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BBEAEHHUE

[lepBbie oOOOmIatOLIME TPYABl MO TEOPETUYECKUM M SKCIEPUMEHTAIbHBIM

MCCJIEIOBAHUSIM TOPHBIX MOPO/JI, HA OCHOBAHUU KOTOPBIX C(POPMUPOBAIOCH OCHOBHOE
cojiepkaHue (PU3UKU FOPHBIX MOPOJI, MOSBUINCH TOJIBKO JIMIIIb BO BTOPOIl MOJIOBUHE
JBAJIIATOTO CTOJIETUSI. BOMNbION BKJIAaA B pa3BUTHE M CTAHOBIIEHUE (DU3UKHU TOPHBIX
MOPOJT Kak caMOCTOSATENbHOW Hayku BHeciu B.B. Pxkesckui, H.B. MenbHUKOB,
B.H. KoOpanoBa, A.l. 3aboposckuii, B.H. JaxnoB, B.M. JloOpbiHuH,
D.1. Tlapxomenko, M.II. Bonaposuu, M.M. IIpotonabskonos, [I.M. L{pimbapeBuy,
FO.A. Bekcnep, II.A. Pebunaep, A.C. CemenoB, A.I'. MBanos, b.H. Kyrty3os,
A A. BopoOwes, I'.Sl. HoBuk, ®@. bepu, ®. I'accman, H. Kpucrencen u MHorue
IPYTHE YYEHBIE.
Hayunble u mpakTudeckue 3afaud (U3UKA TOPHBIX MOPOA, CHOPMYIUPOBAHHBIE BO
BTOPOW IIOJIOBUHE TMPOLLIOrO0 Beka akaaeMukoM B.B. PxeBckuMm, ABISAIOTCA
aKTyaJbHBIMA M HAa COBPEMEHHOM OJTalle pa3BUTHs TOPHOIO IIPOM3BOJACTBA. be3
onpeeeHus 3HaueHU! (PU3UKO-TEXHUUECKHUX MTapaMeTpOB MOPO/I, 3aKOHOMEPHOCTEH
W3MEHEHHUSI WX CBOMCTB B YCIOBUSX BHEIIHUX BO3JICUCTBUN MNPUHLHUIUAIBHO
HEBO3MOKHA pa3pabOTKa HOBBIX 3(P(GEKTHBHBIX METOJOB pa3pylICHUs MOpPOA H
YIOPABJICHUS] 3TUMU METOJAMH, HOBBIX TEXHOJOTHMH MPOM3BOJICTBA TOPHBIX PaboT,
CO3/JJaHUsl CUCTEM KOHTPOJISI COCTaBa, COCTOSIHUSL U OCOOCHHOCTEW MOBEJAEHUS TTOPO
B MIPOILIECCE BEICHUS TOPHBIX padoT.

Cpenu ropHbIX HayK MEXaHHKa FOPHBIX MOPOJ] 3aHUMAET 0CO00E MECTO, SBJISSICH
HE TOJBKO CAMOCTOATEIbHOW, HO, MOXKalyd, U €IWHCTBEHHOW (PyHIaMEHTAIbHON
HAyKOW, 000TaTUBIIEH MUPOBBIE 3HAHUS LEJIBIM PSIOM HAyUYHBIX OTKPBITHIA.
bazoBeiMM  AuMcHMIIIMHAMH ~ ABISAIOTCA  OOlIas — TeoJioTds,  MHUHEpaJorus,
Kpuctayiorpadus, nerporpadus, ¢uszrnka, MaTeMaTHKa, XUMHUS U CONPOTUBIICHHE
MaTepraloB.

B nporpamme mMOArOTOBKHM CHEIHAIMCTa TOPHOrO MpodMiIs OTHOM U3
OCHOBHBIX YY€OHBIX AUCIUIUIMH SIBIsETCS (PU3MKA TOPHBIX MOPOJ, H3ydarolas
¢bu3nueckue CBOMCTBA TOPOJA, 3aKOHOMEPHOCTH M3MEHEHHUsI YCTaHOBJIEHHBIX
CBOMCTB, IMpoTeKarolue (QU3NYecKue TMPOUECChl M TMPOUCXOIAIINE MPU ITOM
busnueckue spieHus. KoMIieke nojydeHHbIX 3HAaHUHN UCTIONB3YIOT MpU pa3paboTke
HOBBIX METOJIOB BO3JICUCTBUS Ha MOPOJbl, KOHCTPYHUPOBAHUYU MAIIMH U MEXAHU3MOB,
pa3pabOTKe HOBBIX TEXHOJOTUN MPOU3BOJICTBA TOPHBIX padoT U T.A. Du3nka ropHbix
MOpOJI HE TOJIBKO JAaeT 3HaHHS O TE€X HJIM UHBIX (PU3MUYECKUX OCOOCHHOCTSIX MOPOJ,
HO W mpejuaraeT Hanbosnee 3(pPeKTUBHBIC MyTH PEIICHUS TEXHOJIOTHYECKHUX 3aj]1ad,
IIOCTABJIEHHBIX TOPHBIM ITPOU3BOICTBOM.

Takum oOpa3om, mpu M3y4eHHH Kypca MEXaHUKH TOPHBIX MOPOJA OCHOBHbBIE
3aJauM, CTOSIIME Tepen OyaylMMHU ClenuaiucTaMd B OOJacTH WH)KEHEPHOU
MEXAaHHKH, T€OJIOTMH, SKOJIOTUH U TOPHOTO JI€JIa, CBOIATCS K CIEAYIOLIEMY:

* YCBOMTbH O0IIKE MOHATUS U TEPMUHOJIOTHIO (PU3UKU TOPHBIX TOPO/I, 3HAHUS O
MEXaHHYECKUX CBOMCTBAX TOPHBIX MOPOJ YW YHCICHHBIE 3HAYEHUS MEXAHHUYECKUX
NOKa3aTesen Mmopos;

* OBJIQJIETh 3HAHUSIMU OOIIMX BOIMPOCOB MEXAHUKU TOPHBIX MOPOJ], YCBOUTh
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OCHOBHBIE TIOJIO)KEHUSI U HAYYHTHbCS NPUMEHATh MX B PELICHUH Pa3zHOOOpPa3HbBIX
BOIIPOCOB TEOPHUH U MPAKTUKH;

* YCBOUTb METOJBI IPOrHO3a W3MEHSAEMOCTH CBOMCTB IIOPOJX B pE3YyJIbTATE
BHEIIIHUX BO3JEHUCTBUH, OBIAIETh NPUHIMIIAMU BO3ICUCTBUS HA IIOPOLY;

* U3YYUTb OCHOBHBIE METOIBl MCCIEAOBAaHMS IPOLIECCOB, IPOTEKAIOIIUX B
[0pOJ1ax MpH BO3AECUCTBUM BHEIIHUX (PU3HUECKUX MOJIEH;

* U3YUYUTh U IOHATH (PU3NUECKUE SIBJICHUS, IPOUCXOASAIINE B TOPHBIX OPOJAX,
YMETh PACKPBITH CYyTh X MEXaHU3MOB;

e HayuuThcd  000OUIaTh, AaHANM3UpPOBaThb M  yCTAHaBIMBAaTb  CBSI3b
IPOTEKAIOLIUX SABJIECHUHN C pAa3IMYHBIMU (PU3NYECKUMU ITapaMeTPaMU FOPHBIX MOPOJ.

Mexanuka 2opubix nopod — 4acTb (U3UKU TOPHBIX MOPOJ, H3ydarolas
IPOYHOCTh, YCTOMYMBOCTb M J€POPMUPYEMOCTb AMCKPETHBIX OOBEMOB TOPHBIX
OpOJl ¥ MAacCCHUBOB TOPHBIX MOPOJ M TOPHOTEXHOJOTHYECKHX OOBEKTOB B IOJIE
IPUPOIHBIX U BBI3BAHHBIX BIMSHUEM FOPHBIX paOOT CHJI TOPHOTO JaBJICHUS.

HNHTepecHO OTMETUTh, YTO HCTOPUYECKH, Kak M oOmas ¢usuka, Qusnka
TOPHBIX MOPOJ pa3BUBaNach ¢ (POPMUPOBAHMEM U pa3BUTHEM MexaHUKH B XIX B. u
oopmMuUIach B CaMOCTOATENbHYIO HayKy B 60 rojpl XX B. Mocje pa3BUTHS OCHOBHBIX
IIOJIO’KEHUM MEXAHUKHU TOPHBIX ITOPOJ.

MexaHuKa TOpHBIX ITOPOJ ONHUPAETCs Ha TOCTHKEHUS TAKUX HAyK, Kak U3nKa
TBEPAOIO TeJla, TEOPUS IIJIACTUYHOCTH, PEOJIOTHS, T€OJIOTUYECKNE HAYKH.

CucremaTusupyss CBOHCTBa TOpPHBIX IIOpOX, pa3palaTeiBasi  METOJbI
KOJIMYECTBEHHOW OLICHKM CBOMCTB M COCTOSHHSI TOPHBIX IOpPOJ M MAaCCHBOB,
MEXaHHKa TOPHBIX MOpOJ sABisAeTCA 0a30M Uil CO3/1aHUsl HMHYKEHEPHBIX METOOB
pacdeTa rOpHOM TEXHOJIOTHUH.

N3ydenne cTyneHTaMu TakKuX [OUCLUIUIMH, Kak «MexaHuka DOA3E€MHBIX
COOpY)KEeHUI», «Pa3pylieHne ropHbIX NOpoa», « Y IPaBICHUE COCTOSTHUEM MTOPOIHBIX
MacCUBOB», «TeXHONOrus pa3pabOTKH MECTOPOKACHUN MOJE3HBIX HCKOMAEMbIX» U
ap. 6a3upyeTcs Ha MIyOOKHUX 3HAHUSAX MEXaHUKU TOPHBIX MOPOJ.

1. O0beKT 1 MeTO UCCIeTOBAHNA MEXAHUKH FOPHBIX MOPO/

Oo0vexkmom ucciedosanusa MEXaHUKY TOPHBIX MOPOJ ABJISETCS rOpHAs mopoaa
BOOOIIIE ¥ TOPHBIA MACCUB B YaCTHOCTH, & UMEHHO MEXaHUYECKHE CBOMCTBA MacCHUBa
JI0 BO3/IEHCTBUSI HA HEr0 FOPHBIMH pabOTaMU U MPOIIECChl U3MEHEHHS ITUX CBOMCTB
MOCJI€ BO3HUKHOBEHHMSI B HEM 3aKpEIUICHHBIX M HE 3aKPEIJIEHHBIX TOPHBIX
BBIPAOOTOK.

l'opnast mopona U MpoOUECChl, MPOUCXOAIINE B MACCHUBE TOPHBIX MOPOJ Ha
PA3IMYHBIX CTAAMSAX Pa3pabOTKH MECTOPOXKIACHUS MPEACTABISIOT U3 ceOs OuyeHb
CJIOKHYIO Cpelly, CBOMCTBA KOTOPOW 3aBUCIT OT COCTABa U CTPOECHUS FOPHBIX MOPOJ,
HAaIM4Msi B HUX  J€PEKTOB, IJKUIKOCTEH W Ta30B, BO3HUKHOBEHUS W
nepepacnpesieiCcHus]  aHOMAJIMi  HaIpPsSHKEHHO-e(OPMUPOBAHHOTO  COCTOSTHHS
MacCHBa MOPO/I, METOJIOB MTPOBEICHHS M KPETUICHUSI TOPHBIX BBIPAOOTOK U T. TI.

YuuThiBasg BBIIIEU3IOKEHHOE, MEMO0 UCCIe006AHUA B MEXAHUKE TOPHBIX
mopoji OOBIYHO KOMIUICKCHBIM M BKJIIOYAET B CeOs: M3ydEHUE CBOMCTB 00pasioB



TOPHBIX MOPOJI B JIAOOPATOPHBIX YCIOBUSIX, HATYPHbBIC HAOIIOIEHUS, MOJICIHUPOBAHHUE
(usmyeckoe M MaTeMaTHYECKOE) MEXaHMYECKHUX IMPOLECCOB B J1a00OpaTOPHBIX
YCIOBUSIX U AHATUTHUYECKHE METOJbI ONMUCAHUS (PU3NYECKUX MPOLECCOB HA OCHOBE
o0LMX 3aKOHOMEPHOCTEH TEOpUU YOPYTOCTH, IUIACTUYHOCTH U MPEAEIHHOTO
PaBHOBECHSL.

OOBEKT Hccae10BaHUs B MEXAHUKE TOPHBIX OPOJI O0JIEE CII0KEH U 3aBUCUT OT
0O0JBILIOTO KOJIMYECTBA CIy4YalHBIX (PAKTOPOB, 4YeM, HalpuMep, B (PU3HKE TBEPAOIO
tena. Ilo 3Toil mpuunHe npu 0O6pabOTKE pe3yibTaTOB MCIBITAHUM CBOMCTB T'OPHBIX
IOpOJ M HATYpPHBIX HAOJIOJEHUN LIMPOKO HCIOJB3YIOTCS METOAbl TEOPUU
BEPOSITHOCTEM WM MAareMaTHYeCKOW  CTAaTUCTUKHM, IIUPOKO  HCIONB3YHOTCA
OSMIIMPUYECKUE 3aBUCUMOCTH, (U3NYECKHE MPOLECCHl YacTO  OMMCHIBAIOTCA
(€HOMEHOIOTMUECKH.

MexaHuKka TOPHBIX MOPOJ, H3ydaromas MHOTO(a3Hble CHUCTEMBI CIOXKHOU
CTPYKTYphl, c(hOpMHUpPOBaHHBIE B TMPUPOJAE TMPU KOMIUIEKCHOM BO3ACHCTBUU
pa3iuuHbIX  (PU3MYECKMX W  BEIIECTBEHHBIX TOJIEH, SBISETCS  OTPaCIHbIO
€CTECTBO3HAHHUS, OCHOBAHHOTO TJIaBHBIM O00pa30M Ha 3KCIEPUMEHTAJBHBIX JaHHbIX,
MOJyYEHHBIX MPU U3YYEHUH 00pa3lioB TOPHBIX MOPOJ JUOO HEMOCPEICTBEHHO MpPH
UCCIIEIOBAaHUH (PU3NUECKHUX MPOIECCOB, MPOTEKAIOIIMX B MAaCCUBE MOPO/I.

CoBpeMEHHBIE METOMBI HKCIIEPUMEHTAIIBHBIX HCCIEIOBAaHUM, Pa3BUBACMbIC B
(u3nKe TBEpJOro Teja, TEOPETUYECKUE pabOThI M METOBI (PU3UKO-MAaTEMAaTHUYECKOTO
MOJICIIMPOBAHUS C HCIOJIb30BAHMEM KBAaHTOBO-MEXAHHUYECKUX 3aKOHOMEPHOCTEM,
BBIUMCIIMTENbHBIE METOAbl pEUICHHUs 3a7ad  HaNpsKEHHO-Ae()OPMUPOBAHHOTO
COCTOSIHUSI TOPHOI'O MaCCHBA, JaHHbIE KOMIUIEKCHBIX ITe€0()U3MUECKUX UCCIIEIOBaHUM,
(U3UKO-MEXaHUYECKOTO M T€0JOrMYECKOr0 MOJEIMPOBAHUS TOPHOTO MACCHBA,
HOBBIE JIOCTMIJKEHUSI B OOJACTH AJIEKTPOT€OXMMHHU, MEXAaHOXUMHHM U JIPYrHX
MHTEHCUBHO DPAa3BUBAIOIIMXCS HAYK JTOTO HAINPABJICHUSA YCIEHIHO MCIOJIB3YIOTCS B
¢u3MKe TOpHBIX MOPOA TMpPH PEHIeHMH MHOTUX 3ajad (yHAAMEHTaJbHOTO U
IIPUKJIATHOTO XapakTepa.

DOKCNEepUMEHTAIBHBIE MCCIEAOBAHUS NPHUYMH U MEXAHW3MOB, BBI3BIBAIOLIUX
pa3iInyHble T€OMEXaHUYECKHE MPOIeCcChl, ()a30Bble U CTPYKTYPHBIE MPEBPALICHUS U
npyrue GU3NKO-XMMHUYECKUE SIBJICHUS B MOPOAaxX U MUHEpaax, TpeOyIoT ri1y0oKoro
U3YyYEHHUs XapakTepa, OCOOCHHOCTEH IOBEIEHUS W B3aUMOJCHCTBUS 4YacTUL[ B
MUHEPAJILHOM BEILECTBE, MEX(PA3HOM U MEXK3EpHOBOM ITpocTpaHcTBe. C 3TOM LEnbIo
UCITIOJIB3YIOT METO/Ibl TYHHEIbHOW MHMKPOCKOIIMH, SIEPHOTO MATHUTHOIO PE30HAHCAa,
PEHTIEHOCTPYKTYPHOTO aHajiM3a, J3JIEKTPOHOrpauu, SAEPHOTO TaMMa-pe30HaHCa,
JIEKTPOHHO-30HAOBOI0 MHUKpPOAHAJIN3a, AIEKTPOHHONM MHUKPOCKOIIMH, ONTHYECKOMH,
JIFOMUHECLEHTHOW, CBETOBOU U JIP.

VYcnemHoe peleHne TEeXHOJIOTMYECKMX 3a7ad M BOIPOCOB ITOBBILICHUS
IPOU3BOAUTENLHOCTH TPY/Aa B TOPHOM MPOU3BOJICTBE HEBO3MOXKHO MPEICTaBUThH 0€3
3HaHUS (U3UKO-XMMHUYECKHUX TMPOLIECCOB, MPOTEKAIOIMX B TOPHBIX MOPOJAX,
SIBJICHUA W 3aKOHOMEPHOCTEW, XapaKTEPHU3YIOIIMX H3MEHEHHME CBOMCTB IOPOJ B
pe3ynpTaTe BO3JIEHCTBUS HA HUX pa3iMYHbIMH (u3uueckumMu mnojsiMu. OnHOM u3
CHeU(pUIECKNX OCOOCHHOCTEH TOPHOTO MPOM3BOACTBA MPAKTUYECKH HA JHOOOM
JTAIle TEXHOJOTMYECKOM LENH SBISAIOTCS IMOCTOSHHO B3aUMOJACHCTBYIOIIME MEXKIY
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co00il Takue TJIaBHBIE 3JEMEHTHl KaK TOpHbIE MOPOJbI, MAIIMHBI U MeXaHU3Mbl. C
3TOM TOYKH 3peHHs paboTa CHEelUaIMCTa TOPHOTO Mpoduias MOXET OBITh
3¢ (EeKTUBHON U TOJE3HOM B TOM CiIydae, €CJIM OH BJaJIeeT AOCTATOYHO TIyOOKUMHU
3HaHUSMU O CBOWCTBAX M OCOOEHHOCTAX (YHKIIMOHUPOBAHMS 3TUX 3JIEMEHTOB B
pa3IMYHBIX TPOU3BOJCTBEHHBIX YCIOBUSIX.

Haubosnee sipkuM mpUMEpOM CBSI3M MEXAHHKH TOPHBIX MOPOJ ¢ MpolieMaMu
TOPHOTO JieJa SIBJISIETCS] TECHBIM COI03 3TON HAYKH C IJIABHBIMHU TE€XHOJIOTUYECKHUMHU
3JIEMEHTAaMU TPOLIECCOB MPOBEIEHUS BHIPAOOTOK U BBIEMKH IOJIE3HBIX HCKOMAEMBbIX:
paspylieHueM, ApoOJeHueM, MOJAEep)KaHUEM BbIPaOOTOK, TPaHCHOPTUPOBAHUEM
TOPHOI Macchl, 00OTaIlleHUEM TOJIE3HBIX UCKOMaeMbIX. MacmTadbl 3TUX padboT (eciu
UX BBIPA3UTh B TOHHAX WJIM KyOOMeTpax IOOBITONl TOpHOW MaccChl) COCTaBIISIOT
HECKOJIbKO COTEH MHWJUIMOHOB TOHH B T0A. Vcmomnb3ys MpoCThie pacdeTbl, MOKHO
yOeauThCs  HACKOJIBKO  3HAUYMUTEIBHBIMH  MOTYT  OKa3aThCs OKOHOMHUYECKHE
MOKa3aTeM MPU HUCIIONb30BAHUU JOCTHKEHUN (PU3UKU TOPHBIX MOPOA, OCOOCHHO B
00J1aCTH peCypco- U IHEProcOeperaronux TEXHOJIOTHI.

OpHako HE CTOMT CYUTaTh, YTO CBSI3b MEXAHUKM TOPHBIX MOPOJ
OTPaHUYUBAETCS TOJBKO KPYTrOM TEXHOJOTHYECKHX MPOOJIEeM, BO3HUKAIOMIMX MpPU
no0bpIue TOJE3HBIX HCKomaeMbiX. llapamienbHO pemaroTcss BOMPOCHI  OXPaHBI
OKpy’Karoliei cpenpl, OE30MacCHOCTH Tpyda M MHOTHE JpPYrHe MpaKTHYECKUEe HU
Hay4HbIE 3aJ]au, NPEICTABISAIONIME B IIEJIOM HHTEpEC ISl IIUKJIAa Te0JIOTHYECKUX
JVCUUIUIMH ¥ (PU3HMYECKUX HayK.

Taxum 06pa3zom, u3yyasi CBOMCTBA TOPHBIX MOPOJ U SABJICHUSA, IPOTEKAIOIINE B
HOpOJie, 3aKOHOMEPHOCTH, TMPOSABISIONIMECS KaK B pE3yJlbTaTe eCTECTBEHHBIX
(U3UKO-XMMUYECKUX B3aUMOJCHCTBUN MEXAy €€ KOMIIOHEHTaMM, TaK MU IIpU
TEXHOTEHHOM BIIMSHUM, MEXaHUKa TOpPHBIX IMOPOJ AaKTHBHO CIIOCOOCTBYET
YCIICITHOMY PELICHUIO BOIMPOCOB, CBSI3aHHBIX C COBEPILIEHCTBOBAHHMEM TOPHOTO
IPOM3BOJICTBA.

1.1. 'opHbie mopoabl

I'eonmornueckass  ucropuss  3€MIM  XpPaHUT  OFPOMHOE  KOJIMYECTBO
pa3HOOOpPa3HbIX COOBITHUH, OTBETCTBEHHBIX 3a BO3HUKHOBEHME MU (POPMHUpPOBAHUE
rOopHbIX opoJ. CHilbl TPaBUTALIMK U COJIHEYHAs! SHEPTHUsl, CBEPXBBICOKUE JABIICHUS U
TEMIIEpaTypbl, BBI3BAHHBIC YyJapamMu KpPYIHBIX KOCMMYECKUX T€Jl, JEHCTBUE
BYJIKAHOB, OOJbIlIasgs WHTEHCUBHOCTh aTMOC(EpPHBIX NPOLECCOB U aKTUBHas
TEKTOHUYECKAasl IEATEIbHOCTh - JaJeKO He MOJHBINA MepeueHb Hanbosee BepOsITHBIX
BO3/ICICTBHI, KaK Ha MEPBHYHOE BEIIECTBO 3€MJIM, TaK M Ha CHOPMHUPOBAHHBIN
cocTaB W cTpoeHme mopona. KpymHomacmTabHble W JIOKadbHBIE (U3HUECKHE,
XUMHYECKHE, (PU3MKO-XUMUUYECKHE U MEXaHOXUMHUYECKHE MPOIECCHl, MPOTEKAIOIIe
Ha 3emJie, CO3JalM YHHMKAaJIbHbIE U HEOIPAHUYEHHBIE BO3MOXKHOCTH JUISl Pa3BUTHS
YEJI0BEUECTBA: HAUMHAS OT CO3JaHUs MEPBOr0 NPUMUTHBHOTO KAMEHHOTO OPYAUS 110
WCIIOJIb30BAaHUSI TOPHBIX IOPOJ M COAEPKAIIUXCS B HUX KOMIIOHEHTOB BO BCEX
00JacTsSIX €ro NpakTUYECKOW IESTENIbHOCTHU. SIBIAACH IJIABHBIM OOBEKTOM T'OPHO-
METAJITyPrUYECKOTO MPOMBILUIEHHOTO KOMIUIEKCA, MOpPOJAbI MOIYT OBITh Kak
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HEIMOCPEJCTBEHHO MOJIE3HBIM UCKOMAEMBbIM, TaK U COJIEPAKATh B CBOEM COCTaBe (B TOM
VI WHOW KOHIIGHTpAIlMu) HEOOXOAMMBIC NJIsi YeJOBEKa KOMIOHEHTHI — METaJUIbI,
MUHEpaibl, XHUJAKHE U Ta3000pa3Hble YrJIEBOJAOPOABI W JAPYTHE BEIICCTBA.
[Ipou3BOACTBEHHBIN IHKJ, CBSI3aHHBIA C JOOBIYEH TIOJIE3HBIX HWCKOIAEMBIX M
TEXHOJIOTHSIMH MX TMepepabOTKH B TOBApHYIO MPOAYKIMIO, 3aHWUMAET WHOTAA
JOCTATOYHO CJOKHBIA W JJIMHHBIA TyTh, BKJIOYAIOUIMNA TaKHE€ OCHOBHBIC
TEXHOJIOTUYECKHE CTaguM KaK pa3pyll€Hue, BbIEMKA, TPaHCIOPTUPOBAHUE,
CKJIaIUpOBaHHe, o0paboTka u oOorameHue. IDPeKTUBHOE UCIOIH30BaAHUE
MaTepUAIbHBIX M 3KOHOMUYECKHX PECYpPCOB, TEXHMYECKUX M TEXHOJOTHYECKUX
peuieHuil npu J00bIYEe MOJE3HBIX MCKOMAEMbIX BO MHOTOM 3aBHUCST OT 3HAHUS
yCJI0BUM (POpMHUPOBAHUS TOPHBIX MOPOJ, UX XUMHUYECKOTO U MUHEPAIBLHOTO COCTABa,
buznueckux W (PU3UKO-TEXHUYECKUX MapaMETpPOB, CTPYKTYPHO-TEKCTYPHBIX
0COOEHHOCTEH.

T'opnble nopoost — TpUpOIHBIE O0pPa30BaHUs, ClIAralOIINe Pa3HOOOpA3HEIC
T€O0JIOTHYECKUE TeJa, U3 KOTOPhIX TIOCTpOeHa 3eMHast Kopa. OHU MPEACTaBISAIOT OO0
3aKOHOMEPHBIE COYETAHUSI WJIA MEXAHMYECKHE CMECH pa3JIMYHBIX MO COCTaBy
KPUCTAJUNIMYECKUX MHUHEPATIbHBIX 3€PEH, HApsAy C KOTOPHIMU MOTYT MPHUCYTCTBOBAThH
amMophHOE BEIIECTBO M OPraHWMYECKHWE OCTaTKH; K TOPHBIM TMOPOJaM OTHOCSTCS
BCTPEUAIOIIMECS] B 3EMHOM KOPE CMECHM JKHIKMX MHHEpaIbHBIX BELIECTB
(HEOpraHUYECKUX U OpraHuvecKux). TepMHUH "2opHble nopodst" BIiepBbIe ObLT BBEICH B
obuxon poccurickum akagemukoM B.M. Ceseprunsim B XIX cT.

Munepan — TpUPONHOE, KaK NPaBUIIO, TBEPIAOE TEJIO, OTHOCHUTEIBHO
OJIHOPOJTHOE MO XMMHUYECKOMY COCTaBY M (DU3MYECKUM CBOMCTBaM, BO3HHUKILEE KaK
OPOAYKT (PUBMKO-XMMHUYECKUX IMPOILIECCOB, MPOTEKAIONIMX HA TOBEPXHOCTH U B
riyornax 3emin. [1o mpoucxXoXIeHHUIO TOPHBIE TOPObI AESAT HA TPU TPYIIIIBL:

— Mmazmamuyeckue, OOpa30BaHHbIE W3 3aCTBHIBIICH B HEApax WU Ha
MOBEPXHOCTHU 3EMJIM MarMbl;

— ocadounvle, O0O0pa30BaHHbIE B pe3yjbTaTe HAKOIUICHHS U
npeoOpa3oBaHus MPOIYKTOB pPa3pyIICHUsS, PAaHEE BO3HHUKIIUX TOPHBIX MOPOJ Ha
MTOBEPXHOCTU 3€MJIU TIPH OOBIYHBIX TEMIIEPATypax U HOPMAJILHOM JIaBJICHUH;

— Memamopguueckue — 3a CUET U3MEHEHUSI OCAJOYHBIX U MarMaTUYECKHUX
NOpOJl B pE3yJNbTaTE NEWCTBUS BBICOKMX JABJICHHI, TEMIEPATYp, €CTECTBEHHOTO
AIIEKTPUUECKOTO MOJIs, Ta3000pa3HbIX BEIIECTB, BBIACISIONIMXCS U3 MarMbl U T.J1.

Bce rophble MOpoibl XapakTEPU3YIOTCS OIMpPENEIEHHBIMU OCOOEHHOCTSIMU
CTpOE€HUS UM (U3MYECKUMH CBOICTBAMHU, KOTOPbIE OTPAXKAIOT YCIOBUS UX
00pa3oBaHMs U U3MEHEHHUS. DTO ITUIOTHOCTHBIE, YIIPYTUE, MPOUYHOCTHBIE, TEIIOBLIE,
AIEKTPUYECKUE U MATHUTHBIE CBOMCTBA.

["opHBIE TOPO/IBI, TEPEUHUCIICHHBIX TPEX TPYIII, Pa3IuYaloTCsa MEXI1y cCOO0M 1Mo
YCJIOBUSIM 3aJIeTaHUsl, XUMHYECKOMY M MHHEPAJIbHOMY COCTaBy, CTPYKType U
TEKCTYpe, O0YCIIOBIEHHBIMI OCOOCHHOCTSIMHU PACTIOJIOKEHUS B TIOPOJAaX MUHEPAJIOB
U UX pa3MepaMu, HAUTMYHIO PYJIHBIX U HEPY/IHBIX MOJIE3HBIX UCKOIMAEMBbIX.

Cmpyxkmypa (ot nart. struktura — pacmnosio)XeHue, CTpOEHHUE) — COBOKYITHOCTh
MPU3HAKOB, OTMpeaeasieMbiXx (OpMOH, pasMepaMH W B3aWUMHBIM PACIIOJIOKEHUEM
OTETHHBIX KOMIIOHEHTOB IMOPOJIbI, T.€. MHUHEPAJIbHBIX 3EPEH, 00JIOMKOB mopona. B
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MOHSITUE CTPYKTYPbI BXOAST CTENEHb KPUCTAUIMYHOCTH MOPOJIBI, pa3Mepsl U hopma
KPUCTAIUTMUYECKUX  3€PEH, B3aUMOOTHOIIEHHWE PAaCKPUCTAIUIM30BABIIETOCS U
CTEKJIOBATOTO MaTepHuaia u Jp.

VYcnoBus  OXJMaXAEHWsT W BSI3KOCTh  MarMbl — ONPEAENSIOT  CTENEHb
KPUCTAJUIM3AMM TOpHOM moponbl. Tak, Ha OONbIIMX TIyOMHAX MPH MEAJIECHHOM
OCTBIBAHMM  OOpa3yeTrcsi MOopoja, COCTOsINas TMOJHOCTbIO M3  MHHEpAJoOB
KpUCTAJUIMYECKOro cTpoeHusi. OHa UMeeT KPUCTAUTMYECKU-3EPHUCTYIO CTPYKTYPY
(TpaHUTBI, CHEHUTHI, IHUOPUTHI, rabOpo, nepuaoTUTHl W T.1.). Ecim mnopona
oOpazyercsi mpu OBICTPOM OXJAXKJIEHUHU, TO OHA MOKET LIETUKOM COCTOSITh M3 CTEKJIA
U OIpeAenarbcsi Kak crekioBaras. I[lpumepamu ciyxkat 0a3aibTOBBIE CTEKIIA,
o0cHuaInaHebl.

['MaBHBIMH CTPYKTYpaMU MarMaTHue€CKUX MOPOJ SABISETCS: MOHKO3EPHUCMAS
(pasmep 3epen ot 0,1 mo 0,001 wmm), wmenkozepnucmas (okono 1 wmm),
cpeonesepnucmas (ot 1 go 5 mm), xpynuozepuucmas (ot 5 no 10 mMm) u
eueanmoseprucmas (6onee 10 Mm), pasnomeprozeprucmas (MPUMEPHO OAMHAKOBBII
pasMep 3€peH) U HepasHoMepHo3epHucmas, nopguposuonas (C  KPYINHBIMH
BKpAIUICHUSIMH — TOPGUPOBBIMU  BBICJICHUSAMH, TIOTPYKEHHBIMH B  Ooree
MEJKO3EPHUCTYI0 OCHOBHYIO Maccy), neamamumogas (€€ Ha3bIBAIOT TaKxke
NUCbMEHHAsT WM rpaduyecKkas), XapakTEepHYIO Jii CBOECOOpa3HBIX KBapIEBO-
MOJIEBOIITIATOBBIX MTPOPACTAHUM B I'PAHUTHBIX IETMATUTAX U JIP.

JIJist U3MBLIMXCS M TUITAOMCCANbHBIX UHTPY3UBHBIX TIOPOJI OCHOBHOTO COCTaBa
(OazanbTOB, nMa0a30B W Jp.) XapakTepHbl opuTOBas W uMaba3oBas CTPYKTYpPbI
{runaOuccanbHble MOPOJLI 00pa30BaIUCh HA HEOOJBIIONW TIIYOMHE B pe3yibTaTe
KpUCTAJUIM3AIMU TOPIMIA MarMbl; MHTPY3UMBHBIE MOPOAbI 3aKPUCTAJUIM30BAIKUCH U3
Marmbl, KOTOpasi BHEAPUIIACH B TTOPOIbI 3€MHOM KOPHI).

B crpykTypax MeramopduyecKuX MOPOJ pa3inyaroT: TPaHOOJaCTOBYIO — C
npeo0IaIaromel n30MeTpUIHON (HOPMON 3€peH MHUHEPATIOB, JICTIUI00IACTOBYIO C
IUTACTUHYATON WM 4Yenryi4aTtoi (GopMoil OONbIIMHCTBA 3€peH, HEMATOOIACTOBYIO C
IIeCTOBaTOM, CcToNOUaTtoi ¢Gopmon 3epeH, ¢GuOpPOOIACTOBYI0O — C BOJOKHHCTOM,
UroJbuaToi popmoit 3epeH u ap.

CTpyKTypbl 0CaIOUHBIX MOPOJ OyIyT paCCMOTPEHBI MTPH OMUCAHUH OTACIBHBIX
UX Pa3HOBUIHOCTEN U TPYMII.

Tekctypa (oT naT. textura — TKaHb, CIUIETEHHE) — COBOKYITHOCTh NMPU3HAKOB,
OTPENEIAIONMX BHEIIHUNA OOJHMK TMOPOJAbl U XapaKTEPHU3YIOUIUXCS B3aUMHBIM
pPACMOJIOKEHUEM U OPUEHTHUPOBKOM MHUHEPAJIbHBIX arperatoB B oObeme. Takum
00pa3oM, XapaKTepUCTUKU OTIEIbHBIX 3€PE€H UMEIOT 3HA4Y€HHUE ISl OINpEACIICHUS
CTPYKTYpPBI, @ XapaKTEPUCTUKA MUHEPAIbHBIX arperaroB M HX pacoJIOKEHUE B
POCTPAHCTBE — JIJISl OTIPEIEICHUS TEKCTYPHI.

Briaensior crneayrommue OCHOBHBIE TEKCTYPbl: MACCHBHYIO (OZHOPOJHYIO),
CIIONCTYI0, CIIaHILIeBaTylo, (IouaaibHyr0 (CO cliejaMH TEYeHHS B CTEKJIOBAThIX
BYJIKAHMYECKUX TOPOJax), TAaKCUTOBYIO (C HEpPaBHOMEpPHBIM U HENpPaBUIbHBIM
pPacHoJIOKEHUEM YYacTKOB pa3IMYHOM CTPyKTypbl) U Ap. CnaHueBas TekcTypa
CBOICTBEHHa OOJBIIMHCTBY MeTamopduueckux mopon. Ona oOycrioBieHa
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[IapajuIeIbHOW  OPUEHTHPOBKOM  IUIACTMHYATBIX M YEHIYW4YaTbIX  BBIACICHUMN
MUHEPAJOB.

B 3aBucuMocTH OT YycinoBUSI 00pa3oBaHUA TEKCTYpPhl TOPHBIX MOPOJ
NOJIPA3/IEISAI0TCS Ha IEPBUYHBIE U BTOPUYHBIE. [IepBUUYHBIE TEKCTYPBI U3BEPIKEHHBIX
nopoJi 00pa3yroTcs B MEPUOJ OCThIBaHUs Marmbl. [Ipu ee nBUKeHUH, KOTa HapsAIy C
KUAKOW (a30i HaXoAsTCS BBLACIMBIIMECS M3 MarMbl TBEpAbIE KPHUCTAJUIbI,
IIPOUCXOJUT OPUEHTHPOBKA TBEPABIX KPHUCTALUIOB B IpoctpaHcTBe. Cpenu
NIEPBUYHOU TEKCTYpPbI U3BEP>KEHHBIX ITOPOJ U3BECTHBI JIMHEWHBIE U ITOJIOCYATHIC (WU
ciouctele). JIMHEWHBIE  XapaKTEpU3YIOTCS  NApaJUIEIbHBIM  PACIOJIOKEHHEM
UT0JbYAThIX, MPU3MATUYECKUX WM Ta0AMTUYATBIX KpucTamwioB. ClOUCTOCTD
BBIPAKAETCS B MOCIOWHOM 4E€pEJOBAaHUU IOPOJ PA3JINYHOTO COCTaBa, WU B IIJIOCKO-
apajuIeJIbHOM PacoI0KEHUH Ta0IUTUAThIX MUHEPAJIOB.

Bropuunas TekcTypa TOpHBIX TOpoA o0Opa3yeTcss MNpH TEKTOHUYECKUX
nporeccax. OHa XapakTepHa s TaKMX MeTaMOp(PHUUECKHUX MOpPOJa KaK THEWUCHI,
KBapLMTHI, MPAMOPBI U JP.

B TekcTtype moponabl pa3auyaroT JBa THUIA 3aKOHOMEPHOW OPUEHTHUPOBKHU
MUHEPAJIOB: MO (popMe 3epeH U MO0 BHYTPEHHEMY CTpoeHuio. OpHEHTHPOBKA IO
dopMe 3epeH BO3MOXKHA MpPU HAJUYUM 3€PEH YAJIMHEHHOW WM IJIaCTUHYATOU
(OpMBbI KpPUCTAJIJIOB, OHA MOKET OBITh NEPBUYHOW WJIM BTOPUYHOM 3a CUET
nedopMmanuu 3epeH. Bcerpeuaercss B rHeiicax M ciaHuax. Yacto B KBapLMTax,
KWIBHOM KBaple, COJEp)KaluX 3€pHAa U30METPUUECKOH (HOpMbI, OOHAPYKUBAECTCS
OpUEHTHPOBKA IO ONPEJIEICHHOMY PAaCIOJIOKEHHUIO KpUCTAJUIOrpaduuecKux ocen
(OpHEHTUPOBKA IO BHYTPEHHEMY CTPOEHHUIO).

B 3aBHCHMOCTH OT CTENEHH OPUEHTUPOBKH MUHEPAJIOB TEKCTypa MOXKET OBbITh
IOJIHOM WJIM OrpaHMYeHHON. UYeM Oosblie paccesHbl MUHEpPaibl B IOPOJE, TEM B
MEHBIIEH CTENEHU NPOSBIIETCS AHU30TPONUS OPOBI 3a CUET TEKCTYPBI.

JUIs yCTaHOBJIEHMSI CTPYKTYpbl M TEKCTYpPhl TOPHBIX IOPOJ 4Yalle BCEro
UCIIOJIB3YIOT ONTHUYECKHME MHUKPOCKOIbI, OJHAKO B OTHENbHBIX CIy4Yasx I3TH
napameTpbl ONPEESI0TCA U BU3yaiabHO. 110 OpreHTalMy YacTUIl U HAIMYUIO ITyCTOT
NOPOABI JESAT HA MACCUBHBIE, IOPUCTHIE U CIIOUCTBHIE.

TBepaocts mopoa ompenensercs TBEPAOCThIO TIaBHBIX MOPOA000pa3yIOMINX
MuHepanoB. [lo TBepaOCTH MOPOIBI pas3IMyYarOT: HU3KOW TBEPIAOCTH, CpEIHEH,
TBEp/bIE U BECbMa TBEPJBIE.

[InotHOCTh. Paznuuatror nerkue mopoisl ¢ 0OObEMHBIM BECOM MeHee 3 TI/cM,
cpeanue, umerommye oo0beMHbId Bec (1,5...2,9) r/cM , W TsSKeIble, Y KOTOPHIX
00BEMHBIN BeC cocTaBisieT osee 2,9 r/em’.

YacTunsl TOpHBIX NOPOA — MHUHEPAIBHBIE arperarsl, MUHEPAJIbl — HUMEIOT
pPa3IMYHYI0 CHJIy CLEIUICHUS, KOTOpas 3aBUCHT OT CTPYKTYPHBIX CBSI3€Hd MEXIY
Humu. [IpeoOnamaromuii TUN CBSA3M MEXKIY YacTHIIAMH IOPOABl XapaKTepU3yeT
NOPOABI C TOUKH 3PEHUS UX MPOYHOCTH:

* pbiXJible, Cblnyyue VWIN pa3z0eslibHo-3ePHUCHble — CBSI3U MEXIY 4acTHIaMU
MOJIEKYJIIpHBIE. DTH OPOABI MPEICTABIEHb MEXaHUYECKON CMECBIO YacTHUIl (TIECOK,
rpaBUl, TaJIE€YHUK). HekoTopble W3 pBIXJIBIX MOPOA JIErKO paclajarTcs Ha
cnararouie ux yactuipl. [lpu ynape B Takux mopojax, Kak MpaBuUiio, oOpasyercs
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yriayOseHue.

s cnaboceazannvle — TIIMHUCTBIE MOPOJIbI, CYTJIMHKHU, JIECCHl — CBSI3M Yy HUX
CUJIbHO 3aBUCAT OT BJIAXXHOCTH.

* NPOYHOCEA3AHHbIE, mEepOoble, CKaabHble. B 1STOW KaTeropuu MOpPOx
pa3lINyualoT 6a3Kue u Xpynkue nopojbl. CBsi3b MEXK/ly YaCTUIIAMU 3TOTO THUIIA TTOPO/T
- xumuueckad. K NpoYHOCBA3aHHBIM NOPOJAaM OTHOCSTCA II€CUAaHHKH, THEKCHI,
TPAHUTHI U JIP.

l'opnas mopoma, B oOmeM ciydae, SIBISETCS MHOTOKOMIIOHEHTHOM,
MHOTroa3HOM TeTEepOreHHoW cucrtemMon. HeoIHOPOAHOCTh TOPHBIX  TOPOT
ONPENEIISIETCS CAEAYOIMMH BUAAMU.

@Da3zoewin coctas. [Topoga MOkeT ObITH MpeACTaBICHA HECKOJIbBKUMU (ha3amu,
HafpuMep, TpeMs — TBEPJOH, >XKUAKOH, Ta3000pa3HOil; JAByMs — TBEpJIOH U
ra3000pa3HoH, )KUIKOW U Ta3000pa3HOM.

Komnonenmnuwuii  (munepansnstit) coctaB. Kaxmgas ¢aza MOXKET OBITH
MpEACTaBIICHA OJTHUM, JIByMsI WJIM HECKOJIbKMUMH TBEPAbIMU MHUHEpaiaMH (TBEpAas
daza), KUAKOCTIMHU U Ta3aMu (KHUIIKas ¥ ra3000pa3Has).

Xumuueckuii coctaB. TBepaas, xuakas U ra3o00pa3Hast pa3pl UMEIOT BIIOJIHE
ONPECIICHHBIM COCTAaB W3 XUMHUYECKHUX DJIEMEHTOB. ['€TepOoreHHOCTh MOPOJIbI
ONPEACIISIETCS PA3INYHBIM ITPOUCXOKIECHUEM COCTABIISIOIINX KOMIIOHEHTOB.

CmpykmypHho-meKkcmypnoe CTpoeHue. ITOT mapaMerp OOYCIOBJIEH CIOXHBIM
00pa3oBaHKeM, COCTOSIIIIMM U3 ABYX U 00JIee pa3IMuHbIX MOPOJI.

da3oBasi HEOJHOPOJHOCTh — ATO TMOBEPXHOCTH paziena Mexay (azamu.
Hampumep, B rIMHUCTOM KOJIJIEKTOpe TBepaas (aza u cBoOOJHAs BOAA 3aHUMAIOT
000co0JieHHbIE O00BEMBbI, a MEXKJIy HHUMU TOBEPXHOCTBHIO pasjena SBISETCS
bu3MYecKu CBsI3aHHAs BOJIA, T.€. HOBBIM KOMIIOHEHT, KOTOPBII CTAHOBHUTCS MHOT/IA
BeChbMa 3aMETHBIM U BIMSIONIMM Ha H3ydaemble mnapameTpbsl. KoMioHeHTHas
HEOJHOPOJIHOCTh  XapaKTepuzyercs cocTaBoM ¢a3 mopoasl. K  TekcTypHOi
HEOJHOPOHOCTH OTHOCSIT Pa3IMYHbIE BKIIOUEHUS B BUJIE ITPOCIIOEB, JTUH3.

YpoBHU HEOTHOPOJAHOCTH MOTYT OBITh BEChMa Pa3IMYHBI, U 3aBUCSIT OHU OT
IPUPOJIbI HEOJAHOPOAHOCTH. B Tabn. 1 mokas3aHbl macmrabel HeomHOpoaHOCTH TOPHBIX
OpOJ, KOTOPhIE HEOOXOIMMO 3HATH MPH Ja0OPATOPHBIX U MOJIEBBIX MCCIETOBAHUIX
ropHeix nopoj. HeoOXoaumMocTh 3Ta BO3HHMKAET B CBS3M C BBIOOPOM METOOB
VCCIICOBAHUS:  BHU3yalbHbIX,  aKyCTUYECKUX,  ONTHUYECKHUX,  DBJIEKTPOHHO-
MHUKPOCKONIMYECKUX, AJIEPHBIX U JIP.
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Tabmuua 1
Macmradsl HeoHOpoaAHOCTH (110 B.M. JloOpbIHuHY)

CocraBHBIE YaCTH TOPO/IBI Pasmepsl, M

ATOMBI, HOHBI (0,5-2,0) 10710
Monekynbl 10107

MOoHO- ¥ TONUMOJIEKYIISIPHBIE CIIOU (TOJIIIMHA) 10°-107’

I1opel, 3aII0JTHEHHBIE JKUAKOCTHIO WX Ta30M 1()'10_ 1()‘3

3epHa KPUCTAJUIMYECKOTO CKeleTa 1 0‘3_ 1 ()‘1

[TonocTy BeIETIAYMBAHUS 1 0‘4_ 1 ()l

IIpocioun, TMH3bI, BKIIOUEHHS 1 0‘3_ 1 ()l

KoneOarenbHble TEKTOHUYECKUE JABM)KEHUS IEPEMEIAIOT OCAJKH Ha BCE
OoJblIMe TyOUHBI, MOIITHOCTh OCaJ04YHBIX OTJIOXKEHUH pacteT. BMecTe ¢ TeM pacter
TeMIlepaTypa W JaBicHuEe. B ocankax HOPOUCXOAUT IOCTEHNEHHOE YIUIOTHEHHE,
HOSIBJIIFOTCSL MOJIEKYJISIDHBIE M aJCOPOLIMOHHBIE CBS3M, CO3AAOTCS YCJIOBUS IS
HOBOI'O MHUHEPATIOO0pa30BaHUsA, IPOUCXOAMT TaK Ha3blBacMasi TI'PABUTAIIMOHHAS
KOHCOJIMIausl.

Bo3Hukamomme @Opu  3TOM HOBBIE BHYTPEHHUE CBSI3M, HMHOLJA Jlaxe
KPUCTAJUIMYECKHE, KOHEYHO, HE cpa3dy MNpUOOPETAIOT 3HAUYUTEIbHYIO KECTKOCTD.
OnHako MOsIBIEHUE Ja)Ke OTHOCUTEIBHO TMOKMX TMOCTOSIHHBIX CBSI3€M 3aMeiisieT, a
3aTéM W [PUOCTAHABJIMBAET  MPOLECC  I'PABUTALMOHHOM  KOHCOJUAALMH.
@opMUPYIOTCS B JaHHBIX YCJIOBHUSIX YCTOMYMBBIE CTPYKTYpbI, KOTOpBIE B
NanbHEHMIIEM, IPU OKOHYATEJIBHOM 3aTBEPACBAHUM M BO3HUKHOBEHUM HOBBIX
MUHEPAJIBHBIX BUIOB 00pa3ylOT KPUCTAIIM3ALMOHHBIE CBS3M, XapaKTEepHbIC UIs
CKAJIBHBIX ITOPOI.

3aKJIIOUNTENbHBIM ~ JTAllOM  IETPOreHe3a MOXKET OBbITh  3HAUYMTEIbHOE
MeTaMop(pUYECKOe M3MEHEHHE YK€ CQOPMHUPOBAHHBIX OCAJ0YHBIX IIOPOJI U
IpeBpalIeHUE UX B MOPOJbl METaMOp(pUUECKUE ¢ KPUCTAJUIM3ALMOHHBIMU CBS3SIMH,
OYEHb HU3KON IIOPUCTOCTBIO U BBICOKOM MPOYHOCTHIO U YIIPYTOCTBIO.

1.2. Knaccupukanusi Gu3suKo-TeXHMYECKUX CBOMCTB MOPOI

QDu3uueckoe ce60lcME0 TOPHOM TMOPOJABI — 3TO OTBETHAs pPEaKUUs Ha
BO3JICHCTBHE TE€X WJIM UHBIX (PU3MUECKUX TTOJICH UITH BEIIECTB.

Kaxxmoe CBOWCTBO MOXET OBITh KOJMYECTBEHHO OIICHEHO OJHHUM WJU
HECKOJbKUMHU napaMerpaMu. COBOKYIHOCTh BCEX MapaMETPOB HA3bIBACTCS huzuko-
MexXHUYeCKUMU XapaKmepucmuKamu.

IHapamemp dusnyeckoro CBONCTBa TOPHOM MOPOJALI — pa3sMEPHOE WIH
0e3pa3MepHOe CKAISIPHOE UM BEKTOPHOE YUCIIO; KOJIMYECTBEHHAsI MEpa CBOMCTBA.

B nacrosiee BpeMs u3BecTHO U ucnolib3yercs 0onee 100 mapamMeTpoB rOpHBIX
opoJ, U3 KOTOPhIX 12 OoTHeceHbl K 0a30BbIM WU OOA3ATENBHBIM K OIPEACIICHUIO
(Tabm. 2).
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Tabmnuma 2
bazoBeie mapaMeTpbl TOPHBIX TOPOJ
Ne Knacc I'pynna HaumenoBanue O6o3na | Enunn
YyeHUe na CU
1 | [InotHOCTHBIE - O0bemHast macca Y KI/M
2 ITopucrocth P Y
3 | Mexanuueckue | [IpouHocTHbIe [Ipenen nmpoynocTu O ox ITa
Ha OJIHOOCHOE C)KaTue
4 [Ipenen nmpoynocTn C, ITa
Ha OJJTHOOCHOE PACTSIKEHUE
5 Jedopmanmonnsie | Moy ynpyroctu E Ila
6 Koad-1 Ilyaccona L en
7 | TemoBbie Koag-1 A B1/m'K
TETJIONPOBOTHOCTH
8 VennHas TEMI0EMKOCTD C JIK/KT
°c
9 Koa¢-T1 nmuneiiHoro o 1/°K
TEIJIOBOTO PaCHIMPEHUS
10 | DnekTpoMarHut | DNEeKTpUUYECKHE Y nenpHoe 3JIEKTPUIECKOE P, Om'Mm
HbIE CBOMCTBA CONPOTHUBJICHUE
11 OtHOCUTENbHAL €, ell.
TURJICKTpUYECKas
IIPOHUIIAEMOCTh
12 MargauTtHele OTtHOCUTENbHAS MAaTHUTHAS o ell.
CBOMCTBA IIPOHULIAEMOCTD

2. HOPUCTOCTB U CTPYKTYPA ITIOPOBOI'O ITPOCTPAHCTBA

2.1.0cHoBHBIE TapaMeTPhI

B cTpoeHMu ropHbBIX MOpPOA OTMEYAaeTCs TBepas, KUIKas W ra3oBas (a3bl.
Teepnmas ¢aza cmaraeT MUHEpATbHBIM CKENET, a JKUJKas W Ta3oBas 3allOJIHSIOT
MyCTOTHI, HMMEIONIMECS KaKk MeEXIy MHHEpaIbHBIMH 3E€pHaMH, TaK W BHYTPH
MUHEpPAJIOB. OTH TYCTOThI, B KOTOPBIX 3aKIIOYaeTCsd Ta30BO-Kuakas (asa,
Ha3bIBAIOTCS TIOPOBBIM IIPOCTPAHCTBOM ITOPOJIHI.

Cpenu TOPUCTOCTH  pa3lWYalOT: IMOPUCTOCTh  00mIyro  (abCoNOTHYIO,
(U3UYECKYIO TIOJIHYIO), T.€. CyMMapHBIA 00BEM BCEX IMyCTOT HE3aBUCUMO OT (POPMHEI,
BEJIMYMHBI WM B3aUMHOTO PACIOJIOKEHUS; TMOpUCTOCTh 3aKphiTy0  (OTPHUIATEIBHYIO,
3aMKHYTYI0) — COBOKYITHOCTh 3aMKHYTBIX, HE MMEIONUX MEXIy CO00i COOOIeHus
1op; TIOPHCTOCTh OTKPBHITYIO (HACBIIICHHYIO, A(PQEKTUBHYI0) — COBOKYITHOCTB
COOOINAONUXCST MEXKIYy COOOH TMOp W MyCTOT, T.e. 00BEM TOW MOPUCTOCTH, B
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npenenax KOTOPOW BO3MOXKHO JIBMJKEHHE JKUIKOCTH M Ta30B IPH OIMpPEIeICHHbBIX
JIaBJICHUSIX U TeMIIepaTypax.

["opHyt0 MOpOAY MOXKHO paccMaTpUBaTh KaK €CTECTBEHHYIO IOPUCTYIO CPEAY C
KECTKUM MHUHEpaIbHBIM KapkacoMm. KomudyecTBeHHO 00beM BCEX BHJIOB IOp B
MOpOJIax OLEHUBAETCS KO3(PPHUIIMEHTaMU COOTBETCTBYIOIIUX MOPUCTOCTEM.

Tak KOIMYECTBEHHO OOUIYI0 MOPUCTOCTh PACCUUTHIBAIOT MO COOTHOIICHHUIO
MJIOTHOCTEHN CYyXO# MOPOJIbl U MUHEPAJIbHBIX 3€PEH:

kn :(Vc _VTB)/VC zl_pc/pTB’

rae Vi U Py — COOTBETCTBEHHO OOBEM U IUIOTHOCTb CyXOW MOponsl; V., H p_,
COOTBETCTBEHHO 00BEM U IIOTHOCTH TBEPJOH (a3bl B mopoje; k; — koaghguyuenm

obwetl nopucmocmu 00pa3lOB TOPHBIX MOPOA (MCHOJB3YETCs MPH J1aOOPaTOPHOM
criocobe Membuepa TTYTEM B3BEIIMBAaHHS CyXOTo MapagHUHUPOBAHHOTO 00pasiia M TOTO
&Ke pa3IpoOIIeHHOT0 00pasiia B MUKHOMETPE).

O0bemM mop, cooOmAKMUXC MEXAy co00i B TOpPOAE W C OKpYKaromeh
Cpenoii, OLIEHUBACTCSI KOIPPUYUeHMoM OMKPLIMOL nopucmocmu: k; ;

kn.o. = VK/VC’

rac: VK — o0BeM Iop, 3allOJIHCHHBIX KEPOCHHOM. OTKpBITa}I IMOPUCTOCTDH

ompezensercs mo Mmemoody Illpeobpadxcenckoeo TyTeM B3BEIIMBAHHUS CYXUX U
HACBIIIEHHBIX KEPOCUHOM 00pa3I0B MOPOJ] C MOCIEAYIONIMM HaX0XKIEHUEM 00beMa
napauHUPOBAaHHBIX 00PA3IIOB B3BEIIMBAHUEM HX B KEPOCHHE.

OTKpBITYIO MOPUCTOCTh OLICHUBAIOT TAKXE U KO PuyueHmom 3¢hghekmusHnoti
nopucmocmu ki g, °

kn.ad). = (VK _VB.CB.)/VC :kn.o.(l_ kBH)’

rae: kg, — koaghguyuenm sooonacviuyenus, ONPEAEIAIONNNA CoaepKaHUEe CBA3aHHON

BOJIbI B €IMHUIIE 00BeMa 1op; V, ., — 00beM CBI3aHHOM BOJIBI.

B.CB.

Koadduruent ¢ dexkTuBHON MOPUCTOCTH XapaKTEPHU3YET MOJE3HYI0 €MKOCTh
noponabl s HepTu unau rasza. [lpencraBisier coboif 00BEM OTKPBHITBHIX MOp 34
UCKIIIOYCHHEM 00beMa, 3aloJIHEHHOTO (U3WYECKH CBSI3aHHOM M KamWUISIPHO-
yIAEpKAHHOU IIACTOBOM BOAOH. OT TOYHOCTH ONpENENICHHUs BEIWYMHBI k,, Oyner

3aBUCETh CTCIICHb JOCTOBCPHOCTH  BCIMYHHBI kn 0. Inpu FCO(I)I/IBI/I‘ICCKI/IX

HCCIICAOBAaHUAX.
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Kosgppuyuenm  ounamuueckori nopucmocmu  k; ,  OUPEAENAIOT C LEIbLIO

YCTaHOBJICHUSA TOM YyacTu oObeMa IMopoJbl IIpU 3aJaHHOM I'paJUCHTC TAaBJICHH:, B
KOTOpOﬁ MOXET Ha6JIIOI[aTBC}I JABUXKCHHC ) KNAKOCTHU UJIM ra3a:

kn.;{. = (Vn.ad). _VH.O.)/VC >

rae V, ., — 00beM 3¢dpdextuBHbix nop: V, —V, . — 00beM NOp, B KOTOPBIX OCTasCA
KEPOCHH IIOCJIE €r0 BBITECHEHHS U3 IOPOJbI BO3AYXOM MIIM a30TOM. Bemnuuna &,

3aBUCUT HE TOJIBKO OT CBOWMCTB MOPOJbl, HO U OT BEIWYUHBI MPHUIOKEHHOTO
rpayeHTa AaBJICHUS U BPEMEHU BBHITECHEHHUS! KEPOCHHA BO3AYXOM HIIA a30TOM.

[lo yucneHHOMY 3HA4eHHUIO KO3(P(UIMEHTHI MOPUCTOCTH, OMpPEAESICHHbIE Ha
0JIHOM 00pas3iie, MOAUYUHSIOTCS CIeAYIOIENH 3aKOHOMEPHOCTH:

kn > kn.0.> kn.ad).> k

Im.1.

[To mpouCXOXKIEHUI0 TMOpPHI ACNSTCS Ha nepeuuHsvle, cHOpMUPOBABIIMECST B
npoliecce 00pa3oBaHUsI TOPHOM MOPOJIbI, U 6MOPUYHBIE, KOTOPbIE BO3HUKIM IOCIE
oOpazoBanus nopojibl. [IpumMep mopo ¢ NepBUYHBIMUA TOPAMU — MECKH, MECUAHUKH,
INIMHBlL W BTOPUYHBIMM — TPEIIMHHBIE, TPEIIMHHOKABEPHO3HBIE, JOJOMUTHI.
BoabmMHCTBO (PU3MYECKUX CBONCTB TOPHBIX IMOPOJ 3aBHUCIAT OT MOPUCTOCTH,
KoH(purypauuu wnu Buaa nosnocred. Ilo ¢dopme mnepBUYHBIE MOPHI MOTYT OBITH
pOMOOSAPATEHEIMU Y XOPOIIIO OTCOPTUPOBAHHBIX PBIXJIBIX M OKATAHHBIX IECKOB,
TETPA’PUUYECKUMHU Y CHJIBHO YIUIOTHEHHBIX MECKOB, HIEJIEBUIHBIMUA y TJIMH, CIIOI,
rpaguTa W JIPYTUX MUHEPAIOB C TUIACTUHYATOW CTPYKTYpPO, B BHJIC€ KaHAJOB
paCHIMPSIONICHCS WM CyKaromeicss (GopMbl, B HEHAPYIICHHBIX MarMaTHYECKUX
MOPOJIax — My3bIPUYATHIMU.

Bropuunbie mopbl MOTYT 0aTh TPENIMHOBATHIMH (XapaKTEPHO TSI CKaJIbHBIX
METaMOP(PUUYECKUX U MarMaTUYECKUX MOPOJ), B BUJE KaBEpH (TUIICHI, KapOOHATHBIE
Pa3HOCTH), KaHAJIOB (JIECCHI), siUeeK (Y U3BECTHSIKOBBIX U KPEMHUCTHIX TY(OB).

BzaumopencTBue TBEpAOM MOBEPXHOCTH C HACBIMIAIOUICH MOPHI IJIACTOBOU
BOJIOM IMOJIOKEHO B OCHOBY KJIacCU(UKAIIUU TIOP TIO0 pa3Mepam:

Ceepxkanunnspnsie — UaMeTp dg, > 10* m (d,g — 2bdEKTUBHBIN THamMeTp —

JTUMaMeTp Kpyra ¢ TUIoNa/iblo, paBHOM IUIOMIa M nu3yyaeMoil mopsl). [InactoBas Boia B
ITUX TMOpPaX MOXKET TMEepeMeNaTbCcsi MOJ JACUCTBUEM CHIIBI TSDKECTH, T.K. CHJIA
aacopOouuu ¢ TBepaod (a3zoil U KanWUISIpHbIE CHJIBI CPABHUTEIBHO HEBEJIUKH.
CBepxKanuIsipHble MOPbI XapaKTEPHbI IS Ca00CIIeMEHTUPOBAHHbBIX T'aJIEYHUKOB,
rpaBusi, KpPYMHO-, CPEAHE3EPHUCTHIX MECKOB U Jp. B 30Hax BbllIeNIauynBaHUs
KapOOHATHBIX TIOPOJI MOTYT JOCTUTAThH OOJIBIITNX PA3MEPOB — KABEPHBI, KAPCTHI.
Kanunnapuwie — nuaverp d,g > 107-10* m. Boa B 9THX MOpax yaep:KUBaeTCs

KallMJUJIAPHBIMU CHUJIaMHU, IPCIITCTBYIOIMMHA ABUKCHUIO BOJBI 11O I[CﬁCTBPICM CHJIBI
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TSKECTH. DTU MOPHI XapaKTEPHBI JJIsl CLIEMEHTUPOBAHHBIX MECYaHUKOB, 00JIOMOYHBIX
U KPUCTAJUIMYECKUX HU3BECTHIKOB, JOJIOMHUTOB. CBEpXKANMIUISIPHBIE U KAUJUIIPHBIC
MOPBI ABIISIOTCS OCHOBHOM €MKOCTBIO TPaHyJISIPHBIX KOJUIEKTOPOB.

Cybkanunnspnsie — nuaMetp d g = 2-(10™...107) M. 31ech BenmKa OIS BOMBI,

Ha KOTOPYIO JEHCTBYIOT aJCOpPOIIMOHHBIE CUJIBI CO CTOPOHBI MOBEPXHOCTH 3€pEH
noponbl. [lopel  3amosiHEHBI PBIXJIO- W NPOYHOCBA3AHHOW BOAOW, KOTOpas
IPAKTUUECKU HE CIOCOOHA TMepeMeIlaThCsi HU B TOJE CHIIBI TSXKECTH, HU TMOJ
BJIUSHUEM CHJI MOBEPXHOCTHOI'O HATSXKEHHS. ODTH HOPblI CBOMCTBEHHBI TJIMHAM H
JPYTUM TOHKO3EPHUCTBIM ITOPOJAM.

Muxkponopur - d < 2:10” M. JluaMerp MHKDOIOP COM3MEPHM C TOJIIUHON

CJI0s NPOYHOCBA3aHHOW Boabl. [lmacroBas Bojma mnpu TeMmmeparypax, He
npesbimaronmx 340 K npaktuuecku HenmoABukHA. MUKPOMOPHI ObLTH YCTAHOBIEHBI
Y HEKOTOPBIX MPUPOAHBIX LIEOTUTOB.

2.2. OcHOBHBIE METO/IbI ONIPe/ieJIeHUsI IOPUCTOCTH 00Pa3LOB MOPOS

XapakTep pachpeieieHus Mop IO pa3MepaM Ha3bIBAIOT CTPyKTypoil IOPOBOTO
npocrpanctea. CTPYKTypy IOPOBOTIO IPOCTPAHCTBA TOPHOM IOPOJBI Yalle BCEro
U3y4yaloT Ha 1uiM@ax ¢ HUCMOJb30BAHUEM ONTUYECKUX MHMKPOCKONOB WM
AIIEKTPOHHOM MUKpOCKonuu. (OCOOEHHOCTh METOJOB 3aKJIIOYaeTcsi B TOM, YTO
VICCIICIOBAHNS PACIIPENEIICHUS] TIOP NMPOBOJAT HA IUIOCKOW MOBEpXHOCTH. [loaTomy
JUTsl YCTAHOBJICHUSI XapaKTepa pachpeesieHus op U MPEACTABICHHUS 00 N3MEHEHHUH
uXx B 00beMe HEOOXOJUMbI MHOTOKpPATHBIE WCCIICOBAHUS Ha MapajuielbHbIX
mIOCKOCTAX. [Ipu wm3ydyeHUM CTPYKTyphl NOP TPELMIMHOBATBIX W TPEIIMHOBATO-
KaBCPHO3HLIX ITIOPOJ Hanooee IIAPOKO TMPUMCHACTCA METOJ OKpAIICHHBIX I_I_U'II/I(I)OB,
npeninoxeHusiii  E.M. barpunueBoi, KOTOpbli 0Oa3upyeTcsi Ha HCIOJb30BAHUU
JIOMUHO(DOPOB, 000PYIOBaHUSA, KOTOPOE T€HEPUPYET YIbTPAPHUOJIETOBBIE Ty4d, U
npuOOpPOB  PErucTpallid  y4YyacTKOB  IMOBEPXHOCTH  HUCCJIEAYEeMOH  MOpOJbI,
MPOSIBIISIIONIUX (PIIyOpECLIEHTHOE ACCTBUE.

Haubonee 3¢pexTuBHBIMU KOCBEHHBIMU METOJIaMU UCCIEAOBAHUS CTPYKTYPbI
MIOPOBOTO MPOCTPAHCTBA B O0BEME SBIAIOTCS KanwuisipHbie. C MOMONIBIO UX
MPOU3BOATCS PACUEThl Pa3MEPOB, OCYIIECTBISAIOTCS M3MEpEHUs o0bema Mop,
YCTaHaBIIMBAETCS XapaKTep UX pacHpeesieHus B 00beMe, OMPEeNsIioTcs: 00beMHast
(kaxxymasics) IUIOTHOCTb M YAEJIbHAas IIOBEPXHOCTh. K KamMUIIpHBIM METOAAM
WCCIIEIOBAHUSI OTHOCATCS METOJI PTYTHOM MOPOMETPHUH, KANWJUIIPHOM MPONUTKHA U
MIOJTYITPOHUIIAEMOU MEMOpPaHBI.

Memoo pmymmnoii nopomempuu OCHOBAH Ha CBOMCTBE PTYTH ITOJ JABJICHUEM
NMPOHUKATh B TIOPUCTHIA MaTepuaid. YYuThIBas, 4YTO pasMep Mop oOpaTHO
MPOMOPLUMOHAIIEH NPUIOKEHHOMY JABIICHUIO, 4 TAKXKE TO, YTO PTYTh MPAKTHUYECKU
HE CMauMBaeT OOJILITMHCTBO MHHEPAIOB (KpaeBol yroim @ OOBIYHO JIEKUT B
nuama3one ot 110° go 160°, s kBapua ®@ =140°), nuamerp U 00BEM MOP MOTYT
ObITh HaAWJEHBI M3 COOTHOLIEHUS PABHOBECHOTO [aBJIEHUS, MPU KOTOPOM PTYTh
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IPOHUKJIA B IOPBI OMPEEICHHOTO AUaMeTpa, 1 00beMa MPOHUKILIEH pTyTH. Juamerp
HOp BBIYUCIISIIOT B COOTBETCTBHHU C ypaBHEHHEM Y ariOepHa:

D:4ycos®,
P

rae P — nasnenue, [1a; Y — noBepxHocTHOE HaTsbkeHue, H/m; ® — kpaeBoi yrod;
D — npuametp nop, M.

JlnanazoH wu3y4yaeMbIX MOp MpU padoTe 3TUM METOJIOM pacIIMpAETCs 0
(0,001...1000)-10°° M. Takum 06pa3oM, H3y4arOTCs APAMETPhI CBEPXKAMHILUIAPHBIX U
cyOKanwuIgpHbIX mop. B coBpemMeHHBIX NpuOOpax Bce H3MEPEHUsI C PTYTHBIM
MOPOMETPOM  AaBTOMATU3UPOBAHbI, BKJIIOYAsh M  BBIYUCICHHUS XapaKTEPUCTHUK
pacnpeesieHus op B MOpoJie.

K mHemocTraTkaM 53TOro Mmeroja MOXXHO OTHECTH Ccia0yl0 H3y4eHHOCTb
3aBHCHMOCTH KPaeBoro yria ® oT BJIaKHOCTH U JTUTOJIOTUH MOPOJ B LIEJIOM, a TaKXKe
HEBO3MOKHOCTH MCIIOJIb30BaHMSI 00Pa3LoB AJIs MOCIEAYIOIUX UCCIeI0BaHUM.

W3mepenne MOBEPXHOCTH TIO3BOJISIET MPOBEPSATH CTEMEHb XUMHUYECKOTO
B3aMMOJCHCTBHS MEXAY MOPOAON M Tra3oM WM YKHIKOCTBIO U SIBISIETCSI OCHOBHBIM
(akTOpOM KOHTPOJISI BO MHOTHUX MPOMBIIUIEHHBIX MpoIeccaxX. 3HAYCHHE yIeIbHOU
MOBEPXHOCTHU TMO3BOJIAET, HAIIPUMEpP, KOHTPOJIUPOBATH CTOPAEMOCTh YIJIEH, CTETECHb
PacTBOPSIEMOCTH MOPOJIbI (MUHEPANa) B )KUIAKOCTH U JP.

Memoo nonynponuyaemoit memoOpansvl BKIIOYAET HACBIIIEHUE BOJOU
UCCIIeNyeMOro o0pas3la TOpHOM MOPOJbl, YCTAHOBKY €ro Ha BOJOHACHIIICHHYIO
MICKYCCTBEHHYIO MeMOpaHy ¢ pasmepom rop 2-10° M 1 BBITECHEHHEM BOZBI a30TOM.
CTposT 3aBUCUMOCTh BEJIUYMHBI BOJOHACHIIIEHHOCTH 00pa3lia OT BEJIUYUHBI
KaMWUIIPHOTO  JaBlieHusa. O(QeKTuBHbIE TUaMETpPbl TOp HAXOIAT IyTEM
BBIUMCJICHUM, a TO HM3MEHEHHIO BOJOHACHIIIEHHOCTH BBIYUCIISAIOT OTHOCHTEIHHOE
COJlep’KaHHWEe JTHX NHOp B OOBEME HCCIeayeMoro obpasia Mmopoabl. Pe3ynbTaThl
BBIUKCJICHUI MPEACTABIAIOT B BUJIE I'paduka pacmpenereHus mop B obpasie mno ux
pa3mepam. U3 ycrnoBusi abCONMIOTHON CMauMBaeMOCTH BOAOW KBApILEBOTO KaMWILISApa
KpaeBOM yroj cMauMBaHUs MPUHUMAIOT PaBHBIM HYJIIO, @ BEJIMUYUHY OBEPXHOCTHOTO
HATSDKEHUS PUHUMAIOT PaBHOW BETMYMHE, COOTBETCTBYIOIIEH IS TPaHMII pa3jena
BOJIBI C BO3AyXOM IpH JaHHOW Temmeparype. HegoctaTkom 3TOro MeTona siBisieTcs
TO, YTO JJUTEIBHOCTH OJHOTO ONbITa TMPU HUCCIENOBAHMM 00pa3la JJAOCTUTaeT
30 cyTOK, B TO BpeMsl KaK METOJ PTYTHOW MOPOMETPUU 3aHUMAET BCErO0 HECKOJIBKO
4acoB.

Memoo kanunnapnoit nponumku COCTOUT B CMaUYMBAHUU JIIOMUHECIIUPYIOIIEH
B Y® cBere JXHUIKOCTbIO, KOTOpas TOJ BO3JCHCTBUEM KalWJUISIPHBIX CHII
BIIUTHIBAaETCA 00pa3lioM nopoibl. I3MeHeHne oKkpacku BEpXHEro Topia oopasia rnoj
BJIMSTHUEM BIIUTBHIBAIOMICHCS >KHJIKOCTH HAONIONAIOT C MOMOUIBI0 aBTOMAaTHYECKOU
doToMeTpUYECKON  YCTAaHOBKHM. OTOT METOJ TOKa HE UMEET MIHUPOKOro
pacnpoCTpaHEHUsI.
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2.3. IlopucTocTh 0CAOYHBIX IOPOJ

[TopuctocTh OCaAOUYHBIX MOPOA M3MEHSETCA B IIMPOKUX NpeAeiax U ee
3HAUCHUE, HampuMep, A OOJOMOYHBIX, KApOOHATHBIX U TJIMHHUCTHIX TOPOJ
OTIpeNIesIeTCT MHOTUMHU  (paKkTopamu: COAEpKAHUEM TJIMHUCTBIX MHHEPAJIOB,
IIIyOMHOM 3ajieraHusi, BO3pacTOM MOPOJ U TeMrepaTypoi. Tak, st ClaHIEeB CpeIHsIs
MOPUCTOCTh cocTaBisieT 8 %, u3BeCTHAKOB — (5...10)%, necuanukoB — 15 %.
CuibHasi 3aBHUCUMOCTh TIOPUCTOCTH HAOJIOAETCS TMPU  YBEIMYCHUU TIyOUHBI
3aJIeTaHusl TOPHOU MOPObl. XOPOIIO BUIHO, YTO C YBEIUUYEHUEM TIIYOUHBI OTKpHITas
MOPUCTOCTh YMEHBIIIAETCSA. Y CTAHOBJIEHO, YTO MOPUCTOCTh YMEHBINACTCS, TJIABHBIM
00pa3oM B pe3yibTaTe HEOOpaTUMBIX JedopmMaiiuii, B CBSI3U, C YEM HU3MEHEHHUs ee
MOXHO HAOJIOJaTh, U3y4as KEPHBI OPOJI, U3BJIICUCHHBIC C PA3JIMYHBIX TIIyOUH.

[TnoTHOCTH TOPOO00OPA3YIONTUX MUHEPATIOB C TIIYOMHOW Majio M3MEHSETCSI, a
MO3TOMY U3MEHEHHE O0beMa TMOPOJLI MOXKET MPOUCXOAWTh TOJBKO 3a CYET
YMEHBIIIEHUSI TOPOBOT0 MPOCTPAaHCTBA. B 0CaloUHBIX MOPUCTHIX MOPOJIAX B TEUEHUE
JUTUTEIbHOTO BPEMEHHM WX CYIIECTBOBaHHS Ha OOJBIINX TiIyOMHaxX HeoOpaTUMBbIC
nedopManuu NOA00HBI TJIACTHYECKUM, MPH KOTOPHIX HAOIIOAAETCs pelaKcarus
KacaTeIbHbIX HANPSHKEHUN, U BCE TJIaBHbIE HOPMAJIbHBIC HAMPSIKEHUSI OKa3bIBAIOTCS
paBHBl Mexay coboi. C 1enplo omnpeaeaeHus 3aKOHOMEPHOCTH YIUIOTHEHUS
OCaJI0OYHBIX MOPOJ BBOAUTCS k03P(UIMEHT HEOOPATUMOrO YIIOTHEHUS OPOJ BH, BEJIMYNHA

KOTOPOT'O 3aBHCUT HE TOJIBKO OT CTPYKTYpPBI IIOPOJBI U JIUTOJIOTUH, HO U OT BPEMEHU
YIUIOTHEHHUsI Ocajka f W ero temmeparypsl 7. Jlpyrumu cioBamu, [3, 3aBUCHT OT

KOHKPETHBIX T'€OJIOTMYECKUX yciaoBUH. Tak Ko3(DPUIIMEHT HEOOPATUMOIO YIIOTHE-
HUS TIOPOABI Il TJIMHUCTBIX TMOPOJ B CPEIHEM COCTaBIIACT 33-107° MHa'l, TS
necyanukoB — 16,4107 MITa" B unrepBane riayous saneranus (1500...2500) M.

Cnenyer OTMETHUTb, YTO KO3(P(UIHUEHT HEOOPaTUMOTO YIUIOTHEHHUS 3aBUCUT
TaK)K€ U OT THUIA MOPOJ: HauOoJblllee 3HAYECHUE Y TJIIMHUCTBIX MOPOJA U Mepresei,
HaMMeEHbIlIee — Y KBapIIEBbIX MMECYAHWKOB M YIUIOTHEHHBIX M3BECTHAKOB. HecMoTps
Ha JINTOJIOTUYECKOE PA3IUYUE TTOPOJ, TIEPBUYHAS MIOPUCTOCTH MOPOJT HEOOPATUMO H
3aKOHOMEpPHO yMeHbIaeTcs ¢ Tiyounou. [Ipu stom [| n3meHsercs He3HAYNTENHHO —
ot 16,3:107 10 48:10° MITa ™

JIJisi IPOTHO3HOW OIIEHKHM TOPUCTOCTH Ha TIIyOMHAX, KOTOPHIE HE BCKPBITHI
CKBa)XMHAMU, TMOJIb30BAThCSl JTAHHOW 3aKOHOMEPHOCTHIO HEKENATeIbHO, T.K. U3-3a
Oonpioro pazdpoca 3HAYEHWW TIOPUCTOCTH HA OJHOM HW TOW K€ TiayOuHe
CYILIECTBEHHO CHUKAETCS JIOCTOBEPHOCTh AKCTPATOJIALINH 3HAYEHUH.
[Iporno3upoBaHue MOPUCTOCTH AJEBPUTOBBIX MOPOJ] 3aATPYIHSIETCS TAKKE U TEM, YTO
MPAKTUYECKU HEMPEACKa3yeMbIM SIBIICHUEM SBIISIIOTCS TJIMHUCTOCTh UM BTOPUYHBIE
W3MEHEHHS! TOPOBOTO IPOCTPAHCTBA.

CBsi3b  MeXAY HMHTEHCUBHOCTHIO YIUIOTHEHUS aJIeBPUTOBBIX TOPOA U
TEMIIepaTypoll ¢ Y4ETOM HIMPOKOr0 BO3PACTHOTO JUana3oHa MPOSBISETCS YETKO, B
CJIy4ae ComnocTaBlieHUs KO3(PPUIMEHTOB HEOOPATUMOTO YIUIOTHEHUS ISl 3TUX TTOPOJ
CO 3HAUYEHHEM T'€OMETPUUECKOTO IPaJeHTa B KaXKJI0M pailoHe.
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2.4. llopucrocTh MArMaTH4YeCKMX M MeTaAaMOPQHUYECKHX OPO/

N3 Ttabmn.3. BUIAHO, YTO KBAPIIEBBIA MIECOK, SBIISTFOITUICS MIEPBUYHBIM OCAIKOM,
0 Mepe YIUIOTHEHUS! MPEBpallaeTCs B MECYAHUK — OCAJOYHYIO MOPOJY, a 3aT€M B
KBapuuT — MeTaMoppuieckyro. COOTBETCTBEHHO TIIMHUCTBIN W, SIBIISIOIIUICS TaKKe
MEPBUYHBIM OCAJKOM, CHadajia MPEBPAIIACTCS B TJIIMHY W aprUUIAT — OCAJ0YHYIO
MIOPOJTY, ¥ 1aJie€ B TJIMHUCTBIM CJIaHEI] — METaMOP(PUUIECKYIO TTOPOTY.

B meramopduueckux  mopojax ~— OTMEYaeTcs ~ HHM3Kas  MOPHUCTOCTb,
CJIAHIIEBATOCTh, MTOTEPS OOJBIIOTO KOJNYECTBA MEKCIOEBOM M KPUCTAILTN3AIMOHHOMN
BOJIbI. BOJBIIMHCTBO MeTamMoOppUYECKHX TOpoJ 00JagaroT HU3KOW MEpPBUYHOMN
MOPUCTOCTHI0. OO0IIass MOPUCTOCTh ITHX MOPOJI YBEIUYMBACTCS MPU BBIXOJE UX Ha
MOBEPXHOCTh 3@ CYET Pa3BUTUS TMPOIECCOB BTOPUYHOTO IMOPOOOPa3OBAHMUS.
Haubonee BeiCOKass mOpHCTOCTh HAOMIOMAETCA B MOPOJAX, COJAEPIKAIMINUX
kapOonatabie MuHepasbl — CaCO3, MgCo3 u ap.

BozaeiictBue  QUIbTPyIOMMMHUCS THUAPOTEPMAIBHBIMA BOJAMH  CO3JAIOT
yCIIOBUSL JIsi 00pa30BaHMs BHICOKOTIOPUCTHIX PAa3HOCTEH METaMOP(PUUIECKUX MOPOI.
Kpowme 3Toro, nmoa BIUsSHUEM TEKTOHUYECKUX TBIKEHUN METaMOp()HUECKUE TOPOIbI
IPUOOPETAIOT TPEHIMHOBATOCTh, YTO HAPSAY C BBICOKOW TOPUCTOCTHIO CO3/IaeT
YCJIOBUS ISl aKTUBHOI'O MHUHEPAJIBHOTO MAacCONEpPeHoca B TOJIIE MeTaMOp(PUIECKUX
MOpOJI, BEAYIIEro K OOpa30BaHHI0 HOBBIX MHUHEPAJIOB M CKOIUICHHH IOJIE3HBIX
HMCKOMaeMBbIX.

Kak wu3BecTHO B pe3ynbTare OCTHIBAHUS M 3aTBEPJCBAaHUS MarMbl WIIU
MPUPOJIHBIX CUJIMKATHBIX PACIUIABOB, BO3HUKAIONIUX B TIYOMHHBIX 30HAX 3€MHOMN
KOpBI, 00pa3yloTcs Marmatuueckue mnopojsl. OcThiBaHWE MarMbl Ha TiIyOWHE
MPOUCXOJUT MEJJICHHEe, a IO0ATOMY HWHTPY3UBHBIE MOPOABLI 00JIaTal0T XOPOIIO
BBIPOXEHHOW  KPUCTAJUIMUECKOM CTpykTypoil. M3-3a  HeOOJbIIOro BpeMeHU
ocThiBaHMs 3((Py3UBHBIE TOPOABI B OCHOBHOM COJAEpP)KAT KPUCTAIBI B BHUJC
MUKPOJHUTOB, aMOP(HOE BYJTKAHMYECKOE CTEKIIO, a TAKXKE BYJTKAHUICCKUE TY(DHI.

[TpoaomxuTenbHOE HAXO0KAECHUE MTOPO/I HA MOBEPXHOCTH 3€MIIU U CBSA3AHHBIE C
TUM MPOLIECCHl BBIBETPUBAHUS OMPEACISIIOT UX MOPUCTOCTh. Y CTAHOBJIIEHO, YTO
o0Imass TMOPUCTOCTh YIABTPAOCHOBHBIX TIOPOA (IYHUT, NEPHUAOTUT, IHUPOKCEH,
CEepIEeHTUHUT) M OCHOBHBIX (rab0Opo, dKjorut, JadOpaJOpPUT, aHOPTO3UT)
WHTPY3UBHBIX TOPOJ HE MPEBBIACT 2%, CPEAHUX (AUOPUT, CHUEHUT) M KHUCIBIX
(rpaHuT, ansackutT) — 3%. s MHTPY3UBHBIX MOPOJ XapaKTE€pHa B 1IEJIOM HHU3Kas
00111asi MOPUCTOCTh, a OTKpbBITasi, Kak IMPaBUJIO, BeChMa Majla WJIU OTCYTCTBYET
BOOOIIIE, MPU ATOM TOPHI ¢J1a00 COOOIIAIOTCSI MEXKITY COOOM.

bazanbTel, nuabdas3el (ocHOBHBIE) U NTOphUpHUT (cpeanue d3Ppdy3uBHbIE TOPOIBI)
UMEIOT HEOOJBIIYI0 TEPBUYHYIO TOPHUCTOCTh, HE MpeBbImaioly 3%. OxHako
MOPUCTOCTh 3TUX MOpoA MoxeT gocturath (20-40)% B CBA3M C pa3BUTHEM
MPOIIECCOB BHIBETPUBAHUSI.
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Tabnuma 3
[Ipenensr n3MeHeHHsT OOIIEH MOPUCTOCTU U TIIOTHOCTH CYXUX 00pa3IioB

nepBuyHbIX ocanakoB (I10), ocamounsix (O),
meTamoppudeckux (M) mopoa v HEKOTOPBIX Py

Tun nopon [lepBuyHsIif 0cagok OO6mas nopu- [InoTHOCTH
WM TIOpoJIa TocTh, Ky Pe 10 ko/m°
Ilecuannie |Ilecok (ITO)u (O) 4-50 1,3-2,2
Ilecuanuk (O) 0,5-40 1,3-3,6
Ksapuut (M) 1 Kene3ucThlii KBapIuT 0,2-20 2,2-4.4
I'muaucteie |I'muamcteiii un (I10) 50-60 0,8-1,8
I'muna (ITO) u (O) 4-75 1,2-3,18
Aprumuur (O) 1-30 1,6-3,35
Oummut(M) 0,5-0,6 2,4-2.76
Crnanen rimiHUACTHIN (M) 1-25 1,3-3,2
N3BecTko- |U3BectkoBsiii ui (I10) 65-87 -
Bie Men (O) 10-55 1,85-2,6
MzBecTHAK(O) 0,5-48 1,3-3.,5
Mpamop (M) 0,1-2,2 2,3-3,0
Pynet Bboxkcur 0-44 1,3-3,4
JKenesucrsrit nateput 29-56 -
Maptut u OypbIii )KeIe3HIK 0,2-28 3,8-4,3
Yraou Kamennslii yronb 3-12 1,2-1,35
AHTpanuT 1-2 1,4-1,8

Tydsr 3aHUMAIOT NPOMEKYTOUHOE TMOJOKEHUE MEXKIY OCAJOYHBIMU U
b y3uBHEIME TIOpOAAMH, MX OOIIas MEpPBUYHAS MOPHUCTOCTH MOXKET COCTABIISITH
(40-60)% m MMETh 3HAYUTEIBHYIO OTKPBITYIO IOPUCTOCTD.

JKene3nucro-MarHeTUTOBAs, CKAPHOBAsI, MOJUMETAILIMYECKAsE U MEJHasl PYAbI,
00pa3oBaBIIKECS U3 MAarMaTHYECKUX TIOPOJI, UMEIOT MEPBUYHYIO OOIIYIO0 TTOPUCTOCTh
110 5%, a o011ast MOPUCTOCTh BHIBETPEHHBIX PA3HOCTEH 3THX kKe mopoa — 20%.

2.5. [lopucToCcTh MPUPOIAHBIX yIJlei
Yroap MOpOXOAUT CIOXKHBIA TYTh Pa3BUTHS, OOYCIOBIMBAIOIIUNA €ro

XUMHUYECKYIO CTPYKTYPY, MHUKPOMOPUCTOCTh U COpOLIMOHHBIE CcBOWcTBa. B
pe3yibTaTe pEruoHANbHBIX HM3MEHEHUH B YrOJbHBIX IIJJaCTaX pa3BUBaAjlach
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TPEIIMHOBATOCTh, CBSI3aHHAsI C W3MEHEHUSIMH KOJUIOMAHOW CTPYKTYpbl H C
TEKTOHUYECKUMU JABUKECHUSIMHU.

IIycTOTBI, KOTOpBIE BCTPEYAIOTCS B YIIAX, C TOYKM 3pPEHHsI TIEHEe3uca |
Mopdosoruu AENATCS Ha TPELMHBI U CTEPEONophbl, 00pa3yeMble KpUCTANIMTAaMHU U
MULEIUTAMH.

B ocHoBy knaccuguKkaim nop nojioxKeHo pa3audue B BUAaxX JBUKEHUS rasza
4yepes3 MOpbl B 3aBUCUMOCTH OT UX Pa3MEpOB.

[opsl auamerpoMm Menee 107 M Ha3BaHBI wonekynsphemMm, T.K. HX pa3Mep
COM3MEPHUM C AUAMETPOM MOJIEKYJ] ra30B, HACBHIIAIOIINX YTJIU.

ops! ¢ guamerpom ot 10° 1o 10° M Ha3BaHBI muxpomopavu. IlepeHoc rasa B
TaKUX TMOPAX OCYUIECTBISETCS MyTEM MOBEPXHOCTHOM AByMepHOU auddy3uu. ITu
MOPBI aBTOPBI HA3bIBAKOT TAKXKE donbmeposckumu (Ha3BaHbI B uecTh Makca @oiibMepa).

ITopel ¢ nuameTpom ot 10® o 10”m HasbIBarOT KHY/JICEHOBCKUMM (110 UMEHHU
Knyncena). Ilo onpenenenuro A.Jl. AnekceeBa (1981) 3T mopsl BBIAENSIOTCS B
0co0yI0 TpyMIy, TaK KaK XapaKTEepHBINA pa3Mep MOp CPaBHUM C UIMHOM CBOOOJHOTO
nmpoOera MOJIEKYJl ajcopOupyeMoro rasa. /[BrmkeHHne rasa B OTHUX TOpax SBIACTCS
MOJIEKYJIIPHBIM TEUEHHEM.

[ops! ¢ nuamerpom ot 107 10 10° M oTHOCAT K Kiaccy GPOYHOBCKHX (110
uMmenu Pobepra bpoyHa).

[oper ¢ pasmepamu 10°-10° M Ha3blBAalOT CyOMaKpONOPAMH M
nmyaseilyieBCKMMHM (TEUYEHHE Tra3a B JTHUX [Opax OIMCHIBAETCS YpPaBHEHUEM
[lyaiizens).

MakponopamMu Ha3bIBAaIOT TIOPHI ¢ pasMepoM Goee 107 M.

O6mumii 00beM TOp B MCKOMAEMbIX YIUISIX pa3HOM cTaguu Metamopduszma
KoeOnercss B mmMpokuX mpexenax: or 0,058 go 0,176 wm/t. Bryrpenmss
TOBEPXHOCTb MOpP JUIsl yIyeil pasHBIX MapoK pa3iuuHa m cocTaBiseT or 4-107 mo
2-10° M*/r.

MuKponopsbl, COM3MEPUMBIE ¢ MEKMOJIEKYISIPHBIMA PACCTOSHUSMM, SIBJISTFOTCS
OTJIMYHBIMU COPOCHTAMU U OINPENESIOT B CBSA3HM C ATUM BO3MOXHBIE 3alachl raza B
kameHHOM yrie. ITopsl pasmepoM Gomee 107 M M TpemMHBI 0Opa3yloT B yrie
cucteMy (uibTpyromero oobema. OgHAKO B II€JIOM TPEIIMHOBATOCTH B OOJIBIION
CTEIIEHU OMNPEAEIIIET MPOYHOCTHBIE CBOMCTBA YIJIS, €M0 YCTOMYMBOCTH K TOPHOMY
naBieHuto. YTo kacaeTcst mop, TO B YCIOBUSAX 00BEMHOrO CKaTus, Ojlaroapsi CBOei
dbopme, OHM SIBISIOTCS YCTOWYMBBIMU B OTHOILIECHWU JEUCTBUS BHEIIHUX CWJI, a
TPEIIMHBl — IUJIOCKOCTSIMU OCJAOJEHUsl yIJifd, MO KOTOPbIM THPOUCXOJAT €ro
pa3pylLIEHHUE PU U3MEHEHUSX HAIIPSYKEHHOTO COCTOSIHUS TJ1aCTa.

['eoMeTpusi cucTeM TpEUIMH MOXET ObITh Pa3IMYHOM, OJHAKO MPH pacyeTax,
HalpuMep, NPOHUUAEMOCTH YIJIEW TPUHUMAETCS CIEIYIOIIEEe YCJIOBHE: OJHA
CUCTEMA FOPU30HTAIBHBIX TPELIUH, IBE BEPTUKAIBHBIE B3aUMHO NEPIICHIUKYJIISPHBIE
CUCTEMbl TpELIMH, TPU B3AUMHO MEPIEHAUKYISPHBIE CHCTEMBl TPEIIMH H
Xa0THYeCcKas TPEUMHOBATOCTh. B yrimsx wame Bcero HaOdomaeTrcs BTOpas H
YEeTBEpTasi CUCTEMBI.

Yrau HeHapyIIeHHON CTPYKTYpbl MpPEICTaBisIOT cO00M MOHOIAMCTIEPCHBIN
THII, XapaKTEPU3YIOWUNCS NPEUMYIECTBEHHBIM COAEPKAHUEM MHUKPOIIOP, IIPU ITOM
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COJIEp’KaHME MEPEXOIHBIX MOpP cocTaBisaeT okoyio 30-40%. Y Takux yrieil Ha KpuBOn
pacmpeziesieHus op Mo pa3MepaM BUACH OJMH MakCMMyM B o0OjacTu MHKporop. B
YIISIX HApYILIEHHON CTPYKTYpPHI YBETUYEH 00BEeM CyOMaKpoIop Mpu TOM ke 00beme
MUKpOTIOp U mepexoanHbix mnop. CopepxaHue MEPEXOAHBIX MOP YMEHBIIAECTCA 10
8-20%. Ha xpuBo#i pacnpenesneHus nop no pazMepam NosiBIsSeTCs BTOPOM MaKCUMyM
B o00ylacTd CcyOMakpomop, XapaKTepu3yIIIHH CTPYKTYpy Kak OUIUCIEPCHYIO.
[IpumepoM Takoil CTPYKTYpbl MOTYT CIYKUTh IE€pEeMSTble YIJIM M3 IUIaCTOB
Jlonenkoro 6acceiHa.

PaccmarpuBasi Bonmpoc 00 M3MEHEHHHM Ta30€MKOCTH (CM. pa3fen 5), KoTopas
omnpenensieTcss COpOUMOHHBIM OO0BEMOM VyIJis, B 3aBUCUMOCTH OT CTaJHUH
MeTaMoppuiMa, clieayeT MPUHUMAaTh Ha KPUBOM pacmnpeneseHus Mop MUHUMYM B
00J1acTu yriied cpeHUuX MapoK, a UCCienysl ra3olMpOHUIIAEMOCTb YIJIsl, 3aBUCSIIYIO
OT (UIBTPAIMOHHOTO 00BEMa, — KPUBYIO paCIpelesieHHus IMOop 10 pa3MepaMm ¢
MaKCHMYyMOM B TOM e 00acTu.

3. IIVIOTHOCTb I'OPHBIX TOPO/]
3.1. OcHOBHBIE MapaMeTPbl MATMATHYECKHUX U MeTaMOP(puIecKHuX mopox

[I0THOCTH ABNSIETCS OJTHUM M3 BAXKHEUIIUX CBOMCTB MUHEPATIOB M TOPHBIX
MOpPOJl, XapaKTepU3YIOIIMX COOTHOIIEHHE MeXay maccod u oOobemoM. CoriacHo
COBPEMEHHBIM MPEICTABICHUEM, MIOTHOCTHI0 HA3BIBAETCA MAacca m eAMHUIBI 00bema V
BEIIECTBA, T.€. OTHOIIEHWE MAacCChl OJHOPOAHOTO BEIIECTBA K €ro o0ObeMy MpH
nasiennn 1,0-10° Ila u Temmeparype 293 K.

po=m/V . 3.1)

. 3
B Mexnynapoanoi cucreme equuui] CH mioTHOCTh U3MEPSIETCs B KI/M™, UK
. 3
B IpaMMax Ha KyOMYeCKUW CAaHTUMETpP — I/CM” .
O06beM, 3aHUMaeMbIi TTOpOI0 V, MOXKET COCTOSITh U3 00beMa TBEPIOH (pa3bl
V1 nop V. TBepaas dasza ciaraercd u3 pa3iMuHbIX MUHEPAJOB, & MOPbl MOTYT

ObITh 3amosHeHbl Bogoi V;u rasom V. IlnmoTHoCTs Takoll mopoisl B oOIIEM Buie
HAaXoJAT 1o (opmyiie

pn:pTB'VTB/V+pB'VB/V+pr'Vr/v’ (32)

TI€ Pigs P> Pr — IWIOTHOCTb COOTBETCTBEHHO TBEPIOMH, KUAKOM U ra3oBoi ¢az. C
yd4eToM KOd((UIMEHTOB BOJOHACBINICHHOCTH k; M Ta30HACHILEHHOCTH Kj
IUIOTHOCTh MOKHO OIPEIEIUTh CIEAYIOIUM 00pa3oM

pl'[ :(l_kn)pTB +kl'[ ) (kBpB +krpr)’ (3‘3)
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N3 ypaBHenus (3.3) BHJIHO, YTO IUIOTHOCTh TOPHBIX IOPOJ CYLIECTBEHHO
3aBUCUT OT KodpdumueHta obmeld mnopucrtoctu. [ns OONbIIMHCTBA TOPOJ
MarMaTU4ecKux U METaMOp(PHUUECKUX ¢ MEPBUUHON MOpHUCTOCTHIO OT 0 10 (2...5)%
BEJIMYMHA TUIOTHOCTH OyJIeT OMpenessIThCsl TJIaBHBIM 00pa3oM IUIOTHOCTBIO
MUHEPAIBHOrO cocTaBa. OTCr0a ClIeqyeT, uTo npu k; — 0 Py —Pyy-

JU1s1 BOTOHACBIIIEHHBIX ITOPOJ B ypaBHEHUHM (4.3) MOXKHO IPUHATD k= 1,
k.= 0, Torna

Pu :(1_kl'[)pTB +kan’ (34)

Js cyxux obpasuos nopoa p,=0u p.=0, rorna

Pn :(l_kn)pTB’ (35)

B ¢opmyne (3.5) npunumaercsa nomyiuenue, uro p; = 0. OnHako M3BECTHO,

YTO TMJIOTHOCTHh BO3/AyXa MPU HOPMAJIBHBIX YCIOBUSX paBHa 1,2 kr/M°, metana — 0,7
Kr/M°, meHTaHa — 3,17 xr/m’. TIoCKONBKY TPHPOIHBIA Ia3 NPEJCTAaBIAET CMECh
YTIAEBOJAOPOIOB, TO IUJIOTHOCTh PEANTBHOTO Ta3a B MOPOJax OJM3Ka K TUIOTHOCTH
Bo3ayxa. OpHAako B MaccHBax TOPHBIX MOPOJ MPHU TOBBIILICHHBIX JaBICHUAX
IUIOTHOCTB Ta3a pe3ko Bo3pactaeT (10 300 Kr/M ) B CBA3U C BBICOKOM C)KUMAEMOCTBIO.
[ToaToMy mONB30BaThCA BbIpaXeHHEM (3.5) MOXKHO B Cly4asx, KOIJa HET
HEOOXOJMMOCTH B ONPENEIICHNH TIJIOTHOCTH C BRICOKOM TOYHOCTBIO.

Uto kacaercsl MJIOTHOCTA MPUPOAHBIX IUJIACTOBBIX BOJ, TO BEIUYMHA €€
M3MEHSETCSl B 3aBUCMMOCTH OT COJIEp’KaHMsI PACTBOPEHHBIX COJIEH B Ipejesiax OT
1,0-103 (IpecHbIe BOJIBI) 10 1,24-103 KT/M (TIp¥ TTOJTHOM HACBIIICHUHU COJIAMU).

BonbIIMHCTBO  MOPOA00OpA3YIONMIUX MHUHEPAJOB HMMEIOT HOHHYIO  WJIH
KOBAJICHTHYK0O XMMHMYECKYIO CBSI3b M XapPAKTEPU3YIOTCS CPEIHEW IUIOTHOCTHIO OT
2,2-103 hi (e} 3,5-103 kr/a°. TIIOTHOCTE MUHEPAJTIOB OIPEEIICTCI OTHOCUTEIBbHOU
aTOMHOM MacCOM COCTaBJISIFOIIMX 3JIEMEHTOB U CTPOCHHEM 3JIEKTPOHHBIX 000JI0UYEK
aTOMOB, OOYCIIOBIMBAIOIINX KpHUCTAIOrpadudecKue OCOOCHHOCTH CTPYKTYPHI
MUHEpanoB. IIIOTHOCTE GONBIIMHCTBA PYAHBIX MHHEpaoB (3,5...7,5)-10° xkr/m’. Dtu
MUHEpanabl  O0JAar0T  KOBAaJEHTHO-METAIUIMYECKON  CBSI3pI0 WM HMOHHO-
MeTauTm4ecKon. JIJis caMOpOMHBIX METAJIOB, MMEIONUX METALTHYECKYI0 (hopmy
CBSI3U, INIOTHOCTH JOCTUTAET 18,3'103 kr/Mm (y 3osota). Takue MHUHEpasbl, Kak
rpaduT, cepa, OONBIMMHCTBO CHIIMKATHBIX MUHEPAJIOB U XJIOPHUAOB (TaJUT, CUIHBUH),
MMEIOT MAIYIO IUIOTHOCTh, T.K. 3TH MHHEPAJbl COCTOST M3 JJIEMEHTOB C MaJIOW
OTHOCHUTEJIBHOM Maccoil. MuHepaibl JenATcs Ha TSKEIbIE C P> 4-10° KF/M3,

CpPEIHEN IIOTHOCTH pO:(2,5...4,0)-103 KI/M® ¥ Majiol IUIOTHOCTH C p0<2,5-103

kr/m’. Oko110 53% Bcex MHHEPATIOB UMEIOT CPEAHION IUIOTHOCT, 34% — OTHOCSTCS
MUHEpaibl HanboJiee MIOTHHIE.

[110THOCTH OCaJOYHBIX TOPOJA B €CTECTBEHHOM 3aJleraHWU 3aBUCUT KaK OT
IJIOTHOCTU TBEpAOW (a3bl M MOPUCTOCTH, TaK M OT IUIOTHOCTH HACBIIIAIOLIUX
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barongoB U MX cooTHomeHus. Kak yke cka3aHO BHIIIE, TUIOTHOCTh (itonmoB (ras,
BOJa WM Jpyras >KHIKOCTh, Hampumep He(PTh) oOmpenensercss UX COCTaBOM H
MUHepanu3aiuend Boabl. B 71abopaTOpHBIX  YCIOBHUSAX OOBIYHO  OMPEHEISIOT
IJIOTHOCTh CYXHX 00pa3iioB METOJOM THAPOCTATHYECKOTO B3BemuBaHus. Mcnonb3ys
ypaBHenus (3.2)-(3.4), mpou3BOJAT MepecueT Ha KOHKPETHBIE IJIACTOBBIE YCJIOBUSI.
[110THOCTH CYyXHX MOPOJ 3aBUCUT OT IUIOTHOCTHM MHUHEPAJIILHOTO CKelieTa U OoO0IIei
nopuctoctd (3.4). IIIOTHOCTP MHUHEPAIBHOTO CKEJeTa MPU HAJIUYMU COCTaBa
MHHEPAJIOB, BXO/IA B IOPOAY, PACCUMTHIBAIOT 110 ypaBHEHUIO (3.5).

Jlist pacdyera W ONUCaHUS TUIOTHOCTH TOPOJ Ha pPa3MYHBIX TIIyOMHAax
3ajieraHus h MOKHO TosIb30BaThes popmyioit MJI. Ozepckoit

Pr.c. :pT.B.ll_k(H)h=O exp(— 0’45h)J (3.6)

Oco0OeHHOCTH YIUIOTHEHHS TOPOJ PAa3HOTO JHUTOJOTHYECKOTO0 COCTaBa,
HAXOJSIIUXCS B Pa3HBIX YCIOBUAX OCAIKOHAKOTUICHHUS, PACCUMTHIBAIOT C YYETOM
nozdopa ko3puumenta k), =0.

OC&I[O‘—IHBI@ mopoAbl U CYXHUEC OCAJIKU I10 IINIOTHOCTH ACJIAT HA 5 rpymuir:

1 — BBICOKONIOPUCTBIE WJBI, MeJ, Tpenen, Typsl, TOopd U yriu,

3 3

Py =1(05...15)10" kr/m;
2 — KaMeHHas COJib, THUIIC, OOKCHUTHI, MeTaMOphUYECKHE YIIH U JIp.

ocafouHbIe TOPOsEL, P, . = (1,5...2,5)-10° kr/v’;

3 - IJIOTHBIE OCaJOYHbIE, MarMaTUYEeCKUE U MeTaMOphHUYECKUEe IMOPOIbI,
U3BECTHAKM U JOJIOMUTBl C PYAHBIMM BKIIIOYEHMSAMH, aQHTUAPUTHI M T.IL.,
P, =(25...3,5)10° kr/v’;

4 — BBIBETpEHHBIE METAILTHYECKHE PY/BL, P, . = (3,5...4,5)-10° kr/m’;

5 — DOIMMETaNIM4eCKHe PyAbl C BBICOKMM COJEPKAHHEM PYIHBIX
MHUHEpPaJIOB  (CBUHLIOBBIEC, OJIOBSHHBIE, MEJHO-HUKEIEBBIE U  JAp. PYyIbl);
3
Py >45Kr/M.

BaxkHeiflne 0ca0uHbIe TTOPOIBI MOXKHO Pa3leiHTh 110 MIOTHOCTH (B KI/M):
KaMEHHas CoJb, TuIIC (2.. .2,3)-103 , aIeBpOIUTHI (2,1.. .2,5)'103, [JIMHBI U apTUJUIATHI
(2,2...2,5)'103, W3BECTHAKHU (2,4...2,6)-103, JIOJIOMHUTBI (2,5...2,6)-103, AHTUPUTHI
(2,8...2,9)-10°.

[InoTHOCT, TOPOABI P, OTIMYAETCS OT MACChl €IWHHULIBI TOPOJAbI B
€CTECTBEHHOM 3aJIeTaHUM, IIOCKOJbKY IUIOTHOCTH P, — Macca €JUHMIBI 00beMa
MUHEPAJTHHOTO CKEJIeTa, a B €CTECTBEHHOM 3aJIeTAaHUH YYUTHIBA€TCS MOPUCTOCTh. Ha
MPAKTUKE HapsSAy C IUIOTHOCTBHIO HCIIOJIB3YIOT TOHSATHE OOBEMHOM MAacChl .
OO0beMHOI Maccoil Ha3bIBAIOT MACCy €IMHHUIIBI 00beMa CYXOW MOpOJbl MPHU AaHHOU
MOPUCTOCTH B €€ €CTECTBEHHOM COCTOSHUHU. [loATOMY MJIOTHOCTH MOpOJ BCernaa
OoJsbiie UX 00bEeMHON Macchl. 3Has KOAI(POUIMEHT MOPUCTOCTH K, U IJIOTHOCTH,
JIETKO HATH 00bEMHYIO Maccy

p=poll - (ky /(1+ &, ))-100] (3.7
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NJIIn
po=p+k,). (3.8)

OO0bemMHast Macca MaJOMOPUCTBIX IMOPOJ 3aBUCUT B OCHOBHOM  OT
MUHEPaJIbHOT0 cocTaBa. [Ipy yBeIMYCHUH JKEJIC3UCTO-MarHe3ualbHBIX MUHEPAIIOB —
OJINBUHOB, THPOKCEHOB, POTOBOW OOMaHKM W Jp. — CJIAararoniuxX MarMaTHYeCKHe
nopoJibl 00beMHasi Macca yBenmduBaeTcs. OObeMHass Macca OOJIBIIMHCTBA TTOPOJT
COCTaBJISIET (1,5...3,5)'103 kr/m°. Takwme pyAbl Kak TeéMaTUT, MarHeTUT, CHUJACPHT,
coJIepKaIire B COCTaBE KeJe30, 001a1ar0T 000N 00bEMHON MaCCO.

Ha npakTrke onpenesnsor Takke yAebHbIA BEC IOPO/BI Yy, T.€. BEC CAMHHIIBI

o0bema TBepoil (ha3bl KPUCTAIIIMYECKOTO CKesleTa mopoabl. Bec cyxoit moposl B ee
€CTECTBEHHOM CIIO)K€HUH, 3aKJIIOYEHHOW B €AMHHIIE 00beMa Ha3bIBAlOT OOBEMHBIM
BECOM Y;4 . YIebHBIN Bec Bcerna 0osblie 00beMHOT0, OHAKO, IIPU OTCYTCTBUU TOP
HE3HAYUTEJIbHOM MOPUCTOCTH UHCIEHHOE 3HAaye€HUE OOBEMHOIO BECA MOXKET
IpUOIMKATHCS K BETMUMHE YIEIbHOIO BEca.

VYaeneHbl BeC — BeC €IUMHUIBI OObeMa TBEpAOM (a3pl (MUHEPATIBLHOTO
CKEJIeTa) MOPOIbI

Yo=1 (3.9)

[InoTHOCTHEBIE napaMeTpbl B3aUMOCBA3AaHbI MCKIAY coOoi (021 (57174802000 5017051
3aBUCUMOCTIMH

Po
=py(1-P); =2 3.10
p=po(l-P) p e (3.10)
p= Xn .p_Po=P 1009
I+K, Po

3.2. IINIOTHOCTHBIE CBOMCTBA PHIXJIBIX U PA3PBIXJICHHBIX OPOJ

OcHOBHBIE TapaMeTphl TUIOTHOCTHBIX CBOWCTB PBIXJIBIX WU Pa3PHIXJICHHBIX

3 . 3

TOPHBIX MOPOJ] CIEAYIONINE: HAChITHAS Macca, Py, KI/M ; HACBHIITHON Bec, Yy, H/M;
K02 PUITMEHT pa3phIXJICHNUS, Kp, ell.; IyCTOTHOCTb, M, en. unu %.

CTpyKTypHOH OCOOEHHOCTBIO ATOTO THIIA MOPOJ SBISAETCS OECHOpsAAOYHOE
paCIIONOKEHUE KYCKOB M 4YaCTHI[ IOpPOABI W 3HAYUTEIBHBIE IPOCBETHI MEXKIY
TOYKaMH OTIOPBI.

OCHOBHOIl ~ CTPYKTYpHOH XapakTEPUCTHUKON PBIXJBIX IOPOJ  SIBISETCS
2panyiomMempuyeckuli cocmas — TPOLEHTHOE BECOBOE, MacCOBOE WM OOBEMHOE
COJIEp’KaHuE B PHIXJION MMOPOAE Pa3IMUHbIX 110 BEIMYMHE KJIACCOB ((hpakuuii).
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BripaxkaeTcst rpaHyIOMETpUYECKHI COCTaB B BUAE TaOIMIbl, rpadurka, yucia
Wi (HOpMyIIbI.
B Buje uncna — yaiie BCero 4epes3 cpeoHe38euleH bl Ouamemp KycKa

d. = 2 d;m;
cp Zm ’
4
rje d; — cpeqHuil IMaMeTp Kiiacca; m; — Macca 1-ro Kiacca.

B Bune rpaduka — dgame Bcero uepes epagux KymynsimuHOU KpYNHOCMU
nopoibl, [1=f(d/Dy.x). B nannom ciyuae Il; — npolieHTHOE MaccoBoe COAEepKaHUE B
JaHHOM 00BEMe MOPOJIbI KyCKOB ¢ pasmepamu oT 0 10 d;, a Dy — MaKCUMAITBLHBIN
pa3Mep KyCKOB B JaHHOM 00b€Me MOPO/IbI.

