OCHOBBI FPYHTOBEAEHNA

«TPYHT» - 0T HeM. Der grund — ocHoBa

«KoJib rPYyHTHI Mbl 3HEEM. TOYHO,
/I0M BCer/a [1OCTPOUM. [POYHO.



1. OOLLUVE NpeacTaBieHNs n
Kiaccunkaummn

» [pyHmoeedeHuUe — 3mo HayKa o 2pyHmax.

[loHATNE «FPYHT» A0 CUX MOP ABASETCH
HeoAHO3HaYHbLIM.

I pyHmbI — 370 JI0OLIE FOPHLIE NOPOAL!
(MarmaTtnyeckue, ocagoyvHble, METaMOPPUYECKNE)
N TBEPALIE OTXOALI MPOV3BOACTBA, 3alerarLine
Ha NMOBEPXHOCTN 3eMHOM KOpPbl 1 BXOAdLINE B
cdhepy BO3AEVCTBULA Ha HUX YerioBeKa npu
CTPOUTENBLCTBE 34aHNN, COOPY>XEHUIN, OOPOT U
OPYrX OOBLEKTOB.



PYHTbI

(FOCT — 25100-2011 «IpyHTHI. Knaccnmnkaums>)
> JII0OBIE [FOPHBIE [I0PObI, [10YBkI, OCAAKU Y
TEXHOIEHHbBIE 0OPa30BaHys, PaccMaTpUBaEMBIE Kak
MHOIOKOMITOHEHTHBIE. AVIHAMUYHBIE CUCTEMBI. M. KAk
YaCTh [EO0/IOMNYECKON. CDEABI Y U3YYaEMbIE B. CBS3M. C
UHIKEHEDHO-XO39VICTBEHHOU. AEATE/ILHOCTHIO
YE/IOBEKE.

B rpyHTOBEAEHMM FOPHbBIE MOPOAb! N3YYatOTCA Kak
Cpefa, B KOTOPOW XXWBET M Ha KOTOPOW CTPOWT
YesioBeK.



iccnegoBaHue rpyHToB

» HeobxoAMMO A/1s peLleHus npobnemol
DA3BUTUS XKENE3HOJOPOXHbIX U
aBTOAOPOXHbIX MarucTpanen, 0CBOEHUS
MOPCKOro wenbda, BO3BeAeHUS TEMMO0BbIX,
aTOMHbIX N TMAPO3NEKTPOCTAHLNM,
CENIbCKOX039MCTBEHHOM MENMOpaLnK,
MNPOMbILLSIEHHOrO U FPa)AaHCKOro
CTPOUTENBLCTBA, @ TaKXe ANns Apyrux uenewn.




[ipeaMeT nsyyeHns rpyHToBeAEeHNS

» 3yuyeHne pusnko-MexaHM4YeCKUxX CBOUCTB FOPHbIX
nopo/, KOTopble onpeaenstoT ux noBeaeHne noja
BO3ENCTBUEM UHXXEHEPHbIX COOPY>XXEHUMN.
BakHenwine hbnsnko-mexaHnyeckue
CBOMCTBa F'PYHTOB:

» [1pOYHOCTb;
» [ledbopMMpPYyEMOCTb;

» I3MEHYMBOCTb BO BPEMEHU NOJ BO3AENCTBUEM
MHXXEHEPHbIX COOPY>XEHUN U NPUPOAHOU
0OCTaHOBKMU;

» MHOIrmMe apyrue.




Knaccngonraymnm rpyHToB

» obLwymne - FoCt — 25100-2011
«IpyHTBI. KNnaccngpnrxayns»;

> OTpacsieBbie 1 YacTHbie (CHull
11-02-96 );

» PervmoHasibHbIe.



ObLyas Kiaaccugpuxayns

OCHOBBIBAETCS Ha CNEAYHOLLMX OCHOBHbIX MpPU3HaKaX:
» reoJsiorm4yeckme — rno Bo3pacTty, reHe3ncy, yCrioBusM u

(opMaM 3aseraHus;

> XHMHKO-MHHEPAJ/IOrMYECKME — N0 MUHCOCTaBY, CTEMEHU U
XapaKTepy 3acoSIEHHOCTN, COCTaBy OOMEHHbIX NOHOB;

> nerporpaguyeckue — no rpaHy/IOMETPUYECKOMY COCTABY,
CTPYKTYpE, TEKCTYPE, CLLEMEHTUPOBAHHOCTMU;

» CTOHMKOCTb — N0 CMOCOBHOCTU CONPOTUBAATLCS (PakTOpaM
BbIBETPUBAHUS U PACTBOPEHUS;

> MexaHMn4Yeckas rMpPpoYHOCTb — MO CrOCOOHOCTH
COMPOTUBNATLCSA BHELLHUM MEXaHMYECKUM BO3AENCTBUSAM,
CTeneHb N XapakTep AedopMmMpoBaHUS NOA Harpy3KaMu.

> ¢”3M‘I€CKO€ COCTOsIHHMEe — 110 CTENEHN BJ1aXXHOCTMN,
BbIBETPEHHOCTU, CTENEHN MNMJIOTHOCTN, TPEWMNHOBATOCTN U AP.,



CrieynasibHble K/1aCCH@HKaLMH NOpPo —
rpyHTOB - CHMIT 11-02-96:

» M0 FPaHYy/IOMETPUYECKOMY COCTaBY;
» MO CTEMNEHU NIOTHOCTY;

» MO YnNCy NAACTUYHOCTU;

» M0 KOHCUCTEHLNU;

» MO CTEMNEHWU BIAXXHOCTMW.

Bce knaccudukaunm ncnosib3yrTcs Npu
NPOEKTUPOBaHNN (PyHAAMEHTOB 30aHNN U
COOPY>XEHUM.




OTpac/ieBble Kriaccvpyikaly

» M.M.[IpoToAbSKOHOBa - NO KO3C

DC

DULMNEHTY

KPenocTn nopoa, UCrosb3yemMas B ropHOM

nene (tabn. 42);

> 110 pa3pabarbIBAEMOCTH, UCNOJSIb3yeMasl B
reonioropassefovyHoM pene (tabn. 42) un

ap.



Beinncka n3 FOCT 25100-2011
<<I(/7A CC” ¢”M””ﬂ I' Py H TOB»(CM. Tabs1. rpyHTHI )

» Kriaccel (noaknacc - No Npupoae CTPYKTYPHbIX
CBS3€MN): CKalbHble, ANCNEPCHbIE, MEP3/blIE —

» Tyl (NnOATUMNBI - MO reHe3uncy r.n.)—
» Buagel (N0 XMuMM4eCKOMY COCTaBy)—

» MoaBuAbl — N0 BELECTBEHHOMY,
neTporpaddnyeckoMy Uam TUTONOrMYECKOMY
COCTaBY — Ha3BaHUIO FOPHbIX NOpoa—

» PazHoBugHOCTH (O CBOUCTBAM rPYHTOB:
PU3n4yecknMm, BOAHO — (PU3UYECKUM, COCTOSHUIO —
Mo KOJIMHECTBEHHbIM MOKA3aTENIAM COCTaBaq,
CTPOEHUS], COCTOSSHUS U CBOUCTB FPYHTOB)

» MOXXHO CKa3aTb, YTO K1accUUKALIMOHHbIE OMNpeaeneHns
SABNSAOTCA CBOEOOPA3HOU «BU3UTHOW KapTOYKOM» rpyHTa.



[eHeTMYEeCKMM noaxon K
rpyHTaMm — MeTof0JIormyeckKkas
OCHOBa rpyHTOBEeAeHMS

» [ pYHTBI — TOpPHblE NOPOAbl 3apOXKAAOTCA U
npeTepneBalroT pas3/iMyHbie U3MEHEHUS,
npoxoast cBoeobpa3Hble CTaannN «OeTCTBa>»,
«3PenocTun» N «CTapocTun». B KOHEYHOM
cyeTe OHM ncyesatoT, 0bpasHO roBops,
«YMUPAKOT>», HO BELWEeCTBO, cnararLlee ux,
He ncyesaeT, a, U3MEeHAAChb, AaeT Hayao
HOBbIM FOPHLIM MOPOAaM.



[eHEeTUYECKNN NOAXOA K FPYHTaM

ACKO1A 13 3070 LET2C000DA3HO CYHTATh CHHCEHEMUMECKDI 10 QEHERIC) MAK)H
ADIKMEDHCIIEY (HOKA30meA COCHARA, COCMOSHAS CROICMB) YR, KOMOpAA (p-
MDY T S0CISBAHIN MACHAMIMECKOZD PACHIABE, NepexpuCALRUBUIL Nopod
1Pl MEMAAOI3H 1A HA CRUAOU COOUNERMALIY I CUHeRN (DOHHE20 Cdechess,
0rolekHo CjEa3patoH02o) 6 X00€ HpegpauerLA OCATKA B HOPOY, MCTh ke crabyi.
JHoEHeNMECKIN e 10 28He3ICY CAOICHBON @ 3MOH CIYMAe CIedyem Mpuskams
11K, KOMOpO (pMpYeNCA 6 X00e nocea)Hoy HSMENEH TODRBIX TOPOJ 6 xoce
DOCDECCIHOD 1L PE2PeCCUBHO NempO- i Aoeeness
[TpH TaKOM TIOTXOE 3MU-ChkceHemipeckiu 110 TEHESHCY CBORCTBOM CIETyeT
TDH3HAT TAK0® CBOKCTBO TYAT, KOTOPOE CQOPMHDOBIOCh CHATEHETHYECKIN




B rpyHTOBEAEHUN

NPUMEHSIETCA METOAbl CXEMaTU3aLnm rnpoLeccos
1N CO30aHNSA MOAENEN FPYHTOB,

T.K. B cdepy BO3AENCTBUSA NONaJaeT He oAHa
Kakasa-T1o otaenbHaa [T1, a MaccuB
pa3nnuHbix M, KOoTOpbIN NpeacTaBasier
cob0M C/NIOXXHYIO CUCTEMY, COCTOSILLYIO U3
cucteM otaenbHbiX M. OHM HaxoadaTCcsa BO
B3aMMOAENCTBUU C BOAOW, ra3amu, :
COAEPXKALLMXCA B FPYHTE, N Mexay Cobou.




-
OCHOBHOH 3AKOH TPYHTOBEJEHHA

C Y4eTOM M3TOXEHHBIX PAHEE MONOKEHHI OCHOBHOM 3KOH IPYHTOBEACHHS C
ACTIOMB30BAMEM TEPMHHA «rpyYHT» chopmynuposat B.T.Tpodumossi (1999) Tak:
COCMAg, CMPOCHE, COCMOSHUE U CROUCIBA 2DVHINOR OMPEOeASIOMCA UX 2eHE3UCOM,
XAPAKMEPOM HOCMOCHEIIMECKILX HPOUECCOB 1t COBPEMEHHbIM RPOCHIPBHCIBEHHBIM (KO-
opouramusin) nosoxceruer. TIOTICPKHEM, YTO B JAHHOM CNY4a¢ MPOCTPAHCTBEH-
HOE TONOKEHHE, BKI0YAd TIYOMHY 3ACTAHHA TPYHTA, ONIPEACIAET TeILI0- 1 Blia-
r000eCTICYeHHOCTD 00BEKTA 1 XapaKTep TeXHOTEHHOTO BOEHCTBHA. HTO0T 3aKOH
CleIyeT HasbiBaTh 3akoHoM [lpukionckoro—Cepreesa—/lommase.

bonee 00LLad (GOpMYIMPOBKA TOTO 3AKOHA 3BYYHT TAK; HHKEHEPHO-TCONOTY-
YeCKHE 0CODEHHOCTH TOPHBIX OPOL, TIOYB, OCAZKOB 1 TEXHOTCHHBIX TE0NOTHYEC-
KiX 00A30BAHMIT OMPEAETAIOTCA HX TEHE3MCOM, XapAKTEPOM TOCTTEHETHYEKIX

TPOLIECCOB M COBPEMENHBIM TIPOCTDAHCTBEHHBIM (KOODIMHATHBIM) TONOXEHHEM,
O > o~~~ =



2. KJTACC 1 - CKAJIBHBIE FPYHTbI (Cki)
» 1T pyHM cKanbHbIU -

» 1 a) rpyHT, COCTOALLNN U3 3ePEH OOHOIo NNU
HECKONbKNX MUHEpPanbHbIX BUAOB, UMEIOLLINX
XXECTKME CTPYKTYPHbIE CBA3N
KpUCTann3aunoHHOro Tmna, KoTopblie npu
pa3pyLlEHNN eCTECTBEHHbLIM NYTEM HE
BOCCTaHaBIMBAIOTCS.

