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YIK 624.1314

Mecusn C. P. Hawanpmas ® AanTenbHas MPOYHOCTb T/IHHHCTHIX
rpyaroB.. M., «Henpa», 1978, 207 c.

B KHHre KpaTKO paccMOTpeHH COCTaB, CTPOeHHe, (H3HUeCKHe, BOA-
HBle CBOMiCTBAa PMIHHHCTHIX MOPOJ, a TaKMXe COBpPeMEeHHhIe NpefCTaBJeHHs
O NMpHpOXE HX TPOYHOCTH H AedopmupyemocTH. [IpHBeeHH COBpeMeH-
Ible TEOPHH MNPOYHOCTH, OIMHCAHW TPHOOPH, Henoas3yemuie B JjaGopa-
TOPHOf NpaKTHKe LJs ONpeliefeHHs MPOYHOCTH (COMPOTHB/EHHA CABHTY)
FAHHACTHX TNopof. HajoXeHH BOMPOCH HAYa/ibHON NPOYHOCTH, BJIHS-
EHSI M3GBITOYHOTO TOPOBOTO AABJEHHS HA 9TY MPOYHOCTH H METOABl HX
onpenenennd. Boabimoe MecTo yleneHO H3JNOMKEHHIO BONPOCOB JUIHTENb-
HOH TPOYHOCTH, NPeleNbHO IJIHTEALHOR NPOYHOCTH, (PH3HYECKOH NpHPO-
Jlbl H3MEH€MOCTH TPOYHOCTHHIX CBOACTB TJIHHHCTHX MOPOA BO BpEeMEHH
1 METONOB ONpeleJeHHs YKA3aHHWX CBOMCTB,

Kuura paccunraHa Ha HayYHHX paGOTHHKOB, CHELHAJHIHPYIOMHXCSH
B 06/1aCTH MEXaHHKH TPYHTOB, HH)XKEHEPHON reoJIOTHH M TPYHTOBEJIEHHH,
HHXEHepHO-TeXHHYeCKHX PaGOTHHKOB, 3aHHMAIOMIUXCS BOTPOCAMH HCC/e-
NOBaHHs MexaHHYecKHX cBoficTB nopoA. Oua MOMET CAyXHTb yUeGHLM
nocoGueM mo Kypcam «Mexaunka rpyHTOB», «OcHOBaHHs H (QyHZaMeH-
Thl» CTPOHTENbHBX H HHJKeHEepHO-TeOJOTHUeCKHX CNelHaabHOCTell BYSOB.

Ta6n. 40, mn, 94, coucox Jautr.— 200 wuass.
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NMNPEOJUCJTIOBHE

[TpoynocTe siBAfieTCH ONHHM H3 OCHOBHEIX TOKasaTeNef, Xapakre-
PU3YIOIIHX MeXaHHYeCKHe CBOHCTBA TJIMHHCTBIX TPYHTOB, Ge3 3HAHHA
KOTOpO# HEBO3MOMKHBI pacyeThl OCHOBAHHII N0 NMePBOMYy mnpelebHOMY
COCTOSIHHIO (N0 TNpefesabHOM NPOYHOCTH), oONpejeseHHe [aBJeHHSA
3eMJIH Ha OrpaxKJaioliHe KOHCTPYKUHH (NMOANOpPHbIE CTEeHKH, 0GAeJKH
TOHHeJIeH), MpPOBepKa YCTOMYHBOCTH €CTECTBEHHBIX CKJOHOB M OTKO-
COB 3eMJISHHIX cOOpy}KeHH#l. IIpouHOCTD MIHHHCTHIX TPYHTOB HE SABJA-
€TCH BeJNHYHHOH MOCTOSAHHOM, H3MEHAsCb MOA AeHCTBHEM MHOTHX
NPHPOAHBLIX H HCKYCCTBEHHBIX (DAKTOpOB, KakK, HanmpHMep, COCTOsSIHHe
MJIOTHOCTH — BJIaXKHOCTH, H30GHITOYHOE [aBjieHHe B MNOPOBOA BoAe,
CKOPOCTb HATpyeHHs, BeJHuHHa nedopManHH, TeMmepatrypa, pexum
HarpyKeHusi, IJIHTENbHOCTb MefCTBHA HOPMAaJbHEIX H KacaTeJbHhIX
HanpsiKeHuit ¥ T. 1. DTO 03HAYaeT, 4TO AJs PALHOHAJNBHOTO TPOEKTH-
pOBaHHSA OCHOBAHHH H 3eMJISHBIX COODYXKEHHH NDH OnpeleJeHHH Npod-
HCCTH TJIHHHCTHIX TPDYHTOB CleflyeT Y4ecTb ee H3MEHYHBOCTB MO [
LeficTBHEM 3THX (aKTopoB.

Hecmotps Ha TO uTOo B paccMarpuBaeMofi 06JacTH  MOJYYeHLI
MHOTOYHCJIEHHEIE HHTEpeCHbe pesyJbTaThl, H3JIOXKEHHbIe B OT/IeJbHLIX
JKYpHAAbHHX CTaTbfix H MoHorpadusx, B HacTofllee BpeMsi OTCYT-
CTBYIOT pa6oThl, OXBATLIBAIOMHKE GOJBIIHHCTBO H3 BONPOCOB METOLHKH
H TeXHHKH ONpeNeJeHHs MPOYHOCTH TJHHHCTHIX TPYHTOB C YYeTOM
MHOroo6pasua (akTopos, H3JOXKeHHHX Buime. HMmeercss Takke psn
CIOPHLIX BONPOCOB, KaCAlOIIHXCH OLUEHKH HAYaJbHOA H IJIMTEJLHOH
NPOYHOCTH TPYHTOB, KOTOpHle XAYT cBoero paspemenns. Hacros-
Ulag KHHra, He MpeTeHAylollas Ha MOJHOTY H3JIOKEHHS MarepHana,
NpH3BaHA HECKOJNbKO BOCHOJNHHTL 3STOT npobei.

B KkmHre KpaTko H3J0)KeHH BONPOCH COCTaBa, CTPYKTYpHl H
TEKCTYpbl, (H3HYECKHX M BOAHHIX CBOMCTB TJHHHCTBIX TPYHTOB, a
TaKxe BONPOCH NPHPOAH NPOYHOCTH, MpHBeNeHHl oGIIHe CBeleHHs
0 neopMHPYEMOCTH, HANMPSAXKEHHEX COCTORHMSNX M TEOPHAX MPOUYHOCTH
MaTepHaZoB H TIMHHCTHIX TPYHTOB. PaccMoTpeRml BOmMpoCH onpepede-
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HHS HAYaJbHOTO COTPOTHBJEHHA IVIHHHCTHIX I'PYHTOB CABHTY NPH OAHO-
IJIOCKOCTHOM Cpe3e M KpydueHHM o6pasloB, omucaHbl JaGopaTopHas
annapatypa H npHOGOpH, H3JIOXKeHH COBPEMEHHLIe MeTOIbl onpeneJe-
HHSl CONPOTHBJIEHHsI TJMHHCTHIX TPYHTOB CJBHI'Y H Pe3yJbTaThl Onpe-
leNIeHAs TMOCAeNHHX C Y4eTOM pAfa BJAHAIOIMIHX HAa €ro BeJHYHHY
thakTopos.

Boabmoe Mecro yAeleHO oOnpelefeHHI0O HadaJdbHOH TNPOYHOCTH
[JIHHACTHIX TPYHTOB METOLAMH TPEXOCHOTO CXKATHA M paCTHAKeHHH,
OMHCaHHIO NMPHOOPOB, METONAM M pe3yJbTaTaM HCHOBITAHHA TPYHTOB
B YKa3aHHBIX BHIIIE YCJIOBHSX.

Hakonel, paccMOTpeHBl BONMPOCH AJHTEJbHOH NPOYHOCTH BOJAOHA-
CHILIEHHBIX TJIHHHCTHIX I'PYHTOB Ha OCHOBAHHH De3y/bTAaTOB HX HCIHI-
TaHHi B DAa3JHYHBIX YCJOBHAX HanpsXKeHHO-TehOpPMHPOBAHHOTO
COCTOSIHHS.

Aprop Bmpaxkaer HcKpeHHIOK GaaromapHocts H. A. LlniToBHUYy 3a
NpPOCMOTP DYKONHCH H PsijJl LEHHLIX 3aMeyaHHi, a takxe P. I'. Bana-
asdy, P. P. Tancrany u P. Il. Manakany 3a okasaHHylo noMollb
IPH BLINOJIHEHHH Hacrodmell paGoTH.



F'masa I
OCHOBHBLIE CBEJEHHS O INNTHHUCTBIX TPYHTAX

§ 1. BBELEHHE

pyHTH — 3T0 pPHIXJILIe TOPHLIE TOPOJH, SBJSIONIHECH INPOAYKTOM
BHIBETPHBAHHSl KaMeHHOH 000J04KH 3eMJH (JaHTOCGhEpH), MPOUYHOCTD
CBfi3eH KOTOPHIX BO MHOTO pa3 MeHblle NPOYHOCTH CaMBIX MHHEpab-
Helx uacrul [155]. I'uHHCTHE TpPYHTH, Hapsfy ¢ mnecuaHbIMH,—
IIHPOKO pacnpocTpaHeHHas YacTh OCaJlOYHBIX "OPHHIX MOpPOJ, BaXKHeii-
eH OTJAMYHTENbHOH OCOGEHHOCTbIO KOTODHIX SIBJSETCHA AHCIEPCHOCThb
(pasnpobaennocts) [78]. ITo3TOoMy TIJIMHHCTBIE TPYHTH  (MOpPOALI)
SIBAAIOTCH HECIVIOMIHBIMH TelaMH. DTO 3HAYHT, YTO TBEpAble MHHe-
pajbHble YacTHIIE 3aHHMAIOT TOJbKO 9acTb o6beMa rpyHTa, a OCTa/b-
Hasg ero 4actb — MOpHl, 3aMOo/JHEHHHE XHAKOCTbIO H rasoMm. Te rpyH-
TH, B MOpax KOTOPHIX OAHOBDPEMEHHO HAaXOASATCA BOJAAa H BO3JYVX,
npencrasisiior coboi TpexdasHyio cHCTeMy (TBepable UacTHILI, BOAa
H BO3/lyX), a ecJ¥ BCe TOPH 3anoJHeHbl BOJOH — IBYX(asHyio cHcTe-
my, uaH no TepmuHOoJorHn H. M. TepceBanoBa [28] — rpyHTOBYIO
maccy.

B rAHHHCTHIX TPYHTax B 3HAUHTEJbHOM KOJHYECTBE NPHCYTCTBYIOT
TOHKOJHCIIEPCHBIe YacTUIlbi pasMepoM MeHee 0,002 MM. DTH rauHHCTHIE
YaCTHUE TNPHJAIOT paccMaTpHBAaeMHIM TPYHTaM crnenH(pHYecKHe
CBOHCTBA, Ba)XHefLIHM H3 KOTOPHIX §IBJIETCS CBSI3HOCTD.

HHKeHepHO-Te0/IOTHUECKHE CBOMCTBA TJIHHHCTHIX TPYHTOB 3aBHCAT
OT MHHEpaJbHOrO COCTaBa 4YACTHIL, HX PasMepoB (rpaHyJOMeTpHH),
THIA H NPOYHOCTH CTPYKTYPHBEIX CBs3ei, CTPYKTYPbl H TEKCTYpHI,
COCTOAHHSl (TJIOTHOCTH, BJAXXHOCTH), a Tak¥e OT CBOMHCTB, 00ycJ/OB-
JIEHHEIX B3aHMOJEHCTBHEM C BOAOH. DTH CBOHCTBA TVIHHHCTHIX TMOpPOJ,
HCKJ/IIOUHTEJBHO CJOXKHBIX €CTeCTBeHHOHCTOPHYeCKHX o6pazoBaHHil,
()OpMHPOBaJHCh B TeUeHHE JJIHTEJbHOTO reoJIOrHYeCKOro BPEeMeHH IMOJL
JefICTBHEM TepeMEeHHOro [aBJleHMs, YBJAMKHEHHs H BEICHIXaHH,
TeMInepaTypel, XHMHYeCKHX H (H3HKO-XHMHUECKMX  TIPOIECCOB,
LileMeHTalHH, IepeKpPHCTANIH3alliH, TeKTOHHYeCKHX H JIPYrHX fB-
JIeHH,

ITockonpky nmpounoctHnle (H JaedopManHOHHBIE) CBOHCTBA TIVIH-
HHCTLIX TPYHTOB BCelleslo OGYCJIOBJIEHB TNepeudcaeHHLIMH Bhlule (ak-
TOpaMH, A/ NOHHMAHHA MNPHPOABI HX INPOYHOCTH H H3IMEHSAEMOCTH
nocjefHeil BO BpeMEeHH INOJ JAEHCTBHEM CHJIOBBIX M JADYIrHX BO3Jefi-
CTBHii B HacTOsILEH IJaBe NPHBOASTCS OCHOBHEIE CBENEHHS O HHX.
Hanaraembiit B 37Ol riaBe MaTepual, pa3ymeeTcsi, He NpeTeH]yeT Ha
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TIONTHOTY H CKOpee HMEeT CnpaBouHbfi Xxapakrep. PaccmarpuBaeMbie
sfecb BOMpOCH BecbMa IOAPOGHO H [AeTaJbHO OCBellleHbl B LIHPOKO
H3BECTHHIX CNelHaldbHBIX HccaenoBamusax [12, 52, 71, 78, 100, 118,
133]. .

§ 2. NOHATHE O COCTABE TJIMHHUCTBIX TPYHTOB

TauHHCTHE TPYHTH NPEACTABAAIT Tpex(asHYIO NMOPHCTYIO CHCTe-
My, Bce (ha3bl KOTOPOH HaxoAATCA B OnpejelieHHBIX B3aHMOOTHOILe-
ausx [155]. B onpeneseHHBIX B32aMMOOTHOLIEHHAX HAaXOMATCS H TBep-
Jble MHHEpaJbHbIE YacTHIUH, BEJIHYHHA KOTOPHIX H3MEHAeTcs B OYeHb
INMPOKHX mpefenax ([155].