B Bume dopmynsr — dame  Bcero - gopmynsl  onmumaibHO20
2PAHYIOMEMPUYecKo20 cocmasd, 00ECTICUNBAIONIETO0 MUHUMAIBHYIO MYCTOTHOCTH
JIAHHOW MacChl MOPOIbl, HarpuMep, hopmyna dymnepa

n

d, %,

I, =100

max

r7e n — 3KcnoHeHTa kpusoi (n = 0,4 <+ 0,5 a1 mapoBuaAHbIX 3epeH u n = 0,3 1y
OCTPOTPaHHBIX).

Hacvinnas macca — macca eTMHUITBI 00beMa pa3pyIICHHONW TOPHOM MOPOIBI B
€€ €CTECTBEHHOM (HACBIITHOM) COCTOSIHUH

HaceimHoit Bec — Bec eauHUIEI 00beMa pa3pyIIeHHOW TOPHON TOPOMBI B €€
€CTECTBEHHOM (HACBIITHOM) COCTOSIHUH

p G
Vp

Koaghdpuyuenm paspuixnenus — oTHoIeHne 00beMa pa3pyIIeHHON TOPOJIBI K
ee 00beMy B MacCHBe.

1%
K =2
Py

Ilycmomnocms — OTHOLIEHHE O0BEMa MyCTOT K 00BEMYy pa3phIXJICHHON

OPOABI
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% Vv .
M = mycT W M = mycer 100 %o (3 11)
VP VP

[Ipenensl U3MEHEHUS! TJIOTHOCTHBIX MApPaMETPOB PBIXJIBIX U Pa3pPhIXJICHHBIX
NOPOJ, CIIETYIOLIHE:

— P, 3aBUCUT OT TIPAHYJIOMETPHYECKOTO COCTaBa, BIAXHOCTU M YCIOBHMU
00pa30BaHUs U COCTOSIHHS Pa3pbIXJICHHOW mopobl U u3MeHsiercss ot 1500 mo 4000
kr/M’. BmaxsocTs, Hampumep, B mpegenax or 0 mo 8+11% wurpaer pois
CBOEOOpA3HOr0 «KJesl» B Pa3pbIXJICHHOM MOPOJE, HE IO3BOJAS €l KOMITAKTHO
3aIlOJIHATH JaHHBIM 0O0BEM M, TEM CaMbIM, yMEHbIIas P; . JlanpHelliee yBiIaKHEHHE

OpOAbl HAOOOPOT YMEHBIIAET CUIIBI MOJIEKYJISIPHOTO CUEIJICHUSI MEXKIY YaCTUIIAMU
nopoAbl U B KOHEYHOM UTOre yBeIWYMBaeT P,. BuOpamus BbI3bIBaeT 3PdeKt
YIUIOTHEHHS, a 3HAYUT M YBEJIHMYEHUS P;, YTO Mbl M HAOJIIOJAaeM B IIAXTax KOTrAa

BarOHETKH, TIOJIHOCTbIO HAIMOJHEHHBIE B MECTE€ IOrPY3KH, BBIC3KAIOT Ha
MOBEPXHOCTh C MEHBIIMM OO0BEMOM TIOPOJbl. B 3aBUCMMOCTH OT mapameTpoB
BUOpannuu 00beM Pa3phIXJICHHON MOPOJIBI MOXKET YMEHBIIIUTHCS Ha BEIUYUHY OT 5 110
35%.

— Kp 3aBucur or tex xe pakTopoB ¥ MOKET UMETh 3HadyeHus ot 1,05 mo 2,5.
Hampumep, OyroBas mojoca, BO3BEIEHHAs BpPYYHYIO, HUMeeT KodhuimeHT
pa3pbixyieHus: moposl 1,5, a ko3 PUIHMEHT pa3pbIXJIeHHUs MOPObl B BEIpaOOTaHHOM
IIPOCTPAHCTBE JaBbl — 1,7.

— M 3aBuCHT OT BeaMYHHBI KO PHUIHEHTa pa3phIXJICHUS U MOXKET UMETh 3HAYCHUS
ot 4 1o 60%.

[[1oTHOCTHBIE MapaMeTPhl PBHIXJIBIX M PA3PBIXJICHHBIX MOPOJ B3aMMOCBSI3aHbI
MEXIy CcO0OM M C MapaMeTpamMu CKaJdbHBIX M CBS3HBIX IIOPOJ CJICIYIOIIUMHU
3aBUCHUMOCTSIMHU

K =P . M=1-22 100 %. (3.12)
o p

[[moTHOCTHBIE TapaMeTPhl PBHIXJIBIX W Pa3pPBIXJCHHBIX TOPHBIX IMOPOJ
OTIPEIETISIOT CACAYIOIUMH METOJAMHU.

Jliss ompeneneHuss HACBITHOW MacChl HMCIOJB3YIOT TOCTHPOBAaHHBIE MEpHBIC
cocyabl (Tabn. 3.1), B KOTOpBIE 3acChIAIOT MOPOAY, YOMPAIOT HM3JIHIIEK WU 3aTeM
B3BEIIMUBAIOT. 3HAasI 00BEM U MACCy MOPO/IbI, BRIYUCIISIOT HACKIITHYIO MacCy.

KoadduimenT paspbIxiieHHss W IMyCTOTHOCTh OOBIYHO BBIYHCISAIOT —TIO
dbopmynam 3.12.

['panynOMETpUYECKUI COCTaB OMPEACISAIOT MO PAa3HOMY B 3aBUCHUMOCTH OT
KPYIMHOCTH KYCKOB: JUIsl 4acTUI[ KpymHOCThIO d > 0,1 MM HCHOJB3YIOT CHUTOBBIN
aHaJIM3 C WCIOJIb30BAaHUEM CHUT C Pa3HBIMHU pazmepamu saeek. Jlyis Gosee Menkux
YaCTHUI] — CEIMMEHTAIIMOHHBIN aHaIN3, CMBICI KOTOPOTO 3aKII0YACTCs B U3MEPCHHUH
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TOJIIIMHBI CJIOSI OCAJIKA B ITYJIBIIC U3 BOJBI U MOPOJIBI 32 JaHHOE BpeMs. Ha pymHukax
¥ Kapbepax 4acTo NPUMEHSIOT (POTOIIAHUMETPUICCKHIA METO, KOTIa pa3phIXJICHHAS
opoJla B HACHITHOM COCTOSIHMM WJIM B BaroHeTkax Qororpadupyercs, Ha
dororpaduio HAHOCAT MACIITAaOHYIO CETKy M MOACYUTHIBAIOT MPOLIEHTHOE
COJIepKaHHUE KyCKOB PA3IMYHON KPYITHOCTH.

Ta0muma 3.1

MCpHBIC COCyabl i1 OIIPCACIICHUA HACBIITHOM MacCChI PBIXJIbIX
H PA3PLIXJICHHBIX I'OPHBIX IIOPOA

MakcuManbHBIN
O6BeM cocya, Pazmepsl
pasmep KyCKOB dopwma cocyna
b cocyaa, MM
nopoabl, D.x, MM

<10 10 HI/IJ‘II/IHI[p_I/IZCCKa}I, d 234

<20 20 TO K€ 294

<40 50 TO XKe 400

2 40 100 KyOHuuecKas 465

3HaHUS O IUIOTHOCTHBIX CBOMCTBAX TOPHBIX MOPOJ IMIMPOKO HCIONB3YIOTCS B
TOPHOM Ji€Jie: TPaBUTALIMOHHAS PA3BEIKa MECTOPOXKICHUW; PacyeThl ITapaMeTpOB
TPAHCIIOPTHBIX YCTaHOBOK; PacyeTbl TOPHOTO JTABJICHMS; PACYEThl TEXHOJOIMYECKHUX
CBOWMCTB TOpPHBIX MOPOJ; pacCyeTbl AaKyCTHYECKMX NapaMeTpPOB TOPHBIX HOPOJ;
pacueTsl MPOLECCOB 00OTaIIEeHUS.

3.3. MeTtoanbl onpeaejieHus1 IJIOTHOCTH MUHEPAJIOB U TOPHBIX MOPO/T

B nanHOM paznene paccMOTpUM CIIEAYIOLIME OCHOBHBIE METO/IBI ONPEAEIICHUS
IUIOTHOCTH: MUKHOMETPUYECKHI, 00BEMOMETPUYECKHUI, o JTaHHBIM
pEHTreHorpau4eckoro 1 XMMHYECKOTO aHAJIU30B.

TukHOMeTpUUeckuit MeTon SIBJSIETCS OJHMM W3 HAMOOJEE TOYHBIX M IIHPOKO
NpUMEHSIEeMbIX Ha mpakThke. CyTh 3TOr0 METOJa COCTOUT B OMpEACNIEHHU 00bema
TOYHO B3BELIEHHOU MPOOBI MOPOBI UM MUHEpaia B TIIATEIBHO OTKAIMOPOBAHHOM
COCyJl€, Ha3bIBAEMOM ITMKHOMETPOM, M PAacyeTe YHUCIOBOTO 3HAYEHUS IJIOTHOCTHU IO
COOTBETCTBYIOIIEH popMmyIie.

Maccy, o0bemM mpoObl M TMJIOTHOCTh OMPENENSIOT CleayroumM obpasom. B
teyeHue 30...40 munyt npu temmneparype 90...100°C BbICylIMBaIOT MUKHOMETP, a
3aTe€M B3BELIUBAIOT €r0. DTH Ollepally MOBTOPSIOT HECKOJIBKO pa3 JI0 TeX MOp, MOKa
pacxoXJieHue B M3MepeHusx 6yner He Gonee 2-107 r. Cpennee 3HaueHHe Macchl
NUKHOMETpA 3alMChIBAIOT M 3TAa BEJIMYMHA SIBJISETCS KOHCTaHTOW. Maccy Bonbl B
NUKHOMETPE ONpPEAEIAI0T KaK pa3sHOCTh MEXy MAaccOl MUKHOMETpa C BOJOW m, U

Maccou m; .
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Maccy ob6pa3sia onpenenstoT Kak pa3sHOCTb MEXAY MacCOl 713 MUKHOMETpaA C
oOpa3uom u Macco my;. OOpaser] BHOCAT B NMUKHOMETP IOCIE NPOCYLIMBAHUSA U

KOHTPOJILHOTO B3BeIIMBaHUA. Jlanee onmpenemnsoT Maccy MTUKHOMETpa C 00pas3ioM u
BOJIOM, TIPH ITOM JTsl YAQJICHHS BO3yXa U3 MOP M TPEITUH 00pa3iia, a TAaK¥Ke U3 BOJIbI
MUKHOMETP BaKyyMHUPYIOT, IIOCJIE 3TOTO HArpeBaroT, BpeMsi OT BPEMEHH MOTpyKasi B
ropsuyro BoJy oOpaszen. PasHocts (my —ms;) maer maccy BOIObl B 0OBeMe
MUKHOMETpA.

[110THOCTH BBIYHCIISAIOT MO (popmyIie:

(m3 —m )PB
(m2 —my )(m4 - m3)’

p:

3
rac P, — INDIOTHOCTH BOABI IPU TEMIIEPATYPE B3BCIIMBAHMA, r/cm” .

Ob0bemomerpuyeckuii Meroa. IIIlupoko npuMeHsieTcsi B MUHEPAJIOTUYECKHUX
naboparopusax. O0beM 00pasia onpeAensoT B 6apoMeTpuiecKkoil Tpyoe, y KOTOpoil
C BBICOKOM TOYHOCTBIO ONPENEIEHa IUIOMIA/lb IONEPEYHOT0 CEYEHUs, 110 U3MEHEHUIO
BBICOTBI CTOJI0A KUJKOCTH MPH MOTPYKEHUH B Hee o0paslia MOpoAbl WM MHUHEpasa.
HcenenyeMplii MaTepuain ClelyeT B3BELIMBATh C BBICOKOM TOYHOCTBIO, MO3TOMY
UCTIONB3YIOT aHAIMTUYECKHE BeChl. [IOTHOCT pacCcUUTHIBAIOT 1O (popmyIie

p=4-m/n-D-k-n,

rne D — BHYTpEeHHUW JAWaMeTp Kamwuisipa; k— 1leHa JeleHus Jaumoa
OKYJIIPMHUKPOMETpPA; 1 — YMCIIO JIeJIeHuM 1umOa; m - Macca MUHEpajia WA TOPHOU
MOPOJIBI.

Onpedenenue n1oOmMHOCMU MUHEPATIO8 NO OAHHLIM PEHMZEHOZPAPUUECKO20
U XUMUYECKO20 aHa1u306. B [TaHHOM METONE WCHOJIB3YETCA CBA3b 3HAYCHUS
IUVIOTHOCTH MHUHEpaJla C aTOMHBIMH MAacCaMH COCTAaBISIOIIMX €ro XHUMHYECKUX
3JIEMEHTOB M 00BEMOM, KOTOpBIE OHU 3aHHUMaioT. B ¢dopmyne mis onpeneneHus
IUIOTHOCTH YYUTHIBACTCA 00BEM 3JIEMEHTAPHOM sIUEHKH U ee dJIeMEHTapHas Macca:

rae Z — 4YWCIO MOJIEKYJN (WM aTOMOB JUIsi OJHOATOMHBIX MHUHEpPAJIOB) B

AJIEMEHTApHOM sueiike; M — MOJeKyJsipHas macca MUHepana (Macca CTPYKTYPHOU
27

€IMHULBI); Mmy— aToMHas (yrJiepoJHas) eOuHMIAa macchl, paBHas 1,6603-10°" kr;

o o 3
V — 00beM SJICMCHTAPHOU AYCHUKHN MUHCPpAJIA, HM .
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Uucno MOJeKyn WM aTOMOB MHUHEpPAJla C M3BECTHOM KPUCTAIIMYECKOU
CTPYKTYpOM HaxOOAT B CHPABOYHOW JTeparype. MOJIEKyIIpHYIO Maccy
pPacCUMTHIBAIOT MO JTAHHBIM XMMUYECKOTO aHa/n3a, a 00bEeM DJIEMEHTApHOU SUYEUKH
PACCUMTHIBAIOT IO JAHHBIM PEHTIEHOCTPYKTYPHOIO AaHANIM3a ITapaMETPOB SUYCHKHU.
[TockonbKy pEHTTeHOBCKas IUIOTHOCTh OTHECEHAa K MHUKPOOOBEMY, TO OHa Oyner
BCEr/a BBILLIE ONPEACIIIEMON HEMOCPEICTBEHHO Ha PEajJIbHOM KPHUCTAILJIE M3-3a TOTO,
4YTO HU MaKpoO-, HU MUKPOAE(PEKTHI KPUCTAJUINYECKOTO CTPOEHUSI Ha PEHTI€HOBCKYIO
IUIOTHOCTh HE OKa3bIBAOT BIMAHUA. OAHAKO €ClIM HM3ydaeMbld MHUHEpal HMEET
MEXaHUYECKUE IPUMECH € OOJIBIIEH MIIOTHOCTHIO, TO, BO3MOYKHO, UTO PEHTT€HOBCKas
IUIOTHOCTh OYJI€T MEHBIIE SKCIIEPUMEHTAIBHOM.

3.4. TpeniuHOBATOCTh MOPOAHBIX MACCHUBOB

B pesynprare TEKTOHWYECKMX JBWKEHUHW B 3€MHOM KOpE  BO3HMKAIOT
HaNpspKEHUS, KOTOPhIE MPU JOCTHKEHHM MpeAena MPOYHOCTH MOPOJ MPUBOAAT K
00pa3oBaHMIO B HEW pa3phIBOB. Pa3phIBhI CIJIOMIHOCTH MTOPOJI TIPOSIBISIOTCS, TPEXKIC
BCETO, B BUJI€ TpeuuH. [locnennue npu gqanpHeMmeM JEUCTBUH CHJI IEPEPACTAIOT B
pa3phIBHBIC HApyIICHUs. TakuM 00pa3oMm, MO pa3phbIBHBIM HAPYIICHHEM TOHUMAIOT
pe3yJIbTaT TEKTOHUYECKUX JIBUKEHHM, TPU KOTOPOM TOPHBIE MOPOJBI pa3phIBAIOTCS
10 HEKOTOPOW MOBEPXHOCTH U PA3BECIAUHEHHBIC YACTH CMEIIAIOTCS OTHOCUTEJIBHO
ApyT Apyra.

TpemmHaMy Ha3bIBAIOT Pa3pbiBbl B TOPHBIX MOPOJAX, MEPEMEIICHUSA TI0
KOTOPBIM COBEPIIEHHO OTCYTCTBYIOT WMJIM HE3HAUYUTEIbHbI. COBOKYMHOCTH TPEIIVH,
pACWICHSIONIMX TOT WM HMHOM Yy4YacTOK 3€MHOM KOpbI, IPUHATO HA3bIBATh
TPEIIMHOBATOCTHIO.

HcneiThiBacMOE  TOpPHBIMM ~ MOPOAAMH  BCECTOPOHHEE  CXKATHE  WJIU
MOCIIEAYIONIAasl HEMEHTAMS IPUBOASIT K HEKOTOPOMY BOCCTAaHOBJICHUIO CBSI3HOCTH
M0 TMOBEPXHOCTSAM pa3pbiBa CIUIOLIHOCTH, MMO3TOMY OHHM 4Yallle BCEro 00JaaaroT
HEKOTOPBIM CILEINICHUEM W CONPOTUBICHUEM OTPBIBY M HA3bIBAIOTCS Y¥KE HE
TpPEIIMHAMH, a MOBEPXHOCTAMH oOciabneHus. OgHaKoO YK€ B HAYAIbHOW CTaJauH
neOpMHUPOBAaHHUSI MAacCHBa TOPHBIX TIOPOA IO TIOBEPXHOCTSIM  OCIAOJICHHUS
BO3HUKAIOT HOBBIE€ PA3PbIBbI CIUIOIIHOCTH — TPEIIUHBI.

TpemurHOBaTOCTh, KaK 3JJIEMEHT CTPYKTYpPbl, TaKXK€ SBIACTCS OJHOM U3
XapaKTEePHBIX 0COOEHHOCTEH MOPOJTHOTO MACCHBA.

Tpemwunabl, HaOIOIaeMble B TOPHBIX IMOpPOJAAX, HPHUHATO JEJIUTHh IO
r€HETUYECKOMY MPU3HAKY Ha:

- eCTeCTBeHHbIE (IIPUPOXKIACHHbBIC, IEPBUYHBIE), BO3HUKAIOLIME B MPOIECCE

hopMUpOBaHUS T€OJOTUUECKUX TET,

- TEKTOHHYeCKHe, 0Opa3oBaBIIMECS B pe3ylibTaTe ropooOpa3zoBaTEIIbHBIX

MPOLIECCOB;

- HCKYCCTBEHHbIe — TIOABJISIIOIIMECS B IPOLECCE OCYIIECTBICHUSA

MOJATOTOBUTENIBHBIX W OYMCTHBIX PabOT B maxTaxX, OypOB3PBIBHBIX padoT,

00pa30BaHUsI 3aKOJIOB, a TAKXKE BCIEACTBUE IPYTUX MIPUUYUH.
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EcrecTBeHHBIE TPEUIUMHBI ABISIOTCS MOBCEMECTHO PACIpPOCTPAHEHHBIMHU, HO
Haubosee YEeTKO OHU BBIPAXKEHbl B OCAJAOYHBIX TMOpPOJaX B O0JacTAX C
TOPU30HTAJIBHBIM 3aJleTaHuEM. ECTECTBEHHBIE TPEIMHBI HE NEPECEKAIOT CKOJBKO-
HUOY/Ib MOIHBIE CJIOM TOPOJ, a TECHO CBSI3aHBI C OTACIBHBIMU JIUTOJIOTHUCCKH
OJTHOPOJHBIMHU CHOAMH. 110 OTHOIIEHHMIO K CIOMCTOCTH OHHM MOTYT pacrojiaratrbcs
pPa3IM4YHO, HO MPEUMYLIECTBEHHO SBJSIOTCS HOPMAIBHOCEKYIIMMU TpPEMIMHAMU
OTpBIBA.

TexkToHMYEeCKHE TPEUIMHBI Pa3BUBAIOTCA B FOPHBIX MOPOJAAX IO BIUSHHEM
TEKTOHUYECKHUX CUJI, TPOSBIISIIOIIMXCS B 36MHOM KOpe B Ipoiiecce ee 00pa3oBaHMUs.
Boznukaromnue npu 3ToM nedopmaiuu mouTH BCEryia COpoBOXKIAIOTCS Pa3BUTHEM B
TOPHBIX OPOAAX TPEIIMH, 00Pa3YIOIIUXCSl KaK Ha CPABHUTEIBHO MAaJIbIX IJIOIIAJISX,
TaK ¥ Ha OrPOMHBIX MPOCTpaHCTBaX. OTaWuYME HUX OT HETEKTOHUYECKHX TPELIUH
3aKJII0OYAeTCs, MPEKIE BCEro, B TOM, YTO TEKTOHMYECKHE TPEHIMHBI 00JanaroT
OOJbIIE BBIIEPKAHHOCTHIO B OPHEHTHUPOBKE M Pa3BUBAIOTCS OJUHAKOBO B
pPa3lIMUHBIX [0 COCTaBYy TMOpoAaX. TEeKTOHWYECKHE TPEIIUHbl HAKJIOHEHBI K
MJIOCKOCTSAM HAIUIaCTOBAHUS MOJI Pa3HbIMH YIJIAMU; 3TUM OHU W OTJIMYAIOTCS OT
TPEUIMH TPUPOKICHHBIX (€CTECTBEHHBIX). HampaBiieHHe TEKTOHUYECKUX TPEUIUH
COBIAJAET C HAINpPABJIECHUEM OCHOBHBIX PAa3pbIBHBIX HAPYLIEHUI JAHHOrO paloHa.
Tak, Hampumep, s 1enoro psaga pailoHoB JloHbacca MpUPOXKIECHHBIE TPEUIUHBI
MMEIOT MEPUIUOHAIBHOE HAMPABICHHUE C OTKIIOHEHUEM 15-20°.

TexkToHMYECKHE SIBICHUSI COJIECUCTBYIOT PACKPBITHIO PaHEE CKPBITHIX
€CTECTBEHHBIX TpeuuH. [I0BEepXHOCTH TEKTOHUYECKUX TPEIIUH OOBIYHO MOKPBITHI
O00po3gamMu CKOJIbKEHHUS, TaK KaK OYEHb 4YacTO OHM SIBJIIOTCS IUIOCKOCTSAMU
cMeteHus mopol. [Ipyu TEeKTOHMYECKUX MOJIBUKKAX MOKET MPOUCXOAUTH CABUKCHUE
OJIOKOB YT OTHOCUTENBHO JIpyra.

Kaxnas orTaenbHas TpelmumHa XapakTEpU3yeTCs UIMHOW, IIHUPUHOM,
M3BUJIMCTOCTHIO CTEHOK, a TAKXKE MOJIOKEHUEM TPEIINHBI B IPOCTPAHCTBE, KOTOPOE B
re0JIOTUU MPUHATO 0003HAYATh YTJIOM MaJCHHs U a3UMYTOM HaIlpaBJCHUS MaJCHHUS.
TpemuHbl pa3InyarTcs TaKKEe HATMYUEM WIM OTCYTCTBHEM B HUX 3aIlOJHUTENEH, B
COOTBETCTBUM C YE€M OHM TOJAPA3ACISIOTCS Ha OTKPbIThbIE (3UAONME) U
3al0JIHEeHHbIE.

[Io packppITOCTH WM MOILNHOCTH 3allOJIHEHUS BBIACISIOTCS CIEAYIOLINE
BUJIbl TPELIMH: BUAUMBIE HEBOOPYKEHHBIM TJIa30M (OTKPBITBIE, 3aKPBITHIE U
«BOJIOCHBIE») U MUKpOTpeluHbl. [llupuHa OTKPBITHIX TPEUIMH WM MOIIHOCTh X
3aMOJIHEHUSI OMPEACIISIETCSl HEMOCPEICTBEHHBIMU 3aMepaMy, HIMPUHY 3aKPBITHIX
TpeUMH MOXHO cuuTaTh paBHoH 0,8...0,5 MM, «BosocHBIX» — 0,5...0,2 MM.

3anonHUTENhL B TPEUIMHAX MOXET OBbITh MPEACTABICH  PBHIXJIBIMU
OTJIOKCHUSIMA ~ THIMA  TIECYAHO-TIMHUCTBIX TPYHTOB JiOO  00pa3oOBaHHIMU,
OTJINYAIOLIMMUCS OT OPOJ MacCHBa IO MUHEPATIOTHYECKOMY COCTABY, HO CXOJHBIMH
C HUMHU 1O CTPYKTYpE U (PU3NYECKUM CBOMCTBAM.

YacToTa TpeumuH 3aBUCUT OT MOUIIHOCTH M cocTaBa Iacta. Hampumep, yem
MEHBIIIE MOIIHOCTh IUIACTOB M MPOYHOCThH MOPOJ, TEM Yallle TpeluHbl. [10 1aHHBIM
MHOTHX HCCleloBaTejeii B KapOOHATHBIX IMOPOJaX MHOTMX pPalOHOB B ILIacTax
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MomHOCTRIO OT 0,5 mo 2,0 M 3Ta cBs3b npsamoiivHeitHa. M.B.Pair  cuutaer ee
napaboTuIeCKON.

B 3aBucuMocTH OT TOro Kak TPEUIMHBI OPUEHTUPOBAHBI PaA3IUYAIOT
YHOPSAJOYECHHYIO (OJHO-, JBYXCHUCTEMHYIO) U HEYIOPSIOYEHHYIO TPEIIMHOBATOCTb.
Ilepecekasch, TpemMHbl pa30UBAOT MOPOAHBIM MAaCCUB ¢ HEKOTOPBIM XapaKTEpPHbIM
pasmepoM /1 Ha OTHEIbHBIE CTPYKTYPHBIE OJOKH €O CpPEIHUM pasMepoM /f.
Otnowenue H/h., Ha3pIBa€TC MHTEHCHBHOCTBLIO TpemmHoBaTOCTH. Kpome Toro,
711 KOJIMYECTBEHHOM  OLICHKM TPEIIMHOBATOCTH  HMCIOJB3YIOT  JIMHEHHBIH,
IVIOIIAIHOM ¥ 00beMHbI KOI(PPUUMEHTHI MHTEHCHMBHOCTH TPEHIMHOBATOCTH.
OHu npeacTaBistoT OO0 COOTBETCTBEHHO OTHOILIEHUE €IUHUIIBI ITTUHBI, TUIOIIA/IH,
00beMa K CpeHEMY PACCTOSHHUIO MEXKLy COCEIHUMU TPEIUHAMMU [, , K TUIOIAIN Scp,
1 00BEMY CTPYKTYPHOTO OJs1oKa V.

M.M. [IpoTOABAKOHOB, yKa3blBasg Ha pa3iMuhe MEXKIy IPOYHOCTHIO
7a00paTOpHBIX 00pa3LoB U MPOYHOCTHIO MAacCHBa, B KaYE€CTBE OCHOBHOW MPUYUHBI
paccMaTpHBal HMEHHO TPEIIMHOBATOCTh NOPOJ U YIJIEH.

I'.JI. ®ucenko ykasplBaeT, YTO IIPU H3YYCHUM MEXAHWYECKUX CBOWCTB
MacCHBOB F'OPHBIX MOPOJI KaK CPeJibl, B KOTOPOU MPOBOASITCSI TOPHBIE BHIPAOOTKH, T.€.
CO3AI0TCA MOJOCTH, HEOOXOAMMO Pa3IndaTh MOBEPXHOCTU OCIA0IEHUS: a) OOJIBIION
HNPOTSHKEHHOCTH, IO  KOTOPHIM  IPOMCXOAUT  CKOJNIBKEHUE  OOHOM  4acTh
nehopMUPYEMOTO MacCMBa OTHOCUTEIBHO JPYTOM, SIBISIOIIMECS TMOBEPXHOCTIMHU
pa3phiBa CIUIOMIHOCTH MAaccuBa, U 0) HEOOJBIION MPOTSKEHHOCTH, PACTIOIO0KEHHON
CTYNEHYAaTO OTHOCHUTEIBHO APYr JApyra W o0pasylolue CHUCTEMbl OMNpe/eICHHBIM
0o0pa3oM OpHEHTHpPOBaHHBIX TpewuH. [Ipu nepopmupoBanuu OoJsbLIMX OOIaCTEH
MaccuBa (JMHEHHBIE pa3Mepbl KOTOPHIX HA MOPSAOK OOJbIIEe JIMHEWHBIX Pa3MEPOB
OJIOKOB, OrpPaHUYEHHBIX CMEXKHBIMH TpPEIIMHAMU) CTPYKTYpHbIE OciabieHus
HEOOJIBIIION TIPOTSHKEHHOCTH HE SIBIISIIOTCS TTOBEPXHOCTSIMU CKOJIBKEHUSI U Pa3phIBa
HEMPEPHIBHOCTH JedopMariiii ¥ CMEIICHWHA, a SBISIOTCS JIMINb JJICMEHTAMH
CTPYKTYpPBI MACCHBA T'OPHBIX MOPOJ, CHUKAIOIIKX IPOYHOCTh IIOPOJTHOTO MAaCCUBA.

Cnenyer OTMETUThb, YTO TPEUIMHOBATOCTh MPUBOAUT K CYIIECTBEHHOMY
CHIKEHHIO TIPOYHOCTHBIX XapaKTePUCTUK MOPOAHOro MaccuBa. OTauyue npoyHOCTH
opoj B 00pasiie U MacCHBE MOXET ObITh BeChMa 3HAYUTEIIbLHBIM. B 3TO# CBs3M TipH
BBITIOJJTHEHUA TE€OMEXaHMYECKUX PAcyeTOB YYETy TPEIIMHOBATOCTH MAacCHBa
npuaaeTcs ocodboe 3HaYeHuE.

KoHTpo/ibHBIE BONIPOCHI

1. Kakue BelecTBa Ha3bIBatOT TOPHOM MOPOIOM.

2. B uem 3akiroyaeTcst OTIIMYUE TOPHOM MOPO/IBI OT MUHEpana?

3. Ha xakue rpynmsl JeisT rOpHble TOPOAbI MO YCIOBUSM UX 00pa3oBaHus?
4. Yto HaA3BIBAIOT CTPYKTYypoM nmopoasl? Kakue oHn ObIBatoT?

5. Kakue rnaBHble CTPYKTYpbl BBbIJCIEHBI B MarMaTMu4eCKMX U B
MeTaMOp(pUYECKUX nopoaax?
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6. Uto Ha3bIBAIOT TEKCTYPOI opoibl? Ha30BUTE OCHOBHBIE TEKCTYPHI.

7. Kakue OCHOBHBIC THIBI TOPOA BBIJACIAIOT B 3aBUCUMOCTH  OT
peo0IaIaroIIero T CBS3CH ?

8. Kaknmu 0coOEeHHOCTAMHU OTpEeAeaeTCss HEOJHOPOAHOCTH MOPO?

9. JlaliTe XapakTepUCTUKY KaKIOMY BH1Y HEOJHOPOIHOCTH FOPHBIX TOPOJ.
10. Kakyto CBsI3b MEXJy MUHEpPATIaMH HA3bIBAIOT XUMHUYECKOM?

11. Kak popmupyercs Mex 1y MUHEpaTIaMH CTPYKTYpHAas CBS3b?

12. Ha xakue BUIbI AENATCS SHAOTCHHBIE TPOLECCHI?

13. Kakue IMPOLCCChl HA3bIBAIOT OCAJOYHBIMHU MW KAKHC O6p8,3y}OTCH THIIBI
0CaJIKOB IIpH 3TOM?

14. JlaiiTe xapakTepUCTUKY dHIOT€HHBIM MPOIIECCaM.

15. Kakue mporecchl Ha3piBatoT MeTamopduueckumu? Kakue moposs
MOABEPraroTcs 3TUM Ipoieccam?

16. Yto Ha3bIBAIOT OPOBBIM TPOCTPAHCTBOM MOPOABI?

1'7. Ha xakue BAIBI AEIATCS NOPHI B 3aBUCUMOCTH OT YCIIOBUM NEPEMELIECHUS B
nopoaax BOJbI U ra3oB?

18. Kak menarcs nopsl Mo NPOUCXOKIAEHUIO U IO BEIUYHHE?

19. Kakue CymecTBylOT OCHOBHBIE METOJbl OMNPENEICHUS MOPUCTOCTH U
TPELMHOBATOCTH OPO?

21. Kakue ¢uzndeckue mporecchl 3aj0KeHbl B OCHOBY KJlacCU(UKAIIUU TOP
0 pa3MepaM B KAMEHHBIX YTJIsX ?

20. B yeM cocTouT 0COOEHHOCTH MMOPUCTOCTU OCATOYHBIX HOpO,II?

21. Ha kakue rpynmbl JeisST OCAJAOYHBIE TOPOJAbI M CYXHE€ OCAJAKH IIO
IJIOTHOCTH?

22.Yewm oTanyaeTcs yaeNbHbIN BEC IOPOJbI OT 00BEMHOT0?
23.B yeM 3aKIr04aeTcs CyTh METOAOB ONPEAEIICHUS INIOTHOCTH?

24. Ilepeuucnure mapameTpbl MJIOTHOCTHBIX CBOMCTB CKaJbHBIX U CBSA3HBIX
TOPHBIX MOPOJI.

25. llepeuucnure mapamMeTpbl IMUIOTHOCTHBIX CBOMCTB  PBIXJIBIX U
Pa3pBIXJICHHBIX TOPHBIX TOPO/I.

26. Uto Gompllie IO BEJIMYMHE: YACIbHAS Macca WM TUIOTHOCTh OJHON M TOU
K€ TOPHOM MTOPObI?

27. Yto OoJibllle IO BEJIWYHHE: IVIOTHOCTHh MJIM HACBIITHAS Macca OJHON M TOH
K€ TOPHOM MTOPObI?
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4. MPOYHOCTHBIE CBOMCTBA ITOPO/I
4.1. Mexann4yeckue HANPSKEHUsI B TOPHBIX MOPOAAX

[IpoyHOCTP M yCTOMYMBOCTH COOPYKEHMHM, BO3BOJAMMBIX Ha NOPOJAAX WIHU
HEIIOCPEJICTBEHHO B WX TOJIIE, ONPEHEIAIOTCS HAIPSIKEHHBIM  COCTOSIHUEM,
BO3ZHMKAIOIEM KaK pe3yJIbTaT JIEUCTBUS BHEIIHUX CUJI (HAarpy3ok). bes onpenenenus
BEJIMYMHBI HAIPSDKEHUH U 00JIaCTU MX PACIpPOCTPaHEHMs] HEBO3MOXKHO pacCUUTATh
OCaJIKy COOpPYXEHHUH, OLICHUTb YCTOMYMBOCTb CKIOHOB M OTKOCOB, a TaKXe
0€3011acCHOCTh JKCIUTyaTalluy MOJ3€MHBIX BBIPAOOTOK. B cTpouTenbHON MEXaHUKE U
CONPOTUBIICHUN MaTEPUAJIOB, TEOPUU YIPYTOCTH PACCMATPHUBAECTCS CPEXbI, KOTOPBIE
00Jasa0T CBOMCTBAMHU CIUIOIIHOCTH M OJHOPOAHOCTH, T.€. Cpela Ha3blBaeTcs
CILIOIIHOW. PeanpHbIe TOPOIBI € UX CIOKHBIM CTPOCHHEM HAa MAKPO- U MUKPOYPOBHE
3aMEHSAIOTCA HEKOTOPOM MOJENBIO CIUIONIHOM, OJHOPOJHOW, W30TPOIHOW, YIPYron
CpEnBbL.

Ilon ympyzocmbio moHMMAOT CBOMCTBO MaTepuajga BOCCTaHABIMBATH CBOHU
nepBOHAaYallbHbIe pa3Mepsl U ¢GopMy TMocie cHATuS Harpy3ku. Kpome Toro,
IpEenoaraoT, YTo AeQopMaliy MPOIOPIHOHATbHBI HANPsHKEHUSIM (3aKoH ['yka).

B MexaHuke TOpHBIX MOpPOJ IIPU pacdyeTre TOPHBIX IMOPOJ HCIHOJIB3YIOT
IOJIOKEHUSI TEOPUM YIPYTOCTH, KOTOpPbIE MOTYT OBIThb NPUMEHEHBI AJIs JIFOOBIX
JIUHENHO-eopMUpyeMbIX Tell. ['OpHBIE NMOPOABI IPHU OIpPENEICHHBIX JIaBJICHUSAX
neopMUpyIOTCS 1O 3aKOHY, Onu3koMy JuHeWHoMmy. ClenoBaTellbHO, NpU
ONpEIECICHUN HANPsKEHUW B IOPOJAX MOXHO IPUMEHATH MOJENb JIMHEHHO-
nedopMupyemMoil cpeapl. B mopogax 4acto 30HBI MIACTHUYECKUX Aeopmaruii Jmbo
OTCYTCTBYIOT, JIN0OO UMEIOT HE3HAUUTENIbHYIO 00J1acTh Pa3BUTHS.

Teopuss ynpyroctu HCHONB3YeTCA Ui ONPEACICHUS HANPSHKEHUN IIPU
yCIOBUM cTabunu3anuu aedopManuii moja JEHCTBHEM BHEUIHEH Harpysku.
CrnenoBatesibHO, MIPU pacyeTe HANpPsHKEHUI TOpHBIE MOPOAbl PpaCCMATPUBAKOTCS Kak
JUHEHHO-IeOopMHUpOBaHHBIE TeNa, TMpolecc AePOPMUPOBAHUS KOTOPBIX TOA
Harpy3kou 3akoHuwics. IIpu Takux AOmyIIEeHMsX BENUMYMHA KOHEYHBIX HAINPSKEHUN
B TOPHOH MOpOJE OT NEWCTBUSA BHEIIHUX CHUJ OyJeT OmpesesieHa C J0CTaTOYHOU
TOYHOCTBIO.

4.2. [lonsiTve 0 HATIPSKEHUSX U JTedopMaIuAX

Paccmotpum  Ha mpocreidiieM  Buae jAepopManud  — pa30exHbIE —
AJIEMEHTAPHBIE BHYTPEHHUE YCUJIUSA M MEPEMEIICHUS, BO3HUKAIOIINE NIPU JECHCTBUU
Ha Opyc npoaoJibHOM cuitbl F (puc. 4.1).

Pa3zpesaem MbICIeHHO OpyC CEUEHUEM Ha JIBE YaCTH, JEHCTBUE OJHOM 4acTH Ha
OpYryro 3ameHseM ycwinemM N (mpomosibHas cuia). JTa NOpOAOJbHAs —cuja
ONPENEIISIETCSA U3 YPABHEHUS CTATUKU

SZ=0,N=F 4.1)
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IIpomonbHas cuna ABISETCA PABHOIACHCTBYIOUIEM JJIEMEHTApPHBIX — CHII,
ONPENEISIIOMX B3aUMOACUCTBHE MEXAy dacTuuamMu Ttena. llpu pactsokenun
€CTECTBEHHO  NPEAINOJIOKUTh,  4YTO  JJEMEHTApPHBIE  CHJIBI  PAaBHOMEPHO
pacIpenensaoTcs 1o IIOMAAN CEYEHNs U HA3bIBAIOTCS HANPSKECHUEM.

F F
«— ——»
Z
F N N F
«— e —>
Z Z
()
F " N
< —> —
—>

Puc. 4.1. K pacuery Opyca npu pacTsyKeHHUH

[IpomonbHas cuna ABISETCS PAaBHOJEHCTBYIOUICH 3JEMEHTapHBIX —CHIL,
OTIpeNIeNSIOIMX B3aUMOJIEHCTBUE MeXIy uvacThmamu Tena. [lpu pactsxeHun
€CTeCTBEHHO  NPEANOJ0XHUTh,  YTO  O3JEMEHTapHble  CHWJIBl  PaBHOMEPHO
pacrnpenessiroTes Mo IUIOMIAN CEYSHUs M Ha3bIBAIOTCS HAMIPSHKEHUEM.

Hanpasxcenua — Mepa WHTEHCUBHOCTH BHYTpeHHHX cuil. Ilpu pactsokeHuun
BO3HUKAIOT HOPMaJbHBIC HAMpPSOKEHHs (NMEPIEHIUKYISIPHO K CEUYCHHI0) G, KOTOPHIE
oTpeAessAoTes 1Mo Gpopmyre

6=, 1, 4.1

N
S
2
rae N — npoaonbHas cuna, H; § — mmomanps nonepeyHoro CeUeHus, M .
OOGBIYHO MPUHUMAIOT CIICIYIOIIEE MPABUIIO 3HAKOB:
® ¢CIM HOPMAJIbHOE HAMNpsKEHHWE (CUja) HANpaBICHO OT CEYEHHUs, OHO
BBI3BIBACT PACTSYKEHUE U CUUTACTCA MOJIOKUTEIBHBIM;
® ¢CiIM HOpMaJlbHOE HaIpsDKeHUE (Cuiia) HampaBieHA K CEYEHMIO, TO OHO
BBI3BIBAET CHKATUE U CUUTACTCSA OTPULIATEIBHBIM.

Mexny »TuMH BuAamu JAeopMarfii COXpaHsSeTCs €IWHCTBO MpPU aHaJIU3e
BHYTPEHHHUX CHJI, HO U OOHapy>KHWBAIOTCS KAYECTBEHHbIE OTJIMYMS, HAPHUMEP, IPH
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V3YyYEHUH MPOLECCOB Pa3pyLICHUs MaTepHaIOB WIHM MPU UCCICIOBAHUH MOBEACHUSA
JUTMHHBIX U TOHKUX CTEP>KHEH, JJIsl KOTOPBIX CKaTUE COMPOBOK/IACTCS U3TUOOM.

YcioBUE TPOYHOCTH: HANPSIKEHHE, BO3HUKAIOIIEE B OMACHOM TOYKE
KOHCTPYKIIMHU, CpE€bl, TOJDKHBI OBITh MEHBIIE WM, MO KpailHeil Mepe, paBHBI
JIOITYCKAa€MbIM HaIPSLKEHUSIM

G, <[0] (4.2)

I[OHyCKaeMBIe HaHp}DKeHI/IH onpez[en;noT I10 3aBUCUMOCTHU
()
npen
[c]=—"4, (4.3)
n

TOE€  GOppex — NPENEIBHOE HAMPSKCHUE, ONPENENAeMOe B PE3yIbTaTe HCIBITAHUI
00pa3IoB TpU pa3IUMYHBIX YCJIOBUSAX HapylieHus; n — KoddduimeHT 3amaca
MPOYHOCTH, N > 1.

[Ton neiicTBHEM NPWIOKEHHBIX CUJI OpyC M3MEHSET CBOM pa3mepsl (puc. 4.2).
o nedopmanuu niauHa ero Owiia £ mocne nepopmanuu €; = € + Af. Benuuuna AL
Ha3bIBAaETCS A0COIOTHRIM YUTHHEHHEM Opyca.

OTtHo1IeHHne

g=" (4.4)

HA3bIBAIOT OTHOCHUTEIIBHBIM yaJWHEHWEeM Opyca. Ho mpaBuiabHOE Ha3BaHUE -
JUHelHasn degopmayus, THOTIA TIPOIOJIbHAS nedopmarius.

v

A
A 4
A
A 4

{

A
A 4

Puc. 4.2. Iamenenue pazmepoB Opyca

B nomnepedHoM HampaBlIeHUH MPOHU30IILUI0 YMEHBIIICHHE TIONIEPEYHOTO pa3Mepa
U nonepeuras deghopmayus paBHa
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Mexay monepedHoi U mpooJbHON AedopManuei CyIecTBYeT 3aBUCUMOCTb.
OtHomieHne TmomepedyHor jaedopManmmu K  TPOJOJBHONH HOCHT  Ha3BaHUE
ko3 puyuenma Ilyaccona M SIBISETCI MEXaHHMUECKON XapaKTEPUCTUKON MaTepuania
Y OIIPEAEIISIETCS IKCIIEPUMEHTAIIBHBIM ITYyTEM.

= € 4.5)
€

B mpenemax ManbIX YUIMHGHWH JUISl  TIOJABJISIONICTO  OOJIBIIIMHCTBA
MaTEepUajIoB, B TOM YHCJIC W IS TOPHBIX TMOPOJI, CIPABEUIUB 3aKoH I yKa, KOTOPBINA
YCTaHABJIMBACT MPOIMOPIUOHAIBHYIO 3aBHCHMOCTh MEXAY HANPSDKCHUSAMH W
nedhopmarusImMu:

c=¢E, (4.6)

rie E — Monyns ynpyrocTu nepBoro pojaa win mMooyis ynpyeocmu, Mlla.

Ota Benu4rHa SBISIETCS PU3NUYECKON KOHCTAHTOM Marepuaia U omnpeaessieTcs
AKCHEPUMEHTAIIBHO.

OnpenenuM HaNpspKEHHs, BO3HUKAIOIIME B Opyce MOpH PACTKEHUU B

HEKOTOPOM CEYCHHH, HOPMaJIb K KOTOPOMY PAaCIIOJIOKEHAa MO YTIIOM o K ocH Opyca
(puc. 4.3, a).

Gl..
—
—
.
—_—

b

TARRAE

Puc. 4.3. Hanpsi»keHust B HAKJIOHHBIX TUTOIIAIKaX
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Hanpspkenuss p paBHOMEpPHO pacupencsieHbl 0 HAKIIOHHOMY CEYEHUIO M UX
MO>KHO ONPEJIETUTh U3 YCIOBHS paBHOBECHSI PAaBOW 4acTH Opyca

Y7 =0. PA, = CA>

rae A — miomaas momnepeyHoro ceueHus Opyca; A, — TUIoaab HAaKJIOHHOTO
ceueHus Opyca.
Takum 00pa3om, HanpsHKEHUE B HAKIIOHHOM CEUCHUU

p=0cosd-

OOBIYHO ATO HAMPSKEHUE PACKIIAIBIBAIA HA JIBA HAMIPABJICHUS: IO HOPMAJHU K
CEYCHHUIO, HOPMAJIbHOE HANpsHKEHHE G, W BAOJb IUIOMAJKM — KacaTelbHOe
HanpsHKeHue 1, (puc. 4.3, B) 1 OHU PaBHBI

2
O, =PCOSQ =Gcos O (4.7)

. c .
Ty = pcinol = — sin 20
o

Kak BuIHO U3 ypaBHEHMI, B 3aBUCUMOCTH OT OPUEHTAIUU CEYEHUSI MMOTydaeM
pa3HbIC M0 BEJIMYUHE U HAITPABJICHUIO HOPMAJIbHBIE U KACATEJIbHbIEC HAMPSXKCHUSI.
0
B ceuenusix pu a = 0, 6, = o, 1,; B ceuenusix o = 90", 6, =0, 1, = 0; B

0
CCUCHUAX IIpU O = 45 , BO3HHKAKOT HaI/I6OHBHII/IC KaCaTCJIbHBIC HAIIPAKCHUA
T _ o
max — A °
2

Yepe3 AaHHYIO TOUYKY B KOHCTPYKIMH, B MAacCHBE TOPHBIX IIOPOJ, MOKHO
IIPOBECTU OECUNCIEHHOE MHOKECTBO CEUEHUM, B KOTOPBIX JEHCTBYIOT pa3Iu4HbIE 1O
BEJIMYMHE U II0 HAIIPABJICHUIO HOPMAJBHBIE U KacaTEJbHBIC HAIPSKEHUSA, KOTOPBIC
OTpakaroT B3aUMOJIEHCTBUE OECKOHEYHOIO MHOKECTBA YACTUL HA IAHHYIO TOUKY.

HanpspokeHus, nelicTByromue Mo J00bIM TPEM B3aUMHO NEPHEHIUKYJISPHBIM
IUIOIAZKAM  ONPENEIAIOT  HANpPAJICEeHHOe  COCMOoAHUue 6 mouke. Y CIOBHO
HaIPSDKEHHOE COCTOSIHHE B TOYKE MPEACTABIAIOT CIEAYIOIIMM 00pa3oM: BOKPYT
TOUYKH BBIPE3aeM 3JIEMEHT OECKOHEYHO MaJIoTo pa3Mmepa B (hopMe mapaiesenuneaa
(puc. 4.4, a).

ITpn ymenbmennn cTopoH, B npenene (dy, dy, d, — 0) 10T mapannenenumnesn
CTATUBAETCA B TOUYKY, Ye€pe3 KOTOPYIO MPOXOASAT TPU B3aHUMHO NEPIEHIUKYJISPHBIE
wiomwanky. Ilo rpansm sjieMeHTa MOIyT AEWCTBOBAaThL Hampsbxkenus Py, Py, P,
(pucyHok 4.4, a).



41

PacknanpiBaeM 3TH HAIPSHKEHUsI HA COCTABIIAIOLINE, TPOCHUPYIOT UX HA OCH X,
Y, Z, TIOJIy4ae€M HOPMAJILHBIE HANIPSHKEHUS Oy, Oy, O, U KacaTeIbHbIE HAIIPSIKEHUS Tyy,
Tyxa Tyza sza Tzxs Txz-

WNHpexc HOPMaIIbHOTO HAIIPSKEHHSI COOTBETCTBYET HOPMAJIM K IUIOIIAJKE, Ha
KOTOPOW OHM AEUCTBYIOT. KacaTenbHble HANIPSYKEHUS UMEIOT 1BA MHJEKCA: NIEPBBIN —
HaIIpaBJICHUE OCH, IApPAJUICIbHOW HANPSIKEHUIO, BTOPOM — HAIIPaBICHUIO OCH,
NEPIEeHIUKYJIApHON K miom@aake. TakuMm o00pa3oM, Ha TpaHAX dSJIEMEHTAPHOTO
napajuleenuneaa IeHCTBYIOT JEBATh KOMIIOHEHT
HaNpsDKEHUM, KOTOPbIE NMPEICTABISIIOT COOOU men30p HanpsdiceHul, 3aiCbIBaeMbli
B BUJIE

6,7, T

xVyx ¥zx

TyyOyToy (s (4.8)

sztyzcz

I'ZI€ B CTPOKAX PACHOJIOKEHBI COCTABIIAIOIINE HAIIPSY)KEHUM COOTBETCTBEHHO HA
IJIOIIA/IKAX, IEPIEHAUKYISAPHBIX OCAM X, Y, Z.

z ,{’
b a Pr
o
/'/
I > X
%8
A X
Y
Z o
A g, ¥y
A /
T ‘ E.‘(’:. //
5 By
r”]
O, +— E: — 0,
Tn ._hr
I il 0
: T
: dy
|Vl )
/ dx
6 Y
GZ

Puc. 4.4. HanipsizkeHHOE COCTOSIHUE B TOUKE
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Cucrema CUJI, IPUJIOKCHHBIX K 3JICMCHTY, NOJKHA YAOBJICTBOPATH YCIIOBUSAM
paBHOBECHA. HOCKOHBKy Ha IMPOTUBOIIOJIOKHBIX I'paHiax BO3HHKAIOT
IMPOTHUBOIIOJIOKHBIC 10 HAIIPABJIICHUIO CHJIbI, TO IICPBBLIC TPU YCJIOBUA PAaBHOBCCHA —
JJIA HpOCTpaHCTBeHHOﬁ cuctemsl cui. U3 YCJIIOBUSL paBHOBECHUA CYMMBI MOMCHTOB
OTHOCHUTCJIIBHO OCH X, ITOJIy4acM

dd, =7,,d.d

Tyzdx yoz zZy X zdy’
aAHAJIOTUYHO MOYKHO 3aIIUChIBATH OCTAJIbLHBIC YPABHEHUS.
Torma nonyuaem

Tyz = TZY; Tix = sz; TXY = ’ny (49)

Takum oOpa3oM, Ha JBYX B3aUMHO MEPHEHAUKYJISIPHBIX IUJIOMIAKAX
COCTABJISIIOLIME KacaTelIbHbIX HaNpsDKEHUM, MepreHIuKyIsipHble K 001ieMy peopy,
pPaBHBI U HaIpaBJIeHbl 00€ 00 K pedpy, MO0 oT pedpa. ITO €CcTh 3aKOH MAPHOCTH
KacaTelbHbIX HamnpsbkeHuil. CrnenoBaTeNbHO, HAa TPaHAX BBIICJICHHOTO JJIEMEHTA
MMEEM HE JIEBATh, a ILIECTh HE3aBUCHUMBIX KOMIIOHEHT HAINPSXKEHUH, MOCKOJBKY
KacaTeJIbHbIE HaNpsDKEHWs NomapHo paBHbl. TeH3op HanpsbkeHuid (4.8) sBisgercs
CUMMETPHUYHBIM.

AHanu3 HanpsH>KEHHOTO COCTOSIHUS B TOYKE HAUYMHAETCS BCETa C ONpeeIeHuUs
HaIpPsHKEHU Ha TPaHsAX BBIJICICHHOTO B OKPYXKHOCTU TOYKHU 3JieMeHTa. Uepes3 TouKy
MPOBOAUTCS TPU B3aUMHO MEPIECHIUKYJISIPHbIE TIOCKOCTH, OPHEHTAIUs KOTOPBIX
MOXET OBITh MPOM3BOJIBLHOM W YacTO OMpeAessieTcss 0oJjiee MPOCTHIM PaCYETOM
KOMIIOHEHT HaIPSKEHUMN.

Hanpumep, HanpskeHUE B TOJIE TOPHOM MOPOABI ONPEAEIISIEM CIIEAYIOIINM
oOpazoM. BrpiOMpaeM HEKOTOPYIO TOYKY, IOJOKEHHE KOTOpPOH OIpeenseM ¢
MIOMOUIBIO MPSIMOYTOJIBHOM CUCTEMBI KOOPAUHAT, HAYAJIOM KOTOPOUW CUMTAIOT TOUYKY
Ha rpaHulle ACHUCTBHS BHEMIHUX CUJI U TOPHOM mopoabl. Ock zZ HanpaBJeHa BHU3, OCh
y — CJIEBA HAIPaBO, OCh X — MEPIEHIUKYIJISIPHO K ocH Yy (puc. 4.5, a).

JI7g  OLEHKM CHKMMAeMOCTH TOPHOM TOPOAbI TMOJ JCWCTBUEM BHEIIHEU
Harpy3ku OOBIYHO PacCMaTPHUBAIOT TOPU3OHTAILHBIC M BEPTUKAIBHBIC TIOMAIKA. B
TaKOM CIlydyae pelieHue 3aJayd O CXKaTUU TOPHOM MOPOJbI B HEKOTOPOM TOYKE
CBOJIUTCS K PELICHUI0 O CXATUU 3aMEHSIONIET0 3Ty TOYKY SJIEMEHTapHOIrO
napajuielienuneaa, CTOPOHbI KOTOPOro NapauielibHbl OCH  KOOpPJWHAT, 4YTO
JOMYCTUMO B CUITY €r0 MaJIOCTH.

Hanpsbkenust B mopoaax MOTYT CO3/aBaThbCsl HE TOJIBKO JEHCTBUEM BHELIHUX
Harpy30K, HO U JApyruMH (QU3NUECKHUMHU TojisiMu. Hampumep, TepMuyeckue
HaIPsKEHUS BBI3BIBAIOTCS HEOJHOPOAHBIM HATPEBOM MOPOJ.
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Puc. 4.5. HanpsikeHHOE COCTOSIHME B TOUKE O TOJIIIIE TOPHON TOPObI

[Ipu u3MeHeHnun OpUEHTALMK TPAHEW BBIACICHHOTO JIEMEHTA WK, HHAYE, TTPU
MPOBEJCHUN PA3IMYHBIX IJIONMIAJ0K Yepe3 JaHHYIO TOUKY W3MEHSIIOTCS HANPSLKEHUS,
NeucTBytonme 1o 3TuM rpadsM. Cpean OECYMCICHHOTO MHOXECTBa ILIOMIAJIOK,
MPOXOJAIIMX Yepe3 JaHHYI TOUYKY, MUMEETCS TPU B3aUMHO MEPICHIUKYISIPHBIX
IJIOIIA/IKU, Ha KOTOPBIX KacaTelbHbIE HAINPSIKEHUS PaBHBI HYJH0. Takue Imiomajaku
HA3bIBAIOTCS  2NABHbIMU NIOWAOKAMU, A HOPMAJIbHbIE HAMNPSDKEHUS HA 3TUX
IJIONIA/IKAX — 2/IA8HbIMU Hanpsdcenusmu. I 1aBHbIe HaNpsKEHUsT 0003HAYAIOTCS G,
G,, O3 B IOpsAJIKe YOBIBaHUS B aJlreOpanvdecKOM CMBICIIE, T.€. G| > G, > Oy,

Ecnu o Bcem TpeM rpaHsam napasuiesienurneaa ASHCTBYeT TpU HANPSIKEHUS, TO
HaIPsHKEHHOE COCTOSIHUE Ha3bIBACTCSl 00bEMHBIM HIIM TPEXOCHBIM (puc. 4.6, a).

Ecnu Ha rpaHsx »ieMeHTa JEUCTBYIOT JiBa HalpsOKEHHS Gy, O, TO
HaIpPsHKEHHOE COCTOSIHME HAa3bIBACTCS TJIOCKUM WIIM JIBYXOCHBIM (puc. 4.6, 6). Eciau
Ha TpaHAX DdJIeMEHTa JEWCTBYIOT HaNpsDKEHUS C;, TO HAIpPsSHKEHHOE COCTOSHHUE
Ha3bIBAETCA JIMHEUHBIM WJIM OJJHOOCHBIM (puc. 4.6, B).

B nanpHelilieM npu MCCIEAOBAHUU HAMPSIKEHHOTO COCTOSIHUSI B TOYKE
HEO0OXOMMO OTPEAEIISATh TIIaBHbIC HAIPSHKCHUS, TOTOMY YTO pacyeThl HA IPOYHOCTH
MOCTPOCHBI HA OCHOBAHUU TJIABHBIX HAMPSHKECHUN.
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O, o)
-
O, O O,
A - -+ -T— ] T
Y ré dz
a[x*l l
a 0 B

Puc. 4.6. Buapl Hanpsi>KEHHBIX COCTOSIHUMN

PaccmoTpum HanpsKeHHs, BO3ZHUKAIOIIKWE B HAKIOHHBIX IUIOMIAAKAX IIPU
IJIOCKOM HANpsDKEHHOM COCTOSIHMK. [lo rpaHsM 3jieMeHTa JEHCTBYIOT TIUIABHBIE
HaIpsDKEHUS G; U G,. OnpezenseM HanpspKeHHs Ha IUIOLIAJKe, HOPMallb K KOTOPOM
COCTABIISECT YIOJI 0 C TOPU30HTAILHOM OChIO (puc. 4.7).

[IprMeHUM NpUHIMI HE3aBUCUMOCTH ACHUCTBHS CUJ (IPUHLUII CYIIEPIIO3ULIUN )
U Ha ocHoBaHuu ¢opmyn (4.7) ompenenuM HOpPMaldbHBIE W KacaTeIbHBIC
HaIpsKECHUS.

2 2
G, =01 €C0S O+ G,cos -(90+ )

T =2Lgin 20+ 22 sin2 - (90 + )
“@ 2 2 ;

90 +a

Puc. 4.7. IInockoe HanpsiKEHHOE COCTOSTHUE
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OTKyJla CIEAyeT

2 2
G(X, = Gl cos O + 62 sin o (4 10)

Gy -0, .
Ty = ——2 sin 20
5 :

[Tocne npeoOpazoBaHMil MOXKHO 3aMKCaTh

6, +0, A Gy — O,
= +
2

G, cos 2aL, (4.10, a)

C; — O,
Ty = ———2sin 2.
2

OTU  3aBUCUMOCTH  TPEACTABISIOT  ypaBHEHHE  OKPY)KHOCTH B
napameTpuueckod (Gopme B cucTeMe KOOpJMHAT G W T. Takum oOpa3om,
HAIPSHKEHHOE COCTOSTHUE B TOYKE MOXKHO TIPEACTaBUTH Tpaduuecku B BHUJC
OKPY>KHOCTH, KOOPAMHATHI TOYEK KOTOPOM ONpEACNSIOT HampsKEHUs Ha
COOTBETCTBYIOIIEH IUIOIIAIKE, a YTOJI 0. ONPEAEISET OPUEHTALMIO IUTOIAAKK. L{eHTp

0, +0,
OKPY>KHOCTH HaXOJUTCS HAa PaCCTOSIHUU B OT Hayajaa KOOpJIHMHAT IO OCH G.

)
Pannyc okpyx’HOCTH paBeH ——.

DTa OKpYKHOCTb HOCHT Ha3BaHHWE Kpyr Mopa uiaum KpyroBoll Auarpammoi
HaIpsKEHHOro cocTosiHus. Kaknmas mmomanka uMeeT KOOpIWHATBHI G, T. TOYKH,
COOTBETCTBYIOIIME JBYM B3aUMHO TMEPHEHAUKYJISPHBIM IUIOIIAJKaM, Ha Kpyre
HaIpPsHKEHUN pacloioKeHbl JUuaMeTpadibHO NPOTUBONOJIOKHO. Clie10BaTeIbHO, 3HAS
HaNpsDKEHHS. HA JIByX B3aMMHO NEPIECHAUKYJSPHBIX IUIOMIAAKAX MOYKHO MOCTPOUTH
OKpPYXHOCTb. KOOpAMHATBHI BEPTUKAIBHON IUIOIIAJAKH a (o1; 0), TOPU3OHTAIBHOMN

- 7777 (02 0).

B cucreme koopauHar 6y, T TOuka B cOOTBETCTBYET BEpTUKAIBHOM ILIOIIAJIKE,
touka C — ropu3oHTaIbHOM MUIoIaaAKe (puc.4.8).

Touka A COOTBETCTBYET IUIONIAJKE, HOPMaJIb K KOTOPOW PAaCIOJIOKEHA IO
YIJIOM O K TOpU3OHTaIM. JIJIsI OmpenesieHUs HampaBiICHUS HANPSKEHUU G, U T,
HaxoJUM Ha Kpyre HampsOKeHUM TOJIOC Kpyra, TOYKY, TJe IEepPEeCceKarTCs BCe
HOpMaJIM K TuIomaakamM. Haxoaum mosroc cieayomum o0pa3oM, B Touke B Hopmab
K IUIONIAJKE — TOpU3OHTalbHas JuHUS, B Touke C HOpMaidb K IUIOMIAAKE —
BepTUKaJbHA8 JIMHUS, OHM TMepecekaroTcs B Touke C, 3Ta TOuka M SIBIAETCS
noitocoM. CoenuuuB Touku A v C mpsiMOl, MOJIy4UM HalpaBJICHUE HANPSHKEHUS G
U COOTBETCTBEHHO T, (puc. 4.8).
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ta

2o

Puc. 4.8. Kpyroas auarpamMmma Harpsi>KeHHOTO COCTOSIHUS

Ecnu 3amaHpl miomankd OOMIEro IMOJOKEHHs, MO KOTOPBIM JCHCTBYIOT
HOpMAaJIbHbIE U KacaTeJbHbIE HaIpsHKEHUSs, ONpeaeisieMble MpU TOM WM HHOM
METO/IE pacyeTa, TO KOOPAMHATHI TOYEK, COOTBETCTBYIOIIMX BEPTUKAIBHBIM H
TOPU30HTAJIBHBIM IIJIOMIAJKAM COOTBETCTBEHHO a (Ox, Tyx), TOPH30HTAIBHOU
(oyt) 777 (puc. 4.9, a). JInsd nocTpoeHus Kpyra HaNpspKEHUH IPUMEM, 4TO B

G,+0,

JIAHHOM CIIy4ae Oy > Gy. LleHTp Kpyra MMeeT KOOpAMHATy — paauyc Kpyra

paBeH

['maBHBIM mIOMmIaIKaM COOTBETCTBYKOT TOYkM K m M, B 3Tux miomankax
JNEUCTBYIOT HAaUOOIBIINE U HAUMEHBIITUE HAMIPSKECHHUS.
Hanbomnpine 1 HauMEHBIITNE HANPSKEHUS PaBHbI

Gmax = 001 +01K = 001 +R’

Gmin :001 —OIM = 001 —R

[Tociie mOACTaHOBKYU OTPE3KOB IOJIYy4aeM
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6,+6,, [[0.-0O 2 ; (4.12)
=——% | —| +7
= A

Y
- i__’
GY Gx
‘ ¥x
GJ_
a Ty
0 D C K c
r'y ]
v 0 Ja
(s3
max
rx_r
6 S min
77, _/
ﬂcmin B
a.
: : M Ee) +G1- L& Tl 0
”~l 2 Bl 2 .
” O max -

(4.11)
Puc. 4.9. Kpyrosas nuarpamMmma HanpsiXKE€HHOTO COCTOSIHUS
HOCJIC IMOACTAHOBKHA OTpGSKOB nonyqaeM

G, +6 6.-0,) ; (4.12)

_ Yy + X y 2

Gmax - — +7 X
: 2 2 4
min

3aTeM 0003HAYaEM HAMPSKEHUS! COTJIACHO MPUHSTON 3aBUCUMOCTH G| > G, > Gy,

HaHpaBHCHI/IC T'JIaBHBIX HaprDKCHI/Iﬁ onpeacisICTCA Ha OCHOBAHUHA
3aBUCUMOCTH

27

yx

tq2o = — .
Oy — O,

(4.13)

HauGonpmme kacaTenbHbIe HAPSHKCHUS YUCIICHHO PABHBI PATHYCY
OKPYHOCTH HaIPsKECHUN



2
t = Omax “Omin _ [ OxTOy | 2 (4.14)

[Tpu ucnbiTaHuu 0OPA3OB MOPOJ HA MPOYHOCTh MPH PACTHKEHUU, CHKATUU
[oJIydaeM  JIMHEHHOE€  HampsDKEHHOe — cocTosiHue.  KpyroBele — auarpaMmel
HaIIpsKEHHBIX COCTOSTHUAMN IpeacTaBieHsl Ha puc. 4.10.

PaccMoTpuM  MOCTpO€HHE [HMarpaMmbl  HaOopsDKEHWM  id 0OOBEMHOTO
HaIPSHKEHHOTO COCTOSTHUS.

Jis miom@aAok mapaielbHBIX OCAM X, Y, Z CTpouM Kpyru Mopa
(puc.4.11).Kaxnoit Touke JHOOON OKPYKHOCTH COOTBETCTBYET OIpe/eeHHasI
iomaaka. OHaKko, TOUKH, pacloIOKEHHbIE Ha TPEX KPyrax HE MCUYEPIBIBAIOT BCETO
MHOXECTBA  IUIOIIAJOK, MPOXOMASIIMX  4Yepe3  3aJaHHyl0  TO4yKy. Toukw,
COOTBETCTBYIOIIME TUIONIAJKAaM, HE MapaieNbHbIM HU OJHOW M3 TJIABHBIX OCEH,
pacnoyioKEeHbl BHYTPU 3alITPUXOBAHHOTO KpUBOJMHEHHOro TpeyroipHuka ABC,
00pa30BaHHOTO TpeMsl COBMELICHHBIMU Kpyramu Mopa (puc. 4.12).

Haubonpmme kacaTenbHbIe HATPSHKCHUS PaBHBI PAJANYCy HAMOOJBIIETO Kpyra

6, — O3
Tmax = 2 :

(4.15)

Puc. 4.10. Kpyrosas
Y | o ayarpaMMa  HanpspKeHHOTO

COCTOSIHUS TIPH PACTSHKCHUU
" (a) u mpu cxkatuu (0)

P ACCMOTpPHUM €IIC OJJHO HAIIPAKCHHOC COCTOAHUEC, KOTOPOC MOKCET BOSHUKATL B
HCCIICAYCMOM TCJIC, ITIOPOAHOM MACCHUBC, IIPU HUCIIBITAHWHU Ha CPC3. Ecau no I'paHsiAM
9JICMCHTA, BBIPC3aHHOI'O BOKPYI' TOYKH, ,IICﬁCTBYI-OT TOJIBKO KaCaTCJIbHBIC

HaIpsDKCHUS, TO TaKO€ HAIpPSKEHHOE COCTOSHHE HA3bIBAETCS YHUCTBIM CIABUTOM
(puc. 4.13).
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Puc. 4.12. Kpyrosas nuarpamMmma HanpspKeHUH 17151 00BeMHOT0 HAIPSDKEHHOTO
COCTOSIHUSA

I .__.h.r
! I
:: lﬁifhﬁfff?nﬁ
V-~ o/ /

-

Puc. 4.13. YnucTteiil ciBuUrT

[Ipu pmeiicTBUM  KacaTeIbHBIX HAMPSHKECHUH  DJIEMEHT  AehOpMHPYETCS
(puc. 4.13, 6), BepTUKAJIbHBIC TPAHU MOBOPAYMBAIOTCS HA yroJ Y, 3TOT yroj eie
Ha3BIBAIOT )210801 dedhopmayuell.

3akoH ['yka rpu caBUre UMEET BUJT

T=1G (4.16)
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rne G — Monyns casura,

E

['maBHBIE HaIpaBJICHUS PACIIOJIOXKEHBI IMOJ YIJIOM 0O = 45° u paBHBI G| = T;
0,=0;03=-T1.

['paduaeckoe mpencTaBieHne TOTO HAIMPSKEHHOTO COCTOSIHUSI (KOOPIHHATHI
TOYEK COOTBETCTBYIOIIMX IJIOLIATOK ﬂ ©0; - 1v), 777 (0; 1)) nano Ha puc. 4.14.
[lomtoc kpyra HaxoAUTCSs B TOYke B, HampaBlieHHE TJaBHBIX HaNPSKEHUI
onpenensercsa npssmeiMu BC u B/I.

[Ipy OOBEMHOM  HANpPSHKEHHOM  COCTOSIHUM  MEXKAY  KOMIIOHEHTaMH
HAMPSHKEHHOTO W 1Ie(OPMUPOBAHHOTO COCTOSIHHSI CYIIECTBYET —OIPEACIICHHAS
3aBUCUMOCTh. B mpemenax wManbix gegopManuii 3Ta 3aBHCHUMOCTH  SIBJISICTCS
JUHEWHOM M HOCUT Ha3BaHHMEe 0000meHHoro 3akoHa ['yka. Haumbonee mnpoctyto
dbopmy 000011eHHBIN 3aK0H ['yKa mprUHUMAET JJI1 U30TPOITHOTO Tejla, B 3TOM Cliydae
KO3(PUIIMEHT TNPONOPIHOHAIBHOCTH MEXIYy KOMIIOHEHTAMU HAIpPsSKEHHOTO |
ne(OopMUPOBAHHOTO COCTOSIHUM HE 3aBUCST OT OPUEHTAIIMKM OCEH B TOUKE.

Puc. 4.14. KpyroBasi quarpaMmma rpy YACTOM CIABUTE

UtoOBl MOJYYUTh aHATUTHYECKOE BBIpakKeHHUE 0000IIeHHOTO 3akoHa ['yka,
HEOOXOJMMO BOCIIOJIb30BAaThCS  IPUHIMIIOM HE3aBUCHUMOCTH  JICUCTBUS  CHJI.
Jluneiinpie nedopManMy B HAMNpaBJICHUW JACHCTBHE HANPSHKEHUH G, Gp, O3
OTIpeACIIAIOTCA M0 PopMyIam

1
€ =E[61 - K- (o, +63)],
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1
e, =0z (o5 + 0y, (4.18)

1
€3 =E[G3 -1 (o, +02)]-

JIJist OTIEHKH OMMACHOCTH HANPSDKEHHOTO COCTOSIHHSI HEOOXOAMMO OMPEISTHUTh
HOMEHYUANbHYI0 Hepeuto oegpopmayuy Tpu 0OBEMHOM HAIPSHKEHHOM COCTOSTHHH.
[ToTenmuanpHas SHEPrusi, HAKOIJICHHAs B DJJEMEHTAPHOM OOBEMe, OMpeAeNsIeTCs
CyMMOM paboT CWJI, pacIpenesieHHbIX 10 MMOBEPXHOCTH 3TOro oOveMa. HopmanbHas
cuna o, dy, dz (puc. 4.6, a) Ha nepeMeleHun €; dX coBepiaet padoTy

% 61 ddeSldx .

AHaoOTUYHBIE BBIpOXKEHHS pabOT MAlOT U OCTAJIbHBIE HOPMAaJbHbBIC
cocTaBysitone. Ecnu MOTeHNMANbHYI0 DHEPTUI0 OTHECTH K CAMHHUIIE o0Bhema ¢
ydeToM BbIpakeHHi (4.13), TO MONYyYUM YICIbHYH IMOTCHIHAIBHYIO DSHEPTHIO
nedopmanuu

U :i'[ﬁf +G§ +c5§ —2U- (0,0, + 0,03 +(53(51)]. (4.19)

[Tonmyunm BbIpaKeHUs! AJis TaK Ha3bIBAEMOW JHEPrHM WU3MEHEHUs: (GOpMbl U
PHEPruM U3MEHEHHUS 00beMa. DTH BBIpAXKEHUS NMOTPEOYIOTCS B JaJIbHEUIIEM MpH
M3Y4YEHUU BOIMPOCOB, CBSI3aHHBIX C IUIACTUYECKUMU JlepopManusiMu U NpeaeIbHbIMU
HaIpPsHKEHHBIMH COCTOSTHUSIMU.

Jlenenrie BHYTpEHHEH MMOTEHIMAJIbHOW DJHEPruM Ha JBE YKa3aHHBIC
COCTABJIAIOIIUE SIBJISIETCS. YCIOBHBIM U BBITIOJHSETCA 10 CIAEAYIOUIEMY TPUHIIUITY.

Kaxxmoe u3 ri1aBHBIX HANPSDKEHUM MPEICTaBIIsIEM B BHIE CYMMBI IBYX BEITUYHH
(puc. 4.15)

G, =Gy +06|; G, =G, +Gh; G3 =G, + O3, (4.20)

B Pe3yJIbTaTe YETO HANPSKEHHOE COCTOSIHUE pasensiercs Ha ABa. [lepBoe
HaMpsHKEHHOE COCTOSIHUE MPECTABIsET cO00M BCECTOPOHHEE PACTKEHHE

o, :W’ (4.21)

a BTOPOC ABJIAACTCA JOIMOJHCHUCM K HCMY A0 3a/ITaHHOT'O HAIIPAKCHHOI'O COCTOAHMA.
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Puc. 4.15. IlpencraBnenue HanpsHKEHHOTO COCTOSTHUS

HpI/I YKa3aHHOM YCJIOBHUM CHUCTEMaA CHJI IICPBOTO HAIIPAKCHHOI'O COCTOAHUA
(00) HC IIPpOU3BOIUT pa6OTBI Ha IICPpEMCUICHUAX, BBI3BAHHBIX CHJIIAMH BTOPOI'O
COoCTOSIHMS. TOYHO Tak K€ M CHJIbI BTOPOro HAIIPAKCHHOI'O COCTOAHHA HC
IMPOU3BOIAT pa6OTBI Ha IICPCMCIICHHUAX IICPBOTO.

n BHYTPCHHAA SHCPIUA p8,36I/IBaCTCH Ha JABC YaCTH, COOTBCTCTBYIOIIUC IBYM
HaIIPAKCHHBIM COCTOAHUAM

U=Ug, + Uy

rne Uy — MOTeHIMAanbHas S3HEPrus n3MeHeHus oobema; Uy — MOTeHInanbHas
SHEPrus u3MeHeHus: (HOPMbI, WU SHEPTUst HOPMOU3IMEHEHUS.

[ToncraBnas 3Ha4YeHUs] HaNpspKeHUW B ypaBHeHue (4.14), momydaem s
NIEPBOT0 HANPSHKEHHOT'O COCTOSTHUS

1-2-pu
U, = 6,+6G,+0
06 GE (o 2 3) (4.22)
JJIA BTOpOFO HaHpH)KeHHOFO COCTOSAHUA
1+ 2 2 2
= GEM ‘| (67 —03) +(06; —03) +(03 —0y) (4.23)

Hpe,IICTaBJICHHBIG BBIIIC 3aBUCHUMOCTH IINUPOKO HUCIIOJBb3YIOTCA B pvaeTHOﬁ
IMPAKTHUKC.

4.3. Teopuu MPOYHOCTH MOPOJ
[IpodHOCTH TOPOMABI OMPEACISICTCS] BEIMUYMHON KPUTHYECKUX HAMPSHKEHUH,

IpU KOTOPBIX MPOUCXOIUT €€ pa3pylieHne. DTH HANPSHKEHUS Pa3iInydHbl Ui pa3HbIX
IOpOJ M Pa3HbIX CHOCOOOB MpUIIOKEHUS Harpy3ku. OHU Ha3bIBAIOTCS npeoensl
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npounocmu (8pemenHoe conpomuenenue). PaznuyaroT npenenasl IPOYHOCTH HOPOA
IIPU CHKATUU Gpe, PACTSIKEHUHN Opp, CIIBUTE Ty,

Pazpymenne — 3TO paspbeiB CBA3€M MEXAY aTOMaMu B KPUCTAUIMYECKOU
pEeIIeTKe.

Kak nokasbIBaroT pacuersl, Mpeaeia NIPOUYHOCTU NPU PACTSIKEHUU TOJKEH ObITh
pasen 10" MITa.

OpnHako B CBA3M C T€M, UTO peasibHbIE Tella 00J1aJal0T MHOKECTBOM J1€(PEKTOB,
3HAYEHUs1 IMpeJena MNPOYHOCTH B COTHU ThICSY pPa3 MEHBUIE TEOPETHUYECKOTO
3HAYECHUSI.

HedekTsl MOTyT OBITh pa3iuuHble. B KpucTaiie — 3To ToueuHble (BaKaHCUU) U
JMHEWHbIE (AUCIOKALlMA) HMCKaXEHUE KPUCTAIMYECKOW pemieTku. B mopoae —
IpaHullbl 3epeH (IMIOCKOCTHBIE) W TOpbl (00BEMHBIE HCKaKEHUS) W HAPYIICHUS
CTPOCHUS TOPOIbI.

B 3aBucumocTy oT Macmtaba pa3pyiieHus: Moposl MpeoOIagaroT T€ WA UHBIE
e eKTHI.

CymiecTByeT HECKOJIBKO MaciuTaboB  (ypOBHEH) pa3pyllieHus MOpOoj.
Merackonuyeckuil ypoBEHb pa3pylIeHUsT XapaKTepeH JJis B3pPbIBAHUS MAaCCHUBOB
opoj, CIBIKCHWM u 00BajoB uXx. B ToM ciydae Hambosiee CHIBHO Ha
pa3pylIaeMOCTH CKa3bIBAKOTCS KPYITHBIE TPEIINHBI.

bonee Menkue TpelmIMHBI, NOpPbI, KOHTAaKThl MEXAY arperaramu 3€peH
NPEAONPENEIIACT PA3PYLICHUE MAKPOCKONUYeckoe — BBIEMOYHBIMM arperaramu
(3KCKaBaTOpaMu, KoMOaitHaMu ), OypOBBIMU HHCTPYMEHTAMH.

Mukpockonuueckuti ypogenb pPa3pylIeHUs XapakTepeH Uil HU3MEJIbUYCHUS
MOJIE3HBIX MCKOMAEMBIX B MEJIbHHUIIAX M, YACTUYHO, NMpU OypeHuu ckBakuH. Ha 3Toii
CTaIuyd TPOUCXOOUT pa3pblB CBs3eM B KpUCTAUlax M 3epHax. llpu sTom
CYIIIECTBEHHYIO POJIb UTPAIOT JTUCIOKAIIMU U BAKAHCHH.

Pa3pymienne nopon nMeer OO0 XpYINKHid, TUOO TUIACTUYHBINA Xapaktep. [Ipu
XPYIKOM Pa3pylIeHUU MPOUCXOIUT OTPHIB aTOMOB JAPYT OT JApyra Mo BCEH MIOCKOCTH
pa3pyIIeHusi, Ha 9TO TPEOYIOTCs OONBIIHME YCUITHS, YeM MPHU TUTACTHICCKOM.

Menkue TpelmUHbl, TOPbI, HEOJHOPOJHOCTH, IIJIOCKOCTH OCJIA0JICHUS
MIPEIONPEACISIOT MPEOoOIaIaloMUid XPYIIKUI XapakTep pa3pylieHUus TOPHBIX MOPOI,
MO3TOMY MEXAaHM3M HUX pa3pylLICHUS MOXET OBbITb OMUCAH TOCPEJICTBOM Hieopuu
XPYNK020 pa3pyuieHus, COTJIIACHO KOTOPOW pelIaroulee 3HAYeHHWE ISl Hadajia
pa3pylIeHHs] UMEIOT KPUTUYECKUE TPEIIMHBI B 00beMe TBEPIOTO Tea.

Ha «kpasx tpeuuHbl OOBIYHO BO3HHUKAIOT HANpPsDKEHHS, 3HAYUTEIBHO
MPEBBIIAIOIINE CPEAHUE HAMPSHKEHUS G. JTO SBJICHUE HA3BIBACTCS KOHLIEHTPALIUEN
HanpsbkeHuil. Tak, npu nuMHE TpeluHbl 2/ U paanyce €€ 3aKperuieHUs Ha KOHLE T
(puc. 4.16) HanpsKEHUS HA KParo TPEIIUHBI PaBHBI

1 /
6 =20 ,/—
r
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Puc. 4.16. KoHnieHTpanuys HanpsKeHUH Ha KpasX TPEIIUHbI JUIMHOM 2€ U ¢ painycoM
3aKPYTJICHHUS I (4HCIIA YKA3bIBAIOT KPATHOCTH IIPEBBIMICHHS HANPSDKCHHUI G' HaJl G):

a — IIPYU HArpy>KEHUU NEPIECHINKYJIIPHO TPELIUHE;

0 — npu Harpy>KEHUU NapaieabHO €.

Kak Tonmpko HampsikeHue 6 JOCTHrHET OTIPE/ICJICHHOTO 3HAYCHUS, TPEIIuHa
HayHET pa3BHBATHCS, MPEOJOJIeBass MPH ATOM MOJICKYJISIPHBIC CHJIBI CLETUICHHS
(mpousBos paboTy W, MpONOPIMOHAIBHYIO yAEIBHON MOBEPXHOCTHOM DHEPTUH €
JIAHHOTO TeJIa)

W, = ¢/ - e,

rae ¢l — mioniaab IByX NOBEPXHOCTEHN TPEUIMHBI, IPUXOAAIIASACSA HA €AUHUILY
MOMNEPEYHOr0 pazMepa Mopobl.

VYupyras 3Heprus, 3amnaceHHas B MOPOJE B pe3yjbTaTe JEWCTBHS BHEIIHEH
Harpy3Ku U HeoOXxoaumast sl 00pa30BaHus TPEIUHBI

2 2
Wg=on/ /E> (4.24)
Tpemuna Oyner pacTu, eciiu
dW dwW,
E>="S (4.25)
d/ d/

Orcronia mpeaest IPOYHOCTH NPU PACTSIKEHUU

Gyp = 2Elg /L. (4.26)
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[Ipn npeucTBHM CXKUMAIOLIEH HArpy3KH TPEIIMHBI CMBIKAlOTCS MW Ha MX
IIOBEPXHOCTH MOSIBISAIOTCA CUJBl TpeHUs. B TOM ciydae mpenen NmpoOYyHOCTH Ha
ckaTue Ooublle Mpezeaa NPOYHOCTH NPH PACTSKEHUH Oy > Op, U MX OTHOIICHHE
NOAYMHAETCS YPABHEHUIO

Cpuc 4

2 , 4.27
Oo V1+tq ¢ —tqo @20

rae  tqe — koaddunreHT BHyTpeHHero Tpenus (tqe = 0,2...2).

Hanpumep, 1 rpanuTa 6, = 141 Mlla, 6,, = 11 MI]a, Ose _ 13, mecyannka
Cpp
KBapIIEBOIo Gy, = 164 Mlla, c,, = 6,6 MIIa, One _ 26.
c

Bp

Ha ocHOBanuu Teopun Xpynkoro pazpyueHus nojry4yaeMm Ose =(5...17), uTo B psne
Cyp

ClIy4aeB OJIM3KO K 3HAUEHHSIM, IOJYyYEHHBIM 3KCIIEPUMEHTAIBHO.

Kunemuueckasa (mepmogaykmyayuonnan) meopus paspyuieHus TBEPIbIX
Ten, paspaboranHas akaaemukoM C.H. JXXypkoBbIM mnocTpoeHa Ha TOM, YTO
pa3pylIeHHEe B HEKOTOPOM 30HE HE SIBJISETCS KAKUM-TO KPUTHYECKUM COCTOSIHUEM
Tena. B cOOTBETCTBUU C 3TOM TEOPHUEN B TBEPABIX TEJIAX HEMPEPBIBHO UIET MPOLECC
HAKOIUJIEHUS MTOBPEXICHHUM, KOTOPOE IMPUBOIUT K IIOJHOMY Pa3pyLIECHUIO Tell. Bpems
CyLIECTBOBAHMUS Teja IIPU JEHWCTBHMM HArpy3Kd B HE pa3pyLICHHOM COCTOSIHMM

onpeeNseTcs o ciueayole gopmye

(U, —oV)

4.28
T (4.28)

t =t exp-

rae  t, — KOHCTaHTa, COBIAJIAIOIIAS IO MOPSAKY C MEPUOAOM KOJIEOAHHII aTOMOB H
HE 3aBUCAIIAs OT XMMHYECKOTO COCTABa M CTPYKTYphI Tena (t,=~10"c); U, — sHeprus
AKTUBALlMHA TPOLECCA Pa3pyLICHUS, CTPYKTYPHO-HEUYBCTBUTEIIbHAS BEJIMYMHA (JJIA
rpanuroB U, = 2.9 107" JIx; nost kBapuutoB U, = 5,8 107" JIx); V — aKkTUBaLIMOHHBIN
00beM, 3aBUCSIIMI OT CTPYKTYPHI Tela M COCTaBIISIOIIHIA 10°...10" aTomubIx
obbemoB (mist rpanutoB V = 1,5 107 M3, I KBApLUTOB V = 1,9-10'27 M3);
kT — mepa sneprum TernoBbiX (aykryanuii; k — moctosnnas bonsimana k = 1,38 -
10 Ix/x; T — aGcommoTHAs TeMIIepaTypa Tela.
[Ipenen npoYHOCTH NIPU PACTSKEHUN PABEH

_ (U0 — KT/nt/ to) : (429)
Bp V

(6
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T.€. TPEeAea MPOYHOCTH 3aBHCUT OT mapameTpoB U, m V, temmeparypsl Tena H
JUTATEIIbHOCTU JCUCTBUS HA HETO HATPY3KH.

OKCIEpUMEHThI, TPOBEJCHHBIE HA MOPOAAaX, MOATBEPKIAIOT CHIKCHUE
MIPOYHOCTH C YBEJIMYEHUEM JUIUTEIBHOCTH AEUCTBUS HArpy3ku (puc. 4.17).

ALG

&6C

Puc. 4.17. KpuBble JyiuTeIbHON MPOYHOCTH TlecuaHucToro cianima Jlondacca (1)
1 M3BECTHsKA (2)

[IpoyHOCTH MOPOA, COOTBETCTBYIOIIAS TOW WJIM WHOW JJIUTEIIBHOCTU AEUCTBUSA
Harpy3KH, Ha3bIBACTCS UX OIUMENbHOU NPOUYHOCBIO Gy C yYBEIMYEHUEM BPEMEHH
JNEWCTBUS HArpy3Kd BeEJIMYMHA JUIMTEIBHOM IPOYHOCTH Oy, NAJNAET II0 KPHUBOM,
ACUMMETPUYECKA MNPUOMMKASICh K  HEKOTOPOMY  MpPEACIbHOMY  3HAUYEHUIO,
Ha3bIBAEMOMY npedeiom OIUmenvHou npoYHocmu G.,. llpenen anutensHOM
MIPOYHOCTH JIJI1 MHOTUX MOPOJI PaBeH G, = (0,7...0,8) oy.

JIns OLEHKM NMPOYHOCTH TOPHBIX MOPOJ B CIy4Yae CIOKHOTO HAIPSKEHHOIO
COCTOSIHUSA MCIIOJB3YIOT KPUTEPHUH, MO3BOJISIOIINE 3aMEHUTh CII0KHOE HAMPSHKEHHOE
COCTOSIHUE€ OIHOOCHBIM HAINpPSKEHHBIM COCTOSIHHEM, JJISI KOTOPOrO TpPEIeIIbl
MPOYHOCTH MOTYT OBITh ONpEAENEHbl MyTeM TEOPETHUECKUX HMCCIEIOBaHUM, JIHOO
MyTEM DKCIIEPUMEHTA.

["opHbIE MOPOBI B MOJABISAIONIEM OOJIBIIMHCTBE MOXKHO OTHECTH K XPYIKHM,
MOATOMY TIPU pacyueTax MOXKHO HCHoJIb30BaTh Teoputo Cen-Benana (2 Teopus
MPOYHOCTH) — MEOPUI0 HAUGONLWUX JTUHEHHbIX depopmayuii. Eciiu Hanbonbiias
auHelHas nedopmarus IOCTUTIIA TPEACTbHOTO 3HAYEHUS, TO HAIPSIKEHHOE
COCTOSIHUE CUMUTACTCS OMACHBIM.

I
Cops = 01 —lL (0 +03) =Gy (4.30)
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rae | — ko3pdunuent Ilyaccona.

JUis OUEHKM pa3pylIieHUs IUIACTHYHBIX MOXHO TIPUMEHSTH Meopuio
Haubonvwux KacamenvHvlx Hanpaxcenuii (teopust Kynona; Tperbs Teopus
IIPOYHOCTH).

HanpsokeHHOe  COCTOSSHME — CUMTAETCs  OMAcHbIM, €CIM  HaumOOJbIINe
KacaTelbHbIE HAPSIKEHUS! IOCTUIIIM MIPEAETIBHOTO 3HAUEHUSI.

III
Oye =01 — O3 < an 4.31)

OKclepuMeHTallbHass TpPOBEpPKa H3TOM THUMOTE3bl MOKas3aja, 4YTo JJis
IUTACTUYHBIX MAaTepHaIOB OHAa MPHUBOJUT, B O0OIIEM, K YJOBJIETBOPUTEIHHBIM
pesynpTaTam. [lepexoa OT ynpyroro cOCTOSHUS K MJIACTUYECKOMY JIEHCTBUTENBHO C
JIOCTaTOYHOM TOYHOCTBIO OTMPEACNACTCS Pa3HOCTBIO MEXKIy HAuOOJBIIUM H
HAaUMEHBIIUM W3 TJIABHBIX HAIpPsDKEHUH W Cl1ab0 3aBUCHUT OT MPOMEKYTOYHOTO
[JIABHOTO HampsikeHUs: o,. HaloxkeHue BCECTOPOHHEro [JaBieHUsT Ha Jro0oe
HaIMpsHKEHHOE COCTOSIHUE HE MEHSET BEJIMYMHBI HauOOJBIIMX KacaTellbHbIX
HAMpPSOKEHUN Ty U, CIEAOBATENIbHO, HE OKAa3bIBAaCT BIUSHUE HAa BO3HUKHOBEHHE
miacTuueckux naedopmanuil. B 4acTHOCTH, TIpU BCECTOPOHHEM THAPOCTATHYECKOM
JABJICHUU Ty, OOpalaeTcs B HyJb, CIEJ0OBATEIbHO, B MaTepHalie HE BO3HUKAIOT
mactudeckue nedopmanuu. HanokeHue BCECTOPOHHETO aBIICHMs BIMSET HE Ha
yCIOBUE TIUIACTUYHOCTH, a Ha YCIOBUS pa3pylleHusa. ['paHuma paspylieHHs
OTOABHUTAETCS, W  MaTepual  NpHOOpeTaeT  CIOCOOHOCTh  IJIACTHUYECKU
nedopMupoBaTbes 0€3 pa3pylieHHs, YTO OOBSICHSIET MOBEACHUE TOPHBIX MOPOJ MPH
OTIpEe/ICNICHHBIX YCIOBHSIX.

PaccmoTpuM suepzemuueckyro meopuio npounocmu (4 meopus npounocmu)
[IpencraBum HampspkeHHOe coctosiHue (puc. 4.15)B BHIE ABYX HaIpSKEHHBIX

. 0, +0, +0;
COCTOSIHUH: BCECTOPOHHEE pacTsbKeHue, riae O, = 3 U BO BTOpPOM
HaIpPsHKEHHOM COCTOSIHUU, TJI€ 10 TPaHAM 3JIEMEHTa JCHCTBYIOT HAIPSKEHUS G| — O,
Gy — Oy, O3 — Op.

[lepBoe HampsKEHHOE COCTOSIHME BBI3BIBAET U3MEHEHHE 00beMa deMeHTa 0e3
n3MeHeHus: ¢popmel (Ky0 70 nedopmariuu ocTaeTcs KyOoM W mocie jaedopmalun),
BTOPOE HAMNPSKEHHOE COCTOSIHME BBI3BIBAET M3MEHEHHE QopMbl 3neMeHTa (KyO
npeBpalaeTcs B napasienenumen) 0e3 u3MeHeHus oobema.

HampsikeHHOE ~ COCTOSIHME ~ CUMTAETCs  OMAacHbIM,  €CJIM  y/eJibHas
NOTEHIUAaIbHAsI SHEPTUs U3MEHEHUs (POPMBI TOCTUTIIA MTPEIETBLHOTO 3HAUCHUSI.

OKBHUBAJICHTHBIE HAMIPSHKEHUS OMPEIENSIOTCS 10 hopMyIie

v 1 \/ 2 2 2
Oskn =$' (6, —03) +(0,-03) +(03-0y) = Ogp (4.32)
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Ora Teopus XOpOLIO corjacyercs ¢ dkcrnepumeHToM. Kpome Toro,
IIEPECTaHOBKA MECTaMM HHJEKCOB HaIpsHKEHUU 1, 2, 3 B BBIpAKEHUM HE MEHSET
BEJINYMHBI YKBUBAJICHTHBIX HAIIPS)KCHUM.

K Bompocy IpoOYHOCTH, COIIacHO meopuu npouynocmu Mopa, MOXHO
INOAOWTHM M C JPYIMX IIO3UIUH — C MO3ULUMKM YIPOIIEHHOW CHUCTEMaTU3ALUU
DKCIIEPUMEHTAJIbHBIX JaHHBIX.

JUis XpYNKHUX TeJl, K KOTOPbIM OTHOCSTCS CTEKJIO, OETOH, FOpHBIE IOPOJBI,
KpUTEpUN pa3pyLIeHHUs] MOXKET ObITh CHOPMYJIUPOBAH B NPUHIMUIE TaK XKe, KaK U
KPUTEPHUH IUIACTUYHOCTH, B BUJE HEKOTOPOI'O0 COOTHOLIEHUS MEXIy KOMIIOHEHTAMH
TEH30pa HalpPsLKCHUM

R-(c-i-j)=0. (4.33)

Ecru R-(0-i-j)<0, To Marepuan He pazpymaercs. [Ipu BbImosHEeHUH

ycnoBus (4.33) XoTs Obl B OJTHON TOYKE — MIPOUCXOJIUT JIOKaJIbHOE paspyiieHue. [lon
JIOKaJIbHBIM pa3pylIeHUEM MOHUMAIOT MO0 pa3phiB, pa3pyIlIeHUE U CPe3 HEKOTOPHIX
CTPYKTYPHBIX 3JIEMEHTOB, JTUOO MOSIBJIECHUE 3apOJIbIIIEBON TPEIINHBI WA CIUSHUE C
TPEIIMHAMH, BO3HUKIIMMH B COCEAHUX TOYKaX, IZI€ BBINOJHIETCA ycioBue (4.33).
O6nacTy  JIOKAIBHOTO  pa3pyllICHHs]  CIY>KUT  HMCTOYHUKOM  KOHIEHTpALUH
HaIpsHKEHU, TO3TOMY BEPOATHO HCMOJIb30BAHUE HOBBIX OYaroB pPa3pylICHHsS IO
COCE/ICTBY C YK€ BO3HHUKIIUMH.

VYcnosue Mopa: paspylieHHe TPOUCXOIUT TOTrAa, KOrja Ha HEKOTOpOM
IUIOIIAJKEe BEJIMYMHA KacaTeIbHOTO  HAMpSKEHUS JIOCTUTAeT KPUTUUYECKOIo
3HAUEHMsI, 3aBUCUMO OT JCHCTBYIOIIET0 Ha OTOM IUIOMIAJKE HOPMAJIBHOTO
HaIpsHKEHUS

T, =f (0,)- (4.34)

Oto ycinoBue (4.34) HeoOXOAMMO 3amucaTh B 3aBUCHUMOCTH OT TJIABHBIX
HanpspkeHuil.  JIs  3TOro  BOCHOJIB3YEeMCsSl TE€OMETPUYECKUM  IPECTaBICHHUEM
HaIpPsOKEHHOTO COCTOSTHUSI B BHJEC KpPyroBou aumarpammbel Mopa. Ilpu oO6bemHOM
HaIpPsOKCHHOM COCTOSIHMM, C YY4E€TOM MPHUHATBIX 0003HAYCHUH, MOXXHO IOCTPOUTH
TpHU OKpYykHOCTH Mopa (puc. 4.18).

Touka, COOTBETCTBYIOIIAS OINPEICICHHOMY HAIpPS)KEHHOMY COCTOSIHUIO, C
KOOpPAUHATAMH G, T, JISKUT B 3alITPUXOBAHHOM OOJACTH, T.€. HE MOXET BBIINTHU 3a
npezensbl 00NbIIOT0 KPyra, MOCTPOEHHOTO HAa HANPSKEHUSAX Gy U O
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Puc. 4.18. Kpyrosas auarpamma jjisi 00eMHOTO HANPSDKEHHOTO COCTOSTHUS

[Ipennosioxkum, 4TO MBI paCHONaraéM HMCHbITATEIbHOM MAIIMHOM, HA KOTOPOU
B o0Opa3lle MOXHO CO3/laBaTb  JIIOOble  HANpsDKEHHBIE  COCTOSHUSA — C
IPOMOPIIMOHAILHBIM ~ M3MEHEHHEM BCEX KOMIIOHEHT. BribepeM HekoTopoe
HaIpsHKEHHOE COCTOSTHUE U OyJleM OJAHOBPEMEHHO YBEIMYMBATh BCE KOMITOHEHTHI.
[Ipy HEKOTOpPBIX 3HAYEHUSAX HANPSHKEHUM HANPSHKEHHOE COCTOSIHUE CTaHET
npenenbHbiM. OOpaszen; MO0 pa3pymurcs, JU00 B HEM BO3ZHUKHYT IUIACTHYECKHE
nedopmaruun. Hauweptum oauH w3 HauOosblIMX KpyroB Mopa st 3TOro
HaIpsKEHHOTo cocTostHus (Kpyr 1, puc. 4.19).

Ha oOpa3sne u3 Toro ’ke marepuana MPOBOJUM HMCHBITAHUE TPU JIPYroM
HAIPSHKEHHOM COCTOSIHUM, TOOMBAEMCs, YTO HAMPSHKEHHOE COCTOSHHUE CTAHOBSITCS
npeaensHbIM (KpyT 2, puc. 4.19).

B pesynprare ucnpitaHui moJiy4aeM ceMENCTBO KpyroB Mopa [uist pa3IMuHbIX
npeAeiabHbIX COCTOSHUN. BbluepkrBaeM uxX o0O0HIyl0 OruOamIlyl0 KpPUBYK. ITa
orubarommas KprBasi SBISICTCS €IUHCTBEHHOW, HE3aBUCUMO OT TJIABHBIX HATPSHKCHHM
G,. DTO OCHOBHOE JIONYILIEHHUE B 3TOM TEOPUU IPOYHOCTH.

dopma orubaroniel MpenesbHBIX KpyroB Mopa 3aBHCUT OT CBOMCTB
Marepuajia M SBISETCI MEXaHMYECKOM XapaKTepuCTHKOW Mmarepuana. I[IpoBepka
MPOYHOCTH MPOBOJUTCA AOCTATOYHO NPOCTO. EciuM OKpY>KHOCTh OOJBIIOrO Kpyra
Mopa He kacaercs NpeAeiibHOM KPUBOW, pa3pylIeHHE HE mpouszonner. Eciu kpyr
Mopa kocHeTcst orudaronieit KpuBoil, To MPOUCXOIUT JOKAIbHOE pa3pyIlIeHHUE.

YacTo MpoOBOAAT  UCIBITAHWS  HA  PAcTSHKEHHE,  CXKATHUE,  CTPOSIT
anmpOKCUMUPYIOIIYIO MPEAebHYI0 OruOaronlylo B BHJIE KacaTellbHOW K JIByM
OKPYXHOCTSIM U TOTJIa YCJIOBHUE NPOYHOCTH TPUHUMAET BU/T

"G3 = Oy, (4.35)
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I€ Oy, — BDEMEHHOE CONPOTHUBIICHHUE (TIPEAEN IPOYHOCTH) IIPU PACTIIKEHUU,
Opc — BPEMEHHOE CONIPOTHUBJIECHUE (IIPEAEN IPOYHOCTH) MPH CHKATHUH.

Vq

Puc. 4.19. Orubaronias kpuBas

OCHOBHOE OrpaHMYEHHE, KOTOPOE HAKJIAAbIBAECTCS HA INPUMEHEHHUE TEOPUHU
Mopa, cBSI3aHO C HETOYHOCTBIO OIpENETeHHs Orudarolell KpUBOW B YCIOBUSAX
BCECTOPOHHETO PACTSIKEHUS. JTO OTPAHUYECHHE HE CTOJIb CYIIECTBEHHO, ITOCKOJIBKY
HaIIpSDKEHHOE  COCTOSIHME TAaKOIO0 poJa IIPA  PEIICHWM IPAKTUYECKMX —3a1a4
BCTpedaeTcs peako. HemocTtarouHo W3BECTEH B OTHOAIONICH KPUBOM B 00JIacTH
BCECTOPOHHETO CXaTUSA. 31ECh BCIEICTBHE NPHUHATHIX YIPOIIEHUH BO3MOKHBI
norpemHoctd. Hawmnydmume pesynbratel pacueTHas ¢opmyna (4.35) maer ans
HanpspKEHHbIX cocTositHu mipu 6; > 0, o3 < 0. Torma mpenensublii kpyr Mopa
pacrnoJiaraeTcsi B MHTEpBAJE€ MEXAY MNPEACIbHbIMH KPYyraMH MpPHU PACTSHKEHUH U
CXKaTHUH.

[Tonxon Mopa Xxopow TeM, 4YTO TO3BOJSAET OOBACHUTH OTHOCUTENIBHYIO
YCIIOBHOCTB JICJICHHSI MaTEPUAJIOB Ha IUIACTUYHBIE U XPYIIKHUE.

JUis ogHOro M TOro K€ Marepuaja MOXKHO IOCTPOMTH JiB€ Orudarouiue
npenenbHbIX KpyroB Mopa. IlepBas oruOaromasi XapakTepu3yeT Iepexon OT
yIOPYyroro COCTOSHUS K IIaCTUYECKOMY. OJTa orubarouias NpencTaBiseT coOoil
npsIMylo, TMapamienbHylo ocu ¢ (puc. 4.20). Bropas oruOaromiasi COOTBETCTBYET
paspyuieHuto odpasia (KkpuBas 2).

JInsa nmacthyHOro Mmarepuana npsMas | B paBOM 4YacTH AUArpaMMbl
(puc. 4.20, a) mpOXOIUT HUXKE KPUBOM 2. DTO O3HAYAET, YTO NPU OOBIYHOM
UCIBITAHUU O0pa3la Ha pacTshkeHue Kpyr Mopa 3 1o Mepe yBEIHMYeHHUs
paCTSATHBAIONICTO HANPsDKCHHsS G, CHadajga Imepeceder mnpsamyro 1. B oOpasme
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BO3HHUKHYT IIacTH4eckue nedopmaruu. 3ateMm Kpyr 3 kKocHeTcs KpuBoi 2. Obpaszer
pa3pyLunTcs.

Jns xpynkoro matepuana (puc. 4.20, 0) mpsamass 1 pacnoyio’keHa BBIIIIE
kpuBoil 2. Ilpu ucneiTanum oOpas3na Ha pacTsikeHue Kpyr Mopa 3, He Kacasich
npsmoil 1, compukacaercs ¢ kpuBoi 2. PaspyiieHne npoucxoguT 0e3 OCTaTOYHBIX
nedopmalinii, Kak U MoJIOKEHO JJIsl XPYIKUX MaTEepHAaJIOB.

B Hacrosmee BpeMs nacnopmom RnpoYHOCHU 20PHBLIX NOPOO HA3BIBAIOT
KpUBYIO, oOrubaromiasi BC€ KpPYrd HaNpsOHKEHUW JUIsl MPENeibHBIX COCTOSHHMA
(puc. 4.21). Ilpu wuccaea0BaHUM HANPSHKEHHOIO COCTOSHUSI B TOPHOM MAacCHBE
CKMMAIOIIME HAMPSKEHUS] CYUTAIOT MOJI0KUTEITBHBIMU.

T
2
_—\
¥ \ 1
Gy
2 3
v c

Puc. 4.20. Orubaromuime
KpUBbIC [ MJIACTUYHBIX (a)
U Xpynkux (0) MarepuanoB
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4.21. Orubaroniass KpuBasi MPEACIbHBIX HANPSIKEHHBIX  COCTOSHUM:

1 — BCeCTOpOHHEE HEPAaBHOMEPHOE PACTSKEHHE; 2 — OJHOOCHOE PACTSKEHHE; 3 —
YUCTBIN CIABUT; 4 — OJTHOOCHOE CXKAaTHE; 5 — BCECTOPOHHEE HEPABHOMEPHOE CIKATHE;
Oy — BCECTOPDOHHEEC PAaBHOMEPHOE CXKATHE, Gy, — BCECTOPOHHEE PABHOMEPHOE
pacTsHKeHue

[lonoxenue orubaronieil KpUBOM OTHOCUTEIBHO Hayaja KOOPJWHAT
XapaKTEepU3yeT CTENEHb XPYNKOCTH WM BI3KOCTH MOPOJI.

Ha puc. 4.22 npuBeneHnl orudaroniye KpuBbIE IJsi CHITYYHUX, XPYNKUX U
MJIACTUYHBIX TOPHBIX MOPO/I.
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Puc. 4.22. Orubaroiye KpuBble Uil pa3IMYHbIX MaTEPUAIIOB: @ — CBHITYYHX;

0 - XPYIIKHX; B — INIACTUYHBIX.

HpOBO,II}IT HUCIIBITAHHC 06pa311a Ha PaCTAKCHUC, CXKATUC U IIPU 00BEMHOM

C)KaTuy,

cTposT orubaronryro KpuByr (puc. 4.23). OCHOBHBIE IapaMeTphl,

OIIPCACIIACMBIC I10 ITACIIOPTY NPOYHOCTH:

MpeIeIbHOE COMPOTUBICHUE YUCTOMY CIBUTY (Ccpe3y) 1. (cuemienue C,) u
COOTBETCTBYIOIIMM YroJl BHYTPEHHEro TpeHUus ¢, (kodpduimenHt
BHYTPEHHETO TPEHUA 1GQ,);

ycioBHOe cuemieHne C nOpH  pasiMYHBIX HAmpsDKEHUSIX G, T U
COOTBETCTBYIOIIHI YToJI BHYyTPEHHETO TpeHUs (K03(PPUIIMEHT BHYTPEHHETO
TpeHUs tqQ), 3TU NapaMeTPbl — IEPEMEHHbIC BEJTUUUHBI.

K orubaromeld kpuBoi B TOYKE €€ MEPECEUEHUs C OChI0 T MEPEeBOIUM
KacareapHyl0 nn. KoopaumHara TOYKM IIEPECEUYEHMsI KAacaTeIbHOM Nn C OCBIO T
ONpeleNseT IPENeIbHOE CONPOTUBIECHUE Marepuaiga IPU YHUCTOM CIBHIE, YIOJ
MEXy TOPU30HTAJIBHOM JINHUEH U KacaTeJIbHOM NN — YroJl BHYTPEHHETO TPEHHUS.

KacarenbHass mm k orubaromeil B 000N TOYKE C KOOpAUHATaMH (G; T)
COCTABJISIET C TOPU30HTANIBIO YTOJI (0 — YTOJI BHYTPEHHETO TPEHUsI, KOOpAUHATA TOUYKH
IIEPECEUYEHHMSI KacaTeIbHOU € OCBIO T, C — YCIIOBHOE CLEIIJICHUE.

Meroa nocTpoeHus nacnopra NpOYHOCTU IO JaHHBIM ONPEIEICHUS MPEIEIIOB
IPOYHOCTH NMPU OOBEMHOM CHKATHUHU, OJTHOOCHOM CKATHHU U PACTSKEHUU CIETYIOLIUN.
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Puc. 4.23. IlacnopT npoYyHOCTH TOPHOM OPOABL: 1 — KPyT OAHOOCHOTO PACTSIKEHUS;
2 — KpyT OAHOOCHOTO CXKaTHsl; 3 — KPYT IPU 00BEMHOM C3KATHUHU.

I[JI}I IMOCTPOCHH:A ITACIIOPTA UCIIOJB3YIOT PC3YJIbTAThI OIPCACICHUSA IMPCACIOB
MMPpOYHOCTH IIpU 00BEMHOM CIKATHU GSXCHC MCHCC 4YCM IIpHU TpPCX PpPa3INIHBIX

1 OOKOBOIO JaBJICHUS

0
. . Ok —
P =0, CTPOAT CEMENCTBO MOJIYOKPYXKHOCTEH  paguycamu C’*‘Tp C

3HAUCHHUAX OOKOBOTO AaBieHMs. [10 3HAYCHUIO Gy =GO,y

(6]
o +
KOOpPJIMHATaMH [IEHTPOB (—Cm2 P :0).

CTposiT Kpyru HaNpsHKEHWM TPU  OJJHOOCHOM  PACTSHKEHUM U CHKaTUU
Oy O 9 (0]

paanmycaMu TBP,%C KOOpJIMHATAMH TICHTPOB (—TBp;O) n ( ;C ;0). TlpoBogsT

IUIaBHYIO KPUBYIO, OTHOAOIIYIO BCE IIATh MOJIYOKPYKHOCTEN (CM. puc. 4.23).

Meroa nocTpoeHus: nacnopra NpOYHOCTU MO JAaHHBIM ONPEIEICHUS MPEIEIOB
IPOYHOCTH MPU CPE3E CO CKATHUEM, OJHOOCHOM CKATUU U PACTSHKEHHHM TAKOB: IO
COBOKYIHOCTH NapHBIX 3HAYEHUIl HOPMAJIbHBIX G, M KacaTeJIbHbIX T, HAIPSHKEHUH,
OTpeICIICHHBIX MPU UCIIBITAHUHU HAa CPE3 B KOOPJIMHATAX G, T OTMEYAIOT TOYkKH 1, 2, 3
cootBercTBytomue yriaam o = 25°, 35°, 45° naxaona mpusm (puc. 4.24).
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Puc. 4.24. ITacnopt NpoOYHOCTH IPU UCIIBITAHUN HA PACTSKEHUE, CIKATUE, CIABUT

CTposT Kpyru HanmpspDKEHUH MPU PacTSKEHUU U CHKATHH, MPOBOJST IUIABHYIO
KPHUBYIO, OTHOAIOIIYIO MOJTYOKPY>KHOCTU U IPOXOASIILYIO Yepe3 Touku 1, 2, 4.

PacueTtHbIil MeTOT OCTPOEHUS TACTIOPTA MMPOYHOCTH MO JAHHBIM OIpEACIICHUS
IpPEeesiOB MPOYHOCTH MPU OJAHOOCHOM CKATHUM W PACTSKEHUU MPEeAyCMaTpUBAET
omnpeneseHue KOOpAMHAT TOYEK Orubaroliei KpUBOM pacyeTHbIM IyTEM IO
pe3ynbTaTam UCIIBITAHUM TPU  OJHOOCHOM pACTSXKEHHH M CKATHM  TI0
AMIIUPUYECKOMY YPABHEHUIO

2 3/8
_ O
T Tmax | T | (4.36)
o, +a
I€ Tmax — MAaKCHMAaJbHOE COIPOTHBIICHHE IOPOALI Ccpe3y (CABHTY), TIPH

THITOTETUYECKH TTOJHOCTHIO 3aKPBIBIIIMXCS MO ICHCTBUEM  HOPMAJIBHOTO
JIABJICHUS TPELIMHAX U MOPaX; G, — HOPMAJIBHOE HAIPSDKEHUE OTHOCHUTENIBHO Havaja
KOOpJIWHAT, TEPEHECEHHOTO0 B TOYKY IIEPECEYCHUs Orudaromieil KpuUBOM; a —
napaMeTp popMbl OTUOAIOIIECH KPUBOM.

