHIX, YyKa3blBa€T Ha OJMHAKOBYIO NPUPONY CBsA3eiH, a, BO-BTOPHIX,
MO3BOJISIET CUMTATh, YTO B MEP3JbIX TPYHTaxX pa3pylIalOTCs HMMEHHO JeJsHbIe

CBs3H.

Tabauya 30. [lapamempsl ypaeHenus KuHemuyeckou meopuu npoyHoCmu 0.Jis
Pa3TULHBIX MeP3IblX ePYHMOE

OHeprus aKkTHUBAIlUU CTpyKTypHBIH mapamMeTp v,

Eo, kxkan/MoIb KKaa*cm?

I'pynt MOJIb*KT

Temneparypa T, °C
0 -73 0 -3 -5

ITecok c¢/3 25.1 18.4 0.199 0.138 0.113
ITecok mpLIEB. 26.2 19.2 0.311 0.192 0.153
Cynecsh 25.0 19.0 0.368 0.208 0.160
Cynech MbLIEB. 26.2 19.2 0.411 0.203 0.151
CyrauHok 25.9 19.0 0.746 0.369 0.274
['nuHa 29.2 21.4 0.586 0.422 0.354
Jen 21.8 16.0 0.191 0.126 0.102




Tabauya 31. Dnepeus akmusayuu Eo 01 mep3noti cynecu npu paziuduvix
3aconeHHocmax

3aCOJIEHHOCTbD, OHeprus akTHUBalUU
Dsal, % Eo, kxan/mMoab
0 25.0
0.1 16.9
0.2 15.2
0.5 14.1

[Tonyuennsie B mociaenHee BpeMms npadHHbie JI.O.CBuHTHOKOUH (1997)
pacxonsiTcs ¢ JaHHBIMU MPEAbIIYUIUX UCCIEeAOBAHUN. DTO MOXKHO ObIIO OBl CUMTATH
¢bakTOM JTOBOJBHO 3HAYUMBIM, €CIH OBl BEJIMUYMHA DHEPTUU aAKTUBALUHU Oblaa ObI
OnM3Ka K DOSHEPruM TEMIOBON JNECTPYKUUHU IbJIa, T.€. TEMIOTHl MJIaBICHUA U
ucnapenus. Ho sHeprus TenioBod NECTPYKIUHU COCTABIAET TOJbKO 12 KKaja/MOIb.
OOBsicHeHHWEe, KaKk ©U B cjlIydae CcO CTPYKTypHBIM IlapaMeTpoM, BEPOSATHO,
3aKjyaeTcs B TOM, 4YTO OJHEPrus YacTUYHO 3aTpayuMBaeTCs Ha YyIHOpyrue
nedopmManuu TPyYHTOBBIX YacTHUI[, IPEOJOJIEHUE UX CIEIJEHUS U TpeHus, obduiee

CXKaTuc IpyHTa (TaK KaK BHJAbBI HCIBITAHHA - OJHOOCHOC CXKAaTHUC H I_HapI/IKOBHﬁ

mITamMim).
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Puc. 93. Mukpocmpoenue mep3znozo obpazya 3zaconenuoti cynecu (p.Ce-fxa) npu
veeauuenuu I12x npu 6= -2.0°C; Dsa=0.5%; W=38%; o0=0.14 MIlla,
nO0BeP2HYMO20 O0O0HOOCHOMY CHCAMUK: a u 6 - COOMBEMCMBEHHO, 6epPXHAA U
cpeoHasn vacms obpasya.

Kpome Toro, m 3To Ba)xHee, - pa3pyllalOTcsi HE COOCTBEHHO CTPYKTYpHBIE
CBS3M BO JbAY, a CBsA3W “leN-MUHEpalbHAs YacTHIA’ , DHEPTrUs pa3pyUICHUS
KOTOPBHIX BBIIIE. XOTS MPUPOJAa HMX HE BIIOJHE SCHA, MMEHHO OHHU ONPEACNSIOT

a3 IMEHNUEC MCP3JbIX ITOPOI. X U MOXHO Ha3BaTh JbAOHOCMCHTAIMOHHBIMU .
y H (13 2




Puc. 94. Mukpocmpoenue mep3roco 06pasya 3ACONeHHO20 CYeAUHKA NpU
veeauuenuu I12x npu 6= -3.8°C; Dsai=1.0%; W=46%; o0=0.225 MIlla,
nO0GePeHYMO20 00HOOCHOMY cicamuio: da, 6, 8 - COOMEEmCmEeHHO, GepPXHSsl,

CPeOHss U HUJICHAS Yacmb 0bpasya.

Pe3ynbpraThl, KOTOpbIe OBLIM MOJYyUYEHBI JJISI MEP3J0i 3acOoIeHHON cymecu (II.
SImain), MO3BOJMIM MO-HOBOMY B3TJISIHYTh Ha 3TOT BONPOC. ODKCHEPUMEHTAJbHBIC
KpHUBBIE IS pa3auuyHOM 3acolieHHocTUu (puc. 91) okaspiBaOTCs MNPUOIU3UTEIBHO
napauieabHbIMU. OTnpeneneHuss BEIUYUHB SHEPTUU aKTHUBALUMM MOKa3alHu, YTO OHA
3aMETHO 3aBUCHT OT 3acoJieHHoCcTH (Tabu. 31).

Ha puc. 92 BuaHo, uTo npu yBeiaudeHHU 3acojieHHocTu 10 0.5% u Oonee
DHEPTHs aKTHBAIlMU NPHOJIMIKACTCS K BeaMYWHE 12 KKajin/Moib, T.e. K DHEPTUU
aktuBanuu apaa. Jlanusie JI.O.CBuntunkoit (1997) cBumeTenbCTBYIOT O enie Oosee
HU3KWX 3HAYEHUSIX JHEPTUHM AKTUBALMHU JUIS MEP3JBIX 3aCOJEHHBIX mopon (4 - 6
KKaJI/MOJIb), KOTOpasi CHUXKAETCS C POCTOM 3aCOJICHHOCTH.

OueBUAHO, YTO 3HAYUTEIBHOE COJEPKAHUE KHUIKOTO pacTBOpa B 3aCOJECHHBIX
MEp3JbIX TPYHTax YBEJIMYMBACT TOJIIMHY  HeE3aMep3Umero  cios  BOJIBI,
pa3aensiomero MHUHEpaldbHBIE YacTHUOBl W KpucTtaiaiael nbna. CienoBaTenbHO,
YMEHBIIAETCS WX TPEHHUE, CIEMJCHHE M B3aUMOJCHCTBHE - OHHM OKa3bIBAIOTCS B
Oonpmiell Mepe M30JIUPOBAHHBIMH JAPYT OT Apyra. [lo3ToMy mpoYHOCTH B OCHOBHOM
HAaYWHACT ONPEAeIATHCS JEeAIHBIMU BKIIOUCHUSIMH, 00pa3yIIIUMH KECTKUH KapKac
B IIOPAaxX MEP3JIOW MOPOJBI.

MUKPOCTPYKTYpHBIE  HCCIEJOBAaHHUSA IOJATBEPXKIAAIOT COOTBETCTBYIOUINE
npeoOpa3oBaHWs CTPOCHHUSA 3aCOJIEHHBIX MEpP3JBIX MOPOJ TpPH BO3JIEHCTBUHU
MeXaHM4YecKHx Harpy3ok (puc. 93 u 94). B pesynbrare nepopMUpOBaHUS
MOSIBIISICTCS CIOMCTOCTh. E€ MOsSBIEHNE XOpPOIIO BBEIPAXEHO, HAMPUMEDP, B MOPCKOM
cymnecu ¢ 3acoieHHOoCcThIO 0.5% mnpu temmepatrype -2°C npu NPUITOKECHUH HATPY3KH

0.6 kr/cm?

. Ilocne nedpopMupoBaHHUsS OTUETIMBO BHUIHBI KPUCTANIBI JIbJa, B TOM
YUCJIC W Ha BHCHIHHUX T'paHHIax 06pa3ua, KOTOPBIC HE BBIPAXKCHBI OO WCIBITAHUH.
[IpeoOpa3oBaHus MPOSBISIOTCS TAaKXKe, MO JAaHHBIM MCCIEIOBAHUSA HAIIUX 00pa3moB
E.M.UyBHUNHHBIM, B HAapyWEHUSAX BBIAEPKAHHOCTH, MOIIHOCTH M OPUEHTHUPOBKH
MUKpOUWJIUPOB nbja. [Ipu OonabmiMX Harpys3kax MOSIBIASIOTCS CJEABl MIacTUYECKOU
NEepEeKOMIIOHOBKH cKkeineTa nmopoAabl. [IpaBaa, 3Tu npeobpa3oBaHus XapaKTepHBI s
0oyiee OUCHEPCHBIX PA3HOBUAHOCTEH MOPOJ - CYTJIMHKOB, UMEIOUIUX U OOJBIIYIO
3aCOJIEHHOCTh. B mecuaHblx moOpoxax M3MEHEHHMs He 3aTparuBarT I0JIe

JbJUCTOCTHU, a CBSI3aHBI TJIaBHBIM 00pa3oM CO CTPYKTYpOi MUHEPaIbHOTO CKelieTa.

11.2.3. TPOYHOCTb 3ACOJIEHHBIX MEP3JIBIX 'PYHTOB
PA3JIMYHOT'O COCTABA U CTPOEHUA



[Ipo4HOCTH, BBUAY NPEUMYIIECTBEHHOTO HUCIOJb30BaHUS Ae(hOPMAHOHHOTO
KpUTEpUsl pa3pylieHus, CBs3aHa C AePOPMUPYEMOCTHIO MEP3JBIX 3aCOJEHHBIX
nopoJ. 3aKOHOMEPHOCTU UX Ae()OPMHUPOBAHHSA U BIUSHUE OCHOBHBIX (PaKTOpPOB B
OCHOBHOM paccMoOTpeHbl B 9 rnaBe. B pmamHomM pasgene oOcyxaawTcs Te
0COOEGHHOCTH MEXaHMYECKOW yCTOMYMBOCTH MEpP3JBIX 3aCOJEHHBIX TOPOJI
pPa3IMYHOTO COCTaBa M CTPOCHHS, KOTOPHIE HMEIOT OTHONIEHHE HEMOCPEICTBEHHO K
pa3pylLIEHHUIO.

C moHMXEHHEM TeMIepaTyphbl JIUTEIbHAs TIPOYHOCTh MEP3JBIX 3aCOJTECHHBIX
nopon yBenuuuBaetrcs (puc. 95). Dueprus axktuBauuu Eo, omnpeneineHnas B
COOTBETCTBUHM C YpaBHEHUEM KHHETHYECKOW TEOPUHM NPOUYHOCTH, U CTPYKTYPHBIH
mapamMeTp 7Y Bo3pacTaeT. Bo3pacTaHme »HEPTUM AaKTHBAIMM TPH TMOHWKEHHUH
TeMIepaTypsl, MO-BUAUMOMY, OOYCIIOBJIEHO HW3MEHEHHEM JHEPTreTUYECKOTO
XapakTepa CTPYKTYpPHBIX CBfI3€l, KOTOpBIE OMNPEAEISIOT MPOYHOCTH  MEpP3JIOH
noponsl. C TOHWIKEHHUEM TeMIEpaTypbl yMEHBIIAECTCS TOJIIMHA HE3aMep3MHuX
NpOCIOEK BIIArM W  YBEJIWYUBAETCS POJb CTPYKTYPHBIX CBS3EH  MEXAY
MHHEpaIbHBIMU YacTHIAMU U JbJAOM, KOTOpbIE OOECIeYMBaIOT YCTOHYHBOCTH
MEp3J0i MOpOABl K pa3pymeHnto. HeqocTaTo4yHO TONBKO pa3pymIUTh MOPOBBIH JIEe,
HaNpsOKEHUS TepepacnpeesiioTcss Ha 0oJiee MPOYHbIE CTPYKTYPHBIE CBS3H MEXKIY

qacTuuamMu, DOHEPIreTUYCCKOC COCTOAHUC KOTOPBLIX 3aBHUCHUT OT TCMICPATYPHI.

CTpPYKTYpPHbI napameTp,

KKan*kB.CM/MONb*Kr
Puc. 95. Bauanue memnepamypwi

Ha OJAUMENbHYI0 NPOYHOCMb NpU
00HOOCHOM  cocamuu (1) u
cmpykmypHoli  napamemp  (2)
mMep31020 canexapockozo

cyenunxa npu Dsa=0.2%.

OmuTenbHas NPOYHOCTb,
Kr/KB.CM

1 -2 -3

Temneparypa, rpag.C

HeoOxoqumMo OTMETHUTH, UYTO CTPYKTYpPHBIH MapaMeTp Yy yBEJIHUUYHBAETCA C
poctoM 3acojieHHocTH. Tak, B 3acoseHHoM mnecke (p.Epkyra-fxa) mnpu
temnepatrype -2°C ¢ yBenudenuem 3acojeHHocTH oT 0.05 1o 0.2% cTpyKTypHBIH
nmapaMmerp y yBeamumaca c 0.11 go 0.25 xkan*cm?/Mons*kr. CTpYyKTypHBIH
napaMeTp XapaKTepU3yeT BIMSHHE MU3MEHEHUS HAarpy3ku Ha M3MEHEHUE BPEMEHU
pas3pylIeHusi, KOTOpoe yCUIMBaeTcs ¢ poctoM y. Ero oOpaTHas BelHMYMHA MOXKET

OBITHh UCHOJb30BaHa KaK MOKa3aTelb CTaGI/IJILHOCTI/I, KOE)(I)(bI/II_[I/IGHT YCTOﬁQHBOCTH K



paspyuieHu0 Mep3ioi mopoabl. OO00OUmIeHHBIE AaHHBIE MO PACYECTHOMY JaBICHUIO
Ha Mep3Jibie MOpPoaAbl R B 3aBUCUMOCTH OT 3aCOJICHHOCTH MPUBEACHBI Ha puc. 98.

B Mmep3npix mopogax pa3IHYHOTO TPAHYIOMETPUUIECKOTO COCTaBa M3MEHEHHUE
NPOYHOCTH OOYCIOBJIEHO B OCHOBHOM BIHMSHUEM JIEASHBIX BKIIOUYEHU. B pagy
MECOK - CYmech - CYrJIMHOK MPOYHOCTH B IEJIOM BO3pacTaeT npu temneparype T=-
2°C wu 3aconennoctu 0.2% (puc. 96). Takxke, B HampaBICHUH YBEIUUYCHUS

JUCIEPCHOCTH, BO3pAcTaeT U dHeprus aktuBauuu paszpymenus Eo.

CTpYyKTYypHbIA NapameTp,
3 KKan*kB.cM/Monb*Kr
g 3 +023 Puc. 96. Bausaumue  epany-
€ 254 0.295 1OMEemMpUUecKkoz2o cocmasa
A
g8 2+ 0.29 MeP3NblX NOPOO HA OAUMENbHYIO
I
Zg'_ 1571 0285 | ppoynocmv  npu  0OHOOCHOM
St 0.28 ] .
x cocamuu (1) u cmpykmypusiii
3 05+ 0.275 o
5 napamemp (1) npu Dsa1=0.2% u
= 0 t + 0.27 o
&  necok cynech CYFMMHOK 0= -2 °C.

CTPYKTYpHbI napameTp,
g 4 e KB'CMlMoan5,5 Puc. 97. Bausanue enascnocmu
§ 3'2 2 104 Ha ONUmMenNbHY NPOUYHOCMb NpU
§_§ 25 4 los oonoocwom  coaucamuu (1) u
gg 1.?, 1 102 cmpykmypHuolii  napamemp (2)
E 0.; 1 10.1 Mep31020 canexapockozo
o 0 ; ; ; 0 cyeaunka npu Dsai=0.5% u 6= -
’ Olénamugfﬂ:, ,u:|.e(.).6 o8 3°C.

OTH Mep3Jible MOpOoAbl MMEIT pa3JIMUYHYI0 BJIaXHOCTh, MOPHUCTOCTb,
yIEJIbHYI0 MOBEPXHOCTh MUHEPAJIbHBIX YAaCTHIl, a BO3pAaCTaHUE NMPOYHOCTU B CyMMeE
MOXET OBITh OOBACHEHO YBEJIMUYEHUEM OOBEMHOW JIBbAUCTOCTH U APMHUPYIOIIUM
BJIUSHUEM JbJA.

Camo BiMsiHME BJIaXHOCTH (JIbJUCTOCTH) JJIS 3aCOJIEHHBIX MEP3JBIX MOPOJ B
TOW CBSI3U AOJI)KHO ObLIO ObI OBITH OTHO3HAYHBIM. Kak M3BECTHO, UCCIEA0BAaHUSIMU
E.Il.Iymepuno#t (1960) m apyrux OBIIO yCTAaHOBJIEHO, YTO TPHU yBEIHUYECHHUU
BJIa)KHOCTH MEP3JbIX MOPOJ MPOYHOCTh HAa OJHOOCHOE C)XaTHe CHayajaa BO3pacTaeT

J0 IMOJTHOTO BOAOHACBIINICHHA, a 3aTEM IIOCTCIICHHO CHHXKACTCA OO0 IMNMPOYHOCTHU



YUCTOTO JbJa, KOT1a I1aBHYIO POJIb B CONPOTUBIEHUHM BHEIIHEW HAarpy3Ke UTParoT
CBS3U BO JIBIY.

JlelicTBUTENbHO, IO MEpEe YBEIMYEHUs BJIaXHOCTH B 3aCOJIEHHOM CYTJIMHKE
BBIYMCIIEHHAs JHEPrUs aKTHUBAallMU pa3pylI€eHUs CHUXKAETCA K BEJIUUYUHE DHEPrUU
aKTUBaMU JbAa. Takke 3aKOHOMEpPHO CHHUXKallach OBl M HPOYHOCTH, €CIH OBl
CTPYKTYPHBIN IMapaMeTp Y, XapakKTepPU3YIOIUN YCTOMYUBOCTh CTPYKTYPbI HOPOIBI (B
o0paTHOM 3aBUCHUMOCTH), OCTaBajcs Obl MNOCTOAHHBIM. OJHAKO C pPOCTOM
BJIa)XHOCTH BCE€ MEHbIIE COOTHOLIEHME He3aMep3lleld BOABl M JIbJAA, T[PYHT
YIOPOYHSAETCH.

Hanoxxenue ¢akTopoB CHHMKEHHUS dHepruu axTuBauuu Eo u mapamerpa y
O0BSCHAIOT DSKCTPEMalbHYIO 3aBUCUMOCTh IPOYHOCTH 3aCOJIEHHOTO MEP3JIOTO
CYrJMHKa OT BJaxHOCTH (puc. 84): NpOYHOCTH Ha OJHOOCHOE CXAaTHE CHadala
yMEHbIIAETCs, a 3aT€M BO3pacTaeT, NpPUYEM MHUHHUMaJlbHas MPOYHOCTh XapaKTEpHa
JUIS OJIHOTO BOJAOHachimieHUus. Takum oOpa3om, 3KCIepUMEHTalbHAas 3aBUCUMOCTD
NPOYHOCTH 3aCOJICHHBIX MEP3JIBIX MOPOJ OT BIAXHOCTH OOpaTHa YCTaHOBJIEHHOM
E.Il.IlymepuHON UId HE3ACOJNEHHBIX MEP3JIbIX MOPOL.

Jns wuccinegoBaHUs 3TOr0 BaXHOTO BOoIpoca HaMH Obljla MNpenpUHSTA
NOMBITKAa 0000IEHUs] MaTepruaJoB MO NPOYHOCTH HA OJHOOCHOE C)KaTHWe M JAHHBIX
0 JKBHUBAJIEHTHOMY CLENJEHUI0O Ha TPYHTaAX HAPYUIEHHOTO U €CTECTBEHHOTO
cinoxenusi. Onpeaensiioch 3HaUYCHUE PACUYCTHOTO JaBJIEHHs Ha Mep3ibiid rpyHT (R)
npu Ttemneparype -3°C, npu KOTOpOH OBLIO BBIIOJHEHO MaKCUMalbHOE
KOJIMYECTBO HCHBITAaHUNH. B 1eroM NpoYHOCTH CHHUXKAETCAd MPU YBEJIWUYEHHUU
3aCOJ€HHOCTH M BiaxHOCTH (puc. 85). Hanbonpmue 3HaueHus R mpuypoueHsl k
30H€ HaWMeHbIIed BIaXHOCTU (OJM3KONW K HHXXKHEMY IMpeaeny MNIaCTUYHOCTH U
HUJKE MOJIHOTO BOJOHACHIEHHUs). I ecTeCTBEHHBIX YCIOBHH 3TO, KaK MpPaBUIIO,
YIOJIOTHEHHbIE TPYHTHI, HX OoJsipmiasi NPOYHOCTH OOYyCJIOBJIEHA MPOYHBIM
CHENJIEeHUEM MHMHEpPaJIbHOIO  CKeJlera, JIbJIOUEMEHTAIlUOHHBIMH  CBA3SMHU
MHUHEpaJbHbIX YacTUll. /[y TakuX MOpPOa XapaKTEPHO U BHICOKOE 3HAUYEHUE IHEPTUU
aktuBanuu paspymeHus FEo. Ilpudyem paxe 3HauuTenbHas 3aCOJEHHOCTh HE

YMCHBIIACT CYIICCTBCHHO MPOYHOCTh JAHHBIX ITOPOLT.
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Puc. 98. 3asucumocmv pacuemmnoco oOaenenus Ha Mep3nviti epyum (R) 0as

CyeauHKkos n-oea Aman om saconeHHocmu (86epxy) u enaxcHocmu (6Husy) npu 6= -

3°C

HpI/I HeOO0IbIIOM YBCINYCHUNU BJIAXKHOCTU W 3aCOJICHHOCTU NPOYHOCTDH
CHHUXKACTCA IMOCTCIICHHO HW TIPpU BJAXHOCTH, OJIM3KOH K npeaciy TCEKYUCCTH,
AJIUTCIbHAA MPOYHOCTh PC3KO YMCHBIIACTCA. Z[aHHbIX MO TPYHTaM €CTCCTBCHHOIO
CIIOXCHHUA OJId CIIC OOJBIINX BIAXHOCTEH HEMHOI'0O, BO3MOXHO, IO3TOMY

JalbHEHIINX POCT MpOUYHOCTHU ¢ Bo3pacTanueMm W Ha puc. 98 He nmpociiexxuBaercs.

Tabnuya 32. Bausaumue cocmaea coneu HA CONpomugieHue 0OHOOCHOMY CHCAMUIO

3aconeunnoil cynecu (n. Boeanenxoso) npu memnepamype 6=-3°C u szaconennocmu
Dsa|:O.2%



CocTaB mopoBOTO HdnutenbHas DHeprus CTpyKTypHBIH
pacTBOpa MPOYHOCTH aktuBauuu Eo, K03(hbunueHr vy,

Gaa, Kr/cM? KKaJI/MOJIb KKaa*cm?

MOJb *KT
NaCl 7.0 21.6 0.45
CaCl: 6.0 20.5 0.45
MgCl2 5.8 17.8 0.27
Mopckas coxb 6.0 17.8 0.25
Na2S04 6.0 16.2 0.24

Jannble Ha puc. 98 mMOKa3bIBAIOT TaKXe, YTO METOJ IIapUKOBOrO LITaMIIa
naetT OoJbpIIME BEIWYMHBI IMPOYHOCTH 3aCOJEHHBIX TPYHTOB, YeM OJHOOCHOE
ckatue. [locaennee o0OCTOSTENBCTBO OOYCIOBIEHO, BEPOSTHO, B TOM YHCIE
mMacmrtabHbIM 3¢dexTom. Kpome TOro, yduTsiBasg, 4YTO NPOYHOCTH B LEJIOM
ompenenseTcs NpU OJHOOCHOM CXXAaTUM N0 jAedopManusiM, €€ BEIUYHHA MOXKET
OBITh CHUJKEHA IO 3TON MpHUUYMHE.

HccnenoBaHusl BIUSHUS COCTaBa COJIEH Ha CONPOTUBIEHUE OJHOOCHOMY
ckatuio 3aconeHHoi cymecu npu T=-3°C u Dsa=0.2% noxa3zanu, 4TO BeJIMUYHMHA
JHEPTHHU aKTUBALMHU pa3pylieHus ymeHpinaercs B psay NaCl > CaClz > MgClz >
Mopckas coiab > Na2S0O4 (tabdn. 32).

39T0o, MO-BUAMMOMY, YKa3blBaeT Ha TO, 4YTO JbJOLEMEHTAlMOHHBIE
CTPYKTYpPHBIE CBSI3M MEXJIY 4YacCTUIlaMHU Mep3J0i mopoabl Hambojee MPOUYHBI MpPHU
3aconeHun NaCl. CTpyKTypHBIi mapaMeTp Y 3aKOHOMEPHO CHHUIKAETCS B OTOM DALY
BBHUJY YMEHBUICHUS COJEpXKaHMsA He3zaMep3lied BOABI M TOJIIMHBl JKUJIKHX
npocinoek. CyMmapHbIil 9 PeKT TakoB, UTO JUIUTENbHAsS MPOYHOCTHh HAa OJHOOCHOE
c)KaTHe Uu3MEeHseTcs IpH H3MEHEHHHM CcOocTaBa MOpPOBOrO pacTBOpa HE CTOJb
3HAYUTEIbHO.

Pa3znuuHbpie yclaoBUS NPOMOpaXuBaHHUs O0Opa3OB NPUBOIAT K pa3IUYHBIM
BEJIMYMHAM B CONPOTHBJIEHHUH OJHOOCHOMY cxaTuwo. Ilpu BcecTopoHHEM
npoMopaxxuBaHuu oOpasnoB cyriauHka (o03.TubGeii-To) npu -4°C obpazoBanach

minpoBad KpPHUOTCKCTypa C€ XaOTHYHBIM PpacCIoOJOXKCHUCM NIJIHUPOB U CpC,Z[HCfI



nnotaoctblo p=1.75 r/cm®. s takux ob6pasuos Eo=16.2 xkan/ monw; y=0.48
kkan*cm?/mMonp*kr; Gua=1.9 kr/cm?.

Poct nmmoTHOoCcTHM 00pa3moB MpHU MPOYMX DPABHBIX YCIOBUSIX NPHUBOIHUT, IO
nanabiM E.Hivon (1991), Kk HEKOTOpOMY YBEJIMYEHHUIO NMPOYHOCTH HA OJHOOCHOE
C)KaTHe MEpP3JbIX 3aCOJEHHBIX mopoAd. IIpu 3ToM B nuamazoHe MIOTHOCTH MEP3JOTO

rpynta 1.92-2.12 r/cm® Moaynp medpopmManuu u3MeHsAETCS MAlo.

11.3. COIIPOTUBJIEHUE CABUI'Y 110 IOBEPXHOCTHU CMEP3AHUA
OYHAAMEHTOB C 3ACOJIEHHBIMU MEP3JIbIMU T'PYHTAMMU

[ToBepxXxHOCTh CMep3aHUs Mep3J0il Mmopoabl ¢ MaTepuaioMmM (GyHIaAMEHTa
npeacTaBiseT coOoW rpaHUIly pasjaena TBepaou daswel (Marepuana pyHagamMeHTa) u
IpyTrux TBepAbiX (a3 (Jipga U MEUHEPAIbHBIX YaCTHI), KHUAKOW (a3bl (HezaMep3men
BOJIbI) U Ta3o000pa3zHoil ga3bpl (He3amoJHEHHBIX Biaaroi mop). Ilmomans cmep3anus
Sem MOATOMY MOXHO MPEACTABUTHh KaK CyMMY NJOIIAAH pa3fena “‘marepuan - jen’
Sa, mnomanu paszaena “marepuan - MHHeEpaibHas dacTHHa’ Sw, MIomanu paszjaena
“martepuman - He3zaMmep3mas Bojaa’ Sus W MIOMIAAH, CBOOOJHOW OT B3aUMOJACHCTBUSA
BBHUJY BO3MOJXXHOTO HaJM4YHUS MYCTOT Su :

Sem= Sn+Swu+Sus+Sn

OkcnepumenrtaibHo H.A.llpitoBuuem u napyrumu (H.A.LlpitoBuu, 1973 u
Ap.) OBLIO YCTAaHOBJIEHO, YTO JUIS BOJOHACHIIMIEHHBIX TPYHTOB YEM KpyIHEE
YacTHULBl TPyHTa, TEM MNPOYHOCTh CHadaja BbIIIEe (OT TJIMH K MEcKaM), a 3aTeM
HIKe (0T MeckoB K rajeyHukam). Haubonbmyro HpOYHOCTH CMEpP3aHUS HMEIOT
CpelHE3EpHUCThIE MECKH, y KOTOpPBIX OHa 3aMETHO BbIlle, 4yeM Yy Jbjaa. Cuisl
CMEp3aHUs UMEIT MaKCUMyM B 3aBUCHUMOCTH OT BJIA)KHOCTHU, HauboJiee BEIUKU OHU
npu noiHoM BonoHachwimenuu (H.A.llpitoBuu, M.U.Cymrun, 1937). Ouu 3ameTHO
Bo3pacTaloT npu noHuxenuu temneparypsl (E.Il.Iymepuna, 1981), yBenuuenuu
mepoxoBatoctu (A.C.I'epacumon, B.B.JlokyuaeB, 1977), HOpMaabHOTO JdaBJICHUS
(A.B.Cagosckuii, 1970), ymenpmenuu nuametrpa cBau (A.Il.Kapasimon, 1966), npu
yMeHbIlIeHUH 3acoieHHocTu rpyHTta (FO.4. Bennu, 1979), usmenenuu popmsl cBau,
ycioBui cmopaxuBanus u T1.4. (B.B.[JokyuaeB, 1968 wu np.). Mmuorue
uccinenoarenu (FO.[.Ayo6noB, H.A.lleperpyxun, 1964; A.JI.XKurynsckuii, 1986;
A.B.Canosckuit, C.M.Tuxomupor, C.C.Bsanos, 1976) mnpugaBaau OonbIIoe
3HaueHue oOpaszylomieiics B 30HE KOHTAaKTa IpyHTa C MOBEPXHOCThIO (pyHIaMeHTa
nensno mniuenke. [lo muenuto A.B.Canosckoro u ap. (1976), mpu ObicTpoMm
3arpy’>K€HUU JieAsiHasg IJIEHKa IMOBBIIIAeT NPOYHOCTh CMEp3aHus, OJHAKO IMpHU
JUIUTENbHOM JEWCTBUU HArpy3ku urpaetr ociabaswomyio poib. B.B.PazymoBsiM u
b.A.CaBenneBbiM (CaBenbeB, 1989) usyuancs MrHOBEHHBIM COBUI MO MOBEPXHOCTH

CMep3aHUs TPYHTOB pas3JUUYHOTO KAaTHOHHOTO cocTaBa. VMu OBIJIO yCTaHOBJEHO,



YTO C MOHHMKEHHEM TeMIlepaTyphl pa3Mep KPUCTAJJIOB, CIAaraloIuX NPUKOHTAKTHBIN
CIIOH, KaK MpaBUJIO, yMEHbIIaeTcs. PazmMepsl KpPUCTANJIOB JbJa NMPUKOHTAKTHBIX
cioeB, cHOPMHUPOBABIIMXCA M3 MOPOBBIX pPacTBOPOB,  COAEpPKAIMUX KaTHOHBHI,
MeHbIIE (32 HCKIYEHHEM MOHTMOPHIJIOHHTA), YEeM pa3Mepbl KPUCTAJJIOB
NpPECHOTO JbJa. YCTAaHOBIEHO, YTO pa3Mep KPHUCTAJIIOB MOJ BIMSHUEM KAaTHOHOB
U3MeHseTcs B Takol mnocunegoBarensHoctu: Na‘t > Mg?* > Fe®'. Vwmenbmenue
pa3MepoB KPHUCTAJJIOB, CIarallUX NPUKOHTAKTHBIA CIOW JbJa, CONMPOBOXIACTCH
YBEJIUUYECHUEM CHJ CMEp3aHUs.

