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BBEJAEHUE

Y4eOHO-METOANYECKOE TMMOCOOME K TMPAKTUYECKUM H  JabOpaTOpHBIM
padoraMm mno gucuuriimHe «WHXeHepHas TeoJIoTHs» NPEeJHA3HAUYECHO JUIs
cryaentoB crenuanbHOcTH 08.05.01 «CTpouTenbcTBO YHHMKANBHBIX 3AaHUNA U
COOpYKEeHMID» creruanu3anui « CTpOUTEIHCTBO BBICOTHBIX M OOJIBIIEPOIETHBIX
3MaHUA U coopyKkeHui». [IpoekTupoBaHHue THOOBIX HH)KEHEPHBIX COOPYKEHUMN
BBIIIOJIHAETCSI HAa OCHOBE MAaTEpPUAJIOB HH)KEHEPHBIX H3bICKaHUM, KOTOpPBIE
BKJIFOYAKOT TE€OJE3UYECKUE, WHKEHEPHO-TEOJOTHUECKHUE, THIPOre0IOrMYECKHE,
HKOJIOTUYECKUE HCCIEIOBAaHUS TEPPUTOPUM OyAyLIEro CTPOUTENBbCTBA, T.€.
VWHXCHEPHBIC H3BICKAaHUS SABJLIFOTCA KOMIUIEKCHBIMM, B HHUX YYacTBYIOT
CIELUAIMCTBI Pa3JIMYHbIX HAPABIICHUN.

B ycnoBusx, xorja nojJ CTpOMTENbCTBO BCE YaIe OTBOASATCS «HEYIOOHbBIE)
3eMJIM, paHEE pacCMaTPHUBABLIMECS KAaK HEIPUTOJIHBIE K 3aCTPOMKE, a TAKXKE MpHU
WHTEHCUBHOM OCBOECHHMH CEBEPHBIX U BOCTOUYHBIX PETMOHOB CTPaHbl MHKEHEPHO-
TEOJIOTUYECKUE  W3BICKAHUS  CTAHOBSTCS  LIEHTPAJbHBIMM B  KOMILIEKCE
WH)XCHEPHBIX W3bICKaHWW. OCHOBHOM IIE€JIBIO HACTOSIIErO0 Kypca SBISIETCA
nepeaada CTYJEHTaM pa3BEPHYTOrO0 MPEACTABICHHUS O 3aJadyax HHKEHEPHO-
Te0JIOTHYECKUX U3bICKAaHUI U METOJIaX MX PEIICHHUS.

OT TNOJHOTHI, NPOAYMAHHOCTU MPOTPAMMBbI HHKEHEPHO-T€0JIOTMYECKUX
U3bICKAHUM W KadyecTBa MX MPOBEAEHUS 3aBHUCHT YPOBEHb JIOCTOBEPHOCTHU
UCXOAHOM uHGpOpMalUu s HPOEKTUPOBAHMS, KOTOpas COOTBETCTBEHHO
OIpeNENsAeT CTENEeHb YUeTa MPU MPOESKTUPOBAHUH BCEX OCOOEHHOCTEN IIIOLIAAKU
CTPOMUTENBCTBA, MPABHIBHOCTh BbIOOpA pallMOHANIBHBIX TUIOB (DYHIAMEHTOB U
KOHCTPYKLUH COOPY>KEHUS, CTENIEHb O€30MMaCHOCTH TEXHOJOTUU €r0 BO3BEACHMUS,
HEOOXOJUMOCTh U O0BEM NPOBEACHMS] T€X MW MHBIX NPEAYNpeanTeIbHbBIX
MEpPOIPUATHN U T.J., YTO B KOHEYHOM UTOT€ BO MHOTOM ONPEAEISET CTOUMOCTD U
HAJIC)KHOCTh (PYHKIIMOHUPOBAHUS OOBEKTA MIPU MOCIIEIYIONIECH IKCILTyaTall|u.

B cBs3u ¢ 3tuM, B mpolecce uzydeHus: Kypca «MHxkeHepHas reosorus»,
ABJIIETCSI HEOOXOAUMBIM MPUOOPETEHUE OCHOBHBIX MPEJICTABIEHUNH O COCTAaBE,
CTPOEHUHU, COCTOSIHUM W CBOMCTBaX I'€OJOTMYECKON Cpeibl, pa3BUBAIOIIMXCA B
HEll TPHUPOAHBIX M TEXHOTEHHO BBI3BAHHBIX TI'€OJIOTMUECKHX MPOLECcCax;
BO3MOYKHBIX U3MEHEHHUAX F€0JIOTMYECKOU Cpe/Ibl O] BIUSHUEM CTPOUTEILCTBA U
AKCIUTyaTallUM  COOPY>KEHHUW, HETaTUBHO BIMAIONIMX HAa TI€0JOTHYECKYIO
0OCTaHOBKY 3aCTPOEHHOW TEPPUTOPHUH, METOAMKE U METOJaX HCCIEAOBAHUN MPHU
WHKXEHEPHO-TEOJOTUYECKUX M3BICKAHUAX, & TAKXKE COAECPKAHUU HHKEHEPHO-
I€0PKOJIOTUYECKOTO OOOCHOBAaHUSI MPOEKTOB B PA3IUYHBIX PETHOHAIBHBIX
YCIIOBHSIX € yYE€TOM IPOTrHO3HOI'O U3MEHEHHUSI I€0JIOTMYECKON CPEBI.

[Tocobue cocTaBiaeHO C IEJNbIO OKa3aHUs IMOMOIINM CTYyJIEHTaM Npu
W3YYEHUU BBIIICTIPUBEICHHBIX BOIIPOCOB, COCTABJISIOIIMX OCHOBY KYypCOB,
CBS3aHHBIX C WH)KEHEPHOM TI€O0JIOTHEW, NMPUMEHUTENBHO I MPOEKTHUPOBAHUSA
3aHUN U COOPYKEHUM.



JlabopaTtopnas paGora N 1
ITopoxooOpa3yromme MUHepPaJIbl, UX PU3NUYECKHE CBOMCTBA, KJIACCU(PUKAUSA

MuHepan - 3TO IPUPOAHOE XHUMHUYECKOE COCAUHEHUE KPUCTALTUYECKON
CTPYKTYpBl, HMEIOIIEE OIpEACICHHbIH Ha0op (U3UYECKUX CBOWCTB U

oOpa3zoBaBIIeecs Ha 3emiie B pe3yibTare T'€0JIOTHIECKHUX
Y TCOXMMUYECKUX MPOILECCOB. MuHEpan — Teno (U3HYECKH W XUMHYECKH
OJTHOPOHOE.

[Ipu 3TOM NOHATHE “T€OJOTMYECKHE MPOLIECCHl” OXBATHIBAET BCE SIBJICHUS,
CBsI3aHHbIE ¢ ()OPMUPOBAHMEM M CYIIECTBOBAaHHMEM Ha 3eMJie TOPHBIX MOPOJ, a
“reOXMMUYECKHE MPOUECCh” — SBJICHUS B3aUMOJACHCTBUS M CYLIECTBOBAaHHUSA
XUMHYECKHUX JIEMEHTOB B XOJ€E I'€0JOTHYECKUX IPOLIECCOB.

MuHepanbl XapakTepu3ylTcsl pa3HOOOpa3HeM CBOMCTB, YTO OOBICHIETCS
Pa3IMYHBIMH yCIOBUAMU UX oOpa3oBaHus. Hinke npuBoasTcs Hanbosee BaKHbIE
IIPU3HAKA MUHEPAJIOB.

1.1. BaemHuii 06JIUK MUHEPATIOB

Buemnss ¢opma MUHEpanoB ONpeAeNseTcs UX BHYTPEHHUM CTPOCHHEM.
BonbmmHCTBO MHHEpaioB uMeeT GopMy KpucTamioB. s xaxmoro MuHepaia
XapakTepHa ompezaeneHHas (opma, YTO CIYKUT OINpPENESIONINM IPU3HAKOM.
Cpeaun MUHEPATIOB BCTPEYAETCS CIIEAYIOIINE (POPMBI:

- HM30METPUYECKHE, T. €. PABHOBEIMKHE BO BCEX HAIMPABIECHUAX MUHEPAIbI
(MmUpuT, KAIBIUT);

- BBITSHYTBIE B OJJHOM HANpaBIICHUU - TPU3MaTUYECKUE (KBapIL);

- uroJibyaTeie (poroBasi OOMaHKa), BOJIOKHUCTHIE (acOecT);

- 1uockue (Qopmbl - JucToBaThie (ciroAbl), yemryidyateie  (Tpadur);
TIacTUHYATHIE (THUIIC).

JIBOMHUKH. B NpUPONHBIX YCIOBHSIX KpPHUCTAUIBI OJHHX M TEX XKe
MHUHEPAJIOB MOTYT 3aKOHOMEPHO CpacTaThbCsl APYyr ¢ ApyroM. Tak oOpasyrorcs
JBOMHHUKM KpUCTAUIOB. OHU MOTYT NPEIACTaBIsATh COOOW cpacTaHue JBYX
KpUCTAJUIOB  (TUIIC) WM MHOTMX KpPHUCTaUIOB (IIOJIEBbIE IIMAThl THIMA
IJIArMOKIIa30B). B psije ciayyaeB JBOMHUKM TMPEACTABISIIOT COOOM MpopacTaHue
OJIHOTO KpHUCTajuia B APYrom (TIUPHUT).

Arperatbl MUHepanoB. B mpupoaHBIX YCIOBHUSIX OJHU U T€ K€ MUHEPAJIbI
MOTYT BCTPEYaThCSA B BHJIE€ CKOIUIEHH KpPUCTAIIOB, MPUPOCIIUX JIPYT K JIPYTY.
Hepeako Takue CKOIJIEHUST HMMEIOT XapaKTepHbld o0muk. Tak, Hampumep,
KpUCTAJUTIBI THUIICA MOTYT CO3JaBaTh arperatel B BHJAE 'pO3bl", TIMHUCTHIC
MUHEpaiabl 00pa3yloT 3€MIIUCThIE CKOIUICHMS, KpUCTaUIbl KBapua (HOpMUPYIOT
JPY3bl — CKOTUICHHS] KPUCTAJIJIOB, UMEIOIIUX €IMHOE OCHOBAHHUE.

1.2. Okpacka MuUHEpaJIOB
Kaxxnapi MuHEpan MMeeT CBOM LIBET, KOTOPBIM 3aBUCHUT OT XUMHUYECKOTO
cocrtaBa. MHOrne MUHEpalIbl UMEKT CTPOr0 MOCTOSHHYK) OKPAacKy: MallaXWT-
3€JIEHbIM, MHUPUT - KEIThIA. J[pyrue MuHepaibl B 3aBUCUMOCTH OT Pa3HBIX
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MEXaHMUYECKUX U XUMHUUYECKUX IIPUMECEN MOTYT UMETh Pa3JIMYHYyI0 OKpacKy. Tak,
HanpuMep, MUHEpal KBapll MOXET ObITh BOJSHO-TIPO3PAYHBIM (TOPHBII
XpycTajb), a 3a CYET NpUMeceil MOXeT ObITh YEepHBIM (MapHUOH), KENITHIM,
(¢uoneToBBIM (aMETHCT), 3€J€HBIM U T. A. L[BeT MHHepana B MOPOIIKE ABIAETCA
O0ojee TOCTOSSHHBIM M XOpOLIMM  JIMarHOCTUYECKUM  Ipu3HakoM. OH
OIIpENENAETCs MMyTEM MPOBEACHUS YEPThl MUHEPAJIOM M0 OeJol KepaMUueCKOn
TabinyKke. ['eMaTUT B KyCKe IOYTH YEPHBIi, a IBET YEPThl - BULLTHEBO-KPACHBIH,
IIAPUT COJIOMEHHO-’KEJITBIA — LBET YEPHBIA 3€JICHOBATO-KOPUYHEBBIN, JIMIMOHUT
MEHSET UBET OT Oyporo /10 YEpHOTO, YePTa — UMEET LIBET OXPBHI.

1.3. TBepoocTh MUHEPATIOB

TBepAOCTh MUHEPAIOB — CIIOCOOHOCTH CONPOTHUBIISITBCS MEXAHUYECKOMY
BHEJIPEHUIO MHOPOAHOro Tena. Kaxxaomy MHHEpany MpUCyIlla CBOS TBEPAOCTb.
HctuHHas TBEpAOCTh MHUHEPAIOB OMNPENESETCs CIEUUaIbHBIM  IpUOOpOM
(ckepomMeTpom).

OpUEHTHUPOBOYHO TBEPJOCTh KaXXJOTO MHUHEpana, TaK Ha3bIBAEMYIO
"OTHOCHUTENIBHYIO" TBEPAOCTh, MOKHO YCTaHOBHUTH CPAaBHEHHEM C TBEPAOCTBHIO
ATAJIOHHBIX MHUHEpasioB 10-0ayuibHON MIKaNbl aBCTPHUIICKOTO yueHoro dpuapuxa
Mooca (1825 r.) myTtem maparnanus MUHEpajoB Jpyr o apyra. lllkana cogepxxur
JIECATh MUHEPAJIOB C PAaBHOMEPHO HApACTAIOIIEW TBEpAOCThIO. OHAa BKIIOYAET
CJIEIyIOLIME MUHEPAJIbIL:

1 - ranmbk MQ3(OH)2[Si4O10]; 6 - oprokias K[Als, Sis Og];
2 - ranic CaSOy- 2H,0; 7 - xBapiy SiOy;

3 - kanpuut CaCOgs; 8 - Tomas Al,(F-OH),[SiO4];
4 - pmooput CakF; 9 - kopynn Al,Os;

5 - ammarut Cas(F, Cl, OH)[PO4] 3, 10 - aimma3 C.

1.4. CnaitHOCTh MUHEPAJIOB

CraifHOCTh — 9TO CTIOCOOHOCTh HEKOTOPHIX MUHEPAJIOB PACKAIIBIBATHCS TIO
OTIPEJICTICHHBIM TUIOCKOCTSAM KPUCTAUITMUECKUX pemeToK. CraiHOCTh HE CBsI3aHa
c ux BHemHel ¢opmoi. OHa SBISETCA BAXHBIM JUATHOCTUYECKUM TPHU3HAKOM.
[To cTeneHnu coBepIICHCTBA CMAWHOCTH MOAPA3EIACTCA Ha MATh BUJIOB: BEChMa
COBEpILIEHHAs (CIIOJIbI), COBEpIIEHHAs (KAJIBIIUT), HecoBepIieHHas (anatut). [lpu
OTCYTCTBUM CHAWHOCTH, HAmpuMep, B KBaplie, MHHEpAJ pacKaibIBacTCsI B
HEOTIPE/ICJICHHBIX HAIpaBJICHUAX. B TakuX ciydasx XapaKTepHBIM IPH3HAKOM
MUHEpaga MOXET SBIATHCS MOPQOJIOTHS TOBEPXHOCTH H3JI0Ma: PaKOBHCTas,
3aHO3KCTAs, 3CPHHUCTAS, 3EMITHCTAS U JIp.

1.5. dpyrue cBoiiCTBa MUHEPAJIOB

MuHepanbl 00aal0T PSAAOM CHEIU(UUSCKHX CBOWCTB — MAarHUTHOCTH
(maraetut — Fe304), pactBopumocts B Bozae (cuibBuH — KCI ramut — NaCl),
kuciotax (kanpuut— CaCOs), nonomur CaMg(COs),, Brkycom (ramut — NaCl —
COJICHBII ), TBOWHBIM JIy4eTPeIOMIICHUEM (KaJIBIINT), upu3aius (1adbpaaop).
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I'OPHBLIE ITIOPO/IbI
MarmaTuyeckue, 0cajo4Hble H MeTaMOpP(uyecKHe ropHbie MOPOAbI

['opubie mOpoAsl - 3TO MPUPOAHBIE MUHEPAIbHBIE  arperarsl,
oOpasyroluecss B 3€MHOM Kope, YCTOMYMBBIE IO COCTaBy, CTPOCHUIO U
3ajieralouue B BHJIE caMocToATeNbHbIX Ten. CocTaB, CTpOCHHE U YCIOBUS
3aJleraHusl TOPHBIX IMOPOJ, B 3EMHOM KOpE OMNpEeAessIOTCS YCIOBHSMHU HX
NPOUCXOXKJEHUA — TeHe3ucoM. Ilo 3ToMy TIpU3HAKYy TOpHBIE MOPOJBI
MOAPA3JACIAIOTCS HAa MarMaTUdeckue (IIyOMHHbBIC W W3JUBIIHECS), OCaJOYHbIC
(06;10MOYHBIE, XEMOTE€HHBIE U OPTAHOTCHHBIE) U METaMOP(PUUYECKHE.

Bce ropsble moposl 10 reHe3ucy (IPOUCXO0XKICHUIO) IENATCA Ha OOJIbIINe
TPYIIIIBL:

1. Marmartudyeckue ropHbIe TOPOIbI

2. Meramop¢uueckue TopHbIE MOPOIbI

3. OcanouyHble TOpHBIE IOPOIbI

MarmaTtuyeckne HOpoAbI — 3TO TOPHBIE MOPOJBI, OOpa30BaBILKECT U3

MarMbl B TJIyOMHAX 3eMJIM WM Ha e¢ MOBEPXHOCTH (TpaHUT, MOPHUPHUT, CUCHHT,
TUopuUT, 0azanbT, rabbpo, nuabdasz). Marma — 3TO MOCTyHarOUUMi U3 TIIYOOKHX
Help 3eMJIM OrHEHHO-)KUIKUN paciijiaB CIOKHOTO CHJIMKAaTHOTO cocCTaBa C
BBICOKMM COJIEp’)KaHHEM ra3o00pa3HbIX MpoaykToB. IlosiBnenne wmarmel B
IyOOKHUX 4YacTAX 3€MJIM CBSI3aHO C HapyUIEHUEM TEPMOJMHAMUYECKHX YCIOBUN
3THX Yacted 3emin (TOBBINICHHE TEMIIEPATyphl, TOHWKCHUE JIABJICHUSA).
[IpyunHaMu  STUX W3MEHEHHWH SIBISIIOTCS TPEXKAE BCErO0 TEKTOHHYECKHE
IpOLIECChl, MPOUCXOJAlMEe B TIyOMHaX 3emid (MOAHSITHE M OIyCKaHUE
OT/ICJIbHBIX OJIOKOB 3€MJIH, 3€MJIETPSICEHUE U T.11.).

Marma MoXeT 0O 3acThITh B INIyOMHaX 3eMiid, JUO0 MOAHSATHCA K €€
MOBEPXHOCTH W BBUIUTHCS Yepe3 TPEIIMHbI WA KpaTephl BYJIKaHOB. B
3aBHCHUMOCTH OT YCJIOBUM 3acThIBAaHUSI MarmMbl BCE MarMaTHYECKHE IMOPOJbI
NeNATCs Ha UHmMpY3uHvle — 3aCThIBIIME B TINIyOMHax 3emund (TIyOMHHBIE),
9¢hhy3ueHbie — 3aCTHIBIITNE HA TTOBEPXHOCTH (M3JIUBIIHUECS ).

Metamop¢puueckne mopoabl — 3TO TOPHbIE TOPOJbI, OOpa3yoluecs Ha
00NBIINX MTyOMHAX 3a CYET U3MEHEHUSI OCaI0YHBIX U MarMaTHYECKUX MOPOJ O
BJIMSTHUEM Pa3HbIX SHAOTCHHBIX MPOLECCOB (BBICOKUX JAaBJICHUS, TEMIIEPATyphbl U

XUMHUYECKH aKTUBHBIX BemiecTB). lIpuMepbl — THeWc, CIIOAUCTBIN CJaHell,
TJIMHUCTBIN CIIAHEL, MpaMop, KBApLHUT, AIIMA.
OcagouyHble moOpoabLI — TOpPHBIE MOPOAbI, OOpa3oBaBIIMECS Ha

NOBEPXHOCTH  3eMJiM, B  pe3ysibTare  pa3pylieHus  (BbIBETPUBAHMS)
MarMaTH4eCKux, MeTaMOp(PUUYECKUX M OCAJOUYHBIX IMOPOJ C TMOCICAYIOINIUM HX
nepeoTioxkenneMm. Ilpumepsl — BamyH, 1bI0a, IIeOEHb, TajlbKa, Opekuus,
KOHTJIOMEpPAT, MECOK, MECYaHUK, JECC, aJeBpPOJMUT, TJIMHA, CYTJIUHOK, CYMECh,
aprUJUIMT, WU3BECTHSK, JOJIOMHUT, MEprejib, MeJ, OMOKa, AUATOMMT, aHTHJPHUT,
THUIIC, KAMEHHBIN YToJib, TOP®, W1, IIOYBBI U JIP.



IIpakTuyeckoe 3ansaTue Nel
MuHepasbl 1 X NPOUCXOKACHHE.
®opMblI HAXO0KACHUSI MUHEPAJIOB B IIPHpPOJe.
I'simHMCcTBIC MUHEPAJIBI M UX MPAKTHYECKOE HCII0JIb30BAHHE

HMeroTcst Tpu OCHOBHBIX ITyTH WIIK TIpoliecca 00pa30oBaHUsi MUHEPAJIOB

1. DumoreHHblii NyTh — 0O0pa3oBaHHE MHUHEPAJIOB B HeApax 3eMIIH
(M3HYTpHU POKJIECHHBIE MUHEPAJIBI). Pa3nuyaroT cieayromne OCHOBHbIE IPOLECCHI:

a) MarMaTHYECKUl — MUHEpasbl 00pa3yroTCsl U3 MarMsl IPU 3aCTHIBAHUU €€
B HeZlpax 3emui (OpTOKIIa3).

0) rugpoTepMalbHBIA IMpOIEcC — OOpa30BaHHE MHUHEPATOB U3 TOPSUYHX
BOJIHBIX PacTBOPOB (ruapoTepm). ['mapoTepMbl BO3HHMKAIOT 3a CUET CryIICHUS
MapoB BOJIbI U Ta30B, BBIACSIOMIUXCS U3 MarMbl (KBapir).

B) BYJKAHUYECKUN MPOIECC — MUHEpaAJbl 00pa3yloTcsl MPU M3BEPKEHUU
ByJIKaHa (cepa)

2. JK30reHHblIi TyTh — 00pa30BaHKEe MHHEPAJIOB Ha MOBEPXHOCTH 3E€MITU
(Ha MOBEPXHOCTHU POXKAEHUS). Paznuuaror cienyromnne OCHOBHBIE MPOLIECCHI:

a) TUAPOXUMHUYECKHUI MPOIIECC — MUHEpaIbl BOZHUKAIOT M3 HACBIIIEHHBIX
BOJHBIX PACTBOPOB XMMHUYECKUM ITyTEM Ha MOBEPXHOCTU 3eMIH (TaJIUT, KAJIBIIUT,
JTIOJIOMHT).

0) BBIBETpUBAHUE — pa3pylICHUE TOPHBIX TMOPOJ U MHUHEPAJIOB IO
BIIMSIHUEM arperaToB arMoc(ephl, >KMBOTHBIX M PACTUTEIbHBIX OPTraHU3MOB.
areHToB atMmochepsl (H20, Oz CO,, conHeuHoe wuznydeHue). B pesymnbrare
BBIBETPUBAHUS BO3HUKAIOT HOBbIE MUHEPAJIbI, HAIIPUMEP, U3 MIUPUTA B MPOIECCe
OKHCJICHUSI JTUMOHUT; U3 OpTokjaza noxa Biausiuuem H,O u CO; — obOpa3zyetcs
KaomHUT. Munepan aurunput (CaSOs) mpucoeuHss BOAY MEPEXOIUT B THIIC.

B) IMpPOLECC KU3HEIEATEIBHOCTH OpPraHW3MOB (KOpajulbl, KPEMHE3EM,
KQJIBITUTHI).

3. Meramop¢puueckuii mporecc — H3MEHEHHE MHHEPAJIOB U TOPHBIX
nopoA B TiHyOMHAX 3eMJM T1OJ] BIMUSHUEM BBICOKOTO [aBJIEHUS, BBICOKOU
TEMIEPATypoOl, a TakKe ACHCTBHS TOPSYMX Ta30BBIX W BOJHBIX PacTBOPOB
(rpaHar).

B nmnpupoae MuHepanbl MOTYT BCTPEUYaTbCsl KaK B BHUAE OTIEIbHBIX
KpUCTAJUIOB (MOHOKpPHCTAJUIOB), a TakXK€ B BHJAE 3aKOHOMEPHBIX CpPOCTKOB,
KOTOpbIE HA3bIBAIOTCS JBOMHUKAMH, WA HE3aKOHOMEPHBIX CPOCTKOB —

arperaros.
BriiensroTes crneayrouye arperaThbl:
1. 3eprucmovie acpecamvr — arperatbl, CIOXEHHbIC KPUCTATTUYECKUMU

3epHamMu. DopMa 3€peH HaKIaJbIBae€T OTIEYaTOK Ha Mopdoaornyeckue
OCOOEHHOCTH arperaroB W B 3aBUCUMOCTH OT (JOPMBI 3€pEH MPHUHATO pa3inyaTh
3€pHUCThIC, IUIACTUYHBIC, YellyhuyaTble, MPU3MATUUYECKUE M BOJOKHHUCTHIC
arperarsl.

