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MHHEPAJIOB Y TOPHBIX MOPOJ, JaHA METOJMKA ONPEACIEHUS MPOYHOCTH U
KPENOCTH F'OPHBIX MTOPOJ IT0 UX MUHEPAIIBHOMY COCTAaBY

IIpennaznaueHa jisi  CTYJEHTOB TOPHBIX W CTPOUTEIBHBIX
CIIEIUAIILHOCTEN



Beenenue. Lleau u 3agaun padoThl

["opHBIE TOPOJIBI PA3HOTO BO3pACTa, MPOUCXOKACHUS U TIeTporpadu-
YECKOr'0 COCTaBa B MHXKCHEPHOW Ie0JOTUU U3YyYAIOTCS MPEkKIE BCErO Kak
O0OBEKT MHKEHEPHOU ACATEIBPHOCTH M KAK I'€OJIOTMYecKas cpena Juisl pas-
MEILEHUSI COOPYKEHUM W BEJEHUs] TOpHBIX paboT. MccimemoBaHuio »Toi
Cpelibl B MHKEHEPHOMW I'€0JIOTUH yIeNsAeTcsl 0COOCHHOE BHUMAaHUE, B YacT-
HOCTH, U3YYECHHIO (DU3NYECKUX CBOMCTB ClIaraloluX €€ TOPHBIX MOPO/I.
Pe3ynbTarsl 3TUX MCCIEAOBAaHUN HCIOIB3YIOTCS MPU pacdeTax TrTyOuHbI
3aJI0KEHUA (PYHAAMEHTOB WMH>KEHEPHBIX COOPYKEHHH, HECyllell crnoco0-
HOCTH B OCHOBAHHUSAX COOPYKEHHMI HA3€MHBIX TOPHBIX MPEANPUSITHH,
BBIOOpE YIJIOB M KOHCTPYKIIMH OTKOCOB, TOPOKHBIX BBIEMOK M KOTJIOBa-
HOB, TMIPU pacyeTe OObEMOB BCKPBIIIHBIX PaOOT, MPOEKTUPOBAHUU YCTY-
OB U OOPTOB KapbepoB, MPHU pacuerax yCTOWYUBOCTH MOA3EMHBIX COPY-
KEHUU M TOPHBIX BBIPAOOTOK U Jip. OT (Pu3MUEeCKuX CBOMCTB TOPHBIX
OPOJl 3aBUCUT BO3MOXHOCTh Pa3BUTHSA Pa3HOOOPA3HBIX HEOIAronpusT-
HBIX T€0JIOTHYECKUX SIBICHUM — FOPHOTO JaBJIEHHs, 0OBAJOB, OMOJ3HEM,
00OBOJIHEHHOCTH TOPHBIX BBIPAOOTOK, a B I[EJIOM — YCJIOBUS MPOU3BOJICTBA
CTPOUTEIBHBIX U TOPHBIX PadoT.

[enpto maHHOM J1abOpaTOPHON PabOTHI SABIAETCS 3aKpEIJICHUE CTY-
JIEHTaMU TE€OPETUYECKUX 3HAHMM, TOJIYYEHHBIX Ha JIEKIUIX, U TpuodpeTe-
HUE HABBIKOB MPHUOJIN3UTEIBHON OLEHKHU MMPOYHOCTU TOPHBIX HOPOA MO UX
MUHEPAIIbHOMY COCTaBy. JTH 3HaHUS OyIyT HEOOXOIHUMBbI CTyJACHTaM B
JATbHEWIIEM IPU M3YYECHHH TOPHO-TEXHOJOTMYECKUX W CHENUAIBHBIX
CTPOUTEbHBIX JUCIUILINH.

1 Teopernueckue moJI0KeHUs!

[Tox ¢usznueckuMu CBOMCTBAMU FOPHOW MOPOJIbI TOHUMAIOT €€ 0CO-
0oe moBe/ieHHE (OTBETHYIO PEAKIMIO) MPU BO3JCHCTBUU Ha HEE OIpese-
JICHHBIX (PU3MYECKUX CUJI, MPOILIECCOB WM HANpPsKEHUM. YUCIEHHO KaXK-
noe (puznueckoe CBOMCTBO MOPOJABI OIIEHUBACTCS OJHUM WM HECKOJb-
KUMHU TlapaMeTpamMu (TIoKa3aTeIsIMH, XapaKTEPUCTUKAMM), SBIISIOITUMUCS
KOJIMYECTBEHHON MEPOU CBOWCTB.