10.4.Bennu  (1979) mnoadyepkuBan, uYTo Haumbosee BaXHBIM (QakTOpoM
SABJISIETCSA 3aCOJICHHOCTHh TIpyHTa. Hampumep, B NbUIEBATBIX MOPCKHX CYTJIMHKAX
yBeJIUYEHHUE cojlepxkaHua coneid B rpyHTe no 0.5% mnpu temmneparype - 4.5°C
OpUBOAUT K yMeHblmieHHMI0 Rem moutu B aBa pasa (¢ 0.27 mo 0.14 Mlla). Ilpu
nanlpHEeHIeM yBeJIndeHHU 3acoileHHocTH 10 1.0% Bennunna Rem Oblia B Tpu pasa
MeHbmie nepBoHavanbHoi (0.08 MIla), a nmpu Dsal =1.5% cmep3anue rpyHTa C
GyHIaMEHTOM MPAaKTUYECKU OTCYTCTBYET.

B kxauecTBe mpumepa paccMOTPUM pPe3ydbTaThl JBYX CEpHH HCHOBITAHHN Ha
MPOYHOCTh CMep3aHus - ¢ nmeckom npu 3aconeHuu 0.05% u temmneparype 2°C u
cyrnunka npu -3.8°C u Dsal= 0.95%. HecmoTps Ha TO, 4TO BCce 6 00pa3moB necka
TOTOBHUJINCH OJMHAKOBO, Ne(HOPMHUPOBAHHE HX MPOUCXOAUIO Mo-pa3sHomy. [lepBoiid
U BTOPOH 00pasusl pa3pymuiInch Ha 4-i CTynmeHW HarpyxeHus npu Harpyske 0.16
MIla. Ilpu 3Tom Ha 2-i ctyneHu HarpyxeHus (0.08 MIla) atu obpa3usl umenu
cpenHIo ckopocTh gedopmupoBanus 1 - 3 * 10° MM/MHH Ha Tpex NOCIEIHUX
oTrcuerax, T.e. JAedopmanuu He 3aryxanu. Tperss ctynmens (0.12 Mlla)
BBIICpKUBATAacCh HaMH B TedyeHUe mnpuodausutenbHo 140 dacoB, CKOpPOCTH
nehopMUpOBAHHS HE YMEHBIIAINCH, & OCTABAJIUCH MOCTOSHHBIMH U COCTaBJIsIHN | -
3 * 10 mwm/mun. Ilpu mpunoxenuu Harpysku 0.16 MIla o6a oGpasma odeHb
OBICTPO pa3pylIUJIUCh (MOJEIU CBail COPBANINCh) C YBEJIUUYHUBAIOMIIEHCS CKOPOCTHIO.

O6pa3usl N 3, 4, 5 1 6 uMeNu MOCTOSIHHBIE U TOCTAaTOYHO BBICOKHE CKOPOCTH
nepopmuposanus (3 - 10 * 10° mm/mun) yxe mpu Harpyske 0.04 MIla. M ux
BBIJIEPIKAJIM B TE€UEHHE 2-X CYTOK M yBeauuuiau Harpy3ky no 0.08 MIla. B teuenue
CYTOK y BCeX UeThlpex o0pa3moB TNPOWCXOIUIO yBEIHYEHHE CKOPOCTH
nehopMUpOBaHUS, 3aKOHYHUBIIEECS CPBIBOM MOJIENIW cBaW. TakuMm oOpa3om, eciu
MBI TpPHUMEM 3a 3HAauYeHHWE [UINTEIBbHOW NPOYHOCTH CIOBHTa IS TEPBBIX ABYX
o0pa3moB Harpy3ky Ha BTopoi ctymenu (0.08 MIla), a nus deTsipex APYrux - Ha
nepoit (0.04 MIla), B o0oux ciaydasx OTO CKOpee 3aBBIIICHHOE 3HAUYCHUE
npoyHocTu. B cpennemM oHO cocTaBiseT, TakuM obOpazom, 0.05 MIla. Cnenyer
OTMETHTHh, 4TO pAedcTBytomuid B Poccum CHull 2.02.04 - 88 “OcHoBaHus u

byHIaMEeHTH Ha BEYHOMEP3JbIX T'PYHTAX’ PEKOMEHAYeT Ja)Ke NPHU 3aCOJIECHHOCTH



0.1% pacueTHOe 3HaYE€HHE CONPOTHUBJIEHUS CIABUIY MO IMOBEPXHOCTH CMEp3aHUIA

0.11 MIlIa - BeilIe B 1Ba pasa.
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Puc. 99. 3asucumocmov onumenvHoti npounocmu cmep3anusa (Toi,) ¢ OemoHoM om
degpopmayuu cosuea no nogepxHocmu cmepzavus (A) 0as pPA3TUYHBIX MepP3blX

nopod: I - cyenunok, 2 - cynecw, 3 - necox.

[Ipn nedpopmMupOBaHMM CYIJIIMHKA JUIS BCEX 1IeCTH 0O0pa3loB MOXKHO
BBIJCJIUTh MAaKCHUMajbHbIE CTYNEHU HArpy3KH, Ha KOTOPBIX HNPOM3OLIJIO 3aTyXaHHE
nepopmanuit ( 1 u 3 - 0.0364 MlIla; 2 - 0.0238 MIla; 4 u 5 - 0.0266 MlIla, 6 -
0.0252 MIla), npuueM 3a BpeMs OKOJO 2-X CyTOK. B npanpHelmem Ha OGOnbIIMX
CTyNEeHSX Harpy3ku HaOloganuch, Kak MNpaBUJIO, HJIU MOCTOSHHBIE CKOPOCTH
nepopmupoBaHus B mpegenax S5*10° - 5%10% MM/MHMH, MIM HX HEKOTOpOe
yMeHbIIEHHEe Ha CTYNEHHW, OAHAKO, KaK NpaBujio, He Huxke 2 -3*107° mm/ cyT.
Cpennee 3HaueHue AedpopMaluu NMPU CPbIBE MOJEIM CBaW IS CyrJMHKa -3.5 MM,
nns necka - 4.5 mMm. Cxkopoctu gedpopMaluy Ha MOCHEJHEH CTyNEeHU COCTaBISIOT
okomo 102 mm/mMun. Ha ¢opMupoBaHume cui cMep3aHMs OKa3bIBAET BIUAHHE
6onplIOe KOMMYECTBO (HAKTOPOB: XapakTep MOBEPXHOCTHU, C KOTOPOH cmep3aeTcs
IPYHT, YCIOBHMS CMep3aHHs, TeMIepaTypa, COCTaB I'pyHTa, 0OCOOEHHO COJep)KaHue
CoJIeH, BIa)XHOCTb, CTPOCHUE U T.1.

Eme oaun npumep aepopMUPOBAHUS HpPH CIABUIE MO TMOBEPXHOCTH
cMmep3aHus npuBeaeH Ha puc. 100. Hecmorps Ha 3aryxawomuil xapakTep
nehopMUpOBaHHUA NMPAKTUUECKU HAa BCEX, KpOME MOCHENHEH, CTyNeHAX Harpy3Ku, B
KOHII€ ONbITa NPOUCXOAHUT CPBIB MOJEIU CBaW. B HEKOTOpPHIX PKCHEpPUMEHTaxX OH

MNPOUCXOAUT TAKXKC B YCIIOBUAX YMCHBIICHUSA CKOPOCTHU ,Z[C(I)OpMI/IpOBaHI/IH.
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Puc. 100. Kpueas oegpopmuposanus npu cosuce no HnOBEPXHOCMU CMepP3AHUS C
6emonHoM npu CMynenuamom HazpyjiceHuu mep3nozo mopckozo cyaaunka (I1°*) npu
Dsal=0.5%, W=0.46, ©®=-3°C npu naepyskax: 1 - 0.017, 2 - 0.034, 3 - 0.051, 4 -
0.068, 5-0.085,6 -0.102,7 -0.119,8 - 0.136 u 9 - 0.153 Mlla.

PaccmoTrpum mnoapoOGHO BIMSHUE TE€X U3 HHUX, KOTOPbIE MPEACTaBUIOCH
BO3MOJXHBIM OIIEHUTh Ha OCHOBAHUHU TMPOBEJEHHBIX HCCIEJOBAHUM, a TaKxke
HEKOTOpbhle 3aKOHOMEPHOCTH CJBUra IO IMOBEPXHOCTU CMEP3aHUS 3aCOJEHHBIX
MEP3JbIX TPYHTOB.

3aBHCHUMOCTh JUIMTEIBHONH MPOYHOCTHU CMEp3aHUs OT aedopManuu CABUTA
IoBOJIbHO ciabas (puc. 99).

XapakTep peoJOTMYeCKUX KPUBBIX I OONbIIMX MOJeNell cBall, IO JaHHBIM
ucneiTanuii H.B.Tumomenko u A.H.fJpxuna (puc. 101), oObiueH ans Takux
DKCIEPUMEHTOB M COOTBETCTBYET JaHHBIM JpPYTUX BHUJOB HCHOBITAaHUUA. ITH
AKCIEPUMEHTHl YHUKAJIBHBI, HOCKOJbKY NPOBOAUINCH HA MOJENSAX CBAall JUIMHON 2 M
IpU yCIOBUU MOCTOSHHONW TeMIepaTyphl.

MHorue cneuuaaucThl OTMEYaldd 3aBUCHUMOCTh CHJI CMEpP3aHHUs OT
TeMnepatypbl H 3acojeHHocTH. OHa JOCTaTOYHO OYEBHUJHA, MNpPUHHUMAs BO
BHUMaHHE clenyromue obctosTenbcTBa. [[poyHOCTh caBUra Ha TpaHHIE pa3jaena
Rewm ompenensieTcss MEXMOJEKYISIPHBIM B3auMoAeHCcTBUEM (a3 U COOTHOMIEHUEM S,
Sm, Sus U Sp. OueBUIHO, UTO B3aUMOJIEHCTBUE MEXAY MaTepuaioMmM GyHIaMEHTa U
He3aMep3nieil BOJOW M 3aMOJHEHHBIMHU BO3JAYXOM NYCTOTaMU MEHbIIE CKa3blBaeTcCs
Ha XapaKTepUCTHKax CJBHUIra, 4Y€M B3auMOJeicTBHE Ha IJIOMaAM KOHTAaKTa cO
ApA0M Sx m yacTuiamu rpyHTa Sw. C yBeIMUYEHHEM 3aCOJECHHOCTH U MOBBIIIEHUEM

TEMIIEPATypPHl IIOMAAb Sa M Su YMEHBIIAETCSA, YMEHBIIAIOTCS M CUJIBI CMEP3aHUS.
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Harpyska, KT/KB.CH

Puc. 101. Peonocuueckue kpugvle npu coguze no N0OGEPXHOCMU CMepP3aHUus Mooeel
ceau (1=2000 mm) 6 nabopamoprnuvix ycaosusx: 1 - necox, 2 - cyerunok. /[anHvle

H.B.Tumowenxo, A.H. Apxuna u opyeux (Amoepmunckas mep3iomuas cmaHyus)

IIpouHocTs caBura CcaMoro TIpyHTa, JOJs KOTOPOW  3aBHCUT  OT
I€POXOBATOCTU, yMEHbIIAETCSH BBHUIY YTOJIIEHUS IJIEHOK He3aMep3lieill BOJBI,
YBEJIUYEHUS] PACCTOSHUS B3aUMOJEHCTBUS MEXAY TBEpAbIMU (a3zaMu B TpYHTE.
OOBACHUMO yMEHBIICHHE CUJI CMEP3aHUs NPH U3MEHEHHHU MaTepuaina GyHIaMEHTa
0T 0eTOHa K MeETaljy H3-3a YMEHbIICHHUS MIEPOXOBATOCTU WU YYAaCTHUS MEHBIIUX
00beMOB IpyHTa B GOpMHUPOBAHUU CHUJ CMEP3aHUS.

bonee cinoxHO 0O0OBSICHUTH 3aBUCHUMOCTb CHJI CMEpP3aHUS OT AMCIEPCHOCTH
rpyHTa, a MMEHHO TO, 4YTO HauOOJbIIYI0 MPOYHOCTH CMEP3aHUS HMEIOT
cpenne3epuuctoie necku (H.A.LlpitoBuu, M.1.Cymrun, 1939 u npyrue). BepostHo,
3TO CBSA3aHO C TE€M, 4YTO CPEJAHE3EpPHUCTBHIE MECKU, C OJHOM CTOPOHBI, UMEIOT
MUHUMAaJlIbHOE cojepxkaHue Hezamepsued Boabsl (Pa3z0BbIM cocTaB Biaru B
Mep3JbIX TpyHTaxX, 1979) u motomy Oonbinue B CpaBHEHHUH C OoJiee NTUCIEPCHBIMU
rpyYHTaMu BEJIWYUHB Si U Su. C Opyrod CTOPOHBI, MEHEE JHCIIEPCHBIE TPYHTH -
KPYIHbIE MECKH, TPaBUMHUKH HMEIOT 4YacTHUILbl OOJbIIEro pa3zMmMepa, KOTOpble HeE
B3aMMOJIEMCTBYIOT C NOBEPXHOCTHbIO (QyHIaMeHTa HENOCPEJACTBEHHO, a TOJbKO
yepe3 Jea W Ads HUX MoxHO npuHATh Sw=0. [IpaBma, mpu 3TOM COOTBETCTBEHHO
yBEIHYHBACTCA Sa, OJHAKO 3JIeCh MPOsABIsAETCS TOT ke 3PpdexT, 4To W TpwH
YBEJIMYEHUHU HIE€POXOBATOCTU MOBEPXHOCTH CKOJbXEHUSA. JIeqsiHble MIEHKU BOKPYT
rajek M KpYHHBIX MMECYaHbIX YaCTHUI HACTOJbKO BEJIMKH, YTO MPOILIECCHI CIABUra IO
NOBEPXHOCTH  CMEp3aHUs, MO-BUAUMOMY, I€JIMKOM TPOUCXOAAT BHYTPHU ITHUX
IJIEHOK, HE€ 3axBaThiBasg caMHU TPYHTOBBIE dacTuUIbl. B cpenHux meckax
MHUHEpaJbHblE YaCTHUIBl YYACTBYIOT B CABHMIrax U M3-3a CBOUX Pa3MEpPOB BOBJIEKAIOT

B Ipouecc nepopMupoBaHUs Oospline OO0OBEMBl TPyHTA, YeM B CJlydae UYUCTOHU



JeAsHON mueHku. B ciayuyae cpegHero mecka MPOUCXOAUT apMHUPOBaHHUE JibJa
MHHEpaJIbHBIMU YaCTHLAMH M YyBEJIWYEHHE €ro CABUICOBOM MPOYHOCTU. DITO
JIOKa3bIBa€TCA OJNHM30CTHIO BEJIMYMHBI MPOYHOCTH CMEP3aHUSA KPYMHBIX IMECKOB,
rpaBuiiHukoB u apaa (LsiToBuu, 1973).

[IpoBeneHnHble HCCIEIOBAHHUS TMO3BOJHIM YCTAHOBUTh HEKOTOpPBIE HOBBIE
3aKOHOMEPHOCTH.

DbdexkT BAHAHHUSA TeMIEpaTypbl MPOSABISETCA HPH BCEX YCIOBHUAX.
Hanpumep, necok u3 paiiona boBanenkoBckoro I'KM npu 3aconennoctu 0.17% u
temnepatrype -2°C uMeeT AJIUTENbHYIO NPOYHOCTh cMep3anusa meHee 10 klla, a nmpu
onuskoi 3acomeHnoctu (0.15%) u Temmeparype - 6°C - 110 klla. AHanorudusie

3aBUCHUMOCTH OT TEMIEpPATyphl JJIs CyllECH M CYTJIMHKA NpUBEIEHBI Ha puc. 102.

Puc. 102. 3asucumocms OaumenrvHoOU

o 466
E, 1 80 npouHocmu Ha cO6ue no NO8epXHOCMmu
g 60 | cmepszanus (Ton) om memnepamypul (t)
E 404 08 CyeluHKa € 3ACONeHHOCMbIO
g 2 20 | Dsai=1.0% (1) u cynecu c
2 : : : 5 3aconennocmovio Dsai=0.5% (2)

-8 -6 -4 -2 0

Temnepartypa, rpaa.C

Bnusinue 3aconeHHOCTH (MpU OJAMHAKOBOM BJIAXXHOCTH), MO JaHHBIM HalIUX
IKCIEPUMEHTOB, B MAKCUMAJIbHOW CTENEHHW MPOSABISIIOTCSA npu Temmneparype - 3°C.
Ha puc. 103 npuBeneHsl 3aBUCUMOCTH JJIMTEIbHONW NPOYHOCTH CMEP3aHUS OT
3aCOJ€HHOCTH Ajds cynecu u cyraunka. [Ipu OGomnee HuU3KHX U 0Oojee BBICOKHUX
TeMmIepaTrypax 3TH 3aBUCHUMOCTH CTaHOBATCs Ooisiee monorumu. ObOpamjaer Ha cels
BHUMaHue TO, 4To B wuHTepBase 0.1-1.0% 3acoleHHOCTH MNPOUCXOAUT OUEHbB
O6osipmioe (IMOYTH HA NOPAJOK) CHUXKEHHME MPOYHOCTHU. Jlns mecka Hampumep, Npu
temneparype -2°C wum 3acomeHnoctu 0.05% npnuTenpHas MPOYHOCTH CMEpP3aHUSA
coctaBusieT 60 kxlla. [Ipu yBenuuenuu 3aconerus no 0.17% TpoYHOCTH COCTaBISIET
menee 10 klla. HccinemoBanuck riaaBHBIM 00pa3oM BOJOHACHIIMIEHHBIE TPYHTHI,
OJIHAKO Jaxe JJs Ccynecu ¢ cyMmMmapHoi BiaaxHocTeo (.35 coxaepxaHue
He3aMmep3med BoAbl cocTaBisieT npu -3°C okono 0.12 mpu 3aconmennoctu 0.5% u
TonbKo OokojJo 0.04 B He3aconeHHOUW cymnecu. Takum oOpa3omM, B BOJOHACHINCHHON
cymecu B OTHUX YCIOBUSX TpeTb Bcero ob6bema Boasl (0.12) cocraBuser
He3aMep3liasi BOJa U TOJbKO JBE TpeTH - jea. OueBUIHO, 3TO AOJIKHO MPUBOJIUTH U

NPpUBOAUT K 3HAYUTCIBHOMY CHHUXKXCHHIO INPOYHOCTH. B CYTJIHWHKC pa3jindyuda Cue



Oonpmre. Ilo HamuMm paHHBIM, B 3acoleHHOM 10 Dsai=1% cyrnuake npu -3°C
cogepxkurcsa okonmo W=0.20 He3amep3meid BOABI, a oOmas ero BIAXHOCTb -
W=0.40-0.45, T.e. nea cocTaBJISIET TOJIbKO OKOJIO IIOJIOBUHBI BCET0 00beMa BOJHI.
JlocTaToO4HO CJIOKEH BOMPOC O BIUSHUHM Ha XapaKTEPUCTUKU CMEpP3aHHUSA C
MatepuaioM (yHIaMEHTa TpPaHYJIOMETPUUECKOTro cocTaBa (pa3Mepa dYacTHII)
rpyHra. B rpyHTax pa3Ju4YHBIX THUIOB Jc(opManus nNpu CpbiBe U3MEHACTCS OT 1 110
10 MM, a ckopocts medpopmamuu - ot 10* mo 103 mm/mun. Bonee BricOoKHE
KOHEYHBIE nedopmManum XapakKTEpPHBI AJs MECKOB W YHCTOTO Jbaa. boiiee HU3KHE -

AJid Cyr;iInHKOB.

250
= Puc. 103. 3asucumocms
. 200 4 .
s OUumenbHOU NPOYHOCMU HA COBU2
g 150 4 no nogepxmocmu cmep3anus (Tox)
g ;
2 100 1 om  3aconennocmu  (Dsa))  0as
8
I 5 cyenunka (1) u cynecu (2) npu
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é‘ memnepamype 6= -3 °C.
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3aconeHHoOCTb, %

Brime ymoMuHanIoch 0 TOM, U4TO JJIS HE3aCOJEHHBIX MEP3JbIX TPYHTOB ObIIa
yCTaHOBJIEHA MaKCHMaJbHas MPOYHOCTh CMEP3aHUs IS CPEIHE3EPHUCTHIX MECKOB.
Hnst rpyHTtoB SIMana xapakTepHBbl OJM3KHE 3HAYECHHS NPOYHOCTH JUIS Pa3JIMUHBIX
0 TpaHyJIOMETPUYECKOMY cocTaBy TpyHTOB. CyYTrIMHKHM OKa3bpBalOTCAa Oojee
npoyHbIMu, 4yeMm cynecu (puc. 102 m 103), a cymecu - mpouyHee, YeM IMECKHU.
Hampumep, npu temmneparype -6°C mecok npu Dsai=0.15% u W= 0.22 wumeer
npouHocts cMmep3anus 110 klla, a cynecs npu Dsai= 0.39% u W = 0.27 - yxe 125
klla. Cyrnuaok ¢ Dsai=0.56% u W=0.37 umeer npouynocts cmep3anus 220 xlla.
Taxum oOpa3om, yCTaHOBJIEHHAsT HaMH 3aKOHOMEPHOCTh HM3MEHEHUS MPOYHOCTHU
cCMep3aHus OT TpaHyJioMeTpuueckoro cocrtaBa mopoabl (puc. 104) oOpaTHa yxe
u3BecTHO. OHa BBHIMOJNHAETCS W MpPHU OoJiee BHICOKUX TeMIlepaTypax: CyImech MpHU
temneparype - 3°C, 3acomeHHoctH Dsa=0.49% wu Bmaxuaoctn W=0.35 wumeer
JUIMTEIbHYI0 TPOYHOCTH cMep3anus 39 klla, a cyrmuHOK NpHU TOW Xe TemmepaType
u 3acoseHHOCTH nipu BiaaxuHoct W=0.4 - 130 xIla.

OOBsiCHEHHE ITOW 3aBUCUMOCTH MOXXHO MPEIIOXKHUTH clienytomee. s mecka
o0beMHas BIIaXXHOCTh cocTaBiisieT Wos=0.35, p=1.934 r/cm®. 3a cuer COJIePKAHUS
coieit (Dsal=0.15%) kosmdecTBO He3amep3mield BOABI mpu Temmeparype - 6°C B

IecKe CoCTaBiseT nmo npubauxenHoll onenke okoso 0.03 mo Becy. Takum oOpaszom,



B Necke 00BbEMHOE coJep)KaHHMEe BOJBI B BHUIE JbAa enBa Ju npesbimaer 0.31.
O6bemHas BiaxHocTh cynecn Wos=0.39, p=1.85 r/cmM®, a coxepxkanue
He3aMmep3med BoAbl B Hed npu -6°C, Mo HAMIUM SKCHEPUMEHTAJbHBIM JaHHBIM,

okojo 0.06 mo Becy.
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Puc. 104. 3asucumocmsv OaumenvHou npouHocmu Ha cO8UES NO NOBEPXHOCMU
cmepsanus (Ty,) om OUCnepCHOCMU 3ACONeHHbIX Mep3iblx nopoo: I - Dsat = 0.2%,

t=-3°C; 2 - Dsai =0.5%, t= -2°C

Takum ob6pazom, oObeMHOE coaepxKaHUe BOJABI B BuJe Jpaa B cynecu 0.32. B
cyrnumHKe ¢ BiaxHocThbio W=0.37 u ¢ 3acomenHocThio Dsai=0.56% (p=1.79 r/cm®)
coJepkaHue He3aMmep3weld Boxabl cocrtasiaseT npu -6°C oxono 0.08 mo Becy.
CnenoBatenbHo, 0O0OBEeMHOE cojAepkaHHWE BOJbl B BHJE Jbjaa B cyrauHke - 0.40.
JIpga B CYTJIMHKE OKa3blBaeTcsd Oojbmie mo oObeMy, 4eM B CyNecH U TIecKe,
OATOMY YyJ€lbHas, OTHECEHHAas K EIWHUIE NOBEPXHOCTH, MJIOMAAb JIEISHBIX
KOHTAaKTOB TpyHTa UM MaTepuasa (QyHAaMeHTa B CyTJMHKe Hauboibmias.
[IposBasieTca ynpouHsAONIee BIHWAHUE JIbJAa B CPaBHEHUM C 3aCOJEHHBIMU
MHHEpaIbHBIMU arperaTaMu.

Tak ke MOXHO OOBACHUTH M BIHMSHHME BJIAXHOCTH TPYHTAa Ha MNPOYHOCTH
cmep3anus. [lpu yBenumuenuum cymmapHoil BuaaxsHoctu oT W=0.47 no 0.75 B
CYTIMHKE C 3aCOJNeHHOCThI0O okono 1% mnpu Temneparype -3°C TpOYHOCTH
cmep3anus yBenuuuBaetrcs ot 40 klla pmo 70 klIla (puc. 105). H3menenwue
BinaxHocTtu OoT 0.35 mo 0.45 m mo 0.64 B cyrimHKe C 3acoieHHOCThIO Dsal=0.2%
NPUBOAUT K yBEIHYEHHIO NpoyHOocTH cMmep3aHus oT 50 xIla no 100 xIla m no 210
k[la coorBercTBeHHo. Heo6xoauMo wuMeTb B BHAY, UYTO TMpPU OJUHAKOBOH
3aCOJE€HHOCTH YBEJINYEHHUE BIAXHOCTH CONPOBOXKAAETCS CHUXKEHHEM COJEHOCTHU

Jbpaa, 4TO ABJIACTCA JOIMOJHUTCIIbHBIM (I)aKTopOM BO3paCTaHUd NPOYHOCTH.



;E: 100 R Puc. 105 3asucumocmsv onumenvHoll
g 80 1 1 npoyHoCcmu Ha cogue no
%E 0 1 -/-/J/' nogepxnocmu cmepsanus (Tox) om
§ - ‘2"8 T 2 cymmapuou  eraxchocmu (W) 0asa
9 1
2 0 : : | CyeauHKa c 3aCONEHHOCMbIO
= 0.35 0.45 0.6 0.65 0.75 Dsai=0.2% (1) u c¢ 3aconennocmsio
BnaXHOCTb, A.e. Dsai=1.0% (2) npu memnepamype 6
= -3°C.

Pe3ynbpraThl uccienoBaHUi BIUSAHHUA MaTepuaina (yHIaMEHTa Ha NPOYHOCTH
CMEp3aHUs 3aCOJICHHBIX TPYHTOB HE MOATBEPIKAAIT HEKOTOPHIE BBIBOABI JPYTHUX
uccaenonarenei (LpitoBuu, 1973 u npyrue). [IpouHoCTh cMep3aHUs C METAIIOM B
HECKOJBKMX HAIMUX OJKCIEepUMEHTax oOKasajlach BbIOle, 4YeM ¢ OeToHOoM. B
YaCTHOCTH, IPOYHOCTh CMEpP3aHUs cylnecu ¢ 3acoieHHOoCcThi0 0.49% U BIIaXXKHOCTBIO
0.35 mpu temmneparype -3°C ¢ O6eroHom coctaBaseT 39 klla, a ¢ merammom - 90
k[la. HamoMHuM, 94TO BCE ONBITHI BHIMOJHIINCH HAMU C TOBTOPSIEMOCThIO HE MEHEE
6 W CpaBHUBAIOTCS CpEJHUE BEJIUUYHHBI. [IpoYyHOCTH cCcMep3aHHsA CYTJIMHKa C
3acoieHHOCThIO 1% mpu temmeparype -2°C cocraBuser ¢ Oeronom 9 klla, a ¢
metamioMm - 34 xlla. IIlpounocts cMmep3anus cynecu ¢ 3acojeHHocThio 0.50% npwu
temneparype -6°C ¢ merannom okassiBaeTcs Beime (160 klla), ywem y cymecu c
3aconeHHocThio 0.39 (125 kIla). IIpoBenenubie B 50-X rogax HaAaTypHBIE UCIBITAHUS
ceait B ®depbenkce (Amsicka, CIIA) wumenu Onuszkue pe3yiabTaThl, OJHAKO
NpOBEJCHHBIE C TEX IMOp MHOTOYHCIEHHBIE HCCIeNOBaHUs, 0cCoOeHHO paboTta
A.C.T'epacumoBa u B.B.JloxyuaeBa (1977), mnoka3zanu, uTo Oojee riajgkas
NOBEPXHOCTh MaTepuala NPHBOIHUT K CHHKECHHIO IPOYHOCTH cMep3aHusi. Bmecre ¢
TEM MBI HE CUUTAeM, YTO Hall pe3yiabTaTr sBisercs ciaydaiHbiM. A.B.CanoBckuii
(1979) npunaer OonplIoe 3HAYEHHE JIEASHBIM MJIEHKaM, KOTOpble 00pa3yloTcs Ha
KOHTaKTe TpyHTa ¢ MatepuasoM ¢pyHnamenta. OH oTMedas, 4TO MPH MPOMEP3AHUHU
CO CTOpOHBI MaTepuana ¢yHaamMeHTa (MeTamyia) obOpa3yeTcs OCOOEHHO MpOYHAs
mieHka. OOpa3zoBaHue n000N JENSHOM MIEHKH CBA3aHO C MUTpalHued BJaru K
MECTY €€ BBIICICHHUS U KpHCTAJIIN3alueld BOOBl ¢ YaCTUYHBIM TEPEX0J0M cojel B
NOpPOBBIN pacTBOp. Mertann sBiusieTcs 0oyiee TEIIIOMPOBOJHBIM MaTEpHAIOM, YEM
O0eToH. boiee BepoOATHO, YTO TpaHHWIla MPOMEP3aHUS B ITOM cCiydae THapajuielibHa
KOHTaKTHOHM moBepXxHOCTH. Ha KOHTaKkTe MeTaniaa C 3aCOJCHHBIM MEP3JIbIM TPYHTOM
NpU OSTOM BO3MOXHO o0Opa3oBaHWE TIPOYHOW JEASHOW TJEHKH C MalbIM
co/iep)XKaHUEM COJIel, YTO COTJIACyeTCsl C JaHHBIMH YKCIIEPUMEHTOB.

