rNMABA 1
MEXAHUYECKME CBOUCTBA NOPHbIX nNorPOA
U MACCUBOB

1.1. FTeHe3ucCc, COCTaB M CTPOEHME FopHbLIX nopoa

1.2. CNomMcTOCTb M TPELWMHOBATOCTb NOPOAHDbIX
MacCCMBOB

1.3. Knaccudmkauma ropHbix nopoa

1.4. Ynpyroctb, XpynKkocTb U NJIaCTUYHOCTb FOPHbIX
nopopa

1.5. echopMmaLMOHHbIE U NPOYHOCTHbIE
XapaKkTepuCTUKM ropHbIX nopon

1.6. [lechopmupoBaHue m paspylueHme ropHbix nopon
3a npepgenom NpPpo4YHoOCTU

1.7. MacwutabHbin 3chcheKkT B ropHbIX nopopax
1.8. PeonornyeckKkue cCBOMCTBa ropHbIX nopoa
1.9. NoHATHEe 0 TeopuMn HaAcNeaCTBEHHOM NON3y4YecTH

1.10. OnpepeneHne MexaHMYECKMNX CBOMUCTB NrOPHbIX
nopoa B HAaTYPHbIX YCNOBUAX

1.11. Crarncrnueckan obpaborka
pe3ynbTaTtoB U3MEPEeHUH
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UccnenoBanus B reOMEXaHUKE HAYMHAKOTCS C HU3y4YeHUs (U3UKO-
MEXaHWYECKUX CBOMCTB MOPOAHOr0 Maccusa. [Ipu 3Tom ocoboe BHUMaHuE
YACNSAETCS 0COOEHHOCTSIM TOPHBIX MOPO/JI, KOTOPbIE BOZHUKIIM B MPOIIECCE
X 00pa3oBaHUs: CIOUCTOCTh, TPEITUHOBATOCTh, MOPUCTOCTH, HEOTHOPO/I-
HOCTb, POYHOCTh W T.II. DTH 3HAHUS CIIY>KAT OCHOBAHHEM IS TIOCIEAY-
Io1el pa3paboTKu (PU3HMYECKUX W MATEeMATHUYECKUX MOJENICH, BBIMOJIHE-
HUSI TEOMEXaHUYECKHX PAaCUETOB.

1.1. I'ene3uc, cocTaB ¥ CTPOEHHE TOPHBIX MOPO/

ITo OpOUCXOXKAECHUIO TOPHBIE MOPOJABI JENATCS HA MarMaTU4ecKue,
0CaJI04YHbIE U METaMOp(UUYECKHUE.

MarmaTtu4yeckue mopoabl 00pa3oBajIuCh B PE3YJIbTaTe OXJIAXKICHUS
Y 3aTBEpPJCHUS MarMbl. B 3aBUCMMOCTH OT MECTa €€ 3aTBEpPICHUS Pa3JIv-
4al0T HHTPY3MBHbIE, WU TJIyOUHHBIC, U 3(PPYy3UBHBbIE, WIH W3IUBIIUECS
ropHsIe opoAsl. K 1epBeIM OTHOCSTCS, HAIPUMEDP, TPAHUT, CUEHUT, JUO-
puT, rab0po; KO BTOPHIM - AMada3, aHAE3UT, 0a3aJIbT U T.II.

Ocagounble MOpoabl 00PA30BANKCH MPU OCAKIACHUM, HAKOTUICHUH U
NOCJIEYIOLIEH JINTU(PUKALMY B BOJHOW WM BO3AYIIHOM Cpeae MPOAYKTOB
(U3UYECKOTO WM XMMHUYECKOTO pa3pyllieHus: (BBIBETPUBAHUS) UCXOIHBIX
IIOPOJ C MOCIEAYIOIIUM YIUIOTHEHUEM U, HEPEAKO, C LIEMEHTALIMEN OCaJIKa.
B cooTBeTcTBUU € yCIOBUSIMU OOpa3oBaHMsl, OCAI0YHBIE TOPOAbl UMEIOT,
32 pEIKUM HCKIIOYEHUEM (BalyHHBIE JIEAHUKOBBIE TJIMHBI), IUIACTOBBIN
xapakrep 3ajeranusa. K ocagouHbIM opoaaM OTHOCAT TJIMHBI, apTUJLINATHIL,
aJICBPOJIUTBI, MEJI, MEPIEIU U T.NI.

YacTh 0camouHbIX MOpoa, chOpMHUPOBABIIASCA B OJHUX M TEX XKeE
IE€OJIOTUYECKUX YCIOBUSX, HA3bIBACTCA (haueu.

MeTtamopduyecKUMHU HA3BIBAIOT TOPHBIE MOPOIBI HHOTJA MarMaTH-
YECKOI'0, HO, IPEUMYIIECCTBEHHO, OCAJOYHOIO I€HEe3uca, MOABEPIIINECs
nocyie 00pa3oBaHWsA B TJIyOMHAX 3€MHON KOpBI BO3ACHCTBUIO BBICOKOTO
NABIICHUS, TEMIIEpPaTypbl, MUHEPAJIMU30BAaHHBIX PAaCTBOPOB M Ta30B. JTO
Pa3IMYHOIO POAAa KBAPLUUTHL, MPaMOpP, KPUCTAIUIMYECKUE CIIAHLIBI U T.J.

["'opHBIE TOPOABI COCTOAT U3 3€PEH, KPUCTAIIIOB, OOJIOMKOB pa3iny-
HBIX MUHEPAJIOB U LIEMEHTA — BEIIECTBA, CBA3BIBAOIIETO 3TH YAaCTULBI — U
1op. B nmopax ropHsIX OPOJ COAEpKATCA BOAA U Ta3bl.

ITon MuHepajiOM NOHUMAIOT MPUPOJHOE XMMHUYECKOE COECIUHEHUE
WJIA CAMOPOJIHBIN JIEMEHT.
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[To coctaBy ropsbie TOPOJbI MOTYT OBITH MPOCTHIMHU, WM MOHOMU-
HEpaJbHBIMH, W CJIOKHBIMHM, WIM MOJIUMUHEPAIbHBIMU. BOJBIIMHCTBO
TOPHBIX MTOPOJI OTHOCUTCS K CJIOKHBIM arperaTam.

N3 oOmiero ymcna M3BECTHBIX MHUHEpanoB, mpesbimaroniero 3000,
oco0oe 3HauYeHUE NMpU 00PA30BAHUU U CTPOCHUU TOPHBIX MTOPOJ UMEIOT HE
oosiee 100 u maxxe 20. Takue mMuHepanbl HA3BIBAIOT MOPOA000PA3YIOIIH-
mu. K HUM oTHOCSTCA:

— rpynna kBapia (KBapil, KpeMeHb, XaIle0H U Ip.);

— CHJIMKAThl (IOJIEBBIE INMNATHI, CIIOABI, amM(GuOOJIbl, TUPOKCEHBI U
ap.);

— KapOOHAaTHhI (KaJbLHUT, IOJIOMUT U IP.);

— ruipoUIbHBIE TIIMHUCTBIC (KAOJIHMHUT, MOHTMOPHWIJIOHUT, UTUTHI
M 2p.);

— rugpodoOHbIE (TUTIC, TAJIUT U JIP.).

CBolicTBa MOPOJ CYIIECTBEHHO 3aBUCAT OT TOTO, B KAKOM COOTHOIIIE-
HUU HaxOATCS ciararomue ux MuHepaibl. [IoBbIIEHHOE CoOAep)KaHUE
MUHEPAJIOB JBYX MOCJEIHUX TPYII MPUBOJUT K MOHUKEHHON MPOYHOCTH,
KOTOpas 3aMETHO M3MEHSETCS B MPUCYTCTBUU BOJbl. Hanbompiyro mpou-
HOCTh MMEIOT KBapLEBbIC MOPOJIbI C KPEMHUCTON LIEMEHTaleN (KpeMHU-
CThIC TIECUYAHUKU, KBAPIUTHI). [[OBOJIBLHO MPOYHBIMU SIBJISIOTCS CUJIUKATHI C
MaJIbIM COAEPKAHUEM CIIIOJIbI M KapOOHATHBIE MOPOJIBI.

B 3aBuUCHMOCTH OT reHe3nca ropHbIe MOPOJIbI IO pa3MepaM, YCIOBU-
M KOHTAKTUPOBAHUS M PACHOJIOKEHHIO B MTPOCTPAHCTBE CJIATAIOLIUX dJie-
MEHTOB Pa3Je/ISIIOT HA KPHUCTAJJIN4YecKHe, aMmop(pHbie U 00JI0MOYHbIE
[21].

Kpucramimdyeckumu MOTyT ObITh KAK MarMaTUYECKHUE, TaK U 0Ca10Y-
HbIe opojbl. K HUM K€ OTHOCSATCS U OPTaHOTEHHBIEC TTOPOJIbI, SIBIISIOIIHC-
Csl IPOAYKTAMH >KU3HEACSATEIbHOCTH opraHu3MoB. K rpyrime ocalouHbIX
KPUCTAJUNIMYECKUX TOPOJ OTHOCSATCS COJIb, THIIC, aHTUJIPUT, U3BECTHSKU,
MeJl, JOJIOMUTHI.

['opHbie mopoasl aMOP(PHOTO CTPOCHHUS UMEIOT 3HAYMTEIHLHO MEHb-
iee pacupocTpaHeHue, YeM Kpucrajumdeckue. K HUM oTHocSTCA ecTe-
CTBEHHBIC CTEKJIa — OOCHUIMAHBI — U MMOPObI, UMEIOIIE TOHKOKPUCTAJIIH-
YECKOE€ WJIM HEMOJIHOKPUCTAIIIMYECKOE CTPOCHUE, HAIIPUMED, KPEMHH.

O0610MOYHBIE TTOPOJIBI UMEIOT OOJIBIIIOE PACTIPOCTPAHEHUE B MPHUPO-
ne. OHu oOpa3yroTcsi B pe3yJibTaTe BBIBETPUBAHUA, NEPEHOCA MO JEH-
CTBHEM BO/JIbI WJIM BETPA U JlajbHEeNIIed MeTaMophu3aluu.
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C mpoucxoXJAeHUEM MOPOJ TECHO CBA3aHbl MX MeTporpaduyueckue
XapaKTePUCTUKU: CTPYKTYpPa (CTpOEHHUE) U TEKCTYpPa (CI0KEHUE).

ITox cTpyKkTypoii B JaHHOM cCiydae IIOJpa3syMeBalOT OCOOSHHOCTH
BHYTPEHHET0 CTPOCHHUSI TOPHOM MOPOJIbI, OOYCIOBJICHHbIC BEIMYMHOU U
dbopMoOii crararomux IEMEHTOB, CTEIEHBIO UX KPUCTAUIA3AINH, a TaAKKe
XapaKkTepOM CBSI3M MEXK]y dacTuliamu. Pa3nudaroT nopdupoByto, CKpbITO-
KPUCTAJNIMYECKYI0, CTEKJIOBATYyI0, Ty04aTyr0, OOJIOMOUYHYIO U MUHBIC THUIIbI
cTpykTyp. IIpn oMHaKOBOM MHHEpaILHOM COCTaBE MEIKO3EPHUCTHIC IO-
poabl 00iagaroT 0ojiee BHICOKOW MPOYHOCTHIO MO CPABHEHUIO C KPYMHO-
3€pHUCTHIMU. B MacCHUBHO-KPUCTAJUIMUECKUX MOPOJax MPOYHOCTH CBSI3EH
HEPEJKO BBIIIE MPOYHOCTH MUHEPAIbHBIX 3€pEH, KOTOPBIC IIPH HarpyKe-
HUUW pa3pylIaroTcs MnepBbIMU. HeKOTOphIE TUIBI KPUCTALIUYECKUX CTPYK-
Typ NpUBEJCHBI Ha puc. 1.1.

Puc. 1.1. PaznuunHblie TUIIBI KPUCTALUIMYECKUX CTPYKTYP:
1 — paBHOMEpHO3EpHHUCTAS; 2 — Pa3HO3EPHUCTAS;
3 — mopdupoBas; 4 — BOJIOKHUCTAs

OG60MOYHBIE TOPOJLI MOAPA3IACIAIOTCS HA YEThIPE CTPYKTYpPHBIC
rpynnbl: Tpy0000IoMOYHbIE (TICedUTHI), MecUaHble (ICAMMMTBI), MEIKO-
3€MUCTHIC (AJIEBPUTHI) U TJIMHUCTHIE (TICTTUTHI).

Cpenu 00JIOMOYHBIX MOPOJ| PA3TUYAIOTCS PHIXJIbIE U CIIEMEHTHUPO-
BaHHBIC, KOTOPHIE B CBOIO OUepelb Pa3IMYalOTCA MO XapaKTepy YacTHIL -
yIJIOBaThie WU OKaTaHHble. CIIEMEHTHUPOBAHHBIE CKOIUJICHUS YTJIOBATBIX
YaCTHUIl Ha3bIBAIOTCA OpeK4Yueil, CIEMEHTUPOBAHHBIC CKOIUJICHUS OKaTaH-
HBIX YaCTUI] — KOHIJIOMepPaTaMHu.

Cpenu TecyaHbIX MOPOJ TaKXKE BCTPEUAOTCS PBHIXJIBIE M CIIEMEHTH-
poBaHHbIe. K pBIXJIBIM MOPOJAM OTHOCSITCSI TIECKU, KOTOPHIE B 3aBUCHUMO-
CTH OT COCTaBa MUHEPAIbHBIX 3€pPEH OBIBAIOT KBAPIIEBHIMU U TTOJTUMUKTO-
BbIMHU. [lepBble COCTOST U3 3€peH KBaplia, BTOPHIE - U3 3€PEH Pa3IMUHbBIX
MUHEPAJIOB.

[Tecku paznuuaroTCs €Hie U MO pa3MepaM 3€peH: KPYMHO3EPHUCTHIC
(1-0,5 mm), cpenuesepuuctbic (0,5-0,2 mMMm), m Menakoszepuuctoeie (0,2-
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0,1 mM), a Takke OJHOPOJHBIC (pa3Mep 3€PEeH MOCTOSHEH) U Pa3HO3EPHU-
cTeie (pasmep 3epeH pasHblil). ClLIEMEHTHPOBAHHBIE MECYAHBIE MOPOIBI
(mcaMMUTBI) Ha3bIBAIOTCS MecyaHUKaMU. [lecyaHUKU pa3inyaroTcs Mo CO-
cTaBy 00pa3yroIINX UX MUHEPAJIOB, pa3MepaM 3€pPEH U IO CBI3YIOIIEMY UX
EeMEHTY. B 3aBUCHMOCTH OT pa3MepoB 3€peH MECUAHUKHU TaK *Ke, KaK U
NeCKH, OBIBAIOT KPYIMHO3EPHUCTHIC, CPEAHE3CPHUCTHIC, MEIKO3EPHUCTHIC,
PaBHOMEPHO3EPHUCTHIE U PA3HO3EPHUCTHIE.

Menko3eMHUCTbIE TOPOJIbI (AJIEBPUTHI) 3aHUMAIOT MPOMEKYTOUHOE
MOJIOKEHUE MEXK]y MEeCYaHbIMH M TIMHUCTBIMU. K 3TUM mopojaM OTHO-
CSITCS TJIAaBHBIM 00pa30M OCaJIKH KOHTHHEHTAIBHOTO MPOUCXOXKICHUS: CYy-
MEeCH, CYTJIMHKH U JiecC.

K rmuHucThIM mopojaM (TeauTaM) OTHOCSTCA TJIMHBI, apTWIUTHI U
TJIMHUCTBIE CIIAHIIBI.

AprusumuThl 0OBIYHO CIIEMEHTHPOBaHBI xajimenoHoM (SiOz), Beien-
CTBHE YETr0 OHM MPUOOPETAIOT BHICOKYIO MPOYHOCTD (MX HA3bIBAIOT KaMHE-
NOJAOOHBIMU TJIMHAMH). EcClM aprusuiutT Jerko packiaablBaeTCs BIOJb
MJIOCKOCTH CJIAHIIEBATOCTH, TO €70 HA3BIBAIOT TJIMHUCTHIM CJIaHIIEM.

J171s1 00JIOMOYHBIX TOPHBIX MOPOJ OCOOEHHO Ba)KHBIM C TOUKH 3PCHUS
WX MEXaHMUYECKHX CBOMCTB SIBJISIFOTCSI COCTAB M CTPOCHHUE 1IEMEHTOB, CBS-
3bIBAIOIINX OTHEJIbHBIE O0JIOMKH B eAuHOoe 1enoe. [1o coctaBy 1ieMeHTH-
pylolHe BemiecTBa ObIBalOT: KpeMHHUCTBIC (1leMeHT m3 SiO2 wmm SiO;
nH20), wu3BectkoBbie (meMeHT u3 CaCQOgz), kene3ucTbie (IMEMEHT W3
Fe203-nH20 mnu FeCOs), rauaucThie (IIEMEHT U3 TIIMHUCTOrO BEIECTBA).
[To cTpoeHnI0 EMEHTUPYIOIIKE BElecTBA pasnuyarorcd. Ha puc. 1.2. mo-
Ka3aHbl PA3JIMYHBIC TUIIBI CTPYKTYP 1IEMEHTOB.

b

2 — IOJIMKPUCTAIUTMIECKUI; 3 — pereHepaImoOHHbIN (IIEMEHT pa3pacTaHusl);
4 — 10 xe, HO 0€3 cJIe0B ePBOHAYANIBHBIX 3€PEH; 5 — IIEMEHT MEXaHUYECKOTO
3aMoOJHEHUS TTOP; 6 — KOHTAKTHBIN
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MOHOKpHUCTANIMYECKUNA HEMEHT OTJIIMYAETCS TEM, UYTO €ro KpUCTaJI-
Jbl 3HAYUTEIBHO KpPyIHEE OOJIOMKOB, MOATOMY IMOCIEIHUE KaXYTCS TO-
IPY>KEHHBIMU B IIEMEHT.

[TonukpucTamIMYeCKui IEMEHT CaM COCTOUT U3 OOJIBIIOr0 KOJIUYe-
CTBa IJIOTHO MPUJIETAIOIINX JIPYT K IPYTy KPUCTAIUIMYECKUX 3€PEH, KOTO-
pBI€ pacrojararoTCs MKy 00JOMKaMH.

PerenepanimoHHbIi IEMEHT XapaKTEPEeH JIJIs1 KBapIIUTOB, 00J1a1aro-
X HanOOJIbIIEH TPOYHOCTHIO CPEIM OCAAOUYHBIX TOPHBIX MTOPO/I.

B sTOM ciiydae oTaesibHBIE 3€pHA KBapla CTPEMSTCS BOCCTAHOBUTH
CBOM KpHCTaUIorpauuecKkue ouyepTaHUs 3a CUET LEMEHTa, MMEIOIIETO
aHayiornuHbIi cocras (SiO2).

[{eMEHT MEXAaHUYECKOTO 3aNOJHEHUS SIBISIETCSI HAUMEHEE MPOYHBIM
U o0pasyeTcsi B pe3yJibTaTe 3aloJIHEHUSI CBOOOIHBIX MPOCTPAHCTB MEXKIY
00JI0MKaMH, TJIaBHBIM 00pa30M TJIMHUCTHIM MaTEpUaIOM.

[IIupoko pacnpoCTpaHEH Cpeard OCaJOUYHBIX OOJOMOYHBIX TOPOJI
KOHTAKTHBIA [IEMEHT, KOHIEHTPUPYIOIIUUCS TOJIBKO IO MECTaM KOHTAKTa
00JIOMKOB; MPHU 3TOM B IOPOJE OCTAETCSI MHOTO CBOOOJHOTO MPOCTpaH-
ctBa - nop. [lopoabl ¢ KPEMHHUCTHIM KOHTAaKTHBIM IIEMEHTOM O00JIaIat0T
BBICOKOM ITPOYHOCTHIO.

TekcTypa ropHbBIX MOPOJ XapPaKTEPU3YET 3aKOHOMEPHOCTH B pac-
MPEJICIICHUN CTPYKTYPHBIX 3JIEMEHTOB HAa MAakKpOYpPOBHE, HalpuMmep, mMac-
CHBHAs TEKCTYypa, CIIOUCTAas, ojocyaras, CJIaHLeBas U JIp.

OCHOBHBIM TEKCTYPHBIM TPHU3HAKOM OCAJOYHBIX IOPOJ SBISETCS
CJIOMCTOCTh, KOTOpPasi BOBHUKAET B MIPOIIECCE UX 0Opa30BaHUsI.

CroucTocTh MOPO/JI CBsI3aHA C OCOOCHHOCTSIMHM OCAJIKOHAKOTUICHUS U
BO3HHKAET 3a CUET U3MEHEHUS PAa3MEPOB 3€PEH OJMHAKOBOTO COCTaBa B
BEPTUKAJIIBHOM HANPABJIEHUHU, YE€PEIOBAHUS 3€PEH PA3JIMYHOIO COCTABA,

IIPH OPUEHTUPOBKE HEKOTOPBHIX W3 HHUX B OMNpPEJCICHHOM HaIpaBICHUU
(puc. 1.3).

2> > 2> Lz 22> D> 2> LD 2
> 2> 2> 2> 2> > 2> W W22 22>
DT> > > > L | D S PP OIPd |az> > T T G| P||b | I $olp S|P 4
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1 7> 2> 2> 5) 3 72> 2> 2> 4
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Puc. 1.3. Tunsl cioucroctu. CIouCTOCTh, 00YCIOBIICHHAS:
1 — nucnepcHOCTD 3epeH; 2 — YepeOBaHUEM CIIOEB PA3JIMYHOTO MUHEPATBHOTO
COCTaBa; 3 — TOPU30HTAJIBLHON OPUEHTUPOBKOM YacTuIl;, 4 — pacroyOKEHUEM B OJTHOM
MJIOCKOCTH KaKoro-mmbo mMarepuana
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AHM30TPONUS TOPHBIX MOPOJ IIaBHBIM 00pa3oM OOYCIOBIMBAECTCS
UX CIIOUCTOCTBIO.

Paznmnuaror MHUKPOCJIOUCTOCTD, T.€. CIOUCTOCTh B IPEAEIax OJHOU
JIUTOJIOTUYECKOM PA3HOCTH, U MAKPOCJIOUCTOCTh — HAIMYUE PAZIAYHBIX
JIATOJIOTUYECKUX PA3HOCTEN, CIATAIOIINX MOPOJHBIA MacCuB. MHUKPOCIIO-
UCTOCTh, B CBOIO OYEPE/Ib, OLICHUBAIOT 110 T€OMETPUUYECKHUM MPU3HAKAM —
napajuiesibHas, KOCasi, BOJIHUCTAsl, IPEPBIBUCTAS; II0 PE3KOCTHU MPOSIBICHUS
— HEsICHAsl, OTYETIINBAS.

Co CIIOMCTOCTBIO CBSA3aHA CIIOCOOHOCTH TOPHBIX MOPOJ] Pa3IeISThC
Ha OTJIETILHBIC CJIOM, WM paccianBaThca. UeM crabee CUIbl B3aUMO/IEH-
CTBUSI Ha KOHTAKTE CJIOEB, TEM JIETUe TaKUe MOPOJIbl OOPYIIAIOTCS B 0OHA-
HKECHUSX.

ITopomHbIE MACCHBBI, CIOXEHHBIE PA3IUYHBIMU JIATOJOTUYECKUMU
Pa3HOCTSIMHU, B 3aBUCHUMOCTH OT pa3inuus B Je(OpMallMOHHBIX XapaKTe-
PUCTHUKAX OTACIBHBIX CJIOEB, MOTYT ObITH OTHECEHBI K IBYM BHUAAM:

1. Crnoxennbie ciosiMu 0€3 pe3KuX CKayKoB B JAehOpMallMOHHBIX
CBOMCTBAX.

2. C pe3kuMu U3MEHEHHUSIMH Je(OPMAIMOHHBIX CBOWCTB IpH Tie-
pexoae OT OJHOTO CJI0s K APYrOMYy.

B maccuBax nepBoro Bu1a HENMPEPHIBHOCTh U3MEHEHUSI CBOMCTB MO3-
BOJISIET OTHECTH MX K CIUIOIIHBIM. B MaccuBax BTOpPOTO BHA B CJOSIX 00-
Jee KECTKUX Jedopmainuy CABUra paHbllle JOCTUTAIOT MPEIebHBIX 3HA-
YEHU W MPUBOJAT K Pa3pPyILICHUIO, B TO BPEMS KaK B IUIACTUYHBIX CIIOSX
paspylieHre He HaOmoaaerca. Takas CKauKoOOpa3HOCTh MEXaHHMYECKHX
CBOWCTB, MPUBOJAIIAS K PE3KOMY U3MEHECHUIO HANPSHKEHU HA KOHTaKTax
CJIO€B, NMPUBOAUT K TOMY, UYTO MOPOJHBIM MAaCCHB HE MOXET paccMaTpH-
BAaThCS KaK CIUIOIIHOM. B 3TOM ciiydyae METOIbl MEXaHUKHU CIUIONIHOW Cpe-
bl MOTYT IIPUBJIEKATHCS TOJBKO NPU CHEHHATBHOM YYET€ TPAHUYHBIX
yCIIOBUM Ha KOHTakTax. [Ipu 3TOM mMarematuueckass MOJEIb MaCCHBA 3HA-
YUTEIIBHO YCJIOXKHSETCH.

CrenyromuM TEKCTYPHBIM MPU3HAKOM SIBIISIETCA CJIAHIEBATOCTb,
KOTOpas MPOUCXOJUT BCIIECICTBUE CIA00TO JIBMKEHUS MOPOJ BHYTPH 3€M-
HOU KOpbl. CIIaHIIEBATOCTh OYEHBb PA3BUTA Y TIMHUCTHIX nopos. [Iposasis-
€TCS OHAa B BHUJE CIIOCOOHOCTH MOPOJIbI PacKaJIbIBaThCSI HA TOHKHE TIIa-
CTUHKH 10 MapajuieIbHbIM MIOCKOCTSIM. OOBIYHO TJIOCKOCTH CIIAHIIEBATO-
CTH HE COBMNAJAIOT C IUIOCKOCTSIMHU ciaoucTtocT. [lnockocTu ciianieBaTo-
CTHM BO3HHUKAIOT B HANIPABIICHUU JIEMCTBUS OJTHOCTOPOHHETO JIaBJICHUS; I10
OTHOILIEHUIO K yTJIaM IJIOCKOCTEN CIOMCTOCTH YTJIbl INIOCKOCTH CJIAHLIEBA-
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TOCTA MOTYT OBbITh pa3auyHbIMU. [[pOYHOCTH MOPOJBI MO 3TUM ILIOCKO-
CTSIM HAaMMEHbIIIAsl.