C 1enpro CONMOCTABJIEHUS PA3HBIX MOPOJ BBIICISIOT HEKOTOPYIO OT-
PAaHUYCHHYIO TPYIIy (PU3MUECKUX MapamMeTpoB, SIBISIONIYIOCS HEOO0XOIU-
MOM M JIOCTaTOYHOMW ISl XapaKTEPUCTUKUA TOPOJbl KaK (PU3UYECKOTO U
TCOJIOTMYECKOTO Tella M OOBEeKTa TOPHOM pa3pabOTKU OJIHOBPEMEHHO.



Takune mapaMeTpbl TOPHBIX MOPOJ Ha3bIBalOTCS 0a30BbIMU. K 0a30BbIM
OTHECEHO 12 He3aBUCHUMBIX (PU3MUECKUX MMAPAMETPOB TOPHBIX MOPOJ, MO3-
BOJISIFOIIMX BBIYMCIUTh MaKCUMaJbHOE KOJMYECTBO APYTHX IMAPAMETPOB.
OpnuM n3 0a30BbIX NOKa3aTeNneil (PU3NKO-MEXaHUUYECKUX CBOMCTB FOPHBIX
NIOPOJI SAIBJSETCS TPOYHOCT.

IIpoyHOCT, TOPHOW MOPOABI WM MHUHEpPAIA OIPEACIACTCA
BEJIMUMHON KPUTHUECKUX HAIPSIKEHUH, TPU KOTOPBIX TPOUCXOIUT UX pa3-
pylieHrue. DTU HANpPSHKEHUST Pa3IMYHbl JUIsl pa3HbIX MUHEPAJIOB, TOPHBIX
nOpoJ W JUIS Pa3HbIX BHUAOB MNPHIOKEHHBIX Harpy3ok. OHHM HOCST
Ha3BaHUE mpeaeaoB npoyHocTu. Hanpsokenus B cucreme CU n3mepsror-
cst B mackamsix (ITa). 1 Ma= 1H/m* = 1 kr/m ¢ 1 MITa = 1 x 10° I1a. Pas3-
JUYAKOT TPEAENbl MPOYHOCTH TOPHBIX MOPOJ W MUHEPAJIOB IMPU CKATHUU
(8 cx), pacTsikenuu (O p), casure (O ciB), u3rude (0 u3r) u T.4.

Paspymienue — 3TO pa3pbiB CBSA3CH MEXKIAYy aTOMaMuM WU MOHAMH B
KPUCTAJUTMYECKOM pelieTke MuHepana. Bennuunsl cui, HEOOXOAUMBIX IS
pa3pbiBa, 3aBUCAT OT THUIA MEKATOMHBIX CBSI3€M W CTPOCHHS KpPUCTAJ-
JIMYECKOW PEUIETKU BEIIECTBA.

[Ipo4HOCTH TOPHBIX MOPOJ U MHUHEPATIOB U3y4YaeTCs MPU OAHOOCHOM
HaIpsOKEHUH, T.€. KOTJAa BHEIIHHWE CHIIbI JCUCTBYIOT B HAIPAaBICHHHU OJI-
HOU OCH, W Pa3pyLICHUE MPOUCXOJNUT IPHU CKATUU B OJTHOM HaINpPaBICHUU
(0 cx).

[Ipo4yHOCTH 00PA3LIOB TOPHBIX MOPOJ OOBIYHO HE COOTBETCTBYET HC-
TUHHOU IIPOYHOCTHU TOPHOM IOPOABI B YCIOBUAX €€ €CTECTBEHHOIO 3aJIera-
Husa. Ilpy 3TOM MNPOYHOCTH OTACNIBHBIX DBJIEMEHTAPHBIX OO0BEMOB
(0Opa3LoB) TBEPABIX TOPHBIX MOPOA OOBIYHO 3HAYUTEIBHO IPEBBIIIAET
NPOYHOCTh TOPHOM MOpoasl B MaccuBe. OOBSICHSAETCS 3TO ABYMs OcCiad-
asomuMu - pakTopamMu: 1 — TPEHIMHOBATOCTHIO, T.€. COBOKYIMHOCTHIO
TPELIMH PA3JIMYHOIO T'E€HE3UCAa, PACTIOIOKEHHBIX B TOPHOM MOPOJE Yepe3
0,01-5,0 M; 2 — HaIMUKWEM B TIOPOJIAX MHKPOIPOCIOUKOB CIA0BIX CITFOJ,
[JIMHBI, OpraHUYecKUX ocTaTkoB. Ocnadusromre (HaKkTOpbl YUUTHIBAIOTCS
BBEJICHUEM B 3HAUEHHMS MPOYHOCTH CHUXKAIOLIEro KO3 (ulreHTa
CTPYKTYPHOTO OCJa0JICHUS, KOTOPBIA MIPUMEHSETCS TIPU MPOSKTUPOBAHUHU
TOPHBIX BBIPAOOTOK.