OcobeHHOCTSAMH  00pa3oBaHUS JISASHOW TIJIEHKH OOBSCHIIOTCSA, TO-

BUJUMOMY, pe3yJbTaThl 3KCHEPUMEHTOB ¢ Oojiee HHU3KOH, yeM B OOJBIIMHCTBE



OMBITOB, TeMmepaTypoid mpoMopaxupanus o0pa3noB (-20°C). JleasHo# npociioil Ha
KOHTaKkTe ¢ (yHIaMEHTOM HE ycleBaeT o00pa30BaThbCs B 3TUX HKCIHEPUMEHTAX -
NpOMOpaXKMBaHUE MPOUCXOAUT ObIcTpee, 4yeM oO0bIYHO. B pesynaprate OBICTpPOTO
IpoOMep3aHUsl MPOYHOCTh CMEP3aHUS OKa3bIBAETCSA HUXKE, YEM IpU OOBIYHOM
crmocobe MoAroToBKU 00pa3mos.

[TonydyeHbl HEOJHO3HAUHbIE JAaHHBIE O BJIUSHUM Ha NPOYHOCTH CMEP3aHUS
HOpMaibHOW Harpy3ku. Hanpumep, mpounocTs cMmep3anus cynecu npu Dsai=0.5%
u t=-3°C cocrasnset 39 klla 6e3 Hopmansaoii Harpy3ku u 130 xlIla ¢ Harpy3koii.
Onnako npu 3aconeHHocTH Dsal=0.2% nabniogaercs obparHas 3aKOHOMEPHOCTH -
100 xIla 6e3 HopmanbHoi Harpy3ku u 60 kxlla ¢ weit. BeposTHO, nmpeacrasaser
MHTEpEC Halla MONbITKA MOBBIIMIEHUS MPOYHOCTU CMEP3aHUs C NMOMOILIbIO A00aBOK
nojauMepoB. B akcnepuMeHTax Mbl HUCHOJIB30BaNUM NOJUBUHUIOBBIN cnupTt (IIBC),
KOTOpBIM NPAaKTUYECKU HE nan pe3yiabTatoB. B mocinennee Bpemsa B.I'.UeBepeBbiM
NOJIy4eHbl HOBBIE, OOHaJAeXMUBalIIUe JaHHble U pa3paboTaHa METOJAUKA
sddexTuBnoro npumenenus [IBC.

[lepcieKTUBHBIM,  BO3MOXHO, OKaXeTcsi  INPUMEHEHHUE  IOCTOSIHHOTO
AJIEKTPUUYECKOr 0 TOKA, YUYUTHIBASI HAIIU PE3YJbTAaThl AKCIEPUMEHTOB C MOCTOSHHBIM
3JIEKTpUUYECKUM TOKOM. IIpu mpomyckaHUM MOCTOSHHOTIO 3JE€KTPUYECKOTO TOKa B
MEpP3JIbIX  3aCOJEHHBIX  JUCHEPCHBIX TpPyHTaX  HPOUCXOJUT HHTEHCHBHOE
nepepacupeielieHne BJaru M CcoJied, KOTopoe cieJyeT HCHOJb30BaTh, HU3MEHAA
CTPOEHUE KOHTAKTHOM 30HBI cOo cBaeil. [llupokoe nmpuMeHeHne Ha ApPKTHYECKOM
nobepexbe MeETANIMYECKUX CBall MOXKET CHOoCOOCTBOBATh BHEAPEHHUIO JTOTO

ME€TO/JAa.

11.4. TIPOYHOCTD 3ACOJIEHHBIX MEP3JILIX TPYHTOB
HA CJBUT

ConpoTuBieHHE MEP3JbIX NOPOJ CIABHUIY SBIseTCsS Hauboliee BaXHOU
XapaKTEepUCTUKON MPOYHOCTH, NOCKOJbKY pa3BUTHE pa3pyUIeHHUs, €CJIU OHO
NPOUCXOJIUT, OIpenaeNsieTcsi B OCHOBHOM BO3HHKHOBEHHEM MHKPOIIIOCKOCTEHN
CKOJbXXEHUS MO0 MHUKpoTpemuHaM, T.e. Mukpocasuros (H.A.IlsiToBuu, 1973).
Uccnenosanus H.K.[lexapckoit u H.A.lleiToBrua (1967, 1973 u ap.), C.C.Bsanosa
(1959 w np.) u aApyrux mnokaszaiad, 4YTO NPOYHOCTh Ha CJABUT MEP3JbIX MOPOJ
3aBUCUT OT HX TEeMIEepaTypbl, BJIaXHOCTH - JBJIUCTOCTH, a OT HOPMAJBHOTO
HaNpsDKEHUs, MO3TOMY MOXET OBITh BBIpa)X€Ha B BHUJE HM3BECTHOIO YypaBHEHHS
Mopa-Kynona:

T=C+oyp
rae T - HanpspkeHue casura, C - cuemnenue, G - HOpMallbHOE K MIOCKOCTH

CABHIa HANps)KEHUE, Q - yroJ BHYTPEHHETO TPEHUS.



Cuennenne C U yroa BHYTPEHHEro TPEHUS (@ YBEJIWYUBAKOTCA MpHU
NOHM)XEHUH TemuepaTtypsl. [ns mep3noil rnunbl, HanpuMmep, npu 0=-1°C ¢=14° a
npu 0=-2°C ¢=32° (H.A.UwtoBuu, 1973). Ilpu BBICOKMX OTpHIATEIbHBIX
TeMmIeparypax 3HadeHHe ¢ OJIM3KO K BEIMYMHE @ B Talblx nopoxaax, a C -
3HA4YUTENbHO BhILIE. MIHOrna B pacdyeTax HMCHOJIb3yeTcs ToJbKO BenumuuHa C, T.K.
oHa B OoNbIICH CTENEHHU ONMpeaAeNisieT IPOYHOCTh Ha CIBUT.

ITo nanusiM H.A.IlpiToBHYa (1973), yros BHYTpEHHEr0 TPEHUS NPAKTUUYECKHU
HE 3aBHCHT OT BPEMEHH JECHCTBHSA HArpy3KH, a CIemjeHHe, Hao0OpOT, CHIBHO
3aBucut. Pesynprarel uccaenoBanuii C.C. Bsanosa (1959) cBuAETENbCTBYIOT, YTO
IpeNeIbHO-UIMTEIbHOE CONPOTHUBIEHUE CABUIY Mep3iblx nopoa B 4.5-7 pa3s
MEHbIIE€ MTHOBEHHOro. Ilo ero MHeHHIO, pa3JeJeHUE CONPOTUBIEHUS CABUTY Ha
CIIEIJIEHUE UM BHYTpPEHHEE TpEHUE SABJSAETCS YCIOBHBIM U, cTporo rosops, C u @
cllelyeT paccMaTpUBaTh TOJBKO KakK IapaMeTpbl 3aBUCUMOCTH MEXIY
CABUTAKIINM HaNpsSKEHUEM H HOpMaJbHOU Harpys3koi. Ilpum sTomM cuennenue
XapakTepusyeT ‘“HayajabHOE€” CONPOTHUBJIEHHME TpPyHTa CJIBUrY, OOYCIOBJIEHHOE
BHYTPEHHUMHU CBA3AIMH, @ BHYTPEHHEE TPEHHUE - YBEJIHUYEHUE CHUJI CONMPOTUBICHUS
CIABUTY TOJ BO3JE€HCTBUEM HOpPMaJbHOW HArpy3ku B pe3ylibTaTe COJMKEHUS
yacTUl] W yBedudyeHus B3aumoneiictBus mexay Humu (C.C.Bsmos, 1959). ns
TJIMHUCTBIX MEp3JiblX mopofd, no MHeHuto C.C.BsioBa, BIMSHUEM @ MOXHO JJs
UHXKEHEPHBIX Ieneil mnpeHeOpeub. s mecyaHBIX MEP3JBIX MOPOJ JJIUTEIbHOE
3Ha4Y€HUE (P BCErja ciaeJyeT YUUThIBATh.

Bo BceM nuama3oHe M3MEHEHUS HOPMAaJIbHBIX Harpy3o0kK 3aBUCHUMOCTb OT HUX
COMPOTHUBIECHUS CABUTY Mep3JbiX mopon HenuHeiHa (LlpitoBuu, 1973). Ilo MmEHEHUIO
H.A.llpitoBuua (1973), cuenyienue Mep3JbIX MOpoJa OIM3KO K BEJIUUYUHE
SKBUBAJEHTHOIO CIEIJIEHUS, ONpeaenseMoil MEeTOJOM BJaBIMBaHHUSA IIAPUKOBOTO
niTamia.

CaBUroBble MCHOBITAHUS MEP3JBIX 3aCOJEHHBIX MOPOJ CIOXHBI M3-3a YaCThIX
MepeKocoB 00pa3moB 1 OOJBIIOTO YKCa 3a0pakOBAaHHBIX PE3YyJIbTATOB.

HUccnenoBaHuss MNpPOYHOCTH Ha CABUT MEP3JIOr0 3aCOJIEHHOTO TIecKa
NpOBOAMINCL TpH HOpManbHOW Harpyske 0.5 kr/cM? mnpu HeGonbmoii
OPOJOJIKUTENBHOCTH - 10 2-2.5 yacoB. Mcnonb3oBaics mecok mn-osa fAman (p.
Epkyra - fIxa) ¢ BaaxnHocTbhio 0.23-0.26. PesynbraThl npuBeneHsl Ha puc. 106 u
107. U3 KpHUBBIX NJIHUTEIbHOW NPOYHOCTH CIABUTY MEP3JIOTr0O IECKa CIEeNYEeT, 4TO
n3MeHenue 3acoineHHocTu OoT 0.1 mo 0.4% BenmeT K M3MEHEHHUIO MPOYHOCTU B 3 |
6omnee paza. Ecau npu Dsal = 0.1% ABYXMHHYTHas IPOYHOCTh Tp paBHA 10 Kr/cM?,

npu Dsai=0.5% oma mamaer o0 3 Kr/cm?

. 3aBUCHUMOCTbh NPOYHOCTHU HaA CHABUT OT
BPEMEHHM INpPU PA3IMYHONW 3aCOJEHHOCTH HMEET HEOJMHAKOBBIM xapaktep. Uewm
BBIIIIE 3aCOJIEHHOCTh, TeM Oojee KpyTod meperud HabOIOmgaeTcs Ha KpPUBOWU

anutenbHod  nmpoyHoctu. C yBenMYEeHHMEM  3aCOJEHHOCTH  Bce  ObIcTpee



npeoJolieBaeTCsd HadvalbHOE CIENJIEHWEe, a JalibHeHInee CKOJbXEHHE YaCTHIl
MNPOUCXOJHUT YKe MO KUJAKUM TPOCIOHKaM BJIaru.

ComocTaBuUB MPOYHOCTH HA CABUT M MPOYHOCTHh HA OJTHOOCHOE CXKATHE IMECKa
npu Dsai=0.1 u 0.2%, MOXHO onpeneauTb oTAelbHO napameTpsl casura C u @ (puc.
106). Oka3anoch, 9TO 3HA4YEHHE ¢ JJIs 3aCOJCHHOTO MeCKa O4YeHb Mayo - 12 - 14° u
YMEHBIIACTCS C YBEIMUYCHUEM 3aCOJCHHOCTH. ODTO HE BIOJHE OOBSICHUMO, T.K.
Talbli TECOK HMMEeT BBICOKME 3HAYeHHs ¢, U CBI3aHO, BO3MOXKHO, C TEM, UYTO
TOJICTBIE XHUJKUE MPOCITOUKH BJIATH, MO KOTOPHIM MPOUCXOIUT CKOJbXEHUE YACTHII,

MaJo CXXHMACMbl U CABHUT IIO HUM MaJiO 3aBUCUT OT HOpMaHBHOfI Harpys3ku.

Puc. 106. JQuacpamma npounocmu

mep3noeo necka (p.Epxyma-fxa)
npu pasiuyHou 3aconerHocmu (I -
Dsai=0.2%; 2 - Dsai=0.1%) npu
memnepamype 0=-2°C 015 epemenu
paspywenus 2 uaca; kpyeu Mopa

nocmpoernsl no OAHHBIM OOHOOCHO20

CABWIoBaA Harpy:Ka, KT 'KB.C M

] T T T T

2 4 [ g 1I|:| 1I2 1|4 corcamuA, mo4Ku - dKcnepu-

HopMarbHaa Harpyska, KT /KE.co MeHmanvbHble OaHHbLe N0 COBULY

Jns 2-x yacoB cuenienne C MeHseTCs NpU U3MEHEHUH 3acoieHHocTH ot 0.1
1m0 0.2% c 5.4 xr/cm? no 3.2 kr/cM?, moATBepKAas BBHICOKYI UyBCTBUTENHHOCTD
CIETJICHHS K UI3MEHEHUIO CTPOEHUS MEP3JOH MOPOIHI.

Uccnenosanus npu Oojiee BHICOKOH 3aconenHocTu mecka npu G=1.5 xr/cm?
noKa3ajgu, YTO NpPH YBEJIWYEHUH 3aCOJICHHOCTH CHadajla TPOHCXOAUT pe3Koe
najeHue npoyHocTu Ha cABUT (0T Dsai=0.1% no Dsai= 0.3% uvacoBas HmpoO4YHOCTH
nmajgaer ot 7 g0 1.5 kr/cm? - puc. 107), nanee u3MeHsIeTCA HE3HAUNTEIbHO (dacoBas
npounocTs 1 kr/cm? mpu Dsai=0.8%), a 3aTeM pe3Ko majaeT MOYTH JO HYJIS yKe
npu 20 muryTax ucnsiTanus npu Dsai=1.0%.

BeposiTHO, 9TO CBA3aHO CO CKAaYKOOOpa3HBIM H3MEHEHHEM COCTOSHHS BJIaTH B
necke. [lpum namabix ycnoBusax (W=0.26; Dsai=1%; 0=-2°C) rpyHT nI0JXKE€H
HAaXOJMThCS B TaJOM COCTOSHUH (paBHOBECHAas KOHIEHTpANHs MOPOBOTO pacTBOpa
npu 0=-2°C Kp = 0.026; Kp nus nmecka npu Dsai=1.0% cocrapnser 0.037, T.e. BeIlIe
PaBHOBECHOTO 3HA4Y€HHsA. OTHUM, BEPOATHO, OOBSACHSIETCA pe3Koe TMaJeHue
npounoctu oT 3HaueHus 0.08% (Kp=0.029) no Dsai=1.0% (Kp=0.037).



Hamu OblM mOJIy4eHBI JaHHBIC MO CPABHEHUIO MPOYHOCTU OXJIAXKACHHOTO U
tanoro necka. Eciu necok npu Dsai=1.0%, 0=-2°C, vopmansaoit Harpy3zke Gu=0.5
kr/cm? cpesancs npu 0.25 kr/cm? 3a 10-11 munyt, npu 0.5 kr/cm? 32 1-2 MUHYTH U
BU3YyalIbHO ONpeAesiics KaKk HeMep3iablil, To npu temneparype +19°C npu Tex xe
Harpy3kax cpesaincss MraoBeHHo. ClemoBaTelbHO, Ja)Xe€ MpPU KOHIEHTPaIHAX
NOpOBOTO pacTBOpa, 3aMETHO MPEBBHINAIIIUX PAaBHOBECHYIO NpH JaHHOU
TeMIepaTrype, TPYHT HE SBISE€TCS TajlblM IO HNpouyHOCTH. HecmoTps Ha ee pes3koe
CHU)KEHHE BOJM3M pPaBHOBECHOW KOHIEHTpAIMH, OXJAXJCHHBI NECOK MpoyHEee

TaJIoro MmecCkKa.
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Bpems, MuH

Puc. 107. Kpuegvie onumenvHou npoyHocmu Ha coeue mepinioz2o necka (p.Epxkyma-
Axa) 6 3aeucumocmu om 3acorennocmu (Dsa)) npu memnepamype 6=-2°C,

enasxcnocmu W=26% u nopmanvuou naepysxe o=0.05 Mlla.

Hamu yxe oTmeualicsi pocT JbJa B pacTBOpPE, KOHIEHTpauus KOTOPOTO
npeBblllana paBHOBECHYIO WU Oblma O6nu3ka Kk Hel. OJHAKO MBI HE YKa3blBald Ha
elme OJHO BO3MOXHOe oObsicHeHue. KoHumeHTpamus coyieil He OJWHAKOBa B
pa3IHUYHBIX TOYKax oOpa3ma H Jaxe B XUIKOM pacTBope. Tawm, rie ecTeCTBEHHBIE
ee KkoneOaHUS  TPHUBOAAT K TMOHMKEHUIO €€ HHUXKE pPaBHOBECHOW, BO3MOXKHO,
HaxoAuTca nen. M ecnu B pacTBope 3TO MeEHee BEPOSATHO H3-3a OBICTPOTO
nepeMemuBaHus (KOHBEKIMS HM3-3a pazIuYuil B MIOTHOCTH pacTBOpa M T.I.) H
nuddys3un, To B Mep3oi MOpoJe UMEET MECTO HEPaBHOMEPHOCTH paclpeaeieHus
3aCOJIEHHOCTU. B HekoTOophIX mopax TpyHTa, TJ€ pacTBOpP B CPEIHEM HMEET
KOHI[EHTpAI[UI0 BBIIIIE pPAaBHOBECHOW ¢ TeMmMIepaTypoi, oOpa3yrTcs JeasHbIe
KpUCTaNNbl, OOHAapy)KUBaeMble BU3YyaJbHO U YBEIUYUBAIOIIME MPOYHOCTH HA CABUT
oxnaxaeHHbIXx mopon. A.Jl.MacmoBeim (1987) ©ObITO  yCTaHOBIEHO, HYTO
C)KMMAeMOCTh TJHUHBl B OXJaXJEHHOM COCTOSHUHM MEHbIIE, YEM €€ CKUMAEMOCTh

npu MOJOXHUTEIbHOU TCMIICPATYypC I/ICHLITaHI/II\/’I, a BpeMsd o0 CTa6I/IJ'II/I3aI_II/II/I oCaJdKu



- Bpimie. Ilox nelicTBMEM HAarpy3KM BbIJABIMBAHUE IIOPOBOW BOJBI U3 OXJIAXKAECHHOU
TIUHBI TPOUCXOAHUIO MeIleHHee. OIToT 3pdexT ymeHbmaeTcs C POCTOM
KOHILEHTpaluu noposoro pactsopa (Macnos, 1987). A./[.MacnoB o0bsICHSIET CBOU
pe3yJibTaThl YMEHbUIEHHUEM BSA3KOCTH pacTBOpa B OXJAXAECHHBIX HOPOJAaX U TEM,
YTO B OXJaXJEHHBIX NOpOJax HMOHbBl CHJIbHEE CBA3aHbl C MHHEpPAJbHBIMU
yacTuuaMu. Ha Ham B3risj, yMeHbIIEHHE BSI3KOCTH IMOPOBOrO pacTBOpPa TOJBKO B
Majgoi cTemeHH O0OBsAcHAET 3TH pesynbrathl. Tak, P.Xopu (1972) npuBoaur
cieayromue AaHHbie 0 BA3KOCTU BoAbl: mpu +20°C ona coctaBuser 1.002 cll, a npu
0°C - 1.787 clIl. bonee cunpHas CBA3b HOHOB COJIEH C TOBEPXHOCTHIO MUHEPAIbHBIX
4acTUIl B OXJIAXXJEHHBIX MMOPOJAaX, YEM B TallbIX, HAa HAIl B3rJAJA, B JaHHOM cllyyae
HE OYeHb 00OCHOBaHAa NPH TAaKOW HE3HAYUTEIBHOW IS ITUX SIBICHUU paszHUIIES
temneparyp. Ecam xe npeamnonoXuTh HaaW4yMe JibJa B HEKOTOPBIX IOpax
OXJIaXJIEHHOW TOpPOABl Kak CcJIeACTBUE (IyKTyamuu KOHIEHTpaluu, TO
sKCcHepuMeHTalbHble nanHble A.[/[.MacinoBa BrojHe 00BSCHUMBI, B TOM 4Yucie pakt
OTXAaTHUS U3 OXJIAXKJEHHBIX MOPOJa Oojiee KOHIEHTPUPOBAHHBIX pPAacTBOPOB, YEM U3
TaJIBIX, IPU OJMHAKOBOW HavanbHOU KoHUeHTpauuu (A.[.Macnos, 1987 ).

[To pesynpTaTam HccCl€A0OBAaHUW NPOYHOCTH HA CIABUI MEP3JOro Mmecka npu

HOPMAaNbHEIX Harpy3kax Gu=0.5 u 1.5 xr/cm?

OBLJIO YCTaHOBJIEHO, YTO YTOJ
BHyTpeHHero TpeHus cocrasisieT ¢=40° npu Dsai=0.1% u ¢=49° npu Dsai=0.2%, a
clenjeHue cooTBeTcTBeHHO 4.9 u 2.6 kKr/cM? (a1 BpeMeHH paspylleHHs 2 4aca M
0=-2°C). D10 He BHmOJHE cOrjacyeTrcs ¢ AaHHBIMH IO OJHOOCHOMY CXaTHIO (pHC.
106), T.x. KacaTeJbHble K Kpyram Mopa mpoXoAaT 3HAYUTEJIbHO HUXKE, HO MOXKET
ObITh OOBSICHEHO cienywoumuM oOpa3oM. Bo-mepBrIX, NPOYHOCTh Ha OJHOOCHOE
c)KaTHe ompeaensiercs mo aedpopManusiM, KOTJAa HE MPOUCXOAUT (PaKTHIECKOTO
pa3pymieHus rpyHTa (M CpaBHEHHE CO CIBHIOM O3TO KOCBEHHO MOITBEPIKIACT).
UCTHHHAsT TPOYHOCTh, KOTrJa CKOPOCTh pa3pylmeHHs CTPYKTYpbl TpyHTa
NPEBOCXOJHUT CKOPOCTh BOCCTAHOBJIEHHUS CTPYKTYpPHBIX CBsi3ed, NMPU OJHOOCHOM
C)KaTHUHM JOJIKHA OBITH BbIIIEe. BO-BTOPHIX, BEpPOSTHO, 3HAYECHUS IO YpPaBHEHUIO
Mopa-Kynona neiictButenbHo 6nu3ku k 40°. CpaBHEHHE NPOYHOCTU HA CABUT U
OJTHOOCHOE€ CXaTHe MPOBOAUIOCH O auarpamme casura (puc. 106) B koopauHarax
T - Gu, cooTBeTCTBYIOIEH Teopuu npodHOCTH Mopa-KymnoHa, kormga mpouyHocTh Ha
OJTHOOCHOE€ CKaTHe JO0JIKHAa HaxoauThbes Ha ocu abcuucce (npu t=0). Kak uszBectHo
(C.C.Bsanos, 1978), paspymawmue HanpsKeHUs mo Teopuu Mmuseca-boTkuna B
00JTacCTH CKUMAIOMUX HAMPSKEHUH OOJbIIe, MOPTOMY ATH AAaHHBIE 1O CIABUTY H IO
OJTHOOCHOMY CXXAaTHIO JydIlle COTJAacCOBBIBAIOTCSA B KOOpJAMHATAX “HHTEHCUBHOCTH
KacaTeJNbHbIX HANpsDKEHUH - cpeHee HopMalbHOe HampsbkeHue”. Takum oOpaszowm,
BEpPOATHO, YTO JAJSI 3aCOJIEHHOTO MEpP3JIOT0 IMeckKa ycloBUE pa3pylieHuss Mmuseca-

boTKkMHa mpeAnoYTUTEIBHEE.



HccnenoBanuss MpOYHOCTH Ha cABHUT npu 0=-2°C Mep3a0ro 3acOJeHHOTO
cyrnuHka (o3.Tiopun-To) mokas3anu, 4TO CpbIB (pa3pylleHHE) MPOUCXOAUT, Kak
NpaBUJIO, HAa CTAJMMU TEYEHUS C 3aTyXawled HIM NOCTOSHHOH CKOpPOCTHIO U
KPUTEpUEM pa3pyUICHUS NPUXOJAUTCSI CYUUTATH JOCTUKEHUE CMEIICHHUA 5 MM.

UccnenoBanus P.I'.KanbOeprenoBsiM Tsikeaoro 3acosieHHOTO (Dsal=0.18%)
CYTJIMHKa B YCJOBHUSAX TPEXOCHOTO CXXAaTHUA NO3BOJUIH BBISIBUTH HEKOTOPHIE
JOTMOJHUTEIbHbIE 3AKOHOMEPHOCTH M3MEHEHUS CUEIJICHUS W BHYTPEHHETO TPEHHS
B 3aCOJICHHBIX nopojaax. Tak, uamenenue remmneparypsl oT -6° no -20°C nmpuBoauTr
K YMEHbIIEHUIO JUINTEIbHOrO 3HaY€HUs @ B 2 pasa, a cuemieHus - B 10 pas, uto
cornacyercs ¢ gaHHeiMu H.A.IlpiToBMYa [l HE3aCOJNICHHBIX MEP3JBIX MOPOJ.
Benuuunsl C uzmensoTcs or 10 kr/cm? 1o 1 kr/cM?, a yron BHyTPEHHETO TPEHHUS -
or 16° no 8°.

KpuBbie MIHTENBHON MPOYHOCTU MpHU caBHUre s 3acoideHHOTO (Dsai=0.5%)
MEpP3JI0TO CYTJIWHKA PAacXOAATCS C YBEJIWYEHHEM BPEMEHH JEHCTBHS HArpy3KH, T.C.
BJIUSIHUE HOPMAaJIbHOTO HANPSIKEHUS YBEIMUYHBAECTCA CO BpEeMEHEM. OJTO BIIOJHE
00BSICHUMO, T.K. B T€UYEHHE CABHUra YaCTHUIIBI, NO-BUAUMOMY, TECHEE COIHMKAIOTCS
IpYyT ¢ IpyromM, mpucmocabiuBaioTcs Jpyr K JAPYyry, moBopaduBasch Hamboiee
TIaJKUMH MIO0CKOCTSAMH, U MPUTPY3Ka CHJIbHEE yBEINUYNBACT TPEHUE MEXAY HUMH.

N3-3a 10CTaTOYHO BBICOKOTO CIEMJIEHHUS M MajJOro yriia BHYTPEHHErO TPEeHUS
Yy 3aCOJIEHHBIX MEP3JIbIX MOpPOJ AaBiieHUuEe CcBA3HOCTH mo H.A.IL[pITOBUYY BBICOKO,
ClIeJOBAaTEJIbHO, COOTBETCTBYIOIIAsl €l MPOYHOCTh CTPYKTYPHBIX CBSI3€H COCTaBISET
1-3 kr/cm?. DTo MOATBEpKAaeT TO, YTO HATPY3KH, COOTBETCTBYIOI[ME MPOUYHOCTH
TIUHUCTBIX 3aCOJEHHBIX TPYHTOB IIPU OJHOOCHOM CIXKAaTHHU, OIPEACICHHOW II10
nehopMaMOHHOMY KpPUTEpHIO, B OCHOBHOM HE€ pa3pymamlT O3TH, BEPOSTHO,

JbAOLNCMCHTAIIMOHHBIC CBA3U.

Puc. 108. Juaepamma cosuca mep3noco
3aconennozo cyeaunka (03.Tiopun-To) npu
3aconennocmu Dsa1=0.5%, memnepamype
0=-2°C, enascnocmu W=42%: 1 - 30

munym; 2 - 1 wac; 3 - 2 yaca

0+ t t
0.5 1 1.5 2

CaBuroBasi Harpy3ia, Kr/kB.cm

HopmanbHas Harpyska, Kr/kB.cm




Ha numarpamme casura (puc. 108) 3Ta 3aKOHOMEpPHOCTH BbIpa3ujach B
HEKOTOPOM YBEJIHWYEHHUHU Yyrijla BHYTPEHHEro TpeHUs BO BpeMeHU. M3 nureparypsl
u3zBectHo (BsmoB u ap., 1962), 4To yroia BHYTpEeHHETro TpPeHUS @ OOBIYHO, KaK U
CIEIJIEHWE, YMEHBIIAETCS C TE€YeHHMEM BpeMeHu. TakuM o0pa3oM, MOJyYEHHBIE
HaMH JaHHBIE CBUACTEILCTBYIOT 00 0OpaTHON 3aBUCHMMOCTH JAJs 3aCOJEHHBIX
MEp3JBIX MMOPOJ, YTO MOATBEpKAaeT UX ocoObie cBoiicTBa. OueBUAHO, 3TO
CBHUJETENHCTBYET O UX NMPHUHIUNMUATIBbHON ONM30CTH MO XapaKTepy COMPOTUBICHHS
CIABUTY K HEMEp3JbIM TPyHTaM, IJl€é BaXXHYIO pOJIb UI'PAET JBUXKEHHUE BOJBI, U
CBSI3aHO C JUIUTEJIbHBIM MPOLECCOM HACTYIJIEHUS THJPOCTAaTUYECKOTO PABHOBECHUS
u3-3a ciaboil mx BojompoBonumocTu. Ilo mMepe mepenBUKEHHUS XUIKOH Biaru u
YMEHbIIEHUS OPOBOr0 JaBJIEHUS CONPOTHUBIEHUE TPEHUIO MOCTEINEHHO BO3PacTaeT
U MO3TOMY YIOJl BHYTPEHHEro TpeHus yBenuuuBaercsi. CUeNJIeHHE TAKKE MOXKET
YBEJIUUYMBATHCS HM3-32 COJMIKEHUS YAaCTHI U BO3SHUKHOBEHHUS HOBBIX CTPYKTYPHBIX
cBsizeit. Takum oOpa3zoM, NIPOUYHOCTH MPOSABISIETCS HE Cpa3y U B I[€JIOM MOHUXKEHA B
pe3yybTaTe HEJOYIJIOTHEHUS 3aCOJEHHBIX MEP3JIBIX MOPOJ.