Oco060ii cTpykTypHOU (OpMON B MOPOJAX M YINISIX SIBISIETCS KJIM-
BaK, KOTOPBINA MO (pOpMaJIbHBIM MPU3HAKAM HE OTJIMYAETCS OT TPEILIUH, HO
reHeTH4eCKHu Oosiee ONIM30K K CIAHIEBATOCTH. Pa3inuaroT KJIMBAK Teue-
HHS ¥ KJIHBaXK pa3jioma [22].

CyllleCTBEHHBIM TEKCTYPHBIM MPU3HAKOM TOPHBIX TOPOJI SIBJISIETCS
UX TIOPUCTOCTH - OTHOIIIEHHE 00BheMa Mmop (IMyCTOT) K 00hEMY BCEH MOPO-
Ibl. JTO TaK Ha3blBacMas a0COJOTHAsA Wid (pU3NYecKass MOPUCTOCTD.
Paznmuuaror eme v 3p(PpeKTHBHYI0 MOPUCTOCThb, KOTOPasi BCETAa MEHBIIE
WM paBHA aOCOJIFIOTHOM, TaK KaK YYUTHIBAET TOJBKO TE€ MOPHI, KOTOPHIE
COOOIIAIOTCS MEXTy COOOH.

Kak npaBuiio, 06J10MOUYHBIE TOPHBIE TTOPOIbI UMEIOT OOJIBIIIYIO TTOPH-
CTOCTh, HEXENU KpucTaumueckue. Hanbonpiieit abCoMOTHOM MOPUCTO-
CTBIO 00JIaIAI0T TJIMHBI - 10 45%.

[TopuctocTh MarmaTU4ECKUX U METaMOP(PUUECKUX MOPOJ OUYECHb Ma-
na (B mpenenax 0,8-1,2%) u cBsi3aHa B OCHOBHOM C TPEIIMHOBATOCTHIO.
[TopucToCcTh MECYAHWKOB 3aBUCUT OT CTPYKTYpPbl LIEMEHTA: MOPUCTOCTH
MECYaHUKOB C MOJUKPUCTATUIMYECKUM LIEMEHTOM MpubmmkaeTcs Kk 3%, a ¢
KOHTaKTHbIM LIeMEHTOM - 39%. B 1enom ke mopucTtocTb 00JOMOUYHBIX
TOPHBIX MOPOJ YMEHBIIIAETCS C YBEJIMUCHUEM TTyOUHBI UX 3aieranus. [Ipu
MPOYNX OJMHAKOBBIX YCJIOBHUSX, Y€M OOJIbIIE MOPUCTOCTH MOPOJbI, TEM
MEHBIIIE €€ TPOYHOCTh.

Crenyer OTMETHUTh, UTO B 3alaJIHON JINTEPATYPE HET CYLIECTBEHHOMU
Pa3HULIBI MEXAY MOHATUSIMU CTPYKTYpPhI U TEKCTyphbl. O0a MOHATUSI 00b-
€AUHAIOTCA B OJHO — CTPYKTYpHAasi HEOJJHOPOAHOCTh. Kpome Toro, ciemayet
paznyaTh CTPYKTYpPHBIE OCOOEHHOCTH FOPHBIX MTOPOJ HAa YpOBHE o0Opasia
Y Ha YPOBHE MOPOJHOr0 MaccuBa. Tak, HampuMep, MaKpOTPEIIMHOBATOCTh
SBJISIETCS CTPYKTYPHOM OCOOEHHOCTHIO MAacCHBA TOPHBIX IMOPOJ, MHUKPO-
TPEUIMHOBATOCTh — 00pa3iia FOPHBIX MOPOJ.

['opHble TIOPOJIBI MOTYT OBITH OJHOPOJIHBIMU, HEOJIHOPOIHBIMH,
U30TPONHBIMU, AaHU30TPOHBIMU.

OAHOPOAHBIMH HA3bIBAIOT MOPOJAbI, 00JaJal0NMe OJTMHAKOBBIM
COCTaBOM BO Bcex Toukax (puc. 1.4,a).

HeoaHOPOAHBIMH Ha3BIBAIOT MOPOJABLI, OOJIagaroniue pa3inud-
HBIM COCTaBOM B pa3HbIX Toukax (puc. 1.4.0).

N30TponHbIMHM HA3BIBAIOT MOPOJIbI, 00Jaaaromue OJUHAKOBBIMU
CBOMCTBaMH BO BCEX HAIPABICHUSAX.

25



AHHU30TPONHBIMM HAa3bIBAIOT MOPOJIbI, CBOMCTBA KOTOPBIX B Pa3HBIX
HaIpaBJICHUAX PaA3JIMUHbL. AHU30TPOINUEH OOBIYHO 00J1a/1at0T KPUCTAJUIBI,
MOPO/IbI CIIOUCTOW U TTOJIOCYATON CTPYKTYP U AP.

Puc. 1.4. Ongnopoanas (a) u HeogHOPOHAS (0) TOPHBIE TOPOIBI
1.2. TpemuHOBATOCTH MOPOJAHBIX MACCHBOB

B pe3ynbrare TEKTOHUYECKUX ABUKEHHUU B 36MHOU KOPE BO3HUKAKOT
HaNpsHKECHUS, KOTOPbIC MPU JTOCTHKEHUU MPEeaa MPOYHOCTH MOPOJI MPHU-
BOJAT K OOpa30BaHUIO B HEW Pa3pbIBOB. Pa3phiBbl CIUIOMIHOCTH TMOPOJ
MPOSIBIISIFOTCS, TIPEXkKIE BCEro, B Buje TpemuH. [lociennue npu nanbHEn-
IeM JAEHCTBUU CUJI MEPEPACTAIOT B pa3pbIBHbIE HapylieHus. Takum oOpa-
30M, TIOJ] pa3pbIBHBIM HAPYIICHUEM MOHUMAIOT PE3yJIbTaT TEKTOHUYECKUX
JBWKCHUM, TPU KOTOPOM TOPHBIE MOPOABI Pa3pbIBAIOTCA MO HEKOTOPOU
MMOBEPXHOCTA U Pa3beAUHEHHBIE YACTH CMEIIAIOTCS OTHOCHUTEIBHO APYT
apyra [23].

TpemmHaMu Ha3bIBAKOT pPa3pbiBbl B T'OPHLIX MOPOJAAaX, mepeMe-
IIEHHUS 10 KOTOPHIM COBEPHICHHO OTCYTCTBYHT MJIM He3HAYHMTEIbHbI.
COBOKYITHOCTh TPEIIMH, PACUJICHSIOMNUX TOT WJIM MHOM Yy4acTOK 3€MHOMN
KOpBI, IPUHATO HA3bIBaTh TPEMIMHOBATOCTHIO. [[puMepbl MUKpPO - B MakK-
POTPEIIMHOBATOCTH TpYBeaAeHBI Ha puc. 1.5 u 1.6.

HcnbiThIBaEMOE TOPHBIMU MOPOJIAMH BCECTOPOHHEE CHKATUE WU T1O-
CHEAYIOMIAs IEMEHTALUS TPUBOAAT K HEKOTOPOMY BOCCTAHOBJICHUIO CBSI3-
HOCTH MO TTOBEPXHOCTSIM Pa3pbiBa CIUIOIIHOCTH, IIOATOMY OHU Yallle BCETO
00JIalaloT OMpPEACIEHHBIM CIEIJICHUEM M CONPOTUBICHHEM OTPBIBY M
HAa3bIBAIOTCS YK€ HE TPEIIMHAMMU, & MOBEPXHOCTAMHU ocjiadaeHus. OqHa-
KO YK€ B HauaJIbHOM cTaauu 1ehOpMUPOBAHUS MacCUBa TOPHBIX MOPO/T O
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IOBEPXHOCTSM OCJIa0JCHUST BO3HUKAIOT HOBBIE Pa3pPhIBbI CIUIOMIHOCTH —
TpeIIUHEI [24].

Puc. 1.5. MukpoTpeutsl B KpucTasie Puc. 1.6. MakpoTpemmnHOBaTOCTh
TOPHOTO XpyCTaJIsd MaCCHUBOB B OOHa)KEHHUIX

TpenmHoBaTOCTh, KAK OTMEYAIOCH BBINIE, SBJISIETCA OJTHOW U3 CTPYK-
TYpPHBIX OCOOEHHOCTEN MOPOJIHOTO MACCHUBA.

Tpemunbl, HAOMIOJaEMbIE B TOPHBIX MOPOJAX, MPUHSITO JEIUTH IO
Ir€HETUYECKOMY TIPU3HAKY Ha:

- ecTeCTBEeHHbIE (MPUPOXKICHHBIC, IEPBUYHBIC), BO3HUKAIOIIUE B
npouecce GopMUPOBaAHUS T€OJIOTHYECKUX TET,

- TEKTOHMYEeCKHe, 00pa3oBaBIINECsl B Pe3yjibTare ropooOpaszo-
BaTEJIbHBIX MPOIIECCOB;

- HCKYCCTBEHHbIE, TMOSBIIAIONIMECS B MPOLECCE OCYLIECTBICHUS
MOATOTOBUTEIBHBIX U OYMCTHBIX Pa0OT B IIaXTaX, OypOB3PBIBHBIX padoOT,
00pa30BaHUS 3aKOJI0B, & TAK)KE BCIEICTBUE APYTUX MPUUUH.

EcrecTBeHHBIE TPEMIMHBI SABISIOTCS MOBCEMECTHO PaCIpPOCTPAHEH-
HBIMHU, HO HanOoJIiee YeTKO OHU BBIPAXXEHBI B OCAIOYHBIX TTOPOIax B 00Ja-
CTSIX C TOPU30OHTAJIbHBIM 3aJIECTAHUEM CJIO0€B. ECTECTBEHHBIE TPEIIUHBI HE
MEPECEKAIOT CKOJIbKO-HUOYb MOIIHBIE CJIOU MOPOJ, @ TECHO CBSI3aHbI C
OT/ICJIbHBIMU JIUTOJOTHUYECKA OJHOPOJHBIMU ClIOoAMU. [0 OTHOIIEHHIO K
CIIOMCTOCTH OHHM MOTYT pacrojaraTbCs pazM4yHO, HO MPEUMYIIECTBEHHO
SBJISIFOTCSI HOPMAJIbHOCEKYIIIUMU TPEIIUHAMU OTPHIBA.

TekToHMYEeCKHEe TPENIMHBl Pa3BUBAIOTCS B TOPHBIX MOPOAAX MOJ
BIIUSIHUEM TEKTOHUYECKUX CHUJI, TPOSIBIAIONIMXCA B 3€MHON KOpE B MPO-
recce ee oopasoBanud. Bo3Hukaromue npu 3ToM aedopManuy mouTyu Bee-
r7ia CONMPOBOXKJAIOTCA Pa3BUTHUEM B TFOPHBIX MOPOJIAX TPEIIUH, 00pa3yro-
IIMXCSl KaK HA CPABHUTEIBHO MAJIbIX IJIOMIAAX, TAK U Ha OTPOMHBIX MPO-
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cTpaHcTBax [25]. OTiMyne X OT HETEKTOHUYECKUX TPEILINH 3aKII04YaeTCs,
MPEXJI€ BCEro, B TOM, YTO TEKTOHUYECKHUE TPEIIUHBI 00J1a1at0T OOJIbIeH
BBIJICPKAHHOCTHIO B OPUCHTUPOBKE M PA3BUBAIOTCSI OJIMHAKOBO B pa3iny-
HBIX 10 COCTaBy MOpojaax. TeKTOHUYECKUE TPEIINHbI HAKJIOHEHBI K MJIOC-
KOCTSIM HaIIACTOBAHUS MO/ Pa3HbIMU YTJIaMU; 3TUM OHU U OTJIUYAIOTCA OT
TPEUIMH MPUPOXKACHHBIX (€cTeCTBEHHbIX). HampaBiieHHE TEKTOHHMYECKHUX
TPEUIMH COBMAJAET C HAIMPABJICHUEM OCHOBHBIX Pa3pbIBHBIX HapYyIICHUM
TaHHOTO paioHa. Tak, Hampumep, JJA LeJoro psjaa paiioHoB JlonOacca
NPUPOXKACHHBIE TPEIIMHBI UMEIOT MEPUIMOHAIBHOE HAIPaBICHUE C OT-
KJoHeHueM 15-20°.

TekTOHMYECKUE SBJIEHUS COACHCTBYIOT PACKPBITHUIO PAHEE CKPBITHIX
€CTECTBEHHBIX TpeluH. [IOBEpXHOCTH TEKTOHMYECKUX TPEIIMH OOBIYHO
MOKPBITHl 0OPO3JKAMU CKOJIbXKEHUSI, TAK KaK OUYE€Hb 4acCTO OHM SIBIISIOTCS
MJIOCKOCTSIMU CMENIeHUs] TTopoa. [Ipu TEeKTOHUYECKUX MOJBUKKAX MOXKET
MPOUCXOJAUTH CABHKEHUE OJIOKOB IPYT OTHOCUTEIBHO APYTa.

Kaxnast ornenbHas TpelMHA XapaKTEPU3YETCs JIWHOW, MIMPUHOM,
U3BUJIMCTOCTBIO CTEHOK, & TAKXKE MOJ0KEHUEM TPEUIMHBI B POCTPAHCTBE,
KOTOpPOE€ B T'€OJIOTUHM MPHUHATO O0003HA4YaTh YIJIOM MAJACHUS U a3UMyTOM
HaIpaBJICHUS NaJieHus. TpelnuHbl Pa3IndaroTCs TAKXKE HATMYUEM WIH OT-
CYTCTBUEM B HUX 3aIlOJHUTENICH, B COOTBETCTBUU C YEM OHM MOAPA3CIIsi-
IOTCSl HA OTKPBIThIE (3USIONINE) U 3aM0JTHEHHbIE.

[To packpbITOCTH WJIM MOILIHOCTH 3aIMIOJTHEHUSI BBIICIISIIOTCS CIEAYIO-
M€ BUJIBI TPEIIMH: BUJIUMBIE HEBOOPYKEHHBIM TJIa30M (OTKPBITHIC, 3a-
KPBITHIE U «BOJIOCHBIE») U MUKPOTpeINHBI. [[IuprHa OTKPBITHIX TPEUIUH
WJIM MOIIHOCTh WX 3alOJIHEHHS OMPEAECIACTCS HEMOCPEACTBEHHBIMU 3aMe-
paM, MIUPUHY 3aKPBITBIX TPEIIMH MOXKHO cuuTaTh paBHoil 0,8...0,5 MM,
«BonocHBIX» — 0,5...0,2 MM.

3anoJIHUTENL B TPEUIMHAX MOKET ObITh MPEACTABIICH PBIXJIBIMU OT-
JIO)KEHUSAMH TUTIA TI€CUaHO-TINHUCTBIX TPYHTOB JINOO 00Opa30BaHUSIMU, OT-
JUYAOIIAMUCA OT IMOPOJ MAacCHBa MO MHUHEPAJIOTHYECKOMY COCTAaBY, HO
CXOJIHBIMHM C HUMH 10 CTPYKTYpPE U PU3MIECKUM CBOMCTBAM.

YacroTa TpelUIMH 3aBUCUT OT MOIIHOCTH U COCTaBa macra. Hampu-
Mep, Ye€M MEHbIIIE MOIIMHOCTh IUIACTOB W IMPOYHOCTH MOPOJ, TEM dalle
TpenuHbl [23]. [lo maHHBEIM MHOTHX UcclieoBatenei [26] B kapOOHAaTHBIX
MOpOJax MHOTHX PAalOHOB B IIacTax MOIIHOCTBIO OT 0,5 mo 2,0 M 3Ta
CBs3b npsiMonuHeiiHa. M.B. Par [27] cuuTaet ee mapaboandecKoii.

B 3aBHCUMOCTH OT TOr0O Kak TPEUIUHBI OPUEHTUPOBAHBI, PA3TUYAIOT
YHOPSJOUYCHHYIO (OJHO-, IBYXCUCTEMHYIO) U HEYIMOPSJOYCHHYIO TPEIIH-
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HOBATOCTh. [lepecekasch, TpelMHbl pa3OrMBaOT MOPOIHBINM MACCUB C HE-
KOTOPBIM XapaKTepHBIM pazMepoM H Ha OTIeIbHBIE CTPYKTYpHBIE OJIOKH
co cpeauuM pasmepoM Nep.. OtHomenue H/Ng. Ha3pIBacTCSI HHTEHCHBHO-
CTBHIO TPelMHOBATOCTH. KpoMe TOTO, I KOJMYECTBEHHOU OIEHKH Tpe-
IIMHOBATOCTH MCIIOJb3YIOT JIMHEMHBIH, MJIOMIAJHOM M 00bEMHBIN KO-
3pPUIUEHTHI MHTEHCUBHOCTH TpelnHoBATOCTH. OHU TPEICTABISIOT
co0OM COOTBETCTBEHHO OTHOIICHUE €UHUIIBI JITTUHBI, TUIOIIAIU, 00beMa K
CpEIHEMY PACCTOSHHUIO MKy COCEIHUMU TPEIIMHAMH lcp., K TUTOIIATH Scp,
1 00beMy CTPYKTypHOTo 0J10Ka Vep .

Poib ecTecTBEHHBIX TPEIIMH B M3MEHECHUU MEXaHMUYECKOW XapakTe-
PUCTHUKH MAacCHBa TOPHBIX MOPOJI ABJISUIACH MPEIMETOM MHOTOJICTHUX HC-
CJIEIOBAaHMI KOJUIEKTUBOB YUEHBIX pa3HbIX cTpaH [28-31].

M.M. IIpoTOapAKOHOB, yKa3bIBas Ha Pa3IMuUe MEXIY IMPOUYHOCTHIO
1a0b0paTOpHBIX 00pa3lloB U MPOYHOCTHIO MACCHBa, B Kau€CTBE OCHOBHOM
MPUYHHBI PacCCMaTPpHUBaI UMEHHO TPEIIMHOBATOCTh MOPOA U yriiei [31].

I'.JI. ®ucenko oTrmMedaeT, 4YTo MPU U3yYCHUH MEXaHHUUECKUX CBOWMCTB
MaCCHUBOB TOPHBIX MOPOJI KaK CPeibl, B KOTOPOM MPOBOJSATCS TOPHBIC BbI-
pabOTKH, HEOOXOAMMO pa3IM4aTh MOBEPXHOCTH OCIA0ICHUS: a) OOIbIION
MPOTSHKEHHOCTH, 10 KOTOPBIM MPOUCXOIUT CKOJIbKEHHE OJHOM YacTH Jie-
dbopMuUpPyeMOro MaccuBa OTHOCHTEIIBHO JIPYTOH, SBISIIONIAECS MTOBEPXHO-
CTSIMH pa3pbiBa CIUIOIIHOCTH MAacCHBa, U 0) HEOOJBIION MPOTSKEHHOCTH,
PACITOIOKEHHON CTYIIEHYaTO OTHOCHTEIBHO JAPYT Apyra W 0oOpa3yroiue
CUCTEMBI OTPENICIEHHBIM 00pa30oM OpPUEHTUPOBAHHBIX TpemuH. [Ipu me-
dbopmupoBaHUN OOJBIINX OOJacTel MaccuBa (JIMHEHHBIE pa3Mephbl KOTO-
pPBIX Ha MOPSAAOK OOJbIE JIMHEWHBIX pa3MEpoB OJOKOB, OrpaHUYCHHBIX
CMEXHBIMU TpPEIIMHAMH) CTPYKTYpPHBIE OCJIa0jaeHUs HEOOBIION MPOTS-
KEHHOCTH HE SIBJISIOTCS] MIOBEPXHOCTSMH CKOJIbKEHUSI U pa3phiBa HETpe-
PBIBHOCTH JepopManmii ¥ CMEIICHUH, a SBISIFOTCS JIMIINDb 3JIEMEHTaMH
CTPYKTYPbl MacCHBa TOPHBIX MOPO/I, CHIDKAIOIIUX MPOYHOCTH IMMOPOJTHOTO
MacCHBa.

CrnenyeT OTMETHTh, YTO TPEIIMHOBATOCTH MPUBOJIUT K CYIIIECTBEH-
HOMY CHIDKCHHIO MTPOYHOCTHBIX XapaKTEPHUCTHK MOPOJIHOr0 MaccuBa. OT-
JUYHE TPOYHOCTH TOPOJ B 00pasiie 1 MacCMBE MOXKET ObITh BeCbMa 3Ha-
YUTCIBHBIM. B 3TOM CBS3M NPH BBHIMOJHSHUH I'E€OMEXaHUYSCKHX PacUCTOB
y4eTy TPEIIMHOBATOCTH MacCHBa MPHUAETCI 0C000€ 3HAUCHUE.
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1.3. Knaccudgukanus ropHbIX NOPOJ]
1.3.1. Kinaccudukanusi ropHbIX MOPOJ 10 XapaKTepy
BHYTPEHHUX CBsI3eH

[IpuMeHUTENBHO K KPYTy 3ajad, pPelIaeMblX MEXaHUKOW TOPHBIX TMO-
poa, MOpOJbl YAOOHO KIACCU(MUIIMPOBATH MO XapaKTepy CBS3EH MEXKIY
CJIaraloluMU €€ MUHEpaJbHBIMU YacTuliaMu. [1o 3TOMy mpu3HaKy BbIze-
JSIFOT CJIETYIOUINE KJIACChl OPO/I.

TBepable, B KOTOPHIX CJIaralolyue UX TBEPJIble MUHEPAJIbHbBIC YaCTH-
IIbI CBSI3aHBI MEXIY COOOM KECTKOM CBSI3bI0, 00ECIICUNBAIOIICH COXpaHe-
Hue ¢popmsl (puc. 1.7).

K HMM OTHOCATCS MarMaTU4ecKue, 0CaJ0uHbIe CIIEMEHTUPOBAHHbBIC U
MeTamopduueckue nmopojsl. B 3ToMm kitacce 0OBIYHO BBIJIEISIOT CKaJIbHBIC
U TOJIyCKalibHble TopoAbl. K CKambHBIM OTHOCAT KpENKUE MOPOIbl CO
CTPYKTYPHBIMU KPHUCTAUTM3AIMOHHBIMH WM YIPYTUMHA aMOP(OHBIMU CBSI-
3samu. [Ipy HachIlleHUH BOJOM CHUJIBI CLIETUIEHUS Y TaKUX MOPOJ HE Ocla-
oesatoT. [IpuMepamMu CKalbHBIX MOPOJ CIYyXKaT T'PaHUTHI, Auada3bl, Oa-
3aJIbThI, KPETIKUE NMECUaHUKH, U3BECTHAKHU. Y MOJIYCKaJIbHBIX MOPOJ B MPH-
CYTCTBUHU BOJIbl CBSA3M OCIA0EBAIOT, JUOO MCYE3AIOT MOJHOCTHIO. CBS3b
MEXy MUHEPATbHBIMHU YaCTUIIAMU MOKET ObITh HE TOJBKO JKECTKOM, HO U
wractTuyHoM. [Ipumepamu Takux MoOpoJ SABJISIOTCS ¢l1a00 CIIEMEHTUPOBAH-
HbI€ MECYaHUKH, clladble M3BECTHSKU, AOJOMUTHI, Meprenu. [Ipu nedop-
MUPOBAHHUH MMOPOJIBI ATOTO KJlacca BEAYT ce0s Kak yInpyrue Tena.

VY CBSI3HBIX, WIW TJIMHUCTBIX, TOPOJI, CBSI3b MEXIYy MHUHEpPaIbHBIMHU
YacTUIIAMH O0ECIEYMBACTCS MOCPEACTBOM OOBOJIAKMBAIOIIMX MX TOHKHX
TUTCHOK BOJIHI (puc. 1.8).

Puc. 1.7 TBCpI[BIe TOPHBIE TTOPO/IBI: Puc. 1.8. CBsasHrble T'OpHEBIC IOPOAbLI:
CPaHUT rJInHa

HpI/I 9TOM BO3MOKHA TaKke ciadas OEMCHTAaI M. I'munucTeie IMOPOAbI
COACpIKAT 0O0JBIIOE KOJWYECTBO TIJIMHUCTHIX MUHEPAJIOB (KaOJII/IHI/IT,
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MOHTMOPWIJIOHUT, TUAPOCIIOABI U T.]1.). [ TMHUCTBIE MUHEPAJIBI COOOIIAOT
CBSA3HBIM TIOPOJAaM IEJBIN psAl CcrenupUIECKUX CBOMCTB, MPEXKIE BCETO,
IJIACTUYHOCTh. BecbMa XapakTepHa HMX CIOCOOHOCTh K HAaOyXaHWIO U
yCaJKe.

Takum o0Opa3om, CBOWMCTBA CBSI3HBIX MOPOJ B 3HAYUTEIBHOU Mepe
OMPENIETSAIOTCS COOTHOILIEHUEM TBEPABIX, KUIKUX M Ta3000pa3HbIX CO-
CTaBJISIFOIIUX, & TAKXKE 3€PHOBBIM U MUHEPAIIOTMYECKAM COCTaBOM. B 3a-
BUCHMMOCTH OT 3TOrO TJIMHUCTAs MOPOJA MOXKET HAXOIUThCA B TBEPAOM,
IJIACTUYHOM WJIM TE€Ky4YeM cocTosiHMU. [lo copepkaHHWiO0 TIIMHUCTHIX Ya-
CTHI[ B Macce mopojabl paznuyatoT rimHbl (6onee 30%), cyrmunku (30 -
10%) u cynecu (10 10%).

Chinnyune mopoabl XapakTEpU3YIOTCA MOJHBIM OTCYTCTBHUEM CBSI3EH
MEK]Iy MUHEpaJIbHBIMK YacTuiiaMu (puc. 1.9).