1.1 IIpo4yHOCTH MUHEPAJIOB

Y CTaHOBIIEHO, YTO MPOYHOCTh TOPHBIX MOPOJ 3aBUCUT OT MHOTHX
(GakTOpOoB, HO OJHUM U3 OCHOBHBIX SIBJISIETCS METporpaduuecKuii
(MUHEpaJIBHBIN) COCTaB TOPHBIX MOpo. [Ipeobnaganue B mopojae TeX WM



WHBIX MHHEPAJIOB CYIIECTBEHHO CKa3bIBA€TCS Ha €€ IMPOYHOCTH. Takux
MUHEPAJIOB, OKa3bIBAIOIIMX OCHOBHOE BJIMSHHUE HA MPOYHOCTh TOPHBIX
opo/Ji, BeIJIeNIeHO uyTh Oosiee 20 (tabmuma 1). B kagacTpe dbuznueckux
CBOMCTB 3TH MHUHEPAJbI IO MIPOYHOCTH JEIATCA Ha 3 Tpynmbl: 1 — MUHe-
panel npounsie (0 cxk.>100 MIIa), 2 — MuHepanbl cpelHE MPOYHOCTU
(0 cokx. = 30 — 100 MlIla), 3 — wmwumHepanbl ciabol TPOYHOCTHU
(0 cx. <30 MIIa).

Ta6nuna 1 — ITpounocts Munepaon (B MIla)

I rpynma 2 rpynna 3 rpynma
HazBanue [Ipou- | HazBanue [Ipou- | Ha3zBaHnue [Ipou-
MUHEpaJia HOCTh | MUHEpaJIa HOCTh | MUHEpaja HOCTb
KopyHnn 500 | I'ematur 60 | Chanepur 20
KBapn 400 | ITuppotun 98 | AHTUOpUT 44
OnnBuH 220 | luoncup 89 Tanbk 28
JlaGpanop 200 | XaJIbKOUPUT 96 | Kambiut 16
(mmarnoksas)

XaJuea0H 180 | Jlonomut 90 ['unc 40
Optoknas 130 | Maruetut 52 | 'nmuHuCTHIE 12
MUHEPAJIbI
[Tuput 128 | Poroas 94 | KaonuauT |
oOMaHKa
Cugeput 123 | Marge3ur 40
MUKpPOKINH 123 | Amarut 78
AnpOuT 110 | ®moopur 40
Hedenun 110 | Marue3ur 49
XpoMHUT 104 | CepnenTun 68
XJIOpUT 40
["anut 32
buotur 69

W3 nopomnoodpa3yronmx MUHEPAIOB HauOOIbIIEH MPOYHOCTHIO 00-
JTamalT KBapIl, TOJIEBbIE INMAThl, OJIMBHH, IMHPOKCEHBI, aM(pUOOIIBI.
[IpucyTcTBHE B TOPHBIX TOpOAaX ATHUX MHUHEPAJIOB TOBBIIMIACT IIPEaeI
IPOYHOCTH TOpoJibl. M1 Hao6opoT, eciiv B cOCTaB TOPHOUM MOPOIBI BXOISAT
MaJIONIPOYHbIE MUHEPAJbl (KAJBIHT, CII0JAa), TO €€ TIpeneia MPOYHOCTU
3HAYMTEIIPHO CHIKACTCS.



1.2 IIpoYyHOCTH rOPHBIX MOPOJ

[Ipo4HOCTHBIE XapaKTEPUCTUKN TOPHBIX MOPOJA, KPOME MHUHEPATBHO-
ro COCTaBa, OYEHb YYBCTBUTEIIbHBI K UX CTPYKType. CTPYKTYpHBIE CBS3U
MEXJly MUHEPAJIbHBIMU 3€PHAMH B PA3HBIX I'€HETUYECKUX THUIIAX TOPHBIX
MOPOJI CYIIECTBEHHO OTIWYAKOTCA W MOAPA3JAECISAIOTCA HAa HEIOCPEICTBEH-
HbI€ (KPUCTAUIU3ALMOHHBIE), [IEMEHTAMOHHBIE U TIaCTUHU3UPOBAHHBIE.