» MarmaTtunyeckune, metamopdunyeckme u
HEeKOTopble ocagoyYHblie Nopoabl.



Knacc ¢ XXeCTKMMM CBA3AMU MeXKay 3epHamu

- Kpucmasnnu3sayuoHHbie ([paHnT, 6a3anbsT, KBapLUT,
MpaMOop) OTNNYaeTCs CBONCTBAMM:

VﬂpO‘—IHOCTb O4eHb BbICOKAA U BbICOKAA,

» TBepable cBsA3n HeobpaTUMble — NPU pa3pyLUEHUM
eCTeCTBEHHbIM NMYTEM HE BOCCTAaHABMNBAIOTCA;

> 1 PaKTUYECKN HECKUMIEMDbI,

» Hesnaroemkue.

> BO,EI,OI'IpOHVILI,aEMOCTb 3dBUCUT OT CTelneHu
TPEWNHOBATOCTMH,

» CTOMKOCTb NpoTnB pactBopeHus (30% Bcex N1OTUH
3€MHOTO Lapa NOCTPOEHbl Ha TaKMX NOPOAax),

» HE Pa3MOKakT U He pa3MbiBakoTCA.



CobctBeHHO CKI™ ¢ KpucTanam3uauMOHHBbIMU XXECTKUMWN CBA3SAMU

» [1pOYHbIE - NPaKTUYECKU
HECKUMAEMBI.

HeBnaroemkume.
BoaonpoHULaeMoCTb

3aBUCUT OT CTerneHu
TPeLMHOBATOCTM!. |

bonbliei 4acTbio ,gﬁ,,;w‘%

CTOWKM NPOTUB
DACTBOPEHUS, HE
DA3MOKAIOT U He
DA3MbIBAOTCS.




1 6 Knacc - rpyHT, COCTOALLMN U3 KPUCTANI0B OAHOIO NN
HECKOJ/IbKUX MUHEPANOB, UMEIOLLNX }KECTKMNE CTPYKTYPHbIE
CBA3U LeMEeHTAUNOHHOro TMna — npeumyuw,ecmeeHHoO
0CcadoYHbie Nopoobl (U3BECTHAKU, NECHAHUKN 1 Ap. )

[MPOYHOCTb N BOAOCTOMKOCTb 3aBUCAT OT COCTaBa
LeMeHTa:

> NPpU KPeMHEe3eMHOM U KBapLL,eBOM LLeMeHTe
MPOYHOCTb BbICOKAA, MOPOAbl C TAKUM LLEMEHTOM He
Pa3MOKaloT;

» NPU FMMUHUCTOM LleMeHTe NPOYHOCTb HeEbOobLLas;
nopoaa pa3mMoKaeT.

» Mpn KapbOHATHOM LIeMEHTE - BblLLLENa4YMBALOTCS

> BO,EI,OI'IpOHl/ILI,aEN\OCTb 3dBUCUT OT CTENEHHU
TPEWNHOBATOCTMH.

» CBA3K HeobpaTMMble



eMEHTAIMOHHBbIC CBSI3U: U3BECTHIKU,
[IECYAHUKM, KOHTJIOMEPATHI U JIP.







CKanbHbIE PYHTbI C )KECTKUMUN LUEMEHTALUMOHHBIMN CBA3AMMU

- [1pOYHOCTb U
BOAOCTOUKOCTb 3aBUCAT
OT COCTaBa LiEMEHTA:
KPEMHE3EMHbIN U
KBapLEBbIN LIEMEHT -
MPOYHOCTb BbICOKAs;
NPpU FMIMHUCTOM LIEMEHTE
-NPOYHOCTb HeboNbLLUAS;
nopoaa pa3MoKaer.
BoaonpoHMLUaemMoCTb
3aBUCUT OT CTEMNEHU
TPeLMHOBATOCTM




Tvn (noAaTuN) CKanbHbIX FPYHTOB

» 1 Maemamuueckue:. uHTpy3uBHBIEC U 3(P(DY3UBHBIE - IO TEKCTYPE, CTPYKTYPE —
CTEIICHb BBIBETPUBAEMOCTH - CTETIEHb BOJAOIPOHUIIAEMOCTH U .

» —3aJCrar0T B BUAC CINIOINIHBIX KPYIIHBIX MOHOJIMTOB,

v

Ompuuameﬂbﬂbze Kauecmea — TpCIMMHOBATOCTD U CKIIOHHOCTDb K BBIBECTPHUBAHUIO.

» Kak npaBuiio, OHM ITOKPHITHI KOPOH BHIBETPUBAHUA— (DYHAAMEHTBI JOJIKHBI
Mpope3aTh KOPY BHIBETPUBAHUS WM K€ MPU 3HAYUTEITBHON €€ MOIIIHOCTH
HEOOXOAMMO YKPEIUIATH (YIPOUYHSITH) METOJIOM TEXHUYECKOW MEJIMOPAlIUH.

2 Metamopduueckne OJIU3KA K MArMaTHYECKUM MO CTPOCHUIO, HO OTJIUYAOTCS
AHU30TPOMTHOCTHIO CBOMCTB: MPOYHOCTh Ha CKATHE, COITPOTUBIICHUE CIBUTY,
MOJYJIb YIPYTOCTH U JP. HAXKE BAO0JIb CJAHIEBATOCTH, YeM NEePIEeHTUKYJIAPHO
CJIAHIIEBATOCTH.

> Brosb ciiaHieBaToCTH MOPo bl OBICTPO BHIBETPUBAIOTCS, CIIFOIbI
IPEBPAIIAIOTCS TJIMHUCTBIC MUHEPAJIbI, YTO BEJIET K COCKAJIb3bIBAHUIO U
OMOJI3AHMIO TPYHTOB HA CKJIOHAX .

> Mpamop — pactBopum (Cyromakckas nemiepa).

3 OcagoyHble ClIEMEHTUPOBAHHBbIE: BUbI M OABUIBI 10 COCTABY — CUJIMKATHBIC —
IIECYAHUKH, KOHTJIOMEPATHI U JIP.



OcaaouHble CLLeMEHTUPOBaHHbIE CU/IMKATHbIE
rMUHUCTbIE , OTBEepAEBLUUNE C LeMEeHTaLUOHHbIM
(Kpucrannn3aLMoOHHO-KOHAEHCALMOHHbIM)
TUNOM CBA3U: APrUa/INTbl, aJIEBPONTDI,

» CBA3M HEO EaTMMbIé
IMUHUCTbIE CAAHLbI, Meprenm umeroT

» MPOYHOCTb OTHOCUTENBbHO HEBLICOKAA N3-3a
HEBbICOKOU BOAOCTOUKOCTH,

» Yalle pa3MOoKaloT B BoAe, HabyxatoT



[ANHUCTLIE ., OTBEPAEBLINE C
l[leMEeHTaLMOHHLIM TUHOM CBA3




[p. I.2. [pyHT NnonyckanbHbIN- (OTAENbHO B
[[OCT 25100-2011 He BblaeneH)

» OYeHb rnopucTtble, MIMBO pacTBOPUMbIE
nopobl, HE CMOCODOHbIE BblOAEPKNBATb
bonbLUne Harpy3knm n MEHATLCH, HE
BOCCTaHaBIMBasa CBA3U:

» OMOKW, Tpenena, AMaToMUTbl; Mern, Meprenu,
M3BECTHHAKW ; TUMNCbl, aHMMAPUTDI;
aneBponnNTbI, NecYaHMKM

YcnoBHasa rpaHuua Mexay HUMnM — rno npoYHOCTU
Ha OJHOOCHOE cxXaTne — R,

CKanbHbIN rPyHT — R, >5 MTla,
nonyckanbHbIM rpyHT R. < 5 Ml1a

[Ipegen npodHocTu—I OCT 17245—79



Bbiaenenne pasHoBuaHocten CKI

ChoiicTea CKANLANMX IDYRTOB

XAapaKTCPHCTHKA CBOHCTR

CoCTOSAHHE TPYHTOB

[TokasatenH XapakTepHETHK

BpeMerHHoe cONpOTHARIE-
HHe OOIHOOCHOMY cxatuio R,
MIla

KoahdHuedT pasmsaryac-
MOCTH B BOHC Kpa

CTeneHb BEIBCTPC/TOCTH Kac

OueHt NpOUYHBIE
IIpousipie |
Cpeaneii npoYHOCTH

Manonpounkie
MonycKalEHErE

Hepasmariaemble
 PasmsaArqacMeie

HephreeTpensie (MOHOMHT-
HhIe) .

CnabosriBeTpeanie (Tpelny-
HORATHIE)

BripeTpeie

CHIBHOTPCLIIFHOBATHIE

R > 120
120 = R. > 50
50 =R > 15

15 2 R:>5
R <5

kpy = Q,?ﬁ

Kon < 0,75

I'pyH1Bl 3anerawoT B BIHEE
CIUIOLHOIO MaccHea, Kac = |

T'pyHTBHl 3a7eraldT B BHIE
med, 12 Apc> 0,9

" TpYHTBI 347IETAIOT B B
KYCKOB ¢ IEPEXOIOM B Tpelli-
HoBatyio ckary, 0.9 = &pe = 0.8

IpyHIbi BO BCeM MACCHBE
JANEraloT B BHIE KYCKOB Kpe <
<08



Xapakrtepucrtuka CkIl' no crpoutenibHbIM CBOUCTBaM

» 1 - BpemeHHOe conpomuesieHue 0GHOOCHOMY CKamuto B
BOJOHAaCbILLEHHOM COCTOSIHMM ( Mpeaen NPOYHOCTU FPyHTa Ha
OJHOOCHOE CXaTue) - OTHOLLUEHWE Harpy3Kn, Npu KOTOPOM
NMPOUCXOANT paspylueHne obpasLia rpyHTa, K nroLaan ero
npeaBapUTENbHOIO NONEPEYHOro CeYeHus

» 2 - CmeneHb (KoaghgpuyueHm) ebieempesiocmu -
OTHOLLEHWNE NMOTHOCTU BLIBETPENOro obpasua rpyHTta K
MNSIOTHOCTN MOHOJIUTHOIO (HEBLIBETPENOro) obpasua O4HOro u
TOro Xe rpyHTta : HeBbiBeTpernble KWS= 1, crnnaboBbiBeTpEnbIe
CUIBbHO BbIBETPESble (pyxnsk) - < 0..8)

» 3 - KoagpgpuuueHm (cmeneHb) pasmsic4aemocmu 8 s00e —
OTHOLLEHME BPEMEHHbIX CONPOTUBIEHUN OQHOOCHOMY CXaTuUIO
B BOJ4OHACLILLEHHOM N B BO34YLLHO-CYXOM COCTOSAHUAX. OH
3aBUCUT OT MOPUCTOCTU N BNAroeMKOCTWN NOopod — CNOCOOHOCTb
nopoAa BnNuUTbiBaThb Bnaru Tak, YTo BCce NOopbl 3anofIHEHbLI BO4OW
— Hepa3mardyaemble (KSOF>0,75) n pasmsardaemblie (K < 0,75
OCafO4Hble KpEMHUCTbIE, TUMC).



OCHOBHbIE CBOVCTBA HEKOTOPbIX
CKa/IbHbIX FPYHTOB

Pasnuunsg B MakCMManbHbIX 3HAYEHUSAX
BpPEMEHHbIX CONPOTUBJIEHUUN CXKATHUIO,
MMa: rpaHuT — Ao 400,

KBapuut — o 570,

XEeMOreHHbIN n3BecTHaK — Ao 200,
Mepresib — Ao 42,

KPEMHUCTbIN NecYaHnK — Ao 17,
MIMHUCTBIN NecyaHmk — Ao 1,6;



OCHOBHbIe CBOVCTBa CKasibHbIX
rPYHTOB

» MpU HeboNbLUNX Harpy3kax, HanpuMmep,
OT rPaXXAaHCKUX 34aHUU, NPaKTUYECKA
HEe OKMMAOTCS, HO Mo BO3AEUCTBUEM
OYyeHb 60/bLUINX HAarpy3oK U B TeveHune
NJINTENbHONO BPEMEHN OHU MOTYT
NPOSIB/ASATb PEOSI0rnyeckme CBOUCTBA



Buabl ckanbHbIX FPYHTOB MO
PACTBOPVMOCTM

» TPYAHOPACTBOPUMbIE — U3BECTHAKMW,
NOJIOMUTbI, NU3BECTKOBbIE KOHINIOMEpaThl U
NeCYaHWKU;

» CcpeaHepPacTBOpPpMUMbIE — TUTC, dHTUOPUT,
T§MMNCOHOCHbIE KOHIJTIOMEpPAaThl,

» JIErKOPACTBOPUMbIE — KaMEHHas COoJlb.