OTaenpHO CHEAYET BBIICINUTH KIACC, K KOTOPOMY OTHOCSITCS MOPOJBIL,
y KOTOPBIX MHUHEPAJIbHBIC YaCTHUIIbI pa300IeHbl BOJON. DTO, MPEXKIE BCe-
ro, IVIbIBYHBI,  TaK K€ MECKHU, HACBIIICHHBIC BOJOM.

MenkoaucnepcHbI€ ChITYYHUE MOPOJIbI MPU HACBIIMICHUHA BOJOW MPO-
SIBJISIFOT CBOMCTBA TUIBIBYYECTH, T.€. MPU OOHAKEHUH OTKOCA PACILIBLIBAIOT-
Csi OAOOHO BSI3KOM KUIAKOCTH. J[Ji1 BBISICHEHUS] MPUPOJIBI TUIBIBYUYECTH
NOpoAY LEIeco00pa3HO paccMaTpuBaTh, KaK COCTOSIIIYIO M3 JIBYX (a3:
TBEPJIOU U KUJIKOM.

TBepaoii ¢a3oii ABIAIOTCS MUHEPATIbHBIEC YaCTULIBI KPYITHOCTHIO 00-
aee 0,005 MM, BpeMEHHO HaXOISIIAECS BO B3BECIIEHHOM COCTOSTHUM.

Puc. 1.9. Ceimyune ropHbie TOPOJIBI: TIECOK

AKuakas ¢asza - 370 rpyHTOBas BOJIa CO B3BECIICHHBIMHA MEJIbYANIIIN-
MU MUHEPAIbHBIMU YACTHUIIAMU. 3]I€Ch BAXKHYIO pPOJIb UIPAET CBA3aHHAs
BOJIa, COCTOSIIAsA W3 MOJIEKYJI, YAECP>KUBAEMBIX MEJIKOAUCIIEPCHBIMHU Ya-
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ctutiamu. [loBbillIeHHAs! TIOTHOCTh CBSI3aHHOUM BOJIBI U OOJIbIIAs MOBEPX-
HOCTh YacTHIl MPUAAIOT XHUAKON (a3ze ocoOble cBOMCTBA: kuakas (asza
nprodpeTaeT GOJNBINYIO MIOTHOCT, JOCTUrapILyo 1,5 r/cm®, uro ysenu-
YMBAET €€ B3BELIMBAIOIIEE JACCTBHE. biiarogapst 3ToMy TpeHHE MEXK]y Ya-
CTUIIAMHU TBEPAOH (ha3bl YMEHBIIIAETCS, @ YCTOMYMBOCTh BCEM CUCTEMBI I10-
HUKAETCS.

Takasi cucTeMa OKa3bIBa€TCsS BeChbMa YYBCTBUTEIBHON K JUHAMMYE-
CKMM BO3JEHUCTBUSAM U JPYTMM HMIYJbcaM (B3pBIBbI, 3€MJIETPSICECHMUS,
BUOpalus, TUApoAMHAMHUUYECcKOoe Bo3jelcTBue). [lpu CUIOBBIX BO3ACH-
CTBUAX MOKET HACTYNHTh PA3KMUKEHUE MECKa, MHOTJAA Ha OOJBIIMX TLIO-
maasx, ¢ MOTepeil Hecylel CoCOOHOCTH, COMTPOBOXKAatoIIeecs nehopma-
MEW pACHOJIOKEHHBIX Ha HUX COOpYXeHUW. CKIOHHBIMH K MEPEXOAy B
IUIBIBYHHOE COCTOSIHME SIBJISFOTCS XOPOIIO CKAaTaHHBIE MEIKO3EPHUCTHIE
MIeCKH, UMEIOIINE MMOPUCTOCTh O0Jiee 43% u 3P heKTUBHBIN AUAMETp MEHEe
0,1 mm. KpynHO3EpHUCTBIC W CPEHE3EPHUCTBIC MECKU Ja)ke Mpu OoJiee
BBICOKOU MOPHUCTOCTHU HE MOJABEPTAIOTCS PA3KUKEHUIO.

[To oTHOmIEHHUIO K BOJAE IUIBIBYHBI MHOT/A MOAPA3ICISAIOT Ha JBE
IPYIIbl; TUNWYHbIE, WIA UCTUHHBIC, TJIBIBYHBI, HE OTIAIOIIUME BOAY, U
ocyliaeMble TUIBIBYHBI, OTJIAIOIIME BOAY MpU 0Opa30BaHUU MOBEPXHOCTH
MOPOJHOTO OOHa)XeHWs. THUNHWYHBIE TUIBIBYHbI B 3HAYUTEIBHOU MeEpe
HACBIIIEHBl MEJIKOUCTIEPCHBIMU (PPAKIIMSAMU, U COAEPHKAT CBSI3AHHYIO BO-
Iy ¥ 00J1a71a10T CIIEIU(PUIECKUM 3a1axoM.

B ocymraembIx mibIiByHax MmpeooiagaronuMu SBiIstoTes Gppakiuu 60-
nee kpynHeie: > 0,005 MM, CKIOHHBIE K OCEJJaHHUIO.

SIBNeHMsT BHE3AIMHOTO Pa3XWKEHUS (TUKCOTPONMHUHU) TMPUCYIIH HE
TOJILKO MECKaM, HO W TJIMHUCTBHIM MOPOJIaM, KaK 3TO OTMEYAJIOCh PAHEE.

B npaxTuke pazpaboTKu MECTOPOXKICHUN UMETU MECTO ClIyyau BHe-
3aITHOTO TPOPHIBA B BBIPAOOTKH PA3KMKEHHBIX TJIMH B 3HAYUTEIbHBIX
o0bemax.

[Ipu nmepeceyeHU BOJOHOCHBIX MOPOJ TOPHBIMU BbIPAOOTKAMU BHI-
O00p cHenuagbHOro Croco0a MPOXOJAKH 3aBUCUT OT THMA IUIbIByHA. Tak,
MpU HAJIMYUU TUIUYHOTO, HE OTHAIOIIETO BOJY, MIIBIBYHA, METOJ MPEIBa-
PUTEITLHOTO BOJOTIOHMKEHHS HE JJACT HE0OX0AuMOTro 3¢ deKTa.

Hanbonpmnii 00beM BCEX TOPHBIX pabOT MPUXOAUTCA Ha TBEPIbIC
MOPOJIbI, TO3TOMY MX M3Y4YEHHUE MPECTABISIECT OCHOBHOM MHTEpPEC B MeXa-
HUKE TOPHBIX TTOPO/I.

1.3.2. Knaccupukanusi ropasix mopoa mo M.M.IIpoToabsiKoHOBY
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M.M. TIpOoTOABAKOHOB pacCMaTpUBaAJl TOPHBIE MOPOJABI KaK Tea 10
HEKOTOPOHW CTEICHW HECBS3aHHBIC. ITO MO3BOJIMIIO €My HAWTH OOIIyI0 OC-
HOBY JUJIl PELICHUSI PA3JIMYHBIX 33J]1a4, KaK JJIs ChITy4YUX TEJl, TaK WU JJIs
CBSI3HBIX.

N3BecTHO, YTO 1S CHIITYYUX TEJA OCHOBHOW MEXAHUYECKOW XapakTe-
PUCTHUKOU ABIIIETCS YTOJI BHYTPEHHETO TPEHUS - p. Y CIIOBUE MPEAECITBHOTO
PaBHOBECHS ISl TAKOM CPEIIbl UMEET BUL

T =otgp =of , (1.1)
IZ€ T U 6 — COOTBETCTBEHHO KAaCaTeJIbHbIE U HOPMAaJIbHBIE HAIPSKEHUS HA
paccMaTpHBacMOM MpeaeIbHOM HAKIOHHOM momianke, f — kosddumment
BHYTPEHHETO TPEHUSI.
N3 (1.1) cnenyert, uto

S f, (1.2)

I[JI}I CBA3HBIX ITOPOA YCIOBHUC ITPCACIIBHOTO PABHOBCCHA 3aIIMChIBACT-
Csl CIEYIOIIUM 00pa3om
r=C+otgp, (1.3)
rac C— CHCINICHUC ITIOPO.
PaznenuB npaByto U eBYI0 4acTh BeipakeHus (1.3) Ha o, nomydnm
7_C . (1.4)

o o
IIpaByto vacts ypaBHeHus (1.4) obosnaunm uepes fy, Torna ns (1.4)

MOJIy4YUM
T
=1, 1.5
o 1 (15)

YTO MO CMBICITY aHAJIOTUYHO BbIpaxkeHuto (1.2).
Onupasicy Ha (1.2) u (1.4), MOKHO 3amucaTh

C
f.=—+tgp=tgB,.
1= 9p =195

M.M. IIpOoTOabSIKOHOB Ha3BaJ Yroi f1 «KaXyIIUMCS YTIIOM TPEHUS,
a ko3 unment fi — «kaxymumcs K03(pGUINEHTOM TPEHHS, MO3IHEE —
K03 PUIIMEHTOM KPEIOCTH.

[1.M. IlumGapeBud [32] B MOCIEAYIONIEM UCITOIB30BAT aHAJTOTUYHBIN
MOJAXOJ ¥ NMPEJJIOKUI HAa3bIBaTh YIOJl 1 YTJIOM BHYTPEHHETO COMPOTHUBIIE-
Hust. DopMasibHO 3Ta HHTEPIPETALIUS BO3MOXKHA, TTOCKOJIBbKY (YHKITUA 1251
MOXET NPUHUMATH JT000€ 3HAUCHUE U TAKUM O00pa3oM yUYHUTHIBATh B OTHO-
cutenbHOU Popme Bennuuny Koddduimenta cuerienus C.
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HGOHPG,HGHGHHOCTB BBI3BIBACT JIUIIBb TO, YTO fl COCTOUT U3 IBYX ClIa-

y C .
racMbIx: tg,D - HCKOTOPOM KOHCTAHTbI U — - IICPCMCHHOU BCJIMYMUHLI, SIB-
o

JsroIencst PyHKIMEW HOPMaJIbHOTO HAMPSHKEHUs. YTOJI BHYTPEHHETO Tpe-
HUS SIBJISIETCS] BEJIMYMHOM, UMEIOIIEH OmpeneneHHbId (GU3MUECKU CMBICI,
KOTOpasi MOKET OBbITh OIpeecHa IKCIEPUMEHTAILHO B JJaboparopuu. Ka-
KyIuicss K03PQPUIUEHT TPEHUs SBIISECTCS BEJIUMYMHON YCIOBHOM, KOTOpas
KaK XapaKTEPUCTUKA COIMPOTUBIICHUS CIABUTY — HEOJHO3HAYHA U KCIIEPH-
MEHTAJIBHO MOJy4YeHa ObITh HE MOXKeT. O/iHaKo, 3T0 mo3BoImI0 M.M. IIpo-
TOABSIKOHOBY HaTH OOIIYI0 OCHOBY JIJI PELICHUS 3a]1a4 MEXaHUKHU TOPHBIX
MOPO/JI ¥, B YACTHOCTH, COCTaBUTh KJIACCU(UKALIUIO TOPHBIX MOPOJ MO Kpe-
noctH (Tadma. 1.1), koTopas HaIUIa HIUPOKOE MPAKTUYECKOE TPUMEHEHHE.

Kak BuaHO 13 Tabm. 1.1, mopoasl pa3OMTHI 10 KPEIIOCTH Ha JIECSTH
KaTEropuii, MsITh U3 KOTOPHIX MUMEIOT MOAKaTeropuu. s Toro 4Todnl OT-
HECTH MOPOAY K TOM MJIM MHOM KaTeropuu, He0OX0auMO 3HATh KO PHUIIn-
eHT kpenoctu. {ns onpenenenus 3toro koddgduimentra M.M. IlpoToass-
KOHOB TOJIb30BAJICSl PE3YJbTaTaAMHU HCIBITAHUI O00pa3l0B FOPHBIX MOPO/T
Ha ogHOOCHOe cxxkatue. [lpu onmpenenenun koddduImeHTa KpernocTu Mpu-
HAMAETCs, YTO KaXJas eAuHuIa Kpenoctu coorBerctByer 10 Mlla mpou-
HOCTH Ha CXKaTue, T.€.

R
10

JIst mopoi ChITy4ux B KadecTBe ko3 (UIMeHTa KPEernocTu MpUHU-
MaeTcsl YUCIEHHOE 3HaUeHrEe KO3 (PUIIMEeHTa BHYTPEHHETO TPEHUHL.

CrenyeTr UMEeTh B BUY, YTO B MPAKTUKE MOHIATUIO KPEMOCTHU MOPO/IbI
npujaeTcs 0osiee MUPOKOE 3HAUCHUE, YEM MPOUYHOCTH: MTOHATHE KPETIOCTH
MPUMEHEHO KaK K YCTOMYMBOCTU OOHAKEHUM MOPOJ, TaK U B OTHOIICHUU
COMPOTUBJIEHUS TOPO/I TIPU OYPEHUH, B3PLIBHOM Pa3pyIICHUH U T.I1.

B cBsi3u ¢ atuM 17151 onpenenieHust KodhPuimeHTa KpernocTy UCIOb-
3YIOT, HalpuUMeEp, CIOCO0 TOMYEHUs ISl ONpPENENICHUs] KPEMOCTU YIJIEH,
cBepieHus: B maccuse 1o metoauke A.M. Anuypa u A.Il. Kyns6aunoro u

xp [33].

TaOmuma 1.

Knaccudukanus ropasix nopoa no M.M. IIporoassikoHOBY

Kare- | Cremnens kpermno- [Topoast Koao-

ropus CTH ¢bunmeHt

KPETIOCTH
B Bricmieii cre- | HawmGomnee kpemnkue, TUIOTHBIE U BS3KUE KBAPITUTHI
I TICHU KPETKUE 1 6a3abThl. VICKITIOUNTENBHBIE TIO KPEMOCTH JPY- 20

OPOJIbI THE MTOPOJIBL.

34




Kare- | Crenens kperno- ITopobet Koad-
ropust cTH ¢dunueHT
KpPEIOCTH

I'panut (110THBIN) ¥ rpaHUTOBBIE TOPOALI. OUYeHb
Kpenkue KpEIKHe NeCYaHUKU U U3BeCTHAKH. KBapresbie
IIOPOJIBI pynHbie xuibl. Kpenkuii konrimomepar. OueHb
KpENKHUE JKeJIE3HbIE PY/IbL.
W3BectHsku (kpenkue). Hekpenkuit rpanut. Kpen-
Ia To xe ke necuanuku. Kpenkuii mpamop, 8
noiomMut. Kosruenagel.

i 10

Kpenkuii rmuauncTsiii cnanen. Hekpenkuii necua-
Cpennue mopo-
Vv 11 HHMK U U3BECTHSIK, 4
MSATKUI KOHIJIOMEepar.
Pa3Hoo0Opasnbie craHibl (HEKpEnKue).
[lnoTHBIM Mepres.

Va To xe

VIII 3eMIIACTBIE 10- Pacturensnas 3emis. Topo.
DOJTBI JIlerkuil CyrIMHOK, CHIPOH TTECOK.

1.4. Yupyroctb, XpynkocThb U IJIACTUYHOCTH TOPHBIX MOPO/I

CrrocoOHOCTB TOPHBIX ITOPOA COIIPOTUBIIATHCA BHCIIHUM MCXAHHYC-
CKUM BOSI[@ﬁCTBI’IﬂM YCTAHABJIMBACTCA Ha CIICHUAJIBHBIX YCTAHOBKAX. B
Imponecce HUCIBITAHUM T10 OIIPCACIICHHBIM MCTOAWKAM OIIPCACIIAOTCA HC-
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dbopMalOHHBIE, TPOYHOCTHBIE U PEOJIOTHYECKHUE MokazaTenu. B 3aBucu-
MOCTH OT CKOPOCTH HArpy>KeHHs TOPOIHbIE 00pa3Ilbl 1e(OopMUpYIOTCS TO-
pa3sHOMY, B CBSI3M C YE€M JOCTATOYHO YCJIIOBHO TOBOPAT OO0 UX YIPYIuX,
XPYNKUX WU IJIACTUYECKUX KaueCTBAX.

CnocoOHOCTh TOPHBIX MOPOJ MOJHOCTHIO BOCCTAaHABIMBATH MEPBOHA-
JaJIbHYIO ()OpMY TIOCJI€ CHSTHSI HAarpy3Kd Ha3bIBacTCsl YHPYrocrblo. ['pa-

buk nedopmMupoBaHUs TaKUX Opoa u3o0paxkeH Ha puc. 1.10.

P
P

Harpyska

pasrpyska

0 €
Puc. 1.10. I'paduk ynpyroro aegopMupoBaHus TOPHBIX MTOPOA

Yem ObICTpee MPUKIIAIBIBACTCS HArpy3ka K oOpasily, 4eM BBIIIC €€
WHTEHCUBHOCTb, TEM C OOJbIIEH OTYETIMBOCTHIO MPOSIBIAIOTCA YNPYTUe
CBOWCTBA TOPHBIX MTOPOI.

Yupyrue nepopmannvii BOZHUKAIOT NPU HArpy3Ke M UCYE3AIOT MPHU
pasrpy3Ke CO CKOpPOCTBbIO 3BYKa MJiA JAHHOW Cpeabl (TOPHOM MOPOABI).
OnHako BO MHOTHX Clly4asX MMEET MECTO 3aMEJJICHHOE HCUYE3HOBEHHUE
HEKOTOPOH YacTH ynpyrux jedpopmarui.

DT0 sABJICHHWE HA3bIBAIOT YIPYTHM mocjaeaeiicteuem (puc. 1.11).
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Harpyska

pasrpyska

0 - €

Puc. 1.11. I'paduk yrpyroro nocieaeicTBUs MOJIEIH:
a) I'yka; 6) Herotona; B) Cen-Benana

[Tocne cHATHSI HArpy3KM MTHOBEHHO MCUE3a€T TOJBKO YacTh yIpYy-
rux aegopmaiyii, a J1Jisi UCUE3HOBEHUSI )K€ OCTABILIEIHCS YaCTU Eoem TPE-
OyeTcst HEKOTOPOE BpeMsl, U3MEPSIEMOE YacaMM, & HHOTJa U Cy TKaMH.

OnHUM U3 OPOSIBJEHUM YNPYTOCTH TOPHBIX MOPOJ SIBISETCS XPYII-
KOCTh. XPYNKOCTHI0 HAa3bIBAIOT CIIOCOOHOCTH TBEPJIBIX TOPHBIX MOPOJT
paspymiaTthes 6e3 3ameTHbIX nedopmaruii (puc. 1.12,a).

XpyHnKOCTH OOBIYHO MPOTUBOIIOCTABIISIIOT MOHSTHE MJIACTUYHOCTH,
Mo KOTOPOM MOHUMAIOT CIIOCOOHOCTh TOPHBIX MOPOJI MPHUOOPETATh HEOO-
patumbie  (OcTaTouHble) nAedopMalMM  TIOCIE CHSITUS  HArpy3Ku
(puc. 1.12,0).

a)

P pasrp[|
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0)
Py

Harpy3ka

pa3rpys3ka
0 Eoct > £

Puc. 1.12. XpynkocTs (a) ¥ Ii1acCTUYHOCTH (0) TOPHBIX MOPOJT

Crenyer OTMETUTh, YTO JICJICHUE TOPHBIX MOPOJ HA YIPYrUe W Iuia-
CTUYHBIE BECbMA YCJIOBHO: B 3aBUCHUMOCTH OT YPOBHS U CKOPOCTH Harpy-
YKEHUS OJTHU U T€ K€ MOPOJHBIC 00pa3Ilbl MPOSABISIOT KaK YIPyTHE, TaK U
IJIACTUYECKHE CBOMCTBA.

B 3TOM CMBICIE YIIPYTOCTH, IIACTUYHOCTh U XPYHKOCTh MPABUIILHEE
OIIPEHEIISITh HE KAK CBOMCTBA, & KAK COCTOSIHUE TOPHBIX MOPO/I.

JI1s1 KOJIMYECTBEHHOW OIICHKU XPYMKOCTU (IJIACTUYHOCTH) TOPHBIX
MOPOJi OOIICHPUHATHIX KPUTEPUEB HE CYIIECTBYET, XOTS MPEIJIOKEHUN B
3TOM 00JacTH JOoCTaTOYHO MHOTO0. OTHUM U3 HanboJee MPOCThIX, HO 10CTa-
TOYHO OOBEKTUBHBIX, SIBJISETCS MPEIJIOKEHHUE OLICHUBATh CTEIIEHb XPYIIKO-
CTH PA3JIMYHBIX MATEPUAIOB, B TOM YHUCIIE U TOPHBIX MTOPOM, ITOCPEICTBOM
OTHOIIIEHUS BEJIMUUHBI TIpeieia MPOYHOCTH Ha OJJHOOCHOE pacTsbkeHne Rp k
BEJIMYMHE MPeEJieia MPOYHOCTU HAa OJJHOOCHOE cxathe Re

p=_F (1.6)

Koadhpuument xpynkoctu ¥ uzmensiercs ot 0 no 1. Ilpu #= 0 ume-
€T MECTO uJealibHas XpyNKocTh, Ipu ¥ = 1 - uaeanbHas MIACTUYHOCTD.
PeanbHbIC k€ TOpHBIE TTOPOJIbI, KaK U WHBIE TBEPJIbIC TeJa, 3aHUMAIOT He-
KOTOPOE MPOMEKYTOUHOE T0JIo)KeHne. Hanpumep, 11l BIaxkHbIX TIUH F
= 0,9, s aprwuutoB ¥ = 0,33, nna kpenkux necuanuko ¥ = 0,1. ITo-
JABJISIOIIEe OOJIBIITMHCTBO TBEPJIBIX MOPO UMEIOT KOA(DGDUIIMEHT XPYIKO-
CTH, paBHBIN, TpuMepHO, 0,1 (Tadm. 1.2).

Tabnuua 1.2
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3HaueHus KodGUIIMeHTa XPYIKOCTH JJIsI HEKOTOPBIX BUJIOB
ropHsix nopoj (no M.B.baknamiosy) [3]

[Topona ¥
['nmuHBI BIa)KHbIE 0,9
ApruiiiThl CpeAHEN IOTHO- 0,33
CTHU 0,06
AHTpAIUTEI 0,03
[Tecuanukn 0,02

Yroap KaMeHHBIN

1.5. le¢popManioHHbIE U POYHOCTHBIE XAPAKTEPUCTUKH
TOPHBIX MOPOJ
1.5.1. ledpopmannoHHbIe XaPpAKTEPUCTHUKU FOPHBIX MOPOJ
CnocoOHOCTh TOPHBIX MOPOJ ynpyro J1ehopMUPOBATHCA XapaKTe-
pU3yeTcs TaKUMHU TMOKa3aTeIsIMHU, Kak MOAYJb yrnpyroctu — E (Moayib
FOwnra), koaddunuent Ilyaccona - g u moayns capura — G.
Moayab ynpyrocTu mpejctaBiisieT co0O0il OTHOIICHHWE BEJIMYUHBI
HOPMAaJIbHOTO HANPSXKEHHUSI 0 K BEJIMYMHE COOTBETCTBYIOUIEU MPOJI0JIb-
HOH oTHOCUTENbHOU nedopmanuu £ (mpsimas 1 puc. 1.13):

O
E -2
~. (1.7)
A
o : 2
0 € oo en e

Puc. 1.13. Onpenenenue moayns ynpyroctu (1) u momyns aedopmariiu (2)

Koa¢ppunuent IlyaccoHa — 3T0 OTHOLIEHME OTHOCUTEIBHOM TOTIE-
pEYHOM &’ K OTHOCUTENTHLHOMN POI0IBHON nedopmalinu &
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&
H P (1.8)

MoayJb ¢cABUTa 3aBUCUT OT JIBYX MPEABIAYIIMX XaPAKTEPUCTUK U

OTIPEICIISIETCS 10 CAeayIoNen Gpopmyiie:
~E
20+ p)

Benuunna 1 n3aMeHsETCs T pa3InYHbIX MATEPUAIOB B MPEJIECIax OT
0 1o 0,5 (0 — abcomroTHO KecTKoe Teno; 0,5 — )KUIKOCTB).

DTH ynpyrue KOHCTAHThI ONPEACISIOTCS B IIpoliecce JadopaTOpPHBIX
WCIIBITAHUH TOPHBIX Mopoj. Harpykenne oOpasia mpou3BOIST MO ITUKIN-
YECKOW CXEME «Harpyska-pasrpy3ka». Ilpy 3ToM OT mMKIa K UHUKIY
YMEHBIIACTCA AOJA IIACTHUYECKUX aedopManuii ¥ MOAYJIb YIPYTOCTH,
ONPENICIIEHHBIN JJISl TIOCIEAHEr0 LUKJA HArpyKEHWs, Jy4lle OTPa)KaeT
yIOPyTHe CBOWCTBA TOPHOM MOpoapl. BeawmumHa ero OyaeT HECKOJIBKO
0o0JIbIIIe, YeM JIJISI MOJTYJISl, PACCYUTAHHOTO IO IEPBOMY ITUKITY.

B cBs3u ¢ TeM, 4TO peanibHasd 3aBUCUMOCTb MEXK/Y HAPSIKCHUSIMHU U
neopmausaMu 11 TOPHBIX MOPOJ SIBISIETCS KPUBOJIMHEHHON M IUIACTH-
geckue aeopmaliiy MOsSBIISIOTCS 3a9acTyIO Cpa3y e MOCiIe HarpyKeHHUS,
BO3HUKJIA HEOOXOJIMMOCTh BBEJICHHUS MOHATHS MoayJas Aedopmaunu Eo,
PABHOTO OTHOIIEHUIO BEJIWYUHBI HOPMAJIBLHOTO HANPSKEHUS K IMOJIHOM OT-
HOCUTEILHOW MPO0JIbHON Aedopmaiinu, BKIOYass OCTaTOUYHYIO (CM. KpHU-
Bas 2 puc. 1.13)

(1.9)

Ey=—. (1.10)

[To BenMumMHE MOAYJb YIPYTOCTH ISl OJJTHOTO U TOTO € MOPOJHOTO
oOpasIiia HeCKOJIbKO 00JIbIe MOy Achopmanmu (E>Ep).