[Ipyn HEnmocpeacTBEHHOM KOHTAaKTE MHUHEPAJbHBIC 3€pHA «CIIMBAIOT-
Cs» MEXIy CcoO0OM  MOIIHBIMH CWJIaMH  3JEKTPOMOJEKYISPHOTO
B3auMoievcTBrsl. CHJIbl CHEIUICHHS Ha IUIOIIAJIKaX MCTUHHOTO KOHTAaKTa
JOCTUTAIOT BEJIWYMH, YAaCTO 3HAYMTEIBHO ITPEBBIMIAIONIMX IIPOYHOCTh Ha
pa3pblB CaMUX MHUHEpaIbHBIX 3€peH. CBA3M JAHHOIO THUIIA XAPAKTEPHBI
JUISl MarMaTUYECKUX U METaMOP(PUUECKUX MOPOJ U HA3BIBAIOTCS KPUCTAJI-
AM3auMOHHBIMHA. OLEHKY ITPOYHOCTH ATUX IOPOJ MOKHO JaTh HA OCHOBE
MaKpOCKOITMYECKOT0 OMNPENEIICHUsI UX MHUHEpajabHOro cocraBa. Ho mpu
ATOM HEOOXOJUMO YUYHUTHIBATh, YTO C YBEIIMUEHUEM Pa3MEPOB 3€PEH MUHE-
pajoB IPOYHOCTh PABHOMEPHO3ZEPHUCTBIX NOPOJ (IPH MPOYUX PABHBIX
yCHOBUAX) maaaeT. [IpoYyHOCTh MENKO3EpHUCTHIX TPAHUTOB BBIIIE, YEM
KPYITHO3EPHUCTHIX. Y BEIMUYEHUE pa3MepoB 3epeH oT 1 1o 100 MM cHuxka-
€T MPOYHOCTh MOPOJ MouTh B 2 paza. Ilpu manpHEMmeM pocrte pa3MepoB
3epeH U3MEHEHUE MNPOYHOCTH He3HauuTenbHO. [lopdupoBas cTpykTypa
MOBBIIIAET MPOYHOCTHh MOPOJ B CiIydae, €CIM MOPQUPOBBIE BKIIOUCHUS
MaJibl, @ OCHOBHAsI Macca TOHKOKPUCTAIUIMYECKAst Win cruromHas. CTpyk-
Typbl TPOPACTAHUSI MUHEPAJTIOB YBEINYUBAIOT TPOYHOCTH, a4 CTEKIOBATHIEC-
YMEHBIIAIOT.

[Ipo4yHOCTH MOPOA C LIEMEHTAUMOHHBIM THUIIOM CBSI3€M (OCaTO4HbIC
MOPO/IbI) ONPEIEIAETCA HE TOJBKO CBOMCTBAMU MUHEPAIIbHBIX 3€pEH U 00-
JIOMKOB, HO COCTaBOM M CBOMCTBAMM LIEMEHTUPYIOLIETO BEIIECTBA, TUIIOM
[EMEHTAIlUU U XapaKTepOM CBs3€l MeX]y OOJOMOYHBIM MATEpUATIOM U
EMEHTUPYIOIUM BelecTBOM. [103TOMy OOBIMHOTO MaKpOCKOMHUYECKOTO
ONPEAEIICHUS MUHEPAIIBHOTO COCTABA JJIsl OLEHKHA UX IPOYHOCTH HEJIOCTa-
TOYHO. [IpOYHOCTH TVIMHUCTBIX NOPOJ, HAIIPUMEpP, IVIMHUCTBIX CJIAHIIEB
BOOOI1I€ HEBO3MOXHO OIPEJEIUTh [0 MUHEPATBHOMY COCTABY.

B TOHKOAMCIIEPCHBIX MOPOJaX KOHTAKTHl MUHEPAJIbHBIX 3€PEH ILJIac-
TUHU3UPOBAHBI  aICOPOUPOBAHHBIMU  BOJIHO-KOJUIOMJIHBIMU  TIJICHKAMHU.
MexyacTUUHBbIE CBSI3M B TaKMX MOPOJAX OCYIIECTBISIOTCS 4Yepe3 copOu-
POBaHHBIC IUIEHKM BOJBI. [IpOYHOCTP BOJHO-KOJUIOWIHBIX CBSI3€M Ha



HECKOJIBKO MOPSIKOB HUXKE MPOYHOCTH KPUCTAIUIU3ALMOHHBIX U [IEMEHTA-
[IMOHHBIX CBSI3EH.

HBIX [IOPOJI IPUBE/ICHA B TaOIUILIE 2.