Ponp nensHpIX BKIWOYEHHH B (GOPMHUPOBAHHUHM TMPOYHOCTH 3aCOJECHHBIX
MEP3JIbIX MOPOJ KOJMYECTBEHHO MOXHO OI[€HUTh, UCIOJIb3Yys MOAXO0J, U3BECTHBIN B
MEXaHUKE KOMMNO3UTHBIX MaTtepuanoB (danusn, 1990). B BOJIOKHUCTHIX KOMIO3UTaX
JKECTKHE U NPOYHbIE BOJOKHA HECYT OCHOBHYIO 4acCTh Harpy3KH, a MaTpulla UTpaeT
poJb OHOpPHl M 3alIMTHOM cpeAabl Ui BOJIOKOH U IepeaaeT HaNpsKeHUs Ha
BojokHa. IlepBoil paspymaercs ¢aza, umeronias 0OoJiee HU3KYIO MPEAEIbHYIO
nepopmanuto - nex. IIpoyHocTh KOMIO3UTa - MEP3JIOTO 3aCOJEHHOTO TpPYHTa -
ompenenseTcs GopMyIou:

Rs=Rice(VicetVmIEmi/Eice),

rae - Rs mpoYHOCTh MEP3J0TO 3aCOJIEHHOTO T'PYHTA, Rice - MPOYHOCTH JIbJA,
Em - mMonyns agebopmanuu MUHEpaJbHBIX HEMEP3JbIX MHpociioeB, Eice - Monynp
nepopmanuu Jsbaa, Vice - o00beMHOE cojaepxaHue InbAaa, Vml - 00BEMHOE
coJep’KaHue MUHEpPaJIbHBIX HEMEP3JbIX NpocioeB. Takum oOpa3oM, B 3aCOJIEHHBIX
MEp3JbIX MOpPOJaxX, 3aHUMAIOLUX IOJOXKEHUE MEXAY MEpP3JIbIMHU U HEMEP3JIbIMU
NopoaaMHu, JiesiHble BKJIIOUYEHHUS U UX COJAEpXKAHUE UTPAIOT POJIb Jaxe OOJbIIYIO,
yeM B OOBIYHBIX MEpP3JbIX MOpPOJAaxX, e pas3juuyue Mexay AedhopMalHMOHHBIMU
XapaKTEepUCTUKAMU JbJa U MUHEPAJIbHBIX MPOCIOEB HE TaK BEJIHUKO.

Takum oOpa3zom, paccMoTpeHHBIe B 11 TrimaBe maTepuasbl MOKa3bIBAKOT, UTO
3aCOJICHHbIE Mep3Jible TPYHTHl 00JaJal0T HU3KOW NPOYHOCTHIO, KOTOpas OBICTPO
YMEHBIIAETCS C yBEJIWUYEHHEM BpeMeHHU aedcTBusa Harpy3ku (B 10 m Gomee pas).
Pa3pymieHue 3acojeHHBIX TPYHTOB MpPH OJHOOCHOM CXKaTHHU, 3a HCKIIOYEHUEM
NMEeCKOB, KaK TMpaBUJIO, BA3KO-MJAacTUYEeCKOoe U (UKCHUPYETCS MO Pa3BUTHUIO
3HAYUTENbHBIX JedopManuil HIM MO H3MEHEHHMI0O XapakTepa aedhopMUpPOBAHUS.

Hcnons3oBanue KHHETHYECKOM TECOpHUHU MNPOYHOCTH IIO3BOJJHIIO OnmpeaAciInuTb



3HAYEHUs DHHEPrUM aKTHUBALUMU pa3pylleHHUs, C YBEIWYEHHUEM 3aCOJIEHHOCTH
npuOInKAUIIEHCs K BEIUYUHE YHEPTUU aKTHUBAIUU JIbJA.

BnepBble ycTaHOBJIEH psaJ 3aKOHOMEPHOCTEM HM3MEHEHUS IPOYHOCTH
3aCOJIEHHBIX MEpP3JbIX TPYHTOB pa3jIM4YHOIO COCTaBa, CTPOCHUSA U JAPYTHX
XapakTepucTuk U yciaoBuil. C yBEJIMYEHUEM JUCIHEPCHOCTH, JBJUCTOCTU U
JIOTHOCTU, yMeHbIneHueM conepxanus NaCl, nepexone oT MaccUBHOW K ceTYaTou
KPUOTEKCType Hecymas CHOCOOHOCTb 3aCOJIEHHBIX TPYHTOB YBEJIUYHUBACTCH.
YcTaHOBIIeHA BaKHas pPOJIb JEASHBIX BKIIOYEHUH, KaK IPaBUJIO, YHPOUHSIOIIUX
3aCOJICHHbIE JUCIEpPCHBIE TPYHTH 3a cueT Oonpmieil Hecymed CcrnocoOHOCTH
HE3aCOJICHHOT'O JIbJla B CPABHEHMHM C MUHEpaJbHBIMU arperaramu. [lomyden psan
3aBHCUMOCTEHl HM3MEHEHHUs Hecymel CIOCOOHOCTH B 3aCOJNEHHBIX TPYHTax
Pa3JIMYHBIX TEOJIOrO-T€HETUYECKUX THUIOB. Tak, Hampumep, Mep3Jble TPYHTHl C
SMUXPOHHBIM THUIOM 3aCOJEHHUSA, KaK MNpaBUIO, OTJIHYAKTCA IPU OJUMHAKOBOU
34COJIECHHOCTH MEHBIIEW NPOYHOCTHIO, YEM TPYHTHl C 3aCOJIEHHEM CHHXPOHHOIO
TUIIA.

M3ydeHbl XapaKTEPUCTHUKH CONPOTHUBIEHHUS MEP3JIbIX 3aCOJEHHBIX T'PYHTOB
HIApUKOBOMY IITAMIy, CABHUIY II0 IIOBEPXHOCTH CMEp3aHUSA U CIABUILY, Pl
YCTAHOBJIEHHBIX 3aBUCUMOCTEN MPOUYHOCTU OT Pa3JUUYHBIX PAKTOPOB OTIMUYAETCS OT
MU3BECTHBIX JJI51 HE3aCOJEHHBIX MEP3JIBIX TPYHTOB. Y CTAHOBJIEHO, YTO OXJAaXKJACHHBIC
3aCOJIEHHBIE TPYHTHI, HAaxXOAsAIIMECs BBIIIE PaBHOBECHOM IO OTHOUIEHUIO K
KOHIIEHTpAalMU COJEH B MOPOBOM pacTBOpe TeMIeparype, HMMEIT INPOYHOCTH,

NPEBBIITAKIIYIO MPOYHOCTL COOTBETCTBYIOIIUX HEMECP3JIBIX 'PYHTOB.



I''TABA 12. IPAKTUYECKHE BbBIBO/Ibl I PEKOMEHIAAIINN JIA
IIPOEKTUPOBAHMS U CTPOUTEJIBCTBA MHXEHEPHBIX COOPYXEHUI
HA APKTUYECKOM ITIOBEPEXLE

I[Ipy npoeKTUpOBAaHMU MHXKEHEPHBIX COOPYXEHUM U HCIOJb30BAHUU
3aCOJICHHBIX MEP3JBIX OCHOBAaHUN HEOOXOIMMO OLEHUTh UX YCTOWYUBOCTH. OOBIUYHO
YyCTOMYMBOCTBIO OCHOBAaHMHW B MEXaHUKE TIPYHTOB Ha3bIBAIOT COCTOSIHUE
YyCTOHYUBOTIO PaBHOBECHUS TPYHTOBBIX MacC IPHU BO3AEHCTBUM BHEIIHUX HArpy3ok
(CnpaBOYHUK MO MHXKEHEpHOU reonoruu, 1981). AHanu3 ycTOMYMBOCTH OCHOBAaHUS
WH)XEHEPHOI0 COOpPYKEHHUS BKJIIOYAET IO KpalHEW Mepe [BE COCTaBJSIOLIUE:
aHaJIMU3 XAapaKTEPUCTUK TPYHTOB (HOPMATHUBHBIE U pPACUETHBIE XapaKTEpPUCTUKH) U
aHaJu3 COCTOSIHMS ~ MaccuBa B uHeiaoM. I[lpu 3TOM XapakTepUCTUKU TPYHTOB
paccMaTpuBalOTCS HE Kak ompejessieMble M0Ka3aTeln CBOUCTB, a KaK 3aKOHOMEPHO
WM CJIy4yaHO M3MEHSIOUIMECS BEJIMWYUHBI B INPOCTPAHCTBE, 3aKOH H3MEHEHHUS
KOTOPBIX M fBJsETCS Lenbio aHanu3a. CocTosiHHME MaccuBa OLEHUBAETCA C TOUYKHU
3peHHsT HEOOXOAMMOCTH OINpPEACIICHUS €ro HalpsKEHHO-Ie()OPMUPOBAHHOTO
COCTOSIHUSL U TEMIEpaTypHOro pexuma. PaccMOTpuM mnepeduciieHHble BOMNPOCHI
MOCJIEI0BATEIbHO.

Bo-niepBbix, HE0OOX0UMO OT €IMHUYHBIX ONIPOOOBAHUM U UCIIBITAHUN 00pa3OB IPYHTOB
nepedTn K OOOOIIEHHBIM XapaKTepUCTUKaM TIPYHTOB, KOTOPbIE MOKHO HCIIOJb30BaTh B
JETEPMUHUPOBAHHBIX ~ WJIM  BEPOSITHOCTHBIX pacyeTHbIX  CXE€Max  HaIpsKEHHO-
ne(OPMUPOBAHHOTO COCTOSIHUS, TUAPOXMMHUYECKOTO, TEMIIEPaTypHOIO0 U APYTUX PEKUMOB
ocHOBaHUs. OOLIENPUHATHIN MOAXO0 3aKJIIOYAETCS] B BBIJCJIIEHUN OJTHOPOJHOTO U OJM3KOTO MO
CBOMM CBOMCTBAM M COCTaBy I'€0JIOTMYECKOIr0 Teja - MH)XEHEPHO-T€OJIOrMYECKOro 3JeMEHTa
(IlpaktukyM 1o rpyHTOBelneHUIO, 1993), BHyTpM KOTOpOTO 3aT€M MPOBOJAT aHalW3 Ha
OJIHOPOJAHOCTh. 3acOJICHHBIE Mep3Jible MOpPOJAbI, KaK YXE€ OTMEYajoch, OTIMYAIOTCA
3HAUUTENIBHON HEOJHOPOJIHOCTHIO, a B pa3pe3ax COUYETAIOTCS C OXJIAKICHHBIMU MOPOAAMU B
3aBUCHUMOCTH OT JIAHIMIA(THBIX U TE0JIOro-reoMop(osIOrMuecKux YCIOBUNA. 3HAYUTENIbHOU
HEOJIHOPOJHOCThI0 MO TIJIyOMHE M B IUIAaHE OTJIMYaeTcs Mepajas Tojdla B pailoHax
ApKTHYECKOTO TMOOEpekbsi, TA€ OOJbIIOe BIUSHHE Ha €€ (OPMUPOBAHHE  OKAa3bIBAIOT
COBPEMEHHBIE T'€0JIOTO-IMHAMUYECKHE W KpuoreHHele mporecchl. Ha puc. 109 npusenen
MIpUMEpP CTPOCHHSI MEP3JION TOJIIM Ha FOTO-BOCTOYHOM modepexne Kapckoro mops (Kopeiimia,
JleBanToBckas, bpymikos, 1996).

OCHOBHbBIE MPUHIMIIB PAaCUJEHEHHUs] T€O0JOTUYECKON cpeabl Ha WHIKEHEPHO-
reojorudyeckue dsnaeMeHTH pa3dpadboranbl H.B.Komomenckum u NU.C.KomapoBsim. B
COOTBETCTBUU C HUX B3TJAAJaMH, a TaKXe HOPMAaTUBHBIMH JOKYMEHTaMu
BBIJIEJIEHHOE TEJO0 paccMaTpUBAETCs  KaK HHKEHEPHO-T€OJOTHUYECKUM JIEeMEeHT,
ecnu Kod(GUIMEHT BapHallMU, PACCUYUTAHHBIA TO BBIOOPOYHON COBOKYMHOCTH

MOoKa3aTelied CBOWCTBA IPyHTAa, HE MPEBBIIAET ONMPEAECIECHHBIX, YCTaHABIUBAEMBbIX



YCIOBHO 3HadYeHHWU. Jlms mokaszaTeds MOPUCTOCTH M BIAXHOCTHU PEKOMEHAYyEeMOe
npenesibHOe 3HadYeHHe KodpduuumeHTa Bapuamuu cocrtauser 15%, gng

MeXaHMYeCKUX xapakTepuctuk - 30%.
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Puc. 109. Cxemamuueckue paspesvl mep3nou moawu npu abpazuounom (1), abpasuonno-

axkymynsamugnom (I1) u akkymynsamusnom (I11) munax dbepeeca

Bo-BTOpbIX, HEOOXOAUMO ONMpENEIUTh XapAKTEPUCTUKH BHYTPU HMHKEHEPHO-
re0JIOTUYECKOT0 3JEMEHTAa U MPOBECTH CTAaTHUCTHUYECKYI0O 00pabOTKy pe3ylbTaToB
JUISL BBISIBJIEHUS 000OIIEHHBIX, CPEIHUX MMOKa3aTeJdel, YUCIEHHO XapaKTepHU3yIOIIUX
OJHOPOJHOCTh BBIOpAHHOIO D3JieMeHTa. MeToabl oONpeAeNeHus pacdeTHBIX
XapaKTEepUCTUK TPYHTOB M YCTAHOBJEHHUS ONTHUMAJIbHOIO 4YHUCIAa HUCIBITAaHUHN
OCHOBAHBI, KakKk IIpaBUJIO, Ha MHCIOJb30BAHUU amnmapara MaTeMaTH4YeCKOWU
CTAaTUCTUKU HE3aBUCUMBIX cinydaiHbix BenuuuH (Komomenckuit, 1956 u nap. u
npyrue). KpurepueMm ycTOWYHMBOCTH BBIOOPKM MOXKET CIYXXUTh B JaHHOM cllydae,
HanpuMmep, Ko3pPUUUEHT Bapualluu.

Paccmorpum 3t metonsl. Meton H.H.MacnoBa coctoutr B TOM, 4TO IO Mepe
UCOBITAHUN TMOJCYUTBHIBAETCA CpEJHEE 3HAYEHUE OINpeJesseMOoro MoKa3aTemus.
OnbITH 3aKAHYMBAKTCH, €CIH CPEIHEE 3HAYEHUE MEPECTAeT 3aMETHO MU3MEHATHCSH.
H.B.Konomenckum mnpennoxen, a M.H.MBanoBo#l mocnenoBaTenbHO pa3paboTaH

npubInKEeHHO-cTaTUCTHUEeCKUil cnoco6. IIpuHuMaercsi, 4TO MOKa3aTelu CBONCTB



TPYHTOB pacHpenieleHbl B COOTBETCTBUM C HOPMAalbHBIM 3akoHOM. [Jlns
HaXO0XJEHUS YHCJAa ONBITOB HMCIOJb3YETCS METOJ JOBEPUTEIbHBIX HHTEPBAJIOB,
KOrja 3aJaeTcsl JOBEPUTEIbHASI BEPOATHOCTh, KOTOPYI MOXHO CUUTATh IPUEMIIEMO
onuskoi k enuHune. Ha ocHoBe 3aBucuMocTel METOJa JOBEPUTEIbHBIX
UHTEPBAJIOB NOCTPOCHB rpaduku W TaOIUIBl IS pa3IWYHBIX 3HAa4YE€HUH OTOHU
BEPOATHOCTU. OTOT METOJ HcCIojdAb30BaH, B dyactHoctu, B ['OCT 20522-75.
Uccnenosanus M.H.MBaHOBOI, BBIIIOJHEHHBIE B 3TOM HAllpaBJIECHHUH, MOKA3bIBAIOT,
4TO OOBIYHO IS MOJYYEHUS YCTOMUMBBHIX CPEJIHMX 3HAUYCHHUU MOKa3aTele cocraBa
U MpocTeHINX (PU3NYECKHX CBOMCTB rpyHTa JOCTATOYHO UMETh BHIOOPKY 10-15, B
HEKOTOPBIX ciiydyasx - 20 3HauEHUM.

Hamu uccnenoBanus moka3slBalOT, 4TO KOIPPUIMEHT BapHaluu OCTAETCA B
npenenax 15% mpu KoauvYecTBE UCIBITAHUN 3aCOJEHHBIX MEP3JBIX TPyHTOB 6 - 18,
YTO COIJIaCyeTcCsl C JaHHBIMHM MO APYTUM IpyHTaM. B 4yacTHOCTH, NpH HUCHBITAaHUU
MIAPUKOBBIM INTAMIIOM siMalbcKoro cyraumaka npu Dsal=1%, W=0.46, T=-3.0°C
npu KOJHUYECTBE ONBITOB - 14 kxosddumment Bapmamum cocrtaBiaser 8% npwu
UCKYCCTBEHHOM MPUTOTOBJIEHUHN 00pa310B.

[Ipy Ha3HAaYEeHUH METOJa CTATUCTUYECKON 00pabOTKU MaHHBIX ONpeNelICHUN
Ba)XHOE 3HAYEHUE MMEET BBIOOP 3aKOHA pacHpeleseHUs CIydYallHbIX BEJUYUH.
PacyeTsl  BRINONHAIOTCS  Hambojee  MNPOCTO NPH  HOPMAJIBHOM  3aKOHE
pacnpeneneHus. MHOTOYUCIEHHBIE MCCIEI0BAaHUA CBUJAETENbCTBYIOT, 4YTO B
OOJIPIIMHCTBE  CJIy4yaeB  XapaKTepUCTUKAM  MPUCYIl  HOPMalbHbIH  3aKOH
pacupenenenuss (M.A.Komapos, H.B.Konomenckwuit, I'.K.bonmapux wu ap.).
BcTpewaercs Takke JIOTHOpMajdbHBIM 3aKOH. YMNOMHHAETCS W BO3MOXHOCTH
UCIIOJb30BAaHUS APYTUX 3aKOHOB - ramMMa M OeTa - pacmnpeneieHus, pacnpeaeacHue
Beiibynna u npyrue (M.M.Turtosa, ®.b.barupos u np.).

K coxaneHuto, JnaHHBIE IO 3aCOJIEHHBIM TIPyHTaM HE€ CTOJb OOIIUPHBHI,
BBIOOPKH B HECKOJbKO JECATKOB 3HAYE€HUNW HMEIOTCS TOJBKO MAJs BJIAXHOCTHU
(IbOAMCTOCTH), 3aCOJEHHOCTH, MIOTHOCTH U CONMPOTHUBIEHHUS IIAPUKOBOMY LITAMIy
Ui pa3IM4YHBIX  HWHXXEHEPHO-TE€OJIOTMYECKHX  d3JeMeHToB. IlpencraBusercs
MHTEpECHOW  OIleHKa TakKoro IoKa3aTeds MEXaHMYEeCKUX CBOHCTB, Kak
SKBUBAJIEHTHOE cuenyeHue. Jas BeiOopku u3 20 3HaUYeHUU IJiss OOHOTO oOpasia
cyrnmuaka npu T=-2°C u Dsal=0.5% Oblnu ompeneneHsl KJIacCOBbIE MHTEPBAIBI 110
bopmyne Crepaxeca M mnocTpoeHa ructorpamma (puc. 110). Ee cummerpus
MO3BOJISIET npuOiauKEeHHO TOBOPHUTH O HOpPMaJbHOM 3aKOHE pachpeaeleHus
CONPOTHUBIIEHUS MIAPUKOBOMY IITaMIYy.

I[Ipy onpeneneHun pacyETHBIX XapaKTEPUCTHK TOKa3aTeled CBOWCTB
MEp3JbIX MOPOJ Ba)XHO COOTBETCTBUE JIaOOpPATOPHBIX U TMOJEBBIX HCHBITAHUH.

HOCJ’IeJIHI/Ie, KaKk MNOpaBUJIO, ABIAITCA MNPUOPUTCTHBIM CpPCACTBOM OINPCACICHUA,



NOCKOJIbKY UMUTHUPYIOT B peallbHOM MaciiTabe mpocTpaHcTBa (MHOTJAa M BPEMEHH)

B3aUMOJEHCTBUE COOPYNKEHUMN C MEP3JIBIMU MOPOJAAMH.

0.4
Puc. 110. Tucmoepamma pacnpe-
_ %87 Odenenusi uyacmocmeil (p(i)) 6eaAUYUH
T 0367 80CHMUYACOBO20 IKBUBANEHMHO20
0.34 1 cyennenus (Cok8) 0as cyenunka npu
032 —— s, TSN , WEE 0= -2°C u Dsa1=0.5%, evibopxa N=20
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no Kiacco8blM UHmepealam.

BocbMM4yacoBoe 3KBUBaneHTHoe
cuenneHwue, klMa

PaccmoTrpuMm B 53TOH CBsA3M pe3yJbTaThl [OJEBBIX HCHBITAHUNH CBai,
npoBeeHHbIX B 1. Amaepma. McnsiTeiBanuck csau CB7 35-60, xene3o0eToHHBIE,
ceuenueM 35x35 cm, gumuHod 8.0 M. OcHoBaHHE OBIJIIO CIO0XEHO MOPCKHMH
3aCOJICHHBIMU CYTJIMHKaAMH KapruHckod Tteppachl (puc. 111). 3arpyxenue cBai
CTaTUYECKMMHU  BAABIMBAIOIMMHM  Harpy3kamMu HpPOM3BOJIMIOCH  CTYINEHSIMHU,
OPOAOJIKUTEIbHOCTh KaXJOW CTYNEHU CcocTaBisja OJAHM CYTKH. B kauecTBe
npumepa Ha puc. 98 mpuBeneHBl pe3yibTaTsl ucnbiTanuss cBau N 2. HMcnbeiTanue
nposoauiiocs ¢ Harpy3kamu Ha ctyneHu 400 xkH. Ha nepBoii cTryneHu HarpyxeHus
nepemenienue cau gocturio 0.488 mm. CkopocTh nedpopmanuum kosebamach OT
0.006 no 0.031 mm/uac. Ha Btopoit crymenu (800 kH) ckopoctu nedopmanuu
cHayaja yBeaumuuauch 1o 0.3 mm/gac, a 3atem ynanu go 0.03 mm/gac u Ha Tpex
NOCJIENHUX OTcdyeTax He MeHsanuch. Ocagka cBaM K KOHILY BTOPOW CTYINEHH
coctaBuna 1.98 mm (puc. 112).

[Ipn npunoxenuun Harpy3sku 1200 xH ckxopocTs aedpopmManuum ckKaukom
Bo3pocia g0 0.5 mm/gac, 3atem koiaebanach oT 0.16 mo 0.30 mm/gyac 6e3 TeHACHIIUU
K YMEHBIIEHHUI0. 3a MOCJIeJHUN HMHTepBajd BpeMeHH B 6.5 yacoB 3a(HUKCHUPOBAHO
yBenuueHue ckopoctu 1o 0.318 mm/gac. B camMmoM KOHIlE CTYyEHH CKOpPOCTh cTala
pe3ko yBennuuBaTrbcs. OTCUETHl CTAJIMU BBHINOJHATHCA ¢ HHTEepBaJoM B 10 MUH U Ha
KaXXJOM U3 HUX (UKCUPOBAJIOCH YBEINUYEHUE CKOPOCTH AepopMaIuu.

OnpIT OBIT 3aKOHYEH H3-3a TOTO, YTO CTAJ0O TEXHUYECKH HEBO3MOXKHBIM
NOAJNEPKUBATh JOMKPAaroM TIOCTOSHCTBO Harpy3ku BBUJAY 3HAYUTEIBHOIO
cCMelleHus cBau. B koHIe ombiTa ckopocTh nedopmanuu gocturia 0.93 mm/ygac, a

oOmas ocanka csau 7.98 mMm.



Pacuer Hecymeil cmocoOHOCTH cBaum mo MmeTonuke, pexkomenayemoi CHull
2.02.04-88, mokazay, 4TO €CIM B KadyeCTBE HCXOJIHBIX XapaKTEPUCTHK TPYHTOB
ucrnonp3oBath Tabmunel CHulla, Hecymas cmocoOHOCT, 3TOW cBaW JOJKHA
cocraBuATh 1047 xH. Ecaum wucnonp3oBaTh JaHHBIE HaIUX JabOpaTOpPHBIX

UCIBITAaHUH MO 3THUM IpYHTaM, TO Hecyllas CIOCOOHOCTHh CBaM JOJIKHA COCTaBJATH
649 xH.
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Puc. 111. Xapakxmepucmuka 2pyHmos na niowaoke cmpoumenbcmea NPUucmpouKu K

cpeoneu wkone 6 n.Amoepma (cxeasxcumna Ne 98, npobypenmnas O0ns ucnvlmavuu

ceaii)
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& 4T Puc. 112. 3asucumocmov cym-
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g MapHbvlx ocaook (S) ma cmyneHu
o 2
o Haepy3Ku Om 8pemMeHU, UCHbl-
manue ceau Ne2, n.Amoepma
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[pu HCIBITAHUU cBau OJHOKPAaTHOE yBEJIUUCHUE CKOpOCTei

nedpopmupoBanua Habmoganock yxe Ha crynmeHu 800 kH. Ha crymenm 1200 xH

Npoucxoanjio TCEUYCHHUEC C BLICOKMMH W HC YMCHBIIAKOIMHUMUCA CKOPOCTAMHU. Ha



rpaduke 3aBUCUMOCTH CYMMapHBIX OCaJOK OT HArpy3ku HaOJNI0JaeTcs XOpOIIo
BbIpak€HHBIII nepenom kpuBod npu 750 xH (puc. 113), yro, mo-suaumomy,
CBHUIETENHCTBYET 00 M3MEHEHHUHU XapakTepa nedopmupoBaHus. 3aMEeTHBIH HepesIoM
Ha peoJiornyeckoil KkpuBoil ormeuaercs npu Harpyske 720 kH (puc. 114). IloaTtomy
3a BEJIMUYMHY HaumOOJbIIEH HArpy3Ku, MPHU KOTOPOW elle He HaYMHAET pPa3BUBATHCS
ocajJKa C yBEJMUYUBAIOMIIEHCS CKOPOCTHIO, IeJecoo0pa3Ho NpuHATh 3HadeHue 800
kH. C yuyetrom ko3dpduunmenra KpaTKOBpEeMEHHOCTH HcHbiTaHuid 0.65 Hecymylo
CIIOCOOHOCTH CBaW MOXHO oumeHuTh B 520 xH.

Takum oOpa3oMm, Hecymas CHOOCOOHOCTH CBau, pacCUUTaHHAs IO
nabopaTopHbIM AaHHBIM (649 kH) HECKOJIBKO NPEBHIMIAET NOJYUYEHHYIO 110 JaHHBIM

nosueBblx ucneiTanuil (520 xH), Ho pa3nuuue He npeBbimaeT 25%.

5

451

44
3 35+ Puc. 113. 3asucumocmsv cymmapHuvlx
:’;' 22" ocaook (S) ma cmyneHu Hazcpy3Ku om
? 21 Haepy3ku Ha ceaw (N); ucnvimanue
o 151

11 ceau Ne2, n.Amoepma

05 1

0 t

0 500 1000
Harpyska N, kH
CnenoBatenbHo, JJs  3aCOJEHHBIX  MEP3JBIX MOpOJa  Habmromaercs

yIOBIETBOPUTEIbHAS CXOAUMOCTh pPE3yIbTAaTOB TOJIEBBIX U Ja0OpaTOpPHBIX
ONpeAeIEeHU MEXaHUYEeCKOM yCTOMYMBOCTH oOcHOoBaHuM. IIpaBga, BO3HHKaeT

3aMCTHOC paCXOXKACHUC C PCKOMCHAAINUAMUA CHulla.

g 0.2
I
] Puc. 114. Peonocuueckasa Kpusas,
8 0154
8 nocmpoenHas no OaHHbBIM 01
8z
g2 017 He3zamyxaruje2o oedpopmuposanus
3 > 0.05 4 (mpu nociedHux omcyema HaA Kaxicoou
g_ CMyneHu HazpyldceHus), UCNbIMAHUE
4 0 t t
© 0 500 1000 1500 ceau Ne2, n.Amoepma

Harpyska N, kH




BMecTte ¢ TemM HE0OXOAMMO COBEPLUICHCTBOBAHME METOJOB NPOTHO3a
MEXAaHUYECKOW YyCTOMYMBOCTH OCHOBAHHUW, B TOM YHUCJIE C YYETOM HEOJHOPOIHOCTH
HaNpsOKEHUW M ocajJoK Mo riayOuHe. Bpime oHa BbIpaXkajzach dYepe3 HECYIYIO
CIIOCOOHOCTH CBaM, T.€. HArpy3Ky pas3pylIeHHs CMep3aluierocs co cBaeil cios
rpyHTa. llocnenHsis MoXeT ompeaensThbcs Kak Harpyska, NpH KOTOpOM ocalka,
Hanpumep, 3a 20 J5er JKCIUIyaTallud CBaWm cOCTaBUT He Oomee 15 cMm. DToT
KPUTEpUH SKBHUBAJIEHTEH CKOpocTH aedopmupoBanus okoso 0.02 mm/cyT unu
0.0008 mm/uac.