2. /I[py3a — 3T0 CPOCTKH XOPOIIO 00Pa30BAHHBIX KPUCTAILIOB (puc. 1a).



3. Cekpeyus — 3T0O MUHEPAIbHBIE BBIICICHUS, 00pa3yIOIMMecs B MyCTOTax
TOPHBIX TOPOJ. 3amoJIHEHUE IMYCTOT MPOUCXOAUT TYTEM  BBIIEICHUS
MUHEpaJIbHOTO BElIeCTBa OT Mepudepuu MyCcTOThl K IeHTpy. Yalle Bcero umeer
KOHIICHTPHYECKH 30HAJIbHOE cTpoeHue (puc. 10).

4. Konkpeyuss — 310 1mapooOpa3Hble WM OJM3KHE K HUM MHUHEPaJIbHbIE
BBIICJICHUSI, O0Pa3yIOIIMECs B PHIXJIBIX OCAJOYHBIX MOopojax. PocT koHKpeuuu
MPOUCXOUT OT IEHTpa K nepudepuu, UMeeT paJaualibHO-TYyYHUCTOE CTPOCHHE,
MOTYT JOCTUTaTh pa3MepoB 10 1 M (puc. 1B).

5. Ooaumer — 310 chepudeckue 00pa3oBaHUS pa3MepoM OT 1 710 5 mwm,
UMEIOINE CKOPJIYIOBATO-KOHIICHTPUYECKOE CTpoeHue. OTIeIbHBIE OOJUTHI
OOBIYHO COEIMHSAIOTCS MEXAYy CO00W ¢ 00pa3oBaHHWEM OOJIUTOBBIX COCAMHEHUU
(00nUTOBBIN U3BECTHSAK) (puc. 1T).

6. Hameunvle maccbl — 3TO MUHEPATBHBIC BBIACICHHUS MPUIYITHBOU
dbopmbl, HampuMmep, MOYKOBUAHBIC, COCYJIbKOOOpa3Hble, oOpasyromuecs U3
KOJUIOMJHBIX pacTBOpoB. Kosuiouasl, mpoTekas Mo mopaM M TPEIIMHAM TOPHBIX
MOPOJ MOCTENEHHO TYCTEIOT, UCTIApssl B TIOJIO€ MTPOCTPAHCTBO BOJY, M CBUCAIOT C
MOBEpXHOCTH TpenuH (puc. 11). [TomoOHbIM 00pazoM 00pa3yrOTCsl CTATAKTUTHI U
CTaJlarMUTHI TIEHIEP.

7. JeHaputbl — JpEBOBUIHBIC arperarbl, HAINOMUHAIOIIUE JIUCThS
MAropOTHUKA, BETBU JiepeBbeB. OOpa3yroTCsa B TOHKUX TPEUIMHAX TOPHBIX MOPO/T
WU B BSI3KOM BelecTBe (puc. le). OObIYHO BCTpEYAIOTCs JEHAPUTHI THAPOOKUCH
xKelesa, COlM MeIu, cepedpa.

8. 3eMIUCThIE MACChl — 3TO MATKHE MYYHHCTBIC MHUHEPAIBI 00pa30BaHUS,

COCTOSIIIIUE M3 MEJKUX PBIXJIO YMaKOBAaHHBIX 4YacTHIl. Pa3mep yacTuil meHee
0,0001 mm.

Puc. 1. ®opmbl Hax0XACHNUS MUHEPAJIOB B IPUPO/IE: a — Apy3a KBaplia; O — ceKpenus; B
— KOHKpEIHS; T —O0JIUT; I — HaTeYHble (POPMBI; € — NCHIPUT



['muHUCTBIE MUHEPAJIbl OTHOCSTCS K KJIACCY CUIIMKATOB, HO BBIJEISIOTCS U3
ATOTO KJacca Mo HEeIoOMY psiiy crenuduyecKux CBONUCTB:

1. BbICOKas MCIEPCHOCTh — 3TO CTENEHb Pa3ApOOJICHHOCTH MUHEPAJIOB,
KoTopble UMeIOT pazMmepsl menee 0,0001 mm;

2. ruApoUIBHOCTh — CIOCOOHOCTH MHUHEPAIOB MPHUCOCIUHATH BOY,
YBEIMYUBASICh ITPU 3TOM B 00beMe (MOHTMOPUIUIOHUT);

3. crmocoOHOCTh K HOHHOMY OOMEHY — CITIOCOOHOCTh MOTJIONIATh KATHOHBI U
O0OMEHUBATh UX C OKPY’KaIOIIEH CPeIoi;

4. MIaCTUYHOCTh — CHOCOOHOCTh JlaBaTh C BOJOM IUIACTUYHOE TEJIO
Pa3IMYHON KOHCUCTECHIIUH.

[MuHUCTBIE MUHEpaNBl 10 KPUCTAUIOXMMHUYECKON  Kiaccupukanum
OTHOCSITCSL K CIIOMCTBIM CHJIMKATaM, T.€. KPUCTAJUIMUECKasl PEIIeTKAa COCTOUT M3
OTJICJIbHBIX CJIOEB WJIK MaKeTOB. OCHOBY CJIOSI COCTABIISIOT TETPAIPUUECKUE WUITH
OKTa’JpUYECKUE CETKU. LIeHTpalbHYyl0 NO3UIMI0 B TETPA’ApPE 3aHUMAECT —
KPEMHE3€EM, B OKTa3Ipe — AIIFOMUHHUI.
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Puc. 2. Cxembl KpUCTAIUTMYECKUX PELIETOK MUHEPAJIOB: @ — OKTa3p; O — TeTpasp; B —
pelieTka KaoJuHUTA; T — peleTka MOHTMOPHIJIOHUTA

Terparapuueckue u OKTadIpUUECKHE CETKU COEIUHSASACH, 00Pa3yIoT CIIOU.
CBsI3b MEX]Ty CTIOSIMH KPUCTAJUTMYECKON PEIIETKH MOKET ObITh pa3IUYHOM U B
3aBUCHMOCTH OT THIIA CBA3U MEXIY CIOSMU PEILETKHU BBIACISAIOTCS TPU IPYIIIBI
MHHEPAJIOB:

1. MuHepanbl ¢ )KECTKON KPUCTAITMYECKON PEIEeTKOM;

2. MUHEpAaJbl C Pa3BUKHON KPUCTAIIIMYECKON peIIeTKOM;

3. MUHEpAJIbl C MPOMEXKYTOUHBIM TUIIOM KPUCTAINTMYECKON PEIIETKH.

1) Munepanvt ¢ oicecmkoi Kpucmaniuieckou pewemkou (KaOJTHHHUT
Al,032S10,2H,0). Kpucrammudeckass pelieTka OTHOCUTENbHAs TMpOYHas |
ycroitunBas. Conmpukacaromumecs: CJIOM CMEXHBIX NAKETOB pa3jinuHble. BepxHuii
CJIOM HM>KHETO MaKeTa CIIOXKEH T'MAPOKCUIbHON rpynnoil OH, a NpUMBbIKAIOMINI K
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HEMY HIKHMM CJIOM BEPXHETO IIaKeTa COCTOMT M3 AaTOMOB KHCIIOPOJA.
Pa3HOBUAHOCTD CONMPUKACAIOIIUXCS CJIOEB OOYCIABIMBAECT 3HAYUTEIIbHYIO
CKPEIUICHHOCTh pelieTku. CMeXHbIE CIIOM HE B3aUMOJCHCTBYIOT C JUCIEPCHOM
Cpelloi ¥ He MPUHUMAIOT Y4acTHE B OOMEHHBIX PEaKIUsX.

2)  Munepanet ¢ paz0suHymou  KpUCMALIUYECKOU  PeulemKoll
(mout™mopmitonuT  OH4SigAl,O0nH,0). XapakrepHoii ~ 0COOECHHOCTBIO
KPUCTAJUIMYECKOW PEIIETKH MOHTMOPHJUIOHUTA SIBISIETCS TO, YTO KHUCIOPOJHAs
MOBEPXHOCTh OJHOTO CJIOSI KOHTAKTHUPYET C aQHAJOTUYHOM TOBEPXHOCTHIO
COCEIIHETO CJIOS, BCIEJACTBHE YEro CBS3b MEXKAY CIosIMU ciabas. Mosekybl
BOABI W JAPYTHX IMOJIAPHBIX JXHUIKOCTEH MOTYT CBOOOIHO TPOHHKATH MEXKIY
CTPYKTYPHBIMH CJIOSIMH MOHTMOPIJUIOHUTA U pPa3[BUTaTh UX. MOHTMOPHUIUIOHUT
— MUHepan HaOyxawomui. [ MOHTMOPUJUIOHUTA XapaKTepHbI — U30MOPQHBIE
samemienus Al ma Mg, Fe, Zn, Zi u 1.n1. B pesynprate co3maercs H30BITOK
OTPUIIATEIBHBIX 3apA/I0OB, KOTOpPHIE KOMIIGHCUPYIOTCS THAPOTHPOBAHHBIMU
oomenHbiMu kaTthoHamMu — Na, Ca, MQ. AKTHUBHBIMH SaISIOTCS HE TOJBKO
KpaeBble YYacTKM, HO U BHYTPEHHHE. ITO 0OyCJaBIMBaeT AaKTUBHOCTH
MOHTMOPHUJUIOHUTA, & TAKKE TaKhe CBOMCTBA KaK THAPOPUIBLHOCTD U aJICOPOITHSI.

3) Munepanvl ¢ npomexncymouHviM mMunom KpUCmMauiudeckou peulemKu
(rugpocmiona). Kpucramiueckas pemerka ruApOCTIOAbl MOCTPOCHA aHATOTUYHO
KPUCTAJUIMYECKOW  pEeIIeTKE  MOHTMOPWJUIOHWUTA, HO B  OTJIMYHME  OT
MOHTMOPWJUIOHNTA Ha KOHTAKTE CJIOEB MUMEIOTCS KPYITHBIC KaTHOHBI PEIIETKH
TUAPOCIIONBI, T.€. KPUCTAUIMYECKAs PEIIeTKAa TUIPOCIIOAbI SIBISETCS MEHEE
rUAPOUILHON, T.K. B OTIWYHE OT MOHTMOPHJUIOHHUTA AKTHBHBIMH SBJISIOTCS
TOJIBKO BHEIITHHUH CIIOH peIIeTKH, BHYTPECHHUE K€ HE aKTHUBHBI.

['muaMCTBIE MHHEpaTbl 00pa3ylT TMOpOAYy TJHWHA, KOTOpas IIHPOKO
UCITOJIB3YETCSI B TIPOM3BOJICTBE PA3IMUHBIX KepamMuueckux m3aenuii — (apdop,
dasHC, KepamMHuueckas TUIMTKA, KUPIWY, KepaM3UTHBIA rpaBuil. Baknenmmmu
CBOMCTBAMU TJIMH TPU UCIOJB30BAHUU HMX B TPOU3BOJICTBE SIBIISIOTCS:
OTHEYTOPHOCTh, OTHOIIICHHE K CYIIIKE, IJTACTUYHOCTD.

Ha »tu cBoiicTBa OKa3pIBa€T BIMSHUE IPEXKAEC BCEr0 XUMHUYECKUUA U
MUHEpaJIbHBIA COCTAB MNIMHUCTBHIX MUHEpaIoB. [ IMHBI, copepkanue KaOJIUHUT —

OTHEYNOPHBIE; COACPKAILUE MOHTMOPWUIOHUT — JIETKOIUIABKHE. [ JIMHBI
KAOJMHUTOBBIC XOPOIIO TMOAMAIOTCS CyIIKe ¢ 00pa3oBaHUEM TJIAJKOU
MMOBEPXHOCTH,  MOHTMOPWUIOHUTOBBIE —  JAlOT  yCaaKy M  CHIIBHO

pacTpEeCKUBAIOTCA Ha TOBEPXHOCTH. MOHTMOPWIUIOHHUTOBBIE TJIMHBI OoJjee
MJIACTUYHBI, YeM KAOJMHUTOBBIE U TUAPOCTIOAUCTHIEC.

IIpakTuuyeckoe 3ansaTue Ne2
MarmaTudeckue ropHbie mMOpo/bl
CTpYKTYpBbI M TEKCTYPbl MATMATHYECKHUX NOPOA. PopMbI 3a1eraHus
MarMaTu4eCKuX moposa

BGHIGCTBGHHBIﬁ COCTaB MarMaTU4CCKUX IOpoa OIIPCACIIACTCA XUMUICCKUM
N MHUHCPAJIbHBIM COCTaBOM FOpHOﬁ IMOPOAEI. B cocraB marmaTtmueckux I'OPHBIX
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TIOpOJT BXOJAT clieayronue xummdeckue atementsl: O, Al, Si, Fe, Mg, Na, K, Ca.
XHWMHYCCKHH COCTaB MarMaTHYECKHX TOPHBIX IOPOJ ObIBACT IPEACTABICH B
okcuaax. OCHOBHBIC OKCHJbI B COCTaBe MarMaTHYeCKHX TOpHBIX mopoj: SiOy,
Al,O3, FeO, Fe;03, MgO, CaO, Na,O, H,0. Ha ocraibHble OKCHIBI TIPUXOIUTCS
1,7% ot cocTaBa rOpHOI IOPOABI.

OCHOBHBIM  TIPEOOJIAIAIOIIMM  OKCHJIOM  SIBIIICTCS  KPEMHE3eM, 110
COJICPIKaHUIO0 KOTOPOTO MOCTPOSHA XUMUYCECKast KiacCu(HUKAIUs MarMaTHYeCKUX
TOPHBIX TTOPOJI:

LJTyOUHHBIE U3JIMBIIUECS]
1. xucnsie SiO; > 65% TPAHUT JUTAPUT
2. cpennune SiO; — 65 — 55% THOPUT noppupuUT
3. ocHoBubIe SIO; — 55 — 45% rabopo 0azanbT
4. ynprpaocHoBHBIC SIi0; <45 % MUPOKCEHUT

C XUMHYECKUM COCTaBOM TECHO CBSI3aH M MHHEPAJIbHBIA COCTaB
MarMaTH4eckux nopoj. Kucnisle mopoasl XxapakTepu3yrTCsd HAIMYHEM KBapia B
CBOOOJTHOM COCTOSIHMU (TpaHHT). B ocTalbHBIX MOpojax KBapil B CBOOOJIHOM
COCTOSIHUU OTCYTCTBYET U HA CMEHY €My MPUXOJIAT MUHEPaJIbl, 0OTaThIE JKEIE30M
U MarHuem (aBruT, porobas oOMaHka, OJUBUH). OT KUCIBIX K YIBTPAOCHOBHBIM
U3MEHAETCS OKpacka. Kucible — CBETIIOOKpAIIEHHbIE, YJIbTPAOCHOBHBIE —
yepHble. C HM3MEHEHHMEM COCTaBa CBA3AHO HM3MEHEHUE YyJenpbHoro Beca. OT
KHUCJIBIX TTOPO/JI K YIBTPAOCHOBHBIM Y/CJIBHBIN BEC MOPOJIbI YBEIUINBACTCS.

Kiaccuduxanuys MarMmaTu4ecKux nopoj

[To xumMHuueckomy [To ycnoBusiMm 006pa3oBaHus
COCTaBy
TITyOMHHBIC W3ITUBIINECS
Kucieie I'panut Jlunapur
Cpennue Juoput [Topdbuput
OcHOBHBIE ["ab6po bazanbT
Y IbTPaOCHOBHBIC ITupokceHuT, TyHUT

Kaxnas rimyOuHHast mopojia UMEET CBOM M3JIMUBIIUNCA aHaor. M3nuBmascs
nopoAa o0pa3yeTrcssi W3 MarMbl TOTO K€ COCTaBa, HO 3acThIBIIEH B HMHBIX
TEPMOJIMHAMMYECKUX YCIOBHSIX. DTH MOPOAbI OYIyT OJM3KK MO XUMHUYECKOMY
COCTaBY, HO PE3KO OTIMYAOTCS MO CTPYKTYPHO-TEKCTYPHBIM ITPU3HAKAM.

Cmpykmypa — CTPOEHHME IOPOAbI, KOTOPOE OMNPENEIAETCS CTENEHBIO
KPUCTAJUTMYHOCTH MOPObI, POPMOIL U pa3sMepOM 3€pEH.

ITo cTeneHn KpUCTANIMYHOCTH BCE MarMaTWU4eCKHe MOPOJbI EIsATCS Ha 3
IPYIIIBL:

1. Iloanokpucmannuueckue — Takue CTPYKTYpbl, KOrJa MOPOJAA LIEITUKOM
COCTOMT M3 3€PEH pa3IMYHBIX Pa3MEpPOB, M HA3bIBAIOTCS OHU 3EPHUCHIBIMU.
XapakTtepHbl i r1yOuHHBIX TopoA (rpaHuT). [lo abcontoTHRIM pazMepam 3epeH
OPUHATO  pa3idvyaTh  CTPYKTYpbl  KpYNHO3epHUCThIE (Oojmee 5 MMm),
cpeaHesepHUcThIe (1-5 MM) U MeTKO3epHUCTHIE (MeHee 1 MM).
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2. Ionykpucmannuueckue CTPYKTYpbl XapaKTepU3YIOTCSl TEM, UYTO Ha (poHe
OCHOBHOM CTEKJIOBATOM Macchl MOPOAbl BCTPEYAIOTCS OTAENbHBIE BKpaIlICHUS
MUHEpAJIOB. OTH CTPYKTYpPhl HA3bIBAIOTCS HNOPOUPOGbIMU W XapaKTEPHBI B
OCHOBHOM ISl U3JIMBIIUXCSI TIOPO (TOpOUPHT).

3. Cmexnosamsie CTPYKTYpbl — OJHOPOJHBIC, TOJHOE OTCYTCTBHE
KPUCTAJUIMYECKUX 3€pEH M OTIMYAIOTCA TJIAJKOW, IUIOTHOW MOBEPXHOCTHIO
(cTexy10). XapakTepHbI TOJBKO IS U3JIUBIINXCS MOPo1 (0OcuauaH).

CTpykTypa TOPOIBI SBIISCTCS BAKHEHIIMM MPU3HAKOM, OIMPEACIISIONIAM
IPOYHOCTh TMOPOABI W BO3MOXHOCTH €€ MPaKTUYECKOTO HCIOIb30BaHUS.
Haubonee mpoyHBIMH  SBJISIOTCS  MOPOABI,  OOJamarolue paBHOMEPHO-
3€pHUCTBIMU CTPYKTYpaMH.

Texcmypa — cnokeHue TOPHON OPOJIbI, KOTOPOE ONPEAEIAETCS B3aUMHBIM
pacIoI0KEHHEM 3epeH B TIOPO/IE WIH CTENICHBIO BHIMIOJTHEHUS TPOCTPAHCTBA.

[To pacmnonoxeHuro 3epeH B MOPOJAE TEKCTYPhl MOKHO Pa3leiuTh Ha JIBE
TPYIIIBL:

1. ogHOpPOIHBIE (MACCHUBHBIC)

2. HEOJTHOPOJIHbIE

O0HOpoOHble TEKCTYPBI XapaKTEPU3YIOTCSl TEM, YTO MUHEPAJIbHBIE 3€pPHA B
IOPOJIE€  PACIOJIOKEHbl PaBHOMEPHO, HO 0€3 BHUIUMOM OpPUEHTHPOBKU
(Oecnopsimouno). Iloutm Bce Marmatuyeckue MOPOAbI XapaKTEPU3YIOTCS
OJTHOPOJHBIMH WJIM MAaCCUBHBIMU TEKCTYpamu (TPaHUT).

Heoonopoousie TeKCTypbl — MUHEPATTbHBIEC 3€pHA PACIIOIOKEHBI MTOJI0CaMH,
NATHAMHA A T.J. Y MarMaTHYeCKHX IMOPOJ MOTYT OBITH IOJOCYAThIE TEKCTYPHI,
KOTJla TIOpOJila COCTOUT W3 TOJIOC Pa3jIMyHOTO MHHEPAIBHOTO cocTaBa. Takue
TEKCTYpbl 00pa3yroTcsi B pe3yiibTare TudPpepeHnanuy MUHEPATbHBIX 3€pEH 1O
yAeIbHOMY Becy (radb0po)

[Io creneHu BBHITIOJIHEHHUS] TPOCTPAHCTBA BBIACHAIOTCS IUIOTHBIE W,
MOPUCTHIE TEKCTYPHI. [IpocThie TEKCTYphl XapaKTePHBI IS U3MUBIIUXCS TIOPOJT U
0o0pa3yloTcs TMpU BBIJEICHUH TMY3BIPHKOB Ta30B M3 JIaBbl B TMOBEPXHOCTHBIX
yclioBusx (6a3aibT).

TeKkCTypHBIM NPU3HAK TAKXKE, KAK U CTPYKTYPHBIN, ONPEAEIAET TPOYHOCTh
nopozbl. Hanbomnee npoyHbIMU SBIISFOTCS TIOPOJIBI C OJTHOPOJHBIMHU TEKCTYPaMHU.
TekcTypbl OJIOCYaThIE U TOPUCTHIE 001a1al0T CBOMCTBAMHU aHU30TPOIIUH.

Marmatrdyeckue mopoIbl cIaraloT OrpOMHBIE IPOCTPAHCTBA B 36MHON KOpe

¥ UMEIOT pa3uvHbIe (OPMBI 3asieranus. PaccMOTpuM HEKOTOPBIE U3 HUX.
Dopmbl 3anecanusi 2YOUHHBIX NOPOO

bamonum — rpomanHble HENPAaBWIBHONW (OPMBI MacCHBBI MHTPY3HBHBIX
opoJ, 3aHuMaromue no miomanu oonee 100 km? (puc. 3). Tak, Hanpumep, B
CeBepHOIl AMepuKe U3BecTeH 6aTonuT miomanso 60 000 kv,

IlImoku otnuyaroTcs OT 6aTONUTa MEHBIIIMMH Pa3MEPaMH.

Cunn — mJockue oOpa3oBaHUS TIPU  BHEAPEHWHM MarmMbl  BJOJIb
MTOBEPXHOCTEHN HATUTACTOBAHMSI.
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Jlakkonum — KapaBaeoOpa3Hble WM TpuOOOOpa3HbIE Tela pa3HbIX
pa3mepos. [Ipumep — ropa Ato-Jlar B Kpbimy.

Jlononum — dameoOpa3HOe Tello OOBIYHO OYEHb KPYIHBIX pPa3MEpPOB,
oOpasyroleecss B pe3yJibTaTe HAKOIUICHUS OOJBIIOr0 KOJUYECTBA >KHUJIKOU
Marmsl, MO/ TSHKECTBIO KOTOPOU MPOTru0aroTCs HIKENekKaIIUue CIIOU

/latika — (cTena) miuuTooOpa3HOe BEPTUKAIBLHOE HIIM KPYTOIa Ialolliee Tejo,
uMeeT HeOOIbIIYI0 MOIIIHOCTh MpU OOJIbIION NpoTsiakeHHOCTH. CaMasi KpynHas —
«bonbmas paiikay B Pomesun (FO. Amepuka) mmeer MomiHocTh 5-10 K,
IPOTSHKEHHOCTHIO 10 500 kM

JKuna otnuyaercss OT Malku OOBIYHO H3BHIIMCTON (DOpPMOM, HAKIOHHOM
WIN )K€ TOPU30HTAIBHBIM 3aJIETaHUEM, MEHBIIIMMHU Pa3MEpPaMHU.

3

r>

b
b
b

BEORTORTORT AT ORT AT R

L L

Puc. 3. ®opmsbl 3aeranust MarMaTHYECKUX OPOJI;:
1 — naiika (>kuna); 2 — cuI; 3 — MOKPOB; 4 — MOTOK; 5 — 6aTonuT; 6 — MTOK; 7 —
JIAKKOJIUT; 8 — TOJIIA OCaI0YHBIX MTOPOJT

Dopmwl 3anecanus ¢ Gy3ueHvix NOpoo

Ilokpos — mnnockoe  Teno, HMewlee  0oapHIoe  IUIOMAAHOE
pacnpoctpaHeHue. JlaBoBble paBHMHBI M3BecTHBI B Cubupu, Unnuu, Adpuke u
0. Awmepuxe. J[lnmmHa paBHa wmmpuHe. Ilpumep — U3IHSAHUSA BYJIKAaHOB

TPEIIMHHOTO THNA HA OcTpoBax Mcnanaum.
Ilomox — y3K0€ U JUIMHHOE TeJIO, 00pa30BaHHOE 3aCThIBIIEH JTaBOMH.