Ta6nuua 2 — [Tpo4HOCTh TOPHBIX TTOPO/T

[IpounocTs Hanbojee pacrnpocTpaHeHHBIX, B T.4. B Ky30acce, rop-

NoNo Ha3zBanwne noposl 0 cxk, Mlla
n/m
MarmaTuyeckue nopojabl

1 | dysur 115

2 | [lupokceHur 250

3 | T'opHOaengut 270

4 | JTabpamopur 165

5 |T'ab6po 170-290
6 | Jluopur 130-270
7 | 'ab0poamoput 220

8 | JluoputoBbiii OpPUpUT 90-250
9 | I'panogmopur 90-250
10 | I'panwut 120-240
11 | I'paHuT OMOTUTOBBIN 185
12 | Cuenurt 180-250
13 | Yprur 170
14 | IlermaTur 135
15 | bazaneT 90-460
16 | Jlmaba3 110-330
17 | bazanbToBBI MOPpHUPUT 200
18 | AH1e3UTOBBIN HOpPUpPHUT 130-300
19 | KBapueBblii nopdup 170-230
20 | Tyd ByIkaHUYECKHI 10-80




ITponomkenue Tadauibl 2 — [IpoYHOCTH TOPHBIX TTOPO/T

NoNo Haszpanue nmopoasl o cxk, MlIla
n/m
MeTtamopduyeckne nopoabl

1 | I'meiic 80-250
2 | KBapiut 170-380
3 | KBapuut xene3ucThin 280

4 | Mpamop 95-200
5 | Kpucramnuueckue CiaaHIbl 20-160
6 | PoroBuk 250

7 | CkapH rpaHaTOBbIN 250

OcaiouHble NOPOABI

1 | bpexuus 170

2 | Konrnomeparsl 80

3 | IlecuaHUK MEJIKO3EPHUCTHIN 140-240
4 | [lecyaHWK KPYITHO3E€PHUCTHIN 120-140
5 | AneBpoaut 10-30
6 | Mepreinb 0,5-10
7 | 3BeCcTHSIK 30-190
8 | I3BeCTHAK MpaMOpPHU30BAHHBIN 160

9 | I3BecTHsIK meIuTOMOP(HBIN 110-170
10 | Jlomomurt 150-200
11 | KamenHas conb 35

12 | ®ochoput Jo 60
13 | Aprusur 0,5-50
14 | Cnanen riiiHUCTBIN 15-75
15 | CnaHen nec4aHUCTBIN 40-110
16 | KoHriomepar KpEMHUCTBIN 70-100
17 | KoHriomepart W3BECTKOBBIN 40-85
18 | KoHrnomepar riiMHUCTBIN 25-30
19 | OpraHoreHHbIl W3BECTHSIK 10-20
20 | bpekuus 25-85




ITponomkenue Tadauibl 2 — [IpoYHOCTH TOPHBIX TTOPO/T

NoNo Ha3zBanue noposl o cxk, MlIla
n/m
Ky3Heukuil yroJbHblil 0accelH
1 |Ilecuanuk (IEMEHT KPEMHHUCTBIN ) 100-150
2 | Ilecuanuk (1leMeHT KapOOHATHBIN) 140-180
3 | IlecuaHuk (1IEMEHT TJIMHUCTHIN) 60-100
4 | AneBponuT (IEMEHT KPEMHHUCTBIN) 64-117
5 | AneBpoauT (1ileMeHT KapOOHATHBIN) 62
6 | AneBponuT (IIEMEHT TJIMHUCTHIN) 19-55
7 | Apruuit (LIeMEeHT KapOOHAaTHBIN) 15
8 | Aprisiut (LIEeMEHT TIIMHUCTBIN ) 11-48
9 | KameHHBIN yroJib 0,4-2,6

1.3 KpenocTs ropHbIx nopoj

[IprMEHUTENBHO K TOPHBIM MTOPOJAM, KOT/Ia UMEIOT MECTO CIOKHBIE
MPOLECCHl MEXAHWYECKOTO Ppa3pyIlICHHs, Yallle HCMOJIb3YETCS MOHATHE
kpenoctd. Kpenocrs ropHbIX OPOJT — 3TO XapaKTEPUCTUKA COMPOTUBIISIC-
MOCTH TOPOJI UX JOOBIBAHUIO — TEXHOJIOTMYECKOMY Pa3pylIeHUI0. ITO MO-
HATHE KpenocTu BBeneHO npod. M.M.IIpoToabIKOHOBBIM, KOTOPBINA s
KOJIMYECTBEHHOM OLIEHKU KPEMOCTH MPEIIOKUIT KOIPPUUUEHT KPEernocTu
(f), B mepBoM TPUOIMIKEHUH TPOMOPIHMOHAILHBINA Tpeaeny MPOYHOCTH
nopoibl npu cxatuu. MM Oblna paspaboTaHa IIKajga TOPHBIX MOPOJ IO
KpPEMOCTH, B COOTBETCTBUU C KOTOPOH BCE FOPHBIE MOPOJIbI pa3eiICHbl Ha
10 kareropuii. K mepBoii KaTreropuu OTHOCSATCS MOPOJIbl, UMEIOIINE Hau-
BBICIIIYIO cTeneHb kpenoctu (f = 20), k AecsaTol — Haubosee cnadble bl
Byune nopojsl (f = 0,3).