Kak mnpaBuiio, B HUCHOBITaHUAX CKOPOCTH JeHOPMHUPOBAHHSA OKa3bIBAIOTCS
BBIIIE, YE€M D3TOT KPUTEpHUUA uU3-3a ciaaboro 3atyxaHus aedpopManuidl B 3aCOJIEHHBIX
Mep3JbIX mopoaax. Tak, Ha puc. 115 mpuBeaeH npumep pe3ylbTaTOB HAOIIOACHUN
3a ocaJKaM{ 3JaHMUs Ha 3aCOJIEHHBIX MEpP3JbIX INOpOoJax - CKOPOCTb OCAaJOK IHOYTH
NOCTOsIHHA. BO3MOXHO, 4TO Ha JII0OOOM CTyNmEeHH HAarpy>XeHus CKOpPOCTH MOTYT JIUOO
He crabunuizupoBarhcs okono 0.0008 mm/gac, n1ub60 BoOOIIEe BHE3AMHO BO3PaCTH.
OTOT BONpPOC HENb3sl pa3peliuTh, yBEeIMUYMBas BpeMs BO3AEHCTBHUS HAarpy3Ku Ha
cryneHu. OJHAKO TaKue UCIBITAHUS MOTYT ONpPEAENsATh BEPXHUN Mpeaes nHTepBala
Harpy30kK, B KOTOPOM HaXOJHUTCs Hecymas cnocoO0HocTh cBan. OH XapaKTepu3zyercs

BO3pacTaHUEM CKOPOCTHU AedhopMaluyu NPH MOCTOSHHOW HAarpy3Ke Ha CTYNEHH.

=
s 40
» 20 Puc. 115. Cymmapuas ocaoka (S)
] 4
E 30aHUA ACUTLO20 ooma No2 ]
8 0 t t

0 10 20 30 paouomemyenmpa 8 n.Amoepma
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TenmnoBas U XUMHUYECKas] YyCTOMYMBOCTh MEP3JBIX 3aCOJEHHBIX OCHOBAHHUMU,
MOo-BUJAUMOMY, MOXET OBITh OINpeaesieHa 1O M3BECTHBIM METOJUKaAM ¢
HMCMOJb30BaHUEM TEIIO0(PU3UUYECKUX U JAPYTUX XaApaKTEPUCTUK 3aCOJEHHBIX MOPOI,
pPacCMOTPEHHBIX B IPEABIAYIIUX TJIaBaX.

OnHUM U3 BaXHBIX BONPOCOB TMpPHU OIEHKE YCTOWYUBOCTH MEP3IBIX
3aCOJICHHBIX OCHOBAHHU SABISETCI H3MEHCHHE MEXAaHUYECKHX, TEIJIOBEIX H
XUMHUYECKHX XapaKTEPUCTHUK NOPOJ MOJ JACHCTBUEM PA3JIMYHBIX HArpy3ok H C
TedeHueM BpeMeHH. CTeneHb MPOUCXOAANMX U3MEHEHUN MOJXKET OBITH OlNpeaeeHa
Ha OCHOBAaHUM JaHHBIX, TMPHBEICHHBIX B TMPEABIAYIIUX TJaBaX, a TaKxke
CIEIMAaJIbHBIX HCCIEI0BAHUN B KOHKPETHBIX MEP3JIOTHO-T€OJTOTUYECKUX YCIOBHUMIX.

Tak, yCTaHOBJIEHHOE KpalHE HE3HAUUTENIbHOE IepepacnperesieHue cojied B

MCP3JIBIX MOpOogaxX B HM3O0TCPMHUUCCKUX YCIOBHUAX IPHU HeOOJIbIINX KOHOCHTpannugax



IOPOBOTO pacTBOpa MOXHO HCHOJb30BaTh, Kak pexkoMmeHayetr lO.S.Bennu, nns
NOBBIIIEHUS Hecylmed crnocoOHOCTH OypOONMyCKHBIX CBail MyTeM 3alUBKH B
JUJIEPHYIO CKBAaXXMHY HE3aCOJEHHOIO T'PYHTOBOro pacrtBopa. Eciim ke rpaaueHTsl
KOHILEHTpAllUu NOPOBOTO pacTBopa (C ydyeTOM BCEHW BJaru B TIPyHTE) BEJIUKHU, a
KOHIIEHTpamus OJM3Ka K PaBHOBECHOMY C TEMIEpPaTypod COJIEpKaHUIO, CIENyeT
YUYUTBIBATh BO3MOXHOE IE€pepaclupeleIeHue COoJeH.

[TonpaBku, BHOCHUMBIE B pPAaCUEThl YCTOMYMBOCTU MEP3JBIX 3aCOJIEHHBIX
OCHOBAHUM B PE3yJIbTAaTE NPOUCXOAAUIMX U3MEHEHUM B XapaKTEpPUCTHUKAX, CIEAYET
paccMaTpuBaTh Kak HEOOXOIMMYIO COCTaBJISIONIYI0 MPOTHO30B YCTOWYHUBOCTH
OCHOBAHUM MHXECHEPHBIX COOPYKECHUM.

YcTONYHUBOCTH OCHOBAaHUU onpenensercs TaKkxe YCTOMUYUBOCTBIO
TEMIIEPATYPHOTO PEXKHUMA TPYHTOB U MEP3JOTHBIX YCIOBUU B LIEIOM. Y CTOMYUBOCTH
MEP3JOTHBIX  yCIOBHM  cleayer, IO HalmleMy MHEHHUIO0, paccMaTpuBarh
IIPUMEHUTEIBHO K Te€JlaM T€0JOTHYEeCKOro IPOCTPAHCTBA, XapaKTEpPU3YIOIIUXCS
ONpENEIEHHON MHXEHEPHO-TE€0JIOTMYECKOW OJHOPOIHOCTHhIO. BpIlle yCTOWYUBOCTH
OLIEHUBAJIACh AJS PA3JIUYHBIX BUJAOB MEP3JBIX ITOPOJ, OCHOBAHUHN WM MHKEHEPHO-
reoJIOTHYEeCKUX 3JeMeHTOoB. Jnga ¢opmanuii, reosoro-reHeTUYeCKuX U JUTOJIOTrO-
nerporpapuueckux komiiekcoB no M.B.IlomoBy (1947, 1973) takxke MOXKET
NPUMEHATHCS 3TOT MOAXO0J, 00JajalIUi HEKOTOPHIMU OOIMMHU YepTaMU U B TO
XK€ BpeMsl 0COOCHHOCTSMH B 3aBUCHMOCTH OT MacimiTada reoJOru4ecKux Tell.

Haubonee KpymHBIM TEIOM, COJEPXKAUIUM MeEp3Jble 3aCOJECHHBIE MOPOMIHI,
cleyeT CYUTATh MOPCKYI TeppureHHywo ¢opmanuto, touHee, no H.B.[lomoy
(1973) u T'.A.-TononkoBckoir (1985) MOpPCKYyI0 TEppPHUIreHHYI CHUHTEHETHUYECKYIO
KpuoreHnyw osnudopmanuio, a mno W.J.Jlanumoy (1998), »snukpuoreHsyio
Mopcky (opmanuio. Ee oTnuduTenbHON OCOOEHHOCTBHIO SIBJIAETCS TEPPUTEHHO -
0CaJ0YHBIM MOpPCKOH TeHe3uc, npomMep3aHue, OJIU3K0E MO BPEMEHHU C HAKOIMJIEHUEM
OTJIOKEHUN W NPaKTUUYECKHU CIJIOIIHOE 3acojieHHe. 3aCOJEHHBIMU OKa3blBaIOTCS
OTJIOKEHHUS D3BalOpPUTOBON (Qopmanuu, HMEWIME CXOJHOE MPOUCXOXKJIEHUE, HO
IIpOMEpP3aBIINE 3HAYUTEIBHO MO3JHEE, a TAKKE HEKOTOPBIE I'€0JIOTO-TEHETUYECKUE
KOMIIJIEKCHl KOHTHUHEHTAJbHBIX OTJOXEHHWH, B KOTOpbIE COJM OBUJIM NMPHUBHECEHBI
NOJA3€MHBIMH BOJaMU MM 00pa3zoBaliuCh B pe3yibTaTe HCHApPEHUS U KOTOpPHIE
npoMep3alu Tocie HX 3acojeHus (o3epHble, alJlOBHAIbHbIE, JAEIIOBUANIBHBIE,
3NII0BUANbHBIE U Ap.). OTIUYUTENbHON OCOOEHHOCTHIO BBIICIEHHON AnudopManuu
U COOTBETCTBYKOIIUX  T€OJOTO-TEHETUYECKUX KOMIIJIEKCOB SBJISIETCS MeEp3Jioe
COCTOSIHHME TOpPOJa, OIpeAeasieMOe B OCHOBHOM JHMHAaMHUYHBIM TeMIEpaTypHBIM
pPEXMMOM Ha [JHEBHOM NOBEPXHOCTH, W HAJINYHE CJIOXKHO PACHPEIAEIECHHOTO
3aCOJICHUS.

YCcTOoWYUBOCTHh F€OJOTUYECKHUX TEJl Pa3IMUHBIX MacluTaboB - MPOSBIEHUE HUX

WHAWBUAYAJIbHOCTH, peanu3anus obobmenHoro npuHnuna Jle Illarense - bpayHa,



COTJIACHO KOTOpPOMY BHEIIHEE BO3/CHCTBUE, BBIBOIAIIEC CHCTEMY H3 COCTOSHHA
TEPMOJUHAMHYECKOTO PAaBHOBECHUS, MOPOXKAAET B CUCTEME MPOLECCHI, CTPEMSIIHECH
ocnabuts spdexr BozgeircTBus (A.lIO.Pererom, 1988). Takas peakuus, 10
CYIIECTBY, BBITEKAECT U3 YCIOBHS MaKCHUMalbHOCTH SHTPONHHU, OJHAKO, IO MHEHUIO
A.JO.Peteroma, 3akirodyaeTrcss TakXe B JUCCUIALMU DHEPIrUUM M BEIIECTBA Yy €ro
IIOBEpPXHOCTH COTIJIAaCHO 3aKkoHa paccesHus. Kpome T1oro, npuuumHa oOmen
CONPOTUBISEMOCTH TeJI COCTOUT B HX HEBOCIPUUMYUBOCTH, OIpeaeaieMOn
OTCYTCTBHEM CpPOJCTBAa C Bo3Mymawmum ¢akropom. OOpamaer Ha ceOss BHUMAaHUE
TaKXe €CTEeCTBEHHOE paznuyue 3(Pp(HeKToB Kak MNUTAMHUX, TaK U HEMUTAIOMHX
Bo3aeiicTBuii. Iloroku, He oOecmeuyuBaromue SAAPO CUCTEMBl BEUIECTBOM U
PHEpPTUEH, CUIIBHEE pacCeuBaIOTCS y ero moBepxHocTH. Hampumep, manpHeiimee
OoCaJKOHAa- KONJeHHe ciabo BiuseT Ha CHOPMUPOBAHHYIO TOJIY OTJIOXEHHH. B
OTHONIECHHWHU K€ MUTAIOIINX MOTOKOB TEIJa W COJIEH Mep3yas 3acoJeHHas TOoJma

MEHEe yCTONYNBA.
BapuaHT Tunuzanuu reojJoru4eckor cpeipl 10 Pa3BUTHIO KPUOTEHHBIX IIPOLIECCOB IIO

npuBeseH B Tabmmie 33.

Tabmuma 33. YCTOHYMBOCTH TEOJOTMYECKOH Cpeibl K TEXHOTEHHBIM BO3JCHCTBHSM
(I'eoxpuonorust CCCP, 1988).

NO Tun XapakTepucTuka
/1 YCTOWYMBOCTHU THIIA
BO3HUKHOBEHHS WM aKTUBU3aLlUU KPUOTEHHBIX IPOLECCOB
1 YcroitunBas HE TPOUCXOAWT; TOBEPXHOCTb He jaedopmupyercs;

reO0JIOTNYCCKas cpelia HC U3MCHSCTCS

Bo3aukHOBEHNE HIN AKTHBU3allMd KPUOTCHHBIX IMPOLECCOB

2 OtHOCHUTENBHO MaJIOBEpOSTHBI,  IMOBEPXHOCTb  He  Aedopmupyercs;
yCTOWYMBAsI reoJIorHYecKasi cpeia MPaKTUYECKH HEe U3MEHsIeTCs

3 OTHOCHUTETBHO BeposiTHBI BOBHUKHOBEHUE WM aKTUBU3ALMS KPUOTEHHBIX

HEYCTON4YNBas IIPOLIECCOB, PA3BUBAIOIIUXCSI IPOTPECCUBHO B TEUYCHHE

HECKOJIBKHUX JIET; MPOLIECChl CTAOMIN3UPYIOTCS KaK MPaBUIIO
yepe3 2-5 JeT; MOBEPXHOCTh eopMUpyeTcs, HeoOpaTUMble
M3MEHEHHUS I'€0JI0rMUeCKO cpeibl MaJIOBEPOSTHBI

BeposATHBI BO3HMKHOBEHHE WJIM AKTUBM3aLUs KPUOTEHHBIX
4 HeycroitunBas IIPOLIECCOB, Pa3BUBAIOIINXCSA IMPOIPECCHBHO; IOBEPXHOCTH
neGopMupyeTcsi; BO3MOXHBI HEoOpaTHMble HM3MEHEHUS
re0JIOTHYECKON Cpeibl

YcTONUMBOCTh KPHOTEOCHUCTEM TMOJAPOOHO paccMaTpuBaercs B pabore
B.U.Conomaruna, IO.H.I'onybuukoBa, B.H.3ainesa, B.I'.HYurupa u ap. (1992).
Cornacuo mnpexacrtaBneHusMm B.b.CouaBe (1978), ycTOMYMBOCTH T€OCUCTEM
onpenenseTcs COBOKYNHOCTBIO IEPEMEHHBIX HMX COCTOSSHUH B paMKaXx OJHOIO

HHBapHWaHTa, KOTraa COOTHOMICHHA MCKAY KOMIOHCHTAMH TCOCUCTEMbI OCTAKOTCHA



Oosiee wunau MeHee MONOOHBIMU. binu3koe K 3TOMYy ONpEAEICHUID TMOHSATHE
YCTOWYMBOCTH MJAlOT U JApPYTrue aBTOPbl, M C HUM, MO-BUAUMOMY, MOXKHO
cornacuthCcsa. BBeneHHbie HamMu KOI(QQPUIUEHTHI YCTOMYMBOCTH JJIS HEKOTOPBIX
CBOWCTB 3aCOJICHHBIX MEP3JBIX MOPOJ, MO CYIIECTBY, OCHOBBIBAIOTCS Ha TakKOM
NOHMUMaHUU yCTOHUYMBOCTU. KpuTtepuem sl onpeaeeHus CTENeHH YCTOWYUBOCTHU
FE€OCHUCTEM K TeXHOTECHHBIM BO3JCHCTBUSIM, HAIpUMED, MPEJIaraeTcs UCIOJIb30BaTh
BpeMs penakcanuu. Ha pa3nuuHble BO3JIEHCTBHS CHCTEMa MOXET pearupoBaTth
U3MCHEHUEM MHOXECTBAa CBOUX KOJHUYECTBEHHBIX XapaKTEPUCTUK, MOITOMY
HEOoOXOMMMO  UCIOJBb30BATh  NOKa3aTelu, 3HAYCHHS  KOTOPBIX  SBISIOTCS
pe3ylIbTaTOM peaju3aluu MO0 BO3MOXXHOCTU OOJBIIOTO YHCJIa BHYTPUCHCTEMHBIX
csazeit (Conomatudn u aAp., 1992). Takue mnokaszarenud npeajaraeTcs Ha3BaTh
“npencTaBiasSOMUMU, IO  aHaJoOTruuM Cc  “mpeicTaBisIOLEd  TOUYKOU”.
B.U.Conomarun, B.[l.MapaxtanoB u ap. (1992) cuurarwoT, 4TO yCTOHYUBOCTH ai
MOXHO XapakTepH30BaTh KOJMUYECTBEHHO OTHONMICHUEM M3MEHEHHUS TaKOro
NpPEJCTABIAIONIETO MOoKa3aTeyas Y CHCTEMBbl K U3MEHEHHUIO MPOCTOTO MoKasarenus Xi,
3aBHCAIIETO OT BHEIIHET O BO3CHCTBUS:

a =dY/dx -1/Y.

Hdpyroit  xapakTepuUCTUKOW  MOXKeET  OBITh  OTHOIIEHHE  HU3MEHEHHUS
npeactapagonero mokazatens ( Ykom - Ymau ) K HayaJbHOMY €ro 3Ha4E€HHIO
Yuau. Hanpumep, 17 OLEHKH yCTOMUYMBOCTU CE30HHOTAJIOTO CIOS 3TUMH aBTOpaMu
npeanaraloTCa HMCHOJB30BaTh JBE a-QYHKIUHM HM3MEHUYMBOCTU - IO aMIUIUTYHeE
KoJieO0aHU# TeMmepaTyp Ha MOBEPXHOCTU U CPEJHETOI0OBON TeMmepaType.

[To HameMy MHEHHWIO, IpejnaraeMmasi OlleHKa XOTsS W OJM3Ka MO CMBICIY K
HUCIONB30BAHHOMY HaMu KOdGPHUIUEHTY YCTOMUYMBOCTU, OJHAKO HE YYHUTHIBAET
€CTEeCTBEHHBIE TIpeleNnbl Hu3MeHeHus cucteMbl. OHa XapakTepHu3yeT CKopee
YyBCTBUTEIBHOCTh CUCTEMBI K BO3JEHCTBUIO.

bonee o0mum moaxomom MoxkeT ObITh cieaywmuii. CTporo roBopsi, Bce
nmapaMeTpbl CUCTEMBI HOCSIT BEpPOSTHOCTHBIM Xxapaktep. Cpeam MHOXKecTBa N
CIleHapHeB Pa3BUTHUS CHUCTEMBI MOCIE TEXHOTEHHOTO BO3JEWCTBUS MYCTh KaXXAbIH

HUMEECT Bepo}ITHOCTB CBOCIo OCYIJ.IeCTBJ'IeHI/IH pi. BeJ‘II/I‘lI/IHa
n
H=-=> piogp,
i=1

XapaKTepU3yeT SHTPONHI0 CHCTEMBl W MaKCHMaJlbHA IPH PABHOBEPOSITHOCTH BCEX
CIleHapHWeB, KOTOpas HAacTylmaeT B cliydae MOJHOTO HapyNICHUS M Xaoca B CHCTEME.
CnenoBartenbHo, 3HadyeHue 1/H Moxer BrIcTymaTh B KadecTBe HamOojee o0mero
kodppunrueHTta yCTOWUYHUBOCTH.

YacTHBIE OICHKHM YCTOWYHUBOCTH MOTYT OCHOBBIBATHCS Ha TPEICIbHBIX

N3MCHCHUAX CUCTCMBI B PE3YJIbLTATE BOS)I@f/iCTBI/IfI Pa3IWYHBIX HArpy3ok.



MexaHuudeckass yCTOWYUBOCTbh MEP3JIOM 3aCOJIEHHON TOJIINU ONPENEISIECTCS B
KOHEYHOM cueTe paboToil, KOTOPYH HEOOXOAMMO MPOM3BECTH [JIS pa3pylICHHUS.
YuutsiBag OOBIYHBINA AJSI MEP3JbIX 3aCOJEHHBIX IMOPOJA 3aTyXalolluil  xapakrtep
nepopmupoBaHus, B MepBOM NPUOIMKEHUH 3Ta pabora Um MOXKET ompenensiTbcs
cleAyouuM o0pa3zom:

Un=Gaa * €=Gaan * 0.2

rae Guan - miuTenbHas NPOYHOCTh, € - mnpeneiabHas aedopmanus (20%).
O4eBUIHO, €CIIM TEeXHOTEeHHAas Harpy3ka mnpesbimaer Gaa, dakTudeckas pabota
nehopMUpOBaHHSA B KOHIIE KOHIIOB MPEeBBICUT Um U mpou3oiieT pa3pymeHue.

KosdpbunueHT ycTOWYMBOCTH B JAHHOM CJIydae MOXET ONPEIeHsAThCs
orHOomeHneM Um K MpOU3BEACHHON HAl MEP3J0¥ TONIIeH MeXxaHudeckou pabore.

AHanoru4Ho, xuMmuueckas yctoiiunBoctbh K¢ Oyner 3aBuceTh OT KOJHUYECTBA
coJiei U, KoTopoe HEeOOXOAUMO JJIsl MepeBOaa MEP3JI0H TOJIIM B TAJlO€ COCTOSHUE!

u=C *V

rae C -KOHLEHTpauus pacTBOpa, paBHOBECHAs ¢ JaHHON TemmnepaTtypoit; V -
00beM BOJBI B MEpP3J0W TOJIIE. YCTOHYMBOCTH OMNpPEAEIsIeTCS COOTHOIIEHUEM
Mex1y KonumuectBoM coineit MHMe, koropoe TpelOyercs misg OTTauBaHHUA, U
KOJIMYECTBOM  COJIEll, BHOCHMMBIX B MEpP3JYylH TOJWIY MPU TEXHOTEHHOM
BO3/JCHCTBHHU.

TennoBas ycToW4yuBOCTH OyaeT 3aBHceTh OT KoaudecTtBa Ttemna Ug,
HEOOXOIUMOTO, BO-TIEPBBIX, nJs HarpeBanus ee g0 0°C, a BO-BTOpPBIX, MOJs
OTTaMBaHUS BCEH TOJNIIM, U TOrO0 KOJHMYECTBA, KOTOpoe OyaeT mepeaaHo Mpu
TEXHOT€HHOM BO3J€HCTBUH.

OneHka yCTOMYMBOCTU TEPPUTOPUN paCHpPOCTPAHEHUS 3aCOJEHHBIX MEP3JIbIX
OpPOJ, BEPOSTHO, MOXET MPOM3BOAUTHCS B pa3JIMUYHOM MaclmiTabe MO YacCTHBIM
k03¢ duIueHTaM yCTONUYMBOCTU - MEXaHHUYECKOMY, XUMHUECKOMY U TemioBomy. C
ApYyroil CTOpOHBI, KOHKPETHBIE 3HAUYEHUS KOIPPHUUUEHTOB yCTOMUMBOCTH OyayT
3aBUCETh OT COCTaBa MOPOJ, TEPMOJAMHAMHUYECKUX MapaMeTpOB MEpP3JbIX TOJIl U
XapakTepa pa3BUTHA KPUOTEHHBIX mpoueccoB. Cpeau 3TUX HmapaMeTpoOB - TOJOBbIE
TENJI0000pOTHl, CPEAHEr0J0Basg TeMIepaTypa MNopoja, TenjaoTa (a3oBbIX MEePEX0I0B
u 1.10. (JI.C.I'aparyns, 1985). YacTp W3 HHUX HUMEET OMNpeJACICHHBbIE YHUCICHHBIC
3HAYEHUS, Apyras MOXeT UMeTh OalbHble OlleHKUM. HekoTopsle mapaMeTpbl MOTYT
o0beauHATHCS: HanmpuMmep, BBedeHHbIM M.M.Cymrunsim (1937) tepmMun “rennonas
WHEPLUHUA~ XapaKTEepU3yeT OJHOBPEMEHHO CpEIHEroJoByr TeMmmneparypy tep u
JABJAUCTOCTh MOPOJ i06. KapTupoBaHHe yCTOWYHMBOCTH I[€JIeCOOOPa3HO TMPOBOJUTH
Ha OCHOBE OJ3THUX NapaMeTpoOB, MOCKOJbKY OHH, IO CYIIECTBY, ONpPEAEIIIOT
YHUCJIE€HHbIE 3HA4yeHUs Um, Uc, U Ua U pacKiIaJblBalOT BEJIUYUHBI  MpPEIEIOB

BO3MOXHBIX U3MCHECHUN MCP3JIBIX TOJHOI HA OTACIBHBIC COCTABIAIONIUC.



OneHka yCTOMYMBOCTH KOHKPETHBIX OCHOBAaHMN M TEPPUTOPUI HE BXOAUJIA B
3ajjayd  HacrtosAued pabdoOThl, NOATOMY B Kauye€CTBE IpPUMEpPa MCIOJb30BAHUA
ONMChIBAEMOTO Mmonaxona Ha puc. 116 mnoka3aHa 3aBUCHUMOCTb H3MEHEHHS
ko3P PunuenTa Mexannuecko ycrohuuBoctu Aas Harpy3ku 0.1 MIla gns mep3nbix
CYrJIMHKOB mnpu Temmeparype -3°C OT 3aCOJIEHHOCTH MOPOJbl MPHU AJIUTEIBHOM
Bo3jeicTBuu Harpy3koi B 0.1 MlIla.

BBuny BeIpa)keHHOTO mepernb6a KpUBOM OHA MO3BOJSAET, B YaCTHOCTH,
pa3leauTh MO CTENEHU YCTOWYMBOCTU CYIMJIMHKM npu -3°C Ha naBe KaTeropuu
(ycToliunBOE€ U HEYCTONUMBOE COCTOSIHUE) U ONPEAEIUTh I'paHuLy Mexay Humu. Ha
OLIEHOYHBIX KapTaX MOXET ObITh MOKa3aHa BeNHMYMHA Kod(pdunuenTa ycTOHUMBOCTH
UJIM BEJIWYMHA YyCTOWYMBOCTU B Oajuiax, yYMTHIBAION[Aasi COBOKYNHOCTh IMapaMeTpOB
MEP3JBIX TOJII, MOJBEPTAIOIINXCSA U3MEHEHUAM (TIIyOHMHBI CE30HHOTO OTTaWMBaHUS,
TeMIepaTyphbl, aMIJIUTYAbl, BEIECTBEHHbIM COCTaB MOPOJ, pa3BUTHE KPUOTEHHBIX

NPOIECCOB U T.1.).

3 Puc. 116. Hzmenenue xospuyuenma
o5 | mexaHuyeckou  ycmouuugocmu  (K)
2l mep3nvlx cyeaunxos npu 6 = -3°C g
¥ 151 1 2 3aeucumocmu om 3aconennocmu (Dsal)
14 npu OumenbHOM 6030eucmeuu
057 00HoocHoU Haepysku o=0.1 Mlla: 1 -
0 ‘ ‘ ‘ yemouuugoe cocmosaHnue; 2 -
0 0.2 04 0.6 08 )
Heycmouyugoe cocmosnue nopoovl
3aconeHHOCTb, %

OnbpIT CTpOUTENBCTBA Ha 3aCOJEHHBIX MEP3JBIX TIPyHTaX ApPKTHYECKOTO
nobepexbs orpanndeH. OH KacaeTcs B OCHOBHOM HEOOJIBIIMX MOCEIKOB C JIETKHUMH,
4acTO BPEMEHHBIMHM 3JaHUAMH U CcOOpyxXeHHAMH. OJOHAKO 3aCTpPOWKH  ITHUX
nocenkoB Hauaiach eme B 30-x - 50-x romax u ceroaHs MOXHO IOJBECTH
HEKOTOpble UTOTHU. [IpuBeEM HECKOIBKO XapaKTEPHBIX NIPUMEPOB.

Kunoit nom N 21 pagumomermeHTpa B IH.AMaepMa - HMEHHO IIpH
ob6cinenoBanuu »>toro goma B 1958 r. 10.4.Bennu, II.A.I'puminHeIM U JApYTUMHU
Obla BBICKA3aHa THUIOTE3a, YTO NPUYNHOW 3HAYUTEIBHOW OCAaJAKH OCHOBAHUA
ABJSIETCSA 3aCOJIEHHOCTh T'PyHTa. 31aHUE JNEPEBSIHHOE, IBYXATAaXHOE, pPa3MEPOM B
ninane 26.6*%10.7 m. I'ny6una 3anoxenus ¢pynnamenta 1.5 M, moAmoibe BBICOTOMU
0.7 M, BeHTHaupyercda uepe3 2 mnpoayxa. Ilo-Bupumomy, BBUAY HEKOTOPOTO
NOBBIIIEHUS TeMmnepaTyp ocHoBaHHusA OoT -3°C no -1.5°C 31aHue cTajgo MCHBITHIBATH
ocanku (puc. 115), koTopble y cCeBepHON YacTHU B KOHIIE OJHOTO M3 JIETHUX CE30HOB

nocturau 20 cM.



[Tsa1h 3-X 3TaXHBIX 24-X KBAPTHUPHBIX XUIBIX foMOB cepun 1-309-4 u nBa 3-x
3TAXHBIX OO0mexuTuss Ha 66 KkomMHaT mno yaunamMm Mopckoii, HabepexHnoi,
Jlenunckoir u I'arapuna B n. Tukcu (FO.A.Bennu u np., 1991) umeror creHsl us
KpYNHBIX OJOKOB KepaM3uTo-0eToHa, CTOJN0OBBIE (YyHAAMEHTHI M MOANOJbS
BbicoTOM 0.6-0.8 M, mpoBeTpHUBaIOTCS Yepe3 Liesib HaJd TpyHTOM. Bee 3T 34aHus ¢
MoMeHTa Bo3BeaeHus (1964-66rr.) xapakTepu3oBaluch HEOOJBIIUM HTPOTPEBOM
TPYHTOB B OCHOBaHHMHU OT -5.1° mo -3.2°C B 1966 r. no -3.4 - 1.4°C B 1968 r.
OcHoBaHMEM 31aHUN SBISJIUCH CUJIBHOTPEIIMHOBATHIE BBIBETPEJbIE TJIUHUCTHIE
CJIaHLbl C JEJSHBIMU BKJIIOUYEHUSIMH, COJEpKAIIUMHU MOpckue couau. Bo Bcex
3MaHuAX 3aUKCUpOBaHA HEepaBHOMEpHas ocajka pyHaamMeHTOB 10 7 u 6ojee cM.

Cpennsas mkona B n.AmJaepma, TPpeXd3TaXHO€ KUPIUYHOE 3JaHUE HA CBagx -
camoe OouJiplloe 37aHHME NOCedKa. B ocHOBaHUM 3aneraer MOPCKOW CYTJIHMHOK,
3aCOJIEHHOCTh KOTOPOTO YyBeJdWuyHBaeTcs ¢ riayoumHoil m pocturaetr 0.6-0.9% Ha
rnyouHe 4-9 M. Buaxuocth coctaBisetr 30-50%. CpenmneromoBas TemIeparypa
rpyHTOB oOKoJ0o -3.5°C. BeposATHO, TMNPOEKTHBIE pacueTbl HE YYUTHIBAIHU
3aCOJI€HHOCTh T'PYHTOB M 3J/1aHHE MCHBITHIBAET MEJJIEHHBIE OCaJKU, KOTOpHIE
COCTaBJAIOT B cpeaHeM okojo 4-6 MM B rox. Ha xene300eTOHHOM pOCTBEpPKE
3/1aHusl 00HapyXEHbl TPEUIUHBI, PACKPBITUE KOTOPBIX cOcTaBisieT B cpeaeM 0.7 MM
3a OCEHHE-3UMHUUN NEPUOI.