Jlnst ynobctBa pacueta W TaOyJIMpOBaHMS, YpaBHEHHE OTHOAOIICH KPUBOM
NPECTaBIAIOT B Oe3pa3MepHbIX KoopauHarax £ u K

3/8

(=073 : (4.37)

K +1
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rae {— O6e3pa3mMepHas KOOpauHATa COOTBETCTBYIOIIAs KacaTelIbHBIM

T
HanpspkeHusM, ¢ = —; K — 6e3pa3mepHast KoopArHaTa, COOTBETCTBYIOIIAs
a

HOPMAaJIbHOMY HAIPSKEHHUIO.

K=9%%, (4.38)
a

0, — 3HaUEHHUE MapamMeTpa nepeHoca Hayajia KOOpIMHaT.

BBoasitcst  Ge3pasmepHble  paguychl MpeleiabHBIX KpyroB Mopa s
OJIHOOCHOTO PACTSDKEHHMSI (; U OJHOOCHOTO CXKaTUi (p, KOTOpBIE CBSI3aHBI
OTHOLIEHUEM

92 _ Ose

qdq an

3HaueHue nmapameTpa orudaroIiei KpuBoi omnpenenseTcs no popmyie

o c o c
BP+ BC BP_I_ BC

q — 2q; 2q, g4 q,

2 4

[TapameTp nepeHoca Havana KOOPAUHAT
o, =a-f(q,/qp)- (4.39)
Koopaunnats! 6 1 T Touek orudaroiieii KpuBon onpeAesnstoT mo Gpopmynam

c=Ka-o,;

(4.40)
T=/a

JI71s1 TOCTPOEHUST KPUBOW BBIYMCIIIIOT KOOpAUHATHI HE MeHee 10 Todek, cTposT
KpuBYIO (puc. 4.25).

KoHTponp mNpaBUIBHOCTH IOCTPOEHUS KPUBOW BBIIOJHSIOT IOCTPOCHUEM
KpyroB Mopa npu pacTssKeHHH U CKaTud. Ecium OKpy»KHOCTH KacaroTcsl OruOaroniei
KPUBOH, TO IIOCTPOEHHUS BBIITOJIHEHBI ITPAaBUIIBHO.

IIpenenbHOE COMPOTUBIEHUE Cpe3y T, (cuemeHue C,) ONpenenstoT Kak
OpAMHATY TOYKHU IEpECeUYeHUs Orudarolield ¢ OChI0 T, @ COOTBETCTBYIOIIMH yroi
TPEHUS @,, KAK YrOoJl HAaKJIOHA KacaTeJIbHOW NN K KPUBOM B ATOU TOUKE.
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YcnoBuoe creruienune C B m1000ii Touke orudaromieii KpuBoil onpeaessoT Kak
OpJIMHATY TOYKH MEPECEUCHUs] KacaTeIbHOM K orubaronieil B Touke (G, T) ¢ OChIO T;
yroJl BHYTPEHHET O TPEHUs

T
T2 L e
P1-2 / i o —_1_
T = Ty
ry { ! // ™
& /%,// Vi \\
. II.;.-"' ,
1-2 . - ,-"! \‘-.
M| b
L
- /" j | (o2 | 8]
< On > 0 G[ G
1. =6 +«— 9 o ~ -
+ Ok >

Puc. 4.25. IlacnopT npoYHOCTH, MOCTPOEHHBIN pacyeTHBIM CIIOCOOOM

T-C
¢ = arcrc - P (4.41)

Ycaosnoe creruienne Ci, B 3aJJaHHOM JUana3oHe HAMPSKEHUM (Oy. .., G,) WU
(ty, ..., Tp) ONPEACIAIOT KaK OPJMHATY TOYKHU MEpEeceueHUs MpsiMOM, MPOBEACHHON
4yepe3 COOTBETCTBYIOIIME TOYKH OrMOAroIeii, ¢ OChI0 T M COOTBETCTBYIOUIMI Yrodi
BHYTPEHHETO TPEHUS (1., KAK YroJI MEX1y ATOM MPsIMOM U OCBIO G.

_ T2-T
®1-, = arcre - G, -0, (4.42)

Ynpowennviti memoo nocmpoenuss nacnopma npouHocmu TO JAHHBIM
ONpEIEICHUSI MPEACIIOB NPOYHOCTH IPU OJHOOCHOM CKATUHM M PACTSHDKCHHUH
3aKJII0YAETCsl B TOM, YTO HA OCHOBAHUM DKCIEPUMEHTAJBHBIX JAaHHBIX IIpenesna
IPOYHOCTU IPHU PACTIKEHUU Oy, U CKATUU Gy CTPOAT NpenenbHble Kpyru Mopa
(puc.4.26).

K 3TuM OKpYyXHOCTSM HpPOBOJMM KacaTelbHYIO, KOTOpas OyJIeT SBISATHCS
oruaromel mpeaebHbIX KpyroB Mopa.

YpaBHEHUE ITON NPSIMOM U €CTh MMACTIOPT IIPOYHOCTH
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Puc. 4.26. YnpouieHHbI METO/1 MOCTPOCHHUS MMACTIOPTa MPOYHOCTH TOPHBIX
nopoJa

4.4. CTaHI[apTHLIe METOAbI ONIPECACJICHUA MMPOYHOCTHLIX ITapaMeTpPoOB
CKaJbHBIX IOPOX

4.4.1. OcHOBHBIE OKA3aTeJIN MEXaHHUYECKHX CBOICTB TOPHBLIX MMOPOX

MexaHndeckue CBOMCTBA TOPHBIX IIOPOJ OIPENCIAIOT MX IOBEACHHUE IO
BIMSHAEM BHEIIHUX HArpy3ok — ycwinid. OHU HPOSIBIAIOTCSA U HEIOCPENCTBEHHO
OLICHHUBAIOTCSI IPOYHOCTHIO U J1€POPMUPYEMOCTHIO TOPHBIX MOPO/I.

IIpo4HOCTP — CBOMCTBO TOpPHBIX NIOPOA (MarepuasioB) CONPOTUBIATHCS
paspylieHu0 U 0o0pa3oBaHUIO OOJbIIMX JedopManuil, T.e. HE pa3pylIaTbcs IOA
NEHUCTBUEM ONIPENIECICHHON HArpy3KH.

Hedopmaiss — CBOWCTBO Marepuaja IOJ JIEHCTBUEM Harpy3ku H3MEHSTH
cBOIO (hopmy 1 00BEM.

IIpoyHocTs MaTepuana MOXKET HU3MEHATHCS NOJA BIMSHUEM Pa3IM4HBIX
($akTOpoB B IIMPOKHUX Mpeaerax: OHM MOTYT OBITb OYEHb MPOYHBIMH, MPOYHBIMH,
CpeaHer NMPOYHOCTH, MAJIOM NMPOYHOCTH W OYEHb MAJIOM INPOYHOCTH. PaspyiieHue
TOPHBIX TOPOJT MOKET MPOUCXOAUTH cpasy, 0e3 oOpa3oBaHus OonpIINX AedopMalui,
T.e. NPOUCXOOUT XPYIKOE pa3pylleHHE, B TOM CIIy4yae TOBOPST O YCIOBHO-
MIHOBEHHOW IPOYHOCTH WM CTAHIAPTHOW U JUIUTEIILHON IIPOYHOCTH.

Jepopmanu M HaOpsOKEHUST B TOPHBIX MOpOJAAx, Kak M Uil JIpYyrux
MaTepUasoB, CBA3aHbl MEXy COOO ONpeaAeIeHHBIMA COOTHOILIEHUSIMU.
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OgHuM W3 CBOWCTB MaTepualla, TOPHOM TMOPOJbI SIBJIIETCSA CBOMCTBO
YOPYTOCTH. YTPYrOCTh 3TO CBOMCTBO MaTepHuaia BOCCTAHABIMBATH IIEPBOHAYAIILHBIC
pa3Mepsl MOCIE CHATHS HATPY3KU.

CkanbHble TOPOJBI 00JIaJaI0T BICOKOM MPOYHOCTBIO, YIIPYTOCTHIO U MaJIbIMU
nedopManusMU U TIEpeMEUIeHUsIMH, caboi BOAONMPOHUIIAEMOCThI0. Pa3pyimarorces
OHM XPYIIKO, MTHOBEHHO, C IOTepell CIUIOMHOCTH. [ledopMariuu, pa3BUBaIOLINECS BO
BPEMEHH, T.€. YIPYIOBS3KHE WJIM YIPYIOIUIACTUYHBIE Uil HUX HEXapaKTepHbI. [l
ATUX MOPOJ ONPEAEISIETCS TaK Ha3blBa€Masi MTHOBEHHAS IPOYHOCTH

ITomyckanbHbIE TOPOABI OTJIMYAKOTCS OT CKAJbHBIX MEHBIIEH IIPOYHOCTBIO U
YCTOWUYHBOCTBIO, OonbIIen ne(pOopMUPYEMOCTHIO, 3HAYUTEIILHOU
BOJONPOHULIAEMOCTBID. OHHM MMEIOT XPYNKOIUIACTUYECKUM WIM IUIACTHYECKUM
XapakTep paspyueHus. Jas HUX XapaKTepHO pa3BuUTHE Aedopmanuii BO BPEMEHH,
T.e. SIBIICHUE Moy3y4yecTH. JlJii TakuxX MOpPOJa HEOOXOAMMO YUYUTHIBATH HE TOJBKO
MTHOBEHHYIO, HO M JUIMTEIBHYIO ITPOYHOCTh, YYUTHIBATH PEOJIOTMYECKHE CBOMCTBA.
Jliia obecrnieueHus: yCTOWYMBOCTH COOPYKEHUH, KaK B CTPOUTENBbHOM, TaK U B TOPHOI
IPaKTUKE TPEOYIOTCS CIOKHbIE HHKEHEPHBIE MEPOIPHITHS.

[loponbl pBIXJBIE HECBS3HBIE M MATKHE CBA3HBIE II0 CPaBHEHUIO C
OPEABIIYIIMMHA  XAPAKTEPU3YIOTCA  3HAYMTEIBHO MEHBIIEH INPOYHOCTBIO U
YCTOMYMBOCTBIO U 0OJIbIIEN JEPOPMUPYEMOCTHIO, CUIIBHOW BOAOIPOHUIIAEMOCTHIO.

JUis TOHMMaHHS TPUPOJBI CBONCTB KPYHMHOOOJIOMOYHBIX, II€CYAHBIX U
OCOOCHHO TJIMHHUCTBIX IOPOJ BAaXKHO YYMTHIBaTh HE TOJBKO HX T€0JIOTo-
neTporpapuyeckue 0COOEHHOCTH, HO U CBOICTBA, 00YCIOBIEHHBIE AUCIIEPCHOCTHIO,
TaK KaK 3TH MOPOJbl — MHOTO()a3HbIE CUCTEMBI, COCTOSAIINE U3 MUHEPAJIBbHBIX YaCTUL],
BOJIBI U BO3/lyXa WUJIU APYTHUX I'a30B.

ITpu m3ydyeHMHM U OLIEHKE MPOYHOCTH, YCTOMYMBOCTH, NEPOPMUPYEMOCTH U
BOJONPOHMIIAEMOCTA TOPHBIX MOPOJ BaXXHO YYUTHIBATH WX aHU30TPOIIHIO,
OOyCIIOBJICHHYIO  TIOBEPXHOCTSMH M  30HaMU  OCHAOJIEHUS, YMEHBIICHUEM
HaIpSDKEHUI MpU pasrpy3Ke, COMPOBOXKIAIOIICHCS 00pa3oBaHUEM 30H pPa3rpy3KH,
TpewMH ynpyroro otmopa. IloaTomy nepeducieHHble CBOMCTBA TOPHBIX ITOPOJ
BAKHO  OXapakTepHU30BaTb HE TOJBKO CPEIHHMM IIOKAa3aTelsiMM, HO U
TUPEKUMOHHBIMM, OINpEACISIEMbIMH 1O  XapAaKTEPHBIM  HAMpaBICHUSM. OTH
IIOKAa3aTeJId MOTYT UCIIOJI30BAThCS B KAYECTBE PACUECTHBIX.

[ToBbIIEHHOE COAEPKAHNE TOHKOAUCIIEPCHBIX YaCTHUL] B IIOPOAAX ONPEACISAIOT
B 3HAYUTEJIBHON CTENEHU UX IVIMHUCTBIE CBOWCTBA M NPUHLUIHAAIBHBIE OTINYUS 110
CBOICTBaM IIMHUCTBIX NOPOJ OT MECYAHBIX U APYTUX OOJIOMOYHBIX.

OOpazen;, NpUMEHAEMbI TpU HUCHBITAHUU, HUMEET Ooyiee OJHOPOIHYIO
CTPYKTYpY, MEHbIIEE KOJIMYECTBO AEPEKTOB, MOITOMY HMPOYHOCTh 0Opaslia BbILIE,
4eM IPOYHOCTh IMOPOABI, B ATOM CIIydyae HEOOXOIMMO YUWUTHIBaThb MAacCIITaOHBIN
¢dakrop. Ho mpu ucnbiTaHuu oOpas3na HY>KHO YYUTBHIBATh PACIOJIOKEHHE CIIOEB,
HAJIMYUE BHEIIHUX JA€(PEKTOB, MOBEPXHOCTEH OCIIa0JIeHns, MHOTIa MPU HUCTIBITAHUN
IIOJIy4a€M 3aHMKEHHYIO IIPOYHOCTb.

Ecnu nopona OyaeT CiIy>)XKUThb €CTECTBEHHBIM OCHOBAaHMEM JUISl KaKOro-Im0o
COOPY)KEHUS WM CpeIoOd Uil HEro, €€ CBOMCTBA JOJDKHBI H3y4daTbCs IPH
€CTECTBEHHOM CJIO)KEHUM U BIAXHOCTH (Ha MoHoiuTax). Ecmu oHa Oyxaer
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UCIIOJIB30BAaThC KaK CTPOUTEIBHBIM Marepuan i OTCHIIKM HachIleid, aamo,
3eMJISTHBIX ITUIOTHMH, €€ CBOMCTBa HY)XXHO H3y4yaThb Ha oOpa3nax HapylmeHHOTO
CJIOKEHUS, TP BIAXKHOCTHU OJIN3KON €CTECTBEHHOM.

[Ipy pemieHuM pas3nMYHBIX HWHKEHEPHO-TEOJIOTMUECKUX 3a/1ad, CBSI3AHHBIX C
IPOEKTUPOBAHUEM M CTPOUTEIHCTBOM COOPYKEHUN HEOOXOAMMO UMETh CIIEIYIOIINE
XapaKTEPUCTUKHU: BELIECTBEHHBIM COCTaB, OCOOCHHOCTH CTpOEHUs, (usnueckue
CBOMCTBA, BOJIHBIE CBOMCTBA, MEXaHWYECKHE CBOMCTBA, MOKA3aTEJM CIELUAIBHOTO
HA3HAYCHHUSL.

K MexaHM4YecKMM CBOWCTBaM TOpPHBIX IOPOJX OTHOCATCS IPOYHOCTH IIPH
CKAaTUM U PACTSKEHUHU, COINPOTUBICHHE CKAJIBIBAHUIO U CABUTY, 00Ias
ne(OopMUPYEMOCTb, CHKUMAEMOCTh M IPOCATOYHOCTb, IMOJIZYYECTb WU JUINTEIbHAS
OpOYHOCTh. [IpOYHOCTH TOpPHBIX NOPOJX OOBIYHO XapaKTEpU3yeTcsl MpeaeIaMu
IPOYHOCTH Ha C)KATHE Oy, CABHT, U3TUO G,y M PACTSHKEHHUH Gp.

['opHBIE TIOPOABI B YCIOBHUSX OJHOOCHOIO CXKATHsI, M3rM0a W PpPacTKEHHUS
O0OBIYHO O00JaJafOT BBICOKOM TMPOYHOCTHIO HA CXKAaTUE W HE3HAYUTEIHLHOU
IPOYHOCTHIO HA PACTSKEHHE, U3THO, CABUT.

ITpu 5TOM, KaK NMPaBHIIO, BO BCEX TBEPBIX OPOAAX Gy > Oyz> Op.

Hanpumep, s rpaHura mnpenen NPOYHOCTH IPHU PACTSHDKEHUH COCTaBISET
0,02...0,04 npenena mpouyHocTH Ha cxkarue, Ha caBur — 0,08, nHa m3ru6 — 0,09.
CrnoucTsle TOpHBIE MOPOABI JAIOT PA3IUYHbIC 3HAYEHUS IIPOYHOCTH IIPU CHKATHM U
PACTSDKEHUM HX NApaJUICNIbHO U NEPHEHIUKYJSIPHO CIOUCTOCTH M, KaK IIPaBuUIIO,
CKaTHe MEePHEHIUKYISIPHO CIIOMCTOCTH AAeT 00Jiee BBICOKHE MTOKA3aTeIN MPOYHOCTH,
a IpHU pacTKEHUN — HA00OPOT.

McnipITanust TOPHBIX MTOPOJ B YCIOBUSX BCECTOPOHHETO PABHOMEPHOTO CHKATHS
IIOKa3aJId, YTO IIPU JOCTATOYHO OJHOPOJHOM M CIUIOIIHOM CTPOEHUHU IIOPOJIBI
pa3pylieHne ee He MPOUCXOIUT JAaXKe MPU OUYEHBb OOBIINX JTaBICHHIX.

XpyIKOCTb — CBOWCTBO TOPHOW NOPOABI CPABHUTENBHO JIETKO Pa3pyLIaThCs
IIpU CTATHYECKON Harpy3ke 0e3 3aMeTHOW 0CTaTO4HOM nedopmanuu.

[Toutn Bce ropHBIE MOPOABI MPHU CYIIECTBYIOIIMX CIIOCO0AX paspylIeHUs H
CKOPOCTSIX NPHWJIOKEHHSI HAarpy3Kd paspyliarorcs Xpynko. [[is stux mopon mpenen
TEKY4YECTH PABEH MPEETy MPOYHOCTH.

JUtsi CKanbHBIX TOPOJ XapaKTEpHBI YIPYTHE CBOWCTBA, & IIOJyCKAJIbHBIC
SBJIFOTCS TOJIBKO YACTUYHO YIPYTMMHU.

B pbIXabIx 00J0MOYHBIX HECBSI3HBIX M TNIMHUCTBIX MSTKUX CBSI3HBIX MOPOAAX
YIPYTrUe CBOMCTBA UMEIOT NOAYHMHEHHOE 3HAUYCHHUE.

JUist M3ydeHusl MOJIyCKAJIBHBIX IOpPOJ KPOME IOKa3aTeled yNpyruxX CBOWMCTB
0oJbIIOE 3HAYEHUE HMEIOT TI0Ka3aTellM, XapaKTEpU3YILUME WX CIIOCOOHOCTh
COINpPOTHUBIIATECA OOUMM nedopmanusM: oOpaTUMBIM (YIPYyrUM) M HEOOpaTUMBIM
(oCTaTOYHBIM).

Pa3nuuHple Tpynmel TOPHBIX MOPOJ HMMEKT HEOAMHAKOBBIA XapakTep
paspylIeHHs, O3TOMY ISl OLEHKM HMX MPOYHOCTH MPUMEHSIOT Pa3IuYHbIE BUJBI
ucnbiTauuil. JUJIg  CKajdbHBIX, MOJNYCKAJIBHBIX W CBSI3HBIX TJIMHHUCTBIX IOPOA
OCHOBHBIMH IIOKa3aTEIsIMU IPOYHOCTH SIBJISIOTCS BPEMEHHOE COINPOTHBIICHHE

CKATUIO (IIpeell MPOYHOCTH IIPU CKATUM) MIOPOJAX Oy, BPDEMEHHOE CONPOTUBIICHUE
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pacTSOKCHUIO  (Ipelel IMPOYHOCTH IIPU  PACTSDKEHHHM) Oy, COINPOTUBIICHUE

CKaibIBaHMIO. JJIi MSTKHUX CBSI3HBIX M PBIXJIBIX HECBSI3HBIX MOPOJ — IOKa3aTelu
COINPOTHUBJICHUS CIBUTY: YIrOJ BHYTPEHHEro TpEHHUs, OOIlee CLEIUIeHHe H B
HEKOTOPBIX CITydasx Ko3()PHUIMEHT CABUTA.

4.4.2. Onpenenenue npeaesia NPOYHOCTH MPH OJHOOCHOM C:KATHHU

Onpenenenue mnpeaena NPOYHOCTH MPHU OJHOOCHOM CXAaTUKM Ha mpodax,
OT/ICJICHHBIX OT MAaCCHUBA MIPOBOJIUTCS CIEAYIOIMIMMU METOJJAMH:

— OJIHOOCHOE CKaTthe oOpaslia MNpaBUIbLHON (OPMBI IUJIOCKUMH TUIMTaAMHU
(opoBI ¢ MpeIesIoM TPOYHOCTH MPU OJHOOCHOM CkaTuu He MeHee 5 MIla);

— pa3pyuieHue o0pa3loB — IUIMTOK IUIOCKUMH COOCHBIMU ITyaHCOHaMU
(mOpOIbI C MPEAEIOM MIPOYHOCTH IPH OAHOOCHOM cxxathu oT 10 go 150 MITa).

MeToa OAHOOCHOTO CKaTHA 00pa3suoOB NPaBHWJIBLHOH (GOPMBI IJIOCKUMH
IVIMTAMM TIPEJHA3HAY€H JUI1 OLEHKW NPOYHOCTH IMpPU MCCIEIOBAHUAX H
CpPaBHUTEIBHOU OLEHKH IMPOYHOCTH.

CymHoCTh METOJa 3aKJIF0YAETCS B U3BMEPEHUH MAKCUMAJbHOU pa3pyliaronieit
CWJIbI, TPUJIOKEHHOW K Topuam oOpasla MpaBWIbHONH (OpPMBI Yepe3 CTalbHbIC
wiockue minThl. [Ipu ucnbeiTaHuM 00pa3lOB Ha CXKATHE MCIOJIB3YIOTCS OOBIYHBIC
UCIIBITATENIbHBIC MAIIMHBl YHHUBEPCAJIBHOTO THIIA WM Npecchl. MakcuMaabHbIE
YCHUJIUSI, KOTOPbIE OHU MOTYT CO3/aTh, JOJLKHBI Ha 20-30% mpeBbllIaTh NPEeACTbHYIO
Harpy3Ky Ha oOpaserll.

JUist ucnipITaHusl Ha C)KaTHE W3TOTABJIMBAIOT OOpPA3lbl WIMHIPUYECKUE WITU
NPU3MATUYECKHE C KBaJpaTHBIM IMOIMEPEYHbIM ceueHueM. [Ipu ucnpiTanuu oOpasisl
JOJDKHBI MMOMENIaThCS MEXAYy IUIOCKMMH IIMTaMu TojamuHor He Menee 0,3
JyaMeTpa WIA CTOPOHBI KBajapaTa oOpaslia U IUaMeTpOM, MPEBBIIIAIOIIEM Pa3MeEphI
obpasma ¢ TBepmocthio moBepxHocTh HRC 55-60. DT miIuThl NPUMEHSIOT B
KAaueCcTBE NPOKIAJOK MEXAy 00pa3suaMyd M ONOPHBIMHU IJIUTAMU HCHBITATEIbHOM
MaIluHBI, B CIIy4ae, €CIM MallliHa OCHAIEHAa BEpXHEW IMOABECHON ChepruIecKon
IJTATOU.

OOpasupl CIOXHOW TEKCTYyphl JIOJDKHBI OBITH JIBYX KOMILIEKTOB: IS
VCIIBITaHUS TIPU IEVCTBUU HArpy3KH BIOJIb CIOEB U NEPIEHINKYIIAPHO UM. Pazmepbl
00pa31oB TOJKHBI COOTBETCTBOBATH 3HAUCHMSIM, YKa3aHHbBIM B Tabuuiie 4.4.

Taomuna 4.1.
Pa3mMeps1 oOpasion
TMapamer Pasmepsl, MM, Ipu
o6p a3 ap HCCIIEI0BATEILCKHUX MCIIBITAHUAX CPaBHUTEIbHBI
pasil MNPpCATOUYTUTCIILHBIC AO0NYCTHUMBIC X UCIBITAHUAX
Jluaverp d (ctopora 42£2 30...60 42£2
KBaJpara)
m=h/d(l) 1,0...2,0 0,7...1,0 240,05
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N3mepenne pasmepoB o0Opasma MPOU3BOJUTCS IITAHTCHIMPKYJIEM B TpPex
MeCcTaX MO BBICOTE W B JIBYX B3aWUMHO TMEPICHIUKYJSAPHBIX HAMNpaBICHUSAX. 3a
pacyeTHBI TUaMeTp MPUHUMAETCS CcpeaHeapupMeTHIecKas BeMWYMHA. BwicoTy
OMpeAeNsAloT MO ULEeHTpy oOpasua. MOIIHOCTh  HM3TOTOBJIEHHS  0Opa3lloB
KOHTPOJMPYETCS] MHAUKATOPAMH YAacCOBOTO THUIA W TOBEPOYHBIM YTOJBHHUKOM.
KonuuecTBo 00pa3iioB npu UcCaeq0BaTENbCKUX UCIBITAHUAX JOJIKHO ObITh HE MEHEE
6, IpU CPABHUTEIBHBIX UCIIBITAHUIX HE MeHee 10 mTyk.

OOpazery nomemamT JUOO0 MEXIy CTAIbHBIMUA IUIMTaMu, JHOO B
YCTaHOBOYHOM YyCTpoiicTBe (puc. 4.27), COBMEIIAIOT OCh 00pa3lia ¢ LIEHTPOM HIKHEH
OTMIOPHOM TUIUTHI MCHBITATEILHON MAIIMHBI W HArpyXaroT [0 pa3pylIeHHus C
paBHOMEpHOM ckopocThio (1...5) MIIa/c.

- . &

AN

FT7777 777777 ¢

Puc. 4.27. Cxema nipucroco0ieHust sl UICIIBITAaHUS Ha ckaThe: | — HakIaaHas maTa;
2 — MoJKJIaHas MATa; 3 — BEpXHsIs 1IuTa; 4 — o0oiima; 5 — oOpasert;
6 — HIKHSIS IUIATA

OnpenensioT BEIMUKUHY pa3pyliatoniei cuisl P, 3apukcupoBaHHyO
cusousmMepuTesieM MauHel. [Ipn He0OXOAMMOCTH ONPENIETSIOT BIAXKHOCTH MPOOBI.
[Ipenen mpoyHOCTH NIPH CKATHH ONPEILISIOT 10 ¢popmye B [1a

B (4.44)

2
rae P - cuna, pazpymaromas oopasen, H; S — mionaas nonepeyHoro ceyeHus, M-
K; — ko3 uiueHT, yuuThIBalONINil OTKJIOHEHNE BBICOTHI 00paslia OT CTaHAApTHOTO
3HAaYeHUs paBHOTO 2d.
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Kosdpdumuent K, omnpenmensercs mo Tabmume 4.2 B 3aBUCHMOCTH OT
oTHOIEeHHs m = h/d.

Tabmnura 4.2
Benuunna xoaddunuenrta K,
m 0,7 0,8 0,9 1 1,2 1,4 1,6 1,8 2
K, | 068 0721|076 | 08 | 0,86 | 0,9 | 094 | 0,97 1
Memoo pazpywenus o00pazuoé — RNIAUMOK COOCHbBIMU HYAHCOHAMU

npeaHa3Ha4YeH JJI1 HCCIEI0BATEIbCKUX HMCIBITAHUNA W 3aKJII0YaeTCsl B M3MEPEHHUHU
MaKCHMAaJIbHOM pa3pylIaloliel CHjbl, NMPUIOKEHHOHW K TopliaM olpasia uepe3
CTaJbHbIE TIJIOCKUE COOCHO HaIlpaBJICHHbBIC ITyaHCOHBI.

OO6pasipl BBIMOJHAIOTCA B BHjAE AUCKOB auamerpoM — oT 30 mo 100 mwm,
BBICOTOI — OT 10 510 12 MM.

JlonyckaeTcsi IPUMEHSATh 00pas3iibl — IUIMTKH HEMPAaBUIBHOTO OYEpPTaHUS TIPU
YCJIOBUH, YTO KOHTYPBHI MX TOPIIOB M OOKOBBIX MOBEPXHOCTEH IO3BOJISIIOT BITHCATh
JUCK HEOOXOIMMOTO pasmepa. TopreBbie MOBEPXHOCTH OOpa3IOB JODKHBI OBITH
IJIOCKUMU W TapajuienbHBIMU ApyT Apyry. KomudecTBo 00pa3iioB MODKHO OBITH HE
MeHee 6.

3HaueHue IIoIaau Sy BEIOMpaeTcs u3 Tadauns 4.3.

Tabmuma 4.3
3HadeHHe II0Iau odpasia

JuameTtp oOpasiia 30 40 50 60 70 80 90 100
(mucka), MM

S, cM” 1,52 | 1,79 | 2,03 | 2,26 | 2,50 | 2,72 | 2,94 | 3,16

[lepen wucnbpiTaHuEM TPOU3BOAUTCS HU3MEpeHHE oOpas3la C I[OMOIIBIO
IITAHT €HIIUPKYJISL.

JInst pOBENEHUsI UCIBITAaHUS IPUMEHSIOT YCTPOMCTBO Harpy3odHoe bY-11
(puc. 4.28), KOTOPOE YCTaHABIMBAETCS HA ONOPHYIO TUIMTY UCHIBITATENbHON MAIIUHBI.
OOpazeny moMeniaroT MeXAYy IyaHCOHaMU Harpy304HOro YCTpPOWCTBA, CKOPOCTb
Harpyxenus oopasna 0,1...0,5 xkH/c.

[Ipenen npouHOCTH ONPENEISIOT 110 PopMyJie

Ok = q > (4.49)

rne P — paspymaromas Harpyska, kH; S, — yciioBHas miomanb MOIEPEYHOTO
2
CEYeHMUs, M.
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Puc. 4.28. Cxema yCTaHOBKH JIJIsl HCTIBITAHHSI 0OPa31ioB ¢ IOMOIIBIO COOCHBIX
MyaHCOHOB: | — BepXHHUI MITOK; 2 — oOpazel; 3 — myaHCoH; 4 — BKJIQ/IbIIII;
5 — HWKHUH ITOK; 6 — KOpITyC

4.4.3. Merox onpeneseHuss MmpeAeJa MNPOYHOCTH TMPH OJHOOCHOM
pacTsKeHUH

Onpenenenue mpeneiaa MPOYHOCTH TMPU  PACTSHKEHUU  OCYIIECTBIISIETCS
KOCBEHHbIM  MeTonoM. CyIIHOCTh METOJa  3aKIYaeTcss B OMNpEAeNIeHUU
MaKCUMaJIbHOW pa3pylIalolell Cuiibl, NPUIIOKEHHON MNEepIeHIUKYIIPHO K OCH
o0pas3iia mopoJibl WIMHIPUIECKON (OpMBI, B PE3yJIbTaTe Yero B 00pa3iie BOSHUKAIOT
paCTATUBAIOIINE HAMNPSIKEHUS, MPUBOJIALIME K €ro paspylleHHI0 B IUIOCKOCTH
MpeNeIbHOTO CEYSHUS.

O6pazen munuHapUYeckor ¢Gopmbl, nuametpoM 40...50 MM yCTaHaBIMBAIOT
TaK, 4TO OCh €r0 mapajiesibHa IUIOCKOCTSIM mpecca (puc. 4.29) m npuKIAAbIBAIOT
cuny P. Tlocne paspymenus o6pasia u3MepstoT pa3Mepbl MOBEPXHOCTH Pa3pyIICHUs
B JIByX HaIpaBJICHUSX: BJIOJIb 0Opa3yromiei h u quametpa d.

[Ipenen mpoYHOCTH MPU PACTSHKEHUH ONPEACIIeTCs Mo Gopmyie

P
Op = 0,64 =, (4.45)

rie d — aquameTp oOpasia, M; h — BeicoTa oOpasia, M; Py, — pa3pyiaroiias cuia,
H.
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Puc. 4.29. VicnipiTanue Ha pacTsbkeHue: 1 — oOpaselr; 2 — mInThI pecca;
3 — MPOEKUHS TIIOCKOCTH Pa3pyLICHUS

Pe3ynbraThl HCTIBITAHUS IPUMEHSFOTCS TIPH IIOCTPOCHHH ITACTIOPTa MPOYHOCTH.
4.4.4. MeToa onpe/esieHnsi mpeaejia NPpOYHOCTH NMPHU CABUTE

CymHocTh  METOJa  3aKJIKYaeTcs B ONPENCICHUM  MAaKCUMAJIbHOTO
pa3pylIaoniero KacaTedbHOTO HaIpsKEeHUsT TpU JeUCTBMM Ha oOpasel MOopoj
CABUTAIOIIMX U HOPMAJbHBIX CKHUMAIOIIUX HArpy30K B MaTPHUIAX HCHBITATEIHHOIO
YCTPOMCTBA.

3aroToBkM Ay OOpa3loB TMOJY4YalOT BHIOYpHBaHHEM U3 Mpod KepHa
nuameTrpoM 44 MM WM 0OTauMBaHMEM HA TOKApPHOM CTaHKE O HYKHOTO JIMaMeTpa.
OOpasubl JOMKHBI OBITH C SIBHO BBIPAKEHHOM CIOUCTOCTHIO HIIM YHOPSI0YEHHOU
TPENIMHOBATOCThI0. BhicoTa o0pa3na paBHa nuamerpy. ToprieBbie U OOKOBBIC
MOBEPXHOCTH TIIATEIbHO MUTU(QYIOTCS CIIEIUATBHBIM MOPOIIKOM.

O6pazer; 1 moMemaercsi B CrielMaibHOE YCTPOMCTBO, COCTOSIIEE U3 TPEX Map
CMEHHBIX MaTpHIL 2 ¢ yrioM HakiaoHa o = 30°; 45 u 60°, mapa GpPOH30BBIX Pa3pe3HbIX
HUIMHAPUYECKUX 000WM — BKJIIAJbINIEH 3 ¢ BHYTPEHHHM AuameTpoM 44 MM, JiBe
uThl 4 1 ponuku S (puc. 4.30).

bokoByto  moBepxHOCTh oOpasiia  00opauMBalOT  MeAHOW  (OJIBIoH,
yCTaHaBJIMBAIOT 00pa3ell BO BKJIAJABIIIN, YCTAHABIUBAIOT BEPXHIOI MaTpPHILY, 3aTEM
POJIMKOBYIO OIIOPY, pacrojaras OCH POJIMKOB MMApAJJIENbHO CPE3a0IIEel KPOMKE
MaTpull. Y CTaHABIMBAKOT YCTPOUCTBO MEXIY IUINTAMH IIPECCA U HATPYKAKOT CHIION
110 pa3pylieHus odpasiia.

HopmanbHoe naBieHue Ha IIOCKOCTh CABUTA

p .
o; = ~max ST (4.46)

hd
rne  Pn.c — BepTuKanbHasg paspymiaromas Harpyska, H; o — yrom wmexny

MJIOCKOCTBIO C/IBUTA U HAIMpaBJIeHUEM JAeHCTBUS cwiibl; d — nuameTp obpasia, M; h —
BBICOTa 00pasia, M.
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Puc. 4.30. TIlpucnocoOnenue st UCTIBITAHUS Ha CIABUT

[Ipegen mNpOYHOCTM TMpPU CABUTE, COOTBETCTBYIOIIMM OMNPEIACICHHOMY
HOPMAJIbHOMY J1aBJICHUIO

_ P COS O

max

' hd (4.47)

[To pe3ynbpTaTaM CTPOST NPENEIbHYIO KPUBYIO MPOYHOCTH TOPHBIX MOPOJI IIPH
CIBUTE B 3aBUCHUMOCTH OT HOPMAJBHOI'O JAaBJICHUSA, JCHCTBYIOIIETO Ha TIOCKOCTh
casura, B koopauHatax ¢ u T (puc. 4.31). I[lo ocu abcuucc OTKIAIBIBAIOT IS
KaXXJIOTO0 M3 YTJIOB HAKJIOHA MATPHIl 0. 3HAYEHUS HOPMAJIbHBIX JIaBJICHUH, a IO OCHU
OpJIMHAT COOTBETCTBYIOIINE UM 3HAUEHUS MPEICIIOB MPOYHOCTH MOPOIbI IPU CABUTE.
Kpusas npencraBieHa Ha pUCYHKE, TAE T, — MPEIe] IPOUYHOCTU MPU YUCTOM CJIBUTE.

T, 0z fcm?

45"

&a*

T

i & nifemd

Puc. 4.31. IlpenensHast KpuBasi MPOYHOCTH TOPHBIX MOPOJ MPU CABUTE
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4.4.5 meToa onpeae/ieHUs npeaesIa NPOYHOCTH P U3rude

OOpas3ner  mosrywaroT w3 mpod kepHa, guamerpom  90...100 mm. Ot
MOJYYEHHBIX 3aroTOBOK OTPE3aI0T C IMOMOUIBI0 KaMHEPE3HOW MAIIUHBI JUCKHU
TOJILLUHOO
10 £ 1 mMm.

OOpazen; 1 ycTaHaBIMBAaIOT HAa OMOPHOE KOJBIO 2, a CBEPXY CTaBAT HA HETO
KOJIBIIEBOM TiyaHCOH 3 (puc. 4.32), TOpUKIAABIBAIOT CHJIY U ONPEICISIOT
pa3pylIaoNIy0 Harpy3Ky.

[Ipeaen mpoyHOCTH MpU U3rUOE ONMPENEISAIOT 0 PopMyIie

o

H

_ 75 %, Ma, (4.48)

rie  PL.x — MakcumanbpHas paspymaronias cuia, H; h — ronmmunaa obpasia, m.

/—r' 'g\\\‘\\
O rJ ,../-"/ = ::,/ f:/_ T
&S%éﬁ/ﬁ////// “:\\\W

NN

Puc. 4.32. Cxema yCTaHOBKH JJIs1 HICIIBITAHUS HA U3THO
4.4.6. MeToa onpeesieHus nmpeaeia NPOYHOCTH NMPU 00bEMHOM CKATHH

CymHocTh METOAA 3aKII0YaeTCs B M3MEPEHUHU pa3pylIaroled CoKUMaroumen
CUJIBI, TIPWJIOKEHHOW K TopiaMm oOpasia uepe3 CTaldbHBbIC IJIOCKHE IUIUTHI TPH
OOKOBOM CXATHUU TUAPOCTATUYECKUM JIaBICHUEM.

JIns uCHbITaHUS W3rOTABIMBAIOT IUWIMHAPUYECKUE WM MPU3MATUYECKUE
00pa3Iipl KBaAPATHOTO MONEPEYHOTO CEUCHHUS.

B xkamepy obObemuoro cxartus (puc. 4.33) ycramaBnuBarT obOpazerr 10,
KOTOPBIA M30JMPYIOT OT paboueld *KUAKOCTH. ' epMeTH3HUpYyIOT padouyro IMOJIOCTh
KaMephbl, MOJAI0T B KaMepy pabouyro >KUAKOCTb U IOBOJST JIaBJICHUE €€ JJ0 3HAUCHMUS,
3aIaHHOTO YCJIOBMSIMU pernaemMoi 3amaud. [lpu 3agaHHOM [daBieHMM B Kamepe
o0pasell Harpy»arT 0CEBOM CKUMAIOLIEH CUIION U JOBOJST €ro A0 pa3pyIlIeHHUs.

[Ipeaen nmpouHocTH oOpa3iia mpu 0OBEMHOM CHKATHH OMPEAECIISIOT 1Mo (hopmyie
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) (4.49)

CK

Q
|
wn| =

rae P — paspymaromas oceBas cuna, H; S — miomans nonepedyHoro ceyeHus
2
obpasia, M.

\*‘ “
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Puc. 4.33. YcranoBka [isi MCTBITaHUS 0Opaslla TOPHOW MOPOABI MpU OOBEMHOM
cxkaTuu: 1 — BIYCKHOM BEHTWJIb, 2 — MaHOMETpP; 3 — BEHTWJIb BBIMYyCKa BO3/1yXa;
4 — cTajbHBIE TUIUTHI; 5 — MITOK; 6 — KpBIIIKa; 7 — Kopryc; 8 — chepuueckas IsTa;
9 — makuaHas ravika; 10 — obpaszerr; 11 — uzosnsiiust; 12 — BBITYCKHOM BEHTHIIb

4.4.7. MeToa KOMILJIEKCHOTO oOmpeaejeHusi IMpeaeoB MPOYHOCTH NPH
MHOTOKPAaTHOM PACKAJILIBAHUM U COKATHH

MeToa KOMIJIEKCHOTO OINpPEIEIICHUs MTPEAESIOB MTPOYHOCTH TOPHBIX OPOJ IIPU
PaCTSDKEHHM W CXKATUU, NPUMEHSETCS MPHU MACCOBOM OIPEICICHUU MPOYHOCTHBIX
CBOWCTB T'OPHBIX ITOPOJ.

CymHocTh  METOJa  3aKJII0YaeTcs B ONPEACNICHHMM  MaKCHUMalbHOM
pa3pymiamImied CWIbl TMPU MHOTOKPATHOM pacKaJbIBaHUUA OO0pPas3IoB  IMOPOIBI
MJIACTUHYATON WM OpycdaTor (opMbl M CKATUU TOJYYEHHBIX MPU pacKaJIbIBAHUU
00pa3ioB ky0000pa3Hoi (HOPMBI.

[Ipu ucnbpITaHUKU TPUMEHSETCSI PACKAIBIBAIOIIEE YCTPOMCTBO B BUJIE CTAJIbHBIX
KJIMHBEB C JUIMHOM JIe3BUsI, TPEBBIIIAIONICH HAMOOJIBIIUM JTMHEHHBIN pa3zMep oOpasia
(puc. 4.34). Yron 3aTOYKHU KJIMHBEB 90°.
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Puc. 4.34. K onpenenennto nmpeaena mpoYHOCTH IIPU PACKAJIBIBAHUT

OOpa3upl A UCTIBITAHUSL PACKAJIBIBAHUEM M3TOTABIMBAIOT HA KaMHEPE3HOM
MalIuHe, 0Tpe3ast OT TPOO AUCKU WM TUIACTUHBI TOJIIMHOI0 20 MM. JlnameTp IHMCKOB
JOJDKEH OBITh HE MeHee 75 MM, a pa3Mep 1tacTuH — He MmeHee 100x100 mm.

JUisi ucHbITaHUS HA CXKATHE HCIOJIb3YIOTCS 00pasibl KyOuueckoi (HopMmbl,
MOJy4YEHHBIE B IIPOIIECCE pACKANIBIBAHUSI, C IMHEWHBIMU pazmepamu 20x20x20 mm.

[lepen ucnbITaHMEM Ha OJHY M3 IUIOCKOCTEH oOpaslia HAaHOCST KapaHAalioM
KBaJIPaTHYIO CETKY CO CTOpoHOM kBaapara 20 mm. OOpaselr] yCTaHaBIMBAIOT MEXKIY
KJIMHBSIMU, KOTOPBIE COBMEIIAIOT C OJHOW U3 JUHHUMN CETKHU.

CHayaina oOpaser pacKkaJbIBaloT Ha OPYCKH, 3aTeM I10 OTIEPEUYHBIM JINHUSAM Ha
kyouxu. [Ipu kaxxaoM packanbiBaHuu o0pas3ia GUKCUPYIOT pa3pyLIAIONIyl0 Harpy3Ky
Y U3MEPSIOT IITAHTCHIIUPKYJIEM JJIMHY JTUHUH PACKOJIA.

[locne  packanbiBaHusi ~ oOpasua,  KycOoukd  KyOuyeckoil — ¢opMmbl,
NpEABAPUTENILHO M3MEPUB UX, MOMEHIAIOT MEXIY IUIMTaMU Mpecca, OMpPeelistoT
pa3pylIaoNIy0 Harpy3Ky.

IIpenen mpounocTy 0OpasLa Npu pacKalblBaHUU G, ONPEIEISAIOT 10 (hopMyIie

G, = Lmax (4.50)

P 2/.h

rae  Pn.x — MakcumanbHas paspyiiaronias Harpyska, H; £ — niuHa nuHum packosna,
M; h — TonmuHa oOpasia, M.
[Ipenen npounoctu oOpasiia TOPHOIM MOPOIBI IPH CIKATHH



roe  Pn.c — MakcumanpHas paspymiaromas Harpyska, H; S — cpennss miomanb

MOTIEPEYHOTO  CE€UeHUs o0paslia TMOpoJbl, paBHAS MOJYyCyMME IUIOMIAACH
. 2

napasuielIbHbIX TOBEPXHOCTEN 00pa3la J0 €ro pa3pyuieHus, M.

4.4.8. Metoabl onpeaejieHUusi MeXaHHYECKUX CBOMCTB C:kaTHeM 00pa3loB
BCTPeYHbIMHU cheprHUecKUMU HHAEHTOPAMH

JI71sl McnibITaHUsT UCTIOJIB3YIOT 00paslibl MPAaBUILHON (OPMBI, BEIPE3aHHBIE U3
mtydoB u kepHoB. OOpa3ipl HEMPABUWIBHOW (OPMBI MOTY4YAIOT U3 OOHAXKEHUU U
TOPHBIX BBIPAOOTOK IMyTEM JajJbHEHIIEro OTKaJbIBaHUS, OTHUIMBaHUS. OOpa3ibl
TOJDKHBI OBITH ¢ pazmepamu 10 100x100x80 mMm. KonmdecTBo 06pa3iioB mpaBUiIbHON
¢dbopMbl He MeHee 6, HenpaBUIIbHOU (hopMbl HE MeHee 10 mTyk.

JIist npoBeIeHHsI UCIIBITAHKS TPUMEHSIOT Pa3IMYHbIE CTAHKA U UHCTPYMEHTHI,
oOecrneuynBaroIfie M3rOTOBJIEHHWE 00paslloB, a TAaKXKE HM3MEpPHUTENbHBIE yCTPOUCTBA:
ITAHT€HIIUPKYJIb, HHAUKATOPHI YaCOBOI'O TUIIA, IIPECC, YCTPOMCTBO HAIPYy304HOE.

Obpazenr ycranaBnuBaoT (puc. 4.35) Mexay chepruuecKUMH HHICHTOpPaMH
TaK, YTOOBI OOECIIEUNTh HAarpy>XKeHHE B TPeOyeMOM HaIpaBJICHUHU, YTO JOCTUTACTCS
COOTBETCTBYIOIIEH OpUEHTalUel ocu HarpykeHus. Haubomnee panuoHalbHbIE CXEMBI
UCIIBITAaHUI 00pa31l0B HEKOTOPHIX TUITMYHBIX (POPM C COOTBETCTBYIOIIEH H30TPOITHOM
nopojaM OpHEHTAllMeil W OYEepTaHMEM BEpOSTHBIX IOBEPXHOCTEW pa3pbiBa
MpeCTaBIEHbI HA puc. 4.36.

OOpazen; HarpyxaroT A0 pa3pylleHHss B BHIE CKBO3HOIO packojia U
OTPENEIAI0T pa3pyLIAIOIIYIO CUITY, MJI0MAb (PaKTUYECKON MOBEPXHOCTH pa3phIBa.

]
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Puc. 4.35. YcranoBka o0Opa3ioB Mpu UCOBITAHWH HA POYHOCTH: 1 — KOpMyc;
2 — HOKHUAM IITOK; 3 — BKJIAABINT; 4 — UHAECHTOP; 5 — BEpXHUI IITOK
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Puc. 4.36. Xapaxre pa3zpyIieHus o0pa3ion

‘:’5?

[Ipu pazpyuieHuu oOpasiia Ha ABE YaCTH ONMPEAEISIOT IUIONIA b MONEPEUYHOTO
ceyeHHMs S,, a NpH paspblBe o0Opasna Ha Oojbllee YHCIO 4YacTed ILIOHmalb
MOBEPXHOCTH Pa3pbiBa OMPEALISAIOT Mo hopmysie

S =2.SOI +S02 +...+So4, (4.51)
p
n
rae  Soi, Soo, ..., So4 — IUIOIIAIN TOTYIIOBEPXHOCTEH pa3phiBa M0 KAKIOMY U3

) 2 o
HaIpaBJICHUH pa3pbIBa, M ; N — YHCJIO YacTel pa3phiBa.
[Tpenen npoYHOCTH TOPHOM TOPOIBI IPU OJTHOOCHOM PACTSKEHUH OTPEACIISIOT
no popmyse

c, =075 — - K, (4.52)
rae K, — 6e3pa3mepnblil MaciiTaOHBINA KOAPPUIIMEHT, TPUHUMAEMBbII paBHBIM 1

IPY IJIOIAAH ceuenus S, = 15 - 10 M°,

JUIs npyrux 3HAYCHWH IUIOMIAJA OTOT KO3(PGUIMEHT MPUHUMACTCS W3
tadmn.4.4.

Taomuna 4.4.
3nauenue kodpdunnenta Ky

Py 3 4 5 8 10 15 20 | 30 | 40 | 50 | 80 | 100
M10

Ky 0,6710,7210,76 | 0,850,901 1,00 | 1,08 | 1,19 | 1,28 | 1,35 1,52 | 1,61
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4.4.9. HeCTaHI[apTHLIe METOAbI ONPEaACICHUA TNPOYHOCTHBLIX MapaMeTpoOB
CKaJbHbBIX IOPOX

OnpeneneHue MEXaHUYECKUX XapaKTEPUCTUK YIJIEM W TOPHBIX MOPOJ Ha
oOpasmax mpaBUIBLHON (OPMBI CBSI3aHO C OOJBIIUMHU TPYAHOCTSIMHU TIPU X
usrotosienun. Kpome toro, Mexanmyeckas oOpaboTka cTaHgapTHOro obpasia mpu
€r0 M3rOTOBJIEHWH MOXET BHOCUTH HWCKaXXEHHUs, BbI3BAHHBIE W3MEHECHUEM
MOBEPXHOCTHBIX CBOMCTB 00pasiia.

B cBA3M € 3TUM TONYYMIM PpACOPOCTPAHEHHE METONBl OINpPEICICHUS
MEXaHUYECKUX XapaKTEPUCTUK TOPHBIX MOPOA M yriied Ha oOpaslax HernpaBUIIbHOM
dopmbl. K 3TUM MeTolaM OTHOCSTCS HCHBITaHUS OOpAa3lOB Ha CIBHI, Pa3pbiB U
CXKaTue.

Meroarka UCTIBITAaHUST 00PA3I[0B HEMPABUILHOM (HOPMBI Ha CABUT CO CHKATHEM
U pa3pbiB 3aKioyvaeTcss B cleayromeM. VcnbiTyeMble KyCKH TOPOJbl WU YIJI,
OpPUEHTUPOBAHHBIE HYXHBIM 00pa3oM (MO NPOCTHUPAHUIO, MO MAJACHUIO WIH IO
HAIJIACTOBAHMIO), YKPETUIIIOT B OeTOHHBIX OJ0Kax pazmepom 200x200x200 mm (puc.
4.37, a), 3a30p A MeXAy HHMH BO BPEMs 3AIMBKU COXPAHSAIOT C IOMOIIBIO
KapTOHHBIX TTPOKJIAT0K

MuHuManpHOE 3HAYEHUE 3a30pa A ONpPEAENSIETCS pa3MepaMu CTPYKTYPHOIO
anemeHTa. Eciau 3a30p A 3HAYMTEIBHO MEHBIIE BEJIMYHUHBI AJIEMEHTA, CKa3bIBACTCS
BIIMSIHME MacIuTaOHOro akTopa, Tak Kak pa3pylieHue MPOUCXOAUT MO HIEMEHTAM.

[locne  cHATHS ~ KapTOHHBIX  MPOKJIANOK  00pasibl  MOJABEPraroT
COOTBETCTBYIOIIEMY HAIPSIKEHUIO — HA CABUT CO CKATUEM WIH Pa3pbiB (PUCYHOK
4.37, 0, B).

Bo Bpemst wucneiTanuii (GUKCHUPYIOT YCWIHE, MNPU KOTOPOM MPOHU30LLIO
paspyiienue (CIABMI MU paspbiB) P,, a 3areM ¢ MOMOIIBIO IJIAHUMETPUPOBAHUS
OTpeIeIISIETCS TJIO0IA/Ib TOBEPXHOCTU pa3pylIeHus S.

Puc. 4.37. Onpenenenrne MEXaHMUECKUX XapaKTEPUCTHK FOPHBIX MOPOJ Ha oOpasuax
HenpaBWIbHOW ¢opMmbl: a — cxeMa ucneitanuid nmo BYI'U; 6 — cxema mpubopa
ducenko: 1 — maTpupl; 2 — ponuky; 3 — oOpasell; B — cxema npudopa MinpHULIKOM:
I — maTpuubl; 2 — CTEPKEHB; 3 — BKJIABIII

HopmanbeHble IpeenbHbIe HAIPSKEHNS B IVNIOCKOCTH Pa3pyLICHUS



83

Pp COS O
Owp = o > (4.53)

Sye

NpCACIbHBIC KAaCATCIIbHBIC HAIIPAKCHUSA B IINIOCKOCTH Pa3pyLICHUSA

Pp sin o
Top = —a > (4.54)

Sye

rie P, — paspywaromee ycunue, H; Sy — npoexnus maomanyd IMOBEPXHOCTH
pa3pylIeHNs Ha IJIOCKOCTh Pa3beMa IIEMEHTHBIX OJIOKOB, M’; O — YroJ HAaKJIOHA
IUIOCKOCTH pazbeMa.

IIpu ucneiTanusx Ha casur (puc. 4.37) yroa IUIOCKOCTH pazbema OJIOKOB o
MOJKET H3MEHSATHbCS B IIMPOKUX IIpeJesax, 4YTo OOecHneuyuBaeT BO3MOYKHOCTb
IOPOBEJCHUS HUCIBITAHUA TPU  PAIMYHBIX COOTHOIIECHUSAX HOPMAaJbHBIX U
KacaTelbHbIX HAIIPSHKEHUH, BOZHUKAIOIIUX B ITOJIOCTH pa3pyLIEHUsI.

[Ipu ucnblTaHuM 00pa3LOB Ha pa3pblB Yrojl HAaKJIOHA IUIOCKOCTH pPa3beMa
OJIOKOB 0 IPUHUMAETCS PaBHBIM HYJIO, pa3pylLI€HUE MPOUCXOAUT B BEPTUKAIBHOU
IUIOCKOCTH U HapYIICHUsI pa3pbiBa OMPEICNIAIOTCS 10 (popMyie

s Do, (4.55)

rae S — IJIOLIA/lb OBEPXHOCTH Pa3pbiBa, 3aMEPEHHAS TUIAHUMETPUPOBAHUEM.

ITIpoBenenubie BYI'U onbIThI 110 ONPEACIICHUIO MEXAHUYECKUX XaPAKTEPUCTHUK
yIJIsi METOJIOM HCIIBITaHUSI HEOOpaOOTaHHBIX 00PA310B HA Pa3pbIB U CABUT MOKA3AIH
XOpoIllee COBMAJCHUE MOJIYYEHHBIX Pe3yJbTaTOB C JAHHBIMU UCIBITAHUN 00pa3iioB
paBUIBLHON POPMBI.

st onpenenenuss IPOYHOCTHBIX IOKa3aTeleld TOPHBLIX IOPOJ Oy, M Typ IPU
UCIIBITAHUU 00pa3lloB HEMpaBUIbLHOW (OPMBI Ha CIBUT CO CXKATHEM MOTYT OBITH
UCTIONB30BaHbl mpubopsl (puc. 4.37, 6, B), npemnoxennsie ['.JI. ®ucenko u E.U.
WnpHUIIKON 1T OTpeieieHUs] aHAIOTHYHBIX TTOKa3aTesield Ha 00pa3iax MmpaBUiIbLHOM
bopMBI.

B mpubope (puc. 4.37, 6) yroa caBura o onpeAensercss yrioM MaTpHUIlbl, a B
npubope (puc. 4.37, B) — mepecTaHOBKOM BKJIAJbIIa 3 U yHopHOro ctepxkus 2. [1pu
UCIIBITAaHUSX Ha 3TUX MPUOOpaxX M3roTaBIMBACTCS HYXHBIX (CTAaHAAPTHBIX) pa3MEPOB
dbopmouka u3 AByX MoioBuH. JItob6as mosoBMHA (OPMOYKH 3aJIMBAETCS PACTBOPOM
[IEMEHTa BBICOKOM MapKH, U B Hee BKJIAJbIBaeTCs 00pasel] Mopojbl MPOU3BOILHOM
dbopmbl, Tak, yTOOBI 3aJaHHAs OPHEHTHPOBAHHAS IUIOCKOCTh CIBUra COBHANA C
MOBEPXHOCThIO IIEMEHTHOTO pacTtBopa B mnonydopme. [locie Toro kak LeMeHT
CXBATHWJICS, HA €r0 MOBEPXHOCTh HAKJIABIBAIOT CJIOM TOHKOW OyMaru ¢ BBIPE30OM IS
IPOITYCKa BBICTYHAIOLIEN YacTH 00pa3ua.
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3arem BTOpas moxydopma 3aMBaeTCs TAKKE IIEMEHTOM M HaKJIaJbIBAacTCs Ha
NEepBYyI0, TaK 4YTOOBI Kpas WX COBMNAAadd, a BBICTyHaromias dYacTb o0pasia
MOTPY3UJIACh B LIEMEHT, 3allOJIHAIOMUN BTOPYIO noirygopmy. M3roroBiaeHHbIe TaKUM
o0Opa3zom 00pasubl 3 BBIACPKUBAIOTCA A0 TEX IMOp, MOKa pacTBOp MpuolOpeTaer
YCTAaHOBJICHHYIO JUISI HETO MTPOYHOCTh, U 3aTE€M IOJIBEPralOTCsS UCHBITAHUIO HA CABUT
CO CXaTtueM OObuHBIM crocobom. Ilokasarenn G,, M Ty, ONpPENEIAIOTCA IO

BBIIICTIPUBCACHHBIM (I)OpMyJIaM; rjiomaab cABUra OoIIpCaACIICTCA
IIAHUMCTPHUPOBAHUCM.
MCTOI[I/IKa OIIPCACIICHUA BPCMCHHOTO COIIPOTUBJICHUA CXKXaTHro

(pa3naBnuBaHUI0) Ha oOpasliax HempaBuibHOU ¢opmbl (puc. 4.38) aHamoruvHa
METOJIMKE OMpe/eNIeHUs BPEMEHHOTO CONMPOTUBIICHUS Pa3faBiIMBaHUIO Ha oOpa3lax

IPaBHIIBHON (POPMBL.

‘p

Puc. 4.38. Onpenenenue BpeMEHHOIO CONPOTHUBIICHUS Pa3/IaBIMBAaHUIO TOPHBIX
nopoJ1 Ha o0pasiax HempaBUILHOU (HOPMBI

Jns stux ucneiTaHuit 6epyt 15...20 oOpa3ioB HENpaBUIBLHOW OKPYTIOH
dbopMBbI Tak, 4TOOBI 3 B3aMMHO MEPHEHIUKYJSPHBIE pa3Mepbl HE OTJIMYAIUCH OoJee,
yeM B 1,5 paza. Pekomenayemsiii o0beM obpasiia — 10012 oM’

[Ipenen mpoyHOCTH TIPU OJJHOOCHOM CXKATUH BBIYHUCIISIIOT 110 (hopMmyJie

p
O = 52,6 —2—

[ , Mlla, (4.56)
3ch

rae P, — cpenneapudmernyeckoe ycunane pasaBiuBanus oopasnos, kH; Vo, —
cpenHeapudMeTHIECKUii 06beM 00pasIoB, CM

4.4.10. Metoa ynapa py4HbIM U NPYKUHHBIM IIAPUKOBUMH MOJIOTKAMH

OmnpeneneHrne MPOYHOCTH METOIOM yAapa HIAPUKOBBIM MOJOTKOM PYYHOIO
WM aBTOMATHYECKOTO JIEUCTBHUSI OCHOBAaHO HAa M3BECTHOM MPHUHIIUIE MOTPYKEHHS
CTaJIbHOTO NIapUKa B MCHBITYEMBI Marepuan MoJ JIEeWCTBHEM CTaTHYECKON WM
yIapHOU Harpy3ku (Metoj bpuHens — ucnbITaHue Ha TBEPAOCTD).
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[ITapuKOBBIII MOJIOTOK py4yHOTo JercTBHs (puc. 4.39) umeer HEOOJBIION BeC
(250 rpammoOB) U ynoOHyro ans ucneiTaHus ¢popMmy. B ymapHoO#l yacTH MOJOTKa B
cheprudeckoM THE3Jle 3aBaJBIIOBAH BpAIAMOIIMICS CTalbHOUW mapuk. Jluamerp
mapuka paseH 17,463 mM. MonoTok usrorosisiercs u3 ctam Y-7 u Y-8. TBepaocTsb
3a0CTpEeHHOU YacTu MoyoTka 1o Pokseny (49...56) (mkana C). llapuk kanutcs 10
TBepAOCTH (62...66) RC. Pyuka usroraBimBaercs U3 1epeBa TBEPAOUN OPOIbI.

[Ipu ynape mapuKkoBbIM MOJIOTKOM Ha MOBEPXHOCTH UCHBITYEMOTO MaTepHalia
oOpasyercsi chepuueckas JIyHKa, AUAMETP KOTOPOM HU3MEHSETCS B 3aBUCHUMOCTU OT
npouHoctu Matepuana. Hanocurcs :6...10) yaapoB 1o 3alIHUIIEHHON TOBEPXHOCTH.

Juamerp JIyHKM  u3MepseTcss C  [OMOLIBKO  IITAHIEHUUPKYJSA, C
MCIIOJIb30BaHUEM JIYTIBI CO IIKAJIOW.

Puc. 4.39. PyuyHoi mapukoBbId MOJIOTOK

[IpoyHocTs MaTepuana OLIEHMBAETCS IO CpeAHEeMy IuameTpy JyHok. Ha
OCHOBaHUM KPHUBOM, TMOJYYEHHON OMNBITHBIM IyTeM M  YyCTaHABIMBAIOIICH
3aBUCUMOCTh MEXKJy IMPOYHOCTHIO MaTephalia Ha CXKATUE Ocy, IMOJTYYEHHBIE MPU
WCIIBITAHUM CTaHAAPTHBIX 00PA3Il0B HA CXKATHE M TMAMETPOM JIYHOK (puc. 4.40).

JIRY
N
I X

Crwe. MIT

Puc. 4.40. KpuBas 3aBUCHMOCTH MEXAY IPOYHOCTHIO OETOHA HA CXKaTHE
¥ IMaMEeTPOM JIYHOK TIPU OIIEHKE MPOYHOCTHU OETOHA MIAPUKOBBIM MOJIOTKOM
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OnpeneneHre MNPOYHOCTH MaTepHalia MPYKUHHBIM MOJIOTKOM (puc. 4.41)
IIPOU3BOJUTCS MO0 AHAIOTUYHOMY METO.Y.
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Puc. 4.41. lllapukoBbIii IPYKUHHBINA MOJIOTOK: a — MOJIOKEHUE MOJIOTKA /10
yaapa; 0 — MojoKeHue MOJIOTKA Mocje yaapa

PasHuna cocTtour B TOM, 4TO B JAHHOM CiIy4ae pPy4HOM yIap 3aMeEHSAETCs
MEXaHUYECKUM, T.€. C TOMOIIBIO NPYKUHBI.

OTOT METOA, B OCHOBHOM, MOET OBITh NPUMEHEH MJisi ONpeIesICHUs
IPOYHOCTH TOPHBIX TOPOJ Ha OTKPBITHIX TOPHBIX pa3paboTKax, a Takxke s
oTpeeNieHus! MPOYHOCTH OCTOHHBIX U3JIEIHM Ha CTPOUTEIbHBIX TUIOIIAIKAX.

4.4.11. MeTtoa BIABJIUBAHUSA CTAJBHOI0 IIAPHUKA C MOMOUIbIO MPY:KUHHOTO
MUCTOJIeTa

OTOT METOJ aHaJNIOTWYEH MpPEeAbIAYIIUM, TOJBKO BIABIUBACTCA CTAJTbHON
IAPUK C TOMOIIBIO MPYKUHHOTO NHCTOoEeTa (puc. 4.42).

[To onbiTHOM KpuBOW (puc. 4.43) omnpenenseTcda Mpeaes MPOYHOCTH MPHU
CHKATUH Oy

OTH npuOOpHI C KCIOIB30BAHUEM BJIaBJIMBAHMS IIAPUKA MPOCTHIC, JETKUE H
IIPUMEHSIIOTCS IS IPEIBAPUTENBHON OLIEHKH IPOYHOCTH MOPOJ.



Puc. 4.42. Ilpubop Bunbsimca nans UCHOBITaHUS MPOYHOCTH OETOHA:
I — BBIKIIOUYATEND; 2 — MHUKpPOIIKaNa; 3 — CIyCKOBOM KPIOUYOK; 4 — CTaJIBHOU
mapuk; 5 — Ooek; 6 — cTBON; 7 — TpYyXKWHA; 8 — yKazarenb; 9 — BHHT,
Puc. 4.42. Ilpubop Bunpsimca nan8 UCHOBITaHUS MPOYHOCTH OETOHA:
1 — BeIKIIFOUATENB; 2 — MUKPOILIKaia; 3 — CIyCKOBOM KPIOYOK; 4 — CTAIbHOU

mapuk; 5 — Ooek; 6 — cTBON; 7 — TpYyXKWHA; 8 — yKazarenb; 9 — BHHT,
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10 — 6aTapest; 11 — sanexkTpruueckas JaMIIodKa
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Puc. 4.43. KpuBas 3aBUCHUMOCTH MEXIYy MNPOYHOCTbIO O€TOHA Ha CXaTUe M
JaMETPOM JIYHOK ITPH OLIEHKE MPOYHOCTH C OMOIIBIO MPYKUHHOT'O IMHCTOJIETA

64

128

192

756 920 38% 6o Mila
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4.5. OnpenesieHue NPOYHOCTHBIX MAPAMETPOB PHIXJIbIX H Pa3pbIXJeHHbIX
opox

[Ipu cTpouTenbCTBE 3laHUM, COOPYKEHU HEOOXOIUMO 3HATh MPOYHOCTHHIE
XapaKTEPUCTUKU TJIMHUCTBIX U MECYAHBIX MTOPOJ.

JUIsE MSITKUX TIIMHUCTBIX TOPOJ ONPENEISIOT MPEAEN MPOYHOCTH MPU CKATHUH,
PaCTSHKEHUU U CIIBUTE.

4.5.1.MeTOIl onpeacjicHust MEXaHUYECCKUX CBOMCTB IJIMHUCTBIX mopoja mnmpu
OJHOOCHOM CKaTHH

JUts1 onpeesieHnsl MEXaHHYECKUX CBOMCTB INIMHUCTBIX OPOJ IPU MHKEHEPHO-
re0JIOrMYeCKUX paboTax MPUMEHSETCS WCHBITAHWE IPU OJHOOCHOM cxaTtuu. Ilpu
UCIBITAHUU OINPEAEINAIOTCA MpeAesl MPOYHOCTU MOPOA, MOAYJIb YIPYrol u oOuien
nedopManuy, TUI AePOPMALMOHHOTO MOBEIECHUS U IOCTPOEHUE TUAarpaMMBbl CKATHSL.

HcnpiTanus npoBoAsT ¢ moMolibio rmpubopa ogHoocHoro cxatust UI'TI-10 nmm
[1-12M unu npecca.

OOpasupl IUAMHAPUYECKOW (OpPMBI BBHIOMPAIOT M3 MOHOJWTA WM KepHa
pPEXYIIMM KOJBLOM C IOMOINBID BHHTOBOro mpecca. OOpaszen AO0HKEH HMETh
OJHOPOJHYIO CTPYKTYDY.

Obpazenr mOMEMmAIOT MEXIy IUIMTaMU Tpecca M HarpykaroT CHKHMaroIen
cuno. Ilpu wucnbeITaHMK 1O COKPAIEHHOW MPOTPaMME ONPENEIAIOT BEJIWYHHY
pasrpyXxaromei CHJbl, TP UCIBITAHUU IO IMOJHOW MpPOrpaMMe I OINpEAeIICHUS
MOAYJS YHNPYrocTH OoOpa3el HarpyXaroT J0 HanpsDKEHUs Gp, PaBHOIO IMPUMEPHO
IIOJIOBUHE Pa3pyILIANOIIEro HANPsDKEHUs, ¢ MOCIenyrome pasrpyskon no 0, mocie
4yero oOpasel HarpyKarT 0 pa3pyLICHHUs.

[Ipenen npoyHOCTH ONPEAEINAIOT IO PopMyIam:

P
Ocw = OR = s_R (npu Er = O,
0
P
Oux = OR = ?R (HpI/I ER > 0,1 )’

rae  Pr — cuna, mpu KOTOpOM mpoucxoauT paspyuienue, H; Sy) — nepBoHavanbHas
2
IUIOIIAJb TONEPEYHOr0 CEYEHHUs, M; S — IUIOM@AAb IMONEPEYHOrO0 CEUYEHUs IIpH
2
UCHIBITAaHUU, M ; €R — poJoIBHAS AeopMalysi B MOMEHT pa3pyIIeHUsI.

OO6pa3iibl 10 ¥ TIOCJIe UCTIBITAHUS TIPEACTaBIeHbI Ha puc.4.44.
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Puc. 4.44. O0Opa31ipl 10 UCTIBITAHUS U TIOCII€ UCTIBITAHUS

[Tmomanes  oOpa3ma S omnpenensOT MNpH  HU3MEPEHUHM  JuaMeTrpa
MITAaHTEHIIUPKYJIEM, JUO0O MO MPOJ0JbHOM aedopMalid € B MPEANOJI0KEHUU O
HEC)KUMAEMOCTH TTOPOJIbI IO (hopMyJiaM:

B Cllydae COXpaHCHHUS IUIMHIpUIecKor popMbl oOpasiia

B cllydae, Korjia o0pasell mociie uCnblTaHnus mpruodperaetr 604koodpa3Hyo Gopmy

2
S _1 5[ 1
S, 4 1-¢

Monyns ynpyroi nepopmanuu E 8 MIla onpenensitor mo gpopmye

rie O4 — HanpsbKeHue, ¢ KOTOpOro HayuHaercs pasrpyska oOpasua, Mlla;

el ef - MPOI0JbHAs eopmMalius B Ha4alle U KOHIlE pa3rpy3ku (puc. 4.45).
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Puc. 4.45. Onpenenennie MOaysst yopyroctu (a)
1 Moayds obmieit negopmaruu (6)

Monyns o6mieit nepopmanuu E, onpenenstot mo hopmyie

O, — O
E, =& 1 (4.57)
€. — &€

K H

rie O, U O, — HanpsHKCHUS B KOHIIEC M B Hayase BHIOPAHHOTO y4acTKa KPHUBO;
€., €, — PONONbHBIE Ne(OPMALIMH B KOHIIE U B HAYAIIE TOTO )K€ y4aCTKa KPUBOH.
OOpazer; MOXXKET MO pa3HOMYy AeOPMHUPOBATHCA U TUI JeHOPMUPOBAHUS

YCTAHABIMBAIOT IO BUIY AMArpaMMbl CKaTus: Xpynkui (puc. 4.46, a), Xpymnko-
nacTuyeckuit (pucyHok 4.46, 6), minactuueckuit (pucyHok 4.46, B).

I I
| I
I I
I I
| |
I I

O Ey g O €p e O g g

uc. 4.46. Tunbl 1eopMaIMOHHOTO MMOBEJACHUS TIMHUCTBIX MTOPOJT
IIPU OJTHOOCHOM C)KaTUH

IIpu uccienoBaHuM CBOWMCTB TJIMHUCTBIX IOPOJ IPOBOMIAT U JAPYrM€ BHUJBI
UCIBITAaHUSI TP OJHOOCHOM cCkaTuu. OnpenenstoT KO3PPUIMEHT CTPYKTYpPHOU
OPOYHOCTH, HCIBITHIBasg CTaHAApTHBIE 0Opaslbl M 00paslbl C HapyIIEHHOU
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CTPYKTYpOH 3aJaHHOM BJIAXHOCTH M IPOYHOCTH; IPOBOAMTCSA HCIBITAHUE IIO
ONPEIEICHUIO JUIMTEIbHOM NPOYHOCTH. 3a BEJIMYMHY Hpelnena JUIMTEIbHOU
IIPOYHOCTH O, NPUHHUMAETCA TAKOE HAINPSIKEHHUE, IIPU KOTOPOM B TEUYEHHUE CYTOK

npoaonpHas nedopmanus yBenuuutcs meree yeM Ha 0,1%.
4.5.2. UcnibiTaHMe TJIMHUCTBIX NMOPO/ MPH PACTSKEHNH

Ha pesynbrar wucneiTanuss HAa pacTHKEHHUE KPOME METPOrpapuIecKux
ocobeHHOCTell mopos Oousbllioe BIUSHUE OKa3biBaeT (popma obOpasuoB. Hambonee
parmoHaiibHasi ¢opMa — B BHIE TpamneleuAaIbHOW BOCBMEPKH W YCCUYCHHBIX
KOHYCOB, CIIO)KCHHBIX BepIIMHamMu. 3roToBiieHHe Takux O0Opa3IOB CBA3aHO C
OONBIMMU TPYAHOCTAMH. YacTo HCMONB3YIOT 00pasmpbl MUIMHAPUYECKONH (HOPMBI
(kepH) WU TPU3MATHYECKON (OPMBI; WHOTJAA IS MSITKUX TJIMHUCTBIX TOPOJT
U3TOTaBIMBAIOT (DACOHHBIE 00PA3Ilbl, HO U JJI ATUX MOPOA JOMYCTUMO MPUMEHEHHE
00pa3IoB MUJIMHIPUIECKON U KyOrndecKon (hopm.

OpHuM W3 TOpocTeUIIuX NTPUOOPOB Ui ONpENEICHUS CONMPOTUBIICHUS
TJIMHUCTBIX TOpoJ paspbiBy sBisercas npudop H.A. IlerroBuua (puc. 4.47).
WcnbiTanue npoBOAuTCS Uil 00pa3loB, HUMEOMUX GopMy TpamneiueBUIHOMN
BocbMepku. OOpasel 10KeH UMETh JUIMHY 76 MM, mupuHy 20 MM, BBICOTY 25 MM.
JnuHa pa3peiBHOM yacTu 25...30 MM, MII0IIAAb CEUYCHUS 5 oM.

(] &, N s Puc. 4.47. IIpuGop H.A. L{pIToBMYA 11 OIpEAEIeHHS
} g @ IPOYHOCTH TIIMHUCTBIX OPOJ] HA PACTKECHHE

15 P T . L
oo PR

Pa3peiB  oOpasma MNpoOU3BOAMTCS C TMOMOIIBIO CIEIUAIBLHOTO IPUBOJA,
UMEIOIIEr0 JIBYXCTYNEHYAThIN IIKWB C OTHOIIEHHWEeM auameTpoB mikuBoB 1:10. B
Ka4yeCcTBE Ipy3a MNP UCIBITAHUSIX MOXKET OBITh HCII0JIb30BaHA BOJIa UJIU JIPOOb.

[Ipenen npoyHOCTH TIPU OJTHOOCHOM PACTSKCHUHU PaBeH

rne P — pa3pymiatomias Harpyska, H; S, — nepBoHavanbHas rmiomaib

2
MOMepeYHOro CCUCHUA 06p33].13, M.

max
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4.5.3. MeToa HCIIBITAHUSA TJIMHUCTHIX MOPOJ HA CABUT

B necyaHbIX U APYTrUX PHIXJIBIX 00JIOMOYHBIX MOPOJAX BHYTPEHHUMHU CHIIAMU
CONIPOTHBIIEHUS CIBUTY (pa3pylIEHUIO) SIBISIOTCS CUJIbI TPEHMS, BOSHUKAIOUIUE IIPU
CABUTE YaCTH NOPOABI PY B3aMMHOM IEPEMEIIEHNN CJIararolux €€ yacTul. TpeHue
BO3HHMKAeT BHYTPHM IIOPOJAbI M Ha3bIBa€TCsd BHYTPEHHUM TpeHUEeM. B CBA3HBIX
(TIMHUCTBIX) TOPOJAaxX BHYTPEHHUMHM CUJIAMM SIBJIIFOTCS €ILE U CHJIbI CLEIUICHMUS, T.€.
CUJIBl CTPYKTYpHBIX CBsi3ed. CHIBl CLEIUIEHHA CIy’KaT KOJUYECTBEHHBIM
BBIPQXEHUEM IPOYHOCTH CTPYKTYPHBIX CBSI3€H, NEHCTBYIOIUX B 00BbEME OPOJIbI IO
IIOBEPXHOCTSIM CKOJIBXKEHUS WM B IpeJieaxX 30H CKOJIbKEHUS.

MakcumanbHOE€  CONPOTUBIEHHWE  IIOPOJA ~ CIABHIY  IIPOSIBISETCA  IIPH
TUAPOCTATUYECKOM PABHOBECUH, T.€. KOrJa MX BIAXKHOCTHD W IUIOTHOCTh OYyIyT
COOTBETCTBOBATh JEUCTBYIOLIEH YIUIOTHSIOLIEH HArpy3Ke M YIUIOTHEHHE TOCTUTHET
crabunuzanuu. CrenoBaTeNbHO, MPOYHOCTh TMOPOJ MPU CABUTE CYIIECTBEHHO
3aBUCHUT OT peXUMa HcnbITaHuA. CXeMbl UCIIBITAHUS IPUMEHSIFOTCS CIIEIYIOLIHE.

1. HcnblTanue mopoj mo cxeMe ObICTporo ciaBura 0e3 MpenBapUTEIbHOTO
YIUIOTHEHUS, NPHU YIUIOTHSIOIIMX HArpy3Kax, HE IPEBBIIAIOIMNX CTPYKTYpHOU
IIPOYHOCTH NOPOJ, INPUPOJHOM HArpy3KM HIM Beca coopyxkeHui. Casuraromiee
YCWIHE IIEPENAcTCsl PAaBHOMEPHO M HENPEPBIBHO [0 PpAa3pPyLICHUS IOPOJBIL.
Pe3ynpraThl MCIIBITAaHUS TOCTATOYHO YETKO XapaKTEPU3YIOT IPUPOAHYIO IPOYHOCTb.

2. HcnplTanus opoJ IO CXeME MEUIEHHOIO CABUIA IOCIIE NIPEABAPUTEIBHOIO
IIOJIHOTO YIUIOTHEHHsS — B YCJIOBHAX 3aBEpPIIEHHOM KoHcosmpauuu. CraBuraromas
Harpyska IepeaeTcsl CTYIIEHIMH B BO3pacTaroleM MOopsAaKe A0 paspyuieHus. Hosas
CTYIIEHb Harpy3Kd IIPUKJIQJbIBAETCSl IIOCJIE 3aBeplieHus jAepopmarnuii ot
npeapiaymend. Pe3ynapTaTbl HCHBITAHWM XapaKTEpU3YHOT IPOYHOCTH IOPOA IIPHU
TUAPOCTATUYECKOM COCTOSSHUM. OJTa CXE€Ma Ha3bIBa€TCsl CTAHJAPTHOM, OHa
PEKOMEHAYETCS CTAHAAPTOM.

4. UctiplTanne MOPOJ B YCIOBUSAX CBOOOJHOIO OTTOKA BOJIbI B TEUEHHE OIIbBITA,
WIM, KaK TOBOPAT, OTKPBITOM CHUCTEMBL. B 3TOM ciiyyae oOecredumBaeTcs IMOJIHAS
KOHCOJIMJIaLMS MOPOJABl OT KaXJOW CTYyNEHU Harpy3ku. OTa CX€Ma BBIIOJHHUMA
TOJIBKO ITPY MEJUICHHOM CJIBUTE.

5. HcnelTaHus nopoa B YCIOBHSIX HEBO3MOXHOCTH OTTOKAa BOJIBI, T.€. B
YCIIOBHSIX 3aKPBITOW CUCTEMBI. B 3TOM Cily4ae He BCS BHEIIHSSI Harpyska sIBJISETCS
3p(EeKTUBHOM, TaK KaK 4YacThb €€ BOCIIPUHUMAETCS IMOPOBOM BOAOM. OJTa cxema
BBITNIOJIHUMA MPU OBICTPOM CABUI€ WM MPH NMPUMEHEHUM CIIEHUANbHBIX TPUOOPOB —
CTaOMIOMETPOB.

Bb160p cxeMbl HCIIBITAHUN MOPOJ] HA CIABUT ONPEAENAETCS PAJOM KOHKPETHBIX
ycnoBuil. [Ipu uccnenoBaHusx NecKoOB 1e1€CO00pa3HO MPUMEHSTH TITaBHBIM 00pa3oM
Cpe3HbIE MPUOOPHI, UCIIBITHIBATh UX MPHU HArpy3KaxX, COOTBETCTBYIOIIMX MPUPOIHBIM
WIN BECY COOpPYKEHHH, 0€3 MpeaBapUTEIbHOIO YIUIOTHEHUS, IO CXeM€ OBICTPOro
CABHIa M, E€CTECTBEHHO, B YCIOBHUSIX OTKPBITOM cuCTeMbl. lcmplTaHus cienyer
IPOBOAUTHL Ha o0O0pa3lax eCTECTBEHHOI'O CJOKEHHsS JMO0O TMpU IUJIOTHOCTH,
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COOTBETCTBYIOIIEH E€CTECTBEHHBIM YCIIOBHUSAM 3aJI€raHus IMOPOJ WA OIPEIAECICHHO
3a1aHHOM.

Br160p cxembl UCIBITAaHUN TIMHUCTBIX MOpoJ Oojiee TpydeH. B sTom ciydae
HAJ0 YYUTHIBaTh HMX COCTaB, OCOOCHHO MHHEpalIbHBIN, (U3UUYECKOE COCTOSHHE,
CTENEHb BOJOHACBIIIEHHOCTH, CKJIOHHOCTh K HAa0YXaHUIO WM K IpocagkaMm. BaxHo
3HaTb  NPOYHOCTh  CTPYKTYPHBIX  cBsize  (39QQexTUBHYIO  Harpy3ky IO
KOMIIPECCUOHHBIM MHCIBITAHUSAM), BEJIMYMHY IPUPOAHONW HATPY3KH, KOTOPYIO OHH
UCIIBITBIBAJIN, U IPEJIAraeMyI0 Harpy3Ky OT COOpPY>KEHHIA.

I'ocynapcTBEHHBIM CTaHAAPTOM IIPU MPOEKTHUPOBAHUU U CTPOUTEIIBLCTBE BCEX
BUJIOB 3/IaHUM U COOPYKEHUN PEKOMEHIYETCs cXeMa 2, T.€. MEJUICHHBIM CIIBUT I1OCIIE
IUIOTHOTO IPEABAPUTENBHOIO YIUIOTHEHUs. B 3TOM ciydyae nenecooOpa3HO
OPUMEHATh IJIaBHBIM 0Opa3oM Cpe3Hble MpPOObI, HCIBITAaHUS BECTH B YCIOBMSX
OTKPBITOM CHUCTEMBI MOJ BOAOW WM IIPU E€CTECTBEHHOM BIIAXXHOCTH NOPOA, IIPH
YIUIOTHSIOIIMX Harpys3kax, COU3MEPUMBIX C BEIMYMHOM HArpy3oK, IPEAoIaraéMblx
OT BecCa COOPYKEHUM, WIM IpUpPOAHBIX. Ha cragmsax mpenBapUTENbHBIX
VCCIIEIOBAHNM, KOT1a BAKHO UMETh IPEACTABICHUE O IPUPOTHON MPOYHOCTH MTOPOL,
1eJ1eco000pa3HO KPOME CXEMBbI 2 UCIIONIb30BaTh Takxke cxeMy 1. [Ipu mpoexkTupoBanuu
COOPYKEHHI Ha CIa0BbIX TTUHHUCTBIX BOJOHACHIIIEHHBIX MOPOJaX KpOME OCHOBHOMU
CXEMBbl M3yYEHMsS CONPOTUBIECHUS MX CABUIY JKEJIATEJBHO TAaKUE IOPOJBI
UCCIIEIOBaTh B CTAOMJIIOMETPax, B YCJIOBHUSX 3aKpbITOM CHCTEMBI IPHU OBICTPOM H
MEJUICHHOM TEMIIE pa3pyILICHHUS.

Taxum oOpazom, i onpeneaeHus] IPOYHOCTH MECYAHbIX U TNIMHUCTBIX OPOJ
II0 CONPOTHUBIICHUIO CABUTY OJHMM M3 OCHOBHBIX SIBIIICTCS METOJ WCIBITAHUN B
CpE3HBIX NpUdOopax.

Ha puc. 4.48 noxazana cxema npubopa I'mapompoekra. Pabouas kopoOka
npudbopa 4 COCTOMT M3 JBYX YacTei: HI)KHEH HENOJBH)XHOM 4a M BepXHEH
IMOABWKHOI 40.

Jlnis ombiTa 00€e YacTH KOPOOKM CKperuieHbl mmuibkamMu 9. CMOHTHpOBaHA
KOpOOKa B CHEUHMAIbHOW BaHHE 5, YCTAHOBIICHHOW HAa METAJUIMYECKOW CTaHUHE 2.
BuyTpeHHss mI0THOCTH paboueit kopoOku umeeT GopMy HUIKMHAPA. B 3TOT iunmunap
3arpyatotT oOpasel] UCHbITyeMol noponabl auameTpom 50 uim 70 MM U BBICOTOM
(15...20) mM. B OCHOBaHMM UMJMHJApPA HAXOAUTCA TMOPUCTHIA KaMEHb WIIHU
MeTaJlJIn4ecKas ImiaacTuHa 12 ¢ OOJbIIMM KOJIMYECTBOM OTBepcTuil nuamerpom 0,5
MM. HopmasbHOE yIUIOTHSIOIIEE MJaBICHUE Ha IMOPOAY IIEpeNaeTcs IblpyaThiM
mramnoM 10, UMEIUM ¢ BEpXHEN CTOPOHBI yIiIyOJIeHHE JUIsl CTAJIBHOIO LIapuKa,
Ha KOTOpBIM onupaercs ceppra 14. Ha cepery uepes3 chenuanbHbIM phlyar c
OTHOILIEHUEM IuIed 1:5 moaBemuBaroT MOABECKY € Ipy3oM 1.
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Puc. 4.48. IIpubop 'maponpoekTa 1151 UCOBITAHUS IOPOJT HA CABUT-CPE3:
a — pabouas kKopoOka; 6 — o0t Bua mprudopa

JUis ciBura B IJIOCKOCTH HAUMEHBIIETO COMPOTUBIIEHUS 00€ YacTu KopoOku 4
C NOMOUIBI0 IOABEMHBIX BUHTOB 11 pasaBurarorcss M co3gaercst 3a30p IIHUPUHOU
1...2 mm. Bo n30exaHue BbIIAaBIMBaHUS MOPOJBI 3a30p CO3/AETCs MEpEe] CaMbIM
CABUIOM. YIUIOTHEHHE MOPOAbI NPOU3BOAMUTCS Oe3 3a3zopa. CrBuraroiiee ycuiue
IIEpEeNAETCs ¢ MOMOIIBIO TATH O, IBYXCTYNEHYATOrO LIKWBA 7 M 3arpy304HOrO Beapa
8. Perucrtpanus nedopmanuii Mopoabl NpPH  HUCHBITAaHUSAX (HOPMajbHBIX U
CABUTAIOLIMX) MPOU3BOJUTCS 10 WHIMKATOpPaM YacOBOIO THUIIA, 3aKPEIUICHHBIM Ha
KpoHiTeiHax 4. [Ipy ucnpITaHUAX MOPOJBI O] BOJIOK B BaHHY S 3aJIMBAIOT BOAY.

OOpaboTka pe3yabTAaTOB HWCMBITAHWNA JIOJDKHA BKIIOYATh TOCTPOCHUE
rpauKoOB 3aBUCHMOCTH A€(POpMAIK TOPOJIbI OT CIBUTAIOUINX YCHUIIMMA, TIOCTPOCHHUE
IUarpaMMbl  3aBUCUMOCTH CONPOTHBIIEHHS MOPOJABI CIABUTY OT HOPMAaJbHOM
Harpy3Ky, YCTaHOBJIEHHE I1apaMETPOB, XapaKTEPU3YIOIIUX IPOYHOCTH MOPOA
(k03(ppuLMEeHT BHYTPEHHEro TPEHUS U CIEIUICHHUS), MPOBEPKY MPaBUIBHOCTU
IIOJIYYEHHBIX PE3YyJIbTaTOB UCIBITAHUM MIOPOJ HA CABUI.

Ha puc. 4.49 noka3an npumep MoCTpOeHUs TPapUKOB pa3BUTHs Aedopmannii
IO BJIMSHUEM CIBHralmux ycwimi. OTCroga BHIHO, 4YTO C YBEJIHYEHHUEM
HOPMAJIBHOM YIUIOTHSIOLIEH HAarpy3Ku OT G; J0 G, YBEJIMUMUBACTCS U CONPOTUBIICHUE
nopox caBUry. Jlns Kaxaoll HOpMainbHOW Harpy3sku G;, G, M O3 Ha rpaduxax
OTMEYAIOTCS JIB€ XAPAKTEPHBIE TOYKM. TOUKa a OTBEYAET CABUIAIOIIMM YCWIHSM,
CO3/AIOIIMM TEPBYIO 3HAUMUTEIbHYIO Ne(OopMaluio MOpoAbl. Belmie 3TON TOUYKH
CKOPOCTh pa3BUTHUA AepopMaIliK 3aMETHO yBeIUYUBaeTcs. Touka a Ha Tpadukax He
BCErJa OTYETIMBO BBIJEISETCS, HO KOIJIAa BBIAEIAETCA, TO MOXET CIYKUTb
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KOHTPOJIBHOM JUIsl TOYKM O, TaK Kak YCWUJIME, €d COOTBETCTBYIOLIEE, COCTABIISIET
0,7...0,8 ot ycunus, cooTBercTByoniero Touke 6. Touka O oTBeuaeT MpeaeabHbIM
MaKCHUMAJIbHBIM CJIBUTAIOIIUM YCHJIHSM, MPU KOTOPBIX HACTYMAaeT HENPEpPhIBHOE
cMmerneHue (medopmarivs) MOPOILI MO MOBEPXHOCTH WM BAOJIL 30HBI CIBHUTA. JTa
TOYKa MaKCHMAJIbHOTO CJIBUTAIOIIET0 YCUJIUMS COOTBETCTBYET CTaJIMU pa3pylICHUs
nopoabl. ChaBuramIue YyCWwiHs, OTBEYarolde TOYKaM O, NPUHUMAIOTCA Kak
MCXOJHBIC MPU MOCTPOCHUM AUArPaMM 3aBUCUMOCTU COMPOTUBIICHUS MOPOJ CIABUTY
OT HOPMAJIBHOTO YIIJIOTHSAIOLIETO JABJICHUS.

[TapaMeTphl: yroj BHYTPEHHETO TPeHUs ¢, KOADPUIIMEHT BHYTPEHHETO TPEHUS f U
creIuieHue (3arenieHue) ¢ — ABJISIOTCS KOJINYECTBEHHBIMU IOKA3aTEIIMU
NpOYHOCTH MOPoA. OHU MOTYT OBITh YCTAHOBJIEHBI MO IUarpaMMaM U BEIYUCIICHBI 110
pe3yabTaTaM MPOBEJACHHBIX UCTIBITAHUIA:

tgo = (1, — 1) /(0, — 0y); (4.58)

L1

— — e ey

i

¢ =Ty — 0180 = T, — 0,180

Puc. 4.49. I'paduku pazButusa nedopmainuii moja BIMUSHUEM CABUTAIOMIMX YCUIIMA:
I — npu OPUIOKEHUH CIBUTAKOLIMX YCHJIMW CTYNEHSIMU; 2 — IPU HENPEPHIBHOM
YBEJIMYEHHUH CIIBUTAIONIUX YCUJIMN C 3aJJaHHOU CKOPOCTBIO; Gy, G, G3 — HOPMAJIbHBIE
VIUIOTHSIFOIIME HArPy3KU

4.6. OnpenesneHre NPOYHOCTH TOPHBIX MOPOJ NPUOOPAMHU IS TPEXOCHOTO
CoKATHA

["opHbIE TOPOJIBI B YCIOBHUSIX €CTECTBEHHOTO 3aJIETaHUsI OOBIYHO HAXOISATCS B
CJIO)KHOM OOBEMHOM HAIIPSKEHHOM COCTOSIHUM, Pa3BUBAIOIIEMCS IOJ BIUSHHEM
BECA BBILLIEJIEKAIUX MACC (TPAaBUTALIMOHHBIX CHJT) U TEKTOHUYECKUX CHJI, B MEHBIIIEH
Mepe — Mepenaja TeMIrepaTypHbIX rpaaueHToB U ap. [Ipu BeneHuu ropHbeIX padoT
HaIPSKEHHOE COCTOSTHHUE TMOPOJ MOXKET YMEHBIIAThCS WM YBEIWYMBATBHCSA 3 CUET
nepepacrpeieneHuss Macc TOpHbIX MOPOJ M BO3IAEHCTBHUS BHELIHMX Harpy3ok. IIpu
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ITOM €CJIM KacaTeIbHbIE YCUIIUS MPEBBICAT BHYTPEHHUE CUJIbI CONTPOTHBIICHHS TOPO
CIABUTY, IOPOJBI HAUMHAIOT Pa3pylIaThCsl, HACTYIIAET MOTEPS UX MPOYHOCTH.

[Ipy wu3y4eHMHM NOPOYHOCTH TOPHBIX IOPOJ, T.€. CONPOTHUBICHHUS MX
pa3pylICHHIO, Ba)XHO MCIBITAHHUS TMOPOJA MPOU3BOJUTH B YCJIOBHUSAX CHJIOBBIX
BO3/ICICTBHI, AHAJOTHYHBIX WM ONM3KUX K MPHUPOAHBIM. OTHUM YCIOBHUSM B
U3BECTHON Mepe YAOBJIETBOPSET METOJ MCIBITAHUS MOPOJ B MPUOOpax TPEXOCHOTO
CKaTHs, Ha3blBaEMbIX CTA0WJIOMETpaMu (M3MepuUTeNnb MpoyHocTH). McnbiTanus
IIOPOJ, Ha TPEXOCHOE CHKATHE ITPaBUIIbHEE MOJEIUPYIOT UX HAIIPSKEHHOE COCTOSIHHE
B €CTECTBEHHBIX YCJIOBHUAX 3aJ€TaHHUs M JAIOT JOCTATOYHO HAJEKHBIE IaHHBIE O
CONPOTUBIIEHUU CIBUTY, HO OHHU OO0Jiee CIIOKHBI, YEM HCIHBITAaHUS B CPE3HBIX
npubopax. IlosToMy oOHM He MOryT OBITh MacCOBBIMM B  YCJIOBMSX
IIPOU3BOJICTBEHHBIX UCCIIEIOBAHUN.

B crabumomerpax oOpaseny mOpoasl HWIMHAPHUYECKOH (QOpMBI B TOHKOM
PE3MHOBOM 000JOYKE NMOMEIIAIT B KaMepy NpHOOpa MEXIy BEPXHUM U HHKHHUM
mramnamu (puc. 4.50). BcectoponHee (B crabuiomeTrpax Tumna A) WIH TOJBKO
O0KOBOE
(B crabmiomeTpax tuna b) naBnenune Ha oOpaseln mepesaeTcsl MpU MOMOIIU BOJIBI,
TIIMLIEPUHA WM IPYTOW *KHUAKOCTH, HarHETaeMol B KaMmepy. B crabunmomerpax tumna
A TIOMHUMO BCECTOPOHHETO J1aBJIeHUs (PaBHOIO OOKOBOMY) 4€pe3 IUTOK MPU MOMOLIH
npecca Ha oOpasel Iepenaercss 0CeBoe JaBieHUe G; = G, + P. CinenoBarenbHo, B

TaKUX CTAOMIIOMETpax OCEBOE JaBJiCHHE HE MOXXET ObITh MeHblne OokoBoro. B
crabunomerpax Tuna b, B ornmume ot THma A, OOKOBOE IaBJICHHE HE SIBISAETCS
OJTHOBPEMEHHO M BcecTOpoHHUM. OceBoe IaBJIEHUE Ha 00pasell O, 31eCh IIepeaaeTcs

HEIMOCPEJICTBEHHO Yepe3 MOPIIeHb HE3aBUCUMO OT OOKOBOTO U, B YaCTHOCTH, MOXKET
OBITH MEHbIIIE OOKOBOTO.

Ecnu B crabunomeTpax BcecTOpoHHEe MM OOKOBOE JaBJiCHHUE MOJIEPKUBATh
MOCTOSIHHBIM, @ OCEBOE€ TIOCTENEHHO YBEJIMYMBATh, TO OOpa3el MOPOJbl MOMXKHO
JIOBECTH [JI0 pa3pylIeHHs. DTOro K€ MOXHO JOCTUYb, €CIIM OCEBOE JaBJICHHE
COXPAHSTh MMOCTOSIHHBIM, & BCECTOPOHHEE YMEHbIIATh.

[Io nmaHHBIM HCHOBITAHWKA OOpa3LOB MCCIEAYEMON MOPOJAbl (OAHOTO JUIs
NECYaHbIX TOPOJ M JBYX-TPEX [IJs TJIMHHUCTBIX) TNPU Pa3IUYHBIX 3HAUYCHUSIX
BCECTOPOHHETO UM OOKOBOTO JABJICHHSI CTPOAT Auarpammsl Mopa.

KacarenbHble K TpefeNbHBIM KpyraM HampsDKEHUH Ha 3TUX JAUarpaMmax
YJIOBJIETBOPSIIOT YPAaBHEHUSIM T=1g8QC; U T=17i+1g®c, . [lapameTpsl KacaTeabHON K
TUM KpyraMm ¢,Q, tg@= [ SBIAIOTCSA KOJIMYECTBEHHBIMH MOKA3aTEISIMU TPOYHOCTH
OpOJ.

HcnpiTanusM B mpudopax TPEXOCHOTO CXATHsI IS ONpEAeNICHUs] MPOYHOCTU
MOTYT TIOJIBEpraThCsi CKaJIbHbIE, MOJyCKaJIbHbIE, MECUYAHbIE U JIPYTUE HECBSI3HbIC U
IJIMHUCTBIE TTOpoAbl. OCOOEHHO 1eNeco00pa3HO MPUMEHSTh TaKWe WCIBITAaHUS IS
nopos  ciaabblX  TJIMHHUCTBIX, MSATKAX  BOJIOHACBIIEHHBIX,  HEYCTONYHBOM
KOHCHUCTEHILIUM, TaK KaK HCIbIThIBATh TaKUE TMOPOJbI B CPE3HBIX MpUOOpax
3aTPYAHUTENIBHO — OHHU JIETKO pa3/aBlIMBAIOTCS M BbIJABIMBAIOTCS B 3a30pbI
npuodopa.
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0

Puc. 4.50. Cxema KOHCTpyKIuH cTabuiaomMeTpoB: a — tuna A; 6 — tuna b: 1, 2 —
KpaHbl; 3 — BEpXHUI M HWXKHUI mopuiHu; 4 — Kamepa; 5 — pe3uHoBas 000JI0YKa;
6 — mTok; 7 — oOpaszery

4.7. OmnpenesieHue yria BHYTPeHHero TpPEHHSl IECKOB IO YLy
€CTeCTBEHHOI'0 0TKOCA

JU1s1 OpHEHTHPOBOYHOI'O IIPEACTABIICHUS OT yIile BHYTPEHHETO TPEHUS IECKOB
ONPEIENAI0T YIroJl UX €CTECTBEHHOTO OTKOoca. Ilox mocnexHuM NPUHATO MOHUMATH
TOT IIPEAEIIBHBIN YIOJl HaKJIOHA OTKOCA, IIPU KOTOPOM IIOPOJa B OTKOCE HAXOJUTCS B
YCTOWUYHMBOM COCTOSIHMM — HE OCBINIAETCs, HE ONAJIBIBACT U T.JI.

B nabopaTOpHBIX YCIOBHSIX YTrOJl €CTECTBEHHOTO OTKOCA ONPEAEISIOT TOJIBKO
JUIsL TIECHAHBIX M TPABEIUCTBIX IOpoA. s mecka 3Ta XapaKTEpUCTHUKA MOXKET
ONPEIEIATHCS IIPU BO3AYIIHO-CYXOM COCTOSIHUM U IIPU IIOMELIEHUH €T0 B BOAY.

B 6anky B (popMe Mmapasuiesernuie/ia, oCTaBIeHHYIO Ha pebpo mo yriaom 45°,
HachINaroT necok (puc. 4.51). BepxHsisg NOBEpXHOCTb AOJKHA OBITH TOPU30HTAIILHOM.
3areM OaHKy OMUPAIOT HA THO, TIOCTIE OCBHIMaHMsI TeCKa U3MEPSIOT BBICOTY OTKOca h u
JUIMHY 3aJI0KEHMSI ITecKa {, 3aTeM BBIYHCIISIOT YIoJl ECTECTBEHHO OTKOCA

h
(p=arc-tg-z (4.59)

Takum ke 00pa3oM ONpPEeAeNSIIOT Yrojl eCTEeCTBEHHOIo0 OTKoca Iiecka,
HaXOJISAIIErocs 1MoJI BoJ0i. B 6aHKy ¢ MeCKOM MEIJICHHO HaJIUBAIOT BOJTY.
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Puc. 4.51. Onpenenenue yria eCTECTBEHHOTO OTKOCA MECUAHBIX TOPO/T

CaMbIM MpPOCTBIM CHOCOOOM ONPENEICHUSI YyIJIa €CTECTBEHHOIO OTKOca
SIBJISIETCSL OMpEJENICHUE C MOMOUIbI0 HMuianHApa Oe3 aHa (puc. 4.52). B mununap
3aChINAOT MOPOAY M MEIJICHHO €€ MOJHUMAIOT, MOCJE YEro U3MEPSIOT BhICOTY h u
JMaMeTp OCHOBaHUs 00pa3oBaBlIerocs konyca d.

VYT0J1 €CTECTBEHHOTO OTKOCA OIMPEACIIAIOT 1Mo (hopmyJie

2h
o =arctg@; tge = F’ (4.60)
Lnnuuap
h
¢
LV II LIS AP AA Y 3
" d ‘

Puc. 4.52. Onpenenenne yria eCTECTBEHHOTO OTKOCA ¢ TOMOINIBIO HIMJIMHAPA

4.8. Ilpeneabl M3MeHEHHUS MPOYHOCTHBHIX MAPAMETPOB MOPOX YIOJbHBIX
maxTt /londacca

[IpoyHOCTHBIE TMapaMeTpbl MOPOJ 3aBHUCAT OT I'€OJIOTHYECKHUX IMPOIECCOB, B
pe3yJibTaTe KOTOPHIX OHU 00Pa30BaJIUCh, a TAKXKE OT TPEIIMHOBATOCTHU, BJIIAXKHOCTH,
TeMIepaTypbl, TOPUCTOCTH U CIIOUCTOCTH.

B ectecTBEeHHOM COCTOSIHUHM MPEIEIIbl MPOYHOCTH MIPU OJJHOOCHOM CIKATUH O ¢y
OCHOBHBIX THUIMOB BMemawmux nopon Jonbacca cienyromue (Mma): nmecyaHuKU —
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(60...180); aneBpomutel — (25...100); aprummmrsl — (10...70); HU3BECTHSKH —
(40...200), nns yraei — (2,4...35).

Ecnu Het OoJiee TOUHBIX CBEIECHHM, PEKOMEHYETCs] IPUHUMATD
G, = 0,16 C = 0,36, Ou = 1= S)Gp

Tpewunosamocmob, UMEIOIIASACS B MACCUBE TOPHBIX MTOPOJ, B 3aBUCUMOCTH OT
€€ MHTEHCUBHOCTHU, CHUYKAET COMPOTUBIIIEMOCTh MACCHUBA CKATUIO MO CPABHEHUIO C
obpasmiom Ha 10-80%. CompoTHBISIEMOCTh MACCHBA DPACTSDKCHHIO MOXET OBIThH
HYJIEBOW NPU T'YCTON CETU OTKPBITHIX TPEUIUH; MOXKET ObITh CHIKeHA Ha 90-99% mo
CpPaBHEHHUIO C 00pa3lOM MPHU TYCTOM CETH 3aKPBITHIX TPEUIMH M, HAKOHEI, OBITh
cHmxeHa Ha 80-95 nmpu MUKPOTPEIIMHOBATOCTH.

JlnutenbHOE y8aadicHeHue TOPoJl, KOTOPOE YacTO HaOIIOJAeTCsl Ha YTOJIbHBIX
[1axTax, CHUKAET CONMPOTUBISIEMOCTh MACCUBA CXKATHUIO TI0O CPABHEHUIO C 00pa3IoM
Ha 20...70%.

VYBenuueHue memnepamypbl W NOPUCMOCMU TIPUBOJUT K CHIKEHHUIO
MPOYHOCTHBIX XaPAKTEPUCTUK TOPOJ.

Croucmocms TOPHOTO MACCHBA BIMSET HA €r0 CONPOTUBIIAEMOCTh TaK, YTO B
HaIpPaBJICHUU BJIOJb CIOUCTOCTU COMPOTUBISAEMOCTh CXKATHIO MEHBIIE, YEM B
HaIPaBJICHUU MEPIECHANKYISIPHOM CIIOMCTOCTH, & COMPOTUBISIEMOCTh PACTIKEHUIO —
Ha000POT.

KoHTpoJibHbIE BOIPOCHI

1. Yrto Takoe HanpsbkeHuUe?
2. Kak onpenensitorcst HANMPS>KEHUS MPU PACTSHKEHUH, CKATUU?
3. Kak wu3MEHSAIOTCS HaNpsKeHUs TpPH  PACTSDKEHHMM B 3aBUCHUMOCTH  OT

OpHEHTAlLlUU CeYEeHUs?

4. IloHsTHE HANPSYKEHHOT'O COCTOSIHUS B TOUKE.

5. Yro npeacTasisieT co00il TEH30p HAIPSKEHUIN ?

6. Uro Takoe nuHeiHas nedopmarus’?

7. B dem 3akiroyaeTcs 3aKOH NapHOCTU KAacaTEIbHbIX HAIPSKEHUN?

8. Kax dhopmynupyercs 3axoH ['yka npu pactsokeHun?

9. Bupapl HanpsKEHHBIX COCTOSHHM.

10.Kak onpenenstorcs KacarelbHbIE HANPSIKEHUS B HAKJIOHHBIX IJIOMIAKAX MpU
IJIOCKOM HAIIPS)KEHHOM COCTOSIHUH?

11.YT0 Takoe Kpyrosas nuarpamma HanpspKEHHOTO COCTOSIHUA?

12.4YT10 Ha3bIBAIOT IV1aBHBIMU HANPSHKEHUSIMH ?

13.Kak onpeaensercs: HalpaBJIECHUE TTIABHBIX HANPSXKEHUN?

14 KpyroBas  nuarpamMma  HalpsDKEHHOTO — COCTOSIHUS — NpU  OOBEMHOM
HaIIPSHKEHHOM COCTOSIHUU.

15.Yemy paBubl Kak ¢ m[OMOMIBIO KpPYroBOM JAMarpaMMbl HamnpsKEHUAN
ONPEIEIUTh IJIaBHbIE HAIPSKECHHUS ?

16.HanbobIIME KacaTeIbHbIC HAIPSKEHUS 7



100

17.Kakue BO3HUKAIOT HAPSDKEHUS U Aepopmanivy mpu casure?

18.Yemy paBHa MOTEHLIMATIbHAS 3HEPTUA AedopMaIum?

19.B dem 3akirodaeTcsi MpUpoaa XPYMKOro pa3pyiieHus, pa3padboTaHHAs A.
['pudpurcom?

20.Yto npencraBisieT coO00M KMHETUUECKasi TEOPUS pa3pylIeHuUs, pa3padoTaHHas
akagemukoM C.H. )KypkoBbim?

21.B dem 3akiioyaroTcs TEOpHM HaWOONBIIUX JIMHEHHBIX JaedopMaiui,
HAauMOOJIBIIMX  KAacaTeNbHbIX  HANpPsDKEHHWM,  DHepreTuyeckas  TEeopHs
MPOYHOCTU?

22.4Yt10 Takoe Teopusi mpouHoctu Mopa?

23.Crioco0bI MOCTPOEHUS MAacopTa MPOYHOCTH TOPHBIX MOPOI?

24.Kakue cBOWCTBA CJIeAyeT Ha3bIBaTh (PU3HKO-MEXaHUYECKUMU?

25.006m11e NoHATHS 0 MEXaHUYECKUX CBOMCTB FOPHBIX MOPO/I.

26.Kakue nokazareiay XapakTepu3yIoT IPOYHOCTh TOPHBIX TOPOA?

27.Kak onpenessiioT MPOYHOCTh TOPHBIX MTOPOJ METOJIOM COOCHBIX ITyaHCOHOB?

28.Kak onpenernsiercs npeaes NpoOYHOCTH IPU PACTIKEHUU ?

29.B yem 3akiro4aeTcsi METOJ OIpPEAENICHHs MNPOYHOCTH TOPHBIX MOPOJ Ha
pa3pbIB METOJIOM pacKaJIbIBaHUs?

30.Kakue cxembl UCTIBITAHUS PUMEHSIIOTCS TIPU M3YUYEHUU CBOMCTB MECUYAHBIX U
TJIMHUCTBIX MOPOJT TP CABUTE?

31.0nummrTe ycTporuCcTBO CTAOUIIOMETPOB U UX Ha3HAYCHUE.

32.CxeMbl Tiepeaun HampsKEHU Ha MOpoAy B cTabmiioMeTpax TUIoB A u b.

33.0Omnpenenenue yriia eCTeCTBEHHOr0 OTKOCA eCYaHbIX MOPOJI.

34.Heob6xomumble pa3mepbl 00paslloB TOPHBIX MOPOJ JIS HCCIAEAOBAHHUS MX
MEXaHUYECKUX CBOMCTB.

35.Kakum o00pa3om ompenenstoTcs MPOYHOCTHBIE TOKa3aTelu Ha o0pasmax
HENpPaBUWILHOU (POpMbI?

36. B ueM 3akiro4aeTcss METOJ ONpEeIeTeHUS NPOYHOCTHBIX XapaKTEPUCTUK C
NOMOILBIO yJapa MapuKOBBIM MOJIOTKOM?

5. JE@OPMALIMOHHBIE CBOMCTBA MOPOJ

5.1. leppopmanuu B rOPHBIX MOPOAAX

['opHble MOpOABl MOJA ACHCTBHEM BHEUIHMX CHJI MEHSIOT CBOIO GopMy HU

pasMepsl, T.€. AePOPMUPYIOTCS.

W3MeHeHne OTHOCUTENBHOIO IOJIOKEHUS YacTUYEeK MOpOJbI, BBI3BIBAIOIIECE
n3MeHeHne o0beMa U (OPMBI TOPOJI, Ha3bIBACTCS JAePOPMAIIACH.

Jlepopmari MOTYT OBITh HEpa3pyIIAIOIIMMH U Pa3pyIIAOIIUMU.

Hepaspymaromue nedpopmannu u3MEHIIOT pa3mepsl, Gopmy 1 00beM MOpObI
0e3 HapylIeHHs €€ CIUIOLIHOCTH; pa3pyLIaouIie — IPUBOJAT K Pa3AeIECHUIO TOPObI
Ha OT/EJIbHbIE YaCTH.

Ecin nociie BCECTOPOHHETO IJIUTENBHOTO CKaTusi 00pasel] rOpHOW MOpoAabl B
HEKOTOPBIH MOMEHT BPEMEHHU pas3rpy3uTh, TO HacTh JAedopmanuii, mpuoOpPeTEeHHbBIX
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O]l Harpy3Koil, ¢ TEUeHHEM BPEMEHH MOXXET BOccTaHOBUTCA. Takue nedopmannu
HOCAT Ha3BaHHME JedopMaluii TeHETHYECKOro BO3BpaTa (OT CIOBa «IEHE3UC» —
IIPOUCXOKIECHHUE 0CATOYHOTO MACCUBA).