MuHepaabHH A cocTaB. B muHepanbHOM cocraBe ocajod-
HBIX TMOPOA, B TOM YHCJe H IVIHHHCTHIX TFPYHTOB, mpeoGaanaioT mep-
BHUHLIE MHHepaabl (KBapl, noJeBme mmaTel H caioga). Hapsany
C HHMH IIMPOKO PacnpoCTpaHeHBl MIHHHCTHE MHHEDaJbl, siBAAIOIIHECS
NPOAYKTOM BBHIBETPHBAHHSI MarMaTHueCKHX H MeramopdHuecKHX
nopoi. B aTHX moponax (rpyHrax) HMeloTCd TakKxke KapGoHaTHHIe,
cyab(paTHElE TaJOHAHEE H JpyrHe Munepanw [133],

C TOYKH 3peHHs HHXKEHepPHO-Te0JOTHYECKOro H3ydeHHs MHHepalb-
HOTO cocTaBa IVIHHHCTBIX TPYHTOB BLIJIEJAIOT YeTHIPe IPYNNb MHHe-
paibHBIX 00pa3oBaHHM, OTIHYAIONIHECS APYr OT JAPYra IO CTPOeHHIO,
THIAM CBS3eH MeXJy aTOMaMM B KPHCTaJJHYeCKOH pelleTKe H CBOH-
cream [133]:

1) MHHepaJiLl Kjacca TIEPBHUHBIX CHJIHKATOB;

2) npoctee conu (ramouAw, cyabdharel, KapGoHATH);

3) TVIMHHCTBIE MHHEpaJhl;

4) opraHHYeCcKHe BeIleCTBA.

Ta6auna 1

JHeprus pasjiHYHLIX THIOB CBs3el

Bun ceasu 3neprug ceasu, xIk[Moab
MOBIAE = w w5 a6 i 315—1260
KosaneHTHas . . . . . . . 210—1260
Mertanauueckas . . . . . . 210—840
Bomopoanas . .. . ... 4,2—42
Ocrarounas (MonexyaspHas) 0,42—12,60

Cessu Mexny aTtomMaMH B KPHCTa/UIHUECKOH pelleTKe MHHepaJb-
HOH YacTHIEI MOryT GHITh HOHHHIMH (TNONSPHBIMH), KOBaJEHTHBIMH
(remMomonspHLIMA), MeTaNIHYECKHMH, BOZOPOMHBIMH H OCTATOYHBIMH
(MosekynapabiME). M3 nepeuHc/eHHBIX THNOB HauGoJbliefi sHepruefi
CBA3H obJajiaeT HOHHAsA, a HaHMeHbIUeH — ocTaToyHas (taba. 1)
[133]. B rpynme mepBHuHLIX MHHepanoB mpeoGiaaaeT KOBaJeHTHbIf
THI CBSI3H, B NPOCTHX COJIAX — HOHHEIA, a B IVIHHHCTHIX MHHepaJax,
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OTHOCSINMHUXCA K CJAOHCTHIM CHJIHKATaM, BMecTe C KOBaJIeHTHOM CBS3bIO
onpe/ieeRRyI0 POJb HrpaloT OCTATOYHLIE H BONOPOAHBIE CBS3H, KOTO-
pLIMH H 06YCIOB/JIeHa MX HEBLICOKAS NMPOYHOCT.

ITpocthie coJH, K YHCIY KOTOPBIX OTHOCATCS TaJOHAH, Cyabdarhl
(runc, amruapuna, 6apHT) H KapOoHaTH (KaJbUHT, AOJOMHT, Marse-
THT, cnnepm‘g. B TJIHHHCTHIX TPYHTaxX HaXxoAATCAd B TBepAOM HJH
pactBopeHHOM BHJe. JlerkopacTBopuMEE COMH (CyabdaThl H XJOPHALL
HaTpHs) B NMOpPax TJIHHHCTHIX TPYHTOB HAXOAATCH B OCHOBHOM B pacT-
BOPEHHOM BHJE; CPeAHEepaCTBOPHMEE (HampHMep TIHNC) MOTYT Haxo-
AuTBC B OGOHX COCTOSIHMAX, @ TPYAHOPAacTBOpDHMEIe (KapGOHATH
KaJbllHd M MAarHuf) — NPEeHMYIIeCTBeHHO B TBEPAOM COCTOSHHH.
PacrtBopuMOCTb coJiefi 3aBHCHT He TOJNbKO OT HMX CTPOeHHS, HO H OT
CBOfICTB pacTBOPHTEJA.

B r/IHHHCTHIX TPYHTax pacrnpocTpaHeHH KapGOHATH Kajdblui H
MarHug, B CHJIYy HX MaJo#i pPacTBOPHMOCTH B BOAe H MaJoil MOABHXK-
HOCTH HOHOB. JIerkopacTBOpHMHE COJIH BHIILleJauYHBalOTCA aTMochep-
HBIMH OCajJikaMH H, B KOHIl@é KOHIIOB, YHOCSITCA B PasJIHYHEIE BOJHbLIE
Gaccefinel, [TosToMy OHH B OCHOBHOM INPHCYTCTBYIOT B TpyHTax 00-
JacTefl ¢ 3acCyLUIHBEIM KapKHM kaumarom [118].

I'nuaHcTEHe MUHepaJdbl, KOTOphie 06YCIOBIHBAIOT (DU3HKO-MeXaHH-
YyecKHe CBOMACTBA IVIHHHCTBHIX TPYHTOB, noapasueastorcs [133] Ha muHe-
palbl ¢ KecTKoil KpHCTaJJIHYecKOH pelleTKoH, pasiBHIKHONA H ee npo-
MeXYTOYHEIM THNOM. K OCHOBHHM TIJIMHHCTHIM MHHepaJiaM ¢ JKecTKo#
KPHCTaA/JHYEeCKOR pelleTKOH OTHOCATCS MHHEpaJbl TPYNNbl KaoJAHHHTA,
C pasgBHKHOM — MOHTMOPHJJIOHHTa, @ K NPOMEXYTOYHOMY THIY —
THAPOCJIONHI.

OprannyecKHe BellecTBa HAKaMIHBAIOTCA B TJIHHHCTBHIX TPYHTax
B BHje rymyca. OHH 06J1aaloT BbICOKOH THAPO(GHIBLHOCTBIO H BCHAEH-
CTBHE 3TOTO BLICOKOHl BJIArOEMKOCTHIO, HH3KOil BOJONPOHHIIAEMOCTbIO
H CHIbHOH cXKHMaeMocTblo. IIpHCyTCTBHE HX B IVMIHHHCTOM TpYHTE,
Aaxe B HeGOJbLIOM KOJNHYECTBE, OKa3biBAeT CYLIECTBEHHOE BJHAHHE
Ha ero MexaHHYeCKHe CBOMCTBA.

Boma B raMHHCTHX rpyHTax. Boma B rIHHHCTHIX TpYH-
Tax, B 3aBHCHMOCTH OT CTENeHH HX yBJa)XHeHHOCTH, no A. @. JleGe-
aeBy [72], moxeT HaxOAMTbCS B BHAE BOASHOrO Iapa, FHTPOCKONMHYe-
CKOM, NJIEHOYHOM, IpaBHTAIlHOHHOH H XHMHYECKH CBS3aHHOH BOZbI, a
TaKXe B TBEPAOM COCTOSIHHH (Jem).

B szaBucumoctn ot kKoauuectBa Boanl M. M. I'opbkosa [45] pasnm-
YaeT ONHHHAALATH XapaKTepHHX BJa)KHOCTefl B TJIHHHCTHIX TPYHTaXx,
a B. A. Tlpuknonckuit [118] — cesa3nyio n coboxnyio Bony. OH cuH-
TaeT TaKXe, YTO BOJAA B TPYHTAX MOMKET HAXOAUTHCH B Pa3JHUHHIX
arperaTHHIX COCTOSIHHAX (B TBepAOM, XHJIKOM, rasoo6pasHoMm).

E. M. Cepreer npennaraer clepyioulee moApasiejeHHe BOJIbI
B TpyHTax:

I. Bona B ¢dopme mnapa.

II. CBsizannas Bogma:

1) npounocBsisanHas (rHrpOCKONHYECKas),

2) pHIXJOCBsI3aHHas.



III. CoGonnas BoAa.

1) kanuanspHas,

2) rpaBuTALlHOHHASL.

IV. Bogza B TBEpPIOM COCTOSIHHH.

V. KpHucraanu3alHOHHAs W XHMHYECKH CBf3aHHas BOJA.

IIpuMepHO TaKoro e mojapasfeienus npuaepxusaercs B. II. Jlom-
Tajse [78‘;.

Boxsnoit nmap, comepxkanume Kotoporo He npesbimaer 0,0001%
or maccel rpynra [133], cBoGoano coobwarwmuiica ¢ armochepo
WJIH 3allleMJeHHBIH B ero mopax, Hrpaet BaXKHYIO poJb B (GopMHpPOBa-
HHH MeXaHHYeCKHX cBoicTB rpyHToB. Ilox neficTBHeM TeMnepaTypHBHIX
rpajHeHTOB H APYrHX ()akTopoB OH MOMKeT NepeABHraThcs B TPYH-
Te NPH He3HAYHTEJbHO ero BJAaXHOCTH, 2 KOHIEHCHPYSCh Ha IOBEpX-
HOCTH 9acTHI, o0pasoBaTh INPOYHOCBSI3aHHYIO (THrPOCKONHYECKYIO)
BOJY.

Cps3aHHOM Ha3bIBAeTCH BOJA, KOTOpas aKTHBHO B3aHMOJeHCTBYeT
¢ YacTHIAMM TPYHTa H He crnoco0HAa nepejBHraTbCsi MoOJ AeficTBHEM
cunbl Taxectd. [Ipupona cessaHHON BOAHWI OuveHb cJoxHa. [Jas ee
OOBACHEHHSI B TPYHTOBENEHHH MOJb3YIOTCA COBPEMEHHBIMH TpeacTaB-
JICHHSIMH O CTPOEHHM TJIHHHCTOH YacTHIEI H ee B3aHMOIEHCTBHH
¢ OKpy:Kalolled BofoH. B ocHOBe 3THX mpeacCTaBIeHHH JIEKHT NOHATHE
O IBOAHOM SJIEKTPHYECKOM cJioe BOJHSH TBepIOA 4aCTHUL U O AHb-
¢ysnoit (moHHo#) armochepe BOKpyr Hee. IlonsipHble MOJEKYJIBI
BOJIHI, TIONafas B 3JeKTpHYeCKoe IoJie, CO3/laHHOE SIAPOM H IPOTHBO-
HOHaMH MHIeJJb (KOJJIOHAHOe fAPO C AaACOPOIIHOHHBIM CJIOEM H
HOHHOH armocepoit), NPHHHUMAIOT OPHEHTHPOBAHHOE TOJOMKEeHHe
Yy NOBEPXHOCTH 4YaCTHUbI, HOCSIIEHl OTPHIATE/NBHBIA 3JIEKTPHUECKHUi
3apsj, H TPYNNHPYIOTCA BOKPYr HOHOB ancopOIHOHHOTO CJOst H
nuddysnoii 06070YKH, 3apPAKEHHBLIX MOJOXKHTENbHO. OpHEHTHPOBAH-
Has CTPYKTypa IpaHHYHBIX THIAPATHHIX CJ0OEB TPH Nepexoie B rIy6b
XKHAKOCTH, Kak orMeuaer B. B. Ieparunu [56], ucuesaer He mocremne-
HO, a CKaykooOpa3HO Ha HEKOTOPOM PACCTOSIHUH OT TBEPAOH CTEHKH.
Tonmuna yKasaHHBIX CJI0O€B H3MEHSETCS OT HeCKOJbKHX MOJeKyJasap-
HHX CJOEB JI0 HECKOJBKHX JIeCATKOB, cocTaBiasomux no 10~ cm, npu
TonmuHe AHQQysHHIX (HOHHEIX) o6osouex, mocruramomux 10-5 cm.
B nuddysnoit obosouke, KpoMe OPHEHTHPOBAHHBIX MOJIEKYJ BOJHL,
MOXeT HaXoAHuTbcs H CBOOOAHAs BoOjA.

B 3aBHCHUMOCTM OT BeJHUYHHBl TPHTAXKEHHS CBA3aHHAs BOa,
B CBOIO OuYepelb, ACJHTCA Ha NPOYHOCBA3AHHYIO H DPHIXJOCBR3aHHYIO
BOZY.

Mouexynsl BOJB, pacnoJOXKeHHLIe Y caMOi NMOBEPXHOCTH YaCTHILBI
H CBsi3aHHbIE C Hefl oueHb NMpPOUYHO, 00/1a1aI0T CTPYKTYPOH H HaXoaaT-
cs B 0co60 TBepIOM COCTOSIHHH (cpeiHssi o6beMHasi Macca 2 r/cm®)
[55, 56]. Dta Bojaa HaswIBaeTcs NMPOYHOCBA3AHHON (THIPOCKOMHYECKOIl,
ancopbupoBannoit). MaxkcuMaabHOe KOJHYECTBO TIPOYHOCBA3aHHOM
BOJLl B IPYHTaX IpHMEpPHO COOTBETCTBYET BeJHUHHe MaKCHMaJ/ibHOH
THIPOCKOMHYHOCTH Wy, T. €. BJAXHOCTH IPyHTa, KOTOpas obpasyer-
cs ancopbuueft yactHuaMu napooGpasuoit Boasl npu 100%-Hoit Brax-
HOCTH Bosalyxa. Ancop6upoBaHHas (B OGBIYHBIX KOMHATHBIX YCJIOBHSAX)
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YacTHIIAMH TPYHTAa THTPOCKONHYEcKasi BOJAA NMPHMEPHO paBHAa MOJOBH-
He BJa)KHOCTH MaKCHMaJbHOH rurpockonuunocts [133].

Uem OoJblile coiep:KaHHe B TPYHTe TIJIHHHCTHIX 4YacTHI, Tem
GoJbllle €ro rHrpocKonHuYeckasi BaaxHocTh (w:). Tax, ecanm maxcu-
MaJibHasi THrPOCKONHYECKasi BJIAXKHOCTb IEeCKOB COCTaBJSieT BCero
auwb 1Y%, To ANa rAMH oHAa MoxeT paBHAThes 179 oT Macch cyxoro
rpyHra [155].