Kymon — kapaBacoOpa3zHoe Oojee wWiM MEHEE KOHYCOBHUIHOE TeJIO,
oOpa30BaHHOM JIABOM, BEIKATOM U3 KpaTepa ByJIKaHa.
Hena — Tteno, BBITAHYTOE 1O BepTukanu. Kiaccuueckuit npumep —

3HamMeHUThli Tk Momn-Ilene (octpoB MaptuHuka u3 apxunenara Marnbix
AHTWIBCKHX OCTPOBOB) BbicOoTa 375 M mmpuHa 1-100 m.

Konyc — oOpasyercs BOKpPYr Kparepa BYyJKaHa B pe3yJibTare
HEOJIHOKPATHOI'O M3JIASIHUS BS3KOW JIaBbl. BeicoTa KOHyca BynkaHa KiroueBckas
comnka Ha Kamuartke nocturaer 4750 M.
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IIpakTHyeckoe 3ansaTHe Ne3
Meramopduueckue ropHbie MOPOAbI.
daxkTopsl MeTamoppuzma. CTPyKTypa U TEKCTypa MeTaMOp(PUIeCKHUX
nopoxa

OO6pazoBaBiuecss Ha MOBEPXHOCTU 3e€MJIM MPU HU3KUX TeMIeparypax u
JIABJICHUU OCAJIOYHbIE TOPOJABI B PE3yJIbTaTe ropooOpa3oBaTEIbHBIX MPOIIECCOB
MOTYT TIOTPY3UTHCSI B Oojiee TITyOOKHE YacTH 3€MHOW KOPHI U TOABEPTHYTHCS
BIIMSIHUIO BBICOKOM TEMIIEpaTyphbl WJIM BTOPTUIEHCS B UX TOJIIY PacIjIaBI€HHON
Marmel. Beigensaior cinemyromue hakTopsl MeTamopdusma:

1. Temnepamypmwiti ummepean, B TpeAeNax KOTOPOrO MPOUCXOIHUT
TUTIMYHBIE MeTaMop(hUUECKHe MpeoOpa3oBaHUs, 3aKIIOUYCH MPUMEPHO MEXKITY
300-400° u 900-1000°. Hmxe 300°C wmeramopduueckue MpeBpaIICHUs
MPAKTUYECKA HE MPOUCXOAT, BEPXHUIN MPEAEa OTPAaHUYEH HAYAJIOM IUIABJICHUS
HamOoJiee  PacHpOCTPAHEHHBIX  TOPOJA U COOTBETCTBYET  YCJIOBHSIM
MarmMoo0pa3oBaHusI.

Temneparypa — BaxkueWmui Qaktop meramopduszma, BIUSIOMIUNA Ha
mpoliecc  MUHEpanooOpa3oBaHUs (Hampumep, KalbLUUT MpeBpallaeTcs B
BosutactoHUT CaCO; +Si0, CaSiO; +CO, mox BIMSHHEM >HIOTEPMAIbHOM
peaKIum).

2. /lagnenue — pa3nnualoT BCECTOPOHHEE JaBiCHUE (THUAPOCTATHUECKOE) U
HaIpaBJICHHOE JIaBJICHUE (CTPecC).

I'mapocratnueckoe OaBJIEHUE ONPEAEISIETCS  JCHCTBUEM  HArpy3Kd
BbIIIETEKAMX  Toim. IIpy  TOCTOSHHOW  TemmepaType  YBEJIMYECHUIO
THAPOCTATHYECKOTO JTABJIICHUs] CIIOCOOCTBYET 0Opa3zoBaHME MHUHEpAJIoB C Oosee
IJIOTHOM CTPYKTYpPOM DJIEMEHTapHOW SUYEWKH W TMPOUCXOAUT (OPMHUpPOBAHUE
IIOpPOJ C OTHOPOJHOU MAaCCUBHOU TEKCTYPOMU.

Cmpecc — naBlieHHE, BbI3bIBAEMOE TEKTOHUYECKUMU Tpoleccamu. Bennka
pOJIb HAMpaBJIEHHOTO MAaBJCHUS NMPpU (HOPMUPOBAHUU CTPYKTYPHO-TEKCTYPHBIX
ocoOeHHOCTEeW Topoabl. B ycioBusix crpecca Nmpu HAJIUYMKM TEMIEPATYPHOTO
(dakTopa 00pa3zyroTcs creuu(puuecKkue CIaHUEBAThIE TEKCTYPhlI, YTO CBSI3aHO C
MEPEOPUCHTUPOBKOM  MHUHEPAJIOB  JUIMHHBIMH ~ OCSMH  TEPIICHIUKYJISIPHO
JTABJICHUIO.

3. Xumuueckue axmuenvle 6eujecmea — 3TO BOJA U YTIIEBOJOPOA, KOTOphIE
HaxOJTCS B TOM MJIM MHOM KOJIMYECTBE MOYTU BO BCEX FOPHBIX MOPOAAX B BUJIE
MOPOBBIX UJIU «MEXK3EPHOBBIX» PACTBOPOB.

Kak Boza, Tak 1 XMMHUYECKUE aKTUBHBIE BEIIECTBA BBIJICISIOTCS U3 TIOPO/I B
pe3ynbTare YIUIOTHEHHUS, JHOO TMOCTYyHaloT W3 MarMaTHYeCKHUX pacIljIaBOB.
PacTBOpBI akTUBHO y4acTBYIOT B TPeOOpPa30BAHUM MUHEPAJIOB U TIOPO/I, SBISSACH
MEPEHOCYMKAMU XUMHUUYECKUX 3JIEMEHTOB U TEIUIa. Y CTAHOBJIEHO, YTO B IMOPOAAX,
JMIICHHBIX BOJIbI, B TAK HA3bIBAEMBIX «CYXUX CHCTEMax» MpeoOpa3oBaHus, JaxKe
IpU HAJWYUU JOCTATOYHO BBICOKMX TEeMIEpaTyp U JaBJICHUS, UAYT KpaiHe
MEJIJIEHHO, U HA00OpOT — MeTaMop(du3M JIOCTUTaeT BHICOKOW CTaAuu — MpH
HaJIMYUU BOJHBIX WJIM MUHEPATBHBIX PACTBOPOB.
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C y4eToM TEOJIOTUYECKHX YCJIOBHH, TOCIOACTBYIOMMX (aKTOPOB
MeTaMop(pu3Ma U XapakTepa BO3HUKAIOIIUX IMOPO/ BBIIEISIETCS HECKOJIBKO THIIOB
MeTamoppuzMa — mepmManvHblil, OUHAMOMEMAMOPPUIM, KOHMAKMHBIUL W
PEGUOHATIbHBI.

XUMUYECKUI aHaIM3 METaMOp(PHUUECKUX MOPOJ OYEHb pa3HOOOpa3eH U
3aBHCHUT OT COCTaBa OCAJOYHBIX U MarMaTHYeCKHUX IOpOJ, KOTOpBIE SBISAIOTCA
BTOPUYHBIMU. JlaHHBIE XMMHYECKHX aHAJIN30B MPH OTCYTCTBHM HAJIOKEHHBIX
METaCOMaTUYECKUX IMPOLIECCOB IMO3BOJSAIOT HEPEAKO CYAHTh O COCTaBe
IIEPBUYHOM TIOPOABI M €€ TEHETUYECKOM IPUHAIEKHOCTH. Tak pe3Ko
MOBBIIICHHOE COJIep)KaHNEe KpemMHe3ema B MeTramopduueckod mopoze (Ooiee
80%) naeT OCHOBaHWE TMpeANojaraTb, YTO MCXOAHBIM MaTepHAIOM OBLI
KBapLIEBbI MECUYaHUK, OBBIIIEHHOE COJAECPKAHUE INIMHO3EMa, OKUCIIOB IIMHKA U
JKeJe3a CBUACTENIBCTBYET O TIIMHHUCTOM COCTaBE MOPOABI, BBICOKOE COJEPIKAHME
KaJIbIUsl — 0 KApOOHATHOM COCTaBE U T.II.

MeTamopdudeckue MopoAbl BCETIA NOJIHOKPUCMALIUYECKUE, B KOTOPBIX
aMOp(HOE BEIIECTBO U IMMyCTOTHI U ITyCTOTHI HE COXPAHSIOTCSI.

Jlnist MeTamMop(prUYecKuX MOPOJ] TEKCTYPHBIX MPU3HAK OCOOCHHO BaXKEeH, T.K.
OH HanOoJiee OTYETIMBO OTPAXKACT YCIOBHS, MPH KOTOPBIX MPOUCXOAMIO HUX
npeoOpa3oBaHue. ITOT MPU3HAK CYIIECTBEHEH TAKXKE M MPHU OLICHKE (HU3UIECKUX
CBOWCTB TIOPO/I, T.€. THII CJIAHIICBATHIX TEKCTYP U MPOCTPAHCTBEHHOE IMOJIOKCHUE
IJIOCKOCTEW CIIAHIIEBATOCTE HEOOXOJMMO YYMTBIBATH IMPHU BCEX HHKEHEPHO-
T'€0JIOTUICCKUX HCCIICIOBAHUSX.

HauOosiee TUITMYHBI CIISTYIOIINE TEKCTYPHI:

1. cnanyesamovle TEKCTYpHl (JUCTOBATHIE) — ILJIOCKOCTU JEIUMOCTH B
MIOPOJIC PACIoIaralTCs MapajuIebHO IUIACTUHYATHIM, YEITyHYaThiM MUHEpajIam
(cromuCThIN CraHer);

2. nonocuamasi TEKCTypa — TOpPOAAa COCTOMT W3 IOPOJ PA3IUYHOTO
MHUHEPAJIBLHOTO cocTaBa (THEHC);

3. namHucmasn TEKCTypa — KOTJa MHUHEPAJIbl BXOMSIINE B COCTaB MOPOIBI
pa3HO00pa3HO OKpaleHbl (MpaMop, sIMa);

4. Mmaccuemas TEKCTypa — MHHEpalbl B TIOPOAE  PACIIOJIOKEHBI
OecropsI04HO, HO PABHOMEPHO (KBapIMT, MPaMop).

IIpakTueckoe 3ansiTue Ned
Ocanounbie MOPOAbI
Craanu o0pa3oBaHusi ocagouHbIX nmopoa. Knaccudpukanus ocagouHbix
NOpoJ

Ocaodounble nopoosl — ATO TTOPObl, BOSHUKAIOIINE HA MMOBEPXHOCTH 3€MITH
¥ HECKOJILKO TUIYO’Ke €€, MPY CBOMCTBEHHBIX JIJIS OTUX TOPU3OHTAICH HEOOBIITNX
TEeMIlepaTypax U JABJICHUH, MyTeM MPeoOpa3OBaHMs OTIOKECHHM, BO3HUKIIINX 32
CYET MPOJYKTOB BHIBETPUBAHUSI M KU3HEICITEILHOCTH OPTaHU3MOB.
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Hayka 00 ocagouHbIX MOpOAax — Jumojocus — WU3ydaeT BEIIEeCTBEHHBIN
COCTaB U OCOOEHHOCTH CTPOEHUS OCaJ0UYHBIX MOPO/I, pACCMAaTPUBAET BOMPOCHI UX
KJ1accu(pUKaIMKU, YCIOBUS UX BO3ZHUKHOBEHHS M MPOIECCHI TPe0oOpa30BaHMUs.

N3yuyenue ocalioyHbIX MOPOJA HMMEET OOJbIIOE MPAKTUYECKOE 3HAYCHUE.
Yaiie Bcero MMEHHO OCAJIOYHbIC TOPOJbI SIBISETCS OCHOBAHHMSIMHU, Ha KOTOPBIX
BO3BOJIATCA PA3JIMYHbIC WHXKEHEPHBIE COOPY>KEHHUS: 3aBOJIbI, MOCTBI, IIOTHHBI,
qoporu U T.al. IIpu  CTpOUTENbCTBE TaKUX COOPYXKEHUH HEOOXOAUMO
MIpEeIBapUTEILHOE HCCIAeAOBaHNE (DU3UKO-MEXaHUYECKUX W HECYIIUX CBOWCTB
TPYHTOB, KOTOPBhIC€ B 3HAYMTEIIBHOW CTEMEHW OOYCIIOBIIEHBI MX MHHEPAJIbHBIM
COCTaBOM, CTPYKTypaMH M TeKCcTypamu. Kpome TOro, B OCamOYHBIX TMOpPOAAX
3aKJTFOYCHBI TIOJI3EMHBIE BOABL. VX KOJIMYECTBO U XapaKTep MUPKYIISAIUN 3aBHCHT
OT COCTaBa, MOPUCTOCTH, TPEUTUHOCTOUKOCTH U Psifia APYTUX CBOKMCTB OCATOYHBIX
mopoa. W mocrmegHee, He MeHee BaXHOE, OCATOYHBIE IOPOJLI  CaMU
MPEACTABISAIOT COOOM TMOJIE3HBIE HCKOIMAEMbIE WM ChIPhE JIJISi MPOU3BOJICTBA
CTPOUTEIBHBIX MAaTEPHAJIOB.

K oTnnuutensHbIM 0COOEHHOCTSIM OCaIOUHBIX ITOPO/T CIETYET OTHECTH:

1. cmoucrocth

2. IOPUCTOCTh

3. Hanmu4Ke OCTaTKOB (payHbI U GIIOPHI

4. 3aBUCHUMOCTb COCTaBa M CBOMCTB MOPOJ OT KIMMATUYECKUX YCIIOBUU U
CpEeIIbl OCAKICHUS.

DopMHUpPOBaHUE OCATOYHBIX MOPOJ MPOUCXOAUT B IMOBEPXHOCTHOM 30HE
3emun. IIpomecc 3TOT AIUTENBbHBIN M CIIOXKHBIM. MOXKHO BBIAEIUTHh 4 CTaauM:
BBIBETPUBAHUE, IEPEHOC U OTJI0KEHUE, TUAreHe3, KaTareHes.

1. BuisempusaHnue — mpoliecc pa3pylieHus TOPHBIX MOPOJ MO BIUSHUEM
areHToB  aTMochepbl M KU3HEACATEILHOCTH  OpraHu3MoB. Paznmuuaror
dbu3nyeckue W XMUMHUYCCKHE BbIBeTpuMBaHUA. IlepBoe 3akiodaeTcss B
MEXaHMYECKOM Ppa3apoOJeHUH TOPHBIX TIOPOJ, BTOPOE — B XUMHYECKOM
pasnoxkeHun  MuHepasoB.  I[Iporecchl  (U3WYECKOTO0 M XUMHYECKOTO
BBIBETPUBAHUS TECHO CBS3aHBI MEXIY COOOM M OOBIYHO IIPOSIBIISIOTCS
COBMECTHO. MITHTEHCUBHOCTh JEUCTBUS Ka)JO0r0 U3 3THUX MPOLECCOB 3aBUCUT OT
(bu3uKo-reorpa@uIecKux YCIOBHUM, COCTaBa IOPOJ M IPOJOIKUTEILHOCTH
BbIBeTpUBaHUsI. PU3NYECKOE BHIBETPUBAHUE MPOSIBISETCS HauOoIee UHTEHCUBHO
B BBICOKMX IIHPOTaX MW B 30HAaX IYCTBIHW, TaM, TJI€ CYIIECTBYIOT PE3KHE
KOJIeOaHUs TeMITepaTyphbl. XUMHUYECKOE BHIBETPUBAHUE MPEBATUPYET B YCIOBUAX
JKapKOTO M BJIAYKHOTO KJIMMarta. BeIBETpUBaHUE CO3Ja€T MaTepuay, U3 KOTOPOro
o0pa3zyroTcs ocajouHble TOpoabl. B pe3ynbraTe BO3HHMKAIOT MPOAYKTHI JBYX
THIIOB:

a) 0010MOYHblE Yacmuybl PA3TMYHON KPYIMHOCTH 3a CUET MHHEPAJoB,
YCTOMYHUBBIX B YCIOBHUSX 3€MHOM KOPBI;

0) ucmunmvie KONNOUOHBIE PACMEOPbL, U3 KOTOPBIX 00pa3yrOTCss MHUHEPAJIBI
0CaJIOYHOTO MPOUCXOKICHUSA.
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2. Ileperoc u omnoscenue (ceoumenmozeres) — MPOAYKTHI BHIBETPUBAHHUS
MOTYT OCTaBaThCsl Ha MECT€ CBOETO pa3pyllieHUs, OCHOBHAs JKE€ Macca
NEePEHOCUTCSI TEKYYMMH BOJAMH, BETPOM, JIbJOM, opraHuzMamu. OcoOeHHO
BEJMKa B OTOM OTHOUICHHHM TPAHCIOPTUPYIOIIAsi pOJIb BOIHBIX TTOTOKOB.
[TomcyeTsl moka3anu, 4TO BCE PEKU 3€MHOTO I1apa BHIHOCIT B 1 TOJ B KOHEUHBIC
OacceliHbI ceTUMEHTAIIMH — MOPSI, 03€pa, OKEaHbl — OKOJIO 13 MIIpJ. T. MPOTYKTOB
MEXaHHYECKOTO Pa3IpOoOJICHUs W OKOJO 5 MIIPA. T. MPOAYKTOB XUMHUYECKOTO
Pa3OKEeHUS] MATEPUHCKUX MOPOJI. [IpoayKThl BRIBETpUBAHUS TIEPEHOCATCS JTNOO
B BHJIC TBEPJIBIX YACTHII, TUOO B PACTBOPCHHOM COCTOSIHHH.

[Ipu mepeHoce M OTIIOKEHUU OCAZOYHOTO BEIIECTBA OCYIIECTBIISETCS €T0
pasziesieHue 1Mo pa3Mepy YacTHll, YACITHbHOMY BECY, XUMHUYECKUM CBONCTBAM H
XUMUYECKOMY CPOJICTBY, T.€. Oudgepenyuayus éewyecmsa. [IpuHATO pa3nnyaTh:

1) mexanuueckyro nuPQPEPEHINANAIO — COPTUPOBKA 0OJIOMOYHOIO
MaTepHaa 1o pasmMepy 4acTHIl ¥ YACIbHOMY BECY;

2) xemobuozennyio — ocakacHue u auddepeHnranus BeecTs oaaromaaps
KU3ZHENIEATEIIbHOCTH OPraHu3MOB, KOTOpPbIE CIIOCOOHBI HM3BIEKATh U3 BOJABI U
KOHIIEHTPUPOBATH B TeJIE, CKEJIETE KpeMHE3eM, KapOOHAThI U JPYTHUe BEIIECTRA;

3) xumuueckyio — OCOKACHUE W pa3jieJICHHE BEIIECTBA BOJTHBIX PACTBOPOB
COTJIaCHO UX PACTBOPUMOCTH (OT TPYAHO K JIETKOPACTBOPUMBIM).

BemectBa, Xxapaktepusyromuecs IUJIOXOM PacTBOPUMOCTBIO — OKHCIIbI
ATFOMUHUSA, JKeJie3a, KPEMHHS — BBITIAZAIOT B 0CAIOK BOJIM3HW MECTa pa3pyIiecHUs
MaTEepPUHCKUX MOpoI. Jlydie pacTBopuMbie KapOOHATHI MOTYT TIepeMEIIaThCs Ha
3HAUNTEIbHBIC paccTosHus. Hamboree Jerko pacTBOpUMBIC COSTUHEHUS — COJIH
MIEPEHOCATCSI OT MECTa pa3pylmIeHUs MATEPUHCKUX TOPOA M OCAKIAIOTCSI B
pe3ynbTaTe 3HAYMTEIBHOTO VYBEIMYCHHUS WX KOHIICHTPAIIMM B PacTBOPE.
YkazaHHBIC MPOIECCH PUBOIAT K TOMY, YTO B MPUPOJIC JIOKATBHO CYIIECTBYIOT
OTIpEJICTICHHBIC THUIIBI OCAJOYHBIX TIOpOA — KapOOHATHBIE, KPEMHUCTHIE,
YKEJIe3UCThIC, TAJIOUTHBIE U IPYTHE.

B pe3ynbraTe ocagounoit quddepenipanym B 6acceiiHaX KOHEYHOTO CTOKA
MPOUCXOAUT (POPMUPOBAHKE OCATKOB OMPEEICHHOTO COCTaBa — MEXaHUYECKUX,
XUMUYECKUX U XEMOOHMOTEHHBIX (OpraHOreHHbIX). ClielyeT OTMEHUTD, YTO THIIbI
ocamoyHou nud@epeHIranuy  MOTyT TPOTEeKaTh OJHOBPEMEHHO, B3aMMHO
NepeKphIBasi APYT ApyTa.

OOpa3oBaHue BCEX BHJIOB OCAJIKOB B MPUPOJHBIX YCIOBHUSX HA3BIBACTCS
ceoumenmayueti (Sedimentum — ocaodox).

3. O6pazoBaBIIMeCcs OCAJKHU €IIe HE SBISIOTCS FOpHBIMH TopojamMu. OHuU
MPOXOJSAT TPEThIO CTAAUI0 — OuazeHe3 (nepepoodicoenue). B cramuu guareHesa
MIPOUCXOJIUT YIUIOTHEHUS OCaJIka U YMCHBIIICHUE €T0 BIIAYKHOCTH, IIEMCHTAIIHS U
CTapeHHE KOJUIOMAOB, M 00pa3oBaHHE HOBBIX MHUHEpPaNoB. JIBMxyiiel cuion
MPOIIECCOB, MTPOTEKAIONIUX HA CTAJUU JUareHe3a, SBISeTCS (PU3UKO-XUMUYECKasI
HEYpPaBHOBEIICHHOCTh OCaJKa. OJTH TMPOIECChl MPOTEKAIOT 3a CYET DHEPIHH,
3aKJIFOYEHHOW B CAMOM OCAJIKE.

4. Kamaeene3 — COBOKYITHOCTh TPOIIECCOB, HM3MEHSIONINX OCaT0YHbIC
MOpOJbl B MEPUOJ MX CYIIECTBOBAHUS TOCJE TUAreHe3a, HO MPEMSITCTBYIOIINX
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Metamopdu3my. B pesynbrare npeodpaszyercsi CTpoeHHE OPOIBI, TPOUCXOINT €€
YIJIOTHEHHE, pPAa3pylIaloTCs OJHH MHUHEpajbl M BO3HHMKAIOT Jpyrue, Ooiee
YCTOMUYMBBIE B HOBBIX YCIOBUSX. OCHOBHBIE (PaKTOpHI KaTareHe3a — JIaBJICHHE
BBIIIIEJICKAIUX TOJIII, BO3pACTaHUE TEMIIEPATYphl, CBSI3aHHOE C IMOTPYKEHUEM
HOPO/IbI, OA3EMHBIE BOJBI, IUPKYIUPYIONIUE B OCAJ0YHBIX TTOPOAAX.

Bce ocamounbie mOpobl KIACCUPHUITUPYIOTCS TI0 ABYM MTPU3HAKAM:

a — 110 MECTy OCaIKOHAKOIIJICHHS;

0 — o crmoco6y oOpa3oBaHMsI OCAIKA.

[Io MecTy OCaaKOHaKOIUICHHsS BCE OCAJOYHbIC MOPOABI JESATCS Ha
MopcKue W KoHmuHenmanvhvle. Mope sBnsgerca o0JacTbio, T/I€ MPOUCXOIUT
HAKOIUIEHWE MHUHEPAIbHOrO BEIIECTBA (AKKYMYISILIUH); KOHMUHEHM — 3TO
o0sacTh, TH€ JCHUCTBYIOT pa3IMUHbIC TE€OJOTHMYECKHE areHThl ((akTopsl) -
BBIBETPUBAHUE, PEKH, 03€pa, BETEP U T.1., T.€. IPOUCXOAUT CMBIB (JIEHyAAIUs) U
OTJIOKEHHE MaTepuaa.

[To ciocoOy 06pa3oBaHust 0CaI0YHBIE TTOPOIBI JEIATCS HA YETHIPE TPYIIIIHI:

1. mupoxIacTUYeCcKue Nopoabl (ByJIKaHUYECKUH Ty, memsa);

2. o6s0MouHbBIE TTOPOABI (111e0€Hb, MTECOK, JECC, MECUaHUK);

3. IMHKUCTBIE TOPOABI (TIMHA, CYTJIMHOK, CYNECh, apTUJUINT);

4. XxeMOOHOTeHHBIE MOPOJIbI (U3BECTHSK, TOJOMUT, THUIIC, U1, TOPD).

IIpakTueckoe 3anaTue NeS
Ocapoynbie mopoabl. KOHTMHEHTAJILHBIE 0CAI04YHbIE 00Pa30BaHMS.
Mopckue ornoxenusi. Kinaccupukauus ocago4HbIX MOPOJ 1O CIIOCO0Y
oOpa3zoBaHusl. XapaKTePUCTHUKA 00JJOMOYHBIX MOPO/I

B 3aBHCHMOCTH OT TOT0, KaKOH M3 I'€OJIOTHYECKHX areHTOB (BETep, BOJA U
T.JI1.) TipeobiagaeT, BCe KOHTHHCHTAIBHBIC OTIOXCHUS NEIATCS Ha CICIYIOIIHNE
TCHCTUYCCKUE  THUIIBI:  DJIFOBHANBHBIC, JCIIOBHAIIBHBIC, TPOJIIOBHABHEIC,
JTIOBHAJIbHBIC, O3EPHBIC, JOJIOBBIC.

l'enemuueckuti mun — 3TO KOMIUICKC OTJIOKEHUH, OOpa30BaBIIUXCS B
OTpeieNIeHHONW 00CTaHOBKE TIO]] BIMSHUEM OJIHOTO T€0JIOTHYECKOTO areHTa.