Knaccudukamus M.M.IIpotoabsikoHoBa (Tabnuia 3) ocHOBaHa Ha
COITOCTABIICHUU COMPOTHUBIISIEMOCTA TOPHOU MOPOJIbI MEXaHUYECKUM BO3-
JIEUCTBUSIM C €€ MPOYHOCTHIO HAa OJTHOOCHOE CxkaTue (O cxk). Benuuuny
koadpunmenta kpenoctu M.M.IIpoTOABSIKOHOB ONpPEENsa U3 COOTHOIIIE-
HUS

f=0cx X 10'7, r¢ CAUHUIICH U3MEPEHHUS O, SABIISICTCS

IMIIa = 1 x 10° ITa, u Torma f = 5?—09*0

10




bonee To4HO CBSI3b MEKIY

0 CK

O CK BBIpAXKAETCS JPYTUMU 00Jiee CIOKHBIMU (HOPMYyJIaMH.

u f B o0nacTu OOJBIIMX 3HAYEHUU

Tabmuuma 3 — Krnaccudukamumsi TOpHbIX — mopon  (mo  mpod.
M.M.IIpoTOIbSIKOHOBY )
Kare- | Crenenb [Topoasl Koad-
ropHsi | KpEHmoCTH dunuent
Opo/JI Kpemnoc-
™ f
I B Bricuieit | HaubOonee kpernkue, IJIOTHBIE KBAPIUTHI, 20
cTeneHu | 0a3anbThl, UCKIIOUYUTEIBLHO KpPENKUE JIpy-
KPENKUE | THE OPOBI
IT | Ouenb OdeHb KpENKUe TPAHUTOBBIE TOPOIBI, 15
KperKue | KBapleBbl mopdup, oueHb KpPEemKuil rpa-
HUT, KPEMHHUCTBIN CIIAaHENl, KBAPIUTHI Me-
HEE KPEMKHUE, CaMbl€ KPENKHUE MECYAHUKH
Y U3BECTHSIKU
IIT | Kpenkue |I'paHuThl (IJIOTHBIE) U TPAHUTOBBIE MOPO- 10
IIbl, OUYCHb KPETKUE MECUAHUKU U U3BECT-
HSKHW, KPENKUA KOHTJIOMEPAT, OYE€Hb Kpel-
KHE KEJIC3HBIC PYJIbI
[lTa | Kpenkue |W3BecTHAKU (KpENKUE), HEKPENKUW rpa- 8
HUT, KPENKHE TNECYAHHWKH, KPENKHil Mpa-
MOD, JOJIOMHUT, KOJIYE/IaH
IV | JoBoabHO | OOBIKHOBEHHBIM MECUAHMK, JKEJIE3HbIC PY- 6
KpENKHe | bl
IVa | To xe IIecuanucThie ciaHIbI, ClIAHIIEBLIC IIecUa- 5
HUKHU
V | Cpenneir | Kpenkuil TTIMHUCTBIM CJAHEL, HEKPEIKHE 4
KPENOCTH | IECYAHUK M3BECTHSK, MSITKUH KOHIJIOME-
par
Va |To xe PazHooOpa3Hbie  claHIbl  (HEKpENKHe), 3
IUIOTHBIA MEPresib
VI | loBonbHO | Markuil cinaHeln, OY€Hb MATKHM H3BECT- 2
MSATKUE HSK, MEJI, KAMEHHAs COJIb, TUIIC, MEP3JIbIN
I'PYHT, aHTpaIUT, OOBIKHOBEHHBIN Mep-
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ITponomxkenue Tadaunbl 3 — Knaccudukaiiys TOpHbIX opo1 (1o mpod.