ITpounocBsizaHHas Boja ajacopGHpyeTCst He TOJLKO Ha IOBepX-
HOCTH YacTHI[ TPYHTa, HO H 3alOJHSET MeXMaKeTHOe pacCcTOsiHHEe
PIMHHCTBIX MHHEpPAJOB C TMOABHXKHOH KDHCTANJIHYECKOH  pelleTKoi.
YacTb npouHOCBSI3aHHON BOJBI BXOAMT B COCTaB MHHepaJoB, o0pasys
KPHCTANJIH3aUHOHHYI0 H XHMMHYeCKH CBSI3aHHYIO BOAY.

Boay, kKotopas cCBf3HIBAaeTCA CBEPX MAaKCHMAJbHOA THIPOCKOMHY-
HOCTH, MOJKHO pPacCMaTpHBATb KaK OCMOTHYECKHM BNHTaHHYIO0 Anddya-
Ho# o6osioukoii [118]. Ona HaxonuTCs AaNeKo OT NMOBEPXHOCTH YacTH-
Ll ¥ CBfi3aHa ¢ Heill cnabee, ueM mpouHOCBsI3aHHas Boja. IloaTomy
OHAa HA3LIBAeTCA PLIXJOCBSI3aHHOH (JHOCOPOMPOBAHHOMN) BOMLON.

B. A. Tlpukaonckufi [118] pekoMeHAyeT OCMOTHYECKH BNHTaHHYIO
BONY TOJPa3feNiTh HA PEIXJO- H OYeHb PHIXJOCBS3aHHYIO (OCMOTH-
yeckyio no E. M. Cepreesy) Boay 1o TOMY NpH3HaKy, YTO NepBas H3
HHX He o6Jajgaer CMOCOGHOCTBIO COOGMIHTH TPYHTY IJIACTHUHbBIE CBOIi-
cTBa, a Bropas obaanaer ewo. IlepBas M3 HHX MaJo OTJHYaercs OT
cBo0OHO BOJEI, a BTOpas He OT/JIHYaeTcs BOBCE.

Prixnocesizannyio Bony A. @. JleGenes [72] HaswiBaeT MieHOYHOI,
NMOCKOJbKY OHAa 06pasyerT BOKPYr TBEpAOA 4YacTHIBl CBOe0GpasHyio
illﬂ;ﬁﬁxy Ee HaseBalOT TakXe OPHEHTHPOBAHHONW BOAOIl  MOJHCIOEB

CmeapHoe colepiKaHHe TPOYHOCBSI3aHHOI (IHIPOCKONHYECKOH)
H TIJIEHOYHOH (OpHEHTHPOBaHHOH) Boasl B rpyHTe A. @, JleGenes [72]
HasbiBaeT MAaKCHMAaJbHOH MOJIEKYJADHOH BJIar0eMKOCThLIO Watnas
CYHTas, YTO 3TAa BO/A 06pasyeTcss MOA BJAHAHHEM MOJIEKYJISPHLIX CHI
npurskenus. Ilo coBpeMeHHHIM INpelCTaBJeHHSIM O MPHPOJE CBA3aH-
HO/l BOJBI 3TO KOJHYECTBO BOJILI CONEPIKHTCS B TPYHTE NOA AefiCTBHEM
NOBEPXHOCTHBIX CHJ TpHTsAXKeHHs [133].

MaxkcuManbHOe KOJHYECTBO CBSI3aHHON BOABI 3aBHCHT OT MHHe-
pajJbHOro, XMMHYECKOr0 COCTaBa YacTHI, COCTABa IOIVIOUIEHHOTO
KOMIJIeKCd, OT HAJMYHsl B BOJE pAa3/HYHBIX KATHOHOB, Be/JHYHHbI
yIoeabHOIT moBepxHOCTH uactuib! u T. 1. Ona o6Janaer cBoiicTBOM
OKa3blBaTk pacK/JUHHBAIOLlee [aBJieHHe Ha YacTHILI TPYHTA, TPHBO-
Asmee K ero HaOyxannio. MakcuMallbHoe HafyxaHHe COOTBETCTBYET
CO/lePIKAHMIO B IPYHTE HaHGOJbUIEr0 KOJHYECTBA CBA3aHHON BOJBIL.

[TpounocBasaHHyl0 (FHFPOCKOMHMYECKYIO) BOLY MOXKHO YAAJHTh:
H3 TPYHT4 TOJbKO TyTeM HCTapeHHsi, a PpbLIXJOCBSI3aHHYI0 — KakK
NyTeM HClapeHHs, TaK H MoJ HeficTBHeM GOJBLIIHX JaBJeHHH.

CpoGoanas, WM rpaBUTAllHOHHAS, BOJAA B OTJHYHE OT CBSI3aHHOH
Haxonurcs BHe cepbl HeACTBHS NMOBEDXHOCTHBIX CHJI TIPHTSIKEHHS H
crioco6Ha mepeMelniartbes mox AeficTBHeM cHabl TaxectH. K cBobos-
HOH BOJe OTHOCHTCH M KanmuJJAsipHas BOJa, 3anojHswoulas (uacTHu-
HO HJIH TMOJHOCTBIO) MOPHI TPYHTA M yAePKHUBAIOMAsACSH NMOA AefiCTBHEM
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CHJI TIOBEPXHOCTHOTO HATsXKeHHs MeHHcKoB Bomnl [155]. BuaaxmnocTb
rpyHTa, COOTBETCTBYIONLIAS MOJHOMY 34NOJHEHHIO BCeX KaNmH/JIAPHBIX
NOp BOAOH, HA3BIBAETCHA KAMWIAPHOM BJArOEMKOCTBIO Wys.

IpemenbHO BO3MOXKHOE COJIepXKaHHe B TPYHTE CBSI3aHHOMH, KamuJ-
JSPHOM M TPAaBHTAUMOHHOH BOJABI NPH MOJHOM 3aNOJHEHHH BCEX €ro
TOp Ha3bIBAIOT MOJHOH BJaroeMKOCTbIO FPYHTa W, .

Ilpu oTpHUAaTeJbHOH Temneparype rpaBHTallHOHHAs BOJAa NpeBpa-
miaetcs B Jiell, T. €. NepeXOJHT B TBepAoe cocTofHHe. I pyHTH, coxep-
Jaliue B CBOHX NOpax JieJl, OYeHb YYBCTBHTENLHEl K H3MEHEHHIO TeM-
nepatypsl. OHO TPHBOAMT K H3MEHEHHIO KOJHYeCTBAa He3amep3lled
BOABI, a TakxKe (GH3HYECKHX, XHMHUYECKHX H MeXaHHUECKHX CBOHCTB
MEp3JbLIX TPYHTOB.

B TpexdasHbIX IMIHHHCTHIX TPyHTax YacTb oObeMa HX MOp 3aHH-
MaeT ra3 (BO3MYX), KOTOpPHIi MOXeT HaXOAHThCA B CBOOOJZHOM,
sameMJeHHOM, afcopOHPOBAaHHOM Ha NMOBEPXHOCTH YaCTHI[ COCTOSTHHAX
H B pacTBopeHHOoM BHne [78, 133]

TI'a3 B rpyHTe MOXeT HaXOAHMTbCA TAKXe B MHKpPOMOpax KOJLIOH[-
HEX o6osaouexk [17].

Coo6maroniuitcs ¢ armocdepoit raz ygacrByer B rasoofMeHe
€ arMochepHBHIM BO3IYXOM H NO3TOMY HMeeT GJIM3KHe C HHM COCTaB
H cBoficTBa. 3alleMJeHHHH B Mopax ras no CBOEMY COCTaBy MOKET
‘CHIBHO OTJIHYaThCSl OT OKPYMKAIOIIero BO3JyXa H OKasbBaTh ONpefe-
JleHHOe BO3[efiCTBHEe Ha MeXaHHuecKHe CcBoficTBa rpyHra. Haanune
rasa B 3aMKHYTOM (3allleM/IeHHOM) BHie cnoco6CTBYeT BO3HHKHOBe-
HHI0O KamWJJSPHBIX CHJI M IIOBBLINIEHHIO YNPYTFHX CBOWCTB IpyHTA.

O6MenHbe KaTuoHB., OIHMM M3 OCHOBHHIX CBOHCTB IVIH-
HMCTHIX YACTHIL HBJSIETCA HX CHNOCOGHOCTHL morJsomarth (cop6HpoBaTh)
pasjqHuHBe BeLlecTBa M3 BOJAHBLIX PACTBOPOB M Ta30BHIX cMecefl INoi
ZleficTBHEM NOBEPXHOCTHLIX SBJEHMA Ha rpaHule pasjena bas.

B. A. IIpukaounckuii [118] BegessieT 1IeCTh PasJHYHLIX BHIAOB
norjomennii: 1) ¢usnyeckoe; 2) (H3UKO-XHMHYECKOe (HJIH HOHHLIH
obmen); 3) xHMHuecKoe; 4) KanuJasipHas KOHJeHcallus; 5) MexaHH-
yeckoe; 6) OuosorHueckoe. M3 yKasaHHEIX BHJIOB TOIJIOIEHHI MBI
paccMOTPHM TOJBKO  (H3UKO-XHMHUECKOe, TIIpH KOTOPOM  HOHBI
ancop6IIHOHHOrO CJIGs, HOHHOH aTMocheprsl H KPHCTaNJIHYeCKOH pemer-
KH TJIHHHCTOH YacTHLBI 3aMellaloTcsl HOHAMH M3 BOJHOTO pacTBOpa
(rpyHTOBOH BOABI). YKa3aHHBI 06MeH Jerye ocyllecTB/sercs ¢ HOHA-
MH pubdy3Holl armocheps, yeM HOHaMH aAcOpOIHOHHOrO cjlos H
KDHCTA/VIHYECKOH pEIIeTKH YaCTHILHL.

HMonnwifi oOMeH TJIHHHCTBIX TI'PYHTOB fBJIAETCA KaTHOHHBIM, MNO-
CKOJIbKY HOHbI HX HaCTHIL B OCHOBHOM 3apsiXKeHbl IOJIOKHTEeJbHO.

ITo pammeim K. K. Tempofina [27], moHHHIA o6men rab.ionaercs
TOJbKO Ha TJIHHHCTHIX uacTHIax pasmepom MeHee 0,005 mm. Mmenno
MO3TOMY 3TY YacTb YaCTHI[ IVIHHHCTBIX TPYHTOB OH HAa3LIBAeT N0240-
warowum  Komnaexcom. TlornmoTuTenbHas cnocoGHOCTE  TPYHTA
-00yc/IOB/IeHa MHHepaJbHbLIM  COCTaBOM, CTeNeHbld JIHCIEePCHOCTH
(ynenbHOM NMOBEPXHOCTbIO) TAIMHHCTOM YACTHIbI, XapakTepoM CTPYK-
TYphl, KOHIEHTpalKed 3JEKTPOJHTOB B pPacTBOpe H MPHPONOH oOMeH-
HHX KaTHoHOB [133].
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Ycranosaeno, uto crnoco6Hocth K oOMeHy (sHeprua oGMeHa)
Y PasiHYHBIX HOHOB, IPH BCEX PaBHHIX YCJI0BHAX, pasnnuHa. ITo orHo-
CHTEJIbHO! HEprHu NorJolleHHs Haunbojiee pacnpocTpaHeHHble KaTHO-
HBEl pacnosiaraioTcsl B caefyiomem nopsnke [118]: Fe > Al> Ba >
>Ca>Mg>K>Na>Li.

Hamenenne cocraBa 0OMeHHbLIX KATHOHOB NPHBOXHT K H3MeHEHHIO
KOJIMYECTBA [IPOYHO- M DHIXJOCBA3AHHOH BOAB H, CJAEXOBATENbHO,—
(PH3HKO-MeXaHHUECKHX CBOWCTB TJIHHHCTHIX TPYHTOB (TpaHMIBl TeKy-
YecTH, MaKCHM aJbHOT! THTPOCKOTHYHOCTH, BOJAOIIPOHHLAEMOCTH, Mexa-
HHYECKHX CBONCTB).

§ 3. CBENEHHA O PA3MEPE, OPME W PACNPENEJEHHH
SJIEKTPHYECKHX 3APSA10B HA NMOBEPXHOCTH YACTHI, TJIHHHCTBIX
FPYHTOB H HX KJIACCH®HKALIHS TO TPAHYJIOMETPHYECKOMY
COCTABY

Pa3sMepsl MHHEPaJbHBIX YaCTHI INIHHHCTHIX TPYHTOB H3MEHSIOTCA B
IIHPOKHX npefesax. Hapaay ¢ KpynmHeIMH (TbLIEBATHIMH, NecCYaHHIMH
H Oonee KPYNHBIMH) CYILECTBYIOT MeJbyaflliHe IVIHHHCTHE YaCTHIH,

asMepbl KOTOPHIX H3MepslOTCH THICAYHBIMH JAOJSMH MHJJIHMETpA.
acTHIB TPYHTa, pasMephl KOTOPHX no wkaje Crokca COCTaBJASIOT
menee 0,002 MM, Ha3HIBAIOTCSA TVIHHHCTHIMH. YacTHIEI pa3MepoM MeHee
0,0001 MM naswiBaloTess Koanougamu (taba. 2) [78].

Tab6auna 2
Knaccndurkauns dpakuns rpyHTos
dpakuus Paamep, MM Dpaknua Pasumep, MM
Baaysb! # ranidst: [lecuansle vacTHUBL
KpynHule . . . .. 800 TDYOHE . . ... « 2—1
CpeHHE . . . . . . 800—400 KpynHBE . . . . . 1—0,5
MEAKHe . . . . . . 400—200 CpPeiHHe . . . . . . 0,5—0,25
lFanbka u meGeHs: MEIKHE . . . . . . 0,25—0,10
0ueHb KpYMmHbIE . . 200—100 WOHKHE « s 5 o » & 0,10—0,05
KPynHBIE . . . . . 100—60 [TeineBaTeie 9acTHUOB . .
cpenHue . . . . . . 60—40 KpynHele . . . . . | 0,05—0,01
MEIKHE . . . . . . 40—10 MeIKHE . . . . . . 0,01—0,002
Ipasuit u apecsa: . . . CanHMcTBIE 9aCTHUBL . .
Kpynasie . . . . . 20—10 rpyéule . . . . . . 0,002—0,001
CPEIHHE & - « « « 10—4 TOHEHE o & = = + » < 0,001
MEIKHE . & &« o « 4—2

Ha cBoiictBa rauHHCTOrO rpyHra HanboJee CHJbHOe BJHAHHE
OKa3bIBAaIOT IJIHHHCTHIE (Gpakuuu (B 0COOEHHOCTH KOJIIOHAHKIE), KOTO=
pule oTaHyYaTCs OT Gojlee KPYNHBIX pa3MepoM, MHHepaJbHBIM COCTa-
BOM, ¢dopMofi H cpoiicTBaMH. B ¢hopMHpOBaHHH NOCJEIHHX CYLIECTBEH-
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HYIO POJIb MrpaloT BecbMa MaJible pasMephl TVIHHHCTHIX 4YacTHI H
BCJefcTBHE 3TOro GOJbIIAasi HX yAeJlbHAasd TOBEPXHOCTh M GOJbILHE
SHayeHHs CHJI MOJIEKYJSPHOTO INPHTAXKEHHA MEeIY 4YacTHIaMH.