[TpoayKThl BBIBETPUBAHUS TOPHBIX TOPOJI, OCTABIIMECS HAa MECTE CBOETO
paspyiieHus, Ha3bpIBarOTCS 3a0BHeM (eluvio — BeiMbIBaTh). Ilo cocTaBy OHHU
MOTYyT OBITH TJIMHAMH, IICCKAMH, JPECBOM, INEOHEM W MX IEPEXOIHBIMU
pasHocTsiMu. OHH pacnpoCTpaHEHBI IJIABHBIM O0Pa30M Ha HHU3KUX M IIOCKHX
BOJIOpas/esiaXx. MOIIHOCTh IFOBHALHBIX 00pa30BaHMI HEMOCTOSHHA W 3aBHCUT
OT COCTaBa MOJICTUIAIOIIMX TOPOJ U YCIOBUH 00pa30BaHHSI.

DmroBUabHBIE 00pa30BaHUSA SBISIOTCS OCHOBHBIM HCTOYHHKOM, U3
KOTOPOTO 4YepIiaeTcs MaTepuajl, Pa3HOCHMBIN Jajiee arcHTaMu JCHYIalud II0
MOBEPXHOCTH  KOHTHMHEHTOB WM  JAIOIIMA  HA4YaJlo BCEM  OCTAJIbHBIM
KOHTHHCHTAJIBHBIM OCAJIOYHBIM oOpa3oBaHusAM. [lepBBIM 3TarmoM TiepeHoca
SIBIIIETCSL dTall CKIIOHOBOHM JCHYIAIMK, BO BPEMsI KOTOPOTO OH CMEIIAETCS OT
BOJIOPA3/ACILHOTO Y9acTKa K JTHUIITY JAOJIHH.
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OOpa3oBaHusi, HAKAIUIMBAIOIIMECS Ha CKIOHAX W B WX OCHOBAaHWH B
pe3yJbTaTe CMbIBA JOXKAEBBIMH W TajJbIMH BOJAMH PBIXJIBIX IPOIYKTOB
BBIBETPUBaHUA ¢ 00Jiee BRICOKMX YYaCTKOB, Ha3bIBaIOTCS AesoBUeM. [1o coctaBy
— 3TO IJIMHBI, CYTJIMHKH U CyIlecH. B MX cocTaBe HEPEIKU MPUMECH U BKIIFOUCHUS
rpy0000JIOMOYHOTO MaTepHuaja — IPeCBbl, EOHS U T.]I.

JlentoBUaIbHBIE OTJIOKEHUSI OOBIYHO OOpa3yloT MOKPOBHI (IUICHbBEI),
MOITHOCTh KOTOPBIX YBEJIMYHMBAETCS K OCHOBAaHUIO CKJIOHA. B AentroBHanbHBIX
OTJIOKECHUAX, 3aJIETAlOIIMX Ha CKJIOHAX, HEPEIKO BCTPEYANOTCS MOJBUKKH —
CIUTHIBBI, OIOJI3HH, CONMQIIOKIMA. B 30HaX HEIOCTATOYHOTO YBIAKHEHUS
JETIOBUANIHBIE  OTJIOKCHHMSI  HEPEOKO  MMEIOT  JICCCOBUAHBIA  OOJIWK,
MaKpONOPUCTOCTh M 00JaAal0T MPOCaZOYHbIMU cBoiicTBaMu. OCHOBHas Macca
MPOAYKTOB pa3pylICHHs, MPOUIS 3TAll CKIOHOBOM AEHYAAUHUW WIA MHUHYS €rO,
IIOABEPracTCs JaJbHEUIIIEMY ITIEPEHOCY U NIEPEOTIIOKEHHUIO.

PycnoBsie BOJIHBIC MOTOKHU (pexn) SABJISIIOTCS TJIaBHBIMU
TPAaHCHIOPTUPYIOMUMH apTepusiMu. Peunbie 00pa3oBaHMsI HOCST Ha3BaHUE —
aJTIOBUI (HaHOC, HaMbIB). CaMble BEpXHUE TOPU3OHTHI OOBIUYHO MPEICTABICHBI —
CyNECsIMH, CYIJIMHKaMH, IIMHAMH, HUKHHUE — TMECKAMU C TajJbKOW U T'PaBUEM B
OCHOBaHWHU. B HacTosiliee BpeMsi COBPEMEHHBIM aJUIFOBHI MPUHATO JIENUTHh Ha
IIOMMEHHBINA, OTJAralolMucs B Mpeaenax NOMMEHHOM 4YacTU [JOJIMHBI, U
PYCJOBOM, OTIAraloluiics B pyciie peKU, U CTAPUYHBIN.

O0610MOYHBIN MaTEpUal MOKET TAKXKE MEPEHOCUTCS JIbAOM. JIeAHMKOBbIE
OTJIOXKEHUSI (TUIa MOPEH) OTJIMYAlOTCS TOBBIIIEHHOMW IUIOTHOCTHIO U
HEOJHOPOJHOCTBIO COCTAaBA — BMECTE IVIMHUCTBIM, NECYAHBIM W TPABEJIACTHIN
MaTepuall.

[IponykTel pa3pylieHUs, TNEPEHECEHHBIE U  OTJOXEHHBIE BETPOM,
Ha3bIBAIOTCS I0JI0BBIMU O0OpPA30BaHUSMHM — ITO MECKU B BUJAE AIOH, OapXaHOB U
nécca.

IIpoaroBuii — (IpoJII00 — MPOMBIBAIO) OTJIOKEHHUST BPEMEHHBIX, TEKYITUX C
rop MOTOKOB, CIAraloT KOHYChl BbIHOCA. OT BEpLIMHBI KOHYCOB K MX MOJHOXUIO
MEXaHUYECKUH COCTaB 00JIOMOYHOTO MaTepHaia U3MEHSETCS OT TaJIbKU U 1e0Hs
C TIECYAHO-TAJICYHBIM 3alOJIHUTENIEM 10 0oJieeé TOHKUX M OTCOPTUPOBAHHBIX
OCaJKOB, HEPEIKO JIECCOBUAHBIX CylleCel U  CYIJIMHKOB. IlpomroBuii
XapaKTEepU3yeTcsl IUJIOXO0M COPTUPOBAHHOCTBIO M CJa00N  OKAaTaHHOCTHIO
00JIOMKOB.

Mope 00BIYHO paccMaTpPUBAIOT Kak o00JacTh IPEUMYIIECTBEHHOTO
HAKOILJICHUSI OCAJIKOB M MPOTHUBOIIOCTABJISAIOT CYIle, HA KOTOPOW MPOUCXOJNUT B
OCHOBHOM pa3MbIB. OJHAaKO 3TO BEPHO TOJLKO B IepBOM mpubmmxkeHuu. Ha
MOpPCKOM JHE TPOUCXOAST pa3sHOOOpa3HbIE M CIIOXKHBIE Tpolecchl. B ogHOM
MECTe JSHEPrUYHO OCAXKIACTCS MaTepuas, MOCTYHAIOIUNA C CyIId; B APYrOM -
MBIIIHO PAa3BHBAIOTCS OPraHU3MbI C KapOOHATHBIM CKEJIETOM M 00pa3yroTcs
OpraHOTEHHBIE HW3BECTKOBHIE OCAJKH; B TPEThEM, IJI€ MPOUCXONAT CHIIbHBIC
TEUYEHUS, OCATKU COBCEM HE 3aJIEPKUBAIOTCS HA JHE; B UYETBEPTOM, OCAJIOK
OTJIaraeTcsl ¢ HUYTOKHOW CKOPOCTHIO, MEIJIEHHO PAaCTyT >KeJIe30MapraHIleBbIC
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KoHKpeuuu. Hecmorpss Ha paszHooOpa3ue ycioBuHM, ocaakooOpa3oBaHuE Ha
MOPCKOM JIHE B 00II[EM YCTOMUYMBEE, YEM Ha CYIIIE.

Mopckue ocaaku IpyHIUpPYHOTCS MO-pa3HOMY, B 3aBUCHUMOCTH OT 3ajad
uccienoBanus. OIHU pasfensdioT MX [0 MEXaHHMYEeCKOMY COCTaBy (MECOK,
IbLJIEBAThIE NECKH, TJIMHUCTBIA W), JpPYrHe HCCIEN0BAaTENN IIpesaraiT
paszesneHrne, OCHOBAaHHOE HAa COYETAHMU BELIECTBEHHOI'O COCTaBa OCAAKa U UX
npoucxoxaeHus. OHM  BBIACNAIOT: OOJIOMOYHBIEC, TJIMHHUCTHIE, KPEMHHUCTHIE,
KapOOHATHbIE, )KEJIE3UCTHIE U T.J.

CornacHo coBpeMEHHOH KilacCH(pUKalMU BCE MOPCKHE OCAIKU JEJIATCS Ha
JIB€ OCHOBHBIC TPyNMbl: 1) OTIOXKeHUs, 00pa3oBaBIInecs B TITyOOKHUX BOJOEMax,
BJAIM OT CYIIM; 2) TEpPPUTCHHbIE OTJIOXKEHHUs, OO0pa3oBaBIIMECS BOIU3U
MaTE€pUKOB M COCTOSIIME, TJaBHBIM 00pa3oM, M3 NPUHECEHHOIO C CYIIH
MaTepuaa.

Bce ocagouHble TOpHBIE TOPOABI JACIATCS Ha CIHEAYIOIIHE TPYIIIBL:
00JIOMOYHBIE TOPOABI; TJIMHUCTBIE IOPOJIbI; XEMOOUMOTEHHBIEC, CMELIaHHbIC;
NUPOKIJIACTHUECKHUE.

OO6smomouyHble TOpPOJBI  00pa3yroTCs B  pe3ysibTaTe MEXaHWYECKOU
mudpdepeHuranun ocajaka. B ocHOBy kiaccuukanuu OOJIOMOYHBIX TOPHBIX
[OpOJl TMOJIOKEHa HX CTpyKTypa (pa3smep 3€peH), HaJIuyue LEeMEeHTa H
MHHEPAJIBHBIA COCTAB.

[lo cTpykType Bce OOJOMOYHBIE TOPOABI JAENIATCA Ha CIETYIOIINe
ocHOBHBIC Ipymibl (d — pa3Mep 3epeH npeodianaromieit (>50%) dbpakuun):

1. kpynHOOOGIOMOYHBIE (TIceduTh) d > 2MM;
2. mnecuansle (mcammutbl) d = 0,05 — 2 mm;
3. meureBatbie (aneBputoBsie) d = 0,05 — 0,005 mm.

Onpenenenne  pasmMepa  3€peH  IPOMU3BOAMTCS  C  IOMOIIBIO
I'PaHyJIOMETPUYECKOTO aHaNu3a. I panyiomempudeckuti aHaiu3 — 3T0 pa3fecHue
MOPOJIbl C MOMOIIBIO CIIEHHUATIBHBIX METOJOB Ha (Ppakuuu. Ppaxyuu — 4aCTULIbI
OHOTO pasMmepa. ['paHynoMeTpuyecKnid COCTaB MOPOJABI — 3TO COAEPIKAHHE
pa3MepHbIX  (Qpakuuil. [laHHBIE T'paHYJIOMETPUYECKOTO COCTaBa IOPOJIbI
UCIOJIB3YIOTCS JIs1 KJIaCCU(UKALMU OPOJ U ISl UX HAMMEHOBaHUSI.

B kax0il CTpyKTYpHOU TpYIIE BBIIEISIOTCS ABE MOATPYIIIBL: a) PHIXJIbIC
(6e3 mementa); 0O) clIEeMEHTUpPOBaHHBIC. B KpymHOOOJOMOYHBIX MMOPOAAX
YUYUTBIBAETCS Takke (hopMa 00JIOMKOB.

1. Kpynuoobnomounvie nopoovr — K T1ceduTaMm OTHOCSTCS pas3IUYHbIC
peixible  (meOeHb, Talibka, TpaBUil) M  CIEMEHTUPOBAaHHbIE (Opexuus,
KOHIJIOMEpAaT) MPOAYKTHI (PU3MUECKOTO BBIBETPUBAHUS pa3MepoM Oosiee 2 MM.

[lo MuHepalbHOMY COCTaBY KPYIMHOOOJOMOYHBIE MPOIYKTHI MOTYT OBITh
MOHOMUHEpPAJIbHBIE, MOJMMUHEPANbHBIE, OJMTOMUKTOBBIE. Kpome cocraBa
O0JIOMOYHBIX 3€pEeH MPUHATO pa3inyaTh COCTaB LeMeHTa. [IpuHATO BBLAEIATH
CJIEIYIOLME OCHOBHBIE TUIIbI LIEMEHTA:

e  kapOonatnbiii ieMeHT (CaCO3; — KaIBIUT, TOJTOMHUT);

° kpeMHUCTBIH (S10; — oma, Xallea0H, KBapil);
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®  TJIUHUCTHIA (KAOJUHUT, MOHTMOPHIUIOHUT, TUAPOCITIONA);

®  IKENE3UCTHIN (OKHUCIHBI, THIPOOKHCIIHI Kelle3a);

e  cynb(daTHbI (TUIIC, aHTHIIPUT).

Cmpykmypst KpyMHOOOJOMOUYHBIX MOPOJ — OOJOMOYHBIE C Pa3IUYHOU
CTPYKTYpOM LIEMEHTA.

Texcmypvi — MacCUBHbIE WU CIOUCThIE. CIOUCTOCTH MOXET OBITh
TOPU30HTAIIBHOM, BOJTHUCTOM, KOCOM.

["anbka, KOHTJIOMEpPAThl 0OPa3yIOTCA B MOPSIX, 03€pax U PEUHBIX JIOJIMHAX,
B obnactu mpenropuit. [lleOHUCTBIE 00pa3oBaHus U OPEKYMH OTIMYAIOTCS OT
raJIeyHbIX YTI0BaTOM (OpMON 3epeH, 3TO CBSI3aHO C TEM, YTO OHHU HE
MOJIBEPrajucCh JUIMTEIHON MEXaHWYeCKONM 00paboTke Wiu, OoHa ObLIa CIIa0oil.
Hakomienue 1me0eHruCThIX 00pa30oBaHUl MPOUCXOAUT B HEMOCPEICTBEHHOU
OJIM30CTU WCTOYHUKOB pazpyuieHus. llleGenucteie Mmopojsl 00pa3yroTcs Ha
CKJIOHaX, Oeperax pek, o3ep u Mopeil. KpynHoo6i1oMouHbie mopoasl 00pa3yroTcs
B OTJOXEHUSAX PaA3JIMYHOIO BoO3pacta. MeCTOpOXACHHUS UX PaCIpOCTpaHEHUS,
TJIaBHBIM 00pa3oM, Ha Oeperax pek, 03ep U B TOPHBIX 00JIACTSIX.

Knaccudukanus KpynHoOOJI0MOYHBIX TOPOJ

Bemnuuna ITopoibl pBIXJIbIC ITopopl ClieMeHTUPOBaHHBIE
OOJIOMKOB, |C OKaTaHHBIMHU | C YIJIOBaThIMHM | C OKaTaHHBIMH C YIJIOBATHIMU
MM 00JIOMKaMH o0JIOMKaMH o0JIOMKaMu 00JIOMKaMH
Heoxkaranable [ '1e100BBIE ['116100BBIE
1000 ' bI106I
TJIBIOBI KOHIJIOMEPAThI Opekunu
Heoxarannabie Banyaabsie Banyanbie
100 — 1000 BanyHbi Y Y
BaJTyHBI KOHTJIOMEPaThI Opexkunn
10 - 100 ["anpka [Ile6eHn Konrnmomepatsl | bpexunn
1-10 I'paBuii Hpecsa ['paBenuThl JpecBsiHUKH

2. Ilecuanvie nopoosr (ICaMMUTHI) — TECKU W TiecyaHuku. [lo pasmepy
3epeH OHU JENATCS Ha KPYITHO-, CPEAHE- U MEJIKO3epHUCThIE. [lecuanbie mopo sl
COCTOSAT W3 OOJOMOYHBIX (QUIOTUTEHHBIX) M ayTOTCHHBIX MHUHEPAJIOB.
ANOTUTEHHBIE MUHEPAIBl COXPAHUIIUCh OT Pa3pyIICHHS MEPBUYHON MOPOIBI —
KBapIl, Ciofa. AyTOT€HHbIE MHHEpPalbl — BHOBb OOpa30BaHHBIC B IPOIECCE
NepeHoca WIM OTJIOXKEHHS ocaaka — KapOoHarthl, cyiabparel. OHHM clararoT
IIEMEHT IeCYaHbIX Topoa. [lo cocTaBy OH aHAJOTMYEH BBIMICOTTUCAHHOMY
IIEMEHTY KPYyITHOOOJIOMOYHBIX mopoJ. Ho kpoMe cocraBa 1ieMeHTa B TIECYaHBIX U
KPYITHOOOJIOMOYHBIX TTOpOAaX MPHUHATO Pa3InyaTh CTPYKTYPY IEMEHTA WIIM THIT
IIeMeHTa. BBIIENsIIoTCS OCHOBHBIE THIBI CTPYKTYpPHI IIEMEHTa: a) Oa3alibHbIA —
[IEMEHTAa MHOTO, 3€pHa TOTPY>KEHbI B HEro (puc. 4a); 0) MOPOBBIM — IIEMEHT
3aMoJHSET MOPOBBIE MPOCTPAHCTBA MEXAY 3€pHAMH MOPOJIbI; B) TJICHOYHBINA —
IIEMEHT 00pa3yeT IJIEHKY BOKPYT 3€PHA; I') KOHTAKTOBBIM — IIEMEHT PacIOIOKEH
Ha KOHTaKTE 3€PEH.
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Puc. 4. Tunsl CTpyKTYpHI IIEMEHTA:
a — 0a3abHBIN; O — TOPOBBIN; B — MJICHOYHBIN; T — KOHTAKTOBBIN

CoctaB ¥ TUI IIEeMEHTa OMNpeAeNsieT MPOYHOCTh OCaTO4HbIX mopoj. Ilo
COCTaBy Hau0oJiee MPOUYHBII — KPEMHHUCTBIN IIEMEHT, TI0 TUITY — 0a3aJIbHbIN.

B XuMHYECKOM OTHOLIEHMM MECYAHBIE TIOPOJABI XaAPAKTEPU3YIOTCS
BBICOKMM COJIEpKAaHUEM KpPEMHE3€Ma, W WHOIJAa IOBBIIICHHBIM KOJIMYECTBOM
NIMHO3eMa. B OCHOBY MMHEpanornyeckod KIacCH(PUKALMKU TOpPOJ TMOJOXKEH
coctaB 00JOMOYHBIX 3epeH. [lo »ToMy mpH3HAaKy BBIACIAIOTCS MOHO-,
MOJIMMUHEPAJIbHBIE U OJTUTOMUKTOBBIE MOPOIbl. K MOHOMHHEpaIbHBIM OTHOCSATCS
KBapILIEBbIE NMECKHU, K OJIMTOMUKTOBBIM — KBapIEOJIEBOIINATHBIE.

Cmpykmypbl TIECHaHBIX MOPOJ — IICAMMHUTOBBIE, KPOME TOTO, MOTYT OBIThH
CTPYKTYpPBI ICAMMOAJIEBPUTOBBIE, ICAMMO-TICE()UTOBBIE U ICAMMO-TIEJTUTOBBIE.

Texcmypobi IPEUMYIIECTBEHHO CIIOMCTBIE U OECTIOPSIOUHBIE.

[lecuanble mopobl 00pa3yrOTCs B pa3IUYHbIX YCIOBUAX — B MOPSIX, pEKax,
o3epax u T.1. [lecuanpie TOPOABI MOJIB3YIOTCS PACIPOCTPAHEHUEM B OTJIOKEHHUAX
CaMOro pa3JIMYHOTO BO3pacTa.

IIpakTnuyeckoe 3ansaTne Ne6
OcanouHblie MOPOabl. XapaKTEePUCTHKA 00JI0MOYHBIX (2JIeBPUTOBBIX) MOPO/I.
XapakTepuCTHKA INIMHUCTBIX MOPOJ. XapaKTePUCTHKA XeMOOHOTr eHHbIX
nopoza

K mbuieBaThiM (a71€BPUTOBBIM) MOPOAAM OTHOCSITCS PhIXJIbIE 00pa3oBaHus,
KOTOPbIE Ha3bIBAIOTCS AJIEBPUT, JIECC, U CLIEMEHTUPOBAHHBIE — aJI€BPOJIUT.

AJIOTUTEHHBIE MHHEpaJbl aleBPUTOBBIX MOPOJ MPEICTaBIEHBI KBapLEM,
MOJIEBBIM IIIIIATOM, CIIOJOW. AyYTOreHHbIe OOpa3yrOT LEMEHT aJIeBPUTOBBIX
nopoA. AJEBPUTOBBIE MOPOABI OYEHb CXOAHBI C necYaHbIMH. OCHOBHBIE
pasnuyus AJIEBPUTOBBIX OT MECYAHBIX MOPOJ B MEHBLIEM pa3MEpPE 3€pEH U HHOM
MUHEPAIFHOM COCTaBe. B aneBpUTOBBIX MOpOJax HaKaIruIMBaeTcs 00Jjiee BHICOKOE
KOJIMYECTBO TIJIMHUCTBIX MHUHEPAIOB, a TAaKXE€ CIIOAbl W MNPAKTUYECKH HET
00JIOMKOB TOPHBIX TIOPOJI.

ITIo MHHEpaTBEHOMY COCTaBYy aJ€BPUTOBBIE MOPOABI ACIATCS, TaK XKE, KaK U
necyaHble HAa MOHO-, MOJMMHUHEpAJIbHbIE M OJUTOMUKTOBBIE. CmpyKmypbi
QJIEBPUTOBBIX MOPOJI — AJIEBPUTOBbBIE, AJIEBPOIICAMMUTOBBIE, AJIEBPOIEIUTOBBIE.
Texcmypst B OCHOBHOM cloOUCTble M Heciouctele. [lo BHemHemy BuIy
aJIEBPUTOBBIE TTOPO/Ibl OUYEHb MOX0KHU Ha necyanblie. OCHOBHOE BHEIIIHEE OTIINYNE
B TOM, YTO 3€pHA AJEBPUTOBBIX MOPOJ BUIHBI TOJBKO B JIyNy. AJIEBPUTOBBIC
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nopoJibl 00pa3yroTcsl B MOPSIX, 03€pax, peUHBIX JOJIMHAX, Ha CKiIoHax. Hanbonee
4yacThld crnoco0 oOpa3oBaHUs aJeBPUTOBBIX TOPOA — 20/108bll. PhIXJbie
aJICBPUTOBBIE 00pAa30BaHUs MIUPOKO PA3BUTHI B COBPEMEHHBIX OTJIOKEHUSX U B
4eTBEpTUYHBbIX. CLEMEHTUPOBAHHBIE aJEBPUTOBBIE IOPOJBI BCTPEYAIOTCS B
OTJIOKEHUSX MPOIUIBIX T€OJOTHUYECKUX AIOX.

JIéce mpencraBisger co0oil MOPOIY CBETIO-KENTOr0, MaeBOro (3KEITo-
ceporo) 1eta, cocrosuryto u3 gactuir 0,05 — 0,005 MM, coaepkaHre KOTOPBIX
cocrapmsier 60 — 90%. Yactumsl gepxarcs B Kycke —Omaromaps
MEXMOJIEKYJIIPHBIM CHJIAM U CHJIaM LIEMEHTALIMH, HO JIETKO PACTHPAKOTCS MEXKIY
nanblieB U MOMEHTAJIBHO pacmajnaiorcs B Bojae. B oOHaxeHusx nécc obnamaer
CTOJ0YaTONW OTHAEIBHOCTHI0O U 00pa3yeT BepTHKalbHbIE OTKOCHL [lopucTocTh
néccoBbix mopox pocturaetr 50 % u Oomee, cpeau MOpP BBLACTSAIOTCA MaKpo U
MUKponopsl. [I0 MUHEpanbHOMY COCTaBY 3TO B OCHOBHOM KBaplLIEBbIE IMOPOJBI C
HEOOJIBIIIUM COJIEpKAaHUEM TIOJIEBBIX IIMATOB. M3 ayTOreHHBIX MUHEPaJOB
MPUCYTCTBYIOT KaJbLUT, B BUAE TOHKOJMCIEPCHBIX WM MEJIKHX KPHUCTAJIOB,
TUIIC, OKHUCJIBI M THUIAPOOKHUCIBI JKele3a M TIMHUCThE MuHepanbl. [lpu
YBIQKHEHUM JIECCHI YMEHBINAIOTCA B oOBeMe, T.e. AatoT npocadky. C 3TuM
CBs3aHbl nedopMmanuu 3AaHui U coopyxkenuil. [lo moBoay renesuca mnécca
cymectByeT okoio 100 rumorte3. OCHOBHBIE MyTH MPOUCXOXKICHHS Jécca:
1) 0110BBIi1; 2) alIIOBUATIBHBIN; 3) IETIOBUATBHBIN; 4) BOJTHOIETHUKOBBIM.