Ananornvynsie geGopMaIuu UCIBITBIBACT 37aHue no yi. [lonspuoii, 32 B moc.
AmaepMma. DTo TsAXKeN0€e KUPIUYHOE 4-X 3TAXHOE 3/1aHUE UMEET HECKOJbKO TPEIIUH
B HapyXHBIX CTE€HaX, pacKpbITUsA TpemMUH A0 1 cmM. B ocCHOBaHMH 3ajerarTr
3aconeHHble 10 1% cyrauHku. [lo-Buaumomy, ¢pakTuueckas Hecylas CIOCOOHOCTD
XKene3006TOHHBIX CBall Ha COOTBETCTBYET pacueTHOM W  3JaHUE  JaerT
HEpaBHOMEPHBIE OCAJIKH.

31aHue AU3eNbHON-KOTeNnbHON Ha 00bekTe “I'opu3oHT” BOIM3M I. AMaepma
UCIBITAO ocalku a0 1 M u3-3a gedpopmanuil MeTalJIMUECKUX CBall B OCHOBAHUW,
CJIO)KEHHOM 3aCOJIEHHbBIMU CYTJIMHKaMHU BBUAY HeOosbmoro (Ao 1°C) moBbllIeHUS
ero temneparyp. Ilpu nonmymeHun yTedek Temiaa B OCHOBAHHE A0 BEJIWYUH, KOrjaa
CTaHOBUTCS BO3MOJKHBIM OTTaMBaHUE MEP3J0HM 3aCOJNEHHON TOJIIIH, OCAJKH MOTYT
ObITh emie Oousplie. 37aHUE KOTEJNbHOM mo yi. JleHnHa B m. AMJepma HCHBITalIo
OCaJlKH, npeBblmapmue 1.5 M.

Kartactpopuueckue pedopmanmuum U MOpPaKTUUYECKHU TMOJHOE pa3pylleHue
HaOloJanoch Ha JecATKax 3JaHUN B apKTUYECKHX I[OCEJKaX, TelJIoceTdax II.
JIMKCOH, KaHaJIM3alMOHHBIX ceTAX N. Amuaepma. Pa3pymmunuce BOIONPONYCKHBIE
xKene3o00eToHHbIe TpyOsl B m. Tukcu, miuoTuHbl B paioHe nn. Tukcu, J[ukcoHa,
IleBexa. M3-3a  3aTONJEHUSA  MOJAMEP3JOTHBIMHU  3aCOJIECHHBIMH BOJIaMH

CTPOUTENBHON TNJIOMAAKH TMpPEKpauagoch CTPOUTENbCTBO 48-MH KBapTUPHOTO



XKHUJIOTO JoMa M JAETCKOro caga B II. Amzaepma, 125-kBaprupHoro noMa B II.
[Mupamupga (o-B lllnunbeprexn) u T.1.

ABTOmoporu B p-He n. Tukcu u r. IleBeka - nmecyaHo-rpaBUHBIE HACBHIIU C
rpaBUNUHBIM NMOKPBITUEM, B OCHOBAHUU KOTOPBIX 3aJI€ral0T JIbJAUCTbIE 3aCOJICHHBIE
cyrnunku (}O.4.Bennu u np., 1994). Hapymenue Toppo-MOXOBOTO CIOSI B MEPUOT
CTPOUTENILCTBA JAOpOr, HegocTatouyHas BeicoTa Hacwkinu (0.4 ™M) mnpuBena K
BBITAMBAHMIO JbJa HAa yyacTKaxX, IJ€¢ OHHU ONHM3KO MOAXOAAT K HOBEPXHOCTH.
OOpa3oBanuch MNPOBaJBl 3EMISHOTO MOJOTHA, IEJble y4YacTKH mocie 2-3 JeT
JKCIIyaTallu¥d IOYTHU IMOJHOCTBIO MOrpy)Kajluch B TPYHTBl OCHOBaHHUsi. YacTo
BBIXOAAT M3 CTPOS ONOPbl BHEHIHUX CETEH 3J1E€KTPOCHAOXEHUs, JUHUHU CBA3U U
BOJOMPOBOJOB M3-3a CIaboOro cMep3aHusi C MHOTOJETHEMEP3JbIMU 3aCOJCHHBIMH
NOopoJaMHU M MHTEHCHUBHBIM NY4E€HHEM CE30HHOTaJoro cios. Ha yuactke pa3Butus
KpHUOIIATOB B MOPCKON JlaryHEe 3UMMHEE IpPOMEp3aHHE BBI3BIBAET HHTEHCHBHBIEC
nedpopmanum nydeHus omop kaOens Tpanciasnuu curHaimoB OPJI-KJIIT aspomopra
AMaepwma.

B nenom uucno nedpopMupoBaHHBIX 3JJaHUNA B II. AMJEepMa COCTABJIAET OKOJIO
40%, B n. Jukcon - 33%, n. Tukcu - 22%, r. IleBex - 50% (}0.4.Bennu u np.,
1994). Hamu oOcnenoBaHus 3JaHUM B 1. AMaepMme, IJe OCHOBAHHS CIOXEHBI
MOPCKHUMH 3aCOJIEHHBIMU OTJIOKEHUSIMU TPEUMYIIECTBEHHO CYTJIUHUCTOTO
cocTaBa, MoKa3ajiu, 4yTo U3 268 3maHuil nmocenka aedpopmuponansl 108. 12% Bcex
3laHUIl HaXoJsATCS B aBAapUMHOM COCTOSSHMHU, YIpOKalIeM XHU3HU nroaeil. U3 66
KaMEeHHBIX 31aHuil aedpopmupoBansl 32. M3 19 TennoBbIX U DBIEKTPUUECKUX
CTaHIUH TOJBKO 2 HMMEIT He3HauuTeabHble Jedopmanuu, a 10 HaxoxsATcs B
aBapUMHOM COCTOSHUU. DOJBIIMHCTBO 3JaHUW MOCTPOEHO B MoOcieaHHe S5-7 JeT,
3HAYUTEIbHOE YHCIO Ae()OPMUPOBAHHBIX CTAPBIX 3JaHUN pa30OpaHO UM OPOIIEHO.

Cpenu npuuuH nedopmMamuid - HETOYHAsE OIEHKAa HECYIed CIOoCOOHOCTH
OCHOBAHUM, KOTOPOH A0 HacTOAIET0 BpeMeHHu cnocobcTByeT neictpyromuit CHull
2.02.04-88.

OnHuM u3 (aKTOPOB NOBBILIEHUS YCTOWYHMBOCTH COOPYXKEHUH B ApKTHKE,
BBUJY HU3KOW Hecylled CHOCOOHOCTH NOpPOJ, SABISIETCA HUCIOJIb30BaHHE JETKHX
KOHCTpYKUM. Tak, HamaXxeH CEepUNHBIM BBINYCK OOJErY€HHBIX XKUJIBIX JTOMOB B
CIIA, na ceBepe Kananwl, mocTpoeHBl 3JaHUS BOCHHO-Bo3nymHoW 6a3zer CIIIA B
noc. Tyne (I'pennanams), Ha aMepUKAHCKOW, aBCTpPaNUUCKOW, (PpaHIy3CKOW U
pPYCCKOW aHTapKTH4YecKkux Oazax, B m. Amumepma, Jukcon, Ha HoBoit 3emiue u
npyrux octpoax CesepHoro JlenoBurtoro okeana B Poccuu (Bennu, 1973).

UccnenoBanus ocobOeHHOCTEW gedopMupoBaHUS 3aCOJICHHBIX MEP3JBIX
NOPOJA U BIAMUSHHUA pa3iUUHBIX (PAaKTOPOB HAa UX MPOYHOCTH MO3BOJHUIHU NPEIOKUTH
psJl YaCTHBIX PeKOMEHJIAluil ISl IPOBEAECHUSI MEXAHUYECKUX UCHBITAHUN U OLEHKH

UX Hecyllell cnocoOHOCTH, B UX YHUCIE!



1) pexomengoBanubiii 'OCToM MmeTon uHcHBITAHHW Ha OJHOOCHOE CXaTue
CTyIEHUYAThIMU HAarpy3kaMH H€ I03BOJSIET ONPENEIUTh HECYUIYI0 CIOCOOHOCTH
TIMHUCTBIX 3aCOJEHHBIX NOPOJA HM3-3a 3aTyXalollero xapakrtepa aedopManuii;
HEO00XO0IMMO NPOBEJEHUE UCIIBITAHUN HA MOJ3y4YEeCTh NOCTOSHHBIMU HAarpy3KaMu;

2) nmus  omeHKH JAePOpPMANHMOHHBIX XapaKTEePUCTUK - MapaMeTpoB
annpokcuManuu ypaBHeHus C.C.BsnoBa npoaoXKUTENbHOCTh UCHBITAHUM JOJIKHA
COCTaBJATH HE MeHee 3-X CYTOK; TOJbKO B JTOM CcJliydae MapaMeTphl
annpOKCHUMAalUHU MOYXHO MCIOJb30BaTh IS MPOTHO3a AJUTEIbHBIX AehOopMaluid;

3) npu ycTpoiicTBe cBaiHBIX (YHIAaMEHTOB MCIOJb30BaHUE MPEABAPUTEIBHO
NpOrpeThiX CBall MPEANOUYTUTENbHEE; HA XOJOJHBIX CBasiX, HM3-3a OTHOCHUTEJIbHO
ObICTpOTO cMep3aHus, He oOpa3yeTcs JbAUCTONM KOHTAKTHOW 30HBI, KOTOpas IJs
3aCOJI€HHBIX TOPOJ MOBBIIIAET MPOYHOCTD;

4) yBeJIWYEHHUE COJEpKaHUS JbJla B MEP3JbIX 3aCOJEHHBIX MOpOJax
NPUBOJHT, KaAK MPAaBUI0, K MOBBIIIEHUIO UX HECYIIEH CIOCOOHOCTH;

5) u3-3a BBICOKOW CXKHMAeMOCTH M Je(HOPMHUPYEMOCTH 3aCOJECHHBIX MEP3JIBIX
nopoa B OOJBUIMHCTBE CJIy4aeB OHM OTHOCATCSA K KAaTEropuUu MIAaCTUYHOMEP3JIbIX,
YTO NpeJanoJiaraeT MNPOBEJEHUsS MNPH NPOEKTUPOBAHUM COOPYKEHUH pacuera 1O
nedopmanusim;

6) HeoOXOOMMO YYUTHIBATH BO3MOXXHYK MHUIpALMI0 COJEH B 3aCOJIEHHBIX
MEpP3JIbIX NMOPOAaX NPU 3HAYUTEIbHBIX IpAaJUEHTAX TEMIIEpaTypbl U 3aCOJIEHHOCTH;
clielyeT CYMTaTh BO3MOJXKHBIM 3aCOJIEHHE HE€ COJEpXKallero cojieil T'PyHTOBOTO
pacTBOpa, HCIOJb3YEMOr0 NPHU 3aJIMBKE CKBaXHH TMpPU YCTPOWCTBE CBaWHBIX
(GyH/IaMEHTOB B 3aCOJIEHHBIX MEP3JIbIX MOPOJaX;

7) mnpennoxenusii C.C.BsnmoBsiM MeTOa TmporHoza jgedopMmanuii 1o
pe3yibTaTaM  €ro INpPOBEPKHM B  MHOTOJETHHUX IO  HPOJOJKHUTEIbHOCTH
IKCIIEPUMEHTAX PEKOMEHAyeTCsd JAJs HUCHIOJb30BaHUSA NpPH MNPOEKTUPOBAHUU
COOpPYXEHHMU Ha 3aCOJEHHBIX MEP3JbIX MOPOaax.

[IpoBeneHHbIE HaMHM MCCIEIOBAaHUSA BBISIBUINM 3HAUYUTEIbHOE PACXOXKJECHHUE
MEXJy JKCIEPUMEHTAJIbHBIMU JaHHBIMH U pekomenayemeimu CHwull 2.02. 04-88
3HA4YEHUSMH PACUETHBIX JaBJIEHUM Ha Mep3Jible 3aCOJIeHHbIe TPYHTH R, pacueTHBIX
CONPOTHUBIEHUN CABUTY 0O MOBEPXHOCTH CMEp3aHUS MEpP3JbIX 3aCOJEHHBIX
rpyHTOB ¢ O0eToHOM Raf. HekoTopsie, majdeko He MOJIHbIE JaHHBIE NMPUBEJACHBI B
tabn. 34-36.

[TonTBepxkaeHUE JaHHbIE JKCIHEPUMEHTOB B JabopaTopuu AMIEPMHUHCKON
MEpP3JOTHON CTAaHIMUU NOJYUYHUJIH HPU HUCHBITAHUSAX >KEJe300€TOHHBIX CBal B II.
AMaepMa Ha CTPOUTENbCTBE CpeAHEM MIKOJB M APYTuX 00BEeKTOB. Pe3ynbTarsl
UCIBITAHUN CBUNETENbCTBYIOT, 4YTO (aKTHUecKas Hecyllas CHOCOOHOCTh cBai
OKa3bpIBaeTcs, Kak M B J1aDOpaTOpPHBIX J3KclepuMeHTax, B 1.5-2 pa3za Huxe, 4yeMm
pexkomenaymrcs CHull 2.02. 04-88.



Tabauya 34. Pe3ynomamul ucnvimanutl OemoHHbIX C8All 8 3ACOJICHHbIX 2PYHMAX CIAMUYEecKoll

soasnusaiowell Hazpyxou 6 n.Amoepma

N Hecymas Hecymas
HC- CIIOCOOHOCTB MO | CIOCOOHOCTD
TIbI- Pa3pe3 ocHoBaHus pacuery CHull, | mo
Ta- kH pe3yabTaTam
HHA HCIBITaHUSA
cBan, kH
1 ITecok He3acoJIeHHBIN 0 TIIyOUHBI 4 M, jJajiee 410 310

CYIJIMHOK C 3acosieHHOCThIO 0.1% u
Temneparypoit -2°C

2 CyrmuHok ¢ 3aconeHHocThio 0.1-0.2%, 810 680
BIaXXHOCTBIO 30-50% u Temnepatypoii -2°C

3 CyrnuHok ¢ 3aconeHHocTsio 0.6-0.9%, 640 290
BIaxxHOCTHIO 30-50% u Temmneparypoii -3.5°C

4 1140 590

5 680 310

6 880 230

Ha pacxoxxnenue sKcrepuMeHTANbHBIX JaHHBIX 10 MPOYHOCTU 3aCOJEHHBIX MEP3IBbIX
nopon ¢ pexomennanusmMu CHull ykaspiBamum CcOTpyIHUKH AMIEPMUHCKOW MEpP3JIOTHOU
CTaHIMM W paHee. Hamr BbIBOJ MOATBEp)KIAeTCs TakkKe HEKOTOpbIMH AaHHbMH A.H.SIpkuna
(1990), B.1. Axcenona (1980), }O.5.Bennu u ap. (1994), E.Xuson (1991).

Takum 00pa3oM, YCTaHOBJIEHO, YTO 3aCOJIEHHBbIE Mep3Jble MOpOJbl APKTHYECKOTO
nobepexbst Poccun, B wactHoct FOropckoro m-oBa u m-oBa SImas, B €CTECTBEHHOM H
HapyLICHHOM CJIOKEHMHM MMEIOT HHU3KOE CONPOTHBICHHE HOPMAJIBHOMY JABJICHHIO, YTO HE B
MOJIHOM Mepe oTpakeHo B pekoMeHauusax CHull 2.02.04-88. DxcriepuMeHTaIbHble 3HAUEHHS
CTaTUCTHUYECKU OOOCHOBAHbBI COTHSMH UCHBITAHUN PA3IMYHBIMH METO/IaMH C MTOBTOPHOCTBIO HE
MeHee 3-6, uHoraa 18, npoAomKUTEIbHOCTE HEKOTOPBIX U3 HUX COCTaBJIsIa HECKOJIBKO MECSLIEB
u jet. KoindecTBo M MpOJOIKUTENBHOCTD BBINOIHEHHBIX UCHBITAHUN MPUBEJCHBI B TaOIuUIle
35. OcobeHHO HU3KHE BEIMYMHBI OTJIMYAIOT MPOYHOCTh CMEpP3aHHs 3aCOJIEHHBIX MOPOJ C
MmaTtepuaioM (yHJIaMEeHTOB. PacueTHoe CONpOTUBICHHE CMEP3aHHUI0 B HEKOTOPBIX CIyyasx
otnunuaercs oT pekomenayembix CHull 2.02.04-88 B necars pas, a B cpeniHeM - B 1.5-2.5 pa3za u

BCer/a HIke rmociaeaaux (tadi. 36 u 37).



Tabnuya 35. Konuvecmeo u npooonicumenbHoCms MEXAHUYECKUX UCHLIMAHULL 3ACONEHHbIX MEP3NbIX 2PDYHIMO8, 8 KOMOPbIX NPUHUMAIL YYacmue
a8mop u Komopbwvle NOCYHCUIU IKCNEPUMEHMATbHOU OCHOBOU 861860008 U PeKOMeHOaYull 0Jisi NPOEeKMUpO8anUsl

I'eosnoro- YcioBus npoBeeHHs SKCIIEPUMEHTOB CpeHue XapakTepuCTHKU Cpennsis Iponomxu- Kounnue-
TeHETHIECKUE MOJI3y9eCTH BEIMYMHA | TEILHOCTH CTBO
KOMIIIEKCBI MIPOYHOC- OIIBITOB 006pasios
OTJIOXKEHHU I'pynt Dsal, |W, T, °C | Jpyrue ycioBus tH, MIla (ucmbITaH|
% I.€. i)
1 2 3 4 5 6 7 8 9
VcrpITaHusl ApUKOBBIM IITAMIIOM
AJUTIOBHAIT- Cymnech (Ce-Sxa) 0.5 033 -3 C8,,=0.063 8 yac 28
HBIE Cymnecs (Ce-SIxa) 0.5 0.33 -3 cv,,=0.048 480 yac 3
TOJIOIIEHOBBIE Cymnech (Ce-Sxa) 1.0 033 -3 C8,,=0.032 8 yac 15
OTJIOKECHUS Cymnecs (Ce-SIxa) 1.0 0.33 -3 cv,,=0.024 528 uac 3
(alY) cynech (.boBaneHkoBo) 0.5 0.35 -3 3acoisienue Na,SO, C8,,=0.179 8 uac 6
cynech (.boBaneHkoBo) 0.5 0.35 -3 3acosienue NaCl cv,,=0.048 289 yac 3
cynech (.boBaneHkoBo) 0.5 0.35 -3 3aconenue CaCl, cv,,=0.047 720 gac 3
cynech (.boBaneHkoBo) 0.5 0.35 -3 3acoiienue Na,SO, cv,,=0.146 720 gac 3
Cynech (1. oBaHeHKOBO) 0.02 035 -6 C8,,=0.578 8 yac 7
Mopckue Cyrnunok (Tubeit-To) 0.5 0.37 -3 cv,,=0.043 890 uac 3
103 IHEIUIEeHC- Cyrnunok (Tubeit-To) 0.5 0.37 -3 C8,,=0.091 8 uac 15
TOLICHOBBIE Cyrnusok (Tubeit-To) 0.5 037 -3 Croucrasi KpHOTEKCTypa C",=0.07 740 qac 3
OTIIOKEHHUS Cyrnusok (Tubeit-To) 0.5 037 -3 Croucrasi KpHOTEKCTypa C8,,=0.124 8 wac 8
(m=3)3 Cyrmunok I'KC (cks. 0.53-T1) 0.5 037 -3 p=1.61 r/em® C",,=0.039 2160 wac 3
MODCKOi Cyrmusok I'KC (cks. 0.53-T'1) 0.5 037 -3 p=1.81 r/em® C",,=0.066 2160 gac 3
Teppacsl Cyrmusok I'KC (cks. 0.53-T'1) 0.5 037 -3 0=2.01 r/em® C",,=0.038 2160 gac 3
Tlecok (ect.crox.) pa3NuyHbIE XapaKTEPUCTUKU 8 yac 6
Cymnech (ecT.clox.) pa3NuyHbIE XapaKTEPUCTUKU 8 yac 6
CyrauHOK (eCT.CII0K.) pa3IHYHbIe XapaKTePUCTHKU 8 wac 99
Tecok (MonomHT 19) 0.08 0.26 -3 €CTECTBEHHOE CII0KEHUE C8,,=0.214 8 uac 6
Cymnech (MoHOMHT 20) 0.16 0.51 -3 €CTECTBEHHOE CIIOKEHUE C8,,=0.176 8 uac 6
Cymnech (MoHOMHT 21) 0.26 0.54 -3 €CTECTBEHHOE CIIOKEHUE C8,,=0.305 8 uac 6
Tlecok (MoHoIHT 22) 0.49 0.55 -3 €CTECTBEHHOE CIIOKEHUE C8,,=0.118 8 uac 6
Tlecok (MonomHT 23) 0.06 0.25 -3 €CTECTBEHHOE CIIOKEHUE C8,,=0.22 8 uac 6
Tlecok (MoHOIHT 26) 0.37 0.25 -3 €CTECTBEHHOE CII0KECHUE C8,,=0.126 8 uac 6
CyrauHok (MoHOIHUT 12) 0.58 0.39 -3 €CTECTBEHHOE CII0KECHUE C8,,=0.161 8 uac 6
CyrauHok (Monomut 11) 0.83 0.58 -3 €CTECTBEHHOE CII0KECHUE C8,,=0.171 8 uac 6
Cyrmuaok (Monomut 10) 0.19 0.32 -3 €CTECTBEHHOE CII0KECHUE C8,,=0.207 8 uac 5
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CyrauHOK(MOHOIHUT 2) 0.85 037 -3 €CTECTBEHHOE CIIOXKEHHE C8,,=0.096 8 wac 5
CyrmuHok (MoHOMHT 18) 1.27 046 -3 €CTECTBEHHOE CIIOXKEHHE C8,,=0.049 8 wac 5
CyrauHOK (MOHOIIHT 8) 0.55 055 -3 €CTECTBEHHOE CIIOXKEHHE C8,,=0.154 8 wac 5
CyrauHok (MoHOMHT 15) 0.29 069 -3 €CTECTBEHHOE CIIOXKEHHE C8,,=0.076 8 wac 5
CyrauHoK (MOHOIHT 3) 0.22 083 -3 €CTECTBEHHOE CIIOXKEHHE C8,,=0.051 8 wac 5
CyrauHoK (MoHOMHT 14) 0.79 035 -3 €CTECTBEHHOE CIIOXKEHHE C8,,=0.141 8 wac 5
CyrmuHok (MoHOMHT 17) 0.38 041 -3 €CTECTBEHHOE CIIOXKEHHE C8,,=0.213 8 wac 5
Cynech (MOHOJIHUT 6) 0.96 0.27 -6 €CTECTBEHHOE CIIOKEHNE C8,,=0.215 8 vac 3
CyrnuHok (MoHOJHT 12) 058 039 -6 €CTECTBEHHOE CIIO)KEHHUE C8,,=0.539 8 wac 3
CyriauHOK (MOHOJIHT 8) 055 055 -6 €CTECTBEHHOE CIIO)KEHHUE C8,,=0.30 8 wac 5
CyrmuHok (MoHoyHT 10) 0.19 032 -6 €CTECTBEHHOE CIIO)KEHHUE C8,,=0.424 8 wac 5
Cynecs (MoHOIIHT 20) 016 051 -6 €CTECTBEHHOE CIIO)KEHHUE C8,,=0.291 8 wac 5
Tlecok (MonOMHT 22) 0.49 055 -6 €CTECTBEHHOE CIIO)KEHHUE C8,,=0.280 8 wac 5
CyriauHok (MOHOJIHT 3) 0.22 083 -6 €CTECTBEHHOE CIIO)KEHHUE C8,,=0.260 8 wac 4
CyrnuHok (MoHOMHT 17) 038 041 -6 €CTECTBEHHOE CIIO)KEHHUE C8,,=0.418 8 wac 3
CyrnuHok (MoHOyHT 11) 083 058 -6 €CTECTBEHHOE CIIO)KEHHUE C8,,=0.568 8 wac 5
Tlecok (MonomHT 19) 008 026 -6 €CTECTBEHHOE CIIO)KEHHUE C8,,=0.384 8 wac 3
Cynecs (MoHOIIHT 21) 026 054 -6 €CTECTBEHHOE CJIOXKEHHUE C8,,=0.404 8 wac 3
Tlecok (MoHOIHT 26) 0.37 025 -6 €CTECTBEHHOE CIIO)KEHHUE C8,,=0.255 8 wac 5
CyrnuHok (MoHOJHT 14) 0.79 035 -6 €CTECTBEHHOE CIIO)KEHHUE C8,,=0.307 8 wac 4
Tlecok (MonOMHT 23) 006 025 -6 €CTECTBEHHOE CIIOXKEHHUE C8,,=0.429 8 wac 5
CyrnuHok (MoHOJHT 18) 1.27 046 -6 €CTECTBEHHOE CIIOXKEHHUE C8,,=0.228 8 wac 3
Mopckue CyrimHOK (camexapacKuii) 0.4 046 -3 C8,,=0.167 8 wac 8
cpenHereiic- CyrnuHOK (canexapacKiii) 0.5 046 -2 MacCHBHasi KpHOTEKCTypa C8,,=0.089 8 wac 24
TOLICHOBBIE CyrnuHOK (canexapacKiii) 0.5 046 -3 MacCHBHasi KpHOTEKCTypa C8,,=0.115 8 wac 14
OTIIOKEHHUS CyrnuHOK (canexapacKiii) 0.5 046 -3 ceTyaTasi KpHOTEKCTypa C8,,=0.146 8 wac 20
(14 CyriMHOK (canexapckHit) 0.5 046 -2 C,,=0.032 720 uac 3
caJexapacKoit CyrinuHOK (canexapacKiii) 0.5 046 -2 3aconenne NaCl C*,=0.049 720 gac 3
CBHTEI CyrimHOK (camexapacKuii) 0.5 046 -2 3aconenne CaCl, CM,5=0.034 720 wac 3
CyrimHOK (casexapacKuii) 0.5 046 -2 3aconenne Na,SOy CM,5=0.065 360 uac 3
CyrianHoK (canexapackuii) 0.5 0.7 -2 C*,,=0.053 360 vac 3
CyrianHoK (canexapackuii) 0.5 035 -2 C*,,=0.087 574 gac 3
CyrimHOK (canexapacKuii) 1.0 046 -2 C%,,=0.038 8 wac 17
CyrimHOK (canexapacKuii) 1.2 046 -3 C8,,=0.022 8 wac 15
HcnibITaHus Ha OTHOOCHOE CHKATHE
Jen 0.0 1 -3 &=1.14 MIla*yac 6=0.66 250 yac 10

0=0.167 m=0.281
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AmmoBuane-uele  I[ecok (Ce-5xa) 0.5 0.3 -2 £=0.01 MITa*uac 6=0.01 250 yac 9
0=0.312 m=0.987
rOJIOLIEHOBBIE TTecok (Ce-sIxa) 0.5 0.5 -2 £=0.01 MITa*uac 6=0.02 200 yac 10
OTJIOKEHHUS 0=0.45 m=0.832
(alY) TTecok (Ce-s5Ixa) 0.5 0.7 -2 £=0.03 MIla*uac 6=0.02 200 yac 10
0=0.439 m=0.811
Iecok (Ce-Sxa) 0.2 026 -2 £=0.6 MIla*uac 6=1.02 200 yac 10
0=0.321 m=0.868
Cymnecs (p. Ce-SIxa) 0.5 033 -2 £=0.6 MIla*uac 6=0.53 200 yac 10
=0.078 m=0.322
Cynecs (boBaneHKOBO) 0.03 035 -3 £=0.69 MIla*uac 6=0.86 10 250 yac 8
a=0.06 m=0.271
Cynech (BoBaHEHKOBO) 0.2 035 -3 £=0.58 MIlIa*yac 5=0.59 10 250 gyac 9
=0.039 m=0.22
Cynecs (boBaneHKOBO) 0.2 0.35 -3 3acoiienue Na,SO, £=0.43 MIla*uac 0=0.48 110 250 yac 9
=0.013 m=0.215
Cynecs (boBaneHKOBO) 0.2 0.35 -3 3aconenue CaCl, £=0.52 MIla*uac 0=0.58 110 250 yac 9
=0.027 m=0.199
Cynech (BoBaHEHKOBO) 0.2 035 -3 3aconenue NaCl £=0.53 MIla*yac 5=0.69 10 250 gyac 8
0=0.024 m=0.204
Mopckue Ilecoxk (p. EpkyTta-Sxa) 0.1 026 -3 JUINTENbHBIE UCTIBITAHUS Ha NONI3yuecTh pu Harpyske 0.15 MIla no 11 ner 6
O3 IHeTUIeHC- Tlecok (p. Epkyra-SIxa) 0.03 0.26 -3.8 &=19 MIla*uac 0=0.7 10 250 gyac 11
TOIICHOBBIE =0.25 m=0.59
omnoskenns (11> Tecok (p. EpkyTa-Sxa) 003 026 -3 &=13.4 MIla*uac c=0.8 10 250 gac 10
93 0:=0.15 m=0.47
MOPCKOi Tlecok (p. Epkyra-SIxa) 003 026 -2 £=11.8 MIla*uac 6=0.6 1o 250 yac 8
Teppacsl a=0.22 m=0.54
Ilecoxk (p. EpkyTa-Sxa) 0.1 026 -2 &=5.2 MIla*uac c=0.24 10 250 gac 5
0=0.26 m=0.53
Iecoxk (p. EpkyTa-Sxa) 0.2 026 -2 &=4.9 MIla*uac 5=0.095 10 250 gac 10
0=0.33 m=0.63
Cymnecs (p. Epkyra-fIxa) 0.2 0.38 -3 JUINTENBHBIE UCTIBITAHUS Ha NONI3yuecTh mpu Harpyske 0.31 MIla 1o 11 et 6
Cymnecs (p. Epkyra-fIxa) 0.09 039 -38 &=1.1 MIla*uac c=1.01 10 250 gac 6
=0.08 m=0.22
Cymnecs (p. Epkyra-SIxa) 0.09 039 -2 &=2.5 MIla*uac 5=0.55 10 250 gac 9
0=0.138 m=0.51
Cymecs (p. Epkyra-SIxa) 0.5 038 -3.8 &=1.6 MIla*uac 6=1.05 10 250 gac 4
0=0.174 m=0.319
Cynecs (boBaHeHKOBO) 0.5 035 -3 £=0.23 MIla*4ac 6=0.3 10 250 gyac 7
2=0.023 m=0.21
Cymnecs (p. Epkyra-SIxa) 0.2 039 -2 £=0.99 MIla*yac 6=0.09 10 250 yac 7
0=0.35 m=0.39
Cymecs (p. Epkyra-SIxa) 0.5 039 -2 £=0.45 MIla*4ac 6=0.06 10 250 gac 5
0=0.199 m=0.49