B MHHepaJbHOM COCTaBe TVIHHHCTHIX TPYHTOB Npeo6/ajfaioT TJIH-
HHCTHIe MHHepaJbl, MPHAAIOWIHE TPYHTY crenHduyeckHe CBoficTBa:
MOBHIIEHHYIO €MKOCTb IOrJIOLIeHHs, THIAPO(QHABHOCTb, BJIaroeM-
KOCTb, TJACTHYHOCTb, MOHHKEHHYIO BOAONpPOHHLaeMocTh H T. 1. [78].
HMmeHHO TMO3TOMY YCJIOBHE IPOSBJIEHHS 3THX XapaKTepHBIX «IJH-
HHCTBIX» CBOMCTB IIOCJAYXKHJIO OCHOBOH JIJS1 ONpeflesleHHA pa3MepoB
TJHHHCTBIX YacTHIL

®opMa TIMHHCTHIX YacTHI, KOTOpas MO MAaHHHIM 3JEKTPOHHOH
MHKDOCKOTIMH NMPHHMMaeTcs 4elyfuaToil, MJIacTHHYATOH HJH TJIOCKO-
yAJIHHEHHOH, OOyc/JOBJeHa HX MHHepaJbHBIM cocraBoM. Hanpumep,
LI KOaJHMHHTA XapaKrepHa WeCcTHrpaHHasa, a I THAPOCIIONB —
nnactuHuatas ¢opma [133]

B cBA3H C H3JI0XKEHHHIM OTMETHM, YTO TOJ Pa3MepoM TJIHHHCTOMH
YacTHIH CJAefyeT NOHHMAaTh JAHAMETP YCJIOBHOTO ILiapa, najalolero
B BOIE CO CKOPOCTbIO MAHHOI YacCTHIEL

[IbineBaTble wacTuubl (cM. Tabha. 2) oTaMYalOTes OT TJIHHHCTHIX
H NecuaHblX N0 MHHepaJbHOMY cocraBy (B HHX mpeobJafaer KBapl),
¢dopme (6aH3KH K ciepHueckofi) H mo cBoiictBaM. Bce nepeuncien-
Hble BbIlIe <«IVIMHHCTHIE» CBOACTBA 3Jech BHIpaxeHnl caabo. OcHOB-
HLIM HX CBOHCTBOM fIBJIeTCA 1oTeps ciaboil cBA3HOCTH M npHobpeTte-
HHE TOJBHXKHOCTH TNPH YBJIAMKHEHHH.

ITecuanbie u Apyrue KpynHoo6JOMOuYHBIE YacTHUB (cM. Taba. 2),
cocTosHe H3 06JIOMKOB MOPOJA PasHLIX pasMepoB, HMEIOT OKaTaHHYIO
uau yraosatyvio dopwmy. Ilo croficTBaM OHHM CHJBHO OTJIHUAKOTCS KakK
OT NblAEBATHIX, TAK H OT MVIMHHCTHIX YacTHl, T. €. 06/1afaloT XOpolueH
BOJOOTAaueH, BOAONPOHHIAEMOCTbIO, cl1aGoll KalHJJIAPHOCTBIO,

st BHISICHEHHSI MPHPOJBI MPOYHOCTH CTPYKTYPHBIX CBsi3efll H
HCCIEeJOBaHHA CTPYKTYPHLIX CHCTEM TIJIHHHCTHIX TpPYHTOB OoJbInoe
3HaueHHe HMeeT pachpefe/ieHHE 3JeKTPHYECKHX 3apaloB Ha TOBEpX-
EocTAX M pebpax wacTul.

Hccnenopanuamu [71] ycraHoBJeHO, uTO Ha CBeXeM H3JIoMe
KBapla HMeIOTCH NOBEPXHOCTH KaK C IOJIOXKHTENbHLIM, TaK H C OTpH-
nareJbHbBIM 3apanaMH. Ha niacTHHYaTOl TNOBEPXHOCTH KaOJHHHTA
NPakKTHYECKH OTCYTCTBYeT HOHooOMeH, a Ha pebpax Wu H3JoMax
HMEIOTCS MMOJIOMKHUTEJIbHO 3apsiXKeHHEIe YYacTKH MHTEHCHBHOIO HOHOOG-
mena. M. II. Cemneuxufi [132] moxasaJ, 4To CHJB B3aHMOAEHCTBHS
MEXJy MOHTMODH/JIOHHTOBHIMH YacTHUAMH HepaBHOMEpPHH Ha pas-
HBIX CTODOHAX KDHCTA/JIOB H OTJHYalOTCs GOJbLIelf MHTEHCHBHOCTLIO,
YeM Y KaOoJHHHTOBLIX.

C sroii Touku 3peHHs, Kak cnpaseaauso ormeuaer A. K. Jlapwuo-
roB [71], Becema wuHTepecHsl uccaenoBanna M. B. Ilonosa =n
I'. T. 3y6xoBnua [116], KOTOPEIMH yCTAHOBJIEHO, YTO HA NOBEPXHOCTH
CKOJIa TVIHHHCTHIX Y&CTHIL MOTYT oOKasaTbcs artomel Si, Al, Mg, O n
IrHApoKcHAbHOH rpynnsl OH u BejencTBHe 3TOrO MOJIKHBI MOSABJASTHCSA

3apsAnbl pasHbBIX 3HAKOB H BO3HHKATh MHOI‘OOGP&S'HHB CJOXKHbBIE Impo-
IL€CCHI.
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Ha ocHoBanuu musnoxennoro, A. K. JIapHOHOB CuHTaeT, YTo Mak-
CHMaJIbHas KOHUEHTPALHs 3aps/lOoB NPHXOAHTCA Ha Yraw H pebpa
KPHCTQ/IIHYECKHX peIleTOK, KOTOphie BMeCTe C y4acTKaMH, TMOKPHIThI-
MH TOHKHMH KO/JJIOMAHHIMH o6osoukamu, HasBanel E. M. CepreeBum
SHEpPreTHYeCKH AaKTUBHBIMH. AGCOJNIOTHAsT BeJHuYHHa 3apsjga H ero
SHAK 3aBUCAT OT KpHCTAJN/JIOXHMHYECKHX oco0eHHOCTeH MuHepaJa,
cocraBa oGMeHHLIX HOHOB M Xapakrepa okpyxaiomefi cpeas [71].

YnpomeHHas KaIacCH(HKALHA TJIHHHCTHIX TPYHTOB, OCHOBaHHAs
Ha KOJHYECTBEHHOM COAEp:KaHHH (paKUUH TIHHHCTBIX, NHJIEBATHIX H
mecuaHblX YacTHI, npuseneHa B tabua. 3 [71].

Ta6auua 3

YnpomenHas knaccHpHKAUHS TPYHTOB
(no B. B. Oxortuny)

Coaepanne
I'pynt I‘JIHHHCTH;: YacTHIL,

CauHa Taxenas . . . > 60
lapma . ... ... 60—30
Cyraunok:

TANEABIH . . . . 30—20

CPemHHit . . . . 20—15

Nerkud . . . . . 15—10
Cynecs:

TAMENad . . . . 10—6

JerKag . . . . . 6—3
[Mecok . ... ... <3

MMpuMmevanne Ecam B rpyste nuaesa-
THIX HacTHO GoAbme, YeM necHaHuX, TO K HaHMe-
HOBaHHIO FPYHTa NpHOaBASETCH CAOBO NbLAEBATHIA.

Knaccndukanus IIMHHHCTHIX TPYHTOB 10 TpPaHYJAOMETPHUECKOMY
COCTaBY fIBJSETCs BCIOMOTaTeNbHOH. DTa KiIacCHPHKANHA He MOXKeT
MOJMHOCTBIO OXAPaKTepH30BATh MeXaHWUECKHE CBOHCTBA TIVIHHHCTHIX
TPYHTOB, TaK KaK OHH, KpOMe pa3MepoB 4acTHI, OGyC/OBJEHH
MOPHCTOCTBIO, BJAMKHOCTBIO I CBA3HOCTBIO. Kaaccudukauns rauuncTux
TPYHTOB OCHOBAHA Ha ONpe/ieIeHHH NpefiebHbIX 3HaYeHHil BJIaXHOCTH,
XapaxkTepH3YIONHX Nepexojl rPyHTa H3 OAHOrO COCTOAHHSA B ApPYroe.

§ 4. OBLIIHE MPEAOCTABJIEHHSI O CBA3HOCTH, CTPYKTYPE
H TEKCTYPE TJIHHHCTBIX TPYHTOB

CpasHoCTb OcoGeHHOCTBIO TIHHHCTBIX TPYHTOB (B OTJIHYHE
OT MecyaHeX) fABJSETCA HX CIOCOOHOCTh OKa3blBaTb CONPOTHBJIEHHE
PacTATHBAIOIHM YCHJIHAM, OOYCJOBJIEHHAS HAJHYHEM CTPYKTYPHBIX
cRfizell (cuemnsieHHeM) MexK1y uacTHmamH. IIpouHOCTH cBsizeilt MeXIy
YaCTHIAMH IJIHHHCTOrO (CBSI3HOrO) TpYHTa IO CPaBHEHHIO C TpOY-
HOCTBI0O MHHEDAaJbHBIX YACTHI, OYeHb MaJjia, CJeLOBAaTeJbHO OCHOBHBIM
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¢dakropoMm, oGYCJIOBAHBAIOUHM MPOYHOCTb TPYHTA, fABJAETCA NMPOY-
HOCTb €ro CTPYKTYPHBIX cBsaseil. IlosroMy H3yueHHe MocC/efHHX ypes-
BbLIYaflHO BaXKHO [JIs TMO3HAHHA NPHPOJALI NMPOYHOCTH H nedopManHp
rJMHHCTBIX TpyHTOB [71].

Ha mawaabHOM 3Tane pas3BHTHA MexaHukH rpyHtoB K. Tepuarm,
[141, 142] BLIABHHYJ TEOPHIO KaNHJJISPDHOA CBSIBHOCTH, COTJIACHO
KOTODOH Bce sIBJIeHHS, HMeIOUlHe OTHOLIGHHe K CBS3HOCTH [IVIHH,
06 bACHUJANCh JHIIL TTOBEPXHOCTHHIM HATSMKEHHEM, a MO CBSI3HOCTLIO
[IOHHMaJIOCh BHYTpPEHHEee CONPOTHBJEHHe TPEeHHIO, BLHI3BAHHOE KamuJ-
aspHEM AaBieHneM. CYHTAJOCh TaKKe, YTO NOBEPXHOCTHOE HaTSMKe-
HHE KanHJ/JIAPHOH BOABI CYIIECTBYeT BO BCeX rpyHTax 6e3 pasiaHuns
BEJIHYHHB H (POPMBI 3epHa, ¢ TOH pas3HHIEH, YTO B 3aBHCHMOCTH OT
IraMeTpa TIOp BHICOTA KANHJJNAPHOTO MOJIHATHA B PasHHIX FPYHTax
pasamuHas. [aumucteit rpynr K. Tepmard cunTa;n MeXaHHYECKHM
CKOIJIEHHEM 3eDeH pasJIHuHOro pasMepa.

HecmoTps Ha TO 4TO LeMeHTOM BceX cBA3HHIX rpyHTOB K. Tepuarn
CYHTa/] KOJJIOHAHbIE KOMIIOHEHTH, OT COCTOSAHHH KOTOPBIX 3aBHCAT
(hu3MYecKHe CBOHCTBA TIJIHH, OH He NPHAABaJ HM CEPbe3HOro 3Haue-
Hus. [lo ero mMHeHHIO, MCTHHHasl CBf3HOCTb, OOYCJOBJEHHAs Hayajb-
EbM (HYJEeBBIM) TpeHHeM (MDHJMIAHHEM YacTHIL BCJAENCTBHE MoJe-
Ky/JISIPHOTO B3aHMOJIEHCTBHS ancOpOHPOBAHHBIX CJIOEB JKHAKOCTH),
OYeHb MaJia MO CPaBHEHHIO ¢ BHIHMON CBS3HOCTBIO, 0OYCJIOBJEHHOM
NOBEPXHOCTHLIM HaTsKeHHeM KamHJJISPHOI BOJBI.

B nmanbueiimem, no mMepe pa3BUTHA (DH3HKH M MEXaHHKH TPYHTOB,
KOJUJIOHIZHOH XHUMHM, TDYHTOBEIEHHS M HMHKEHEepHOH  reoJOoruH,
[IPHLLTOCE NEPecMOTPETh TEOPHIO Kanuansgphoi cesasnoctu K. Tepuaru
H NPH3HAThL DOJb «HCTHHHOTO CLENJIeHHS» B CBASHOCTH TVIMHHCTLIX
rpyHToB., BHIa mpeasoxeHa TeOpHs, COrJIACHO KOTOPOM CBASHOCTD
oGbACHANACH CKIEHBAIONIHM AeHCTBHEM TOHKHX cjioeB Bogul. OmgHako
sTa Teopusa Onlia omposepruyra paboramn B. B. Hepsaruna [56],
[OKa3aBlIero, YTo TOHKHE MJIEHKH BOJALI SIBJSIOTCS HE CBA3bIBAIOIIHM
5BEHOM, a Hao60opoT ()aKTOPOM paCKAMHHBAIOIIHM,.