Jlepopmariuio, MOSIBISIIOIIYIOCS B MOMEHT MPUJIOKEHHUSI HArpy3KH, Ha3bIBAIOT
yIpyro-MrHOBEHHOH, a nedopmaiinio, KOTopas pa3BUBAETCS C TEUCHUEM BPEMEHU —
nedopManueit noa3y4ecTy.

[Ipy yBenumueHHMH Harpy3oK MOKHO HaOmogaTh TpuU obOjacTH nedopmanuu
NOpOABL:  YIPYIyH, IUIaCTUYECKYH0 M paspyliapmyro. B 3aBucuMoctd  OT
COOTHOIIEHUS BHUJA eopMaluii IpU CKATUHU, TOPHBIE MOPOBI MOAPA3AEIAIOTCS HA
yIpyrue Ui Xpynkue (IacTUYecKas 30Ha MPaKTUYECKU He HaOIoaaeTcs), yupyro-
IUIacTUYHbIE (paspyluaromei JedopManuy OPEIIecTBYET 30HA IUIACTUYECKOU
nedopManum) U macTuyHble (yrnpyras aedopmanys He3HAUYUTENbHA).

Ha puc. 5.1 npeacraBneHsl THNUYHBIE TpapuKu AePopMaIiil mopos.

HopMmanbHble HampspkeHUs B 00pasiiax FOPHBIX MOPOJ BBI3BIBAIOT W3MEHEHUE
UX JTUHEHHBIX pa3MepoB. Jlepopmaliu B 3TOM ciiyyae Ha3bIBAIOTCS JIMHEHHBIMU.

OTHOCUTENBHOE U3MEHEHHE JIMHEHHBIX pa3MepoB COCTaBIsAET (cM. 4.4)

_ -1 Al
ly Iy’

€ 5.1

rae | — nmna pedpa nedopmupoBaHHoro odpasiia, Mm; 1, — nmmHa pedpa obpasua
TOPHOU MOPOABI 10 A1eOPMHUPOBAHUS, MM.

KacatenpHble ~ HampspKeHHS ~— BBI3BIBAIOT — CIBUTOBBIE  JedOopMallvH,
oTpenensieMble BETMYNHON YIIIa CIIBUTA TPaHu 00pasia.

JledopMalnmoHHbIE XapaKTEPUCTHKH TOPHBIX TMOPOJ OMPEICISIIOT OOBIYHO B
1a00pATOPHBIX YCIOBHAX MPH MPUIOKEHUH K 0Opasnam Harpy3ok. s aTux meneit
UCTIONB3YIOT «MSTKHE» M <«OKECTKME» HCIBITATeIbHBIC MAIMHBI, Ha KOTOPBIX
BBITIOJTHSFOTCSl MEXaHUYECKUE UCIIBITAHUS TOPHBIX TIOPOI.

B «MArKMX» WCHBITATENFHBIX MAaIMHAX, B IMpolecce IehOpMHPOBAHHS
HaKaIIMBaeTCsI OOJIBIIOE KOJMYECTBO YIPYrold SHEPTHU, KOTOpas MPEBpAIlACTCs B
KMHETUYECKYF0 B MOMEHT pas3pylleHHs oOpa3la © TOITOMY pa3pylICHHUE
npuoOpeTaeT B3PBIBHOW XapakTep (HalmpuMep: BHE3aIHbBIH BIOPOC TIOPOJIbI, TOPHBIH
ynap). B «KecTKuX» HCIBITATENbHBIX MallMHAX, HA000POT, 3TO KOJIUYECTBO SHEPTUH
HEBEIIMKO M UMEETCS BO3MOXXHOCTh M3Y4aTh XapakTep Ae(hOpMUPOBAHUS ITOPOJIBI 32
npefesioM  MaKCUMallbHOU COMPOTHBIIIEMOCTH (HanpuMep: TPOIIECCHI
ne(pOpPMHUPOBAHUS, PACTSIHYThIE BO BPEMEHH).
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Puc. 5.1. Tunmuneie rpaduku aedpopmanmii mopoxa: 1 — ympyroit (KBapuur);
2 — yOpyromiacTU4eckor (ocajgouyHble mopoAbl); 3 — mactTuuHoil (Mpamop): OB u
OB’ — 30na ynpyrux aedopmanuii; B'C u OC” — 30Ha mutactuueckux aedopmariuii;
touku B, C, C" — MOMEHTHI pa3pylieHus: TOpo/I.

Jlsist GoJiee MOTHOTO MpEACTaBICHUS O Je(OopMaMOHHBIX CBOMCTBaX T'OPHBIX
opoJl, B KayecTBe MpUMEpa PacCMOTPUM TOJIHYIO Juarpammy JaehopMUpPOBAHMS
00pa3iia TopHOM MOPOJIbI TIPH CKaTUU (puc. 5.2).

Ha nuarpamme ciienyer pazinyarh:

0-a — Y4YacTOK, XapaKTepU3YyIOIIMN 3aKpbITHE TOp, TpeuuH (T.e. ne(eKToB
MOPO/BI);

a-B  — Yy4YaCTOK, XapaKTepm3ywIui o0macth ynpyrux aedopmaruit
(HabmromacTes IMHEHHAS 3aBUCUMOCTD);

B-C — YYaCTOK, XapaKTEePU3YIOIUK 00JacTh Hadajga BOSHUKHOBEHUS TPEIIUH U
miactTuaecko  nedopmaruu. Ecmu B TOYKe € CHSTh HArpys3Ky, TO TIpoIiecc
OCTaHOBUTCSI U MUKPOTPELIMHBI 3aKPOIOTCS;

c-d — ydJacTok, XapaKTEepHU3YIOUIMH TPOILECC Pa3BUTHI OO0Pa30BABIIUXCS
TpeuH. [Iporecc HeycTOWYMBBIM, JaBHHOOOpas3HbIM Xxapakrtep. Touka d
COOTBETCTBYET

MaKCHUMaJIbHOW COMPOTHUBIIIEMOCTH 00pa3iia pa3pylieHHIO.

d-e — y4acTok, XapakTEepHU3yIOIIMH yMEHbIIEHUE HeCcylleil CIoCOOHOCTH
oOpasma. Ha sToM yuacTke HaOIMIOJAIOT TpOLECC AWIATAHCHM, T.€. YBEIUMYCHHE
obbema oOpasria.

e-k — ydacTok, XapakTepu3yoluil pa3pylieHue UCIBITHIBAEMOro o0pasiia.

Takum 00pa3omM, TOpHbIE MOPOALI HE SIBISIOTCS HICATBHO YNPYTUMU WU
UJICATBbHO TUIACTUYECKUMHU TEJlaMH, B PE3YyJbTaTe€ IIPU KX HArpy>KEHUH BCErla
HaOM0JaeTCsl Hapsily C© YIOpyro jgegopmanueif, B TOH WM HHOM CTENEeHH,
rIacTudeckas AeopMariusi.
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Puc. 5.2. [lonnas auarpamma nedopmMupoBaHus o0pasiia TOPHOI MOPOJIBI.
5.2 Ynpyrue cBoOiCTBa rOPHbIX IOPOJ

["opHBIE TOPOIBI MOTYT AehOPMUPOBATHCS B TIPEIeTax YIPYTOCTH.

Ynpyzocms — cBOWCTBO TOpHOW MOPOJBI U3MEHATH (GOpMy U 00BEM MO
BIIUSIHUEM CHUJIOBBIX BO3JCUCTBUI M TOJHOCTHIO BOCCTAaHABIMBATH TMEPBOHAYAILHOEC
COCTOSIHUE TTOCIIE YCTPAHEHUS 3TUX BO3ICHUCTBUM.

VYropyrue  CBOMCTBa  TOpPHBIX  TOpPOJA  MPOSIBISIOTCA  TOJIBKO  TPHU
KPaTKOBPEMEHHOM BHEIIIHEM BO3/ICHCTBUMU.

JIist Kaxa0ro BUAA MPUIIOKEHHBIX HArpy30K CYIIECTBYET CBOW KO3(PPUIIMEHT
MPOMOPIIMOHAIBHOCTH MEXJy HaIpSKEHUSIMA M YOPYrUMu JedopmanusMu: OH
SBJISIETCSI TAPAMETPOM MOPOJIbI, OLIEHUBAIOIIUM €€ YIIPYTrue CBOUCTBA.

K mapamerpam, xapakTepu3yluM ynpyrue CBOMCTBA TOPHBIX MOPOJ, CIEAYEeT
OTHOCHTb:

— npeoen ynpy2ocmu O, 11a;

— mo0yae ynpyeocmu (monyib FOnra) E, Ila;

— Mo0yab cosuea G, Ia;

— M0oOyb 6cecmoponnezo cocamus K, Ila;

— k0a¢huyuenm Ilyaccona v, en.

B nmaGopaTopHBIX yCIOBHSX YOPYrHe MapaMeTpbl TOPHOH TOPOJBI MOXKHO
YCTaHOBUTH TNPH HArpy>kKeHWU 00paslloB HA TUAPABIMYECKUX mpeccax. s sToro

ucclieayemMble 00pasiibl JOJKHBI UMETh COOTHOIIEHUE BbICOThI (h) k nuametpy (d) —

h
—-22. Takoe TpC6OBaHI/IC IIO3BOJIICT 00CCICUYUTH PaBHOMCPHOC OJHOOCHOC

d
HaIPSHKEHHOE COCTOSTHUE B CPEIHEN 4acTH o0pasiia MpH ero CKATHH.

B nagane ucnbiTaHuid, onpenessaoT Ipeaes MpOYHOCTH 00pa3iia Ha OJTHOOCHOE
cKatue (O, ). 3anuch aedopManuil OCYIIECTBIISIOT C INOMOIUBIO MPOBOJOYHBIX

TCH30OMCTPOB, MHAYKTUBHBIX JATYUKOB YaCOBOI'0 THUIIA W T.II. OOb1yHO JaTYNKH



104

pacrosnaratloT ¢ 4-x CTOpOH oOpasla, a HUX MOoKa3aHMs ycpenHsoT. VcnblTaHus
IPOBOJAT B PEKMME MHOTOKPATHOTO HATPYKEHHUS U Pa3TrPy3KHU.

Tunuunelii rpaduk neGopMUpoBaHHUS TOPHON MOPOABI I OIpPENCICHHS
YHOPYTUX [1apaMeTpoB MPEACTaBIEH Ha puc. 5.3

G\

e}
CX
0,60
CX
030
CX
0,10
CX
Si=—
0 A€ 3

Puc. 5.3. Tunuunelii rpaduk gegopmMupoBanus oOpasia TOPHOI MOPOIBL.

C nmomompto Tpaduka MOKHO YCTAaHOBHUTH BEIMYMHBI AG U A€, a MO BBIPAKEHUIO
ONPEIEIUTh MOYJIb YIPYTOCTH.

_4o

E=— (5.2)

[To OTHOCHUTENBbHBIM HU3MEHEHUSIM JIMHEHHBIX pa3MEpPOB B HAMPABICHUSAX
NEPIeHIUKYJISIPHOM W TapajuleIbHOM TMPWIOKEHUIO Harpy3ku Ha oOpaszery
onpeaesitoT ko3 punueHt [lyaccona.

Takum 00pa3om, OMpeAenuB SKCIEPUMEHTAIBHO Ha 00pasmax Mmopoj
XapaKTEPUCTUKU E 1 V, MOKHO pacUyeTHBIM IyTEM OMPEACIUTh 3HAUCHUS OCTAITBHBIX
napaMeTpoB.

Ynpyrue cBOWCTBAa TOPOJ 3aBHCAT OT BEJIWYMHBI U poja IpujaaracMoi
Harpy3ku. C yBeJIWYEHHUEM Harpy3kH IMpH PacTsHKEHUU MOPOIbI MOAYJb YIPYTrOCTH
YMEHBIIIACTCs, MPU CKATHUM — yBeluuuBaeTcs. [Ipu cxaTuu mopojaa yIUIOTHSIETCH,
YBEJIMYUBACTCS IUIOMIAJIb KOHTAKTOB 3€PEH, COOTBETCTBEHHO YMEHBIIIAETCS
CITIOCOOHOCTH TMOPOJIbI K JajdbHEWIIen aedopmaluu M, ClaeoBaTeIbHO, BO3pacTaeT
MOJYJIb YIIPYTOCTH.

Koadduimentsl nonepednsix aeopmanuii v TOPHBIX MOPOJ TEOPETHUYECKU
MOTYT u3MeHATbCcs B mnpenenax or 0 mo 0,5. [Insg OonbIIMHCTBA MOPOJA OHHM
KojebmoTcst B uHTepBane 3HadeHuir ot 0,14 no 0,35. MuHuManbHbIE 3HAYEHUS V
UMEIOT HEKOTOPhIE OMOTUTOBBIC M M3BECTKOBBIC CiaHIlbl, o, THewcH (0,01...0,08),
MaKCUMaJIbHbIC — HEKOTOphIe TyHUTHI, ampubdonutsl (0,4...0,46).
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Jlnst ropubix opox Jonbacca 3nadenus koddduruenta [lyaccona maxomsrcs
B cieayronux npenenax: anepoaut — 0,140,49; aprummut — 0,0840,44; necuanuk —
0,140,37; n3Bectusk — 0,1340,44

S.3.1lnacTuyeckue U peoJIOrHYecKue CBOMCTBA FOPHbIX OPOJ

['opHble TOpOABI, TaK K€ KaK WU JApPyrue marepuaiibl AedOpMHUPYIOTCS TIO-
pa3sHOMY IIPM MTHOBEHHOM U MPH JUIUTENBHOM MPUIIOKEHUU HArpy3KH, B PE3yJIbTaTe
YEro MpOSIBIIAIOTCA UX Pa3JINYHbIE CBOKCTBA.

Inacmuunocms — siBienune pocra aedopmaiuii Mpu HEKOTOPOM BO3PACTAHUU
HaIpsHKEHUS! CBEPX Mpeiesia yupyrocT 0e3 HapyIIeHHs CIUIOITHOCTU MOPO/IbI.

[nactuueckass npepopMauus B  Mopojax oOycClIOBJI€Ha BHYTpU- U
MEX3EPEHHBIM  CKOJIbKEHHEM. BHyTpHU3epeHHOE€  CKOJbXEHHUE  OOYCIIOBIEHO
JOVCIIOKALUAMU — CABATAMH OJJHOM 4aCTH KPUCTAJIJIA OTHOCUTENBHO JAPYTOM.

K mapamerpam, XapakTepu3yroOmMUM MIACTUYECKUE CBOWCTBA TOPHOU MOPO/IBI,
CIeNyeT OTHOCUTH M0oOyab naacmudnocmu (Eyy,, [1a), KOTOpBI mpeacTaBisieT coOoi
OTHOILIEHUE IIPUPOCTA HANPSKEHUN B IUIACTUYECKOM 30HE 10 MOMEHTA Pa3pyLICHUS
MOPO/IbI K TIOJTHOM IIaCTUYECKOU nedopMaiuu

Ocx — Ok

E . =tg0€3 =
nJI ep—SE

(5.3)

[TapameTpbl GexsOp €, ¥ EE MOKHO OTIPENCIUTE U3 rpaduka, npeICTaBIEHHOTO Ha

puc. 5.4.

Ha rpaduke tgo, paBen moaymio ympyroctd E; tgo, — Moaymo MOMHBIX
nedopmanuii nepes paspymeHueM Eqq; tg0lz — Moaymo muactuaHocTd Eyy; tgoy —
Moayito crasa M Hecyiel criocoOHOCTH MOPO/JIbl, KOTOPBIM XapaKTepu3yeT CTEIEHb
XPYIKOCTH Tpoliecca pa3pylieHus: MOpobl (MO3TOMY €ro MHaue Ha3bIBAlOT — MOJYJIb
XPYHKOCTH).

[lo BenuuuHe MOIYJS TUJIACTUYHOCTH MOKHO CPaBHUTh OTHOCHUTEIBHYIO
IUIACTUYHOCTh TOpPHBIX TopoA. OOBIMHO C YBEJIWYEHUEM IIpejesia MPOYHOCTH
OJTHOOCHOMY CKaTHIO KOA(DPUITMEHT TUTACTUYHOCTH YMEHBIIIACTCS.

[TmacTUYHOCTh 3aBUCUT OT MUHEPAJIBHOTO COCTaBa TOPHBIX Mmopoj. Hamnume
JKECTKUX KBapUEBBIX 3€peH U IMOJEBOro IInaTta B IOPOJE YMEHBIIAET €e
IJIACTUYHOCTD. [[MacTHYHOCTE yTiieit 3aBUCHUT OT COJIepKaHMs B HUX YIJIepoa.

Monyns ynpyroctd 0oJiee IUIACTUYHBIX TMOPOJ, OOBIYHO HIDKE, YeM IOPOJT
MeHee miacTUdHbIX. C yBENTMYEHUEM YHWCIa TUIACTUYHOCTH TJIWH BO3pACTaeT HUX
CKUMAEMOCTh U BOJOHEITPOHUIIAEMOCTb.
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Puc. 5.4. I'paduk Kk pacueTy MOIYJIs MIIACTUYHOCTH 00pa3iia TOPHOM MOPOIBI.

[11acTUYHOCTD CKaNbHBIX NOPOJ YBEJIMYMBAETCS C IOBBIIIEHUEM TEMIIEPATYPbI
U BcecTOpoHHero paamieHus. [lopoasl, Benymue cebs Kak XpyHKHEe B OOBIYHBIX
YCIOBUSIX, IPHU IOBBILIEHHBIX JaBICHUAX M TEMIEpaTypax HNpHOOPETaIOT SBHO
BBIp@XEHHBIE IUIACTUYECKUE CBOWCTBA. Temmeparypa yckopsieT (MHTEHCU(UIUPYET)
IpoLecC IJIaCTMYeCKoro TeueHus. llmactuueckue negopmanuu npu  OOJIBIINX
BCECTOPOHHUX JABJICHUSIX OOBSCHSIOTCA TEM, UYTO B 3THUX YCIOBUSAX Oojiee JIerko
MOTYT IIPOSIBUTHCS BHYTPU3EPEHHBIC IBW)KCHMSI M CMELICHMs, HE NPUBOIAIIME K
HapyLIEHUIO CIUIOMIHOCTHY W K BO3HMKHOBEHHMIO TpPEIIMHOBATOCTH, T.€. K
paspymanmmM 1eGopMarysam.

Peonocuueckue  CBOMCTBA TOPHBIX IIOPOJ —  CBOMCTBA, KOTOpPBIE
XapaKTepU3ylT W3MEHEeHHE aedopmanuii ¥ HANpPSDKEHUH B TOPHBIX MOPOJAAX MpH
JUIMTEIIbHOM J€HCTBUU HArpy30K.

MexaHu4ecKkue XapaKTepUCTUKH TOPHBIX MOPOJ OINPENENSIIOT OOBIYHO IPHU
KPaTKOBPEMEHHOM TPWIOKEHUH HArpy30K. OJIEMEHThI XK€ CHCTEM pa3pabOTKH,
TOpHbIE BBIPAOOTKH, KPENU BOCIIPUHUMAIOT HATPY3KH B TEUEHUE MHOTHX JIET.

Bomnpocamu mnoBeneHuss MarepuanoB, B T.4. U TOPHBIX IIOPOJ, B YCIOBHUAX
JUINTEJIBHBIX CHJIOBBIX BO3JCWCTBUI 3aHMMACTCS PEOJIOTHsl — HAYKA O TEYECHHUH
BeLeCTBA.

B 3aBucuMOcTH  OT  BHEIIHMX  YCJIIOBUW, W3MEHEHUE  HANPSKEHHO-
1e(OPMUPOBAHHOTO COCTOSIHUSI TBEPAOIO Tejda BO BPEMEHM MOXKET WATH ABYMs
nytamu. Hampumep, Harpy3uM o0pasen; TOpHOM TOpOIbI, HMEIOMMA (Gopmy
HWIMHAPA, HEKOTOPOW MOCTOSSHHOW HEPa3pyILIAIIEH HArpy3Kou, CO31arolen
NPAKTUUYECKH MTHOBEHHO BIIOJHE OMNPECICHHYI0 OTHOCHTEIBHYIO e(hOopMaluio,
BEJIMYMHA KOTOPOM 3aBUCHUT OT MOJAYJA YIOPYIOCTH Marepuaia M BEJIUYUHBI
IPWIOKEHHOW Harpy3ku. B mocnenyronme MOMEHTBI BpEMEHH, HECMOTPS Ha TO, YTO
HANPSDKEHUST HE MEHSI0TCS, AedopMalus He OyJeT OCTaBaThCs MOCTOSHHOM, KaK 3TO
cienyet u3 3aKoHa ['yka. Bennuuna ee OyZeT MOHOTOHHO BO3pacTarth.
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Peonornueckoe sBieHue, 3aKI0YAONIEECS B TOM, YTO C TEUEHHEM BPEMEHU IIPU
NOCTOSSHHOM ~HampsDKeHUH HaOmofaeTcs pocT aAeopmaiiuii, HOCUT Ha3BaHHE
MOJI3Y4Y€eCTH.

B napyrom ciydae cmaBum oOpasell MEXAy AByMs IUTUTAaMH Ipecca TaKuM
o0pa3oM, 4yTOObI B TE€YEHHE BCETO OINbITA PACCTOSHUE MEXKAY HUMHU OBLJIO CTPOTO
(UKCHPOBAHHBIM, T.€. HE U3MEHAIOIMUMCS BO BpeMeHH. CTaHeM M3MEpsTh JaBJICHHE
Ha IUIMTHI IIpecca cO CTOPOHBI 00paslia U yoeauMcs, YTO CO BPEMEHEM BEIMYHHA €T0
Oyaer mnajgatb. OTO PEOJIOTMUYECKOE SBICHME HOCHUT Ha3BaHHE pesaKcaluu
HATIPSIKEHU H.

3amayeil peosloTMM SIBISETCS ONMCAHUE HANPSHKEHHO-e()OpMHUPOBAHHOIO
COCTOSIHMSI TOPHBIX IIOPOJ M WHBIX MaTEpPHAIOB C YYETOM HX CKIOHHOCTH K
IIOJI3YYECTH W peJakCalluy. JTa 3a/ada CBOJUTCS K COCTABJICHUIO TaK HA3bIBAEMBbIX
YPAaBHEHUM COCTOSIHUSI, T.€. TAKUX YPABHEHHM, KOTOPBIE CBA3BIBAIOT B E€IWHBIE
COOTHOIIIEHUSI KOMIIOHEHTHI HampsDKEHUH, nedopManuii U HUX MPOU3BOIHBIX IO
BPEMEHH.

Bo Bcex umerommxcs MCCIEeNOBaHUAX IOJIAraeTCsi, YTO YPAaBHEHHUs COCTOSHMS
JOCTaTOYHO TOYHO OMHCHIBAIOT HM3MEHEHUS HANpPSKEHHO-Ae(POPMUPOBAHHOTO
COCTOSIHMS MaTEpPUAJIOB B TOM CIIy4ae, €CJIM BHEIIHHWE YCIOBHS TaKOBBI, YTO HHU
nepopManuy, HU HaPsKEHUS HEJIb3s1 CUNTATh IOCTOSIHHBIMMU.

JUis HariasgHOCTU MPEACTABICHUS PEOJIOTMUECKHUX IPOLIECCOB  OOBIYHO
UCIIOJIB3YKOT METOJ| CTPYKTYPHBIX MOJENEH. OTOT METOX COCTOMT B TOM, 4YTO
CBOICTBa Tejla ONMCHIBAIOTCA IPU IOMOLIM OCOOBIM 00pa3oM M0J00paHHOU
MEXaHUYEeCKOM MoJenu. Mopenb JOJDKHA COCTOSATh W3 3JIEMEHTOB, HJEaJIbHO
OTpaXXaroIIUX OCHOBHbIE — (PYHJAMEHTAJIbHbIE — KauyeCTBAa MCXOJHOT0 MaTepuala.
Tax, Hanpumep, IpU ONPEAECIEHHOM YpOBHE HAarpy3oK MU JOCTaTOYHO OBICTPOM HX
MPUIIO’KEHUU BCE TBEPJIbIE U CBSI3HBIC TOPHBIEC MOPOABI BEAYT ce0s Kak ynpyrue Tena,
NOJUUHAIOIIMECS 3aKOoHY I'yka. OTO CBOHCTBO TBEpABIX TeJl MOJACIUPYETCS
IPYKMHOM, JKECTKOCTh KOTOPOW MPONOPLHUOHAIbHA MOAYJIO YHOPYTOCTH (JIEMEHT
I'yka) (puc. 5.5,a) Yopyrue cBoiicTBa TBEpPABIX TEJl HE 3aBUCAT OT BPEMEHHU:
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CrnenuanbHbIMU

of UCCIICIOBAaHUSIMH YCTAHOBJICHO, YTO

TPaHULIB 3€peH B

MOJIMKPUCTAITNICCKUX

MaTepuasnax, K KOTOPbIM OTHOCSITCS

U TOpHBIE MOPObI, BEAYT ce0sl Kak

T BA3Kas AKUIKOCTb. 310

00CTOSITEILCTBO TMPUBOJTUT K TOMY,

4YTO TeMIepaTrypa CyIEeCTBEHHBIM

o0pa3oM H3MEHSAET BHYTPEHHEE

6) jo.€ €l TpeHWE B TaKUX TeJax, UX

nehopMallMOHHbIE M MPOYHOCTHBIE

L—_J 80/ XapaKTEePUCTUKUA. B ycioBusx

JIOCTaTOYHO JIJTUTEIHHBIX BHEITHUX

HArpy30K  TMOJHKPUCTAJUINYECKUE

MaTepuaibl BeAyT ceOs B IENoM,

KaK OYeHb BsI3Kas KUJIKOCTD.

Bsiskue  cBoiicTBa  MarepuanoB

Mojenupyetr siemMeHT HproTona

(puc.5.5 ,0), KOTOPBIN

Go NpeCTaBiIsAeT coboil nemndep —

UUJTUHAD C OTBEPCTUSIMH,

NOTPY>KEHHBIN B BA3KYIO )KHJIKOCTb.

CkopocTh 1ehopMUPOBAHUS B 3TOM

€ ciydae MPOINOPIMOHAIIbHA
JNEHUCTBYIOLIEMY HAIIPSKEHUIO

a) G,E

/4

-

B) G’S (6)

Puc. 5.5. DnemeHTapHBIE PEOIOTHYECCKUE
moxenu: a) 'yka; 6) HetoTona; B) Cen-Benana.

de _ lO' (5.4)
da & '
|
riae ¢ — KodpPUIUEeHT BA3KOCTH, — — KOIPDHUIIMEHT TEKYUECTH.

g

HpI/I 3aJaHHOM IIOCTOAHHOM HAIIPSAKCHUHN I10JIHAA I[C(bOpMaHI/I}I K MOMCHTY

BPEMEHHU I COCTABUT € =—0 I , a IPU U3MECHAIOLIMNXCSA BO BPEMEHU HAIIPSKECHUAX
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lt
e=—|o(t)dt.
g

[Ipu npocraToyHo OOJBIIMX HArpy3kax B TOPHBIX IOpPOJAX HAYMHAETCS
pa3pyllieHHe BHYTPEHHUX CTPYKTYPHBIX CBSI3€H, YTO NPUBOIAUT K OOpPa30BAHUIO
HEOOpaTUMBIX(IJIACTUYECKUX) Aedopmannii. ITO CBOWCTBO PEabHBIX TBEPABIX Tl
otpaxaer 3nemMeHT CeH-Benana. OH nmpeacTtaBisieT coOOW 3JIEMEHT CyXOro TPEHHS:
OpyCOK, Jexkaliui Ha )KEeCTKOW MOBEepXHOCTH (puc. 5.5, B). Ilpu Harpyske, MEHbIIICH
HEKOTOPOW KPUTUYECKOM BENMUYUHBI S, AepopMaius paBHa HyJIO, Ipu OosblIed —
nedopManusi HEOIlpeleIeHHA: CUCTEMa MPUXOJUT B JIBUKEHUE U OpYyCOK OCTaeTCs
TaM, T1€ IPEKPATUIIOCh JEHCTBUE CUJIBL.

Takum 00pa3oMm, pacCMOTPEHHBIE BBILLE JJIEMEHTAPHBIE MEXaHUYECKHE
MOJEIM HMEIT BIOJHE OINpeleieHHyl0 (¢u3nueckyro ocHoBy. CoenuHss
CTPYKTYpHBIE 3JIEMEHTHI APYr C APYroM T€M WM HHBIM 00pa3oM, CO3JaroT Oosee

UG (PEHOMEHOJIOTHYEC-
KH, T.€. IO (popMarbHOMY
P CTPYKTYPHBIX MEXaHHYEC-
KHX MOJEJIEH TBEPAOTO
TEJIbHO BSI3KUW U yNIPYTUi
; AJEeMEHTHI (puc. 5.6,a).

CJIOXHBIE MOJENH, B OOJIBIIONW CTENEHU OTPAXKAIOUIUE pealbHble CBOWCTBA
KOHKPETHBIX MaTepHuasoB.
G.& € CXeMbl COEIUHEHUs DTUX
G=const e=const 9JIEMEHTOB  OMPEJIEIEHBI

£ /;/_7_‘ €on
' t t COOTBETCTBHIO  CBOMCTB
COCTaBJICHHOU MOJICIIN
€l 6=co o CBOMCTBaM peaJIbHBIX TeJl.
OnHa 13 epBhIX TPOCTHIX
t t Tena ObUIa TNPENIOKEHA
MakcBemiom. Omna
MPEACTABISIET COOO0M CO-
SIMHEHHBIC  ITOCJIEOBA-

t Harpyska,

Puc. 5.6. Peonornueckue moaenu: a) MakcBeiyia;  NPHJIOKEHHAs K CHUCTEME,

0) KenpBuna-®oiirra; B) Cen-Banana. BbI3BIBAET  MT'HOBEHHYIO

yapyryto  aedhopMaiuio

NPYXKUHBI, COOTBETCTBYIOIIYIO 3akoHY ['yka. B nmanmpHelimem aedopmaiius CUCTEMbI

pacTeT BO BPEMEHHU C TOCTOSIHHOM CKOPOCTBIO 3a CYeT BS3KOro syemeHTa. I[lpu

CHATHHM HArpy3Kd MOJIE]Ib MOJYYUT OOpaTHYI jaedopmaliyio, paBHYH HadajabHOMN
yIPYTOM, BSI3Kasi COCTaBISONIast neopmaruy HeobpaTuma.

Ecnim ™Momenn 3amath TOCTOSHHYIO Jnedopmaridio, TO TMOPIICHb Oyner

JIBUTAThCSl BBEPX J0 TEX IMOP, MOKA HATSHXKEHHUE MPYKUHBI HE CTAHET PAaBHBIM HYJIIO U
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BCs ympyras naedopmarnus Tepeiiier B BS3KYH. OJTO SBICHHE COOTBETCTBYET
penakcanuy HarpsHKEHAN.

YpaBHEHUE COCTOSHUS ISl Cpeibl MaKcBesia MOYKHO MOYYUTh U3 CISIYIOIINX
coobpakennit. CkopocTh nedopMaruu € OYEBHIHO JOIKHA CKIABIBATHC M3

CKOPOCTH YNpYyroil aedpopmaruu £, :ld_o_ U CKOPOCTH BSI3KOH JedopMainuu
" E dt
’ O 1 1
Eg =7 The . =— — K03} PUIUEHT NPONOPIHOHATBHOCTH. TakuM 00pazom
0 0
1 o
E'=—o0o'+—. (5.5)
E Et,

31ech t) — HEKOTOpask HOCTOSIHHASI, UMEIOIIAsi pa3MEPHOCTh BPEMEHH.
N3 ypaBHeHnus (5.5) noayuum

Ee=o4Z wmp3-49,0 (5.6)
f dt dt 1,

Bripaxkenue (5.6) u ects nuddepeHnnanbHoe ypaBHEHUE COCTOSIHHS CPEJbl
Makcgemia. [Tocie uHTerpupoBaHusi, Ipu G = Gy=Cconst, 3TO ypaBHEHUE TPUBOJAUTCS
K BBIPAKEHUIO

E=——|1+— |, mm €=¢;| 1+— |, (5.7)
E f, 1,

O-O
ric NPOU3BOJNbHAS IOCTOSHHAs ~WHTCIPHPOBAHHS g =—2 €CTb ympyras

E

nedopmarus npu ¢t = 0.
IIpu € = €y = const nony4nm
4

O-:O-O eXp - . (5.8)

Ly

Takum  oOpa3om, mnomsydecTb JAedopmanuii B cpeae  MakcBesia
XapaKkTepu3yeTrcss  JIMHEWHBIM  3aKOHOM,  peJiakcalusi  HampshkeHud — —
IKCMOHEHIMaNbHBIM. [locTOsIHHAS BeMUMHA f) HA3bIBACTCS MEPUOAOM PeaKCANNH
U, Kak cieayer u3 ¢opmyisl (5.8), oHa YHUCIEHHO paBHAa BPEMEHH, 3a KOTOPOE
HaIpsHKEHUS TAJaloT B e pas, TJIe e - OCHOBaHUE HaTypalbHBIX JIOrapu(MOB.

Ora cxema TOJbKO KayeCTBEHHO OTPakaeT CBOMCTBAa peajbHBIX Tell,
KOJIMYECTBEHHBIE YK€ PE3YJIbTATHI TNIOXO0 COTJIACYIOTCS C OTBITOM.
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CrpykrypHas wMozaens cpeanl KenbBuna-®oiirra mnpeacraBiser coOoi
napajuieIbHOE COCAMHEHHE BSI3KOIO U YOPYroro »sjeMeHToB (puc. 5.6,0).
[IpunoxxeHne Harpy3ku B TaKOM Cpele HE BbBI3BIBAET MIHOBEHHBIX YIPYTHX
nedopmarmii. Jlepopmanuu pactyr ot Hyns mpu =0 10 KaKOW-TO BEIMYUHEI,
OIPENEIISIEMOMN CUIION P 1 yIIpyrOCThIO IIPY’KUHBI.

[Tpu pasrpyske aedopmanus He majaer 10 HyJd. Pemakcanuu HanpspKeHUH B
TaKoH cpene He HaOMogaeTCsl. Y paBHEHUE COCTOSIHUS MOJIYYUM, CYMMUPYS YIPYTYIO
4acTh HANpsDKEHUs, MPONOPLUUOHAIBHYK JedopManuy, U BA3KYHD 4YacTb,
IPONOPLUOHAIIBHYIO CKOPOCTH Jie(OpMaIiu:

o=ae+b?E. (5.9)
dt
[Ipn © = 6y = const moy4yuMm
de a._1s. (5.10)
dt b b

Pemenue storo YPaBHCHUA UMCCT BU

o, a
E=—+cexp| ——t |, (5.11)
b P b

a Ipu € = )= const MOJy4YuM
o =ag,: (5.12)

OueBUIHOE HECOOTBETCTBHE JBYX OINMCAHHBIX BBIIIE MOJEIEH CBOWCTBaM
peanbHbIX cpen noOyauno IloditnHra m TommcoHa MPEeAioKUTh MOJENb TaK
Ha3bIBAEMOW CTAaHJIAPTHOW JIMHEWHOM cpeabl (puc. 5.7). OHa mpencraBisieT coOoi
MoJiesib MakcBeia, napajuieIbHO KOTOPOM MOMENIEH €I1€ OAWH YIPYTHUW JJIEMEHT.
Harpyska, npuiiokeHHass K TakOW MOJEIH, BBI30BET IPEXKJE BCEr0 MIHOBEHHYIO
yIpyTyIo AeQopMaIiio 00eux Mpy>KuH.
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Puc. 5.7. Monens cpeasl [Toiitunra-Tommncona:

1 — KpuBast MOJ3YYECTH; 2 — KpUBAs pellakcallii HalpsHKEHUH.

B nanpreitmem nedopmanus Oyaer pacTd 3a CYET PACTSIKCHHUS MPYKHH, HO
OHa MMeEET Mpee, ONPEaeIAeMbIi BETMYHMHON CHITBI P U yIPYTrOCTBIO MPYKUHBI 1.

[Tpu cHsATHH HArpy3KH nedopMarys MIHOBEHHO YMEHBIIIACTCS Ha HEKOTOPYIO
BEJIMYMHY, 3aBHCAIIYI0 OT CTENEHH PACTSHKCHUS MPYKUHBI 2, 4 3aT€M ITOCTETIEHHO
najaeT A0 Hymsa. B Takoil Mojemu HaOMIOJAaeTCs YacTH4YHAsl —peaKcarus
HanpsbkeHnui. Ecim 3adukcupoBath AedopManuio, IopiieHb OyIeT ABUTaThCs 0 TEX
1op, TOKa HampspKeHWe B TpPYXKWHE 2 He ymaaerT a0 Hyisa. HanpsokeHwe ke B
npyxuHe 1 ocTaHeTCsT HEM3MEHHBIM.

HuddepennnaabHoe ypaBHEHUE COCTOSIHUS CPEIbI IMEET BU/T

o+a9% —pey €. (5.13)
dt dt
IIpu © = 6= const umeem
EJFég:lao, (5.14)
dt ¢ c

WuTerpan 3Toro ypaBHeHuUs: paBeH

g—ﬁ{g —ﬁ)ex (—érJ (5.15)
b (07 )P |

[Ipu € = €)= const mOJy4YUM ypaBHEHHUE

~



do 1 b
90, 6="2¢, (5.16)
dt a a
pelieHre KOTOPOro UMEET BT
t
o =bg, +(0,—bg,)exp| — |- (5.17)
a

JlaHHBIE SKCIEPUMEHTOB CBUIETEIBCTBYIOT O TOM, UYTO BO BCEX CIIy4asix IpHU
JIOCTAaTOYHO BBICOKMX HArpys3kax jAedopMaius 1mocje CHITHS Harpy3ku MTHOBEHHO
YMEHBIIIAETCS HAa HEKOTOPYHO BEJIWYMHY, a 3aTEM ITOCTEIIEHHO YMEHBIIAETCS 10
HEKOTOpPON OTJIMYHOM OT HyJs BeNW4YMHBL. B Momenu MakcBemna mpu pasrpyske
nedopmaisi He u3MeHseTcs BoBce, a Mozensx KenbBuna-Qoiirra u IloiiTunra-
TomncoHna npu ¢ — « Aedopmarus yMeHbIIAeTCs 0 HYJIs.

Takum o00pa3oM, 3TH MOJIENH, YJIOBJIETBOPUTEIHHO OMNUCHIBAs MOBEJICHUE
peanbHOM CpeAbl MpU Harpy3ke, CTAHOBSITCS HENPUTOAHBIMHU ISl ONHUCAHUs
pasrpys3Ku.

Jlns OoJiee MOTHOTO OMUCAHMS TOBEJICHUSI PEAbHOM Cpellbl MOJ Harpy3koi
MEXaHU4YeCKas MOJIeNlb JIOJDKHA COJAEpP)KaTh €nle OJAWH CTPYKTYPHBIM JIIEMEHT,
YYUTHIBAIOIINI BO3HUKHOBEHHE TIACTUYECKUX JAeOpPMAIIHA.

[Ipocreiimias Mozenab TakoW YNPYro-IiiacTUUECKOW cpelbl Oblaa MpeasiokeHa
Cen-Benanom. Ona mpencraBiisieT coOOM 3J€MEHT CYyXOro TpPEHHs, COCAMHEHHBIN
MOCIEIOBATEbHO C yHnpyruMm ssiemMeHToM ['yka (puc. 5.6, B). B »3Toil Monenu
nedopmaliisi Teina COCTOUT M3 ABYX 4acTeil: oOpaTuMoil yrpyroil u HeoOpaTUMOM
IJJACTUYECKOW. Peonornueckux sBIEHUM B MOJEIM HE IMPOUCXOJIUT. Y CIOBHUE
BO3HMKHOBEHUS MJIACTUYECKUX JePopMaliiii 3aMiChIBaeTCs B BUIE

6) rnre S - HEKOTOpas  MeXaHW'1eCKas
KOHCTaHTa MOJICTIUPYEMOIl Cpelbl: Mmpeaen
IPOYHOCTH HA  OJHOOCHOE  CXKaTHe,
| PacTsDKEHHE, YroJl BHYTPEHHETO TPEHHSA W
|  T.L

| [Ipu mocnenoBaTeIbHOM COEAUHEHUH
| momemn Cen-BeHaHa M 37€MEHTa BS3KOTO
: TPEHUSI MOKHO MOIYYUTh MOJesib bunrama
| (puc. 5.8). Ilpu Harpyske, npeBblIatoniei
L——+——- nmpemen TekydecTH, BOSHHKACT TCUCHHE.
[Ipy 1OCTOSHHOM Harpy3ke CKOpOCTb
nedopmaruu  Takxke noctosHHa. [locre
CHATUSA Harpy3ku yrmpyras jaedopMaius
ASSNNNNNRNN NN MCYE3aeT, BI3KOIUIACTUYECKAs] OCTAeTCH.

Puc. 5.8. Mogaenb cpenbr:
bunrama (a) u IlIBegosa (0).
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Penakcauus HanpsbkeHU He HaOIH0JaeTcsl.
YpaBHEHUS COCTOSHHUS NOJIYYUM, CYMMHUPYS INTACTUYECKYIO YaCTh HANPSKEHUH,
PABHYIO IIPEAEIBHOMY HANPSKEHUIO CIBUTA

O, :Ts\/g’ (518)

rae 7, — Tpeaen NPOYHOCTH Ha CABUT, W BA3KYIO YacTh, MPOTOPIHOHATHHYIO
CKopocTH AedopmMariiii

o =a—. (5.19)
Takum 00pazom, uMeeM
d
o=7TA~N3+a—- (5.20)
[Ipu 6 = 6y= const mory4yum

(5.21)

[Ipu € = €y = const
o =13

[IIBenoBbIM  OblTa  MPEJIOKEHA  MOJENb, MpeAcTaBisionias  coOoi
nocjeaoBaTenbHoe coeauHeHne monenen cpenbl CeH-Benana m MakcBemia. Ota
cpena Mpu Harpyske, He MNPEBOCXONSIIEH IMpeiesia TEKY4YecTH, BeAeT celsl Kak
ynpyras. [Ipu Oonblueil Harpy3ke cpefia HAYMHAET TeUb, MPUYEM HANPSKEHUE B HEll
3aBUCHUT OT CKOPOCTH JiepopMaluu.

[Ipu pasrpys3ke yacTth yrmpyroil medopmariuv, COOTBETCTBYIOMIAs MpYyKuHE |
MCYe3aeT MTHOBEHHO, a 9acTh YNPYyTux aedopmariuii, COOTBETCTBYIOIIAs IPYKUHE 2,
nepexoauT B Bs3kyr. [lpum mocrossHHOW nedopmarii  4acTh HANPSDKCHHS,
COOTBETCTBYIOIIAs MPYKUHE 1, HEpEeNaKCUpyer.

VYpaBHenue coctosinus cpenbl llIBegoBa umeet BuA

o+b9% =7 +a®l. (5.22)
dt dt

[Ipu 6 = 6= const perieHue ypaBaenus (5.22) uMeeT BUJ
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o,— T3
e=80+°—“/_t, (5.23)
a
pH € = ;= const
t
o =73 +cexp| ——
b (5.24)

CpaBnHuBas cpensl bunrama u IlIBegoBa, MOKHO OTMETUTh MX CYILIECTBEHHYIO
obmHOCTh. YacTo B nuTeparype uX OOBEAWHSIOT OJHUM Ha3BaHWeM buHrama-
[IIBenoBa, umest B BUAYy mozaenb bunrama.

OO111ee ypaBHEHUE BCEX PACCMOTPEHHBIX BBIIIE CPE UMEET BUL:

de d
a1+a2€+a3E=a4G+a5d—f : (5.25)

B camom pnene, npu a; = a, =0 nonyuum ypaBHeHUE cpeabl MakcBeia; npu
a; = as = 0 — cpenpl Doiirta; npu a; = 0 — cpensl [loittunra-Tomncona; npu
a, = a; =as = 0 — cpenpl Cen-Benana; nipu a, = as = 0 — cpeasl bunrama; npu a,= 0
— cpensl LIBenoBa.

C TOUYKM 3peHUs PelaKCalli BCE CPelbl MOKHO Pa3ACIUTh Ha PEIaKCUPYIOIINUE
n Hepemakcupyromme. K mepBeim oTHOcuTcs cpega Makcsemna, l[lodtunra-
Tomrncona, [lIBenoBa, ko BTopeiM — KensBuna-®oiirra, Cen-Benana, bunrama.

CymiecTByloT Mojenu Oojee OpuOIMKEeHHbIE K peanbHOl cpene. K Hum

OTHOCUTCA MoJenb broprepca, min komnayHa-moaenb (puc. 5.9). OHa y4yuThIBaeT
HamOoJiee Ba)KHbIE, UMEIOIINE MPAKTUYECKOE 3HAYEHUE, COCTABISIONIME Mpoliecca
nehopMUpOBaHUS OPOJIbIL: MTHOBEHHBIE nedopmaru, nedopmanuu
3ana3pIBaIolIe YIpyrocTu U AeQopMaliiy BSI3KOW TEKYUYECTH.

CrnenyeT OTMETHUTb, YTO YEM CIIOXKHEE
MOJENb, TEM  XyXE€  OHa  MOAJAETCsA
MaTeMaTH4ecKoMy onucanuwo. lloatomy mnpu E
BbIOOpE PEOIOTNYECKUX Mozenein 2
PYKOBOJCTBYIOTCSL ~ IPUHIMUIIOM  pa3yMHOU |_l_| ‘:
JIOCTATOYHOCTH.

JlaGopatopHsie UCCIIEIOBAHUS

PEOJIOTUYECKUX  CBOMCTB  TOPHBIX  MOPOJ]

BEIyTCSd B OlPaHWYEHHBIX pa3Mmepax, 4To E1§ Q:JEJ

o 1
CBsA3aHO C PAJOM OIPCACIICHHBIX TPYIAHOCTCH.

Yaie Bcero M3y4aroT MoJi3y4yecTh Jeopmanuii
U 3HAQUUTENBHO  PEXKE —  PENAKCALUIO
HAPSKCHUM.

HUccaenoBanus cBsI3aHBI C JIIUTEILHBIMHA Puc. 5.9. Mozens
DKCIIEPUMEHTAMHU, KOTOPBIE IIPOAOJIKAOTCS broprepca 1t KOMIIayHI-

LI IILr /77777777777 77777 7777777
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MECSAIIBI U TOJIbI. B CBSI3U ¢ 3TUM B Ka4eCTBE HArpPy30YHBIX YCTPOWCTB HCIOIB3YIOT
MPY>KUHHBIE WJIA PhIYaXHBIE yCTporcTBa. C MX MOMOIIBIO MONMYYalOT KPUBBIC TIPH
pasabix Harpy3kax (oT 30 mo 80% ot pazpymaromieii). OCOOCHHOCTHIO KPHBBIX
MOJI3yYECTH SIBIISIETCS TO, YTO B TIEPBBIC YAChl HATPYXKEHUS PA3BUBACTCS OCHOBHAS
YacTh YHOPYTro-BsI3KUX naedopmaruii, a B JaJdbHEHIIEM pPOCT HX CYIIECTBEHHO
3aMeIJISIeTCS] U KPUBBIE ACUMIOTOTHYECKH CTPEMATCS K HEKOTOpOMY TMpeiely,
3aBHUCSIIEMY OT BEJIMYMHBI 33JaHHON Harpy3kud. Heckolbko WHade MpoTeKaeTt
IPOIIECC peNlakcaluy HampspDKeHU. dopma KpUBBIX 3aBHCHT OT T€HE3HCa, COCTaBa U
CTPOCHHS TOPHOU MTOPO/IHI.

5.4. IloHsiTue 0 TEOPUU HACJIEACTBEHHOH MOJI3y4eCTH

CornacHO COBPEMEHHBIM MPEJICTABICHUSAM, HAINPSIKCHUS, BO3HUKAIOIIME B
peanbHBIX TeJaX, COCTOST U3 JBYX YacTeil: MEepBOE CjlaraéMoe 3aBUCUT OT
nedopManud B JIaHHBII MOMEHT BpPEMEHH f, BTOpoe — OT JedopMaiui,
CYIIECTBOBABIIMX B TEJ€ B TEUCHUE BPEMEHH, MPEANICCTBOBABILIETO HACTOSIIEMY
MOMEHTY BpeMmeHH — T (puc. 5.10). BpeMst u3MeHsIeT CTPYKTYpYy.

Teopus, mo3BosAONIas ONpPeNeaTh AedopMallui B Cpejie C YYETOM UCTOPUU €€
Harpy>KeHHsl, Ha3bIBACTCS TeOpPHel HACIEACTBEHHOH MOJI3yYeCTH.

Teopuss HacneACTBEHHOTO U3MEHEHHUS BHYTPEHHHX (DAKTOPOB C Yy4E€TOM
«MaMsATU» MaTepuala O BCEX BPEMEHHBIX CTPYKTYPHBIX U3MEHEHUSX, BOSHUKAIOIIUX
B IIPOIIECCE HArPYXEHUs, U MPEANoJiararplias JUHEHHYI0 3aBUCUMOCTh MEXKIY
HaMPsSHKESHUSIMU U JiehopMarisiMid B 000 MOMEHT BPEMEHH, MOJIyYria Ha3BaHUE
TEOPHUHU JIMHEHHOH HACIEACTBEHHOM MOJI3Y4eCTH.

€ Teopus JIMHEUHOU
HACJICJICTBEHHOCTH ObLIa
& npemioxeHa JI. bosbimMaHoM ¢
HCITOJIb30BaHUEM
MaTEMaTHYECKOTO arnmapara
UHTETPAIbHBIX ypaBHEHUI
B. BonbTeppa.
€0 B cootBeTrcTBUUM C »TOH
Teopuer, aehopManu  Cpeabl
oJ JCUCTBHUEM BHEIIHMX CHII
0 T Ny e tﬁ MPOJOJIKAIOTCS U TIOCHE UX
i MPUIIOKECHUS
T (HACIIEICTBEHHOCTE), IPH 3TOM
nedhopManyu B KK MOMEHT
BpPEMEHU psSMO
MPONOPIMOHAIIBHBI
JICUCTBOBABIIMM B pPa3Hble MOMEHTHl BPEMEHHU HANpPSHKEHUSM (JIMHEMHOCTh) H
CYMMUPYIOTCS, PACTyT BO BPEMEHM (IIPUHILIUIT CYIIEPIIO3ULINH).

Puc. 5.10. Ilpouecc nepopmupoBaHus
TBEDIIOTO TeJIa. UMEOIIETO MDETBICTODHIO
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[IponiuTIOCTpUPYEM H3JI0KEHHOE BBIIIE Ha cieayromeM npumepe. lloctponm
KpUBBIE MOJ3Y4YECTH £=f(f,G) NP pa3HbIX YPOBHIX HampspkeHus (puc.5.11,a). 3arem
B KOOpJIMHATaX «G-€» IMOCTpOoUM rpadukd B MOMEHTHI BpemeHu f; (1 = 1, 2, 3..)
(puc. 5.11,6). Ecnu mony4uBIecs npu 3TOM H30XPOHHBIE 3aBUCUMOCTHU SBIISIOTCS
OPSAMBIMH JIMHUASAMHA (WM OJM3KMMU K HUM), TO MBI MMEEM JEJI0 C JMHEHHOU
HACJIEICTBEHHOMN CPEOM.

[lon3ydyecTp  MarepuaioB B TEOPUM  JIMHEWHOW  HACIEICTBEHHOCTH
ONMCBIBAETCS] MHTErPAIBHBIM YpaBHEHMEM BosbTeppa BTOpOro poaa

s(t)=%t)+%§)L(t—t)G(t)dt, (5.26)

rae o(t) u €(t) — HanpsKeHUs U aedopMalid B HACTOSIIIUA MOMEHT BPEMEHH 1, T —
BpeMs, NPEIIMIECTBYIONEE MOMEHTY BpeMeHu f; L(f) — HekoTopas (QyHKIuS,
YYUTHIBAIOIAS BIMSHUE BPEMEHH Ha epopMaliuy 1 HanpsHDKSHUS B TEJE.

a) 0)
€
o,4=const © ¢ t, ¢
// 3
// O3=const
1957
// G,=const ty
[
L |O=const
i B
&o
0 e

Puc. 5.11. JlehopmupoBanre BO BpeMEeHH HACIEACTBEHHOMN CPEIbI

rae o(¢) u €(f) - HanpspDKeHUs U eopMalui B HACTOSIIUNA MOMEHT BPEMEHHU f, T —
BpeMsi, MpPEJIIECTBYIOIEE MOMEHTY BpeMeHu f; L(f) — HekoTopas (QyHKIMS,
YUUTBHIBAIOIIAS BIMSHUE BPEMEHH Ha iepopMaluy U HanpsHKeHUs B TEJe.

[Ipu 6(f) = 6y = const U3 cootHomeHus (5.26) MOTYyYUM ypaBHEHUE MOJI3yUECTH

nedopmarmii
O_ t
e =1+ | L(n)dt
(n="% !() . (5.27)

Huddepenuupys o6e wyactu ypaBHeHus (1.53) mo BpeMeHH, NOIyYUM
BBIPQKCHHE!
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L(t)= Eﬁ (5.28)
o, dt

U3 KOTOpOTO cienyer, d4Tto L(f) mpenactaBiasieT coOol (YyHKLIHIO CKOPOCTU
nomsyuectd. OyHKIUIO ke L(1-T) HA3bIBAIOT AAPOM HHTErpPajbHOr0 ypaBHEHHUS
BonbTeppa (5.26). Pemasi ero OTHOCUTENBHO G(?), MOJIYUYUM,

o(t)= E¢, - [K(t—7)e(n)dx. (5.29)
0
[Tpu &(t) = €y = const, noxyuuM u3 (5.29) ypaBHEHUE peIaKCallUU HAMIPSKECHUN
t
o(t)=Eg,| 1-[K(D)d7 |. (5.30)
0

Hudbdepennupyst 06e gactu ypaBaenue (5.30) 1o ¢, TOTydUM BBIPAKEHUE IS
K{(7)

1 do()

K(t)=-
2 Eg, dt

(5.31)

Oynkuuu K(f) u L(f) B3aMMOCBSI3aHbI U 3TO MTO3BOJISIET IO OJTHOW M3 HUX HAWTH
npyryto. OyHkuua K(f) HasplBacTCs Pe30JIbBEHTOM HHTErPaJbHOI0 ypaBHEHHS
Bonwreppa (5.27).

YpaBHenue nonsydectu (5.27) MOXKHO 3amucaTh B BUJIC

e() =20, (5.32)
E
e E - BPEMCHHOW oOmepaTop, OmpeaeisieMblii B pe3yibTaTe 00paboTKu

JKCIIEpUMEHTaNbHbIX JNaHHbIX. [O.H. PaboTHOB moka3ai, 4To 3ahady JIMHEHHOM
HACJIEICTBEHHOCTH MOXHO  (opMalbHO paccMaTpuBaTh, Kak 3a7adyy TEOpHUU
yIOpPYyrocTH, B KOTOPOM BMECTO YHPYIMX IIOCTOSHHBIX £ HM 4 HeEoO0XoIuMo

UCIOJIb30BaTh UX BPEMEHHbIE aHAJIOTHU (MHTerpajbHbie oneparopsl) — E u H. XK.C.

Ep>xaHoB ycTaHOBUII, 4TO Je(hOPMHUPOBAHUE PsAZIa TOPHBIX MOPOJI JI0 ONPEAEICHHOTO
YPOBHSI HArpy>Ke€HUsI COOTBETCTBYET YpaBHEHHIO (5.27) ¢ siAPOM MOJA3Yy4ECTH B BUJIEC
CTENeHHOW PyHKIMH (sIaApo Tuma Adens):

Lit,t)=0(0t-1)"7, (5.33)
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rae O u 0L — PEOJIOTHUECKUE XapaKTePUCTHKH, TIOJTy4aeMble SKCIICPUMEHTAIBHO.
WuTerpanbHoe ypaBHEHHE MOJ3y4eCTH C siipoM AOens HMeeT Cclieayroliee
peleHue

[ 1+5t1‘“ _o
o

()= (5.34)

CnoXHOCTh pElIeHHs 3aJad METOJaMH TE€OPHHM HACIEACTBEHHON MOJI3y4ECTH
3aKJII0YAeTCs B pacIM(PpOBKE BPEMEHHBIX ONEPaTOPOB.

YacTo npu MOCTOSHCTBE TPAHUYHBIX YCJIOBUM I PEIICHUS 33]1a4 T€OMEXaHUKU
UCIOJB3YIOT METOJl MEPEMEHHBIX MOYJEH, KOTOPBI 3aKJIIOYaeTcsi B TOM, YTO

BMECTO MHTETPAILHBIX OMEPaTOPOB E M A WCHOJB3YIOT BpeMeHHble GyHKIwu E(f) u

().
U3 Boipaskenus (5.34) cienyer, 4To BpeMeHHas GpyHKuIug Moays nedopmanuu
UMEET BUJ

E
E(t)=—— 5.35
=g (5.35)

rae @ - QyHKIMs NoJ3y4ecTH, paBHasl

o9 (5.36)

Bpemennas  ¢ynkums  gns koddunuenta Ilyaccona  ompenensieTcs
BBIPKEHHUEM

0,5—u
+&

1(1)=0,5- (5.37)

Crnemgyetr OTMETUTH, YTO MCTOJIB30BaHUE TEOPUH HACIICCTBEHHON TMOJI3YYECTH
OTIPaB/IaHO TOJBKO B TOM CiTydae, KOT/a ACHCTBYIOIINE HAMIPSKEHUS HE TIPEBBIMIAIOT
JUTATEIIbHON MTPOYHOCTH MAaCCHBA.

Peonoruyeckue mporeccbl B TOPHBIX MMOPOJAX OOBIYHO OMHUCHIBAIOT C
MOMOIIIbIO  YCJIOBHO BBIJICJICHHBIX PEOJIOTHYECKUX  SIBJICHHUM: MON3y4ecTh M
pernakcauus HanpsHKeHUH.

XapakTep TpOSABICHHS MOJ3YYECTH M pelaKkcallMi B TOPHBIX MOpPOAax BO
BpEMEHU t U300pakeH Ha puc. 5.7.

IHonszyuecmy — sBIEHHE TOCTENEHHOTO pocTa Jedopmanuil MOpoasl BO
BPEMEHU TP TIOCTOSTHHOM HANPsHKCHUH, HE TIPEBHIIIAIOIIEM TIpe/ieia YIpyroCcTH.

CkopocTh pa3BuTusi JaepopManuii TOJ3YYECTH HA OCHOBAHUU TEOPUHU
HACJICICTBEHHOCTH YaCTO OMUCKHIBAIOT CIICAYIONIUM YpaBHEHUEM
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de _ %GTS(t _p % (5.38)

dt

rae ©, — HalpsOKEHUs B TIOPOJIe B MOMEHT BPEMEHH T; t — Ipyroi, OONbIINi, YeM T
MOMEHT BpPEMEHU; 0L U O — Koahpuyuenmol s10pa noazyvecmu i TaHHOU MOPOIbI.

OHU U SBISIOTCA MapaMeTpaMu JaHHOTO CBOMCTBA MOPOJIbI; it opoa o = 0,7
nd=(2.510".

Penakcayua nanpasxcenuit — SBICHUE MOCTENIEHHOIO CHUKEHUS HAIPSKECHUU
B IIOPO/JI€ TIPU MTOCTOSIHHOM €€ AeopMariui.

Penakcanuio MOXHO TpeACTaBUTH cheayrouuMm obpaszom. Ecnu oOpaszery
TOPHOM MOPOJBI 3a)KaTh MEXKIY JBYMs IUIOCKOCTSIMU W CO3[aTh YCIIOBUS, TA€ € =
const, TO JaBJE€HUE Ha TUIOCKOCTU CO CTOPOHBI 0Opa3lia B HauYaJbHbIII MOMEHT Oy/eT
PaBHO G, a CO BpEMEHEM CTaHET YMEHbBIIAThCS, CTPEMACH K ONPEEICHHON BETMYUHE.

VYpaBHeHUs KpUBOW pestakcauyi 0ObIYHO MPUBOISAT B CIEIYIONIEM BUIE

t

- (5.39)

=0, °

rae t, — nepuoo penaxcayuu (napaMeTp JAHHOTO CBOMCTBA MOPOJbI), T.€. OTPE3OK
BPEMEHH, 3a KOTOPBII HaNpsKEHHUE CHIXKAETCSs B € pa3 (s TOPHBIX MOPOJ
HECKOJIBKO COTEH JIET, JJIsl CTeKJIa, Hanpumep, okoJio 100 e, a 171st BOJbI — 10" C).

PaccmoTpenue moi3ydecTu U peiakcaiuy nopo/l MOKa3bIBAET, UTO CYIIECTBYET
o0mass 3aKOHOMEPHOCTh WM3MEHEHHUS CBOWCTB IOPOJ CO BpPEMEHEM JIEHCTBHUS
Harpy3ku, — 4yeM OoJiee JJIUTENHbHO BO3JCUCTBUE Ha MOPOJAY HArpys3Ku, TeM ciadee
CTAHOBSITCA YIPYrHE CBOMCTBA IMOPOJ, YMEHbBILAETCA MpEAeN YIPYroCcTH U TeM
CUJIbHEE MPOSBIIAIOTCS €€ MIIaCTUYECKHE CBOWCTBA.

B naGopaTtopHbIX yCIOBUAX PEOJIOTMUYECKHE apaMeTphbl TOPHBIX MOPO MOKHO
OTPENEIUTh TOMEePEeYHbIM HU3rudoM 00pa3ioB-0anouek (puc. 5.12). [ns stux uenei
UCIIOJIb3YIOT 00pa3Ibl MPU3MATUUECKON (POPMBI, TTONIEPEUHBIE pa3Mephbl KOTOPHIX B 6
— 10 pa3 wmenbmie ero mnuHbl. OOpaslbl HarpyXarwT TOCTOSHHOW Harpys3Kkowu,
coznaromient yewune F.

C yuerom BenmuumH F ®w t ycTaHAaBIWMBAalOT BEIWYMHY mporubda y, , a
PEOIOrMYECKHUE apaMeTPhl O U O OMPEACIIAIOT U3 BHIPAKCHHS

Ye=Yo_ O o (5.40)
Yo 1-a

B nabopaTopHBIX YCIOBHSIX PEOJIOTMUECKHE MAPAMETPhI TOPHBIX OPOJA MOYKHO
OTIPENICTNTh TOMEPEUYHBIM H3rHOOM oOpasmoB-0anouek (cMm. puc. 5.12). Jlas stux
Henel MCMoib3ylT 00pasibl MpU3MaTHUECKOH (QOpMBI, MOMEpedYHbIe pa3Mephl
KoTOpbIX B (6...10) pa3 menpmie ero aauHbl. OOpasibl HArpyX arwT MOCTOSHHOM
Harpy3kou, cozmarouien ycunue F.
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Puc. 5.12. MeTo ucnbITaHUS «IOMEPEUHbINA N3TH0 00pa3ioB-0amoueK»

C yuerom BenmuuH F u t ycraHaBnuBalT BeIWYHHY IMporuda y, , a
PEOJIOTHYECKHE
napameTpbl O U O ONMpPECISIOT U3 BhIPAKCHHUS

Ye=Yo_ O o (541)
Yo 1-a

I7I€ Y, — BEIUYMHA MTHOBEHHOTI'O, YIIPYTOr'o Mporuda, M.

K-F (5.42)
E

Yo =

K — KO3()QUIMEHT BIUSHUS KacaTeIbHBIX HAPSDKEHUH.

B3 h2
K= 3.(1 295——0 02— ) (5.43)
4ah

rae h, a, B — COOTBETCTBEHHO TOJIIMHA, IUPUHA U JJTHHA 00pa3ia, MM.

OOBIYHO M3MEPSIOT BO BPEMEHHM HECKOJBKO pa3 BeIWMUMHY mporuba (y,) u
MOJIY9arOT HECKOJBKO yPaBHEHHH, KOTOPBIE 3aTEM PEIIAOT KaK CHUCTEMY JTMHEHHBIX
ypaBHEHMIA, OTHOCHTEJILHO mMapaMeTpoB O u O. IlapauieipHO HCHBITHIBAIOT (4-5)
00pasIoB.

Becbma XxapakTepHOW 4YepTOW pEOJIOTHYECKUX TIPOIECCOB, B YaCTHOCTH
TIOJI3yYECTH, SBIISICTCS 3aBUCUMOCTD AchopManiy HaOII01aeMON B JaHHBI MOMCHT
OT XapaKTepa BCEro Ipoliecca Harpy»KeHusi TOPHOM MTOPOIbI, HITH, APYTHMH CIIOBAMH,
OT BCEH MpeAbIAyIei UCTOPUH ero Je(opMUpoBaHusa. DTO CBONCTBO TOPHBIX MOPOJ
Ha3bIBAIOT HACJIEICTBEHHOCTHIO.
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OOBIYHO W3MEPSIOT BO BPEMEHHM HECKOJBKO pa3 BeIMYMHY mporuba (y,) u
MOJIy4ar0T HECKOJIBKO YPaBHEHUM, KOTOPHIEC 3aT€M PEIIAIOT KaK CUCTEMY JIMHEUHBIX
ypaBHCHHIA, OTHOCHUTEIILHO MapaMeTpoB O u O. [lapamiensHO HCHBITHIBAIOT 4-5
00pasIoB.

Becbma XxapakTepHOM 4YepTOM PEOJIOTUYECKHX IPOLECCOB, B YaCTHOCTHU
MOJI3YyYECTH, SIBIISETCS 3aBUCUMOCTH AedopManiiv HaOI0jaeMON B JaHHBI MOMEHT
OT XapaKTepa BCETO MPOLECcca HATPYKEHUS TOPHOU MOPOJIbI, U, APYTUMHU CIIOBAMU,
OT BCEH mpeaplayllei UICTOpUH ero neopmMupoBaHus. ITO CBOMCTBO FOPHBIX MOPOA
Ha3bIBAIOT HACJIEICTBEHHOCTHIO.

KoHTpoJibHbIE BOPOCHI

1. Yro HaszpiBaeTcs AedopMarueii ropHoit moposi?

2. Kakue Bunbl neopmaiinii U3BECTHbI?

3. YUto Ha3biBaeTcst MmoxyneM FOHra, mogysnem casura, kodpduunentom [lyaccona?
5. YUrto Ha3bIBaETCS SIBICHUEM MOJI3YUYECTH U pejaKcauun?

5. Kakue cBolicTBa rOPHBIX MMOPOJ HA3BIBAOTCS PEOJIOTUUECKUMU?

6. Ha3zoBuTe OCHOBHBIE IPUHIIMIIBI COCTABICHUS PEOJIOTUUECKUX MOJIETEH.

6. AKYCTUYECKHUE CBOMCTBA I'OPHBIX IIOPO/I

AKYCTHYECKHE CBOWCTBAa TOPHBIX IOPOJ — CBOMCTBA, XapaKTEPU3YIOIIUE
3aKOHOMEPHOCTH PACHPOCTPAHECHUS B IMOPOAAX YIPYTHUX 3HAKONEPEMEHHBIX
nedopmaruii (ynpyrux Kojie0aHuii)

6.1.AKycTr4yeckne BOJHBI B IOPOAAX

HUctounuku 3Byka B TOpPHBIX MOpOAAaxX: €CTECTBEHHbIE (MHUKpPO- U
MaKpOCIBHKEHHS B TOPHOM MAacCHBE) U HCKYCCTBEHHbIC (B3pBIBBI, padoTa
MEXaHHU3MOB, CIICIIUATBHBIC U3TyIaTEIIH )

ITo uacmome 3ByKOBBIE BOJHBI MOPA3ICIAIOT Ha:

— cericMuueckue (gacrota f < 3 I'n);

— MuKpoceiicmuueckue (dactora 3 < f < 30 I'n);

— ceiicmoakyctuueckue (dactora 30 < f < 300 I'm);

— aKyCTUYECKHE (3BYKOBBIC), KOTOPBIC MOIPA3ICISIOTCS Ha:

— nH@pa3Bykosble (dactora f < 20 I'my);

— 3BykoBbIe (dactota 20 'y < f < 20k[');

— yneTpa3sBykosble (actoTa 20 K < f < 10k 'm);

— runep3ByKoBble (dactoTa f > 107kl ).

[To xapakTepy degopmuposanusi cpedvl aKyCTUUECKHE BOIHBI TMOIPA3IACISIIOT
Ha:
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— npojonsHble BoimHbl (V,) — aedopManyuu OOBEMHOIO IONEPEMEHHOIO
cKatug M pacTsbkeHus. PacmpoctpanstoTcss B J11000H cpeze: Tas3bl, JKUIKOCTH,
TBEpJbIE TENA,;

— nonepeunsie BOJIHBI( V) — ynpyrue nedopmanuu casura. PacnpoctpansioTces
TOJIBKO B TBEPABIX TENAX, T.K. )KUJIKOCTH HE UMEIOT COIPOTHUBIICHUS CIABUTY.

— MOBEPXHOCTHBIEC BOJIHBI(VR). HacTHUIBI HA MOBEPXHOCTH TBEPAOrO TEa U HA
I'PaHHULIE pa3jiela Cpell ¢ CyIIECTBEHHO Pa3HbIMU aKyCTUYECKHMH CBOMCTBAMU UMEIOT
pa3InyHOE CONPOTUBIIEHUE IIEPEMEILEHUIO B CTOPOHBI, IIEPIEHIUKYISIPHBIC TPAaHULE
paszena. OTO HNPUBOJUT K TOMY, YTO 4acTb 3HEPIMHM TpPaHCPOPMUPYETCS B T.H.
IIOBEPXHOCTHBIE BOJIHBI. B IOBEPXHOCTHOM BOJIHE YACTHIIBI TENA, PACIIOJIOKEHHBIE HA
IpaHuILE pa3fena, KoJeOIoTcs B IUIOCKOCTH, COBMNAJAOLIEH C IpaHULAMHU pasjena
(BoJIHBI JIsIBa) U B INTIOCKOCTH, NEPIICHAUKYJISIPHON IPAaHMIIE pasjena (BoJHbI Paes).

[To 6udy @ponmosou nosepxnocmu (T.€. TEOMETPHUUECKOMY MECTY TOYCK
Cpelbl, UMEIOIIKUX B OJUH U TOT K€ MOMEHT OJIHO U TOXX€ 3HAueHHE (pa3bl BOJIHBI)
pa3IMyaloT: MIOCKUE BOJIHBI, CPepUUeCKUe U IUITMHAPUIECKHE.

6.2. ITapaMeTpbI aKYCTHYECKHUX CBOMCTB rOPHBIX MOPO/

Ckopocmu pacnpocmpaHeHusi ynpyux 60JIH 3aBUCSAT B INEPBYIO O4epeab OT
YOPYTUX MapaMeTpOB FOPHOU MOPOJIBI U OT XapakTepa AehOpMUPOBAHUS CPEIbI.
Ecm

i< 0,2+0,3 6.1)
2\

rie d — nonepeuHslil pazmep oopasiia TOpHON NOPOIbI U A — JIMHA BOJIHBI) — B
IIOPOJE PACIPOCTPAHSAIOTCS TOJIBKO ITPOIOJIBHBIEC BOJIHBI (CIIy4Yall «MI€aJIbHOTO
CTEpXKHs»). B 3TOM Citydae CKOpOCTh NMPOAOJIBHON BOJIHBI

Vp = (6.2)
rae E, — moxyne ynpyroctu KOHra, nu3amMepeHHblil THHAMUYECKUM MeToAoM, [1a;
P — IJIOTHOCTH MOPOJIBI, KT/M-.
Ecmm
i >0,8+1 (6.3)
2A

— B IOPOJIaX PACIPOCTPAHSAIOTCA TOJIBKO MPOAOJIBHBIE U MTONEPEUHBIE BOIHBI (CITy4aid
«MaccuBa»). Torma
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M Ed-v))

Yo T\ ot v -avy) ©4)

rae vV, — koaddumment [lyaccona, naMepeHHbIN JTMHAMUYECKUM METO/IOM, €]1.;

(6.5)

rae G, — MOIyJib BCECTOPOHHETO CXKATUSI, UBMEPEHHBIN IMHAMUYECKUM METOA0M,
I1a;
Ecmmn

d
=.=03+0,8 6.6
X (6.6)

— B MOpPOAax PaCHpPOCTPAHSIIOTCA MNPOAOJbHBIC, MOMNEPEYHbIE U TOBEPXHOCTHHIE
BOJIHBI, MpPUYEM TMpU HEOONbIIUX yJaJCHUSAX OT MCTOYHHUKA KOJeOaHuil -
MPOJIOJIbHBIE «CTEPXKHEBBIE», & C YyJaJCHUEM — OHHU Hcue3aloT U (OpMHUPYIOTCA
MPOJI0JIbHBIE «MacCuBax».B 3TOM ciydae CKOpOCTh MOBEPXHOCTHOM BOHBI Pasiest ume

087 +112v, [G, 087 +112v,
14y, P 1+v,

Ell
2p(1+v,)

(6.7)

R

Ipu v,= 0,25 Vll,w = l,lVl:T, V, = 0,63VI:T U Vg = O,SSVST, T.e. MOXEM

KOHCTAaTupOBATh, 4TO
M CcT
Vp, >V, >V, >V

Ha BenuumHy CKOpPOCTH pacrpoCTpaHEHUs BOJH BIMSIOT: MOPUCTOCTh U
TPEIIMHOBATOCTh MOPOJIbI (C YBEIMYEHHEM MOPUCTOCTH CKOPOCTH YMEHBIIAOTCS),
Temriepatypa (y CyXHUX IMOpPOJ C POCTOM TEMIEpaTypbl CKOPOCTb MOHOTOHHO
BO3pACTAET, a Y BJIAXHBIX MMOPOJ] IPHU 3aMEP3aHUU BOJbI CKOPOCTh PE3KO BO3PACTAET),
CJIOUCTOCTh (CKOPOCTh PACIpPOCTPAHEHHUs] BOJH BA0dbL ciouctoctd Ha 10 + 30%
0o0JIblIIe, YEM MEPIECHIUKYIISIPHO CIIOUCTOCTH).

[IpuBenem 3HaU€HUSI CKOPOCTHU MPOAOIBHBIX BOJIH, M/C JIJIi HEKOTOPBIX BEUIECTB
u nopoa: Boga — 1485, Bo3ayx — 331, nen — (3200...3300), uzBectHsik — =5000,
necuanuk — (2000...3500), cnanip! — =2000, macio TpanchopmaTopHoe — 1420.
Axycmuueckoe conpomusgnenue
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z=p-V, KT/M-C (6.8)

onpeensieT CoCOOHOCTh TOPHBIX OPOJ OTPAXKaTh U MPEJTOMIIATh YIIPYTHUE BOJHBI U
SBJIIETCSI OTHOLIEHUEM JIaBJICHWS BOJIHBI P K MIHOBEHHOM CKOpPOCTH KOJEeOaHMs
yacTuil V.

Koaghduyuenm noenowenus. Amnnutyna kojaebaHui 4acTUIl B TOPHOM TTOPO/Ie
0 Mepe ylajeHusi OT MCTOYHHMKA aKyCTUYECKHX BOJH YMEHBIIAETCS MO MPUYHHE
TIOTJIONICHUS SHEPTHH HAa TPEHUE YaCTHI], PACCEUBAHKE YHEPTUH HA TIOpax, TPEITMHAX
U IPYTUX HEOJTHOPOIHOCTSIX TIOPOIBI.

Ai = Aoe_®ri ? (69)

rie A; M Ay COOTBETCTBEHHO aMIUIMTY/Ia BOJTHBI Ha YIAJICHUH I; OT HCTOYHHKA,
® — k03P PUITUEHT TOTIIOMICHHUS.

JlJIs  OMHOPOIHBIX TN TIOTJIONICHHE AaKyCTHYECKHUX BOJH OMpEeIsIeTCs
BS3KOCTHIO W TEIUIONPOBOAHOCTHIO Ted. Kak W ais KUAKOCTEH, B 3TOM CiIydae
3aBUCHUMOCTh KO3 duIpieHTa morjioneHnss ® ynpyroil mpomosbHONH BOJHBI OT
4acToThl ® = 2 7if

2
®

:

2
®==
3 (6.10)

3
L p

rae 1 — K03 GUIUEHT BI3KOCTH (BHYTpPEHHEE TpeHue noposl), [1a-c.

Kosddurment mnornomenuss Bcerga OoJibllie B TEX MOpPOJax, B KOTOPBIX
CKOPOCTb YIPYTUX KOJIeOaHUN MEHBbIIIE.

Boo6mie g ropubix mopoa © = (0,05 + 0,3) 1/m, 1.€. Ha pacctosauu (3 ... 20)
M OT UCTOYHHMKA aMIUIUTY 1a (3HEPTUs) BOJIHBI YMEHbIIIAeTCA B € = 2,7 pas.

Kosgppuyuenm ompaosicenus. Kosddumumentom otpaxenus K, HazbpBaror
OTHOILIEHUE aMIUIMTY/IbI (JHEPTMM) OTPAKEHHOM BOJHBI Aj K aMIUIUTYyAE (IHEPIUM)
najaolel BOJHbBI A, Ha TPaHUIIEe pa3/ena ABYX Cpe/l.

A 7, — 2
K, =-0-|2 2 <1
Z, + 1, (6.11)

Hanpumep, Ha rpanune pasnena Bo3ayx — nopoaa tepserca 99,98% sueprumn
BOJIHBI; BOJa — mopojia — 68%; nopojia — nopoaa — okojo 14%.

Ha pucynke 6.1 mnpencraBieHbl pas3iuyHble CiIy4aud TMpPEIOMIICHUS U
OTpaXKEHUSI YIPYTUX BOJIH Ha TPAaHUIIE pa3jieia ABYX Cpe/l.
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Pucynok 6.1. [Ipenomnenue u oTpak€HUE YIPYTroWd BOJHBI HA TPAHUIIE JBYX CpEX:
a — npu ycioBuu V,>Vy; 1 — oOmuii ciiydait; 2 — MOMEHT BHYTPEHHETO OTPaKCHUS
MPOJIOJILHOM BOJIHBI, 3 — MOMEHT BHYTPEHHErO OTPa)KCHUsI MONEPEYHOUN BOJIHBI;
0 — pu ycinoBuM Vo<V,

Yron mageHus O, W yroja MHpeJoOMIICHHUS Y YIOPYrod BOJHBI, TPOHUKIIECH B
TOPHYIO MOPOAY MOTUUHSIOTCA 3akoHYy CHeuiMyca, COTrJJaCHO KOTOPOMY 3TH YTJIbI
HaxXOJATCS B ONPENEICHHOM COOTHOLIEHUH CO CKOPOCTBIO YIIPYTOM BOJIHBI B IIEPBOM
V| u BTOpOM V, cpenax

sind; _V (6.12)
smy 'V,

OtHomienue V/V, = n Ha3bIBaeTcs xod2pduyuenmom npeiomienus yupyrou
BOJIHBI.

Tak Kak CKOpPOCTM pa3IMYHBIX THUIIOB BOJIH pa3JIMYHbI, B pE3YyJIbTATE
MPOXOXKIEHUA YOPYroM BOJHBI B IMOPOJAE MPOUCXOIUT €€ pazleieHue 10
HaIlpaBJICHUSM Ha MPOJOJIbHBIE U IONEPEYHBIE.

Ecom ympyras BojiHa mnajgaeT Ha TpaHULY pasjelia NepHeHIUKYJSPHO,
MPOUCXOMNUT TOJMBKO oTpakenwe. [lpm yrne magenus o, > 0 TPOUCXOIUT Kak
OTpaXk€HUe, TaK U MpeoMIIEHHEe YIIpyroi BoiHbL. [locTeneHHo yBeanamnBas yroi oy,
MOXHO JOOUTHCA TaKOrO MOMEHTAa, KOTJa TMPOU30HAET IIOJTHOEC BHYTPECHHEE
OTPa)XCHHUE CHAYaJIa MPOJIOJIBHOM, a 3aTEM U ITONEPEYHON BOIHBI.

6.3. OnpenesieHHe aKyCTHYeCKMX NMapaMeTpPoOB IMOPOA B JIadOpPaTOPHBIX
yYCJI0BHAX

OObIYHO 1EeNBI0  1a0OPATOPHBIX HCCIICJOBAHUM  SIBISIETCS  ONpPENEICHUE
YyOPYI'MX JAUHAMUYECKHX I1apaMeTpoB ToOpHbIX nopox E, m Vv, KoTOphIE
ONPENEIISIIOTCS 3HAYUTENBHO IIPOINE, YEM IPU MEXAaHWYECKUX HCIbITaHuAX. [Ipu
3TOM CJelyeT UMeTh B BUAY, 4TO BenuuuHbl E; u v, Ha 10 + 30% Oonbiue, yem
II0JIy4aeMbI€ TP MEXAHUYECKUX UCIIBITAHUSX.



127

OnpITl MPOBOAST Ha oOpa3nax MNpaBHIBHON (OPMBI C HCIOJIB30BAHUEM
paznuuHblx npuoopoB, Hampumep YK-10II, ¢ wuznyyarensiMu © JaT4YUKaMH
yJIBTPa3BYKOBBIX BOJH. [Ipy 3TOM BO3MOKHO IPUMEHEHUE HECKOIBKHUX METOJIUK.

Memoo npsamozo npo3zsyuusanusi o0pa3oB (cM. pucyHok 6.2, a) 3aKII09aeTCs
B TOM, YTO OMNPEIEISAIOT CKOPOCTh NPOJOJBbHON BOJHBI JUIsl OTPE3KOB KEpHA TOPHOM

IOPOABl PAa3HOW MJIMHBI TP Pa3sHBIX YacTOTaX H3JIyYeHHsA. 3aTe€M, HCIIONbB3Ys
M cT
kputepun 6.1 6.3, BesBIsOT Bemmumabl Vp u Vp . [locie storo Beraucnstor E, us

BbIpaKEHHUS 6.2 U V; U3 BhIpakeHHs 6.4.

a §)

L L

Pucynok 6.2. Cxembl 71a00paTOpHBIX SKCIIEPUMEHTOB I OMNPEICIICHUS YNPYTUX
JVHAMUYECKHX I1ApaMETPOB TOPHBIX MOPOA: a — TMPAMOE NPO3BYYUBAHUE,;
0 — mpoaospHOE MPOGUIMPOBAHKUE; B — METOJ KPUTHYECKHX yrioB; 1 — obOpasen
IIOPOJIbI; 2 — U3JIy4yaTenb; 3 — IPUEMHUK

[Ipu ucnonb30BaHUN Memo0a nPOOOIbHO2O NPOPUAUPOBAHUS OTIPEACIISIOT

M
CKOPOCTH IIOIICPCUYHBIX BOJIH VS , IPOAOJIBHBIX BOJIH B MACCUBC Vp "

IMOBCPXHOCTHBIX BOJIH VR . Iloce 3TOoro BeIYUCIISIOT VpH E}1 , HCIIOJIB3YsI
CJIICAYIOIINC BBIPAKCHUA

2 IR A (6.13)
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2
V, pd+v )d-2v,)

P 6.14
E, - (6.14)
1-v,)
2 [ M 2 2_
Vip[3 V, | -4V,
E = 8 -
8 [ w)? 2 (6.15)
v, | -V,

Memoo kpumuueckux y2n08 peanu3yroT TaK, 9TO 00pa3ell Mopoabl TOMENIAI0T
B MACISHYIO BaHHY, MPO3BYYHBAIOT €ro, JOOWBAsCh TIIOJHOTO BHYTPEHHETO
OTpaXEHUs CHayajga MPOAOJBHBIX, a IMOTOM M IIONMEPEYHBIX BOJH B O0O0pasIle.
Pesynprar sKcriepuMeHTa — COOTBETCTBYIONIME BEIMYMHBI KPUTUYECKHUX YIVIOB O, H
0s. 3Has1, YTO B Macje CKOPOCTh Majarouiel npoaoibHoM BoaHbl V,;, = 1420 M/c 1 4TO

IIPH TIOJTHOM OTPAXKEHUHU BOJHBI YrOJI TIPENoMIeHHs = 90° BBIUUCIAIOT Vs H \f

Vi \Y
N = (6.16)

V = u =
sin 3, ®  sin§

P

6.4. Ucnoib30BaHMs aKyCTHYECKHX CBOMCTB FOPHBIX MOPOJ B TOPHOM
aeJie

AKyCTHUYECKHE CBOMCTBA TOPHBIX MOPOJI MTUPOKO MCIOIB3YIOTCS T€OJOTaMH U
reo(pu3nKaMu TIPH Pa3BEIKE U JTOPA3BEIKE MECTOPOKICHUN TTOJIC3HBIX UCKOTTAEMBbIX.

Ha sTane skcrmyatanuu yrojbHBIX MIAXT B MIAPOKUX MAcCIITa0ax MPUMEHSIETCS
celicMoaKycmu4decKutl Memoo npo2cHo3a COCTOSIHUSI TOPHOTO MAacCHBa JIJIsl BBISIBICHUS
30H, OMACHBIX TI0 BEIOPOCAM YTJIsl, MOPOBI U Ta3a UITH 110 TOPHBIM YapaM.

DTOT METOJ, MO CYTH, MPEICTABISAET coO0l obpamHylo 3a0auy 2eopusux,
KOTJIa TI0 IapamMeTpaM aKyCTHUeCKoi BOJIHBI ((popma BOTHOBOTO (DpOHTA; YacTOTa, HA
KOTOPOW pAacCIOJIO)KEH MAaKCUMyM BOJIHOBOW TPYMIbI; BEIUYMHA W XapakKTep
JUCTIEPCUU BOJIH; CKOPOCTHh PACIPOCTPAHEHHUS BOJHOBOW TPYIIBI M T.JI.) HaXOMST
napaMeTpsl CPeJibl, B KOTOPOM Ta BOJHA PACIPOCTPAHSICTCS.

OOpatHble 3a7aud TeOPU3NKH 3HAYUTEIHHO CIIOXKHEEe MPSIMBIX 3a]ad, OHU
UMEIOT Y/IOBJICTBOPUTEIIBHOE PpEIICHWE TOJBKO B OrPAHUYCHHOM KOJIHYECTBE
CPaBHUTEIBHO TPOCTHIX ciy4daeB. [lodToMy TOmaBISIONIEe YHCIO W3BECTHBIX
METOJIOB JMArHOCTUKH TOPHOTO MAacCHMBa HOCHT KAa4eCTBEHHBIM XapakTep, a cama
JTUArHOCTHKA TPEACTABISIET COOOM, KaK MPaBUIIO, CPABHEHUE TEKYIIETO 3HAYCHHS
U3MEPSIEMOro MmapaMeTpa METOJaMH CTaTUCTUKU C caMUM CO0OH, HO M3MEpPEHHBIM
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npu Jpyrux (o0pa3noBbIX) oOcTOosATeNbCTBaX. HemszOexxHas HEOAHO3HAYHOCTD
MOJTOOHBIX METOJIOB JAUArHOCTUKHU YCTPAHSETCS TOJBKO C MOMOUIBI0 KOMIUIEKCHBIX
HAOIOICHUI — JOTOJHEHUS OCHOBHOTO METO/a JUArHOCTHKH BCIOMOTAaTEIbHBIMU
HAOMIOEHUSAMU  (PU3HKO-TEXHHUYECKUX I[apaMeTpoB, HE CBA3AHHBIX MPSIMO C
OCHOBHBIM.

JUis TMporHo3a TOPHBIX YAApOB Ha IAXTaX W B PYJHUKAX MPUMEHSIOT
IPAKTUYECKU TIOJIHYIO AaHAJIOIMI0 COBPEMEHHOM CEMCMOJIOrMUYECKOH amnmapaTypbl U
METOJbl 00paOOTKHU CUTHAJIOB, 3aMMCTBOBAHHBIE Y CEHCMOJIOTOB, aJallTUPOBAHHBIE
JUIs HAOJIIOJIEHUN B Ipejaenax LIaXTHOro mnouid. JedareapbHoCTh Cily>kObl MPOrHO3a
TOPHBIX YAApOB 3aKJII0YAETCS] B MHOTOKAHAJIbHOW PETUCTPALIMU CEHCMOAKYCTUYECKUX
COOBITUN, IPOUCXOASAIIMX B JMANA30HE YACTOT OT HECKOJIBKUX Iepll JO HECKOIbKUX
JECATKOB Trepl. YKa3aHHbIM JAMama3oH YacTOT, BO-NEPBBIX, COOTBETCTBYET
JOCTATOYHO MPOTSHKEHHBIM pa3pbiBaM (IJIMHOM 10 HECKOJBKUX JAECSITKOB METPOB) B
MacCUBE TOPHBIX MOPOJ U, BO-BTOPBIX, aKyCTHUECKHE KOJeOaHUsl 3TOTO Juarna3zoHa
MMEIOT OTHOCUTEIBHO HEOOJBIIOE 3aTyXaHUE U PACIPOCTPAHSIOTCS HA PACCTOSIHMS,
CpaBHUMBIE C pa3MepaMHu IIAXTHOTO MOJs. 3aperHCTPUPOBAHHBIE HECKOJIbKHUMH
KaHaJaMH CEeMCMOaKyCTHUECKHE COOBITHS MO3BOJISIIOT PELINTh YPaBHEHUE JIOKALUU U
OTpeAeNuTh 001acTH, B KOTOPBIX 3TU COOBITHS paclojiaraioTcs Hambosee IMIOTHO.
HMeHHO 005acTH CTyHIeHUs] COOBITUM CUMTAIOT OMACHBIMH [0 TOPHBIM yaapam. B
3aBUCHUMOCTH OT KOHKPETHBIX TOPHOTEXHHMYECKHX OOCTOSATENbCTB MPUHUMAIOT
pelIeHHe O 3aKpbITUM TaKUX BbIPAOOTOK WM O MPOBEACHUM MEPONPUSATHUH,
HaIpPaBJICHHBIX Ha pa3rpy3Ky KpUTHUECKON 001acTH OT JEHCTBYIOIIUX HAMPSKEHUI.

CyTb CcelcMOaKyCTHUECKOIO METO/a NpOo2HO3d 30H, NOTEHUUAIBHO OMACHBIX
110 BHE3AITHBIM 6b10pOocam YTJIsl U Ta3a, 3aKI04aeTcs B TOM, YTO COCTOSIHUE KaXKIOT0o
JNOOBIYHOTO MJIM HIPOXOAYECKOro 3a00s1 MNPOTHO3UPYETCS OTHENbHO, a Ul
perucTpaluy aKyCTUYECKOM ASMUCCUU NPUMEHSIOT JaTYMKA BHOpanuu, KOTOpBIE
pa3MemialoT B BEpXHEM MW HWXKHEW dacTax JaBbl WIM BOJIM3M OT 3a00s
MOJITOTOBUTENIbHON BBIpaOOTKU. JlaTunk BHOpamy KOHCTPYKTHBHO COBMEIIEH C
[IPEABAPUTEILHBIM YCUIIUTEIEM H 3aKI0YEH B MPOYHBIA KOPIYC, IPEI0XPaHSIOLIHIA
€ro OT MOBPEXKICHHS CUIIAMHU TOPHOro AaBieHus. CUTHabl Iepe1aTyuKa NOCTyNaroT
10 JABYXIPOBOJHOM Tene(OHHOM JIMHU CBSI3U HA TIOBEPXHOCTH, T1ie 00padaThIBalOTCA
U PETUCTPUPYIOTCS aBTOMATH4YECKU. OZHOBPEMEHHO 3TU CUTHAJIBI MPOCIYIINBAIOT
CHEeMaJIbHO OOYyYEHHBIE ONEpaTOphbl MPOTHO3a, KOTOPbIE BBLAEISAIOT M3 IOTOKA
UH(POpPMAIIMU U PETUCTPUPYIOT CUTHAJIBI aKyCTUUECKON 3MHUCCHUU U 1al0T IIPOTHO3.

BecbMa mepCHEKTHBHBIM  SBIISIETCS TPOTHO3 HAIPSHDKEHHOTO  COCTOSIHUSA
BbIOPOCOOIIACHOTO MacCcHBa MO CHEKTPaM CUTHAJIOB 000py10BaHuUs, pabOTaOIIEro 1o
YTIIIO.

Cytb MeTOza 3akirodaercs B cienyroniem: PaGoTel o yrimo Bo30yKaaroT B
MacCHUBe IIMPOKUA CHEKTpP KOJeOaHUl pa3Iu4HbIX THUIIOB. ODKCIEPUMEHTAIbHO
JI0Ka3aHO, YTO CIEKTPaJbHBIA cocTaB ((opma Ormdaroimieil CrekTpa) U3MEHSETCs B
3aBUCUMOCTH OT HAINPSDKEHHOTO COCTOSIHMSI MaccuBa. TakuMm 00Opa3om, oOpaTHas
3aJaya Treo(U3UKH PEIIAeTCs] METOJOM COIOCTABJICHUS CIIEKTpa IMPH 3aBEIOMO
0€30MacHOM COCTOSIHUM MacCuBa (CHEKTpa-dTajoHa O€30MacHOM CUTyalllH) C
TEKyUIUM cHekTpoM. Ilpu 3HAuYMTENTbHOM OTKJIOHEHHH TEKYLIEro CIEKTpa OT
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JTAJIOHA, COCTOSIHME 3a00s MPOTHO3UPYIOT, Kak oOMacHoe. M3BECTHO HECKOJIBKO
BAPUAHTOB HHTEPIIPETALMU PE3YyJIbTATOB, OJHAKO, B KAayeCTBE HOPMATUBHOTO
MPOTHO3a HCIOJB3YIOT METOJl, B KOTOPOM HHTEpIIpETalus CIEKTpa YyHpoIlleHa M
CBOJIUTCS K CPABHEHHUIO JBYX COCTaBIAOIMX criekTpa: Ha yactoTax 300 I'u u 2500 +
3000 I'u. OOmHMPHBIMU SKCIIEPUMEHTAMU YCTAHOBJICHA CTATUCTUYECKAs CBSI3b MEXKIY
OTHOILICHUEM YPOBHEM CHUTHAJIOB HA YKa3aHHBIX YacTOTax M COCTOSHHEM
BBIOPOCOOIIACHOTO MaCCHBA.

Cotpynaukamu kadeapsl ropHoit reomexanuku JJoHHTY co3zmana u mmpoxo
npuMensietcss Ha mmaxtax JlonOacca ammapatypa 3YA-98 (cMm. pucyHok 6.3.),
npeaHa3HaueHHAas JIJIsl BEICHUS BBIIIICOMMCAHHBIX METOJ0B IIPOTHO3a HA MPAKTHUKE.

AN P

PN RN TN TN TN TN TN TN TN TN TN TN TN TN TN TN TN TN NN

Pucynok 6.3. Cxema opranm3anuy CEMCMHUYECKUX HAOIIOACHUN C MCIOIh30BAHUEM
anmmapatypsl 3YA-98: 1 — ouar celcMOaKyCTHYECKOTO COOBITHS; 2 — TEepeNaTyuK
3BYKOYJIABIMBAIOMICH ammaparypsl; 3 — TenedoHHAs JUHUS CBsI3U; 4 — MPUEMHUK
3BYKOYJIAaBJIMBAIONIEH ammapaTypbl; S5 — PErUCTpaTop CEeMCMOaKyCTHUYECKOM
uHbOpMaIuu

OTa anmaparypa CyILIECTBEHHO MPEBOCXOJUT IO MapamMeTpaM BCE M3BECTHBIE
aHaJIOTH: TMHAMUYECKUH auarna3oH curHaioB 10 90 nb; moyioca pabounx 4acToT OT 8
10 45001 1; koaddurment HenuHeHbIX ckaxenut meHee 0,01%.

Amnmapatypa o0ecleudBaeT HENPEPhIBHBIA KOHTPOJb JIMHUU CBSI3M U
KOMIICHCAIIMIO TIOTEeph CUTHaja B JUHHUMU. Bce onepanuu mo KOHTPOJIO JUHHUI CBSI3U
U PETUCTPALMK CEMCMOaKyCTUUECKON MH(POPMAIIUK TTOJTHOCThIO aBTOMAaTHU3UPOBAHBI,
OTIepaTop CIIy>KOBI TPOTHO3a MOTyYaeT HHPOPMAIIHIO O PeKUME PaOdOTHI anmapaTyphbl
C MOMOIIBIO CIIEIIUAIILHOTO JUCIIIICS.

[Tockonbky GYyHKIUIO perucTparopa ammaparypbl BbinonHseT [I19BM, Bech
KOMITJIEKC TEXHUYECKUX CPEACTB MOXKET OBbITh aJalTHPOBAH [JIsi BBITIOJHCHUS
Pa3JIMYHBIX YaCTHBIX 33/1a4 KOHTPOJIS MACCHUBA.
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HNmeeTcss MONOKUTENBbHBIM OIBIT NPUMEHEHMS JaHHOM anmaparypsl Ui
UCCIIEJOBaHMs IAPAMETPOB IPOLIECCa OOPYIIEHUS KPOBIIX B OUUCTHOM 3a00€.

KOHTpOJILHLle BOIIPOCHI

1. Kak moapasnenstor akycTuueckue (3ByKOBbI€) BOJIHBI 10 YACTOTE U 1O
XapakTepy AepOpMUPOBAHUS CPEIbI?

2. Kakue ckopocTu pactpocTpaHeHus 3ByKOBbIX BOJIH Bbl 3HaeTe?

3. YTo Takoe aKkyCTH4eCKOe COMPOTUBIICHUE?

4. Yto Takoe ko3 PUIIMEHT MOTIonIeHs ?

5. Uto Ha3bIBatOT KOA(DPHUIIMEHTOM MOTJIOMECHUS U KOd(PPUIIMEHTOM
npesoMIICHUs ?

6. I'1e B ropHOM JieJ1ie UCTIONB3YIOT aKyCTUYECKHUE CBOMCTBA TOPHBIX MOPOJ?

7. CHEHHUAJIBHBIE 'OPHO-TEXHOJIOI'MYECKHUE
ITAPAMETPbBI I'OPHBIX ITOPO/

CIIeIII/Ia.]ILHLIe FOpHO-TeXHOJIOFI/I‘leCKHe napaMeTle — 9TO KOMIIJICKCHEBIC
I10Ka3aTciin CBOWCTB nopon, YCTAHOBJICHHBIC OMITNPHUICCKUM HYTéM nu
XAPAKTCPU3YIOIIUC IIOBCACHUC IIOPOJ IIpH BOBHGﬁCTBHH Ha HHUX KOHKPCTHBIM
HHCTPYMCHTOM, MCXaHHU3MOM HJIN TCXHOJIOTHYCCKHUM ITPOLICCCOM.

9TI/I MapaMCTpbl TOAPA3ACIAOTCA Ha I'PYIIIILI 110 IIPUHIOMUITY IMIPUHAIJIC)KHOCTHU
K OHpC,IIGJ'IéHHBIM ImponeccaM TCXHOJIOTMYICCKOTO BOBHGﬁCTBHH:

—  mapameTphl, XapaKTepusywrlue OOy  pa3pyliaeMoCTb  IOPOJ
MCXAaHNUYCCKUM CHOCO6OM (TBép,IIOCTB, KpCIIOCTh, BA3KOCTD, ,IIpO6I/IMOCTB);

— MapaMeTphl, XapaKTEPU3YIOIIHUE Pa3pylIaeMOCTh IOPOJ ONPEACIEHHBIMU
MexaHu3MaMH (OypHUMOCTb, B3pbIBAEMOCTb, COITPOTUBIISIEMOCTD MTOPOJ] PE3AHUIO U T.
1.);

— TapaMeTphl, OLEHMBAIOIIME BO3JACHUCTBUE IIOPOJABI HA HMHCTPYMEHT

(abpa3uBHOCTH);

— TapaMeTpsl, OIEHUBAIONINE KAYECTBO TOJE3HOTO MCKOMAeMOro (JIJIS yriieH —
KOKCYEeMOCTb;,  JUISI ~ CTPOMTEIbHBIX  MaTepHUajOoB —  TEPMOCTOMKOCTH U
MOPO30CTOHKOCTH);

— IMapaMeTphl, YCTaHABIUBAIOLIUE MMPOU3BOJAUTEIBHOCTD WIN 3(PPEKTUBHOCTD
pa3IMYHBIX IPOLIECCOB BO3JEHCTBUS Ha TOpHbIE TOPOABl  (0OOraTMMOCTD,
(GoTUpYyeMOCTh, yCTOMYMBOCTh B OTBAJIaX U T. [1.);

— IapameTphl, OIpENEAIoUMe 0CO00€ MOBEAECHUE MOPOA IpHU pa3pabOTKe
MECTOPOKIACHUM IOJIE3HBIX HMCKOMAEMBIX (BBIOPOCOOMACHOCTb, METAHOHOCHOCTb,
CaMOBO3rOpPaeMOCTb U T. [I.).

K OCHOBHBIM T'OpHO-TEXHOJOTMYECKMM MapamMeTpaM MOpPOJ OTHOCSTCS:
KpEenocTh, KOHTAKTHAsI MPOYHOCTh, a0pPa3uBHOCTH, APOOUMOCTb, COMPOTUBIISIEMOCTD
OpOJI Pe3aHHI0, OypUMOCTb, B3PhIBAEMOCTD, JIMMIKOCTh, PA3MOKaeMOCTb, HAOyXaHHE
Y CONPOTUBJIEHUE KONAHUIO.
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7.1. Kpenoctnb

JUis cpaBHEHHMS pAa3IWYHBIX TOPOJ IO pa3pylmIaéMOCTH, a Takxke is
pa3pabOTKM HOPMATHBOB TMPOU3BOAMTEIBHOCTH MAIIMH W TPUOIMKEHHOM
PKOHOMUYECKOW oOLleHKe paspymeHuss mopoa B 1912 romy mnpodp. M. M.
[TpoTOABAKOHOBEIM (CTapIIMM) OBLUIO TPEIJIOKEHO MOHSATHE KpernocTu. KpenocTsb
paccMaTpuBaiach Kak CONPOTUBIICHHE MOPOJ Pa3pylICHHIO, HE3aBUCHUMO OT pojia
NPUMEHSEMbIX MAIllMH WM MEXaHU3MOB. Mepoil 3TOro CBONCTBa SIBIISETCS
kodpunment kpenoctu f. [ns ero ompenenenus npod. M. M. IIpoToapsikoHOB
(cTapuuit) UCIIBITBHIBAT HA OJHOOCHOE CKaThe 00pasiibl MOPoJ Kyonueckoil (hopmbl ¢
pasmepom pebpa 5 cMm. Ilpenensl M3MEHEHHUs MPOYHOCTH HA OJHOOCHOE CXKATUE
o0pasiuoB coctaBuiii oT 3 10 200 MIla. Torna ko3 duMeHT KpernocTu onpeaesics
U3 BBIPAKEHUS:

f =0, /10 (7.1)

I71€ G — HOPOYHOCTH HA CXKAaTHE UCTIBITAaHHOTO oOpasna, Mlla; 10 — npenen
IIPOYHOCTH Ha CXKaTue ATalIoHHOTO oOpasiua, Mlla.

[Tpod. M. M. IIpoTOIbSIKOHOB pa3aesiuil BCE MOPOIbI 110 BEIIMUHNHE
ko3 dunmenta kpernoctu Ha 10 kareropwuii (tadu. 7.1).

Tabmuua 7.1
[Ixana xpenoctu nopox no M. M. IIpoTonbsiKOHOBY
Kareropus CrerneHb KpernocTu Kosdourment
KpPENOCTH Kpernocty, f
I Briciieli crenenn Kpenkue 20
11 OueHb KpenKue 15
I11 Kpenkue 10
I11a Kpenkue 8
1\ JIOBOJIBHO KpenKue 6
IVa JIOBOJIBHO KpenKue 5
\Y CpenHel KpenocTu 4
Va CpenHel KpenocTu 3
VI JIOBOJIBHO MSITKHE 2
Via JIOBOJIBHO MSITKHE 1,5
VII Msrkue 1,0
VIla Msrkue 0,8
VIII 3eMIIUCTBIE 0,6
IX Ceinyune 0,5
X [TnbiByune 0,3

[Ipennaras ¢opmyny nns ompeneneHus kodpduurenta kpenoct, mpod. M.
M. TIpoTOOBSKOHOB HMEN CPAaBHUTEIBHO HEOOJBIIOE KOJIMYECTBO JAHHBIX O



133

pe3ysbTaTax MCIBITAaHUN MOpoa Ha cxaTue. Kpome TOro, u3-3a HEBBICOKOTO YPOBHS
pPa3BUTHS  WCMBITATEIPHOM TEXHHUKA TOTO BPEMEHH, CPEOHSAS  BEIWYMHA
koaddummenTa kpenoctu Obuta 3aHmkeHa. [loatomy B 1958 roxy mpod. JI. U. bapon
M0 pe3yJIbTaTaM HMCHBITAHUA IUIMHAPUIECKAX OOpPa3IOB HA CXKATHUE TMPEIIOKHUIT
cienyromnryro GopMymy s onpeaeiacHus Ko3GOUIMEeHTa KPEeToCTH

fy =0, /300 + /o, /30 (7.2)

B 70-e roap! O6bu1a ipeioxkeHa Gopmyiia sl ONpeaeTICHUs] OCPETHEHHOTO
Kod(pureHTa KpernocTy mopo, bl

foep = (Ocs +100,) /60 + \/(Gcm +100,) /12 (7.3)

rIe O, — Ipeae NPOYHOCTH MOPOJIbl Ha OAHOOCHOE pacTshkenue, MIla.

B Hacrosimee Bpemsi u3BECTHO Oosiee MATUAECITH METOAOB OIPEICIICHUS
KO3 puIMEeHTa KPENOCTH MOPOJibl, B TOM YMCJIE — MO MPOU3BOAUTEIBLHOCTU TPYyHAa
OypuJIbIIMKA B CMEHY; IO KOJIMYECTBY B3PHIBUATOI'O BEILECTBA, PACXOIYyEMOIO Ha
paspylieHle MOpoAbl B3pbIBOM U T. A. B coorBercTBUM ¢ l'oCcygapcTBEHHBIM
CTaHIapTOM YKpauHbl KO3((PUIMEHT KpPErnocTH HOpOJbl OMNPENENIEeTCS METOIOM
TOJTYEHMSI TOPOBI C MOMOIBI0 Tpudopa [TOK.

[TIpubop IIOK (puc. 7.1.) cocrouT U3 crakaHa |, BCTaBJIEHHOIO B HErO
TpyO4aToro Kompa 2, BHYTPH KOTOPOTO CBOOOJHO MOMeEINIaeTcsl Tups 3, Maccoii
2,440.01 kr ¢ pyukoii 4, MIPUBSA3aHHON K TUpE MIHYpOoM. TpyOUaThiii Kon€p UMEeT B
BEpPXHEH 4YacTU OTBEPCTHs, B KOTOPBHIE BCTaBISIOT IITU(MTHI 5, OrpaHUUYHBAIOIINE
nobEM rupu. B koMIuiekT mpubopa BXOAAT: 00bEMOMETp, COCTOSMINM U3 cTakaHa 6
U IUIyHXepa 7 cO HIKajaol M3MEpeHHil ¢ auana3oHoMm noka3zaHuid ot 0 mo 150 mm
BJI0JIb €TI0 IPOJOJIBHOK ocu; cHTOo ¢ ceTkor NeOS (d = 0.55 mm) st pacceBa mopLuii
nocie ApoOIeHHUs.

Puc. 7.1. Tlpubop mns onpenenenus kpenoct (ITOK)
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OtoOpanHyio TpoOy TOPHOUM MOPOJIBI PACKAIBIBAIOT MOJIOTKOM Ha TBEPIOM
OCHOBaHMM JI0 TMOJy4YeHus KyckoB  pasmepoMm 20-40mm. U3 wu3Menbu€HHOrO
maTtepuana mpooOsl otOupatoT 20 HaBecok Mmaccoit 40-60 rpamm kaxnas. Uwucno
cOpachIBaHMsI TUPH Ha KaXAyI0 HAaBECKY YCTAHABIMBAIOT MPHU APOOJECHUHM TEPBBIX
nsATH HaBecok. Kakayro HaBecky ApoOST B CTakaHe TUpeH, Majaroieil ¢ BBICOTHI
0,6M. Ywcio cOpacbiBaHUs THUPU MPUHUMAIOT B 3aBUCUMOCTH OT OXKHIAEMOM
KPEIMOCTH Mopoibl 0T 5 10 15 cOpacbiBaHUs HA KOXKIYIO HABECKY.

OcraBmmecss 15 HaBecok ApoOsST B mnpubope MOCIeAOBATENIbHO B
YCTAaHOBJICHHOM PEXHME UCTIBITAHUSI IPU TOCTOSTHHOM YHCJie cOpachiBaHUS THPH.

[Tocne apobGieHust KakIbIX MSATH HABECOK MX MaTepuall MPOCEUBAIOT B CUTE;
NOAPEHIETHBIA MPOJIYKT CHUTa CCHIMAIOT B OOBEMOMETP, 3aMEpSIOT IUIYHXKEPOM
BBICOTY CTOJIOMKA MeniouH h.

Kosddumuent kpermoctu mOpoAasl IS KaXAOW CEpUM HUCHBITAHWA TISITH
HABECOK OMPENCISIOT 1Mo hopmyie

f=20n/h (7.4)

rjae 20 — SMIUPUYECKUN YUCITIOBON KOA(PDUIIMEHT; N — YUCJIO cOpAChIBaHUS TUPH TIPU
WUCIIBITAHUM OJHOM HaBECKH; h — BBICOTA CTOJOMKA MEJIOYH I10CJIE HCIBITAHHS
5 HaBECOK, MM.

OKOHYATENbHBIM  pe3yJbTaT UCIHBITAHUM  OMNpeAeNseTcs Kak CpeaHee
apupMeTHIEeCKOE.

7.2. KOHTaKTHasi IPOYHOCTh

KoHTakTHas MPOYHOCTh XapaKTEPU3yEeT CONPOTUBIIEHUE MOPO/IbI Pa3pyLICHHIO
IIpU BHEJIPEHUH B €€ TOBEPXHOCTH TBEPJOTO TENA.

JIyist GONBIIMHCTBA TOPOJT HCIOJIB3YETCS] METOJl OMPENETICHUS KOHTAKTHOMN
npovYHOCTH, pazpabotanusiii B UI'] um. A. A. CKO4MHCKOTO.

CornacHo 3TOro MeTo/1a, BJABIUBAHUE LIUIUHIPUYECKOTO IITaMMa C MIOCKUM
OCHOBAHHMEM IMPOU3BOAMUTCS B HE NUIM(GOBAHHYIO MOBEPXHOCTh MOPOJIHOIO 00pasia.
B cBsi3u ¢ TeM, 4TO nostydaembie pe3yIbTaThl CYIIECTBEHHO OTIMYAIOTCS OT 3HAUCHMSI
TBEPJOCTH TPU BJABIMBAHWM IIITaMIIa, 3TOT IOKa3aTejlb Ha3BaJIM KOHTAKTHOM
IPOYHOCTBIO.

O6pazen nopoasl o6bemMoM 150...200 kyOUUeCKUX CAaHTUMETPOB M TOJIITUHOMN
He meHee 100...120 MM (B OpOTMBHOM Ciy4ae BO3MOXKHO pacKaJbIBAHHE MOPOIBI
IpU BJIABJIMBAHUM IITaMIa) JOJDKEH MUMETh MPUMEPHO MapayuieiabHblie rpaHu. [Ipu
HEOOXO0MMOCTH MOBEPXHOCTH 00pa3iia moABepraercs o0 upKe Ha aOpa3suBHOM KpyTe
wi Tpy0oil okojJKke. 3amepsercs IUIOM@Ab S BIABIMBAEMOW B MOPOAY YacTd
mramna. OOpaser] MoMeImaeTcsi Mmoja Mpecc, ¢ MOMOIIBI0 KOTOPOTO MPOU3BOIAUTCS
BJIaBJINBAHUE IIITAMIIA.

Harpyxenue oOpa3na NOpoOM3BOAWUTCA B OJWH TPUEM CO CKOPOCTHIO
3415 Mm/MUH 10 MOSIBJIEHUS JYHKU BbikoJia. [lo mikane cuino m3meputenst mpecca
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OmnpenesieTcsl ycwine BAaBiIuBaHUs P, HeoOXxomumoe mjisi 0Opa3oBaHUSI JIYHKH
BbIKOJIa. HarpyxeHnue oOpa3na NOpou3BOAUTCA HA pa3HbIX ydyacTKax OJHOM
noBepxHoctu He MeHee 25...30 pa3. IlokazaTenb KOHTAKTHOW MPOYHOCTH
oTpeenseTcsl B KIc/MM 1o hopmyIie

P.
P. =) — 7.5
K ns ) ( )
rie P; — paspyuiamoiniee ycuiaue A 06paBOBaHI/IH JIyHKHM BBIKOJA JUIA 1-TO

UCIIBITAHUM, KI'C; N — KOJIMYECTBO HCIBITAHUM; S — ceueHune pabouell TOBEPXHOCTH
IITaMIIa, MM.