JuHaMu4YecKuid MOIyJb yIpyroctu E, ompenensercs myrem m3me-
PEHHSI CKOPOCTH MPOAOJIbHBIX YIBTPAa3BYKOBBIX BOJIH, KOTOpAasl CBsI3aHA C
HUM ClIeIyIoIIei GyHKIIMOHATLHONW 3aBUCUMOCTHIO:

_|Ba, -4
Vp 70 g i+ ufl-24) (1.11)
IJIe J0 - INIOTHOCTh,  — YCKOPEHHE CHIIBI TSKECTH.
JluHaMuuecKkuit MOyJib YIIPYTOCTH BCETAa OOJBIIE TI0 BETUYHUHE, YEM
mMonaynb yrnpyroctu ( E;>E).
Onpenensatorcs Moayibp FOHra m kosdduument Ilyaccona Ha mo-
POIHBIX 00pasiiax ¢ UCMOJIb30BAHUEM MPECCOB U, KaK MPaBUIIO, MHIUKA-
TOpOB 4YacoBoro tumna ¢ nenou geynenusa 0,01-0,002 MM uim snexkTpuye-
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CKMX TCH30MeTpoOB. McmbiTyembie 00pa3iibl OOBIYHO UMEIOT ITUJIWH IPU-
4EeCKy10 OpMY C OTHOIIIEHUEM BBICOTHI K JUAMETPY, OJM3KUM K JABYM.

Monayne FOHra moxer ObITh ONpEeNICH TaKXe MPH HU3Tude Mmopo-
HOTO oOpa3ia B popme 6agouKku, UMEIOIIEH MTPSIMOYTOJIbHYIO HIIH KPYT-
ayio Gopmy nomepedHoro ceuenus (puc. 1.14).

P

Puc. 1.14. Cxema k onpeaenenuto moayist FOnra Ha 6anouxe

banoyka W3rOTaBIMBAETCA C COOTHOIIEHUEM JJIWHBI K BBICOTE
(nmameTpy), paBHbiM 7-10. OHa yKjIaJabIBae€TCs Ha JBE OMOPHI, HArpy3Ka
P npuknaneiBaeTcs mocepeanHe npoliera. Benmnunna nporuda f usmeps-
€TCsl UHANKATOPOM 4YacoBoro tuna. Moayns FOHra onpenensitot no ¢op-
MyJIe:
PI®

E—-__
4815 Mlla, (1.12)

rae | — MOMEHT MHepIUH MOMEePEYHOro CeYeHUs o0pasia.

[To 3TOM cxemMe MoeT ObITh ompeaesieH u kodddunuent Ilyacco-
Ha. /{7151 3TOTO UCIOJIB3YIOTCS MPOBOJIOYHBIE TEH30PE3UCTOPHI OOBIYHO
c 0azoit 20 MM u conpotuBieHueM =~ 200 Om. J/IBa B3auMHOIEPIECHA-
KYJISIPHO PACIOJIOKEHHBIX TEH30PE3UCTOpa MPUKIECHBAIOT HA OTMOJH-
POBAaHHYIO TOBEPXHOCTh 0AIOUKU KaKUM-IU0O0 KieeM (Hampumep, HHo-
kpuH D0-1) 1 BKIIOYAIOT B CXEMY MOCTa C KOMIIEHCAIlMOHHBIM COIIp O-
TUBJICHUEM.

[Ipu cxatuu (pacTsSHKEHUHU) MEHSAETCS CONPOTHUBIICHUE TEH30p €3U-
CTOpPOB, YTO MPUBOJUT K pazdamaHCcUpOBKEe MocTa. MI3MeHeHune conpo-
TUBJICHUS TIPOMOPIMOHANIBFHO Aedopmanuu. [ mepexoaa oT mokasa-
Telel rajabBaHOMETpa K BeEJIWYMHE JaeopMamuii TEH30PE3UCTOPHI
NpeIBapUTEIbHO TAapUPYIOT HAa KaKOM-JIMOO TapUpOBOYHOM YCTpOM-
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CTBE, HampuMmep, Ha TaApUPOBOUYHON CTalIbHOW Oajloyke pPaBHOIO CO-
npoTuBieHus [34].

[TockoybKy HaKJIEUBAETCSI PO3ETKA U3 JIBYX JATYUKOB, PACIOJIOKECHHBIX
B3aUMHOIEPIIEHAUKYJISIPHO, TO 3TO Ja€T BO3MOXKHOCTh IOJYYUTh BCE
HavyalbHbIC JaHHBIC I ompeneieHus kodbduimenta Ilyaccona. Cuaenyer
OTMETUTh, YTO HAKJIEHKA TEH30PE3UCTOPOB B H3JI0KEHHOM BBIIIE METOJIE
TpeOyeT Ompe/IeICHHBIX HABBIKOB M 3aHUMAET JOBOJILHO MHOI'O BPEMEHH.
[Ipu 3TOM MPOBEPUTH KAYECTBO HAKICWKH HE MPEJCTABISETCS BO3MOMKHBIM,
YTO SIBJISIETCS] CYIIECTBEHHBIM HEJIOCTATKOM 3TOT0 METO/IA.

YtoObl yHIPOCTUTH MpOIECC U3MEpeHus Ae(OopMallMOHHBIX XapaKTe-
PUCTHK C MOMOIIbI0 TeH3ope3uctopoB, Bo BHUMMU (Cankr-IletepOypr)
ObLT pazpaboTtan npmwkuUMHON TeH3zoMmeTp JIM12 [35], B koTopoM HakIIeH-
Ka TEH30JaTYMKOB Ha oOpa3el] 3aMeHEeHa UX MPUKUMOM Ha OOKOBOM IMO-
BEPXHOCTH o0Opasiia MUIUHAPUYIECKO Ghopmel (puc. 1.15).

Puc.1.15. Ilpmwxumuoi Terzomerp JIM12: 1 — nummHApHYECKUA 0Opasel] TOpHOH
nopoJsl; 2 — 601T; 3 — NIpyXkuHA; 4 — ONOPHBIE TUIUTHL; D — MATKAask BAKYyMHas
pe3rHa; 6 — MPOA0JIbHBIN TEH30JaTUMK; 7 — MOMEPEYHbI TEH30/IaTUHK;

8 — KoHTakTHas KoJioAka;9, 10 — orpannunBaromue miaHky; 11 — raitku;

12 — KOHTPOJIbHBIC PUCKU

OnbitHeIN 3aB0a4 BHMMMU Bhinyckan npr>KMMHBIE TEH30METPHI TISTH
TUMOPA3MEPOB JJIs HOMHUHAIBHOTO guaMmeTpa oopasnoB oT 20 g0 90 mwm.
KoHcTpykiust mpubopa 1no3BojisieT NpOBOAUTH HA OHOM TUIOpPAa3Mepe MUC-
NBITaHUST 00Pa3IOB MOPOJ, pazinyaroImuxca guaMmerpom Ha 50%. Pesyib-
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TaThl UCOBITAHUN MPUKUMHBIX TEH30METPOB MOKA3AIM UX HAJICKHOCTh U
TOYHOCTb MPU OMPEACICHUH 1e(POPMAIIMOHHBIX XapaKTEPUCTHK.

1.5.2. IIpO4YHOCTHBIE XaPAKTEPUCTUKHA TOPHBIX MOPO/

K npOoYHOCTHBIM XapaKTEPUCTUKAM TOPHBIX MTOPOJ OTHOCSTCS: TIPEeAe
MPOYHOCTH HA OJHOOCHOE CxKaThe — Re, mpejen npoyHOCTH Ha OJJHOOCHOE
pactsbkeHue — Rp, mpeaen nmpoyHocTu Ha caBUT — Ry, cuermienne C 1 yrou
BHYTPEHHETO TPEHUS — .

IIpenes mpoyHocTH HA O0JAHOOCHOE c:kaTthe. Cpenu MPOYHOCTHBIX
XapaKTEPUCTHUK MPEIEeNl TPOYHOCTH HA OJJHOOCHOE CKATHE 3aHUMAET OCO-
00€ MoJIO)KeHUE. DTO OCHOBHAsI KOHCTAHTA Pa3JIMYHBIX TBEPJBIX MaTEPH-
aJ0B, B TOM YMCJIE U TOPHBIX MOpoJ. [I[pakTHyeckn Bce reoOMeXaHu4 €CKHeE
UCCIICIOBAHUSI HAYMHAIOTCS C OMpPEJEICHUs Tpejiesia MPOYHOCTH Ha O/I-
HOOCHOE C)KaTHe 00pa3IioB TOPHBIX IMTOPOI.

B HacTosiiiee Bpemsi umeeTcs 00JIbII0e KOJIUYECTBO METOJI0B UCIIbITa-
HUW TIOpOJ HAa OJHOOCHOE C)KaThe, MPEIJIOKEHBI PAa3JIMYHBIE CIOCOOBI
OTpeJIeJICHUsI 3TOTO TOKa3aTessl, pa3paboTaHbl MHOTOYHUCICHHBIE METO/IU-
YECKHE€ W HOpMAaTHUBHBIE yKa3zaHHs. OCHOBHBIM YCTPONCTBOM C MOMOIIbIO
KOTOPOTO OMNPEICISIOT 3Ty XapaKTEPUCTUKY, KaK MPABUIIO, SIBJISETCS TH]I-
paBiueckuit mpecc (puc. 1.16).

Puc. 1.16. I'mapaBnuyeckuit nmpecc

[Ipu npoBenEHNN UCIIBITAHUM HA OJJTHOOCHOE CKATUE MPENO0JIaracTcs,
4YTO B HJCAIIBHOM C TOYKH 3PEHUSI TEOMETPUU U CTPYKTYphl 00pasiie Mo
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JICMCTBUEM BHEUIHEW HATPY3KH, MPUIIOKEHHOW CTPOTO TMEPIICHIUKYIJISPHO
K €r0 BEPXHEMY M HWKHEMY OCHOBAHHUSIM, BO3HHMKAET OAHOPOAHOE ITOJIE
HanpspkeHud U gedopmaruit. Korma KOMIOHEHTBI 3TOTO TMOJISL IOCTUTHYT
OTpPENICTICHHON BEJIMYMHBI, TPOU30UAECT paspylieHrne obOpasla W mpeaen
IPOYHOCTA HA OJHOOCHOE CKATHE OMPEIECIIUTCS KaK OTHOUICHUE pa3py-
IIAIOIIEro yCuiaus P K IJIOa i MONepeuHoro ceueHus oopasia F,

T.C. R. :g, MI]a. (1.13)

OpnHako, uMeeTcsl psifi MPUYUH, BHEIIHUX M BHYTPEHHHUX, KOTOPbIC
CIIOCOOCTBYIOT TOMY, YTO TOJ€ HampsbkeHU u aedopmanuii B oOpasiie
MOJIy4aeTcsi HEOAHOPOJAHbIM. K BHEINIHUM NpPUYMHAM CIEIYyET OTHECTH
pasMepbl camMoro odpasiia, B YaCTHOCTH, OTHOIIIEHUE €ro BBICOTHI h k mo-
nepeuyHoMy pasmepy d; popmy o0pasiia, KoTopas MOKET OBITh IUIUHIPH-
YEeCKOM, KyOnueckoi, Mpu3MaTHieCKOn, B BUAEC HUCKOB, MOJIYIIPABUIHLHON
Y HEIIPABUJIBHOU.

TopueBbie yCIOBUS MPU 3TOM TOXKE PA3IUUHBL: )KECTKas 3a/€NKa, Cy-
X0€ TpPEeHHE, CMa3Ka, Pa3IMYyHOTO poja MpOoKIanku (mapaduH, CBUHEI,
MJIACTMACCHI, IECOK U T.1.).

CymecTByIOT CHEIMAIbHO NPOBEACHHBIE HUCCIEI0BaHUs [3], mMoKa-
3BIBAIONIME, YTO JJISI OJHOW M TOW K€ JIUTOJOTMYECKOW pa3HOCTH pa3-
JUYHBIE YCIIOBUS Ha TOPLAX MOTYT MNPUBECTH K HM3MEHEHUIO Mpejelia
MPOYHOCTH Ha OJJHOOCHOE C)kaTHe OoJiee yeM B 5 pas.

BHyTpeHHuE TpUYUHBI, NPUBOAIIME K HAPYLICHHIO OJHOPOJHOCTU
MOJISl HANPSDKEHUM U 1eopMaliuii, KporoTCsl B €CTECTBEHHOM CTPYKTYPHOM
HEOJHOPOJHOCTH TOPHBIX MOPOJ (CKpBITasi TPEIIMHOBATOCTh, BKIIOUECHUS
Pa3HbBIX Pa3MEPOB U Pa3HOM KPEMOCTH, MOPHI U T.11.)

ScHO, YTO MOMYYUTH HUJICATTLHOE OJTHOPOJIHOE T0JI€ HANPSKEHUN U Jie-
dbopmaruii B 00pasiie HEBO3MOXKHO. Peub MOXKET MATH JIUIITh O COCTOSTHUH,
OJIM3KOM K OJIHOpoaHOMY. Pa3zpaboTka METOJOB HMCHBITAaHUH, O0OecreurBa-
IOIIUX JOCTOBEPHOE M CTAOWJIBHOE 3HAUYEHHE TPEOYyEeMOM XapaKTEPUCTHKH,
BEJIACHh U BEJICTCS B TPEX HAMPABJICHUSX:

- COBEPIIICHCTBOBAHUE CXEM HArpyKCHUS;

-000CHOBaHHUE COOTHOILICHUS TEOMETPUUYECKUX pa3sMepoB 00pas-
os (h/d);

- COBEPIIICHCTBOBAHUE TOPLEBBIX YCIOBHUM.

['maBHOE Ha3HAUYCHHE CXEMbl HATPYKEHUS COCTOMT B OOECIEUYECHUU
PaBHOMEPHOI'O paclpe/ie/IieHUs] BHEITHEW Harpy3Ku Mo CEYeHHI0 oOpasiia
OT HayaJla UCHBITAHUWA M JO MOMEHTa pa3pyiieHus. OCHOBHBIE CXEMBbI
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Harpy>kKeHusi, MPUMEHSAEMbIC IIPU UCTBITAHUSX TOPHBIX MOPOJ, MOKa3aHbI
Ha puc. 1.17.

Lap ik e

/T I oy B
: P s
a) 0) E;

Puc. 1.17. OcHOBHBIE CXE€MBI OCEBOT'0 HArpyKEHUsI TOPOTHBIX 00pa3IioB

TITTI77

[To mepBoit cxeme (puc.l1.17,a) Topibl 00pa3IoB B MPOIECCE HArpy-
AKEHUS OCTAlOTCS MapajlieIbHBIMU. Y CIOBHSI HArpyXeHust u aedopmMupo-
BaHMSI TIPU STOM OJIM3KH K HATYPHBIM YCJIOBHSAM AeOPMHUPOBAHUS U Pa3-
PYIIEHUS TOPHBIX MOPOJI, HAIPUMED, B IeNKKax. Pe3ynbTaTsl Takoro poja
UCIIBITAHUI Han0oJiee MPEACTaBUTEIIbHBI.

Cy1iecTBEeHHBIM HEJOCTATKOM 3TON CXEMBbI SIBIISI€TCS OOJIbILIAs TPY10-
€MKOCTb padOT, CBS3aHHBIX C U3rOTOBJIEHUEM O00pa3OB CO CTPOro Mapai-
JENbHBIMU TOPLIAMU. A JaXe HE3HAUUTEIbHOE OTKJIOHEHHUE OT Mapasuielib-
HOCTH IPUBOAUT K KOHIIEHTPALMU HAINPSKEHUW HAa OJHOM U3 TOPLOB U
HEpPaBHOMEPHOMY MPOTEKAHUIO MPOLECCa pa3pyIIeHUsI.

[Ipn wucnobITaHUSX TOPOJ, CIOCOOHBIX JI0 MOMEHTAa pa3pylICHUsS
HaKaruIMBaTh 3HAYUTEJIbHBIE IJIacTUYECKHe nedopmanuu, TpeOOBaHUS K
NapajuIeJIbHOCTH TOPLIOB MOT'YT OBITh CHHXKEHBI. B 3TOM citydyae cBoiicTBa
NOPOJI IPUBOJAT K BHIPABHUBAHUIO BHYTPEHHUX HampspkeHuil. [Ipumenu-
TEJIbHO K€ K UCIBITAHUSIM KPENKUX MOPOJI MEPBasi CXEMa A€T, KaK MpaBU-
J10, UICKaKEHHBIE pe3ysbTaThl. [[puMeHeHne 3TOM cXeMbl ONPaB/IaHO JIMIIb
IIPU BBICOKOTOYHBIX WM CIIEHIUAIbHBIX BUJAX UCIIBITAHUIA.

Btopas cxema (puc.1.17,0) 10BOJBHO IIIUPOKO MCIIOIB3YETCS TPH KC-
NBITAHUAX PA3IUYHBIX MATEPUATIOB, B TOM YHCIIE U TOPHBIX nopoa. Chexy-
€T OTMETHUTh, YTO CPEepUUECKUMHU IApHUPAMU OOJIBIIOTO (10 CPABHEHHIO C
o0pa3loM) auaMeTpa CHa0KEHBI IOYTH BCE OTECUECTBEHHBIEC M 3apyOeikK-
Hble mpecchl. llapHup pacnosiaraercs Ha HUKHEW WA BEPXHEU IUIUTE
npecca. ['maBHOe Ha3HaueHHE MIApHUpPA - OOECIEUUTH IJIOTHOE MpHUIIETa-
HUE TUTUT Mpecca K HenapaieIbHbIM TopiiaM o0pasiia.
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OCHOBHBIM HEJOCTATKOM JITOM CXEMBI SIBJISETCS HEKOTOPBIM AKCIICH-
TPUCUTET MPUIIOKEHUS Harpy3ku. Kak mokaszanu crnenuaibHble UCCIEH0-
BaHus, BeInojgHeHHbIE B T'J] uM. A.A. CkouuHckoro [36], naxe npu Tiia-
TeIbHOM NUTM(OBKE TOPIIOB U JIOMYCKE HemapasuieabHocTh He 6onee 0,05
MM pPe3yJIbTaThl UCIIBITAHUN MO ATOW CXeMe SBIISIOTCS 3aHKCHHBIMU Ha
18-34%, a ko3 duLMeHT BapHalluu - 3aBBIIIICHHBIM B 2-6 pa3 Mo cpaBHe-
HUIO ¢ 0oJiee TOYHBIMH METoJlaMH. Yem mpouyHee mopoja, TeM OOIbITUMU
CKa3bIBAIOTCS MOTPEITHOCTH PE3YyJIbTaTOB UCTIHITAHU.

[Ipu Tpetheld cxeme HarpykeHusi (puc. 1.17,B) SKCIEHTPUCHUTET
YMEHBINAETCA 0 HUYTOXXHO Majol BEJIMYMHBI HE3aBHUCUMO OT CTENEHU
HemapauieIbHOCTH TOoproB. OJHAKO HANIWYHUE JIETKO TOJBM)KHOTO IIap-
HUpa CHIDKACT MPOAOJIbHYI0 YCTOMUMBOCTH BBRICOKHX 00OpPa3IloB, UTO MCKa-
JKaeT MoJlydaeMbIe Pe3yIbTaThl. B 11e710M ke 3Ta cXxema Harpy>KeHHs, 103-
BOJISIIOIIAST 3HAYMTEIBHO CHHU3HWTH TpeOOBaHWS K 00pabOTKe 00pasIos,
o0ecIeunBaeT J0CTaTOYHO MPE/ICTABUTEIIbHBIC PE3YIbTATHI.

FO.M. KapramesbiM [35] ObLIO MPEIOKEHO YCTPOWCTBO HArpyxe-
HUS, O0BEIUHSIONIEE JOCTOMHCTBA TIEPBOM M TPEThEH OCHOBHBIX CXEM
(puc. 1.17,r).

OnopHbIe TUIMTEI KpoMe CHEepUUIECKOro MmapHUpa CHAOKEHBI TpeMs
ynopHbeiMU BuHTaMu. [locnie Toro kak npumnoxkeHo 5-15% paspymatomeit
Harpy3Kd, BUHTBI MIOJTHUMAIOTCS W BBIBOJISAT IIapHHUP W3 paboThl. B manb-
HEHIIIeM MPOUCXOIUT TUIOCKOMapaIIeIbHOE JIBI)KCHHE TUIMT Tipecca. Pe-
3yJbTaThl MCHBITAHUM TOKa3aJIM BBICOKYIO HaJSKHOCTH 3TOr0 CIOC00a,
OCOOEHHO TIPU HUCIBITAHUSAX PE3KO HEOJHOPOJHBIX, CHIIBHO JIepopMupy-
IOIIIUXCS TTOPO/I.

BTopeiM BaxXHBIM (paKTOPOM, BIMSIONIMM Ha TIPOYHOCTH 00pasiia, siB-
JISFOTCSI €T0 pa3Mephl, Kak abCOIOTHRIC, TaK M OTHOCHTEIIbHBIC, XapaKTe-
PU3YIONTUECS BEIMYMHOW OTHOIICHHS BBICOTHI oOpasna h kK ero momeped-
HOMY pa3mepy d.

BrusHMEe OTHOCHTENBHBIX pa3MepoB h/d ogHO3HAYHO: ¢ yBEIWYEHH-
€M 3TOT'0 COOTHOIICHHS MPOYHOCTH IMOPOJ yMEHbImaeTcss. Biopouem, kak
IoKa3aJik HCClIeI0BaHusl, BhinoHeHHbIe Bo BHUMMU, ¢ yBennuenuem h/d
U3MEHSIOTCS U Je(pOopMaIlMOHHBIE XapaKTCPUCTHKH: YBEIHMYHBACTCS MO-
IyJib YHOPYrocTd, yMeHbinaeTca kodgduinuent Ilyaccona. 9tu u3MeHe-
HUS PAKTHYECKH TIPEeKpainarTcs, kKak Toybko h/d cranoBurcs 60bIie 2
[35]. ITpu 3TOM OTHOIIEHWH CTAOMIM3UPYIOTCS Takke AehopMaIuy moJi-
3y4eCTH, CHIIKAETCSl pa30pocC MOJIydyaeMbIX 3HAUYCHHUI MPOYHOCTHBIX Xa-
PaKTEPUCTUK.
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B psne ctpan (Hanpumep, B CIIIA) yxe nmpuMeHsIIOTCSl CTaHIapTHbBIE
METOJIbI UCIIBITAHMM, B KOTOphIX oTHOIIeHue h/d = 2,0-2,5 pexomenayercs
KaK ONTUMAaJIbHOE.

[IpuMeHeHre cMa30K WK MPOKIAJA0K MEXAY Topliamu oOpasia u Ja-
BUJIbHBIMU IUIUTaMM TIpecca - OJMH U3 CaMbIX CTAapbIX CIOCOOOB oOecre-
YEHHUS! OJTHOPOJHOTO HAMPSIKEHHOTO COCTOsIHUS B oOpasiie. K Takomy BbI-
Bonry ®énmib [37] mpumien enie B 1900 r. OH ke yCTaHOBUII, YTO MPOU-
HOCTh MAaT€pUAJIOB NIPU HUCHOBITAHUSAX UX CO CMa3KOM BCErja HHUKE, YEM
MIPU UCIIBITAHUSIX TOTO ke MaTtepuana 0e3 CMa3Ku.

B kadecTBe CMa3Ku MHOTHME HCCIIEIOBATENM MPUMEHSIIA MAIIMHHOE
MacJio, CBUHEII, TJIaCTMACChI, KalbKy, KAPpTOH, TpaduT, MEb U T.II.

HcnbiTanust co CMa3Ko# €l11e JajIeKO HE TapaHTUPYIOT HOJIyYEHUE O1-
HOPOJIHOTO TOJISI HAMpsHKEHUM B 00pasiie. MoXeT MoNyduTesl Tak, 4To Y
TOPIOB BO3HUKHYT JIOMOJTHUTEIbHbBIE PACTITUBAIOIINE YCUIUS U PE3YJIbTa-
Thl UCIIBITAHUN OyAYT MCKakeHbl. OJHAKO MCTOJIb30BaHUEM CMa3Ku (Tpo-
KJIaJI0K), KaK CIEAYeT U3 psaja CreluaibHbIX padboT [35], Bce-Taku MOKHO
JTOOUTHCSI OJTHOPOIHOTO TMOJIsl HaNMpsHKEHUU B oOpasie. st aToro mpume-
HUTEJIHHO K KOHKPETHON MOPOJIe HEOOXOAMMO BBHIOPATh CBOIO CMa3Ky WU
MPOKJIAJIKY U TTPOBECTH CIICIIUATIbLHBIC UCCIAEIOBAHUS JJI IPOBEPKU OJTHO-
POIHOCTH TOJISl HANPSXKEHUM BHYTpU 00pasiia.

IIpenes mMpo4YHOCTH HA OJHOOCHOE pacTszKeHHe. BOKpyr ropHbix
BBIPA0OTOK YaIlle BCEr0 BO3HUKAIOT COKMMAIOIIUE HAMIPSIKEHUS, HO BMECTE
C TEM HEPEJIKO UMEHHO PACTITHBAIOIINE HANPSIKEHUS ABJISIOTCS MPUYU-
HOM pa3pyllIeHUs PJIEMEHTOB Kpemnu, KOHTypa BbIPAOOTOK, PJIEMEHTOB CHU-
CTEMBI pa3pabOTKH, HapUMEpP, KPOBIU Kamep, JaBbl. Hu3kas conpoTus-
JSIEMOCTh TOPHBIX TOPOJI PACTITHBAIONIUM HAMNPSHKEHUSIM, TEXHUYECKas
CJIO)KHOCTh OMPEAENICHUs Mpejiesia MPOYHOCTH Ha OJHOOCHOE PaCTSKEHUE
SBWJINCH MPUYUHON cIa0b0i HKCepUMEHTANIBHON M3YYEHHOCTH ATOTO TO-
Ka3aTels.

Jlns ompeneneHusl MPOYHOCTH MOPOJ, HAa OJHOOCHOE PACTSIKCHHUE HC-
MOJIB3YIOT IPSIMBIE Y KOCBEHHBIE METO/IBI.