Taxkum o6pasoM, HH KanHJJIApHAs TEOPHS CBS3HOCTH, HH TeOpHS
CKJIeHBaloLlero AEHCTBHA TOHKHX CJI0OeB BOALI He OBLUIH B COCTOSHHH
OObACHHTL HCTHHHYIO NPHPOJY CBS3HOCTH (IIPOYHOCTH CTPYKTYPHBIX
cesizefi). Uro6b mo3HaTh ee, MPHLLIOCH BOCMOJb30BATHCA COBpEeMeH-
HEIMH NPEJICTABJEHHSIMH KOJJIOHIHOM XMMHH O JIHCMEpPCHBIX CHCTe-
Max, KOJNJIOHIAX, y4YecTh HOBeflllHe JOCTHMKEeHHA TDYHTOBEJEHHS, HH-
JKEHEPHOH reoJloTHH, (DH3HKO-XHMHYECKON MeXaHHKH H T. ..

ITpHpona cTPYKTYpHHIX CBsi3efl OYeHb CJOXHA, OHa 06YCJIOB.JIeHA
GONBIIHM KOMIJIEKCOM ABJeHHiI (BBIKPHCTAJUIH3alMell KOJJIOHIOB,
CTapeHHeM, KDHCTaJJIH3aliHeli IEeMeHTHPYIOIIHX BellecTB H3 OKpYV-
xawoued cpefibl H T. /I.), NPOTEKAIONIHX B YCIOBHAX CHOXKHBIX (HHIHKO-
XHMHYECKHX NpPOIECCOB B TeyeHHe NJIHTEJbHOro mepHoma ¢opmHpoBa-
HHf TaHHACTOrO rpyHTa. C camoro Havana ocallKoHaKomJeHHs obGpa-
8YIOTCSl NepPBHUHBbIE CTPYKTYPHLle CBSI3H, a NOJ HeficTBHEM MHOrOYHC-
JEeHHBIX BHEMIHHX H BHYTpPeHHHX (aKTopoB B TpYHTe BO3HHKAIOT
HOBHIE (BTOpPHuHEIE) GoJee MpPOUHLIE CBS3H pasjuuHOM npupoan [118,
133]. 3to 3nauuT, YTO B TEUEHHE BCEro re0JIOrHUYECKOro nepHopa obpa-
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30BaHHA H CYLIECTBOBAHHA IVIHHHCTOTO IPyHTa INPOYHOCTRL €ro CTPYK-
TYPHbIX CBfi3eH H3MEHAeTCs MOJ JEeHCTBHEM eCTeCTBeHHbIX (akTopoB
H HHXeHepHOH NeATeJbHOCTH YeJIOBeKa; B KaKJIOM KOHKPETHOM Cly-
gae ero NpOYHOCTb OGYCJOBJEHa COCTOSIHHEM IJIOTHOCTH, BJAXHOCTH
H CTPYKTYPHOH IIPOYHOCTH TPYHTA B JlaHHBII MOMeHT BpemeHH [81].
I.loxasa're.nbcmom BJIHAHHA HH)KCHEI)HOI':l JAeATeJbHOCTH YeJlOBEeKa Ha
BEJIHYHHY TPOYHOCTH CTPYKTYDHBIX CBA3€H TIMHHCTHIX TPYHTOB MOXKET
CJAYKHTb H3MEHEeHHWe MOoCJeAHed B pesy/bTaTe HapylIEHHS ecTeCTBeH-
HOTO CJIOMEHHSI NPH BCEX OCTAJbHLIX DABHBIX 3HAYEHHSX BJAXKHOCTH
H naotHocTH [31, 114 u np.]. driMu paGoramu, B 4aCTHOCTH, YCTAHOB-
JIeHO, 4YTO TOC/Jie HapylleHHs] eCTEeCTBEHHOro CJOXKEeHHA TpPYHTa ero
HayajJbHOe clernjeHHe (NMPOYHOCTb CTPYKTYPHLIX CBsI3eH) BOCCTAHAB-
JHBAETCHA He MNOJHOCTBIO.

Ha ocHoBaHHH HM3J0XKeHEHX Bhie pabGor H. f. Ienucos [52, 53]
OPeNJIOXKHJ CUenJieHHe pacu/leHATb Ha ClenseHue nepeudHoe u cyen-
1eHue YnpoiHeHuA.

Ecaun paccMoOTpeThb BSEHMOH.El’lC‘I‘BHe JBYX TJHHHCTBIX 4acTHL, TO
o MNepBHYHBIM NOHHMAETCH ClLelnJIeHHE, NposABJIEHHE KOTOpOro
06yCJ/IOB/IEHO BJHSIHHEM CHJ BTOpHYHOH BajseutHocTH Ban-nep Baansca
(MeXMOJIeKy/IipHble CHJLI), HMEIONHX 3JeKTPHYECKYI0 TNpPHPOLY.
BsauMmopeficTBHe JBYX COCEIHHX YaCTHI NPOHCXOAHT NMPH COBMECTHOM
BO3JEfICTBHH CHJ MOJIEKYJsIPHOTO NPHTSKEHHSI H PacKJHHHBAIOLIEro
aasnenusi. IlocenHee moxker O6miTh Bhi3Bano [l104]: 1) orauuuem
XHMHYECKOTO NOTeHLHaNla B CJoe, pasfensio-

IIeM YaCTHILB, OT €ro JKe 3HaueHusi B o6beme;  AAR

2) HanHyMeM Y MOBEPXHOCTH YaCTHIL PaBHO- |
BEeCHHIX HOHHLIX aTMocdep H 3) arperaTHbiM
COCTOSHHEM TNOJSPHOM JKHMAKOCTH BOJMH3H
rpanmmoﬁ NOBEPXHOCTH.

Baaropapsi onHO3apsAHOCTH HOHHLIX aT-
Moc(ep ABYX COCeJHHX YacTHI NPH HOCTATOY-
HOH uMX OaHsocTH (KOrZa YyKasaHHBIE aTMO-
cepsl mepecexaioTcsi), NOMHMO CHJ MOJEKY-
JIAPDHOrO NPpHTAXKEHHA, NPOSABJIAIOTCA KYJOHOB-
CKHE CH/ILI HOHHO-3/JIeKTPHYECKOro OTTaJKHBa-
Hua [56]. B 3aBucuMocTH OT COOTHOIIEHHA
3THX cua OyZer npeoGJyafaTh ONHA H3 HHX. Pyc. 1. 3apHCHMOCTE MO-
Ha puc. 1 n3aoOpaxeHbl KpPHBHE H3MEHAEMO- JIeKyAspHOTO MPHTSOKEHHS
CTH BeJIHYHH YKa3aHHHIX CHJ B 3aBHCHMOCTH ﬁéa:gﬁsznseﬁxorgqoggﬂ-
or BACCIORINR Moty SECTHLMI, o TUKS by st §

TOMUMHBL CJOS MeHAy ua-
crBus. KpuBas A cooTBeTCTByeT pPOCTY CHJI crauamu h
MOJIEKYJIIDHOTO NPHTAMXKeHHs, P — oTTanku-
BaHud, R = P—A—cymMmmapHOMy BO3IEACTBHIO YKa3aHHHX CHJI.
KpuBaa R noxassiBaer, 4TO NpH JOCTATOYHOM COJHKEHHH WYacCTHIL
OyayT npeBaJHpPOBATL CHJABl MOJEKYJISPHOrO TNPHTAXKeHHA (NpH
h<hp), mpu HeKoTOpOM yJajeHHH — CHJIB OTTaJKHBaHud (314
obnacTh Ha rpajHke 3amTpHXoBaHa), a NpH emle Gojbllem ynane-
HHH — CHOBA CHJIBl MOJIeKyJsipHOro nputaxenus. {uddysasie vonnne
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CJIOH B cJyyae B3aHMHOrO NEPEeKPHITHA CNOCOGHBI NMPOSABIATH PACKIH-
HHBaloulee NeHACTBHE, CTPeMsCb OTTAJKHBATh COCEJHHE YaCTHIBI
56).

[ ],[1. M. Toacroit [146] moka3as, uTO B 3aBHCHMOCTH OT NepeKpbi-
THA HOHHBIX aTMoc(ep HJH rHAPaTHHIX cloeB 3PeKT pacKIHHHBaKO-
mero JefCTBHs TOHKHX cJoeB Oyner pasiHuHbIM. [lepexpriTie ykasau-
HBIX CJIOEB SIBJISETCS CJeJACTBHEM NMPHUOGJIHXKEHHS YaCTHIL NOJ JeHcTBH-
€M BHEUIHHX HarpysoK, KOTOpPOe CONPOBOXKAeTcs BHIKHMaHHEM H3
HX KOHTAaKTOB HEKOTOPOro KOJHYeCTBAa CBfI3aHHOH BOAH M YBeJHYe-
#reM HOHOB B HHX. CTpemJieHHe CBSI3aHHOH BOJLI YBEeJHUHBATL CBOIO
TOJIIHHY [0 MaKCHMaJbHO BO3MOMKHGI! BeJHYHHBI NPHBOAHT K NPOSB-
JIeHHIO YKa3aHHOTO JlaBJeHHS. YBeJHUeHHEe TOJLIHHBI CJI0EB CB3aHHOM
BOJbl, B CBOIO OYepelb, MNPHBOAHT K NaJeHHIO PAacKJIHHHBAIOIIETO
nAasjeHus. [IpHYHHY NOHHIKEHHS NMPOYHOCTH I'VIMHHCTHIX TPYHTOB mocie
paspyumeHnss HX npuponHoro ciaoxeHus K. Tepuarn [141}' o6 bAcHAET
YBEJHYCHHEM TOJILIMHBEI NJEHOK CBA3aHHOH BOJBI IOC/Je TaKoro pas-
pYIIEHHS.

Hccaenosannamu 10, B. Ocunora [107] ycraHOBJIeHO, YyTO Kpome
MOJIEKYJ/ISIPHBIX H MOHHO-3JIEKTPOCTATHUYECKHX CHJI B TOHKO/HCIEDCHBIX
TJIMHUCTBIX CHCTEMAaX BO3HHKAIOT TaKiKe CBH3H MATHHTHOrO Xapakrepa,
KOTOpHIe CBSI3aHBl C HaJIHYHEeM B HHUX ()eppOMarHeTHKOB.

B pesynbrare pasiHYHHIX (PH3MKO-XMMHYECKHX M JDPYTHX [POIECCOB
cllenyieHHe TJIHHHCTHIX YacTHI[ NMOCTeNeHHO Bospacraer. JlomonHHTelb-
HOe YNpOYHeHHe CBsi3ell MeXZAY [VIHHUCTHIMH YacTHILAMH BO BpPeMeHH
npu orcyrerBuu ynsortHenns H. §1. Jlenucos [52] Haspan cuensenunem
YNpOYHEHHSI.

OHo nposBAsieTCs B TeX caydasx, KOria KpoMe CHJI BTOPHYHOR
BaJeHTHOCTH (MEXMOJIeKyJSpHHX), KAaTHOHHO-aHHOHHBIX H BOJXO-
POZHBIX CBf3€fl OKA3hIBAIOT BJHSHHE TaKXe CH/JBl MepPBHYHON BaJleHT-
HOCTH (XMMHuecKHe cBsi3H) [53], nposiBaslomuecs InpH HeGOJbIIHX
PaccTOAHHAX MeXJAYy aToMaMu. B BO3HHKHOBEHHH CLEIVIEHHS YNpod-
HeHHS GOJIBIIYIO pOJIb HrpaiT (H3MKO-XHMHUECKHe IIPOLecCh Ha rpa-
HHIle pasjena TBepioH u xuakoin ¢a3. OcobGoe 3HaAuUeHHE HMEIOT
ancopbUpOBAHHBIE HA NMOBEPXHOCTH rpyGoAHCHepCHBIX 3epeH KOJJIOHI-
Hble 060JI0YKH (IVIEHKH), KOTOpble B TeYeHHe BPeMeHH 3acTyAHeBaioT
H NPOYHO CKJeHBalOT GoJiee KPyNHHE YacTHIB rpyHTta [52].

Ha ocHoBaHHM H3/M10:KEHHOT0 MOXKHO 3aKJIOYHTb, YTO CTPYKTYpHEIE
CBfI3H HeCLIeMEHTHPOBAHHHIX TOHKOJIHCIEDCHEIX TPYHTOB B OCHOBHOM
06yc/IOBJIeHEl MOJIEKYJ/IAPHBIMH H HOHHO-3JIEKTPOCTATHUECKHMH B3aH-
MOJIEACTBHAMH MEXIY 4YacTHIAMH, a CUEeMeHTHPOBAHHBIX I'DYHTOB —
TaK¥Xe BHYTPHKPHCTAJJIHYECKHMH CBA3SMH XHMHYecKoi mpuponst [133],
B OCHOBE KOTOPHIX JIEXKHT 3JIeKTpHYeCKOe B3aHMOJIeAiCTBHE MexXIay
atoMaMH. CTPYKTYpHEIE CBsi3H HECIleMEHTHPOBAHHBLIX TOHKOIHCIEpC-
HBIX TPYHTOB B TPYHTOBEJEHHH NPHHATO TaKxKe HAa3LBaTh BOJHO-
KOJIJIOHZIHEIMH, a CIleMEeHTHPOBAHHBIX — KPHCTAJJIH3aIHOHHEIMH.

HspecTHO, uTO CBA3HOCTH TJIHHHCTHIX TPYHTOB He 3aBHCHT OT
«CKJICHBAIOWEro» NeACTBHS TOHKHX CJOEB BOABI M HENocpe/ACTBeHHOro
HefICTBHS CHJI MOJEKYJSDHOTO CUENJIeHHS MeXAy KDPYMHBLIMH 4YacTH-
uamu [51]. TTosromy cBsisHOCTH r/IMH cjeayeT OOGBACHHTH B3aHMOJeM-
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CTBHEM IVIHHHCTHIX YACTHIL MOCPEACTBOM KOJNJIOHAHLIX IJIEHOK, o6pa-
30BaHHBIX Ha HHX B pe3yJbTare INeNTH3alHH BOAOH THAPOQHJILHOrO
[JIHHHCTOrO MaTtepuaJa. [loBepXxHocTHas 30/b, BOSHHKAIOIAs KAK IPO-
JYKT TeNTH3alHH TJIHHHCTOrO Martepuala, ¢ TeYyeHHeM BpeMeHH mpe-
BpallaeTcsi B rejb (CTy/leHb) H TeM CAMBIM VBeJHYHMBAET CLeNJeHHe
Mexay vacruuamu. ITofTBepiK/leHHeM CKa3aHHOMY CJyxHT pabora
M. B. I'pebenmukosa [46], nocesiuiennasi BBIABICHHIO POJH KOJJIOHI-
HBIX IIJIEHOK KPeMHEKHCJOTH Ha TOBEPXHOCTH CHJHKATOB B CKJ/EHBa-
HHH 3THX NoBepxHocTeii (cuHepesnc). Ha o6paszoBanne MOJOABIX
KOJLIOHOB B Te0JOTHUECKH CTApBIX TPYHTax (TJHHAX) NyTeM THAPO-
JH3a, Kak 3To HaGJonaercssi B CMeCH TIOpOILKA KPEMHEKHCJOTHI
c Bcinoﬁ, cofepKallel yriaekKHeJaoTy, ykaswiBail Takke K. Tepuaru
[141].