[To BenmuurHE MOKa3aTesisi KOHTAKTHOW MPOYHOCTH BCE MOPOJBI Pa3/ie/ieHbl Ha
12 xmaccoB. Hampumep, 1 xmacc mopojx Ha3bIBaeTCs «ciabble» W HMEET
P.< 30 KFC/MMz, a XII knacc, «kpenyaitmme» — P, > 565 Kre/MM.

7.3. AOpa3suBHOCTH

AOGpa3uBHOCTh XapaKTepU3yeT CIIOCOOHOCTh MOPOAbl H3HANITNBATE NMPU TPEHUU
0 He€ MHCTPYMEHT (TOPHBIX MalIuH Wiu 00opyaoBaHus). OT abpa3uBHOCTH MOPOJI B
OOJIBIIION CTEMEeHW 3aBUCUT MPOU3BOJUTEILHOCTH OYpOBBIX MAIllMH, JOOBIYHBIX U
MPOXOTYECKUX KOMOAITHOB.

AOpa3uBHOCTb OIICHHWBAECTCSA IO H3HOCY MaTepuayia, KOHTAKTHUPYIOIIEro C
ropHoi mopojoil. Paznudaror abpa3suBHOCTH MOPOJ B MAcCHMBE M B Pa3pylICHHOM
(pa3apobieHHOM cocTosiHMM). Bo  BTOpoM ciiydae BelWYMHA aOpa3suBHOCTH
CYIIECTBEHHO BHBIIIIE.

N3BecTHBIE METOBI OmpeseneHruss a0pa3sMBHOCTA MOXHO Pa3feiuTh Ha JIBE
TPYIIIbL:

— nabopaTopHbie (OCHOBAaHBI HA U3MEPEHUH MACCOBOTO M3HOCA MPU UCTUPAHUN
MOPOAHOTO O0paslia 0 HAXKIAYHYIO IIKYPKY WU CTaJbHOTO ATAJIOHHOTO CTEP KHS,
TPYLIETOCS O TIOPOAY);

— MPOU3BOJICTBEHHbIE (a0Pa3UBHOCTH MOPOJIBI OIIEHUBAETCS IO W3MEHEHHIO
OCEBOI'0 YCUJIUS MPU CBEPJICHUU TOPObI C MOCTOSHHBIM YCUIIUEM MOJIauN).

CymHoCTh 71a00paTOPHOTO MeTo/1a M3MEpEHUS OTHOCHUTEIIbHOM
M3HOCOCTOMKOCTH TOPOJI 3aKiIovaeTca B cieayroneM. K Bpaiaromemycs: moJioMy
HUJUHIPY, OOTSHYTOMY Ha)XXJa4HOM IIKYPKOM, C IMOMOIIBIO CIEIUAIbHBIX T'PY30B
NPUKUMAIOT 00pa3zel] ropHoi moposl. [1o pe3ynbTaTaM UCTIBITAaHUHN CTPOST rpaduKu
3aBUCHUMOCTH MAacCOBOTO H3HOca oOpaslia OT BpPEMEHH IIpU 3aJaHHBIX YCHJIHIX
NpUXaTusg o0paslia K MOBEPXHOCTH MWIMHApPA U YIVIOBOM CKOPOCTH BpalllCHUSI.
3aTeM, MO HUM OIPENESSIOT OTHOCUTEIbHBIE M3HOCOCTOMKOCTh M a0pa3MBHOCTD.
Takol MeETON MCHBITAHUM YacTO NPUMEHSETCS Ui OLUEHKH HM3HOCOCTOMKOCTH
Pa3JIMYHBIX CTPOUTEIIbHBIX MAaTEPUAJIOB.

JIJIsi TOpHBIX TOPOJI, UCHBITYEMBIX Ha a0pa3WBHOCTH, Yallle HCIOIb3YeTCS
ciaeayroomnias Meroguka, paspadorannas B UI'J[ um. A.A. CxounHckoro. CyniHOCTh
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METOJa 3aKJII0YAaeTCs B HCTUPAHUU STATOHHOTO IWIMHAPUYECKOTO CTEPXKHS W3
TEpMHUECKH HeoOpaOoTaHHON cTanu (Mapka ctanun Y8A) muamerpoM 8 MM 00
€CTECTBEHHYIO TOBEPXHOCTh TOPOJAHOTO oOpaslia Ha Tepeo0opyA0BaHHOM
HAaCTOJBLHOM CBEpPJUJIBLHOM cTaHke mpu oceBoM ycuiauu 0,15 kH u ckopoctu
Bpaienus 400 06/mMuH. 3a mokaszarenab aOpasuBHOCTU MOPOAbI (A), MPUHSTA MOTEPs
Macchl ITAJOHHOTO CTep>KHS B Mr 3a 10 muH wucneitanuid. Ilepen ucnbITaHueM
ATaJIOHHBIA CTEpPXKEHb B3BemuBaeTcss ¢ TouHocThio 10 0,1 mr (Gl). Ilocne srtoro,
obpazerr mopoasl Maccoit or 0,1 g0 4,0 Kr 3akKuUMamOT MEXAY IEPEBIHHBIMU
MPOKJAJKaMUd B CTaHOYHBIX THCKaxX, TaK, UYTOObI BEpPXHSS TMOBEPXHOCTh ObLIa
TrOpU30OHTAIBHOM. 3areM IIMUHIAEIb, C 3aKPEeIUIEHHBIM B TMATPOHE ATaJTOHHBIM
crepxkueM aiuHon 50...70MM omyckarT Ha oOpasel] U BKIIOYAIOT NMPUBOJI CTaHKA Ha
10 MuH. ITo OKOHYaHUU OTBITA ATATTIOHHBIN CTEpKeHb B3BemMBatoT ((G2). [Tokazarenb
abpa3MBHOCTH BBIYHUCISIOT MO OpMyJie

[To BennunHe moka3aresnsi abpa3suBHOCTH BCE MOPOABI pa3ieieHbl HA § KIacCOB
(Tabm..7.3).

Tabmnua 7.3
[Ikana abpa3uBHOCTH TOPHBIX TOPO/T
IToka3arenp
Kiacc
HaunmMenoBanue kiacca abpa3uMBHOCTH,
aOpa3uBHOCTH

A, Mr

I Becbpma manoabpasuBHbIe <5
11 Manoabpa3uBHbIe 5...10
111 Huxe cpenneli abpa3uBHOCTH 10...18
IV Cpenneil abpa3lBHOCTH 18...30
\Y Beriiie cpenneii abpa3suBHOCTH 30...45
VI IToBbIlIeHHON a0pa3UBHOCTHU 45...65
VII Bricokoabpa3uBHbIe 65...90

VIII Bricmieii crenenn abpasuBHOCTH >90

JUis ompeneneHrs a0pa3WBHOCTU NOPOJA B IMPOU3BOJUTEIBHBIX YCIOBUAX
npumenstoT npudop I1TA.

JUis pa3pheIXJIMTENbHBIX (PBIXJIBIX) TOPHBIX MOPOJ BBIACISIOT 2 IMOKa3aTens,
XapaKTepU3yIIMNX adpa3uBHOCTh: a0pa3uBHOCTb TPEHMS U YJApHYIO aOpa3uBHOCTb.
AOpa3uBHOCTh TPEHUS XapaKTEpU3YeT M3HOC KOHTAaKTHUPYIOLIEro C IOpOJOH
pabodyero HMHCTpYMEHTa IpU €ro IepeMelleHuu. YaapHas e aOpa3uBHOCTb
XapaKTepU3yeT U3HOC OBEPXHOCTH MPHU yJlapax O HUX KYyCKOB ITOPOJBI.
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7.4. [IpodumocTh

JpoOUMOCTh XapakTepHU3yeT MpolecC OOBEMHOTO pa3pylICHUS MHOPOIbl C
OOJBITION CKOPOCTHIO HArpy>KeHHs. B Hacrosiee BpeMsi H3BECTHO MHOTO CITOCOOOB
ompeneseHusT  ApOOMMOCTH, KaK TPaBWIO, OCHOBAHHBIX HAa  H3MEPCHHUH
PHEProéMKOCTU TMpolecca JpoOJeHUss WIM BETUYMHBI BHOBb OOpa30BaHHBIX
MOBEPXHOCTEHN Nociie APOOIICHHUS.

Haubonrwiiee pacnpocTpaneHue Moy4dusa MeToJl, paspadorannbii B I/ um.
A. A. CKOYMHCKOI0, OCHOBaHHBIN Ha pa3pylIeHUH 00pa3iioB MOPOAbl MPOU3BOJIBHOM
dbopMBbl C MOCHENYIOUMM CHUTOBBIM aHAJIM30M MPOAYKTOB paspyiieHus. Merton
3aKJII0YaeTcss B cleayromnieM: ¢ BbicoThl 0,5 M Ha oOpasell mopojibl OJHOKPATHO
cOpacbiBaeTcs Tupsa Maccoil 16 kr. Macca oOpasiia HenpaBWIbHOU (OPMBI JT0KHA
coctaBiaATh 0kojo 0,07 kr c¢ ortkioHeHueM n0 15%. W3menbu€HHas mnopoja
MIPOCEUBAETCS YEPE3 CUTO AUAMETPOM 7- 107 M. Ha TexHMYeCKHX Becax B3BEIIHBAIOT
nopoay, npoumenmyr yepes cuto G, r. Ilokazarens apooumoctu (Kyp.) 4MCIEHHO
paBeH CyMMapHOMY 00beMy (hpakiivii, MPOIIEAIINX Yepe3 CUTO C AUAMETPOM 7 MM B
KyOMYEeCKUX CaHTUMETpax

K =G/, (7.7)

apoo
rzie Y — 06beMHast Macca MOPOIBI, I/CM’

[To BennunHe nokaszaTesns ApoOUMOCTH BCe MOPOIbI pa3siesieHbl Ha 6 KiaccoB
(Tabmn.7.4).
Taomura 7.4

Knaccudukanus nmopoj mo 1podu MOCTH

Kiace o Bemnuuna
XapaxkTepucTuka Kiacca IMOKa3aTelIst
JTPOOUMOCTH 3
JTpOOUMOCTH, CM
B BBICIIICH CTEIICHU
I <1,8
TPYAHOIPOOUMBIE TTOPOIBI
I BecbMma TPyAHOpa3pylIaeMbie 1.81-2.70
TIOPO/IBI
I11 TpynHopa3spyiiaemMbie TOPOJIbl 2,71-4,0
I\Y% CpeaaeapobumbIe TOPOIBI 4,01-6,0
\Y% JlerkoipoOumMbIe TOPOIBI 6,01-9,0
VI OuyeHb 1erkoapoOUMbI€ TOPOIbI >9.0
JpoOumocTh moOpoa — TMapameTp, OOpaTHBIM BA3KOCTH. [l oOIleHKH

JPOOUMOCTH TOpPOJI, BO3MOXKHO MCIOJB30BaTh BEIMYMHY, OOpaTHYIO YIEIbHOU
pabote pa3pylieHus.
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7.5. ConpoTuBJIsAEMOCTH PE3aHUIO

ComnpoTHUBIISIEMOCTh ~ PE3aHUIO — 3TO  [MapaMeTp, XapaKTEepPU3YHOUIU
IpUpALLEHUE CUJIbI PE3aHUS ITOPOJ B MACCHUBE HAa 1 CM TOJIIMHBI Cpe3a.

JUts onpeneneHuss CONMPOTHUBIISIEMOCTH TOPOJ PE3aHUI0 B HACTOSILIEE BpeEMs
UCIIOJNB3YyeTCsl MeToauka, paspadorannas B U] um. A. A. Ckouunckoro. C eé
MIOMOIIBIO OMPEIEISETCS COMPOTUBIICHUE YTJIEH pe3aHUI0 CTAaHAAPTHBIM OJMHOYHBIM
pe3loM, B ycnoBusAX 3abos, ¢ 3amepamu ycwinii npubdopom JKC (nmunamomerp
KpPYIHOT'O CKOJIA).

[Tpu6op AKC-2 (puc. 7.2) cocToUT U3 pacnopHOU CToMku 1 ¢ meprkaBKoi 2,
3aKpEIUICHHOW B TOBOPOTHOM o0OoiiMe 3 »tanonHHoro pesua 4. UYepe3 cuenHoe
YCTPOMCTBO € JaTYMKOM 5, pesel] 4 MOBOPAYMBAETCS OTHOCHUTENIbHO CTOMKH 1
ne6énkoit 7. Ycunus pe3aHus 3alUCBHIBAIOTCS PETMCTPUPYIOLIMM THAPABINYECKUM
MaHOMETPOM, KOTOPBI COCTOMT M3 JaT4yMKa S5, 3alKCHIBAIOIIErO ammnapara 8 ¢
IIPUBOJOM 7.

Meronuka ONpeAesNeHusl CONPOTUBIICHUS YIJs PE3aHUI0 3aKIYaeTCs B
CIEIyIOIIEeM: TIOCTe 3a4UCTKU 32008 Ha TiayOunHy Oonee 0.4 M, NTPOU3BOAST
00paboTKy 32005 MOBOPOTOM JCPXKABKU C PE3IOM BOKpYr crTouku. Jlis cOopa
pPa3pylIEHHOTO YTJis Ha TOYBE IJIacTa BIUIOTHYIO K 32000 pacCTHIIAIOT OpE3eHT.
BrigBuraror peser u3 AepKaBKu sl MOJIyYeHHs cpe3a HyKHOM ToimuHel h (oT 2 10
15cm), peryaupys T. 0., 4TOObl MaKCHUMAaJIbHOE YCWIME Ha JIUHAMOMETpPE He
npesbimano 4500krc. He MeHsis BBICOTY YyCTaHOBKHU pe3lia, OT MOYBHI IJ1acTa AesIatloT
HE MeHee 4 cpe30B. 3aTeM CMEIalT pe3el] 0 BEPTUKAIN HE MEHEe, YeM Ha 5 MIUpHUH
U TOBTOPSIOT JKCIEepuUMEHT. [lpu Kaxkaom sKcrnepuMeHTe (QUKCUPYIOT: YCHIIHE
pe3aHusi, BBICOTY OCH Cpe3a OT IMOYBHI IJIACTa, AJUHY IMYTH Pe3aHus, Maccy YIJisl OT
IIMPUHBI Cpe3a, LHUpUHY OOKOoBoro paszpana. [locie 3TOro, CTposT MO JaHHBIM
OIBITOB IPadMKH yCUIINH pe3aHus Z,. Kak QyHKIIHIO OT TOJIIIHHBI cpe3a h.

Toraa, conpoTuBIAEMOCTh yIIEi pe3aHuIo MPEACTaBIsET COO0N MpHUpaIIeHue
YCUJIMM pe3aHus Ha | cM TOJIIMHBI cpe3a

A=Z,/h, (7.8)

rac Zcp — YCUJINC PC3aHUsA, KT'C; h — TOJIIWHA Cpe3a, CM.
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Puc. 7.2. Tlpu6bop AKC-2

[Io BenuMUMHE COMPOTHBIISIEMOCTH PpE3aHUIO, YIIU pPA3feNsloTcs Ha 8
kareropuii (I kareropus — 1o 60 xrc/cMm, a VIII kareropus — cBeiue 420 krc/cm)

CyliecTByIOT U JAPYrH€ METOJUKH OIPEAENICHUS CONPOTHUBIIIEMOCTH IMOPOJI
pezanuro, paspadoranmnpie B WMIJ wum. Ckoumnckoro, JlonYI'U wu
JloHrunpomyriaemarue.

Tak MWI'JIT wuM. CKoOYMHCKOro pa3zpaboTaq METOJUKY  ONpEAECICHUS
CONPOTHUBIISIEMOCTH  YIJIA PE3aHUI0 AUHaAMoMmeTpuueckum  cepiaom CJIM-1,
CYIIHOCTh, KOTOPOM 3aKilfouaeTcsi B pa30ypUBaHUU 3apaHee MpOoOYypeHHOro IImypa
nuamerpoM 42 MM koponkod CJIM, nuamerpom 62 MM C 3aNKMChIO MOMEHTA
CONIPOTHBJIEHUS PE3AHUIO.

Cxonctpyupoansl pudopsl [1OP-3 (JlonYT'N) u [1P-5 ([lonrunpoyriemarn),
MO3BOJISIONIME OMPEACIUTh COMPOTUBIIIEMOCTD PE3aHUIO, PUHIUIT PA0OTHI KOTOPBIX
OCHOBaH Ha NPUTATMBAaHUU pe3lla BAOJb MPEABAPUTEIHHO MPOOYPEHHOIo MIMypa
nuameTpoMm 42 MM ¢ 3amMepoM ycwiinii pe3anus. CONpOTUBISEMOCTh PE3aHUIO IS
NOpOJ, M3MEHSETCS B IIMPOKOM JMana3zoHe. HekoTopble cripaBOYHbIE AHHBIE IS
nopon Jlonbacca npuBeaeHs! B Ta0d. 7.5.

Tabmuna 7.5

3HaYCHHE COMPOTUBIIIEMOCTH PE3aHuIo Jist mopo Jlonbacca

HaunmenoBanue nopon 3HaYEHUE CONMPOTUBIISIEMOCTH PE3AHUIO, KI'C/CM

Vroib 20...400

VTIIUCTBIH cllaHel] 70...250

I'TMHUCTEIN claHell 120...350
IlecuaHrblil ciiaHeln 200...500
Ilecuanmnk 380...1000
H3BecTHSIK 300...600
TBEpABIC BKIIOUCHUS 500...2000
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7.6. BypumocTthb

[long OypHMOCTBIO TOHHMMAKOT CHOCOOHOCTH TOPHBIX TIOPOJ OKAa3bIBaTh
COTPOTUBIIAEMOCTh MPOHUKHOBEHUIO B HHUX OypOBOTrO HHCTPYMEHTa B TpoOIlecce
Oypenus. BypuMOCTh OLIGHHMBAIOT [JIMHOW IIIypa, MPOOYPEHHOTO 3a EIUHUILY
BPEMEHU B CTaHIAPTHBIX YCIOBMSIX MJIM YUCTHIM BpeMeHeM Oypenus Ts 1 M mmypa B
CTaHAAPTHBIX YCIOBUSIX.

[lon cranmapTHBIMH YCIOBUSIMH IIOHMMAalOT IPUMEHEHHE Ipu OypeHuu
ONpENEIEHHOI0  HMHCTPYMEHTA, AapPMHUPOBAHHOIO  CTAaHAAPTHBIMU  CIUIABAMH,
IOCTOSIHHBIA JUaMETp WIMypa, IOCTOSHHBIN pexuM OypeHus (dHeprus ynapa,
CKOPOCTbH BpalIeHUs, OCEBOE JIaBJICHUE, IaBJIICHUE CXKATOrO BO3/1yXa B MaruCTpalv U
T. A.). Onpenenserca OypUMOCTb METOAOM OOypHBaHHUS 3a00€B Ha OCHOBaHUU
XpPOHOMETpa)ka YUCTOrO BpeMeHM OypeHus. B HacTosiiee BpeMs CYyIIECTBYIOT
HECKOJIBKO KJaccu(UKaui (IIKaI) TOPHBIX MOPOJ MO OYpUMOCTH, OJTHAKO BCE OHU
CBSI3aHBI MEXIYy CcO000i M C¢ KO3(h(UIKMEHTOM KpemocTd Mopoj mo mkaie M. M.
[IporonpsakonoBa. Kiaccuukanus mopon, BoIIEAIIas B CTPOUTEIbHbIE HOPMBI U
npasuna (CHull) npencrasnena B tabm. 7.7.

B xauyecTBe mokazarenst OypuMOCTH B HEKOTOPBIX CIy4yasX MOKHO MPUHUMATH
HEPro€MKOCTh OYpEeHMsI €IMHULIBI JUIMHBI mypa. Tak, s BpamaTeabHoro OypeHus
OHa OIPEACIIACTCS U3 BBIPAKEHUS

Vgyp = W/ V- (7.9)

rae W — cpefnsiga Harpy3ka Ha JBUTATENb cBepiia; V — CpeaHsis CKOPOCTh OypeHus.

[Ipu pa3BenouyHoM OypeHHM IIOKa3aTellb OYpUMOCTH YCTAaHABJIMBAIOT 10
CKOpPOCTH OypeHHsI.

[lo BenmuuuHe mOKa3zarens TpyaHOCTH Oypenusi Ily Bce ropHble MNOPOJBI
paszeneHsl Ha 5 KIJIAcCOB MO 5 KaTeropwit B kaxjaoM kiacce. K mepBoMmy kiaccy
oTHeceHbl JerkoOypumsie opoasl (Il = 1...5); ko BTopoMy — mopojabl cpenHen
TpyaHoctu Oypenus (I1y = 6...10); x Tpetbemy — TpyaHoOypumsbie (Il =11...15);
yeTBEPTOMY — BecbMma TpyaHoOypuMbie (I1y = 16...20); kK mATOMY — UCKJIFOUUTEIHHO
TpyaHoOypumsbie opossl (Il = 21...25).

Tabmuma 7.6
Knaccudukanus nopoxn no CHull
Kareropust nopon nmo | Koagduuuent If(aTeeHrszI/II/Iﬂ Ts, MUH
KPEIOCTH U CIOCco0y KpenocTy, f, P msinepgoparo
OpOJ 10
pa3paboTku el. Crull pa [1P-24 JI

Buekareropuiinas 19-20 X1 9.85
(pa3pabaThiBaeTCs 15-18 X ’
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B3PBIBHBIM CITOCOOOM

(bBP))

I (pa3pabarsiBaeTcs

BBP) 10-14 IX 8-9,5

IT (pa3pabarsiBaeTcs

BBP) 7-9 VIII 6,6-6,95

III (pa3pabatbiBaeTcs 5-6 VII

EBP) 4-5 VII-VI 456,55

IV (pa3pabaTsiBaeTcs

BBP u otOoiHBIMU 3-2 \Y% 3,8-4,45

MoJiotkamu (OM))

V (pa3pabateiBaercs 1,5-2 IV

OM) 1,5 -1 2,6-3,75

VI (pa3zpabatbeiBaetcs

OM) 1-1,5 II-11 <26

VII (pa3pabaTsiBaeTcs 0,9 III-11 -

BPYYHYIO) 0,6 I -
0,4 I -

7.7. B3pbiBaeMoCTh

B3peiBaeMOCTh ~ XapakTepuU3yeT  CONPOTUBIAEMOCTh  TOPHOM  IOPOJIBI
pa3pyLIECHUIO B3pbIBOM. B3pbIBaeMOCTh MOPOJ OLIEHUBAETCS PACXOAOM B3pPBIBUATOIO
BemiectBa (BB) wmiam mmypoB Ha 1 M mopoabl B MaccuMBe. OTH MOKa3aTesd
Ha3BIBAIOTCS yOenbHblll pacxod BB w yodenvHuiti pacxod Oypenusi COOTBETCTBEHHO.
Ynenensii pacxonq BB — q B kr BB/M’ IIOPOJBI OMPENEIISIETCS YEPE3 ATATOHHBIN
yaenbHbeI pacxonq BB — qg, 3aBucsamumii ot xodd@uimeHTa KpenocTd IMOPOJ IO
mikanie M.M. [Ipotoassikonosa (f)

aq = 0,065 - f (7.10)

DTanoHHbI yaenpHbIi pacxon BB w1 nopoa cocrapmser ot 50 10 1000 r/m’.
C yuérom mompaBo4HOrOo KOd(QuIMEeHTa, yIUTHIBAIONIETO CBoiicTBa BB, cxemy
B3pbIBaHus U pasmepsl mmypa (K), popmyna ans onpenenenust yaeiapbHOro pacxoaa
BB 3anumercs B Buze

q= qOK (7.11)

B3pbeiBaeMOCTh TOPHBIX MOPOJA MOXHO OINPEICTUTh TaKKe MO0 MaKCHUMalbHOM
JIMHUA HAaWMEHBIIEro COMPOTUBICHUS (JI.H.C.), MPEACTABIAIONIEH CcO00M 30HY, rie
B3PBIB 3apsiia 3TaJloOHHOro BB mNpou3BOAUT OTPHIB MOPOALI OT MacCuBa IpHU
MOCTOSTHHOM JJIMHE 3apsja, AuamMeTpe W IIyOuHe mimypa. Toraa B3pbIBa€MOCTh
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BBIPA3UTCS OTHOIICHHEM MaKCHUMaJbHOW JL.H.C. K IyOuHe mmypa u o0bémy BB B
HInype.

Paznuyaror n€rkyro, CpenHIO, TPYAHYIO U BECbMa TPYIAHYIO B3pPBIBAEMOCTH
IIOPOA.

7.8. JIMNKOCTh M CONMPOTHBJIEHHE KONMAHWIO PBHIXJIBIX U Pa3pbIXJEHHBIX
Nnopona

Prixybie 1 pa3pbIXJaEHHBIE TOPOABI, TPU U3MEHEHHUH BJIAXKHOCTH NIPUOOPETAIOT
pan crnenupUuUecKux CBOMCTB, KOTOpPbIE HEOOXOIWMO YYHUTBHIBATH B Tpolieccax
TOPHOTO MPOM3BO/ICTBA.

Tak, U3MEHEHHUE CBOMCTB IPYHTOB MPH YBIAKHEHUM OLIEHUBAIOT JIUIIKOCTHIO.
Jlunkocms — 3TO CIMOCOOHOCTH PBIXJIBIX W Pa3pPBIXJIEHHBIX TOPHBIX TOPOA TIPHU
ONPEACTEHHOM COJACPKAHUU BJIAar¥ B HUX MPUINNATh K NOBEPXHOCTH UHCTPYMEHTA U
o0opynoBaHus (KOBII 3KCKaBaTopa). OU3NYeCKUil CMBICT MPUWIKMTIAHUS 3aKII0YaeTCs
B TOM, UTO IIpU ONPEACIEHHOW BIAXHOCTH, TOJIIMHA IUIEHOK BOJBI,
0OBOJIAKMBAIONUX YAaCTUIIBI TOPOABl ((U3MYECKH CBsS3aHHAS BOJA) CTAHOBHUTCS
TaKOW, YTO OHU C PABHOW CHJIOW BO3JIEMCTBYIOT KaK C MUHEPAIbHBIMU YaCTHUI[AMHU
MOpoJAbl, TaK M C IIOBEPXHOCTHIO CONPHUKACAIOIMIMXCS C HUMH HWHCTPYMEHTOB.
HauGomnpias TMIKOCTh COOTBETCTBYET BIAKHOCTH MOPOJ OJM3KOM K MOJIEKYJISIPHON
BJIAroéMKOCTH. [Ipu ganpHENIIeM MOBBIIICHUN BIAKHOCTA U YBEJIMYEHUH TOJIILIUHBI
MJIEHKU MPOUCXOJIUT PE3KOE CHUKEHHUE JIUTTKOCTH.

JIMNIKOCTh MOPOJT OLICHUBAETCS HANPSKEHUSIMH, HEOOXOAUMBIMHU ISl OTPhIBA
NPUJIKIIIEro Tejla OT rpyHTa. JIunkocts nopoa usmenserca ot 2 klla mo 50 xIla.
OHa 3aBHUCHUT OT CBOMCTB IOPOJ, a TAaKXK€ OT CBOWCTB MaTepuayia, U3 KOTOPOIO
M3TOTABJIMBACTCS MHCTPYMEHT, U XapaKTepa MOBEPXHOCTH KOHTAKTUPYIOLIETO TENA.

ComnpoTuBIIeMOCT, TOPOJI TMPU HMX BBIEMKE HKCKABaTOPAMHU MPHUHSITO
OIIEHUBATh BEIIMUMHOMN yoenbHo20 conpomusnenus konanuto Kg:

rae Fx— kacarenbHas cuia CONpOTUBIICHUS MOPOJbI KonmaHuto, H; S — miomanb
MOBEPXHOCTHU OTPHIBA, M.

[Inomaas MOBEPXHOCTH OTPbIBA HAXOJUTCS KaK IPOU3BEICHHUE IIUPUHBI
KOBIIIa Ha TTTyOMHY BHEJPEHUS KOBIIA B TOPOJlY TPU KOMIAHHH.

VYenbHOE CONPOTUBJIICHUE KOMAHWIO 3aBUCUT OT MPOYHOCTH NAPaAMETPOB,
IJIOTHOCTH MOPO/IbI, CUETJICHUS MOPOJI U UX BIAKHOCTH.

ITpu BBIEMKE MEXaHUYECKOMH JIoraTomn PBIXJIBIX MIECKOB
Kr = (0,1640,25) 10° Tla, y TOKENBIX BiIaXHbIX IuH Ky = (243) 10° Ma. V
MOJIYCKAJIbHBIX TOPOJ] B TMpeJenax OJHOTO CTpykrypHoro Onoka Ky mocturaer 1
Mia.

B 3aBucumoctu ot BenuuuHbl Ky paznuyaror JErkue ycioBUS KOIMAHMS
(Kg< 1,2 10° [1a) u Tsxénbie ycnoBus konanus (Kg> 2,8- 10° ITa).
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Bemnunna Ky omnpenemser Takke OTHOCHUTENIBHYK) HPOJOKUTENBHOCTD
pabo4ero NUKIIA YIKCKaBaATOPOB.

NHorgpa  nns  nmoiyyeHHWsT  OPUEHTHUPOBOYHBIX — IIAPaMETPOB  T'OPHO-
TEXHOJOTHYECKHUX CBOMCTB HUCIOJIB3YIOT CIEAYIOIINE SMITUPHUUECKHUE (DOPMYIIbI

1,67 2

G .. = 10f, MIIa; P, =15 ,krc/mm ;
67 3
Oup = 6,3PK0,6’ MIla; Kll = ? - 1,7, CM

Gow = 1000/ K " MIla; A =116, + 40, kre/ cm.

7.9. HUcnoan3oBanue TOPHO-TEXHOJOTHIECCKUX CBONCTB B FOpHOi/‘I
NMpaKTUKe

CBoiicTBa, OTHOCSIIMECA K ATOM Ipymie, Haubojee MMUPOKO HCIOIb3YIOTCS B
ropHoil npaktuke. OHHM TIIOJOKEHBI B OCHOBY LEJIOTO psa CIIEHHAIBHBIX
KJacCU(pUKaUi MOpOJ, BOLIEAIIMX B pa3jIUYHble HOPMATHBHBIE JOKYMEHTHI,
OTpAacIEBbIE MHCTPYKLUUU M T. X. 3Has BEJIMYMHBI IIApaMETPOB M3 3TOM IPYIIIBI
CBOMCTB, MOXHO JIETKO ONPEIEIUTh IPOYHOCTHBIC, AKYCTUYECKHE, INIOTHOCTHBIE,
TEIJIOBBIE U JPYrHE MapaMeTphl OPOLI.

Tax ko3¢ duLHeHT KpenocTu MOPOAbl HUCIOJIB3YETCS Ui OLIEHKH e€ oOIien
CIIOCOOHOCTH CONPOTHUBIISITHCS Pa3pyILICHUIO, MPH BBHIOOPE MPAKTUYECKH JHOO0TO
TOPHO-IIAXTHOTO OOOPYAOBaHUS, MPH OLIEHKE YCTOMYMBOCTH KPEMU U Pa3TUYHBIX
00BEKTOB, pacuerax Kpemu, pacuerax OOOpYIOBaHMS [UIsl pa3pylLIeHHs MOPOJ,
pacuerax nacrnoptos bBP.

KoadduimenT kpenoctu nmopoja mojaoKeH B OCHOBY KJIacCU(UKAIIMK TTOPOJT 1O
CHull, ot xoTOpO#i 3aBUCIT BCe HOPMBI BHIPAOOTKH, BPEMEHH U PACLEHKU Ha JHO0bIe
ropssie opojibl, oroBopeHusie B EHuP, EHB, YKHB, EPEP u 1. 1.

KoHTakTHass  NpOYHOCTH  MOPOA  IOYBBI  MPEAONpPENENIsET  BbIOOD
MEXAHU3UPOBAHHOW KPENU JJII OYUCTHOIO 32005, TUII UCKYCCTBEHHOI'O COOPYKEHHUS
IUIsL OXpaHbl BEIPAOOTOK CO CTOPOHBI OUUCTHOTO 3a0051.

AOpa3uBHOCTh MOPOJ HCIOJIB3YETCS JUISl OLIEHKU IMOTPEOHOCTH B PEXYIIEM
MHCTPYMEHTE IIpU OypEeHUH, BBIEMKE TIOPOJ U YIJIeW JOOBIYHBIMU U IPOXOAUYECKHUMHU
KOMOaifHaMHU.

HpoOuMOCTh NOPOJI UCIIONB3YETCS B PA3IMYHBIX pacyeTax Mo 3HEPro€MKOCTH
pa3pylieHus B mpoiiecce 000raieH sl MoJIe3HOro NCKOMaeMoro.

ConpoTHBISIEMOCTh YIS PE3aHUI0 MPENONpeaeNsieT BbHIOOP TEXHOJIOTUU
paspylieHusl yIiii B OYMCTHOM 3a00¢ (KOMOAHOBas WJIM CTPYroBas), MO3BOJSET
ONTUMH3UPOBATH  IApaMETpPbl  pe3aHus, ONPENEIUTh  IMPOU3BOAUTEIBHOCTD
000pyI0BaHUS TIPH ITOM.
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BypuMocTh MO3BOMISET paCcCUUTBIBATE TPYAOEMKOCTD IPOLIECCOB, CBSI3AHHBIX C

OypeHHeM HINypOB, CKBaXUH U T. JI., B TOM YHUCJE MPHU MPOBEJICHUU BBIPAOOTOK IO
Ttexuosioruu bBP.

B3preiBaemocTh mo3BosisieT paspadateiBath nacnopta BBP mpu oTkpeiToil 1

MOJI36MHOM pPa3palboTKe MOJE3HBIX McKomaembix. COMpOTHUBIIEHHWE MOPOJ KOIMAHUIO
NO3BOJIAET OOOCHOBAaHHO BBIOMpaTh THUI JKCKaBaTopa Uil BBIEMKH IOpPOJ,
PacCUUTHIBaTh €T0 MPOU3BOUTEIBHOCTD.

KoHTpoJibHBIE BOPOCHI

1. YTO NOHUMAIOT IO/ KPEMOCTHIO TOPHBIX ITOPOI?

2. KTo npenyioxusi oHsITUE KPEMOCTH MOPOIbI?

3. Ckoubko KaTeropuii kpenoctu Bam uzBecto?

4. Kakue metozpl onpeaeneHus kodgduirenta kpenoctu Bam uzBecTHbl?

5. B uéMm cymHoOCTh METOAAa TOTUECHHS JIs1 ONPEEICHUS KPEOCTH ?

7. YTo Ha3bIBAETCSA KOHTAKTHOM ITPOYHOCTHIO TOPOIBI?

7. Kakue TpeOOoBaHUs MPEABSIBISIOTCS K 00pasily MOPOIbl MPU ONpPEaeICHUN

KOHTaKTHOU mpoyHocTH 1o Meroauke UI'J[ nm. A. A. CkounHcKOro?

8. KakoB nops1ok onpeaeneHrs KOHTAKTHOW MPOYHOCTH ?

9.Ha cxoapKO K1accoB pa3JiesIeHbl TOPOAbl IO KOHTAKTHOW MPOYHOCTH?

10. Yto Ha3bIBaeTcst abpa3suBHOCTHIO TTOPOIBI?

11. Kakue rpynmsl MeTOIOB omnpeseneHust abpasuBHocTu Bel 3Haere?

12. B ué™m cymiHOCTh MeTOJIa onpejeaeHus: adpasuBHocTy 1mo Metoauke U]

uM. A. A. CKOUYHUHCKOTO?

13. YTo npuHATO 3a OKa3aTesb a0pa3suBHOCTU OPOIbI?

14. Ha ck0oBbKO KJIACCOB pa3/iesieHbl MOPOJIbI IO a0pa3uBHOCTU?

15. Yto Takoe aOpa3suBHOCTh TPEHHs U yJaapHasi a0pa3suBHOCTD?

17. Yto xapakTepu3yeT ApOOUMOCTh MOPObI?

17. B uém cymHOCTh MeTO/a omnpeaenaeHus apooumoctu no meroanke U]

M. A. A. CKOUYHHCKOTO?

18. Ha CKkoIBbKO KJIAaCCOB paclpeaesieHbl HOPOAbI IO TpOoOUMOCTH ?

19. Yto Takoe COMpOTUBIIAEMOCTb PE3AHUIO?

20. Kak ompeensieTcs COpOTUBIIAEMOCTh pe3anuto mpudoopom JICK?

21. Kakue metoas! (IpuOOpPHKI) IS ONPEACICHUs COMPOTURIISIEMOCTH PE3aHUIO

Bawm emé n3BectHbI?

22. YTo nMoHUMAIOT 1O OYPUMOCTHIO TTOPOIbI?
23. Yem orieHuBaeTCs OYpUMOCTh MOPo?
24. Ha cKOJIbKO KaTeropuil AessTcst Hopoibl o OYpUMOCTH B KilaccU(UKaluy,

npusenenHot B CHull?

25. YTo NOHUMAIOT MOJI OKA3aTesIeM TPYIHOCTH OypeHus?

2’7. Yt0 TaKoe B3pbIBAEMOCTh IOPOJ U YEM OHA XAPAKTEPU3YyETCA?
27. Kak xinaccuunupyroT MOPOIbI TIO B3PHIBAEMOCTH?

28. UTO MOHUMAIOT MO/ JIMITKOCTHIO TOPOIbI?

29. YUTto NOHMMAIOT MO pa3MOKAEMOCTBIO TOPOBI?



145

30. Yto moHMMarOT 1oj HabyxaHUEM OPOIbI?

31. Yro moHMMAIOT NOJ CONPOTUBIEHUEM KOMAHUIO PHIXJIBIX U Pa3pbIXJICHHbBIX
nopoju?

32. Yto Bri 3HaeTe 00 UCTIOIB30BaHUU CHEIMATBHBIX TOPHO-TEXHOJIOTHYECKUX
CBOMCTB ITOPOJ B IPAKTUKE TOPHOTO JAena?

8. HAIIPA’KEHHO-AE®OPMHUPOBAHHOE COCTOSHMUE
IIOPOJHOI'O MACCHUBA

8.1. OcHOBHbBIE COOTHOIIEHUSI MEXAaHMKH CILUIONIHOrO JAe()OpMHPYeEMOro
Tesa

JIns MaTreMaTU4YeCKOro ONMCAHUS MPOLIECCOB, MPOTEKAIIUX B MOPOIHOM
MacCHMBE BCIEACTBUE TMPOBEJACHUS BBIPAOOTOK, B MEXaHUKE TOPHBIX MOPOA
UCIIOJIb3YIOT, KaK MPaBUJIO, COOTHOIICHUSI MEXaHUKU CIUIONIHOTO JAe(pOPMUPYEMOTO
TeJa: TEOPUU YIPYTOCTH, TUIACTUYHOCTH U MOJI3yYECTH.

OCHOBHBIM B MEXaHHMKE CIUIOIIHOTO JeOpMUPYEMOro Teja SBIAETCS
MPEANOJIOKEHNE O TOM, YTO paccMaTpuBaeMasi cpejia JIUIIeHa CTPYKTYphI U o0Jafaet
CIUIOIIHOCTBIO C HENPEPBIBHBIM PACIpPEAECICHUEM BEIIECTBA, TAK Ha3bIBAEMBIN
KOHTHMHYYM. OJTa  TMIOTe3a
IIO3BOJIIET CUYMTATh HANPSKEHUS
U neopMaIiui HEMpEePhIBHBIMU U

nuddepeHIpyEeMbIMU
(GYHKIUSAMH ~ KOOpJAMHAT TOYEK
tena. IIpennomaraercs Takxke,
4TO JIIOObIE JOCTATOYHO Malble,
T.H. DJIEMEHTapHble, 0OBEMBI
paccMaTpuBaeMoOun cpeabl
obnagaroT OJIMHAKOBBIMU
(bU3UKO-MEXaHUUECKUMU
cBoictBamMu. IlpumeHurtenbHO K
MEXaHHUKE TOPHBIX IOPOJ TaKUM
TUIOTETHYECKUM CIUIOIIHBIM U
OJHOPOJHBIM  TEJIOM  SBIISETCA
MMOPOJAHBIA MACCUB, BMEIIAOLINI
TOpPHBIE BBIPAOOTKHU.

KKK
SRXH
ORI

Onnako peanbHbIN

Puc. 8.1. YpoBHU HEOTHOPOJHOCTH B TOPOJAHBIX TTOPOJIHBIN MacCus, KaK
MaccHuBax: | — MUKPOCKONTUYECKUH; 2 — NpUPOJIHAs cucTeMma, oOJamaer
CyOMaKpOCKOITMYECKU; BBICOKOI CTEIICHBIO

HEYMOPSAJOUEHHOCTH, B KOTOPOM
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B 3aBUCHMOCTH OT pa3MEpOB H3y4aeMoil 00JIaCcTH MOXHO BbIIEIUTH (puc. 8.1)
YEeThIpe MaCHITAOHBIX YPOBHS HEOJHOPOIHOCTHU:

1. Mukpockonu4YecKHuii: cpeja paccMaTpUBaeTCsl Ha YPOBHE KPHUCTAIJIOB, pa3Mep
AJIEMEHTOB HEOJHOPOIHOCTEN COCTABIISET 10°-10° m; 2. CyOMaKkpoCKONMUYECKHI:
cpeda pacCMaTpUBAETCSd HA YPOBHE DSJIEMEHTApHOTO O0beMa JIMTOJOTHYECKOMN
Pa3HOCTH, pa3Mep JIEMEHTOB HEOJHOPOIHOCTEN COCTABIISET 105-102 M;

3. Makpockonuyeckuii: cpejla pacCMaTpuBaeTCs Ha CTPYKTYPHOM YpPOBHE,
pasMepbl BIEMEHTOB HEOJHOPOAHOCTEH cocTasisior 107°-10" m;

4. Merackonm4yeckuii: cpefa paccMaTpuBaeTCs KakK CIOXHOCTPYKTYPHOE
oOpa3zoBanue, oOnagaroniee TEKCTYpOl W HaxXoAsIIMecs TMoj  JeHCTBUEM
IPABUTALMOHHBIX M TEKTOHUYECKUX CHJI, Pa3MeEp DSJIEMEHTOB HEOJAHOPOAHOCTEMN
cocrasiseT Oosee 1,0 M.

[TepBbie aBa ypoBHS M3y4aeT (M3MKA TOPHBIX TOPOJ, a JIBa MOCIEAYIOMHNX —
ATO MPEIMET UCCIEA0OBAaHUN MEXaHUKU TOPHBIX MOPO/I.

Ha wakpockonmudeckoM YpOBHE TOpPHBIE MOpPOALI OOJAJTal0T BHYTPEHHEH
HEOJHOPOJHOCTHI0. OHU CcOAEpKAT MOJUKPUCTAIUIBI MUHEPAJIOB Pa3HOM KPEMOCTH,
MUKPOTPEIIHUHBI, TOPHI, BKIIOYEHUS U JIPYrue Ne(PeKThl, TPUBOASIINEC K MECTHOU
KOHIICHTpaIuu HanpspkeHuid. OHaKO, TOCKOJBKY 3TUX MHUKPOAC(PEKTOB OUYCHD
MHOIO0, TO B CHJIy CTaTUCTUYECKUX 3aKOHOB B OJHUX M TE€X K€ YCIOBUAX
OTHOCUTEJIbHBIE TIEPEMEIICHHSI TOUYEK peallbHOro aegopmupyemoro tena (B u By)
OyIyT MpaKTUUYECKH COBMAAATh C MEPEMEIICHUSIMUA COOTBETCTBYIOIIMX TOUEK (A4 U A1)
oIHOpoIHOM Mozenu (puc. 8.2). [Ipu 3ToM, ueM MeHbIlIe pa3Mepbl MUKPOJE(HEKTOB U
4yeM uX OoJibllle, TEM MEHBIIE MOTPEIIHOCTh, CBA3aHHAs C MPUMEHEHUEM METO/IO0B
MEXaHHUKH CIUIOIIHOM CPEJIbI.

P1 F’I)\
}/,\ .(,Z-\
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Puc. 8.2. OnHoposanas (a) u HeogHOpOoAHAsS (0) MOJIENIH TOPOTHON CPEIbI

W3 cka3aHHOTO BBIIE CIEAYET, YTO JJIEMEHTapHBIH O00BEM MOPOIHOTO
MaccuBa JOJDKEH OBIThb JOCTAaTOYHO MajblM, YTOOBI BBIMIOJHATIACH HCXOJHAS
NPEANOChUIKA O CIUIOIIHOCTU CpeAbl, U, B TO K€ BPEMs, IOCTATOYHO OOJBIINM,
9TOOBl OH 00JaJam BCEMHU YCPETHEHHBIMH CBOMCTBAMHU H3Y4aeMOIro OOBEKTa Ha
CyOMaKpOCKOIUYECKOM YPOBHE.
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Takoll snemMeHTapHbII O0OBEM Ha3bIBAIOT (PM3MUYECKH MaJabIM. Ero MoxHO
MPEACTaBUTh B BUJC Ky0a, MMEIOMIETO COOTBETCTBYIOIIEE YHCIO TpaHel u pedep.
['panp Takoro KkyOmka oOpasyeT »3JeMEHTApHYKW IUIOIAAKy, a pedpo -
3JIEMEHTAPHYIO IUTHHY.

3ajmaya O BO3MOYKHOM BEJIMYHMHE IIOIPEIIHOCTH, IOJIY4aeMOil BCIEICTBHE
3aMEHbl peajbHON HEOJHOPOIHON Cpellbl OJHOPOAHOM CIUIONIHOW MOJENbI0, Oblia
noctaiieHa u pemieHa npod. ®.C. SAcunckum B 1887 r. B pesynbraTe ee peuieHus
OBLJIO YCTAaHOBJIEHO, YTO BEJIMYMHA BO3MOKHOM OIIMOKHM 3aBUCHUT OT XapaKTEPHBIX
pa3MepoB uccieayeMoi obnactu L u pa3MepoB [ claraiolux ee 3JeMEHTapHBIX
gactull (06bemoB). CormacHo teopuu D.C. ScuHCKOrO, cpeay MOXKHO CUUTATh
UJ€aJbHOM (CIJIOIIHOW U OJHOPOJHOM), €CIIM UMEET MECTO HEPABEHCTBO

%>a2, (8.1)

ra€¢ d — HEKOTOpPOEC, NOCTATOYHO OoubIIIOE qucCio, BBI6paHHOG C TaKUM pPaACUCTOM,
YTOOBI Inpu HpHHHTOﬁ CTCIICHHU TOYHOCTH BCJINYHWHA a_l OblJ1a 3HAYUTEIHLHO MEHBIIIE

CMHMIIBI U €10 MOXKHO OBLIO OBl TpeHEOpeUb.

[To3anee, mpuUMEHUTENHHO K MeTalaM, ObUIM TOCTaBJICHBI CIEHUATbHBIC
OTIBITHI, KOTOPBIE MOKA3aJIM, YTO MPOBOJIOKA U3 0COOOW CTaJM C SICHO BBIPAKEHHOU
3€pHUCTON CTPYKTYpOMl HMMEET MO JJIMHE BIIOJIHE IOCTOSHHBIE CBOMCTBA, €CIU
KOJIMYECTBO 3€PEH B €€ MONEPEUHOM CEYeHUH CTaHOBUTCS Oosbine 30.

JpyrumMu omelTaMu ¢ MeTajlaMd ObUIO YCTAHOBJIEHO, YTO TMPU H3MEPEHUU
nedopmalii  TeH30pe3UCTOpaMu C Mallo 0a30i MOKa3aHUs UX CTAHOBATCS
CTaOMJIBHBIMU, €CJH B Mpeeax 6a3pl HaxoauTcs 6omee 10 3epeH CTPYKTYpBHI.

K.B. Pynneneiit u FO.M. JIubepmaHn, peias crieliiaibHO MOCTABICHHYIO JJIs
ATOM LEIW CTATUCTUYECKYIO 33/Jady, ONPEACINIINA, YTO ¢ BEpOATHOCThIO 0,98 rpaHb
JJIIEMEHTAapHOIO0 O0BEMa  IMECYaHHMKA JOJDKHA HMETh pa3Mep OKoyio 29 MM H
COZEpPKATh HE MEHEE § 3€pEH.

B Hacrosiiiee BpeMsi HepeIKO UCHOIB3YIOT KIACCH(PHUKAIUIO 0CATOUYHBIX TTOPOJT
no kpynHoctu 3epHa, npemnoxkennyiro UIITH AH CCCP (ta6n. 8.1). B asrtoit xe
TabJIMIE PUBEICH OPUECHTUPOBOYHBINA pa3Mep 3JIEeMEHTApHON TIIOMIAIKH.

TaOmuma 8.1
Pa3mep anemeHnTapHOM MIOMIAAKU TPUMEHUTEIBHO K 0CaI0YHBIM ITOPOJaM
HaumenoBanue nopozbl Cpennuit pa3mep 3epHa, [, MM
MM

Konrnomepar 10,0 67

['paBenur 1,0-10,0 6,7 —-67
[Tecuanuk KpynmHO3EPHUCTHIN 0,5-1,0 3,3-6,7
[Tecuanuk cpeaHE3epHUCTHII 0,25-0,5 1,7-3,3
[Iecuanuk METKO3EPHUCTHIN 0,1 -0,25 0,7-1,7
AJIEBpOJIUT KPYIMHO3EPHUCTBIN 0,05-0,1 0,3-0,7
AJEBpOJIUT MENKO3EPHUCTHIN 0,01 - 0,05 0,1-0,3
Aprumiaut 0,01 0,1
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Pasmep L uccnemyemoii 001acTH B 3aJadax MEXAaHUKH TOPHBIX TMOPOA, Kak
IIPABHIIO, HA TIOPSIOK GOJIbIIE pa3MepoB BIPaGOTOK U paeH 40-50 M. Benuunna o’
Ui BBIpAOOTOK, 3QJI0OKEHHBIX JlaXe B TaKOMl HEOJHOPOIHOM mopoae, Kak
KOHTJIOMEepaT, B cooTBeTcTBUM ¢ Tabn. 8.1 pasHa 0,012, B aprummure — 0,005, uto
3HAYUTEJILHO MEHBIIIE €IMHUIIBI, KaK TOTO U TpedyeT Teopus . C. Acunckoro.

Takum oOpa3zoMm, MpU HU3YYEHUH MEXAHUYECKHUX SIBJICHHM, MPOTEKAOUIMX B
MOPOJHOM MAaCCHMBE BOKPYT BBIPAOOTOK, BIOJIHE OOOCHOBAaHHO MOKHO TNPUMEHSIThH
COOTHOIICHUS] MEXaHUKH CIUIOMIHOTO JAehOpMHpPYEMOro Tella, OCHOBAaHHBIE Ha
TUIO0TE3€ HEMPEPHIBHON OJTHOPOAHON CPEAbI.

[lepexon OT CyMakpOCKOIHWYECKOTO YPOBHS HEOJIHOPOJHOCTEH MOPOJIHOIO
MaccMBa K MaKpo- M MEracKONMYecKOMY BBIMIOJIHSETCS Ha OCHOBE Yy4eTa
MacitadHoro 3¢ dexra.

8.2. MexaHnuueckue NMpouecchbl B MaCCUBE I'OPHLIX IOPOJ

QDu3uueckue npoueccel B TOPHBIX IIOPOJAX — SBJICHUSA B3aUMOJCHCTBUSA
¢uznyecKkux moJieil ¢ TOpHOM MOPOJIOH, B pe3ybTaTe KOTOPHIX B MOPO/I€ BOSHUKAIOT
U TPOTEKAKOT Pa3JINYHbIC W3MEHEHMUS COCTaBa, CTPOCHMS M COCTOSIHHUS MAacCHBOB
TOPHBIX ITOPOJ.

B ropssIx nopoaax paziuyaroT CIEAyIOLIUE Qusuueckue noas: MEXaHUIECKOe
II0JIC; TEIUIOBOE; AJIEKTPUYECKOE; MAarHMTHOE; paJualyOHHOE; THUIPaBIMYECKOE;
ra30MHAMMYECKOE (ITOCJIEIHNE JBA SBIIIIOTCS BELIECTBEHHBIMU IOJISIMH).

Haubonbimuii nHTEpEC 1)1 FOPHIKA MPENCTABISAIOT MEXAHUYECKUE TIPOLIECCH B
MAacCHUBE TOPHBIX IOPOJ, IPOUCXOMSIIMAE IOJ ACHCTBUEM MEXaHUYECKOrO IOJSA U
BbI3bIBalOIME (OPMUPOBAHUE OIPENEICHHOIO HANPSKEHHO-AEPOPMUPOBAHHOTO
COCTOSIHMSI MAaCCHBa; €r0 M3MEHEHHE MPU BEJICHUU TOPHBIX padOT, CABUKEHUS MTOPOJ,
UX pa3pylleHHe, B3aUMOIEICTBUE TOPOJ C KPEMbO TOPHBIX BEIPAOOTOK.

Mexanuueckoe cocmosanue maccuéa XapakTEpU3yeTcs €ro: CIUIOMHOCTHIO WIH
JUCKPETHOCTBIO, TPEIIMHOBATOCTBID W CIOMCTOCTBIO, HEOJHOPOJHOCTBIO U
aHU30TPOIHEH, a TAKXKE €ro HAIPSHKEHHO-Ie()OPMAIIMOHHBIM COCTOSTHHUEM.

[Topoanbrii MaccuB — cioxHas (u3nueckas cpena, NMOBEIECHHE KOTOpPOil B
o0liemM cllydae XapaKTepu3yeTcs HampshkeHueM, naedopmanuen, Temmeparypoi,
BPEMEHEM, TPEUIMHOBATOCTHIO, HEOJHOPOJHOCTBIO, AHM30TPONUEHN, HaJIU4YHEM
BEILECTBEHHBIX TMAPABINYECKUX U Fa30BbIX MOJIEH.

N3ydyeHne Takoi cpenbl B MOJHOM €€ 00BbEME HEBO3MOXKHO M3-3a CIOKHOCTU
00BbeKTa.

[ToaToMy mpu ucCClIeIOBaHMM MEXAHUYECKUX IPOLIECCOB B MACCUBE OOBIYHO
paccMaTpuBalOT HE COOCTBEHHO MAacCHUB, a HEKOE €ro HAeaJIu3upOBaHHOE
OTOOpaKEHHE — TEOMEXAHNYECKA MOJENb.

Ha ocHOBaHMM NPUHATOW NeOMEXaHWYECKOW MOJEIN COCTABJISAIOT PACUETHHIE
CXEMBI TOW WJIX UHOU 3aJa4H.
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8.3. CILUI0IIHOCTBh M JMCKPETHOCTH

CniownblM Ha3bIBAIOT MAccug, B KOTOPOM TOpHas IOPOJAa HEMPEPHIBHO
3aMOJHSAET TEOMETPUUECKUI 00BEM HCCIETYyEMOM YaCTH MACCHBA.

Jluckpemmuvim HA3BIBAIOT MACCUB, KOTOPBIA TIPEICTABISIET COOOW CHUCTEMY
OT/ICJIBHOCTEH, KaXKask U3 KOTOPHIX UMEET OIpeeeHHYI0 (hopMy.

B obOmem cnydyae MaccuB U3-3a HAJIMYHMS TPEUIMHOBATOCTHU  SIBJIACTCS
JTIUCKPETHOU CPEIOH.

Ho B HEKOTOpBIX CilydasiX F€OMETPUUYECKYI0 MOJICNIb JAUCKPETHOTO MacCHBa
MPEJCTABISAIOT KaK Cpely CIUIOMIHYK. B 3TOM cllyyae Takoil MacCHMB Ha3bIBAlOT
KBa3MCIUIOLIHOM.

N3BECTHO HECKOIBKO Kpumepues K8A3UCNI0WHOCMU MACCUBA.

Hanpumep, no KpyneHHUKOBY, MacCHUB SIBJISE€TCS KBA3HCIUIOLIHBIM, €CJIHU
BBITIOJTHSIETCS YCIIOBUE

AA < ¢ npu Aa <l

rae AA — pa3HOCTb 3HaUCHUHN HamNpspKeHUH, neopMaliuii 1 CMEIEHU B COCEIHUX
TOYKAaX MAacCHBa C MpUpaALIEHUEM KOOpAUHAT Aa; € — JolmycKaemasi HOrPEIIHOCTb MPU
omnpezaeneHuu napamerpa (00bruHO 15% cpeanero 3HaueHus) ly — TUHEHHBINA pa3mep
AJIIEMEHTapHOI0 00bEMA.

OnemenmapHulil 06vem — 00beM, 00JIaAIONNNA BCEMH CBOMCTBAMU
UCCIIEyEMOI'0 MacCHBa, HO HACKOJIBKO MaJIbli, YTO HAPSYKEHHO-Ae(OPMUPOBAHHOE
COCTOSTHUE B HEM PacCMaTpUBAETCs KaK B TOUKE.

s ropHbiX nopox V, = 0,025 o™’ (10= 0,29 cm).

Ecnu 3T0 ycnoBue He BBIIOJIHAETCS, TO MACCUB pacCMaTpPUBAIOT, KaK
TUCKPETHYIO CPENy.

ITo baknamoBy BEIYMCIISAIOT MUHUMAJBHBIN pa3Mep UCCIEAYyEMOT0 MacCcuBa,
MO3BOJISIOIIUN TPUMEHATH METO/Ibl MEXaHUKHU CILJIOIIHOM CPEJIbI

2
L=10/£ » T 10=10h’

rae h — cpeanuil pasmep CTpyKTYypHOTO 0JI0Ka MaccuBa (OrpaHUYE€HHOTO
TPEIIUHAMH).

Hanpumep: h = 1 M, Iy = 10 m, Torna L=10-1/0,15=444 wm.

Maccus, ¢ pa3aMepoM MeHbIINM, YyeM 444 MeTpa — TUCKPETHBIN, ¢ OOJIBIINM —
KBa3UCILIOLIHOM.

8.4. TpemMHOBATOCTH U CJOMCTOCTH MACCHBA
TpemuHOBaTOCTh TOPHBIX TIOPOJT — 3TO COBOKYITHOCTH TPEIINH Pa3IMYHOTO

MPOUCXOXKJICHUS U PA3TUYHBIX pa3MepoB, POPMBI U MPOCTPAHCTBEHHOM
OPUEHTUPOBKH.
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TpemuHoil Ha3bIBAIOT pa3pbiB CIUIOMIHOCTU CPE/bl, BEIMYMHA KOTOPOrO Ha
NOpsiIOK U 0oJiee MPEBOCXOAUT MEXKATOMHBIE PACCTOSHUS B KPUCTAIMYECKOMN
peuietke (T.e. boee 10°m).

[To DpOUCXOXKIEHUIO TPEIIMHOBATOCTh TOPHBIX TMOPOJA pa3leiseTcs Ha
HETEKTOHMYECKYI0,  TEKTOHMYECKYI0 M  IUJIaHeTapHyr.  HerekToHnueckas
TPEITMHOBATOCTh FOPHBIX MOPOJ] — ATO CJICACTBUE PACTPECKUBAHUSI TOPHBIX MOPOJ B
nporiecce OXJaxaeHus (I MarMaTUYeCKuX IMOpOoA), YIUIOTHEHUS, ACTHApaTaIluu
(11 OCaIOYHBIX TOPHBIX TOPO/T).

K HeTekTOHMYEeCKON TPENIMHOBATOCTH OTHOCHUTCSA TaKXe TEXHOJIOTHYecKas
TPEITMHOBATOCTh, BBI3BaHHAS BEJICHUEM TOPHBIX PadOT, TPEHUIMHOBATOCTh TOPHBIX
MOPOJT B 30HE BIIUSHUS TOPHOU BBIPaOOTKH, BhI3BaHHass BBP, ropHbIM naBieHnem u
T.J.

TexkToHMYECKas TPEUIMHOBATOCTh PAa3BUBAETCS B TOPHBIX MOPOJAX B CBS3HU C
TEKTOHUYECKMMH TMPOIEeCcCaMH, T.€. BBI3BIBAETCA — M CKJIAJKOOOpa30BaHUEM,
TIyOMHHBIMH TTOJIBIKKAMH TUIaT(HOpM.

[InanerapHass TpPEMIMHOBATOCTh CBSi3aHA C HANPSIKCHUSIMU, BBI3BAHHBIMU
W3MEHEHUEM YaCcTOTHI BPAIICHUS 3eMJIN B €€ (POPMBI.

B MmexaHuke TOpPHBIX MOPOJA MPU XaAPAKTEPUCTUKE MAacCUBA MOJ TPEUIUHOMN
MOHMMAIOT HE BCE TPCIIUHBI, a TOJBKO T€, HAJIMYHNE KOTOPBIX MPUBOJIUT K Pa3phIBY
noJist AehopMariuu.

Hanmuuue TpemmHOBaTOCTH MPUBOJAUT K HW3MEHEHHMIO TIIPOYHOCTHBIX U
ne(opMalMOHHBIX XapaKTEPUCTUK MAaCCHBA B 1IEJIOM.

[IpoyHocTh MOpOA B MacCHMBE MEHBIIE, YeM B 00pa3ile 3a CyYeT HaJIU4Hs
TpEIIuH

Oy = choﬁ ’
rae K. — koagduiment crpykrypHoro ocnabieHust opoJ B Mmaccuse ( Tadi. 8.2).

Tabauna 8.2.

Knaccudpuxanus BHUMMUW m1st TOpHBIX TOPO B MACCUBE IO TPEIIUHOCTOCTH

Paccrosinue mexy
Kareropus nopon mno Koaddumument crpykrypHoro
MOBEPXHOCTSIMHU
TPEIIMHOBATOCTH ociabnenus, K,
ociia0yienusd [, m
IIpakTHyeCcKr MOHOJIMTHBIE ooiee 1,0 0,9
ManoTtpenuHoBaThIe 0,5-1,0 0,8
CpenHeTpeluHOBaThIC 0,3-0,5 0,6
TpenmHoBaTHIC 0,1-1,3 0,4
Becbma TpemmHoBaThIe 1o 0,1 0,2
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TpemmnoBatocTh BnMseT Ha JedOPMAIMOHHBIE XAPAKTEPUCTUKH TOPOJ B
MacCHUBe CIeAyIomuUM 00pa3oM. OOBIYHO ISl KBa3HCIUIOHBIX MACCHBOB BBIYMCIISIOT
HKBUBAJICHTHBIA MOJyJIb Ae(OpMaIlii, KOTOPbIi 3aBUCUT OT BUAA TPEIIMHOBATOCTH.

Hawnboiiee nosmHo 3T0T Bonpoc uccienoBai Pynmneneit. [lpuBenem HekoTopbie
€0 PEILICHHUS.

JU1s1 MaccuBa, IMEIOIIETO KOJIMYECTBO CUCTEM TpeuiuH oT 1 10 3; y KoToporo
JUIMHA TPeIuHsI [, > L XapakTepHOro pasmepa uccieayeMoi o0aactu

E

3
EJ_och = n 4 ;
1+ > 1n;(1—sin 6)
1

E
EﬁocuX = n ?
1+ Zni(l—cos4 0;)
1

rae E — Moayne ynpyroctu HeHapyiieHHON opoAsl (00pasiia); n —4uciao CUCTEM
TPEIINH;

8, — mupuHa packpbiThs i-Toi Tpemmnbl; P = 3 10* — oTHOCHTENbHAS MIOmMANb
KOHTaKTOB CTCHOK TpEIIWH; h; — CpemHee pacCTOSHUE MEXKAYy TpEIIMHAMHU 1-TOU
CUCTEMBI; ®; — yroa MeXIy HanpaBJICHHEM IUIOCKOCTH TPEIIMHBI M BBIOPAaHHBIM
HaIPaBJICHUEM OCH X.

Ul =u+n; sin” 0; cos’ 0;
1
B maccuBe, 5KBUBaJIEHTHOM ChIITyU€eil cpene
1
E’ =1,6(1+—)BE,
1+ B

riae M — MyCTOTHOCTB ChIITyYeH Cpe/ibl, e]I.

Crnoucmocmo pa3nIuvaroT, Kak MUKPOCIOUCTOCTh — T.€. CJIOUCTOCTh B TIpeIesiax
OJTHOM JTUTOJIOTMYECKON PA3HOCTH M KaK MaKPOCIOUCTOCTh — T.€. HAJTUYNE B MACCHUBE
Pa3TUYHBIX JIMTOJIOTHICCKUAX Pa3HOCTEH.

MUKpOCIOUCTOCTh BBI3BIBAET B IMOPOJIE HEOJHOPOIHOCTH W AHU30TPOITHIO
CBOMCTB.

Makpocnouctocts (Tabn. 8.3) MoxkeT ObITh 2 BUIOB: 0€3 PE3KHX CKAYKOB
CBOWCTB M C PE3KUM U3MEHEHHEM CBOMCTB MOPOJI OT CJIOS K CJIOKO.
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Tabmuma 8.3

Knaccudukaius maccuBa ropHbIX TOPOJI IO CJIOUCTOCTH

Kareropust mopoz mo cioucToctu MOIHOCTH CHOEB, M
BecbMa TOHKOCTOUCTBIE 10 0,2
TOHKOCIIONUCTBIE 0,2-1,0
CpenHecIoucThie 1,0-3,0
KpynHocnoucreie 3,0-10,0
Becbma KpynmHOCTIOUCTHIE 6osee 10,0

B IIEPBOM ClIydac MaCCHB 0OBIYHO pacCMaTpuBarOT KaK KB&BHCHHOEHOﬁ, a BO
BTOPOM — MAaCCHUB HC MOKCT PaCCMAaTPHUBATLCA KaK CILIOIITHOM (YCJ'IOBI/IC

KpyneHHrkoBa HE BBITIOJIHSAETCS).

8.5. HeoqHOpoAHOCTH U AHU30TPONUSA

HeoaHopoaHOCTH MaccHBa 1O MPU3HAKY A — 3aBUCUMOCTH ATOTO NpH3HAKa B
npeenax TaHHOro 00beMa OT KOOPAUHAT TOYKHA OMTPOOOBAHUS.

AHM30TpOTIUSL 0ObeKkma TO TPHU3HAKy A — 3aBUCUMOCTH JTOTO TpU3HAKA B
npenenax JaHHOTo 00beMa OT HalpaBJICHUs (TEOMETPUUYECKAst aHU30TPOTIHS).

B 3aBucuMOCTH OT HEOTHOPOJHOCTH WM AHU3OTPOMHH PA3THYAIOT CIICTYIONTHE
BUJIBI MACCBOB TOPHBIX TTOpo (Tad. 8.4).

Taonmumag.4

BI/I,IIBI MAaCCHUBOB I'OPHBIX ITIOPOA

. Heonnoponnsiii ¢
XapaKkTepuCcTUKa OnHopoHBII Cratuctuuecku AHOPOAHBIK
. . yIOPSA0YEHHOU
MaccuBa (KBa3MOJHOPOJHBIN) | HEOJHOPOJHBIN
HEOJIHOPOJHOCTHIO
CaoiicTBa opo:
CaoiicTBa opox: - HE 3aBUCHT OT CaoiicTBa opox:
- HE 3aBUCHT OT HaIpaBJICHHUS; - HE 3aBUCHT OT
. HaIlpaBJICHUS; - SIBJISIFOTCSI HaIlpaBJICHUS;
N3otponHsbiit .
- HE 3aBUCHT OT CIly4aiiHbIMU - SIBJISIFOTCS] HEMPEPBHIBHBIMU
KOOpJMHAT TOYKHU byHKUIMAMU GYHKIUSAMU KOOPIUHAT
onpoOoBaHUs KOOPJMHAT TOYKHU | TOYKH OMPOOUPOBAHUS
ONPOOHPOBAHUS
CaolicTBa opo:
CaoiicTBa mopo;: - 3aBUCAT OT CaoiicTBa mopo;:
- 3aBUCST OT HaIlpaBJICHUS; - HE 3aBUCST OT
. HaIpaBJICHHUS; - SIBJIIFOTCS HaIpaBJICHHUS;
AHU30TPOIHBIN .
- HE 3aBUCHT OT CIIly4aitHbIMU - SIBJISIFOTCS] HEMPEPBHIBHBIMU
KOOPJAUHAT TOYKU byHKIUAMUA GYHKIUSMA KOOPIUHAT
onpoOoBaHus KOOpJMHAT TOYKU | TOYKU ONPOOUPOBAHUS
OMpOOUPOBAHUS
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Kpurepuem omHOpoAHOCTM 111 OAHOTO  CJOSI  SIBISAETCS  BEIMYMHA
K03 uUIMEHTa Bapyualliy €ro CBOWMCTB: €CJIHM €ro BeIWYHHA MeHblIe 25% — MaccuB
KBa3WOJHOPO/IHBIM, €CJIA 0O0JIbIIIE — MACCUB HEOTHOPOIHBIM.

Ecnm MaccuB COCTOUT M3 HECKOJIBKUX CIIOEB, TO BO3MOYKHBI 2 Cllydasi:

— NpU IEepexoAe H3 OJHOIO B JPYrOM CIIOM HET pPE3KOro HM3MEHEHUS
MEXaHU3HPOBAHHBIX CBOWCTB,

— Ha000pOT, €CTh PE3KOE U3MEHEHUE CBOWCTB.

KpurepueM 01HOPOJHOCTH ISl IEPBOTO CIIydasi CIIy>KUT YPaBHEHHE

A1-3V) <A, <A1+3V)

rae A; — cpeqHee 3Ha4E€HUE CBOMCTBA JUIsl pacCMaTpUBaeMoOro oobema; A, — cpeHee
3Ha4YeHHE CBOMCTBA JAJISl JAHHON HEOAHOPOIHOCTH; V — KO3 (UIIMEHT BapUallnu.

[Ipu coOmroeHnH 3TOrO YCIOBUS — MAacCHUB KBAa3HOJHOPOJEH, €CIH HET —
HEOJHOPOJIEH.

MaccuBpl €O  BTOPBIM THUIIOM HEOJHOPOAHOCTH BCErAa  CUYUTAIOTCS
HEOJHOPOHBIMHU.

C TOYkM 3peHMs CIUIOIIHOCTH MAacCUBBI OJHOPOJHBIE M KBa3WOJAHOPOJHBIE
pPaccMaTpUBAOTCS KaK CIUIOIIHBIE, @ HEOJHOPOAHBIE — KaK IUCKPETHBIE.

8.6. Teopust HanpsKeHUIt

[IpyHuMas BO BHUMaHHUE THUIIOTE3Y 00 OJHOPOJHOCTH U HENPEPHIBHOM

pacrpeeseHUd BEIECTBA, BbIACIUM
Z B 1e(popMHpPOBAaHHOM  MOPOJHOM
MACCUBE, KOTOpPBIA HaXOJIWTCA B
PAaBHOBECHUH, IMPOU3BOJIBHYID TOUYKY
A(X,y, 7).

MpICIIEHHO pacceuem
paccMaTprUBaeMBbIi MAacCHB
IJIOCKOCTBIO, MPOXOJAIIEH 4Yepe3
TOUYKY A Ha JB€ 4aCTU U OTOPOCHUM
oany u3 Hux (puc.8.3.). Ilpu stom
JUISL TOTO, 4TOOBI OCTABIIASICS YaCTh
OCTaNach B COCTOSTHUU PABHOBECHS K
IUIOCKOCTA  CEYEHUS HEoO0XOJIMMO
NPUIOKUTh HEKOTOPbIE BHYTPEHHUE

CWJIBL P,, paclpeeieHHbIE IO ITOMY

CEUCHHUIO M OTpaKarolllue AehCcTBUE

Puc. 8.3. Cxema K BBIBOZY BEJTUUHUHBI OTOPOLICHHON YacTH  IOPOIHOrO

HAIDKCHUA MaccuBa Ha OCTaBIIYIOCS.

BesnunHa, XapakTepu3ylllas HHTEHCMBHOCTH paclpeejeHnsi BHYTPEHHHX
CIJI, HA3bIBAETCSl HANIPSIKEHNEM.

Y
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Brigenum B okpecTHOCTH TOUKH A 3neMeHT AF mmomaau cedenus. [lycts v —
BHCIITHSAS HOpMalib K aneMeHTy tiomaaun AF. O603HauMM yribl, 00pa3oBaHHBIC
HOpPMAaJbIO C OCAMHM KOOPJAUHAT YEPE3 Oy, &y, O.. KOCHHYCHI 3TUX YIJI0B Ha3bIBAIOTCS
HANPABJSIOIMMHA ¥ 0003HAYAIOTCS, COOTBETCTBEHHO, 4yepe3 [, m, n. BHyTpeHHHE
CUJIBI p, 3aMEHHMM TIJIaBHBIM BEKTOpOM AP,, pUI0KEeHHBIM B Touke 4. OTHOIICHUE
AP, x AF XapakTepu3yeT CPEeIHIOI0O HHTEHCUBHOCTh PACIPEACIICHUSI BHYTPEHHUX CHUII
[0 paccMaTpUBaeMOM 3jeMeHTapHOM IMuiomanake. [Ipu crpemienun AF K HyIrO
npeaen OTHOLICHUS MMEET BIIOJIHE ONPENCIICHHOE 3HAYEHUE, HAa3bIBAEMOE MOJHBIM

HaIMpsiZKeHUEM P, B TOYKE A 1o II0MaAKe ¢ HOpMaJbIO V:

p.=lim ™ (8.2)

JUia nanpHEHIero pacCMOTPEHUS LIENeCO00Pa3HO BBECTH B PACCMOTPEHHE JIBE
COCTABJISIFOLME ITOJIHOIO HANPSDKEHUs p,: NPOEKLUI0 BEKTOpa P, Ha HOpMalb V K
IUIOIIAAKE, T.€. HOPMAJbHOE HANPSKEHHE 0,, U INPOEKIHUI Bekropa P, Ha
IIJIOCKOCTB DJIEMEHTAPHOU IIOMAAKUA AF; — KacaTe1bHOEe HANIPSKEHHE T,.

O4eBUIHO, YTO 4Yepe3 TOUYKY A MOKHO NPOBECTH MHOXKECTBO Pa3IU4YHO
OPMEHTUPOBAHHBIX IIOMANOK AF;. KaxaoW u3 IUIOMAaI0K COOTBETCTBYET CBOM
BEKTOp MOJHOro HampspkeHus: P,;,. COBOKYMHOCTh BEKTOPOB HAIIPSKEHUH BO BCEX
IUIOIIA/IKAX, MPOXOJSIIMX  Yepe3  paccMaTpuBaeMyK)  TOYKY,  IIOJHOCTBIO
XapakTEepU3yeT HAIPSKEHHOE COCTOSTHUE B 3TOU TOYKE.

HamnpsbxkenHoe coctosiHue B TOuke A MOXET OBITh ONPENENIEHO TaKXKe
3aJJaHUEM BEKTOPOB Hamnpsbkenun P,, Py, P, B TpeX B3aUMHOIEPIECHIUKYIAPHBIX
IUIOIIAJKAX, MPOXOJAIIMX Yepe3 3TO TouKy (puc. 8.4). Ilepecekasch, 3TH ILIOIMIAIKH
00pa3yroT HEKOTOPYIO IPSIMOYTOJIBHYIO CUCTEMY KOOpHMHAT.

[TonHOE HampspkeHue, HanpuMmep, P, B KOOpAMHATHOW Iuiockoctd y0z, T.e. B
IUIOIIAJIKE C HOPMAJIBIO X, B OOLIEM Ciy4yae pacKiaJbIBacTCsl HAa TPU HAIPSKEHMUS,
napaJulelbHble OCAM KOOPJAMHAT: HOPMAJIBbHOE HAIPSIKEHUE 0, U M KacaTelbHBIC
HaNPSOKEHUSA Ty, Ty OTH  COCTABJIAIOIIME HA3bIBAIOT €Ile KOMIIOHEHTAMH
HanpspkeHus. VHIEKChl y KacaTeNbHBIX HANOPsSOKEHWW O3HAYaroT: IIEPBBIA  —
KOOPAMHATHYIO OChb, HOPMaJbHYIO K pPAacCMaTpMBacMOM IUIOIIAJIKE, BTOPOU —
KOOPAMHATHYI0 OCb, KOTOPOM paccMarpuBaeMasl COCTaBIIONIAs KacaTeJbHOIO
HanpsDKeHUsT mapawienbHa. Takum  oOpa3oM, HUMeeTcss TpH  KOMIIOHEHTA
HOPMAJILHOIO G,, Oy U O, Y LIECTh — KACaTEIbHOIO HANPIKEHUH — Tyy, Ty, Ty Top
Tyz Toye

3Has BEJIMYMHBI U HAIPaBJICHUS HOPMAJIBHBIX M KacaTeJIbHbIX HAIpPsHKEHUI B
TpeX  B3aMHOIIEPIICHAMKYJSIPHBIX  IUIOMIAJKAaX, KOTOpbIE NPUHUMAIOTCA 34
KOOpAMHATHBIE TJIOCKOCTH, MOKHO BBIYMCIUTH HAIPsDKCHUS B JIO0OM TUIOIIANKe,
IIPOXOJSIIEH Yepe3 pacCMaTpuBaeMy0 TOYKY, €CIM HW3BECTHBI HANPABIIAIOLINE
KOCUHYCHI [/, m, n HOpMaJM v K 3TOW IJIOLIA/IKE 110 OTHOIIEHUIO K BBIOPAHHBIM OCSIM.

Wrak, mnosHOEe HampspkeHue P, MOXHO paslIoKUTh Ha COCTaBIIAIOLIME,
napajulenbHble KOOpPAMHATHBIM ocaMm X,, Y,, Z,. Toraa n3 ycioBHs paBHOBECHS
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nupamuasl ABCO nony4uM CIEAYIOIMINE BBIPAXKEHUS I COCTABJISIOLIUX ITOJIHOTO
HaIpspKeHUs P, B HAKJIOHHOM TPAaHW NMUPAMUBI:

Puc. 8.4. O603HaueHNE KOMIIOHEHTOB HAMPSKEHHS Ha KOCOM MPOU3BOJILHO
OPUEHTHUPOBAHHOW IUIOMIAIKE

Xy =0+t ,m+7T,.n
Y, =Txyl+0ym+sz”; (8.3)

Z,=1.l+t,m+0_n

[TonHoe HAIIPSKCHUC Pv Ha HaKJIOHHOM IIOMaAKe OIPCACINTCA YCPC3 CBOU
COCTaBJAOIIUC CIICAYIOIIUM 06p330MZ

P,=X2+Y}+Z2 8.4)
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Takum 00pa3oM, HAPSHKEHHOE COCTOSIHHE B MPOU3BOJIBHOM TOYKE IMOPOJIHOTO
MacCHUBa CYUTAETCS YCTAHOBIICEHHBIM, €CJIIM W3BECTHBI JIEBSITh KOMIIOHEHTOB
HaIpsDKEHU, U3 KOTOPBIX, B CHJIy 3aKOHA IMAPHOCTH KACATEJIbHBIX HaNpPsLKEHHM

(Tyy =Tyys Ty, =T, U T.J.) HE3aBUCUMBIMH SIBIISIFOTCS ILIECTB.

B reomexaHnke 4acTo MCIHOJB3YIOT MHOE MPEACTABICHUE O PaCHpPEACICHUU
HanpspDKEHUU B TOPOJHOM MaccCuBe. [[1 3TOro B OKpECTHOCTH UCCIEIYEMOUW TOYKH
BBIJICJISIIOT  TIPAMOYTOJIbHBIM  MapaJUiesieNuIle]l, TpaHW KOTOPOTro MapaJuiesIbHBI
KOOPAMHATHBIM TUIocKoCcTsAM (puc. 8.5). Ha rpansx mapasuienenunena u3o0pakaroT
COCTABJISIFOIIME KOMIIOHEHTHl  HanpsokeHud. KOMIIOHEHTHI  HampsiKEHHs  Ha
MapaJiICIbHBIX TPAHSIX PABHBI, €CJIM PACCTOSIHUE MEXIY HUMHU CTPEMUTCS K HYJIIO.

Z|
|Gz
H’C * Tyz Tzx
= Ty. Ox
.T-[;y
7
G/
0 X

Y

Puc.8.5.. O60o3HaueHEe KOMIIOHEHTOB HAIPSKECHUIA
Ha I'DaHAX JIEMEHTADHOIO KvOa

MoOXHO A0Ka3aTh, YTO HAMNPSKEHHOE COCTOSIHUE B TOUKE MCCIEAYEMOIO Telia
€CTh HEKOTOpasl BEJIMYMHA, HE 3aBUCAIIAs OT BbIOOpAa KOOPJMHATHBIX OCed. ODTa
BEJIMYMHA HA3bIBACTCS TEH30POM HAINPSKEHUS, 4 KOMIIOHEHTHl HAIPSKEHHOTO
COCTOSHUSI - KOMIIOHEHTAaMH TeH30pa. bojee cTporoe OIpenesieHUuEe MOHITUSA
«T€H30p» pPAacCMaTpUBACTCS B CICHHAIBHOM pa3Jeiie MaTEMATUKH — TEH30PHOM
HCUYHMCIICHUU.

Kak yucia u BEKTOpBI, TEH30Pbl MOYKHO CKJIA/IBIBATh, YMHOXAaTh. TaK, CyMMOM
JIBYX TEH30pPOB SBIISIETCA HOBBIA TEH30pP, KOMIIOHEHTHI KOTOPOI'O paBHbI CyMMam
COOTBETCTBYIOIIMX KOMIIOHEHT CJIara€MbIX TEH30POB. ¥ MHOKUTH TEH30p Ha YUCIIO —
3HAYUT YMHOXXHUTh HA 3TO YHUCJIO KAX/bIM U3 €r0 KOMIIOHEHT.

TeHzop HampspKeHUs 3amuchiBacTCsd B (opMe CIEIYIONe CUMMETPUYHON
MAaTPHUIIBI

G xTayTaz

TzxTzy0z
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ECHI/I BBCECTHU ITIOHATHUC O CpeI[HeM, NnJin FHHPOCTaTquCKOM, HaHmeeHI/II/I
.| ) 8.6
Ocp =5\0x +0y +07). (8.6)

TO TCH30P HAIIPAKCHUA MOKHO IIPCACTABUTL B BUAC CYMMBI JIBYX COCTABJIAIOIINX:

L,=T;+ /1, (8.7)
rne Ty - IAPOBOW TEH30P, paBHbIN
Gcp 0 0
T =0 G¢p O |, (8.8)
0 0 o¢p
u /, - neBMaTOpP HANpsKEHHUii, paBHBIH
COx—Ocp Txy Txz
Ay =Tyx Oy —=0Ocp Tyz| (8.9)

[[TapoBoif TeH30p B OOIIEM HANPSYKEHHOM COCTOSIHUM  OOECIeurBacT
yMeHbITIeHUE (yBelndeHue) oobema aeGpopMupyemMoro tena 6e3 n3MeHEeHHs] (JOPMBI,
a IeBUATOP — U3MEHEHUE er0 (DOPMBL.

CucteMy KOOpAMHAT BCErJja MOXXHO U3MEHUTh TakuM o00pa3oM, 4TO
HaIMpaBJICHUS KOOPAMHATHBIX OCEM COBHNAAyT C JIMHUSMH JICUCTBUS TaKUX
HOPMAaJIbHBIX HAMNPSDKEHUM, IPU KOTOPBIX KacaTelIbHbIC HAMPSIKEHUS PaBHbI HYIIIO.
OTH HanpsDKEHUS Ha3bIBAIOT IJIABHBIMM W 0003HAYalOT G, Gy, O3. llpudem,
MOJIPa3yMEBAETCSA, UTO G| > G > G3.

['1aBHBIE HANpPSOKEHUS B TOYKE G, Gy, G3 MOXHO BBIUHMCIIUTBH, 3Has NEBATh
KOMIIOHEHT HAMPSHKEHUS MPU MTPOU3BOJILHONW OPUEHTAIIUU CUCTEMBI KoopAauHart. Tak,
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HampuMmep, Mg OHIpEeACICHUA BCIUWYHMHBI O CICAYET IIPUPABHATH HYIIIO
OIIPCACIINTCIIb

Af =[Tyx  Og—07 Tyz|=0. (8.10)

Pa3BepHyB 3TOT omnpenenuTens B CTPOUYKY, MOJYYUM KyOHMYECKOE YpaBHEHHE C
OJIHUM HEU3BECTHBIM O:

3 2 2 2 2
o] = (cs)C +0y +6Z)c51 + (chsy +6y6, +0,0y —Tyxy —T); —sz)Gl —

(8.11)
—(G G yG ., + 2T TyToy — O T2 — G T2y — G T2 )——0
x9y9z xytyztzx T Oxtzy TOytax T Oztx :

Koaddunmentsr npu (512 ,0; U CBOOOJIHBIM useH B ypaBHeHuu (13.11)
Ha3bIBAIOTCS, COOTBETCTBEHHO, MEPBbIM, BTOPbIM M TPeTHHM HHBAPHAHTAMU
TeH30pa HanpskeHus u obos3Hauarorcs I1, 12, 3.

ITepBoiii uuBapuanT /| HasbiBaeTcs auHEHHBIM. OH XapaKTepU3yeT H3MEHEHUE

oO0Bema BCIICCTBA B OKPCCTHOCTHU HHBApHUAHTA 12 H onpeacisicT BO3MOKHOCTDH
nepexoga TCjIa B INTACTHYCCKYIO obnacte. Mmu3ec ITIOKa3ajl, 4TO IIIaCTHYCCKasid
TCKYYCCTb HACTYIIACT, CCJIN BTOpOﬁ HMHBAPHAHT TCH30pa ACBHUATOpPA HaHpH}KCHI/Iﬁ
JOCTHUTaCT HCKOTOpOﬁ KpHTH‘ICCKOﬁ BCJINYNHEI, XapaKTCpHOﬁ T JaHHOT'O TCJIa:

I, =k?, (8.12)

rae k — KOHCTaHTa MaTepuaia, KOTOpas paBHA MPENENy TEKy4eCTH IMPU YUCTOM
CIBUTE.

TpeTuit ”HBapUaAHT TaK)Ke UMEET ONpe/IeNIeHHbIN (DU3NUESCKUN CMBIC].

Teopuss  nedopmanmmii. Ilox  nmedopmamueld  MOpogHOTO  MaccHBa
NOAPA3yMEBAOT M3MEHEHHWE B3aMMHOIO IOJOKEHUS €ro Touek. llo-mpexHemy
nojiaraem, 4YTo mopojiHas cpeja sBJISIETCS CIUIOMHON U ofHOpoaHou. Toraa B m000it
€€ TOYKE HAXOJWUTCS MarepualbHas dactuua. [lycTe KOOpAMHATBI 3TOW YAaCTULIBI
OoyayT x, y, z. B mpouecce nedopMupoBaHus MOPOJHOW CpeAbl paccMaTpuBaeMast
YaCcTULA MMOJYYUT MEPEMEILICHUS U, V, W T10 HAITPABIICHUSAM KOOPJAUHATHBIX OCEN X, V,
7 U B pe3ynapTaTe OyAeT MMETh KOOPAWHATHI X+u, y+V, Z+ w. B oOmem ciydae
MIEPEMEIICHHUS U, V, W MEHSIOTCS OT TOYKU K TOYKE U TIOITOMY SIBJISIOTCS (QyHKIIASIMU
KOOpAMHAT X, V, Z.
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HccnenoBanue pegopmaiii HauHeM Ha TNpUMeEpe ABYXMEPHOM 3aJayu
mwiockoir nedopmaruu. [log mmockodt nmedopmanuerd OyaeM TOHHMATh TaKOM
YaCTHBIM cllydyail Je(QOpMHUPOBAHHOTO COCTOSHUSA, NPU KOTOPOM BCE YaCTHIIBI,
HaxXOJMBIIMECS IIEPBOHAYAJIBHO B  OJHOM  IUIOCKOCTH, OCTaHYTCA  IIOCIHE
nedopMUpOBaHUA B TOM e MIOCKOCTH. [Ipenmonokum, 4To KOOPAMHATHBIE OCH
BBIOpaHbl TakK, YTO OCH X M y JeXaT B IUIOCKOCTU aedopmanuu. Torma w=0, a
BEJINYMHBI U U V HE 3aBUCAT OT KOOPAHUHAT Z.

PaccmoTpum Maneiii mpsiMmoyronbHbIN 5eMeHT ABC/] HeaedhopMupoBaHHON
MOPOJAHOM Cpebl CO CTOPOHBI dx U dy (puc.8.6).

Jdu
y | dy dy
aV B’ -
Y - :
y l I
l '
|
u : o |
B| C '
g [
L..—_—:- — — I[ ﬁ dx
A ox
dy Y a_u dx
0x
A dx A
y
0 X
X

Puc.8.6. Cxema K BBIBOJY COOTHOIIIEHUA MEXY KOMIOHEHTaAMU
nepeMeIeHut u nedopmanuii

[Tocne npedopmanuu  s1aeMeHT 3aHuMaeT nojoxenue A'B'CJJ. C
TCOMETPUYECKON TOUKH 3pPEHUsI Pa3IMYaroT JBa OCHOBHBIX THIA JedopMariuii:
NMPOAOJbHYI0 — U3MEHEHUE MEPBOHAYAIBHON JJIMHBI — U JAeGOpMAIUI0 CABHTa —
W3MEHEHHUE BEJIIMYMHBI TEPBOHAYAIBHO MpsMoro yria. IlpomoneHas nedopmarius
ob6o3HavaeTcs OyKBOH &, CIBUTOBAS — .

[TpomonpHas medopmarust onpeaenseTcs Kak mpeaes OTHOIICHUS U3MEHEHUS
JUTHHBI 0OTpe3Ka Ad K ero mepBOHaYaIbHOM JTUHBI AL, T.€.

e= lim —, (8.13)
AL—0 AL
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€= lim M

AL—0  AJ] (6.14)

Breipaxas gmunasl otpe3koB A/]' u AJ] uwepes U u dx u mnpeneOperas
BEJIMYMHAMHU BBICHIETO TMOpPSAKAa MAaJIOCTH JUIsi TpOJoJIbHOM nedopmanuu B
HaIpaBJIeHUH OCHU X, TIOCIIe TPeoOpa30BaHU MOIYYHM, YTO

€, = g—v (8.15)
y
YroObl  ompenenuth AeQOpMAIMI0  CIBHUra, pPacCMOTPUM  HUCKaKCHHE
nepBOHAYANIbHO TIpsiMoro yria BA/[. Jlepopmaiiusi ciBura xy B TOUKe A ONPEAETUTCS
KaK U3MEHEHHUE BEJIMYMHBI YIJIa MEXKIy ABYMS dJIEMEHTapHBIMU OTpe3KaMu AB u A/,
MIEPBOHAYAJIbHO MAPAJUIENbHBIMU OCAMH X U y. I3 TEOMETPUUECKOTO pacCMOTPEHUS
MOJIyYUM

ov  du
=—+—. 8.16
Ty ox ¥ dy (8.16)

Jlis TpexMepHOW 3aJadl KOMIIOHEHTHI AepopMaiidii MOTyT OBITh IMOJIyYEHBI
aHAJIOrM4YHBIM 00pa3oM. OHuU OyyT paBHBI:

ou ov ow
SXZE, Sy:d—y, SZ:d_Z,
8.17
ow v v aw w7
Vay dy ox’ ¥z dz dy’ Vo = o 0z

OTH COOTHOIIEHHSI W3BECTHBI MMOJA Ha3BaHueM ypaBHenuid Komm. Illects
BEIIMYUH &, &y, £, Yxy» Yyz» Yzx» HA3BIBAIOTCA KOMIIOHEHTaMH Je(opManum.
Hedbopmarmu  cnpura, kak ciuemyer u3 (18.17), oOmamaroT cuUMMETpueu, T.e.
'ny Z’ny; 'sz Z’sz H T.AO.

[To anasoruu ¢ HampsHKEHUSIMA MO>XHO BBECTH B PAaCCMOTPEHHE IOHATHE O
cpenneit nedopmaruu:

1
ecp:§(£x+sy+ez). (8.18)

Torma Tenzop nedopmaruu, MoA0OHO TEH30PY HAMPSIKEHHSI, MOKHO TaKXkKe
PA3JI0KUTh HA LIAPOBOM TeH30P AedopManuil U JeBUATOP AedopMani:
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Ty=T5+ My, (8.19)

[ITapoBoii Ten3op nedopmaliu NpeacTaBiIsieT cOO0H CIeTYIOUTYI0 MATPUILY

€cp 0 0
T,=0 €gp 0|, (8.20)

0 0 g

a ieBuatop aepopMalmii, COOTBETCTBEHHO, PABEH
1 1
Ex & nyy Esz

L ! 8.21
ﬂa—Eny €y ~€cp E'sz : (8.21)

1 1
EYZX EYzy €z _Scp

[lepBblil XapakTepu3yeT BEIMUHMHY 00ObEMHOTO pACUIMPEHHUS (CKATHUS), BTOPOI
— ¢opMon3MeHEHHE 00beMa B OKPECTHOCTH PACCMATPUBAEMOM TOUKH CPEIbI.

Cas3b Mek1y HanpsKeHusAMH u qedopmanusavu. Bee Tena, Haxoasmuecs B
HAnpsDKEHHOM — COCTOSIHMM, — TOJIydaloT  nedopmanmio.  3aBUCHMOCTh — MEXKIY
nedopManueil U MPUIOKEHUH CHIION BrepBble Oblia copmyiupoBaHa ['yxom
OPUMEHUTEIBHO K TOHKOMY CTpEXHIO. B ciaydae 0OOBEMHOTro HampsyKEHHOTO
cocTosiHMs 3akoH ['yka dopmynupyercs cleayronmM o0pa3oM: B JI000H TOUKe
CIUIOIIHOM CpeAbl KamAbI M3 IIECTH KOMIIOHEHTOB HANPSKEHUH SABJISACTCS
JUHeHOW (yHKUUel IecTH KOMIIOHEHTOB aedopManuud, U HA000pPOT. OTO
MOJIO’KEHHE HA3bIBAECTCS 00001eHHBIM 3aKO0HOM I'yKa U 3anucbIBaeTCs Tak:

1
gx =F{O'x —/,[(O'y +0'ij|



162

Gy—u(cz+0x) } (8.22)

o= oy =

Gz—ubx+6y)]

CocTansromuye TeH30pOB HaNpsHKEHUS U AeopMaliuu CBSI3aHbl MEKIY OO0
CIEAYIOLIUMH JIMHEWHBIMU 3aBUCUMOCTSMM:

o o
I, =GT ), (8.23)
7, = 2G/,. (8.24)

Bripaxxenune (8.23) Ha3pIBalOT 3aKOHOM YIPYIroro M3MeHeHUs1 00bema, a
BbIpakeHue (8.24) — 3aK0HOM yIpyroro u3MeHeHusi (POpMbl.

8.7. Buabl HAaNpsSIsKEeHHOT0 COCTOSTHUSA

W3 mpeppigymiero mnaparpada cieayer, 4TO B caMOM OOLIEM cllydae
HaMpsHKEHHO-1e(hOPMUPOBAHHOE COCTOSHUE BBIICIEHHOTO 3JIEMEHTApHOTO 00bema B
OKpPECTHOCTH pacCMaTpUBaeMOM TOYKH XapaKTEpU3yeTCs HAJIUYUEM JIEBSITH
KOMIIOHEHTOB HANpsOKEHUA W JIEBSITH  KOMIIOHEHTOB nedopmanuit. Taxoe
HaIpsHKEHHO-e(OPMUPOBAHHOE COCTOSIHUE, KaK YK€ OTMEuajoch, Ha3bIBACTCS
00bEeMHBIM.

Pemenrne oObeMHBIX 3aja4 Jaxe TOJBKO C MPUMEHEHHUEM METOJ0B TEOPHUH
YIPYrOCTH COMPSDKEHO CO 3HAUYUTEIbHBIMA MAaTEMaTHYECKHUMH TPYIHOCTSIMHU.
[ToaToMy pemieHne 0001 TeoMEXaHMYECKOW 3aJayd HayMHAIOT C aHajlu3a
0COOEHHOCTEH HaNpPsHKEHHO-AS(OPMHUPOBAHHOTO COCTOSIHUSI JJISS TOTO, YTOOBI
YIPOCTUTHh MCXOAHYIO PAacCUETHYIO CXEMy U IMPHUBECTH €€ MO BO3MOXKHOCTU K TakK
HA3bIBAEMOW IUIOCKOI 3a/1aue, KOT/ia BCEro JIMIIb JIBa KOMIIOHEHTA HaNpsHKEHUH U
JIBa KOMIIOHEHTA JeopMainii 3aBUCIT OT KOOPIAWHAT TOUYEK Tela.

Tak, HampuMmep, €ClIM TOHKYIO IUIACTHHY, HAaXOISIIYIOCd B COCTOSIHHUH
paBHOBecHsl IO JEHCTBUEM  BHEIIHUX  CHJI, HAarpy3uTh  PaBHOMEPHO
pacnpe/iefieHHbIMU  TI0  TOJIIMHE YCUJIMAMM, TPUIIOKEHHBIMU K €€ TpaHulle
nMapajieNbHO MIOCKOCTH IIACTHHBI, TO KOMIIOHCHTBI HANPKCHUI O 7,T x,Tzy HA

00eHx MOBEPXHOCTAX IJIACTUHBI OYIyT pPaBHBI HYJIIO U MOXHO MPEINOIOKUTh, YTO
OHM pPaBHBI HYJIIO W BHYTpH IuIacTUHBI (puc.8.7). Takoe HampsKeHHOE COCTOSIHHE
OyIeT OmpeAenarTbcsi TOJAbKO KOMIIOHEHTAMH HANpsKEHUN Gx,0y,Txy H

HA3bIBACTCS IUIOCKHM HAMNPSAKEHHbIM cOCTOsiHMeM. JlOoKa3aHO, YTO B TOHKHUX
IJIaCTUHaX BCE TPU HEU3BECTHbIE KOMIIOHEHTHI HAMNPSXKEHUW HE 3aBUCAT OT
KOOPJIMHATHI Z, a SBJISIFOTCS TOJIBKO PYHKIUSAMU KoopauHat X u Y.



163

ITnockoe HAIIpsZKCHHOC COCTOSAHHUC HC SABJACTCA XAPAKTCPHBIM IJIA 3a1a4
reomexanuku. Ho YIPOIICHUA, HOI[O6HBI€ IMPUBCACHHBIM BbIINIC, BO3MOXHBI U B

APYrom npeacjibHOM CJIydac, Koraa pasmMep TCjia B HAIIPABJICHHUH OCHU Z/ 0YeHb BENUK.

Iy

ok
N

Y! Y

Puc.8.7. IInockoe Hanps>KEHHOE COCTOSIHUE

D10 MOTYT OBITH, HATTPUMED, TTOATIOPHAS CTEHKA WJIN JUTHHHAS TOPU30HTATbHAS
BbIpaboTka (puc.8.8,a,0). OueBWAHO, UYTO e€cid MBI OyJaeM paccMaTpuUBaTh
HaMpPsHKEHHO-IeOPMUPOBAHHOE COCTOSHUE MacCHMBa BOKPYT BBIPAOOTKH HA
JOCTaTOYHOM yJaJ€HUHW OT €€ TOPIOB, TO BCE CCEUCHHs, NEPICHANKYJISIPHBIC
MIPOJIOJIBHON OCH BRIPAOOTKH Z, OYyT HAXOAUTHCS B OJJMHAKOBBIX YCIOBUSX.

a)

0) TR TRSTRSTR7RS

:
1

TR TRV,

|

YRS TR AR VA

Y!

2

NN NN

Y

NN
o)

PANZANY N
b

-

Puc.8.8. Ilnockoe neopMBIIMOHHOE COCTOSHUE: a)-TIOANOpHAas CTEHKa; 0)-
ropHas BeIpaboTKa
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KOMIOHEHTHI NEpEMEIIEHUN U U D HE 3aBUCAT OT KOOPAUHATHI Z W SIBIISIOTCS
byaknusmu koopauHaTt X u Y. [lpomonpHbIE MepeMenieHuss () MpU 3TOM pPaBHBI
HYJ0. Takoe HaNpsHKEHHOE COCTOSIHUE HA3bIBACTCS IJIOCKOM Aedopmanuei.

[Ipunumas Bo BHUMaHue cooTHoeHue (13.18), nomyuum

oV odm ou 0w 0w

- __O, = ——0, :—=0
¥z 8Z+8y ¥z 8z+8x ¢z 0z

HpO,IIOJILHBIC HaIIPSOKCHUA GZ MOXHO IIOJIYYHTB, HCIIOJB3ysSd 3dKOH FYKa
(13.22).

6, —uloy +06y)=0,

501051
6, =ploy+oy)

OTH HOPMAaJIbHBIE HANPSKEHUs JEHCTBYIOT 10 BCEM IONEPEUHBIM CEUCHHUSM,
JIOCTaTOYHO YAAJIEHHBIM OT TOPLOB BBIPAOOTKU.

Takum o0pa3oM, 3aa4a O IUIOCKOH Je(opMallMu, KaKk M 3a1ada O IIJIOCKOM
HAINpSDKEHHOM COCTOSIHUM, CBOJHUTCS K ONPEACICHUI0 KOMIIOHEHTOB HaIpsKEHUH
Gx,0y U Tyy, Kak GyHKimii X n Y.

OTO O0OCTOATENBCTBO, KaK OYyZET MOKa3aHO Jajiee, CYLIECTBEHHO YIPOIIAET
3aa4y M TO3BOJIAET MOJYYHTh €€ pEIIeHHE B 3aMKHYTOM BHJE, TO €CTb B BHJE
KOHEYHBIX (DOPMYIL.

OaHoOCHOE HanmpPsHKEHHOE COCTOSIHUE XapaKTePHU3YeTCsl OJHUM KOMIIOHEHTOM
HaNpsOKEHUH M COOTBETCTBYIOIIUM €My KOMIIOHEHTOM Jedopmauuu. OHO
peanmu3yercs B CTEP)KHEBBIX cHUCTeMax. B 3amayax MeXaHMKH [OJ3EMHBIX
COOpPY)KEHHUI Takoe HampsHKEHHO-I1e(OPMUPOBAHHOE COCTOSHUE BCTpEYAeTCs MpU
pacueTe KOHCTPYKIIMIA KPerH TOPHBIX BRIPAOOTOK, pa3UUHBIX GepM, OaoK.

8.8. lu¢pdepenunanbHbie ypaBHeHUs] pABHOBECHS

PaccmoTpum  paBHOBecHE MajoOro 3JIEMEHTApHOIO MapajUleenuIena C
pasmepamu BAoJIb oceil X u Y cooTBeTCTBeHHO Ax, Ay, b ¥ TOJIMIMHON, paBHOU
CAUHULIE.

OO003HaYMM IUIOIIAJKH, HAa KOTOPBIX JACHCTBYIOT HANpPsLKEHHS, WHIACKCAMH
1,2,34. C y4yeToM H3MEHEHHsS HANpPsKEHUH B TNPOCTPAHCTBE, HANPSHKEHUS,
Hanpumep, O, UId rpaHed 1 u 3, He cTporo paBHbI Ipyr Apyry. CUMBOJBI Oy, Gy, Ty,
oTHOCcsTCA K T.O (X,y) B LIGHTpE NpsIMOYTOJIbHUKA Ha PUC.8.9.

3HayeHus HaNpsDKEHUU MocepellnHe TpaHel OyneM o0o3Hadath 4vepe3 (C,)i,
(0.)3, ¥ T.4. II0CKOIBKY IpaHu NPSIMOYTOJIbHUKA MAJIbl, TO YCUJIMS, IPUIIOKEHHBIE K
HUM, ONIPENEIATCS IIyTEM YMHOKEHUS COOTBETCTBYIOIINX HANPSKEHUN HA IUIOIIAAb
rpaHey, 10 KOTOPBIM OHHU JIEUCTBYIOT. MacCOBBIE CHIIBI B JAHHOM CIIy4ae UMEIOT TOT
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e MOPSIIOK, 4TO U HamnpspkeHuss. O003HaYuM KOMIIOHEHTBI MacCOBBIX CHII uepe3 X U
Y, Torna ypaBHEHHE PAaBHOBECHS CHJI, JEWCTBYIOIIMX MapajuleibHO ocu X, Oyner
UMETh BUL:

X
0 AX o
A(Gv)l
(Ti\/)4
4
A CATR 0 (x,y) NICA!
X
(TVX)3 Y : (Tvx)l
2
(Txy)2
Y
(GV)Z
y |

Puc.8.9. K BeiBogy AnddepeHnnanbHbIX ypaBHEHHI paBHOBECHS BCUCTEME
IIPSIMOYTOJIBHBIX KOOPAUHAT

(GxhAY = (0 x )34y +(txy )y Ax = [Ty ), Ax + XAxAY =0,

HJIK, IIOCJIC OCJICHUA BCCX YJICHOB YPABHCHHUA HA AXAy ,

(0x)i —(ox)3 ey )y ~ ey

+ X =0. (8.25)
Ax Ay

Ecnu Teneps yMEHBIIUTH pa3Mephl 3JIEMEHTAPHOTO Napasuielienuneia, MoJI0KUB
Ax— O u Ay — 0, TO, COrJIacHO ONPEICIICHUIO TPOU3BOAHOM, TIPEEI BHIPAKEHUS
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— eleg
(GX)I (Gx)?’ OyneT paBeH —
Ax ox
dTxy
dy

Takum o0pazom, OyJeM UMETh

, 4 BTOpO# wjieH ypaBHeHUs (8.25) cTaHeT

PaBHBIM . AHanoOrnyHble BHIPAKEHUS MOJIYYHM, IPOEIUPYS BCE CUJIBI HA OCh Y.

ot
JG 5 LTy

X =
ox dy 0

(8.26)
dc s Ty s

Y =
dy ox 0

D10 U ecTh ABa nuddepeHnanbHbIX YpaBHEHUS PaBHOBECHS ISl IBYXMEPHOM
IIJIOCKOM 3aJauH.

[IpakTueckn BO BCexX 3a7a4ax T'€OMEXaHUKHM €JUHCTBEHHON MacCOBOW CHIION
SBJISIETCSL BEC TOpHBIX MopoA. Torma, HampaBuB OCh Y BHU3 W 000O3HA4YMB 4yepe3 Y
00BEMHBI BEC TOPHBIX IMOPOJ (Y=Yp&), MOIyuuM ypaBHCHHS DPaBHOBECHS B

cJIeayrouiem BUIC:

06, OTy 0Gy OJTy
Xy -0, Y+ y=0. (8.27)
ox dy dy ox
OdveHb MHOTHE 3a7a4d MEXaHWKH TOPHBIX MMOPOJ yAOOHO peIars B IOJSPHOM
cucteMe KoopauHaT (r, 0), B KOTOPOH  KOMIIOHEHTBHI HANPSHKEHHH HMEIOT
ob6o3nauenus C,,0¢ 1 T,g. (puc. 8.10).

MC}K,IIy HaIIPSOKCHUAMU, 3alITMCAHHBIMHA B HOHHpHOﬁ 141 HpHMOYFOJILHOﬁ CHUCTCMC
KOOpAWHAT, CYICCTBYIOT CICAYIOIINC q)YHKHI/IOHaJILHBIC COOTHOIICHUA

G, =0y cos? 0+0y sin?

2

0+ 21y, sinBcos,
Cg =0xsin“0+0y 00326—2’5)0, sin 6 cos 0, (8.28)

7.9 =(Gy - ijsinecose + ’cxy(cosz 0 —sin? 6).
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X
0
0 (Co)s
a9 ©; (Tre)4
(Tre)3 , i
0(r,0) o),
2
(09)2 (Gr)l
Puc. 8.10. K BBIBOJTY
v (Tro): P=y

g depeHINaTbHBIX YPaBHEHUI paBHOBECHS
B MIOJISIPHBIX KOOPIMHATAX

[MoncraBnss  (8.28) B (8.27), momyuum nuddepeHaibHOe ypaBHEHUE
paBHOBECHS B MOJISIPHOM cHCTEME KOOPAUHAT

ot 6,—0O
agrr+% age+ rr e+ysin9=0,
(8.29)

00y 0T 27
%869+ a;9+ rre+ycos9=0.

B ciywyae nonsipHo-cumMeTpuyHON 3a1auu ( 79=0) U Ipu OTCYTCTBUU MaCCOBBIX
cun (y=0) ypaBHeHus: paBHOBecHs (8.29) CBOAATCA K OTHOMY, 00Jiee MPOCTOMY

G, —0O
8Gr+ r=% _q
or r

(8.30)

8.9. I'panuyHbIe yC10BUA

YpaBHEHUsT paBHOBECUSA [JOJDKHBI  YAOBJICTBOPATHCS BO BCEX TOYKAX
uccienyemoro tena. Ilpu nocTukeHun rpaHuil 00J1acTH KOMIIOHEHTHI HaIpsHKEHUN
JOJKHBI OBITH TAKMMH, YTOObI OHM HAXOJMJINCh B PABHOBECHH C BHEIIHUMHU CHUJIAMHU,
IIPUIOKEHHBIMU K IpaHulle. B crily 3TOrO BHEIIHME CUJIBI MOYKHO PacCMaTpuBaTh
KaK [IPOJOJDKEHNE BHYTPEHHUX HAIPSIKEHUMN.
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PaccmoTpumM Mallyto TpEyrojabHyI NpU3MY, Takyl0, 4YTO €€ THUIOTEeHY3a
coBmajaer ¢ rpanuueit tena (puc. 8.11). O6o3Hauum uepe3 X U Y KOMIIOHEHTHI

MOBEPXHOCTHBIX CHJI P, OTHECEHHBIX K CIMHUIE TOBEPXHOCTH B 3TOH TOYKE
IPAaHMIIBL. Y PABHEHUS pPaBHOBECUS OyIyT UMETh BUJ:

rie [, m — Hanpassrone KOCMHYChI HopMaii V' K rpaHuiie.

B 4acTHOM ciyyae paccMOTpEHUsT PaBHOBECHS IPSMOYTOJBHOW IUIACTUHKH
KOOpAMHATHBIE OCH OOBIYHO HAMPABISIOT MapayieIbHO TpaHAM IUIACTUHKU U
rpanuyHele ycioBus (8.31) MoxHO ynpoctuts. IlycTs, Hanpumep, 0Ha U3 CTOPOH
IUJIACTUHKK MapajuienbHa ocu X, TOTJa HOPMajib V Ha 3TOM YacTh TpaHullbl Oyaer
napaienbHa ocu Y; orciona /=0, m=1. YpaBuenus (8.31) B 3TOM ciiydae MpUMyT
BH/I:

X

Y 4
y

Puc. 8.11. K onpeaenennto rpaHUYHBIX YCIOBUI

Y=J_rrxy; ?=J_rcsy. (8.32)

ITpu sToM 3HaK (+) Oepercss B TOM Cilydae, eClid HopMaib V' IpoBeIcHa B CTOPOHY
MOJIOKUTENIbHBIX 3HAUCHUN y; B MPOTUBHOM ciydyae Oepercs 3Hak (-). M3 mocneaHux
dbopMya BUIIHO, YTO KOMIIOHEHTHI HAIPSIKEHUW HA TPAHUIIE PABHbI KOMIIOHEHTaM
MTOBEPXHOCTHBIX YCUJIMWA, OTHECEHHBIX K €IMHUIIE TIJIOIIAIA TPAHULIBI.
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8.10. YpaBHeHune coBMeCTHOCTH AedopmManmii

OnpeneneHue KOMIOHEHTOB HAIPSHKEHUM, BO3HUKAIOIIMX BOKPYT TOPHBIX
BBIPA0OTOK, SIBISIETCSI OJJHOM W3 OCHOBHBIX 3aJlad MEXaHHUKU TOpHBIX mopoxa. B
JIBYXMEPHOW 3a7adye HEOoOXOAMMO i JTOoro pemmth gauddepeHnnansHbie
ypaBHeHHs paBHOBecHs (8.27) uiu (8.28) Takum 00pa3om, 4TOOBI YOBIETBOPSIUCH
rpaHuuHble ycioBus (8.32). OqHako 3aMeTUM, YTO KOMIIOHEHTOB HAMNPSIKECHUH TPH, a
ypaBHEHUN paBHOBECHUSI — JIBa, TO €CThb 3a7ada SABJISETCS CTaTHYECKH
HeonpeaeaumMoil. YToObl MOJy4YUTh €€ pellieHue, He0OX0AMMO PaCCMOTPETh YIPYTYIO
nedopmaliiio Tena.