['maBHast TPy AHOCTH IIPH MPOBEACHUU TIPSMBIX HUCIIBITAHUM HA pPa3phiB
YJIMHEHHBIX 00pa3Il0OB COCTOUT B 3aKPEIUICHUM KOHIIOB B 3aXBaTax pas-
peiBHOM MamuHbl. Ha puc. 1.18 npuBeneHsl mpocThie CXeMbl MPSIMOTO pac-

TsDKEHUST 00pa3loB B opMe ranTesei (a), 1ubo IUInHApUYEcKoi dhop-
MBI (0).
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Puc. 1.18. cnpiTanue o0pa3iioB rOpHBIX MOPOJ] HA OAHOOCHOE PACTSIKECHHE

KonI1bl HTHIMHAPHYECKUX 00pa3lioB BCTABIISIOTCS B CIEIMAIbHBIC 3a-
XBaThl, MEXKIy TTOBEPXHOCTHIO 00Opa3lia M 3axBaTa 3aJMBaCTCS SMOKCH/I-
HBIN KJIe, 1ubo cruiaB Byna. B nmepBom cityuae Harpyska nepeaaeTcs 4e-
pe3 TPOCHUKH, 4TO OOECIICUMBAET €€ IICHTPUPOBAHUE, BO BTOPOM YCHUJIHE
CO3/IaeTCS TaBJICHUEM KHAKOCTH (Maciia) 1MoJ1 3aIICUMKH 3aXBaTOB.

Jlmuaa oOpasna momkHa ObITh HE MeHee 2,5-3 nuamMeTpoB. ITo Tpedo-
BaHME JIaJIEKO HE BCET/Ia BHIMOJIHUMO H3-3a OTPAaHUUYCHHBIX Pa3MepoB Mpood
U UX TpemuHoBaTocTu. Kpome Toro, mopoaHesie 00pasisl B (hopMe raHTe-
JIE CIIOKHO U3TOTOBUTh.

MeTon npsiMbIX UCMBITAHUM OYEHBb TPYJIOEMOK M HCIIOJb3YETCA Mpe-
MMYIIIECTBEHHO KaK 3TaJOHHBIA MPU METOJIMYECKUX UCCIICTOBAHUSIX.

Hapsiny ¢ npssMbpIMu ME€TOAAMM MCIBITAHUN TOPHBIX MOPOJ HA CHKATHE
U PACTSKEHHE HMWIMHAPUYECKUX WM MPU3MATHYECKUX 00pasIloB, IIUPO-
KO€ MPUMEHEHHUE HAIUTM U KOCBEHHBIEC, KaK 00Jiee MPOCThIE U JTOCTYIHBIE,
XOTsI U HE 00ECMEeUnBAOIINE TOCTATOYHYIO TOYHOCTh. J|OCTYITHOCTh KOC-
BEHHBIX METOJIOB 00ECIIEUMBACTCS 32 CUET HEKOTOPOTO Pa3yMHOI'O CHUXKE-
HUS UX TIPEJICTABUTEILHOCTH WU HAJICKHOCTH.

ITo xapaktepy BO3AeHCTBUS Ha 00pa3el] BHEIIHUX CHUJI KOCBEHHBIC Me-
TOJIbI MOYKHO Pa3JIeIUTh HA YETHIPE TPYIIIIbIL:

1) MeTOa pacKaJdbIBAHUA CKHUMAKOIIHMH HATPY3KAMU;

2) MeToJ pa3pbiBa H3HYTPH;

3) MmeToa U3ruoda;

4) MeTo/ MPOAABJIMBAHNUS 00pa30B B (popMe MOPOIHBIX THCKOB.

[IpakTHyecku 0COOEHHO MOJIE3HBIMU U TOJYYHBIIMMHU IIUPOKOE pac-
MIPOCTPAHEHUE SBJISIIOTCA METOIbl MCIBITAHUM, OTHOCAIIMECS K IEPBOU
rpyrnmne. OHHM HWMEIOT HECKOJBKO MOAM(UKAIIUM, CPEeau KOTOPBIX
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HanOOJIbIIIEE PACIPOCTPAHCHHUE MOJYUYNII TaK Ha3bIBAEMbIN «Opa3HIIbLCKU
METOJ. DTOT METOJ| MPUMEHUTEIBHO K HCIBITAHUAM OCTOHHBIX 0Opa3IOB
JIeTallbHO OMKCaH Opa3wibCKUMU uccienoBaTeasiMu Kapueitpo u bapiien-
aocoM (1947r.), XoTs aHaJIOTMYHAs METOJIMKA HCHOJb30oBajlack B 1933-
1935 rr. 8 CCCP M.U. KoithmaHoM.

MeTon OCHOBaH Ha M3BECTHOM PEUICHUM yIpyrou 3agauu ['epua,
U3 KOTOPOW CIEAYET, 4YTO B IJIOCKOCTHU JIEUCTBHUSA BHEIIHUX JIMHEUHO
pacnpeneNeHHbIX CUJ BO3ZHHUKAKOT PACTATUBAIOIIME HANPSKEHUS, MEP-
MEHIUKYJSIPHBIE K 3TON MJIOCKOCTH U PABHOMEPHO paclpeAeICHHBIE TTO
nuametpy obpasua (puc. 1.19). YUuciaenHoe 3HaYeHHUE UX PABHO

R, =——, MITa (1.14)
T

rae P - BHemHss Harpyska, Kr; d u | - cooTBeTCTBEHHO, IMaMETp M JIMHA
obOpasra.

Puc. 1.19. «bpa3unbckuin» MeTO UCTIBITaHUS 00pa3IloB Ha pa3phIB

Jlexarniee B OCHOBE METOJIa TEOPETUUECKOE PEIICHUE CITPaBEIJIMBO
TOJIBKO JJIs UACATBHO YIPYTUX MaTEPHAIOB MPHU CTPOTrO JUHEHHOM pac-
NpeeJIieHH Harpy3okK 1Mo oOpasyromnmM oOpasiia. ['opHbie ke TOpoJibl,
0COOEHHO cJ1adble, CYIIECTBEHHO OTJIMYAIOTCS OT HJCAIBHON YyHpyrou
cpedbl, Harpy3ka P TpUKIaabpIBaeTCAa HEe K oOpa3yloliei, a K HEKOTOpPOi
momanake. [loaToMy peanbHBIA Mpolece pa3pylieHUs MOPOJAHBIX 00pas-
IIOB OTJIMYAETCS OT Pa3pyLICHUS TEOPETUICCKON MOJICIIH.

Ha compoTuBnsieMOCTh MOPOJ| PACTSKEHUIO 3HAUUTEIBHO CUJIBHEE,
4eM Ha COMPOTUBISEMOCTh MOPOJ] CKATHIO, BIUSIIOT TEOMETPUUIECKHUE Pa3-
Mepbl 00pa3ioB. [losToMy mJis MOTy4YeHUsT COMOCTABUMBIX PE3yJIbTaTOB
IIPUMEHUTENBHO K PA3JIMYHBIM MOPOJAM KpaWHE BAXKHO NPUAECPKUBATHCS
TpeOOBaHUI CTaHJIAPTOB K pa3zMepam 00pa3lioB.

IIpenen mpoynocTn Ha caBur. B padore [38] OblIO mMOKa3aHO, YTO
OCHOBHBIE€ MPOYHOCTHBIC XAPAKTEPUCTUKH - MPEJIeS MPOYHOCTH HA OJTHO-
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OCHOE C)KaTHE, PaCTSKEHUE U CABUT — CBSA3aHBbI MEXAY COOOM creayroniei
3aBUCUMOCTBIO:
R.=0,5/RR, . (1.15)

Bennunna R: 10cTaTo4yHO OOBEKTHMBHO M MPOCTO OMNpEACTISIeTCS U3
UCIIBITAHUWA HAa MPOAABIMBAHUE MOPOJHBIX AUCKOB, KOTOPBIE HECIOXKHO
MOJYy4YUTh, PaclinBas KepHbl. M3 TeX *e KEPHOB M3TOTABIMBAIOTCS U
NOpOJAHBIE 00pa3llbl 11 UCTIHITAHUN HA OJTHOOCHOE cxkaTue. McnbiTanus
NPOBOASAT Ha OOBIYHOM MPECCE B CHEHHUATbHOM MNPUCHOCOOJCHUU IO
cxeMe, mokazaHHou Ha puc. 1.20.

Bemmanna R. onpenensercs mo gpopmyiie

R —— MITa, (1.16)
zdh

rjae h - Toxmmuua oOpasna, d — guaMeTp myaHCOHa.

/3

2]

/,// | ot
7777
7027777077777
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Puc. 1.20. Cxema ucnbsITaHuit TOPOAHBIX JUCKOB Ha cpe3: 1-MopoaHbIi oOpasers;
2-MaTpula; 3—MyaHCcoH; 4-0TBepCcTHE, 5 — PUKCUPYIOUTUI AUCK

[Tocne onpenenenust BenuuuHbl Re 1 Rz HECIOXKHO ONpenenuTs U Be-
JIMYHHY TpeJena MPOYHOCTH Ha OJTHOOCHOE PACTSKEHHE

2
R, = 4Ri . MITa. (1.17)

C
I[perIM CIIOCOOOM HMCHBITaHUSA TF'OPHBIX IIOPOJA HAa CABUI ABJIACTCA MC-
TOA KOCOIo Cpe3a U HCIIBITAHHUC HA )IBYXHHOCKOCTHOﬁ Cpe3 CO CIKATHCM

uiam Oe3 HEro.
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[Ipu caBure co cxkaTthem, Kak Npu KOCOM Cpe3e, TaK U MPHU ABYXILIOC-
KOCTHOM, IIPEJICTABIIAETCA BO3MOKHBIM ONPENACIIUTh J1BA IIapaMeTpa COIpo-
TUBJICHUSI MOPOJ CABUTY — cueruieHue C U yrojl BHYTPEHHErO TPEHUS P.
JIsi ucnbITaHUM W3rOTaBIMBAIOT OOpa3Ibl MPABWIBLHOW TeOMETPUUYECKON
¢dbopMbI B BUJIE KyOOB MM MPSMOYTOJIBHBIX MPU3M.

[Ipu kKocoMm cpe3e oOpa3zell NOMEIIAOT B CHIEUAIbHbIE CTAaIbHbIE MAT-
putibl. [Iponiecc caBura HauHeTCs TOT/Aa, KOrja OyneT COONI0EHO YCIOBUE

7>C+ fop,

IJie 7 - KacaTeJIbHAs COCTaBJIsAtomas HanpspkeHus; f - koadpunmeHt BHyT-
pennero tpenus (f =tgp); on - HOpMabHAs COCTABIAIOIAS HAPSKEHUSL.

HpOI/ISBeI{H cABUr HpI/I ;:[Byx paBJ'II/IIIHBIX yrnax o1 n 0(2, HOJ'IY‘II/IMZ
o.Siha, —o, SIna
L v — (1.18)

0, C0Sa, — 0, COS

C=o0,SIny —0,COS 1, (1.19)

TJie O1 ¥ O - HANPSDKEHUS Ha TDIOMIAAKaX cpe3a MpH EPBOM M BTOPOM HCITBI-
TaHusx (puc. 1.21).

P

7
Puc. 1.21. Cxema ucnbITaHusI TOPHBIX TTOPOJI HA CPE3 METOJIOM KOCOTO cpe3a

[Ipy ucnbpITaHUSX TOPHBIX MOPOJ IO M3JIOKEHHOW CXeMme K 00pasiam
MPEIBSABISIOT OYE€Hb BBICOKHE TPEOOBAHUS: pa3Mephl UX JOHKHBI CTPOTO CO-
OTBETCTBOBATh pPa3MepaM MATPHI, YIJIbI MEXIy TpaHsAIMHU JOJDKHBI OBITh
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npsiMbIMU. HeOosbIme OTKIIOHEHUS B JIMHEHHBIX pa3Mepax I0 BBICOTE U Be-
JIMYMHE yTiia MEX]y TPaHSIMHU MPUBOJAT K UCKAKEHUSIM, YTO 00YCIIaBIMBACT
JIOBOJIPHO 3HAYMTEIBHBINA pa30poC pe3ynbTaTOB UCIILITAHUN MPU KOCOM Cpe-
3€.

JIByXIIJIOCKOCTHOM cpe3 00pa3lioB MOPOJI MPOU3BOJAT MO CXEMe, TO-
Ka3aHHOM Ha puc. 1.22.

P

%

| [
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Z
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_EM

Puc. 1.22. Cxema uctbITaHUsI TOPOTHBIX OATOUYEK
MPSIMOYTOJILHOTO CEUCHHUS Ha ABYXIUIOCKOCTHOM Cpe3

OOpa3zupl B BUJIE€ TPSIMOYTOJIbHBIX 0al04Y€K yCTAHABIMBAIOT B MaT-
PHIBI U C IOMOIIBIO TYaHCOHOB CPE3AIOT MPECCOM.
[Ipu OTCYTCTBMM yCWIIMIA B TOPU3OHTAIBHOM HampaBlIEHUH KO3Puiu-

€HT CUETUICHUS OIpEeIesIeTCs U3 YCIOBHUS:
P
C=—, (1.20)
2F
rae F - nnomans nonepeyHoro ceyeHus: 0aaouKu.

Jns monydeHusT BENMYMHBI KO3 (HUITMEHTa BHYTPEHHETO TPEHUS
HEOOXOAMMO TIepesl Cpe30M K 00pas3ily MPUIIOKUTh B TOPU3OHTAIHBHOM
HarpaBJicHUH HekoTopyro crity N, Torna kodddunuent f Oyaer paBen

P-2CF
f=———, (1.21)
2N

rae P - ycunue pa3pylieHus.

CnenyeT OTMETUTh, YTO TaAKWE MPOYHOCTHBIC XAPAKTEPUCTUKN TOPHBIX
nopo/i, Kak cuemienrue — C ¥ yroj BHYTPEHHETO TPEHUS — p ObLIN MPUBHE-
CEHBbI B MEXaHUKY TOPHBIX MOPOJ U3 MEXaHUKHU TPYHTOB, KaKk OoJiee cTapoit
HayKd, OOBEKTOM HCCJICIOBAaHUN KOTOPOU SIBJISIOTCSA, B OCHOBHOM, PbIX-
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Jble TPYHTHI U TiecuaHble ocHOBaHus. B atoit cBsizu eme FO.M. JIubepman
[9] yka3piBanm Ha HEOOXOJIMMOCTH OCTOPOYKHOTO OOpAICHHS C 3THMHU Xa-
PaKTEpUCTUKAMHU TIPU PEIIEHUH 33724 MEXAHUKHU TOPHBIX MOPO/I, MOCKOJIb-
Ky OHM OY€Hb HECTAOWJIbHBI U, CTPOTO TOBOPS, 3aBUCAT OT YPOBHSI HaIps-
KEHUM, NIEUCTBYIOIINX B MACCUBE.

W B 3aBeplIeHNE HECKOJIBKO CIIOB O CBSA3M MPEAECIOB MPOYHOCTU HA
OJTHOOCHOE pacTshkeHHeE U cxkatne. CornacHO pelIeHHI0 U3BECTHOM 3a1a4u
A. T'puddutca o 3apoxaeHUN XPYNKON TPEUIMHBI B CIUIONTHOM TBEPJIOM

R. _
Tejae, OTHOIIeHHe — = 8.
p
MHoOro4ucieHHble KCIEPUMEHTHl MOKa3alu, YTO JJis OOJIBIITMHCTBA
TBEPJABIX TOPHBIX MTOPOJ 3TO COOTHOIIEHHUE OM3K0 K 10, 94TO 10CTaTOYHO
XOPOIIO COTJIACYETCS C TEOPETUYECKUM PE3YIbTATOM.

1.6. le¢opmupoBanue u pa3pyliieHue rOPHbIX MOPOJ]
3a npeaeioM NPOYHOCTH

B nporuiecce HarpyeHus MOpOAHBIA 00pa3el] MPOXOAUT Psi TMOCIEI0-
BaTEJIbHBIX HAMPSIKEHHO-Ie(POPMUPOBAHHBIX COCTOSHUM OT HYJIEBOTO 10
npeaeasHoro. B caMoM npocTtoM ciiydae mpu OJJHOOCHOM CKaTHU (pacTsi-
YKEHUH) OJTHOMY KOMIIOHEHTY HAIPsDKEHHUSI COOTBETCTBYET OJMH KOMIIO-
HEHT OTHOCHUTEJIBHBIX IPOJOJIBbHBIX nedopmaruii: o=f(g). doctnun mpe-
JEITLHOTO COCTOSIHUS (O,&,,) MOXKHO IBYMSI MyTSIMU: B PEKUME 3aTaHHBIX
Harpy3ok (P3H) u B pexume 3amannsix nedopmanuii (P3]1). B nmepsom
clly4yae Ha MyJibTe Mpecca 3aJaloT MOCJIeI0BAaTEeIbHO C ONPEACICHHBIM UH-
TepBasioM AP, Harpy3ku U (UKCUPYIOT B aBTOMAaTUYECKOM PEXKUME COOT-
BETCTBYIOIIME TpupaiieHus aepopmaruii Ae. [Ipu nocTrxeHUN Tpeaesb-
HBIX Harpy3ok P,, HauMHAIOT pa3pyliaThbCs MEPBbIE CTPYKTYPHBIE CBSI3U U
MOTEHIIMAIbHAS SHEPIHUs, HAKOIUJICHHAS B HCIMBITATEIbHON MaIlluHE, BbI-
3bIBAET JIJABUHOOOPA3HOE pa3pyIICHUE OCTABIIUXCS CBSA3EH, YTO MPUBOJAUT
K pa3pylieHuro oopasia.

WNHast kapTUHa pa3pyllieHUss HAOIIOJIaeTCs MPU UCHBITAHUAX 00pas-
II0OB B peXuMe 3aJaHHBIX Aedopmaruii. B 3Tom ciiydae ucmeITaTenbHas
MalllHa JIOJKHA OBITh CKOHCTPYHMpPOBaHA TaKUM OOpPa3oMm, YTOOBI MMe-
Jach BO3MOKHOCTH 3a/1aBaTh CTPOro pukcupyemyro aedopmaiiuio ¢ 1mia-
romMm A& M U3MEpsITh COOTBETCTBYIOIIME €M M3MEHEHHUS Harpy3ku AP. Xa-
pakTepHbili rpaduk nedopmupoBaHus obpasia ropHoi nopojast OAB
npuBejieH Ha puc. 1.23.
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[Ipu nedopmupoBaHuM MOCE TOCTUKEHUS MPeEJiesia IPOUYHOCTH 00pa-
3€1] CHI)KAET CBOIO COMPOTHUBISEMOCTD: Ha ydacTke AehopmupoBanus DE
COMPOTUBIISIEMOCTh 00pa3iia MajaeT OT TOUYKU A 10 TOUKH B.

OHeprusi, HeoOxoaumas sl nepopMupoBaHus oOpaslla Ha 3ITOM
y4yacTke, paBHa Iwiomaau ABED. B Hayane paccMaTpuBaeMoro ydacTka
(Touka A) COMpPOTUBIAEMOCTh OOpaslla M yCWIHE Mpecca ObLIU paBHbI
MeXTy co00il. [Ipu 3TOM HampsiKEHHbIC YaCTH IIPECCa OKA3bIBAIOTCS YIPY-
ro 1eopMUPOBAHHBIMH.

: I1

I

I11

B

AP
P K
0 i

Puc. 1.23. JlepopmMupoBaHre TOPHBIX IMOPOJT 32 MPEAETOM MPOIHOCTH:
1 — xapaKTepuCTHUKA HEKECTKOTO Mpecca; 2 — XapaKTePUCTHKA KECTKOTO Ipecca

OHeprus ynpyrou nedopManny HaKariMBaeTCsl B KOJIOHHAX Ipecca, B
M30THYTBIX TPaBEPCAX, B CKATOM Maciie TUAPOUMIMHAPOB. [Ipu ymensblie-
HUU PACCTOSIHUS MEXAY IUIMTAMHU Ipecca Ha BeauuuHy DE co3naBaeMoe
UM ycuire yMeHbInuTcs Ha Benmuuny dP. ITpu sTom, ecim ipece HegocTa-
TOYHO KECTKHM, yCWIME CHU3UTHCA A0 TOYKM F W BeIAenuBIIasCS mpu
ATOM NOTEHILMAaJIbHAs dHEPrus, paBHas miowaan AFED, IpeBBICUT dHEP-
T'Ul0, HEOOXOUMYIO JIUIS pa3pylieHus oopasna Ha ydactke DE. M30bITOK
DHEPruM, PaBHBIN TUIOMAAN AFB, MOWIET HA YCKOPEHHE HarpyKarolnx
4yacTell mpecca, MpoLecC pa3pyLIeHHUs] CTAHOBUTCA HEYIPABIAEMBIM U OYy-
JET COMPOBOXKIATHCS IUHAMUYECKUMU SBICHUSIMU (yAapoOM, pas3ieToOM
OCKOJIKOB).
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Ecnm ke mpecc uMeeT )KeCTKYH0 KOHCTPYKIIUIO U €TI0 3JIEMEHThI MaJio
neOopMUPYIOTCS TOJA HArpy3KoW, TO YMEHBIIEHHWE PACCTOSIHUS MEXIY
IUTMTaMHU BBI30BET CHIIKEHHE YyCHIHS Tpecca A0 Touku C, JeKaliel HuxKe
XapakTepucTUK oOpaszua. Bwimenstomasics npu stom sHepruss ACED
MEHbIIIe TPpeOyeMOl SHEPruu pas3pylieHUss o0pasia U MO3ITOMY pas3pyllie-
HUE JIMIIIb 32 CUET SHEPruM ynpyrux aedopmaiui mpecca HEBO3MOXKHO.
s mepeBoaa oOpasiia u3 coctosinus A B coctosinue B HeoOxoauma 10-
MOJIHUTENIbHAS JHEprusi, paBHas 1omanu ABC, moaBoaumasi HW3BHE,
HaIpuMep, MyTeM IMOJKa4YKH Macja B THAPOCHUCTEMY IIpecca.

Takum oOpazoM, A MOMYUYEHHUS 3alpelesIbHbIX XapaKTePUCTHUK IO-
POJHBIX 00pa3IoB HEOOXOAMMO, YTOOBI XapaKTepHUCTHKa Iipecca Oblia
Kpyde 3ampeaesibHoN yacTu rpaduka gedhopmupoBanus odbpasmna. Kpyrus-
Ha XapaKTePHUCTHKH Tpecca Ha3bIBACTCS JKECTKOCTHIO U OINPEICIISASTCS M3

BBIPKCHUS
o (1.22)
dl
rae dP - u3MeHeHue yCwIHs Ipecca MpU M3MEHEHUU PACCTOSIHHUS MEXIY
ero Harpy’<aroluMH MOBEepXHOCTSIMH Ha BenuunHy dl mpu npounx mocro-
SHHBIX MMapaMeTpax.

[IpakTuKa MOKa3bIBAET, YTO ISl MOJYUYEHUS 3alpeIesIbHBIX XapakTe-
PUCTUK JOCTATOYHO, YTOOBI KECTKOCTh Mpecca ONpeeNsiaach COOTHOIIIE-
HUEM

Q=4-10*F, MIla, (1.23)
rae F - miomaae nonepeyHoro ceyeHus: oopasiia, cM2.

3anpeenbHble XapaKTePUCTUKUA MAJIOMPOUYHBIX TUIACTUYHBIX TOPOJ
(Men, ravMHA, COJb U T.I.) MOTYT OBITh MOJYYEHBI U HA OOBIYHBIX UCITBITA-
TEJIbHBIX MPECCaX HEBBICOKOW KECTKOCTU, HAPUMEDP, BUHTOBBIX C PYUYHBIM
yIpaBJICHUEM U HEOOJIBIION CKOpPOCThIO JepopmupoBanusi. CIOXKHBIM B
TOM cllydae fABJISIETCS 00ecleueHue MOCTOSIHHOM ckopocTu aAedhopMupo-
BaHUs. B ciydae OTCYTCTBUS KE€CTKHUX HArpy>Karol[UX YCTPONCTB, UCIIbI-
TaHMS Ha 3amnpeaesbHoe AehOpPMUPOBAHUE MOXKHO ITPOBECTH Ha OOBIYHOM
npecca, BKJIIOYMB MAPAJJIEILHO HEKOTOPBIM JIOCTATOYHO >KECTKUH 3Jie-
MEHT, HallpUMep, OTpe30k nByTaBpa (puc. 1.24) [39].
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Puc. 1.24. VicneiTanus oOpasia TOpHBIX MOPOJI 32 MPEIETIOM MPOYHOCTH C TIOMOIIIBIO
BKIIIOUEHHOTO MapajiebHO B paboTy oTpe3ka apyraspa [39].

XapakTepHble TpadHK{d 3ampeAcabHOTO Ie(POpMUPOBAHUS TOPHBIX
opoJ MpuBeeHbI Ha puc. 1.25.

Kpyrtusna 3anpeaensHoi yactu rpaduka qeopMupoBaHus OTpakaeT
CKJIOHHOCTh MOPOJIbI K XPYNKOMY pa3pylIeHUI0. AHAJIOTHYHO TOMY, Kak
BeqMyuHa E B ynpyroi yactu gomnpenebHoro aeopMupoBaHus Ha3bIBa-
eTCSl MOJAYJIEM YIPYTrOCTH, Ipeaiaraetcs BeauunHy do/de B 3ampeneiib-
HOW YacTW Ha3bIBaTh MOJAYJEM XPYNKOCTH, WM MoayJjem cnaga M. B
ATOM cliydae nmopojsl ¢ M—0 OyayT cUMTaThCs XPYNKUMH, ¢ M—>o0 - TJ1a-
CTUYHBIMU.

JI71s1 cbITaHWsI TOPHBIX TTOPOJ B PEKUME KOHTPOJIUPYEMOTO pa3py-
IIEHUS B YCJIOBUSAX 00BEMHOIO CXKaTUs 00pa3Ilbl UCIIBITHIBAIOT B OCOOBIX
npubopax — crabmiomMeTpax, B KOTOPBIX PadOYUM TEIOM, CO3AIOIIUM
OOKOBYIO HArpy3Ky, CIY>KHUT >KHIKOCTb, HallpuMep, TpaHcpopmaTopHOe
MacJIo.
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0 g
Puc. 1.25. Bo3amoxHbIe rpaduku 3anpeaeabHoro AehopMUpOBaHUS

HcnbiThiBaeMbIe 00pa3iibl 00€pTHIBAIOT METHON WM aJIFOMUHUEBOU
dbonbproii Bo nzdexkaHue MpOpbIBa KUAKOCTH B 00Pa3yIOIIUECs TP CIIUHBI.
O6mwuit Bua rpaduka aedhopMUpOBaHUS MpamMopa B OOHEMHOM Harp si-
YKCHHOM COCTOSIHUM MpPUBEJCH Ha puc. 1.26.