Hapany co cnocoGHOCTBIO KOJJIOMAHEIX NJEHOK K 3acCTyAHEBaHHIO
(reneob6pasoBannio), KOTOpPOe HM INPHAAET CKJIEHBAIONIEE CBOMCTEO,
0HO MOXKET OKa3elBaTb H CMasbiBalolliee AEHCTBHE NPH CMAauyHBaHHH
sojoii. Muaue rosopsi, ckjeHBalouwlass CcnocoGHOCTb 3THX IJIEHOK
nMeer OOPATHYIO HPHPOJY, YTO NpPHIAET CLEIVIEHHIO YIPOUHEeHHS
THKCOTPONHBII Xapakrep [45, 124].

Konnonapl u Baara urpairoT HanGolee aKTHBHYIO POJib B BO3HMK-
HOBEHHH M H3MEeHEHHH NPOYHOCTH IVIMHHCTHIX TPYHTOB, B (pOpMHpOBa-
HHH HX CTPYKTYPBI, OHH NPHJAIOT HM CTPYKTYPHYIO aKTHBHOCTb. IIpH

\Q OTCYTCTBHH BOJBI TPYHT HNEPEXOIHT B CTPYKTYPHO HEaKTHBHOE COCTOf-

2 HHe, NIPHMepOM KOTOPOI'0 MOMKEeT CIYXKHTb cyxoil Jécc [53], npespa-

o, WaKIHiAcs 1m0 AeficTBHEM HArpysKH B IOPOILIOK.

CuenJieHne yNpoOYHeHHS MoOXKeT OBITh OGYCJOBJIEHO TaKkKe IpoTe-
KalolliM BO BpeMeHH BHINaJleHHeM H3 IIOPOBOH BOABI PasJIHYHLIX
XHMHYECKHX BellecTB, HIpPaloliHX pOJb IPHPOLHOrO leMeHTa, GHOJ0TH-
YeCKHMY npoleccamy, nepexpHeTalai3aluell TOHKOMMCIEePCHBIX TIiIH-
HHCTBHIX MHHepaJsoB, nepeopHenranueil yactuy [53] u 1. 1. OHO MOXKeT
OLITh BOZOCTOHKHM, BOJOHECTOHKHM M BpeMeHHHM. BopocToiikocTb
H HEBOJOCTOHKOCTH 3aBHCAT OT PACTBOPHMOCTH IleMeHTa B BoJe, a
CCJIH LIEMEHTOM ABJISeTCH Jiel, TO CLenJeHue ynpouHeHus Gy/eT 3aBH-
CeTb OT TeMMEepPaTVPLl TPYHTA; B CBEKHX PHIXJbIX OCalKax OHO MOMKeT
IMeTb TaKKe THKCOTpONHbIH Xxapaktep [52]. CuenjeHue ynpouHeHHs
SIBJISIETCSI OYeHb BAXKHBIM JIPOYHOCTHHIM (haKTopoMm H Ge3 ero ycrpase-
HH$l Hesb3fl A0OHTbCH CyLlecTBeHHO oObeMHO JedopMauHH (ymJIoT-
HeHHsi B Ha0yxaHHSI) rpyHTa.

Taxum oGpa3om, H3MeHeHHe CBfISHOCTH TpyHTa Tpelyer ompeje-
JIEHHOTO BpeMeHH M, Kak crnpaseiauBo otmeuaer H. H. Macmos (82],
NPH TaKOil OLleHKe ee MPHPOJALl TNMOHATHE O CBS3HOCTH IJIHHBI TepseT
CBOI0 MeXaHHYeCKYI0 TPAaKTOBKY H TBepAO CTAHOBHTCHA Ha [HajJeKTH-
yecKyl OCHOBY.

CTpyKTypa H TeKcTypa. B MexaHHKe rPpyHTOB CTPYKTY-
pa TJHH, KOTOPas OTHOCHTCS K OAHOMY H3 BaKHeHuIMxX nerporpadu-
YeCKHX NPH3HAKOB rpyHTOB, BrepBhle omucana K. Teputaru [141].
OcHOBBIBasicb HA TOHSATHH HYJEBOrO TPEHHS MeXAy 4acTHLAVH,
K. Tepuaru onkca/ sSUeHCTYIO H XJONBEBHAHYIO CTPYKTYpH, a A. Ka-
sarpauge [171] — HeoxHOpOAHO-AUEHCTYIO CTPYKTYPY cyrimuka. Hcxo-
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Af W3 TeX XKe INO3HOHI, CTPYKTYPHl TJIHHHCTBIX TPYHTOB OMHCAJN
takxke M. M. ®unaros [148] u np.

OnucaHusl CTPYKTYP IVIMHHCTEIX TPYHTOB, OTBeuaiollue YCJIOBHIO
MEXaHHYEeCKOro CKOMJIEHHSl YaCTHI[ Pa3JHYHbIX pasMepoB, He YYHTHI-
BalOT H3MEHEeHHil, NPOTeKalomHX B [UIHTeJbHOM npouecce (Gopmupo-
BaHHA HX (H3HKO-MeXaHHuecKHX cBoHcTB (71, 78]. OHH He oTpaxKaioT
ycioBH o0pa3oBaHusi, CTeNeHb OJHOPOJHOCTH, a TaKikKe BJaroem-
KOCTb, [e(POPMHUPYEMOCTb H NPCUYHOCTb [VIMHHCTLIX IPYHTOB, X H3Me-
HAEMOCTb BO BpPeMeHH II0J AeHCTBHEM CHJICBBIX H JIPYTHX BHEIUHHX
thaxTopos.

Ha ocHOBaHHH COBpPEMEHHBIX NDEACTABJEHHI O CTPOEHHH TIVIH-
HHCTBIX TPYHTOB, pa3suThiXx B padorax A. H. 3apapuukoro, M. M. ®du-
garora [148], M. B. Tlonora [114, 116], B. A. [lpukaonckoro [118],
E. M. Cepreera [133] u np., u ocoGeHHOCTell HX HHMKEHEPHO-TeQJIOrH-
YEeCKHX CBOHCTB NPHHATO NOA CTPYKTYPOU NMOHMMAaTb pasmep, dopmy,
XapakTep NOBEPXHOCTH, KOJHYECTBCHHOE COOTHOUIEHHE  CJATaloMLiX
3J€MeHTOB (OT/e/IbHEIX YaCTHI[ H arperaTtoB) M XapakTep B3aHMO-
cBsI3H HX Apyr ¢ apyroM. Ilox rexcrypod moHHMaeTcs MPOCTPAHCTBEH-
HOe pacno/io:KeHHe ClaraloluxX 3/J1€MeHTOB TPYHTA (He3aBHCHMO OT HX
pasmepa).

Hapsany c npuBefeHHBIM Bhllle (HauGoJsee NOJHLIM) ONpeleneHIeM
NOHATHS CTPYKTYpHI HMeloTcs H apyrHe. B uwacrroctu, C. A. 3axa-
poB [155] cTpykTypo#i rpyHTa HashlBaeT e€ro CTPOeHHe, T. €. B3aHMHOe
pacnoJioXKeHHe OTAeJbHBIX MHHEPaJIOB YacTHIL HJH OTAEJbHBIX arpera-
TOB, Hd KOTOPble I'PYHT MOMeT pacnagaTbcs B YCJIOBHSIX 3a/leraHHs.
H. M. Topbxosa [45], Hexons M3 KOMJIOHAHO-XHMHYECKOTO TOHMMAaHNsA
B3aHMOJEHCTBHSI wacTHIL TPYHTA, NOJ CTPYKTYpoil IoJpasyMeBaer
B3aHMOpAacnoJ0XKeHHe YaCTHIL H XapakTep CBs3eH MeXKJYy HHMH B pas-
auuneix yeaopusix. ITo  B. JI. Jlomranse [78], crpykrypa T1pyHTa
onpenensierca (GoOpMoi, pa3MepaMH M OTHOCHTENBHBLIM KOJHYECTBEH-
HbIM CO/LepKaHHeM OCHOBHbLIX KOMIOHEHTOB, CJaraloulHx MOpoLy.

[IpuMeHuTEeNLHO K IVIMHMCTBHIM TPYHTaM OpefJOMeHbl JOIOJHH-
TeJIbHBIE IOHATHA O M4KpO-, Me30- H MHKDOCTPYKType, ToApoOHOe
ONMHCaHHe M MeTOJAbl HCCAeIOBaHHA KOTOPBIX NMPHBEIEHbl B JHTEpaType
[100]. s onpeneieHHsi MHIKEHEPHO-TEOJOTHYECKHX H MeXaHHYECKHX
CBOWCTB TJIMHHUCTBIX TPYHTOB OCOOBIH HHTEPEC TPEACTABJISET MHKpPO-
CTPYKTypa, IpHYeM 3[echb IJIABHLIM SIBJASETCS yCTAHOBJEHHE HaJIHYHA
3aKOHOMEpHOCTel B OpHEHTaUMH YacTHIL.

Eme B 1926 r. B. M. l'oapAmIMHAT yCTaHOBHJ, YTO CBOICTBA
TJIMHBL 3aBHCAT OT KPHCTAJ/IOXHMHH MHHEpaJoB, OKPYMKEHHLIX IIeH-
KaMH afcopOHPOBAHHLIX MOJIEKYJ BOABI, a UellyHuyaTble MHHEpa/ibl
B BBICOKOYYBCTBHTEJBHBIX [IJIHHAX 00pasyloT HEYCTOHYHBYIO CTPYK-
TYpPY, TaK HA3LIBAEMYIO CTPYKTYPY KapTOYHOTO JOMHKA.

PaccMaTpuBasi KapTHHY pacnpefielieHHss MHHEpPaJoOB B IJIMHAX
C yYeToM 2aKOHOMepHOCTel KoJvioHaHo# xuMmuu, B. Jlem6 [179] oTme-
uaer, 4To JJs MODPCKHX IVIHH CBOMCTBeHHA phIXJasg CTPYKTypa (pHc.
2, a), nono6uasi crpykrype loabnmmuara. OcaxJeHHELIM B NPeCHO#H
ROJE NMOPOJaM CBOHCTBeHHA GoJsiee MJIOTHAA CTPyKTypa (cM. pue. 2, 6),
a g mepeMaToll I'MTMHBI XapaKTepHO NapaljielbHOe pacrojioKeHHe
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Puc. 2. CrpyKTypsl INIHHUCTEIX TpyHTOB (no B. Jlem6y).

@ — HeHapylieHnas  CTPYKTYpa, OTJOXeHHe B cojeHoil Boje; 6 — HeHapylleHHAas CTPYKTYpa,
oTa0XKeuue B NpecHoil BOAe; 6 — HapylleHHas CTPYKTypa

[JIHHHCTBIX YAaCTHI, C KOPOTKHMH CBA3AMH MeXay HHMH (puc. 2, 3).
Tlo B. JlemGy, ecan KoJijioHMAHBIE YacTHULI (IVIMHBI) H KpYNHbIE 3epHa
(mecka ® HJA2) nepeMeilladbl, TO KPYNHO3EPHHCTBIE YaCTHULL B TIVIH-
HUCTOH Macce pacmpejelenbl GecrnopsiouHo.

B Heycroftuupoit CTpPyKType <«KapTOYHOTO JOMHKa» [ oubi-
mmuara — Jlem6a KPOMKM OZHHX MHMHepaJOB CONpHKacaloTes ¢ Ioc-
KOCTSIMH JAPYrHX IIPH YCJOBHfIX, KOrja ajacop6Lus Ha yrjax MuHepa-
JIOB M BJOJb IJIOCKOCTEH pas3iu4yHa. YKa3aHHasd OpHeHTAIHf, C OJHOM
CTOPOHBI, 00YCJIOB/IeHA KOHEUHOCTbI0 BPeMeHHM YCTAHOBJEHHS pacio-
JIOKEHHS NJAaCTHHYATBIX YACTHI, a4 C APYroi — 3JIeKTPOCTaTHUECKHM
NPUTSKEHHEM MexXK/1Y OTDHIATE/]bHO 3apsiZKeHHBIMH IVIOCKOCTAMH H
HOJIOKHTENBHO 3apsKEeHHBIMH HX KpoMkamu [198].

Mojiess CTPYKTYPBl «KapTOYHOro [AOMHKAa» B 3HA4YuTeJbHOH cre-
NeHH 3aBHCHT OT KOHIEHTpalHH 3JeKkTpoJHTta. B cayuae Goabuofi ero
KOHIIeHTpaluu obulas cuja B3aHMOJEHCTBHS UACTHIL SBJIACTCA MPHTH-
ruBalolielf, a cucTeMa MX pacnoJIOMKeHHs TPeyroJbHOH (cokpalato-
ierica). Ecan noposas Bosa npencrasaser cofoit cialyio KOHUEHTpa-
LLHIO 3JIEKTPOJINTA, TO XapaKTepHa aiMasHas (paclupsiomasncs) cTpyK-
Typa (puc. 3). Ilpu yBennueHHH cOAep:KaHHs 3JEKTPOJHTA HJIH NpPH
NPHJIOKEHHH HaNpsizKeHWH c/BHra (MeHee DaspylIaloMuX) a/jMasHas
CTPYKTYpa MoOxKeT npeoGpa3oBbiBaThest B 60Jiee YCTOHYHBYIO TPeyroJib-
HYIO, a mepexoJ moclenHell B aJMasHYI0 MOXKET OCYIIeCTBAATLCH
TOJILKO T10CJIe NMEePBHYHOM TeKy4yecTH KOJJIOHAHOH cTpyKrypbl. Ilepexon
H3 COKpalIalolerocss B PacluHpsoNleecss COCTOSTHHE MOXKET OCYIIecTB-

¢
=+ E==)2

Puc. 3. Buzwt crpykryp ramnucroro rpynra (no J. Tposony u M. Lladepy).