3. KITACC Il : NMPPOAHBIE ANCITEPCHBIE

(HeckanbHbie) [PYHTDBI

PYHTbI COCTOAT U3 TBEPAbIX YacTuL, 3epeH, 06TOMKOB
N OP.3NIEMEHTOB, MeXay KOTOpPbIMU eCTb (Pn3nyeckue,
doU3nKO-MexXaHU4eckme, Pn3NKo-xmMmmyeckmne
CTPYKTYPHblE CBA3N.

[lodpa3desnissromcsi Ha 2pynnbi:

1.1 — Cesi3HbIe 2pyHMbI — 0Cag04YHbIMU [MIUHUCTLIMU
N opraHOMuHepanbHbIMKX NOPOAaMU C MOHHO-
ANEeKTpoCTaTUYECKUMUN, KannnnAapHbIMU CTPYKTYPHbIMU
CBA3AMMU, 3aBUCALLUMMN OT BIIAXXHOCTU

1.2 — Hecesi3Hble 2pyHMbI, NpeacTaBliEHHbIE

0cagoYHbIMWN, 0ONTOMOYHBIMWN, HECLLEMEHTUPOBAHHbLIMU
nopogamu



Cocmas gncrnepcHbIX rPYHTOB MOXET ObITb
pPa3HbIM, T.K. B HUX BbIOENMATCHA YacTu:

1— meepdasi, 2 - opecaHUYEeCKasi U 3 - eoda.

» TeepOasi cocmaesisirowasi = nepBUYHbIE YaCcTU —
0ONMoOMKM r.N. NN MrMHepanos (KBapL, NoneBble LWnaTbl U
ap.) +

» BTOPUYHbIE: [MIMHUCTbIE, TMAPOKCUObI Xeneaa,
antOMUHUA U HEKOTOPbIE ApYyrme, KOTOpPbIE€ BbIMOSTHAKOT

POSib LEMEHTA UMK MOKPbIBAIOT NEPBUYHbLIE B BUAE
MNEHKN.

» OpeaHu4veckuu mamepuars: mopg — rpybas
nonypasnoXmBlLLUasgCA Macca pacTUTElbHbIX OCTATKOB +
rYMYyC — CITOXKHbI€ 8bICOKOOUCIEPCHbIE Op2aHO-
MUHeEparbHble 0bpa3oBaHUS.



3.1. NMPUPOAHBIE AVNCHEPCHBIE (HeckanbHble) TPYHTH

» Boioenarwomen na paznosuonocmu no:
1 - I'panynomempuueckomy cocmagy -

OTHOCUTEIILHOE COJCp)KaHUE B JIMCIIEPCHBIX
HECBS3HBIX (MJIM HECKAJIbHBIX PBIXJBIX) IPYHTAX
pakM  YacTHUI[ PA3JIMYHOM  KPYITHOCTH,
BBIDAKECHHOE B MPOIIEHTaX K Macce CyXoro
IPYHTA, B3ATOIO JJIs aHAI13a.

I panyjiomerpnyeckne @paxknaum — TPYIHIb
O0JIOMKOB TIOpPOJI HJIM MHHEPAJIOB, KOTOPHIC
MMEIOT OJIM3KHE pa3MEpbl M OKAaTAaHHOCTH,



[ paHy/IOMETPUYECKIN COCTAB ANCHEPCHBIX FPYHTOB

» Kaxkaast hpakums MUMeeT CBOW npeaenbHble pa3Mepsl
06/10MKOB (4acTuL) U CBOE HAMMEHOBAHMUE.

» Pa3smepbl (bpakLUuim BbIpaXkatoTcs B MM, a
KONIMYECTBEHHOE CcoaepXXaHne — B NPOoLeHTax K
obLieMy Macce BbICYLLIEHHOro rpyHTa.

» [ PaHYJIOMETPUYECKUY COCTAB — OAUH U3 BaXKHbIX
(haKTOpPOB, onpeaensowmx CBOUCTBa rpyHToB. OT
HEro 3aBUCAT TaKUE BaXKHblE€ XapaKTEPUCTUKU, KaK
NAAaCTUYHOCTb, MOPUCTOCTb, COMPOTUBIEHNE CABUIY,
CKMMAeMOCTb, YCaZlka, HabyxaHue, BbIiCOTa
KanuaspHOro NoAHATUS, BOAOMNPOHULIGEMOCTb.



Knaccudpukaumsa ppakumii 1 nopog no rpaHy/IoMeTpu4ecKkoMy coctaBy

MM

BanyHbl (okaTaHHbIE) N KaMHU (yrnosaTtble)  KpynHble >800
CpegHue 800—400
Menkue 400—200

OueHb KpynHble (bYNbDKHUK)

[anbka (OKkaTaHHbIe) u webeHb (yrnoBaTble) 200—100
KpynHble 100—60
CpepgHue 60—40
Menkne 40—20
[paBui (okaTaHHbIE) 1 apecsa (yrnosatblie) KpynHble 20—10
CpegHue 10—4
Menkne 4—2
[ecyaHble YacTuubl (Mecok) O4eHb KpynHble 2—1
KpynHble 1—0,5
CpepgHue 0,5-0,25
Menkue 0,25—0,10
ToHKuMe 0,10—0,05
[bineBaTble YacTmubl (Mbiib) KpynHble 0,05—0,01

Menkune 0,01—0,005

— — p— Vo oV ol VU oY a1



Knaccudpukaumsa KpyrnHoo6/7I0MOYHbIX U MecYaHbIX
/19 CTpoUTesibHbIX Uenen no CHull

HavnmeHoBaHVe BMAOB Nopoa Pacnipen. Yyacivil o’ KpynHoCGIn B
0/6/ 0T BECa  CyXOoMN Nnopoabl

KpyriHoo6/10MO4YHbIE

[PYHT webennctbin (Npn npeobnagaHmm Bec yactuu, kpynHee 10 mMm cocTaBnsieT
OKaTaHHbIX YacTUL, — raleYHNKOBbLIN) 6onee 50%

[pYHT ApecBsiHbIM  (Mpy NpeobnagaHum  Bec YacTuu, KpynHee 2 MM COCTaBASIET

OKaTaHHbIX YacTuL, — rpaBUNHbBIN) 6onee 50%

[lecyaHple

[lecok rpaBenucTbIv Bec yacTtuy KpynHee 2 MM COCTaB/ISET
6onee 25%

[lecok KpyrHbIN Bec yactuu kpynHee 0,5 mm coctaBnser
6onee 50%

[lecok cpeaHen KpyrnHOCTU Bec yactuu kpynHee 0,25 mm coctaBnser
6onee 25%

[Mecok mMenknmn Bec yactuy kpynHee 0,1 mm cocTaBngeT
75%

[ecok NblIEBATbIN Bec yactuy kpynHee 0,1 mm cocTaBnser

MeHee 75%



HanMeHoBaHune
FPYHTA

[MyHa

CyrNIMHOK TSKENbIN
CyrnIMHOK CpeaHuiA

CyrnnHoK cpeaHui
MblS1IeBaTbIN

CYrnnHOK Nerkum
CyrnvHOK MbleBaThIN

Cynecb Tshxenas
Cynecb MenKo3epHUcTas

Cynecb TSX. MNblsieBaTas

Cynecb nerkas

Cynecb nerkas
MesIKO3epHUCTas

Cynecb nerkas nolsieBatas

Mecok

Mecok MeNKO3epPHUCTbIN

FNIMHUCTbIX
<0,005 mm» 0,05 mm

>30
30—20
20—15
20 - 15

15 - 10
15 - 10
10 - 6

10 - 6

10 - 6
6 -3

6 -3

6 -3
<3

<3

Copep)kaHve vyactmu, %

nbinesatbix 0,005—

bonblle, yeM necyaHbIX

bonblle, yeM necyaHbIxX

bonblle, yeM necyaHbIxX

bonblue, YeM necyaHbIX

necyaHbix 0,05-2,0 mm

bonble, yeM nbineBaTbixX

bonble, yeM nbineBaTbixX

bonblue, yeM nbinesaTtbiX. [peobnagaoT
yactuubl 2—0,25 mm

bonblie, yeM nbinesaTtbiX. [peobnagatoT
yactuupl 0,25—0,05 mm

Bonblue, YeM nbineBaTbiX. [pecbnagatoT
yactuubl 2—0,25 mm

bBonblue, 4eM nbineBaTbiX. [pecbnagatoT
yactuuybl 0,25—0,05 mm

bonblie, 4eM nbineBatbiX. NMpeobnagatoT
yactuubl 2—0,25 mm

bonblie, 4eM nbineBaTbiX. [pecbnanatoT
yactuubl 0,25—0,05 mm




MeToabl M3yUYeHns FpaHy/IOMETPUYECKOIO COCTaBa

Jl1st onpeeneHrs 36pHOBOTO — T'PAHYJIOMETPUYECKOTO, HIIH
MEXaHU4E€CKOro, COCTaBa MOPOIbl MIPOU3ZBOAAT IPAHYIOMETPUUECKUM
aHaJIN3 TAKUMU CIIOCO0aMU : BU3YAJIbHBIE, CUTOBBIE, THAPABINYECKHUE,
a’pPOIMHAMHUYECKUE U ONITUYECKUE

K rpynne susyansusix memooos - cepusi METOAOB,
OCHOBAHHBIX HA U3MEPEHUU U ONKUCAHUH 3€PHOBOTO
COCTaBa NOPOJ1 Ha a3 WU MO/ JIYIIOW ITyTEeM CPaBHEHUS
C ATAJIOHHBIMU KOJUICKIIUSIMU, CPABHEHUSI C TaOIUIIaMU
(TpadapeTaMu) U MIKAJIAMU U JP., UCIIOIB3YIOTCS JJIsI
MOJIEBOTO ONMMCAHMS TTOPOJT U MPEABAPUTEIHLHON OIEHKU
UX TPaHyJIOMETPUYECKOTO COCTABA.

Cumoeotl Memoo epary1oMempuiecko2o aHaiu3a OCHOBaH Ha UCTOJIb30BaHUHN
Pa3IMYHBIX KOMIUIEKTOB CUT JIJIs pa3/ejeHHs IeCYaHbIX IMOPO Ha pa3InyHbIC
bpaxiuu (puc. 3)

T uopasnuueckue memoowvl ananu3a OCHOBAHbI HA PA3JIMYMU B CKOPOCTU HaJICHUS B
BOJI€ YaCTHUI] pa3HOM KPYITHOCTH. HEIPEPHIBHBINA 0TOOP MP0O M3 MPUTOTOBICHHBIX
cycreH3uii (Mmetoq PoOMH30Ha, MUIIETOUHBIN aHAIW3); B3BEIIIMBAHUE OCAKOB,
IOCJIEOBATEIBHO BBINTAJAOIIMX U3 CYCIIEH3UHU TIPU €€ OTCTAUBAHUM, YUYET N3MECHEHU S

MJIOTHOCTH WJIM THIPOCTATHICCKOTO JIABICHUS CYCIECH3UHU (apeoMeTpHIEeCKUil aHAIN3,
meTon Baruepa u ap.).



[1na ycTaHoBNeHns HauMeHOBaHUA
rpyHTa (cM. cn.37)

» MocnenoBaTeslbHO CYMMMUPYIOTCA MPOLIEHTHI COAEPXKaHUS
4yacTuL, uccneanyeMoro rpyHTta: cHadana kpynHee 200 MM,
3aTeM KpynHee 10 MM, aanee KpynHee 2 MM U T. A.
HaunMeHOBaHMe rpyHTa NpMHMMaEeTCsd no NepBoMy
YOOB/IETBOPAIOLWLEMY MOKa3aTeNo B Nopsaake
PaCMnonoXXeHnss HAMMEHOBaHUM B Tabnuue.

» [1pn HaNMMuMM B KPYNMHOOBIOMOYHbLIX MPYHTAX rnecyaHoro
3anonHuTena 6onee 40 % vy rMMUHUCTOrNO 3anoJIHUTENS
6onee 30 % obLien Maccbl BO3AYLLUHO-CYXOro rpyHTa B
HanMeHOBaHMe KpyrnHoo6/10MOYHOIro rpyHTa Aobasnsercs
HauMeHOBaHMe BMaa 3ano/IHNTEeNs U yKa3sbliBaeTcH
XapaKTepPUCTUKA ero COCTOSAHUS.

» Bua 3anonHuTens ycraHaBnMBAaETCA NOCAE yAaneHus us
KPYNHOO6/I0MOYHOMO FPyHTA YacTUL, KpyrNHeEE 2 MM.