G1,
g —
1.5 / / / :H\
5

A RN
25 ,_____‘____\\1\ \\\

i

0 1 2 3 4 5 6 7 8¢

Puc. 1.26. JlepopmupoBanre Mmpamopa 3a mpeaeaoM IpOUYHOCTH
B YCIIOBUAX 00bEMHOTO HATPY>KEHUS
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[Ipy KeCTKOM HArpyX€HUM TOPHBIX TOPOJI BBIJIEIAIOT CIEAYIOLINE
stansl nedopmupoBanus (cM. puc. 1.23):

| - aTan ynpyroro negopMupoBaHus: TPUPAILICHHUS OCEBBIX A& U pa-
TUATbHBIX A& OTHOCUTENBHBIX AedopMalliii Ha 3TOM 3Tare CBSI3aHbl KO-
s punnernTom Ilyaccona p. YBenmuuenne oceBbIX AehopMaIivii BEI3BIBAET
yMEHbIIIEHUE 00beMa 00pa3iia;

Il - 5Tanm nunaTaHcUu: Ha ATOM 3Tare NPOUCXOAUT Pa3BUTHE TPEIIUH B
oOpa3iie, COMPOBOXKIAIOIIEECS €r0 Pa3phIXJICHUEM, YBEIUUYCHHEM O0bheMa
U CPaBHHUTENIBHO OBICTPHIM YBEIMYECHHEM TUAMETPA; MPUPOCT OCEBBIX U
paguanbHbIX AedopMmanuii cBsizad K03 OUIIMEHTOM AUjlaTaHCuu [

Ag, =—pAg,; (1.24)

Il - >Tam >KBHBOJIOMHAJIBHOIO TEYEHHS, Ha DTOM dTale 00BeEM
oOpasiia ocTaeTcs MOCTOSIHHBIM, a MMPUPOCT OCEBBIX U paJvaJIbHBIX JIe-
dbopmanuii CBs3aH COOTHOIICHUEM

Ag, =—0,5A¢,. (1.25)

3anpenenbHoe 1eOpMUPOBAHUE MOPO/I - BIIOJHE PealbHbIN MpolecC,

UMEIOITUNA MECTO B TOPHBIX BbhIpaOOTKax: AehOpMUpPOBAHUE MMOPOIHBIX I1e-

JIMKOB, TPUKOHTYPHOTO MacCUBa BBIPAOOTOK, KpaeBasi 4acTh YIJIs B JlaBax
U T.10.

['my6okue uccnenoBanus AeOpMHUPOBAHUS TOPHBIX MOPOJ 3a Mpeje-
oM nipouHoctu 0wt BbioHEeHbI H.A. CtaBporunsiM u A.T". IIpotoce-
ueti [40, 41], B.B. Bunorpamoseim [42, 43], I'.'T. Kupunuanckum [44],
[ITamenko A.H. [45].

1.7. MacmraOHblIi 3¢ ¢eKT B FOPHBIX MOPOAAX

B pe3ynbrate BBINMOJHEHUST OOJBIIOT0 KOJIMYECTBA UCIIBITAHUN HA OJ1-
HOOCHOE CXkaTue, ObUIO YCTAaHOBJIEHO, YTO IMPOYHOCTh T€OMETPUUYECKH T10-
NOOHBIX 00pa3LOB HEOJMHAKOBA. JTO SIBJICHHE OBLIO HAa3BAaHO MACIITAO-
HbIM 3¢ PeKTOM, a TPUYMHBI, €T0 BBI3BIBAIOIINE, MACIITAOHBIM (haKTO-
poM.

HNHuTepecHo, YTO M3MEHEHUE MOoKa3aTess MPOYHOCTH MOXKET KOJeOaTh-
CA Kak B CTOPOHY €r0 YMEHBUICHHS, TAK U B CTOPOHY yBeIWYeHHs. Tak,
Hanpumep, uccinenopanus E.JM. UnpHUIKOM MOKa3amu, 4YTO MPOYHOCTH 00-
pa3lioB MpamMopa IMpHu YBEITUYCHUH UX AUaMeTpa B 5,8 paza (BbICOTa PU STOM
cocraisuia h = 2~/F, rue F - miomamp oOpasna) cHuzmiack B 1,33 pasza
(puc. 1.27), a o6pa3ioB radopo - 1,15 paza [35]. Ananorudnsie pe3yabTaThl
ObLIM MOTYYEHbl U MHOTUMU JAPYTHUMH UCCIIEA0BATEIISIMU.
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Puc. 1.27. 3aBucumocTs IpOYHOCTH 00pa3LOB OT UX Pa3MEPOB
(no E.W. Unbuauixkoit) 1 — rabopo, 2 — mpamop

Bwmecte ¢ Tem, umeeTcs: psili UCCIIENOBaHUN, BBIMOJHEHHBIX J0CTa-
TOYHO KOPPEKTHO, KOTOPBIE MOKA3bIBAIOT, YTO C YBEJIMYEHUEM Pa3MEPOB
oOpasiia mpo4HocTh e€ro pacteT. O0bsicHenue stomy aan M.U.Koiidman.
[lo ero MHEHUIO CyIIECTBYET JBa BUJa MaciTaOHOro 3ddeKra: moBepx-
HOCTHBIN U 0OBEMHBIIA.

[ToBepxHOCTHBIM MaciITaOHBIN A(PPEKT TMOABIAECTCS BCIEICTBHUE
HApYyIIEHHOCTH MOBEPXHOCTHOI'O CJI0sl 0Opa3iia mpu oopadoTke. [Ipudem,
4eM MEHbIIE 00pa3el], TeM CYIIECTBEHHEE CKa3bIBAETCSI MOBEPXHOCTHBIN
s PexkT.

CymHoCTh 00bEMHOI0 MAcCIITAOHOTO 3P (PEeKTa 3aKITOYAECTCS B TOM,
YTO JJI1 PealIbHBIX CTPYKTYPHO HEOJHOPOJHBIX TEI BEPOSTHOCTH IMOSIBIIC-
Hue AedekTa (TpelrHa, ciadoe BKIOYEHHUE U T.11.) BbIIIE Y KPYIHBIX TEll.
[TosToMy ¢ yBenuyeHHeM 00beMa MPOUYHOCTh 00Pa3IOB HEM3OEIKHO TOJIK-
Ha maxatb. OO0beMHbIM MacmTaOHbIM >hdekt M.U. Koitpman HazBan
IJIABHBIM.

EcTecTBEHHO TMpPeaNoa0XuTh, YTO MTPOUYHOCTh HA OJHOOCHOE CKATHE
MOPOJHOTO 00pa3iia OyIeT BCerja Bhllle, YeM MPOYHOCTh MacCHBa TOPHBIX
MIOPOI.

B cBs3u ¢ 3TUM OBLIO BBEAEHO MOHATHE KOA(DPUIIMEHTA CTPYKTYPHOTO
ocnabyieHus K., paBHOrO OTHOIICHUIO MpeJeiia MPOYHOCTH Ha OJHOOCHOE

CKaThe MOPOAHOI0 MaccuBa R, K mpeaeny npodyHocTH oopasia, T.e.

R
k =M 1.26
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YcTaHOBIIGHHE OOBEKTUBHOTO 3HAUCHHUS BEIWYUHBI K. MpeacTaBiseT
coOOM CIOXKHYIO 3aJa4uy, PEUICHUIO KOTOPOW IMOCBSIIEHbl MHOTOYUCIICH-
HbIC AHAUTUTHYECKUE U IKCIIEPUMEHTAIbHBIC PAOOTHI.

Cormacio CHull 11-94-80, BenuunnHa xodh@uIiMeHTa CTPYKTYPHOTO
ociabeHUsI MOXKET ObITh ONpe/ejieHa B COOTBETCTBUHU € Tao. 1.3.

Tabnuna 1.3
3HauycHus ko duimenTa CTpyKTypHOTro ocnadieHus K.
CpenHee pacCcToOsIHUE
MEX Yy MOBEPXHOCTAMHU ociid >1,5 1,5-1 1-05 [{05-0,1| <0,1

JICHHS TTOPOJI, M
Ke 0,9 0,8 0,6 0,4 0,2

Haubonee mpencraBuTenbHbIC aHAIUTHYECKUE HCCIEIOBAHUS BEIU-
yuHbl K. OblIM BEIIONHEHBI B padote [38]. [lopoaHblii MaccuB paccMart-
pUBAETCS KaK HEKOTOpas CTaTUCTUYECKAasi COBOKYITHOCTh HEOJHOPOIHBIX
00bEMOB CO CTPYKTYpPHBIMU AedekTamu (puc.1.29).

- HapyIIEHHbIC 00pa3Ibl

' -«KOPPEKTUPOBAHHBII
y |
i Habop

4

Puc. 1.29. PacueTHas cxema K pelICHUIO 3a1a4H O
CTPYKTYPHO-MEXaHHYECKOM OCIa0JICHUH MTOPOTHOTO MAaCCHBA
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OCHOBHOW BEIWYMHOW, OMNPEACISIONIEH CTENEHb YIMOPSAI0YCHHOCTH
TaKO! CUCTEMBI, SIBJISIETCS TUCHEPCUSI UCTIBITAHHBIX HA OJJHOOCHOE CHKaTHE
MOPOAHBIX 00pa3noB. OmgHako 00pasikl (MUKPOOIOKH), MEpPECcEeKaeMbIe
TpelIMHAMHU, B OOBIYHBIX MCHBITAHUSIX HE y4acTBYIOT. Ecim BbICKa3aTh
MPENOJI0KEHUE O TOM, YTO TAKUE TUIMOTETUYECKHE 00pasilbl UMEIOT HY-
JIEBYIO TIPOYHOCTh U MPUBHECTU UX B UCXOJHBIN CTATUCTHYECKUU Psifi, TO
HavyajgbHasl JUCMEPCUS MU3MEHUTCS. DTO U3MEHEHHE KOJUYECTBEHHO OTpa-
3UT OcjabJieHne MOPOJHOTO MAacCHUBa 3a CUYET €CTECTBEHHOW HEOIHOPO/I-
HOCTUM U TpeuHoBaTocTu. Dopmyna njis omnpeneneHust kodpduireHTa
CTPYKTYPHOTO OClla0JIeHusl, MOJTyYEHHAasl B MPEANOI0KEHUH, YTO pacipe-
neneHue Ae(EeKTOB — TPEIIMH B MOPOJHOM MAacCHUBE IMOIYUHSIETCS HOP-
MallbHOMY 3aKoHy ['aycca, uMmeeT Buj

kc =1-,/0,57 exp(- 0,257), (1.27)

rae 77 - Ko3pPuueHT Bapranuy MPOYHOCTH OPOJHOTO MAaCCUBa,
ompenensieMblit mo ¢popmyie:

i +1
n= |0 0(772 +1j—1. (1.28)
I 0
3neck |t - cpenHee paccrosiHEe Mex Iy TpermmuHaMu; lg - Hanbonpmmi

pa3Mep CTaHAAPTHOrO MOPOAHOrO 00pasua; 70 - KO3 PUIMEHT Bapualuuu
PE3YIBTATOB UCIIBITAHUN TOPOIHBIX 00Pa3LOB.

Pesynbrarsl BeuncieHud no ¢opmyne (1.15) yauBuTenbHO OIU3KO
coBmamaroT ¢ gadHbiMH CHull I1-904-80, momydeHHBIMH SKCIIEPUMEH-
TaJbHBIM ITyTEM, C TOM CYIIECTBEHHOW pPa3HULEH, YTO aHAJIUTUYECKHUE
pacyeThl MO3BOJIAIOT Il KOHKPETHBIX YCJIOBHM MOJIYYUTh €AUHCTBEHHOE
3HAYCHUE NCKOMOW BEITMYHHEI (cM. Ta0u. 1.3).

JIns pacdera MpOYHOCTH HA OJHOOCHOE C)KaTHE IO PE3yJbTaraM HC-
NBITAaHUHN [WIMHAPUYECKUX 00pa3loB pa3audyHoi BeicOThl M.IlepH mnpen-
JIOKWJI BBOJUTH B pacyeTHYIO (DOpMyy mompaBOUHbIN Kod(pduumeHT K,
(YHKIIMOHAIBHO 3aBUCAIINI OT cooTHOIICHUs h/d
R. =P MIla. (1.29)

zd K

Cratuctuueckass o0pabOTKa pe3yJbTaTOB MHOTOUYUCIICHHBIX HCIbITA-
HUW TOPHBIX IOPOJ, BbINIOJHEeHHas B0 BHVMMU, no3sonuna pekomeHo-
BaTh JJI PACUETOB CIEAYIOIINE BBIPAKECHUS 3HaUYeHUs Kod3pduunenta K,
npuBeJeHHbIE B Ta0.1.4.

Pexomenyemoe cooTHOlIEHHE AaeT norpemuocts £13% u He 3aBu-
CHUT OT THIIA U KPEMOCTH UCTIBITYEMBIX ITOPOI.
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Tabmuua 1.4
3nadenus kodhduimenta Gopmsl

OTH(;]%CHHG 06/07(08[10(12|14|16[18|20]22
Kosbmument |1 5614 4711 39(1,25|1,16|1,11|1,06|1,03| 1,0 | 0,98
¢dopmel, K

1.8. Peosioruyeckue CBOMCTBA TOPHBIX MOPOJ

MexaHndeckne XapaKTepUCTUKH TOPHBIX IMOPOJI OIPEACIISIIOT 0OBIYHO
P KPATKOBPEMEHHOM MPHWIOKEHUU HATrpy30K. ODJIEMEHTHI K€ CHUCTEM
pa3pabOTKH, TOPHBIC BEIPAOOTKH, KPEMH BOCIIPHHUMAIOT Harpy3KH B TeUe-
HUE MHOTHX JIET.

BompocaMu moBegeHus MaTepuagoB, B T.4. H TOPHBIX MOPOJ, B
YCIOBHAX JIUTEIBHBIX CHJIOBBIX BO3JACHCTBUM 3aHUMAETCS PeO0JIo-
rusl - HAYKa 0 TeYeHHH TBepaoro teJsa [46].

B 3aBucMMOCTH OT BHEIIHUX YCJIOBUW, M3MEHEHHE HaIPsSKEHHO-
ne(OpMUPOBAHHOTO COCTOSIHUSI TBEPAOTO TeJla BO BPEMEHU MOXKET HITH
nByms nyTsmu. Hampumep, Harpy3um o6pasell TOpHOH OPOIbl, UMEIOIINN
dbopMy HUITUHIPA, HEKOTOPOH TOCTOSHHOW Hepaspyllaroniell Harpy3KoHu,
CO3JaroNIel MPAKTUYECKH MTHOBEHHO BIIOJHE OMPEICICHHYI0 OTHOCH-
TeIbHYIO NeOopMaIlio, BETHIMHA KOTOPOH 3aBUCUT OT MOJIYJIS YIIPYTOCTH
MaTepuaiga W BEJIMYMUHBI MPUIOKEHHOW Harpys3ku. B mocnenyromue mo-
MEHTHI BpeMEHH, HECMOTPS Ha TO, YTO HANPSHKCHUS HE MEHSIIOTCSA, 1edop-
Manus He OyJeT OCTaBaThCs MOCTOSHHOMW, KaK ATO CleayeT u3 3akoHa ['y-
ka. BenmnunHa ee Oyner MOHOTOHHO BO3pPacTaTth.

Peonornueckoe siBjaeHHe, 3aKiI0Uvaronieecs B TOM, 4TO C T€YCHUEM
BPEMEHU MPHU MOCTOSIHHOM HAMpsKEeHUU HaOdtoaeTcsa poct nedopma-
M1, HOCUT Ha3BaHUE MOJI3Y4€eCTH.

B npyrom ciyuae cmaBuMm oOpaser] MeXIy IByMs IUTMTaMHM Ipecca Ta-
KHM 00pa3oM, 9TOOBI B TEUESHHE BCETO OIBITa PACCTOSHUE MEXKITY HUMHU OBI-
70 cTporo (UKCUPOBAHHBIM, T.€. HE M3MEHSIOMUMCS BO BpeMeHu. CtaHeM
U3MEPSITh JAaBJICHUE Ha TUIMTHI IIpPecca CO CTOPOHBI oOpasiia M yoeauMmces,
YTO CO BPEMEHEM BEIMYMHA €ro OyJeT Majaarh. ITO PEOJOTHUYECKOE SIBJIC-
HUE HOCUT Ha3BaHKE PesIaKcallui HATPSIKEHHH.

3anaueit peoJioruu SIBIICTCS OIHCAaHNE HaTPSKEHHO-
neOpMUPOBAHHOTO COCTOSHUSI TOPHBIX MTOPOJT U MHBIX MAaTEPUAJIOB C yUe-
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TOM MX CKIIOHHOCTH K IIOJI3y4ECTH M peJaKcaluvy. JTa 3ajada CBOJIUTCS K
COCTAaBJIEHHUIO TaK HA3bIBAEMBIX YPABHEHUN COCTOSAHUSA, T.€. TAKUX ypPaBHE-
HUM, KOTOPHIEC CBS3BIBAIOT B €AWHBIC COOTHOIICHUS KOMIIOHEHTBI HaIpsi-
KeHuH, nedopmaluii 1 uX MPOU3BOJAHBIX IO BPEMEHHU.

Bo Bcex nMeronmxcsa ucClIe0BaHUsAX MOJIATAETCS, YTO YPABHEHHS CO-
CTOSIHUSL JIOCTaTOYHO TOYHO OINKCBHIBAOT M3MEHECHUS HAIPSKECHHO-
ne(opMUPOBAHHOTO COCTOSIHUSI MAaTEPUAJIOB B TOM CiIydyae, €CJIM BHEIITHUE
YCJIOBHS TaKOBBI, YTO HU JedopMallii, HU HANPSKEHUS HENb3s CUUTATh
MTOCTOSTHHBIMH.

JIJ1st HarasiTHOCTH MPEICTABIICHUS PEOJIOTHYECKUX MPOLIECCOB 0OBIU-
HO HCHOJIB3YKOT METOJ CTPYKTYPHBIX MOJEIEH. DTOT METOJl COCTOHUT B
TOM, YTO CBOMCTBA TeJia OMUCHIBAIOTCS MPU MOMOIIH 0COOBIM 00pa30M MO-
noOpaHHOW MeXaHWYeCcKOoW Mozenu. Mojenb JOMKHA COCTOSITh U3 dJie-
MEHTOB, UJCATbHO OTPAXKAIIINX OCHOBHBbIE — ()yHIAMEHTAJIbHBIE — Kaye-
CTBa MCXOJIHOTO Marepuana. Tak, HapuMep, MpU ONPEACITCHHOM YPOBHE
Harpy30K U JOCTATOYHO OBICTPOM HMX MPHUII0KEHUU BCE TBEPIBIC U CBA3-
HbIE TOPHBIC MOPOJBI BEAYT ce€0sl KaK ynpyrue Tela, MOJIMHSIIONIUECs 3a-
KOHY ['yka. DTO CBOMCTBO TBEPABIX TEJN MOACIUPYETCS MPYHKUHOU, KECT-
KOCTh KOTOPOM MNpOMOpLHHMOHATIbHA MOAYJIIO ynpyroctu (dmemeHt ['yka)

(puc. 1.29,a).
a)
AC- €
==
S S S S S S S S S 0 &
6)
A0€
e
T8 | —
VIS TPl LA 0 t
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O, € f

Go

/

Puc. 1.29. DnemeHTapHbBIE PEOTOTUIECKUE MOICITH:
a) I'yka; 6) Hetorona; B) Cen-Benana

Yupyrue cBOMCTBa TBEPABIX TEJI HE 3aBUCAT OT BPEMEHH:

o
e=——->t=0
E

CnenuanbHBIMU UCCIENOBAHUSIMH YCTAHOBJIEHO, YTO TPAHULIBI 3EPEH B
MOJIMKPUCTAIUINYECKNX MAaTEpHAIaX, K KOTOPBIM OTHOCSITCS U TOPHBIE I10-
pOJbIL, BEyT ce0s Kak BsA3Kasl )KUAKOCTh. DTO OOCTOSTENHCTBO MPUBOJIUT K
TOMY, UTO B TaKHX T€JIaX TEMIIEpaTypa CyIIECTBEHHbIM 00pa30M U3MEHSET
BHYTpPEHHEE TpEeHHE, UX JAePOpMAIlMOHHBIE U MPOYHOCTHBIE XapaKTEepHU-
CTUKH. B yCIIOBHAX JOCTATOYHO JUIMTENBHBIX BHEIIHMX HArpy30K IIOJIU-
KPUCTAJUIMYECKHUE MaTepHualibl BEeIyT ce0s B 1I€JIOM, KaK OYE€Hb Bs3Kas
KUAKOCTb. BsI3Kre CBOMCTBA MaTepUaioOB MOJAEIUPYET dieMeHT HbroToHa
(puc. 1.29,0), koTopblii MpeacTaBIgeT cO00M aeMndep - HUIUHIP C OTBEP-
CTUSIMU, IOTPY>KEHHBIN B BA3KYIO KUIAKOCTb. CKOPOCTh 1e(pOpMHUPOBAHUS

B 9TOM CJTy4ae MpOonopIHoHaIbHA TEUCTBYIOMIEMY HAITPSKESHUIO
de 1
—=-0, (1.30)
dt ¢
1
rjae ¢ - Ko3QUIMEHT BSI3KOCTH, g - K03 (PUIUEHT TEKYYECTH.
[Ipu 3a7aHHOM MTOCTOSSHHOM HAINPsKEHHWH TOJIHAs eopmaliusi K Mo-

MEHTY BpeMeHHU t cocTaBUT & = EG ol , a IPH U3MEHSIOIINXCSA BO BPEMEHH

HaIIPSZKCHUAX
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5=gla(t)dt.

[Ipu noctatouHo OOJBIIUX HArpy3Kax B TOPHBIX MOPOJAX HAUMHAETCS
paspylieHue BHYTPEHHUX CTPYKTYPHBIX CBSA3EH, YTO MPUBOJIUT K 00paso-
BaHUIO HEOOpATUMBIX(IUTACTUYECKUX) AedopMariuii. 3TO CBOMCTBO peajb-
HBIX TBEPABIX TeN oTpaxkaeT aneMeHT CeH-Benana. OH mpencraBisieT co-
0011 2JIEMEHT CYXOr'o TPEeHMs: OPYCOK, JIe)KAIIUN Ha )KECTKOU MOBEPXHOCTH
(puc.1.29,B). IIpu Harpy3ke, MEHbIIEH HEKOTOPOW KPUTHYECKON BEIUYM-
HBI S, nedopmalys paBHa HYIIO, IpU OosbiIel - AedopMalus Heorpee-
JICHHA: CUCTEMa MPHUXOIUT B JABUKEHUE, U OPYCOK OCTaeTcs TaM, rae mpe-
KpaTWJIOCh IEUCTBUE CHUIIBI.

Takum 00pa3oM, pacCMOTPEHHBIE BBINIEC SJIEMEHTAPHBIE MEXaHUYe-
CKH€ MOJIETIM UMEIOT BIOJIHE OMNpEACNICHHYI0 (PU3nYecKyto ocHOBY. Coenn-
HSIL CTPYKTYPHBIE 3JEMEHTHI APYTr C APYTOM TEM WJIM UHBIM 00pa3oM, CO-
371a10T 00Jiee CIOKHBIE MOJIENH, B OOJIBIION CTENIEHU OTPAXKAIOIINE Peallb-
HbIE CBOMCTBA KOHKPETHBIX MaTtepuangoB. CXeMbl COETUHEHUS 3TUX JIEMEH-
TOB OIpPEJCIICHBI JIUIb (PEHOMEHOJIOTHYECKH, T.€. 10 (POpMaTLHOMY COOT-
BETCTBHUIO CBOMCTB COCTABJIEHHOW MOJEIM CBOWCTBAM peaibHbIX Tel. OHa
U3 MEPBBIX MPOCTHIX CTPYKTYPHBIX MEXaHWYECKUX MOJIEICH TBEpAOro Tefa
Obl1a mpennoxkeHa MaxkcpesstoM. OHa OpesCcTaBiIsIET cO00M COETMHEHHBIE
MOCJIEIOBATENIHO BA3KUM U YIIpyrui aneMenTsl (puc. 1.30,a).

Harpy3ska, npuiioxeHHasi K CUCTEME, BbI3BIBAET MTHOBEHHYIO YIIPY-
ryio aedhopMaIyio Npy>KUHbI, COOTBETCTBYIONTYIO 3aKOHY ['yka. B mainb-
HeleM aegopMaliisi CUCTEMbI paCTET BO BPEMEHH € MOCTOSTHHOM CKOP O-
CTBIO 3a CYET BA3KOTO AjieMeHTa. [Ipu CHATUM HArpy3KH MOJIENb TTOJYy4HUT
oOpaTtHyto Aedopmanuio, paBHyIO HaydallbHOM yIpyroi, Bsi3Kas COCTaB-
Jsironnas nedpopMaiiu HeoopaTruma.