@ — 3aMKHYTasA 3epHHCTARA; 6 — pacCcesHHAan KONJIOHAHAA; ¢ — ajMasHaa Koajaouanas; d— Tpe-
Yroakuas KoaJoHAHaA; € — ceinydas sepHucTas, cTaGHAH3IHpOBaHHAasN KOJJIOHAHOM ocHosoilt
maccoil. [ — BHelllHe CHJBI; — cuanl, pefcreylomue MeXAY 4YacTHHaAMH
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JATBCS U B pe3yabTaTe KaTHoHHOro oGmeHa. Ecam uomsl npm cokpa-
waiomefica (TpeyrosbHOM) cHCTeMe HeATPaJH3YIOT OTTAaJKHBAIONIHE
CHJIBI YACTHIUBI, BBIILENAYHBAIOTCH, TO NOCTENEHHO yMeHbLIaercs NpH-
TSKEHHe YACTHI, M HayHMHAIOT JOMHHHPOBATH OTTAJKHBAIOLLHE CHJBL
CrenoBaTeJbHO, XapakTep B3aHMOJAEHCTBYIOUIHX CHJ YacTHI[ sIBJISET-
ca obpatembiM. Ciefyer Takke OTMETHTb, 4TO IPH HapanlHBaHUH
CTPYKTYPHOil TNPOMHOCTH FPYHTA aJIMasHoe pacloJoXKeHHe YacTHIL
3HauHTeJbHO GoJibllle 3aBHUCHT OT BHEIIHHX CHJ, YEM TPEYIOJbLHOE.

. Tpoaon 1 M. Iladep [!197] onHcanm craGHIAH3HPOBAHHYIO
KOJIJIOHIaMH CHINYUYIO 3€PHHCTYIO CTPYKTYPY (cM. puc. 3). Ilocaennss
OCHOBaHA Ha mpejnogoxeHuu B. Jlemba o GecrnopsiioyHOM pacnoJso-
AMEeHHH KPYNHBIX 3epeH B IVIHHHCTOH Macce. B 3rtoft cTpykrype jneii-
CTBHE TVIMHHCTOH Macchl, KaK «3aloJHHTe/I MYCTOT», XapaKTepHsyer-
cs comporHBJaeHHeM 6osee TecHOMY COJIHKEHHIO KPYNHBIX 3epeH.
. Tpoaon u C. Ysnu [198] cuynraioT, 4T0 HE3aBHCHMO OT COCTOAHHA
IPYHTa €ro Bcerja MOXHO PaccMOTPeTh KaK MOJeJ]b KPYNMHHIX 3epeH,
KOoTOpble GecropsiiouHo pacmoJoXeHsl Mo Bceil Macce H OGLIYHO
pasfeaensl rMIHHHCTOH Maccoil. Ilo HX MHeHHIO, 37leChb HYKHO NMPHHATH
EO BHHMaHHe TOJIbKO XapakTep H crteneHb nepemsarHsa. IToaHoe mepe-
MATHE KOJJIOHAHON CTPYKTYPhHI MOMKHO OXapaKTepH30BaTh KakK YycJo-
pHe, TMPH KOTOPOM CTPYKTYpa <«KapTOYHOTO JIOMHKAa» IOJHOCTHIO
NepexoJuT B OPHEHTHPOBAHHYID. DTO 3HAYHT, YTO OCHOBHAA pa3HHIlA
MeXAy HEHApYIUeHHBIM H HapYUIeHHLIM TIPYHTAMH  3aK/Il0o4yaercs
B CTeNeHH OPHEHTHPOBKH YacTHI, M YTO HH B OJIHOM cJyyae HeT
3HAUNTeJbHOrO DA3JHUHA B pacnpenejeHHH KPYNHBIX 3epeH.

Onuaxo, Kak ykassiBalor H. f1. denn-
cos [53], d. Tpoaon u C. Ysu [198], ma-
panjesbHO  pacmoJioXKeHHble YacTHILBI,
cTpemsick  npucnocobuThes K Goaee
HH3KOMY SHepreTHYeCKOMY YPOBHIO, H3-
MEHSIOT CBOIO OPHEHTHPOBKY BO BPEMeHH.
OTH BHYTPEHHHEe CTPYKTYPHble H3MeHe-

A R c
p Puc. 5. Tunsl cBaAsell MeXAY TAHHHCTEHI-
He. 4. Cxema CTpyKTypHOII mH uactHuaMH (no Tam Twenr-km).
CEeTKH IJIHHHCTOTO TpyHTa MO Konraxrei: A — Toueunnilt; B — nunefHbifl;
Tan Toeur-gu C — naockHit

HHSl OTpaKalTcd Ha (PH3HYECKOM MOBEJeHHH TPYHTa B BHJIeHapacra-

HHSl_€ro MPOYHOCTH BO BpPeMeHH (THKCOTPONHOE YIpPOYHEHHE).
Chinyuasa 3epHHCTasi CTPYKTYPa, OKPY:KeHHAs IVIMHHCTOH Maccoi,

Guina ncnosbzosana. JI. Tposonom u C. Usnom [198] nast oGbsicHenus
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NpPHYHH CTyneHuaToil jedopMalHy H MeXaHH3Md Pas3pylIeHHs TVIHHHC-
TBIX TPYHTOB IIPH CJBHTe.

OnucaHuss CTPYKTYP TVIMHHCTHIX TPYHTOB BBHIMOJHEHbl TaKKe
. Poseuxsucrom [187], JI. Breppymom [166] u np. [23, 41, 48, 148].
Tau Teeur-ku [192, 193] npensoXkua cxeMy CTPYKTYPHOH CeTKH
[IHHUCTOrO TpyHTa (pHC. 4), B OCHOBY KOTOpPOH NOJOXEHbl CBA3H
B BHIE TOYEYHOro, JHHEHHOro H IJIOCKOr0 CONPHKACaHH 4HacTHIL
rpyHra (pHuc. 5).

B HacTosimiee BpeMsl HCCJELOBAHMAMH, TPOBELEHHBIMH TPH NMOMO-
IH 3JeKTPOHHO-MHKPOCKOIIHYECKHX METO/O0B, BBILEJSIOT CJeayIolHe
THOBL CTPYKTVPHBLIX CHCTEM 110 HX YJbTPaMHKPOCKONMHYECKOMY CTpoe-
uuio [71]:

1) ¢ napaaneJbHBIM pacnojioxeHHeM YellyH4aTo-NMIacTHHUATHIX
YacTHII;

2) ¢ «KapTOYHBIM» DACMONOKEHHEM YelyHuaTo-mi1acTHHYATHIX
YacTHI,;

3) co cMmewaHHBIM  NapaljeNbHO-KaPTOUHBIM  pa3MelleHHeM
YacTHIL;

4) cioxeHHble YellyA4aTO-NJACTHHYATLIMH 4YacCTHIAMH H OKpYT-
JbIMH, KyOHUECKHMH, TPYOUATOBHIHBIMH, HENPABHALHEIMH H APYTHMH
TOHKOJMCNEPCHBIMH 3epHaMH, HMEIOIUMH 06BbeMHYI0 hopmy (Boil104-
HBle CHCTEMBI);

5) ¢ pagHalNbHO-JYUHCTHIM pacro/oXkKeHHeM TOHKHX 4acTHL BOKPYT
KPYIHBIX TOHKOJHCIEPCHBIX 3€peH;

6) €O CKOpJIYMOBHAHBIM PacroJOXKEeHHeM TOHKOUYeLIYAYaThIX YacTHIL
¢ ofpasoBaHHeM sHLEBHAHLIX arperaTHex ¢Gopwm;

7) ¢ XaoTHYeCKHM pasMelleHHeM pasJHYHHIX 1o MopdoJorul
TOHKHX YacTHII;

8) MHKpoarperaTHBHAas NapaJJeJbHO-CJIOHCTAs;

9) MHKpoarperaTHBHasi KOHTaKTHas, B KOTOPOH arperathl pasve-
maloTed TMOA yrilaMH APVE K JIPYTY;

10) cmemannasi MuKpoarperaTHBHasl, B KOTOPOH BCTpedaloTcs
pas/iHyHbBle OpPHEHTHPOBKH arperaros;

11) arperaTHBHO-uacTHYHasl, B KOTOPOR MemJAy arperataMu pas-
BHTHl Pa3/HYHO OPHEHTHPOBAHHEIC YACTHILI PasHoil MopdoJoruy.

s oueHk# npouHocTH H 1e()CPMHPYEMOCTH TJIHHHCTBIX TPYHTOB
Goablioit MHTepec npejacraBiser ycraHosiaeHHoe E. E. Cerajosoit n
Il. A. Pe6unnepom [131] cymecTBoBaHHe (H3HKO-XHMHKO-MeXaHHYe-
CKHX CTPYKTYP (THKCOTPONHO-KOATYJIALMOHHON H KOHJEHCAHOHHOI)
B JIHCIIEPCHBIX TeJaXx.

ITon THKCOTpPONMHO-KOATyJAALHOHHOH TNOAPA3yMeBaeTcss CTPYKTYpa,
KOTOpast SIBJISIETCST DEe3yJ5TAaTOM YACTHUHOTO BOCCTAHOBJIEHES CBSI3-
HOCTH TI0CJIe MeXaHHYeCKOro paspylleHHs, T. €. JHCIepPrHpoBaHH:
NEepBHYHLIX, KOHJIEHCAIHOHHBIX cTpykryp [121].

Oco6eHHOCTBIO KOAaryJmsIHOHHBIX CTPYKTYp SIBJSIeTCS MX CHOCOO-
HOCTb K 06pPaTHOMY BOCCTAHOBJIEHHIO TOCJTE MEXaHHYeCKOTro paspylie-
HHSl CBfI3ei, T. e. THKCOTpPONHOMY ynpouHeHHuio. OHu obaaznaior HanGo-
Jiee HH3KOH IIPOYHOCTBIO MO CPaBHEHHIO C KOHIEHCAIHOHHOI, fPKO
BLIPaXKEHHBIMH NJIaCTHYHO-BA3KHMH CBOHCTBAMH (TMOJ3YYeCcThbIO, CTPYK-
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TYPHOHl TeKydecTbl0), TaK Kak HX ua-

i | CTHIbl CBfI3aHLI MeX1y coGofl CcHIaMH
g9 R Ban-nep-Baaabca, peficTBylomumMu 9epes
78t npocioiku Kuakoi (ase. Ilpoynoctb
\ cBf3eHl TAKHX CTPYKTYD HENOCTOSHHAf.

i R IIpu ruapaTalns HAGMONAETCS MOHHKe-
N &, HHE TPOYHOCTH, a MPH AerHApaTalluH —
a5t \q ee yBeJHUYeHHe. THKCOTPOMHO-KOAryJs-
N IIHOHHAS CTPYKTypPa COOTBETCTBYET CJy-

I N 4al0 NPOSIB/ICHHSA NEPBHYHOTO ClelIeHns
T by MeXAy yYacTHUAaMH TJIHHHCTOTO TPyHTA.
w2 F % GEMIE Ilon KOHAEHCALMOHHON MOApasyMe-

Puc. 6. Komnpeccnonnsle kpussie  BA€TCS CTPYKTYpa, KOTOpas MOX BO3AEH-
AMaTOMHTOBOFO TpYHTa ecrecT- CTBHEM Harpysku crnocpfna xHeo6paTHMO
BEHHOTO  (COVIOWHAs JHHHA) ¥ paspymaThcs. OHA BO3HHKAeT B Pe3yJb-
"ﬂPYLL‘@”H*;;’;)O g‘;ﬁ‘éﬁg““ M rarte meficTBHA HaMOGOJBIINX CHJ CUEIJe-
. HHS H COOTBeTCTBYeT HauOoJblueii 3Hep-
ruu cBsisH. KoHIeHcanHOHHBIE CTPYK-
TYpBl TIPOYHEI, OHH 1O CBOHM MeXaHHYecKHM CBOHCTBaM NpHOIMIKAIOT-
cfi K TBep/AbIM Tesaam, GeToHy. KoHmeHCAllHOHHOH MOMET CYHTATbCS
Takxe CTPYKTYypa, o6pa3oBaHHAS NPH HENOCPEJICTBEHHOM COIHKEHHH
TBEPJBIX YACTHIl B Pe3yJbTaTe HCMADEHHs BJArH H3 THKCOTPOMHO-KO-
ary/sAUHOHHOH CTPYKTYPHL MJIH e TPH BBIKPHCTAJNJIH30BAHHH TBep/Oil
$assl B pesyJbTarTe NpPAMOro CpPacTaHUA KPUCTA/NJIOB B MOJHKDH-
CTaJIHYecKHil arperar.

K xoHZIeHCAallHOHHOH CTPYKType MOeT NPHBECTH TAKIKEe CTapeHHe
konnounoB. B. Bemmenen [141] ykasbiBaeT Ha cTapeHHe KOJJOHIOB
H NOTePI0 MX KOJJIOMAHOH TNPHPOIL BO BpeMeHH ¢ NpeBpalleHHeM B
KPHCTAJIJIOHBI.

O6BogHeHHe KOHAEHCAIHOHHOM CTPYKTYPbl  MOMKET TpPHBECTH
K ajcopOUHOHHOMY TNOHHMKEHHIO TPOYHOCTH H O6GpAaTHOMY TEpexony
K KOoaryJslHOHHO# cTpykType. IToHHMXKEHHe NMPOYHOCTH BHICYIIEHHBIX
rpyuToB Ha 509 npH IHrpOCKOMHYECKOM HX BONOHACHIIEHHH OTMe-
ueno A. ArrepGeprom [141]. Ancop6unoHHOe MOHHMKEHHE NPOYHOCTH
TBepALIX Tes1 HceaenoraHo I1. A. Pe6unnepom, a raun — U, M. Tops-
koBoil [45]. KonmeHcanuoHHast CTPYKTYpa COOTBETCTBYET IPOSBJIEHHIO
B TPYHTe CBSi3eH B BHJIe CLENJIEHHS YNDPOYHEHHS.