JIécc mmpoko pacnpoctpaneH B Kurae, Cpenneit Azuu, Cpennent EBporie,
Bocrounoit u 3anannoit Cubupu.

AJeBpOJIUTHI NPEACTABISAIOT COOOU MIOTHBIE CUIEMEHTUPOBAHHBIE MTOPOIbI
HEpa3MOKaeMbl B BOJIE, IIUPOKO PACIPOCTPAHEHBI CPEIU APEBHUX OTIIOKEHUH.

I'iuHuCTBIE OPOJBlI MPEACTaBIEHbI TJIMHAMH, CYTJIMHKAMU, CYMECSMU U
aprUITUTaMH.

I unbl — CBSI3HBIE TOPOJBI, COCIMHEHHBIE B KYCKE, TaK ke, Kak U JEcc
Onmaroyiapsi MEKMOJICKYJIIPHBIM CHJIaM CLETICHUS MEXy YacTHI[AMU TOPOJIbI.
[Topuctocts rauH coctaBiasier 50 % wum Oosee. I'muHBI 00Ja7aI0T BBICOKOM
MJIACTUYHOCTBIO.

[To rpaHylIOMETpUYECKOMY COCTaBY K TIJIMHAM OTHOCSATCS TOPOJBI,
coJiepKallue TIMHUCTBIX YacTull B KonmnuecTBe Oosee 30%, k cyrnmuakam — 10—
30 %, x cynecsam — 3—10 %.

[upoko pacmpocTpaHeHa KiacCUu(pUKaUs TJIMHUCTBIX MOPOA IO YHUCITY

IUIACTUYHOCTU:  TIMHBI —  YHCJO IutactuaHocty |, >17;
CYINIMHKHM — YHCJO IUacTuyHocTH |y = 7 — 17;
CyHmecu —  4MCJO IuactuaHocty |, =1 7.
Apauniumsr  — 3TO  IUIOTHBIE  CLIEMEHTHPOBAHHBIE  TOPOABI  C

HE3HAYUTEIBHON OPUCTOCTHIO, HE PA3MOKAIOT B BOJE.

['muHBI ¥ apTUUTATHL IO CIOCO0Y 00pa30BaHUS MOYKHO TMOAPA3ACIATh Ha
o0noMouHbIe U XxuMuueckne. [1o 06cTaHOBKE HAKOIUIEHUS OCajKa OHU JESTCS
Ha pEYHbIC, BOIAHOJECIHUKOBBIC, EIIOBHAIBHBIC, AJIIOBUAIBHBIE, MOPCKHE H
o3epHble. Ilo  MHMHEpampbHOMY  COCTaBy  pa3jIM4arOT:  KAaOJIMHUTOBBIE,
MOHTMOPWUIOHUTOBBIE, THIPOCIIOAUCTBIE, IMOJMMHUHEpPAJIbHbIE TJIMHBL. B
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XUMHUYECKOM  OTHOILIEHMHM TJMHUCTBIE TOPOJbl  OTIUYAIOTCS  BBICOKUM
coaepxanreM riauHo3eMa — Al,O3 ¥ 3HAUYHTENIBHBIM COJICPIKAHUEM KPEeMHE3eMa —
SiO;.

Cmpykmypbl TIUHUCTBIX TOPOJ — TIUHUCTHIE (TEIUTOBBIE), 3€pHA HE
BHUJIUMBI B JIYITY.

Texcmypvl — CHOUCTBIE W HECIOUCTBHIE. [JIMHBI W APTUIIUTHI IIHPOKO
pacrpoCTpaHEHbI B OTJIOKEHUSIX BCEX I'€0JOTHUECKUX MOX.

XeMoreHuole (XMMHYECKHE) MOPOAbI- 3TO OCAJAOYHBIE TOPHBIC
MOpPOJIbI, OOpa30BaBIIMECS MYTEM BBIMIAJICHUS PACTBOPEHHBIX BEIIECTB U3
BOJIHBIX PACTBOPOB.

Jlaneko He Bcerja ObIBa€T MPOCTO YCTAHOBUTH SIBIICTCS JIM OCAJI0YHAs
mopoja XEMOTCHHON (XMMHUYECKOTO TPOUCXOXKICHHUS) WM OWOTCHHOU
(OpraHu4yecKkoro MPOUCXOXKJIEHUs). MHOrue MNopojbl, CUUTABIIUECS paHEE
XEMOTEHHBIMH, TP BHUMATEIIbHOM M3YY€HHH OKa3bIBAIOTCS 00513aHBI CBOEMY
MPOUCXOXKJICHUIO MaKpO- U MHUKpPOOpPraHU3MaM, OaKTEepHsiM U BHUPYCaM.
[ToaToMy monpaszeneHue Ha YUCTO XEMOTEHHBIE M OHOTE€HHBIE MOPOJbI B
OOJIBIION CTETNIEHU SIBJISECTCS YCIOBHBIM.

N3 xeMOreHHbIX TOpPOJ PACCMOTPUM: KapOOHATHBIC, KPEMHHCTHIE,
YKEJIE3UCThIC, TAJIOUTHBIC U CYJIb(aTHBIE IIOPOIBI.

Kap6onaTtnbie nmopoabl — coiu yrojsHol kucnotsl HyCOs. Haubonee
pPacIpoOCTPaHEHHBIMUA B JTOW TPYIINE SBJISIIOTCS U3BECTHSAKU XEMOTEHHOIO
npoucxoxaeHus. CaoxeHsl oHM MuHepaaom — KambuT CaCOs.
[IpencraBuTens MU 3TUX TTOPOJI SIBIISTFOTCSL:

1. [In0THBIE U3BECTHSIKU — MEIKOKPUCTAIITUYECKUE TTOPOJIBI.

2. O0NHATOBBIE N3BECTHIKU — CKOTUICHHE MEJIKUX IAPUKOB (OOTUTOB).

3. HM3BecTkoBble TYy(Bl — CHIBHOIIOPHCTBIC TOPOJBI, COCTOSIIHNE W3
MEJIKOKPUCTAJUIMYECKOTO KaIbIUTA.

4. OtnokeHus: MOJB3EMHBIX BOJ (CTaJaKTUTHI, CTAJIAarMUTHI). YuCThIe
W3BECTHSKM MMEIOT O€NIbI I1[BET, MPUMECSIMH OKPAIIUBAIOTCS B CEPBIi,
YKEITOBATHIN, KPACHOBATHIN, OyphIil, YepHBI 1IBETA.

Moryr  ¢opMupoBaThCs  BOJIM3M  BBIXOJAOB Ha  TOBEPXHOCTh
TUAPOTEPMAIIbHBIX UCTOYHHUKOB, MOJI3EMHBIX BOJ WJIM B CTAJUIO JUarcHesa 3a
CUET MEePEOTIOKEHHSI OMOTEHHBIX U3BECTHIKOB.

[TpumeHstoTCSl Kak CTPOUTENbHBIN MaTepual, B MPOU3BOJICTBE LIEMEHTA,
W3BECTH.

Jlonomum — mopojna, cocrodiias u3 muHepana goiomuta CaMgCOs.
OTnryarTcss OT U3BECTHSIKOB MAJIOW MHTEHCUBHOCTBIO PEAKIUM C COJITHOMN
KMCJIOTOM, XOPOILIO PEArupyrOT TOJBKO TMPHW HArPEBAHWUU WM B MOPOIIKE.
Oxkpacka 10JIOMUTOB OOJIbIIIEH YaCThIO CBETIIAs JKEJITOBATasl, 3€JIeHOBATasl.

[TepBuuHbIE JOTOMUTHI (POPMUPYIOTCS B MOTY3aMKHYTBIX U 3aMKHYTHIX
JaryHax, 03epax, B O0CaJKaX THAPOTEPMaJIbHBIX HCTOYHHKOB. BTOpuuHbIE
JIOJIOMHUTBI MOTYT BO3HUKATh B CTAJIUM IMa- U KaTareHe3a ImyTeM 3aMEICHUS B
KPUCTATMYECKON pEHIETKE KaJblIUTA WM3BECTHSIKOB YAaCTU aTOMOB KaJbIUs
aTOMaMH MarHusl.
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JI0OMUTBI NPUMEHSIIOTCS. KaK CTPOUTENIbHBIA MaTE€pUAJl, B CTEKOJIBHOM,
KepaMUYECKOU, METAILUTYPTrUYECKON, XUMHUUECKOU MTPOMBIIIIIEHHOCTH.

Mepzeenu — nnepexoiHas Mopojia OT U3BECTHAKOB U JIOJJOMHUTOB K TJIMHAM
(conmeprkanue rIMHUCTBIX MUHEpaIoB OT 30 110 50%). [To BHEeMIHEMY BUIY OHU
CXOJHBI C TJIMHAMU. ['JTaBHBIM TMPU3HAKOM MeEprejied SIBISETCS peakius ¢
COJITHOM KHUCTOTOU. Mcnonib3yeTcst Kak lIEMEHTHOE ChIPhE.

Kpemuucrtbie nmopoabl 6onee yeM Ha 50% cocTosT U3 KpeMHe3ema
(Si0;), mpencraBiieHbl ONOKaMH, TperelaMu, KPEMHUCTBIMH Tyhamu u
KPEMHEBBIMU KOHKPELUUSIMU U HUMEIOT OpraHUYecKoe, XHUMHYECKOe U
BYJIKAHOT€HHO-0CAJI0YHOE MTPOUCXOK/ICHHE.

Onoka — TBepas mopoja O6exoro, ceporo a0 4epHoro npera. CocTouT
U3 CIIEMEHTHUPOBAHHBIX KPEMHUCTHIM BEIIECTBOM 3€PHBIIIEK OMajia ¢ PEAKUMHU
BKJIIOUEHUSIMU OCTATKOB KPEMHEBBIX CKEJIETOB OpraHu3moB. [lo-Bumumomy,
SBJIAIOTCSL MPOJAYKTaMH TMEPEKPUCTAIUIM3AUMUA OUOTEHHBIX KPEMHHUCTBIX
HIOpPOA.

Tpenenvt — MOpOJA TEMHOTO U CBETIIO-KEJITOrO IIBETA MTOX0KAsI HA MEI,
OYEHb JIETKas, MOpPUCTas, MSTKas, UMEIIIAs TOT K€ COCTaB, YTO U OIOKa.
KpemHucteie mnopoabl HCHOJB3YIOTCS B XUMHUYECKOM TEXHOJIOTHH, IS
M3TOTOBJICHUSI OEJIOTO CHIIMKATHOTO KUPIHYA.

Kene3ucrole mopoabl — K O3TUM TOPOJaM OTHOCSTCS TOPOABL,
0o0pa3oBaHHbIE OKHUCIIAMH U THAPOOKHCIAMHU XKejie3a, KOTOPhIE OCaXIAI0TCs
U3 BOJIHBIX pacTBOpoB. Ha TMOBEpXHOCTH CyIIM OHU OOpa3zyloTcs NpHU
BBIBETPUBAHUU KaKHX-THOO OOrateixX kene3oM mopoj. OKpacka Kele3ucThIX
nopox Oypas g0 uepHou. K iKene3uctpiM MOpoJaM OTHOCSTCA Oypblit
YKEJIE3HSIK U CUJICPHUT.

TI'anonanbie comu ramounnbix kuciot — HCI, HF, HBr u cyabdatHbie
nopoabl (conu cepHoi kuciaoThl HpSO4) — uricTo XuMuueckne oOpa3oBaHMUs,
BO3HUKIIIKE B PE3YJIbTATE BHINAJICHUS] COOTBETCTBYIOIIUX COJIEN U3 PACTBOPOB.

Kamennas conv — 0OBIMHO KpUCTAJUIMUECKash MOPOJA, COCTOAIIAs W3
muHepasa rajgura NaCl,

Kanuiinas cone — cnoxena muuepaioMm cuibBuHOM KCI. DTta comb
MPUMEHSETCS BO MHOTHX OTpaciisiX HApOAHOTO XO3SHCTBa (KOKEBEHHOM,
MUIIEBOM, XUMHUUECKOH U JIp.), KaJIMMHAS COJIb HCTIOJIb3yeTCs KaK yaoOpeHue.

T'unc — coctout u3 munepana runca CaSO4*2H,0. Ctpykrypa nopois
KpUCTAJNTMYECKasi, MEJIKO3epHHUCTasi, OKpacka cBeTyas (Oenasi, po3oBas,
xkenroBatasi). COBMECTHO C  THIICOM  BCTpeYaeTcsl  aneuopum  —

KpUCTaJUIMuecKas mopoja Oenoro uiaud roiyooBaTo - CEporo IBeTa,
npeCTaBIIsAroNIas coooit arperat MmuHepana anruaputa CaSO,.
['uric wucmonb3yercss B CTPOUTENBCTBE, MEIHWIMHE, AHTUAPUT — B

CTPOUTEIIBCTBE, MPOU3BOJICTBE LIEMEHTA, CEPHON KUCIIOTHI.

OpraHoreHHble MOPOAbI — 3TO TIOPOJABI, 00Opa30BaHHBIC B PE3yJbTaTe
KU3HEJEATEIbHOCTU JKUBOTHBIX M PACTUTEIBHBIX OPraHU3MOB: OPraHOTC€HHBIE
U3BECTHSKH, (POCHOPUTHI, HEKOTOPHIE KPEMHHUCTHIE OPTAHOTEHHBIE TTOPO/IBI.
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CambpIMu  pacrpoCTpaHEHHBIMU K3 OPraHOrE€HHBIX MOPOJ B COCTaBE
OCaJOYHOTO uYexJla 3eMJIM SBJISIIOTCA OpraHOTeHHbIE U3BeCTHAKU. Kak
MIPaBUJIO, OHM COCTOSIT M3 KapOOHATHBIX PAKOBHH MJIM CKEJETHBIX OCTAaTKOB
’)KUBOTHBIX OPTraHU3MOB WJIM HU3BECTKOBBIX CKEJIETOB W JAPYTUX BBIACICHUN
BOJIOPOCJIEH.

B 3aBucuMocTH OT IpyIIIl MOPOA000OPA3YIOMIUX OPTAHU3MOB, CKEJIETHBIC
OCTaTKM  KOTOPBIX  CJaraloT  HW3BECTHSAKH,  OBIBAIOT  KOPaJUIOBHIC,
OpaxuoIOJOBEIE, MIIIAaHKOBBIEC, dbopamuHMBEpOBHIC, (Gy3yIMHOBEIE,
KPUHOUJHBIE U Jp. Pa3HOBUIHOCTHIO OPraHOTEHHBIX MU3BECTHSKOB SIBIISECTCS
BCEM 3HAKOMbLIA IIIKOJILHBIM MEJ, CJOXKEHHBIM OCTaTKaMH MeEIbUYalIInX
M3BECTKOBBIX PAKOBHH PAa3JIMYHbIX OPTaHU3MOB.

B mpouecce BTOpHUYHON NEPEKPUCTALIAZALNN HW3BECTHSAKOB CIIEbI
OMOT€HHOTO MPOUCXOXKACHUS WX MOTYT OBITh B 3HAYUTEIBLHOM CTEMECHU
yTpadeHbl, KOHTYPHI IOPOJI000PA3YIONINX OPraHU3MOB CTAHOBSITCS IIJIOXO
y3HaBaeMbl HJIM BOOOIIE HE Yy3HABaeMbl Jake IoJ MHKpockomoMm. Ho
MoAaBJIsIroIIee OOJIBITMHCTBO M3BECTHIKOB B 3¢MHOM KOpe UMEIOT OMOTeHHOE
MIPOUCXOXKICHUE.

JlabopaTtopHnoe 3ansitue N 2 u Ne 3
OmnpenesieHue OCHOBHBIX U MPOU3BOIHBIX (PU3UYECKHUX
XapaKTEePUCTHK IPYHTOB

NHkeHepHO-Te0IOTHIECKIEe CBOMCTBA TOPHBIX IMOPOJ SBISIFOTCS BeChMa
€MKHM TIOHSATHEM, OXBATBHIBAIOIIMM WX (U3HUECKHE, BOTHO-(PU3HUYECKHEC U
MEXaHUYeCKHEe CBOWCTBAa. B JaHHOM pazzene paccMaTpuBarOTCs Haubosiee
XapaKkTepHbIe (DU3UYCCKHE CBOWCTBA PBHIXJIBIX TUCIEPCHBIX TPYHTOB, KOTOPHIC
UCIIOJIB3YIOTCSL JUIsl KJIacCU(DHUKAIMK TPYHTOB, JUIsl BBITIOJHEHHUS PACUYETOB, IS
KOCBEHHOH OIICHKHM MPOYHOCTHBIX MU JedopMammoHHBIX cBOMCTB [1]. MeToapl
JabopaTopHOTO orpeaesieHus GU3nIecKkux xapaktepucTuk onpeaeneHsl B [OCT
5180-2015. Knaccudukamnusi TPyHTOB MO (PUIMYECKUM XapaKTEPUCTHKAM
npousBoautcs mo 'OCT 25100-2011.

IInomnocms epynma — 3TO OTHOLIEHHE MAacCChl MOPOJbI, BKIOYAsT MACCHI
BOJIbI B €€ MMOpax, K 3aHUMAaeMOMY 3TOW mopojoi oOveMy. IlmoTHOCTH TpyHTa
3aBUCUT OT MOPUCTOCTH, BIAXKHOCTH, MHUHEPAJIOTHUYECKOrO COCTaBa M MOKET
HaXOJMThCA B rpesenax ot 1,3 1o 2,2 r/em®.

o= Vm’ r/em®, 1)

rme M — macca MOpOJbl C €CTECTBEHHOM BIAKHOCTBIO U CIIOKEHHEM, T;
V — 06beM rpyHTa, cM>,

Jlns onpeneneHus MIOTHOCTH Yallle BCEro MPUMEHSIIOT METOJ PEXKYIIEro
koJiblia. CyTh €ro 3akiodaeTcss B TOM, YTO KOJIBIIO H3BECTHOro oObema V
BpE3aeTCsa B TPYHT, a 3aTEM IyTE€M B3BEUIMBAHUS ONMPEAEISIIOT Maccy M rpyHTa,
3aKJIFOYECHHOT'O B KOJIBIIE.
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YoenvHuiii 6ec epynmay MOKHO HAWTH Yepe3 €ro MIOTHOCTD:
y=p-9, kH/, (2)
rae §— yckopeHue cBoboanoro maaenus, g = 9,81 m/c2.

IInomnocmoelo uwacmuy 2pywma Ha3bIBAIOT OTHOLICHME MAacChbl CyXOIO
TpyHTa, UCKIIOYasi Maccy BOJABI B €ro Mopax, K 00beMy TBEPAOH 4acTh ITOTO
TpyHTA:

m
Ps = V—S , T/cM3, 3)
s

rae  Ms— Macca abCcoIIOTHO CYXOro IPyHTa, T; Vs — 00beM TBepI0ii yacTu
rpyHTa, CM°.

Voenvnuiil 6ec uacmuy 2pynma yg BHIMUCIAIOT YE€PE3 UX TUIOTHOCTD:
_ 3
Vs = Ps -9, kH/M. (4)

Bnrascnocmoio W Ha3bIBalOT OTHOLIEHUE MACCHI BOJBI My, COJIep KaIIencs
B [I0pax rpyHTa, K MacCce CyXoro rpyHra ms:

w =100, % (5)
Ms

B naGopatopuu BIaXHOCTH ONPEICISIOT BECOBBIM METOAOM IIyTEM
B3BEIIMBAHUS MTPOOBI BIAYKHOTO TPYHTA U TIOCIIE €T0 BHICYIIMBAHUS B CYIIUILHOM
mxady npu Temneparype 100-105° C 1o mocTosHHON Macchl.

[Tpu M3MeHEeHUN BIAKHOCTH CBOWMCTBA TIIMHHUCTHIX TPYHTOB CYIIECTBEHHO
MEHSIOTCA. B 3aBHCHMOCTHM  OT  COJEp)KaHusi BOJBI, KOJMYECTBA U
MUHEPAJTIOTUYECKOTO COCTaBa TIMHHUCTHIX YaCTHIl TPYHT MOXKET UMETh TBEPAYIO,
IUTACTUYHYIO WM TEKYYYI0 KOHCUCTEHIHIO.

Jlnst xnaccuduKay TIWHUACTBIX TPYHTOB M OIEHKH HMX COCTOSIHHSI TIO
KOHCUCTEHIIUM HEOOXOIMMO 3HATh T€ XapaKTEepPHbIE BIAXHOCTH, MPU KOTOPBIX
IPYHT IEPEXOAUT U3 TBEPAOrO COCTOSHUS B IUIACTUYHOE, a M3 IUIACTUYHOIO
COCTOSIHMSI B TeKyuee. XapakTepHble BiaxHoctd W, m W, Ha3biBaioT Taxxke
rpanunamu miaactuuHoctu: W, — HIDKHUN nipenen miactuyHoctd, Wi — BepxHUit
npenen miactTiaHocT. Kpome Toro, yacto ncnonb3ytoT TepMusbl: Wp — TpaHuiia
packateiBanms, W, — TpaHHWIIa TeKydecTH. BBemeHWe TpaHUIl MEXKITY
KOHCUCTCHIIUSIMH  JOCTAaTOYHO ycloBHO. [loaToMy [yisi WX ompeneneHHs
I'OCT 5180-2015 mnpeagycmaTpuBaeT CTaHJIApPTHBIE UCIBITAHUS,  YCJIOBUS
KOTOPBIX CIIEAYeT TIIATEITHHO UCTIOTHSITh.

Huorcnum npedenom naacmuunocmu W, Wi epanuyeu packamui8aHus
CUMTAIOT TaKyl BIAXKHOCTh, MPU KOTOPOW TPYHT, PACKATHIBAEMBIH B JKTYT
IMaMeTpoM 3 MM, HAYMHAET pacnajgaTbCsl Ha KyCOUKU IMHOW 3-8 MM.
Omnpenenenve TpaHUIBl  pacKaTbIBaHUS COCTOMT B  monxbope  (myTem
MOJICYIITMBAHNUS) TaKOW BIIAXXHOCTH, TIPH KOTOPOW M3 TPYHTA YIAETCS MOTYYUTH
TpeOyeMbIi JKTYT.
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Bepxnum npeoenom nnacmuunocmu W_ wnm  epanuyeri mexkyuecmu
MO/IPAa3yMEBAIOT TAaKyl0 BIAXHOCTb, MPU KOTOPOW CTaHIAAPTHBIA KOHYC BECOM
76 r ¢ yriaom npu BepirHe 30° morpyskaeTcs B rpyHToBOe TecTo Ha 10 MM 3a 5 c.

Yucnom  naacmuuynocmu |,  Ha3BIBAalOT  pa3HOCTb  BIIAXKHOCTEM,
COOTBETCTBYIOIUX JABYM COCTOSHHUSM TIpyHTa: Ha rpanune Tekydectu W_ u Ha
rpanute packarbiBanus Wp:

l, = W, —W,, % (6)

Yucno miacTUYHOCTH XapaKTepU3yeT BEIUYMHY MHTEpBajla BIAKHOCTH, B
npezenax KOTOpOro IIMHUACTBIN TPYHT COXpaHseT INIACTUYHOE COCTOSIHUE.

Ilokazamenem  mexkywecmu | Ha3bIBAIOT OTHOIICHHE pPa3HOCTEH
BJIa)I(HOCTeﬁ, COOTBCTCTBYIOIIMUX IBYM COCTOAHUAM I'PyYHTA, CCTCCTBCHHOMY W u
Ha I'paHUIC pACKATbIBAHUS Wp K 9UCIIy IINTaCTHYHOCTH Ip:

W -W,
I =—,nen (7)
Ip

Ilokazarennb TCKYUYCCTH ||_ HUCIIOJIB3YCTCA  OJIA YUCJIEHHOU OILICHKU
KOHCUCTCHIIMH TI'PYHTA. H03TOMy HCPCAKO Cro CIIC HA3BIBAIOT M IIOKA3aTCJICM
KOHCHUCTCHIHU.