CootHomenus: Ko npuMeHUTENbHO K IJIOCKOM 3a7adye MMEIOT CIEAYOIIHA
BU/I:

Jdu av du ov
e . —_ = — —_— 8.33
A ML dy’ Ty dy T (839
du ov Vv Jdu u ov
rd r86+8r r’ er or’ “0 r+r86 (8.34)

3aMeTuM, 4TO TpU KOMIIOHEHTa JehOopMallii BRIpAKAIOTCS Yepe3 JABe QYHKIIUU
U WV, TO €CTh OHH HE MOTYT BBIOMPATHCS TPOM3BOJILHO: MEXIY KOMIIOHEHTaMU
nedopMaIui J0DKHA CYIECTBOBATh OIpeIeTeHHas: B3aUMOCBS3b. JJis TOTO, 4TOOBI
YCTaHOBUTH ee, mpoauddepeHurpyeM ABaXbl MepBoe u3 ypaBHeHuit (8.33) mo y,
BTOpPOE IO X, a TPEThe OJMH pa3 MO X, a BTOPOH — MO y W TMOJYYHM CIEIyIoIIee
BBIpQXCHHE:

azex N 828y B 82ny

= . (8.35)
8y2 ax? 0xdy

HuddepennmanbHoe  cooTtHomieHne  (8.35)  Ha3pIBaeTCs  ypaBHEHHEM
coBMecTHOCTH JedopManuii. OHO [IOJDKHO YIOBJIETBOPATHCS MPH TOJCTAHOBKE
KOMITOHEHTOB JedopMainii, 4ToObl 00ECNEYNTh CYIIECTBOBaHUE (DYHKIUN U U V,
CBSI3aHHBIX C KOMIIOHEHTaMu Jiepopmanuii ypapHeHUsIMU (8.33).

®u3nyecku yCIOBUE COBMECTHOCTH AedopMaruii  MOXHO OOBSICHHUTH
cienyomuM obpazoM. Eciii mpsSiMOYroJibHyI0 IJIACTUHY YCJIOBHO pa3leiuTh Ha
MaJieHbKHE MPSMOYTOJbHUKU JUHUSMH, MapajulelIbHbIMA €ro CTOpOHAaM, a MOTOM
nedopMupoBath €e W 3apUKCUpPOBaTH 3TH JedopMmainuu, TO, BBIPE3aB 3aTeM
MaJieHbKHE Je(POPMUPOBAHHBIC MPSIMOYTOJBHUKH, CJIOXHUTh WX OOpPAaTHO MOXKHO
TOJIKO 3Has 3aBUCHUMOCTH, COIJIACHO KOTOPOH AeopMaliu nepeaarTcst OT OJJHOTO
OpSIMOYTOJIbHUKAa K CMEXHOMY C HHUM. JTa 3aBUCUMOCTb U €CTh YCIIOBHUE
COBMECTHOCTH Jie(hopMarinii.
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HCHOJ’IBB}UI COOTHOIICHHUA 3aKOHa FYKa IJs1 UCCIICAYCMOI0 BHUJa ITINIIOCKOTO
COCTOsIHUA, YCJIOBHUC COBMCCTHOCTH MOKCT OBITH MMEPCIIMCAHO B HAIIPSAKCHUMAX. C
HE3HAYUTEIILHOU MOrpCIMHOCTBO U JIJIA IIOCKOM I[e(l)OpMaI_II/II/I, n 4jJ IINIIOCKOI'O
HaIps’KCHHOT'O COCTOAHMUA YPaBHCHHC COBMCCTHOCTH, BBIPA’KCHHOC qepe3
KOMITIOHCHTHI HaHpH)KeHI/Iﬁ, IIpn OTCYTCTBHUM MACCOBBIX CHJI WJIM HUX IMOCTOAHCTBC
HUMCECT BU/

3% 32 (
2+ % oy +oy)=0, (8.36)
ax2 8y2 Y
02 92
roe —— +—— - oneparop Jlammaca.
ox>  9y? pAtoP

B monsApHOW cuctemMe KOOpAWHAT YpaBHEHHE COBMECTHOCTH MOXKET OBITh
3allMCaHoO CIEAYIOINUM 00pa3oM:

2 19 1 9 ~
ar—2+;g+r—289—2 (Gr +Ge)—0. (837)

MoXHO moOKa3aTh, 4TO B CiIy4yae IOJSPHO-CUMMETPUYHOM PACUETHOU CXEMBI
ypaBHenus (13.36) u (3.37) cBOAATCA K IPOCTOMY BBIPAXKEHUIO

IJl€ p — UHTEHCUBHOCTb BHEILIHEH Harpy3Ku.
VYpaBHEeHHs] paBHOBECHS M COBMECTHOCTH JAe(opMaIfii Mo3BOISIOT PEUIUTh

3aJ1ayy 00 OIpeAeIeHNH KOMIIOHEHTOB IOJIsI HAPSKEHUH B 3aMKHYTOM BUJIE.

NHTEpecHO  OTMETUTb, 4YTO IOJYYEHHBbIE YpPAaBHEHHS HE  COJEpXKaT
MEXaHUYECKUX XapaKTepUCTUK Marepuana. OTO 3HAYWT, YTO PACIPEICIICHHE
HANpsOKEHUN B JTIOOBIX 00BEKTax, eciu (opMa UX U BHEIIHHWE YCUJIMS COBIAAAIOT,
OJIMHAKOBBI JJIsl JTIOOBIX M30TPOIHBIX MaTepuaioB. JlaHHOe 3akitodeHue obOiajgaert
OonbiIoil BaxkHOCTBIO. Kak Oyner mokazaHo nanee, JUiss HEKOTOPBIX IPO3pPavyHbIX
MaTepUasoB, TaKUX KaK LEJUTyJIOU], arap-arap, >KeJIaTUH U JIp., HAIPSYKEHUST MOXKHO
ONpEAEIUTh DSKCIEPUMEHTAIBHO, HCIOJIb3Ysl MOJSIPU30BaHHBI CBET, a 3aTeM
NEPEHOCUTh TIOJYYEHHBIE pE3yJIbTaThl HAa TaKUe X€ MO (opMe OOBEKTHI, HO
CeJIaHHbIE U3 JPYTroro MaTepuaia, HapuMep, CTald, TOPHOM MOPOAbI U T.I1.

8.11. OnpenesieHue MeXaHUYECKHX CBOWCTB IOPHBLIX MOPOJ B HATYPHBIX
YCJIOBHUSAX

Kaxk YK€ OTMCYAJIOCH BbBIIIC, MCXAHNYCCKHUC CBOMCTBA I'OPHBIX TIIOPO,
moJryd4acMbIC B Ha60paTOprIX YCIOBUAX, HC COOTBCTCTBYIOT MCXAHUYCCKHUM
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CBOWCTBaM peabHbIX MACCUBOB FOPHBIX MOPOJ U 3TO HECOOTBETCTBUE MPOSIBISETCS B
Buje MacmTabHoro 3dgdekxra. OO0 oOpasie ropHbIX MOPOJ MOKHO TOBOPHUTH Kak O
HEKOTOPOM  WACAIM3UPOBAHHOM MOJEIM MOpPOJHOro MaccuBa. (OTMeuyeHHoe
00CTOSTEILCTBO  TMOCITYXHJIO TIOBOJIOM [IJI1 M3BICKAHUS MyTeH TOTyYCHHUS
MEXaHUUYECKUX KOHCTAHT B HATYpPHBIX YCJIOBHSX, T.€. HEMOCPEIACTBEHHO B TOPHBIX
BBIpaOOTKaX.

Jns  omnpenenenuss 1mpeAena NOPOYHOCTH HAa  OJHOOCHOE — CKaTHE U
nedopMaIlMOHHBIX  XapaKTepUCTUK M3BECTHBI CleAylolue cxeMbl. B rophHoii
BbIPAa0OTKE B MpolEcce MPOXOJKH OCTABISUIA HEOOJbUIME LETUKH HETPOHYTOU
MOPOJIbI, KOTOPBIM 3aT€M NWJIaMU NPUAABAINA 110 BO3MOYKHOCTH IPABHIIBHYIO
reomerpuyeckyto ¢opmy. C MOMOIIBIO THUIPOJIOMKPATOB, CHOCOOHBIX Pa3BUBATH
ycunue B (150...200)t, cTon® Harpyxaics a0 paspymieHus. B mporecce
Harpy>XeHUs U3MEPSITUCh AehOopMariil BEPTHKAIbHBIE W TOPWU3OHTAJIBHBIC, YTO
MO3BOJISIIO OMPEICNIUTh YIIPYTHe MoKa3aTenu. J{jis paBHOMEPHOU nepenadn TaBICHUs
101 OTIOPOM JIOMKpaTa yCTpauBajiu CIEHUAIbHYIO ITOCTENb U3 NECKA, MEAHOTO JIUCTA
u cnost 6erona (puc. 8.12,a). Cton6sr pasmepom 0,6 X 0,6 X 1,0 m pacnonaramm c
YYETOM 3ajieraHus MOpoJ — MEPIEHIUKYJIIPHO U MApaJIENbHO HAIIACTOBAHHUIO.

Ji1ga nu3ydenus conpotusiieHus nopoa casury B0 BHMMUM npoBoauiiice OnbIThI
o cxeme, kotopas u3zoOpaxeHa Ha puc. 8.12, 0. Jlns omnpezgeneHusi mnapameTpoB
cueruieHuss — C ¥ yriia BHyTPEHHETO TPEHUS — P ONBITHI TPOBOJMIIUCH O] Pa3HbIMHU
yrilaMH O K HalJIaCTOBAHUIO.

[lonyuyeHne MEXaHWYECKMX KOHCTAHT TOPHBIX MOpPOJA B HATYPHBIX YCIIOBHSX
COMPSDKEHO CO  3HAYMTENIbHOM TPYNOEMKOCTbIO paboT. DOTH  yHUKaJbHBIC
DKCIIEPUMEHTHI UMEIOT CKOPEE METOJ0JIOTMYECKOE 3HAUCHHE, YEM IIPAKTUUECKOE.

x| x

x ! x 1
_ x| x

X X xIx x xx

Puc. 8.12. Cxembl HCTIBITaHUSI TOPHBIX MTOPOJ] B BEIPA0OTKAX:
a) — Ha ckarue; 0) — Ha caBuT; | — CTOJO MOPOIBI; 2 — TOMKpAT;
3 — cTanbHbIE IJIUTHI; 4 — TOMKpPAT; 5 — TUIUTHL, 6 — POJTUKH.

HepCHeKTI/IBHbIMI/I cJIeayeT npu3Hatb MCTOAblI, OCHOBAHHBIC HAa YCTAaHOBJICHUU
KOppCHHHHOHHOﬁ 3aBUCHUMOCTHU MCKOY OoIIpecaACIIICMbIMHU MCXaHHYCCKNMHU
KOHCTAaHTaMH HW CKOPOCTBIO IIPOXOKIACHUA dAKYCTHYCCKHUX (y.TIBTpa?»BYKOBBIX)
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Kosie0aHui yepe3 MOPOJHBIM MaccuB. Takue HCCIeIOBaHUS B MAacCOBOM MaciuTabe
obui BhIoHeHs! JI.B. Illaymsan s Hopuiabckoro MecTopoxaeHus: NOJMMETalIOB
u O.C. AndepoBsiM 1t ocamounbix mopoj JlonOacca. Ocoboe 3HAUYCHHE HWMEET
nocneAHsisi pabora, B KOTOPOH MOPOJbI OJHOW M TOU ke JIMTOJIOTUYECKON Pa3HOCTU
pa3feneHbl Ha  JUTOJOTHMYECKHE THIIBI B  3aBUCUMOCTH OT  (palMalIbHOM
IIPUHALJICKHOCTH, I KOTOPBIX U ONPEICISINCh KOPPEISALMOHHBIE 3aBUCUMOCTH.
[TIpumep Takoil 3aBUCUMOCTHU MPUBEICH Ha puc. 8.13.

R, Mlla

140,0

120,0 \//: Mo
/4

2
80,0 AN ‘ 7 \
60,0 Z
40,0 Z %

4

N\

\

\

20,0

0 1,0 2,0 3,0 4,0 Vo, KM/

Puc.8.13. CBs13p aKyCTUUYECKHX U IPOYHOCTHBIX CBOMCTB JIJIs1 aJIEBPOJUTOB
(1 = R.=59,6 Vp*; > = R:=52,0 Vp*; 1 — R;=48,9 Vp*; 1 — R=47,1 Vp").

8.12. Crarucruyeckasi 00padoTka pe3yJbTATOB U3MePEHUH

Bce peanbHbie mporiecchl, MPOTEKAOIIKUE B MPUPOAE, OOYCIOBIEHBI OOJIBIITUM
YHUCJIIOM BHENIHUX M BHYTPEHHUX (DaKTOPOB, NEHUCTBYIOLIUX CIy4yalHBIM 00pa3oM.
Hampumep, mpouiecc paspylieHuss TOPOAHBIX — OOpa3lioB OJHOM © TOW Ke
JUTOJIOTUYECKOW  Pa3HOCTH, OMNpeAeTeHHOW  (anualibHOW  MPUHAAICKHOCTH
MPOTEKAET B KAXKJOM OTACIBHOM CIIy4ae Mo-pazHoMy. ITO 00YCIOBJIEHO CIIy4ailHOM
dbopMoli CTPYKTYPHBIX CBsI3€d, BEIMUYMHOW cojepxalieiics B oOpaslie BIard,
HaJIM4Msl TEKCTYPHBIX OCOOEHHOCTEH (BHYTpeHHHE (DAKTOpBI), a TaKXKE HECKOJIBKO
OTJIMYAIONUMUCS pa3MepaMu 00pasiia, TEXHOJOTUEH UX W3TOTOBIICHHUSI, I CKOPOCTHIO
HarpyxeHus (BHemrHue (paxtopsl). Takum 00pa3om, mporiecc pa3pymeHust 00pasIos
C LETBI0 TIONYYCHHSI UX MEXAaHMYECKUX XaPaKTEPUCTHUK — ATO CIYYaWHBIA MPOIECC.
JIist KakKImoro WCHBITAHHOTO 00pasiia B Mporecce JTaOOpaTOPHBIX HCCIEIOBAHUMA
MOJIYYal0T CBOE, OTIIMYHOE OT IPYTHX, 3HAUCHUE MEXaHUUECKON XapaKTEPUCTUKH.
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JIna  momydeHus — DOCTOBEPHBIX  3HAYEHWM  MCKOMOM  MEXaHMYECKON
XapaKTEPUCTHUKU HEOOXOAMMO BBIMOJHUTH U3MEPEHHS HA BO3MOYKHO OOJIBIIEM YHUCIIE
obpasmoB. [[ns 3Toro mpoObl, uaynMe Ha MOCIEIYIONIEe U3TOTOBICHUE OOpAa3IloB,
OTOMpAIOT 10 OMNPEACICHHOW METOAMKE TakuM O0Opa3oM, dYTOObl OHHU B
MaKCUMaJIbHOW CTENEHU NPEICTaBIIA BCE BO3MOXHBIE UIsl JTAHHOTO MOPOJHOTO
MaccuBa KoJieOaHusi MUHEPATbHOTO COCTaBa U CTPYKTYPHBIX OCOOEHHOCTEH.

[To cnenuanbHBIM METOJIMKAM YCTaHABIUBAETCS HEOOXOAMMOE YUCIIO 00pasIloB,
B COOTBETCTBUU C KOTOPHIM U3 FeHepPaJibHOW COBOKYMHOCTH CIy4allHbIM 00pa3oM
oTOUpaloT omnpeeneHHoe ducio npod. OtoOpaHHas mapTusi Npod MPencTaBIIsIeT
coboif caydaiiHyl BbIOOpPKY. M3 kaxnoil mpoOwl m3rotaBiauBaroT 3...4 obOpasna
MAaKCHUMAJIBHO JOTYCTUMBIX MO JaHHOW METOJIUKE Pa3MEPOB.

PesynbpTaThl M3MEpEHHI KaXIOW TPyIIbl 00pa3loB IO BCEH ClydailHOM
BBEIOOPKE TOJBEPrar0T CTAaTUCTHYECKOW oOpabotke. I[Ipexne Bcero, ompenemnstor
cpenHee apudmMeTndeckoe 3HaUCHUE BCEX 1 U3MEPEHUN napamerpa X;

X = lz":xi . (8.38)

3aTeM BBIYHCIIIOT: CpEAHEe KBAAPATUYECKOE OTKIOHEHUE EIUHUYHOIO
pe3yJbTaTa

Y (X, - %)’

n—1

g = (8.39)

n

ko3¢ uiueHT Bapuanuu (%), T.€. cpeiHee OTHOCUTEIBHOE OTKIIOHEHHE MOTYyYeHHbIX
pe3yabTaTOB U3MEPEHUN OT CPEeTHEro apu(PMEeTUIECKOTO

n= & x100%,
X (8.40)

I[OBepHTeHBHbel HHTCPBAJI

AX = Leda (8.41)

Koadpoumment CteioneHTa f,, YIUTHIBACT OTIWYHE CIy4alHOW BBIOOPKH OT
TEeHEPAIbHOM COBOKYITHOCTH W 3aBHCHT OT 4YHCJIa O0pa3ioB n U TpeOyemoi
JTOBEepUTENbHONU BeposiTHOCTH (wamie Bcero o = 0,85-0,95). OxoHuarenbHbIN
pe3yNbTaT CTaTHCTHYECKOH OOpabOTKH pe3yabTaTOB HM3MEPEHUN 3alHChIBASTCS,
HaIpUMep, CISAYIONIM 00pa3oM
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R. (200£10) MIla mpu o = 0,95.

3anuce IMTOKA3bIBACT, YTO CPCAHCC 3HAUCHUC ITapaMCTpa (HpCI[CJ'I IMPOYHOCTH Ha

ogHoocHoe cxartue) paBHo 200 (X ), a OTKIOHEHHME €ro OT CpPEIHEro
apudmeTndeckoro B 95% ciydaeB He npesbimaeT 10 (AX).
U3 popmynbr (8.41) nerko ompeaenuTb HEOOXOAMMOE YMCIO HUCIIBITAHUN JIS

AX
obecriedeHnss OMMOKM M3MepeHMii He Oonee & = b OpU  HU3BECTHOM

K03 GUIIMEHTE Bapuallii H3y4yaeMoro rnapameTrpa:

n=(t,n/&* (8.42)

Tak, ecmu M = 20%, ommbka uzMepenut 15%, to n = 7 oOpasuam (npu
o = 0,95, 1,,,=1,96).

KOHTpOJILHLIe BOIIPOCHI

1. B xakux ciaydasx MacCUB SBJISETCSA CIUIOIIHBIM WM JUCKPETHBIM?

2. YTo Takoe TpEeMMHOBATOCTh TOPHBIX OPOA?

3. UTo Ha3bIBAETCSl TPEUIUHON?

4. Kakyro TpemHOBaTOCTh yuuThiBaeT kinaccuukanus H.M. [IpockypskoBa?

5. Tlo xakum npu3HakaMm kiaccuuiupyroT Tpenuasl B.B.PxeBckuii u
['.A.HoBuk?

6. [IpuBenuTe KIaccuuKaIUio TPEIMHOBATOCTH TOPHBIX opoa mo BHUMUN.

7. Naiite knaccu(uKanuio TOPHBIX TOPOJI IO CJIOUCTOCTH.

8. UTo Ha3bIBAIOT «(PU3NYECKU MAJIBIM 3JIEMEHTAPHBIM 00BbEMOM» ?

9. B yem cyth cootHOomienus: O.C. SAcunckoro?

10. HazoBuTe BUABI HANPSKEHHOTO COCTOSIHUSA.

11.YTo Takoe «TeH30p HAMPSLKEHUS» U «TEH30p AePopMariium»?

12.ChopmynupyiTe «3aKOH YIPYroro H3MEHEHUsS OO0beMa» U «3aKOH
yOPYyroro u3MeHeHust popMbI».

13.3anummure 06001eHHbIN 3akoH ['yka u cooTHommeHus: Komm.

14. Yem oTiHM4YaeTcs IUIOCKOE HAIPSIKEHHOE COCTOSIHUE OT IUJIOCKO
nehopMUpPOBAHHOTO?

15.3anummre ypaBHEHUE PABHOBECUS B NMPSIMOYTOJIBHONW CHCTEME KOOPAMHAT,
B ITOJIIPHOM.

16. B dyem cocTtouT (QU3MYECKHII CMBICT ypaBHEHHS COBMECTHOCTHU
nedopmaruii?

17.Kak ¢hopMyaupyroTcsi TpaHUYHBIC YCIOBUSI B 3a]]a9aX T€OMEXaHUKH ?

18.Kak ucroip3yroT Ha MPaKTHKE ()aKT OTCYTCTBUSA B YPAaBHEHUSAX PABHOBECHUS
IPOYHOCTHBIX U JIe(hOPMALIMOHHBIX XapaKTEPUCTHK?
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9. HAIIPSI')KEHHOE COCTOAHUE HETPOHYTOI'O
MACCHUBA I'OPHBIX ITOPO/]

9.1 O61Hne cBegeHusa

OCHOBHOI 3alayeil MEXaHUKHU TOPHBIX IOPOJ SBIIIETCS WU3YUYCHUE SBJICHHM,
IPOUCXOAAIINX B MOPOJAX, OKPYKAIOIIUX TOPHYIO BbIpaOOTKy. Pemmnth 3amauy o
HaOpsDKEHUsAX W JaedopManusx B MacCUBE, HApYyLIEHHOM TOPHOM BbIPaOOTKOM,
BO3MO>KHO TOJIBKO, €CJIM WU3BECTHBI HaNpsHKEHUs, KOTOpblE ObUIM B MAacCHUBE JI0 €€
IIPOBEICHHUS.

[loaTOMy M3ydyeHME HANpPSIKEHUHM B HETPOHYTOM (HEHAPYLIEHHOM) MACCHUBE
SIBJISICTCS OJTHOM M3 BAXXKHEUIINX 33/1a4 MEXaHUKU FOPHBIX TIOPOJ.

HanpspkenHoe cocTtossHME MaccuBa OIPEAENSETCS TEH30pOM  HaIpSKEHHS,
COCTOSIIIUM, KAaK U3BECTHO, U3 IIECTH KOMIIOHEHTOB:

HOPMAJIbHBIX — G,, G, U O,

M KaCaTeIbHBIX — T, , T,,, Ty, .

B MexaHumke TOpHBIX NOPOJ IOJOKHUTEIBHOE HANPAaBICHUE OCH OpAUHAT I
y1o0Hee NpUHUMATh CBEPXY BHU3 M Ha4aja0 KOOPAMHAT COBMEILATH C TOBEPXHOCTHIO.

Hemponymuim, Ui HeHapyuieHHblmM, MACCUE60M TOPHBIX IOPOJ HA3bIBAKOTCS
YYaCTKU 36MHOM KOpbI, HE3aTPOHYThIE TOPHBIMU pabOTaMH, T. €. TAKHE, B KOTOPHIX
HE MMEETCSl TOPHBIX BBIPAOOTOK (MJIM pa3pabOTOK); HAXOASIIMECS K€ Ha COCEIHUX
y4acTKax BbIPa0OTKM YAaJIEHbl HACTOJIBKO, YTO OHM HE OKAa3bIBAIOT BIIMSHUS HA
HaIIPSDKEHHOE COCTOSIHUE TOPOJ pacCcMaTpUBaEeMOro ydacTka. [[pyrumum cioBamy,
3TO MAcCHUB IIOpOJ, HANPSUKEHHOE COCTOSIHUE KOTOPOTO ONPENEISAETCS TOJIBKO
€CTECTBEHHBIMU IIPUPOJIHBIMU YCIOBUSMM.

W3y4yeHne HaNpsHKEHHOTO COCTOSIHMS HEHApyLIIEHHOI'O MAcCHBa  SIBIIECTCS
KpaiiHe CJIO0XKHOM 3a7adel 1o psay NPUYMH U, B IIEPBYIO 04epelb, B CUILY TOrO, YTO
JUIS HETMOCPEICTBEHHBIX 3aMEpOB HAIPSHKEHW B HaType TpeOyeTcs MpOoBeICHUE
TOpPHOM BBIPAOOTKH, XOTSI ObI OYpOBOIl CKBa)KMHBI, YTO YK€ B TOM WJIM MHON CTEHCHH
BEJIET K HAPYIICHUIO COCTOSIHHSI MaCCHBA.

Pemenne »Toi 3amauM MOJEIMPOBAHUMEM WA TEOPETUYECKUMH METOJAMH
TAK)KE SBJIAETCS KpalHE CJIOXXHBIM B CBSI3M C OOJBIIMM YHCIOM HMEOLIUX
pa3HOOOpa3HBI XapaKTep EeCTECTBEHHBIX (DAaKTOPOB, CO3JAIOMIMX HAIpPsHKEHHOE
COCTOSIHME MACCHBA IIOPOJ.

PaccMoTpuM OCHOBHBIE (DAKTOpPBl W YCJIOBHS, C KOTOPBIMU CBS3aHO
(opMHUpOBaHNE HAIPSKEHHOT'O COCTOSIHUS MAacCUBA TOPHBIX MTOPOJ.

I'nybuna 3anecanusi W3y4aeMoro MaccuBa TOPHBIX IOpPOJ OT IOBEPXHOCTU
SBJISIETCS [VIaBHBIM (DAaKTOPOM, OT KOTOPOI'O 3aBUCUT BO BCEX YUACTKaX 3€MHOM KOPBI
HAIPSUKEHHOE COCTOSIHUE, IPUYEM KOMIIOHEHTA G, 3a CUET IPaBUTALIMOHHBIX CHJI 110

Mepe YBEJINYEHUs INIyOUHBI IPONOPLUUOHAIIBHO BO3PACTAET.
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BropsiM dakTopom, ompenensomuM Hanps>KeHHOE COCTOSHUE B HEKOTOPBIX
y4acTKaxX 3€MHOM KOpBI, SBIIIOTCA CWIBI, CBS3aHHBIE C MEKMOHUYECKOU
0esAmenbHOCmbIO.

OT0oT (HaKTOp MOXKET HMETh PETHOHAIbHOE 3HAUYEHHWE B TaK HAa3bIBAEMBIX
TOPHO-CKJIAIYAThIX MaCCUBaXx.

JleCTBUTENBHO, B HEKOTOPBIX O0JACTIX CKJIaJ0K HAOMIOJArOTCsl HAPYLIECHUS
NOPOABI, TOKA3bIBAIOIINE, YTO OHU IOJBEPraJINCh NECHCTBUIO YCHIINM, CBA3aHHBIX CO
CJIO’KHBIM XapaKTepOM HAIPsKEHHOIO COCTOSIHUS MacCUBA.

Ha nanpskeHHOE COCTOSTHME MAacCuBa IOPOJ B BUJIE MECTHBIX SIBICHUN MOTYT
OKa3blBaThb TAaKK€ BJIMSHUE HEOJHOPOAHOCTh CTPOCHHS MaccuBa IOPOJ,
AHU30TPOITHOCTB, a TAKXKE JKECTKOCTh COCEAHUX MOPOLIL.

Heoonopoonocms cmpoenusi maccuea u e20 aHu30mponHOCHb, HECOMHEHHO,
MOTJIM BBI3BAaTh MPH (POPMUPOBAHUN MACCHBA MECTHBIC YCIOKHEHUS HAMPSKEHHOTO
COCTOSIHUA MOPOA B CBSI3M C TEM, YTO HEOJHOPOAHOE IOJIE CONPOTUBIICHHUS JOJIKHO
BBI3BATh HEOJJHOPOIHOE K€ PACIPEACIICHUE HAIIPSKECHHMN.

Cmenenv ocecmkocmu  COCEIHHX IOpPOJ TaKKe MOIJIA BIMATH Ha
pacnpesiesieHue HanpsDKEHH Kak MECTHOE SIBJIEHHE B palloHaX KOHTAKTOB OoJee
IIPOYHBIX U MEHEE MPOYHBIX ITOPOJ.

BaxxHbIM ¥ O4Y€Hb CIOXHBIM (PAKTOPOM, HECOMHEHHO, BIUSIOIIUM Ha
COBPEMEHHOE HANPSIKEHHOE COCTOSIHHME IOPOJ MACCHBa, SBISAETCA epems. Ilpudem
3TOT (PaKTOpP HE PErMOHAIBHOIO, @ OOIIEro MOBCEMECTHOIO XapaKTepa.

3eMHass KOpa HAXOAWTCS B HENPEPBIBHOM JBW)XKCHUH, II09TOMY, €CIH
IIOCMOTPETh HAa MAaCCHB IIOPOJ BO BPEMEHH, MMEIOIIEM 3HAYEHUS MOpsAIKa
I€OJIOTUYECKUX DJII0X, TO, OYEBHMJHO, HAIPSHKEHHOE COCTOSHUE TaKOro MAacCUBa
CJIElyET CUUTATH IIEPEMEHHBIM.

BmecTe ¢ 3tuM ecTh 00JaCTH C MHTEHCHUBHOM COBPEMEHHON TEKTOHUYECKOM
NEATENIBHOCTBIO, B KOTOPBIX HAINPSUKEHHOE COCTOSSHUE MAacCHBa IMOPOJ MOXKET
U3MEHSATHCS B OUEHb KOPOTKHE OTPE3KH BPEMEHH, OYKBaJIbHO Ha IJa3ax JIFOACH.

['opHble pabOTBI U NOA3EMHBIE COOPYKEHUSI XOTS M MOTYT B OTHAEJbHBIX
ClIy4YasgX HMMETb JOBOJIBHO NPOJOJKUTENBHBIM CPOK CYIIECTBOBAaHMS (Hampumep,
U3BECTHBI IOJ3EMHBIE COOPYKEHUS, COXPAaHUBIIHMECS A0 HAIIMX JIHEW M CPOK
CyIIECTBOBAHUS KOTOPBIX COCTABISIET 4-5 ThIC. JIET), OAHAKO CPABHUTEIBHO C
reOJIOTHYECKUMH SIIOXAMM JaXKE 3TH CPOKH SIBISIOTCS KpalHE MajbIMH OTPE3KAMM
BpeMeHU. JlesaTeNbHOCTh YeNOBEKa Ha NPOTSHKEHMM JXU3HHU HUMeEeT ele Oonee
KOPOTKHE CPOKH.

[To3TOMy B MEXaHHMKE TOPHBIX IOPOJ IPHUHATO CUUTATh, YTO HAIPSIKEHHOE
COCTOSIHME MACCHBA IIOPOJ ABJISIETCS IIOCTOSIHHBIM, UMESI CTATUYECKUI XapaKTep.

Uro e KacaeTcs HaIpsHDKEHHOTO COCTOSIHUSA B 00JacTsX, OMAacHBIX IO
CEHCMMYECKHUM SIBJICHUSAM, TO 3TO ABJISETCSA CIIEHUAIBHBIM BOIIPOCOM, KOTOPBIN IOKa
HE MOXKET paccMaTpUBaThCs B OOIIEH MeXxaHHKEe TOpHBIX mopoi. Ecian naxe oGmime
MOJIO’KEHUSI MEXaHUKH TOPHBIX MOPOJ €lle JOBOJIBHO ¢1ab0 pa3paboTaHbl, TO TaKOU
CHEIHANIbHBIN BOMPOC, KaK HAMPsHKEHHOE COCTOSIHUE TOPOJ B 00JIACTAX, OMACHBIX IO
CEHCMHYECKUM SIBJICHUSM, BOOOIIE HE HCCIEAOBAaH, XOTA U SABIAETCA BECbMa
BAJKHBIM.
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OpHako BOMPOC O BIMAHUU (DAKTOpa BPEMEHH Ha HaNpsHKEHHOE COCTOSHUE
MacCHBa IOPOJ UMEET €LIC U IPYroe 3HaYCHUeE.

DOKCHEPUMEHTAIIBHO YCTAHOBIIEHO, YTO BCE MOPOJABI B TOM MJIM MHOM CTENEHH
00J1a/1at0T CBOMCTBOM IOJI3YyYECTH.

IToponbl, HaXOASICH JOJITUH NTEPUO BPEMEHHU MO HANPSKEHUEM, KOMIIOHEHTBI
KOTOpPOTO 10 BEJIMYMHE OBUIM pa3Hble, B 3aBUCUMOCTU OT XapaKTEPUCTHKU
NOJI3y4eCTH, NPUCYIIEH UM B mIepuosa (pOopMHUpPOBAaHUS JAHHOIO y4acTKa MACCHUBA,
JOJDKHBI ObUIM IIPOSIBUTH CBOMCTBO penakcauuu. [losTomy Bpemst JOKHO ObLIO
CPABHATH UM XOTsI Obl MPUOJIU3UTH IO BETUYMHE KOMIIOHEHTHI HATIPSKEHMUSL.

DKCIEpUMEHTBl U ONBITHI B 00JIACTH M3YUYEHUS] CBOWCTB IOJI3Y4ECTU IOPOL,
Kak OyJeT yKa3aHO HUXKeE, MOATBEPKIAI0T 3TU COOOpaKEHMs, IOKa3bIBasi, YTO TaKOE
BBIPABHUBAHHE HAINPSKEHUHN B JEHCTBUTEIBHOCTH IIPOUCXOIUT.

HakoHel, kak MECTHBIE SIBJIEHUSI MOTYT OKa3bIBaTh BIMSHHUE HA HANPSKEHHOE
COCTOSSHUE MacchBa MOpOA M Takue (aKTOpbl, Kak J[aBJIEHHE Ta30B U BOJ,
HaxXOJSIIMXCS B ITIOpPax U IMyCTOTax MOPOLI.

N3noxxenHsie o0ue cooOpakeHus o (pakTopax M YCIOBHSX, BIHMSIONIMX Ha
dbopMupoBaHUE HANpsHKEHUH, TMO3BOJIAIOT MPUHUTH K  HEKOTOPHIM  OOIMM
MOJIOKEHUSAM, KOTOPBIE B HACTOAILLEE BpPEMsI NPHUHATO CUYUTATh HCXOJIHBIMHU IpHU
OLICHKE HAIIPSHKEHHOT'O COCTOSIHUS HEHAPYIIEHHOT'O MaCcCHUBA TOPHBIX ITOPO.

OCHOBHBIM (paKTOPOM BO BCEX CIIyyasix sIBISIETCS INIyOMHA U TPaBUTALUOHHBIE
CHJIBL.

BnusiHue TEKTOHMYECKHUX CUJI CJIEJOBAJIO Obl YUUTHIBATh AJI1 MACCHBOB TOPHO-
CKJIag4aroro tuna. MIMerTcst OTAENbHbIE NCCIEA0BAHUS HAINIPSKEHHOTO COCTOSIHUSA
TOPHBIX MOPOJ HAa Y4YacTKax, IJie ObUIO 3aMETHO IPOSBICHUE TEKTOHMYECKHX CHIL
HaGntoieHuss 1nokaspIBalOT, YTO B TaKMX YYacTKax XapaKTep HaIpsHKEHHOTO
COCTOSIHMSI MacCHMBa TOpPHBIX IOPOJ 3HAYUTEIBHO OTIMYAETCS OT OOBIYHOTIO,
HauOojee  pacHpOCTPAHEHHOTO  Xapakrepa.  Hampumep,  ropu3oHTalIbHas
COCTABJIAIONIAs HANPSIKEHUS MOYKET B HECKOJIBKO Pa3 MPEBBIIATh BEPTUKAIBHYIO.
OpHako MeTOAbl yueTa BIUSHHUS ATOro (akrtopa, pa3padaTbiBaeMble B HACTOSAIIEE
BpeMsl, IOKA elIe HE MOIYYMIIN IIPAKTHYECKOTO PACIIPOCTPAHEHUS.

Bpewms kak gaxTop, BIUAIOMNN Ha MPOSIBJICHUE CBOMCTBA MOI3y4YeCTH MOPOJI,
HEOOXOMMO yUUTHIBATh BO BCEX CIydasix.

Uro ke KacaeTcsi MECTHBIX SIBJICHUH M CBS3aHHBIX C HMUMM DPacIpeneieHUI
HanpsHKEHUH B OpoJax, TO, OUEBUIHO, YTO X YUUTHIBATh HelenecooOpa3Ho. 31ech
€Ille TAK)KE CJIEyeT UMETh B BUAY, UYTO B CBA3U C IOJI3YYECTHIO IIOPOJ ITH MECTHBIE
SBJICHUSI MOTJIM OBITH U JIOKAJIM30BAHBI.

Tak kak OOBIYHO paccMaTpUBAIOTCA OTHOCHUTEIBHO HEOOJIBIINE YYaCTKU
3€MHOH KOpbI U B T€UEHHE KOPOTKUX IPOMEKYTKOB BPEMEHHU, TO OOIEe COCTOSHUE
IIPUHAMAETCS CTATHYECKUM.

B pesynbraTte moka HampsDKEHHOE COCTOSIHUE HETPOHYTOIO MaccuBa (He
MMEIOLIEr0 SIBHO BBIPAKCHHBIM TOPHO-CKIAAYATBIA XapaKTEp) NPUHUMAETCS Kak
CTaTUYECKOe, pABHOBECHOE, 00BEMHOE O] BIUSIHUEM COOCTBEHHOIO Beca.
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9.2 Hanpmlceﬂﬂoe COCTOSIHUEC HEHAPYIHICHHOI'0 MaCCUBA I'OPHLIX MMOPOJ

JIJ1st O1IeHKH KOMITOHEHTOB HaIpsHKEHUST HEHAPYIIICHHOTO MAacCHBa, UCXOMS W3
W3JI0)KCHHBIX BBIMIEC OOIIUX COOOpaKEHUH, TIOPOIa TPUHUMACTCS KaK OJHOPOIHAS H
W30TPOITHAS Cpefa.

MBEICIIEHHO B MaccHBE Ha TiTyOnHEe H OT MOBEPXHOCTH BBIACISCTCS SIMHUYHBIHA
KyOuk (puc. 9.1), umeronuii pa3mepsl, 0OecreynBarone ero 00beM He MEHEee U He
0oJiee IJIEeMEHTapHOT0 00BheEMA.

0

X
Fa
e
b
£
F 4
—..—.————X——.——-.T
I
Y |
I
I
I
Z=H
I
G, Oy
1 /
ox T =
N P
Gy
O;

Puc. 9.1. Cxema k onpeneneHuto Hanps>)KEHHOTO COCTOSTHUS
HEHapyIIEHHOI'O0 MacCHUBa

st ynoOGcTBa OpUEHTUPOBKA KyOHWKa B MPOCTPAHCTBE MPUHHUMAETCS Takas,
YTO KOMIIOHCHTBI G ,,G, W G, OyAyT ITIaBHBIMI HOPMAJIbHBIMU HAIPSKCHUSIMH.

Torma B oOmeM BUIEe KOMIIOHEHTHI HAIpsDKEHUS OYIyT ONpPeaAessIThCs
CICAYIOITUMHU BBIPKCHUSIMU

6, =YH,0, =6, =L, YH

’ 9.1)
TXy = TXZ = TyZ = 0

I1€ Y — CpedHUui OOBEMHBIH BEC MOPOJ, 3AJErarllMUX BbIIIE PACCMATPUBAEMOIO
KyOuka; A, — KO3(G(UIMEHT TOPU30HTAIBHOTO pacmopa Uil OOKOBOTO JaBJICHUS;
H — rnmyOuHa OT MOBEpXHOCTH.

Baxuenmen XapakTepUCTUKOW HANPSHKEHHOTO COCTOSHUS HEHAPYLIEHHOI'O
MacCHBa MOPOJ SBJISAETCS KOIPPUIMEHT OOKOBOTO MAaBICHUS A,, MMOKAa3bIBAFOIIHI
OTHOILUEHWE  BEJIWYMHBI TOPU3OHTAJIBHONM  COCTABILAIOLICH  HANpsDKEHUA K
BepTHKanbHOW.  OmpeneneHue  3HaA4eHUH  ATOro  KodpQUIMEHTa  JTOJKHO
IPOU3BOJAUTHCS B 3aBUCUMOCTH OT THIIA IIOPOJIBI U OCHOBHBIX €€ CBOMCTB.
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9.3 Onpenesnenne ko3pduureHTa OOKOBOr0 [IaBJIeHHUSI B NPOYHBIX
nopoaax

B HekoTophIX cinyyasx Mopoja MOXKET ObITh MPUHSATONW Kak ympyras cpena.
Torma xoadduimeHT OGOKOBOTO AaBICHUS MOXKET OBITH OMpPENEICH C TMOMOIIBIO
koo dunuenta [lyaccona (monepednoii nedopmaiiyin) U3 CIeaAyOMIEro BEIPAKEHUS:

Ay = P 9.2)

Takoe OIIPCACIICHUC 7\,2 MOJKHO IMOJYYUTDb, UCXOO U3 IIOJIOKCHHA, YTO CYMMa

nedopmarii M0 OJHOW W3 OCeW KyOWKa, MONyJarolIuXxcsl 3a CUeT JeHCTBHS
HaIpPsHKEHUN TI0 BCEM TPEM OCSIM, PaBHA HYJIIO.

3anuiieM 3TO yCI0BUE, IPUHSB 3a POJIOJIBHOE HAMPABJICHUE, COBIAIAONIEE C
JEUCTBUEM O,

3nech E — momyne ynpyrocta; (L — koaddumment [lyaccona.
Vimest B BUIY, 4TO G, =G, W PELIMB NPUBEACHHOE YPABHEHUE OTHOCHTEILHO

O, , IIOJly4YHUM, YTO

[TosTroMy B wuIeanbHO yHOpPyroil mMoOpoje KOMIOHEHTHI HAampsiKeHHs OyayT
ONPENEINATHCS

G, =0, = H. 9.3)

Koadpdunment mnonepeunbix gedopmanuii  (kodddunument Ilyaccona)
m3Mensiercss B npenenax or 0,08 mo 0,5. CoOTBETCTBEHHO KpallHHE BO3MOKHBIC
npeensl n3MeHeHus 3HaueHuii A cocrapisior oT 0,1 go 1. CreayeT moaYepKHyTh,
YTO B COOTBETCTBHH C (PU3MUYECKHM CMBICIOM KO3 (HUIMEHTa V, €r0 3HAYCHUS HE
MOTYT TpeBbImaTh 0,5, mo3ToMy U 3HaueHus K03 duireHTa 60KOBOTo pacrmopa A He
MOTYT OBITH OOJBIE 1. ITO TONOKEHUE UTPACT MPUHIUMHAAIBLHYIO POJIb U JOJIKHO
WCITOJIB30BATHCS TIPU aHAIM3E ¥ HHTEPIIPETAIIUU PE3yJIbTaTOB HATYPHBIX H3MEPEHUH.
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[Ipenensubie 3HaueHus V = 0,5 u A = 1 BhIpakaroT, KaK 3TO CIEAYET W3
dopmyn (9.1) u (0.3), ycnoBue eudpocmamuyecko2o pacnpeoeieHus HanpsajceHull B
MacCHUBE, T. €. TAKOT'O paclpeesieHus], Koraa

6, =6, =0,. (9.4)

['unoTre3a O TUAPOCTATUYECKOM pACIPEICICHUA HANpPSKEHU B MACCHUBE
nopoJ Oblla BIEpBbIE BhICKa3aHa U3BECTHBIM IIBEHIIapCKUM reojioroM A. ['eiimomM BO
BTOopor mosioBuHe XIX B. ['mapoctatmyeckoe HampsKEHHOE COCTOSIHUE SIBIISIETCA
YaCTHBIM CIIy9aeM HAMPSHKEHHOTO COCTOSTHHMS MAacCHBa, BBIpakaemoro (Gopmyiamu
(9.1) u (9.3), 1 MOXKET UMETH MECTO NPU ITJIACTUYECKOM COCTOSSHUU TOPHBIX MOPOJI B
paccMaTpuBaeMoOn TOYKe MaccuBa. [[0 MHEHMIO MHOTMX HCCIIEIOBATENIECH, J1axKe
BeCbMa IMPOYHBIE MOPOJLI MO MEpPE pOCTa TIIYOMHBI W CBSI3aHHOTO C HUM pOCTa
JABJICHHUSI U TEMIIEPATYPhl MTOCTEIIEHHO MEPEXOJAT B IJIACTUYECKOE COCTOSIHUE, TAK
YTO HA JIOCTATOYHO OOJIBIIUX TITyOMHAX pacrpesesieHue Hanps>KeHU npulImKaeTcs
K TUAPOCTATUYECKOMY HE3aBUCHMO OT COCTaBa MOPO/I, ciararonux maccus. OIHAKO
B cCllyyae BEChbMa IMPOYHBIX CKAJIBHBIX MOPOJ 3TU TIYOMHBI UCUYHUCIAIOTCS, IO-
BUJIUMOMY, JIECATKAMU KHJIOMETPOB, T.€. 3HAUUTENBHO OOJbIIEe TIyOUH, pearbHO
JTOCTHXKUMBIX TIPU TOPHBIX pa3paboTkax. J[Jig Takux ke MopoJ, KaK TJIMHBI, clia0ble
[JIMHUCTBIE M TIeCYaHbI€ CJaHIlbl, KaMEHHbIE COJHU, cladble YIJIHM, CIHOCOOHBIX K
BS3KOIUIACTUYECKOMY TEYEHUIO TIPU CPABHUTEIBHO HEBBICOKMX  Harpy3kKax,
HAIpPSHKEHHOE COCTOSTHME MACCHBOB ke Ha HEOONBIIMX TIyOMHAX MOXKET OBITH
TUJPOCTATUUYECKUM.

3aMeTUM, 4YTO TMPU CTPOrOM AHAIMTUYECKOM TMOAXOJIE paclpeeseHue
HaIpPsHKEHUH B MACCHBE JOJDKHO BBIPAKATHCS 00JI€€ CIIOKHBIMHA 3aKOHOMEPHOCTSIMH,
YUUTHIBAIOMINMU KpUBU3HY 3eMiu. OIHAKO Ha TIyOMHAX, JOCTHKUMBIX TOPHBIMU
paboTamu, MOMpaBKa Ha KPUBU3HY HUYTOKHO Maja M Yy4eT €€ He HMeeT
MPAKTUYECKOIO CMBICIIA.

MaccuB TOpHBIX TOpPOJ ClAraercsi, Kak NpaBUJIO, CIOSMH PA3TUYHOM
mI0THOCTH (00BeMHOro Beca). [loatomy dopmynsl (14.1) u (14.3) B Haubomee
o0111eM CiTydae MacCHBOB, CIIOKEHHBIX YEepPEAYIOIUMHUCS Pa3sHOBUAHOCTSIMHU MOPOJ] C
Pa3IMYHBIMU 3HAYEHUSIMU 00bEMHOT0 BeCa, IPUHUMAIOT BUJI

G, z"'Yihi;
Oy =0y = &:Zy;h; [’

9.5)

rae Y; — 00beMHbIH Bec i-ro cios nopox; h; — tommuHa i-ro cios.

3ameThM, YTO 3HAYCHHs] PEAKTUBHBIX OOKOBBIX HANPSKCHUA O, U G, 3aBUCST
oT ko3 dureHTa GOKOBOrO pacropa A; paccMaTpUBAEMOrO i-I'O CJIOS HE3aBHCHUMO
oT k03 dunmeHtoB A;_;, A; , ¥ T.JI. BhIIIeIeKaumMX cioeB. Takum o0pa3om, B TOM
cly4ae, €CIM MacCHMB CJOXEH BeChbMa pPa3HOPOJHBIMH  CJIOSMH  ITOPOJ,
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KOA(pGUIIUEHTHl TOMEPEUHbIX JedopMaluii vV KOTOPBIX CYIIECTBEHHO pPa3iIHyHBI,
HanpsokeHne O, OyJeT MOHOTOHHO BO3pacTaTh IO MEPe pocTa TIIyOMHBI,

HAIPSDKCHUS XK€ G, U O, TPH OOLIeH TSHACHIMH K BO3PACTaHUIO C ITyOMHON MOTyT

Ipu Tepexofie OT cosi ¢ OONbIIMM K CJIOK C MEHBIIMM 3HA4YCHUEM V (|
COOTBETCTBEHHO A ) Ja)K€ YMEHBIIATHCH.

Beimie MbI mosjaranu, 4To aKTUBHAsI TPaBUTAIIMOHHAS COCTABJISIONIAsl OOIIETO
MOJIsi HANpsDKEHWM BepTUKaJbHA. B JIEUCTBUTENBLHOCTHM 3TO HE BCErja Tak.
HepaBHoMepHOE  pacmpeneneHue MacC B TOPU3OHTAJIBbHOM  MJIOCKOCTH,
00yCIIOBJIEHHOE U3MEHEHUSIMU pelibedha 3eMHOM MTOBEPXHOCTH (HANpUMEp, HATMYUEM
rop M KOTJOBHUH), & TaKXKE€ H3MEHEHUSIMU IIJIOTHOCTA TMOPOJ B TOPU3OHTAIBHBIX
SIUIIOCKOCTSIX, BHOCUT aHOMAJIUM, MPUBOIAIINE K TEM WJIM HHBIM OTKJIOHECHUSIM
AKTUBHOM T'PAaBUTALIMOHHOW COCTaBIAIOLIEH o, OT BepTUKaIH. OTKIOHEHUS 3TH
OOBIYHO HE TPEBBINIAIOT HECKOJBKUX TPAAyCOB, B PEIKUX CIIydasX IOCTHUTas
(10...15)°.  OtkJoHEHHS] OOYCIOBIMBAIOTCS TaKX€ HAKJIOHHBIM  3aJIeTAaHUEM
YEepEeayIOMMNXCS CJIOEB Pa3IMYHON IIJIOTHOCTH, CKJIAI4aTOCThIO M HEPABHOMEPHOMU
MOIIHOCTBIO PA3JUYHBIX CJIOEB MOPO/I, CIAraroIIuX MAaCCUBHI.

9.4. Ko dumueHT 60KOBOT0 JaBJIEHHS B CHIIIyYHX MOPOIAX

Ceimyyas mopojia B HEKOTOPBIX CIIy4asX MOKET CUUTaThCs oOOJajarolien
TobKO TpeHueM (@ #0, c=0).

[TpuHSB 3TO yClIOBHE, MOKHO ONPEACIUTh 3HaUeHUE KO3 PumeHTa 60KOBOro
JaBJIeHUs (TOPU30HTAIBHOIO pacropa) U3 CIeAyIOIIEro BbIpaXKeHUs

0
290 -0

1 —si
A, =tg o, um K2=ﬂ

—. (9.6)
1+ sin@

[IpuBeneHHoe BbIpaKEHUE IS HAXOXIAEHUS Ko3(dduimenta OOKOBOTO
JaBJICHNS MOKHO IOJyYUTh U3 3a/1a4l 00 aKTUBHOM JaBJICHUU MJI€ATBbHO ChIITy4Yel
IOPOJBL.

PaccMoTpuM 3Ty 3ajmady, uMes €lle B BHJy, YTO 3THUM pEIICHHEM BOOOIIE
4acTO MOJIB3YKOTCS B MEXAHUKE TOPHBIX MOPOI.

IIpencraBuM, 4TO UMEETCS MACCUB, CIIOKEHHBIN NCAIbHO CBHITYYEH IMOPOIOH,
XapaKTEPHU3YIOMIEICS yIJIOM BHYTPEHHErO TPEHHS (® U OOBEMHBIM BECOM .
I'mybuny ot nmoeepxHoctu npumeM H (puc. 9.2), a mupuHy (NeprneHIuKyIsspHO K
IJTIOCKOCTH CXEMBbI) — PABHOM €IMHUILIE.
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Puc. 9.2. Cxemsl k 3a71a4e 00 aKTUBHOM JIaBJICHUU B CHIITy4eil Opojie

MBICIEHHO OTceueM JIeBYIO0 YacTh MaccuBa 1o rmiaockoct AQO, Toraa npusma
ABO 3a cyeT cBOEro Beca HaYHET CIOJI3aTh BHU3.

Ho Tak kak umeeTcsi MaccuB, TO MpU3Ma OyAeT HaXOAUTHCS B MPEEIbHOM
COCTOSIHMM U MTOATOMY OKa3bIBaTh JIaBJIEHUE HA MBICJIICHHYIO IIIOCKOCTh AQ.

PaBHONIEHCTBYIONIYIO JaBJICHHS CIION3AIOMIEH MPU3MBI, KOTOPOE Ha3bIBACTCS
AKMUBHbIM 0asleHueM ChITyder mopobl, 0003HaUUM D,

[IpumeM Kkak HEKOTOpOE MJOMYIICHWUE, YTO MPU CIOA3aHUA TPU3MBI TIO
miockocth AO TpeHue OTCcyTcTBYyeT. Yron ® HakioHa minockoctd OB mpusmel
JOJDKEH OMPEACIUTHhCS W3 YCIOBHUS, 4YTO OyAeT CIoi3aTh HAuMOOJBIINN 00BheM
MOpOABI, T. €. CUUTAsl, YTO JalbHEHIIee yBennueHne yria ® mpuBeneT K TOMy, YTO
4acTh TOPOABI 3a cueT TpeHusi mo 1iockoctn OB yke He OyneT HaxOIWUThCS B
MIPEICITEHOM COCTOSTHHH.

O003HaYMM BEC CHOJ3AI0MIEN MpU3MBbI Q, @ paBHOIEHCTBYIOILYIO JaBJICHUS Ha
HAKJIOHHYIO TIOCKOCTh R.

[IpenenbHOE COCTOSHUE MPU3MBI OYIET ONPEEIATHCS CIAEAYIOUIUM YCIOBHEM

T=N":1tq0,

rne T — ycunuwe, casurampmee Ipu3My BHHM3; N — HOpPMajbHOE YCHUIIME,
IPWKUMAKONIEe MPU3MYy K HAKJIOHHOW IUIOCKOCTH; ( — YIOJI BHYTPEHHETO TPEHHS
HIOPOBI.

[ToaTomy yron Mmexay HampasieHueM aeiictBus cui Q u R Oyzner pasen O —
Q.

IIpr3ma HaxoauTCS B PaBHOBECHH, MO3TOMY MOKHO HAIMCaTh U3 CUJIIOBOTO
TPEYTOJbHUKA

01051
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2
H-H: ctq® H
Dy =7 1(0 - @) = T~ ctq® - tq(© — 9). (9.7)

I[JI}I HaXO0XKICHUA YCIOBHA MAKCHMYyMa OIIPCACIIMM IICPBYIO IIPOU3BOAHYIO
MOCJICAHCTO BBIPAXKCHUA U ITPUPABHACM €€ HYJIHO

tq®@  tq(®-9)

2 2 2
dD +H _ cos (®-09) cos O
d® 2

=0.

2
tqe ©
[Tocne mpeobpazoBanus OyaeM UMEThH YCIOBUE MaKCUMyMa

0
~ 9 +o9o
—2 )

® (9.8)

[ToncraBuB s3T0 ycnoBue B BblpaxkeHue (14.7), momyuum ¢opmyny ams
ONpEIEICHUS BEIUYMHBI PABHOACHUCTBYIOIIEH AKTUBHOIO AABJICHUS CIIOJ3AOLICH
IIPU3MBbI HA MBICJIEHHYIO CTEHKY I1yOnHoi H

2 0

YH 290 +0

D, = t .
aAKK 2 q 2

9.9)

Jlis HaXOXICHHUS JaBJIEHUS Ha €OUHMILY IJIOUIaJWd CTEHKH WM BEIUYUHY
TOPU30HTAIFHON COCTaBISIIOUICH HampsbkeHus Ha riayomHe H oT moBepxHOCTH
HeoOxoauMo auddepeHunpoBaTs 3HaueHue D, mo H

0
dD 290 +
p, =" =qHtq — %

= T (9.10)

Tak kak <YH ectb G, T.. BepTHKaJbHas COCTaBJAIOIIAs HANpsOKCHUS Ha
riyoune H, To MoxHO 3anucartb

0
290 +0
2 b

YTO W MPUBOJUT K JH000H hopme Boipaxkenus (14.4).

YucTele NECKW XapaKTepU3YITCs yriioM BHYyTpeHHero TpeHus 30...35°,
no3ToMy Ko3(PuIMeHT G0KOBOTO NaBlEHHUS B UICAIBHO CHIMy4ei mopojae OyIeT B
CPEIHEM OIPENEIIATHCS

62 = Gltq
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A, = 0,27 -0,33.

Koaddunrentsl OGOKOBOro aBiCHUS, IOJYYEHHbIE HKCIEPUMEHTAIbHBIM
MyTeM, ISl peasIbHBIX TPYHTOB, 00J1a4aI0MIUX HE TOJBKO TPEHHUEM, HO U CLICTUICHUEM,
1o gaHHbIM TIpod. H.A. [{pITOBHYA UMEIOT CIIEAYIOIINE 3HAYCHUS:

necku — (0,35...0,41); cyrnmuaku —( 0,50...0,70); riunsl — (0,70...0,74).
KonTpoabHbIe BONPOCHI

1. Kakoif MaccuB TOPHBIX MOPOJ Ha3bIBAIOT HEHAPYIIICHHBIM ?

2. Kakue cuiibl BBI3BIBAIOT HAMPSDKEHUS B HEHAPYIIEHHOM FOPHOM MaccuBe?
3. Uto takoe ko3 uimeHT 60koBoro pacmnopa?

4. Yemy paBeH kod(hduiimeHT 60KOBOTO pacmopa sl ypyrou cpeibl’?

5. UeMy paBeH K03 GUITUEHT OOKOBOTO pactopa sl ChIy4eit cpeapl?

10. YUCJIEHHBIE METO/IbI B 'EOMEXAHUKE

10.1. O6mme cBegeHud

MaccuBsl rOpHBIX MOpOJ (ropHasi BeIpaOOTKA, KPOBIIA, LEJIMK, CTBOJ U T.[.)
ABIJIAFOTCS TPEXMEPHBIMU CUCTEMAMH, COCTOSIIHE W3 CJIOEB AHU3OTPOIHBIX MOPOL,
KOTOPBIE MOTYT MMEThH IEPEMEHHBIE TOJILIHHY, BHEIIHIOK HArPy3Ky M pa3jIn4yHbIE
TPaHUYHBIE YCIOBUS.

OueHuM BO3MOYKHOCTh NPUMEHEHUST HEKOTOPBIX M3BECTHBIX METOJIOB K
UCCIICIOBAaHUIO MX HAIMPSKEHHO-AE(POPMHUPYEMOr0 COCTOSHUS KaK MHOTOCIOMHBIX
TOJICTBIX IUIACTHH (IUIMT) C YYETOM IIOIEPEYHOIO CIBHUIa (BIMSHHUEM NONEPEYHBIX
cHn).

Tor ¢akr, 4To Ha OJHMX KpasX MAacCHBa TOPHBIX MOPOJ (TUIMTHI) 3aJaHbI
NEpEeMEIIEHMs, a Ha IPYTUuX YCWINs, AENaeT 3aJauy CMeUlaHHOM. 3afgaun o0 u3ruoe
IUIUTBl CO CMEIIAHHBIMHM YCJIOBHUSIMU OIMPAHUS CIIO)KHEE OOBIYHBIX, IIOITOMY, B
OoOMpPHOHN JUTEepaType O IacTHHax (000JI0YKaxX) MMEETCS CPAaBHUTENBHO MaJlo
paboT, NOCBSIIEHHBIX U3TU0Y /1a)ke OOBIYHBIX OJHOCIOWHBIX IJIACTHH (000JI0UEK) CO
CMELIaHHBIMU KPacBbIMH YCIIOBUSAMU.

B o0mem ciydae, korga *ecTKOCTb — (PYHKLIMSI KOOPAMHAT U OTCYTCTBYET
cBOOOHOE ONUpaHKe Ha MPOTUBOMOJIOKHBIX KpasiX, CII0KHOCTh AU(PepeHInanbHbIX
paspemaronux ypasHeHut (13.26) u rpannynbix ycnoBuit (13.25), npuBeeHHBIX B
pazzene 13, BBIHYXIAaeT IPUMEHATh IPUOIHKEHHBIE METO/IBI.

OnHuM W3 HIMPOKO HCIOJIb3YEMBIX UYHCIEHHBIX METOJOB PEIICHUS KpPaeBbIX
3a/1a4 SIBISIETCSI METOJ CETOK, HECMOTPSI Ha IIPOCTOTY U BO3MOKHOCTH IIPUMEHEHUS
ero K miuacTuHaMm (000JI0UKaM) C MPOU3BOJBHOM TOJIIMHON MPHU JIIOOBIX YCIOBHSIX
KpEIUIEHUs U Harpy3ke, (pakTUUeCKH B TaKUX 3aJladax MCHOJb3YeTCs PENKO, TaK Kak
T depeHINaTBbHOE YPaBHEHUE PAaBHOBECHSI UMEET NMEPEMEHHbIE KOA(P(ULUEHTH U
I1ar CETKU JAOJDKEH ObITh MEHBIIE, UeM IIPU MOCTOSHHBIX TOJIIUHE U HArpy3Ke, a TeEM
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0ojee mpu ydyere aHU30TPOIHOCTH CHAEB M IMONEPEYHOrO CIABUTA, TO 3HAYUTEIBHO
YBEIMYUBACTCA  KOJMYECTBO  MOJUICKAIIMX  COCTABICHHUIO U PELICHUIO
anreOpanyecKkux ypaBHeHU. Marpuiia CUCTEMBI TOJIYYaeTCs MI0X0 00YCIOBICHHOM,
00npIION MO 00BEMY, MMEET MO OTJIMYHBIX OT HYJS 3JIEMEHTOB, COCTaBIICHHE
IPOrpaMMBbI YCIIOXKHsIETCS (POpMyTaMu, BHITEKAIOUUMH U3 KPAeBbIX YCIOBUU.

[Io Meromy mpsSMBIX KOHEYHOCTHBIMM PA3HOCTAMHM 3aMEHSIOT YaCTHbIC
IIPOU3BOJIHBIE TOJIBKO IO OJHOMY HampaBieHUI0. [Ipy 3TOM mosydaroT cucreMmy
nudepeHnanbHbIX YpaBHEHUI B OOBIKHOBEHHBIX MPOU3BOJHBIX, OOIEe pelIeHHe
KOTOPBIX MO>XHO HaWTH JUIsi HEKOTOPBIX YACTHBIX CIIy4acB NEPEMEHHBIX TOJIIMH,
Harpy3KH, CJIOUCTOCTH M aHM30TPOIHH TOpHBIX NMOpoA. [lomydnTs TOUHOE pelieHue
cucteMbl nu@depeHInanbHbIX YPAaBHEHUM METOJOM MPSAMBIX MOXKHO TOJBKO MpPH
W3MEHEHHUH TOJIIUHBI U HArPY3KH MO MPOCTHIM 3aKOHAM C YYETOM TOJIBKO U30TPOIUU
cioeB. B obmiem ciayyae 3To cAenath He yAaeTcsl, HO3TOMY JJI OTBICKAHUS PEILICHHS
HEOOXOJMMO HCIIONIb30BaTh OMH M3 YHCIEHHBIX METOJIOB MHTEerpupoBaHus. Kpome
TOTO, HEIOCTATKOM METOJa NPSIMBIX SBISETCI HEOOXOAMMOCTb COCTAaBJICHHUS H
pelieHus: aaredpanyecKux ypaBHEHUH AJisl yIOBICTBOPEHUS KPACBBIM YCIOBHUSM Ha
IPOTHUBOIIOJOXKHBIX Kpasx IUIACTUHBI (000JOYKHM) MpH JIOOBIX cHocodax ux
3aKpEIICHUs.

[To meTtony KoJuloKauil mporuObl IIIACTUHBI (0OOJOYKH, MPEACTABISIOTCS B
BUJIE KOHEUHOTO psfa 3aJaHHbIX (YHKIUNA, YMHOXXEHHBIX Ha mapamerpsl. [l
BBIYKCIICHUSI [apaMETPOB CTPOMUTCS CHUCTeMa alreOpandyecKux YpaBHEHHH U3
YCJIOBUHM, YTO YpPaBHEHHUS U TPAHUYHBIC YCJIOBHUS YIOBIETBOPSIOTCS B PSAEC TOYEK
miacTUHbl  (00070ukK). MeTos KOIOKAlMM JaeT XOpOUIME pPe3yJbTaThbl, €CIH
3alaHHble  (DYHKIIMM yJIOBJIETBOPSIIOT YpPaBHEHUIO PABHOBECHS M TPAHUYHBIM
ycioBusiM. B o0miem ciiyvae Takue GyHKIMH OA00paTh TPYAHO.

IIpuBeneHHas KpaTkas XapaKTEepPUCTUKA KOHEYHOPA3HOCTHBIX METOJIOB
IIOKA3bIBAET, YTO NPUMEHEHHE UX JUJIS PACYETAa MACCUBOB F'OPHBIX ITOPOJ, B IPUHIIUIIE
BO3MO>KHO, HO JUIsl pPEIICHUS IJIOCKUX 33/1a4.

bosmee pacnpocTpaHeHHBIMM B HACTOSALIEE BpeMs IOJIYYWIA MeETOH
KOHe4YHbIX 3jeMeHTOB (MKD) u Meroa rpanmunsix 3jemeHToB (MI'D). JIpyroe
Ha3BaHMWE NOCJIEAHETO — METOX rpaHnuyHbiX uHTerpanoB (MI'UM). MHTeHcuBHOE HMX
pa3BUTHE U NMPUMEHEHUE B MPAKTUKE WHKEHEPHBIX PACUYETOB CTAIO BO3MOXKHBIM C
pa3BUTHEM U JOCTYNHOCTBIO BBIUMCIHUTEIBHOW TEXHUKH. B TmocinegHue 1Ba
NecATUIIeTHs. OJjarofapsi MPUMEHEHUI0 3THUX METOJOB CYIIECTBEHHO PACIIMPHUIICS
KJIacC 3a7a4, PEIIaeMbIX B MEXAHUKE TOPHBIX MTOPO/I.

10.2. MeToa KOHEYHBIX DJIEMEHTOB

MeToa KOHEYHBIX AJIEMEHTOB 3aMMCTBOBAaH U3 CTPOUTEIBHOM MEXaHUKHU. Ero
CYTh 3aKJIFOYAETCS B CIEAYIOILIEM.
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N3 OeckOHEYHOro MacCuBa BBIIESETCS HEKOTOpas HMHTEpecyrolas Hac
o0JacTh, HaPUMEp, B OKPECTHOCTH MOJUIEkKAIICH U3YUSHHIO BBIPAOOTKH (pUC. a).

a)
Y J l ‘ q,=yH ©
S
t
Fy
I
u >
V
0 X

Puc.10.1. KoneunosnemeHTHas allIpOKCUMAIUS UCCIeayeMon obmacTu (a)

U €€ MPOU3BOJIbHBIN i-bIi 371EMEHT (0)

JleiictBue  OTOpOLIEHHOW  4YacTM  MaccHBa  3aMEHSIEM  YCHIIMSIMH,
IPUIIOKEHHBIMU Ha TpaHUIlE 00JIacTH:

6, =—YH; G, =—AYH.

Bcs uccnenyemass o6macTh aenuTcs Ha 1MOA00JACTH, JOCTaTOYHO MallbIe,
4TOOBI CUUTATh BHYTPU UX CPEeAy OJHOPOAHOMN U m3oTporHoi (puc.10.1,0). [Toatomy
CBOMCTBA cpeibl B KaXJOW M3 MOA00JACTeH OMHMCBHIBAIOTCS MOCTOSHHBIMU (IS
JAHHOW TMO00IaCTH) XapakTepucTukamu: E, W, Y. OTH 1moao0JacTd Ha3bIBAIOTCS
KOHEYHbIMHU 3JjieMeHTamMu. OHU B3aUMOJICHCTBYIOT APYT C JPYyroM B y3Jiax depe3
y3J0Bble CHJIBI — F U y3jioBble mepeMenieHust . B TakoM Buae ucciemayemas
00J1acTh MOJI00HA HEKOTOPOU CTepkHEBOM cucteMe. CoolIias 0OJHOMY Y3y YCHIIHE
WJIY TIEpEMEILICHUE, TTOYYUM OTKJIMK BO BCEM CUCTEME, B KAXKJIOM U3 €€ Y3JIOB.

OnHako, OCHOBHas M€ METOJa 3aKJIKYaeTcsi B TOM, YTO IEPEMELICHUS
BHYTPEHHHUX TOYEK KaKIOrO dJEMEHTa (BEKTOp O C KOMIIOHEHTaMH (IIPOEKIIUSIMHU)
{8}={U, V}) cBsi3bIBatOTCS C EpeMEIICHUAMHE y3JI0B (BEKTOPOM O, ¢ KOMIIOHEHTAMU
{8}, =15,,8,.8,}={U,.V,,U,,V,,U,,V.,}). Dra cBasp BbIpaxkaercs HEKOTOPOii
dyHKIMEH, KoTopas Ha3biBaeMoi (pyHKuMel (popmbl.
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{8}, = o5}, (10.1)

Ee Hagmo momoOparh Tak, 4TOOBI YJIOBIETBOPUTH TPAHUYHBIM YCIIOBUSM Ha
KOHTYpE »dJIEMEHTa U COOJIIOCTH YCJIOBHE Hepas3phlBHOCTH nedopmaruit (9.33).
Hawnbonee mpocTo momydnuTh 3Ty QYHKIIUIO JJIT KOHEYHOTO 3JIEMEHTa TPEYTOIbHOM
dbopmbl. MIMeHHO MOATOMY 4dalmie BCETro HCCIeAyeMyko 00JlacThb pa30MBarOT Ha

KOHEYHBIE DJIEMEHTHI TPEYTOJIbHOU (DOPMBI.
KoMIioHeHTBI BEKTOpa epeMeNIeHUI TPOU3BOJILHON BHYTPEHHENW TOUKH
(puc. 15.2) cBA3BIBAIOT C KOMIIOHEHTAMHU BEKTOPA MIEPEMEIICHUM Y3710B (TI0IpOOHBIN BBIBOJ
OITyCKaeM):

1 -
Up =" _(ar +b,x + Cry)”r + (aS +bgx+ cSy)MS + (at +byx + cty)ut],
28
(10.2)
1 -
Ve = _(ar +b,x + cry)vr + (aS + be + cSy)vS + (at +byx + cty)vt],
28
rae
a, = XY - XY, b, =V,-V, ¢ = X - X,.
a;= XY, - X, Y, by=V-V, ¢ =X, - X
Q= Xrys - Xsyr, bt :yr - ys, C = Xs - Xr-

3nechk — X, Y5, Xi, Yo, Xi, Y, KOOPJAMHATHI Y3JIOB 3JIEMEHTOB, S — IUIOIIA/Ib
TPEYTroJIbHOTO 3JIEMEHTA, ONpeIessieMas CISAYIOIEeH MaTpULICH:

Y | i T
lUr US 1 X’,. Yr
[ \Lr Vs 1
yr | rf S S =—|1 XS YS
| u 2
YE——F N ¢
: | 1 X p Yt
I
: : t‘Ut [TockonbKy MBI HMMEEM [el0 C
Ve | | Vi BEKTOPHBIMHU BEJMYMHAMU, BCE
| : | COOTHOIICHHS U Jaliee YJ0OHO 3amucarh
0 )I(r X ;t < B MarpuuHoii ¢opme. C BEKTOpOM

HCpCMCIHCHI/Iﬁ CBA3BIBAIOT BCKTOpD

Puc.10.2. K onpeaenenuto BekTopa .
nedopmarmii:

MEPEMEIIEHU I TTPOU3BOJILHOU
BHVTDEHHEN
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{e}=B{3},, (10.3)

rjae B — koopauHaTHas maTtpuiia. OHa onpeaesieTcs: CAeayIUM 00pa3oM:

by 0 by 0 b 0
B=—0 ¢ 0 cg 0 ¢; | (10.4)

cr by cg bg ¢; by

JHaiee, ucnonp3ys MaTpully yrpyrocTtu

I-u nw O
E
D= p I-p 0 : 10.5
(L p)1-2u) (10
0 0 (1-2u)/2
nepexoz(;[T K HaHp}DKeHI/IHMZ ) )
{o}=D{e}= DB {5},. (10.6)

rne B' — TpancnonupoBanHas Matpuna B. IlocieHee paBeHCTBO — HE YTO HHOE, KaK
3aKOH ['yka B MAaTpUYHOM BHUJE.

[locTaBnennast 3agaya OyAeT pelleHa, eciu OyAyT M3BECTHBI MEepEeMEIICHUs
y3JIOB MOJ JEUCTBUEM IMPUIIOKEHHOM HArpy3ku. A OHH, KOHEYHO, CBSI3aHbI C
YCHIIMSIMU B Y371aX, T.€. C BEKTOPOM {F }e. DTa CBS3b BBITEKAET M3 YCIOBHS: paboTa

Y3JI0OBBIX CHJI TIO TIEPEMEIICHUIO Y3JIOB JOJKHA OBITh paBHA pab0oTe BHYTPEHHHUX CHUII,
T.€. HApsDKeHUM. /711 TpeyroiapHOro 3J1eMEHTa 3TO YCIOBHE J1a€T ypaBHEHUE:

{F}, =[k],{3},. (10.7)
3nech [k]e — TaK Ha3bIBaeMas MaTpHIla >KECTKOCTH OJJIEMEHTa, OoOpa3oBaHHas
CIEAYIOIIUM 00pa3oM:

k], :iBTDB, (10.8)

28
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Ha stom HOATrOTOBUTC/IbHAA pa60Ta 3aKaH4YNBacCTCA.

CaMbIM TJaBHBIM 3TallOM CO3JIaHUS KOHEYHO-3JIEMEHTHONW MOJETH SIBISCTCS
MOCTPOCHUE ISl BCEH CHUCTEMBbI 0000IIEHHOH MATPHIbI KECTKOCTH, B KOTOPYIO
BXOJAT JKECTKOCTH KaXJoro osiemMeHTa. Ilpu 3TOM Bce BHEUIHHE Harpys3Kku
NpUBEACHBI K y310BbIM cuiiaM. Hampumep, Ha puc. 10.3 moka3aHo, Kak MaccoBas
cuna P, nedcTByiomas B LEHTPE TSDKECTH AJIEMEHTa, a TakKe paclpeaeiieHHas
Harpyska g MpUBOJSATCS K CUCTEME Y3JIOBBIX CHII.

JUist TUHEHHBIX 3a/1a4 CIpaBeUIMB MPHHLUI cyneprno3uiuu. M3 MHoXkecTBa
BEKTOpOB {F }e u {8}, dopmupyercs oGobmenHbIii BekTop cun {F} u BekTOp

nepeMelnenuii y3aoB {U }, KoTopble CBSI3aHBI MLy COOO0il paBEHCTBOM:

{F}=K {U}. (10.9)
a) 6)
Y
0
X )
B) P/3
P/3 R,
-
P/3 M
Ry R

Puc. 10.3. Ilpumepsl mHpuUBEACHUS HArPpy30K K CTATUCTUYECKH HKBHUBAJICHTHOU
CUCTEME Y3JIOBBIX CHJI: a) — pacnpeicsi€HHas Harpyska, JeHCTByolas Ha
ucclieayemMyro 001acTh; 0) — 3aMeHa pacnpeieIeHHOW Harpy3Ku ¢ y3J0BBIMU CHIIAMHU
F.. n F; B) — pa3lIoO)X€HUE CHUJIbI TSHKECTH P Ha cuUCTEMy Y3JOBBIX CWI; T) —
pasnoxenue y310Bou cuiibl R Ha cocrasisomue R, 1 R,

(F}=K {U}. (10.9)

3,IICCL K- O606HICHH8,}I MaTpula )KECTKOCTU CUCTCMBI, 3JICMCHTAMHU KOTOpOﬁ
ABJAOTCA MATPHUILBI JKCCTKOCTU KAKIAOT'0O KOHCYHOI'O 3JICMCHTA:



m

m m m
K=Yk Yk Xk Sk,

e=1 e=1 e=1 e=1

"7 () N 7@ " 7, (0) " 7, (0)
szn,l zk2n,2 """ z k2n,j """ z k2n,2nj
e=1 e=1 e=1 e=1 .

DTO paBEHCTBO, 3alIMCAHHOE B MAaTPUUHOM (opMme, MPEeACTaBISIET COO0M
CHUCTEMY JIMHEHNHBIX YPABHECHUM.

UKy +ViK), +U K3+ VoK 4.+ U Ky 5y V5, K00, = Fy
UKy +ViKy + UKoz + Vo Koy + ..+ U, Ky 9y + V0, K50, = Fyy

Y CHETE ALY CHETE JIPY CHETE A 7Y CHEPE PN J /P CHEPMEE A 2 CHEP R Jm
UlKZn,l + Vlen’z + U2K2n’3 + V2K2I’L,4 +...+ U2nK2n’2n_1 + V2I’LK2n,2n = Fyn.
(15.10)

HeunsBecTHBIMH 371€Ch SBJISIOTCS TEPEMEIIECHUST y3JI0B KOHEYHODJIEMEHTHOMN
cerkn {U}. O606menHsIi BekTOp cHI {F} — 3T0 cTON6er cBOGOAHBIX UICHOB B
cucteme ypaBHeHUH. Koa(pQUIIMEHTH NMPU HEU3BECTHBIX - JJIEMEHTHI MATPHUIIBI
KECTKOCTH, KOTOPhIE BKJIIOYAIOT B C€0S KOOPAMHATHI y3JIOB U YIPYTHe KOHCTAHTHI.
Ecnu obnmacte pa3bura Ha m 3IE€MEHTOB, KOTOPBIE COCIUHSIOTCA MEXIY COOOU B 1
y3JaX, TO MBI TOJYYUM CHUCTEMY 21 ypaBHEHHH OTHOCUTEIHHO 271 HEM3BECTHBIX
IIEPEMEILICHNU .

[TomydeHHYI0 CHCTEMY MOXXHO PEIIUTh OJHHM W3 W3BECTHBIX METOOB
(I"aycca, 3eiinens u ap.).

OnpenenuB B pe3ysibTaTe PeHICHUS JJIsI KaKAOro y3ja KOMIIOHEHTHl BEKTOpa
nepeMeNIieHi, yepe3 KOOpAMHATHYI0 MaTpuily B mepexoaum K nedopmanusM B
LIEHTpe TSUKECTH KoHewHoro sneMenTa {€} (10.3), a oT nedopManuii uepe3 MaTpHily
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ynpyroctu D K HanpsokeHusam {0} (10.6). TakuM o6pa3om, IOCTaBIEHHAs 3a71a4a

pemieHa. B meHTpe KaxXIOro dSiIeMEHTa IIOJIYy4YEHBl 3HAYECHMs IIOJHOIO TEH30pa
HanpspKeHuH, nedopManuii, mepeMerieHun.

Jl71st TOro, 4To0BI MONYYUTh TOCTATOYHO TOYHOE pacipe/iesieHue HampsHKeHHH
BOJIM3U BBIPAOOTKH, KOHEUHBIE AJIIEMEHTBl HY>KHO JIeJaTh MEJIKUMHU, CJIEI0BATENbHO,
ux Oyner MHOro. J[js KaXkJ10ro 3JeMeHTa Hy)KHO c)OpMHUPOBATH HECKOJIBKO MAaTpHII,
KOTOPbIE TIOTOM CJIMBAIOTCS B OOIIYIO MaTPHUILYy KECTKOCTH, T.€. HY’)KHO (hOPMHUPOBATH
Oonpive MaccuBbl yucen. s 3Toro HeoOXoauM OOJbIIOW 00BEM ONepaTHBHOU
namsitu [I9BM. Jlng Takoil CUMMETPUYHOM 3aJaud JOCTAaTOYHO PACCMOTPETH
YeTBEpTh 00JaCTH, 3aKpENHUB KECTKO JIUHUU cuMMmeTpuu. M3 cyiiecTtBa Merojaa
BBITEKAKOT €r0 OTrPOMHBIE BO3MOXHOCTH JJIi MAaT€MaTUYECKOTO MOJICIUPOBAHUSA
pa3NMYHbIX HeoqHOpoAHOCTEU. [1o CyTH, N7 Ka)XXI0ro 3JIeMeHTa MOKHO 33]1aTh CBOU
CBOMCTBA, MpaBJa TOJIbKO yIpyrue. B 4acTHOCTH, JIETKO MOJENUPYETCS CIOUCTOCTD.
MOXHO HMUTHPOBATh 30HY pPa3pyLWICHHBIX MOPOJA, 334aB COOTBETCTBYIOIIHE
(MEeHbIIME) 3HAYEHUS MOMIYJS YIPYroCTH, WIM HAOOOPOT, Yy4YeCTh HAIH4YUC
HEKOTOpBIX Oojiee JKeCTKuX dieMeHToB. Hampumep, Ha puc. 10.4 mokazaHo
pacrnpejieliecHde HamnpsbKeHUM BOKPYT  BBIPAOOTKM C  AHKEPHBIM  KPEILJICHUEM.
Mertainmnueckue aHKEpbl MOJICIMPOBAIUCh IIYTEM BBEICHHS AJIEMEHTOB C MOIYJIEM
yaopyroctu ¥ ko3ddumuentom  Ilyaccona, paBHBIMH  COOTBETCTBYIOIIUM
XapaKTEPUCTUKAM CTaJIH, U 3a/IaHUsI OCOOBIX TPAHUYHBIX YCIOBUH.

Puc.10.4. Kaptuna pacnpeeneHus BEIUYUHbBI G,/R,. B OKPECTHOCTH BHIPAOOTKH
IIPU YCTAHOBKE 7/ aHKEPOB
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HMeroTcs TMLIEH3UPOBaHHbIE MPOrpaMMHBIE MPOAYKTHI, peanusyromue MKO
JUIS pa3iMyHBIX 3a7ad MexXaHuku. OHU 00JaJaloT MIMPOKHUMH BO3MOXKHOCTSMHU H
MOIIHBIM uHTepdeiicom. B HanmonansHOM ropHOM yHHUBEpCHUTETE pa3pabOTaHbI
COOCTBEHHBIE BEPCUU BBIYMCIHMTENIBHBIX IPOrpaMM y4eOHOIO M UCCIEA0BATEIBCKOTO
nnaHa. K HacTosmemMy MOMEHTY Ha HMX OCHOBE IIOJy4€HO MHOIO PpELICHUHN
pa3IMYHBIX F€OMEXaHUYECKHUX 3anad. [Ipudem, He TOJIBKO B YIIPYroil IOCTAHOBKE U
HE TOJIBKO JUIsl ABYMEPHOM (TJIOCKOM) 001acTH.

TouHO Takke MOXKHO pa3OUTh Ha MOJOOJACTH U HEKOTOPYIO TPEXMEPHYIO
ob6nacte. ToONBKO KOHEYHBIMU DJIIEMEHTAMH OyayT YyXKe He TpEeyroJbHUKHU, a,
Hanpumep, Terpadapbl (puc. 10.5). KoHeuHO, B 3TOM ciydae CBS3b MEXIY
NepeMENICHUSIMU BHYTPEHHEH TOYKHM AJIEMEHTa W TMEePEeMEIICHUSMH Y3J0B Oyner
uMeTh Ooiiee clokHyto Qopmy. ['opazno OonblIyi0 pa3MepHOCTb OyAeT HUMETh
MaTpHIla >KECTKOCTH cHucTeMbl. [loTpeOyercs Oosbliass omepaTHBHAS MaMSITh
MalIlUHBI.
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Puc.10.5. Annpokcumanus ucciaeayeMoi 00JacTi KOHEYHBIMU 3JIEMEHTaMU-
TeTpa’ipaMu

P 33pa6OTaHbI AJITOPHUTMBI M JIsI PCHICHUA 3aa4d, B KOTOPLIX CBA3b MCIKIAY
HAIllPpSOKCHUAMHA U I[C(I)OpMaHI/I}IMI/I OTIIM4YacTCsA OT 3aKOHa FYKa, ABJIACTCSA
HEJInHEHHOH. B aToM ClIydac pCHICHUC CTPOUTCA KaK IMOCICAOBATCIIbHOCTD YIIPYTIUX
pCHICHI/II‘/'I. I[JI}I 9TOTO HCO6XO,Z[I/IMO HMCTb [JBC OKCIICPUMCHTAJIbHBIC KPHUBBIC
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nedopMupoBaHusl Marepuana «G—€» U «G; —€;», TAe C;, §E;

; - COOTBETCTBEHHO

WHTEHCUBHOCTb HanpspkeHui u aedopmanuii (puc. 10.6).
[TocnenoBaTenbHOCTD peIICHUS TakoBa. Ha «HyIeBOM» I1are ocyuiecTBIISIETCS

Ypyroc pCucHuc. Ecmm xoTs ObI B OAHOM JJICMCHTC MHTCHCHBHOCTD HaHpH)KCHI/Iﬁ
MMpeBOCXOOAUT IIPCACIT TCKYUCCTH MHIIM PACUCTHAA TOYKaA (6,8) HC JICKHUT Ha

DKCIEPUMEHTAIBHOW KPUBOW, TO PACYET IOBTOPSAETCS IPU HOBBIX, YTOYHEHHBIX,

3HAYEHUAX NPUBEAEHHBIX Moayael E', W G s aToro sjnemenra.

Puc. 10.6. CxemaTnyeckas 3aBUCUMOCTb MEXKAY HAIPSKCHUSIMU U
nedopmalrsaMu (a) U MHTEHCUBHOCTBIO HANIPSDKEHUM U HHTEHCUBHOCTBIO

nedopmanmii (0)

OTU MOAYJU ONPEIEISIIOTCA 110 KPUBBIM 1eopMUpOoBaHUs IO PopMyiam:

N o_o;
E=2i ¢ =i =S E ©(10.11
& 9i19° Oi,,O e, 2(1+p) (01D
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JUI BBIYMCIIEHHBIX 3HAYEHU O, ©; HAaXOJATCS COOTBETCTBYIOIINE 3HAUCHUS
o, (5;, Jexanime Ha KpHuBBIX AehopmupoBanus. IlociaegHue HCHONB3YHOTCS IS

BBIUKMCIIEHUS HOBBIX 3HaueHnii E’, Y, G'. Bech ynpyruii pacdyer moBTOpPAETCS TaK

70 T€X MOp, MoKa TOYKU (G,E) HE «JIATYT» HA KPUBbIE N€POPMUPOBAHUS C 3aJaHHOU
TOYHOCTBIO.

Ha puc. 10.7 mokazano pacmpeneiieHue HanpsDKEHHM BOKPYT BBIPAOOTKH B
clly4yae «Iy4eHHs» MOPOJ MOYBHI. 3ajadya pelleHa METOJAOM UTEpaluil s ciiydas
NOTEPU YIPYTOIIACTUYECKON YCTOMYMBOCTH MPUKOHTYPHOTO MOPOIHOTO MAaCCHBA.

Puc.10.7. Kaptuna pacnipenenenus HanpspKEHUN Ha KOHTYPE KPYIION
OJIMHOYHOM BHIPAOOTKH MPHU BCITyUYHBAHUU TTOPOJI TOYUBHI

Crnenyer OTMETUTD, YTO OMKCAHHAS BHIIIEC MPOIEAypa PEUICHUS HETWHEWHBIX
3a/1a4 TakkKe TPeOyIoT 00JIBIIOTO 00beMa OTIEPATUBHOM MTAMSITH.

Kcratn, nMeHHO HexBaTKa NaMATH SBISJIACH OJHO BpPEMs CHEPKUBAIOIIAM
dakropom s ucnoap3zoBanus MKD npu nepexone Ha nepcoHaibHbie DBM.

Bo3MokHO, MOATOMY B T€OMEXaHHMKE HWHTEHCHUBHO CTall HCIOJIb30BATHCS
JIPYroM, Takxe oueHb 3((PEKTUBHBIN, YUCICHHBIA METO/ PELICHUs 3a/1a4 MEXaHUKU
nehopMUpPYEMOTO TeJla — METOJT TPAHUYHBIX 3JIEMEHTOB.
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10.3. MeTox rpaHUYHBIX 3J1eMEHTOB

Nnes merona rpaHUYHBIX 3JEMEHTOB 3aKIIOYAETCs B clieayroueM. B teopun
YIPYTOCTH  PELICHBI HEKOTOPHIE
MpOCTBIE  3a/1a4H, HanpuMmep,
u3BecTHas 3agadya KenpBuHA O
JNEUCTBUU COCPENOTOYEHHOW CHIIBI
F B OeckoHEUHOH yIIpyrou cpeje
(puc.15.8).

B  npousBoibHOM  TOYKE
obmactu M (x, y) oOmpeaeseHb
HaIpsDKEHUsT 6 U nepemerueHus U
OT JEUCTBUA OBTOM Ccwibl. B
IIPSMOYTOJIBHOU cucreme

Puc. 10.8. [lelicTBruEe COCPEAOTOYEHHOM  KOOPAMHAT OHU  ONPEIEISIOTCSA

cuiibl F' B OECKOHEUHOH ympyrou cpeine  depe3 HEKOTOPYIO byHKIIHIO

(3amaua KensBuna) KOOpAUHAT TOYKHU u ee
MPOU3BOJHBIE.

1 2, 2\
y)=————Inlx>+y?) . 10.12
g(x,y) =) nle® +2) (10.12)

3nech p — koaddunuent [lyaccona. Beipaxkenus 1yist HAaNpsoKSHWA U
HepEeMEIICHU I UMEIOT BHI:

O = Fx[z(l_u)g’x_xg’xx]-i_ Fy (2ug’y_yg’xx)’
G,y = F(Zp,g,x—xg,yy)+ Fy[2(1—u)g,y—yg,yy], (10.13)
ny = Fx[(l_ 2u)g’y_xg’xx]+ Fy [(1_ 2u)g’x_yg’xy]

F F
=2 [B3-4u)e —xe, |+—2(=ve. ),
u, 2G[( wg —xg..] 2G( Y8s)
F, F
uy=—2G(—xg,y)+—2é[(3—4u)g—yg,y]

MoxHO Y6CI[I/ITLCH, 4TO IIOJIYUYCHHBIC B TAKOM BUIC HAIIPAKCHUSA YAOBICTBOPAIOT
YPaBHCHUAM PABHOBCCHA, a IICPCMCIICHUA — YCIIOBHIO COBMECTHOCTHU

nedopmarmii.
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[IpuBeneHHOE pellleHHE MPEACTaBISIET CO00M MpUMEp TaKk Ha3bIBAEMOTO
CUHTYJISIDHOTO PEIICHUS: HAIMpPSKEHUS W TEPEeMENICHUs Kak (DYHKIMH KOOPAWHAT
TOYKA HENPEpPhIBHBI BCIOJY 32 UCKJIIOYEHHEM Hadajla KOOpAUMHAT (TOYKHU
MPUIIOKEHUS
cunsbl F), Tie OHU HE ONPE/EIIEHBI, T.€. CHHTYJISIPHBI.

Ecniu B OeckoHeuHOM cpene OyayT AEMCTBOBaTH HECKOJBKO COCPEIOTOUYEHHBIX

CWJI, TO pEIIeHHE 3aJa4d O HANpPSDKEHUSAX U TMEepeMENICHUSX B MPOU3BOJIBLHOU

TOYKE CPEIbl MOKHO MOIMYYUTh MeToOM cynepro3unuu (puc. 10.9). BelpaxeHus

JUTSL HAIPSDKEHUH U IepeMeNieHU TpUMyT 0oJiee CIIOKHBIA BUJI, TOCKOJIBKY B HUX
BHECET CBOM «BKJAI» Kaxias U3
JENUCTBYIOLIUX CHIL.

MoXHO TOWUTH Jaibllie W,
WCMOJIB3ysS TOT K€  IPHUHLWII,
MOJYYUTh PELICHUs I Cliydas,
KOrJa YyCWJIAS MNPWIOKEHbI HE K
TOYKaM, a PaBHOMEPHO
pacnpeneneHbl  BIOJb HEKOTOPOIO
OTpe3Ka KOHEYHOM IuHbl (2a) B
OCCKOHEUHO yIpyroMm Tteie (puc.
10.10).

Pemenue npu 9TOM
CYIIECTBEHHO YCIOXKHSETCS.
Hanpsixenus u MepeMeNICHUS
MIPOM3BOJILHOM TOYKH CPEJIbI BEIpaKaroTcs uepe3 QyHKITUIO:

Puc.10.9. [leiicTBHE HECKOIBKUX
COCPEIOTOYEHHBIX CHJI B OECKOHEUHOM

Puc. 10.10. UaTerpupoBanue peueHus
KenbBuHa

a

fley)=[e(x=&,y)dé

—a

NI
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1 y(arctg Y —arctg Y j—(x—a)x
xX—a x+a

f(x’y):_4n(1—u) ><1n\/(x—a)2 + y2 +(x+az)ln\/(x+az)2 = y2 B
1 €€ YacTHbIE MPOM3BO/HbIE:
fx =+m{ln\/(x—a)2 + y2 —ln\/(x+ a)2 + yz},
fy :—m[arctg Y arctgxia}, o5
fxy :+4n(11— [x a)y2+y x+a)y2+y2},
N (]

Hanpskenuss 1 nepeMenieHrss B MPOU3BOJBHOM TOYKE Cpeabl OT JIEUCTBUS
MMOCTOSIHHOTO YCHIIHS P UMEIOT BU/L:

Ox = Pel3=2v)fx% + yfxy |+ Py2vfy + 3fyy )
Gy—Px[—l 2V)fx — Y« ]+Py[ (1- v)f - f”} (10.16)
T)cy:Px[ZI_VfyJF)’]ny]JHDy[l_z\’ fx_yf),éyl

nepeMeIeHUs

— Px — ; i - ):
”x‘E[G 4V)f+yfy]+ 2(;( ) (10.17)

P
ty =)+ 2 (- av)r - or]

B Toukax x=+a dynkmus f(x, y), a, CIeI0BATEIHLHO, U HAMPSIKEHUS, a TAKKE
CBSI3aHHBIE C HUMU NIEPEMEIICHUS], UMEIOT 0COOEHHOCTD (CUHTYJISIPHOCTD).

[IpeacraBuM Temephb, YTO TAKUX OTPE3KOB B OECKOHEYHOM TEJI€ MHOTO, OHU
MPUMBIKAIOT JPYr K JpYyry, oOpasys HEKOTOPYH 3aMKHYTYIO JIOMaHYIO JIMHHUIO.
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Hanpsokenuss B MPOU3BOJIBHOW TOYKE CpEAbl IMOJYYUM, CYMMHPYS BKJIaAbl OT
JNEUCTBUSL YCUIIMUA HA KaXKJIOM M3 3TUX OTPE3KOB. DTOT MPHUHIUIT UCMHOJIb30BaH IS
pelieHrs yKe HM3BECTHOM HaM 3ajaud 00 OJMHOYHOU BBIPAOOTKE B MAaCCHBE,
KOTOPYIO MOXHO MPEACTaBUTh KaK MOJIOCTh B OECKOHEUHOM ynpyrom tene. KoHtyp
ATON TMOJOCTH 3aMEHSETCSl ONHCAHHOM BbIIIE JIOMAHOW U MPEACTABISET COOO0M
HEKOTOpYIO0 rpaHully B ympyroM teine. [loaToMy OTpe3ku JOMaHOM, Ha KOTOPBIX
npuioxeHsl yewnus P;, j=1,N (N — 4uciio OTpe3KOB), Ha3bIBAIOTCS IPAHUYHBIMU

3JjieMeHTaMu. UHCleHHas mpoueaypa 3aKiIio4acTcss B CYMMHUPOBAHUU BKJIAJIOB OT
YCUJINM HA KAXJOM j-M OTPE3KE — TPAHUYHOM 3JIEMEHTE. BiausHue Kaxaoro ycuius
Ha COOTBETCTBYIOIIEM OTPE3KE JAET CUHTYJISIPHOE PELICHUE, KOTOPOE YIOBJIETBOPSET
ypaBHEHHIO paBHOBecus. I[loaTomMy HeT HEoOXOAMMOCTH pa3dbuBaTh 00JacTh Ha
nogobnactu kak B MKD. Jlenutcs Ha 3JeMEHTHI TOJIBKO TpaHHUIla 00JacTH (puc.
10.11).

JIInHa Ka)XJ0ro 3j1eMeHTa — 24d'. BMecTe ¢ r100abHOM CHCTEMOI KOOpJIMHAT
XOY paccmaTpuBaroT ISl KaXJIOrO 3JIEMEHTa JIOKaJbHbIC KOOPJIMHATHI 7, S,
M3MEHSIONIMECS OT TOYKM K Touke. Ha kxaxaom u3 N OTpe3KOB JACHCTBYIOT

nocTosHHble HopManbHoe P, n xacarensnoe P wmanpsxenus. Ha puc. 10.11 ais
IPOCTOTHl TOKa3aHbl TOJIbKO HAMNPSOKEHUS, MPWIOKEHHbIE K j-My OTpPE3Ky H

o6o3nauennsie P/ u P/. B xomeunom urore, kak u B MKD, 3amada cBOAHUTCS K
PELIEHNIO CUCTEMBI JIMHEUHBIX YPABHEHUN:

a) 0)
/
N,---. C
2 X N
\
% X
/74 _,l_l
/
\ "
J \~¢,/

Puc. 10.11. Nnmroctpanust MeToAa TPaHUYHBIX 3JIEMEHTOB JJIsI 3a]1a4 O MOJIOCTH:
a) ¢puzudeckas 3aaaya; 0) YncIeHHAs MOJEb.



N l] ]
j= 1 1
N =L, (10.18)
ol =Y AJS S o z A
=1 =1
J J=
3nech Aéjs, — Tak Ha3bplBaeMbl KOA()(DUIMEHTH BIMSIHHS, CYMMHUPYIOIIUE

BKJIaAbl KAXKJIOTO i-20 yCWIMSA, 3aJaHHOTO Ha j-M DJIEMEHTE IpaHulbl. JleBas 4acTh
YPAaBHEHUM CONEPKUT HANpsDKEHUs (KacaTelIbHbIE W HOPMAJbHBIE), KOTOpbIE

BO3HHMKAIOT B TOUKE Cpeibl 0/ [eiicTBrEM cymMMapHOro BiusHus yeunuit Py u P/

IMPUIOKCHHBIX HAa KAXIOM U3 N OTPC3KOB. HpI/IHHI/Il'II/IaJILHBIM MOMCHTOM, OJHAaKo,
ABJACTCA TO, YTO HCﬁCTBHTCHBHBIC HOPMAJIbBHOC U KAaCATCJIbHOC HAIIPSKCHHUA HA j-]l/l

orpeske He pasHbl P/ u B/ . Jlng xaxmoro rpaHu4HOro sneMeHTa HEOOXOIMMO
pasnouyaTh JBE pasHbIE TPYIIbl HAaNpsKeHWH: mpuiaoxkennbie P/ u B/ u

JIeCTBUTEJIbHbIE Gg, G,‘ZL, KOTOPBIC BBI3BAHLI JICHCTBUEM IMPUITOKCHHBIX

HAIIPSOKEHUH Ha Beex N »aeMeHTax kpuBoit. Bemmuunsl P u P/ B mpasbix wactsx

ypaBHeHu# (10.17) gBistoTCS «(PMKTHBHBIMM». VIX HYKHO ONpPEAEIIUTh TaK, YTOOBI
YAOBJIIETBOPUTH I'PAHUYHBIM YCIOBUSM. PaccMOTprUM 3TH yCIOBUA.

B 3amayax TreoMexXaHHMKM  HUCIIOJIB3YETCA  IOHATHE  HAYAJIBHBIX
HANpsDKEHUH, UMEIOIIKMX MECTO B MacCHBE JI0 Hayaja MPOU3BOJCTBA TOPHBIX padoT.
M3Ha4anbHO B KayKJOW TOYKE NOPOAHOTO MACCUBA ACUCTBYIOT HAIIPSDKCHMUS:

(Gy)o ="H,

(csx)0 =AYH.

Ot BIusgHHS Bblpa6OTKI/I BO3HHUKAIOT JOIIOJIHUTCIIBHBIC HAIIPSIKCHUA: O yo o,
[TonnkIe HaIIPAKCHHUA B TOYKC PABHBI:

(0)
(10.19)
(¢)

Ha «koHType BbIpaOOTKM TIOJIHBbIE HaNpsDKEHUS paBHbI HyIo. Toraa
JOTIOJTHUTENbHBIE HANPSDKEHUs] Ha KOHTYpe (TpaHulle 00J1acTH) BBIpAXAITCS 4epes
HaYaJbHbIE:

Gy ==(0y)g =", (10.20)
¢, =-(0,) =—AYH.
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OTO M ecThb TpaHHuYHbIE YCJIOBHA. TakuM 00pa3oM, Mepeus K JIOKaabHOU
CHUCTEME KOOPJUHAT 71, S CPOPMUPYEM CHCTEMY YPABHEHHIA:

N ijoor N i
~(O5)g= L AGePS + X AG,Pi
J=1 J=1 1N
,i=1,...N.

~(©,)0 = Jél AV P+ JélAanPnJ

PemB ee, onpenenuM 3HaueHHs «(pUKTUBHBIX» Hanpsokenuit Py u P/ wu

yepe3 HUX ONpPEeIeTMM HAIPsDKSHUS U TIEpEeMEITICHHsI B TI000M TOUKe 00J1acTH.
Tenepp Oonee siceH cmbica Ko3(pduimeHToB BiausHUI. Tak, KodpduumueHT

ij o .
ASn, HaIllpuMcEp, JaCT ACUCTBUTCIIbBHOC KACATCIbHOC HAIIPAKCHHUC B LICHTPC 1-20

oTpe3ka (G’ ), BBI3BAHHOE TTOCTOSHHON SIMHUYHOM HArPY3KOM, MPHIOKEHHOM Ha j-M

otpeske ( B/ = 1).

[To cpaBHennto ¢ MKD MeTon rpaHMYHBIX 3JIEMEHTOB 0OJie€ SKOHOMUYEH.
Cucrema ypaBHEHHMH UWMEET TNOPAJOK HAMHOIO MEHBIIHMA, IOCKOJIbKY OHA
chopMupoBaHa TOJBKO JUisi N DIIEMEHTOB, 3aJaHHBIX Ha KOHTYPE BBIPAOOTKH.
OpHako METOJ TpaHUYHBIX 3JEMEHTOB MMEET HECKOJBKO MEHBIIE BO3MOKHOCTEU
Ul MOJEIMPOBAHUSA PA3JIUYHBIX HEOJHOPOMHOCTEM CpeAbl W HEIMHEWHOCTU
bu3nUecKuX COOTHOIIEHUH. XOTsA U 37€Ch CYIIECTBYIOT pas3linuHble MoAaxoisl. Bee
3aBUCHUT OT 0Aa30BOT0 PEIICHUS.

B paccMoTpeHHOM BbIlIE MOJX0Je (OH HAa3bIBAaCTCS  METOJ «(PUKTUBHBIX
Harpy30k») B KauecTBe 0a30BOTr0 ObLIO MPUHATO pelieHue 3aaaun Kenbuna.

Pa3zpaboTan u 1pyroil moaxoa, UCHOJIB3YIOMIUMA B KauecTBE 0a30BOTO pelIeHUe
U3BECTHOM B TEOPHUM YNPYTOCTH 33aJa4d O Pa3pblBE CMELIECHHUNM BIOJIb HEKOTOPOTO
OTpe3Ka KOHEYHOW IJMHBI BHYTpU OECKOHEYHOro Yympyroro Ttena. B dopme
«pa3pbIBHBIX cMenieHnii» MI'D ouens 3hpexTuBeH 111 pelieHns 3aaa4, CBI3aHHbIX
C TPEIIMHOBATOCTBIO TOPHBIX IOpPOA. ECTP BO3MOXHOCTH MOIEIMPOBATH W
«3UAIOLIME» TPEIIMHBI, U 3alI0JIHEHHBIE MaTEpUAJIOM-3aroaHuTeneM. B nociennem
Clly4ae TpaHUYHBIC DJIEMEHTHI, KOTOPBIE MOJECIUPYIOT TPEIIUHY, NPEACTABIEHbBI KaK
YOPYTMHA KOHTAaKT COOTBETCTBYIOLIEUW >KECTKOCTH. Hampumep, npuBEIeHO pemeHune
Ui JIBYX COMIDKEHHBIX BBIPAOOTOK, OJIHA M3 KOTOPBIX IMEpeceueHa TPEIIUHOM
puc. 10.12.
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Puc. 10.12. PacueTHas cxema (a) ¥ TAHTCHIIMAJIbHBIE HANPSHKEHUSI HA KOHTYPE
BBIPA0OTKH B CIIyyae OTCYTCTBUSI HapyuieHUs (0), U HaIUuYue HapyumeHus (B)

C IMOMOIIBIO TAKHUX YIPYIHX KOHTAKTOB (HHaCTOBbIX BHCMCHTOB) JICTKO
MOJCIINPYCTCA YFOHBHBIﬁ IJ1acT, KOTOpBIﬁ OTIIM4acTCA II0 XKCECTKOCTH OT
BMCHIAIOIIMUX IIOPOA. HaanMep, MMPpUBOAUTCA PCHICHUC 3aJladu O BJIWAHHU
T'COJIOTMICCKOIo HAapymCHUs Ha HAIIPSKCHHOC COCTOAHHC IIOPOJ BICPCIN 320051
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BbIpaOboTKU. B HacTosiiee Bpemsa B HanmonansHoM ropuom yHusepcutete (HI'Y)
non pykoBojactBoM JI.B.HOBHKOBOWM AakTHMBHO pa3BHUBAeTCs Hay4Has IIKOJA,
HaIlpaBJICHUEM KOTOPOM SABIISIETCS MPUJIOKEHHE 4YHUCIEHHbIX MeTofoB (MKD,
MI'D) K pa3nuuHbIM 3aJa4yaM MEXAHUKH TOPHBIX TOPOJ, B TOM YHCIIE U JJIS
TpeXMEpHbIX obsacteld MaccuBa puc. 10.13.

CoBpeMeHHBIE  CTaHAApPTHbIE  MPOTPAMMHBIE  CpPEICTBA  IO3BOJISIOT
% CYILLIECTBEHHO pacIupuTh

| Z Bo3MoxkHOCTH MI'D. Tak, Hampumep,

i ! vyH Ha Kadenpe CTPOUTENBHBIX
| F€OTEXHOJIOTUM M KOHCTpykumii HI'Y
|
|

X,

pa3paboTaH MPOrpPaMMHBIA MPOIAYKT
(I1IT) Underground, KOTOpPBIN
T g MpeIHA3HAYEH JUISI peILIeHUs
_ i pa3IMYHBIX, KAaK BHEIIHUX, TaK U
f T BHYTPEHHHX 3aj1a4 MEXaHMKU
m - TBepaoro Tena. OpHAKO, OCHOBHOM
e yonop mpu pa3zpadoTKe MPOrpaMMHOTO
< NPOAYKTA JAENalci Ha OIPEACICHUE
{H | vH HaIpsHKEHHO-1e(OPMUPOBAHHOTO
COCTOSIHMSI TOPHOTO  MaccuBa B
OKPECTHOCTH KaK OJMHOYHOM, TaK H
CHCTEMBI TOPHBIX BBIPaOOTOK,
MPOBEICHHBIX B YCTOWYHBBIX
MOPOJIHBIX MaccuBax. B 3aBucuMocTr oT 0coOOCHHOCTEH KOHKpeTHOM 3amaun [1I1
Underground peanu3yeT METOJl TPaHUYHBIX 3JIEMEHTOB WJIU B (POpME pa3phIBHBIX
cMeleHul, uiam B (¢GopMe (GUKTHBHBIX HArpy30K, a TakKe NPsIMOM MeTOo.
TPAaHUYHBIX UHTETPAJIOB.

Puc. 10.13. [Ipumep (pacueTHas cxema)
pELIeHUS CIOXKHOM TPEXMEPHOU 3a/1auu
YUCJIICHHBIMU METONAMHU

[T Underground namucaH Ha OOBEKTHO-OPUEHTUPOBAHHOM  SI3bIKE
nporpammupoBanus  Object-Pascal B BeiumcioutensHoir cpexme Delphi 5 ¢
ucnosibzoBanueM npuioxennid AutoCAD u Microsoft Excel. B cBsizu ¢ 3tM OH
UMeEEeT P NPEHMYIIECTB B CPABHEHUM C MPOrpaMMaMy, HallUCAHHBIMUA Ha MEHEE
COBPEMEHHBIX A3bIKAX ITPOrPaMMUPOBAHMUS.

Bo-nepBeIX, CyIIECTBEHHO IMOBBIIIEHA TOYHOCTH pacdyera 3a  CYeT
BO3MO>KHOCTH aIllIPOKCUMALIMA KOHTYpa FOPHOM BBIPAOOTKH 3HAUYUTEIBHO OOJIBIINM
KOJIMYECTBOM TPAHUYHBIX JJIEMEHTOB. OJTO KOJWUYECTBO OrPAaHUYMBACTCS JIUIIb
BO3MOXHOCTAMU DOBM. Tak, Hanpumep, 3aga4da ¢ S00-MU rpaHUYHBIMU JIEMEHTAMU
(I'D) na 9BM c oneparuBHOi TaMmsaThio 128 MB pemaercss MeHee MUHYTHI, 3a7a4a C
2000-mu I'D pemaercs mpubimn3utenbHo 20 MUH, U 3TO J1ajieko He Tpeen. MoXHO U
Janbllle YBEJIWYMBATH KOJIMYECTBO [D, HO MNpU 3TOM pPE3KO YBEIUYMBAETCS
IPOJOJKATEIBHOCTh pacyeTa, TaK KaK HAauyuMHaeT paboTaTh BUPTYaJbHAs IaAMSTh,
CKOpPOCTh PA0OTBI KOTOPOM Ha HECKOJIBKO MOPSJIKOB HWXe onepatuBHO. Ilpu
YBEIIMYCHUU ONIEpaTUBHOU IaMsATU O5BM YBEJIMYUBACTCS YUCIIO
annpokcumupyromux ['D B 3amade, pemaeMoil 3a OJUH U TOT K€ MPOMEKYTOK
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BpeMeHHu. C yBeJIMUEHHEM KOJIMYECTBA ['D COOTBETCTBEHHO YMEHBIIAETCSA UX JIJIMHA,
MO3TOMY TIOBBIIMIAETCS TOYHOCTH OKOHTYPHUBAHHS BBIPAOOTOK KPUBOJIMHEHHOTO
OYepTaHUs, TOBBIIIAETCS TOYHOCTh PACYETOB HAMPSKECHHO-IS(HOPMUPOBAHHOTO
COCTOSIHUSL TOPOJHOTO MacCcHuBa BOJIU3UM TpaHUIBl 33 CUET TOr0, YTO MOXKHO
MaKCHUMAJIbHO MPUOIU3UTH K KOHTYPY BBIPAOOTKH TOYKH, B KOTOPBIX OMPEACISIOTCS
HaIpsKEHNUS U CMELLECHHUS.

Bo-BTOpBIX, HECKOJBKO YCOBEPIICHCTBOBAaH IO CpPaBHEHHIO C 0a30BOM
nporpammoit  TWODD anroputm pacueta. [losBuiack BO3MOXHOCTb OBICTPO
NEPEXOIUTh OT OJHOTO BAPHAHTA METOAA TPAHUYHBIX JJIEMEHTOB K JIPYyroMy, HE
BBIXO/ISI U3 IporpaMMbl. B3amMeH CTaTM4EeCKUX MAacCUBOB BBEACHBI JUHAMUYECKUE,
KOTOpbIE CO3JAI0TCA U OOHYJISIOTCS MO MEpe HEOOXOIUMOCTH. 3a cyeT 3Toro Oosee
pallMOHAIBHO HCIOJB3YyeTCsl omnepatuBHas mnaMmsaTe OBM. B Meron pa3pbIBHBIX
CMEILICHUI BBEJCH pacyeT TaHTCHIMAJIbHBIX HANpPSKEHUM Ha KOHTYpe BbIPaOOTKH,
4yero He ObUTo B 06a30BOi mporpaMme. B mccimeayeMpIx ToUKax MOPOTHOTO MacCHUBa
OIPE/eIIACTCSA SKBHBAICHTHOE HANPSIKCHHE Oy U ko2 pUIMEHT 3amaca MPOYHOCTH

k. Tlo mogy4yeHHbIM AaHHBIM CTPOSITCS JUArpaMMbl, 4TO MO3BOJSET cpa3y ke, 0e3
JOTIOJIHUTENBHBIX PACYETOB, CYIUTh O COCTOSIHUM IPUKOHTYPHOTO MacCHBA.