Kpome TOro, B rpyHTax MOTYT CYIIECTBPBATb CMEUIAHHBIE CTPYK-
TypH [45].

Ha BaxHOCTb BJIMSIHHS CTPYKTYPHOH NMPOYHOCTH Ha MPOUHOCTHBIE
H JepopMallHOHHEIE CBOWCTBA TJIHHHCTHIX TPYHTOB YKa3blBaJH
I'. U. Tep-Crenauan [144), C. A. Posa [126], H. §I. Henucos [53],
B. A. Tpukaorckuit [118], B. 1. Jlomraasze [78], U. M. Topbkosa [44],
M. H. Toabnwreiin [34], H. A. wrosuu [155], E. M. Cenrees u ap.
[133), C. P. Mecusn (86, 92] u np.

tla pnc. 6 nokasaKo BJAMSHHE CTPYKTYPHOIl mpouHocTH Ha aedop-
MaTHEHBEIE CBOFCTBA [HATOMHTOBOTO TPYHTA HADYVIIEHHOH H HeHaony-
fgg?ﬂoﬁ CTPYKTYPbl TNPH €0 HCOBITAHHH B YCJOBHAX KOMIIPECCHH
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§ 5. PH3HYECKHE M BOJHBIE CBOHCTBA TJIHHHCTBIX TFPYHTOB

®unsuueckne cBoHCTBa OcHOBHBIMH (H3HUECKHMH CBOMHCT-
8aMH TIHHACTHIX TPYHTOB ABJSIOTCA: BAAXKHOCTh @, IJIOTHOCTH T,
u obbeMHaa Macca 7.

BaastnocToto TPyHTAa TPHHATO HA3LIBATH KOJHYECTBO BOAM, yAa-
JAfieMoil K% TPYHT2 NPH BHICYIIHBAHHH €ro A0 NMOCTOSHHOM Macchl NpH
temnepatype 100—105°C. BecoBoil BIaKHOCTbIO TPYHTA @ HA3LIBAIOT
BHpaKeHHOe B MPOLEHTAaX OTHOIIEHHe Macchl BOABI g K Macce TBep-
ABIX UACTHL g, AaHHOro ofneMa rpyHra (@ = go/g; - 100%).

BecoBasi Bl1aXXHOCTb IDYHTa NPH eCTECTBEHHOM ero saJjleraHuf
Ha3bIBAETCS CCTECTBEHHOU BAANCHOCTSIO.

B 3aBucuMocTH OT BHMJA BOIbl (THrPOCKONHYECKOH, TJIEHOYHOI,
KanuJasipHOl, cBOOOIHOH), cofepxKamelica B rpyure (cM. § 2), Bnax-
HOCTHBIMH XapaKTepHCTHKAMH TPYHTa CJAYXKAar TaKKe: THrPOCKOMHYe-
CKasi BJAXKHOCTb Wr, MAaKCHMaJbHasi THTPOCKONHYHOCTb Wy, MaK-
CHMaJbHAsg MOJIEKY/IAPHAS BJArOEMKOCTb Wyws, KANHJJIADHAS BJAro-
€MKOCTb Wyy H IIOJIHAs BJAroeMKocTb w@, [133].

Otnowenne o6beMa BOAB B TPYHTE KO BceMy o0GBeMy TDYHTa
Ha3biBaeTcss 00beMHON BJIaXKHOCTBIO @, 4 OTHOCHTEJbHOE CcojepiKa-
HHe BOJbl B 00beMax Iop rpyHra (OoTHOIEHHe 06beMa TMOpPOBOH BOJLI
K cObeMy mop), XapakTepHsylolulee crerneHb HX 3anoJHeHHs] BOLOiH,—
CTENEeHbIO BOJOHACHIIIEHHS S,.

BecoByio Bl1aXKHOCTb TVIHHHCTOrO TpyHTa w onpegnensiiotr no I'OCTy
5179—64, a xoamuecTBO THrpockomnueckoii Boanl — mo ['OCTy
5180—64, KoTtopble pacnpoOCTPAHSIOTCS HA TPYHTH, COCTOSIIHE Tipe-
HMYLIECTBEHHO H3 uacTHL pa3mepoMm MeHee 0,5 mMm. MakcuMaJsbHYIO
MOJIEKYJSPHYIO BJIarOeMKOCTb, T.€.BECOBYIO BJaXKHOCTb NIPH HAHGO0Ib-
IeM KOJIHY4eCTBe B TPYHTe THrPOCKONHYECKOR M IJIEHOYHOH (pHIXJIO-
CB$i3aHHOM) BOJbI, ONPEJENAIOT METOJAOM BiaroeMkHxX cpen A. @. Jle-
Genepa [72], ycoepuencrsoBanuoro A. M. Bacuiabesnim [16].

[Tonnast BJIAroeMKOCTb W, M CTeNEeHb BOJAOHACHIEHHS S, TPYHTa,
a Taxkke o0beMm BoAbl VB enuHHIle 00beMa TPYHTA BLIYHCJSIOTCS IO
npuBe/leHHBIM HHiKe dopmyaam (I. 7) — (I. 10).

du3nueckoe COCTOSHHE TJIHHHCTHIX TPYHTOB B OCHOBHOM 0GYCJ/IOB-
JIEHO MX BJAXHOCTLIO. B 3aBHCHMOCTH OT ee BEJHYHHLI IVIHHHCTHIE
TPYHTHI MOTYT HAaXOAHTbCS B COCTOSSHHH TBepZoil, NJAACTHYHOR M TeKy-
ueff KOHCHCTeHLHM.

ITpn mmacTHYHOM KOHCHCTEHLHH TJIHHHCTHE TPYHTH (opMyloTcs
u gedopmupyloTcst HeoGpaTHMO, Ge3 CYLIeCTBEHHOTO H3MeHeHHS
oGbeMa. YMeHblIeHHe BJIa)KHOCTH, [0 OTHOLIEHHI0 K yKa3aHHOMY
COCTOSIHHIO TPYHTA, BHAauaJje NpeBpaulaer TPYHT B NOJYTBepAOe TeJo,
a 3areM B TeJO TBepJOH KOHCHCTeHLHH. YBeJHYeHHe BJaxKHOCTH
NpeBpamaeT TPYHT B TeJO TeKydell KOHCHCTEHIIMH.

B rpyHTOBeleHHH KOHCHCTEHUHS TJIHHHCTBIX TIPYHTOB XapaKTepH-
3yercs mpefesaMi MAaCTHUYHOCTH — BEPXHHM Tpe/iesIOM INTaCTHYHOCTH
(TeKyuecTH) w@; W HHXXHHM Tpelel]OM IJACTHUHOCTH (pacKaThiBa-
HHA) Wp.

B uHTepBajle H3MEHEeHHs BJAXKHOCTH B MNpefenax, COOTBETCTBYIO-
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OIHX Tpefetax NJACTHUHOCTH (pacKaTblBaHHA W TEKY4ecTH), IJIH-
HHCTHIE TPYHTHl HAXOJATCA B IJIACTHYHOM cocTosaHuH. IIpHuem uem
CoJablle cofeprKaHHe B TPYHTE IVIHHHCTLIX 4acTHl, TeM GoJblue pas-
HHIlA MeX/Y BJaKHOCTAMH VKa3aHHBIX IpeJieJOB.

JloxazaHo, 4TO OTHOIIeHHe BJAa)XHOCTefl NpeJeJOB pacKaThiBaHUSA
Wp M TeKyuecTH w; mnpumepHo pasHo 0,5—0,6, a wp mo BeaHuHHE
COBNAfaeT ¢ MakKCHMaJbHOIl MOJEKYAApHOil BaaroeMKkocTsio (cMm. § 2),
ec 13 << Wy << 24, Ecoin 24 << wywpg << 13, TO MaxcHMaabHaA
MOJIeKyJAsipHasi BJAaroeMKOCTb MeHbllle TpaHMIbl pacKaTbiBanus [16].

PasHocTe MeXAy JIBYMSI NpelelJbHLIMH BJIaXKHOCTAMH MNpPHHATO

Ha3bBaTh YHCJOM ILIacTHYHOCTH [ : .

[p=w, — wWp. (1.1)

Cornacno CHuIl 11-15—74 uncao muacTHyHOCTH Ip CAYHKHT 144
IVIMHHCTBIX TPYHTOB KjaacCHOHKAUMOHHBIM TmoKasatejeM (Tabi. 4).

Ta6auna 4

K.naccnqmuauua TJIHHHCTBIX FPYHTOB NO YHCAY NMJACTHYHOCTH

Cpyar '-{an(;?T:'m;?Tuw-
Cynecp . . 1<l <7
Cyraunox T<Ip<17
Capna . . . Ip>17

KOHCHCTGHHHH TJIHHHCTHIX TPYHTOB B €CTECTBEHHBIX VYC/JOBHAX
OlLleHHBaeTcd MoKasareaeMm [, .

P
== 2
LR
IJle Wy — ecTeCTBeHHasl BJAXKHOCTb TDYHTA.

KnaccHpuKauks TMIHHHCTHIX TPYHTOB IO TOKa3aTesio KOHCHCTeH-
uuu npupefgena B taba. 5 (CHuIl II-15—74).

ITpuBenennblit crnoco6 OUEHKH TVIHHHCTOTO TPYHTAa €CTeCTBEHHOro
CJIOZKeHHs He CBOﬁORGH OT HeJlOCTATKOB. Bo muorux cayyasax MOMKHO
TNOJYYHTb JIOXKHOE NpeicTaBjJeHHe 0 TPYHTe, TaK KaK cnocod He yKa-
SHIBaeT BRHSHHS CTPYKTYPHl TPYHTa Ha ero cocrosinue. Beaencreue
3TOr0 TPYHT, obmanatomuii BJIAXHOCTBIO, HAMHOTO npenmmammeﬁ ero
BJIaJKHOCTh Ha IIpefese TeKy4decTH, MOXeT HMEeTb TBEPAYIO KOH-
CHCTEHIIHIO.

CyuiecTBYIOT HEeCKOJBKO METOJOB ONpele/ieHHs TDaHHL, PacKarbl-
BAHHS H TEKYyYecTH TJIHHHCTBIX TPYHTOB. JTH TPaHHIBl B KaKOH-TO
CTEMeHH SBJAIOTCS YCJAOBHBIMH BeJnuHHaMH. MX YCJIOBHOCTH mpexiie
Bcero o6ycJIoB/JeHa TeM, YTO OOBIUHO TMEPexoj IPYHTA M3 NJIACTHYHOrO
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Ta6aunma 5

KnaccHpHKauua TAHHHCTBIX FPYHTOB MO KOHCHCTEHIHH

Tpynr Koncucrennns ‘I.L

Cynecb TEEPHAT w5 5 « & & & s Iy <0
[MnacTuuman . . . . . . .. 0</; <1
Texyman : « ¢ « & s & » ; I; >1

Cyramnok u |Teepmaa . . .. ... .. 1, <0

riuHa lMoayTeepnas . . . . . . . 0<1,<0,25
Tyronaactuunas . . . . . 0,25 <1; <0,50
Markonaactuanast . . . . . 0,50<1;, <0,75
Texyuenaacrugnas . . . . 0,75<7;, <1
Texyuag . » o « a0 s & » I =1

COCTOSIHHA B TBEpJO€ HJH B TEKyuee IPOHCXOJHT HeCKaukoo6pasHo, a
nocrenenno. CienoBaTe/bHO, BeJHYHHH @Wp H W, HE MOCYT HOJ-
HOCTBIO OXAapaKTepH30BaTb 3TH TEPeXOJHl.

'paHHIBEl NJIaCTHYHOCTH TIJHHBHCTBIX TPYHTOB ONpENeNsiioT 110
I'OCTy 5183—64 (meton packatnBanusi) H 'OCTy 5184—64 (meron
6anancupnoro xonyca). 9tu OCTw pacnpocTpaHaioTess Ha HecueMmes-
THPOBAHHLIE TPYHTBI, COCTOAIL[HE NPEHMYIIECTBEHHO H3 YACTHI[ MeHee
I MM, H ycTaHaB/JHMBAIOT METOIBLI ONpefelieHHs Wp H w; 00pasloB
NpPH HCCJeNOBAHHAX TPYHTOB /I CTPOHTEJ]bCTBA BCEX BHAOB COODY-
JKeHHM.

[IaoTHOCTH 7T, WJAH Macca TBepALIX YacTHI[ B elHHHUE oObeMa
paBHa OTHOLICHHIO MacCChl TBepALIX UacTHI, g K HX ob0vemy V)
(1. = g/W1).

BennuuHa mJOTHOCTH TpyHTAa 0O0YyCJaOBJIeHA e€ro MHHEpaJbHLIM
COCTaBOM, IJIOTHOCTBIO OCHOBHEIX MOPOR006pasyioAX MHHEPaJIoB
(t,=24-+28 r/cM®) U OpraHHYECKOTO BemecrBa (1,= 1,25 +
-~ 1,40 r/cm®), TlnoTHOCTL TVIHHHCTHIX TPYHTOB H3MEHSETCSl B Tpeje-
jgax 2,428 r/cm®. B HekoTOpHIX CiyuasXx OHa MOMKeT MJOCTHraTh
3,0 rfemd.

[To pannwm 1. E. IToaemuna [113], m10THOCTE TJIHHHCTHEIX TpyH-
TOB, He COJepXKAIIHX OpPraHHYeCKHX BEUIeCTB, H3MEHAeTCs B CJelyio-
mux mnpepenax (raba. 6).

[TnorHocTL AHATOMHTOBBIX TiHH [92] wH3aMeHseTcs B mpenenax
2,56 = 2,59 r/cm?, ropda [16] 0,5 = 0.8 r/emd.

B Ta6a. 7 npuBefleHH! CpeHHe SHaueHHA YAEJbHOH Macchl HEKO-
TOPBIX TVIRHHCTHIX TpyHTOB [78].

Obvemnan macca 7, WIN Macca TPYHTG B eJlHHUIle oObeMa, paBHa
OTHOLIEHHIO Macchl TIpPYHTa grp K ero obvemy V. O6beMHas macca
COBepIeHHO CYXOro rpyHTa HasbiBaeTca O0beMHON Maccoi ckejera
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