Ilecuanvie 2p. — necuansie wacmuuku (2-0,05 mm),
8 colnyuem euoe, TUULEHHbLE CMPYKIMYPHBIX CBA3EU.

[Ipu yBIIaX)KHEHUHU ECKHA ONPHOOPETAIOT HEOOIBIIYIO
CBSI3HOCTb.

I [JIOTHOCTh UX OLICHUBACTCS I10 BEJIUUYNHE
KO3 (p(pUIrieHTa TOPUCTOCTH (€).

YeM HrKe 3HaUCHUE €, TEM INIOTHEE MECYaHbIN
TPYHT:

- ipu 3Ha4YeHuM €<0,6 MEJIKME TTECKA CUMTAKTCS
IUIOTHBIMH,

- 1ipu 0,6<e<0,75 — CpeaHEITIOTHLIMY U
- 1ipu €>0,75 — PBIXJBIMU.



Pbix/1ble necku

NIerko nepeBoAsATCs B MJ/IOTHOE COCTOsIHME C
nomoulbto  BMOpauuKn, a_Takke B pe3ynbTaTe
BO3ENCTBUS] cbmanpyromemc;l BOAbI.

obnajaloT BOAOMPOHMLIAEMOCTbIO (OT CpeaHen .o
BbICOKOW),

KanunnapHo nogHUMaloT BoAay Ha Bbicoty 0,9—1,0
M nNpu Menko3epHuctolx, o 0,1—0,2 M — npwu
KPYMHO3EPHUCTbIX NEeCKax.

[lon  [aBneHMeM  He3HauuTenbHO U BbICTpOo
YNIOTHAOTCS, HE3AaBMCUMO OT BNAXXHOCTW.

Hanbonee NPOYHbIMU - KBapLeBble,
nosieBoLLNaToBble U Ap.

YCTONUMBbIE U HAAEXHbIE OCHOBAHWSA ANA Pas/INYHbIX
MHXXEHEPHbIX COOPY>KEHMI, HO ObIBAIOT MJ1IbIBYHbI



>

>

3.1.2 Cmenenv nHeoonopoonocmu (U) 3epHOBOro
COCTaBa KpYNHOOH6IOMOYHbIX M NeCHaHbIX FPYHTOB

U=d60 /d10, rpe d60 u d10 — onameTpbl
YacCTUL, MeHbllIe KOTOPbIX B JAHHOM FPpyHTE
coaep>xutcs (rno secy) cootseTcTtBeHHO 60 % 1 10%
4acTuL (ppakLmMK. OonNpeaensieTcs ocobeHHo npy
NPOEKTUPOBAHNM OCHOBAHU MMAPOTEXHNYECKMX
COOPY>KEHUM

[lecyaHble n KpynHOO6/10MOYHbIE TPYHTbI CHMUTAIOTCS
HeogHopoaHbIMKU Npy U 6onee 3.

B LieloM KpynmHOO6/10MOYHbIE FPYHTbI ABAIOTCS
XOPOLLUMM OCHOBaHWEM AJIA 343HUN U COOPYXKEHWUW, NPU
MNI0THOM CNTOXXEHUW MOA HArpy3kou He YMNJIOTHAOTCS, HO
npy 60NbLUIOM COAEPXXaHUM FMUHUCTBIX MUHEPAJIOB
NOABJIAETCA TEHAEHLMA K COXKMMaeMOCTM.

[1p1 CUNIbHBIX 3EMNETPSACEHNAX BOAOHACHILLEHHbIE
rPYHTbI MOMYT pa3XwuXaTbCs U TEPSATb YCTOMUNMBOCTb



3.1.3. NMopucroctb

CxeMa COCTaBHbIX Yacten TpexdasHon
(A) v pByxdasHon () nopoabl:

V — obbem Bcen nopoabl;
V,. —obbeMm ckeneta; Yi7r— obbeM nop;
Va — obbeM Bo3ayxa B nopax; YB — 0b6beM
BOAbl B MOpax
Bosdyx

!ill [ J” I'i”

H EﬁEﬁEm

i H




fTopucrocrs (n) =Vn/V rpe
V n — obbeM nop; V —obbeM nopoasbl

» BennumnHa obuen nopuctoctn rpyHToB (N) BbipaXkaeTcs B
NPOLEHTaX UK B AONAX €ANHULbI M NpeacTaBnseT cobon
CyMMapHbi1 06beM NYCTOT B eAnHuLE 0bbeMa rpyHTa.

» MYCTOTbl MexAy 06/I0MKaMu B HECKa/IbHbIX FPYHTAX -
rafieyHmKax, neckax, CyrnmmHKax u rMUHUCTbIX FPyHTax, a

> 01 KPYNHOOHB/I0MOYHbIX FPYHTOB - TEPMUH «CKBaXHOCTb>.

- Hanbonbluen nopnctoctbio 061aaatoT:
» MeNKo3epHUCTble rp. — neckn — 28-35%,
» [AnHUCTBbIEe — 60-75%.

» [MycTOoTbl B FPYHTax MOryT ObiTb 3aMO/IHEHbI BO34YXOM, Yalle -
BoAoW. Mo nopam npoucxoauT ABUMXKEHME BOAbI UMK ee
HaKOMMEHNE B FPYHTaX, YTO OKa3bIBAET HEMOCPEACTBEHHOE
B/IMSIHWE Ha X CBOMCTBA U, Npexae BCero, Ha nMx NpoYHOCTb.



Makponopsi (bonee 1 mm) — cBoboAHOE ABWMXEHUE BOAbI
Me3sonopsk! (1 — 0,1 Mmm) — rpaBuTaumMoHHas Boda ABUXKETCHA
npw onpegeneHHoM Hanope; KanunnsapHoe NogHATNE
NPOUCXOAUT Ha 3HAYUTENbHYIO BbICOTY.-

» Mukporiops/ (10 — 0,1 MKM) — nopbl B OPraHOXUMNYECKUX U
FMWHUCTBIX NopoAax, ABMXXEHNE rpaBUTALIMOHHOM BOAbl HE
NPOUCXOANT, KanuisipHoe AaBfieHne Ha 60/bLIYO BbICOTY

AKTHUBHasI NOPHUCTOCTb — XapaKTepusyeTt 0bbeM NyCcToT rp.c
anameTtpom 6onee 0,02 MM, NO KOTOPbIM NPOUCXOAUT
cB0ObOAHOE ABMXEHME.

» KosgpgpmnuymneHr nopmucrocry - e — otTHoweHne ob6beMa nop K
obbeMy TBEpAOM YacTu (CKeneTa rpyHTa)

» Mexay obLuen NopUCTOCTbIO N KO3MMPULIMEHTOM MOPUCTOCTU
yCTaHOBJ/IEHA CneaytoLlas Cces3b:

» e=n/(1—n), wim n=e/(1 + e).



O0/10MOYHBIC HECIIEMEHTUPOBAHHBIC 0€3
CTPYKTYPHBIX CBSI3€U: IIECKU, TPABUU U TIP.

-[MpOoYHOCTb BbICOKAs N CpeaHsisl, 3aBUCUT OT
MWHEpPasIorMyecKoro coctaBa U KpynHOCTU
3epeH-06/TOMKOB KOPEHHbIX NopoJ.

» Cnabo ckMMaeMbl, CONPOTUBIEHNE CABUTY
BbICOKOE U YBE/IMYNBAETCA C  YBE/IMYEHNEM

pa3Mepa 3epeH.

» XOpPOLUOo BOAOMPOHULIAEMBI,
(OUNbTPaLUMOHHbIE CBOUCTBA
YBEIMYMBAIOTCS TaKXKe C YBE/IMYEHNEM
pa3Mepa 3epeH-06/I0MKOB



3.2. CBg3HblE (FMHUCTBIE) FPYHTHI U NX CBOMCTBA
» MuHepanbHbleé — NMUHUCTbIE T[PYHTbl C PU3NYECKNMU U
PU3NKO-XUMUYECKUMN  CTPYKTYPHbIMM  CBA3AMU  MexXay
4aCTnuaMu, CaMble PaCrnpoCTpaHEHHbIE Ha 3eMHOW
nosepxHocTn (He MeHee 60 % o6beMa 0CaAo4YHbIX NOpPOA):

Cynecu, CYrJIMHKA U IMMUWHbI.
» OpraHOMUWHepasnbHble, - OpraHU4YecKue.




[lopUCTOCTb MINMHUCTLIX FPYHTOB

» Cymecn — 10...15%, cyrnHkn — 20...30 %, mnHbl —
10 90...95 %.

» B cynecsax, nerkmx n cpeaHnx CyriamHKax nopbl MMeroT

OTKPbITbI XapaKTep, T. €. OHXU COEAUHSIIOTCA APYr C
IpYyroM— ro3BoJIieT A0CTaTO4YHO cBOO6OAHO

NMPOHUKATb B NPYHT BO34YyXYy U BOAE.

» B rMnHax 60/bLWNHCTBO MOp MMEET 3aKPbITbIN
XapaKTep, Nopbl U30/IMPOBaHbI APYr OT APYra,
MOryT CcoAep)XaTb «3alleMJ/IeHHbie>» BO3AyX U
BOAY. 3aKpbITOCTb NMOp NMPUAAET MMHAM XapaKTep

«BOAOYMOPOB>» U Yyepes3 riavHbl Boaa He
dunbTpyeTcs.



I AnMHUCTDBIE NopPOoAbl COCTOAT U3
MAHUCTbIX MUHEPaAIoB

— KaonuHuTta (KaoMHUT, AUKKUT,
rannyasur)

- MoHTMOpUANOHUTA (MOHTMOPWUITSTIOHUT,
bengennur);

-f'nppocnroabl (CepuumnT, UNINUT) —
3aHUMAIOT MPOMEXYTOYHOE MOJIOXKEHNE
Mexay cnigaMu U rmmHamMu

» BblCOKaga AMCnepcHOCTb — pa3Mep 4YacTtuy
MeHee 0,001 MM;

» [TnacTnHYaTag u YewymnyaTtas popma;



POTO rMMHbI — KAaO/MHWUTA, NoA SJIEKTPOHHBIM

x 10000

CKaHMPYIOLLMM MUKPOCKOMOM,




KaonumHuT

’ (R spot Det WD 1 — { ¢ | STy
200V 30 SE T4 Kaoknie (Geode)
——



J1pyrvie xapakTepHble 0CO6EHHOCTN FAVNHUCTbIX
MUHEPAIoB

» bonbllasa ygenbHaa noBepxHOCTb - Ha 1 I MOHTMOPWU/TIOHUTA
= 800 M2 ; ruapocntoabl - Tonbko 80 M2.

Yem 6onblue yaenbHasi NOBEpXHOCTb, TeM 6osibLue
CrMOCOBHOCTb MPYHTA K MOroLeHnt0, 0CO6eHHO Y MUHEpasos,
aNItOMOCUSIMKATHOIO UM CU/IMKATHOIO COCTaBa C
oTpuLaTeNbHbIMU 3apsiAamMu;

» CaMbliM BbICOKMW NOTEHLMAN NOBEPXHOCTHOWN SHEPIrnu;

» CnocobHOCTb BNUTbIBATb U OTAABaTb BOAY HE pa3pyLLAsiCb —
r’MrpoCKONMYHOCTD;

» [lornowaTtb 0AHN KaTUOHbI U3 paCTBOPOB M OTAABaTb ApYyrme —
apacop6buvoHHasn;

» HabyxaTb, ycbiXxaTb U OKMMATbCA 0COOEHHO MOHTMOPW/I/IOHWT;
» HesHauuTenbHasi BOQONPOHULLIAEMOCTb — BOJIOYMNOPHOCTb.



MunHepanbHble (FAVMHUCTBIE) FPYHTbI

XapaKkTepuaytoTcs 60bLLION rPynnon pUaNYecKmx
CBOWCTB:

» [IOPUCTOCTbIO,
» B/IaFrOEMKOCTbIO,
» MO/IOTUTEIBHOW CIOCOOHOCTHIO,

» cneumdnyeckuMmn CBOUCTBaMM:
NJACTUYHOCTbIO, KOHCUCTEHLMEN, TUTMKOCTbIO,

» HabyxaHMEeM 1 ycaakom,
» KOPPO3MOHHbIMY CBOMCTBaMM



[lornoTuTenbHas CAOCOOHOCTb FPYHTOB

[py NpOXOXXAEHUN 4epe3 TPYHTbl XUAKOCTEN W
ra30B MOBEPXHOCTb 4acCTuL, NpUTArMBaeT K cebe
coaepXalumecss B HUX BellecTBa WM HaobopoT
OTAAET B 3TU XUAKOCTM W Tra3bl Kakue-nnbo
BELLIECTBA CO CBOEN MOBEPXHOCTMN.