B-Tperbux, CyiecTBeHHO MOBBICUIIOCH YI0OCTBO MOJb30BaHMs. BO3MOXKHOCTH
BBIUUCIUTEIRHOW  cpeapl  Delphi 5 1mo3BoiwiaM  HACBITUTh — MPOrpaMMy
BCEBO3MOKHBIMU BHU3yaJlbHBIMU KOMIIOHEHTAMH, KOTOpPbIE MO3BOJSIOT YAOOHO H
OBICTPO BBOAUTH MCXOJIHBIE JaHHBIE, CICIUTH 3@ XOJOM PELICHHS, @ TAK)KE MOJTydaTh
pe3yabTaT B BUJIE HATJSIHBIX JHArpaMM, KOTOpPbIE TYT K€ MOXHO COXPaHATh KAk
PUCYHKH, OTIIPABJIATH Ha Me4YaTh U KOMUPOBaTh B Oydep oOMeHa A mocaeayromniei
BCTaBKM B aApyrue npwioxkenus. Ha puc. 10.14 npuBenen npumep pacuera,
XapaKTEPU3YIOIINI COCTOSHHE MPUKOHTYPHOIO MAacCHMBa B OKPECTHOCTU BBIPAOOTKH
KpPYTJIOro MOMEPEYHOr0 CEYEHHMs], MPOBEAEHHON B YCTOMYMBBIX TOPHBIX MOPOJAX C
MpPEAEIOM MPOYHOCTH Ha OJHOOCHOE cxatue SMIla, Ha OJHOOCHOE PacTsSKEHHE —
1,7 MIla na rinyoune 200 m.

3nech pacueTHas cCXema IMpEeJCTaBlIeHAa YETBEPThIO CEUYEHUS BBIPAOOTKH,
CHUMMETPUYHON OTHOCUTEIBHO JIMHUM MapajulesibHBIX ocsiM OX u OY, KOTOpbIE
nepecekatorcss B Touke (0,0). KoHTyp BBIpaOOTKM TmMOKa3aH >KUPHOW JIMHHUEH.
W30nuHuM COEAMHSIOT TOYKM MAacCHMBa C OJMHAKOBBIM 3HAU€HUEM Kod(duiireHra
YCTOMYUBOCTH.
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Puc. 10.14. Pactipenenenue koddpuiirenta ycTOMUUBOCTH MacCUBa TOPHBIX MOPOT
B OKPECTHOCTHU MPOTSHKEHHOW TOPHON BBIPAOOTKH KPYTOBOTO CEUCHUS

Cesa3b ¢ AutoCAD no3BoJISIET HAIISIAHO aNIpPOKCUMHUPOBATH KOHTYpP TOPHOM
BbIPaOOTKHU (BBIPAOOTOK) M TYT JK€ 3a/JaBaTh TpaHUYHbIE ycioBHs. JlocTaTouHO
HauepTuTh B AutoCAD pacyeTHyr cxeMy U KoopAuHAThl ['D cuuTBIBAIOTCS C
rpaguueckoro n300pakxeHus: U MepPeatoTcsl B MporpaMMy. IDTO OTKpPHIBAET OOJIbIINE
BO3MOYKHOCTH JIJIsl MOJICJIMPOBAHUS CIIOKHBIX PACUETHBIX CXEM.

W, nakoner, cBsa3b ¢ Microsoft Excel mo3BosisieT BHIBOAUTH PE3yJIbTAThl B BUE
yuciIoBOoro marepuana B kHury Microsoft Excel, eciu monb3oBaTenb kelaeT uX
OoJiee neraabHO 00paboTaTh.

10.4. MeToa TMCKPETHBIX 3JIEMEHTOB

Meton nauckpetHeix syemeHToB (MJ/J) (B anrmumiickom BapuaHte: «The
distinct element method» — MeTo7 BUIUMBIX (OTIMUYMMBIX) JIEMEHTOB), pa3paboTaH
noktopoM I'. Kynnamiom B 1978 rogy. OH 6a3upyercs Ha ABYX (yHAaAMEHTAIbHBIX
3aKoHax (hU3UKU — BTOpoM 3akoHe HpioToHa 1 3akoHe ynpyrux aedopmanuii ['yka.

Ob6nactpio mpumeHeHus: MJID SBISIOTCS] TPYHTHI, OCHOBaHUS U (DYHIAMEHTHI,
MOPOJIHBIE MACCHUBBI, UMEIOLIUE CIO0XKHYI CTPYKTYPY; MEXaHMYECKHUE CHCTEMBI C
OCBOOOXKTAIONIUMUCS ~ CBSI3SIMH; HEIWHEWHBIE JTUHAMUYECKHE TIPOILECCHI, JUIs
KOTOpbIX OH Hambosee 3(PGHEeKTHUBEH; XUMUKO-(PH3NYECKUE TMPOIECCHl (HAMpUMED,
JBIDKEHUE KOJUIOUIHOM KUIAKOCTH); MPOIIECChI 00OTAIIECHHS TTOJIE3HBIX NCKOMTAeMbIX
METOIOM (DITOTAIMH B TSHKEIBIX CpelaX U MHOTOE JIPYTOe€.

Cytp MJID nOpUMEHUTENBHO K MOJEIUPOBAHUIO CIOXHOCTPYKTYPHBIX
MOPOJIHBIX MACCHUBOB, COJIEPIKAIIIUX MCKYCCTBEHHBIC MOJOCTH (BBIPAOOTKH), COCTOUT
B CJIEAYIOMIEM. PealbHbI MOPOAHBIA MAacCUB B MOJIEJIM 3aMEHSETCA IUCKPETHBIMU
3JIEMEHTaMH, KOTOpbIe, B MPHUHIUIIC, MOTYT UMETh 00Oy (Gopmy, U Jydlie, eciu
oHa OyJieT 0JIM3Ka K OYepPTaHUAM JIEMEHTOB CTPYKTYpPbl MacCHBA.
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Opnako, Mo psAy NOPUYUH, BaKHEHIIEH M3 KOTOPBIX SIBJISIETCS MPOCTOTA
CO3JIaHUs MAaTEMaTH4YECKOU MOJETN
JTHACKPETHOW CpEeIbl, JJIEMEHTHI €€ MPOILE
BCETO MPEACTABUTH B BUAE IAPOB, KOTOPHIE
B OOIlleM Ciy4dyae UMEIOT pa3HbI JuaMerp.
['eomeTpuueckass MOJENIb TAaKOM Cpeabl
npuBeaeHa Ha puc. 10.15.

Kak BHIHO H3 pHUCYHKa, MOJECIb
CIUIOIIHOW WJIM ChINy4Yed (IUCKPETHOM)
cpenbl, Kak MpaBujo, Mpe/CTaBisieT coOoi

IECTh [IOTIAPHO napasuieabHbIX
IUIOCKOCTEM,  KOTOpBIE,  IE€PECEKAsCh,

OTHEISAIOT HEKOTOPOE 3aMKHYTO€

Puc. 10.15. 'eomeTprueckast Mojiesib  IIPOCTPAHCTBO, B KOTOPOM  pa3MELIEHBI
METO/1a TUCKPETHBIX 3JIEMEHTOB mapbl  —  3JIEMEHTBl  HENOJBH)XHBIX

IJIOCKOCTEH. BepxHsas IIOCKOCTh dyale
BCETO OTCYTCTBYET M BHEIIHSAsS HAarpyska IPUKIAABIBAETCA HENOCPEACTBEHHO K
mapam. [llapel B3aUMOACHCTBYIOT MeEXIy CO0OM W C OTPaHUYMBAIOIIUMHU
IUIOCKOCTSIMHU TOCPEACTBOM CWJI TPEHUS M JHMCCUNATUBHBIX CHJI, a TaKXe, U ITO
IJIABHOE, TIOCPEACTBOM HEUJCAIbHBIX BBICBOOOXMAIOIIMUXCS CBSA3€H, KOTOpBIE
IIPOTUBOJEHCTBYIOT UX B3aUMOIPOHUKHOBEHHUIO. ECIIM MHBIX CBS3€M HET, TO ILAPHI
UMUTHPYIOT ChIMY4yt0 cpeny. lllapbl MOTYT OBITh TaK)Ke «CKIJIEEHBI» MEXAY COO0H U
CTEHaMM TIOCPEJICTBOM TaKUX HEUACATbHBIX HEBBICBOOOKIAIOIIMXCS CBA3EH,
KOTOpBIE HE TOJBKO MPEIATCTBYIOT HUX B3aUMOIPOHUMKHOBEHMIO, HO TaKXKe
pa3beraHuio U BpallleHUI0. B 3ToM ciiyyae paccMarpuBaeMasi MEXaHUUYECKask CUCTEMa
UMHUTHUPYET CILUIOITHON MAaCCHB.

Kak TOnmpKO peakiuu B HEBBICBOOOXKIAIOUIUXCA CBSI3AX IPEBBIIIAIOT
HEKOTOPBIN IpEeIes, OHU JINKBUIUPYIOTCS KaK pa3pyLICHHBIE U TOTAA YXKE CHCTEMA
IIapoOB M IIOCKOCTEH HMMUTUPYET PAa3pYyLICHHBIM MAacCHB, KOTOPBIA COCTOUT H3
HECBSI3aHHBIX MEXIYy COOOM YacTWIl M, BO3MOXHO, CBHIIy4ero MaTepuana MExXIy
HUMU. B camom ke oOmeM cioydae MoOJedb, COCTOAIAs M3 LIApOB H
OTPaHNYMBAOIINX IUIOCKOCTEN, MOXKET HIMUTHPOBATH CIUIOIIHOW MTOPOJHBIN MacCHUB,
COZIep KAIINM pa3pyLICHHbIE YYACTKU.

Jliga Toro, uyToOBl cpella cocTosAlas U3 YNPYTUX LIApOB Pa3HOIO JuUaMeTpa
COOTBETCTBOBAJIA  PEAIBHOMY IIOPOAHOMY MAaCCHBY, BBOJATCS  CIEAYIOIIME
JOITYLCHUS:

1. ®opma m pa3Mep IUCKPETHBIX JJIEMEHTOB (IIAPOB) HE HU3MEHSIOTCA IOJ
JENCTBUEM IIPUIIOKEHHBIX Harpy30K.

2. PeanpHble aedopManui AUCKPETHBIX 3JIEMEHTOB 3aMEHSIOTCS KaXKyIUMCS
B3aMMOIIPOHUKHOBEHHEM IIAPOB.

3. BpemenHoii mar g0mKeH OBITh HACTOIBKO MajbiM, YTOOBI 32 TO BpeMsl, MOKa
OH TIPOJOJDKAETCs, HApyLIEHUs (AUCIOKALMA) HE MOTJIM PACHpPOCTPAHATHCA Ha
Kakue Ju00 Jpyrue Imapbl, KpoMe Te€X, KOTOpPbhIe HAXOAATCA B HEIIOCPEICTBEHHOM
KOHTAKT€ C PaCCMATPUBAEMBIM IIAPOM.
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[locnegnee  pomyuieHHe  SBISIETCS  OCOOCHHO — BaXKHBIM,  ITOCKOJIBKY
o0ycaBIMBaeT OYeHb yIOOHOE B3aMMOCHCTBUE DJIIEMEHTOB — IIMAPOB: HA KaXKIOM
BPEMEHHOM IlIare paBHOACHCTBYIONIAS CHJI, TPUJIOKEHHAS! K KaXKJIOMY OTJEIbHOMY
niapy OINpenessieTcss UCKIIOUHUTENBHO KOOpJIWHATAMHU LIEHTPOB pPaccMaTPUBAEMOTO
niapa v TexX 1apoB, KOTOPbI€ B TAHHBIM MOMEHT C HUM COINPUKACAIOTCSI.

PacueTHas cxeMa MeTo/1a TUCKPETHBIX AJIEMEHTOB NpuBeAcHa Ha puc. 10.16.

DJIeMEHTBI-IIApbl HArPyKEHbI TPABUTAIIMOHHBIMU CHUJIAMH M TPOSBIIIOT MPHU
B3aMMO/ICHCTBUU APYT C APYTOM YIPyTHe U BSI3KUE CBOMCTRA.

Du3NKO-MEXaHUYECKHUE CBOMCTBA JNHUCKPETHBIX JJIEMEHTOB 3aJal0TCS TaKUM
o0pa3oMm, 4yTOOBI WX TOBEIECHHME B OOIIEeH Macce OBbLIO aJIeKBaTHO TOBEJICHUIO
UCXOJHOU cpenbl. [l Kaka0ro 3JieMeHTa U3BECTHBI Macca, CKOPOCTh, YCKOpPEHUE U
KOOPJAMHATHI LIEHTpa TshKecTH. Kpome Toro, K KakJaoMy 3JIEMEHTY B OTAEIbHOCTH
MpUKIIAJIbIBaeTCs cuia F;, Kak paBHOJAEHCTBYIONIAsl CUJI TSKECTH, YIIPYrOl peakiuu,
BSI3KOTO M KYJIOHOBAa TPEHHUS, OTPAXKAIOIIMX TEKYIIEE MEXaHUYECKOE COCTOSIHUE
MaccHuBa B paccMaTpUBAEMblid MOMEHT BPEMEHH.

Puc. 10.16. PacueTHas cxeMa B3aMMOJEHUCTBHUS ABYX IIapOB

JIBroKeHME KaXkKIAO0ro JJIEMEHTA OINMCBHIBAETCA ypaBHeHMeM Jlarpanxka 2-ro
pona. M3 Bcex YMCIEHHBIX METOJOB, MPUMEHSEMBIX JUIsl PEIICHHS MOCTaBIECHHOM
3agaun, Hanoosee 3¢ HeKTHBeH MOAUPHUIIMPOBAHHBIA METO ] Ditiepa.

M3BectHbl faBa cmoco0a UCHONB30BaHUS MeTojga Ownepa. Ilepsbrit
3aKJIIOYaeTCss B TOM, YTO BHayaue, HCXOAsS U3 (PUIMYECKHX COOOpaxeHHH,
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COCTaBISIIOT cUCTeMYy nu(p(epeHNaNIbHbIX ypaBHEHUH M ypaBHEHUN HayalbHBIX
YCIIOBHH, a TOTOM PEUIalOT UX, UCIOJB3Ys (pOpMaTM30BaHHbBIN MeToA Dilnepa.

B cooTBeTcTBUU CO BTOPHIM CIIOCOOOM METOJ Diljiepa UCIOIb3YIOT HE TOJIBKO
JUIS PEIICHUs] TOCTABICHHOW 3a/layM, HO U I OMHCAHUS COOCTBEHHO (PU3UYECKOTO
npoiiecca, T.€. Ul IOCTAHOBKHM caMOM 3ajauu.

Bropoif crmoco6 u ObIT HMCMONB30BaH sl Pa3pabOTKM MaTeMaTHYeCKOi
MOJIIM METOJa JUCKPETHBIX JJIEMEHTOB B BEKTOPHOM u3JoxkeHudu. Crocod
OpPUEHTHPOBAaH Ha HCIOJB30BaHHE BO3MOXKHOCTEH COBPEMEHHBIX BBIYMCIMTEIHHBIX
MallliH, B YaCTHOCTU MaTPUYHON MaTeMaTH4ecKoil cuctembl Matlab.

Omnucanue (HU3MYECKOTO TMpolecca W BBHIYHUCICHHWE €ro IMapamMeTpoB B
COOTBETCTBUU C (hopMaNn30BaHHBIM MeTO/I0M Ditniepa npuseaensl B Tad. 10.1.

Taomura 10.1.

Cxema BBIYHCICHUS ABUKCHUS CUCTCMbI TUCKPCTHBIX 3JICMCHTOB

DTan n t F v @ F M a g
1 At
Havanmpneie | 73 | 75 - 0 0 - B - -
CIIOBUS — —
y 0 0 70 - - F° M° o a &’
1 At 1 1
2 2 - p2 o |~ - - -
I At 7! - = F' M' a' g'
1— & _ _ 1= _ 0 — — —_ —_
o 2 2 v @
OcHoOBHOU
pacuer i
2i-1 [ 2i-1, [ _ _2:’2—1 _% B _ B B
2 2 v 1]
1 At 7 - - F! M! a' g'

B Ta6s. 10.1 Ha puc. 10.16 npuHATH clieayromue 0003HAYCHUS:

1 1 1
n — HOMEP ToJyllara 1 mara 1o MoJIeIbHOMy BpEMEHU (n:—E, 0,5, 1, 15...);

r — MO,IICJ'IBHBIﬁ OTCUCT BPCMCHU (3HaK «+» CIeayer (I)OpMaJ'IBHO IIOHHMMATb, KakK
BPEMCHHLIC Iarun B 6yz[ymee, d 3HAK «—», KdK BPCMCHHBLIC IIIdI'M B IIPONIIJIOC
OTHOCHUTECJIBHO MOMCHTA BPEMCHU [ = 0),

r (um r") — MaTpHIa-CTpOKa, KOMIIOHCHTAMH KOTOPOM SIBISIFOTCS PaJnyChl-

BEKTOPHI I[EHTPOB IIAPOB: r=(r1,r2,r3,...,rN) i 1" =(rT", B sty |, THE N —
00l1e€e YUCIIO IIAPOB;
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v (I/IJII/I Vn) — MAaTpula-CTpoKad, KOMIIOHCHTAMH KOTOpOﬁ ABJOTCA  BCKTOPBI

CKOPOCTEii LIEHTPOB WapoB: V =V, V,,...V ) o v,v2... v
p p p 1>V2 N 1-V2 N

@ (W ') — MaTPHIA-CTPOKA, KOMIIOHEHTAMH KOTOPOW SIBJISIFOTCSI BEKTOPBI
YTIIOBBIX CKOPOCTEH IIapoB: M = (0)1,602,..., u)N) win 0" =\0],0),..., 0y );
F(um F") — wmarpuma-cTpoka, KOMIIOHEHTAMH KOTOPOM SIBIISFOTCS BEKTOPHI

paBHOI[eI\/'ICTBYIOH_II/IX BCCX AKTHMBHBIX M IIaCCUBHBLIX CHJI (KpOMe CHJI I/IHepHI/II/I) JJIA

KaXI0r0 OTAEIBHOTO mapa: F = (ﬁfz,, F N) wm F" = (Fl”, Fy ... Fy );

M (uim M") — marpuia-cTpoka, KOMIOHEHTaMH KOTOPOW SIBJISIOTCS BEKTOPBI
MOMEHTOB CHUJI, KOTOPBIE BXOIAT B MAaTPULLy-CTPOKY F: M = (M »Ms,... M N) 1581051

m =ap gy ),

a (wm a") — MaTpuIa-CTpOKa, KOMIIOHEHTAMH KOTOPOM SBIISIOTCS BEKTOPBI

YCKOPEHHI [IEHTPOB IIApOB: d = (al,a2,...,aN) WIH A ,AY ..., Ay

€ (wm €") — MaTpuIa-CTpoKa, KOMIIOHEHTAMH KOTOPOM SBJISIOTCS BEKTOPHI

YIJIOBBIX YCKOPEHHI EHTPOB IIAPOB: € = (81,82,...,8N) win €" =¢{,€7,...,Ey .

HanbGonee Cia0KHBIM B TaKOM BBIYUCIMTEILHOM MOJECIH  SBJISICTCS
ONPEJCIICHUE PABHOJCUCTBYIONIUX CHUJI, KOTOPbIE€ IEHUCTBYIOT B JAaHHBII MOMEHT
MOJEIBHOTO BPEMEHHM Ha Kbl map. /s i-co mapa paBHOAEHCTBYIOmMAs cuna F;
CKJIQJBIBAIOTCS W3 HOPMAIBHBIX M TAHIE€HIMAJIBHBIX CHJ YHOPYTOILUIACTUYECKOTO
B3aUMOJECUCTBUA C COCCIHHUMHU IIApaMH U OTPAHUYMBAIOIIMMHU IUIOCKOCTSIMHU U CHUII
TPEHUS B TOYKAX KOHTAaKTa C HUMH. YCJIOBHS KOHTAaKTa MEXAY AUCKPETHBIMU
JIEMEHTAaMH MOXXHO OIMHUCATh PAA0M (OPMATBHBIX MApaMeTPOB, 3HAYCHHS KOTOPBIX
OTIPEICTISIOTCS Ha OCHOBE CPAaBHUTEIHHOTO aHAIM3a YHUCICHHBIX M (U3UYECKUX
DKCIIEPUMEHTOB.

[lepemennbie, BbuMCIsieMble B Tadm. 10.1 cuwTaroTcsl MOCTOSHHBIMU
BEJIMUYMHAMM BO BpPEMEHHM Ha TPOTHKEHUM KaXJOTO0 MOJCIBHOIO IIara u
CKauK0OOpa3HO M3MEHSIOTCS B €ro KoHile. J[poOHble 3HaUCHHS BPEMEHHBIX IIAroB
MO3BOJIAIOT HA TMOPSAJO0K IOBBICUTh TOYHOCTh BBIUMCICHHH 0O€3 yBEIWYCHUS
KOJIMYECTBA IIaroB. BeIunciieHus: MpOU3BOASTCSA B CIEAYIOLIEM TOPSIKE:

- YUYUTBHIBAsl YCKOPEHUSI U CKOPOCTH, KOTOPHIC 3aJaHbl B HAYAJIbHBIX YCIIOBHUAX
(MUHYC moJmara ¥ HYJEBOW IIar), HaxXOAAT 3HAYEHHMS CKOPOCTEM Ha IEPBOM
MOJIYyIIAre;

- HCXOJS U3 MOJYYEHHBIX 3HAYCHUN CKOPOCTEW W HAYaJbHBIX YCIOBUW, HAXOAST
KOOpJIMHATHl LIEHTPOB IIAPOB, PABHOACHCTBYIOIIME CHJII M MOMEHTOB, a 3aTeM H
COOTBETCTBYIOIIME 3HAYCHUSI YCKOPEHUI HA IEPBOM MOJEIBHOM IIIAre;

- HCXOJ U3 3HAYEHUM CKOPOCTEH, KOTOPBIE MOJYyYEHbl HA NIEPBOM MOJIyLIare, U
YCKOPEHU — HAa TIEPBOM I1Iare, HaXOASAT 3HAYEHHSI CKOPOCTEMN Ha MOJIyTOPHOM IIAre u

T.1.
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OOpamaer BHMMaHWE Ha ce0si OTCyTcTBHE B Ta0a. 15.1 3HAYeHUWi yTIOBBIX
KOOPJIMHAT IIEHTPOB MIAPOB (€CTh TOJIBKO UX PAINYCHl — BEKTOPHI). ITO CIIC/ICTBUC
JOMYIIEHUS O HEU3MEHHOCTH (OPMBI TIAPOB, KOTOPOE KOMIICHCHUPYETCS
JOMyIIeHHeM 00 WX B3aUMOJICHCTBUM TIyTeM B3aMMONPOHUKHOBEHHs. B
pE3yNbTaTe CYIIECTBEHHO YIIPOIACTCS aJITOPUTM BBIYUCIICHUH.

Pe3ynbraToM pacyeToB Ha OCHOBE METOJa JUCKPETHBIX AJIEMEHTOB SIBJISIETCA
nojyuyeHue  oOmeld  KapTUHBI — HANPSKEHHO-AC(HOPMUPOBAHHOTO  COCTOSTHHS
paccMaTpuBaeMoro IMOPOJHOIO MAacCHMBa C OINPEIACICHUEM BEJIWYUH TJIABHBIX
HaIpsDKCHUH, oceanuii (mepeMeneHnil) u aedopmaiiuii, BI3BaHHBIX 00pa30BaHUEM
B CIUIOIIHOM Cpeie MOJIOCTH 3aJaHHbIX Pa3MEPOB.

OTnUYHUTENILHOM OCOOEHHOCTBIO JAHHOTO METOJAd, IO OTHOIIEHHIO K
M3JI0’)KEHHBIM BBIIIE METOJaM KOHEUHBIX W TPAHUYHBIX 3JIEMEHTOB, NMPUMEHHUMBIX
TOJBKO B CJIy4a€ MOJCIUPOBAHMS CIUIOIIHBIX CpPEHN, SBISETCS BO3MOXKHOCTH
ONMCAHUA  HEJIUHEWHBIX  JUHAMHYECKHX  IPOLECCOB, BO3HHMKAIONIUX B
nehopMHUpYIOMEMCS TIOPOAHOM MAaCCHBE, COJIEp)KAIleM TIOJIOCTH W yYacCTKH
pPa3pyLIEHHBIX TOPHBIX MOPOJ.

K HemoctaTkam MeToma MOKHO OTHECTH JOCTATOYHO BHICOKHE TPEOOBAaHMS K
TEeXHUUYECKOH 0a3e 11t ero peanuszanuu. [{nsg o6paboTku OONBUINX MaCCUBOB JaHHBIX
U pCIICHHUS peajbHBIX 3a7a4 HEeOOXOJIHWMbI JOCTAaTOYHO BBICOKOE OBICTPOJEHCTBHUE
KOMITbIOTEpA U OOJIBIION 00BEM ONIEPATUBHOM IMAMSITH.

10.5. BapuanuoHHbie MeTOAbI PellieHHs 32/1a4 B reOMeXaHHKe

B Hacrosimiee BpeMs A pacuera IUIACTHH M 00O0JIOUEK IIUPOKO MPUMEHSIOT
BAPUALIMOHHBIE METO/IBI TEOPUU YIIPYTOCTH.

W3BecTHO, 4YTO  OCHOBHBIE  MPOOJIEMBl ~ MEXaHUKH  Hapsay ¢
mudepeHnanbHbIMU  YpaBHEHUSIMM  YOPaBJISIOTCS ~ TaKk  Ha3bIBAaEMBbIMU
MUHMMAJbHBIMUA  NpUHOMOAMU. Tak, HampuMmep, TOJOKEHHE PABHOBECHS
MEXaHHYECKON CHCTEMBl €CTh TIOJIOKEHHE, OTBEYAIOIIEe MUHHUMYMY €€
NOTEHIMANbHON dHepruu. BBuay storo npobiema pelieHus rpaHuYHON 3a1aud ISt
nudepeHInanbHOr0 YpaBHEHUST TAHHONW MEXaHUYEeCKOM CHUCTEMbI OKa3bIBaeTCs, B
oOmieM, SKBUBAJICHTHOM mpoOiemMe HaxOXAeHUs (QYHKIUHU, Nalolell MUHUMYM
WHTErpaja, KOTOPHIM BBIPAXKAETCS NOTEHIMAIbHASI S3HEPT U] CUCTEMBI.

JUis pemenust 3amad 00 u3rube miacTuH (000JIOYEK) MOXKHO HCIOJIb30BaTh
BApHUALIMOHHBIM IpuHLIMN PeuccHepa, nmpu KOTOPOM OAHOBPEMEHHO OTBICKHUBAETCS
nporu0 U BCE MOMEHTHI, MPEACTABIAIONINE TaKXKE KaK U MPOTHO, B BHIE KOHEYHBIX
CyMM NPOU3BEIEHUN HEONpPEIEJIECHHBIX MapaMeTpPOB Ha 3aJaHHbIE KOOPJAWHATHBIE
GyYHKITUH, KOTOphIe BBHIOMPAIOT TakK, YTOOBI OHM ObUIM PaBHBI HYJIIO Ha CBOOOJHBIX
Kpasix IuiacTuHbl (00osiouku). PacuerHble ¢GopMynbl ¥ MalIMHHBIA aJITOPUTM
npuHuuna PericcHepa 0O4eHb CI0KHBIN.

Pacuer mmactun (oOosouek) mo MeroAy byTHoBa-I'anepkuHa 3HAYUTENBHO
YCIIOKHSIETCS, TaK KaK HEOOXOAMMO YJIOBJIETBOPSTH KOOPAUHATHBIMU (YHKUIUSIMU
BCE T'pPaHUYHBIE YCJIOBHS, B TOM YHCIIe U YCJIOBHUSI Ha cBOOOAHBIX Kpasx. [locinennee
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00CTOSITENECTBO MPEMSATCTBYET HCIOJIb30BaHWE Ha MpakThke MmeTtona Tpeddua u
METOJla HAMMEHBIIUX KBaJpaToB. OJIHAKO €CJIU 3TU YCJIOBHUS BBINOJHSIOTCS, TO 3TH
METOIbl BecbMa S(PPEKTUBHBI B NMPUMEHEHHH. MOXHO YTBEPXKIaTh, YTO BBUIY
CIIOKHOCTH 3a7a4 O HaNpsDKEHHO-ASHOPMHUPYEMOM COCTOSTHUM MAaCCHBOB TOPHBIX
opoJ, JTFOOOM METOJl WCCIICIOBAHUS, O0SCIEYNBAIOMNN HEOOXOIUMYI0 TOYHOCTH,
noTpedyer BechbMa TPOMO3JAKHUX BbluMclieHui. [lorToMy, ecTecTBEHHO, Cclieayer
MPUMEHATh TAaKOW METOJ, KOTOpbIM MpocTo peanusyercs Ha [IOBM u mo3Bossier
MOJIYYUTh pElIeHUE, He Mpuberas K JOMOJHUTEIbHBIM (IO CPABHEHHMIO C OOBIYHOM
TEOpUEH MIIACTUH U 000JI0YEK) TPUOTUKEHHBIM JTOMYIIEHUSM.

JIsist pelieHust KpaeBbIX 3aJlad FOPHOM IeOMEXaHUKH sBIAETCS 3G (HEKTUBHBIM
NpUMEHEHUE MetoJa Putna — OZHOrO W3  OCHOBHBIX HPSIMBIX  METOIOB
BAPUALIMOHHOTO UCYUCIICHUS.

Meton (mpomecc) Purtna sBigeTcs OJHUM W3 METOJOB MOCTPOCHUS
MUHUMU3HUPYIOIIEH Mocien0BaTebHOCTH. JJI1 yIpoIeHusl BBIKJIAJA0K OTPaHUUUMCS
Cly4yaeM BEIECTBEHHOI0 THJIbOEpTOBA MPOCTPAaHCTBA H ; PE3yIbTaThl MEPEHOCITCS
Ha KOMITJIEKCHOE TTPOCTPAHCTBO 0€3 N3MECHECHHIA.

[Iycth A— NOJIOKHUTENBHO OIPEACICHHBIM ONEpPaTop B MPOCTpaHCTBE H .
3amavya 0 MOCTPOECHUU OOOOIIIEHHOTO PELICHUS YpaBHEHUS

Au=f (10.21)

paBHOCHJIbHA 33Jady€ O IOCTPOEHUM HJIEMEHTa 3HEPreTHMYECKOro MpOCTPAHCTBA,
KOTOPBIN peasu3yeT MUHUMYM (YyHKITIOHaJa

F(u)=[u,ul, —2(u, f) (10.22)

B DHEPreTUYECKOM MPOCTPAHCTBE. DTy MOCIEIHION 3a1ady OyaeM NpuOIuKEHHO
peuaTh CleyronmM 00pa3oM.
Br10epem nocneaoBaTesIbHOCTh AJIEMEHTOB

(pla(p21“',(pn7°“’ (10.23)

YJIOBJIETBOPSIOLINX CICAYIOIINUM TPEM YCIOBUSM:
1) Bce anemenTsl @, € H 4;

2) npu J1000M 71 3JIEMEHTHL @, P, ..., P, TUHEHHO HE3aBUCUMBI,
3) nocnenosarenbHoCTh (10.23) monna B H 4.

Onementsl (10.23), cnemys Purtimy Oyaem Ha3pBaTh KOOPAMHATHBIMH.
CoOBOKYITHOCTh KOOPJMHATHBIX AJIEMEHTOB HA30BEM KOOPJIMHATHON CUCTEMOM.
[TocTpoum nUHEIHYI0O KOMOMHAIIMIO TIEPBBIX 72 KOOPAMHATHBIX JIEMEHTOB

U,=Ya,0, (10.23)
i=1
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C IPOM3BOJIBHBIMH YHCIICHHBIME KO uimenTamu a ;. [loxcrasum U, BMecTO U B

¢bynkuuonan (10.21); sto mnpeBpatur F(u) B QYHKUUIO 71 HE3aBUCUMBIX

NEPEMEHHBIX d;,dy,...,d,,

F(u,)= |:ZajA(Pj’ ZakAwk} - 2(Zak(ij =
J=1 k=l k=l (10.24)

= Z[(Pj’(Pk]ajak =23 (9. f)ay
J.k=1 k=1

Beibepem kosdduumentsr  a; Ttak, 4roObl Qyskuus (10.24) npussia

MHUHUMaJIbHOE 3HadeHue. Kak yBUIMM, 3TO NPUBOJUT K CUCTEME JIMHEUHBIX
areOpandyeckux YypaBHEHHH C HEU3BECTHBIMHM dy,d,,...,d,. DPyHknus (10.24)

AJOCTUTACT MHHHMYMa IIpU TCX 3HAYCHHAX HCE3aBUCHUMBIX IICPCMCHHBIX, KOTOPLIC
06pan1a}0T B HYJIb €C IICPBLIC IIPON3BOJHLIC:

n-

FW) o i1 (10.25)
oa;

l

ITpousBoanbie (15.25) nmerko BEIYUCIAIOTCS:

oF n
¥=22[(Pka¢j]ak -2(f.9;) (10.26)
a; k=1

l

[IpupaBHAB 3TH NPOU3BOAHBIE HYJIIO, TOIYYUM cucTeMy Putna
n .
Y09 )a =(f,9,), j=12..n (10.27)
k=1

WU B 0oJiee Mo IpoOHOM 3aIicH,

(01,0 ]a; +[Q,0,]ay +...+[0,9,]a, =(f,9));
(@2, 91 ]a; +[95,95]ay +...+[0,,0,1a, =(f,9,); (10.28)

[0, 0,]a; +[0,,9,]a; +...+[9,,0,]a, =(f.0,).

Koopnunatasie anements! (10.22) mMoxxHO BbIOpaTh M3 obsactu D, ; Torna
[@.9,;1=A(®,,9;), n cucrema PuTna npuHUMACT BHUJ (D4— obnactb

OIpeaEeIICHUS oneparopa A)
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(AQy,@))a; +(AQ,0y)a, +...+ (A9, 0,)a, =(f,0));
(AQ,,0p)a; +(AQ,,05)a, +...+(AQ,,0,)a, =(f,0,); (10.29)

(AQ,,9))a; +(AQ,,9;,)a; +...+(A9,,0,)a, =(f,0,) .

onpeaenureb cuctemsl (14.28)

(01,9, 1[0, 921...[9,,9,]
[€02,0,1[¢02,9,]...[0,,9,]

.........................................

[(Pn’(Pl][(Pn’(PZ][(Pn’(Pn]

(10.30)

€CTh ONpeNeiauTeNb CcHCTeMbl ['pamMma JHHEHHO HE3aBUCHMBIX DJIEMEHTOB
@1, P5,...0,, ¥ TIOATOMY OTJIMYEH OT HyJs. OTCI0/1a ClIEyeT, YTO CUCTEMA yPaBHEHUMN

Putna Bcerma paspemmma, ecam  omepatop A moJokuTenbHbIM.  Hanns

Ko3pduuueHTs a;,d,,....,a, 41 noxacrasuB ux B (10.23), momyuyum sneMeHT u,,

KOTOpBIA OyJeM Ha3bplBaTh NPUOIMKEHHBIM pemeHueM ypaBHeHus (10.1) mo Purny.
3Has poruosl, onpeneanum a1eopMalui U HAPSKEHUS.

Teopema. Ecim A — omeparop IOJOXKUTENBHO ONPEACICHHBIM, TO
npubmmxenHele 1o Putny pemenus ypaBHenus (10.1) cxomaTcs K TOYHOMY
0000IIIEHHOMY PEIICHUIO 3TOTO ypaBHEHHUS KaK IO JHEPrHH, TaK U B METPHUKE
UCXOJHOTO IIPOCTPAHCTBA.

JIerko BUAETH, YTO MOCIEAOBATEIBHOCTh NPUOIMKEHHBIX pelIeHU no Puriy
— MUHUMH3UpYIOLIas A GyHKIMOHAa SHEPTUH.

[Tpubnmxennoe no Putiy pemenue u,TeM Oamxke (B cMbIcie OIM30CTH IO

HEPruM) K TOYHOMY, 4eM Ooibiie n. Jjis JOCTUXKEHUS BBICOKOM TOYHOCTH
MPUXOAUTHCS OpaTh OOJIBIIIOE 71, T.€. OOJBINOE YUCIO KOOPIAUHATHBIX (YHKIHHA. ITO
OpUBOIUT K HeoOxomumoctu pemats cuctemy (10.29) ¢ OonbliuM YHCIOM
ypaBHEHUII W HEU3BECTHbIX. OTMETUM TOJBKO, 4TO peuleHue cucrtemsl (10.29)
o0JeryaeTcst €€ CHMMETPUYHOCTBIO.

3ameuanue 1. Ecnmu cucrema (10.29) yxxe moctpoeHa W MO TEM WM WHBIM
OpUYUHAM JKEJaTeNIbHO TMOJIYYHTh MEHEE TOYHOE MPHUOIMKEeHHEe, HE CcoeprKaliee
HEKOTOPBIX U3 KOOPAMHATHBIX (PYHKIMM, TO KOAP(PUIUEHTH! d; , COOTBETCTBYIOIINE

ATOMY MEHEe TOYHOMY MPUOIMKEHHIO, HAWIYTCS U3 CUCTEMbI, KOTOpas MOJydaeTcs
U3 CUCTEMBI YCECUCHHUEM, T.€. BEBIUYEPKHUBAHUEM CTPOK M CTOJIOIIOB, COOTBETCTBYIOITUX
OTOPOIIIEHHBIM KOOPJNHATHBIM (DYHKITHASIM.

3ameuanue 2. TpeOoBaHHE NOJHOTHI KOOPAMHATHOW CHCTEMBI HE BIIOJHE
HeoOxoauMo. JIeHCTBUTEIIFHO, HET HCOOXOIMMOCTH B TOM, YTOOBI JIFOOOM 3JIEMEHT
HEPreTUYECKOTO MPOCTPAHCTBA MOKHO OBLIO amMmpOKCHUMHPOBATH KOOPAUHATHBIMH
AJIEMEHTaMH — JOCTATOYHO, YTOOBI TAKYIO allMIPOKCUMAIIAIO JOMMYCKAI0 0000IEHHOE
pemenue. [loaTomy, eciu 3apaHee U3BECTHO, UTO UCKOMOE PEIIeHNEe MPUHAIICKHUT K
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HCKOTOpPOMY KJIACCYy, Ooiece Y3KOMY, 4EM DA’ TO AOCTATOYHO, YTOOBI KOOpANHATHAA

cucreMa Obula IOJHA B 3TOM Kiacce. Hampumep, eciau HM3BECTHO, YTO HCKOMas
(yHKLIMA YEeTHas OTHOCUTEIBHO KAaKOIrO-IMOO W3 HE3aBHCUMBIX IEPEMEHHBIX, TO
MOXHO OpaTh B KauyeCTBE KOODJMHATHBIX TOJBKO 4YETHbIE (DYHKIMU TOH XKe
NIEPEMEHHOM, U JI0CTaTOYHO, YTOOBI BBIOPAaHHAs CUCTEMA KOOPAMHATHBIX (DYyHKIMH
ObLIa MOJIHON OTHOCUTENIBHO YETHBIX (PpyHKIMH U3 H , .

Meron Putma mmeer mpocTyro CXeMy pacyera M IIO3BOJIAET HCCIIENOBATh
MacCHUBBI TOPHBIX TOPOJ C JIOOBIM COYETAHUEM CJIOEB MpU 000N HArpyske u
YCIOBHUSX 3aKPEIUICHUS, PA3IUYHOM aHM30TPONMEN mopox. [ns pemeHuss MHOTHX
BaXHBIX JJI1 MPAKTUKM 337ad JOCTaTOYHO, B OTJIMYME OT Merona byOHoBa —
['anepkuHa,  4YTOOBI  KOOpAMHATHBIE  (PYHKIUM  YAOBJIETBOPSAIM  TOJBKO
re€OMETPUYECKUM T'PAHUYHBIM YCJIOBMSIM, 3alMCHIBAEMBIX OTHOCHUTEIBHO (DYHKLIHU
nporu0a u ee Mpou3BOIHOM (yria MoBOpOTa).

[IpuBeneM perieHHs HEKOTOPBIX 3alad O HaIpsHKEHHO-1e()OpMUPOBAHHOM
COCTOSIHUM MACCUBOB T'OPHBIX IIOPOJ, UCIIOJIBb3Ys BApUALMOHHBIN METO/ HCUUCIICHUS.

Takum oOpa3oM, CyHIECTBYEeT JAOBOJBHO OOUIMpHAs TIpynna YHUCIEHHBIX
METOJOB, NO3BOJIOMIAsA  JOCTATOYHO  TOYHO  YCTAHOBUTH  HANPSKEHHO-
ne(OpPMUPOBAHHOE COCTOSTHUE MOPOJHOTO MAacCHMBa B OKPECTHOCTH BBIPAOOTOK IMpH
JTr000M, B TOM YHCJIE ¥ IPOU3BOJIBHOM, UX PACIOJIOKEHUU B IPOCTPAHCTBE.

KOHTpOJILHLIe BOIIPOCHI

1. HazoBuTe Hambosiee U3BECTHBIE YHUCJICHHBIE METOMAbI, IPUMEHSEMbIE B
reoMexaHuke?
B dem cocTtout nuaest MeTo1a KOHEYHBIX AJIEMEHTOB?
Uto Takoe «MaTpulia )KeCTKOCTu» B MKD?
Uto Takoe «martpuiia ynpyroctu» B MKO?
HasoBute 3tamnsl pemenus 3agad reomexannku MKO.
KakoB anroputm penieHus: ynpyromiacTudeckux 3aaad B MK2O?
B yeMm cyTh MeTOa TPAHUYHBIX 3JIEMEHTOB?
YTO Takoe «CUHTYJISIPHOE PELICHUE ?
KakoBbel Bo3moxkHocth MKD u MID? B uweM wux mnpeumyliectBa u
HEeJOCTAaTKU?

10.B yeMm cyTh M€TO1a IUCKPETHBIX 3JIEMEHTOB?

11. B yeM cyTh BapranmOHHBIX METOJOB PELICHUS 3a]a4 B TOPHOW F€OMEXaHUKE,
UX IPEUMYIIECTBO MEPE OCTAIBHBIMU METOAAMU?

12. HazoBuTE OCHOBHBIE BAPUALIMOHHBIE METObI, B UEM X OTINYHUE?

WX ANk WD
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11. MOJAEJIMPOBAHUE TEOMEXAHUYECKNX
MPOIIECCOB

11.1. O0umne cBeeHus

Belie ObUIM paccMOTpEHBI, B OCHOBHOM, AHAJIUTUYECKHE METOJbI PEHICHUS
reOMEXaHWYEeCKUX 3adad. Jlas OJUHOYHBIX BBIPAOOTOK, pPACHOJIOKEHHBIX B
OJIHOPOJTHOM HM30TPOIHOM TOPOJHOM MAacCUBE W HMEIOUUX Kpyriyio Gdopmy
MONEPEYHOr0 CEYEHUs, TAKUE PEUIEHUS MOYKHO IOJIY4YUTh B 3aMKHYTOM BHue. B
cirydae 0oJee CI0XKHOM POpMBI TOTIEPEYHOT0 CEUSHUSI UCCIIETyEMbIX BBIPAOOTOK MPH
HAJIMYUM  TPUMBIKAIONIETO  BbIpaOOTAaHHOTO MPOCTPAHCTBA U CTPYKTYPHBIX
HEOJHOPOJIHOCTEH TOPOAHOTO MAacCUBa, MPUOETAIOT K YHUCICHHBIM METOJlaM
ucciaenoBanuii. Ho u B 3TOM ciydae He yJaeTcss BOCIPOM3BECTH B JOCTaTOYHO
MOJIHOM Mepe mpoiiece aeOpMUPOBAHUS TTOPOJHOTO MAaccHBa MO MEpe CO3JaHUs B
HEM  HCKYCCTBEHHBIX  mosiocTed. OpHUM U3  METOJOB  HCCJEIOBAHMS
CIIOKHOCTPYKTYPHBIX OOBEKTOB B T'€OMEXaHHKE SBJSETCS MOJCIUPOBAHUE B
7a00paTOPHBIX  YCIOBHUSIX  PA3IMYHBIX  (U3MUECKUX  TMPOIECCOB  TOPHOTO
npou3BojAcTBa. Llenp MoaenpoBaHus 3aKJIFOYAETCS B BOCIPOU3BEACHUN U U3YYECHHUH
HAa Mojenu (U3UYECKOTro Tpoliecca, MOAOOHOTO MPOUCXOMAIIEMY B HATYpPHBIX
yCIOBUsAX. MeToa MOAENUPOBAHUS MO3BOJISIET HA YMEHBIIEHHBIX WIH YBEIMYEHHBIX
[0 OTHOUIEHHWIO K JIEMCTBUTEIBHOCTH MOJENSAX MPOBOJAUTHh KAUYECTBEHHBIE U
KOJIMYECTBEHHBIE IETAIBHBIE UCCIIEIOBAHUS N3y4aeMOro mpolecca.

SBNSASACH ONHUM M3 OCHOBHBIX COCTABJISIOIIMX KOMIUIEKCHBIX MCCIEAOBAHUM,
METO/Ibl MOJICTMPOBAHUS JOCTATOYHO HIUPOKO UCIOJIB3YIOTCS B PA3TUYHBIX 00JIaCTIX
COBPEMEHHOIO €CTECTBO3HAHUS M TEXHUKHU. [IpUMEHUTENBHO K MEXaHUKE
NOJ3EMHBIX COOPYKEHHH OSTH METOJbl IMO3BOJSIOT BBIACHUTH OCHOBHBIE
KayeCTBEHHBIE JJIEMEHTHl MEXaHHW3Ma IMPOLIECCOB CHABIKEHUS, aepopmanuu u
pa3pylieHus] TOPHBIX MOPOJ MPU BEACHUM OYMCTHBIX M MOATOTOBUTEIBHBIX PaboT,
ABIIASCH HEOOXOIUMBIM 3TAllOM MpPH pa3paboTKe HOBBIX THIIOTE3 U TEOPHi, a TaKxKe
IPOBEPKH PELIECHUH, OJYYCHHBIX AHAIUTUYECKUMH METOJAMU.

B MexaHuke TOpHBIX MOPOJ, HM3y4YaroIlleW, Kak IMpaBuUio, OOBEKTHl BEChMa
OOJBIIMX pa3MepoB, MPUMEHSIOT MOJIETUPOBAHKUE, CBS3AHHOE C YMEHBIIECHUEM
a0COIOTHBIX pa3MepoB 00bekToB. [lo mpuHIMIAM, HA KOTOPBIX OHO OCHOBAHO,
pa3IMyYaT MOJEIMPOBAaHUE JBYX BHUIOB: (pu3myeckoe W aHajaorosoe. Ilepsoe
IpeaycMaTpuBaeT BOCCO3JaHME B MOJEIM TeX XKE€ CaMblX (PU3MYECKUX TMOJeH,
KOTOpbIE JICUCTBYIOT U B OOBEKTE HATYpPbI, HO U3MEHEHHBIX IO CBOMM a0COIIOTHBIM
3HAYEHHUSIM B COOTBETCTBHM C MPUHATHIM MacIITabOM MOAECIUPOBAHUSA. AHAJIOTOBOE
MOJICIMPOBAaHUE MPEAYCMATPUBAECT 3aMEHY B MOJEIHU OJHUX (PU3UYECKUX MOJeH
IpPYTUMH, HalpuMep, 3aMEHy HATypHOIO TIIOJs MEXAaHWYECKHX HalpsHKEHHM
IIEKTPUYECKUM MoJeM B Mojenu. [Ipu 3ToM Ha MOJensaX M3y4yaroT 3aKOHOMEPHOCTH
SABIIGHUH W TPOIECCOB, MPOTEKAIOIIMX B HATYPHBIX OOBEKTaX, HCIOIb3Ys
MaTEeMaTHYECKYI0 aHAJIOTHIO PA3IUYHBIX MO (PU3NYECKONW MPHUPOJAE MPOIECCOB, T.C.
MaTEMaTUYECKyl0  TOXIECTBEHHOCTh  OCHOBHBIX  3aKOHOB M  COBMAJCHHE
g depeHInaTbHbIX YPaBHEHUH, OMUCHIBAIOIINX 3TH MPOIIECCHI.
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MaccuB ropHbIX MOPOJ SIBISETCS BECbMa CIO0KHOW CPENOW, B KOTOPOU IIPHU
BEJICHUH TOPHBIX PabOT OJHOBPEMEHHO MPOUCXOAST MPOLEcchl aehOpMUPOBAHUS
Pa3JIMYHOIO XapakTepa: YNpyrue, ynpyro-lilaCTU4eCKUE CMEIIEHUS U pa3pylLIeHue
opox €  pa3pblBOM  CrulomHOCTU.  [loaTOMy — TeopeTnueckue  pacyersl
neopMUPOBAHUS TOPHBIX MOPOJ, MPOYHOCTH U YCTOMYUBOCTH T'OPHBIX BHIPAOOTOK H
pPa3IMYHBIX COOPY)KEHHH B IOPOJHBIX MacCHBaX YacTO HPEACTAaBISAIOT COOOi
TpyJAHOpeImaeMyto 3anady. HarypHele ncciaenoBaHus OTIMYAKOTCS 3HAYUTEIBHOU
TPYAOEMKOCTBIO, BBICOKOM CTOMMOCTBIO, TPEOYIOT JOBOJBHO JJIUTEIBHOTO NEPUOAA
BpemMeHu. Kpome TOro, B HaTypHBIX YCIOBHUSAX OOBIYHO BECbMA OIPAHUYEHBI
BO3MOXXHOCTM  BappUpOBaHUS  IIapaMeTpaMd  CHCTEMbI, TEXHOJOTHEH W
IOCJIEI0BATEIBHOCTRIO BEACHUS TOPHBIX palOT, TOrna Kak NpU MOJIEIMPOBAHUU
MO>KHO IIPOCJICIUTH BIUSHUE OCHOBHBIX MIaPAMETPOB B CAMBIX INUPOKUX MPECIIaX.

Takum 00pa3zoM, MOJEIMPOBAHUE OTKPBHIBAET TAaKWE BO3MOYKHOCTH U3YUEHUS
IIPOLIECCOB MEXAHUKH TOPHBIX ITOPOJ, KOTOPBIE HE NAKOT HU AHAJIMTUYECKUE METOJIBI,
HU HAOJIOZACHMS U U3MEPEHUS B HATYPHBIX YCIOBHUSX.

B TO Xe BpemMs Ha MOAEISIX HEBO3MOXHO BOCIPOM3BECTH BCE JETaIU
MOJICJIUPYEMBIX OOBEKTOB, MOATOMY MOJIEIMPOBAHHUE MO3BOJISIET BECTH H3YyUECHHE
IIPOLIECCOB C OIIPEACICHHON CTEIEHBbI0 YIPOIIEHUS M CXEMAaTH3allMM HaTypHBIX
O00OBEKTOB, YTO CYILIECTBEHHO OOJEr4aeT HHTEPIPETALMIO PE3yJIbTaTOB IIAXTHBIX
HaOJIIOICHUI 1 U3MEPEHUH, ITO3BOJISISI C OOJIBLIECH CTENEHbIO 0000IIEHNS TPOCIEANTD
Y YyTOYHUTb MEXaHU3M MPOLECCOB U MAaKCUMAaJIbHO IOJIHO U3YyYUTh BIHMSHUE Ha ITH
IPOLECCHI AEUCTBYIOIUX (DAaKTOPOB.

OOBIYHO MIpM pelIeHMH 3aJad MEXaHWKM TOpPHBIX MOpPOJ METOJaMHU
MOJIEJIMPOBAHUS UCHBITAHUIO MOABEPralOT CEPUI0 MOJEIEH Pa3IMYHBIX MacCIITa0oB,
UCIOJIB3Ys. MpU ATOM HauOoisiee d()(PEKTUBHBIA NI PEIICHUs KOHKPETHOM 3ajauu
meroa. Hanpumep, cHauama, Ha MOJAENSX MEJKOro Macimitaba H3ydaroT oOuiue
3aKOHOMEPHOCTH IIPOLECCOB B IIPEAECIIaX BCErO0 y4acTKa MAacCUBA, MOABEPKEHHOIO
BJIMSIHUIO BBIPAOOTKH, a 3aT€M Ha MOJENAX Oojee KPYMHOTo Mmaciurada AeTaabHO
U3y4aroT 3aKOHOMEPHOCTH INPOLIECCOB B HEKOTOPOM 00JIaCTU MacCHBa, B YaCTHOCTH,
IPOIIECCOB B3aMMOJEUCTBUSA TMOPOJ C Kpembio BbIpaboTku. [Ipum 3TOM B Momenu
KPYMHOTO MacuiTaba BOCIPOM3BOJUTCS JIUIIb HEKOTOpasi YaCTh MacCcHBa, a JACUCTBHE
BCEH OCTaJbHOM YaCTH KOMIICHCHUPYIOT C IIOMOIIBIO HAarpys3kH, OCYILECTBIIIEMOU
Harpy304HbIMH HPUCIIOCOOJIEHUSMHU PBIYAXKHOTO, IPYXUHHOTO WIIH
TMIPABINYECKOTO TUIIA.

[lepBple MONBITKM MOJEIUPOBAHMS MPOSIBICHUM TOPHOIO JaBi€HUs ObUIM
ocyuiecTsieHsl B 1885 r. M. @aiionem, KOTOpBIM pacCMaTpUBaJI CIIOUCTBIE TOPHBIE
HOPOJIbI KaK psii HECBSI3aHHBIX MEXy COOOM MOPOAHBIX CIOEB U U3y4as MPOSIBICHHUE
nedopManuy n3ruda ropHBIX NOPOJ HA MPOCTEUIINX MOJEINAX, COCTOSIIIMUX U3 HauKH
[I0JIOC, OMNMpAOIIeiicss Ha JBe Onopbl. ONBITH, MNPOAEIAHHBIE C Pa3INYHBIMU
MaTepruasiaMi (KeJae30, KyCKHM INIOCKUX PYyIHUYHBIX KaHATOB, INIMHA, CTEKJIO, TUIIC U
Ip.), MOKa3aJId 3aTyXaHWE BEJIIMYUH MPOruda CJIOEB CHHU3Y BBEPX, UTO MOCIYKHIIO
IIOBOJIOM JUISA CO3/1aHUS TMIIOTE3BI CBOJA JABJICHMUS.
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K Meromam HaOmOAEHUN HA MPOCTBIX MOJEISAX OTHOCSTCS TaKXe OIBITHI
A.Jleona, . JleBuncona-Jleccunra, M.M. [IpotoassikonoBa, I'. Illmakkenepa,
®.A. benaeHnko u ap.

Ha cerogusamnnii neHb, y4HUTBIBas CI0KHOCTh MEXAHHUYECKUX IIPOLIECCOB,
OPOUCXOASIIMX B TOJIIE TMOPOJ NpH MPOBEACHUM BBIPAOOTKH, METOJBI
MOJICJIMPOBAHUS MTPOJOJKAIOT OCTABATHCS HEOOXOUMBIM 3B€HOM HCCIIEA0BAHUIA.

HaunbGonee ynoOHbIM [JIsi MCCIEAOBAHMS MPOSIBICHUM TOPHOTO JaBJiICHUS
ABJISIETCA METOJ MOJEJIMPOBAHMS HA 3KBHBAJIEHTHBIX MaTepualax, MPeIIOKECHHbIN
I'.H. Ky3nenoBbiM B 1936 1.

BecpMa IEHHBIM METOJIOM, NO3BOJIAIOIIUM NOJIY4YaTh BaKHbIE OTHOCUTEIBHBIE
KOJIMYECTBEHHBIE  XapaKTEPUCTUKM HEOJHOPOJHBIX HANPSHKEHHBIX  COCTOSHUI
AIIEMEHTOB CJOKHBIX MEXAHUYECKHX CUCTEM, SIBIIAETCS TAKKE ONTHUYECKUM METOL
VCCJIEIOBAHMS HAIIPSKEHHOTO COCTOSIHUS BOKPYT IMOJ3EMHBIX BBIPAOOTOK, HA4ajo
KoTopoMy Obu10 nTos1okeHo D. JIeBuHCOHOM-JleccuHTrOM.

IIpr OMHOBPEMEHHOM NEWCTBUM CWII TSDKECTH M YIPYTOCTH MEXAHUYECKOMY
0100110 YAOBIETBOPSAET METO IICHTPOOEKHOTO MOACTUPOBAHNS, Pa3pabOTaHHBIN U
npaktuaecky pa3suthii I'.M. [IokpoBckum u np.

Cpeau  1pyrux  METOJOB  MOJEIMPOBAHMS  3aCily’)KMBAalOT  BHUMaHHS
AJIIEKTPOAHAJIOTOBBIE METOJbl MOJEIUPOBAHUS, T.€. DJIEKTPUUECKOE MOAECIHPOBAHUE
bu3NUecKuX MoJIe, a TakXe pa3inyHble KOMOMHMPOBAHHBIE METOJbI, HANPUMED,
COYETAIOIINE MPHUHIMUII METOJAa OSKBHUBAJIEHTHBIX MAaTEpPUAJIOB W  IMPUHIUI
HEHTPOOEHKHOTO MOJICTUPOBAHUS U JIP.

11.2. Moaeau B MeXaHUKe TOPHBIX MOPOJ

OcHOBHasi 1LeIb TEOMEXaHUKH, KakK YXKE OTMEYaloCh, COCTOMT B
IIPOTHO3UPOBAHMN TIOBEICHHs IOPOJAHOTO MacCMBa TIIPU CO3JaHUM B HEM
UCKYCCTBEHHBIX IOJOCTeH. HMHxeHepy eme Ha CTagud IIPOEKTUPOBAHMS
TOPHOJO0OBIBAIOIIETO MPEANPHUATHS HEOOXOJUMO UMETh 3HAaHUS O TOM, KaKoBa OyzeT
Harpy3ka Ha Kpelb F'OPHBIX BBIPAOOTOK M BEIMYHMHA CMEIIEHUN KOHTYpa MOPOIHOTO
OOHa)XeHMs, KaKoBa BEPOSITHOCTh Ta30JUHAMHYECKHX TMPOSBICHHI TOPHOTO
JaBJleHUs, OyAyT JU yCTOMYMBBI IOYBa BBIPAOOTOK, OOpPTa KapbepoOB M OTKOCHI
OTBAJIOB, U O MHOTUX APYI'MX F€OMEXaHUYECKUX IOKA3aTeNAX, KOTOPHIE MMO3BOJININ
OBl BIIOCJIEACTBUU OE€30MaCHO U dKOHOMMYHO OCBaMBaTh 3eMHble Henpa. llomyuaror
OTU 3HAHUS HUCCIEAOBATENIM HAa OCHOBE IOCTPOEHUS, MATEMAaTUYECKOTO ONMCAHUS U
aHaJIM3a COOTBETCTBYIOIINUX T'€OMEXaHUYECKUX MOJIEIIEH.

MonenpoBaHU€E JIEKUT B OCHOBE YEJIOBEUECKON JEATEIbHOCTH. MBI BoOOIIE
BOCIIPUHMMAEM OKPYKAIOIUNA MHUP, KaK COBOKYITHOCTb MOJEJEH: IICUXOJIOIrHYECKHUX,
¢unocodckux, GUNUECKUX, IKOHOMUYECKUX U JPYTHX, KOTOPHIE SBISIOTCS JIHILIb
npUOIMKEHHBIM OTPAXCHHEM B CO3HAHMM YeJIOBEKAa OOBEKTHUBHO CYIIECTBYIOIIEH
peasibHOCTH. UeM BbIIIE YPOBEHb 3HAHUN 00 OKpY)KaloIleM Hac MHpE, TeM OJnxKe
MOJEIN COOTBETCTBYIOT JEHCTBUTENBHOCTU. [Ipu 3TOM O4YEBHMIHO, YTO MOJHOE
COOTBETCTBUE MOJIENU pealbHBIM O00BEKTaM HEJAOCTIXKMMO B mpuHIHIe. [lo sTomy
MOBO/TY BBITIOJTHEHBI OOLIUPHBIE UCCIET0BAHNS, HAITMCAHBI COTHU KHUT U CTaTEH.
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Becema mome3Hoe 0000mieHHe 3THX pabOT  BBIMOJHEHO B paboTe
N.N. bnexmana, A.Jl. Meimikuca u S.I°. [lanHOBKO. ABTOpBI TatOT TAKOE ONPEAECICHUE
MoJenn: «00beKT M fIBJIsIeTCHA MOJe/IbI0 00beKTa A OTHOCHTEJIbHO HEKOTOPOil
CUCTEMbI S XapaKTepPUCTHK (CBOiicTB), eciim M cTpoutcsi (MM BbIOUPaeTcsi) 1JiA
HMHUTAIlUM A 10 J3THM Xapakrepuctukam». I[Ipu sToM mnom oObekToM A
nojpa3zymMeBaeTcs JJ000e MaTeprualbHOE TeJo, NeUCTBUE, cUuTyalus. Moienb MOXeT
OBITh MCCJIEI0BATENbCKOM, JUISI H3YyYCHHUS YKa3aHHBIX XapaKTePUCTHK, WIH
padouei, i HEMOCPEICTBEHHOTO MCIOJIB30BaHUS, HAIPUMEpP, aBTOMUJIOT, JETCKas
UrpyliKa, JE€HbI'M W T.JI. B TeoMexXxaHuke paccMaTpUBAIOTCA  TOJBKO
HCClIe10BATEILCKUE MOICIIH.

IIpouecc pemeHuss 3agady B TE€OMEXAHUKE COCTOUT, Kak IPaBUIO, W3
HECKOJIbKMX OCHOBHBIX ATaIlOB.

Brauane dopmynupyercs oOmas 3agadya W OMPENENseTCS KOHEYHas Ielh
uccienoanuii. Hampumep, TpeOyercss HM3yduTh paclpeiesieHue HanpsDKEHUH |
nedopMmanuii  (mepeMelieHni) BOKPYT TOpPHOM BBIPAOOTKM W HAWTH Takue
WHXKCHEpHBbIC pemieHus (hopma BbIPAaOOTKH, BHUJ, KOHCTPYKIIUS, HECYIas
CIOCOOHOCTh KpPEenu W T.M.), IPH KOTOPBIX BBIPAOOTKA OyAE€T UMETh TEXHUYECKYIO
YCTOWYHUBOCTh B TEYEHHE 3aIAHHOTO NPOMEKYTOYHOTO BPEMEHH.

Crnenymoouyii, O4€Hb BaXHbIA, 3Tall HCCICAOBAHMN COCTOUT B M3YYECHHUH
00bEKTa HCCICIOBAaHMM B  HATYpHBIX ycloBHSAX. [Jlms »Toro  cobuparor
re€0JIOTUYECKHUE, THAPOTCOJOTUYECKUE W TOPHOTEXHUUYECKUE XAPAKTEPUCTHUKHU TOTO
ydacTKa IMOPOJHOTO MacCHBa, B KOTOpPOM OyJeT coopykaThCs BbIpaOoTka. [Ipu
HEOOXOJMMOCTH  TPOM3BOJAST  OTOOp  NPOO  JIMTOJOTMYECKUX  Pa3HOCTEH,
U3TOTOBJIEHUE  TOPOJHBIX  00pa3slloB W WX  HUCMOBITAHHE B  YCJIOBHUSAX
cepTUu(UITMPOBAHHBIX JTA0OPATOPHUIA.

VYcranaBnuBamOTCS  (DU3UKO-MEXAHUYECKUE XAPAaKTEPUCTUKU BMEIAIOIIAX
MOPOJI, UX CJIOMCTOCTh M TPEIIMHOBATOCTh, Pa3Mephl U PACIIOJIOKEHUE BHIPAOOTKH B
MPOCTPAHCTBE, CIOCOO COOPYKEHHs, CPOK ChHykObl W T.m. Eciam cymecTByroT
aHAJIOTUYHbIE OOBEKTHI, HANPUMEpP OJHOTUIIHBIE MOATOTOBUTEIIbHBIE BBHIPAOOTKH,
KaMephbl, TO C IeJIbI0 cOopa MOMOJHUTEIHLHON WH(OpPMAIMM B HHUX YCTPAWBAIOT
3aMEpHBIC CTAHIMH, B MpPE/IesiaX KOTOPBIX MO pa3pab0TaHHOW METOJUKE BBIMOJIHSIIOT
COOTBETCTBYIOIIIME HATYpPHbIE HU3MEPEHUS. AHAIU3UPYETCS ONBIT JKCIUTyaTalluu
NMOAOOHBIX OOBEKTOB B CXOJIHBIX TOPHO-TEOJOTMYECKUX YycioBusax. CoOpaHHbIE
JIAaHHBIC SIBJIISIFOTCS OCHOBOM JUIsl TIPOBEJCHMSI JA0OPATOPHBIX HCIBITAHUM Ha
¢pusnueckn peasusyeMbIX MOJeENsIX, HAIpPUMEP, C TOMOIIBID ONTHYECKOTO
MOJICITUPOBAaHUsI, MOJICIUPOBAHKS HA APKBUBAJICHTHBIX MaTepHaiax, IEHTPOOESKHOTO
MOJICTUPOBAHUA U T.II.

JlaHHbple (HU3NYECKOTO MOJCIIUPOBAHUS B COBOKYITHOCTH C pPeE3yjbTaTaMH
HAaTypPHBIX H3MEPEHUM SIBISIOTCS TEM HCXOAHBIM MAaTepualioM, IOCPEICTBOM
KOTOPOT'O CO3/Ial0TCS TaK Ha3bIBAEMbIC (PU3HUYECKHE YMO3PHUTEIbHbIE MOJCJIH.

TakoBbIMU SBJISIIOTCSI, HAlpUMEp, CIUIONIHAsA YIpyras cpeaa B TEOpPUHU
YOPYTrOCTH, HACAIBHOW IIApHUP B CTPOUTEIHHOM MEXaHHMKE, Chllly4yas cpela B
CTaTUKE ChIMy4Yed Cpenbl W T.M. YMO3PHUTEIbHbIE (U3HUESCKHE MOJEIH TOCTATOYHO
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OJU3KO OTPAKAIOT U3Y4aeMbIi OOBEKT, HO HE UMEIOT CBOMCTBEHHBIX €My J1e(DEeKTOB,
HECOBEPILIECHCTB.

Ha ocHoBe ymo3puTenbHOM PU3NUYECKON MOJEIN CO3aeTCsI MaTeMaTHyecKast
mMojeab. Cieayer OTMETUTD, UTO B 3aBUCUMOCTH OT LIEJIEH HCCIIeOBaHUS, COCTOSHUS
MAaTeMaTHYECKOTO aIlapara, UMEIIMNXCS BO3MOKHOCTEW BBIYMCIMTENBHBIX MalIuH
OJIUH U TOT K€ 00BEKT MOKET UMETh HECKOJIbKO HEAKBUBAJICHTHBIX MOJIETICH.

Tak, Hanpumep, OJUH U TOT e OOBEKT MOXKET OBITh OMUCAH C MOMOIIBIO
YIIPYTOu 151 YIIPYTOIUIACTUYECKOM, JTIUCKPETHOU 151 HETIPEPBIBHOM,
JNETEPMUHUPOBAHHON U CTOXACTHUECKOM, a TakKe APYrux mojeneid. Muorooodpasue
MoJieJIeld OJTHOTO M TOTO € O0BEKTa MO3BOJISIET PACCMOTPETh €r0 C Pa3HBIX TOYEK
3pEHMS, BBIIECISAS U MOAUEPKUBAs HHTEPECYIOIINE UCCIIEI0BATEN TapaMeTprl. Takon
MOJXO0J TO3BOJSIET MOJYYUTh JOCTATOYHO TJIyOOKHE M BCECTOPOHHHE 3HAHUS O
npoleccax, IPOUCXOASIINX B OOBEKTE.

Ecnin marematuueckass Mojeiab BbIOpaHa, TO CTEMEHb ONTUMAJIbHOCTH €€
IIOCTPOECHUS OIPEAEISETCS YPOBHEM aJEKBAaTHOCTM M YHCIOM HE3aBUCHUMBIX
IIEPEMEHHBIX, T.H. YIPaBJIAOMIUX NDapaMerpoB. To ecTb, C OAHOW CTOPOHBI
MaTemMaThueckas Mojneiab M JomKHa ObITh aJleKBaTHAa peajbHOMY OOBEKTY A B
paMKax M3y4aeMbIX XapaKTEPUCTUK (CBOMCTB) S, a C IPyrOl CTOPOHBI — ITOJYyYEHHbIE
pe3ynbTaThl JOJKHBI ObITH JOCTYITHBI aHAIU3Y U MOHUMaHuIo. [lociiennee BO3MOKHO
TOJNBKO B TOM CIIy4yae, €CJIM YHCIO YIPABISIOIMX MapaMETPOB CPABHUTEIBHO
HEBEJIMKO U, BOOOIIIE TOBOPSI, HE MPEBBIIIAET TPEX, & HHOTIA AaKE OAHOTO.

Co3manue moneneld 3TO M HayKa, U B TO K€ BpEMs HCKYCCTBO, YPOBEHb
KOTOPOT'O BO MHOT'OM OTIPEIEIISETCS JIMYHOCTBIO U OIIBITOM HCCJIEI0OBATENS.

[Tocne Toro, kak MaremMaTudeckasi MOJesib O0OBEKTa OMpeiesieHa, BEIOMpaeTCs
MeTO/]l HCCJeI0BaHMii, HA OCHOBE KOTOPOro OyJIeT BBINMOJHEHA peanu3anus 3TOU
monenu. Ilpu sTom HeoOXoauMmoO 3apaHee MPEACTaBIATH HEOOXOAMMYIO TOYHOCTH
BBIYKCIIEHUW, KOTOpas JOJKHA COOTBETCTBOBATh MPUPOJE M3ydaeMoro oObekra. B
F€OMEXAaHHUKE 3TO TOpPHbIE BBIPAOOTKH, PACIOJIOKEHHBIE B IOPOJHOM MACCHBE,
ompezeneHue  (U3MKO-MEXaHMYECKUX  CBOMCTB ~ KOTOPOTO  BO3MOXKHO  CO
CPaBHUTEJIBHO HEBBICOKOM CTEIEHbIO TOYHOCTH.

B »TOM CBSI3M HET CMBICIIA MPUBJIEKATh K PEIICHUIO MAaTEMaTUYECKONW MOJIEIIH
METOJbI, MAAIOIIME€ HEONPaBJAaHHO TOYHBIE pe3yJbTaTbl. Tak, Hampumep, IpU
UCIIOJIb30BAaHUU YHCIECHHBIX METOJIOB HMCCJIEIOBAaHUNM HAMpshKeHUH U AedopMaiiuii
BOKPYT BBIPAOOTOK 3JIEMEHTHI, Ha KOTOpbIE pa3OMBAETCsl MACCHUB, JOJDKHBI HUMETh
pa3syMHBIE pa3Mepbl, YHUCJIO WTEpAMH MpPU PELICHUH OIPEIEIECHHOrO Kiacca
YOPYTOIJIACTUYECKUX 3a]1a4 I0JKHO OBITh CPABHUTEILHO HEOOIBIIUM U T. .

[locne Toro, kak Ha OCHOBE BBIOPAHHOTO METOJA pPEIIeHa MaTeMaTU4yecKas
MOJieNIb, TPOBEPSETCS €€ aJeKBAaTHOCTh pPEAIbHOMY OOBEKTYy NyTeM CpaBHEHMUS
MOJyYEHHBIX PE3YyJbTaTOB C HATYPHBIMH M JaOOpaTOpHBIMU H3MepeHusiMu. Ecnu
COBMAJICHUE 3TUX PE3YJIbTATOB SIBISAETCA JOCTATOYHO OJIM3KUM, TO TOCTaBJICHHAs
3aJja4a perieHa U MOKHO MPUCTYNUTh K KX OCMBICICHUIO, (POPMYIHPOBKE BHIBOJOB U
ONPENCIICHUIO  HAIpPaBICHWW  JAJIbHEHIIEr0  NPUMEHEHHMS  YCTAHOBJICHHBIX
3aKOHOMEPHOCTEMN.
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11.3. OcHOBHBIE 10JIOKEHUS] TEOPUH MOX00US

C yderoM cneuu(uKud TOPHOTO Jejia BETUYHHBI, MOJyYEHHbIE HAa MOJEISX,
HEJb3d MEXaHWYECKH MEPEHOCUTHh Ha HATYPHBIE YCIOBUS MPOCTHIM YMHOKEHHEM Ha
COOTBETCTBYIOIIMKA MacmTab. B ocHoBe MozjenupoBaHus (U3HUECKUX SIBICHUN
JCKUT yYEeHHE O TMOJA00MH, OCHOBBI KOTOpOro 3ajoxkeHbl eme M. HproToHOM,
chopMyIUpOBaBIIMM 00Illee TOHITHE JAMHAMUYECKOTO TMOJ00MS MEXaHUYECKUX
CHUCTEM.

OcHOBHBIE  CBOMCTBa MOAOOHBIX SIBJICHUMHM W  TOPU3HAKUM  TOA00MS
paccMaTpuBaeMbIX SBJICHUN MEXIy COOOM XapaKTepu3ylTCs TpeMsi TeopeMaMu
nonoOus. Ilepsas, ycranornennas XK. beprpanom B 1848 1., ocHOBaHa Ha 00IIEM
MOHATUU TMHAMU4YecKoro noaooust HetoTroHa u BTOopoM 3akoHe MexaHnuku HbroToHa.
Axanemuk M.B. KupniuueB maer crienyromry:o (GopMyJIHMpOBKY MEpPBO TEOPEMBI
nonobus: «[logoOHBIME Ha3bIBAIOT SIBICHUS, MPOUCXOJAIINE B T'E€OMETPHUUECKU
NoJOOHBIX CHUCTEMaX, €CIM y HUX BO BCEX CXOJCTBEHHBIX TOUYKAX OTHOIICHUS
OJITHOMMEHHBIX BEJIUYUH €CTh MOCTOSHHBIC YUCIIA».

Bropas Teopema mogobust chpopMmynrpoBaHa B Hauasie XX B. HE3aBHCHUMO JIPYT
ot apyra [Ix. bykunremom u A. ®eaepmanom. OHa yCTaHABIMBAET BO3MOKHOCTh
npeoOpa3oBaHus (PU3NUECKOTO0 YPaBHEHHUSI CBSI3H, ONUCHIBAIOIIETO JAHHOE SIBJICHHE,
IIPU ATOM IOJIYy4YaeTcs YpaBHEHUE, COCTABICHHOE M3 KPUTEPHUEB (MJIM MHBAPUAHTOB)
nono6usi. CoraacHO BTOPOM TeOpeMe pe3ysIbTaThbl OMBITOB MO U3YYEHHUIO KaKOTro-
100 (PU3UYECKOTO SIBJICHUS, MPEJCTABICHHBIE B BUAEC KPUTEPUATIbHBIX ypaBHEHHM
CBSI3U, MOKHO TIEPEHECTH Ha JIPYTUE SIBJICHUS, TOJI0OHBIE HCCIEAOBAHHOMY.

Tpetbst Teopema momgoOust chopmynupoBaHa u nokazaHa B 1930 r. akan.
M.B. KupnirueBbIM ¥ HOCHUT Ha3BaHUE TEOPEMbl O CYLIECTBOBAHUU MOA0OUS.
CorymacHo 3TOH TeopeMe, A CYIIECTBOBAaHUS NOJOOMS MEXAYy SBICHUSIMU
HEOOXOJMMO M JOCTAaTOYHO, YTOOBI 3TH SBJICHHUS HMMENIU TMOAOOHBIE YCIOBHUSA
OJIHO3HAYHOCTHU M OJJMHAKOBBIE ONPEAEISIOIIE KPUTEPUH TOJ00HUS.

3akoH HpIOTOHA OTHOCUTCS K paCCMOTPEHUIO IBMKEHUS U PAaBHOBECHUS OJTHOM
MaTepuaJbHONW YacTUIBl. MeXaHH4YecKoe K€ COCTOsHHE ehopMUPYeMOro Teja B
KOKIOM TOYKE C KOOpAMHATaMU X, ), Z XapaKTEepU3yeTcs KOMIIOHEHTAMH
HaNpsOKEHUH Oy, Oy, O Ty, Ty, Ty, KOMIIOHEHTAMH IEPEMEILEHHUS U, U, @ H
KOMITOHEHTaMU J1eOpMaLUi €, €y, €, Yiy> Vo> Yaz-

Mex 1y TUMU BEJIMUMHAMU, XapPAKTEPHBIMU TSI Ka’KJIOTO HAMPS)KEHHOTO
COCTOSIHMSI HATYPBI U MOJEIIH, JOJIKHO ObITh B3aUMHO OJIHO3HAYHOE COOTBETCTBHE,
TaK KakK TOJIBKO TIPU 3TOM YCJIOBUU MOYKHO ITyTEM MOAEIUPOBAHUS OMPENECTUTH
HaTypHBIE BEJIUYMHBI CMENIEHU ITOPOJ U IaBJIICHUS UX HA KPEIIb.

JInst BBISICHEHUS YCJIOBUH, 00CCIICYMBAIONIUX CYIIECTBOBAHUE OJHO3HAYHOTO
COOTBETCTBUSI MEXAHMUYCCKUX COCTOSIHUH HATypbl W MOJCIH, JOJ/DKHA OBITh
paccMoTpeHa B O0IEM BHUJIE CUCTEMa ypaBHCHHMIA, OTpakaromias 1ehOpMHUPOBAHHOES
cocrosiHuEe cpefbl. [10CKOIbKY MPOIECChl CABMKEHHUS W e(OPMHUPOBAHUS TOPHBIX
IOpOJT B OKPECTHOCTH BBIPAOOTKM  SBJISIOTCS BECbMa  MEJUICHHBIMH, TO
WHEPIUOHHBIMU CHJIAMH MOXHO TIPEHEOpeYhb M TOTJa YPaBHCHUS PABHOBECHS MOTYT
OBITh 3amucaHbl B caeAyromen Gopme:



220

aO-x aTXy asz
+ + '
0x 0y dz

K

dr,, 0d0, 0T,

— + + — = 0;
0 x dy dz
dr,. d7,. do0

— + + ~=0.
0 x dy dz

Mexannueckoe nogo0ue mpoiueccoB B MOJENU U HaType OyneT obecreueHo,
€CJIM 3alMCaHHBIC JJIi MOJCIM W HaTypbl B 0O€3pa3MEepHOM BHJIC ypaBHEHUS
paBHOBecUsi OYyIyT TOXJIECTBEHHO coBmagath. Bmegem 0e3pa3mepHbIe
KOOPAMHATHI U HATIPSIKEHUSL:

x=I&;y=Im;z=1¢;
o, = 7/ZR§;0'y = ;/an;rxy = 7/ZR§,7,

TOI'/1a YPAaBHEHUS PABHOBECUS IIPUMYT CIEAYIOIIUN BUJL:

OR, R, IRy

=1
o o | ol

U T.JI.
Jl;1s1 Toro 4TOOBI 00€ecCTIeYnTh TPEOYyeMOe TOXKESCTBO YPaBHEHUI paBHOBECHS
JUISL HATYPBI U MOJICTTH, HE0OXO0IUMMO, YTOOBI JIFOOOW KOMIIOHEHT 0e3pa3MepHOro

(94),

HaIpSDKEHUS B HAType (Rik ) = ObLT paBEeH COOTBETCTBYIOLIEMY

),
(O-ik), (O-ik )H — 7/1-1 lH — 71—1
KOMIIOHEHTY B Mozenu (R, )w =2 "% u m09TOMY =fu e —u g
(yl)M (O-ik ) M 714 lw 7/14
rme A — JuHEHHBIH MacimTad MopenaupoBanus. ClieoBaTeNbHO, MAacIiTad
HANPSKEHUN
u="Lr2
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31ech U Aanee MHIEKCOM «H» O0O3HAYEHBI MapameTpbl HATypbl, HHIEKCOM
«M» - MOJIETH, | — TMHEHHBIN pa3mep, Y — 00bEeMHBIN BeC (TNIOTHOCTH).
Macmirad cuin () MoxeT ObITh HalJICH YMHOXCHHUEM MaciiTada HampsHKEHH
Ha MacIuTad Maomaaei, T. e.

p=top=Lip
7/M 7//W

[Ipy xapakTepucTUKE TOTO WM HMHOIO IIpolecca MEXaHHYecKoe Mojaodue
MOJKET OBITh OIPENEICHO 3aJJaHUEM MEPEXOAHBIX MHOKHUTEIEH MM MaclITaboB 1Jis
JUIMH (T€OMETpUUYECKoe M0100Me), Ul BpeMEHH (KMHEMAaTUYeCKoe Nojao0ue) u s
Macc (AUHAMHUYSCKOE ogo0ume).

YcioBue reoMmeTpu4ecKoro moao0us Uit 1ByX MOJOOHBIX CHCTEM COCTOMT
B TOM, YTO BCE€ pa3Mepbl MPOCTPAHCTBA, 3aHATOIO CUCTEMOM B MOJEIH, U Pa3MEphI
OTJIETBHBIX 3JIEMEHTOB MOJIETN U3MEHEHBI B ONPEIEIEHHOE YHCIIO Pa3 10 CPABHEHUIO
C COOTBETCTBYIOILIMMH pa3MePaMH HATYPHOU CUCTEMBI.

YcioBue KHHEMaTH4eCKOro MmoA00Msl 3THUX CHCTEM COCTOUT B TOM, 4YTO
JTI00BIE CXOJICTBEHHBIE TOYKM (YACTHIIBI) CHUCTEM, JABHUTasCh IO TE€OMETPUUYECKH
0JTOOHBIM TPAEKTOPHSM, IPOXOJAT F'€OMETPUUECKH MOJO0HBIE IYTH B IPOMEKYTKU
BPEMEHMU, OTJINYAIOIINECS TOCTOSHHBIM MHOXKUTEJIEM.

YcioBHe NUHAMHYECKOI0 MOJ00MS CHCTEM COCTOMT B TOM, YTO MAacChl
JTHOOBIX CXOJICTBEHHBIX YACTHUL ITUX CUCTEM OTJIMYAIOTCS APYT OT APYra MOCTOSHHBIM
MHOKUTEJIEM.

JU11 MOIETMPOBaHUS IPOLIECCOB B YCIOBUAX IUIACTUYECKOTrO Je(pOPMUPOBAHNUS
(0e3 yuera BpeMeHHU) HEOOXOAUMO, UTOOBI YpaBHEHUS, CBSA3bIBAIONINE AeopmManuu u
HaIpsDKEHUS, OBbLIIM TOKIECTBEHHBI KAK U HATYPBI, TaK U JJI1 MOJENH PU YCIOBHU
HaIMMCaHus ux 6e3pa3MepHOi (OPMEI.

BaxHbIM 351eMEHTOM B COOJIIOICHNH YCIOBUM MOI00US SIBISIETCA OTPaXKEHUE B
MOJIETI CTPYKTYPHBIX U TEKCTYpPHBIX OCOOCHHOCTEHl MaccuBa — CIOHCTOCTH,
KJIMBA)Ka, OTACIIBHOCTEN U TP.

OnHaKo, KOJIMYECTBEHHAs OLIEHKa Ie0JIOro-NeTporpaguueckux 0COOEHHOCTEN
CTPOCHMSI M CJIOKEHUS IMOpOJ BECbMa 3aTPyIHUTEIbHA, OTCYTCTBYIOT IIOKa
OOBEKTUBHBIE CHOCOOBI KOJMYECTBEHHOIO ydeTa 3TUX (HaKTOpPOB IIpU OLEHKE
IPOYHOCTHBIX CBOWCTB MacCUBa KaK LIEJIOTrO.

11.4. MeTo 3KBUBAJIEHTHBIX MAaTEPHAJIOB

OTOT METOX MPUMEHSIOT Ul HCCIENOBAaHUS BOINPOCOB, CBS3AHHBIX C
IPOSIBJIEHUEM TOPHOTO JAaBJICHUS B OYMCTHBIX MOATOTOBUTEIBHBIX BBIPAOOTKAX IpU
pa3paboTKe MECTOPOKICHUM MOJE3HBIX HMCKOMAEMBIX; B MOA3EMHBIX KalHUTaJIbHBIX
BbIpa0OTKAX; MpPU HM3YYEHHH BOMNPOCOB, CBS3AHHBIX C TOPOJAMH, CIBHIKECHHS
MAacCHBOB M JIPYruX (PU3HUECKHUX MPOIECCOB, MPOUCXOISAIINX B MAaCCHBaX B CBS3H C
IPOBEJCHUEM B HUX TOPHBIX PaloT.
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N3ydeHne Bcex 3TUX BONPOCOB AHATUTUYECKUM METOJIOM U HEMOCPEACTBEHHO
Ha MPAKTUKE CBSI3aHO C OOJBIIMMH TPYJHOCTAMH, TOATOMY HCIOJIB30BAHUE METOJIa
MOJICTMPOBAHUS UMEET OOJIBITIOE TEOPETHUECKOE U MTPAKTUIECKOE 3HAUCHUE.

B npensoennsie rogst B0 BHUMMU I'.H.Ky3neuoBbim Obu1 pazpaboTan MeTon
MOJICIMPOBAHUS, B OCHOBY KOTOpPOTO ObLIa TOJOKEHAa HACS CO3MaHHs MOJEeH
TOPHBIX MacCCHUBOB M3 HCKYCCTBEHHBIX MATEPHAJIOB, SKBUBAJCHTHBIX MO CBOUM
ne(opMalMOHHBIM M TUIOTHOCTHBIM CBOMCTBAM TOPHBIM IOpPOJAM IPU IPHUHSTOM
Macimitadbe wmoaenupoBanus. Cedyac 3TOT METOJ UHIMPOKO HCIOJIB3YETCS O]
Ha3zBaHueM MOM.

CyIIHOCTh METOJIa SKBUBAJICHTHBIX MAaTEPUAJIOB 3aKJIIOYAETCS B TOM, YTO Ha
(bU3UYECKUX MOJICNIAX C U3BECTHBIMH JOMYIIEHUSIMUA U MPU COOTIOJICHUM YCIOBUM
noAo0usl U3y4aroT WHTEPECYIOIKNe Hac (PU3MYECKUE MPOIECCHl M Pe3yJIbTaThl ITUX
WCCJICIOBAHUM HCIIONB3YIOT IS Pa3pabOTKU TEOPUU «MEXaHHW3Ma» IMpoIecca, a
TaKKe IS Pa3pabOTKH TPAKTUYECKUX PEKOMEHIANUNA I TPOMBIIUICHHOCTH.
Hanpumep, MOM mupoko NpUMEHSIOT JUIsl U3YUYEHHS MPOLecca CABMKEHHS MOPOA
MAaCCHBa IPU OYMCTHOW BBIEMKE IMOJIE3HBIX UCKONaeMbIX (puc. 11.1).

[Ipu moctaTo4HOM yAANEHUH OT IITPEKOB XAPAKTEp MPOSABJICHUS HABICHUS
TOPHBIX MOPOJ Ha KpEemb BO BPEMEHH OyAeT HU3MEHSThCA TOJIbKO B HANpaBICHUU
JIBW)KCHUSI OUHUCTHOTO 3a00s1. CiieioBaTeNIbHO, 3a/1auya U3Y4YeHUs JaBJICHUS MOPOJ B
OYMCTHBIX BBIPAOOTKAX CBOJUTCS K IJIOCKOM M paccMaTpuBaeTCs sl ceueHUsT A—A.
Ha mockoit momenu (cm. puc. 16.1, 6) ¢ coOmoeHreM YCJIOBUN MMOI00usS
BOCHPOMU3BOJAUTCA TMPOLIECC BBIEMKH IIOJIE3HOTO HCKOIIAEMOI0, B peE3yJbTaTe
KOTOPOTO B MOJIETIH IIPOUCXOIUT MIPOIIECC CABMKECHHS TTOPO/I, TIOT00HBIN HAType.

Puc. 11.1. Cxema k MoJIeTMpOBaHMIO 3a/1a4u JiepopMariuii TOPHBIX MMOPO Ha
HKBUBAJICHTHBIX MaTepHaiax: @ — o0pasel; O — MOJEIb.

B ocHOBe MeTOaa JIEKUT TEOpUsT MEXaHUUYECKOoro moaoous HetotoHa, koTopas
IpenoiaraeT reOMeTpUIecKoe, KHHEMaTUYeCKOe U JUHAMHUECKOe 000Ul

'eomerpuyeckoe momobue. ObOecmeunBaeTcss B TOM CiIy4dae, €CIU BCE
JIMHEWHbIE pa3Mepbl OyAYT YMEHBIIEHBI B ONPEACICHHOE MOCTOSHHOE YHCIIO Pa3 Mo
CpPaBHEHUIO C TOM 001aCThIO HATYPHI, B KOTOPOU M3ydaeTcs TaHHOE SBJICHUE.
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o A
AR /i —Nf,
i i c (11.1)
r 0,0 - JIMHEWHBbIE pa3Mepbl MOJIENIU U HATYPbI, COOTBETCTBEHHO.
i
€

Kunematuueckoe HO,IIO6I/IC 6y,IICT 00ecrieyeHo B TOM cily4dac, cCJlIk
CXOIOCTBCHHBIC YAaCTHIIbI, ABUTAsCh IO I'COMCTPHYCCKU HO,IIO6HBIM TPACKTOPHUAM,

HpOXOI[}IT FCOMCTpI/I‘ICCKI/I HOI[O6HBIC HYTI/I B HpOMC)KYTKI/I BpCMCHI/I,
OTIIMYAarOUIIUECA ITOCTOSSHHBIM MHOXKHUTCIIEM, T.C.
(A T
H __ H __ _ H __
R e (11.2)

I[I/IHaMI/I‘IGCKOC HO,IIO6I/IC HMCCT MCCTO B TOM CJIydac, €CJIIN MaCChl IBYX
CXOACTBCHHLBIX YaCTHUIL (COOTBCTCTBYI-OHII/IM 06pa30M PaCIIOJIOKCHHBIX B
IMPOCTPAHCTBC U BpCMCHI/I) OTIIMYAKOTCA APYT OT ApPpYyra B OJHO M TOXKC YHCJIO pa3

m_m m
t=—t= =—A=C (11.3)

Beipazus B paBeHcTBax (11.3) maccy uepe3 00beM U MIIOTHOCTD, HOTYYUM

3
C, =2Pu (11.4)
gMpM
nim
C,=C,C}, (11.5)

rIe



c =Pu (11.6)

Tak KaKk MHOXHUTEIb HOI[O6I/I$I C( 3aJ1aH TCOMCTPHUICCKUM HOI[O6I/IGM, TO OJId
CO6J'HOI[€HI/I$I YCHOBI/Iﬁ JUHAMH4YCCKOI'O HOI[O6I/I$I JOCTAaTO4YHO 3a4aTb COOTHOIICHHC

C6
C.C2c? =D
pil™~v
Bpra>Ka;1 MHOXHUTCJIIN HO,IIO6I/IH ‘ICpCB COOTBCTCTBYIOIHI/IC COOTHOILICHU U HpOI/IBBe,II}I

npeodpa3oBanusi, OyJeM UMETh HHBApUAHT 1o100Ms1 HproToHA

IUIOTHOCTEH, T.€. Cp. N3 ycrnoBus MeXaHUUECKOTO MO00us (

14 R 4 . _
;‘ 7= 2M 3 =iden=N,. (11.7)
pHﬁHvy pMZMvM

CrnenoBaTenbHO, ONPENEINB MapaMeTpbl MOJEIIH, IPU KOTOPBIX COOTHOLIEHUS
MHOXXHUTEJIEW MOoa00us YIOBIETBOPSIOT ycioBHUIO (16.7), MBI MOJYy4YUM MOJENb,
JUHAMHYECKHE MPOLIECChl B KOTOPOM OyIyT MOJ00HBI COOTBETCTBYIOLIUM MpOIECCam
B HaType.

OOpamasicb K KOHKPETHOM 3ajjadye O JaBJICHUM MOPOJ Ha Kpenb MOA3EMHOU
BbIPa0OTKM, YCTAaHOBUM KpUTEpPUM TOJOOHMS M MHOXWTEIM MOA00MS Jid
MOJEJIMPOBAHUS YKA3aHHOIO Ipo1ecca MeTo1oM OM.

Ha oOCHOBaHMM BBIIIEU3JI0KEHHOTO BBIIECIMM OCHOBHBIE CHJIBI, KOTOPBIE
OIpEAEIISAIOT XapakTep PU3NYECKOro MpoLecca.

B nepBoM npuOIMKEHUM MOYKHO OIPAaHMYMTHCS YYETOM JABYX POJAOB CHII, a
MMEHHO: BHEIIHUX CHJI — TSKECTU U BHYTPEHHUX CUJI — HAIPSDKEHU, BOZHUKAIOIIUX
B IIOPOJIE.

[Ipeobpazyem dopmyny (16.7), Bepaxkaromyro oOmUNA 3aKOH TOH00MS
Herorona misg cimydas COBMECTHOrO JEWCTBUSL CHJ TSDKECTM W BHYTPEHHMX
HaIpsDKeHU. 3aMeHssl B HEl 3HaYeHUs KBAJpPaTOB CKOPOCTEM uyepe3 yCKOPEHHS H
JUIMHBI, TTOJTyYUM

Pn  __ Pu

3= 3 =idem. (11.8)
pHaHKH pMaMfM

B manHOM ciiydae pedopmaniust U pa3pynieHne mopoIbl MPOUCXOIUT 3a CUET
JICVUCTBUSI CUJI TSIKECTH, T.€. d = g .
pMaM = ngM = ’YM’

) (11.9)
Pudy =Pu8u ="Yu-
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re Yy - 0OBeMHbIH Bec MaTepHaa.
Bsenem B (101) o60o3HaueHME

L =N, (11.10)
¢

IOl KOTOPBIM IOAPA3yMEBAEM IPEJICIbHBIE HAINPSIKEHUSA: HA PACTSKEHUE, CHKATHE,
CABUT WX Je(hOpPMAIIMOHHBIE XapaKTEPUCTUKH TOPO/I.
IToncraBus 3aBucumoctu (11.9), (11.10) B (11.8), momyuum

N N .
K=—=—"_=idem, (11.11)
Yl YV, 1L,
rIe E — 0Oe3pa3zMepHoOe Yl CIIO, SIBJIAIOLICECS OIPEAEIIAIOIINM

KpUTEpPUEM MOI00MUS.

Ha ocHOBaHMM MNOJy4EHHOTO BBIPAXKEHHUS MOXHO YCTAaHOBUTH OCHOBHBIE
TpeOOBaHUS K MOJENH, OOECHeUMBalOINe MEXaHHUecKue moaoous seiueHus. Ecmu
MOJIeJIb U3TOTOBUTH U3 MaTepuaja HaTyphl, TO OyJeM MMeTh OJMHAKOBBIE (PU3UKO-
MEXaHMYECKHE CBOMCTBA U HATYPBL: Ny = Ny; Vv = Va-

OnHaKO CMBICT MOJYJIMPOBAHMSI B IAaHHOM CJIydae 3aKJII0YaeTCsl B TOM, YTOOBI
reOMETPUUECKUE pa3Mepbl MOZAEIU ObLIIM MEHBIIIE Pa3MEPOB HATYphI, T.€. / # /.

B srom ciyuae pasenctBo (11.11) He umeer mecta. it coOXpaHeHUsl yCIOBUI
€r0 MHBApUAHTHOCTU CIIEAYEeT TIojlaratb, 4ro Ny, = Ny Vv # Yu WM
NM ¢NH’ YM¢ YH

B nepBom ciyuae

yM:yHg—H, (11.12)

T.c. OOBEMHBIH BeC Marepuaja MOJENU JOJKeH OBbITh 3HAYUTENIBHO OOoJblIe
00BEMHOT0 Beca MaTepuasa HaTyphl.
Bo BTOpoMm ciydae

y
= MM N (11.13)
/gH’YH .

N

M

3Hasd MeEXaHMYEeCKHE CBOMCTBa Marepuana HaTypsl W 3a]aBasch
coorHowenusmu £ /0, wu Y, /7Y,, NOIYyYHMM 3HaYEHUS MEXAaHUYECKUX CBOKCTB

MaTepHuaia MOJEIH, KOTOPbIe HEOOXOAUMBI JJIsi 0OecIieueHus MOA00Us MO U
HaTYpBHI.
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[Ipn u3ydyeHnH mpolecca pa3pylieHHs MOpPOJ B KadyeCTBE OIPENEIISIOIIHNX
XapaKTEPUCTHUK MEXAHMYECKHX CBOMCTB MOPOJ AOJLKHBI OBITH B3SITHI IPEIEIbHBIC
3HAYEHHsA [POYHOCTH TMOPOJAbI MpPU €€ pa3pylIeHUH, KOTOpPblE MOIYT OBITh
oTpezieNieHBI IMyTeM MOCTPOeHHs orudatoieii KpyroB Mopa.

Takum o00pasom, mnpu mnoAOOpe MaTepuasoB-3KBUBAJICHTOB B KadyeCTBE
ONpEACNSAIONMX  XAapaKTEPUCTUK IPOYHOCTH  IOJIb30BAThCA  COBOKYIHOCTBIO
3HAQYEHU BPEMEHHOI'O CONPOTHBIEHHA IOPOJ Ha CXKaTue R, M pacTsukeHus R, WM
K€ COBOKYIHOCTBIO 3HaueHUN Kko3(dduumenrta cuemneHuss C, U yria BHYTPEHHETO
TpeHus tg@. B aTom ciayyae HE0OX0AUMO COOMIOAATH CIEYIOIINE PAaBEHCTBA!

yCJIOBHE MTOJ00MS BHEIITHUX CHJT

Y O

P
Y, 0

M

—up (11.14)

yCJIOBHUE MOIO0HS ITPOIIECCOB PAa3pYIICHUS

v Y )
Rc 77 RC.H.’
Ly Yu (11.15)
Rp.M K__Rp.H.
H ,YH
N
CM — llM’YM H;
n (11.16)
tg , =1g .

st mogo0ust MponeccoB MEXaHUKUA TOPHBIX TMOPOJ B 00JIACTH YIPYTUX
nedopmatinii coOIr0aal0TCa paBeHCTBA

Esz—M— 4o
Yu (11.17)
Ry =W,

rne E - MOAYJb yHpyroctu; W — kodddunuent [lyaccona.
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Jlist momo0usi MEXaHWYeCKHX TIPOIECCOB B MACCHBE TOPHBIX TOPOJ B
o0JyacTu TIacTHIecKux nedopmariuii BO BCeM TUara3oHe HanpsHKeHUH HadalbHBIX
70 pas3pymiaromux 0e3 ydera BIHUSHHUS BPEMEHU JOJKHO OBITh COOMIOACHO
yCIIOBUE

£ € (11.18)

(€, +€,)y (€, +€,)y

nm

IIpu sTOM

e, +¢,)= f(0),
rae € €, —  IUIacTUYecKas M ynpyras OTHOCUTENbHbIE 1eopMalnu.

JIOCTOMHCTBOM ME€TOZa OJKBHBAJICHTHBIX MAaTEpPUAIOB CIEAYET CUYUTaTh
BO3MO>XHOCTb ~ BOCIIPOM3BOJUTH  IPOLIECCHI  HEYHpPYyroro JeGOopMUPOBAaHUA U
paspylieHusl MOpoja MaccuBa BOJM3UM TOpHBIX BbIpaboTOK. HeoOxomumo Takxke
OTMETUTh, YTO 3TOT METOJ MO3BOJSET CTPOUTh OOBEMHBIE MOJAEIN U HAa UX OCHOBE
peniaTh TpEXMEPHBIE 3a/1a4M IETPOMEXAHUKH.

VYka3aHHblE 00CTOSITENBCTBA CIIOCOOCTBOBAIN IIUPOKOMY BHEAPEHUIO METOAA
HKBUBAJIEHTHBIX MAaTE€pUAJOB B JIA0OPATOPHYIO MpakTUKY: Oosiee 150 KOHKpPETHBIX
3a1a4 TOPHOM MEXAaHMKH PEUIEHO Ha MOJACISIX W3 JKBUBAJICHTHBIX MAaTEpHUAIOB,
npuyeM okojo 30 U3 HUX — Ha 0ObEMHBIX MOJIETISIX.

B 1O Xe BpeMs MeTony MOZECNIMPOBAHUS HA DKBUBAJICHTHBIX MaTepHaliax
IIPUCYIIH CEPHE3HBIE HENOCTATKHU.

1. Ilupokuit nuana3zoH (U3MKO-MEXaHUYECKUX CBOMCTB MOPOJ, CIIArarolIuX
MOJIEJIUPYEMBI  MAacCHUB, TPYJHO BOCIPOM3BECTH Ha KakoOM-IMOO  THIE
DKBUBAJICHTHBIX MAaTEPUAJIIOB TOJIBKO 3a CYET U3MEHEHUs €ro COCTaBa, IOATOMY IIPH
IOCTPOCHUU MOJENN UCCIENOBAaTENb BBIHY)KJIEH MpUOerate K LEJIOMY pALy
DKBUBAJICHTHBIX MAaTEPHUAIIOB, OTIMYAOLIMXCS 110 CBOMM HCXOJHBIM KOMIIOHEHTaM M
(u3MKO-MaTEMaTUYECKUM CBOMCTBAM, YTO YCIOKHSAET IOCTAHOBKY SKCIIEPUMEHTA.

2. B OogpmIMHCTBE Clly4aeB NpPH M3rOTOBICHUHM MOJEIN OKAa3bIBAECTCA
3aTPYIHUTENBHBIM, & HHOTJA U BOBCE HEBO3MOXXHBIM BBINOJIHUTH YCIOBUS MOJ00MS
BHEIIHHUX CHJI, POILIECCOB pa3pylICHUsI U MPoLeccoB nedopMupoBaHus (yIpyroro u
IUIACTUYECKOT0) TaK KaK  yKa3aHHbIE YCJIOBHS  MOJOOMS ~ MEXaHUYECKUX
XapaKTEPUCTUK MOJIEIU U HATYpPhl TOJKHBI YIOBIETBOPATH PABEHCTBAM

O oxcn — Op.u — CH = EH . (11.19)
c (6] C E

CXK.M p.M M M
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3. Hzydenuwe nedopMaIiMOHHBIX IPOIECCOB B OKPYXKAIOMEM BBIPAOOTKHU
MaccuBe TpeOyeT COOpY)XCHHSI MOJENeH BHYIIUTEIBHBIX Pa3MEpOB, UTO
CONPOBOXK/IAECTCS ~ 3HAYUTEIBHBIM  TOBBIIIEHHEM  TPYJOEMKOCTH  CaMoro
HKCIEPUMEHTA.

4. JIOCTOBEpHOCTh M PENPE3CHTATUBHOCTHb pE3yJIbTATOB, IOJYYEHHBIX Ha
MOJICNIIX W3 SKBUBAJICHTHBIX MAaTE€pUAJOB, B 3HAUYMTEIIbHOM CTENEHHU 3aBHCHUT OT
TEXHOJIOTUM U3TOTOBIICHUS, TO3TOMY JlaX€ TMpU NPABUIBHO MOJOOPAHHBIX
KOMITOHEHTaX BO3MOKHbI CYIIE€CTBEHHBIE MTOTPEUTHOCTH.

5. Mopenb, obecrieunBarolias yAOBJIETBOPUTEIBHYIO CXOAUMOCTbh C HATypoOi
IPU U3yYEHUH MEJJIEHHO MPOTEKAIOIIUX MPOLECCOB, HE MOKET OBITh UCIOJIb30BaHA
JUIsL MOJEJIMPOBAHUS JUHAMUYECKHUX IMPOLIECCOB B TOPHOM MAacCHUBE B CHITY
HEBBITIOJIHEHUSI BCEX YCIOBHUM MO00US.

6. 3akyiajika IMHAMOMETPOB B MOJIENb JIJI1 U3MEPEHUS HAMPSHKEHUN 3a4acTylo
MPUBOJUT K HMCKAKECHUIO HAMPSIKEHHO-AC(POPMAIIMOHHOTO COCTOSIHHS H3y4aeMOTO
MaccuBa.

7. N3MmepeHue nepeMelIeHH Ha MEIKOMACIITAOHBIX MOJENSAX HE MOXKET
BBITIOJTHEHO C JOCTaTOYHOW TOYHOCTBIO, T.€. UYYBCTBUTEIBHOCTh CEPUMHBIX
W3MEPUTEITFHBIX YCTPOWCTB HE OOECmedynBaeT TPeOyeMyl0 TOYHOCTh H3MEPCHHUS
CMEIIECHUH OTJIETbHBIX TOUEK MAacCHBa C Y4E€TOM MPUHSITOrO MaciiTada.

MopenvpoBaHue Ha OSKBUBAJEHTHBIX Marepuanax I03BOJSIET € OOJbIION
CTENEHBIO JCTANIBHOCTU MNPOCIEAUTh MEXaHU3M MPOLECCOB B TOJIIE MOPOA MpH
JBKEHUU 320051 BBIPAOOTKH, OCOOEHHO MpOIECCOB AehOpPMHUPOBAHUS TOPOJA C
pa3pbIBOM  CIUIOIIHOCTH, YTO OOBIYHO HCKJIIOYEHO TMpU JPYTrUX METOoJax
MozienMpoBaHus. BcenencTBue 3TOro MeToj SKBUBAJICHTHBIX MATEpUAJIOB SIBIISIETCS
HauOoJiee NEeMCTBEHHBIM, OJlaroapsi 4eMy OH MOJIYYMJI IIMPOKOE NMPUMEHEHHE MPU
pEIIEHUU PA3JIMYHbIX 3a/1a4 MEXaHUKU TOPHBIX TTOPOJI.

OnHuM U3 NOpPEeuMYIIeCTB METOJla MOJEIUPOBAHUS Ha SKBHBAJIECHTHBIX
MaTepuanax SBISETCS BO3MOXKHOCTh M3MEpEHUsl mokasateneil, oTpaxkarouux HJIC
MacCHBa B MHTEPECYIOMINX 00JIACTAX, KOTOPHIE B HATYPHBIX YCIOBUSIX OCYIIECTBHUTH
MPAKTUYECKA HEBO3MOXKHO BBUAY TPYAHOIOCTYITHOCTH Y4aCTKOB MacCHUBa.

[Ipu ycroBuM yaoBIETBOPEHUS BCEX KPUTEPUEB MOJO00MS I SKBUBAJIICHTHBIX
MaTepuajioB M O00ECHeUYeHUH TE€OMETPUYECKOTO TMOoa00us HaTypbl W  MOJENH,
COBMAJCHUE MEXaHMYECKUX TMPOIECCOB MOXKET ObITh 00€CleueHO MIpH MOJ00UH
I'PaHUYHBIX YCIOBHM.

B npunnune, wmonens JOCTaTOYHO TMOJHO OTpa)kaeT HaNpsHKEHHO-
nepopmupoBanHoe coctossaue (HJIC) wmaccuBa B Hatype. CoOnroaeHue xe
I'PaHUYHBIX YCJIOBHUH IO TOPIIAM MOJIENIM HE MPEJICTABISAECTCS BO3MOKHBIM, OJTHAKO, B
cuiny u3BecTHoro mnpuHuuna CeH-Benana, MOXHO yTBep)KIaTb, 4TO pPOJb TOPIIOB
CTAHOBHUTCSI 3aBEOMO Majioil Ha PACCTOSHUSIX OT HUX, PABHBIX TOJIIMHE MOJEIH.
[ToaToMy mpu 0TpabOTKE MOIENeH 3aMephl BEIMYUH CMEIICHUN KPOBIIM U JTaBJIICHUS
Ha KpeMb SIBIAIOTCA TOCTOBEPHBIMU TOJIBKO B €€ Cpe/HEN YaCTH.

JlaGopatopHbIii MOA0Op M HCHOBITAHUS SKBUBAJIECHTHOIO MaTepuana s
W3TOTOBJICHUSI MOJICJICH HAIPaBJICHBI B CTOPOHY M3BICKAHUS yI100000padaThIBAEMbIX
cMeced, KOoTopble He oOnaganmu Obl IIUTEIHHBIMA CPOKAMH CXBAaTBHIBAHUS W
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TBEPACHUS, a IO CBOUM (PU3MKO-MEXaHUYECKUM CBOWCTBAM OOECIICYMBAIN OBl
nonobue ¢ ropHbIMH Toponamu. Ilpm sTOM Oe3pa3mMepHble KOHCTAaHTHl —
kodp¢uuentsl I[lyaccoHa u  yrapl BHYTPEHHETO TPEHUS JOJDKHBI YHCIEHHO
COBIAJAaTh B ’KBUBAJICHTHOM MaTE€pHUaje U HATYPHBIX TOPHBIX MOPOJAX.

[Io mpupoae CBA3YIOIIMX BEIIECTB NPUMEHSEMbIE B HACTOSLIEE BpeMs
SKBUBAJICHTHBIE MAaTEepUaJIbl Pa3JESI0TCA Ha YEThIPE TPYIIIIbI:

1. Ha ocHoBe yrieBomopojoB HE(TIHOIO MPOUCXOXKACHUS (Ba3enuH, napadus,
MacJja u Jip.) — 00Ja1at0T TUIACTUYHBIMU U YIIPYTOTUIACTUYHBIMU CBOMCTBAMU.

2. Ha ocHOBe HEOpPraHMYECKUX THAPABIMYECKUX CBS3YIOMUX (LIEMEHT, THIIC,
KUIKOE CTEKJIO0, THOCYIbpaT HaTpusi) — O00JaJalT XPYNKUM XapaKTepoMm
paspylieHusi, a npu A0O0aBJIEHWHM B COCTaB IJIMHBI MPUOOPETAIOT IIJIAaCTHYHbIE
CBOMCTBA.

3. Ha ocHOBe CHHTETHMYECKHUX TMOJMMEPOB (dMOKCHIHAsA, KapOOMHIHAaSI,
KpEeMHUIOpraHnYecKkass M Jp. CMOJbl) — 00JafaroT YOpYro-MIacTUYHBIMU U
XPYIKAMH CBOMCTBAMM.

4. Ha ocHOBE CMOJI €CTECTBEHHOTO MPOUCXOXIeHUs (TIeK, KaHU(OJIb U Ap.) —
00J1a/1a10T CBOMCTBAMH XPYIIKHX MaTepUasoB.

B nocnennue roasl Bce Ooiee
NOMYJISIPHBIM ~ CTAHOBUTCSL  TaKXKe
MOJICIMPOBAaHME  HA  KyCOUYKax
NUJICHOTO caxapa, KOTOPBIM JaeT

XOpoIne KauyeCTBEHHBIC
PE3YIbTaTHI.

[Tpu noaoope
SKBHBAJICHTHBIX  MaTEpHaOB  C
KOHKPETHBIMU CBOMCTBaMH
UCTIOTB3YIOT pazITuYHbIC
MOAU(UKATOPHI, PUCAIKU u

VHEPTHBIE 3alI0JHUATENN. B KauecTBe
MOCIICTHUX TPHUMEHSIOTCS MEJIKUE
KBapLIEBbIC MIECKU u
MEJIKOAUCTIEPCHBIE MaTepuabl
(IeMeHT, MeJ, HWHEpTHas IbUIb,
MOPOIIKKA COJIEM METAJUIOB U JIp.).
[TongoO6paB M YTOYHUB PELENTYPHI
SKBUBAJICHTHBIX MAaTE€pUAIOB  JJIA
Bcell MOJICIIUPYEMOM TOJIIIIH,
MPUCTYMAIOT K CICAYIOMIEMY dTaNy -
U3TOTOBJICHUIO CAMOM MOJICIH.