M.M.IIpoTOIbSIKOHOBY)
Kare- | Crenenb [Topoaml Koad-
ropus | KpenocTu buUIeHT
Opo/IT Kpemnoc-
™ f
refb, pa3pylieHHbIN NeCYaHUK, CIIEMEHTH-
pOBaHHasl rajbKa, KAMEHUCTBIA TPYHT
VIa | To xe [IleOeHUCTBI TPYHT, pa3pyLICHHBIN Cia- 1,5
HEIl, CJC)KaBIIascsd Tajlbka H IIcOCHb,
KPENIKUKA KaMEHHBIA yIroJib, OTBEpJEBIIA
TJIMHA
VII | Msarkue ['muHa (TioTHast), MATKUM — KaMEHHBIN 1,0
yI0Jib, KPEMIKME HAHOCHI
Vlila « Jlerkas necuanucras riimHa, JIECC, FpaBUi 0,8
VIII | 3emnuc- | PacturenbHas 3emuisi, TOpd, JIETKUNA CYT- 0,6
ThIE JINHOK, CBIPOM MECOK
IX | Ceinyune |Ilecok, ochinu, MEJIKWM TpaBUM, HACBIITHAS 0,5
3eMJIsl, IOOBITBIN YTOJIb
X | IInbiByuwne | [IbIBYHBI, OOJOTUCTBIN TPYHT, pazKuke- 0,3

HBIU JIECC U IPYTUE PA3KUIKEHHBIC TPYHTHI

2 MeToanka BbINOJHEHHS JIa00OPaTOPHOI padoThI

KPEMOCTH T'OPHBIX MTOPOJ.

Conepxxanue pabOThI: omnpeiefieHne MPOYHOCTH U KO3 dulreHTa

O6opyaoBaHue: KOJUIEKIIMM O0pa3lloB TOPHBIX TMOPOJA Pa3HBIX

F€HETUYECKUX TUMOB (KaXXJAOMY CTYACHTY OT/Ae/bHas Kosuiekuus), 10%-s
CoJIsTHAsI KMCJIOTA, JIyIla, KoMmac, mkana Mooca, ¢paphopoBbie IIaCTHHKH,
OTNpeACIUTEIh MUHEPATIOB, OMPEACIUTEIb TOPHBIX IMOPOA, TETpadb I
3aIIMCeH.

1.

Xon paboThI:
Ornpenenuth MUHEPAIBHBIM COCTaB TOPHOW TOPOabl U %o-€

cojiep>KaHue KaxJ0ro MUHEpasia B o0pasile.
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2. OmnpenenuTh Ha3BaHUE TOPHOM MOPOABI KAXKIOT0 00paslia.




3. Paccuurarh npenesn MPOYHOCTH MOPOJLI HA cxkaTtue (O CXK) Mo
MUHEPAIBHOMY COCTaBY, MOJb3ysch Tabnuieit 1 (Ilpounocts MUHEpAIOB B
MIla), mo ¢opmyie:

5 _O0,*n +0,*n,+..0, *n,

= rac
CK 100 ,» I

O CXK - IPOYHOCTH MTOPO/IHI,

01 - MPOYHOCTH MUHEpaa,

n; - IPOIEHTHOE COJIEp>KaHKe ATOTO MUHEpaja B oOpaslie.

CpaBHUTH ¢ 1aHHBIMU Ta0uUIbI 2 (ITpOYHOCTH TOPHBIX TOPOI).

4. Paccuurarh KOI(PGUIMEHT MPOYHOCTH TOPHBIX TMOPOJ IO
dbopmye:

_ 7_6
f=0ux10 0

[TonyueHnHble 3HaUYCHUS KOI(P(UIIMEHTOB KPEMOCTU KIACCUPUIUPO-
BaTh No mkaine M.M.IIporonbsikoHoBa (Tadnuna 3).
5. CunenaTh BBIBOJEL.

[Tpu pacuerax MPOYHOCTU OCATOYHBIX OOJOMOUYHBIX TOPHBIX MOPOJ
HE0OXoauMoO: 1) onpeaenuTh NPOIEHTHOE COACPKaHUE 00JIOMKOB TOPHBIX
NOpoJiI M IIEMEHTA; 2) ONpeNeNuTh MHHEPAIbHBIA COCTaB OOJIOMKOB M
MPOILICHTHOE COJIEp)KaHUE MUHEpaJIoB B oOJoMkax u B 1nemente. [lo
MUHEpAJILHOMY COCTaBY LIEMEHT ObIBA€T TNIMHUCTBIM (KAOJWH, THUAPOCIIO-
1a), KapOOHATHBIM (KaJIBIUT, JOJIOMHUT), KPEMHUCTHIM (KBapll, omai, Xal-
IIEJIOH ), JKEeJIE3UCTHIM (OKCHIBI M THAPOKCHUBI JKeme3a). YacTo 1ieMeHT Obl-
BaeT MOJUMUHEPAIbHBIM (TJIMHUCTO-KapOOHATHBIN, KPEMHUCTO-TJIMHUCTO-
KapOOHATHBIA U Ap.).