Hanbonee akTMBHYIO pOib UrpalOT MONEKYSbl BOAbI,
OpraHMYecKkne CcoeaAnHEHUSS N KaTUOHbI XUMUYECKUX
anemeHTOB: K, Na, Ca, Mq.



EMKOCTb 06bEMa FpPyHTa

MaKkcnMMasibHO BO3MOXHOE KOJINYECTBO
NOrNOLLEHHbIX KaTUOHOB; Bblpa)aeTcs B
MUANUrpamMM-aKBMBaneHTax (Mr-akB) Ha 100 r cyxoro
[MIMHUCTOrO FPYyHTA.

EMKOCTb 06beMa 3aBUCUT:

1) OT ANCNEpPCHOCTN YacTuLll, T. €. YHeEM MefbYe
YyacTuubl N nx 6onblle B eanHULE 06beMa rpyHTa,
TeM 6onblie byaetr cyMMapHasa NoBepxXHOCTb YacTuL
n obLasi NoBepXHOCTHAs SHeprus;

2) OT MMHEpPa/IbHOIr0 COCTaBa FPyHTa - HanpuMep,
HanbonbLlen NOrnoTUTENbHON CNOCOOHOCTbLIO
obnapatoT MOHTMOPUINIOHUTBI.



BAnsgHne BTOpMYHbIX MUHEPAMOB Ha CBOMCTBA
FAVH

» NMOHbI KanbUMA — BEAYT K CHUXKEHUIO
NIACTUYHOCTU, CKMMAEMOCTU;

» NOHbI HAaTpUA — yBETMYNBAIOT
HabyxaeMoCTb, MNAaCTUYHOCTbD,

CKMMAEMOCTb, YMEHbLUAIOT
BOZOMPOHULIAEMOCTb.

MeHSI COCTaB M KOHLIEHTPALMIO COMEN B MOPOBOM
PAcTBOPE MOXXHO UCKYCCTBEHHO BO3AEUCTBOBATb Ha
MHXXEHEPHO-Te0I0rMYEeCcKne CBOMCTBa NOpoa, MEHSATb
B HY>KHOM HarnpaB/iEHUU



3.2.1. Bnabl BoAbl B FAVHNCTLIX FPYHTaX

» B 20pHbIX MOpooax u 2pyHmax moxem bbimeo:

» 1-Xumu4vyecku cesa3aHHasA - XCB - BOAa, BXOAALLAA B COCTaB

MWHepanos, no B. . BepHagackomy caeayrouime snabl XCB:

» a) KOHCTUTYLLMOHHYIO - NPOYHO CBA3aHA C BELLEeCTBOM MMHEPA/Ia
(manaxmut CaCO3 o Ca(OH)2);

» 0) KpUCTaNNN3aLUOHHYIO - YUACTBYET B NOCTPOEHUMN
KPUCTAIINYECKUX PELLIETOK MMHEPA/IOB B BUAE HEUTPA/IbHOW
Mmonekrybl H20 - runc CaS0O4 o 2H20, ;

» B) LLeOJINTHYIO - YaCTbHO KPUCTa/IAN3aLNOHHON BOAbI U
XapaKTePM3YETCA NEPEMEHHBIM COAEPKAHNEM B MUHEpPaAsie U bosee
HMU3Kom Temnepatypon (30— 110) BbiaeieHna U3 MMHepPaa .



Buabl BoAbl B IAVMHUCTbIX PYHTaX

» 2 - Pu3uYyecKU C8A30HHAA:

» MJIeHO4YHaA NPo4YHoCBA3aHHanA (1);
» M1eHOYHaA pbIXxN0CcBA3aHHaA (2);
» KanunnapHasa (3)

3 — B meepoom cocmosAHuuU (nea) — ANCHEPCHBIE 1

KPYMHbIE KPMCTaN/bl, MPOCAOU N INH3bI

5 - Ce0600HaA (epasumayuoHHAA)



B 3aBMCMMOCTM OT BAAXXHOCTU FPYHTOB BOAA 06pasyeT B rnMHax passiMyHble
popMbl. I — 4— BoAda: NyeHo4YHas NpoYyHocBsA3aHHas (1); nneHo4YHas
pbIXNocBa3aHHasa (2); kanunnsapHas (3); ceoboaHas (4)




Cxema CTpoeHuA KONNOUOHOU MULennbl:

1— rAMHUCTaA KONNOUAHAA YacTULa;

2 — oTpuuartenbHble 3apAAbl Ha NOBEPXHOCTU YaCTULLbI;
3 — apcop6bunOoHHbIN (HENOABUXKHDbIU) C/IO KATUOHOB;
4 — pndody3HbIM (NOABUMKHDBIN) cNou;

5 — [BOIMHOI 3N1EKTPUUYECKUN CNOM

Adper
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Mugennt

O TR R S R W SR

r

-}

i

‘:R'

P+ M+ F+d 40+ 1+ +

| L+ S+ A




dusnyeckn ced3aHHad Boga (PCB) Ha NoBEPXHOCTH
[MIMHUCTbLIX MUHEpParoB

CxemMa CTpoeHns
KOIIOMAHOW MULIEMIbI B
BOJHOM pPacTBOpE:

»1 — OTPULIATENBHO
3apsKEHHas
rMWHUCTas YacTuua;

» 2 — KaTUOHbI
a4COPOLIMOHHOIO U
and@y3Horo cnos;

» 3 — AnUNonn BOAbI



Dy3mnyecku ced3aHHaa Boaa (PCB)

1 MpouyHoceazaHHas (aacopbrpoBaHHas) uaAy
rMrpocKonuyeckana soaa, no repmuHonormm A. ®. /lebegesa,

CBA3aHa C NOBEPXHOCTbIO MUHEPANbHOWM YacTMLbl 3apAaaMM
BHYTPEHHEW YaCcTU ABOUHOIO 3/1EKTPUYECKOTO CNO0A,

T. €. 3apAagamu Aapa U KaTMOHOB aacopbunoHHoro cnosa. OHa:

» TpyaAHOMNOABUMXHA
» 3amep3aeT npu temnepatype ot O po —78° C

» DNEeKTPONpPoOBOAHOCTb €€ 3HAaYUTE/IbHO MEHbLLE, YEM
3/1eKTPONPOBOAHOCTb CBOOOAHOW BOAbI.

» MNnoTHOCTb n3meHaeTca ot 1,2 0o 2,4 r/cm3.
» Obnagaet 60nbLLION BA3KOCTbIO N YNPYTroCTbiO.
» OKa3bIBaeT 3aMeTHOE CONPOTUB/IEHME CABMUTY.



VMIaKcMMaibHOE KO/IMYECTBO NPOYHOCBA3AHHOW,
AV aacopbmnpoBaHHOM BOAbI

» Ha3bIBAOT MAKCUMAAbHOU 2U2POCKONUYHOCMbIO,
NN MAKCUMA/IbHOU 2U2pocKonuYyecKkou
8/71020eMKOCMBbI0.

» OnpegenatoT NyTem BbicyliMBaHMA 06pa3LoB
M3y4aemomn nopoabl 40 NOCTOAHHOIO Beca npwu
Temnepatype 105—110° C n paccunTbiBatOT
OTHOLLUEHME Beca BOAbl K BECY CyXOou nopoabl.



PuU3uUYecKU pbixaocesa3aHHas, uau ougpy3uoHHAA

cogepxutca B 6onbliem koFREGse no cpasHeHMIo
NPOYHOCBA3aHHOMW.

Obpa3yeT BOKPYr MUueNbl rTmapaTHble 060104KM, TONLLMHOM
He 6onee 0,005—0,01 mKm.

[lepemeulaeTca :

» 1) noa AencTBUEM CUA MONEKYNAPHOIO NPUTAXKEHUA OT
4aCTUL, C TONCTOU rMAPATHOMN 0DONOYKOM K YacTULLAM C

TOHKOM rMapaTHOM 060104KoM (N/1IEHKOW) HE3aBUCUMO OT
BJIMAHUA CUNbI TAXKECTHU;

» 2) noa BANAHNEM HAMopa, CO34aBaeMoro BHELHEN
Harpy3Kou.

>3) noA s/IMAHNEM OCMOTUHECKUX U INTEKTPOOCMOTUHECKUX
Cnn

» TemnepaTtypa 3amep3aHuna - HuKe 0. INnoTHoCTb — Bbiwe 1



MlakcmaibHasAg MOAEKYAAPHAA BAaFOEMKOCTb

MaKcumanbHoe KOI‘IMHGCTBWHO}I? BOAbl, YAEPKMNBAEMOE
NAHHOM Nopoaomn B AaHHbIX ychoBUsx (A. ®. Jlebenes)

BennumHa makcMManbHON MOIEKY/IAPHOM BNaroOeMKOCTH
PA3/IMYHbIX NOPOA 3aBUCUT OT:

» 1) MMHEepasbHOro COCTaBa,

» 2)cTeneHun aucnepcHocTu nopoabl (T. €. oT
rPaHY/IOMETPUYECKOro cocTaBa) u

» 3) cocTaBa NOrAOLWEHHbIX KAaTUOHOB.

an |£|,E]HHOI‘/’I B/1IAXKHOCTU TMUHUCTDbIE NOPOADbI COXPaAHAKOT
TBEepaoe unm nonyrsepagoe CoCtoaHue,

HennacTU4Hbl, He noaaatotca popmoBKe.

Ho B62M3Kn 3e MHOM NOBEPXHOCTU BCTPEYAOTCA U TNMUHUCTbIE
nopoabl, HaxoaAallnMeca B N1IaCTUMHOM COCTOAHUM.



O4yeHb pbIxa0cBsA3aHHaA (maeHoYHada) Boaa

» CBA3aHa C nepudpepudecknmmy Yactamm ANdaPy3HOro cnos,
obpa3yeT camble BHELWHME YacTU rMApPaTHbIX 060/104€eK K
XapaKTepHa TO/IbKO ANA TOHKOAMCNEPCHbIX — FMUHUCTbIX
nopoga.

» OKa3blBaeT BAMAHUE HA NJIaCTUYHOCTb IMIMHUCTbIX NOPOA
TONbKO B 06pa3uax ¢ HapyLLEeHHOM CTPYKTypou (ana

WJINCTbIX T/IMH, COBPEMEHHbIX aN/IF0BUAJIbHBIX 1 MOPCKUX
OT/IOXKEHUN),

» HabyxaHue, ycaaKka
» MexaHn4yecKasa npPoYHOCTb OYEHb HEBEJIUKA.

» [Mpu CTpOUTENbCTBE HA TAaKMX NOpoaax TpebyeTcs
3aKpenaeHmne nopoa OCHOBAHUA UM YCTPOMUCTBO
MCKYCCTBEHHbIX OCHOBaHUU GYHAAMEHTOB.



3.3.2.EcrectBeHHas BAa*XHOCTb rpyHTOB (W)

JTO BCe KO/ZIMYeCTBO BOAbl BO BCeX ee BUAAX,
KOTOPOEe COAEepPKUTCA B TPYHTE B YCI0OBUAX €ro
npupoaHoro 3aneraHna. W = secoBoe
Ko/ain4yecTBo BoAbl/ Bec cyxoro obpasua rpyHTa.

CmerieHb 8/AaX3HOcmuU, WAW OMHOCUMeAbHaA
es1axcHocmb 2pyHmMos (G nnn S), nokasbiBaeT

NO/10 3aMo/IHEHUA MOP FPYHTa BOAOMN.



EctectBeHHasd BaarKHOCTb rpyHTOB (W)

Bna*KHOCTb rPYHTOB HMMXe YPOBHSA rPYHTOBbIX BOJ, MPaKTUYECKM

HE USMEHAETCA.

Bbiwe sToro YPOBHA, 0COBEHHO B 30HE d3paunn, BJlarKHOCTb
HenpepbiBHO USMEHAETCA. Ha6mop,a+0Tc;1 CYyTO4YHbIE, CE3OHHbIE U

rogoBble KonebaHnA ecTecCTBEHHOM BAAXKHOCTH.
Mo BeanuymnHe G rpyHTbl NoApa3aAensatoT Ha:
- manoBnaxHole (G >0,5),
- BnaxHble (G > 0,54-0,8)
- HacblLWweHHble Bogon (G = 0,8-1,0).