Ecnu monenu 3amath MOCTOSIHHYIO AedopMalivio, TO MOpIIEHb Oyaer
JIBUTATHCS BBEPX JI0 TEX MOP, TTOKA HATSHKEHUE MPY>KUHBI HE CTAaHET PaBHBIM
HYJIIO U BCs ynpyras aedopmanus nepeiaeT B BI3KyI0. ITO SIBIICHUE COOT-
BETCTBYET pPEIaKCalluy HAMPSHKCHUM.
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o=const U

S ! €0 / g=const

o=const

: |- ES, oot

E oo — — — —/

0 =1

Puc. 1.30. Peonornueckue moaenu: a) MakcBeia;
0) KenbBuna-®oiirra; B) Cen-Benana

VYpaBHeHue coOCTOSHUS s cpelbl MakcBeia MOXKHO TOJYYUTh W3
cienyomux cooopaxenuit. CkopocTh nepopManyiv & OYEBUAHO JOJKHA
1do

CKJIA/IBIBATBCS U3 CKOPOCTH yNPYrou JedopMaluu &', = Edr U CKOPOCTH
. D 1 1
BASKOH Neopmammn ;= -, Tie B KO3()(GUIMEHT TIPONOPIIKO-
0 0
HaJbHOCTU. TakuM 00pazom
1 , o
g'==—oc'+—. (1.31)
E Et,

3neck to — HEKOTOpast MOCTOSIHHASA, UMEIOIIAsl pAa3MEPHOCTh BPEMEHU.
N3 ypaBuenus (1.31) nonyuum
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. ., O de do o
E-¢'=c+— ,um E-—=—+—.
t, dt  dt t,
Bripaxxenue (1.32) u ectb nuddepeHimaibHoe ypaBHEHUE COCTOS-
HUsA cpenbl Makcsemia. [1ociie uHTerpupoBanus, IpU G = Cp=COnSst, 3TO

YPABHEHHE IPUBOJAUTCS K BBIPAKEHHUIO

(1.32)

g=20 l+l , W € = &, 1+l : (1.33)

EL t t,

o
I71€ MPOU3BOJIbHAS MOCTOSIHHAS MHTETPUPOBAHUS &, :EO €CTh ymnpyras
nedopmartus mpu t=0.

IIpu e=&=const nomyunm

o=c,exp| -~ | (1.34)
tO

Takum oGpazom, momydecth Aehopmainuii B cpeae MakcBenna xa-
paKkTepu3yeTCs JIMHCHHBIM 3aKOHOM, a pelaKcanusl HanpspDKeHUH — SKCIIo-
HeHIManbHBIM. [locTosiHHAS BenmuuuHa lo Ha3bIBACTCS MEPHOAOM pesiak-
cauuu. Kak cienyer uz ¢opmynsl (1.34), oHa 4YKHCIEHHO paBHA BPEMEHH,
32 KOTOPOE HAMpPsHKEHUS MalaloT B e pas, e e - OCHOBAaHNE HATYpaJIbHBIX
JorapuMoB.

OTa cxeMa TOJIbKO KaueCTBEHHO OTpakaeT CBOMCTBA peajbHBIX TeT,
KOJUYCCTBEHHBIE K€ PE3yJIbTAThI IIJIOXO COTJIACYIOTCS C OTIBITOM.

CrpyktypHas Mmozaenb cpenbl KenbBuna-doiirra npeacTaBiser coOon
napasuieibHOE COSAUHEHHE BSA3KOTO U ynpyroro sieMeHntoB (puc. 1.30,0).
[IpunoxeHne Harpy3Kku B TaKOU cpejie He BHI3BIBAET MITHOBEHHBIX YIIPYTHX
nedopmaruit. Jlebopmanuu pactyt ot Hysds npu t=0 10 xakoil-To BeyH-
YUHBI, ONPEAEIISIEMON CUIION P U yIPYTOCTBIO MPYKUHBI.

[Tpu pasrpy3ke aedopmanus He TIagaeT 10 Hyus. Penakcanuu Hampsi-
KEHHUI B TaKoil cpeie HE HAOII0/aeTcsl. Y pPaBHEHUE COCTOSIHUS TIOJIYyUUM,
CYMMUPYS YIPYTYIO YacTh HAIMPSOKCHHS, TPOIOPIMOHANBHYIO aedopMma-
ITUH, B BSI3KYIO YacCTh, IPOMOPIIHOHAIBHYIO CKOpocTH nedopmaruu [11]:

G=a8+b%. (1.35)
dt
[Ipu o=op=const nomxy4yum
de a 1
—+—c=—0,. 1.36
it b° b (1.30)

Pemenune 3Toro ypaBHEeHUsI UMEET BUL
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o a
=—24cexp| ——t |, 1.37
s=T0s p( bj (137)

a Ipu &=g=const noxyuynm
o=asg,. (1.38)
O4deBUIHOE HECOOTBETCTBUE JBYX OIKMCAHHBIX BBIIIE MOJEJEN
CBOMCTBaM peajbHbIX cpea nmoOyauiao Iloituara u TomIcoHa mpemio-
KHUTh MOJIEJIb TAaK HAa3bIBAEMOM CTAaHJAPTHOM JIMHEMHOW CpEJbI

(puc. 1.31).

P
| o,
o=const

€0 g=const

~ 0 - 0 ==

Puc. 1.31. Mogens cpeast [loiitunra-Tommncona:
1 - kpuBast MoN3y4yecTH; 2 - KpUBas pejJakcaluy HanpsKeHUH

OHa npexacrasisieT co00i MoJieib MakcBenia, napajaielbHO KOTO-
PO TIOMEIIEH elle OJUH ynpyruil snemenT. Harpyska, npuiioxkeHHas K
TaKOW MOJIEJIH, BBI30BET, MPEXkE BCEro, MTHOBEHHYIO YIIPYTyIo Aedop-
MaIiio 00eux Mpy>KUH.

B npanphelimem aedopmanusi OyJaeT pacTH 3a CYET PACTKEHHS
MPY>XUH, HO OHA UMEET MNpeJies, ONPEACHsIeMbld BEIUYMHON CUIbl P u
YIPYrOCThIO MPYKUHBI 1.

[Ipu cHsATUM Harpy3ku Aedopmamus MITHOBEHHO yMEHBIIIAeTCs Ha
HEKOTOPYIO BEJWYMHY, 3aBUCAIIYIO OT CTEICHU PACTSKECHHUS MPYKUHBI
2, a 3aTeM MOCTENEHHO MajaeT A0 HydsA. B Takol Monenu HabGmogaeTcs
yacTUYHas pejakcaius HanpsbkeHui. Ecnim 3adukcupoBaTh nedopma-
IIUIO0, TMOPIIEHb OYAET IBUTATHCS O TEX MOp, MOKa HAMPSDHKEHUE B MPY-
KHWHE 2 He ynaneT A0 Hyna. Hanpsbkenuwe xe B mpyxuHe | ocraHercs
HEU3MEHHBIM.

JuddepeHnnanbHoe ypaBHEHUE COCTOSIHUS CPE/Ibl UMEET BU/T

G+ad—G:bg+CE. (1.39)
dt dt

[Ipu o=op=const umeem
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de b 1
2 i le=20o . 1.40
dt ¢ ¢ (1.40)
WuTerpair 3Toro ypaBHEeHUs! paBeH
o, o, b
=—+| g,—— |exp| ——t |. 141
o= %% Joxp -2t (141
IIpu &=g=const mosryunM ypaBHEHHUE
do 1 b
il o=—¢, 1.42
it a_ a’ (1.42)
peIleHne KOTOPOr0 UMEET BHL
& =bs, + (o, - beo)exp(—%) | (1.43)

JlaHHBIE SKCIIEPUMEHTOB CBUJIETEIILCTBYIOT O TOM, UTO BO BCEX CIIyYa-
X TPU JOCTAaTOYHO BBICOKUX Harpy3kax jgedopmaius Mocie CHITHS
Harpy3ku MTHOBEHHO YMEHBIIAETCA HA HEKOTOPYIO BEJIMYKHY, a 3aTEM I10-
CTEIICHHO YMEHBIIAETCA 10 HEKOTOPOM OTIIMYHOW OT HYJIA BEJIWYMHBL. B
Mozenu MakcBeiia pu pasrpys3ke aedopmanusi He U3MEHAETCsl BOBCE, a
moaensx KensBuna-®oiirra u Iloittunra-Tomicona npu t — o nedopma-
Yl YMEHBIIAETCS 10 HYJIS.

Takum oOpa3zoM, 3TH MOJENH, YOOBJIETBOPUTEIBHO OIMCHIBAs MOBE-
JIEHHE PEaJbHOW Cpeabl IPU HArpy3Ke, CTAHOBITCA HEMPUTOAHBIMU JUIS
ONMCAHMUS PA3rPy3KH.

Jlnst GoJiee TOJHOTO ONHMCAHUSl TOBEICHHS PEalbHOM Cpeabl MO
Harpy3Kou MexaHW4YecKas MOJEJNb JOJDKHA COAEp)KaTh €lle OJWH CTPYK-
TYpHBIA AJIEMEHT, YUYUTHIBAIOIINA BO3HUKHOBEHUE IIACTUUYECKUX Ae(Oop-
Maruu.

[IpocTteitmass MojeNnb TakoOW yHOpyro-rjiacTUYECKOW cpenbl Oblia
npemioxeHa Cen-BenanoM. OHa mpexacraBisieT cOOOH 3JIEMEHT CyXOro
TPEHUSI, COCIMHEHHBIA MOCIEAOBATEIBHO C YOPYTrHM 3JieMeHTOM ['yka
(puc.1.30,8). B atoit Mogenu nedopmarius Tena COCTOMT U3 JIBYX YacTei:
oOpatumoil yrpyro u HeoOpaTUMOMW TIacTUYECKON. Peosiornueckux siB-
JIEHUW B MOJIEJIM HE MPOUCXOINT. Y CJIOBHME BOZHUKHOBEHHS INTACTHYECKUAX
nedopMaruii 3aIMCHIBAETCS B BUIE T, = O, TI€ S- HEKOTOpas MexaHuue-

CKasl KOHCTaHTa MOJEIUPYEMON CpeIbl: Tpeiesl MPOYHOCTH Ha OJTHOOCHOE
cKaTue, pacTsHKEHUE, Yrojl BHYTPEHHETO TPEHUSI U T.1.

[Ipu nocnegoBaTenbHOM coenuuennu moaenu CeH-Benana u aneMeH-
Ta BSA3KOTO TPEHHSI MOXKHO ITOTYYUTh MoJieh bunrama (puc. 1.32).
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Puc. 1.32. Monenb cpenpl: bunrama (a) u [lIBegona (0)

[Ipn Harpy3ske, IpeBBIIAIONIEH MPENENl TEKYy4YeCTH, BOZHUKAECT Tede-
Hue. [Ipu nocTosiHHOM Harpy3ke CKOpOCTh Ae(POpMAaIH TaKKe MOCTOSIHHA.
[locne cHsATHS Harpy3ku ynpyras aedopmanusi UCYE3aeT, BA3KOILIACTHYE-
ckast ocraercs. Penakcanus HanpspkeHU He HaOJIroAaeTcsl.

YpaBHEHHS COCTOAHUS MOJYYHM, CYMMHUPYS IJIACTUYECKYH YaCTh
HanpsDKEHUM, PABHYIO IPEIEIbHOMY HaNPS)KEHUIO CABUTA

O-m - z-s‘\/é’ (144)

TA€ 7s - MPelesl IPOYHOCTH Ha CABUT, U BA3KYIO YacTh, POMOPLY OHAb-
HYIO CKOpOCTH Aedopmanuii

5, =at. (1.45)
Takum oO6pazom, uMeeM

oc=1.3+ a%. (1.46)
[Ipu o=o0p= const noiny4yum

g:go+%_TTS*/§t. (1.47)

I[Tpu == const
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[IIBenoBBIM ObLIa MPEAIOKEHA MOJEb, IPEACTABIAONIIAs COO0M IMO-
CIENOBATENBHOE coequHenne mozaenen cpenpl CeH-Benana u Makcseina.
JTa cpena mpu Harpys3ke, He IPEBOCXOAALICH Mpeaesia TEKy4eCTH, BEAET
ce0s kak ynpyras. [Ipu O6omnbleit Harpy3ke cpefia HauMHaeT TeUb, TPUYEM
HaIpsHKEHUE B HEHM 3aBUCUT OT CKOPOCTH JIehOpMalIUH.

[Ipu pazrpyske 4acThb ynpyrou aedopmaiuu, COOTBETCTBYIOIIAs MpPYy-
*WHEe | Mcue3aeT MTHOBEHHO, a 4acTh yHpyrux aedopmaiuii, COOTBET-
CTBYIOIIAs TIPY>KUHE 2, MEPEXOAUT B Bs3Kyto. [Ipu moctosiHHOM nedopma-
Y YaCTh HANIPSKEHUS, COOTBETCTBYIOIIAS MPYKUHE |, HE pellakCupyerT.

YpaBHeHue coctogHus cpeapl [lIBenosa nmeer BuI

o+03% —r J31a%% (1.48)
dt dt
[Ipu o=op=const pemenue ypaBueHus (1.48) umeer Bu
o, — T, J3 ¢

a

(1.49)

E=&+
Ipu s=&=const
o, :Ts«/§+cexp(—%j. (1.50)

CpaBuuBas cpenbl bunrama u IlIBenoBa, MOXXKHO OTMETUTh UX CYyIIE-
CTBEHHYIO OOIHOCTh. YacTo B JIUTEpaType UX O0OBEAUHSAIOT OJJHUM Ha3Ba-
HueM bunrama-llIBegoBa, umes B Buay Moaens bunrama.

OO6uiee ypaBHEHHE BCEX PACCMOTPEHHBIX BBIIIE cpell UMeET BU [9]:

de do
a1+a2,9+a3a:a4a+a5a. (1.51)

B camom nene, npu a1 = a2 =0 moyryuum ypaBHEeHHE cpenbl MakcBel-
na; mpu a1 =as =0 - cpenst Doiirra; npu a1 = 0 - cpeast [loiTuHra-
Tommnicona; pu a2 =az =as=0 - cpenpl Cen-Benana; npu a2 =as =0 - cpe-
11 bunrama; ipu a2=0 - cpensr [1IBenoBa.

C TOYKH 3peHUS PeIIaKCallud BCE CPEeAbl MOKHO pa3/ielITh Ha pellak-
cupymolIre u Hepenakcupyromue. K mepBeiM oTHOCUTCS cpena MakcBel-
na, llovitmHra-Tommcona, IlIBemoBa, ko BTOpbIM - KenbBuHa-dolurra,
Cen-Benana, bunrama.

CymiecTByr0T Mojeiau Oojiee MpUOIMKEHHbIE K peanbHOU cpene. K
HUM OTHOCHUTCS MOJieb broprepca, nim kommnayHa-moaens (puc. 1.33).
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iz
Puc. 1.33. Mogens broprepca, uiim KoMImayHa-Mo1e7Th

OHa yuuThIBaeT HauOosee Ba)KHbIC, UMEIOIINE MPAKTUYECKOE 3Haue-
HUE, COCTaBJIAIONIME Tpoiiecca eGopMHUpPOBaHUS MOPOIbI: MTHOBEHHBIE
nedopmaruu, nedopmanuu 3ana3AbBAIONICH YIPyrocTd U aedopMaiuu
BSI3KOW TEKYYECTH.

Crnemyer OTMETUTh, UTO YEM CJIOKHEE MOJIEb, TEM XYK€ OHa Mojij1a-
€TCA MaTeMaTU4eCKoMy onucanuio. [loaToMy npu BeIOOpE PEOIOTHUECKUX
MOJIeJIel PYKOBOJICTBYIOTCSI IPUHIIUIIOM Pa3yMHON IOCTaTOYHOCTH.

JlabopaTopHbIe UCCIEIOBAHUS PEOJOTUUYECKUX CBOWCTB TOPHBIX IO-
PO BEIYTCS HE YacTO, YTO CBS3aHO C PSAJIOM OMPEACICHHBIX TPYIHOCTEH.
Yamie Bcero m3yyarT MOJ3Y4YeCcTh AedopMaiiuii U 3HAYUTEIBHO PEXEe —
peJIaKCalMIo HANPSIKEHU M.

Peonoruueckue ncciieioBaHus CBA3aHbl C JNIUTEIbHBIMU SKCIIEPUMEH-
TaMH, KOTOPBIE TIPOIOJIKAIOTCSA MECSIBI U TOAbl. B CBsI3U ¢ 3TUM B Kaue-
CTBE€ HArpy30YHBIX YCTPOMCTB HCIHOJIB3YIOT MPY>KUHHBIE WU PhIYaKHBIC
ycTpoiicTBa. C MX MOMOIIBIO MOTYYarOT KPUBBIE MPU Pa3HBIX HArpy3Kax
(ot 30 1o 80 % ot pazpymaronieii). XapakTepHbIe PEOJOTHYECKUE KPUBBIS
npuBeaeHsl Ha puc. 1.34 u 1.35.
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Puc. 1.34. Kpussle nonsydectu aneBponutos [8]: 1 - =600 krc/cm?;
2 - 0=450krc/cm?; 3 - 6=200krc/cMm?;

o,
Krc/cm?2

5001\‘\—0\—.\‘_.__‘
400

-\‘\F+4

3004
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A\ . | |
. . . ,  t,u
0 200 400 600 800 1000
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Puc. 1.35. KpuBble penakcanuy HalpsHKEHUH aieBpoHTOB [ 8]
1 - =600 krc/cM?; 2 - 6=450krc/cM?; 3 - 6 =200krc/cM?

OCO0OEHHOCTBIO KPUBBIX MOJI3YYECTH SBJSETCS TO, YTO B TIEPBHIC YACHI
Harpy>KeHusi pa3BUBAECTCSI OCHOBHASI YACTh YIPYTO-BsA3KUX JAedhopMalinii, a
B JaJbHEUIIIEM POCT MX CYIIECTBEHHO 3aMeJIJIIeTCS U KPUBBIE aCUMIITOTH-
YECKHU CTPEMSITCS K HEKOTOPOMY MpeJey, 3aBUCAIIEMY OT BEJIWYMHBI 3a-
JNAHHOW Harpy3kd. Heckonbko MHaye MpOTEKAeT MNPOILECC penakcaluuu
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HanpsokeHnl. @opMa KpUBBIX 3aBUCHUT OT T'€HE3MCA, COCTABA U CTPOCHUSA
TOPHOM MTOPOJBI.

1.9. IlonsiTHE 0 TEOPUM HACJIEACTBEHHON MOJI3Y4€eCTH

CornacHO COBPEMEHHBIM NPEACTABICHUSM, HANPSKEHUSI, BOZHUKAIO-
1€ B pealIbHBIX TEJaX, COCTOSAT U3 JBYX YaCTEil: IEpBOE CllaraeMoe 3aBu-
CUT OT jJedopmMaliuu B TaHHBIA MOMEHT BpeMeHu t, BTopoe - oT nedopma-
I[Wi, CYIIECTBOBABIIMX B T€JI€ B TCUCHUE BPEMEHHM, MPEAIICCTBOBABIIETO
HACTOAIIEMY MOMEHTY BpeMeHH - 7 (puc. 1.36). Bpems HenpepbhiBHO U3Me-
HSIET CTPYKTYPY BEILIECTBA.

|
I
i ]
’ I
I
]
_
T
0 y 7T, t
T
Puc. 1.36. Ilpouecc nehopmupoBaHusi TBEPAOTO TeJa, UMEIOIIETO MPEILICTOPHUIO
HarpyXeHUs

Teopusi, Mo3BOJISAIONIAS ONPENEIATH eopMaIuu B Cpesie ¢ YUETOM HC-
TOPHUM €€ HArpYy>KECHHUsI, HA3bIBACTCS TEOPHEH HACJIEACTBEHHOM MOJI3Yy4eCTH.

Teopus HaAcIEICTBEHHOTO M3MEHEHHUS BHYTPEHHHX (DaKTOpPOB C yue-
TOM «IMaMATH» MaTepuanga O BCEX BPEMEHHBIX CTPYKTYPHBIX U3MEHEHUSIX,
BO3HUKAIOIIUX B MPOIECCE HArPYKECHUS, W IPEANOoIararmias JUHEHHYIO
3aBUCHUMOCTh MEXIY HANPSHKCHUSIMU U AehopMalusiMUA B JTI000H MOMEHT
BPEMEHH, IOJIyYMJIa Ha3BaHUE TEOPUM JMHEHHON HACJIEICTBECHHOM 1MOJI-
3y4eCTH.

Teopust nuHENWHOW HACIEACTBEHHOCTH ObLIa mpemioxkeHa JI. bombii-
MaHOM C HCIIOJIb30BAHUEM MAaTEMaTHUYECKOro amrapara HHTETrpalbHbIX
ypaBHeHui B. BosibTeppa.
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B cooTBeTcTBUU C 3TOM Teopuei, AedopMaiivii Cpeibl Mo JeHCTBUEM
BHEIIHUX CHJI MPOJOJDKAKOTCS W MOCIE UX NPWIOKEHUS (HACIIEICTBEH-
HOCTb), IPU ITOM Jedopmaiuy B KaxJblii MOMEHT BPEMEHHU MPSIMO MPO-
MOPIMOHAJIBbHBI JEHCTBOBABIINM B Pa3HbIE MOMEHTHI BPEMEHH HAMpsikKe-
HUSM (JIMHEMHOCTh) U CYMMHUPYIOTCS, pacTyT BO BPEMEHHU (IIPUHIIUI CY-
MEPIIO3UIUN ).

[TpoumntocTprupyem U3JI0KEHHOE BBILIE HA cieayroniem npumepe. Io-
cTpouM KpuBbie moyydectd £=f(t,0) npu pa3HBIX YpOBHSAX HANPSIKECHUS
(puc.1.38,a). 3arem B KOOpAMHATAX « O - £ MNOCTPOUM I'papuKu B MOMEH-
ThI Bpemenu tj (1=1,2,3...) (puc. 1.37,0).

‘ O, = const

|03 = const

|6, = const

&o

0

Puc. 1.37. lepopmupoBaHue BO BpeMEHH HACICACTBECHHOMN CPeIbl

Ecnn nostyyuBiivecs npyu 3TOM U30XPOHHBIE 3aBUCUMOCTU SABJISIOTCS
IPSAMBIMU JIMHUSAMU (WJIM OJIM3KUMU K HUM), TO MBIl UMEEM JIEJIO C JIUHEM-
HOW HACJICIICTBEHHOW CpPEIOM.

[Tom3ydecTp MaTepUaNOB B TEOPUM JIMHEMHOW HACIEICTBEHHOCTHU
ONMCBHIBAETCS UHTETPAIBHBIM YpaBHEHUEM BoabTeppa BTOporo poaa

g(t) = %t) + éiL(t —7)o(r)dz, (1.52)

rne o(t) u &t) - HanpsbkeHus u aeopMaIiy B HACTOSIIMN MOMEHT BpeMe-
HU 1, 7 - Bpemsl, MpeAIIecTByIonee MOMeHTY Bpemenu t; L(t) - HekoTopas
(GyHKIMA, YYUTHIBAIOIAs BIUSHUE BpEeMEHU Ha AedopMaiiuu U HampsiKe-
HUS B TEJE.

IIpu o(t)=oo=const u3 coorHomecHus (1.52) moaydyuM ypaBHEHUE
MOJ3y4ecTH AeopMaIuii
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£(t) =%[1+jL(r)dr}. (1.53)

Huddepenuupys ob6e vyactu ypaBHeHus (1.53) mo BpeMeHH, MOITyYUM

BBIpAKCHUE:

E d
L) =——2, (1.54)

o, dt
u3 Kotoporo ciaeayer, uro L(t) mpeacraBisger coOol (pyHKIHIO CKOPOCTH
nomyuyectd. DyHxiuioo ke L(t-7) Ha3bBalOT SAAPOM HHTErpajbHOI0

ypaBHeHnust Boasreppa (1.52). Pemas ero otHocuteabHo o(t), momydunm,

o(t)=Eg, —Jt' K(t-17)e(r)dr. (1.55)

IMpu &gt)=e=const, nmomyuum u3 (1.55) ypaBHeHHe perakcaluu
HAPSKECHUN

o(t)=Eg, Ll—j' K(z)d TJ : (1.56)

Huddepennupys o6e yactu ypaBHerue (1.56) mo t, momydum BbIpaxe-
Hue ais K(t)
1 do(t)
Eg, dt
®ynkmun K(2) u L (t) B3auMOCBSI3aHBI M 3TO TIO3BOJISIET 110 OJTHOM W3
HuX Hadth npyryro. Oysakius K(t) HaspiBaeTcs pe30JbBEeHTOH HHTe-
rpajbHoro ypasuenusi Bonsteppa (1.53).
VYpaBuenue nonzydectu (1.53) MoxHO 3anucarh B BUIE
g(t) =20 (1.58)
E
rie E- BpeMeHHOI omepaTop, OIpejeisieMblii B pe3yibraTe oOpaboTKH
AKCIepUMeHTaIbHbIX JTaHHbIX. FO.H. PabotHOB [47] moka3aj, 4To 3aaady
JUHEHHON HACJIeICTBEHHOCTH MOXKHO (OpMaJIbHO paccMaTpUBaTh, Kak

K(t) =— (1.57)

3a/1a4y TEOPUU YIIPYTOCTH, B KOTOPOM BMECTO YNPYTUX MOCTOSHHBIX £ U 1
HEOOXOJIMMO HCMOJIb30BaTh X BPEMEHHBIC aHAJIOTH (MHTErpajbHbIC OIle-
paropsl) - E u u. XX.C. Epxxanos [48] ycTanoBm, 4T0 He(hopMUpPOBAHIE
psila TOPHBIX TOPOJT IO OMPEACICHHOTO YPOBHSA HArpy>KEHHUS COOTBET-
CTBYeT ypaBHeHHUIO (1.53) ¢ saaApOoM MOI3y4ecTH B BHJEC CTENEHHON (DYHK-
Uy (sapo trra Aodens):

Lt,7)=6(t—-7)"7, (1.59)
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r1e O U @ - PEOJIOTHYECKUE XapPaKTEPUCTUKH, TOTydyaeMble dKCIICPUMEH-
TaJIbHO.

HuTerpansHoe ypaBHEHHUE MOIBYUYECTH C SIpoM AOeNst IMeET CIISAYIOIee
pelieHue
ot o,
1-a) E

CHOXXHOCTB peIIeHUs 3a7ad METOJIaMU TEOPUU HACJICACTBEHHOM IOJI-
3Y4eCTH 3aKJIF0YaeTCs B paciu@poBKe BPEMEHHBIX OTIEPaTOPOB.