IInomnocmywio cyxo2o 2cpyHma pq Ha3bIBAIOT OTHOLIEHHE MAacChl CyXOIO
rpyHTa (4acTHUIl TPyHTa) K 00BEMY BCET0 IpyHTa IIPU HEHAPYIIICHHON CTPYKTYpE:

od = % , T/em®, (8)

BenmnmunHa p¢ xapakTepusyeT INIOTHOCTh CIIOKEHHS TPyHTa, OCOOCHHO
IIMPOKO MCMOJIB3YETCS U OLIEHKH KayeCTBa YIUIOTHEHUSI TPYHTOB B MOJIyIIKAaX,
HACBIMAX U APYTUX 3EMIITHBIX COOPYKEHHUSX.

[110THOCTB CyXOro rpyHTa MOHO BBIYUCIUTH MO POpMYJIE:

P 3
pd =L, vie (9
1+W

Ilopucmocmuo n Ha3BIBAIOT OTHOILIEHHE O00ObeMa MOpP KO BCEMY 00bEMY
rpyHTA:

n= \%100, %. (10)

[ToprCcTOCTh MOKHO BBIUHCIIUTD 110 (POPMYITaM:
n=l——2"  umn=1-4 nen (11)

ps1+W) Ps

Koagpgpuyuenmom nopucmocmu € HazbIBalOT OTHOIIEHHWE OOBEMa MOpP K
00bEMY YaCTHUII FPYHTA:

V

_'n
e=—"1t 1 en (12)

VS
[Moustie  KOX(pHIMEHTA MOPUCTOCTH KCIOJIB3YETCS  YPE3BBIYANHO
IIHPOKO, TaK KaK IPH BO3JCHCTBUSX Ha TPYHT OOBEM YACTHI[ OCTAETCS
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MIOCTOSTHHBIM, a U3MEHEHUE 00beMa Mo HATJISTHO XapaKTePU3YyETCsl N3MEHEHUEM
e.
Koadduiment nopuctocTyt MOXKHO OMPEAETUTH MO hopMyIam:

ezw—l WIN ezp—s—l,ﬂ.ez{. (13)
P £d

Koagpguyuenmom e6ooonacwviyenuss Sy Ha3pIBAIOT CTENEHb 3aMOJHEHHS
o0BeMa 1mop BOOK:

Sy :Vﬂ, . efl. (14)
\Y
b
Koaddurment BomoHACHIIICHHIS MOKHO BBRIYUCIUTE TTO (OPMYIIE:
W -
Sy = i, 1. e]l., (15)

rae Py — IUIOTHOCTh BOABI, paBHas 1 r/cm®,

OueHka CTpOUTENBHBIX CBOMCTB IpyHTOB NpousBoautcs no I'OCT 25100-
2011 «I'pyntsl. Knaccudukamus» u CII 22.13330.2011 «OcHoBaHUs 3[1aHUN U
coopyxkenuin». ['OCT 25100-2011 pacnpocTpansiercs Ha BCe€ TPYHTBl U
yCTaHaBIMBAET MX KJIACCUPUKAIMIO, TMPUMEHSEMYI0 TIpU TPOU3BOJICTBE
WHKEHEPHO-TEOJIOTMYECKUX U3BICKAHWM, IPOEKTUPOBAHUU U CTPOUTEIBCTBE.

IpakTnueckoe 3ansaTue N 7.
I'maporeosiorusi. Boanbie cBOMCTBA rOPHBIX MOPOA. Buabl HaxokaeHust
NMOJA3E€MHBIX BOJ. XUMHYECKHUI COCTAB, ATPECCUMBHOCTH MO/I3€MHBIX BO/I.
PesxuM noa3eMHBIX BOJ

OCHOBHBIE TUIPOTEOJIOTHUECKUE CBOMCTBA MMOPOJ] CIEAYIOIIHE:

1. Booonponuyaemocms — CIOCOOHOCTh TPYHTOB MPOMYyCKaTh uepe3 ceds
BOAy. Bce mopoapl MO OTHOIIEHUIO K BOJE JEJSATCS HA BOJONPOHUIIAEMBIE U
BoZloynopubie. K BOIONMPOHMIIAEMBIM OTHOCHTCSI TallbKa, TIECOK, CYIIECh,
TpPEIIMHOBAThIE TOpHbIE TOopoaAbl. K BOAOYNOpHBIM — TJWHBI, CKaJbHBIC
MarmMaTU4ecKue, MeTaMop(pruecKue 1 0CaJOuHbIE TPYHTHI.

2. Bnacoemxocms — 3TO CBOWCTBO IMOPOJ BMEIIaTh B ce0si BOMY, MpH
MIOJITHOM 3arOJHEHUU TIOP Y MYCTOT MOPOJBI BIArOEMKOCTh Ha3bIBACTCS TIOJTHOM.
KanumnspHast BIaroeMKOCTb — 3TO KOJHUYECTBO BOJBI, YACPKHUBAEMOE CHIIAMHU
KaIMWIIIPHOTO MPUTSDKEHUS. MoJIeKyIsipHas BIaroeMKOCTh — KOJIMYECTBO BO/IBI,
yAEPKUBAEMOE CHUJIaMHU MOJICKYJIIPHOTO MPUTSIKEHUS.

3. Boooomoaua — pa3HOCTb MEXAY TOJHOM UM MOJIEKYJISPHOU
BJIArOEMKOCTBIO.
4. Ecmecmeennas 61ax#CHOCMb — KOJMYECTBO BOJBI, HaxoAsIlleecs B

MOPOJIE B YCIOBUSX €CTECTBEHHOTO 3aJI€raHusl.
Ha npouyHocth TpyHTOB OOJNBIIIOE  BIWSHHE  OKa3bIBa€T  BOJA,
MPUCYTCTBYIOIIAS B €r0 MOpax. Ty BOAY MPUHSITO MOJPA3IEIATh HA MSATh BUIOB!
a) BoJ1a meepoasi, HaXOASIIAsACS B MOpax IPyHTA B BUJIE JIbJa UM UHES,
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b) Boma ecazobpasnas, crnocoOHas TEPEABUTATHCS W3 MOPOJ C OOJBIIAM
JABJICHUEM B IOPOJIbI C MEHBIIINM JaBJICHUEM;

C) BOJIa XuMU4ecku Cc6s13aHHas C TPYHTOM, T.e. Takas, KOTOPYH IpH
oObI4HOM TemriepaType cymku rpyHrta (105°C) Henb3s OTAEIUTh OT TPYHTA;

d) Boma ¢usuuecku ceszannas, ciocoOHas MepeMenaTbCs B TPYHTAX MO
JEWCTBUEM CHUJIbI TSIKECTH;

€) BoJia KanuuisipHasi, HaXOASMIAsACs B CBEPXTOHKUX KalWUISPHBIX MOpax
TPYHTOB U MEPEABUTAIOIIASICS MO/ IEUCTBUEM CHII IOBEPXHOCTHOTO HATSHKEHUSI.

Ha noBepxHOCTH 4YacTHIl, HalpUMEp, TIIMHUCTBIX, HECYIIUX 3apsiji 3TOrO
WJIU APYTroro 3HaKa, afcopOUpyIOTCS AUMOJIBHBIE MOJIEKYJIBI BOJIbI, ODUEHTUPYSICh
npu 3ToM. Boa Ha MOBEPXHOCTH YaCTHUI] YICPKUBAETCSA CHUIIAMHU MOJIEKYJISIPHOTO
MPUTSKECHHUSL.

Cii0eB OpPUEHTUPOBAHHBIX JIUIMOJEH MOXKET OBITh HECKOJIBKO, MPU ITOM,
YeM JIaJibllle OT MOBEPXHOCTH OyAyT OTCTOSITH JAMUIOIN, TEM UX OPUEHTUPYIOIIAs
cwia Oyzaer cialei, W, HaKOHEIl, COBCEM HCYE3HEeT. B 3TOM cMbIciIe MOXKHO
TOBOPUTb O MPOYHOCEA3AHHOU BOJAE, MOJIEKYJIBI KOTOPOM MPOYHO CBSI3aHBI, T.C.
CTPOT'0 OPUEHTUPOBAHBI, U PbIXJIOCEA3AHHOU BOJIE CTa00 OPUEHTUPOBAHHOM.

KonnuecTBo cBsI3aHHOM BOABI 3aBUCUT OT CTENEHU JUCIIEPCHOCTH YaCTHUIl U
COCTaBa TJIMHUCTBIX MHHEPAIOB. MakcHUMalbHOE KOJMYECTBO CBA3aHHOW BOJbI
COJIEPKUTCSI B MOHTMOPUJJIOHUTOBBIX TJIMHAX, 8 MUHUMAJIbHOE B KAOJIMHUTOBBIX.

[IpouHocBsizanHas Bojga  ManonoaBwkHA. OHa  yAEpKUBaeTCs Yy
MOBEPXHOCTH YaCTHUIl MOPOAbl CHWJIAMU B COTHH Thicsiuu atMmocdep. [loatomy
MOXET OTKHMMAThCAd W3 TMOPOAbl OYEHb MEJJICHHO, TOJBKO TP BBICOKOM
nmaBiaeHUU. CBOMCTBA 3TOM BOJBI CHJIBHO OTJIMYAIOTCI OT CBOMCTB CBOOOIHOI
BOZBL. IIOTHOCTH Bbime 1 r/cm® (or 1,2 mo 2,4), NOBBIIEHHAs BA3KOCTh U
yIPYTOCTh, 3aMep3aeT npu Temreparype Hmwke 0 1o -78°. [lepenBuraercs TOIbKO,
nepexois B mapooOpa3sHOe COCTOSIHHE.

B cnydae, xorga Bojia MOJIHOCTBIO MOKPBIBAET YACTHUIIBI TPYHTA, MPUHSITO
CUMTaTh, YTO TPYHT HAXOJUTCS B COCTOSIHUM IIOJHOM WM MaKCHMaJIbHOMN
2USPOCKONUYHOCMU.

CBoiicTBa PHIXJIOCBSI3aHHOM (WJIM TUICHOYHOM) BOJBI OJIM3KM K CBOWCTBaM
aJ1cOpOMPOBAHHOM.

Duszuyeckue c6oUCmea NOO3eMHbIX 800

1. Temnepamypa 3aBucuT OT TIIyOUHBI 3aieranud miacta. [lo remnepatype
BOJIBI JCJISATCA BeChbMa XOJOJHBIE 10 +5°, xomoaunie g0 +10°, Tenasie 10 +37° u
ropsune cBaimie +40°.

2. Ilegem 600b1 — dmcTasg Bojga OecCIBETHA M TOJBKO B CJIO€, MOIIMHOCTH
HECKOJBKMX METPOB mpuoOperaeT Toiayboit mBeT. OKpacky Bojae IpHIACT
MEXaHMUCCKHE M OpPraHUYecKHe IMpuMecH. JKenToBaThli MBET XapaKTEpeH s
OOJIOTHBIX BOJ. 3aKHCHBIC COCJUHEHUS U CEPOBOJOPOJHBIC MPHUAAIOT 3EJICHYIO
OKPACKY.
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3. Ilpo3paunocms — mpUpOAHAS] BOJA MOXKET OBITh MPO3PAYHON M MYTHOM.
MyTHOCTh OOyC/IaBIMBAETCS MPUCYTCTBUEM B HEW B3BEIICHHBIA YaCTHUIL
MUHEPaIbHBIX U OPIraHUYECKUX COCTMHEHUM.

4. 3anax — B OOJBIIMHCTBE CIy4aeB MOJ3EMHBIE BOJIBI HE UMEIOT 3araxa.
Jl1s1 onipeziesieHys 3anaxa rnoj3eMHbIE BOJIbI TIOI0IPEBAIOT.

5. Bkyc — BKyC NOJ3€MHOI BOJie MPHUAAIOT PACTBOPEHHBIE MHHEPAIbHbBIC
BemtectBa U rasel, NaCl ngemaer Boay cosieHO#, cynbgaThl MarHusi — rOPbKOH,
COJIM KeJle3a MPUAAI0T BKYC p>KaBUMHBI WM YEPHUJ, OpraHhKa — CIaJKOBATHIN
BKYC.

Xumuueckue ceoucmea

Bce moazemHble BOJBI BCErla COJAEPKAT B PACTBOPEHHOM COCTOSIHUM
OoJIblllee WM MEHBIIEE KOJIMYECTBO COJIEH, ra3oB, a TakKXKe OPraHUYEeCKHUX
coequHeHuid. CyMMapHO€ COAEPKaHHE PACTBOPEHHBIX B BOJE BEUIECTB
Ha3bIBACTCSI XUMHUYECKAM COCTaBOM BOJIbI [1].

Conu. W3 coneil B MOA3EMHBIX BOJAaX HaWOOJbIIIEE PACIPOCTPAHEHUE
UMEIOT XJIOpUJBI, cyinbdaTel u KapOoHatel. [lo o0meMmy coaep>KaHuIo
PacTBOPEHHBIX COJIEM MOJ3EMHBIE BOJBI Pa3NENAOT Ha mpecHble (o 1 /1),
cosioHoBathbie (0T 1 g0 10r/m), conennie (10-50r/i) u paccomnst (6osee S0r/m).

Kecmxocmb 60061 — 3TO CBOMCTBO, 00YCIOBJICHHOE COJIEP)KAaHHEM HMOHOB
KaJblIU W MarHus, T.e. CBsi3aHHas ¢ kapOoHaTtamMu. JKecTKOCTh MPHUHSTO
BBIPKATh KOJUYECTBOM MHIJUITUTPAMM-IKBUBAJICHTOB KalbIMs W MarHus, 1 mr-
JKB KECTKOCTHU COOTBETCTBYET cojiepkanuto B 1 11 Boasl 20,04 Mr noHa KaJIbIus
unu 12,6 Mr nona mMaruus. [1o )kecTKOCTH BOAY pa3feisitoT Ha MATKYIO (MeHee 3
MI-3KB), cpefHell xecTKocTh (3-6 Mr-skB), KeCTKyr (6-9 Mr-skB) M OUYEHb
KecTkyro (Oonee 9 wmr-skB). HawnyumuM kadecTBOM 00y1afiaeT Bojaa C
YKECTKOCTBIO He 0oJiee 7 Mr-3KB/1I.

Aepeccusnocms  TIOA3EMHBIX BOJ BBIPAXAaeTCd B  Pa3pyLIUTEIbHOM
BO3JICHCTBUM PACTBOPEHHBIX COJIEH Ha CTPOUTENbHBIE MaTe€pUasbl, B YACTHOCTU
Ha OCTOH U MeTajul. ATPeCCMBHOE JCHCTBHE BOJABI HAa OCTOH MPOSBISETCS B
pPacCTBOPEHUH OCHOBHOTO KOMIIOHEHTA TOPTJIAHMAIIEMEHTa KapOoHaTa KajibIlus, B
pe3ysbTaTe yero 0ETOH KPOIIUTCS U BCITyYHBAETCSI.

[To oTHOmIEHUIO K OETOHY pa3IUYarOT CJIEAYIONIUE BUJIbI arpeCCUBHOCTH
MOA3EMHBIX BOJI:

a) OOIIeKUCIOTHAsS — OIleHHWBaeTcs BeauuuHoM pH  (BogopomHbIit
MoKa3aTesib), B MECKax BOJa CUYUTAETCS arpeccuBHOM, eciau pH < 7, a B rimHax —
pH<5;

0) cynb(aTHas — ompejensercs 10 coaepkanuro uoHa SO4%, mpu
conepxkannu SO4%° B konuuecTse 6os1ee 200 M/ BoJja CTAHOBHUTCS arpeCCUBHOM;

B) MarHe3uajbHas — yCTaHABIMBAETCS 110 COIEPKaHI0 HoHa Mg?*;

r) kKapOoHaTHasi — CBsI3aHHAs C BO3JICHCTBUEM Ha OCTOHBI arpecCUBHOMN
YTIEKUCIIOTHI, TOT BHUJI arPECCUBHOCTH BO3MOKEH TOJIBKO B MIECUAHBIX MTOPOJIaX.

[TogzemMHast Boja ¢ pacTBOPEHHBIMH B HEW COJSIMH W Ta3aMU MOXKET
o0nagaTh HHTEHCUBHON KOPPO3MOHHOM aKTUBHOCTHIO 110 OTHOIIEHUIO K JKele3y 1
JIPYTUM METaJlIaM.
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[lon pesrcumom noozemnvix 600 TOHUMAETCS W3MEHEHHE HX YPOBHS,
cocTaBa, TEMIIEpPaTypbl U pacxojila BO BPEMEHU M MPOCTPAHCTBE TOJ BIUSHUEM
€CTECTBEHHBIX U MCKYCCTBEHHBIX (DAaKTOPOB.

K ecrectBeHHbIM (hakTOpaM OTHOCSTCS aTMochepHbie (QaKTOpel —
KOJIMYECTBO BBIMAJAIONINX OCAJKOB, TeMIepaTypa W ucmnapenue. KommuecTBo
BBITIA/IAIONINX OCAJKOB, OKa3blBaeT NPSMOE BJIHSHHE Ha yPOBEHBb IOJ3EMHBIX
BOJI. BrusiHue TeMriepatypsl U UCHapeHus 0oJiee CIOKHOE U TPSIMOMY YVYeTy He
noyIekuT. Ha pexxuM moa3eMHBIX BOJ BIHSIET, KpOME TOTO, (PaKTOPHI:

1. cocTaB mopo/1 B BEpXHEW YaCTH 36MHOU KOPBI;

2. U3pEe3aHHOCTh penbeda

3. TUAPOTEOJIOTHS U CBS3h C IIOBEPXHOCTHBIMU BOJAMHU.

[Tom3emMHBIE BOABI MOTYT HHUTAThCS 3a CYET IMOBEPXHOCTHBIX BOJI, MOTYT
camMH MPUHUMATh Y9acTHE B TUTAHUE MTOBEPXHOCTHBIX BOJI.

K nckyccTBeHHBIM (DaKTOpaM OTHOCHUTCS ICATEILHOCTD YEIIOBEKA.

HckyccTBeHHBIC (haKTOPHI MOYKHO Pa3eliuTh Ha TPHU TPYIIIIHL:

1) ocymatomiye (GpakTopbl — OTKa4Ka MOA3EMHBIX BOJ ISl IMUTHEBOTO H
IPa)XTaHCKOTO BOJIOCHAOKEHUS;

2) oOBoasmue GaKTOPhI — YBEIMUCHHUE 3aIIaCOB MOA3EMHBIX BOJI — ITOJIIOP
BOJIOXPaHWIHIIA, COPOC TIPOMBIIIUICHHBIX BOJI, OPOIIICHUE;

3) pexxkumooOpasyromue GakTopsl, KOTOPbIE, C OTHOW CTOPOHBI
YBEIMYMBAIOT 3aMachl TMOJ3EMHBIX BOJ, a C JIPYroM — yYMEHBIIAIOT HX ITyTEM
orOopa (mpumMep — 3aKayKka BOJIbI B HEPTSIHBIC CKBAYKUHBI).

JIist HaOIFOIeHMST 32 PEKUMOM TTOJ3EMHBIX BOJ TI0 BCEH CTpaHE MMEETCS
CETh THUIPOTEOJIOTHUECKUX CTaHIMN, B 3a7ady KOTOPBIX BXOAWT CIEAUTH 3a
U3MCHCHUEM PEXMMa BOJ ITyTEM COCTABJICHHSI CIIEITUATBHBIX KapT, OTPAKAIOITUX
CYTOYHBIC, MECSYHBIC M TOJIOBBIE KOJICOAHUS YPOBHS BOJIBI.

IMpakTuyeckoe 3ansitue N 8
I'maporeosorus. Ilocrpoenue KapThl THAPOU3OTUIIC

I'pyHTOBBIE BOJBI 3aJErarOT Ha IIEPBOM OT TOBEPXHOCTH 3EMJIHU
BOJOYNOpPHOM cjoe. [loBepXHOCTh TPYHTOBBIX BOJA (3€pKajio) HMEET CBOMU
penbed, KOTOPBIM OTpa)aeTcsi KapToul Tuapous3oruric. ['Mapou3orurncel — 3TO
JMHUU PABHBIX THAPOCTATHYECKUX HAMOPOB TPYHTOBBIX BojA. Ha kaprax oHu
COOTBETCTBYIOT aOCOJIOTHBIM OTMETKAM CBOOOJHON MOBEPXHOCTU T'PYHTOBBIX
BOJI.

Kapra ruppousoruric cTtpoutTcs Mo reojaoro-JUTOJOTMYECKUM KOJOHKaM
OypoBBIX CKBaXHMH. J[Ji1 3TOro Ha M3y4yaeMOW TEpPPUTOPUH OYpST HECKOJIbKO
CKBaXXMH (IO KBaJgpaTHOW ceTke). B Kaxaoil CKBaXXMHE ONPENEsIoT
aOCOJIIOTHYIO OTMETKY YPOBHSI TPYHTOBOW BOJIbl. 3HaYEHHS] OTMETOK BBIHOCST Ha
TonorpaUyecKkyro KapTy MECTHOCTU. TOYKM C OJUHAKOBBIMU OTMETKaMHU
COCIUHSAIOT JUHUAMMU — TuApousoruncamu. Hemocraromme OTMETKH IOJy4YarOT
METOJ0M UHTEPIOJISLUN.
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Kapra ruapousorunc comepx ut HHOOPMALKIO O TUHAMHUKE MOJ3EMHBIX
BOJ, YTO OYEHb BAXKHO IPHU NPOCKTUPOBAHUH, CTPOUTENIBCTBE U 3KCIUIyaTallUN
aBTOMOOMJIBHBIX JIOPOT U a3POAPOMOB.

I1o xapTe ruaAPOU30TUIIC MOKHO ONPEIEIUTh CIIETYOLIEe:

— HamnpaBJ€HUE [BWKEHUS [OTOKAa TPYHTOBOW BOABI OT OOJBIIMX
aOCOJIFOTHBIX OTMETOK K MEHBIIUM, EPIEHANKYIISIPHO JIMHUAM THJIPOU30THIIC;

— MeCTa pasrpy3Ku IPYHTOBBIX BOJ;

— CKOpPOCTh (uiibTpanuu (V) TpyHTOBOW BOJBI B Pa3HBIX pailOHAX y4yacTKa
onpeenseTcs oMol ypaBHeHus lapcu:

v =Ky *J, M/CyT,

rjae J — ruapaBiIMuecKuil TPaIueHT, ONPEAEIAeMbIi 111 BBIOPAaHHBIX TOUYEK
KaK OTHOIIEHUE Pa3HOCTH aOCONIOTHBIX OTMETOK YPOBHEW TPYHTOBBIX BOJ K
paccTosiHuto Mexay Humu (J = AH/L);

K¢ — KO3 GUIUEeHT QUIbTpaIuu, M/cyTt

— TmIyOMHY 3ajeraHus TpPYHTOBBIX BOJI B pa3HbIX TOYKaxX KapThbl
ONpEAENAIOT MO Pa3HOCTU aOCOJIOTHBIX OTMETOK TOpPH30HTaNel penbeda
MECTHOCTH U TUIPOU30THUIIC.

Ha 3aHATMSAX 1O NIPEIJIOKEHHOM IIPENoJaBaresieM KapTe THAPOU30THUIIC
(puc. 5) HEOOXOIUMO:
1. ompenenuTh HalpaBi€HUE ABM)KEHUS TPYHTOBBIX BOJ;
2. OINpenenuTh IITyONHY 3ajieraHus TPYHTOBOM BOJIBI B 5-6 TOUKAaxX y4acTKa;
3. paccuuTaTh CKOPOCTh ABMKCHUS M BPeMsl IPEOAOICHHS (PPOHTOM TO3EMHBIX
BOJ y4yacTKa 3aJlaHHoi anuHbl. Koadpuuuent ¢punbTpannn rpyHTOB COCTABIISET
Kd = 10 m/cyT;
4. BbIOpaTh CXeMy JpeHa)xa B IeJsIX 3alluThl OT MOATOIUICHUS 3JaHUM,
YKa3aHHBIX TPETIO/ABATENEM.

Puc. 5. Kapra rugpounsorurc
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IIpakTuyeckoe 3ansaTue Ne9
HNHKeHepHO - reoJIoruuecKui paspes

Hnoiceneprno- 2eonocuyeckuii pazpe3 — 3TO TNPOEKIUS TE€OJOTHUYECKOTO
CTPOCHHUSI Ha BEPTUKAIBHYIO IUIOCKOCTh. Ha pa3pese mokas3bIBaroTCs YCIOBUS
3aJieraHus MopoJ, UX JIMTOJIOTHYECKUN cOCTaB, (PU3UKO-MEXaHUUYECKHE CBOWCTBA,
BO3pacT; (PUKCHUPYIOTCS HAIMYUE M TJIyOMHA 3aJeraHusl TMOJ3EMHBIX BOJ,
BBIJICTISIIOTCS. MHKEHEPHO-TEOJIOTUYECKUE 3NIeMEeHThI (puc. 6). Pa3zpessl cTposiTes
10 TAaHHBIM Pa3BEJOYHBIX TOPHBIX BBIPAOOTOK: CKBaXKUH, IIyp(OB.