» [lpnpoaHada BAaXKHOCTb U MAOTHOCTb rPyHTa— [OCT 5180—84



[Mpun BO3pacTaHMU BAAKHOCTU IIMHUCTBIN TPYHT

nepexoaunT B Pa3/indHble COCTOAHUA (c.70-71)




3.2.3. MnacTUYHOCTbIO

» CNOCOBHOCTb FMMHUCTOrO FPYHTA NOA, AENCTBMEM BHELLHETO
NAB/IEHNA N3MEHATb CBOO BHELLHIOK popmy 6e3 pa3pbiBa
cnaowHocTu (be3 0b6pa3oBaHMA TPELLMH) U COXPAHATD
npuaaHHyto emy Gopmy nocae npekpaweHus aaBaeHus.

» MnacTuyHblie cBOMCTBa 0OYC/I0B/IMBAIOTCA HaANYMUEM
NA€HOYHOM BOAbl Ha YaCTULLAX TIMHUCTbIX TPYHTOB.

» BNaXKHOCTb, MPpU KOTOPOWU FMUHUCTBbIN TPYHT NepexoanuT 13
TBEPA0ro COCTOAHUA B NJ1IACTUYHOE, UM HA0bOopOoT,
Ha3blBalOT 2paHuyeli packamoieaHusa (Wp),

> a BNAXKHOCTb FPYHTa Npu nepexoae 13 naacTUYHOro
COCTOAHUA B TEKYYEe, AN HA0bopoT, — e2paHuyell
mekyyecmu (WL ).

» [lnanasoH BAAKHOCTU MEXKAY 3STUMMU rPaHULAMUM OTBEYAET
NAACTUYHOMY COCTOSIHUIO TPYHTA. Pa3HOCTb mexXay HUMU —

yucaom naacmuyHocmu (IP) - Ip=WL - Wp



[ToKa3aTenm NAacTMYHOCTM YCMNELIHO CAyXKaT ANA
onpeaeneHuns IMTONOrMYeckoro Tmuna rpyHTa (tabn. ).
Knaccugukayua enuHucmeoix 2pyHmMos8 no 4ucnay

naacmu4yHocmu
[1NaCcTUYHOCTL Yucno JInTonornyeckunm
PYHTOB NNACTUYHOCTH TUN FPYHTOB
BbicokonnactuiHble |Ip>0.17 NMAHDI
[lhacTUYHbIe 0,07 <lp<0.17 CYI/TUHKW
CnabonnactuyHblie 0,01 <Ip<0.07 cynecu




3.2.4. Ocobble cBOMUCTBA MIMHUCTbIX FPYHTOB

» KOHCHUCTeHuMa - cTteneHb NOoABMXXHOCTM YacTuLl
rMIMHUCTOrO rPyHTa, 06yCNnoBNEHHas pa3NYHbIM
COAEPXXaHWMEM B HEM BOAbl. KpOMe OCHOBHbIX Tpex
opM KOHCUCTEHLMM (TBEPAOW, NIACTUHHON U
TEKy4YeNn) BblAENSAOT TAKXKE NPOMEXYTOUHbIE:
10/1YTBEPAVIO, TYIron/IaCTUYHyr0, MArKOrn/acTuyHyro v
TEKYYEn/1aCcTUYHYIO.

> (DOprI KOHCUCTEHUUW onpeaendioT MEXaHUYECKHNE

CBOWMCTBA MIMHUCTLIX NOPOJ, UX NMoBeAeHne noj
Harpy3Kamn OT COOPYXKEHNI

» KOHCUCTEHUMS XapaKTepu3yeTCs /10Ka3aTe/iemM
KoHcucTeHLmv (IL), npeacTaBnsowmM YUCNOBYIO
XapaKTEPUCTUKY COCTOSIHUS FPYHTA, OnpeaensieMyto
no popmye
IL=(W-Wp)/Ip



HabyxaHune

» HabyxaHne — cnoCObHOCTb MMHUCTOrO rPyHTa NPU YBIAXXHEHNN
YBENNUYMBATHCA B 0ObEME 3a CYET YTOJILLEHME MNTEHOK CBA3aHHOM
BOZbl, YTO NPUBOAUT K YBEIMYEHWNIO PACCTOSSHUM MEXAY YacTULAMW.
Bna)xHOCTb rpyHTa Npy MakCUManbHOM HabyxaHuUW Ha3blBAETCH
BJiaXXHocTbo HabyxaHns (WH). Hanbonbluee HabyxaHne UMeIoT MnHbI
C coaep>aHNeM MOHTMOPWJIJZTIOHUTA U O6MEeHHOro HaTpus.

» [lpn yBennueHun obbemMa rpyHT pas3BUBAET gas/ieHue HabyxaHms (PH),

KoTopoe MoxeT aocturHyTb 0,3—0,5 Mla n 6onee.

» MeponpusTis no 3awimuTe oT HabyxaHus:

- Bopo3salumTta BOKpYr 34aHUN U COOPY>XXEHUW AN NPeaoTBpaLlEHNS
nonagaHust BoAbl — acanbToBblE OTMOCTKM, KaHaBbl U JIOTKK,

- YCTpOWCTBO KOMMEHCUPYIOLWNX NOAYLLEK Mo BCEM 3AaHUeEM (B BUAE
YMIOTHEHHOrO NecKa, CYrnHKA, rMuHbI),

- 3aMeHa HabyxaloLlero rpyHTa,

- [MonHasa nnm yactnyHasa npopeska cOopHbIMU DyHAAMEHTAMU COS
HabyxatoLlero rpyHTa v ap.



>

>

Ycagka

npoLecc yMeHblleHns obbemMa rMUHNCTOrO FpyHTa npu
BbICbIXaHWUM.

B npupoaHbIX ycrnoBusiX HabyxaHne n ycaaka
COEINHSIOTCA B €ANHbIN NPOLIECC MONEPEMEHHOr0
yBenn4eHns U ymeHblleHnsa obbeMa rpyHTa. B npouecce
ycaaKku B rpyHTe 06pasytoTcs TpeLwmuHbl, PYHT
nepexoauT B NepeyrnoTHEHHOE COCTOSHUE - BETMYNHOW
OTHOCUTE/IbHOU ycaaku nNpu BbiCbiXaHuu (E).

[lpeaynpexxaatoT TEMU XKe MepOornpUATUAMU, UTO U
HabyxaHue.

HabyxaHne u ycagka rUHUCTbIX TPYHTOB MOTYT Bbl3BaTb
3HAYUTENbHbIE HEPABHOMEPHbIE aTMOCEPHbIE OCAAKM
— MOABEM OCHOBaHWWN 34aHNUU U COOPYXKEHNWN (NOTUH,
TPy60npoBOAOB, NO/IOTHA AOPOr U T. A.) U UX

nedopMauun,



>
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BogocrorkocTero nnv BOo4oOrNpoYHOCTbFIO Ha3biBAlOT
CrocobHOCTb MWHUCTDBIX TPYHTOB COXPaHATb MEXAHUYECKYIO
NMPOYHOCTb U YCTOMYNBOCTb MNMpn B3aMMOAENCTBUN C BOAOMN.

Ee noapa3gendior:

Pa3MOKaeMOCTb - NPOLIECC B3aMMOAENCTBUSA TPYHTOB C
BOIOW NPW MOrpy>XeHuu rpyHTa B BoAy. [1pn 3TOM OAHM
rPYHTbI pa3pyLUaloTCs, HanpuMmep NIECCOBbIE MOPOAbI, APYrme
— YACTWYHO, @ TPETbN COXPaHSAIOT CBOIO CTPYKTYDY,
HanNpUMep XWpPHbIE MMUHbI.

Pa3MbIBaeMOCTb - CrOCOBHOCTb MNHWUCTOrO rPyHTA
OTAaBaTb CBOM YacCTuLbl MW arperaTbl ABMXKYLLENCS MO
rPYHTY BOAE.

JINNKOCTb — CNOCOOHOCTb MWHUCTBIX FPYHTOB Mpw
ornpenesnieHHoOM coaepXXaHnn BoAbl MPUANMATh K pasfiMyHbIM
npeameTaM. OHa NOSBAETCA B MIACTUYHbIX FPyHTax npu
B/IAXXHOCTU, HECKONbKO 60/bLUEN, YEM HUXXHUWN Npeaen
nnacTuyHocTn. KonnyectseHHO NIMMNKOCTb OLIeHMBaETCS
BenuuymHon ycunus (B MrlMa), KoTopoe Haao NpUIoXnuTb,
4TOOblI OTOPBATb NMPeAMET OT rPyHTa.

Hanbonee yacTo BeNMUYMHa IMMKOCTN cocTaBNseT 5010 3—
210 2 Mlla. BennynHa NMNKOCTU CHMXXAETCH Npu NOACYLUKe
rPDYHTa WX BBEOEHUN B HEro necka.



» Koppo3noHHble CBOMCTBa [JIMHUCTbIX TPYHTOB
NPOSIBASAIOTCA  MPU  COMPUKOCHOBEHUM  MOA3EMHbIX
METaS/INYECKNX COOPYXEHUN C SEKTPONIUTOM, T. €. C
XWAKOW  COCTaBNSAOWEN  TPYHTOB . CKOpOCTb
DA3pYyLUEHMS  METala B 3HAYUTENIbHOM  Mepe
OMPENENSeTca KOPPO3MOHHOM aKTUBHOCTBIO TPYHTOB,
3aBUCALLEA OT MX XMMUYECKOro COCTaBa, BJIAXXHOCTH,
BO34YXOMNPOHULIAEMOCTU U 3NEKTPONPOBOAHOCTMW.

YacTHbIM  C/llyyaeM  MOYBEHHOW  KOPPO3UM  AB/SETCA
bnokoppo3us, npoTekawowas noa  BO3AEUCTBUEM
MWUKPOOPraHn3MoB, YCKOPSIHOLLINX KOPPO3UOHHbIE
NpoLiecchl.

» Hanbonee sHeprnyHo NoaseMHast KOppPoO3ns pasBUBaETCS
B YC/IOBUSIX MEPEMEHHOM BMIAXXHOCTU FPYHTOB.

» C paboTonM 3NEKTpUYECKMX YCTPOUCTB, Y KOTOpbIX B
KayectBe TOKonposoAda 3eMns (rpyHTbl), CB$si3aHa
KOppo3us MeTasiia O/yxAarLmMy Tokamy. Bo3HUKaET
OHa MNpX MNepeceyeHMn Tpaccou TpybonpoBoAa JIMHUU
3NEKTPonepenay, 3NeKTpUMOULMPOBAHHBLIX  XKENe3HbIX
oOpor U T. A.



C)KMMaeMoCTb — CNOCOOHOCTb IMMMHUCTBIX FPYHTOB MOA
Harpy3kon yMeHbLLaTbCs B 06bEME 33 CYET BHAYarne

BblTECHEHMS rasa (Bo3ayxa), a nocse v Boabl U3 nop
rPyHTa—Harpyska rnocrerneHHo nepeaaeTcs Ha MUHepasbHbIe

4acTULbl FPYHTA.

KoMnpeCccroHHbIe KpuBble ANS MMHUCTOrO rpyHTa: 1 — COKMMaeMocCTu;
2 — pa3ynaoTHEeHUa; 3 — KOHcConuaauuu

—
~-_----




» Komnpeccuonnasa Kpueasa uiu Kpueas CHCUMAeMOCHIU - KpUBasl,
BbIpakarolias 3aBUCUMOCTh MEXKTY KO3 PUIIMEHTOM MOPUCTOCTH U JaBJICHUEM
Ha TPYHT.

YMeHbleHre 00beMa IIIMHUCTBIX TPYHTOB MO HArPpy3KOW MPOUCXOAUT MEJIEHHO.
[Tociie cHATUS HArPY3KU B TPYHTE MPOUCXOIUT HEKOTOPOE YBEIMYEHHE 00bEMA,
WJI PA3yIUIOTHEHUE.

Ha puc.noka3ana takxe KpruBasi KOHCOJIHUAALNM - 3, OTpaKarollasi yMEHBIIICHUE
KO3 (PUIIHEHTAa NOPUCTOCTU TPYHTA BO BPEMEHHU MPU HEU3MEHSIOIICHCS HArpy3Ke.

OcoObIl citydail TPeaCTaBIIET COOOM CKATUE BOJOHACHIIICHHBIX TIIMHUCTHIX
IPYHTOB. BHavasie Harpy3ka BOCIIPUHUMAETCS BOJIOU, 3AIIOJHAIOLIEH NTOPHI TPYHTA.
TBepble YaCTULIBI UCTIBITHIBAIOT TOJIBKO BCECTOPOHHEE THAPOCTATUYECKOE
nasienue. [locne omkatusa BOJbl JABJICHUE EPEAACTCA HA MUHEPAIbHBIEC YACTULIBL.