P

’ g Y S o
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Monaenu W3rOTaBIUBAIOT - "~ o
HENOCPE/ICTBEHHO B UCIIBITATEIbHbIX Puc. 11.2. O0muii B TIOCKOTO CTEH/IA IS
CTEHJAX, MPEICTABISIOWUX COBOIt MOJICTUPOBAHUS Ha SKBUBAJICHTHBIX
JKECTKHE paMHble METAIHYCCKIE marepuanax (HanmoHanbHbIA TOPHBIN

KOHCTPYKIMH. [[JI1 U3rOTOBJICHUS W VHUBEDCHUTET)
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UCIBITAHUSI TUIOCKUX MOJEJEH, BBINOJHEHHBIX B pa3pe3e MO MPOCTUPHUIO
NEPHEHIUKYJISIPHO K TUIOCKOCTSIM HAIJIaCTOBAaHMS, CIOMCTOCTH WJIM MOJIOCYATOCTH
MOJEIMPYEMOW TOJIIHM, TPUMEHSIOT CTEHIBI, MOJO00HBIE TIPEICTABICHHOMY
Ha puc. 11.2.

Ecin HeoOXomuMbl IMJIOCKHE MOJAEIN, BBIIOJIHEHHBIE 11 HAKIOHHOIO
3aJIeTaHUsl TOPOJ B pa3pe3e BKPECT MPOCTUPAHUs, MPUMEHSIOT TTOBOPOTHBIC
(kpyroBbie) cTeHabl. [l 0OBEMHBIX MOJENEH CIIy)KaT TPEXMEpPHbIE MOBOPOTHBIC
CTEH/IBI.

B 3aBucuMocTtu OT pelmraeMblx 3ajJad MOJICIMPOBAHHUE BEAYT B Pa3IMUHBIX
reOMETPUYECKUX MaciiTabax: Menkux, oT 1:400 mo 1:100, wiu kpynHbIX, oT 1:60 10
1:10. Tonmu caObIX MOPOJ MOJACIUPYIOT TOJIBKO B KPYITHBIX MaciTabax.

Paznenenue Tommm Mmopoa B MOJAEIM Ha OTACIBHBIE CJIOM OOECIEYUBAIOT
MyTEM TMPHUCHIIIKK TOBEPXHOCTU KaXJIOrO0 CJIOSA KPYMHOM MOJIOTOM CIIOJIOH,
TPEUIMHOBATOCTh WJIM KIMBaXX BOCIHPOU3BOJST HACEUKOW CBEXKEIMPUTOTOBICHHBIX
CJIOEB JI0 OTBEPJICHUS WJIM CXBAaThIBAHUSI MATEPUAIIOB.

[Ipy W3roTOBJIEHUM TUJIOCKUX MOJIEJIEd BMECTO OMNATYyOKH HCHOJIb3YIOT
MpO3payHble OTPaXJAloNIUe CTEHKH, CTAI[MOHAPHO 3aKPEIUIsieMble HAa BECh MEPUO]]
WCIIBITAHUSI MOJCNH. J{JIs 3TUX LieJied MPUMEHSIOTCS JTMCTOBBIC 3aKaJICHHBIE CTEKIIA,
YKpeIUIieMble Ha CTBhIKax IIBEJUIEpaMU, KOTOpbIe OOECTIEUMBAIOT HEOOXOJIUMYIO
YKECTKOCTh ITPO3PAYHOTO OOKOBOT'O OTPAXKICHHUS.

[Tocne w3roroBieHuss MoOjeAM W HaOopa OKBHUBAJICHTHBIM MaTepyaioM
MPOYHOCTH (WJIM €r0 OCThIBAHUS) Ha TIOBEPXHOCTh MOJCIMPYEMOr0 MacCHBa
HAHOCUTCSI MEpHasl CeTKa, B HAMEUYCHHBIX CJIOSX YCTAaHABIMBAIOT MapKU U JIaTUYUKHU
JUISL PETUCTPALIMM KapTUHBI TOJIS HaNpshKeHUH, aedopMaluii 1 CMEIICHUN B TIEPHO/T
UCIIBITAHUSI, a TAKXKE BBITIOHSIIOTCS TIOJIOCTU, UMUTUPYIOIINE TOPHBIE BBIPAOOTKH, B
KOTOPBIE BCTPAMBAIOTCS MPUOOPHI, BOCTIPOU3BOIAIITNE paOOTy KPETIH.

Hampsoxkennoe coctossarie u aedopmariuu SJIEMEHTOB MO OMPEEISIOT
TaKXe ¢ MOMOUIBI0 CIIAPEHHBIX MUKPOCKOMOB, AKECTKO COCIMHEHHBIX MEXAY COO0H 1
MO3BOJIIONIUX OMNPENETsATh C BBICOKOM TOYHOCTHIO CMEIICHHUS JIByX TOYEK
OTHOCUTENBHO Jpyr Japyra. ba3za u3mepeHuil B MOJENSAX YKa3aHHBIMHU BBIIIE

npubopamu cocrtapiisieT (40...50) MM, a OTHOCHUTENIbHASI MOTPEITHOCTh (1+2)-10_4,

T. €. Ha MOPSA0K HIDKE, YEM IIPU U3MEPEHUSIX B HAType.

Jlns ompenesneHusl CABMIKEHHM TOYEK IUIOCKOM MOJENM B IIpoLecce ee
UCHIBITAaHUSl CIY’)KUT MeTof (poTodukcanuu — nepuogudeckoe ¢ororpadrpoBaHue
OOKOBOW MOBEPXHOCTH MOJIENI C YCTAHOBJIEHHBIMU B HEH MAapKaMH U MOCIEAYIOIINE
U3MEpEHHs CMEIEHUI MapoK Ha (POTOCHHMKAaX, OCYIIECTBIsIEMbIe HA KOMITApaTOpe.
Meton ¢doTtodukcanu MO3BOISET OBICTPO U OAHOBPEMEHHO PETUCTPHUPOBATH
CMEIIECHUS BCEX TOUEK Ha OOKOBOM MOBEPXHOCTU MOJIEIH, HO TOYHOCTh ONPEEIICHNUS
CMEIICHUH TOYEK MOJENH, YYUTHIBasg MaciiTad MOAETUPOBAHUSA, OKAa3bIBACTCSA
OOBIYHO HMKE€ TOYHOCTU OMNpPEAENICHUs CMEIIEHU COOTBETCTBYIOLIUMX TOYEK MpU
U3MEPEHUSIX HEMOCPEACTBEHHO B HATYPHBIX YCIOBUSX. YCTaHOBKa Ha OOKOBOM
MOBEPXHOCTU MOJIeNIM OJOYHBIX TEH30METPOB IO3BOJSET MOBBICUTH TOYHOCTD
onpeneeHusl cMelleHud Touek MetooM (orodukcamuu B 20 pa3. [Ipu macmrabe
dborocaumka 1:10 u reomerpuueckom MacmTade wmoxaenu 1:100 3HaueHus
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CABI)KEHUN TOUYEK B MEpecueTe Ha HATYpy MOTYT OBITh ONPEEICHBI B 3TOM Cllydae ¢
TOYHOCTHIO 0 1 MM. Takyro k€ TOYHOCTh OMPECIICHUsI CMEUICHU 00eCreunBaoT
3epKaJbHbIE W ONTUYECKHE TEH30METPbl, IpPU 3TOM CMEIICHHS pENepoB B
YBEJIIMYEHHOM BHJI€ GUKCHUPYIOT HA IKpaHe.

Hns  BocmpousBedeHHs — pabOTBl  Kpeme  NPUMEHSAIOT  IPHOOpPHI
BE30METPUYECKOTO M PBIYAKHOIO TUIOB — Ui MOJAENEH MEJIKHX MacliTadoB,
PBIYAKHO-MAasiTHUKOBOIO M TMAPABINYECKOIO THIIOB — JUII MOJENEH KpPYIHBIX
MacIITadoB.

3aBeplIalolIMM 3TarlOoM MOJIEIMPOBAHUS SABISETCS COOCTBEHHO HCHBITAaHUE
MOJI€JH, T.€. BOCIIPOU3BEACHHUE B OINPEICICHHOM MacluTabe BpEMEHHM Ipolecca
W3MEHEGHUM ToJield HanpsoKeHud, neopManuii ¥ CMEHIeHUd ¢ pa3pbIBOM
CIUIOIIHOCTH Tpu paspaboTke. Mcxonas U3 KOHKPETHOM 3ahaud, NpPU HCIBITAHUU
MojienH 6osee MOAPOOHO M3YYarOT paclpeaesieHue Hanps>KeHUH B MAacCHBE BOKPYT
320051 BBIPaOOTKH, JUOO pa3BuUTHE AehopManuil W CIBWKEHHUH TOJIIH TOPOI H
36MHOM TOBEPXHOCTH, JMOO pa3BUTHE AePopMaliii, pa3pylmIeHUH H CMEIECHH
NOpOJ1 B MpU3a00HHOM MIPOCTPAHCTBE U B3aMMOJICHCTBHE MOPO C KPENbIO U T. 1.

Ha puc. 11.3 mokasaHbl BHIBI HEKOTOPBIX MOJEIEH U3 JKBHBAJICHTHOTO
MaTepHuaa ¢ pa3JIuYHbIMA BApUAHTAMHU PEIIAEMbIX UCCIIEI0BATEIIMU 3a]1ay.

[Io okOHYaHUM UCHBITAaHUS MOJEIN OOBIYHO M3 €€ 4acTH, HE MOABEPrHYTOM
nedopManusaM IpU UCIIBITAHUAX, BBIPE3al0T 00pa3libl MAaTepUaIOB-IKBUBAJICHTOB JIs
MPOBEJCHUA KOHTPOJIbHBIX ONPEAEICHUN UX CBOWCTB.

OOpaboTka pe3yabTaTOB MCCIEAOBAHUN MPOU3BOAUTCS IMYTEM IOCTPOCHMS
(YHKIIMOHAJBHBIX 3aBUCHUMOCTEH H3y4aeMbIX NapaMeTpoB OT H3MEHEHHUs] TOpPHO-
IEOJIOTHYECKNX M TOPHOTEXHUYECKUX YCJIOBHH. OHM IIPEICTABISAIOTCS B BUAC
OTHOCHUTEJIBHBIX IIOKa3aTelied, NPU OTOM IIOJYYEHHBIE B PE3YJIbTATE 3aBUCUMOCTH
JOJKHBI COITOCTABJIATHCS C PE3yJIbTaTaMU HAaTyPHBIX UCCIIETOBAHUM.
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0)

Puc. 11.3. Hexkotopelie BapraHThl MOJI€JIEN U3 SKBUBAJICHTHBIX MAaTEpUAJIOB,
BBIIIOJIHCHHBIE HA PAa3JIMYHbIX CTEHIAX:

a) — HW3y4YEHHME XapakTepa CMELIEHMH TOJIIM TOpOJ HaX BbIpaOOTaHHBIM
IIPOCTPAHCTBOM;

0) — u3y4YeHHME XapakTepa CMEILIECHHUS MOpPOJa BOKPYr 3a00s MOArOTOBHTEIHHOU
BBIPA0OTKH MEepeCceKaroieil Tpemuny;

B) — WU3YyYCHHE XapakrTepa naepopMHpOBaHHS MPUKOHTYPHOTO MacCHBa B
OKPECTHOCTH OJMHOYHON BBIPAOOTKH, 3aKPEIUVICHHON METaUIMYeCKO apoyHOi
KPEMbIO C 0OPAaTHBIM CBOJIOM.
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JI1s1 mOCTpOEHNsI MPOTHO3HBIX 3aBUCUMOCTEN CEPUM OIBITOB IUIAHUPYIOT TaK,
YTOOBI MAKCUMAJIBHO OXBAaTUTh BCE HEOOXOIMMBIC YCIOBUS M MOJYYUTh HAIC)KHBIC
PE3yIbTaThl, ISl YEro MCIOJb3YIOT COBPEMEHHBIE HAyYHbIE METOMABI IUNIAHUPOBAHUS
HKCIEPUMEHTOB, HAIIPUMED, METOJI JJATUHCKUX KBAJPATOB.

11.5. MeToa ieHTPOOEKHOT0 MOAeTMPOBAHUS

Meron  UEHTPOOEKHOTr0  MOJCIMPOBAHUSA  3aKJIIOYaeTcss B 3aMEHe
IPABUTALMOHHBIX CHJI MHEPLUHUOHHBIMH, CO3JaBa€MbIMH B MOJIEIM B pE3YyJIbTATE €€
BpalleHusi B KapeTke HeHTpudyru. B mpunimmne, MeToq mo3BOISET MOJEIUPOBATH
oobemHoe HJIC mopon BOKpyr BbIpaOOTOK Kak B YIPYroil o0iacTd, Tak U 3a ee
npeaenamu.

Mogenb 00bEKTa, BBINOJHEHHYIO B 3aJlaHHOM TI€OMETPUYECKOM MaciiTaoe,
MOMENIAIOT B MEHTPUPYTy U TyTeM PABHOMEPHOTO BpAIICHUS HarpyXaroT
00BbEMHBIMIA HWHEPIIMOHHBIMU CHJIAMH, TIPHUJaBasi TEM CaMbiM TOPOJaM MOJEIH
HEKOTOpPBIH (UKTUBHBIM OOBEMHBIH BEC. DTO TO3BOJSIET B psAC CIydaeB IS
W3TOTOBJICHHUSI MOJICJIM WCIIOJIh30BaTh MaTepHall, OJUHAKOBBIA O CBOMM (DU3HKO-
MEXAHUYECKMM CBOWCTBAM C MAaTE€pHaJIOM HATYpbl, YTO CO3Ja€T ONPEACICHHbBIC
MPEUMYLIECTBA MEPE METOIOM SKBUBAJICHTHBIX MATEPHUAIIOB.

Lentpudyra mnpencrabiser co0oOl  KOPOMBICIO,  YKpeIuisieMoe  Ha
BEpTUKAIBHOM Bpamawuieics ocu (puc.11.4). K HeMy NOpUKpPEIISIOT ChEMHbIE
KapeTKH, B KOTOpPbIE TOMEIAI0TCS uccieayemMble Mmoaenu. M3 ycnoBuit 6e3o0nacHOCTH
U C YUYETOM 3HAYUTENbHBIX Pa3MEPOB LHEHTPUPYT (IuaMeTp 3...5 M), UX pa3MelarT
B INIOMEILICHUSAX C MACCUBHBIMU OTPAXKICHUAMHU, Yallle BCErO — B MMOJBAJIAX.

C nomo1Ipio cnenuanbHOro yCTporuCTBa Mpu padoTe UEHTPUDYTU U3MEPSIOT U
KOHTPOJIMPYIOT CKOPOCTh BpAIIEHUS M PA3BOPOT KAPETOK M3 BEPTUKAIBHOTO B
TOPU30HTAJILHOE TIOJOKEeHUEe (Tpu Habope CKOPOCTH BpalIeHHs) M OOpaTHBIMA
Pa3BOPOT (IIPU CHUKEHUH CKOPOCTH).

HaGnronenus 3a nedopmarusmMu MOJETH BEAYT C MOMOIIBIO AIEKTPHICCKUX
W JPYTMX TEH30JJaTYUKOB, a3POCTATHYECKUX JUHAMOMETPOB, CEIbCUHOBBIX Map,
VHJIMKAaTOPOB YaCOBOTO THMA U MP. JATYUKOB, MO3BOJIAIOMINX B MPOLIECCE BPALICHUS
HEeHTPU(PYTd HENpPEephIBHO TOJMydaThb HMHPOPMALMIO Ha MyJbTe YIPABICHUS
(nuctanunoHHO). Dukcupys gedopMalii U HANPSHKEHUS TMOPOJ MOJEIU B
pPa3IMYHBIX TOYKAX, H3YyYAOT TAaKUM NyTEM 3aKOHOMEPHOCTH MPOLECCOB IS
MOJEIUPYEMBIX YCIOBHUH, & TAKKE YCTAHABIIUBAIOT ONITUMAJIbHBIE ITAPAMETPHI TOPHO-
TEXHUYECKUX O0OBEKTOB U COOPY>KEHUM MO0 (PaKTOPYy YCTOMUMBOCTH.
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Puc. 11.4. KonctpyktuBHas cxema neHTpudyru: 1 — pyHnaMeHT; 2 — OCh BpallleHus;
3 — NOAUIMIIHUKH; 4 — KOPOMBICIIO; 5 — KOMMYTATOPBI; 6 — KapeTKH;
'/ — BAEKTPOABUTATEIIb

JUi1 HEemoCpeACTBEHHOTO HAOIIOACHMS 3a MakpoaepopmauusMu Mojeei B
npouecce LEHTPU(YTUPOBAHUS TMPUMEHSIOT TakXe JAUCTAaHLIUOHHBIE (OTO-,
KMHOYCTAHOBKH M KHHO-TEJIEBU3MOHHO-CTPOOOCKOIHBIE YCTAHOBKH, ITO3BOJISIIOIINE
OpOCIEIUTh KUHETHKY JedopManuil Mojenn Ha KuHomieHke. CTpoOoCKombl
(mpuOOpBI, MO3BOJSAIOUIME (PUKCUPOBATH OBICTPONPOTEKAIOIINE NEPUOANYECKUE
IPOLECCHI) IPUMEHSIOT TAKXKe JJIs1 BU3YaJIbHOI'O HAOJIIOICHUS.

IIpp pemeHnn 3agad  MEXaHUKH TOPHBIX IIOpPOA C IIPUMEHEHUEM
IEHTPOOEKHOTO ~ MOJIECTHPOBAHMS OOBIYHO MCIBITHIBAIOT HECKONIbKO (24 6)
UJCHTUYHBIX Mofenel (Mojenel-0Iu3HenoB), MmoMelas UX MOMapHO B KapeTKd
neHTpudyru. Pe3ynpTaThl SKCIEPUMEHTOB 3aTEM YCPEAHSIOT, OJHOBPEMEHHO
KOHTPOJIMPYS AOCTOBEPHOCTH ONBITOB IO IPU3HAKY IMOBTOPSEMOCTH PE3YJIbTATOB B
Ipenesax CIy4aiHbIX OTKJIOHEHUH, T. €. BOCIIPOU3BOAMMOCTH dKCIIEPUMEHTA.

MeToa 1eHTpoOEKHOr0 MOJEIUPOBAHUS C YCIEXOM M OOJBIION CTENEHBIO
HAJECKHOCTH IPHUMEHSIOT IIPU PEIICHUM 3a]a4, CBA3AHHBIX C OIPEICICHUEM
pa3MepoB yCTOMYMBBIX IOTOJIOYMH Kamep, ONTUMaJbHON (OpMBI M IapamMeTpOB
OOpPTOB KapbepoB U OTBAJIOB, JABJICHUS OOPYLIEHHBIX MOPOJA HA JHHUIIA OYMCTHBIX
OJIOKOB, BJIMSHMS JJIMTENbHOM HAarpy3KM Ha Kpelb KalUTaJIbHBIX BbIPAOOTOK,
IPOMACHHBIX B IUIACTUYHBIX INIMHUCTBIX TMopomax u Ap. HMcnosb3oBanue
CHEIHAIbHBIX YCTPONCTB MO3BOJSIET MOJEIMPOBATh B IIEHTPU(Yre OJHOBPEMEHHOE
JNEHUCTBUE CTATUYECKOTO MOJI HANPSIKEHUM U TUHAMUYECKOTO IIO0JIsA, CO31aBacMOro
IIPU B3pBIBHBIX paboTax.

JIOCTOMHCTBOM ILIEHTPOOEKHOTO MOJCIMPOBAHUS SIBISIETCSI TO, YTO 3TO
€IMHCTBEHHBIM M3 METOJIOB MOJICIUPOBAHUS, B KOTOPOM, O1aroapsi HCIOIb30BAHUIO
HaTypaJIbHbIX TOPHBIX IOPOJ], COOJIFOIAETCS COOTBETCTBUE MEXKAY Pa3MEpPaMU YacTHIL
Y MOJIEKYJI. J{JI1 HEKOTOPBIX 3a7]a4 3TO UMEET BaXKHOE 3HAUYCHHUE.
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Bmecte ¢ TeM maHHBII MeTOA MMEET W psii HeaocTaTkoB. OAMH U3 HUX —
OTCYTCTBHE OJHOPOAHOCTH MEXaHMYECKOIO CHJIOBOTO TIOJiA, T.K. BCJIEACTBHE
OTPAaHUYEHHOTO pajuyca UEHTPU(PYTH CHIIOBBIC JWHUM U HKBUIOTCHIIMAIBHBIC
MOBEPXHOCTH B MOJENU HemapaenbHbl. KpoMe Toro, ¢ ynajieHueM OT LEHTpa
TSKECTH MOJIETH B Ty WJIM MHYIO CTOPOHY IO €€ BBICOTE M3MeHseTCs 3PPEKTUBHBIMI
panuyc BpalleHHUs, COOTBETCTBEHHO, HM3MEHSETCSs W MacimTad MOJAEIMpPOBAHUS.
VYkazaHHOE€ OOCTOSATENBCTBO W TEXHUYECKHE BO3MOXHOCTH  OTPAHUYHBAIOT
npeenbHble pa3Mepbl Mojedeld MO BBICOTE, a, CJIEN0BATENbHO, U BO3MOXKHBIC
TITyOMHBI MOJIETUPYEMOM TOJIIH TTOPOI.

[Ipu ueHTpoOEKHOM MOJIECIUPOBAHUM TaKXKe KpailHe 3aTpyAHUTENBHO, a
MHOTIa U COBCEM HEBO3MOXHO, BOCIIPOU3BOAMUTDH CIOUCTHIE TOJIIIM PA3HOPOIHBIX IO
COCTaBy M CBOWCTBaM MOpPOJ, OOJbIINE TEXHUYECKUE TPYAHOCTH MPEACTABISECT U
BOCIPOM3BECHUE B MOJICIH TEpeMeIleHusi 320051 BO BPEMEHHU, YTO OrpPaHUYHMBACT
o0nactb 3¢G(HEeKTUBHOIO NMPUMEHEHHUS JAHHOTO METOZa, MO3TOMY B pAJlie CIIydyacB
BO3HUKAET HEOOXOUMOCTh 00pallieHus K JpyruM METo1aM MOJIETUPOBAHUSI.

11.6. Metoasl poToMexaHUKH

[Tonmapru3alimOHHO-ONTUYECKU, UIIn IPOCTO ONTHYCCKHH, METOJI
MOJEIUPOBAHUS MMO3BOJISET YCTAHABIMBATD PACIIPEICICHUE U 3HAYCHUS HAIIPSKCHUN
B MacCHMBax MOpPOJ U DBJEMEHTaX COOpYXEHHH 000l KOoHUTrypaluu, KOraa
nedopMaIui MOJEIH MPOUCXOIAT O0€3 pa3phiBa CIIOUTHOCTH.

Eme B 1816 r. JI.bpyctep oOHapy W1, YTO €CIU KYCOK CTEKJIa, HaXOIAIIUNACS
B HAIIPSDKEHHOM COCTOSIHUH, OCBETUTH NOJIIPU30BAHHBIM CBETOM, TO HA ATOM CTEKJIE
OyneT BUJHA OKpalleHHass B spkue LBeTa ¢urypa. OTH 1BETa, KakK ObLIO
YCTAHOBJICHO, 3aBUCAT OT BEJIMYMHBI JEUCTBYIOIIMX HanpsbkeHuid. [[.Bpycrep
NPEMJIOKUII  BOCHOJB30BaThbCsl  HAOMIOJaeMbIM  3(DPexkToM 1t ONpeAesIeHUs
HaMpsHDKEHUH B TenaxX CIOXHOW KOH(Urypanuu, IpH MOMOIIA H3TOTOBISEMbBIX W3
CTEKJIa MOJIEJIE, KOTOpbIE JOJIKHBI MCCIEN0BATHCS B IMOJSPU30BAHHOM CBETE IPHU
Pa3IMYHBIX YCIIOBUSX HarpyxeHus. [1o3xe Oblia ycTaHOBJIEHA 3aBUCUMOCTh MEXKIY
ONTHYECKUM 3(PPEKTOM U BEIUUMHOU PAa3HOCTH JACHCTBYIOMIMX B HEKOTOPOU TOUKE
TeJa TJIABHBIX HOPMAJIbHBIX HANPSYKEHUH, IPU 3TOM OBLJIO 3aMEUYEHO, UTO U3MEHEHHE
TOJIUMHBI TUIOCKOM MOJENM NPONOPUUOHAIBHO CYMME TJIABHBIX HOPMAJIBHBIX
HaIpsSKEHUM, TEUCTBYIOINX B OTOM K€ TOUYKE.

[IpakTHYEeCKOE NPUMEHEHHE ONTHYECKUM METOJ HUCCIECIOBAHUSA HANPSLKCHUS
nonyyna Ttoiapko ¢ 1901 r., xorma B KadecTBe Marepuaia Uisl MOJEIEH CTaau
IPUMEHATD LEUTYJION U ObUTa pa3paboTaHa TEXHUKA U3MEPEHUS HANPSKEHUH.

Takum 00pa3om, ONTHYECKH METOJ, OCHOBaH Ha CBOMCTBE OOJBIIMHCTBA
MPO3PAYHBIX HU30TPOIHBIX MaTepuaioB (LETyIoua, OakenuT, (HEHOIUT U Ap.),
Ha3bIBAEMBIX ONTUYECKU YYBCTBUTEIBHBIMU, MPU NPUIOKEHHUH MEXAHHUYECKUX
Harpy30K NOpHOOpeTaTh ONTHYECKYIO AHU30TPONMIO U MPOSBIATH CHOCOOHOCTH
JNBOWHOro jaydenpenomieHusa. llocnennee 3akirodaercss B TOM, YTO Jy4Y CBETa,
MIPOXOJS Yepe3 MPO3PAUYHYI0 KPUCTAIUIMUECKYIO CPEAY, pA3IaracTcs Ha JBE B3AMMHO
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NIEPIIECHINKYJIAPHbIC IIJIOCKOITOJISIPU30BAHHBIE COCTaBJIISIOLINE, KOTOpBIE
PaCIpOCTPAHAIOTCS BHYTPH CPEABI C PA3IMYHON CKOPOCTHIO.

[IprMeHUTENBHO K PELICHUIO 3a/1a4 TOPHOIO JABJIEHUS BIEPBBIE ITOT METOJ
obu1 mpuMeneH @.JleBuHcoH-Jleccunrom u  A.3aiilieBBIM TIPU  UCCIEIOBAHUU
BIAUSHUS (POpPMBI CeUEHUN TOHHENIEeH Ha XapakTep paclpeesieHUs HampsKEHUI.
DKCHepuMEHThI TPOBOAMIIN Ha MJIACTUHKAX U3 LEJUTYJI0Ma C pa3In4YHbIMU 10 (hopme
orBepcTUsIMU. Llenp 3TUX ONBITOB — BBISICHUTH BIUSHUE OTBEPCTUSA U €ro (pOpMbI Ha
XapaKTep pacHpenesieHUs] HaIpsDKEHUM MOJ ACHMCTBUEM IIPWIOKEHHOW BHEIIHEH
Harpy3ku. IIpoBelneHHBIE ONBITBI MOKa3aJid, 4YTO HauOOJIbIIEE CKUMAOIIEe
HaIpspDKeHUe (MpU OJHOOCHOM HayaJIbHOM HAIPSKEHHOM COCTOSIHHH) BO3HMKAET 110
OOKOBBIM CTOPOHAM OTBEPCTHS U YTO OHO JOCTUTAET, IPUMEPHO, TPOMHOTO 3HAUYEHUS
II0 OTHOIICHWID K COXKMUMAIIEMy HAIpsDKECHUI0O B HEHApYyIICEHHOM MAcCCHUBE;
HaUMEHbBIINE HAMNpPsHKEHUS BO3HHUKAIOT TPU OBAJBHOM U MOJKOBOOOPa3HOM
CEUYEHUSIX, BBITAHYTHIX B HAIIPABJICHUU JACHUCTBYIOIINX CHIL.

[Ipumenenue meToga GOTOYNMPYTrOCTH B MEXaHUKE TOPHBIX MOPOJ Oazupyercs
Ha TteopeMme JleBn-Mwutuena O HE3aBHUCHMMOCTH XapakTepa pacupeacieHus
HaIIPSDKEHUM B IUIOCKMX MOJEISIX (B TOM YMCIE — W3 ONTHYECKH YYBCTBHUTEJIBHBIX
MaTepruajioB) OT yOPYTUX IIOCTOSHHBIX MOJENEH IpU  PABEHCTBE  HYJIIO
PAaBHOJECHCTBYIOLIEH BCEX IPUIIOKEHHBIX BHEIIHUX CHJI (IJIABHOTO BEKTOpPA) M
PAaBHOAECHCTBYIOLIEH BCEX MOMEHTOB (TJJaBHOIO MOMEHTA), YTO IIO3BOJSET IpHU
MOJIEJIMPOBAHUH 00ECTIEUNBATH TOJBKO T€OMETPUUECKOE [T0100ME MOIEIIU U HATYPHI.

OnTuyeckn 4yBCTBUTENIBHBIE MATEPHUAIIbI, IPUMEHSAEMBIE JUJISI U3TOTOBJICHUS
MoJee, JOJDKHBI —00JaaTh  BBICOKOM  NPO3pPavyHOCTBIO, ONTHUYECKOW U
MEXaHU4ECKOU U30TPOITHOCTBIO, CTaOUIIbHBIMU ONTHKO-MEXaHUYECKUMHU
XapaKTepUCTUKaMH M HEO0OXOIMMOH NpPOYHOCTHIO. BMmecTe ¢ TeM OHM JIOJIKHBI
Xopoiio o0palaTeIBaTbCsl M MPOSABIATH JTOCTATOYHO Majible KpaeBble 3 (EKTHI,
CBSI3aHHBIE C IIOSIBJICHMEM OIITMYECKOM PA3HOCTM XOJa Ha KOHTYpE IUIACTUH
BCJICICTBUE BHYTPEHHUX HAIIPSKCHUM.

[Tox pyxoBoacTeom I1.M. [lumbapeBuda ObLTH MPOBEAEHBI SKCIIEPUMEHTHI 110
uccienoanno HJC maccuBa mpu mOMOLIM ONTHKO-MOJISPU3ALUOHHOTO METO/A C
IIPUMEHEHUEM B KQYECTBE ONTHUYECKU-aKTUBHOIO MaTEpPUAJIa UTJAHTHHA, COCTOSILETO
U3 CMECH KEJIAaTUHOBOI'O pacTBOpa U IMMLEpHHA. IrTaHTHUH 3a1uBaiCs B pa3bEMHYIO
BaHHY C OOKOBBIMU CTEKJISIHHBIMU CTEHKaMH, a Harpy3ka MOJEJIN OCYILECTBISAIACH
COOCTBEHHBIM BecOM Marepuana. OJHAKO IONBITKM NPUMEHEHMs >KEJTATUHOBBIX
pacTBOpPOB HE Jalu MOJIOKUTEIBHBIX pE3yJbTAaTOB, T.K. Ha KOHTAaKTax CIIOCB
IIOJIHOCTBIO HCKaXKaJIaCh KapTHHA PACIIPEEIICHUs HAIIPSKEHUN.

[Tpon3BOACTBO HOBBIX MOJIMMEPHBIX MaTEPUAJIOB ¢ Pa3HOOOPa3HBIMU ONTHUKO-
MEXaHUYECKUMHU CBOMCTBAMM OTKPBLJIO UIIMPOKHME BO3MOXKHOCTM B 1oadope
MaTEepUAJIOB Ul ONTUYECKOTO MOJEIUpPOBaHusA. B yacTHOCTH, IS 3a7a4 MEXaHUKHU
TOPHBIX MOPOJ BECbMa yIOOHO MPUMEHEHHE OPraHUYECKHX CTEKOJ M SMOKCHIHBIX
cMoJI. B miacTHKax U3 yKa3aHHbBIX MaTEPUAIIOB B IPUHATOM MACIITAa0E BBIPE3AIOTCS
KOHTYpPBl HM3y4aeMBIX BBIPA0OTOK (MJIM CHUCTEM BBIPAOOTOK), BOKPYT KOTOPBIX
UCCIIEAYETCS PACIpENCICHUE HANPSKEHUM NPU PA3JIUMYHBIX CXEMaX HarpyKeHUs
IIJJACTUHOK MO KOHTYPY PACTATUBAIOIIMMH WJIN CKUMAOIIMMH CUIIAMM.



237

[[Iupokoe npuMEHEHNE I PELIEHUs 3a1a4 TOPHOM T'€OMEXAHUKH MOJIYYHII 3TOT
METOJ B ITOCJIEBOCHHBIN ITEPUOL.
OnTuko-nosisspu3anvonHbil Meton m3ydenus HJIC peanusyercs B BuUIE METO/OB
(boTOMEXaHUKH, pacCCMATPUBAIOIIUX CIEIYIOIINE CBONCTBA.

®oTOynpyrocTh — WCCIEIOBAHNE MPOIECCOB yOpyroro nedopMupoBaHus
MaTepHaoB.
DOoTONIACTUYHOCTh - UCCIIeIOBaHNE IPOLIECCOB OCTaTOYHOTO

nehopMUpPOBaHUS MAaTEPUATIOB TIPU U3BECTHBIX MPEANIECTBYIOMIUX COCTOSHUSIX.

@OTONONA3YYECTh — HUCCIEAOBAHUE ITOBEICHHUS MaTEpPUaIOB BO BPEMEHH IOJ
Harpy3KOM.

Hanpsixennoe neopMupoBaHHOE COCTOSTHUE UCCIEAYEMbBIX O0OBEKTOB 3aBUCUT
OT XapakTepa BHEIIHUX BO3JAEHCTBUI HAa HUX JO U B MOMEHT IPOBEICHUS
IKCIIEPUMEHTOB. B 3amauax cratnyeckoil poTomexaHuku (pu3nyuecKrue BO3ACHCTBHUS,
UX UHTEHCUBHOCTb U HAIlPaBJIEHUE OCTAIOTCS MPAKTHYECKH HEM3MEHHBIMU B TEUECHHE
JOCTATOYHO JJIUTEILHOTO BPEMEHH; CHJIAaMU MHEPLIUU MOKHO MpeHeOpeyb.

B 3agadax auHaMuyeckoil GoToMeXxaHUKH, HA00OPOT, YUUTHIBACTCS U3MEHEHHE
XapaKTEPUCTHK IMPU MEXAHMYECKUX BO3JECHCTBUSAX BO BPEMEHM M BIMSHUE CHUII
VHEPLIMH.

B ocnoBe MeromoB  (doromexaHuku — JIeKUT ~ dPdekr  ABOMHOrO
Jy4ENpESIOMIICHUS], TPOSABIISIOMINANCS B OINTUYECKM YYBCTBUTENBHBIX MaTepHaIax
NOoJ BO3JCHCTBHEM MEXAHMYECKUX HamnpspkeHuil. [Ipy mpocBEYMBAHMM TAKUX
MaTepHalioB TMOJIAPU30BAaHHBIM CBETOM B MOJENSAX HAOIIOJAETCS ONTHYECKas
KapTWHA, MO KOTOPOM CYIAT O HaIpsSKEHHO-I1e()OPMUPOBAHHOM COCTOSIHUH
MOJICIIUPYEMOT0 OOBEKTA.

JlonmyctuM, 4TO B pe3yjibTaTe MNPOBEIACHUS TOPU3OHTAIBHOW BBIPAaOOTKU B
MAacCUBE TOPHBIX IIOPOJ MPOU3OMAECT HApYyLIECHUE CHIIOBOIO paBHOBecHs. Bokpyr
BBIDAOOTKM BO3HUKAET IMOJie HampsbkeHuil (puc. 16.5, a), xapakrtep KOTOpPOro B
cllydae OJHOPOJHBIX HM3O0TPOMHBIX IMOPOJ OyAEeT OCTaBaThCsl MOCTOSHHBIM IS
JTr000T0 MOMEPEYHOT0 CEUCHHUS 0 IIMHE BhIpaOoTKH. Clie10BaTeNbHO, 3a/1a4a MOXKET
OBITH ITPEACTABJICHA KaK IUIOCKAs JJIsl CEUEHMs], IEPIIEHAUKYISIPHOTO OCH BBIPAOOTKH,
KOTOpasi UMEET AHAIUTUYECKOE PELICHUE.

Jisi  u3ydeHus: HANpssKEHHOTO COCTOSHUSL  MOPOJI  BOKPYT  BBIPaOOTKH
U3rOTaBIMBAIOT MOJENIb W3 ONTHYECKM AaKTUBHOTO Marepuaiga ¢ COOJIIOJICHUEM
YCIIOBUM T€OMETPUYECKOT0 M CHIJIOBOTO Moao0us. Uepe3 Mojenb MPOIyCKAOT JIyd
MOJISIPU30BAHHOTO CBETA, U Ha PKpaHE MOJIy4aroT MoJje Hanpsokenuid (puc. 11.5, 6) B
BUJIE JIMHUN CYAST O KAUYECTBEHHOW XAPAKTEPUCTUKE TMOJS HAIPSIKEHUH, O
HaIlpaBJICHUU BEKTOPOB HAIPSKEHUM, O KOHLIEHTPALUY HANIPSKEHUM U O TOUKAX WJIU
paiioHax, HauOoJjiee OMAcCHBIX C TOYKH 3PEHHUS YCTOWYMBOCTH WJIM TMPOYHOCTH
OOHaXEeHHUS.
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Puc. 11.5. CxemMa K MOJEIUPOBAHUIO ONTHYECKUM METOJAOM  3aJlauu
HaIPsHKEHHOTO COCTOSIHUS TTOPOJT BOKPYT BBIPAOOTKU.: @ — 00pazelr; 6 — MOJIeb;

1 — pamka Mozenu; 2 — ONITUYECKH aKTUBHBIM MaTepuai; 3 — MOJCNb BEIPAOOTKH;
4 — CTEKJIO.

MeTtoasl poTOMEXaHUKU TMO3BOJISIIOT MPUMEHUTh U O0BEeMHBIE MojenH. Tak,
HaIlpUMep, NpU U3yYEHUH ONTUYECKUM METOJIOM IPOYHOCTH OYpOBOTO MHCTPYMEHTA
U Pa3pylIaeéMOCTH MOPOJ IIUPOKO MPUMEHSIOT OOBEMHBIE MOJEIN, HA OCHOBAHWUU
KOTOPBIX CTAHOBUTCS BO3MOXKHBIM COCTABUTH TEH30p HAIPSDKEHWM B KOHTAKTHBIX
30Hax, INOJOWTH K PEIICHHIO BOIPOCA O POJM sApa YIUIOTHEHUS B IIPOLECCE
BO3/CICTBUSL OYypOBOrO MHCTPYMEHTA M O BIMSHUHU IPEIBAPUTENBHBIX BBIKOJIOB U
CBOOOJHBIX MOBEPXHOCTEN B MIPOLIECCE pPa3pyLIECHUS IOPOJIbI.

Kpome TOro, onruueckuii MeToj IO3BOJSET OLEHUTH BIMSHUE NapaMeTpOB
ylapa Ha pa3pyllaeMoCTb TOpPHOM NOpOAbI M 3aTyIUIEHHs Jie3BHsI OypoBOro
UHCTpYMEHTa Ha 3(P(PEKTUBHOCTh OypeHus, a TakKe MOMOTaeT PelIuTh BOMpPOC 00
Y4aCTUH BOJIH HaIPSHKEHUH B IMPOLIECCE Pa3pyLIEHUs TOPHBIX MMOPOJ MpPU yIapHOM
OypeHuu.

MeTtoapl 00beMHOI (POTOMEXAHUKH TaKKe MPUMEHSIIOT M ISl MCCIEAOBaHUS
CTaTUYECKON pPa0OThl MOJ3EMHBIX COOpPYKEHHMH. B Kpyr Takumx 3amady BXOJMT
VICCJIEIOBAHNE HANIPSHKEHHOTO COCTOSIHHSI TOPHOTO MacCHBa BOKPYT BEPTHUKAJIBHBIX U
TOPU30HTAJIBHBIX BBIPAOOTOK, MPOWJEHHBIX B CJIOUCTBIX MOPOJAX C HAKIOHHBIM
3aJleraHUeM IUIACTOB M Pa3jMYHbIMM  (PU3UKO-MEXAHUYECKHMMH  CBOMCTBaMH,
UCCIIEJOBAaHUE PACIPEICICHNS HANPSIKEHUM B CONPSIKEHUSIX Pa3IMYHbIX BBIPAOOTOK,
ONpEIECICHUE HANPSDKCHUM B KpemsX M MACCHBE IIPU IIEPEMEHHOM CEYCHUH
BbIPa0OTOK HEOOIBILION NPOTSHKEHHOCTH U T.1I.

Haubonpiiee npakTHdeckoe 3HAYEHHE HMEIOT CIEIYIOIIME TUIOBBIE 3aJauu
MEXaHUKH FOPHBIX MTOPOL:

I Tun. Onpenenenue ycinoBUil COXpaHEHUs U NMOTEPU YCTOMUMBOCTU 3JIEMEHTOB
MAacCCHBOB U COOPYKEHHMI IpPU PA3IUYHBIX HCXOJHBIX COCTOSHUSAX M KOMIUIEKCAaX
BO3/ICICTBUII HAa HHUX, B TOM YHWCJE MPH BEICHUH TOPHBIX paboOT. DiIeMeHTaMu
UCCIIEyeMbIX OOBEKTOB, YCTOMUMBOCTh KOTOPBIX JOJDKHA OBITH OOecredyeHa,
SBIIAIOTCS: TIOBEPXHOCTH TOJ3EMHBIX BBIPAOOTOK (KPOBJH, MOYBBI, OOKa), LEIHKH,
NOTOJIOYHBIE KaMepbl W KpPOBIM JaB, OOpPThl Kapbe€poB, 3€MHAsl IOBEPXHOCTb.
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VY4YUTHIBAIOT CTaUIHOCTD MPOILIECCOB Ie(hOPMUPOBAHMS U Pa3pyLICHHs AJIEMEHTOB,
IIPEAEIbHBIE UX COCTOSHMS, a TAK)KE€ BUJOU3MEHEHUS COUETAaHUMN yCIIOBUM.

I Tan. YVYcraHoBlIEHHE 3aKOHOMEPHOCTEW B3aMMOJEHCTBUS 3JIEMEHTOB
MacCHBOB MEXAY COOOM M C 3JIeMEHTaMH COOpPYKEHHUI, B TOM YHCIIE C KPEISIMH
TOPHBIX BBIPAOOTOK, B 3aBHCHUMOCTH OT €CTECTBEHHO-T€OJOTHYECKHX YCIOBUU H
BUJIOB  B3aUMOJEWUCTBUI.  B3aumMmonelcTBHMEM  CUMTAeTCd  B3aMMO3aBUCUMOE
U3MEHEHUE B IPOCTPAHCTBE M BPEMEHU I'DAaHUUYHBIX ITOBEPXHOCTEH KOHTakTa. Bun
3aKOHOMEPHOCTH MEXAHUYECKOT0 B3aWUMOJECHCTBUS KPENH M IOPOJ, ONPEACIISIOLINMA
YCIOBUSL MX COBMECTHOM PalOOTHI, peayin3yeTcsi B Pa3jMuYHBIX pexuUMax, BKIHOYAs
3aJJaHHYI0 HAarpysKy, 3aJaHHyl0 Ae(popMaluio, B3aUMOBIMSIOIIYIO JAepopMaluio,
KOMOMHHMPOBAHHBIN PEKUM.

III Tun. M3ydeHne BAUSHUSA TOPHBIX BBIPAaOOTOK U KOMIUIEKCOB FOPHBIX padoT
Ha OKpY)Kalollue IIOPOJHBIE MACCHBBI Pa3JMYHBIX CTPYKTYp M  CBOWCTB,
HaxXOJSIIMECS B PA3IMYHBIX COCTOSHMAX W MOABEPTAOLIMECS  Pa3JIUYHBIM
BO3JICUCTBUSM.

OCHOBHBIMM BONPOCAMH H3YUYEHHUS SBISIIOTCSA: YCTAHOBJIEHHE 30H OIIOPHOIO
NABJICHMS, pPa3rpy3Kd, CIABWXKEHUHM W paspyLICHUM MAaCCUBOB, OIPEIACICHUE
OYEpTAHUM M PAa3MEpPOB 3AIIUIICHHBIX 30H, BBIACHEHUE pPACIPOCTPAHEHHUsI BOJH
HAIIpSDKCHUHM, BBI3BAHHBIX B3PbIBAMM, Ha pPA3JM4YHBIC IIOA3EMHBIE W HA3EMHBIC
O0OBEKTHI.

Takum 00pa3oM, ONTHYECKHM METOJA HCCIENOBAaHUS HANPSKEHUH IO3BOJISET
peniaTh BECbMa CJIOKHBIE 3a7]a4M, KOTOPbIE HEJOCTYIIHBI MATEMaTUYECKOMY aHAJIU3Y.
Teopernyeckne OCHOBBI ONTHYECKOTO METOAA HCCIENOBAaHUS YIPYTUX IOJEH
HaNpsDKEHUN M CMELIeHMH 0a3upyeTcss Ha HCIIOJIb30BAaHMM 3akoHa ['yka o mpsimoi
OPONOPLUMOHAIIBHOCTH MEXAy HamnpsokeHueM U jaedopmanveidl M Ha SIBICHUU
ONTUYECKOW AHU3OTPOIIMM HW3O0TPOIHBIX TEJ, MOJABEPTHYTBHIX ACHMCTBHIO BHEIIHHUX
CWJI, WIW NPU HAJMYMK BHYTPEHHUX HarpspkeHUud. C MOMOIIbI0 ONTUYECKOTO METOAA
00HapyXMBAIOT HE CaMH BEJIUYMHBI HOPMAaJbHBIX HAIpPSHKCHUU, a Pa3sHOCTh MEXKIY

HUMHU, T.€C. MAKCUMAJIbHBIC KaCAaTCIbHBIC HAIPSAIKCHUSA T ).

T =—1 22 (11.20)

rac (51 , (52 — I''IaBHBIC HOPMAJIbHBIC HAITPSKCHUA.

[IoaToMy ¢ NOMOIIBIO ONTHYECKOIO METOJA ONPEIESETCS CYIIECTBEHHAs
XapaKTepUCTUKA JJIS CYKJIEHHS O TPOYHOCTH KOHCTPYKIUHU 10 Teopuu KyroHa.

Btopoii mnpuHLUN, WCMONB30BAHHBIM MpPU ONTHYECKOM MOJEIUPOBAHUH,
BbITEKAaeT W3 o0uieil Teopuu cBera. Ecim, Hanmpumep, cBETOBOM Jiyd OT OOBIYHOIO
MCTOYHMKA CBETA HAMPABUTh HA CTEKIIIHHYIO TUIACTUHKY TOJ YIJIOM, TO JIyY JACIUTCS
Ha JIBE 4YaCTH: OJIHA 4YacThb — OTpaxaercs, Apyras — npeiomiserca. OTMbIThI
MOKAa3bIBAIOT, YTO OTPAXEHHBIM M MPEJOMIICHHBIH Jy4d OKa3bIBae€TCsA IJIOCKO-
MOJIIPU30BAaHHBIMA W WX KojebaHus OyayT NpPOUCXOIUTh B JBYX B3aMHO
NEPIEHIUKYISPHBIX TIIOCKOCTSIX.
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Hanbonpield mossipu3aliid CBETOBOM Jyd JIOCTUTaeT B TOM CJydae, €CIHu
OTPa)KEHHBIN U MPEJOMJICHHBIH JIyYH NEePHEeHIUKYISAPHBI ApyT ApyTy (puc. 11.6).

WHTEepecHBIMH ~ ONTUYECKUMH CBOMCTBaMM OOJIaflaeT psl  KPHUCTAJUIOB
(TypManuH, ciroaa, Kaupnui). Ecim Kpucrtamn KaubluTa ITIOCTaBUTh CBOUM
OCHOBaHHEM Ha Oymary ¢ 4epHOW TOYKOW M IOCMOTPETh CBEPXY, TO MOXKHO YBUJIETD
JBa n300pakeHust Touku (puc. 11.7).

B sroM cnydae mmeeTr mecTo ABOMHOE JydenpenomiieHue. Enu Temepp ¢
MTOMOUIBIO

NJIACTUHKHU TypMaJnHa MIPOAHANIN3UPOBATH O0OBIKHOBEHHBIN u
HEOOBIKHOBEHHBIA Jy4d, TO OKa3bIBaeTCs, 4YTO 00a Jy4ya SIBISIOTCA ILJIOCKO-
MOJISIPU30BAHHBIMHU.

[Ipu sTOoM KONeOaHUs OOBIKHOBEHHOTO Jy4ya MPOUCXOAST B IUIOCKOCTH,
HEPIEHAUKYIAPHOM  IMAaroHaJlbHOM  IJIOCKOCTH  d,d,c,c, a  KoieOaHus

HEOOBIKHOBEHHOTO JIyYa JIEXKAT B 3TOM IIOCKOCTU a, a’, ¢, ¢, T.€. KojeOanus Jrydei
MPOUCXOJIAT B IByX B3aUMHO MEPICHANKYISPHBIX IJTIOCKOCTSIX.

Puc.11.6. Otpaxenue u
NPEJIOMJICHUE  CBETOBBIX

Jy4eu: i— yroia IaJeHHUS;

Y — YIOJl OTpaXECHU, Puc. 11.7. JIBoiiHOE myudenpeioMIICHUE:

R—yroi  MPEIOMIICHHS; I-KkpucTani KanplUuTa; 2—IJIACTUHKA TYPMaJInHa;
- magarommii  ayd; 2— 3—MeTKa;  4—omTuyeckas ~ OCh  KpHUCTaJlla
OTPaKE€HHBIA IIy4; 3 — KJIbIUTA; 5—0Ch MOJSApU3ALMUU  IUIACTHUHKHU
MPEJIOMJICHHBIN JIyY. TypMaJIuHa;

SIBieHue JBOMHOTO JydeNpeIoOMIIEHHMS MOXKHO TakXke HaOmogaTh U B
M30TPOIHBIX BEIECTBaX MO AciicTBUEM Harpy3ku. Hampumep, copMupoBaHHBIM
WIM HAaNpsOKEHHBIM KYCOK CTEKJIa, LEJUTYJION/a, aKeJIuTa U T.JI1. OOHApY>KHUBAaeT BCe
CBOMCTBa JABOITHOro JyuenpenaomiieHus. CBOMCTBO JBOWHOrO JIy4empeaoMIICHUS
M30TPOIMHBIX TEJ MO HArpy3kou (oTKpbITo bproctepom B 1816 r.) mosioxkuiio Hayaio
MeToay GOTOYIpPYroCTH.

Kak u3BecTHO, Mpu MIOCKOM HAMPSKEHHOM COCTOSIHUU TeJIa B Ka)KJ0Ml TOUKE
UMEIOTCA TUIOIIAJIKK, IO KOTOPBIM KacaTelIbHbIe HAMpPSKEHUS OTCYTCTBYIOT U
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HCﬁCTBymT TOJIBKO TJIABHBIC HOPMAJIBHBIC HANPSKEHUA O U O,. HO,II HCﬁCTBHCM

TUX HaNpsHKEHUN co3JaroTcs aAeopmaluy, KOTOpble HPHUBOIAT MaTepuan K
ONTUYECKOW AaHU30Tponuu. BcieacTBue 3TOro Jyd CBETa, INPOXOIALIMM depes
HaOpsDKEHHOE  MPO3payHOe  Teno, OyAeT pasjnaratbcs Ha  JBa  IUIOCKO-
NOJIIPU30BaHHBIX  JIyya, KoJieOaHMsI KOTOpPbIX JI€KaT B  JIByX B3aUMHO
NEPIEHANKYJIPHBIX IUIOCKOCTAX, NApaJUIeibHBIX HAIPABICHUIO PACIPOCTPAHCHHUS
Jayda.

[Ipu »TOM pacmpocTpaHeHue Jy4deil B HampsHKEHHO-Ae()OpPMHUPOBAHHON
IUTACTUHE MPOUCXOUT C PA3IUYHBIMUA CKOPOCTSIMU B COOTBETCTBUU C BEIMUYMHAMU O
U €, YTO INPUBOJUT K ONTHUYECKOMY CABHUTY (pa3 u JuMHEWHOU paszHocTu Xxoxa. Kak
MOKa3bIBAIOT MHOTOYHCIIEHHBIE OIBITHl, pPa3HOCTh XOJa B OOIIeM ciydae
ompexensercs no Gopmye

FZCGS(GI _62)+C86(81 _82) (1121)

rne C, m Cg,— TOCTOAHHBIE, HAa3bIBa€Mble ONTHYECKUMHU KO3 PUIEHTAMU

neopManiy W HAMPSDKCHUS, 3aBHCAIIMMH OT TPHMEHSIEMBIX MaTEpPHANOB;, O —
TOJIIIMHA IUIACTUHKU; O; U O,— TIJIABHbIC HOPMAaJbHbIC HAIPSDKEHUSA; € U €, —

neGopMaliy B HAIIPaBJICHUH IVIABHBIX HOPMAaJIbHBIX HAIPSIKCHUH.

[lockonpky B cTaguu ympyroro AeGopMUPOBaHHsS MaTepuajoB CYIIECTBYET
CTporasi MpOMOPIMOHATIBHOCTh MEXKAY © U €, 00oOmeHHas 3aBucUMOCTh (16.75)
npeoOpa3yeTcs K BUILy

I'=C,0(0,-0,). (11.22)

B stom cnywae Bbeipaxkenue (4.22) cornacHo BbipaxkeHuio (4.20) MOXKHO
MPEJCTAaBUTh B BUJIC

['=2C,67 (11.23)

max °

[Ipy nmactTuyHOM JeOPMHUPOBAHUK MATEPHAIOB Ha HWHTEpDEPALMOHHYIO
KapTUHY T0JIOC PeIIaroliee BIUSHUE 0Ka3bIBAIOT Ae(opMalinu, Tak Kak HaNpsHKCHUS
Ha 9TOM craguu Jedopmariuu W3MEHSIOTCS HE3HAuUTeNbHO. B cBs3um ¢ 3TuM
3aBUCUMOCTH (15.75) MoxkeT ObITh MpeICTaBICHA B BUC JIMHUI

F=C,8(e, —¢,). (11.24)

~

CriemoBaTeNnbHO, 3Hasi TOJIIMHY MOJCTH O, ONTHYECKYIO MOCTOSHHYIO Ngu

ONpEIEIUB PA3HOCTh XoAa I, MOXKHO YCTaHOBUTH 3HAYEHUE MaKCHMAJIbHBIX
CKAJIBIBAIOIIMX HANPSKEHUM IIPU  MCCIECJOBAaHUM MOJEIM B CTaJHHU YIPYIroro
neOpMUPOBAHUA M OTHOCHTENBHBIX JAepopManuii 0pU H3YyYEHUU MPOIECCOB
MOJI3YYECTH WM IJIACTUYECKOTO 1e(OPMHUPOBAHUSI.

Omnpenenenre pa3HOCTH X0Ja I OCHOBBIBAETCS HA CBOMCTBE MOJISIPU30BAHHOIO
CBETa B 3aBHCHMOCTH OT YacCTOTHI KOJICOAaHMUN MaBaTh pa3lUyHbIEC LIBETa. TOYHO Tak
ke, KaK YacToTa 3BYKOBOTO KoJieOaHMsS ONpeNeNseT BBICOTY 3BYyKa, 4YacToTa
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CBETOBOTr'0 KOJIEOaHUs OMpPEAEsieT KAYeCTBO CBETA, KOTOPOE I1a3 BOCHIPUHUMAET KaK
LIBET.

CrnenoBaTeNbHO,  OMPENEICHHOW  YacTOTe  KOJEOAHHWS  COOTBETCTBYET
ompeaeneHHbl BeT. Jlyd cBera, COCTaBICHHBIM TOJIBKO M3 OJHOIO I[BETA,
Ha3bIBAETCS MOHOXPOMATUYECKUM, WU OJTHOPOIHBIM.

OueBUIHO, M4 KaXKJAOTO MOHOXPOMATHYECKOTO CBETa HMEETCS BIOJIHE
omnpeeNIeHHas IJIMHA BOJIHBI. Tak Kak JJIMHA BOJIHBI ONPEACIISIETCS BEIPAXKEHUEM

A=vT,

I1e V- CKOPOCTh pacipocTpaHeHus cBeta; T — Iepruo KojcOaH s BOJIHEI,
a YacTtoTa KoJicOaHHs MPU ITOM OIpPEICIIeTCS Kak BEIMYMHA, 0OpaTHas MEPHOMY
KOJICOaHUS:

Pk:

1
_’
T
TO MOKHO YCTAHOBUTH CBA3b MCIKIAY 4acTOTON KoJicOaHUs H I[JIPIHOﬁ BOJIHBI, a,
CJIICOOBATCIbHO, U IBCTOM CBCTA. B IMyCTOTC BCC JIYyYU MOHOXPOMATHUYCCKOI'O CBCTA

. VA 10
pacnpoCTpaHsIOTCs C OJUHAKOBOM ckopocThio N =3-10"" cm/c.

CrnenoBaTenbHO, JUIMHA BOJIHBI JUISI KaXJOTO MOHOXPOMAaTHYECKOrO CBETa
OyZAeT onpenenaTbes TOJBKO B 3aBUCUMOCTH OT 4aCTOTHI KosieOaHus P, :

A=—. (11.25)

[TosToMy, MOSyYMB Ha SKpaHE pa3IUYHBIC IIBETA, MOXKHO OINPEICIUTh, UMEs
TaOJIUIly COOTHOIIEHUH I[BETa M [UIMHBI BOJIH, BEJIMUYUHY pasHocTH xoma ['=nl, a,
CJe0BaTEIbHO, BETUYMHA MAKCUMAJIBHBIX KacaTeIbHbIX HANPsHKECHUN

1,0 1,0
Tn O,

Toax =1 AT : (11.26)
2C,8 5 25

rac n— MOpsAAOK ITIOJIOCHI; G%)’O— HeHa I10JIOCHI OINTHUYCCKHU YYBCTBHUTCIIBHOI'O

MaTtepuana.

Pa3HocTh X072 MOXKET OBbITh ONpenesieHa M0 METOY COMOCTaBIICHUS I[BETOB,
0 METOJly TOJIOC ¥ MO MeToy KoMmrieHcauuid. [Ipu Meroae comocTaBiieHusl 1IBETOB
HMCKOMYIO Pa3HOCTh XOJa OINpPEACNSIIOT HEMOCPEJCTBEHHO MO IBETHOM KapTHUHKE
U30XpOM, TIOJyYeHHOM Tipu OeJoM HCTOYHMKE CBETa, M  MOCIEAYIOIIEM
COTOCTABIICHUU C MHTEP(EPAIMOHHBIMU LIBETAMHU ATAJOHHBIX Kosiell HeioToHa, s
KOTOpbIX  cocTaBieHa  Tabmuna. Ilpm  Merome  mojoc  UCHOJIB3YyeTCS
MOHOXPOMATHYECKU UCTOUYHUK CBETA M YUUTHIBAKOTCS MOPSAIKOBBII HOMEP MOJIOCHI
B HccienyemMoil o0nacTu, a Takxke IieHa moJockl Martepuana. llpu wmeroxe
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KOMIIEHCAlM K MCKOMOW PAa3HOCTH XOJa, CO31aBa€MOM B yIPYroM HampsHKEHHOM
obOnactu 00BEKTa, ONepaTop A0OABISIET KOMIEHCATOPOM Pa3HOCTh XOJa, PaBHYIO IO
BEJIMYMHE, HO OOpaTHYIO 1o 3HaKy. I[Ipu pe3ynpTupyrome pa3HOCTH X0Ja, PaBHOM
HYJIIO, TP CKPELIEHHBIX MOJSAPOUIaX B MU3MEPSEMOM TOYKE MOJEIU HAOJIONAETCs
3aTEeMHEHHUE.

[locne »TMX 3aMeuyaHMl MOXHO MPUCTYHNUTh K PACCMOTPEHHUIO IPUHIUIA
JEHCTBUS ONTUKO-TIOJISIPU3ALIMOHHON YCTaHOBKH.

PaccMoTpuM oOpaszery HM30TPONHOIO MPO3PAYHOIO TeNa, IOJBEPIHYTOTO
paBHOMEpHOU Harpy3ke (puc. 11.8).

Puc. 11.8. ITpuHumMnuanpHas cxeMa ONTHYECKOW YCTaHOBKH: 1 — moJisipu3aTop;
2 — obpaser; 3 — aHanu3atop; 4 — HCTOUHUK cBeTa; Ay, A, A,,d;,a,— aMIUTATy1a
KonebaHusi; C—C— TOPU3OHTANbHAs OCh MOJSPU3ATOPA; H — N —BEPTUKAJIbHAS
OCh MOJSIPU3ATOPA; M — M —OCh MOJENH.

OOBIKHOBEHHBIN JIyd, MPOXOJs yepe3 mossipuzarop 1, mpuoOpeTaeT TOJBKO
BEpPTUKAJIbHBIE KOJeOaHUs M MajaeT Ha oOpasen 2, MOBEPHYTHIM HAa yroil O K
TOPU30OHTAIILHOM oCH. B  pe3ynbprare HampspDKEHHOTO — COCTOSIHMSL — 00pasna
NOJIIPU30BaHHBIN CBET, MPEIOMIISACH, pacnasaercs Ha ABa Jiyda. Konebanus sydei
UAYyT B IUIOCKOCTSX TUIABHBIX HanpspKeHWW. B pesynbraTte mnpenomiieHus B
3aBUCHUMOCTH OT HANpsDKEHHOCTH 00paslia Jy4yd NpUOOpEeTaroT pas3Hble CKOPOCTH
pacnpoctpanenus. Ilpoiias oOpasenw, Jyun TajalOT Ha  aHaiaus3aTop 3,
OpPUEHTUPOBAHHBIN TAK, YTO OH MPOITYCKAET TOJIBKO KOJIE€OaHUs!, NEPIICHIUKYIIIPHBIE
IUIOCKOCTH ToJisipu3anuu nossipusatopa 1. TakuMm o0Opas3oMm, yepe3 aHaIU3aTop
IPOMAYT TOJBKO JIy4H a; U d,. Tak Kak mociie oOpasna Jy4H BCJIECICTBUE PA3HOU
CKOPOCTH PpACIpPOCTPAHEHHs IMOJYYWIM  HEKOTOPYH  pasHOCTb Xo4a,  TO,
CIIENOBATEIbHO, M IOCJIE AaHAJIM3aTOpa IOAYYUIM HEKOTOPYI0 Pa3HOCTh XOHa
MEXy TOPU30HTAIEHBIMU COCTABJIAIOIIMMH KOJIeOaHHH.

Ecnu 0603HaunTh yepe3 A, aMILIUTYyAy KoJeOaHuil Jiyya 1ociie nojsipu3aropa:
a; U a,— aMIUIMTYAbl KOJIeOaHWl JIydeil MOCIe aHaM3aTopa, TO MOKHO HAIKMCaTh

CJIEIYIOIYI0 3aBHCUMOCTB JUISl PE3YyJbTHUPYIOIIEH aMIUIMTYAbl KOJEOAHW Iocie
aHajIM3aTopa:
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Ay =a, +a, = Ay Sino.Cosa[Sin(¢ — 27 n) — Sin ¢].
3HayeHue A, JOCTUTACTCA IIPU @ = —Tn
A =ApSin2aSinzn.
HNHaTEeHCUBHOCTH CBETa
J =A?Sin’20Sin’znn.

MakcumanbHasi MHTEHCUBHOCTh CBETa HMEET MECTO Ipu OC=450C, JaBast
HauoOoee APKYIO KapTHHY HOBCTOB HA 3KPAHC, 4d, CIICAOBATCIIBHO, PACIIPCACIICHHA,
CKaJIBIBAIOIIUE HAMNPAKCHUA Ty, - KpOMe APKHUX HOBCTOB HaA 3KpaHC IIOJIYYAKOT H

TEMHBIE MECTA, KOTOPBIE YAOBIETBOPSIOT OJHOMY U3 TPEX YCIOBHM:

1. CBoOoaHble OT HaNpsKEHUs TOYKH, HE JMAIOIIME JABYX MPEIOMIICHUN
(MONSPU3aTOP U AHATIM3ATOP CKPEILEHBI, CBET OyAET B HUX ITOTAILIEH).

2. Touku, B KOTOPBIX IJIaBHBIE HAIIPSDKEHUS paBHBI. B 3THX TOYKax HET CIIBUra
(a3, Kak HET M Pa3HOCTU XOJa (CKOPOCTH PacCHpOCTPAaHEHUs JIyded paBHBI APYT
apyry). CienoBarenbHO, aMIUIMTYABL d; U d, IIPU 9TOM PaBHBI U TOTAA UMEEM

a; +a, = Ay SinCosaSin @ + (—AyCosaSin o Sin @) =0.

210 HacT B PE3YJIbTAaTC TCMHOTY Ha 3KPAHC. Hanuune Takmx ocoOBIX TOYCK
ABJISICTCS BECbMa 3HAYUTCIIbHBIM IIPH U3YUCHHUU Moneneﬁ, TaK KaK B HUX 0| =0,.

3. Toukn, mIA KOTOPBIX IUIOCKOCTH HaIpaBJICHUs TIJIABHBIX HANPSKECHUN
COBIIAJAIOT C IIJIOCKOCTSIMU MOJIIpU3aTOpa U aHanusaTopa. B atom ciayyae o0 =0 npu
90°u J =0, T.x. Sin20.=0.

[Tocnequuii ciydail mpeacTaBisieT OONbIIYI0 LIEHHOCTb JJI HMCCIEAO0BaHUS
HAIIpSDKEHUM, T.K. OH JAacT TOYHBIE CBEICHHS O HAIPAaBICHUM JBYX TJIABHBIX
HanpspKeHU B J11000M Touke oOpasua. CnepoBarenbHO, Bpamas oOpasen (wiu
NOJIIPU3ATOP — AHAIN3ATOP) ¢ OJHOBPEMEHHBIM OTCYETOM YIJIOB, ISl KaXKJIOTO yIJIa
IIOJIyYUM CHUCTEMY YEpHBIX TOYEK Ul JIMHUM, B KOTOpPBIE O3TU TOYKH MOTYT
cnuBaThCa. B 3TUX Touykax OyneM 3HATh HaIpaBiEHUS [JIaBHBIX HaNpPsHKEHU.
JInHnK, COENNHSAIOMNE TOYKH, I/I€ HAIIPABIICHMS TJIABHBIX HAIIPSYKEHUU COBITAAIOT C
IUIOCKOCTAMM  TOJSAPU3ALMU  [OJApU3aTOpa M AHAIM3ATOpa,  HA3bIBAIOTCS
M30KIMHaMHU. JlomycTuMm, MMeeM H30KIMHY 1, COOTBETCTBYIOIIYIO YIJIy IOBOpPOTa
oOpa3ua Ha yroin O, H30KJIMHY 2, COOTBETCTBYIOILIYIO YTy OBOpPOTa 00paslia Ha

yroia O, =0 +Ad u T.1. (puc. 11.9).
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Puc. 11.9. I[Toctpoenue uszocrar:

1,2,3 — U30KJIMHEL;

N ’ ” ’ ”
A,D,B,E,C,0|,0],05,0, — H30CTaTHlI.

IIpoBenem u3 touek A,B,C mnpsmple NOA yIJIaMHM K BE€PTUKAJIHM, PaBHBIMHU
COOTBETCTBEHHO O j,0l,,0l; M T.n. TOUKM mepecedyeHHs MNPSMBIX MEXKIY COOOU

o6o3naunm uyepe3 D,E. [loayuum, Takum oOpa3oM, JIOMaHble JUHUHU, KOTOPHIE
SABJISIIOTCSA M30CTaTaMu (KpUBBIE HAIPABICHUS] OJHOW M3 IJIABHBIX CUJI HAIPSDKEHUS
G,). B xaxmoit Touke mzoctatsl mox yriaom 90 ° K W30JIMHHH G, HampaslcHa O, .

Takum 00pa3oM, HU30CTaThl MPEACTABISIIOT COOOM OPTOrOHAIBHOE CEMEICTBO
KpUBBIX, KacaTelbHble K KOTOPHIM COBIAJAIOT C HAMpPaBICHUEM TJIABHBIX
HOPMAJIbHBIX HANPSKEHUH.

UYToObl OTIAWYUTH TEMHBIE MECTa, COOTBETCTBYIOIIUE H3OKIWHAM, OT TeEX,
KOTOpbIE SIBJISIIOTCS CJIEJICTBUEM YCIOBUM | W 2, Hag0 MOMHHUTb, YTO H3OKIUHBI
U3MEHSIOT CBOE€ IOJIOKEHUE TMPH TIOCIEOBATENbHBIX MOBOPOTaX o00pa3na Wiu
CUCTEMBI MOJsIpU3aTopa-aHanu3aTopa. Touku obOpasua, rae ©;—0, =0(T.e.

CBO60,IIHBIC oT HaHpH)KCHI/IH), IIpu JTI000M IIOBOPOTC OCTAKOTCA HAa TCX KC MCCTax.
Takum 06p2130M, IIpu UCCJIICA0OBAHNN 06pa3ua NI MOACJIM Ha I/IBOHHpOBaHHOﬁ

YCTAaHOBKE IIOJNYYarOT 3HA4E€HUE T, , IOCIE HANpHKCHHH O©; HU O,, a,

CJIEI0BATEIIbHO, ONIPEACIIAIOT 001aCTh IOHUKEHHBIX U MOBBIIIEHHBIX HAMPSKEHUN.

N3yyeHne HanpsokeHUd Ha OOBEMHBIX MOJEISX OCHOBAaHO HA METOJeE
«3aMOPAKMBAHMS» HANpPsDKEHUH (AedopManuii) M METOAE PAaCCEesSHHOTO CBETa.
[lepBblii MeTON, B KOTOPOM NPENyCMaTpUBAaETCS MCIOJIb30BAHHE OOBIYHBIX
NOJISIPU3ALMOHHBIX YCTAHOBOK, Hallen OoJsiee IMpokoe mpuMeHeHue. Brtopoit
TpeOyeT CIelUalIbHOI0 ONTHYECKOTO0 000PY10BaHUs, IPOMBIILJIEHHOE N3TOTOBICHHE
KOTOPOTO €I€ HE HaJIaXKEHO.

IIpu MeTozme paccesHHOro CBETa HarpyX€HHas MOJENb IOMEHIAeTCs B
MMMEPCUOHHYIO KUJKOCTb M IPOCBEUMBAETCA TOHKOM IIOJIOCKOM  IJIOCKO-
MOJIIPU30BAaHHOTO MOHOXPOMATHYECKOTO CBETa OOJIBIION SIPKOCTH, KOTOPBIMA
IIPOXOJsl YePE3 MOJIENb, OCBEUIAET pACCMAaTPUBAEMYIO INIOCKOCTh BHYTPH MoJenu. B
IIPOCBEUYMBAEMOM CEUEHHUM TMpPU HAOIIOJECHUU CO CTOPOHBI, MEPHEHAMKYJISIPHON K
IUIOCKOCTH CEYEHUs, BUIHA KapTHHA I10JO0C HMHTEP(EPEHUUHU CBETA, CBSA3AHHBIX C
KO(ppULIMEHTOM TpeNOMIICHHS, a4, CIEAOBATEIbHO, U C Jedopmarell B Kaxao0i
TOYKE MOJIEIH.
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Pa3HOCTP KBa3UIVIABHBIX HOPMAJBHBIX HANPSKEHUW, JIEKAIIUX B IIIOCKOCTH,
NEPHEHANKYIJIIPHON K MPOXOASIIEMY JIy4dy, OIPEAEIUTCS 0 popMyIie

rac Gi s 6,2 — KBA3UI'JIABHBIC HAITPSAKCHUA (HaI/I6OJ'H)HII/Ie W HAMMCHBIINEC HOPMAJIbHBIC

HaIllpsDKEHUST B MCCIIENYEMOW IUIOCKOCTH); a— PACCTOSIHUE MEXKIY IT0JI0CaMHU
UHTEpPEPEHIINH;

Hanpagnsis miuockuii My4oK MOJIIPU30BAHHOIO CBETA PA3JIMYHBIM 00pa3oM IO
OTHOLUEHHUIO K MOJIEJIM, MOKHO OIPEAEIIUTh HANPSHKEHHE B JIFOOOM CEYEHUU MOJENH
0e3 MpeaBapUTEIBHOIO IPUTOTOBJICHHS CIEHUATIBHBIX CPE30B, KaK 3TO JIeJIaeTCs Npu
METOJE «3aMOPAXKNBAHUS».

Meton «3amopakMBaHUsl» OCHOBAaH Ha CIIOCOOHOCTH HEKOTOPBIX ONTHYECKU
AKTHBHBIX MAaTE€pPUAJIOB, HAIPY>KCHHBIX IIPU HArPeBE U OXJIAXKJICHHBIX I10JI HAIpy3KOu
0 KOMHATHOM TeMIlepaTyphl, COXpPaHATb ONTHYECKUH 3(pdeKT mocie CHATUS
Harpy3ku. Mozenyu n3rotaBiauBarOT U3 ONTHYECKH aKTUBHBIX MATEPUAJIOB, UMEIOIIUX
nByx(ha3Hyro cTpykrypy. llpm HarpeBaHum Mojenu M3 TakUX MaTepuaigoB [0
OIpe/ICNIEHHBIX TEMIIEpATyp, B 3aBUCUMOCTH OT BUJAa U MapKu MaTepuana, 0ojblias
4acThb MaTepualia pasMArdacTcss U HE OKa3blBa€T CONPOTHUBIICHHS IPUIIAracMou
Harpy3ke. YacTe wMarepuania (CKENeT), OCTaBIIasiCsl B TBEPAOM COCTOSIHHH,
IIOJIHOCTBIO BOCIIPUHMMAET NPUIAraeMyl0 HAarpys3kKy, HOJX JEHCTBHEM KOTOPOW B
MOJIeJIM BO3HUKAIOT JeopManuu U HanpskeHus. Ecim 3aTeM, He CHUMas Harpys3KH,
MOJENb OXJIAIATHh A0 KOMHATHOM TEMIIEPATypPhl, TO Pa3MATYEHHAs IIPU HATPEBAHUU
4acTh MaTepualia 3aTBEpAEBacT (3aMOpakMBaeTcs) U OyneT  yAep>KUBATh
NOJIYYEHHYIO CKEJEeTOM Ae(OpMALMIO MPU CHATUU HArpy3kd, a TakKe M I0Cie
pacHMIMBaHUA MOJCIHM B Pa3IWYHBIX HAIpPABICHUSIX HA TOHKUE IUIACTHMHKHU
ToNMHON 2-4 MM. B jmanpHedmem, 4epe3 KaXAyl TaKyl IUIaCTHUHKY,
IIPEACTABILIONIYIO YK€ IIOCKYKD MOJEINb, IHMPOIYCKAeTCs Jyd IOJIAPU30BAHHOIO
CBETA, M Ha DKpaHe IOJIy4aeTcsl IUIOCKOE IoJe HanpsbDkeHud. B pesynbraTe Ha
OCHOBAaHMUM IPOCBEYMBAHUS IOJSPU30BAHHBIM CBETOM BCEX IUIACTUHOK IIOJIyYHM
00BEMHYI0O KapTHHY pacHpeleCHUs HANpsKEHUM B MOJENH, COOTBETCTBYHOIILYIO
XapaKkTepy paclpeesIcHNs HaPsKEHUH B HAType.

OnTtuyeckuid 3pPexT, NoIydaronuics Ipyu TPOXOKIECHUU MOJSIPU30BAHHOIO
CBETa 4epe3 00BEMHYIO MOJIENb, CBA3aH C MOHATHEM KBa3HIJIABHBIX HANPSHKEHUH O

M O,. Ilpn HOpMagbHOM NPOCBEYMBAHWM Cpe3a (IUIACTMHKH) KBa3WIJIABHBIE
HanpsHKeHUst O; U O, JIEHCTBYIOT TaK ke, KaK IJIaBHbIC HANPSHKEHHS G; U O, B

IUIOCKOM MOJICIIH.

KBazuriaBubie HampspkeHUsT MOTYT OBITh BBIP@KEHBI 4Yepe3 HErJIaBHBIC
HanpsHKEHUs, JAEUCTBYIOIIME B TOW K€ IJIOCKOCTH, aHAJOTMYHO IUIOCKOM 3aaade.
Hanpumep, i miIocKoCTH 6 0, HOPMAJIIbHOM K OCH Z, HANPSKCHUAGC ,, 0y, Ty,

OTHCCCHHBLIC K OCiIM X M Yy, CBA3daHbl C PA3HOCTBbIO KBA3WUIJIABHBIX HaHpH)KeHI/Iﬁ
COOTHOIICHUAMM.
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G, =6, =(0] —63)Cos2¢; (11.28)
(0] —0%) .
T, =——=-Sin2q,, (11.29)
rac (po— yroji1 MeExKAy HallpaBJICHUCM 0O U HaIlpaBJICHUCM KBA3UIJIABHOI'O

HaNpsHKEHUs O .

Ilonspu3oBaHHBIM Jyd CBETAa, NPOWIA IUIACTUHKY C «3aMOPOKEHHBIMU»
HaIPSDKEHUSMU, MPUOOPETAaeT HEKOTOPYIO Pa3HOCTh Xoja I', MpOomopLUOHAIBHYIO
Pa3sHOCTM KBa3WIVIABHBIX HalpskeHHi (O] —OC,), JeXalumx B  IUIOCKOCTH,

HEPIEHANKYIIPHON K OCH pacCIpOCTPAHEHHUS CBETA:
’ ’
WJIK BbIpaKasd pa3HOCTb X0Ja 4CPE3 YU CJIO ITOJIOC, ITOJIydacM

e Cyd(c] —0%)
7\( 9

(11.31)

rae A — JUIMHA BOJIHBI IPUMEHSEMOTO CBETa; N — YKCJIO TOJIOC.

Takum 006pa3om, Moy4eHHbIE U3 00BEMHON MOJIENH, UCCIAEAYIOT aHAIOTUYHO
IJIOCKON MOJETIN.

Iono0ue nmpu onTuyeckoM Metone. [Ipu M3ydeHUN ONTHUYECKUX SIBICHUM C
MOMOIIBI0 ONTUYECKOTO METOJIa HEOOXOJMMO TaK e, KaK MpU JPYrHuX METOoJax
MOJEIUpPOBaHusl (U3NYECKUX SBJICHUM, COOJIOAATh MMOJ00ME COOTBETCTBEHHBIX
OJIHOMMEHHBIX TapaMeTpOB U KOMIUIEKCOB. YCTAaHOBJIEHHUE CBS3EH MEXKIY
KOHCTaHTaMU TMOJ00USI U BBIABICHUE KPUTEPUEB MOAOOUS HAXOMSIT M3 aHAIM3a
pa3MepHOCTEN caMbIX OOIIMX YpaBHEHUM, OINKCHIBAIOIIMX H3Yy4aeMOE€ SIBJICHUE.
[TosTOMy B 3aBUCMMOCTH OT NOCTAaHOBKH 3aJlayd: M3y4yaeTcs JIM MPOLECC PEe3aHus,
ylapa WU CTaTUYECKOTO JaBJieHUs, I KaXJAO0ro IMpolecca JOHKHBI OBITh
YCTaHOBJICHBI 3HAUYEHHUS KPUTEPUEB U MHOKHUTENEH MOJ00uS.

Hamnpumep, npu MoAeupoBaHuu 3a7a4 B CTaIUU YNPYroro ae@opMupoBaHus,
CBSA3aHHBIX C YCTAHOBJIICHMEM OOIIEH KapTUHBI HaIpPSKEHHO-Ie()OPMUPOBAHHOTO
COCTOSIHMSI MacCcHuBa TOPHBIX TOPOJA MpH pa3padOTKE MECTOPOXKIECHUN MOJIE3HbBIX
HCKOMAEMbIX, HEOOXOAUMO OOECHEUYUTh YCIOBHUS MOAOOMS W TPUMEHSTH IS
nepexo/ia OT MOJEIH K HaType UCXO/Isl U3 3aBUCUMOCTEH, MPUBEIECHHbBIX B Ta0d. 11.1.
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Tabmuna 11.1

[Tono0ust mpu ONTUYECKOM METO/IE

JlelicTByromue YcnoBus nogooust
Harpy3Ku
CMEIICHUS nedopmaru HaIpPsHKEHUS

2
OObeMHbBIE CUITBI TSXKECTU C,=CiC,Cg | C.,=C;C,Cy Cs=C,C,
O6beMHbIE IEHTPOOCIKHBIS 2 C.C
UL Tp Cu _ Cl CV CE Cg — v CE C _ Cl CV

Ko Ko °T Ky
Pacnpenenennas
Harpyska 1o IIomajin C,=C,CyC, C. =C,C, Cs=C;
Pacripenenennas Harpyska C,Ck c C,
IO JUTHHE C,=C,Cg o °
CocpenOTOUECHHBIE CUTIBI C,Cg C,Cg C,
C,= Ce=—> Co=—7
Cl Cl C
~ _Ro
lpumeuanne. Kyj— macmrad neHTpudyruposanus; E¢g = 765 ,
Ry~ paaunyc BpameHust; O — yrioBas CKOPOCTb;
¢ — YCKOpEHUE CUJIbI TSXKECTH.
BpemenHnoe yciioBue noio0us onpeaensieTcs UCX0s U3 BhIPAKEHUS
Cn
T = , (11.32)

C,C

e Cy= M _ MHOKHTEIIb TO00Us BA3KOCTH.
M

BeimosiHeHNe ~ TpaHWYHBIX ~ YCJIOBHM ~ JOCTHTAeTCsl NPU  PaBEHCTBE
Ko3(pdunreHToB 60KOBOTO pacropa:
A=A, (11.33)

[Ipu mopenupoBaHuM 3ajady TOPHOW MEXAHUKU B CTAAUM IJIACTUYECKOTO
neopMUpPOBaHUST TOPHBIX TOPOJ TOMHUMO TpeOOBaHU T€OMETPUUYECKOTO M
CUJIOBOTO TMOA00USs, mpuBeAeHHOro B Tabn.16.1, AOMKHBI OBITH BBINOJHEHBI
JOTIOJTHUTEIbHbIE TPEOOBAHMUS:

My =My My =My (11.34)
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Kpome Toro, momxHbl OBITh NOJOOHBIMH KpUBbIE O—€ Uil MaTEpHAIOB
MOJIEJIA U HATYpBHI.

Meton  (OTOIIIACTUYHOCTH  OCHOBAaH Ha  CIOCOOHOCTH  MOJUMEPHBIX
MaTepHaJIOB MEPEXOIUTh MPHU ONPEAECICHHBIX YCIOBUSAX HANPSLKEHHN M3 yHpyroro
COCTOSIHMSI B IJJACTUYECKOE M COXPAHATHh OCTATOYHbIE Ae(OpPMALMH TOCIE CHATHS
BHEUIHUX Harpys3ok. [lostomy mpu (OTOMIaCTUYHOCTH B OCHOBHOM HCIIOJIB3YIOT
MOJIEIIN C «3aMOPAKUBAHUEM» HANPSIKEHUN.

MojenupoBaTh IOJ3y4eCTh MacCHBa TOPHBIX IOPOJ OO0J€e CIO0KHO, 4YeM
IPOLECCHl YIPYroro WM IJIACTHYECKOro AeOopMUPOBaHMs, TaK KaK HEOOXOIUMO
co0iroaaTh ycioBUsl MOJO0OUS KaKk B NEPBbI MOMEHT IOCJE Harpy>XeHHUs, TaKk U B
IpOLECCe MOJ3Yy4eCTU. YCJIOBHUS NOAO0OUS ONPENENSIIOTCS HCXOAsS U3 aHaln3a
YpaBHEHUN paBHOBECHs, COOTHOWIEHHWH Komm, CBA3BIBAIOIIMX HANPSKEHUS C
nedopmalsiMy, TPAaHUYHBIX YCJIOBHUH COBMECTHOCTH AePOpMalMii W ypaBHEHMA
COCTOSIHHUSI.

Kak mnokazanu uccrnenoBanusi, MacmiTad HampspKEHUW B 00JacTH JIMHEHHOM
MI0JI3yYECTH HE 3aBUCUT OT NApaMETPOB, XapaAKTEPUIYIOUIUX (PU3HKO-MEXAHUUYECKHE
cBoiicTBa cpeabl. OH onpenenseTcs, Kak B cilydyae yupyrou 3aadu, COOTHOLIEHUEM

Cs =

(11.35)

Koaddunmentsl cHI0BOro W TreoMETPUYECKOro TMOJI00Ms MOTYT OBITh
npou3BOJIbHBIMU. OOBIYHO HX BBIOMpAIOT HCXOId U3 YAOOCTBa MPOBEICHUS
HKCIIEPUMEHTOB.

JloTOTHUTENbHBIE KPUTEPUU TIOJI00Ms, CBA3aHHBIE C PEOJIOTMYECKUMU
CBOMCTBaMM TOPHBIX IOPOJ, BBIBOAST B 3aBHCHUMOCTH OT MPUHSATOIO YpPaBHEHMUS
COCTOSIHMSI, aHAJIM3UpPys pa3MepHOCTH. Hampumep. mis ypaBHEHHS JUHEHHO-
HACJICICTBEHHOM no3yuyectu bonbiimana-Bonbereppa:

o(1) |
£, _oW (Lo, . (11.36)
L 0
T
Gy = Eety = [ Rir_ €y, - (11.37)

Ha ocHoBanuu anmpokcumupyromeid GyHKUAA — ONPEAeNsSioTcs  sijapa
nonsy4ectd L, ,y W peNakcauuu R, W PEOJOTMYECKHE MapameTpel O U [3

YpPpaBHCHUA COCTOAHUA.
B sTtom ClIydac JOIIOJHUTCIIbHBIMU Tpe6OBaHI/IHMI/I SABJIAIOTCA

(o) = (o) (11.38)
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u &, =3, (11.39)

rume  O.— Ge3pasMepHbIil mapamerp; O— uMmeet pasmepHocTs C*

CXOILCTBCHHBIC MOMCHTBI BPCMCHH, KOr'Aa IIOJIA HaHpH}KCHI/Iﬁ B HATypC H
MOACIIN HOILO6HBI, OIIPCACIIAOT N3 YCIIOBUA

v, = 2w |7 (11.40)

Jlns sanpa B Buje APOOHO-IKCIOHCHIMANbHON (yHkimu (sapa PaGoTHOBA)
KPUTEPUH TTOI00US

(o), = (o) (11.41)

Macmirab BPEMCHH OIIPCACIIAIOT HAa OCHOBAHUU

-1
c. = Fou _[Bu o (11.42)

rac To— BpeMs pe€Tapaanuu (HOCJ’IGI[CTBI/IH), KOTOpPOC IMPHUHUMACTCA 3a CAUHHUIY

I/I3MepeHI/IH,
1
TO B

=1 (11.43)
(—B)——
o+1

[Tpu n3yyeHuHn HanpsKEHHO-A(POPMUPOBAHHOIO COCTOSIHUS MAacCUBa TOPHBIX
NOPOJ U KpeIu BbIpAaOOTOK B HATYPHBIX YCIOBHUSAX MU3BECTHOE MPUMEHEHHUE MOTYUYUII
MeTOJ (POTOYNPYTUX IIIEMEHTOB U MOKPBITHIA.

JUtst u3mMepeHust HanpspkeHUud U aedopmaiuil uccieqyemMoro o0beKTa Ha ero
IIOBEPXHOCTh HAHOCST WJIM HAKJIEUBAIOT TOHKUM CJIOM ONTHUYECKH YYBCTBUTEIBHOTO
Matepuana — (OTOYNPYroro MOKPBITUS, KOTOPBIA JAePOpPMUPYETCS  yOpPYro
HE3aBUCHMO OT XapakTepa AeopMHpoBaHHS HcciaenyemMoro oobekra. Msmepenue
Pa3HOCTU XOJa MOJSAPU30BAHHBIX JIy4e B IOKPBITMM IIO3BOJISIET ONPEIEIUTh Ha
OCHOBaHUU OCHOBHOI'O 3aKOHAa (DOTOMEXAHUKHU, Pa3HOCTb INIABHBIX JAe(opmanuii wiu
PA3HOCTD IVIABHBIX HAIPSDKEHUM M UX HAIIPABJICHUS B UCCIIENYEMOM TOUKE.

CBsi3p MEXIy HANpsDKEHUSMU B HCCIEAyeMOM O0O0beKTe U (POTOyImpyrom
IOKPBITHH OIPEIEISAETCS 3aBUCUMOCTBIO
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G2 = [A=M O 72 — M —WOCo7.111]- (11.44)

E;(1-u®)

JUId pa3ienbHOro ONpENEieHMs TIABHBIX HANPsDKEHHMH O©jf M O WIH

IaBHbIX jAedopMalMii MPUMEHSIOT U3BECTHbIE B (OTOMEXAaHUKE METOAbl —
WHTETPUPOBAHUS YPABHEHUN paBHOBECUS IUUIOCKOM 3ajadu, KOCOTrO (HAKJIOHHOTO)
MPOCBEUMBAHUSL TOKPBITUS, SJIEKTPOAHAIOTHHM, a TaKXKe CIOCOObl H3MEpPEeHUS
nonepeyHsix Jeopmaruii 1 aOCOTIOTHBIX PA3HOCTEH X0Jla C MOMOIIbIO KBAHTOBBIX
ONTUYECKHUX T'€HEPATOPOB (JIA3€pPOB).

[Ipu pazgeneHuu HaNpsSHKEHUH C TOMOUIBI0 HAKJIOHHOTO IPOCBEUYHUBAHUS
dboTOynpyroro MOKPBITUS BO3MOKHBI JIBa Cllydas: OJHO HOPMaJIbHOE U OJHO
HAKJIOHHOE TMPOCBEYMBAaHME JIMOO TOJBKO J[Ba HAKJIOHHBIX. B mepBoMm ciyuae
HaIPSHKEHUS OTPEEIISIIOT U3 BhIPAKECHUI:

1 [ Iy CosO— I'Cos’6

G = : (11.45)
i 2tCy 1-Cos*0
. = 1 (IgCosO—-T
21 2tCs \ 1- Cos’0
BO BTOPOM
1 [ Torer +ToreCos’® Cost (11.46)
o = 0s0, )
ur2n 2tCy 1—Cos™0

rae 0 — yros HaKJIOHHOTO MPOCBEYUBAHMSL.

IIpu wuccnenoBaHun OOBEKTOB, HAXONAIIMXCA B  YCIOBUAX  IUIOCKO-
HaIPSHKEHHOTO COCTOSIHUS, KOMIIOHEHTHI Je(hopMaliil U HaNPSOKEHUH ONPENENSIOT C
NOMOILBIO HAaKJIEWKU JBYX (DOTOYNPYrUX NAaTYMKOB B HEMOCPEACTBEHHOUN OJM30CTH
Ipyr OT Jpyra, 4YTO TMpU OTCYTCTBUHM BBICOKHX TIPaJUEHTOB JAeopMaruii
COOTBETCTBYET U3MEPEHUIO HANPSKEHUI B OJJTHOW TOUKE UCCIIEyEMOro 00beKTa, Ipu
3TOM OJMH JAT4YMK HAKJIEUBAIOT 10 BCEH ILIOIIAJAU, a BTOPOW — JIMIIb 10 KOHIIAM,
aHAJIOTUYHO HaKJIEHKE OJTHOOCHOTO (POTOYIIPYroro TEH30METpA.

OmnpeneneHue mnapaMerpa HM30KIMHBI () W OTHOCUTENBHOW PAa3sHOCTH XOJa

NOJIAPU30BaHHBIX Jiyded [| B mepBOM JaTdyMke B COYETAHUMM C H3MEPEHUAMHU
OTHOCHUTEJIBHOM pa3HOCTH Xoza Jiyued A, BO BTOPOM JATYUKE MO3BOJIAIOT HAWTH

KOMIIOHCHTBI TCH30pa HaprDKeHI/If/'I Gx,Gy,T a TaKKC TJIaBHBIC HOPMAJIbHBLIC

Xy’
HalpsKEHUs 0,0, .

Ecny HCTOYHMK B MOJSIPUCKONE H3Iy4daeT O€enblii CBET, TO MOJEIb U
aHAJIM3aTOp MOCJE MPOXOXKICHHS JIydeld CBETa 4Yepe3 MOJIApU3aTOp MOJydaroT Ha
JKpaHe M300paXkeHUe, OKPAIIEHHOE B pa3jM4YHbIE I[BETa CBETOBOrO crekrpa. Ilpu
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ATOM Ka)KJlas IIBETHAs IMOJI0OCa MPEACTAaBIsIET COO0M reOMETPUUECKOE MECTO TOUECK C
OJMHAKOBOW ONTHUYECKOW PAa3HOCTBHIO xoAa /' W, CIENOBATENBHO, C OJHOM U TOM K€
pPa3HOCTBIO TJABHBIX HOPMAJIBHBIX HAIPSKEHUH O] —O0,, MOIYPa3sHOCTb KOTOPBIX

NpeACTaBIsIeT coO0M MaKCMMallbHOE KacaTelIbHOE HAIPsHKEHUE, OMpeeiseMoe 0
3aBucumoctu (16.74).

Takum o0Opa3om, IBETHBIE TMOJOCH Ha JKPaHE MOJSAPUCKONA MPEACTABISIOT
co00M JNHMHUM paBHBIX MaKCHUMAaJbHBIX KacaTeJIbHBIX HAIPSHKEHUM HCCIenyeMoi
MOJIEIM. DTH JMHUU Ha3bIBalOT M30XpoMaMu. KapTuHy H30XpoM, MOJydaeMyro B
MoJIe aHaJiu3aTopa, MOXHO BHU3yalbHO HaOmOAaTh M QortorpadupoBarh (puc.
11.10,a).

Puc. 11.10. U30xpomaTrueckast KapTHHA MOJOC B ONTHYECKUX MOAEIAX:
a) KOJIbIIeBas Kperb; 0) Kpemnb TpanelueBUIHON HOPMBI.

B HexkoTOphIX TOYKax HCCIEAyeMOW MOJEIH IIJIOCKOCTh KojeOaHus Jyda
COBITIAJIACT C HAMPABJICHUEM KaKOTr0-JIMOO M3 IJIaBHBIX HOPMAJIBHBIX HaIpspDKeHui. B
TaKuX TOYKax JBOWHOIO JIy4eNpeJIOMJICHHS HE mpoucxoauT. Eciam mimockoctu
MOJIIPU3AlMK  TOJISIpU3aTopa M aHaJdu3aTopa B3aWMHO IMEPICHAUKYJSIPHBI, T.C.
CKPCILICHBI, TO JIy4d B YKa3aHHBIX BBIINIC TOYKAX MOJIEIU uYepe3 aHalu3aTop He
npoxoJsaT. B pesynbTare Ha SKpaHE MOSBISIIOTCS YEpPHBIE JIMHUM, MEPECEKAIOIINe
IBETHYI0 KapTHUHY HM30XpPOM. OTU JIMHUM CYTh T'€OMETPUUYECKUX MECT TOYEK, B
KOTOPBIX HAIMPABJIICHUSI TJIABHBIX HOPMAJIbHBIX HAMPSXKEHUN NapajliesibHbl MEXIy
cobOoi. Takue TMHUHN HA3BIBAIOT H30KJIMHAMH.

[ToBopauuBasi CkpeleHHbIE MOISPU3ATOP U aHAIU3ATOP HA Pa3IUYHBIE YIIbI,
MOJY4YalOT CUCTEMY H30KJIMH, MO3BOJISIIONIYIO OINPENEIUTh HANpPaBICHUS TJIABHBIX
HOpPMaJIbHBIX HaNpsOKEHUM B J000W Touke wmojaenu. [lo M30KIMHAM CTPOST
TPAeKTOPUHU TJIABHBIX HAIPSKEHUM, Ha3bIBAEMbIC H30CTATAMH.
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[Ipu npocBeurBaHMU HANPSHKEHHON MOJEIN TEMHBIE MATHA 00PA3YIOTCS TaKKe
B TOUKaX, CBOOOJIHBIX OT HAaIPSKEHUH, U B TOUKAX, I'JI€ TJIABHbIC HANIPSIKEHUSI PABHBI
MEXAYy COOO0W. DTH TOUYKM HA3bIBAIOT M30TPONMHBIMM WIH 0COOBIMU. OcOObIE TOUKH
ONPEACIISIIOT CTPYKTYPY HM30XPOM M HM30KJIWMH U MOITOMY HMMEIOT BaXKHOE 3HAUYCHUE
MIPU UCCIIEOBAHUU PACTIPEICTICHUS HAPSHKEHUN B MOJIEIIH.

Ecnu TpeOyeTcss HUCKIIOUUTH MOSBICHUE Ha DJKpaHE HW30KIWH, TO BMECTO
IJIOCKOM TOJISIPU3alMM CBETA MCIIOJB3YIOT KPYroByro. Jlis 3TOro B MOJIAPUCKONE
KOHCTPYKTHUBHO IPEAYCMOTPEHBI IUNIACTUHKU U3 CIIFOJIBI TAKOTO K€ AUAMETPA, KaK U y
noisiponsioB. OIHY W3 HUX BBOJAT B ONTHYECKYIO CHCTEMY M03aad MOJISPU3ATOpA
(OTHOCHUTENIBHO MCTOYHHMKA CBETa), APYryl0 — BIiepeau a”anu3aropa. lns cBera,
MOJISIPU30BAHHOTO TI0 KPYTy, BCE HANpaBJEHUS B MOJIENU, HA KOTOPYIO OH NaJacrT,
PaBHOLIEHHBI, IO3TOMY IO U30CTaTUYECKUM HANPABJICHUSAM JIyd HE MIOTracaer.

Kpome Oenoro, mpu HcClieIOBaHUU pacHpeiC/ICHUs] HANPSHKEHUA B MOJEIU
WCIMOJIB3YETCSl TAK)KE MOHOXPOMATHYECKUU CBET C OMNPEIEIICHHOM JIMHOM BOJIHBI,
YTO 3HAYUTEIBHO O0JIerdyaeT KOJWYECTBEHHBIM aHallu3 HANpPsDKEHUW B Pa3IUYHBIX
TOYKax MoAeNH. [l 3TOro MNPUMEHSIIOT HATPUEBBIE WM PTYTHBIE JIaMIbl CO
ceetoguiabTpamMu. OOBIYHO BBIACIAIOT 3€JICHYIO JIMHUIO CBETOBOTO CHEKTPA C JITTUHOMN
BOMHBI A = 546 wMxm. Ecin  HanpsokKeHHYRO ~ MOJAEIb  MPOCBEYMBATH
MOHOXPOMAaTHYECKUM CBETOM, TO Ha JKPAaHE BMECTO LIBETHOW KAapTHUHBI HM30XPOM
MOJTYy4aeTCsl YepeIyIOMIUICS Psii TEMHBIX M CBETJIBIX Mojioc (puc. 16.10, 6), npuuem B
T€X TOYKAX, IJI€ PA3HOCTh X0/1a pABHA YETHOMY YHCIIy MTOJIYBOJIH (T.€. LIEJIOMY YHUCILY
BOJIH), TIPOMCXOJIUT TOTACaHHWE CBETa, U O0pa3yroTCs TEMHBIE MMOJOCHI; B TEX XKe
TOYKax, II€ Pa3HOCTh XOJa PaBHA HEUETHOMY YHWCIy IOJYBOJIH, IPOXOASUIUNA CBET
JIOCTUTaeT HauOoJIbIIEH HTEHCUBHOCTU M HAOJIIO/1aI0TCS CBETJIbIE MOJIOCHI.

[TopcuuTaB 4KCIO TOJIOC, KOTOPBIE MPOUUIM YEpPE3 HUCCICAYEMYH) TOUKY
MOJIEJIM MPU €€ HArpyKEHUHU JIETKO ONPENEINTh ONTHYECKYI0 Pa3HOCTh X0Ja, a IO
HEW - MAKCUMAJIbHOE KACaTeJIbHOE HANPSXKEHUE B 3TOM TOUKE.

OnHako B COOTBETCTBUM C OCHOBHBIM 3aKOHOM (DOTOYNPYTrOCTH JJI 3TOTO
HEO00XOJUMO 3HATh ONTHYECKUNA KOAPPUUUEHT HanpskeHU! Cg, KOTOPBIN SIBIISETCA

MOKa3aTesieM OTHOCUTEIbHOM YYBCTBUTEIBHOCTU ONTUYECKH aKTUBHBIX MATEpPUAJIOB.
Koadpduunent C; ycraHaBIMBaIOT IIyTEM HCHBITAaHUS KOHTPOJIBHBIX 0OpasLOB B

peKUME PACTSDKCHHsSI, CKAaTHs WM YACTOro m3ruba. OH WMeeT pa3MEepHOCTb,
00paTHYIO Pa3MEepPHOCTH HAMPSIKEHUS; OOBIYHO €r0 BRIPAXKAIOT B OprocTepax, mpuieM
11077 em/kre = 0,98 OprocTepa.

Hmes nannble 0 koddduunente Cy, ONPEENsOT ONTHYECKYIO PA3HOCTh X0a

I’ m pamee mepexoaT K BeldyuHamM O, — O, u 7T, . Jiag 3TOoro mnpumeHsioT
pazr4uHble crocoObl. OIMH U3 HUX — CIIOCO0 IMOJIOC - B OOIIUX YepTax OMUCAH BHIIIIC.
DTOT cnoco0 MPUMEHSIOT IS MOJENICH M3 MaTepHalioB C BBICOKOW OINTHYECKOM
4yBCTBUTEJIBHOCTHIO. OH JI0BOJILHO MPOCT U 00ECIIEUNBAET TOUHOCTbD, TOCTATOYHYO
JUIS TIPAKTUYECKUX T1eeil. JIpyruMm sBIseTCs CIoco0 COMOCTaBJICHMS IIBETOB 10
IIBETHOW KapTHHE H30XPOM, IMOJydaeMOW IIPU IPOCBEUYMBAHUU MOJCIH O€JIbIM
cBetoM. Jlyis ompeneneHus 1Mo KapTHHE HW30XPOM 3HAYEHHUS ONTHYECKOW Pa3HOCTH
xozia I' ucosib3yIoT MIKaTy [BETOB WM TaOiuily 11BeToB HeroToHa. Onipeiesns nBeT
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U TOPSJOK H30XPOMBI B JAHHOW TOYKE MOJIEIM U YCTAHOBHB IO TaOIMIE
COOTBETCTBYIOIILYIO PA3HOCTh X0/1a, BRIYUCIIAIOT 3HaUueHue O, — 0, .

JlanHblii cnoco0 MeHee TOYeH, YeM MNpEeIbIAYIINH, TaK KaK BKJIOYAeT B ce0s
[[BETOBYIO OIIMOKY MHIUBUIYAIbHOTO HAOIIOJATENS.

bonee TouHBIM sBISETCA CHMOCOO KOMIIEHCALMU, MpeaycMaTpUBAIOLIUI
UCIIOJIb30BAaHUE CIIEUATILHOTO Mpubopa — KoMiieHcaropa. [Ipunuun storo cnocoba
COCTOUT B TOM, 4YTO Ha pa3HOCTb XOJa JIydei, CO3JaBaeMyl0 MOJEIIbIO,
KOMIIEHCATOPOM HaKJIAJbIBACTCSl PA3HOCTh XOJa, paBHAas MO 3HAUYCHUIO, HO 0OpaTHas
no 3HaKy. Pe3ynpTupyromias pa3HOCTh XOJa OKa3bIBa€TCS HYJIEBOM, T.e. MpH
CKPEILIEHHBIX MOJISIPOUJIaX B UCCIIEYEMOM TOUKE MOJIEIU TPOUCXOUT 3aTEMHEHHUE.

OnHako KOHEYHOM 3aJadyed SBISAETCS pa3febHOE IOJy4YeHUE 3HAYECHUHN
[JIABHBIX HAMpsSOKEHUM B KaxaoW Touke mojaenud. CrnocoObl pa3ziesieHHs] TJIaBHBIX
HaNpsOKEHU  OCHOBaHbI HA  HMCMOJb30BaHUU JU(dEepeHINANbHBIX YpaBHEHUI
PAaBHOBECHS C IPUBJICYECHUEM MPU ONPEICICHUSIX KapTUH U30XpoM U u3octar. Ocobo
CJeAyeT OTMETUTH CIOCO0 pa3feNeHus HAPSKEHUM C UCIIOIb30BAHUEM JIMHUM CyMM
IJIABHBIX HANPSHKEHUNA — M30MAXMK, KOTOPhIE MOTYT OBITh MOJYYEHBI Pa3IMYHBIMU
METOaMH — C TMOMOUIbI0 3(dekra MyapoBbIX IMOJOC, Ja3epHOU WU
roJjiorpaguyeckoil UHTEPHEPOMETPHH.

[Ipu pemieHun 3agad, KOTOpbIE HE MOTYT OBITh CBEACHBI K IIJIOCKUM,
OPUMEHSIOT O00beMHbIe Mojenu. JIJisi HaxoXIeHWs HanpsHKeHUH B KakoH-In0o
BHYTpEHHEH 00JacTH OOBEMHOW MOJIEIM BBIACISAIOT 3Ty 00JACTh TaK, YTOOBI 1O
OyTH TMPOXOXKIEHUS CBETOBOIO Jyya HAIpPSKEHHOE COCTOSHUE MPAKTUYECKU HE
MeHsU10Ch. OCHOBHBIE CIOCOOBI pellieHHs] 00BEMHBIX 3aJlayu: a) cloco0, OCHOBaHHBIN
Ha UCIOJb30BAaHUU CBOMCTB ONTUYECKH UYYBCTBUTEIBHBIX MATEpPHAIOB MOJEei
(uKcUpoBaTh («3aMOpPaKMBATh») ONTHYECKHH 3(pPekT; 0) crnocod paccessHHOro
CBETA; B) CIOCOO ONTUYECKU YYBCTBUTEIIbHBIX BKJICEK.

Haunbonbiiee pacripocTpaHeHUE MOTYyUHIT IEPBBIM CIOCOO — «3aMOPAKUBAHUE»
C TOCJENYIOIIeH pacnuiioBKOM OOBEMHOW MOJEIM Ha TOHKHE Cpe3bl TOJIIIUHOMN
1...3 mMm. OH ocHoBaH Ha oTKpbITOM ['. Onmenem B 1936 r. addexre coxpanenus
KapTUHBI TOJIOC HEKOTOPHIMH ONTHUYECKH UYBCTBUTEIbHBIMU MaTepHalaMH,
00yCJIOBIIGHHOM OCOOCHHOCTSIMU HX JBYX(a3HOW MOJEKYJISIPHOH CTPYKTYpHI.
CnepBa MoJielb HarpyXaroT MpU TMOBBIIICHHOW TemIeparype; 3aTeMm, He yoOupas
Harpy3kd, TIOCTENEHHO OXJAXKIAIT a0 KOMHAaTHOW. [lpu CcHSITHM Harpys3ku
nedopmali, MOJMy4YEHHbIE IPU  TOBBIIIEHHOW  TeMIiepaType,  OCTaroTcH,
COOTBETCTBYIOIIEE UM  JIBOWHOE  JIy4ENpPEJIOMJIEHHE TaKXKE  COXPaHSIETCs.
TemmepaTypsl  «3aMOpPaXHBAHUS»  PA3JIMYHBIX ~ ONTHYECKH  UYBCTBHUTEIIBHBIX
MatepuaoB koJsieomores B peaenax(80...150)°C.

B mnocnennue roabsl Meron (OTOYNPYTOCTH BCE IMIMPE MPUMEHSIOT U JUIsS
pelieHus  JUHAMUYecKuxX 3agady. [lpu 5TOM  BO3HUKAIOIIME B  MOJEIAX
UHTEep(PEPEHIITMOHHBIE KAPTHUHBI JAIOT BO3MOXKHOCTh OE3MHEPIIMOHHO HCCIIEI0BaTh
pacrpoCcTpaHEeHHUE BOJIH HAIpPSDKEHWM Ha BCEX CTaJMSIX JTMHAMUYECKOrO Mpolecca.
[Tonsipr3aIMOHHO-ONTHYECKOE HCCIEAOBAaHUE JIMHAMHYECKUX SIBIIGHUN CBSI3aHO C
OCOOEHHOCTSIMU  MOJICTTUPOBAHMS, TEXHUKU PETUCTpAIMU OBICTPOMPOTEKAIOIIUX
IIPOLIECCOB, OINpPEICICHHS] 3aBUCUMOCTH MEXJY MEXaHWYECKUMH U ONTUYECKUMHU
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BEIMYMHAMU M BbIOOpa METOAOB pa3leleHHs HanpsbkeHuid. B wacTtHoCcTH, AJId
IPUMEHSEMBIX MATEPUAJIOB HEOOXOIMMO OLICHUBATh BIUSHUE BA3KOYIPYIHMX CBOKCTB
C TOYKHM 3pEHHS NOTPEIIHOCTU B ONPENECICHUM HanpsbkeHuil u nedopmanuil. s
perucTpauMyd  MHTEPPEPEHLMOHHBIX KAPTUH HPUMEHSIOT  BBICOKOCKOPOCTHBIE
KaMepbl, B KayecTBE MCTOYHUKOB CBETa HCHOJB3YIOT OOBIYHO ra3opa3psiaHbIe
VMITYJIbCHBIE JIAMIIBI.

MopgenupoBaHue JIWHAMHUYECKMX HArpy30K OCYIIECTBIISIIOT C TOMOILIBIO
KOIIPOB Pa3JIMYHbIX KOHCTPYKIIMI, a TAKYKE B3PHIBOB CIIEHUAJIBHBIX 3aPSI/IOB.

JIns pa3zzesieHus HanpspKEHUM OJJHOBPEMEHHO C PErMCTpalueld KapTUH MOJIOC
POU3BOAAT 3alUCh JAePopManuii B MOJEIU C MOMOIIbIO TEH30METPUUECKUX WM
reOMETPUYECKUX (Myap, rosorpadus, CETKH) METOJIOB.

Jlpyroe HampaBiieHHWE€ CBSI3aHO C MCIOJIb30BaHMEM MeToaa (POTOMEXaHUKU
OpyU H3y4YEeHUU JAePOPMHUPOBAHUS NOPOA B YCIOBHUSIX HPOSABICHHUS HEYNPYruX
nedopmanuii, B yacTHOCTH AedopMalvii IJIACTUYHOCTH U MOJ3y4yecTu. B sToMm
ciydyae peub wuuger 00 sddexre (HOTOMIACTUYHOCTH U (HOTOMONZYUECTH
IPUMEHSAEMBIX ONTUYECKN YYBCTBUTEIbHBIX MATEPHAIIOB.

IIpn MonmenupoBaHMM AMHAMHUYECKUX IIPOLIECCOB, A TAKXKE HANPSHKEHHOTO
COCTOSIHHSI OOBEKTOB € YUeTOM Jie(popManuii MIACTUYHOCTH U MOJI3yYECTH B OTIUYHE
OT CTAaTUYECKHX 3a/lad HeoOXOJUMO J0OMBATHCS COOTBETCTBUSI PEOJIOTHYECKUX
CBOWCTB HaTypbl U MaTepuaia MOJEIH.

Takum 00pa3oM, ONTUYECKOE MOJEIUPOBAHHUE IO3BOJISET MOJYYUTh BEChbMa
HaIJISAIHOE TIPE/ICTAaBICHUE O TI0JIe HAIPSHKEHUH B MAacCHUBE MOPOJI BOKPYT BBIPAOOTOK
10001 koHurypamnuu. [axe kauecTBeHHas KapTHHA paclpenesieHus HampsHKeHHH
MHOT/Ia TTO3BOJISIET CAENIaTh BaXKHBIC 3aKJIIOYEHUSI U BBIBObI, BBIJCIUTH Hanbosee u
HaUMEHEE HAIpPSKEHHbIE YYaCTKHW, HAMETUTh MYTH JOCTUKEHHUS ONTHUMAIbHOTO
pacnpeneneHus HanpsKeHUH.

KOHTpOJILHLIe BOIIPOCHI

1. Ilens 1 3a1a4m MOAEIUPOBAHUS.

2. Kakue mozaenu UCoJIb3yrT B MEXAHUKE TOPHBIX ITOPOI?

3. OCHOBHBIE MOJIOKEHUS TEOPUH [1OT00US.

4. B 4yeM 3aKIIF04aeTCsl METOJl SKBUBAJICHTHBIX MAaTEPHAJIOB, €0 HEJOCTATKU ?

5. B dyem 3axirodaercss METOJ, LIEHTPOOEKHOIO MOJECIUPOBAHMS, B KAKUX
ClIy4asix OH IIpUMeHseTcs?

6. CymHocTh MeTo1a (OTOMEXaHUKH.
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