VY4eOHbII WHKEHEPHO-TEOJIOTUUECKUI pa3pe3 CTPOSAT IO Pa3IUYHBIM
BAPHUAHTAM IIPUJIATAEMBIX TI€0JOTO-IUTOJIOTMYECKUX KOJIOHOK CKBaXXUH WU H
OLICHUBAIOT MHKEHEPHO-TEOJIOTMYECKHUE YCIOBUS YUacTKa.

C yderoM TOpPU30HTAIBLHOTO M BEPTUKAJIBHOIO MAacHITa0OB HAHOCATCA
TOUKH 3aJI0KEHHSI CKBAXXHUH (110 TOPU30HTAIH — PACCTOSHUS MEX1y CKBa)KUHAMU,
[0 BEPTUKAIM — aOCOJIOTHbIE OTMETKM HUX YCTheB). IloCTpOeHHBIE TOUKH
COEUHSIOT TUIaBHOM JIMHUEHN U MOJIy4aroT NPoQuiib pesibeda MECTHOCTH.

B mecTax 3anokeHHs CKBaKMH IPH MOMOLIM IpaduyecKkux 0003HAUCHUN
HAHOCSTCS JaHHBIE F€0JIOrO-ITUTOJIOTUYECKUX KOJIOHOK. 3aTEM, OHU YBS3BIBAIOTCS
MeXay coOoil B eAuHOe Ienoe — Teoloruueckuid paspe3. s storo
OIHOWMEHHBIE CJIOM, BCKPBITBIE CKBaXMHAMH, COECAUHSAIOTCA IUIABHBIMU
JUHUSMU.

[lITprxoBOM JNHHUEN TOKA3BIBAIOT HA Pa3pe3€ YPOBEHb I'PYHTOBBIX BOI,
OYKBEHHO-LIM(PPOBBIMU HMHAEKCAMU — BO3pPACT TOPHBIX MOPOJ U UX T'EHE3WC.
Psimom ¢ paspe3oMm oTOOpakaeTcsi JIET€HHA: YCJIOBHbIE OOO3HAUYEHUS TOPHBIX
MTOPO/I.

NHXeHepHO-Te0IOTHYECKUI pa3pe3 aHATU3UPYIOT 110 CIEAYIOIIEN CXeMe:!
1. TlocnoitHo (cBepXy BHH3) ONMCHIBAIOT ClIAralIIUe pa3pe3 TPYHTHI:
HAaUMEHOBAHUE, YCJOBHS 3ajeraHusi (MOIIHOCTh, XapakTep HaIUIaCTOBaHUS),
OCHOBHBIC CBOMCTBA,;

2. Ilpu HanMuYMU MOJ3EMHBIX BOJ AAIOT UX XAPAKTEPUCTUKY: YCIOBUS 3aJIeTaHus,
BOJOBMEILAIOIINE U BOJOYIOPHBIE MIOPOAbI, MOIIIHOCTh BOJOHOCHOTO TOPU30HTA,
pexkuM  QuibTpanuu  (HamopHBIM OE3HANOPHBIN), HAMpaBICHUE JBUKEHUSA
MTOTOKA, BO3MO>KHOCTb PA3BUTHS MTOATOILICHHUS;

3. JlaroT mporHo3 U3MEHEHUH Te0JOrnYeCcKOr Cpeibl, KOTOPhIE MOTYT MPOU30UTH
IIPU CTPOUTEIBCTBE M IKCIUTyaTallud aBTOMOOMJIBHBIX JIOPOT, KaKOBBI OyAyT MX
HEraTUBHBIE MOCIEACTBUS. Y Ka3bIBAlOT HEOOXOAUMBIE 3aIlIUTHBIE MEPOTIPUATHUS U
METO/bI YIYUILICHUS! CBOMCTB TPYHTOB.
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76

74

72

70

68

66

(N2 cxBaxunsi 2 5 g 9 10 11
Adc. omm. yemba 78.5 79.2 80.0 79.8 79.6 723

Pacemosnus,m | | 20 | 20 | 25 | 25 | 25 |

777 \NL « s EZ4 B

Puc. 6. lmkeHepHO-T€0JI0rMUeCKHiA pa3pe3
1 — cyrnuHOK; 2 — CYTIIMHOK JIGCCOBHJIHBIN; 3 — MMeCOoK; 4 — ruHa; 5 — U3BECTHSK;
6 — cyreck; 7 — MOYBEHHO-PACTHTEIBHBIN CIOH

IIpakTnyeckoe 3ansaTue N 10
OnpeneseHue reo10rH4eCKMX U MHKEHEPHO-TE0JI0THYEeCKUX NPOLECCOB

CoBpeMeHHbIE TE€OJIOTUYECKUE MPOIECChl MOTYT OKa3blBaTh BIIMSHUE Ha
BBIOOp MECTa, PACMOJ0KEHUE U KOHCTPYKIIMIO COOPYXKEHHUsSI, a TaKXKe CIOCOObI
MIPOU3BOJICTBA PadOT.

NHxxeHepHbIE  COOPYKEHHSI B  CBOKO  Oue€pellb MOTYT  BbI3BaTh
BO3HUKHOBEHHE HOBBIX MPUPOJHBIX T€OJOTHMYECKUX IPOLECCOB U U3MEHEHHUE
CYIIECTBYIOIIMX. DTU MPOLECCH, BO3HUKAIOIINE, B pE3yJbTaTe AEATEIbHOCTU
YEJI0OBEKA HA3BIBAIOTCS UHICEHEPHO-2E0102UYeCKUMU NPOYECCaAMU.

[Ipu ompeneneHun WHXKEHEPHO-TEOJOTUYECKUX MPOIECCOB HEOOXOIUMO
3HATh MPUYUHBI BOSHUKHOBEHUS T€X WJIU UHBIX (DU3UKO-T€OJIOTUUECKUX SIBIICHUM.
Nx npakThyeckasi IIEHHOCTh 3aKJII0YaeTCsl B TOM, YTO MEPOMNPUATHS 1O 00phOE ¢
TaKUMU SIBJICHUSIMH JIOJDKHBI OBITh HaIlpaBJICHbl HA YCTpAaHEHUE MPUYUH HX
BO3HUKHOBEHHUS U Pa3BUTHA, & €CJIU 3TO HEBO3MOXHO (HAmpuMep, YCTPaHUTh
3eMJIETPSICEHUE), TO HA OCJIA0JICHUH UX BO3JICHCTBUS HA COOPY>KEHHE.

['eosornyeckre U UHKEHEPHO-TEOJIOTHYECKUE TIPOLIECChl MOTYT YXYIIATh
YCJIOBUSI CTPOUTEILCTBA U SKCILTyaTalluy 31aHUN U COOPYKEHUH.

Ha cxemaTnueckoi kapTe HHAKEHEPHO-T€OJIOTHYECKUX YCIOBUM MECTHOCTH
(puc. 7) mokaszaHO pacmpeaeincHHE 3IEMEHTOB penbeda, a Takke G(opMm
SPO3HOHHOM U OMOJI3HEBOU JIEATEIBHOCTH U UX B3aUMOJICCTBHE.

HUcnonw3ylite KapTy I CpPaBHEHUSI TPEX BapUAHTOB PACHOJIOKECHUS
aBTOMOOMJIBHOM Tpacchl Mex 1y myHkTamMu A u B (puc. 7).
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HHcheHepHO'.ZeO]ZOZM"leCKa}Z Kﬂaccud)ukauuﬂ npoyeccos u s6neHUl

[TprunHa GU3NKO-TEOTOTHUECKUX

DU3HUKO-TEOJIOTUUYCCKHUE SIBJICHUS U
HHXCHCPHO-TCOJIOTHUYCCKHUC

SIBJICHUI
IPOLECCH
1. JlesiTenbHOCTh areHTOB BriBeTpuBanue
atMochepsl
2. I'eonornueckas AesTEIbHOCTD D0110BbIE TPOLIECCHI
BETpa

3. JledarenbHOCTh TOBEPXHOCTHBIX
TEKY4HX BOJI

Opo3us, oBparo oopa3zoBaHue, ceib,
TUIOCKOCTHOW CMBIB

4, I[eHTeJII)HOCTB IIOA3CMHBIX 1
IMOBCPXHOCTHBIX BOJ HAa CKJIOHAX

Onon3Hu, 00BaIBI

5. JleaTenbHOCTh NOBEPXHOCTHBIX
¥ IOJI3EMHBIX BOJ

KapCT, IMpOoCaa049YHOCTb

6. JlesTenbHOCTh IOA3€MHBIX BOJ

Cyddo3ust 1 IBIBYHOCTH

7. [erictBue oTpULiaTENBHON
TEMIIepaTypbl Ha TPYHT

Beunas mepsnora

8. BHyTpenHue cuibl 3eMiu

3GMJIGTp5[C€HI/IH N BYJIKAHU3M

9. I/IH}KeHepHaﬂ ACATCIIBHOCTD
YCJIOBCKA

Ocanxu, mpocanku, nehopmaiuu
CoKaTHe

Jlns pemieHWs 3aadyd  OLICHUTE WHXKEHEPHO-T€OJOTUYECKUE YCIOBUSA
MECTHOCTH B paillOHE CTPOUTENIHCTBA aBTOMOOUIBHOMN TPACCHI:

- BBIJICJIUTE HEYCTOMUYUBBIC DJIEMEHTHI peiibea, OMOI3HEONACHbIC YUACTKY,

- ONpPEAEIUTE YYaCTKU TOBBIIICHHOM JPO3HMOHHOM aKTUBHOCTH U
TPAHCIIOPTUPOBKH PBIXJIOIO0 MaTepUasia BO BpEMs JIUBHEW;

- OLIGHUTE COOTHOIIEHHWE OOIIe MPOTSHKEHHOCTH  YCTOWYUBBIX
CyOrOpM30HTaIbHBIX M HEYCTOMYMBBIX HAKJIOHHBIX AJIEMEHTOB pefbeda BIOJb
IIPEAIIOIaraeéMou Tpacchl;

- JIalTe MPOTHO3 U3MEHEHUS I'€OJOTUYECKON Cpelbl IPU CTPOUTEIBLCTBE U
AKCIUTyaTalli aBTOMOOMIHLHOM JTOPOTH.
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Puc. 7. CxemaTndeckas KapTa HHKEHEPHO-T€OJIOTHYECKUX YCIOBUI
37



IIpakTuyeckoe 3ansitue Nell u Nel2
IIporuo3upoBaHue ONaCHbIX HHKEHEPHO-Te€0JOTMYECKHUX NPOLECCOB

B mpouecce cTpouTenbCTBa M MOCHEAYIOMIEN SKCILTyaTalluy Pa3IMYHbIX
COOPY>KEHUU OKPY’KaIOIIUA MacCUB TPYHTa HEU30€KHO MCIBITHIBAET KOMILIEKC
JOTIOJIHUTENBHBIX BO3JECUCTBUI PA3IMYHON TPUPOJIbI, XapaKTepa HHTEHCUBHOCTH
U JUTUTENBHOCTH JACHCTBHSL.

VY CIIOBHO 3TH BO3JAEUCTBUS MOKHO OTHECTH K TPEM TPYIIIAM:

1. Texwnonoeuueckue 6o30euicmeusi — BO3JACUCTBUS, CBSI3aHHBIE C
JIOTIOJTHATEIIbHBIMA HAarpy3kaMH M BO3JEHUCTBUSIMHU, BOZHUKAIOIIMMU B IMPOLIECCE
MIPOU3BOJICTBA CTPOUTEIHHO-MOHTAXHBIX paboT. MX mapamMeTpsl B OCHOBHOM
3aBUCSAT OT NMMPUMEHSAEMON TEXHOJOTUH. K TakuM BO3AEHCTBUSIM MOYKHO OTHECTH:

— TMHAMUYECKHUE BO3JICUCTBUSI HA OCHOBAHKE MPU pabOTE MEXaHU3MOB;

— BPEMEHHOE W3MEHEHHE YPOBHSI, HANpaBJICHUW TPYHTOBBIX BOJ U Kak
CJICICTBUE H3MEHEHHE TPATUEHTOB (PUIBTPAIMOHHBIX IMOTOKOB B pE3yJbTaTe
CTPOUTEJILHOTO BOJIOMIOHMKEHUSI (AKTUBU3AIMS KapCTOBBIX MPOILIECCOB U
MexaHU4ecKoil cyddo3un), BO3MOMXKHBIE JIOKAJTbHBIE U3MEHEHHS HaNpsHKeHHO-
ne(hOPMUPOBAHHOTO COCTOSIHMSI TPYHTOB OCHOBaHHUSI BCIIEJCTBUE JIOKAJIBHBIX
IIEPEMELICHUN TPYHTAa NPU IPOU3BOACTBE CKBAXKHUH, TPAHUIEH KOTJIOBAaHOB
(YCTOMYHMBOCTH OTKOCOB, TPOMEP3aHUE TPYHTOB OCHOBAHUS U JIp.).

2. T'eoMexaHUYECKUE BO3JECUCTBUS — 3TO BO3JCHCTBUS, CBSI3aHHBIE C
M3MEHEHHUEM HampsHKEHHO-1e(hOPMUPOBAHHOIO COCTOSTHUS 3HAUYMTEIHHON 4YacTu
MaccuMBa B PE3yJIbTaTe€ pPa3rpy3KH €ro 4YacTu OT YCTPOWCTBA KOTJIOBAaHA H
JaJbHEUIle Harpy3ku OT Beca IMOCTPOCHHOTO COOPYKEHHS (B3aUMOBIIHMSHUE
3MaHUA W COOPYXEHUM). DTHU HArpy3kd JCHCTBYIOT B TEPHUOJ] BO3BEICHUS
COOPYKEHUS M HX NOCJIEACTBUS NPOSBIAKOTCS €II€ B TEUYCHUUM HEKOTOPOTO
IIEpUOJIa BPEMEHU NIOCJIE OKOHYAHUS CTPOUTENILCTBA.

3. DKOJIOTUYECKHUE BO3JEHUCTBUS, CBSI3AHHBIE C TEXHOTEHHBIM U3MEHEHUEM
OKPYKaOUIEN CPelibl — MPOSBIIIOTCS B TEYEHUU CTPOUTEIIBCTBA U KCIUTYaTalllH,
XapaKTEPU3YIOTCS CYIIECTBEHHO OONBIION 30HON BIMSHUSA, HO, Kak IMPaBUIIO,
MEHBIIEH WHTEHCUBHOCTHhIO. K HHM MOXHO OTHECTM H3MEHEHHE pPEeXKHUMaA
MOJ3EMHBIX BOJI:

— HW3MEHEHHE XHMMHYECKOTO COCTaBa M Kak CIEACTBUE aKTUBHU3ALMSA
XUMUYECKON Ccy(ddo3un, KapCTOBBIX MPOIECCOB, arpeCCUBHOTO BO3EHCTBUS
MOJI3EMHBIX BOJI HA CTPOUTEIbHBIC MaTEPUAIIBI,

— U3MEHEHUE YPOBHS TPYHTOBBIX BOJI BCJIEACTBHUE 3aCTPOUKUA TEPPUTOPHH,
T.€. YMEHBIIICHHE 00JaCTH MUTAHUS TPYHTOBBIX BOJ WM HA00OPOT yBEIMUCHUU
VHTEHCUBHOCTU NUTAHUS BCIIEICTBUE YTEUEK U3 BOJOHECYIIMX KOMMYHUKAIHAN
(axkTMBM3AIMs KApCTOBBIX IIpoieccoB, cyddo3un, 3aTOMJICHUE TI0/IBAJIOB,
BO3J/ICIICTBUS HA CTPOUTEIIbHBIE MATEPHUAIIBI).

JIns mporHo3a nmoBeIEHUsI TPYHTOB OCHOBAHMS 3JaHUM U COOPYKEHUU BO
BpeMsl DJKCIUTyaTalldd HEOOXOJIUMO JaTh OIIEHKY BIIMSIHUS HEOJaromnpusiTHBIX
WH)XCHEPHO-TEOJIOTUUECKUX TMPOLECCOB M  KOMIUIEKCA BBIICTIPUBEICHHBIX
JIOTIOJITHUTENIPHBIX ~BO3JEHCTBHI Ha YycioBus ux padbotrel. Kpome »storo
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H€O6XOI[I/IMO IMPOTHO3UPOBATH BO3MOKHOCTbH M3MCHCHHA I'COJIOT WYeCKOM Cpcanbl
nmoa BJIUAHHCM CTPOUTCIIBCTBA M IKCINIyaTallUuU COOpy}KCHI/Iﬁ, HCTAaTUBHO
BJIMAIOIINX HA I'COJIOTUYCCKYIO O6CTaHOBKy SaCTPOGHHOﬁ TCPPUTOPUHN.

IpakTnueckoe 3ansaTue Nel3
IHosieBble ONBITHBIE HCCAEA0BAHNSA TPYHTOB. CTaTH4YeCcKOe M JTMHAMHYECKOe
3onaupoBanue. llltTamnoBbie n npeccnoMmeTpuyecKkre UCIBITAHNS TPYHTOB

3a mocnenHue ToAbl OOJBIIOE PACIPOCTPAHEHHUE MOJYYHIIO H3YYEHUE
TPYHTOB B IOJIEBBIX YCIOBHSX (OMBITHBIE PA0OTHI), HEMOCPEICTBEHHO B YCIOBUSX
UX €CTECTBEHHOIO 3ajieraHus. OJTO COKpallaeT KOJMYECTBO pa3BEAOYHBIX
BEIPAOOTOK, 00beM JTa0OPaTOPHBIX padOT M B Psijie CIIydacB aeT BO3MOXKHOCTH
ONPEAENHUTh MPOYHOCTHBIE, 1€(POPMATUBHBIE U JIPYTUE XAPAKTEPUCTUKHU IPYHTOB
C TOYHOCTBIO OOJIbILIEN, UeM IIPU Ja0OPATOPHBIX padoTax.

Bbe16op MeTona MOJIEBBIX HCIBITAHUN 3aBUCUT OT COCTaBa, CTPOEHUS U
COCTOSIHHS M3Yy4aeMbIX TPYHTOB, LIEJIEH HMCCIEIOBAaHUMN, KATETOPUHU CIOKHOCTH
UH)XCHEPHO-T€OJIOTMUYECKUX  YCJIOBHUH, TMPOEKTHBIX  HArpy3oK, TIIyOUHBI
3JI0’KEHMSI, YCJIOBHM JKCIUTyaTallud OCHOBAHWM 34aHUI M COOPY>KCHUH, THUIIOB
IPOEKTUPYEMbIX (YHIAMEHTOB M METOAOB UX pacuera. lloneBwle ucnbpITaHus
HEOOXOMMO COUYeTaTh C APYTMMHU CHOCO0aMU OIpeAesieHUs] COCTaBa, COCTOSHUS
U CBOMCTB T'pPYHTOB (JIaDOpAaTOpPHBIMHU, T€OPU3NYECKUMH) [JIsI MHTEPIPETALUN
JAHHBIX, BBISIBJICHUS B3aMMOCBA3€H MEXKIY XapaKTepUCTUKaMH TpYyHTAa,
ONpEAENISIEMBIMH PA3JIMYHBIMU METOJIAMHU, U OLIEHKU UX JOCTOBEPHOCTH.

[IpoYHOCTHBIE XapaKTEPUCTHKU AUCHEPCHBIX TPYHTOB, Kak IMpPaBUIo,
METO/JIOM CTaTHYECKOr0 W JMHAMHYECKOro 30HaupoBaHus. [ns onpeneneHus
MPOYHOCTHBIX XaPAKTEPUCTUK I'PYHTOB MPU pacyeTe YCTOMYMBOCTH CKIOHOB WM
IPOYHOCTHBIX CBOMCTB MAacCHBa, CJIOXEHHBIX KpPYMHOOOJOMOYHBIMU —HIIU
HEOJHOPOJHBIMU T'PYHTaMH, HCIOJB3YIOT CpE3 LEJIUKOB TIPyHTa METOAOM
OJTHOIUIOCKOCTHOTI'O Cpe3a.

OCHOBHBIMH METOJAMH TOJy4YeHHs Je(OpMalMOHHBIX IIOKa3aTeneil B
MacCHBE TPyHTa SIBJIAFOTCS MCHBITAHUS IITAMIIOM, IPECCHOMETPHS, a TAKXKE B
COYETAaHMM C HUMH CTAaTUYECKOE 30HAHUpoBaHue. U 31aHUM U COOPYKEHUU
HOpMalibHOTO (TIpu  Harpy3kax Ha ¢yaaamenTsl wmenee 0,25 MIla) wu
MOHW)KEHHOTO YPOBHEH OTBETCTBEHHOCTH IMPOYHOCTHBIE M Jie(opMalmOHHbIE
CBOMCTBA JIOMYCKAETCA OMPENEISATh METOJOM CTAaTUYECKOrO0 M JUHAMUYECKOIO
30HUPOBAHMUS.

Jnst o0beKkTOB HOpManbHOTO (IpW Harpy3kax Ha (yHIaMEeHTBl Oosee
0,25 MIla) u TmOBBIIIEHHOTO YPOBHS OTBETCTBEHHOCTH JedopManuoHHbIE
MoKa3aTesd CleAyeT MOATBEPXKIaTh LITAMIIOBBIMU WM MPECCUOMETPUUYECKUMU
UCTIBITAHUSIMU.

Memoo 30n0upoganus. CyniHOCTh METO/a 3aKJII0YAETCS B OIpeneTICHUH
CONPOTUBJICHUS] TMPOHUKHOBEHHIO B TPYHT HaKOHEUHMKa 30HAa (puc. 8).
30HIMPOBAHUE AET MPEACTABICHUE O IJIOTHOCTU M MPOYHOCTH IPYHTOB Ha TOU
WM WHOW TUIyOMHE W XapaKTepu3yeT M3MEHEeHHe ux c riryomHoi. [lo cmocoly
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MOTPYKEHUSI HAKOHEYHUKA Pa3IMYalOT 30HAUPOBAHUE OuHaMuieckoe W
cmamuyeckoe. Ilpyn nMHAMUYECKOM 30HAMPOBAHUU IUIOTHOCTh U MPOYHOCTH
IpyHTa XapaKTepU3yeTCs YUCIIOM yAapoB JJid 3a0MBKU 30HJA Ha OINpPEACIICHHYIO
riyouny. CraTuyeckoe 30HAMPOBAHME 3aKIIIOYAaeTCs B 33JaBIMBAaHUU 30HAA B
TONILY TMOpoJ. Ycuiaue, HeoO0XoaumMoe [UJIs 3aJaBiMBaHUs 30HJAa Ha
OTIPEJICTICHHYIO TIyOUHY, SIBJSETCS XapaKTEPUCTHKOW MIOTHOCTH U MPOYHOCTH
I'PYHTOB.
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Puc. 8. [IpyHuunuanpHasi cxeMa yCTaHOBKH CTaTUYECKOI'0 30HIUPOBAHUS I'PYHTOB:
1 — omopHas pama, 2 — BAHTOBBIE CBaH, 3 — UCTIBITATEIbHBIN 30H1, 4 — TOMKpaT,

Memoo  ucneimanus ~ epynmos  wmamnamvu. B mypdax  wim
HEIMOCPEJICTBEHHO B KOTJIOBAHAX YCTAHABJIMBAETCS JKECTKHUM IITaMIl, TIIATEIBHO
NPUTHUPAsi €r0 K OCHOBaHUIO (puc. 9).
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Puc. 9. [IpuHuunuansHas cxema
YCTaHOBKH JJIs1 UCIIBITAHUS TPYHTOB
IIJIOCKUM LITaMIIOM:

R

1 — mrramm, 2 — ruApaBINIECKAN
JIOMKpart, 3 — UHAUKATOpHas
YCTaHOBKa, 4 — Ipo10JIbHAS YIOpHAs
0aska, 5 — BAHTOBBIEC aHKEPHBIE CBAaU

2000-3000

AN

i
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K mramny momaroBo mNpUKIagbIBacTCs BEpTUKaNbHas Harpy3ka. Ha
OCHOBAHHMH HAOJIOJICHWN 3a IITaMIIOM CTpPOUTCS TpaduK OCaIKHU INTaMIa B
3aBUCUMOCTH OT HAarpy3ku, Ha OCHOBE KOTOPOro To ¢opMmysiaMm Ompenessercs
MOIYJIb 1e(OpMAIIUIA.
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Memoo ucnolmanus 2PYHMO8
npeccuomempamu. VICTIBITAHUE TPOBOMST
5005 B 3apaHee MPOOYpPEeHHBIX CKBaXXMHaAX (pHC.
10). Yepes kaHai B Kamepy MpecCHOMETpa
P noja  JaBi€HUEM  TMojaeTcs  pabouas
KUIOKOCThb.  JlaBlleHME  KHUJIKOCTH B
Kamepax  Iepefjaerca  Ha  CTEHKH
CKBaXXUHBI, 4YTO BbI3BIBAET OOXKaTHE
2 OKpyXxarwuiero rpyHra. Jma kaxmgoun
CTYIEHU 00KaTHsI C MOMOIIBI0 MAHOMETpA
U3MepseTcsl JaBjieHne P U 10 BEIUYHMHE
pacxoja KUJIKOCTH YBEIUYECHHE TMaMeTpa
CKBOXHHBI B CepeAuHe padodeid Kamepbl
Ad. ITo pe3ynabTaTaM UCIBITAHUNA CTPOUTCS
rpaduk 3aBucumoctd Ad=f(P) u 1o
dbopmynam OTpeIeIIeTCs MOJYJIb

A nedhopmaliy rpyHTOB.
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Puc. 10. IlpunnunuansHas cxema
npeccuomerpa: 1 — pabouas
KaMmepa, 2 — IUIaHT JUIS [T01a9u
paboueii KUAKOCTH MO
JaBJICHUEM

IIpakTuueckoe 3ansaTue Nel4
I'eopusuueckue uccaenopanus. Cocras M coaepkaHue HHKEHEPHO-
reoJI0ru4ecKuX 0T4€TOB

['eouznyeckne METONbI PEMIAOT 3aJaud CO3JaHHUS OOBEMHOW MOJENHU
3aJleraHusl TOPHBIX MOPOJ, U3YyYEHHUS UX CBOWCTB, ONPENEIEHUs JUHAMUYECKUX
XapaKTEPUCTUK M CBOMCTB MOJ3EMHBIX BOJI, UCCIIEIOBAHNE U3MEHEHHUI TOPHBIX
NOPOJ] C TEYEHUEM BPEMEHH B PE3YNIbTATE IEATEIBHOCTH YEJIOBEKA.