BennurHa C)KMMaeMOCTH TIIMHUCTBIX TPYHTOB U3MEPSIETCS KO duyuenmom
VIAOMHEHUA U CHCUMAEMOCMU, 0, U MOIYJIEM OCAJKH €p, IMTOKa3bIBAKOIINM
BEJIMYMHY CKATUA TPYHTA B MUJUIMMETPAX, MPUXOAAIIYIOCS Ha | M TOJIIIM TPyHTA
o Harpy3kou 0,1 MIIa.

» Ilokazamenu conpomueienusn cOgu2y — yroj BHYTPEHHETO TPEHUS @ U
YAEIBHOE CUEIUICHUE ¢ SIBJISIIOTCA BAKHEUIIIMMHU MOKA3ATEISIMU TPOYHOCTH
rpyHTOB. MIX UCHONB3YIOT MIPU OLIEHKE YCTOMYMBOCTH OTKOCOB, KAPhEPOB,
OMOJI3HEBBIX CKJIOHOB U T. .

CuenyieHue ¥ yroj BHYTPEHHETO TPEHUS B 3HAYUTEIIbHON CTEIEHU 3aBUCST OT
KOHCHUCTEHIIUM 1 KOA(P(UIIMEHTA MOPUCTOCTH IIIMHUCTBIX TPYHTOB. UeM BhIIIIe
KO3 PUIIMEHT MOPUCTOCTHU €, TEM MEHbIIIE 3HAYCHHUE YCIbHOIO CLHEIJICHUS




Taknm o6pasom, FIMHUCTbIE FPYHTDI C

KO/N/TIOUWAHbIMU CBASAMM

> npO‘—IHOCTb HeBbICOKaA, NPpU yBJ1a KHEHNUN YMEHDbLLUAETCA U

NHOTAa AOXOAUT A0 HYAA.

» CBA3U O6paTl/|MbIe — MNPU pa3pywieHnn MmoryT

BOCCTAaHABJ/INBATbLCA.

» B 3aBMCMMOCTU OT CTEMEHU BJIAXKHOCTU MOTYT
HaxXoAuUTbCA B TBEPAOM, MNNACTUHHOM U TEKYHEM

COCTOAHUAX.

» CnnbHO cXXnMmaembl. ConpoTuBaeHne CcABUTaoLWLUM

YCUITUAM HU3SKOE.

» CunbHO Bnaroemkme. NMpakTnyeckn BOAOHENPOHULAEMDI.



3.3.0praHnyeckune coeanHeHus

- N0N1Yypa3nnoXnBLLNECA PaCTUTESIbHbIE N AP.

OCTaTKn, Topd U T.MN, U3MEHAIOT CBOUCTBA
PYHTOB:

» BbICOKas BJ1arOEMKOCTb, MNMJ1IaCTUHHOCTDb
» HU3KAA BOAOINMPOHNLUAEMOCTb
» BbICOKasd COKUMaEMOCTb

» HN3KOE COMNMpoTmMBIiIEHNE K COBUTY



YTO e 3TO Takoe — NPOYHOCTb FPYHTOB?

Mpun cTpoUTENLCTBE 34aHNSA, YBENNYEHUM €r0 3Taxen byaeT 6osblie Bec
Ha KaXayto eAuHMLY NNoLaamn rpyHTa, ECim HauepTuTb CXeMy MOCTPOVKY
(puc. 37), TO yBUAUM: MO LIEHTPanbHOM ocn ByaeT AencTBOBaTb
BEPTMKASIbHO HaNpaBAeHHas cuna Tskectun P. K rnepugepmm 34aHns 3Ta
cuna byaeTt packnaabiBaTbCsl HA ABE COCTaBAsOLLME:

» — BepTUKaNbHYI0 — N, OOKMMaIOLLYIO rPYHTbI CBEPXY BHM3,
Bbi3blBasi NOrpy)xeHue 34aHNA B rPYHT WU, KaK rOBOPAT,
OoCaAKy.

» BTOPYIO — FOPU3OHTAJIbHYIO COCTaBnsAoWYyro — 7, koTopas
CTApaEeTCs BblAaBUTb MPYHT U3-noa dyHAaMeHTa 3aHus.

[poaomkas CTPOUTENBCTBO BEC 34aHUSA ByAeT pacTu, a C HUM
yBENNYMBATLCS U 3Ta ropusoHTanbHas cuna. Korga oHa ctaHeT 6osblue,
YeM NPOYHOCTb FPYHTA, TO NMPOU3OMAET Pa3pyLUEHNE OCHOBAHUS.
[pyHTOBas Macca BblAaBUTCS M3-MOJ 3aHWUS, U OHO, HAK/TOHUBLLWCh,
DYXHET.

BOT NOSTOMY-TO A9 rPYHTOBEAA OYEHb BaXXHO OnpeAenTb NPOYHOCTb
rpyHTa, XapakTepusyemyto COnpoTMBEHNEM CABUTY (MW BbIMMPAHUIO
noa AEeNCTBMEM FOPU30HTaNbHOW CUNbl).



Puc. 37. BOT Kakme cunbl AEUCTBYIOT Nog AOMOM (a).
Ecnn cnna casura 6osblue cornpoTUBAEHUS TPYHTQ,
TO BO3HWKAET BbINMOp nocneaHero (6)




4. KanunmndpHasa Boaa

JTO BOAA, CoOAEepKaLlasaca B KanuIgpHbIX nopax
rPyHTa U NepenBuraolwasca noa BAnNaHUEM
noabeEMHOM cunbl Q, KOTOpas ABMASETCS CNeACTBUEM
NMOBEPXHOCTHOIO HaTSXXeHUs, pa3BMBaloOLLErocs B
BOrHYTOM MEHMCKe BOAbl Ha rpaHuLe pa3aena cpea
BOAA-BO3AYX .




KannnngapHad Boaa

» BbicOTa KanunnspHOro NoAHATUS 0bpaTHO
NMponopLUMOHasibHa paanycy KanunnspHbIX nop.

» [epeaBmxeHne KanunnspHou BoAbl MPOUCXOAUT
TOMIbKO B Kanunnsapax anameTpom bosnblue 0,1
MKM, @ TaKXX€ B FPyHTaxX C pa3MepoOM 3epeH He

6onblue 2 MM, T.€. - TO/IbKO B MNHUCTBIX U
TOHKOMECYAHUCTbIX FPYHTaX

» 3aMep3aeT Npu Temnepatype Huxe 0°.
TeMnepaTypa 3aMep3aHug TeEM HUXKE, YeM MeHblle
ANaAMeTp KanunisgpHbIX Nop, B KOTOPbIX OHa
HaXoAUTCA: B KanUNagpHbIX nopax AnaMeTpoM 1,6

MM OHa 3aMep3aeT npu t = -6,4°C, a B nopax
anameTtpomM 0,06 okono -19°C.



VIHXXEHEPHO-FEO0IOFNYECKOE 3HaUYEHNE
KanvaasipHOW BOAb!

» YBJIaXXHSET MOJSIOTHO AOPOrn N HepeaKko Bbi3blBaET
npu 3amep3aHnn obpasoBaHmne My4uH,
paspyLlaoWmx AOPOXXHOE NOMOTHO;

» CHMXXAET MNMPOYHOCTb MNMMNMHUCTbLIX TPYHTOB,

» BbI3bIBAET CbIPOCTb B MOABasiax Npu naoxo
BbIMOJ/IHEHHOW MMApPOU30MALUMMN (PYHAAMEHTOB U T. A.;

» [I/1 MPOEKTUPOBAHNSA MEPOMNPUATUIA (ApPEHAX,
MCKYCCTBEHHOE CHMXEHWNE BbICOTbI KanunspHOro
NOAHATUS, rMapou3onaumMa n ap.) no 6opwbe ¢
HeraTMBHbLIMU AB/IEHUSAMU HAAO 3HATb KanuAIsSpHbIE
CBOMCTBA MPYHTOB: MaKCUMaJbHYIO BbICOTY U
CKOPOCTb KanunaspHoOro NoaHATHS.



[1poLiecc MOpPO3HOro nNy4vyeHus

B xoze 3uMHero npomep3aHus OPOUCXOIUT YBEINYCHHE 00beMa, 3aHUMAEMOr0
BOJI0M (mpuMepHO 9 %), pu nipeBpaileHuu ee B jea. OJHaKo IPOoIecC STUM HE
OrpaHUYMBACTCS.

[Tpu AU TEILHOM ITPOMEP3aHUN BOZHUKAET CBOCOOPA3HOE SABJICHUE HEIIPEPHIBHOTO
BO3PACTAaHU BJIAXKHOCTU IPYHTA. ITO MPOUCXOAUT B PE3YJIbTATE MOJICOCA BOJBI U3
HIKHUX TOPpU30HTOB. Hemasoe 3HaueHne nMeeT nepeMeIeHUE BOASHBIX TapOB B
CTOPOHY YYaCTKOB C IMIOHUKEHHON TEMIIEPATYPOU. B HEKOTOPBIX ClIydasx B
3aMep3IIMA I'PYHT HOCTYIA€T HACTOJIBLKO MHOI'O BOJIbI, YTO 0Opa3yIOTCS 1EIIbIe
JEJSHbIC MPOCIOUKU. DTOT NPOLIECC COMPOBOKIACTCS YBEIUUCHUEM 00BEMa
rpyHTa. Bo3Hukaromnee npu 3ToM 3aMEP3aHUA TABJICHUE CTOJIb 3HAYUTEIBHO (10
200 MIlIa), 4To ¢ JIETKOCTHIO MMPUIIOJHUMAIOTCA 3/IaHNsI, BCITYYHBAKOTCS
ac(parbTOOETOHHBIE MOKPHITHSI aBBTOMOOUJIBHBIX 10POT, Ae(POPMUPYIOTCS
KEIIE3HOJOPOKHOE MOJIOTHO, B3JIETHBIE MOJIOCHI A3POJAPOMOB U T. .

B pasrapc 3uMbl HOJIO6HO€ BCIIYUYHUBAHHUC MOZKCT JOCTHUI'ATh ACCATKOB CAHTUMCTPOB.

Korma HacTynaer Termioe Bpems, JieJl HAUMHAET TasATh, TPYHT Pa3kKU>KaeTCA U Ha
MECTE «B3IYyTHUS» 00pa3yeTcs yriiyOJieHUE, 3alI0JIHEHHOE KUIKOHU Ipsi3bio. AcanbT
Ha aBTOCTpajax pa3pyllaeTcs, a Ha TPYHTOBBIX JIOPOrax MOSBISIOTCS BHIOOWHBI U
ambl (puc. 32).



BOT Kak ny4yeHue pa3pyLlaeT Aoporu




Cnocobbl 60pbbbl C NyYyeHneM

» OAnH 13 HUX — gobaBneHune K rpyHTy conu
(Xnopuctoro Kanbuus). Ecnn oHa coctaBnser
TONbKO 1 — 2 %, TO rpyHT 3aMep3aeT He npu
0°C, a npn mmnHyc 10 — 12 °C. Yawe Bcero
3TOr0 OKa3blBAaE€TCHA AOCTATOYHO, YTOObI
NYYMHbI HE BO3HUKAW.

» [lpyrnuM metoaoM 6opbbbl MOXET ObIThb
OCyLleHne NYYNHUCTbIX FPYHTOB. Ecnu
YOAETCS OTBECTU BOAY, TO MPOLECC NyYeHus
b0 He BO3HMKaeT, NMbo npoTeKkaeT
3HaUUTENbHO Crabee.



5. I'exHnYyeckasd Menvopauns FpyHToB

OTpac/ib MHXEHEPHOW reonorum, KoTopas
3aHMMaeTCH PELLEHNEM BOMPOCOB
YYyYLLEHNS CBOWUCTB T[PYHTOB, B LENsAX
MCKYCCTBEHHOIO N3MEHEHUS CBOWCTB
[PYHTOB B CTOPOHY YBEIUYEHUSA  UX
MPOYHOCTHbLIX KayecTB, BOAOYCTOMYMBOCTU
M CHWXEHUS BOAOMPOHULIAEMOCTWN, YTO
0CO6EHHO BaXXHO, Koraa 3TWU T[PYHTHI
MCMOJb3YIOTCHA B KQUeCTBE OCHOBAHUM.