IIpooonsicenue mabauyor 35




1 2 | 3 [ 4 | 5 | 6 | 7 8
Cymnecs (p. Epkyra-fIxa) 0.5 036 -3.8 £=0.92 MIla*uac 10 250 gac 5
0=0.241 m=0.45
CyrnuHok (Tubeit-To) 0.5 037 -3 CIIOUCTast KPHOTEKCTypa £=0.25 MIla*uac 6=0.26 10 250 yac 8
=0.17 m=0.50
CyrnuHok (Tubeit-To) 0.5 037 -3 MAacCHBHas! KPUOTEKCTYpa £=0.13 MIla*uac 6=0.19 10 250 yac 8
0=0.078 m=0.471
Cyrmunok (Tubeit-To) 0.5 0.37 -3 £=0.16 MIla*uac c=0.19 110 250 gac 9
a=0.1 m=0.51
CyrnuHok (Tubeit-To) 1.0 0.6 -3 CTyIIEHYaTOe HArPYyKEHUE 6=0.012 10 250 yac 9
I'pyHTHI ecTecTBEHHOTOCIOXEHUS 3 MOpcKoii Teppackl (boBanenkoBckoe 'KM), cTyneHuaToe HarpyxeHue 110 336 yac 15
I'pyHTBI €CTECTBEHHOTOCIIOXKEHHS U PA3JIMYHOTO COCTaBa, FOJIOLICHOBBIE MOPCKHE, allTIOBHANbHBIE U 3 MOpckoii Teppacs! (boBaneHkoBckoe 'KM), 110 250 gac 20
CTYIIEHYATOC HArpy)XeHue, reMneparypa -3°C
Mopckue Tlecok (Tropun-To) 0.05 025 -3 €CTECTBEHHOE CJIOXKEHHE (MOHOJIUTHI), CTYIIEHUATOE HAarpyXeHHe 6=0.65 10 250 gac 3
no3Heruieic- Cymnecs (Tropun-To) 0.12 031 -3 €CTECTBEHHOE CJIOKEHUE (MOHOJIHNTEI), CTYIIEHYaTOE HAarpyKEeHHUe 6=0.36 10 250 gac 6
TOLIEHOBBIE CyrmuHok (Tropun-To) 0.5 046 -3 JUINTENbHBIE UCTIBITAHUS Ha NON3yuecTh mpu Harpyske 0.1 MIla no 11 ner 6
omnoxenns (II1Y)  Cyrmunox (Tropun-To) 0.4 046 -2 £=0.189 MIla*uac 0=0.13 10 250 gac 6
2=0.14 m=0.33
Ka3aHIEBCKOM CyrauHok (Tropus-To) 0.5 046 -3 £=0.27 MIla*uac 6=0.35 10 250 gac 6
CBUTBI «=0.087 m=0.54
CyrauHok (Tropus-To) 15 046 -3 &=0.5 MIla*uac 6=0.31 10 250 gac 6
0=0.233 m=0.563
Mopckue CyrnuHOK (canexapacKiii) 0.23 046 -1 £=0.23 MIla*4ac 6=0.17 10 250 gac 9
cpemHerieiic- =0.355 m=0.563
TOLICHOBBIE CyrnuHOK (caexapacKiii) 023 046 -2 £=0.32 MIla*yac 6=0.32 10 250 gac 9
OTIIOKEHHUS =0.099 m=0.301
(1174 CyriMHOK (canexapckuit) 023 046 -3 £=0.43 MIla*uac 6=0.48 10 250 uac 8
caJexapacKoi =0.08 m=0.347
CBHTHI CyrnuHOK (canexapacKuii) 0.5 046 -3 £=0.24 MIla*4ac c=0.21 10 250 gac 9
0=0.078 m=0.338
CyrnuHOK (caexapacKiii) 0.5 046 -6 &=0.74 MlIla*4ac 6=0.67 10 250 gac 9
a=0.074 m=1
CyrnuHOK (canexapICcKuii) 1.0 046 -3 £=0.9 MIla*uac 6=0.11 10 250 gac 9
0=0.158 m=0.41
CyrnuHOK (canexapacKuii) 1.0 046 -3.8 £=0.12 MIla*uac 6=0.26 10 250 gac 9
a=0.21 m=0.247
CyrnuHOK (canexapIcKuii) 15 046 -3 £=0.1 MIla*yac c=0.11 10 250 gac 8
0=0.166 m=0.454
CyrnuHOK (canexapcKuii) 15 046 -3.8 £=0.09 MIla*uac 6=0.15 10 250 gac 9
0=0.11 m=0.44
CyrnuHOK (canexapacKuii) 15 046 -6 £=0.26 MIla*ugac 6=0.32 10 250 gac 9
0=0.21 m=0.99

Hcnbrtanus Ha CIABHUT
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Mopckue ITecox (p.Epkyra-Sixa) 0.1 026 -2 Bpewmst pa3pymnieHus mpu HopManbsHoi Harpyske 0.15 MIlaun 24

o3 aHerIenc- kacatenbHOM Harpyske 0.5 MIla 1o 6 yacos

TOLICHOBBIE Tecok (p.Epkyra-Sxa) 0.1 026 -2 Bpewmst paspyuieHus nmpu HopmansHoi Harpyske 0.05 MIlau 10

OTJIOKEHHS kacaTensHOU Harpy3ke 1 MIla= 2 gaca

(1% 3 Iecox (p.EpkyTa-SIxa) 0.2 026 -2 Bpems paspyluenus npyu HopMaibHoii Harpyske 0.05 MITlau 5

MOPCKO# kacatesbHOM Harpyske 0.35 MIla= 2 yaca

Teppacsl ITecox (p.Epkyra-SIxa) 0.3 026 -2 Bpewmst paspynienus npu HopMmanbHoi Harpyske 0.05 MITau 5

kacatesbHOM Harpyske 0.4 MIla= 2 yaca
Tecok (p.Epkyra-Sxa) 0.5 026 -2 Bpewmst pa3pyuieHus npu HopmaibHoO# Harpyske 0.05 MITau 3
kacaTtenbHoU Harpyske 0.3 MIla= 2 mun

Mop. OTI0X. CyrauHok (Tropus-To) 0.5 042 -2 Bpewmst pa3pyuierus npu HopmanbHoi Harpyske 0.05 MIlau 3

(I1M)ka3zanme- KacaresbHOI Harpyske 0.3 MIla= 2 yaca

BCKOW CBUTBI

HcnbiTaHus Ha CABUT O OBEPXHOCTH CMEP3aHUS
LleMeHTHO-TIeCHYaHbIl PACTBOP -3 6=0.15 170 yac 6

AJTIOBHAIIB- Cynecs (boBaneHKOBO) 0.02 035 -2 6=0.05 240 yac 6

HbIE Cynecs (boBaHeHKOBO) 0.13 03 -3 6=0.168 240 yac 6

rOJIOLIEHOBBIE Cynecs (boBaneHKOBO) 0.26 032 -2 6=0.067 240 yac 6

OTJIOKEHHS Cynecs (boBaneHKOBO) 0.2 032 -2 6=0.10 340 yac 6

(alY) Cynecs (boBaneHKOBO) 0.2 03 -3 3aconenue CaCl, 0=0.113 150 yac 6
Cynecs (boBaneHKOBO) 0.4 03 -3 3aconenue CaCl, 6=0.07 240 yac 6
Cymnecs (boBaneHKOBO) 0.2 035 -3 3aconenne NaCl 6=0.033 40 gac 6
Cymnecs (boBaneHKOBO) 013 035 -3 C METAIIOM 6=0.09 540 gac 6
Cymnecs (boBaneHKOBO) 0.5 032 -3 6=0.039 200 gac 6
Cymnecs (boBaneHKOBO) 0.5 032 -6 6=0.161 480 gac 6
Cymnecs (Ce-SIxa) 0.5 033 -38 6=0.06 10 300 gac 6
Cymnecs (Ce-SIxa) 0.5 033 -38 mpu HopMansHo# Harpyske 0.05 MIla 6=0.014 70 gac 1
Cymnech (boBaneHKOBO) 0.2 035 -3 C TMOJIUBHHIJIOBBIM CIIUPTOM 6=0.119 170 gac 6
Cymnech (boBaneHKOBO) 0.5 0.6 -3 6=0.048 170 gac 6
Cymnech (boBaneHKOBO) 0.5 035 -3 pu HopMaunsHoU Harpy3ske 0.1 MIla 6=0.127 240 gac 6

Mopckue Tlecok (EpxyTa-Sxa) 005 026 -2 5=0.06 240 gac 6

Mo3JIHeruIeic- Tlecok (EpkyTa-Sxa) 0.2 026 -2 c=0.014 240 yac 6

TOLICHOBBIE Tlecok (EpkyTa-Sxa) 015 026 -6 c=0.11 70 vac 6

OTJIOKEHUS Tlecok (EpkyTa-Sxa) 0.5 026 -2 6=0.003 240 yac 6

(% 3 Cynecs (EpkyTa-Sxa) 009 032 -2 6=0.175 240 yac 6

MOPCKOM Cymnecs (Epkyra-SIxa) 0.5 032 -2 5=0.009 240 yac 6

Teppackl Cymnecs (Epkyra-SIxa) 0.09 032 -38 5=0.258 240 yac 6
Cymnecs (Epkyra-SIxa) 0.5 032 -38 6=0.016 240 yac 6
Cymnecs (Epkyra-SIxa) 0.4 032 -6 6=0.125 250 yac 6
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CyrmuHok (boBaHeHKOBO) 1.0 0.8 -2 MIPU MPOITYCKaHUHU 3JIEKTPUUECKOTO TOKa 6=0.074 380 uac 6
CyrmuHok (boBaHeHKOBO) 1.0 0.5 -2 5=0.034 340 gac 6
CyrmuHok (boBaHeHKOBO) 0.2 0.5 -6 5=0.198 340 gac 6
CyrmuHok (boBaHeHKOBO) 0.3 0.5 -7 5=0.190 340 gac 6
CyrmuHok (boBaHeHKOBO) 0.5 0.5 -7 0=0.234 340 gac 6
CyrmuHok (boBaHeHKOBO) 1.0 0.5 -7 5=0.105 340 gac 6
CyrmuHok (boBaHeHKOBO) 15 0.5 -7 5=0.066 340 gac 6
CyrmuHok (Tubeii-To) 0.5 037 -2 5=0.023 240 gac 6
CyrmmHok (Tubeit-To) 0.75 037 -2 6=0.013 240 yac 6
CyrmuHok (Tubeii-To) 1.0 037 -2 MeHee 110 240 yac 6
5=0.004
CyrmmHok (Tubeit-To) 0.5 0.37 -3.8 5=0.108 240 yac 6
CyrmmHok (Tubeit-To) 1.0 037 -3.8 6=0.039 240 yac 6
Cyrmmnok (Tubeit-To) 1.0 0.37 -6 5=0.09 150 yac 6
CyrmmHok (Tubeit-To) 0.6 037 -6 6=0.22 150 gac 6
Cyrmmnok (Tubeit-To) 1.2 0.37 -6 5=0.06 130 yac 6
Cyrmmnok (Tubeit-To) 15 037 -6 6=0.039 190 uac 6
I'pyHTHI ecTecTBEHHOTO CII0KeHHs 3 MOpcKoii Teppack! (boBaneHkoBckoe I'KM) 110 260 yac 13
I'pyHTBI eCTECTBEHHOTO CII0KEHHs 3 MOPCKOH Teppach! u kasaHuesckue (bosanenkosckoe I'KM) npu -3°C 10 230 yac 19
Tlecoxk (3 Teppaca) 016 025 -3 CO CTaJIbIO, B JIOTKAX, JutiHA 30 cM 5=0.108 10 600 gac 1
Cymnecs (3 Teppaca) 045 05 -3 CO CTaJblo, B JIOTKaxX, mimHa 30 cM 5=0.09 10 600 gac 1
CyrmuHok (3 Teppaca) 0.5 046 -3 €O cTajblo, BJIOTKAX, JuuHA 30 cM 6=0.072 10 600 gac 1
Mopckue CyrnuHOK (caexapIcKiii) 1.0 046 -3 5=0.034 340 gac 6
OTIIOKEHHUS CyrnuHOK (caexapIcKiii) 0.2 046 -3 c=0.14 340 gac 6
(1174 CyriMHOK (canexapckHii) 0.2 046 -3 6=0.232 340 gac 6
caJexapacKoit CyrnuHOK (caexapIcKiii) 0.5 046 -3 6=0.127 380 yac 6
CBHTHI CyrnuHOK (caexapIcKiii) 1.0 046 -3 5=0.046 340 gac 6
KoMITpecCHOHHBIE HCTIBITAHHS
ATIOBHAITB- Cymnecs (boBaneHKOBO) 048 037 -3 Koa(pib. cxxumaemoctr ot 0.01 10 0.058 110 3 mec. 3
MIIa*
HBIE Cynecs (boBaHneHKOBO) 0.5 035 -3 Koaq)ib. cxumaemoctr ot 0.01 1o 0.036 10 3 Mmec. 3
MIIa”
TOJIOIIEHOBBIE Cymnecs (boBaneHKOBO) 0.5 035 -3 3aconenne NaCl Kos(b(lb.cxchaeMocm ot 0.02 10 0.091 110 3 mec. 3
MIlIa“
OTIIOKEHHUS Cymnecs (boBaneHKOBO) 0.5 035 -3 3aconenne CaCl, K03¢>(11’- cxxumaemoctr ot 0.02 10 0.12 110 3 mec. 3
MIIa”
(alY) Cynecs (boBaHeHKOBO) 0.5 035 -3 3aconenue Na,SO, Koaq)cb.cmlnMaeM()cm o1 0.012 1o 10 3 Mmec. 3
0.058mma’
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Mopckue CyrnuHok (3 Mop.Teppaca) 15 0.7 -2 Koad.cxum. ot 0.1 10 0.8 MITa* 10 3 mec. 3

O3 THeTUIeHC- CyrnuHok (3 Mop.Teppaca) 15 0.8 -2 Kos¢. cxxum. ot 0.04 10 0.38 MIa? 10 3 mec. 3

TOLICHOBBIE CyrnuHok (3 Mop.Teppaca) 15 035 -3 Kos¢. cxxum. ot 0.01 10 0.38 MIa 10 3 mec. 3

OTIIOKEHHUS CyrmuHok (3 Mop.Teppaca) 15 0.5 -3 Koa. cxum. ot 0.02 1o 0.15 MITa* 10 3 mec. 3

(3 3 Cyrmunox (3 Mop.Teppaca) 15 0.6 -3 Koa. cxum. ot 0.08 1o 0.25 MITa™ 10 3 mec. 3

MOPCKOIA CyrnuHok (3 Mop.Teppaca) 15 0.7 -3 Kos¢. cxxum. ot 0.06 10 0.17 MIa? 10 3 mec. 3

Teppacsl Iecok (p. Epkyra-Sxa) 0.5 024 -3 Kos¢. cxxum. ot 0.01 10 0.08 MIa? 10 3 mec. 3
Iecok (p. Epkyra-Sxa) 0.03 024 -3 Koa¢.cxum.010.006 10 0.013 MITa* 10 3 mec. 3
Cymnecs (p. Epkyra-SIxa) 0.09 038 -3 Koad.cx.ot 0.006 10 0.016 MITat 10 3 Mmec. 3
Cymnecs (p. Epkyra-SIxa) 0.5 038 -3 Koag.coxum. ot 0.02 10 0.16 MITat 10 3 Mmec. 3
CyrmuHok (Tubeii-To) 1.0 046 -2 CJI0HMCTast KPUOTEKCTypa Koa.coxum. ot 0.006 10 0.63 MITa’ 10 3 mec. 3
I'pyHTHI ecTecTBEHHOTO CII0KeHHs 3 MOpcKoii Teppack! (boBanenkoBckoe 'KM) 10 3 mec 5

Mopckue CyrmuHok (Tropun-To) 0.4 046 -3 Koad.coxum. ot 0.06 10 0.36 MITat 10 3 Mmec. 3

o3 gHeIenc-

TOLICHOBBIE CyrauHok (Tropus-To) 0.5 046 -2 Kosd.cxum. ot 0.01 10 0.15 MITa™ 110 3 mec. 3

OTJIOKEHHUS

(B} Cyriunok (Tropun-To) 0.5 046 -2 CIIOUCTas KPHOTEKCTypa Kosd.cxum. ot 0.01 10 0.12 MITa™ 10 3 Mec. 3

Ka3aHIEBCKOM

CBUTBI CyrmuHok (Tropun-To) 1.0 046 -2 Koad.coxum.u ot 0.07 10 0.34 MITa’ 10 3 mec.

Mopckue CyrnuHOK (canexapacKiii) 0.5 046 -3 Koadd.coxumaemoctr ot 0.02 10 0.1 MITa 10 3 mec.

cpenHeneiic-

TOLICHOBBIC

otnoxenus (117%)  Cyrnunok (canexapjckuii) 15 046 -3 Koadd. cxumaemoctu ot 0.02 o 0.24 1o 3 Mec. 3

MIla’
canexapicKoit CyrnuHOK (canexapIcKuii) 04 046 -3 Koadd. crxumaemoct ot 0.004 10 0.035 110 3 mec. 3
CBHTBI MIla*!




Tabauya 36. CpasHenue HEKOMOPbLIX IKCNEPUMEHMATbHBIX 3HaueHull u pexomernoyemvix CHull

2.02.04-88 pacuemnuix oasnenuii Ha mep3vle epynmol R

['pynT 0, °C Dsal, %0 Pacuetnoe naBienue Ha Mepaiblil rpyHT R mon
MOJOIIBOM CTOJI0YaTOro PyHIaMeHTa, Kr/cM?
10 TaHHBIM no CHull 2.02.04-
HKCIIEPUMEHTOB 88
ITecox -2 0.05 11 12
-3 0.05 12.5 135
-3 0.1 7.0 8.0
-2 0.2 2.5 2.5
-3 0.2 3.0 3.5
Cymech -2 0.2 3.0 7.0
-2 0.5 2.0 3.0
-3 0.1 10.0 115
-3 0.2 8.0 9.5
-3 0.5 3.0 45
CyrimuHoK -2 0.5 3.0 3.5
-3 0.5 4.0 55
-3 1.0 2.0 3.0

Tabauya 37. Cpagnenue HEKOMOPBIX IKCNEPUMEHMANbHBIX 3HaAUYeHUl U pekomenoyemvix CHull
2.02.04-88 pacuemmnvix conpomusnenuii cosucy no NOBEPXHOCMU CMep3aHusi ¢ OemoHOM

Mep3NbIX 3ACONeHHbIX 2pYHMO8 Raf

I'pyHT 0, °C Dsal, % PacueTHoe 3HaueHNE CONPOTUBIICHUS CIBUTY 110
TIOBEPXHOCTH cMep3aHus Raf, kr/cm?
110 JaHHBIM no CHulI 2.02.04-88
HKCIEPUMEHTOB
[Tecok -3 0.41 0.3 0.8
0.33 0.5 0.9
0.03 0.7 2.0
Cymnecs -2 0.5 0.4 0.5
-3 0.2 0.8 1.5
CyrinumHok -2 1.0 0.2 0.4
-3 0.08 1.3 1.6
0.41 0.5 0.9
0.1 0.8 2.0

Tabruya 38. Pacuemnvie oasnenus R Ha mepsuvie epynmul ¢ 3aconenuem MopcKo2o muna



3acOIEHHOCTh
TpyHTa Pacuernsle nanenus R, kI1a (krc/cM?), mpu Temmeparype, °C
(st TiTyOWHBI 3a710KeHus pyHIaMeHTa 4 M)
Dsal,% -1 -2 -3 -4
Ilecku menkue u nvinesamole
0.05 700 (7.0) 900 (9.0) 1100 (11.0) 1200 (12.0)
0.1 400 (4.0) 500 (5.0) 600 (6.0) 750 (7.5)
0.15 200 (2.0) 350 (3.5) 450 (4.5) 550 (5.5)
0.2 250 (2.5) 300 (3.0) 400 (4.0)
0.3 200 (2.0) 300 (3.0)
0.5 200 (2.0)
- - -va77"
0.1 900 (9.0) 1000 (10.0) 1200 (12.0) 1350 (13.5)
0.2 400 (4.0) 550 (5.5) 900 (9.0) 1100 (11.0)
0.3 250 (2.5) 500 (5.0) 700 (7.0) 800 (8.0)
0.5 250 (2.5) 300 (3.0) 400 (4.0)
0.8 200 (2.0)
- oo

0.2 450 (4.5) 700 (7.0) 950 (9.5) 1150 (11.5)
0.5 150 (1.5) 300 (3.0) 400 (4.0) 750 (7.5)
1.0 150 (1.5) 250 (2.5) 400 (4.0)

B pesynprare Hamux paboT cocTaBlieH PerinamMeHT mOo MNPOEKTUPOBAHUIO
00bexkTOB HedTerazoporo kommiekca Ha Sfwmane (tabn. 38 u 39), umeruui
3Ha4YeHHUEe BEJIOMCTBEHHOTO0 HOPMAaTUBHOTO JAOKyMeHTa u npeanoxenus k OCH, rae
MaHbl PEKOMEHJYEMble 3HAYCHHUS XapPaKTEPUCTUK MPOUYHOCTU 3aCOJICHHBIX MEP3JIBIX
nopon. PermameHT 00OCHOBAaH MHOTOKPAaTHBIMHU OMNpPEIEICHUSMHU B HCHBITAHUIX
0ONBIION MANUTENBHOCTH, MNPHYEM KakKk B J1a0OpaTOpPHBIX, TaK ©U B TMOJEBHIX
yciaoBUsx. HWcmbiTaHus TPOBOAUIUCHE B CpPE3HBIX MNpubOpax W B CHEIHATbHBIX
JOTKax, a TaKXKe Ha MOJENIsAX CBai.

Tabruya 39. Pacuemnvle conpomuenenuss cosuey no nogepxuocmu cmepsanus Raf mep3nvix

CPYHMOB C 3dCOJIEHUEM MOPCKO2O muna



3acoJIeHHOCTh Pacuernble conpotusnenns Raf, kI1a (krc/cM?), mpu Temmepatype, °C
TpyHTa
Dsal,% -1 -2 | -3 | -4
Ilecku menkue u nviiesamoie
0.05 90 (0.9) 110 (1.1) 180 (1.8) 250 (2.5)
0.1 50 (0.5) 90 (0.9) 130 (1.3) 170 (1.7)
0.15 25 (0.25) 70 (0.7) 110 (1.1) 140 (1.4)
0.2 15 (0.15) 50 (0.5) 100 (1.0) 120 (1.2)
0.3 30 (0.30) 60 (0.6) 90 (0.9)
0.5 15 (0.15) 20 (0.2) 30 (0.3)
Cvnecu
0.1 80 (0.8) 120 (1.2) 160 (1.6) 200 (2.0)
0.2 40 (0.4) 70 (0.7) 110 (1.1) 150 (1.5)
0.3 30 (0.3) 50 (0.5) 70 (0.7) 120 (1.2)
0.5 15 (0.15) 30 (0.3) 40 (0.4) 60 (0.6)
1.0 40 (0.4)
CyenuHxu
0.1 75 (0.75) 130 (1.3) 180 (1.8) 230 (2.3)
0.2 50 (0.5) 90 (0.9) 120 (1.2) 180 (1.8)
0.5 20 (0.2) 40 (0.4) 60 (0.6) 100 (1.0)
1.0 20 (2.0) 30 (0.3) 60 (0.6)

Pa3zpaboTaHHBIM periaaMeHTOM,

NpaKkTUYEeCKOoe 3HadeHHEe HacTosumeld paboTHI.

Mmo-Ham€eMy MHCHHIO,

HC HCUCPIBIBACTCA

BBuay 3aryxammero xapakrepa

neopMUpOBaHUS MEpP3JbIX 3aCOJIEHHBIX MOPOJA MOJ Harpy3kaMu Ui OLEHKHU
YCTOMYUBOCTH HHKEHEPHBIX COOPYKEHUH HEOOXOIMMO NPOU3BOAUTH pacyeT HOo
nepopmanusm. Kak mnokazaHo Bbime B riaaBe 10 m gpyrux, Ajs 3TOTO MOXKHO
UCII0Jb30BaTh 0AHY U3 npeaioxeHHbXx C.C.Banossim (1979) u ap. rononeHoBsIe, B
TOM uHci€e GOPMYJIbl TEOPUU TEUECHUS.

JlaHHBIE O HPOUCXOXKJEHUIO, PACHPOCTPAHEHUIO, (PU3UUECKUM CBOMCTBAM
3aCOJIEHHBIX MEP3JIbIX MOPOJI, @ TAKKE UX YCTOMUYMBOCTH K TEIJIOBOM U XUMHUYECKOU
Harpy3kaM MOTYT OBITh HCHOJB30BaHbl MpPH MNPOEKTUPOBAHMU 3JaHUU U
WHXXEHEPHBIX COOPYXEHUM B ApKTHKE JIs pElIeHUs KOHKPETHBIX TEXHHUYECKHUX

BONPOCOB U MPOTHO3a YCTOWUYUBOCTU COOPYKECHUM.

BbIBO/IbI



OcHOBHOII BBIBOJI pabOTBHI COCTOMT B TOM, 4YTO 3aCOJICHHBIE MHOTOJIETHEMEP3JIbIe
MOPOJIbI TPEACTABIAIOT COOON OCOOBINA THIT MEP3JIBIX MOPOJ, 3aHUMAIOUINNA TOJI0KEHUE MEXITY
MEp3IBIMU U HEMEP3JIBIMH TTOPOIaMHU U OTIMYAIOIIUICS CIIOCOO0M 00pa30BaHUs, COYETAaHHEM
MEpP3JIbIX WU HEMEpP3JbIX DJJEMEHTOB CTPOEHHUS, HEMOCTOSHCTBOM CTENEHM 3acOoJ€HMsI HU
CBOEOOpa3HBIMU CBOMCTBaMHU. BB MCIIONB30BaH MPUHLIKIT UCTOPU3MA, MPEANONAralonyi, 4To
COCTaB M CTPOCHHUE TPYHTOB OMPEIEIISIOTCS UX MPOUCXOKICHUEM, U IPUHIUI MOPQOIorH3Ma,
COIVIACHO KOTOpPOMY CBOMCTBa I'PYHTOB OIPEIEISIFOTCS UX COCTAaBOM M CTPOCHHEM. Takum
00pa3oM, ONPENEIIEHHbIM T'€0JOr0-T€HETUUYECKUM BHJIAM 3aCOJIEHHBIX MEP3JIbIX TIPYHTOB
COOTBETCTBYIOT OIIPEACICHHBIE CBOWCTBA, 4YTO IOATBEPXKAAETCS SKCIEPUMEHTAIBHBIMU H
MOJICBBIMU HCCIIeOBaHUSAMHU. OCHOBHBIE TIOJIOKEHHS PAOOTHI 3aKIIFOYAIOTCS B CIIEAYIOIEM:

1. BoisiBiennl yciaoBusi GopMHPOBAHHMS 3aCOJIEHHSI MHOTIOJeTHeMep3JbIX IOPOJ
ApKTHYecKOro nodepekbsi Kak 0co00ro siBJeHusl 0CaJ0YHOI0 Mpoiuecca B KPHOJIUTO30HeE,
OTJIMYAIOLIErocs pe:KMMOM Iepexoa B Mep3Jioe COCTOSIHME M CTeNeHbIo N depeHunannu
0CA/IOYHOT0  BelleCcTBAa,  BbleJeHbl  IVIaBHble  BHAbI  TOJII  3aCOJIEHHBIX
MHOTr0JIETHEMEP3JbIX TPYHTOB II0 XapaKTePHOMY CTPOEHHIO pa3pe3oB, pa3padoTaHa
OpPUTHHAJIbHASA reoJioro-reHeTu4ecKas KJIaccupukanus THIIOB 3acoJ1eHUsA
MHOT0JIETHEMEeP3JIbIX TPYHTOB M YCTAHOBJIEHO UX PacIPOCTPAHEHHe.

[ToxazaHo, 4TO MPEUMYLIECTBEHHBII MTyTh 00pa30BaHMsI 3aCOJIEHHBIX MEP3JIbIX TPYHTOB
(3MI') Apkrryeckoro noOepebs CBsI3aH C CUH- U SIUT€HETUYECKUM IIPOMEP3aHUEM MOPCKUX,
npUOpPEKHO-MOPCKUX W JIPYTHX  CIa0ONUTH(OUIUPOBAHHBIX  OTJIOKEHUH, HACHIIIEHHBIX
NEPBUYHBIMM WJIM METaMOpQHU30BaHHBIMU MOpcKMMH Bogamu. Comnu, cojaepxkamuecss B
MOPOBBIX PACTBOPAX, B YCIOBUAX MEpexoia OCaIKOB B MEP3J0€ COCTOSHUE MPU MPOMEP3aHUU
JUIIb YacTMYHO BBIHOCITCS 3a Mpenesbl (OpMUPYIOLIUXCS TOJII, a IJIaBHBIM 0OO0pa3oM
nepepacnpeensorcs B HuX. [lokaszaHo, 4To (OpMUPOBAHNIO BHICOKON 3aCOJIEHHOCTH MOPCKHUX
U IPUOPEKHO-MOPCKUX OTIOXKEHHUH cIOCOOCTBYET HU3KAasl OTpULIATEIbHAs TEMIIepaTypa Cpe/bl,
CUHXpPOHHOE HAaKOIUJIEHHWE M IpOMEp3aHue OCaJKOB U ciabas creneHb auddepeHnmaniu
0CaJIOYHOTO BEILIECTBA, OTIArarolIerocss B apKTHUECKUX MOPSX U MPUOPEKHBIX YCIOBUSX.