OCHOBHBIM METOJIOM M3YYEHHUS YCIOBUU 3aJleTaHUsl TOPHBIX IOPOJ,
OLIEHKM MHUHEpaIu3alii MOJ3EMHBIX BOJ U OCOOEHHOCTEW HX (QUIbTpaluu
SBIIAETCS DJIEKTPOPA3BEIKA.

[Ipu CTPOUTENBCTBE KPYIHBIX COOPYKEHUU HCTIOJIb3YETCS
ceiicMopa3Beqka, KOTopass Ja€T HaAEXHbIE CBEACHUS O  IOJOKEHUU
re0JIOTUYECKUX TN U 00 UX (PU3UKO-MEXaHUYECKUX CBOWCTBAX.

DnekmpomazHumnas paszeéedka TpeAHa3HAaueHa JUIsl u3ydeHus reocdep
3emiid, MOUCKOB W pa3BEAKU MOJE3HBIX HCKOMAEMbIX HA OCHOBE H3Yy4YEHUs
Pa3IMYHBIX €CTECTBEHHBIX U UCKYCCTBEHHBIX AJIEKTPOMArHUTHBIX MOJIEH.
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Puc. 11. YcnoBHas cxema ycTpoiicTBa mpuOOpOB 3JIEKTPOPa3BEIKU

OnekTpopa3BeJka OCHOBaHAa Ha  pa3IU4YUM  TOPHBIX  MOpPOA  TIO
AJIIEKTPOMArHUTHBIM ~ CBOMCTBaM.  XapakTep  JJIGKTPOMAarHUTHBIX  TOJIeH
OTIPEJIEIISIETCSl TEODIEKTPUUECKUM CTPOECHUEM M3y4aeMOro Y4acTKa, TaK Kak
HEKOTOpbIE TEOJOTHYeCKhe OOBEKTHl, CIOCOOHBI CO3/1aBaTh COOCTBEHHBIC
AJIEKTPOMATHUTHBIE TOJISI.

DneKTpopa3Beka MOXKET IMPOBOJAUTHCS MHOXKECTBOM (Oosiee IMSATHACCATH)
criocoO0OB pa3BelKU. IJTO OOBSCHSAETCS TEM, YTO B Pa3BEIKE HCIIOIb3YIOTCS
€CTECTBEHHbIE MOJSI KOCMHYECKOW, AaTMOC(EpHOH, 3IEKTPOXUMUYECKOU
TIPUPOJIBI; a TAKKE UCKYCCTBEHHBIC TTOJISI C PA3IMYHBIMHU CITOCOOAMH MX CO3JIaHUs
Y U3MEPEHUSL.

MeTobl 35IeKTPOPa3BEIKH ICIISITCS Ha:

1) 30HAMpPOBaAHMS, KOTOPBIC CIYXaT IS PAaCWICHECHUS TOPHU30HTAIBHO-
CJIOUCTBIX Pa3pe30B;

2) npopuIMpOBaHMS, TIPEAHASHAYCHBI ISl U3YYCHHUS KPYTOCIOUCTBIX CPE/I;

3) 00BEMHBIC METOMABI, OOBEAUHSIONINE BBISBICHHS HEOIHOPOMIHOCTEH
MEX Ty TOPHBIMHU BBIPAOOTKaMHU, CKBRXKHHAMH M 3€MHOM MTOBEPXHOCTHIO.

CelicMuueckasi pa3Bellka OCHOBaHAa Ha W3YYCHUHM pACIPOCTPAHEHUS B
36MHOW KOp€ HCKYCCTBEHHO BO30YXIaeMbIX yNPYruX BOJH. BbI3BaHHBIC
B3PHIBOM WJIM YAapOM YINPYTHUE BOJHBI PACIPOCTPAHSAIOTCS BO BCE CTOPOHBI OT
WCTOYHHUKA BO30YXKICHUS M MPOHHMKAIOT B TOJIY KOPBI Ha OONBIIYIO TIIyOHHY.
371ech OHM MPETEPIEBAIOT MPEIOMIICHUE, OTPAXKEHUE U YaCTUYHO BO3BPAIIAKOTCS
K TIOBEPXHOCTH 3E€MJIM, TJC CO37aBaeMblec WMH KOJICOAHUS PETHCTPHUPYIOTCS
CIIeLIMaJIbHOU anmnapaTypoul. M3mepsiss Bpems pacrpOoCTpaHEHUs BOJIH U XapakTep
KOJICOaHMM, ONMPENeISIIOT ITyOuHy 3ajieraHus B (OpMY TeOJIOTHYSCKUX TPaHHII,
Ha KOTOPBIX MPOU3OIIIO0 TMPEIOMJICHUE WM OTPAKEHUE BOJIHBI, & TAKXKE CYIAT O
COCTaBe MOpPOJ, uepe3 KoTophie mponuia BoiHa. CeiicMopa3Benka MO3BOJISET C
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BBICOKOU TOYHOCTBIO OMPENEIIATh YIJIbl HAKIIOHA T€OJIOTUUECKHUX CIIOEB Jake TIPH
Oonpioil TyomHe mX 3anmeraHus. [lodToMy celCMHUYECKHE METOMABI IIUPOKO
UCTIONIB3YIOT TIPH TIOUCKAaX MECTOPOXKICHUI HEPTH U Tra3a, yris, KaMEHHOU COJIH,
0okcuToB. C €€ MOMOIIbIO YIAETCsl TOJYYUTh CBEACHUS O TIyOMHHOM CTPOCHUU
3eMHOM KOpbl. CelicMOpa3Beka BKIIOYAET JiBa OCHOBHBIX METOAA: METOJ
oTpaxxeHHbIX BoJIH (MOB) u meton npenomieHHsix BosiH (MIIB).

Memoo ompadicennvix 601H OCHOBAaH Ha W3YYCHHH YNOPYTUX BOJMH,
OTPa3UBIINXCS OT TPAHMIIBI pa3fieia ABYX T'eoJorndeckux miactoB. OH OX0X HA
CrIoco0 M3MEpPEeHHs] PACCTOSHUN 10 e B PaJUOJIOKAINU, TIE CICIHATbHBIN
WUCTOYHUK W3Iy4aeT KOPOTKUU DIIEKTPOMArHUTHBIA HMMITYJIbC, TIOCIE Yero
OTIpEIEIISIETCS BPEMsSI BO3BPAIICHHS BOJHBI, OTPA3HBIICHCS OT MPEMATCTBHS, K
UCcTOYHUKY. CKOPOCTh PacmpoCTpaHEHUsSI AJICKTPOMArHUTHOW BOJIHBI B BO3IyXE
U3BECTHA, MOATOMY pPACCTOSHHUE A0 OTPaXKaTeNsl OMPEAENSAIOT, KaK IMOJOBUHY
MIPOU3BEJICHUSI CKOPOCTH Ha BpeMsl MpoOera BOJHBI OT MOMEHTA €€ BO30Y KIeHUs
JI0 BO3BpAIICHUS K TPUEMHUKY.

B ceiicmopasBeake mpoiiecc MPOTEKaeT CJIOXKHEe, TaK KaK CKOPOCTh
pacmpocTpaHeHusl YIIPYTUX BOJH B I€OJIOTHYECKUX Cpelax B 3aBUCHUMOCTH OT UX
coctaBa u3MmeHsiercs. OIHAKO, U3MEPUB BpeMsi Mpodera OTpaKeHHOW BOJIHBI OT
OJIHOTO HWCTOYHHMKA K HECKOJIbKUM TOYKaM HaOJIOACHUIN, MOXHO BBIYHCIIUTH
CKOPOCTb PacCIpOCTPaHEHUs BOJIHBI B CPEJIC U ONMPEEIUTH MOJOKEHUE TPAHUIIBI,
Ha KOTOPOH MPOU30IILI0 OTPAKECHHUE.

Puc. 12. Cxema celicMopa3BeIOYHBIX PadOT METOJIOM OTPAKEHHBIX BOJIH:
1 — ceiicMonpueMHUKH; 2 — celicMOpa3Bel0uHas CTaHIMs; 3 — B3pBIBHOM MyHKT; 4 —
MECTO B3pbIBa; 5 — MpsAMasi BOJIHA; 6 — OTpa’keHHAs! BOJIHA

C 1enpi0 HEMpPEephIBHOTO U3YYCHHUS (POPMBI OTpaXKaIOMIEH TPaHUIIBI
KOJICOaHHST PETUCTPUPYIOTCS OJHOBPEMEHHO BO MHOTHUX Toukax. [lmst 3ammcu
KOJIeOaHMM MTOYBBI UCIIOJIB3YIOTCS CIielIMaIbHbIC yCTpoiicTBa-
CEMCMOPA3BEI0YHBIE CTAHIINH.
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NH:KeHePHO-Te0IOTHYeCKU  OTYeT SBJSIETCA HWTOTOM HMHKEHEPHO-
re0JIOTHYECKUX UCCIICIOBAHNM, NX 3aKJIFOUUTEIBHBIM 3BEHOM.

B cocTtaB oryeta OOBIYHO BXOJUT YETHIPE YacTH: OOIasi, crenuaibHasi,
rpaduyeckue NpUiIoKeHUsI U HH)KEHEPHO-TEe0JIOrMYecKas 3armcKa.

OO6miast yacTh OTYETa HAYMHAETCS C BBENICHHS, B KOTOPOM YKa3bIBAIOTCS
HEeIu U 337a4d UCCIeOBaHMi, cocTaB, 00beM U XapaKTepPUCTUKA BBIMOJTHEHHBIX
paboT, cocTaB MCHOJHUTENEH W Ccpoku paboT. [lanee mpuBoAMTCS OMHCaHHUE
KJIUMaTa, JAeTCsl XapaKTepUCTHKa penbedy, KIUMATHYECKHUM OCOOCHHOCTAM
(Temneparypa, ocaJkd, IPOMEpP3aHHE TPYHTOB, HalpaBieHHE BeTpoB). B riase
«leonoeus pationa» NPUBOJUTCS BECh MaTepHUal MO F€0JIOTHYECKOMY CTPOEHUIO,
TEKTOHUKE, B TJIaBe «I uOpoeeono2usy» ONUCHIBAIOTCS MOA3EMHBIE BOJIbI, YCIOBUS
WX MHUTAaHMS, COCTaB, arpeCCUBHOCTb, (PUIBTPAMOHHBIE CBOMCTBA MOPOJ U Jp.
Jlanee neranpbHO OMUCHIBAIOTCS «[Ipupoomusie eceonoeuueckue sAGNeHUs U
UHIHCEHEPHO-2e0N02U4ecKUe  npoyeccvl», KOTOPbIE MOTYT IMOBIHATh  Ha
CTPOUTEIBCTBO U IKCIUTYaTallUI0 COOPYKEHUS.

CriennanbHast 4aCTh OTYETOB COJNEPKUT METOJIMKY MCCIIEJOBaHUM, (PU3UKO-
MEXaHUYECKHE CBOMCTBA IPYHTOB.

B koH1E oTdeTa naercs 3aKIIOYEHHE C OCHOBHBIMHM BBIBOJAMH IO BCEM
paznenam. K oTuery mpuiararoT pa3iuuHbIi rpaduyeckuii Marepuain (KapThl,
pa3pesbl, KOJIOHKU Pa3Be0YHBIX BBIPAOOTOK).

B nmnpakTtHke WHXEHEPHO-T€OJOTMYECKUX MCCIEI0BAHUA OYE€Hb YacTo
BMECTO OOJIbIINX OTYETOB MPUXOJUTCA COCTABIATH MHKEHEPHO-TEOJIOTHYECKHE
3aKJIFOYEHHUS. BhIIENSIoTCS Tpy BUAA 3aKJIFOUEHUM:

1) Mo ycnoBusIM CTPOUTENBCTBA OOBEKTA

2) o mpuuMHax aegopMalnii 31aHUIA U COOPYKEHUM

3) skcmepTu3a.

B nepBoMm ciydyae 3aKIIOYEHME HOCHT XapakKTep COKPALIEHHOIO
3aKJTFOYEHUSI U MOKET OBITh BBIMOJTHEHO JUIsI CTPOUTEIHCTBA OT/IETHLHOTO 3/IaHMS.
3akoueHue O MpUYMHAX JaepopManvii 3MaHUM U COOPYKEHUH MOTYT UMETh
pa3iauyHOe cojepaHhue M O00beM. 3aKIOYEHHE JIOJKHO BCKPBITH HMPUUYUHBI
nedopmanii ¥ HAMETUTh MYTH UX YCTPaHEHHUS. DKCMEpPTH3a CHUIIAMH KPYITHBIX
CHEUUAIMCTOB  YCTAHABJIMBAET: IMPAaBWIBHOCTh MPHUEMOB  HMCCIEAOBAHUM,
JIOCTAaTOYHOCTh 00BEMOB padOT, MPABOMEPHOCTh BBIBOJIOB M PEKOMEHIAIUN U

T.1.

IIpakTnuyeckoe 3anstue NelS
Omnpenenenue TpedyemMoro oobemMa u BUAA pa3Bel0YHbIX BLIPA00TOK NPH
NPoOBeIeHNH HHKEHEPHO-T€0JIOTMYeCKUX U3bICKAHM I

Pa3Benounbie BEIPaOOTKY BHITIOJHSAIOTCS B BUJIE CKBOXXHH U MTyp(OB.

KonuyectBo 11ypdoB 1o OTHOIIEHWIO K CKBakMHaMm cocrtapiser 1:10 —
1:20. CkBaxunbl ¥ mIypdbl CJIeAyeT pacmojiaraTh MO KOHTypaM WU OCSM
MPOEKTUPYEMOIO 3[IaHHsl, B MECTaX pE3KOro HW3MEHEHHS Harpy3oK Ha
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dbyHmaMeHThl, TIyOMHBI WX  3aJO0XKEHHUS, Ha TpaHHULAX  Pa3IUYHbIX
reoMopdoJIOrHYEeCKUX JEMEHTOB. [l BRICOTHBIX 37aHuil Oonee 15 sTaxkeil Ha
IJIOIIA/IKE TPOBOAST UCIIBITAHUS TPYHTOB OINBITHBIMU HArpy3KaMu.

Paccmosinue mescoy ckeasxcunamu yCTaHABIUMBAETCS B 3aBUCUMOCTH OT
CJIIO)KHOCTH HH)KEHEPHO-T€OJIOTUYECKUX YCJIOBUW WU YPOBHS OTBETCTBEHHOCTHU
MPOEKTUPYEMOTO 3IAHUS:

Kareropus PaccTostnue Mex 1y CKBaKMHAMM JUJIS
CJIO)KHOCTH MUH>KEHEPHO- 3nanuid | u |l ypoBHEN OTBETCTBEHHOCTH
IEOJIOTUYECKUX YCIOBUU I 1

I 75-50 100-75

I 40-30 50-40

Il 25-20 30-25
prvzeuaHue — bonpime 3HaueHUs paCCTOHHI/Iﬁ CJICAYyCT NPUMCHATH JIA 3,HaHPII>i nu
COOPY)KGHI/II;'I MaJIOYyBCTBHUTCIbHBIX K HCPAaBHOMCPHBLIM OCaJgKaM, MCHbBIOHUEC - JId

YyBCTBUTEIbHBIX K HEPABHOMEPHBIM OCaJKaM, C YYETOM pPETrHOHAJIbHOIO OINbITa U
TpeOOBaHUIN POEKTUPOBAHUS.

Obwee Konuuecmeo TOPHBIX BBIPAOOTOK B Ipeaesax KOHTypa Ka)I0ro
3naHus U coopykeHus Il ypoBHS OTBETCTBEHHOCTH JOJIKHO OBITh, KaK MPaBUJIO,
HE MEHee TpeX, BKJIIOYas BBIPA0OTKHU, MPOWJICEHHBIE paHee, a s 3JaHUl U
coopykeHui | ypoBHSI OTBETCTBEHHOCTH — HE MeHee 4—35 (B 3aBUCUMOCTHU OT
HX BHAQ).

IIpn pacnionoxxennu rpynnsl 3nanuid II u 111 ypoBHEN OTBETCTBEHHOCTH,
CTPOUTENIBCTBO KOTOPBIX OCYLIECTBIIAETCS MO TUIOBBIM MPOEKTAM, a TAKKE IS
TEXHUYECKH HECIOXKHBIX OOBEKTOB Ha YYacTKE C MPOCTBIMH M CpeaHen
CJIO)KHOCTH HWHXEHEPHO-TEOJOTUUECKUMH YCIIOBUAMHU, pa3sMepbl KOTOPOro He
BBIXOAAT 3a IIpefeibl MAKCUMAJIbHBIX  PACCTOSSHUM  MEXKAY TOpPHBIMU
BbIpaboTKamu (corsacHo Tabmuiie 8.1), BRIpabOTKHU B Mpeesiax KOHTYpa KaKI0TO
3JaHUSl U COOPYKEHHUS MOTYT HE MpeAyCMaTpUBaThCs, a 00IIee UX KOJIUYECTBO
JIOTTYCKAeTCsl OrpaHUYMBATh MATHIO BRIPAOOTKAMM, paciiojlaraéMbIMU MO YIJlaM U
B LICHTPE y4yacTKa.

Ha yuactkax otzmenpHO crosimmx 3maHui U coopyxeHuid III ypoBHs
OTBETCTBEHHOCTH (CKJIaJCKHE MOMEUIEHUS, TaBUIIbOHBI, TIOJICOOHBIE COOPYKEHUS
U T.I.), pa3MellaeMblX B TMPOCTbIX M CPEIAHEH CIOKHOCTH HHKEHEPHO-
re0JIOTUYECKUX YCIOBUSX, CIEyEeT MPOXOAUTh 1-2 BRIpaOOTKH.

['nyOMHBI TOPHBIX BBIPAOOTOK TMPU M3BICKAHMSX JUISl  3JaHUM U
COOPYKEHUH, MPOCKTUPYEMBIX HA €CTECTBEHHOM OCHOBAaHHH, CIEAYET Ha3HAYaTh
B 3aBHCHMOCTH OT BEJIMYUHBI CXKMMAEMOM TOJIIU C 3ariyOJIieHUEM HIKE Hee Ha
1-2 m.

[Ipu oOTCyTCTBMM HAHHBIX O CXKHMAeMOM TOJIIE TPYHTOB OCHOBAHUU
(byHIaMEHTOB TNyOMHY CKBa)XKHMH CIlIEAyeT YCTaHaBIMBaTh B 3aBHUCHUMOCTH OT
TUTNIOB (DYHJJAMEHTOB U Harpy30K Ha HUX (3TaKHOCTH) MO TabIHUIIE.
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3/1aHr€e Ha JJEHTOYHBIX (DyHIaMeHTaxX 3/1aHue Ha OT/IENBHBIX ONOpax
['myOuna ropHou ['myGuHa ropHoi
Harpyska na
BBIPAOOTKU OT Harpy3ska Ha BBIPAOOTKU OT
dynaament, kH/m
MTO/TOTITBEI omopy, kH TIOJTOIITBEI
(3TaXXHOCTH)
byHmamenTa, M byHIamMeHTa, M
Jlo 100 (1) 4-6 J1o 500 4-6
200 (2-3) 6-8 1000 o5-7
500 (4-6) 9-12 2500 7-9
700 (7-10) 12-15 5000 9-13
1000 (11-16) 15-20 10000 11-15
2000 (6onee 16) 20-30 15000 12-19
50000 19-26
Ilpumeuanus:

1. MeHbpmMe 3HAYEHUS TIIYOMH TOPHBIX BBIPAOOTOK MPUHUMAKOTCS TPU OTCYTCTBUHU
MOJI3EMHBIX BOJI B COKUMAEMOH TOJIIIE TPYHTOB OCHOBAHUSI, & OOJIBIIHE - IPH UX HAJTHYUH.

2. Ecim B mpexnenax TayOWH, yKa3aHHBIX B TaOJHIIE, 3JIETalOT CKAJIbHBIC TPYHTHI, TO
TrOpHBbIC BBIPAOOTKH HEOOXOAMMO IPOXOJUTh Ha 1-2 M HHXKE KPOBIM CIIa0OBBIBETPEIIBIX
TPYHTOB HWJIM MOJOIIBBI (DyHIaMEHTa MPH €ro 3aJI0’KEHUW Ha CKAJIBHBIA TPYHT, HO HE Ooliee
MIPUBEICHHBIX B TAOIUIIE TITYOHH.

3. Ha yuwacTkax pacHonokeHus clabblX NOpoj (BOJOHACHIIIEHHBIE NECKH, TOp(, M)
CKBAKMHBI JIOJDKHBI MPOMTH MX HAaCKBO3b U Ha 2-3 M BOUTH B IOPOJbI, KOTOPbIE MOTYT
CIIY’)KHTh HaJIS)KHBIM OCHOBaHHEM.

['myOuHy TOpHBIX BBIPAOOTOK MPH TUIMTHOM THUIE (PYHIAMEHTOB (IITUPHHA
dbynmamentoB Oosiee 10 M) creayer ycTaHaBiIMBaTh IO pacyeTy, a Mpu
OTCYTCTBUM HEOOXOIMMBIX NaHHBIX TIyOMHY BbIpaOOTOK clieAyeT NPUHHUMATh
paBHOW MMOJIOBUMHE IIMPHUHBI (yHIaMeHTa, HO He MeHee 20 M [ HEeCKaJlbHbIX
rpyHTOB. [IpH 3TOM paccTosiHre MeXay BbIpaOOTKaMH JOJHKHO ObITh HE Oosee 50
M, a KOJIMYECTBO BbIPAOOTOK — HE MEHEE TPEX.

IIpn nHarpy3ke Ha kycT BHcsuux cBail cBbimie 3000 xH, a taxxke npu
CBalHOM MOJI€ MO BCEM coopykeHueM rinyouny 50% BbIpaOOTOK B HECKAJIbHBIX
IpyHTax CIJIeAyeT YCTaHABJIMBATh HMXKE MPOEKTUPYEMOW TITyOMHBI MOrPYXKEHUS
HIDKHETO KOHIIA CBal, KaK IPaBUJIO, HE MeHee yeM Ha 10 m.

['myOuHy TOpHBIX BbIPAaOOTOK MpU ONMUPAHUM WIM 3ariyOJeHUUd CBall B
CKaJbHBIE TPYHTBHl CIEAyeT MPUHUMATh HIDKE TMPOCKTUPYEMOU TIITyOHHbBI
NOTPY’KEHHSI HIP)KHETO KOHIIA CBAall HE MEHEE YeM Ha 2 M.

Jlnia cBaii, pabOTalOIMIKMX TOJIBKO HA BBIAEPTHBaHHUE, IIyOHHY BBIPaOOTOK
clleqyeT NpPUHUMATh Ha | M HHXE MPOEKTHUPYEeMOH TIIyOHHBI TMOTpY>KEHUs
HIDKHETrO KOHIIA CBal.
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