[loayyeHre yayylleHHbIX FPYHTOB

[1B@ OCHOBHbIX MYTU MOSTYYEHUS YTYULLEHHbIX
rPYHTOB — 33KPEM/IEHNE N YIT/IOTHEHUE:

1) MNpn 3aKpenseHnmn yBemymBaeTcs NMPoOYHOCTb
FPYHTOB. DTO AOCTUraeTCs NOBbilLIeHNEM MPOYHOCTH
KOHTaKTOB MeXAay OTAeNlbHbIMK YacTULLAMMN FPYHTa
NN TPYHTOBbLIMU arperataMmm NyTeM CKeMBaHUS
4YacTul, pa3IMyYHbIMKU XMUMUYECKMMUN BelllecTBaMu
(MeToabl TUMNa CUINKaTM3aUum), CrekaHus YyacTtumy
Apyr c apyroM (npu obxxure rpyHToB), NyTeM
CO3aHUS NIeA0BbIX KOHTAKTOB (3aMopa)kmBaHme
FPYHTOB) U T. [.



[loayyeHne yayylleHHbIX FPYHTOB

2) YNNOTHEHME HECKalbHbIX FPYHTOB: 3a CYUET
YMEHbLUEHUS UX MOPUCTOCTU YBENNYMBAETCS
KOJIMYECTBO KOHTAKTOB MEXAY 4YacTuuamy,
YTO MPUBOAUT K  YBEJIMYEHUIO  OOLLEN
MPOYHOCTM  TPYHTOBOrO  OCHOBaHUSA U
YMEHBLUEHUIO €r0 CKMMAEMOCTH.

[PYHTbl YMNOTHSIOT KakK C MOBEPXHOCTU
(KaTKaMmu, TS>KENbIMU TpaMboBKaMuy,
Bubpaumen), Tak WU B rNybuHe TOnNLY
(rpyHTOBblEe CBaW, B3pbiBbl, 3aMayMBaHME WU

T.A.).



6. CTpOeHne 1 CTPYKTYPHbIE CBA3M
F[PYHTOB

CTpoeHue: CTpYKTypa, TEKCTYpa, CTPYKTYPHbIE
CBSA3U U CITOXEHME MOpOoAbl.

CTpyKTYypHbIe CBA3U — CBA3UN MeXay
MUHEepanbHbIMK YacTmUaMK, KoTopble cnaratot [.[1.,
FPYHT

CTpYKTYpHbIEe CBA3M MO NMPOUCXOKAEHUIO

lNepBUYHbIE

BTOpHYHbIE, BO3HUKLLME NPU AVareHes3e
nocneayoLweM N3MEHEHNN NOPOL.



6.2. CTPYKTYpa

CTpyKkTypa ropHOM nopoabl -
COBOKYMHOCTb MpuU3HaKoB, 0bycnoB/eHHas
abCoMOTHBIMU U OTHOCUTENBHbLIMY
pa3MepamMn n opMon MMHEPasbHbIX 3epeH
(MHAMBMAOB), OCOBEHHOCTAMM X CPaACTaHUS
Mexay cobon, T.e. CTEMNEHbIO
KPUCTANANYHOCTMW.




6.2. CTPYKTYpa

» Pasmep 3epeH BMSIET HA NMPOYHOCTb U
YCTOMUYMBOCTb Nnopoa: 6onee npoyHble — 3T0
MenKoKkpucTtananyeckme (cMm. 9 B ¢.p.);

» Hannume ByNKaHNYECKOro CTekna CHWXaeT
MPOYHOCTb MOPOAbI N ee CONpPOTUBIIEHNE




6.2. CTPYKTYpa

» B 0capo4HbIX CLLEEMEHTMPOBAHHbIX NOPOAAX
NMPOYHOCTb 3aBUCUT:

» OT pa3Mepa 3epeH B LieMeHTe — 6osiee npoyHble —
MENKO- TOHKO3EPHUCTbIE;

» Tuna ueMeHTa: 6a3anbHbli, NOPOBbLIN, MIEHOYHbIN,
KOHTakToBbIn (Tan.11, 12, 13 c.p.).

B rAMHUCTBIX NOpoAax KpOMe MUKPOCTPYKTYpbI
BbIAENSAOT MaKpOCTPYKTYPY: NENNTOBAS,
aneBpuUTOBas, NCaMoNeNNToOBas,
KOHI/IOMepaToBUAHas 1 T.A4.



6.3.Tekcrypa

TeKkcTypa ropHou nopoabl
- COBOKYMHOCTb MNpU3Ha-
KOB  CTPOEHUSS FOPHOM
nopoabl, 06YyCNOBIEHHbIX
OPUEHTUPOBKON M OTHOCU-
TENbHbIM PACMONOXEHNEM
€e COCTaBHblIX YacTen -
MUHEPAJIbHbIX  arperaTos
(CPOCTKOB).




6.3. TeKkcrypa

[10/>KHa paccMaTpuUBaTbCA KaK NokasaTteslb
HEeO4HOPOAHOCTU N aHU30TPOoNHOCTU [.I1. U rPyHTOB,
OT KOTOPbIX 3aBUCAT:

» [IpOYHOCTb N U3MEHUYMBOCTb
» [Mopsipok otbopa npob
» MeToamka nabopaTopHbIX MCCNeaoBaHUN.

Bnnget:

> Ha COMpOTUB/IEHNE NOPOAbI OKATUIO-CABUIY;

» Ha dunbTpaunio Boabl Yepe3 nopoabl, C KOTOPbIMU
CBsSi3aHbI NpoLecchl cydo3nn, pacTBOpeHUs 1 ap.,
ocnabnswoLwmne pusnKo-MexaHMYeckne CBOUMCTBa rPyHTOB



Tekcrypa MarMaTnyeckmx [ ..

» MaccnBHbIE — N30TPOMHbI;

» OnronaanbHble U CnaHueBaTo-nosocyaTad
— dHU3O0TPOTlHbl — CHUXXAETCA NMPOYHOCTb,

» [1y3blpyaTast — 6bICTPO BbIBETPMBAIOTCS;

Pl = >
"2:5‘ S . ey
4 ¥ .\V~ S - l ~ & “'".:_'7_71—'_“ —‘




Tekcrypa MeTaMmopdmnyecknx Ir.m.

» CnaHueBaTas
CJiaHUeBarocrb —

1) CBOVICTBO FOpPHbIX MOPOA,
NOABEPrLUNXCS METaMOpdU3MY,
PACCanBaTbCs Wn
PacKasibiBaTbCd Ha TOHKME
MANTKN MO OBEPXHOCTSM,
0ObIYHO MEPHEHANKYISPHBIM
HarnpaB/EHNIO AaBEHNS;

2) TEeKCTYpa, B1A OTAENLHOCTM
MEeTaMOopPMUYECKMX MOPOA;

[[HencoBuaHasg, naonyaTas.




Tekcrypa ocago4yHbIX | ..

» becnopsaao4Hblie — Hanbonbllas NMPOYHOCTb

» Cnouncrble — aHNM30TPONHOCTb CBONCTB:
MPOYHOCTb BAOJIb C/IOUCTOCTU MEHbLLE, YEM
B NEepneHauKYISPHOM K HEW HanpaBNEHUU;

» [lopncTble — ¢ Menkumu (MeHee 5 MM) U
KpynHble (bonee 5 MM) nopamu;

» O6N10MOYHbIE pPbIX/Ibl€ — MPOYHOCTb Pa3Has,
BOAOMPOHMLIQEMbIE



/. OCHOBHbIE MOHATUS MPpU OLIEHKE
MHXXEHEPHO — FE0IOFNYECKMX CBOVCTB

[PYHTOB

OXBaTbIBAIOT BCE FEHETUYECKUE KI1AaCChl FOPHbIX
Mopo/.

1 - puU3nyeckne BbipaXkatoT PU3NYecKoe
COCTOSIHUE;

2 — MexXaHM4yeckme — CBOUCTBA,
NOoSIBMSAOLLMECS B FPYHTAxX oA
BO3ENCTBUEM BHELLHUX YCUNUM
(MpPOYHOCTb, AedOpPMaLIMOHHLIE U AP.).



/.1. DU3NYECKNE CBOMNCTBA FPYHTOB

B cBS3K € TEéM, YTO B CTPOUTENBHOWN NPAKTUKE
Yallle BCEro NpuxoamTcs MMETb AeNOo C
DbIX/1bIMU AMUCNEPCHBIMX NOPOAAMU, KOTOPbIE
Takxe 06n1aaatoT 3HaYUTENBHOU
M3MEHYMBOCTbIO CBOUCTB, TO PAaCCMOTPUM
XapaKTEPUCTUKN CBOUCTB AUCMNEPCHbIX

rPYHTOB.



/.1. DU3NYECKNE CBOMNCTBA FPYHTOB

Tabnuua 3.1 dusnyeckne Benn4nHbI U
KfiacCcudUKaunoHHble nokalatenu rpyHTos (B C.P.)

» [1NOTHOCTb FpyHTa;

» [1NOTHOCTb YacTul rpyHTa;
» [1NOTHOCTb cKeneTa nopoasl,
» Bna)XHOCTb;

» [lopucToCThb Nopoa;

» [puBEAEHHON NOPUCTOCTbIO.



/.1.1. BOAHO-(MM3NYECKNE CBOVCTBA
[PYHTOB.

EctecTtBeHHas (BecoBasi) Bra)XHOCTb rnopoabl (W,% );
CTeneHb BIAXXHOCTU 1IN OTHOCUTESbHAS BNA)XHOCTb
(Sr,%);

MakcuManibHas MOJIeKyiIipHas BJ1arOeMKOCTb;
NMNacTUYHOCTb — CNOCOBHOCTb NOPOAblI N3MEHATHL NOA
NENCTBMEM BHELWLHUX cun (aaBneHuns) ceoto hopMmy, T.€
nedopMmpoBaTbCs 6€3 pa3pbiBa CMIOWHOCTU N COXPaHATb
NoJsly4eHHy0 opMy, Koraa AEUCTBME BHELLHEN CUNbI

NPeKpaTUIoCh — ABNSETCA XapaKTEPUCTUKON, BO MHOIOM
onpeaenstoLlen nedpopMNpyeEMOCTb;

paHMLIa pacKaTbiBaHUSA;
paHULIa TEKYYeCTM.



/.1.2. CoCTOHNE FPYHTOB

» CreneHb TPeLUHOBaToCTI;
» CTeneHb BbIBETPEOCTU;

» BOAOHACKILLEHHOCTW;

» BAa)KHOCTW;

» MJIOTHOCTW 1 Ap.

B 1abopaTopHbIX YCI0BMAX MOXXHO OMpeaesTh BCe
(OM3NKO-MEXAHNYECKNE CBOMCTBA (PYHTOB.

Ka)kaast XxapaKTEPUCTNKA STX CBOWCTB
onpeaendercda coriacHo ceoemy OCTy.



10.1 MunHepanbHbIn coctaB [.I1. 1 ero
NHXXEHEPHO-FE0/I0rMYECKOE 3HAUEHME

PazHoobpasuve n MHorve CBOMCTBA MPYHTOB B OnpeaeneHHoN
CTEMNEHN 3aBUCAT OT COCTaBa MMHEPASIOB. 3HAs €ro, MOXHO
NpeackasaTb U HEKOTOPbIE KayecTBa rpyHTa.

MuHepasnbl nopoaoobpasyroume —
NPpUHUMaLLWLNE CyleCcTtBeHHOE y4aCTUE B COCTaBe
FOPHbIX MOPOA4 1 MO KOTOPbIM OMPEeAENAoT UX
HA3BdHUE

K n.M. oTHOCcATCA npuMepHO 50 MMHepanos:
» KBapu, KanbuuT; runc,

» CUINKATbl — MOJIEBbIE LLINATbI, CtoAbl, aMdpnborbl,
MMPOKCEHbI, IMUHUCTbIE U Ap.



KBapL ( Qual‘ 4 ) S102 - KPYCTAsIoM pybuHa ,
CaMblIV YCTONYNBBIN 13 PaCipPOCTPaHEHHBIX
MWHEPAOB




KanbUunT — KapboHaT KanbLys,
pacTBopuMbIv B 5% HCl—mycrots




[Tos1eBbie WrnarThl —

» [pynna anoMOCU/INKaTOB,
ABMSAOWMXCA rNaBHbIMU
nopoaoobpa3yroLmnmm
MWUHepanaMn MHOIMX
N3BEPXXEHHbIX U
MeTaMopP@UUYECKNX FOPHbIX
nopoJ, pexxe 06710MOYHbIX
OCaZloYHbIX FOPHbIX NOpoa.

[1py XMMHUYECKOM
BbIBETPUBAHUA
npeBpaLlaeTca B
rNMiIMHUCTble MUHepaibl.




CunvkaThkl, TEMHbBIE -POFOBad
obMaHKa (rp. aMdnbosb!)




Choda — CAOUCTLIV CUAVKAT

Cntoabl BIBETPUBAIOTCA NMpU Cy6TPONUYECKOM
KNMMaTe 1 NpeBpaLlaoTCs B MAIUHDbI