Pa3paboTanbl OCHOBBI THIM3ALMK 3aCOJIEHUS TJIaBHBIX TPYHI JUCHEPCHBIX MOPOJ
KPHOJIUTO30HBI 10 T€HETUYECKOW MPUHAJICKHOCTH U COCTaBy COJIEH, COOTHOLIEHUIO BPEMEHU
3aCOJIEHHUsI CO BpeMeHeM oOpa3oBaHMs OTJIOKEHHM M BpeMeHeM ux mnpomepsanus. [lpu
ABTOXTOHHOM (aBTOT€HHOM) 3aCOJIEHUU COJIU SIBJISIFOTCS MCXOAHBIM KOMIIOHEHTOM OCaJKOB, IIpU
AJJIOXTOHHOM (@JUIOTEHHOM) 3aCOJICHUU HACBIIIEHWE OTJIOKEHHM OJIHOTO MPOUCXOXKACHUS
MPOUCXOAUT COJSIMH  JPyroro TeHe3uca. Hapsgy ¢ TpaIuIUMOHHBIMH MOPCKUM U
KOHTHHEHTAJIbHBIM THUIIAMH 3aCOJICHHUS MEP3JbIX OTJOKEHUH BBIABIEH M OXapaKTepU30BaH
CMELIaHHBIM THUI, CBOMCTBEHHBIN 30HE B3aMMOJEHCTBUA 'Cylia-mope", paclpOCTpPaHEHHBIN B
npeaenax ApKTUYECKHX MOOEpeKUid W 00Naaromiuii 0COOBIMU TPH3HAKAMH, B TOM YHCIIE H
cBoiicTBamMH. 3acojieHHE SBISIETCS CHUHXPOHHBIM, €CJIM COCTaB IOPOBOTO  pacTBOpa

chopMupoBalics OJHOBPEMEHHO ¢ 00pa30BaHUEM OTIIOKEHHH, U STTUXPOHHBIM, €CJIA B TIOPOBBIN



pacTBOp cONM IPOHMUKIM Iociae o0pa3oBaHMsa ocaznka. Ecim mpomep3aHue OTIOKEHUI
IPOUCXOJUT OAHOBPEMEHHO € OOpa3oBaHMEM 3aCOJICHMs, TAKOH THII 3aCOJICHMsS SIBJIAETCS
CUHKpHOTeHHBbIM. [Ipu mnpomep3aHuM OTIOKEHUI IMO3AHEE MX 3acolieHHs oOpasyercs
AMUKPUOTEHHBIN TUN. OO000IIEHNEe MUMEIOIUXCS JaHHBIX IMOKA3alo, 4YTO JUI APKTHYECKOTO
nobepexps Poccun Oosiee xapakTepeH MOPCKOW Tuil 3acoieHus, st Kanaasl u AJsACKU -
MOpPCKOW M cMemaHHbld. B 000MX mOJymapusx ¢ MOBEPXHOCTH pPACIHpOCTPAHEHBI Kak
CHHXPOHHBIN, TaK W SMUXPOHHBIA THUIBI 3aCOJCHUS. BhImomHEeHHOE 0000IIeHNE MO3BOIMIIO
COCTaBUTh CXEMY PalOHUPOBAaHUS KpHUOJIMTO30HE CeBepHOro monymapus B macmrabe 1:10 000
000 o Tumam 3acoJieHust Mep3JI0M TPYHTOBOM TOJIIIIH.

B npenenax MOpPCKOro M CMEIIAHHOTO THUIIOB 3ACOJIEHUS BBISBIEHBI IJIABHBIE BUJbI
CTPOEHHMS TOJI 3aCOJIEHHBIX MHOIOJETHEMEP3JbIX IOPOJ IO XapaKTEPHOMY CTPOEHUIO
pa3pes3oB U paclpesieieHUI0 3aCOJIEHHOCTH 10 TIIyOnHE, 00YCIOBICHHOMY KaK YCIOBHSIMH HX
00pa3oBaHMs, TaK U MOCIEIYIOIINM U3MEHEHUEM B MEP3JIOM COCTOSIHUU. Y CTAHOBJIEHO, YTO AJIs
BEPXHEH JECATH- JIBaJUATUMETPOBOW TOJIU 3aCOJIEHHBIX TPYHTOB XapakTepHO JHOO
PaBHOMEpPHOE pACIIPEIEICHUE 3aCOJIEHHOCTH (WIM CII0)KHOE, C IepecilauBaHueM), Jubo ee
MIOCTETICHHOE YBEJIWYCHUE C TIyOMHOH. B pa3spe3ax yClOBHO-CIIOMCTOTO THIIA HEPAaBHOMEPHOE
pacopeneleHne 3acOJICHHOCTH 10 TiyOuHEe SBISIETCS CEAUMEHTALMOHHBIM, CBS3aHHBIM C
JUTOJIOTUIECKUMHU OCOOCHHOCTSIMH WMJIM OOYCJIOBJICHO YCJIOBUSIMU IMPOMEp3aHUsl OTIOKCHUU.
OHu, KaK MpaBUJIO, OTIUYAIOTCSA M OOJIbIIIEH CTETIEHBIO 3aCOJICHHOCTH, TOTOMY YTO B pa3pe3ax
BBIJICJIEHHOTO PACCOJICHHOTO THIIA YBEIMYEHHE 3aCOJCHHOCTH C TIYOMHOH OOYCIIOBIEHO
paccoJ€HUEM BEpPXHEro TIOpU30HTAa B pe3yibTaTeé MUTpPALMU COJEM M UX BBIHOCOM B
CE30HHOTAJIBIN CII0M. Pa3pesbl yCIIOBHO-CIIONCTOTO THIIA XapaKTEPHBI 111 BEPXHEUYETBEPTUUHBIX
U TOJIOLICHOBBIX OTJIOKEHUH. bornee fpeBHUE OTIOXKEHUS OTJIMYAKOTCS  OOJBIIMM
pacpoCTpaHEHUEM pa3pe30B PacCOEHHOro Tuma. TakuMm o0pa3oM, B €CTECTBEHHBIX YCIOBUSAX
IIPOUCXOUT MOCTENEHHOE PACCOJIEHUE KPOBIU MEP3JIOH TOJMIIM - pacIpeIeIeHUEe 3aCOJIEHHOCTH
U3MEHSETCS BO BPEMEHHU.

2. BpnepBble Ha O0CHOBe pe3yJbTATOB IMOJIEBbIX M 3KCIHEPUMEHTAJbHBIX
uccjae0BaHMii aBTOpa H 00001IEHUS] JMTEPATYPHBIX M (POHAOBBIX MaTepHAJIOB
BBINIOJIHEHO cHCTeMaTHUYecKoe ONHMCcaHNe 0COOeHHOCTell COCTaBa, CTPOeHUsI U (PU3MYECKHX
CBOICTB 32COJIEHHBIX MHOTIOJIeTHEMEP3JbIX JAUCIEPCHBIX TPYHTOB APKTHYECKOI0
nodepekbsi; MOKA3aHO, YTO OHM IHPEACTABJIAIOT €000ii 0CO0BIH KJacC KPHOTEeHHBIX
0Ca/I0YHBbIX 00pa30BaHuil, 00/1aJa0INI COYeTAHNEM NMPHU3HAKOB MeP3JIbIX U HeMep3JibIX
nopoa.

[ToxazaHo, 4YTO M HCCIENOBAaHUS 3aCOJIEHHBIX MEpP3JbIX TPYHTOB MPUMEHHMBI
OCHOBHBIE METO/IbI, MCIIOJb3yEMbIE€ B JINTOJIOTUU, UHKEHEPHOW I€OJJIOTUM M TEOKPHUOJIOTHH.
Jl1s rpaHyI0METPUUYECKOT0 COCTaBa 3aCOJIEHHBIX MEP3JIbIX IPYHTOB APKTHUECKOTO MOOEpeKbs
XapakTepHbl ciabas COPTUPOBKA, BBICOKOE COJAEpKAHME 4YaCcTHIl IbUIEBATOM (pakiuu u
KOJUJIOMJIOB, a TaK)K€ OPraHMYecKOro BEIECTBa, IIPU 3TOM OoJjiee AUCIIEPCHbIE TPYHTHI UMEIOT

00BIYHO OO0JIBIIYIO 3acOoNeHHOCTh. COCTaB MOPOBOTO PacTBOpa MEP3JbIX I'PYHTOB MOPCKOTO



MPOMCXOXKACHUS OJIM30K K COCTaBY MOPCKOW BOJBI C €€ PE3KUM IpeodalaHueM XJIOPHCTOTO
HATpUsS, U TaKUE TPYHTHl 3aHUMAIOT OOJBIIME MPOCTPAHCTBA HA APKTHYECKOM MOOEpEexKbe
EBpazun u AMepuku Y CTaHOBJIEHO, YTO O0Jiee BHICOKAs 3aCOJICHHOCTH B 11€JI0M XapaKTepHa s
pa3pe3oB C aBTOXTOHHBIM 3acojieHreM. O000IIeHre JaHHBIX 110 3aCOJIEHHBIM TOJIIAM MOPCKOTO
¥ CMEIIAaHHOTO THIAa Ha APKTUYECKOM MOOEpeXbe MOKA3alo0, YTO UX 3aCOJICHHOCTh B OCHOBHOM
Haxonutes B nipenenax 0.05-2% 1 yBenmuumBaeTcs K CEBEPY; CE30HHOTAJIBINA CIIOM, KaK MPaBUIIo,
HE 3aCOJIEH.

JUIs KpUOTEHHOTO CTPOCHHSI XapaKTepHbl pPa3HOOOpa3Hble KPUOTEHHBIE TEKCTYPHI C
peodsiaJaHUEM CIOMCTBIX LUIMPOBBIX W HEMOJHOCETYATBIX TEKCTYp, IPHU 3TOM JIEISHBIE
IIPOCJION IOYTH HEe copaepxkar cosned. C yBEJIMYEHHEM 3aCOJIEHHOCTH YBEIMYMBAETCS J0OJIS
CyOBEpPTUKAIbHBIX JIEASHBIX LUIMPOB, U YMEHBUIAIOTCS MX pa3MEpbl, MEHSAETCS COOTHOLICHHE
TEKCTYPHOH U CTPYKTYPHOH JIbJUCTOCTH, KPUOTEKCTYPbl MPUOOPETAIOT YepThl HEPA3BUTOCTH.
[ToxazaHo BAMSHUE 3aCOJIEHUS HA CTPYKTYPY TEKCTYpOOOpa3yIoUIero Jibjia, pa3Mep KpUCTaUIOB
YMEHBINAETCS C POCTOM 3aCOJIEHHOCTH. [[sl SMUXpOHHOrO THIIA 3aCOJIEHUS XapaKTepHa
NOBBILICHHAS] IJIOTHOCTh TIPYHTOB, CpPAaBHUTEIbHO HEOOJbIIAS BIIAXXHOCTh M CIOUCTHIE
KPUOTEKCTYpPBI. 3aCOJIEHHOCTb IIPU 3TOM THUIIE 3aCOJICHUS, KaK IIPaBUJIO, HEBEJIMKA U COCTABIISIET
0.05-0.15%. MHuoroyieTHEMEp3JIbIE MOPOABl ¢ CHHXPOHHBIM THIIOM 3aCOJICHUS OTIHUYAIOTCS
MOBBILIEHHON JIBJIUCTOCTBIO, IpeodsiajaHueM 0a3ajbHOrO JIbJa-IIEMEHTA, PBIXJIBIM OpIaHo-
MUHEPAJIBHBIM CKEJIETOM U O0JIbILIEH 3aCOJEHHOCTHIO.

VYcTaHoBiI€eHAa HEOAHOPOJHOCTh CTPOEHUS 3aCOJIEHHBIX MEP3JbIX IPYHTOB, YEPEIOBAHUE
JENSHBIX IIJUPOB, JBAUCTBIX MEP3JbIX MHUHEPAIbHBIX arperaToB M HaXOJSAIIUXCS B
OXJIQKJIEHHOM COCTOSIHMM 3aCOJIEHHBIX MPOCJIOEB, a TAKXKE CHJIBHO- U cJ1a003aCOJIEHHBIX CIIOEB,
OCOOEHHO [UIsl Pa3pe30B YCIOBHO-CIOMCTOro Tuma. IlokazaHo, 4TO 3acojieHHbIE MeEp3iible
rpyHTH! (3MI') mpocTpaHCTBEHHO CBsI3aHBI C 3aCOJEHHBIMU OXJIaxkAeHHbIMH IpyHTamu (300) u
Kpuomaramu. Ilepexos oT 3aCOIEHHBIX MEP3JIBIX K OXJIaKICHHBIM SIBJISIETCS IOCTEIEHHBIM, OHU
YyepeayroTcsl B pa3pe3ax, YTO CBHUJIETENBCTBYET O 11€J1eCO00pa3HOCTH OOBEAMHEHUS UX B OJMH
TNl "3acojeHHbIX KpuoreHHbIXx rpyHToB" (3KI'). B MHOroserHeMepsnbIX MOPCKUX TOJIIAX
3aCOJICHHOCTh, KaK MPaBWJIO, YBEIMYUBAETCS C MOBBIIIEHHEM CYMMapHOI'O BJIArocoAep KaHMUs,
YTO OOYCJIOBJIEHO CEIMMEHTAIMEel B COJIEHBIX MOPCKUX M NMPHUOPEKHBIX BOJAX, a MO pa3pesy,
Ha00O0pOT, 3aCOJIEHHOCTh IPYHTOBBIX MPOCIOEB CHIXKAETCS C YBEIMYEHUEM JIbJIUCTOCTH B CBSI3U
C  BBITECHEHHMEM JbJOM [OPOBOIO  pacTBOpa NpU  IPOMEP3aHUHM, KPUOTEHHBIM
KOHIEHTPUPOBAHHEM M  BO3MOXKHBIM  TOCHEAYIOLIUM  pAaclpecHEHUEM  MOJI3EMHBIX
TEeKCTypooOpa3yroIuXx JIbJ0B. TemmnepaTypsl 3aMep3anus U (a30oBblii COCTAB BIaru 3aBUCAT OT
CTEMEeHH 3aCOJIEHHUs, COCTaBa COJIel MOPOBOI0 pacTBOpa U APYTrUX (PaKTOpPOB, KOTOPHIE, B CBOIO
ouepellb, ONPEENIAIOTCS TeHETUYECKUM THIIOM 3acojieHHs. Jloka3aHo SKCIepUMEHTaIbHO, YTO
3TH TPYHTHI UMEIOT OCOOBIE AIEKTPOKUHETHYECKHE M JpYyrue CBOICTBa, YyKa3bIBalOIIHME Ha
MOJIO’KEHHE 3aCOJIEHHBIX MEP3JbIX TPYHTOB MO UX CBOMCTBAM MEXIY MEP3JIbIMU U HEMEP3JIbIMU

TPYHTaMH.



3. BbifiBJIeHbl OCHOBHbIE 3aKOHOMEPHOCTH H3MEHEHHUSI COCTAaBA M CTPOEHHUS M
COCTOSIHUSI 3aCOJIEHHBIX TPYHTOB NPH BHEUIHHUX BO3/€CTBUAX, BIIepPBble MOJYyYeHbI
JAaHHbIE O IlepeHOce coJleil W NpeodpPa30BaHMM KPHOTEHHOT0 CTPOEHHMSI Mep3JIbIX
3aCOJIEHHBIX TPYHTOB NpPH /UINTEJbLHOM (MHOroJIeTHEM) BO3/1eiiCTBUM TI'PaJMeHTOB
TeMIepaTypbl H 32C0JI€eHHOCTH.

[Toka3aHo, YTO TPH NPOMEP3aHUU 3ACOJICHHBIX TPYHTOB H3-3a IE€pepaclpe/ieieHus
CoJiell M KPHUOTCHHOTO KOHIEHTPHUPOBaHUSA (MM HA0OOPOT, PaccoieHHUs MEP3JIOro IpyHTa) B
Mep3noi Toime  (opMupyercs OTIMYHAS OT HA4YaJbHOW 3aCOJIEHHOCTh, M MPOHCXOISAT
U3MEHEHHS XHMMHYECKOTO COCTaBa IIOpPOBOrO  pacTBopa. M3ydeHbl 3aKOHOMEPHOCTH
dopMHpOBaHUS  HANPSHKEHHO-AE(POPMHUPOBAHHOTO  COCTOSIHUS ~ MPOMEP3AIOLINX TPYHTOB,
MOJy4YeHbl KOJIMYECTBEHHBIC OLICHKM BIMSHUS Ha JaedopMallMd M HANPSKCHUS MTyYCHHS
3aCOJICHHSI, UCTIEPCHOCTU U IPYTUX (HakTOpOB.

BriepBrie OKCIEPUMEHTAIIBHO YCTAHOBJIEHO, YTO TIPU BO3ACHUCTBUH IOCTOSHHOTO
TEMIIEPaTypPHOTO TPAJMEHTA, a TAKXKE CABHTOBBIX HANPSHKEHUH B TEUEHHE HECKOJBKUX JIET B
3aCOJICHHBIX TPYHTaX MPOUCXOAUT HW3MEHEHHE KPUOTEHHOTO MHUKPOCTPOEHHs 0€3 3aMEeTHOro
o0miero mepeHoca Biaru. Murpanus coiieii B MEp3JIbIX IPYHTaxX HpPU BO3ACWCTBUH TPaJUEHTA
3aCOJICHHOCTH TIpU TIOCTOSIHHOM TemIeparype, a Takke IpU BO3JCHCTBUU TpaJHEHTa
TEMIIEpaTypbl MPOMCXOJUT TPH OONBIIMX 3HAYCHUAX OTUX TPaaueHTOB. Brepsbie
OKCIEPUMEHTAIBHO JJOKAa3aHO CYIIECTBOBAHHE NPU OMPEICIICHHBIX YCIOBUSX MHOTOJICTHEH
murpanun coned. C Hel, B YaCTHOCTH, CBSI3aHBl IPOCTPAHCTBEHHBIE 3aKOHOMEPHOCTH
pacripenienieHusi 3aCOJICHHOCTH B MOPCKHX OTJIOKEHHSX TOJIOLIeHAa M TuIeiicToreHa Smana,
Ileyopckoli HU3MEHHOCTH M JIPYTHMX PailOHOB, OHA ONPENEISAET YBEIUYEHHUE 3aCOJIEHHOCTH C
rryouHoit B paspesax (mo  10-15 M), wuMeroliee MPaKTUYECKOE 3HAYCHHE B
(GYHIAMEHTOCTPOCHHH Ha APKTHUECKOM OOEPEKbE.

4. YcTraHOBJIeHbl OCO0EHHOCTH TPOYHOCTHBIX CBOCTB 32COJIEHHBIX Mep3JbIX
TPYHTOB Pa3jIM4YHOTO COCTAaBa M CTPOEHHs, BbIAEJEeHbI H O0XapaKTePHU30BaHBI
onpenessiomme UX (aKTopbl, yCTAHOBJIEHA YINPOUYHSIONIAsI POJIb JIeASIHBIX BKJIOYEHUH B
32C0JIEHHBIX MepP3JIbIX TPYHTAX.

[TokazaHo, 4TO 3aCOJIEHHBIE MEP3JIble TPYHTHI 00JIaIal0T HU3KOW MPOYHOCTHIO, KOTOpast
OBICTPO YMEHBIIAETCS C yBEJIMYEHHEM BpeMeHH JeicTBus Harpy3ku (B 10 u Oosiee pas).
Paspymienne 3acolieHHBIX TPYHTOB, 3a HWCKIIOYEHHEM TIECKOB, KaK TIPaBWIJIO, BSI3KO-
TUTACTHYECKOE U (PUKCHUPYETCS MO Pa3BUTHIO 3HAYHUTENBHBIX Ae(GopMaIiuii Wik Mo U3MEHEHHIO
xapakrtepa nedopMupoBaHus. Vcronp30BaHHE KHHETUYECKON TEOPHH TPOYHOCTH TTO3BOJIHAIIO
OTIPEeNIeNINTh 3HA4YCHWs DHEPTUM aKTUBAIMH pa3pyIICHUS, C YBEIWYCHHUEM 3aCOJICHHOCTH
NpUOIIMKAOIEICS K BEJTMUNHE SHEPTHH aKTUBAIIMH JIb/A.

BriepBbie yCTaHOBJIEH psii 3aKOHOMEPHOCTEH W3MEHEHHsI TPOYHOCTH 3aCOJCHHBIX
MEp3IBIX TPYHTOB PA3JIMYHOTO COCTaBa, CTPOCHHS M JPYTUX XapaKTePUCTUK u ycioBui. C
YBEJIMUYCHUEM JTUCIIEPCHOCTH, JbJIUCTOCTH U TUIOTHOCTH, yMeHbieHueMm cojaepxanus NaCl, B

[JIMHUCTBIX TPYHTAaX TpU MEpexojie OT MACCHUBHOM K CET4aTOM KpUOTEKCType HecyIas



CIOCOOHOCTh 3aCOJICHHBIX TPYHTOB YBEIMYHMBaeTcs. BbIiBieHa cBoeoOpa3Has MexaHHWYecKas
HEOJIHOPOJHOCTb 3aCOJIEHHBIX MEP3JIbIX JUCHEPCHBIX MOPOJ, KOTOpas MpOSBIAETCS B BaXXHOU
POJIH JIEASHBIX BKIIOYCHUH U IIJIMPOB, KAaK MPABUIIO, YIIPOUYHSIOMIUX TPYHTHI 32 CUET OOJIbIIEH
HECyIIel CIIOCOOHOCTH HE3aCOJIEHHOTO JbJla B CPAaBHEHHUH C MHHEPAJIbHBIMH arperaramMu.
[Tony4yeH psna 3aBHCUMOCTEH HW3MEHEHHs HECYLIEH CIOCOOHOCTH B 3aCOJICHHBIX TPYHTaxX
pa3IMYHBIX I'€0J0r0-TeHETUYECKUX TUIOB. Tak, Hampumep, Mep3Jible IPYHThl C AMUXPOHHBIM
TUIIOM 3aCOJIEHUS, KaK IpaBUJIO, OTJIMYAKOTCA IPU OJAMHAKOBOM 3aCOJIEHHOCTH MEHBUIEH
IIPOYHOCTBIO, YEM IPYHTBI C 3aCOJIEHUEM CUHXPOHHOIO THUIIA.

N3y4eHbl XapaKTEpUCTUKHU COIIPOTUBIIEHUS MEP3JIbIX 3aCOJEHHBIX TPYHTOB IIAPUKOBOMY
LITaMIly, CIBHUTY I10 IOBEPXHOCTH CMEpP3aHMsI M CIBUTY, Pl YCTAHOBJIEHHBIX 3aBHUCHMOCTEN
IPOYHOCTU OT PA3IUYHBIX (DAKTOPOB OTIMYACTCS OT M3BECTHBIX U HE3aCOJEHHBIX MEP3IIBIX
TPYHTOB. YCTAaHOBJEHO, YTO OXJIAKICHHBIC 3aCOJCHHbIE TPYHThl, HaXOMSILIUECS BbIIIE
PAaBHOBECHOW I10 OTHOIIEHHIO K KOHLEHTpAlUu COJIed B IOPOBOM pPACTBOpE TEMIIEpaType,
UMEIOT IPOYHOCTh, MPEBBIIIAOLIYIO0 IPOYHOCTh COOTBETCTBYIOIIMX HEMEP3JIBIX TPYHTOB

5. BnepBble 3KCNIEpPUMEHTAIbHO U3y4YeHa JAJUTelbHAs (MHOIO0JIETHAN) M0JI3y4ecTh
Mep3JibIX 3aCOJIeHHbIX TIPYHTOB IIPM TOCTOSIHHBIX HArpy3kax H TeMmIiepartype,
YCTaHOBJIeHbl XapakTep Ae(OpMHPOBaHUS H NpPeo0pa3oBaHWs CTPOEHHMS T'PYHTOB NpH
MHOroJIeTHeM e opMHPOBAHMH, IO0KA3aHA NPHMEHHUMOCTH MeETOJAOB IPOTrHO3a
AJUTEbHOM 10JI3y4eCTH.

[Tokazano, 4T0 JeOPMHUPOBAHUE 3aCOICHHBIX MEP3JIBIX TPYHTOB UMEET CYIIECTBCHHBIC
OCOOEHHOCTH, B YAaCTHOCTH, YCTAHOBJIEH 3aTyXalOUIUil XapakTep MOJ3Yy4eCTH B Pa3HBbIX BHUIAX
UCIBITAaHUM, T.€. YMEHBUIEHHE CKOpPOCTeH aepOopMHpOBaHUS BO BPEMEHU IPU IOCTOSHHOM
Harpy3ke g0 2-3 MIla. YcraHoBieHO, YTO 3acCOJIEHHBIE TPYHTHI OOJaJal0OT 3HAYUTEIHHOU
CKMMAaEeMOCTBIO, TIPH UX KOMIIPECCHOHHOM C)KaTUU NMPOUCXOIUT 3aMETHOE IMepepacipeiesieHre
BJIar M OCOOEHHO COJIeH, a CTPYKTypHas MPOYHOCTb HE BBIPAKAETCS HA KOMIIPECCHOHHBIX
KkpuBbIX. [lokazaHo, uro mpupona 1epOpMUPOBAHUS 3aCOJIEHHBIX TPYHTOB MPU MEXaHUYECKUX
Harpy3kax oOycCJIOBJIEHa OCOOCHHOCTAMH MX CTPOCHHS, OOJBIIEH pPOJIBbI0 He3aMep3Iield BO/IbI,
YyeM  HE3aCOJICHHOrO JbJla B CpPaBHEHHWU HE3aCOJEHHBIMH  MEpP3JIbIMH  IPyHTaMH.
OKCHEepUMEHTAIIbHO YCTAHOBJIEHO, YTO IPU 3TOM MPOMCXOJUT IEpEeMEIIEHUE He3aMep3lien
Bo/bl. B KkauecTBe OAHON M3 BO3MOXKHBIX MOjENied, yUWTBIBAIOIIEH YIpyrue aegopmarnuu
YyacTUIl TPYHTa, TEUYEHHME JIbJla U He3amep3llied BOJbl, MNpeanoxkeHo Teno KenbBuHa c
MEPEMEHHOI BSI3KOCTBIO. Y CTAHOBIIEHBI YBEJIMUEHUE CKOPOCTU JAedopmanuii ¢ yMEHbIIEHHEM
JBAUCTOCTH M AMCIIEPCHOCTU TOPOJ, BIMSHUE KOTOPOH MPOSBIAETCS Yepe3 JIbIUCTOCTb U
MO03TOMY HMMeEEeT MOJYMHEHHOE COOCTBEHHOE 3Hau€HHe, BO3PACTaHHEM COJEpXKaHHS B TTOPOBOM
pactBope NaCl u npyrue 3akoHOMepHOCTH JeHOPMHUPOBAHHS.

BrniepBbie B sKcnieprMEHTax MPOJIOJDKUTENBHOCTBIO 9 1 OoJiee JieT u3yueHa JUTUTeNbHas
MOJI3YYeCTh 3aCOJIEHHBIX MEp3JIbIX TPYHTOB, KOTOpas ISl TIIMHUCTBIX TPYHTOB NPOUCXOIUT C
yMEHbIIaoLEencs BO BpEMEHHU CKOPOCTBIO. JlnuTenbHOe nedpopMupOBaHUe

annpokcuMmupoBanocs ypaBHeHueM C.C.Bsanopa, Takum o00pa3oM, BIEpBBIE OCYLIECTBIEHA



npsiMasi SKCIIEPUMEHTANIbHAS MPOBEPKA ATOI0 YPaBHEHUS B MHOTOJIETHUX ASKCIIEPUMEHTax U
II0OKa3aHa ero NPUMEHUMOCTb. [loaydeHbl XapakTepUCTUKHA MHOIOJIETHEH ION3ydecTd. B xone
HKCIEPUMEHTOB B 00pasliax MPOUCXOAUT MHUTPALUS BJIArH M MEpepacrpeieieHue JIbIUCTOCTH.
YcTaHOBIEHBI OCOOCHHOCTH pa3BUTHS AeopManuii Mpu pasiM4HbIX THUIAX MEXaHUYECKUX
UCHBITAHUM JJI 3aCOJIEHHBIX TIPYHTOB pa3JIM4YHOIO COCTaBa U CTPOCHMSI B JUala3oHE
OTpPULATENIBHBIX TEMIIEPATYP.

6. Ilo pe3yabTaram nojeBbIX H IKCHEPUMEHTAJIBHBIX HCCJIEJOBAHUN MPeIJI0KEeHbI
pacyeTHble 3HAYeHHsl IOKa3aTejleldl INPOYHOCTH 3aCOJIEHHBIX Mep3JbIX TPYHTOB /sl
NPOCKTUPOBAHUS 31aAHUI U HHKEHEPHBIX COOPYKeHHI HAa APKTHYECKOM nmodepekbe.

VY CcTaHOBIIEHO, YTO CONPOTUBJIEHUE CIBUTY I10 NOBEPXHOCTU CMEP3aHHUS C MaTEpUaIOM
dyHIamMeHTa  MEp3JIbIX 3aCOJIEHHBIX TPYHTOB C MOPCKHM 3aCOJICHHEM HUMEET 3HAuYCHHS,
KOTOpBIE B cpesiHeM B 1.5 paza HuKe coaepxkaimxcs B pekoMmenaanusax aeictpyromero CHulla
2.02.04-88. PesynbTaThl  JTa0OpAaTOPHBIX  WCCIEAOBAHUN  TOJATBEPXKICHBI  CBAHHBIMH
UCIBITAHUSMHU.

bonbuioe 4nciao BBINOJHEHHBIX ONPEAEHCHUN IO3BOJIMIO CPaBHUTh JIaHHBIE IO
pa3MYHBIM BHJAM HCIBITAHUH M TOJYYUTHh CTATUCTHYECKH OOOCHOBAaHHBIC pacUeTHHIC
XapaKTepUCTHKN Hecymell crmocoOHocTH. [lo pesynbpratam 3THX HCCIENOBAaHHUN, a TaKXKe
JTAHHBIX TI0JIEBBIX UCTIBITAHUN CBail M HAOIIOIEHUH 32 Ae(OPMHUPYIOIIUMHUCS 3JaHUSIMU aBTOPOM
pa3paboTaHo HOBOE coziepxkaHue Tabuil - anajgoroB pekomenaanuii CHulla.

HccnenoBanust 1o HACTOSIIEH MpodieMe Ienecoo0pa3Ho MPOJOKUTh B OOJIACTH
KPYITHOMACIITAOHOTO KapTUPOBAaHUSI 3aCOJICHHBIX MEp3JIBIX TPYHTOB W HCCIEIOBAaHUN UX
FEHETUYECKUX THUIOB, pa3paboTKu 3(PPEKTUBHBIX METOJOB HCCIEAOBAaHUSA, (PU3NYECKUX U
MaTeMaTUYeCKUX MoJened uX AeGOopMHUpPOBAaHUS U pa3pyILICHUs, UCCIEA0BAHUS XUMUYECKUX

peaKuHﬁ, KPHUTCPHUCB BJIaro- v COJICICPCHOCA U MPOLECCOB U3MCHCHUA X COCTaBa M CTPOCHUA.
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