YacTto npu nOCTOSIHCTBE TPAHUYHBIX YCIOBUH JJIsl pEIICHUS 3a7a4 I'€o-
MEXAHUKHU HUCIOJIB3YIOT METOJI NIEPEMEHHBIX MOMYJICH, KOTOPBIM 3aKII0Ya-
eTCs B TOM, YTO BMECTO HMHTCTPAJbHBIX OMNEPATOpPOB E M u HCIOJIB3YIOT

£(t) =% 1+ (1.60)

BpeMeHHbIC pyHKImn E(t) u (t).
N3 Beipaxkenus (1.60) cienyeT, 4To BpeMeHHAsT PYyHKIUS MOIYJIS Jie-

dhopMaIiu UMeeT BU/I
E
E(t) i d (1.61)
rae @ - GyHKIHS MOJI3Y4YeCcTH, paBHas
5t1—0{
l-a
Bpemennas ¢ynkmms s koaddunmenta [Tyaccona onpeaensercs Bbl-
paxeHueM

oD =

() =0,5- 22— H
1+ O

N3 dopmyn (1.61) u (1.62) criemyer oTMETUTh, YTO MPU MPOIOJIKU-
TEJILHOM BO3JCHCTBUU HArpy30K (t —>w, ®—c) MOIYIb YIPYTOCTH CTpPE-
MUTBCS K Hymto, a koddduuuent Ilyaccona — k 0,5, 4TO CBOMCTBEHHO
xugkocTaMm. Takum o0pa3om, TUIOTE3a O TUAPOCTATUUECKOM pacipeaee-
HUW HaNpsDKEHUM B MAacCHBE TOPHBIX MOPOA J0 MPOBEACHUS BHIPAOOTOK,
IPU YCJIOBUU OTCYTCTBHMSI HEOTEKTOHMYECKHX CHJI, MOJYy4YaeT CBOE MOJ-
TBEPKICHUE.

Crnenyer Takxe OTMETUTh, YTO HCIOJIb30BaHUE TEOPHUH HACIIE/ICTBEH-
HOM MOJI3yYECTH OIMpPaBJaHO TOJIBKO B TOM Cilyyae, Korja JAeUCTBYIOLIUE B
NOPOJHOM MAacCCHBE HAMNPSHKEHUS HE MPEBBIIIAIOT JJIUTEIBHON IPOYHOCTH
MaccuBa.

1.10. OnpenesieHne MeXaHUYECKUX CBOMCTB rOPHBIX MOPOJ
B HATYPHBIX YCJIOBHSX

(1.62)
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Kak y>xe oTMeuasioch BbIIIE, MEXaHUUYECKUE CBOMCTBA TOPHBIX MOPO/I,
MoJiydaeMble B JIaDOPATOPHBIX YCIOBUSX, HE COOTBETCTBYIOT MEXaHUYe-
CKMM CBOMCTBaM peajbHbIX MACCHUBOB T'OPHBIX MOPOJ U ITO HECOOTBET-
CTBHE MPOSBISIETCA B BHjae MacmTadHoro 3¢ dekra. O6 0Opasiie TOPHBIX
MOPOJT MOKHO TOBOPUTH KaK O HEKOTOPOH HJICaIU3UPOBAHHON MOJIEIH T10-
poaHoro maccuBa. OTMEUEHHOE OOCTOSITENIHCTBO MOCIYKHIIO TTIOBOJOM JIJIst
U3BICKAHUS IMYTEW MOTYyUYCHUS MEXaHUUYECKUX KOHCTAHT B HATYPHBIX YCIIO-
BUSIX, T.€. HEMIOCPEJICTBEHHO B TOPHBIX BHIPAOOTKAX.

Jns onpeneneHus: mpejena NpOYHOCTH HA OJHOOCHOE C)KaThe U Jie-
dbopMaIMOHHBIX XapaKTePUCTUK M3BECTHBI CIEAYIONINE CXeMbl. B ropHoii
BBIPA0OTKE B MPOIIECCE MPOXOAKHU OCTABIISIIA HEOOJBIINE IETUKH HETPO-
HYTON MOPOJABI, KOTOPHIM 3aTE€M MNWJIAMHU MPHUAABAIU 1O BO3MOKHOCTH
NpaBWIbHYIO TeomeTpuueckyto ¢opmy. C MOMOIIBIO THAPOIOMKPATOB,
crocoOHbIX pa3BuBaTh ycwine B 150-200 T, Takol 1ETUK HArpyKajics 10
paspyieHusi. B mpoliecce HarpykeHusi u3Mepsuiuch aehopMaivii BepTH-
KQJIbHBIE U TOPU3OHTAIBHBIE, YTO MO3BOJSIIIO ONPEACIUTh YIPYTUE MOKa-
3atenu. J[yis paBHOMEpHOMW TIepeladd JaBJICHUsS TI0J] OMOPOW JTOMKpaTa
yCTpauBajIu CIECHHUAIBHYIO TIOCTENIb U3 MECKa, MEIHOTO JINCTA U Ciios Oe-
toHa (puc.1.38,a). Llenuku pasmepom 0,6 x 0,6 x 1,0 M pacnonaranu c
y4ETOM 3ajieraHus MOpoJl - MEPHEHIUKYJISIPHO U MapajjiebHO HAIIACTO-
BaHMUIO.

A7

X X X X
X X X/ X
Pr—

X X X X

Puc. 1.38. Cxembl HCTIBITaHUSI TOPHBIX TTOPOJ] B BEIPAOOTKAX:
a) — Ha ckaTue; 0) — Ha cABUT; | — cTONO MOpPOAbL; 2 — TOMKpAT;
3 — cTalbHbBIC IUIATHL; 4 — TOMKpAT; 5 — IUTATHI, 6 — POJIUKH

Jna u3ydyenus conportusiieHus mnopox casury so BHMMMUA nposoau-
JIUCh OTBITHI TIO CXeMe, KoTopasi u3oopaxena Ha puc. 1.39,6. [{ns onpene-
JICHUSI IapaMETPOB CLEIUIEHUS - C Y yIJla BHYTPEHHETO TPEHUS - p OIMBITHI

IMPOBOAUJINCH IO Pa3HBIMU YI'JIaMH O K HAIJIACTOBAHUIO.
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[TomyyeHne MEXaHWYECKHX KOHCTAHT TOPHBIX IMOPOJ B HATYPHBIX
YCJIOBHSIX COMPSIKEHO CO 3HAYUTEIBHON TPYAOEMKOCTBIO paboT. ITH YHHU-
KaJIbHbIC SKCIIEPUMEHTHI B HACTOAIIECE BPEMSI UMEIOT CKOPEE METOJI0JIOT -
YECKOE 3HAYCHUE, YEM MPAKTUYECKOE.

[lepcneKTUBHBIMH CIIETy€T MPU3HATH METOJbI, OCHOBAHHBIC HA yCTa-
HOBJICHUH KOPPEISALMOHHONW 3aBUCUMOCTH MEXAY ONpPENCIAEMbIMU MEXa-
HAYECKUMHA KOHCTAHTAMH W CKOPOCTBIO MPOXOXKJICHUS aKyCTHUYECKUX
(YIBTpa3BYKOBBIX) KOJIEOAHUN Yepe3 MOPOIHBINA MACCHUB.

Takue uccienoBanusi MaccoBo OblIM BhIMoJIHEHBI JI.B. IlaymsH s
Hopunasckoro mecropoxaenus nonumeramioB u O.C. AndepoBbim [39]
15t ocaiounbix mopoa Jlonbacca. Ocoboe 3HaueHUEe UMEET MOCICAHSS pa-
00Ta, B KOTOPOU MOPO/AbI OJTHOM U TOM K€ JTUTOJOTUYECKON Pa3HOCTHU pas-
JIE€JICHbI Ha JIMTOJIOTUYECKHE TUIBI B 3aBUCMMOCTH OT (paIpaabHOU MpHU-
HAJUIC)KHOCTHU, I KOTOPBIX U ONPEACISUIUCH KOPPEISLIHOHHBIE 3aBUCH-
Moctu. [Ipumep Takux 3aBUCUMOCTEM npuBeieH Ha puc. 1.39.

R, MIIa MB
IIB
120 MA
100 LIL
80
60
40
20
0 1,0 2,0 3,0 40 V,, km/c

Puc. 1.39. CBsi3b aKyCTUYECKHUX U TPOYHOCTHBIX CBOWCTB JIJIS1 QJIEBPOJIUTOB

(1 - R=59,6 Vp% 2 — R.:=52,0 Vp?; 3 — R:=48,9 Vp2 4 — R=47,1 Vp?)

1.11. CraTuctudyeckasi 00padoTKa pe3yabTaTOB U3MeEPEeHU M

Bce peanbHbIe MpolECChl, MPOTEKAIOIIME B MPUPOJE, OOYCIOBIICHBI
OOJIBIIIUM YUCJIOM BHEUIHUX U BHYTPEHHUX (PAKTOPOB, ACHUCTBYIOIIUX CITY-
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yaiiHeIM oOpa3zoM. Hampumep, npoiiecc pa3pyiieHus: MOopoaHbIX 00pa3IoB
OJTHOM M TOM >K€ JIMTOJOTHYECKON Pa3HOCTH, OINpPEAESICHHON (aralibHON
MIPUHAJIC)KHOCTH MPOTEKAECT B KAXKJIOM OTJICIIbHOM CIIy4dae MO-Pa3HOMY.
D10 00yCIOBIEHO Ciy4allHOW (QOpPMOIM CTPYKTYPHBIX CBS3€H, BEIMUYUHOMN
cojepxanieicss B o0Opaslie BJlard, HaJIWYMsl TEKCTYPHBIX OCOOEHHOCTEH
(BHyTpeHHHE (DAKTOPHI), a TAKKE HECKOJIBKO OTIUYAIOIIMMUCS pa3MepamMu
oOpas3iia, TEXHOJOTUEN UX U3TOTOBJICHUSI U CKOPOCThIO HArpy>KeHUs (BHEILI-
Hue (aKTopbl).

Takum 00pa3zoM, mpolecc pa3pyIieHrus 00pa3IoB ¢ LEIbI0 MOTyYCHUS
VX MEXAHUYECKUX XapPAKTEPUCTHUK - ITO CIyYalHbIM Iporecc. [ kaxaoro
UCIILITAHHOTO 00paslia B Mmpoiiecce J1abopaTOPHBIX MCCIACAOBAHUMN MOTyda-
IOT CBOE, OTJIMYHOE OT APYTUX, 3HAUCHUE MEXaHUYECKOU XapAKTEPUCTUKHU.

JIiga mony4deHnst JOCTOBEPHBIX 3HAYEHUN MCKOMOM MEXAHUYECKOU Xa-
PAKTEPUCTUKNA HEOOXOIMMO BBITIOTHUTH U3MEPEHHUS HAa BO3MOXKHO OOJIb-
meM uucie oopas3nos. s aToro npoosl, UAYIIME HA TOCIEAYIONIEe U3T0-
TOBJIEHHUE 00pa3IoB, OTOMPAIOT IO ONPEAEICHHON METOIUKE TaKUM 00pa-
30M, 4YTOOBI OHM B MAaKCUMAJIbHOM CTENEHH MPEJICTABIISIN BCE BO3MOMKHBIE
JUIsl TAHHOTO TOPOJIHOIO MAacCUBa KOJ€OaHWs MHHEPAJIbHOIO COCTaBa U
CTPYKTYPHBIX OCOOEHHOCTEM.

[To cnenuanbHBIM METOJMKAM YCTAHABIMBAETCS HEOOXOIUMOE YUCIIO
00pa310B, B COOTBETCTBUU C KOTOPHIM W3 I'€HEPAJbHOH COBOKYNHOCTH
CIIy4ailHbIM 00pa30M OTOMPAIOT OMpeesieHHOe Ynciio mpoo. OtoOpanHas
naptus npoO MpeCTaBiIsieT coO00 ciaydailHylw BbIOOpPKY. U3 kaxmoi
npoObl U3roTaBIMBaIOT 3-4 00pa3lia MAaKCUMaJIbHO JOMYCTUMBIX MO JIaH-
HOW METOJIMKE Pa3MEpOB.

Pe3ynbTaThl U3MEPEHUIN KaxJ0W TpymnIibl 00pa3loB MO BCEW ciaydail-
HOW BBIOOpPKE TOJBEPrarT CTaTUCTHUECKOW oOpaboTtke. Ilpexne Bcero,
OMPECIISIIOT CpeHee apu(PMETUUECKOE 3HAUYCHHE BCEX N M3MEpPEHUi ma-
pamerpa Xi

I 1 n
X = ;ZXi . (1.63)
i=1

3aTeM BBIUHCIHIOT: CPEIHEKBAIPATUYECKOE OTKIOHEHUE €IMHHUYHOIO
pe3ynbTara

(X, - X

" n-1
koaunment Bapuanuu (%), T.€. CpeAHEE OTHOCUTEIBHOE OTKIOHEHUE
MOJIYYEHHBIX PE3YJIbTATOB U3MEPEHUHN OT CpeHEro apuPMEeTHIECKOTro
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S , (1.64)




S
—_n 0,
n= X x100%, (1.65)

JIOBEPUTEIIbHBIN UHTEPBAI

AX = na>n (1.66)

Koaddumment CtrrosieHTa the YIUTHIBAET OTIIMYUE CITYYailHOU BHIOOPKHU
OT T€HEPaAIbHON COBOKYITHOCTH M 3aBUCHUT OT YKcia 00pa3lioB N ¥ TpeOyemon
JOBEPUTEITHLHOM BeposATHOCTH (dare Bcero o = 0,85-0,95). OxoHUaTeIbHBIM
pe3ysbTaT CTaTUCTUYSCKOM 00pabOTKH pe3ylbTaTOB M3MEPEHUN 3alMChIBa-
€TCsl, HalpUMeED, CIICAYIOIINM 00pazoM

Rc=(200£10) MIla nmpu =0,95.

3anuch TOKa3bIBaeT, YTO CpeAHEEe 3HaueHuWe mapamerpa (mpenen
IPOYHOCTH Ha OJHOOCHOE cxkarue) paBHO 200 ( X ), @ OTKJIOHCHHE €0 OT
cpeaHero apubmMerudeckoro B 95% cinydaeB He mpesbimaet 10 (AX).

N3 dopmyinsl (1.66) nerko onpenenuTb HEOOXOAUMOE YUCIO UCTBITA-
HUU 111 oOecreueHus] JOMyCTUMOM OIMMOKK M3MEpeHuil He Oosiee dem

AX
& I IpU W3BECTHOM KO3 (UIIMEHTE BapHallMM W3y4yaeMoro Imnapa-
MeTpa:

n=(t, 7/&). (1.67)
Tak, eciu 7 = 20%, 3agaHHas ommoOka uaMepeHut 5 %, To N=7 o00-
pasmam (nmpu « = 0,95, the=1,96).

buozpaguueckan cnpaexa

1. CxkouunHcKkuil, AJIeKCAHAP AJIEKCAHAPOBUY
(1874-1960) — u3BeCTHBIN PYCCKHI U COBETCKUH yue-
HBII B 00JIaCTU TOPHOM HAayKH, aKaJeMHUK. 3aHUMAJICS
BOIIpOCaMU CO3/laHUs O€30MacHBIX YCJIOBHH Tpyda B
[IaXTaX, B YaCTHOCTH, MCCIIEIOBAJ B3PbIBbI YTOJIbHOM
BT U METaHa.

2. KOur, SIar Tomac (1773-1829) - anrnmiickuii ¢pu-
3UK, OJIMH U3 OCHOBOIIOJIO)KHUKOB BOJIHOBOM TEOPHHU
cBera. Hambosiee BakHbIE HaMpaBieHUsI €ro padoT —
OINTHKa, MEXaHWKa, aKyCTHKa, actpoHoMusa. Chopmy-
JUPOBAJT MPUHLIUI UHTEP(PEPEHIINH, BBICKA3aT UJICIO O
MOTIEPEYHOCTH CBETOBBIX BOJIH, BBEII B IPAKTUKY pac-
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4CTOB MOAYJb YIIPYT'OCTH.

3. I'yk, Pobept (1635-1703) - u3BECTHBIN AaHIIIMHACKHIA
€CTECTBOUCIIBITATENb, PA3HOCTOPOHHUN 3KCIIEPUMEHTATOD,
¢busuk u apxurekrop. B 1660r. uM ObUT yCTAaHOBIICH 3aKOH
JUISl IPOCTEUILIETO Clydasl PaCTsHKEHUST WIIM CHKaTusl TBEP-
noro tena B dopme crepxkHsa. O000ImeHHbIN 3akoH ['yka
JUTSL TeJia MPOU3BOJILHOM (hOpMBI YTBEPIKIAET, UTO 6 BeEIU-
YUH, ONPEICISAIONIMX COCTOSIHUE B TOUKE, BBIPAXKAKOTCS JIH-
HEHHO 4Yepe3 6 BEIUYMH, OMPEAeTIomuX aehopMaluio B
OKPECTHOCTH ITOM K€ TOYKHU. BbICKazan rUmoTe3y TiIrorte-
HUS, YIYYIIWI U U300pe MHOTHE TTPUOOPHI.

4. MaxkcBema, /Ixeiimc Kmapk (1831-1879) — Bbimaro-
IUACS  aHTIMHACKUM (PU3MK, co3daTellb KIIACCHYECKOM
ANEKTpoanHaMuKu. Ero Hay4yHas AeaTE€IbHOCTh OXBATHI-
BaJIa MIPOOJIEMBI DJIEKTPOMArHeTu3Ma, KHHETHYSCKON Teo-
pHM Ta30B, TEOPUH YIPYTOCTH U MHOTOE JPYTO€.

5. Heroton, Ucaak (1643-1727) - BeIIaroImuiics aHTINAMN-
CKHUi (DU3UK, MEXaHUK, MaTEMaTHK M aCTPOHOM, CO37aB-
IIMA TEOPETHUECKHE OCHOBBI KIIACCHUYECKOW MEXaHHKH,
OTKPBIBIIUH 3aKOH BCEMHUPHOTO TATOTCHUSA. ABTOp AUQ-
(bepeHIMAIEHOTO U HHTETPAIbHOTO HCUNCICHHIA.

6. Cen-Benan, bappc (1797-1886) - dbpaniy3ckmii yde-
HBI B 00acTH MexaHukH. OCHOBHBIC TPYABI IO TCOPUHU
YIPYTOCTH, COMPOTHUBJICHUIO MaTEPHAIIOB, THJIPABIHUKE,
THJIPOJMHAMHMKE. 3aJI0KUJI OCHOBBI TEOPUH IIJIACTUIHOCTH
TBEPJIOTO Tena.
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7. llIBenoB, ®enop Huxkudoposuu (1840-1905) - pyc-
CKUl (U3MKO-XUMHUK. OJUH U3 OCHOBOIIOJIOXKHHUKOB PEO-
JIOTUU IHCIIEPCHBIX CHCTEM, BIIEPBBIC OIKCAI aHOMAJIHIO
BSI3KOCTH KOJIJIOMIHBIX PACTBOPOB.

8. Tommncon, A. (1820-1896) - u3BeCcTHBIM aHTIUKHCKUN MaTeMaTHK. JIBa-
JATU3HAYHbIe TaOIUIEl JorapudmMoB yucen npodeccopa TomricoHa siB-
JSFOTCSI OJTHAMHM W3 JIYUIINX B TAOJWYHOM JIUTEpaType.

9. Tomcon, Yuabsam (1824-1907) — u3BecTHBIN aHTJIHIA-
ckuil pu3uk, npe3uaeHT JIOHJOHCKOTro KOPOJIEBCKOTO 00-
niecTBa, nouetHsld uneH [lerepOypxckoit AH. C 1892r.
3a HAayyHbIE 3aCJIyTd TOJY4YWJ THUTYyJ OapoHa (Jopnaa)
KempBura. OH panm ogHy u3 (OPMYIHPOBOK BTOPOTO
Hayajaa TePMOJUHAMUKH, TIPEJTI0KIIT AOCOIIOTHYIO MIKATy
temnepatyp (mkana KenbBuHa). DKCIEPUMEHTAIBHO OT-
Kpbul psiag 3¢(}exToB, Ha3BaHHBIX ero MMeHem. M3o0pen
MHOTHE 3JIEKTPOU3MEPUTEIbHBIE MPUOOPHI, YCOBEPILICH-
CTBOBAJI PSJI MOPEXOHBIX HHCTPYMEHTOB.

10. Boabuman, Jlroasur (1844-1906) - aBctpuiickuii du-
3WK, OJUH W3 OCHOBOIIOJOKHUKOB CTaTUCTHYECKOMN (hHU3H-
KA U (QU3NIECKON KMHEMATHKH, YieH-KoppecrnoHaeHT Ile-
TepOypxkckoii AH, mocnenoBaTenb 3IEKTPOMarHUTHOM
Teopun MakcBema. BeiBen (QyHKIHUIO pacmpeacsieHus,
Ha3BaHHYIO €r0 MMEHEM M OCHOBHOE KMHETHUYECKOE ypaB-
HeHue rasa. Jlam cratuctuueckoe OOOCHOBAHHE BTOPOTO
Hayaja TePMOJWHAMUKH, BBIBEI 3aKOH M3ITy4YCHUS (3aKOH
Credana-bonbiimana).
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11. BoabTeppa, Buro (1860-1940) - uranbsHckuii mate-
MaTHK, 4ieH-kKoppecnoHaeHT IlerepOypikckoit AH, mpo-
deccop yamBepcuteToB B Ilnze m Typune. Hanbomnee ns-
BECTHBI €ro paboThl B 00acTu auddepeHInaibHbIX ypaB-
HECHHMI C YaCTHBIMH MPOU3BOJIHBIMU, TEOPUM YHPYTOCTH,
(YHKIIMOHAJIBHOMY aHaJIU3Y.

12. Ilyaccon, Cumeon Jlenu (1781-1840) — ppanmysckuii
MaTeMaTHK, MEXaHMK U (UMK, modeTHhId uiaeH Ilerep-
oypxckoit AH. BriepBbie 3amucan ypaBHEHUE aHAIU TH-
YECKOM MEXAHWKW B COCTAaBJISIIONIMX HWMIYJIbCA, PEIIUI
pAIl 3a/1a4 TEOPUU YIPYTOCTH, BBEJ B MPAKTUKY UHKEHEP-
HBIX Y HAy4HBIX pacuyeToB koddduiuent Ilyaccona.

13. Pa6oTnoB, FOpuii HukxomaeBuu (1914-1985) — us-
BECTHBIM COBETCKHI (PU3MK-MEXaHUK, akageMukK. OCHOB-
HBbIE TPYJbl OTHOCATCS K TEOPUU 000JIOYEK, TEOPUU TI0JI-
3Yy4eCTH W TIJIACTUYHOCTU, TUHAMUKE TIJIACTUYECKUX Cpe,
MexaHuke paspymenus. [locTpous kiacc crnenuaibHbIX
OTepaToOpOB, MPUMEHSIEMbBIX B HACIEICTBEHHON MEXaHUKE.
HccnenoBa TEOpUIO MOJ3YYECTH U TPUMEHIIT €€ K pacue-
Ty 3JIEMEHTOB KOHCTPYKIMU. M3yuuir mpouecc paspyiue-
HUSI METAJJIOB IIPU BBICOKUX TEMIIEpaTypax, a TaKkKe Me-
XaHU3MBbI pa3pyIIEeHUS BOJIOKHUCTHIX KOMIIO3UTOB.

14. A6ean, Huabe Xenpuk (1802-1829) - nopsexckuit
MaTeMaTHK, ero paboThl IPUBENU K TOSIBICHUIO Psijia HO-
BBIX MATEeMATHYSCKUX ITUCIUIUINH, B YaCTHOCTH, TCOPHH
anreOpandeckux (yHkuuii. OH J0Ka3al, 4To ajaredpanye-
CKHE BBIPDAKCHUS CTCIICHW BBINIE YETBEPTOH B OOIIEM
Cllydae Hepa3peluMbl B pagukaiax. ABTOp MEpBoii pabo-
TBI TI0O HHTETPAITBHBIM YPaBHCHHSIM.
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Konmpoavnsie éonpocel u 3a0anus

1. Kakue nporneccbl OTHOCAT K reoMexaHndeckuM? UTo takoe
«MPOSBJIEHUE TOPHOTO JABICHUS»?

2. Kak nensitcst ropHbIE HOPOIBI IO MPOUCXOKIACHHUIO?

3. Kakune MuHepanbl OTHOCATCS K TOPO000Pa3YIOIINM?

4, UTto Takoe TeKCTypa U CTPYKTypa TOPHBIX OPo?

S. OxapakTepu3yruTe CIOUCTOCTh U TPEIUHOBATOCTh TOPHBIX MO-
poxa?

6. Kak knaccuguuupyrorcsi ropHble TOpoJibl B TeoMexanuke? Yto
Takoe «kodpPuiuent kpenoctu mo M.M. IIpoToabsikoHOBY»?

7. UTo Ha3bIBAIOT YIIPYTUM MOCIEACTBHEM ?

8. Kak orieHMBaeTcst XpynkoCTh TOPHBIX MOPOA?

Q. Jaiite onpenenenue aeopMaliOHHBIM XapaKTEPUCTUKAM

ropHbIx opo. Kak oHu onpenensitorcst B 1a00paTOPHBIX YCIOBUSIX ?

10.  Yto Takoe «mpeaen MpoYyHOCTH Ha OJTHOOCHOE cxkatre»? Kaku-
MH METOJIaMU OH OIPEIEIISIETCS?

11.  Yro Takoe «macmTabHbIi 3hPexT» U «MacmTaOHbIN hakTop»?

12.  OxapakTepusyuTe «Opa3suiabCKui» METO UCIIBITAHUM TOPHBIX
MOPO/I.

13.  Jaiite omnpeesieHre MPOYHOCTHBIX XapaKTEPUCTHUK JJIsI ChITY-
YUX U CBS3HBIX TOPHBIX MOPO/I.

14.  Yro Takoe «moaynb cnaga»? Kak oH yctaHaBnuBaetcs?

15.  [laiiTe omnpenieIeHHe OCHOBHBIM PEOJIOTUUECKUM SIBJICHUSIM.
YTto Takoe «epuo pesiakcaiumny?

16. Hazowute npocreiinime (CTpYKTYypHBIE) pEOJIOTUIECKUE MOJIe-
Ty,

17. Kakoif MoAeIbI0 ONMCHIBACTCS pPelaKCHUpyrolias cpeaa?

18. Yem Mozens cpeabl buHramoBa OTIMYaeTCS OT MOJICTH CPEIbI
[[IBenosa?

19.  Yro Takoe «Teopus TMHEHHON HACIEICTBEHHOU MOJI3yUeCTH»?

20.  KakoBa mocienoBaTelbHOCT, 00pabOTKH pe3yIbTaTOB HAOIIO0-
eHUH?
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