Hamnpumep, B oOpasiie necuanuka 006J0MO4YHBIX MuHepaioB 70%, u3
HuX: kBapua — 50%, nonebix mmaroB — 20%, nementa — 30%, neMeHT
[JIMHUCTO-KapOOHATHBIN: TJIMHUCTHIX MUHEPAIOB — 5%, KapOOHATHBIX —
25%. Hanee mo yka3aHHBIM Bbilie (OpMyJiaM BBIYUCIISIETCS MPOYHOCTH
necyaHuka U KO3 (PUIIMEHT KPETOCTH.

JlonycTtuMasi omnOKa OMNpEeNeNICHUsI TPOUYHOCTH TOPHBIX MOPOJ 0
NPEI0KEHHON METOJIUKE HE IO KHA MpeBbImaTh 17%.

3 3akir0o4yeHue
['maBHBIMU 3a/1a4amMy IPU UHKEHEPHO-T€OJIOTUUECKUX UCCIIEOBAHU-
X SBJSAIOTCS — OLICHKA CBOMCTB I'OPHBIX IOPO/JI, HUHKEHEPHO-TE0JI0rNYeC-
KUX YCJIOBUU TEPPUTOPUMN, MECTOPOKICHUM, T€OJTOTUYECKOU CPEIbl U T.I.
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Y [IPOTHO3 UX U3MEHEHUH MO BIUSHUEM €CTECTBEHHBIX U UCKYCCTBEHHBIX
dbaxTopoB. OHOM U3 BaXKHEHUIITUX COCTABIISIIOIIMX ATUX MCCIICIOBAHUM SIB-
JAETCS M3YYECHUE MPOYHOCTU U KPEIMOCTH TOpHBIX mopoxd. Ilpu ycioBuwn
YCBOCHHUSI TOPHBIMM HHXCHEPAMHU OTHUX 3HAHUM BO3MOYKHO TOHUMAHUE
(bU3UYECKUX TTPOIECCOB, MIPOMUCXOISIIUX B MACCUBAX TOPHBIX ITOPOJI.

Bonpocs! 111 caMonpoBepKH

1. B kakux cdepax neqareIbHOCTH UCIOJIb3YIOTCS TPOYHOCTHBIE Xa-
PAKTEPUCTUKU TOPHBIX MOPOA?

2. Kakue mapamMeTpbl TOPHBIX MOPOJ HA3bIBAIOTCSI 0a30BHIMU?

3. UTto Takoe pa3pylieHue TOPHON TOPOIbI?

4. CTpyKTYypHBIE CBS3U MEXKIYy MUHEPAIIbHBIMU 3€pHAMHU TOAPA3ETIS-
IOTCAHA . . ... ..

5. Ot kakux (paKTOpoOB 3aBUCUT MIPOYHOCTH MOPO?

6. Kak cOOTHOCSTCS TapamMeTphl: MPOYHOCTh U KPEMOCTh MOPOA?

7. Ilo xakoMy NpPU3HAKY BBIJEIEHBI KaTerOPUU KPEMOCTH TOPHBIX
nopoy B mkaine M.M.IIpotonbsikoHoBa?

8. Kak oTmnyaeTcs mMpOYHOCTh TOPHBIX MOPO/JI, ONPEACIIECHHAS IO
oOpasiam, OT MPOYHOCTH TOPHBIX MOPO] B MaccuBe?

9. Kak wu3MeHsieTcs NPOYHOCTh MArMaTUYECKUX MOPOJ MpH
YBEJIIMYEHUH PA3MEPOB 3€PEH MUHEPATIOB?

Cnucok peKOMeH10BAHHOM JINTePaTypPhl

l. I'anmbniepun A.M. u np. ['maporeonoruss 1 HHAKEHEPHasA T€O0JIOTHS.
M., Henpa, 1989. 301c.

2. Jlomtagze B.JI. MHWwxkenepnas reosmorus. JI., Henpa,
Jlennnrpaackoe oraenenue. 1986. 272c.

3. Jlomtanze B.JI. UnxxeHnepHas reosorud. MHxeHepHas MEeTpOJIOrHs.
2-e m3na. JI. Henpa. 1984. 511c.

4. Pxesckuii B.B. u n1p. OcHoBbl pusuku ropusix noposa. M., Henpa,
1984. 360c.
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